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FOREWORD 

It was with great pleasure that I accepted the request to write the Foreword to 

this book on tartaric and malic acid. 

I have before me a copy of the paper written by Prof. Ernst L. Eliel entitled 

“Louis Pasteur and Modem Industrial Stereochemistry,” published in Croatica 

ChemicaActa 1996, 69, 519. The paper is based on a lecture given by the author 

at a symposium commemorating the Louis Pasteur Centennial sponsored by the 

New York section of the American Chemical Society on October 14, 1995. The 

paper is dedicated to Professor Vladimir Prelog on the occasion of his 90th 

birthday. 

OF COURSE, THE STORY BEGINS WITH TARTARIC ACID 

Although it is obvious that I did not know Louis Pasteur personally, I did know 

Professor Prelog and I do know Professor Eliel as well as the Gawrohski family. 

From the publication by Prof. Eliel mentioned above, as well as from the origi¬ 

nal publication by Louis Pasteur exactly 150 years ago (L. Pasteur, Ann. Chim. et 

Phys. 1848, 24, 442) it is possible to reconstruct the critical role that tartaric acid 

has played in the history of stereochemistry. 
Louis Pasteur was just 26 years of age when he was asked to perform the 

physical separation of the enantiomorphic crystals of the sodium, ammonium 

salt of tartaric acid in front of the assembled academy members. Important was 

the presence of the 74-year-old Jean Baptiste Biot, the Lrench physicist and 

astronomer who had invented the polariscope (among other things) and who had 

established the fundamental laws of the rotation of plane polarized light by 

optically active substances. Biot insisted on measuring the rotation of the enan¬ 

tiomorphic crystals himself. This event opened the door to the foundation of 

stereochemistry as well as to the chemistry of life. 

STEREOCHEMISTRY HAD ITS START WHEN TARTARIC 
• ACID WAS RESOLVED 

The impact of Pasteur’s discovery on chemistry was soon felt throughout the 

world. Whether we discuss the mechanism of drug action in the body, or the 

possibility of life on other planets, whether we study the mechanism of a reac- 
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Xll FOREWORD 

tion or whether we attempt the total synthesis of a complex molecule, sooner or 

later the concept of chirality, the stereochemistry of the molecules involved, 
becomes the critical issue. 

I have written these few historical notes in order to remind the prospective 

reader of the fact that it is not only the survey of the chemistry of tartaric and 

malic acids that makes this book from the Gawroriskis an important addition to 

chemical literature, but to emphasize the fact that these excellent Pohsh 

chemists, who themselves have made significant contributions to stereochem¬ 

istry, also have added an important chapter to the history of chemistry. “If we do 

not know whence we came, we will never know where we are going.” 
This book should be on the shelf in every library. 

Groningen, The Netherlands Hans Wynberg 



PREFACE 

The use of renewable enantiomerically pure natural products as a source of chi¬ 

rality in synthesis has became routine in the past two to three decades. Tartaric 

and malic acids are among the most frequently used starting materials and their 

synthetic versatility has resulted in an amazing array of products made available 

by well-developed synthetic procedures. The chemistry of these hydroxy acids 

was developed over the period of more than a hundred years. However, some 

new areas, as for example the chemistry of tartrate boronates, or TADDOLs, and 

their complexes, have been uncovered only recently. The seminal work of 

Professor Dieter Seebach published in Modern Synthetic Methods 1980 (Otto 

Salle Verlag-Verlag Sauerlander, R. Scheffold, Ed.) was the first to recognize the 

potential of the use of tartaric acid as a chiral building block. Subsequent rapid 

developments in this field led us to believe that while four-carbon intermediates 

based on a tartaric and malic acid framework are of primary importance for the 

synthesis of enantiomerically pure compounds, no comprehensive and updated 

review of the synthesis and applications of these compounds has appeared. 

The recent book of G. M. Coppola and H. F. Schuster, a-Hydroxy Acids in 

Enantioselective Synthesis (VCH, 1997), does serve the purpose stated in the 

title but it is product-oriented and does not deal with the many applications of 

tartaric and malic acids as resolving agents, ligands, and auxiliaries. 

When starting the work we have seen this book as a unique source of detailed 

information on the vast number of four-carbon chiral compounds derived from 

tartaric and malic acids. This information was intended to include their synthesis 

and applications, as chiral building blocks, ligands, auxiliares, and resolving 

agents. We have searched over 2500 references to collect the data that make the 

foundation of the book. 
We hope that the book will become a standard source of information and 

ideas for synthetic chemist already working in or entering the field of synthesis 

of enantiomerically pure compounds. We expect that the book will find its place 

not only in the research laboratories in academia but also in chemical, pharma¬ 

ceutical, and agrochemical industries. 
We are grateful to Mrs. Halina KolbOn, M.Sc. and to Mrs. Anna Piqta for their 

■ invaluable help in collecting the data and converting the raw manuscript into a 

readable publication. 

Jacek Gawrcnski 

Krystyna Gawronska 

xiii 

Poznan, Poland 
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INTRODUCTION 

WHY TARTARIC AND MALIC ACIDS? 

The history of tartaric acid has long been associated with the most important dis¬ 

coveries in the fields of stereochemistry and organic chemistry. It was through 

Pasteur’s discovery (1848) of two optical isomers of sodium ammonium tartrate 

that stereoisomerism was introduced to organic chemistry (the account of the 

development of structural studies of tartaric acid is given by Robinson'). One 

hundred years later, Bijvoet (1951) presented the method of determination of the 

absolute configuration of organic molecules by anomalous X-ray scattering 

using the sodium rubidium salt of natural tartaric acid. This experiment allowed 

for the first time to unequivocally establish the absolute configuration of a chiral 

molecule and to correlate the absolute stereostructures of other chiral molecules. 

The unprecedented development of methods of asymmetric synthesis in the 

past two decades has been associated in many cases with the application of 

tartaric acid derivatives. Some spectacular methodologies, such as asymmetric 

epoxidation (Sharpless), asymmetric allylboration (Roush), asymmetric 

Diels-Alder and aldol reactions (Yamamoto), as well as asymmetric cyclopropa- 

nation (Charette) make use of simple tartaric acid derivatives as chiral ligands 

and provide a wide array of products of high enantiomeric purity. 

More complex derivatives of tartaric acid such as TADDOLs have also 

entered the field of asymmetric synthesis as ligands for Lewis acid catalysts 

(the development of TADDOLates was due to Seebach and Duthaler-Hafner). 

TADDOLs were also helpful in developing the concept of enantioselective 

complex-forming hosts for organic guest molecules (Toda). 

The chemistry of tartaric and malic acids has been marked by their extensive 

use as chiral building blocks (Seebach) and their recent application in A-acylim- 

inium ion reactions (Hart, Chamberlin, Speckamp-Hiemstra.) 

At present, tartaric and malic acids appear as unquestioned leaders among 

chiral organic compounds from which various highly functionalized nonracemic 

acyclic and heterocyclic compounds can be synthesized. 

In a broader sense, tartaric and malic acids find countless applications in 

• industry and in basic research (the number of citations of relevant reports and 

patents over the past 25 years exceeds 10,000). Their industral applications are 

broad and include pharmaceutical formulations, dental materials, ceramics, 

paints, electrochemical coatings and piezoelectronic devices. Malic diesters are 

known as mosquito repellents. For such applications racemic forms of tartaric 

XV 



XVI INTRODUCTION 

and malic acids are frequently adequate. However, with the development of 

methods of asymmetric synthesis, enantiomerically pure tartaric and malic acids 

were quickly recognized as basic commercial sources of chirality with highly 
functionalized structure. 

Research papers, review articles^’^ and books'^ published since 1980 are evi¬ 

dence of the increasing interest in such applications, although industrial applica¬ 

tion is still lagging in the use of derivatives of tartaric and malic acids as chiral 

building blocks’. Nevertheless, over the past 20 years the number of publications 

on the use of tartaric and malic acids in stereoselective synthesis has steadily 
increased, reaching 160 ± 20 papers published annually in the 1990s. 

The field of synthetic use of tartaric and malic acids has now definitely 
approached the level of maturity. 

The structural feature of the tartaric acid molecule—the Cj symmetry_is 

highly desired for its application as chiral ligand, auxiliary, and resolving agent. 

For synthetic use it is often desirable to destroy molecular symmetry by selective 

transformation of one of the functional groups forming a pair. On the other hand, 

some applications of tartaric acid as a chiral building block may also have 

the advantage of molecular symmetry, such as in the case of two-directional 
synthesis. 

Natural (+)-tartaric acid is one of the cheapest enantiomerically pure organic 

compounds; its low price is due to its ready availability as a by-product of the 

wine industry (potassium hydrogen tartrate, so-called cream of tartar). In fact, 

(-i-)-tartaric acid can be purchased at a price lower than the racemic acid, which is 

synthesized from maleic acid by catalytic addition of hydrogen peroxide. The 

price of natural tartaric acid varies with the source and the amount purchased, 
but it may be as low as several US dollars per kg. 

Natural (—)-malic acid is considerably more expensive; its main source is the 

fermentative hydration of fumaric or maleic acids (acid-catalyzed hydration of 

fumaric acid is the method of production of racemic malic acid). Table 1 gives 

the comparison of relative prices of tartaric and malic acids in various configura¬ 
tional modifications. 

Table 1. Relative price of tartaric and malic acids of 99% purity and 100 g 
quantity ® 

L-(+)-tartaric acid (natural) 

D-(-)-tartaric acid (unnatural)" 
rac.-tartaric acid 

meso-taiianc acid 

L-(-)-malic acid (natural) 

D-(+)-malic acid (unnatural) 
rac.-malic acid 

1 

20-30 
2-4 

150 

10 

150-300 
1 

This acid is nevertheless found in certain plants (Ref. 4) 



INTRODUCTION xvii 

HOW THE BOOK IS ORGANIZED 

This reviews the synthesis and applications of all four-carbon chiral build¬ 

ing blocks, ligands, auxiliaries, and resolving agents derived from tartraric or 

malic acid. Some relevant properties of the derived compounds are mentioned. 

X-ray and other structural data are referred to, when appropriate. Although in a 

majority of cases the book mentions the derivatives of natural tartaric and malic 

acids, their enantiomers may be used as well. 

The book is divided into two parts dealing with tartaric (14 chapters) and 

malic acid (6 chapters). Compounds within each part are divided according to 

their oxidation level, starting with the parent diacids and ending with the corre¬ 

sponding polyols: threitol and 1,2,4-butanetriol. The last chapter of the tartaric 

acid part is devoted to threonic acid, partly due to its unsymmetrical end-group 

structure and partly due to its synthetic relevance to both tartaric and ascorbic 

acids, from which it can be alternatively obtained. 

The main synthetic pathways to various derivatives of tartaric and malic acids 

are shown in Schemes 1 and 2. 

O, O'-Diacyltartaric 
Anhydrides, Imides, Acids 

(R, B) 

Tartrate Boronates, etc. 
(A) 

0-Mono and 0,0'-Dialkyl (acyl) 
Tartrates and Tartaric Acids 

(L) 

Tartaric Acid 

(R) 
Tartrimides 

(B) 

Tartramides 

(R) 

0,0’-Activated Tartrates 
(B) 

Threitols -- Tartrate Acetals-» Tartrdialdehydes 
(B, L) (A) (B) 

Threoses TADDOLs 
(B) (B, L) 

Scheme 1. Main routes to various derivatives of tartaric acid (letters in parentheses indi¬ 

cate the most important types of application). 

Chapters are further divided into subchapters allowing more easy access to 

the desired material. For example, chapters 13 on threitol and 20 on 1,2,4- 

. butanetriol are divided into subchapters according to the position and number of 

the protecting groups. 
Each chapter and subchapter has separate sections on the synthesis and appli¬ 

cations of the derivatives. These sections are amply illustrated by schemes and 

figures (there are approximately 800 schemes throughout the book). For the 
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Malimides 1,2-Acetals 

C(1)-Monoesters _ 0-Acyl Malic Malic Acid 
and Monoamides Anhydrides 

1,2,4-Butanetriol 
and Derivatives 

Derivatives of 
2,4-Dihydroxy- 
butanoic Acid 

Derivatives of 
3,4-Dihydroxy- 
butanoic Acid 

Malates -» 0-Protected 
Malates 

Derivatives of 
2,4-Dihydroxy- 
butanal 

Derivatives of 
3,4-Dihydroxy- 
butanal 

C(4)-Monoesters Malamides 

Scheme 2. Main routes to derivatives of malic acid (their principal applications are as 
chiral building blocks). 

preparation of a specific tartaric or malic acid derivative, additional quick access 

to the information is provided by the tables of derivatives placed in the chapters. 

These tables (over 70 in the book) collect the basic data (melting or boiling 

point, specific rotation), if available, and the references for nearly 2000 specific 
compounds. 

The data on specific rotation are helpful for identifying compounds and, in 

particular, for determining their optical purity and/or absolute configuration. 

However, care should be exercised when using these data, for two reasons. First, 

some of the data may come from measurements on tartaric or malic acid deriva¬ 

tives of uncertain purity, despite the effort to verify the data. Second, the optical 

rotation of malates and tartrates is strongly dependent on the solvent used.*-^ 

L-Malates show negative [a]^ values in polar solvents and as pure liquids. 

Likewise, L-tartrates have positive [aj^ values under these conditions. However, 

when measured in chloroform solution, dimethyl and diethyl L-malate display 

positive rotation and L-tartrates are levorotatory. The change of the sign of rota¬ 

tion m chloroform solution is at least partly due to the association phenomena of 

tartrates and malates in nonpolar solvents. For such phenomena the effects of 
concentration and temperature may also be significant. 

The commercial availability of tartaric and malic acid derivatives is men¬ 
tioned in each chapter. 

Sections on the application of the derivatives of tartaric and malic acid are 
organized within the four categories shown below. 

• resolving agents 

• ligands 
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• auxiliaries < A 

• chiral four-carbon building blocks 

Letters in diamonds on the left margins of the pages are indicators for flag¬ 

ging the relevant material. Each indicator is valid throughout the section or until 

the appearance of the next indicator. 

The compound is considered a tartaric acid derivative as long as it carries the 

two oxygen substituents in f/irco-configuration in a four-carbon chain (the 

exception are a,a,a',a'-tetraalkyl or aryl threitols and their derivatives— 

TADDOLs). Likewise, malic acid derivatives are defined as four-carbon com¬ 

pounds with an oxygen substituent at C(2). Products from these derivatives are 

obtained either by carbon chain elongation at C(l) or C(4) or by substitution at 

the stereogenic C(2) or C(3) atoms. Scheme 3 provides illustrations of these 

principles. 

a product 

C(4)-substituted 
(activated) 

OH 

\ 
C(1)-activated a product 

Scheme 3. From a tartaric or malic derivatives to a product. 

As a rule, only the initial synthetic steps in a sequence leading from a tartaric 

or malic building block to a target product are shown in the schemes. After chain 

elongation (or shortening) or substitution at C(2)/C(3), further steps are shown 

only briefly with references to the original publication or more specialized 

monographs. 
To further assist in finding specific applications of tartaric and malic acid 

derivatives, five indexes are provided. The first index refers to methods of 

• desymmetrization of C2-symmetric tartaric acid derivatives and to methods of 

differentiation of the C(l) and C(4) groups (site selectivity) in malic acid deri¬ 

vatives. Other indexes list resolutions, stereoselective reactions, and products 

obtained from tartaric or malic acids. The last index is the subject index. 

The literature cutoff date for this work was approximately the first half of 1997. 



XX INTRODUCTION 

REFERENCES 

1. Robinson, M. J. T. Tetrahedron 1974, 30: 1499. 

2. Whitesell, J. K. Chem. Rev. 1989, S9: 1581. 

3. Blaser, H.-U. Chem. Rev. 1992, 92: 935. 

4. Seebach, D.; Hungerbiihler, E. In Modem Synthetic Methods, Scheffold, R., Ed.; 

Frankfurt-Aarau, Germany: Otto Salle-Sauerlander, 1980, vol. 2, pp. 91-171. 

5. Hanessian, S. The Total Synthesis of Natural Products: The Chiron Approach, New 

York: Pergamon Press, 1983. 

6. Scott, J. W. In Asymmetric Synthesis, Morrison, J. D.; Scott, J. W., Eds., San Diego 

CA: Academic Press, 1984, vol. 4, p.l. 

7. Crosby, J. In Chirality in Industry, Collins, A. N.; Sheldrake, G. N.; Crosby, J., Eds.; 

Chichester, UK: J. Wiley & Sons, 1992, pp. 1-66. 

8. Walden, P. Ber. 1905, 38: 345. 

9. Santaniello, E.; Ferraboschi, R; Grisenti, R; Aragozzini, F.; Maconi, E. J. Chem. Soc. 
Perkin Trans. 1 1991: 601. 



LIST OF ABBREVIATIONS 

Ac 
AIBN 
All 
An 

BINOL 
Bn 
Boc 
BOM 
BSA 
Bu 
Bz 

Cbz 
GDI 
COD 
Cp 
CSA 

Cy 

DABCO 
DBA 
DBU 
DCC 
DDQ 
d.e. 
DEAD 
DIAD 
DMAP 
DME 
DMF 
DMSO 

• e.e. 
EE 
ent 
eq. 
Et 

acetyl 
a,a'-azobisisobutyronitrile 
allyl 
4-methoxyphenyl 

1,1 '-bi-2-naphthol 
benzyl 
terr-butoxy carbonyl 
benzyloxymethyl 
benzenesulfonic acid 
butyl 
benzoyl 

benzyloxycarbonyl 
A,A'-carbonyldiimidazole 
1,5-cyclooctadiene 
cyclopentadienyl 
10-camphorsulfonic acid 
cyclohexyl 

l,4-diazabicyclo[2.2.2]octane 
dibenzylideneacetone 
l,8-diazabicyclo[5.4.0]undec-7-ene 
V,A'-dicyclohexylcarbodiiniide 
2,3-dichloro-5,6-dicyano-l,4-benzoquinone 
diastereomeric excess 
diethyl azodicarboxylate 
diisopropyl azodicarboxylate 
4-(dimethylamino)pyridine 
1,2-dimethoxyethane 
7V,A-dimethylformaniide 
dimethylsulfoxide 

enantiomeric excess 
ethoxyethyl 
enantiomer of 
molar equivalents 
ethyl 
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HMDS hexamethyldisilazane 
HMPA hexamethylphosphorous triamide 

Im l-imidazolyl 
Ipc isopinocampheyl 

LDA lithium diisopropylamide 

Me methyl 
ME methoxyethyl 
MEM (methoxyethoxy)methyl 
MOM methoxymethyl 
Ms methanesulfonyl 
MTM methylthiomethyl 
MTr mono(4-methoxy)trityl 

NBS A^-bromosuccinimide 
NMM A-methylmorpholine 
Nps 2-naphthalenesulfonyl 
Ns 4-nitrobenzenesulfonyl 

PCC pyridinium chlorochromate 
Ph phenyl 
Pht phthaloyl 
Piv pivaloyl 
PMB 4-methoxybenzyl 
PNB 4-nitrobenzyl 
PNZ 4-nitrobenzyloxycarbonyl 
PPTS pyridinium 4-toluenesulfonate 
Pr propyl 
2-Py 2-pyridyl 

Red-Al sodium bis(2-methoxyethoxy)aluminium hydride 

SEM 2-(trimethylsilyl)ethoxymethyl 

TBAF tetra(n-butyl)ammonium fluoride 
TBDPS tert-butyldiphenylsilyl 
TBS tert-butyldimethylsilyl 
TEMPO 2,2,6,6-tetramethyl-1 -piperidinyloxy 
TES triethylsilyl 
Tf trifluoromethanesulfonyl 
TEA trifluoroacetic acid 
THE tetrahydrofuran 
TIBS 2,4,6-triisopropylbenzenesulfonyl 
TIPS triisopropylsilyl 
TMS trimethylsilyl 
Tol 4-tolyl 
Tr trityl 
Ts 4-toluenesulfonyl 
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Tartaric Acid and Its Salts 

1.1 TARTARIC ACID 

@ 

D 
© 

/ 

1.1 

Figure 1.1. L-Tartaric acid (L-threaric acid) 

Butanedioic acid, 2,3-dihydroxy-[i?-(/?*,/?*)] {87-69-4] 

m.p. 170-172°C; + 12 to 13 (c = 20, H2O). 

Overview of Properties 

Tartaric acid is soluble in lower alcohols, dioxane, and tetrahydrofuran, and 

highly soluble in water. Solubility in water increases linearly with temperature'’^ 

from 115g/100 ml at 0°C to 343g/100ml at 100°C. The solubility of racemic 

tartaric acid at 20°C is seven times lower compared to solubility of the pure 
enantiomer. 

® This chiral dicarboxylic acid has the following pKa’s:'“^ 

pKai 3.0±0.1(H20) 8.2 (MeOH) 8.1 (DMSO) 

pKa2 4.3 + 0.1(H20) 10.4 (MeOH) 12.2 (DMSO) 

Salts of 1.1 with amines can be of either l:l or 1:2 stoichiometry; with 

diamines 1:1 stoichiometry is usual but 2:1 stoichiometry is also encountered. 

Diastereomeric salts often differ greatly in solubility, thus making tartaric 

acid one of the most frequently used resolving agents. 

® Hydroxy groups enhance complexing properties of metal ions by tartrate 

anion. The molecules of tartrate salts, as well as the parent acid, have a planar 

carbon atom framework and metal ions are most frequently embedded into 

the planar five-membered chelate ring incorporating the C„ oxygen atom. 

Examples of such structures are provided by zinc and copper(II) tartrates (see 

below) as well as by the disilicate shown in 1.2 (Fig. 1.2), which has penta- 

coordinated silicon atoms. 

1 



2 TARTARIC ACID AND ITS SALTS 

Figure 1.2. Structure of L-tartratodisilicate 1.2 from X-ray analysis.'^ 

(D The acid is relatively stable in acidic solutions. However, the proton can 

be removed under basic conditions. Heating tartaric acid in alkaline aqueous 

solutions causes its slow racemization. This process is used for the prepara¬ 
tion of racemic tartaric acid.^’^ 

Source 

Commercial. It is manufactured from potassium hydrogen tartrate (wine tartar, 

algol, cream of tartar—a by-product of the wine-making industry) via the cal¬ 

cium salt. D-tartaric acid [747-77-7] is also available commercially; it can be 

obtained from the racemic acid [133-37-9] by several resolution procedures^”*® 
or from D-xylose.** 

Applications 

The highly functionalized and Cj-symmetric tartaric acid molecule is perfectly 

tailored for applications as a resolving agent and chiral ligand. In fact, tartaric 
acid is the most frequently used resolving agent for racemic amines. 

Examples of monoamines resolved with L-tartaric acid are shown in Scheme 1.1. 

Ph 

NH2 

ref. 16,17 ref. 18,19 

OH 

NHj 

R = Me, ref. 20 

R = Et, ref 21 

C|0 
Me 

ref. 24,25 ref. 26 

Scheme 1.1 (continued) 

Ph.^^COOMe 

NHj 

ref. 22 

AcHN OH 

ref. 23 ref. 27 
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f<rf % r<yf 31 

Y 
m. 

COOH 

37 

P' 

% P'* » \Ul ''/■} f<^ 41 
P'* i-f>r F^»H 40 

Scbeim; 1.1 

AteV^'jgSi in w/rt caves salts 1:1 n¥^.»anilne-l .1 sU^ichiometry are used 
Mi revAiiwas, arnimrs f/f higher enajitirrmeric purity can frequently be obtained 
"•Jih a half iw/lar arn^xint 1.1. The use two immiscible vilvents can also be 
ath arAage^-jus.*^ 

£xarrj5>i£s of diamines fjhtained by revilutifm with L-tartaric acid are shown in 
Oaierrje 1,2. 

ot'Arr.iiO acids and their esters can be f,»btained in enantiomerically pure form 
cy tartaric adkS mediated asymmetric transfr/rmati^in of intermediate racemic 
SrjiiH ta:ses. The yield this deracemization pr^x;ess can apprfrach 100% 
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ref. 43-45 
ref. 46 R = Me, ref 47 

Ph, ref. 48 

2-BrC6H4, ref 49 

Me Me 

H2N NH2 

ref 50 

H 

ref 51 

CgH,R 

HjN NH, 

ref 52,53 

R = H; 3-Me; 4-Me 

3,5-Me2; 3-MeO 

4-MeO; 3,5-(MeO)2 

Me Me 

Scheme 1.2 

COOMe 

NH2 

Ph^^COOMe 

NH2 

95%, e.e. 100% 

a: 1 eq. L-tartaric acid (1.1), 2 eq. cyclohexanone, EtOH, RT, 141h“ 

85%, e e. 97% 

b: 0.5 eq. salicylaldehyde, 1 eq. L-tarfaric acid, AcOH, 80°C, then 15°C^ 

Scheme 1.3 

Likewise, tartaric acid can be used for asymmetric transformation of L-amino 

acids to D-amino acids in the presence of a catalytic amount of aldehyde 
(Scheme 1.4). 

Asymmetric transformation of racemic homocysteine thiolactone to D-homo- 

cysteine (via racemic l,3-thiazane-4-carboxylic acid) is accomplished with l- 

tartaric acid and salicylaldehyde (Scheme 1.5). 

Enantiomers of phenylthiohydantoin amino acids were reportedly resolved on 
L-tartaric acid impregnated silica gel plates.^' 
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.COOH 

H 

85%, e.e. 100% 

a; leq. D-tartaric acid (enM.I), 0.1 eq. n-PrCHO, 80°C, then O^C®® 

95%, e.e. 100% 

b: 1 eq. L-tartaric acid (1.1), 0.1 eq. salicylaldehyde, AcOH, OO-SOX, then 0°C®® 

Scheme 1.4 

COOH COOH 

HS COOH 

NH2 

e.e. 100% 

a: NaOH, then HCI. then aq. HCHO (62%) 

b: leq. L-tartaric acid (1.1), leq. salicylaldehyde, AcOH, 80°C, then RT (ca. 80%) 

c. HjNOH- HCI, EtsN, EtOH, reflux (92%)®° 

Scheme 1.5 

Tartaric acid is used as a chiral additive in asymmetric reduction of function¬ 

alized ketones by sodium borohydride (Scheme 1.6). 

Tai, Harada, and Izumi introduced tartaric acid as a chiral additive to Raney 

nickel catalyst (RNi) for hydrogenation of prochiral ketones.^”^^ This reaction 

is sensitive to conditions and catalyst preparation.^^”^^ Additional treatment of 

COOtBu 

COOEt 

OH 

COOtBu 

73%, e.e. 84% 

OH 

COOEt 
Ph' 

87%, e.e. 86% 

a: NaBH4, 1.1, THF, -20°C°" 

Scheme 1.6 
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RNi with a carboxylic acid (e.g. tBuCOOH) and with NaBr deactivates the 

catalyst s non-enantioface differentiating sites. This significantly improves 

enantioselectivity of the hydrogenation reaction.’°“^^ On the other hand, addition 

of an amine to RNi allows repeated catalyst use."^ Relevant examples are shown 
in Scheme 1.7. 

n = 0; R = Me, Et, i-Pr, i-Bu, n-hexyl 

n = 6. 8, 10, 12; R = Me 

O 

\(_^A^SO,Me 

n = 1, 4, 7 

95-98%; e.e. 86-88%^®'^® 

79-82%, e.e. 83-87%^ 

e.e. 67-69%; after recrystallization 

20-40%, e.e. 100%^® 

OH 
a 

O O 

1 il 

-100%, e.e. 69%^® 

OH OH 

a: d.e. 70%“; after recrystallization 

yield 65%, e.e. 100%®' 

b: 60%, e.e. 91%®^ 

OH OH 

(+ meso) 

66%, e.e. 85%, after recrystallization 

29%, e.e. 100%®® 

0 OH 

' A(.r 
n = 3, 5 e.e. 80%®^ 

0 

A ■ 
OH 

e.e 74%®® 

a: Hj/RNi, 1.1, NaBr 

b: Hj/ultrasonicated RNi, 1.1, 
c: Hj/RNi, 1.1, NaBr, THF-tBuCOOH 

NaBr d: H2/RNi, 1.1, NaBr, H20-tBuCOOH 

Scheme 1.7 
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With cyclic P-ketoesters, enantioselectivity of asymmetric hydrogenation is 
low, hut diastereoselectivity is good.**^ 

Brurujer reported that commercial, easy to handle nickel powders, activated 

with hydrogen, can be used in place of RNi for the preparation of enantio- 

selective catalysts. The efficiency of such tartaric acid-NaBr modified catalyst is 

high; for example methyl acetoacetate is hydrogenated to methyl 3-hydroxy- 
butanoate with up to 77% e.e.*’ 

Enantiomerically pure 3-hydroxybutanoic and 3-hydroxytetradecanoic acids 

can be obtained by saponification of their enantiomerically enriched methyl 

esters fScheme 1.7) and crystallization of their dibenzylammonium^* or dicyclo- 
hexylammonium** salts. 

Diamino nucleophiles react with either carboxylic groups or the diol system 

of tartaric acid to give heterocyclic compounds. Tartaric acid was used for the 

preparation of a chiral bis-benzimidazole derivative,*^ as well as 4-carboxy- 

imidazolin-2-one^ (Scheme 1.8). 

a: 2 eq 1,2-dlaminobenzene, 4M HCI, A (44%)“ 

b: urea, HjS04. 80’C, 1h (53%)“ 

Scheme 1.8 

Pyrolysis of tartaric acid in the presence of potassium hydrogen sulfate pro¬ 

vides ready access to pyruvic acid with ca. 50% yield.®* Tartaric acid has also 

been used as an equivalent of glyoxylic acid in condensations with resorcin.®^ 

Oxidation of tartaric acid with hydrogen peroxide in the presence of Fe(II) salts 

provides access to dihydroxyfumaric (dihydroxymaleic, hydroxyoxaloacetic) 

acid,®^’®^ from which glycolaldehyde is prepared by decarboxylation.®^ The yield 

at each step does not exceed 20%. 

1.2 ZINC l-TARTRATE (1.3) 

Figure U. Structure of zinc L-tartrate (1.3) from X-ray analysis.®^ 
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Synthesis 

The synthesis is accomplished from L-taitaric acid and zinc acetate or potas¬ 

sium-sodium L-tartrate {Rochelle salt) and zinc chloride (98%).^^ 

Application 

Zinc L-tartrate is used as heterogeneous chiral Lewis acid catalyst for enantio- 
selective ring opening of prochiral epoxides^^’^* (Scheme 1.9). 

82%, e.e. 85% 

a. n-BuSH, 0.1 eq. 1.3, CHjCb, RT, 5d 

Scheme 1.9 

1.3 MERCURY(II) l-TARTRATE (1.4) 

Synthesis 

The synthesis is from L-tartarie acid and mercury(II) acetate (94%).^ 

Application 

Mercury(II) L-tartrate is used as heterogeneous chiral reagent for asymmetric 

oxymercuration-demercuration of styrene^^ (Scheme 1.10). 

20%, e.e. 30% 

a. 1.4, H20-THF(1:1), RT 

b: NaOH, NaBH4, RT 

Scheme 1.10 

1.4 COPPER(II) l-tartrate (1.5) 

0 

Figure 1.4. Stmcture of copper(II) L-tartrate (1.5) from X-ray analysis. 
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Synthesis 

The synthesis is achieved from potassium-sodium L-tartrate and copper(II) 
sulfateT*' 

Application 

Copper(II) L-tartrate is used as chiral promoter of asymmetric cyclopropana- 
tion‘°' (Scheme 1.11). 

MeO 

"rX^Br 

trans : cis = 12:1 

trans, e.e. 46% 

a; 1.5, 45-59°C 

Scheme 1.11 
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2.1 

Tartrates and Their Metal 
Complexes 

DIESTERS OF TARTARIC ACID 

Table 2.1 Symmetrical diesters of L-tartaric acid ROOCCH(OH)CH(OH)COOR 

R 
m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

n-Alkyl 

Me (2.1) 58-61 +21.0 (H2O) 1-4 
Et (2.2) 107/0.7 +26.5 (H2O) 5-11 
n-Pr 108/0.01 + 26.7 (H2O) 12 
n-Bu 21-22 + 10.5 (EtOH) 13 
n-C7Hi5 35-35.5 + 14.0(Me2CO) 14,15 
n-CgH[7 43^4 + 13.6(Me2CO) 14-18 

49-50 + 11.0 (Me2CO) 15,16 

n-CiiH23 62 + 10.0 (Me2CO) 15 

Branched alkyl 

i-Pr (2.3) 152/12 +20.9 (neat) 19 
i-Bu 73 + 12.4 (CHCI3) 19-22 

t-Bu 90-92 + 12.0 (Me2CO) 23 

i-Pr(CH2)2 195/16 + 11.7 (neat) 19 
(5)-Et(Me)CHCH2 195/0.08 + 20.3 (EtOH) 16 

(/?)-Et(Me)CHCH2" 195/0.03 + 10.9 (EtOH) 16 
n-Pr2CH 35 + 14.0(Me2CO) 15 
i-Pr2CH 168-176/0.3 +23.7 (MeOH) 24 
(R,S)-Me(CH2)5CHMe 43-44 + 31.0(Me2CO) 15,25 
(R)-Me(CH2)5CHMe 165/0.03 -3.3 (EtOH) 16 
(5)-Me(CH2)5CHMe 160/0.02 +20.4 (EtOH) 16 

Me(CH2)3(Et)CHCH2 222/2 — 26 
(i?,5)-Me(CH2)6CHMe 49-50 + 10.0(Me2CO) 15 
(/?,5)-Me(CH2)5CHEt 49-50 + 12.0 (Me2CO) 15 
(/?,S)-Me(CH2)4CHn-Pr 49-50 +10.0 (Me2CO) 15 

n-Bu2CH 49-50 + 12.0 (Me2CO) 15 

[Me(CH2)4]2CH 62 +9.0 (Me2CO) 15 

(/?,5)-Me(CH2)8CHMe 62 + 8.0(Me2CO) 15 
(continued) 

13 
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Table 2.1 {continued) 

R 

m.p. ('’C) or 

b.p. (°C/torr) [aJo (solvent) References 

cyclopentyl 

Cyclic 

100/0.01 +20.0 (EtOH) 16 

cyclohexyl 69.5-70.5 + 15.0 (EtOH) 17,27 

cycloheptyl 35 + 18.0(Me2CO) 15 

cyclododecyl 123 + 8.2 (EtOH) 24,27 

ctj-4-(ferf-butyl)-cyclohexyl 134-136 + 16.8 (EtOH) 16 

/ran5-4-(ferf-butyl)cyclohexyl 181-183 +4.3 (EtOH) 16 

3,3,5,5 -tetramethy Icy clohexy 1 109 + 8.1 (EtOH) 16 

2-adamantyl 156-160 +7.6 (EtOH) 16 

(1 R,25,5/?)-menthyl 75-77 . -71.0 (EtOH) 16,28 

(15,2/?,55)-menthyl 41-43 + 80.6 (EtOH) 16 

(15,2/?,5/?)-isomenthyl 126 + 31.6 (EtOH) 16 

(1 /?,25',55)-isomenthyl “ 64-66 212.1 (EtOH) 16 

(15',25,57?)-neomenthy 1 108-110 +57.5 (EtOH) 16 

(1 R,2R,55)-neomenthyl — +23.9 (EtOH) 16 

(1 R,25')-2-pheny Icyclohexyl 110-140 -39.7 (EtOH) 16 

(15,2/?)-2-phenylcyclohexyl “ 100-130 + 33.5 (EtOH) 16 

(1 R,25,5/?)-8-phenylmenthy 1 “ 57-60 -3.7 (EtOH) 16 

(15',2R,55)-8-phenylmenthyl*’'‘‘ 147-149 + 3.5 (EtOH) 16 

(15,25,55)-myrtanyl 78-80 -3.3 (EtOH) 16 
(l/?,2R,5/?)-myrtanyl‘’ 87-89 + 26.4 (EtOH) 16 
(15)-bomyl 132.5-133.5 -12.4 (EtOH) 16,29,30 
(IR)-bomyl 118-118.5 +63.2 (EtOH) 16,29,30 
(l/?)-fenchyl 124-126 + 54.9 (EtOH) 16 
(15)-fenchyl'’ — -39.0 (EtOH) 16 

CI3CCH2 

Functionalized 

101.5-103.5 +9.0(CHCl3) 31 
CHj^CH 127/2 — 32 
CH2=CHCH2 191/20 + 15.5 19 
MeCH=CHCH2 — — 33 
Bn 68-69 + 7.8 (EtOH) 16,17,19,34,35 

C6Me5CH2 212-213.5 
-10.2(CHCl3) 8,36 

37 
2-O2NC6H4CH2 131 + 59.4 (pyridine)'’ 38 
3-O2NC6H4CH2 119 +72.7 (pyridine)'* 38 
4-O2NQH4CH2 163-164 + 89.5 (pyridine)■* 38-42 
4-PhC6H4C(0)CH2 203-204 — 43 
4-BrCe,H4C(0)CH2 231 _ 

8 

Ph2CH 110.5-111 — 44 

“ Enantiomer prepared. 

Prepared by t-BuOOH /OSO4 dihydroxylation of (-)-di(neomenthyl) fumarate. 
" Prepared by KMn04 dihydroxylation of (-)-8-phenylmenthyl fumarate. 
‘‘At 546 nm. 
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Synthesis 

The diesters listed in Table 2.1 are routinely obtained by acid-catalyzed esterifi¬ 

cation of primary and in many cases secondary alcohols with tartaric acid (1.1) 

or by acid-catalyzed transesterification of dimethyl or diethyl tartrate with 

higher boiling point alcohols. This reaction proceeds without detectable race- 

mization of the tartrate molecule. Some examples of large scale preparations are 
shown in Scheme 2.1. 

OH OH 

MeOOC 
COOMe or b 

1.1 EtOOC 
COOEt 

OH OH 

2.1 2.2 

a: MeOH (1 ml/mmol), MgS04 (0.1 g/mmol), TsOH (cat.), RT (ca. 100%)“^ 

b: MeOH, 2 eq. HC(OMe)3, 2 eg. AcCI, A (90.5%)'' 

c: EtOH, cat. acidic resin (90%)^^ '*® 

Scheme 2.1 

Other methods of preparation of dialkyl tartrates with less reactive or acid- 

sensitive alcohols are shown in Scheme 2.2. 

OAc OH 

HOOC 
COOH 

tBuOOC 
COOtBu 

OAc OH 

a: CH2=CMe2, CH2CI2, H2SO4 (cat.), -15°C -> RT (100%) then MeOH, KOH (cat ), 

4°C, 10 min. (54%)^' 

OH 

1.1 HX=CHOOC 
COOCH=CH, 

OH 

b; CH2=CHOAc, Hg(OAc)2, H2SO4 (cat.)'' 

OH 

NaOOC. c PNBOOC 
COONa - ► 

OH OH 

c: 2 eq. PNBBr, 2.1 eq. NEtj, DMF, ca. S^C, Id (85%)“" 

Scheme 2.2 (continued) 

OH 

COOPNB 
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d: NEt3, MesCeCHjCl"’' 

OH 

OH 

e: Ph2C=N2, AcOEt, RT (95%^ 

Scheme 2.2 

Except for a few cases'*^ diaryl tartrates have not been reported. Similarly, 
thiol esters of tartaric acid are known only in isolated cases; an example of their 
preparation is shown in Scheme 2.3.'^* 

1.1 
a, b 

OH 

PhSOC 
COSPh 

OH 

a: 2 eq. Me2N-C=C-COMe, THF, -50°C (98%) 

b: 2 eq. PhSNa. THF, 0°C (72%) 

Scheme 2.3 

Unsymmetrical esters can be obtained by esterification of acetal-protected 
tartaric acid monoesters, with subsequent chemoselective removal of the acetal 
function. An example is shown in Scheme 2.4. 

Ph 

O.^ COOMe 

Ph' 

COOH 

O^^^COOMe 

A J 
OH 

MeOOC 

'COOCHjCFj 
COOCH2CF3 

OH 

a: 1.5 eq. GDI, THF, 2h, RT, then 2 eq. CF3CH2OH, 8h (78%) 

b: H2, 10% Pd/C, CF3CH2OH (97%)“® 

Scheme 2.4 

Several frequently used dialkyl tartrates are commercially available in both 
enantiomeric forms. 

( + )-DMT; dimethyl L-tartrate (2.1) [608-68-4] 
(-)-DMT: dimethyl D-tartrate {ent-l.\) [13171-64-7] 
(+)-DET: diethyl L-tartrate (2.2) [87-91-2] 



DIESTERS OF TARTARIC ACID 17 

(—)-DET: diethyl D-tartrate (ent-2.2) [13811-71-7] 
(+)-DIPT: diisopropyl L-tartrate (2.3) [2217-15-4] 
(—)^IPT: diisopropyl D-tartrate {ent-23) [62967-64-2] 

dibutyl L-tartrate [87-92-3] 
di-tert-huty\ L-tartrate [117384-45-9] 
di-tert-huty] D-tartrate [117384-46-0] 
dibenzyl L-tartrate [622-00-4] 
dibenzyl D-tartrate [4736-22-5] 

Applications 

Tartrates are excellent ligands for many metal ions, for which oxygen atoms of 

the hydroxy groups are the primary sites of coordination. Coordination may also 

involve oxygen atoms of the carbonyl groups (Fig. 2.1). Many asymmetric syn¬ 

thesis protocols mediated by metal ions are based on this property; the tita- 

nium(IV)-tartrate mediated asymmetric epoxidation of Katsuki-Sharpless is the 

best known example. Another synthetically useful structural feature of tartrates 

is their ability to act as chiral proton sources, for example in the desymmetriza- 

tion of chiral carbonyl compounds via their prochiral enolates. Tartrates are also 

useful and inexpensive starting materials for the synthesis of unnatural (7?)-malic 

acid esters as well as for the synthesis of (achiral) glyoxylic esters by the cleav¬ 

age of the diol unit. 

0 Coordination sites for metal ions 

@ Proton source 

(D Site of oxidative cleavage for glyoxylic esters synthesis 

Figure 2.1 

Tartrates were applied as chiral selectors in liquid chromatography of racemic 

aminoalcohols, such as ephedrine and analogues. 

Tartrates are used as chiral auxiliaries for deracemization of carboxylic acid 

derivatives via enantioselective protonation of their enolates, or by stereoselec¬ 

tive addition to ketenes (Scheme 2.5). 
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a - e COOH 

a: SOCI2, DMF; b: NEta; c: 2.2, -78°C; d: AcOH-HjO; e: AcOH-2N HCI, 85°C" 

f: LDA, -78°C; g: 2.3” 

e.e. 43% 

> 95% D 

e.e. 57% 

h: dialkyl L-tartrates” “ i: LiHMDS, -78‘’C j: 0-deuterated 2.3” 

Scheme 2.5 

Esters of unnatural (i?)-malic acid can be synthesized from (/?,7?)-tartrates. 
Several routes have been devised, differing in number of steps, yields, and 
reagents used (see Chapters 4 and 7). A remarkable direct deoxygenation of 
tartrates to malates with the use of samarium(II) iodide and ethylene glycol as 
additive has been reported by Inanaga^^ (Scheme 2.6). 

OH OH 

ROOC. a ROOC. JL 
^1^ XOOR —^ - ^-^^COOR 

R = Et (72%) 

R = i-Pr (99%) 

a: Smlj, HOCH2CH2OH, THF, RT 

Scheme 2.6 

Oxidation of dialkyl tartrates (an alternative to ozonolysis of fumarates or 
maleates), yields synthetically useful glyoxylic esters (Scheme 2.7.). 

ROOC a or b 
or c or d R00C-CH=0 

(usually isolated as a hydrate) 

a: Pb(OAc)4, benzene c: PbsO^, ACOH-H2O 

b: NaI04, H2O or HsIOs, Et20 d: NBS, K2CO3, cat. PhjBi 

{continued) 



MONOESTERS OF TARTARIC ACID 19 

R method ref. 

Me a 41 

Me b 57,58 

Et a 59 

Et b 57,60 

Et c 61 

n-Bu a 62-64 

n-Bu b 65 

t-Bu a 66 

Me(CH2)3CH(Et)CH2 b 26 

cyc/o-CeHn b 67 

(-)-menthyl b 67 

(-)-bornyl b 67 

MeCH=CHCH2 b 33 

CICH2CH2 a 68 

CI3CCH2 b 31,41 

Bn b 34 

Bn d 69 

PMB a 70 

2-O2NC6H4CH2 a 71 

4-O2NC6H4CH2 a 41,72 

4-O2NC6H4CH2 b 42,73 

PhjCH a 44 

PhOCH(Me) a 71 

Scheme 2.7 

2.2 MONOESTERS OF TARTARIC ACID 

Table 2.2 Monoesters of L-tartaric acid ROOCCH(OH)CH(OH)COOH 

R m.p. (°C) [aJo (solvent) References 

Me 76^ + 18.7 (H2O) 74 
t-Bu 85 +9.9 (Me2CO)'’ 23 

CgHn 51-51.5 +7.4 (CHCI3) 75 
(1 R,25,5/?)-menthyl 82.5-83 -53.0 (CHCI3) 76 
(1 S,2/?,55)-menthy E 122-122.5 +71.1 (CHCI3) 76 
(lS)-bomyl 158-158.5 -6.5 (EtOH) 29,30 
(IR)-boniyl 130.5-131.5 +51.8 (EtOH) 29,30 

“ Monohydrate. 
At 546 nm. 
Enantiomer prepared. 
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Synthesis 

Only a few monoesters of tanaric acid have been reponed. The monomeihyl 
ester is formed in low \ield by heating 1,1 with methanol. ^ Other nKmoesteiN 
such as monobomyl tartrates can be obtained by hyda^lysis of the diesters 
w ith one equi\ alent of alcoholic hydroxide solution.'’^ more general access 
to monotartrates is through hydrolysis of their O.^T-diacyl derivatives 
(Scheme 2.8). 

ocx:r’ 

HOOC 

OOCR’ 

OH 

COOFE or b 
HOOC 

COOR=^ 

OH 

a 3N NaOH, RT. then dil. HCI (R’ = CFj. R-= C,H,7). 

b: 1.1 eq. KOH. EtOH. then MejSICl. then HjO (R’= Me R' = t-8uV 54%“ 

Scheme 2.8 

Application 

Monobenzyl ester was used for the preparation of bis-tartrate ligands for as\"m- 
metric epoxidation^ (Scheme 2.9). 

OH OH OH 

BnOOC. a BnOOC. COOBn 
Y OOOH -- ^J^COOtCHjX.OOC^^r' 

OH OH 6h 

n = 3(51%) 

n = 4{81%) 

n = 5 t84%) 
a: 1 eq. Ba,NOH. 0.5 eq. ItCHjy, DMF. 50=C 

Scheme 2.9 

2.3 TITANIUM(IV) TARTR.\TE COMPLEXES 

Preparation 

Titamum(lV) tartrate complexes are prepared in situ, in dichloamiethane solu¬ 
tion, from titanium tetraisopropoxide and diethyl tartrate (2.2) or diisopa^pyl 
tartrate (2.3), by ligand exchange reaction. For enantioselective eptmdation 

reactions the 1:1 complex 2.4 is used.’* Dimeric catalyst structure as in Fie, 2.2 
was established by the X-ray’’ and by spectroscopic*" methods. ^ 

For asymmetric sulfide to sulfoxide oxidations best results are obtained with 
the complex Ti(OiPr),: tartrate: H,0 of 1:2:1 stoichiometiy (Kasan reasenti** or 
with Ti(OiPr)4: tartrate complex of 1:4 stoichiometry (Modena ieagent)>' 
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ROOC 
OiPr 

ROOC 

ii 

iPrO 

)>.COOR 

I—''o 
'COOR 

Figure 2.2 

’COOR 

2.4a, R = Et 

2.4b, R = i-Pr 

For enantioselective N-oxide formation optimum results are obtained with the 
Ti(OiPr)4: tartrate ratio 2:1.®^ 

Applications 

Chiral mediator!catalyst for Sharpiess-Katsuki asymmetric epoxidation of 
allylic alcohols*’* (Scheme 2.10). 

D-(-)-tartrate 

o 

70-90%, e.e.> 90 
L-(+)-tartrate 

Scheme 2.10 

Reaction features 

• relative insensitivity to resident chirality 

• high reliability and predictability of absolute configuration (according to 

Scheme 2.10) 

• high enantiomeric purity of the epoxide: generally above 90%, frequently 

above 95% 

• all reagents are commercially available and inexpensive 

• the titanium tartrate complex can be used in catalytic amounts (usually 

0.05-0.15 eq.), with the addition of molecular sieves 

• the addition of silica gel and calcium hydride results in acceleration of 

some epoxidation reactions by the Sharpless reagent*^ 

. • the polymer-supported catalyst provides high chemical yield and enan¬ 

tiomeric excess of the reaction while facilitating recovery of the catalyst.*^ 

Reviews: ref. 88-95. Examples of reactions under standard conditions are shown 

in Scheme 2.11. 
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78%, e.e.>96.8% 

a: 0.65 eq. (+)-DET (2.2), 0.54 eq. Ti(Oi-Pr)4, 2.0 eq. t-BuOOH, CH2CI2, -60°^ 0°C“ 

71%, e.e. 96% 

b: 1.1 eq. (+)-DET (2.2), 1.1 eq. Ti(Oi-Pr)4, 2.2 eq. t-BuOOH, CH2CI2, -25°C®^ 

,SiMe, 

60%, e.e. 95% 

c: 1.5 eq. (+)-DIPT (2.3), 1.2 eq. Ti(Oi-Pr)4, 2.0 eq. t-BuOOH, CH2CI2, -20°C“ 

95%, e.e. 95% 

d: 2.2 eq. (+)-DET (2.2), 2.2 eq. Ti(Oi-Pr)4, 2.0 eq. t-BuOOH, CH2CI2, -20°C” 

BnO OBn BnO OBn 

82%, one diastereomer 

e: 1.2 eq. (+)-DIPT (2.3), 1.1 eq. Ti(0-iPr)4, 1.5 eq. t-BuOOH, mol. sieves 4A, 

CH2CI2, -20°C'°° 

BnO 

HO 

OMOM 

OMOM 

BnO 

HO 

OMOM 

OMOM 

BnO 

HO 

OMOM 

OMOM 

77%, one diastereomer c,ab, 
94%, one diastereomer 

f. 1.4 eq. (+)-DIPT (2.3), 1.4 eq. Ti(Oi-Pr)4, 2.0 eq. t-BuOOH, CH2CI2, -25°C’'’' 

g: as f, except (-)-DIPT used in place of (+)-DIPT 

Scheme 2.11 
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Scheme 2.12 shows examples of reactions under catalytic conditions. 

88%, e.e.95% 

a: 0.06 eq. (+)-DET (2.2), 0.05 eq. Ti(OiPr).,, 2.0 eq. t-BuOOH, mol sieves 3A, 

CH2CI2, -12°C^^ 

86%, e.e. 98% 

b: 0.1eq. (+)-DIPT (2.3), 0.05 eq. Ti(OiPr)4, 1.5 eq. t-BuOOH, CH2CI2, -20°^ 0°C'“ 

65%, e.e. 97% 

c: 0.15 eq. (+)-DIPT (2.3), 0.16 eq. Ti(OiPr)4, 1.8 eq. t-BuOOH, mol. sieves 4A, 

CH2CI2, -20°C 

d: MeSbCI, DMAP, NEtj, CH2Cl2'°^ 

OH OH 

82%, one diastereomer 

e: 0.09 eq. (-)-DIPT {ent-2.3), 0.07 eq. Ti(OiPr)4, 2.0 eq. t-BuOOH, mol. sieves 4A, 

CHiCiz, -25°C'°‘' 

^''^^''5^'^OH —^ ^TV^OH 
O' 

91%, e.e. 95% 

f: 0.06 eq. (+)-DIPT (2.3), 0.03 eq. titanium-pillared montmorillonite, 1.2 eq. 

t-BuOOH, CH2CI2, -20°C’“ 

Scheme 2.12 

Chiral mediator for kinetic resolution of racemic allylic alcohols in the 
asymmetric epoxidation, with ca. 55% conversion(Scheme 2.13). Review. 

ref. 107. 
Chiral mediator for asymmetric oxidation of prochiral sulfides to sulfoxides 

(Kagan-Modena method),Scheme 2.14. 
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e.e.> 99,5% e.e.~ 90% 

{anti: syn ~ 9 :1)’“ 

a: 1.2 eq. (+)-DIPT (2.3), 1.0 eq. Ti(Oi-Pr)4, 0.6 eq. t-BuOOH, CH2CI2, -20°C 

e,e.95% (anti only) 

b: 0.6 eq. (+)-DET (2.2), 0.5 eq. Ti(Oi-Pr)4. 0.5 eq. t-BuOOH, mol. sieves 4A, CH2CI2, 

-16“C ^16°C’“ 

n = 0, 1, 3, 5, 9 

30-43%, e.e.> 90% 

c: 1.2 eq. (+)-DIPT (2.3), 1.0 eq. Ti(Oi-Pr)4, 1.0 eq. f-BuOOH, 0.05-0.1 eq. CaH2, 0 1-0.2 eq. 

silicagel, CH2CI2, -10°C”'’ 

n = 0-3, 5 

45-47%, e.e,>90% 

d: 1.0 eq. (+)-DIPT (2.3), 1.0 eq. Ti(Oi-Pr)4, 2.5 eq. t-BuOOH, 0.05-0 1 eq. CaH2, 

0.10-0.15 eq. silicagel, CH2CI2, RT'" 

38%, e.e.> 99% 

e. 0.24 eq. (+)-DIPT (2.3), 0.2 eq. Ti(Oi-Pr)4, 0.6 eq. t-BuOOH, mol. sieves 4A, 

CH2CI2, -21 

(continued) 
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OH 

R = i-Pr"3 

R ^ Ph"'' 

f: Red-AI, THF, 0°C RT 

g: as a, (-)-DIPT used 
e.e. 97-99% 

Scheme 2.13 

'0"(D-tartrate) 

/ Ti(0'P'')4. RMejCOOH 

/ Ar R^ Hp,CH/:^,-2a’c'^ Ar R 

(L-tartrate) 'O" 

(configuration for the L-tartrate 

mediated oxidation) 

Scheme 2,14 

Reviews: ref. 118-120. Examples are shown in Scheme 2.15. 

0 

RSMe ^ ► R—s' 

\ 
Me 

a: 2 eq. (+)-DET (2.2), 1 eq. Ti(Oi-Pr)4,1 eq. H2O, 1 eq. cumene hydroperoxide, 

CH2CI2, -20°C 

R yield (%) e.e. {%f ref. 

Ph 93 93 118 

77 99.2 117 

4-MeC6H4 93 96 116 

75 > 99.5 117 

85 89 121“’ 

1-naphthyl 91 91.2 117 

Bn 84 61.5 116 

87 95.4 117 

Me(CH2)7 71 80 116 

63 85.1 117 

all these sulfoxides can be obtained enantiomerically pure by recrystallization 

with (-)-DET (opposite configuration of the product) 

Scheme 2.15 {continued) 
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PMB PMB 

75%, e.e. 98-99% 

b: 1 eq. (-)-DET (2.2), 0.5 eq. Ti(Oi-Pr)4, cumene hydroperoxide, CH2CI2, -20°C’^^ 

(CO)3 (CO)3 

65%. e.e. 83% 

(e.e. > 95% after recrystallization) 

c; 4 eq. (+)-DET (2.2), 2 eq. Ti(OiPr)4, 2 eq. H2O, 1.3 eq. cumene hydroperoxide, 

CHzCb, -20°C^^‘' 

0 
I 

64%, e.e. 94% 

d: 2.2 eq.(+)-DET (2.2), 1.1 eq. Ti(OiPr)4, 1 eq. H2O, 1.5 eq. cumene hydroperoxide, 

CH2CI2, -30°C'” 

Scheme 2.15 

A modification of this reaction employs a titanium-pillared montmorillonite 
catalyst. 

The oxidation can be carried out efficiently under catalytic conditions with a 
reagent Ti(OiPr)4: tartrate: i-PrOH of 1:4:4 stoichiometry'^’ (Scheme 2.16). 

Chiral mediator for kinetic resolution of racemic (5-hydroxy tertiary amines 
by enantioselective A-oxide formation”* (Scheme 2.17). 
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4-MeC6H4SMe 4-MeC6H4—S 
\ 

Me 

77%, e.e. 96% 

a: 0.4 eq,(+)-DET (2.2), 0.1 eq. Ti(OiPr)4, 0.4 eq. i-PrOH, 2 eq. cumene 

hydroperoxide, mol. sieves, CH2CI2, -22°C''^^ 

Scheme 2.16 

OH 

NMe, 

OH OH 0 

^NMe, 
R 

R = Ph, e.e. 95% 
OCHj — 

R = , e.e. 92% 

R' 

NMe, 

.JCO 
R = CsHit, e.e. 94% 

R = t-Bu, e.e. 92.5%®^ 

CX“ 
e.e.> 95%> 

a; 1.2 eq.(+)-DIPT (2.3), 2.0 eq. Ti(Oi-Pr)4, 0.6 eq. cumene hydroperoxide, CH2CI2, 

-20‘’C' 

Scheme 2.17 

Chiral mediator for kinetic resolution of racemic sulfides by enantioselective 
sulfoxide formation'^^ (Scheme 2.18). 

NH + sulfoxide 

[alo"® -57 (c = 1, MeOH) 

36%, e.e. 67% 

(configuration unknown) 

a: 1.2 eq. (+)-DIPT (2.3), 0.6 eq. Ti(OiPr)4, 0.6 eq. H2O, 0.6 eq. t-BuOOH, mol. 

sieves 4A, CH2CI2, -20°C'^^ 

Scheme 2.18 
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Chiral mediator for kinetic resolution of racemic sulfoxides by enantio- 

specific oxidation to sulfones (Scheme 2.19).'^° 

^ Cl—SOjMe 

Me Me 

31%, e.e.94% 

a: 2 eq, (+)-DET (2.2), 0.5 eq. Ti(OiPr)4, 0.65 eq. cumene hydroperoxide, CH2Cl2,-23°C^^° 

Scheme 2.19 

Chiral mediator for the conversion of aryl cinnamyl selenides to l-phenyl-2- 

propen-l-ol via the selenoxide'^' (Scheme 2.20). 

pp,^'^55^/\SeC6H4-2-N02 —a 

42%, e.e. 92% 

a. 2 eq. (+)-DIPT (2.3), 1 eq. Ti(0iPr)4, 1.1 eq t-BuOOH, mol. sieves 4A, CH2Cl2,-20°C^^^ 

Scheme 2.20 

Chiral mediator in the enantioselective trimethylsilylcyanation^^^ and 

hydrophosphonylation^^ of aryl aldehydes and for asymmetric ring opening of 
epoxides with trimethylsilylazide'^^ (Scheme 2.21). 

CN 
ArCHO —2— Ar—/ 

OH 

89-95%, e.e. 77-81% 

Ar = Ph, 4-MeC6H4, 4-MeOC6H4, 2-naphthyl 

a: 1,1 eq. (+)-DIPT (2.3), 1 eq, Ti(OiPr)4, 1 eq. TMSCN, CH2CI2. OX’^ 

PhCHO 
PO(OEt)2 

Ph—^ 

OH 

75%, e e. 53% 

b: 0.2 eq. (+)-DIPT (2.3), 0.2 eq. Ti(OiPr)4, 1 eq HPO(OEt)2, EtjO, OX'®-* 

60%, e.e 46% 

c: 0.11 eq. (+)-DIPT (2.3), 0.1 eq. TiCl2(Oi-Pr)2, 2 eq. TMSN,, CH2CI2, -10°C'” 

Scheme 2.21 
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Tartrate-TiCl4 complexes were used as chiral Lewis acid catalysts in 

Diels-Alder reaction of cyclopentadiene and methyl acrylate (e.e. up to 83%, 
moderate chemical yield). 

2.4 MAGNESIUM TARTRATE COMPLEX 

Preparation 

The preparation is done in situ from dibutyl magnesium and diethyl tartrate (see 
Scheme 2.22). 

Application 

The application is as a chiral mediator for the asynunetric epoxidation of chal- 
cones with t-butyl peroxide^^^ (Scheme 2.22). 

o 

Ph 

Ar yield (%) e.e. (%) 

Ph 61 94 

4-MeC6H4 36 87 

2-naphthyl 46 92 

a; 0.11 eq, (+)-DET (2.2), 0.1 eq. BujMg, 1.5 eq. t-BuOOH, PhMe/THF, RT, 1 day 

Scheme 2.22 

2.5 ZINC TARTRATE COMPLEXES 

Preparation 

The preparation is done in situ from diethyl zinc and dialkyl tartrate (see 

Schemes 2.23-2.26). 
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Application 

The application is as a chiral mediator for the enantioselective addition of arene- 

thiols to A-acylaziridines (Ogumi),'^’'^^ also in the catalytic version(Scheme 

2.23). 

o 

4-tBuC6H4S NHCCgH4^-N02 

a: 98%, e.e. 88%i 

b: 95%, e.e. 78% 

a: 1 eq. (+)-DIPT (2.3), 3 eq. EtjZn, 4.8 eq. 4-tBuC6H4SH, CH2CI2, 

b: 0.2 eq. (+)-dicyclohexyl tartrate, 1 eq. Et2Zn, 3 eq. 4-tBuC6H4SH, CH2CI2, 

Scheme 2.23 

The reactive species for the reaction are presumably zinc complexes of the 

formula in Fig. 2.3. 

Fujisawa developed a protocol for the asymmetric Simmons-Smith reaction of 

allylic alcohols using zinc tartrate complexes as chiral mediators'^* (Scheme 

2.24). 

R R 

R = H 54%, e.e. 71-79%'^® 

R = MejSi 84%>, e.e. 80%^®® 

a: 1 eq. EtjZn, 1 eq. (+)-DET (2.2), CH2CI2 or CICH2CH2CI, 0°C 

b; 2-3 eq. Et2Zn, 2-3 eq. CH2I2, -20°C 0°C 

Scheme 2.24 

/ \ 

a: EtjZn, (+)-DET (2.2), CH2I2, CICH2CH2CI, -12°C (72%, d.e. 71%) 

b: EtaZn, (-)-DET (enf-2.2), CH2I2, CICH2CH2CI, -12°C (84%, d.e. 71%) 

Scheme 2.25 
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This reaction has been used by Barrett in the synthesis of the antifungal agent 
FR-9(K)848’"*^^ (Scheme 2.25). Note the oppo.site diastereoselectivity of cyclo- 
propanation imposed by the two enantiomeric tartrate ligands, overriding the 
chirality of the substrate. 

In addition, zinc tartrate complexes were applied by Ukaji and Inomata as 
chiral mediators in the enantio.selective synthesis of 2-isoxazolines via 1,3-di- 
polar cycloaddition of a nitrile oxide to ally! alcohol,"" as well as in addition of 
diethylzinc to nitrones*'*^ (Scheme 2.26). 

N-O 

92%. e.e, 96% 

a; 1 eq EtjZn, 1 eq. (+)-DIPT (2.3), CHCb, O'-C 

b: 1,5 eq, EtjZn, 1.5 eq, t-BuC(CI)=NOH, 0"C 

R = H, 88%, e,e. 85% 

R = Me, 91%, e.e, 94% 

c: Et2Zn. (+)-dicydopentyl tartrate, MeMgBr, CH2CI2, 0°C RT 

Scheme 2.26 

2.6 TINdl) AND TINdV) TARTRATE COMPLEXES 

Preparation 

Tlndl) tartrate complex (2.5) can be prepared from tin(II) dichloride and dialkyl 
tartrate (Scheme 2.27). 

Etocx:,,,^ 

EtOOC*^ 

Sn 

sn , 

^COOEt 

0-^ '"'COOEt 
2.5 

a SnCIa, NEta. MeOH. RT, 85%^^^ 

Dimeric structure from "*Sn NMR measuremenO^^ 

Scheme 2.27 
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The tin(IV)-tartrate complex of the tentative structure 2.6 can be prepared 
in situ from tin(II) chloride, an allyl bromide, and dialkyl tartrate’"^ ’'^^ (Scheme 
2.28). 

2.2 
a 

EtOOC 

EtOOC 

COOEt 

COOEt 

Na© 

R = CH2CH=CH2i‘“' 

R = -Q 

2.6 

a: 2eq. NaH, 0.5 eq. SnCb, 1.5-2.0 eq. RBr, THE, 0°C’‘“' 

Scheme 2.28 

Applications 

Tin(IV) complex 2.6 was developed by Umani-Ronchi et al. as a chiral reagent 
for the enantioselective allylation of aldehydes(Scheme 2.29). 

OH 

PhCHO Ph^R 

R = CHjCH^CHs. 82%, e.e. 62%'“^ 

R = —(^ . 53%, d.e. 100%’“® 

Scheme 2.29 

The related chiral allylic tin reagent 2.7 developed by Mukaiyama et al. reacts 
with aromatic aldehydes to give homoallylic alcohols of high enantiomeric 
excess''^^ (Scheme 2.30). 

ArCHO 

2.7 

OH 

Ar yield (%) e.e. (%) 

Ph 98 91 

2-MeC6H4 99 94 

1-naphthyl 97 92 

a: 2.7, Cut (cat.), CH2CI2, -78''C 

Scheme 2.30 
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Tartramides, Tartaric Hydrazides, 
and Their Derivatives 

3.1 DIAMIDES AND DIHYDRAZIDES OF TARTARIC ACID 

OH 

R’R^NOC 
C0NR’R2 

OH 

I 

Table 3.1 Symmetrical diamides and dihydrazides of L-tartaric acid (I) 

R' m.p. (°C) [aJo (solvent) References 

H H 195 + 144.0 (MeOH) 1 
Me H 198-200 +148.8 (MeOH) 1-3 
Et H 210-211 + 138.1 (MeOH) 1 
n-Pr H 216 + 124.9 (MeOH) 2 
i-Pr H 189-190.5 + 117.8 (MeOH) 2,4 
n-Bu H 193 + 114.6 (MeOH) 2 
i-Bu H 183.5 + 117.6 (MeOH) 2 
n-C5Hii H 194-195 — 5 
n-C7Hi5 H 183 +88.1 (MeOH) 2 
CKCHa)^ H 191-192 — 6 
h^ncch^)^ H 206-208 — 7 
BnOOCNH(CH2)2 H 238-239 — 7 
(H0CH2)3C H 144 — 8 
CH2=CHCH H 186-188 + 119.8 (MeOH) 2 
Bn H 201-204 +91.5 (pyridine) 1 
2-furylmethyl H 178-180 +97.3 (pyridine) 9 
Ph H 255-256 +245.6 (pyridine) 1,10 
2-MeQH4 H 184-185 +199.0 (pyridine) 1 
3-MeC6H4 H 184 +225.3 (pyridine) 1 
4-MeC,H4 H 264-267 +241.0 (pyridine) 1,10 
2-CIQH4 H 185 + 164.3 (MeOH) 11 
3-CIQH4 H 212 + 182.3 (MeOH) 11 
4-CIC6H4 H 276 + 196.0 (MeOH) 10,11 
2-BrQH4 H 193 + 120.9 (MeOH) 11 
3-BrQH4 H 220 + 154.5 (MeOH) 11 
4-BrQH4 

38 

H 264 + 181.1 (MeOH) 11 
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Table 3.1 (continued) 

R' m.p. (°C) [aJo (solvent) References 

l-naphth)^ H 213-214 +97.6 (pyridine) 1,12 
2-naphthyl H 279 +292.0 (pyridine) 1,12 
Me Me 188-190 +46.0 (EtOH) 13,14 
Ph Me 152 +28.4 (benzene) 15 

-(CH^)^- 132.5-135 + 34.2 (EtOH) 13,16,17 
-(CHa)^- 189-190 + 1.2(CH2Cl2) 18 

BnO H 183-185 — 16 
NH2 H 182.5-183 +97.1 (H2O) 1,9,19 
PhNH H 231 + 80.9 (AcOH) 1,2 
3.1' 202-203 -79.9 (dioxane) 20 
3.2' 145-147 -43.5 (CHCI3) 21 
3.3' 73-75 -28.9 (CHCI3) 21 

See Scheme 3.5. 

Unlike primary and secondary tartrdiamides, tertiary tartrdiamides in the lowest- 
energy conformation have a nonplanar (bent) four-carbon chain.^’^^ 

Synthesis 

Three general methods are useful for the preparation of symmetrical tartaric acid 
diamides. 

i. Aminolysis of dimethyl or diethyl tartrate (2.1, 2.2) with excess alkyl 
amine in alcohol solvent or with more nucleophilic magnesium amides in 
ethereal solvents (Scheme 3.1). 

OH 

^ ^ a Me^NOC.. A. 
2.2 ■— ► 2 'Y^^cONMej 

OH 

a: excess MejNH, MeOH, RT, 3 days (95-98%)'' ''’ 

OH 

b MeCCKl.gHNOC.. 
2.1 ° 2^'=' V^^CONHICHjIiaMe 

OH 

b: 2.2 eq. Me(CH2)i3NH2, MeOH, A, 20h (97%)" 

ent-2.2 

OH 

PhMeNOC. A,. 
CONMePh 

OH 

c: excess PhMeNMgBr, EtjO, A (63%)’' 

Scheme 3.1 
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ii. Thermal condensation of excess aryl amine with tartaric acid (1.1) or 

reaction of tartaric acid with A^-sulfmylarylamine (Scheme 3.2). 

OH 

1.1 
a 

or b 
ArHNOC 

CONHAr 

OH 

a: 2-5 eq. ArNHj, 160-180°C’ “ 

b: 2 eq. ArN=S=0, MeOH, 50°C (97-99%)’“ 

Scheme 3.2 

iii. Reaction of an amine with in situ prepared active esters of tartaric acid 

(Scheme 3.3). 

Bn 0 01^ H 

. . a A X A. ^COOiBu 
^ iBuOOC V 

^ OH 0 Bn 

a: 2 eq. (S)-Bn(N’'H3)CHCOOiBu TsO , 2 eq. NMM, 2.2 eq. /V-hydroxybenzotriazole, 

2.2 eq. DCC, THF-CH2CI2, 0°C RT (55%)^® 

TPP = 5,10,15,20-tetraphenylporphyrin 

b: 2 eq. TPP-NH2, CH2CI2, A, 5h (64%)““ 

Scheme 3.3 

Unsymmetrical diamides can be obtained by aminolysis of tartramates or by 

reaction of tartramic acids or tartrimides with amines (see also Chapter 4). 

Tartramides are also available by deacetylation of 0,0'-diacetyltartramides 
with dilute methanolic ammonia (Scheme 3.4). 

OAc OH 

R’HNOC. , „ R’HNOC. JL 
^|^^C0NHR2 .g. > N^^C0NHR2 

OAc OH 

a: 0.6M NH3 in MeOH (95-96%)^® 

Scheme 3.4 
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Cyclic diamides 3.1-3.3 were synthesized from 0,0'-benzylidene-L-tartaric 
acid2o.2i (Scheme 3.5). 

C 

c
 

0 

HO„> 

R 

-N 
3.1 R = Bn 

HOOC COOH 
0 

-N 

R 

3.2 

3.3 

R = CyCH2 

R = CF3CH. 

a: RHNCH2CH2NHR, DCC or A/-methyl-2-chloropyridinium iodide, NEta (38-52%) 

b: ACOH-H2O, reflux or I-I2, 10% Pd, 10% AcOH-EtOH (87-97%) 

c: H2(3.5 atm), 10% Rh-Al2O3(90%) 

Scheme 3.5 

Tartaric dihydrazides are prepared by hydrazinolysis of tartrates (2.1, 2.2) or 
by thermal condensation of tartaric acid (1.1) with substituted hydrazines 
(Scheme 3.6). 

OH 

, a RNHNHOC. JL 
2-1 orb* CONHNHR 

OH 

a (R = H): H2NNH2 H2O, EtOH, RT’ 

b(R = Ph): PhNHNHj, a' 

Scheme 3.6 

Tartaric polyamide was obtained by polycondensation of dimethyl L-tartrate 
with hexamethylenediamine at 30°C in various solvents, of which diglyme, THF, 
and DMSO were most favorable with respect to polymer yield.^^ 
Several tartrdiamides are available commercially; 

A^,A^'-diallyl-L-tartrdiamide [58477-85-3] 

MA^'-dibenzyl-L-tartrdiamide [88393-56-0] and its enantiomer [108321-43-3] 

A(A(A^',A^'-tetramethyl-L-tartrdiamide [26549-65-5] and its enantiomer 
[63126-52-3]. 

Applications 

yy.A'-Diisopropyltartrdiamide has been used as chiral additive in the resolution 
study of hydroxy and amino acid derivatives as well as diols by liquid 
chromatography. 

Chiral polysiloxanes of the structure 3.4 derived from (^,/?)-A-isopropyltar- 
- tramide were used for the GC separation of enantiomers.^^ Chiral stationary 
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phases for HPLC exhibiting excellent enantioselectivity and stability have been 

obtained by adsorbing the unsymmetrical diamides 3.5-3.7 onto porous 
graphitic carbon.^® 

I 
o 

-Si-(CH2)4—NHOC 

O 

OH 

CONHiPr 

OH 

3.4 

OH 

3.6 R = i-Pr 

3.7 R = 3-O2NC6H4 

Tartrdiamides are used as chiral titanium(IV) ligands in Sharpless epoxida- 

tion; stereochemical outcome of the reaction is dependent on the ratio of 
Ti(OiPr)4:tartrdiamide (Scheme 3.7).^^’^° 

a: 2.4 eq. (R,R)-A/,A/'-dibenzyltartrdiamide, 2 eq. Ti(Oi-Pr)4, t-BuOOH, -20°C 

b: as a, but 1.0 eq. of the diamide 

Scheme 3.7 

Tartaric dihydrazide readily forms with aromatic aldehydes and ketones 

tartaric bis-hydrazones, compounds of potential applications (Scheme 3.8).^' 
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O OH 

OH O 

Arc OR 

0 OH R 

R OH O 

R Ar ref. 

H Ph 1,9 

H 4-NO2C6H4 31 

H 4-pyridyl 31 

H 2-furyl 1,9 

Me Ph 1,9 

Scheme 3.8 

3.2 MONOAMroES OF TARTARIC ACID (TARTRAMIC ACIDS) 
AND THEIR DERIVATIVES 

OH 

OH 

II 

Table 3.2 L-Tartramic acids (II, X = OH), L-tartramates (II, X = OR) and L-tartra- 
mazides (II, X = NHNH2) 

R' X m.p. (°C) [aJo (solvent) References 

H H OH 171-172 +63.7 (H2O) 33,34 
Me H OH 154-156 +86.8 (H2O) 3 
Me Me OH — +3.6 (MeOH) 3 
i-Pr H OH 178-179 +75.1 (—) 28 
CgHn H OH 150-151 +32.2 (AcOEt) 35 
Ph H OH 182-182.5 + 106.2 (H2O) 36 
2-MeC6H4 H OH 152.5-154 + 108.2 (EtOH) 37 
2-CIC6H4 H OH 180.5-182.5 + 100.3 (EtOH) 37 
2-BrC6H4 H OH 171.5-172.5 +75.6 (EtOH) 37 
2-NO2C6H4 H OH 196-198 +90.0 (H2O) 37 
3-NO2QH4 H OH 205-207 +93.4 (H2O) 38 
4-CIC6H4 H OH 193-195 + 108.9 (EtOH) 37,39 
4-BrC6H4 H OH 198.5-201.5 +90.5 (EtOH)^ 37 
4-HOC6H4 H OH 218 + 108.3 (H2O) 47 
2,4-Cl2C6H3 H OH 181-191 + 100.7 (EtOH) 37 
2,4,6-Cl3C6H2 H OH 176.5-178.5 +72.4 (EtOH)“ 37 
H H OMe 136.5-140 +62.9 (H2O) 40 
Me H OMe 139-143 + 130.5 (H2O) 3 
Me Me OMe 48-51 -20.0 (MeOH) 3 

(continued) 
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Table 3.2 (continued) 

R' X m.p. (°C) [aJo (solvent) References 

H H OEt 134-137 — 41 

Bn H OEt — — 30 

4-H0C,H4 H OEt 118 + 106.1 (MeOH) 42 

H H NHNH2 152 + 124.0(H,O) 40,43 

Hydrate. 

Synthesis 

Tartramic acids can be obtained by hydrolysis or methanolysis of the corre¬ 

sponding 0,0'-diacyl derivatives; the synthesis starts with the amine and 0,0'- 

diacetyl tartaric anhydride and can be done in one step (Scheme 3.9). 

OAc OH 

ArHNOC. a . ArHNOC. A.. 
COOH COOH 

OAc OH 

a; 3eq 1.5M KOH, RT, 2h. then cone. HCI 

AcO. OAc 

0 '='^''™'=Y^oooh 

OH 

b: 1 eq. 4-CIC6H4NH2, CH2CI2, A,15h, then 10% KOH, then cone, HCI (68%)” 

Scheme 3.9 

A mild synthetic method is based on the reaction of tartaric acid (1.1) with N- 
sulfmylanilines (Scheme 3.10). 

OH 

b PhHNOC^ 
Y XOOH 

OH 

b: leq. PhN=S=0, MeCN, 50°C (99%)’° 

Scheme 3.10 

Tartramates can be obtained with moderate yields by aminolysis of dialkyl 

tartrates (side product—tartaric diamide). Scheme 3.11, or by esterification of 
the corresponding tartramic acids. 
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ROOC 

OH 

a 

a NHs, ROH, 0-3X. 2 h 

OH 

HjNOC 
COOR 

OH 

R = Me (34%)“^ 

R = El (55%)"' 

Scheme 3.11 

lartramuzides fhydrazides of tartramic acids) were prepared by hydra/.inolysis 
of tartramates ("Scheme 3.12). 

OH 

HjNOC 
COOMe 

OH 

a 

a: H2NNH2, MeOH, RT (92%)'“' 

Scheme 3.12 

Application.s 

Tartranilic acids ("monoanilides of tartaric acid) are useful as reusable resolving 
agents for amines (Scheme 3.13). 

resolved with {R,R)-p-chlorotartranilic acid®® "'® 

resolved with (R,R)-m-nitrotartranilic acid®^ 

resolved with (R,R)-o-fiitrotartranilic acid 

(both enantiomers obtained)®^ 

.Scheme 3.13 

Tartramazides form crystalline tartramazone derivatives of aldehydes and 

-ketones'^ (Scheme 3.14). 
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OH 

H2NOC R’ R* 
'CONHNH2 + 

OH O 

OH R’ 

HjNOC rV 
OH O 

Scheme 3.14 

These derivatives can be used for resolving racemic ketones, such as 2- 
phenylcyclopentanone/^ a-methyllevulinic acid."** and 3-methoxy-14.17-dioxa- 
7(14)-5eco-l,3,5(10),9(l D-estratetraene,"*^ as well as 3.7-dimethyloctanal.^ 

' A^-Octyltartramic acid was applied as chiral mobile phase additive the resolu¬ 
tion of racemic amino acids by liquid chromatography."^ 

Ethyl (/?,i?)-A^-benzyltartramate is effective as a chiral titanium (IV) ligand in 
Sharpless epoxidation (Scheme 3.15).^ 

OH 

. 2 eq "niOi-PrK l-BuOOH. CHiCb. -20°C 

Scheme 3.15 

REFERENCES 

1. Frankland, P. F.; Slator, A. J. Chem. Soc. 1903,83: 1349. 

2. Frankland, P. F.; Twiss, D. F. J. Chem. Soc. 1906. 89: 1852. 

3. Gawronski, J.; Gawronska. K.; SkowTonek. P; Rychlewska. U.; Warzaitis, B.; 

Rychlewski, J.; Hoffmann. M.; Szarecka, A. Tetrahedron 1997,53: 6113. 

4. Dobashi, Y.; Hara, S. J. Am. Chem. Soc. 1985,107: 3406. 

5. DTanni, J. D.; Adkins. H. J. Am. Chem. Soc. 1939. 61: 1675. 

6. Vargha, L. Naturwissenschaften 1955,42: 582. 

7. Gorman, J. J.; Folk. J. E. J. Biol. Chem. 1980, 255: 1175. 

8. DuBois, G. E.; Zhi. B.; Roy, G. M.; Stevens. S. Y; Yalpani, M. J. Chem. Sik\. Chem. 
Commun. 1992: 1604. 

9. Frankland, P. F.; Ormerod. E. J. Chem. Soc. 1903.53: 1343. 

10. Shin, J. M.; Kim, Y. H. Tetrahedron Lett. 1986, 27: 1921. 

11. Frankland. P. F.; Twiss, D. F. J. Chem. Soc. 1910. 97: 154. 

12. Bischoff, C. A.; Walden, P. An/I. 1893,279:138. 

13. Seebach, D.; Kalinowski, H. O.; Bastani, B.; Crass. G.; Daum. H.; Dorr. H.: 

DuPreez, N. P.; Ehrig. V.; Langer, W.; Nussler. C.; Oei. H.-A.; Schmidt, M. Helw 
Chim. Acta 1977, 60: 301. 



KIJ-liHliNCJvS 47 

14. Sccbach, /X; KaJjnwski, H. f;.; Langcr, W.; Crass, G.; Wilka, li.-M. Synth. 
1983,24, 

15. Harcieggcr, f>,; f'urlcr, H. Helv. Chim. Acta 1957,40; 872, 

16. 7cranr>«/U^ 7,; I>eguchi, .VI.; Kurosaki, 7,; Gkawara, M, mraht'dron 1981, 22: 
IK/y. 

17. Su/jiiki, ,M.; Kjmura, Y.; Terashima, .S. Hull. Ch^m. Soc. Japan 1986,59: 3559. 

18. Heldin, h.; landncr, K.-J,; I-'ettersv^n, C,; IJndner, W,; Ka/;, k, Chromatof'raphia 
1991,52:4^/7, 

19. krHhcnburg, K. V, Hen 1893,20; 2053, 

^f/ush, W. k.; Banfi, l^.J.Am. Chem. Soc. 1988, HO: 3979. 

21, kfxivh, W k.; Grover, F. T,/ Ora. Chem. 1995, 00; 3806, 

22, <'/awrfinvki, J,; Gawrr^nska, K., kychlewska, U. Tetrahedron iMt. 1989,50; 6071. 

23, Kim, K-'I,; Lill-Elghanian, D, A,; Hollingsworth, k. 1, Hioort(. & Med. Chem. lyctt. 
1994,4:1691. 

24, kolikier, H. Oe/: 1891,24: 2959. 

25, l,angkiv, ,M.; Quintard, D,; Abalain, C. Am/; J. Med. Chem. 1994,29; 639, 

26, ,Mr/nver, L, I,; Greenway, G, ,VI,; Ewing, D, E, Tetrahedron: A.symmetry 1996, 7: 
1189, 

27, I>/basbi, Y,; Dr/bavhi, A,; Hara, S. Tetrahedron l^tt. 1984,25; 329, 

28, ,S'akarriura, K.; Hara, S,; I>>bashi, Y. A/m/Z, CAe/n. 1989,07:2121, 

29, L4i, L. D,'L,; Jfjhnson, R. A.; Finn, ,VI. G,; .Sharpless, K. B. 5. 6>rg. C'/ie/n. 1984, 49; 
728, 

30, Finn, ,M, G,; Sharpless, K, B,; In Asymmetric Synthesis; .Morrisf/n, J, D., ed., 
f/rlando, FL: Academic Press, 1985, vol. 5, Chapter 8. 

31, Katntzky,A. K.; Rao,,M. S. C,; Stevens, J./, Heterocyclic Chem. 1991,28; 1115. 

32, Ogata, ,V,; Hr/srxJa, Y, /, Ao/y/n. Sci. 1975, 75; 1793. 

33, '8'eerrnan, R. A, 7<!cc7. Trav. Chim. Hays-Bas 1918,57; 16. 

34, Yeu Ki Heng, .M. A«//, .Soc-, C/t/m. Fr. 1936,5; 993. 

35, liesen, G. P,; Sukenik, C. S. J. Ory^. Chem. 1987,52:455. 

36, Pressman, D,; Bryden, 7, H,; Pauling, L, 5. A/n. Chem. Soc. 1948, 70: 1352. 

37, .M^/mzka, T. A.; Pindell, T. L.; .Matiskella, J. D. J. Org. Chem. 1968,55: 3993. 

38, Pries, D,; Pr/rtr/ghese, P, S, J. Med. Chem. 1974, 77; 990, 

39, Huh, ,V,; TTjontpson, C, ,VI. Tetrahedron 1995,57: 5935, 

40, ,Vlus»ch, i. A,; Kapr/port, H. J. Am. Chem. Soc. 1978, 700: 4865. 

41, y(ksjr>. A.; Akutagawa, S, Bull. Chem. Soc. Japan 1962,55; 644. 

42, Casaie, L, Gaz?, Chem. Ital. 1918,48:114. 

43, SiisUr*, K,: Hamermesh, C. L. J. Am. Chem. Soc. 1955, 77: 1590. 

44, .SerdeJ, F,; Henkel, E. C/iem. Aer, 1952,85:1138. 

45, Sievertsv/n, H.: Dahlbom, R.; Sandberg, R.; Lkerman, B. J. .Sded. Chem. 1972, 
75:1085, 

46, 5Siley, P, F,; Gerzr/o, K.; Flynn, E. H,; Sigal, ,M. V.; Waeser, O.; Quarck, U. C.; 
Chauseoe, R. R.; ,Monahan, R. 5. Am. Chem. Soc. 1957, 79: 6062, 



48 TARTRAMIDES, TARTARIC HYDRAZIDES, AND THEIR DERIVATIVES 

47. Bucourt, R.; Nedelec, L.; Gasc, J.-C.; Weill-Raynal, J. Bull. Soc. Chim. Fr. 1967: 

561. 

48. Lindner, W. R; Hirschboeck, I. J. Liq. Chromatog. 1986, 9: 551. 

49. Flores, V.; Nguyen, C. K.; Sindelar, C. A.; Vasquez, L. D.; Shachter, A. M. 
Tetrahedron Lett. 1996,37: 8633. 



0-AcyIated Tartaric Acids and 
Their Derivatives 

0-Acylation provides simple and economic protection of the tartrate hydroxy 

groups. 0-Acyl protection can be readily removed by base catalysed hydrolysis 

or methanolysis; the O-acetyl groups are particularly prone to deprotection 

(cf. Schemes 4.22 and 4.24). 0-Acylation enhances the acidity of the neighbor¬ 
ing carboxylic group. 

4.1 O, O'-DIACYL TARTARIC ANHYDRIDES 

In contrast to tartaric anhydride—a compound which is unstable and has not 

been isolated^’^—0,0'-diacyl tartaric anhydrides (I) are readily prepared from 

tartaric acid and widely used as resolving agents for alcohols. 

I 

Table 4.1 0,0'-Diacyl-L-tartaric anhydrides (I) 

R m.p. (°C) [aJo (solvent) References 

Me 134-135 +62.0 (Me^CO) 3,4,6-16 
t-Bu 167 +76.0 (benzene) 17 

Cy 139.5-141 +35.0 (dioxane) 18 
CyCHj 111-112.5 +40.0 (dioxane) 18 
CyCH^CH 10^107 +66.0 (dioxane) 18 
1-adamantyl 220 +34.8 (dioxane) 17 
Bn 115.5-116 + 60.8(Me2CO) 6,18 
Ph 192-195" + 196.0 (CHCI3)" 3,6,7,19-21 

Tbl 197-198 + 195.0 (Me2CO) 23 

PhCH^CH 146-148 +291.0 (Me2CO) 22 

CF3 54-55 +40.4 (CHCI3) 24 

CCI3 176-177 +64.6 (benzene) 24 

“ Some authors report m.p. 173-174°C, [aJo + 142 (Me2CO).^^-^® 

49 
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Synthesis 

0,(9'-Diacyl tartaric anhydrides are synthesized from tartaric acid (1.1) by acyla¬ 

tion with acyl halides at elevated temperatures or with acetyl anhydride in the 
presence of an acid catalyst (Scheme 4.1). 

RCOO, OOCR 

a: 3.5 eq. RCOCI, 100-150°C 

b: 3.5 eq. AcjO, H2SO4 (cat.). A (dist. AcOH), 95%'’ or A, 10-30 min, 

Scheme 4,1 

Recent patents describe the synthesis of (9,0'-(substituted)dibenzoyl tartaric 
anhydrides by benzoylation of 1.1 with (substituted) benzoyl chlorides at 

105-110°C in the presence of a Lewis acid (SOClj, FeClj or BF3-Et20).^* 

0,0 -Diacetyl-L-tartaric anhydride [6283-74-5] is commercially available. 

Applications 

O, O -Diacyl tartaric anhydrides were used for resolution of racemic alcohols and 

amines via diastereomeric monoesters, amides and imides (Scheme 4.2). 

YtT 

OH 

Me 

Me 

(pantolactone) 

OH 

O.^ ^ ^NHtBu a 

0 OAc 

COOH 

Me 

Me 

0^ 
; I OAc 

\—n 

by crystallization^ 

or b 

O OCOR 

COOH o OCOR 

O OC( 

oAyLj 

NHtBu 

(timolol) R - Me, e.e. >90% after one crystallization^ 

R “ Pb, 74%, e.e. >98% directly from reaction” 

Scheme 4.2 (continued) 
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OBz ^ OH 

HOOC. Jv. YY 
OBz 0 

by chromatography,^^ d.e. 100% 

OBz 

HOOC yV N^P03Ph2 

OBz O R 

R = Me, i-Pr, i-Bu, Ph, Bn 

yield 70-92%, by crystallization^ 

HOOC 

yield 91%, by crystallization 

OAc 

yield 60%, d.e. 100% after three crystallizations^ 

a: 0,0'-diacetyl-L-tartaric anhydride c: SOCI2, benzene, A 

b: 0,0'-dibenzoyl-L-tartaric anhydride 

Scheme 4.2 

The resolved alcohols or amines are recovered from the monoesters or 

monoamides by alkaline hydrolysis. Partial kinetic resolution of racemic alco¬ 

hols in the reaction with 0,0'-diacyl tartaric anhydrides has been achieved.^^ 

Procedures for liquid chromatographic separation of diastereomeric 0,0'-dia- 

cetyltartaric monoesters of pharmaceutical importance have been reported. 

Enantiomeric purity of diastereomeric 1-hydroxyindolizidines could be deter¬ 

mined by HPLC separation or by 'H NMR spectroscopy after conversion to 

esters 4.1 (Scheme 4.3).^^ 
Similarly, enantiomeric purity of l-methyl-3-pyrrolidinof'’ and 3-amino- 

quinuclidine"** was determined by HPLC separation of the esters 4.2 or the 

amides 4.3 (Scheme 4.4). 
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a: 0,0-dibenzoyi-L-tartaric anhydride 

Scheme 4.3 

OBz 

OH OOC 

^ d 
N 
Me 

N 
Me 

OBz 

4.2 

COOH 

OBz 

^^NHOC 
COOH 

OBz 

4.3 

a: 0,0’-dibenzoyl-L-tartaric anhydride 

Scheme 4.4 

0,0'-Diacyltartaric anhydrides can act as chiral ligands in the oxidation of 
prochiral sulfides to sulfoxides by iodine(III) compounds'^^'^^ (Scheme 4.5). 

a: 2 eq, 0,0-dibenzoyl-L-tartaric anhydride, 2eq. PhIO, MejCO, RT(75%, e.e. 53%)“^ 

Scheme 4.5 

The chiral auxiliary, 4.4, for the Diels-Alder reaction of 1-cyanovinyl ester 
derivative 4.5 was obtained from 0,0'-diacetyl-L-tartaric anhydride and A-alkyl- 
aminoacetaldehyde by intramolecular acetalization"” (Scheme 4.6). 

Chiral 1-cyanovinylester 4.6 reacted with furan to give, after two recrystal¬ 
lizations, enantiomerically pure 7-oxabicyclo[2.2.1]hept-5-en-2-yl derivative 
4.7 which was converted to (+)-6-deoxycastanospermine (4.9) via the “naked 
sugar” 4.8"*^ (Scheme 4.7). 

0,0'-Diacetyl tartaric anhydride readily undergoes elimination with 
pyridines to form salts of hydroxymaleic anhydride 4.10.“* These can be trans¬ 
formed into variety of derivatives, such as oxalacetic acid'* and 0-protected 
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a: MeNHCH2CH(OEt)2 

b: SOCI2, then pyruvonitrile, pyridine 

c: 4.4 X = OH 

5 X = OC 
\ 

CN 

Scheme 4.6 

a: furan, ZnBr2, mol. sieves 4A, RT, 2 recrystallizations (35%) 

b: 1M NaOH, 40% aq. HCHO, RT (96%) 

Scheme 4.7 

hydroxymaleic anhydrides 4.11 which are valuable synthetic intermediates'^*’ 
(Scheme 4.8). 

AcO OAc 

m.p. 108-112° (R’ = H) 

122-123° (R’ = Me) 

a: pyridine or 4-picoline, AcOH, 65-80%‘'’°’®'"''^^'‘'° 

b (R' = Me): CH2N2, THF, 85%'’'''" 

c (R" = MeaSi): MeaSiCI, benzene, 76.5%“® 

d (R^ = Ac): AcCI, benzene, 96%“ " 

Scheme 4.8 



54 0-ACYLATED TARTARIC ACIDS AND THEIR DERIVATIVES 

4.2 0,0'-DIACYL TARTARIC ACIDS 

0 
II 

OCR 

HOOC 
COOH 

OCR 
II 
0 

II 

Table 4.2 0,0'-Diacyl-L-tartaric acids (II) 

R m.p. (°C) [aJo (solvent) References 

Me 117-118 -23.6 (Me2CO) 50,51 
t-Bu 135 —24.2 (dioxane) 17,52 
t-BuCH2 — —21.1 (dioxane) 52 
t-Bu(CH2)2 — —24.4 (dioxane) 52 
Cy 65-68 —29.0 (dioxane) 18 
CyCH2 125.5-126 —26.0 (dioxane) 18 
CyCH=CH 82-85 —54.0 (dioxane) 18 
1-adamantyl 273 —26.1 (dioxane) 17,52 
Ph(CH2)2 — —25.5 (dioxane) 52 
Bn 133-135 —31.0 (dioxane) 18 
Ph 152-155" -117.0 (EtOH) 19 
Tol 173 -140.0 (EtOH) 23,53 
An 186 -162.8 (EtOH) 54 
PhCH=CH — —207.4 (dioxane) 52 
3,4-(H0)2QH3CH=CH 206 -384.2 (MeOH) 55 
PhNn” 203-204 -94.8 (AcOEt) 56 

“ The monohydrate has m.p. 90-92°C, [aJo -110 ± 3 (EtOH); for the anhydrous compound a m.p. 
of 138-139°C has also been reported (ref. 25, 57). 

" Prepared from dibenzyl tartrate by the action of phenyl isocyanate followed by hydrogenolysis. 

Synthesis 

0,0'-Diacyl tartaric acids are obtained by hydrolysis of the corresponding 0,0'- 
diacyl tartaric anhydrides. 

Both enantiomers of O, O'-dibenzoyltartaric acid can be conveniently 

obtained from the racemate by preferential crystallization of its calcium salt- 

methoxyethanol complex which crystallizes as a conglomerate.^* 0,0'-Di-p- 

toluoyl-D-tartaric acid can be obtained by resolution of the racemate with 
cinchonine. 

The following 0,0'-diacyl tartaric acids are commercially available: 

0,0'-dibenzoyl-L-tartaric acid [2743-38-6] and its monohydrate [62708-56-9] 

0,0'-dibenzoyl-D-tartaric acid [17026-42-5] and its monohydrate [80822-15-7] 
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0,0'-di-p-toluoyl-L-tartaric acid [32634-66-5] and its enantiomer [32634-68-7] 

0,0'-dipivaloyl-L-tartaric acid [65259-81-6] and its enantiomer [76769-55-6]. 

Applications 

0,0'-Dibenzoyl and 0,0'-di-p-toluoyl tartaric acids are excellent resolving 

agents for racemic amines and acid hydrazides via their diastereomeric salts.®°’^‘ 

These acids normally form 1; 1 salts with monoamines.^ 

Examples of resolutions with 0,0'-dibenzoyl-L-tartaric acid and with 0,0'- 

di-p-toluoyl-L-tartaric acid are shown in Schemes 4.9 and 4.10, respectively. 

Me. 

NHEt 

Me 

NHEt 

ref. 63 

Me. 

OH Me 

Me2N. 

R = Et, n =1 (ref. 64) 

R = Ph, n=1,2 (ref. 65) 

O 
ref. 66 

Me 

NH., 

EtOOC 
H^NHNOC 

COOEt 

Bn 

esters of alanine, valine, 

leucine, phenylalanine (and enantiomer) 

(ref. 68, 69) ref. 70 

NH, 

(both enantiomers) 

ref. 71 

"'ft 
NH, '2 

ref. 67 

COOH 

ref. 72 

Cl 

COOMe 

R = H (ref. 76) 

R = Et (ref. 77) 

Ph,P FeNMe, 2|| rc 

S/ 

MeO 

ref. 80 

ref. 74 

OH 

NBn 

ref. 78 

a 

Me 

CONH-O) 

Me' 

ref. 75 

H 
^Me 

ref. 79 

OMe 

ref. 82 

Scheme 4.9 (continued) 
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OMe 

Ph' 

OH 

ref. 86 

N 
Et 

ref. 87 

N'^ 'Ph 
H 

ref 88 

nPr 
I 

,NH 

Ph'' 'Me 

ref. 90 

NMe, 

jair 
COOMe 

NHMe 

(and enantiomer) 

ref 94 

Me. 

N- 

ref 96 

0,0'-Di(phenylaminocarbonyl) tartaric acid was found to efficiently resolve 
racemic 2,2'-diamino-6,6'-dimethoxybiphenyi;^ 0,0'-Dibenzoyl tartaric acid 
was also used for resolution of racemic alkyl(benzyl)(methyl)(phenyl)phospho- 
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nium,9^>“ (hydroxyalkyl)triphenylphosphonium,'“' benzyl(methyl)(4-tolyl)(l- 

naphthyl)arsonium,'°^ and (hydroxyalkyl)dimethyl sulfonium salts.'” 

O. OoiDibenzoyl tartaric acid is known to give crystalline complexes with 

compounds acting as hydrogen bond acceptors, such as alcohols, ethers, and 

esters. This property can be used for the resolution of non-basic racemates. An 

example of this application is the resolution of racemic menthol by complex for¬ 

mation; 0,0'-dibenzoyl-L-tartaric acid monohydrate gives a crystalline complex 

of d.e. 83% with (—)-menthol. From this complex ( —)-menthol can be recovered 
by sublimation.'” 

Other examples of resolutions via hydrogen-bonded complexes with 0,0'- 

dibenzoyl- or (9,0'-ditoluoyl-L-tartaric acid include BINAPO and its analogues 
(Takaya, Akutagawa, Noyori'”"'”), Scheme 4.11. 

Ar = 4-t-BuC6H4’' 

Ar = Cy’°^ 

Ar = 4-MeC6H4'“ 

Ar = 4-CIC6H4’“ Ar = Cy'' 

Scheme 4.11 

In the case of methyl and ethyl mandelate, resolution is achieved by coordina¬ 

tion complexes with calcium hydrogen 0,0'-dibenzoyl tartrate; the salt of the 

L-acid gives (i?)-mandelates of e.e. >99%.'” 

IR study of products of resolutions of A-alkyl pipecolic acid anilides with 

tartaric acid or 0,0'-dibenzoyl tartaric acid led to the suggestion that even with 

bases tartaric acid may form complexes, rather than salts.'” 

0,0'-Diacyl tartaric acids were used by Duhamel et al. for deracemization of 

a-amino acids by protonation of their A-benzylidene enolates^^ (Scheme 4.12). 

Ptw^COOMe 

,N 

Ph 

Ph OMe 

w 
Ph 

Phv^COOMe 

Ph 

95%, e.e, 70% 

a: LDA, THF, -70°C b; 0,0-dipivaloyl-L-tartaric acid , -105°C"° 

Scheme 4.12 

0,0'-Dipivaloyl tartaric acid was applied for deracemization of benzoin via 

potassium (Z)-enediolate'" (Scheme 4.13). 
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Ph 

OH 

a; KH, THF, O^C b: O.O-dipivaloyl-L-tartaricacid, THF, -70°C, 15h 

Scheme 4.13 

It is essential for efficient enantiofacial protonation of enolates that the 0,0'- 

diacyl tartaric acids, as a proton source, bear the bulky and rigid 0-acyl sub¬ 
stituent. This work has been extensively reviewed. 

0,0'-Diacetyl tartaric acid can be converted to dichloride, which in turn can 
be used to prepare 0,0'-diacetyl tartramides^’ (Scheme 4.14) 

OAc O OAc O OAc 

HOOC. Jv, a _ CIC. b. Me[OCH2CH,],MeNC. A, 
^Y^COOH-^ CCI -- ^ ^ ^ ^CNMefCHjCHjOJjMe 

OAc OAc O OAc O 

m.p. 73” 

a: PCIs, A b: MefOCHzCHslsNHMe, NEtj 

Scheme 4.14 

4.3 MONOESTERS AND MONOAMIDES OF 0,0'-DIACYL 
TARTARIC ACIDS 

0 
II 

OCR 

HOOC. JL 
COX 

OCR 
II 
O 

III 

Table 4.3 Monoesters and monoamides of 0,0'-diacyl-L-tartaric acids (III) 

R X m.p. (°C) [aJo (solvent) References 

Me OMe 122-124 -16.2 (CHClj) 7,116 
Me Ot-Bu 112-113 -7.1 (MejCO)^ 117 
Me OBn — + 28.5 (CH2CI2) 118 
t-Bu OMe — -12.9 (CHCI3) 116 
1-adamantyl OMe — -16.1 (CHCI3) 116 
Ph OMe — -90.0 (CHCl,) 7 
Ph Ot-Bu — -100.0 (Me2CO)'‘ 117 
Me 3,4-(Me0)2QH3(CH2)20 220 _ 119 
Me NHi-Pr 176.5-177 -22.0 (EtOH) 13,16,120 
Me NH(CH2)3Si(OMe)3 + 17.4 (THE)" 121 

(continued) 
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Table 4.3 {continued) 

R X m.p. (°C) [aJo (solvent) References 

Me NHBn 131.5-132 -13.7 (MeOH) 122 

Me NHPh 182 + 106.2 (H2O) 5 
Me NHC6H4-3-NO2 144 + 8.4 (THE) 16 
Me NHOBn® — — 118 
Me NHNHPh 168 — 123 
Ph NH2 158-162 -142.8 (MeOH) 124 
Ph NHMe 124-132 — 120.6 (dioxane) 124 

Ph NHn-Bu 136-138 -104.3 (Me2CO)^ 26 
Ph NHt-Bu 170-171 -106.9 (EtOH) 125 
Ph NMe2 153-156 -79.0 (EtOH) 124 

Ph NEtj 135-136 -74.4 (EtOH) 125,126 

Ph NHBn 123-124 -54.0 (EtOH) 125 
Ph (5)-NHCHMePh 100-101 -99.1 (EtOH) 127 

Ph (/?)-NHCHMePh 116-117 -10.6 (EtOH) 127 

Ph NHPh 103-104 -77.8 (EtOH) 125 

“ At 546 nm at 360 nm unstable, 
m.p. 123-124°C, [aj^ -90.8 (EtOH) has been reported in ref. 125. 

Synthesis 

These monoesters and monoamides are readily available by alcoholysis or by 

aminolysis of the corresponding 0,0'-diacyl tartaric anhydrides (Scheme 4.15). 

a: 10 eq. MeOH, leq. pyridine, benzene, RT, then 5M HCI (96%)'^® 

b. 2 eq. RNH2, benzene or CH2CI2 

c; aq. Na2C03, then 5M HCI, 89-95%’® '"' '"= 

d: 2 eq. i-PrNHz, CH2CI2, 0°, 20 min., then 5N HCI, 88%’" 

Scheme 4.15 
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Mono-t-butyl esters can be obtained by esterification of 0,(9'-diacyl tartaric 

acids with isobutene and concentrated sulfuric acid”^ (Scheme 4.16). 

OAc 

a HOOC. X, 
—» COOtBu 

OAc 

a: Me2C=CH2, H2SO4, CH2CI2, -15°C ^ RT, 8h (52%) 

Scheme 4.16 

0,0'-Dibenzoyl-L-tartaric acid mono(dimethylamide) [78761-37-2] is avail¬ 
able commercially. 

OAc 

HOOC 
COOH 

OAc 

Applications 

Monoesters of (9,0'-diacyl tartaric acids are precursors of acid chlorides 
4.12-4.14 (Scheme 4.17). 

OCOR 

HOOC. A —^ 
Y COOMe 

OCOR 

a; SOCI2, 45-60°C, 75-95%^ ’^® '“ 

Scheme 4.17 

o 
I) 

CIC 

OCOR 

OCOR 

COOMe 

4.12 R = Me 

4.13 R = t-Bu 

4.14 R = Ph 

Acid chloride 4.12 has been used in the synthesis of derivatives of L-pen- 
toses'^° and L-apiose'^* via the threuronic acid derivative 4.15 or the diazoketone 
4.16, respectively (Scheme 4.18). 

Ester 4.18 was synthesized by Schafer by low-temperature photolysis of 

unsymmetrical diacyl peroxide 4.17 in the solid state. Under these conditions the 

radical pair generated by photochemical decarboxylation yielded a product with 
high diastereoselectivity.'^‘ 

Acid chloride 4.13 provides easy access to optically pure y-alkyl-a.S-di- 

hydroxy lactones via the activated ester 4.19'^^ or by chemoselective reduction to 

the threuronic ester, 4.20, followed by the addition of the Grignard reagent 
(Scheme 4.19). 

Lactone 4.21 was used by Duhamel in the synthesis of L-biopterin.''^'* 

Acid chloride 4.14 was used as chiral auxiliary for the reduction of enamides 

m the synthesis of isoquinoline alkaloids such as A-acetylsalsolidine'’^‘^^ 
(Scheme 4.20). 

Monoamides of tartaric acid can be readily converted to 0,0'-diacyl pro¬ 
tected mononitriles of tartaric acid (Scheme 4.21). 

Hydroxamate ester 4.24, which can be obtained either from 4.22 or 4.23, is an 

m functionalized p-lactams, according to the 
Miller s protocol(Scheme 4.22). 
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O 
II 

HC 

OAc 

COOMe 
a or b 

or c 

OAc 

4.15 

0 
II 

H23C^^C-0-0-C 

4.12 

OAc 

COOMe 

OAc 

4.17 

N2CHC 

OAc 

COOMe 

OAc 

4.16 

OAc 

^^23*^ii\j/^QOOMe 

OAc 

4.18 

a; LiAIH(Ot-Bu)3, THF, -75°C^''° 

b: Hz/Pd-BaSO/ 

c: n-BujSnH, THF, RT’"^ 

d: excess CH2N2, THF or dioxane, -10 -> -17°C, 64-70%'^° ’^^ 

e: H23Ci,COOH, pyridine, Et20, -30°C (83-95%)’^’ 

f: medium-pressure Hg lamp, petroleum ether, -60°C (44-64%, d.e. 89-95.6%)'®’ 

Scheme 4.18 

4.13 

0 
II 

OCtBu 

'N' 'S COOMe 

OCtBu 
II 
O 

4.19 

a; leq. 2-mercaptopyridine, THF, 12h, RT 

b: RMgX, THF (85-90%) 

O 
II 

O OCtBu 

4.13 
.v- 

OCtBu 
II 
O 

4.20 

COOMe 

O 
II 

O OCtBu 

COOMe 

OCtBu 
II 
O 

HO, OH 

HO OH 
\_/ 

Me-^Q^^O 

4.21 

c; 1 eq. (Ph3P)2CuBH4, 2 eq. Ph3P, Me2CO, RT (90%) 

d: 1.5 eq. MeMgBr, THF, -70°C (12h) -> RT, then 3M HCI, dioxane (78%) 

Scheme 4.19 
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a: 4.14, NEta, dioxane, RT 

b: Hj, Pt, MeOH, RT 

c: NH2NH2, ethylene glycol, A, 15 min. then AC2O, aq NaOH'^^ 

Scheme 4.20 

OAc 

'^“"Y^coor 

OAc 

a; POCI3, A (64-73%)'^’“ 

OH OBz 

H,NOC. 
2 COX b N=C. 

COX 

OH OBz 

X = OMe, NHMe, NMe2 

b: BzCI, pyridine, RT (60-69%)'^" 

Scheme 4.21 

N=C 

OAc 

COOR 

OAc 
R = Me, Et 

OAc 

HOOC 
COOtBu 

OAc 

4.22 

OAc 

BnOHNOC 
COOH 

HO, COOtBu 

X 
OBn 

OAc 

4.23 

a: DCC, A/-hydroxysuccinimide, then H2NOBn (97%) 

b: MeOH, DMAP (84%) 

c: tBuOH, HCIO4 (55%) 

Scheme 4.22 
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0,0'-Dibenzoyl-L-tartaric acid mono(dimethylamide) is used for the resolu¬ 
tion of racemic amines. 

0,0'-Diacetyl tartramic acids chemically bonded to silica gel through a tri- 

alkoxysilane linker form chiral stationary phases bearing exposed amide or acid 

polar groups. These stationary phases were used in liquid chromatography for 

separation of enantiomers'^ '^®'*^'’'"^® (Scheme 4.23). 

iPrHNOC 

OAc 

COOH —^ 

OAc 

CONHICHjlgSitOEOg 
iPrHNOC. 

