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PREFACE

Compendium of Organic Synthetic Methods is a systematic listing of functional
group transformations designed for use by bench chemists, persons planning
syntheses, students attending courses on synthetic chemistry, and teachers of
these courses. The idea for this compilation came from the observation that
organic chemists spend a large proportion of their time searching a formidable
original literature for these hard-to-find synthetic methods.

A key feature of this book is the classification of reactions on the basis of the
functional group of the starting material and of the product, without reference
to the reaction mechanism. We wished to produce as comprehensive a set of
reactions as possible, covering all branches of organic chemistry. Reactions
giving low yields or requiring exotic reagents are not omitted. Consequently
reactions included cover the full range of methods from boiling in oil to treat-
ment with fluorine or orange-peel enzymes.

The presentation of each synthetic method in the form of representative
reactions without discussion follows the plan used successfully in Steroid Reac-
tions (Djerassi, Holden-Day). The limitations of such compilations containing
much information but few words are obvious; there is, however, a great need
for a comprehensive one-volume listing of synthetic methods as an intermediary
between the chemist and the literature. The reader interested in a detailed
discussion of synthetic methods should consult Reagents for Organic Synthesis
(Fieser and Fieser, Wiley) and Survey of Organic Syntheses (Buehler and Pearson,
Wiley).

We apologize to authors for the space-saving anonymity of references and for
referring in many instances not to papers by the originators of a reaction but
rather to subsequent articles by other authors. We make no apology, however,
for omitting unnecessary reference punctuation, and avoiding the use of ibid.
and other sources of confusion.

lan T. Harrison

Shuyen Harrison
Palo Alto, California
March 1971
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ABBREVIATIONS

Ac acetyl
Bu butyl
DCC dicyclohexylcarbediimide

DDQ 2,3-dichloro-5,6-dicyanobenzoquinone
DMA dimethylacetamide
DMF dimethylformamide

Et ethy!

HMPA hexamethylphosphoramide
Me methyl

Ms methanesulfonyl
NBA N-bromoacetamide
NBS N-bromosuccinimide
NCS N-chlorosuccinimide
Ni Raney nickel

Ph phenyl

Pr propy!

Pyr pyridine

THF tetrahydrofuran

THP tetrahydropyranyl
Ts p-toluenesulfonyl
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INTRODUCTION

Classification and Organization. Compendium of Organic Synthetic Methods
contains approximately 3000 examples of published chemical transformations
classified according to the reacting functional group of the starting material
and the functional group formed. Those reactions that give products with the
same functional group form a chapter. The reactions in each chapter are further
classified into sections on the basis of the functional group of the starting
material. Within each section reactions are listed in 2 somewhat arbitrary order
although an effort has been made to put chain lengthening processes before
degradations.

The classification is unaffected by allylic, vinylic, or acetylenic unsaturation,
which appears in both starting material and product, or by increases or
decreases in the length of carbon chains. For example, the reactions t-BuOH —
t-BuCOOH, PhCH.OH — PhCOOH, and PhCH = CHCH,0H — PhCH = CHCOOH
are all found in Section 18 on carboxylic acids from alcohols.

The terms hydrides, alkyis, and aryls classify compounds containing reacting
hydrogens, alkyl groups, and aryl groups, respectively; for example, RCHx>H —
RCH,COOH (carboxylic acids from hydrides), RMe — RCOOH (carboxylic acids
from alkyis), RPh — RCOOH (carboxylic acids from aryls). Note the distinction
between R,CO — R,CH,; (methylenes from ketones) and RCOR’— RH (hydrides
from ketones).

The following examples illustrate the application of the classification scheme
to some potentially confusing cases:

RCH=CHCOOH — RCH=CH, (hydrides from carboxylic acids)
RCH=CH, —» RCH=CHCOOH (carboxylic acids from hydrides)
ArH — ArCOOH (carboxylic acids from hydrides)
ArH — ArOAc (esters from hydrides)
RCHO — RH (hydrides from aldehydes)
RCH=CHCHO — RCH=CH, (hydrides from aldehydes)

RCHO — RCH; (alkyls from aldehydes)

R.CH, — R,CO (ketones from methylenes)
RCH,COR — R,CHCOR (ketones from ketones)
RCH=CH, — RCH,CH; (alkyls from olefins)

RBr + RC=CH — RC=CR (acetylenes from halides, also acetylenes

from acetylenes)

xiii



xiv INTRODUCTION

ROH + RCOOH — RCOOR (esters from alcohols, also esters from
carboxylic acids)

Sulfonic esters are grouped with halides. Hydrazines are listed with amines
and hydrazides with amides.

Yields quoted are overall, reduced to allow for incomplete conversion and im-
purities in the product.

Trivial reactions not described in the given references but required to com-
plete a sequence are indicated by a dashed arrow.

How to Use the Book. Examples of the preparation of one functional group
from another are located via the index on p. xi, which gives the corresponding
section and page. Thus Section 1 contains examples of the preparation of acet-
ylenes from other acetylenes; Section 2, acetylenes from carboxylic acids;
Section 3, acetylenes from alcohols; etc.

Sections giving examples of the reactions of a functional group are found in
horizontal rows of the index. Thus Section 1 gives examples of the reactions of
acetylenes forming other acetylenes; Section 16, reactions of acetylenes form-
ing carboxylic acids; Section 31, reactions of acetylenes forming alcohols; etc.

Examples of alkylation, dealkylation, homologation, isomerization, trans-
position, etc. are found in Sections 1, 17, 33, and so forth, which lie close to
a diagonal of the index. These sections correspond to the preparation of acety-
lenes from acetylenes, carboxylic acids from carboxylic acids, alcohols and
phenols from alcohols and phenols, etc.

Examples of the protection of carboxylic acids, alcohols, phenols, aldehydes,
amines, and ketones are also indexed on page xi.

Examples of name reactions can be found by first considering the nature of
the starting material and product. The Wittig reaction, for example, is to be
found in Section 199 on olefins from aldehydes and Section 207 on olefins from
ketones.

The pairs of functional groups, alcohol-ester, carboxylic acid-ester, amine-
amide, carboxylic acid-amide, can be interconverted by quite trivial reactions.
When a member of these groups is the desired product or starting material, the
other member should of course also be consuited in the text.

The original literature must be used to determine the generality of reactions.
A reaction given in this book for a primary aliphatic substrate may in fact also be
applicable to tertiary or aromatic compounds.

The references given usually yield a further crop of references to previous
work. Subsequent publications can be found through Science Citation Index.

Reactions Included in the Book. Interconversions of monofunctional com-
pounds form the major part of this compilation. Reactions of bifunctional com-
pounds in which the two functions are identical and which give monofunctional



INTRODUCTION XV

products are also included; for example, R.C(COOH). — R.CO (ketones from
carboxylic acids).

Examples of the removal of one functional group from bifunctional compounds
and the preparation of functional groups from groups not listed on the index are
included in the miscellaneous sections; for example, RCH(Br)COR — RCH.COR,
RCH(OH)COR — RCH.COR and RCH=CHCOR — RCH.CH.COR (ketones from
miscellaneous compounds), RCH,NO, — RCHO (aldehydes from miscellaneous
compounds).

Reactions are included even when full experimental details are lacking from
the given reference. In some cases the quoted reaction is a minor part of a
paper or may have been investigated from a purely mechanistic aspect. When
several references are given, the first refers to the reaction illustrated; others
give further examples, related reactions, or reviews.

Reactions Not Included in the Book. Reactions forming bifunctional products
are not included, for example, RCH=CH, — RCH(OH)CH.OH. Chain lengthen-
ing processes via unsaturated intermediates, for instance, RCHO — [RCH=
CHCOOEt] — RCH.CH.,COOEt, are only partially covered. Ring forming reactions
and reactions that involve several functional centers (e.g., the Diels-Alder
reaction) are represented by very few examples. These gaps will be filled by
a second volume, presently under consideration, which will include reactions
forming unsaturated and other bifunctional products.

Reactions published after early 1971 are not included.
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Chapter 1 PREPARATION
OF
ACETYLENES

Section 1 Acet¥1enes from Acetylenes

) 000000000000 C00C000C
Alkylation of acetylenes . . . . .« v v v v v o v v v v . page 1-2
Isomerization of acetylenes . . . . . . v ¢ v v o v v e e e e 2

Review: The Synthesis of Acetylenes Org React (1949) 51

1 i-PrMgC1  Et20
CsH]]CECH >

CgHy1C=CBu 66%
2 Bul HMPA

Bull Soc Chim Fr (1964) 2000

1 EtMgBr Et,0
BuC=CH _— BuC=CEt 70%
2 EtpS04 Etp0

JACS (1936) 58 796
JOC (1959) 24 840

c=CH | Na THE CzCMe
—_— 36%
¢l 2 Me,S0, cl

Bull Soc Chim Fr (1965) 1525



2 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 2

Further examples of the reaction RCZCH + R'X —»RC=CR' are included in
section 10 (Acetylenes from Halides, Sulfonates and Sulfates)

CHplp Zn-Cu Ety0
PhCZCH PhCZCMe 37%

Bull Soc¢ Chim Fr (1965) 1525
Tetrahedron (1958) 3 197

KOH EtOH 170-180°
EtCH,C=CH EtC=CMe ~70%

JACS (1951) 73 1273
Quart Rev (1970) 24 585

~ NaNHp 1,2,4-trimethylbenzene _
C5Hy1C=CCHy CgHyCHpC=CH 80%
160°

Org React (1949) 51

NaNHy mineral oil
BUCSC{CHp) 3CH3 Bu(CH, ) 4C=CH

Org React (1949) 51

Section 2  Acetylenes from Carboxylic Acids and Acid Halides

00C0000000000000000000000000000000000000000000000

1 PhgP=CHPh EtsN CgHg
BuUCZCCOC! BuC=C-CZCPh
2 ~280°

JCS (1964) 543



ACETYLENES FROM ALDEHYDES

SECTION 4
1.50CT, 1 PClg
PhCH,COOH ——— PhCHoCOPh  —————  PhCZCPh 34%
2 PhMgBr-CdC1, 2 NahHy
Helv (1938) 21 1356
Section 3 Acetx]enes from Alcohols
Na TsCl NaC=CH NHj3
BuOH — BuOTs e B BuC=CH 37-47%
JACS (1937) 59 1490
Org React (1949) 51
Section 4 Acetx]enes from A1deh¥des
Ph3P=CH0-<C::>-Me oL
PhCHO > PhCH=CHO ——— PhC=CH 29%
Eto0
Me

Ber (1962) 95 2514

+ -
1 Ph3PCH,C1 €1 Etp0
> HOCHZCH=G(CHp)2CECH 5%

ACOCH,CH=C (CHp) oCHO
ﬁe 1ithium piperidide "
2 MeONa MeOH €
3 Buli Ety0

JACS (1969) 91 4318



4 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 4

1 PhgP=CHMe THF NaNH,
CgHy3CHO CgHy3CH=CMe  ——=»  CgHj3CECMe
2 Buli THF pentane &1 NH3

3 N-Chlorosuccinimide

Tetr Lett (1970) 447

@CHO NOZ@CHPO(OPh)2C1 @/ c=¢ @
- 80%
NaH Me,SO oN N0,

CN

JACS (1965) 87 2777

CHO CH=C(COOH) CZCH
@@ CHp (COOH) “ 1 Bry CHCI4 “
P ——_
Pyr 2 KaC03 H20
3 PhL

51%

Compt Rend (1949) 229 660

BrCHoCOQEt 1 NgHg
PhCHO —_— PhCHCH,COOEL — PhC=CH
Zn Cghg OH 2 NaNO, HC1
H0 pet ether
3 NOC1 Pyr
4 KOH H20

JACS (1951) 73 4199



SECTION 7 ACETYLENES FROM AMINES 5

Section 5 cetg?enes from Alkyls, Methylenes and Ar;]s
FEEErEEEEREEE COLCOCODO00O00OB00000000

No examples

Section 6 Acetg]enes from Amides

No examples

Section 7 Acetz]enes from Amines

+ 1 Agp0 Hp0
EtCHCHZNMe3 — EtC=CH
- ©
NMe3 oBr" 2 100-250
JACS (1939) 61 1943
+ -
CHoNMe 3! CH,C=CPh
PhC=CH PhLi
Fe —_—— Fe 43%
Et,0 THF

JCS (1963) 2990



6 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 10

Section 8 Acetylenes from Esters
QCO000CO00Q0 CE-X-)

450°
Me?HCHZOAc —— MeC=CH
OAc
Izv (1959) 43
(Chem Abs 54 7547}

Section 9  Acetylenes from Ethers

00000000000 000A000000

No examples

Section 10  Acetylenes from Haljdes, Sulfonates and Sulfates
0000000000000 0000000V0O0000000000000000QO0000Q
Review:  The Synthesis of Acetylenes  Org React (1949) 51
PhC=CLi dioxane

i-PrBr > i-PrC=CPh 65%
150°

Annalen (1958) 614 37

CHal CH,C=CH

LiC=CH-HaNCH,CHoNHo
> 53%

Me,SO

JACS (1968) 91 4771
Angew (1959) 71 245



SECTION 10

1 LiCHpC=CSiMes

ACETYLENES FROM HALIDES, SULFONATES AND SULFATES 7

Me2C=CH(CH2)2§=CHCHgBr E—;;NB—————————> Me2C=CH(CH2)29=CHCH2CH2CECH
Me 3 NaCN Me

Tetr Lett (1968) 5041
(1970) 2247

PhC=CNa
BuOTs —_— PhC=CBu 65-70%
Toluene
Org React (1949) 51
JACS (1937) 59 1490
NaC=CH NHj
Et»S04 —_—_— EtC=CH 60%
JACS (1931) 53 289
NaC=CH NH3
i-PrZSD4 —_— i-PrC=CH 29-50%
JACS (1937) 59 1490
1 Mg Etp0
EtBr — EtCHoC2CCHoEL
2 BrCHyC=CCH,Br
JCS (1946} 1009
I pnezccu pyr (=CPh
———— 98%
MeO ~120° MeO

JoC (1963) 28 3313
JACS (1964) 86 4358



8 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 10

PhC=CCu DMF
PhCH=CHBr _— PhCH=CHC=CPh 75%

Chem Comm {1967) 1259

1 CuC=CCH(QEt), pyr

PhC=CH
2 Acid hydrolysis
3 NaOH MeOH ~ H,0

JCS C (1969) 2173

Further examples of the reaction RCZCH + R'X —= RCZCR' are included in
section 1 (Acetylenes from Acetylenes)

1 Mg Et20
BuBr > BuC=CPh 32%
2 PhC=CBr CoCl,

JCS (1954) 1704

C=CH =
OB‘” 1 Mg Etp0 OCHZI 2 kou OCHZC CH
—— Br

Br
Org Synth (1941) Coll Vol 1 186

Org React (1949) 5 1

@Br 1 Mg Ety0 @[CHZC:CH
————————— e
Me 2 C1CH,CH=CHC] Me

3 NaNH,

Compt Rend (1925) 181 555



SECTION 11
@l

EtCHCH,Br
]
Br

C8H]7?H'?H2
8r Br

EtCHg?H-?Hg
Br Br

ACETYLENES FROM HYDRIDES (RH)

1 CHp=CHC1  ATCIg

2 NaNH, NHq

1 MesN

e
3 100-250°

NaNH, MepSO
————

KOH EtOH

—————

Further examples of the conversion
included in section 14 (Acetylenes from Olefins)

[:::::[CECH

Rec Trav Chim (1965) 84 31

EtC=CH
JACS (1939) 61 1943

CgHy7C=CH

Tetrahedron (1970) 26 2127
JACS (1934) 56 2120

EtCH,C=CH

Org React (1949) 51

of dibromides into acetylenes are

Section 11 Acetylenes from Hydrides (RH)

Q0000000000000 00C000CO0000CR00

No examples

36%

9%

54%
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COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 12

Section 12  Acetylenes from Ketones

QC00C0000000O0O0QOC0O000R0

Review: The Synthesis of Acetylenes Org React (1949) 5 1

HO

COCH3

&

COCH3

Q

OMe

COCH,

©)

Fe

€%

COCH, C=CH
1 NoH, EtgN
——————————
21, EtgN THF
3 KOH  MeOH
HO -

JOC (1969) 34 3502

1 PCIg [:::::[c;cH
——> ~35%
2 KOH

JACS (1932) 54 1184

1 PC15 Cs“s C=CH
73%
2 NaNH, NHg Me
OMe
Tetrahedron (1969) 25 4249
\«C=CHCHO \zCECH
POCT 5 & NaOH  Hy0
— ——— 77%
DMF dioxane

Ber (1965) 98 3554
J Organometallic Chem (1966) 6 173



SECTION 12

1 NaHg -Ho0

PhCH,COMe

ACETYLENES FROM KETONES

PhCOCH3 - PhCOCHzBr

PhCOCHy --+ PhCOCH,C1

BrCH,COOEt
PhCO  —s
ee 4N Cghg

COPh

2 (CF4C00),Hg, Et,0

PhCzCMe

JOC (1966) 31 624

(PhO)3P
—_— PhC=CH
Dokl (1965) 163 656
(Chem Abs 63 11338)
1 (Et0)3P

PhCZCH
2 NaNH, Et,0 NHj

JCS (1963) 3712

£t
PhCCH,COOEt PhC=CEt
1
OH 2 NaNO, HC1
Hy,0 pet ether
3 KOH EtOH H,0
JACS (1951) 73 4199
C=CPh
1 N2H4
2 MnO2
3 CHCT3 t-BuOK
4 Mel.i

Chem Ind (1969) 1306

48%

~75%

80%



12 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 12

7N 1 NoH,

(CHp)g E" (CH)g

N 0 2 HgO0 EtOH KOH \/c

JACS (1952) 74 3636 3643

PhCOCOPh _— PhC=CPh 67-73%
Hg0 CgHg
Org Synth (1963) Coll Vol 4 377
COCOPh C=CPh
OPh 1 NoHy

80%
2 CF3C00Ag EtsN

¢ EtOH o

JOC (1958) 23 665

O TN Il -
0 2 Pb(OAc)4

Tetr Lett (1968) 4511

(Et0)sP 215°
PhCOCOPh —_— PhC=CPh 60%

JOC (1964) 29 2243



SECTION 15

Section 13 Acetylenes from Nitriles

CO00000000000000000060G00 0

No examples

Section 14 Acetg]enes from 0lefins

Li THF

BuCH=CHp BuC=CL1

~65%

o 1 Bry CCly

—_——
2 NaNHy HMPA
CHoCH=CHy

1 Bro
CgHy 7CH=CH(CHp) 7COOH

ACETYLENES FROM MISCELLANEQUS COMPOUNDS 13

Hp0

———

BuC=CH

JOC (1967) 32 105

OH 483
CHpCZCH

Tetr Lett (1970) 41
Tetrahedron (1970) 26 2127

2 NaNHp  NH3

C8H]7CEC(CH2)7COOH 68%

Eto0

J Am Qil Chem Soc (1951) 28 27
(Chem Abs 45 8449)
Org Synth (1947) 27 76

Section 15 Acet¥1enes from Miscellaneous Compounds
o0 CO0OO0OOQCOQCOCO0O0O000000
Review: The Synthesis of Acetylenes

Org React (1949) 51



14 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTIC. 15

Bul1 Et20 H20
PhCH=CHBr —_— PhC=CLi m———— PhC=CH

JACS (1940) 62 2327

PhLi Et20
PhCH=CHC1 — PhC=CH 100%

Ber (1941) 74B 1474

NaH HMPA
PhCH=CHBr —_— PhC=CH 78%
Bull Soc Chim Fr (1966) 1293
NaH HMPA ~
C6H13(|:=CH2 —_— C6H13C=CH 70%
Br
Bull Soc Chim Fr (1966) 1293
NaNHp HMPA  CgHg
Ph(lZ=CHBr > PhC=CMe 40%
Me
Bull Soc Chim Fr (1966) 1293
Zn EtOH
CF3(.I = (I:CF3 —_— CF3C:CCF3 54%
c1 ¢l

JACS (1949) 71 298



SECTION 15 ACETYLENES FROM MISCELLANEOUS COMPOUNDS 15
Buli
PhCH=CCTF — PhC=CBU ~20%
Angew (1963) 75 638
(Internat Ed 2 477)
0
T ZTNHeh TeheNH,
(CHy)yg | e (CHy)yy —— () Il s

1 HC(OEt)3 HOAc

PhCO?HPh
OH 2 C6H]3C00H 500
PhCH —T===N Mesitylene
1 AN
C1 AN — N —
176
Ph Na hy dioxane
A
i Lt
|

NTsLi

+ - 1 Ago0 Ho0
CH2=CHCH2NMe3Br ————
2 310-325°

\\\‘_’/;0 HOAC

CHyC1,

Helv (1967) 50 2101

PhC=CPh 40%

Chem Comm (1970) 206

PhC=CH 59%

Tetr Lett (1966) 1663

PhC=CPh 85%

Angew (1964) 76 144
(Internat Ed 3 138)

HC=CMe <34%

JOC (1949) 14 1
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Chapter 2 PREPARATION
OF
CARBOXYLIC ACIDS
ACID HALIDES
AND ANHYDRIDES

Section 16 Carboxgh‘c Acids from Acetylenes
Q [£) C0000000000C000C00

1 (i-Bu)pATH A
BUC=CH _— . BUCHZCH(COOH)2  -“2»  BUCH,CH,COOH

2 BuLi THF 62%

3 ¢0, :

Tetr Lett (1966) 6021

H £cooH CHzCO0H
¢ 1 NalHp N c Ho Ni HoO G

— = 3 MR 33%
(CHa)g 2 cop Ety0 (CHa)g (CHz)g
CooH COOH CooH

JACS (1945) 67 1171

1 Na KOH EtQOH

Annales de Chimie (1931) 16 309



SECTION 16 CARBOXYLIC ACIDS FROM ACETYLENES 17

1 Dicyclohexylborane THF
BuC=CH BuCH,COOH
2 m-Chloroperbenzoic acid THF

JACS (1967) 89 291

CF3C002H  NagHPOg
PhCZCH PhCOOH ~ +  PhCH,COOH

CHaCT 259 38

JACS (1964) 86 4866

KMnOg  Ho0
CgH17C=C(CHp ) 7CO0H _ HOOC(CH, ) ,COOH 80%
g7 2 2)7

JOC (1952) 17 1063

103 CCly HOAc

BuC=CBu BuCOOH 35%
2 Nal
Annalen (1953) 583 29
C=CH COOH
OAc 0Ac
103 CCly
0Ac 3 OAc 41%
AcO 2 Hy0 AcO
AcO AcO
0Ac OAc

Carbohydrate Res (1966) 2 315

Carboxylic acids may also be prepared by conversion of acetyienes into
esters or amides, followed by hydrolysis. See section 106 (Esters
from Acetylenes) and section 76 (Amides from Acetylenes)



18 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 17
Section 17  Carboxylic Acids, Acid Halides and Anhydrides

000000000000 0000000000000000000000000B0000GC00

from Carboxylic Acids and Acid Halides

Q0000000000000 0000CC0D000000CO00O00000000
Chain extension and alkylation of carboxylic acids . . . . page 18-22
Degradation of carboxylic acids . . . « . +« . . ¢ v . . v .. 22
Acid halides from carboxylic acids . . . . . . . . . . . ... 22-24
Anhydrides from carboxylic acids . . . . . . . . . . . . . .. 24-26

CgHy 1€0CT

Cghypcoc

1 Cyclododecanone morpholine enamine EtsN

1 NaC(COOCH,Ph)2

2 Hy Pd-C

3 78° (decarbox)

4 HyS04

NaC COO-I;/]

2 C6H5

reflux

»  CgHyq(CH2)72C00H

2 NaOH EtOH 709
3 NpHy KOH triethanolamine 8
Ber (1967) 100 4010
Na coon GO0
1 MeCOCHCOOEt CgH NoH
06 L (G 2 (CHyy
2 M?ONa) MeOH 90 KOH CH2
3 I(CH COOEt  KoCO4 triethylene
2710 (EHz)g glycol (CH2)8
4 KOH MeOH CH CH
il 1]
CH2 CHp
Arkiv Kemi (1949) 199
(Chem Abs 43 7414)
(?H2)5COOCH2Ph

NoHg
C5H11C0(CH2)7C00H ——> CgHq1(CHp)gCOOH
NaOH 56

JCS (1950) 174

|
(CH2)11
?0 QHZ
NpHgq  KOH
(CHa)g 4 , (CHp)g
CH diethylene CH
CH, glycol CHa

JCS (1952) 3945



SECTION 17 CARBOXYLIC ACIDS, ACID HALIDES AND ANHYDRIDES 19
FROM CARBOXYLIC ACIDS AND ACID HALIDES

1 Thiophene SnCly / \ 1 Succinic
CgH13C0CT » C7H15 ———————> (7H5(CH,),CO0H
2 NoHy"Hp0  KOH S anhydride
A1CT 3
2 NpHy  KOH
3 Ni Na,C04

JCS (1954) 4162
(1962) 350

1 50C1,
ECOOH — Et(CHy ) 5COOH 28%
2 CHNy  Etp0

3 CHp=CO toluene
4 NoHg NaOH diethylene glycol

Annalen (1964) 678 113

e CHO0OH
Me0 : MeO Et 37%
2 Collidine PhCH,OH

3 KOH MeOH

JOC (1948) 13 763

COOH ) g Ety0 CHCOOH
Me 17%
c1 2 MeCHN, Etp0 c1

3 PhNEt2 PhCH,0H
4 Hydrolysis

JCS C (1970) 971



20

] MeCHNp Et20

PhCOCI »
2 Agy0  PhNHj
3 Acid hydrolysis
1 CHaN2  Et20
C]4H29CHZCOC1

2 HCT Etp0

COMPENDIUM OF ORGANIC SYNTHETIC METHODS

————— > C14H29CH3COCHRCY

SECTION 17

Ph?HCOOH
Me

Chem Ind (1955) 1673

—

CMHzg?HCOOH 70%
Me

Chem Phys Lipids (1968) 2 213

1 C1CO0Et EtgN CHyCly

0 N COOH

COOH
1 CHoNp  Etp0

2 CHoNp  Et20
3 hv dioxane Hy0

> n34%
,/:CHZCOOH

JCS C (1969) 1319
Tetr Lett (1969) 4517

dioxane Ho0

¢o + -
[::::]’ ¢ 1 MepSOCHp  THF
L T

2 hw HyO

CH2COOH
~T74%
Org React (1942) 1 38
JCS (1950) 926
CHoCOOH
~80%

JACS (1964) 86 1640



SECTION 17

BuCHZCOOH

CgHq1CH2CO0H

C5H]19HCOOH

Bu

PhCHoCOOH

PhCH,CO0H

CARBOXYLIC ACIDS, ACID HALIDES AND ANHYDRIDES

1 NaH (i-Pr)pNH THF

FROM CARBOXYLIC ACIDS AND ACID HALIDES

2 Buli

Bu?HCOOH

3 CgHy3Br Cet3

JACS (1970) 92 1397

BuLi (1-Pr)2NH hexane THF

> CgHy1CHCOOH
2 HMPA B
3 BuBr
JOC (1970) 35 262
1 Buli (i-Pr)oNH hexane THF Ju
C5H11CCOOH
2 BuBr Bu
JOC (1970) 35 262
1 Sodium-naphthalene THF
> PhCHCOOH
2 i-PrBr ioPr
Joc (1967) 32 2797
1 i-PrMgCl HMPA Eto0
> PRCHCOOH
2 EtI Et

Bull Soc Chim Fr (1964) 2000

21

86%

93%

50%

88%
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@coon
CHa

Alkylation of
intermediates.

COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 17

1 (i-Pr)oNLi  heptane THF COOH
> 69-73%
2 BuBr CHoBu

JACS (1970) 92 1396

acids may also be accomplished via ester or amide
See section 113 (Esters from Esters) and section

81 (Amides from Amides)

COOH

Chive

CHp 1 Bry

(e 5 MeoH
9”2 3 Pyr

Chve

CHoR

PrCH,CHoCOCT

CC15COOH

QOOMe ?OOH
ﬁMe QHMe
Py ?H KMn04 MeoCO ?HZ
QHMe QHMe
9H2 CHoR
?HMe
CHoR
JCS (1963) 3081
1 Bry KOH
—— PrCH=CHCOOCH,Pr-i ~ —————> PrCOOH
2 i-PrCH,OH 300-340°
3 PhNEt,
Biochem J (1951) 50 163
NUap
— CC13C0C1
DMF

Helv (1959) 42 1653
Org Synth (1932) Coll Vol 1 12

89%



SECTION 17 CARBOXYLIC ACIDS, ACID HALIDES AND ANHYDRIDES 23
FROM CARBOXYLIC ACIDS AND ACID MALIDES

COOH ¢ocl
O 0Et SOC1p EtsN CHaClp O OEt
N Me N Me

JCS (1963} 491
(COC1), Cghg
PhCH,CH,COOH —_— PhCH,CH,COCT 98%
2CH2 2CH2

JACS (1920) 42 599
Can J Chem (1I955) 33 1515

PhCOC1
t-BuCOOH — t-BuCoCl 92%
JACS (1938) 60 1325
PCl3
PhCH,COCH — PhCH,COCT

Org Synth (1943) Coll Vol 2 156

COOH COBr
PBr3
Me — ¥ 65%

JCS (1934) 1406

QOOH QOC]
(‘:HO >< PhaP  CClg C'IHO ><
CH,0 CH,0

JACS (1966) 88 3440



24 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 17
COOH COBr
Ph3PBY‘2 PhC1
e
Annalen (1966) 693 132

NN'-Carbonyldiimidazole
Cy5H47CO0H > C1eH41COCT 68%
15731 Hel CHC13 15731

Annalen (1966) 6384 78

N
0,PC]3

PhCOOH —— PhCOCY 77%

Ber (1963) 96 1387

MeCC1,0Et
MeCH=CHCOOH _— MeCH=CHCOC1 79%
Rec Trav Chim (1957) 76 969
AC20
Cq7H35C00H _— (C17H35C0)20 50-80%
JACS (1941) 63 699
TsC1  pyr
PhCOOH —_— (PhCO)ZO 97%

JACS (1955)

~

7 6214



SECTION 17

C6H'| 3C00Na

CygH31CO0H

CARBOXYLIC ACIDS, ACID HALIDES AND ANHYDRIDES
FROM CARBOXYLIC ACIDS AND ACID HALIDES

CzH,,C0CT H,0
6590 B0 (et 500050

JCS (1964) 755

DCC CCTy
— (C15H3100)20

J Lipid Res (1966) 7 174

C1COOEt

Me[CHp1CH-CHICH, 17C00H = (Me[CHp]7CH-CHLCHp]7C0)20

OH OH

C15H37C00H

PhCOOAg

CgHy 3C00H

EtsN THF OH OH

JOC (1963) 28 1905

N-Trifluoroacetyl imidazole CgHg

(Cy5H31C0)20

Ber (1962) 95 2073

CSo
—_— (PhCO)ZO
Proc Chem Soc (1957) 20
HC=COMe
—_— (CgH13C0)20

JCS (1954) 1860

25

60%

85%

54%

98%

67%



26 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 18

1 CHp=CO
PhCOOH _— (PhC0) 0 96%
2 Distillation

JACS (1932) 54 3427

PhCOCH=CHCOPh BuzP CgHg
PrCOOH >

(PrC0)20 77%

JOC (1964) 29 1385

Section 18  Carboxylic Acids from Alcohols and Phenols

00000000000 CO00OC000O00000O0DCCOO0CO00C00C0O0000

Carboxylation of alcohols . . . . . . . . v v o v o v v o page 26-27
Oxidation of alcohols and phenols to carboxylic acids . . . . . 27-30
Oxidative cleavage of diols . . . « v v v v v v v v v v v v 30
OH . CH2COOH .
Me CHp=CC1y HpS04 Me 24%
—_—

Ber (1967) 100 978

CHp=CClp HpS04 BF3

Ph(IZHOH Ph(‘ZHCHzCOOH 50%
Me Me
Angew (1965) 77 967
(Internat Ed 4 956)
HCOOH  HpS04
t-BulH ———— t~BuCOOH 75%

Org Synth (1966) 46 72
JACS (1961) 83 3980



SECTION 18 CARBOXYLIC ACIDS FROM ALCOHOLS AND PHENOLS 27

OH HCOOH  H,S04 COOH
2T T 75%

Ber (1966) 99 1149

CO (400 psi) RhCT 4340

MeOH MeCOOH 99%
HI HZO CeHg
Chem Comm (1968) 1578
Cr03 HOAc Ho0
FCHZ(CH2)80H20H —— FCHy (CHo )gCOOH 93%

JACS (1956) 78 2255
(1960) 82 6147

0
+0C0C5HY 7

COCH
Cr03 H2S04 Me2CO

(Jones' reagent)

0 0
77%
Helv (1967) 50 269
J Med Chem (1970) 13 926
KMnOg  H0
C15C(CHz) 3CHROH — C13C(CHz)3C00H 92%

Bull Chem Soc Jap (1963) 36 1264



28
[fgiz:]:fHZOH

Br(CHy) 5CHoOH
CgH19CH20H

CgHy1CH0H

Ph(CHy)»CHoOH

PhCH=CHCH,0H

COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 18

COOH
KMnOs NapCO3 H0
u 2 > 66%

Bull Acad Polon (1964) 12 15
(Chem Abs 61 1895)
JACS (1950) 72 2953

HNO4
—_— Br(CH2)5C00H
JACS (1950) 72 5137
NoOg
—_— CgH19COOH
Ber (1956) 89 202
Rulg CCl4
—_— C5Hy1CO0H 10%

JACS (1958) 80 6682

Nickel peroxide
—_— Ph(CHp)2CO0H 70%
NaQH H20

JOC (1%62) 27 1597

Nickel peroxide
—_——— PhCH=CHCOOH 81%
NaGH H,0

JOC (1962) 27 1597



SECTION 18 CARBOXYLIC ACIDS FROM ALCOHOLS AND PHENOLS 29
Ag0
EttIZHCHZCHZOH — Et(}HCHZCOOH 100%
Me Me
Tetr Lett (1968) 5685
0o Pt NaHCO3 Hz0
(HOCH3 ) 3CCHp0H (HOCHz ) 3CCO0H 50%
Ber (1956) 89 1648
Angew (1957) 69 600
t-Butyl chromate
Me(CH2)14CH20H > Me (CHg)14CO0H 54%
Bull Chem Soc Jap (1965) 38 893
CCly KOH t-BuOH Hp0
PhCH,0H > PhCOOH 75%
JACS (1969) 91 7510
Xenic acid Hp0
MeCH20H ————> MeCOOH

JACS (1964) 86 2078

OH

g

SO

KOH fusion

—_— HO 47%

Helv (1944) 27 1727
JACS (1948) 70 3485



30 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 18

Me,COH COOH

H,0p HBr H»0

etz TR 56%
NHgqVO3

COOH COOH

JCS (1961) 4082

A 103 EtOAc
‘. —_— COOH 55%

2 Hy05 Ho0
OH 2¥2 M2

Zh Org Khim (1967) 3 1636
(Chem Abs 68 29874)
Tetr Lett (1967) 4729

0
0
—_—
H20
0 CHCHROH 0 COOH
MeO 0 1 0
OH
JCS C (1966) 1918
0o cobalt laurate PHCN
C8H17('2HCH20H — CgH17CO0H 70%

OH

Tetr Lett (1968) 5689



SECTION 19 CARBOXYLIC ACIDS AND ACID HALIDES FROM ALDEHYDES 31

Section 19 Carboxylic Acids and Acid Halides from Aldehydes

CHO CH2COOH
1 [(Et0),P0]yCHNMe, NaH dioxane

-

QL_— 2 HC1 Ha0 0
o o

Angew (1968) 80 364

(Internat Ed 7 391)

S
I'd
‘ 1 (Me0)gp=cle_) .
i-PrCHO —» -PrCH,COOH
2 Hydrolysis

Tetr Lett (1967) 3201

CHO HCN
NaHSO0; Ny CHgCOOH
—3 o
NaCN Hy0 a0 ,
OH oH on 78t

JOC (1956) 21 1149

1 PhCONHCH,COOH Hy00
PhCHO ~————————  PhCH,COCOCH —  PhCH,COOH
2 Base or acid

Org React (1942) 1 210

/ \ 1 Rhodanine NaOAc HOAc / \ -
. CHO 2 NaOH i o = CHaCooH ’

3 NHoOH
4 Ac0
5 KOH

JACS (1940) 62 1512
Org React (1942) 1 210



32 COMPENDIUM OF ORGANIC SYNTHETIC METHODS

Cr03 HpSO4
—_—
M62C0

KMnOz MepCO H20

CHO
(s
t-Bu
Br
CHO
Me0
OCHzPh

0Ac
0
OH
OHC
0

KMnOg HpS04 Ho0

KMnO4 Pyr

CgHy 3CHO >
OAc
CHoCHO Ags0  H0
—————
0
0/

—

SECTION 19

COOH
?;ii::;7iph 85%
t-Bu

JCS € (1970) 1168

Br
COOH

MeO
0CH>Ph

JCs C (1970) 1208

-,

Y

HOOC

0

Steroids (1964) 3 639

CgH13CO0H 76-78%

Org Synth (1943) Coll Vol 2 315

-0Ac

CHCOOH
93%

0
0~/

Tetrahedron (1968) 24 6583



SECTION 19 CARBOXYLIC ACIDS AND ACID HALIDES FROM ALDEHYDES 33

Ago
MegC=CH(CH2)21C=CH(CH2)3CHO — Me2C=CH(CH2)2£|3=CH(CH2)3COOH
Me THF Ha0 Me 55%
Tetr Lett (1969) 1837
JACS (1968) 90 5617
Argentic picolinate
PrCHO PrCOOH

Tetr Lett (1967) 415

0 CHO 0 COOH
( Ho02  NaOH ( 90%
0 — 0

Monatsh (1955) 86 325

MeCOO2H
C6H13CHO ———— CgH13CO0H 88%
Org React (1957) 973
QOH
PhCMes 0504 MeOH
PrCHO PrCOOH

JCS (1950) 2169

CgHyyz

Se0p Hp02 t-BuOH

Me0OC ///L\\
= =" SCO0H

CHO

Chem Comm (1969) 945



34 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 19

c1 c1
CHO HNO5 COOH

—_ 24%

C1 cl
C1 a1

JCS (1951) 1208

OAc

CHO COOH “\\\\\

0p hv EtOAc

- > 50%

AcO AcO

Tetr Lett (1966) 2507

0, Cup0-Agp0
{ . N o bl i 4 i oo 86-90%

NaOH Ho0
Org Synth (1963) Coll Vol 4 493
CHO COOH
HaN HoN
OH 02 Pd pH 7.1 OH
—_—
HO HO 54-60%
HO HO
OH OH

Helv (1957) 40 2383



SECTION 19
[::::]:CHO
0Me

Bu?HCHO
Et

i-PrCHO

MeO?HCHO
0
MeOCHCHO

[::::]:CHO
C1

1-PrCHaCHO

CARBOXYLIC ACIDS AND ACID HALIDES FROM ALDEHYDES 35

COOH
KOH Hp0
- OMe 34%

Org React (1944) 2 94
Org Synth (1963) Coll Vol 4 974

NaOH H,0
_— BuCHCOOH 20%

Et
Helv (1951) 34 1211

1 NH20H-HC1 NaOAc EtOH H»0
> 1-PrCOOH 88%

2 KOH diethylene glycol

JOC (1962) 27 629

L KI KOs MeOgHCOOH
R S N

|
KHCO3  H0 MeOCHCOOH

JACS (1954) 76 3188
cocl
Cls
— 70%
Cl
Org Synth (1941) Coll Vol 1 155

Benzoyl peroxide CClg

1-PrCH,COCT 60%

JACS (1947) 69 2916



36 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 20

Carboxylic acids may also be prepared by conversion of aldehydes into

esters, followed by hydrolysis. See section 109 (Esters from Aldehydes).
Some of the methods listed in section 27 (Carboxylic Acids from Ketones)
may also be applied to the preparation of carboxylic acids from aldehydes

Section 20 Carboxylic Acids from Alkyls, Methylenes and Aryls
00000 o

CCO0000 B

CHMe> COOH
HNO3 Vs05 HOAC
3 ¢ > 25%
Me $ Me
J Med Chem (1970) 13 254
COOH
Cr03 HOAc
—— 0.3%

Annalen (1933) 500 270

CHs COOH
KMnOg  Hp0 o

Org Synth (1943) Coll Vol 2 135

CH3 COOH

Helv (1931) 14 233



SECTION 20  CARBOXYLIC ACIDS FROM ALKYLS, METHYLENES AND ARYLS 37

’[::::]’ Cro3 HaS0a
Ph3Si Ach HOAC

CH3
Na2Cr207 2H20
Ho0 250°
CH3

HNO3 Hg  Hp0

—_—ep-

0
o
QL0 &=
CHy O

Argentic picolinate
PhCH3

COOH
81%
PhaSi

JACS (1956) 78 1689

Do

JOC (1961) 26 1759

COOH
76%

Ber (1961) 94 834

COOH

QL0

COOH 0O

JCS (1960) 341
JOC (1960) 25 668

PhCOOH

Tetr Lett (1967) 415



38 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 20

o Ti0p
PhCHs —Z PhCCl3 ——>  PhCOC1  ---»  PhCOOH

JACS (1958) 80 3483

N~ CHg T CBry 0 coon

~70%
JACS (1946) 68 1840
CH3 S H0 COOH
—_— 100%
35°
COOH CO0H
JOC (1961) 26 2929
S02 Hp0
PhCHMe, — PhCOOH 24%
315°
JOC (1961) 26 2929
Ho02 NH4VO3 HBr
PhCHoMe 2 4 > PhCOOH 40%
H20

JCS (1961) 4082

Ph COOH
1 03 HOAc
HOOC COOH _ HOOC COOH
2 H202
Ph COOH

Ber (1960) 93 2521



SECTION 21

Oph

Section 21 C(Ca

3

Me

O
e
=
m

g

Me
@[ CONHg
Me

CARBOXYLIC ACIDS FROM AMIDES 39

COCH
Ruby NalQg
- 5 25%
CC1y Hy0 [::::]/

Tetr Lett (1967) 4729
Chem Comm (1970) 1420

rboxylic Acids from Amides

QO

> 94%
diethylene glycol Me CHMe

CONH COOH

JOoC (1950) 15 617

HCT HOAc Hp0 @@

@ CHoCONHp @@ CHpCOOH
90%

JACS (1941) 63 2494

Me
COOH
H3P04
P 70%
145-150° Me

Rec Trav Chim (1927) 46 600

@\/j Ion exch resin (acid) @\/j
> 61%
NZ CONHp  MepCO  Ha0 N~ COOH

|
COPh

t
COPh
Chem Ind (1957) 736



40 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 21
CONHp COOH
OAc 0AC
AcO NoOg  HOAC AcO
OAc — 0Ac 58%
0Ac 0Ac
OAc 0Ac
JACS (1938) 60 235
i-Pr i-Pr
CONH + - COOH
NO BFg MeCN 702
i-Pr Pr-i i-Pr Pr-i
JOC (1965) 30 2386
BuONO HC1 HOAc
Bu3CCONH, > Bu3CCOOH 79%
JACS (1948) Zp__ 3091
J Med Chem (1966) 9 603
OMe
(
1 NaH CgHg NOCT  Acz0 ¢
HOA 66%
2 MeI DMF ¢opyr
CONH2 CONHMe OCH
JACS (1961) 83 1492
1 NaNOp Acp0
PhCONHCHMe —_— PhCOOH 64%
ét 2 Pentane 25°

JACS (1955) 77 6011



SECTION 22 CARBOXYLIC ACIDS FROM AMINES
0\
@O/ PC]3
PhCON ——— PhCOOH

Ber (1963) 96 1387

Mn02 HOAc
EtOOCCHzNHCO?H(CHg)zCONHNHPh ———e EtOOCCHzNHCO?H(CHg)ZCOOH

NHCOOCHPh Ha0 NHCOOCH,Ph

JOC (1963) 28 453

R FeCl3 HCI R’
RCHCONHNHPh _— RCHCOOH
cellosolve H0

JACS (1957) 79 637 645

4

67%

82%

85%

Carboxylic acids may also be prepared by conversion of amides into esters,

followed by hydrolysis. See section 111 (Esters from Amides)

Section 22  Carboxylic Acids from Amines
C000000COOCOCOC00 o00COoCC0C

1 i-PrLi
CH4CHoNEE) e 1'-Pr‘(CH2)2COOH
2 COp
JACS (1969) 91 6362
+ -
NHo No BFy4 COOH
Ni(C0)4 HOAc
-———— —
COOEt COOEt COOEt

JCS (1962} 686

25%

52%



42 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 23

CHoNMep COOH
KMnOg NaOH Hp0 N
CHoPh CHzPh 2

JACS (1951) 73 4122

Section 23 arbox 11c Acids and Acid Halides from Esters

0000 0000000000000 00Q000QC0000
Hydrolysis and c1eavage of esters to carboxylic acids . . . page 42-45
Degradation of esters to carboxylicacids . . . . . . . . . .. .. 45
Acid halides from esters . . . . . ¢« v v v v v v v e e e e 46
KOH EtOH
C9H19CH=(|3C00Me —_— CgH]gCH=[I:C00H
Me Me

Org Synth (1963) Coll Vol 4 608

Ba(OH)2 MeOH
MeOOC(CHz)gCOOMe —_—_— MeOOC(CHz)gCOOH 60%

Org Synth (1963) Coll Vol 4 635

t-BuOK MepS0
(i-Pr)3CCO0OMe —_— (i-Pr)3CCOOH 100%

Tetr Lett (1964) 2969
JCS (1965) 1290

Me Me

C00BU-t ygp1-dicyclohexyl COOH
- 94%

Me Me 18-crown-6 Me Me

JACS (1967) 89 7017



SECTION 23 CARBOXYLIC ACIDS AND ACID HALIDES FROM ESTERS 43

Li NHg THF
—_— 59%
CO0Me COOH
JACS (1958) 80 217
MesN MeQH
PhCOOMe _— PhCOOH

JACS (1933) 55 4079

Guanidine H,0 EtOH
MeCOCPh > MeCOOH

Bull Chem Soc Jap (1966) 39 852
JACS (1964) 86 837

HBr  Ha0
BrCH,CHCOOMe —_— BrCHaCHCOOH 72%

Br Br

JACS (1540) 62 3495

Ion exch resin (acid) Ho0
MeC00C5H” MeCOOH

JCS (1952) 1607

Further examples of the reaction RCOOR' —» RCOOH + R'OH are included in
section 38 (Alcohols from Esters) and section 30A (Protection of
Carboxylic Acids)



44 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 23

MeOH reflux 4 days
PhCOOBu-t PhCOOH 23%

JACS (1941) 63 3382

OH OH

MeQ COOBu-t MeO COOH 100%
@ OMe @ OMe

JOC (1962) 27 519

CO0Me COOH

Lil DMF N\\\x\\
———

HO
JCS (1965) 6655
For cleavage of ethyl esters see JOC (1963) 28 2184
CO0Me COOH
Lil collidine
_— 90%
AcO AcO