OUOH —*■ 

OAc OAc 

a; A/-hydroxy-5-norbomene-2,3-dicarboxamide, DCC, then H2N(CH2)3Si(OEt)3’^ 

OAc 

'CONH(CH2)3Si(OMe)3 

AcO OAc 

HOOC 

OAc 

b: H2N{CH2)3Si(OMe)3 

Scheme 4.23 

A further example of chromatography use is the synthesis of a chiral selector 

4.25 for anchoring to a carbon-based stationary phase via the anthracene mole¬ 

cule. The ease of removal of the 0-acetyl protecting groups in the final step is 

noteworthy (Scheme 4.24). 

a: 1-aminoanthracene, peptide coupling b: NaHC03, Me2C0'‘’^ 

Scheme 4.24 

4.4 DIESTERS AND DIAMIDES OF O, O'-DIACYLTARTARIC ACIDS 

o 
II 

OCR 

OCR 
II 
0 

IV 
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Table 4.4 Diesters and diamides of 0,0'-diacyl-L-tartaric acids (IV) 

m.p. (°C) or 
R X b.p. (°C/torr) [aJo (solvent) References 

Me OMe 106.5 -15.1 (EtOH) 142-144 
Me OEt 67-68 +0.4 (EtOH) 140,143,144 
Me On-Pr 21.5 +11.0 (neat) 50,143 
Me Oi-Pr 31.4 + 8.6 (Et20) 50 
Me On-Bu 205/15 + 22.2 (neat) 50 
Me Oi-Bu 183/11 +15.9 (neat) 146 
Me Ot-Bu'’ 65 +6.5 (Me2CO)" 117 
Me 0-(—)-menthyl 84.5/106-108 -51.0 (EtOH) 147 
Me OCH2QH4-2-NO2 75 +11.7 (pyridine)^ 148 
Me OCH2C6H4-3-NO2 107 + 67.0 (pyridine)^ 148 
Me OCH2C6H4-4-NO2 141.5 +46.8 (pyridine)^ 148 
Me OCH2C(0)QH4-4-Br^ 175-176 -9.3 (CHCI3) 149 
Cy OEt 64-65 — 150 
t-Bu OMe — -14.2 (CHCI3) 151 
CICH2 OMe — —0.6 (neat) 143 
CI2CH OMe — + 11.9 (neat) 143 
CI3C OMe 143 —5.0 (benzene) 152 
CI3C OEt 228-232/12 — 152 
CI3C Oi-Bu 208/4 — 152 
OEt OEt 173-174/0.4 + 14.9 (EtOH) 153 
Bn OEt — +19.3 (neat) 154 
Ph OMe 135.5 -96.6 (EtOH) 25,142,144 
Ph OEt 62.5-63.5 -60.0 (EtOH) 144 
Ph On-Pr 45.5 —78.2 (pyridine)* 155 
Ph Oi-Pr 74-74.5 -67.8(CHCl3) 156 
Ph On-Bu 43 — 57.6 (pyridine)* 155 
Ph Ot-Bu*’ 122 -90.0 (Me2CO)* 117 
Ph OBn 76-77 +6.2 (MeoCO) 157 
Ph OCH2C6H4-2-NO2 126.5-127 — 11.5 (pyridine)* 148 
Ph OCH2C6H4-3-NO2 109 +112.4 (pyridine)* 148 
Ph OCH2C6H4-4-NO2 114 + 185.6 (pyridine)* 148 
2-CIQH4 OMe 71 -52.0 (EtOH) 158 
3-C1C,H4 OMe 80 -86.7 (EtOH) 158 
4-CIC6H4 OMe 91 -108.1 (EtOH) 158 
2-BrC,H4 OMe 59 -37.4 (EtOH) 158 
3-BrQH4 OMe 61-62 -72.2 (EtOH) 158 
4-BrC6H4 OMe 66 -101.8 (EtOH) 158 
2-IC,H4 OMe 95 _ 158 
3-IQH4 OMe 103 _ 158 
2-02NCfiH4 OMe — — 184.9 (benzene) 159 
2-O2NC6H4 OEt 143 — 119.5 (benzene) 159 
3-O2NC6H4 OMe 118 _ 159 
3-O2NQH4 OEt 96 _ 159 
4-O2NC6H4 OMe 140 — 159 

(continued) 
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Table 4.4 {continued) 

R X 
m.p. (°C) or 
b.p. (°C/torr) [alp (solvent) References 

4-O2NC6H4 OEt 124-124.5 — 159 
3,4-Cl2C6H3CH=CH OMe 150-151 -177.0 (CHCI3) 160 
PhCH=CH OMe 200/0.5 -145.7 (CHCI3) 161 
4-(PhN=N)C6H4 OEt 130 -224.0 (CHCI3) 162 
1 -bromo-2-naphthyl OEt 127-129 -79.1 (CHCI3) 163 
2-furyl OMe 131 — 164 
2-furyl OEt 76 -87.6 (EtOH) 164 
Me NHPh 227 — 165,166 
Me NH-C6H4-2-Me 229 + 16.9 (pyridine) 167 
Me NH-a-naphthyl 260 — 166 
Me NH-P-naphthyl 240 — 166 
Me NHTMPO^ 238-9 — 168 
Ph NH2 252-255 -165.4 (MeOH) 124,169 
Ph NHMe 267-269 -158.0 (DMF) 124 

Ph NH-n-Bu 168-169 -107.7 (Me^CO) 26 
Ph NHBn 194-195 — 125 

Ph NMe2 190-192 + 108.0 (CHCI3) 124 

* At 546 nm. 
Prepared by esterification of the corresponding 0,0'-diacyltartaric acid with isobutene and concen¬ 
trated H2SO4. 
Prepared by alkylation of disodium salt of O.O'-diacetyl tartaric acid with p-bromophenacyl bromide. 

^ TMPO = 4-(2,2,6,6-tetramethylpiperidinyl-A-oxide). 

Synthesis 

0,0'-Diacyl tartrates are commonly obtained by acylation of dialkyl tartrates 

with an acyl chloride in the presence of a tertiary amine or by esterification 

of 0,0'-diacyl tartaric acids with trialkyl phosphite and benzyl azide. 

0,0'-Stannylene acetal of (+)-DET (4.26) was used as a template for the 

synthesis of a macrocyclic tartrate-based tetralactone 4.27'^° (Scheme 4.25). 

EtOOC COOEt 

M 
0 0 

H h° 
H 

0 o 

EtOOC COOEt 

4.27 (39%) 

Scheme 4.25 
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0,0'-Diacyl tartramides can be obtained from tartaric diamides by 0,0'-disi- 

cylation with acyl chlorides in alkaline-water solution. 

0,0'-Diacyl monotartramides can be converted to (unsymmetrical) diamides 

by the action of isocyanates (Scheme 4.26). 

o OBz 

nBuNHC. a 
COOH —^ 

OBz 

a: n-BuNCO, PhH, A (52%f® 

Scheme 4. 

Alternatively the carboxyl group of the monotartramide can be activated prior 

to reaction with the amine by converting it to acid chloride or to a mixed 
carbonic anhydride (Scheme 4.27). 

OBz OBz 

BnHNOC,_A.^^^., ■ a , BnHNOC. A 
COOH ^r'^CONHBn 

OBz OBz 

a: 1,1eq. SOCI2, benzene, reflux, then BnNH: (88%)'^ 

OAc OAc 

’"“OCy^cooh '"'"“"Y^conh 
OAc OAc 

b: 1 eq. NMM, 1 eq. CICOOEt, THF, -21°C, 20 min, 

then 0.85 eq. 2-aminochrysene, 0°C, 24h (53%)'® 

Scheme 4.27 

Polymeric esters and urethanes have been prepared by O.O'-diacylation of 
dibenzyl L-tartrate with chlorides of dicarboxylic acids or diisocyanates. 

O OBz 

nBuNHC. 
— CNHnBu 

OBz 0 

,26 

Applications 

Diester 4.28 has been used as a chiral auxiliary in the asymmetric Ullmann cou- 
pling'“ (Scheme 4.28). 

The 0,0'-diacyl tartrate moiety was used as a template in the photochemical 

dimerization of 1-carboxymethylthymine; the dimer had achiral syn,cis struc¬ 
ture.’^^ 

Racemic 3-methoxy-17p-hydroxy-l,3,5(10)-estratriene was resolved by crys¬ 
tallization of its 17-ester, prepared from acid chloride 4.12; the less soluble 
diastereoisomer obtained had the structure 4.29. 
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a: Cu, THF, A, then LiAIH4, Et20 e.e. 33%, (S)-configuration 

Scheme 4.28 

o 
II 

OCCMe=CH2 

PhCH(Me)HNOC. 
CONH{Me)CHPh 

CH,=MeCCO 
^ II 

O 

4.30 

Diamide 4.30 is used in the preparation of chiral polymeric adsorbents. 

4.5 O-MONOACYL TARTARIC ACroS 

0 
II 

OCR 

HOOC 

Table 4.5 O-Monoacyl-L-tartaric acids (V) 

R m.p. (°C) [a]o (solvent) References 

Me — — 175 

t-Bu — — 175 

Ph 211-212 -5.8 (MeOH) 68,176,177 

2,6-(MeO)2C6H3 187-188 -75.1 (EtOH) 175,177-179 

2,6-(i-PrO)2C6H3 81 -28.5 (EtOH) 177,180-182 

Synthesis 

The synthesis is performed by hydrogenolysis of 0-monoacylated dibenzyl 

tartrates (Scheme 4.29). 
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OH OH 

a: H2,10% Pd/C (100%)’^ ''®'’“ 
« 

Scheme 4.29 

O-Monobenzoyl tartaric acid has been prepared by hydrolysis or aminolysis 
of 0,0'-dibenzoyl tartaric acid, Scheme 4.30. 

OBz OBz 

*“Y^cooh "°°®Y^cooh 
OBz OH 

a: H2O, A (45%)®^ 

b: 10 eq. BnNHa, benzene (isolated as bis-benzylammonium salt)’” 

Scheme 4.30 

Applications 

^ Yamamoto et al. used 0-(2,6-dimethoxybenzoyl)tartaric acid and 0-(2,6-diiso- 
propoxybenzoyl)tartaric acid for in situ preparation of chiral acyloxyboranes 
(CABs), Scheme 4.31. 

OH 

HOOC. 
COOH 

R’=Me, i-Pr 

R^=H, aryl 

a: BHa-THF orArB(OH)2 

Scheme 4.31 

CABs are widely used as catalysts for asymmetric Diels-Alder,‘’^''*°'‘*^'^“ 
hetero Diels-Alder,'*' '*" allylation'*' '*' and aldol reactions'^^ '*^'** as well as in 
the synthesis of chiral a-methylene-p-hydroxyketones.‘*^ Examples are given in 
Scheme 4.32. 
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Diels-Alder reaction 

a (R^= Me); 0.1 eq, CAB (R' = Me, R^= H), CH2CI2, -78°C (86%, e.e. 95%)'^® 

b (R®= Br): 0.1 eq. CAB (R’ = i-Pr, R®= H), CH2CI2, -78°C (80%, e.e. 95%)'®° 

85%, endo : exo =11 : 89, e.e. 96%'®® 

(exo diastereomer readily separated 
after oxidation to the acid'^®) 

c: 0.1 eq. CAB (R' = Me, R® = H), CH2CI2, -40°C (84%, e.e. 92%)'®° 

Hetero Diels-Alder reaction 

PhCHO + 
MeO 

OSiMe, 

d; 0.2 eq. CAB (R' = i-Pr, R®= 2-MeOC6H4), -78°C 

o'^^'y^ph 

95%, e.e. 97%'®® 

Allylation of aldehydes 

ArCHO + 

Ar = Ph, 99%, e.e. 84%'®' 

Ar = PhCH=CH, 96%, e.e. 84%'®' 

PhCHO + 

74%, syn.anti = 97:3, e.e. 96%'®® 

e: 0.2 eq. CAB (R' = i-Pr, R® = 3,5-(CF3)2C6H3), EtCN 

f. TBAF 

Scheme 4.32 {continued) 
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85%, syn.anti = 92:8, e.e. 95%'®' 

g: 1 eq. CAB (R' = Me, R®= H), 2 eq. (CFaCOjzO, EtCN, -78°C 

Aldol reaction 

PhCHO + 

97%, syn:anti = 93:7, e.e. 94%’®^'” 

h: 0.2 eq. CAB (R’ = i-Pr, R®= H), EtCN, -78°C 

Synthesis of a-methyiene-fi-hydroxyketones 

MeCHO + 

OH 

Et 

e.e. 87%'‘ 

i: 0,2eq. CAB (R'=iPr, R®=H), MejSiSPh, EtCN, -78°C (38%) 

j: 3-CIC6H4CO3H, -10°, then 130-150°C (71%) 

Scheme 4.32 

O-Benzoyl-L-tartaric acid has been used as chiral modifying agent for Raney 
nickel catalyzed hydrogenation of methyl acetoacetate.'^^ 

4.6 MONOAMIDES OF 0-ACYLTARTARIC ACIDS: 
3-0-ACYLTARTRAMIC ACIDS 

HOOC 

OH 

VI 
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Table 4.6 3-0-Benzoyl-L-tartramic acids (VI) 

R m.p. (°C) [alo (solvent) References 

n-Bu 165-166 +49.6 (EtOH) 125 
t-Bu 182-183 — 125 
Bn 195-196 +39.7 (EtOH) 125 
(5)-CHMePh 209.5-210 +29.5 (EtOH) 125,127 
Ph 172-173 — 125 

Synthesis 

3-0-Benzoyl tartramic acids can be obtained by chemoselective aminolysis of 

0,0'-dibenzoyl tartaric anhydride, 0,0'-dibenzoyl tartramic acids or the 

monoester 4.31 with excess amine'^^ (Scheme 4.33). 

OBz 

HOOC. A. 
COOMe 

OBz 

4.31 

a: 10 eq. RNH2, benzene, RT, then 5M HCI (84-90%) 

Scheme 4.33 

3-0-Benzoyl tartramic acid 4.33 was prepared by chemoselective hydrolysis 

of 0,0'-dibenzoyl monoamide 4.32'^^ (Scheme 4.34). 

OBz ^ 

HOOC. Jv. .NCHMePh 

OBz 0 

4.32 

H 
NCHMePh 

(S) 

a: 1 eq. NaOH/MeOH-HjO, RT, 10 min. (83%) 

Scheme 4.34 

4.33 



72 0-ACYLATED TARTARIC ACIDS AND THEIR DERIVATIVES 

4.7 DIESTERS OF O-MONOACYL TARTARIC ACIDS 

R200C 

OH 

VII 

Table 4.7 Diesters of O-monoacyl-L-tartaric acid (VII) 

R' 
m.p. (°C) or 
b.p.(°C/torr) [alo (solvent) References 

Me Me 83-84 + 19.0 (CHClj) 144,194,195 
Me Et 165-170/15 + 12.4 (neat) 144,151 
t-Bu Me 100-101/0.06 -13.4 (CHCI3) 151,196 
CH2=CMe Bn — + 11.3(Me2CO) 197 
Bn Et — + 30.3 (neat) 154 
Ph Me 78 — 144,198 
Ph Et 66-66.5 +10.7 (benzene) 144,198 
Ph Bn 122-123 + 36.8(CHCl3) 177 
2-MeQH4 Et 32.5 +4.5 (AcOH) 199 
3-MeC6H4 Et 56 + 7.5 (AcOH) 199 
4-MeQH4 Et 94 + 15.1 (AcOH) 199 
4-(PhN=N)C6H4 Et 126 + 54.0(CHCl3) 162 
2,6-(MeO)2C6H3 Bn — -60.1 (CHCI3) 177,178 
2,6-(i-PrO)2QH3 Bn — -29.1 (CHCI3) 177 
OBn Me — -0.6 (CHCI3) 196 

Synthesis 

The synthesis is by monoacylation of dialkyl tartrates (Scheme 4.35). 

MeOOC 

OH 

a: AcCI (61%)'®^ 

OAc 

MeOOC 
COOMe 

OH 

Scheme 4.35 {continued) 
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OH 

BnOOC 
COOBn 

b or c BnOOC 
or d 

OH 

R = Me, i-Pr 

b: leq, 2,6-(MeO)2C6H3COCI, NEtj, DMAP, CH2CI2 (78-82%)'^® 

c: 1,3 eq. 2,6-(i-PrO)2C6H3COOH, 1.3 eq. DCC, DMAP, CH2CI2 (74%)'^ 

d: leq. 2,6-{RO)2C6H3COOH, 1.1 eq. (CF3C0)20, CH2CI2, RT (63-65%)'’'®'’®" 

Scheme 4.35 

A more selective monoacylation method involves the use of 0,0'-stannylene 

intermediates (Scheme 4.36). 

OH 

ROOC^ . , a 
COOR 

OH 

0 
II 

OCtBu 

MeOOC^ ^ . c 
COOMe - 

OH 

nBLi2Sn^ T 
O'^COOR 

Q^^COOMe 

nBu2Sri^ T _d_ 
O^COOMe 

COOR 

OH 

O 
II 

OCOBn 

MeOOC. 
COOMe 

OH 

a (R = Me): 0.2-1.0 eq. (n-Bu2SnO)n, microwave A (92%)"°° 

b (R = Et): 1 eq. BzCI, 1 eq. NEt3, toluene, (86%)’°® 

c: 1.06 eq. t-BuCOCI, CHCI3, RT (100%)’“ 

d: 1.05 eq BnOCOCI, CHCI3, RT (85%)’“ 

Scheme 4.36 

(9-Monoacetyl tartrates are conveniently obtained by the cleavage of the corre¬ 

sponding orthoester acetals (Scheme 4.37). 

.COOEt 

EtO O '"'cOOEt 

a: EtOH, TsOH (94%)’ 

OAc 

EtOOC 
COOEt 

OH 

Scheme 4.37 
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Applications 

The 0-monoacetyl derivative 4.34 is the substrate for the tetronic acid derivative 

4.35 formed in the intramolecular Claisen condensation^®^ (Scheme 4.38). 

a: HMDS, n-BuLi, THF, -78°C (78%) 

Scheme 4.38 

(/?)-Malates were synthesized from 0-monoacetyl-(/?,/?)-tartrates’®^ (Scheme 
4.39). 

OAc OAc OH 

MeOOC,.,^J\ . a MeOOC. b, c MeOOC. JL 
COOMe COOMe ^■''^^COOMe 

OH Cl 

a: SOCb, pyridine (79-82%)'"'''®“ 

b: n-BuSnH, PhMe, AIBN (cat.), 80°C, 2h (94%) 

c: MeOH, AcCl (cat ), 60°C, 15h (88%) 

Scheme 4.39 
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5 O-Alkylated and 0-Silylated 
Tartaric Acid Derivatives 

O-Alkylation of tartrates and tartramides found use primarily in the synthesis of 

tartaric acid derived crown ethers. Compared to 0-methylation, O-benzylation 

and 0-silylation offers much more operational flexibility, due to the possibility 

of selective removal of the benzyl group by hydrogenolysis and the silyl group 

by hydrolysis or by fluorodesilylation. 0-Benzylation and (9-silylation are the 

methods of choice for hydroxy group protection in cases where the tartrate is 

subjected to reactions requiring the use of strong bases. 

Both 0-monoalkylated or monosilylated (I) and O, O'-dialkylated or disily- 

lated (II) derivatives of tartaric acid found the use in synthesis. For their prepara¬ 

tion various alkoxides of tartrates (III, M = Na, Ag, Tl’) are used to enhance 

nucleophilicity of the hydroxy groups. Organotin alkoxides (“stannylene 

acetals,” III, M,M = SnBu2) are of particular interest because the nucleophilicity 

and low basicity of the oxygen enable the selective mono- and di-0-alkylation of 

tartrates. 

OR OR OM 

XOC. 
COX 

ROOC. 
COOR 

OH OR OM 

I II III 

5.1 O-MONOALKYL AND O-MONOSILYL TARTRATES 
AND TARTRAMIDES 

Table 5.1 O-Monoalkyl and 0-monosilyl L-tartrates and L-tartramides (I) 

ra.p. (°C) or 

R X b.p.(°C/torr) [alo (solvent) References 

Me OMe 119-122/1.6 + 39.0 (CHCI3) 1-3 

Me OEt 115/0.5 + 37.0(CHCl3) 3,4 

Me NH^ 201 +140.0 (MeOH) 1,5,6 

Me NHMe 137 + 103.0 (H2O) 1,6 

t-Bu OMe — + 33.0 (CH2CI2)" 7 
{continued) 
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Table 5.1 {continued) 

R X 
m.p. (°C) or 
b.p.(°C/torr) [alo (solvent) References 

t-Bu OEt — + 16.8(CHCl3) 8 

t-Bu OBn 74 +22.5 (MejCO)" 7 
All OMe — + 34.1 (CHCI3) 2 

Bn OMe 69-70 +91.7 (CHCI3) 2,3,9 
Bn OEt — +73.0(CHCl3) 3,4,10 
Bn Oi-Pr 79.5-80.5 +62.3 (AcOEt) 11 

Bn OBn 57-58 +60.2 (CHCI3) 2,12,13 
Bn NMe2 — +53.2 (EtOH) 14 
PMB OMe — + 84.0(CHCl3) 2 

PMB OEt — +67.6 (MeOH) 15 
PNB OMe 74.5-75.5 +68.1 (CHCI3) 2 

2,4,6-(02N)3QH2 OMe 142-143 — 16 
TBS OMe — +31.6(CHCl3) 2 

“ At 546 nm. 

Synthesis 

Both 0-monobenzyl and 0,0'-dibenzyl tartrates and tartramides can be obtained 
by one of several variants of the Williamson reaction (Scheme 5.1). 

OH 

xoc 

OH 

OBn 

COX 
a, b, c 

or d 

XOC. X 
cox . XOC.L 

OH OBn 

a (X = OMe) 35% 31% 
b (X = OEt) 64% 
c (X = Oi-Pr) 12% 53% 
d (X = NMez) 64% 

. BnBr, DME, RT-> 55°C’^ 

OBn 

COX 

b: 1.2 eq. KjCOs, 1.2 eq. BnBr, 0.1 eq. Aliquat 336, 60°C, 6h'° 

c: 2,0 eq. NaH, 2.0 eq. BnBr, n-Bu4NI (cat.), THF, OX-^ RT, 7h” (yield of the diether 

increased to 80% when 18-crown-6 was added)’" 

d: 1 eq. NaH, 1.2 eq. BnBr, DMF, RT 80°C, 8h''' 

Scheme 5.1 

Selective 0-monoalkylation or 0-monosilylation of a tartrate is based on ring 

opening of 0,0'-stannylene acetals at elevated temperature, or at room tempera¬ 
ture with a fluoride ion promoter (Scheme 5.2). 
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2.1 

a 

OR 

MeOOC 
COOMe or c 

OH MeOOC 

nBuj 
,Sn 

O 'O 

M 
COOMe 

MeOOC 

MeOOC 

OH HO 

.( 
y—o o--( 

)OC v_y CO( 

-COOMe 

COOMe 

a: leq. (Bu2SnO)n, PhMe, A (removal of water), 96%^ 

b (R = All): 1,5 eq, AMI, 1.6 eq. CsF, DMF, RT (98%)^ 

c: (R = TBS): TBSCI, CsF, CHCI3, RT^ 

d: 0.5 eq. BrCHzCHjBr, 100°C (82%)’® 

Scheme 5.2 

This reaction can be regioselective, as shown in the example of 0-mono- 

benzylation of a tartramate (Scheme 5.3). 

OH OBn OH 

MeOOC 
CONMe., 

MeOOC 
CONMe., 

MeOOC 
CONMe., 

OH OH OBn 

a: 1 eq. (Bu2SnO)n, PhMe, A then 2.1 eq. Bnl, 1.2 eq. CsF, DMF, 0-3°C (95%)® 

Scheme 5.3 

O-Monobenzyl derivatives can be obtained selectively and under non-basic 

conditions by trichloroacetimidation of a tartrate (Scheme 5.4). 

OH 

BnOOC 
COOBn 

BnOOC 

OBn 

COOBn 

OH OH 

a: Cl3C(=NH)OBn, CF3SO3H, RT (64%)’® 

Scheme 5.4 

Or they may be obtained by the reduction of benzylidene acetals by various 

boron reducing agents compatible with the presence of the ester function 

' (Scheme 5.5). 
An allylation procedure, using allyl ethyl carbonate and palladium(O) cata¬ 

lyst, allows the synthesis of either 0-monoallyl or O, O'-diallyl derivatives 

(Scheme 5.6). 
Selective 0-monomethylation of diethyl tartrate (2.2) is based on enhanced 

nucleophilicity of the hydroxy group upon complexation with tin(II) chloride 

prior to alkylation with diazomethane (Scheme 5.7). 
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OBn 

MeOOC 
COOMe or b 

OH 

MeOOC ,COOMe 

^ ^ . MeOOC 

'X 

uu 

OH 

OCH(SPh)Ph 

COOMe 

a: leq. NaBHaCN, 1eq. TiCU or HCI-Et20, RT (83-85%f ® 

b: 2.2 eq. MejBBr, 2.0 eq. BHj THF, 0.1 eq. NEtj, -78° -20°C (75%)“ 

c: 2.2 eq. MejBBr, 3.0 eq. PhSH, 3.5 eq. NEta, -78°C (92%)“ 

'cry 

COOEt 

EtOOC 

COOEt 
OH 

OPMB 

COOEt 

d: 6 eq. NaBHaCN, 6 eq. TMSOTf, MeCN, RT, 2h (83%)’® 

Scheme 5.5 

MeOOC 

O 

Y^ 
OH 

COOMe —— 2.1 —^ 
MeOOC 

COOMe 

a: 1.1 eq. AIIOCOOEt, 0.25 eq. Pd2(dba)3, THF, 65°C (50%)^' 

b: as a, but 4 eq. AIIOCOOEt (75%)^’ 

Scheme 5.6 

OMe 

2.2 EtOOC 
COOEt 

OH 

OH 

a: SnCl2 (cat.), then CH2N2, MeCN (75%)®'* 

Scheme 5.7 

OtBu OtBu 

-’-COOR "““’y^coor » 'COOR 

OH OH OtBu 

a: CH2-CMe2, H2SO4, diglyme, RT^ 

2.2 EtOOC 

OtBu 

OH 

COOEt 

b: 1.2 eq. CH2=CMe2, H2SO4, CH2CI2, -20°C to RT (50%)® 

Scheme 5.8 
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0-tm-B\x\.y\ derivatives are obtained from tartrates by alkylation with 
isobutene in the presence of a strong acid (Scheme 5.8). 

The 0-monopicryl ether of dimethyl-L-tartrate, obtained by the action of one 

equivalent of picryl fluoride on 2.1, readily forms the chiral Meisenheimer com¬ 
plex 5.1 with such weak bases as water'^ (Scheme 5.9). 

2.1 
MeOOC 

NO, 

base 
(-He) 

NO, 

5.1 

a: 0.9 eq. picryl fluoride, 3 eq. NEtj, CH2CI2, RT, 15 min. (62%) 

Scheme 5.9 

Highly regioselective 0-monosilylation can be achieved in the preparation of 
the hydroxamate derivative 5.2 (Scheme 5.10). 

OH 

tBuOOC 
CONHOBn 

OH 

a: TBSCI, imidazole, DMF, RT (94%)“ 

Scheme 5.10 

0TB S 

tBuOOC. 
CONHOBn 

OH 

5.2 

This hydroxy group differentiation is important for the synthesis of function¬ 
alized P-lactams (see below). 

Applications 

(9-Monoalkylation provides an entry to selective substitution of the residual 

hydroxy group. The syntheses shown below are based on the substitution of a 

non-alkylated hydroxy group after activation by sulfonylation. 

The synthesis of protected (25,3/?)-3-hydroxyaspartic acid 5.3 is shown in 

Scheme 5.11.’^’^^ 

OBn OBn 

BnOOC a, b, c . 
COOBn ' *• 

BnOOC ^ 
COOBn 

OH NHj 

5.3 

3-lutidine, -78°C c: HjS, NEta, RT (49%) 

b: tetramethylguanidinium azide, 120°C 

Scheme 5.11 
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Miller obtained the chiral P-lactam 5.4 from 0-monosilylated hydroxamate 

5.2 by an intramolecular substitution of the mesylate (Scheme 5.12).^^ 

TBSO, COOtBu 

5.2 W 

O OBn 

5.4 

a: MsCI, pyridine, 0°C b: NEta, EtOH, RT (95%) 

Scheme 5.12 

Regioselective hydrolysis of 0-monoalkylated tartrates 5.5 proceeds cleanly 

with the use of pig liver esterase (PLE) to exclusively yield the monoacids 5.6. 

These were converted by Barton et al. to chiral substituted j3-lactams 5.8, 

with the use of intramolecular substitution of the tosylated hydroxamates 5.7 
(Scheme 5.13).^’'^ 

OR 

Etooc 
COOEt 

OH 

5.5 

R = Me, Bn 

Etooc, OR 

W 
BnO 'O 

5.8 

OR 

Etooc 
COOH 

OH 

5.6 

b,c 

OR 

Etooc 
CONHOBn 

OTs 

5.7 

a: PLE, 0,1 M phosphate buffer (pH 8.0) c: TsCI, pyridine 

b. BnONHj HCI, EtN=C=N(CH2)3NMe2.HCI d: KjCOa, acetone 

Scheme 5.13 

The silylated derivative of diisopropyl tartrate (5.9) was used as a chiral auxi¬ 

liary for asymmetric allylation of aldehydes with moderate enantioselectivity^^ 
(Scheme 5.14). 

2.3 

COOiPr 

COOiPr 

5.9 

a: CH2=CHCH2SiCl3, CH2CI2, A 

b: Me(CH2)7CHO, CH2CI2, DMF 

OH 

(CH2)7Me 

40%, e.e. 71% 

Scheme 5.14 
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5.2 a^>'-DIALKYL AND O, O'-DISILYL TARTRATES 
AND TARTRAMIDES 

Table 5.2 0,0'-Dialkyl and D,0'-disilyl L-tartrates and L-tartramides (II) 

m.p. (°C) or 
R X b.p. (°C/torr) [«]□ (solvent) References 

Me OMe 87-89/0. H + 81.0 (MeOH) 24-28 
Me OEt 96-97/0.6 + 85.4 (EtOH) 29-33 
Me O-n-CjH,! 170/5 +77.6 (neat) 35 
Me 0-(/?)-CHMeC6Hi3 196/4 +53.0 (EtOH)*’ 34 
Me 0-(5)-CHMeC6Hi3 190/4 +77.1 (EtOH)*’ 34 
Me OC,Cl3 179.5 -38.2 (CHCl^) 28 
Me NHj 275-276 +98.3 (H2O) 25,26,36 
Me NHMe 204-205 + 132.8 (H2O) 6,26,31,32 
Me NHEt — + 110.0 (H2O) 31 
Me NHPh 137-139 +255.4 (Me2CO) 37 
Me NMe2 63.5 + 116.0 (CHCI3) 31,32,38,39 
Me N(CH2)4 — +56.0 (benzene) 31 
Me N(QH„)2 138-140 +57.7 (CHCI3) 39,40 
Et OMe 141.5/22 +79.0 (H2O) 37,41 
Et OEt 93-94/0.1 +93.5 (neat) 32,42 
Et NHPh 186-187 +263.1 (Me2CO) 37 
Et NMe2 74-76 — 32 
n-Pr OEt 93-98/0.03 +49.3 (neat) 32 
n-Pr NHMe 181-182 + 121.0 (MeOH) 32 
t-Bu OMe 68 +55.9 (CH2CI2)'’ 7 
t-Bu OBn — +28.5 (Me2CO)'’ 7 
n-C5Hi3 OEt 125-128/0.08 — 32 
n-CeHis NHMe 70 — 32 
n-CioH2i NMej 48^9 +53.8 (CHCI3) 43 
I1‘Ci6H33 NMe2 65-67 +40.4 (CHCI3) 32 
n-Ci8H37 NMe2 75.6 +26.7 (CHCI3) 31,32 
All OEt 96-98/0.3 — 44 
All OAll 115-117/0.5 +92.6 (EtOH)*’ 44 
All NMe2 — +94.0 (benzene) 32,45 
Bn OEt 40^8/1.2 + 105.0 (CHCI3) 10,32,46,47 
Bn Oi-Pr 76-77 +90.3 (CHCI3) 11,18 
Bn NH2 230 — 48 
Bn NHMe 181-183 +3.75 (MeOH) 32 
Bn NHEt 167-169 +46.3 (MeOH) 32 
Bn NMe2 77-78 + 89.2 (benzene) 31,32 
H0(CH2)2 NMe2 100-102 — 49,50 

TsO(CH2)2 NMe2 105-107 — 49,50 

PhtN(CH2)2 NMe2 204-205 +46.0 (CHC13) 51 

TsHN(CH2)2 NMe2 82-84 +41.0(CH2C12) 51 

Bn[0(CH2)2]2 NMe2 — +52.5 (CHC13) 52 
Cl2C=CH OMe 59 + 11.0(Me2CO)'’ 53 
Cl2C=CH Ot-Bu 76-77 -9.4 (Me2CO)'’ 53 

(continued) 
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Table 5.2 {continued) 

R X 
m.p. (°C) or 
b.p. (°C/torr) [alo (solvent) References 

EtOOCCH2 NMcj — +68.5 (benzene) 32,45 
TMS OEt 148-149/14 -- 54 
TMS Oi-Pr 73/0.1 +57.0 (CHCI3) 55 
TMS Ot-Bu — +61.8(CHCl3) 55 
TBS OMe 55.5-56.0 +49.1 (CHCI3) 56,57 
TBS OEt — +47.0 (CHCI3) 57 
TBS Oi-Pr — +50.1 (CHCI3) 57 
TBS NMeOMe 131-132 +35.0 (CHCI3) 56 

“ m.p. 51°C is given in ref. 24. 

'’At 546 nm. 

Synthesis 

0,0'-Dialkylated tartrates and tartramides can be obtained by a modified 

Williamson alkylation procedure, compatible with the presence of the ester or 
amide function (Scheme 5.15). 

EtOOC 

UB 

V' 
OBn 

OBn 

COOEt 
a or b 

2.2 EtOOC 

OMe 

COOEt 

OMe 

EtOOC 

02N-0>-N=N-<^-0(CH2)60 

O(CH2)6O-0-N=N-0-NO2 

COOEt 

a: 2 eq. NaH, 4 eq. BnBr, THE, RT, 30 min. (70%f^ 

b: 1.9 eq. NaH. 1.9 eq. BnBr, 0.2 eq. Bu^NI, 0.002 eq. 18-crown-6, THE. 

0°C RT, 16“® 

c: 2 eq. NaH, 2.0 eq. Me2S04, EtjO, O'-C ^ RT {85-92%)“'” 

d: Br(CH2)g0-^-N=N-^-N02 , KjCOj, Bu4NBr, Me^CO, RT, 72h® 

Scheme 5.15 

Bis-(A^W-dialkylamide) derivatives of tartaric acid are particularly useful in 
O-alkylation reactions, due to their lower sensitivity towards bases as compared 
to tartrate esters. 

Chiral hexacarboxamide 18-crown-6 ether 5.10 has been synthesized in two 

steps by Dutton and Fyles from the three 0-alkyl-A^,7V.(V',yV'-tetramethyl- 
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tartraoiide components using the Williamson reaction conditions*"* (Scheme 
5.16). 

Me,NOC. 

'T 

|'"^OTs 

--0 + 

CONMe2 

.A ..CONMe, — 

1 OBn 
Me^NOC ■^OBn 

TsO^ 

OTs a 

a,b CONMe, 

Me,NOC, k rA 
..CONMe2 

CONMe, MejNOC" 'O 

CONMe, CONMe, 

CONMe, 

5.10 
a: NaH, DMF, 65°C b: H2, Pd/C 

Scheme 5.16 

Dialkylation of D, O'-stannylene acetal 5.11 is possible at elevated tempera¬ 

tures; whereas at lower temperatures the monoalkylated product is formed exclu¬ 

sively*^ (Scheme 5.17). 

nBUj 
Sn 

O' 'O 

MeOOC COOMe 

6.11 

a: 2 eq. CICH2CH2OH, 170°C (78%) 

Scheme 5.17 

Seebach et al. demonstrated that A^WW^A^^-tetraalkyltartramides can be con¬ 

veniently 0-alkylated under phase transfer catalysis.^® This method is preferred 

to another variant of the Williamson reaction based on the highly toxic thal- 

lium(I) alkoxides and used for the synthesis of macrocyclic tartrate ethers"*^ 

(Scheme 5.18). 

MeOOC 

HO" 

o 

A 
^O 

,OH 

COOMe 

OMe 

Me,NOC. Js, 
^ CQNMej 

OMe 

5.13 

OH 

MejNOC 
CONMe, 

Me^NOC 
CONMe, 

OH 

5.12 

a: 2.1 eq. Me2S04, 3 eq. 50% NaOH, CH2CI2, BnEtaNCI (cat ), RT (95%)^° 

b: 2 eq. TIOEt, 2.2 eq. n-CieHaal, MeCN, RT, then 40°C (95%)“ 

Scheme 5.18 {continued) 
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Me^NOC, 6 i 

Me^NOC 

CONMe, 

CONMe, 

c: 2 eq. TIOEt, 1 eq. KCHsEOICHjIal, DMF, 90°C (20%)®®-®’ 

d; 2 eq. TIOEt, 1 eq. a,a’-dibromo-o-xylene, MeCN, 70°C“ 

Scheme 5.18 

Dimethyl O, O'-dimethyl tartrate can be obtained with high yield by prolon¬ 

gated action of diazomethane on tartaric acid^^ (Scheme 5.19). 

1.1 
a 

a: CH2N2, Et20, RT, 2 days (95%) 

OMe 

MeOOC 
COOMe 

OMe 

Scheme 5.19 

0,C)'-Disilyl tartrate derivatives are obtained by conventional silylation pro¬ 
cedures (Scheme 5.20). 

OSiMejR 

EtOOC.^ 9 nr h 
COOEt 

RMe^SiO 

2.2 
c Me-Sil 

COOEt 

COOEt 

a (R = Me): 2 eq. HMDS, benzene, A, 8h (78%)®^ 

b (R = tBu): 2.4-3 eq. tBuMe2SiCI, 3-5 eq. imidazole, DMF, 35-60°C (100%)®’’“ 

c: (-SiMe2NH-)3, (NH4)2S04, benzene, A, 8h (51%)®^ 

Scheme 5.20 

The following are commercially available: 

MA^,A/',A^',0,0'-hexamethyl-L-tartaric acid diamide [26549-29-7] and its 
enantiomer [65/26-55-4], 

diisopropyl 0,0'-bis(trimethylsilyl)-L-tartrate [J30678-42-J] and its enan¬ 
tiomer. 
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Applieations 

Permetylated tartramide 5.13 is used for the effective resolution of racemic 2,2'- 

dihydroxy-l,r-binaphthyl (5.14) by the formation of the crystalline 1:1 complex 

with (5)-(—)-enantiomer of 5.14 (Scheme 5.21). 

a: 1eq. 5.13, benzene-hexane (82%) 

Scheme 5.21 

Enantiomerically pure (5')-(—)-5.14 is obtained from the complex with a 72% 

yield.^^’"^® 

0,0'-Di-TBS protected tartrates are useful acylating agents for the aceto- 

acetate dianion,a-methylphosphonate anion^ or a-methylsulfonyl dianion^^ 

(Scheme 5.22). 

OTBS 

iPrOOC^ 
COOiPr 

OTBS 

OTBS 

iPrOOC^ _ 
XOOtBu 

TBSO O O 

oXo 

Jv. ^COOtBu OHC 

5.15 

a: 5 eq. (CH2COCHCOOtBu)' LrNa*, THF, -78°C, 16h, then HCI (74%)"^ 

TBSO OTBS 

PhO^S SOjPh 

b: 4 eq. LiCH2PO(OEt)2, THF, -78 -20°C, then 2 eq. AcOH, RT, 20h (61 Vof* 

c: PhS02CHLi2, THF, 0°C, 15 min., then HCI-H2O (100%)"® 

Scheme 5.22 
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The latter two reagents provide access to chiral functionalized cyclopen- 

tenones. Product 5.15 is a precursor of artificial analogs of HMG-CoA reductase 

inhibitors, and cyclopentenone 5.16 is a precursor of (+)-terrein (5.17). 

Diamide 5.18 was used as starting material in the synthesis of bis(2-pyridyl) 

ligand 5.20 through the dinitrile intermediate 5.19"^* (Scheme 5.23). 

OBn OBn 

H2NOCy^conh2 — 

OBn OBn 

5.18 5.19 

a: MsCI, pyridine, 5h, 100°C (95%) 

b: HCsCH, CpCo(COD), PhMe, 14 bar, 36h,140°C (70%) 

Scheme 5.23 

Activated pentachlorophenyl ester 5.21 was used for the synthesis 

of a series of polyamides with A,A'-bis(trimethylsilyl)alkanediamines 

TMSHN(CH2)nNHTMS (n from 2 to 12). Stereoregular, hydrophilic products 

of polycondensation had molecular weights between 7000 and 50,000^* 
(Scheme 5.24). 

OMe 

COOCgClg + TMSHN(CH2)„NHTMS - 

OMe 

5.21 

a: CHCI3, 0°C RT, 3 days 

Scheme 5.24 

OMe 

-NH(CH2)nNHOC 
CO- 

OMe 

5.3 0-ALKYLATED TARTARIC ACIDS AND ANHYDRIDES 

V 
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Table O-Alkylated tartaric acids (IV) and anhydrides (V) 

R' X 
m.p. (°C) or 
b.p. (°C/torr) [ale (solvent) References 

Formula FV 

Me H OH 179 +49.6 (H2O) 66-68 
Me Me OH 155-157 + 84.0 (EtOH) 28,29,68 
Me Me NH2 185 + 89.9 (H2O) 37 
Me Me NHPh 117-119 + 129.6 (Me2CO) 37 
Et Et OH 127-128 + 84.0 (Me2CO) 37,41,42,47,53 
Et Et NHPh 143-145 + 145.5 (Me2CO) 37 
t-Bu H OH 67 +46.0 (Me2CO) 7 
t-Bu t-Bu OH 134 +54.7 (Me2CO) 7 
n-CioH2i n-CioH2] OH 56-58 +21.8(CHCl3) 43 
n-C,oH2i n-CioH2i NHBu — +25.2(CHCl3) 43 
Cl2C=CH Cl2C=CH OH 120 -42.9 (MeOH)" 53 
Cl2C=CH ClzC^CH NH2 185 -50.7 (MeOH)" 53 

Formula V 

Me — — 85-86 +156.0 (Me2CO) 29,69 
Et — — 124-126/19 +143.6 (Me2CO) 37,53 
Bn — — 95-96.5 — 47 
Cl2C=CH — — 35-38 — 53 

^ At 546 nm. 

Synthesis 

The acids are readily obtained by hydrolysis or hydrogenolysis of the corre¬ 
sponding alkyl or benzyl tartrates (Scheme 5.25). 

OtBu 

BnOOC 
COOBn 

tBuO 

5.22 

HOOC 

tBuO 

5.23 

OtBu 

COOH 

EtOOC 

MeO 

OMe 

COOEt 
HOOC 

MeO 

OMe 

COOH 

a: Hz, 10% Pd/C, AcOEt (93%)" 

b: NaOH, HzO-EtOH, 10-15°C, 1h, then HCI (64%)"" 

Scheme 5.25 
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It should be noted that alkaline hydrolysis (KOH in MeOH, reflux 80 hr) of 

5.22 resulted in considerable racemization of diacid 5.237 

Diacid 5.25 can be synthesized by zinc reduction of chloralide 5.24. 

Subsequent hydrogenation converts 5.25 to O, O'-diethyltartaric acid (5.26), 

Scheme 5.26.^ 

5.24 

a 

OCH=CCl2 

HOOC. A b 
COOH 

CI,C=CHO 

5.25 

a: Zn, AcOH, 60°C, 7 hr (78%) 

b: Ha, 10% Pd/C, AcOK, MeOH, 50°C, 3-4 bar, then HCI (73%) 

Scheme 5.26 

OEt 

HOOC 
COOH 

OEt 

5.26 

0,D'-Dialkyltartaric anhydrides are prepared from the corresponding diacids 

by refluxing with acetyl chloride.^^ On the other hand, the action of phosphorus 

pentachloride allows the synthesis of 0,0'-dimethyltartaroyl dichloride (5.27),®^ 
Scheme 5.27. 

RO OR 

— 

OR 

• HOOC. 
COOH 

OMe 

—- CIOC,. JL 
R = Me N^^COCI 

OR OMe 

5.27 
m.p. 90-93°C, 
[a]D +56.9 (CHCI3) 

a: AcCI, AcOEt, A b (R = Me): PCI5, benzene, A 

Scheme 5.27 

0,0'-Dialkyltartramic acids are readily obtained from the corresponding 
anhydrides by the addition of ammonia or an amine. 

Applications 

D,0'-Dimethyl-L-tartaric anhydride (5.28) was converted by rather conventional 

set of reactions to the pyrrolidone 5.29, an intermediate in the total synthesis of 
antibiotic anisomycin 5.30 (Scheme 5.28).^^ 

Macrocyclic tetra- and hexaamides have been prepared by Naemura by high 

dilution condensation of dichloride 5.31 with diamine 5.32 derived from l- 

threitol'^' (Scheme 5.29). 
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M®0^ OMe 

o 

5.28 

OMe 

MeOOC b, c. 
OMe 

COCI 
MeOOC 

OMe 

C=N 

OMe 

MeO OMe HO OAc 

-O ^ 

i UM 

N 
H 

5.29 

i ^OMe 

CUQf 
5.30 

a: MeOH, SO^C, then PCI5, CH2CI2 (90%) 

b: NH3, CH2Ci2 (90%) 

c: SOCI2 (82%) 

d: H2, Pd/C. HCI-MeOH, then NH3 (80%) 

Scheme 5.28 

OEt 

CIOC 

OEt 

COCI + HjN 

OEt 

5.31 

a: NEt3, benzene, RT 

NH, 

OEt 

5.32 

Scheme 5.29 

5.4 TARTARIC ACID DERIVED CROWN ETHERS AND RELATED 
MACROCYCLES 

Tartaric acid based chiral crown ethers (Scheme 5.30) and other macrocycles 

(Scheme 5.31) are a group of 0,0'-dialkyl derivatives of tartaric acid of well- 

established applications.™’^' These acids and their amides display useful 

properties as, for example, cation selective ionophores,™’™ chromoionophores,^' 

selective ion carriers,^'’"^’ ion channel mimics,™ synthetic molecular cata- 

lysts,™'*° macro(poly)cyclic receptor molecules,^'™^ enantioselective optode 

membranes,*® and as complexing resolving agents for racemic amines in capil¬ 
lary zone electrophoresis.*™™ 

Some selective transformations of the functional groups in 18-crown-6 diacid 
derivatives are shown in Scheme 5.32. 



96 O-ALKYLATED AND O-SILYLATED TARTARIC ACID DERIVATIVES 

X Y nn,p.(°C) [ajo (solvent) References 

° i 
<^oJ>^cox 

OH 

OMe 

- 60-70 +24.0 (H2O) 

+49.0 (CHCI3) 

60 

60 

NMez - 65 +84.0 (CHCla) 60 

OH OH 108 +34.7(H20) 74,91 

O^COX 

0 O '*C0Y 

NMe2 NMe2 - +52.6 (CHCI3) 61 

OH HNTMP^ 161-163 +29.0 (MeOH) 76 

OMe HNTMP^ 79-81 +25.1 (CHCI3) 76 

OH HNPh 143-145 +85.7 (CHCI3) 76 

OH hn-Q-o^o-^ 

t 

“ +55.8 (CHCI3) 77,92 

OH 

X
 

O
 213 +67.0 (H2O) 60 

Cl Cl 180 - 60,86,93 

NHMe NHMe 255 +66.0 (CHCI3) 60 

NMej NMej 186 +112.0 {CHCI3) 60,61 

NBu2 NBU2 81 +49 0 (CHCI3) 60,94 
YOC^i O^COX 

XOC'^0 O'^COY 

N(C8H,7)2 N(C8H,7)2 - +35.8 (CHCla) 86 

OH HNTMP® 190 +31.4 (CHCI3) 76 

OMe HNTMP® 200 +45.6 (CHCI3) 76 

OH HNTMPO® 160 +45.2 (EtOH) 95 

HNTMPO HNTMPO® 106-109 +42.7 (EtOH) 95 

OH HNPh ca 110 - 96 

OMe HNPh - +67 6 (CHCI3) 76 

OH HN-Ar'' 170-173 - 96 

-0- 153-154 - 60 

xoc [f^o^ 

J“° °'>..,.cox 
xoc-A o' 

-NMe- 128 +147.0 (CHCI3) 76 

o
 

il 

X
 

o
 - 113-116 +122.1 (EtOH) 14 

NMe2 (n=0) - - +87.6 (EtOH) 14 

r° OH (n=1) 

NMe2(n=1) ; 
“ +40 0 (buffer) 

+111.0 (CHCI3) 

82 

60 
xoc cox 

X 

H OH 180 +39.0 (H2O)® 50 
noY -0 O^COY 

H NMea - - 50 

^0 O-k^oY 
1_.N^ 

CH2COOH OH 195 +32.0 (H2O)® 50 

X 
Ts NMea 62-64 +46.0 (CH2CI2) 50 

{continued) 
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NH OH >200 +62.0 (H2O)® 50 

NH NMea - - 50 

YOC.,^^0 O^COY NCH2COOH OH 188 - 50 

YOC'^O 0 *'cOY NTs NMej 194-196 +74.0 (CHCI3) 50 

S OH - - 49 

S NMej 164-169 - 49 

TMP = 2,2,6,6-tetramethyl-4-piperidyl 

^ this (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid [61696-54-6] is available 
commercially 

TMPO = 2,2,6,6-tetramethyl-4-piperidyl-1-oxide 

Ar = 9-phenanthryl 

® bis-TsOH salt 

Scheme 5.30. L-Tartaric acid derived crown ethers and their aza and thia analogues. 

X m.p. (°C) [«]□ (solvent) Ref. 

230 +114,0 (CHCI3) 60 

H 224 +107.0 (CHCI3) 60 

OMe 244-246 +139.8 (CHCI3) 51 

OH >350 +10.4 (EtOH) 97 

NMez >350 -84.3 (CHCI3) 97 

Scheme 5.31 (continued) 
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OMe 

OH, 

OMe (syn) 

+84.4 (CHCI3) 51 

98 

N H 
x-c.. o 

o-J'-.-c=o 

^NH HN^ 

Scheme 5.31. L-Tartaric acid derived speleands, ionophores, and cryptands. 

O 

X = (CH2)20C(CH2)„C0(CH2)2 (n= 14, 18)99 or X = Oo0 
93 

{continued) 
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j 

o 

a; RNH2, KH, THF, RT (69%) 

b; SOCI2, CH2CI2 (98%) 

c: H2N(CH2)2NH2, THF (78%)'“ 

d: PhNH2, NEtj (ca 100%)“ 

Scheme 5.32 
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Tartrimides 

Table 6.1 L-Tartrimides and their 0,0-dialkyl, disilyl and diacyl derivatives (I) 

R* m.p. (°C) [alp (solvent) References 

H H 205-206 +202.0 (H2O) 1,2 

H Me 178 + 194.0 (H2O) 3 
H Et 171-174 + 164.9 (H2O) 3 
H n-Ci2H25 127-128 + 113.0(MeOH) 4 
H Bn 196-198 +138.0 (MeOH) 5-8 
H (CH2)2Ph 190-192 + 156.6 (MeOH) 9 
H 3,4-(MeO)2C6H3(CH2)2 178 + 123.3 (DMSO) 10 

H Ph 255-257 + 130.0 (MeOH) 11,12 

H 4-MeC6H4 235 + 128.7 (MeOH) 13 

H 4-HOQH4 299 + 119.6 (MeOH) 14 

H OH 86-89 + 175.3 (EtOH) 15 

H OBn 173-175 + 154.0 (EtOH) 15 

Me H 108-110 +235.5 (MejCO) 16 

Me Me 54-57 +228.8 (Me2CO) 16 

Me CH2COOH 60 + 172.0 (CHCI3) 17,18 

Me CH2COOBn 55 + 104.6 (CHCI3) 18 

Me Ph 82 + 198.2 (Me2CO) 16 

Me SMe 79-80 +233.0 (Me2CO) 19 

Me SPh 109-111 + 182.0 (Me2CO) 19 

Et Ph 56-58 + 182.2 (MejCO) 16 

■t-Bu H 154 +205.0 (CHCI3) 2 

Bn H 58 + 143.9 (Me2CO) 20 

Bn Me — + 177.0 (Me2CO) 21 

TBS Me — + 134.3 (CHCI3) 22 

TBS Bn — +98.6 (CHCI3) 23 

Ac H 132 + 113.1 (Me2CO) 24 

(continued) 
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Table 6.1 {continued) 

R' m.p. (°C) [alo (solvent) References 

Ac CHjCOOMe _ — 25 

Ac Ph 125.5 +90.5 (MejCO) 26,27 

Ac 2-MeC6H4 128 +99.4 (MeaCO) 27 

Ac 3-MeC6H4 146 + 112.0 (Me2CO) 27 

Ac 4-MeC6H4 127 + 118.5 (Me2CO) 27 

Ac 4-CIC6H4 173 + 106.9 (McjCO) 27 

Ac 4-BrQH4 184 + 81.6 (Me2CO) 27 

Ac 4-MeOOCCftH4 — — 28 

Ac 2,4-Me2C6H3 118.5 + 166.4 (MeoCO) 27 

Ac 2,4-Cl2C6H3 158 + 63.0 (Me2CO) 27 

Ac 2,4-Br2C6H3 172 +58.0 (MejCO) 27 

Ac 2-naphthyl 166 + 134.6(Me2CO) 27 

Ac NHPh 156 — 29 

Ac OH 142-143 + 115.6(—) 15 
Ac OBn 62-63 — 15 
i-PrCO Ph 96-97 +60.3 (Me2CO) 26 
t-BuCO H 166 + 83.2(CHCl3) 24 
t-BuCO Cl 137-140 +53.9 (CHCI3) 30 
1 -adamantylCO H 229 + 73.3 (CHCI3) 24 
BnCO Ph 112 + 80.9(Me2CO) 26 
Bz Me 106-107" + 189.0(AcOEt) 3 
Bz Et 159-160 — 31 
Bz n-Bu 124-125 +148.0 (MejCO) 32 
Bz t-Bu 169-173 — 28 
Bz (5)-CHMePh 85-86 +217.4 (CH2CI2) 33 
Bz CH2COOMe 125-127 + 158.7 (CH2CI2) 33 
Bz (^)-MeCHCOOMe 144-145 +217.5 (CH2CI2) 33 
Bz (/?)-iPrCHCOOMe 78-80 + 104.5 (CH2CU) 33 
Bz (5)-BnCHCOOMe — + 20.0(CH2Cl2) 33 
Bz Ph 173 +144.8 (benzene) 26 
Bz 1 -naphthyl 215-217 — 34 
Bz 2-naphthyl 179-180 — 34 
Bz OH 140-141 + 161.2 (THE) 35 
PhCH=CHCO Me 95 + 311.6(AcOEt) 31 
PhCH=CHCO Bn 129-131 + 258.5 (CHCI3) 28 
PhCH=CHCO Ph 169-170 +203.0 (CHCl,)” 28 
2-Ph2PC6H4CO Bn — + 77.5 (CHjCb) 36 

^ Crystallizes with ethanol molecule (m.p. 56°). 

The data in ref. 26, m.p. 202°C, [aj^ -145.1 (MeiCO), are apparently erroneous; they correspond 
to 0,C>'-dicinnamoyl-L-tartranilic acid. 

Tartrimides are very useful as precursors of chiral derivatives of pyrrolidine 
and its bicyclic analogues. Several features of the tartrimide moiety that are of 
importance in the syntheses leading to these compounds are shown in Scheme 
6.1. 
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Scheme 6.1 

© The deprotonated form of a tartrimide (R^ = H) is useful as a nucleophile. 

® This is an electrophilic site: reduction either to the CHOH (NaBH4) or to the 

CH2 group (LiAlH4 or BH3); addition of carbanions, addition of nitrogen or 
oxygen nucleophiles with imide ring opening. 

® This group can be additionally reduced to the CHj group (LiAlH4 or BH3). 

@ R’O groups can be substituted when R‘ = Ms, Ts, Tf. 

Various products of reduction or carbon nucleophile addition to tartrimides 

are used in synthesis and considerable part of synthetic utility of tartrimides is 

based on V-acyliminium ions, reactive intermediates formed from partially 

reduced imides under acidic conditions. Reactions proceeding through the inter¬ 

mediate A-acyliminium ion are frequently highly diastereoselective. For exam¬ 

ple, in intramolecular cyclizations of A-acyliminium ion (A), the incoming 

nucleophile forms the bond anti to the neighboring C—OR bond (Scheme 6.1). 

Similar considerations apply to cyclizations of A-acylimino radicals. 

Synthesis 

Tartrimides with unprotected hydroxy groups can be directly synthesized from 

tartaric acid (1.1) by thermal condensation with primary amines. The best results 

are obtained with aromatic amines, such as anilines; their 1:1 salts with 1.1 on 

heating yield tartmnils. Examples are shown in Scheme 6.2. 

■ A patent describes the manufacture of tartrimides by removing water from a 

slurry of the amine-1.1 salt in organic solvent by azeotropic distillation.^’ 

With methylamine, partially racemized imide A-methyltartrimide was 

obtained by thermal condensation.^ Alternatively this imide can be prepared with 

high yield by methanolysis of its di-6),0'-diacetyl derivative.’’ 

O.O-Diacyl and dialkyl imides can be conveniently obtained from the corre¬ 

sponding anhydrides. This can be done either in the one-step or in the two-step 
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a (R = Bn): 1eq. BnNHa, xylene, A, removal water (81%)® 

b (R = Bn): 1eq. BnNHj, 170°C, 30 min. (95%)^ 

c (R = Ph): leq. PhNHa, H2O; the 1:1 salt is separated, then 140°C” 

Scheme 6.2 

sequence involving the formation of the intermediate 0,0-protected tartramic 

acid. 
In the one-step method the anhydride is fused with diacylurea at 135°C^^ or 

heated briefly with arylamine at 110°C^’ (Scheme 6.3). 

I 
Ph 

a: (PhNH)2CO, 135°C^® 

b: leq. PhNH2, 110=0, 5 min."’' 

Scheme 6.3 

The use of less basic urea instead of amine allows to avoid some side reac¬ 
tions (e.g. racemization). 

In the two-step sequence the intermediate tartramic acid is cyclized to the 
imide by the addition of a condensing agent (Scheme 6.4). 

AcO OAc OAc 

HOOC 
CONHOBn 

OAc 

a: BnONH2, THF, 0=0; b: AcjO, 90=C’® 

AcO 

o 
N 
I 

OBn 

OAc 

O 

EtO OEt 
OEt 

HOOC 
CONHPh 

OEt 

c: leq. PhNH2, benzene, reflux; d: AcCI, reflux (85%)’® 

EtO OEt 

I 
Ph 

(continued) 
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AcO OAc 

OAc 

^COOH 

NH OAc 

NH OAc 

O' COOH 

OAc 

e: 1,2-cliaminobenzene (90%); f: (PhO)2PON3^° 

Scheme 6.4 

OAc 

In another method, particularly useful for esters of aminoacids as substrates, 

cyclization of the intermediate tartramic acid is induced by thionyl chloride 
(Scheme 6.5). 

BzO OBz 

a HOOC 

OBz 

CONHCH(Ph)COOMe 

OBz 

b 

a: PhCH(N*H3Cr)COOMe, NEt3, CHCI3, RT, 30 min. 

b; 2 eq. SOCI2, 0°C ^ RT, 30 min. (97%)^^ 

BzO. 

N 
I 

OBz 

O 

PhCHCOOMe 

BzO OBz HOOC OBz 

w 
BzO CONHOBn 

d 

BzO OBz 

I 
OBn 

BzO OBz 

I 
OH 

c: 1.1 eq. BnONHj, THF, RT 

d: 1.2 eq. SOCI2, CHCI3, 0°C ^ RT (95%) 

e: H2, 10% Pd/C, AcOEt (93%)^^ 

Scheme 6.5 

0,0-Dimethyl-L-tartrimide (6.2) along with the dinitrile 6.3 were obtained by 

the action of thionyl chloride on the diamide 6.1^^ (Scheme 6.6). 

OMe 

N=C.. 
C=N 

OMe 

6.3 

m.p. 56°C; [a]D + 170.4 (CHCI3) 

3! SOCI2, A 

Scheme 6.6 
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A more elaborate method involves initial conversion of the anhydride to the 
tartramate ester; the crucial cyclization step is effected by the action of sodium 
hydride on the intermediate ester^"* (Scheme 6.7). 

tBuCOO,^ OOCtBu 

H 

a: MeOH, RT; b: SOCI2, 40°C; c: NH3, THF, O^C, 10 min. 

d: 1.2eq, NaH, THF, RT (82%)^“ 

tBuCOO OOCtBu tBuCOO OOCtBu 

MeO NH, 

OMe 

EtOOC 
COOH 

OMe 

MeO 

0 

OMe 

O 
EtO NHCH2COOBn 

e: Gly-OBn TsOH, (EtO)2POCN, NEt3(91%) 

f: Na, PhMe (71%^ ’° 

Scheme 6.7 

(V-Alkylation of tartrimides is a method for preparing functionalized tar- 
trimides. Examples shown in Scheme 6.8 feature Mitsunobu-type substitution 
to produce A-substituted imides 6.4 and 6.5 and A-sulfenylation, leading to 
imides 6.6. 

BnO OBn BnO OBn 

6.4 

a: {Z)-Me3SiCH=CH(CH2)20H, PPh3, DEAD, THF, RT, 30 min. (77%)“ 

AcO,^ OAc 

0^==^.,-^0 

AcO OAc 

SiMe, 

b. Me3SiC=C(CH2)30H, PPhj, DEAD, THF, 0°C -> RT, 8h (86%)“' 

(continued) 
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MeO_^ OMe 

I 
SiMe, 

c: 1.5 eq. RSCI, RT, 5 min. (70-76%)'® 

Scheme 6.8 

Applications 

Racemic alcohols can be resolved by crystallization of their tartranilate esters 

6.7 formed by acid-catalyzed esterification of tartranils; however yields are low" 
(Scheme 6.9). 

n = 1,2,4 

ooc. X 
CONHPh 

OH 

6.7 

b 

OH 

e.e.>98% 

a; (R,R)-A/-phenyltartrimide, H2SO4, A; crystallization; b: aq. KOH 

Scheme 6.9 

Resolution of 0-2-tetrahydropyranylhydroxylamine was achieved by Kolasa 

and Chimiak by crystallization of the diastereomeric THP-derivatives of O, O'- 
di-benzoyl-A-hydroxytartrimide'*^ (Scheme 6.10). 

a: dihydropyran, TsOH (cat.), dioxane (55%) 

b; crystallization, then H2NNH2-H2O, PhH, EtOH, A 

Scheme 6.10 

Diastereomeric O, O'-di-benzoyl-A-alkoxytartrimides were successfully 

resolved chromatographically.^^ 

0,0'-Dibenzoyl tartrimides derived from chiral amines were used by Kolasa 

and Miller to determine the amine enantiomeric purity by 'H NMR spectro¬ 

scopy.^^ For example, the derivative of 6-A-(benzyloxy)cycloomitine (6.8) 
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displayed signals of the tartrimide protons (a) of the L-amino acid isomer shifted 
downfield (A6 = 0.055 ppm) relative to those of the d isomer. 

6.8 

The tartrimide moiety has been used as a chiral auxiliary. Nearly complete 

kinetic resolution was achieved in the reaction of the activated N-hydroxy- 

tartrimide ester of Z-L-alanine (6.9) with two equivalents of racemic ethyl alani- 

nate. The l,l form of the dipeptide 6.10 was obtained selectively’^ (Scheme 

6.11). 

Cbz-L-Ala-L-Ala-OEt 

6.10 

93%, e.e. 100% 

a: 1 eq. Cbz-L-Ala-OH, DCC, THF, 0°C 

b: 2 eq. D,L-Ala-OEt, THF-MeCN, 0°C 

Scheme 6.11 

Optically active azetidinones, such as 6.12, which is useful in the synthesis of 

P-lactam antibiotics, can be obtained in the Staudinger reaction. The pendant 

chiral auxiliary derived from the tartrimide is attached to the ketene moiety 

(generated in situ from 6.11), controlling the formation of the new chiral centers 
in the |3-lactam ring (Scheme 6.12).’^ ’*'” 

0 

6.11 6.12 

a: 1 eq, NEtj, 1 eq, (CFaCO)!©, CH2CI2, -20°C (40-47%, 100% trans, d.e. 60-74%)’^ '® 

Scheme 6.12 

Chiral diposphinites 6.13 and 6.14 or diphosphite 6.15 of Cj-symmetry, 

prospective ligands for metal catalysts, were obtained from N-benzyl and N- 
phenyl tartrimide (Scheme 6.13). 
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a: R^CI, pyridine 6.13, r' = Ph2P, R^=Ph’^ 

6.14, R' = PhjP, = Bn^ 

6.15, R' = . R" = Bn‘'= 

O^p-O 

I 

Scheme 6.13 

Diarylphosphinites derived from tartranil (e.g. 6.13 and 3,5-bis(trifluo- 

romethyl)phenyl analogue) were used by RajanBabu and Casalnuovo as efficient 

ligands for Ni(0) catalyzed asymmetric hydrocyanation of vinylarenes."*® 

Trost developed a tartrimide-based 2-(diphenylphosphino)benzoate ligand 

6.16 for palladium-catalyzed enantioselective allylation reactions^® (Scheme 

6.14). In this ligand, rotational freedom of the benzoate substituents is restricted, 

resulting in increased enantioselectivity of the catalyst. 

5=\ W 
TsNH TsNH 

PPh2 

a; 0.025 eq. tris(DBA)dipalladium(0)-chloroform complex, 0.075 eq. 6.16, THF, RT 

(68%, e.e. 75%) 

Scheme 6.14 

Tartrimide derivatives are widely used as building blocks for the synthesis of 

chiral heterocyclic compounds. Optically active deacetyl A^-benzyl-anisomycin 

. (6.17) was obtained from A^-benzyltartrimide by sequential reaction with excess 

Grignard reagent followed by LiAlH4 reduction; the yield of the mixture of 

epimeric products was low^ (Scheme 6.15). 

A related attempt to synthesize (-)-anisomycin via A-acyliminium route was 

reported by Weinreb et 

Lactams 6.21 and 6.24 related to the nootropic drug oxiracetam were synthe¬ 

sized from tartrimide 6.18. Crucial for the synthesis was the selective two-step 

reduction of the imide 6.18 to lactam 6.20 via hydroxylactam 6.19 by the action 

of sodium borohydride followed by triethylsilane and trifluoroacetic acid. The 
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6.17 

a; PMBMgCI, THF, 40°C, then LiAIH4 

Scheme 6.15 

diastereoisomer 6.24 was obtained from 6.21 by selective monobenzoylation to 

give 6.22, followed by an internal 8^2 displacement of the triflate through the 

benzoxonium ion 6.23^^ (Scheme 6.16). 

AcO,^ OAc AcO^ OAc AcO, OAc 

- 

CH2COOMe CHjCOOMe CH2COOMe 

6.18 6.19 

BzD, OH 

6.20 

Ph -1 

6.21 - 

CH2COOMe 

6.22 

\_TfOr 

1 

CHjCOOMe, 

6.23 

I 
CHjCCXDMe 

6.21 

I 
CHjCCXtMe 

6.24 

a: NaBH4, THF, -40°C 0°C (80%); b: (CFjCOjzO, then EtaSiH, CF3COOH (79%) 

c: MeONa, MeOH; d: 1,1 eq. BzCI, pyridine, -30°C 0°C, 3h (71%) 

e: 1.2 eq. Tf20, 1.1 eq. pyridine, CH2CI2, 5°C then H2O (98%) 

Scheme 6.16 

The syntheses shown below are directly or indirectly implied to proceed 

through the intermediate A^-acyliminium ion and are characterized by good to 
excellent diastereoselectivity. 

A nucleophile addition-reduction sequence developed by Yoda and Takabe 

was used to synthesize epimeric chiral y-alkylated lactams from imide 6.25 
(Scheme 6.17). 

The addition of a Grignard reagent followed by a low-temperature reduction 

of the intermediate A-acyliminium ion gave lactam 6.26 with high diastereose¬ 

lectivity. When borohydride reduction preceded alkylation of the A-acyliminium 

ion intermediate, epimeric lactam 6.27 was obtained predominantly as a result of 
5yn-alkylation.‘‘* 
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6.27, (5R):(5S) = 3:1 

a: n-PrMgBr, THF, -78->0°C (98%) 

b: EtaSiH, BFj EtzO, CH2CI2, -78°C (78%) 

c: NaBH4, MeOH, -15X (91%) 

d: lVle3SiCH2CH=CH2, BFj EtzO, CH2CI2, 0°C (96%) 

Scheme 6.17 

Another variant of ,s}^n-aIk;ylation of A-acyliminium ion 6.28 involved tin 

reagents to give lactam 6.27 with much higher diastereoselectivity (Scheme 
6.18). 

6.25 ♦6.27 

(5F?):(5S) = 30:1 

6.29 

a: 5eq, NaBH^, leq, SnCIa, EtOH-CHzCb, 0° (100%) 

b: AC2O, pyridine, 0° (100%) 

c: BujSnAII, MgBrj, PhMe, 0“ (92%) 

Scheme 6.18 

Lactam 6.27 was converted to trihydroxylated pyrrolidine 6.29, a potential 

glycosidase inhibitor. 

The synthesis of (-)-codonopsinine (6.32) from D-tartrimide 6.30 involved 

two Grignard addition-stereoselective reduction sequences targeting at the trans 

configuration of the substituents next to the resident C—O bonds in the mole¬ 

cule"*^ (Scheme 6.19). 
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TIPSO ..OTIPS 

I 
PMB 

6.30 

a, b 

PMB Boc 

6.31 

BnO 

An 

OBn 

Me 

L,0 NH 
H I 

Boc 
Boc Me 

6.32 

a: MeMgBr, THF, -78 -> -10°C (91%) 

b: EtjSiH, BFs EtjO, CH2CI2, -78°C (98%) 

c: AnMgBr, THF, -78°C, then NaBH4, SmClj, MeOH, -18“C (88%, d.e. 90%) 

d: MsCI, NEta, CH2CI2, then tBuOK, THF (92%) 

Scheme 6.19 

Intramolecular acyliminium ion cyclization^® based on a tartrimide precursor 

was the pivotal step in several syntheses of bicyclic fused pyrrolidinones. 

Cyclization of the acyliminium ion, derived from ethoxy lactam 6.33, 

involved the aromatic ring of A^-phenylethyl substituent. The reaction afforded 

one diastereomer of isoquinolinopyrrolidinone 6.34^ (Scheme 6.20). 

a: NaBH4. EtOH, 0“C, 10 min., then IN H2SO4, RT, 12h 

b: HCOOH, A then EtOH, AcCI (total yield 55%) 

Scheme 6.20 

Formic acid induced cyclization of a hydroxylactam, obtained by borohydride 

reduction of 6.35, gave exclusively one diastereoisomer of a bicyclic pyrrolidi- 

none 6.36^' (Scheme 6.21). Cyclization reactions of other structurally related 

hydroxylactams were, however, less stereoselective.^”’^^ 

Formic acid induced cyclization and debenzylation of pyrrolidinones 6.37 

and 6.38 shows a high degree of stereoselectivity directed by the C=C bond con¬ 

figuration. Two different products, 6.39 and 6.40, were obtained from (£)- and 

(Z)-alkenes 6.37 and 6.38, respectively (Scheme 6.22).^' 
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a: NaBH^; b: HCOOH, RT, 18h (-100%) 

Scheme 6.21 

a; (£)-BrMg(CH2)3CH=CHMe, EtjO (70%) 

b: (Z)-BrMg(CH2)3CH=CHMe, EtjO (63%) 

c: HCOOH, RT (81-100%) 

Scheme 6.22 

Acyliminium ion-vinylsilane cyclizations of 6.42, obtained from imides 6.41 

by borohydride reduction followed by acid treatment, afforded single bicyclic 

products 6.43, which are precursors of the natural antibiotic (-i-)-streptazolin 

(6.44), Scheme 6.23.^°’^' 
A sequence of intramolecular Wittig reaction and A-acyliminium ion cycliza- 

tion was developed by Park for the synthesis of the tetracyclic isoquinoline 

derivative 6.46 from imide 6.45 (Scheme 6.24).''’ 
Cyclization of the A-acylimino radical 6.48, derived from thioether 6.47, gave 

. bicyclic lactam 6.49 as a mixture of diastereomers. Lactam 6.49 is a precursor of 

the indolizidine alkaloid (-)-swainsonine (6.50), Scheme 6.25.'" 

Derivatives of 2,3,4-trihydroxy carboxylic acids are readily available as the 

products of Grignard reagent addition-sodium borohydride reduction of pro¬ 

tected tartrimides. The reduction step is diastereoselective; from L-tartrimides, 

trihydroxyacids of (2i?,35,4^)-configuration are predominantly obtained. 

0,G-Disilyl protected tartrimides in the above mentioned two-reaction 

sequence give hydroxyamides 6.51, which can be further converted under acidic 

conditions to (35,4/?)-3,4-dihydroxyfuran-2-ones 6.52 (Scheme 6.26).“’^^’^'^ 
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B (R' = Bn, R2 = H) 

R'O OR' 

SiMej _ 

6.42 

6.43A 87% 

B 92% 

a: NaBH4, MeOH, 0°C, 15 min, c: AczO, NEtj, DMAP, RT. 30 min 

b: CFsCOOH'^' d: BFa EtaO, CH2CI2, RT" 

Scheme 6.23 

c 

a. 1.1 eq. TBSCI, imidazole, DMF, RT, 16h (68%) 

b: BrCH2COCI, pyridine, CH2CI2, 0°C RT, 0.5h (98%) 

c: PhaP, MeCN, 50°C, 2h then NEta, 50°C, 16h (90%) 

d: TsOH, CH2CI2, A, 1h (76%) 

Scheme 6.24 
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x>^. ^ llT ^ 

S47 

r A-x. -><, *' f-^/j Of-/, Ml 

/ ^ %MPi, 

: ^ j 

KM. 

' / 

e4;i 

— "^t^' 

s.w 

V AV"^ ««£*♦ ZJl/A^ 

TtOM, KT ^V>u*i ^7%; 

-? f-^M ixx</fX'*i AUf/%) 

Vii^Tie 6.25 

TBV> 

OH 

CTTBii 

e.62*<. 

4r >a/iy5y »f'r 

V BiO" T 

', '^1/ 'io/fx^ Vy'^ 

* %2% 'j » 
fc, V < / 7-5% <3 «> 

c ^ * C^H-/ -3 « '<^A'‘' 

SctKwm 6.26 

Ijd^r.A ^S2t) "svirt <xjfr>tnt4 t/j the mttijra) ariUfungaJ antibifXk: t+^-cerulenin 
4.541 .>* tfje re^.rt^Jbc^Tvei/' w/jy^/^ylated derivative 6.53 ^Scheme 0,21),^ 

t.« «M 

^r "iC 

ViMrrie 6.27 

H • ^vrvarr^oe: 4.5Je i.ji*:^r;r3ied w KX oxidalM^fi jiavc i//'ket/ximjdc 6.55 as a 
'* vastier. Ad<ftti#^i '/f 6>rj^nard reagent t/> 6.55 afforded 
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the 2,3,4-trihydroxylated carboxylic acid derivative 6.56 with high diastereo- 

selectivity (Scheme 6.28).^^ 

TBSg 0 OH 

6.51c ^ CgH^^^^'^V^CONHMe 

OTBS OTBS 

6.55 6.56 

a: PCC, AcONa 

b: MeMgBr, THF, -78‘’C (90%, d.e. 90%) 

Scheme 6.28 
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Derivatives of Tartrates with 
Activated Hydroxy Groups 

OR2 

R^OOC^ X 
COOR3 

OR’ 

Table 7.1 D-Sulfonate, 0,0'-sulfate, sulfite and thionocarbonate derivatives of 
L-tartrates (I) 

R' R^ 
m.p. (°C) or 
b.p. (°C/toiT) [alp (solvent) References 

PhSOj PhS02 H 193-194 +27.4 (Me2CO) 1 
PhS02 PhS02 Et 88-90 +29.3 (CHCI3) 1 
Ts H Me 86-89 — 2 
Ts Bn Me 71-72 +55.4 (CHCI3) 3 

-SO2- Me 70-71 -73.0 (CHCI3) 4 
-SO2- Et 75-76 — 4.5 
-SO2- i-Pr — -71.4 (CHCI3) 4 
-SO2- Bn — -69.0 (CHCI3) 6 
-SO- Me 114-115/1 -164.9 (CHCI3) 7 
-SO- Et 130-135/0.5 -189.0 (EtOH) 8-11 
-SO- i-Pr 120-121/1 -151.0 (CHCI3) 7 
-CS- Me 59-60 -45.0 (CHCl,) 12 
-CS- Et — — 13 
-CS- i-Pr — — 13 

Products of cryt/zra-configuration are accessible by substitution of threo-con- 
figured tartrates in which one or two C-O bonds were activated by suitable 

derivatization.The main synthetic routes are summarized in Scheme 7.1. 

As seen in the scheme, erythro-productsi are available in one inversion step 

7.1^7.4 by nucleophilic substitution of cyclic sulfates (X = SOj), sulfites (X = 

SO), carbonates (X = CO) and thionocarbonates (X = CS), whereas triple inver¬ 

sion is involved in the reaction path through the erythro-hsdohydrin 7.2 and the 
tran^-epoxide 7.3. 

120 
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ROOC 

OH 

OH 

COOR 

Nu 

ROOC 
COOR 

OH V, 
\ Y 

ROOC, 
7.5 

Y- COOR 

OH ROOC COOR 

7.2 7.3 

Scheme 7.1 

x = so„s=o,c=o,c=s 

^ Y=CI, Br 

ROOC'' COOR 

7.1 N.. Nu 

ROOC, 
COOR 

^ OH 

0 7.4 

Reactivity of the cyclic activated derivatives in nucleophilic substitution reac¬ 

tion generally decreases in this order: cyclic sulfates > cyclic thionocarbonates, 

carbonates, sulfites > epoxides. Reactions of cyclic sulfates do not require cata¬ 

lysis by Lewis acids; and substitution of both C-O bonds is possible. A review of 

the reactions of cyclic sulfites and sulfates has been published elsewhere. 

Synthetic use of 0-sulfonate derivatives of tartrates for substitution is hampered 

by their tendency to undergo elimination under basic conditions. 

r/zreo-product 7.5 can be obtained by direct substitution of erythro-\\2\o- 

hydrins 7.2. For syntheses of eryt/zro-halohydrins from tartrates see also 
Chapters 4 and 10. 

7.1 0-MESYL AND O-TOSYL DERIVATIVES 

Synthesis 

Conventional 0-sulfonylation procedures give smoothly the corresponding tar¬ 

trate mesylates or tosylates in good yield. With less then one equivalent amount 

of sulfonylating agent, monosulfonylation of the diol is possible. However, a 

much better yield of monosulfonylated diol is obtained when the reaction is 

carried out with the cyclic stannylene derivative (Scheme 7.2). 

OBn 

MeOOC. 
COOMe 

OTs 

OBn 

MeOOC 
COOMe 

OH 

a; 2 eq. TsCI, pyridine, DMAP (cat.), CHjCb, 0°C RT, 70h (93%) 

OH 
b 

2.1 MeOOC 
COOMe 

OTs 

b: 0.5 eq. TsCI, pyridine, DMAP (cat.), CH2CI2, 0“C RT, 15h (34%)' 

Scheme 7.2 (continued) 
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OH 

ROOC 
COOR 

OH 

BLk -Bu 
^ Sn 

-5— O' *0 _1- 

ROOC COOR 

OH 

ROOC 
COOR 

OTs 

c: 1 eq. n-Bu2SnO, benzene or toluene, A, 95% 

d (R = Me): 1 eq. TsCI, CHClj, RT. 69h (94%)” 

d (R = Et): 1 eq. TsCI, 1 eq. Et,NCI, MeCN, RT. 24h (91%)” 

Scheme 7.2 

Applications 

Achiral but synthetically useful hydroxyfumaric acid derivatives are available b\ 

a base-induced elimination reaction of a tartrate monotosylate, or directly by sul- 
fonylation of a tartrate at ambient temperature in the presence of pyridine 
(Scheme 7.3). 

OH 

MeOOC 
a, b 

COOMe 
MeOOC 

O 
II 

OCCHjOBn 

COOMe 

OTs 

2.2 EtOOC 

OSOjPb 

COOEt 

a. BnOCHjCOCI, pyridine, DMAP, CH2CIJ, 0°C 

b: NEt3, DBU (cat.), THE, RT (55%)^ 

c: 2 eq. PhS02CI, pyridine, -5°C ^ RT (92% crude)’ 

Scheme 7.3 

Substitution reactions of the tosylates are shown in Scheme 7.4. The O-tosyl 
derivative of diisobutyl tartrate (7.6) undergoes regioselective transesterification 
at the ester group distal to the tosyl group. The unsymmetrical diester 7.7 can be 
further converted to the chiral c/5-epoxide 7.8. 

OH 

iBuOOC 

OH 

COOiBu 

OTs 

7.6 

EtOOC 
COOiBu 

OTs 

7.7 

O 

/~\ 
EtOOC COOiBu 

7.8 

a: Eton, TsOH 

b: t-BuMe2SiCI, imidazole, DMF, RT then n-BuiNF, THF (e.e. 94%)'® 

Scheme 7.4 
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Applications 

The synthesis of malates and various eA7t/zra-(3-substituted malic acid esters is 

based on nucleophilic substitution reactions of cyclic sulfates'^ and sulfites’’^^ 

derived from tartaric acid. Products of nucleophilic monosubstitution of the sul¬ 

fate 7.9 (Gao and Sharpless) are shown in Scheme 7.7. 

O2 

)—( 
iPrOOC COOiPr 

7.9 

Nu 

iPrOOC 
Y" COOiPr 

OH 

a: nucleophile, then 20% H2S04‘' 

Nu' reaction conditions yield (%) 

H' NaBH3CN, pH 4-5, THF, 65°C, 5h 55 

N3^ NaNs, acetone - H2O, 0-25°, 1h 81 

P- Et4NF-2H20, acetone, 25°C, 6h 90 

BzO“ BZONH4, acetone, 25°C, 12h 95 

NO3' BU4NNO3' acetone, 25°C, 12h 96 

NCS“ NH4SCN, acetone, 25°C, 5h 87 

Bn" BnMgCI, 0.01 eq. Li2CuCl4, THF, -78°C, 2h 

Scheme 7.7 

73 

Azido alcohols 7.10 and 7.12 were utilized, respectively, in the synthesis of 

aziridinedicarboxylates 7.11 and in the synthesis of the building block 7.13 for 

penicillanic acid 5',5-dioxide. The fluoride substitution product 7.14 was used in 

the synthesis of r/irco-3-fluoro-D-aspartic acid (7.15), shown in Scheme 7.8. 

Mori synthesized wheat grain cerebroside from azidoalcohol cnt-7.10 (R = 

Et).^^ Komori claimed to synthesize a derivative of erythro-D-sphingosine from 

7.10 (R = Et), but apparently the absolute configuration of either the substrate or 
the product was erroneous.^ 

A one-pot facile synthesis of D-malate esters from L-tartrate esters via cyclic 

sulfites has been reported by Gao^^’^"* and Koert.'^ The sequence involves nucle- 

N, H H 
= N N 

ROOCs. 3 / \ K / \ 
V^^COOR -—•» /-\ —> /-\ 

OH ROOC COOR HOOC COOH 

7.10 7.11 (R = Me, Et, i-Pr) 

a; PhaP, 

b (R = Et): LiOH, EtOH, then Dowex 50W-X2 resin“ 

{continued) 
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N3 

BnOOC 

NH2 

OH 

7.12 

COOBn 
c, d BnOOC 

COOBn 

OTBDPS 

TBDPSO . COOH 

^NH 
0 

7.13 

c: TBDPSCI, i-PrsNEt, DMAP, CH2CI2 e; NEta, MeaSiCI, EtaO then t-BuMgCI, 0°C 

d. PhaP, THE, H2O, 60°C (73%) f: H2, Pd/C, THF (60%)® 

iPrOOC 

Y*' 
OH 

7.14 

COOiPr 
iPrOOC 

COOiPr 
h, i HOOC 

COOH 

NH. 
'2 

7.15 

g. TfaO, 2,6-lutidine, CH2CI2, -65°C, 5 min., then NaNa, DMF, -5°C (56%) 

h; H2, Pd/C, Eton, 4h (quant.) 

i. 4N HCI, A, 20h (53%)^^ 

Scheme 7.8 

ophilic substitution with the bromide ion, followed by activated zinc powder 
reduction or catalytic hydrogenation (Scheme 7.9). 

ROOC COOR 

a, b ROOC. 
COOR 

OH 

R = Me, Et, i-Pr 

a: 1.5 eq. LiBr, acetone, A 

b: Zn, H2O, A or H2, Pd/C, MgO, H2O, RT (70-82%) 

Scheme 7.9 

Dimethyl D-malate is also available through the tri-n-butyltin hydride reduc¬ 
tion of cyclic thionocarbonate derivative 7.16*^ (Scheme 7.10). 

s 
II .c 

\ / - MeOOC. 
COOMe 

MeOOC'' COOMe OH 

7.16 

a: o-BuaSnH, A (88%) 

Scheme 7.10 
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Products of the erythro configuration are available by nucleophilic sub¬ 

stitution of cyclic carbonates and thionocarbonates derived from tartrates 

(Scheme 7.11). 

X 
II 

Q'"'o 

ROOC 
H 

Nucleophile 
Nu 

ROOC 

COOR 

COOR 

OH 

X R Nu” reaction conditions yield (%) 

0 Et PhS” PhSH, NEtj, THF, 0°C, 0.5h 95 

0 Et r Lil, DMF, 25°C, 2h 85‘ 

0 Et N3” NaNa, DMF, 25°C, 4h 88 

s i-Pr PhS” PhS, NEta, THF, O^C, 1h 100 

s i-Pr BzO” BzOH, NEta, DMF, RT, 24h 59 

s i-Pr Nj” NaNa, PPTS, DMF, 0°C, 1h 84 

® 1:1 mixture of epimers 

Scheme 7.11 

The nucleophilic character of the thiolcarbonate anions formed in the initial 

substitution step of a cyclic thionocarbonate (7.17) with bromide ions makes it 

possible to obtain doubly inverted (net retention of configuration) thiolcarbonate 

product 7.18 by intramolecular substitution'^ (Scheme 7.12). 

iPrOOC COOiPr 

Br 

iPrOOC 

Y 
o 

COOiPr 

7.17 

a; 0.1 eq, Bu4NBr, THF, RT, 1h (98%) 

Scheme 7.12 

o 
II 

A 
iPrOOC COOiPr 

7.18 

7.3 TRANS-EPOXIDES AND £:/?ym/?0-HALOHYDRINS 

II 
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Table 7.2 Derivatives of (2/g,3/?)-2,3-epoxysuccinic acid (II) 

m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

HO 
MeO 
EtO 
t-BuO 

178-180 
74-75 

80-82/0.2 

n CgHiyO 120-140/0.05 
n-Ci2H250 43-44 
Alio 78-85/0.1 
HC=CCH20 70-71 
BnO 190-194/0.1 
PhO 100-102 

CeCl^O 206-207 
H2N 208-209 
MeHN 238-242 
AllHN 209-210 
H0(CH2)2HN 156-160 
BnHN 177-178 
PhHN 221-224 
H2NHN 138 
Cl 42^5 

-121.6 (EtOH) 26-28 
-125.0 (EtOH) 29 
-110.0 (EtOH) 29-33 
-107.3 (Et20) 34 
-58.0 (MeOH) 29 
—27.0 (dioxane) 29 

-102.0 (EtOH) 29 
-123.0 (EtOH) 29 
-66.0 (EtOH) 29 

-144.0 (EtOH) 29 
-68.0 (CHCI3) 29 
-68.0 (H20) 29 
-92.0 (EtOH) 29 
—93.0 (pyridine) 29 

— 29 
—71.0 (pyridine) 29 

— 29 
-97.0 (EtOH) 29 

— 29 

Synthesis 

(2i?,3/?)-(-)-2,3-Epoxysuccinic acid (7.19) has been prepared by from 

diethyl L-tartrate. The synthesis involved double nucleophilic inversion at C-2 
(Scheme 7.13). 

Cl 

2.2 —2— Etooc. — 

COOEt 

OH 

a: 1 eq. SOCb, 1 eq. pyridine, CHCI3, A 

b: cone. HCI, then IM NaOH^® 

O 

HOOC COOH 

7.19 

Scheme 7.13 

(25',3‘S)-(+)-2,3-Epoxysuccinic acid {ent-7.19) has been obtained by resolu¬ 

tion of the racemate with various optically active amines. Good results were 

obtained with L-arginine (yield 55%),^*or with (-)-ephedrine (yield 48%).^^ 

A reliable method of synthesis of diethyl /ranA-2,3-epoxysuccinate (7.22) by 

Mori is based on the formation of the intermediate ^Ay//zro-C>-acetylbromohydrin 
derivative 7.21, resulting from the substitution of the acyloxyoxonium ion 7.20 
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by the bromide ion (Scheme 7.i4).'wo-33,36,37 7 p,g obtained from 

the diester 7.22 by alkaline hydrolysis.^* 

OH 

COOR 
ROOC. 

OH 

R = Me, Et, i-Pr 

Me 

0^0 

ROOC COOR 

O 

HOOC COOH 

7.19 

a: 30-33% HBr/AcOH, RT 

7.20 

O 

EtOOC COOEt 

7.22 

Br 

ROOC 

OAc 

7.21 

COOR 

Br 

EtOOC 
COOEt 

OH 

c: NEtj or EtONa, EtOH, RT, 1h 

(overall yield a-c 61-68%)^^ 

b (R = Et): EtOH, HBr or HCI, A d: 0.2M KOH, 0°C RT. 3h (93%) 

Scheme 7.14 

Alternative synthesis of (2/?,3^)-epoxysuccinic acid is by fermentation of d- 

glucose with Aspergillus fumigatus?^ 
Diesters of 7.19 can be selectively hydrolyzed to the corresponding 

monoesters**’*^ (Scheme 7.15). 

o 0^0 
/\ 

ROOC COOR ROOC' COOK ROOC' COOH 

R = Me, Et 
c 

O O 

H^NOC CONH2 N=C CHN 

m.p. 130-130.5°C 

[a]D-71 (EtOH) 

a: 1 eq. KOH/EtOH, 0°C, 2h c (R = Me): 29% NH4OH, RT, 10-15 min. (97%)” 

b: KHSO4 (61-69%) d: POCI3, 80-100°C, 30 min. (49%)” 

Scheme 7.15 
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Applications 

Erythro-hdXohyAvins (7.2) and fran^-epoxides (7.3) derived from tartrates are 

pivotal compounds in the synthesis of threo (7.5) and erythro substituted (7.4) 

malates (Scheme 7.1). Thus, (/?)-malates as well as their t/zre6»-(3-substitution 

products are available from cryt/zro-halohydrin 7.2 in nucleophilic or radical 

substitution reactions. It should be noted, however, that in contrast to intramolec¬ 

ular epoxide-formation reaction, diastereoselectivity of such reactions is not 
very high (Scheme 7.16). 

Br 

MeOOC 
COOMe 

OAc 

MeOOC 
COOMe 

OAc 

a: 1 eq, NaBH4, 0.02 eq. MeaSnCI, 0.008 eq. AIBN, EtOH, lOX^ 

ROOC _ ROOC. 
COOR ore COOR 

OH OH 

(d.e. 64-66%) 

b (R = Me, X = Cl): HNa- i-PrjNEt, DMF, RT (95%)“° 

c (R = Et, X = Br): NaNa, 15-crown-5 (cat ), DMF, RT (90%)“’ 

Br 

EtOOC 

Y^ COOEt 
EtOOC 

COOEt 

OSiMej OSiMeg 

(d.e. 79%) 

d: n-Bu3SnCH2CH=CH2, AIBN, Eu(fod)3, CH2CI2, hv“' 

Scheme 7.16 

(2/?,3i?)-2,3-Epoxysuccinates can be converted in quantitative yield to (7?)- 
■ malates by catalytic hydrogenation.'*^ 

(2/?,37?)-2,3-Epoxysuccinates were used for stereoselective alkylation to give 
ery^/tro-P-alkylated malic acid derivatives (Scheme 7.17). 

Product 7.23 is an important intermediate in the synthesis of (-)-5-multi- 

stratin,^” ( + )-phyllantocin,‘*“' tetraene fragment of calyculins,'*^ and an isomer of 
• • 46 

semcomin. 

Addition of nitrogen nucleophiles to (27?,3/?)-2,3-epoxysuccinic acid and its 

esters gives access to erythro-^-hydroxy L-aspartic acid derivatives 7.25, 7.26 
and 7.28 (Scheme 7.18). 
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EtCOO COOEt 

a 

or b 

R 

EtOOC. 
COOEt 

OH 

7.23 (R = Me) 

7.24 (R = i-Pr) 

a (R = Me): LiMejCu, ether, -78°C 20°C“" 

b (R = i-Pr): i-PrMgBr, CuCN, ether, -20°C, 60%“ 

Scheme 7.17 

HOOC. 
COOH 

OH 

7.25 

O 

EtOOC COOEt 

7.22 

N3 

EtOOC 
COOEt 

OH 

7.27 

O 

HOOC COOH 

7.19 

b 

d 

NHj 

MeOOC..^ 
COOH 

OH 

7.26 

NHj 

EtOOC. A. 
COOEt 

OH 

7.28 

EtOOC COOEt EtOOC COOEt 

NHTs 

EtOOC.^ 
COOEt 

Me 

7.31 7.29 7.30 

a: NH4OH, 110“-130°C (42%)“''" or NH4OH, ca 45°C {82-94%)”''® or BnNHz, A, then 

5% Pd/C (42%)“ 

b. MeOH, HCI, A, then pyridine (73%)®® or isolated as hydrochloride (99%)®® 

c: TMSN3, MeOH, DMF, 60°C, 10-12h (86-97%)®^®' ®® 

d: Hz, 10% Pd/C, AcOEt, RT, 6h (92-98%)®® 

e: PPhs, benzene. A, then TsCI, pyridine (73%)®' 

f: 2 eq. MezCuLi, EtjO, -78°C (68%)®° 

g: PhaPS, 1 eq, CF3COOH, CHzClz, A then NaHCOj (48%)®' 

Scheme 7.18 

Interestingly, acid-catalyzed esterification of 7.25 is selective, providing 

monoester 7.26. Amino acid 7.26 was used in the synthesis of chiral 2-azetidi- 
nones.^*'** 
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Chiral aziridine 7.29, obtained in the intramolecular Mitsunobu reaction, was 

used by Tanner^'* for the synthesis of (3-alkyl aspartic acid derivatives, such as 

7.30. Note also the facile synthesis of the chiral thiirane 7.31 from 7.22 by 
double substitution reaction with a sulphur nucleophile.^’ 

£ryt/zra-3-Fluoro-D-aspartic acid 7.33 was synthesized from epoxyester ent- 
7.22 using the DAST reaction for introducing the fluorine atom with retention of 

configuration, via the intermediate aziridinium ion 7.32 (Scheme 7.19). 

0 

EtCOO COOEt 

NBn, 

EtOOC. A. -A 
COOEt 

OH 

ent-7.22 

Bn, 
©N 

EtCOO COOEt 
F© 

NBn, 

EtOOC^^^^J.^ c, d 
NK 

COOEt 
HOOC 

7.32 

F 

7.33 

COOH 

a: BnjNH, LiBF4, MeCN, A, 72h (62%) c: H2, Pd/C, EtOH, 4h (quant.) 

b: EtiNSFa, THF, RT, 2h (94%) d: 2N HCI, A, 48h (40%)^^ 

Scheme 7.19 

(2/?,3/?)-2,3-Epoxysuccinyl aminoacids^* and dipeptides^*’^^ were synthesized 
from monoesters 7.34 and 7.35 (Scheme 7.20). 

o 

EtOOC COOH 

0 

EtOOC COO0-NO2 

O 

..A 

7.34 

EtOOC CO-L-LeuNH(CH2)2iPr 

EST 

0 

MeOOC COOH 

c, d, e 
0 

./A 
H2NOC CONH 

A 
7.35 

COOH 

NH-L-Ala-H 

Sch 37137 

a: 4-O2NC2H4OH, DCC'° 

b: H-L-LeuNH(CH2)2i-Pr^® 

c: H2NCH2CH(COOH)NH-L-Ala-Cbz, DCC, NEtj, BSA, THF (32%)“ 

d: NH3, MeOH (73%)“ 

e: 10% Pd/C, 1,4-cyclohexadiene, MeOH (96%)“ 

Scheme 7.20 
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EST is a potential therapeutic agent for muscular dystrophy and Sch 37137 is 

known for its antifungal activity. 
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Tartrate Borates and Boronates 

8.1 TARTRATE AND TARTRAMIDE MODIFIED BORATES 

Boric acid and tartrates in solution form borotartrate complexes, with stoichio¬ 

metry and structure dependent on pH and the solvent used. The stoichiometry of 

the complexes has been suggested to be two boric acids per tartrate,^ one tartrate 

to one boric acid molecule,and one boric acid per two borates.'’"’ The domi¬ 

nant complex appears to be of 1:1 stoichiometry.* Lamande et al. postulated the 

formation of a dimeric 1:1 complex of pKa 1.8 in dimethylformamide solution.^ 

Typical structures of borotartrate complexes are shown in Fig. 8.1. 

.COOR 

RO-B 1 

'"'COOR 

C/V 
.COOR 

'COOR 

Rooc, oeo^ COOR c 
ROOC'^O 0"^ ''COOR 

Figure 8.1 

tricoordinated 
borotartrates 

tetracoordinates 
borotartrates 
(Y = O, N) 

tetracoordinated 
boroditartrate anions 

Synthesis 

Cyclic borotartrates can be synthesized from tartrates and triallcyl borates by 
transesterification (Scheme 8.1). 

2.1 
a 

MeO-B 

COOMe 

COOMe 

oil, [a]o -34 (CH2CI2) 

a: B(OMe)3, benzene, 

Scheme 8.1 

134 
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Enol borates can be obtained from boronates by oxidation with amine N- 
oxide**'^^ (Scheme 8.2). 

O^^COOiPr 

/■"'oX “ 
O 'COOiPr 

O^COOiPr 

0-b' T 
COOiPr 

a: 1 eq. MegNO, CH2CI2, RT'^ 

Scheme 8.2 

Stable tetracoordinated borotartrate or borotartramide complexes are formed 

from tartrates or tartramides and aminoalcohols or hydroxyketones (Scheme 8.3). 

ROOC 

OH 
HO 

'COOR + Jh 

OH 
/ 

XOOR 

^ >: J 
a: H3BO3, solvent 

OH 
O 

PrHNOC 
CONHPr + 

OH 

OH 0 

b: B(OMe)3, CH2CI2, A (removal of methanol)^^ 

Scheme 8.3 

In the presence of a base, salts of tetracoordinated boric acid are obtained 
from tartrates (Scheme 8.4). 

2.2 

EtOOC., ^COOEt 

r A T K« 
EtOOC^° ''COOEt 

a: KHCO3, H3BO3, HzO'" 

Scheme 8.4 

Applications 

Enantiomers of aminoalcohols can be partially separated due to the difference 

in distribution in a two-phase system consisting of a chloroform solution of a 

tartrate and an aqueous solution of boric acid.^^ 

Borotartramide complexes can act as chiral Lewis acid promoters in a 

Diels-Alder reaction.For example, the borotartramide complex of juglone 
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(8.1) undergoes an enantioselective Diels-Alder reaction with a siloxydiene to 

yield, after sodium borohydride reduction, chiral anthracycline intermediate 8.2 

(Scheme 8.5). 

8.2 (e.e. 84%) 

a: CH2=CH-CH=CHOSiMe3, CH2CI2, RT, 23h (90%) b: NaBH.,, THPis 

Scheme 8.5 

For related applications of acyloxyboranes in a Diels-Alder reaction, see 

Section 4.5. 

The aldol reaction of tartrate-modified enol borates with aldehydes has been 

reported by Umani-Ronchi to give 5yn-ketols with moderate enantioselectiv- 
ityii,i2 (Scheme 8.6). 

COOiPr OH o 
a 

COOiPr 

a: PhCHO, CH2CI2, -78°-50°C, 14h, 75%, e.e. 65% 

Scheme 8.6 

8.2 TARTRATE AND TARTRAMIDE MODIFIED BORONATES 

COX 

cox 

1 

Table 8.1 Esters of boronic acids derived from tartrates and tartramides (2-substi- 
tuted l,3,2-dioxaborolane-4,5-dicarboxyIic esters and amides), I and II 

No. R 
m.p. (°C) or [alo 

X b.p.(°C/torr) (solvent) References 

Formula I 

8.3 n-Bu 
8.4 n-Bu 

OEt 
NMe, 

18 
21,22 
{continued) 
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Table 8.1 {continued) 

No. R X 
m.p. (°C) or 
b.p.(°C/torr) 

[alo 
(solvent) References 

8.5 CH2-CHCH2 OEt 90-180/0.07-1.1 23 
8.6 CH2=CHCH2 Oi-Pr 115-120/0.15 -47.9 (CH,C14 24 
8.7 CH2=C(Br)CH2 OCHi-Pr 2 - _ 25 
8.8 (^-MeCH=CHCH2 Oi-Pr 26 
8.9 (Z)-MeCH-CHCH2 Oi-Pr _ 26 
8.10 n-BuMeC=CHCH2 Oi-Pr _ 27 
8.11 C1(CH2)2CH=CHCH2 OCHi-Pr 2 - 28 
8.12 PhMe2SiCH=CHCH2 Oi-Pr 29 
8.13 CyOMe2SiCH=CHCH2 Oi-Pr _ _ 29 
8.14 MfSiMe2CH=CHCH2^ Oi-Pr _ 30 
8.15 Me2C=CHCH2 Oi-Pr _ __ 31 
8.16 CH2=CH-C(=CH2)CH2 Oi-Pr — _ 32 
8.17 CH2=C=CH-CH2 Oi-Pr _ _ 33 
8.18 CH2=C=CH-CH2 OCHi-Pr 1 - _ 33 
8.19 CH2=CH OEt 80/0.05 —44.0 (dioxane) 17 
8.20 CH2-CMe OEt 115-120/0.2 -33.4 (CHCI3) 11 
8.21 (^-MeCH=CMe Oi-Pr — _ 12 
8.22 (Z)-MeCH=CMe Oi-Pr 140-145/0.2 _ 12 
8.23 n-BuCH=CH Oi-Pr _ _ 34 
8.24 n-BuCH=CH NMej — _ 34 
8.25 BnCH=CH Oi-Pr _ _ 34 
8.26 BnCH=CH NMej — _ 34 
8.27 PhCH=CH Oi-Pr _ _ 34 
8.28 PhCH=CH NMe, — _ 34 
8.29 CH2=C=CH OEt — _ 35 
8.30 CH2=C=CH Oi-Pr — _ 35 
8.31 CH2=C=CH OCHi-Prj , - _ 36 
8.32 Ph OEt 46-48 _ 37 
8.33 4-CH2=CHC6H4 OEt 58-59 — 38 

Formula II 

8.34 Bn _ _ 19 
8.35 CyCH2 — — _ 39 
8.36 CF3CH2 — — — 39 

Synthesis 

Cyclic esters of boronic acids can be obtained in good to high yield by 

azeotropic removal of water from a mixture of boronic acid and tartrate diol 
(Scheme 8.7). 
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OH 

R-B(OH), + XOC 
COX 

or b -b;T 

cox 

OH o '"'COX 

a: benzene or CICH2CH2CI, A b: Et20, MgSO^ or molecular sieves 4A 

Scheme 8.7 

Transesterification of boronates with tartrates is another useful method of 

preparation of tartrate-modified boronic esters (Scheme 8.8). Dichloroboranes 

react with tartrates in the presence of a proton acceptor such as poly(4-vinylpyri- 

dine) to give cyclic esters of boronic acids. 

O.^^COOEt 

:='^^B(OBu)2 - -■■■■- — ^'^BCIz 

0 ""COOEt 

8.19 

a: 1 eq, 2.2, n-hexane, A (removal of n-BuOH), 66%'^ 

b: 1 eq. 2.2, poly(4-vinylpyridine), phenothiazine (cat.), CH2CI2, 45%’^ 

Scheme 8.8 

Excellent yields of boronate esters are usually obtained in the reaction of 

bis(diisopropylamino)borane with tartrates (Scheme 8.9). 

O^^COOEt 

n-BuB(N-iPr2 n-Bu- -b:T 
O '"'COOEt 

8.3 

a: leq. 2.2, 50°C, 20 torr, 95% (crude)'^ 

Scheme 8.9 

Allyl boronates are also obtained in the reaction of a tartrate diol with tri- 
allylborane'^ (Scheme 8.10). 

B(CH2CH=CH2)3 

a: 1 eq. 3.1, CH2CI2, RT 

Scheme 8.10 
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Phenylboronic acid reacts with tartaric acid to give a bis-boronate derivative 
(Scheme 8.11). 

Ph-B(OH)2 

a: 0.5 eq. 1.1, benzene, A (removal of Waterloo 

Scheme 8.11 

Applications 

Cycbc esters of tartrates with boronic acids have found uses as chiral auxiliaries 

in several important synthetic procedures, such as allylboration of aldehydes, 

and cyclopropanation of olefins. Absolute configuration of products of such 

reactions is dictated by configuration of the tartrate auxiliary. Structural features 

of tartaroboronates which are of significance to these reactions are shown in 
Fig. 8.2. 

COX 

I 

(C) 

Figure 8.2 
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© Allyl or alkenyl groups undergo addition to aldehydes (see @) or cyclopropa- 

nation (see @). 

(D The boron atom (a Lewis acid) can coordinate an electron donor atom (nitro¬ 

gen of the amine, oxygen of the carbonyl group, or the alkoxide anion). Fig. 

8.2A shows a transition state in the allylboration of an aldehyde, coordinated 

to the boron atom. 

® The basic oxygen atoms of the tartrate moiety can chelate organometallic 

species, such as the Simmon-Smith reagent (IZnCHjI), thus directing 

diastereoselectivity in the cyclopropanation reaction of 1-alkenyl boronates 

(Fig. 8.2B). In the Charette catalytic cyclopropanation reaction of ally lie 

alcohols, the boron atom additionally coordinates the intermediate zinc 

alkoxide species and the sterical outcome of the reaction follows from 

Fig. 8.2C. 

@ The bulk of the X group has some effect on the enantioselectivity of reac¬ 

tions, but for practical reasons the isopropoxy or dimethylamino derivatives 

are most frequently used. 

® Boron-oxygen bonds hydrolyze rapidly under hydrolytic conditions (wet 

solvents, etc.). However, the reagents at low temperatures (—20°C) are stable 

for several months in the absence of moisture. As they are usually prepared 

in situ, many boronate esters have not been isolated nor characterized. 

Allylboration of aldehydes. Tartrate modified allylboronates were developed by 

Roush"^” as chiral reagents for asymmetric synthesis of homoallylic alcohols by 

allylboration of aldehydes (Fig. 8.2A and Scheme 8.12). Allylboronates 8.34 and 

8.36 modified with the conformationally rigid cyclic tartramide auxiliary display 

higher enantioselectivity than ordinary tartrate derivatives 1 (R = All), also in 

reactions with achiral aldehydes. The limiting factor is low solubility of 8.34 in 
toluene at -78°C.'^’^^ 

a: 8.6, PhMe, -78‘’C, 72%, e.e 87%2‘'''' 

b: 8.34, PhMe, molecular sieves 4A, -78°C, 40%, e.e. 97%'®'^® 

c: 8.36, THF, molecular sieves 4A, -78°C, 91%, e.e. 94%’®'^® 

Scheme 8.12 

Hara demonstrated the usefulness of allylboronates for the stereoselective 
generation of a chiral quaternary carbon atom^"^ (Scheme 8.13). 

Brown synthesized enantiomerically pure a,P-disubstituted tetrahydrofurans 
with use of the allylboration reaction^® (Scheme 8.14). 
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a: 8.10, PhMe, molecular sieves 4A, -78°C, 56%. d.e. 94%, e.e. 85% 

Scheme 8.13 

ECHO 

a: 8.11 (70-85%, e.e. 91-96%) b: NaH 

Scheme 8.14 

a,P-Unsaturated aldehydes react with boronates with lower stereoselectivities 

but this problem can be circumvented by the use metal carbonyl complexes, as 
shown in Scheme 8.15. 

OH 

C7H15—= —CHO = 

a: 8.6, PhMe, molecular sieves 4A, -78°C, e.e. 72% 

b: as a, then Fe(N03)3, ElOH, RT, 90%, e.e. 92%‘'2 

Scheme 8.15 

C7H15 
CHO 

(CO)3Co—Co(CO), 

Allylboration of a meso iron-dienedialdehyde complex proceeds with high 
group and face selectivity (Scheme 8.16). 

+ OHC 

45 1 

a: 0,95 eq. 8.6, PhMe, molecular sieves 4A, -78°C, 82%, e.e. 98% (major isomer)'^^ 

Scheme 8.16 

OHC ——CHO 
Fe(CO)3 

OHC 

With chiral aldehydes the double diastereoselection principle is operative 

and in the matched cases high diastereoselectivity can be achieved^'^-'^^ 

(Scheme 8.17). 

Asymmetric allylboration of 2,3-epoxy aldehydes with matched double 

diastereoselection is the key step in the synthesis of 2-deoxyhexoses^^ 

(Scheme 8.18). 
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tx CHO 

c 

-
0

 

matched. 

d.e. 96% 

6h 

7^? mismatched. 

d.e. 86% 

OH 

7^9 matched. 

d.e. > 98% 

a: 8.6, PhMe, molecular sieves 4A, -78°C 

b: ent-8.6, PhMe, molecular sieves 4A, -78°C 

c: ent-8.5, CH2CI2, molecular sieves 4A, -78°C 

Scheme 8.17 

tBuPh2SiO CHO 

tBuPh2SiO 

OH 
(matched case) 

tBuPh2SiO 

OH 

(mismatched case) 

a; 8.5, benzene, molecular sieves 4A, -78°C, d.e. 94%, e.e. > 96% 

b: ent-S.S, benzene, molecular sieves 4A, -78°C, d.e. 54%, e e. > 97% 

Scheme 8.18 

Chiral 2-bromohomoallylic alcohols can be obtained from aldehydes by the 

action of tartrate modified (2-bromoallyl)boronic acid.^^ The product of such a 

reaction (8.37) was used by Kara for the synthesis of (—)-ipsdienol 

(Scheme 8.19). 

8.37 8.38 

a: ent-8.7, PhMe, molecular sieves 4A, -78°C, (98%, e.e. 88%) 

b: CH2=CHMgBr, Pd(PPh3)4, THF, 0°C (84%, e.e, 87%)"^ 

Scheme 8.19 
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(£)- and (Z)-crotylboronates, which are propionate enolate equivalents, react 

diastereoselectively with aldehydes to give anti and syn products, respectively^^ 
(Scheme 8.20). 

a: 8.8, PhMe, molecular sieves 4A, -78°C, 90%, d.e. > 98% anti, e.e. 88% 

b: 8.9, PhMe, molecular sieves 4A, -78°C, 80%, d.e. 98% syn, e.e. 82% 

Scheme 8.20 

Diastereoselectivity of the reaction of (£)- and (Z)-crotylboronates with chiral 

aldehydes is detailed in Table 8.2. In all cases (£)-crotylboronates give predomi¬ 

nantly anti products whereas (Z)-crotylboronates favor the formation of the syn 
products. 

Table 8.2. Product distribution (%) in the reaction of crotyl boronates 8.8 and 8.9 
with chiral aldehydes'**"*® 

Boronate R in RCHO 
OH 5h OH OH 

8.8® 9 87 — 4 

ent-H.H"' 96 2 — 2 

8.8® 57 41 — 2 

ent-H.8^ 
1 86 11 — 3 

8.9" * V^/ 
OBn 

5 — 1 94 

e«?-8.9® 3 — 15 82 

8.8" 3 97 — _ 

ent-S.S^ tBuMe2SiO^^^.S,^^ 81 16 7 — 

8.9® 2 12 45 41 

^«t-8.9" 4 — 95 1 

Matched reagents. Mismatched reagents. 

The reaction of (£)-crotylhoronate entS.S with chiral aldehyde 8.39 was 

the key step in the synthesis of a sex pheromone Macrocentrus gmndii (8.40)*’ 
(Scheme 8.21). 
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O 

AcO^ 
CHO 

AcO 

8.39 8.40 

a: ent-8.8, PhMe, molecular sieves 4A, -78°C 

Scheme 8.21 

Tartrate modified (£)- and (Z)-crotylboronates offer a solution to the synthe¬ 

sis of chiral dipropionate units of defined stereostructure.'^^ For example, reac¬ 

tions of (£)-crotylhoronates with chiral aldehydes were used in the 

stereoselective synthesis of the C(19)-C(29) segment of rifamycin S. Initial 

stages of the synthesis are shown in Scheme 8.22.^^’^^ 

b, c 

a: ent-8.8, PhMe, molecular sieves 4A, -78°C, 75% 

b: EtjSiCI, NEt3, DMF 

c: O3, MeOH, -78°C, then MejS 

d: 8.8, PhMe, molecular sieves 4A, -78°C, 76%52 

Scheme 8.22 

Other applications of crotylhoronates involved the syntheses of the 

C(l)-C(15) segment of streptovaricin D,^'* (-)-pre-swinholide and the 

octahydronaphthalene suhunits of kijanolide and tetronolide.^®"^^ 

Two consecutive crotylhorations, with the use of (£)- and (Z)-crotylhoronates 

8.8 and 8.9, were applied hy Roush in the early stages of a stereoselective 

synthesis of the kijanolide/tetronolide suhunit 8.41 from L-glyceraldehyde 
acetonide^” (Scheme 8.23). 

Two silicon substituted allylboronate reagents were developed by Roush and 

Grover for the enantio- and diastereoselective synthesis of anti 1,2-diols and 2- 

butene-l,4-diols. These allylboronate reagents, 8.12 and 8.13, formally consti¬ 

tute the y- and a-hydroxyallyl anion equivalents, respectively*^ (Scheme 8.24), 

and have potential for application in the diastereoselective synthesis of carbo¬ 
hydrates. 
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a; 8.8, PhMe, molecular sieves 4A, -78°C (77%) 

b: BnBr, NaH, DMF (89%), then O3, MeOH, -78°C, then MejS 

c: 8.9, PhMe, molecular sieves 4A, -78°C (73%) 

Scheme 8.23 

OH 

d.e. > 95% 

a: 8.12, PhMe, molecular sieves 4A, -78“C, 90% 

b: Me2C02, Me2CO, then AcOH, MeOH, 88% 

c: enF8.13, PhMe, molecular sieves 4A, -78°C, 82% 

d: H2O2, KF, KHCO3, MeOH, THF, RT, 92% 

Scheme 8.24 

Prenyl boronate 8.15 as well as silicon-substituted boronate 8.12 were applied 

to the synthesis of the trioxadecalin ring system of 8.42^' (Scheme 8.25). 

Another silicon-modified allylboronate reagent 8.14 was introduced by Hunt 

and Roush to improve the low enantioselectivity observed in some reactions of 

allylboronate reagent 8.13. Allylboronate reagent 8.14 is highly reactive toward 

protodesilylation-oxidation, allowing conversion of the silyl group in the 

product to the hydroxy group, with retention of configuration. The Y-(mentho- 

furyl)dimethylsilyl allylboronate reagent e/it-8.14 was used in the highly stereo¬ 

selective total synthesis of the indolizine alkaloid (-)-swainsonine. The crucial 
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0HC.^^^><^0SiPh2tBu 

OMe 

a: 8.15, PhMe, molecular sieves 4A, -78°C, 79%, d.e. > 98% 

b: 8.12, PhMe, molecular sieves 4A, -78°C, 86%, d.e. > 98% 

Scheme 8.25 

step was the reaction of allylboronate ent-S.14 with chiral aldehyde 8.43 

(obtained via Sharpless asymmetric epoxidation). The major product 8.44 was 

obtained in enantiomerically pure form by recrystallization and then converted 
in six steps to (-)-swainsonine (8.45),^° Scheme 8.26. 

8.45 

a: ent-8A4. PhMe, molecular sieves 4A, -78°C, d.e. 80%, 73% yield after 

recrystallization 

b: CFaCOOH, THF, OX ^ RT then KHCO3, KF, H2O2, THF-MeOH, RT (85%) 

Scheme 8.26 

Renard and Lallemand have also reported the tandem Diels-Alder reaction- 
allylboration reaction of tartrate modified 1,3-dienyl-boronate.^'' 

Allenylboration of aldehydes. Yamamoto et al. have developed a method of 

enantioselective synthesis of homopropargylic alcohols such as 8.46 by the addi- 
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tion of allenylboronic esters, modified with tartrate residues, to aldehydes^^ 
(Scheme 8.27). Product 8.46 was converted to optically active 5-lactone 8.47, 
related to mevinolin.^^ 

8.46 

a; enE8.30, PhMe, -78°C, 81%, e.e. 95% 

Scheme 8.27 

Enantioselectivity of the reaction is somewhat dependent on the bulk of the 
alkoxy group in the tartrate residue, the best result being obtained with X = 
OCHiPr^ (Fig. 8.2A).^^ 

The short synthesis of (—)-ipsenol (8.48) serves as an illustration of the appli¬ 
cation of allenylboronic reagents^® (Scheme 8.28). 

8.48 

a: enf-8.31, PhMe, -78“C, 78%, e.e. 99% 

Scheme 8.28 

Homoallenylboration of aldehydes. Brown introduced a method of synthesis of 
chiral 2-substituted 1,3-butadienes by homoallenylboration of aldehydes with 
2,3-butadien-l-ylboronate reagent modified with a tartrate^^ (Scheme 8.29). The 
reaction shows anh-selectivity, similar to that observed for the allylboration 
reaction (cf. Schemes 8.12 and 8.15). 

// \ 

94%, e.e. 88.9% 

tS 
CHO 

a: 8.18, PhMe,-78°C 

Scheme 8.29 



148 TARTRATE BORATES AND BORONATES 

Cyclopropanation of tartrate modified 1-alkenylboronic esters. In the synthe¬ 

sis reported by Imai,^^ 1-alkenylboronic esters modified with tartrate residues 

(e.g. 8.23, 8.24) undergo a diastereofacial selective Simmons-Smith reaction 

(Fig. 8.2B) to give optically active 2-substituted cyclopropanols, after oxidative 

cleavage of the carbon-boron bond (Scheme 8.30). 

a, b 

8.23 (X = OiPr): 44%, e.e. 86% 

8.24(X = NMez): 48%, e.e. 93% 

a: 3 eq, CH2I2, Zn-Cu, Et20, A b: H2O2, KHCOa, THF 

Scheme 8.30 

Enantioselective Simmons-Smith cyclopropanation of allylic alcohols with 
tartramide modified boronate ligand. A very useful procedure developed by 

Charette utilizes n-butylboronic acid modified with A,A(A',A'-tetramethyltar- 

tramide (8.4) as a chiral amphoteric bifunctional ligand in the cyclopropanation 

of allylic alcohols. In contrast to the Imai’s method in which the alkene is cova¬ 

lently bound to the boron, in Charette’s procedure the acidic site (the boron 

atom) coordinates the alkoxide of the allylic alcohol while the basic site (the 

oxygen atom of the tartramide residue) chelates the acidic Simmons-Smith 

reagent (Fig. 8.2C). The reaction provides cyclopropylmethanols of high enan¬ 

tiomeric purity (>90%) with a range of allylic alcohols.^'-^^ It can also be used 

for the synthesis of 1,2,3-trisubstituted cyclopropanes“ (Scheme 8.31). 

R' R’ 

R’ = H, R^ = Ph > 98%, e.e 93% 

R' = R^= Me 85%, e e 94% 

a: 1.1 eq. 8.4, 2.2 eq. Zn(CH2l)2, CH2CI2, RT, 2h 

b 

R’ 

R^""'[>'^^OH 

ui 
(A) 

r’ r’ yield (%) (A):(8) e.e (%) 

H Ph 96 >50 : 1 98 

BnOCH2 H 80 >50 : 1 94 

H n-Pr 80 10 : 1 93 

R' 

Me 

(B) 

b: 1.1 eq 8.4, 2.2 eq. Zn(CH2l)2, CH2CI2, 0°C 

Scheme 8.31 
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An improved asymmetric cyclopropanation suitable for a large scale synthe¬ 

sis of cyclopropylmethanols by Charette’s procedure (including the recovery of 

the boronate controller) has appeared^^’^' (Scheme 8.32). 

V 
> 98%, e.e. 93% 

84%, e.e. 91% 

a: 1.1 eq 8.4, 3 eq. Zn(CH2l)2- DME, CH2CI2, -10°C, 2h 

87%. e.e. 93% 

b; 1.1 eq. 8.4, 1.6 eq. Zn(CH2l)2- DME, CH2CI2, 0°C 

Scheme 8.32 

Zercher applied an interative cyclopropanation process to the synthesis of 

diastereomeiic bis-cyclopropanes. Examples of this process are shown in 

Scheme 8.33. In these reactions control of stereochemistry by an external chiral 

dioxaborolane auxiliary overrides the effect of the resident cyclopropane stereo- 

centers.“’“ 

72%, anti: syn = >12 A 

a 

79%, anti: syn = >10 :1 

b: ent-8.4, EtjZn, CH2I2, 0°C a: 8.4, EtjZn, CH2I2, 0“C 

Scheme 8.33 
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Zercher extended Charette’s cyclopropanation methodology to bi-directional 

synthesis of stereoisomeric tercyclopropanes^ (Scheme 8.34). 

a: 8.4, Et^Zn, CH2I2, -5°C RT (83-89%) 

b: ent-8.4. Et2Zn, CH2I2, -5°C RT (65%) 

Scheme 8.34 

Barrett reported the total synthesis of antifungal agent FR-9(X)848 (8.49), 

using Charette asymmetric cyclopropanation to effectively control the configu¬ 
ration of ten stereocenters®^^’ (Scheme 8.35). 

OSiMe2tBu c 

o 
HN-^ 

8.49 

a: enf-8.4, Et2Zn, CH2I2, CH2CI2, -15°-+25°C, 89% 

b: ent-8.4. Et2Zn, CH2I2. DME, CH2CI2, -15°->25°C, 93% 

c: ent-8.4. Et2Zn, CH2I2, DME, CH2CI2, - 40°C, 90% 

Scheme 8.35 
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Barrett’s group has synthesized the cholesteryl ester transfer protein inhibitor 

^">-^^"106305 ('8.51 j by sequential assembly of the C2-symmetrical quinque- 

cycloprrjpane unit 8.50 using a similar methodology'’’* (Scheme 8.36). 

Independently, Charette synthesi/.ed the (+ )-enantiomer of U-lf)6305.'^ These 

syntheses established absrjlute stereochemistry of U-106305. 

8.50 

o 
8.61 

8 urA-iA EtiZn, CHzJ^, DME, CHzCb, -40''C RT (83-91%)** 

.Scheme 8.36 
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Tartrate Nitrates and Tartrate 
Modified Phosphorous 
Compounds 

9.1 TARTRATE NITRATES 

Several O-mono- and O, O'-dinitro derivatives of tartrates (I) have been synthe¬ 
sized (Table 9.1). 

OX 

ROOC 
COOR 

ONO, 

Table 9.1 O-Nitro derivatives of L-tartrates (I) 

X R m.p. CO [aJo (solvent) References 

N02 H (dec.) + 14.4 (MeOH) 1-3 
H Me 96-97 +27.3 (MeOH) 1,3,4 
NO2 Me 75 +21.0 (MeOH) 1,3 
H Et 46-47 + 31.6 (MeOH) 1,3 
NO2 Et 26-27 + 27.8 (MeOH) 1,3,4 

The 0,0'-dinitro derivative of tartaric acid (“dinitrotartaric acid”), due to its 

instability, is seldom isolated in pure form (hydrolysis of the nitrate ester groups 

or formation of “dihydroxytartaric acid” contribute to its instability in the pres¬ 

ence of moisture).^ This is an important synthetic intermediate and it is used 
directly in subsequent reactions (see below). 

Synthesis 

Nitration of tartrates or tartaric acid with a mixture of concentrated sulfuric and 

nitric acids provides nitrates in moderate to good yield (Scheme 9.1). (Caution: 
Although no accidents have been reported with nitrates of tartrates they should 

be handled with due care, as any polynitrates of potentially hazardous nature). 
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ONOo 
1.1 HOOC 

COOH 

ONO., 

a: 70% HNOa, 90% (fuming) HNO3, cone. H2SO4, ~40°C, 1h (78%)^'^’’ 

OH ONO., 

ROOC 

OH 

COOR 
ROOC 

2 

COOR 

ONO, 

b; fuming HNO3, cone. H2SO4, 0°C, 1h’ 

Scheme 9.1 

Applications 

O.O'-Dinitrotartaric acid (9.1), due to its masked a-dicarbonyl character, is 
readily transformed to several useful achiral products (Scheme 9.2). 

NaOjS 

ONO, 

HOOC 
COOH 

N=N OH 

NaOOC 
ONO, 

OH HO OH 

X 
HOOC COOH —^ 

NaOOC. 
COONa - 

HO OH 

9.3 9.2 

ROOC 
COOR 

e ROOC 

O 

0 

ROOC 

OH 

9.6b 

COOR 

9.5 R = Me®'9. Et'° 

f 

OH 

COOR 

OH 

9.6a 

a: Et0H-H20, A (42-48%)^ " '" d. 4-Na03SC6H4NHNH2 

b: aq. Na2C03, aq. NaOAc, 0°C, 2-3d'^ ''‘' e. ROH, HCI, 0°-5“C. 3-5d 

c: aq. HCI, a’' f: Na2S204’® 

Scheme 9.2 
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The a-dicarbonyl function is unmasked by the action of a weak base on 9.1 

(elimination of nitrous acid) to give 9.2, disodium dihydroxytartrate. The sodium 

salt is readily isolated due to its sparing solubility.The parent acid of 9.2 is 

easily decarboxylated to hydroxymalonic acid (tartronic acid), 9.3, which can be 

obtained directly and more conveniently from 9.1. Condensation of 9.2 with 4- 

(phenylhydrazine)sulfonic acid produces dyestuff tartrazine (9.4). Esterification 

of the acid form of 9.2 gives access to 2,3-dioxobutanedioates 9.5, which can be 

reduced to dihydroxyfumarates 9.6a. A keto tautomer 9.6b (R=Et) of dihydroxy- 

fumarate has been reportedly obtained in optically active form by Se02 oxida¬ 

tion of diethyl L-tartrate.‘* Dihydroxytartaric acid (9.2) can be used as precursor 

of glyoxal, as demonstrated by its conversion to 2,3,5,6-tetrahydroxy-l,4-benzo- 
quinone.^^ 

0,0'-Dinitrotartaric acid (9.1) is also used in the synthesis of imidazole 

and substituted imidazoles by condensation with aldehydes in the presence of 
ammonia (Scheme 9.3). 

9.1 

R = H,® Me3° Ph’’ 

a: NH4OH, -5° to -10°C, then ECHO, NH4OH, 0°C RT (43-62%)® ^“-^’ 

b (R = H): CuO, A (68-78%)® 

Scheme 9.3 

Although yields of the syntheses shown in Schemes 9.2 and 9.3 are moderate, 

they are compensated by the simplicity of operations and low cost of materials. 

9.2 TARTRATE MODIFIED PHOSPHOROUS COMPOUNDS 

Diverse derivatives of tartrates with tri-, tetra-, and pentavalent phosphorous 

compounds have been synthesized and some of them have synthetic applica¬ 
tions. 

Synthesis and Applications 

Trivalentphosphorous derivatives. Brunner reported a potential ligand, a chiral 
bis-phosphite that has been derived from diethyl L-tartrate (Scheme 9.4). 

OPPh2 

OPPhj 

a: Ph2PCI, pyridine, Et20, 0°C RT (94% crude)“ 

Scheme 9.4 
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A number of cyclic 1,3>2-dioxaphospholanes derived from L-tartrates have 
been synthesized according to Scheme 9.5. 

OH 

ROOC 
COOR 

OH 

Cl—P a 
COOR 

COOR 

O^COOR 

X-P' T 
O 'COOR 

X = R (alkyl, aryl), OR, NR2 

a RPCI2, pyridine or NEt3, Et20 or benzene 

b: PCIj, pyridine or NEts, THF or CH2CI2 

c; ROH, NEts, toluene or THF 

Scheme 9.5 

Table 9.2 Synthesis of 13,2-dloxaphospholanes 9.7 from L-tartrates (Scheme 9.5) 

X 
Method Yield 

R of Synthesis (%) 
m.p. (°C) or 
b.p. (°C/torr) (benzene) References 

Ph Et a 55 126/0.3 _ 23,24 
Cl Et b 93 93-95/0.001 — 25 
Cl i-Pr b 46 108-110/0.001 — 25 
Cl Me b 31 — — 26 
0(CH2)30* Et c 77 — — 25 
OtCH2)30* i-Pr c 71 — — 25 
OAr" Et a _ 114-116 — 27 
CTES Me c 70 — — 26 
rjTBS Me c 66 — — 26 
OSiPhj Me c 70 — — 26 
NEtj Me a 30 122-123/1 — 28 
NEtj Et a 45 142-144/2.5 -52.5 28 
NEtj n-Pr a 57 155-156/1.5 -51.8 28 
NEt2 i-Pr a 43 138-139/1 -49.9 28 
NEtj n-Bu a 40 174-175/2 -39.1 28 
NEt2 i-Bu a 40 161-162/1.5 -41.1 28 

* Bistdioxaphospholane) ** Ar = 2,6-di(t-butyl)-4-methylphenyl 

2-Chloro-l,3,2-dioxaphospholanes, prepared in situ from tartrates and PCI3 
(methfxl b. Scheme 9.5), were u.sed as chiral derivatizing agents for the determi¬ 

nation of enantiomeric purity of alcohols by ^’P NMR. The diastereomeric deriv- 
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atives 9.7, X=OR*, prepared in situ by method c (Scheme 9.5), display ^‘P 

chemical shift differences up to 1.5 ppm.^^ 

Tetravalent phosphorous derivatives. Asymmetric synthesis of fosfomycin 

(9.9) is based on the bromohydroxylation of a phosphonic acid derivative 9.8, 

modified with chiral D-tatramide auxiliary. The best diastereoselectivity 

obtained was 50%^” (Scheme 9.6). 

CONHMe 

OH 

CONHMe 

CONHMe 

Me^r^P^ V^OH 

\ CONHMe 
O ONa 

9.8 

H 

Me >V7<p^™“ 
° A 

o ONa 

9.9 

a: AcNHBr, H2O, 15°C, 24h (90%) 

(B) 

(A): (B) = 3 : 1 

b: HBr-HjO, A c: MeONa, MeOH 

Scheme 9.6 

Pentavalent phosphorous derivatives. Compounds synthesized from tartrates 

include 1,3,2-dioxaphospholane 9.10 as well as spirophosphoranes 9.11 
(Scheme 9.7). 

2.2 a 
COOEt 

COOEt 

9.10 

a: PPha, Br2, NEtj, PhMe, 0°C, 5d (ca. 100%)^' 

OH 

RCOO 
COOR 

OH 

NMe, 
RCOO, oJ^O^.^ 

I I 
Rcoo-^o' 

COOR 

COOR 

b: P(NMe2)3, CCI4, CH2CI2, -40°C (48-93%)“ 

9.11 R = Et, i-Pr, n-Bu 

Scheme 9.7 
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Acetals of Tartaric Acid 
Derivatives 

10.1 DERIVATIVES OF (4R,5R)-l,3-DIOXOLANE- 
4,5-DICARBOXYLIC ACID 

Overview of Properties 

(D 

H 

Figure 10.1 

© The acetal function provides suitable protection of the hydroxy groups in 

reactions of the carboxy groups with organometallic reagents. This protecting 

group is used widely for the synthesis of TADDOLS (Chapter 12) and deriva¬ 

tives of threitol (Chapter 13), as well as tartrdialdehydes (Chapter 11) from 
tartrates (X = OR) and tartramides (X = NR,). 

® The tran^-relationship of the carbonyl substituents adds some stability to the 

reactive products of reduction (X = H) by preventing intramolecular cycliza- 
tion reactions. 

® The acetal and the carbonyl oxygen atoms act as chelators for Lewis acid type 

reagents. The chelated transition states make some reactions, such as 

Simmons-Smith cyclopropantion or 1,4-addition of Me3Al (see below), 
highly diastereoselective. 

The conformation of the tartrate-derived 1,3-dioxolanes has been studied in 
solution and in the solid state. ^ 
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Table 10.1 Symmetrical derivatives of (4/?,5/?)-l,3-dioxolane-4,5-dicarboxylic acid 
(Figure 10.1) 

m.p. (°C) or 
R' X b.p. (°C/torr) [cx]d (solvent) References 

Alkyl aldehyde acetals 

H H OH 165 -81.3 (H2O) 2-5 
H H OMe 31.5 -80.7 (EtOH) 3,5-8 
H H OEt 150/15 -73.4 (EtOH) 8-13 
H H OAr^ 111-113 — 4 
H H OC,Cl5 224-225 — 5 
H H NMe2 — -56.2 (CHCI3) 14 
H H Cl 55-58/0.7 — 4 
Me H OMe 142/18 -62.5(CHCl3) 6,8,15,16 
Me H OEt 151/19 -74.7 (neat) 8,9,15 
i-Pr H OMe - - 17 
t-Bu H OMe 85-90/0.01 -55.3 (Et20) 7,11,18,19 
Cy H OMe 118/0.01 -27.7(CHCl3) 11,17 

H OMe 105/0.001 — 20 

C7H.5 H OMe 110/0.001 — 20 

CsHn H OMe 120/0.001 — 20 

C9H19 H OMe 130/0.001 — 20 

i-Pr(CH2)3MeCHCH2 H Oi-Pr 200/0.1 -33.8(CHCl3) 21 

i-Pr[(CH2)3CHMe]2 H Oi-Pr — -28.2 (CH2CI2) 21 

i-Pr[(CH2)3CHMe]2CH2 H OMe — -26.3 (CH2CI,) 21 

i-Pr[(CH2)3CHMe]2CH2 H Oi-Pr — -27.7 (CHCI3) 21 

i-Pr[(CH2)3CHMe]2CH2 H Oi-Bu — -25.0 (CHCI3) 21 

i-Pr[(CH2)3CHMe]2CH2 H OCH2tBu — -23.4 (CHCI3) 21 

i-Pr[(CH2)3CHMe]2CH2 H OCy — -26.2 (CHCI3) 21 

CH2=CH H OEt 169/36 -29.9 (EtOH) 9 
CH2=CMe H Oi-Pr - - 

22 

MeCH=CH H OEt 110-120/0.3 -26.7(CHCl3) 23 
MeCH=CH H Oi-Pr - - 24,25 
MeCH^CH H NMe2 

- - 26 
AcOCH2CH=CH H Oi-Pr — -23.6 27 
MeCH=CH(CH2)2 H OMe 125/0.01 -32.7(CHCl3) 28 
EtCH^CMe H Oi-Pr - - 24 
n-PrCH-CH H Oi-Pr — — 24 
n-PrCH=CH H NMe2 — -42.7 (MeOH) 26 
Me2C=CH(CH2)2CH=CH H NMe2 — — 26 
0HC(CH2)3CH=CH H NMe2 — -21.5(AcOEt) 29 
0(Me)C(CH2)3CH=CH H NMe2 — -19.0(AcOEt) 29 
BujSn H NMe2 — -36.7(CHCl3) 30 

Aryl aldehyde acetals 

Ph H OH 128.5-129.5 +39.0(Me2CO) 31 
Ph H OMe 74-76 -48.1 (MeOH) 6,32-38 
Ph H OEt 75 -46.5 (MeOH) 11,39-41 

{continued) 
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Table 10.1 (continued) 

R' 

Ph 
Ph 
Ph 
2- MeC6H4 
3- MeQH4 
4- Mee6H4 
4-CH2=CHC6H4 
2,5-Me2QH3 
2,4,6-Me3C6H2 
2-O2NC6H4 

2- O2NC6H4 

3- O2NQH4 

4- 02NC,H4 
2- HOC6H4 

3- HOC6H4 

4- MeOC6H4 
4-MeOC6H4 
4-BZOCH2C6H4 
2-CIC6H4 

4-CIC6H4 

2-ICeH4 

4-IC6H4 
2-BrC6H4CH2 
2-BrC6H4CH2 
PhS02CH2 

4-MeC6H4S02(CH2)2 
PhCH=CH 
PhCH=CH 
PhCH^CH 
1-naphthyl 
1- naphthyl 
2- naphthyl 

Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

X 
m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

H NMe2 
_ 42 

H N(Bn)CH2 110-111 +58.6 (CHCI3) 31 
H N(CF3CH2)CH2 86-88 -5.5 (CHCI3) 43 
H NMe2 — — 42 
H OEt 165-166/3 -43.0 (EtOH) 9 
H OEt 189.5-190/5 -39.5 (EtOH) 9 
H OMe 58-59 -2.45 (CHCI3) 44 
H OEt 183-184/3 -31.3 (EtOH) 9 
H OMe 96-97 -29.9 (CHCI3) 11 

H OMe 170/0.1 — 45 
H OEt 60 +40.1 (EtOH) 9 
H OEt 42-43 -35.6 (EtOH) 9 
H OEt 57-58 -22.3 (EtOH) 9 
H OEt 67-68 -73 (CHCI3) 46 
H OMe 65 -20.8 (THE) 47 
H OMe 73-74.5 -35.1 (MeOH)'’ 48,49 
H OEt 35 -23.6 (CHCI3) 50,51 
H OMe 64-65 -6.4 (CHCI3) 44 
H OEt 34-35 -39.0 (EtOH) 9 
H OEt 186-187/4 -26.7 (EtOH) 9 
H OEt 34 -65.7 (EtOH) 9 
H OEt 198/6 -4.9 (EtOH) 9 
H OMe — _ 52 
H NMe2 — — 52 
H OMe — -19.3 (CH2CI2) 53 
H OEt 96-98 -21.0(CHCl3) 54,55 
H OEt 55.5-56 -4.2 (CHCI3) 24,56,57 
H Oi-Pr 56-57.5 — 24,58,59 
H NMej — — 26 
H OMe 64-65 -9.2 (CH2CI2) 16 
H OEt 63-64 -19.3 (EtOH) 9 
H OMe 48.5-49.0 + 1.4 (CHCI3) 16 

Alkyl ketone acetals 

Me OH 92 -51.4 (MeOH) 4,60 
Me OMe 80-82/0.1 -44.2 (CHCI3) 7,8,11,61-65 
Me OEt 115-117/5 -40.2 (CHCI3) 61,66-68 
Me Oi-Pr 43-45 -40.8 (CHCI3) 69,70 
Me OAr" 140-142 _ 4 
Me NH2 157-160 -16.4 (MeOH) 71-73 
Me NHAll 145-154/0.07 ■ -19.3 (Me2CO) 74 
Me NHBn 83-84 _ 75 
Me NMe2 88-90 + 2.5 (CHCI3) 76 
Me N(iPr)2 123-124 — 75 

(continued) 
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Table 10.1 (continued) 

R’ X 
m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

Me Me N(iBu)2 
_ 75 

Me Me NCy2 148-149 — 75 
Me Me Cl 42-44 — ■ 4,75 
Et Me OMe 141/15 — 35.8 (neat) 77 
Et Me OEt 158/17 -35.0 (EtOH) 77 
Et Me OnPr 167/15 —30.1 (neat) 77 
Et Me Oi-Pr 115-117/0.5 —30.3 (neat) 77 
n-Pr Me OEt 167.5/20 -31.8 (EtOH) 77 
CH,(CH2), Me OEt 180/15 -26.6 (EtOH) 77 
CH,(CH2)s Me OEt 218/15 -21.3 (EtOH) 77 
i-Pr(CH2)3CHMe(CH2)3 Me Oi-Pr — -17.4 (CHCI3) 21 

i-Pr(CH2)3CHMe(CH2)3 Me OBn — -20.4 (CHCI3) 21 

i-Pr(CH2)3CHMe(CH2)3 Me NHAll — -0.6 (CHCI3) 21 

i-Pr[(CH2)3CHMe]2(CH; 1)3 Me Oi-Pr — -15.1 (CHCI3) 21 

CH2=CH(CH2)2 Me OEt 95-98/0.2 -28.4 (EtOH)'^ 78 
Et Et OMe 102-104/0.05 -16.8(CHCl3) 79 
Et Et OEt 169/22 -23.1 (EtOH) 77 
n-Pr n-Pr OEt 175/16 -19.8 (EtOH) 77 

Aryl ketone acetals 

Ph Me OMe 140/0.15 + 11.0 (CH2CI2) 80,81 
Ph ‘ Me NMe2 — — 42 
2-MeC6H4 Me NMe2 

— — 42 
4-CH2=CHC6H4 Me OMe — +21.8 (CHCI3) 44 
PhCH=CH Me NMe2 — — 82 
PhS(CH2)2 Me OEt — — 83 
PhS02(CH2)2 Me OEt — -16.4 (CHCI3) 83,84 
Ph Et OMe — + 18.5 (CHCI3) 85 
3-BnC6H4 Et OMe — + 10.0 86 

4-MeOC6H4 Et OMe — + 15.6 (CHCI3) 85,87 
4-CIQH4 Et OMe — +20.6 (CHCI3) 85 
6-methoxy-2-naphthyl Et OMe 77-78 + 35.0 (CHCI3) 87 
6-methoxy-2-naphthyl Et OEt — +20.6 (CHCI3) 87 
6-methoxy-2-naphthyl Et Oi-Pr — +21.6 (CHCI3) 87 
6-methoxy-2-naphthyl Et OnBu — +14.0 (CHCI3) 87 
4-CIC6H4 iPr OMe 40 +21.6 (CHCI3) 87 
5-bromo-6-methoxy-2- (5)- OH 187-88 + 39.9 (Me2CO) 88 

naphthyl CHBrMe 
Ph Ph OMe 80-81 +54.2 (CHCI3) 89 
4-CH2=CHC6H4 Ph OMe 52.5-54 +63.8 (CHCI3) 44 

Cyclic ketone acetals 

-(CH2)4- OEt 170-171/12 —40.5 (neat) 90 

-(CH2)4- OtBu 64-65 -36.0 (CH2CI2) 91,92 

(continued) 
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Table 10.1 {continued) 

R' X 
m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

OH 142-143 -24.0 (EtOH) 93,94 
OMe 123/0.06 -27.0 (CHCI3) 7,11,95 

-(CH;)5- OEt 124-126/0.15 —35.6 (neat) 90,93,96-99 
NH2 181-185 — 94 

-(CH2)5- NHPh 185.5-187 __ 94 
NEt2 — + 14.9 (CCI4) 93 

-CHMe(CH2)4- OEt 184/14 —21.8 (neat) 90 
-CH2CHMe(CH2)3- OEt 186/14 —35.4 (neat) 90 
-(CH2)2CHMe(CH2)2- OEt 188/14 —30.5 (neat) 90 
-CH2(CHMe)2(CH2)2- OEt — — 91 
-(CH2)2CH=CH- Oi-Pr — __ 

100 

-(CH2)2CH=CMe- Oi-Pr — -35.1 (CHCI3) 101 

-(CH2)3CH=CH- OMe — -8.5 (CHCI3) 101 

-(CH2)3CH=CH- NMe2 — — 82 
-CH(iPr)(CH2)2CHMeCH d OMe 114/0.005 -23.8(CHCl3) 11 

-2-(CH2)3QH4- OMe 54 -9.4 (CHCI3) 102 

5 a-cholestan-3',3'-ylidene OEt 103-104 +4.2 (dioxane) 103 

Orthoesters 

H OEt OEt 150-154/20' -25.7 (CHCI3) 104-106 
H OEt Oi-Pr 100-104/0.01 — 107 
H NMe2 OEt — — 108 
Me OMe OMe — -28.4 (CHCI3) 1,109 
Me OMe OEt -22.2 (CHCI3) 109 
Me OMe Oi-Pr — -30.8 (CHCI3) 109 
Me OMe NMe2 58 -1.1 (CHCI3) 109 
Me OEt OEt — — 

110 

Me OEt Oi-Pr 112/0.01 _ 107 
Et OMe OEt — _ 

111 

Et OEt OEt — -24.5 (CHCl,) 109,110 
Ph OMe OEt — + 10.2(CHCl3) 109,111 
Ph OEt OEt — — 

110 

Ph OEt Oi-Pr 148/0.01 — 107 

Br 

[a]D~ IS.S"** and + 46.3 for the (45,55)-enantiomer^‘* are also reported 
“^At 546 nm. 

From (-)-menthone 

'At 180-200°C the orthoester undergoes decomposition to diethyl fumarate.'®^ 
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Synthesis 

Acetals from tartrate dials and aldehydes or ketones. Tartrate acetals can be 

simply prepared by acetalization of aldehydes or ketones by a tartrate diol; the 

reaction requires prolonged refluxing with removal of water or the use of one 

equivalent of boron fluoride etherate (Scheme 10.1). 

2.2 
a 

COOEt 

COOEt 

a: MejCO, petroleum ether, H2SO4, A, 9 days (removal of water), 69-83%®“' ®^ 

\-/ 

COOMe 
b C r,, 
- 2.1 -^ Ph 

COOMe 

COOMe 

COOMe 

0°^ \-/ 0-^'''- 

COOMe 

COOMe 

b: 1 eq. CyCHO, ZnCi2 (cat.), benzene, A, 28h (removal of water), 85%” 

c: PhCHO, benzene or toluene, TsOH (cat.), A (removal of water), 83-91%^®’^® 

d: leq. cyclohexanone, TsOH (cat.), toluene, A, 21h (removal of water), 60%^^ 

e: 1 eq. 1-naphthaldehyde, 1 eq. BF3-Et20, AcOEt, 0°C -> RT, 20h (high yield)'^ 

Scheme 10.1 

The addition of trimethyl orthoformate to the reaction mixture brings about 

formation of the intermediate dimethyl acetal and accelerates the formation of 

the tartrate acetal. The reaction can be effectively catalysed by scandium tris(tri- 

fluoromethanesulfonate), Scheme 10.2. 

A one-step procedure employing trimethyl orthoformate allows to simultane¬ 

ously esterify tartaric acid and to form the acetal with benzaldehyde (Scheme 

10.3). 

Methylene acetals are usually prepared with the use of 1,3,5-trioxane or 

paraformaldehyde as formaldehyde equivalents (Scheme 10.4) 

A procedure of Noyori'’"* allows preparation of tartrate acetals from sensitive 

aldehydes or their acetals and 0,0-silylated tartrates under catalysis by 

trimethylsilyl trifluoromethanesulfonate (Scheme 10.5). 
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2.2 
or b 

R 

XoX 
COOEt 

COOEt 

MeO 

2.1 

a (R = Me): MejCO, 1.3 eq. HC(OEt)3, 6N HCI/DMF (cat ), RT, 3 days (89,5%)"^ 

b (R = (CH2)2Ph): Ph(CH2)2Ac, 1.2 eq. HC(OMe)3, 0.01 eq. Sc(OTf)3, MeCN, RT, 3h 

(95%)'" 

c: 0.5 eq. AnCOEt, 1 eq. HC(OMe)3, MsOH (cat ), 3h, 100°C (90%)®' 

Scheme 10.2 

1.1 Ph-< j 
COOMe 

COOMe 

a: PhCHO, MeOH, HC(OMe)3, TsOH (cat ), A (removal of HCOOMe), 83-91%®' 

Scheme 10.3 

2.1 or 2.2 a or 
O COOR 

b or c 
^ 'COOR 

a (R = Me): (CH20)3, benzene, TsOH (cat.). A, (removal of water), 59%® 

b (R = Et): 2 eq. paraformaldehyde, benzene, TsOH (cat.). A, (removal of water), 83%’° 

c (R = Et): 2.6 eq. polyoxymethylene, 0.6 eq. ZnCb, 150°C, 1h, 52% " 

Scheme 10.4 

OSiMea 

iPrOOC 
COOiPr 

Me^SiO 

a: AcOCH2CH=CHCHO, TMSOTf, CHjCI," 

b: 0HC(CH=CH)2CH0, TMSOTf, Me(OTMS)=NTMS, CH2CI2, -78“C -> RT (73%)"® 

{continued) 
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OSiMej 

Me,NOC. JL 
^ CONMe 

MejSiO 

c: MeCO(CH2)3CH=CHCH(OMe)2, TMSOTf, CH2CI2, -78°C -20°C (57%)^^ 

Scheme 10.5 

Transacetalization of acetals, vinyl acetates or orthoesters by tartrate dials. 

Transacetalization of an acetal with a tartrate diol requires considerably shorter 

time than acetalization of the corresponding carbonyl compound (Scheme 10.6). 

The reaction may yield a mixture of products due to simultaneous transesterifi¬ 
cation of the tartrate. 

OH 

ROOC 
COOR 

OH 

COOR x°:r 
^ COOR 

R = Me, Et, i-Pr 

a: 1.2-1.5 eq. Me2C{OMe)2, benzene, TsOH (cat.), A (removal of MeOH), ca. 
1000^29.61,68,116-118 

.COOMe cr 
COOMe 

Ph O^.^ xlf 
Ph O"^'''/, 

COOMe 

COOMe 

R 

COOMe 

COOMe 

b: 1.2 eq. CH2(OMe)2, 1.2 eq. BF3 Et20, i-PrOAc, A (82%)^ 

c; 1 eq. Ph2C(OMe)2, benzene, TsOH (cat.), A (removal of MeOH), 82%“ 

d (R = H): 1.1 eq. PhCH(OMe)2, benzene, TsOH (cat ), A (removal of MeOH), 94%“ 

(R = OMe): 3 eq. AnCH(OMe)2, benzene, TsOH (cat.), mol. sieves, A (removal of 

MeOH), 97%“ 

Scheme 10.6 

Simultaneous esterification and acetalization of tartaric acid (1.1) can be 

accomplished with excess 2,2-dimethoxypropane to yield the acetal directly^' 

(Scheme 10.7). 
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COOMe 
a 

1.1 
or b 

’COOMe 

a: 3.3 eq. MejCIOMela, MeOH, cyclohexane, TsOH (cat.). A (removal of acetone and 

MeOH), 85-92%®' 

b; 3 eq. Me2C(OMe)2, MejCO.TsOH (cat ), A, 5h, 97%"® 

Scheme 10.7 

Vinyl or isopropenyl acetate can be transacetalized with a tartarte diol at 

ambient temperature to give either ethylidene or isopropylidene acetal (Scheme 
10.8). 

a: 1,2 eq. CH2=CHOAc, HgO (cat.), BF3 Et20 (cat ), EtjO (90%)’® 

b; 1.1 eq. CH2=C(Me)OAc, HgO (cat.), BFj EtiO (cat,), Me2CO, RT (71-88%)’* 

Scheme 10.8 

In a similar way transacetalization of an orthoester or V,V-dimethylfor- 

mamide acetal with a tartrate diol yields cyclic tartrate orthoester or dimethy- 
lamino(methylene) acetal (Scheme 10.9). 

COOMe 

a: 1.2 eq, MeC(OMe)3, benzene, PPTS (cat ). A, 51% 

R = OEt, NMe; 

b (R - OEt): 2.7 eq, HC(OEt)3, AcOH (cat,), PhMe, A (removal of EtOH), 94%’°^ 

or 1.2 eq, HC(OEt)3, PPTS (cat ), A (96%)’°® 

c (R = NMe2): 2-10 eq Me2NCH(OMe)2, CH2CI2, RT, quantitative’®® 

Scheme 10.9 
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For the synthesis of a,P-unsaturated acetals, a method of Molander provides 

products of transacetalization with (£')-configuration'^‘ (Scheme 10.10). 

OH 

MejNOC 
CONMe^ 

OH 

a I. 
CONMe, 

CONMe., 

R yield (%) (£):(Z) 

Ac 57 99:1 

Bz 89 98 :2 

Cl 85 98 :2 

a: R(CH2)3CH=CHCH(OMe)2, PPTS (cat ), DMF, RT 

Scheme 10.10 

Other methods of acetal formation from tartrate dials. Seebach et al. used 

alkylation of the thallium alkoxide, derived from A^,A^,A/^W'-tetramethyl- 

tartramide with diiodomethane, to synthesize methylene acetal 10.1. Alternately 

the two-phase alkylation reaction mediated by 18-crown-6 ether can be applied 

to prepare the methylene acetals, without intervention of toxic thallium com¬ 
pounds (Scheme 10.11). 

OH 

MezNOC. Jv., a 
CONIVIe2 - 

OH 

Q CONMez 

<oX 
^ CONMez 

10.1 

a: 2 eq. TIOEt, benzene, then 1 eq. CH2I2, MeCN, RT, 12h, then 60°C, 3h (25%)’' 

OH 

Me(CH2)i3HNOC 
CONH(CH2)i3Me 

OH 

Q ^CONH(CH2)i3Me 

— <T 
° ''CONH(CH2)i3Me 

b: CH2I2, K2CO3, 18-crown-6, CH2CI2, A (89%)’^^ 

Scheme 10.11 

Michael-type addition of a tartrate to l,2-bis(phenylsulfonyl)ethylene or to 

acetylenedicarboxylate allows preparation of functionalized tartrate acetals 

(Scheme 10.12). 

Modification of the carboxy groups in tartrate acetals. Seebach has reported 

titanate-mediated transesterification of acetals of tartrates (Scheme 10.13). 

Acetals of tartramides are readily obtained from acetals of tartrates by the 

action of ammonia or its derivatives (Scheme 10.14). 
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PhSOj .COOMe 

° "COOMe 

a 
2.1 

b 
MeOOC 

MeOOC 

COOle 

COOfcte 

a: (E) or {Z)-PhS02CH=CHS02Ph. NaH, THF, RT. 6b (80%)“ 

b MeOOCC^COOMe, La(Oi-Pr)3-3LiCI. i-PrOH, 90'C. 24h (50%)’“ 

Scheme 10.12 

\X 
COOMe 

COOMe 

0^ 

x„T 
COOiPr 

'COOiPr 

a: i-PrOH (excess), 0.05 eq. Ti(Oi-Pr)4. 7CrC. 3b (91-95%)“ 

Scheme 10.13 

. o ^CONiMeHDMe 

X j X T X T 
CONHj O ''COOMe O '''cONiMeKJMe 

a: NH3, MeOH. RT, 10 days, ca. 100%“ 

b: MeNHOMe HCI, AIMej, CHjCL -10°C (83%)’" 

Scheme 10.14 

Alkaline hydrolysis of acetals of tartrates leads to acetals of tartaric acid 

which can further be converted to the corresponding acid chlorides."* In a modifi¬ 

cation of this synthesis, the acid chloride is obtained from the lithium salt via the 
trimethylsilyl ester’^ (Scheme 10.15) 

o^ COOMe .COOTMS 

COOMe 

0^" 

X J 
^ COOTMS 

0^ 

X J 
coct 

'COCI 

a: LiOH'HjO, MeOH, RT, 2d, evaporation, then TMSCl, 18-crown-6 (cat ), THF, RT, 3b 

b: (COCI)2, DMF (cat.), THF, RT(94%)“ 

Scheme 10.15 

Acid chloride 10.2 is useful for preparing amides.’-'' particularly from unstable 
amines (Scheme 10.16). 

Bicyclic acetals 10.4 and 10.5 were obtained from diacid 10.3 by coupline 
with A.A'-disubstituted ethylenediamine (Scheme 10.17). 

The use of an equimolar amount of base or pig liver esterase for hydrolysis of 

tartrate acetals allows the preparation of monoester derivatives (Scheme 10.18). 
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O 

b P'Z/l/.er.exiamine, NEt* THF, RT (5%)’“ 

Scheme 10.16 

10.4 R*Bn 

10.6 R*CF,K^H? 

4f ExHR''CH4y}#<HE>r), 3^4 //-fr>i64hyF2<t)l<xop/rtd(n(um iodide, NEt», CHzCb, A 

t. 1 ec. OFy>»jHM/CHi>j#<HCHaCF,, 3 e^4 DCC, 0 5 eq DfAAP, CHjCk, RT (38%)^ 

.Scheme 10.17 

Pr.-< J 

COO»Ae 

1 ('.OH lAeOH RT ^80%/ 

COOH 

COOMfe 

OOOfAe 

COOIAe 

b 
Of c 

COOH 

"'''COO»/e 

0 ' %<j, KOH lAeOH RT 1h 

C Fl£ 3 H/ V'fyvyf**-. 'pH 8y RT '81%>’“ 

•Scheme 10.18 
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The toUowing ^lecils jre vX>cuu>frcvtU\: 

din«hvl lA'CT-'T ,'' JwM etsACJCv'ti-er 
»>] 

cfimethNl jMid ic^ e«daatxxiv{ 

AUVUV'^V''-teirin>fth\ 

Applications 

Tarmue acttais as nrso^rii^sf a^Ms. Cbinl racetr^' ieK'oes eatt N' •.x'n^'^cvI 

inR> enandvHtwrs \ia their ^fiasterevxneri.' acetaH ak«h tatTKev, see tvx e\jui^^ 
10.6 DiAstereon>erk' aceuls of .^'J^njeth\k'>cK^\A!VHv J<L2^ oa« Ne 
separated b\ gas chrvxnatocraphs oc b\ e\x«rv>ikd dxsdlUcKHS ' «Sxhet'\.' 
10.ldX 

Scheme mu'* 

Preparative separation of diasterevviveriv acetals UVS at>d lO.** derixevi 
diethyl tartrate and the cvvrespooditig bicxclio keicnes xxas xwxtn>ljshevi b\ 
liquid cluonratography. resv'hed ket^xnes were used tn the sxuthcses of 
loganin aglucv^n b-acetate and i - Wvxivxlin.' 

COC€r 

cooet 

las X = Ot:‘® 

las X » CO'**' 

Enantionreric excess of a chiral ketvM>e v,>r an akiehxde can K' vietenniiKxi b\ 
converting it to a mixture of diasterevm>eric tanrate av.\'tals. In the case of actnals 
10.10 the composition ot the diasterev'ureric mixture cxxiKl be deten\rii>evi b\ 
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eitherNMH CAAo 0,4 pprn for the starred carbon atoms)'or by gas 
chromaUjgraphy/'’^' 

iJiasteremVimcric acetals derived from dihydrocitronellal ('10.11;, hexahy- 
drofarnesa) ('10.12;, hexahydropseudoionone HO. 13; and hexahydrofarncsylacc- 
U;ne tl0.14; have been separated by capillary gas chromatography,^' 

COOiPf 

\0OiPr COOiPr 

10,11 n»1 10.13 

r**2 10,12 n*2 10,14 

TartreUe acetals as Uffands. Novel CVsymmetric bis-oxa/xdine ligands 10.16 for 
the Cu-catalyzed asymmetric cyclopropanation and Kh('I;*cataly/xjd asymmetric 
hydrf/silylatjrm have been prepared from tartrate acetal 10.15 and chiral arnino- 
akx4vds by the groups of Andersson,’^ fkeda,’^^ and Knight' (^.Scheme 10,20;. 

p m p oc; (aJotCHiCta fef 

H 0)1 ,«i e 1% 

*,Pr ol -14-5; 0 135,139 

p-By oi -1209 137 

t-Bu '151 0 137,135 

Br. oil 137 

Pi-i -1253 138,139 

c/ OHjOj, 'cc, ptt u&OH 

Scheme 10.2t> 

Exarfiples <A enantioselective reactions catalyzed by complexes of ligands 
10.16 are shrrA n in Scheme 10,21. 

CCXjEf 

7 
e C: e4% 

1'v 1»- 

Vhe»»e 10.21 (‘cmUruo'd) 
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)=° 
Me 

Ph 

X 
Me' ' OH 

e.e. 64% 

b: 1.6 eq. PhjSiHz, 0.005 eq. [Rh(COD)CI]2, 0.04 eq. 10.16 (R = i-Pr), CCU, -5°C, 

72h (90%)'“ 

Scheme 10.21 

Tartrate acetals as chiral auxiliaries. Yamamoto reported an asymmetric 

Simmons-Smith reaction employing tartrate acetal as the chiral auxiliary. The 

asymmetric induction in this reaction is entirely controlled by the chirality of the 

tartrate auxiliary which chelates the Lewis acid reagent-'*-"^” (Scheme 10.22). 

O^.^^^COOiPr 

// 
COOiPr 

COOiPr 

COOiPr 

COOiPr 

R yield (%) d.e. (%) 

10.17 Me 90 94 

n-Pr 80 91 

Ph 92 91 

10.18 MeOOC(CH2)3 94 90 

a: 5 eq. EtjZn, 10 eq. CH2I2, hexane, -20°-^ 0°C 

Scheme 10.22 

Chiral cyclopropane 10.18 on hydrolysis yielded aldehyde 10.19, a key 

intermediate in the synthesis of 5,6-methanoleukotriene A4 (10.20)’‘* ''“ (Scheme 
10.23). 

a: TsOH, MeOH-H20, RT. 72h (74%) 

Scheme 10.23 

Chiral vicinal bis-cyclopropanes are available by application of the 

Yamamoto procedure. An iterative strategy developed by Armstrong employs 
the cyclopropane 10.17 as the starting material'^^ (Scheme 10.24). 
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COOiPr 

a: AIITMS, TiCU (59%) d: HC(0Et)3, PPTS, EtOH, PhH, then 2.3, A (35%) 

b: O3, then PPh3 (90%) e: EtjZn, CH2I2 (65%) 

c: CF3COOH, A (90%) 

Scheme 10.24 

Sequential asymmetric bis-cyclopropanation reactions were applied by 

Barrett in an approach to the synthesis of the antifungal agent FR-900848."^ The 

sequence utilized the Yamamoto procedure followed by the Charette protocol 

(see Chapter 8) to prepare the two diastereomeric tetracyclopropanes 10.21 and 

10.22 (Scheme 10.25). 

Asymmetric conjugate addition of organometallic reagents to a,p-unsatu- 

rated tartrate acetals proceeds with the opening of the acetal ring, but stereo- 

chemically it is related to the chelated transition state model proposed for 

asymmetric Simmons-Smith cyclopropanation (see above). Yamamoto et al. 

demonstrated high regio- and stereochemical control in the addition of organoa- 

luminum reagents to tartramide acetals of a,(3-unsaturated aldehydes. The reac¬ 

tion produces 1,4- or 1,2-adducts; the regioselectivity can be manipulated by the 

polarity of the solvent (Scheme 10.26). 

Asymmetric conjugate addition has been applied to the synthesis of the side- 

chain of biologically important vitamins E and K (alcohol 10.23) and to the syn¬ 

thesis of various optically active ketones and aldehydes (Scheme 10.27). 

Optically active secondary alcohols can be obtained from tartrate acetals of 

aldehydes upon reaction with dialkylboron bromides and higher order cuprates'^ 

(Scheme 10.28). 
Tagliavini and Umani-Ronchi reported a similar 1,2-addition of a 

Reformatsky reagent to a tartrate acetal in the presence of TiC^; the reaction 

diastereoselectivity was low.'"^ 

Castaldi and Giordano reported the asymmetric bromination of alkyl aryl 

ketones via their tartrate acetals.*^ High diastereoselectivity was achieved for 

both acyclic and cyclic ketones and the brominated ketones were obtained in 



176 ACETALS OF TARTARIC ACID DERIVATIVES 

iPrOOC 

OH 

10.21 

a: EtjZn, CH2I2, CICH2CH2CI, -20°C (78%) 

b: TsOH, THF, H2O, 55°C, then Ph3p=CHCOOEt, CH2CI2 (61%) 

c: i-Bu2AIH, CH2CI2, -78°C (91%) 

d: ent-SA, Zn(CH2l)2, CH2CI2, 0°->25'’C (94%) 

e: 8.4, Zn(CH2l)2, CH2CI2, 0°->25°C (100%) 

Scheme 10.25 

AcO..^ CONMe2 

f 

(1,4-:1,2- = 6.5: 1) 

K, 
CONMe2 

HO^ CONMe2 

(1,2-only) 

r 
''CONIVIe2 

a: 5 eq. MeaAl, CI(CH2)2CI, RT, then AC2O, pyridine, DMAP (97%, d.e. 88%) 

b: 5 eq MejAl, CHCI3, RT (85%, d.e. 88%) 

Scheme 10.26 
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10.23 

o<;x“ 
CONMej 

r, ^CONMe2 y - 
^ 'CONMe2 

AcO. ,,xCONMe2 

0'^CONMe2 

c 

CONMez 

CONMej 

e 

a: 5 eq. MeaAl, PhMe, RT, then AC2O, pyridine 

b: 6N HCI, dioxane, then NaBH4 (92%, e.e. 96%)^® 

c; 6N HCI, dioxane (80%, e.e. 77%f 

d: 5 eq. MesAI, PhMe, RT (91%, d.e. 70%.) 

e; O3, MeOH, -78°C (82%., e.e. > 95%)’'“ 

Scheme 10.27 

COOMe 

COOMe 

a 
COOMe 

COOMe 

b 

R2 

r' r’’ yield (%) d.e. (%) 

n-CgHig Me 80 94 

Cy Me 83 89 

n-CgHig CH=CH2 62 92 

a: 1.2 eq. MejBBr, CH2CI2, RT, then 3 eq. R’’2Cu(CN)Li2, -SOX 

b: MsCI, NEts, then DBU, then MeONa, MeOH 

Scheme 10.28 
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high enantiomeric purity by non-conventional removal of the acetal auxiliary^'*^ 

(Scheme 10.29). 

Ar 

?<oX 1 ° 'COOMe 

Ar ^ 

B-#oAcOOMe 

Ar 

Br-'i^S) 

Me Me Me 

Ar yield (%) d. e.(%) yield (%) 

Ph 94 86 92 

4-CIC6H4 93 88 - 

4-MeOC6H4 95 84 96* 

5-bromo-6-methoxy-2-naphthyl 98 80 99* 

enantiomencally pure after crystallization 

a: 1 eq. Br2, HBr(cat.), CCU, 15°C°^ 

b; MsOH, H2O, 20°C or CF3SO3H, CI{CH2)2CI, 

Scheme 10.29 

The direction of asymmetric induction in the halogenation of tartrate acetals 

can be varied by the nature of the halogenating species used (Scheme 10.30). 

(S):(R) 

a (X = Cl); 1eq. SO2CI2, CH2CI2, -10°C, 2.5h (98%) 88 : 12’“ 

b (X = Br): leq. Br2, CH2CI2, -10°C, 1,5min. (99%) 86 : 14’“ 

c (X = Br): 1 eq. pyridinium tribromide, THF, 0°C, 30 min. (95%) 5 : 95’“'® 

Scheme 10.30 

Brominated acetals derived from arylalkyl ketones can be stereospecifically 

rearranged to 2-alky 1-2-arylacetic acids; among these are the antiinflammatory 
agents Naproxen and Ketoprofen (Scheme 10.31). 

The synthesis of Naproxen has been scaled up to an industrial process by the 
Zambon Group. 

Examples of addition reactions to the C=C bonds, in which asymmetric 

induction is due to the steric effects exerted by the tartaric acid acetal auxiliary 
rather then by chelation, are shown in Schemes 10.32-10.34. 
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MeO MeO 

MeO 

a; AgBF4, CI{CH2)2CI, H2O, 15°C. 18h (97%, de. 98%) 

b: HCI, H2O, 85“C (96%, d.e. 98%)°^ 

c: NaH, DMF, 110°C 

d: NaOH, then HCl“ 

Bn 

Scheme 10.31 

Bromolactonization (Terashima)'”''‘^ 

83%, d.e. 95% 7% 

Scheme 10.32 (continued) 
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(intermediate for the synthesis 
of anthracyclinones) 

a: AcNHBr, DMF-HjO (100:1), 0°C, 15.5h 

b: K2CO3, MeOH, then H2, Pd/C, then HCI, a’''® 

Scheme 10.32 

Olefin cyclization'^ 

MeOOC COOMe 

a: 1.2 eq. Hg(OTf)2, CH2CI2, -78°C, 4h 

Scheme 10.33 

Photocycloaddition'°° 

COOiPr 

COOiPr 

+ 

a: hv (350 nm), benzene 

Scheme 10.34 

Ketyl-olefin radical cyclization (Molander)^^ is highly diastereoselective; the 

two ci/f-isomers A and B are formed in more than 97% total yield and A is the 
main product of the reaction (Scheme 10.35). 

Tagliavini and Umani-Ronchi used chiral orthoesters derived from tartrates as 

enantioselective acylating agents in the reactions with silyl enol ethers (Scheme 
10.36). 

Chiral chromium tricarbonyl-arene complexes were obtained with the aid of a 
tartrate acetal auxiliary. Two examples reported by Aube et and by Levine 
etal!^^ are shown in Scheme 10.37. 

Watanabe et used monoethyl 0,0'-cyclohexylidene tartrate for highly 

diastereoselective desymmetrization of myo-inositol derivative 10.24 of me so 
structure (Scheme 10.38). 
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CONMe, 

■CONMe, 

a: 2.6-2 8 eq. Smt, THF, 0°->. 35°C (53-83%) H 95: 5 

Me 97 : 3 

Et 97:3 

i-Pr 93 : 7 

Scheme 10.35 

EtOOC COOEt 

W o 

°x“' 

EtOOC COOEt 

O 

Ph 

.COOEt Ph O.^^ 

MeO O '''QoOEt 

M',. 
xX. 

Ph' T 'nPr 
nPr 

OSiMej 

a: , BFa-EtzO, CH2CI2, -eO-’C, 8h (93%, d.e. 89%)^“"“ 

OSiMe, 

b: „ /=K , BFj EtjO, CHjClz, -SO^C (90%, d.e. 88%) 
nPr nPr 

Scheme 10.36 

CONMej 

Me 

a 

a: (naphthalene)Cr(CO)3, THF, A(61%>, d.e. 48%)“'^ 

b: Hz, 10% Pd/C, EtOH (98%), then A (88%) 

c: Cr(CO)6, A (42%, d.e. 96%)“® 

Scheme 10.37 
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OH OH OH 

a: 1 eq. monoethyl O, O-cyclohexylidene L-tartrate, 1.1 eq. MsCI, 2.5 eq. NMM, 

DMAP (cat.), THF, OX 

b: as a, 1 eq. monoethyl 0,0’-cyclohexylidene D-tartrate was used 

Scheme 10.38 

The unsymmetrical ester obtained with D-tartrate acetal was converted to d- 

myo-inositol 1,3,4,5-tetrakis-phosphate3^' 

Stankovic and Schreiber'^^ reported the synthesis of transmembrane ion chan¬ 

nels based on tartrate acetals. 

Tartrate acetals as building blocks. Most obviously tartrate acetals can be 

incorporated into the target compounds by modification of the terminal carboxy 

or carbamide groups. For example, Schreiber used 0,0'-methylene l- and D-tar- 

taric acid for the construction of acid-gramicidin A hybrids by formation of the 

amide bonds. 

Chelucci used the acetal protected tartrate building block 10.25 in the synthe¬ 

sis of the chiral bis(2-pyridine) derivative 10.27 via the tartarodinitrile 10.26^^'^^'* 
(Scheme 10.39). 

0 CONH2 

XoX 
^ 'CONH2 

10.25 10.26 

a: 4 eq, MsCI, pyridine, 100°C, 5h, (81%) 

b: HC=CH, CpCo(COD), PhMe, 14 bar, 140°C (72%) 

c: 0.1M H2SO4, Eton, A, 4h (85%) 

Scheme 10.39 
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Another heterocyclic pyrazole derivative 10.29 was synthesized by Stieglich 

from C^'-isopropylidene L-tartaric acid (10.28)^° (Scheme 10.40). 

XT 
COOH 

'COOH 

10.28 

a - c 

10.29 

a; o=^ 

r" Ph 

°;]^so,,then 

Ph 

b: PhaP, NEta, ClaC-CCIa(85%) 

c: Oa, MejS, then N2H4-H20 (57%) 

Scheme 10.40 

NH,-HCI (83%) 

Dinitrile 10.26 and diamide 10.30 were used by Haines et al.^^ Wicha and 

Achmatowicz and Di Mare et al}^^ for the synthesis of chiral 1,4-diketones. 

Acetal derivative of a tetraol 10.32 was obtained by stereoselective reduction of 

diketone 10.31 (Scheme 10.41). 

10.26 XoX 
COMe 

COMe 

xX 
CONMe, 

CONMej 

10.30 

X 
n ^COCsHii 

X — 
COC5H 11 

0^ 

xX 
COAr 

COAr 

10.31 

0 OH 

OH 

10.32 

a: MeMgl, PhMe-Et20 (43%)’’’ 

b: CF3COOH-H2O (9;1), 0°C, 10 min. (89%)^’ 

c: 4 eq. MeMgCI, THE, RT ,1h (50%)^’ 

d: n-CsHuMgBr. THF (50-70%)’"" 

e: K-Selectride, THF, -78°C, 2h (95%, d.e. 88%)’"" 

f: 3 eq. ArMgX, Et20 (Ar = 4-FC6H4, 66% or Ar = 3,5-Me2C6H3, 49%)’"® 

Scheme 10.41 
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Derivatives of chiral 1,4-diketones are also available in the reaction of acetal 

10.33 with the dilithioderivative of methyl phenyl sulfone or with the lithium 

derivative of dimethyl methylphosphonate'^^ '^* (Scheme 10.42). 

„COOMe 

xl 
COOMe 

10.33 

XOOEt 

xj — 
° ''COOEt 

O 

a: 2 eq. PhSOjCHLij, THE, 0°C, 15 min (85%) 

b: AI(Hg), THF-H2O (9:1), OX, 4h (73%)’" 

c: 2.2 eq. LiCH2PO(OI\/le)2, THF, -78X ^ RT, 2h (100%) 

d: RCHO (R = protected sugar), CS2CO3, i-PrOH (44-54%)’“ 

Scheme 10.42 

The synthesis of the novel HIV-1 protease inhibitor 10.36 is based on the 

addition of a Grignard reagent to the hydroxamate ester 10.34 and subsequent 

stereoselective reduction of the dioxime 10.35*^“* (Scheme 10.43). 

10.36 

a: p-(i-Pr)C6H4CH2MgCI, THF (95%) c: i-Bu2AIH, PhMe (58%) 

b: NH2OH HCI, EtOH, H2O (82%) 

Scheme 10.43 
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The optically active cyclopentenone building block 10.38 was synthesized by 

BestnfSTnn from monoester 10.37. The key step in the synthesis was an intramol¬ 

ecular Wittig reaction accompanied by epimerization at (Scheme 
10.44). 

^0 0 
0-..../^CH-PPh3 

COOMe 

c 

10.39 

a: EtSH, DCC, DMAP, CH2CI2 (83%) 

b: Ph3P=CH2, PhMe, A (70%) 

O 

10.38 

c: PhMe, 110 bar, 150°C, 80h (60%) 

Scheme 10.44 

Cyclopentenone 10.38 was converted to the naturally occuring carbocyclic 

nucleoside analogues (—)-neplanocin A (10.39)'®°® and (—)-aristeromycin.'®°'’ 

Barton applied the radical decarboxylative process developed in his labora¬ 

tory for substitution of the carboxy group of the monoacid acetal 10.37. The sub¬ 

stitution products 10.41, 10.42 and 10.43 were obtained with essentially 

complete retention of configuration'®' (Scheme 10.45). 

The substitution product 10.44, obtained from the Barton ester 10.40 and 

phenyl vinyl sulfone, was transformed in seven steps into a highly functionalized 

P-lactam 10.45'®^ (Scheme 10.46). 

Stereoregular polyamides were prepared by a room-temperature polyconden¬ 

sation of bis(pentachlorophenyl) O, O'-methylene-L-tartrate with bis-TMS deriv¬ 

atives of a,(0-alkane-diamines® (Scheme 10.47). 

These polytartramides were readily soluble in chloroform and formed highly 

crystalline films. 

Further synthetic applications of tartrate acetals as chiral building blocks are 

’ based on reactions at C(2) or C(3). 

Tartrate acetals can be directly allylated and benzylated through the enolate 

ions of moderate stability, generated at low temperatures. Additions occur pref¬ 

erentially from the S’Z-face of the L-tartrate derived enolate.'®^® Seebach demon¬ 

strated synthetic utility of this reaction, giving predominantly threo products'®^ 

(Scheme 10.48). 
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O^COOH 

xT 
0 "COOMe 

10.37 10.40 

o ""COOMe 

10.41 

X 
o COOMe 

O ""COOMe 

10.42 10.43 

a: CICOOi-Bu, NMM, THF, 15 min. -20°C, then W-hydroxy-2-thiopyridone sodium salt, 

THF, 90 min., -20°C 

b: hv (tungsten lamp), 78% c; methyl acrylate, hv (70%) 

d: S-CICeH^COaH, then A (PhMe), 75% e: A/-methylmaleimide, hv (93%) 

f: Cu powder, A (52%) 

Scheme 10.45 

S02Ph 

10.40 Y°-r^ 
V-.-coS;'' 

10.44 

a: -J^sOjPh , hv (70%) 

Scheme 10.46 

0.,^COOC6Cl5 

^ + TMSHN(CH2)nNHTMS -► polymer. 

^ "COOCgCIs n = 9 12 M.W. 6000-44000 

Scheme 10.47 
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COOMe 

COOMe 

a 
0^' 

X J-' 
COOMe 

R + 

''COOMe 

X P'COOMe 

0 '"'COOMe 

enM 0.33 threo erythro 

R threo: erythro yield (%) 

All 87 : 13 65 

CH2CH=CMe2 82 : 18 75 

Bn 84: 16 54 

CH2An 82 : 18 77 

a: 1.1 eq. LDA, THF, HMPA, 1.2 eq. RBr, -70° -> 10°C 

Scheme 10.48 

This procedure has been applied to the synthesis of (+)-malyngolide.^^ 

Molander used the product of double alkylation of tartrate acetal 10.33 for the 

synthesis of a tricyclic product 10.46 by a tandem reaction of intramolecular 

nucleophilic acyl subsitution and ketyl-olefin coupling, promoted by samar- 
ium(II) iodide'^^ (Scheme 10.49). 

10.33 

a: LDA, THF, HMPA, All-Br c: 4 eq. Smt, THF, HMPA (26%) 

b: LDA, THF, HMPA, IICHjIJ 

Scheme 10.49 

Aldol products of erythro configuration were obtained in the reaction of ace¬ 

tone with the enolate derived from 10.33.^“ Evans used a Lewis acid catalyzed 

aldol reaction of silylketene acetal 10.47 with chiral aldehyde 10.48 to construct 

the core carbon framework of zaragozic acid C'“ (10.50) (Scheme 10.50). 

COOtBu 

COOtBu 

a 

OTMS 

O'^COOtBu 

0TB S 

OBn 

10.47 

Scheme 10.50 {continued) 

10.48 



188 ACETALS OF TARTARIC ACID DERIVATIVES 

10.50 

a: LiHMDS, TMSCI, THF, -78°C, 30 min., 0°C, 30 min. (97%) 

b: (i-PrO)TiCl3, CH2CI2, -78°C, 2h, -40°C, 2.5h (76%) 

Scheme 10.50 

Again, the aldol product (10.49) obtained in the above reaction had erythro 

configuration. Evans published efficient syntheses of cinatrins Cj and C3 based 

on a similar methodology.^^ Aggarwal used an aldol reaction of acetonylacetone 

and the enolate generated from 10.33 to prepare, after acidic cyclization, a deriv¬ 

ative of 2,8-dioxabicyclo[3.2.1]octane 10.51, a core of the squalestatin family of 
fungal metabolites’^’ (Scheme 10.51). 

COOMe 

COOMe 

10.33 

a, b 

10.51 

a: LDA, 12-crown-4, THF, -78°C, 5h, MeCO(CH2)2COMe (77%) 

b: HCI, MeOH, 1.5h, 65°C (30%) 

Scheme 10.51 

[2 -F 2] Cycloaddition of imine 10.53 and ketene 10.52, generated from 

acetal 10.37, gives a 6 : 4 mixture of diastereomeric p-lactams 10.54 and 10.55’^* 
(Scheme 10.52). 

COOH 

COOMe 

a 
Ph 

/ 
PhN=C 

\ 
SMe 

10.37 10.52 10.53 

Scheme 10.52 {continued) 
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O'^O SMe 

> 
MeOOC 

-^Ph 

^NPh 
O 

X 
^ -COOM© 

■ ^ SMe 

^NPh 
0 

10.54 10.55 

a: Ph{IVleS)C=NPh, Ph0P(0)Cl2, NEtj, CH2CI2, 0°C -> RT 

Scheme 10.52 

Substitution of the tartrate C(a)—O bond is possible through the intermediate 

cyclic l,3-dioxolan-2-ylium ion 10.57, formed by the oxidation of benzylidene 

acetal 10.56. An example of this stereochemically well defined transformation is 

shown in Scheme 10.53. The erythw bromobenzoate 10.58 can be converted to 
(^)-malic derivative 10.59. 

Br® 

Q^^-COOMe 

Ph-< J 

° '''COOMe 

Q iLCOOMe 

Ph—1 

^ COOMe 

10.56 10.57 

Br 

MeOOC^ ^ b 
COOMe -^ 

MeOOC.. 
COOMe 

OBz OBz 

10.58 10.59 

a: 1 eq. NBS, HBr (cat.), CCI.1, A (90%) 

b; 1.2 eq. BuaSnH, AIBN, PhMe, BOX, 2h, (88%)'®® 

Scheme 10.53 

10.2 OTHER ACETALS 

Synthesis 

Table 10.2 Physical properties of acetals 10.60-10.73 

m.p. (°C) or 
No. b.p. (°C/torr) [aJo (solvent) References 

10.60 
10.61 (25,2'S) 
10.61 {2R,2'S) 
10.61 (2R,2'R) 

118.5-119 
176 
162 
205 

+ 130.6 (Me2CO)‘‘ 3,170 
+28.4(Me2CO) 171,172 
+49.0(Me2CO) 171,172 
+54.0(Me2CO) 172 

(continued) 
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Table 10.2 {continued) 

No. 
m.p. (°C) or 
b.p. (°C/torr) [aJc (solvent) References 

10.62 102 +63.3 (CI2HCCHCI2) 173 
10.63 73-74 + 116.0 (CHCI3) 174 

10.66 152-154/0.6 + 141.0 (CHCI3) 175,176 
10.67 — + 102.6 (CHCI3) 177 
10:69 107-115/0.03 -66.3 (EtOH) 7 
10.70 107 -110.4 (CHCI3) 178 
10.71 115/0.01 -111.5 (CHCI3) 178,179 
10.72 76-77 -65.5 (MeOH) 180,181 
10.73 93-93.5 -56.4 (EtOH) 180,182 

“ At 546 nm. 

Bis-(l,3-dioxolan-4-one) acetals from L-tartaric acid. Reaction of tartaric acid 

with reactive carbonyl compounds (paraformaldehyde, chloral, acetone) or with 

2,2-dimethoxypropane gives, among other products, bis-acetals of 1,3-dioxolan- 

4-one type (Scheme 10.54). 

1.1 

R' 

R* 

10.60 H H 

10.61 CCI3 H 

10.62 Me Me 

a (10.60): 2.1 eq. (CHjOIn, 0.2 eq. HjO, 150°C, then H2SO4, RT (ca. 40%)^ 

b (10.61): 2.2 eq. CCl3CH(OH)2, H2SO4, RT, 30 min. (ca. 100%, mixture of 

diastereomeric tartaric acid chloralides'^ '^ 

c (10.62): Me2CO. ZnCl2. RT, 12h (30%)’” or Me2CO, Me2C(OMe)2, BF3, 4h, 0°C’“ 

Scheme 10.54 

Bis-(l,3-dioxolan-4-one) acetals of L-tartaric acid with benzaldehyde (mix¬ 
ture of diastereomers) were also described.'®* 

Mono- and bis-(alkoxyalkyl) acetals of L-tartrates. Compounds of this type 

include methoxymethyl (MOM), methoxyethyl (ME), ethoxyethyl (EE), and 
tetrahydropyranyl (THP) derivatives (Scheme 10.55). 

The unsymmetrical mono-MOM protected tartrate diol can be readily 

obtained by alkylation of diethyl tartrate (2.2) with one equivalent of base and 
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2.1 
a or b 

R 

A 
MeOOC 

MeO...^O 

R 

O OMe 

COOMe 

10.63, R = H 

10.64, R=Me 

a (R = H): 1.1 eq. CH2(OMe)2, 0.6 eq. P2O5, CHCI3, RT (bWof'' 

b (R = Me): 6 eq. MeOCH=CH2, CF3COOH (cat.), CH2CI2, RT, 2 days (100%, 

mixture of diastereomers)'®^ 

O^OEt 

EtOOC. 
COOEt 

EtO^O 

10.65 

OMOM 

2.2 EtOOC 
COOEt 

OMOM 

10.66 

c: EtOCH=CH2 (excess), CF3COOH (cat.), RT, 36h (ca. 100%)^®® 

d: 10 eq. CH2(OMe)2, 5 eq. P2O5, CHCI3, RT (100% crude)’® ’’’® '®® or 2.5 eq. 

CICH20Me, 2.5 eq. i-PrjNEt, CHCI3, A (79%)”'® 

Scheme 10.55 

methoxymethyl chloride or from the stannylene derivative of dimethyl tartrate 
(Scheme 10.56). 

2.2 ROOC 

OMOM 

COOR 
ri-Bu2Sn,^ 

COOMe 

OH 
COOMe 

10.67, R = Me 

10.68, R = Et 

a R = Et); 1 eq. NaH, 1 eq. MeOCH2CI, DMF, -40-0 (85%)’® 

b (R = Me): 1.6 eq. MeOCH2CI, CHCI3, RT (86%)”'" 

Scheme 10.56 

Mono-tetrahydropyranyl protection of the tartrate hydroxy groups can be 

executed effectively through the O-monoacetyl derivative of diethyl tartrate; 

direct tetrahydropyranylation of diethyl tartrate with one equivalent of dihy- 

dropyran yields a mixture of mono- and bis-tetrahydropyranyl derivatives 

(Scheme 10.57). 
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OH OTHP 

EtOOC 
COOEt 

a, b EtOOC 
COOEt 

OAc OH 

a: 1.2 eq. dihydropyran, CSA (cat.), CH2CI2, RT, 0.5h (99%) 

b: EtONa, EtOH.Ih, 0°C (82%) 

Scheme 10.57 

With two equivalents of dihydropyran the 0,0'-bis-tetrahydropyranyl deriva¬ 

tive is cleanly obtained from diethyl tartrate. 

The reaction of dimethyl tartrate with excess paraformaldehyde under BF3 

catalysis yields a trioxepane acetal 10.69 (Scheme 10.58). 

2.1 a 
COOMe 

COOMe 

10.69 

a; 3 eq. (CHjO)^, 0.3 eq. BF3 Et20, AcOi-Pr, RT, 3.5h, (68%)^’®’ 

Scheme 10.58 

1,4-Dioxane derivatives from tartrates. Monoacetals of butane-2,3-dione on 

transacetalization with a tartrate afford 1,4-dioxane derivatives 10.70 and 10.71 
(Scheme 10.59). 

ROOC 

OH 

a or b 

a: TsOH (cat.), 60-70X, 73-88%’^“’^® 

Scheme 10.59 

OR 
:^O^.COOEt 

A O 'COOEt 
OR 

10.70, R = Me 

10.71, R = Et 

tra/i,y-2,3-Dichloro-1,4-dioxane reacts with tartrates to give 1,4,5,8-tetraoxade- 
calin-2,3-dicarboxylic acid derivatives 10.72,10.73'*“ '’*^ (Scheme 10.60). 

ROOC 

OH 

+ 

Scheme 10.60 

10.72, R = Me 

10.73, R = Et 
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Tartraldehydes 

11.1 TARTARIC DIALDEHYDES 

Figure 11.1 

Overview of Earlier Work 

Tartaric dialdehydes, either unprotected or protected, are highly reactive and 
unstable compounds seldom isolated and characterized in pure form. Earlier 
these dialdehydes were prepared from the carbohydrate substrates and isolated 
in the form of stable derivatives. Bergmann prepared mono- and bis-phenyl- 
hydrazone derivatives of D-tartrdialdehyde from D-glucaric acid diamide' 
(Scheme 11.1). 

OH OH OH 

m p. 177-179°C (dec.) 

[ajo -114.3 (pyridine)^ 

a: Brz, KOH 

b: PhNHNHz 

Scheme 11.1 

The 2,3-6)-isopropylidene derivative of tartrdialdehyde received more 
attention. Fischer obtained 2,3-(9-isopropylidene D-tartraldehyde (11.2) and its 
derivatives 11.3 and 11.4 from 3,4-O-isopropylidene D-mannitol (11.1)^ 
(Scheme 11.2). Similar synthesis of 11.2 was accomplished starting from 3,4-0- 
isopropylidene D-glucitol (11.5 ).^ 
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OH 

11.2 

[alo +26.6 (EtOH), 
freshly distilled sample 

CH(OEt)2 

CH{OEt)2 

11.3 

b.p. 88-89°C (0.08 torr) 
[aJo +16.1 (EtOH) 

11.5 11.4 

m.p. 145°C 
[ajp -250 (EtOH) 

a: Pb(OAc)4, benzene, A 

b: HC(OEt)3. EtOH, NH4CI, RT, 10 days 

c: PhNHNHs, EtOH 

d: Nal04, H2O, RT 

Scheme 11.2 

Thioacetal derivatives of 2,3-O-isopropylidene D-tartrdialdehyde were 

obtained from derivatives of L-iditol (11.6)^ and D-arabinose (11.7)^’^ (Scheme 
11.3). 

OH 

<:d:. 
OH 

OH 

a, b 

OH 

CH(SToI)2 

CH(SToI)2 

11.6 m.p. 101°C 

[ajo +70 (pyridine) 

a: Nal04, H2O, RT 

b: ToISH, cone. HCI 

Scheme 11.3 {continued) 
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0^.o'CH(SMe)2 

xX 
CHO 

d 

[a]D +95.7 (MeOH) 

0_..CH(SMe)2 

xl 
CH(SMe)2 

m.p. 116°C 
[«]□ +5.5 (MeOH) 

c. Pb(0Ac)4, benzene, RT 

d: MeSH, 10% HCI in dioxane, RT (64%)= 

Scheme 11.3 

Synthesis and Application as Building Blocks 

Presently, protected tartaric dialdehydes are conveniently prepared in situ by the 

i-BujAlH reduction of protected tartrates and used directly in the following syn¬ 

thetic step. C2-Symmetry makes tartaric dialdehydes ideal chiral building blocks 

for the two-directional construction of highly functionalized carbon chains. 

Synthetically very useful are Wittig or Homer-Emmons olefination reactions, 

introduced to tartraldehyde chemistry by Krief ^ ^ (Scheme 11.4). These reactions 

can be directly performed on the dialuminate intermediate 11.8, thus eliminating 
tedious separation of the unstable dialdehyde. 

COOMe 

COOMe 

b 

or c 

0._^CH=CHCOOMe 

xX 
O '"CH=CHCOOMe 

11.9 

(£,E): (Z,Z): (E,Z) 

Wittig (b) 2 60 38 

Horner-Emmons (c) 96 - 4 

a: 2 eq. i-BujAIH, PhMe, -78°C, 2h 

b: 2.5 eq. Ph3p=CHCOOMe, MeOH, -78°C -> RT, 3h (83%) 

c: 2.5 eq. (Et0)2P(0)CH(Na)C00Me. DME, -78'’C -+ RT, 4h (60%) 

Scheme 11.4 

The (Z,Z)- and (£■,£)-diastereomers 11.9 can be separated through chromato¬ 
graphy in 55% and 51 % overall yield, respectively, from the reactions b and c. 

0-Isopropylidene protection is essential for successful execution of this trans¬ 

formation as it suppresses intramolecular side reactions by keeping apart the two 

carbonyl functional sites.^ In a slightly modified procedure Saito et al. obtained 



TARTARIC DIALDEHYDES 203 

(£’,£')-diester 11.10 in high yield and further converted it to the 0-TBS protected 
derivative 11.11^‘“ (Scheme 11.5). 

O^^COOi-Pr o 

xT 
O "COOi-Pr 

COOEt TBSO^^^^sj^COOEt 

0'^'"'';^^COOEt TBSO""^'''''^^COOEt 

11.10 11.11 

a: 2 eq, i-BujAIH, PhMe, -78“C, 4h 

b: 6 eq. (i-Pr0)2P(0)CH(Na)C00Et, THE, -78°C RT (98%) 

Scheme 11.5 

Diester 11.10 has been used in a variety of stereoselective reactions including 
the Diels-Alder reaction,“ cyclopropanation, dihydroxylation, epoxidation, and 
conjugate addition (see below). Products 11.9 were used in the synthesis of 
(li?)-cw and {\R)-trans hemicaronaldehydes 11.12 and 11.13, precursors of 
(li?)-tran.s-chrysanthemic acid. The synthesis employed the Cj-symmetry of 
(£',£')- and (Z,Z)-11.9 which allowed the production of two moles of hemi¬ 
caronaldehydes by the cleavage of one mole of the deprotected dioT * (Scheme 
11.6). 

(Z,Z)-11.9 

OHC COOMe 

Y 
11.12 

(£,£)-11.9 

11.13 

Scheme 11.6 

Iwasaki used the (Z,Z)-diester 11.9 in the synthesis of cA-2-methylcyclo- 
pfopanecarboxylic acid 11.14, a component of curacin A‘^ and the (f,^ )-diester 
ent-\1.9 in the synthesis of the D-myo-inositol derivative 11.15.*^ Further appli¬ 
cations included Sasaki’s synthesis of bis-tetrahydrofuran skeleton 11.17 of ( + )- 
bullatacin from the hydrogenated diester 11.16‘‘* and Schreiber’s total synthesis 
of anthelmintic agent (—)-hikizimycin fragment 11.19 from the (£',£')-diester 
11.18^^ (Scheme 11.7). 
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(Z,Z)-11.9 

COOH 

11.14 

EtOOC' 

OBn 

6Bn 

11.18 

OBn OTBS 

Scheme 11.7 

Compared to 11.10, the 0,0-di-TBS derivative 11.11 (Scheme 11.5) shows 
enhanced diastereoselectivity in many reactions involving the C=C bonds. This 
can be attributed to the anr/-arrangement of the bulky TBSO substituents, caus¬ 
ing mutual shielding of the pair of “inside” C=C diastereofaces.‘° Examples of 
such diastereoselective reactions are shown in Scheme 11.8. 

Dithioacetal protected aldehyde 11.20 was converted in one step to the two- 
carbon homologated enal 11.21, from which two naturally occurring 2,6- 
dideoxyhexoses, D-diginose (11.22) and D-sermentose (11.23), as well as 
A^-acetyl-D-daunosamine (11.24), could be obtained^’^® (Scheme 11.9). 

Apart from olefmation reactions, tartaric dialdehydes are used in syntheses 
involving addition of nitrogen nucleophiles to the aldehyde groups. c/5-4-Formyl 
P-lactams 11.27 were obtained by the stereoselective [2 + 2] cycloaddition of 
ketenes to tartrate derived diimines 11.25. C^-Symmetry of the tartrate frame- 
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Double Michael addition 

a; excess CH2=CHMgBr, Cul, EtaO, -20°C, 1h (94%, d.e. > 99%)^® 

b; PhSLi, THF, -40“ -20°C, then PhSeCI, HMPA -78° ^ 0°C (88%, d.e. > 99%)'^ 

Diels-Alder reaction 

c; cyclopentadiene, EtjAICI, CH2CI2, -20°C (90%, d.e. > 99%)^° 

Dihydroxylation and haloetherification 

11.11 

OTBS 
I OH 
V^|*^COOEt 
y^k^COOEt 

OTBS OH 

OTBS 9^ 

EtOOC COOEt 

OTBS 

d: OsO^ (cat.), 2 eq. NMM oxide, Me2C0-H20, RT (94%) 

e: NBS, MeCN, RT (87%, d.e. >99%)'° 

Scheme 11.8 
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CHO 

CH(SEf)2 

a 

0'^CH(SEt)2 

11.20 11,21 

a: Ph3P=CHCHO, benzene, A, 1h (77%) 

Scheme 11.9 

Rz 

11.22 R, = OMe. Rj = H 

11.23 R, = H, R2 = OMe 

11.24 Ri = NHAc, Rz = H 

work allowed the production of two moles of lactams 11.27 from one mole of 

11.26 by the cleavage of the diol functional group^' (Scheme 11.10). 

O. ,COOEt 
"""t a 

X J 
O "'COOEt 

11.25 

R’ = Bn, PMB, 

R2= PhO, BnO 

a: 2 eq. i-BujAIH, PhMe, -78°C, 3h 

b; 2 eq. R’NHj (86-98%) 

c: 3 eq. R^CHzCOCI, NEta, CH2CI2, -23°C -> RT (52-73%) 

d: 2.5M HCIO4, THF, RT, 4-8h (100%) 

e: Nal04, HjO-MeOH, RT(100%) 

Scheme 11.10 

A practical synthesis of nonpeptide cyclic ureas 11.29, inhibitors of HIV pro¬ 

tease, was developed at Du Pont Merck. It utilized the stereoselective, chelation- 

controlled addition of benzyllithium to bis-hydrazone 11.28 as the pivotal sten^^ 
(Schemell.il). ^ 

Baker and Condon obtained the enantiomer of bis-hydrazone 11.28 from 2,3- 

0-isopropylidene-D-threitol and converted it to the diaminodihydroxyethylene 
dipeptide isostere 11.30^^ (Scheme 11.12). 



TARTARIC DIALDEHYDES 207 

a: 2.2 eq. i-Bu2AIH, PhMe, -40°C, 1h, 

then 2.2 eq. MeOH 

b; 2.2 eq. MejNNHj, 0°C, 1h 

c: 2.8 eq. BnLi (from s-BuLi and PhMe), 

THF, -20°C, 1h 

II 
Bn 

Scheme 11.11 

a: Swern oxidation 

b; MejNNHj (45%) 

c: BnLi (from BnSnPhs and PhLi) 

11 
CbzHN OH 

OH NHCbz 

11.30 

Scheme 11.12 

Unprotected D-tartrdialdehyde, obtained in a crude form by the LiAlH4 reduc¬ 

tion of bis-A-methylanilide of D-tartaric acid, was used in a straightforward syn¬ 
thesis of (-f)-fran5-6,7-dihydroxy-3-tropanon in a Mannich-type condensation^'^ 

(Scheme 11.13). 

OH 

6h 

OH 

°^^Y^cho 

6h 

a: LiAIH4, THF, -10“ -> 0“C, 7h, then aq. HCI (pH 5) 

b: 0C(CH2C00H)2, MeNH2' HCI, citrate buffer (pH 5), RT, 3 days 

NMe 

Scheme 11.13 
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11.2 DERIVATIVES OF THREOSES 

Figure 11.2 

Variously protected threose derivatives are widely used in synthesis, mainly as 

four-carbon chirons for unidirectional chain elaboration. Because of their lim¬ 

ited stability and susceptibility to epimerization at C(2) they are customarily 

used freshly prepared but not necessarily thoroughly purified. Noteworthy is the 

ability of threoses to form hydrates. However, some L-threose derivatives have 

been separated, purified, and characterized; these derivatives are collected in 
Table 11.1. 

Table 11.1 Isolated and characterized L-threose derivatives (Figure 11.2) 

R‘ R' 
m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

H H H — + 12.5 (H20)^^ 25-27 
H Me Me — + 12.0(MeOH)'’ 28 
H Ac Ac 140-142 -34.3 (CHCfi)*’'" 29 
H MOM MOM — -20.8 (MeOH)'’ 30 
Bn MOM MOM — + 13.3 (MeOH) 30 
TBS Bn Bn — +38.1 (CHCy 31 

—CMe2— OBn — + 14.6 (CHCl,) 32 
-CMe2- TBS — -187.1 (CHCI3) 32 
-CMe2- THP — + 30.0(CHCl3) 33 

H -CMe2- 84-85 + 15.1 (Me2CO)" 26,34 
Bn -CMe2- 121/0.4 + 16.8 (CHCI3) 35-37 
Tr -CMe2- — -3.3 (CHCI3) 38a 
Bz -CMe2- 107-109/0.05 + 17.1 (CHCI3) 39 
TBS -CMcj- 93-95/0.4 + 8.9 (CHCI3) 40 
TBDPS -CMe2- — -11.6 (CHCI3) 41 

“ The m.p, and [aj^ in ref. 29 are apparently erroneous. 
Hemiacetal form. 
Obtained in D-form. 
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Synthesis 

As a rule, protected threoses are prepared from 1,2,3-tri-O-protected threitols by 

mild and selective oxidation reactions, of which the Swern method"^^ is most fre¬ 
quently used (Scheme 11.14). 

OR2 OR2 

OR' OR' 

a: (COCI)2, DMSO, CH^Cb, -50“ -> -78“C, then NEtj, -78“C ^ RT 

X R' R® yield (%) ref. 

BnO -CMe2- 85 36 

BzO -CMe2- 65 39 

TBSO -CMe2- 56-85 40,43,44 

Br -CMez- 96 38b 

BnO MOM MOM 82 30 

EtOOCHN MOM MOM 100 45 

BzHN MOM MOM 96 45 

Scheme 11.14 

Fully protected threoses can also be obtained from 1,2,3-tri-O-protected thre¬ 

itols by other selective oxidation reactions; see the examples in Scheme 11.15. 

PCC oxidation (with sodium acetate buffer) 

a: PCC, AcONa, mol. sieves 4A, CHjClj, RT (87%)®’’ 

OBn 

b: PCC, AcONa, mol. sieves 3A, CH2CI2, RT (70-90%)“® 

Scheme 11.15 {continued) 
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Dess-Martin oxidation 

OBn OBn 

R’ = TBS, R" = Bn, 93%^’ 

R', R^= CMe2, ca 100%“^ 

c: Dess-Martin reagent, CH2CI2, RT 

Scheme 11.15 

Protected threoses can be obtained by DIBAL reduction of threonic acid 

derivatives, as shown in Scheme 11.16. a-L-Threofuranosides 11.32 are avail¬ 

able selectively from the L-threonic acid derivative 11.31 according to the proce¬ 
dure of Mukaiyama et 

OTHP 

a 

OTHP 

a: 1.1 eq. i-Bu2AIH, CH2CI2, -78°C, 1h (100%)” 

SPh 

COOMe °"’'^COOMe 

11.31 (diastereoselectivity 

6:1 to >10:1) 

b: {PhS)2, BusP, pyridine then NCS (92%) 

c: ROH, SnCl2, AgCI04, mol. sieves 3A, Et20, 0°C 

d: LiAIH^, THF then 2N HCI, MeOH (52-67%) 

e: Pd(OAc)2, DME-H2O, RT (68-93%)^® 

SPh OR 

11.32 

Scheme 11.16 

4-0-Unprotected threoses 11.33,11.37 were obtained in the hemiacetal form. 

L-Threose (hemiacetal form) is available directly from L-threonolactone by 

reduction with disiamylborane. Acetal protected L-threose derivative 11.35 was 
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prepared from aldehyde 11.34 by deprotection-isopropenylation^^ as well as 

from the fully protected form of L-tartrdialdehyde (11.36), in turn available from 

diacetone-D-glucose.'*^ Chiral dihydrofuran 11.38 was used by Smith for asym¬ 

metric [2-1-2] photocycloaddition reactions directed toward synthesis of (—)- 

echinosporin^^ (Scheme 11.17). 

o 

a: (Me2CHCHMe)2BH, THF, RT (100%f^ 

OMOM 

OMOM 

b; H2, 10% Pd/C, MeOH, RT(91%) 

OH 

1^0 
MOMO' 

11.33 

11.37 11.38 

c: MeOH, PPTS (cat.), RT, 3h, then Me2CO, H2SO4 (cat.) RT, 2h (53%)^^ 

d: 4 eq. EtjSiH, 2.5 eq. MgBr2, CH2CI2, 15°C, 19h (90%)“'" 

e: H2, Pd-C (cat.), 15°C (92%)“" 

f: 2N HCI, THF, 60X (80%)“" 

Scheme 11.17 

Threoses were also synthesized from carbohydrate precursors of suitable con¬ 

figuration. For example, L-threose was obtained from L-sorbose by oxidation 

with silver carbonate.^^ Reichstein prepared D-threose and its 2,3-0-isopropyli- 

dene derivative from l,3-0-benzylidene-D-arabitoF° (Scheme 11.18). 



212 TARTRALDEHYDES 

a: AgzCOj/Celite, MeOH, 40°C (ca 40%) 

Ph 

b. Pb(OAc)4, AcOH then 10% AcOH, A (95% crude) 

c: MejCO, CUSO4, H2SO4 (cat.), RT 

Scheme 11.18 

Freudenberg prepared 2,3-di-O-acetyl-D-threose from 3,4-di-6)-acetyl-D- 
xylaP^ (Scheme 11.19). 

a: O3, AcOH, then Zn (75%) 

Scheme 11.19 

1,2-O-Isopropylidene protected D-threose can be synthesized in three steps 
from D-galactose by the procedure of Perlin^^’^' (Scheme 11.20). 

a: Pb(OAc)4, AcOH, RT 

b. MejCO, H2SO4 (cat ), RT 

c: K2CO3, MeOH (30% combined yield)^ 

Scheme 11.20 

Preparation of some isolated and characterized oxime and A^-benzyl nitrone 
denvatives of protected L-threoses is shown in Scheme 11.21. 
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R = Bn, TBS 

a: 1.3 eq. H2NOH HCI, AcONa, MeCN-HjO (1:1), RT, 24h (83%)“ 

b: BnNHOH, CH2CI2, MgS04 (80-85%)“ 

Scheme 11.21 

Applications 

Olefination of threoses. Many variants of this reaction are commonly used in 
the early stages of synthesis of natural products from protected threoses. For 
example (5^-6-(l-hydroxypropyl)-3-methyllumazine (11.41) was synthesized 
from the olefination product 11.40 derived from protected L-threose 11.39^'* 
(Scheme 11.22). 

OMOM OMOM OMOM 

a: CH2I2, Zn, MeaAl, THF (86%) 

b: H2, 10% Pd/C, AcOH-MeOH®'' 

Scheme 11.22 

0 OH 

Me 

Standard Wittig reaction of non-stabilized ylides with threoses yields a mix¬ 
ture of (Z) and (E) olefins, with the (Z)-diastereomer predominating (Scheme 
11.23, entries 5-7, 10-12). 

Schlosser’s modification of the Wittig olefination^ yields predominantly (E)- 

alkenes from protected threoses (entries 13, 14 in Scheme 11.23). 
In a number of cases the (£)/(Z) mixture of olefins obtained from the Wittig 

reaction of threoses could be used without isomer separation in a subsequent 
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0R2 0R2 

OR' OR' 

entry X R^ R" R® yield (%) (Z)/(£] 1 ref. 

1 HO® Bn H H 85 - 49 

2 BocNH Bn THP H 68" - 55 

3 TBSO -CMej- H 78" - 56 

4 BnO -CMe2- n-Pr 70" c 57 

5 TBSO -CMe2- n-CgHis 77 >1 40 

6 BnO -CMe2- n-CioH2i 63" 19 58 

7 BzO -CM62~ n-Ci3H27 52" >1 59 

8 BnO -CMe2- 2-(1,3-dioxanyl)CH2 63 c 60 

9 BzO “CM02“ 2-(1,3-dioxanyl)CH2 47 c 39 

10 BnO -CMe2- TMS0(CH2)3 73" 32 61 

11 TIPSO -CMe2- BnO(CH2)2 74" (Z) only 44 

12 TBSO -CMe2- H00C(CH2)4 62" (Z) only 44 

13 TBSO -CMe2- Me 55 0.16 62 

14 -OCEts PMB n-Ci3H27 62" (£) only 63 

hemiacetal form ^ including aldehyde preparation step by oxidation 

not reported including subsequent oxidation to the aldehyde 

Scheme 11,23 

hydrogenation this two-reaction sequence provides a convenient 
method for the elongation of the threitol carbon chain. Alternatively, when 
needed, the {E)/(Z) mixture of olefinic products can be isomerized by irradiation 
with a high pressure mercury lamp in the presence of diphenyl disulfide to give 
the (^l-diastereomer.^^ 

Olefins prepared according to Scheme 11.23 were used in the synthesis 
of the anti-mite substance AB3217-A (entry 2),” (-)-anisomycin (entry 3),^^ 
koninginin A (entry 4),^^ epoxide pheromones (entry 5),'*® corossoline (entry 6),^* 
precursors of sphingosine (entry 7),^^ punaglandin 4 (entry 8),“ 6-epileuko- 
trienes (entry 9),^® precursor of chlamydocin (entry 10),^' modified trapoxins 
(entries 11,12),'” antifungal agent FR-900848 (entry 13),"' and erythro-sphmeo- 
sine (entry 14).“ ^ 

With stabilized ylides, protected threoses react unexceptionally to give pre¬ 
dominantly (£)-olefinic products in aprotic solvents and (Z)-olefins in methanol 
(Mukaiyama etal.^\ Scheme 11.24. 
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OR3 

OR2 

entry r’ R" R" R^ reaction 
conditions 

yield 
(%) 

{Z)-(E) ref. 

1 Bn -CIVlea- COOEt DMF, RT 77 27:73 65 

2 Bn ■"CM©2~ COOEt benzene, A 83 30:70® 65 

3 Bn -CMs2" COOEt MeOH, RT 88 89:11 36,65 

98 95:5 66 

4 TBS -CMe2- COOEt CH2CI2, RT 87 32:68 43 

5 TBDPS -CMez- COOMe MeOH, -70°C ^ RT 81 (Z) only 41 

6 -CMej Bn COOMe MeOH, RT 77 92:8 46,67 

7 TBS -CMez- b 
benzene, A 90 (£) only 68. 

8 Bn -CMes- 2-thiazolyl benzene, RT 95 40:60 69 

9 Ac MOM MOM An THF, RT 78 20:80 70 

(2):(£) = 1:1 was obtained in the presence of cat. PhCOOH^^, but reportedly only 

(E)-isomer was formed in refluxing toluene^’ 

TBDPS 

o 

Scheme 11.24 

Synthetic applications of products in Scheme 11.24 are as follows, 

deoxypolyoxin C [from (Z)-olefm, entry 

(+)-castanospermine’^ and (+ )-galactostatin^^ [from (£')-olefm, entry 4] 

(+)-anamarine’'‘ and unsaturated lactones'*® [from (Z)-olefm, entry 6] 

(+)-polyoxamic acid (entry 7)®* 

(+)-A^-methylanisomycin (entry 9)™ 

While the classical Homer-Emmons reaction of protected threoses gives (E)- 

olefmic products, entries a-d, its Still’s modification’® is (Z)-selective, entry e. 
(Z)-Selective is also reaction of a protected threose with carbonyl-stabilized 
ylide, activated in situ by the formation of the enolate derivative, entry f (Scheme 
11.25). 

Horita and Yonemitsu demonstrated the utility of the (£’)-selective 
Homer-Emmons reaction of protected L-threose 11.42 for the synthesis of 
bicyclic JK-ring part of halichondrin B (11.44). Two molecules of 11.42 were 
used to constmct the target molecule 11.44 via the Cj-symmetrical chiral ketone 
11.43, using two olefmation reactions and two stereocontrolled conjugate addi¬ 
tions of MojCuLi,*’ as outlined in Scheme 11.26. 
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(-)-aspicillin^® 

(+)-nojirimycin“ 

polyols and 
higher sugars^ 

(+)-polyoxamic acid“ 

aspochalasin C isomer®’ 

a (R’ = Bn, = Et): (Et0)2P(0)CH2C00Et, LiCI, i-Pr2NEt, MeCN (90%/® or 

(Et0)2P(0)CH2C00Et, NaH, THF (100%)®® 

b (R’ = TBS, R" = Me): (Me0)2P(0)CH2C00Me, NaH, benzene (95%)“® 

c (R’ = TBS, R® = Et): (Et0)2P(0)CH2C00Et, NaH, THF (83%, including Swern 

oxidation)^ 

(R’ = Bz, R^ = Et): (Et0)2P(0)CH2C00Et, NaH. DME (60%, including Swern 

oxidation)®’ 

EtOOCHN 

OMOM 

CHO 

OMOM 

MOMO OMOM 

I COOEt 
COOEt 

d: (Et0)2P(0)CH2C00Et, NaH, DME, RT (70%)’’® 

It 
pyrrolizidine 

alkaloids 

halichondrin B 

e: (CF3CH20)2P(0)CH2C00Me, KN(TMS)2, 18-crown-6, THF, -78°C 

(90%, including Swern oxidation)” 

f 

f: Ph3P=CHC(0)CH2C00Et, NaH, THF, H2O (cat ), 35-40°C (65%)®® 

Scheme 11.25 
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OPMB OPMB 

a: (Et0)2P(0)CH2C00Me, n-BuLi, THF, -78°C, (£);(Z) = 4:1 

b: Me2CuLi, TMSCI, THF-EtjO, -20°C (93%) 

c: (Me0)2P(0)Me, n-BuLi, THF, -78°C (89%) 

d: n-BuLi, THF, -78°C, then 11.42 (96%) 

e: Me2CuLi, THF-Et20, -78°C (98%) 

Scheme 11.26 

A potpourri of trisubstituted products of olefination of protected threoses is 
shown in Scheme 11.27. 

or2 or2 Me 

R' = Bn, R^R" = C(CH2)5, 92%®"" 

R" = TBS, R" = Me, (£):(Z) = 20:1®"'’ 

a: Ph3P=C(Me)COOMe, benzene, A 

(-)-quassimarin 
ring system^^ 

OR= Br 

OR= 

R’ = TBS, R" = Bn 

R^ = PMB, R",R" = CMe2 

OR2 

0R2 

11 
(+)-bengamide E^^ 

b: CBr^, PhaP, CH2CI2, 0°C (65-70%) 

c: n-BuLi, THF or Et20, -78°C or O^C (75-96%)®“ ®" 

Scheme 11.27 (continued) 



218 TARTRALDEHYDES 

trihydroxyaminoacids®® 

d: (Me0)2P(0)CH(NHZ)C00Me, t-BuOK, CH2CI2, -70°C +35°C (87%, 

(Z).(£) = 92:8)®® 

Scheme 11.27 

Chain extension by the addition of carbon nucleophiles to threoses. Addition 
of a carbon nucleophile to a protected threose is diastereomerically biased with 
regard to the syn (xylo) or anti (lyxo) configuration of the products. As demon¬ 
strated by the work of Mukaiyama, Kibayashi, and others, anh-configured prod¬ 
ucts result when non-chelated Felkin-Ahn model is operative whereas 
5yn-selectivity is observed in cases where a-chelation occurs (Figure 11.3). 

OR 

anf/-selectivity 

M 

Nu 

syn-selectivity 

Figure 11.3 

The former case is illustrated by entries 2 (addition of an alkyllithium), 
5,12,16,17 (organozinc nucleophiles) and 7 (an organotin nucleophile), whereas 
the latter case is due to the magnesium ion chelation (entries 3,4,11,14,15,20, 
Scheme 11.28). 

OR^ OR^ 

+ R3M -i- 

OR’ OR’ OH 

entry X r’ R^ R® M yield 
(%) anti: syn ref. 

1 -OCMe; ) Bn Me MgBr 85 50:50 47 

2 OTBS -CMe *2“ Me Li 79 90:10 87 

3 OBn MOM MOM Me MgBr 95 23:77 88 

4 OBn MOM MOM n-Pr MgBr 82 22:78 88 

Scheme 11.28 (continued) 
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5 OBn -CMej- n-Bu Li/ZnBr2 87 91:9 89 
6 OBn MOM MOM n-Bu MgBr a a 90 
7 OBn -CMej- All R^SnBr2 100 90:10 36 
8 -OCMe 2- Bn All MgCI 88 45:55 91 
9 -OCMe 2- Bn All R"Zn 95 65:35 91 

10 -OCMe: 2- Bn All b 83 40:60 91 
11 -OCMe 2- Bn All SiMe3/MgBr2 78 2:98 91 
12 OBn -CMe2- HC=CCH2 ZnBr 91 30:1 92,93 
13 1 -CMej- HC^C MgBr 84 63:37 94 

14 OH MOM MOM PMB MgCI 69 21:79 95 
15 OBn MOM MOM A-MeOCsH^ MgBr 83 23:77 30 
16 OBn -CMe2- 2-furyl Li/ZnBr2 97 98:2 36,96 
17 OTBDPS -CMez- 2-furyl Li/ZnBr2 90 12:1 97 
18 OBn -CMej- 3-furyl Li 72 1:1 98 
19 OTBS MOM MOM CH2OEE SnBus a a 99 

20 OBn MOM MOM MgBr 70 0:100 100 

21 OBn -CMej- CH2COOEt Li 72 83:17 35 

22 Br -CMez- Me 0^ 

J 
0-^ 

MgBr a 5:1 38b 

not determined 

Scheme 11.28 

Synthetic applications of products in Scheme 11.28 are as follows. 

1- deoxy-D-r/trco-2-pentulose (from enantiomer of entry 1)"^^ 

(+)-indolizidine 195 B and (—)-pinidine (entry 6)®° 

2- deoxy-L-galactose and L-diginose (entry 

L-hexose derivatives (entries 8-11)^' 

(10/?)-hepoxilin B3 methyl ester and (10i?)-trioxilin B3 methyl ester (entry 
12)"' 

cyclitols (entry 13)^"^ 

(+)-codonopsinine (entry 15)^° 

L-tagatose (entry 16)^^ 

l-deoxy-8,8a-di-ep/-castanospermine (entry 17)^^ 

zaragozic acid core (entry 18)^^ 

(—)-syringolides 1 and 2 (from enantiomer of entry 19)^^ 

A^-benzoyl-L-daunosamine (entry 20)'“ 

endo-and exo-brevicomins (entry 22)^^'’ 
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Marshall et al. established that additions of y-alkoxy allylic stannanes 11.46 
and ent-\\A6 to protected L-threose 11.45 led to different stereoisomeric prod¬ 
ucts in the presence of Lewis acid promoters. With BF3-Et20, 11.45 and 11.46 
gave syn-anti-syn (h-galacto) adduct 11.47; whereas the MgBrj promoted reac¬ 
tion led to the syn-syn-syn {\.-ido) adduct 11.48 from 11.45 and enr-11.46^* 
(Scheme 11.29). 

OBn 

OBn OMOM OBn OMOM 

TBSO 

OBn OH 

11.48 

(L-/do) 

a: BFa EtsO, CH2CI2, -78°C (72%) 

b: MgBr2 Et20, CH2CI2, -23°C (68%) 

Scheme 11.29 

Adducts of L-talo (11.50) and L-gulo (11.51) configuration were stereoselec- 
tively synthesized from L-threose 11.45 and indium trichloride transmetallated 
allylic stannanes 11.49 and ent-l\A9^^^ (Scheme 11.30). 

11.45 

11.50 

(L-(a/o) 

a; InClj, AcOEt, -78°C RT (89-95%) 

11.51 

(L-gulo) 

Scheme 11.30 
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Two examples of aldol reactions of lithium enolates and protected threoses 
are shown in Scheme 11.31. These reactions display low stereoselectivity. 

OBn 

O E 

a: 

LiO tBu 

[>—(’ 
O Me , THF. -78°C’“ 

tBu 

Me 

(all four stereoisomers) 

MeO OLi 

w 
b: 7BSN NPMB , THF, -60° ^ -20°C'“ 

n 
o 

Scheme 11.31 

stereoisomers 
of (+)-hydantocidin 

Hamada and Shioiri reported that aldol reaction of protected aldehyde 11.52 
with methyl trimethylsilyl dimethylketene acetal gave the desired 5yn-product 
11.53 when chiral borane catalyst derived from D-valine was used’^ (Scheme 
11.32). 

11.52 

COOMe 

OH 

OMe 

a; 
\ OTMS 

>=< 
' OMe 

CHjClj, -78°C (73%)'°^ 

spiroketal 
fragment 
of calyculins 

Scheme 11.32 

A number of carbon chain elongation reactions with important synthetic 
applications in the carbohydrate field have been implemented into threose 
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Homologation with a CHj group equivalent 

0^.>^CHO 

0^'%^OTBS 

a: 1.5 eq.q^NCHjP(0)Ph2, 1.2 eq. n-BuLi, THF-HMPA, 0°C (>83%)'°® 

Addition of a formyl anion equivalent 

OBn 

/ — 

O r 

b; MsjSKv fl thF then Bu.NF 

OBn 

,CHO 

OBn 

D-xy/o 

Addition of a lactaldehyde anion equivalent 

Scheme 11.33 
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chemistry. Simple homologation was carried out by Nagata et with the use 
of aminomethylphosphonate anion. Two chain elongation protocols were devel¬ 
oped by Dondoni. The first one, using 2-(trimethylsilyl)thiazole as a formyl 
anion equivalent, with threose derivatives, gave predominantly either anti or syn 
addition products, depending on the threose protection scheme.^^ ’^^ Anti- 
selectivity was observed in a chain elongation procedure with the enolate of 
2-acetylthiazole as a lactaldehyde anion equivalent(Scheme 11.33). 

Anh-selectivity was also dominant in the addition reactions of a butenolide 
equivalent (Rassu—Casiraghi)'*^* and of an a,(3-unsaturated lactam equivalent 
(Casiraghi-Spanu)'°®’''° to the protected threose (Scheme 11.34). The product of 
the latter reaction could be used for the synthesis of a polyhydroxy-tx-amino 
acid.“' 

™SO^°s, 
a: , BF3 Et20, CH2CI2, -SOX, then TMSCI, pyridine, RT (66%)'“ 

Boc 

b: , SnCI^, Et20, -SOX (S0%)'“ 

Scheme 11.34 

The addition of methyl isocyanoacetate to a protected threose is anti-selec- 
tive, with the ratio of diastereoisomeric products 5.5:1; the major diastereoiso- 
mer was used for the synthesis of (+)-galactostatin“^ (Scheme 11.35). 

Scheme 11.35 

Two syntheses of (+)-polyoxamic acid derivatives of Hirama et a/.“^ and 
Jackson et employed the addition of a stabilized carboanion to L-threose 
derivatives followed by a dehydration step to give the functionalized olefmic 
products 11.54 and 11.55 as the five-carbon intermediates, with the desired 
C(3)-C(5) substitution pattern and stereochemistry (Scheme 11.36). 
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a: MeSCH2Ts, n-BuLi, -78°C, then MsCI, pyridine, NEta, then DDQ, CH2CI2, H2O 

(57%) 

b: CCIaCONCO, CH2CI2, 0°C, then K2CO3, MeOH-CH2Cl2 (73%)"^ 

X 

STol 

NO, 

O '"'"-OTBS 

11.55 
HO NHAc 

c: T0ISCH2NO2, t-BuOK, t-BuOH -THE, 0°C RT, then MsCI, i-PrzNEt, 

-78°C (61%)"'’ 

Scheme 11.36 

A modified Strecker reaction of aldehyde 11.56 gave a mixture of diastere- 

omeric aminonitriles 11.57 from which an epimerizable mixture of 3,4-dihy- 

droxyproline derivatives 11.58 and 11.59 was obtained. Kitahara used this 

reaction sequence for the synthesis of a glucosidase inhibitor DAB-1 (11.60),“^ 
Scheme 11.37. 

oXp 
0X0 

TBSO CN 

TBSO-^ CHO 

11.56 

HN 

PMB 

11.57 

a: PMBNH2, (Et0)2P(0)CN, THF, RT, 

1h (87%) 

b: MeONa, MeOH, A, 2h then 2N HCl"' 

HO OH HO OH 

= K * M 
X|^x*^COOMe \,^/"'COOMe 

PMB PMB 

11.58 11.59 

II 
HO OH 

N 
H ( HCI) 

11.60 

Scheme 11.37 
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Synthetic applications of the imine, nitrone, and tosylhydrazone derivatives of 

threoses. Addition of a Grignard reagent to imine 11.61 in the presence of 

cerium(III) chloride is highly ^yn-selective due to a-chelation and exclusively 

yields product 11.62. This product has been used by Terashima for the synthesis 

of cyclohexylnorstatine (11.63), the key component of a renin inhibitor"® 
(Scheme 11.38). 

a: 1 eq. BnNH2, MgS04, PhMe, 0°C, 1.5h (100%) 

b: 5 eq. CyCH2MgBr, 5 eq. CeClj, Et20 -THF, 

-30°C RT (75%) 

Scheme 11.38 

Addition of phenyllithium to a related imine is apparently also predominantly 
s’yn-selective."’ 