Helv (1960) 43 113



SECTION 23 CARBOXYLIC ACIDS AND ACID HALIDES FROM ESTERS 45

PrsLi  HMPA
(1-Pr);CC00Me  —————>

Hy Pd Etn0
PRCOOCH,Ph e

Hy Pd Ety0
PhCOOCHPh B

(1-Pr)3CCOOH 99%

Tetr Lett (1970) 4459

PhCOOH

JOC (1958) 23 1700
Org React (1953) 7 263

PhCOOH

JOC (1958) 23 1700

Further examples of the cleavage of benzyl esters are included in section
30A (Protection of Carboxylic Acids)

AcO 0 OAc

l:::lllllll:::' CHp0AC

0

AcO 0 OAc

Cr03 HOAc @‘@
——————
Acg0 COOH

0

JOC (1961) 26 979

CH=CPhy COOH
,J:l 103 EtOAc 0

HoCOOMe
gj 1 PhMgBr ~ > 0
o 2 HyOp HOAC
2 HOAc \\Ru0q Nal0g -

JACS (1963) 85 3419



46 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 24

HF  Etp0
C7H]5C00(‘:=CH2 —— C7Hy5COF 50%
Me
JOC (1969) 34 2486
@0\903
PhCO0Bu PhCOCT 91%

Ber (1963) 96 1387

Section 24 Carbox%hc Acids from Ethers
0000000 EECEE

1 i-Prli Et0
CH3CHo0EL —_— 1-PrCHaCH,COOH 5%
2 €0,
JACS (1953) 75 1771
(1955) 77 2806

1 Mg BrCHyCHpBr THF
CHy=CHCH20Ph —> CHp=CHCH,COO0H 63%
2 COy

J Organometallic Chem (1969) 18 249

Bro  Hp0
(EtCH2)20 —— EtCOOH 100%
JACS (1967) 89 3550
Bro  H20
(PhCHy),0 —_— PhCOOH 55%

JACS (1967) 89 3550



SECTION 25 CARBOXYLIC ACIDS AND ACID HALIDES FROM HALIDES

Cr03 HOAc CHpCl2
Me(CH,)74CHo0EL > Me{CHz )1 4CO0H

Chem Comm (1966) 752

Carboxylic acids may also be prepared by oxidation of ethers to esters,
followed by hydrolysis. See section 114 (Esters from Ethers)

Section 25 Carboxylic Acids and Acid Halides from Halides
COOH
¢ 1 Mg Ety0 COOH 4 pgyq &)
(Chy)y (Chpha s (Slphrg
' 2 E00C(CHp)14CHO | 2 KOH t-Bu
e 3 KOH EtOH H,0 (1% 34y pe weon
2 ($H2)4
t-Bu
JACS (1950) _7_2_ 5139
Br cooMe cooH
CHie 2 CdClp o Ho0 CHite
£t 3 Me0OC(CHy ) 2COCT CHy £t
?HMe
Et
JACS (1944) 6_6_ 46
0 0
1 §[::]; KI KOH Hp0
PRCH,C1 > PhCHy (CHp) 5COOH

2 NoHg NaOH MeOH

Ber (1952) 85 61 1061

47

55%

46%

69%



48 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 25

OH
1 Mg Etp0 CigH3z 1 Cr03 HOAc
CigHasfr —m——————> ~——————> C1gH33(CH2)5CO0H
2 Cyclohexanone 2 NpHg NaOH

73%
JACS (1948) 70 3352

[:::::[B” 1 Mg Etp0 OH 1 Cr03 HOAC [:::::[‘CH2)4C°°“
——————eeee P ) e
Me 2 Cyclopentanone 2 NoHy NaOH Me

Me diethylene
glycol
JOC (1958) 23 584
1 Mg Etp0
CoHgCHCHaBr  ——————>  CgH)gCHCH(CHp)qCOOK
Me 2 @CHO Me
3 HC1 EtOH
4 NpHg KOH Z Physiol Chem (1951) 287 65

0 1L Et0 (CH2)2COO0H
_ 47%
2 CHp=CHy

3 €02 JACS (1969) 91 6362
1 NaCH(S0Et)2 S02EE  q per Hp0
PhCHpCl  ———————> PhCHyCCHpCHCN ————> PhCH (CH2)3CO0H
2 CHo=CHCN : 0A
z SO2Et 5 Ni  NaoH
KOH t-BuGH Ha0
2

JACS (1952) 74 1225



SECTION 25 CARBOXYLIC ACIDS AND ACID HALIDES FROM HALIDES 49

MeCOCH2COOEL KOH Hp0
BuBr ~——————> BUuCHCOOEt ———  BuCH2COOH
NaOEt CoMe

Org Synth (1941) Coll Vol 1 248
JACS (1930) 52 5005

Br CHCOOH
1 Mg THF
D —————
3 BrCHaCOOEE
4 NaOH JOC (1968) 33 1675

1 CH3CO0Bu-t NaNHp NH3
CgHy71 > CgH17CH2CO0H 70%
2 HC1 Ho0 dioxane

JACS (1959) 81 5817

1 EtCHpCO0Bu-t NaNHp NH3
PhCH,C1 PhCH2CHCOOH 92%
2 HC1 Hpy0 dioxane ét

JACS (1959) 81 5817

Further examples of the alkylation of esters with halides are included

in section 113 (Esters from Esters). Examples of the alkylation of acids
with ?a]ides are included in section 17 (Carboxylic Acids from Carboxylic
Acids

1 Ph3P=CHCOOMe EtOAc
PhCH, I > PhCHpCHoCOOH 75%
2 KOH MeOH

Tetr Lett (1960) (4) 5
Ber (1962) 95 2921



50 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 25

1 EtCH(COOMe)p, Na BuOH

C1gHa7l - C1gH37CHCOOH 83%
18737 2 NaOH Hy0 £t
3 160-170°
JCS (1953) 3031
Org React (1957) 9 107
CHo(CO0EL)2
£-BuC] S t-BuCH(c00Et), Y3%Ms  £-BuCH,COOH
BF3-Et20 50%
Naturwiss (1964) 51 288
£
NAcHs BuLi O B Nabr
RBr > P ~————» RCH2COOH 85%
N CHaR Ho0
JACS (1969) 91 5886
CHp=CClz BF3 H2SO4
t-BuCl > t-BuCH,CO0H 78%

Angew (1965) 77 967
(Internat Ed 4 956)

al COOH

1 Mg BrCHaCHpBr Etp0
56%
2 €0y

(Procedure for unreactive halides)
JOC (1959) 2i 504

e 1 Mg Etp0 tle
PrCCl ———— PrCCOOH 25%
FI_'t 2 C0p (50 psi) £t

JACS (1949) 71 1877



SECTION 25 CARBOXYLIC ACIDS AND ACID HALIDES FROM HALIDES 51

COOH
0 2 €0, ] 0 58%

JACS (1939) 61 1371

LiC(SPr-1)3 HgClp MepCO
i-Prl, —/m—m—— 1-PrC(SPr-i)3  =m=-=eneaae- > i-PrCOOH

Angew (1967) 79 468
(Internat Ed 6 442)

S
1 <:S> Bul i

2 0,
3 HgCl,

RI RCOOH

Angew (1965) 77 1134

(Internat Ed 4 1075)

Me
Me Me
Om @coor«:e / 0\ COOMe  kpn0g O»COOH
————— —_——
AIC13 CSp KOH  Hy0 55%
Helv (1935) 18 721
CO (300 kg/cm?) Ni(DAc),

PhBr PhCOOH
KOAC  H0

Bull Chem Soc Jap (1967) 40 2203

€0 (500 atmos)
MeCH=CHCH2C'| —— MeCH=CHCH2COC1 81%

(n-ally1-pPdCl),

JCS (1964) 1588



52 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 25

CO (100 atmos)
PhCH,CT —————— PhCH,COCT
(Ph3P),RN(CO)CT

Tetr Lett (1966) 4713
JACS (1968) 90 99

€O AgCi0; PhNO,
MeoCCl > MeCCOOH

Et Et

JACS (1960} 82 1261

o (Et0)3P NaOH
BuBr --» (BuS)y » BuCOSBu  ----» BuCOOH
di-t-butyl peroxide

JACS (1960) 82 2181

MepNLi CHBr3 HMPA NaOH
Bul > BuCBr‘3 . BuCOOH

Compt Rend (1967) C 264 1609

CHaBr COOH
Cu(NO3)2 air H20
t-Bu g t-Bu

JCS (1935) 1847

CHoC COOH

Ci C1

KMnOg4 NaQH Hz0

HOOC CHoC1 HOOC COCH

J Pharm Soc Jap (1950} 70 538

100%



SECTION 26 CARBOXYLIC ACIDS FROM HYDRIDES (RH) 53

CHBr2 COOH
—_—

JACS (1966) 88 3318
JCS (1962) 186

Carboxylic acids may also be prepared by conversion of halides into
esters or amides followed by hydrolysis. See section 115 (Esters from
Halides) and section 85 (Amides from Halides)

Section 26  Carboxylic Acids from Hydrides (RH

0000000000000 0000000000O0O00C0000C

Reactions in which a hydrogen is replaced by carboxyl or a carboxyl
containing chain, e.g. RH — RCOQH or RCH2COOH (R=alkyl, vinyl or
aryl), are included in this section. For reactions in which alkyl or
aryl groups are oxidized to carboxyl, e.g. RCH3 —> RCOOH, see section
20 (Carboxylic Acids from Alkyls, Methylenes and Aryls)

CHpCOOH

ICH2C00H hv

————erna P
ACS Div Petr Chem (1966) 11 241
(Chem Abs 66 104510)

Me Me

CO HF SbFg COOH

Ber (1967) 100 984
coct COOH
(COCT)z hV . 63%

JCS (1963) 3918



54 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 26

1 (i-Bu)pHg-K
CgHy7H ——— CgH17CO0H 24-35%
2 C0p

Monatsh (1967) 98 763

1 Na PhCl
PhCH3 ——— PhCH,COOH 77%
2 CO 2
2

JACS (1940) 62 1514
Chem Rev (1957) 57 867

CHy CH2CO0H
1 CO(CN);
_—
2 Hy0 dioxane

Chem Ind (1961) 1116

:(CHg)nCOO> A1C13

PhH > Ph{CHp) ,COOH 44% (n=3)

JACS (1952) 74 1591

CH2COCH

C1CHpCOOH Fep03 KBr
<45%

JACS (1950) 72 4302
Synthesis (1970) 628

1 BuLi -MeoNCHaCHoNMe) CHoMe
PhCHoMe » PhCHCOOH + COOH
2 €0 *e

JoC (1970) 35 10
Chimia (1970) 24 109




SECTION 26 CARBOXYLIC ACIDS FROM HYDRIDES (RH) 55

J:::::] PdC1, NaOAc /[:::::ICOOH
e e
MeO Acy0  HOAc MeO

Tetr Lett (1969) 1019

PdC1y NaOAc

———————— e

N0 Acp0  HOAC NO COOH
Tetr Lett (1969) 1019

C0p (or COCIZ2) AICI3
PhH > PhCOC1 ---» PhCOOH Tow yield

Chem Rev (1955) 55 229

0 H
@: Scclp coo
0 AICT3
Me > Me 91%

Me CHaC12 Me
Ber (1963) 96 1382

CH2C1 COOH

Paraformaldehyde KMnO4q
—————————
C0OMe H2S04 HC1 cooH NaGH Ho0 COOH

J Pharm Soc Jap (1950) 70 535

OMe

OMe ‘
COOH
1 Buli Etp0

- 33%
@ 2 ¢y

Joc (1970) 35 10
Org React (1954) 8 258

©



56 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 27

OMe OMe

1 Li-polystyrene Et,0 CoOH

60%

OMe 2 COp OMe

Ber (1964) 97 3098

Carboxylic acids may also be prepared by conversion of hydrides {RH)
into esters or amides, followed by hydrolysis. See section 116 (Esters
from Hydrides) and section 86 (Amides from Hydrides)

Section 27  Carboxylic Acids from Ketones

0000000000000 COC0COCO0O0CO0D0O0O0D0O

CHp=CHCN  KOH 1 KOH
C5H”COCHM62 ——m C5H]'|C0?M62 m’ C5H]]CH29M€2
t-BulH Ve CHaCHpen & Nota CHCHpCOOH
NaGH

JCS (1948) 1741

cN
0 ol COOEt COOH
1 CHpCOOEt KOH
—_— —_— 433
NHq0Ac ethylene
2 Me,Culi glycol

Tetr Lett (1967) 2893

0 CN
-CN COOH
CHo (CN) 1 MeMgl
2 2 N\\\\\ \\\\\

NH40Ac 2 KOH
ethylene
0 O HOAc glycol

Tetr Lett (1964) 1763



SECTION 27 CARBOXYLIC ACIDS FROM KETONES 57

oN ~
Qo CHoCODEt @LCOOEt 1 Hz PtO2 O/\coou

———————

NHg0Ac 2 KOH Hp0

HOAc CgHg 57%

JACS (1948) 70 497
(1959) 81 5397

OH
Oo BrCHpCO0Bu-t O/\cooaut be Iy O/\cooH
_—_——
Mg Etp0 Hore

H20
JOC (1966) 31 983
JACS (1946) 68 2339

COOH
Ph3P=CHz 1 BZHG
=<, 39%
Et50 2 Koy NaOH
OTHP otwp 3 Erl3 MezCo OTHP

Chem Comm (1968) 206
JACS (1960) 82 2498

RO@COCHa KMn0g RO@COCOOH NoHaHo0 @CHZCOOH
———
MeO NaOH Me0 EtONa
Ho0
Monatsh (1952) 83 883

COCH
3 1S morpholine reflux COOH
» 76%
2 HyS04 HOAc Hp0

Org React (1946) 3 83

Morpholine S DMF Acid
PhCOCH3 =--www=ee > PhC CHy ———> PhCHZCS --==>  PhCH,COOH
15-20°

({j: G, )"

Angew (1964) 76 861
(Internat Ed 3 705)



58 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 27

OCHoPh OCHZPh
CO(CH2)2CH3 (CH2 ) 3CO0H
1S morpholine .
Me0 > Me0 37%
0CHaPh 2 KOH  EtOH OCHaPh

Helv (1964) 47 1996

CClq KOH
PhCHCOCH3 —_— Ph,CHCHoCOOH 70%
t-BuOH H»0

JACS (1969) 91 7510

CHaCOCH3 CHCOOH
CClg KOH he o
e e . 0
t-BuOH Hz0

JACS (1969) 91 7510

C

Me
[:::::], COMe [:::::j,COMe [:::::],COOH
KOH
Ebll
Et,0
JACS (1960) 82 4307

—_

Compt Rend (1939) 208 1020
Org React (1960) 11 261

C1

Ph
COPh COPh COOH
NaOH 0
ey _ 51%
toluene

JACS (1952) 74 5352

H202 Se02 t-BuOH COoH
<27%

JOC (1957) 22 1680
Compt Rend C (1967) 265 578
Annalen (1965) 681 30



SECTION 27 CARBOXYLIC ACIDS FROM KETONES 59

Tetr Lett (1966) 1779

Cgfyz
0 0 COOH

T BuONO N2 hy  NaHCO3

————— ————
t-Bu0K THF Hp0

2 CINHp
Hy0  Ety0 3

Tetr Lett (1964) 2813
CgH17 Cghy7

hy dioxane H0 O/?j
O0H 30%

Ber (1964) 97 958
Angew (1965) 77 229
(Internat Ed 4 211)

KOH mineral oil

(CHp)y7 €O Me (CHy) 1 oCOOH 55%
350°
Zh Org Khim (1967) 3 1418
(Chem Abs 67 116618)
1 Mel NahHy e NaNOp e
CqgHy3CHaCOPh  — 5 C16H33CCONH2 — > C16H33CCO0H
2 NaNHp Me H2504 Me

Hp0

JCS (1942) 488



60 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 27

0
COQH
t-BuOK t-BuQH
Ph —_— Ph 43%
165°
JACS (1969) 91 1009
0 t-BuOK MesSO  Hy0
2 2 COOH 652
room temp
Tetr Lett (1964) 3251
t-BuOK monoglyme Hy0
PhoCO > PhCOQH 90%
30°
JACS (1967) 89 946
CCl, KO
t-BuCOMe —_— t-BuCOOH 80%
t-BuOH  Hp0
JACS (1969} 91 7510
COMe COCH
11 Pyr
2 KOH 60-70%
diethylene glycol
Ho0
CO0Me COOH

JACS (1951) 73 3803

CoMe cooH
@ Cly NaOH H0 @@ 874
————————

Org Synth (1943) Coll Vol 2 428



SECTION 27 CARBOXYLIC ACIDS FROM KETONES 61

CHpCOMe CHpCOOH
Brp NaOH H20
————

Aust J Chem (1967) 20 2033

1 NaOBr  Ho0
PhCOPF - PhCOOH 48%

2 NaQH
JACS (1950) 72 1642

HNO3  Ho0
Et3CCOEt ———— Et3CCOOH 71%

Bull Soc Chim Fr (1967) 2011
JACS (1942) 64 2421

0 0 0
—4< HCOOMe -*< Nal0g ~*<
— 0 — Y% COOH
05~ TCHOH ooy

0 base
Ho0

Tetrahedron (1962) 18 1351
JACS (1956) 78 1414

1 m-Chloroperbenzoic acid
CgHy7C0 > CgH7C00H 79%
CF3C00H CH2Clp2

2 KOH

JACS (1967) 89 4530

N
(§H2)3 (§H2)3 (9H2)3
o Mo o 1 MnOp  KOH CHCOOH
——— —————
90 dioxane Q_NNHZ dioxane Etp0 (CHa)g
(CHyp) (CHyp) ?
274 ’// 24 2 hy

N 25%

JACS (1963) 85 1171



62 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 28

NaOBr H20
PhCOCOMe —_— PhCOOH

JACS (1950) 72 1642

HO COCOMe HO COO0H
Nal04

—

COOH cooH
OH OH

JCS (1935) 1467
Org React (1944) 2 341

MeCO0,H
Me(CHg)yCOCO(CH2)7COOH ——;———-» Me(CH2)7C00H
HOAc

Org React (1957) 9 73

Carboxylic acids may also be prepared by conversion of ketones into
esters or amides, followed by hydrolysis. See section 117 (Esters
from Ketones) and section 87 (Amides from Ketones)

Section 28 Carbox%11c Acids from Nitriles
o 000GCO000QOO000

Acidic hydrolysis of nitriles to carboxylic acids . . . . . . page 62-63
Basic hydrolysis of nitriles to carboxylic acids . . . . . . .. 63-64

Me Me
CHCN CHoCOOH
H2S804 H20

—

Me Me Me Me

Org Synth (1955) Coll Vol 3 5§57

COOH

Rec Trav Chim (1927} 46 600

91%

100%

70-90%



SECTION 28 CARBOXYLIC ACIDS FROM NITRILES 63

N0,  CN N0, COOH
;_< HpSOq NaNOz H20 >“‘< .

N NMe 92%
N e %

JCS (1945) 751

CHQ(IZHCN HCT HCOOH  HyO @@ CHCHCOOH
o _— al
80%

Proc Chem Soc (1962) 117

CCN o-Chlorobenzoic acid CCOOH
> 97%
CN 300° COOH

Annalen (1968) 716 78

85%

0><(CH2)3€N 1 H202 KOH H20 (CHp ) 3CO0H
B =<

> 0
07 \(CHz) 30N 2 HapOs (CHp) 3C00H

JCS (1962) 4722

HpS NH3 EtOH
PhCN - PhCSNHp ~ ----»>  PhCOOH

Ber (1890) 23 158
JoC (1951) 16 131

CN NaOM EtOH Hp0 COOH
_— 81-90%
Ph el Ph C1

JCS C (1966) 840



64 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 29

KOH Ho0
Me o 2 Me COOH
diethylene glycol

Chem Pharm Bull (1969) 17 1564

Carboxylic acids may also be prepared by conversion of nitriles into
esters or amides, followed by hydrolysis. See section 118 (Esters from
Nitriles) and section 88 ( Amides from Nitriles)

Section 29 Carbox¥1ic Acids from Qlefins
XS] C000 000000 CCO00

1 t-Buli EtsN Bu-t
s aeereliin.
2 C0p COOH

JOoC (1965) 30 917
JACS (1969} 91 6362

CHp=CC12 BF3 H2S04
Me,C=CHp Me3CCH2CO0H

Angew (1965) 77 967
(Internat Ed 4 956)

CH3CO0H
CgH13CH=CHy —» C6H13(CH2)3CO0H
di-t-butyl peroxide

JCS (1965) 1918

BrCHoCOOH  hv
BUCH=CH, —_— Bu(CHp)3COOH

Chem Comm (1967) 435

93%

30-45%

75%

~70%

80%



SECTION 29 CARBOXYLIC ACIDS FROM GLEFINS 65

CH2(COOEL)2 1 Hydrolysis
CgH13CH=CH2 WC(;H]_’;CHZCHZCH(COOEUZ ———A————> CeH13(CH2)3C00H
peroxide 2

Chem Ind (1961) 830

HC{COOEt)3 1 Hydrolysis

BuCH=CHy ——————— BUCH2CH2C(COOEt)3  ~=-==--wr=n- »  Bu(CHy)3CO0H
di-t-butyl 2 A
peroxide

Synthesis (1970) 124

1 Di-cyciohexyl m-Chloroperbenzoic
CgHq 3CH=CHy ————————> CgH 3CH2CH2CO CgH13CH2CH2CO0H
borane acid CF3COOH
2 CO CHoC1p 79%

JACS (1967) 89 4530

Me

QCHZ €O (200 atmos) HpSO4 O:COOH
> 80%
(CHp)oCOOEE (CHp ) ,CO0H

JACS (1960) 82 1261

HCOOH  HpS04
—————————
9%
COOH

Tetrahedron (1965) 21 2641

COOH
HCOOH  H,S04
———

Ber (1966) 99 1149

O



66

Me Me

CgH13CH=CH,

QCH=CH2

COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 29

Me Me
CO (300 atmos) HpS04 :><:j c0%
g EE  CooH

Ber (1964) 97 3088

F Hpsoy COOH
¢ —_— 90%

Ber (1968) 101 1291

Ni(CO)g h¥
—_—s CeHy3CHCOOH (+ isomers)
HC1 MexCO  Ha0 he

43%

Angew (1965) 77 813
(Internat Ed 4 790)

T PrMgBr TiClg THF CH2CH,COOH
© 49%
2 COp

JOC (1970) 35 392

Me OH Me OH
CH2CH=CH2 1 BoHg THF CH2CH2COOH
Me > Me
2 Cr0
™3 ( - lactone)
Chem Comm (1968) 122

EHZ ?00H
CH 1 (NH4)25 (NH4)25203 H20 CH2
(CHy) > (CH,) 35%
;2/8 2 NaOH ;2’8
COOH COOH

JACS (1946) 68 2033



SECTION 29 CARBOXYLIC ACIDS FROM OLEFINS 67

KMnO4 NaHCO3 MepCO
MeZCH(CH2)3§HCH=CH2 > MeZCH(CH2)3$HCOOH

Me Me 45%

JACS (1943) 65 745

=z COOH

KMnOg NalOg KoCO3

t-BuOH Hy0
00Me COOMe

Can J Chem (1967) 45 1439
CO0Me COOMe
] I
(CHz)7 (CHa)y
CH KMnO4 NalOg COOH
EH — COOH 98-99%
! t-BuOH H20 i
(CHa)7 (CHa)7
Me Me

Can J Chem (1956) 34 1413

JACS (1961) 83 4819

Ph
— COOH
Ph
0 0
Ru0g NalOg
—_— 89%

AcO MesCO  H20 AcO

JACS (1963) 85 3419

1 03

C11H23CH=CH2 C11H23CO0H

2 Ago0 NaOH H»0

Ber (1942) 75B 656



68 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 30

::I::ﬂ\\EOOH

m————

103 EtOAc

80%
HO 2 Cr03 HpSOg MepCO

Tetr Lett (1969) 1733

Carboxylic acids may also be prepared by conversion of olefins into
esters or amides, followed by hydrolysis. See section 119 (Esters
from Olefins) and section 89 (Amides from Olefins)

Section 30  Carboxylic Acids from Miscellaneous Compounds

CH=CHCOOH CHpCHCOOH
Hy Pty MeOH
MeNHCO0 > MeNHC00 70%

Chem Pharm Bull (1970) 18 243

CH=CHCOOH CH2CH,COOH
Ni-Al NaOH Hy0
COOH —> COOH 92-95%

Org Synth (1963) Coll Vol 4 136

NoHg Ni Ho0
PhCH=CHCOOH —_— PhCHpCH2COOH 85%

Act Chem Scand (1961) 15 1200



SECTION 30 CARBOXYLIC ACIDS FROM MISCELLANEQUS COMPOUNDS 69

Hp (Ph3P)3RNCT
PhCH=CHCOOH ——s PhCHZCHZCOOH 75%

Compt Rend C (1966) 263 251
Chem Comm (1969) 1365

K NH3 dioxane

- . OH 959
HO-
JACS (1969) 9_1_ 1228
Compt Rend (1969) C 268 640
Py KI H3PO,
PhCH=CHCOOH B A . PhCH,CH,COOH 80%
Helv (1939) 2601
Py KI H3PO,
PhCHCOOH —_ PhCH,COOH 90%
OH

Helv (1939) 22 601
Org Synth (1932) Coll Vol 1 224

OH
CHaCO0Bu~t Py 1 [:::::IfCHZCOOH
———
HOAC  H,0

JOC (1966) 31 983

Hy Pd-Basoy
PhCHCOOH —_— PhCHCOOH
(’)Ac tetralin

Org React (1953) 7 263



70 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 30

HpS04 Ho0
PrCHoNOp _— PrCOOH ~90%
Ind Eng Chem (1939) 31 118
H=CHCOMe COOH
1 Rulq
CO0Me COOH
COOMe 2 KOH  MeOH COOMe
Tetr Lett (1968) 2681
0
AcO COOH
KMnO4  Me,CO <25%
OH OH
AcO
H Helv (1938) 21 828
KIOz HS04 EtOH
CgHy 7COCH(CHy ) ,COOH > CgHy 7CO0H 92%
OH
JCS (1936) 1788
(1935) 1467
Nickel peroxide
PhCHCOOH —_—_— PhCOOQH 90%
bu NaOH  Hy0

Chem Pharm Bull (1964) 12 403



SECTION 30A PROTECTION OF CARBOXYLIC ACIDS 71

Section 30A  Protection of Carboxxh‘c Acids

RCOOH ———— RCOOCH,CC13

In HOAC 0
JACS (1966) 88 852

NOZ@SCHZCHZOH
RNHCH,COOH — RNHCH,COOCH2CH,S —@- NO2

TSOH CgHg
T Hig0, (NHg)gMo702 JCS C (1969) 2495
2 pH 10-10.5
H 02 (NH4)6M07024
RCOOH  =--->  RCOOCHaCHpSMe : > RCOOCH,CHpSO,Me
1 Mel
‘KpH 10-10.5 (stable to acid)
pH 10-11 Tetr Lett (1968) 2525
RHN— 3
| (MesSi)p CHCI3 1/51\
07N COOH C00SiMes

H
20 Annalen (1964) 673 166
JACS (1966) 88 3390

s
HZN-;I::r1// MepC=CHp  HpS04
0 N CHa0AC P

COOH CO0CMe
J Med Chem (1966) 9 444

CF3C00H



72 COMPENDIUM OF ORGANIC SYNTHETIC METHQODS SECTION 30A

Me
COOMe
Dihydropyran
e
@ CH2CO0Me TsOH C6H6 \/ ‘O
MeO CH2CO0H ~_ CH2CO00 0
TsOH HOAc

JACS (1957) 79 1995
JCS (1952) 3945

RCONHj/—-—‘/S ! HOCHZ@OME
o7 N CHpR  HC(OCHpBu-t)NMep ~

COOH COOCH2

CF3CO0R  CeHp

OMe
JACS (1969) 91 5674

RiH MEO@ CHoBY RNH
MeCHCOOH —= MeCHCOOCH,
EtaN CHCT3

HCOOH (or NaOH dioxane Hy0)

OMe
Hpy Pd MeOH THF JCS ¢ (1970) 964
Chloromethylmesitylene
PhCONHCH,CO0R PHCONHCH2C00CH2
Et3N DMF
\\\\\\ Me Me
2N HBr HOAc

Me

Aust J Chem (1966) 19 1067
(1967) 20 2243

Further examples of the preparation and cleavage of benzyl esters
are included in section 107 (Esters from Carboxylic Acids) and
section 23 (Carboxylic Acids from Esters)



SECTION 30A PROTECTION OF CARBOXYLIC ACIDS

PhyCBr  CgH
PhCH2CHoCOONa M M PhCH2CH,C00CPh3

NaOH H,0
JOoC (1962) 27 3595

PhaCCl  Et3N
RNHCH,COOH AN RNHCHoCOOCPh3

o
HC1 dioxane Hy0

JCS C (1966) 1191

PhCOCHoBr Et3N
————

RNH?HCOOH RNHCHCOOCH,COPh
]
Me EtOAc Ve
PhSNa DMF
Hp Pd MeOH Ho0 JCS C (1966) 1191
JOC (1964) 29 2006
p-Bromophenacyl bromide
PhCH=CHCOOH > PhCH=CHCOOCH»CO
base
In HOAc
Br
Tetr Lett (1970) 343
2
C5H1]COOH ——— CgHyqC0S
NO,
hv  CgHg
NO,

JCS (1965) 3571
JACS (1970) 92 6333

73



74
CHpCHRCO0H

CHCONHCHZCOOMe
NHCOOCHPh

CHaCONHCHZCOOH
NHCOOCH,Ph

RCHpCOOH

@ COOH
R

X
’;‘Hz CQN
Me,CCHoOH
? R

COMPENDIUM OF ORGANIC SYNTHETIC METHODS

CHaCHRCONHNHPh
e CHCONHCHZCOOMe
NHCOOCHPh
MnO, HOAC Ho0
JOC (1963) 28 453
. CHaCONHCHZCONHNH2
NHCOOCHZPh
NBS Hp0 JOC (1965) 30 315
-»  RCHpCOOMe  ~---»  RCH2CONHOH
HIO4 Hp0

JACS (1960) 82 4903

SECTION 30A

(Stable to RMgX

ACT H,0 EtOH

JACS (1970) 92 6646

and Cr03)

Other reactions useful for the protection of carboxylic acids are included
in section 107 (Esters from Carboxylic Acids), section 23 (Carboxylic Acids
from Esters), section 77 (Amides from Carboxylic Acids) and section 21

(Carboxylic Acids from Amides)
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Chapter 3 PREPARATION
OF
ALCOHOLS
AND PHENOLS

Section 31  Alcchols from Acetg]enes

1 EtMgBr Etp0 Bty bt £t
BUCECH  ———————>  BUCECCMe  ----- > BUCHyCHaCMe
2 MeCOEt Et20 OH OH
92% JACS (1941) 63 186
Tetr Lett (1965) 1619
1 BoHg THF
PrC=CH ——  »  PrCH,CHEL 90%
2 Meli !
3 EtBr o Tetr Lett (1966) 2535
& NaOH  Hp0 JACS (1967) 89 291
1 (i-Bu)pAlH THF
BuC=CH > BuCHpCHOH 90%
2 MeONa lél
3 Mel €
4 02 Tetr Lett (1966) 6021
1 BoHg THF
BUCSCH —_— BuCH,CH0H 80%
2 H0, NaOH

JACS (1967) 89 291
75



76 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 32

section 32 Alcohols and Phenols from Carboxylic Acids, Acid Chiorides and

Anhydrides

Q C o0
Reduction of carboxylic acids to alcohols . . . . . . .. .. page 76-77
Reduction of acid chlorides, acid azides and anhydrides to alcohols 77
Degradation of acids to alcohols and phenols , ., . . . .. . .. 77-78

Hp (205 atmos) ReO3
PhCOOH PhCHoOH 43%

Ho0

JOC (1963) 28 2345
Ho (173 atmos) Rhp07

CgHy9CO0H > CgH19CH20H 100%

JOC (1959) 24 1847

Me Me

t |
CHCOOH CHCH,OH
BoHg THF 87%
MeO ——— Me0

J Med Chem (1970) 13 203

COOH NaBHz ATCT3 CH20H
_— %, 64%
C1 diglyme a1

JACS (1956) 78 2582

CHo0H
COOH Electroiysis 2
—_— 56%

Ny HySO4 Ha0 Ntz

JCS (1942) 98



SECTION 32 ALCOHOLS AND PHENOLS FROM CARBOXYLIC
ACIDS, ACID CHLORIDES AND ANHYDRIDES

LiAlHg THF
Ph3CCOOH - Ph3CCHoOH

l LiAlHg THF 7
Ph3CCOCT

Org React (1951) 6 469

LiATHy AICT3 Etp0
Br-CHoCHoCOCT - BrCHaCHpCHoOH

JACS (1959) 81 610

NaBHg dioxane
C15H37C0CT —_— C15H371CH20H

JACS (1949) 71 122

CICOOEt Et3N NaBHg THF
C5Hy1CO0H ——n C5H]]?0 ———————>  (5H711CH20H
THF ocooet 20

Chem Pharm Bull (1968) 16 492

S 1 Et3N
PhCH2CONH C1CO0EL NaBHy
——— S} re——
N 2 NaN 2\
0 COOH 3 CON3
J Med Chem (1964) 7 483
PhCH2SH Ni Etp0

C15H37C0C1  ————=  Cy5H31COSCHpPh  —————>  Cq5H37CHR0H

pyr
Helv (1946) 29 684

1 m-Chtoroperbenzoic acid
C6H'|3COC1 > C6H13OH
pyr hexane
2 Hexane cyclohexane reflux
3 Base

JOC (1965) 30 3760

77

90%

87%

70%

78%

CHpOH

66%
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@ coc 1 Sodium p-nitroperbenzoate @OH
Me0 2 S0C1» MeQ

3 NaQOH

JACS (1950) 72 67

OH
COOH
Cuel, Hp0 200°
Me i Me
JOC (1961) 26 3144

—_—— —_—

CHC]3 H2504
t-Bu t-Bu Ho0 t-Bu

2 Hp80q H20 74%

Can J Chem (1963) 41 1653

Alcohols may also be prepared by esterification of carboxylic acids
followed by reduction. See section 38 (Alcohols from Esters)

Section 33  Alcohgols from Alcohols and Phenols

0000000000000 0000000000C00006000R

Epimerization of alcohols . . . . . . . .« v . o . .. page 78-79
Reduction of phenols to cyclohexanols . . . . . . . . . . . .. . . 79-80
=0
”'OH
) { ‘
1 TsCl  pyr KOH 3
—— ——— {
HO 2 DMF HCOO™ MeOH — HO™" ;
30%

Steroids (1964) 3 359



SECTION 33 ALCOHOLS FROM ALCOHOLS AND PHENOLS 79

Cghy7

— 1 TsC1  Pyr
2 Bu4NOAc Me,CO | I
HO 3 LA, HO: 92%

JCS € {1969) 1605

0 OH OH
Ph,CO  CsHyq0Na i -
JCS C (1969) 969

Me Me

I t

CHOH Hy Rh-A1203 - CHOH
LT, 80%
MeOH HOAc

JOC (1962) 27 2288

OH H OH

Ho Rh-A1503 HOAc
O 2 203 HOAC - 003

H

JOC (1964) 29 3427

JOC (1958) 23 1404



80 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 34

OH 4, Ni Etod Ot
R 96%
i-Ppr i-Pr

JACS (1949) 71 3889

copper ?t
CHCH OH ——~—————————~> MeQ CHCH OH
chromite ét

~52%
JACS (1948) 70 4127

Section 34 A]coho]s and Pheno]s from Aldehydes

0000000000000 0
Alcohols from aldehydes by Grignard reactions . . . . . . . page 80-81
Hydrogenation of aldehydes to alcohols . . . . . . . . . . . .. 81-82
Metal hydride reduction of aldehydes to alcohols . . . . . . .. 82-83
Reduction of aldehydes to alcohols with miscellaneous reagents . 83-84

Degradation of aldehydes to alcohols and phenols . . . . . . . . . . 84

CHO ]\/\L
l | CH20™\ ¢

BrMgC= CCHZO—Jj/T]

[8 THF Hp

00 Pd-C

OH
;:I:j)\\]— CH20 -—[:T;i:]

Chem Pharm Bull (1969) 17 690
Tetr Lett (1966} 3457




SECTION 34

ALCOHOLS AND PHENOLS FROM ALDEHYDES 81

OH

I
OCHO CHp=CHCHpBr Mg Etp0 OCHCHZCH:CHZ
g 72%

(Procedure for unstable Grignard reagents)
JOC (1963) 28 3269

PhBr Li THF
PhCHO ———— PhoCHOH 96%
{One-step procedure)
Chem Comm (1970) 1160
Me
cHo MeMgBr Et20 CHOH
—_— 76%
a1 €l
JACS (1944) 66 1295
Hy Pt FeCl3
CgH13CHO CeHy3CH20H
EtOH
JACS (1923) 45 1071
CHO CHoOH
Hy Pt0; FeSOg
———
EtOH
OMe OMe

Me2C=CHCH2CH2$=CHCHO
Me

JACS (1940) 62 1478

Hp Pt FeSO4

_—

MeC=CHCHpCHpC=CHCHOH 100%
Me

JACS (1926) 48 477
(1925) 47 3061



82 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 34

Ho (50 atmos) RhC]3(Ph3P)3
CHy3CHO > CgHq 3CH20H 100%

Chem Comm (1965) 17

Hp CO (240 atmos)
PrCHO > PrCH,OH 70%
RNC1 3+ 3H,0

Ber (1966) 99 1086

Fe HOAc Ho0
CgHy3CHO ——— CgHq3CH0H 75-81%

Org Synth (1932) Coll Vol 1 304
JACS (1939) 61 2134

LiATHy  Etp0 a
CgHyaCHO  ——— " CgHy3CHOH 86%

Org React (1951) 6 469
JACS (1947) 69 1197

L1AT(0Bu-t)sH Etp0
PhCHO S PhCH,0H

JACS (1958) 80 5372

CHO CH,O0H
O NaBHg MeOH
—_— 82%

N0, NO»

JACS (1949) 71 122



SECTION 34 ALCOHOLS AND PHENOLS FROM ALDEHYDES 83

LiBH3CN MeOH
PhCHO —_— PhCH,0H 78%

JACS (1969) 91 3996

BoHg THF
PrCHO —— PrCH,0H

JACS (1960) 82 681

CgHgNBH3  CgHg
PhCH=CHCHO e PhCH=CHCH,0H 84%

JOC (1958) 23 1561

Ph3SnH
PhCHO —_— PhCH,OH 85%

JACS (1961) 83 1246

BupSnHy  Eto0
MeCH=CHCHO ———— MeCH=CHCH,0H 59%

JACS (1961) 83 1246

(1-Pr0)3A1  CgH
PrCHO 3 6 6;

PrCHo0H 36%

Org React (1944) 2 178

CHO hewo  Naow CHaOH
et 85-90%
MeO MeQH Ho0 MeO

JACS (1935) 57 905
Org React (1944) 2 94



84 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 34

NCOOK
[::::]:CHO 00K [:::::[CHZOH (Rate of reduction
— > ArC=0>AliphC=0 )
¢l HOAC MeOH ¢

75%
JCS ¢ (1967} 1120

0Ac
CHO OH ‘\\\\
0, hv EtOAc
—_—n 20%
AcO AcO
Tetr Lett (1966) 2507
H

CHO 0CHO OH
1 Pyridine oxide NaOH I
CHyCl, 214 MeOH
2 In
JACS (1958) 80 915
0

H202
C5Hy 1 CHRCHO —_ C5H17CH0CHO ——— CgH17CH20H

Org React (1957) 9 73
Ber (1941) 74B 1552

l:::' ) l[::I )
CHO Ho0p KOH Pyr OH
(::) _ e > 80%

Org React (1957) 9 73
Ber (1940) 73B 935

Alcohols may also be prepared from aldehydes by some of the methods
listed in section 42 (Alcohols and Phenols from Ketones)



SECTION 36 ALCOHOLS FROM AMIDES 85

Section 35 Alcohols and Phenols from Alkyls, Meth%]enes and Aryls
0000000000000 00CLO00OCOOLCO0000000BCO0 QeoooCCC

No examples of the reaction RR' -——»ROH (R'=alkyl, aryl etc.) occur in the
Titerature. For reactions of the type RH —ROH (R=alkyl or aryl) see
section 41 (Alcohols and Phenols from Hydrides)

Section 36 Alcohols from Amides
BO0060000000000000000

CoNPh LiATHg THF CH0H
Me —_—— 96%

Me Me

Me Me

Ber (1955) 88 301

~ LiAlHs  Ety0
PRCON —_— PRCH,OH 80%

/

JOC (1953) 18 1190

Hp (200-300 atmos) 250°
Cy1H23CONH2 Cy1Ho3CHZ0H
Copper chromite EtOH

JACS (1934) 56 2419

Electrolysis LiCl MeNHy
Cy3Hp7CONH, Cy3H27CH20H 92%

JOC (1970) 35 1210

Electrolysis MegNCl1 MeOH
PhCONHCgH1 3 > PhCHOH 69%

Ber (1965) 98 3462



86 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 37

CHoOH
CHoNH 4 3,04 NaDAc  HOAC 20 Naon 2
PhCO > PhCO ——>
2 NapC03 CClyg 36%
0 0 0
JOC (1969) 34 3834
OH OH OH
CHCHCONHNH2 NaNO, (NH2) 2C0 \W,CHCHCOQ NaBHy VCHCHCHZOH
NHCOCHCT)  ——m s NHCOCHC1 5 =, NHCOCHC1 5
H3P04 H20
NO2 4 Ber (1957) 90 2088

Alcohols may also be prepared by conversion of amides into esters,
followed by hydrolysis. See section 111 (Esters from Amides)

Section 37 Alcohols and Phenols from Amines

C000000000000000000000B0000C0G6CO

NH2 9 NaNop  HpS0 OH

4 H20
@: 2 > 80-92%
Me Br 2 HpS0q NapSOs Hz0 Me Br

Org Synth (1955) Coll Vol 3 130

NaNOp HC1  H20
n-BulHy —_— n-BuOH + s-BuOH

25% 13%

JACS (1932) 54 3441

OH
CHaNH2  Nano, H3POs  HpO )
- - ~ Me 67%
Me

Joc (1965) 30 350




SECTION 38 ALLCOHOLS AND PHENOLS FROM ESTERS 87

NHp

NaNOp HOAc
B

dioxane Hy0

96%

JCS (1959) 345

MeO ChaChpN pc,o Y CHaCHAMHAC ¢ oo, Me. CHoCHOH
—— ———
MeQ HOAc Acp0 MeC

2 KOH  MeOH 82%
Chem Pharm Bull (1960) 8 266
Section 111 contains further examples of the conversion of N-acyl amines
into esters from which alcohols can be prepared by hydrolysis
Section 38 Alcohols and Phengls from Esters
EtMgBr Eto0
Cy5H371C00Me —_— C15H3]?Et2 96%
OH
JACS (1945) 67 2239
Mel Li THF e
PhCOOMe ———— Ph§0H (One-step procedure) 74%
Me
Chem Comm (1970) 1160
Na EtOH toluene
Cy1Ho3C00EL C11H23CH20H 65-75%

Org Synth (1943) Coll Vol 2 372



88

CyH15C00EL

CgHy7C00Me

PrCOOBu

PhCOOEt

C]5H3'| COOEt

COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 38

Na NaOAc HOAc
————— C7H15CH20H > 30%
H20 Etp0

Rec Trav Chim (1923) 42 1050

Hp (200 atmos) copper chromite

> CgH11CH20H 92%
250°

JACS (1932) 54 1145
Org React (1954) § 1

Ho (205 atmos) Re03

PrCHoOH 85%
218°

JOC (1963) 28 2345

Electrolysis Me4gNC1 MeOH

> PhCH,0H 89%

Ber (1965) 98 3462

LiATH, Ety0
—_— C15H31CHo0H 98%

JACS (1947) 69 1197
Org React (1951) 6 469

me me
OCHCOOMe OCHCH20H
Ha0H Ho0H
LiBHg THF 0
—— 91%
SO Me Me
OH NHAC OH NHAC

Carbohydrate Res (1967) 4 504



SECTION 38 ALCOHOLS AND PHENOLS FROM ESTERS 89

COOEt NaBH; ATCT3 CHo0H
- 84%
a1 diglyme C1

JACS (1956) 78 2582

NaBHg MeQH
Ph(CHp),C00Me —_— Ph(CHy)2CH20H 73%
reflux

JOC (1963) 28 3261

CHPh LiATHy Etp0 CHPh
—_— 92%
OAc

OH
Tetrahedron (1970) 26 395

e Me  Me

COOCHZCHCHZCHEt !
@[ LikThg 80 HOCH,CHCHaCHE
COOH - ~80%

JACS (1950) 72 147

CHp0AC CHZ0H
NaOH MeOH Hp0
———eeee -979
e 95-97%

Org Synth (1963) Coll Vol 4 582

NaOH MeoSO
PhCOOEY —_— EtOH

JCS (1965) 1290
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KoCO3 EtOH
Me(|3=CH(CH2)2(|:=CHCH20Ac _— MeE:=CH(CH2)2f':=CHCH20H 98%
COOEt Me COOEt Me
JACS (1969) 91 4318
0Ac 0Ac OH OH
60%
0 MeONa MeOH 0
0 CHCT3 0
1 1
OAc ('20 OH EZO
c i
CHPh JCS (1967) 448 CHPh
MeO0— 0 MeQ—0
0Ac OH
MeOK MeOH
AcO HO 99%
0Ac OH
OAc OH
JACS (1948) 70 314
OH
NHAc
AcO NH3  MeOH HO —|
—_———— OH 98%
0
OH

JCS (1956) 2042

NaH diglyme
HCOOBu —————— BuOH 68%

Tetr Lett (1965) 1713



SECTION 38 ALCOHOLS AND PHENOLS FROM ESTERS 91

H2NCH CH2)3CONH Orange peel acetyl
COOH g )\

CHp0Ac esterase Hy0 pH 6.6 CH,0H
COOH
50%
Biochem J (1961) 81 591

Bakers' yeast
————————

EtC00 HO

Ber (1938) 71B 2696

0Ac OH
hy  EtOH
t-Bu t-Bu 34%

JCS (1965) 5162

AcO ~-C00Me AcO ~. C00Me

HC1 MeOH
—_— 88%

AcO™ HO™
Helv (1944) 27 713
Further examples of the hydrolysis and cleavage of esters are included in

section 23 (Carboxylic Acids from Esters) and section 45A (Protection of
Alcohols and Phenols)
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Section 39 Alcohols and Phenols from Ethers and Epoxides
BB 000000000000 00000000000000000000O0000O00C00R
Alcohols and phenols from ethers by rearrangements
Cleavage of ethers to alcohols and phenols . . . . . . . .
Alcohols from epoxides . . . . . . . . « « .« o o .