In the synthesis of l-epi-swainsonine (11.65) the crucial step was the highly 

stereoselective anh-addition of a butenolide equivalent to imine 11.64 by the 
procedure of Casiraghi-Rassu"* (Scheme 11.39). 

xX 
HNBn 

= H 

NBn a 

OBn 

11.64 OBn 

a: BF3 Et20, CH2CI2,-85°C, 4h(82%) 

Scheme 11.39 

Palomo synthesized the polyoxamic acid derivative 11.67 by a highly 

diastereoselective [2+2] cycloaddition of acetoxyketene to imine ent-llM. The 

(3-lactam intermediate 11.66 was isolated as the only product of the cycloaddi- 
tion"^ (Scheme 11.40). 

Dondoni et al. used j’yn-selective addition of 2-lithiofuran to nitrone 11.68 in 

the synthesis of 5-0-carbamoylpolyoxamic acid (11.69), a building block of the 
nucleoside antibiotic polyoxin (Scheme 11.41). 
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'NBn 

enM1.64 

a: AcOCHzCOCI, NEta, CH2CI2, 0°C RT. 16h then LiOH, H2O2, THF-H2O, 0°C, 

3h (90%) 

b. NaOCI, CH2CI2, TEMPO (cat.), pH 7.0, 0°C, 1min. 

Scheme 11,40 

/-V +^Bn 

Xol - 
° —OBn 

11.68 

b 

HONBn 

OBn 
11.69 

a: BnNHOH, MgS04, CH2CI2 (85%)“ 

b: 2-lithiofuran, THE, -80“C, 15 min. (82%, syn : anti =96 : 4)''^° 

Scheme 11,41 

It should be noted that in the presence of the Lewis acid ElAICI, the addition 
of the Grignard reagent to nitrone 11,68 was predominantly anr/-selective.‘^' 

Optically active allyl alcohol 11.71 is readily available by the alkylation- 
fragmentation reactions of L-threose tosylhydrazone 11.70 bearing an adjacent 
0-isopropylidene group'^^ (Scheme 11.42). 
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Scheme 11.42 

11.71 

Terashima used protected threose as chiral scaffold in the synthesis of 
quinocarcin. Crucial to the synthesis was a highly diastereoselective reduction 
of 3,4-dihydroisoquinoline 11.72 to 11.73 by sodium cyanoborohydride. 
Oxidative cleavage of the chiral auxiliary gave the bicyclic intermediate 11.74 
(Scheme 11.43). 

b: CrOa •2Py. CH2CI2, RT (84%) 

c: K2CO3, aq. MeOH, RT 

d: NaBHjCN, -20°C, then HCI, MeOH, RT, then CICOOBn, NaOH, CH2CI2 (81%) 

e: Nal04, MeOH, then NaBH4 (78%) 

Scheme 11.43 
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TADDOLs, Their Complexes, 
and Related Compounds 

12.1 IAI)IX)I.S 

t>verview of Structure and Properties 

The acronym TADIXJL has been cxn'ned for a,a,f/,a'-tetraaryl-],3-dioxolane- 
A^-ilimcthamds t2,3'axxjtals of l,l,4,4'tetraary)threiuds). 'I'heir basic structural 
features are shf.wn in f igure 12.1. 

0) 

Ar Ar \ 
<D <3) 

figure 12.1 

fjnc rX the Ar grrxips on each side arm fxxupies the axial position. 

% The jntrarr¥>lecular hydrogen br;nd adds u> the molecule’s conformational 
ri^<hty- 

This bydrf>gen hx/nding site is accessible tf> polar guests, inducing the forma- 
tMjn (A a hr/st'guest inclusion cxjmplex. Inlermolecular hydrogen bonding 
leads djrnerization of J ADJXjLs in the v>lid state in the absence of guests. 

The acetal ring malr.es TADIXlLs molecules rigid; it shows remarkable resis¬ 
tance Xf) acid hydrolysis, 

‘A'ith very few exceptions, 7ADfX;Ls are srdids and possess very good crys- 
tailixarir^ pr^4>crties. 'fhey enantif/selectively form inclusion compounds with 
varx.rjs chiral gijests in the crystalline state. The guest molecules include tmcxl- 
eratelyv vA^ax cx,»fnp^xinds, acting as hydrogen Ixjnd acceptors or donors. This 
-sefuJ pffjptrty must be b^>me in mind also when isolating and purifying 
TAL>fX>lLs. In additi^m, 'lADlX^Ls are excellent bidendate chelators for many 
lont. a pf<j>^j*xny extensively explr;red for the preparation of chiral catalysts. 

233 
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Table 12.1 (4/f,5/?)-oc,CX,a',(X'-Tetraaryl (alkyl)-l,3-dioxolane-4,5-dimethanols (I) 

No. R' R^ m.p. (°C) [aJoCCHClj) References 

12.1 H H Ph oil -23.5 1,2 

12.2 H H 4-Me2NC6H4 134.8-137.6" -61.0 3 
12.3 H H 1-naphthyl 255-257 -32.6 4 
12.4 H Me Ph 162-163 -47.4 5 
12.5 H t-Bu Me 128-129 -20.5 1 
12.6 H t-Bu Ph 154-156 -91.6 1,2,5*’ 
12.7 H t-Bu 1-naphthyl 195-203 -224. r 2 
12.8 H t-Bu 2-naphthyl 208.5-210 -5.5 = 2 
12.9 H Cy Ph 190-191 -52.5 1 
12.10 H Ph Me 106 -13.2 5,6 
12.11 H Ph Ph 196.4-198.2 + 10.4 1,3,5*’ 
12.12 H 3-HOC6H4 Ph 135-140 +7.4'* 7 
12.13 H 3-HOC6H4 3,5-Me2C6H3 145-158 + 129.0“* 7 
12.14 H 3-HOC6H4 2-naphthyl 165-173 + 137.0“* 7 
12.15 H 3-HOC6H4 4-MeOC6H4 113-118 + 25.0“* 7 
12.16 H 3-BnOC6H4 Ph 80-85 + 35.0“* 7 
12.17 H 3-BnOC5H4 3,5-Me2C6H3 103 +75.0“* 7 
12.18 H 4-BrCH2C6H4 Ph 105-108 + 36.0 8 
12.19 H 4-HOCH2C6H, 4 Ph 128-132 + 28.0 8 

12.20 H 4-MeOC6H4 Ph 104-109 +28.2= 9 
12.21 H 4-CH2=CHC6H4 Ph 104-105 + 63.2 8 

12.22 H 4-CH2=CHC(,H4 1-naphthyl 200-210 + 12.8 8 

12.23 H 4-CH2=CHQH4 2-naphthyl 165-170 + 20.0 8 

12.24 H 2,4,6-Me3C6H: 2 Ph 91-93 -42.5 1 

12.25 H 1-naphthyl Ph 229.4-231.5 + 25.2 5 
12.26 H 2-naphthyl Ph 109-110 +70.9 5 
12.27 Me Me Me 154.0-154.6 + 7.6 1,10-13 
12.28 Me Me Bn glass + 70.7 5 
12.29 Me Me Ph 194-195 -68.5 l,2^14-16 
12.30 Me Me 2-MeC,H4 160-162 -32.7 16,17 
12.31 Me Me 4-MeQH4 103-105 -52.0 16,18 
12.32 Me Me 4-CF3QH4 205-206 + 114.2 18 
12.33 Me Me 4-tBuQH4 222-223 -64.5 4 
12.34 Me Me 4-PhC6H4 231 -71.8 2 

12.35 Me Me 4-FC,H4 169-170 -65.6 18 
12.36 Me Me 4-CIQH4 124 -62.9= 18 
12.37 Me Me 4-BrC,H4 151-154 -30.0^ 19 
12.38 Me Me 4-MeOQH4 107.2-107.88 -55.6 2 
12.39 Me Me 4-Me2NQH4 232-234 -69.0* 19 

(continued) 
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Table 12.1 (continued) 

No. R' R^ m.p. (°C) [aJoCCHCy References 

12.40 Me Me 4-IPh3PC6H4 240 -48.0^ 19 
12.41 Me Me 4-Ph4BPh3PQH4 175 -37.0^ 19 
12.42 Me Me 3,5-Me2C6H3 92.0-93.2 -42.6 4,20,21 
12.43 Me Me 3,5-F2C6H3 145-147 -76.2 18 
12.44 Me Me _ _ 22 
12.45 Me Me 1-naphthyl 199-2008 -288.3" 2,4" 
12.46 Me Me 2-naphthyl 213-215 -115.4" 2 
12.47 Me Me 2-furyl — _' 22 
12.48 Et Et Ph — _ 21,23 
12.49 Et Et 3,5-Me2C6H3 175.8-179.2 -92.2 23,24 
12.50 Et Et 3,5-(CF3)2C6H3 — _ 23 
12.51 Et Et 3,5-Cl2C6H3 _ _ 23 
12.52 Et Et 2-naphthyl — — 23 
12.53 Et Et 6-MeO-2-naphthyl — — 23 
12.54 -iCH,),- Me 156 _ 24 
12.55 -(CH,)4- Ph 165 _ 25 
12.56 Ph 197.5-198.5 -78.4 1,2 
12.57 -(CH,)5- 1-naphthyl 197-204^ -267.4 2,4" 
12.58 Me Ph Ph 96-99 +71.4 4",26,27 
12.59 Me Ph 4-MeC6H4 103-106 +67.0 28 
12.60 Me Ph 4-tBuC6H4 147-151 -6.0 28 
12.61 Me Ph 3,5-Me2C6H3 237-239 + 88.0 28 
12.62 Me Ph 2-naphthyl 160-170 +289.9 4 
12.63 Me 4-CH2=CHC6H4 Ph 76-78 + 83.9 8 
12.64 Me 4-HOC6H4 Ph 110-115 +53.7" 7 
12.65 Me 4-HOC6H4 4-MeOC6H4 122.5 +55.4" 7 
12.66 Ph Ph Ph 156-157' + 187.7 29" 
12.67 Ph 4-CH2=CHC6H4 Ph 105-106 + 177.8 8 
12.68 2,2'-biphenyl Ph 225-226.4J -62.9 4,30 

“1:1 Complex with toluene. 

X-ray structure reported. 

Measured in ethyl acetate. 

** Measured in THE 

“ Measured in methanol. 

•^Measured in acetone. 

® 1:1 Complex with methanol. 

''1:1 Complex with ethanol. 

‘ Ref. 30 reports m.p. 90-94°C. 

^ Ref. 30 reports m.p. 128-130°C. 

Table 12.2 C2-symmetrical TADDOLs with two different substituents (II) 

No. R' R^ m.p. (°C) [a]^ (CHCI3) References 

12.69 Me Ph 131-133 -24.6 31 
12.70 Ph Me 192-193 +46.4 3r 
12.71 Ph 4-FC,H4 151-153 -63.3 20 

12.72 4-FC6H4 Ph 188-191 -59.3 20 

12.73 Ph 3,5-Me2QH3 78-80 -30.5 20 

12.74 3,5-Me2C6H3 Ph 82-85 -38.3 20 

X-ray structure reported. 
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Synthesis 

TADDOL synthesis is achieved by the reaction of a tartrate acetal with a 
Grignard reagent in tetrahydrofuran or ether solution. Aryl, methyl, and allyl 
Grignard reagents are suitable for the reaction. Examples of these procedures are 
shown in Scheme 12.1. 

Ar Ar 

a: 4.4 eq. ArMgBr, THF, 20°C, then A, 2h^ (yield 88% for R = Et, Ar = S.S-MezCsHa”) 

R = Me, Et 

b: 6 eq. MeMgBr, EtjO or THF (93%)' '^'^^ 

c: BrMg(CH2)4MgBr, THF, 0°C RT (50%)“ 

Scheme 12.1 

Certain TADDOLs were also prepared by the reaction of tartrate acetals with 
aryllithium reagents (Scheme 12.2). 

FsCg CeFs 

a: BrCsFs, n-BuLi, hexane-EtaO, -78°C, then 0°C (51%)^^ 

Scheme 12.2 

Modified TADDOLs can be obtained by substitution reactions of aromatic 
groups, without changing the integrity of the compound (Scheme 12.3). 

C2-Symmetrical TADDOLs with two different substituents on each side arm 
were synthesized from the tartramide acetal 10.30 via the intermediate bis(aryl 
ketone), for example, 12.75 (Scheme 12.4). The three diastereomeric products 
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Ar'-Br—^— Ar2=iOph3P-^— 

a: PhaP, NiBrj, EtOH, 110-120‘’C, 72h, then Nal^^ 

Scheme 12.3 

A-C were obtained in varying proportions, depending on the nature of the sec¬ 
ond nucleophile used. 

O-^CONMej 

X J ^ 
O "'CONMe2 

x°T 
COPh 

10.30 

COPh 

12.75 

b 

a: 4 eq. PhMgBr, THF, RT {77%f 

b: 4 eq. MeLi-CeClj, THF, -78“C (67%)^' 

or 4 eq. MeMgCI, EtaO, 0°C (93%)^' 

or 2.5 eq. 4-FC6H4MgBr, CHzCIz-EtjO, -78°C (71%)^“ 

Scheme 12.4 

ABC 

75 2 23 

2 65 33 

94 1 5 

An example of the synthesis of an unsymmetrical “half-TADDOL” derivative 
is shown in Scheme 12.5. 

COOH 

COOMe 

a 
O- ^ ,COOH 

Ph''^ ^Ph 

b 

a; PhMgBr, THF, RT (67%) b: Mel, NajCOa, DME then NaBH^, MeOH (87%f'' 

Scheme 12.5 
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The following TADDOLs are availabe commercially: 

(4/?,5^)-2,2-dimethyl-a,a,a',a'-tetraphenyldioxolane-4,5-dimethanol 
[93379-48-7] 

(45.55) -2,2-dimethyl-a,a,a',a'-tetraphenyldioxolane-4,5-dimethanol 
[93379-49-8] 

(4i?,5/?)-2,2-dimethyl-a,a,a',a'-tetra(2-naphthyl)dioxolane-4,5-dimethanol, 
(-)-DINOL [137365-09-4] 

(45.55) -2,2-dimethyl-a,a,a',a'-tetra(2-naphthyl)dioxolane-4,5-dimethanol, 
(+)-DINOL [137365-16-3]. 

Applications 

In relation to the synthesis of enantiomerically pure compounds, TADDOLs 
are used as unconventional yet efficient resolving agents and as chiral ligands 
for solid state enantioselective reactions. The most frequently used for these 
purposes are TADDOLs 12.29, 12.30, 12.55, and 12.56 (for numbering see 
Table 12.1). 

TADDOLs display a high ability for the formation of clathrates with a variety 
of uncharged guests molecules. The guest molecules include alcohols, amines, 
ketones, esters, lactones, amides, anhydrides, cyanohydrins, acetals, sulfoxides, 
and sulfinates as well as aromatic and heterocyclic compounds. Inclusion crys¬ 
tals are formed by cocrystallization of the TADDOL with the guest compound 
which can be used as a solvent, or by crystallization of the TADDOL and the 
guest compound from the solution in nonpolar solvent. A list of inclusion com¬ 
pounds with simple guests and their X-ray determined structures is given in 
Tables 12.3 and 12.4. 

Table 12.3 Crystalline inclusion compounds of TADDOL 12.29 and references to 
the X-ray determined structures 

12.29: guest 
Guest stoichiometry Ref. 

MeOH 1:1 18 
EtOH 1:1 18 
t-BuOH 1:2 18 
n-PrNHj 1:1 8,30 
i-PrNH. 1:1 30 
n-BuNH2 1:1 30 
i-BuNH2 1:1 30 
n-C8H,7NH2 1:1 30 
cyc/o-C5H9NH2 1:1 30 
cyc/o-C6H,,NH2 1:1 18,30 
PhNH2 1:1 30 
Et2NH 1:1 30 

(continued) 
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Table 12.3 (continued) 

Guest 
12.29; guest 

stoichiometry Ref. 

n-PrjNH 1:1 18,30 
i-Pr^NH 1:1 30 
n-Bu2NH 1:1 30 
i-BujNH 1:1 30 
piperidine 1:1 18,30 
morpholine 1:1 18 
EtjN 1:1 30 
n-PrjN 1:1 18,30 
n-BujN 1:1 30 
pyridine 1:1 18,30 
2-picoline 1:1 30 
3-picoline 1:1 30 
4-picoline 1:1.5 30 
acetone 1:1 18 
cyclohexanone 1:1 18 
MeCN 3:2 18 
MeN02 3:2 18 
DMF 1:1 18 
DMSO 1:1 kx 
THF 4:1 18 
dioxane 1:2 18 
benzene 2:1 18 
CCI4 1:2 2 

Table 12.4 Crystalline inclusion compounds of various 2,2-dimethyl substituted 
TADDOLs" 

Host TADDOL: guest stoichiometry 

Guest 12.31 12.32 12.35 12.36 12.43 

MeOH FT 1:1 1:1“ 2:3" 3:1 
FtOH 1:1 1:1 2:1 1:2 2:1" 
i-PrOH 1:1 1:1 2:V 1:2 2:1 

t-BuOH b 
1:1 3:2 1:2 3:2 

. cyc/o-CgHjiOH b b 
2:1 1:1 3:2 

n-PrNH2 1:1 1:1 1:1 1:1 1:1 

n-Pr2NH 1:1 1:1 1:1 1:1 1:1 

n-PrjN b 
1:1 2:1 

b 
1:1 

cyc/o-C5H,]NH2 
b 

1:1 1:2 1:2 1:1 

morpholine b 3:2 2:3 b b 

pyridine 1:1 1:1 2:1 2:1 1:1 

acetone 2:1 2:1 2:1 2:1 2:1 

cyclohexanone 1:1 1:1 1:1 2:3 b 

(continued) 
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Table 12.4 {continued) 

Guest 

Host TADDOL: guest stoichiometry 

12.31 12.32 12.35 12.36 12.43 

MeCN 2:1 2:1 3:2 2:1 2:1 

MeN02 2:1 1:1 3:2 2:1 — 

DMF 1:1 2:1 1:1 1:1 
b 

DMSO 1:1 1:1 1:1 1:3 1:2 

THF 4:3 2:1 2:1 
b 

1:1 

dioxane 1:1 1:1 4:3 1:1 4:3 
benzene b 

1:1 — 2:1 2:1 

Structure determined by X-ray diffraction.Difficult to crystallize. 

Selectivity in the formation of the inclusion compounds in the crystalline 

state can be used for separation of compounds from mixtures. For example, 

12.29 forms inclusion compounds with amines in this order of preference; R^NH 

> RNHj > RjN.^” Thus secondary amines can be isolated from mixtures by 
complexation with TADDOLs. 

A schematic summary of hydrogen bonding in crystals of host 12.29 and its 

inclusion compound (1:1) with a primary amine, as determined by Weber and 
Goldberg,'^ is shown in Figure 12.2. 

/ \ 
RNH HNR 

\ / 
H 

12.29 X RNH 12.29 

Figure 12.2 

Inclusion complexation with TADDOL hosts has been widely used by Toda 

et al. for solid state resolution of racemic guests.^^ A variety of racemic organic 

compounds with hydrogen bonding capabilities can cocrystallize with chiral 

TADDOL hosts, thus providing a means for enantiomer resolution. Apart from 



rA\)i)()l,H 24 J 

cxxryvtalJjxation, </ther Jes*> c<;nvcn(jonal techniques of optical resolution have 
been deveh4)c<l, 

• enaritKrsclectivc transfer of the guest molecule fro/n the racemic guest 
crystal Uj the lv>st crystal with the formati<;n of an inclusion crystal^' 

• enarrtj^/selcctivc transfer of the guest molecule from the solution to the host 
crystal susperwietl in the s^^lution ^usually in hexane or water 

(able 12.5 slv/ws represenative examples of resolutions via inclusion com- 
plexati^.»n with 7A/.»IX;(. bf>sts. 

faMe 12^ kev4uta/n of racemates by enanth>selec'tfve inclusion complexation with the 
JAJXXX. fiT/sU 12.29,12JWt, 12.55, and 12..56 

SU/ichiornctry, Yield c.c. 
in the c/xr/plex ll;0 Mcthfxl* (%) Kef, 

12.29 2tl c: 72 75 38 
s 85 98 37,39 

^ ^ K'/:iPOHyf:4 12.29 2-1 r: XJ 91 38 
s 75 itx> 37,39 

12.29 2.'1 c 69 97 38 
.s 76 iW 37,39 

/ tAerX,Jf/.7POH/:iX;H 12.55 2;1 c 65 92 38 

- 0-^/ 12.55 c 79 79 38 

12.29 2:1 c 54 KX) 38 

■ 

12.55 2:1 c 51 KX) 38 

i2S5 1;1 c 72 KX) 38 

12.5h I'l c 44 KX> 38 

1235 c KXJ 4f) 
1235 2:1 s 93 78 37,39 

• - f 1235 2;1 c 45 KX) 4|b 
1235 2;1 c m ftXi 41 

• AH, 12.29 2:1 c 52 HXi 42'’ 

“■a 1235 1;1 c Xi HXJ 42'’ 

12.55. 2:1 c 52 ItXJ 36 

(continued) 
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Table 12.5 {continued) 

Guest in the complex Host 
Stoichiometry, 

H:G Method “ 
Yield 

(%) 

e.e. 

(%) Ref. 

-COOEt 
(-)-V7 12.56 1:1 C 34 100 43 

N 
Et . 

-COOMe 
(-)-V7^ 

N 
12.55 1:1 C 44 100 43 

1 
n-pr 

H-EtOOCCHjCHCOOEt 

A 12.29 — s 100 100 44 

(+)-EtOOCCH2CHCOOEt 

Gr 
12.56 2:1 c 93 98 44 

(-) 
N 
Me 

12.30 1:1 c 45 96 45*’ 

o 

O-Ato 
12.55 — s 82 100 37,39 

w-;^cooEt 

A 

12.56 — s 80 100 37,39 

12.29 1:1 c 48 100 46” 
MeO 

12.56 1:1 T 24 88 36,47 

12.29 1:1 C 70 100 16,48 

12.29 1:1 C 62 100 16,48 

O 

12.29 1:1 c 58 100 16 

12.29 1:1 c 80 100 16 

{continued) 



TADDOLS 243 

Table 12.5 {continued) 

Guest in the complex Host 
Stoichiometry, 

H:G Method “ 
Yield 

(%) 

e.e. 

(%) Ref. 

12.29 1:1 C 47 100 49 

12.30 1:1 C 48 100 
49 b 

{-) -MeO'^’^o^O 12.30 1:1 c 50 96 17 

(-) -MeO''^0^0 12.30 1:1 c 41 92 17b 

, OH 

12.56 1:1 c 30 99 50*’ 

W-Y^O 12.55 1:1 c 56 100 47 

Ti 

W- Tl 

o 

o 

o 

NEt 

O 

12.29 

12.56 

1:1 

1:1 

C 52 100 47,51 

50 100 47 

{-) ~HO— 12.55 1:1 C 34 100 52 

(+) -PhSMe 

0 
12.56 1:1 C 61 100 53 

(+) -PhSOMe 

0 
12.56 1:1 c 18 69 53 

“C—crystallization from a solution in nonpolar solvent(s). 
’S—transfer in suspension in hexane or water. 
T—transfer in the solid state (crystal-to-crystal). 

’’ X-ray structure reported. 

If the resolution by complexation is incomplete, enantiomerically pure guest 

compounds can be obtained by repeated crystallization or complexation. The 

guest and host compounds can be recovered from the complexes by any suitable 
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method; chromatography, distillation or extraction. Fractional distillation is 
particularly effective, as it allows for separation of both enantiomers of the 
guest.^^'^’’^'^ An example is shown in Scheme 12.6.^^ 

CHMe 
I 
NH2 

70°C/2 torr 

(uncomplexed) 

+ 12.56 - 

(0.5 eq.) 
(1:1 complex) 

150°C/2torr 

(+)-enantiomer 

102%. e.e. 98% 

(-)-enantiomer 

98%, e.e. 100% 

Scheme 12.6 

The process for separating enantiomers of amphetamine by differential 
distillation in the presence of 12.29 has been patented.^^ 

Still another method for recovering guest compound from the TADDOL 
complex is based on replacement by a more strongly interacting compound 
or solvent (Scheme 12.7). 

12.30 X MeOH + 

a: crystallization from methanol (yield 99%)''® 

Scheme 12.7 

Molecular complexes of TADDOLs with organic molecules can be used for 
the isolation of unstable conformers of these molecules. For example, P-ionone 
forms a 1:1 inclusion compound with 12.56 in which P-ionone molecules are in 
the energetically less favorable s-cis conformation.^^ 

Molecular association of TADDOLs with compounds capable of forming 
hydrogen bonds in solution is the basis of their application as chiral resolving 
agents in NMR spectroscopy. The enantiomeric excess of alcohols, amines, 
amino acid esters, and cyanohydrins can be determined from the nonequivalence 
of signals in the 'H, '-^C, and '“^F NMR spectra.^ "*^-^’ 

Molecules included in TADDOL complexes can undergo enantioselective 
reactions in the solid state.^*'^^ Several examples of such synthetically useful and 
conveniently performed transformations, developed by Toda et ai, are shown in 
Scheme 12.8. Molecular complexes for the reaction can be formed either by 
recrystallization or simply by mixing^*^ powdered components. 

Note the opposite enantioselectivity in the photocyclizations of 1:1 and 2:1 
complexes of 12.55 and A^-allylfuran-2-carboxanilide.'^^ 
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Intramolecular photocyclizatlons of achiral molecules arranged in the crystalline 

complex in a chiral form 

Ar = Ph, 81%, e.e. 99% 

3- CIC6H4, 71%, e.e. 99.9% 

4- IVIeC6H4, 65%, e.e. 99%®^ 

X 2 eq. 12.56 hv 

OH 

(-)- 

Ph- 

O \ 
Me 

40%, e.e. 100%®'*'®^ 

X 1 eq. [12.56 ■ 0.5 MeOH] — 

72%, e.e. 76%'^’“ 

OHH 

87%, e.e. 94%®®'®’’ 

Scheme 12.8 (continued) 
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X = CI, 92%, e.e 81% 

X = Br, 91%, e.e. 83%“ 

86%, e e. 98%®® 

(note the opposite enantioselectivity in the above two reactions) 

X eq 12.55 
hv 

hv 

(note the opposite enantioselectivity controlled by the two closely related hosts) 

The above photocyclizations are usually conducted in water suspension containing a 

small amount of a surfactant, CieHasMesN^Br, with a high-pressure Hg lamp. 

Michael addition 

a: 2-mercaptopyridine, aq. BnMesN^'OH , ultrasound, RT (51%, e.e. 80%)®*''’ 

{continued) 
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Wittig-Horner reaction 

b: Ph3P=CHCOOEt, 2h, 80°C (58%, e.e. 57%)^® 

Bayer-Villiger oxidation (kinetic resolution) 

d: 1 eq. 12.56, 1 eq. MCPBA, RT'’^ 

DIastereoselective ketone reduction 

n = 1 55%, d.e. 100% 

n = 2 54%, d.e. 100%” 

e: NaBH4, 3 days, RT 

Scheme 12.8 

12.2 TITANIUM TADDOLATES 

Overview of Structure and Reactivity 

Titanium(IV) TADDOLates are Lewis acids used for stoichiometric and cat¬ 
alytic enantioselective transformations.’'* Their catalytic activity resides in the 
acceleration of the asymmetric processs by the chiral catalyst with a TADDOL 
ligand over the competing process catalyzed by an achiral titanate. 

Titanium(IV) chelation by TADDOLs in solution is spontaneous; most Ti- 
TADDOLates are prepared in situ, with the exception of the Duthaler-Hafner 
reagent, 12.85 and the spirotitanate 12.97. The TADDOLates in solution can be 
either monomeric or aggregated. The conformation of the seven-membered 
chelate ring is such that the four carbon atoms of the tartrate residue are in the 
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gauche arrangement and the Ar groups occupy outer positions. The acidity of 
titanium(IV) TADDOLates can be modulated by the choice of substituents X, Y; 
Cl, Cp, allyl, or i-PrO (see Table 12.6). 

Ti-TADDOLates(III) 

O 

Table 12.6 Titanium(IV) TADDOLates (III) and spirotitanates (IV) 

No. X Y R‘ R^ References 

Formula HI 

12.76 Cl Cl Me Me Ph 20,75 
12.77 Cl Cl Me Me S.S-Me^CgHj 20 
12.78 Cl Cl Me Me 2-naphthyl 20 
12.79 Cl Cl Et Et 3,5-Me,C6H3 23 
12.80 Cl Cl Ph H Ph 76 
12.81 Cl Cl Ph Me Ph 77 
12.82 Cl Cp H H Ph 22 
12.83 Cl Cp Me Me Me 22“ 
12.84 Cl Cp Me Me All 22 
12.85 Cl Cp Me Me Ph'’ 22“,78-80 
12.86 Cl Cp Ph Ph Ph 22 
12.87 Cl Cp 2,2'-biphenyl Ph 22 
12.88 Cl McjCp Me Me Me 22“,81 
12.89 Cl Me,Cp Me Me Ph 22 
12.90 Cl OiPr Me Me Ph 1 
12.91 All Cp Me Me Ph 22 
12.92 MeCH=CHCH2 Cp Me Me Ph 22 
12.93 OiPr OiPr Me Me Ph= 82,83 
12.94 OiPr OiPr Me Me 2-naphthyl 75,82 
12.95 OiPr OiPr Ph H Ph 82 
12.96 OiPr OiPr Ph Me Ph 28,84 

Formula IV 

12.97 — — Me Me Ph 5,82,83.85“ 
12.98 — 

— Et Et 86 

“ X-ray structure reported, 
m.p. 209-213°C; [aJo -246 (CHCI3). 
m.p. 79-83°C. 
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Synthesis 

Diisopropoxytitanium TADDOLates are conveniently prepared in solution from 

TADDOLs and titanium tetraisopropoxide by distilling off or azeotropically 

removing isopropanol (Scheme 

12.93 12.97 

a: 1 eq. (i-PrO)4Ti, PhMe, A (removal of i-PrOH)®^ “ 

b; 0.5 eq.(i-PrO)4Ti or 0,5 eq. (EtO)4Ti“'“ 

c: 1 eq. (i-PrOI^Ti" 

Scheme 12.9 

Spirotitanate 12.97 is obtained in an analogous reaction with a half equivalent 

of titanium tetraalkoxide. Note the facile conversion of 12.97 to 12.93 by the 

reaction with titanium tetraisopropoxide. 
Cyclopentadienylchlorotitanium TADDOLate (12.85), the Duthaler-Hafner 

reagent, is a stable and easy to handle reagent, prepared according to Scheme 

12.10, in molar batches.*® *^ 

Ph Ph 

12.85 

a: CpTiCIa, NEta, 12h, RT (87%) or CpTiCIa, A (evaporation of HCI), 98%^^ 

b: CpaTiClj, NEta, MeCN, 3d, 30°C (60%)^^ 

Scheme 12.10 

The less expensive bis(cyclopentadienyl)titanium dichloride can be used in 

place of cyclopentadienyltitanium trichloride.^^ 
Dichlorotitanium TADDOLates are best obtained in situ by the exchange 

reaction of TADDOL with dichlorotitanium diisopropoxide in the presence of 

molecular sieves of size or by the reaction of dilithium TADDOLate 

with titanium tetrachloride.'* Alternatively, 12.76 can be obtained from the 

spirotitanate 12.97 by the reaction with titanium tetrachloride'* (Scheme 12.11). 

A number of dichlorotitanium TADDOLates have been cleanly obtained by 

Corey’s procedure from TADDOLs under sequential treatment with titanium 

tetraisopropoxide and silicon tetrachloride^**’^^ (Scheme 12.12). 
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12.29 

Ph Ph 

12.76 

12.97 

a: (i-PrO)2TiCl2, molecular sieves 4A b: 2 eq. n-BuLi, then TiCU c: TiCI. 

Scheme 12.11 

a X 

Ar. Ar 

TiCb 

a: Ti(0-iPr)4, then SiCI. 

Scheme 12.12 

Chloroisopropoxytitanium TADDOLate (12.90) can Ukewise be obtained by 

the exchange reaction of TADDOL with chlorotitanium triisopropoxide’"* 
(Scheme 12.13). 

Ph Ph 

12.90 

a: 1 eq. CITi(Oi-Pr)3, PhMe, A (removal of i-PrOH) 

Scheme 12.13 

Allyl cyclopentadienyl titanates are obtained by chloride substitution with 
allylic organometallic reagents^^ (Scheme 12.14). 

12.91,12.92 

a (R = H): 0.9 eq. CH2=CHCH2MgBr, THF, 1h, RT (93%) 

b (R = Me): 1 eq. MeCH=CHCH2MgCI, EtjO, 1h, 0°C (78%) 

Scheme 12.14 
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Chiral cyclopentadienyl titanium enolates are prepared in situ from the corre¬ 

sponding lithium enolates^' (Scheme 12.15). 

12.99 

a: CH2=C(OLi)OtBu, EtaO, -78° to -30°C 

Scheme 12.15 

The following titanium(IV) TADDOLates are available commercially: 

[(4/?,5i?)-2,2-dimethyl-l,3-dioxolan-4,5-bis(diphenylmethoxy)]cyclopentadi- 

enyl-chlorotitanium, (/?,/?)-Duthaler-Hafner reagent [132068-98-5] 

[(45,55')-2,2-dimethyl-l,3-dioxolan-4,5-bis(diphenylmethoxy)]cyclopentadi- 

enyl-chlorotitanium, (5,5')-Duthaler-Hafner reagent [140462-73-3]. 

Applications 

Mediators for asymmetric nucleophilic additions of organometallics to alde¬ 

hydes. TADDOLs have been shown to be superior chiral titanium ligands for 

enantioselective additions of organometallics to aldehydes. As amply demon¬ 

strated by Seebach et ai, the reaction of Grignard, alkyllithium, dialkylzinc, and 

other polar organometallic reagents with aldehydes in the presence of stoichio¬ 

metric or catalytic amount of titanium (^,/?)-TADDOLates gives rise to products 

of Si addition^(Figure 12.3). 

Figure 12.3 Prediction of the face selectiveity in the transition-state model for Ti- 

TADDOLate mediated nucleophilic additions to aldehydes.’’^' For the 1,3-dioxolane ring 

(not shown for clarity) of (AR.SR) configuration the preferred face selectivity is Si. 

Particularly effective are the additions of RTi(OiPr)3 reagents to aldehydes, in 

the presence of 0.2 eq. 12.93. Alkyltriisopropoxytitanium reagents are prepared 
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in situ from Grignard or alkyllithium reagents and ClTi(OiPr)3 and should be 
made free of salts in order to increase enantioselectivity of the addition.*^ The 
resulting chiral alcohols have in general high enantiomeric excesses, as illus¬ 
trated by examples of Scheme 12.16. 

OH 

R1CHO 

a: R^M, Ti-TADDOLate, (i-PrO)4Ti, temperature between -78°C and 0°C 

r' R^M 
Ti-TADDOLate 

(eq.) 
(i-PrO)4Ti 

(eq.) 
yield (%) e.e. 

(%) ref. 

n-C6Hi3 MeLi 12.90 (1.0) none 67 83 1 

CH2=CH(CH2)3 MeMgl, ZnCl2 12.97 (0.15) 1.2 69 95 94 

PhCH=CH Et2Zn 12.97 (0.1) 1.2 89 96 85 

Me3SiC=C Me2Zn 12.96 (0.2) 1.4 56 96 28 

PhCsC Et2Zn 12.94 (0.2) 1.2 83 >99 75 

PhCsC [CH2=CH(CH2)2]2Zn 12.94 (0.2) 1.2 78 96 95 
Ph MeLi 12.90(1.0) none 95 70 1 
Ph Et2Zn 12.93 (1.2) none 85 90 83 
Ph Et2Zn 12.93 (0.2) 1.2 99 98 83,95 
Ph [Me2C=CH{CH2)2]2Zn 12.97 (0.17) 1.2 89 96 82 
Ph n-BuTi(Oi-Pr)3 12.93 (0.2) 

Scheme 12,16 

none 97 >98 83 

Cyanohydrins are formed enantioselectively from aldehydes and cyan- 
otrimethylsilane under catalysis by titanium TADDOLate-^-^* (Scheme 12.17). 

Ph 
a 

a: MeaSiCN, 12.81, PhMe, -78°C (88%, e.e 91%)^® 

Scheme 12.17 

Compounds of this type are used as chiral dopants for ferroelectric liquid 
crystals.^^ 

Seebach et al. found that nucleophilic additions to aldehydes can be catalyzed 
with polymer- or dendrite-bound TADDOLs. The enantioselectivities obtained 
were comparable to those observed with the soluble analogues and the activity of 
the polymer-bound Lewis acids was only slightly reduced as compared to that 
observed in homogenic solution. The polymer-bound TADDOLs could be used 
up to ten times without decreasing performance.* 

Duthaler, Hafner, and Riediker found that enantio- and diastereoselective 
addition of the allyl groups and ester enolates to aldehydes is very efficient with 
titanium TADDOLates coordinated to cyclopentadienyl ligand, which attenuates 
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the Lewis acidity of titanium.**’*^'^^ The reactive intermediates are the cyclopen- 
tadienyl-dialkoxy-alkyltitanium complexes. Allyltitanium complexes 12.91 and 
12.92 add to aldehydes with high Si- and anti- selectivity^^ (Schemat 12.18). 

X = 0 80%, d.e. 95.8% 

X = NBoc 84%, one isomer 

95%, d.e. 99% 

R = Ph 89%, d.e. 95.6, e.e. 98% 

R = C9H19 86%, one isomer 

a: 12.91, -74°C b; er?M 2.91, -74°C c: 12.92, -74°C 

Scheme 12.18 

Results of representative enantioselective addition reactions of cyclopentadi- 
enyl titanium complexes to aldehydes are collected in Scheme 12.19. 

OH 

R’CHO 
a 

r1^^r2 

a. Ti-TADDOLate, -78° 

r' R^ TADDOLate yield (%) e.e. (%) ref. 

Me(CH2)8 All 12.91 95 97 88 

i-Pr All 12.91 93 97 88 

t-Bu All 12.91 83 97 88 

CH2=CH All 12.91 67 95 88 

Ph All 12.91 93 95 22,88 

i-Bu CH2COOt-Bu 12.99 80 78 81 

Scheme 12.19 
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An application of aldehyde allylation reaction to the synthesis of curacin A 

side chain (12.100) as reported by Iwasaki is shown in Scheme 12.20. 

OPMB 
a 

a: 12.91, THF, 1h, -TS^C (95%, e.e.>99%f® 

Scheme 12.20 

Chiral catalysts for cycloadditions. Highly enantioselective Diels-Alder reac¬ 

tions can be carried out under catalysis by equimolar or catalytic amounts of 

dichlorotitanium TADDOLate complexes. The reaction is particularly effective 

with chelating dienofiles, such as A-acyl-l,3-oxazolidin-2-ones (Narasaka, 

Corey) and o-methoxyquinones (Engler). With these complexes (V and VI) 
reaction topicity is greatly enhanced, thus leading to higher and more predictable 

product stereoselectivity. The stereochemical outcome of the reactions of dienes 

with V-acyl-l,3-oxazolidin-2-one and o-methoxyquinone dienofiles, activated 
by titanium chelation, according to Seebach'^ ’^'' is predicted by the models V and 
VI. 

A ff,R-TADDOLl 

© @ 

V 

The X-ray structure the complex V (R = Ph, TADDOL = 12.29) has been 

reported. According to the X-ray structure determination, one of the phenyl 

groups of TADDOL blocks one face of the alkene, allowing the diene to 

approach from the less hindered face.**^ However, the solid state conformer may 

not necessarily be the most reactive one in solution. Examples of enantioselec¬ 

tive Diels—Alder reactions catalyzed by TADDOLates and reported by 
Narasaka,^^ Corey,” and Seebach'* are shown in Scheme 12.21. 

The catalytic reaction usually requires the use of molecular sieves of size 

4A‘” and is highly sensitive to the solvent used. The best results were obtained 

with solvents of low donor and acceptor properties (polyalkylated benzenes 

and/or aliphatic hydrocarbons).” Such solvents provide optimum conditions for 

complexation of titanium by the acyl oxazolidinone moiety. For example, 

Narasaka demonstrated that 1,3,5-trialkylbenzenes (e.g. mesitylene) as solvents 
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R yield (%) d.e. (%) e.e. (%) 

a: Me 93 80 92 

b: Me 91 74 94 

c: Me 96 80 88 
a: Ph 97 84 81 

b: Ph 76 84 80 

MeOOC 

O 0 

\-J 

a 
or b 

COOMe 

rV° 
o o 

a: 86%, e.e. 85% 

b: 84%, e.e. 91% 

a: 2 eq. 12.81, PhMe, -15°-> 

b: 0.1 eq. 12.81, molecular sieves 4A, PhMe-petroleum ether (1:1), 0°C 

c: 0.1 eq. 12.78, PhMe, -78°^ -13“C'' 

R = H, 80%, d.e. 90%, e.e. 94%” 

R = CHzOBn, 83%, d.e. >98%, e.e. 95%” 

d: 0.2 eq. 12.79, PhMe, -30°C 

Scheme 12.21 
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are superior to other solvents in catalytic Diels-Alder reactions.'^ Since 

polyalkylated benzene derivatives are inconvenient to use (because they are dif¬ 

ficult to remove during work-up), using 1:1 mixtures of petroleum ether and 

toluene or xylenes is a more practical solution. 

The increase in the enantioselectivity of hetero Diels-Alder reaction cat¬ 

alyzed by dichlorotitanium TADDOLate under high pressure has been noted 
by Tietze etal}^^ 

A Diels-Alder reaction catalyzed by dichlorotitanium TADDOLates has been 

used successfully by Narasaka in the synthesis of sesquiterpene (+)-paniculide 
A'®^ (12.101 in Scheme 12.22). 

12.101 

a: 0.1 eq, 12.81, mol. sieves 4A, PhMe-petroleum ether (1:1), RT (82%, e.e. 94%) 

Scheme 12.22 

The octahydronaphthalene moiety 12.102 of mevinic acids was synthesized 

enantioselectively by the use of asymmetric intramolecular Diels-Alder reaction 
catalyzed by dichlorotitanium TADDOLate'”’ (Scheme 12.23). 

12.102 

a: 0.3 eq. ef7M2.81, mol. sieves 4 A, PhMe-petroleum ether (1:1), RT (70%. e.e. >95%) 

Scheme 12.23 

This type of intramolecular Diels-Alder reaction is more general,'”’ ’”* 
shown by examples of Scheme 12.24. 
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n= 1 
X

 
II 
a: 62%, e.e. 95% 

n = 2 R = H 64%, e.e. 86% 

n = 2 R = Me 70%, e.e. 87% 

a: 0.1 eq. 12.81, mol. sieves 4A, mesitylene, RT 

Scheme 12.24 

An enantioselective Diels-Alder reaction promoted by a TiCl4-Ti(OiPr)4- 
12.58 complex was applied by Engler et al. to 2-methoxy-l,4-benzoquinones. 
The products were obtained in good to excellent enantiomeric excess and some 
could be made enantiomerically pure by recrystallization.(Scheme 12.25). 

R = Me 94%, e.e. 80% 

(54% after recrystallization)”° 

R = i-Pr 90%, e.e. 92%’°® 

a; 12.58, TiCl4/Ti(Oi-Pr)4 (5:1), PhMe, -78X 

Scheme 12.25 

A Diels-Alder reaction mediated by the TADDOLate ent-l2J9 was used by 
Quinkert in the enantioselective AB + D -> ABCD type steroid synthesis 
(Scheme 12.26). The initial Diels-Alder product was readily converted to 
Torgov’s pentaenone 12.103.'“ 

Posner has shown that dichlorotitanium TADDOLates can also be used to 
promote asymmetric [4 + 2] cycloaddition of electron-poor 2-pyrone-3-car- 
boxylates to electron-rich vinyl ethers (Scheme 12.27).“^ 

A shown by Narasaka and others, variety of electron deficient olefins undergo 
enantioselective [2 -I- 2] cycloaddition to electron-rich sulfenylated alkynes, 
ketene ditioacetals, and allenyl sulfides under titanium TADDOLate catalysis to 
give functionalized cyclobutenes and cyclobutanes (Scheme 12.28). 

The enantiomer of product B (R' = H), optically pure after two recrystalliza¬ 
tions, was used by Narasaka et al. for the synthesis of an insect pheromone, 
(-l-)-grandisol,'“’ as well as in the synthesis of carboxylic oxetanocin ana¬ 

logues."^ 
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a 

a: 2.2 eq. enM2.79, CH2CI2, -SOX (77%, e.e. 79%) 

Scheme 12.26 

COOMe 

a: 12.76, PhMe-CH2Cl2 (2.5:1), -78°^-40“C 

Scheme 12.27 

a 

R2C=CSMe 
SMe 

=/ 
' SMe 1 

A B 

a: 0.1-0.2 eq. 12.76, mol. sieves 4A, PhMe-petroleum ether 

C 

product R' yield (%) e.e. (%) ref. 

A H n-Bu 80 98 90,113 

COOMe H 83 >98 90,113 

B H - 74 88 113 

COOMe - 96 98 113 

C H (CH2)3CH = CH2 86* 97 114 

COOMe SiMes 100 >98 115 

* cis : trans = 4:1 

Scheme 12.28 
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Different diastereoselectivity was observed for [2+2] cycloaddition of the 
fumaric acid derivative 12.104 to cyclic vinyl sulfide 12.105 under conditions 
similar to those indicated in Scheme 12.28. The product was nevertheless 
obtained with high yield and enantiomeric excess (Scheme 12.29).^” 

0 0 

X 
\_7 X) - 

12.104 12.105 

a: see Scheme 12.28 

Scheme 12.29 

92%, e.e. >98% 

The titanium TADDOLate complex developed by Engler promotes a similar 
[2+2] cycloaddition reaction of 1,4-benzoquinones to styrenes at —78°C; at 
higher temperatures the Ti complex promotes the rearrangement of the initial 
cycloaddition product to a 2,3-dihydrobenzofuran with no loss of enantiomeric 
purity (Scheme 12.30). 

Scheme 12.30 

The enantioselective 1,3-dipolar cycloaddition of alkenes to nitrones cat¬ 
alyzed by dichlorotitanium TADDOLate has been reported by J0rgensen'‘^''^“ 
(Scheme 12.31). There was observed improvement in the stereoselectivity of the 
cycloaddition by substitution of the oxazolidinone auxiliary of the alkene with 
the succinimide.’^® 

Enantioselective cyclopropanation of rran5-3-aryl-2-propen-l-ols catalyzed 
by titanium TADDOLate 12.93 was reported by Charette to proceed with good 
enantioselectivity’^' (Scheme 12.32). 
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a (X = 0, Y = H2): 0.1 eq. 12.76, PhMe-petroleum ether (1:1), 0°C (94%, d.e. 76%, 

e.e, 60%) 

b (X = CH2, Y = 0):0.05 eq. 12.76, PhMe, -18°C (76%. d.e. >90%, e.e. 72%) 

Scheme 12.31 

a: 1 eq. Zn(CH2l)2, 0.25 eq. 12.93, CH2CI2, 0°C, 1.5h (80%, e.e. 90%) 

Scheme 12.32 

Other reactions mediated by TADDOLates. An asymmetric intramolecular ene 
reaction, accompanied by hetero Diels-Alder reaction, has been reported by 
Narasaka to proceed with high enantioselectivity in Freon 113 solvent'^^ 
(Scheme 12.33). 

63%, e.e. >98% 

a: 1,1 eq. 12.81, mol. sieves 4A, CFCI2CF2CI, 0°C 

Scheme 12.33 

On the other hand, the glyoxylate-ene reaction, catalyzed by dichlorotitanium 
TADDOLate, turned out to be moderately enantioselective''^ (Scheme 12.34). 

o 

COOiPr 

a 

a: 0.1 eq, 12.81, mol. sieves 4A, CH2CI2, -70° -> -30°C (70%, e.e. 44%) 

Scheme 12.34 

An asymmetric Michael reaction between enamines and butenoates catalyzed 
by dichlorotitanium TADDOLate has been reported by Narasaka et al.^^ 
(Scheme 12.35). 
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a: 0.1 eq. 12.81, mol. sieves 4A, EtjO, 0°C, then HCI (68%, e.e. 55%) 

Scheme 12.35 

A related enantioselective Michael-Mukaiyama reaction promoted by 

dichlorotitanium TADDOLates has been reported by Bernard! et (Scheme 

12.36). 

OSiMe2tBu 

OtBu 

a: 1 eq. 12.78, mol. sieves 4A, PhMe, -78“C, then HCI, reflux (50%, d.e. 96%, e.e. 

47%) 

Scheme 12.36 

Seebach reported enantioselective conjugate addition of primary dialkylzinc 

reagents to 2-arylnitroolefms mediated by dichlorotitanium TADDOLates 

(Scheme 12.37). Products of this reaction can be readily hydrogenated to the 

corresponding chiral amines with no loss of enantiomeric purity.’^ 

R 

a 

R = H 92%, e.e. 76% 

(e.e. 98% after recrystallization) 

R = Me 92%, e.e. 90% 

a: 1.2 eq. 12.80, 3.8 eq. Et2Zn, PhMe, mol. sieves 4A, -90°-^ -75°C 

Scheme 12.37 

Enantioselective iodolactonization of 2-allyl-2-hydroxy-4-pentenoic acid 

mediated by titanium TADDOLate is highly cw-diastereoselective and it gives 

optically active iodolactone 12.106 with moderate enantioselectivity, as shown 

in Scheme 12.38. 
Taguchi developed a highly diastereoselective iodocarbocyclization reaction 

of (substituted) 4-pentenylmalonates 12.107 with titanium spiro-TADDOLate 
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HOOC OH 

a, b 

12.106 

a: 1 eq. 12.58, Ti(OiPr)4, L, pyridine, CH2CI2, -75° -> 0°C 

b: TsOH, benzene, A (67%, e.e. 65%)’^® 

Scheme 12.38 

12.97 as the catalyst.The main product of the reaction (12.108, R = OTBS) 
can be readily converted to 12.110, an intermediate in the synthesis of brefeldin 
A (Scheme 12.39). 

R COOMe 

COOMe 

12.107 

a: R = H, 86%, 

a: R = OTBS, 87%, 

b: R = OTBS 91%, 

96 4 

90 1 

2 1 

a: 0.2 eq. 12.97,12, 2,6-dimethoxypyridine, CH2CI2, -78°C 

b: as a, enM2.97 used (mismatched pair) 

Scheme 12.39 

Seebach reported highly enantioselective opening of cyclic me^o-anhydrides 
to isopropyl monoesters using a stoichiometric amount of titanium TADDOLate. 
The reactions proceeded with e.e. in excess 90% with simple recovery of the 
product and the TADDOL'^^ (Scheme 12.40). Related kinetic resolutions of 
dioxolanones, azlactones, and biaryl lactones by transesterification mediated by 
titanium TADDOLates have also been reported.*^* 

Racemic 2-pyridyl 2-phenylthiobutyrate is transesterified with titanium 
TADDOLate and kinetically resolved due to the high ratio of solvolysis rates of 
the two enantiomers, Kr ; Kj = 39'^^ (Scheme 12.41). 

The chiral titanium enolate of propiophenone, obtained from lithium enolate 
and chlorocyclopentadienyltitanium TADDOLate, undergoes moderately enan¬ 
tioselective oxidation with dimethyldioxirane to 2-hydroxy-1-phenyl-1- 
propanone'^° (Scheme 12.42). 



TITANIUM TADDOLATES 263 

COOH 

COOiPr 

a: 1.2 eq, 12.93, THF, -SOX, 5d (91%, e.e, 94%) 

Scheme 12.40 

COSPy 

Ph 

COOi-Pr ^,x-^/COSPy 
+ E 

Ph Ph 

69%, e e 92% 

a: 0.1 eq 12.58, Ti(OiPr)4, mol. sieves 4A, 5 eq. i-PrOH, PhMe, -75°C 

Scheme 12.41 

95% (67% conversion), e.e. 40% 

a LDA, THF,-78''C b 12.86 c: MejCOz, then NH4F-H2O 

Scheme 12.42 

C^yrey reported the enantioselective synthesis of ci.5'-l,2-di.substituted cyclo- 

prc^Ktnol 12.114 from ethyl acetate and Grignard reagent 12.111 under the catal¬ 

ysis by spirotitanate 12.98.^ The reaction pathway presumably leads through the 

ntK«'e stable diastereomeric titanocyclopropane intermediate 12.112 which sub¬ 

sequently undergoes ring expansion by in.sertion of the ester carbonyl group with 

high bond selectivity and diastereoselectivity (12.113), Scheme 12.43. 

12-111 12.98 Ar = 3,5TCF3)jCgH3 12.112 

Ph 

12.114 

a Et20 FT 2r. '66-72% e e 

.Scheme 12.43 
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12.3 TADDOLATES OF OTHER METALS: Zr, Hf, Mg, Al, Ce 

Duthaler and Hafner have found that chlorocyclopentadienyl zirconium and 

hafnium TADDOLates have much higher reactivity compared to their titanium 

analogues and that their alkyl derivatives react with aldehydes even at — 78°C. 

The enantioselectivity of zirconium and hafnium TADDOLates is also higher 

than that of titanium TADDOLates; however the best results are obtained with 

the transfer of the methyl group. 

The synthesis of zirconium and hafnium TADDOLates is a subject of a 

patent.^* Some examples of enantioselective addition of organolithium and 

Grignard reagents to aldehydes, mediated by pentamethylcyclopentadienyl zir¬ 

conium and hafnium TADDOLates, are shown in Scheme 12.44.*^ 

12.115 

12.116 

M = Zr 

M = Hf 

a: RLi or RMgBr, 12.115 or 12.116, -78“C 

12.115, e.e. (%) 12.116. e e (%) 

MeMgBr 98 97 

MeLi 97 - 

EtMgBr 52 47 

n-BuLi 68 65 

Scheme 12.44 

ArCOMe 

Mg X MgBr, x BrMgR 

12.117 

Ar R ArC(OH)MeR 
yield (%) 

e e. (%) 

Ph Et 62 98 

Ph n-Pr 84 >98 

Ph (CH2)2CH=CH2 60 >98 

4-BrC6H4 Et 60 98 

2-naphthyl Et 41 98 

4-pyridyl Et 96 >99 

Scheme 12.45 
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Magnesium TADDOLate complexes, such as 12.117, enantioselectively react 

with aryl ketones to give tertiary alcohols in high enantiomeric purity. These 

complexes are considered, according to Weber and Seebach, to be chiral 
Grignard reagents'^'-'^^ (Scheme 12.45). 

Greeves et al. have found that organocerium TADDOLates of the type 12.118 

add to aldehydes to give secondary alcohols with moderate to good enantioselec- 

tivity.^' Tris-TADDOL organocerium reagents show improved enantio- 
selectivity*^^ (Scheme 12.46). 

n 12.29 + 

RCHO 

BujCe 

a 

OH 

R = Ph (n = 1) 66%, e.e. 66%^’ (n = 3) 66%, e.e. 83%'“ 

R = Cy (n = 1) 65%, e.e. 70%^' (n = 3) 42%, e.e. 92%’“ 

a: 2 eq. 12.118, EtjO, -100°C 

Scheme 12.46 

Aluminum TADDOLate 12.119, obtained in situ from LiAlH4,12.29 and one 

equivalent of ethanol, reduces enantioselectively aryl alkyl ketones. An example 

of such a reaction, with the proposed complex formed after hydride transfer to 

the carbonyl group, is shown in Scheme 12.47.'^'* 

12.29 + LiAIH4 + EtOH 

a: 2 eq. 12.119, THE, -80°C RT (62%, e.e. 92%) 

Scheme 12.47 

The crude alcohol products of the reaction can be isolated with enhanced 

enantiopurity by clathrate formation with TADDOL 12.29.'^ 
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Finally, it should be noted that Mo(CHCMe2Ph)(NAr) (TADDOLate) com¬ 

plexes were successfully used by Schrock for highly tactic polymerization of 

2,3-bis(trifluoromethyl)- and 2,3-bis(carbomethoxy)norbomadiene.'^^ 

12.4 OTHER COMPOUNDS RELATED TO TADDOLS 

12.4.1 Compounds with Modified Hydroxy Groups 

Synthesis and Applications 

(9-Alkylation of the tertiary hydroxy groups of TADDOLs is easily done by the 

modified Williamson method (Scheme 12.48). 

R’-< 

o 
Rf R2 

OH 

^OH 
X 

R" R2 

12.121 R’= 4-MeOC6H4, R'= Ph (85%f 

a: NaH, Mel, DMSO or DMF or PhMe 

12.123 R = Bn 

12.124 R = MEM 

b: 1.2 eq. NaH, 1.1 eq. BnBrorMEMCI, THF, HMPA, RT (85-89%)" 

Scheme 12.48 

The chromium tricarbonyl complex of (9-dialkylated TADDOL 12.120 can be 

diastereoselectively ort/io-lithiated, with preferential pro-R deprotonation. 

Green et al. have shown that the lithium derivative of the chromium tricarbonyl 

complex 12.125 reacts with electrophiles to give products 12.126 with high 
diastereoselectivity (Scheme 12.49).^ '^’ 

Other applications of (9-methylated TADDOLs as chiral auxiliaries involve 

cyclopropanation of 2-cyclohexen-l-one acetals and alkylation of aldehydes 

with a-(l,3-dithian-2-yl)acetals (Scheme 12.50). These reactions proceed with 
low to moderate diastereoselectivity. 

An acetate elimination-hydrogenation sequence, when applied to TADDOL 

12.122, allows for the preparation of enantiomerically pure (35',45')-2,5- 

dimethyl-3,4-hexanediol [(S)-DIPED, 12.127],"’Scheme 12.51. 
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R = SiMea 77%, d e. 86% 

R = Me 62%, d.e. 92% 

R =PPh2 69%, d,e,>94% 

a: 2 eq. Cr(CO)6, n-BujO, A (88%) 

b: 2.4 eq, n-BuLi, EtjO, -aO'C c: MeaSiCI or Mel or PhjPCI 

Scheme 12.49 

b; BuLi, THF, -78’C, then MeCH=CHCHO, 92%, d.e. 64%’“ 

Scheme 12.50 

a: AcjO, TMSCI. 85-95‘>C, 16-24h (98%) 

b: A (450-47Cr'C) (crude 77-90%) 

c: Hz, 5% Rh/AIzOa then HCI, HzO-EtOH, A (89%) 

Scheme 12.51 

Still used TADDOL 12.54 in the synthesis of a C2-symmetrical tetraether 
podand ionophore 12.13(P'‘'^’ (Scheme 12.52). 
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DMSO, RT (84%) 

b: 9-BBN, THF, -30°C then 30% H2O2, 15% NaOH 

(66%) 

12.130 

Scheme 12.52 

The sequence involved dehydratation of 12.54 to the diene 12.128; this was 

best done by the elimination of the dimesylate (the monoolefm byproduct was 

subjected to the same dehydration procedure). Hydroboration-oxidation of 

12.128 gave the diol 12.129 with good diastereoselectivity (80%). 

(9-Monobenzylated derivative 12.123 was converted in several steps to the 

allylic alcohol 12.131, from which (7i?)-c/5-chrysanthemic acid (12.132) was 

obtained'^ (Scheme 12.53). 

a: MsCI, NEts.DMAP, CH2CI2 (89%) b; H2, Raney nickel (78%) c: Li, liq. NH3 (40%) 

Scheme 12.53 

Seebach synthesized several cyclic phospite and phosphonite derivatives of 
TADDOLs'^'^-'^' (Scheme 12.54). 

p-x 

a; 2 eq. n-BuLi, THF, -70°C, then CI2PX, -70°C ^ RT 

Scheme 12.54 
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For specific derivatives see Table 12.7, entries 12.133-12.143. 

Table 12.7 P, N, S and Cl substituted TADDOLs (VII) 

No. X Y Ar m.p. (°C) [aloCCHCy References 

12.133 -0P(0Me)0- Ph 190-192 -236.7 141 
12.134 -OP(OPh)0- Ph 177-177.5 -172.8 141 
12.135 -0P(Me)0- Ph 193-196 -87.4 141 
12.136 -OP(Ph)0- Ph 206-209 -85.9 141 
12.137 -OP(Ph)0- 2-naphthyl 174.5-176 -140.9 141 
12.138 -OP(4-MeCfiH4)0- Ph 207-211 -80.7 140 
12.139 -OP(4-MeC,H4)0- 2-naphthyl 167-168 -129.9 140 
12.140 -ADP(2,4,6-Me3C6H2)0- Ph 205-208 -133.0 140 
12.141 -OP(2,4,6-Me3CfiH2)0- 2-naphthyl 174-178 -185.4 140 
12.142 -OP(2-naphthyl)0— Ph 201-202 -71.4 140 
12.143 -OP(2-naphthyl)0— 2-naphthyl 171-173.5 -133.3 140 
12.144 -OS(0)0- Ph 165-168 -87.6 141 
12.145 OH Nj Ph — -52.5 141 
12.146 OH NH2 Ph 211-212 -59.9 141 
12.147 OH NHMe Ph 189-191 -63.7 141 

12.148 OH NHBn Ph 204-206 -32.3 141 

12.149 OH NMe2 Ph 181-183 -23.0 141 

12.150 N3 N3 Ph 127-129 -13.1 141 

12.151 NHj NH2 Ph 200-201 -43.0 141 

12.152 NHMe NHMe Ph 201-203 -49.2 141,142 

12.153 NHMe NMe2 Ph 161-163 -39.5 141,142 

12.154 NMe2 NMe2 Ph 239 -95.4 141 

12.155 NHCHO NHCHO Ph >225 -10.3 142 

12.156 NHCOCF3 NHCOCF3 Ph 104-107 -26.1 141 

12.157 -NH- Ph 140-141 -222.6 14r 

12.158 OH SH Ph 120-121 -31.8 143 

12.159 OH SMe Ph 128-129 -108.1 143 

12.160 -OCH2S- Ph 222-224 -291.5 143 

12.161 -OCMe2S- Ph 267-268 -65.0 143“ 

12.162 ^CH2-(5)-S(0)- Ph 223.5-224.5 -344.8 143 

12.163 -OCH2SO2- Ph 279-280 -250.5 143 

12.164 SCN SCN Ph 196-197 + 12.6 141 

12.165 -S- Ph 179 -428.3 141 

12.166 Cl Cl Ph 165-170 -11.2 141 

X-ray structure determination reported 
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The phosphite and phosphonite derivatives were tested as ligands for Rh(I)- 

and Pd(0)-catalyzed reactions; one ligand, 12.143 (Table 12.7), when used with 

Rh(I), catalyzed hydrosilylation of aryl alkyl ketones with high enantioselectiv- 

ity'^° (Scheme 12.55). 

O 9^ Ar = Ph 99%, e.e. 84% 

ArCMe —-—»• Ar'^^^Me Ar = 1-naphthyl 92%, e.e. 87% 

a: 1.2 eq. PhjSiHj, 0.1 eq. 12.143, 0.01 eq [Rh(COD)CI]2, benzene, 0°-» 20°C, then 

Scheme 12.55 

The bis(diphenylphosphinite) derivative of TADDOL, abbreviated TADDOP, 

as a complex with PdCl2, was used by Seebach et al. in enantioselective 1,3- 

diphenylallylations of C-nucleophiles;^'* see the example in Scheme 12.56. 

(rac.) 

a; CH2(COOMe)2, NaH, 0.02 eq. 12.167, 0.02 eq BH3 THF, THF, RT (72%, e.e. 76%) 

Scheme 12.56 

12.29 

Ph Ph 

Ph ^Ph 

X 

OH 

Ph. Ph 

X J 
X 

Ph Ph 

X = CI 

12.168 

X = CI 

12.166 

X=N3 

12.145 

X=N3 —: 

12.150 

X = SCN 

12.164 

X, X = S 

12.165 

X= NH2 

12.146 

X = NHj 

12.151 

X 
O 

a: 2 eq. n-BuLi, THF, -70'’C, then 2 eq, MeSOjCI (unstable) 

b: SOCI2, NEts, CH2CI2, A (73%) e: TsCI, pyridine, DMAP, BO^C (50%) 

c: NaNa, DMF, 80°C (70%) f: KSCN, DMF, 80°C (55%) 

d: LiAIH4, THF, RT (85%) g: NaSH-H20, DMF, 80°C (39%) 

Scheme 12.57 

X 
NH 

K 
Ph Ph 

12.157 
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A number of amine and diamine analogs of TADDOLs (i.e. TADDAMINEs, 

Table 12.7, entries 12.146-12.149,12.151-12.154) as well as sulfur derivatives 

were obtained by Seebach et al. from the readily available mono- and dichloro- 

derivatives 12.168 and 12.166'"^' (Scheme 12.57). 

A-Alkylated derivatives of TADDAMINEs were synthesized from the parent 

compounds (12.146 and 12.151) by conventional alkylation.The 

TADDAMINEs and their A-lithium derivatives were used as chiral mediators in 

Michael addition of cyclohexanone lithium enolate to (E)-nitropropene, with 

moderate stereoselectivity. 

The monothiol analogue of TADDOL (12.158) was synthesized by De Lucchi 

et al., together with several compounds derived from the oxathiepane 12.160''^^ 

(Scheme 12.58). 

R = Me 

X=(S)-S = 0 X = S02 

12.162 12.163 

a: Lawesson reagent, PhMe, RT (-30%) d: n-BuLi, THF, -78°-> 0°C (-100%) 

b; Mel, NEtj, MeOH (-100%) e: 1 eq. MCPBA, CH2CI2 (d.e. >98%) 

c: NaH, CHjBrz (-100%) f: 2 eq. MCPBA, CH2CI2 

Scheme 12.58 

12.4.2 Other Acetals Related to TADDOLs 

Synthesis 

the 1,3,5-trioxepane analogue of TADDOL (12.170) can be obtained from the 

corresponding ester acetal (10.69) in low yield and only when a large excess of 

Grignard reagent is used; otherwise cyclic hemiacetal 12.169 is the major prod¬ 

uct (Scheme 12.59). 
Diols 12.171 and 12.172, called TARTROLS, have been obtained by Berens 

from the corresponding ester acetals 10.70 and 10.71 (Scheme 12.60). 

TARTROLs, like TADDOLs, show a tendency to form inclusion compounds 

with solvents.'"” 
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COOMe 

COOMe 

a 

10.69 

a: PhMgBr (excess), THF 

Scheme 12.59 

10.70 

10.71 

12.171 R = Me(32%) 

12.172 R = Et(28%) 

a; 5-8 eq. PhMgBr, THF, RT 

Scheme 12.60 

Application 

Bicyclic orthoester 12.174 derived from 1,1,4,4-tetraphenyl-L-threitol (12.173) 

has been devised by Dube as a chiral auxiliary for the synthesis of a-hydroxy 
acids'"*^ (Scheme 12.61). 

R 
12.174 

a: MeOCIjCCOOMe, pyridine (90%) 

b: MeO(Me)NMgBr, THF, -78°-> 0°C, then RMgX or RLi, THF (83-92%) 

c: CCI3CONCO, then NHa, MeOH (75-85%) 

Scheme 12.61 (continued) 
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OH 

12.174 R'^COOH ''2.173 

e.e. > 98% 81-95% recovery 

d: 1.1 eq. L-Selectride®, THF, -78°C, then EtONa, EtOH, RT 

e: AC2O, pyridine, DMAP (cat.), 81-92% 

f; TEA, THF/MeOH/HzO (4:4:1), RT 

g: 1N NaOH, THF, RT (71-95%) 

Scheme 12.61 

12,4.3 1,1,4,4-Tetraaryl (Alkyl) Threitols and Derivatives 

VIII 

Table 12.8 1,1,4,4-Tetraaryl (alkyl) L-threitols and their O-methyl derivatives 
(VIII) 

No. R' R^ 
m.p. (°C) or 
b.p.(°C/torr) [aJo (solvent) References 

12.175 Me Me H 90/0.01 -8.5 (CHCI3) 12,32,136 

12.176 Me H Me 71 -30.9 (MeOH) 146 

12.177 (CH2)4 Me H 62.5 -28.0 (CHCI3) 33,147 

12.178 Ph H H 148-151 + 182.8 (EtOH) 16,145,148 

12.179 Ph Me H 76-78 + 17.6 (MeOH) 9 

12.180 Ph H Me 125-126 -158.6 (CHCI3) 16,143,149 

Synthesis 

These compounds can be obtained either directly from tartrates or from their O- 

alkyl derivatives by the action of excess Grignard reagents. 1,1,4,4-Tetraphenyl- 

’L-threitol was synthesized by Frankland as early as in 1904'"^^ (Scheme 12.62). 

a: excess PhMgBr (84%)''’= ’“'° 

Scheme 12.62 {continued) 
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OMe OMe 

OMe MeO 

b (R’ = R^= Me): 4,5 eq MeMgl, ELO, .i (45%)’* 

c (R’ = El, R" = Ph): 5 eq PhMgBr, THF. RT (20%)’* 

OH 

R- 

Scheme 12.62 

Hydrolytic, oxidative, or hydrogenolytic cleavage of TADDOLs is another 
route to 1,1,4,4-tetrasubstituted threitols (Scheme 12.63). 

OH 

.XL ^OMe 
MeO 

HO 

12.175 

a; TsOH, HjO-MeOH. A (79%)” or 8N H2S04-Me0H (1:2), RT. 48h (92%)® 

b: DDQ. CH2CI2, H2O. RT (99%)® 

c: LiAIH^, Et20, RT (80%)® 

Ph Ph OH 

.oX^A^OMe 

HO Ph Ph 

12.179 

Scheme 12.63 

Applications 

Chiral y-carbonyl boronate 12.181 derived from diol 12.177 can be reduced with 
a borane-THF complex with good diastereoselectivity and then converted to diol 
12.182”h7 (Scheme 12.64). 

Optically active phosphonic acid analogues of d- and L-penicillamine were 
obtained by asymmetric addition of chiral cyclic phosphite 12.183 derived from 
diol 12.175 to cyclic prochiral imine 12.184’- (Scheme 12.65). 
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« SWfTHF '3 * ^^/v/ OH 

OH 

12,182 

Scheme 12/i4 

12-175 

I' 
t 

•n 

3: r^f" ',-S>/>' V^, 
i 12, ' ?'; ->00,5. 820i., 

' vy''', V Xir' ',3: 5<^y 

Scheme 12j(5 

y,irrrr^r> 
4.0: 1X1T; 

ac7,r.-i: V-^.isEririiri i*^t '>x»ricd Naica2.?rv.a ef a/,/’'"’*' by 

:erix?>^jr. o^ ar;*' -.'nrjsn with d*ali-<,tt> V/rarje» 12.185 derived f r^m^ 

V.;r,err,e >2 
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HNPh 

12.185 

a: MgBrz-EtaO, THF, RT (91%, e.e. 73%)'“ ’®’ 

Scheme 12.66 
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Threitol and Its Derivatives 

The derivatives of L-threitol listed in this chapter are divided according to the 
position and number of the hydroxy protecting groups. The protecting groups 
include acetal, alkyl or silyl ether, and ester functions. The remaining unpro¬ 
tected hydroxy groups can either be left free or activated for substitution (e.g. 
in the form of an epoxide or sulfonate). A number of 1- and 1,4-heteroatom 
(halogen, S, N, P) substituted L-threitol derivatives are also included in this 
chapter. 

There are many pathways for interconversion of differently protected threitol 
derivatives. Most of them are established, reliable, high yield procedures. The 
general scheme shown in Figure 13.1 is supported by numerous examples cited 
throughout this chapter and it also clearly indicates the pivotal role of 2,3-dipro- 
tected threitols (which are directly available from 2,3-acetal protected tartrates) 
in the synthesis. 

unprotected 

2-Bn’ 

1,2,3 1,2-80“ 1,2,4 

“ from 2,3-benzylidene acetal 

Figure 13.1 Most common pathways to the differently protected threitols. 

The derivatives of threitol with variously protected/activated hydroxy groups, 
both acyclic and cyclic, are used primarily as chiral building blocks in synthesis. 
Their further well established application is as chiral ligands, for example as 
analogues of DIOP, chiral bis(diphenylphosphine) ligand used in asymmetric 
hydrogenation. 

282 
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13.1 UNPROTECTED l-THREITOL AND ITS SUBSTITUTION 

PRODUCTS 

OH 

OH 

I 

Table 13.1 L-Threitol and its Ci-symmetrical derivatives (I) 

X 
m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

OH 89-91 + 14.0 (EtOH)" 1-3 

OMs 102-103 -5.5 (Me2CO) 4 

OTs 76-77 -5.7 (DMF) 5-7 

NH2HCI 210-212 — 8 

NH(CH2)2C1HC1 234-235 -31.1 (H2O) 9 

NH(CH2)„ArHCl 
(n = 1-5, At = Ph, 
1-naphthyl, 4-CIC6H4, An) 10 

NMe2 43.0-43.6 —34.8 (benzene) 11-13 

NEt, 85-86/0.2 -51.0 (EtOH)^ 14,15 

NBU2 156-158/0.2 -26.3 (EtOH) 15 

NMeCgHn — -16.5 (MeOH) 13 

NMePh 76.5 +53.0 (CHCI3) 13 

N(CH2)2 98-99 — 9 

N(CH2)4 68-69 -30.4 (EtOH) 13,15 

N(CH2)5 44-45 -18.5 (EtOH) 13,15 

N(CH2)6 49-50 -34.3 (EtOH) 15 

A-(4-methylpiperidinyl) 69-70 -19.7 (CCI4) 16 

A-(3,5-dimethylpiperidinyl) 82-85 -18.8 (MeOH) 16 

A-morpholinyl 89-90 -14.2 (EtOH) 15 

N3 
— + 13.1 (Me2CO) 17 

NHCOOEt 112-113.5 +21.2 (EtOH) 18 

NHMs 128.5-129.5 -12.2 (H2O) 19 

NPht 263-264.5 -71.1 (DMF) 20 

PPha 99-100 -35.8 (CHCI3) 7,21,22 

P(0)Ph2 226-228 — 23 

SH 50-52 -14.0 (CHCI3) 24 

•SBn 105-106 — 25 

SPh 117-118 + 30.5 (CHCI3) 23,26,27 

SAn — + 29.5 (CHCI3) 27 

SOzPh 142.5-143 — 23 

Cl 68-69 + 16.3 (MeOH)' 28-30 

Br 82-82.5 + 13.5 (MeOH) 28 

“ [aJo -4.2 in water has been reported-’'^' ”, 
[alo +5.3 in CCI4 has been reported''*. 
[aJn -11.7 in CHjClj has been reported^. 
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Synthesis 

L-Threitol (13.1) is readily obtained by reduction of either L-tartrates or 0,0'- 
diacetyl L-tartaric anhydride (Scheme 13.1). 

13.1 

a (R = Me or Et): 2.6 eq. NaBH4, EtOH, 5°C reflux"® 

or (R = Me): 3 eq. KBH4, EtOH, 70°C (71%)""' 

b: LiAIH4, THF-Et20, RT, then Amberlite iR-120 and Duolite A-4 (18%)" 

Scheme 13.1 

L-Threitol was also obtained by catalytic high pressure hydrogenation of 

diethyl tartrate over copper-chromium oxide or W-6 Raney nickel catalysts;* 

however under rather harsh conditions (high temperature) partial racemization 
was observed.^* 

L-Threitol is readily available by reduction of ethyl O.O'-isopropylidene (or 

cyclohexylidene) L-tartrate followed by acetal hydrolysis (Scheme 13.2). 

O^COOEt 

xj 
0 '"COOEt 

"H 2H 

^ v°Y^oh b 

^H 2H 

2h 2h oh 

HO ^H 

/-V O...Y^0OOEt 

0^""COOEt 

13.1 

13.1- 

i: LiAl"H4, Et20 c: LiAIH4, THE, RT 

): Amberlite IR 120, H20"° d: HCI, H2O, A (removal of cyclohexanone), 90%"^ '“’ 

Scheme 13.2 

t/tr^o-l,4-Diamino-2,3-butanediols are available through LiAlH4 reduction of 
the corresponding tartaric diamides (Scheme 13.3). 

OH OH 

OH OH 

R = Me 77%" 

R, R = (CH2)4 80%'" 

a: LiAIH4, Et20 

Scheme 13.3 
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A general method of obtaining threitol and its 0-activated derivatives is based 

on deprotection of the corresponding acetals. For example, l,4-C)-disulfonylated 

2,3-0-isopropylidene threitols can be selectively deprotected to give the corre¬ 

sponding 1,4-dimesylate 13.2 or 1,4-ditosylate 13.3 which can in turn be 

converted to the reactive diepoxide 13.4 according to Feit'^ (Scheme 13.4). The 

three derivatives are good substrates for 1,4-disubstituted threitols. (Warning: 

diepoxybutane is mutagenic""). 

OH 

13.2 R = Me 13.4 

13.3 R = Tol 

OH 

a: 0.5 N HCI, MeOH, A (removal of volatiles), 72-95% ' 

b; MsOH or TsOH (cat.), Et0H-H20 (100%)®'"" 

c; 2N HCI, MeOH or EtOH, A (70-85%)"'®'^ 

d; KOH/H2O, EtjO (76-81 e: 10% HCI, THE, RT(85%)“ 

Scheme 13.4 

An alternative route to diepoxide 13.4 is based on the asymmetric dihydroxy- 

lation of rran.s-l,4-dichloro-2-butene.^'’ 
The synthesis of the optically active Cleland’s reagent 13.5 and the related 

dithiane 13.6 by Carmack and Kelley^"* employs the acetal deprotection step 

(Scheme 13.5). 

OH 

13.6 

a: MeOH, MeONa (cat.), A (100%) c: O2, KOH, MeOH-H20 (72%) 

b: 0.1 N HCI, HzO-MeOH. A (80%) d: 0.1 N HCI, HjO-MeOH, RT (93%) 

Scheme 13.5 
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The Structure of dithiane 13.6 has been determined by X-ray diffraction.'^^ 

Diepoxide 13.4 cleanly undergoes ring opening in the 1 and 4 positions with a 

variety of nucleophiles to give 1,4-disubstituted L-threitol derivatives (Scheme 

13.6). 

^0 

0^ 

Nu reaction conditions yield (%) ref. 

Me MeMgBr, Cut, THF, Et20, -30“-> 0“C 89 43 

i-Pr i-PrMgCI, Cul, THF, Et20, 0°C 66 43 

Ph PhMgBr, Cul, THF, Et20, -30°-» OX 85 43 

HCsC HCXLi EDA, THF, DMSO, OX 57 44 

MezN Me2NH, EtaO, RT 80 13 

PhMeN PhMeNH, benzene, A 89 13 

aziridine, 50°C 73 9 

f o'V^NH (n = 4,5), Et20, RT 62-88 46 

\ V \ V 
MsHN MsNHz, PhMe, A - 19 

PhjP Ph2PLi, OX - 7 

Br or Cl cone. HBr or HCI, Et20, 8-10°C - 28 

Scheme 13.6 

Products of 1,4-disubstitution of threitol as well as cyclic 2,3-0-carbonate 

and sulfite derivatives are available directly from bis-mesylate 13.2 or diepoxide 
13.4 (Scheme 13.7). 

OH OH 

OH OH 

13.2 

a: 6 eq, NaNj, DMF, 100°C, 16h (95%)'^ 

b (X = C, Y = OMs): COCI2, pyridine*'" 

c (X = S, Y = OMs): SOCI2, A'" 

d {X = C, Y = Cl): as b (75%)''® 

Scheme 13.7 
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The following are commercially available: 

L-threitol [2319-57-5] and D-threitol [2418-52-2] 

L-threitol 1,4-ditosylate [57495-46-2] 

1,4-dithio-L-threitol (chiral Cleland’s reagent) [16096-97-2]. 

Applications 

Substitution reactions at C(2) and C(3) with nitrogen or sulfur nucleophiles lead 

to products having inverted threo configuration. 

0-Tetrabenzenesulfonate of threitol (13.7) yields on reaction with sodium 

azide in DMF t/zreo-l,2,3,4-tetraazidobutane (13.8) which can be catalytically 

hydrogenated to t/ireo-l,2,3,4-tetraaminobutane (13.9)."^° A related intramolecu¬ 

lar substitution of tetramethanesulfonate 13.10 provides access to bis-aziridine 

13.11 and further to rran5-3,4-diaminotetrahydrofuran‘^ (Scheme 13.8). 

13.1 
a 

Ph02S0 

0S02Ph 

0S02Ph 

0S02Ph 

b 

13.7 

NH2 

NH2 

13.8 13.9 

a: PhS02CI, pyridine, 0°C -> RT (88%) 

b: NaNa, DMF, 100°C c: H2, 10% Pd/C (cat.), EtOH 

13.10 13.11 

d: 10% NaOH, RT 

Scheme 13.8 

(S,5)-Diepoxybutane (13.4) was converted to the unstable (/?,/?)-diepithiobu- 

tane (13.12) with inversion of configuration at both chiral centers, and further to 

(2i?,3i?)-2,3-dideoxy-2,3-dithiothreitol (13.13), Scheme 13.9. 

A derivative 13.14 of 2,3-dithiothreitol (13.13) has been used by Samuelsson 
for the synthesis of [4,5-bis(hydroxymethyl)-l,3-dithiolan-2-yi]nucleosides, 

potential inhibitors of HIV'^' (Scheme 13.10). 
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SAc SH 

13.13 

a: KSCN, then (H2N)2C=S‘'’ ''^ 

b: AC2O, AcONa, AcOH, 120“C, 20h (51%)^' 

c: HCI, MeOH, RTigiyo)"” 

Scheme 13.9 

SH 

.OH a, b 
HO ' 

SH 

13.13 

a: TBSCI, imidazole, DMF, RT 

b: HC(OMe)3, CH2CI2, CSA (cat ), RT (80%) 

c; TMSOTf, CH2CI2, -80°C then silylated thymine or uracil 

d: BU4NF, THF, RT 

Scheme 13.10 

o 

R = Me, 43% 

1,4-Di-O-sulfonylated threitols can be directly reduced or substituted with 

carbon nucleophiles. Enantiomerically pure (25,35^-2,3-butanediol has been 

OH 

OH 

OH 

OH 

13.15 

a: LiAIH4. Et20 (69%)' 

b: 4 eq. HC=CLi EDA, DMSO, 0°C (87%)“” 

Scheme 13.11 
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obtained by Schurig^ in a simple reduction step of 1,4-ditosylate 13.3 while bis- 

acetylene 13.15, an intermediate in the synthesis of (+)-(45,55)-muricatacin, 

was obtained by Quayle'^^ by substitution of 1,4-dimesylate 13.2 (Scheme 

13.11). 
1,4-Diamino derivatives of L-threitol are useful as chiral A1 and Zn ligands in 

the reduction of prochiral ketones with LiAlH4,'‘’'^ as well as in the catalytic 

enantioselective addition of diethylzinc to aldehydes.'^ Examples are shown in 

Scheme 13.12. 

a; 0.5 mol. eq. LiAIH^, 6.5 mol. eq. 13.16, pentane, -78°C, e.e. 87%'^ 

b: 2 eq. EtzZn, 0.05 eq. 13.16, PhMe, RT, 93%, e.e. 72%'^ 

Scheme 13.12 

13.2 L-threitol derived tetrahydrofurans, thiolanes 

AND PYRROLIDINES 

For convenience these heterocyclic derivatives of threitol (II) are collected in this 

section regardless of the nature of the substituents at the C(2) and C(3) oxygen 

atoms. 

II 
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Table 13.2 Heterocyclic derivatives of L-threitol (II) 

R' X 
m.p. (°C) or 
b.p.(°C/torr) [aJo (solvent) References 

H H 0 63-64 -5.0 (HjO) 32,33,50,51 
Ms H 0 107-108 + 16.5 (MejCO) 52,53 
Ms • Bn 0 — + 1.2(CHCl3) 53 
Me Me 0 98/50 —31.8 (neat) 5 
MOM MOM 0 — -25.0 (MeOH) 51,54 
Bz Bn 0 175-185/0.4 +34.1 (CHCI3) 26 
Bz Bz 0 89-90 + 174.2 (CHCI3) 26 
PPhj PPh2 0 64-65 +69.0 (-) 50 
H H S-S 116-117.8 +260.0 (CHCI3) 24 
Me Me S 55-57/1-2 +94.1 (neat) 5 
TBS TBS S — +29.0 (Me2CO) 55 
MOM MOM NH — -1.5 (CHCI3) 56 
TBS TBS NH — +35.9 (CHCI3) 57 
TBDPS TBDPS NH — +6.9 (CHCI3) 58 
Bz Bz NH 178.5-179 +56.1 (CHCI3) 57 
Me Me NMe 118/100 +29.9 (neat) 5 
All All NMe — + 17.7 (CHCI3) 59 
Me Me Nn-Bu 40/0.03 +43.6 (neat) 5 
Me Me Nt-Bu 99-102/10 +45.7 (neat) 5 
H H NC.2H25 70.5-71.5 + 15.0 (MeOH) 54 
H H NBn 109-110 + 8.5 (CHCI3) 57,60,61 
Ms Ms NBn 56 +36.4 (MeOH) 61 
Me Me NBn 80/0.03 +36.7 (neat) 5 
All All NBn — +39.5 (CHCI3) 59 
MOM MOM NBn — + 11.9(CHCl3) 56 
Bz Bz NBn 110-112 +86.6 (CHCI3) 57 
TBS TBS NBn — +58.3 (CHCI3) 57 
TBDPS TBDPS NBn — +47.0 (CHCI3) 58 
Ph2P Ph2P NBn — +50.4 (benzene) 60 
H H N(CH2)2NMe2 — + 2.9 (CHCl,) 62 
Me Me N(CH2)2NMe2 59-61/0.005 +34.2 (neat) 5 
H H N(CH2)3NMe2 — — 62 
Ph^P Ph2P N(CH2)2i-Pr 54.5-57.2 +59.8 (benzene) 62 
PhjP PhjP N(CH2)2NMe2 — + 55.4 (benzene) 62 
Ph,P Ph2P N(CH2)3NMe2 — +56.0 (benzene) 62 
T0I2P T0I2P N(CH2)2NMe2 74.5-76.5 +60.4 (benzene) 62 
An2P An2P N(CH2)2NMe, 62.8-65.7 +58.9 (benzene) 62 
AojP An2P N(CH2)2i-Pr — +53.3 (benzene) 60 
H H NPh 154 +45.0 (CHCI3) 29 
Me Me NOH — + 16.9 (CHCl,) 63 
tBu tBu NOH 65-66 + 78.2 (CHCl,) 63 
Bn Bn NOH 64-65 +26.3 (CCI4) 63 
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Synthesis and Applications 

(5,5')-tran5-3,4-Dihydroxytetrahydrofuran (L-threitan, 13.17) is available from l- 

threitol (13.1) or its derivatives 13.18 and 13.19 as shown in Scheme 13.13. 

Although direct synthesis of L-threitan from L-threitol by acid induced cycliza- 

tion appears attractive, a route from 0,0-bis-MOM protected L-threitol (13.18) 

is far more practical and high-yielding. 

OH PtvPO OPPhj 

13.19 13.22 

a: TsOH (cat,), 220'’C/0.0005 torr (distill), 35-50%^® 

or 50% H2SO4, 120“C, 24h (68%)^^'“ 

b: 3 eq. TsCI, pyridine, CH2CI2, A, 4h (96%)®' or 1.2 eq. PhjP, 1.2 eq. DEAD, 

benzene, RT (93%)®“* 

c; Amberlyst 15 resin, CH2CI2, A, 24h (99%)®' 

d: CF3COOH-H2O, RT, 10 min.®° 

e: Amberlite IR 45 basic resin, H20®° 

f: PhjPCI, pyridine, THF, RT (70%)®“ 

g: MsCI, pyridine, CH2CI2, -30°C -> RT (77-82%)®® 

h; PhzPLi, dioxane, 0° - 5‘’C (30%)®® 

i: PhjP, DEAD, HNj, benzene, 0°C RT (54%)®“' 

j: H2, 10% Pd/C, EtOH, RT (57%)®" 

Scheme 13.13 

From L-threitan, two ligands, that is, 3,4-bis(diphenylphosphino) derivative 

13.20 and diphosphinite DIPHIN (13.21), as well as diamine 13.22, have been 

obtained (Scheme 13.13). 
The 0-monomesyl derivative of L-threitan (13.25) was synthesized by Bomer 

and Kagan by acid-catalyzed cyclization of bis-O-mesylate 13.24, a product of 
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hydrolysis of acetal 13.23. 0-Monomesylate 13.25 can be used for the prepara¬ 

tion of unsymmetrically substituted threitans (see Scheme 13.14). 

a: HCI, MeOH-HjO, A (90%)““ 

b: dihydropyran, PPTS (80%)“'“ 

c: LiNj.n-Bu^NI, DMF, RT then CFaCOOH, MeOH-HjO, RT, then Hj, Pd/C, MeOH, 

RT (76%)“ 

d: Ph2PLi, THF, RT, then MeSOaFI (cat.), MeOFI, FlaO, A (27%)“ 

Scheme 13.14 

Chiral pyrrolidine derivatives are available from 1,4-activated threitols by 

condensation with primary amines. A series of chiral diphosphinite containing 

pyrrolidines, useful as Rh(I) ligands for highly diastereoselective hydrogenation 

a: PhNHz, 100-140“C^® c: PhjPCI, NEta (90%)“ 

b: BnNHj, dioxane (64%) d: NHjOH HCI, NEta, EtOH, A (85-98%)“ 

Scheme 13.15 
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of dehydropeptides, was synthesized from 1,4-ditosylate Examples are 

shown in Scheme 13.15. 
Chiral 3,4-diaminopyrrolidine 13.26 is available directly by reduction of N- 

benzyltartrimide by the procedure of Nagel,^*’^ followed by Mitsunobu reaction 

and deprotection (Scheme 13.16). 

I I I 
Bn Bn H 

13.26 

a: BFs or L, NaBH4, (MeOCHjCHzhO or THF, A (70-86%)=‘' ®’ 

b: LiAIH4, THF, A, 12h (70%)®^''" 

c: PhsP, DEAD, HN3, benzene, 0“C ^ RT (72%), then Hz, 10% Pd/C, EtOH, RT 

(93%)=" 

Scheme 13.16 

Chiral bis-diphenylphosphines 13.29 (“Deguphos”) and 13.31, useful for the 

synthesis of cationic 1,5-cyclooctadiene-bisphosphane-rhodium complexes, 

were synthesized from 13.27 by nucleophilic substitution of A^-protected bis- 

mesylates 13.28 and 13.30 (Scheme 13.17). 

I I 
Boo Bz 

13.30 13.31 

a: MsCI, NEts, CH2CI2, 0°C RT, (87%) 

b: PhzPNa, DMF, -40°C (76%)=' 

c: Pd/C, H2 (95%) 

d: (Boc)20 then MS2O (86%)=" 

e: HBr then Ph2PNa (75%)== 

f: BzCI (89%)=" 

Scheme 13.17 

Chiral bis(diphenylphosphino) ligands 13.29 and 13.31 are used as ligands 

for highly enantioselective rhodium catalyzed hydrogenation of a-(acety- 

lamino)acrylic acids to (5)-A^-acetylamino acids (Scheme 13.18). 
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COOH 

NHAc 

COOH 

NHAc 

a: H2, [Rh(COD)CI]2 or [Rh(CODr]BFr (cat,), 13.29 or 13.31, (>90%, e.e. 85- 

99%)“'®^ 

Scheme 13.18 

O-Protected 3,4-dihydroxy and 1,3,4-trihydroxypyrrolidines can be oxidized 

to nitrones 13.32. These compounds are important intermediates in the synthesis 

of various heterocyclic compounds via nucleophile addition or stereo- and 

regioselective 1,3-dipolar cycloaddition. Examples include synthesis of lentigi- 

nosine (Petrini;®^ Brandi, Goti^*’^^’^*), pyrrolizidines (Wightman*^), and 

indolizidines (Brandi, GotP), Scheme 13.19. 

R = MOM, TBDPS 13.32 R = Me, Bn, t-Bu 

a: 30% H2O2, Se02 (cat.), MejCO, RT (53-60%)®* 

b: 30% H202-urea. Na2W04 fcat.I, MeOH, RT (70%)^’ 

c: HgO (yellow), CH2CI2, RT (91-93%)“ 

a trihydroxypyrrolizidine 

d (R = TBDPS): methylenecyclopropane, 35°C. 8d (94%)““ 

e (R = MOM): 2 eq. BnO(CH2)4MgBr, THF (reverse addition), RT (82%, d.e. 90%)“ 

f (R = MOM): CH2=CHCH20TBDPS, CHCI3, A“ 

Scheme 13.19 
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Nitrones 13.32 (R = Me, t-Bu, TBDPS) were applied by Brandi and 
Pietrusiewicz to kinetic resolution of 2,3-dihydro-l-phenyl-l//-phospholes in 
1,3-dipolar cycloaddition/^ 

Nitrone 13.32 (R = MOM) has been used by Petrini in the enantioselective 
synthesis of (—)-anisomycin.^^ 

Interesting examples of intramolecular 1,3-dipolar cycloaddition of azome- 
thine ylides generated from chiral tertiary amine A^-oxides were reported by 
Takano. Different reaction products were obtained from A^-benzyl and A^-methyl 
0,0'-diallyl pyrrolidine-1-oxides^^ (Scheme 13.20). 

a; t-BuOOH, VO(acac)2, CH2CI2, RT 

b: 3.5 eq. LDA, THF, -78° -> -20°C 

c: MesAI, PhMe, -30°C RT, then t-BuLi, -90°C 

Scheme 13.20 

13.3 MONOPROTECTED l-THREITOLS AND THEIR 
SUBSTITUTION PRODUCTS 

13.3.1 1-0-Protected L-Threitols 

Table 13.3 1-0-Protected L-threitois and their derivatives (III) 

m.p (°C) or 

R X Y Z b.p. (°C/torr) [alo (solvent) References 

Me OH OH OH — -9.6 (MeOH) 73,74 

Me OH OH OTs 78-80 — 75 

Bn OH OH OH — -2.6 (-) 76 

(continued) 
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Table 13.3 {continued) 

R X Y Z 
m.p (°C) or 

b.p. (°C/torr) [alo (solvent) References 

Bn OH OH OTs - _ 77 
Bn OH OH NMe2 53-.54 -18.4 (CHCI3) 78 
Bn • OH OH SPh — + 11.4 (CHCI3) 79 
Bn -0- OH 135/0.01 -22.0 (CHCI3) 77,79 
Bn -0- OC(0)NHPh — — 79 
Bn OH -0- 130/0.01 + 16.0 (CHCI3) 26,77,78 
Bn OH -( 0-C(O)O- — +44.1 (CHCI3) 79,80 
Bn OTs -( □-C(0)0- 83-84 +28.0 (CHCI3) 77 
PMB OMs OH OH — + 1.0(CHCl3) 81 
PMB OH -0- — + 13.6 (CHCI3) 82 

Synthesis 

1-0-Benzyl L-threitol and its 4-tosylate are available by acidic hydrolysis of the 
corresponding 2,3-acetal protected derivatives (Scheme 13.21). This reaction is 
also applicable to other 1-O-alkylated acetals of threitol. 

^oA,^oh 
a 

a: Dowex 50Wx8, MeOH, RT (81%)®° 

OR2 

OR2 

13.33 

b: HCI, H2O, MezCO (R' = Ts, R^ = ME^’^®; R’ = Ms, R^ = EE®®) 

Scheme 13.21 (continued) 
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R = C„H,„4-C,H,3C3H, 

d. PPTS, MeOH-HaO®" 

e 

e: cone. HCI, MeOH, RT (97%)®' 

Scheme 13.21 

The tosylate 13.33 can be further converted to the epoxide 13.34 (see also 
Section 13.8.2) from which a variety of 1-monoprotected threitol substitution 
products are available; see the examples in Scheme 13.22. 

OH 

13.33 

BnO 

BnO 

OH 

b 
OH 

_ 

OH OH 

13.34 

d a: KOH, MeOH-HaO^® or Ba(OH)2, HaO 

BnO 

N3 

13.35 

b (R = n-Bu): BuLi-CuCN, THF, -45“C, 2h (100%)®®® 

(R = HC^C): HC=CLi H2N(CH2)2NH2, DMSO, RT, 15h 

(78%)®®’’ 

(R = Me(CH2)„C=C): Me(CH2)„C=CLi, BFj, Et2O,-70“C® 

c: MejNH (62%)^® 

d: PhjP, (Ph0)2P(0)N3, DIAD, THF (61%)®® 

Scheme 13.22 

Chain-extended triols were used in the synthesis of (6S,7S)-tran5-laurediol'’^^ 
and a component of the sex pheromone of Phragmatobia fuliginosa?'^'^ Product 
13.35 has been used by Takano in the synthesis of ( —)-kainic acid.®^ 
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Applications 

l-O-Methyl-4-O-tosyl L-threitol was applied by Font et al. to the synthesis of 5- 
O-methyl-2-deoxy-L-xylono-1,4-lactone (13.36), Scheme 13.23. 

a: NaCN, DMSO, RT b: aq. H2SO4, A 

Scheme 13.23 

OMe 

13.36 

l-(9-PMB-Protected-2-0-mesyl L-threitol was converted by Terashima to the 
c/5-epoxide 13.37. Opening the epoxide ring with the azide nucleophile gave a 
3:2 mixture of regioisomers 13.38a,b, from which the undesired isomer 13.38b 
could be removed by periodate oxidation. The other isomer was convened to the 
product 13.39, an aliphatic fragment of the natural secondary metabolite (+)-FR 
900482*' (Scheme 13.24). 

OH 

/N. .OPMB 
OH 

^3 

13.38a 

^3 

.OPMB 
OH — 

OH 

13.38b 

a: K2CO3, MeOH, RT (88%) 

b; NaNj, NH4CI, EtOH, A (92%) 

13.39 

Scheme 13.24 

The 1-0-benzyl protected 2,3-epoxide 13.40 (readily available by Sharpless 
asymmetric epoxidation’^) can be converted to erythro configured products with 
good regioselectivity. Under basic conditions the reaction may proceed through 
the intermediate isomeric hydroxyepoxide 13.41, a product of Payne rearranse- 
ment™ (Scheme 13.25). ^ 
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13.40 

OH 

13.41 

OH 

OH 

d.e. 82% 

BnO 

O 
0. II 

^JL>^OCNHPh 

a: PhSH, NaOH, dioxane-HjO, 65°C (68%) c: 5% HCIO4, MeCN, RT (>95%) 

b: PhNCO, NEtj, CH2CI2, RT (>95%) d; NaOH, MeOH-HjO, RT (>95%) 

Scheme 13.25 

13.3.2 2-0-Protected u-ThreitoIs 

Y 

OR 

IV 

Table 13.4 2-O-Protected L-threitols and derivatives (IV) 

m.p (°C) or 
X R Y Z b.p. (°C/torr) [aJo (solvent) References 

OH C,H,5 OH OH — + 10.8(MeOH) 87 

OH CsHn OH OH — +9.9 (MeOH) 87 

OH C9H19 OH OH — +9.5 (MeOH) 87 

OH C10H21 OH OH — +9.3 (MeOH) 87 

OH Bn OH OH 75.5-76.5 + 16.0 (MeOH) 26,88-93 

OH Bn OTs OH 77.5-78 -5.3 (CHCI3) 94 

OH Bn -0- 130-135/0.5 + 33.3 (CHCI3) 26 

Br Bn OH OH — — 95 

SPh Bn OH OH — -17.9 (MeOH) 26 

OMs Bn OH OMs — — 96 

OTs Bn OH OTs — — 96 

.Cl Bn OH Cl — — 96 

Br Bn OH Br — — 96 

SPh Bn OH SPh — + 88.1 (MeOH) 26 

OMs Bn -0- — — 96 

OTs Bn -0- — — 96 

Cl Bn -0- — — 96 

Br Bn -0- — — 96 

OH MOM OH OH — +3.3 (MeOH) 97 

OH An OH OH 54-55 +29.6 (CHCI3) 98 
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Synthesis 

2-C)-Benzyl and 2-0-(4-methoxybenzyl) L-threitols are readily available by 
either one- or two-step reductive cleavage of L-tartrate benzylidene acetals 
(Scheme 13.26); the two-step procedure appears superior in terms of overall 
yield. 

OH 

a (R = Me, X = H): LiAIH4-AICl3(1:1), EtjO-GHjClj (1:1) 

(R = Et. X =H): 6,5 eq. i-BujAIH, PhMe, RT (77%)’°’ 

b (R = Et, X = H): NaBH4, EtOH, 0°C (82%)^° 

(R = Et, X = OMe): NaBH4, LiCI, THE, EtOH, RT (100%)°® 

c (X = H): i-BujAIH, CH2CI2, PhMe, RT (87%)^® 

(X = OMe): BHj THF, THF, -20°C ^ RT -> reflux (94%)°® 

Scheme 13.26 

This procedure also works for the cleavage of 3,4-methylenedioxycin- 
namaldehyde acetal of threitol.'“ 

Reduction of O'-benzyl-O-tosyl tartrate leads to the corresponding threitol 
derivative 13.42 which is readily converted to the cf>T/ira-epoxide 13.43 

(Scheme 13.27). 

a: LiBH4, LiBEtjH, THF-Et20, 0°C RT, 60h (61%) 

b: NaOH, Me0H-H20, CH2CI2, 30“C (93%) 

Scheme 13.27 

OBn 

13.43 

Reductive cleavage of phenylthio substituted benzylidene acetals was applied 
by Takano et al. in the synthesis of phenylthio substituted 2-(7-benzylthreitols^^ 
(Scheme 13.28). 
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OH 

OBn 

X = OH (40-77%) 

X = SPh (92%) 

a: i-Bu2AIH, benzene, RT 

Scheme 13.28 

Gero et al. reported sodium cyanoborohydride reductions of 1,4-disubstituted 
benzylidene acetals 13.44 to the corresponding 2-0-benzyl L-threitol derivatives 
and their further transformation to epoxides 13.45^^ (Scheme 13.29). 

13.44 (X = OMs, OTs, Br) 

a; NaBHaCN, MeCN (80-85%) 

OBn OBn 

13.45 

b: MeONa, MeOH (’’excellent yield") 

Scheme 13.29 

2-0-Alkyl protected L-threitols were obtained by the reductive cleavage of l- 

tartrate alkylidene acetals with ethyl diboranes in the presence of 9-mesyloxy-9- 
BBN*' (Scheme 13.30). 

O'’^ 

COOMe 

COOMe 

OH 

OCHjR 

R — CeHia to CgHig 

a: ethyl diboranes, A, then MsO-9-BBN (cat.), A (35-42%) 

Scheme 13.30 

2-0-(Nitrogen base)methyl protected L-threitols (r,2'-Aeco-nucleosides) were 
obtained by deprotection of their 1,3,4-0-tribenzoyl precursors (Scheme 13.31). 

B = adenine, cytosine 
guanine, thymine 

a: NHg/MeOH, -4°C, 2-4 days (98%)"’’ 

Scheme 13.31 
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Commercially available are 2-0-benzyl L-threitol [84379-51-1] and its enan¬ 
tiomer [84379-52-2]. 

Applications 

2-0-Benzyl threitol and its 1-substituted derivatives are convenient substrates 
for the synthesis of 2-0-benzyl glyceraldehyde (13.46) and 2-0-benzyl-1-substi¬ 
tuted glycerol (13.48), Scheme 13.32. 

OBn OBn 

13.48 

a: NaI04, H2O, RT (90-96%)'“ 

b: NaBH4, MeOH^® 

Scheme 13.32 

Although aldehyde 13.46 rapidly oligomerizes to (hemi)acetals, it could be 
successfully used for the synthesis of pentenolide 13.47 of high enantiomeric 
punty. 

Chiral cyclopentane derivative 13.49 is available through (4-t-l) fragment 
assembly using epoxide 13.45. Gero et al. have found that the success of cycliza- 
tion is highly dependent on the reactants; with epoxide 13.50 only the acyclic 
derivative 13.51 was obtained^^ (Scheme 13.33). 

BnO OH 

OBn - ^ 
PhS ON 

13.45 13.49 

OBn 

OH 

OBn 

13.50 13.51 

a: PhSCH2CN, NaHMDS, DMF, 0°C (70%) 

b: (PhS)2CH2, n-BuLi, Et20, TMEDA, 0°C (72%) 

Scheme 13.33 
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13.4 1,2-DI-O-PROTECTED l-THREITOLS 

V 

Y 

Table 13.5 1,2-Di-O-protected L-threitoIs and their derivatives (V) 

R‘ X Y 
m.p. (°C) or 
b.p. (°C/torr) [alo (solvent) References 

-CMCj- OH OH 101-102/0.1 +3.9 (MeOH) 57,65,92,104,105 

-CMej- OTs OH — + 10.6 (EtOH) 106 

-CMej- OH OTs — +5.8 (CHCI3) 107 

-CMcj- OH ONs 40 + 10.0 (CH2CI2) 105 

-CMej- OH SPh — + 1.4 (CHCI3) 107 

-CMe^- OMs OMs 85-86.5 -6.0 (Me2CO) 52,53,108 

-CMCa- OTs OTs 70-72 + 12.1 (CHCI3) 109 

-CMej- -0- 72.5/15 -5.3 (CHCI3)" 110,111 

n-Ci^Hjj Me OH OH 44-46 + 8.6 (MeOH) 93 

r^"Ci6H33 Bn OH OH 40-41 +6.2 (MeOH) 89,93 

n-CigH37 Bn OH OH 44-46 +6.2 (MeOH) 93 

Bn MeCH=CHCH2 ,OH OH — + 12.7 (CHCI3) 112 

Bn HC=CCH2 -0- — -16.9 (CHCI3) 112 

Bn Bn OH OH 190-200/0.6 + 35.3 (CHCI3) 26,113 

Bn TBDPS OH OH — + 27.8(CHCl3) 113 

Bn MeOCMe2 -TD- -— -7.0 (CHCI3) 83 

Bn 4-NO2C6H4CO -0- 51-52 + 11.0 (CHCI3) 77 

PMB THP -0- — — 82 

Tr Bn OH OH — — 93 

Bz Bz OH OH 124-125 -5.4 (CHCI3) 37 

TBDPS Bn OH OH — + 29.6 (CHCI3) 113 

TBDPS TBDPS OH OH — + 18.4 (CHCI3) 113 

“ [a]o +1.1 in EtOH (ref. 110). 

Synthesis 

1,2-0-Isopropylidene-L-threitol (13.52) is the most frequently used 1,2-dipro- 

tected threitol derivative. In addition to its availability from L-tartaric acid 

(Scheme 13.34) it can also be obtained by reduction of methyl 3,4-(9-isopropyli- 

dene L-threonate, which is synthesized from L-ascorbic acid (see Chapter 14). 
1,2-0-Isopropylidene-L-threitol can be selectively activated and substituted in 

the 4-position, as shown in Scheme 13.35. 
Diprotected L-threitols are available by hydrolysis of the 3,4-acetal group of 

the corresponding tetraprotected L-threitols (Scheme 13.36). 
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OH 

OBn OBn 

• a: 1.5 eq. Me2C(OMe)2, TsOH, mol. sieves 4A, CH2CI2, 

A (45%)°" 

b: H2, Pd/C (cat ), MeOH (61-85%)” °° or Na/NHj, THF, 

-78°C (ca. 100%)^’“ 

c(R = H, Piv): LiAIH4, THF (91-94%)"''"° 

d (R = Ts): AIH3, THF, 0°C, 1h (99%)'°° 

e (R = H): NaBH4, EtOH, 0°C RT (83%)"° 

Scheme 13.34 

(R = H, Piv, Ts) 

NpsO 

0 b 
PhS 

OH 

a: 1.1 eq. TsCI, pyridine, 5°C, 16h (96%)'°" 

b: PhSNa, MeOH, RT (85%)'°" 

c: NpsCI, pyridine, 0°C, 4h (70%)'°^ 

d: Amberlite IRA 400 (basic), Et20, RT (100%)'°^ 

e: DEAD, PPhj, benzene, RT (72-89%)°°"°"'"" 

Scheme 13.35 

R = n-C,sH33, n-C,8H37, Bn, TBDPS 

a (R = n-C,6H33, n-C,eH37): 2N HCI, THF, RT (91-95%)®° 

b (R = Bn); ACOH-H2O (4;1), RT, 18h (89%)"° 

c (R = TBDPS): ACOH-H2O) (7:3), 40°C, 4h (92%)“'°° 

Scheme 13.36 (continued) 
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d; AcOH-EtOH (1:1), RT, 2d (90%)“ 

e: AcOH-HzO-THF (3:1:3), RT, 18h (40%)"^ 

Scheme 13.36 

Another useful synthesis of 1,2-diprotected L-threitols is based on the regiose- 
lective reductive cleavage of 1-0-protected 2,3-C^'benzylidene or alkylidene 
acetals, as well as 1,3; 2,4-0-dibenzylidene acetal (Scheme 13.37). 

Ph' O 

a: i-BujAIH, PhMe, 0°C -> RT (94%)"® 

b: i-BujAIH, CHjClj, PhMe, 0°C ^ RT (73%)"® 

OH 

d: LiAIH4, AlCIa, EtjO, -50°C (80%)®® 

Scheme 13.37 

Applications 

1,2-Diprotected threitols are valuable substrates for the synthesis of suitably 
substituted chiral glyceraldehydes^® and glycerols. The synthesis involves lead 
tetraacetate or periodate cleavage of the diol derived from threitol and subse¬ 
quent sodium borohydride reduction of the aldehyde (Scheme 13.38). 
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R = Me (90%)“ 

R = Bn (80%)“ 

a: Pb(OAc)4, CHjCIzor benzene-AcOEt, then NaBH4, EtOH (46-72%)®® ®^ 

b: Nal04, H2O, then NaBH4 (50%)®^ 

OH 

c: Nal04, H2O 

^OBn 
0=HC 

R = Me (no yield)”^ 

R= (100%)’“ 

Scheme 13.38 

Chiral (9,0-dialkylated glycerols were used Ohno et al. in the synthesis of 
platelet-activating factors (PAFs).*^'^^ 

4-Substituted 1,2-diprotected threitols can be oxidized to derivatives of L-ery- 
thrulose.‘°’ 

Depezay used 4-activated 1,2-diprotected threitol derivative for the synthesis 
of a derivative of 3-aniino-3-deoxy-D-erythrose, via intramolecular aziridine 
formation with inversion of configuration (Scheme 13.39). 

a: Bu2SnO, PhMe, A, 5h then TsCI, CH2CI2, A (85%) 

b: NaNs, DMF, 65°C, 3h (90%) 

c: PhjP, PhMe, lOOX, 2h then B0C2O, NEta, THE, RT, 5h (85%) 

Scheme 13.39 

1,2-Diprotected epoxide 13.53 or its enantiomer have been used by 
Abushanab|°® in the synthesis of 2-deoxy-pentofuranoses; by Kamikawa““ in 
the synthesis of long chain a-hydroxyacids; by Hanaoka"* for the stereoselec- 
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live synthesis of tetrahydropyrans; by Irie‘" in the synthesis of patulolide C; and 

by Ghosh^^ in the synthesis of [r-(5)-azido-2'-phenylethyl]oxirane (Scheme 

13.40). 