SECTION 39

page 92

... 92-100

. 100-102

OCHoCH=CHz Reflux OH
——— 73%
CHyCH=CHp
Org React (1944) 2 1
PLi  Etp0 e
PhEH,0Me ————— PhCHOH 35%
Annalen (1942) 550 260
JOC (1962) 27 1933
t-Buli THF fle
MeoC=CHCHp0CH2CH=CMep —_— Me2C=CHFH?CH=CH2 31%
HO Me
Tetr Lett (1970) 353
Review: The Cleavaye of Ethers Chem Rev (1954) 54 615
COCH COOH
HBr HOAc
—_— . 90%
QMe OH

JOC (1941) 6 852



SECTION 39 ALCOHOLS AND PHENOLS FROM ETHERS AND EPOXIDES 93

OH OH
oM
© HI Py Acg0 O
— 82%
CHoCHCOOH CHaCHCOOH
&HMe NHMe

Org Synth (1955) Coll Vol 3 586

OCH,Ph OH
CF3CO0H

e

COOEt COOEt
JOC (1965} 30 2491

0 0
HO OMe A1C13 NaCl HO OH
—_—— Low yield
HO 180° (fused) HO
0 O0Me 0 OH

JCS (1961) 1008

OMe OH

¢oco ATC13  PhNOZ coco
s T 50-60%
OMe OH

Ber (1943) 76B 900

CHO CHO

A1C13 CHaCYp
_—— > 87%
OMe OH

OH OH
JOC (1962) 27 2037

PhO OMe AlBr3 CoHs PhO OH
_— 87%
OMe OH

Ber (1960) 93 2761

w0
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OMe

0
MeO OMe MeO 0 -0Me
| BCl3 CHpClp |
———

SECTION 39

OMe

86%

OMe O OH----0
Tetr Lett (1966) 4153
JCS (1962) 1260
CHO CHO
OCHzPh BCl3 CHyClp ot
— 75%
0CHPh OH
Tetr Lett (1966) 4155
MeCHCHpOMe MeCHCH,OH
0 0

BBr CHaClp
———

1 BI3
PhOEt —_— PhOH
2 Hp0
BIj
Pro0 ——  (Pr0),81

BBr3 CHpClp
————————

JACS (1968) 90 1648

OH
67%

Tetrahedron (1968) 24 2289

Tetr Lett (1967) 4131

—e-->  ProdH

Tetr Lett (1967) 4131



SECTION 39 ALCOHOLS AND PHENOLS FROM ETHERS AND EPOXIDES 95

C5HENBH2I CeHg Et20
Et,0 ®  C5HgNBHROEt  ----» EtOM

JACS (1968) 90 6260

Otte HCl H0 Pyr O
- —y 97%
£t 210° Et

Chem Ind (1967) 1138

OMe OH
Pyridine hydrochloride
> 75%

NO» 210° NO,
JOC (1962) 27 4660

AcO CHROCPh3  oae o ACO CH,OH
2

—_— 80%
AcO AcO
OAc DAc

Ber (1956) 89 898

Further examples of the cleavage of triphenylmethyl ethers are included
in section 45A (Protection of Alcohols and Phenols)

0Ac OH

AcO OMe 0CHO HO oH
Cr03 HOAC \7 Hydrolysis

—— B

AcO 0Ac HO OH
OAc OH

Carbohydrate Res (1970) 12 147
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CgHy
1 Brp 1 1In J:::::t:jii\
—— -
MeO 2 crog  HEO0 : 2 NaoH 0 \
r
By
Chem Comm (1966) 752
PhC00,Bu-t
BuOCH,Pr —_— BUQCHPr  ----» BuOH
CuCl  CgHg PhCOb
. Acta Chem Scand (1961) 15 249
50% Tetr Lett (1960) (2) 4
Arkiv Kemi (1960) 16 287
wCOOEt
NCOOEt hwv H,0
BUOCH,PY ——— BuO?HPr —— BuQH
60% wCOOEt
HNCOOEt Chem Comm (1965) 259
PhN=NOAc Hzo
EtOCH,Me > EtOgHMe ——— EtOH
0Ac
JACS (1964) 86 3180
Hp Pd
BuOCH,Ph —_— BuOH 100%
Org React (1953) 7 263
JACS (1954) 76 3188
COOMe C00Me
Me Me
Hy Pd EtOH
. 7%
PhCHZ0 HO

J Med Chem {1969) 12 192



SECTION 39 ALCOHOLS AND PHENOLS FROM ETHERS AND EPOXIDES 97

HO 0 HO 0
OCHpPh OH
PhCH20 Bro hv HO .
97%
OH tetramethylenesulfone OH
OH OH

JOC (1968) 33 4292

OMe ) 0SiMey OH
{Me3Si)pHg 160°

e —-—3

JCS € (1967) 2188

OMe OH
Lil collidine
————— 100%

Chem Comm (1969) 616
JACS (1950) 72 3396
For cleavage with KCN see Ber (1933) 66B 1623

OMe - OH
EtS DMF
————— 94%
Me Me
Tetr Lett (1970) 1327
MeNHz2 Hp0
PhOMe -——:——-—-—P PhOH
185 Chem Ind (1970) 1230
Aust J Chem (1970) 23 2539
PhoPLi  THF
PhOR B PhOH 83% (R=Me)

88% (R=PhCH,)
No reaction (R=Et, i-Pr)
JCS (1965) 4120

Tetr Lett (1967) 3661
JACS (1970) 92 7232



98 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 38
OCHpCH=CHy OH
LiATHg NiClp
—_—— 76%
THF
JACS (1957) 79 5463
Lithium diphenyl THF

PhOMe > PhOH 80%
JOC (1963) 28 707

BuMgBr CoClg Etp0
PhOR > PhOH 86% (R=PhCHp)

43% (R=Ph)
No reaction (R=Me)
JOC (1952) 17 669

OH

MeMgl :
—_— 90%
175° HO

JACS (1956) 78 6322

CgHy7 Cgyy

Na CgHyCt ‘:jgm
—_— 74%
Et0 hexane HO

JACS (1951) 73 1263

Ott EtNa EtgPb

G S 72%
cyclohexane

J Prakt Chem (1938) 151 61
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1 Mg THF
PhOCH,CH=CH3 —_— PhOH 86%
2 CO0p

J Organometallic Chem (1969) 18 249

NaNH, piperidine
PhOR > PhOH 82% (R=Me)
90% (R=PhCHy)

Chem Ind (1957) 80
JACS (1951) 73 1437

Li THF
PhCH,0Et —_— EtOH
JOC (1961) 26 3723
K HMPA
PhOMe E— PhOH 76-80%
Bull Soc Chim Fr (1966) 3344
Na Pyr
PhOMe R PhOH 94%
Ber (1943) 76B 156
0Ph Na NH3 OH
T, + PhOH
Me Me

JACS (1937) 59 1488

Li  HpNCHaCHaNH2

PhOMe PhOH 547%

JOC (1957) 22 891
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OCHzPh Li  EtpNH OH
—_— <94%

JACS (1970) 92 553

Alcohols and phenols may also be prepared by conversion of ethers into
esters, followed by hydrolysis. See section 114 (Esters from Ethers)

Further methods for the cleavage of ethers to alcohols are included in
section 45A (Protection of Alcohols and Phenols)

/O\ MeMgC1 QH me
EtCH~CH, ——— EtCHCH,Me + ELCHCH,O0H
45% 22%

~~_ MeoMg
82% 1%

N\ Mel i
90% -

MeoCul i

88% -

JACS (1970) 92 4979
Chem Rev (1951) 49 413

1 MepMg dioxane
2 H,S0; MeOH \\‘\\\\
0 24 41%

JACS (1960) 82 3995
Bull Soc Chim Fr (1969) 4414

CgHyy
. 1 2-Lithio-1,3-dithiane Me
0“‘ > 71%
o THF How
2 Ni EtOH 0

Chem Comm (1970) 141 741



SECTION 39

N
0

/
MeCH—CH,

AcO

MeoC—CHo

/A
PhCH—-CH,

Na NH3 i
—_— MeCHMe

ALCOHOLS AND PHENOLS FROM ETHERS AND EPOXIDES 101

Hz Pt HOAc
—_— \ 81%
HO™

Helv (1953) 36 1332
(1943) 28 562

CgHyy

OH

Quart Rev (1958) 12 17

Li EtNHp t-BuOH

HO

JCS € (1968) 1581

LiATHs Etp0 o
> MeoCMe 26%
LiAlHg AICT3 Et0
e MepCHCHaOH 55%

JACS (1956) 78 3226
Org React (1951) 6 469

LiATHy  Etp0 O

t
——— PhCHMe 94%

JACS (1948) 70 3738
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0

AN
ATHCT f
N N-R e, 72%

|
Me EtzO

Tetr Lett (1969) 901

Me BoHg NaBHg OM
0 Ntk
THE

7a5  (cis) 26%
JACS (1968) 90 2686

0 OH
Ph BoHg BF3-Etp0 THF Ph
216 3 . 829
Chem Comm (1968} 1549
Section 40  Alcohols and Phenols from Hahdesand Sulfonates
Alcohols and phenols from halides . . . . . . . . . . . . page 102-105
Alcohols and phenols from sulfonates . . . . . . . . . .. . . 105-107
1 CHp=CHy ?h
i-PrCl RS i-PrLi — 1-PrCH2CH2§OH
2 PhoCO Ph
JACS (1969) 91 6362
CH2=CHCH20H
BuBr  ~=--» BuLi —_——— BuCHCH,0H 72%

MepNCHpCHpNMeo he

Tetr Lett (1969) 325



SECTION 40 ALCOHOLS AND PHENGLS FROM HALIDES AND SULFONATES 103

1 Mg Etp0
CHo=CHCHpBr ————e (CH2=CHCH2)3C0H 30%
2 (EtO)gCO
Compt Rend (1968) C 267 773
Org Synth (1943) Co11 Vol 2 602

2 PhCOOEt CgHg

———

1 Mg Ety0
PhBY -——————-———«(L_____‘~________’ Ph3COH 89-93%

2 PhoCO  CgHg

Org Synth (1955) Coll Vol 3 839

Br 1 Mg Etp0 CHOH
- s Me 82-88%
2 MeCHO
C1 C1
Org Synth (1955) Coll Vol 3 200
1 Mg Etp0
BuBr —_— BupCHOH 83-85%
2 HCOOEt
Org Synth (1943) Coll Vol 2 179
Mg Ip PhCO o
CgHy3F —_— CgHy3MgF — C5H13§0H
THF 959 Ph

JACS (1970) 92 433

1

CHz (CH2) 30H 379,

VERN
Chp —CHp CHp (CH2) 20H 591
CHoCl g Etp0

CHa-CHp  THF
CHo2 0

JOC (1968) 33 2991
Org Synth (1932) Coll Vol 1 306



104

/[:::::]/ I 1 Li
Me

2 Paraformaldehyde

COMPENDIUM OF ORGANIC SYNTHETIC METHODS

Eto0

—_—

I:::::(CHQOH
Me

SECTION 40

Rec Trav Chim (1965) _8_41 1200
For Grignard reaction with HCHO gas see JACS (1933) 55 1119

and JOC (1968) 33 3408

OH OH
Me0 ! NaOH CuSOz Hg0 Me0 o
CHO CHO
Can J Chem (1962) 40 2175
JOC (1939) 4 318
1 Mg Eto0
PhBr  ————>  PhOH
2 0p
JACS (1955) 77 6032
1 Mg Ety0
Cgt 3CHCT — €1 3CHOOH s> CoHI3CHOM
Me 202 Me Me
9%
JACS (1955) 77 6032
(1943) €5 501
1 Mg Ety0 03 CHyClp
t-BuCl  ——— >  t-BuHgll ~ —————>  t-BuOH
2 HgCl,
Tetr Lett (1970) 2679
1 Mg Ety0
PHC] > PhOH
2 (Me0)3B
3 Ho0p Ho0
JOC (1957) 22 1001
1 Mg Etp0
PhBr: — L PhoH

2 t-BuOOH

JACS (1959) 81 4230

95%

68%

46%

50%

78%

98%



SECTION 40 ALCOHOLS AND PHENOLS FROM HALIDES AND SULFONATES 105

T Mg Ety0 Acid
PhBr —_—_— PhOBu-t e PhOH
2 PhC00,Bu-t ) )
Arkiv Kemi (1961) 17 393
Org Synth (1963) 43 55

CHoC1 CHo0AC CHo0H
@ 2 NaOAc @ 2 NaOH @ 2
— —_—
NO2 HOAc NOp MeQOH NO

2
Org Synth (1955) Coll Vol 3 650 652

@Br NaHCO3 THF  Hg0 ©OH

JACS (1961) 83 198
(1946) 88 751

CO0Me CO0Me

1 AgOAc HOAc Ho0
AcO Br 2 Hydrolysis HO OH
OAc OH

Ber (1964) 97 443

CHzBr 4 CHo0H
gNOy  Hy0
3 2 - @ 769%
Ph3Si methyl cellosolve Ph3S1'

JACS (1956) 78 1689
J Biol Chem (1946) 164 569

CHoOMs CHo0AC CH0H
0. 0M  Naoac e MeONa 0 OMe
N3 — — N3
MsO DMF MeOH MsO
HCOPh NHCOPh

77%

Ber (1970) 103 37
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Oms Electrolysis EtgNBr Hp0 OOH
. 96%

JOC (1968) 33 2716

0Me OMe
0Me OMe
TsO Na-Hg MeOH Hp0 HO
0 0 88%
Ve e
PhCH 0 PhCH 0
0 \0

Helv (1945) 28 1164

Sodium-naphthalene THF
PhOTs > PhOH 99%

JACS (1966) 88 1581

Na NH3 Etp0
CgH70Ts — CgHi70H 56%
JOC (1956) 21 479
0Ts Hp Ni EtOH ot
- 86%

JCS (1949) 5178
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CgHy7

t-BuOK MepSO
_ 87%

MsQ™ CeHg HO""

Tetr Lett (1964) 305

Further examples of the cleavage of sulfonates to alcohols and phenols
are included in section 45A (Protection of Alcohols and Phenols)

Section 41  Alcohols and Phenols from H dr1des RH

©00000000000000000000C 0600

Alcohols from hydrides . . . . . . « . .« o v o oo page 107-109
Phenols from hydrides . . . . « v v o v v v v v v o 109-110
/% Ve
MeCH—CHp A1CT3 |
PhH PhCHCH,0H 56%
CgHe €S2

Bull Chem Soc Jap (1967) 40 2980

CH2=CHCH20H (CHz)30H
38%
di-t-butyl peroxide

Neftekhimiya (1965) 5 554
(Chem Abs 63 16223)

CHz Paraformaldehyde CH2CH20H
38%
200°

JACS (1950) 72 2871
Chem Rev (1952) 51 505
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CHz Paraformaldehyde Acy0 CHCHoOH
220°

Aust J Chem (1967) 20 2033

1 {CF3C00)4Pb
C7H16 —————3———————> C7H150H  (isomer mixture) ~A45%
2 NaOH Hy0

JACS (1967) 89 3662

QH
A COOH
Air ascorbic acid \
HO™ FeSO4 ethylenediamine- HO™ “OH
H tetraacetic acid EtOH
EtOAc pH 5.5 ~61%
Steroids (1965) 5 451
0
Cr03 HOAc :
——— OH 30%
AcO : H20
Br By
Tetr Lett (1969) 1157
JCS € (1968) 2346
JACS™ (1948) 70 3237
e NapCra0; HC104 e
Bu?H —————— Bu(’IOH 6%
Et HOAc HZO Et

JACS (1961) 83 423
Tetrahedron (1968) 24 4667

[::::] Hp0p Vp05 MepCO [:::::IOH

JOC (1963) 28 2057
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SECTION 41 ALCOHOLS AND PHENOLS FROM HYDRIDES (RH)
1 Hp02 NaOC1 Hx0
~a 63%
2 Reduction Me
MeoC=CMe2 CH2=C?Me2
OH
— 100%
0p hy rose bengal MeOH
JACS (1968) 50 975
0
\
T 0, hv hematoporphyrin \\\‘
- > 55%
HO 2 Hp Ni Pyr HO
OH
Annalen (1958) 618 194 185
Argentic picolinate
PhCH3 > PhCH20H
Me,SO
Tetr Lett (1967) 415
1 (CF3C00)4Pb
RH —_— ROH (R=Ph or PhCHp) ~45%
2 NaOH Ho0
JACS (1967) 89 3662
Me Me
CF3C00pH BF3 OH
e T 89%
Me me  CHaCl2 Me Me
JOC (1964) 29 2397
(1966) 3T 153
] (CF3COO)3T1 CF3COO0H @OH
62%
Me 2 Pb(0Ac)y 3 PhsP Me
4 HCY 5 Base

JACS (1970) 92 3520
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Hp0> V205 t-BuOH
PhH 22 > PhOH 30%

JACS (1937) 59 2342
Tetrahedron (1968) 24 3475

HpS04 SO3H  you oH
— — 35%
i-Pr i-Pr 250-325° i-Pr

JACS (1949) 71 3889
Org React (1946) 3 141

Alcohols may also be prepared by conversion of hydrides into esters,
followed by hydrolysis. See section 116 (Esters from Hydrides)

Section 42  Alcohols and Phenols from Ketones
BT OB U oS0 08000 0000000000800

Alcohols from ketones by Grignard and related reactions . . . page 110-111
Hydrogenation of ketones to alcohols ., . . . . . . ... . ... 1ni-1e
Dissolving metal and electrolytic reduction of ketones to alcohols 112-113
Alcohols from ketones by reduction with metal and other hydrides 113-116

Alcohols from ketones by reduction with miscellaneous reagents . 116-118
Baeyer-Villiger degradation of ketones to alcohols and phenols ., . . 1718
MeCO Me,COH
0 MeMgl Etp0 0
OCH2Ph E— OCH2Ph 7%
0

074 0740

JOC (1962) 27 2107

PrMgBr LiC104
(i-Pr)oC0 —_— {(1-Pr)oCOH 70%
£to0 Pr

(Procedure for hindered ketones)

Chem Comm (1970) 470



SECTION 42 ALCOHOLS AND PHENOLS FROM KETONES IRR

PhBr Li THF
MeoCO ——— MepCOH 34%
Ph (One-step procedure)
Chem Comm (1970) 1160
KC=CMe Hy Pd
—_— ———
OH OH
0 C=CMe Pr

Tetr Lett (1965) 1619
JOC (1969) 34 3754

0 . OH . OH
O NaCzCH Coey  LiATHg o
------ s —_——
dioxane

JCS (1954) 1854

O:} OH

0 i-PrLi .

e e O s O
pentane

J Heterocyclic Chem (1969) 6 139

Hy Pd-C oH
§-PrCHoCOMe > {-PrCH,CHMe

(Pt Rh or Ru catalysts may also be used)

JOC (1959) 24 1855
For stereochemistry see Chem Rev (1957) 57 895

0 COO0Me
Hp PtOp
———
HOAc

H

Helv (1943) 26 562
JCS (1954) 2487
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OH
|
PhCHMe
Chem Comm (1970) 567

+ -
Hp RhHp(PhPMep)p C104
PhCOMe >~

OH

Li NH3 Eto0

—————— 9

dioxane MeOH O: 65%
0 HO

JACS (1958) 80 6115
(1968) 90 6486

—

i NH2CHoCHaNH2
ProC0 > ProCHOH 30%

JOC (1957) 2 891
CgHyy

0 Na EtOH HO--.
93%

Bull Soc Chim Fr (1964) 2236
JCS C (1969) 968

0 Al-Hg Ety0 HpO OH

CHoNEE2 > CHaNEL? 74%
2 2

ColEt COOEL

Arch Pharm (1942) 280 361

————

Li i-PrOH ’

JCS C (1969) 804 968
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H
Electrolysis
—_ 100%
0 BugNC? H
JOC (1961) 26 1738
{1970) 35 261
Me Me Me
CHOH
cotte LiAlHy Etp0
————
Me Me Me Me
JACS (1947) 69 1197
Org React (1951) 6 469
Cghyy
LiATHg AIC13 isobornecl
70%
0 Etz0 HO™
JOC (1965) 30 3809
PhCO PhCHOH
LiATHgq Pyr
—_ 56%
CHoCH2COMe CHpCH2COMe
JACS (1962) 84 1756
0 OH
LiA1(0Bu-t)3H
—— T 55%
0 THF 0

Coll Czech (1959) 24 2284
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AlHy Ety0 hﬂ[:::::t
——— e
HO

JCS B (1967) 581

0 (1-Bu)ATH CgHg OH
2, 83%

JOC (1959) 24 627
For reduction of unsaturated ketones see Chem Comm (1970) 213

0
NaBH; EtOH
e 76%
HO

JACS (1953) 75 1286

OH
NaB(OMe)3H MeGH
— 22%
0

JCS (1955) 3426

4
Li
0 THF OOH

OH

/g = 34/66

%

o

5 %

cis/trans=99/1
Me

JACS (1870) 92 709

LiBH3CN
— (LiBH3CN is stable to pH 3)
MeOH

OO OH
77%
JACS (1969) 91 3996



SECTION 42

7
[:::::[0 A0
e
Me

Me

Pyr-BoHg toluene

BoHg diglyme

————— e

ALCOHOLS AND PHENOLS FROM KETONES 115

oy

JACS (1960) 82 681

OAC 4 BoHg THF OH
—— cis
Me 2 Hp02 NaOH Me

Tetr Lett (1968) 4937

OH

BoHg-a-pinene

————

cis/trans = 92/8
Me

JACS (1961) 83 3166

PhZCO > PhoCHOH ~83%
JOC (1958) 23 1561
OAc
BuzSnH hv
E]I——‘——__—» 66%
616 5
0 N HO N
Helv (1967) 50 2259
Tetr Lett (1968) 5385
0 PhpSnHa OH
—_— 85-93%
t-Bu Et20 t-Bu

JACS (1958) 80 3798
(1961) 83 1246
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0 EtSiH CF3COOH OH
il Aaali 749

Tetrahedron (1967) 23 2235

NaH xylene
Ph,CO ————— Ph,CHOH 83%

JACS (1946) 68 2647

@‘ AY(OPr-i)3 1-PrOH Q
- OH 76%
0 toluene

JOC (1939) 4 456
Org React (1944) 2 178

i-PrOLi  i-PrOH
PhCOMe —_———— Ph?HOH > 90%

Me
JCS C (1969) 804

HaTrClg-6H20
————y 85%
(Me0)3P  i-PrOH

0 HO™
JCS C (1969) 1653
(1970) 785
Chem Comm (1970) 162
0 0
(Ph4qP)4RACT
ML i 100%
i-PrOH Hoo!
0 H H

Chem Comm (1970) 162



SECTION 42 ALCOHOLS AND PHENOLS FROM KETONES 17

KOH  HOCHoCHOH
Ph,CO e PhyCHOH 93%

JOC (1967) 32 840
(1960) 25 1707

1 Nty

B i
2 Pb(0AC),
HO
CHaClp
68%
Chem Comm (1969} 450
CgHy7
1 NHoCONHNH2 - HOAc
—» 90%
JACS (1939) §_l_ 1992
NCOONa
i Me
NCOONa HQOAc MeOH )
PhCOMe PhCHOH 31%
(Rate of reduction ArC=0 > AT1iphC=0)
Chem Comm (1965) 71
PhLi-Pyr Et50
PhoCO —_—_— Ph,CHOH 62%

Can J Chem (1963) 41 1961



118 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 42

0

QH
‘ Baker's yeast
IIII' 67%
AcO HO

Ber (1938) 71B 2696

OH
1 Monoperphthalic acid
2 KOH MeOH
0

Gazz (1961) 91 1250
(Chem Abs 56 10211)

PhCOOoH CHC13
EtCOPh —_—— EtCO0Ph R PhOH

73%
JACS (1949) 71 14

COPh 1 MeCOOpH HOAC o1
—_— 86%
MeO 2 Hydrolysis MeO

JACS (1950) 72 5515

Further examples of the Baeyer-Villiger degradation of ketones to alcohols
and phenols via esters are included in section 117 (Esters from Ketones)

Some of the methods listed in section 34 (Alcohols and Phenols from
Aldehydes) may also be applied to the preparation of alcohols from
ketones



SECTION 44

Section 43

No examples

Section 44

CeHy3CH=CHp

C5H17CH=CH»

PrCH=CHy

CgH13CH=CH2

PhCH=CHy

ALCOHOLS FROM OLEFINS

Alcohols and Phenols from Nitriles

000000000000000000000000000000006C0

Alcohols from Olefins

©000D000O0D00C0000000D

1 NaBHs BF3 diglyme

2 C0
3 H202 NaOH H20

Di-t-butyl peroxide

(CgH13CH2CH2 ) 3COH

JACS (1967) 89 2737
(1970) 92 6648

OH

119

90%

40-60%

28%

70%

~74%

CrH771CH2CH2CHOR
MeCHoOH Ve
Tzv (1964) 894
(Chem Abs 61 5510)
1 BoHg THF
> (PrCHaCHp)oCHOH +  PrCHaCHCHRCHRPY
2 MeOCHCIp MeLi Et20 ;
3 Hp02 NaOH H20 21%
Tetr Lett (1969) 2955
1 BoHg THF
——e—— CgH13(CHp ) 30H
2CO LiBHy
3 KOH EtOH
4 H202 JACS (1967) 89 2740
HCHO Hy (2,600 psi)
— Ph(CHz)30H

Phl::\/:1

H2$04

copper chromite

JACS (1950) 72 5314
Chem Rev (1952) S1 505
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CO Ho (240 atmos)
CgHy3CH=CHy > C5H77(CHp ) 30H 73%
RhC13:3Ho0

Ber (1966) 99 1086

€O Hp (450 atmos) CH20H
56%
Co

JACS (1952) 74 4496

1 BoHg

BuCH=CHy Bu(CHp)30H  +  Bu{CHp)p0H

2 CHp=SMep Me2SO
3 Ha0p NaOH Ha0 Chem Comm (1967) 505

1 NaBHg BF3-Etp0 THF
1~PrCHoCH=CH» 1-Pr(CHp)30H 80%
2 Hp0p NaOH H20

Org React (1963) 131

&HZ ?HzOH
e 0 1 LiBHg HoS04 THF 20
1
— 0 2)‘]202 NaOH H20 0
0
7L JOC (1963) _2_8_ 3551
Me
1 (i-PrCH),BH THF
CHp=CH{CH2)gCOOH HOCH2CH2 (CHp ) gCOOH 82%
2 H202
JACS (1961) 83 486
BH
1 gﬁj%} THF
MeC=CHMe Me2$HCHMe ~95%

2 Hp0p NaOH Hp0 I

JACS (1968) 90 5281
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1 NaBHg BF3-Et20
C1gH21CH=CHCy 1H23 — CooHa5CHOH 51%
bis-2-ethoxyethyl ether
185-190°
2H202 NaOH Hp0

JOC (1961) 26 3657
JACS (1967) 89 561 567

1 EtpA1C]
PhCH=CHMe B PhCHoCHMe 75%
2 Hp0p NaOH OH
Tetr Lett (1970) 3471
0
T )@t
P Cr(0Ac), z
- ——————
e BuSH !
0 Me2SO
JACS (1966) 88 3016
1 HCOOH fle
MeCO(CH2)20H=CMe2 —_———— MeCO(CHZ)ZCHZCOH 80-95%
2 NaHCO3 MeOH I*"le
Bol Inst Quim Univ Nac Aut Mex (1965) 17 181
(Chem Abs 65 8963)
JACS (1953) 75 6212
1 HpS04 Ho0 fle
MeCO(CHz)ZCH=CMe2 —_— MeCO(CH, ) oCHoCOH 85%
2 NaOH Hy0 bl‘l
e
JACS (1955) 77 1617
1 Hg(OAc)y THF Ho0
BuCH=CH, — BuCHMe 96%
2 NaOH Hy0 (|)H

3 NaBHgq NaOH Hp0
JACS (1967) 89 1522
JOC (1970) 35 1844



122 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 45

HoO hv  xylene
Me MeOCH,CH;0Me OH

JACS (1967) 89 6788
Acc Chem Res (1969) 2 33

e 103 MeOH e
Me,C=CH(CHp)oCHCHpCOOMe  ——————»  HOCHp(CHp) 2CHCHRCOOMe 72%
2 NaBHy

JACS (1968) 90 3525
Helv (1967) 50 2445

Section 45 Alcohols from Miscellaneous Comgounds
ooQoQo00Q0000000000CC0 000000000000 0000

Hy Pd
PhCH=CHCH20H — Ph(CH2)3OH 55%

Annalen (1924) 439 276

CTCH2CONHNHR - HC1
CH,=CHCH»0H Me(CHy)»0H 70%
NaOH

Chem Ind (1964) 839

LiATHy Ety0
PhCH=CHCH,0H ——————>  Ph(CHy)0H 93%

JACS (1948) 70 3484

OH
Ni  EtOH
——e

Gazz (1963) 93 1028
(Chem Abs 60 3029)
JACS (1953) _7_§ 1700




SECTION 45 ALCOHOLS FROM MISCELLANEQUS COMPOUNDS 123

0
Cr(0OAc)p BuSH \
IR 65%
AcO : Me2S0 AcO
Br on OH
JACS (1966) 88 3016
Ho Pt
PhCH=CHCHO —_— Ph(CHy) 30H
JACS (1925) 47 3061
Li  NH3
——————
EtOH Etp0
CHCOOE CHoCHaOH
Tetr Lett (1970) 3219
BoHg
MeCH=CHCOOH _— Me (CHp ) 30H

Hua Hsueh Hsueh Pao {1965) 31 376
{Chem Abs §§'8022)

Me Me
0 Li-naphthalene THF OH
. 61%

nickel tetraphenyl-
I porphine

JACS (1970) 92 395
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Section 45A  Protection of Alcohols and Phenols
T000000008000000000000000000008G60600

Esters of organic and inorganic acids . . . . . . . . .. page 124-126
Ethers ., . . . . . e e e e e e e e e 127-129
Tetrahydropyranyl ethers, acetals, ketals and orthoesters . . ., 129-131
Miscellaneous derivatives . . . . . . . . . o oo 000w . 13
CC13C00
CC13C0€1
AcO NH3 EtOH CHCl4

{Stable to Cr03 and acid)

Coll Czech (1962) 27 2567
Tetr Lett (1968) 4681

R
CF3CO)20 Pyr \\\\
HO — CF3C00
KHCO3  MeOH (Stable to Cr03)
Helv (1954) 37 388
R R
HO HCOO
HCOOH  Ac,0
—
AcO KOH MeOH AcO
(Stable to Cr03)
Helv (1954) 37 443
Me
ve Mesitoyl chloride ve i
R(CH2)2CH=CCH20H — R(CHz)gCH=CCH20C Me
Pyr CHCI,
- Me
(Stable to Cr03, acid
LiATHg Et20 and base)

JACS (1969) 91 4318
(1967) 89 2758
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Cgh7 e
MeCH=CCOC1
——————
€ —
HO 1 0s04 dioxane MeCH= CCOOQ%
2 pH 8.5 (Stable to acid)
Joc (1962) 27 3103
COC1
OH
0
Pyr CeHg
¥_/ (Stable to Cr03 and acid)
W Cehg JCS (1965) 3571
ROCH hymine ROCH2 .
; 0>I ymin PRCOCHCH,COOH 0 < Jhymine
———————————————
DCC Pyr

OH * PhCOCH,CH,C00

NoHg  Pyr HOAc (Stable to Cr03 and acid)
JACS (1967) 89 7146

HOCH2 0 R C1CH2C00CH, oL R
(C1CH2€0) 50
B

0Ac ™~ 0Ac
(NH2)2CS or HSCH2CH2NHZ

JOC (1970) 35 1940

OH 1 Base 0C00CH,Ph
EOR 2 PHCA0C0C1 Ce_ EOR
R = ~ OR (Stable to Cr03 and acid)
Hy Pd EtOH

JACS (1939) 61 3328
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CC13CH0C0CY  Pyr

-

HO In HOAc CC13CH,0C00

(Stable to Cr03 and acid)

Tetr Lett (1967) 2555
JOC (1968) 33 3589

Further examples of the preparation and cleavage of esters are included
in section 108 (Esters from Alcohols and Phenols) and section 38 (Alcohols
and Phenols from Esters)

R
HNO3  Ac0 \\\\\
o -
HO In HOAc NO20
H z H X
On 0N,

(Stable to Cr03, acid and base)

Ber (15962) 95 1094
Chem Rev (1955) 55 485

H3B03 toluene
R[CHZ]]()CHZOH — (R[CHz]]OCH20)3B
— (Stable to Wittig reagents, acid and
Hp0 base)

Rec Trav Chim (1953) 72 411
Tetr Lett (1969) 4155

OH MsCl Pyr OMs
(Stable to Cr0j3 and acid)
—
R NaOH  Hp0 R JACS (1957) 79 717

For cleavage of mesylates with PhLi see JCS C (1968) 72283

Further examples of the preparation and cleavage of sulfonates are included
in section 138 (Halides and Sulfonates from Alcohols and Phenols) and
section 40 (Alcohols and Phenols from Halides and Sulfonates)
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CgHyy
Me,C=CHp BF3 H3P04
‘ ’
HO CF3COOM Me3t0
(Stable to RMgX, LiAlHg,
Cr05 and base)
JCS (1963) 755
COOEt

HOGCH2 PhacCl Pyr PhscOCHZf
HOAC Ho0

(Stable to RMgX LiATHy, Cr03

and base)
JOC (1951) 16 349
(1950) 15 264
For hydrogenolysis of trityl ethers see Rec Trav Chim (1942) 61 373

‘i-l?r‘ i-Pr

|
RCH o4  PhCHaCl KpCO3 EtOH RCH 0CH,Ph
OH Hp Pd-C EtOH 0CHzPh
(Stable to RMgX, LiATH4, CrO3

acid and base)

J Med Chem (1967) 10 262
JACS (1954) 76 3188
Org React (1953) 7 263

Further examples of the cleavage of benzy! ethers are included in
section 39 (Alcohols and Phenols from Ethers and Epoxides)

1 MsC1 Pyr
2 Sodium p-chlorophenoxide
RCHo0H > RCH,0 1
‘\____—_
P Li NHy EtOM (Stable to RMgX, L1ATHg, Cr03
2 Acid acid and base)

JACS (1968) 90 1090
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' 0
OH Pp-Bromophenacyl bromide OCHZE—<<::::>}-Br
K2C03 MepCO

\ ) d b
70 HOAC (Stable to Cr03, acid and base)

Tetr Lett (1970) 343

HoOH CH20CH2CH=CHa
R 0 CHp=CHCH2Br NaH CgHg R 0
O0R > 0R
R OR
RO RO
t~BuOK
HpOCH=CHMe Me2S0
R? E::::o
HpS04 or KMnO4 or HgClp or 03 OR
MepCO  NaOH Hg0 OR
H20 RO

JCS (1965) 2205
(1968) 1903

Further examples of the cleavage of ethers are included in section 39
(Alcohols and Phenols from Ethers and Epoxides)

OH CHa=CHCHaBY 0CH,CH=CH,
----------- >
CF3 Se0; HOAc dioxane CF3
Tetr Lett (1970) 2885
MeCONHS 1Me3
PhCH,0H e PhCHZ0S1Me3
~
H20

Ber (1964) 97 2196
For trimethylsilyl ethers of 3ry alcohols see Chem Comm (1968) 466
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[:::::[OH Me3SiCl  Pyr [:::::[051Me3
e
COOH COOH

Ho0

JOC (1957) 22 592
For trimethylsilyl ethers of hindered phenols see JACS (1966) 88 3390

[:;D TsOH  Et0
RCH,0H RCH0-. (Stable to RMgX, LiATHg,
\

Cr03 and base)

TsOH MeOH

JACS (1969) 91 4318
For tetrahydropyranyl ethers of 3ry alcohols see Tetrahedron (1961) 13 241
and Stercids (1964) 4 229

Br
OH 0
o) °
Brig Pyr CHoCl,
Meu,, -

CeHg

0
0 ~ _—  (Stable to Cr 3b222)

In EtOH

Steroids (1965) 6 397

[O] PhC002Bu-t { l
CgHy30H — CgHy30 0 (Stable to RMgX, LiATHy, CY‘03

CuCl CgHg and base)

HC1 H20 Act Chem Scand (1960) 14 1854

(1961) 15 249

CgHyy

[:;D CF3CO0H

: = (L

AgNO3 Me,CO  Hp0

JOC (1966) 31 2333



130 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 45A

AcOCHy ¢ hymine £s>\ HC1 CHCl3 AcOCHp Thymine
——

OH AgNO3  MeCN

JOoC (1966) 31 2333

OH 1 EtONa EtOH 0CHp0Me
2 MeOCHgC1 CHC14 C/
1 ) \

MeN ‘ -
HOAc (Stable to RMgX, LiAlHg,
R Cr03 and base)

J Med Chem (1966) 1
JACS (1957) 79 579

2
2

(IJBu
PhCOOCHPr 9Bu
t-BuOH ~ —————  t-BuOCHPr  (Stable to RMgX, LiAlHgq, CrO3 and base)
‘_\ ------- .-
Acid Tetrahedron (1961) 13 241

O e :

ROCH2 o Uracil ROCH2 g racil

CHz =CMe  TsOH

RETP— RO OChe,
2 P OMe

JACS (1967) 89 3366
Tetrahedron (1970) 26 1023

AcOfHp ) Uracil Med{( D 1o ACOCH . racil
- > k ﬂ (Stable to RMgX,
DR LiAlHg, CrO03,
A0 OH pH 2.0 AcO 0@0 and base)
MeQ

JACS (1967) 89 3366
Tetrahedron (1970) 26 1023
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HCONHz  PhCOC]
BuoOH > HC{0Bu) 3 (Stable to LiAlHy, Cr03 and
- base)

Acid Annalen (1968) 716 207
Rec Trav Chim (1969) 88 897

JACS (1948) 70 2268

CHOCH(OCHCHACY )2
HOCH racil ;
20 HC(OCHCHCT )3 0 ~Jraci
e
PhCO0  OCOPh

PhCO0 0COPh HOAC  Hn0

Tetr Lett (1969) 4443

OH OH

Digitonin EtOH Hp0

HO Pyr HO
Dibitonin
(Stable to CrO3)
JACS (1960) 82 1257
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Chapter 4 PREPARATION
OF
ALDEHYDES

Section 46 Aldehydes from Acetylenes

00000000000000Q0C000000000

1 Disiamylborane THF

61%
2 Ho0p NaOH H20

CH2CZCH CHoCHoCHO

Tetr Lett (1970) 41

JACS (1969) 91 4771
Org React (1963) 131

CZCH 1 mecosH \;rCH2CH=NNHCONH2 CHaCHO
———
MeO 2 NHpCONHNH2 - HOAC 39% Me0

JCS (1949) 619

Section 47 Aldehydes from Carbox Jic Acids, Acid Halides and Anhydrides

...........................................................

Review: The Synthesis of Aldehydes from Carboxylic Acids

Org React (1954) 8 218

132
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133

> Pr(CHy)pCHO

SECTION 47
ACID HALIDES AND ANHYDRIDES
0~
[ CH(CH2)2C00H o waoH
PrCOOH
electrolysis
2 HC1  Hp0

1 CHaN2  Etp0

coc1
Me

hv  Etp0

2 3,5-Dimethylpyrazole

Bull Chem Soc Jap (1965) 38 922

Me

\rCHQCO |

LiATHg
—————

CHpCHO
Me

Ets0
2 55%

Annalen (1961) 642 121

1 CH2N>  Et20 1 Ni (PhNHCH2)2
PhCH,COCT » PhCHoCHpCOSEL » PhCHoCH2CHO
2 EtSH hy CeHg 2 HC1 Hp0 Etp0
Ber (1959) 92 528
Org React (1954) 8 218
1 (1-Pr)2NLi HMPA  THF
C6H13CO0H > C6H]3CHO 65%
2 HCOOEt
Tetr Lett (1970) 699
Li MeNHp
BuCOOH —_—— BuCHO 66%
JACS (1970) 92 5774
HCOOH Ti02
— 36%

260°

@ COOH
al

J::::::{CHO
C1

JCS (1943) 84
JoC (1963) 28 3029
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Na-Hg H3BO3 NaHSO3
CgHy7CO0H CgHy7CHO 36%
NapC03 H20

J Soc Chem Ind (1943) 62 128

iz
1 MepCCHoOH 0 HC1
Ph{CH,) 2COOH — > Ph(CHg)2CH —>  Ph{CHp)2CHO
2 Mel MeNO; \y Ho0
3 NaBHg MeOH Me
4 NaOH  Ha0 J Heterocyclic Chem (1966) 3 531
MeCHCOOH MeCHCHO
1 N,N-Carbonyl diimidazole 1
THF ]

2 LiA1(0Bu-t)3H THF

JOC (1970) 35 458
Annalen (1962) 654 119

AcO

COOH 1 CICO0Et NEty \\\“,COCH(COOEt)Z CHO
—_—_— NaBHq
CeHe ———

2 EtOMCH(COOEL), MeOH 79%
EXOH
Ber (1965) 98 3040

gHZOPh

s Ph
CONH;E:jr/ :]S\ 1 CI1CO0Et NEts ,/iL X TsOH Jﬁfj\
e ———
07— COOH 2 NaSH et i’ CHCT, cHo
3Ni (PhNHCH), \ <47y
HOAC  THF P a

JOC (1966) 31 1922
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ACID HALIDES AND ANHYDRIDES

OMe
coci
Bu3zSnH
PhCOCY —
hy  Etp0
PhCOBr —_—
coc1
Me
OMe
NH
7/ \
CH2-CH2
t-BuCOC1
Et3N  CgHg

Hp Pd-BasS04

—————

xylene

PhCHO

PhCHO

LiAT(0Bu-t)3H
D smam
diglyme

,CHp
t-BuCON 1
“CHy

OMe

80%

CHO

JACS (1942) 64 928
(1940) 62 49
Org React (1948) 4 362

JOC (1960) 25 284

80%

Angew (1965) 77 169
(Internat Ed 4 146)

CHO
62%
Me
OMe

J Med Chem (1970) 13 26
JACS (1956) 78 252

LiAMH,
— t-BuCHO
Et20

JACS (1961) 83 4549
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1 CHoNz  Et20 1 A1(0Pr-i)3
C15H31C0CT ———————>  (15H37C0CH20Ac —~—————> (75H31CHO
2 HOAc i-PrOH
2 Pb(0Ac)y
HOAC

Org React (1954) 8 218

56%

EtSH Pyr Ni  EtOH
PhCOCI —————>»  PhCOSEt —~————>  PhCHO <62%
Ho0
JACS (1946) 68 1455
Tetr Lett (1964) 1763
Org React (1954) 8 218
NoHg 1 PhS0,CT  Pyr
PhCOCT  ----»  PhCONHNH, - PhCHO ~60%
2 NapCO3
ethylene glycol
Org React (1954) § 218
JOC (1961) 26 3664
1 Quinoline HCN CgHg
BuCOC1 » BuCHO 62%
2 HpS04 Ho0
JACS (1941) 63 2021
Org React (1954) 8 218
CH2C0)0 Pyridine N-oxide CHO
> 69%
MeO 2 chlorobenzene Med
Tetr Lett (1965) 233
1 BuSH InCly 1 Perphthalic acid Eto0
CgHy3CH2COCH —————————  (gHy3CH=C(SBu)?
CeHe 2 NoHg MeOH
2 HCY
CgHy3CH=NNH; R CgHy3CHO

Rec Trav Chim (1959) 78 354



SECTION 48 ALDEHYDES FROM ALCOHOLS

OH
|
MeCHCH2CH,COOH MeCHCHCHCOOH

j NalOy
1 Bromination
e e e i .

2 Hydrolysis Tetr Lett (1968) 1725

Aldehydes may also be prepared from carboxylic acids via amide or ester
intermediates. See section 51 (Aldehydes from Amides) and section 53

{Aldehydes from Esters)

Section 48  Aldehydes from Alcohols

Prii
BUOH  =--->  BUOCHpCH=CH; ~ ——  Bu(CHp)pCHO
Tetr Lett (1969) 821
OH C5H11CHaCH(OEE )2
1-PrCHyCCH=CHy > {-PrCHC=CHCHpCHCHO
. H3PO ' '
Me 3rv4 Me CsH1q
Helv (1967) 50 2095
Tetr Lett (1961) 493
OH CHp=CHOEt
Me,CCH=CHy —_— MepC=CH(CHp ) 2CHO
H3P0yg Helv (1967) 50 2095
JACS (1961) 83 198
0 Pt EtOAC
CyHy5CH0H —_——— C7H15CHO

JACS (1955) 77 190
Angew (1957) 69 600
For application to allylic alcohols see Helv (1957) 40 265

137

MeCHCHoCHO

29%

60%

81%

21%



138 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 48

Li  NHaCH2CHoNH2
BuCHo0H » BuCHO 66%

Applicable to benzylic aicohols
JOC (1962) 32_ 2662

CHoOH CHO
Benzoquinone A1(0Bu-t)3
Et > Et

Chem Comm (1969) 799

Cr03-Pyr CH2Clo
CgHy3CH20H > CgHy3CHO 93%

Applicable to allylic and benzylic alcohols
Tetr Lett (1968) 3363
JOC (1961) 26 4814
(1970) 35 4000

0Ac
CH20H CHO‘\\\\\
Cr03 HoS04
——— 80%
0 DMF Hp0 0
Helv (1968) 51 772
NaoCraQy
PhCH=CHCHp0H ———— PhCH=CHCHO 80%
Pyr-HCT Pyr

Chem Ind (1969) 1594

KoCro07  H2S804 Hp0
EtCHoOH » EtCHO 45-49%

. Org Synth (1943) Coll Vol 2 541
For application to allylic alcohols see Bull Soc Chim Fr (1933} 53 301
and Ber (1947) 80 137
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CH20H ¢ Butyl chromate CgHg CHO
> 40%

Applicable to allylic and benzylic alcohols
Bull Chem Soc Jap (1965) 38 1503 893 1141

Nickel peroxide
PhCH=CHCH20H —_— PhCH=CHCHO 86%

CeH
66 JOC (1962) 27 1597
JCS (1979) € 2173

CH,0H NH4)2Ce(NO3) CHO
93%
HOAc H20 Br

JCS (1965) 5777
JOC (1967) 32 2349 3865

MeCH(CHp) oCH20H MeCH/CHy)2CHO
AgpCO3-celite }\r//k\w
95%
CgHg
H Applicable to allylic alcohols

Compt Rend (1968) C 267 900

Ag0 H3POz HOAC
§-PrCH,OH 1-PrCHO 30%

Applicable to allylic alcohols
Tetr Lett (1967) 4193

Argentic picolinate
BuCH,OH > BuCHO 74%

MepSO  Hg0

Applicable to benzylic alcohols
Can J Chem (1969) 47 1649
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CHoOH CHO
MnOy MeCN
" —_— 76%
€0 MeQ
Proc Chem Soc (1964) 110
Chem Comm (1¢56) 121
Mn0z CCly

PhCH=CHCH,0H —_—_— PhCH=CHCHO
JCS (1952) 1094
JACS (1955) 77 4399

Pb(0Ac)y Pyr
PrCH,0H —_— PrCHO 70%
Applicable to allylic and benzylic alcohols
Tetr Lett (1964) 3071
INO3-Pyr CHCl3
CgHy1CHo0H ————————ee CgHy1CHO 20%

Applicable to benzylic alcohols
JCS C (1970) 676

CHpOH CHO
No0g CC1
Zh e [:::::[ 959
Me Me

JCS (1955) 1110

MeCH(CHp) 2CH20H MeCH(CHy) oCHO

85%

DCC  CF3COOH ]
Me,SO Pyr CgHg
Applicable to benzylic alcohols

JACS (1965) 87 5670
Chem Rev (1967) 67 247
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CHa0H CHO
HO
SO3+Pyr MepSO
R 70%
Et3N
0 JACS (1967) 89 5505
NaHCO3 MeoSO
C7H15CHL0H ----»  CyH15CHp0Ts  ————————»  (7H15CHO ~78%

Applicable to benzylic alcohols
JACS (1959) 81 4113

COCl, Ety0 1 MepSO
CcHyiCHOH ~————— CgH71CH,0C0CT ——— CsHy1CHO 68%
5R1V2 5H11vF2 > Etal
3

JCS (1964) 1855

KOCT MeOH Hp0
PhCH,OH —_— PhCHO 77%

JOC (1961) 26 1046

CHpOH N-Chlorosuccinimide CHO
—» 71%
Me Pyr Me

Bull Soc Chim Belg (1951) 60 54
Compt Rend (1954) 238 2538
Chem Rev (1963) 63 21

KpSo0g AgNO3 Hp0
228 3 7, i-PrCHO 31%

i-PrCHoOH

JACS (1954) 76 6345
For application to benzylic alcohols see JCS (1960) 1332
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”COOEt

NCOOEt toluene
Cy1H23CH20H ———— C11H23CHO 20%

Applicable to benzylic alcohols
JOC (1967) 32 727

4-Phenyl-1,2,4-triazoline~3,5-dione
PhCHo0H »  PhCHO 78%
CeHe

Chem Comm (1966) 744
JCS C (1969) 1474

OH
CHROH 2,3-Dichloro-5,6-

CHO
dicyanoquinone (DDQ) \[:::::1:/i

Applicable only to allylic and benzylic alcohols

J Med Chem (1962) 5 409
Chem Rev (1967) 67 153

Tetrachloro-1,2-benzoquinone
PhCH=CHCH20H »  PhCH=CHCHO 100%
ey

Applicable only to allylic and benzylic alcohols
JCS (1956) 3070

H0H CHaN3 HO
0 1 MsC1 DMF /L- 1 Acetylation 0
H . “ 2 hv MeOH Ac
HO 2 MeONa € AcO
OH 3 NaN3 DMF 0Ac

Carbohydrate Res (1968) 8 366

(CH2)7C00H 105 Hps04 (G2 )7COOH
CHOH — CHO 76%
. EtOH  HpO

Org React (1944) 2 341



SECTION 48

BUOCHaCHCHOH

HO

ALDEHYDES FROM ALCOHOLS

PolOhcly Cefs | BUOCH,CHO
2

JACS (1945) 67 39
Joc (1970) 35 249

Ip Hgo

Ph(CH2)3$H$H(CH2)3Ph —_— Ph(CHp)3CHO

HO OH

PRCHCH,OH
OH

[:::::]: \
OH

Me?H?HMe
HO OH

CHoClp
JCS C (1969) 383

K2Sp0g AgNO3 H20
> PhCHO

JACS (1954) 76 6345

0, Co(OAc)z PhCN Cc”o
CHO

Tetr Lett (1968) 5689

Xe03 H0
——— MeCHO

JACS (1964) 86 2078

143

57%

99%

61%
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Section 49 A]dehgdes from Aldehydes

Q0000000000000 000000000
Chain extension and alkylation of aldehydes . . . . . . . . page 144-145
Degradation of aldehydes to lower homologs . . . . . . . .. . 145-146

1 Ph3P=CHO—©—Me

PhCHO PhCH,CHO 55%
2 HCI0 Hp0 Etp0
Ber (1962) 95 2514
CHO CHoCHO
HO 1 PhyP=CHSPh Mepso 1O
oH -~ OH 36%
_OH 2 Hgllp Hg0 H20 OH
o# oH
Tetr Lett (1969) 3665
CHO CHaCHO
0 0

1 PhyP=CHOMe Et50
0 - 0 28%
2 HC104 Ety0

T C1,CHCOOEL 1 NaOH
CgHI3CHO  ———————>  CgH13CHCHCOOEE  ---o- > CgHy3CHRCHO
Mg-Hg Etp0 Y 2 & 6mi3+re
2 EtONa

Compt Rend (1937) 204 272
Org React (1949) 5 413

C1CH20Et Mg HCOOH
CgH13CHO ————————— CgHy3CHCHO0EL —_— CgH13CH2CHO 10%
HGClp THF 6 136H 2 6M3vnz

Bull Soc Chim Fr (1959) 459



SECTION 49 ALDEHYDES FROM ALDEHYDES 145

1 t-BuNHy Acid

CgH17CHpCHO  ——————>  CgH11CHCH=NBu-t >  Cg5H77CHCHO 50%
2 EtMgBr Bu H20 Bu
3 Bul

JACS (1963) 85 2178

BUNHCH2Pr-1 1 EtI
PPCHpCHO  ~ee————>  PrCH=CHNCHpPr-i ~ ——————— PrCHCHO 78%
| 3 t
b 2 Acid Hp0 L
Chem Comm (1967) 510
Pyrrolidine 1 CHp=CHCHpBr  (H2CHECH2
E£CHCHO —_— Et?=CHN::] ——————> EtCCHO
(CHy) 2C00Me (CHp)pCO0Me 2 HYArolysis ey yocoome
Chem Comm (1965) 197
JACS (1963) 85 207
Angew (1960) 72 169
1 PhNHNH2
PhCHCHO —  ——»  PRCHCH=NNHPh  ---->  PhCHCHO
2 KNH» ! !
CHoPh CHyPh
PhCH2CT  NH3 JACS (1967) 89 463
1 Brp A 1 AlMes e
PRCHCHO ——>  PRC-CHCN  ————=  PHCCHO
Me 2 CN Me z A Me
Tetr Lett (1970) 2947
HO OH
MeCH(CHp)oCHO TﬁiﬁngCHCHOEt MeCHCHoCHO
> /\
1 IBr HBr NalOg
B ] e 3
HOAc HOAc
2 KOH EtOH MeoCO

Chem Comm (1968) 851
Tetr Lett (1970) 5229
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MeCH2CHO 0o Cu(OAc)p Pyr Et3N
MeCHO

Rec Trav Chim (1966) 85 437

Me (CH2 ) 5CHO

Some of the methods included in section 67 (Aldehydes from Ketones) may
also be applied to the preparation of aldehydes from aldehydes

Section 50 A]dehgdes from A1k¥1s

Reactions in which methyl groups are converted into aldehyde (RMe —-RCHO)
are included in this section. For reactions in which a hydrogen is
replaced by aldehyde, RH -—» RCHO (R=alkyl, vinyl or aryl), see section 56
(Aldehydes from Hydrides)

CH3 1 cropcl, €Sy CHO
R el 2 50%
MeO N0, 2 Hp0 MeO NO»

JCS (1949) S230

CH3 1 crogct, MepC=CHMe CHO
. 254
CC]4

2 Hy0 JACS (1951) 73 221
Ac, CH3  Cr03 Acp0  AcO CH(OAc)p HpS0, AcO CHO
e e ———
coogt H2S04 HOAc COOEt ﬁtgH COOEt
0Ac OAc 2 0AC

Joc (1968) 33 4176
Org Synth (1943) Coll Vol 2 441

NasSo0g AgNO3 Ho0
2 3 > PhCHO 50%

PhCH4

JCS (1960) 1332
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t-Bu t-Bu

CH3 Mn0, HoS0z HpO Cho
- 23%
t-Bu t-By

OMe OMe
JOC (1951) 16 586

ve me Se0y me Me
CH2=CH?(CH2)2CH=CCH3 — CH2=CH?(CH2)2€H=CCHO
OAc 0Ac

Chem Comm (1968) 1277
Org React (1949) 5 331

@ 3 Ce(Ng)p(NO3)g @wo L
”———"—_—“——> 00
Me HOAc  Ho0 Me

JOC (1966) 31 2033
JCS C (1970) 1630

Argentic picolinate Me,SO
PhCH3 > PhCHO

Tetr Lett (1967) 415

CH3 @ CHBr» @ CHO
NBS benzoyl peroxide CaC03

> —_— 41%

v CCly EXOH
@© o * O

F F F

JACS (1966) 88 3318
(1956) 78 1689
Org React (1954) 8 197
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Section 51 A]dehgdes from Amides

NaAlHg THF
C15H31CONMe2 _ Cy5H37CHO 78%

Tetrahedron (1969) 25 5555

CONMe2  LialHg THF Etp0 @:CHO
~70%
CONMe, CHO

Ber (1951) 84 625

,CHp LiATHg Etp0
Pr‘CON\ [ —_— PrCHO 88%
CH2 JACS (1961) 83 4549
CONPR [ 5R1H, THF CHO
Me —_— 57%
Me Me
Me Me

Ber (1955) 88 301
Org React (1954) 8 218

LiAlH, Ety0
N —————S—  PhCH=CHCHO 45%

|
PhCH=CHCO Joc (1953) 18 1190

LAT(OEt)gH  Ety0
—>  BuCHO 92%

BuCONMe,

JACS (1964) 86 1089
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(i-Bu),ATH Ety0
C7H15CONPh C7H15CHO 56%

Me

Tzv (1959) 2146
(Chem Abs 54 10932)

1 Na NH3
CgH11CONHPh  ————» CgHyCHO 53%

2 HOAc Aust J Chem (1955) 8 512

Electrolysis LiCl
C5H17CONHMe CgH11CHO 50%
MeNH, EtOH

JOC (1970) 35 1210

PoSs  Pyr Ni  EtOH
PhCONHy —————  PhCSNHp —————  PhCHO

JACS (1952) 74 3936
Org React (1962) 12 356

a1

PCig i SnC1y HCI
PhCH=CHCONHPh ~ ————  PhCH=CHC=NPh  ——————»  PhCH=CHCHO 92%
toluene Eto0

Org React (1954) 8 218

CONHNHp 1 TsCl Pyr CHO
2 N32C03 i 60%

ethylene glycol
Y gl JOC (1961) 26 3664
Org React (1954) 8 218

CONHNH CHO
[5355:[ 2 NalOy NHy HyO erfE:{
—_— W 60-70%

N

JACS (1952) 74 5796
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Argentic picolinate MepSO
PhCH,NHAC > PhCHO

Tetr Lett (1967) 415

K2S20g KpHPOg H20
EtNHAC > MeCHO

JOC (1964) 29 3632

Section 52 A]dehgdes from Amines

NHp 1 NaNO, NaOAc HC1 Hp0 CHO
2 HCH=NOH NaOAc CuSOg
M NapS03
¢ 3 HCT HyO Me
JCS (1954) 1297
1 2,4~Dinitrobenzaldehyde Pyr
PhCHoNH, PhCHO

2 HC1  Hp0
JCS (1954) 209

1 3,5-Dinitromesitylglyoxal CgHg

C11H23CH2NH, > C11H23CHO
2 Diazabicyclononene MepSO THF
3 (COOH)2 MeOH THF

JACS (1969) 91 1429

Hexamine HCHO
CcHy1CHoNH —_— C5HY1CHO
ST hoae Hy0

JCS (1953) 1737
Org React (1954) 8 197

SECTION 52

48%

41%

63%

34%

42%
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CHNHz NaNOz  CF3CO0H CHO
R 60%
Me Me»SO Me

Angew (1965) 77 811
(Internat Ed 4 787)

NaNO» NaOAc
PhCHpNEL) ————— PhCHO

HOAc  Hp0 JACS (1967) 89 1147

0Fp freon 11
MeCHoNH2 —_— MeCH=NOH --+>  MeCHO 44%

JACS (1964) 86 1392

03 H20
(PrCHp ) 3N _— PrCHO 47%
JCS (1964) 711
Brg H20 pH S
{PrCHz)3N —_ PrCHO 84%

JACS (1968) 90 3502

NBS dioxane H»0
(EtCHp) 3N EtCHO 68%

JCS (1957) 4905
Chem Rev (1963) 63 21

1 t-Buty! hypochlorite
PhCH2CH2NH2 PhCHoCHO 39%
NaHCO3 Et20

2 EtONa EtOH
3 H2504 H0

JACS (1954) 76 5554



152 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 53

Ho0p2 NapW0a
PrCH2NH2 —_— PrCH=NOH “——— PrCHO
Hp0 EtOH 57%

Ber (1960) 93 132

PrCHoNH

KMnOg  MSOg
(PrCHy ) oNH > PrCHO
(PrCH) 3N £-BuOH K20 (M=Ca or Zn)
JOC (1967) 32 3129
MnOp
PhCHpNHy ~ ——=  PHCHO 36%

JACS (1955) 77 4399

Argentic picolinate H0
PrCHoNH2 > PrCHO 14%

JCS (1965) 4962
Tetr Lett (1967) 415

Aldehydes may alsc be prepared by oxidation of N-acyl amines. See
section 51 (Aldehydes from Amides)

Section 53  Aldehydes from Esters
CO000CO0C0ODOO0COC000C0

NaATHg THF
PrCOOMe ~ ——————>  PrCHO 81%

Tetr Lett (1963) 2087

COO0Ph LiAT(0Bu-t)3H THF cHo
70%

JOC (1966) 31 283
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(i-Bu)pAlH toluene
i-PrCO0OEt i~PrCHO 80%
hexane Etp0

Tetr Lett (1962) 619
(1969) 1779

COOMe 1 oy 10 CONHNHSO2Ph CHO
AL A NapC03
5 2 PhSOC1 Pyr == . .
ethylene 87%
-0 0 glycol o0
JCS (1936) 584
JOC (1961) 26 3664
Org React (1954) 8 218
H? I\|4e
COOMe Br CHCCOOMe CHO
1 MeoCCOOMe \\f &e 280° \[
—_— ——— 87%
Me0 In CgHg
2 KBHq  MeQH Bull Soc Chim Fr(1965) 1864
Na xylene

Et(CH=CHCHp)3(CHp)6CO0Me  ~—————>  Et(CH=CHCHp)3(CH)CHOH
Et(CH=CHCHp)3(CHp)gCO

1 LiATHg
2 Pb(0Ac)g

Et(CH=CHCHy)3(CHp)gCHO 68%

J Am 0il Chem Soc (1960) 37 425
(Chem Abs 54 23373)

NoHg 1 HNO2  Hp0
PY‘CH(COOEt)Z — PY‘CH(CONHNH2)2 ———————»  PrCHO 46%
2 HpS04 H20

Org React (1946) 3 337
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Section 54 A1deh¥des from Ethers and Egoxides

Aldehydes from ethers . . . . . . . « « v v v v v v . . page 154-155
Aldehydes by rearrangement of epoxides . . . . . . . . . . 155-156

CgH130H t-butyl perbenzoate
(PrCHz) 20 > PrCH(0CgHy3)2 ---> PrCHO

CuCl 70%

Angew Chem (1961) 73 65
Act Chem Scand (1961) 15 249
Tetrahedron (1961} 13 241

NCOOEt
NCOOEt hv Ho0
PrCH20Bu —_— Pr?HOBu —>  PrCHO
”COOEt
HNCOOEt
60% Chem Comm (1965) 259
Pb(0Ac)y h¥ Acid
PrCH20Bu —_———— Pr?HOBu — PrCHO
OAc Annalen (1970) 735 47
ec
1 PhNNO
MeCH,0Et —_— MeCHO 50%
2 Acid

JACS (1964) 86 3180

p-Chlorobenzendiazonium chloride
MeQCH2CHoOMe MeQCHoCHO
NaOAc H20

Angew (1958) 70 211

PhIClp hv
MeCHp0Et ~ —————>  MeCHOEt ----»  MeCHO

¢l

79%
Annalen (1969) 728 12
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Brg HOAc H20
PhCH0Me —_— PhCHO 83%

JACS (1967) 89 3550

|
CHy0Me CHOMe CHO
NBS CCly HC1  H,0
—_— — 75%
NO NOp

2 NOp

JOC (1958) 23 1490
Angew (19597 71 349

Se0p HOAc dioxane
PhCH=CHCHo0Me PhCH=CHCHO 66%

Tetr Lett (1970) 2885

102 PhpCO hv
PrCHpOMe ~ —————— > PrCHO 55%

2 Acid Ber (1963) 96 509
262°
MeCH20CPh3 ——>  MeCHO
JACS (1930) 52 753
(1924) 36 2580
CHy
o CHO
BF3-Etp0
=, 91%
JACS (1962) 84 867
Chem Rev (1959) 59 737
e o BF3+Et,0 MepSO e
i-PrCOOCHaCCHaC-CHp  —————————> {-PrCO0CH,CCHaCHCHO 64%
Me Me Me Me

JOC (1965) 30 3480
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7\ Prl  MepSO
CgHy3CHCHY ——————— CgH13CH2CHO 80%
Chem Comm (1968) 227

Me 0 Me
1 /\ |
(:(CHZCHZCH=C)ZCHZCHZCHCMeg HIO4 <:(CHZCH2CH=C)ECH2CH2CHO
—_—
(CH=§CH2CH2)2CH=CMe2 Et,0 (CH=?CH2CH2)ZCH=CMe2
Me Me
Chem Comm (1968) 1067

Section 55 Aldehydes from Halides and Sulfonates

Br COCHo0Me MeCHCHO
AN
@@ 1 Mg Ety0 e 1 MeMgCl @@
_c . —_— 59%
2 MeQCHCN 2 KHSO,

JACS (1939) 61 2134

1 Mg Ety0 o (COOH)
i-PrBr — 1-PrCCHoOMe ————  i-PrCHCHO
2 MeOCH,COMe he Me
JACS (1946) 68 2339
Prii  THF
BuBr  ----»  BUOCHpCH=CH, ————p Bu(CHz)ZCHO 29%
pentane

Tetr Lett (1969) 821

1 CH3CH=NBu-t

CHo=CHC (CHp ) pCH=CCHoBY CH2=CHC(CHz ) 2CH=C{CHp ) ,CHO
! y (i-Pr),NLi Et,0 i ! ,
CHyp Me 2 2 CHp Me 61%
2 (COOH), H,0

Helv (1967) 50 2440
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0
1 ~;jt;L BuLi THF

Prl PrCH,CHO 65%
2 NaBHg THF EtOH

3 (CO0H)p Hy0

JACS (1969) 91 763 5886
(1970) 92 6676

0
Br ] WKN\J\ BuL i

, CHO 36%
Br 2 NabHy
JACS (1969) 91 765
1 Mg Ety0 1 PhCODAG 12
PhBr  —————f »  PhCHpCH=CHp ~ ————————»  PhCHaCHO
2 CHp=CHCHzBr 2 NaOH

3 Pb(0Ac)y
Helv (1934) 17 351

O v e ©
—_— 40-42%
2 HC(OEt)s
Br 3 HCY CHO

Hp0
Org Synth (1955) Coll Vol 3 701
(1943) Coll Vol 2 323
Ber (1970} 103 643

Br 1 Mg Ety0 cHo
—_— 40%
Br 2 HCOOEt Br

Annalen (1912) 393 215

Br 1 Mg THF CHo
- . 80%
MeO 2 HCONMejp Me0

Chimia (1964) 18 141
JCS (1956) 4691
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@rw@ 1 Buli Etp0 @H;@

2 HCONMe,

JOC (1970) 35 711

Br 1 Mg Ety0 CHO
_c e 82%
Me 2 PhN=CHOEt Me
3 HCT Hy0
JOC (1941) _6_ 489
t
Cyppser 9 Et20 > CypHasCHO 73%
Me
Me
o0
N
3 HC1 H20 JACS (1955} z_7_ 5118
me
1 t-BuCHaCNC
|
Me
EtCHBr  ----»  EtCHLI —_— ECHCHO 92%
y ! Et,0 !
Me Me 2 Me

2 (COOH)2 Ho0

JACS (1969) 91 7778
(1970) 92 6675

1 Mg Ety0
CgHy3Br > CgH13CHO 75%
2 p-Dimethylaminobenzaldehyde

3 C1'N2+—<<::>>ASO3H Hy0

JOC (1960) 25 1691
(1962) 27 279



SECTION 55 ALDEHYDES FROM HALIDES AND SULFONATES 159

[:::::[Br 1 Mg Etp0 [:::::[CSSH 1 NHaCONHNHp - HC] CHO
— ——— e 60%
Me 2 CSp Me Pyr Me

2 Hydrolysis
JOC (1941) 6 489

s
1 <st> BuLi THF

2 HgClp

(Et0)»CHCH,Br {(Et0) »CHCHCHO <77%

Angew (1965) 77 1134
(Internat Ed 4 1075)

1 NapFe(CO)g PhgP THF
CgHygBr > CgH19CHO 77%
2 HOAc

JACS (1970) 92 6080

CH5 (COOEL ), 1 Ny
PhCHpBr  ~-Z--nno2il > PhCHaCH(COOEt); ~ ———>  PhCH,CHO
EtONa 2 HNOp
3 HCT

Org React (1946) 3 337

CHoBr CHO
i-PrNO, EtONa
—_——— 72%
EtOH

CO0Me CO0Me

JACS (1949) 71 1767
Org Synth (1963) Coll Vol 4 932

nitrocyclohexane

Et?=CH(CH2)2$=CHCHZBr
Me Me

EtC=CH(CHp),C=CHCHO
KOH §-PrOH  H,0 Me Me

Zh Obshch Khim (1959) 29 3965
(Chem Abs 54 21170)
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0
AgNO3 KOH
O, T p,
dioxane J/{ dioxane H»0 //
@ CHyBr  Hp0 /LCHQONOZ 2 /‘\CHO

53%
JACS (1961) 83 193

+-
Me3NO CHCl4 (X=1)
C7H15CH2X —_——— C7H15CHO 50% (X=1
55% (X=0Ts)
Ber (1961) 94 1360
Ag0Ts NaHCO3
CeHy3CHoBr  ———>  CgH13CH20TS  ———  CgHy3CHO 74%
MeCN MeoS0

JACS (1959) 81 4113

CHo0Ts CHO
2 NaHCO4
—_ 65%
Br Me»SQ Br

JACS (1959) 81 4113
Chem Rev (1967) 67 247

1 Pyr

Me2C=CH(CH2CH?(:’CH)2CHQBY‘

M62C=CH(CH2CH2C=CH)2CHO
Me 2 p-Nitroso- !

dimethylaniline Me
Helv (1941) 24 1039
1 Hexamine CHCl3
CgHy3CHoI > CeHy3CHO 41%

2 HOAc

Org React (1954) 8 197
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@cngBr Cu(NO3)y Hy0 @cm
—_———————i
t-Bu t-Bu

JCS (1935) 1847

1 Mg Etzo
PhCHoC1 —— PhCHO
20
3 NaOH JACS (1955) 77 6032
NaN3 1 hy
CsH5CHI  —————>  C7H15CHpN3 ———  C7H15CHO 50%
butyl carbitol 2 Acid

Tetrahedron (1965) 21 2877

CHBr2  HcooNa EEOH M0 CHO

70%

0A~ OH
JCS (1955) 1628

CHBra AgNO3  Hy0 CHO
> 67%
Ph3Si methyl cellosolve Ph3Si

JACS (1956) 78 1689

¢ Ba(OH),  }.  _-0—7 HCl .
CHCHC]Z ———— 3 CHCH — ;/CHCHO 32%
ethylene ~0 Ho0
C1 glycol

Ber (1959) 92 900
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SECTION 56
Ho0
MeZQCHgBr — Me,CHCHO 75%
Br JACS (1933) 55 1136
Section 56

Aldehgdes from Hgdrides !RH!

Reactions in which a hydrogen is replaced by CHO, e.g. RH — RCHO
(R=vinyl, ethinyl or aryl), are included in this section.

in which alkyl groups are oxidized to aldehyde, e.g. RCH3 —> RCHO, see
section 50 (Aldehydes from Alkyls)

@CHZ POC15  HCONMe, EJ;TCHCHO
—————————r e
Z Chem (1967) 7 346
Tetrahedron (1969) 25 453§
OMe OMe
@ POCTy  HCONMe, CHO
—————————— e
MeO OMe

MeO OMe

Ber (1964) 97 1252
JCS C (1969) 913

Ph,P*B HCONM
[ s\; Prerg HoOMep Ny o
S

Annalen (1968) 718 24

Me
i
f § POC15 HCONPh ! §
/ s \ ——-:i————————> / s \ CHO

Org Synth (1963) Coll Vol 4 915
(1955) Coll Vol 3 98

For reactions

4%

45%

7%
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i-Pr i-Pr
@ Zn(cN), AICT; cHo
, T 66%
i~Pr Pr-i HCT CoHoCly i-Prf Pr-i
JACS (1942) 64 30
CO HCT Cucl CgHg CHO
> 73%
Ph Ph
Org React (1949) 5 290
Org Synth (1943) Coll Vol 2 583
Me Me
CHO
HCOF BF3 CS
____3___2_.> 72%
Me Me Me Me
Me Me
JACS (1960) 82 2380
Plfle
1 PRNCOCT AICTg @C”O
Me 2 LiATH, T M
Ber (1955) 88 301
. CHO
BUOCHC1, TiClg CHpClp
2 : > 68%
Me Me
Me Me
Ber (1960) 93 88
OMe OMe
1 PhLY  Ety0 CHO
———
OMe 2 HCONPh OMe
Me

Org React (1954) 8§ 258
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1 EtMgBr
Me{CH2)3C=CH —————»  Me(CHy)3CZCLHO
2 HCONMe,
JCS (1958) 1054
Section 57 Aldehgdes from Ketones
CHO

O CHp=CHCHoSCHPO(0EL)p Li™

THF

S HgO

—_——
160-180°
l

JACS (1970) 92 5522

PhLi
2 HC10,

+
[:::::I;O 1 Ph3PCH20«<::>»Me
PALI  Et,0

2 HC104 Ety0

1 CICH,0Et Mg

e et et e

2 HCOOH

+ -
1 Ph3PCHy0Me C1
> ~85%
Bt20 ,O:t
CHO

Et,0

JACS (1958) 80 6150
Org React (1965) 14 270

CHO
~82%

Ber (1962) 95 2514

CHO
51%

JACS (1968) 90 3282
Compt Rend (1963) 256 1996



SECTION 57 ALDEHYDES FROM KETONES

C1CHoCO0EL A 1 NaOH
PRCOMe ~ —————»>  PhC-CHCOOEt ~ ———=  PhCHCHO
NaNHp e 2 100° I

Org React (1949) 5 413
JOC (1970) 35 1600
Chem Rev (1955) 55 283

O\
CICHaC00Bu-t CHCO0BU-t 3503600 CHO
—
B0k

JACS (1963) 85 955

BrCH2CO0Et  Zn 1 NoHg
Etpl0 —————————> EtpCCHpCO0Et ——————>  EtpCHCHO
CeHs o 2 NaNOp  HCI
3 KOH

JACS (1951) 73 4199

0\
0 + - CHyp CHO
(:::::S Me3SO I NaH (:::::ﬁ?‘ BF3-Et50 (:::::S
—_—_— ———
Me,s0

JACS (1962) 84 867

Me

165

42%

39%

79%

65%

t
(CHp ) 2COMe \\ (CHz) 2C =CHCHO (CHp)pCHCHO
1L >
—_———— e P

Et20

Sel
2 HOAc 2 A1,05
Tetr Lett (1970) 381
COMe COCOOH CHO

AN A
@@@ KMn0,  KOH A N,N-Dimethyl-  ~~~~
—_— _—_
Pyr Hp0 toluidine

JACS (1965) 87 1247
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BuN3 HpS04 toluene
PhCOCHoMe >

PhCHO  +  MeCHO
62% 50%

JACS (1959) 81 3369

Some of the methods included in section 49 (Aldehydes from Aldehydes)
may also be applied to the preparation of aldehydes from ketones

Section 58 A]dehxdes from Nitriles

ﬁh
/N
CHaCN Hy N \T/CHZQﬂN:] el CHyCHO
—_— 1 —
MeO (PhNHCH2)2 Ph H20 MeO
OMe HOAc MeOH Etp0 OMe

Ber (1957) 90 617

1 Hy Ni  NH2NHCONH2-HCY
PhCHoCN PhCHoCH=NNHCONH2 ===  PhCH>CHO

NaDAc MeOH Ho0 Angew (1955) 67 156
JOC (1962) 27 850

OO s ™ s
————eeeetee .
EtOH H20

Gazz (1955) 85 1705
(Chem Abs 50 10037)

NNi NaHpPO, Pyr CHO
80
e HOAC  H,0 o

JCS (1962) 3961




SECTION 58 ALDEHYDES FROM NITRILES 167

ol Ni-A1 HCOOH Hp0 cHo
95%

JCS (1965) 5775
(1964) 5880

LiATHy Ety0
D» oN — e, D—CHO 48%

JACS (1951) 73 4047
Org React (1954) 8 252

LiAT(0Et)sH Et,0

{-PrCN i-PrCHO 81%

JACS (1964) 86 1085

N NaAT(OEE)gH THF CHO
- 885
Me Me

Annalen (1957) 607 24

(i-Bu)2A1 H CgHg

PhCN PhCHO 90%

JOC (1959) 24 627

@ CN 1 snCl, HC1 Ety0 @@ cHo
- 73-80%
2 Hp0

Org Synth (1955) Coll Vol 3 626

1 SnC'lZ HC1  Eto0
Cy5HaqCN > C5H3qCHO
2 Hy0

JCS (1925) 127 1874
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MeOH HC1 T LiATH, Etp0
MeSCHoCHpCN  ——————>  MeSCH,CH,C(0Me) ———————————  MeSCH,CH,CHO
2~"2 2-12 3 CeH 2~z
6
2 Acid

JACS (1951) 73 5005

9 1 NaBH; THF EtOH
PRCHLCN —--»  PHCHy -k > PhCH,CHO
2 2 N 2 Base 2
Chem Comm (1967) 1163

me
BrCCOOEt
Me In CgHg e 1Hy Ni EtOH
PRCN PRCOCCOOEL  ————————>  PRCHO
N 2 260
Compt Rend (1953) 236 826
HpS  NH3 Ni  EtOH
PRCN  =o-mmemv > PhCSNHy ~————»  PPCHO

JACS (1952) 74 3936

Section 59 A]dehgdes from Qlefins

1 ByHg THF
EtCHsCHy ~ ———————>  Et{CH,),CHCHCHO 90%
2 MeCH=CHCHO Me
air {1-PrOH

JACS (1970) 92 714

Cha BH CHO
CH 1 E:§§7 THF (CHa )2

N 2 €0 LiA1(0Bu-t)3H
3 Hp0p NaHaPOz KpHPOg Ho0

JACS (1969) 91 4606
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1 BoHg THF
Me,C=CHp MepCHCHCHO 91%
2 C0 LiAl (OME)aH

JACS (1968) 390 499 818

CO Hp (100 psi) Rh-C
CgHy3CH=CHy > C6H]3(CH2)2CHO 89%
(PhO}3P toluene

Joc (1969) 34 327
Chem Comm (1967) 305
(1965) 17

CO Hp {200 atmos)
PrCHCH=CH, > PrCH(CHp) 2CHO ~62%

Me Cop{C0)g CgHg Me
JACS (1968) 90 6847

" 0 0
CH=CH - CH,CHpCHO
2 cp ] CHpCHaCH l 22
0 0— N0 Acid 0
H e ——— OH }

0 Me2C0

0
074 45% 07L
Tetr Lett (1969) 43

JOC (1968) 33 805

PN

CHo 0
1 ~Y0—/ di-t-butyl peroxide
CgHy 3CH=CHy yre— >~ CgHy3(CHp)oCHO ~20%
2

Tetr Lett (1968) 4339

CHO
T1(NO3)p MeOH
AL 86%

Acc Chem Res (1970} 3 338
Tetr Lett (1970) 5275
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1 CroCly CHoClZ
(t-BuCH,)pC=CH, AN

{t-BuCHy)»CHCHO 80%
2 In

JOC (1968} 33 3970

[:::::rCHZ 1 Hg(0Ac), MesCO [:::::rgngr i-PrMgBr CHO
> .
2 NaBr Etp0 CgHg

3 Brp CClg JOC (1968) 33 3953
DDQ CgHg
PhCHoCH=CHp —— PhCH=CHCHO 50%
Chem Comm (1969) 773
1 03 MeQH
CgHy7CH=CH(CHp) 7C00Me > CgHq 7CHO 78%

2 Hz Pd-C MeOH EtOAc
(or Zn HOAc)

JOC (1960) 25 618
JACS (1953) 75 4952
For reduction of ozonides with tetracyanoethylene see Ber (1963) 96 1564

" " " " “ (MeO)3P " JOC (1960) 25 1031

" " " " " (MegN)3P " Helv (1967) SO 2387

! . " ! " PheP " JOC (1968) 33 787

! " " o " MepS " Helv (1967) 50 2445

" " " ! " dinitrophenylhydrazine see JACS (1956) 78 5601
! ! ! " " NapS03 see JOC (1961) 26 4912

" selective ozonolysis " JACS (1958) 80 915

(1969) ST 4318
(1958) 80 915

Bistriphenylsilyl chromate
PhCH=CHp PhCHO
CCly

JOC (1970) 35 774



SECTION 59

ALDEHYDES FROM OLEFINS

CH=CHMe NazCr207 CHO

0 Sulfanilic acid Hy0 o

-0 0
J Soc Chem Ind (1943) _(_)_g 90
JCS (1937) 369
Org React (1959) 10 1

RuGg CClg
CgHy3CH=CHy — CgH13CHO

JACS (1958) 80 6682

lCN (|JN
(CHz)e 5111 1 0s04 Pyr (CH2)6 sH11
00 ———————ree— 0 00
HCONH — 2 Pb(0Ac)y HCONH o
MezC0 JACS (1968) 90 3245
0s0q4 NalOg
CyoH21CH=CHp _— CyoH271CHO
dioxane JOC (1956) 21 478
Tetrahedron (1968) 24 3095
CHy CHOH CHO
CH 1 Ha0p HCOOH CHOH Pb(0AC), CgHg (CHp)g
———— e
(CH2)8 2 MeoNa MeOH (CHa)g CoOMe
COOMe COOMe

J Med Chem (1969) 12 911

CH=CHMe Electrolysis NapSQ4 cHo
Me0 T e

Helv (1925) 8 332

7

86%

12%

43%

68%

51%

52%
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MeO CH=CHMe CH=CMe CHO
N ) \ir
1 C(NOp)q MepCO NO2 1 Phenylethylamine
. > 79%
0 Pyr 2 HCl Hp0
-0 2 KOH Hp0

Can J Chem (1968) 46 75

Section 60 A]deh;des from Miscellaneous Comgounds

e
1 Hop Ni  EtCHCH0H
PFCH=9CHO > PrCHg?HCHO
Et 2 HC1  Ho0 Et
JACS (1955) 77 359
Hy (Ph3P)3RNC1 CgHg
MeCH=CHCHO > Me(CHZ)ZCHO

JCS C (1967) 270

[:::::(CHZCHZOH Fe(C0)s [:::::ICHZCHO
—_—

Chem Comm (1968) 97

1 PhCOO,H N
MepC=CH(CHp)C=CHCHO ~ ——————>  MepC-CH(CH2) 2CHCHO
ﬁe 2 Hydrolysis Qe

Org React (1957) 9 73
Tetr Lett (1970) 381

Cop(C0)g HCI
PACH=CHCN ~ ———————>  Ph(CHy)oCHO 50%
MeOH Hy0

Chem Comm (1967) 1140
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17 NaOCl1 MeOH
PhCH=CHCONH, — PhCH»CHO ~70%
2 Acid  Hy0

Org React (1946) 3 267

N0, CHO
~OH OH
HO 1 NaOH H,0 Ho
HO — ———— HO 70%
L OH 2 HpS04 H20 OH
~OH OH
~Q0H OH
JACS (1951) 73 4662
JOC (1943) 8710
Chem Rev (1955) 55 137
KMnOg  KOH
PrCHoNG, ——— PrCHO 97%
JOC (1962) 27 3699
190-200°
C]OHZ](;HCOOH —_ CygH21CHO 96%
OH J Soc Chem Ind (1943) 62 128
Electrolysis MeQH HC1 H,0
Phﬁ:HCOOH > Ph'CHOMe ————=——>  PhCHO
OEt OEt

7%

JOC (1962) 27 281



174 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 60A

Section 60A Protection of Aldehydes

0000000000000 0000000000

HC(OEt)3 NHaCl1 EtOH
i-PrCHO 1-PrCH{0Et);

--------------- ””””” (Stable to RMgX, LiATHg, Cr0j

and base)
Bull Soc Chim Fr (1965) 1007

CHO PhSOpNHOH  MeOH CH{OMe),
el - o

PhSOoNHOH Hp0 dioxane

JOC (1970) 35 1962

CHO MepS0; NaOH CH(OMe)
———————
MeOH H,0
NO il bttt NO
2 Acid 2

Ber (1958) 91 410

HOCH,CHaOH  TSOH Cgg 0
Me2C=CH(CHp ) 2CHCHRCHO > MepC=CH(CHp) 2CHCHZCH :]
0

Me \ _______________________ / Me
Acid (Stable to RMgX, LiAlHg,
Cr03 and base)
Tetrahedron (1959) 6 217
2-Methyl-2,4-pentanediol TsOH N
PhOCH,CHoCHO > PhOCH2CH,CH
‘-\ / \0

JOC (1963) 28 594
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HSCHy Me o
. 2 Me
HSCH Me HC] d e
CgHy 3CHO 2 d s Cetysch :I:::::[
\\SCHz Me
HgCl, dioxane EtOH (Stable to LiAlHg and base)
JCS C (1966) 1005
e MesH fle
PRCCHD  mwemmmmm oo > PhCCH(SMe)p
OH - OH

I NaHCO3 dioxane Hp0

JOC (1969) 34 3618
For cleavage of thioketals with HgCl, see Ber (1958) 91 1043

Eh
(PhNHCH, ) » N
PrCcH0  —————  PrH j
N
A e—— t
HCT  Ha0 Ph Ber (1953) 86 1463

CHO CHN >

Piperidine TsOH CgHg j

(Stable to LiATHy
Acid and base)

JACS (1955) 77 1216

1 HC(OEt); NHsCT EtOH
MeCHCHO MeoC=CHOE®

\2 H3POy (Stable to RMgX, LiATH,, CrOs
. ,///// and base)

Bull Soc Chim Fr (1965) 1007
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1 MeOH HC}
Me>CHCHO ——— Me,C=CHOMe

2 PhNMej
\ /

Acid Ber (1956) 89 1468

CHO CH=NNHCONH,

NH2CONHNHp -HOAC  MeOH  Ho0

H2S04 Hp0 pet ether

JCS (1950) 3361
For cleavage of semicarbazones with HNC? see JACS (1934) 56 1794

cHo NHo0H CHeNOH
(CHOAC), ~ ~77 77T T (CHOAc),
CHa0AC NaNO, HC) EtOH CHg0Ac

JACS (1934) 56 1794
For cleavage of oximes with (NHgq)sCe(NO3)g see Can J Chem (1969) 47 145
" " " " " NaHSO3 " JOC (1966) 31 3446
" " ! " " Fe(CO)g " JOC (1967) 32 2938

2,4-Dinitrophenylhydrazine HC1

C7HIECHO  mmmmmwmom o mccemcc e > C7Hy5CH=NNH
< NO2
KHCO3 ethylene glycol Hz0

NQO2
Aust J Chem (1968) 21 271
Acp0 H3PO4
RCH=CHCHOQ —_— RCH=CHCH(0AC)2
HoS04 EtOH H0 JCS (1955) 1384

Some of the methods included in section 180A (Protection of Ketones) may
also be applied to the protection of aldehydes
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Chapter 5 PREPARATION
OF
ALKYLS
METHYLENES
AND ARYLS

This chapter lists the conversion of functional groups into Me, Et..-,
CHo, Ph etc.

Section 61 A]kg]s and Meth¥1enes from Acetz]enes

1 (1-Bu)pAlH THF
BuC=zCH > Bu{CHp)oMe 74%

2 MeONa THF

3 Mel

4 Hydrolysis

Tetr Lett (1966) 6021

=c Hy PtOz HOAC CHoCHp
( 2 ) 7%

C
((CHQ)B (CHp)g

JACS (1952) 74 3636
For hydrogenation with Ni catalyst see JCS (1952) 5032
" 1 I Ru 0 w JOC (1959) 24 708
" " W RepSy « JACS (1954) 76 1519
and JACS (1959) 81 3587

177
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Hp Rh2(COOMe)4
BuC=CH _— BuCHoMe
Ph3P  MeQH Chem Comm (1969) 825
(1965) 131

Li  NH2CH2CHaNH2
CgH11C=CH > CgHy1CHoMe

JOC (1957) 22 891

Na HMPA t-BuOH
EtC=CEt > EtCHoCHoES 79%

JOC (1970) 35 3565

NoHg air Cu?t MeOH
PRCECPh > PhCHoCHoPh 80%

Tetr Lett (1961) 347

Section 62 Alkyls from Carboxylic Acids
OPOOQOCOCOCO000000000000000000

Reactions in which carboxyl groups are converted into alkyl e.g.

RCOOH — RCH3, are included in this section. For the conversion

RCOOH —= RH "see section 152 (Hydrides from Carboxylic Acids)

o

COOH
COOM (/___\g' . AN
0

Electrolysis EtsN DMF
CO0Me C00Me

Chem Comm (1967) 96
Advances in Org Chem (1960) 1 1
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900H Electrolysis MeCOOH MeOH me
(§H2)4 > ($H2)4 40%
COOMe CO0Me
JCS (1950) 3326
LiATHy
C17H35C00H =-=-3  (17H35CONHNHTS — Cy7H35Me 50-60%

Tetrahedron (1966) 22 487
Chim Ind (Milan) (1965) 47 62
(Chem Abs 62 10388)

[]7\::[COOH L1A1H4\§3/CH20H 50¢1, 1RJ,CHZC1 Hy N [:Kfi:],Me
—_ — ——
N Eto0 CHC15 N

Helv (1954) 37 1689
(1946) 25 360

COOK 1 sikcty mec Me

—> 82%

2 PraN
Me 3 KOH MeOH Hy0 Me
JACS (1970) 92 3232

HI P4 200-250°
Cy7H35C00H > C17H3sMe

Ber (1882) 15 1687

Hp (120 atmos) MoSp 350°
—_ RMe

RCOCH

Chem Listy (1956) 50 569
(Chem Abs 50 13854)
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Section 63 Alkyls and Aryls from Alcohois

000000000000000000000000000000

Reactions in which hydroxyl groups are replaced by alkyl or aryl e.qg.
ROH — RPh, are included in this section. For the conversion ROH —» RH
see section 153 (Hydrides from Alcohols and Phenols)

1 NaH
PhCH,OH > PhCHyCHaPh 51%
2 TiCly K CgHg

JACS (1965) 87 3277

> ! TiCl3

JACS (1968) 90 3284
Chem Comm (1969) 53

A1Cl3 CgHg Hp0
PrOH > Prbh

JOC (1940) 5 253
JACS (1942) 64 1576

63%

OH @@ BF4-Ety0 ‘ @@

Org React (1946) 31
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Section 64  Alkyls from Aldehydes

©0000000000000000C00O00

Reactions which convert the group CHO into CH3 are included in this
section. For the conversion RCHO —= RH see section 154 (Hydrides from
Aldehydes)

Ho WSy 320-330°
CgHy3CHO —> CgHi3Me 38%
Chem Listy (1956) S0 565
(Chem Abs 50 13831)

Me
0 -

JCS (1954) 4676
JACS (1956} 78 3769

©)

CHO
@‘@ Hy PdClp
Y
Hy0  HOAC

Me
NaBHy Pd-C i- PrOH
PhCH»0 PhCH50
Can J Chem (1964) 42 514
CHO . Me
LiATHy AICY Et20
4 3 2 78%
e0 Me0
JCS (1957) 3755
Tetr Lett (1967) 1849
CHO Me
Electrolysis
—_— 90%
AcO H,S04 dioxane AcO
JACS (1967} 89 4789
Zn HC1 Hp0
CgHy3CHO —_—_— CgHy3Me 72%

Org React (1942) 1 155
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1 NpHg-HC1  NoHg

48%
ethylene glycol
2 KOH
CHO Me
Tetrahedron (1969) 25 1335
Org React (1948) 4 378
1 TsNHNH,
Cy7Hp3CHO —_— C11Hp3Me
2 NaBHg MeOH Chem Ind (1964) 153 1689
Tetrahedron (1963) 19 1127
Me
CHO 3 NoHg EtgN \\\rCHZIZ Zn
s e et Y. —
PhCHZ0 2 Ip EtaN THF HOAc  PhCH20
OMe OMe
JCS (1962) 470
EtSH ZnCl, NapSOg Ni  EtOH
CgH17CHO » Cg5H11CH(SEt)y ————> CgHyiMe 40%

JACS (1944) 66 909
JOC (1968) 33 3551
Org React (1962) 12 356

Further examples of the conversion C=0 —» CHp are included in section 72
(Alkyls and Methylenes from Ketones)

Section 65 A1k¥15 and Arg]s from A1k¥1s and Arg]s

The conversion RR' — ArR (R,R'=alkyl}, the epimerization, isomerization
and transposition of alkyl groups and the hydrogenation of aryl groups are
included in this section. For the conversions RR' —= RH and ArR —» ArH
(R,R'=alkyl) see section 155 (Hydrides from Alkyls)

PhH Al1Cl4
£-BuCHpPr-1i ———— t-BuPh

JACS (1935) 57 2415
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BF3 i-PrF
Et?HCHZMe ———>  EtCHyCHMe ( + higher mol wt compds)
Me Me
JACS (1951) 73 5013
JOC (1964) 29 94
AlBr3 Hp0

——————
- —————— .