HO 

Cr I 

OMe 

BnO 

Me(CH2)i7 COOH 

OBz 

TBSO, 

a; , n-BuLi, THF, HMPA, -30°-^-20“C (99%)™ "'’ 
s—' 

b: CH2=CHMgBr, Cut (cat.), THF, 

c: CH2=CH(CH2)5MgBr, Cul (cat.), THF, -40°C -> RT (78%)’" 

d: PhMgBr, CuCN (cat ), THF, -40°C 0°C (93%)” 

Scheme 13.40 

An analogous substitution reaction of the 3-O-methoxyisopropyl protected 

epoxide with a carbon nucleophile gives rise to a 2,3*G-isopropylidene protected 

product, as reported by Seebach®^ (Scheme 13.41). 

a: 2 eq. 2-methyl-1,3-dithiane, 2 eq. n-BuLi, THF, -60°-> 32°C, 12h (89%) 

Scheme 13.41 
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13.5 1,3-DI-O-PROTECTED l-THREITOLS 

OR2 

R'O 

0R3 

VI 

Table 13.6 1,3-Di-O-protected L-threitol derivatives (VI) 

R' R^ X m.p. (°C) [alo (solvent) References 

-CH2- H OH — +2.3 (CHClj)" 51,119 
-CH2- H OTs 89-90 + 16.9 (EtOH)" 119 
-CH2- H N3 — +6.1 (Eton)’’ 119 
-CH2- H NH2 — + 12.1 (EtOH)“ 119 
-CH2- H n-PrNH — +4.7 (EtOH)" 119 
-CH2- H i-PrNH — +2.5 (EtOH)" 119 
-CH2- H t-BuNH — -1.6(EtOH)“ 119 
-CH,- H Et^N — + 10.0 (EtOH)" 119 
-CH2- H (CH2)4N — + 15.0(EtOH)“ 119 
-CH2- H (CH2)5N — + 12.6(EtOH)" 119 
-CHPh-'’ H OH 133-134 + 8.0 (pyridine) 120 
-CHPh-'’ Ms OMs 155-157 +31.0 (CHCI3) 120 
-CHPh-‘’ Ts OTs 116-118 +37.0 (CHCI3) 120 

Me Me H OH — — 121 
Bn Bn H OH 57-58 +22.4 (CHCI3) 26 
Tr THP H OH — — 122 
TBDPS Bn H OH — +6.0 (CH2CI2) 123 

“ Measured at 546 nm. 

Configuration at the acetal carbon atom unknown. 

Synthesis 

As in the case of monoprotected threitols, 1,3-diprotected threitols are avail¬ 

able by regioselective reductive cleavage of triprotected benzylidene acetals, and 
by acetal hydrolysis of tetraprotected derivatives (Scheme 13.42). 

Ph 

OBn OBn 

a: i-BujAIH, CH2CI2, PhMe, RT (76%)^® 

Scheme 13.42 (continued) 
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Ph 

A O 

OR’ 

OH 

OR2 

or c 
HO 

OR2 

OR’ 

b (R' = R' = Me); 0,05 M H2SO4, 100°C, 4h (86%)’"' 

c (R’ = Bn, R" = TBDPS): AcOH-HjO (4:1), 40°C, 15h (88%)’“ 

Scheme 13.42 

1,3-0-Methylenethreitol (13.55) was obtained by acetolysis of 1,3; 2,4-di-O- 

methylenethreitol (13.54); it could be further selectively mono-l-O-activated by 

tosylation (13.56) or cyclized under Mitsunobu conditions to oxetane 13.57 

(Scheme 13.43). 

a: TFA, AcOH, 0°C then K2CO3, MeOH (97%)’“ 

b: TsCI, pyridine, -20°C, 2h (80% + 8% of the isomeric 

3-0-tosylate)”® 

c; PhjP, DEAD, THF, RT (71%)®’ 

OH 

O^^O 

13.56 

VS 
0^0 

13.57 

Scheme 13.43 

Tosylate 13.56 readily undergoes substitution with various nitrogen nucle¬ 

ophiles (Scheme 13.44). Aminoalcohol 13.57 can further be cyclized to tetra- 

hydro-l,3-oxazine 13.58."^ 

OH OH 

R’R^N 
13.56 —^ 

N3 

,0 0, 

OH 

H2N 

HN O 

13.57 

a: R’r"NH, 0.5M t-BuOK, t-BuOH, CHCI3 (64-88%) 

b: NaN3, EtOH, A (95%) 

c: H2, Pd/C, MeOH (74%) 

d: HCHO, CH2CI2, RT (79%) 

VS 
o.. ^0 

13.58 

Scheme 13.44 
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1,3-0-Benzylidene L-threitol can be obtained from l,3-<5-benzylidene-L- 

arabinitol.'^^ 

Applications 

1,3-Di-O-protected threitols are used as starting materials for the synthesis of 

chiral four membered heterocycles. 
Enantiomerically pure functionalized azetidines were synthesized by 

Depezay'^^ from l,3-di-C>-protected L-threitol (Scheme 13.45). 

a b 

OTBDPS c 

R = All, Bn, An 

a: MsCI, NEta, DMAP, CHjClj (92%) 

b: RNH2, PhMe, A (67-95%) 

c: (n-Bu)4NF/Si02, THF. RT (84-88%) 

Scheme 13.45 

A similar synthetic pathway was devised for a chiral thietane derivative 13.59 

from which thymine thietane nucleoside 13.60 was obtained'^^ (Scheme 13.46). 

OMs 

OTHP 

a: Na2S, aq. EtOH, A 

THPO,, 
OTr 

13.59 

Scheme 13.46 

13.6 1,4-DI-O-PROTECTED l-THREITOLS 

Y 

X 

VII 
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Table 13.7 1,4-Di-O-protected L-threitols and their derivatives (VII) 

R' R^ X Y 

m.p. (°C) or 

b.p. (°C/torr) [alo (solvent) References 

Me Me OH OH 28-30 -1.8(MeOH)“ 5,13,126,127 

Me Me OMs OMs 52 -25.9 (CHCI3) 5 

n-Bu n-Bu OH OH 33 +7.1 (benzene) 5 

i-Pr i-Pr OH OH — -1.4 (CHCI3) 128 

Et^CH EtjCH OH OH — -0.4 (CHCI3) 128 

cyc/o-CjHg cyc/o-CjH, OH OH — -0.7 (CHCI3) 128 

cyc/o-CgH,] cyc/o-CftH,, OH OH — -1.6 (CHCI3) 128 

t-Bu t-Bu OH OH 98-100/1 +4.8 (CHCI3) 129 

i-PrMejC i-PrMejC OH OH 124-126/1 +5.5 (CHCI3) 129 

MeEtjC MeEtjC OH OH — + 1.7 (CHCI3) 128 

(CH2)4CMe (CH2)4CMe OH OH — +2.1 (CHCI3) 128 

(CH2)5CMe (CHjisCMe OH OH — + 1.5 (CHCI3) 128 

Bn Bn OH OH OO-OE -5.8(CHCl3)“ 126,130-133 

Bn Bn OMs OMs 76.5-77.5 -11.7 (CHCI3) 18,134 

Bn Bn OTs OTs — — 135 

Bn Bn 0- 30-31 -10.2 (CHCI3) 136-138 

Bn MeOCMej 0- — -13.0 (CHCI3) 77 

Bn 2-MeOC6H4 OH OH 78-80 -8.2(CHCl3) 139 

Bn 4-O2NC6H4CO 0- 52-53 -27.0 (CHCI3) 77 

BntOCHjCHj)^ BnCOCHjCHj)^ OH OH — -4.1 (EtOH) 140 

4-CIC6H4CH2 4-CIC6H4CH2 OH OH 76-77 -6.4 (CHCI3) 141 

3-MeOQH4CH2 3-MeOC6H4CH2 OH OH — -4.7 (CHCI3) 27 

Ph Ph OH OH 133 -11.0 (MeOH) 13 

1-naphthyl 1-naphthyl OH OH 158-159 -17.3 (THE) 142 

TBS TBS OH OH — +4.4 (CHCI3) 143 

“ Reported values vary, 

m.p. 66-68°C reported in ref. 131. 

Synthesis 

1,4-Di-O-protecteci threitols are readily available from 2,3-acetal protected pre¬ 

cursors, which are in turn obtained from tartrate acetals. Examples, including the 

most frequently used 1,4-di-C)-benzyl-L-threitol (13.61), are shown in Scheme 

13.47. 

OH 

OBn 

OBn 
BnO 

OBn 

OH 

13.61 

a: 0.5N HCI, MeOH, A (removal of acetone), 95-100% 

Scheme 13.47 (continued) 

130,132.144,145 
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X°^ 
OH 

OOCC15H31 

OOCC15H31 
C,5H3iCOO 

OOCC15H31 

OH 

b: CFjCOOH-HjO (4;1), RT. 1h (95%))'* 

c; MeOH-HiO (4:1), CFjCOOH (cat ), RT (90%)”' 

Scheme 13.47 

l,4-Di-(9-protected threitols were obtained by Feit'* and Seebach*’ by nucle¬ 
ophilic ring opening of diepoxide 13.4 (Scheme 13.48). 

OH 

13.4 

a (R = Me): MeOH, HCIO4 (cat.), a (80%)’* 

b (R = Ph): PhONa, HjO. 100°C (57%)'* 

c (R = Bn): BnONa. BnOH. 55-85'’ ’* 

Scheme 13.48 

Grignard reagent ring-opening reactions of l,2;3.4-bisacetals of threitol 13.62 
are convenient routes to 1,4-di-O-tert-alkyl protected threitols (useful as a tailor- 
made ligands in asymmetric reactions).Reduction of 13.62 with Li.A.lH4- 
AICI3 provides 1,4-di-0-56’c-alkyl protected threitols*'* (Scheme 13.49). 

R' 

R’.R’ = Me, Et. (CHj)^, (CHj)^ 

R* = H, Me, Et, l-Pr, Bn 

a (R' = H): LiAIH^, AICI3 (cat.), PhMe, A (58-77%)’*® 

b; R*MgX, benzene, A (56-89%)'** '*® 

Scheme 13.49 

The 1,4-di-O-TBS derivative is directly obtained from threitol in sood yield 
(Scheme 13.50). 

The epoxide 13.65 is a usetul 2,3-activated 1,4-di-O-protected L-threitol 
derivative. It can be obtained by the cleavage of cyclic orthoformate 13.63 or by 
oxidative cleavage of benzylidene acetal 13.64 followed by treatment with a 
base (Scheme 13.51). 
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13.1 
a 0TB S 

a: 2.0 eq, TBSCI, 2.0 eq. imidazole, DMF, RT (73%)'^’ 

Scheme 13.50 

13.63, R'=OEt R' = HCO, X = CI 13.65 

13.64, R’ = Ph R^ = Bz, X = Br 

a (R' = OEt): PCI5, CHjClj, 0°C RT (86-99%)'“ '“ 

(R’ = Ph): 1 eq. NBS, CCU, RT (91 

b (R^ = HCO): K2CO3, MeOH, RT (88%)'“ '“ 

(R" = Bz): 10N KOH, EtOH, RT (97%)"*’’ '''' 

Scheme 13.51 

1.4- Di-O-methyl D-threitol was synthesized from D-mannitol.‘'^** 

It should be noted that 1,4-diprotected threitols are also available from 1,4- 

diprotected 2-butene-1,4-diols by Sharpless asymmetric dibydroxylation.'"*^ 

The following 1,4-diprotected threitols are available commercially: 

1.4- di-O-methyl-L-threitol \50622-W-l ] and its enantiomer [33507-82-3] 

1.4- di-O-benzyl-L-threitol [17401-06-8] and its enantiomer [91604-41-0] 

1.4- bi.s-0-(4-chlorobenzyl)-D-threitol [85362-86-3]. 

Application.s 

A number of synthetically important reactions can be carried out with moderate 

to good enantio- or diastereoselectivity in the pre.sence of chiral ligands 13.61, 

13.66, and 13.67 derived from L-threitol (Scheme 13.52). 

Asymmetric dihydroxylation 

OH 

83%, e.e. 41% 

OH 

a: 0.01 eq. OSO4, 0.05 eq. 13.66, 3 eq. K3Fe(CN)8, 3 eq. K2CO3, t-Bu0H-H20 (1:1)'“ 

Scheme 13.52 (continued) 
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Asymmetric hydrosilylation 

Ph. Ph. 
63%, e.e. 69% 

O OH 

b: 1.2 eq. HSi(OMe)3, 2.4 eq. 13.67, THF, 

Asymmetric Diels-Alder reaction 

O O 

O * 
OH 

27 

d.e. 91% 

c; 2 eq. EtAICIa, 1 eq. 13.61, CH2Cl2,-78'’C, then UAIHa'^ 

Ligands: 

OTBDPS 

OLi 

MeO 

OTBDPS 

OMe 

13.66 

OLi 

13.67 

Scheme 13.52 

Chiral ligand 13.66 was synthesized by Hirama'^"* according to Scheme 13.53 
(see also Feit,^^ Saito'^^ and Saalfrank'^'). 

OMs 
'J3 

OBn ,OBn 

^ d, c 

NHj CX 

OBn 

OBn 

OBn 

13.66 

OBn 

a: 2.4 eq. MsCI, 3 eq. NEts, CH2CI2, 0°C, 1h (98%) 

b: 3.0 eq. NaNs, DMF, 100°C (89%) 

c: LiAIH^, THF, A (66-70%) 

d: 1.1 eq. (COOEt)2, PhMe, A (83%) 

e: (CH2Br)2, EtOH, K2CO3, A then Zn, AcOH, A (39-63%) 

Scheme 13.53 



1,4*DI-0-I'Kf/[l-:c:TKD l-THREITOLS 315 

A synthesis of the bis-fA,A^-dimethylamino) substituted ligand 13.69 was 

rep<)rled by Secbach* fScheme 13,54j. linantiomer of 13.68 was used by Haines 

et in the synthesis of the analogue of the anticancer drug cisplatin f 13.70). 

OMs 

OMe 

a NaN,, HMPA-HjO, 80"C 

b: LiAlH«, EtzO, RT (46%) 

NH2 ^^02 

NH2 NMe2 

13.68 13.69 

c HCHO, HCOOH, 95"C, 7 days (27%) 

d KtRICI* 

©r7M3.68 
MeO 

MeO 

\ 
PtClj 

13.70 

Scheme 13.54 

Synthesis of other chiral diamino ligands from the intermediate 13.71 is 

shfnvn in Scheme 13.55 fSee also schemes 13.8 and 13.13). 

a BCVMeiS, CHjCl*, RT (31%)’*^ d Hj. PtOz, »4eOH-HjO (3:2). RT (98%)’®’ 

b Hfc Pd/C RT (100%)’*’ e:48%HBr, a’* 

c Ac-/), then Hi. 10% Pd/C, EtOH-HBr’* 

.Scheme 13.55 

Electrf.tphilic alkylation of chiral propionamide 13.73 derived from epoxide 

13.65 via ay.iridine 13.72 prrKeeds with high diastereoselectivity owing to the 

chelating prf/perties of the oxygen atom of the threitol auxiliary (Scheme 

13.56). 
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13.73 d.e. > 98% 

a: NaN3, NH4CI, PrOH, H2O, A (94%) d: (EtCOIsO, NEtj, DMAP, CH2CI2, RT (89%) 

b: MsCI, NEtj. CH2CI2, 0°C (88%) e: 1.1 eq. LiHMDS, THF, -78°C, then 1.2 eq 

c: LiAIH4, THF, 0°C, then A (74%) BnBr, -78° -> RT (88%) 

Scheme 13.56 

Some substitution reactions shown in Scheme 13.57 exemplify the usefulness 
of the epoxide 13.65 for the synthesis of erythro configured products. 

13.65 13.74 

a (R = Me): MejCuLi, Et20, -78°-> - 40°C (89-100%)'“ ”^ ''" 

b (R = All): AllMgBr, THF, -20°C (93%)^®® 

c (R = CH=CH2). CH2=CHMgBr, Cul, Et20, -10°C (94%)’“ 

Scheme 13.57 

Products 13.74 and 13.75 were used in the synthesis of the ionophore 

antibiotic X-14547A (Nicolaou*^^), amphoteronolide B and amphotericin B 

(Nicolaou'^®’), C16-C23 segment of the immunosuppresant FK-506 

(Kocienski ), and the bis(hydroxymethyl)azetidin-l-yl pyrimidine nucleosides 
(Kato respectively. 

Erythro configured diols can be obtained from unsymmetrically protected 1- 

O-TBS, 4-0-Bn threitol. The sequence of reactions includes Payne-type 

rearrangement of 1-deprotected cyclic sulfate 13.75 via the epoxide 13.76"'^ 
(Scheme 13.58). 

13.75 

Scheme 13.58 (continued) 
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^0 

OS Os' 

13.76 

OH 

OH 

Nu: 

SPh (89%) 
N3 (81%) 

OAc (64%) 
CN (70%) 
I (85%) 

a: SOCI2, NEtj, CHjClj, O^C, then Nal04, RuCla'SHjO (cat.), CCl4-MeCN-H20, O^C 

(93%) 

b: TBAF, THF, then Nu', RT, then H2S04''’® 

Scheme 13.58 

Other syntheses from 1,4-diprotected threitols are shown in Scheme 13.59. 

The products are deuterated 2-(benzyloxy)ethanol, a bis-phosphatidylchoUne 

lipid, and a chiral bis-azafulleroid. 

2h 2,^ OH 

BnO 

^H ^H 

X^OH 

OH 

a: Pb(OAc)4, benzene, 0°C then NaBH4, EtOH (69%)' 

OH 

C15H31COO 
OOCC15H31 b, c 

Me3N' 

C15H31COO 

0^^"0 

OOCC15H31 

OH 
s 

b: i-Pr2NP(CH2CH2CI)OCH2CH2CN, tetrazole, THF, RT, then H2O2 (73%) 

c: MejN, MeCN-CHClj, Nal, eS^C (55%)’"® 

d; MsCI, NEts then NaNa, 15-crown-5, DMF-H2O 

e: Ceo, PhCI, A (49%)’®" 

Scheme 13.59 
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13.7 2,3-DI-O-PROTECTED l-THREITOLS 

2,3-Diprotected L-threitols are the most frequently used derivatives of L-threitol; 

they include both 2,3-acetal and 2,3-di-O-alkyl derivatives. Their popularity 

stems from their direct availability from suitably protected tartrates and from the 

well-established synthetic routes for converting these compounds to other 

unprotected and protected derivatives of threitol (see Figure 13.1). Because of 

the large body of published material involved, 2,3-acetal and 2,3-di-6)-alkyl pro¬ 
tected threitols are treated separately. 

13.7.1 2,3-Acetals of L-Threitol and Their Derivatives 

X 

X 

VIII 

Table 13.8 Symmetrical 2,3-acetal protected L-threitol derivatives and 1,4-substitution 
products® (VIII) 

m.p. (°C) or 
R‘ X b.p. (°C/toiT) [aJo (solvent) References 

Aldehyde acetals 

H H OH — -30.0 (MeOH)” 51,124 
H H OMs 94.5-95.5 -45.2 (McjCO) 4 
H H NH2 — — 17 
H H N3 — -122.0 (MejCO) 17 
Me H OMs 108.5-110 -37.1 (Me,CO) 4,155 
Me H NH2 — — 17 
Me H N3 — -140.7 (MejCO) 17 
CF3 H OMs 68-69 -32.2 (MejCO) 4 
CCI3 H OMs 105-106.5 -21.8(Me2CO) 4 
CBr3 H OMs 110.5-112.5 -14.0 (Me,CO) 4 
Et H OMs 65-66 _ 17 
Et H NH2 — — 17 
Et H N3 — -127.5 (MejCO) 17 
i-Pr H OMs 70-71 _ 17 
i-Pr H NH2 — _ 17 
i-Pr H N3 — -110.9 (Me,CO) 17 
Bn H OMs 80-81.5 -19.0(Me2CO) 4 
Ph H OH 72-74 -11.4 (MeOH)' 3,26,133,137,147,156 
Ph H OMs 116-117.5 -14.9(Me2CO) 4,156 
Ph H OTs 132-135 — 157 
Ph H SPh — -13.2(MeOH) 26 
Ph H N(CH2)3 — -12.8(CH2Cl2) 158 
2-AcOCfiH4 H OTs — -16.5 (CHCI3) 159 

{continued) 
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Table 13.8 (continued) 

m.p. (°C) or 

R' R^ X b.p. (°C/torr) [alo (solvent) References 

4-ACOC6H4 H OTs 94 -19.0 (CHCI3) 159 

4-MeOCe,H4 H OH 52-53 + 10.5 (CHCI3) 160 

PhCH=CH H OH 66-67 + 12.3 (CHCI3) 161 

PhCH=CH H Br — +46.6 (CHCI3) 161 

2-naphthyl H OTs 120.0-120.8 — 162 

1-naphthyl H N(CH2)5 — + 12.8(CH2Cl2) 158 

1-pyrenyl H OTs 54.2-55.0 — 162 

Ketone acetals 

Me Me OH 49-51 +5.1 (CHCI3) 4,35,141,163-166 

Me Me OMs 85.5-86.5“ -23.5 (Me2CO) 167,168 

Me Me OTs 91.7-92.7 -12.9 (CHCI3) 5,7,24,163,166,169,170 

Me Me OBz 83-84 -14.3(DMF) 171 

Me Me OPPhj 240-250/0.0001 — 29 

Me Me NMe2 54/0.8 +7.8 (neat) 5 

Me Me NCMelCgHn 145-147/0.003 — 13 

Me Me N(CH2)5 35 -37.8 (MeOH) 13 

Me Me AsPhj 74-75 -3.1 (CHCI3) 169 

Me Me SH 60/0.15 -13.3 (CHCI3) 24,172 

Me Me SAc — -39.3(CHCl3) 24 

Me Me SMe 66/0.02 -6.8 (CHCI3) 172 

Me Me SC8H17 — -4.3 (CHCI3) 173 

Me Me SBn 86-88 -56.7 (CHCI3) 25,172 

Me Me SPh — — 23 

Me Me S02Ph — — 23 

Me Me F 56-57/16 -23.5 (CHCI3) 174 

Me Me Cl 47-48/3 + 13.4 (CHCI3) 170,174 

Me Me Br 75-77/3 + 8.4 (CHCI3) 170,174 

Me Me I 80-82/0.05 -17.6 (MeOH) 163,164,175 

CH2OH Me N3 — -107.1 (Me2CO) 17 

CHjOAc Me OTs 67-68 -10.0 (CHCI3) 159 

CH2=CH(CH2)2 Me OH 98-100/0.2 +3.6 (EtOH)” 176 

CH2=CH(CH2)2 Me OTs 67-68 -16.3(EtOH)'’ 176 

(EtO)3Si(CH2)4 Me OTs — — 11.5 (benzene) 176 

-(CU,),- OMs 90-91 -11.8(CHCl3)“ 177 

-(CH2)4- OTs 117-118 — 17 

-(CH2)4- NH2 — — 17 

-(CH2)4- N3 — -122.9 (MejCO) 17 

-(CH2)5- OH 53-54 -3.35 (EtOH) 34,177-179 

-(CHz);- OMs 95.5-97 -20.4(Me2CO) 4,178 

-(CH,)5- OTs 107.5-108 -13.8(CHCl3) 157,177 

-(CH,)5- NH2 — 
— 17 

N3 — -122.5 (Me2CO) 17 

NMeEt — -8.3 (CH2CI2) 180 

(continued) 
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Table 13.8 {continued) 

R' X 
m.p. (°C) or 
b.p. (°C/torr) [ajp (solvent) References 

-(CH^)^- SEt — -7.3 (CHCI3) 180 
-(CH2)5- SPh — + 15.7 (CH2CI2) 180 

-(CH2)3CH=CH- OH 77-78 + 17.7 (CHCI3) 181 
5a-cholestan-3,3-ylidene OH 199-200 + 13.9 (dioxane) 182 
5a-cholestan-3,3-ylidene OTs 122-125 — 182 
Ph Me OTs 166-169 -11.0 (CHCI3) 159 
Ph CHjOAc OTs 79-80 + 1.3 (CHCI3) 159 
Ph CHjOH OTs 154-155 -12.5 (CHCI3) 159 
PhSCCHj)^ Me OH 60-61 + 10.8(CHCl3) 183 
PhS02(CH2)2 Me OTs 98-100 -3.3 (CHCI3) 183 
Ph Ph OTs 121-122 —6.4 (benzene) 87,184 
9,9'-xanthenylidene OTs — — 87 

^For 1,4-phosphine substituted derivatives see Tables 13.10 and 13.11. 
*’ At 546 nm. 
‘^[a]D+7.4 in CHCl3‘”. 
“ For an apparently isomorphic substance m.p. 78.5-80°C was reported'”*. 

Table 13.9 1,4-Dioxane-type acetals of 2,3-diprotected L-threitol and derivatives 

Formula X Y m.p. (°C) [aJo (solvent) References 
H OH — 90-91 -86.2 (CHCI3) 185 

L i. J.. X 
OTs — 188-189 -38.9 (CHCI3) 185 

H 
I — 148 -88.3 (CHCI3) 185 

OTs H 138 
PPh2 H 81 
OH OMe 121 

OH OEt 121 

OTs OMe 126 
OTs OEt 64 
PPh2 OMe 73 
PPh2 OEt 99 

-7.0 (CHCI3) 186 
-77.5 (THE) 186 

-170.2 (CHCI3) 187,188 
-136.2 (CHCl,) 187,188 
-93.8 (THE) 187 
-74.0 (THE) 187 

-125.6 (THE) 187 
-98.0 (CHCI3) 187 

OH OMe 74 +100.4 (CHClj) 188 
OH OEt 64 +68.1 (CHCl,) 188 

Synthesis 

Symmetrically substituted 2,3-acetals. 2,3-0-Isopropylidene protected threitol 
13.77 is readily available by reduction of 2,3-0-isopropylidene tartrates with 



2,3-DI-O-PROTECTED l-THREITOLS 321 

either LiAlH4 or NaBH4; in the latter case the successful reduction of the ester 

group is made possible by the activating effect of the a-C-0 bonds. (Scheme 
13.60). 

X 
O. ^COOR 

T a or b . 

O ""COOR 

13.77 

a (R = Me): UAIH4, EtsO, A (59-88%)’®^ '“'''®^ 

(R = Et): LiAIH4, EtjO, A (63-87%)'‘’'®®’'®^'’®® 

b (R = Me): excess NaBH4, MeOH, RT (89%)^®'' 

(R = Et): NaBH4, EtOH (99%), 0°C ^ RT (65-69%)'^'■'®® 

Scheme 13.60 

Other 2,3-acetals of (substituted) threitol can be obtained similarly from suit¬ 

ably protected tartrates and tartramides (Scheme 13.61). 

X J 
COOEt 

a ^ 

’COOEt 

R = H (97%)®’ 

R,R = (CH2)5(74%)®^'^®’"® 

a: LiAIH4, THE, 0°C or LiAIH4, EtzO, A 

X.X 
.CONRj 

"CONR2 

b: LiAIH4,THF, A 

.COOEt 

'‘^„X 
O '"COOEt 

b, Y°^r^NR2 

R = Me® 

c: LiAIH4, THE, A (85%)® '®’''''”’ 

d: NaBH4, EtOH, 0°C (82%)®® 

Q C O N M © 2 

j — 
o '"CONMez 

e: NaHjAKOCHjCHzOMe)'®® 

Scheme 13.61 
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The reduction can also be applied to other acetal and orthoester derivatives of 
tartrates to give the corresponding 2,3-diprotected threitols (Scheme 13.62). 

, COOEt 

' ""COOEt 

a: LIAIH4, THF, 

OMe 
Nj^O^^COOMe 

COOMe 
OMe 

b: LiAIH4,THF, A, 3h (95%)’‘ 

EtO-<( 

OMe 

OMe 

OR 

EtOOC 
COOEt 

OR 

c: LiAIH4, THF or EtjO 

c 

R = MOM (85-97%)=’ ’®^-^“ 

ME (86-88%)^ 

EE (95%)“ 

THP (73-92%)^® "^ 

Scheme 13.62 

After activation by mesylation (13.78), tosylation (13.79), or trifylation 
(13.80), derivative 13.77 was used as a substrate for the preparation of numerous 
threitol substitution products (Scheme 13.63). 

13.77 
or c 

13.78 R = Ms 

13.79 R = Ts 

13.80 R = Tf 

a; MsCI, NEtj or pyridine, RT (75 -> 82%)" '®' '“ 

b: TsCI, pyridine, -15°-^ -25°C, 18h (94o/„)2''.'63.i6«.i6s 

c: TfjO, pyridine, CH2CI2, -15°C^“’ 

d (from 13.78) X = n' J : HN J , NaH, MeCN, SOX (85%)“ 

Me 

X = SPh: PhjSj, KBH4, i-PrOH, RT (86%)“ 

Scheme 13.63 (continued) 
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e (from 13.79) X = N(CH2)5: piperidine, 3h, 60“C, then 12h, RT (88%)'^ 

X = Ph2As: Na-K, PhsAs, dioxane-PhMe, RT (66%)'®® 

X = SAc: AcSK, EtOH, A®"* 

X = SBn: BnSH, NaOH, EtOH-THF, A (92%)” 

X = F: KF, HOCH2CH2OH, 130°C (63%)'^“ 

X = Cl or Br; LiCI or LiBr, DMSO or DMF, 55-60°C (88-95%)'”''^'' 

X = I: Nal, Me2CO, A (96%)'®® '®“' '®® 

Scheme 13.63 

2,3-Acetal diprotected threitol derivatives can be prepared by acetalization of 

1,4-bis-O-mesyl threitol followed by the usual substitution procedures'*’’ 

(Scheme 13.64). 

a [R' = i-Pr, R^ = H]: i-PrCHO, CuSO^, MsOH (cat.), PhMe, RT (98%)'^ 

[r\ = (CH2)4]: cyclopentanone, MsOH (cat.), benzene, A (89%)'^ 

b: 4 eq. NaNj, DMF, lOOX (90-98%)'^ 

c: H2, 10% Pd/C (cat.), EtOH, 50 psi, 40°C (93-99%)'" 

Scheme 13.64 

Similar acetalization reactions are known for 1,4-bis-O-tosyl threitol;’® they 

can also be accomplished by the Noyori method, as shown in Scheme 13.65. 

OH 

3 R'. . 
Tso >- 

OH R2 

a: 1 eq. R,R2CO, TMSOTf, CHCI3, RT (60-89%)'®® 

Scheme 13.65 

2,3-Acetal diprotected threitol derivatives bearing two aryl groups are 

available from the corresponding diaryl dichloromethanes’*'*'^® (Scheme 13.66). 
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OH 

OH 

Ar -- 

Ar"^O^X^OTs 

Ar = Ph 

a: Ar2CCl2, o-dichlorobenzene, A 

Scheme 13.66 

Unsymmetrically substituted 2,3-acetals. The mono-O-tosyl derivative of 2,3- 

O-isopropylidene threitol (13.81) is available by tosylation of 13.77 with one 

equivalent of tosyl chloride, reaction (a). The mono-O-tosylation procedure is 

more efficient when conducted under phase-transfer conditions (b), or when diol 

13.77 is ionized with one equivalent of n-butyllithium (c). The tosyloxy group of 

13.81 can be substituted by the bromide, iodide, or azide nucleophiles. The 

hydroxy group of the mono-O-tosyl derivative 13.81 can be triflate-activated for 

further substitution (d) by the procedure of Kotsuki^^'^®^ (Scheme 13.67). 

X = Br, I, N3 

a: 1 eq. TsCI, pyridine (54.5% + 13.79, 

b: 1.1 eq. TsCI, 1.1 eq. 15% NaOH, CH2CI2, n-Bu4N HS04 (cal.), 89%’“ 

c: 1.1 eq. n-BuLi, 1.1 eq. TsCI, THF-DMSO, -15°C RT (89%)“®-^“ 

d. TfzO, NEts, CH2CI2, -15°C“’'"“ 

e: LiBr or Nal, pyridine (cat ), MejCO, 100°C^“ or NaNj, DMF (88%)^“ 

Scheme 13.67 

2,3-0-Isopropylidene-D-threitol can be alternatively obtained from D-mannitol 
(see for example refs. 141 and 148). 
The following are commercially available; 

2.3- e)-benzylidene-L-threitol [35572-34-0] and its enantiomer [58383-35-0] 

2.3- 0-isopropylidene-L-threitol [50622-09-8] and its enantiomer [73346-74- 
4] 

1.4- di-0-tosyl-2,3-0-isopropylidene-L-threitol [37002-45-2] and its enan¬ 
tiomer [57064-65-4]. 
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Applications 

1,4-Activated 2,3-acetals of threitol are widely used as chiral bulding blocks. An 

important application is the synthesis of t/2reo-2,3-butanediol in the optically 

active form. Thus (5,S)-2,3-butanediol was obtained either by LiAlH4 reduction 

of the dimesylate 13.78 or by hydrogenolysis of the diiodide 13.82 followed by 

hydrolysis of the acetal protecting group (Scheme 13.68). 

OH 
13.78 13.82 

a: LiAIH4, THF. O'-C -> RT, 24h, then A, 1h (78%)’®^ 

b: 0.5N HCI, A (distill acetone), 91%'®^ 

c: Hj, Raney nickel, KOAc, MeOH, rt'®® ’^® 

Scheme 13.68 

Interestingly, LiAlH4 reduction of the ditosylate 13.79 leads to the cleavage of 

the acetal function and to the formation of the mono-0-isopropyl ether of threo- 

2,3-butanediol (13.83). However, monotosylate 13.81 can be effectively reduced 

with NaBH4 in acetonitrile to (2S,35')-2,3-0-isopropylidene-l,2,3-butanetriol 

(13.84). This compound has been used for the synthesis of erythro-9-[{2S)- 

hydroxy-(3/?)-nonyl]adenine^'° (Scheme 13.69). 

, —^OTs 
y [ - V- 

OlPr 

13.79 13.83 

a: LiAIH4, EtjO, A (85%)® ''® 

, 0^/^OTs , 

XJ OH 

y 1 

13.81 13.84 

b: NaBH4, MeCN, A 

c: Nat, MezCO, lOOX then H2, 10% Pd/C, Eton (80%)' 

Ph-y 'j - ph-< 

d: NaBH4, DMSO, 100-140“C, 87%'®® 

Scheme 13.69 
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1,4-Activated 2,3-acetals of threitols react with a variety of carbon nucle¬ 

ophiles, providing access to protected chiral threo-dio\?> (Scheme 13.70). 

entry X R Nu yield (%) ref. 

1 OTs n-Bu (n-Bu)2CuLi 39 207 

2 OTs Ph PhzCuLi 47 211 

3 OTs 1-naphthyl (l-naphthyl)MgBr 22® 142 

4 OTs 1-indenyl (l-indenyl)MgBr 76 212 

5 OTf n-CsHii CsHuMgBr 56 213 

6 OTf PhCsC PhC=CLi 55 214 

7 OTf I
 

o
 I& 

N CHjU 
80 215 

8 OTf (SuQi 43 215 

9 OTf t-BuOOCCHs t-BuOOCCHzLi 76 216 

10 I t-BuOOCCH2(0)CCH2 

COOEt 

t-BuOC(ONa)=CH(OLi)=CH2 

COOEt 

C^Xu 
- 217 

11 I 47 218 

including hydrolysis of the isopropylidene group 

Scheme 13.70 

Products of the reactions shown in Scheme 13.70 found application in the 

synthesis of (+)-l,4-diphenyl-2,3-butanediol; a natural diol isolated from bull 

testicular tissue (entry 2);2“ and the chiral (/?,/?)-2,2'-bipyrrolidine derivatives 

(entry 9)?^^ Kotsuki used a reaction analogous to that shown in entry 9 (with 2,3- 

0-benzylidene acetal of D-threitol) to synthesize the cyclohexyl fragment of the 

immunosuppressant FK-506.'“' Hoye used the reaction of entry 10 in the initial 

stage of his synthesis of (+)-(15,16,19,20,23,24)-/zexe'/7f-uvaricin, an analogue 
of Annonaceous acetogenins.^’’ Products of entries 9 and 11 can be used for 
four-carbon extension of the threitol chain. 

1,4-Diiodides 13.82 and enr-13.82 as well as 1,4-ditosylate 13.79 react with 

1,1- or 1,2-dianions to give five- or six-membered carbocyclic products, respec¬ 
tively, as shown in Scheme 13.71. 

Product 13.85 (mixture of diastereomers) was used by Rokach'^ in the effi¬ 

cient, large-scale synthesis of (5')-4-hydroxycyclopent-2-enone, while 0-methy- 

loxime 13.86 served as a key intermediate in the synthesis of prostaglandins 

developed by Corey.^^' Revised specific rotation data^^^ point, however, to partial 

racemization of the (S)-4-hydroxycyclopent-2-enone prepared by Ogura^*’ and 
Rokach.'“ 
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a: MeSCH2S(0)Me. n-BuLi, THF, -78°C (58-76%)'“"®'' 

b: 2 eq Ph3P=CH2, (MeSi)2NNa, CsHuCHO""® 

c; NCCH2COOt-Bu, t-BuOK, t-BuOH, 60°C, 18h (77%)“' 

13.79 

d: cyclopentadiene, NaH, THF, RT, 23h, A, 2h (31%)“" 

e; cyclooctatetraene, Li, THF, 33°C, 7h (13%)“" 

Scheme 13.71 

Masaki has extensively used an intramolecular version of alkylation by a car¬ 

bon nucleophile generated from the alkylsulfonyl group in the acetal side chain 

in the synthesis of various naturally occuring compounds (Scheme 13.72). 

Scheme 13.72 (continued) 
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a: 1.2-1.5 eq. n-BuLi, THF, -20°-^ 0“C, 1h 

(CH-IgMe 

OAc 

13.90 

Scheme 13.72 

Among the products synthesized according to the above scheme are 13.87, a 

constituent of civet;^^^ cxo-brevicomin (13.88);'®^ an optically active form of the 

house mouse pheromone (13.89);^^® a component of a mosquito oviposition 

attractant pheromone (13.90);^^^ metabohte (+)-asperlin (13.91);^^* and a fungal 

metabolite LL-P88O3 (13.92).^^^ In addition, Masaki reported the synthesis of 
the hemlock alkaloid (+)-conhydrine.'^“’ 

Intramolecular cyclization of the suitably substituted acetal 13.93, derived 

from L-threitol, was induced by a bis-radical intermediate’*^ (Scheme 13.73). 

r Ph 

endo: exo = 5:1 

a: 3 eq. n-BujSnH, AIBN (cat.), benzene, A (87%) 

Scheme 13.73 

The exo product 13.94 was converted by Takano ef al. to (S)-4-benzyl-2-fura- 
none.^'^” 

Mono-O-tosyl 2,3-acetals of threitol react with carbon nucleophiles to give 
2,3-protected t/irco-l,2,3-triols (Scheme 13.74). 

Enantiomers of triol derivatives, entries 2 and 3, were converted, respectively, 

to (2/?,3/?)-2,3-hexanediol (a component of the longhorn beetle male 

pheromone)^”® and to panaxacol, an anticancer compound of Panax gingeng}'^ 
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entry R Nu yield (%) ref. 

1 Me Me2CuLi 90 203 

2 Et EtMgBr, CuBr ■ Me2S 83 208 

3 n-C6Hi3 (n-C6Hi3)2CuLi 81 214 

4 All AllMgBr, CuBr 83 204 

5 4-BnOC6H4 4-BnOC6H4MgBr, CuBr (low) 231 

6 
S-\ Me S-\ Me 

'sX 77 205 

Scheme 13.74 

Unsymmetrical activation of the C(l) and C(4) hydroxy groups by the proto¬ 

col of Kotsuki allows to selectively substitute the 0-triflate group in the presence 

of the 0-tosyl group; the latter can be subsequently substituted by another nucle¬ 

ophile to give a protected unsymmetrical threo-6\o\ (Scheme 13.75). 

O-^^OTs 

entry R’ 

R'M' \/°'T'^OTs 

M’ R' 

R^M^ 

M' 

xX" 
yield (%) ref. 

1 All MgBr, CuBr Ph [PhCuLi] 33 204 

^ Xo3< 0^ '(CH2)2 
MgBr Me [MeCuLi] 63 203,232 

3 TBS0CH2C=C Li - 88 214 

4 4-BnOC6H4 MgBr, CuBr - 75 231 

Scheme 13.75 

Some of the compounds obtained according to Scheme 13.75 were used in the 

synthesis of lateral root inducing compounds (entry 1),^“^ (-l-)-ejco-brevicomin 
(.entry and (-l-)-diolmycin A2 (entry 4)}^' 

One of the syntheses of (/?)-(-)-Y-amino-(3-hydroxybutyric acid (GABOB) is 

based on the elimination reaction of the iodo substituted acetal 13.95’°'^ (Scheme 

13.76) . 

Of potential synthetic interest is the related pyrolysis of formates of 2,3-0- 

isopropylidene threitol which gives, among other elimination products, (/?)-but- 

l-ene-3,4-diol; this product can be isolated by flash chromatography^^^ (Scheme 

13.77) . 
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NHCOOBn 

OH 

b 

tft 

OH 

HOOC 

a: Hz, Pd/C, then CICOOBn, NaHCOj (80%) 

b: TsCI, pyridine, then Nal, MezCO (70%) 

c: Zn, Eton (91%) 

Scheme 13.76 

0.^/v. 
NHCOOBn 

13.95 

c 

OH 

NHCOOBn 

a: HCOOH, A (evaporate), then pyrolysis 

b: NaOH, HzO 

Scheme 13.77 

2-Substituted-4,5-bis(aminomethyl)-l,3-dioxolane platinum(II) complexes 

show excellent antitumor activity against murine L1210 leukemia cells. An 

example is SKI 2053R (13.96) which is characterized additionally by high 
solubility and stability in aqueous solution. 

Narasaka successfully used 1,4-diamino substituted acetal 13.97 as a ligand 
in the asymmetric dihydroxylation of stilbene (Scheme 13.78). 

OH 

OH 

71%, e.e. 90% 

Scheme 13.78 
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Racemic dithiol 13.98 was resolved by conversion to a mixture of diastere- 

omeric disulfides 13.100a and 13.100b, followed by column chromatography. 

The disulfides were formed by the reaction of dithiol 13.98 with bis-(sulfenyl 

chloride) 13.99. Reduction of 13.100a and 13.100b with NaBH4 followed by 

reoxidation with iodine/pyridine gave disulfides 13.101 and enr-13.101, ana¬ 

logues of a fungal metabolite dehydrogliotoxin. Disulfide 13.102, the precursor 

of the resolving agent 13.99, was recovered in the process^^^ (Scheme 13.79). 

13.99 

a: 2 eq. pyridine, CCU, then column chromatography (28% each) 

b: NaBH4, EtOH, then h, pyridine, CH2CI2 (82%) 

Scheme 13.79 

13.7.2 Mono- and Diphosphine Ligands Derived from 

2,3-Acetals of L-Threitol 

Ry°'']^PPh2 

IX X 
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Overview 

The prototype of the tartrate-based diarylphosphine ligands for asymmetric 

hydrogenation—DIOP (IX; X=Y=PPh2) has been synthesized by Kagan. 

Compounds structurally related to DIOP are successfully used as ligands for var¬ 

ious Rh(I) and Ir(I) catalyzed reactions. A large number of derivatives with 

structural modifications were prepared with the aim of optimizing the stereo¬ 

chemical efficiency of the ligand (Tables 13.10 and 13.11). 

Table 13.10 Analogues of (—)-DIOP and related compounds (IX) 

m.p (°C) or 
X Y b.p. (°C/ton-) [a]i, (solvent) References 

PEt, PEt, 90-91/0.001 -25.5 (CHCI3) 174 

Pi-Prj Pi-Prj 125-130/0.001 -31.0 (benzene) 174 

PCy2 PCy2 90-92 -24.1 (benzene) 174 

PCy2 PPh2 52.5-54 —24.1 (benzene) 157,239,240 
P(0)Cy2 OH 81-82 +22.2 (CHCI3) 240 
P(0)Cy2 OMs 91.5-92.5 — 240 
PPhj Cl — —27.5 (benzene) 241 

P(4-MeC6H4)2 Cl — —26.5 (benzene) 241 
P(4-MeOC6H4)2 Cl — -22.6 (benzene) 241 
PPh2 PPh2 89-90 -12.5 (benzene) 7,169,236,237,242 
P(0)Ph2 P(0)Ph, 218-220 + 15.0 (CHCI3) 23,243 
P(2-MeQH4)2 P(2-MeCaH4)2 — — 157 
P(2-CF3C,H4)2 P(2-CF3CaH4)2 140.6-142.9 -27.0 (CHCI3) 244 
P(2-MeOCf.H4)2 P(2-MeOCaH4)2 147.5-150 —12.5 (benzene) 245,246 
P(3-MeQH4)2 OTs — -24.6 (benzene) 240 
P(3-MeQH4), P(3-MeCaH4)2 100 — 157,170 
P(3-CF3QH4)2 P(3-CF3CaH4)2 — +3.2 (toluene) 184 
P(3-MeOC6H4), P(3-MeOCaH4), — -10.4 (benzene) 245 
P(3-C1C,H4)2 P(3-ClCaH4)2 — -4.5 (benzene) 245 
P(4-MeC6H4). PPhj — —6.6 (benzene) 162,241 
P(4-MeC,H4)2 P(4-MeCaH4)2 80.5-82 + 2.1 (benzene) 242,247 
P(4-MeOQH4)2 PPh2 — —6.2 (benzene) 162,240,241 
P(4-MeOC,H4)2 P(4-MeCaH4)2 — —1.2 (benzene) 241 
P(4-MeOC,H4)2 P(4-MeOCaH4)2 84-86.5 -13.3(CHCl3) 240,242 
P(4-Me2NC,H4)2 PPh2 — -1.7 (benzene) 240 
P(4-Me,NC6H4)2 P(3-MeCaH4)2 — + 8.4 (benzene) 240 
P(4-Me,NCaH4)2 P(4-Me2NCaH4)2 78 +23.5 (benzene) 240,242,248 
P(4-Me,SiCaH4)2 PPhj — —1.1 (benzene) 241 
P(4-Me3SiCaH4)2 P(4-MeCaH4)2 — +5.1 (benzene) 241 
P(4-Me3SiCaH4)2 P(4-MeOCaH4)2 92-99 +6.1 (benzene) 241 
P(4-Me3SiCaH4)2 P(4-Me,SiCaH4)2 78-83 +10.8 (benzene) 242 
P(2,5-Me2CaH3)2 P(2,5-Me2CaH3)2 66-68 — 157 
P(3,4-Me2CaH3)2 P(3,4-Me2CaH3)2 — +7.4 (benzene) 245 
P(3,5-Me2CaH3)2 P(3,5-Me2CaH,)2 — + 1.9 (benzene) 245 
P(3,5-Me2,4-MeOCaH2)2 P(3,5-Me2,4-MeOCaH2)2 128-129 + 14.4 (benzene) 240,249 

{continued) 
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Table 13.1tr (continued) 

X Y 
m.p (°C) or 

b.p. (°C/torr) [alp, (solvent) References 

P(3,5-Me2,4Me2NQH2)2 P(3,5-Me2,4-Me2NQH2) '2 +25.7 (benzene) 250 
P(l-naphthyl)2 PPh2 — — 162 
P(2-naphthyl)2 PPhj — — 162 
P(l-naphthyl)2 P(l-naphthyl)2 104-106 -0.46 (benzene) 184 
P(2-naphthyl)2 P(2-naphthyl)2 110-125 + 13.9 (benzene) 184 

Nfc Me 

— + 16.0 (CHCI3) 251 

Ph-^p^Ph Ph^p^Ph 
58 -15.1 (CHCI3) 252,253 

192-193 —66.0 (benzene) 157,184,254 

— -43.1 (toluene) 184 

a 
114-116 —643.0 (benzene) 255 

b 
156-157 -26.1 (CDCI3) 256 

c 
— — 257 

Table 13.11 l,4-Dideoxy-l,4-bis(diphenylphosphino) substituted 2,3-acetals of 
L-threitol (X) 

R' m.p. (°C) [aJo (solvent) References 

2-HOC6H4 H -- -20.5 (CHCI3) 159 

4-H0C,H4 H — -1.0 (CHCI3) 159 

4-(CH2=CH)C6H4 H — —29.2 (benzene) 21 

2-naphthyl H 122-123 —48.8 (benzene) 162 

1-pyrenyl H 158.5-159.1 —70.0 (benzene) 162 

CH2OH Me — -22.6 (CHCI3) 159 

i-Pr(CH2)3CH(Me)(CH2)3 Me — —13.5 (hexane) 258 

(EtO)3Si(CH2)4 Me — — 15.1 (benzene) 176 

-(CH2)4- 90-91.5 —19.9 (benzene) 177 

-(CH2)5- 118.5-120 —19.6 (benzene) 177 

5a-cholestan-3,3-ylidene 137-140 —17.7 (dioxane) 182 

Ph Me — -40.4 (CHCI3) 159 

Ph CH2OH 38-42 -30 (CHCI3) 159,259 

Ph Ph 135-137 -40.4 (benzene) 184 
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R2 

Figure 13.2 

These modifications addressed the steric and electronic properties of the lig¬ 

ating phosphorous atoms by changing the aryl substituents (® in Fig. 13.2) and 

the conformation of the seven-membered chelate ring, that is, the dihedral “bite” 

angle associated with ligation, by altering the acetal substituents ((D in Fig. 13.2). 

Synthesis 

The important diphosphine ligands are available by nucleophilic substitution of 

the corresponding 1,4-activated 2,3-acetals of threitol, that is, bis-mesylate, bis- 
tosylate, difluoride, and dichloride derivatives (Scheme 13.80). 

a; Ph2P(BH3)Li, THF, RT, then DABCO, PhMe, 40°C (80%)'“ 

b: PhaP, Na-K, dioxane-PhMe, RT (72%)’®® 

O^^OTs c 

c: ^^)^PPh . Li, t-BuCI, THF (71%)®®’ 

xX: - d . 

d: CyjPLi, dioxane, 35°C (74%)'®“ 

e w^-Y^PO-MeCgH,). 

oA,^P(3-MeCgH,). 

e: 2 eq. (3-MeC6H4)2PLi, THF, -70°C RT (87%)’®° 

Scheme 13.80 

Cyclic diphosphines 13.104 and 13.106 have been obtained by the reactions 

of bis-O-tosyl derivatives enr-13.79 and 13.79 with dilithiodiphosphides 13.103 
and 13.105, respectively (Scheme 13.81). 
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Ph 

TMEDA ^ p 

enM 3.79 + 

TMEDA ^ P 

Ph 

13.103 

a: THF, RT (75%)^=® 

Ph 

LiPPh 
13.79 + I 

LiPPh 

13.105 

b: THF, 35°C {57%f=® 

b 
(cyc/o-DlOP) 

13.106 

Scheme 13.81 

Unsymmetrical l,4-dideoxy-l,4-bis(diarylphosphino) substituted 2,3-0-iso- 

propylidene threitols can be obtained with moderate yield by sequential substitu¬ 
tion of the 1,4-bis-O-tosyl derivative 13.79 (Scheme 13.82). 

13.79 

a: 0.5 eq, PhjPLi, THF (44-49%) 

b: ArjPLi, THF (25-68%)’®='''“° 

Scheme 13.82 

Another route to unsymmetrical 2,3-0-isopropylidene threitol derived 

diphosphines starts with triprotected l-0-benzyl-2,3-0-isopropylidene threitol. 

By sequential substitution and removal of the 0-benzyl protecting group unsym¬ 

metrical diphosphine ligand for Rh(I) catalyzed asymmetric hydrogenations, 
DIOCP, was obtained^^^’^^” (Scheme 13.83). 

y°'Y^OH 

a: MsCI, pyridine, 0°C -> RT (82%) 

b: PhjPLi, THF (50%) 

c: CIsSiH, NEts, benzene, A (43%) 

DIOCP 

Scheme 13.83 
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l,4-Dideoxy-l,4-bis(diphenylphosphino) L-threitol was used to synthesize 

analogues of DIOP, both acyclic (13.110), and with the modified acetal ring 

(13.107), or with additional phosphorous (13.108) or boron (13.109) functionali¬ 

ties (Scheme 13.84). In the 2,3-bis(siloxy) substituted analogue 13.110 (RaSi = 
TBS) the two siloxy groups occupy anti positions, as shown by the X-ray struc¬ 

ture analysis. 

OH 

PhjP 

Ph2P 

OH 

a or b 

d 13.107 

OSiRj 

13.108 X=0^ 

OSiRg 13.109 X=^BPh 

13.110 

a: 4-(CH2=CH)C6H4CH0, mol. sieves 4A, TsOH (cat.), benzene, A (60%)^' 

b: 1-naphthyl-OPCl2, NEta, Et20, RT(45%)“’ 

c: PhBCIz, CH2CI2, -78°C -> RT (87%)“ or PhB(OH)2, THF, RT (84%)"” 

d; 3-4 eq. RjSiOTf, 5 eq. NEtj, CH2CI2, RT (58-90%)"“ 

Scheme 13.84 

The following are commercially available: 

(-l-)-2,3-D-isopropylidene-2,3-dihydroxy-l,4-bis(diphenylphosphino)butane, 

(+)-DIOP [37002-48-5], and its enantiomer, ( —)-DIOP [32305-98-9], 

Applications 

Chiral DIOP-type ligands are widely used for homogeneous asymmetric hydro¬ 

genation reactions of alkenes, imines, and reactive carbonyl compounds, using 
Rh(I) or Ir(I) catalysts. Some examples are shown in Scheme 13.85. 

Modified diphosphine ligands in Rh^ catalyzed hydrogenation show decreas¬ 

ing enantioselectivity approximately in the ordei (shown with positions of sub¬ 

stituents in the phenyl ring) 4-MeO > H > 3-Me > T-MejN > 4-MeO, 3,5-Me,.*^ 

Interestingly, Brown found that 2-methoxy substitution in DIOP causes a rever¬ 

sal of configuration in asymmetric hydrogenation of enamides"'*^ (Scheme 
13.86). 

Other enantioselective reactions catalyzed by the Rh(I)-diphosphine ligand 
system include hydroboration and [4-P2] cycloaddition (Scheme 13.87). 
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Ph NHAc 

COR 

NHAc 

COR 

R diphosphine ligand 
(tables 13.10, 13.11) 

e.e.(%) ref. 

OH A, (-)-DIOP 72 237 

OiPr A, (-)-DIOP 85 162 

NH2 A, (-)-DIOP 71 237 

(S)-HNCH(Me)COOMe A, (-)-DIOP 94 162 

OH E, (-)-DIOCOL 93 182 

R’- 

HOOC^ 

r’ 

1 = 
Jk , HOOC. 
^^C0R2 ^^,^C0R2 

p2 diphosphine ligand « 0 /o/ \ 
(Table 13.10) 

ref. 

H OH C, (+)-MOD-DIOP 86 249 

Ph OH C, (+)-MOD-DIOP 70 249 

(3,4-0CH20)C6H 3 OMe C, (+)-MOD-DIOP 94 249 

(3,4-0CH20)C6H 3 OMe D, (+)-XYL-DIOP 94 240,250 

b 

e.e. 81.4%, 
(+)-enantiomer 

a: H2, [Rh(COD)CI]2, diphosphine ligand 

b: H2 (100 atm,), [Ir(COD)CI], ligand C, n-Bu4NI, benzene-MeOH, RT^®^ 

Scheme 13.85 

Ph NHBz NHBz 

“COOH ^-^COOH 

ligand A: (R), e.e. 70% 

ligand B: (S), e.e. 66% 

a: H2, [Rh*(norbornadiene)BF4'] 

Scheme 13.86 
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e.e. 74% 

a: catecholborane, 0.01 eq. [Rh(COD)CI]2, 0.02 eq. ligand A, PhMe, -30°C then 

H2O2, aq. NaOH, 0°^ RT^"^ 

b: 0.025 eq. [Rh(COD)CI]2, 0.06 eq. ligand F, CF3CH2OH, CH2CI2, 55°C^‘^ 

Scheme 13.87 

13.7.3 2,3-Di-O-Alkyl and 2,3-Di-O-Silyl L-Threitols 

OR 

OR 

XI 

Table 13.12 Symmetrical 
derivatives (XI) 

2,3-0-dialkyl and 2,3-O-disilyl protected L-threitol 

R X 
m.p. (°C) or 
b.p. (°C/torT) [alo (solvent) References 

Me OH 39-41 +9.0 (EtOH) 73,265-267 
Me OTs 65 +9.6 (CHCI3) 265-268 
Me Br 96-99/5 +7.0 (neat)“ 268 
Me I 73-75/0.05 -7.9 (CHCI3) 265,269 
Me N3 71-73/0.1 + 19.8(CHCl3) 267 
Me NH2 58-62/0.1 -23.1 (CHCI3) 267 
Me NHMe 70/6 —10.9 (neat) 5 
Me NHEt 76/5 —10.2 (neat) 5 
Me NHBz 135 -10.9 (EtOH) 269 
Me NMe2 62-64/2 +14.7 (neat) 270 
Me NMeEt — +23.9 (benzene) 271 
Me NEt2 — + 23.4 (benzene) 271 
Me N(CH2)4 80-81/0.01 +5.8 (neat) 5 
Me PPh2 — +4.0 (benzene) 236 
Me SMe 62/0.05 +29.5 (neat) 5 
Et OH 95/0.8 +43.6 (Me2CO) 272 
Et NH2 104-106/7 -39.2 (CHCI3) 272 

{continued) 
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Table 13.12 {continued) 

R X 
m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

Et NHTs 110-112 -5.9 (CHCI3) 272 
Bn OH 50-52 + 17.3 (CHCI3) 273-276 
Bn OTs 121 + 14.6 (CHCI3) 273 
Bn Br — + 11.7 (CHCI3) 273 
C18H37 NMe2 34.5 + 3.9 (CHCI3) 5 
[(CH^lPl^Me OTs — +0.3 (CHCI3) 274 
[(CH^l^Ol^Me SH 240/1 + 10.0 (CHCI3) 274 
(CH2) 2NMe NMCj — -33.3 (MeOH) 271 
MOM OH 62-63 -7.7 (MeOH) 54,197 
Bz NHBz 157-158 -28.5 (DMF) 20 

SiMej OTs — -14.4 (CHCI3) 159 
SiMcjt-Bu OH — — 277 
SiMCj PPh2 44-46 -10.2(CHCl3) 260 
SiMCjt-Bu PPhj 95-97 -13.4 (CHCI3) 260 
Si(i-Pr)3 PPh2 73-75 +63.8 (CHCI3) 260 
SiPh3 PPh2 118-119 + 10.1 (CHCI3) 260 

At 546 nm. 

Synthesis 

2,3-Di-O-alkyl or di-O-silyl protected threitol derivatives are readily prepared 

from the corresponding 2,3-di-O-protected tartrates and tartramides by LiAlH4 

reduction (Scheme 13.88). 

OR2 OR2 

0R2 0R2 

a (R' = Me, Et; R"' = Me, Et, Bn): LiAIH^, EtjO, RT to reflux (62-87%)="®^"®^"’’"'^^" 

b (R' = Et; R''= TBS): 6 eq. LiEtjBH, THE, 0“C (75%)'^ 

c (R = H): LiAIH^, dioxane, A, (39%)® 

d (R = Me): LiAIH4, THE. A, (88-90%)® "^“ 

Scheme 13.88 
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Selective removal of the protecting group(s) from tri- or tetra-O-protected 

threitols constitutes another method of preparing 2,3-di-O-protected threitol 

derivatives (Scheme 13.89). 

a: DDQ, CH2CI2-H2O (18:1), RT, 0.5h (95%)®' 

Scheme 13.89 

1,4-Diactivated derivatives are available through tosylation of the 2,3-dipro- 

tected threitols (Scheme 13.90). 

OR OR OR 

OR OR OR 

X = Br, I 

a (R = Me): TsCI, pyridine, -20“C RT (79-95%)® '“'®® 

b (R = Bn): TsCI, pyridine, -5°C ^ 0°C (86%)"® 

c (R = Me): LiBr or Lil, Me2CO, A (91-92%)'®®"® 

Scheme 13.90 

2,3*Bis-(9-trimethylsilyl-l,4-di-0-tosyl threitol is available from 1,4-di-O- 
tosyl threitol (Scheme 13.91). 

OTVIS 

OTTVIS 

a: TMSCI, HMDS, CH2CI2, RT (82%)'®® 

Scheme 13.91 

OMe OMe 

OMe OMe 

b, c 
40% 

OMe 

OMe 

a: 5 eq. MeSH, 5 eq, NaH, THF® 

b: 4 eq. NaNj, DMF, A (81%)'®' 

c: H2, 10% Pd/C, MeOH (84%)'®' 

Scheme 13.92 
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1,4-Di-O-tosyl derivatives of threitol react with N- or S-nucleophiles to give 

acyclic or cyclic substitution products (Scheme 13.92). 

(S,5')-2,3-Dimethoxy-l,4-bis(dimethylamino)butane [26549-21-3] is avail¬ 

able commercially. 

Applications 

Dinitrile 13.112, obtained by substitution of ditosylate 13.111 with a cyanide 

ion, served as an intermediate in the syntheses of (15,2S)-l,2-dimethoxycy- 

clooctane (Cope^“) and of the enantiomer of natural (-l-)-cxo-brevicomin 

(Mori^“), Scheme 13.93. 

o 

a: NaCN, DMSO, RT, 6d (65-78%) 

Scheme 13.93 

These syntheses helped to establish the absolute configuration of the target 

compounds. 
Unlike the 2,3-acetal protection, 2,3-di-(9-alkyl protection makes it feasible to 

carry out one-step synthesis of functionalized cyclopentane derivatives from 1,4- 

diactivated threitols (Scheme 13.94). 

a: 2 eq. LDA, THF, -60°C, then HCI-MeOH, -55°C, then 20% NaOH (55%)^“ 

OBn 

OBn 

^SO^R 

^S02Ph 

BnO. 

ROjS 

OBn 

SOjR 

b (X = Br, R = Ph); K2CO3, DMF, 75°C, 20h (92%)”’ 

c (X = OTf, R = CFa): 2.3 eq. n-BuLi, THF, HMPA, -70°C (95%)”® 

Scheme 13.94 (continued) 
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BnO OBn 

S02Ph 

R = 

Desymmetrization of 2,3-di-O-alkyl threitols is possible via cyclic deriva¬ 

tives. Cyclic sulfate 13.113 reacts with the anion of 2-ethoxycarbonyl-l,3- 

dithiane to give ester 13.114, an intermediate in the synthesis of 

3-deoxy-L-t/zrco-2-hexulosonic acid.^®° Chiral phosphonite 13.115 bearing the 

2,3-di-O-methyl-L-threitol ligand was reported to undergo a diastereoselective 

Arbuzov reaction^*' (Scheme 13.95). 

BnO^/'-O 

BnO""^0 

13.113 

)s02 

BnO 

BnO' 

OH 

COOEt 

13.114 

/—s 
a: ( >—COOEt , n-BuLi, HMPT, RT (70%) 

'—s 

MeO.,^/—O, 

MeO' 

^PPh — 

13.115 

b: PNBI, benzene, A 

Scheme 13.95 

(S,S)-2,3-Dimethoxy-l,4-butanediamine was used for the synthesis of stereo¬ 

regular polyamides by condensation with pentachlorophenyl esters of aliphatic 

C4 to C12 diacids. 

Various alkoxyamines derived from threitol were used by Seebach as chiral 

ligands in the asymmetric nucleophilic additions of organometallics to carbonyl 

compounds.Enantioselectivity induced by the chiral ligand (cosol¬ 

vent) was found to be generally moderate, as shown in the examples in Scheme 

13.96. 

e.e. 30% 

OMe 

a: 1 eq, n-BuLi, 6 eq. ■ isopentane, -140°C (80-90%)^^® 
OMe 

Scheme 13.96 (continued) 
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RCHO 

R e.e. (%) 

Me 46 

i-Pr 53 

Cy 48 

Ph 52 

2-MeCsH4 56 

4-MeC6H4 49 

b. 1 eq. n-BuLi, 2 eq, 

0(CHj)jNMej 

, pentane. -78X"^’ 

0(CHj)2NMej 

Scheme 13.96 

13.8 l,2,3-TRI-6)-PROTECTED l-THREITOLS AND THEIR 
DERIVATIVES 

The most frequently used 1,2,3-triprotection scheme is based on the 1,2- and 

2,3-acetals of threitol (XII and XIV) while the use of 2-0-alkyl-1,3-acetals of 

threitol (XIH) and 1,2,3-0-trialkyl threitols (XV) is limited by their availability. 

13.8.1 3-0-Protected-1,2-Acetals and 2-0-Protected-l,3-AcetaIs of 
L-Threitol and Derivatives 

R' OR^* 

XII xm 

Table 13.13 3-0-Protected-l,2-cyclic acetals of L-threitol and their derivatives 
(XII) 

R' X 
m.p. (°C) or 
b.p. (°C/torr) [a]i3 (solvent) References 

Me Bn OH 140-145/0.05 -22.1 (CHC13) 81,89,91-93,100,284 
Me Bn OMs — — 89 
Me Bn OTs — + 11.1 (CHCI3) 285 
Me Bn Br — — 95 
Me Bn I 130-150/1 -8.6(CHCl3) 284,285 
Me THP OH 123/0.03 — 107,286 
Me THP OMs — — 107 
Me THP SPh — — 107 
Et PMB OH — -28.3 (CHCI3) 98,160 
a Bn OH — -4.0 (CHCI3) 93 
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Synthesis 

A very useful synthetic scheme involves formation of the dioxolane acetals of 2- 

0-benzyl (or p-methoxybenzyl) monoprotected threitol, which is in turn 

obtained from the 2,3-0-benzylidene acetal of threitol (see Section 13.3.2), 

Scheme 13.97. 

a. Me2C(OMe)2, TsOH (cat.), CH2CI2 or benzene, A (45-98%)“““ or Me2CO 

(excess), 0.4 eq. TsOH, benzene, RT (58-98%)““ ” “ 

b (n = 0): cyclopentanone, HC(OEt)3, TsOH, PhMe, RT (77%)“ 

c (n = 1): 1,1-dimethoxycyclohexane,TsOH (cat.), benzene, 

d; EtjCO (excess), TsOH, THE or benzene, RT (89-95%)“ ’“ 

Scheme 13.97 

Despite the generally observed preference for the formation of five-mem- 

bered 1,3-dioxolane acetals from ketones, the isopropylidenation reaction of 2- 

O-benzylthreitol (13.116) produces mixtures of acetals. Valverde and Herradon 

have shown that with the use of 2-methoxypropene, nearly equal amounts of the 

isomeric acetals 13.117-13.119 are obtained. The desired five-membered acetal 

can be selectively obtained using large excess acetone as the isopropylidenation 

agent; for practical preparations the recommended procedure employs acetone 

with perchloric acid for acetalization, combined with isomerisation of the unde¬ 

sired acetals to the 1,3-dioxolane derivative 13.118^' *“ (Scheme 13.98). 

Transacetalization of 2-0-benzyl-threitol with benzaldehyde diethyl acetal 

may lead to a mixture of five- and six-membered benzylidene derivatives—a 

reaction of low synthetic utility (Scheme 13.99). 

However, the yield of six-membered benzylidene acetal 13.120 can be 

increased significantly by acetalization of 2-0-benzylidene threitol with ben¬ 

zaldehyde—a result consistent with the generally observed preference of aldehy¬ 

des for the formation of 1,3-dioxane acetals. A recent report claims an 83% yield 

of the acetal 13.120 by transacetalization of benzaldehyde dimethyl acetal with 
13.116.'*' 

Six-membered aldehyde acetal is preferentially obtained by DDQ oxidation 

of 2-(9-PMB-3-0-methyl protected L-threitoP^ (Scheme 13.100). 
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a: 2.5 eq. CH2=C(OMe)Me, TsOH (cat.), DMF, O-C, 0.75h 

b: acetone (25mL/mmol), 1 eq. HCIO4, mol sieves 4A, RT, 28h 

Scheme 13.98 

13.120 

a: 15% 

b; 65% 

13.121 

33% 

30% 

a: PhCH(OEt)2, TsOH (cat.), DMF, RT'° 

b: PhCHO, CF3COOH (cat.), CH2CI2, 

Scheme 13.99 

a; DDQ, mol. sieves 4A, CH2CI2, RT, 1h 

b: TsOH, PhMe, RT, 15 min (65%) 

Scheme 13.100 

3-0-Protected-l,2-0-isopropylidene-L-threitol can be alternatively obtained 

from suitably protected L-threonic acid, which is readily available from L-ascor- 

bic acid (see Chapter 14), Scheme 13.101. 
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OTHP OTHP 

Applications 

Various protected 1,2,3-triols of 2,3-threo configuration are available from 1,2,3- 

tri-(9-protected threitols by the reaction of 4-activated derivatives with reducing 

or C-nucleophilic reagents. The target compounds obtained from the protected 
triols are also shown in Scheme 13.102. 

The 1,3-dioxane type acetal 13.122 is useful as a chiral auxiliary in the Diels- 

Alder reaction of acrylate 13.123 with cyclopentadiene^^^ (Scheme 13.103). 

(+)-monomorine 

b: n-PrMgBr, LbCuCU (cat.), THF, -78°C -> RT (87%)^“’^“ 

OBn OBn 

c: CH2(COOEt)2, NaH, OMP'"'' 

Scheme 13.102 (continued) 
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d: (R = All): AllMgCI, Cul (cat.), THF, -30°C (84%)"®’ 

e (R = C„H23) ; CnHzaMgBr, Cul (cat.), THF, -30°C (82%)"” 

Ph 

Cl 

OBn 

f; CHCI3, LDA, THF-EtzO-HMPA (1:1:0.2), -110°C (60%)"“ 

Scheme 13.102 

a: CI0CCH=CH2. NEt3, 0°C 

b: 3 eq. cyclopentadlene, 1.5 eq. EtAICIa, CH2CI2, -70°C 

Scheme 13.103 

13.8.2 l-O-Protected-2,3-Acetals of L-Threitol and Derivatives 

XIV 
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Table 13.14 l-0-Protected-2,3-cyclic acetals of L-threitol and their derivatives (XIV) 

R‘ R^ X 
m.p. (°C) or 
b.p. (C/torr) [«]□ (solvent) References 

Me Me Me OTs — + 16.5 (CHCI3) 75 

Me Me Bn OH 123/0.005 +9.0 (CHCI3) 77,79,83,139,240 

Me Me Bn OTs — -14.6(CHCl3)® 77,139 

Me Me Bn 1 135/0.05 -10.1 (CHCI3) 294-296 

Me Me Bn Br 160/0.01 +2.0 (CHCI3) 83,297 

Me Me Bn Cl — + 1.5 (CHCI3) 296 

Me Me Bn P(0)Ph2 91-92 + 1.9(CHCl3) 240 

Me Me PMB OH — + 10.6(CHCl3) 82,296 

Me Me PMB Cl — +2.1 (CHCI3) 402 

Me Me Bz OH 123-127/0.05 -7.5 (CHCI3) 393 

Me Me Bz OTs 85-86 — 171 

Me Me TBS OH — + 16.1 (CHCb)" 298-300 
Me Me TIPS OH — +9.5 (CH2CI2) 300 
Me Me Ph Cl — — 301 
Me Me 4-t-BuC6H4 OTs 65-67 — 302 

Bn OH — +0.9 (CHCI3) 179 
MeCH=CH H Bn OH — — 112 

'' [«]d “9.8 (CHCI3) was reported in ref. 240. 
[aJn —5.4 (MeOH) was reported in ref. 303. 

Synthesis 

The synthesis is based on monoprotection of the readily available 2,3-acetals of 

threitol. The most frequently used 1-O-protecting groups are the benzyl and the 

TBS groups; but other groups like methyl, phenyl, tetrahydropyranyl, and ben¬ 

zoyl are also encountered. Some examples of monoprotection of 2,3-acetals of 
threitol and their derivatives are shown in Scheme 13.104. 

b OPMB 

OH 

a; 1.1 eq NaH, 1.1 eq. BnBr or BnCI, DMF, -20°C (72-89%)^“ 

or 1.1 eq. NaH. 1.1 eq. BnCI, DMSO, RT, 1.5h (54%)“® 

or 1 eq NaH, 1 eq. BnBr, Bu^NI, THF (63%)'“ 

or 1 eq. KOH, 1 eq. BnCI, benzene, A (66%)'“ 

b: 1.1 eq NaH, 1 eq. PMBCI, DMF, -30°C, 2h (76-80%)®'“® 

or 1 eq NaH, 1 eq. PMBBr, THF, RT, 1h (90%)““’ 

Scheme 13.104 (continued) 
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c y°'Y^OPh 

c: PhOH, NaOH, MeOCHzCHjOH-HjO, A (>65%)"°^ 

y°^^OTs _d 

d: 0.5 eq. 4-t-BuC6H40H, K2CO3. DMF (74%)”' 

e (R = THP); dihydropyran, CSA (cat.), CH2CI2, RT, 30 min. (93-99%)^“'^“ 

f (R = CMejOMe): MeOC(Me)=CH2, POCI3 (cat,), hexane-Et20, RT, 1h (97-100%)^“ 

g y^^T'^OTBS 

oA^oh 
h y°'V^OTBS 

g: 1,1 eq. tBuMe2SiCI, 1 eq, n-BuLi, THF, O^C -> RT (88%)^“ 

h: MsCI, NEt3, CH2CI2, RT then LiCI, DMF, 80°C (85%)“' 

Scheme 13.104 

A convenient, high-yield, and general method of monosilylation of 2,3-0-iso- 
propylidene threitol requires the use of one equivalent each sodium hydride and 
a silyl chloride (Scheme 13.105). 

OSiR2'R^ 

OH 

R’ = Me, R^ = t-Bu (TBS), 64-100%’®’’^“'“' “”°^ 

R’ = Ph, R"' = t-Bu (TBDPS), 75%“° 

r’ = = j-Pr (TIPS), 100%“° 

0TB S 

OH 

(100%)“^ 

a: 1 eq. NaH, 1 eq. R'R2’SiCI, THF or DME, RT 

Scheme 13.105 
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A unique chemoselective 2,3-<5-protection/activation reaction of 1-0-benzyl 

threitol is carried out with dimethyl carbonate under basic conditions (the reac¬ 

tion with triphosgene provides the less stable 1,2,4-tri-O-protected derivative), 

Scheme 13.106. 

OH 

a; MezCOs, NaH, RT, 30 min. (65%)“ 

Scheme 13.106 

Synthesis of some useful 4-activated derivatives of the versatile 1-0-benzyl- 

2,3-0-isopropylidene-L-threitol (13.124) is shown in Scheme 13.107. 

y°^I^OBn 

a (X = Cl); CCI4, PhjP, 70“C, 2h (95%)'“ 

b (X = Br): CBr4, PhjP, EtjO-CHzCIi, 35 min (85%)““' 

c (X = I): I2, PhjP, imidazole, PhMe, 60°C, 3h (80%)'“ 

d (R = Ms): MsCI, NEtj, PhMe (99.8%)“'“ 

e (R = Ts): TsCI, pyridine, -20°C, 24h (97-99.5% crude)’“ '‘” 

f (X = 1, R = Ms or Ts): Nal (excess), NaHCOs, DMF or MeCN, 70°C, 96h (z92%)'“ “® 

g (X = Br, R = Ms): LiBr, CuBr, MejCO, 100°C/4 atm. (70%)“ 

Scheme 13.107 

Applications 

As in the case of 1,2-acetals of 3-0-protected threitols, the reaction of 4- 

activated 1-0-protected 2,3-acetals of threitol with reducing or C-nucleophilic 

reagents gives access to the 1,2,3-triols of 2,'i-threo configuration. These prod¬ 

ucts can be further transformed to the target compounds, shown in Scheme 
13.108. 

Tri-O-protected iodide 13.125 is a suitable educt for a carbon chain elonga¬ 
tion via the radical addition to the C=C bond (Scheme 13.109). 
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NHR 

a or 

b 
R 0^"'^Me 

» .OH 

R = Me“’“ 

Me 

A/-acetyl-L-daunosamine"’° 

R,R = (CH2)5"’° /V-benzoyl-L-daunosamine"” 

a (X = OTs): LiAIH4, THF, A (82%)’“ 

b (X = Br): Hz, Pd/C, Ba(0H)2-8H20, MeOH, RT (77%)“ 

0 

R = Bn, THP 

xX“ = 

I:? 

HO,, J0\ 
HO'^ [ 

«"""^0^^0 

(+)-colletodiol 

c: ^V- . n-BuLi, THF, -78' 
3 205,297 

X°X^ 
OH 

OTHP d 

OTs 
OH 

d: (CeHialaCuLi, THF, -30“C, then 2M HCI/MeOH (66%)" 
panaxacol 

OCMepMe 

OTs 
e 

(-)-exo-brevicomin''°® a fungi metabolite"®® 

e: EtzCuLi, Et20,-78°C (52-74%)"“'”" 

f (R = Bn): NaH, n-PrCH(NC)Ts, DMSO-EEO, RT, 3h (50%)“”" 

g (R = TBDPS): NaCN, DMF, RT, 20h‘'“ 

Scheme 13.108 
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{-)-exo-brevicomin^” punaglandin 4^^ 

a (R = Me): MVK, n-BuaSnH, AIBN, benzene, A (53%)^®^ 

b (R = OMe): CH2=CHCOOMe, n-BuaSnCI, NaBH4, hv. MeOH (70%)^“ 

Scheme 13.109 

The addition products were used in the synthesis of exo-brevicomin (Giese^^^) 

and punaglandin (Mori^^''). 

1-Halogen substituted threitol derivatives undergo base induced elimination 

to give protected chiral allylic and propargylic diols of synthetic utility (Scheme 

13.110). 

a (X = Br): Zn, AcOH, ultrasound, ca. 50°C (85%)®^ or Mg, MeOH (99%)®'^ 

(X = I): Zn, EtOH, A (ca. 100%)®°® 

b (R = Bn or PMB): L1NH2, NH3, -33“C, 0.5h (70-90%)®®® '“' 

c (R = Ph): LDA, THF, 0°C (78%, isolated as a 0-TBS derivative)®®' 

d (R = PMB): BuLi, HMPA, -30°C, 1h (97%)“® 

Scheme 13.110 

13.126 13.127 13.34 

a: NBS, CCI4, RT (ca, 100% crude) 

b: NaOH, DME, RT (49%)®® 

Scheme 13.111 
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1-0-Protected 2,3-0-benzylidene threitol 13.126 can be regioselectively 

cleaved to the erythw bromohydride derivative 13.127 from which 1-0-pro- 

tected epoxide 13.34 is readily prepared (Scheme 13.111). 

13.8.3 1,2,3-Tri-O-Protected Acyclic L-Threitols and Derivatives (XV) 

OR2 

OR2 

XV 

Table 13.15 1,2,3-Tri-O-protected acyclic L-threitol derivatives 

R' R^ X b.p. (°C/torr) [aJo (solvent) References 

Bn Me Me OH 130-151/0.2 + 14.2 (CHCI3) 313 
Bn MOM MOM OH — -2.5 (CHCI3) 197,199 

Bn MOM MOM OMs — -8.5 (MeOH) 314 

Bn MOM MOM NHCOOEt — -0.6 (CHCI3) 199 
Bn MOM MOM NHBz — -17.9 (CHCI3) 199 

Bn MOM MOM NPht —- -43.3 (CHCI3) 199 

PMB THP Bn Ns — — 82 

PMB THP Bn NHBoc — — 82 

4-BrC6H4CH2 Ac Ac SAc — -19.0 (CHCI3) 315 

Ac MOM MOM OH — -22.9 (MeOH) 200 

TBS Me Me OH — + 16.7 (CHCI3) 313 

TBS Bn Bn OH — + 15.7 (CHCI3) 276,316 

TBS MOM MOM OH — + 1.3 (CHCI3) 317 

TBS CH^CHCOOEt Bn Br — — 95 

Synthesis 

1,2,3-Tri-O-protected threitols are usually obtained by monoalkylation or 

monosilylation of the 2,3-di-O-alkyl or 2,3-di-O-alkoxyalkyl threitol derivatives 

(Scheme 13.112). 

OMe OMe 

OMe OMe 

a; 1 eq. NaH, 1 eq. BnBr, DMF, -30°C, 1h (73%)"'" 

Scheme 13.112 (continued) 
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OBn 

b 
or c 

OBn 

b: 1 eq. NaH, 1 eq. TBSCI, THF, RT (90%)""® 

c: 1 eq, n-BuLi, 1.1 eq. TBSCI, THF, 0°C (95%)®’® 

OMOM OMOM 

OMOM OMOM 

d: 1.1 eq. NaH, 1.1 eq. TBSCI, THF, 0°C (91%)®’" 

Scheme 13.112 

Similarly, acyclic 2,3-acetal protected threitols can be (9-monobenzylated 

with high yield (Scheme 13.113). 

R"0 

HO 

R’ 

A. 

Y 

OH 

0R2 

or b 

R^O 

BnO 

R’ 

A, 

V 

OH 

OR2 

R’ R’ 

R’ R" method yield (%) ref. 

H Me (MOM) a 99 197,199 

b 74-85 198,200 

Me Me (ME) a 84-89 77,78 

Me Et (EE) a 97 83 

NaH, 1.( 3 eq. BnBr, DMF, -20“C 

b: 1.0 eq. BnCI or BnBr, 4N NaOH, Bu^NCI, CHjCb, 50°C 

Scheme 13.113 

These derivatives undergo uneventful substitution reactions at C-4 (Scheme 
13.114). 

a. phthalimide, PPhs, DEAD, THF, 0°C -> RT (92%)’®® 

Scheme 13.114 (continued) 
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OMOM OMOM 

OMOM OMOM 

b: LiAIH^, THF- EtjO (1:1), A, 9h (72%)’'^ 

Scheme 13.114 

Application 

1,2,3-Tri-O-protected derivative of L-threitol bearing a P-alkoxyacrylate moiety 

as a radical acceptor is an excellent substrate for C-furanoside synthesis 

(Scheme 13.115). 

''^^^COOEt 

BnO Br 

TBSO^"""^^'"""^COOEt 

BnO 

a: BuaSnH, AIBN (cat.), benzene, A (84%)“ 

Scheme 13.115 

13.9 1,2,4-TRI-O-PROTECTED l-THREITOL DERIVATIVES 

OH 

R’O 
0R5 

OR2 

XVI 

Table 13.16 1,2,4-Tri-O-protected L-threitol derivatives (XVI) 

R' R^ b.p. (°C/torr) [aJo (solvent) References 

-CMe^- C15H33 _ — 93 

-CMCj- Bn — +6.8 (CHCI3) 113 

. -CMe2- PMB — +5.7 (CHCI3) 81 

-CMcj- Ac 104/0.95 +2.4 (CHCI3) 318 

-CMej- Tr — +2.5 (CHCI3) 319 

-CMcj- Piv — -6.2 (CHCI3) 319,320 

. -CMcj- Bz — + 1.9 (CHCI3) 104 

-CMCj- TBS — +7.3 (CHCI3) 319 

-CMe,- TBDPS — +4.4 (CHCI3) 313 

t-Bu CH(Ph)cyc/o-C5Hg t-Bu — -53.2(CHCl3) 129 

(continued) 
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Table 13.16 {continued) 

R' R^ b.p. (°C/torr) [alo (solvent) References 

t-Bu CH(Ph)cycto-C6H„ t-Bu — -38.0(CHCl3) 129 

t-Bu CH(4-PhC6H4)cyc/o-C5H9 t-Bu — -54.9 (CHCI3) 129 

t-Bu CH(4-BrC6H4)cyc/o-C5H9 t-Bu — -51.2 (CHCI3) 129 

t-Bu CH(3-MeOC6H4)CH2tBu t-Bu — -63.5 (CHCI3) 129 

t-Bu CH(3-MeOQH4)cyc/o-C6H,, t-Bu — -41.8 (CHCI3) 129 

t-Bu CHPh(3-MeOC6H4) t-Bu — +41.6(CHCl3) 129 
Bn Bn TBDPS — +5.7 (CHCI3) 113 
Bn THP Tr — -— 321 

Tr [(CH2)20]2Ts Bn — — 321 
TBS Bn TBS 170/0.07 +21.0 (CHCI3) 83 
TBS PMB TBS — +23.4 (CHCI3) 160 
TBDPS Bn TBDPS — + 12.6 (CHCI3) 113 
TBDPS TBDPS TBDPS — + 11.3 (CHCI3) 113 

Synthesis 

Access to the 1,2,4-tri-O-protected threitols is provided by the 1,2-di-O-pro- 

tected precursors in which a number of reaction can differentiate between the 

more reactive 4-hydroxy group and the secondary 3-hydroxy group^'^ (Scheme 

13.116). 

OH OH 

a (R = Bz): 1 eq. BzCI, pyridine, CH2CI2, -70°C, 2h (70%)'“” 

or 1 eq. BzCI, pyridine, Et20, 0°-> 5°C (81%)^“ 

b (R = Piv): 1 eq. PivCI, pyridine, CH2CI2, -15°C -> RT (77-83%)"°“° 

c (R = TBDPS): TBDPSCI, imidazole, DMF, RT (85%)"° 

d (R = Bn): Bu2SnO, mol sieves 4A, PhMe, A, 20h then BnBr, n-Bu4NI, 70°C. lOh 

{84%)""or BujSnO, MeOH, A, 5h then BnBr, DMF, 70-8000 (90%)"° 

OH OH 

THPO THPO 

e: TrCI, pyridine (^ 96%)“' 

Scheme 13.116 

The process of 1,4-di-O-protection of 2-0-benzyl threitol by the bis-TBS 
ether formation is also applicable (Scheme 13.117). 
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a: 2 eq. TBSCI, 2 eq. imidazole, DMF, -20°C ^ RT, 16h (94%)“ 

Scheme 13.117 

Chemoselective removal (or cleavage) of one of the internal protecting groups 

in tetraprotected threitol derivaties is another route to 1,2,4-tri-O-protected thre- 

itols. Noteworthy is the chemoselective hydrogenolytic removal of the benzyl 

group in the presence of the p-methoxybenzyl group and diastereoselectivity in 

the formation of the new chiral center in the reaction of benzylidene acetals with 

Grignard reagents (Scheme 13.118). 

a (R = C16H33): H2, Pd, 2% AcOH-MeOH, RT (87%)“ 

b (R = PMB): H2, Raney nickel, EtOH, RT (93%)®' 

c (R = TBS): i-Bu2AIH, CH2CI2, -78°^ -30°C (81%)'“ 

(R = Bn): i-Bu2AIH, PhMe (97%)“® 

d: RMgX, benzene, A'®® 

R yield (%) d.e. (%) 

i-Pr 77 48 

cyclo-CsHa 83 96 

cyc/o-CeHti 84 >98 

OH 

OCH(SPh)Ph 

e: PhSH, NEtj, MejBBr, CH2CI2, -78“C (88%)®®“' 

Scheme 13.118 
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Applications 

1,2,4-Tri-O-protected L-threitol derivatives can be converted to the 3,4-di-O-pro- 

tected 1,2-epoxides of erythro configuration after activation of the 3-hydroxy 

group and removal of the 4-protecting group (Scheme 13.119). 

a: TsCI, NEtj, DMAP, CHjCb, 0°C 

b: K2CO3, MeOH, CH2CI2, RT, 6h (95%)’“^ 

c: 3-O2NC6H4SO2CI, pyridine. DMAP. CH2CI2. RT 

d; KOH, MeOH. 0°C ^ RT. 2h (51-56%)”°'“‘’ 

Scheme 13.119 

Erythro configured products, such as intermediates 13.128, useful in the syn¬ 

thesis of neolignans, and 13.129, used in the synthesis of the l,4-diazepan-2-one 

moiety of liposidomycins, are available by substitution of the 3-activated 
hydroxy group (Scheme 13.120). 

13.128 

a; 2-Me0C6H40Cs. 18-crown-6. benzene. A. 24h (85-90%f” 

13.129 

b: NaNs, DMF. 70-80X, 12h (90%)”® 

Scheme 13.120 



TETRA-O-PROTECTED l-THREITOLS 359 

Derivatives of L-erythrulose bearing various protecting groups can be 

obtained by oxidation of the corresponding 1,2,4-tri-O-protected L-threitols^'^ 

(Scheme 13.121). 

a (R = Bz): CrOj, pyridine, CH2CI2, RT (76%)“^ 

b (R = TBDPS): (COCI)2, DMSO, NEta, CH2CI2, -60“C ^ RT (86%)"^ 

OH 

c. 

OBn 

c: as a (98%)“ 

d: as b’“ 

R' = R^ = Bn (94%) 

R’ = TBDPS, R’ = Bn (74%) 

R’ = R= = TBDPS (78%) 

Scheme 13.121 

13.10 TETRA-O-PROTECTED l-THREITOLS 

13.10.1 Tetra-O-Protected L-Threitols with 1,2-Acetal or 1,3-Acetal 

. Groups 

OR3 

XIII XVII 
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Table 13.17 Tetraprotected L-threitoi derivatives with 1,2- and 1,3-acetal groups 
(XVll, XVIII) 

R' R^ R3 

m.p. (°C) or 

b.p. (°C/toiT) [alo (solvent) References 

Formula XVII 

-CMcj- — 35-36 -11.4 (CHCI3)" 108 

Me C„H33 - — -4.2 (CHCI3) 93 

Bn C16H33 - — — 93 
Bn C||jH37 - — -0.7 (CHCI3) 93 
Bn Bn — 180/0.5 -3.3 (CHjCij) 113,325 
Bn PMB — — -3.9 (CHCI3) 81 
Bn Tr — 90-92 -- 93 
Bn Ac — 147/0.7 -12.4 (CHCI3) 318 
Bn TBDPS — — + 10.1 (CHCI3) 113 
TBDPS Bn — — +9.0 (CHCI3) 113 
TBDPS TBDPS — — + 7.4 (CHCI3) 113 
4-(PhN=N)QH4CO 4-(PhN=N)QH4CO — 198-199 -39.0 (CHCh)” 326 
PPhj PPhj — — +2.8 (CHCI3) 109 
P(C,P5)2 PlCsFs)^ - — +0.4 (CHCI3) 109 

Formula XVIII 

H -CHj- 180-180.5 + 10.7(CHCl3) 34,51,327 
Ph -PhCH- 231 + 79.3 (CHCI3) 31,33,37,163 
4-(C5H„0)QH4 -4-(QH„0)C,H4CH- 188-190 + 80.0(CHCl3) 329 
4-(C,H,30)QH4 -4-(C,H,30)QH4CH- 175-178 +68.0 (CHCI3) 329 
4-(C7H,50)C,H4 -4-(C7H,50)C,H4CH- 177-179 + 60.0 (CHCI3) 329 
2-OjNC6H4 -2-O2NC6H4CH- — — 330 
3-O2NC6H4 -3-O2NC6H4CH- — — 330 
4-03NC,H4 -4-O2NC6H4CH- — — 330 
H MOM Ac -- + 53.3 (CHCI,)*’ 51 
H C(0)CH=CH2 Ac — — 293 
Ph Me Me 65 + 53.0 (CHCI,) 121 

Ph Bn TBDPS — + 22.0(CH,Cl2) 123 

“ [«]546 + 3 (CHCI3) is given in ref. 326 at 546 nm. 

Synthesis 

Direct isopropylidenation of L-threitol with acetone gives, not unexpectedly, a 

mixture of l,2;3,4-di-0-isopropylidene-L-threitol and two other five-membered 

mono-O-isopropylidene-L-threitols."’*'^^^ The reaction is apparently of limited 
synthetic use (Scheme 13.122). 

However, transacetalization of 2,3-0-isopropylidene-L-threitol with ketones 
makes l,2;3,4-bisacetals readily available (Scheme 13.123). 
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a: MejCO, 2N HCI (cat ), RT, 3d’°® 

Scheme 13.122 

Scheme 13.123 

In contrast to isopropylidenation, the reaction of threitol with aldehydes or 

their acetals gives cleanly the six-membered l,3;2,4-bisacetals, as detailed in 

Scheme 13.124. l,3;2,4-Di-0-methylenethreitol is obtained in high yield also by 

transacetalization of the bis-MOM acetal 13.130. The course of the reaction has 

its origin in the preferred conformation of the substrate. 

OH 

HO 

HO 

OH 

OH 

OMOM 

OH 

OMOM 

13.130 

R 

13.131 

a (R = H): CH2(OMe)2 (excess), H2SO4 (cat ), CaCb (removal of MeOH), A (59%)^ 

b (R = H): CH2(OMe)2, MeOH, 0.4M HBr in CH2(OMe)2, dioxane, mol. sieves 4A, A, 

23h (removal of MeOH), 92%^” 

c (R = Ph): PhCHO, ZnCb, RT (63%)"’’ 

d (R =H): Amberlyst 15, CH2CI2, A (99%)=’ 

Scheme 13.124 

The product obtained according to procedure (a) was found to be impure. 

The l,3;2,4-bisacetals of threitol have the structure of c/a-1,3,5,7-tetraoxade- 

calin (13.131). 
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Tetraprotected threitols were also obtained from di- or tri-O-protected acetal 

precursors by the usual 0-alkylation or silylation reactions (Scheme 13.125). 

a: NaH, THF, A then BnBr, n-Bu4NI, A (84%)”^ 

OBn OBn 

b (R = PMB): NaH, PMBCI, DMF, RT (97%)®’ 

c (R = CteHaa): 2.5 eq. KH, 1.25 eq. CisHaaOMs, benzene, A (88%)®® 

OH 

d 

OMe 

d: KH, Mel, benzene, RT, 12h (98%)®® 

OBn OBn 

f; Mel, AgaO, DMF (58%)’®’ 

Ph 

OBn 

g: TBDPSCI, imidazole, DMF, RT, 2h (90%)’®® 

Scheme 13.125 
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Application 

Bisacetal 13.132 has been converted to macro-m-cyclophanes 13.133 and 

13.134^^° (Scheme 13.126). 

13.133 (n = 1). 17% 

13.134 (n = 2), 10% 

a: COCI2, NaHCOj; then H0(CH2CH20)„H 

Scheme 13.126 

13.10.2 Tetra-O-Protected L-Threitols with 2,3-Acetal Group 

XIX 

Table 13.18 Symmetrical derivatives of tetra-O-protected L-threitol with 2,3-acetal 
group (XIX) 

R' R^ R^ 
m.p. (°C) or 
b.p. (°C/toiT) [aJo (solvent) References 

Aldehyde acetals 

H H Ac — — 332 

H McjC^CH Bn — + 8.85 (CHCI3) 333 

H n-PrCH=CH Me — — 334 

H 1 -cyclohexenyl Bn — +3.6 (CHCI3) 333 

H MeOOC(CH2)3CH=CH Bn — +5.5 (CHCI3) 333 

H BrCHj Bn — — 335 

H Me(OH)CH Me — — 336 

H Ac Me — -9.6 (CHCI3) 336 

H' (2-dithianyI)CH2 Me — — 337 

H (2-dithianyl)CH2 Bn — — 337 

H Ph Me — + 10.1 (CHCI3) 137 

H Ph t-Bu — +4.7 (CHCI3) 129 

H 2-BrC6H4 Me — — 338 

H 3-MeOC6H4 t-Bu — +6.0 (CHCI3) 129 

H S-MeOC^H^ CMe2i-Pr — +5.8 (CHCI3) 129 

H 4-MeOC6H4 TBS — + 10.5 (CHCI3) 160 

{continued) 
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Table 13.18 (continued) 

m.p. (°C) or 

R' R^ R^ b.p. (°C/torr) [a]n, (solvent) References 

H 4-BrCsH4 t-Bu — + 14.1 (CHCI3) 129 

H 4-PhCsH4 t-Bu — + 11.7(CHCl3) 129 

H 4-PhC6H4 CMCji-Pr — + 15.0 (CHCI3) 129 

« 
Acyclic ketone acetals 

Me Me Me 49/0.15 +7.4 (CCI4) 5 

Me Me n-Bu 92-93.5/0.5 — 1.06 (neat) 5 

Me Me Bn 115/0.1 -7.5 (CHCI3) 130,132,144 

Me Me 4-CIC6H4CH2 — -8.2(CHCl3) 141 

Me Me Het“ — +28.4 (benzene) 339 

Me Me C,5H3,C0 — — 146 

Me Me Bz 83-84 + 14.3(DMF) 171 

Me Me Ar'’ 173-175 -10.2(CHCl3) 340 

Me Me 4-(PhN=N)C6H4CO 192-194 -20.0 (CHClj)^ 326 

R‘= Me CH2C(=CH2)Me — -1.4(CHCl3) 258 

R"^ Me 4-CIC6H4CH4 — -3.2(CHCl3) 258 

R'^ Me C7H15CO — -11.0 (CHCI3) 258 

R‘= Me QHigCO -- -10.0 (CHCI3) 258 

R= Me i-PfjSi — + 1.3 (CHCI3) 258 

R'^ Me MePh^Si — -2.3 (CHCI3) 258 

MejC^CH Me Bn — -2.5 (CHCI3) 333 

1-cyclohexenyl Me Bn — -3.4 (CHCI3) 333 

Ph Me Me — — 341 

CHjOH Me Me 90/0.1 — 342 

CHO Me Me 70/0.5 — 342 

CH(OH)Me Et Me — — 346 

Ac Et Me — -6.1 (CHCI3) 336 

CH,OH Ph Me — + 16.2(CHCl3) 343 

CHpAc Ph Me — + 12.8(CHCl3) 343 

CH(OH)Me Ph Me — — 336 

Ac Ph Me — +65.0 (CHCI3) 336 

CH^NOBn Ph Me — + 15.2(CHCl3) 343 

Cyclic ketone acetals 

-(CH^V Me — -8.25 (CH2CI2) 344 

-(CH2)5- Bn — -9.3 (CH2CI2) 344 
-(CH2),CH=:CH- Me — + 13.4 (CHCl,) 181 
-(CH2)2CH=CMe- Me — -l.OlCHClj) 181 
-{CH2)3CH=CH- t-Bu — + 4.3 (CHCI3) 345 
-(CH2)3CH=CH- CMCoEt — +0.2 (CHCl,) 345 
-(CH2)3CH=CH- CEt2Me — -7.7 (CHCI3) 345 
-(CH2)3CH=CH- CMcii-Pr — + 1.7 (CHCl,) 345 
-(CH2)4CH-CH- CMcji-Pr — -3.1 (CHCI3) 345 
-(CH2)3CMe=CH- CMCji-Pr — + 4.4 (CHCI3) 345 
-(CH2)2CH=CMe- CMCji-Pr — -2.0 (CHCl,) 345 
-(CH2)2CH=CH- Bn — +0.2 (CHCl,) 333 
-(CH2)2CH=CMe- Bn — -1.0 (CHCl,) 333 
-(CH2)2C{i-Pr)=CH- Bn — + 8.8 (CHCl,) 333 

{continued) 
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Table 13.18 {continued) 

R' R2 R“ 
m.p. (°C) or 
b.p. (°C/torr) [alo (solvent) References 

-(CH2)3CH=CH- Bn _ +9.3 (CHCl,) 333 
-(CH2)3CH=CH- 4-PhQH4CH2 63-65 +4.7 (CHCI3) 181 
-(CH2)3CH=CH- 2-naphthyl-CH2 74.5-79 +2.3 (CHCI3) 181 
-(CH2)2CH=CHCH,- Bn — -9.7 (CHCI3) 333 
-(CH2)3CH=CMe- Bn — +14.7 (CHCI3) 333 
-(CH2)4CH=CH- Bn — + 1.7 (CHCI3) 333 
-(CH2)2CMe=CHC(0)- Me — -30.1 (CHCI3) 346 
-(CH2)2CPh=CHC(0)- Me — -10.9 (CHCI3) 346 
-(CH2)3CH(COOEt)- Me or Bn — _ 347 
-(CH2),CH(COOEt)- Me or Bn — _ 347 
-(E)-(CH2),2CH=CH Me — +2.65 (CHCI3) 348 
-(Z)-(CH,),2CH=CH Me — +4.2 (CHCI3) 348 
-(£)-(CH2),2CH=CH- Bn — -2.1 (CHCI3) 333 
-<Z)-(CH2),2CH=CH- Bn — -2.8 (CHCI3) 348 
n = 1, m = P* Bn — +2.3 (CHCI3) 333 
n= l,m = 2‘‘ Bn — +4.3 (CHCI3) 333 
n= 1,111 = 3“ Bn — +2.3 (CHCI3) 333 
n = 2, m = 2“ Bn — + 25.3 (CHCI3) 333 
R = H^ Me — -4.8 (CHC13) 349 
R = OMe" Me — +29.7 (CHCI3) 349 

H OMe 

Orthoesters 

Bn -10.0 (CHCI3) 143 
H OMe Bz — -16.5 (CHCI3) 143 
H OMe TBS — -4.8 (CHCI3) 143 
H OEt Me — -17.4 (CHCI3) 350 
H OEt Bn — -14.3(CHCl3) 136,138 

"1 
= i-Pr(CH2)3CH(Me)(CH2)3- ' 

vw* R 

R 

at 546 nm 

Synthesis 

^ These tetraprotected threitol derivatives are obtained simply from 2,3-acetals of 

threitol by 1,4- di-O-alkylation, di-O-acylation, or di-O-silylation reactions. 
Examples of such transformations are shown in Scheme 13.127. 

Otherwise, tetra-O-protected 2,3-acetals of threitol are available by the reac¬ 

tion of aldehydes and ketones or their acetals with 1,4-di-O-protected threitols 
(Scheme 13.128). 
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O^^OH 
0-» 

\P''Y^or X ^r-. R = Me, n-Bu 

a (R = Me): Me2S04, 50% NaOH, EtsBnNCI (cat.), CH2CI2 (79%)® 

b (R = n-Bu): 2 eq. n-BuI, 2 eq. NaH, dioxane, A (43%)® 

^'H 'H 

Xo^» - 

2H "H 

c 

^H 'H 

c: BnBr. NaH, DMF (90%)’‘'®or THF’®° 

oA.„/OBn 

d (R = Ph): BnBr, KOH, PhMe, 80°C, 15h (90%)'’’’ 

(R = OEt): BnBr, NaH, THF, 0°-> 65°C {92%)'“ ’” 

OTBS 

0TB S 

e: 2.2 eq. TBSCI, 2.2 eq. imidazole, CH2CI2, 0°C RT (97%)’®° 

NHCHO 

f: 2.2 eq. Me2C=C(NHCHO)COOH, NEta, HMPT (72%)”’ 

g 

O 

0 

g: CisHjiCOOH, DCC, DMAP, CH2CI2, RT. 16h (96%)’” 

h: 2-bromo-3-hydroxypyridine, NaOH, n-Bu4NBr, PhMe, 85°C, 48h (95%)”® 

Scheme 13.127 (continued) 
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COOH , K2CO3, n-Bu4NBr, DMF, 60°C, 6h (92%f 

OTIPS 

OTIPS 

R = i-Pr(CH2)3CH(Me)CH2)3 

j; TIPSCI, NEt3, MeCN, 40°C, 5h (79%)^^® 

k: [CI(i-Pr)2Si]20, NEt3, MeCN, RT, 2 days (87%)'=® 

Scheme 13.127 

a: 

OH 

337 

OR 

OR 
R = Me, Bn 

OMe 

R = H, Et, Ph 

b: RC{OMe)2CH(OH)Me, CSA (cat.), RT, removal of MeOH (0.5 torr), 64-80%®®® 

c: DMSO, (COCI)2, NEt3, CH2CI2, -78“-> -BOX (88-98%)®®® 

d: 1 eq. BrCH2CH(OEt)2, TsOH (cat.), MeCN, A, 2h (74%)®®= 

OH 

Ar = Ph, S-MeOCgH^, 4-PhC6H4, 4-BrC6H4 

e: 1 eq. ArCHO, 4 eq. TMSCI, CH2CI2, RT, 24h (47-60%)’'® 

Scheme 13.128 (continued) 
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n= 1, 66% 

n = 2, 93% 

n = 3, 42% 

f PPTS (cat.), benzene, A (removal of \water)’®’ 

g: 3-bromo-2-methoxy-cyclohexene, TsOH (cat ), CH2CI2, 0°C’®’ 

h; , TMSOTf (cat.), CH2CI2, -TSX RT (64%)“" 

Scheme 13.128 

Applications 

Racemic ketones after conversion to the diastereomeric acetals of 1,4-0-di-ben- 

zyl or l,4-0-di(4-chlorobenzyl) threitol can be resolved by HPLC, column chro¬ 

matography, or crystallization (Scheme 13.129). 

n = 0, column chromatography 
on silicagel“" 

n = 1, HPLC on silicagel“^ 

O OH 

O OH 

y—OCH^CgH^CU 

K 
00 

4-CIC5H„CH20- 

0 OH 'VT' 
0.. ^0 

J^OH 

0 OH 

OCHjCgH^CU 

crystallization 

Scheme 13.129 

The resolved compounds are useful as substrates in the synthesis of 

prostanoids^^^’^'^'^ as well as 4-demethoxydaunomycinone and 4-demethoxyadri- 
amycinone.''*' 
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X: CR^Rj, nr, O 

Ri: alkyl, H 

R^: alkyl 

Figure 13.3 

1,4-Di-0-alkylated threitols are frequently used as excellent chiral auxiliaries in 

the diastereoselective reactions of acetals of a-functionalized ketones and alde¬ 

hydes (Fig. 13.3). 
Synthetic applications involve reactions of the C=C bond (cyclopropanation, 

conjugate addition, Diels-Alder cycloaddition) and nucleophilic additions to the 

C=N and C=0 bonds. Other reactions mentioned here are asymmetric deproto¬ 

nation, asymmetric alkylation and formation of the axially chiral molecules. 

Mash has demonstrated high effectiveness of the threitol derived 2,3-acetal 

auxiliary in diastereoselective cyclopropanation.”^-^^^’^^^ Examples of cyclo¬ 

propanation reactions of a,P-unsaturated acetals of l,4-di-(9-benzyl-L-threitol 

are shown in Scheme 13.130. For comparison, the parenthetical values are yields 

and diastereoselectivities of these reactions with the l,4-di-0-(2,3-dimethyl-2- 

butyl)-L-threitol derivatives reported by Luh.^''^ 

a; Zn-Cu couple, 3 eq, CH2I2,12 (cat.), Et20, A 

n r’ R^ 
yield (%) 

R" = Bn (R' = CMe2i-Pr) R^ = Bn ( 

1 H H 72 80 

1 Me H 88 (81) 80 (>98) 

1 -(CH2)3- 78 80 

1 -(CH2)4- 72 75 

1 -(CH2)5- 72 80 

2 H H 90-98 (76) 80 (>98) 

2 Me H 99 90 

3 -(CH2)4- 80 75 

3 H H 90 (90) 78 (>98) 

d.e. (%) 
= CMe2i-Pr) 

Scheme 13.130 

All of these cyclopropanation reactions occur in accordance with the simple 

mechanistic model, shown in Fig. 13.4. The observed diastereoselectivity in the 

reaction is presumably due to the chelation control by the threitol acetal oxygen 

atoms. 
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Reactions of this type were used by Mash in the enantioselective synthesis of 

(—)-chokol A (13.135), (-)-modhephene (13.136), and (—)-muscone (13.137), 

Scheme 13.131. 

d.e. 100% 13.137^ 

a: BnO , TsOH, benzene, A, then MeONa, DMSO (56%) 
OH 

b: Zn-Cu couple, 3 eq. CH2I2, K2CO3,12 (cat ), A (88%) 

Scheme 13.131 

In contrast, conjugate organocuprate addition to 1,4-di-O-benzyl threitol 

acetals of 3-acetylcyclopent-2-en-l-one proceeds with low to moderate diastere- 

oselectivity^^^ (Scheme 13.132). 
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a. (2-thienyl)MeCu(CN)Li2, EtjO, -78°C, then MeONa, MeOH, RT 

Scheme 13.132 

Intramolecular Diels-Alder reactions of chiral o-quinodimethanes generated 

by thermal ring opening of the chiral acetal derivatives of benzocyclobutenes 

occur with high diastereofacial selection but with low d.e.^^ (Scheme 13.133). 

a: o-dichlorobenzene, A 

R, R yield (%) trans B/C : cis B/C trans B/C, d.e. (%) 

Me, Me 95 91 : 9 12 

(i-Pr2Si)20 82 97 ; 3 29 

Scheme 13.133 

Fujioka, Tamura et al. found that diastereoselectivity of the LiAlH4 reduction 

of acetal 13.138 bearing the enone functional group can be tuned by the choice 

of the salt additive. The reduction products, R = 3,4-(MeO)2C6H3, were used 
for the synthesis of enantiomers of 3'-methoxy-4'-0-methyl-joubertiamine 

. (13.141), a Sceletium alkaloid, using the Claisen-Eschenmoser rearrangement to 

create the quaternary chiral carbon atom (Scheme 13.134). 
Diastereoselective nucleophilic additions to threitol a-ketoacetals were 

reported by Mioskowski et and Tamura et Good to excellent 

diastereoselectivies were obtained with Grignard reagents as nucleophiles 

(Scheme 13.135). 
In the reactions shown in Scheme 13.135, the observed high diastereoselec¬ 

tivity is undoubtedly due to the chelation of the magnesium cation by the oxygen 
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R 

13.139 13.138 13.140 

R = Me; Ph; SA-IMeOIzCeHj 

a: LiAIH4, LiBr, EtjO, -100°C (95%, d.e. 92%) 

b: LiAlH4, MgBrz, EtaO, -100°C (85-95%, d.e. 80%) 

13.140 

[R = 3,4-(MeO)2C6H3] 

O 

(S)-(+)-13.141 

c: MeC(OMe)2NMe2, 110“C (90%) 

d: LiAIH4, Et20, then 80% AcOH, H2SO4 (cat.), A (82%)^ 

Scheme 13.134 

a: R^MgX, THF or Et20, -78‘’C 

r’ R^ r" yield (%) d.e. (%) ref. 

H H Me 70 80 334 

H H n-Bu 65 74 334 

Me H Et 91 76 336 

Me Et Et 96 >98 336 

Me Et CH2=CH 93 >98 336 

Me Et TMSC^C 98 >98 336 

Me Et Ph 81 96 336 

Me Ph Et 98 >98 336 

Me Ph CH2=CH 90 96 336 

Me Ph TMSC=C 91 94 336 

Me Ph Ph 84 94 336 

Scheme 13.135 
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OMe 

atoms of the threitol auxiliary and the carbonyl group^^^ (Fig. 13.5, see also 
Fig. 13.4). 