JACS (1948) 70 2773

BFy HF e

—— 100%
Me

JACS (1952) 74 6246
JCS (1952) 100

Me
Me
e hvy HgBro cyclohexane «Me
Me
Pr-i
'H
CH

Hy PO, Pr-i
et Y
HCT  EtOH

JACS (1936) 58 1594

Me’[::::]/
Me’[:::::r
JACS (1970) 92 1094
0
CH

Ho Rh-A150

Ho Rh-NI; O a0

MeOH HOAc

JOC (1962) 27 2288
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Section 66 Alkyls and Aryls from Amides

00000000000 000000Q0000G00GOR

The conversions ArCONR'R" —» ArMe and RCONHAr — ArAr' are included
in this section. For the conversion RCONR'R" — RH see section 156
(Hydrides from Amides)

Ho (200-300 atmos)
PhCON > PhMe 79%
copper chromite dioxane

JACS (1934) 56 2419

NHAc Ph

1 HNOp  HOAc
———
2 CgHg

JCS (1940) 361 369
Org React (1944) 2 224

Section 67 A]kgTs and Arzls from Amines

Reactions in which an amine group is replaced by alkyl or aryl are included
in this section. For the conversion RNHp —» RH see section 157 (Hydrides
from Amines)

NHz 1 NaNOp HCT Hp0 P
>~ 34%
Br 2 NaOH CgHg Ho0 Br

Org Synth (1932) Coll Vol 1 113
Org React (1944) 2 224
JCS (1962) 4257

NH2
NOC1  PhCI C1

—— 16%

JACS (1969) 91 5073
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1 NaNOp HC1 Hp0 N2 Hg0
PRCHNHCH,Ph : > PRCHNCHzPh  ——>  PRCHCHzPh
le 2 LiAlHg Etp0 e EtOH e

Chem Pharm Bull (1970) 18 1137

Section 68 Alkyls and Aryls from Esters

000000000000 000C0D0O00000C0000DRC
This section 1ists the conversion of the group COOR to alkyl or aryl.
For the conversion RCOOR —» RH see section 158 (Hydrides from Esters)

EtMgBr Bt 1 HcooH
C15H31C00Me  ——» Cy5H31C0H ————————> C15H371CHEL 86%
Eto0 f!:t 2 Hy Pt EtOH ét

JACS (1945) 67 2239

0Ac BF3 CeHe Ph
— 37%

JACS (1937) 59 1204
Org React (1946) 31

Hle EtMgBr Et,0 e
MeCH=CCH,0C0 > MeCH=CCHyEL
Me Me

JCS (1965) 702

COOMe Hyp MoSz cyclohexane /@Me O
> + { )
HO 260-300° HO HO

Coll Czech (1958) 23 1322
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Section 69 A1k¥1s and Aryls from Ethers

Q000000000 0ooeooC
The conversion ROR —» RR' (R'=alkyl or aryl) is included in this section.
For the hydrogenolysis of ethers (ROR — RH) see section 159 (Hydrides
from Ethers)

BF3 CgHg

Etp0 —_— EtPh ( + diethylbenzenes) 25%
JACS (1938) 60 125
Org React (1946) 31
OEt EtNa cyclohexane Et

— 33%

J Prakt Chem (1938) 151 61

Section 70 Alk Is and Aryls from Halides and Sulfonates

GO0000000000000000000000000000000C0000000

The replacement of halo and _tosyloxy groups by alkyl or aryl groups is
included in this section. For the conversion RX -~ RH (X=halo or 0Ts)
see section 160 (Hydrides from Halides and Tosylates)

Me

! Cu 260°
e e I
Me Me

JCS (1950) 711
Chem Rev (1946) 38 139

PhCu  Pyr
Phl ——— PhPh 60%
Tetr Lett (1968) 3307
JCS (1950) 7'1
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Me
Br T Ete0
—_— 65%
Me 2 COC]Z EtZO Me

Bull Soc Chim Fr (1964) 1331

PhLi piperidine Ety0
PhC1 > PhPh 61%

Angew (1957) 69 267

Br 1 Mg THF
-, 91%
Me 2 TiBr Me Me

JACS (1968) 90 2423
Tetrahedron (1970) 26 4041

I hv  CgHg Ph
— 75%
Me Me

JOC (1965) 30 2493

1 Mg THF
Br 56%
2 T1Br

JACS (1968) 90 2423

LiCHpCH=CHyp
CgHy aCHET e CgH3CHCHoCH=CHy 59%
Ve pentane h'4e

Joc (1970) 35 22
(1954) 19 934
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me
CHp=CCHoMgCl
(Me0) pCH(CH) pC=CHCHET  ——————>  (Me0)CH(CHp)pC=CHCH,CHRC=CHy 952
Me THF  HMPA Me Me
Tetr Lett (1969) 1393
1 Mg Eto0
PhCHoC1 ——— PhCHpBu 50-59%
2 BulTs
Org Synth (1943) Coll Vol 2 47
(1932) Coll Vol 1 471
CigHazl Na Etp0
Et?H(CHZ)]OI —> Et?H(CH2)1OC]8H37
Me Me
JACS (1965) 87 5452
1 Li THF
BuBr ———— > BuBu 84%
2 (ICuPBug)y
302 JACS (1967) 89 5302
FeCl3 CgHp
t-BuCl — t-BuPh 80%
Org React (1946) 3 1
1 Mg Ety0
PrBr —————y PrBu-t 21%

2 t-BuCl HgClp

JACS (1929) 51 1483
(1938) 60 2598
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Me Me 1 (NH2)oCS me Me

| 1 2/2 !
MepC=CH(CHy ) 2C=CH(CHp ) 2C=CHCHC]  ————m HezC=CH(CH7) 2C=CH( CHp) 2C=CHCH?
2 Base 02 epC=CH(CHy) 2G=CH(CHa ) 2G=CHCHy

3 Ph3P Me Me

4 Benzyne

5 L1 NH3 Chem Comm (1969) 99
CHal CHaCHpCH=CMe

MeoC=CHCHpBr Ni(CO)4

> 88%
DMF
JACS (1967) 89 2755

Ni(CO)q MeOH
MeCH=CHCH,C1 ———————>  MeCH=CHCHCHCH=CHy

Me
JACS (1951) 73 2654

LiCzCMe Hp Pd
CHoCH(CHp)T  ————>  ClizCH(CHp)pCSCNe  ———  CHaCH(CHz)2Pr
00 Q 0 0 0
< X X

E. J. Corey, in press

BupCuLi Etp0
I(CHp)7gCOOH  ————"o»  Bu(CHp)10COOH 76%

JACS (1968) 90 5615

1 MepCuli Etp0
RI "> RiMe (R=CsHyy or Ph) 98-99%

2 02
JACS (1969) 91 4871
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PhCH=CHBr

Me2(‘ZC1
Pr

CioHoy!

PhCl

CyqHa3X

COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 70

MepCuli Etp0

— PhCH=CHMe 81%
JACS (1967) 89 3911 4245

Me3Al
—_— Meg?Me 100%

Pr JOC (1970) 35 532

MesMnLi Etp0

B —— CigH21Me 55%
Tetr Lett (1970) 315

NaH MepSO Al-Hg
_— PhCHpSOMe  -wm---- > PhMe
41%
JACS (1965) 87 1345

Me»S0  NaH Ni
——————»  (171H23CH2S0Me — C71Hz3Me 62%
EtOH

(X=Br or 0Ts)

Aust J Chem (1966) 19 521

MeaCuli  Etp0
Br Me

JACS (1967) 89 3911 4245
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Br Li-Hg dioxane <<jjii:7
e 76%

Br
Tetr Lett (1967) 4925

Section 71 Alkyls and Aryls from Hydrides (RH
oC

0000000000000 00G00000CC00000

This section lists examples of the reaction RH —» RR' (R,R'=alkyl or aryl)

OMe OMe OMe
1 PhLi  Etp0
—_—— 19%
2 CuCl 2

Br Br Br

JACS (1940} 62 1963

1 T1(0COCF3)3 CF3COOH
PhH PhPh 90%

2 hv CghH
67’6 JACS (1970) 92 6088

n-pPrCl  AICl3

PhH —————— e PhPr-n + PhPr-1

JOC (1940) 5 253
Org React (1946) 3 1

EtBr AICIg Et Et
_— 86%

Et
Org React (1946) 31
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i-Pr

i-Prli decalin 165°
— 20%

JACS (1963) 85 1356

Me

NaH Me,SO
_— 33%

JOC (1966) 31 248

MeHgl hy
PhH ————— PhMe
Proc Chem Soc (1961) 240
MeF-SbF
RH ——— RMe (R=alkyl or aryl)

JACS (1969) 91 2112

{/ \§ PRCH=CH, t-BuOK f/ \§
s M Lwpa o s~ CHa(CHy) 2Ph

Tetr Lett (1968) 3723

1 NaNHp NH
PhoCHo ——u> PhoCHCgHy7 99%
2 CgHyyBr

JACS (1957) 79 3142
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Pr€1 Na
PhCH3 —— PRCH,Pr 43%
JACS (1941) 63 327

CHp=CHy AIC13 HCI1
MeoCHMe —> MepCHCHMe

JACS (1945) 67 1778

Section 72 Alkyls, Methylenes and Aryls from Ketones

The conversions RyCO — RR, R2CHp, RoCHR, etc. (R=alkyl or aryl) are
included in this section. For the conversion RyC0 — RH see section 162
(Hydrides from Ketones)

0—0 ]
Hp0 _ 50°
rez [:::::rio 0::1:::::] — 449

JACS (1968) 90 817

1 CygH33C=CMgBr
ECO(CHp)74C0EE — ECH(CHp)1gGHE 26%

2 HL P, 270°
4 CigHz7  CisHaz
Helv (1937) 20 1179

1 BuMgBr Etp0 Hp
Me,CO ——————>  MeoC=CHPr  —————> MepCHBU
213 catalyst

JACS (1929) 51 1483
(1949) 71 819
JOC (1948) 13 239

Further examples of the conversion of ketones into olefins and of the
hydrogenation of olefins are included in section 207 (0lefins from Ketones)
and section 74 (Alkyls and Methylenes from Olefins)



194 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 72

0 0
PhCHO CHPh CHyPh
————— —_—
NaOH Pd-C
EtOH H,0 HOAC 88%

Org Prep and Procedures (1970) 2 37

Kji?j 1 TsNHNH, Oi)/\
e
2 Buli Cgh

0 6% Bu

Chem Comm (1969) 1395

1 TsNHNH2 MeOH
—_————— 60~70%
2 NaBH; dioxane *\\\\\

AcO

Chem Ind (1964) 153
Tetrahedron (1963) 19 1127

NoHg  KOH
PhCOEt PhCHoEL 82%
diethylene glycol

JACS (1946) 68 2487
Org React (1948) 4 378

For reduction of hindered ketones with NpHg-HC1 etc. see
Chem Ind (1964) 1194

CgHy7

1 NoHg  EtOH \
~65%
2 t-BuOK toluene
0

JCS (1963) 1855
Tetrahedron (1970) 26 649
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0
1 NaHg
2 t-BuOK MepSO 25°

JACS (1962) 84 1734
For reduction of hydrazones with BulLi see JACS (1968) 90 7287

S
0
—— s] NoHg *H20  KOH O
Ph Ph ethylene glycol Ph

JACS (1959) 81 5834
(1962) 84 2938
JCS (1960) 4413

EtSH ZnClp N Hp0
CeH13C0Me  —————» CgH13C(SEt)y ————  CgHy3CHoMe 50%
NaS04 P'/Ie EtOH

JACS (1944) 66 909
Org React (1962) 12 356

In-Hg HC1 Hy0
{CqgH21)2C0 —_— (CroH21)2CHs 32%

Rec Trav Chim (1936) 55 903
Org React (1942) 1 155
JACS (1947) 69 2350

0
In HC1 Ety0
—_— 75%
0

Chem Comm (1969) 919

OH 0Ac

1 BoHg diglyme
____6___..___.___,) 85%
2 Acp0

Tetrahedron (1964) 20 957
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™ ™
00 00

1 Li NHq Eto0
3 2 > 50%
o 2 (EtO)ZPOC1 Et,0
3 L1 EtNHp t-BuOH

Tetr Lett (1969) 2145

LiATHg AICl3 Etp0

—

Tetrahedron (1965) 21 2641
For application to phenyl ketones see JCS (1957) 3755

CO(CHZ)ZCOOH Hp Pd-C CHp (CH2 ) 2CO0H
—_—— 75%
Me0 HOAc Me0

JACS (1949) 71 1036
Org React (1953) 7 263

[[j_t]]——HOOf:[:::::J In Ny T HOOC:[:::::] .
S €0 CuS0g [: s:]"CHz

Joc (1970) 35 711

COEL  Ni-ml NaOH Hy0 CHaEt
78%
HO HO

Org React (1953) 7 263

COM  ur o1, P, HOAC CHoMe
94%
COOH COOH

Ber (1959) 92 1705
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hr LiATH, or 1 KHSO4 hr
CoHz1CCHaCOCEHT3 ————>  CygHp1GCHaCHCgH 3 ————> C(10H21(CHaCHoCEM 3
N Ety0 I 2 Hy Ni N

JOC (1959} 24 1964

OH

Electrolysis HpSOg
- 97%

dioxane Hy0

JACS (1967) 89 4789

Et3SiH  CF3CO0H
PhCOMe ~ —————————>  PhCHpMe 70%

Tetrahedron (1967) 23 2235

hv
(PhCHy)2CO — PhCH2CHPh

JACS (1970) 92 6076 6077

= O

JACS (1942) 64 80
(1961) 83 4923
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Section 73 Alkyls from Nitriles

CO0C00000000000000000
The conversion RCN —» RMe is included in this section. For the
replacement of CN by hydrogen, RCN —= RH, see section 163 (Hydrides
from Nitriles)

CN CH=NH Me
LiAlH, NaHg
0 —> e 0-  70%
0d KOH 0

Tetr Lett (1966) 4255
Tetrahedron (1961) 13 287

Section 74  Alkyls, Methylenes and Aryls from Olefins

000000000000 00C000000C0O0000Q0000CO00C0O0CO0
The hydrogenation, alkylation, arylation, dimerization etc. of olefins,
forming alkanes or aryl-substituted alkanes, are included in this section.
For the)conversion RoC=CR2 — RH or RpCHp see section 164 (Hydrides from
Olefins

1 NaBHq BF3-Etp0 diglyme
BuCH=CH, > Bu(CH»)4Bu 66%
2 KOH AgNO3 Ho0

JACS (1961) 83 1002
Chem Comm (1968) 938

CeHg  HoS04
EtCH=CHEL —————>  EtCHCHpEt

Ph

JACS (1939) 61 1002
Org React (1946) 3 1
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1 Pr3Al
C1oH271CH=CHp —_— C10H21CHMe
2 Ho0 5r
Angew (1952) 64 323
t-Buli Et3N Bu-t
———————————
JOC (1965) 30 917
CHC12802C1 LiATHg
C5H11CH=CHy ——m————— C5H]]CHCHZCHC12 ———>  (gH771(CHp)oMe
benzoyl peroxide C1 dioxane + C5H11CHCH2
CHZ
Tetrahedron (1964) 20 1613
Bry NaBHg
PhCH=CHp =--~> PhCHCH2Br ——— PhCHoMe 64%
B Me2S0

Tetr Lett (1969) 3495

1 NaBHy BF3-Etp0 diglyme
BuCH=CH, > BuCHoMe 91%
2 EtCOOH

JACS (1959) 81 4108

1 BoHg THF
C7H15CH=CH2 _— C7H15CH2Me
2 Hg(0Ac)2

3 NaBHy

JACS (1970) 92 3221
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Hp (2000 psi) (i-Bu)3B
CgH1 3CH=CHy > CgH7 3CHaMe
225°

JOC (1962) 27 4368
JACS (1961} 83 4672

1 EtoAIC
PhaC=CHMe —— PhoCHCHpMe
2 H20
Tetr Lett (1970) 3471

H2 Pt
CgH13CH=CHz —— CeH13CH2Me

JACS (1962) 84 1495
Org Synth (1943) Coll Vol 2 191

For hydrogenation with Pd catalyst see JACS (1960) 82 6087

! ! " Ru " “ JOC (1959) 24 708

! " " RepSy " " JACS (1954) 76 1519
(1959) 81 3587

" " ‘N ! " JOC (1970) 35 1900

H2 (Ph3P)3RhC1 CgHe
PhSCHaCH=CHy PhS(CHp) pMe 93%

Tetr Lett (1967) 1935
JOC (1967) 32 2013 3074

For hydrogenation with Rh(COOMe)q catalyst see Chem Comm (1969) 825
" " " RuCIH(PPh3)y " " Chem Comm (1967) 305

NoHg air EtOH
CgHy7CH=CH{CH2)7COO0H > (gHy7(CH2)9COOH 90%

Chem Ind (1961) 433
JOC (1965) 30 3980
Chem Rev (1965) 65 51
For copper catalyzed diimide reduction see Tetr Lett (1961) 347
and JACS (1970) 92 6635
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TsNHNHz  diglyme

HOCHoCH=CHp HOCHCHoMe 99%

JACS (1961) 83 3729

NCOONa

[::[:] NCOONa Pyr HOAC H0 [::[:]

JACS (1963) 85 3297
(1961) 83 3725

Na NH3 MeOH
BUCH=CHy =~ ——————>  BuCHaMe ~81%

JACS (1954) 76 1258
JOC (1970) 35 3565

Na
MeoC=CH(CH2) 2C=CHCHRCH=C-CHECHp  —— MepC=CH(CH ) G=CHCHoCHaC=CHle
Me Me E£OH Me Me

Tetr Lett (1967) 2201
Ber (1956) 89 1549

Li  NHpCH2CHaNHp

BuCH=CHMe Bu(CHp ) oMe 82%
JOC (1957) 22 891
JACS (1959) 81 1745
Et3SiH CF3CO0H
Me,C=CHMe -_— MepCHCHoMe

(BuCH=CHp is not reduced)

Tetrahedron (1967) 23 2235
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i-PrQH hy
—_— 50%
H
Chem Comm (1968) 296
103
MeZCHCH=CHCHMe2 —_— Me>CHCHMe 33%
2 hy

Tetr Lett (1968) 3291

Section 75 Alkyls and Methylenes from Miscellaneous Compounds
0000 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO D00000G00000C

1 TsNHNH,
PrCOCH(CHp) 2000 —————»  PrCHyCH(CHp)120000e 70%
E£C00 2 NaBHy
Chem Ind (1867) 2150
OH
0
Ho it OH
Ho Pt-glass
ey
200°
0

H

Biochem J (1967) 105 40P
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Chapter 6 PREPARATION
OF
AMIDES

Section 76  Amides from Acetylenes

N20 cyclohexylamine
CgHy7C=CH - C5H717CH2CONH ~94%
250°

JCS (1951) 3016

S NH3 Hp0 Pyr
CgHy1C=CH C5H71CH2CONH2 35%

JACS (1946) 68 2033

S NH3 Hp0
PhCZCMe ~ ——————"—»  PhCHpCH2CONHp 72%
JACS (1946) 68 2029
1 Buli §S

CSH”CECH ———————— C5H17CH2CSNEty  ~--> C5H11CH2CONEE)
2 EtpNH  t-BuBr
Rec Trav Chim (1968) 87 38

203
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Section 77  Amides from Carboxylic Acids and Acid Halides

0000000000000 0000000000C000000000000000000000

Arndt-Eistert homologation of acids to amides . . . . . . page 204
Amides by reaction of carboxylic acids or acid halides
with amines, ammonia, etc. . . 204-206
Miscellaneous methods . . . . . . . . . . . . . o 0. 207
Degradation of acids to amides . . . . . . .. . . .. ... 207
COOH 1 DeC Et,0 »CHoCONHPh
> 33%

C1 2 CHoNy Eto0 C1

3 PhNH, AgNO3 EtOH
NHp AoNO3 EXOH os ¢ 970y 071

COCT oy CHCONHy
> 57%
MeO 2 NHy AgNO3 Ha0 MeO

Org React (1942) 1 38

CHoNo PhNHMe hv CgHg
PrCOCT  --S-= > PrCOCHN, > PrCHCONMe 45%

Ph

Ber (1959) 92 528
JCS C (1970) 1208

NH3 190°
CgHy3CO0H —_—— CgHy3CONH2 75%

JACS (1931) 53 1879

(CHz) 2CO0H NHg(CHz)z@ (CHp) JCONH(CHz) 2
NG jon exch resin (acid) 0,

2

Helv (1961) 44 1546
JCS C (1969) 874
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NH2CONHp  170-180°
CgH 3C00H CeH13CONH2 68-74%

Org Synth (1963) Coll Vol 4 513

HCONMep  150°
PhCOCT ~ —————>  PhCONMep 97%

JACS (1954) 76 1372
(1949) 71 2215

NH3 Hp0
i-Prc0Cl _— i-PrCONHp 70%

Org Synth (1955) Coll Vol 3 490
JOC (1954) 19 623

NH40Ac  MepCO
MeCH=CHCOCI _ MeCH=CHCONH> 63%

JCS (1962) 2824

BuNH,
08H17CH=CH(CH2)7COC1 —_— CgH17CH=CH{CH2)7CONHBU 83%
pet ether
JACS (1949) 71 2215
Helv (1959) 42 2073

1 C1COOEt EtsN CHCl3
PhCH=CHCH2$HC00H —> PhCH=CHCH29HC0NH2 94%

CHoPh 2 NH3 CH2Ph

J Med Chem (1968) 11 534
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/ \ 1 TsCl Pyr / \
COOH > o-Toluidine CONH ‘<i:::>>-Me
0 p~Toluidine 0

JACS (1955) 77 6214 90%
NHo
MeO—@OMe nce
BrrCHoCHoCOOH BrrCHaCHCONH 78%
CHaClp
MeO OMe

JACS (1968} 90 4706
Compt Rend (1965) 260 2249
JACS (1968) 90 2448

Amides by reaction of acids with amines and HC=COMe
Rec Trav Chim (1955) 74 769

u u " " " W l " HCECCHZSMEZBY‘
Jcs ¢ (1969) 1904
" " " " " n n " MeZC(OMe)Z

Chim Ther (1967) 2 195
(Chem Abs 67 108840)

" " " oo " " " SiCly
JOC (1969) 34 2766
" " " e ! " " TiCly
Can J Chem (1970) 48 983
! ! " oo " " " (PNCTo)3
JOC (1968) 33 2979
2-iodo-1-methylpyridinium iodide
JCS (1964) 4650
! " " o " " " S03:DMF
JOC (1959) 24 368

Further examples of the reaction RCOOH + RyNH —- RCONRy are included in
section 82 (Amides from Amines)
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(Me,N)3PO 180-200°
C11Hp3C00H — C11H23CONMeo 95%

Chem Ind (1966) 1529

BugNCOC!
Cy1H23C00Na —— Cy1H23CONBuU> 78%
JOC (1963) 28 232
(BuNH) 3B
PhCH,COOH —_— PhCHoCONHBu 90%

Tetrahedron (1970) 26 1539

NaN3 Ho0 Etp0 1 A
/N = 0 N\, =\
0 coct 0 CON3 2 PhMgBr 0 NHCOPh

JACS (1938) 60 540 ~50%

Amides may also be prepared from carboxylic acids via ester intermediates.
See section 83 (Amides from Esters)



208 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 78
Section 78  Amides from Alcghols and Phenols
BG00G0000000000000000000000G0080

TO00000

MeC (0OMe ) oNMe o
—_— 30%

HO xylene T
CHoCONMe
Tetr Lett (1968) 1899

Angew (1968) 80 626
(Internat Ed 7 629)

Nickel peroxide
PhCH=CHCHoOH —_——— PhCH=CHCONH» 85%
NHy Et0
Chem Comm (1966) 17

(NHg) oSy 200°
PhCHCHMe —_— PhCHCHCONH

OH Me

JACS (1946) 68 632 2033

CH2OH  eon HpS04  HOAC ChgNHAC
Me Me Me Me

JOC (1960) 25 331
Org React (1969) 17 213

tle NaCN H,S04 HOAC Me
PhCHoCOH PhCH2¢NHCH0 92%
Me Me

JOC (1961) 26 3002
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C1

{
1 PhN=CPh MeONa
PhOH - PhoNCOPh
2 312-315°

Org React (1965) 14 1

Section 79  Amides from A]dehgdes

’ PhCOO
HO Lo CHZCONHa
(::> KCN  PhcoOC! AL 1 HpS04 (::)
————————— o~ _—_
N Etp0 Hp0 2 Hp Pd-BaSOs N

Arch Pharm (1957) 290 218

PhCHaCHaN3  HpS04
PhCHO > PhCONHCH,CH,Ph 10%

JACS (1955) 77 951

1 S0oC1» benzoyl peroxide PhNHp
PhCHO PhCOC1 ~————  PhCONHPh 67%
CCly

Nippon Kagaku Z (1960) 81 1450
(Chem Abs 56 2370)

Ni 100°
CgH1aCHO  =-==> CgHy3CH=NOH ~ ————>  CgHy3CONH 100%

Org React (1960) 11 1
JCS (1946) 599
JACS (1961) 83 1983
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Nickel peroxide NH3
PhCH=CHCHO PhCH=CHCONH, 85%
Ety0

Chem Comm (1966) 17

S NHy Pyr Hy0
Ph{CHp) 2CHO > Ph(CHy)oCONHgp 48%

JACS (1946) 68 2029

CHQN
SogotNonel
¢l T HOAC . C1

an111ne
JOC (1962) 27 2640

Section 80 Amides from A]k;]s
CEEED =)

This section 1ists the conversion of alkyl groups into amide. For the
conversion RH —» RCONRy see section 86 (Amides from Hydrides)

Et Et

Et Et  NHpCOCT AlC13 CSp,  Et CONHj
> 98%

Et Et Et Et
Et £t

Helv (1960) 43 1473
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Section 81 Amides from Amides

0000000000000 00000

Alkylation of the a-carbon of amides . . . . . . . . .. page 211
Alkylation of the nitrogen of amides . . . . . . . . . . . .. 211-212
Dealkylation of N-alkyl amides . . . . . . . . . . . . . . .. 212-213
Degradation of amides . . . . . . . . .. . ... ... ... 213
T NaNHy  NH3
MeCH,CONMe; ———— MeCHCONMe, 62%
2 EtBr ét

JOC (1966) 31 982 989
Ber (1968) 101 3113
JACS (1967) 89 1647

c7H15
OO o 1CH=CHz
NH Me2C0 hv

C7H15
31% 14%
Chem Ind (1965) 768

1 MeCH=CHp PdCly NapHPO4
MeCONHy > MeCONHCHMe

2 Hp Proc Chem Soc (1961) 370

MeCH(OEt)) Ho Pd-C
MeCONHo > MeCONHEt 45%
HpS04 HOAC

JOC (1962) 27 2205

MeNHp-HC1 A )
MeCONHy ~ ——————@  MeCONHMe 75%

JACS (1943) 65 1566
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PhNH2 BF3 &
PhCH2CONHp —_ PhCH,CONHPh 99%

JACS (1937) 59 1202

Dihydropyran t-C5Hy10Na
MeCONHp ————————> MeCONH 0o T Mec0§ 0

H3P04 CgH13Br CeM3
EAch
A\

MeCONHCgH13

Bull Soc Chim Fr (1964} 292

OMe
1 NaH CgH
o e, > 66%
2 Mel DMF
CONH CONHMe

JACS (1961) 83 1492
JOC (1949) 1% 1099
(1967) 32 3679

Examples of the N-alkylation of acetyl- and trifluoroacetyl-amines are
included in section 97 (Amines from Amines)

¢ phoNa 9P 3150

PCl5
PhCONHPh —— PhC=NPh ——> PhC=NPh ——  PhCONPh,
Org React (1965) 14 1

Pyridine hydrochloride
PhCONBuU» —> PhCONHBu 30%
190-200°

Ber (1954) 87 1294
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K2S20g KoHPOg Hp0
PrCONMes > PrCONHMe 44%

JOC (1964) 29 3632

Pb(0Ac)s CgHe HOAC
CH2=CH(CH2)7CONH2 > CHp=CH(CH2 ) 7NHAC 53%
Chem Comm (1965) 161
Aust J Chem (1968) 21 185

CONHNH2 CONH2

Ni  EtOH

e

JACS (1954) 76 5774
JOC (1957) 22 148

Section 82 Amides from Amines

0000000000000 00000

Amides by reaction of amines with carboxylic acids, amides,

esters and other derivatives of carboxylic acids . . . . page 213-217
Dealkylation of amines by carboxylic acids and anhydrides . . . 217
Oxidation of amines to amides . . . . . « .+ . « « « « v o« 217-218

0Me OMe
NHz MeCOC1 Pyr NHAC
—_— 80%
Me0 OMe MeO OMe

JOC (1970) 35 1219

Me0 CH2CHaNHp Ph,C=CHCOC] Me0 CHpCHoNHCOCH=CPhy
—_—
MeO NaOH Hp0 Etp0 Me0

JOC (1970) 35 825
Ber (1954) 87 1760
For mild procedure see JCS (1962) 1445
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CHpCHpPr-i CH2CH2Pr=-i
NH2 1 BuLi NHCOGMe
£t
i=PrCHoCHp Me 2 MeaCCOCT  §.prCHyCHZ Me
Et

Tetr Lett (1964) 1597

HCOOH  Ac,0
{-PrCHNHp  —————">  i-PrCHNHCHO 85-90%

|
COOH COOH
JACS (1958) 80 1154
(1968) 90 3245

PhCOOH PhSO,C1  Pyr
PhNH, —~  PhCONHPh 944%

JACS (1955) 77 6214

+ -
PhCOOH MepSCHoC=CH Br
PhCHNHg PhCHNHCOPh 91%

HesO JCS C (1969) 1904

INOQ
NHCO (::)
NH2 3,5-Dinitrobenzoic acid _<<:::::> 031
: NOp )

DCC THF

Compt Rend (1965) 260 2249
JACS (1968) 90 4706

Further examples of the reaction RpNH + RCOOH — RCONR2 are included
in section 77 (Amides from Carboxylic Acids and Acid Halides) and section
105A (Protection of Amines)
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HO HO
NHp NHAC
Meo CHp=CO MeOH Meo
0 0
OH OH
OH OH

Ber (1954) 87 1138
Zh Org Khim (1967) 3 420
(Chem Abs 66 115529)

1 LiAlHg THF
PhNH, ——————>  PhNHCOPh
2 PhCOOEt JOC (1962) 27 1042
JCS (1954) 1188

Further examples of the reaction RpNH + RCOOR —» RCONRy are included
in section 83 (Amides from Esters)

NHz HCONMep  MeONa NHCHO
97%
Et Et

JOC (1961) 26 2563

MeCONHp &
PhCH NHp - HCT _ PhCHoNHAC
JACS (1943} 65 1566
HO HO
- Ny NHCOR 80% (R=Cy7H35)
HO RCOO@‘NOZ HO 100% (R=Me)
g o = h
0 FaN Meps0 0 100% (R=Ph)
OH OH
OH OH

JOC (1970) 35 2042
Bull Chem Soc Jap (1963} 36 754
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?N
CHp=COAc CHC13
HOCH2CHaNH2 — "> HOCHpCHaNHAC
Chem Zvesti (1964) 18 218
(Chem Abs 61 14773)
CHpOH CHoOH
0 N-Acetoxyphthalimide 0
OR > OR 70%
HO H EtaN  MeOH HO OH
NHo NHAC
JOC (1965) 30 448
NH2 3-Acetoxypyridine NHAC
> 88%
Me Me

CCI3CHO  CHCI3
BulHy ~ ————————>  BUNHCHO

O RhC1,(CO)4 Me3P CgHs

BuNHy

o CuCl
Me oNH —————>  Me2NCHO

Bull Chem Soc Jap (1964) 37 864

JACS (1952) 74 3933

BuNHCHO
Tetr Lett (1969) 2329

Bull Chem Soc Jap (1969) 42 2610

83%

96%

73%
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Meoj[:::::[(CHg)gNHz NZCHco«<::>»0Me MeO (CHy ) 2NHCOCH2
—_——
Me0 hv  THF MeO OMe

Chem Ind (1969) 493 72%
JCS C (1970) 1208
Org React (1942) 1 38

Ph(CHp) 2COOH
PhMe ————  Ph(CHp),CONMe 15%
210-220° N

Ber (1930) 63B 489

Pb(0Ac)s Acp0 CHCIj3
PhNEt, > Phl"lAC 30%

Et
Ber (1959) 92 288

ACZO \\\

28%

Mephn Meflxl\“‘

Ac
Bull Soc Chim Fr (1964) 234

KMnO4 NaHCO3 MepCO

PhoNCHoMe PhoNAC 70%
JCS (1946) 454
JACS (1968) 90 1648
MnOp CHC3 % (Re
83% (R=H)
PhiiMe  ————>  PhNCHO 807 (R-Me)
R R

JCS (1957) 3032
(1966) 995
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NMe » NCHO
Me
Cr03 Pyr
————
AcO Tetrahedron (1967) 23 4691
02 Pt CgHs
PRCHaNMep  ——————>  PRCHaNCHO 85%
Me Tetr Lett (1968) 4085
(1970) 5049
Chem Comm (1969) 639
03 pentane
PrCHoNBug —— PrCONBu, 44%

JCS (1964) 711

S (NHg)pSyx dioxane
PhCHCHNHy > PhCHCONH 32%

JACS (1953) 75 740 5392

Section 83  Amides from Esters
TCOUTT OO C0000CUT oo

C12H25NH2
CgHy7CH=CH(CHz ) 7C00Me 555:-———> CgH17CH=CH(CH2 ) 7CONHCY 2Hp5 69%

JACS (1949) 71 2215

For catalysis by 2-hydroxypyridine see JCS C (1969) 89
" " " NaNHz " Chem Ind (1956) 277
" ! " MeONa " JOC (1963) 28 2915
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CH2CO0EL CH2CONHMe
| MeNHp~L iATHg A
I 61%
(Procedure for hindered esters)
Tetr Lett (1969) 1573
JCS (1954) 1188
Tetr Lett (1970) 1791
HCONHR  MeONa
i-PrCOOMe —_—— e 1-PrCONHR 53% éR=H)
97% (R=Me)
JOC (1965) 30 2376
NH3  MeOH
BuC=CCOOMe —_— BuC=CCONH2
JACS (1941) 63 1151
NH3  NHgC1
PhCOOEL —— PhCONH2
JACS (1938) 60 579
For catalysis by NaNHp see JACS (1955) 77 469
" ! " MeONa " JACS (1937) 59 1568
" " " Bubi " Tetr Lett (1970) 1791
C1 C1
@@ CO0Me 1 NoHg +Hz0 \ﬁ,CON3 Ac20 @ NHAc
2 NaNOp HOAc
C1 Cl1
Helv (1944) 27 883
Org React (1946) 3 337
MeCN  H,S04
HCOOCPh4 ——— AcNHCPh3

JCS (1964) 5609
Org React (1969) 17 213
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Section 84 Amides from Ethers and Epoxides

0000000000000 CA000C00C0000000000

CH

’ -
(CH2)4CN  HpSO4 HOAc SIONHBu t
t-Butre (CHo ) 4CONHBU-t 759,

Org React (1969) 17 213

OMe Electrolysis EtgNCN @CONHZ
> 9%
Me0 MeCN H20 Me0

JACS (1969) 91 4181

A\ S (NHg)pSx dioxane
PhCHCH, > PhCH,CONHp 87%

JACS (1953) 75 740

Section 85 Amides from Halides
T608000000800G00800G0

('IOOEt

1 MeCHCONMes NaNHp  HMPA e
PRCH,C1 —>  PRCHCHCONMe; 46%
2 Li1 lutidine

Ber (1968) 101 4230

LiCHpCONMep  THF
CsHy1Br CgH77CH2CONMe2 64%

Ber (1968) 101 3113
JOC (1966) 31 982 989
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L1
1
LiCHaCONPh  Et0
PhCH,CT —_— PhCHpCHpCONHPh 69%
JACS (1967) 89 1647
Pyrrotidine Ni(CO}y
PhCH=CHBr > PhCH=CHCON 82%
MeOH
JACS (1969) 91 1233
1 Mg
C7H58r —— > C7Hy5CONHPh 88%
2 PhNCO

JACS (1947) 69 2007
(1938) 60 540

Br 1 Mg CONHg
Me0 2 Ethyl cycliohexylidene- Me0

carbamate Bull Res Council Israel (1952) 2 72
(Chem Abs 48 8727)

S NHz Hp0 170°
PhCHCHQBr PhCHaCONHo 80%

JACS (1953) 75 740 5395

HCONHy  NH3
CgHy78Br _ CgHy7NHCHO 9%

JOC (1969) 34 3204

For examples of the reaction RCONHR' + R"Hal —» RCONR'R" (R'=H or
alkyl) see section 81 (Amides from Amides)
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Section 86  Amides from Hydrides (RH
The conversions RH ~—»RCHZCONHz, RCONR'R" or RNHAc are included in this

section. For the reaction RR' —— RCONHp (R=Ar, R'=alkyl) see section 80
(Amides from Alkyls)

CICHaCONHy hv  Hp0 CHaCONHp
- 21%
OMe OMe

Tetr Lett (1969) 2387

Me Me

i
[}
@ PANCOCT A1C14 @CONPh
TRt RS
Me0 MeO

Ber (1955) 88 301
JCS (1931) 2323

CONH
(NHp)oC0  ATCY 2
@ ()0 M1013 -
Ph Ph

JOC (1970) 35 2104

CONHp

HCONHy hv  MepCO
> 20%

Tetr Lett (1963) 77

HCONHy  hw  MepCO
PhCH3 > PRCHpCONH, 23%

Tetr Lett (1963) 77



SECTION 87

Electrolysis MeCN
PhCH3 —>
LiCt0g Hy0

MeCN t-BuOH

—_—

H2504 hexane

Section 87  Amides from Ketones

0000000000000C0O0C00C

CoHy7

1 Pyrrolidine

——————ee o
0 2 HC104 <:i:}

MeCO MeC=NOH
- g
CF3CO0H
PhCOMe  ---» Ph|C=NOH —_
Me

AMIDES FROM KETONES 223

PhCHoNHAC

Tetr Lett (1968) 2411

36%
NHAc

Ber (1964) 97 3234
Org React (1969) 17 213

HCONH,
—
hy

- CONH
€104 ST
Helv (1967) 50 1759
NHAc

TsC1 Pyr

—_— ~92%
JACS (1962) 84 1064

PhNHAC ~91%

0Org React (1960) 11 1
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wOH Polyphosphoric acid
PhCOgMeg ——— PhC?Mez > PhCONHp ~63%
Ph Ph

JOC (1963) 28 278

0 Ny ipron
- > CgH11CONHp 44%

hv  MeOH 0
NH

Can J Chem (1968) 46 3381

0 ﬂo’* 1 Bry ﬁo
..... - ———d ~ aa
(CHz)g CHz)g 2 PhgP 81

NH
3a (CHpTg
4 Hy0 Tetr Lett (1965) 4541

@o PhiNH Q:NPh 1 MeCOOoH Etp0 0
""" > NPh
2 Xylene reflux

Ber (1958) 91 1057
Tetr Lett (1969) 2281

COMe S NH3 Pyr H0 CHoCONH2
> 40%

Org React (1946) 3 83

NoHg - H20 NaNO»
RoCO  ————  RaC=NNH2 ————»  RCONHR 40% (R=1-Pr)
EtOH H2S04 H0 72% (R=Ph)

JACS (1953) 75 5905



SECTION 88

NaN3

polyphosphoric acid

AMIDES FROM NITRILES

PhCHoCOMe

NaNH» toluene

————————

Me
[:::::j,coph

PhCHoNHAC
JOC (1958) 23 1330
JCS (1942) 61
Org React (1946) 3 307

Me
O/CONHZ

JACS (1953) 75 369
Org React (1957) 91

Amides may also be prepared by conversion of ketones into amines

followed by acylation.

Section 88

Amides from Nitriles
TO00G003000000008000

MepC=CHEt H2S0g4 H20
PhCHoCN

we
EtCHOH BF4

————

Me

i
MeCN MeCONHCHEt

+ -
(i-Pr0),CH BFq CHyClp
PhCN k. —

See section 102 (Amines from Ketones)

PhCHgCONHC'JMez
Pr

JACS (1948) 70 4045
Org React (1969) 17 213

Acta Chem Scand (1968) 22 1787

PhCONHPr-1i

JOC (1969) 34 627

225

50%

88%

69%

65%
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226
HCT  Hp0
PhCHCN ~ ————»  PhCHpCONHp
BF 3+ AcOH
PhCHpCN ~ ————=  PhCH,CONH,
+ -
Et30 BFg CHpCl2
BuCN > BuCONH2
MnO2 CHxClp
RON  ——————>  RCONHp
[Eifii}fCN N Pyr Hp0
—————

®,

Me

CN

Me

CN

Ho0p NaOH EtOH Hp0

Ton exch resin (basic)

Ha0

Org Synth (1963) Coll Vol 4 760
JACS (1948) 70 3091
Annalen (1968) 713 212

95%
JOC (1955) 20 1448

93%
JOC (1969) 34 627

40% (R=Me)
72% (R=Ph)

Chem Comm (1966) 121

CONHp
(::) 89%
N

Bull Chem Soc Jap (1966) 39 8
(1964) 37 1325

CONH2
90-92%
Me

Org Synth (1943) Coll Vol 2 586
JOC (1950) 15 800

Me
CONHp

89%
N

JOC (1960) 25 560
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NaOH  Me,SO
PhCN ~ ——————>  PhCONHp 96%

JCS (1965) 1290

Hz Ni NaOAc Acg0
PhCH2CN > PhCHoCHoNHAC 97%

JOC (1960) 25 1658

Amides may also be prepared by reduction of nitriles to amines followed
by acylation. See section 103 (Amines from Nitriles)

Go00000G

Section 89 Amides from Qlefins
0000006000 80000080660

1 8BHg THF

BUCH=CHy ~ ———————>  Bu(CHp)3CONEt? ~50%

2 Me2SCHCONEt2
JACS (1967) 89 6804

CH3COONHEL
C5H11CH=CHy - - C5H11(CH2)3CONHEL
di-t-butyl peroxide Dokl (1964) 158 1127

(Chem Abs 62 2703)
JCS (1965) 1918

HCONMe;
CgHy3CH=CH2 > CgH13(CHo ) 2CONMes 56%
di-t-butyl peroxide

Tetr Lett (1961) 238
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HCONHp  hy
BUCH=CH, ~ ~——————>  Bu(CHp)7CONH2 50%

Me>CO  t-BuOH
JOC (1964) 29 1855
(1965) 30 3361
Angew (1961) 73 621

[::::] PhNH, CO  Co [:::::(CONHPh
—_ 70%

JACS (1952) 74 4496

(NHg)2Sx  Hp0
PhCHpCH=CHp —_— Ph(CH2 )} 2CONHp

JACS (1946) 68 632 2025 2029

1 C1S0,NCO
H 66%

2 PhSH Pyr MepCO
JOC (1968) 33 370

(1970) 35 2043
Annalen (1968) 718 94

1 Hg(NO3)p MeCN

BuCH=CH» > Bu(llHMe 70%
2 NaBHg NaOH Hp0 NHAC
JACS (1969) 91 5647
NaCN HpSOs MeCN
C12H25CH=CHy » C]2H25$HMe 68%

NHAc

J Am 0il Chem Soc (1964) 41 78
(Chem Abs 60 6733)

JACS (1948) 70 4045

Org React (1969) 17 213



SECTION 90 AMIDES FROM MISCELLANEQUS COMPOUNDS 229

1 MeCONHp PdC1p

MeCH=CHy — MeoCHNHAC
Na2HPO
z 4 Proc Chem Soc (1961) 370
2 Hy

Amides may also be prepared by conversion of olefins into amines
followed by acylation. See section 104 (Amines from Qlefins)

Section 90  Amides from Miscellaneous Comgounds

PRCOOCHCONH CH2CONHy
Hp Pd-BaSO4 EtOH
® O
N N

Arch Pharm (1957) 290 218

S NHz Pyr Hp0
CgHy 3CH=CHCOOH CgH13CH2CONHZ %

JOC (1947) 12 76

Fe HOAc
—n 7%
F NO2 F NHAc

JACS (1966) 88 3318
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Chapter 7 PREPARATION
OF
AMINES

Section 91 Amines from Acetylenes
0000000000000 00CO0C0O00

MepNH Cd(0Ac)2 Hy Pt
MeC=CH —_—» MeZCICECMe —_— MeoCCHaCHpMe
i
In(0Ac), NMe, HOAc NMe

JACS (1961) 83 213 216

Section 92  Amines from Carboxylic Acids and Acid Halides

0000000000000 0C0C0000b0000000000000000000006000

Hy (300 atmos)
C11H,3C00H - NH3 —_— (C11H23CHp ) oNH 79%
copper chromite
JACS (1934) 56 2419

Li  MeNH, Hz Pd-C
CgH1gCOOH ~————— CgHygCH=NMe ————— CgHygCHpNHMe 68%
MeNH»

JACS (1970) 92 5774

230



SECTION 92

C17H35C00H

PhCH,COCT

Ph-ZCS—COOH

AMINES FROM CARBOXYLIC ACIDS AND ACID HALIDES 231

HN3 HpSO4 CgHg

1 NaN3 CgHg
—— PhCH2NH,

2 HC1 Hy0

1 CICO0Et EtN MeoCO

2 NaN3
3 Toluene 100°
4 HC1 Ho0

COCT 4 NpHg'Hp0

Br Br

@ COOH
Me

CgHy7COOH

2 NaNO2 HOAc H20
3 HCT HyO

NH20H - HC1

polyphosphoric acid

NHp0SO3H mineral oil

170-180°

> Cy7H35NH2 96%

Org React (1946) 3 307

94%

Org React (1946) 3 337
Nature (1963) 197 787

Ph AN NHy 77%

JOC (1961) 26 3511

NHo
Br “Br

Rec Trav Chim (1921} 40 285

NHo

76%
Me
JACS (1953) 75 2014
Org React (1946) 3 337
Chem Rev (1943) 33 209

CgH1INH2 25%

JOC (1964) 29 2576
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MeNO» polyphosphoric acid
PhCOOH PhNHo 68%

JOC (1964) 29 2576

Me
NaCN  H,S04 i Me

—_—_— +

Me
COOH

NH,

43% 23%

Ber (1963) 96 3359
Org React (1969) 17 213

Section 93 Amines from Alcohols and Phenols
C000000060000000000000000000306060

Et3N Hp (380 atmos)
CyoHos0H Cy2HogNELD 70%

Cu-Ba-Cr oxide
JACS (1952) 7i 4287

0 0 0
—_— —
HO 0 Ts0 0 MeOH Ny N0

JCS (1946) 393
JACS (1933) 55 345

Further examples of the preparation of amines from tosylates are
included in section 100 (Amines from Halides and Sulfonates)

KCN  HyS04  Bup0 NaOH
PRCHOH  ———————> PRCHNCHO ——>  PRCHNHp 60%

Me Me Me

Org React (1969) 17 213
JOC (1961) 26 3002
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§;7 NaH BrCN ‘;7 LiATH,

COH —_— CNCO ——>  [>-Cnitve
THF Et20

JOC (1968) 33 4054
JACS (1964) 86 4732

1 NaH MeQOCHoCHpOMe

PhCHNMe,
2 MepNSO,C1 e

3 60° JACS (1965) 87 5261

Ph?HOH
Me

O Nug s0, H0 150° NHz
» 94-96%

Org React (1942) 1 105

Section 94  Amines from Aldehydes
EKe) QOCO0O000C00CO o

MeNH, PhCH,MgBr
PRCHO  ———> PhCHeNMe ~————=  PhCHNiMe 84%
Cote Et20 CHoPh

Org Synth (1963) Coll Vol 4 605

HCN Hy Pd-C
PACHO  —=  PhCHCN  —————>  PhCHaCHyNH» 52%
KOH 5H HC1 EtOH

JACS (1928) 50 3370
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0 CHO CH=CH
<i CH3NOp  NHg0AC <: CHNOz <:0 CHpCHaNH2
0 HOAC HCT  Hg0
Br

Tetr Lett (1967) 1201 50%

HCOONH,  HCOOH

BuCHO ———————> (BuCH2)3N
Org React (1949) 5 301
PhNHy Ho Ni
CgHy3CHO —_—— CgHy 3CHaNHPh 65%
NaOAc  EtOH Org React (1948) 4 174
NH3 Hy Ni
PhCHO —_— PhCHoNH» 89%
EOH Org React (1948) 4 174
CHO CH=NNHPh CHoNH2
0 0 0
Me  PhNHNH, Me Hp Ni Me
Me — Me ———— Me
0 0 EtOH Hy0 0
CHO CH=NNHPh CHyNH;

JOC (1958) 23 571

1 NHpCOOCH,Ph
PCHO ~ ———————>  PhCHaNH, 63%
2 Hy PdO

JOC (1941) 6 878
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EtNHp  LiBH3CN
PhCHO ~ ~———————>  PhCHpNHEL 72%

MeOH  pH 5-6 JACS (1969) 91 3996

PhNH, NaBHg NaOAc
PhCHO > PhCHoNHPh 83%

HOAc EtOH JOC (1963) 28 3259
o-Chloroaniline MepNH-BH3
PhCHO  ==weeemmm——nnm-an >  PhCH=N ————— PhCHoNH 84%
¢l HOAc Cl

JOC (1961) 26 1437

CHO CH=NOH CHoNH
@\’—/N NH0H \_{f LiATH, @\_/W 2
—_— —_—
N EOH Etp0 N 87%

H H
J Biol Chem (1954) 211 725
For reduction of oximes with H, and Pd-C see JACS (1928) 50 3370

H 1] u 1) " N.i n JCS _C_ (1966) 531
" " oo " Na and EtOH " oOrg Synth (1943) Coll Vol 2 318
" " n 1 " Na'Hg n JACS (1949) —7_1. 2257
NHo0Me 1 ByHg THF
PhCHO —————» PhCH=NOMe ——————  PhCHoNH, 92%
2 KOH Hp0

JOC (1969) 34 1817

BuN3 HyS04 CgHe
2 > PhNHBu 22%

JOC (1959) 24 561

PhCHO
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Section 95  Amines from Alkyls, Methylenes and Aryls

000 CO0O00000000000C00000000000000C00G¢C
No examples of the reaction RR' —» RNRp (R,R'=alkyl, aryl etc.) occur
in the literature. For the conversion RH -——= RNRy see section 10}
(Amines from Hydrides)

Section 96  Amines from Amides
COo000000000C000000

Tertiary amines from formamides and Grignard reagents . . . page 236

Reduction of amides to amines . . . . . . . .« . . ... 236-238
Hydrolysis of amides to amines . . . . . . . . . e e e e 238-239
Degradation of amides to amines . . . . . . . . . . ... 239-240

BuMgBr Et,0
{1-Pr)oNCHO _ (i-Pr)ZNCHBuz 67%

Monatsh (1951) 82 330

H2 {300 atmos) copper chromite
CgHq3CON > CgHy3CHaN 92%
dioxane 250° 1872

JACS (1934) 56 2419

LiATH; Et,0
@Ac — COR 844%

Helv (1948) 31 1397

LiATH, Etp0
PhOCHsCONHp ~ ——————>  PhOCHoCHyNH, 80%

Helv (1948) 31 1397
Org React (1951) 6 469
Org Synth (1963) Coll Vol 4 564
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LiATHg A1CI3
i-Pr(CHp)pCONEty ~ —————— > i-Pr(CHy)pCHoNEL)

Et20 Z. Chem (1966) 6 224

NaATH, {OCHoCHo0Me )5
PhNHAC > PhNHEt 84%
CeHg Tetr Lett (1968) 3303

NaBHg CoCly MeOH
Pr-CONH, > PrCHoNH 70%

Tetr Lett (1969) 4555

NaBHg Pyr
CsH15C0NMep ——— C7Hy5CHaNMe a1%

Chem Pharm Bull (1969) 17 98

+ -
1 Et30 BFg CHpCl2
PhCONHEt > PhCHoNHE L 92%

2 NaBHy  EtOH Tetr Lett (1968) 61
Tetrahedron (1970) 26 803

i-BugAlH Eto0
CgH13CONMep _ CgHy3CHaNMep 75-95%

Izv (1959) 2146
(Chem Abs 54 10932)

Et3SiH  ZnClp
PrCONEL) ——— PrCHoNEL) 70%

Compt Rend (1962) 254 2357
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BoHg THF
C5H11CONHMe  ————>  CgHy1CHoNHMe 98%

JACS (1964) 86 3566
JOC (1968) 33 3637

@CONEQ ) Pyss OCSNEQ N EtOH (\JCHZNEtg
O - O — O
N 2 NagS N H20 N 38%

JOC (1951) 16 131

Re H
N N
Ca NH3 i
—_—
MeoN JACS (1962) 84 2018
NaH diglyme
EtoNCHO —_— EtoNH 40%

Tetr Lett (1965) 1713

H202 Ho0
MeCHCONHCH,COOH —_—— Me?HCONHCHzCOOH

|
HCONH NHa
Annalen (1960) 636 140

,[:::::INHAC KOH MeOH Hy0 /[:::::[N”Z
- " 7 95-97%
MeO NO» MeQ NO»

Org Synth (1955) Coll Vol 3 661
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CHoOH

AMINES FROM AMIDES 239

CHR0H

0_0Me NaHy 0\ OMe
OH — OH 55%
HO HO

NHAc

NH,
Bull Chem Soc Jap (1966) 39 185

HC1 Hp0  EtOH NHz

_—

NHAc
Me Br Me Br

[:::::{NHCOPh

CONHBu-t 2 HOAc HZO z

C15H37CONH2

Org Synth (1932) Coll Vol 1 111

Electrolysis NHp

_—n

71%
MegNC1  MeOH

Ber (1965) 98 3462

NHCOPh NH2

CONHBu-t
dioxane 0

JACS (1965) 87 933
Helv (1968) 51 1

1 Brp MeONa MeOH

[:::::ICONHZ

Cy5H31NH2 100%
2 Ca0 Hy0

Org React (1946) 3 267

Pb(OAC)g  EtgN NCO e [:::::[NHz o
——— — %
DMF DMF

JACS (1965) 87 1141
Tetr Lett (1965) 4039
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NHo0H-HCT
PhCONHPh PhNH»
polyphosphoric acid

JACS (1953) 75 2014

Section 97  Amines from Amines
CCCO000C0000CCO0OOCO0Q

a-Alkylation of 3ry amines . . . . . . . . . . . .. page 240
Alkylation of amine derivatives with Grignard-type reagents . 240-241
Reductive alkylation of amines with alcohols, aldehydes

and ketones . 241-242
Alkylation of amines and amine derivatives with halides

and sulfates . 242-244

Alkylation of amines with olefins and acetylenes . . . . . . . 244-245
Alkylation of amines with miscellaneous reagents . . . . . . . 245-246
Isomerization and cyclization of amines . . . . . . . . . .. 246
Dealkylation of 2ry and 3ry amines . . . . « . « .« v v o o . . 246-248
Dealkylation of 4ry amines . . . . . . « v v v o 0 00w e 248
BuLi Bul
EtoNCHoMe —_ EtoNCHMe
hexane éu

JOC (1966) 31 2061

1 Hg(OAc), HOAc MeMgl
2 HC10; EtOH EN - Er0
N~ Me 4 Me 2 N

N
| i
Me 3 KN Ha0 Me Me
JACS (1957) Q 5279
PrCHO Phli  Et,0
PrNHZ ----- > PrN=CHPr —_— PrNH?HPr

Ph

Bull Soc Chim Fr (1964} 952

76%

25%

Me

60%
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SECTION 97 AMINES FROM AMINES

MeCHQ MeMgC1
(i-Pr)ZNH-HC1 — (1-Pr)2NCHCN —_— (1-Pr)oNCHMe;

KCN  H»0 ! Et,0

2 Me 2
Monatsh (1962) 93 476
HCOOH EtMgCl
(i-Pr)oNH  ——>  (i-Pr)oNCHO ———  (i-Pr)pNCHEt, 23%
Et0

@ @ EUOH M
NHy

HCOOH HCHO

PhCHoNHy — ————r
HCHO H2 Pd-C
MeNHCO(CHp)gNHp  ———o—>
Ho0
NH2 HeHo  succinimide
Me  H,0 EtOH

Monatsh (1962) 93 476

EeNfy NHEt

Org Synth (1963) Coll Vol 4 283
JACS (1954) 76 6174

PhCHoNMe o 80%

Org React (1949) 5§ 301

MeNHCO(CH, ) ;NMep 60%

JCS C (1969) 1358

0
NT NHCH N N NHMe
m————
0 EtOH Me

68%
Chem Pharm Bull (1967) 15 1339
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PrCHO KOH Hy Pt02 EtOH
PrNH, ~ —~——————>  PrN=CHPr ———————>  PrNHCH,Pr 65%

Org React (1948) 4 174
Tetr Lett (1968) 2639

1 PhCHO CgHg H2 Pt0;
> 05H11§Bu -————  (CgHy1NHBU
CHoPh HOAC

CgH11NH2

2 Hp PtO; HOAC

3 BuBr MeQOH
JACS (1941) 63 1964

NHp Cyclohexanone NH
— ey 86%
HCOOH HOAc

Rev Chim (Bucharest) (1968) 19 360
(Chem Abs 69 105967)
Org React (1949) 5 301

MeoCO  NaBHg
BuNH» > BuNHCHMe - 63%

NaOAc HOAC Hy0 J0C (1963) 28 3259

For further examples of the reductive alkylation of amines with
aldehydes and ketones see section 94 (Amines from Aldehydes) and
section 102 (Amines from Ketones)

NH2 1Ph3PBY‘2 Et3N N=PPh3 1 Etl NHEL
2 NaNHp NH3 2 KOH EtOH ~67%

JOC (1970) 35 2826
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Ni2  ioper kon NHPr-
—— 92%
Me Me

JACS (1960) 82 6163
Ber (1952) 85 1056

NHPy -1 1 Meli Etzo N(Pl"-'l)z
—————— e
Me 2 i-Prl Me

JACS (1960) 82 6163
(1964) 86 2813

1 PhLi  Et,0 Hy Ni
t-BulH, —————=> t-BUN=CHCH=CMe; ———>  t-BUNHCH,CH,CHMep
2 MepCCZCH EtOH
& JOC (1961) 26 3772

0 0
@. iz pncHpBr  (Et0)3P0 @.@ N(CHgPh),
NaHCO3 90%

JOC (1962) 27 3639

Mel NaHCOs £ - LiAMH,
PhCHpNHy ~ ——————">  PhCHpNMe3l =~ ———>  PhCH,NMe, 72%
MeOH THF

JACS (1960) 82 4651
Ber (1957) 90 395

Phl Cu  KyCO3
PhoNH ——— PhoNPh 82%
PhNO,
Org Synth (1941) Coll Vol 1 544
JCS (1946) 5
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N2 1 1se VTS e ‘Q;TNME HC1  HOAC NFitte
PhCH=CH 2 Na toluene 0 PhCH=CH 569

3 MepSOy Annalen (1956) 598 174
JOC (1968) 33 1142
Ber (1953) 86 1246
1 PhCOCH,S0,CT  CHyClp  Pyr Zn HOY
BuNH, > BuNSO0,CHCOPh ————> BuMiiite

2 Mel KoCO0g3 MeoCO Me c

Tetr Lett (1970) 345

1 (CF3C0),0 KOH  Ho0 :
PhNH, >  PhNCOCF3 ~———=—>  PhNHEt 83%
2 Et1 KOH MepCO Lt

JCS C (1969) 2223

Me

]
I:::::J'NHZ 1 Acg0 NaOH Hy0 \§INA° KOH  H,0 /[:::::]NHMG
> —_—
Me 2 MepSOgq  Naip EtON Me

toluene

Ber (1954) 87 1760
14 1099

JOC (1949) 1

1 Na Pyr
NH ———— NEt 77-83%
2 CHp=CHj

Org Synth (1963) 43 45
Bull Chem Soc Jap (1967) 40 2991

1 MeCH=CH, PdCl,
BuNH, > BuNHCHMe,
NapHPO  THF
2 H

2 Proc Chem Soc (1961) 370
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1 HgClp  CHp=CHy
PhNHMe elCR PhNMe
2 LiAlHy £t

Compt Rend (1966) C 262 1591
Tetr Lett (1967) 5165
(1969) 2289

NH, HC=CH N=CHMe Hy Pt NHEt
S e L >

JACS (1961) 83 213

@NHZ HC(0Et)3 HpS04 @ryst K Hy0 NHEE
3 o —— ~74%
o ¢ ¢l

Org Synth (1963) Coll Vol 4 420
JACS (1956) 78 4778

NH, (Et0)3PO NEt)
—_— 91%
C1 C JACS (1946) 68 895

OH OH OH

! |
Me0 (IZHCHZNHZ \rCHCHgNHCOOMe Me0 CHCHyNHMe
C1COOEt NaOH \

LiATH; Et,0
MeO e A T Meo
2 OMe
J Med Chem (1963) 9_ 227

JOC {1965) 30 2483

OMe

NHCHO NHMe

@O HEOOH @ LiATHy THE @:>
A620

J Med Chem (1966) 9 830
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Further examples of the preparation of N-alkyl amines by reduction of
amides are included in section 96 (Amines from Amides)

1 LiAlHg THF
NH ——— NEt 80%
2 MeCOOEt

JOC (1962) 27 1042

i toluene
82%

Annalen (1961) 644 23

CgHy1Br
PhiMe > > PhNMe
150-160° é H
5711 Ber (1881) 14 622
Org React (1953) 7 198
1 Clp NaOH Hp0
BuNH(CHp)3CH3 _ BuN 70-80%
2 HpS04 H20

Org Synth (1955) Coll Vol 3 159
Chem Rev (1963) 63 55

NHCi6M33  coc1, 212° NHa
———n P

C16H33
JCS (1937) 1119
Tetrahedron (1961) 14 208

Hy Pt0z HOAC
(CgHy3)gNCHpPh  —————————>  (CgH3)oMH 100%

Org React (1953) 7 263
JACS (1950) 72 3410

(1941) 63 1964
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L1A1H4 THF
49%
NCN NH

JACS (1967) 89 1942

(1955) 77 4079
Org Synth (1955) Coll Vol 3 608
Org React (1953) 7 198

C1C00Ph  CHoC19 Acid
BusN ~——————> BupNCOOPh  ----+  BupNH
85% JCS C (1967) 2015
i-PrONO 0
(i-Pr)oNEt ————  (i-Pr),NN0  -->  (i-Pr)oNH
CuCl Angew (1970) 82 876

(Internat Ed 9 892)
JACS (1967) 89 1147

HBr 150°

PhNMe, ————  PhNHMe
JOC (1963) 28 3144

NBS dioxane Hy0 87
PraN ProhH JCS (1957) 4905 ’
JACS (1968) 90 3502

Chem Rev (1963) 63 21

MeCHNMeo MeCHNHMe

0, hv methylene blue
> 80%

MeOH

Tetr Lett (1970) 3649
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248
0 0
L
T Hp02 Hy0 {
—————t e f -
MeoN 2 Acp0  CHCIg Mev { Meht
Ac 70y
Tetrahedron (1967) 23 4681
£-BuOOH
88%

(i-Pr)ZNH ————> 1-PriH,
JOC (1960) 25 2114

Further reactions which may be used for the dealkylation of amines are
included in section 82 (Amides from Amines) and section 81 (Amides from

Amides)

+ - PhSH NaOH

————t et e OO
EtzNCHoPh  C1 B3N Med Chem (1969) 12 694 22x
Tetr Lett (1966) 1375
+ - HOCH2CHoNH,
BuNMes I R BuNMe,

Ber (1957) 90 395

+ -
ONM%I LiATH, THF ONMez
e e

JACS (1960) 82 4651
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Section 98 Amines from Esters
BC060600B0000060000

1 NHoOH base LiAlHg AICI3
PHCHpCOOR ————————>  PhCHpCONHOCOPh ———————s PhCHyCHyNH,
2 PhCOCT  MeONa THF

Bull Soc Chim Fr (1960) 509

Amines may also be prepared by conversion of esters into amides followed
by reduction. See section 83 (Amides from Esters) and section 96 (Amines
from Amides)

1 NpHg-Hp0 EtOH HC1  HOAc
PhCH,COOEL PhCHaCON3 ~ —————>  PhCHaNH ~50%
2 NaNOp HC1  Hy0 Hg0

Org React (1946) 3 337

HCN  HpS04
t-BuOAc —————>  t-BulH,

Org React (1969) 17 213

Section 99  Amines from Ethers

0000000000000 00000

O MeNH, hv Hy0 Nife
_— 543
NG NG

2 2
Rec Trav Chim (1966) 85 56
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Section 100 Amines from Halides and Sulfonates

0000000000000 0000000000000000CC000T

Amines by Grignard reactions . . . . v v v . 0 .0 .. page 250-251
Amines by alkylation of ammonia, amines and amine derivatives
with halides and sulfonates . . . . . . « . . . v o v« . . 251-254
Miscellaneous methods . . . . . . . « v v v v v v v v v v 254-255
1 Mg Etp0

PhBr —_—— PhCH2CHoNMe

2 C1CHaCHaNMey J Med Chem (1966) 9 790

1 Mg Etp0 LiAl Hy THF
PhBr  —————  PhC=NH ———————  PhCHNH,
2 EtCN ét ét

JACS (1953) 75 5898

1 Mg Ety0
BuBr ——— (i-Pr)ZNCHBuz

2 (i-Pr)gNCHO Monatsh (1951) 82 330

1 Mg Et,0
MeC1 _—_ (i-Pr)ZNCHMeg
2 (i-Pr)quHMe

Monatsh (1962) 93 476
CN "_

1 Mg Et,0
CHy=CHCH)Cl  ———— > CHp=CHCHpCHoNEE,

2 BuOCHaNEE, JCS (1923) 123 532

1 Mg Ety0
CoHyBr  ———=>  CH1 NHy
2 NHp0Me
JCS (1946) 781

13%

80%

67%

54%

65%
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AMINES FROM HALIDES AND SULFONATES

1 Mg Ety0 dioxane

BuBr
2 CINHp

©N
Me

- BuNH
Y2 Jacs (1941

(1936)

692

63 1
58 27

1 Mg THF @NHZ
2 TsNy Me

3 Ni-Al NaOH  Hp0
JOC (1969) 34 3430

NH3 MeOH
C7H]5BP ——— C7H]5NH2

JACS (1932) 54 1499 3441

EtpNH  HOCH2CH20H
i-PrBr » EtpNPr-i
JACS (1932) 54 4457
PhNH,
PrBr — PrNHPh
JCS (1930) 992
Me Br NHy CuCl Cu Me NHz
et
Me Hp0 195° Me

Org Synth (1955) Coll Vol 3 307

251

97%

82%

a7%

60%

70%

79%
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252
OMe OMe
Br
NaNH, NH
2 83, 60%
NHy
Ph Ph
JOC (1957) 22 500
Ber (1964) 97 1994
Chem Rev (1962) 62 81
PhLi  MesN
Phl _— PhtiMe, 60%
Ber (1943) 76B 109

Further examp1es of the reaction RHal + RpNH —= RNRp (R=alkyl, aryl etc.)
are included in section 97 (Amines from Amines)

BuNH,  toluene
C16H330Ts —————e CigHasNHBU  +  (CygH33)2NBu
51% 33%

JACS (1933) 55 345
JCS (1955) 694

0
>0 0 NoHy He M
ik :ﬁttv EtOH \:;h

Ve NHNH,

JCS (1961) 1643
Ber (1970) 103 475

CHaBr N2Ha CHpNHy
Potasswm ELOH
-Bu t-Bu

phtha1 imide
JCS (1935) 1847

JACS (1950) 72 2787
Angew (1968) 80 986
(Internat Ed 7 919)
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. Br 1 potassium phthalimide _{géiii]/N“Z
R
CuBr DMA

2 Hydrolysis Chem Comm (1969) 578

Co

Saccharin  K,C03 \ 1 KOH

PhCHoBr > NCHpPh  ——————  PhCH,NHBuU 74%

505 2 BulTs
3 HC1 Hy0
J Pharm Soc Jap (1953) 73 1319
(1955) 75 153 159
I N-Acetyl-p-anisidine KyCO4 NH@
24%
copper bronze PhNO, OMe

] Cl

JCS (1946) 5

TsNMeNa HBr

AN AY
C=CHCHaCHaBr  ————> {JC=CHCH,CHalie p— ©C=CHCH,CHNHMe

TS Hoac
Coll Czech (1967) §_2_ 2826

1 (PhS),NLi  THF
BuX —————  BuNHp 60% (X=Br)
2 HC1 Hy0 78% (X=0Ts)
Tetr Lett (1970) 3411

Hexamethylenetetramine
PhCH2C1 »  PhCHoNHp 82%

NaI EtOH
JACS (1939) 61 3585
Org React (1954) 8 197
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1 (NH2)20=NH EtOH Hp0
C5HHBY‘ - CsHiINH2 T
2 NaOH Tetr Lett (1969) 13

-+
(o) 1 NHoCN MeSOCHp Na MepSO : (o]
Me,C=CH(CHy)3Br “—»  [MepC=CH(CHp)3]oNH 55%
2 23 2 ken Meow 2 2
3 HOAC H,0

Tetr Lett (1969) 3327
Tetrahedron (1970) 26 1275

1 LiAl
g Mal3 H0 CClg \\-—Ns iATHg  Et0 N

JACS (1970) 92 6302
(1951) 73 5865
Helv (1958) 41 181

0TS Nans N3 LiaTH, NHz
— — 3%
OMF Etp0

JOC (1962) 27 2925
JACS (1969) 91 2961

1 MeCN  H,S0
— 652
Cl 2 NaOH NH,

J Med Chem (1963) 6 760
Org React (1969) 17 213

NCl3 AlC13
t-BuCl  —————>  t-BuNHj 90%
JOC (1969) 34 911
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@I 1 AgNCO NCO Hydrolysis NH,
——— ————
1 2 & 1 1

Chem Eng News (1970) March 9 39
JACS (1964) 86 4732

NaN3 hv  THF
Bu(CH,)4C? ——— Bu(CHp)gN3 —_— Bu "

JCS (1962) 622

Section 101  Amines from Hydrides (RH

C0000000000C000000CR0O0000

CHp=CHCHNHBU ATC13
PhH > PhCHCHaNHBU 66%

JACS (1943) 65 674 762

NH

/
MeCH-CH, ATCT3
PRH  ——————»  PRCHCHpNHp  +  PCHpCHNH,

Me 19 Me 4y
J Heterocyclic Chem (1968) 5 339

HCN  t-BUOH HpSO4

EtCHMe, EtCMe; 45%

NHo

Ber (1964) 97 3234
Org React (1969) 17 213
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Me M M
Q N3CN Q € LinHg (:[ e
Rsanee —_—
Me Me Me

NHCN NHy
JACS (1967) 89 3177

NH»

Me
NC13 A1Cl3 CHpClp Me

68%

o,

Tetrahedron (1967) 23 3563

NC13 dichlorobenzene NHp
> 36%
Me Me
JACS (1966) §§ 100
(1964) 86 1650
MeoNC1  HpSOq4 Na2S04
PhH > PhNMep 73%

Ber (1966) 99 1347 1361

Me  Nny0s03H AICI3 Me
- 5 NHp 50%

JACS (1961) 83 221 743

CgHi7

1 Me3SiNg Pb(0Ac)g k\\\\_

> 49%

CHaClp

AcO 2 LiATHy Etp0

AcO NH2

Tetrahedron (1970) 26 1417
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NO2 NHp

Me  AT(NO3)3-9H0 Me  Hp Ni Me
_— S 18%
120-140° MeOH

JACS (1953) 75 369

HNO3 S0y J:::::]/Noz Fe HC1 Hy0 Ny
-Pr E£OH i-pr 524

JCS (1939) 1299

1 (CF3C00)3T1  CF3CO0H
PhH > PhiNH,

2 NHz hy Acc Chem Res (1970) 3 338

1 Buli Ety0
R 54%
0 2 NHyOMe 0

NH,
Org React (1954) 8 258

NpHa hW  t-BuOH NH2
- 45%

Tetrahedron (1966) 22 483

Amines may also be prepared by conversion of hydrides (RH) into amides
(RNHCOR, RCONR2 etc.) followed by hydrolysis or reduction. See section
6 (Amides from Hydrides) and section 96 (Amines from Amides)
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Section 102 Amines from Ketones
T8 0000000000000000
NMeo NMeo

0
wiCN voe
1 MeNH, MeMgBr
_— > —
2 Mel CHyClp Etp0 THF
AcO 3 KCN MeCN
¢ JOC (1962) 27 2541

(1965) 30 3203

R0~ R 1cHaNo, t-BuoK 1 NaBHg R o R
— \\ ————

L:;:;;:;>i 2 Acs0  MeySO M= 2 Hy Pd k<:;;-:;>J

0 074_ OH

CHNO,
CHoNH,

Tetr Lett (1970) 1063

COMe HconH, HCOOH GHNHz
—_— Me 82%
¢l e

Org React (1949) 5 301

0 NMez
HCONMez HCOOH
— ~71%
9

JOC (1968) 33 1647

1 PhCHoNHy  CgHg N=CHPR  pcid NHp
> — 57%
2 NaH THF

Can J Chem (1970) 48 570
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PhNHy NaBHy NaQAc
Me,CO — MeoCHNHPh 1%

HOAc EtOH
JOC (1963) 28 3259

MeoNH  LiBH3CN
(CH2)77 €O ————— (CH2)17 CHNMep 96%
MeOH pH 5-6

JACS (1969) 91 3996

NHy LiBH3CN
kB 489

MeOH pH 5-6

0 NHz
JACS (1969) 9_1_ 3996

1 BZHG THF
2 MeOH

Tetr Lett (1970) 2849
JOC (1965) 30 3203

OH
1 PhCHoNHp Hy Pd-C
—_—s _—
0 2 NaBHy PhCHoNH EtOH Ny

25%
Bull Soc Chim Fr (1963) 798
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PhNH,  ZnCly LiAlHy Ety0
PhpC0 ————m  PhpC=NPh ~————"—> Ph,CHNHPh 62%

JOC (1958) 23 535
For reduction of imines with Hp and Pt see Bull Soc Chim Fr (1964) 753
" " oo " Hp " Pd " JCS C (1970) 1303
" " " " " Hp " Ni " Joc (1962) 27 2209
" " ! " by electrolysis " JOC (1970) 35 261
For review of reduction of Schiff's bases see Org React (1948) 4 174

EtoMH  hy
PhpCO  --->  Ph,CNy ———— PhoCHNEL 23%
Annalen (1958) 614 19
COMe MeC=NNMep £t
~ NHZ
Me2NNHo ! 1 Mel MeCN ’:j:::ji]
—_— ————
2 NaH MesSO
3 NaSH
HO 4 Ni
J Heterocyclic Chem (1964) 1 53
NH20H Ni NaH2P02
PhCOEt P — Ph§=NOH —_— Ph?HNHg 78%
£t EtOH H,0 £t

JCS C (1966) 531
For reduction of oximes with Ni-A1 and NaOH see JcS C (1966) 655
! " " " Y In " NH3 " Monatsh (1963) 94 677

" ! " " " Na and NH3 see zh Obshch Khim (1965) 35 125
(Chem Abs 62 13068)

! ! v " LiATH, see JOC (1952) 17 294
1l " n u i B2H6 it JOC (1969) ﬁ 1817
n il it n H H2 and Rh n Joc (1962) _Zl 2209

! ! " " by electrolysis " JACS (1967) 89 6374
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Ni Ho0
dioxane

21%

JOC (1951) 16 131

NH,0H (CF3C0)50 NaOH
DCOMe ----- > >c=NOH — s D NHCOCF3 ——> NH,
! MeOCH,CH,0Me
Me ~77%
JACS (1957} 79 6522
NH,O0H - HCT
Ph,CO PhNH, 66%

polyphosphoric acid JACS (1953) 75 2014

0 0

PhSOoNHOH Polyphosphoric NH
2 OH
—_— —— >
acid 459

Proc Chem Soc (1963) 224

Amines may also be prepared by conversion of ketones into amides followed
by hydrolysis or reduction. See section 87 (Amides from Ketones) and
section 96 (Amines from Amides)

Some of the reactions listed in section 94 (Amines from Aldehydes) may
also be applied to the preparation of amines from ketones
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Section 103  Amines from Nitriles
B0300003000000000000

1 PhMgBr Et,0
CsHgON  ———————>  Cghy1CHNHy 54%
2 [}
2 LiATHg THF Ph Jacs (1953) 75 5898

+ -
1 (1-Pr0),CH BFy CHyClp NaBH; EtOH

PhON PRC=NPr=i ———e——>  PCH,NHPF-i 943
2 EtOH St
3 NaOH  H,0

JOC (1969) 34 627

Hy Pd-C
PRCN  —————>  PhCHNH,
HC1 EtCH JACS (1928) 50 3370
JCS (1942) 426
Hy Rh-AT203
CgH130(CH)oCN  —rree—— CeH130(CHz) 2CHoNHY 90%
NH3 EtOH
JACS (1960) 82 2386
oN CHghHy

Ni NaH,PO, NaOH
- (::) 82%
EtOH Hy0

JCS C (1966) 531
Bull Chem Soc Jap (1967) 40 1548

Na EtOH toluene
BuCN —»  BuCHyNHo 76%

JACS (1934) 56 1614
Ber (1942) 758 991



SECTION 103
CN
Me

LiATH, AICT; Et,0

PhCHCN >

LiATHy  Ety0
———ee————

(1-Bu),ATH CeH
PhCN 2 8T8, pncHeNH

or
Me

NaBHg CoClp MeOH
CyHy5CN >

NaBH; AICl4

diglyme

Ca
CN

NH

0 HyS  NaOH 0

H ’ H
~CN Ho0

0

BoHg THF [:::r
—_—

AMINES FROM NITRILES

@[CHZNHZ
Me

JACS (1948) 70 3738
Org React (1951) 6 469

PhCHoCHaNH?
JACS (1955) 77 2544

Hy Pd
———>  PhCHoNH,

JOC (1959) 24 627

CHoNH,
Me’

JACS (1956) 78 2582

C7H15CHaNHp

Tetr Lett (1969) 4555

CHaNHp

CHoNHp

JACS (1960) 82 681

NH 0 NH
Hp Pd-C
CSNHo

0

Chem Pharm Bull (1961) 9 119

JOC (1951) 16 131

263

88%

83%

57%

85%

80%

85%

CHoNHo
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MeOH HC1 Electrolysis
PhC(N ———————>  PhC=NH-HC? ———————>  PhCH)NH, 76%
I
dite HpSO4 H20

JACS (1935) 57 772

NH,0H-HC1
PRCN —>  Phiik, 20%
polyphosphoric acid JACS (1953) 75 2014

Amines may also be prepared by conversion of nitriles into amides followed
by hydrolysis or reduction. See section 88 (Amides from Nitriles) and
section 96 (Amines from Amides)

Section 104  Amines from Qlefins
B5600060000000000060

Ph

Ph
@ MeCHoNEL, hV OL(’ZHNEtZ e
> Me ’

Chem Comm (1969) 753

MeZNH paraformaldehyde

CHoNMe s 19%
H2$04 HOAc
Tetr Lett (1966) 6483

<;j:ii;rMe T NaBH; BFy-Etp0 diglyme K;:ii:Z—Me
- 45%
2 NHo0S03H NHy (trans)

JACS (1966) 88 2870
JOC (1967) 32 3199
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1 Hg(OAc), PhNH,
MeCH=CH, > MepCHNHPh 70%

2 NaBHy Tetr Lett (1967) 5165
(1969) 2289
Compt Rend (1966) C 262 1591

1 Hg(NOg)p MeCN NHAc NH2
— -
2 NaBH, NaOH H,0

JACS (1969) 91 5647

Me

Me
1 NaCN H,S0,; HOAc Hyp
224 > 58%
2 Hp0

Tetrahedron (1967) 23 3563
Org React (1969) 17 213

NHCOOMe NHCOOMe NH,
1 AgCNO  Ip Ety0 In  HOAC Acid
—> 1 _— ————
2 MeOH Et,0

JACS (1970) 92 1326

1 BuNHy PdClp NapHPO, THF
MeCH=CH, Me pCHNHBU

Y Proc Chem Soc (1961) 370
1 03 MeOH
C8H~|7CH=CH2 m CgH17CHoNH2 60%
2 M N3 JOC (1962) 27 2392

Amines may also be prepared by conversion of olefins into amides followed
by hydrolysis or reduction. See section 89 (Amides from Olefins) and
section 96 (Amines from Amides)
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Section 105  Amines from Miscellaneous Compounds

O0C0000000000000000000C000C000G000C00

LiAlHg Et0
ELCHNO, — —————>  EtCHNH 85%

Me Me JACS (1948) 70 3738
(1951) 73 1293

Pd cyclohexene
PrNO» —— PritH, 55%
EtZO JCS (1954) 3586

For reduction of nitro compounds with Hp and Pd-C see

Ber (1953) 86 939
Hp and Ni see

Org Synth (1955) Coll Vol 3 59
" >|| n 1 1 Ll Fe and HC'I see

Org Synth (1943) Coll Vol 2 160
Al-Hg see

JACS (1968) 90 3245

Section 105A Protection of Amines
TE600085B0TET600600C

Amine protecting groups which are generally applicable are included in this
section, For a review of the protection of amino acids and peptides see
Advances in Org Chem (1963) 3 159

HNMe CF3CONMe
OR (CF3C0),0 OR
e

Me 0 OR

JOC (1965) 30 1287
JACS (1953) 75 3473

M -
€T O07T0R yoco3 MeOH Ha0

HCOOH  Ac,0
NHpCHpCONHR  —————S—  HCONHCH,CONHR
e

HC1 MeOH

Chem Ind (1953) 107
Helv (1960) 43 1751
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l:::::]/NHZ C1CHa00CT J:::::]/NHCOCH2C1
—
NO 1 (NHg),CS EtOH  NO

2 2
2 Ho0 JACS (1968) 90 4508

Diketene EtgN EtOH
HC]-NHz?HCONHCHQCOOH > MeCOCHZCONHQHCONHCHchOH

i-Bu h

PANHNH,  HOAC 1-Bu
Tetr Lett (1965) 605

Further examples of the preparation and cleavage of acyl derivatives of
amines are included in section 82 (Amides from Amines) and section 96
(Amines from Amides)

0
Phthalic anhydride
PRCHZCHNH, — PhCH2CHN (Stable to acid)
COOH NoHz Hp0  EXOH §
COOH

JACS (1952) 74 3822
Rec Trav Chim (1960) 79 688

NH, Acz0 NAc,
(Stable to NBS)
ci R NaOH MeOH a R

Can J Chem (1955) 33 1819

CICODEt NaOH H,0
HN NH > HN NCOOEt
\__/ /

e

HCT  Hp0

JCS (1929) 39
JACS (1954) 76 1164
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C1CO0CH,Ph
PhNH» ———— PhNHCOOCH,Ph
R
HBr

JOC (1952) 17 1564

For the hydrogenolysis of benzyloxycarbonyl groups see
JACS (1957) 79 1636
and Org React (1953) 7 263
For the photolytic cleavage of benzyloxycarbonyl groups see
Tetr Lett (1962) 697

N3C00Bu-t EtsN EtOAc
HC1 + NHoCH,COOMe > t-BuOCONHCH,COOMe

HBr HOAc Helv (1959) 42 2622

JACS (1957) 79 4686

NHo C1C00CHCHy I NHCOOCH2CHpI
.
Me - Me

In  MeOH JCS (1965) 7136

C1CO0CH,CCT 5
———————————
NHy — NHCOOCHCC13

In  MeOH (Stable to acid, base and
Cr03)
Tetr Lett (1967) 2555

C1C00CHCH, Ts
PhNH, —_— PhNHCOOCH,CH, Ts
—~———

KOH EtOH
Proc Chem Soc (1962) 363



SECTION 105A PROTECTION OF AMINES 269

9-Flucrenylmethyl chloroformate
PhNH2 > PhNHCOOCH,

vN\aHC03 dioxane Hy0 .
Morpholine or NH3 @ @

JACS (1970) 92 5748

Bis-{8-quinolyl) carbonate
PhNH, > PhNHCOD

-~ N
cu?t MepCO Hp0 O

JACS (1962) 84 4899

(C6H]3)2NH ------- > (C6H]3)2NCH2Ph
e

Hp Pt HOAc (Stable to acid, base and RMgX)
JCS (1940) 1307
Org React (1953) 7 263
JACS (1950) 72 3410

+ =
PRCOCT  Pyr ﬁ‘ 1 Et30 BFg >L
N —mm> coph —m—mm CHoPh
- 2 NaBHg
3 NaOH

Hy Pd HC1 dioxane EtOH
Tetrahedron (1970) 26 803

Ph3CCl EtsN CHCI3

HC1 - NHpCHoCOOR Ph3CNHCH2COOR
~—_ (Stable to base)

HOAc Hp0
or Ho Pd EtOH

JACS (1956) 78 1359
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NHy 1 EtMgBr Eto0 J@:(N(sw%)2
ettt e B
Br 2 C1SiMeq Br (Stable to RL1i)

e

MeOH JCS C (1966) 1706

@[NHR TsCl  Pyr @NR
——
-

R HC1  HOAC R

JACS (1949) 71 1901
(1952) 74 2006
PhCOCH2S0,CT  Pyr  CHpC15
BUNH, > BUNHSO2CH,COPh
In HC1 HOAc (Stable to acid, base and Cr03)

Tetr Lett (1970) 345

CHaCHoCOOH CHaCHoCOOH
Pr NaNOp HBr Hq0 Pr
o ———————— e
NH CuCl HCT  Hy0 N
NO

JACS (1946) 68 146
(1957) 79 2215

CHo0R @CHO
0 MeQ

R
RN OR =7

e e “(
NHa HCT  MepCO N=CH@OMe

JACS (1956) 78 1393
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Chapter 8  PREPARATION
OF
ESTERS

Section 106  Esters from Acetylenes
cOo00 O0CCO0000OCOO00000

1 LiNHp dioxane Hy Pd
BuC=CH —————————>  BuC=CCO0Et  ~---- > BuCHpCHpCOOEE
2 (1C00et 25% Annalen (1958) 614 37

1 Na EtONa
C5H11C=CH  ———  CgHy1C=CC —_— CgHy1CHoCOOEL
2 TsCl

Annalen (1931) 16 309

N20  MeOH
CgHy1C=CH —_— CgH11CH2CO0Me 57%
250 JCS (1951) 3016
ﬁCOOK
HOAc Hg0 NCOOK
PhCZCH  ===m-ee-- > PhCH=CHOAc ————  PhCHCHy0Ac
BF3-Eto0

JOC (1965) 30 3985
JACS (1934)756 1802

2N



272 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 107

Section 107 Esters from Carboxylic Acids, Acid Halides and Anhzdr1des
0000000000000 00C00000C0000C0000000O0O000000C000000COCLO00

Alkylation and homologation of carboxylic acids . . . . . . . page 272
Esters by reaction of carboxylic acids (or acid halides)
with alcohols and phenols . . . . 273-276

Esters by reaction of carboxylic acids with halides and sulfonates 276-277
Esters by reaction of carboxylic acids with diazoalkanes and

other 0-alkylating agents ., , 277-279

Degradation of carboxylic acids and anhydrides to esters , . . ., 279

?OOH

(CH)4C00Me MeOH H»0
C5H11CO0H . C5H11(CH2)4C00Me 48%

electrolysis JCS (1950) 3326

Advances in Org Chem (1960) 1 1
coc CH2CO0Et

1 CHaNp Etp0
— 5 73-82%
2 Agy0 EtOH

Org React (1942) 1 38

+ -
coct 1 MepSOCH, THF CH,COOMe
e — 80%
2 hyY  MeOH

JACS (1964) 86 1640

NH2
MegCCHZOH 0 1 BulLi
CH3CO0H ——ree— CH3Cyy — BuCH,COOEt
2 BuBr

3 HpSOz EtOH
JACS (1970) 92 6644

Further methods for the alkylation and homologation of carboxylic acids
and esters are included in section 17 (Carboxylic Acids, Acid Halides
and Anhydrides from Carboxylic Acids and Acid Halides) and section 113
(Esters from Esters)



SECTION 107

<::::>>-coc1

t-BuCH,COOH

CgHy7CO0H

i-Pr

i-Pr

C12H25C00H

HO

HO
OH

EtOH HpSO4
—

COOH

ESTERS FROM CARBOXYLIC ACIDS, ACID HALIDES 273
AND ANHYDRIDES

o1 pyr
<::::>>-coo~—<::] 55%

JACS (1951) 73 5487

t-BuCH,COOEL 77%
JACS (1938) 60 2790

MeOH H»S0y
—_— CgHy7C00Me
molecular sieves Chem Ind (1968) 1568

(1967) 825

i-Py
COOH 1 HpS04 COOMe
— 81%
Pr-1 2 MeQH i-Pr Pr-i
JACS (1941) 63 2431

EtOH HC)

— C]2H25C00Et

Org Synth (1943) Coll Vol 2 292
(1932) Coll Vol 1 246

C1oHpsOH  TSOM HO C00C1 2Mz5
———— et e
xylene HO

OH

Rec Trav Chim (1951) 70 277
JACS (1945) 67 902
Acta Chem Scand (1959) 13 1407
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COOH  RoW  BF3-Et,0 COOR
— e, 75-81%
(R=Me, Et, 1-Pr)

Tetr Lett (1970) 4011
JCS (1965) 5770

PhOH  POC
3
CHaCOOH CHCOOPh

CH2COOH CH,CO0PH

62-67%
Org Synth (1963) Coll Vol 4 390 178

PhOH  P»05-Et50
PhCOOH _ 2 T PhCOOPh 90%
CHC13 Chem Ind (1964) 2102

PhCH20H  SOC1
PRCHCOOH  ————————  PRCHCOOCH,Ph 90%

NH2 NH2 JOC (1965) 30 3575
Annalen (1961) 640 136

MeCHCH2CH,COOH MeCHCHpCHoCOOMe

MeOH MeCOC1
—— 100%
HO HO

Org Synth (1955) Coll Vol 3 237

(CF3€0)20
Cy15H31C00H — C15H31C00CH2?H9H2
HOCHZCHCHz 00 Applicable to hindered acids
00 X
X

JCS (1965) 4594
JOC (1965) 30 927
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AND ANHYDRIDES

/[:::::]/COOH 1 TsCl Pyr COOEt
—_— 90%
W6 2 EtOH G,

2
JACS (1955) _7_7_ 6214
OMe OMe
COOH 7 C1co0EE Etgh Ety0 Co0Me
OMe 2 MeOH ] OMe

Rev Roumaine Chim (1966) 11 1237
(Chem Abs 66 65249)
JACS (1958) 80 5714

(1969) 91 3931

COOH 0w nec MeOH DCC Et0 CooMe
15%
HO

Tetrahedron (1965) 21 3531
Compt Rend (1963) 256 1804
(1962) 255 945

MeOH NN'-carbonyldiimidazole
PhCH=CHCOOH PhCH=CHCOOMe 83%

MeONa Ber (1962) 95 1284
JCS C (19697 1610
me Me
CHpOCONHCHCOOH CHgOCONHCHCOOCHg
HOCH2<C:>*C12H25
83%
HC(OCHzBU t 2NM€2
CHyC1
0C] 2Hp5 2v'2 0C72Hps CraHas

Helv (1965) 48 1746
JACS (1969) 91 5674
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EtOH MeyC(OMe)p
(PhO) ,CHCOOH »  (PhO),CHCOOEL

Bull Soc Chim Fr (1964) 381
JOC (1959) 24 261

Further examples of the reaction RCOOH + ROH —» RCOOR are included in
section 108 (Esters from Alcohols and Phenols) and section 30A (Protection
of Carboxylic Acids)

MeCHCOOH MeCHCOOMe
Mel NaHCO DMA g
914
HO H JOC (1968) 33 2143
OH Jy

C00Na C00CHPh

PhCHoC1  EtOH

———— i
COONa CO0CHoPh

J Med Chem (1967) 10 706

COONa C00CPh
Ph4CBr CgHg 3
Me Me

JOC (1962) 27 3595
JCS C (1966) 1191

J:::::]’CH2C°°H EtpSO NapCO3 DMF /[:::::[CHzcooﬁt
> 88%
) N

2 2
{Applicable to hindered acids)

Monatsh (1968) 99 103
Helv (1943) 26 7283




SECTION 107 ESTERS FROM CARBOXYLIC ACIDS, ACID HALIDES
AND ANHYDRIDES

CH=CHCOOH  Et,S04 N-ethyldicyclo- CH=CHCOOEL

: d

hexylamine Me,CO
OH OH

277

92%

(Applicable to hindered acids)

JOC (1964) 29 2490
JACS (1969) 91 3544

CgHyaCl  EtaN
PhCOOH ~———————  PhC00CgH;3

xylene JOC (1961) 26 5180
T NaOH  Hy0 Mel Ety0
CH2=?CH2CO0H ———— (Hp= CCHZCOOAQ > (Hp= CCHZCOOM&
Me 2 AgNO3 Me Me

JACS (1949) 71 3214
(1951) 73 5487
(1952) 74 3944

BuQSOCt  CgHg
Bu3CCOONa ~ ~————————>  Bu3CCO0BuU
JACS (1947) 69 1046

[::::COOH HC(0EL) 5 [::::COOEt
—ei
COOH COOEt (Applicable to hindered acids)

Chem Ind (1965) 349

COOH C00Bu
0K (3u0)8 OH
HO —_ Ho
OH O Zh Obshch Khim (1967) 37 1481
COOH C00Bu (Chem Abs 68 22157)

Me,NCH(OR)2 CgHs
PhCOOH > PhCOOR (R=Me, Et, CHpPh)

Helv (1965) 48 1746

47%

47%

82%

89%

98%

80-95%
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Et Et
+ -
COOH 1 peqn o COOMe
_— 63-90%
Et £t 2 200-250° Et Et

JACS (1939) 61 1290
Z Physiol Chem (1936) 244 56

+ -
COOH  Me,SocH, MepsO Coore
A Catrl 69%
NG NG2

2
Tetr Lett (1964) 867

MepC=CHp H2S04
CHp{COOH)y o CHo(CO0Bu-t)2 58-60%

Org Synth (1963) Coll Vol 4 261
JOC (1963) 28 1251

+ -
Et30 BFg NaHCO3 H20
PhCONHCH,COOH — PhCONHCH,COOEt 82%

Tetr Lett (1969) 1819
Ber (1956) 89 209 2060

wCOOEt
(Et0)3P NCOOEt Eto0
PhCOOH PhCOOEt 95%
Bull Chem Soc Jap (1967) 40 2380
CHaNp  Et20

PhCOOH —_— PhCOOMe
JACS (1954) 76 4481
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PhoCNp Et20
PhCOOH —_—_— PhCOOCHPho 100%

Org Synth (1955) Coll Vol 3 351

For preparation of CHpNp see Org Synth (1943) Coll Vol 2 165
and Org React (1942) 1 50

" " " MegCNy and PrpCNy  see JCS C (1966) 467
f " " PhCHN2 " JACS (1964) 86 658
" W " anthryldiazomethane " Bull Chem Soc Jap (1967} 40 691