Reactions of chiral monoacetals of cyclic 1,2-diones with Grignard reagents 
follow the pattern shown in Fig. 13.5 to give acetals of a-hydroxy-a-alkyl 
ketones with excellent diastereoselectivity (see examples in Scheme 13.136). 

n R yield (%) d.e. {%) 

1 Me 91 96 

2 Me 93 100 

2 All 95 94 

2 Ph 90 90 

b; R^MgBr, THF, 

r’ R^ R^ yield (%) d.e. (%) 

H H Me 92 96 

H OMe Me 95 100 

Br OMOM Me 96 100 

Br OMOM Et 94 100 

Br OMOM TMSC^C 98 100 

Scheme 13.136 (continued) 
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13.142 13.143 

Scheme 13.136 

The chiral tetralone derivative 13.142 obtained by the above route was used 

by Tamura in the synthesis of (-)-7-deoxydaunomycinone (13.143).^^^ 

Organoceriuin reagents, generated from Grignard reagents and cerium 

trichloride, add to the chiral a-aldoxime acetal 13.144 in a manner similar to that 

observed for the addition of Grignard reagents to ketones (Scheme 13.137). 

13.144 13.145 13.146 

R = Me, 84%, d.e. >98% 

R = n-Bu, 81%, d.e. 94% 

a; RMgX, CeCb, THF, 

Scheme 13.137 

The addition product 13.145 can be converted to chiral N-acetylamine 13.146 
in three steps with high yield.^"^ Chastrette reported related additions of alkyl- 

lithiums to the hydrazonoacetal derived from 1,4-di-O-methyl-L-threitol. 

Diastereoselective addition of ester enolates to the chiral imine 13.147 
derived from 1,4-di-O-methyl-L-threitol is a convenient method of stereodiver- 

gent synthesis of ^-lactams. Fujisawa has found that by varying metal enolates, 

different diastereomeric products could be obtained,^"*^ as shown in the examples 

in Scheme 13.138. 

M = Ti(Oi-Pr)3, 94% 4 

—NAn 

1 

96 

a: Me2C=C(OEt)OM, -78°C ^ RT 

Scheme 13.138 
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Asymmetric allylation of chiral acetal 13.148 gave product 13.149 with good 

diastereoselectivity; the product was further converted to spiro[4.5]dec-2-ene- 

1,6-dione^'^^ (Scheme 13.139). 

BnO—V —OBn 

COOEt 

13.149 e.e. 88% 

a: 3 eq. LDA, THF-TMEDA (10 : 1), 1 eq. AIIBr, -78°C, then TsOH, benzene, A (95%, 

d.e. 88%) 

Scheme 13.139 

Asymmetric ortho deprotonation of (ri^-arene)Cr(CO)3 complexes of chiral 

acetals, derived from aryl ketones or aldehydes and 1,4-disubstituted L-threitols, 

proceeds in a number of cases with good diastereoselectivity (Aube^"^' and 

Green'^^). The deprotonated species were quenched with carbon, phosphorous, 

or silicon electrophiles (Scheme 13.140). 

Cr(CO)3 

NMe, NMe., 

E = SilVIea, 62%, d.e. 88% 

E = PPh2, 85%, d.e. 88% 

E = C(OH)Ph2, 80%, d.e. 96% 

a: 1.1 eq. t-BuLi, THF, -78°C, 2.5 h, then 1.2 eq. MeaSiCI or Ph2PCI or Ph2C=0^ 

b: n-BuLi, Et20, -78°C, 1h, then MeaSiCI (70%, d.e. 74%)'®* 

Scheme 13.140 

2,3-0-Isopropylidene threitol is useful as a chiral auxiliary in the formation of 

C2-chiral macrocyclic rings incorporating twisted 2,2'-bipyridine (De Lucchi”^) 

or bifluorenylidene (Luh^'”’'^“) units (Scheme 13.141). 
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/~\ 

Scheme 13.141 

It is of interest to note that removal of the 2,3-0-isopropylidene-L-threitol 

auxiliary from the macrocyclic products shown in Scheme 13.141 leads to opti¬ 

cally inactive biaryl compounds. 
Furthermore, a dioxane-type threitol acetal was used by Scharf as a template 

for asymmetric intramolecular [2+2] photocycloaddition of the cinnamate 

residues in the bis-cinnamate 13.150. A separable mixture of (+)-5-truxinate 

(13.151), (-)-5-truxinate (13.152), (3-truxinate (13.153), and neotruxinate 

(13.154) esters was obtained'** (Scheme 13.142). 

PK, .COOR* Ph.^^^ 

+ 

^,„COOR* Ph^ 

+ J 
^^,.COOR 

Ph^ 
**e. 

'COOR* Ph" ^COOR* Ph*^ 
—K. 

'COOR 

13.151 13.152 13.153 

a: hv (high-pressure Hg lamp), PhMe, -28°C, 60h (89% total) 

Ph^_^COOR* 

Ph''^ ^""COOR* 

13.154 

Scheme 13.142 
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An earlier study by Green et al. has shown that while (+)-5-truxinate ester 

(13.151) was the main product of photocyclization of the less rigid bis-cinna- 

mate 13.155, photocyclization of the more rigid bis-cinnamate 13.156 gave (—)- 

6-truxinate ester (13.152) in only low preference over the (+)-5-stereoisomer 

13.151.'^ 

0 

0 

Erythro-configured products are available from the fully protected orthofor¬ 

mates derived from L-threitol (Scheme 13.143). 

OCHO 

Cl R = Me, Bn 

a: 1.5 eq. PCI5, CH2CI2, 0°C -> RT, 3-8h (86-99%r '“ "“ 

Scheme 13.143 

These chloroformates can be further converted to 2,3-epoxides of L-threitol 

(see Section 13.6). 
[4,5-Bis(hydroxymethyl)-l,3-dioxolan-2-yl]nucleosides, potential inhibitors 

of HIV, were obtained from 2-methoxy-l,3-dioxolane 13.157 (Scheme 13.144). 

o 

HU 

a: silylated thymine or uracil, TMSOTf (53-63%), then Bu^NF (95-97%)'''^ 

Scheme 13.144 

13.10.3 Tetra-d-Protected Acyclic L-Threitol Derivatives 

XX 
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Table 13.19 Non-acetal 1,2,3,4-tetra-O-protected L-threitol derivatives (XX) 

R' R^ R^ R" 

m.p. (°C) or 

b.p. (°C/torr) [alo (solvent) References 

Me THE THP Me — — 127 

Me 1-cyclohexenyl TMS Me — 4-4.8 (CH2CI2) 344 

Me Ar" Me Ar" 112-113 4-230.0 (CHCy^’ 121 

HS(CH,)2 Me Me HSCCHjIj 175/5 — 366 

Bn Me Me TBS — 4-18.6 (CHCI3) 313 

Bn 1-cyclohexenyl TMS Bn — -6.8 (CH2CI2) 344 

Bn MOM MOM Ac — -14.3 (MeOH) 200 

Bn HOlCHj)^ HOlCHj)^ Bn — 4-2.5 (CHCI3) 130,366 

Bn TsO(CH2)2 (CHjIjOTs Bn — — 366 

Bn THPOCCHjIj THPOCCHj)^ Bn — -b3.0(CHCl3) 366 

Bn Ts[0(CH2)]2 Ts[0(CHj)]2 Bn — — 367 

Bn THP[0(CH2)]2 THP[0(CH2)]2 Bn — — 367 

Bn Pr[0(CH2)]2 Pr[0(CH2)]2 Bn — 4-5.3 (CHCI3) 367 

Bn I(CH2)20(CH2)2 Bn — — 131 

Bn HOOCCH2 HOOCCH2 Bn — 4-7.4 (CHCI3) 130,368 

Bn Ar" Ar" Bn — 4-14.7 (THE) 368 

Ac Ac BrCHj Ac — — 332 

Ac Ac Ac Ac 54 4-13.8(CHCl3)‘’ 124 

Bz Bz MeOCHj Bz — 4-7.4 (CHCI3) 97 

Bz Bz ACOCH2 Bz — -611.0 (CHCI3) 97 

Bz Bz BrCH2 Bz — — 97 

Bz Bz RCH2" Bz 95-97 -618.7 (CHCI3) 97 

Bz Bz RCH2^ Bz >300 -62.0 (CHCI3) 97 

Bz Bz RCH2® Bz 235 4-13.5 (MeOH) 97 

Bz Bz RCHj'' Bz 142-143 4-14.0 (CHCI3) 97 

Bz Bz Bz Bz 97 -64.3 (CHCI3) 37 

4-C1C,H4C0 4-CIC6H4CO 4-CIC6H4CO 4-ClCf,H4CO 112-114 -6l.2(CHCl3) 369 

Ar" Ar" Ar" Ar" 207-208 -36.0 (CHCE)” 326 

4-O2NQH4CO Me Me 4-O2NQH4CO 143-144 — 73 

Ar' Me Me Ar' 181 — 269 

‘‘Ar = 4-(PhN=N)QH4CO. 'R = 9-adenyl. ' Ar = 3,5-(0,N) AH,CO. 

At 546 nm. ^ R = 1 -cytosyl. 

Ar = 1 -bromo-2-naphthyl. ® R = 9-guanyl. 

‘‘ [aE -21,9(CHCl3)inref. 79. '’R= 1-thymyl, 

Synthesis 

These products are obtained from mono-, di-, or tri-O-protected threitol deriva¬ 

tives by standard procedures. A few examples are given in Scheme 13.145. 

Product 13.158 has been used in the synthesis of a biologically active ana¬ 
logue of antibiotic A-32390A.^^’ 

Acetal cleavage reactions provide access to acyclic tetra-O-protected threitols 

with enol ether, halomethyl, or acetoxymethyl substituents (Scheme 13.146). 

The latter products have been further converted to acyclic nucleosides. 
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OTHP OTHP 

HO 
OH 

MeO 
OMe 

OTHP OTHP 

a: NaH, Mel, imidazole (cat.), n-Bu^NBr (cat.), THF, 0°C, 2h (100%)’^^ 

OTBS 

OTBS 

OH 

b: 2.1 eq. L-W-Z-valine, 2.1 eq. DCC, 0.2 eq. DMAP, CH2CI2, RT, 24h (quant.) 

c: Hj, 10% Pd/C, AcOEt (quant.)^^ 

OMe OMe 

BnO 
OH 

BnO 
OTBS 

OMe OMe 

d: TBSCI, imidazole, DMAP (cat.), CH2CI2, RT(100%)" 

Scheme 13.145 

a: TMSOTf, i-PrjNEt, CH2CI2, -20‘’C ^ RT, 24h (96-98%)"““ 

nrH y 

OAc 

b (X = Br): AcBr, ZnCl2, 0“C -> RT, 1h"“ 

(X = AcO): AC2O, AcOH, ZnCl2, RT, overnight"™ 

c; 2-nitroimidazole, NEta, DMF, RT, 3h""" 

Scheme 13.146 {continued) 
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B = adenine, cytosine, 
guanine, thymine 

d: B-SiMes, KI, dibenzo-18-crown-6, MeCN, PhMe, A (78-88%)°^ 

Scheme 13.146 

2,3-Di-aryloxy substitution with inversion of configuration was effectively 

executed by consecutive Mitsunobu reactions of the 1,2,4-tri-O-protected 

threitol with l-bromo-2-naphthol as a nucleophile^^* (Scheme 13.147). 

OTBS BnO 0TBS 

a: 1-bromo-2-naphthol, DEAD, PPhs, THF, 0°C -> RT, 14h (93%) 

b: n-Bu4NF (92%) c: repeat a (67%) 

Scheme 13.147 

Applications 

Nearly complete asymmetric induction was obtained by Lipshutz et al. in the 

asymmetric synthesis of (S)-2,2'-binaphthol by intramolecular oxidative cou- 

a: 2 eq. t-BuLi, CuCN, -78° (78%, d.e. -100%) 

b: NBS, then aq. KOH (86%) 

Scheme 13.148 
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pling of the above-mentioned tetra-O-substituted D-threitol derivative bearing 

two l-bromo-2-naphthyl residues^“ (Scheme 13.148). In this “sacrificial” syn¬ 
thesis the threitol auxiliary could not be recovered. 

A similar protocol was used for the synthesis of the fungal metabolite (+)- 
kotanin.^^’ 

13.10.4 Cyclic Siloxanes and Boronates of L-Threitol 

Cyclic silyl ether derivatives XXI were synthesized from 2,3-di-(9-methyl-L- 

threitol and dichlorodialkylsilanes^^^ (Table 13.20). 

T ^SiR’R2 

XXI 

Table 13.20 Properties of 1,4-cyclic siloxane derivatives of 
L-threitoF^ (XXI) 

R' b.p. (°C/torr) [aJo (benzene) 

Me All 100/6 +61.8 
Me Ph 133/0.6 +46.1 
Me 1-naphthyl 154/0.4 +38.2 
Et Ph 128/0.2 +48.3 
Ph 1 -naphthyl 220/0.2 +79.5 

Compounds having chiral silicon atom were obtained by Kobayashi et al. 

from siloxanes bearing the 2,3-di-O-methyl-L-threitol ligand^^^’^^^ (Scheme 

13.149). 

a 

a: RMgBr, then LiAIH^ 

R = Et: 70%, e.e. 93% 

R = n-Pr: 50%, e.e. 98% 

Scheme 13.149 

Boronic acids with L-threitol readily form bis-boronate esters which may find 

interesting applications as chiral ligands and auxiliaries (Scheme 13.150). 
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13.1 

Et 
I 

0 0 

VS 
Et 

Ov. ^0 

I 
Et 

74 

a: EtB(OEt)2, benzene, A (95%)^ 

\ 
B—'-’ 

/ 
Et 

26 (NMR) 

For 

13.1 

b: 1.7 eq. PorBIOH)?, CH2CI2, molecular sieves 4A, 

Scheme 13.150 

Shinkai used the dimeric porphyrin boronate-threitol ester 13.159 for photo¬ 

chemical and chiroptical studies.^^^ 

13.11 l-THREITOL based CROWN ETHERS AND RELATED 
COMPOUNDS 

13.11.1 Crown Ethers, Their Aza- and Thiaanalogues, and Cryptands 

Crown ethers and aza-crown ethers based on L-threitol belong to the two struc¬ 

tural types, XXII and XXIII, in which the macrocycle incorporates either the 

O-C2-C3-O or the X-C1-C2-C3-C4-X structural unit. 

XXII XXIII 

X = oxygen, nitrogen 
or sulfur 

Crown ethers of the type XXII (in some cases properly described as lariat- 

type crown ethers) are by far more frequently encountered than crown ethers of 

the type XXIII. Structures of these compounds are listed separately below; in 
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addition some other threitol-incorporating macrocycles, such as porphyrins, 

hemispherands, and dendrimers, are mentioned at the end of this chapter. 

Crown ethers of the type XXII are commonly synthesized according to either of 

the two complementary routes shown in Scheme 13.151. 

side arms 
functionalization 

macrocyclic 
ether formation 

acidic 
deprotection 

deprotection 
by hydrogenolysis 

macrocyclic 
ether formation 

Scheme 13.151 

Macrocyclic polyether synthesis is discussed in detail in a number of refer¬ 

ence works.^'^-”* 

Crown ethers of the type XXIII can act as regio- and enantioselective ligands, 

due to the features characteristic of their structure (Koga^'*’^^^), Fig. 13.6. 

chirality 
recognition 
site 

regio-recognition site 

catalytic site 

C2 symmetry 

binding site 

Figure 13.6 
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An example of application of the chiral crown ether based on threitol as a C2- 

symmetric ligand in the asymmetric Michael addition is shown in Scheme 

13.152. 

COOMe 

(S),l 
Ph"" ^COOMe 

Ph''^COOMe -s^COOMe —^ 

a r° , 0.05 eq. tBuOK, PhMe, -78°C, 3h (98%, e.e. 74%f 

Scheme 13.152 

9-crown-3'“ 

X = OH, OBn, OBz X = OH, OTs, OBn’”^ 
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Figure 13.7 (continued) 
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Figure 13.7 {continued) 



386 THREITOL AND ITS DERIVATIVES 

'O o 

1^0-^ 

_o 

■vv'^0 O-^X^ 

k^°Y^ 

OH CH2OH'®'®®" 

OH C0N(C8H,7)2’'’ 

OBn CH20Bn'““® 

OBn CONMej'®' 

OBn C0N(C8H,7)2^®' 

OTr CHzOTr’” 

OAc CH20Ac’“ 

00C(4-CIC6H I4) CH200C(4-CIC6H4)“’' 

OOC(2,4-Cl2C6H4) CH200C(2,4-Cl2C6H3f 

NMea CH2NMe2“' 

X Y Z 

OH OMOM H321 

OBn OTr 
H32, 

SH 0(2-Me0C6H4) H^’ 

X SH 0(2-Me0C6H4) COOH’®^ 

.Y SH 0(2-Me0C6H4) COOMe®“ 

SH 0(2-Me0C6H4) CONHMe®“ 

Azacrown ethers and cryptands 

X = Hj; 0'“ 

Figure 13.7 Crown ethers, aza-crown ethers and cryptands based on the 2,3-diol unit of 

L-threitol. 
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X = (CH2)2"® 

(CH2)20(CH2)2'® 

(CH2)2NH(CH2)2"' 

Paracyclophanes 

Figure 13.8 Crown ethers, their aza- and thiaanalogues, polynuclear crown ethers, 
cryptands and paracyclophanes based on the 1,4-diol unit of L-threitol. 
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13.11.2* L-Threitol-Strapped Porphyrins, Hemispherands, and 
Dendrimers 

Collman et al. prepared chiral porphyrins 13.160 and 13.161 whose frameworks 

were constructed from L-threitol straps that could be varied by changing the 2,3- 

acetal protecting group. The manganese derivatives of these systems were used 

as asymmetric catalysts in the epoxidation of unfunctionalized olefins, with up 

to 88% e.e. obtained in the epoxidation of 1,2-dihydronaphthalene.^“'^*’ 

Cram et al. synthesized chiral hemispherands which have either a 1,4- 

(13.162) or a 2,3- (13.163) L-threitol bridging unit and investigated their binding 

properties. Of these hemispherands, only 13.163, R = Bn bearing four bulky 

benzyloxy substituents in the quaterphenyl unit, was characterized as configura¬ 

tionally stable and consisting of a single diastereomer.^^*’^*^ 

OBn 

OBn 

13.163 R = Me, Et, Bn 

Chow et al. synthesized chiral dendrimers based on the 1,4-linked unit of 2,3- 

isopropylidene L-threitol. Both zeroth generation (13.164) and first generation 

(13.165) dendrimers were obtained,^*^^’^^*^ as well as mixed d/l diastereomeric 

dendrimers.^^' 
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14 Threonic Acid 

Table 14.1 Derivatives of L-threonic acid (I) and of L-threonolactone (II) 

m.p. (°C) or 
R' R^ X b.p. (°C/torr) [aJo (solvent) References 

Formula I 

epoxy'^ H OEt 45-46 -33.8 (EtOH) 1 

epoxy*' Ac OMe 25-26 -65.8 (MeOH) 1 

epoxy*' TBS OMe 90-91/0.7 -24.7 (CHCI3) 2,3 

H epoxy*' ONa — + 16.2(H20) 1 

H epoxy*' NH2 43-48 -18.3 (MeOH) 1 

H H H NH2 105-107 +77.5 (MeOH) 4,5 

H H H NHOBn 125-126 +50.8 (MeOH) 5 

H H TBS NHOBn 70-72 + 12.5 (CHCI3) 5 

H Me H NH2 78-81 +57.4 (MeOH) 6 

H Me Me NH2 149-150 +64.8 (MeOH) 6 

H -CMCz- OH 90 + 14.1 (CHCI3) 7 

H -CMe2- OMe 70-75/0.001 + 18.4 (CHCI3) 5 

H -CMCz- OBn 52-54 + 31.5 (CHCI3) 7,8 

H -CMe2- NH2 77-79 +29.4 (CHCI3) 5 

Me Me Me OMe 147-149/12 +40.2 (MeOH) 6 

Me Me Me NH2 79 + 63.7 (MeOH) 6 

t-Bu -CMcj- OEt — + 18.2(CHCl3) 3 

B n —CMe2~ OMe 150/0.05 + 18.5 (CHClj)^ 3,9 

THP H H OEt — — 10 

THP H Tr OEt — — 10 

THP -CMe2- OMe 78-83/0.01 + 24.3 (CHCI3) 11-13 

-CMe2- H OMe 80-85/0.1 -19.2 (MeOH) 14,15 

-CMcj- Ms OMe 100/0.03 -25.7 (Me2CO) 14 

-CMe2- Ts OMe 47-49 -22.1 (MeOH) 16 

-CMe2- TBS OMe — -15.0 (Me2CO) 17,18 

Ac epoxy*' NH2 135-136 -53.5 (MeOH) 1 

{continued) 

405 
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Table 14.1 {continued) 

R' R^ X 

m.p. (°C) or 

b.p. (°C/torr) [aJo (solvent) References 

Ac H H OMe 66-67 + 36.2 (MeOH) 19 

Ac -CMe2- OMe 135-138/14 + 37.4 (MeOH) 19 

Ac Ac Ac OH 76-78 -29.0 (CHCI3) 4 

Ac Ac Ac OMe 100/0.005 -30.0 (MeOH) 20 

Ac Ac Ac NH2 124-125 -27.0(CHCl3) 4 

Ac Ac Ac NHAc 120-122 -25.0 (CHCI3) 4 

Piv H H OMen’’ 147-148 -25.4 (CHCI3) 21 

Piv H TBDPS OBn — +7.5 (CHCI3) 21 

Piv -CMe2- OBn 76.5-77 + 35.6(CHCl3) 21 

Piv -CMe2- OMen” 86-88 -8.8(CHCl3) 21 

Piv -CMe2- Cl 45-47 — 21 

Piv -CMe2- OMe 43-44 +28.2 (CHCI3) 3 

Piv Ms TBDPS OBn — + 6.2 (CHCI3) 21 

Bz H Bz OEt 106-107 -64.1 (EtOH) 22 

Bz Bz H OEt 60-73 -63.8 (EtOH) 22 

Bz Bz H Oi-Pr — -41.4 (EtOH) 22 

Bz Bz Bz OH 122-123 -56.0 (CHCI3) 4 

Bz Bz Bz OEt — -60.0 (EtOH) 22 

Bz Bz Bz Oi-Pr 72 -70.4 (EtOH) 22 

Bz Bz Bz NH2 114-116 -45.0(CHCl3) 4 

C(S)OPh -CMe2- OMe 102-103 +4.2 (CHCI3) 23 
TBS H TBS NHOBn 55-57 +44.9 (CHCI3) 5 
Ms -CMe2- OMe 105-106 + 36.3 (CHCI3) 24 
Ts -CMe2- OEt 69-71 +45.1 (EtOH) 25 
Ts -CMe2- NH2 136-138 + 57.7 (CHCI3) 20 

Formula 11 

H H — — 75-76 + 51.2 (MeOH) 4,5,20,26 
H Me — — — + 20.0 (MeOH) 6 

Bn Bn — — — +58.0 (CHCI3) 27 
Bz Bz — — 116-117 + 188.0 (EtOH) 22,28 

“[alo +62.3(CHCl3) in ref. 9. 
^ Men = ( —)-menthyl. 

Epoxy group in place of the two OR groups. 

Synthesis 

Derivatives of threonic acid are available from suitably protected tartaric acid 
derivatives by various reduction or hydrogenation reactions. Although the reduc¬ 
tion or hydrogenation step is usually not high-yielding, it is nevertheless an 
attractive route to threonates from readily available symmetrical tartrate pre¬ 
cursors. Note that desymmetrization of tartrate epoxide by reduction gives 
threonic acid derivative 14.2 in high yield, as reported by Manchand et aO 
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L-Threonolactone (14.1) is obtained most conveniently from methyl hydrogen 

di-O-acetyl L-tartrate by simple NaBH4 reduction^^ (Scheme 14.1). 

x„X 
COOMe 

'COOMe 

Q^^COOMe 

XoX, ,OH xX 
0^'" 

COOMe 

’'COOH 

a: 0.6 mol eq. NaBH4, MeOH, 0°C RT, 30 min. (35%, other products; 2,3-0- 

isopropylidene-L-threitol, 25% and substrate, 30%)^° 

b: 0.4 M BHa, THF, OX, 8.5h (58%)’'’ '® 

OAc 

CIOCv^^COOMe _£. 

OAc 

HO OH 

14.1 

c: LiAIH(Ot-Bu)3, THF, OX, 1h then AcjO, HCI, RT, 2h (58%)^° 

d: KOH, MeOH-HjO, RT, 30 min., then A, then HCI (71%f“ 

e: NaBH4, HjO, RT, 4h, then KOH, MeOH-HjO, A, then HCI 

(74%)^® OAc 

HOOC. 
COOMe 

OAc 

f; Hz, 7% Pd/BaS04, 90X, 14h (31-42%)^^ 

g (R = Et, i-Pr); ROH, HCI, A, 5 -15 min. (>95%f^ 

h: K2CO3 (cat.), Eton, RT, 48h (38%)” 

OBz 

HO COOR 

OBz 

R = Et, i-Pr 

OBz 

BzO COOEt 

OH 

EtOOC.^COOEt 
EtOOC 

O 

14.2 

i: 0.8 mol eq. NaBH4, EtOH, 0“ 15X (86%)’ 

Scheme 14.1 (continued) 
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R = COOMe -1 

R = CHjOH 

j; LiAlH4, THF, -60°C (45%)“ k: LiAIH4, THF, RT (59%)“ 

Scheme 14.1 

Reduction of mono-O-protected tartrates to threonates with one equivalent of 
borane tends to be highly chemoselective due to the BHj coordination by the 
neighboring hydroxy group, as shown by Saito, Moriwake et al}'^ (Scheme 
14.2). 

R’ = Et, R^ = THP, 

R’ = Et, R^ = t-Bu, 

R^ = Me, R^ = Piv, 

80%, A B = 40 : 1 

80%, A B = 8:1 

76%, A B= 9:1 

a: 1,02 eq. BHa-MejS, THF, RT, 2h, then 0.05 eq. NaBH4, RT, 2h 

Scheme 14.2 

Br Br 

MeOOC 
COOMe 

OH 

HO COOMe + 

OH 

MeOOC 

14.3 14.4 
b, c 

OH 

14.5 

MeOOC 0TB S 

14.6 

a: 1 mol eq. BHa-MejS, THF, RT, 2h, then 0,05 mol eq. NaBH4, 2h 

b: 1 eq. tBuMejSiCI, imidazole, THF, 0°C -> RT, 20 min. 

c: 1.1 eq. MeONa, MeOH, 0°C -> RT, 2h (71% overall) 

Scheme 14.3 
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Saito, Moriwake et al. have also developed a route to stereoisomerically pure 
trans-epoxide 14.6 from Mori’s erythro bromohydrin 14.3. Although borane 
reduction of 14.3 gave two intermediates 14.4 and 14.5 in the ratio 4:1, they 
cleanly converged to a single product 14.6 in the next two synthetic steps^ 
(Scheme 14.3). 

Protected threonates and threononitriles can be obtained without racemization 
by Swern-type oxidation of 1,2,3-tri-O-protected threitols. The intermediate 
threose derivative is subjected to a standard bromine oxidation or to an oxime 
formation-dehydration reaction (Scheme 14.4). 

a: (COCI)2, DMSO, NEta, CH2CI2, -78°-> -20°C 

b: Br2, MeOH-H20 {9 ;1), NaHCOj, RT (78% overall)® 

c: (COCI)2, DMSO, NEta, CH2CI2, -78°C 

d; NHaOH-HCI, 10% KaCOa 

e: GDI (89% overall)®’ 

Scheme 14.4 

L-Threonic acid calcium salt is conveniently obtained by hydrogen peroxide 

oxidation of 1-ascorbic acid (14.7) according to Isbell and Frush.^’^^ The salt 

can further be converted to L-threonolactone (14.1) and to L-threonamide (14.8) 

(Scheme 14.5). 
Following the classical method of Reichstein,^^ cleavage of 5,6-0-isopropyli- 

dene-L-ascorbic acid (14.9) with potassium permanganate affords the potassium 

salt of L-threonic acid. The salt can be directly converted to esters of L-threonic 

acid or to L-threonolactone (14.1) (Scheme 14.6). 
Acetal protected L-threonic acid derivatives are conveniently prepared from l- 

- ascorbic acid by a three-step sequence developed at Hoffmann-La Roche.^ The 

synthesis involves acetal protection of 14.7 to give 14.9, oxidation of 14.9 with 

hydrogen peroxide, and methylation of calcium 3,4-0-isopropylidene-L- 

threonate (14.10) to the pivotal ester 14.11 (Scheme 14.7). 
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14.8 14.1 

a; CaCOa, 30% H2O2, RT, 16h, then (78.8%) 

b: 50 W-X4 (H*) resin, H2O, A, 30 min., then TsOH (cat.), MeCN, A, 1h (76%) 

c: NHa, MeOH, RT, 48h (96%) 

Scheme 14.5 

HO OH 
OH 

O 
O 

COO-K^ 

-V O 

14.1 

a: KMn04, K2CO3, H2O, 0-5°C (78%)'"” 

b (R = Me): Mel, MeCN (75% overall)"^ 

b (R = Bn): BnBr, HMPA, BO^C, 20h (75%)" 

c: Amberlite IR-120 (H") resin, H2O (65%)'" 

Scheme 14.6 

Scheme 14.7 (continued) 
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a: MezCO, Me2C(OMe)2, HCI, RT, 1h (96,7%)® 

b; 2 eq. CaCOj, 4 eq. 30% H2O2, H2O, 0° 40°C, 30 min. (78-81%)®'^’ 

c: Me2S04, aq, NaHCOs, 40°C, 6h (72%)® 

d: 29% aq. NH,OH, THF, NHa, RT, 12h (89%)® 

e: Me2CO, PhjP-HBr (cat ), 38%’® 

Scheme 14.7 

D-Threonic acid was obtained by oxidation of D-xylose with oxygen in an 

alkaline medium.^^'^^ 
The following are commercially available: 

L-threonic acid, calcium salt [70753-61-6] 

3,4-0-isopropylidene-L-threonic acid, calcium salt [98733-24-5] 

methyl 3,4-0-isopropylidene-L-threonate [92973-40-5]. 

Applications 

Substitution reactions at either carbon atom of threonic acid derivatives lead to 

an array of chiral products, with either an elongated carbon chain at C(l) or with 

heteroatom substituents at C(2), C(3), or C(4). 

Chain elongation at C(l). Dieckmann condensation of methyl 2-0-acetyl l- 
threonate (14.12) was used by Kirk to synthesize 2-deoxy-L-ascorbic acid 

(14.17)/^ While Dieckmann condensation of 14.12 gave product 14.17 with low 

yield, protection of the 4-hydroxy group as the trityl ether significantly improved 

the overall yield even though both y- and 5-lactones 14.16 and 14.15 were 

formed in the cyclization step from the isomeric acetates 14.14 and 14.13. The 

formation of 3-(9-acetate 14.13 as the major product of the tritylation reaction 

was due to the base-catalyzed acetyl migration (Scheme 14.8). 
The diazoketone route is useful for converting protected threonic acid into 

five-carbon chain products. Thus, L-r/zr^o-pentulose (14.19) was synthesized by 

Wolfrom and Bennett from L-threonic acid derivative 14.18'* (Scheme 14.9). 

For a related synthesis of the isotopically labelled 1-deoxy-D-xylulose see 

ref 37. 
• Intramolecular butenolide formation (14.21) was the key step m the synthesis 

of (-)-syringolides 1 (14.22) and 2 (14.23) by Wood et ai, from the chain- 

elongated intermediate 14.20^* (Scheme 14.10). 
Chiral diphenylphosphino ligand PYDIPHOS (14.25) was synthesized by 

■ Chelucci et al. from threononitrile 14.24^' (Scheme 14.11). 
The C(10)-C(19) portion of antineoplastic macrolide amphidinolide A 

(14.28) was assembled by Williard from protected threonate 14.26 and chiral 

sulphone 14.27'^ (Scheme 14.12). 
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A. 
OH OAc 

a: 1.6 eq. TrCI, 1.5 eq. DMAP, CHjClj, RT, 20h 

b: (MeaSOzNLi, THF, -78°C ^ RT (95%) 

c: 2.5N HCI, THF, RT, 3h (75%) 

Scheme 14.8 

a, b 

OAc OH 

OAc O OH O 

14.19 

a: SOCI2, benzene, A b: CH2N2, EtjO, 0°C -> RT 

Scheme 14.9 

c: AcOH, then Ba(OH)2 
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.,vCOOH 
a, b, 

,OTBS 

- 

a: CICOOEt, NEtj 

b: CH2N2 

\'-k/OTBS 

Me{CH2)„ OH O 

OTBS 

14.20 

d 

14.22, n = 4 

14.23, n = 6 

c: HBr, Et20, -78'’C 

d: Me(CH2)„C(0)CH2C00Cs, DMF 

Scheme 14,10 

O^C^N 

,OTBDPS x„X O'— 

14.24 

a: CpCO(COD), HCsCH, PhMe, 120'’C, 14 atm (91%) 

Scheme 14,11 

0-,>^COOMe PhOjS 

X T 0^'/,,,^OTBS 

14.26 

O 

14.27 

X 
0 

SO^Ph 

OTBS 

OMOM 0 

X 
0 1 

OTBS 
14.28 

a: 1 eq. n-BuLi, then 0.5 eq. LDA, THF, -78°C -> RT (65%) 

Scheme 14,12 

OMOM 
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Nitrate ester of tertiary alcohol 14.29, obtained from threonate acetal 14.26, 

can be thermally or photolytically cleaved to generate the radical 14.30 which 

cyclizes stereoselectively to give eryt/zro-configured lactone product 14.31, as 

shown in Scheme 14.13.'* 

14.31 14.30 

a: 2.5 eq. MeLi, THF, -60“C ^ RT (95%) 

b: HNO3, AC2O, 0°C (89%) 

c: TBAF, THF, RT, then (£)-MeOOCCH=CHCOOH, DCC, DMAP, EtjO (74%) 

d: BusSnH, AIBN (cat.), benzene, A (39%) 

Scheme 14.13 

Ireland synthesized achiral dienophile 14.34 en route to the hexahydrobenzo- 

furan portion of the avermecitins and milbemycins, starting from calcium l- 

threonate (Scheme 14.14). Interestingly, the method of Stille for converting the 

a: tBuCOCI, pyridine, DMAP (cat ), CH2CI2, 0°C -> RT (93%) 

b: (COCI)2, THF, -20“C RT (93%) 

c: Me4Sn, [Pd(Ph3P)2(Bn)CI], HMPA, RT (87%) 

Scheme 14.14 
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acid chloride 14.32 to the methyl ketone 14.33, using Me4Sn and Pd(II) as the 

catalyst, gave high yield of the product, with very little epimerization at the 

carbon atom next to the carbonyl group.^' 

Manipulations at C(2) and C(3). Many useful threonic acid substitution reac¬ 

tions at C(2) and C(3) have been developed for the synthesis of P-lactams of 

varying structure and configuration. Erythw- and r/ireo-configurated products 

are available from threonic acid in a cycle of substitution reactions at C(2), pro¬ 

ceeding with clean inversion of configuration. The transformations shown in 

Scheme 14.15 were developed by Manchand et al. at Hoffmann-La Roche for 

the synthesis of the ^-lactam moiety of the antibiotic carumonam (14.37). The 13- 

lactam ring of 14.37 was formed in an intramolecular substitution reaction of the 

3-(9-mesyl derivative 14.36. 

calcium 
L-threonale 

e 

AcO'''’’'''xCl^COOMe 
O 

c 

NHCbz 

OH 

14.35 

II 
NHCbz 

OMs 

14.36 

AcO"''''''xCT^CONH, 

y' 

/ (low yield) 

CbzHN 

-Q. . M+ SOj-Bu^N-^ 

14.37 

a: 10M HBr in AcOH, 10°C RT, 24h, then MeOH, RT (95%) 

b: 2.2 eq. AcOK, KI (cat ), DMF, 50-55'’C, 4-6h (90%) 

c: NaOH, MeOH, 5°C, 3h, then NH^OH, 50-55‘’C, 45h, then HCI in MeOH, 5°C, 20 

min., then NH3 in MeOH, then BnOC(0)CI, NaHCOa, MeOH-HaO, 10°C -> RT, 4h 

(40%) 

d: NH4OH, RT, 2h (60%) 

e: as b, yield 52% 

f: KHCO3, CICH2CH2CI, H2O (68% from 14.35) 

Scheme 14.15 
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Related substitution reactions at C(2) leading to either erythw- or threo- 

products are shown in Scheme 14.16. These reactions were developed by Saito 

and Moriwake for the synthesis of diastereomeric (3-lactams 14.38 and 14.39 

according to the method of Miller.^’^^ 

Br 

TBSO'''^'N;C^COOMe 

° OH 

TBSO COOMe 

OH 

= 3 

OH 

= 3 

OH 

BocHN 
>—OTBS 

^^NOMe 

TBSO 

NHBoc 

CONHOMe 

OH 

BocHN,, 
OTBS 

NOMe 

14.38 14.39 

a: MeONa, MeOH, 0°C ^ RT (78%) 

b: NaH NEtzi-Pr, DMF, RT (74%) or BuaSnNa, 60°C, 46h (62%)“^ 

c: l\/leONH2, MesAI, benzene, 50°C, 3-4h (62%) 

d: PhaP, DEAD, THE, RTthen Hj, 10% Pd/C, BocjO, AcOEt, RT, 3h 

e: NaH NEtji-Pr, DMF, 40°C, lOh (75%) 

f: Hi, 10% Pd/C, B0C2O, AcOEt, RT, 3h then c (56%) 

g; PhaP, DEAD, THF, RT (73%)" 

Scheme 14.16 

Miller’s protocol is also useful for the formation of the (3-lactam ring from the 

protected A^-benzyloxy threonamide via intramolecular substitution at C(3)^ 
(Scheme 14.17). 

a. 1.1 eq. PPha, 1.5 eq. NEta, 1.1 eq. CCU, MeCN, RT (77%) 

Scheme 14.17 

Examples of other useful substitution reactions with inversion at C(2) are 
shown in Scheme 14.18. 
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OH 

O 
COOEt 

a: BzOH, PhaP, DIAD, THF, RT, 12h (72%)“ 

OSOjO-CI 

O 
CONH2 __b. 

0 

b: 1.2 eq. NaNj, DMF, BOX, 48h (70%)“ 

Br 

0 
COOMe 

c; NjH NEtji-Pr, DMF, RT, 24h (85%)"® 

Scheme 14.18 

A:° 

OBz 

COOEt 

N3 

0 
CONK 

COOMe 

Deoxygenation at C(2) of 3,4-0-acetal protected threonate 14.40 provides 

access to 3,4-dihydroxybutanoate 14.41 and can be done in two different ways, 

as shown in Scheme 14.19. 

a: MsCI, pyridine, CH2CI2, RT (90%)"“ 

b: LiCI, DMF, 85°C (71%)"“ 

c: PhOC(S)CI, pyridine, CH2CI2, 0°C RT (84%)"" 

d: H2, 10% Pd/C, NEtj, MeOH, RT (92%)"“ 

e: BuaSnH, AIBN, PhMe, 80°C (-90%)"" 

Scheme 14.19 
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(7?)-GABOB (14.43) and (/?)-camitine (14.44) were synthesized by Bock - 

et al. from the pivotal erythro-hxomohydrm 14.42 (cf. Scheme 14.15) with the 

use of site-selective hydrogenolysis of the C-Br bond"** (Scheme 14.20). 

COOMe 

OH 

a: 1 mol eq, H2, 5% Pd/C (cat.), 

AcONa, AcOH, EtOAc (70%) 
coo- 

OH 

14.43, R = H 

14.44, R = Me 

Scheme 14.20 

Substitution at C(4) 

0R2 

OR’ 

III 

Table 14.2 4-Deoxy L-threonic acid derivatives with 4-heteroatom substituent (III) 

X R‘ R^ 
m.p. (°C) or 
b.p. (°C/toiT) [a]D (solvent) References 

F -CMe2- Me — _ 42 
Br -CMe2- Me — -5.0 (CHCI3) 15 
I -CMe2- Me — -12.3 (CHCI3) 18,43 
N3 -CMe2- Me 70/0.25 -96.3 (CHCl,) 14 
N3 -CMe2- H 49-52 -98.5 (MeOH) 14 
HjN -CMe2- H 225-226 + 20.5 (Me,CO-H20) 14 
HjN H H H 222-224 +4.9 (H26)“ 14 

[aJo +42 to +43 (HjO) has been reported in refs. 44,45. 

Some less typical syntheses of 4-deoxy, 4-heteroatom substituted threonic 
acid derivatives and their applications are shown in Scheme 14.21. 

In the case of poor nucleophiles such as the fluoride ion, 4-0-triflate activa¬ 

tion is essential for effective substitution.'*^ 4-Fluoromethyl substituted azetidin- 



THREONIC ACID 419 

OAc 

OAc 

COOMe 

OH 

MejN COOH 

HCI OH 

anthopleurine^'’ 

(+)-P-angelica 
lactone'® 

(-)-dihydromahubanolide B (Z) 
and (-)-isodihydromahubanolide B (£)^^ 

a: EtOH, HBr, then TsCI, pyridine, then NaNs, DMSO, then H2, Pd/C“ 

b: H2 (85 atm.), Raney Co, 80°C, 6h, then 6N HCI, A (71%)"“ 

c; 1.1 eq. PPha, 1.1 eq. CBr4, MeCN, RT, 30 min. (93%)'" 

d; H2, 10% Pd/C, NEt3, MeOH, RT (80%)'" 

Scheme 14.21 

’2-one 14.46 was synthesized by Klich and Teutsch from threonate acetal 

14.45 by a combination of substitutions at C-4 (triflate activation) and C-3 (tosyl 

activation)"*^ (Scheme 14.22). 
Ziegler and Harran used aldehyde 14.47, available from threonate 14.45, for 

the synthesis of carbocycle 14.49. The key step (d,e) was Barton decarboxyla¬ 

tion for the conversion of alkyne 14.48 to the methylenecyclopentane derivative 

14.49 with inversion of configuration"** (Scheme 14.23). 
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14.46 

a: Tf20, pyridine, CH2CI2, -23°C, 10 min,, then 

CN 

V THF, RT (86%)'" 

b: Tf20, pyridine, CH2CI2, -20°C, 30 min., then BU4NF, MeCN, RT, 1h (51%) 

c: H N—' MeOK, THF, RT, 1h (91%) 
2 '..S.N 

d: 2N HCI, MeCN, 50“C, 8h (79%) 

e; TsCI, pyridine, 0°C, 2h (36%), then NaNa, DMF, 70°C, 30 min. (48%)" 

Scheme 14.22 

OTBS 

x„X, 
,CHO 

0^""COOMe 

14.47 

a, b, c. 

OTBS 

d, e 

a: HC^CCHjBr, Zn/Hg, THF, RT 

b: TBSOTf, pyridine, CH2CI2, 0°C 

c: LiOH, THF-H2O, RT 

d: , BuaP, THF, 0°C -> RT, 30 min. 

e: 1.2 eq, BuaSnH, hv, THF, RT -> 50°C, 30 min. 

AcO 

AcO 

OAc 
14.50 

Scheme 14.23 
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Malic Acid, Its Anhydride, and 
0-Protected Derivatives 

15.1 MALIC ACID AND ITS DERIVATIVES 

OH 

HOOC 
COOH 

COOH 

HOOC, OH 
'COOH 

15.1 15.2 

L-malic acid L-malomalic acid 

Butanedioic acid, hydroxy-(S) [97-67-6] 

m.p. 101-103°C; [ajo -28.6 (c = 5.5 pyridine) 

Optical rotation of L-malic acid (15.1) is strongly dependent on solvent and con¬ 
centration. The two carboxylic groups of L-malic acid differ significantly in 
acidity; the pKa’s in water solutions are as follows: pKaj 3.4, pKa2 5.1. 

Of the two carboxylic groups of malic acid, the C(l) group is more reactive in 
nucleophilic substitution reactions, such as estrification, aminolysis, and reac¬ 
tions with hydrides and organometallics. Malic acid racemizes slowly in alkaline 
solutions at room temperature, and racemizes much faster at elevated tempera¬ 
tures.^ Malic acid undergoes self-esterification at elevated temperatures to form 
malomalic acid (15.2) and at 140-150°C it is dehydrated to fumaric acid. 

The conformational population of malic acid has been studied by a variety of 
methods.^ 

In addition to L-malic acid, D-malic acid [636-61-3] and D,L-malic acid [617- 
48-1] are commercially available. 

Synthesis 

Naturally occurring L-malic acid can be isolated from apples and many other 

fruits and plants; however its main source is synthesis. 

Asymmetric synthesis. The main synthetic route to L-malic acid is asymmetric 

hydration of salts of fumaric acid with the enzyme fumarase or fermentation 

with bacterial cells, such as Brevibacterium flavum, Brevibacterium ammonia- 

423 
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genes, or Corynebacterium sp. The use of an immobilized biocatalyst and a con¬ 

tinuous flow reactor greatly improves catalyst stability and production output. 

Numerous variants of the process have been described.^”® The reaction was 

carried out with the use of immobilized cells of Saccharomyces cerevisiae 

amplified for fumarase by cloning.'® 

Stereospecifically (ii?)-deuterated L-malic acid was synthesized by Young" 

by asymmetric anti-hydratation of fumaric acid with fumarase in ^H20 (Scheme 

15.1). 

HOOC 

COOH 

a 

OH 

HOOC. A, 
COOH 

^H 

a: fumarase, ^HjO, 28°C, p^H 7.7+0.2, 5cl (54%) 

Scheme 15.1 

Similarly 1,4-'^C2, 3-^Hi labelled L-malic acid was prepared from 1,4-'^C2 
labelled fumaric acid by Keller et al}^ and Jordan.'^ 

It is well established that asymmetric hydration of maleic acid catalyzed by 

maleases from many strains of molds and yeasts is enantiocomplementary to 

hydration of fumaric acid and yields D-malic acid.*'"'® As an example, both enan¬ 

tiomers of malic acid were synthesized from fumaric and maleic acid with the 

use of resting cells of Clostridium formicoaceticum^^ (Scheme 15.2). 

HOOC 
15.1 

COOH 

HOOC COOH ent-15.1 

a: Clostridium formicoaceticum, 0.1 M phosphate buffer pH 8.0 (e.e. 99.9%) 

Scheme 15,2 

(5^)-Deuterated D-malic acid can be obtained from malic acid by hydration 
with maleate hydratase in ^H20.'* 

Wynberg and Staring synthesized l- and D-malic acids by asymmetric addi¬ 

tion of ketene to chloral, catalyzed respectively by quinidine or quinine, fol¬ 

lowed by hydrolysis of the intermediate P-(trichloromethyl)-P-propiolactone 
(Scheme 15.3).'^ Note that the hydrolysis step proceeded with inversion of 
configuration.^® 

A promising synthetic method is homogeneous catalytic asymmetric 

hydrogenolysis of sodium epoxysuccinate with rhodium catalysts containing 

chiral phosphine ligands. However, the highest enantiomeric excess obtained by 
this method was only 62%.^' 
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H2C=C=0 + CI3CCHO 

a: quinidine (cat ), PhMe, -SOX (89%, e e. 98%) 

b: quinine (cat ), PhMe, -SOX (e.e. 76%) 

c: 4N HCI, A then aq, NaOH, RT, then Dowex SOW 

Scheme 15.3 

Synthesis from chiral substrates. D-Malic acids can be synthesized from L-tar- 
taric acid by a number of methods, described in earlier parts of the book 
(Chapters 2, 4, 7 and 10). Additionally, l- or D-malic acids can be readily 
obtained by treatment of much less expensive l- or D-aspartic acids with nitrous 
acid. This reaction proceeds with net retention of configuration(Scheme 
15.4). 

NH 
: 2 

HOOC, 
COOH 

a 

a: NaNOz, 0,5 H2SO4, RT (73%)" 

Scheme 15.4 

15.1 

Resolution. Racemic malic acid can be resolved by a number of methods. The 
classical resolution via diastereoisomeric salts formation with enantiomerically 
pure amines is exemplified by the use of equimolar amount of inexpensive l- 
phenylethylamine (yield 26%)^ or its less common /?-i.sopropyl derivative (yield 
39%).^* A method of mutual resolution of I-phenylethylamine and malic acid 
was developed by Ingersoll.“ The resolution of racemic malic acid can also be 
achieved by preferential crystallization of its salts with ammonia^"' or achiral 
amines,^ which are conglomerates at room temperature. A rather unusual but 
very effective resolution of malic acid with tartaric acid was reported by 
Arsenijevid: crystallization of a mixture of racemic malic acid and L-tartaric acid 
from isopropanol-benzene yields cocry.stals of D-malic and L-tartaric acids (l:l) 
from which pure D-malic acid can be efficiently isolated (yield ca. 65%).^^ The 
crystal .structure of the cocrystal of L-malic and L-tartaric acids (l:l) was 
report ed.^^ 

0-Protected malic acids (I) are usually prepared by hydrolysis of the corre- 
-sponding anhydrides (6>-alkyl, (9-acyl) or by hydrolysis of 0-alkyl malates 
(Table 15.1). 
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OR 

hooc>^cooh 

I 

Table 15.1 O-Protected L-malic acids (I) 

R m.p. (°C) [aJo (solvent) References 

Me 88-90 -33.8 (H,0) 31.32 

Et 76-80 -33.2 (H2O) 33 

Pr 66-67 -64.4 (Me.CO) 34 

i-Pr — -36.3 (H,6) 34 

p-D-glucopyranosyl — -29.0 (H2O) 35 

Ac 134-135 -10.7 (H2O) 36 
Bz 162 -1.2 (Me.CO) 37 

NO2 114-115 -38.0 (MeOH) 38-41 

C(S)SEt 150-151 + 33.5 (Me,CO) 42 
C(S)NMe2 117-118 + 50.9 (EtOH) 42 
C(S)NEt2 70-71 + 56.5 (EtOH) 42 

Applications 

L-malic acid is used as acidic resolving agent, but its relatively high price limits 
its use to small-scale resolutions and to those cases where less expensive resolv¬ 
ing agents fail. Examples are shown in Scheme 15.5. 

ref. 43 ref. 44 ref. 45 

Scheme 15.5 

Lanthanide(III) salts of 0-carboxymethyl-L-malic acid are useful as chiral 
lanthanide shift reagents for determining the enantiomeric excess of caii>oxylic 
acids in aqueous solutions."*^ 

Optically active 2-chloro- and 2-bromobutanedioic acids are available fami L- 
or D-malic acid by substitution involving Walden inversion"*’ (Scheme 15.6): 
however, 2-bromobutanedioic acid is more conveniently prepared from aspartic 
acid by deamination with net retention of configuration.'*^ 
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OH 

HOOC^^A, 
COOH 

Cl 

HOOC 
COOH 

a: 3.2 eq. PCI5, RT, then HjO (40%)“® or 4 eq. SOCI2, A, then HjO'’® 

Scheme 15.6 

Enantiomeric purity of the products is dependent on reaction conditions. Data 

for halobutanedioic acids and their derivatives of presumably high enantiomeric 
purity are collected in Table 15.2. 

Table 15.2 Data for (/?)-haIobutanedioic acids and their derivatives 

Halogen 
substituent 

Cl 
Cl 
Cl 
Cl 
Cl 
Br 
Br 
Br 
Br 

Compound 
m.p. (°C) or 
b.p. (°C/torr) [oJd (solvent) References 

diacid 174-176 +21.3 (H2O) 47,49,50 
dichloride 91-93/11 +29.5 (neat) 50 
dimethyl ester 107/15 +41.4 (neat) 50 
diethyl ester 131/18 +27.5 (neat) 50 
anhydride 80 + 30.8(AcOEt) 50 
diacid 179 +70.2 (AcOEt) 51 
dichloride 56/1 +58.4 (neat) 51 
dimethyl ester 129/23 + 65.3 (neat) 50,51 
diethyl ester 143/28-30 +48.2 (neat) 50,51 

0"(Phosphonoacetyl)-L-malic acid, synthesized via the dibenzyl ester, 
exhibits the properties of an inhibitor of aspartate transcarboxylase.^^ Chiral 
derivatives of benzimidazole were prepared from L-malic acid^^ (Scheme 15.7). 

a: 1 eq. o-phenylenediamine, 4N HCI, A, 8h (80%) 

b: 2 eq. o-phenylenediamine, 4N HCI, A (75%) 

Scheme 15.7 

Optically active (/?)-[l-^^Cj, 2-^Hi]malonate was synthesized by perman¬ 

ganate oxidation of suitably labeled (5)-malic acid. The product racemizes in 



428 MALIC ACID, ITS ANHYDRIDE, AND O-PROTECTED DERIVATIVES 

aqueous solution; hence it must be generated and used on a time scale of mm- 

utes'^ '^ (Scheme 15.8). 

OH 

"H 

KOO'^C 

hX 

COOK 

a: KMn04. H2O, pH 10 

Scheme 15.8 

Furthermore, malic acid is used as an equivalent of monomalonaldehyde in 
the synthesis of pyrones developed by von Pechmann.^"* The condensation, 
induced by fuming sulfuric acid which converts malic acid to monomalon- 
aldehyde,^^’^'^ provides 2//-pyran-2-one-5-carboxylic acid (15.3), coumalic acid, 

by self-condensation of monomalonaldehyde. Coumalic acid can be further 
decarboxylated to 2//-pyran-2-one (15.4). Malic acid as a source of monomalon¬ 
aldehyde is also used for the synthesis of uracil (15.5), isocytosine (15.6), and 
coumarin derivatives (15.7) (Scheme 15.9). 

b: 650°C (65-70%)“ 

c: (NH2)2C0 (50-55%)“ 

d: (NH2)2C=NH HCI (32%)“ 

e; (43-65%)®’“ 

Scheme 15.9 
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15.2 MALIC ANHYDRIDE AND ITS DERIVATIVES 

Unlike the unstable tartaric anhydride, malic anhydride was prepared and iso¬ 
lated as early as 1913.“ Malic anhydrides are frequently used as chiral building 
blocks; addition of an oxygen or nitrogen nucleophile is biased, with strong pref¬ 
erence toward the a-oxygen substituted carbonyl group in II. 

Products of such reaction are 1-monoesters and 1-monoamides of malic acid 
(see Chapters 16 and 17). “Activated” anhydrides (II, R = COCF3, COCCI3) on 
reaction with alcohols or amines undergo removal of the 0-protecting group, in 
addition to the previously mentioned reaction. 

II III 

Table 15.3 L-Malic anhydrides (II) and acid chlorides (III) 

m.p. (°C) or 
Formula R b.p.(°C/torr) [aJo (solvent) References 

II H 75-76 _ 64 
Me 125/15 —104.0 (benzene) 65,66 
t-Bu 64 —51.5 (benzene) 66 

Ac 58 -28.4 (MejCO) 67,68 
COCF3 77-78 -50.5 (CHCI3) 69,70 
COCCI3 167-169 -26.1 (CHCI3) 70 

III Me 114-117/56 —54.0 (benzene) 51,65 
Ac 75-80/0.05 -10.0 (CHCI3) 37,51,71 

Malic anhydrides are quite unstable; they easily hydrolyse to the correspond¬ 
ing diacids. 0-Acetylmalic anhydride readily forms maleic anhydride upon dis¬ 
tillation above 200°C.’^ 

Synthesis 

0-Unprotected malic anhydride was obtained from disilver malate by the action 
of thionyl chloride (Scheme 15.10). 

OH 

AgOOC.^^^ 
COOAg 

a 

a: SOCI2, THF or EtjO, RT (50-70%)®’'®“” 

Scheme 15.10 
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It is also formed along with varying amounts of polymeric products by treat¬ 
ment of malic acid with dicyclohexylcarbodiimide/'^ 

Malic acid and 0-protected malic acids readily form cyclic anhydrides by the 
action of acid chlorides and/or acid anhydrides (Scheme 15.11). 

OAc cocx. 

15.1 (X= Cl, F) 

a: AcCI, AcjO, A, 1-3h 

b: 2.2 eq. (CXsCOIzO, dioxane, 75°C, 2h (92-97%)™ 

c: 2.0 eq. (CFaCOIsO. 0°C -> RT, 2h (100%)’^ 

OtBu 

HOOCv.^^ 
COOH 

d: AC2O, RT, 24h (81%)“ 

Scheme 15.11 

OtBu 

(5)-Acetoxysuccinic anhydride [59025-03-5] and its enantiomer [79814-40- 

7] are conunercially available. 
Dichlorides of 0-protected malic acid can be prepared by chlorination of the 

corresponding anhydrides (Scheme 15.12). 

OAc 
OAc 

CIOC^^^A^ 
COCI 

15.8 

a: CljCHOMe, ZnCiz, A (80%)^' 

Scheme 15.12 

Application 

Johnson prepared chiral cyclopentenone 15.9, an intermediate in the synthesis of 
prostaglandins, via Corey lactone intermediate 15.10, in a one-step reaction of 
dichloride 15.8 with the dianion of methyl hydrogen malonate followed by 
chemoselective cyclization under controlled pH^* (Scheme 15.13). 
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a: 10eq. EtMgBr, 5 eq. HOOCCHjCOOMe, THF, -10°C 

then RT 

b: (H0CH2CH2)3N/(H0CH2CH2)3N-HCI buffer (pH 8.5), 

overall yield 55%^' 

Scheme 15.13 

II 

15.3 1,2-ACETALS OF MALIC ACID: DIFFERENTIATION OF THE 
CARBOXY GROUPS 

HOOC 

Table 15.4 1,2-Acetal derivatives of L-malic acid (IV) 

R' m.p. (°C) [a][3 (solvent) References 

H t-Bu 114-117 +23.1 (CHCI3) 78 
t-Bu H 104-105 -2.3 (CHCI3) 78-80 
H CCI3 141-142 +96.5 (benzene) 81-83 
Me Me 115-117 + 6.9 (CHCI3) 84-86 
CF3 CF3 75 -12.7 (Me2CO) 87 

-(CH,)5- 104-105 — 88 

Synthesis 

C(l) Protected malic acids are readily obtained by the formation of 1,3-diox- 
olan-4-one derivatives (IV) from aldehydes and ketones. This reaction is 
chemoselective because the formation of isomeric six-membered 1,3-dioxan-4- 
ones is strongly disfavored*^ *^ (Scheme 15.14). The same preference for the for¬ 
mation of five-membered ring product was observed in the synthesis of a 
spirophosphorane from L-malic acid.^“ 
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tBu 

P-A 

0 [, 
15.1 

c 

b _ HOOC 

HOOC 
P-^ 

CCI, 
f ^ 

b 

15.11 

O 

15.12 

a: paraformaldehyde, TsOH (cat.), CHCI3, A, (no yield)^ 

b: t-BuCHO, TsOH (cat.), H2SO4 (cat.), pentane (67%, cis: trans = 98 : 2 after 

crystallization)^' 

c: CCl3CH(OH)2, H2SO4, RT (96-99%),““ trans: c/s = 6 ; l“ 

15.1 
d or e 

orf 
HOOC 

p-V' 

d (R = Me): MeC(OMe)2 or MeC(OMe)=CH2, TsOH or PPTS (cat.), RT (74- 

g60/„)84,85.94 

e (R = CF3); 2.1 eq. (CF3)2CO, DMSO, RT (92%)“ 

f (R,R = (CH2)5): 1 eq. MejCO, BF3- EtjO, Et20, 0°C, 1h (100%)“ 

Scheme 15.14 

It is of interest to note that the preference for the formation of cis- (15.11) or 
tran.y-substituted l,3-dioxolan-4-ones (15.12) from malic acid and pivalalde- 
hyde or chloral is opposite (Scheme 15.14). The selectivity of the reaction with 
pivalaldehyde, in benzene under equilibrium conditions {cis'.trans = 3:2)^® can be 
improved significantly (cis'.trans = >100:1) under Noyori ketalization condi¬ 
tions.*” C/5-acetal 15.11 can be thermally isomerized to the more stable trans 

isomer.^*’^^ The crystal and molecular structure of the c/5-substituted acetal 15.11 
has been determined by X-ray diffraction.’^ 

Applications 

C( 1 )-C(2) Acetal protected malic acids exhibit sufficiently different reactivity of 
the two carbonyl groups to permit selective transformations of either end of the 
molecule. The C(4)-carboxy group can be selectively subjected to reactions typi¬ 
cal for the free carboxylic acid (derivatization, decarboxylation), including 
reduction with diborane (see Chapter 18). The C(l)-carboxy group, on the other 
hand, is the site of selective addition of Grignard reagents and of enolization. 
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leading to selective alkylation at C(2). For example, malyl-coenzyme 15.13 was 
synthe«zed from malic acid chloralide 15.12 by selective tioester formation at 
C(4) with A/-capryloylcysteamine, followed by transestrification with coenzyme 

(Scheme 15.15). 

HOOC 
9'i 

CCL CCL 

15.12 

. P—y 
a, b r V c. d 
-^ C7H.|5CONH(CH2)2SOCs.^^^A^O —i—. 

O 
OH 

CoASOC>^^^.A^ 
COOH 

15.13 

a: SOCI2, A (87%) 

b: C7H,5C0NH(CH2)2SH, pyridine, THF, RT (89%) 

c: cone. HCI, DMF, SOX (71%) 

d: CoASH, KHCO3, KBH4, H2O, RT 

Scheme 15.15 

Syntheses involving decarboxylation of C(4) carboxylic group. An obvious 
application is Kolbe electrolytic cross-coupling of C(4) acid 15.11 with other 
carboxylic acids, for the synthesis of enantiomerically pure a-hydroxyacids, as 
amply demonstrated by Seebach etal. (Scheme 15.16). 

tBu 

a 15.15 

R = i-Pr, (CH2)3NHCH0, 

(CH2)2COOMe 

a: Pt anode, NEta, MeOH, RT (35-56%)®^ 

Scheme 15.16 

The dimeric product 15.14 is a protected form of (2S,5S)-2,5-dihydroxyhexa- 
nedioic acid; and methyl (25')-2-hydroxypentanoate (15.15), obtained directly 
from the electrolysis, was used for the synthesis of (+)-myxovirescine 
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(5)-Isoserine (15.16) and its derivatives are readily available from C(l)-C(2) 
acetal protected malic acid chlorides by Curtius rearrangement (Scheme 15.17). 

HOOC 

R’ = H, CF, 

CIOC 

p-V' 

o 

OH 

15.16 

COOH 

O 
II 

O 
II 

R^OCNH 

F3C 

— 0. 

0 0 

15.18 15.17 

1' 
a: SOCI2, A 

T 
b: NaNs, MeC0-H20, -20°C then benzene. 

OH A, then cone. HCI, A (46% overall)®’ 

l.^^___A,^NHCHBnCOOtBu 

0 

c: TMSN3, PhMe, SOX (78%) 

d: R^OH (74-92%) 

15.19 e: Phe-Ot-Bu (30-74%)®' 

Scheme 15.17 

^H-Labeled isoserine was obtained by the above procedure.^’ ^/-Protected 
C(l)-activated isoserine derivatives 15.18 can be obtained from the intermediate 
isocyanate 15.17 and directly coupled with amino acid esters to give dipeptides 
15.19.'^ 

Syntheses involving C(l) carboxylic group. Chiral triols 15.20 are available 
from C(l)-C(2) acetals of malic acid by the chemoselective addition of Grignard 
reagents (Scheme 15.18). 

HOOC 
p-V 

R R 

R = Me, Et 

a: MeMgl. EtjO then HCI (36%)*® or EtMgBr, THF, then HCI 

(40%)“ 

b; LiAIH4, THF, A (69-75%) 

9H 

15.20 

II 
p-V 

o 

R R 

15.21 

X = I, TfO 

Scheme 15.18 
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The triols 15.20 were converted to reactive chirons 15.21 for introduction of 
the hydroxylated side chain in steroids.^ *^ 

t-Butyl substituted l,3-dioxolan-4-one 15.11 can be regioselectively deproto- 
nated to enolate 15.22 in which the residual chiral center controls /?e-addition of 
the electrophile to the C(2) atom. This synthesis provides access to alkylated malic 
acid derivatives 15.23 with retention of configuration at C(2) (Scheme 15.19). 

tBu 

HOOC 

15.11 

a: LDA or LHMDS, THF, -78°C 

b: RX 

tBu 

HOOC 
R 

R yield (%) d.e. (%) ref. 

Me 79-80 >90 78, 98 

All 76 >90 78 

Bn 77 >90 78 

(F?)-CH(Me)CH2N02 38 70 99 

Scheme 15.19 

b 

II 

a: LDA, THF, -78°C, then 2,5-dimethoxybenzyl iodide (63%) 

b; SOCI2, then SnCU, 0°C (82%, 2.7:1 mixture of diastereomers) 

Scheme 15.20 
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The structure of the enolate 15.22 is apparently solvent-dependent.'*” This 

synthetic scheme was developed by Seebach^* and the procedure was subse¬ 

quently used by Krohn for the synthesis of labeled enantiomerically pure (/?)- 

mevalonolactone from L-malic acid.^* 

A further example of the application of the 1,2-acetal 15.11 of L-malic acid is 

in the synthesis of the AB-ring fragment of daunomycinone, reported by 

Krohn"" (Scheme 15.20). 

Free-radical bromination of acetal 15.24 proceeds stereoselectivity at C(2) to 

give bromoacetal 15.25, from which chiral dienophile 15.26 can be obtained. 

Dienophile 15.27 is available from 15.24 through decarboxylation-elimination 

reactions (Scheme 15.21). 

tBu JBu tBu 

a 
ROOC^^O -^ 

Br. p-i b 

ROOCO^° -- 

p-i 

0 0 0 

R= H. Et 15.24 

|c 

15.25 15.26 

t 
JBu tBu 

/=\ 
^NOOC^^O 

0 
s ° 

15.27 

a (R = Et): NBS, AIBN, CCU, A (88%)’“ 

b: NEta, CCI4, RT (62%)’“ 

c (R = H): A/-hydroxypyridine-2-thione, DCC, DMAP (cat ), RT (> 90% crude)”” 

d: BrCCU, hv, then DBU (54%)’“ 

Scheme 15.21 
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16 Malates and Their 6^-Protected 
Derivatives 

16.1 DIESTERS OF MALIC ACID 

OR^ 

R’ooc>^coor' 

I 

Table 16.1 L-Malates and their 6>-protected derivatives (I) 

m.p. (°C) or 
R' b.p. (°C/torr) [aJo (solvent) References 

Me H 74-76/1.5 -8.4 (neat) 1 
-9.9 (MeOH) 2,3 

Et H 128/10 — 10.7 (neat) 4 

-11.1 (MeOH) 5-9 
n-Pr H 151/10 — 11.6 (neat) 5 
i-Pr H 147/14 —10.4 (neat) 10 
n-Bu H 170/12-13 -8.0(CH2Cl2) 11 
n-CsHii H 191-192/20 —6.9 (neat) 10 
n-C6Hi3 H 185-189/6-7 — 12 
n-C7Hi5 H 212-214/6-7 — 12 
n-C8Hi7 H 220-221/6-7 — 12 
ii'CgHig H 240-247/6-7 — 12 
n-C]oH2i H 245-250/6-7 — 12 
Bn H — -18.6(CHCl3) 13,14 
4-O2NC6H4CH2 H 124.5 — 15 
BZCH2 H 109-110 — 2.4 (pyridine) 16 
4-BrC6H4C(0)CH2 H 179 — 17 
Me Me 113-114/15 -55.0 (neat) 18-20 

-50.7 (Me2CO) 21-22 
Et Me 96/16 —50.4 (neat) 18,23,24 
n-Pr Me 145-146/12 —47.0 (neat) 18 
Me Et 110/12 — 61.1 (neat) 10 

440 

{continued) 
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Table 16.1 (continued) 

m.p. (°C) or 
R' b.p. (°C/ton-) [aJo (solvent) References 

Et Et 124/10 -54.1 (neat) 25 
n-Pr Et 147/17 -51.2 (neat) 10 

n-Bu Et 158/13 —46.4 (neat) 10 

Me t-Bu 120-122/15 -56.8 (neat) 26 
Et t-Bu 110/0.03 -38.9 (CH2CI2) 27 
Me CH=CH2 — -34.0 (MeOH) 27 
Me Bn 100/0.1 -72.6(CHCl3) 29,30 
Me Ph^CH — -99.5 (MeOH) 31 
Me 4-BrC6H4C(0)CH2 113-115 +29.7(Me2CO) 32 
Et HCO 120-121/2 -28.8 (neat)^ 33 
Et EtOOCCHj 115-120/0.2 — 34 
Me Ac 132-134/12 -21.6 (EtOH) 25 
Et Ac 137/10 -23.6 (EtOH) 5,8,33,36 
Me EtCO 145-147/10 -22.9 (neat) 10 

Et EtCO 150/9 -22.2 (neat) 36,37 
Et PrCO 162-163/12 -22.2 (neat) 36 
Et i-PrCO 160/15 -22.0 (neat) 36 
Et n-BuCO 176-177/19 -21.4 (neat) 10 

Et QH„CO 182/17 -20.3 (neat) 10 

Et QH,3C0 140/2 -22.0 (neat) 33 
Et QHigCO 199/15 -18.2 (neat) 10 

Me CICH2CO 187-188/37 -23.3 (neat) 10 

Me BrCH2CO 194-195/22 -22.4 (neat) 10 

Et BrCH2CO 178-182/10 -22.5 (neat) 36 
Me Bz 150/0.001 -3.0 (CHCI3) 38 
Et Bz 152/0.5 —3.9 (neat) 33,39 
Et 2-MeC6H4CO — —6.2 (neat) 39 
Et 3-MeQH4CO — —4.7 (neat) 39 
Et 4-MeC6H4CO — —0.2 (neat) 39 
Me 4-O2NC6H4CO — -5.1 (MeOH) 40 
Me PhCH=CHCO — -0.5 (CHCI3) 41 
Et PhCH=CHCO 190/0.25 +9.9 (CHCI3) 33,42 
Me THP 112-114/0.55 -48.3 (EtOH) 43 
Et THP 118.5-119/0.4 -59.0(Me2CO) 44,45 
MOM MOM 116-122/0.04 -42.7 (EtOH) 46 
Et MeOCMe2 — — 47 
Me EE — -52.4(Me2CO) 48 
Et EE 116-118/0.3 — 49,50 
Me BOM — -40.9 (CHCI3) 51 
Et AcgE 73.5-75 -36.4(CHCl3) 52 
Me NO2 24-25 —33.0 (neat) 53 

(continued) 
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Table 16.1 {continued) 

R' 
m.p. (°C) or 

b.p. (°C/torr) [aJo (solvent) References 

Et NO2 148/25 -33.8 (MeOH) 7,53 
Et PCI2 92-93/0.2 -84.6 (neat) 54 
Me EtS02 167-168/1 —43.4 (neat) 33 
Et EtS02 154-155/0.5 —41.9 (neat) 33 
Et Ts 197-198/1 — 34.5 (neat) 33 
TMS TMS 137-140/11 —43.2 (neat) 124 

“ At 546 nm. 

Acgl = D-tetraacetyl'P-D-glucopyranosyl. 

Synthesis 

Synthetic methods reported for diesters of tartaric acid (Chapter 2), and their O- 

acyl and O-alkyl derivatives (Chapters 4 and 5), are entirely applicable to 

malates and their 0-protected derivatives. A few representative examples of syn¬ 
theses are shown in Scheme 16.1. 

OH OH 

MeOOC. 
a or 

'COOMe 
15.1 EtOOC, 

'COOEt 

a; MeOH, SOCb, 0°C RT, 24h (98%)“ 

b: MeOH, HCI or AcCI, RT, 24h (88-91 o/„)' «.56.57 

c: Eton, AcCI, benzene, A (removal of water), ca 100%“ 

enMS.I 
OH 

BnOOC. JL 
COOBn 

d: 2 eq BnOH, TsOH (cat ), PhMe, A (removal of water), 95%’^ 

OMe 

15.1 MeOOC, f 
OH 

MeOOC, 
COOMe ■— 'COOMe 

e: TMSCHN2, HBF4. CH2CI2, OX (46%)“ f: Ag20, Mel (37-74%)^' “ 

OMOM 

15.1 9 
MOMOOC, 

COOMOM 

g. 1.5 eq. MOMCI, 1.5 eq. i-Pr2NEt, Me0CH2CH20Me, A, 2h (75%)* 

Scheme 16.1 (continued) 
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MeOOe. 

OtBu 

■^COOMe 

OH 

MeOOCs 
'COOMe 

MeOOC, 

OBn 

'^COOMe 

h: CH2=CMe2, H2SO4 (cat.), CH2CI2, RT (75%)“ 

i: 1.2-3.0 eq. Cl3CC(NH)OBn, TfOH (cat ), CH2Cl2-cyclohexane (1:2), RT (60-68%)^® “ 

or 1.5 eq. AgjO, 1.5 eq. BnBr, AcOEt, RT, 15h (65%)“ 

OTHP OH 

EtOOC. J 
'COOEt 

EtOOC. 
'COOEt 

EtOOC, 

m 

^^OMe 

EtOOC. 
COOEt 

j: 2,3-dihydro-4/-/-pyran, TsOH (cat ), Et20, RT 12h (100%)“^ 

k: EtOCH=CH2, CFjCOOH (cat ), 0°C RT (99%)“’® 

I: NEtj, TMSOTf, CH2CI2, 0°C -> RT, 15h (60% crude)®® 

m: CH2=CH(OMe)Me, POCI3 (cat,), 0°C (99%)® 

EtOOC. 

tBuOOC 

OH 

tBuOOC. 
COOMe 

n: MeOH, NaHC03, RT, 1h (98%)®’ 

15.1 —2— TTVISOOC 

OTMS 

COOTMS 

o: 1.1 eq. HMDS, 1.1 eq. TMSCI, RT, 12h (85%)’^'' 

Scheme 16.1 

OEE 

^COOEt 

0CH=CH2 

'^COOEt 

Specific compounds are listed in Table 16.1. 

Optically active malates can also be obtained by biocatalytic methods of 

enantioselective synthesis. Seebach et al. used a baker’s yeast reduction of ethyl- 

4,4,4-trichloro-3-oxobutanoate (16.1) for conversion to optically active dimethyl 

^ COOEt ——* ^ COOEt ■ N^^COOMe 

0 OH OH 

16.1 16.2 

a: baker’s yeast, saccharose, H2O, 30°C, 20h (70%, e.e, 84%); after crystallization 

52%, e.e. 100% 

b: 4N HCI, A, 2.5h, then aq. NaOH, RT, 24h, then acid resin 

c: MeOH, TsOH (cat.), A (61%) 

Scheme 16.2 
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D-malate (Scheme 16.2). Note the inversion of configuration during the course 

of hydrolysis of 4,4,4-trichloro-3-hydroxybutanoate (16.2) to malic acid.“ 

Of practical significance is the direct synthesis of enantiomerically pure 

diethyl L-malate from commercially obtained sodium diethyl oxalacetate by 

fermenting baker’s yeast, as reported by Santaniello et (Scheme 16.3). 

a Etooc. 
COOEt - COOEt 

OH 

a: baker’s yeast, saccharose, H2O, 30°C, 96h (72%, e.e. > 98%) 

Scheme 16.3 

This reaction was applied to the synthesis of '^C-labeled diethyl L-malate.®^ 

Dimethyl D-malate of e.e. up to 93% was obtained by kinetic resolution of 

racemic dimethyl malate with the use of porcine liver esterase (PLE). However 

the authors encountered difficulties in the separation of the D-diester from the 

L-monoester formed.^^ 

Dimethyl L-malate [617-55-0], its D-enantiomer [70681-41-3], diisopropyl 

L-malate, and its D-enantiomer are available commercially. 

Etooc 

Applications 

I 

^ 1 \ 0 

OR2 

R’OOC. A 
COOR' 

R3 

X 

R’OOC. 
COOR’ 

OH 

C(3) alkylation C(2) substitution C(1) chain extension 

Figure 16.1 

Synthesis of 3-alkyl-2-hydroxysuccinates. Anti (e/7r/zro)-3-alkyl-2-hydroxysuc- 
cinates (16.4) are readily available by diastereoselective alkylation of alkoxide 

enolates 16.3 derived from malates by double deprotonation. The anfi-selectivity 

results from the direction of approach of the electrophile to enolate 16.3 
(Scheme 16.4). 

The reaction, originally developed by Seebach,^ is characterized by high 

diastereoselectivity (typically over 90% anti) and versatility. The usefulnes of 

unfi-3-alkyl-2-hydroxysuccinates is documented by numerous examples of 
synthesis in which they served as chiral intermediates (Scheme 16.5). 
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OH 

R'OOC> 
'COOR' —2- 

a: 2 eq. LDA, THF, -78°C -> -20°C 

^OLi 

Ri OOR' 

t 
E 

16.3 

b: R'X, -78° -5°C 

OH 

b R’OOC 
Y" COOR’ 

R= 

16.4 

entry R’ R' electrophile anti: syn 
anti, 

yield (%) ref. 

1 Me Me Mel >10: 1 65 64,65 

2 Et Me Mel >10: 1 88 64,66 

3 Me Et EtI 9:1 64 65 

4 i-Pr Et EtI 6.7: 1 84 67 

5 Et n-CsHu n-CsHiiI 46: 1 48 68® 

6 Me All AIIBr >15: 1 - 64 

7 Et All AIIBr 12 : 1 70-85 64,69,70 

8 Et Bn BnBr 10: 1 48 64 

9 Et Bn BnBr >35 : 1 70 71® 

10 i-Pr Bn BnBr 10: 1 80-85 72^* 

11 Bn Bn BnBr anti only 47-52 14 

12 Me MeaSiC^CCHz Me3SiC=CCH2Br 9: 1 51 73'’ 

13 i-Pr i-Pr3SiO(CH2)2 i-Pr3SiO(CH2)2l 9: 1 70 74 

14 Me 02N(CH2)2 02NCH=CH2 5.7: 1 31 75 

15 Me/tBu® CH2=C(Me)CH2 CH2=C(Me)CH2Br 20: 1 59 61®''’ 

(TMS)2NLj used as a base enantiomer prepared ® unsymmetrical ester 

Scheme 16.4 

COOiPr 

OMEM OBn 

BnO^^I^^CHO ^ TBDPSO' 

Me Me O 

(X = O. NH), 
from entry 2 (Miller^®) 

verrucarinolactone, intermediates for the synthesis of 
from entry 13 (Tamm^^) avermectins, from entry 1 (Hanessian,^ 

Hirarna^”) 

OH 

HOOC 

H00C(CH2)„ 

COOH 

HOOC 

HOOC 

OH R2 

^ CONH 

R’ 

COOH 

(n = 1, 2) (+)-isocitric acid lactone, 
(-)-isocifric and (-)-homo- from entry 6 (Seebach”) 
isocitric acids, from 
enantiomer of entry 12 
(Biellmann)” 

valinoctin A (R* = n-CsH,,, R^ = i-Pr), from 
entry 5 (Umezawa®®) 
(-)-bestatin (R’ = Bn, R^ = i-Bu), 
from entry 9 (Norman”) 

Scheme 16.5 {continued) 
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Bn 

HIV-I protease inhibitor, C(17EC{22) subunit of carboxypeptidase A inactivator. 
from enantiomer of entry 7 ionomycin, from enantiomer from enantiomer of entry 11 (Kjm ef af **) 
(Ghosh et al. ^°) of entry 2 (Guindon et al.^) 

• OH OH 

COOi-Pr 
tBuOOC^ 

'COOH 

iPr 

norstatine, R = i-Pr 
nor-C-statine, R = Cy 
from enantiomer of entry 
10 (Dugger et al.^) 

subunit of a peptidyl subunit of the macrolide antibiottc 
boronate, from enantiomer elaiophylin, from entry 2 (Seebach ef a/ 
of entry 15 (Bartlett et al.^') 

Scheme 16.5 

The reaction of enolate 16.3 with iodine as electrophile is an alternative 

method for the synthesis of epoxydiesters 16.5 (Scheme 16.6). This products is 

otherwise available from tartrates (Chapter 7). DiastereoselectiWty of the iodina- 

tion reaction is, however, moderate to low. 

16.3 > R’oocJ>s.. 
COOR’ 

16.5 

a: 12.-78° ->+10°C“ 

Scheme 16.6 

Addition of dianion 16.3 to non-enolizable A-ar\'limines is accompanied bv 

cyclization to 2-pyrrolidinone derivatives. In THF solution normal tmri-selective 

addition gives rise to two diastereoisomeric products 16.6a and 16.6b. In the 

presence of HMPA, yyn-selective addition dominates (pnxlucts 16.6c and 

16.6d), presumably due to the non-chelated structure of the enolate 16.7. Yields 
of the products were moderate (32-609?:)**’ (Scheme 16.7). 

3,3-Diallcyl-2-hydroxysuccinates can be synthesized from malates following 

the route to monoalkyl derivatives. Good diastereoselectivity is maintained 

throughout when the two alkyl substituents are different: the second alkylation 

step occurs from the /?e-face in the case of L-malate. Relevant examples are 
shown in Scheme 16.8. 

Products shown in Scheme 16.8 were used for the synthesis of (-p)-pantolac- 

tone and its '^C labeled analogue,*"* as well as for the synthesis of the (-)-ring-B 

imide related to vitamin B,2.*‘ Electrochemical decarboxylation of C(l) acid 

function of 3,3-dialkyl-2-hydroxysuccinates gave enantiomerically pure dialkyl- 
malonaldehydic esters.'^’ 
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16.3 

EtOOC OH 
V_/ 

N 
I 

An 

R. 

EtOOC OH 

I 
An 

R 

Ph 

PhC^C 

16.6a 

3 

4 

16.6b 

1 

1 

OLi COOR' 

16.7 

EtOOC OH 

N 
I 

An 

EtOOC OH 

. N 
I 

An 

a; An N=CHR, THF 

b 4 eq, HMPA 

R 

Ph 

PhC=C 

16.6c 

>30 

1 

Scheme 16.7 

16.6d 

1 

0 

OH 

MeOOC 
COOMe 

MeOOC 

OH 

Me 

"X^COOMe 
R 'Me 

R = Me, C'Hs, '"CHa, Et, All““ 

a: 2 eq. LDA, THF, -78'-'C, then RX, -78° (36-94%, d.e, 76-90%) 

Scheme 16.8 

A sequence of aminomethylation-quatemization-Hoffman degradation reac¬ 
tions led to 3-methylenation of a malate, with low yield*^ (Scheme 16.9). 

OH 

MeOOC. A. 
COOMe a, b, c 

OH 

MeOOC. 
COOMe 

a: 2 eq. LDA, CH2=NMe2r, b: Mel; c: NaHCOj (10% overall) 

Scheme 16.9 

2-Heteroatom substituted succinates. 2-Halo-, nitrogen- and sulfur-substituted 
succinates can be obtained from malates by nucleophilic substitution with inver¬ 
sion of configuration. Two general methods are used for this transformation. 
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2-HaIosubstituted succinates are available directly from malates by a Walden- 

type substitution with halogenating agents. Depending on reaction conditions, 

the 2-chlorosuccinate obtained in such a reaction can be partially racemized.*^ 

Reaction with diethylaminosulphur trifluoride (DAST) produces 2-fluorosucci- 

nates from malates (Scheme 16.10). 

Cl 

EtOOC 

OH 
a. b, c 

COOEt ord 
ROOC. 

COOR 
MeOOC 

COOMe 

e or f 

MeOOC 
COOMe 

a: 1 eq. SOCI2, RT, 4d (72%), [ajo +32.7 (neat)“ 

b: 0.33 eq. PCI3, 1 eq. pyridine, Et20, -10°C, then HCI, [ajo +32.4 (neat)®^ 

c; EtjPCCIj, NEtj, CH2CI2 (72%), [ajo +29.8 (CHCI3)®" 

d: CCi4, Ph3P, A, (a]D +31 (neat)“ 

e (X = Cl): POCI3, pyridine (36%), [ajo +36.6 (neat)“ 

f (X = Br): PBrs, CHCI3, A, 0.5h (54%), [ajo +50.8 (neat)“ 

g: 1 eq. DAST, CHCI3, O'-C RT, 0.5h (ca. 80%)®’’ 

Scheme 16.10 

OR^ Nu 

R’OOC.^ 
'^COOR’ 

fju R'OOC 
''-'^COOR 

entry R’ Nu yield (%) ref. 

1 Et Ms AcS'Cs"^ 89® 88 

2 Et Tf (MeO)2P(S)S'Na'" 80*’ 89 

3 Et Tf EtCOO'K'^ 52 37 

4 Et Tf PhCOO'K* 58'’ 37 

5 Bn Tf BocNHO'Li* 40 90 

6 Me Ns Nj' (Me2N)2C*NH2 78 91 

7 Et Tf n-CsHtsNHz 40 92 
8 Et Tf AIINH2 55 92 
9 Et Tf BnNHj 93 92 

10 Et Tf PhNHj 94 92 
11 Me Tf N3CH2CH(COOBn)NH2 61-73*’ 93 

12 Me Tf BnONHj 00
 

00
 

94 

13 Me Ns BocNHNHj 91 95 
14 Bn Tf CbzNHNHj 89-97 90 

® side product diethyl fumarate (3%) 

overall yield from diethyl malate ' e.e. 95% 

Scheme 16.11 
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2-Sulfur-, oxygen- and nitrogen-substituted succinates are readily prepared 

by substitution of 0-sulfonyl activated malates with suitable nucleophiles. The 

reaction is generally believed to proceed without racemization, particularly at 

low temperatures (—78°C) with highly reactive triflates (usually prepared from 

malates in situ). With less reactive mesylates and tosylates elimination can be 
highly competitive (Scheme 16.11). 

Entry 2 represents the first synthesis of enantiomerically pure malathion.*^ 2- 

Azidoesters prepared according to entry 6 were used for the synthesis of l-d and 

D-L dipeptides and l-d-l tripeptides.^' Entries 7-14 represent syntheses of vari¬ 

ously A-substituted aspartates from malates. 

The triflate methodology makes possible the synthesis of D-malates from 

L-malates in a one-pot reaction and without the necessity of isolating the inter¬ 

mediate formate 16.8, by using DMF as a nucleophile (Scheme 16.12^ 

OTf 

MeOOC, 
"COOMe 

OCH=NMe., 

MeOOC 
COOMe 

TfO" 

(HP) 
OCHO 

MeOOC 

OH 

COOMe 
MeOOC 

COOMe 

16.8 

a: DMF, 0°C -> RT, 15 min. 

b: MeOH, TsOH (cat.), RT, 1h (93%, e.e. 98%)®^“” 

Scheme 16.12 

Synthesis of tetronic acid derivatives. Dieckman cyclization of 0-acylacetate 

derivatives of malates (16.9) gives access to chiral tetronic acid derivatives 

16.10. Several variants of this reaction have been developed by Bloomer,Ley,^’ 

Sakaki and Kaneko,^* and Schobert.^^ These variants differ chiefly in the method 

of preparing the acylacetate derivative 16.9 (Scheme 16.13). 

Following these methodologies (5)-carlosic acid (16.11)^’’^* and (^i-viridi- 

catic acid (16.12)^* have been synthesized. 

Substituted tetronic acid 16.15 is available by one-pot synthesis, involving an 

intramolecular Wittig reaction of the intermediate ester-ylide 16.14, derived 

from dimethyl L-malate and ketenylidene triphenylphosphorane 16.13^^ 

(Scheme 16.14). 

In a related C-1 chain extension reaction of unsymmetrical malic acid diester 

16.16 with the {R)- and (5)-methyl p-tolylsulfoxide anion, followed by DIBAL 
reduction, there are obtained diastereomeric products 16.17 and 16.18, precur¬ 

sors of derivatives of 2-deoxy-D-ribose and 2-deoxy-L-xylose, respectively 

(Scheme 16.15). 



450 MALAXES AND THEIR O-PROTECTED DERIVATIVES 

OH 

MeOOC, 
a, b or c 

'COOMe 
MeOOC. 

O O 

'^COOMe 

16.9 

d, e 

HOOC- MeOOC 

16.11, R = n-Pr 

16.12, R = n-C5H„ 

a (R = Me): diketene, NEta (cat ), PhH (80%)“ 

b (R = n-Pr): n-PrCOGHjCOSt-Bu. CFaCOOAg, THF (71-75%)®^ 
o 

c (R =Me, n-Pr, n-CsH,,): fl ^ , PhMe, A, 1h (81-98%)“ 
R'-^O'N 

d (R = Me): t-BuOK, t-BuOH (39%)“ 

e (R = Me, n-Pr, or (CH2)20THP): 1 eq. n-Bu4NF, THF (44-84%)®^ “ 

f: 10% HCI, RT, one week (56-71%)®^ “ 

Scheme 16.13 

OH 

MeOOC. + Ph,P=C=C=0 
COOMe 3 

16.13 

a: PhMe, A, 24h (80%)®® 

O 

MeOOC 
COOMe 

16.14 

Scheme 16.14 
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OMEM 

tBuOOC, 
COOMe 

16.16 

(R)-MeS(0)Tol I (S)-MeS{0)Tol 

a, b 

OMEM 

tBuOOC. 

OH 0 

16.17 

11 
tBuOOC^ 

OMEM 

TBSO 

'OAc 

a, b 

OMEM 

, „.Tol tBuOOC. 
'S'' 

IIN* 
OH O 

16.18 

U^Tol 

11 
tBuOOC. 

OMEM 

OAc 

'OAc 

a: LDA, THE, -78°C b: i-BujAIH 

Scheme 16.15 

16.2 MONOESTERS OF MALIC ACID: DIFFERENTIATION 

OF THE CARBOXY GROUPS 

OR® 

HOOC^ 
'COOR^ 

II 

OR® 

R'OOC^/^ 
COOH 

III 

Table 16.2 Monoesters of L-malic acid and O-protected L-malic acids (II and III) 

R' R^ m.p. (°C) [alo (solvent) References 

C(l) monoesters (II) 

— Me H 79-80 + 5.8 (MeOH)“ 67,101 
— Et H 48-49.5 — 67 

— (5)-Et(Me)CHCH2 H — -9.0 (THE) 101 

— MeCCHj), H — -9.4 (CHCI3) 102 

— Bn H — -16.0 (THE)*’ 101,103 

— Me Me 46-48 -55.9 (McjCO) 22,104 

— Me Ac 48-50 -27.9 (MeOH) 105,106 

— Et Ac 53 -32.4 (CHCI3) 108-110 

(continued) 
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Table 16.2 (continued) 

R' R2 R^ m.p. (°C) [alo (solvent) References 

C(4) monoesters (III) 

Me — H — + 1.5 (CHCI3) 111 

Me — Me — -45.8 (Me2CO) 22 

Et — Et — -46.0 (EtOH)" 112 

Et — Ac 52-54 -16.8(EtOH) 8 

“ [aJo -5.0 (dioxane) in ref. 101. 
'’aJD+13.2 (DMF)inref. 103. 

95.8%. 

Synthesis 

Differentiation of malic acid carboxy groups can be readily achieved by taking 

advantage of the higher reactivity of the C(l) carboxy group. This property of a- 

hydroxyacids allows to selectively synthesize C(l) and C(4) monoesters of malic 
acid. 

To this end two general approaches have been developed; alcoholysis of malic 

anhydrides yields predominantly C(l) monoesters II (Scheme 16.16), whereas 

enzymatic hydrolysis of malates provides accesss to C(4) monoesters III 
(Scheme 16.17). 

C( 1) monoalkyl malates (II) 

r' 

OR' 
_ 

R" 

R^OH * HOOC, 

OFE 

ref. R^ 
isolated 
yield (%) 

H Me H 64 67 
H Bn H 64 67 
Me Me Me - 104 
Ac Me Ac 73-100 105,106 
Ac Et Ac 60-95 107-110 
CF3C0 Me H 26-100 67,101,113 
CF3C0 Ef H 99 67 
CF3C0 i-Pr H 98 67 
CF3C0 Me(CH2)7 H 50 102 

CF3C0 (S)-Et(Me)CHCH2 H 80 101 

CF3C0 Bn H 76-100 101,103 

Scheme 16.16 
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C( 1) monoesters are usually prepared from crude anhydrides and the reaction 

is best carried out at ambient temperature; heating the reaction mixture has an 

adverse effect on monoester yield. 

The use of 0-trifluoroacetyl malic anhydride appears to offer the highest 

yield and selectivity in the formation of the C( 1) monoester. Note that the O-tri- 

fluoroacetyl group is removed in the process of solvolysis of the anhydride^^ 

(Scheme 16.16). 

Enzymatic hydrolysis of diesters of malic acid with a-chymotrypsin* and pig 

liver esterase'" is C(l) selective in that it provides C(4) monoesters (Scheme 

16.17), but it is not enantioselective; both dimethyl l- and D-malates are prefer¬ 

entially hydrolysed at C( 1) by PLE. 

C(4) monoalkyl malates (III) 

OR^ 

R’OOC 

OR2 

^■^^COOR' 
R'OOC, 

or b 'COOH 

a (R' = Et, R^ = H or Ac): a-chymotrypsin, pH 7,2, RT, (94-100% conversion)® 

b (R’ = Me, R^ = H): PLE, pH 8.0, RT (100% conversion)’" 

Scheme 16.17 

In contrast, enzymatic hydrolysis of racemic diethyl 0-ethyl malate is both 

site selective and enantioselective with lipase from Candida rugosa, as reported 

by Wirz (Scheme 16.18). 

OEt 

EtOOC 
COOEt 

OEt OEt 

EtOOC. EtOOC. 
COOH + COOEt 

16.19 

39%, e.e, 95.8% 

16.20 

a: lipase OF 360, cyclohexane, 0.1M NaCI/O.OIM sodium phosphate, pH 6.5, 3-4'’C"^ 

Scheme 16.18 

High enantiomeric excess of the monoester 16.19 could only be achieved 

after careful optimization of reaction conditions: use of water-immiscible cosol¬ 

vent, low substrate concentration, low temperature and pH, and relatively high 

enzyme concentration. Since the recovered diester 16.20 could be easily racem- 

ized (EtONa/EtOH) and recycled, the overall efficiency of the enzymatic der- 

acemization and functional group differentiation could be significantly 

improved."^ 
Simple saponification of 0-methyl dimethyl malate with one equivalent of 

potassium hydroxide in methanol is C(l) selective.^^ 
It should be noted that esterification of 0-acylated diacids 16.21 proceeds at 

the less hindered C(4) carboxy group and gives C(4) monoesters 16.22 in 
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excellent yield (no experimental details were reported). Monoesters 16.22 were 
used for the synthesis of squalene synthase inhibitors 16.23 ''^(Scheme 16.19). 

o 
II 

OCR OTBS OAc 

O 
II 

OCR 

HOOC, ,OOC. 
COOH + 

16.21 

R = 

or (CHj),„OPh 

COOH 

16.22 

11 
OAc 

O 
II 

OCR 

,OOC, 

16.23 

COO.^COOH 

HOOC 

Scheme 16.19 

Applications 

C(l) Monoesters of malic acid are used in synthetic transformations involving 
substitution at the C(4) carboxy group. For example, both 4-alkoxycarbonyl-2- 
oxetanones (P-lactones) and 4-alkoxycarbonyl-2-azetidinones (P-lactams) were 
obtained from C(l) monoesters of malic acid by intramolecular substitution 
(Scheme 16.20). 

OH 

HOOC. 
^^srcooR 

R = Me, Et, n-Pr, Bn 

COOR 

a: DIAD, PhsP, THF b: BzO'NEt/ 

Scheme 16.20 

These 3-lactones were polymerized to high molecular weight poly(3-malic acid) 
having (5')-configuration of the stereogenic center. This indicates double inver¬ 
sion of configuration: one at the stage of Mitsunobu 3-lactam formation; and the 
other at the polymerization step.’^^ "^ 12- And 16-membered oligolides, related 
model compounds for the biopolymer poly(3-malic acid), have been synthesized 
by Seebach and Hoffmann. The yields of isolated oligolides 16.24 and 16.25 
were low (<10%) due to the formation of other oligomeric and polymeric prod¬ 
ucts (Scheme 16.21). Note that under reaction conditions the configuration of 
the stereogenic center remained unchanged. 

The synthesis of 3-lactams, developed by Miller et al., is based on the 
intramolecular Mitsunobu reaction of malic acid monohydroxamates 16.27, 
synthesized from C(l) monoesters 16.26, and it proceeds with inversion of 
configuration®’^ (Scheme 16.22). 
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HOOC 

OH 

COOBn a, b, c 

O 
HOOC 

-d )—COOH 

O 
-O O 

O' 

HOOC 

16.24 

a: 2,6-Cl2C6H3COCI, pyridine, THF 

b: DMAP, high dilution (CH2CI2 or PhMe), RT 

c: H2, Pd/C, AcOEt'^’ 

Scheme 16.21 

OH 

HOOC, 
'COOR 

16.26 

0 OH 
II : 

BnONHC, 
^-^STCOOR 

16.27 

COOR 

OBn 

R = Me, Et, i-Pr, Bn 

a: BnONH2 ■ HCI, EtN=C=N(CH2)3NMe2, THF-Et20, pH 4.5 (60-84%) 

b: DEAD, PhjP, THF, RT {78-96%f 

Scheme 16.22 

The presence of the -CH2COOH unit in C(l) monoesters of malic acid 
enables syntheses involving decarboxylation, while retaining the integrity of the 
chiral center in the remaining three-carbon unit. One such example is the use of 
Curtius rearrangement on the C(l) monoesters of malic acid. The intermediately 
formed 2-oxazolidinone-5-carboxylic ester 16.28 can further be transformed 
into a variety of u.seful products, such as (i'l-isoserine (16.29),"^ (/?)-GABOB 
(16.30)"* and 5-substituted 2-oxazolidinones 16.31‘“ (Scheme 16.23). 

OH 

OH 

hooc.,^^A, 
COOBn 

0 

K 

16.28 
COOBn 

a: (PhO)2PN3, NEt3, benzene or PhMe, A (74-75%)’ 

H^N, 
COOH 

16.29 

OH 

16.30 

0 

}~9 

(X = OH, Cl, Br, 1) 

16.31 

Scheme 16.23 
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Furthermore, Kolbe decarboxylation of C(l) monoesters of malic acid is use¬ 
ful for chain elongation of the chiral three-carbon unit either by dimerization of 
the initially formed radical 16.32 to the dimeric product, (25,55)-2,5-dihydrox- 
yadipate 16.33, or by its cross-coupling with radicals derived from other car¬ 
boxylic acids (Scheme 16.24, see also Scheme 15.16). 

OAc 

. .COOH —S- 
'nnr. — R’OOC 

R’ = Me, Et 

OAc 

R'OOC'^CH 

16.32 

R". 

(from R^COOH) 

OAc 

R'OOC 

r2= Me'°^ 

r2= n-Bu’°® 

R^= (R)-(CH2)2CHMe(CH2)20Ac’2o 

a: (Na-salt), MeOH or EtOH, electrolysis on Pt anode 

b: i-PrOH, Ti(OI-Pr)4 

Scheme 16.24 

Diester 16.33 was tested by Sharpless et al. as a ligand in the asymmetric 
epoxidation."^ The last of the products listed in Scheme 16.24 was used by Stork 
in the synthesis of cytochalasin B.'“ 
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Malamides and Malimides 

17.1 DIAMIDES OF MALIC ACIDS (MALAMIDES) AND THEIR 
O-PROTECTED DERIVATIVES 

OR® 

R'R^NOC, 
'CONR'R® 

Synthesis 

Malamides and their 0-acyl and 0-alkyl derivatives are synthesized in a way 

analogous to the synthesis of tartramides (Chapter 3) and their 0-protected 

derivatives (Chapters 4 and 5). Specific compounds are listed in Table 17.1. 

Table 17.1 L-Malamides and their derivatives (I) 

R‘ R^ m.p. (°C) [aJo (solvent) References 

H H H 156-158 -60.3 (MeOH) 1-4 
Me H H 99 -68.5 (MeOH) 1 

Et H H 122 -58.7 (MeOH) 1 

Pr H H 126 -52.9 (MeOH) 1,5 
i-Pr H H 150-151 -42.6 (MeOH) 1 

n-Bu, H H 125 -47.7 (MeOH) 1 

i-Bu H H 121 -48.1 (MeOH) 1 

n-CjH], H H 146 — 6 

n-C7H,5 H H 131 -35.4 (MeOH) 1 

All H H 117.5 -48.3 (MeOH) 1 

Bn H H 157 -36.1 (MeOH) 5,7,8 

Eh'* H H 198 —101.1 (pyridine) 9 
2-MeC6H4 H H 179 —61.8 (pyridine) 9 

3-MeC6H4 H H 153 —75.9 (pyridine) 9 

4-MeQH4 H H 206 —92.5 (pyridine) 9 

(S)-BnCHCOOiBu H H 76 — 10 

NH2 H H 177-179 -52.0 (EtOH-H20) 11 

PhNH H H 214 —17.2 (pyridine) 1 

(continued) 

461 
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Table 17.1 (continued) 

R' R^ m.p. (°C) [aJo (solvent) References 

-(CH2)4- H 157.5 -27.5 (MeOH) 1 
H H Me 183-184 -57.5 (MeOH) 12-14 

Bn H Me 157 -36.9 (MeOH) 15 

Ph H Me 158-159 -77.7 (MeOH) 12 
H H Et 192-193 -44.6 (H2O) 2 
Ph H Ac 177 +50.5 (EtOH) 16 

Ph Me Ac 116 +26.8 (MeOH) 16 

^ This amide is known as malanilide. 

17.2 MONOAMIDES OF MALIC ACID (MALAMIC ACID): 
DIFFERENTIATION OF THE CARBOXY GROUPS 

OR^ OR^ 

R’OOC. R^HNOC. X. 
CONHR^ COOR’ 

II III 

R' = H ; C(4) malamic acids C(1) malamic acids 

Table 17.2 Monoamide derivatives of L-malic acid (II, III) 

Formula R' R2 R^ m.p. (°C) [aJo (solvent) References 

II H H H 83-84 -16.5 (AcOEt) 17 

H Me H 144 -46.7 (MeOH) 18 
H H Bn 131-132 -42.6 (H20) 15 
Me H H 66-67 -48.5 (EtOH) 15,19 
Me t-Bu H 79-82 -53.1 (MeOH) 19 
Me THP H 52-53 +0.4 (MeOH) 19 
Et H H 102-103 -49.0 (H2O) 15 

III H H H 149 -9.8 (H2O) 4,15,20 
H H Bn 130-131 -13.8 (H2O) 15 
Me H H 75-76 -12.5 (H2O) 15 
Me H Bn 105 -12.8(H20) 15 
Bn H H 78-79 — 21 
-C(CF3)2- H 75 -19.0 (CH2CI2) 22 

Synthesis and Applications 

Monoamides of malic acid are available from monoesters of malic acid, as 
shown in the example in Scheme 17.1. 
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OH 0TB S 
HOOC. TBSOOC. 

b, c 

COOMe "COOMe 

17.1 17.2 

NHBoc u OH 

MeOOC COOMe 

17.3 

a: TBSCI, imidazole, DMF 

b: (COCI)2, DMF (cat.), CHjClj 

c; A/(2)-Boc-Lys-OMe, pyridine, CH2CI2” 

Scheme 17.1 

In this synthesis, the coupling of the A^(2)-protected lysine ester with the C(l) 
ester of malic acid 17.1 requires the temporary protection of the malate hydroxy 
group as the TBS ether, prior to the generation of the C(4) acid chloride directly 
from the bis-TBS derivative 17.2. Monoamide 17.3 was used by Smith^^ in the 
synthesis of a siderophore rhizobactin. 

C(4) Malamic acids (II) are generally available by aminolysis of 0-protected 
malic anhydrides. Chemoselectivity of this reaction closely resembles that of 
alcoholysis of malic anhydrides, which was covered in Chapter 16 (Scheme 
17.2). 

PCOCF3 

a 
OH 

HOOC 
C0NH(CH2)^Me 

a: Me(CH2)7NH2, THF, 0°C-^RT (92% crude)'" 

Scheme 17.2 

C(l) Malamic acids (III) can be obtained by controlled hydrolysis of malamides 
in alkaline solution. Malamic acid 17.4 obtained in this way (or alternatively by 
deamination of L-asparagine was readily converted to (S)-isoserine (17.5) 

(Scheme 17.3). 

OH QH OH 

H,NOC,^ X H2NOC. A -► H2N A 
^ \^^C0NH2 COOH COOH 

17.4 17.5 

a: 1M KOH, A, 3d, then cone. HCI (62-75%)^'"° 

b: pyridine, AC2O, MeCN, 1h then Phl(OCOCF3)2, 4 h, then HCI , A, then Dowex/OH' 

(66-82%)'’"“' 

Scheme 17.3 
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17.3 MALIMIDES 

Table 17.3 L-Malimides and their 0-protected derivatives (IV) 

R' m.p. (°C) [aJo (solvent) References 

H H 95 -92.0 (MeOH) 25 

H Me 70 -76.0 (MeOH) 25 

H t-Bu 108-109 -62.0 (CHCI3) 25 
H Ac 112-114 -48.0 (MeOH) 26 
Me H 87-89 -81.8 (EtOH) 27,28 
i-Pr Ac 54-55 -31.1 (MeOH) 29 
(CH2)2C=CSiMe3 Ac — -17.4(CHCl3) 30 
CH2CMe2CH=CHCH20Bn Ac — -15.3 (CHCI3)" 31 
{CH,),CN Ac 84-86 -30.6 (CHCI3) 32 
(CH2)2Ph H 130-132 -85.4 (CHCI3) 33,34 
(CH2)2Ph Ac 97-99 -19.6 (CHCI3) 33 
(CH2)2Ph C(0)CH2Br — -15.3(CHCl3) 34 
3,4-(MeO)2C6H3(CH2)2 H 125 -67.2 (CHCI3) 35 
3,4-(MeO)2C6H3(CH2)2 C(0)CH2Br — -15.2 (CHCI3) 35 
(CH2)2-3-indolyl H 168-170 -31.4 (DMSO) 34 
(CH2)2-3-indolyl C(0)CH2Br 98-100 -21.3 (DMSO) 34 
(CH2)20H H 77-78 -71.2 (Me,CO)“ 36 
(CH2)20AC Ac — -16.5 (CHCl,)" 36 
(CH2)20Piv H — -56.1 (CHCI3)" 36 
(CH2)20Piv C(0)CH2Br — -9.4 (CHCl,)" 36 
(CH2)20Bz Ac 75-76 -10.2 (CHCI3) 37 
CH2CH=C=CH2 Ac 46-4S -23.0 (CHCl,) 38 
Bn H 101-103 -62.7 (MeOH)'*-" 39,40 
Bn Bn 76-77.5 -34.7 (CHCI3) 41 
Bn Ac 61-62.5 -25.8 (CHCl,) 40,42,43 
PMB Ac — -32.1 (CHCl,) 43 
3,4-(MeO)2C6H3CH2 Ac — -18.9 (CHCI3) 43 
CH2COOMe Ac — -26.4 (MeOH) 44 
Ph" H 179.5-180 -43.9 (MeOH) 45 
Ph Ac 137 — 46 
OBn H 125-126 — 47 

“ Enantiomer has been prepared. 

m.p. 110-111°C; [alo -16.2 (MeOH) for apparently partially racemized imide is given in ref. 76. 
Racemic imide: m.p. 113-114°C (ref. 48). 
This imide is known as malanil. 
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Synthesis 

Malimides with an unprotected hydroxy group are directly available by thermal 

condensation of malic acid with amines (Scheme 17.4). 

OH 

15.1 

N 
I 

R 

3,4-(MeO)2C6H3(CH2)2 (70%f 

BnO {69%f 

v51 

R= Me (65-78%)” “ 

BnCH2 (73%)“ 

Bn (62-85%)“''® “ Ph (72%)=’ 

a: RHN2, A, 150-170°C (neat or in xylene), water separation 

Scheme 17.4 

This method has the disadvantage of potential racemization of the product 

(see footnote b in Table 17.3 ). 
0-Acetyl protected malimides can be prepared under mild conditions by a 

three step, one-pot sequence from 0-acetyl malic anhydride (crude anhydride 

directly obtained from malic acid can be used for this purpose). Examples are 

shown in Scheme 17.5. 

OAc OAc OH 

a, b 

N 
I 

R R 

a: RNH2, CH2CI2 

then removal of solvents 

b: AcCI, A 

c: Eton, AcCI, 50°C (84-98%) 

R = H (52%)“ 

Me (94%)“ 

i-Pr (68%)““ 

CH2CMe2CH=CHCH20Bn (81%)“ 

(CH2)20Ac (62%)“ 

(CH2)2CN (76%)“ 

CH2C00Me (74-77%)'"’ 

Bn (78-100%)''^ ''“®'' “ 

PMB (93%)''® 

3,4-(MeO)2C6H3CH2 (93%)''® 

Scheme 17.5 

0-Acetyl protection can be removed by mild acidic solvolysis to give the 

hydroxy imides of unaltered enantiomeric purity. 
Numerous 0-protected malimides have been synthetized from the parent 

N-H imides by nucleophilic substitution. Particularly useful for this purpose is 

the Mitsunobu reaction (Scheme 17.6). 
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OAc 

I 

H 

OAc 

S ”\ 
a: R^OH, DEAD, PPhj, THF, RT R = (CH2)2CH=< J (70% 

s 

(CH2)2CH=CHSiMe3 (87%)“ 

(CH2)2CH=CHCH2SnBu3 {75%f 

(CH2)2CsCSiMe3 (97%)“ 

(CH2)20Bz (95.5%)^^ 

CH2CH=C=CH2 (87%)“ 

Scheme 17.6 

An example of nucleophilic substitution with the potassium derivative of 

imide 17.6 is shown in Scheme 17.7. 

I 

H 

17.6 

a: 1.0 eq. 3-MeOC6H4CH=C(COOMe)CH2Br, 1.0 eg. K2CO3, DMF, RT (62%)“ 

Scheme 17.7 

An efficient synthesis of D-malimide ent-\1.9 from L-tartaric acid monoamide 
17.7 has been devised by Ogura et al.^ (Scheme 17.8). 

OAc 

MeOOC 

17.7 17.8 enM7.9 

a: 30% HBr/AcOH, AC2O, 50“C 

b: H2, 5% Pd/C (74% overall) 

Scheme 17.8 

Note the highly regioselective formation of the intermediate 0-acetyl bromohy- 
drin 17.8. 

Ogura et al. have also developed a highly enantioselective kinetic resolution 

of racemic malimide 17.9 with lipase PS from Pseudomonas cepacia in a mixed 
solvent* (Scheme 17.9). 
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Bn Bn Bn 

rac-17.9 e.e. 99.7% 17.9 

e.e. 99.1% 

a: lipase PS (5%/wt), phosphate buffer (pH 7) - dioxane 49.9 % conversion 

Scheme 17.9 

(S)-2-Hydroxy-A^-methylsuccinimide [104612-35-3] is commercialy avail¬ 

able. 