1 Pb(0Ac)gq tetrachloroethane
C15H31COOH — C15H31C00C 5H3y 54%
2 1y

JOC (1963) 28 65

Hg0 1, BrCHyCHpBr

(PrCHgCO)ZO PrCHoCO0CHoPY 50%

JOC (1970) 35 3167
m-Chloroperbenzoic acid COOCHBu
BuCHCOC? — ! ~T3%
ét Pyr hexane Et
a1
JOC (1965) 30 3760
JACS (1950) 72 67
Electrolysis HOAc
PhoCHCOOH PhoCHOAC 37%

JCs (1952) 3624
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Section 108 Esters from Alcohols and Phenols

500000000000 0000000C00C0000B0000

Orthoester Claisen rearrangement of allylic alcohols . . . page 280
Esters by reaction of alcohols with carboxylic acids,

anhydrides and acid halides . . . . . 280-283
Preparation of formate esters of alcohols . . . . . .. . ... 283-284
Miscellaneous methods . . . . . . . e e e e e e e e e e 284-286
Oxidation of alcohols to esters . . . . . . . . . . . . .. .. 286

(CHp)2COOEL
/[: MeC(OEt)3 J/
CH2=§(CH2)ZCH=§(CH2)2 Q0 ——————> CH2=?(CH2)2CH=?(CH2)Z >91%
Me Me ECODH Me Me

JACS (1970) 92 741
Chem Comm (1970) 1512 1513

?H ?H
CgH17CH-CH(CH2)7COOH OH OH
CgH130H > (CgHy7CH-CH(CH2)7C00CgH] 3
naphthalene-2-sulfonic acid

JACS (1945) 67 902
Rec Trav Chim (1951) 70 277

@on Me@ coct @coo @
———— e
Me Me Me

Annalen (1969) 726 216

OH DAc

Acp0  AcOH
_—

JCS C (1969) 2115

Acy0  NaDAc
/o\ CHoOH > Z/ ; \XCHZOAC 87-33%

Org Synth (1941) Coll Vol 1 285
JOC (1965) 30 3480



SECTION 108

ESTERS FROM ALCOHOLS AND PHENOLS

281

Ph Ph
OH (EtCO)20 Pyr EtC00
— 60%
NMeo NMeo
J Med Chem (1970) 13 125
OH 0Ac
Acp0  HpSO4
——e—— 96-98%
OH 0Ac
Org Synth (1955) Coll Vol 3 452
0 0
HO AcO.
Acg0 HC104
Et0AC \
AcO JOC (1966) 31 324
e Phthalic anhydride Et3N COOCPh
Ph?OH —»
Et COOH
JCS (1957) 3148
e {O }NMe Me
OH Acp0  EtgN 2
O’ OAc 861
Angew (1969) §_1_ 001
(Internat Ed 8 9
EtCOCY PhNMeZ Et,0
t-BuOH EtCO0Bu-t

JACS (1943) 65 986
Helv (1944) 27 513
JCS (1952) 4883
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MeCOC1 tetramethylurea
t-BuOH > t-BuOAc 50-60%

Et20 Tetr Lett (1967) 3267

1 BuLi THF
Et30H —————>  PhCOOCEt3 944%

2 PheoC Joc (1970) 35 1198
Esters from alcohols, Ph3CNa and (RCO),0 JOC (1963) 28 582

" " n EtMgBr " " JACS (1936) 58 1384
JCS (1963) 3578
" " " K " " JACS (1961) §_:’_’_423
" " u Cacz " " Monatsh (1966) 97 62
" " " Mg and RCOC1  Org Synth (1955) Coll Vol 3 144
u 1 n NaH 1 " Chem Comm (1967) 259
3,5-Dinitrobenzoic acid NO2 C00C1 2Mzs
C12H250H > 82
TsCl1  Pyr
NOZ

(Applicable to hindered alcohols)

JACS (1955) 77 6214
(1963) 85 2446

PhCOOH  (CF3C0)20
PhOH »  PhCOOPh 70%

(Applicable to hindered alcohols and phenols)
Tetrahedron (1965) 21 3531
Tetr Lett (1964) 1285
JCS (1965) 4594
For selective esterification of 2ry-OH in the presence of lry-0H

see JOC (1961) 26 177

00C
:I[;jI:COOCOOEt \“;3333\ :]I:;;:ﬂ::

H
NaOH CHC3 Hy0

-

JACS (1969) 91 3931
(1958) 80 5714
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PhCOOH DCC  Et,0
PhOH PhCOOPh

Tetrahedron (1965) 21 3531
Compt Rend (1963) 256 1804

(1962) 255 945

PhCOOH N,N'-carbonyl diimidazole
PhCH,0H >  PhCOOCH,Ph 89%

Ber (1962) 95 1284
JCS C (1969) 1610

Further examplies of the reaction ROH + RCOOH -—» RCOOR are included in
section 107 (Esters from Carboxylic Acids, Acid Halides and Anhydrides)
and section 454 (Protection of Alcohols and Phenols)

OH  MeCHCHoCH,COOMe

0
HCOOH \\\\\\\
— 9%
How" HCOO™
JACS (1954) 76 4915
(1945) 67 740
OH HCOOH HCOO
Me2C=CH(CH2)2?=CH(CH2)2?CH=CH2 —_— Me2C=CH(CH2)29=CH(CH2)2?0H=CH2
Me Me Acz0 Me Me
Bull Soc Chim Fr (1965) 484
Rec Trav Chim (1964) 83 1287 1294
OH HCOO
TsC1-DMF
—_— 79%
0 Chem Comm (1965) 413

JACS (1958) 80 2906
Coll Czech (1961) 26 1723
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HCOF EtaN Etp0
CgH170H  ————————— > HCOOCgH17 73%

JACS (1960) 82 2380

Me
|
HOCH,COO0CH, e PhCHpOCONHCHCOOCH,COOCH
Me Me PhCHZOCONHCHCOO©-N02 Me Me
Me Me  Imidazole . Me Me
Me Me

Chem Ind (1967) 1960

COoMe
CO0Bu~t
t-BuOH CooMe t-BuOK
molecular sieves Cete
CO0Bu-t

Chem Ind (1966) 1622

EtOAc MeQNa
Me (CHp) 7CH=CH(CHp)7CHaOH ~ ~————————>  Me(CH,);CH=CH(CHp);CHZ0AC

Lipids (1967) 2 437
JACS (1956) 78 6347

OH OH

g (1O
—_— 78%
TsOH
HO AcO

JACS (1956) 78 6322



SECTION 108 ESTERS FROM ALCOHOLS AND PHENOLS 285

ve
; PR CHp=COAc  TsOH \ Ph
H —— s OAc 59%

J Med Chem (1969) 12 563

+ -
MeCO SbFg  MeCN
EtOH — ——»  EtDAc (Applicable to hindered alcohols)

JACS (1962) 84 2733
Gazz (1967) 97 442
(Chem Abs 67 117049)

OH OAc
CHp=CO  CgH
T 66 954
N N

| )
Me Me
(Applicable to hindered alcohols)
J Med Chem (1969) 12 432
JOC (1968) 33 3695

For preparation of CHp=CO see Org React (1946) 3 108
€00,
MegC\COO,C=CMe2 KoCO3
t-BuOH Me,CHCOOBU-t 95%

Angew (1963) 75 841

(Internat Ed 2 608)

Me

i
e NAc

on MeN ' OAc
@ 0 MeCN @ ot
HOCH» HOCH,

JACS (1969) 91 2162




286 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 108

E;;TOAC

BuOH BuOAc 93%
Bull Chem Soc Jap (1964) éz 864
Chem Ind (1965) 1498
Cgti7
(ELCO),NH  HBr
—_ 85%
HO toluene E£C00 X

Roczniki Chem (1952) 26 692
{Chem Abs 49 2464)

CgHy7

BU4NOAC
>
MEZCO ACO“‘\

JCS (1969) 1605

t-Butylhypochlorite CC14
-PrCH,CHo0H > 1-PrCH,C00CH,CHpPr -1 89%

Helv (1953) 36 1763

NagCroO7  HpSOz Hp0
PrCHo0H —> PrCOOCH,Pr 41-47%

Org Synth (1941) Coll Vol 1 138
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Section 109 Esters from Aldehydes
PECEEEEEREEEEEEEEEREE

PhCOD
CHo 4 1 PhCOCT NaCh CHCOOEE s CHCOOEE
69%
2 EtOH HCI NapCO3 A
R EOH R
JOC (1949) 14 1013
e NaCN  Mn0; e
MeC=CH(CHp)pC=CHCHO ~—————=  MepC=CH(CHp),C=CHCOOMe
HOAc MeOH

(Applicable to unsaturated and aromatic aldehydes only)
JACS (1968) 20 5616
Ber (1970) 103 3774

MeCOOoH HpS04
PrCHO ~-» PPCH(OEt)z —————>  Pr{00Et

JOC (1960) 25 1699

MeOH (NHgq)2S,0g HoSO
PhCHO 2 4 PhCOQMe 100%

JoC (1968) 33 2525

-0 hy  Me,CO
C7H15CHO  -->  C7Hys5CH —————>  (7H15C00Et
1 T t-BuOH '

Tetr Lett (1963) 2189

1.80,C1p CHaClp EtOH
C5Hy1CHyCHO > C5H11?HCH0 —————  CgHy1CH2CO00E
2 Nal Me,yCO 1 Ag+ Et,0

Tetr Lett (1968) 4415
JACS (1954) 76 2695
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NaN3 HCT EtOH
PRCHCHO  ~————————>  PhCHCOOEY

Me Me JACS (1954) 76 4564

AT(0Et)
PrCHO ——— PrCOOCHPr
JACS (1947) 69 2605

NaH C6H6
PhCHO —————  PhCOOCH,Ph

JACS (1946) 68 2647

For examples of the reaction RCHO —» HCOOR see page 84 (Section 34,
Alcohols and Phenols from Aldehydes)

Esters may also be prepared by oxidation of aldehydes to carboxylic acids
followed by esterification. See section 19 (Carboxylic Acids and Acid
Halides from Aldehydes)

Section 110  Esters from Alkyls, Methylenes and Ar¥1s
000000 0COS0000C0OCVQCOO00000000C00Q000 El
No examples of the reaction RR —» RCOOR' or R'COOR (R=alkyl, aryl etc.)

occur in the literature. For the reaction RH — RCOOR' or R'COOR see
section 116 {Esters from Hydrides)

110

51%

81%

92%
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Section 111 Esters from Amides
006000600000 000000

MeOH BF3
PRCONH, ~ ~————>  PhCOOMe 100%

105° Chem Comm (1969) 414

Me Me

COMMZ  cron Hel COOE®
O A O ot
N

N
JOC (1960) 25 560
Arch Pharm (1957) 290 218
JOC (1970) 35 125

CgH17Br H20

PhCONH, ~ ————————>  PhCOOCgH;; 79%
170° JOC (1969) 34 3204
1 HNO3 Acp0

MeCONHBu ~ ~———————>  MeCOOBU 75%
2 CC]4 77° JACS (1955) 77 6011

JOC (1969) 34 3834

NO» CONHBu 1 NaNO, Acy0 NO2 C00Bu

83%
2 Hexane reflux
NO2 NO»
JACS (1955) 77 6008 6011
(1954) 76 4497
Tetr Lett (1965) 2627

C13H27
1 Pb(OAc)y I
CpHgsCONly  ——— s C14”29
hV C6H5
2 NaHSO3 HZO 60% ]77

JCS (1965) 181
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Section 112  Esters from Amines

C00000000000000C00

Acg0 HOAc 1 NaNOp Acy0
BuNHZ -————  BuNHA¢ ——————— BuOAc 83%
2 Hexane reflux
JACS (1955) 77 6008 6011
(1954) 76 4497
JOC (1969) 34 3834
Chem Pharm Bull (1960) 8 266

NHo 0Ac
NaNO, HOAc
—_— \\\\\ + rearranged
acetate
18% 35%
COOMe Tetr Lett (1968) 5145
Tetrahedron (1970} 26 147
+ -
NH, 1 HNO, Ny BFg4 HOAC 0Ac
— ——
2 HBFy
Br Br Br
JACS (1939) 61 143
(1933) 55 4954
p-Chlorobenzenediazonium 3,5-Dinitro~
BuNH» »  BuN=NNH ——————— CO0Bu
hexafluorophosphate DMF benzoic acid
NO2 NO,
1 63%
Tetr Lett (1961) 758
CHyNMes Ac,0 CHy0AC
e
Me 100° Me

Bull Soc Chim Fr (1914) 15 162
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Section 113  Esters from Esters
T060830000000000060

Alkylation and homologation of esters . . . . . « « . . . . page 291
Ester exchange « . « « « v v v v e e e e e e e e e 292
Epimerization of esters + + + « « « « v v 0 0o 00w ... 293
Esters of monobasic acids from malonate esters . . . . . . . . 293
BuBr NaH
PhCH,C00Bu-t —_— Ph?HCOOBu-t
monog1yme Bu JOC (1965) 30 2937

(1964) 29 2990

) PhzCNa Et»0
Me,CHCOOEL — Me,CCOOEL
2 Etl

et JACS (1940) _6_2_ 2457
1 NaNHz NH3
MeCH,C00Bu-t —_— MeCHCOOBu-t
2 PhBr Ph
JACS (1959) §l 1627
ve
i-Pr(CH2)3CHCH=CH2
Cy6H33CH2CO0OMe - - C15H33§H000Me
di-t~butyl peroxide i-Pr(CH2)3§H(CH2)2

Me

291

66%

58%

38%

42%

J Amer 0il Chem Soc (1968) 45 453

(Chem Abs 70 3210)

+ -
O,cooph 1 MepSOCH, THE OCHZCOOME
—_———
2 hy MeOH

JACS (1964) 86 1640

Further examples of the alkylation and homologation of carboxylic acids

and esters are included in section 17 (Carboxylic Acids, Acid Halides
and Anhydrides from Carboxylic Acids and Acid Halides) and section 107
(Esters from Carboxylic Acids, Acid Halides and Anhydrides)
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CO0Me CO0Bu-t
t-BuOK molecular sieves
t-BUOH CgHg
CO0Me CO0Bu-t
Chem Ind (1966) 1622
Ion exch resin (basic)
Cy7H35C00ET — Cy7H35C00Me

MeOH

CHp=CHCOOMe

HBr Et,0
RCOOBu e RCOOEt
MeOH
PhCOOBu-t —————3»  PhCOOMe
reflux

. C00Me
Cl

C1oH210H  H2S04
e e

PhCHoNMe,  170°
———

JOC (1969) 34 2032

CH2=CHCOOC gHp1
JACS (1944) 66 1203

SECTION 113

> 90%

80-90%

83%

Org Synth (1955) Coll Vol 3 146 605

J Pharm Sci (1969) 58 949

JACS (1941) 63 3382

COOCHoPh
c1

JACS (1952) 74 547

62%

65%
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0Ac Ac

mo

HgBr, hv
——

-—— e

Me

Me JACS (1970) 92 1094

470°

———

PhCH(COOEt)2 PRCH»COOE

36%
JOC (1964) 29 1249

NaCN  Me,SO
EtCH(COOEL),

————

EtCH,COOEE

80%
Tetr Lett (1967) 215

Section 114  Esters from Ethers
T 06000000000080008

0000

03 Freon 11
PhCH0Bu-t

———

- Oﬂ

> PhCOOBU-t  jucs (1968) 90 6777 62%

Annalen (1929) 476 233
Trichloroisocyanuric acid Hy0
PrCH20Bu PrCOOBu 100%
Tetr Lett (1968) 5819
RuOs CCly
PrCH,0Bu PrCOOBu 100%

JACS (1958) 80 6682
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Cr03 HOAc CHpClo ( )
RCHo0Cy5H » RCOOCqygH 48% (R=H
2Yb15n3] 15037 9% (R=Me)
Chem Comm (1966) 752
AcO AcO
0Ac 0Ac
PhCH,0 CrOg  HOAC PhC00
0Ac — 0Ac
0 0
OAc 0Ac
Carbohydrate Res (1970) 12 147
PAC12(Ph3P)2
CH2=CH(CH2)3CH=CHCH20Ph —_— CHp=CH{CHp ) 3CH=CHCHo0AC
HOAc
Chem Comm (1970) 1392
C17H35C00CH2 C15H37C0CT  AgCl0g  MeCN €17H35C00CH?
C17H35C009H C17H35000§H
Ph3COCH, C15H37C00CH2
Ber (1961) 94 812
JcS (1950) 1992
TsOAc
Bup0  —————>  BulAc
JACS (1968) 90 3878
CgHy7
BF3-Ety0 O:}
——
Ac,0
MeO c2 AcO

JOC (1965) 30 1734
Chem Rev (1554) 54 615

SECTION 114

50%

70%

50%

93%
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HOAc TsOH
BuOBu-t BuGAc Tetr Lett (1970) 4269 4%
Section 115 Esters from Halides and Sulfonates
BTOC000000000000650C00000C000000600000
T Mg Ety0 Hp PtOp
PrBr PrC=CHCHZCOOEt —_— PrCHCHZCHZCOOEt
2 MeCOCHpCHpCO0EL EtOH Ve
Cotg
3 50012 JACS (1944) 66 1764
4 185-195° -
1 Mg Et20
BuBr ————— BuCHCH,CO0Bu-s ~60%
2 MeCH=CHCOOBu-s l\lfle
Org Synth (1961) 41 60
1 Mg THF
PhBr —_— PhCH,COOEt 53%
2 CcdCl1y
3 BrCH,COOEt JoC (1968) 33 1675
1 L1 Ety0
PhBr —_— PhCH,COOE 51%
2 CuBr

3 NpCHCOOEt

gr 1 Li Ety0

BH
Me 2 p52$ MeSOH
3 BrCHyCOOEt  t-BuOK
t-BuOH

Chem Comm (1969) 515

CHoCOOEL
73%
Me

JACS (1969) 91 4304
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me
EtCHCOOEt NaH e
BuBr  ————— = BuCCOOEt 38%
diglyme ét
JOC (1964) 22 2990

Further examples of the alkylation of esters with halides are included
in section 113 (Esters from Esters)

CH3COOEt NaNHp NH3
PhBr > PhCH,COOEY 42%

JACS (1959) 81 1627

CHo (COOEL) NaCN  MepSO
2 QR >  EtCH(COOEt)p ——————>  EtCHpCOOEt

Tetr Lett (1967) 215

MeCOCHoCOOEL EtONa
CypH21Br ——————  (CjQH2]CHCOOEt ——>  CjQH27CH2CO0EL 84%
EtONa EtGOH MeéO H

JOC (1962) 27 622

COOEt

1M Ety0 o
2 (££0),00 )

Org Synth (1943) Coll Vol 2 282

O,m 1 Mg Et,0 Oc(oat)a Acid Ocoou—
—_—— —_—————
2 C(OEt)y

Ber (1905) 38 561



SECTION 115

1 Mg Ety0
PhBr —_—

2 CICOOEt

PhCOOEt

Ni(C0), t-BuOK

ESTERS FROM HALIDES AND SULFONATES 297

75%
Ber (1903) 36 3087

CoH 51 > C7H15C00Bu-t 66%
t-BulH JACS (1969) 91 1233
(1963) 85 2779
Ni(C0)q MeONa
RBr  ——————  RCOOMe 88% (R=Ph)
MeOH 95% (R= PhCH=CH)
JACS (1969) 91 1233
/[:::::[CH2C7 NaOAc  HOAC /[:::::ICHzoAC
e Y
NO, NOZ
Org Synth (1955) Coll Vol 3 650
Ber (1956) 89 1732
CH,OMs CHy0AC
HO OOMe  NaOAc DMF HO 0 gMe
NHCOPh —_— NHCOPh
NHCOPh NHCOPh

<<::>—CO0Ag

B ———————————

o

Ber (1970) 103 37

Oy

JACS (1951) 73 5487
(1949) 71 3214
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Me COOMe Me CO0Me

AgOAc HOAc
———e
0 Br 0 0Ac

Tetrahedron (1968) 24 5421
Ber (1964) 97 443

Me©, C1 MegNOAc  MeoCO Me OOAC
e e e e P

JACS (1955) 77 4042
(1967) 89 2758

CgH17
BughOAc  Me,CO i
———————

AcOv
JCS C (1969) 1605

Ts0
Br pheoocy PhCO
—_—
Me 140-160° Me
JACS (1966) ﬁ 4521

MeC002H HOAc xylene
Bul » BuDAc

JOC (1969) 34 3974

76%

79%

78%
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Section 116  Esters from Hydrides (RH

OD000C000C000000O00000CO0O0000
This section contains examples of the reaction RH — RCOOR' or R'COOR
(R=alkyl, allyl, vinyl, aryl etc.) and ArH — Ar-X-COOR (X=alkyl chain)

Me
{

CHp=CH(CHp)2C00Et ATCT4 CH(CH) ,CO0EL

81%

Me Me
JoC (1953) 18 1499
Tetrahedron (1967) 23 2481

CICHpCHpCO0EL ATCT3
PhH > PhCHpCHaCOOEt 68%

Dokl (1945) 50 257
(Chem Abs 43 4638)

C1C00Ph  AlCT4

PhH -_— PhCOOPh %
co0 JoC (1957) 22 325 64

Electrolysis CO (70 kg/cm?)
PhCH=CH2 PhCH=CHCOOMe

MeONa MeOH
Bull Chem Soc Jap (1965) 38 2122
JACS (1965) 87 3525

1 PdC)
PhCH=CH, 2 > PhCH=CHCOOMe %

2 C0 EtsN MeOH JOC (1969) 34 738

@ PhLi  Et,0 @ CO(0Et), @
-, = .
T N~ CHoLi R~ CHpC00et  44%

JACS (1953) 75 3843
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CICO0EL hy COOEt
et 15%

Bull Chem Soc Jap (1966) 39 2463

Pb(0Ac), hV [::::]/OAC
—_—— e 24%
HOAc

Nature (1966) 209 395

O Diisopropyl peroxydicarbonate OOCOOPr-i

JCS (1965) 1932

CgHyy CgHyy
PhCO0,Bu-t
—
PhCO0 CeMe PhCOO 00CPh

Proc Chem Soc (1962) 63
JACS (1958) 80 756

0Ac

— 65%
3,3,5-trimethylhexancate

MeC00,Bu-t cupric

JACS (1962) 84 4969 774

Hg(0Ac)o HOAc OAc

—_—_—

Annalen (1953) 581 59
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[:::::] Se0, Acy0 [:::::]/OAC
s —

Tetrahedron (1964) 20 1017
Org React (1949) 5 331

Pd(0Ac),
ELCHSCHCHy  ———">  EXCHCHeCH,

OAc
JACS (1966) 88 2054

Electrolysis EtyNTs
C5Hy1CHoCH=CHy — C5H11CHCH=CHa
HOAc Ohc

Tetr Lett (1968) 6207

Di-t-butyl peroxide
PhCH3 » RCOOCH,Ph (R=Ph, Me)
(PhCOO0),Cu  RCOOH

Proc Chem Soc (1962) 63

CH3  Ce(NHg),(NO3)g HOAC ’[:::::ICHZOAC g
0%
Me Me

JOC (1966) 31 2033

[:::::],cHg Pb(OAc)4 HOAC [:::::J/CHzoAc . [EEEEEchzs
OAc

JACS (1968) 90 1082

Diisopropyl peroxydicarbonate [::::J:OCOOPr
. 86%

JOC (1969) 34 3302
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Me Benzoyl peroxide
I2

Me
PhC0O

Section 117  Esters from Ketones
TCC000C000000000000

Ni(CO)4 co
Ph2C0 m—— PhoCNo —_—
EtOH
NoHgq EtOH
PhCQ  —————  PhoC=NNHp
Ph3SnH MeCOC1 CgH
PhCQOMe 678
Me
Brg ?r MeONa
Et$HCOPr — Et?COPr —_—
Me e Etp0
Clp EtONa
PhoCHCOMe --=>  PhpCCOMe —_—
é] EtOH

Bull Chem Soc Jap (1969) 42 2733
Rec Trav Chim (1927) 46 54

PhpCHCOOE

Ber (1960) 93 1840

Pb(0Ac)y CHpClp

> PhyCHOAC

JCS C (1970) 1033

Ph?HOAc

JACS (1966) 88 1833 4970

Er
EtCCOOMe
|

Me
JACS (1942) 64 300
Org React (1960) 11 261

PhoCHCH2COOEt

Org React (1960) 11 261

117

74%

43%

100%

<34%
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COMe COOMe
KOC1  MeCOH

—_— 80%

OMe OMe
JACS (1944) 66 208

@@ COMe 4 5_prcHy0ND  HeT @@ CoOMe
2 NaOH MepS04 Hp0

Compt Rend (1942) 214 113

Ho0p  (CF3C0)20
Bt 00—t 3T pycooet 78%

NapHPOs  CHpCls JACS (1955) 77 2287

HOOCCH=CHCO,0H
i~PrCH,COMe ————p i-PrCH,0AC 72%
2 CHoC1 2
2-'2 Tetrahedron (1962) 17 31

COMe phcooyH  CHCT4 OAc
—— 67%

JACS (1949) 71 14
Org React (1957) 9 73
For use of m-chloroperbenzoic acid see JACS (1967) 89 4530
and JOC (1964) 29 2914

Ho0p BF3-Et)0
CgHy3COMe —_— CeH130Ac 62%

JOC (1962) 27 24
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O0H

i
(CF3) COH  CHoClyp
CsHy1COMe z CgH110Ac 81%

PhNO, Tetr Lett (1970} 2741

Esters may also be prepared by conversion of ketones into carboxylic acids
followed by esterification. See section 27 (Carboxylic Acids from Ketones)

Section 118  Esters from Nitriles
5 E000000000000000G0 0

C7H150H  TsOH
PhCH O —————— PhCH,CO0CHHy 5 70%

JOC (1958) 23 122§
(1960) 25 560

EtOH Ho0 HySO4
PhCH,CN —_— PhCH,COOEL 83-87%

Org Synth (1941} Coll Vol 1 270

HOCH,CH2OH
PhCHpCN  —————»  PhCH,CO0CHCHoOH

JCS (1963) 2417

Ph3P=CHCOOEt CgHg
CH,=CHCN CHp=CHCOOEL

Tetr Lett (1967) 2407

Esters may also be prepared by hydrolysis of nitriles to carboxylic acids
followed by esterification. See section 28 (Carboxylic Acids from Nitriles)



SECTION 119 ESTERS FROM OLEFINS 305

Section 119  Esters from Qlefins

000000000 0D00C00C00000

! Ballg THF iii:i;7—CH2COOEt
2 BrCH,CO0Et THF 75%

potassium di-t-butylphenoxide

JACS (1969) 91 6855 2146
(1968) 90 818 1911

1 BpHg THF
BuCH=CHy =~ —————  Bu(CHp)3CO0Et 83%

2 NCHCOOEE JACS (1968) 90 6891

1 BpHg THF
CSH]]CH=CH2 —————:——-————> C5H]](CH2)3COOEt 45%
2 MepSCHCOOEY JACS (1967) 89 6804

- orgeoo )
CgH13CH=CHz —» C5H13(CH2)3C00-<i::::> 59%

di-t-butyl peroxide
JCS (1965) 1918

Ni(CO)g EHOH
WoRe o 72
COOE*

JCS (1963) 410

0 Co i-PrOH C00Pr-1

—_— 12%

JACS (1952) 74 4496
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CO HoPtClg-SnClo
Cq2H25CH=CHp Cy2H25(CHp ) 2C00Me 65%

MeOH
JOC (1970) 35 2846

Me

|
@CH:CHZ CO (Ph3P)pPdClp OCHCOOMe
MeOH

Angew (1968) 80 352

(Internat Ed 7 329)

HCOOH  HC104 HCO0
_— 69%

JACS (1953) 75 6212
Org Synth (1965) 45 74

Me

[:::::[Me HOAC  hv [::::j/OAC
——— -

JACS (1967) 89 5199

COOEt 103 EtOH COOEt

1 |
(CHp) gCH=CHy ~—>  (CHp)8COOEt 50%
2 EtOH 150-155°

Can J Chem (1965) 43 319

Esters may also be prepared by conversion of olefins into carboxylic acids
or alcohols followed by esterification. See section 29 (Carboxylic Acids
from Olefins) and section 44 (Alcohols from Olefins)
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Section 120 Esters from Miscellaneous Compounds
o o000 o

EEEEEE CC0000CC )

CH=CHCOOEt Hy Pd-SrC03 CHoCH2COOEL
———r e
MeOH
OMe OMe
JCS (1936) 192
JACS (1962) 84 4951
Hp (Ph3P)3RnC1
PhCH=CHCOOCH,Ph _ PhCH2CHoCO0CH,Ph 65%

Compt Rend (1966) 263 251

Ph3SnH hY  MeOH
Me,C=CHCOOEt e MepCHCH2COO0EL 40%

Tetr Lett (1967) 4805

NCOOK
NCOOK Pyr HOAc
PhCH=CHCOOMe PhCH,CH,COOMe 96%
JOC (1965) 30 3985
ﬁCOOK
NCOOK dioxane HOAc
PhCH=CHOAC - PhCH,CH,0Ac 50%

JOC (1965) 30 3985

OAc

]
@CHCOOMG Hp Pd HpSOg @,CH_gCOOMe
R A
MeO HOAc MeO

Ber (1941) 74B 315
Org React (1953) 7 263
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Mg i-PrOH
C1CH2CO0PY -1 — MeCOOPY-1i 63%
Proc Chem Soc (1963) 219
1 PhiNHy NaCN Qe
PhCH=CHCHO m———————»  PhCHyCHpC=NPh ---2> PhCHpCH2COOMe
2 NaOH MeOH

Chem Comm (1967) 1290
Chem Ind (1967) 583
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Chapter 9 PREPARATION
OF
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AND EPOXIDES

Section 121 Ethers and Epoxides from Acetylenes
C000C00000CO000C0000000Q00000CC0000CG000C

No examples

Section 122  Ethers from Carboxylic Acids
000000 ) FEEEEEEEEE

Co0te Electrolysis MeO(CHp),COOH C0OMe
CHyCHCH2COOH > CHoCHCHp(CHp) 0Me
Ve MeONa MeOH &e

JCS (1956) 1620
Advances in Org Chem (1960) 11

Electrolysis
R
MeONa MeOH
COOH OMe

JOC (1962) 27 4689
(1960) 25 136
JACS (1960) 82 2645

309
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Section 123

SECTION 123

Ethers from Alcohols and Phenols

0000000 00000000000000G000G0000CG0

Ethers from alcohols . . . . . . . . .

Ethers from phenols
Cyclic ethers from alcohols and diols

For the preparation of allyl,

..........

............. 312-315
............. 315-316

.........

t-butyl, methoxymethyl,

page 310-312

tetrahydropyranyl

and triphenylmethyl ethers see section 45A {Protection of Alcohols and

Phenols)

COOEt

’ ?OOEt
MeCHOH

MeCHOEt

Agp0 Etl

—

CHoOH

0 OH  Mel Ag,0  DMF
OH ——— >
HO

NHAC

Ba0 DMSO

0! Mel
HO —————
0 0

0 0
OMe OMe
OF ) 1 Naw OWF OBu
HO — s BWO
0 2 Bul 0
Ph Ph
0 0

JACS (1932) 54 3732
JCS (1959) 2594

CHaOMe

0\ OMe
oM
Me0 ¢

NHAC

Angew (1955) 67 32
JCS € (1969) 2372
Can J Chem (1963) 41 1801

0
Me0 59%

S

JCS (1967) 2681

97%

Carbohydrate Res (1966)

2
Can J Chem (1966) 44 159T



SECTION 123

ETHERS FROM ALCOHOLS AND PHENOLS

3N

Mel NaH
’ e ] l 91%
0~ CHyOH MeOCHoCHo0Me 0" CHp0Me
Can J Chem (1966) 44 1591
1 RMgBr HMPA
L e — MepCOE 40%
£t 2 EtBr £t
Compt Rend (1968) C 266 1178
CgHry
1 K toluene
———— ~41%
HO 2 Etl Et0
JOC (1961) 26 4553
OH Ph-@-CHZU OCH,
—_— .
NaNHg EtZO Ph e
JOC (1958) 23 1700
P 1K CHg 0CH?
PhCH  CHOH = PhCH  CHOC1gH3; 99%
0CH, 2 C1gH370Ts 0CH,
JOC (1959) 24 409
(1966) 31 498
Ph  OH Ph_ _OMe
MeOH HpSO4
——————— e
! !
CHpPh CHpPh  Tetrahedron (1961) 16 85

J Med Chem (1965) 8 57
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CgHy7

HC(OMe)3 HC104
——— 52%
~

HO MeO
Steroids (1966) 8 495

CHoN2  HBFg Et20
C8H] 70H C8H] 70Me 84%
Tetrahedron {1959) 6 36

Annalen (1963) 662 38
(1964) 877 55

Me Me

JOC (1961) 26 1026

Cgtyy

NaBH4
T /@z /@‘
BFq E0
HO HCOO 30 MeO N

JOC (1961) 26 1685
(1962) 27 2127

1 NaNH, NH3
PNOH ~ ————=—>  PhOCgHJ] 45%
2 CgHyy8r JACS (1935) 57 510

PhCHoC1 Et3N
PhOH —_— PhOCH,Ph 46%

150-190 JOC (1961) 26 5180
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O BuBr Kyc0; MepCO 0By
> 75-80%
NO, NO,

Org Synth (1955) Coll Vol 3 140 418
Tetr Lett (1964) 1431
JACS (1950) 72 3396

Me

{
BUCHOTs KOH DMF fle

|
PhOCHBu 38%
JACS (1969) 91 1376

PhOH

M92504 NaOH H20
PhOH PhOMe 72-75%

Org Synth (1941) Coll Vol 1 58

PrBr  NaOH H20
PhOH —_—— PhOPr 63%

JACS (1947) 69 2451

OMe

0 OH 0
\ CHoNy Etp0  MeOH N\
Me" ™0 0 Me” ™0 0
OH OMe

JACS (1950) 72 3396
(1962) 84 2972

OH OMe
CHoNy  HBF; CHoC1
Ph’ Ph

Tetrahedron (1959) 6 36
Annalen (1963) 662 38
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OH MeOH TsOH 100° Otte
70%

JOC (1960) 25 832

@OH EtOH ion exch resin (acid) @OEt
-» 37%
HOCH, HOCH;

JOC (1962) 27 2662

OH OMe
Me SOCH

Tetr Lett (1964) 867

+ -
Me30 BFy
PhOH —_— PhOMe 73%
J Prakt Chem (1937) 147 257
OMe N OMe
MeN PhNM M
o Phives OEt eN oMe o
i-PrCHy i-PriHp
0 0
i=PrCHy /k
MeN e
OMe JACS (1953} 75 3632
C(OEt)4
PhOH _ PhOEt 85%

Acta Chem Scand (1956) 10 1006



SECTION 123 ETHERS FROM ALCOHOLS AND PHENOLS 315

OH ROH  DCC R 87% (R=Me)
e 90% (R=CHyPh)
Me Me

Ber (1962) 95 2997
Angew (1963) 75 377
(Internat Ed 2 218)

HC(OCH,Ph ) )NMe
PhOH ~ ——=—"—5%  PhOCH,Ph 64%

Angew (1963) 75 296
(Internat Ed 2 211)

CZHZ KOH OCH=CHy Hy Ni @OEt
—_———
PhNH d1oxane PhNH PhNH

Zh Obshch Khim (1964) 34 3424
(Chem Abs 62 2727)

OH Me@ Br 0
N " 81%
Me Cuz0 DMA Me Me

JCS (1965) 4953
Chem Rev (1946) 38 405

Di-p-tolyiiodonium bromide PhO
PhOH 86%
NaOH Ho0 Me

JCS (1963) 4578

Pb(OAC); CgHg
Cs0H  —— 2% e . 374

Tetr Lett (1963) 2091
Synthesis (1970) 209
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OH Bry Ag,0 0
————
pentane

JACS (1964) 86 3905 1528

OCHQOH Me ,S0 QCHZ\O e
—————
CHoOH CHy”

JOC (1963) 28 1388

Section 124  Ethers and Epoxides from Aldehydes

C0000000000800000000000000D000

Ethers from aldehydes . . . . . . . .« . . o .. page 316-317

Epoxides from aldehydes . . . . . .« . . .« o o v 0w 317-318
PhMgBr

ProNCH,CHO ==+ ProNCHoCH(OMe)y  ————=  PrpNCHoCHOMe 65%
xylene ﬁh

JACS (1951) 73 4893

LiATHy AICT4
PrCHO  --» PrCH(OEt)z ———— PrCHo0EL 49%

Etp0 JACS (1962) 84 2371
JOC (1958) 23 1088
(i-Bu)HATH
i-PrCHyCHO  --»  i-PrCH,CH(0Et),  ———————>  i-PrCH,CH,0Ft 83%
Cete 1,y (1959) 2255

(Chem Abs 54 10837)

Et3SiH  ZnClp
PhCHO  --»  PhCH(OEt), = —————">  PhCHpOEt

Compt Rend (1962) 254 1814



SECTION 124 ETHERS AND EPQOXIDES FROM ALDEHYDES
Hp Pt0p HCI

i-PrCHO _— 1=PrCHo0Me
MeOH

Hy (3200 psi) €O

:

PhCHO

Co,C0g

JCS (1963) 5598

PhCHo0CH,Ph

JACS (1950) 72 4375

0
\
CHO (peph) 4P @ C/HCH:©
e
Cl C1 ¢l

+-
@CHO PhpSCHR  THF
—————— i)
N

2

0

Me3SO I NaH MepSO /N

Org Synth (1966) 46 31
JACS (1963) 85 1884

JACS (1964) 86 918

PhCHO PhCHCH,

+ -
PhSOMe BF4
|

CHO NMep NaH
_———
¢l Me,S0

JACS (1965) 87 1353

0
/\
@cmz
¢l

JACS (1970) 92 6554

317

43%

50-55%

56%

74%
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CHaBrp Li THF

C1iHp3CHO  ——s

SECTION 128

/\
C11H23CHCH2 35%
Chem Comm (1969) 1047

Some of the methods Tisted in section 132 (Ethers and Epoxides from Ketones)
may also be applied to the preparation of ethers and epoxides from aldehydes

Section 126  Ethers and Epoxides from Alkyls, Methylenes and Aryls
COQO00000V000000C000000000C00000C00000000000000C0000000O0

No examples of the preparation of ethers and epoxides by replacement of
alkyl, methylene and aryl groups occur in the literature. For the
conversion RH — ROR' (R=alkyl, aryl etc.) see section 131 (Ethers

from Hydrides)

Section 126  Ethers and Epoxides from Amides
QQO0O00CCO0000C000C0OC00000CCO0000CO

No examples

Section 127  Ethers from Amines

000000000000 000000C

+ - MeOH
PhNHy  =--» PhNo C1 ——

Section 128 Ethers from Esters
(3]

000000000 ] Q

0Ac
OMe PhCHaC1  NaHCO3
—_—

CHO

(CH,Ph

93%
JACS (1955) 77 1745
(1958) 80 6072
Org React (1944) 2 262
OMe
48%
NO»

JCS (1948) 376
Ber (1943) 76 466
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PhCOO OMe

Mel NaOH
— 81%
DMF  H50

JOC (1964) 29 2805

PhCHoBr  NaH
HCOOBU ~ ———————>  BuOCH,Ph 43%

MeOCH,CHo0Me
Tetr Lett (1965) 1713

CO0Bu-t CHo0Bu-t

NaBHg BF3-Etp0
it AR Nl 76%

diglyme

JOC (1962) 27 2127

LiAlHy BF3-Etp0
i 38%
Eto0

AcO Et0

JOC (1961) 26 4553 1685

Hy PtO
2 2 245
HC104 HOAC

AcO Et0

JOC (1964) 29 228
Chem Ind (1964) 975
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Section 129  Ethers and Epoxides from Ethers and Epoxides

TO000CD0CD0000000000000000000000000000006C0C00

C6H]3CH=CH2 hV
—_— Cghy
0 MeZCO 0

JOC (1964) 29 2031
Tetrahedron (1967} 23 3193

CHoNy  h N
e Me
0 0 0

Chem Comm (1966) 454

Me0SO,F
Et,0 — > EtOMe

Chem Comm (1968) 1533
Cghrz

AcO '
o 1 HOAc \[:::::fj KOM 0
2 MsCl  Pyr  MsO™ MeOH

Helv (1949) 32 275

Section 130 Ethers and Epoxides from Halides and Sulfonates

0000000000000 000C000000000000000000C0CO00C000000

Mg MeCH{OEt),
PrBr ————ee PrCHOEL
|

. 73%
PhPr-i Me

Rec Trav Chim (1962) 81 238

JACS (1951) 73 4893
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C1CH,0Bu
BuBr -==>  Buli —_— BuCH»0Bu 70%

Ber (1964) 97 636

CHaBr Cyclohexanol  NaNH, CHR0
> 44%
Me Eto0 Me

JOC (1958) 23 1700

t-BuOK t-BulH
C'|8H370TS ——— C]8H37OBU't 99%

JACS (1964) 86 3072

t-BuOK t-BuOH
PhBr _— PhOBu-t 42-46%
Me,S0 Org Synth (1965) 45 89
JOC (1968) 33 259

1 Mg Ety0

RBr e ROBu-t 74% (R=C8H17)
2 PhCOOZBU't 65% (R=Ph)
JACS (1959) 81 4230
Org Synth (1963) 43 55
Br OPh

PhOH  Cu,0
L 5 67%
collidine

JCS (1965) 4953
Chem Rev (1946) 38 405
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Br OEt
EtONa Cul
—————— 100%
collidine
JCS C (1969) 312
Further examples of the preparation of ethers by the reaction

ROH + RHal — ROR are included in section 123 (Ethers from Alcohols and
Phenols)

1 Mg Etp0 /0\
i-PrBr —_— i-PrC-CHy
2 C1CHoCOMe &e
3 KOH JACS (1946) 68 2339

Section 131 Ethers from Hydrides (RH

00000000000 Q00000000C00000

This section lists examples of the reaction RH —» ROR

Electrolysis EtyNTs OMe
21%
MeOH

Tetr Lett (1968) 6207

OMe
Electrolysis MeONa

24%
MeOH

Bull Chem Soc Jap (1964) 37 1597
Tetr Lett (1968) 2415

N-Methoxyphenanthridinium
> OMe
Me0 perchlorate hy MeQ

JACS (1970) 92 5814
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Section 132  Ethers and Egoxides from Ketones
COC000000000C0OCC00OC

Ethers from ketones . . . . . . . . . . ..o, page 323-324
Epoxides from ketones . . . . « v v 0 v 0 0 v e 0 e e e 324-325
1 MeMgl
MeEO ———— MeZEOBu 40%
Et 2 BuBr HMPA Et

Compt Rend (1968) C 266 1178

Hp Pt0p HCI
BuoCO ——————— BupyCHOMe 54%
MeOH
JCS (1963) 5598
Chem Comm (1967) 422
Ho Rh-A1203
Me,CO --»> MeZC(OBu)Z _— MepCHOBu <47%

JOC (1961) 26 1026

OMe
0 oMe LiATHg ATCT3 Otte
- — 5 <923
t-Bu t-Bu Et,0 t-Bu

JACS (1962) 84 2371
JOC (1958) 23 1088

OMe
0 oM PraSif Otle
c—— —_—— < 50%
Me Me ZnC12 Me

Compt Rend (1962) C 254 1814
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hv  MeOH

PhyCO  -->  PhoCNp

———

PhoCHOMe
Annalen (1938) 614 19

Some of the methods listed in section 124 (Ethers and Epoxides from
Aldehydes) may also be applied to the preparation of ethers from ketones

LiCHC12 N
PhCOBu-t —— Ph?-CHC]
Bu-t
+ -
O Megs I  NaH
—_—_—
t-Bu THF
0 o
Me3SO I NaH
——
Ph Me SO
- 4
0 MezCHﬁOCMeg Na
[::::]; NTs
MesS0
CHpBrp Li THF
———————e—n

CgHy 3COMe

Ph

BuLi 2
—>  PhC-CHBu
Bu-t

Tetr Lett (1969) 2181

0
\
CHo

t-Bu

0o

JACS (1965) 87 1353

l

O\
CHp

JACS (1965) 8
(1970)

(NS

353
594

\CMez

JACS (1970) 92 5753

/N
CeHy3C-Cha

Me

Chem Comm (1969) 1047

SECTION 132

7%

72%

63%

52%
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OH
CHoN»  Al15045 Ets0
2he 2Y3 2-77 50
0 /o
Tetr Lett (1969) 305
Org React (1954) 8 364
0Ac
Bro HBr HOAC 1 NaBHy
——————— _—— 20%
0 0 2 KOH MeQH

Br
JACS (1953) 75 1704

Section 133  Ethers and Epoxides from Nitriles
coo0 CCO000C000000CROD00OCCOO000

No examples

Section 134  Ethers and Epoxides from 0Olefins
c0000 ] 000g0000 ] CO000C00CC0O

Ethers from olefins . . . . . . . v v e e v« 4w« . . . . page 325-326
Epoxides from olefins . . . . , . o e e e 4 e e e e 4w . . . 326-328
900Me 1 Hg(OAc)Z ?OOMe
CH=?(CH2)2CH=?(CH2)2CH=CMe2 —_— CH=§(CH2)2CH=?(CH2)2CH2§Me2
Me Me MeOH Me Me OMe
2 KOH 749,
3 NaBHy ’

J Med Chem (1969) 12 191
JACS (1969) 91 5648
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Et

Et by MeOH OMe
- ., 60%
JACS (1967) ég_ 5199

Acc of Chem Res (1969) 2 33

Review: Epoxiqation and Hydroxylation of Ethylenic Compounds with
Organic Peracids Org React (1953) 7 378

MeCOO02H NaOAc /\
HOCHCHaCH(CHp) oCH=CMep ~ ——————>  HOCH,CHyCH(CH2)2CHCMe 87%
p',(e CHoCT, Me

Helv (1965) 48 182
JACS (1960) 82 4328
Org Synth (1963) Coll Vol 4 860

CF3C002H NapCO3 CHaClp A
C1gH1CH=CHy CyoHz 1 CHCHY 0%

JACS (1955) 77 89

HOOCCH=CHCOO,H  CHoC1p 2
CgHy3CH=CHy CgHy3CHCH, 80%

Tetrahedron (1962) 17 31

PhCO0oH  MepCO /\
CgH77CH=CH(CH,)7CO0H ——n CgHy7CHCH(CH2) 7COCH 62-67%

Org React (1953) 7 378

For use of m-chloroperbenzoic acid see JOC (1970) 35 251
and Tetr Lett (1965) 849
For preparation and use of monoperphthalic acid see Org React (1953) 7 378
and JACS (1960) 82 6373
For preparation of various aliphatic and aromatic peracids see
JOC (1962) 27 1336
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Ha0p MeCN A
PhCH=CH; ~ —— PhCHCH,

MeOH pH 7.5 JOC (1961) 26 659

JCS € (1970) 731

Ha0p PANCO CHCIg A
Pr-CH=CHMe PrCHCHMe 39%

Tetr Lett (1970) 2029

0s0z NaC103 A
MeCH=CHy — ———— " peCHCH,

HOAc  Hp0 Chem Comm (1968) 1610

1 Ip Hg0 Hp0 0
———— e
2 MeONa MeOH

Tetrahedron (1964} 20 1017

¢l OH 0
- Agp0  MeOCH,CHoOMe
{ \ c—— [ \ > { \
S0p 504 S0z

JOC (1967) 32 3888

Cgh17
AcOBr NaOH NN
e R
AcO CCly AcO : MeOH  AcO
Br OAc 0 279,

JACS (1959) 81 2826
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0Ac
0
1 NBA HC10, NS
dioxane Ho0
Ho 2 KOAc  EtOH Ho A