Applications 

Malimides have been used as chiral auxiliaries in conjugate addition reactions 

and Diels-Alder reactions of acrylic acid derivatives. In the former case, addi¬ 

tion of P-enaminoester 17.10 to acrylate 17.11 catalyzed by TiCl4gave the prod¬ 

uct 17.12 of high enentiomeric excess, from which the chiral auxiliary, 

A-methyl-L-malimide (17.13), could be efficiently recovered by transestrifica- 

tion^^ (Scheme 17.10). 

a 

COOMe 

S^^COOMe 

17.13 

a: leq TiC^, CH2CI2, RT, 3h (75%, d.e. 94%) 

b: MeONa, MeOH, RT (88%, e.e. 95%) 

Scheme 17.10 

In the latter case acrylates 17.14 derived from A-methyl-L-malimide were 

introduced by Helmchen as chiral dienophiles for syntheses employing a 

Diels-Alder reaction (Scheme 17.11). 
The reaction was highly endo selective as well as highly diastereoselective; 

products 17.15 could be obtained diastereomerically pure by simple recrystal¬ 

lization. Products 17.15 having nonbomene skeleton (n = 1) were used by 

Helmchen for the synthesis of cyclosarcomycin^' and ^nr-P-santalene,“ and by 
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17.14 17.15 

a: 0.75 eq. TiCU, CH2CI2, -78°->0°C 

n R endo : exo yield® ref. 

Qb H - 85 60 

1 H 52: 1 86 27 

1 Me 13 ;1 62 27 

1 Br 38; 1 70 27 

2 H 82 : 1 89 27 

3 diastereomericaily pure product after recrystallization 

*> 1,3- butadiene 

Scheme 17.11 

Natsume in the synthesis of natural herbindoles.^^ Ireland devised a method for 
the addition of 1,3-butadiene to acrylate 17.14 (R = H), shown in entry 1 of 
Scheme 17.11, for the synthesis of (/?)-3-cyclohexenecarboxylic acid, a building 
block for the analogue of immunosuppresant FK-506.^° 

Malimides are versatile chiral building blocks for the synthesis of chiral 
heterocycles. Shibuya reported that through highly regioselective ring opening 
of A^-benzyloxy-L-malimide, hydroxamate 17.16 was produced exclusively.'^^ 
Cyclization of 17.16 by Miller’s method using the Mitsunobu reaction gave 
azetidinone 17.17 (Scheme 17.12). 

17.16 17.17 

a: EtOLi, THE, 78°C->RT (85%) 

b: DEAD, PPhj, THE, 0°C->RT. 4h (58%)“^ 

Scheme 17.12 

The regioselectivity of malimide ring opening in this case may be assisted by 
the electronic effect of the lithium ion complexation by the hydroxyl group and 
the adjacent carbonyl group. 
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Chiral enamides 17.18 and 17.19 were synthesized from malimides by an 
intramolecular Wittig reaction. These products were further converted to chiral 
bi- and tetracyclic heterocycles via a diastereoselective A^-acyliminium ion 
cyclization^'* (Scheme 17.13). 

b: PPha, MeCN. 50°C, 2h then NEtj, 50°C, 16h (77%) 

c: TsOH, PhMe, A, 1h (85%)“ 

Scheme 17.13 

As in the case of tartrimides (Chapter 6) a large portion of synthetic utility of 
malimides is based on the reactions of A-acyliminium ions; their formation is, as 
expected, regioselective, since it involves regioselective reduction of the C(l) 
carbonyl group with NaBH4 (Scheme 17.14). 

a (R3 = H); NaBH^, MeOH or EtOH, below 0°C then sat. NaHCOj 

b (R3 = Et): NaBH4, EtOH, -15“C then H2SO4, EtOH" 

’ c (R3 = Ac); as a, then AcCI, pyridine, CH2CI2 (c/s-2,3-diacetoxy producd^ ") 

Scheme 17.14 

The A-acyliminium ion 17.20 can react with a variety of nucleophiles, provid¬ 
ing access to trans- or c/5-substituted lactams 17.21. Although tranA-lactams are 
normally the main reaction products, the tmns'.cis ratio is influenced by the reac¬ 
tion conditions and the size of the incoming nucleophile, but not by the configu¬ 
ration of the leaving acetoxy group^ (Scheme 17.15). 



470 MALAMIDES AND MALIMIDES 

OAc OAc OAc OAc 

J Lewis Nu_ .J~\„ + 
0'=*^^"'Nu ^Ac acid 

1 
R 

1 
R R 

1 
R 

17.20 frans-17.21 c/s-17.22 

*- entry R Lewis acid Nu trans: cis yield (%) ref. 

1 PMB TMSOTf MeC(OTMS)=CHCOOMe 100: 0 95 43 

2 Bn TMSOTf MeC(OTMS)=CHCOOMe 100 : 0 98 43 

3 Bn BF3Et20 CH2=CMeCH2SiMe3 92 : 8 ca 100 54 

4 Bn TMSOTf CH2=CHCH2SiMe3 72 : 28 81 50 

5 Bn TMSOTf (BnO){TMSO)C=CH(CH2)20Bn 50: 50 45 64 

6 H ZnBfj.TMSCI furan 67 : 33 71 65,66 

Scheme 17.15 

Trans-suhstituted lactams 17.21 (Scheme 17.15 ) were used in the synthesis 
of ptilomycalin A intermediate (entries 1 and 2, Hiemstra'^^), 4-epi-statine (entry 
3, Hiemstra and Speckamp^'*), pyrrolizidines (entry 5, Pilli^) and erythro-L-^- 

hydroxyglutamic acid (entry 6, Nozoe“). Trans substimtion is undoubtedly due 
to the known ability of the C(3)-acetoxy group to bridge to the adjacent cationic 
center;^® C(3)-alkoxy or siloxy substituted aminals give preferentially cw-disub- 
stituted lactams (Scheme 17.16). 

R' R2 R3 Lewis acid cis: trans ref. 

Bn Bn Ac SnCI„ 2: 1 50 

Me TBS Me TiCL 6 : 1 52 

Scheme 17.16 

Stereoselective acyliminium ion cyclizations directed by the C(3)-acetoxy 
substituent in the aminal substrate were devised independently by Chamberlin 
and Hart for the synthesis of optically active pyrrolizidinediols. Examples shown 
in Scheme 17.17 also include the acylamino radical cyclization procedure, 
developed by Hart'*'’'^* (entry d). 

Indolizidines and other nitrogen heterocycles are also available from 0-acetyl 
malimides by acyliminium ion cyclizations (Scheme 17.18). 
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a: MsCI, NEtj, CHjClg -20°C^RT (75-80%)“ 

(+)-heliotridine (and other 

pyrrolizidine alkaloids) 

b: HCOOH, RT, Id then NaOH , MeOH-HjO (73%)^' 

c: as a {J7%f 

d; BUjSnH, AIBN, benzene, A (60-71%)“'®^ 

Scheme 17.17 

HO y r^OH 

t!C> 

(+)-hastanecine 

Scheme 17.18 (continued) 
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c: CF3SO3H, CH2CI2 (55% + 25% other isomers)“ 

Scheme 17.18 

Reductive deoxygenation of C(4)-oxygenated lactams is an alternative route 
to chiral lactams from malimides. C(4)-oxygenated lactams can be obtained 
from malimides by reduction with NaBH4 (Scheme 17.14) or by the action of 
Grignard reagents (Scheme 17.19). 

OAc OAc OH 

- 0^' — 

k/CN k/CN 

chiral DBN analogue 

a: Et3SiH, BF3 Et20, CH2CI2, -TO^C^RT (80%)“ 

OBn OBn OBn 

1 
-* 0^^ a 

1 OH 
Bn Bn Bn 

R = Me, n-Bu, i-Bu, Bn 

b: RMgX, THE, -78°C (83-94%)“' 

Scheme 17.19 (continued) 
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NH^ 

(-)-statine 

c: CH2=CMeCH2MgCI, THF, -50°C (46%) 

d: H2, Pd/C, CH2CI2 (73%, c/s; trans = 3:1)“ 

Scheme 17.19 

Hiemstra and Speckamp developed a method of diastereoselective C(2)-alky- 

lation of the enolate 17.23 generated from the ethoxylactam 17.22^^ (Scheme 

17.20). 

OH OLi R Ot 

jtL O^^^OEt LiO-^l^j^OEt 
electrophile -.-0- 

1 
i-Pr 

1 
i-Pr 

1 
i-Pr 

17.22 17.23 17.24 

: 2.1 eq. LDA, THF, -78°C 

electrophile R yield (%) 

Mel Me 69 

Me2CO CMe20H 60 

Me3SiCH2CsC(CH2)J Me3SiCH2CHC(CH2) „ 50-78 (n = 1, 2, 3) 

Scheme 17.20 

The configuration at C(4) apparently exerts no effect on the stereochemistry 

of alkylation; both the substrate 17.22 and the product 17.24 were 85:15 mix¬ 

tures of the C(4) epimers. This reaction extends the usefulness of the acylim- 

inium ion reactions to the formation of azabicyclic compounds such as 17.25, a 

precursor of peduncularine (17.26 (Scheme 17.21). 
Hiemstra-Speckamp and Yoda-Takabe developed a method of converting 

5-alkoxy-2-pyrrolidinones to 5-alkoxy-3-pyrrolin-2-ones*®~^‘ (Scheme 17.22). 

Chiral 3-pyrrolin-2-ones are synthetically useful as building blocks in 
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a 

I 
i-Pr 

17.25 

a: HCOOH, 3h then NHj/MeOH, 18h (87%) 

Scheme 17.21 

OH 

0'==^-i^j^0i-Pr 
I 

H 
trans: c/s = 4 : 1 

H 

Oi-Pr 

Ac 

a: 1.1 eq. (Cl3CC0)20, DMAP, Et20, -60°C^RT (86%) 

b: AC2O, pyridine, DMAP (cat ), 0°C^RT (85%)™ 

N 
I 
Bn 

OAc 

’""OTBS 0'=*^^/""0TBS 
I 
Bn 

c: NaH, THF, 0°C (48%)“' 

Scheme 17.22 

diastereoselective conjugate addition reactions^' and in diastereoselective 

Diels-Alder reactions.™ The former reaction can be coupled with the 

substitution at C(4) via the A-acyliminium ion. Examples are shown in Schemes 
17.23 and 17.24. 

I 
Bn 

TBSO 
N 

I 
Bn 

(R= a-MeOCgH^CHj) 

a: R2CuLi or RMgBr, Cut, THF, -78°C-^RT (41-91% d.e. >99%)"-^’ 

Schemes 17.23 (continued) 
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a: PhCHjCHjLi, Cul, THF, -78“C->RT, then MejSiCI (92%) 

b: MejNH (excess), DMF, RT then TiC^, CH2CI2, -78°C^RT (95%) 

c; t-BuLi, Cul (84%) 

d: AIISiMej, TiCI^, CH2CI2, RT (77%)^^ 

Scheme 17.23 

gelsemine^°'” 

95% 

Scheme 17.24 

Chiral 5-alkyl-3-pyiTolin-2-ones are available indirectly in A^-acyliminium 

ion reactions. Chirality of the A^-acyliminium ion precursor 17.27 can be 

preserved in nucleophilic substitution reactions at C(4) by formation of the 

enantiopure tetracarbonyliron complexes 17.28. The diastereomeric iron com¬ 

plexes are formed in different ratios under kinetic and thermodynamic condi¬ 

tions and can be separated; trans-complex 17.28 reacts quickly and with 

complete retention of configuration at C(4) whereas the reaction of c/5-complex 

17.28 proceeds slowly and with predominant inversion of configuration^®’'* 

(Scheme 17.25). 



4'6 MALWIIDESANDMAUMIDES 

Ac 

17,27 

a 

CWFV 

lCO\,F« O 

?-»*!Sf-17.2S 05-17,28 

51V ee --iScV 53V e# '55 

a Fe^COV or R.Oa'oV r»-ss css = 5 S5 after 3h. 33 6' after iSh^ 

fc A^SAlej, EFj Et^ CFkOj RT 

c M©jN-0 

Scheme 17^ 

In contrast, Hiemstra and Speckanip found that the .V-tosyl substiiued cis- 

tetracarK»nylirc>n complex ITJ!** reacted faster than the corresponding ,V-acet\ 1 

complex and ga\e cleanly mins-suhstituted prvxiucts 17in reactions with 

erwl acetates'^ t Scheme 17,2bV The reaction nx^st prv>bably paveeded via the 
rj'-alky 1 iaxi cation 17,30. 

N 

Ts 

^^-29 17.30 17.31 R= Me Ph 2-fury 

a CH,=CvOAc^R BFj Et-0 OUtX RT 

b M©jH-0 RT vosera! y*a*d 4d-60V) 

Scheme 17,26 
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2,4- and 3,4-Dihydroxybutanoic 
Acids 

Derivatives of these dihydroxybutanoic acids are most frequently obtained by 

chemoselective reduction of malic acid monoesters, diesters, and anhydrides 
according to Fig. 18.1. 

© ® 

X = O-- X = Hj 

® @ 

® reduction with BH3-Me2S (Scheme 18.1) 

® reduction with NaBH4 in t-BuOH or THF (Scheme 18.14) 

@ reduction with one equivalent BHs MejS and a catalytic 

amount NaBH, (Scheme 18.13) 

Figure 18.1 

18.1 2,4-DIHYDROXYBUTANOIC ACID AND DERIVATIVES 

OR2 

rsq^^^^COOR’ 

1 

Table 18.1 Derivatives of (2S)-2,4-dihydroxybutanoic acid (I) and (25)-2-hydroxy- 
butyrolactone (II) 

R' 

H H 
H Me 

R^ 

Bn 

Tr 

m.p. (°C) or 

b.p. (°C/torr) [ajp (solvent) References 

Formula I 

70-72 -12.0(CHCl3) 1 
— +2.3 (CHCI3) 2 

{continued) 

480 
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Table 18.1 (continued) 

R‘ R^ 

m.p. (°C) or 

b.p. (°C/torr) [alo (solvent) References 

H -CHPh- 120-121 -31.0(CHCl3) 1 

H -(5)-CH(2-BrC6H4)- 142 -32.0 (CHCI3) 3 
Me H TBDPS — + 1.3 (CHCI3) 4 
Me Bz Bz — -21.0 (CHCI3) 5 
Me -CHPh- 51-52 -21.0(CHCl3) 1 

Me -(5)-CH(2-BrC6H4)- — -17.0(CHCl3) 3 
Et Ac H 90/0.12 -37.9 (CHCI3) 6-8 

Et Ac THP 130-135/0.01 — 7 
Et Ac CMe20Me — -26.5 (CHCI3) 6 

t-Bu H H 61-63 -16.3 (CHCI3) 9 
t-Bu H Bn 41-43 -6.0 (CHCI3) 1 

t-Bu TBS H — -41.1 (CHCI3) 9 
t-Bu TBS TBS — -21.3 (CHCI3) 9 

t-Bu Ac Ac — -39.4 (CHCI3) 9 

t-Bu -CHPh- 55-56 -11.0 (CHCI3) 1 

Bn Me H — -5.1 (Me2CO) 10 

Bn BOM H — -45.3 (CH2CI2) 11 

Bn THP H — -117.0 (CHCI3) 12 

-CMej- H — + 3.7 (CHCI3) 13 

-CMej- TBS — -7.2(CHCl3) 14 

~C(CH,),- TBDPS 

Formula 11 

-5.8(CHCl3) 4 

— H — 95/0.1 -65.2 (CHCI3) 8,15 

— Me — — -8.7 (Me2CO) 10 

— MEM — — -80.6(CHCl3) 3 

— BOM — — -81.7 (CHCI3) 13 

— THP — — -17.2 (CHCI3) 12 

The acid I (R', = H) spontaneously forms the lactone II. 

Synthesis 

The common synthetic route to chiral 2,4-dihydroxybutanoic acid derivatives 

is based on borane reduction of C(4) monoacids, derived from malic acid by 

selective protection of the C(l) carboxylic group. The protection is introduced 

in the form of either a dioxolanone (Chapter 15) or a monoester (Chapter 16). 

Examples are shown in Scheme 18.1. 

Acetal protected 2,4-dihydroxybutanoic acid was obtained by RuCl3-NaI04 

oxidation of the corresponding protected triol (Scheme 18.2) 

Both enantiomers of 2,4-dihydroxybutanoic acid were obtained (in a form of 

2-hydroxybutyrolactones) by resolution of the racemate.’^ 
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Reduction with BHrMe2S in THF: 

OH 

HOOC. 

HOOC. 

'COOMe 

OAc 

COOEt 

O 

HOOC 
= O 

o 

CCL 

HOOC 

o--( 

HO 

HO 

OH 

"COONa (ca. 100%)'® 

OAc 

'COOEt (53-99%)®®"''® 

oV 
i o 

OH 

Scheme 18.1 

(93-100%)® 

O (20-73%)'' 

Me 

O^^O 

Me 

a O'^O 

,OH 
COOH 

a: RuCl3 -3H20, NalOi, CCU-MeCN-HjO (2:2:3), RT (90%)^' 

Scheme 18.2 

(25')-4-Amino-2-hydroxybutanoic acid (18.3) was obtained from malamic 

acid 18.1 by dehydration to nitrile 18.2 followed by its catalytic hydrogenation. 

The acid can be easily cyclized to (35')-3-hydroxy-2-pyrrolidinone 18.4 (Scheme 
18.3). 

OH 

H2NOC. 
'COOH 

N=C. 

OAc 

'^COOH 

18.1 18.2 

a: AC2O, pyridine, RT 

b: Hz (3 bar), PtOj (cat.) EtOH, aq. HCI then NH4OH (37%)” 

c: HMDS, TMSCI, xylene, A then i-PrOH, HCI (81-84%)” ” 

Scheme 18.3 

18.4 



2,4-DIHYDROXYBUTANOlC ACID AND DERIVATIVES 483 

A similar synthesis of 18.4 used 1,2-acetal of malic acid with hexafluoroace- 
tone a? starting material. 

For a comparison of the properties of 4-amino-2- or 3-hydroxybutanoic acids 

and the derived lactams see Fig. 18.2. 

OH 

m.p. 208-209°C 

[a]D -31.3{H20)'’ 

OH 

H00C.^_^A^NH2 

m.p. 213-214°C 

Ia]D +20.5 

OH 

H 

m.p. 103-104°C 

Md-125.0 (CHCla)’®'^^ 

OH 

m.p. 155-157“C 

[a]D -58.6 (HjO)"®"" 

Figure 18.2 

(5)-a-Hydroxy-y-butyrolactone (II, = H) and its enantiomer are available 

commercially. 
Some useful functional group manipulations allowing selective protection of 

the hydroxy groups in 2,4-dihydroxybutanoates are shown in Scheme 18.4. 

OAc OAc 

'COOEt MeOCMejO COOEt 
c. d. 

0X9 

COOEt 

a: NaOH, H^O. then HCI (47%)* 

b; MeC(OMe)=CH2. PPTS (cat.), 0°C -♦ RT (90%)' 

c: Eton, EtONa (cal ), RT, 30 min. (94%)* 

d; BF3 Et20 (cat ), EtjO, RT (isolated yield 28% due to volatility)* 

oV 
j o 

e: TsOH, CHjCI,, RT, 1h (100%)’* 

f: HC(OMe)3, H2SO4. MeOH (>88%)” 

OH 

MeO 'COOMe 

Scheme 18.4 (continued) 
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O 
E 0 g 

HO TBDPSO 
O 

OH 

: 0 
TBDPSO 'COOMe 

g; TBDPSCI, imidazole, DMF (>85%)“ 

h: MeONa (cat.), MeOH (94%)“ 

OH 

'COOlBu TBSO 

i: 3 eq. TBSCI, 4 eq. imidazole, DMF, 50°C, 40h (97%) 

j: AcOH-THF-HzO (9:1:2), RT, 20h (76%)® 

OTHP 

k 

OTHP 

COOBn 

k: 1 eq. 2.5% KOH, THF, RT, 1h then BnBr, 18-crown-6 (cat.), DMF-HjO (4:1), RT, 

6h (84%)’® 

OH 

CVo — 
I: Mel, NaH, THF (63%)’° 

m: 2N NaOH, MeOH then BnBr, 18-crown-6 (cat.), DMF (69%)’° 

Scheme 18.4 

Applications 

I, II 

R30 COOR 

O 

OR® OR® 

R-* OHC^ 
COOR’ 

substitution at C(2) chain elongation at C(1) aldehyde intermediate for 

chain elongation at C(4) 

Figure 18.3 
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Products of substitution at C(2). Substitution of the hydroxy group in 2- 

hydrosrybutyrolactone gives access to lactones 18.5 and 18.6 which are useful in 

the synthesis of biologically active compounds (Scheme 18.5). 

18.6 

(precursor of a fungicide 
CGA 80 OOOP 

F 

(building block for the side chain 
of 1a,25-dihydroxy-24(R)-fluorocholecalciferolf 

a: TfjO, pyridine, CCU then 2,6-dimethylaniline, K2CO3 (49%) 

b; MeOCHjCOCI, DMF (cat,), PhMe (96%)^“ 

c: EtjNSFa, CH2CI2, -70°C RT (76%) 

d; MeLi, EtjO, 0°C ^ RT (62%)® 

Scheme 18.5 

Precursors of peptide secondary structure mimetics 18.7 and 18.8 were syn¬ 

thesized by substitution of the hydroxy groups in 2,4-dihydroxybutanoic acid 

using the triflate methodology^^ (Scheme 18.6). 

a: PPha, CBr4, THF (86%) 

b: MeOH, TsOH (cat ), 67% 

HO JBu 

c: Tf20, then , NaHMDS (30%) 

d: TfjO, 2,6-lutidine then B0CNHNH2 (38%)“ 

Scheme 18.6 
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Products of chain elongation at C(l). Chiral building blocks were obtained in 

reactions involving nucleophilic addition to the carboxy group of 2,4-dihydrox- 

ybutanoic acid (Scheme 18.7). 

a: NaOH, MeOH-THF-HjO. then GDI, then MgCOOCCHjCOOMe)!^’ 

0TB S 

COOMe 

18.9 

THPO 

oV 
\ 0 

TBSO 
0 

OH 

^0 

b: MeLi, EtjO 

Scheme 18.7 

OBOM 

OMEM 

OBOM 

TBSO 

HO 

(for the synthesis of monensin)P^ 

(for the synthesis of the C12-C17 
segment of aplasmomycin)®® 

a: 1 eq. MeMgBr, THF, -78°C then TBSCI, imidazole, DMF^ 

b: MeLi, THF, -TS^C, 2h (98%)^= 

Br 

c: <^>_cH(OMe),. "-BuLi, THF, -78“C 

d: TsOH, PhMe, 60°C (53% overall)’ 

Scheme 18.8 
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Compound 18.9 is a precursor of ring A in la,25-dihydroxyvitamin 

while'^aloacetals 18.10 were designed for the synthesis of chiral carotenoids’ 

and a triterpene saponaceolide B.’'‘ 

0-Protected 2-hydroxybutyrolactone reacts at low temperatures with alkyl- or 

aryllithiums to give optically active ketones (Scheme 18.8). Note the remarkably 

facile formation of chiral benzoxocine 18.12 by intramolecular transacetaliza- 

tion of the aryllithium addition product 18.11, as reported by Wiinsch.^ 

Products of C(l) decarboxylation. Enantiomerically pure a-alkoxylithium 

reagent 18.15 can be generated from 2-thiopyridyl ether 18.14 by reductive 

lithiathion, as reported by Rychnovsky.’^ 2-Thiopyridyl ether 18.14 was in turn 

obtained by Barton radical decarboxylation of the protected acid 18.13, proceed¬ 

ing with inversion of configuration (Scheme 18.9). 

18.13 
R = n-C,H,3 

18.14 

r R 

18.16 

R 

d.e. >98% 

a: A/-hydroxypyridine-2-thione, i-PrN=C=Ni-Pr, CH2CI2, 0°C, then hv, 0°C (65-73%) 

b: lithium di-f-butylbiphenylide, THF, -78°C c: Me2CO, -78°C d: -20°C, 30 min.^' 

Scheme 18.9 

Initially formed axial alkylithium reagent 18.15 can be epimerized to the 

equatorial alkyllithium reagent 18.16. Both lithium reagents give products of 

trapping with an electrophile having high stereochemical integrity, thus proving 

their potential for the use in stereoselective synthesis. 

Products from C(4) aldehyde intermediate. 1,2-Diprotected 2,4-dihydroxybu- 

tanoic acids can be readily oxidized to the corresponding C(4) aldehydes, as 

shown in Scheme 18.10. 
These aldehydes can be reductively coupled with amines without affecting 

the C(l) carboxylic group. This reaction was used for the synthesis of several 

iron-chelating agents, as shown in Scheme 18.11. 

An example of application of aldehyde 18.17 in the Homer-Wadsworth- 

Emmons reaction is shown in Scheme 18.12. 
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a or 

b or c 

0R2 

COOR 1 

r' R^ method yield {%) [ajo (solvent ref. 

-CMe2- a 65 - 19 

Me TBS a 90 - 36 

Et Ac a 35 -31.7(CHCl3) 17,37 

Bn THP a 72 -120.0 (CHCI3) 12 

Bn BOM b 70 -45.3 (CHCI3) 11 

t-Bu TBS c 92 -37.1 (CHCI3) 9 

a: PCC, CH2CI2 , RT b: SOs-pyridine, NEts, DMSO-CH2CI2, RT 

c: (COCI)2, DMSO, NBj, CH2CI2, -78°^ 0°C 

Scheme 18.10 

COOR' 

RNH. + OHC. , 
2 ^-^^OR^ 

NaBH3CN 
R. 

COOR' 

amines: products: 

COOH QQQ^ QQ 

N/ H 

COOH 

'OH 
2’-deoxymugineic acid’^ 

avenic acids B (n' = 1 
and A (n = 2)“ 

COOtBu COOtBu COOH COOH COOH 

Rj = t-Bu, R4 = MOM" 

Rj = Bn, R4 = TBS" 

Scheme 18.11 
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OHC 

oV 
= 0 

0^ 

BocO 

18.17 

COOtBu 

18.18 

P 

O 

a: (MeO)2P(0)CH(OBoc)COOtBu, LiHMDS, THF, -78°C (80%, E;Z = 7:1)’" 

Scheme 18.12 

Product 18.18 was used for the synthesis of a transition state analogue of 

hydrated tetrahydrodipicolinic acid.^® 

18.2 3,4-DIHYDROXYBUTANOIC ACID AND DERIVATIVES 

OR^ 

III 

Table 18.2 Derivatives of (3S)-3,4-dihydroxybutanoic acid (III) and (35)-3- 
hydroxybutyrolactone (IV) 

m.p. (°C) or 

R' R^ b.p. (°C/torr) [aJo (solvent) References 

Formula /// 

H H MOM — -2.3 (CHCI3)" 39 

H H 4-MeOC6H4 81-82 -9.5 (CHCI3) 40 

Me H H 158/0.3 -18.9 (MeOH) 

-24.6 (CHCI3)'’ 

41,42 

43 

Me H Ts — -6.7 (CHCI3) 43 

Me H 4-MeOC(,H4 81 -3.3 (MeOH) 40,44 

Me H 1-naphthyl — -4.9 (MeOH) 40 

Me H Tr 80-82 -5.5 (CH2CI2) 45 

Me H TBS — -10.2(CHCl3) 46 

Me H TBDPS — -8.0(CHCl3) 3,47 

Et H H — 3-6.2 (CHCl,)" 48 

Et H t-Bu 80-82/0.1 -13.2(CHCl3)" 49 

Et H Bn 114-116/0.01 -9.0 (EtOH) 50 

Et H TBS — -6.0 (CHClj)’’ 48 

t-Bu H Bn — —10.0 (neat) 51 

Bn H H — -14.0 (MeOH) 52 

Me Me Me — -5.3 (CHCI3) 53 

Me Bn H — -2.4 (CHCl,) 54 

Me MEM TBDPS — -15.6 (CHCl,) 3 

Me SEM TBS — -12.9 (CHCl,) 55 

(continued) 
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Table 18.2 (continued) 

m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

Me Ac 4-MeOC6H4 — -25.0 (CHCI3)" 40 

Me Ac 1-naphthyl — -28.0 (CHCh)^ 40 

Me TBS Ts — -18.3(CHCl3) 43 

Me TBDPS Ts 83-84 — 56 

Me -CMe2- 89-90/15 -18.2 (CHCI3) 41,48,57 

Me -C(CH2)5- 106-109/5 + 10.9 (CHCI3) 58 
Et -CMe2- 110/23 +27.0 (CHCI3) 48 
Et 3,5-(02N)2C,H3C0 t-Bu 59-60 -20.1 (CHClj)" 49 

Formula IV 

— H — 98-100/0.3 -94.0 (EtOH) 49,58-60 
— Bn — 10-1 \ -29.7 (CHCI3) 54,61,62 

‘ Enantiomer obtained. 
[aJo values reported in the literature vary to a great extent; for example —51.2 (CHCI3) in ref. 53. 
This may be due to the concentration effect or to the formation of lactone IV (Rj = H). 

^[a]D-30 (CHCI3) in ref. 63. 
“[alo -15 (CHCI3) in ref. 63. 

Synthesis 

Like other a-hydroxyesters, malates are readily reduced to 3,4-dihydroxybu- 

tanoates by borane-dimethyl sulfide with the addition of a catalytic amount of 

sodium tetrahydroborate. As demonstrated by Saito and Moriwake,'**'^ this reac¬ 

tion is highly C(l) chemoselective and is the most convenient route to 3,4-dihy- 

droxybutanoates. The reaction involves the formation of a five-membered 

intermediate 18.19, which then undergoes hydride addition (Scheme 18.13). 

OH 

ROOC. 
'COOR 

ROOC 

6e'R-H 

0^ X 

P 

OR 

18.19 

OH 

ROOC. 

R = Me ” 

R = Et (86-97%)" “ 

R = Bn (60-70%)“ 

a: 1.0 eq. BHa- MejS, THE, 1h, then 0.05 eq. NaBH^, 10°C ^ RT 

Scheme 18.13 

Reduction of the C( 1) carboxy group to the hydroxymethyl group can be per¬ 

formed chemoselectively also by the action of sodium tetrahydroborate on either 
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C(l) monoesters of malic acid or on malic acid anhydrides. Relevant examples 
are shewn in Scheme 18.14. 

OAc 

HOOC 
COOMe 

a 

a: NaBH4, t-BuOH, A (removal of MeOH), 83%“ 

b (R = Bn): NaBH4, THF (>61%)®’ 

b (R = Ac): NaBH4, t-BuOH, A (81%)®^ 

Scheme 18.14 

Derivatives of 3,4-dihydroxybutanoic acid were also prepared by the oxida¬ 

tion of suitably protected 1,2,4-butanetriols (Scheme 18.15). 

oV 
= 0 

MeOOC 

a: KMn04, 18-crown-6 (cat.), benzene, then Mel (43%)®® 

b: DMSO, (COCI)2, CH2CI2, -78°C, then i-PrjNEt, then Br2, NaHCOa, Me0H-H20 

(9 1), RT(84%)®^ 

OtBu OtBu OH 

— HOOC.,^A^^NHBoc —SL— HOOC.^^^A,^NH2 

(S)-GABOB 

c: Zn(Mn04)2, Me2CO (55%) 

d: 4N HCI, dioxane (95%)"® 

Scheme 18.15 

For the synthesis of 3,4-dihydroxybutanoates from threonates see Chapter 14. 

Racemic 3,4-dihydroxybutanoic acid was resolved by crystallization of the 

brucine salt and isolated as lactone IV (R^ = H).^^ Kinetic resolution of 4-0-pro- 

tected esters of 3,4-dihydroxybutanoic acid was carried out effectively in two 

ways: either by 0-acylation of the 3-hydroxy group or by hydrolysis of the ester 

• group, both with Pseudomonas cepacia lipase (PCL)‘^° (Scheme 18.16). 

(353-3,4-Epoxybutanoic acid of high enantiomeric purity was obtained by 

kinetic resolution of the racemic methyl ester with pig liver esterase (RLE).™ 
4-0-Protected 3,4-dihydroxybutanoates of high enantiomeric excess were 

synthesized from the corresponding 3-oxo esters by the reduction with either 

free or immobilized baker’s yeast (Scheme 18.17). 
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OAc OH QH 

MeOOC^^^/ls^OAn —— MeOOC,^/^s^OAn —► HOOC^^,As^OAn 

a: CH2=CHOAc, PCL, hexane, 4h, conversion 49%, 

unreacted substrate: e.e. 99%, product: e.e. 99% 

b: PCL, phosphate buffer, PhMe, 13h, conversion 49%, 

unreacted substrate: e.e. 99%, product: e.e. 99®/o 

Scheme 18.16 

0 OH 

EtOOC^/il^^OtBu —EtOOC^^^^Jx^OtBu 

a: baker’s yeast, saccharose, H2O, 28'’C, 4d (72%, e.e. 97%)'” 

ROOC 

OH OH 

OAn 

R = Et 

R = Bn 

ROOC, ,OAn + HOOC, ,OAn 

KOOC OAn 

41% (e.e. 89%) 

70% (e.e. 91%) 

OH 

HOOC^ ^ ^OAn 

40% (e e. 94%) 

<15% 

70% (e.e. 90%) 

b: baker’s yeast immobilized on calcium alginate, saccharose, HjO-EtOH, 29°C, 20-36h* 

Scheme 18.17 

Analogously, 4-heteroatom substitued 3-hydroxybutanoates can be obtained 

from the 3-oxoesters or 3-oxoamides by the reduction with enzymes or microor¬ 

ganisms; enantioselectivity of such a reaction is often above 90%, but it is 

dependent on the substrate structure, the nature of the enzyme, and the reaction 

conditions. 4-Heteroatom substituents include chlorine,’''^* bromine,’^ sulfur 

(phenylthio or phenylsulfonyl groups),*®'*^ and nitrogen (azido or amido 

groups).’'*’’^ Enantiomerically pure 4-halogen substituted 3-hydroxybutanoates 

are of importance for the synthesis of GABOB and carnitine (see Applications 
below). 

Table 18.3 Derivatives of 4-halogen substituted 
(3S)-hydroxybutanoic acid (V) 

R' X [alo (solvent) References 

Me H Cl -21.6 (CHCI3) 55 OR" 
Et H Cl -13.7 (MeOH) 78 R’OOC^^^A^X 

-21.1 (CHCh) 84 
Et H Br -11.0 (EtOH) 79 V 
Me Bn Br -12.6(CHCl3) 85 
Me TBS Br -26.4 (CHCI3) 86 

Me TBS I -32.5 (CHCI3) 86 
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4-Benzyloxy-3-hydroxybutanoates were obtained in bigb enantiomeric 

excessHjy asymmetric hydrogenation of tbe corresponding 3-oxoderivatives with 

a rutbenium-BINAP catalyst (Scheme 18.18). The first synthesis (entry a) was 

scaled up to a 10 kg batch.^® 

ROOC 

o 
a 

or b 

OH 

ROOC OBn 

a (R = Et): H2 (4 atm ), RuCKCsHe) (R)-BINAP (cat ), EtOH, 100°C, 6h (96%, e.e, 97- 

98%)“ 

b (R = t-Bu); H2 (100 atm.), Ru2Cl.,(NEt3) (R)-BINAP (cat.), MeOH, 50°C, 48h (85%, 

e.e. 94%)®' 

Scheme 18.18 

Similar catalytic hydrogenation when applied to ethyl 4-chloro-3-ketobu- 

tanoate yielded the 3-hydroxy derivative with high yield and enantiomeric 

purity. 
Some useful hydroxy group protection procedures for 3,4-dihydroxybu- 

tanoates are collected in Scheme 18.19. 

4-0 or 3-0 monoprotection 

OH 9H 

MeOOC.^_^A^OH —^— EtOOC^^^A^OtBu 

a: CF3COOH, CH2CI2, RT, 1d (>94%)“ 

b: CF3COOH, -5°C, 2h (68%)“® 

OH OH 

ROOC^ C ^ ROOC^ ̂ A^otbs 
or d 

c (R = Me, Et): 1.0 eq. TBSCI, imidazole, THF or DMF (71-95%)“®®®'“’ 

d (R = Me): 1.1 eq. TBSCI, NEt3, DMAP (cat.), CH2CI2 (73%)“® 

OH QH ' OTBS 

MeOOC..^A^^OH —2^ MeOOC>^^^A^^OTs —1» MeOOC..^^^,,As^^OTs 

e: 1.0 eq. TsCI, pyridine, CH2CI2, 12h (75%)“®'®® 

f: 1.5 eq. TBSCI, imidazole, DMF, RT (92%)“® 

OH OH 

MeOOC^^s^^OH Q > MeOOC^^^A^OTr 

g: TrCI, pyridine,CH2Cl2, 0°C -> RT,18h (85%)“® or TrCI, NEt3, DMAP, DMF, RT, 12h 

(90 %)®° 

Scheme 18.19 {continued) 
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3,4-0-diprotection 

OH OR 

MeOOC^^A^^OH MeOOC^^^v^OR 

h (R = Me): SiOj, excess CHjNz/EtjO, 0°C RT (80%)” 

i (R = Bn): Cl3CC(=NH)OBn, CF3SO3H, cyclohexane-CHjClj, 0°C -> RT (52%)®’ 

OH 

ROOC, j or k 

or I 

oV 
= o 

rooc,,^^^A>v 

j (R = Me): Me2CO, TsOH (cat ), mol. sieves 4A, benzene, A (85%)®^ 

k (R = Me): Me(MeO)C=CH2, PPTS (70-90%)'” ®^” 

I (R = Me, Et): Me2CO, Me2C(OMe)2, TsOH (cat ), RT (85-95%)'’" '“ ®° 

m, n 

OMEM 

MeOOC. ,OTBDPS 

OH OTBS 

MeOOC. ^ ^OH °.P MeOOC. ^OTBDPS 

^ MeOOC^^,^^\^OSi(iPr)3 

m: 1.1 eq. TBDPSCI, NEta, DMAP (cat.), CH2CI2, RT. 14h (91%)®" 

n: TBSOTf, 2,6-lutidine, CH2CI2, RT, 2h (86%)®" 

o: 1.2 eq. TBDPSCI, imidazole, DMF, (75%)®“ 

p: MEMCI, i-Pr2NEt, CH2CI2, RT, 48h (63%)’ 

r: (i-Pr)3SiOTf, lutidine, CH2CI2, -20°C (71%)®" 

s: MejSiCI, NEt3, DMAP, CH2CI2, RT (92%)®" 

COOR deprotection 

QR' OR’ 

BnOOC^^^,As,^OR2 —HOOC^,^Ss^OR" 

R’ = Bn, R" = Bn 90% 

R’ = H, R" = Bn 96% 

R’ = H, R" = B0M 100% 

t. 1,4-cyclohexadiene, 10% Pd/C (cat ), EtOH, RT, 30 min.®® 

Scheme 18.19 

It should be noted that O-alkylation of 3,4-dihydroxybutanoates under basic 

conditions invariably leads to the formation of lactones IV rather than to O- 
diprotected 3,4-dihydroxybutanoates. 
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(5)^-Hydroxy-Y-butyrolactone, (IV, = H) [7331-52-4], (/?)-P-hydroxy-Y- 

butyrolactam [22677-21-0], its enantiomer [68108-18-9], and methyl (5)-4- 

bromo-3-hydroxybutanoate (from isoascorbic acid) are available commercially. 

Applications 

ni, IV 

gR2 

R'OOC^ ^0R3 

R-* 

alkylation at C(2) 

R'OOC 

substitution at C(4) 

O OR2 

R^ 
r4^ 

OH OR2 

,OR3 

chain elongation at C(1) 

Figure 18.4 

Synthesis of 2-substituted-3,4-dihydroxybutanoates. 4-0-Protected 3,4-dihy- 

droxybutanoates 18.20 are readily doubly deprotonated and the resulting enolate 

ion 18.21 can be alkylated to give anh-2-alkyl derivatives 18.22. The reaction 

proceeds similarly to the alkylation of malates, as described in Chapter 16, and 

can be extended to reactions with other electrophiles (Scheme 18.20). 

Alkylation or aldol reaction of 3-hydroxybutyrolactone (18.23) is likewise 

rranii-selective with respect to the vicinal C-0 bond; effectively the product 

18.24 is equivalent to the 5yn-OH/alkyl configured acyclic product 18.25. 

OH 

R'OOC, ,or2 

^Li, 
O ^OLi 

,OR2 

OH 

R’OOC OR2 

18.20 

OH 

R’-l. OH 

18.21 

OH 

a, c 

0^ 
a, b. 

R3. OH 

R3 

18.22 

OH 

OOC.^ ^0R2 

R3 

18.26 18.23 18.24 

a: 2 eq. LDA, THE, -78‘’-> -20'’C c: R'CHO, ZnClj, HMPA, -78° 

b: 1 eq. R3X, TMEDA or HMPA, -78° 

18.25 

Scheme 18.20 (continued) 
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product 
entry 

r’ R^ R® 
anti: syn 

(trans: cis) 
yield (%) 
antiltrans 

ref. 

18.22 1 Me TBS Me - 86 46 

2 Me TBS All 30 ;1 53 66 

3 Me TBS CH20Bn anti only 42 96 

4 Et f-Bu Me 4.5 :1 75 49 

5 Bn An N(Boc)NH(Boc) - 37 44 

6 Me TBDPS N(Boc)NH(Boc) 2 :1 42 89 

18.24 7 - - Me 49 :1 65 60,97,98 

8 - - All 300 :1 65 67 

9 - - R® trans only 35 99 

10 - - Bn trans only 34 100 

18.26 11 C13H27 - - trans only 60 100 

12 Bn - - trans only 89 100 

13 t-Bu - - trans only 48 100 

14 Ph - - trans only 85 100 

R = (CH2)2CH=C(Me)(CH2)2CH=CMe2 

Scheme 18.20 

Products of the above reactions were used as chiral building blocks in several 
syntheses (Scheme 18.21). 

CHO 

OBOM 

OTBS 

C(15)-C(18) 

fragment of lankacidins, 

from entry 1 (Thomas^®) 

(-)-a-multistratin, from 

entry 7 (Larcheveque®'’) 

(-)-tulipalin, from entry 3 

(Momose®®) 

0 

from enantiomer of entry 5 

(Guanti") 

C(20)-C{25) fragment of 

calyculin A, from entry 7 

(Shioiri®®) 

Scheme 18.21 

(-)-aplysistatin, from 

entry 9 (Prestwichf® 

Products of substitution reactions at C(4). A number of useful 4-heterosubsti- 

tuted 3-hydroxybutanoates were obtained by substitution of the 4-O-tosyl deriv¬ 
atives (Scheme 18.22). 
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OH OH 

EtOOC^^^^-Ss^OTs EtOOCs 

OH 

HOOC^ ^NH, 

(S)-GABOB" 

a: HNs- EtjNH, DMF, 60X (76%)’' 

OH OH OH 

BnOOC„^_/ls^^OTs BnOOC^^^X^^NMejTsO' -£-► OOC,^_/^\^fiMe3 

(R)-carnitine 

b: NMes, PhMe (90%) 

c: H2, 10% Pd/C, MeOH then ion exchange (95%)“ 

OH 

Me OOC OTs 

OH 

MeOOC. ,SPh 

(for the synthesis of 
oxotremorine derivatives) 

d; HCsCCHsNHa’” e: PhSNa (55%)’°^ 

Scheme 18.22 

3,4-Epoxybutanoates 18.27 and 18.28, available from 3-hydroxybutyrolac- 
tone 18.23, can be reacted with soft carbon nucleophiles to give C(4) chain 
extended hydroxyesters (Scheme 18.23). Epoxides 18.27 and 18.28 can also be 
used for the synthesis of GABOB.^* 

OH 

O^O 

OH 

EtOOC^^v.^1 
.0 

Etooc^^sg 

18.23 18.27 

a; MeaSil, EtOH, CH2CI2 (80%) 

b: AgjO, MeOCHjCHjOMe (75%) 

c (R = Et): EtMgBr, Cul, THF (73%) 

(R = n-Bu): BujCuLi, Et20 (80%) 

(R = Me2C=CH): (Me2C=CH)2CuLi, Et20 (81%)°® 

Scheme 18.23 (continued) 
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OH 

MeOOC, 

18.28 

d: MeC=CLi, BFa- EtjO, THF, -78=0 (80%)’“ 

Scheme 18.23 

OH 

Me. 

(-)-muscarine 

Products of chain elongation at C(l). Claisen condensation of 4-0-protected 
3,4-dihydroxybutanoates is the simplest entry to chiral 5-hydroxy-P-ketoesters 
18.29. The reaction requires two moles of base and is remarkably high-yielding 
(Scheme 18.24). 

18.29 

r’ yield {%) 

Et Bn ca. 100“ 

t-Bu Bn 68*’ 

Me Tr 

o
 

G
O

 

Me TBDPS 100’“ 

a; 3-4 eq, CH2=C(OtBu)OLi. THF, -78°-^ 0°C 

Scheme 18.24 

Ketoesters 18.29 can be stereoselectively reduced to either syn or anti 1,3,5- 
triol derivatives (Scheme 18.25). 

anti 

a: EtsB, NaBH4, MeOH-THF, -70»C, then 

b: Me4NHB(OAc)3, MeCN, AcOH, 

Scheme 18.25 

The triols were used for the synthesis of HMG-CoA reductase inhibitors^® '*’ as 
well as compactin and mevinolin,^' all of them incorporating the hydroxylactone 
18.30 unit. 
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Prc^ucts of reactions of 0-isopropylidene-protected 3,4-dihydroxybutanoates 
with other carbon nucleophiles are shown in Scheme 18.26. 

chiral allylic 
triol derivatives^^ 

0 
OH g 

syn-1,3-diols’°^ 
and madumycin ll'°® 

C(8)-C(18)-fragment 
■■ - y. of rapamycin (enantiomer 

^ used)''®® 

OCOAr 

R 

chiral dopants 
for ferroelectric 
liquid crystals"® 

OH 0"^ 1a-hydroxy vitamin Dg 

A ring fragment"’ 

a (X = OMe): (Me0)2P(0)CH2Li, THF, -78°C (95%)“" 

b (X = OH, n=3): CH2=CH(CH2)3Li then LiAIH4- Lil, -78°C’°" 

(X = N(Me)OMe, n=1): CH2=CHCH2MgBr, THF, -78°C then LiAIH4- Lil, -100°C 

(92%)’“ 

c (X = N(Me)OMe): Me3SiCH=C(Me)Li, Et20, -78°C then LiAIH4- Lit, -100°C 

(60%)’°® 

d (X = OEt): RMgBr, Et20”° 

e (X = OMe): EtMgBr-Ti(Oi-Pr)4, 80%”' 

Scheme 18.26 

Mori synthesized naturally occuring (+)-ipsdienol (18.32) from 0-THP pro¬ 
tected lactone 18.31“^ (Scheme 18.27). 

OTHP 

18.31 

OTHP 

a; MeMgl, Et20, -20°C RT (67%)”" 

II 

18.32 

Scheme 18.27 
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Other syntheses. (—)-(5)-Propranolol (18.34) was synthesized from the acid 

18.33 by Curtins rearrangement (Scheme 18.28). 

Scheme 18.28 

OH 

“'..A..'' r 
18.34 
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19 2,4-and 3,4- 
Dihydroxybutanals 

Overview 

OR^ 

'CHO 

QR^ 

I II 

(2S)-2,4-dihydroxybutanal {3S)-3.4-dihydroxybutanal 

(3-deoxy-L-threose) (2-deoxy-L-tetrose, L-homoglyceraldehyde) 

These aldehydes are relatively unstable and are commonly prepared prior to 

use. For example, aldehydes II undergo p-elimination in the presence of acid or 

base impurities and heat. Some aldehydes have been isolated and characterized: 
see the examples in Schemes 19.1 and 19.2. 

The butanals I and II with an unprotected 4-hydroxy group spontaneously 
from lactols HI and IV, respectively. 

OR2 

(5)-3,4-Dihydroxybutanal (lactol IV, R- = H) has been reported:* - its proper¬ 
ties are m.p. 67-69°C, [aj^ + 3.6 (H^O). 

Synthesis 

Dihydroxybutanals can be prepared either by reduction of the corresponding 

0-diprotected butanoates or 0-protected butyrolactones with i-Bu^AlH at low 

temperature (Scheme 19.1) or by selective oxidation of 0-diprotected 
butanetriols (Scheme 19.2). 

It should be noted that i-Bu,AlH reduction is incompatible with the 0.0-ben- 

zylidene protective group as the reducing agent brings about the protective 
group’s cleavage to the 0-benzyl group. 

504 
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QR^ 

R'OOC^ .0R3 ■?■■■«- M 

r’ R^ R* yield (%) ref. [o]d (solvent) 

Et Bn Bn 87 3 

Me IMS TIPS 85 4 

Me -CMe 2- 67-95 5-7 -3.1 (CHCla)' 

Me TBS Ts 78 9 -12.2 (CHCI3) 

Me Me Me 83 10 -5.9 (CHCI3) 

t-Bu MEM TBS 80 11 -28.0 {CHCI3) 

Me TBS TBDPS 96 12 

Me TES TBDPS 93 13 

OB l2 

D 

a 
III 

R' yield (%) ref. [a]D (solvent) 

Me 86 77 

BOM 53-73 14-16 +33.7 (CHCI3)’® 

THP 95 17 

R^ yield (%) ref. 

Bn 65 18 

a: 1.1 eq. i-BuzAIH, CH2CI2 or THF or Et20 or PhMe, ca. -78°C, 30 min-lh 

Scheme 19.1 

a 
or c 

I 

II 

a: Swern oxidation 

b: pyridinium dichromate, pyridinium chlorochromate, pyridinium fluorochromate or 

Collins reagent oxidation 

c: pyridine SOa, DMSO, NEts 

.Scheme 19.2 (continued) 
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R' R' R" method yield (%) ref. 

-CHPh- - a 78-86 19-21 

-CH(2-BrC6H4)- a 90 22 

THP MOM a >68 23 

TBDPS MOM c 83 24 

- -CMe2- a 74-95 25,26*.27 

- -CMe2- b 67-88 6,28,29 

- -CEt2- a 74 30 

- 1 0
 

m
 

b 69 31 

- Bz Bn b 73 32 

- TBDPS Bn b high 33 

- Me Me a 98 34^ 

* b.p. 57°C/3 torr, [alo +16,5 (CHCI3)’' 

^ b.p. 110“C/15 torr, [ajo -7,8 (CHClj)"^ 

Scheme 19.2 

Reduction of the ester group with i-BujAlH shows high chemoselectivity 

when applied to malates; Keck demonstrated that only the C(l) ester group is 

reduced to the aldehyde group when it is activated by prior complexation with a 

Lewis acid along with the formation of a five-membered ring^^ (Scheme 19.3). 

OR 

MeOOCs 
'COOMe 

RO 
,.MgBr 

MeOOC.^ 

OMe 

OR 

MeOOC 

R= Bn 78%®® 

R = PMB 60%’^ 

R = BOM 66%“ 

a: MgBrrOEtj, CH2CI2, 0°C, 1h 

b: 1.2 eq. i-Bu2AIH, -90°C, 1.5h 

Scheme 19.3 

Applications 

Aldehydes I, and II and lactols III, and IV are widely used as chiral building 

blocks for chain elongation reactions which can originate either at C(l) or at 

C(4). Reactions with the C(l) aldehyde are by far more popular and are based 

either on reactions with phosphorous ylides or on additions of various carbon 
nucleophiles. 
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Chain elongation based on C-C bond formation. Both lactols and aldehydes 

derivdfl from malic acid react with phosphorous ylides in typical way, to give cis 

and/or trans alkenes according to general rules governing the Wittig reaction. 

Examples are shown in Schemes 19.4 and 19.5. 

OR2 
of 

OH 

m 

OR2 
of 

HO 

IV 

entry r’ R^ yield (%) (Z):(E) ref. 

1 (III) H BOM 72 - 15 

2 (III) (CH2)2COOEt BOM 57-73 (Z) >1 14 

3 (III) CsCSiMea THP 85 1:2.4 17 

4 (IV) Et PMB 87 (Z) >1 39 

5 (IV) (CH2)3COOMe PMB 69 (Z) >1 40 

Scheme 19.4 

entry R yield (%) (Z);(£) ref. 

1 H 60 - 21 

2 Me 65 99 :1 21 

3 n-Bu 72 99:1 21 

4 CH=CH2 60 > 1 41 

5 CH=CHEt 95 3 :1 42 

6 COOEt 60 (£) < 1 43 

7 COOMe 62 92 : 8® 20 

reaction in methanol at -70°C 

Scheme 19.5 (continued) 
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oV 
i 0 

Ph3P=CHR 

entry R yield (%) ref. 

8 Et 70 (Z) 44 

9 CsH,, 68 (Zf 45 

10 (Z)-CH2CH=CHC5Hi, 87-91 (Z) 46 

11 (CHslaCOOMe 61 (Zf 47 

12 COOEt 84 (Ef 48 

yield includes aldehyde preparation step 

Scheme 19.5 

The enantiomer of the product from entry 4, Scheme 19.4, was the intermedi¬ 

ate in the synthesis of neohalicholactone (Wills^^). 

Chiral dihydroxyalkene derivatives synthesized according to entries 1 and 2 

in Scheme 19.4 were used by Cha’"^ and by Pearson‘S for the synthesis of indoli- 

zidine alkaloids via the pivotal 1-pyrrolines 19.1, as outlined in Scheme 19.6. 

Scheme 19.6 

19.2 

Scheme 19.7 
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Kibayashi devised a route to (—)-swainsonine'^‘ and to (—)-pumilitoxin 

based^on intramolecular acylnitroso cycloaddition of dienes 19.2 derived from 

products ent-4 and 5 in Scheme 19.5. This crucial step is shown in Scheme 19.7. 

Further applications of the alkene products include the synthesis of 

8(S),15(5')-dihydroxy-5,l l-d5-9,13-tran5-eicosatetraenoic acid (8,15-DiHETE) 

by Nicolaou'^ (Scheme 19.4, entry 3); the right-hand fragment of halicholactone 

by Wills'*® (Scheme 19.4, entry 4); 12(5)-hydroxy-5,8,14-cw-10-iran5-eicosate- 

traenoic acid (HETE) by Corey'*^(Scheme 19.5, entry 9); prostaglandins E3 and 

Fja by Corey*^ (Scheme 19.5, entry 8); 5(5),20- and 15(5),20-dihydroxyeicosate- 

traenoic acid as well as 5(5),6(/?)-epoxy-20-hydroxy- and 14(/?),15(5')-epoxy- 

20-hydroxyeicosatrienoic acids by Falck'*^ (Scheme 19.5, entry 11); and 8,9- and 

11,12-epoxyeicosatrienoic acids by Falck”*® (Scheme 19.5, entrylO). Guindon 

synthesized tetrahydrofuran chirons from the products shown in Scheme 19.5, 

entries 6 and 12.'*^ '** The enantiomer of the product of entry 12 served as a chiral 

building block for the synthesis of (-i-)-negamycin by Tanner and Somfai."*® 

Herradon synthesized (i?)-5-(2-hydroxyethyl)-2(5//)-furanone from the enan¬ 

tiomer of product 7 of Scheme 19.5.^® Chiral 6-lactones were obtained from 

hydrogenated product 12 (Scheme 19.5).^®’^* 

The (Z)-conjugated ester 19.4 was obtained from the protected aldehyde 19.3 
by olefination with Still’s reagent. This procedure was not practical on a larger 

scale due to the tedious separation of the diastereoisomeric products. (£)- 

Olefmic products were obtained by either Homer-Emmons reaction or by reduc¬ 

tive addition of (tributylstannyl)dibromomethane (Scheme 19.8). 

oV 
O a 

oV 
o 

19.3 

COOMe 

19.4 

a: (CF3CH2))2P(0)CH2C00Me, NaH, EtjO, -78°C (89%, (Z); {£) = 5 

Ph Ph 

0 0 

CHO 

0 0 NHBoc 

'C00(CH2)2TMS 

glidobactin A 

b: (MeO)2P(0)CH(NHBoc)COO(CH2)2TMS, DBU, RT (95%, trans: cis = 49 

OMOM 

THPO" 'CHO 

OMOM 

THPO'''^^^^^<^COOEt 

c: (i-Pr0)2P(0)CH2C00Et, NaH, THF, 0°C (93%)” 

Scheme 19.8 (continued) 

chiral 
pyrrolidines 
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OSEM 

MeOOC OTBS d 

OS EM 

E to OC 0TB S 
C(3)-C(9) subunit 

of macrolactin A 

d {in situ formation of the aldehyde): (Et0)2P(0)C00Et, n-BuLi, i-BuaAIH, CH2CI2, 

-78°C (75%)®" 

TBDPSO' 

OMOM OMOM 

'CHO TBDPSO'''"^^'^>s'^SnBu3 

e: Bu3SnCHBr2, CrCb, Lil, THF-DMF (54%)^" 

Scheme 19.8 

C(5)-C(9) subunit 

of macrolactin A 

For an application of similar (£)-selective Homer-Emmons olefination to the 

synthesis of the caprolactam portion of bengamide B, see ref. 55. 

Chain elongation reactions based on the addition of carbon nucleophiles. 2- 

Alkoxybutanals display high levels of diastereoselectivity in addition react¬ 

ions of carbon nucleophiles under conditions of chelation control. Several 

examples of these reactions, leading to syn addition products, are shown in 

Scheme 19.9. 

OR^ 

MeOOC.. a 
CHO 

OR2 

MeOOC 1 

OH 

entry R’ R^ yield {%) syn: anti ref. 

1 CH=CH2 Bn 83 155 ; 1 36 

2 CH2CH=CH2 Bn 77 49: 1 36 

3 CH2CH=CH2 PMB 62 200: 1 37 

RMgBr, MgBr2 Et20, CH2CI2, -78°C 

Scheme 19.9 

Keck established that in the absence of MgBr2 reaction 1 in Scheme 19.9 

shows low diastereoselectivity, syn:anti = 1:1.5.^^ The enantiomer of product 3 in 

Scheme 19.9 was used for the synthesis of (-F)-carbonolide B.^^ 

Kraus has synthesized juglomycin A (19.7) in four steps, starting with the chela¬ 

tion controlled addition of an anion of naphthol 19.6 to aldehyde 19.5^* (Scheme 
19.10). 

In contrast to 2-alkoxybutanals, protected 3,4-dihydroxybutanals show little 

diastereoselectivity in nucleophilic carbon chain elongation reactions; this is due 

to the separation of the aldehyde group from the chiral center by one CHj group. 
Examples of such reactions are collected in Scheme 19.11. 
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a: MeMgBr, MgErj-EtsO, CH2CI2, -78'>C 

(67%, syn: anf/ = 24:1)“ 

OH O 

Scheme 19.10 

entry r’ r" Nu yield (%) syn: anti ref. 

1 Me -CM62~ MeMgBr 88 1 : 1 7 

2 All “CM62“ AIIMgBr{CI) 75-91 1 : 1 7,28,56,57 

3 CH2=CH -CMe2- CH2=CHMgBr 85-95 1 : 1 26,58,59 

4 HC^CCH2 -CMez- HCsCCHzZnBr 79 1.6: 1" 60 

5 PhSCH2 -CMe2- PhSCH2Li 68 b 61 

6 MeOOCCH2 -CMe2- CH2=C(OMe)OLi b 1 : 1 62 

7 EtOOCCH2 “CM62“ CH2=C(OEt)OLi 58 1 : 1 27 

8 i-PrOOCCHMe -CMe2- MeCH=C(Oi-Pr)OLi 64 b 63 

9 EtOOCCMe2 -CMe2- Me2(=C(OEt)OLi 74 b 64 

10 HOOCCHNH2 -CM62“ C 50 b 6 

11 CH2=CHCMe2 Me Me d 82 1 : 2 10 

12 BnOOCCHj Bn Bn CH2=C(OBn)OLi 78 b 3 

13 EtOOCCH2 TBDPS Bn EtOOCCH2ZnBr,Et2AICI 85 1 ; 1 33 

14 CH2=CMe e CH2=C(Me)MgBr 88 b 34 

^ relative configurations not assigned not reported 

' OMe 

Scheme 19.11 
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Despite poor stereoselectivity of the addition reactions, their products were 

used in the following synthetic steps, either as a mixture of diastereomers or 

after chromatographic separation.“ In particular, stereoselectivity of the addition 

was of no significance, if the products were oxidized to the corresponding 

ketones. 
Products of two-carbon elongation or allylation reactions were converted to 

lactones of the general formula and further to more advanced natural prod¬ 

ucts (Scheme 19.12). 

OR® 

OR'’ 

spiro ketal unit of avermeclin Bn aglykon 
(Hanessianf® 

C(12)-C(17) segment of 
(+)-aplasmomycin (Nakata-Oishi)“ 

(+)-ben2oylpedamine (Nakata-Oishi)®^ 

lactone moiety of compactin (Heathcock)®^ 

Scheme 19.12 

Chiral y-lactones of formula VI were prepared from the addition products of 
entry 3, Scheme 19.11.^* 

Scheme 19.13 
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Further important applications of chain elongation products were found in the 

synthe'sis of 1,3,5-anh-anh-triol systems^ as well as in other stereoisomeric triol 

systems’ (Scheme 19.13). 

Other target compounds synthesized from the addition products of Scheme 

19.11 are collected in Scheme 19.14. 

1,6-anhydropyranose skeleton (Leger®®), 

from entry 1 

(+)-laurencin (Holmes ), 

from enantiomer of entry 3 

1 NH, 2 2 

'''' n HN-0 

0 OTBS 

a fragment of (+)-milbemycin P3 tricholomic acid (Hanessian®), 

(KocienskP® ®'). from entry 2 or 5 from entry 10 

^ OMe 
NH 

MeOOC—f ^ ¥ 
OMe 

i H n 
OBz 0 

R = CONH2, benzoyl-pedamine (Hoffmann'®), a fragment of (+)-duocarmycin SA 

(Natsume®), from entry 12 from entry 11 

R = CH2OBZ, pederol dibenzoate (Kocienski®^), 

from entry 14 

(entry numbers refer to Scheme 19,11) 

Scheme 19.14 

The lack of stereoselectivity in the addition reactions to 3,4-dialkoxybutanals 

can be compensated for by the formation of a 1,3-dioxane acetal ring including 

the hydroxy group of the newly formed chiral center. Rychnovsky obtained 

cyanohydrin acetonide 19.9 as a single diastereomer from the product of addi¬ 

tion of cyanide ion to the protected aldehyde 19.8 (Scheme 19.15). Protected 

cyanohydrin 19.9 was stereoselectively alkylated (presumably with retention of 

configuration) to give intermediate 19.10 for the synthesis of 17-deoxyroflo- 

mycoin.^’ 
The related convergent synthesis of skipped polyol chains, also developed by 

Rychnovsky,'^ is based on coupling the chiral tin reagent 19.11 with the epoxide 

19.12, both derived from aldehyde 19.8 (Scheme 19.16). 
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a: TMSCN, KCN/18-crown-6 (cat.) then MezCO, Me2C(OMe)2, CSA (cat.) (7Q%f 

Scheme 19.15 

a: PhSSiMea, TMSOTf, CH2CI2, -78°C then Me2CO. TMSOTf, CH2CI2, -78°C (51%) 

b: lithium di-t-butylbiphenylide, ethylene oxide, BF3-Et20, THF, -78‘’C (77%) 

c; lithium di-t-butylbiphenylide, BujSnCI, THF, -78°C (82%) 

d: PPTS, Me2CO, CUSO4, RT then BU4NF, THF, RT (84%) 

e: TsCI, NaOH, THF, RT (82%) 

f: n-BuLi, THF, -78°C, 10 min. then BFs- Et20, -78°C (62%)'' 

Scheme 19.16 

Another way of circumventing the diastereoselectivity problem in the addi¬ 

tion of carbon nucleophile to protected 3,4-dihydroxybutanal is oxidation of the 

secondary alcohol mixture to a p-alkoxyketone followed by its diastereoselec- 

tive reduction. For example, highly 5yn-selective reduction was achieved with a 
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LiAlH4-LiI reducing system or with L-Selectride, due to p-chelation control by 
the lithium cation (Scheme 19.17). 

a (n = 0): MnOj, CHjClj (60%) 

b (n = 0): L-Selectride, EtjO, -100°C (63%)^® 

c (n = 3); PCC, AcONa, CH2CI2, RT, 6h (>70%) 

d (n = 3): LiAIH.,, Lil, Et20), -78°C, 1h (88%)“ 

OH 0 0^ 
0 

or d 

n = 0 syn : anti = 7:1 

n = 3 syn : anti = 22:1 

Scheme 19.17 

The addition of chiral carbon nuclophiles to protected 3,4-dihydroxybutanals 

(double diastereoselection) is the ultimate way for carbon chain elongation with 

concomitant control of configuration of the newly formed chiral center. By 

proper choice of chiral nucleophile either syn or anti addition product can be 
obtained (Scheme 19.18). 

OP MB OH gPMB 

c/s-octahydronaphthalene 
nucleus of superstolides 

a: BuaSnAII, Ti(OiPr)4, (S)-BINOL, CH2CI2, -20°C, 6d (79%, d.e. 88%)“ 

milbemycin E 
spiroacetal and 
(+)-acutiphycin 

R = Me 40-65%, d.e. 80%^='^“ 

R = Et 75%, d.e. 90%"' 

b: (-)-lpc2BAII, then H2O2, NaOH; 

QTBS 

OHC..„^^^,Av^OTBDPS _c ^3'^ 17 

fragment 
ofswinholide A 

c: (Z)-MeCH=CHMe, t-BuOK, n-BuLi, (+)-lpc2BOMe, BFa- EtjO, THF, -78°C, 12h 

then HjO;, NaOH (90%, d.e. 90%)'" 

Scheme 19.18 (continued) 
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d (R = Me, Et): (R)-TolS(0)CH2COOR, t-BuMgCI, THF, -78“C then Al/Hg, THF-HjO 

(10 :1), 0°C (41-50%/' 

(d.e. 74%) 

(d e. 84%) 

e: (R)-Ac0CH(Ph)CPh20H, LDA Mglj. THF/2-methylbutane, -125°C 

f: (S)- Ac0CH(Ph)CPh20H, as e“ 

Scheme 19.18 

Synthesis of 1,3-polyols via the 1,3-dithiane derivatives. Umpolung of the alde¬ 

hyde functional group by formation of the dithiane derivative provides yet 

another way to 1,3-hydroxylated carbon chain of defined stereostructure. Thus 

dithiane 19.13, derived from 3,4-dihydroxybutanal, was coupled with epoxide 

19.14, also derived from L-malic acid, to give all-syn pentaol 19.15, after stere¬ 

oselective reduction of the keto group (Suzuki and Mori,’^“ ‘' Scheme 19.19). 

19.15 

a: n-BuLi. THF, -20°C (98%) 

b: NBS, AgNOs, 2,6-lutidine, 85% aq MeCN, 7 min. (78%) 

c: LiAIH4, Lit, Et20, -100°C (95%, symanf; = 19:1)'^' 

Scheme 19.19 

Anh-1,3-polyols can be synthesized accordingly, using the enantiomer of the 
aldehyde 19.14, derived from D-malic acid.’^‘’ 
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Modification of the above synthetic scheme provided a synthetic route to 

skipped 1,3-polyol units of differing architecture’^'^'* (Scheme 19.20). The epox¬ 

ide components were also synthesized from L-malic acid. 

19.17 

Scheme 19.20 

Pentaol derivative 19.17 was prepared by Mori for the synthesis of the polyol 

fragment of roxaticin.’'* This Ci^ fragment 19.18 was assembled by stepwise cou¬ 

pling of 19.17 with dithiane 19.16 and its enantiomer’^ (Scheme 19.21). 

19.18 

Scheme 19.21 

Finally, dithiane 19.13 was used for the synthesis of the avocado antifungal 

19.19’^ (Scheme 19.22). 

19.19 

a; n-BuLi, t-BuOK, (Z,Z)-Me(CH2)4CH=CHCH2CH=CH(CH2)7Br, THF 

Scheme 19.22 
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Chain elongation at C(4). Protection of the aldehyde group as an acetal or 

dithioacetal derivative, combined with activation of the 4-hydroxy substituent, 

has been occasionally used for attachment of the functionalized carbon chain at 

C(4) in 3,4-dihydroxybutanals. Examples of such synthetic procedures are 

shown in Schemes 19.23 and 19.24. 

TBSO OiPr 
b. c 

a: (i-PrO)3CH, i-PrOH, TsOH (cat.), RT. 2h (92%) 

b: NaCN, DMSO, 90°C, 2h (83%) 

c: i-BuzAIH, CHiClj-PhMe, -AOX, 2h (81%) 

d: (Z)-Ph3P=CHCH2CH=CHC5H„, THF, -90°C RT (85%) 

e: TsOH (cat ), THF-HjO. D. 15 min. 89%)® 

Scheme 19.23 

a: Me2C(CH20H)2, TsOH (cat.) then acidic equilibration (80%) 

b: TsCI, pyridine then Nal, Me2CO (quant.) 

c: PhS(0)CH(CI)Li (72%)’® 

d: HS(CH2)3SH, BFyOEtj, CH2CI2, 2d, RT (77%) 

e: 2 eq. PhjP, CCU, PhMe. 70°C, 3h (66%) 

f: MeONa, MeOH, RT, 15 min. (74%) 

g; 1 eq. BF3 0Et2, THF, -78°C (70%)^® 

Scheme 19.24 
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The product of the synthesis of Scheme 19.23 was one of the key ingredients 

in the*total synthesis of (—)-lipstatin by Kocieriski.^ 

The products of Scheme 19.24 were obtained by Barton and Khuong-Huu for 
the synthesis of maytansinoids.'*’^^ 

Miscellaneous syntheses. Thompson et al. synthesized 1-hydroxyindolizidine 

(19.22) by 5yu-addition of the dianion of 4-phenylsulfonylbutanoic acid to imine 

19.21. The imine was directly obtained from lactol 19.20*^ (Scheme 19.25). 

OBOM oBOM 

19.20 19.21 

a: BnNHz, PhMe, RT, lOh (>99%) 

b: H00C(CH2)3S02Ph, 2 eq. n-BuLi, THF, BF3 0Et2, -78°-» 0°C then CF3COOH 

(-100% crude) 

Scheme 19.25 

REFERENCES 

1. Venner, H. Chem. Ber. 1957, 90: 121. 

2. von Sonntag, D. Carbohydr Res. 1977, 58: 21. 

3. Muratake, H.; Matsumura, N.; Natsume, M. Chem. Pharm. Bull. 1995,43: 1064. 

4. Rychnovsky, S. D. J. Org. Chem. 1989,54: 4982. 

5. Saito, S.; Hasegawa, T.; Inaba, M.; Nishida, R.; Fujii, T.; Nomizu, S.; Moriwake, T. 

Chem. Lett. 1984: 1389. 

6. Hanessian, S.; Vanasse, B. Can. J. Chem. 1987, 65: 195. 

7. Zhao, N.; Zhou, R; Berova, N.; Nakanishi, K. Chirality 1995, 7: 636. 

8. Dondoni, A.; Fantin, G.; Fogagnolo, M.; Medici, A.; Pedrini, P. Synth. 1988: 685. 

9. Pommier, A.; Pons, J.-M.; Kocieriski, P. J. J. Org. Chem. 1995, 60: 7334. 

10. Hoffmann, R. W.; Schlapbach, A. Tetrahedron 1992,48: 1959. 

11. Solladie, G.; Almario, A. Tetrahedron: Asymmetry 1995, 6: 559. 

12. Patron, A. P.; Richter, P. K.; Tomaszewski, M. J.; Miller, R. A.; Nicolaou, K. C. J. 

Chem. Soc., Chem. Commun. 1994: 1147. 

13. Fukui, M.; Okamoto, S.; Sano, T.; Nakata, T.; Oishi, T. Chem. Pharm. Bull. 1990, 

38: 2890. 



520 2,4- AND 3,4-DIHYDROXYBUTANALS 

14. Choi, J.-R.; Han, S.; Cha, J. K. Tetrahedron Lett. 1991, 32: 6469. 

15. Pearson, W. H.; Bergmeier, S. C.; Williams, J. P. J. Org. Chem. 1992, 57: 3977. 

16. Green, D. L. C.; Kiddle, J. J.; Thompson, C. M. Tetrahedron 1995, 51: 2865. 

17. Nicolaou, K. C.; Webber, S. E. J. Am. Chem. Soc. 1984,106: 5736. 

18. Barton, D. H. R.; Benechie, M.; Khuong-Huu, F.; Potier, P; Reyna-Pinedo, V. 

Tetrahedron Lett. 1982, 25: 651. 

19. Pawlak, J.; Nakanishi, K.; Iwashita, T.; Borowski, E. J. Org. Chem. 1987,52: 2896. 

20. Herradon, B. Tetrahedron: Asymmetry 1991,2: 191. 

21. Thiam, M.; Slassi, A.; Chastrette, F; Amouroux, R. Synth. Commun. 1992,22: 83. 

22. Wiinsch, B.; Diekmann, H. Liebigs Ann. Chem. 1996: 69. 

23. Saito, S.; Matsumoto, S.; Sato, S.; Inaba, M.; Moriwake, T. Heterocycles 1986, 24: 

2785. 

24. Boyce, R. J.; Pattenden, G. Tetrahedron Lett. 1996,37: 3501. 

25. Barth, M.; Bellamy, F. D.; Renaut, P; Samreth, S.; Schuber, F. Tetrahedron 1990, 

46: 6731. 

26. Mulzer, J.; Seilz, C.; Luger, P; Weber, M.; Reutter, W. Liebigs Ann. Chem. 1991: 947. 

27. Rosen, T.; Taschner, M. J.; Heathcock, C. H. J. Org. Chem. 1984, 49: 3994. 

28. Kocieriski, P. J.; Yeates, C.; Street, S. D. A.; Campbell, S. F. J. Chem. Soc. Perkin 

Trans. 1 1987:2183. 

29. Benechie, M.; Delpech, B.; Khuong-Huu, Q.; Khuong-Huu, F. Tetrahedron 1992, 

48: 1895. 

30. Kangars, G.; Nelson, S. J.; Dutton, F. E.; Martin, S. E. Synth. Commun. 1993, 23: 
797. 

31. Smith, A. B.; Chen, S. S.-Y.; Nelson, F. C.; Reichert, J. M.; Salvatore, B. A. J. Am. 

Chem. Soc. 1995,777: 12013. 

32. Rao, A. V. R.; Reddy, E. R.; Joshi, B. V.; Yadav, J. S. Tetrahedron Lett. 1987, 28: 
6497. 

33. Prasad, K.; Repic, O. Tetrahedron Lett. 1984, 25: 3391. 

34. (a) Isaacs, K.; Kocieriski, P. J. Chem. Soc., Chem. Commun. 1982: 460. (b) Willson, 

T. M.; Kocieriski, P; Jarowicki, K.; Isaacs, K.; Hitchcock, P. M.; Faller, A.; 
Campbell, S. F Tetrahedron 1990, 46: MCI. 

35. (a) Meyers, A. I.; Lawson, J. P. Tetrahedron Lett. 1982, 23: 4883. (b) Meyers, A. 1.; 

Lawson, J. P; Walker, D. G.; Linderman, R. J. J. Org. Chem. 1986,57: 5111. 

36. Keck, G. E.; Andrus, M. B.; Romer, D. R. J. Org. Chem. 1991,56: 417. 

37. Keck, G. E.; Palani, A.; McHardy, S. F 7. Org. Chem. 1994,59: 3113. 

38. Maeda, H.; Kraus, G. A. J. Org. Chem. 1996, 67: 2986. 

39. Critcher, D. J.; Connolly, S.; Wills, M. Tetrahedron Lett. 1995,36: 3763. 

40. Critcher, D. J.; Connolly, S.; Mahon, M. F; Wills, M. J. Chem. Soc., Chem. 
Commun. 1995: 139. 

41. Naruse, M.; Aoyagi, S.; Kibayashi, C. J. Org. Chem. 1994,59: 1358. 

42. (a) Naruse, M.;. Aoyagi, S.; Kibayashi, C. Tetrahedron Lett. 1994, 35: 9213. 
(b) J. Chem. Soc. Perkin Trans 1 1996: 1113. 

43. Labelle, M.; Guindon, Y. J. Am. Chem. Soc. 1989, 111: 2204. 



REFERENCES 521 

44. Corey, E. J.; Shirahama, H.; Yamamoto, H.; Terashima, S.; Venkateswarlu, A.; 

Sdtaaf, T. K. J. Am. Chem. Soc. 1971, 93: 1490. 

44. Corey, E. J.; Niwa, H.; Knolle, J. J. Am. Chem. Soc. 1978,100: 1942. 

46. Mosset, P.; Yadagiri, P.; Lumin, S.; Capdevila, J.; Falck, J. R. Tetrahedron Lett. 
1986,27: 6035. 

47. Lumin, S.; Yadagiri, P; Falck, J. R.; Capdevila, J.; Mosset, P; Gree, R. J. Chem. 

Soc., Chem. Commun. 1987: 389. 

48. (a) Guindon, Y; Yoakim, C.; Bernstein, M. A.; Morton, H. E. Tetrahedron Lett. 

1985, 26: 1185. (b) Labelle, M.; Morton, H. E.; Guindon, Y; Springer, J. P. J. Am. 

Chem. Soc. 1988,110: 4533. 

49. Tanner, D.; Somfai, P. Tetrahedron Lett. 1988, 29: 2373. 

50. Nishida, F; Mori, Y; Rokkaku, N.; Isobe, S.; Furuse, T.; Suzuki, M.; Meevootisom, 

V.; Flegl, T. W.; Thebtaranonth, Y; Intararuangsorn, S. Chem. Pharm. Bull. 1990, 

38: 2381. 

51. Hori, K.; Hikage, N.; Inagaki, A.; Mori, S.; Nomura, K.; Yoshii, E. J. Org. Chem. 

1992,57: 2888. 

52. Kotsuki, H.; Ushio, Y; Kadota, I.; Ochi, M. J. Org. Chem. 1989, 54: 5153. 

53. Schmidt, U.; Kleefeldt, A.; Mangold, R. J. Chem. Soc., Chem. Commun. 1992: 

1687. 

54. Tanimori, S.; Morita, Y; Tsubota, M.; Nakayama, M. Synth. Commun. 1996,26: 559. 

55. Broka, C. A.; Ehrler, J. Tetrahedron Lett. 1991,52: 5907. 

56. Hanessian, S.; Ugolini, A.; Therien, M. J. Org. Chem. 1983,48: 4427. 

57. Mori, Y; Furukawa, H. Tetrahedron 1995,51: 6725. 

58. Uchikawa, O.; Okukado, N.; Sakata, T.; Arase, K.; Terada, K. Bull. Chem. Soc. 

Japan 1988, 67:2025. 

59. Robinson, R. A.; Clark, J. S.; Holmes, A. B. J. Am . Chem. Soc. 1993,115: 10400. 

60. (a) Ziegler, F. E.; Metcalf, C. A.; Schulte, G. Tetrahedron Lett. 1992, 33: 3117. 

(b) Ziegler, F. E.; Metcalf, C. A.; Nangia, A.; Schulte, G. J. Am. Chem. Soc. 1993, 

115: 2581. 

61. (a) Yeates, C.; Street, S. D. A.; Kocienski, P. J; Campbell, S. F. J. Chem. Soc., Chem. 

Commun. 1985: 1388. (b) Kocienski, P. J.; Street, S. D. A.; Yeates, C.; Campbell, 

S. F. J. Chem. Soc. Perkin Trans. 1 1987: 2189. 

62. Mahler, U.; Devant, R. M.; Braun, M. Chem. Ber. 1988,121: 2035. 

63. Nakata, T.; Saito, K.; Oishi, T. Tetrahedron Lett. 1986, 27: 6341. 

64. Nakata, T.; Nagao, S.; Mori, N.; Oishi, T. Tetrahedron Lett. 1985, 26: 6461. 

65. Nakata, T.; Nagao, S.; Oishi, T. Tetrahedron Lett. 1985, 26: 75. 

66. Leger, S.; Omeara, J.; Wang, Z. Synlett 1994: 829. 

67. Rychnovsky,S.D.;Yang,G.;Hu,Y.;Khire,U.R.y. Org. Chem. 1997,62:3022. 

^68. Mori, Y; Kuhara, M.; Suzuki, M. Chem. Pharm. Bull. 1989, 37: 1078. 

69. Roush, W. R.; Champoux, J. A.; Peterson, B. C. Tetrahedron Lett. 1996, 37: 8989. 

70. Merifield, E.; Steel, P. G.; Thomas, E. J. J. Chem. Soc., Chem. Commun. 1987: 1826. 

71. (a) Beecher, J.; Brackenridge, I.; Roberts, S. M.; Tang, J.; Willetts, A. J. J. Chem. 

Soc. Perkin Trans. 1, 1995: 1641. (b) Tang, J.; Brackenridge, 1.; Roberts, S. M.; 

Beecher, J.; Willetts, A. J. Tetra/icc/ron 1995, 51: 13217. 



522 2,4- AND 3,4-DIHYDROXYBUTANALS 

72. (a) Mori, Y.; Takeuchi, A.; Kageyama, H.; Suzuki, M. Tetrahedron Lett. 1988, 29: 
5423. (b) Mori, Y.; Suzuki, M. Tetrahedron Lett. 1989, 30: 4383. (c) Mori, Y; 
Kageyama, H.; Suzuki, M. Chem. Pharm. Bull. 1990,38: 2574. 

73. Carmeli, S.; Moore, R. E.; Patterson, G. M. L.; Mori, Y; Suzuki, M. J. Org. Chem. 

1990,55: 4431. 

74. Mori, Y; Asai, M.; Furukawa, H.//et^rocyc/gj' 1992,54: 1281. 

75. Mori, Y; Asai, M.; Kawade, J.; Okumura, A.; Furukawa, H. Tetrahedron Lett. 1994, 

55:6503. 

76. Bull, S.D.; Carman, R.M.Aw^t. 5. Chem. 1994,47: 1661. 

77. Mendlik, M. T.; Cottard, M.; Rein, T.; Helquist, P. Tetrahedron Lett. 1997, 38: 6375. 



20 1,2,4-Butanetriol and Its 
Derivatives 

Overview 

As in the case of threitol, derivatives of 1,2,4-butanetriol with various protecting 
and/or activating groups are primarily used as chiral four-carbon building 
blocks. These building blocks include also 1-, 4-, and 1,4-heteroatom (halogen, 
S, N, P) substitution products. Compounds included in this chapter are divided 
according to the number of the hydroxy protecting groups and further divided 
according to the position of the protecting group(s). The most frequently used 
synthetic pathways between differently protected 1,2,4-butanetriol derivatives 
are shown in Figure 20.1. 

Q -- EZ] 

1,2,4 
(1,2-acetal) 

2, 4 
(acetal) 

Figure 20.1 Most common pathways to the differently protected 1,2,4-butanetriols. 

20.1 UNPROTECTED 1,2,4-BUTANETRIOL AND ITS 
iSUBSTITUTION PRODUCTS 

I ii 

523 
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Table 20.1 (S)-l,2,4-Butanetrioi and its substitution products (I, II) 

X Y R 
m.p. (°C) or 
b.p. (°C/torr) [alo (solvent) References 

OH OH H 

Formula / 

145-148/1.1 -29.5 (MeOH) 1-f 
OH OH Ts — -7.1 (MeOH) 2 

OH 9-adenyl H 212-214 +2.6(0.1MHC1) 5 
OH SOzPh H — -3.2 (EtOH) 6 

OMs OMs H 68-70 -17.9 (CH2CI2) 7,8 
OTs OTs H 56-58 -5.0(CHCl3) 9 
OMs OMs Ms 79.5-80 -24.4 (CHCI3) 10 

OTs OTs Ts 107.7 -28.7 (CHCI3) 11,12 

Br OH H — -38.4(CHCl3) 13 
Br Br H 28-30 -39.3 (CHCI3) 14,15 
NHj OH H 172-175/0.1 -23.0 (MeOH) 16 
NMe, OH H 53/0.08 -17.4 (MeOH) 17 
NHCbz OH H 67-68 -6.0 (CHCI3) 16 
NHCbz OTs H 68-69 -3.1 (AcOEt) 16 
NHCbz Br H — -15.0 (AcOEt) 16 
NHjHCl NHjHCl H 249-250 + 3.2 (H2O) 18 
9-adenyl OH H 226-227 -25.9(0.1MHC1) 19 
PPhBn PPhBn H 268-269 -39.2 (MeOH) 20 

PPhz PPh2 H 107-112 + 1.0(CHCl3) 9 
P0(0H)2 OH H — -16.0 (EtOH) 21,22 

OH 

Formula II 

-19.0(Me2CO) 23 

OMs _ _ _ -32.0(CH2Cl2) 
-21.5 (Me^CO) 

2,24 
7 

OTs — — 28-32 -14.6(Me3CO) 25 
Br — — 75/35 -23.9 (CHCl,) 14,15,26 
I — — — -13.5 (CH2Ci2) 7 
NMcz — — 53/22 -23.8 (EtjO) 17 

Synthesis 

1,2,4-Butanetriol is readily available by reduction of malic acid with BHj-Me.S 

or reduction of malates with LiAlHj. The latter procedure appears to be inferior 

due to the difficulty in separation and purification of the product, lowering its 

yield. A similar diborane reduction of malamic acid (20.1) or malamide (20.3) 
yields 4-amino-1,2-butanediol (20.2) or 2-hydroxyputrescine (20.3). These pro¬ 
cedures are shown in Scheme 20.1. 

Indirectly, 1,2,4-butanetriol was quantitatively obtained by hydrolysis of the 
1,2-O-isopropylidene derivative in aqueous acetic acid.^ 
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OH 

COOH 
a 

OH 

MeOOC. 
COOMe 

a: B(OMe)3, 2-4 eq, BH,- MejS, THF, 0°C ^ RT, 24h 

b: LiAIH4, THF or EtjO, A, 1-3d (50-100%)’ ’®'^^ 

OH 

H,NOC. X 
^ COX 

20.1 (X=OH) 

20.3 (X = NHa) 

20.2 (X = OH)'® 

20.4 (X = NHj)’® 

c; B2H6, THF. then A (56-75%) 

Scheme 20.1 

(/?)-!,2,4-Butanetriol can be alternatively synthesized by deoxygenation of 

(5)-(+)-erythrulose (Vandewalle^^). 

(5)-( —)-l,2,4-Butanetriol [42890-76-6] and its enantiomer [70005-88-8] are 

commercially available. 

An essential step for any application of 1,2,4-butanetriol and its derivatives as 

chiral building blocks in the synthesis is the selective activation of the hydroxy 

groups. A simple yet efficient method of activation of the C(l) hydroxy group 

for substitution is to convert it to the tosyl ester, or to the bromide in 4-amido 

derivatives 20.5 and 20.6 (Scheme 20.2). 

a: 1.1 eq. BnOCOCI, 4M NaOH, H2O, EtjO, 0°C ^ RT 

(76-89%) 

b; 1.1 eq. TsCI, pyridine, CH2CI2, 5°C, 21h (65-68%) 

c: LiBr, M62CO, A, 5h (95-97%)’® 

Scheme 20.2 

A convenient way of activating the C(l) hydroxy group in 1,2,4-butanetriol is 

by the formation of the 1,2-epoxide 20.7 from 2-0-sulfonyl derivatives (Scheme 

’ 20.3). The starting materials for this synthesis are 1,4-diprotected butanetriols. 

The inversion of configuration at C(2) in this process makes accessible deriv¬ 

atives of (^)-1,2,4-butanetriol from (5)-malic acid. 

Epoxide 20.7 was obtained from the 2-(9-THP derivative of 1,2,4-butanetriol 

(20.8) in a three-step sequence involving double inversion of configuration at 

C(2) (Scheme 20.4). 
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enf-20.7 

OH QTs 

a: K2CO3, MeOH-THF, RT, 10h (85%f c: H2SO4, dioxane (80%) 

b: TsCI, pyridine (88%) d: K2CO3, MeOH (67%)^ 

Scheme 20.3 

20.8 20.7 

a: AC2O, pyridine, DMAP (cat.), CH2CI2 (77%) 

b: 45% HBr/AcOH, RT, 1h (88%) 

c: K2CO3, MeOH-THF, RT (85%)“ 

Scheme 20.4 

a (R = t-Bu): CF3COOH, RT, 1h (84%)® 

b (R = THP): Eton, MsOH (cat.), 50°C, 1h (74%)^ 

c: K2CO3, MeOH-THF, RT, 10h (98%)^ 

d: Nal, K2CO3, Me2CO, 0°-25°C, 2d (81%)^ 

e: 5% HCI, MeOH-Me2CO, RT, 6h (97% crude)’® 

f KOH, H2O, 40°C (76%)'® 

g: MejNH, Et20, RT (83%)”' 

h; TsCI, pyridine, 0°C (89-92%)’® “ 

i: LiBr, CuBr (cat ), NaHC03, Me2CO, RT-> 50°C (79%)’® 

j: MeOH, PPTS (cat.), RT, 14h then K2CO3, RT, 7h (90%)“ 

Scheme 20.5 
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1,4-Di-O-activated butanetriol derivatives are of particular significance in 

synthSsis. Differential activation of the C(l) and C(4) substituents is achieved by 

formation of the 1,2-epoxy group followed by sulfonylation and halogen substi¬ 

tution of the 4-hydroxy group (Scheme 20.5). 

One-pot procedures for 1,4-diactivation of butanetriol by the formation of the 

ditosyl or the chlorosulfite derivatives have been reported (Scheme 20.6). Note 

the analogous selective formation of the 1,2-carbonate derivative of 1,2,4- 

butanetriol. 

OH 

a 

a; 2.2 eq. TsCI, pyridine, -10°C, 2h (65%)® 

b: 3 eq. SOCI2, CCI4, A, 3h (69%)®“ 

c; MezCOa, NaH, RT, 30 min. (76%)®® 

Scheme 20.6 

(5)-4-Bromo-1,2-epoxybutane [61847-07-2] is commercially available. 

Applications 

Nucleophilic substitution of the doubly or triply activated butanetriols with N- 

and P-nucleophiles yields the corresponding triamine or bis- and tris 

(diphenylphosphine) derivatives (Scheme 20.7). 

a: PhjPLi, THF, -10°C RT, 2h (55%)® 

OH 

PPh2 

b: PhjPLi, THF, 0°C RT, 20h (63%)" 

c; PhtNK, DMF, A, 0.5h (59%)’® 

d; H2NNH2 H2O, Eton, A, 2h then HCI (31%)’® 

Scheme 20.7 

Doubly activated 1,2,4-butanetriol derivatives have found widespread use as 

electrophilic chiral building blocks. Bartlett used epoxytosylate 20.9 in the syn¬ 

thesis of nonactin^^ (Scheme 20.8). 
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OH 

20.9 

a: H2C=CHLi, CuCN, THF, -78“-^ 0°C, 6h (92%)'® 

Scheme 20.8 

nonactic acid 
derivatives 

Tomioka and Koga synthesized (+)-sesbanine (20.11) in a series of reactions 

in which the highly stereoselective cycloannelation step with the dibromide 

20.10 as an electrophile allowed generation of a chiral quaternary carbon cen- 

ter^^ (Scheme 20.9). The synthesis also involved inversion of configuration at the 

carbinol carbon atom by Mitsunobu reaction. 

HO 

a: K2CO3, Eton, 15°C, 24h (27%, single diastereoisomer) 

b: H2O2, NaOH (cat.)^® 

Scheme 20.9 

(-)-(25',3^)-Methanoproline methyl ester (20.13) was synthesized for the 

first time by Hercouet from cyclic chlorosulfate 20.12^“* (Scheme 20.10). 

20.12 
J or 

V'* 
Vi 

COOMe 

N=CHPh 

a: PhCH=NCH2COOMe, 2 eq. NaH, DME, RT (quant.) 

b: IN HCI then KjCOj^'' 

ZV COOMe 

NH 

20.13 

Scheme 20.10 



UNPROTECTED 1,2,4-BUTANETRIOL AND ITS SUBSTITUTION PRODUCTS 529 

Bromoepoxide 20.14 can be selectively substituted with carbon nucleophiles 

at either C(l) or C(4). Grignard reagents in the presence of Cu(I) salts selectively 

add to the epoxide at C(l) to give 1,3-bromohydrins 20.15, as shown in Scheme 
20.11.^^ 

a: RMgX, Cul (cat.), THF, -30°^ 0°C (72-86%)''"^ 

Scheme 20.11 

Seebach et al. developed a highly useful and versatile protocol for chemose- 

lective substitution of the bromoepoxide 20.14 at C(4) by 2-lithio-l,3-dithiane 

derivatives 20.16. The resulting adduct 20.17 with the masked carbonyl group 

could further be functionalized at the oxirane terminus by either reduction with 

Selectride or by addition of organometallics (Scheme 20.11). 

Some specific products 20.18 synthesized according to the above protocol are 

shown in Scheme 20.12. 

1.6- dioxaspiro[4,4]nonane and 

1.6- dioxaspiro[4,5]decane pheromones'® 

Scheme 20.12 (continued) 
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Scheme 20.12 

(+)-gloeosporone' 

Tributyltin hydride reduction of bromoepoxide 20.14 provides (5)-1,2-epoxy 

butane (Scheme 20.13). 

20.14 

oO 

a: n-BusSnH, 90°C (quant.)''' 

Scheme 20.13 

20.2 DERIVATIVES OF 3-HYDROXYTETRAHYDROFURAN, 
3-HYDROXYTETRAHYDROTHIOPHENE AND 
3-HYDROXYPYRROLIDINE 

OR 

III 

Table 20.2 Five-membered heterocycles derived from (S)-l,2,4-butanetriol (III) 

m.p. (°C) or 
X R b.p. (°C/torr) [aJo (solvent) References 

0 H 80/15 + 17.5 (MeOH) 31 
s H — — 40 
s Ms — -19.9 (MeOH) 41 
s Ts — -16.8 (MeOH) 41 
NH H 108-110/8 -5.7 (MeOH) 42 
NMe H 103-106/37-40 +0.8 (neat) 43 
NBn H 116/0.9 -3.8 (MeOH) 42,44 
NBn Ts 68 -30.0 (MeOH) 45 
NBn Ac — -22.0 (MeOH) 45 
NPh H 80-82 + 7.3 (CHClj) 46 
NAc TBS — + 23.4 (CHCl,) 47 
NBoc H 60-61 +22.7 (CHCl,) 48 
NBoc Ac + 11.7 (CHCl,) 48 

{continued) 
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Table 20.2 {continued) 

m.p. (°C) or 
X R b.p. (°C/torr) [ajp (solvent) References 

NCbz H _ +26.2 (MeOH) 49,50 
NCbz Ms — + 27.3 (MeOH) 50 
NPNZ H 99-100 + 18.5 (CHCI3) 10 

NPNZ Ms 101-102 +25.6 (CHCI3) 10 

NHef H — -125.0 (O.lNNaOH) 51 
NOH All — + 8.6(CHCl3) 8 

NOH t-Bu — + 1.7 (CH2CI2) 52 
NOH Bz 125 + 3.7 (MeOH) 8 

NOH TBS — -0.1 (CHCI3) 8 

< 
" Het = io ̂COOH 

o 

Synthesis 

Five-membered saturated heterocycles with tetrahydrofuran, tetrahydrothio- 

phene, and pyrrolidine skeleton are available either by cyclization of 1,2,4- 

butanetriol derivatives or, in the case of 3-hydroxypyrrolidine derivatives, 

directly by reduction of malimides. 

3-Hydroxytetrahydrofuran is available by acid-catalyzed cyclodehydration of 

1.2.4- butanetriol, as reported by Wynberg et (Scheme 20.14). The reaction 

proceeds without racemization. 

OH 

^OH a .. 
HO 

a: TsOH (cat.), A (87%)"' 

Scheme 20.14 

3-Hydroxytetrahydrothiophene was obtained by reaction of 2-0-protected 

1.4- bis-mesylate 20.19 with lithium sulfide followed by deprotection'^'’ (Scheme 

20.15). 

OTHP 

.OMs a 
MsO 

20.19 

a: LizS (excess), DMF, 60°C, 6h (73%) 

b: MeOH, TsOH (cat.), RT, 12h (88%)“° 

Scheme 20.15 
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Derivatives S-hydroxypyrrolidine were synthesized by reactions of amines 

(or hydroxylamine) with 1,4-bis-O-mesylates of butanetriol (Scheme 20.16), or 

by reductions of malimides (Scheme 20.17). The latter method, although more 

direct, may proceed with partial racemization. 

I 
R" 

a(R’ = Ms, R' = PNZ): NH3, NEtj, EtOH, RTthen PNZCI, NEtj, CH2CI2, 0°C (67%)’° 

b(R’ = t-Bu, All, Bz, TBS, R^ = OH): NH2OH HCI, NEtj, 

Scheme 20.16 

H 

a; NaBH4, BFj- OEt2, diglyme, O-’-^IOOX, 15h (73%, e.e. 80%)““ 

b: LiAIH4, THF, A (66%)“'° 

c: as b (64%)"' 

d: H2 (5 atm ), 10% Pd/C (cat,), EtOH-AcOH (88%)"' 

Scheme 20.17 

Enantiomerically pure 1-methyl- and l-benzyl-3-hydroxypyrrolidines were 

readily obtained by resolution of the racemates with tartaric acid"*^ and mandelic 

acid,"*^ respectively. In addition, 3-acetoxy-l-benzylpyrrolidine was kinetically 
resolved by lipase PS-catalyzed hydrolysis^'* (Scheme 20.18). 

40%, e.e. >99.5% 45%, e.e. >99.5% 

a: lipase PS, phosphate buffer (pH 7.0)-dioxane, 25°C, 24h (conversion 50%)“ 

Scheme 20.18 
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The following are commercially available; 

(5')-*5-hydroxytetrahydrofuran [86087-23-2] and its enantiomer 

(/?)-3-pyrrolidinol [2799-2J-5] and its hydrochloride [J04706-47-0] 

(5)-l-benzyl-3-pyrrolidinol [J0J385-90-4] and its enantiomer [JOJ930-07-8]. 

Applications 

Derivatives of 3-pyrrolidinol were widely used in the synthesis of drugs, pro¬ 

drugs, and naturally occuring compounds. For this purpose 3-hydroxy 

substitution reactions were of significance; see the examples shown in Scheme 

20.19. 

I I 
Boc Boc 

X = CN (85%)“ 

X = CHO, COCOOEt“ 

a: 4-XC6H4OH, PPhj, DEAD, THF, RT (85%)“ 

PNZ PNZ PNZ 

b: AcSNa, DMF, 65“C (92%) 

c: MeONa, MeOH, RT then AcOH (98%)'° 

(intermediate for 
carbapenem RS-533) 

I I 
Cbz Cbz 

NH, 

1 
Cbz 

7-(3-amino-1 -pyrrolidinyl) 
quinolone antiinfective prodrugs 

d: NaNa, DMF, 100°C, 2h (98%) 

e: H2 (3.5 atm), Raney nickel (cat.), MeOH, RT (95%)“ 

OTs 

Bn 

NHMe 

Bn 

as above 

f: MeNHa, EtOH, 140°C (pressure bottle), 20h (72%)“'° 

Scheme 20.19 (continued) 
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OMs 

d 

CN C 

d d 
CMe.NH, 

Bn 
N 
Bn Bn 

g: 1.85 eq. n-Bu4NCN, MeCN, 65°C, 6h (91%) 

h: 4 eq. MeCeCb, THF, -70°C, 3h (86%)"’' 

1,8-naphthyriciine antiinfective 
agent PD 138312 

OMs CH(COOEt)2 

d ^ o 
tetrahydrofuranylglycines 

i: 5 eq. CH2(COOEt)2, NaH, DMF, 100°C, 12h (80%) 

j: IN NaOH, EtOH, 48h, then HCI, then 0.05 eq. CujO, MeCN, A, 6h (87%)®*'^® 

Scheme 20.19 

For the application of A^-phenyl substituted 3-pyrrolidinoI in nonlinear optics 
see ref. 46. 

Goti and Brandi developed a useful synthetic protocol for the synthesis of 

bicyclic heterocycles based on the regioselective formation of nitrones from O- 
protected 3-hydroxypyrrolines and their 1,3-dipolar cycloaddition to alkenes. 

The regioselectivity in the HgO oxidation of A^-hydroxy-3-substituted pyrro¬ 

lidines to nitrones A and B is summarized in Scheme 20.20. The regioselectivity 

is influenced by the degree of electronegativity of the substituent in the 3-posi¬ 

tion; the greater the ability of the substituent to stabilize the negative charge, the 
higher the regioselectivity in the oxidation reaction.*’^^ 

A B 

R yield A+B (%) A B 

H >24 5; 1 

t-Bu 80 9 : 1 

All 100 9 : 1 

TBS >64 12: 1 

Bz >50 >20 : 1 

a: HgO (yellow), CH2CI2, RT 

Scheme 20.20 

The major isomeric nitrones A were applied to the synthesis of pyrrolizidine 

and indolizidine derivatives by 1,3-dipolar cycloaddition (Scheme 20.21). 
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R = TBS(n=1) 4,6 

R = t-Bu (n = 2) 8 

RQ H 

a: MsCI, NEta or pyridine 

b: Hj (3 atm.), 10% Pd/C (70-82%)°'“ 

Scheme 20.21 

According to the above synthetic protocol, the necine base (—)-hastanecine 

(20.21) has been synthesized by cycloaddition of the enantiopure nitrone 20.20 

to dimethyl maleate®° (Scheme 20.22). 

a: dimethyl maleate, benzene, RT (91%) 

b: Mo(CO)6. MeCN-HjO, A (93%)“ 

Scheme 20.22 

20.3 MONO-O-PROTECTED 1,2,4-BUTANETRIOLS 

I n 
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Table 20.3 Mono-O-protected (5)-l,2,4-butanetrioIs and their derivatives (I, II) 

m.p. (°C) or 
Y R X b.p. (°C/torr) [aJo (solvent) References 

OMe H OH 

Formula I 

I-protected 

-28.8(CHCl3) 61 
OCigH37 H OH 60-61 + 1.3 (CHCI3) 62 
OBn H OH — -7.7 (MeOH) 61,63 
OBn H Br — -16.4 (CHCI3) 37 
OTr H OH — + 15.8(CHCl3) 61 
OBz H OH — -7.6 (MeOH) 64 
OTBS H OH — -1.0 (CHCI3) 65 
0TB S H Br — -10.7 (CHCI3) 13 
0TB DPS H Br — -17.0(CHCl3) 13 
0P(0)02Ba H OH — -2.5 (H20)‘‘ 66 

OH Me OH 

2-protected 

90-95/0.04 -23.5 (MejCO) 67,68 
OTs Me OTs 38-41 -15.4 (MejCO) 9,69 
I Me I 30-40/0.1 -26.9 (Me^CO) 69 
OH t-Bu OH 100/0.05 + 1.4 (CH2CI2) 52 
OMs t-Bu OMs 63 -15.4(CH2Cl2) 52 
OMs All OMs — -29.4 (CHCI3) 8 

OH Bn OH — -15.0(CHCl3) 70 
NHj Bn OH — +7.0(CHCl3) 70 
OMs PhjCH OMs — -49.9 (CHCI3) 71 
OMs Bz OMs 68-69 -29.6 (CHCI3) 8 

OH MOM OH — -13.9 (CHCy^ 72 
OH MOM NHCOOEt — + 12.0 (CHCl,) 73 
OH EE OH 99/0.01 -21.7 (MeOH) 15,25 
OTs EE OTs — -16.3(Me2CO) 25 
OH THP OH 115-123/0.2 -47.1 (Me.CO) 14,74 
OMs THP OMs 68.5-70 -16.5(Me,CO) 74 
OTs THP OTs 60-68 — 9,14 
OMs TBS OMs 41-42 -13.3 (CHCI3) 8 

OH H OBn 

4-protected 

130/0.001 -22.6 (EtOH)' 33,75,76 
OTs Ts OBn — -18.6(CHCl3) 77 
OH H OMNB — -14.5(Me,CO) 78 
OMs H OMNB — -11.1 (CHCI3) 78 
OH H OAn 64-65 -2.3 (MeOH)" 79 
OH H 0TB DPS 72-74 + 5.4 (CHCI3) 80,81 
OH H OSEM — + 1.2 (CHCI3) 77 
OTs Ts OSEM — -11.2 (CHCI3) 77 
OTs Ts OTHP 61.5-65 9 
OH H OMTM — -12.9 (CHCI3) 77 

{continued) 
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Table 20.3 (continued) 

Y R X 
m.p. (°C) or 
b.p. (°C/torr) [alo (solvent) References 

OTs Ts OMTM — -1.4 (CHCI3) 77 
OH H OPiv — -11.5 (CHCI3) 82 
OH H 0P0(0H)2 

Formula 11 

-20.4 (EtOH) 21 

— — OBn 57-60/0.005 -16.3 (CHCI3) 33,76,83-86 
— — OTBS 64-67/5 -12.8(CHCl3) 24,87 
— — 0TB DPS 46.5-47.5 -6.6 (CHCI3) 80,88 

^ Enantiomer prepared. At 546 nm. 
[alo in CHClj appears highly concentration dependent (ref. 33,75,76,89). 

Synthesis 

Several methods are available for the synthesis of 1-protected 1,2,4-butanetriols. 

4-Activated or substitued 1,2,4-butanetriols can be selectively 1-0-protected 

with bulky silylating agents (Scheme 20.23). 

OH 

^ R2tBu 

X = MsO, R = Ph“ 

X = Br, R = Ph’^ 

X = EtOOCNH, R = 

a: t-BuR2SiCI, imidazole and/or DMAP, NEts 

Scheme 20.23 

l-(9-Protected 2,4-acetals of butanetriol afford 1-0-monoprotected deriva¬ 

tives on acidic hydrolysis or hydrogenolysis (Scheme 20.24). 

Ph 

a (R = Me, Bn): HjO-EtOH or THF, Amberlite resin or TsOH (cat.), RT. 

b (R = C18H37): H2, 10% Pd/C, AcOH (78%)“ 

Scheme 20.24 

Reduction of 4-0-protected 3,4-dihydroxybutanoates is another preparative 

way to 1-0-protected butanetriols (Scheme 20.25). 
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OH 

MeOOC.^^^-^^^OTr 

a: LiAIH4, THF, RT, 2h (78%)®' 

OH 

EtOOC OTBS b 

b. BHa-MejS, THF, RT then NaBH4 (cat), 10°C -> RT (85.5%)®® 

Scheme 20.25 

Whitesides kinetically resolved racemic 1,2,4-butanetriol by a highly enan- 

tioselective phosphorylation reaction catalyzed by glycerol kinase (E.C.2.7.1.30, 

ATP: glycerol-3-phosphotransferase; Scheme 20.26). 

a: glycerol kinase, PK, ATP, PEP“K* (0.5 equiv.), pH 7.5, 9d (97%, e.e. 95%)®® 

Scheme 20.26 

Regioselective reductive opening of 2,3-epoxy-4-benzyloxy-l-butanol (pre¬ 
pared by Sharpless epoxidation) with Red-Al is an alternative route to 1-0-ben- 
zyl-l,2,4-butanetriol (Scheme 20.27). 

a: Red-Al, THF, -20°^0°C (95-98%, regioselectivity 100 : 1)“®® 

Scheme 20.27 

OR 

MeOOC^ LiAIH. 
COOMe -- 

OR 

R yield (%) ref 

Me 64-69 9,67 

t-Bu 83 52 

Bn 98 70 

PhjCH >95 71 

EE 92 15,25 

MeOCMe2 77 94 

THP 55-89 9,14,23,95 

Scheme 20.28 (continued) 
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OR OR 

MeOOC. LiAIH, i. NH, 
CONHj -^ HO ^ 

R = t-Bu, THP (90-98%)®® 

Scheme 20.28 

2-0-Protected 1,2,4-butanetriols are readily synthesized by the reduction of 

suitably 2-0-protected malates or malamates with LiAlH4 in THF or diethyl 

ether (Scheme 20.28). 

The reduction procedure is also applicable to 2-0-protected 3-0-sulfonylated 

tartrates (Scheme 20.29). 

EtOOC 

OMOM 

COOEt 

OMOM 

OMs 

a: LiAIH4, EtjO, RT, 3d’'® 

Scheme 20.29 

Unsymmetrically 1,4-activated 2-0-protected butanetriol 20.23 was obtained 

from a derivative of 3,4-dihydroxybutanoic acid 20.22 (Scheme 20.30). 

MeOOC a, b 

20.22 20.23 

a; i-BujAIH, CH2CI2, -78°C, 2h 

b: CBr4, PPha, CH2CI2, 0°C, 0.5h (75% overall)®® 

Scheme 20.30 

1,4-Di-O-activated butanetriols can also serve as substrates for the prepara¬ 

tion of 2-0-protected derivatives (Scheme 20.31). 

OH OR 

MsO 
,OMs a, b or 

MsO 
,OMs 

a (R =TBS): TBSCI, imidazole, DMF, 0°C -> RT, 1d (84%)® 

b (R = All): Cl3C(=NH)OAII, TfOH, CH2CI2, RT, 7d (58%)® 

Scheme 20.31 

4-0-Protected 1,2,4-butanetriols are most readily synthesized from their 1,2- 

0-isopropylidene derivatives according to Scheme 20.32. They can be further 

converted to the activated 1-0-sulfonyl or 1,2-epoxy derivatives. 
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R = Bn, TBS, TBDPS, SEM, MTM, Tr 

a (R = Bn, MTM, SEM); MeOH, TsOH or HCI, RT (93%)““ 

or THF-H2O, TsOH or H2SO4 or HCI (92-100%)”'^° “ ’“ 

or ACOH-H2O (3:1), 40-50'’C, 1h (95%)^“ 

b (R = TBDPS): HS(CH2)2SH, TsOH, CHCI3, A (60%)’°’ 

or MeOH, PPTS (cat.), RT (83%)“ 

c (R = Tr): Et0H-H20 (5:1), Amberlite, RT, 12h (95%)°’ 

d (R = Bn); PhjP, DEAD, benzene, A (63%)“ 

or PhaP, CCI4, A then KOH, DMSO-H2O, 55°C, 45 min. (52%)“ “ 

e (R = Bn): 2.5 eq. NaH, 1 eq. /V-tosylimidazole, THF, 0°C (88%, e.e. 84%)’°^ 

f (R = Bn): 1.1 eq. MsCl or TsCI, pyridine, O'-C ^ RT, 20h (78-94%)“'“ ’°° ’°° 

g (R = Bn); DBU, THF, RT, 20h (63%)“ ’°° 

or NaOH, DMSO-H2O, 0°C, 15 min.” 

or K2CO3, MeOH, -10°C (98%)’°° 

h (R = TBDPS): BnMeaN'OH”, MeOH-EtaO, RT, 30 min. (91%)’°^ 

Scheme 20.32 

R — Ac —n 

20.24, R = H 

a: MsCl, NEta, CH2CI2, RT (79%) 

b: AcOK, AC2O, A(41%) 

c: K2CO3, MeOH (90%)“ 

OH QMS 

d: as a (98%)“ 

e (R = TBS): n-Bu^NF, THF, RT (56%)“ 

f (R = Bz): 4N NaOH, MeOH-THF, O^C (63% overall)'® 

g NaNa, MeOH-HjO, NH4CI, A (87%)“ 

20.25 

g 

OH 

N3 

Scheme 20.33 
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A modification of the above synthetic scheme was devised to produce 4-0- 

prote«ted 1,2,4-butanetriol 20.24 or the epoxy derivative 20.25 with inverted 

configuration, thus making compounds of (/?)-configuration available from the 

(5)-precursors (Scheme 20.33). 

4-0-Protected 1,2,4-butanetriols were also synthesized by alternative meth¬ 

ods, that is, from prochiral substrates by asymmetric synthesis. Corey introduced 

a modification of Sharpless asymmetric dihydroxylation which yielded the diol 

with good enantioselectivity in the case of 4-methoxyphenyl ether 20.26^^ 

(Scheme 20.34). 

—- 

20.26 R = An 96%, e.e. 91 % 

R = Bn 97%, e.e. 52% 

a: K3Fe(CN)6, K2CO3, K20s04-2H20 (cat.), (DHQD)2PYDZ (cat.), t-BuOH-H20, RT"® 

Scheme 20.34 

4-0-Benzyl-1,2,4-butanetriol was kinetically resolved by hydrolysis of the 

cyclic 1,2-carbonate derivative catalyzed by porcine pancreas lipase (PPL).'“ 

Gerlach prepared (^)-4-0-benzyl-1,2,4-butanetriol of high enantiomeric excess 

by reduction of 4-benzyloxy-l-hydroxy-2-butanone with fermenting baker’s 

yeasf ^ (Scheme 20.35). 

BnO 

OH 

BnO 

31% (e.e. >95%) 

BnO 

65% (e.e. 52%) 

a: PPL, 0.1M phosphate buffer (pH 6.5), 10% i-Pr20, SO^C, 12h’' 

O OH 

b: baker’s yeast, sucrose, H2O, RT, 2cl (68%)^® 

Scheme 20.35 

Applications 

Chiral 1,3-oxathiane 20.28, derived from benzaldehyde and 1-O-protected 

4-deoxy 4-mercapto-1,2-butanediol (20.27), was diastereoselectively alkylated 

with benzaldehyde to give, after removal of the auxiliary, the optically active 

benzoin^® (Scheme 20.36). 
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OTBDPS 

20.27 20.28 

Ph 

(R):(S) = 7:1 

OH 

''OTBDPS ■■ Ph 
Ph 

O 

e.e. 75% 

a: PhCHO, BFj EtjO, EtjO 

b: s-BuLi, THF, -78°C then MgBrj, PhCHO 

c: NCS, AgNO, 

Scheme 20.36 

lra«j'-2,5-Disubstituted pyrrolidine derivative 20.30 was synthesized by 

Shibuya‘^ from l-O-protected 1,2,4-butanetriol derivative 20.29 (Scheme 

20.37). 

20.29 20.30 

a: oxazolidine-2,4-dione, PhaP, DIAD, THF’^ 

Scheme 20.37 

OBn 

20.31 

OBn 

BnO^^z-^^i^NHCOCFa 

I 
Boc 

a: BocNHOBn, NaH, DMF, 0°C (83%) 

b: CF3CONH2, NaH, DMF, 80°C (62%)'°® 

Scheme 20.38 (continued) 
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QTHP QTHP OH 

20.33 

c: distillation {103-110°C/0.12 torr), yield 15-50% 

d: TsCI, pyridine, 0°C RT (70-75%) 

e: Ph^PCI, Li, THF, 0°C -> RT (27-43%) 

f: CF3COOH, MeOH-HzO, 

Scheme 20.38 

2-(9-Protected 1,4-diactivated butanetriols were used as chiral four-carbon 

building blocks for the synthesis of 1,4-heteroatom substituted, carbon chain 

elongated, or carbocylic compounds (Schemes 20.38 and 20.39). 

OTBDPS OTBDPS 'OAc QTBDPS 

a: 3 eq. MejCuLi, EtjO, 0°C, 4h (77%) 

b: PhaPCHLi, THF, -78°-> 30°C, 4h then AcOH (71%)®" 

methyl 18(f?)-hydroxyeicosatetranoate 

QMe OMe OMe 

^OTs .COOMe 
TsO NC MeOOC 

c: NaCN, DMSO, RT (65% + 26% monosubstituted)’®" 

d: MeOH, HCI, Athen H2O (78%)’°" 

OCHPh2 
gCHPhj COOH 

COOEt 
EtOOC 

""'COOH 

(1 S,37?)-aminocyclopentane- 
-1,3-dicarboxylic acid 

e: CH2(COOEt)2, EtONa, EtOH, A (70%)"’ 

Scheme 20.39 
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The first of the syntheses of Scheme 20.38 included regioselective sequential 

substitution of ditosylate 20.31 with nitrogen nucleophiles; the less sterically 

hindered C(4) tosylate was preferentially substituted in competition with the 

more sterically encumbered C(l) tosylate.'*^ The second synthesis shown in 

Scheme 20.38 utilized the heat-induced isomerisation of 2-0-THP derivative of 

1,2,4-butanetriol (20.32) to the 4-0-THP derivative 20.33; both isomers were 

used for the synthesis of chiral bis(diphenylphosphine) ligands.^ 

4-(9-Protected 1,2-epoxybutanols are excellent functionalized chirons for 

chain elongation reactions with organometallic reagents. Variants of this syn¬ 

thetic procedure are collected in Scheme 20.40. 

entry R’ R^M yield (%) ref. 

1 TBS MeMgBr, CuBr 100 24 

2 Bn n-Ci2H25MgBr, COD CuCI 92 76 

3 Bn CH2=CH(CH2)2MgCI. LijCuCU 98 89,108 

4 Bn CH2=CHMgBr, Cul 92-96 83,102 

5 Bn CH2=C(Me)MgBr, Cul 97 109 

6 TBDPS n-CioH2iLi, BF3 Et20 90 88 

7 TBDPS CH2=CHLi, CuCN 96 104 

8 Bn PhCsCLi, BFr Et20 93 102 

9 Bn 2-dithianyllithium 97 102 

10 Bn TMSCH2CHLiS02Ph 92® 98 

11 TBDPS TMSCH2CHLiS02Ph 87® 80 

12 TBS (R)-Bn0CH2CH(Me)CHLiS02Ph 94® 87,110 

mixture of diastereoisomers 

Scheme 20.40 

Some applications of the products shown in Scheme 20.40 include synthesis 

of (S)-a-lipoic acid (Golding,from entry 3); the lactone portion of (4-)-com- 

pactin and (-i-)-meviolin (Clive,*^"^ from entries 4 and 7); (-i-)-milbemycin P, 

(Kocieriski,‘°^ from entry 5); tetrahydrolipstatin (Hanessian,** from entry 6); 

(methylenecyclopropyl)acetyl-CoA (Liu,^* from entry 10); (methylenecyclo- 
propyl)acetic acid and .vvn-l,3,5-triol chain (Wicha,*® from entry 11); and (+)- 

lantrucunlin A (White,"® from entry 12); see also the application in the synthesis 
of bryostatins (Vandewalle"'). 

An interesting application of the alkylation reaction of the acetone N,N- 
dimethylhydrazone anion sequentially with (S)-1,2-epoxypropane and epoxide 

20.34, is found in the synthesis of diastereomeric exogonols 20.35 by Kitching 
et alP (Scheme 20.41). 
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.Y 
NNMe2 

n-BuLi 

o 

n-BuLi 

20.34 

HCI 

Scheme 20.41 

(2R,5S,7S)-(£,£)-20.35 

4-0-Protected 1-0-activated butanetriol derivative 20.36 with a carefully cho¬ 

sen 3-nitrobenzyl protecting group was used by Hoppe for the construction of 

the bicyclic skeleton of clavams in the sensitive P-lactam antibiotics 20.37’^ 

(Scheme 20.42). 

OMNB 

OH 

20.36 

+ 

H 
-O 

O 

-o 

-N- 

20.37a 

OH OH 

20.37b 

a: Pd(OAc)2 (cat.), NEts, benzene, RT, 2d (70%) 

b: K2CO3, Nal, HMPA, 70°C, 5h (56%)'® 

Scheme 20.42 

20.4 1,2-DI-O-PROTECTED 1,2,4-BUTANETRIOLS 

IV 

• Table 20.4 1,2-Di-O-protected (S)-l,2,4-butanetriols and their derivatives (IV) 

m.p. (°C) or 

R' X b.p. (°C/torr) [alo (solvent) References 

-CMej- OH 70-71/0.2 -2.2 to -3.2 (MeOH) 32,112-115 
+3.7 (McjCO) 86,116 

-CMCj- OTs — -15.7 (McjCO) 17,32,116 

{continued) 



546 1,2,4-BUTANETRIOL AND ITS DERIVATIVES 

Table 20.4 {continued) 

R‘ R^ X 
m.p. (°C) or 
b.p. (°C/torr) [aJo (solvent) References 

-CMe,- Cl 80/0.1 -14.3(CHCl3) 21,117 
-CMcj- Br 89-90/19 -27.9 (CHCI3) 13,118,119 
-CMej- I 112/26 -23.0 (CHCI3) 82,116,120 
-CMcj- NMej 40/0.6 +6.5 (neat) 17 
-CMej- 9-adenyl 150 -9.8 (DMF) 19 
-CMej- Glu^ 58-60 -15.6 (CHCI3) 121 

-CEtj- OH 100/0.5 + 1.5 (CH2CI2) 22,122 

-CEt2- OTs — -15.4 (CH2CI2) 122 

-CEt,- I 73-75/0.5 — 22 

-CEtj- NHCOOEt — + 1.9 (CHCI3) 73 
-CEt2- NHCOCF3 

— + 18.1 (CH2CI2) 122 

-CEt,- NPht — + 11.8(CHCl3) 73 
-CEtj- PO(OEt)2 125/0.5 -17.8(Et20) 22 

-C(CH2)5- OH — -10.6 (MeOH) 27 
-C(CH2)5- Cl — -1.7 (CH2CI2) 117 

Me Me OH 68-70/0.02 -22.6(CHCl3) 75 
n-C,5H33 Bn OH — -24.5 (CHCI3) 113 
n^CigH^? Ac OH — -9.5 (EtOH) 103 
n-C|8H37 Ac Cl — -11.8(EtOH) 103 
n“C]gH37 Ac P0(0H)2 — -5.0 (EtOH) 103 
Bn Bn OH — -32.0 (CHCI3) 82 
Bn Bn I — -39.3 (CHCl,) 82 
Bn THP OH — -5.5 (CHCI3) 37 
Bz Bz OH — -9.1 (CHCI3) 123 
C,5H3,C0 C,3H3,C0 OH 58-60 -13.0 (CHCI3) 21 

MOM CH^POCOi-Prlj OH — +3.4 (MeOH) 124 
MOM CHjPOCOi-Pr), OMs — -17.9 (MeOH) 124 
TBS MOM NHCOOEt — -50.0 (CHCI3) 73 
TBDPS MEM OH — -40.8 (CHCI3) 125 
TBDPS THP OH — + 11.0 (CHCl,)^' 125 
TBDPS THP OH — -25.1 (CHCI3)'’ 125 

“ Tetra-O-acetyl-P-D-glucopyranosyl. Rotations of the two diastereomers. 

Synthesis 

Reduction of suitably protected 3,4-dihydroxybutanoates is one of the frequently 

used methods for the synthesis of 1,2-0-diprotected butanetriols (Scheme 
20.43). 

Since 1,2,4-butanetriol is directly available from malic acid, its 1,2-diprotec¬ 

tion by the formation of a five-membered acetal appears to be an obvious choice. 

Indeed, ketones do form such acetals when reacted with 1,2,4-butanetriol under 

acidic conditions. For example 1,2-0-isopropylidene 1,2,4-butanetriol can be 

synthesized from diethyl malate in high overall yield (69%), without isolation of 

the intermediate 1,2,4-butanetriol.*^ However, contrary to the earlier 

reports,'^* '^^ a careful study of Meyers revealed that although the thermody- 
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MeOOC, 

OR2 

,OR’ 
reducing 
agent 

gR2 

^OR 
HO — 

reducing agent R’ R" yield (%) ref. 

LiAIH4 -CM©2" 70-92 
86,98,113,116, 
116,126,127 

LiAIH4 THP Bn >90 113 

LiBH4 TBDPS MEM 90 125 

LiBH4 TBDPS THP 89 125 

Scheme 20.43 

namic product of the reaction of acetone with 1,2,4-butanetriol is the five-mem- 
bered 1,2-acetonide, it is invariably accompanied by 10% side product, the six- 
membered 2,4-acetonide“^’“'‘ (Scheme 20.44). 

a: MezCO, TsOH (cat.), RT, 14h (95-98% total yield)’ “ ”^ 

b: BFj EtjO (cat.), EtjO, 0°C-> RT, 48h (86-90% total yield)’" '’'’'” 

Scheme 20.44 

The acetonides could only be separated and purified by recrystallization of 
their 3,5-dinitrobenzoate derivatives. 

The use of more bulky ketones such as diethyl ketone further destabilizes the 
six-membered 2,4-acetal; this allows the preparation of almost pure 1,2-acetals 
of 1,2,4-butanetriol (Scheme 20.45). Ketal 20.38 was used by Ley for the prepa¬ 
ration of a stable glyceraldehyde derivative.'^' 

A number of 4-activated derivatives of 1,2-0-isopropylidene-1,2,4- 
butanetriol have been synthesized according to Scheme 20.46. 

Interestingly, 1,2-acetal diprotected 1,2,4-butanetriol was obtained by the 
isomerization reaction of the 2-0-ethoxyethyl protected precursor (Scheme 
20.47). Note that direct protection of 1,2,4-butanetriol with aldehydes gives pre¬ 

dominantly 2,4-acetals. 
Moderate selectivity in the formation of the 1,2-diprotected derivative was 

observed in the acetylation of (S)-2-(9-benzyl 1,2,4-butanetriol with vinyl 
acetate, catalyzed by PFL {Pseudomonas fluorescens lipase; Scheme 20.48). 
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HO 

E 0 a 

a (R, R = (CH2)5): cyclohexanone, TsOH (cat.), RT (85%), 95 : 5 mixture of isomers^^ 

(R = Et): 3,3-dimethoxypentane, TsOH (cat ), CH2CI2 or DMF, RT (71-93%),^°^ ’“ 

45 :1 ratio of isomers™ 

or 3-pentanone, TsOH (cat.), (71-92%)^^'^” 

(R = i-Pr): 2,4-climethyl-3-pentanone, TsOH (cat.), benzene, A (84%), single 

isomer'^'* 

CSA (cat.), PhMe, A (96%, single isomer)’^’ 

Scheme 20.45 

X=CI, Br, I 

a: TsCI, pyridine or NEta, CH2CI2, 0°C^. RT (84-98%)"'“ "® ”® ’^^-™ 

b (X = Br): LiBr, THF or DMF (54-80%)"' "® ™ 

b (X = 1): Nal, MejCO (62-97%)®^ "® ”‘’'®’' 

c (X = Cl): CCI4, 1 eq. PPhj, RT (61-86%)’^®’-™ 

c (X = Br): 1.5 eq. CBr4, leq. PPha, CH2CI2, RT (77%)’'’“ 

Scheme 20.46 

OEE 

a: BFs- EtjO (cat.), EtjO, RT (95%)®'^' 

Scheme 20.47 
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OBn QBn 

R’ = H, = Ac 64% 

R' = Ac, R"' = H 7% 

r' = = Ac 24% 

a: CH2=CHOAc, PFL, CHCb, 24h (95% conversion)’^® 

Scheme 20.48 

1,2-O-Diprotected derivatives are also available from the 0-triprotected 

1,2,4-butanetriols by selective removal of the 4^(9-protecting group (Scheme 

20.49). 

OMe OMe 

(96%)^®'®® 

OAc 

a 

OAc 

OC13H3, (97%)’” 

a: H2, Pd/C, EtOH, RT 

QTBDPS OTBDPS 

b: CF3COOH-H2O, CH2CI2, -20°C’®® 

OBn QBn 

c: LiAIH^, THF, A (97%)“ 

OTHP 

TBDPS 
d 

d: n-Bu4NF, THF, RT (91%)“ 

Scheme 20.49 

For the synthesis of (7?)-l,2-0-isopropylidene 1,2,4-butanetriol the hydrobo- 

ration-oxidation of the alkene 20.39, available from L-ascorbic acid, appears to 

be a highly competitive method (Scheme 20.50). 
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20.39 

a: 9-BBN. THF then H2O2, NaOH (79%)’""' 

Scheme 20.50 

Applications 

4-Halo derivatives of 1,2-0-isopropylidene 1,2,4-butanetriol are versatile four- 

carbon chiral building blocks with masked diol functionality which can be used 

as both electrophilic and nucleophilic (umpolung) reagents (Fig. 20.2). 

Figure 20.2 

a: Li, 4,4'-di-ferf-butylbiphenyl (cat,), THF, -78°C 

b: R'COR^ -78“C, 20 min. then H2O (m.d.)”^ 

o 

R2 
OH 

c: activated Zn, THF, 45-50°C (80-85%) 

d: RCHO, BFa- EtjO, CH2Cl2,-30°-> 0°C, 3h (51-96%, 69-85% synf^ 

e: 2 eq. Et2Zn, Cul (cat.), 50°C 

f: RCHO, BF3 Et20, PhMe, -78‘>-4 -30°C (52-89%, 84-95% syn)'^ 

Scheme 20.51 (continued) 
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g: Mg, EtjO, RT 

h: 0.1 eq. CuBr Me2S, Et20, -78°-> 0°C (70%, diastereoselectivity 92 : 8)’®^ 

j: Li, pentane, than Cul 

k: THE, -65°C, PhN02 quenching (91%)'^ 

Scheme 20.51 

In the latter case a number of organometallic reagents have been prepared and 

used for carbon-carbon bond formation (Scheme 20.51). Organozinc (20.40) and 

organomagnesium (20.41) reagents showed good diastereoselectivity in the 

addition to aldehydes; products of these reactions were further elaborated by 

Koert etal. to 2,6-disubstituted tetrahydrofurans of defined stereostructure.^^ '^* 

The chelation-controlled addition of ent-20.41 to a chiral aldehyde allowed 

the construction of the bis-tetrahydrofuran moiety of (+)-rolliniastatin 1 in the 

highly stereoselective cis-anti-cis manner (Koert'"*”). 
Furthemore, 4-halo-1,2-0-isopropylidene derivatives were converted to chiral 

Wittig reagents and used for the carbon-carbon double bond formation (Scheme 

20.52). 
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entry R X base yield (%) config. ref. 

1 Bn Br n-BuLi 60 £ 1,128 

2 n-Pr I n-BuLi 84 141 

3 n-CsHii I n-BuLi, HMPA 84 z 116 

4 (S)-MeCHNHCbz I KH 81 z 142 

in addition 14% £ 

Scheme 20.52 

Products of Scheme 20.52 were used for the synthesis of (+)-5-(4',5'-dihydrox- 

ypentyl)uracil (entry 1, Nakanishi' *^*), 12(S)-HETE (entry 3, Mosset'*^), and 
6-cp/-D-purpurosamine (entry 4, Ohno"^^). 

As electrophiles, 4-activated 1,2-0-diprotected derivatives of 1,2,4- 

butanetriol were used for the formation of C-C, C-N, C-P, and C-S bonds. 

Examples of such reactions are shown in Schemes 20.53 and 20.54. 

X RM yield (%) target compound(s) 

Br n-PrMgBr 77 (+)-pulvilloric acid (Gerlach’") 

Br LiCsCLi (0.5 eq.) 41 2,5-linked dimeric tetrahydrofurans 
(Koert'‘“) 

Br 88 3-hydroxy-1,7-dioxaspiro 
[5.5]undecane (Mori"®) 

1 n-PrC=CLi - (-)-bullatacin (Hoye^®®) 
Eicxx 

1 60 phoracantholide (Sakai'^) 

I LiCH2C(OLi)=CHCOOEt 96 c/s-2,6-disubstituted tetrahydropvran 
(Kotsuki'"'") 

I LiCH2C(ONa)=CHCOOMe 63 2,8-dimethyl-1,7-dioxaspiro 
[5.5]undecane (Mori’”) 

™so 
1 Id 

Lio' 

72 3-alkyl-3-hydroxyazetidin-2-ones 
(Dolle’‘“) 

OTs NaCN 82 (S)-(-)-3-piperidinol (Olsen’“) 

Scheme 20.53 
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a (X = I): 8-valerolactam, t-BuOK, THF, 50“C (70%)'^’' 

b (X = OTs): [ >—(CHA.NHCOCF, , NaH, DMF, 80°C (42%)“ 

Synthesis of PAF (Nakamura,”^ Engel'°^) and phospholipid (Martin''*®) analogues 

c (R’ = C,6H33, = Bn, X = Br): P(OSiMe3)3, 150“C, 22h then EtOH (79%)"® 

d (R’ = CieH37, R^ = Ac, X = Cl): P(OMe)3,140°C, 48h (59%)’“® 

e (R’,R® = CMez, X = Br): P(OEt)3, 165-175°C, 6h (86%)’"“ 

Synthesis of 4-methylaminomethyl-2,3,4,9-tetrahydrothiopyrano[2,3-b]indole 

(Makisumi’’“) 

f: K2CO3, MejCO, RT, 4h then MeOH, HCI, RT (84%)’’“ 

Scheme 20.54 

An outline of Schreiber’s synthesis of ionomycin fragment 20.43 from iodide 

20.42 is shown in Scheme 20.55. Note that the carboxylic group of the product is 

introduced by oxidative destruction of the chiral center provided by 20.42. 
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a: LDA, THF, 0°C, then -78°C (91%, m.d.)“ 

Scheme 20.55 

Shibuya et al. obtained c/,y-2,5-disubstituted tetrahydrofuran 20.45 by a 

highly diastereoselective radical cyclization of acrylate 20.44 derived from 

1,2,4-butanetrioP^ (Scheme 20.56). 

MeOOC 

20.44 

MeOOC 

a: n-BusSnH, EtsB, PhMe, O^C (93%, single isomer)^^ 

Scheme 20.56 

20.45 

OBn 

20.5 1,4- AND 2,4-DI-O-PROTECTED 1,2,4-BUTANETRIOLS 

OR2 

X 

V 

Table 20.5 1,4- and 2,4-Di-O-protected (S)-l,2,4-butanetriols and their derivatives 
(V) 

m.p. (°C) or 
X b.p. (°C/torr) [aJo (solvent) References 

1,4-diprotected 

CI8H370 H Bn — -15.7 (EtOH) 103 
BnO H Bn — -7.3 (EtOH) 150 
BnO NHj Bn -13.2 (EtOH) 150 

{continued) 
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Table 20.5 (continued) 

X 
m.p. (°C) or 
b.p. (°C/toiT) [aJo (solvent) References 

BnO NPht Bn _ -17.4(EtOH) 150 
BnO H TIBS — -7.3 (CH2CI2) 151 
BnO H TBDPS — -l.OlCHClj) 81 
TrO H Tr — + 10.4 (CH2CI2) 2 

TrO Ts Tr — + 3.2(CH2Cl2) 2 

AcO H Ac — —16.8 (neat) 7 
AcO Ms Ac — -8.7 (CH2CI2) 7 
BzO H Bn — -4.3 (EtOH) 86 

Bz H Tr — -6.2 (CHCI3) 64 
TIBSO H Bn — -5.0 (CH2CI2) 151 
PhjSiO H Bn 

2,4-diprotected 

-0.55 (CH2CI2) 151 

HO -CH2- — + 24.8 (CHCy^ 72 
MsO -CH2- 73.5-74.5 + 13.3 (CH2CI2) 30 
HO -CMe2- — + 16.7 (CHCI3) 65,152 
TsO -CMe2- 57.5-59 + 1.7 (CHCI3) 152 
I -CMe2- 94-95/9 + 24.3 (CHCI3) 152 
HO -CHPh- 63-64 +7.6 (MeOH)^ 61 
TsO -CHPh- 64-65 -2.3 (CHCI3) 118,153 
Br -CHPh- I ll-l 14/0.4 + 35.3 (CHCI3) 118 
N3 -CHPh- — +6.4 (CHCI3) 154 
HO -2-BrC6H4CH- — -15.7 (CHCI3) 125 
PhSOjO -2-BrC6H4CH- — -5.4 (CHCI3) 125 
HO -4-MeC6H4CH- — + 8.0(CHCl3) 155 
HO -CHAn- — +10.3 (CHCI3) 156 
HO Me Tr — +2.3 (CHCI3) 68 

HO Bn MEM — -1.0(CHCl3) 113 
HO Bn TIPS — -2.8 (CHCI3) 70 
H2N Bn TIPS — -4.8 (CHCI3) 70 
BzNH Bz Bz 54-55 -26.0 (CHCI3) 157 

‘ At 546 nm +106 (CHCI3) was reported erroneously in ref. 4 (cf. ref. 156,158) 

Synthesis 

1,4-Di-O-protected butanetriols are available from 4-0-monoprotected precur¬ 

sors, taking advantage of the difference in reactivity of the primary C(l) and the 

secondary C(2) hydroxy groups. The 1,4-di-O-trityl derivative can be synthe¬ 

sized directly from 1,2,4-butanetriol (Scheme 20.57). 
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OH QH 

R' R" reagents yield (%) ref. 

Bn" C1BH37 CisHa/OH, BF3, CH2CI2 97 103 

Bn MTr MTrCI, NEta, CH2CI2 84 159 

Bn Bz BzCI, pyridine, CH2CI2 75'’ 86 

Bn TBDPS TBDPSCI, DMAP, CH2CI2 or pyridine 94-97 98,160 

TBDPS Bn BuaSnO, BnBr, Bu4NBr, PhMe 87 81 

TBDPS Piv PivCI, NEta, CH2CI2 93 101 

reaction with 1,2 epoxide side product: 1,2-dibenzoate (10%) 

Scheme 20.57 

Another synthetic entry to the l,4-di-(9-protected butanetriols is from the 

triprotected derivatives (Scheme 20.58). 

OMOM 

BnO 
,OBn _a_ 

a: HCI-MeOH, RT (84%)'^ 

OEE 

AcO 
,OAc _L 

b: HCI, THF-H2O, RT (100% crude)^'* 

OH 

c: MejSiCN, TiCU, CH2CI2 (82-98%, regioselectivity 22 :1 to 250 :1)®' 

Scheme 20.58 

The most important route to 2,4-di-O-protected butanetriols is based on the 

acetalization of 1,2,4-butanetriol with aldehydes or their dimethyl acetals. In 

contrast to the analogous reaction of ketones, the reaction preferentially gives 

2,4-acetals having c/5-configuration (A) (Scheme 20.59). 

The side products of this reaction are diastereoisomeric 1,2-acetals (B) and 

traces of the trans diastereomer of A. Acetal A (R = Ph) was also obtained by 

transacetalization of 1,2-0-isopropylidene-1,2,4-butanetriol with benzal- 
dehyde.'^' 



1,4- AND 2,4-DI-O-PROTECTED 1,2,4-BUTANETRIOLS 557 

R reagents yield (%) A : B ref. 

H paraformaldehyde, MsOH 77 (A+B) 77: 23 90 

H H2C(OMe)2,TsOH a A only 161 

Me MeCH(OEt)2,CSA 77 (A) a 162 

Ph PhCHO, TsOH 87 (A) ca. 9: 1 29 

Ph PhCHO, CPjCOOH 82 (A+B) 85; 15 153 

Ph PhCH(OMe)2, HBP4 or TsOH 80 (A) ca. 10: 1 4,29,91 

2-BrC6H4 2-BrC6H4CH(OMe)2, TsOH 82 (A) 91 : 9 125 

3,4,5-(MeO)3C6H2 3,4,5-(MeO)3C6H2CH(OMe)2, TsOH 79 (A) a 163 

Per'’ PerCH(OMe)2, TsOH 85 (A) a 164 

® not determined ^ Per = ferrocenyl 

Scheme 20.59 

Herradon developed a kinetic resolution of racemic acetals A by lipase cat¬ 

alyzed transesterification in organic solvents. The best results were obtained 

with Pseudomonas fluorescens lipase (PFL).'^^''“ The enantioselectivity of the 

reaction was found to be solvent-dependent'^^ (Scheme 20.60). 

Ar 

\J \J 

u- ,OAc 

yield, % (e.e,, %) 
Ar solvent alcohol ester ref. 

Ph THP 31 (>98) 42 (86) 165 

Ph benzene 32 (>98) 49 (83) 165 

An toluene 38 (91) 40 (90) 156 

An wet CHCI3 44 (98) 44 (83) 156 

a: Ci-l2=CHOAc, PFL, RT, conversion 50-54% 

Scheme 20.60 

The 2,4-0-isopropylidene derivative of 1,2,4-butanetriol is available either by 

reduction of the 2,4-C)-isopropylidene derivatives of 2,4-dihydroxybutanoates or 

by selective deprotection of the tri-0-protected precursors (Scheme 20.61). 
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a b 

a: LiAIH4, EtjO, RT (82%)'“ 

b; BU4NF, THF, RT (85%)®" 

Scheme 20.61 

Applications 

1,4-Di-O-protected butanetriols are commonly used as chiral substrates for the 

introduction of a new substituent at the chiral center with full control of stereo¬ 

chemistry. Some examples are shown in Scheme 20.62. 

OMs 

OTBDPS a 

a: BnNBuaCN, MeaSiCN. MeCN, A (56%)'“ 

(+)-strigol 

OH 

,OBn OBn 
TBDPSO ^ ^ TBDPSO 

b: oxazolidine-2,4-dione, PPha, DIAD, THF, 0“C -> RT, 12h (65%)®' 

OH NPht 

(+)-bulgecinine 

OH 

TrO 
,OBz _c_ 

TrO" 
,OBz 

NH 

c; phthalimide (Mitsunobu reaction), 78%®^ 

BnO 
OBn 

d, e 

BnO 
,OBn (S)-9-(1,4-dihydroxybut-2-oxy)purine 

d: A/-hydroxyphlhalimide, PPha, DEAD, THF, 0°C RT (91%) 

e: MeNHNHa, CH2CI2, 0°C (76%)'®“ 

OTs SPh 

f: PhSNa, THF-DMF (71%)^ 

Scheme 20.62 
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Likewise, 2,4-di-O-protected 1-activated butanetriols were used for substitu¬ 

tions atC(l) with a variety of nucleophiles. An example is the synthesis of enan- 

tiomerically pure (/?)-!,3-butanediol (20.46), a precursor of chiral diphosphine 
ligand (5)-chairphos^° (20.47), Scheme 20.63. 

20.46 20.47 

a: LiBHEtj, THF, -60°C -> RT (90%)'“ c: KI, DMF, 100-120X“ 

b: H2, 20% Pd(OH)2/C, AcOEt, RT (87%)’“ d: H2, 10% Pd/C, NEtj, EtjO (98%)“ 

e: 2,4-dinitrophenylhydrazine, FICI (75%)“ 

Scheme 20.63 

Enantiomers of 1,7-dioxaspiro [5.5] undecane 20.49 and ent- 20.49, the olive 

fly pheromone, and its hydroxy derivatives (20.50 and 20.52) were synthesized 

by Mori from 2,4-acetals of butanetriol 20.48 and 20.51 by C(l) substitution 

with 1,3-dithiane nucleophile, a formyl anion equivalent, followed by alkylation 

(Scheme 20.64). 

Ph 

20.48 (CH2)40EE 

■ ■iDOt , THF, -50“-> -SO^C (83%)’ 

b: n-BuLi, I(CH2)40EE, THF, -SOX (74%)”® 

20.49 20.50 enf-20.49 

Scheme 20.64 (continued) 



560 1,2,4-BUTANETRIOL AND ITS DERIVATIVES 

c: as a, -35°C -> RT (60%)’=' 

d: n-BuLi, then 20.51, -10°^ -0°C (55%)’“ 

HO 

20.52 

Scheme 20.64 

The substituted l,4,7,10-tetraoxaspiro[5.5]undecane system has been synthe¬ 

sized from 2,4-0-isopropylidene butanetriol by condensation with an equivalent 

of 1,3-dihydroxyacetone (Scheme 20.65). 

a: 50% NaOH, Bu^NHSO^ (89%) b: NaH, THF, A (45%) 

c: n-Pr4NRu04, NMM oxide, CH2CI2 (95%) d: 3% HCI, THF (70%)“ 

Scheme 20.65 

1 -Pyrrole substituted 2,4-0-benzylidene butanetriol was used for the synthe¬ 
sis of C-acyclic nucleoside analogues. 

20.6 TRI-O-PROTECTED 1,2,4-BUTANETRIOLS 

VI 
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Table 20.6 Tri-O-protected (S)-l,2,4-butanetriols (VI) 

R' R^ 
m.p. (°C) or 

b.p. (°C/torr) [alo (solvent) References 

Me Me Bn 96-100/0.3 -13.2(CHCl3) 75 
CjgHa? Ac Bn — -14.9 (EtOH) 103 
C18H37 -CHPh- 58-59 +0.7 (CHCI3) 62 
Bn Bn Bn — -49.6 (CHCI3) 167 
Bn MOM Bn — -16.0 (EtOH) 150 

-CHMe- Ac 108-109/27 + 19.4 (CHCI3) 24 
-CMej- Bn 98-102/0.05 -1.7 (CHCb)^ 75,76,86,100 
-CMe,- MTM — + 8.3 (CHCI3) 77 
-CMej- DNB 62-63 -13.7 (CHCI3) 114,115,168 
-CMe,- SEM — +7.5 (CHCI3) 77 
-CMej- TBDPS — + 3.0 (CHCI3) 80 

Ac -CHPh- — + 27.1 (CHCI3) 156 
Ac Ac Bn — -20.5 (CCI4) 169 
Ac Ac Ac — -10.8(MeOH) 27,170 
C,5H3,C0 C,5H3,C0 Bn 40-41 -9.4 (CHCI3) 21 

Bz Bz Bn — +26.9 (CHCy*’ 123 
Bz Bz Ac — -30.9 (CHCI3) 123 
DNB DNB DNB 172-174 —40.7 (pyridine) 27 
TBS -CMe,- — -7.0 (CHCI3) 65 
TBS Bn TBS — -24.0 (CHCI3) 70 
TIPS Bn TIPS — -20.0 (CHCI3) 70 
TBDPS Bn TBDPS — -13.0(CHCl3) 70 

[alo +3.1 (CHCI3) in ref. 123. [al^ -4.0 {CHCI3) in ref. 86. 

Synthesis 

Triprotected 1,2,4-butanetriols play a central role in the protection scheme (Fig. 

20.1) and can be obtained by a variety of conventional methods from precursors 

bearing a smaller number of protecting groups, such as 2-, 1,2-, 1,4- and 2,4-0- 

protected derivatives. A number of specific compounds with differing protecting 

groups are displayed in Table 20.6. 

A rather non-conventional bicyclic orthoesters 20.53, derivatives of 2,7,8-tri- 

oxabicyclo[3.2.1]octane, were synthesized by Verkade et al. from (5’)-1,2,4- 

butanetriol’’’ (Scheme 20.66). 

OH 

20.53 

a: RC(OMe)3, THF, dry HCI (cat.), RT, 6-8h {13-63%)'^' 

Scheme 20.66 
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Applications 

1,2,4-Tri-O-protected butanetriols are used as chiral auxiliaries in the 

Diels-Alder reaction (chiral dienophile 20.54)'^^ and in the nucleophilic alkyla¬ 

tion of chiral hydrazones 20.55'^^ (Scheme 20.67). 

0 
20.54 

a: EtAICIz, CH2CI2, -60°C 

^NNMe2 
HC'^ 

69%, d.e. 100% 

b: cyclopentadiene'^^ 

Me 
j NHNMe2 

k 
^ O' 'O 

R = Me, d.e. 60% 

Bn, d.e. 80% 

Tr, d.e. 100% 

20.55 

c: 3 eq. MeLi, Et20, -12°C (72-78%)'^’ 

Scheme 20.67 

The high diastereoselectivity of the Diels-Alder reaction with the unhindered 

and flexible chiral butanetriol auxiliary undoubtedly results from the coordina¬ 

tion of the Lewis acid to both the dienophile carbonyl group and the dioxane 

oxygen atoms of the auxiliary, making the S/-face of the dienophile more acces¬ 

sible for the diene. 

a: 1.1 eq. t-BuLi, Et20, -78“C RT 

b: RX, -30°C -> RT (80-90%) 

c: acidic hydrolysis (90-95%)'®“' 

R = TMS, SnBua, PPh2, COOMe, I, 

C=CTMS, C^CPh 

d.e. >98% in all cases 

Scheme 20.68 (continued) 
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MeO MeO 

d; Cr(CO)6, BujO, THF, heptane, 130°C (67%) 

e: n-BuLi, PhMe, then BrF2CCF2Br 

f: acidic hydrolysis (47%)^®® 

e.e. 90% 
(100% after recrystallization) 

Scheme 20.68 

The l-O-methyl butanetriol 2,4-acetal auxiliary aided in the synthesis of chiral 

ferrocenes and of chiral (arene)chromium complex by Kagan'^ and Uemura'®^ 

respectively (Scheme 20.68). 

The similarity of asymmetric induction in the above two reactions suggests a 

common mechanistic rationalization, as it is shown for the substitution of the 

ferrocenyl derivative (20.56). 
A number of 1-0-octadecyloxy 2,4-cyclic phosphates and phosphoramidates 

of (S)-l,2,4-butanetriol were prepared by Weller as conformationally restricted 

analogues of the platelet-activating factor.^ 
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Index of Desymmetrization 

TARTARIC ACID DERIVATIVES 

C1/C4 Differentiation 

COOH/COOR 0,0'-diacyltartaric anhydrides, alcoholysis, 59 

COOH/CONHR 

tra«5-2,3-epoxysuccinates, hydrolysis, 128 

0-monoalkyl tartrates, RLE hydrolysis, 86 

0-mono-t-butyl tartrate, esterification, 60 

tartrate acetals, hydrolysis, 170-171 

tartrates, hydrolysis, 20 

0,0'-diacyltartaric anhydrides, aminolysis, 44,59 

tartaric acid, reaction with /V-sulfinylanilines, 44 

COOR/COOR' 

COOR/CONHR 

COOR/CHjOH 

O-monotosyl tartrates, transesterification, 122 

tartrates, aminolysis, 44 
0,0'-diprotected tartaric anhydride, hydrogenation or reduction, 407^08 

2,3-epoxybutanoate, NaBH4 reduction, 407 

O-monoprotected tartrates, BH3 reduction, 408—409 

CH2OH/CH2OR 

2.3- 0-isopropylidene tartrate, reduction, 407 

2.3- O-dialkyl threitol, monoalkylation or monosilylation, 353-354 

2.3- O-isopropylidene threitol, monoalkylation or monosilylation, 348-349 

l,3;2,4-di-0-methylene threitol, acetolysis, 309 

CHjOH/CHjOTs 

CH2OTS/CH2X 

CMe20H/CMe20R 

2,3-O-isopropylidene threitol, monotosylation, 324 

2,3-O-isopropylidene threitol bis-tosylate, monosubstitution, 335, 349 

TADDOL, O-monoalkylation, 266 

C2/C3 Differentiation 

OH/OR benzylidene tartrates, reductive cleavage, 300-301, 305 

OH/OAc 

OH/OC(0)R 

l,3;2,4-di-0-methylene threitol, acetolysis, 309 

tartrates, alkylation or silylation, 82-85 

tartrates, methoxymethylation, 190-191 

tartrate orthoester acetals, cleavage, 73 

tartrate 0,0'-aryl acetal, oxidation, 274 

dialkyl tartrates, acylation, 72-73 

0,0'-dibenzoyl monoalkyl tartrate, aminolysis, 71 

6>,0'-dibenzoyltartaric acid, hydrolysis, 68 

0,0'-dibenzoyltartaric anhydride, aminolysis, 71 

0,<9'-dibenzoyltartramic acid, aminolysis, 71 

0,C>'-dibenzoyltartramic acid, hydrolysis, 71 

0,0'-dibenzoyl threonate, intramolecular transesterification, 407 

OH/OTs 

OH/X 

tartrates, tosylation, 121-122 

tartrates, substitution, 120-121 
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1.2 Malic Acid Derivatives, C1/C4 Differentiation 

Cl 

COOH 

C4 

COOR malates, enzymatic hydrolysis, 452^53 

COOH CONH2 malamide, hydrolysis, 463 

COOR COOH malic acid, 1,2-acetaI formation, 431-432 

COOR COOH malic anhydrides, alcoholysis, 452^53 

COOR CONHOBn A'-benzyloxy malimide, alcoholysis, 468 

CONHR COOH malic anhydrides, aminolysis, 463 

CHO COOR (9-protected malates, reduction, 506 

CHjOH COOR malates, reduction, 490 

1,2-acetal CH2OH 

O-protected malic anhydrides, reduction, 491 

1,2,4-butanetriol, acetalization, 547 

1,2-epoxy CH2X 1,2,4-butanetriol, substitution reactions, 526 



Index of Resolutions 

Alcohols 

as 0,0'-diacyltartrates, 50-52, 67 

as tartranilates, 109 

with TADDOLs, 240-241 

Aldehydes and ketones 

as acetals, 172, 368 

as tartramazones, 45-46 

dihydrocitronellal, 173 

hexahydrofamesal, 173 

hexahydrofamesylacetone, 173 

hexahydropseudoionone, 173 

with TADDOLs, 240-244 

Amines 
as C>,0'-diacyltartramic acids, 50-51 

with 0,0'-dibenzoyltartaric acid, 55-57 

with <9,0'-dibenzoyltartaric acid 

mono(dimethylamide), 63 
with 0,C>'-di(phenylaminocarbonyl)tartaric 

acid, 56 
with 0,0'-ditoluoyltartaric acid, 55-56 

with malic acid, 426 

with tartaric acid, 2-4, 57 

with tartranilic acids, 45 

with TADDOLs, 240—242, 244 

Amino acids 

with tartaric acid, 3-4 

Amino alcohols 

with tartrate and boric acid, 135 

Arsonium salts 

with 0,0'-dibenzoyltartaric acid, 57 

Aryl phosphine oxides 

with 0,0'-dibenzoyltartaric acid, 57 

2,2' -Dihydroxy-1,1' -binaphthyl 
withN,N,N',N',0,0'-hexamethyltartaric 

diamide, 91 

4,4' -Dihydroxy-2,2' ,3,3' ,6,6' -hexamethy 1- 

biphenyl 

with TADDOL, 243 

Imide 
with TADDOL, 240-241, 243 

Lactones 
with TADDOLs, 240-241, 243 

Mandelates 
with calcium hydrogen 0,0'-dibenzoyltartrate, 

57 

Menthol 
with 0,0'-dibenzoyltartaric acid, 57 

Phosphonium salts 
with 0,0'-dibenzoyltartaric acid, 56-57 

Sulfonium salts 
with 0,0'-dibenzoyltartaric acid, 57 

Sulfoxides 

with TADDOL, 240-241, 243 
2-Tetrahydropyranylhydroxylamine 

as 0,0'-dibenzoyltartrimide, 109 

573 



Index of Stereoselective Reactions 

TARTARIC ACID DERIVED 
LIGANDS FOR 

Addition 

of arenethiols to A-acylaziridines, 30 

of carbon nucleophiles to aldehydes, 32, 

68-70, 251-254, 264-265, 289, 342-343 

of dialky Izinc to nitroolefins, 261 

Aldol reaction, 68, 70, 136 

Allylic substitution, 270 

intramolecular, 111 

Bayer-Villiger oxidation, 247 

Cycloaddition 

1,3-dipolar, 31, 259-260 

[2+2], 257-259 

[4+2], 336, 338 

Cyclopropanation, of 

aryl olefins 9, 173 

allylic alcohols, 30, 148-151, 259-260 

Deracemization, of 

amino acids, 4-5 

benzoin, 57-58 

A-benzylidene amino acid esters, 57 

Diels-Alder reaction, 29, 68-69, 135-136, 

254-258,314 

Dihydroxylation, 313, 330 

Ene reaction, 260 

Epoxidation, 29, 389 

Sharpless method, 20-23, 42, 46 

Esterification, meso-anhydrides, 262-263 

Hydroboration, 336, 338 

Hydrocyanation, of vinylarenes, 110-111 

Hydrogenation, of 

a-(acetyloamino)acrylic acids, 293-294 

alkenes, 336-337 

imines, 336-337 

ketones, 5-7, 336 

methyl acetoacetate, with Raney nickel, 70 

Hydrophosphonylation, 28 

Hydrosilylation, of ketones, 174, 270, 314 

lodolactonization, 261-262 

Kinetic resolution, of 

allylic alcohols, 23-24 

azlactones, 262 

biaryl lactones, 262 

dioxolanones, 262 

(3-hydroxy amines, 26-27 

2-pyridyl 2-phenylthiobutyrate, 262-263 

sulfides, 27-28 

Michael addition, 246, 260-261, 384 

Oxidation, of 

amines to amine A-oxides, 21 

sulfides to sulfoxides, 20, 23, 25-27, 52 

titanium enolate, 262-263 

Photocyclizations, 244-246 

Polymerization, tactic, 265 

Reduction, of ketones, 5, 247, 265, 289 

Ring opening, of epoxides, 8 

Trimethylsilylcyanation, 28 

Wittig-Homer reaction, 247 

TARTARIC OR MALIC ACID 
DERIVED AUXILIARIES/ 
REAGENTS FOR 

Acylation, of silyl enol ethers, 180-181 

Addition, of 

alkyllithiums, to hydrazone, 562 

allylsilane to aldehydes, 86 

cyclic phosphite to imine, 274—275 

574 
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ester enolates to imines, 374 

Grignard reagents to ketones, 371-373 

orgaffocerium reagents to imines, 374 

Alkylation, ferrocenyl derivatives, 562-563 

a-Alkylation, of 

aldehydes, 266-267 

ester enolates, 375 

propionamide, 315-316 

Allenylboration, of aldehydes, 146-147 

Allylboration, of aldehydes, 139-142, 144 

Aromatic substitution, 266-267 

Benzoin condensation, 541-542 

Biaryl coupling, oxidative, 380 

Bromination, of 

acetals, 175, 178 

(arene)chromium complex, 563 

Bromohydroxylation, 158 

Bromolactonization, 179 

Conjugate addition, to 

acetals, 175-176 

acrylates, 467 
Crotylboration, of aldehydes, 143-144 

Cyclization 

ketyl-olefin, 180-181 

of olefins, 180 

Cyclopropanation, of 

2-cyclohexen-l-one, 266-267 

olefins, 139, 148, 174-175, 369-370 

Deprotonation, of arene Cr(CO)3 complexes, 375 

Desymmetrization, of myo-inositol, 180, 182 

Diels-Alder reaction, 52, 346-347, 467^68, 562 

and allylboration tandem reaction, 146 

intramolecular, 371 

Homoallenylation, of aldehydes, 147 

Hydrogenation, of enamides, 60, 62 

Kinetic resolution, of ethyl alaninate, 110 

Photocycloaddition, 180, 376-377 

Prenylboration, of aldehydes, 145 

Protonation, enantioselective, 17-18 

Reduction, of 

imines, 275-276 

ketone, 274-275, 371-372 

Staudinger reaction, 110 

Ullmann coupling reaction, 66-67 



Index of Products 

TARTRATE LIGANDS AND 
AUXILIARIES FOR 

Alcohols, 175, 177, 252-254, 264-265 

2-Alkyl-2-arylacetic acids, 178 

Amines, 261,275-276 

Anthracycline intermediate, 136, 180 

Antifungal agent FR-900848, 150, 175-176 

(5)-2,2'-Binaphthol, 380 

Bis-cyclopropanes, 149, 174 

Brefeldin, intermediate, 262 

a-Bromoketones, 178 

1 -Carboxymethylthymine dimer, 66 

(-)-Chokol A, 370 

Chromiumtricarbonyl - arene complexes, 

180-181 

Cinatrins Cj and C3, 188 

Curacin A, side chain, 254 

Cyclobutanes, 257-259 

Cyclobutenes, 257-258 

Cyclopentanols, 181,263 

Cyclopropanes, 173 

Cyclopropanol, 2-substituted, 148 

Cyclopropylmethanols, 148-149, 260 

Cyclosarcomycin, 467 

(+)-6-Deoxycastanospermine, 52-53 

(-)-7-Deoxydaunomycinone, 374 

2-Deoxyhexoses, 141-142 

2,8-Dioxabicyclo[3.2.1 ]octane, derivative, 188 

Fosfomyein, 158 

(+)-Grandisol, 257 

Herbindoles, 468 

D-m^o-lnositol 1,3,4,5-tetrakis-phosphate, 182 

(-)-lpsdienol, 142 

(-)-lpsenol, 147 

Joubertiamine, 3'-methoxy- 

4'-0-methyl, 371 

Ketoprofen, 178-179 

Kijanolide, octahydronaphthalene subunit, 144 

(+)-Kotanin, 381 

Macrocycles, axially chiral, 375-376 

5,6-Methanoleukotriene A4, 174 

3-Methylcyclohexanone, 177 

Mevinic acids, skeleton, 256 

Mevinolin, 8-lactone related to, 147 

(-)-Modhephene, 370 

(-)-Muscone, 370 

Naproxen, 178-179 

Oxetanocin, carbocyclic analogues, 257 

(+)-Paniculide A, 256 

1- Phenylethanol, 174 

2- Phenylpropanal, 177 

1-Phenyl-1,3-propanediol, 275 

l-Phenyl-2-propen-l-ol, 28 

Porphyrin, dimeric, 382 

(-)-Pre-swinholide A, 144 

Protein inhibitor U-106305, 151 

Riflamycin S, C(19)-C(29) segment, 144 

encP-Santalene, 467 

Sex pheromone, Macrocentrus grandii, 143-144 

Silanes, chiral, 381 

Spiro[4.5]dec-2-ene-1,6-dione, 375 

Streptovaricin D, C(l)-C(15) segment, 144 

(-)-Swainsonine, 145-146 

Tercyclophanes, 150 

Tetrahydrofuran, a,p-disubstituted, 140-141 

Tetranolide, octahydronaphthalene subunit, 144 

Torgov’s pentaenone, 257-258 
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Transmembrane ion channels, 182 

Trioxadecalin derivative, 145-146 

Truxinate esters, 376-377 

Vitamins E and K, side chain, 175, 177 

TARTARIC OR MALIC BUILDING 
BLOCKS FOR 

V-Acetyl-D-daunosamine, 204-205 

(+)-Acutiphycin, 515 

Adenine, e/^r/!;-o-9-[(25)-hydroxy-(37?)-nonyl], 

325 

Alcaligin, 542 

Aldols, anti and syn, 222-223 

a-Alkoxylithium reagent, chiral, 487 

(+)-Altholactone, 347 

Aminoacids, (27?,3^)-2,3-epoxysuccinyl, 131 

(1 S,3^)-Aminocyclopentane-1,3-dicarboxylic 

acid, 543 

3-Amino-3-deoxyerythrose, derivative, 306 

Amphldinolide A, fragment, 411, 413 

Amphotericin B, 316 

Amphoteronolide B, 316 

(+)-Anamarine, 215 

(+)-P-Angelica lactone, 419 

1,6-Anhydropyranose, skeleton, 513 

Anisomycin, derivatives, 94-95,111-112, 214, 

215, 295 

Anthopleurine, 419 

Antibiotic A-32390A, analogue, 378 

Antifungal agent FR-900848, 214 

Antiinfeetive 

agent PD 138312,534 

prodrugs, 533 

Anti-mite substance AB3217-A, 214 

L-Apiose, 60 
(+)-Aplasmomycin, segment, 486, 512 

(-)-Aplysistatin, 496 

(-)-Aristeromycin, 185 

Aspartate transcarboxylase, inhibitor, 427 

Aspartates, 448^149 

(-i-)-Asperlin, 328 

(-)-Aspicillin, 216 

Aspochalasin C, isomer, 216 

Avenic acids, 487—488 

Avermectin B|a, spiroketal unit, 512 

Avermecitins, 414, 445 

Avocado antifungal, 517 

Azetidines, 310 

2-Azetidinones, see P-Lactam derivatives 

Aziridine, 131 
trans-1,2-Aziridinedicarboxy lates, 124 

Bengamide B, fragment, 510 

(+)-Bengamide E, 217 

Benzimidazole, derivatives, 7, 427 

Benzoxocine, 486-487 

(-t-)-Benzoylpedamine, 512, 513 

(S)-4-Benzyl-2-furanone, 328 

2-Benzyloxyethanol, 2,2-deuterated, 317 

5-Benzyloxypentenolide, 302 

(-)-Bestatin, 445 

L-Biopterin, 60 

(/?,R)-2,2'-Bipyrrolidine, derivatives, 326 

Bis(diphenylphosphino) ligands, 291-293 

0,0'-Bis(diphenylphosphino)threitan, 291 

Bis-oxazolines, 173 

Bis(3-pyrazole) derivative, 183 

Bis(2-pyridine) derivative, 182 

Bis(2-pyridyl) ligand, 92 

exo-Brevicomin, 219, 327-328, 329, 341, 351, 

352 

1.3- Bromohydrins, 529 

Bryostatins, 544 

(+)-Bulgecinine, 558 

Bullatacin 

552 

(+)-, fragment, 203-204 

Butanedioates 

e/yt/tro-3-alkyl-2-hydroxy, 444-445 

3,3-dialkyl-2-hydroxy, 447 

cfr-2,3-epoxy, 122 

2-heteroatom substituted, 448 

Butanedioic acid 

2-bromo, 426-427 

2-chloro, 426—427 

/ra«^-2,3-epoxy, 127-128 

(R)-l,3-Butanediol, 559 

(25,35)-2,3-Butanediol, 288, 325 

1.2.3- Butanetriol, derivatives 

erythro, 316-317 

threo, 325 

1.2.4- Butanetriol, derivatives 

etythro-'i-d\ky\, 316 

erythro-'i-cU.oro, 377 

1,1-dialkyl, 434 

Butanoates, 2-alky 1-3,4-dihydroxy, 495^96 

(/?)-!-Butene-3,4-diol, 329-330, 352 

(/?)-!-Butyne-3,4-diol, derivatives, 352 

Calyculins 

tetraene fragment, 129 

spiroketal fragment, 220, 496 

Carbapenem RS-533, intermediate, 533 

(+)-Carbonolide B, 510 

4-Carboxyimidazolin-2-one, 7 

Carboxypeptidase A inactivator, 446 
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(5)-Carlosic acid, 449^50 

(7?)-Camitine, 418, 497 

Carotenoids, 486-487 

Carumonam, 415 

Castanospermines, 215, 471 

(+)-Cerulenin, 117 

(5)-Chairphos, 559 

Chlamydocin, precursor, 214 

(17?)-c/5-Chrysanthemic acid, 268 

Cisplatin, analogue, 315 

Civet,*constituent of, 327-328 

Clavams, 545 

Codonopsinine 

113-114 

(+)-,219 

(+)-Colletodiol, 351 

Compactin, 498, 512, 544 

(+)-Conhydrine, 328 

Corey lactone, 430-431 

Corossoline, 214 

Crown ethers, 96-97, 382-386, 387-388, 408 

Cryptands, 98, 386, 388 

Cyclitols, 219 

(7?)-3-Cyclohexenecarboxylic acid, 468 

Cyclohexylnorstatine, 225 

Cyclopentanes, substituted, 205, 302, 327, 

341-342 

2-Cyclopentenones, substituted, 91-92, 185, 

430-431 

Cyclophanes, 363 

Cytohalasin B, fragment, 456 

(3Z)-Dactomelyne, 347 

Daunomycinone, AB ring, 435^36 

L-Daunosamine, A-acyl, 219, 351 

DBN, chiral analogue, 472 

Deguphos, 293 

Dendrimers, chiral, 389-390 

2-Deoxy-L-ascorbic acid, 411-412 

1 -Deoxy-8,8a-di-e;5/-castanospermine, 219 

2- Deoxy-L-galactose, 219 

3- Deoxy-L-t/ireo-2-hexulosonic acid, 342 

2'-Deoxymugineic acid, 487-488 

2-Deoxy-L-pentofuranose, 306-307 

1- Deoxy-r/ireo-2-pentulose, derivatives, 219, 414 

Deoxypolyoxin C, 215 

2- Deoxy-D-ribose, precursor, 449-450 

17-Deoxyroflomycoin, 513-514 

2-Deoxy-L-xylose, precursor, 449-450 

l-Deoxy-o-xylulose, 411 

r/!reo-2,3-Diamino-1,4-butanediol, derivatives, 

315 

trani-3,4-Diaminotetrahydrofuran, 287, 291, 315 

r/ireo-2,3-Dideoxy-2,3-dithiothreitol, 287-288 

Dienophiles, chiral, 436 

Diginose 

D-, 204-205 

l-,219 

8,15-DiHETE, 509 

2.3- Dihydrobenzofuran, derivative, 259 

(-)-Dihydromahubanolide B, 419 

(25,55)-2,5-Dlhydroxyadipate, derivatives, 433, 

456 

Dihydroxyalkene, derivatives, 507-510 

//!reo-2,3-Dihydroxybutanoate, derivative, 419 

3.4- Dihydroxybutanoate, derivative, 417 

(5)-9-( 1,4-Dihydroxybut-2-oxy)purine, 558 

Dihydroxyeicosatetraenoic acids, 509 

la,25-Dihydroxy-24(y?)-fluorocholecalciferol, 

485 

Dihydroxyfumaric (dihydroxymaleic) acid, 7, 

156 

(-)-Dihydroxyheliotridane, 471 

4.5- Dihydroxy-2,6-octadiendioates, protected, 

202-203 

(45',55)-4,5-Dihydroxy-1,7-octadiyne, 288 

1.2- Dihydroxy-3-octene, derivative, 227 

(+)-5-(4',5'-Dihydroxypentyl)uracil, 552 

(25,35)-2,3-Dihydroxysuccinodinitrile 

0,0'-dibenzyl, 92 

(9,0'-dimethyl, 107 

Dihydroxytartrate, disodium salt, 156 

(+)-rranj-6,7-Dihydroxy-3-tropanon, 207 

la,25-Dihydroxyvitamin D3, ring A precursor, 

486-487 

1,4-Diketones 2,3-dioxygenated, 183, 184 

(35,45)-3,4-Dimethoxyadipodinitrile, 341 

(1 S,2S)-1,2-Dimethoxycyclooctane, 341 

DIOCP, 335 

(+)-Diolmycin A2, 329 

1.3- Diols 

syn, 499 

terminal, 544 

threo-D\o\s, 326, 329 

DIOP, 332, 336 

cyc/o-DlOP, 335 

l,7-Dioxaspiro[5,5]undecane, 559 

2,8-dimethyl, 552 

3-hydroxy, 552 

2.3- Dioxobutanoates, 156 

(5,S)-DIPED, 266-267 

Dipeptide 

isostere, 206-207 

Sch 37137, derivative, 131 

Dipeptides, 449 

(+)-1,4-Diphenyl-2,3-butanediol, 326 

(^,7?)-DIPHlN, 291 

2'-ep/-Distochonic acid A, 487-488 
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Dopants, for liquid crystals, 499 

(+)-Duocarmycin 5A, 513 

(-)-Echinosporin, 211 

Eicosatetraenoic acid 

5(5),20-dihydroxy, 509 

15(5),20-dihydroxy, 509 

Eicosatrienoic acid 

8,9-epoxy, 509 

11,12-epoxy, 509 

(5S,6/?)-epoxy-20-hydroxy, 509 

(14^, 15i)-epoxy-20-hydroxy, 509 

Elaiophylin, subunit, 446 

Enamides, bieyclic, 469 

(-)-Enterolactone, 474 

6-Epileukotrienes, 214 

(5)-1,2-Epoxybutane, 530 

erythro-1,2-Epoxy-3,4-dihydroxybutane, 

derivative, 358 

trans-2,3-Epoxysuccinodinitrile, 128 

L-Erythrulose, derivatives, 306, 359 

Exogonols, 544—545 

t/!reo-3-Fluoro-D-aspartic acid, 124—125 

Fulleroid, bis-aza derivative, 317 

Fungicide CGA 80 000, precursor, 485 

2(5f/)-Furanones, 215, 413, 497, 551 

GABOB 

(/?)-, 329,418, 455 

(S)-, 491,497 

Galactostatin 

(-)-,215 

(+)-, 223 

Gelsemine, 475 

Glidobactin A, 509 

Gloeosporone, 530 

Glucosidase inhibitor 

DAB-1,224 

potential, 113 
Glyceraldehyde, 2-0-protected, 302, 306 

Glycerol, 2,3-di-O-protected, 305-306 

Glyoxal, 156 

Glyoxylic acid 

esters, 18-19 
intermediate in condensation, 7 

Gramicidin A hybrids, 182 

Halicholactone, fragment, 509 

Halichondrin B, 215, 216 

Hastanecines, (+) or (-), 471, 535 

(+)-Heliotridine, 471 

Hemicaronaldehydes, 203 

Hemispherands, 389 

(/?)-! 0-Hepoxilin B3, methyl ester, 219 

HETE, 509, 552 

(2^,3^)-2,3-Hexanediol, 328 

L-Hexose, derivatives, 219 

(-)-Hikizimyein, fragment, 203-204 

HlV-1 protease inhibitor, 184, 446 

HMG-CoA reductase inhibitors, 92, 498 

(-)-Homoisocitric acid, 445 

(+)-Hydantocidin, stereoisomers, 220 

a-Hydroxyacids, 306-307 

e/^t/iro-P-Hydroxyaspartic acid, derivatives, 

85,129-131 
2- Hydroxy-1,4-bis(diphenylphosphine)butane, 

527, 543 
4-Hydroxy-1,2-bis(diphenylphosphine)butane, 

543 
(S)-4-Hydroxy-2-cyelopentenone, 326-327 

(7?)-l 8-Hydroxyeicosatetranoate, 543 

3- Hydroxyesters, 497 
(7?)-5-(2-Hydroxyethyl)-2(5//)-furanone, 509 

Hydroxyfumarates, 0-substituted, 122 

e/yt/iro-L-p-Hydroxyglutamic acid, 470 

8-Hydroxy-p-ketoesters, 498 

Hydroxymaleic anhydride, derivatives, 52-53 

Hydroxymalonic acid, 156 

(5)-2-Hydroxypentanoate, methyl, 433 
(5)-6-(l-Hydroxypropyl)-3-methyllumazine, 213 

2-Hydroxyputrescine, 525 

Imidazole, also 2-substituted, 156 

Immunosuppressant FK-506, fragment, 316, 326, 

468 
Indolizidine derivatives, 114-116, 219, 294, 

470-471,508,519, 534-535 

D-myo-Inositol, derivative, 203-204 

Ion carriers and channel mimics, 95 

lonomycin, subunit, 446, 553-554 

lonophore antibiotic X-14547A, 316 

lonophores, 95, 97-98, 267-268 

(+)-Ipsdienol, 499 

(-)-Isocitric acid, 445 
(-)-Isodihydromahubanolide B, 419 

(5)-lsoserine, 434, 455, 463 

dipeptides, 434 
Isoquinolinopyrrolidinone, derivatives, 114-116 

Juglomycin A, 510-511 

(-)-Kainic acid, 297 

Koninginin A, 214 

P-Lactam derivatives 

a-alkoxycarbonyl, 454-455, 468 

a-alkyl, 445 
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(3-Lactam derivatives (continued) 

ot-alkyl-a-hydroxy, 552 

a-amino, 415, 416, 420, 496 

diastereomeric, 188-189,374 

a-hydroxy, 60, 62, 130, 226 

3-hydroxymethyl, 558 

a-methoxy, 185-186 

a-silyloxy, 124-125 

y-Lactam derivatives 

3-acetoxy-7-alkyl, 469-470 

3-alkoxy7-alkyl, 470, 472 

7-alkoxy-3-alkyl, 474-475 

7-alkyl-a,3-disilyloxy, 112-113 

7-alkyl-a-hydroxy, 447 

a,3-dialkoxy, 94-95, 113-114 

a,3-dialkoxy, bicyclic, 114-115 

a,3-dihydroxy, 111-112 

3-formyl, 204, 206 

a-hydroxy, 482^83 

3-hydroxy, 483, 497 

3-Lactone derivatives 

3-alkoxycarbonyl, 454 

a-alkyl, 445 

7- Lactone derivatives 

a-alkoxy, 505 

7-alkyl-a,3-dihydroxy, 60-61, 115, 117 

7-alkyl-3-hydroxy, 298 

a,7-dialkyl-a-hydroxy, 262 

a-fluoro, 485 

a-heteroatom substituted, 485, 512 

a-hydroxy, 480-486 

3-hydroxy, 489^91,495, 497 

8- Lactones, 414, 498, 509, 512, 516 

Lankacidins, fragment, 496 

(-t-)-Lantrucunlin A, 544 

(65',75)-tra«i-Laurediol, 297 

(-t-)-Laurencin, 513 

(-i-)-Lentiginosine, 294 

L-t/zreo-Lentysine, 419 

(45,55)-L-factor, 351 

Lipid, bis-phosphatidylcholine, 317 

(5)-a-Lipoic acid, 544 

Liposidomycins, 358 

(-)-Lipstatin, 518-519 

Macrolactin A, subunits, 510 

Madumycin II, 499 

Malates, 3-substituted 

erythro, 124, 126, 129 

threo, 126, 129 

(/?)-Malates, 18, 74, 124-125, 129, 189 

Malathion, 448-449 

(7?)-Malonate,l-'3C|, 2-2H,, 427-428 

Malyl coenzyme, 433 

(+)-MaIyngolide, 187 

Maytansinoids, 518-519 

(5)-l-Me PAF, 346 

Mesogen, cyanobiphenyl, 296 

Metabolite 

(-i-)-FR 900482, fragment, 298 

fungal LL-P8803, 328 

(25',3/?)-Methanoproline, methyl ester, 528 

(5)-3-Methoxyadipate, dimethyl, 543 

c«-2-Methylcyclopropanecarboxylic acid, 

203-204 

(Methylenecyclopropyl)acetyl-CoA, 544 

(/?)-Mevalonolactone, 436 

Mevinolin, 498 

(H-)-Meviolin, 544 

Milbemycins, 414, 513, 515, 544 

Monensin, building block, 486 

(-t-)-Monomorine, 346 

Mugineic acid, 487^88 

(-)-Multistratin, 129,496 

(-i-)-Muricatacin, 289, 347 

(-)-Muscarine, 498 

(-i-)-Myxovirescine M2, 433 

(-t-)-Negamycin, 509 

Neohalicholactone, 508 

Neolignans, 358 

(-)-Neplanocin A, 185 

Nitrones, 294—295 

(-i-)-Nojirimycin, 216 

Nonactin, 527-528 

Norstatine, 446 

Nucleosides 

acyclic, 378, 380 

C-acyclic, 560 

azetidin-1-yl, 316 

1.3- dioxolan-2-yl, 377 

1.3- dithiolan-2-yl, 287-288 

thietan-2-yl, 310 

Oligomers, 3-malic acid, 454 

Optode membranes, 95 

1- Oxaquinolizidines, 553 

2- Oxazolidinones, 5-substituted, 455 

2-Oxetanones, see 3-Lactone derivatives 

Oxotremorine, derivatives, 497 

PAF, analogue, 553 

Panaxacol, 328, 351 

(-i-)-Pantolactone, 446 

Paracyclophanes, 388 

Patulolide C, 307 

Pederol dibenzoate, 513 

Peduncularine, 473 
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Pentaols 

L-galacto, 220 

L-gulo, 220 

L-ido, 220 

L-talo, 220 

skipped, 516-517 

L-Pentoses, 60 

L-//ireo-Pentulose, 411 

Peptide mimetics, precursors, 485 

Peptidyl boronate, subunit, 446 

Pheromones 

1.6- dioxaspiro[4,5]decane, 529 

1.6- dioxaspiro[4,4]nonane, 529 

olive fly, 559 

sex, 214, 297,328 

Phoracantholide, 552 

Phospholipid analogue, 553 

(+)-Phyllantocin, 129 

(-)-Pinidine, 219 

(5)-(-)-3-Piperidinol, 552 

Platelet-activating factors, analogues, 306, 563 

Platinum(II) complexes, 315, 330 

Polyamides 

cyclic, 94—95 

stereoregular, 185-186, 342 

Polyhydroxy-a-amino acid, 223 

PolyO-malic acid), 454 

Polymers, chiral, 42, 67, 92 

Polyols, 216 

skipped, 514, 517 

Polyoxamic acid, derivatives, 215, 216, 223-224, 

225-226 

Polyoxin J, 225 

Porphyrins, chiral, 389 

(5)-Propranolol, 500 

Prostaglandins, 326 

Ej and 509 

Ptilomycalin A, intermediate, 470 

(-i-)-Pulvilloric acid, 552 

(-)-Pumilitoxin C, 508-509 

Punaglandin, 214, 352 

6-epi-D-Purpurosoamine, 552 

PYDIPHOS, 411,413 

Pyrrolidines, 292-294, 509, 542 

2- Pyrrolidinones, see y-Lactam derivatives 

3- Pyrrolin-2-ones 

5-alkoxy, 473^75 

5-alkyl, 475^76 

Pyrrolizidine derivatives, 216, 294, 470, 534- 

535 

Pyruvic acid, 7 

(-)-Quassimarin, 217 

Quinocarcin, intermediate, 227 

Rapamycin, fragment, 499 

Receptor molecules, macrocyclic, 95 

(+)-Retronecine, 469 

Rhizobactin, 463 

(+)-Rolliniastatin 1, bis-tetrahydrofuran moiety, 

551 

Root inducing compounds, 329 

Roxaticin, fragment, 517 

Saponaceolide B, 486-487 

D-Sermentose, 204—205 

Serricomin, isomer of, 129 

(+)-Sesbanine, 528 

SKI 2053R, 330 

Speleands, 97-98 

e/yr/iro-D-Sphingoside, 124 

Sphingosines, precursor, 214 

Squalene synthase inhibitors, 454 

Statine 

(-)-,473 

4-epi-, 470 

(+)-Streptazolin, 115 

(+)-Strigol, 558 

Superstolides, fragment, 515 

Swainsonine 

\-epi-, 225 

(-)-, precursor, 115, 117, 508-509 

Swinholide A, fragment, 515 

(-)-Syringolides, 219, 411, 413 

L-Tagatose, 219 

Tartrate derivatives 

2-alkyl, 185, 187 

2,3-dialkyl, 187 

Tartrazine, 156 

Tartronic acid, 156 

(+)-Terrein, 92 

three-1,2,3,4-Tetraaminobutane, 287 

Tetrahydrodipicolinic acid, analogue, 489 

Tetrahydrofurans 

dimeric, 552 

substituted, 205, 306, 355, 509, 550-551, 554 

Tetrahydroftiranylglycines, 534 

Tetrahydrolipstatin, 544 

Tetrahydropyrans, 307, 346, 552 

2.3.4.9- Tetrahydrothiopyrano[2,3-f)]indole, 553 

Tetraols 

L-lyxo, 222 

D-xylo, 222 

1,2,4,6-, 512-513 

1.4.7.10- Tetraoxaspiro[5.5]undecane, 560 

Tetronic acid, derivatives, 74,449-450 

Thietanes, 310 

Thiirane, chiral, 131 



582 INDEX 

Threitan, derivatives, 291-292 

L-Threuronic acid, derivative, 60-61 

Trapoxins, 214 

1.2.4- Trianiinobutane, 527 

Tricholomic acid, 513 

Trihydroxyacids, derivatives, 115, 118, 351, 498, 

516 

Trihydroxyaminoacids, 218 

3.4.5- Trihydroxycyclopentene, derivative, 

419-420 

4.5.6- Trihydroxy-2-hexanone, derivative, 307 

Triols 

1.2.3- 

erythro, 298-299 

threo, protected, 328-329, 346-347 

1.2.4- , derivatives, 499, 515 

1.3.5- , i'yn, 544 

(7?)-10-Trioxilin B3 methyl ester, 219 

Tripeptides, 449 
1,2,4-Tris(diphenylphosphine)butane, 527 

(-)-Tulipalin, 496 

Urea, cyclic, 206-207 

(-!-)-(15,16,19,20,23,24)-/iexep/-Uvaricin, 326 

Valinoctin A, 445 

Vermiculin, 529 

Verrucarinolactone, 445 

Vitamin B12 related imide, 446 

Vitamin Dj, la-hydroxy, fragment, 499 

(S)-Viridicatic acid, 449^50 

Zaragozic acid, 187-188, 219 
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A^-Acetyl-D-daunosamine, 204-205 

(+)-Acutiphycin, 515 

Acylation, of silyl enol ethers, 180-181 

A-Acyliminium ions, 105, 111-117 

3-0-Acyltartramic acids, 70-71 

Adenine, eo't/!ro-9-[(25)-hydroxy-(37?)-nonyl], 

325 

Addition, of 

alkyllithiums to hydrazone, 562 

allylsilane to aldehydes, 86 

arenethiols to A-acylaziridines, 30 

carbon nucleophiles to aldehydes, 32, 68-70, 

251-254, 264-265, 289, 342-343 

eyclic phosphite to imine, 274-275 

dialkyl zinc to nitroolefins, 261 

ester enolates to imines, 374 

Grignard reagents to ketones, 371-373 

organoeerium reagents to imines, 374 

Alcaligin, 542 

Alcohols 

e.e. determination, 51, 157-158, 244 

resolution, 50-52, 67, 109, 240-241 

synthesis, 175, 177, 252-254, 264-265 

Aldehydes and ketones 

e.e. determination, 172-173 

resolution, 45^6, 172-173, 240-244, 368 

Aldol reaction, 68, 70, 136 

Aldols, anti and syn, 222-223 

Alkoxyalkyl acetals, 190 

a-Alkoxylithium reagent, chiral, 487 

2-Alkyl-2-arylacetic acids, 178 

Alkylation, of 

aldehydes, 266-267 

ester enolates, 375 

ferrocenyl derivatives, 562-563 

propionamide, 315-316 

Allenylboration, of aldehydes, 146-147 

Allylboration, of aldehydes, 139-142, 144 

Allylie substitution. 111, 270 

(+)-Altholactone, 347 

Amines 

e.e. determination, 51, 109-110, 244 

resolution, 2-A, 45, 50-51, 55-57, 63, 135, 

240-242, 244, 426 

synthesis, 261, 275-276 

Aminoacids 

(2/?,37?)-2,3-epoxysuccinyl, 131 

resolution, 3-4 

Aminoalcohols, resolution, 135 

(15,37?)-Aminocyclopentane-l,3-dicarboxylic 

acid, 543 

3-Amino-3-deoxyerythrose, derivative, 306 

Amphidinolide A, fragment, 411,413 

Amphotericin B, 316 

Amphoteronolide B, 316 

(-i-)-Anamarine, 215 

(+)-P-Angelica lactone, 419 

1,6-Anhydropyranose, 513 

Anisomycin, derivatives, 94-95,111-112, 214, 

215,295 

Anthopleurine, 419 

Anthracycline intermediate, 136, 180 

Antibiotic A-32390A, analogue, 378 

Antifungal agent FR-900848, 150, 175-176, 

214 

Antiinfective 

agent PD 138312,534 

prodrugs, 533 

Anti-mite substance AB3217-A, 214 

L-Apiose, 60 

(+)-Aplasmomycin, 486, 512 

(-)-Aplysistatin, 496 

D-Arabinose derivative, 201-202 

(-)-Aristeromycin, 185 

Aromatie substitution, 266-267 

Arsonium salts, resolution, 57 

Aryl phosphine oxides, resolution, 57 

L-Ascorbie acid, 303, 409^10, 549 

Aspartate transcarboxylase, inhibitor, 427 

Aspartates, 448^49 

Aspartic acids, 425 

(+)-Asperlin, 328 

(-)-Aspicillin, 216 

Aspochalasin C, isomer of, 216 

583 
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Avenic acids, 487^88 

Avermectin 8,^, spiroketal unit, 512 

Avermecitins, 414, 445 

Avocado antifungal, 517 

Azetidines, 310 

2-Azetidinones, see p-Lactam derivatives 

Aziridine, 131 

trans-1,2-Aziridinedicarboxylates, 124 

Bayer-Villiger oxidation, 247 

Bengamide B, 510 

(+)-Bengamide E, 217 

Benzimidazole, derivatives, 7, 427 

Benzoin condensation, 541-542 

Benzoxocine, 486-487 

(+)-Benzoylpedamine, 512, 513 

(5)-4-Benzyl-2-furanone, 328 

1.3- O-Benzylidene L-arabinitol, 310 

2.3- 0-Benzylidene D-arabitol, 211-212 

2-Benzyloxyethanol, 2,2-deuterated, 317 

5-Benzyloxypentenolide, 302 

(-)-Bestatin, 445 

Biaryl coupling, oxidative, 380 

(5)-2,2'-Binaphthol, 380 

L-Biopterin, 60 

(/?.7?)-2,2'-Bipyrrolidine, derivatives, 326 

Bis-cyclopropanes, 149, 174 

Bis(l,3-dioxolan-4-one) acetals, 189-190 

Bis(diphenylphosphino) ligands, 291-293 

0,(?'-Bis(diphenylphosphino)threitan, 291 

Bis-oxazolines, 173 

Bis(3-pyrazoIe) derivative, 183 

Bis(2-pyridine) derivative, 182 

Bis(2-pyridyl) ligand, 92 

Borotartrate complexes, 134 

Brefeldin, intermediate, 262 

exo-Brevicomin, 219, 327-328, 329, 341, 351, 

352 

Bromination, of 

acetals, 175, 178 

(arene)chromium complex, 563 

1.3- Bromohydrins, 529 

Bromohydroxylation, 158 

a-Bromoketones, 178 

Bromolactonization, 179 

Bryostatins, 544 

(+)-Bulgecinine, 558 

Bullatacin 

552 

(+)-, 203-204 

Butanedioates 

c;7t/!TO-3-alkyl-2-hydroxy, 444-445 

3,3-dialkyl-2-hydroxy, 447 

cw-2,3-epoxy, 122 

2-heteroatom substituted, 448 

Butanedioic acid 

2-bromo, 426-427 

2-chloro, 426-427 

tra«5-2,3-epoxy, 127-128 

(7?)-l,3-Butanediol, 559 

(25,3S)-2,3-Butanediol, 288, 325 

1.2.3- Butanetriol, derivatives 

erythro, 316-317 

threo, 325 

1.2.4- Butanetriol and derivatives, 523-531, 537, 

539, 547-548,556, 557,561 

erythro-'i-&\ky\, 316 

erythw-li-cYAoro, 377 

1,1-dialkyl, 434 

O-protected 

1- , 531,536-538, 541-542 

2- , 526, 532, 536, 538-539, 542-544, 

547-549 

4-, 536, 539-541, 544-545, 556 

1,2-, 491,505-506, 545-554 

1.4- , 526, 540,554-556, 558 

2.4- , 505-506, 537, 555-558, 559-560 

1.2.4- , 540, 549, 556, 560-563 

Butanoates, 2-alkyl-3,4-dihydroxy, 495^96 

(7?)-l-Butene-3,4-diol, 329-330, 352 

(7?)-l-Butyne-3,4-diol, derivatives, 352 

Calcium L-threonate, 409-410, 414, 415 

Calyculins 

tetraene fragment, 129 

spiroketal fragment, 220, 496 

Carbapenem RS-533, intermediate, 533 

(+)-Carbonolide B, 510 

4-Carboxyimidazolin-2-one, 7 

Carboxylic acids, e.e. determination, 426 

1 -Carboxymethylthymine dimer, 66 

Carboxypeptidase A inactivator, 446 

(5)-Carlosic acid, 449—450 

(R) -Camitine, 418, 497 

Carotenoids, 486-487 

Carumonam, 415 

Castanospermines, 215, 471 

(+)-Cerulenin, 117 

(S) -Chairphos, 559 

Chlamydocin, precursor, 214 

(-)-Chokol A, 370 

Chromiumtricarbonyl-arene complexes, 

180-181 

(l/?)-c/5-Chrysanthemic acid, 268 

Cinatrins Cj and C3, 188 

Cisplatin, analogue, 315 

Civet, constituent of, 327-328 

Clavams, 545 
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Codonopsinine 

(-)-,! 13-114 

(+)-,'?! 9 

(-l-)-Colletodiol, 351 

Compactin, 498, 512, 544 

(+)-Conhydrine, 328 

Conjugate addition, to 

acetals, 175-176 

acrylates, 467 

Copper(Il) tartrate, 8-9 

Corey lactone, 430-431 

Corossoline, 214 

Crotylboration, of aldehydes, 143-144 

Crown ethers, 96-97, 382-386, 387-388, 408 

Cryptands, 98, 386, 388 

Curacin A, side chain, 254 

Cyanohydrins, e.e. determination, 244 

Cyclitols, 219 

Cyclization 

ketyl-olefin, 180-181 

of olefins, 180 

Cycloaddition 

1,3-dipolar, 31, 259-260 

[2+2], 257-259 

[4-1-2], 336, 338 

Cyclobutanes, 257-259 

Cyclobutenes, 257-258 

(7?)-3-Cyclohexenecarboxylic acid, 468 

Cyclohexylnorstatine, 225 

Cyclopentanes, substituted, 205, 302, 327, 

341-342 

Cyclopentanols, 181, 263 

Cyclopentanones, 261 

2-Cyclopentenones, substituted, 91-92, 185, 

430-431 

Cyclophanes, 363 

Cyclopropanation, of 

allylic alcohols, 30, 148-151, 259-260 

2-cyclohexen-l-one, 266-267 

olefins, 9, 139, 148, 174-175, 369-370 

Cyclopropanes, 173 

Cyclopropanol, 2-substituted, 148 

Cyclopropylmethanols, 148-149, 260 

Cyclosarcomycin, 467 

Cytohalasin B, 456 

(3Z)-Dactomelyne, 347 

. Daunomycinone, AB ring, 435-436 

L-Daunosamine, A^-acyl, 219, 351 

DBN, chiral analogue, 472 

Deguphos, 293 

Dehydrogliotoxin analogues, resolution, 331 

Dendrimers, chiral, 389-390 

2-Deoxy-L-ascorbic acid, 411-412 

(-i-)-6-Deoxycaslanospennine, 52-53 

(-)-7-Deoxydaunomycinone, 374 

1 -Deoxy-8,8a-di-epi-castanospeiTnine, 219 

2-Deoxy-L-galactose, 219 

2- Deoxyhexoses, 141-142 

3- Deoxy-L-t/ireo-2-hexulosonic acid, 342 

2'-Deoxymugineic acid, 487^88 

2-Deoxy-L-pentofuranose, 306-307 

1- Deoxy-t/ireo-2-pentulose, derivatives, 219, 414 

Deoxypolyoxin C, 215 

2- Deoxy-D-ribose, 449^50 

17-Deoxyroflomycoin, 513-514 

2-Deoxy-L-xylose, 449^50 

1-Deoxy-o-xylulose, 411 

Deprotonation, of arene Cr(CO)3 complexes, 375 

Deracemization, of 

amino acids, 4-5 

benzoin, 57-58 

A-benzylidene amino acid esters, 57 

Desymmetrization, of myo-inositol, 180, 182 

0,0'-Diacetyl tartaric acid dichloride, 58 

3,4-Di-O-acetyl D-xylal, 212 

0,0'-Diacyl tartaric 

acids, 54-58, 60, 68 

anhydrides, 44, 49-53, 59, 71, 106-108, 407 

chlorides, 58, 60-61, 407 

diamides, 63, 65-66 

diesters, 63-67 

imides, 103-109, 111-112, 117 

monoamides, 58-60, 62-63, 71 

monoesters, 20, 58-60, 62, 71, 407 

mononitriles, 60, 62 

0,0'-Dialkyl tartaric 

acids, 92-94, 96-98 

anhydrides, 92-95, 98-99, 106 

diamides, 87, 89-92, 96-99, 339 

diesters, 84, 87-90, 92-93, 98, 274, 322, 339 

imides, 103-110, 115-116 

nitriles, 92, 95, 107 

//!reo-2,3-Diamino-1,4-butanediol, derivatives, 

315 

tra/J5-3,4-Diaminotetrahydrofuran, 287, 291, 315 

t/ireo-2,3-Dideoxy-2,3-dithiothreitol, 287-288 

Diels-Alder reaction, 29, 52, 68-69, 135-136, 

254-258, 314, 346-347, 467^68, 562 

and allylboration tandem reaction, 146 

intramolecular, 371 

Dienophiles, chiral, 436 

(25,35)-l,2;3,4-Diepoxybutane, 285-287, 312 

Diethyl oxalacetate, sodium salt, 444 

Diginose 

D-, 204-205 

l-,219 

8,15-DiHETE, 509 
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2.3- Dihydrobenzofuran, derivative, 259 

(-)-Dihydromahubanolide B, 419 

(25,55)-2,5-Dihydroxyadipate, derivatives, 433, 

456 

Dihydroxyalkene, derivatives, 507-510 

2,2'-Dihydroxy-l,r-binaphthyl, resolution, 91 

Dihydroxybutanals, 504-519 

1,3-dithiane derivatives, 516-518 

t/ireo-2,3-Dihydroxybutanoate, derivative, 419 

2.4- Dihydroxybutanoic acid, derivatives, 

*480-488 

3.4- Dihydroxybutanoic acid, derivatives, 417, 

489-500, 537-538, 539, 546-547 

(S)-9-( 1,4-Dihydroxybut-2-oxy)purine, 558 

Dihydroxyeicosatetraenoic acids, 509 

threo-1,4-Dihydroxy-2,3-epoxybutane 

derivatives, 313,316 

la,25-Dihydroxy-24(7?)-fluorocholecalciferol, 

485 

Dihydroxyfumaric (dihydroxymaleic) acid, 7, 

156 

(-)-Dihydroxyheliotridane, 471 

4,4'-Dihydroxy-2,2',3,3',6,6'- 

hexamethylbiphenyl, resolution, 243 

Dihydroxylation, 313, 330 

4.5- Dihydroxy-2,6-octadiendioates, protected, 

202-203 

(45’,55)-4,5-Dihydroxy-l ,7-octadiyne, 288 

1.2- Dihydroxy-3-octene, derivative, 227 

(+)-5-(4',5'-Dihydroxypentyl)uracil, 552 

trans-3,4-Dihydroxypyrrolidine, derivatives, 293 

(25',35)-2,3-Dihydroxysuccinodinitrile 

C),0'-dibenzyl, 92 

0,(9'-dimethyl, 107 

Dihydroxytartrate, disodium salt, 156 

tran5-3,4-Dihydroxytetrahydrofuran, derivatives, 

289-292 

(+)-/ra/ji-6,7-Dihydroxy-3-tropanon, 207 

la,25-Dihydroxyvitamin D3, ring A precursor, 

486-487 

1,4-Diketones 2,3-dioxygenated, 183, 184 

(35',45)-3,4-Dimethoxyadipodinitrile, 341 

(1 S,25)-1,2-Dimethoxycyclooctane, 341 

0,0'-Dimethyl tartaroyl chlorides, 94, 95 

0,0'-Dinitrotartaric acid, 154-156 

DINOL, 238 

DIOCP, 335 

(+)-Diolmycin A2, 329 

1.3- Diols 

syn, 499 

terminal, 544 

threo-U\o\s, 326, 329 

DIOP, 332, 336 

cyclo-Y)\0?, 335 

2,8-Dioxabicyclo[3.2.1]octane, derivative, 188 

1,4-Dioxane derivatives, 192, 320, 322 

l,7-Dioxaspiro[5,5]undecane, 559 

2.8- dimethyl, 552 

3-hydroxy, 552 

2,3-Dioxobutanoates, 156 

(4R,5R)-1,3-Dioxolane-4,5-dicarboxylic acid 

derivatives, 160-189, 202-203, 206-207, 

236-237, 300-301,321,407 

(5',i)-DIPED, 266-267 

Dipeptide 

isostere, 206-207 

Sch 37137, derivative, 131 

Dipeptides, 449 

(+)-1,4-Diphenyl-2,3-butanediol, 326 

(^,^)-DIPHIN, 291 

0,0'-Disilyl tartaric 

diesters, 87-88, 90-91, 166 

imides, 103, 113-115, 117, 167 

2'-e/7;-Distochonic acid A, 487—488 

Dopants, for liquid crystals, 499 

(+)-Duocarmycin 5A, 513 

Duthaler-Hafher reagent, 247-249, 251-253 

(-)-Echinosporin, 211 

Eicosatetraenoic acid 

5(5),20-dihydroxy, 509 

15(5),20-dihydroxy, 509 

Eicosatrienoic acid 

8.9- epoxy, 509 

11,12-epoxy, 509 

(5S,6R)-epoxy-20-hydroxy, 509 

(14/?,155)-epoxy-20-hydroxy, 509 

Elaiophylin, 446 

Enamides, bicyclic, 469 

Ene reaction, 260 

(-)-Enterolactone, 474 

6-Epileukotrienes, 214 

Epoxidation, 29, 389 

Sharpless method, 20-23, 42, 46 

(5)-1,2-Epoxybutane, 530 

erythro-1,2-Epoxy-3,4-dihydroxybutane, 

derivative, 358 

(2/?,3R)-2,3-Epoxysuccinic acid, derivatives, 

127-131,407 

tra/i5-2,3-Epoxysuccinodinitrile, 128 

(+)-Erythmlose, 525 

L-Erythrulose, derivatives, 306, 359 

Esterification, meto-anhydrides, 262-263 

Exogonols, 544-545 

Fosfomycin, 158 

/l!reo-3-Fluoro-D-aspartic acid, 124-125 

Fulleroid, bis-aza derivative, 317 
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Fungicide CGA 80 000, precursor, 485 

2(5//)-Furanones, 215, 413, 497, 551 

GABOB 

(R); 329,418, 455 

(5)-, 491,497 

D-Galactose, 212 

Galactostatin 

(-)-,215 

(+K 223 

Gelsemine, 475 

Glidobactin A, 509 

Gloeosporone, 530 

D-Glucaric acid diamide, 200 

Glucosidase inhibitor 5, 113, 224 

Glyceraldehyde, 2-0-protected, 302, 306 

Glycerol, 2,3-di-O-protected, 305-306 

Glyoxal, 156 

Glyoxylic acid 

esters, 18-19 

intermediate in condensation, 7 

Gramicidin A hybrids, 182 

(+)-Grandisol, 257 

Halicholactone, fragment, 509 

Halichondrin B, 215, 216 

erythro-H&Xdhydnns, 128-129, 189,352,408 

Hastanecines, (+) or (-), 471, 535 

(+)-Heliotridine, 471 

Hemicaronaldehydes, 203 

Hemispherands, 389 

(7?)-10-Hepoxilin B3, methyl ester, 219 

Herbindoles, 468 

HETE, 509, 552 

(2/?,37?)-2,3-Hexanediol, 328 

L-Hexose, derivatives, 219 

(-)-Hikizimycin, 203-204 

HIV-1 protease inhibitor, 184, 446 

HMG-CoA reductase inhibitors, 92,498 

Homoallenylation, of aldehydes, 147 

(-)-Homoisocitric acid, 445 

(+)-Hydantocidin, stereoisomers, 220 

Hydroboration, 336, 338 

Hydrocyanation, of vinylarenes, 110-111 

Hydrogenation, of 

ci-(acetyloamino)acrylic acids, 293-294 

alkenes, 336-337 

enamides, 60, 62 

imines, 336-337 

ketones, 5-7, 336 

methyl acetoacetate, with Raney nickel, 70 

Hydrophosphonylation, 28 

Hydrosilylation, of ketones, 174, 270, 314 

a-Hydroxyacids, 306-307 

e?3^t/iro-3-Hydroxyaspartic acid, derivatives, 

85,129-131 

2-Hydroxy-1,4-bis(diphenylphosphine)butane, 

527, 543 

4-Hydroxy-1,2-bis(diphenylphosphine)butane, 

543 

(5)-4-Hydroxy-2-cyclopentenone, 326-327 

(^)-l 8-Hydroxyeicosatetranoate, 543 

p-Hydroxyesters, 497 

(/?)-5-(2-Hydroxyethyl)-2(5//)-furanone, 509 

Hydroxyfumarates, 0-substituted, 122 

e/y/Aro-L-p-Hydroxyglutamic acid, 470 

8-Hydroxy-P-ketoesters, 498 

Hydroxymaleic anhydride, derivatives, 52-53 

Hydroxymalonic acid, 156 

(5)-2-Hydroxypentanoic acid, methyl ester, 433 

(5)-6-( 1 -HydroxypropyI)-3-methylIumazine, 213 

2- Hydroxyputrescine, 525 

3- Hydroxypyrrolidine, derivatives, 530, 532-535 

3-Hydroxytetrahydrofuran, derivatives, 530-531, 

533 

3-Hydroxytetrahydrothiophene, derivatives, 

530-531 

Imidazole, also 2-substituted, 156 

Imide, resolution, 240-241, 243 

Immunosuppressant FK-506, 316, 326, 468 

Indolizidine derivatives, 114-116, 219, 294, 

470-471, 508, 519, 534-535 

D-myo-Inositol, derivatives, 182, 203-204 

lodolactonization, 261-262 

Ion carriers and channel mimics, 95 

lonomycin, subunit, 446, 553-554 

lonophore antibiotic X-14547A, 316 

lonophores, 95, 97-98, 267-268 

(-)-lpsdienol, 142 

(+)-Ipsdienol, 499 

(-)-lpsenol, 147 

(-)-Isocitric acid, 445 

(-)-Isodihydromahubanolide B, 419 

3.4- O-lsopropyIidene L-iditol, 201 

3.4- (9-lsopropylidene D-mannitol, 200-201 

O,0'-lsopropylidene tartarodinitrile, 182 

0,0'-lsopropylidene tartaroyl dichloride, 

170-171 

(5)-Isoserine, 434, 455, 463 

dipeptides, 434 

Isoquinolinopyrrolidinone, derivatives, 114-116 

Joubertiamine, 3'-methoxy-4'-0-methyl, 371 

Juglomycin A, 510-511 

(-)-Kainic acid, 297 

Ketoprofen, 178-179 
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Kijanolide, octahydronaphthalene subunit, 144 

Kinetic resolution, of 

allylic alcohols, 23-24 

azlactones, 262 

biaryl lactones, 262 

dioxolanones, 262 

ethyl alaninate, 110 

P-hydroxy amines, 26-27 

P-ionone epoxide, 247 

2-pyridyl 2-phenylthiobutyrate, 262-263 

sulfides, 27-28 

Koninginin A, 214 

(+)-Kotanin, 381 

P-Lactam derivatives 

P-alkoxycarbonyl, 454-455, 468 

a-alkyl, 445 

a-alkyl-a-hydroxy, 552 

a-amino, 415, 416, 420, 496 

diastereomeric, 188-189, 374 

oi-hydroxy, 60, 62, 130, 226 

p-hydroxy methyl, 558 

a-methoxy, 185-186 

a-silyloxy, 124-125 

y-Lactam derivatives 

P-acetoxy-7-alkyl, 469-470 

P-alkoxy-7-alkyl, 470, 472 

7-alkoxy-P-alkyl, 474-475 

7-alkyl-a,p-disilyIoxy, 112-113 

7-alkyl-a-hydroxy, 447 

a,p-dialkoxy, 94-95, 113-115 

a,P-dihydroxy, 111-112 

P-formyl, 204, 206 

a-hydroxy, 482^83 

P-hydroxy, 483, 497 

P-Lactone derivatives 

P-alkoxycarbonyl, 454 

a-alkyl, 445 

P-trichloromethyl, 424-425 

7- Lactone derivatives 

a-alkoxy, 505 

7-alkyl-a,p-dihydroxy, 60-61, 115, 117 

7-alkyl-p-hydroxy, 298 

a, 7-dialkyI-a-hydroxy, 262 

a-fluoro, 485 

a-heteroatom substituted, 485, 512 

a-hydroxy, 480-486 

P-hydroxy, 489^91,495,497 

8- Lactones, 414,498, 509, 512, 516 

7-Lactones, resolution, 240-241, 243 

Lankacidins, fragment, 496 

(+)-Lantrucunlin A, 544 

(65,75)-/ra/j5-Laurediol, 297 

(+)-Laurencin, 513 

(+)-Lentiginosine, 294 

L-t/jreo-Lentysine, 419 

(45,55)-L-factor, 351 

Lipid, bis-phosphatidylcholine, 317 

(5)-a-Lipoic acid, 544 

Liposidomycins, 358 

(-)-Lipstatin, 518-519 

Macrocycles, axially chiral, 375-376 

Macrolactin A, subunits, 510 

Madumycin II, 499 

Magnesium tartrate complex, 29 

Malamides, 461^63, 525 

(9-protected, 462 

Malates, 440-451, 453, 490, 525 

'^C-labeled, 444 

(9-protected, 440-444, 451, 506, 538-539 

Malates, P-substituted 

erythro, 124, 126, 129 

threo. 126, 129 

(«)-Malates, 18, 74, 124-125, 129, 189 

Malathion, 448^449 

Malic acid, 423^30, 432, 442, 465, 525 

1,2-acetals, 431-436, 482 

anhydrides, O-protected, 429—430, 452, 463, 

465, 491 

chlorides, (9-protected, 429-431 

izotopically labeled, 424, 428 

monoamides, O-protected, 462-463, 466, 482 

monoesters, 0-protected, 451—456,463, 482, 

483,491 

0-protected, 426, 454 

Malimides, 464-465, 467—469, 532 

0-protected, 464-469, All-All,, 532 

(/?)-Malonate,l-‘3C„ 2--Hi, 427-428 

Malyl coenzyme, 433 

(+)-Malyngolide, 187 

Mandelates, resolution, 57 

D-Mannitol, 313, 324 

Maytansinoids, 518-519 

Menthol, resolution, 57 

Mercury(II) tartrate, 8 

(5)-l-Me PAF, 346 

Mesogen, cyanobiphenyl, 296 

Metabolite 

(+)-FR 900482, 298 

fungal LL-P880P, 328 

5,6-Methanoleukotriene A4, 174 

(25,3/?)-Methanoproline, methyl ester, 528 

(5)-3-Methoxyadipic acid, dimethyl ester, 543 

3-Methylcyclohexanone, 177 

cw-2-Methylcyclopropanecarboxylic acid, 
203-204 

(Methylenecyclopropyl)acetyl-CoA, 544 
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(7?)-Mevalonolactone, 436 

Mevinic acids, 256 

Mevia»lin, 147, 498 

(+)-Meviolin, 544 

Michael addition, 246, 260-261, 384 

Milbemycins, 414, 513, 515, 544 

(-)-Modhephene, 370 

Monensin, building block for, 486 

0-Monoacyl tartaric 

acids, 67-70 

diesters, 68, 72-74 

0-Monoalkyl tartaric 

diamides, 81 

diesters, 81-86, 121, 300, 408, 539 

(-t-)-Monomorine, 346 

O-Monosilyl tartaric diesters, 82, 86 

Mugineic acid, 487—488 

(-)-Multistratin, 129,496 

(-i-)-Muricatacin, 289, 347 

(-)-Muscarine, 498 

(-)-Muscone, 370 

(+)-Myxovirescine M2, 433 

Naproxen, 178-179 

(+)-Negamycin, 509 

Neohalicholactone, 508 

Neolignans, 358 

(-)-NepIanocin A, 185 

Nitrone derivatives, 212-213, 225-226, 294-295 

(-i-)-Nojirimycm, 216 

Nonactin, 527-528 

Norstatine, 446 

Nucleosides 

acyclic, 378, 380 

C-acyclic, 560 

azetidin-l-yl, 316 

1.3- dioxolan-2-yl, 377 

1.3- dithiolan-2-yI, 287-288 

thietan-2-yI, 310 

Optode membranes, 95 

Orthoester acetals, 73, 168, 312-313, 322 

1- Oxaquinolizidines, 553 

2- Oxazolidinones, 5-substituted, 455 

Oxetanocin, carbocyclic analogues, 257 

2- Oxetanones, see p-Lactone derivatives 

Oxidation, of 

amines to amine A-oxides, 21 

sulfides to sulfoxides, 20, 23, 25-27, 52 

titanium enolate, 262-263 

3- Oxobutanoates, 4-substituted, 492^93 

Oxotremorine, derivatives, 497 

PAF, analogue, 553 

Panaxacol, 328, 351 

(+)-Paniculide A, 256 

(+)-Pantolactone, 446 

Paracyclophanes, 388 

Patulolide C, 307 

Pederol dibenzoate, 513 

Peduncularine, 473 

Pentaols 

L-galacto, 220 

L-gulo, 220 

L-ido, 220 

L-talo, 220 

skipped, 516-517 

L-Pentoses, 60 

L-t/ireo-Pentulose, 411 

Peptide mimetics, precursors, 485 

Peptidyl boronate, subunit, 446 

1- Phenylethanol, 174 

2- Phenylpropanal, 177 

1-Phenyl-1,3-propanediol, 275 

1-Pheny 1-2-propen-l-ol, 28 

Pheromones 

1.6- dioxaspiro[4,5]decane, 529 

1.6- dioxaspiro[4,4]nonane, 529 

olive fly, 559 

sex, 214, 297, 328 

Phoracantholide, 552 

Phosphine ligands, 331-338 

Phospholipid analogue, 553 

Phosphonium salts, resolution, 56-57 

Photocyclizations, 244-246 

Photocycloaddition, 180, 376-377 

(+)-Phyllantocin, 129 

(-)-Pinidine, 219 

(5)-(-)-3-Piperidinol, 552 

Platelet-activating factors, analogues, 306, 563 

Platinum(II) complexes, 315, 330 

Polyamides 

cyclic, 94-95 

stereoregular, 185-186, 342 

Polyhydroxy-a-amino acid, 223 

Poly(3-malic acid), 454 

Polymerization, tactic, 265 

Polymers, chiral, 42, 67, 92 

Polyols, 216 

skipped, 514, 517 

Polyoxamic acid, derivatives, 215, 216, 223-224, 

225-226 

Polyoxin J, 225 

Porphyrin, dimeric, 382 

Porphyrins, chiral, 389 

Prenylboration, of aldehydes, 145 

(-)-Pre-swinholide A, 144 

(5)-Propranolol, 500 
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Prostaglandins, 326, 509 

Protein inhibitor U-106305, 151 

Protonation, enantioselective, 17-18 

Ptilomycalin A, intermediate, 470 

(+)-Pulvilloric acid, 552 

(-)-Pumilitoxin C, 508-509 

Punaglandin, 214, 352 

6-£p!-D-Purpurosoamine, 552 

PYDIPHOS, 411,413 

Pyrrolidines, 292-294, 509, 542 

2- Pyrrolidinones, see y-Lactam derivatives 

3- Pyrrolin-2-ones 

5-alkoxy, 473^75 

5-alkyl, 475-476 

Pyrrolizidine derivatives, 216, 294, 470, 534— 

535 

Pyruvic acid, 7 

(-)-Quassimarin, 217 

Quinocarcin, intermediate, 227 

Rapamycin, 499 

Receptor molecules, macrocyclic, 95 

Reduction, of 

imines, 275-276 

ketones, 5, 247, 265, 274-275, 289, 371-372 

(+)-Retronecine, 469 

Rhizobactin, 463 

Riflamycin S, C(19)-C(29) segment, 144 

Ring opening, of epoxides, 8 

(+)-Rolliniastatin 1, bis-tetrahydrofiiran moiety, 

551 

Root inducing compounds, 329 

Roxaticin, 517 

e«t-(3-Santalene, 467 

Saponaceolide B, 486—487 

Selectors, in liquid chromatography, 17, 41, 46, 

63 

D-Sermentose, 204-205 

Serricomin, isomer of, 129 

(+)-Sesbanine, 528 

Sex pheromone, Macrocentrus grandii, 143-144 

Silanes, chiral, 381 

Sia 2053R, 330 

L-Sorbose, 211-212 

Speleands, 97-98 

e^yt/iro-D-Sphingoside, 124 

Sphingosines, precursor, 214 

Spiro[4.5]dec-2-ene-l,6-dione, 375 

Spirotitanates, 248 

Squalene synthase inhibitors, 454 

Stannylene acetals, 65, 73, 81, 82-83, 89, 122, 

191 

Statine 

(-)-,473 

A-epi-, 470 

Stationary phases, for chromatography, 41 

Staudinger reaction, 110 

(+)-Streptazolin, 115 

Streptovaricin D, C(l)-C(15) segment, 144 

(+)-Strigol, 558 

Sulfonium salts, resolution, 57 

Sulfoxides, resolution, 240-241, 243 

Superstolides, 515 

Swainsonine 

\-epi-, 225 

(-)-, precursor, 115, 117, 145-146, 508-509 

Swinholide A, 515 

(-)-Syringolides, 219,411,413 

TADDAMINEs, 271 

TADDOLates, 264-266 

TADDOL derivatives, 266-271, 274 

TADDOLs, 233-247, 249-251,266, 268 

TADDOP, 270 

L-Tagatose, 219 

Tartaric acid, 1-7, 15-16, 40, 50, 90, 105-106, 

273 

acetals, 16, 41, 84-85 

diamides, 38-f2, 66, 89-90, 169, 284 

diesters, 13-18, 39, 45, 65, 72, 73, 82-85, 88, 

90, 121, 123, 127, 134, 138, 156-158, 

165-168, 170, 190-192,284 

dihydrazides, 38, 41, 43 

monoamides, 43 

monoesters, 19-20 

Tartaric chloralide, 94 

Tartramates, 43^6 

Tartramazides, 43, 45, 46 

Tartramic acids, 43—46, 106 

Tartranils, 109, 111 

Tartrate derivatives 

acetals, 16, 41, 84-85, 160-192, 284 

2-alkyl, 185, 187 

borates, 134-136 

boronates, 136-148 

carbonates, cyclic, 123, 126 

2,3-dialkyl, 187 

1,3,2-dioxaphospholanes, 157-158 

nitrates, 154 

phosphite, 156 

sulfates, cyclic, 120, 123-124 

sulfites, cyclic, 120, 123, 125 

sulfonates, 120-122 

thionocarbonates, cyclic, 120, 123, 125-126 

Tartramide boronates, 136-139, 148-151 

Tartrazine, 156 
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Tartrdialdehydes, 200-203, 206-207, 211 

Tartri«ides, 103, 105-106, 109-112, 114, 116 

TARTROLs, 271-272 

Tartronic acid, 156 

Tercyclophanes, 150 

(+)-Terrein, 92 

?/!reo-l,2,3,4-Tetraaminobutane, 287 

Tetrahydrodipicolinic acid, analogue, 489 

T etrahy drofiirans 

dimeric, 552 

substituted, 140-141,205, 306, 355, 509, 

550-551,554 

Tetrahydrofuranylglycines, 534 

Tetrahydrolipstatin, 544 

Tetrahydropyrans, 307, 346, 552 

2-Tetrahydropyranylhydroxylamine, resolution, 

109 

2.3.4.9- Tetrahydrothiopyrano[2,3-i]indole, 553 

Tetranolide, octahydronaphthalene subunit, 144 

Tetraols 

L-lyxo, 222 

D-xylo, 222 

1,2,4,6-, 512-513 

1.4.7.10- Tetraoxaspiro[5.5]undecane, 560 

Tetronic acid, derivatives, 74, 449^50 

Thietanes, 310 

Thiirane, chiral, 131 

Threitan, derivatives, 291-292 

Threitol, also derivatives, 282-289, 291-292, 

323-324, 340,361 

Threitol, 0-protected 

1- , 295-299,350,352 

2- , 299-302, 344-345, 357 

1.2- , 292, 303-307,356, 362 

1.3- , 308-310 

1.4- , 310-317, 367 

2.3- , 207, 291, 301, 318-331, 334-335, 

338-343, 345, 348-350, 353-354, 361, 

366-367, 379 

1.2.3- , 209-210, 296, 305, 308, 343-355, 362, 

379, 409 

1.2.4- , 297,355-359, 362 

1.2.3.4- , 297, 301, 304-305, 309, 311-313, 

357, 359-382 

Threitols, 1,1,4,4-tetraaryl (alkyl), 273-275 

Threonamides, 405^06, 410, 415, 417 

Threonates, 210, 303-304, 346, 405—420 

Threonolactone, 210-211, 407, 409^10 

Threononitrile derivatives, 409, 413, 419 

Threose derivatives, 208-227 

Threuronic acid derivatives, 60-61,420 

Tin tartrate complexes, 31-32 

Titanium(IV) TADDOLates, 247-263 

Titanium(IV) tartrate complexes, 20-29 

Torgov’s pentaenone, 257-258 

Transmembrane ion channels, 182 

Trapoxins, 214 

1.2.4- Triaminobutane, 527 

Tricholomic acid, 513 

Trihydroxyacids, derivatives, 115, 118, 351, 498, 

516 

Trihydroxyaminoacids, 218 

3.4.5- Trihydroxycyclopentene, derivative, 

419-420 

4.5.6- Trihydroxy-2-hexanone, derivative, 307 

Trimethylsilylcyanation, 28 

Triols 

\ ,2,3-erythro, 298-299 

\,2,3-threo. protected, 328-329, 346-347 

1.2.4- , derivatives, 499, 515 

1.3.5- , syn, 544 

Trioxadecalin derivative, 145-146 

(R)-10-Trioxilin 83 methyl ester, 219 

Tripeptides, 449 

1,2,4-Tris(diphenylphosphine)butane, 527 

Truxinate esters, 376-377 

(-)-TuIipalin, 496 

Ullmann coupling reaction, 66-67 

Urea, cyclic, 206-207 

(+)-(15,16,19,20,23,24)-/!exep;-Uvariciu, 326 

Valinoctin A, 445 

Vermiculin, 529 

Vitamins E and K, side chain, 175, 177 

Verrucarinolactone, 445 

Vitamin B12 related imide, 446 

Vitamin D3, la-hydroxy, 499 

(5)-Viridicatic acid, 449^50 

Wittig-Homer reaction, 247 

D-Xylose, 411 

Zaragozic acid, 187-188, 219 

Zinc tartrate, 7-8 

Zinc tartrate complexes, 29-31 
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The many exciting advances made in asymmetric synthesis over the 
past two decades have been due, in great part, to applications of tartaric 
and malic acid derivatives. Because of their unparalleled usefulness in 
synthesizing nonracemic acyclic and heterocyclic compounds, tartaric 
and malic acids are now considered indispensable "tools of the trade" for 
chemists working in natural products, fine chemicals, and pharmaceutical 
research. 

Tartaric and Malic Acids in Synthesis provides chemists with a concise, 
yet comprehensive, review of the chemical properties and synthetic 
applications of derivatives of tartaric and malic acids. Intended as a 
source of information and inspiration, it contains a gold mine of ideas on 
the use of tartaric and malic acids in synthesis not only as chiral building 
blocks, but as chiral ligands, auxiliaries, and resolving agents as well. 
Throughout, the primary focus is on four-carbon building blocks derived 
from tartaric and malic acids and their synthetically useful reactions. 

Designed for ready reference, this book follows a simple, hierarchical 
organization—moving from derivatives of carboxy groups to derivatives 
of hydroxy groups, and, finally, to products of reduction of the carboxy 
groups—and includes; 

Hundreds of reaction schemes and figures 

More than 70 tables with data and references for 2,000 compounds 

Over 2,500 references to primary, secondary, and patent literature 
sources 

Tartaric and Malic Acids in Synthesis is a valuable working resource for 
chemists involved in the design of enantioselective syntheses. It is also 
an excellent supplementary text for graduate students of synthetic organic 
chemistry and natural products chemistry. 
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