JCS (1956) 4417
JACS (1959) 81 2195

Section 135 Ethers and Epoxides from Miscellaneous Compounds

000000000000 0000000G00CRE0L0000A0080000AQ000000GCQ00

CF3 NOp MeONa  MeOH CF3 OMe
reota_veon P o
NOo

NOo
JCS {1951) 2013

{ \ HoSO { 5
= CHy __2_ _.4> Me
OH 0

Bull Soc Chim Fr (1944) 11 365

- Agp0  Etp0 '—'
———em e
ol 0
JACS (1958) 80 3132

NaOH MeQH

_— 62%
HO
JACS (1959) 81 2826
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Chapter 10  PREPARATION
OF
HALIDES
AND SULFONATES

Section 136 Halides from Acetg]enes
cCo000000 000000 Co000

IHCOOK
HBr NCOOK HOAc
RC=CH —— RCH=CHBr ———————>  RCHpCH»Br
dioxane

JOC (1965) 30 3985
JACS (1936) 58 1806

Section 137  Halides from Carboxylic Acids
o [<X-X°] o 00000C0 Q 000

(O0Me Electrolysis F(CHp)gCOOH (00Me
(CHp)gCOOH (CH2)17F

MeONa MeOH
JACS (1956) 78 2255
Advances in Org Chem (1960) 1 1

1 NH3 AgNO3 Hp0

i-Pr(CHz) 3CHCHRCO0H
Me

1=Pr(CHy) 3CHCH,Br 55%
2 Brp CCly PI’1€

JCS (1953) 132
Chem Rev (1956) 56 219

Bro HgO CCig
RCOQH  ———rr————> RBr 46% (R=Cy1Hz3)
<83% (R=Ph)
JOC (1965) 30 415
329
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0 COOH I, Hg0
—_—
PhC1
Fo  Hp0
CgHy7C00Na —_— CgHy7F
Io benzoyl peroxide
C*, 7|’|35CO0H >

t-Bu0I hV

e

CeMe

OCOOH

I, Pb(OAc)y hv

SECTION 137

0 I
@ o

Ber (1968) 101 2010

~50%
JOC (1969) 34 2446

C7H351
J Amer Oil Chem Soc (1969) 46 615

I
70%

JCS (1965) 2438

RCOOH RI 100% (R=CgHq7)
CClq 61% (R=Ph)
JCS (1965) 2438
JOC (1963) 28 65
Pb304 Acp0 I
C15H31COCH —_—— (Cy5H31C00)4Pb ———  (ygH31 72%
HOAc CoHaClyg

JOC (1963) 28 65
Annalen (1970) 735 47
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Pb(OAC)4 Licl C6H6
BuCOOH BuCl 96%

JOC (1965) 30 3265

@ COOH , O Br
1 Hg(OAc)2 N-methylpyrrolidone
2 Pyr+Bry

JOC (1969) 34 1904

s0C15 RACT (PhyP)3
RCOOH — ———>  RCOC] ~— ————>  RC 86% (R=PhCH,)
CHaCl 61% (R=Ph)

JACS (1968) 90 99 94
(1966) 88 3452

Section 138 Halides and Sulfonates from Alcohols and Phenols

0000000000000 0 0000000000000 CO0O0000000000000000

Halides from alcohols and phenols . . . . . . . . . . .. page 331-337
Sulfonates from alcohols . .« « « v v v v v v v o v 0 e e 337

HBr H2504
C12H250H ——— C12H258r 91%
Org Synth (1941) Coll Vol 1:-29
JCS (1953) 132

KI polyphosphoric acid

HO(CHy) OH I(CHy)gl 83-85%
Org Synth (1963) Coll Vol 4 323
HC
EtzCOH  —>  Et3CC) J0C (1966) 31 1090 94%
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HC1 MeCN 130°
Et?HOH —— Et(‘:HO(IZ=NH-HCI —_— Et(|3HC1 56%
Me Me Me Me
JACS (1955) 77 2341

Ho0H CHaCl
0 HC1 CCI3CN  CHC3 0

A 0Ac 85-90%
acONES__ e AcO OMe

0Ac OAc
Tetr Lett (1970) 2517

CHoOH S0c1, Py CHyC1
-t -, 91%
OMe OMe
JCS (1942) 684
(1943) 99
(1950) 3650
Tetr Lett (1970) 2931
(1971) 87
1.50C1, Pyr
PhCHCH0H 2 —> PhCHaCH2BY 91%

2 S0Brp Pyr-HBr Chem Ind (1954) 931

JOC (1961) 26 3645

I Pg
Cq6H330H —_ CigH331 85%
Org Synth (1943) Coll Vol 2 322
PBr3 LiBr Ets0
CHy=CCHCHoC=CCH,0H > CHp=CCHCH,CZCCHaBY 87%
Ii‘le collidine Ve

Chem Comm (1969) 611
JCS (1950} 3650



SECTION 138 HALIDES AND SULFONATES FROM ALCOHOLS AND PHENOLS

PBr3 or PBrg

EtpCHOH - EtpCHBr
Et,0 JOC (1961) 26 3645
(1959) 24 143
J Lipid Res (1966) 7 453
(|300H 1 P01 fl:OOH
(CHp)gOH ~ —— (CHp)gC
2 Hx0 JCS (1936) 1605

(1970) 1124

('N
[::]: pCT
1 0 Pyr Ety0

CoHy50H
2 I, CHoClp

Cotysl

JOC (1967) 32 4160
(1968) 300

tes

(Ph0)3P  Mel

BuOH ———— Bul

JCS (1953) 2224
(1954) 2281

—_—

0o_ 0 0 0

> >

JACS (1964) 86 2093

Ph3P-Brp Pyr
MeCH=C=CHCHpOH ~ ————————>  MeCH=C=CHCHZBr
JCS (1967) 2260

JACS (1969) 91 7405
JOC (1965) 30 3469

333

22-47%

77%

90%

59%
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OH Ph3P-Brp 200° Br
e T, 90%
o 3

JACS (1964) 86 964

Ph3P+BrCN
PhCHo0H —_— PhCH2Br
Annalen (1959) 626 26

[ ) NBS PhgP [ )
chpon > PhaP o Cheer 92%
0

JOC (1969) 34 212

PhsP:Fyp
Pr?HOH — Pr?HF 52%
Me Me Chem Pharm Bull (1968) 16 1009 1784
R3P CCly
CgH170H e C8H]7C] (R=Ph or C8H]7) 94%

Can J Chem (1968) 46 86
Chem Comm (1968) 1358
Chem Ind (1966) 900

CBrg R3P Et,0
C5H110H _— CgHyqBr (R=Ph or C8H]7) 97%

Can J Chem (1968) 46 86
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O CClq  (Meph)3P [;C1
0 0 70%
o X 0 X
Chem Comm {1968) 1350
cocl, Ph3P
ROH ——  ROCOC ——  RCT 65% (R=Et)
67% (R=Ph)
Annalen (1966) 698 106
CgMi7
coct, NaX
— —
HO c1c00 | MeaCl X X
67% (X=C1)
49% (X=1I)
JOC (1967) 32 2633
1 coCl, Pyr
EtCHOH ~ ————=  EtCHOCOF — EtCHF 64%
i 2 TIFp ' y
e Me Me
JACS (1955) __7_7_ 3099
0
EtoNCF,CHCIF
CHoClo
HO Fo
Tetr Lett (1962) 1065
0CH + - OCH
e = Py i
PhCH 0 Me2N CHCT C1 PhCH 709

=
L]
—
=

———— e
oMe  CaHaClg \\0 OMe
OH
Chem Comm (1967) 1152
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o
C12C=CNEt)
EtCHOH —_— ELCHCT 69%
|
Me Me JACS (1960) 8_2_909

1 PhaNCN  £-BuOK
CyoH2710H > CioH2 F 68%

2 HF

3 KFp 250-300°

Can J Chem (1965) 43 3173

1 Naphthyl isothiocyanate t-BuOX
C6H13(|2H0H > C5H]3(",HC1 47%
Me 2 PhaCHCT Me

JCS (1953) 3572

12 BoHg
MeOH i Mel Chem Ind (1964) 1582 70%
(1965) 223
?r
CgH] 3CHCHACHACOBY 175-180°
Et(':HOH —-> C6H]3(|3HCH2CH2COO(|3HEt _— Et('ZHBY‘
Me Et20 Br Me Me
40%
JACS (1956) 78 4967
1 Meli HMPA Ety0
(MeQ) JCHCH CHC=CHCHHOH > (Me0)7CHCHpCHoC=CHCHACT
Plﬂe 2 TsCl1 LiCl Tl“le

Tetr Lett (1969) 1393
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CHoOH

p—————

JACS (1969) 91 4771

Further examples of the preparation of halides from sulfonates are included
in section 145 (Halides and Sulfonates from Halides and Sulfonates)

TsCl Pyr
CygH330H —_— Cy6H330Ts
JACS (1933) 55 345
(1970) 92 553

@OH MsC1 NaOH Hp0 @OMS
———— ettt e
MeO MeQ

JCS (1955) 522

1 NaH Et,0
PhCHOH ~ —————=>  PhCHa0Ts

80%
2 1501 JACS (1953) 75 3443
(1960) 82 3982

OH MsCl Et3N CHyClp OMs
Me > Me

Joc (1970) 35 3195

1 Me@SOC]
PhCHOH
!

PhCHOTSs
Me 2 m-Chloroperbenzoic acid !

Me
Tetr Lett (1969) 2705

53%

337

Hy0Ts Hol
TsC1  Pyr Nal Me,CO
— —_— ~39%
————



338 COMPENDIUM OF ORGANIC SYNTHETIC METHQDS SECTION 141
Section 139 Halides from Aldehydes

1 BuMgBr
PhCH) ——————>  PhCHBr
2 HCOOEt !

Zh Obshch Khim (1955) 25 505 56%
Bu (Chem Abs 50 3356)

Di-t-butyl peroxide
i-PrCHO > i-PrCl 45%

CCly JACS (1965) 87 2194

Section 140 Halides from Alkyls

FECEEEREEEEEEEEEEEERE]

The conversion RR' —» RHal (R,R'=alkyl or aryl) is included here. For
the reaction RH —» RHal see section 146 (Halides from Hydrides)

¢l c1
¢l Pri sc1, sopclp Fe C ¢
— 45%

cl a e a1

a cl
JACS (1947) 69 3146

Section 141 Halides from Amides
CC00050000000000000

PBrj
BUCH(CHy ) jCH(CHp)gNHCOPh  ——>  BUCH(CHz)3CH(CHy ) 3Br

Me Me Me Me

Z Physiol Chem (1942) 273 225
Org Synth (1941) Coll Vol 1 428



SECTION 142

Me

|
CHNHAc soc1,
—
Me

@:O,Pc13
NCOPh

N

HALIDES FROM AMINES

Section 142  Halides from Amines
TO00000000000800000

NH2 1 HBF, NaNOp M0
HO 2 CuCl Hy0

NH2 1 NaNO, HCT
OMe 2 HPFg

CuXz NO  MeCN
PhNHy s

2©

PhX

Me

|
CHC1
Me

JACS (1962) 84 769

C](CH2)5C]

Ber (1963) 96 1387

Org Synth (1941) Coll Vol 1 428

F
HO

JACS (1956) 78 6037
Chem Ind (1961) 179

Org Synth (1944) Coll Vol 2 295

Org React (1949) 5 193

+ -

N2 PF6 Mineral oil
e -t R
OMe 120°

JOC (1961) 26 5149
(1963) 28 568

73% (X=C1)
65% (X=Br)

Rec Trav Chim (1966) 85 857
JACS (1947) 69 1221

F

OMe

339

55%

7%

60%
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+ -

NHy  NaNO, HC1 No €1 Cux HX X
—— e —————
Ho0

CHO CHO CHO

~75% (X=C1)
~65% (X=Br)
Org Synth (1944) Ceoll Vol 2 130

1 NaNOp HS0z Hp0 @
2 HgClp KCI

3K &

JACS (1936) 58 2194

+ -
NHg N2 BF4  cupr Br
——— _— ~937%
Ph Ph MepSO  ph

Org Prep and Procedures (1969) 1 221

NaNO, HC1  Hp0 + KI Hy0

PhNH, -_ PhNo C1 ———— Phl 74-76%

Org Synth (1944) Coll Vol 2 351
Chem Ind (1962) 1760

NH2 1, CeHyq0NO I

5
2 s 404
Me CeHg Me

JOC (1968) 33 1636

@CHZNMeZ BreN Ety0 CHyBr
MR 50%
CH=CH, CH=CH

Org React (1953) 7 198
Ber (1910) 43 3209



SECTION 142 HALIDES FROM AMINES 341

Me@CHZNEtg MeCOCT  Et,0 Me@CHzm
—_ 56%
NMe NMe,

Ber (1960) 93 1310 1305

1 p-Chlorobenzenediazonium
BuNH2 - BuBr
hexafluorophosphate
2 HBr Etp0 Tetr Lett (1961) 758

CICO0Ph  CHoClo
BusN —_— BuC? (Not isolated)

JCS (1967) 2015

HBr  156°
ProPh  ————>  PrBr
JOC (1963) 28 3144

KI DMF
CgHyaNHy ——— C6H]3N(502@N02)2 —  CgHy3l 79%

JACS (1969) 91 2384

X, X!
0 0 I, N-methylmorpholine 0 0
— ) 72%
0 CHC13 0
074—

NHoNH O

JCS C (1967) 252

Halides may also be prepared from amines via amide intermediates. See
section 141 (Halides from Amides)
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Section 143 Halides from Esters
T338088000000600000

] 0000

For the conversion of sulfonic acid esters to halides see section 145
(Halides and Sulfonates from Halides and Sulfonates)

Bro Pg
PhCH2CO0Bu —_— BuBr 80%
Arch Pharm (1953) 286 108
JCS B (1967) 1067

0.
E::IO/PC13

PhC00BU ——————> BuCl 73%
Ber (1963) 96 1387

CgHyz

AlCl3 Eta0
—_— < 97%
AcO o
JCS (1957) 2071
Zesz Nauk Pol Slask (1964) 24 193

(Chem Abs 63 11338)
JACS (1940) 62 1432

00U pyp.pey
———  BuC 66%
CO0Bu  190-210°

Monatsh (1952) 83 1398

Lil OMF
R'COOR B RI  (Not isolated)

JCS (1965) 6655

Me
CO0Bu  phmgl Bu,0

—_— Bul 54%

Me Me JACS (1942) 64 1450



SECTION 144 HALIDES FROM ETHERS

Section 144 Halides from Ethers

0000000006000 GB0000

KI polyphosphoric acid
Et?H(CHz)]ooMe > Et(l:H(CHz)]ol

Me Me

JACS (1965) 87 5452

RI Ho0

©
180 Ber (1942) 758 1715

JCS (1957) 463
Chem Rev (1954) 54 615

HBr  Ho0
Ol =2 0L
N~ (CHp)70EL N~ N (CHp)pqBr

Helv (1946) 29 1204

OOMe PhCOCT  ZnCl, CHCI3 O“

J Prakt Chem (1938) 151 61
JCS (1954) 2819

MeCOI
Prs0 —  Prl

JACS (1933) S5 378

C12CHOMe ZnClop
PhCHy0Me —_— PhCHoC1

Ber (1959) 92 83

343

~97%

81%

84%

45%

88%
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SOC1p  SnClg

Et,0 — s A
Ber (1936) 69B 1036
BBY3
ROBu —_ BuBr 77% (R=Bu)

76% (R=Ph)

JACS (1942) 64 1128
Tetrahedron (1968) 24 2289

Ph3P-Br2  PhCN
(CgH11)20 —————» CgHy1Br 78%

JACS (1964) 86 5037

0Bu-t Br
Ph3P-Bro MeCN

—_— 83%

Chem Ind (1969) 200

IC1 LiBHy
(n-Bu),0 —_— s-Bul

Chem Ind (1965) 223
(1964) 1582
Tetr Lett (1967) 4131

Pyr-BHZI CeHe
Et20 _— Etl

JACS (1968) 90 6260



SECTION 145 HALIDES AND SULFONATES FROM HALIDES AND SULFONATES 345
Section 145 Halides and Sulfonates from Halides and Sulfonates
BC0C0000000000C006000000000000600G0000000000000000000
Homologation of halides . . . . . . . . . . . . . .. ... page 345
Aliphatic fluorides from other halides and sulfonates . . . . . 345-346
Aliphatic chlorides from other halides and sulfonates . . . . . 346-347
Aliphatic bromides from other halides and sulfonates . . . . . 347
Aliphatic iodides  from other halides and sulfonates . . . . . 347-348
Aliphatic sulfonates from halides . . . . . . . . . . . .. . . 348
Aromatic halogen exchange . . . . . . . . v . v v v v v v .. 348-349
1 Mg Etp0
Ph(CHp)4CT —_—— Ph{CHz)7C1 24%
2 Ts0{CHp)3Cl JACS (1928) 50 1491
(1946) 68 1101
CHp=CHy  AICT3
MepCCT _— MeaCCHoCH2CT 25%
Et Et
JACS (1945) 67 1152
1 PhCHoSLY  THF
CioH211 > CypH21CH21
2 Mel Nal DMF
Tetr Lett (1968) 5787
CHpNp  Cu
CHp=CHCH (1 — CHp=CHCHpCHoCT 4 Qﬂg;pHZCHZCI
CHy
Ber (1966) 99 2855
KF HOCH,CH,(0H
Cy71H23CY —_— C11H23F 48%
JACS (1957) 79 2311
KF HOCH,CHOH
CgH13Br —_— CgHy3F 40-45%

Org Synth (1963) Coll Vol 4 525
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1 Li THF pet ether
CyoH25Br > Cy2H25F 39%
2 FC103

Ber (1969) 102 1944

CHZBY‘ HgF2 CHC]3 CHZF
- 5 50%

Me Me

JACS (1948) 70 2310
Org React (1944} 2 49

KF diethylene glycol
CgH130Ts » CgH13F 90%
Chem Ind (1958) 157
Can J Chem (1956) 34 757
JACS (1955) 77 4899

+- g

9
CH20TS  BugNF  MeCN CHaF

0 — d 69%

0

~ s

Carbohydrate Res (1967) 5 292

C1F,CC00Ag
CgH17Br ——— CgHy7C1 89%

Tetr Lett (1970) 3447

LiC)  EtOCHCH,O0H

HC=CCHpCHL0Ts HC=CCH,CH,C1 90%

JCS (1950) 3650
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Pyr+HX 200°
BuOTs ———e——i®) BuX 89% (X=C1)
66% (X=Br)
Monatsh (1952) 83 1398
JOC (1961) EQ 2883
NaBr MeOH
HOCHpC=CCH2CN —_— HOCHoCZCCHoBr
JACS (1955) 77 165
1 Mg Et20
Prl —_— PrBr
2 Bry JACS (1919) 41 287
NaBr MeZSO
C6H13?HOTS —_—— C6H13?HBF
Me Me  JOC (1961) 26 3645
(1962) 27 624
(1970) 35 2803
COOH Nal MepCO COOH
(CHp)gGHBY — (CHz)gCHT
Me Me
JCS (1936) 1605
JACS (1968) 90 6225
HBr Hpl
0 KI DMF 0
——
PhCO0 OMe PhCO0 O0Me

JOC (1969) 34 3519

347

62%

30-40%

52%

82%



348

o

HCZCCH,CHR0TS

CsH51

PhBr

PhI

PhBr

Phl

COMPENDIUM OF

1 Mg Eto0
——

2 HgBry

3 Iz Pyr

Nal

Ag0Ts MeCN

————————

MeCO

—_— C7H150Ts

1Li Ety0
2 FC103

hy  CClg

——

--»  PhMgBr

1 Mg Eto0
—————

2 Bry

PhC1

Ph3PCl> Et)0
—_—

PhBr

ORGANIC SYNTHETIC METHODS

JACS (1969) 91 5774
(1939) 61 1585

HCZCCH,CHy 1

JCS (1950) 3650

JACS (1959) 81 4113
JOC (1962) 27 2365

Ber (1969) 102 1944

JOC (1970) 35 528

PhCl
JoC (1967) 32 3710

JACS (1919) 41 287

SECTION 145

13%

64%

42%

76%

30-40%
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1 Mg Et20
PhBr _ PhI 90%
2 Iy JACS (1919) 41 287
(1945) &7 1479
Joc (1938) 3755
1 Mg Ety0
PhBr —_———— PhI 64%
2 ICN Annales de Chimie (1915) 4 28

Br 1 Li Etp0 !
—_— 51%
Me,N 2 Phl MeoN

JACS (1950) 72 2767

X Y

P %=Br y=C1 84%
ur. Fyr I C 100%
— I Br 100%

Br I 30%

JCS (1964) 1097 1108
Proc Chem Soc (1962) 113

Section 146 Halides from H¥drides (RH)
Q000 00 co0000000

Haloalkylation of aromatic compounds . . . . . . . . . .. page 349-350

Halogenation of aromatic compounds . . . . . . . « « . o v « . . 350-351

Allylic and benzylic halogenation . . . . . . . . . . . . . .. 352

Halogenation of saturated aliphatic compounds . . . . . . . .. 352-353
FCHpCHo X

PhH —_— PhCHoCHoX 50-94%
BF3 or BBr3 (x=C1, Br or I)

JOC (1964) 29 2317
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CHoC1

Paraformaldehyde HCI
74-77%
H3P0z HOAc

Org Synth (1955) Coll Vol 3 195
Org React (1942) 1 63

XeFp HF CClg
PRH ~— ——————>  PhF 68%

JACS (1969) 91 1563
JOC (1970) 35 723 4020
For aromatic fluorination with CF30F see JACS (1970) 92 7494

502X (Ph3P)3RhC] X
—— _—
c1 C1 C1

(X=F, C1 or Br)

JOoC (1970) 35 1895
Monatsh (1915) 36 719

Me Me
Me Clp CHCl4 Me ¢
— 61%
Me Me
Me Me

JACS (1936) 58 1

For aromatic chlorination with TiCl, and CF3C00pH see Tetr Lett (1970) 2611
" " " " trichlorocyanuric acid see JoC (1970) 35 719

NOz:O Hg (0Ac), NOo HgOAc g, NOo Br
O S
Me NaCl Me Me

JCS (1926) 637
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¢ PhcOCBr AlCly  C Br
PN
¢ o

Zh Org Khim (1969)
(Chem Abs 70 105613

5 387
)

Me Bro I» Fe
————r———

Me Me
Org Synth (1955) Coll Vol 3 138

For aromatic bromination with T1(0Ac)3 and Bry see Tetr Lett (1969) 1623

oo ! “N " JOC (1965) 30 304
and JACS (1958)7 80 4327

" " " " CBrg see JACS (1932) 54 2025

v " " CuBry " JACS (1964) 86 427

" " ! " 1,3-dibromo-5,5-dimethylhydantoin see
An Argentina (1950) 38 181 188
(Chem Abs 45 2873)

1 Buli Etp0
————— 22%
s 21z s

1
Org React (1954) 8 258
JACS (1950) 72 2767

Ip HNOj
PhH —_— Phi 86-87%
Org Synth (1932) Coll Vol 1 323

MeQ MeO ., 1

I, CF3C00Ag
—— e
Me0 MeO

85-91%

Org Synth (1963) Coll Vol 4 547

For aromatic iodination with Iy and oleum see JCS C (1970) 1480

u " " " Ip " KIO3 " JACS (1943) _6_§_ 1273
" " 1 " 12 " AngO4 "Jcs (1952) 150
" " " " Iz " electrolysis see Tetr Lett (1968) 1831

" " " " AlI3 " CuClp see JOC (1970) 35 3436
" " " " (CF3C00)3T1 and KI see Tetr Lett (1969) 2427
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NBS dibenzoyl peroxide
PrCH2CH=CHMe > PrCHCH=CHMe 58-64%
cClg "

Org Synth (1963) Coll Vol 4 108

/ \ NBS dibenzoyl peroxide / \ ’
{ 5 > f 5 71-79%
s CH3 CHg s CHoBr

Org Synth (1963) Coll Vol 4 921

@CH3 Brp v @[CHQBr
—
CH3 CHoBr

Org Synth (1963) Coll Vol 4 984

For reviews of allylic and benzylic halogenation see Chem Rev (1948) 43 271
and Angew (1959) 71 349

The following reagents may also be used for allylic/benzylic halogenation:
N-Chloro-N-cyclohexylbenzenesulfonamide Annalen (1967) 703 34

S05C1p,  JACS (1939) 61 2142
and JCS (1951) 1851

PClg JOC (1969) 34 3655
PhIC1, JOC (1964) 29 3692
1,2-Dibromotetrachloroethane Chem Ind (1963) 1954
BrCCl, JACS (1960) 82 391
CBr‘4 JACS (1932) 54 2025
PhoC=NBr JOC (1967) 32 223
CC'|3SOgBr‘ JOC (1965) 30 38
1,3-Dibromo-5,5-dimethylhydantoin Helv (1958) 41 70
t-Bu0l JACS (1968) 90 808

CF30F hv

JACS (1970) 92 7494
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{:::::J PhICl, hv [:::::],c1
e e
JOC (1964) 29 3692

For chlorination of saturated compounds with S05C1p see JCS (1951) 1851
" " ! " " " CC1350,C1 " JACS (1960) 82 5246
I i il 1 " it NCS " JOC (1953) }é 649

NBS dibenzoyl peroxide Br
> 30%

CCly

JOC (1953) 18 649
JCS (1852) 2240

For bromination of saturated compounds with Bry see
Rec Trav Chim (1964) 83 67
" 1 H [ n 1 CC"3SOZBr see
JOC (1965) 30 38
1 " " H i ] Ph2C=NBY. See
JOC (1967) 32 223

t-BuOCT Hglp hy
EtCH,Me »  EtCHMe 35%
cClg !

JACS (1968) 90 808

Section 147 Halides from Ketones

0000000000000 00CO0O00

Ph Ph Ph

| ' |
CH?O NH0H CH$=NOH PCTs CHC
Me —_— Me — 64%
Me Me Ety0 Me

Tetr Lett (1965) 525

Section 148 Halides from Nitriles
P600000000000000000G0

No examples
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Section 149 Halides from QOlefins

BETC6660E0BECTETT6T
The conversion of olefins into saturated halides is considered in this
section. For allylic halogenation see section 146 (Halides from Hydrides)

CH3C1 di-t-buty! peroxide
CgHy3CH=CH2 —> CeH13(CH2)3CY 23%
130°

Chem Comm (1966) 258

HF F
— 60%
Org React (1944) 49

2
JOC (1970) 35 4020

A Le1 Hoac OAc

—_— 97%

Helv (1955) 38 1587
JOC (1966) 31 1090
JACS (1957) 79 456

1 BoHg THF
CgHy3CH=CHy CEH13CHRCHACT +  CgHy3CHMe
2 N-Chloropiperidine 61
JOC (1965) 24313
1 BoHg THF
BUCH=CHy ~ ——————>  BuCH,CHpBr 93
2 Bro
3 MeONa JACS (1970) 9_2' 6660 7212
1 BoHg THF
C7H15CH=CHy ~ —————>  C7H]5CH2CHpBr 69%
i 2 Hg(0AC),
3 BY‘2 CC]4 JACS (1970) 92 3221

Chem Comm (1970) 372
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HBr ascaridole pentane

PrCH=CH, > PrCH,CHyBr 81%
HBr  HOAC PrCHie > 84%
Br

JACS (1934) 56 1642
Org React (1963) 13 150

HBr dibenzoyl peroxide
ACO(CHz)gCH=CH2 » AcO(CH2)9CHZCHgBr 82%

CeHg
JOC (1946) 11 281
JACS (1946) 68 1101

HBr hy¥ pentane
MeCOCHoCH=CHz > MeCOCHoCHoCH,BY

Tetrahedron (1969) 25 5149

1 BoHg THF
Ph?=CH2 > Ph?HCHgI 63%
Ve 2 Ip NaOH MeOH Me

JACS (1968) 90 5038

KI H3POq I
—_— 88-90%

Org Synth (1963) Coll Vol 4 543

1
CHpCH=CH CHoCHMe
HI CgH
QOI0 == QOO0
CHpCH=CH CHaCHMe

1
JCS (1957) 463
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1 EtyATH
Bu(’:=CH2 —_— BUCHCH I
£t 2 Iz Et Annalen (1954) 589 91

Section 150 Halides from Miscellaneous Comgounds
=) 00000000 CCO0C0CC0 (<]
ﬂCOOK

NCOOK dioxane HOAc
PhCH=CHBr > PhCH2CH,Br

JOC (1965) 30 3985

S0C12  190-200°

PhNG, _— PhCl
Monatsh (1915) 36 723

NO5 C1

l:::ll:::’ HC1 v CHCT3 ':::Il:::’
e e

Tetr Lett (1969) 4603

NH,OH  CuClyp
PRNO -5 PhC1

HC1  Ho0 JCS (1949) s181

200-220°
PhCHaCHpS02C1  ————>  PhCHCH,C

SECTION 150

22%

100%

~90%

15-20%

59%

Zh Obshch Khim (1953) 23 204

(Chem Abs 48 2568)

SO3H  soc1, 180° d
——————————re
e ¢l

Monatsh (1915) 36 719
Joc (1970) 35 1895
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Chapter 11 PREPARATION
OF
HYDRIDES

This chapter lists hydrogenolysis and related reactions by which functional
groups are replaced by hydrogen, e.g. RCHpX — RCH2-H or R-H

Section 151 Hgdrides from Acetglenes

No examples of the reaction RCZCR —» RH occur in the literature. For
the hydrogenation of acetylenes see section 61 (Alkyls and Methylenes
from Acetylenes)

Section 152 Hgdrides from Carboxylic Acids

C00C0O OO0QOOO0OO00CO0OCO0O0C000Q
This section 1ists examples of the decarboxylation of acids, RCOOH —» RH
(R=alkyl, aryl, vinyl etc). For the conversion RCOOH —» RCH3 see
section 62 (Alkyls from Carboxylic Acids)

Ni  350°
€17H35C00H —_— Cy7H3g
JOC (1944) 9 319

Ph

C00Bay /7 Ph
MeONa 649
2
JACS (1934) 56 715

357



358 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 152

TS0 1 socr, C002Bu-t  pijsopropyl-
> _ 29%

2 t-BuQOH benzene 150°

Pyr JACS (1964) 86 3157

(1961) 8% 3998
J Med Chem (1969) 12 192

CHCOOH 540 CHpCOOH ° CH
200 2 240 2 ~60%
B aemmant

JCS (1930) 1603
JACS (1950) 72 4359

CH=CHCOOH CH=CHa

Cu quinoline

—_— 37%

OAc OAc
JACS (1950) 72 1200
Org Synth (1563) Coll Vol 4 857
Chem Comm (1967) 96

Copper tetrammine sulfate
Ph(CEC)3COOH - Ph(CEC)3H 79%
Me2CO

Ber (1964) 97 2586

Me . . Me
1
{/ \S fu quinoline (/ \S 83-89%
0 COOH 0

Org Synth (1963) Coll Vol 4 628

COOH

MeO Me0 @@
CuSOg4 quinoline
MeO @@ 4 > MeO
MeO @ MeQ
OMe 0Me

JACS (1951} 73 1414
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Section 153  Hydrides from Alcohols and Phenols

0000000 COOCO00CO0O00000000000Q00000Q0
This section 1ists examples of the hydrogenolysis of alcohols and phenols,
ROH — RH and RR'CHOH —= RH (R=alkyl or aryl, R'=H or aryl). For the
conversion ROH —= RR' (R'=alkyl or aryl) see section 63 (Alkyls and Aryls
from Alcohols)

Hydrides from alcohols . . « « « v v v v v v v v v v v page 359-362
Hydrides from phenols . . . . . « o « v v v v v v v v v 0 v . 362-363
e Hp (965 atmos) Co-Alp03 e
1-Pr§CH20H i-Pr?Me 20%
o
Me 300 Me

JACS (1948) 70 3793
(1951) 73 553
(1933) 55 1293

Hz Pt CF3CO0H

MesCOH ~ ——————»  Me3CH
JOC (1964) 29 2325
C5H17CHOH 1 by HI Ho  CoMICH2
HOCHaCH(CHCH, )5 (CHOH) 3CHHe s MeCH(CHg )1 3CHe 13%
OH o 2 LiATHy MeCHCH, (CHp)g
HOCHZCHCH(CHp ) g Me
Ve JACS (1962) 84 2170
JCS (1959) 1044
Tetrahedron (1970) 26 2199
oH

Qph Hp Pd-C EtOH Oph
———— e e
JCS C (1967) 136

Chem Ind (1963) 1354
Org React (1853) 7 263

Na NHy
Ph?HMe —_— PhCHoMe

OH JCS (1945) 809
(1949) 2531



360 COMPENDIUM OF QRGANIC SYNTHETIC METHODS SECTION 153

CHOH  Na  NHg e
I 85%

Ber (1956) 89 1549
JCS (1957) 1969
(1945) 809

OH :
LiATH,; AIC13 Eto0

4 3 2 78%

Ph Ph
JOC (1964) 29 121

LiAlHg Al1C13

—_————
CH

Tetr Lett (1967) 2447
For reduction of benzylic alcohols see JCS (1957) 3755

Me><© 1 Pyr-SO3 THF Me
Me,C=CH i Me2C=CHCHpCHp
e2C=CHCHaCH Chpon 2 LiATHG THF 2 e

Tetr Lett (1969) 1837 86%
JOC (1969) 34 3667

PhCH20 TSC] PhCH20 L1A1H4 PhCH»0
79%
Pyr Et20

JACS (1970) 92 553
(1955) 77 1820

Further examples of the reduction of sulfonates are included in section 160
(Hydrides from Halides and Sulfonates)
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N

JOC (1968) 33 1196

For further examples of the reaction ROH —» RHal and RHal — RH see
section 138 (Halides and Sulfonates from Alcohols and Phenols) and
section 160 (Hydrides from Halides and Sulfonates)

MeO
JJ,r”JI J,f”j
MeO N~_0 1 MsCl Pyr Nw_o MNi EtOH N~_0
e r————— ———r———
2 PhCHpSNa
HO Et EtOH PhCHoS Et Et
COOEt COOEt COOEt
Helv (1959) 42 2431 779,
JACS (1953) 75 384
(1963) 85 173
CH0CSNMe; Me
Me NCSCT /= hy 0 0
—2—--> ”/,,F —— ~25%
NaH DMF MeOH 0

o/
Chem Comm (1968) 323
Carbohydrate Res (1967) 4 115

Hz (100-200 atmos) Ni
C17H35CH20H pyw C17H36

JACS (1933) 55 1293

Ni  EtOH
PRCHCHROH ~ ————>  PhCHy
|

Me Me
JACS (1857) 79 1696



362 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 153

NePh t-BuOK  t-BuOH Hle
PRC-CHOH ~ ——————>  PhCH
Et Et

JACS (1969) 91 1009

Alcohols (ROH) may also be converted into hydrides (RH) via ester or ether
intermediates. See section 158 (Hydrides from Esters) and section 159
(Hydrides from Ethers)

OH

OH @O
—_—— 93%
o

Tetr Lett (1969) 1577

. 18%
oh 250-400° oh )

JOC (1961) 26 2528

: Zn
—_— 24%
Me OH  550° Me

JACS (1951) 73 3439

OH  MsCl NaOH O Na hHy @
——— —_
MeO Hz0 Me0 Me0

JCS (1955) 522

Further examples of the reduction of sulfonates are included in section
160 (Hydrides from Halides and Sulfonates)
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OH

|
O 1 (Et0),p0 EegN COy
—> 48%
Ph 2 Na NH3 Ph

Joc (1958) 23 131
J Med Chem (1965) 8 409
JCS (1955) 522

NO2
2,4-D1’n1‘trof1uoro-_> ©© Hy Pt @@
benzene NaH DMF
JOC (1964) 29 3124 40%
O Re1 kyC05 Ry pd-c
—_— — 70-76%
Ph  MepCO Ph CgHg Ph
R= N-—N 0
n N\ or
N-—§:>— [:::I:N;>ﬂ
Ph

JACS (1966) 88 4271

Section 154  Hydrides from Aldehydes
0000000000000 00 Q000
This section lists examples of the decarbonylation of aldehydes,

RCHO —» RH. For the conversion RCHO —= RMe see section 64 (Alkyls
from Aldehydes)

CHO
Pd(0H),-BaS0
T 76%
155-195°

JOC (1959) 24 1369
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CHO

Q0 =

JOC (1960) 25 2215

Ni  EtOH
PhCHCHO — PhCHy
Me Me
JACS (1957) 79 1696
RAC1(Ph3P)3
RCHO ~ ———» RH R=CgH13,» PhCH=C or ’[::]
Bt Cl

JACS (1968) 90 99
Tetr Lett (1970) 823
(1968) 1899

Di-t-butyl peroxide
PhCHg(lZHCHO — PhCHg?Hz 69%

Me Me

JOC (1964) 29 1663
JACS (1941) 63 226

— Il
00 00
CHO
hy EtOH
—_— 90%
0o 3
0 0
Proc Chem Soc (1963) 114
hy PhCH2SSCH2Ph
Bu(liHCHO > Bu('IHZ 68%
-]
Et 140-145 Et

Tetr Lett (1962) 43



SECTION 155

C=CCHO

QO

Section 155

HYDRIDES FROM ALKYLS

NaOH MeOH Ho0
———e

365

C=CH

CO

JCS € (1969) 2173

Hydrides from Alkyls
cd0CO00 o 00

This section 1ists examples of the conversion RR' —» RH (R,R'=alkyl,

aryl etc.)
Ho Cu-Cr oxide
PhoCHCHPh) —> PhCH2 90%
methylcyclohexane
JACS (1932) 54 1668
RiC13 CgHg
t-BuCHaPr-1 —_— t-BuH
JACS (1935) 57 2415
Me Bu-t HE  CgMg Me
—_— 60%
Et Et
Me Me
JACS (1954) 76 4952
(1937) 59 1417
Me Me Me
Me HyS04 Me SO3H H2S04 Me
L —_— 88%
Me Me Me Hp0 Me
Me Me Me

Org React (1942) 1 370



366 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 156

(hHg) pCe(N03)s @il RCT(Ph3P) @U
W CeHg

JCS C (1968) 2915

The conversion Ar-Alkyl —» ArH may also be achieved via intermediate
carboxylic acids ArCOOH. See section 20 (Carboxylic Acids from Alkyls
and Aryls) and section 152 (Hydrides from Carboxylic Acids)

Section 156 H¥drides from Amides

o 0000000Cc0C00PO000
This section 1ists examples of the conversions RCONH, —» RH and
RNHCOR' —» RH. For the conversions RCONR'p —» RR" and RNHCOR'—> RR"
(R"=alkyl or aryl) see section 66 {Alkyls and Aryls from Amides)

H3POq @
— 95%
190-210° @

JACS (1951) 73 436

Buli THF hexane
PhpCHCONH, » PhoCHz 86%

JACS (1969) 91 7774

O

NaNHp  NH3 Et0
PhC=CCONH, — PhC=CH 90%

JCS (1963) 4402

Et20
PhNHAC ===  PhNAc ——>  PhH
&0 25°

JACS (1964) 86 3180

Amides may also be converted into hydrides via intermediate amines or
carboxylic acids. See section 157 (Hydrides from Amines) and section 152
(Hydrides from Carboxylic Acids)
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Section 157  Hydrides from Amines

Rl
This sect1on lists examples of the conversions RNH, — RH, RCHpNHy — RH
and R' NR3 X~ —= R'H. For the conversion RNHp — RR' (R'=alkyl or aryl)
see section 67 (Alkyls and Aryls from Amines)

Review: Replacement of the Aromatic Primary Amino Group by Hydrogen
Org React (1944) 2 262

+ -
NHo No PFg (MeaN) 00 [:::::[
- ————— N75%
N0 NO» NO»

JOC (1963) 28 568

F
N2 NaN02 HCY N2 O yapo,
NG 80%
MeO MeO

JACS (1952) 74 3074
Org Synth (1963) Coll Vol 4 947
(1955) Coll vol 3 295
For reduction of diazonium salt with NaBH; see JACS (1961) 83 1251
" " " ! " " HCHO derivatives see
Angew (1958) 70 211
" " ! " " " H3P0p, HCHO, EtOH, Zn or NpHy see
Org React (1944) 2 262
For selective diazotization of ArNHo in the presence of K]ithHg see
JACS (1949) 71 2137

OH

NH2 E:i:TW:::]
—————r et
ph Pd-Al503 Ph

Tetr Lett (1969) 1577

Aromatic amines {RNHy) may also be converted into hydrides (RH) via
N-acetyl derivatives. See section 156 (Hydrides from Amides)

TsC1  Pyr NH20S03H  NaOH
CgHygNHp ~ ————>  CgHi7NHTs —————»  CgH1g 25-30%
EtOH Ho0

JACS (1964) 86 1152



368 COMPENDIUM OF ORGANIC SYNTHETIC METHQDS SECTION 158

HNF

BuNHy  —~—»  BuH 61%
JACS (1963) 85 97

(1964) 86 2233

Me KIO4 KOH Hp0 e
PRCNHNH,  ———————>  PHCH 68%
Et Et

JACS (1963) 85 1108

Ni  EtOH
PhCHpCHoNHp ~ ————>  PhMe +  PhCHaMe

JACS (1957) 79 1696

Me Me
Ve e Na-Hg € Me
N 99%
Me CHoNMe3 I Hp0 Me Me
Me Me

JACS (1951) 73 4122
Org React (1953} 7 263

Section 158  Hydrides from Esters

Q000000000000 00CQ0O0

This section lists examples of the hydrogenolysis of esters, R'COOR —= RH.
For the conversion R'COOR —»= R'R" or RR" (R"=alkyl) see section 68

(Alkyls and Aryls from Esters). The reduction of esters of sulfonic acids
(e.g. ROTs — RH} is included in section 160 (Hydrides from Halides and
Sulfonates)

Hle Hy Pd-C EtOAc Ve
PCOAC  ————————>  PhCH
COOH COOH

JCS C (1967) 136
Org React (1953) 7 263
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CgH17

Li  EtNHp
———— 94%
AcO

JCS (1957) 1969
JOC (1968) 33 435

Section 159  Hydrides from Ethers
Co0000C00 JO0CCOCDO0
This section lists examples of the hydrogenolysis of ethers, ROR' -— RH.

For the conversion ROR' —» RR" (R"=alkyl or aryl) see section 69
(Alkyls and Aryls from Ethers)

OMe :
(Me3S1)oHg
———-—-—-—2—> 58-76%
185°

JCS ¢ (1967) 2188

(i-Bu)ZA'lH 924
PhCHo0EE —— PhMe lzv (1958) 2255 4
(Chem Abs 54 10837)
CgH7

Li EtNHp
—_— R=Me or PhCH,
RO

JCS (1957) 1969

LiAlHg NiClp THE
— PhCH=CHMe

PhCH=CHCH,0Ph

JACS (1957) 79 5463
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Ho  Ni
PhCHp0Bu —>  PhMe Org React (1953) 7 263 ~93%
Chem Ind (1963) 1354

Further examples of the hydrogenolysis of allyl and benzyl ethers are
included in section 39 (Alcohols and Phenols from Ethers and Epoxides)
and section 45A (Protection of Alcohols and Phenols)

Section 160 Hgdrides from Halides and Sulfonates
00000000QQC000000C00000QCO0000000000000

Catalytic reduction of halides and sulfonates . . . . . . . . page 370-371

Desulfurization of thioethers derived from halides and sulfonates 371

Dissolving metal reduction of halides . . . . . . . . « .+ . . . 372-373

Reduction of halides via Grignard type intermediates . . . . . . 373

Metal hydride reduction of halides and sulfonates . . . . . . . . 373-374

Miscellaneous methods « « « « v v v v v v v b v b s e e e 374-375
CHpI Me

0 Hp Pd EtsN 0
HO OMe MeOH HO Me

JOC (1969) 34 3519

0 -0 0 +0
> Hp Ni NaOH >
0 PR 0 37%
MeOH
Me

CHpl
JACS (1950) 72 561
Helv (1946) 25 378 360
Hy Pd-C
PrF 190° PrH J Phys Chem (1956) 60 1454 100%
Br
Hy Pd-C NaOAc
et
0 HOAc 0
0 o] 0 o]

JCs C (1969) 2600
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€1
NoHg Pd-C  EtOH

Chem Ind (1959) 1348

Ber (1958) 91 1376

90%

Hy Ni KOH
2 U 90%
OMe  MeOH Otte
@OTS Hy Ni EtOH @

NHAC NHAc
JCS (1949) S178
Aust J Chem (1963) 16 647

AcO AcO
0Ac ( ) 0Ac
NH,)2CS Ni
AcO Ak — AcO 55%
0Ac C5Hy70H 0Ac
CHpI CHZS?=NH Me
NH»
Helv (1946) 29 1199
JACS (1969) 3T 7342
(1950) 72 561
H20Ms CHoSEt Me
EtSK  t-BuOM Ni  EtOH @i1
st et . e
CHoOMs CHpSEL Me

JACS (1953) 75 384
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Cl N=A1 NaOH  Hy0

COOH COOH
JOoC (1944) 91

(?00’; Ni-Al NaOH MeOH (?00‘;
CHs)gCH5Br > CHy ) gMe 100%
219%72 or Zn HOAc S
or In-Cu EtOH Bull Soc Chim Fr (1967) 2018
Zn HOAc
CygH331 —_— CygH34 85%
Org Synth (1943) Coll Vol 2 320
C1
“ Li t-BuOH THF
—_— 94%
1
c1 (Aliphatic halides are also reduced)
Tetr Lett (1962) 449
(1968) 1575
JOC (1964) 29 160
Cl
Na t-BuOH THF
— ey 80%
C1
JACS (1968) 90 3594
Et Li Ny £t
1-Pr(CHp)aCll  ———>  1-Pr(CHp)3CH
Me Me

Rec Trav Chim (1964) 83 367
JACS (1951) 73 3329
Chem Comm (1969) 138



SECTION 160

[::::]’X Mg i-PrOH decalin [::::]

Mg 1-PrOH decalin
PhX —>  PhH

1 Mg BUZO
PrCHBr  ——————  PrCH,
he 2 HpSOs H0 e
BuLi hexane
CgtysBr ———————> Cgthg
NaBHg MepSO
CgHy7C1  ————>  CgHig
NaBHq MepSO
PrOTs —————- PrH
08H17Br L1A1H4
T CgHis
CoHy 3CHCH,Br
Br
LiAlHy THF
PhBr —— PhH

+

HYDRIDES FROM HALIDES AND SULFONATES 373

33% (X=F)
83% (X=C1)

Proc Chem Soc {1963) 219

89% (X=C1 or Br)
95% (X=1)

Proc Chem Soc (1963) 219

50-53%

Org Synth (1943) Coll Vol 2 478

CgHy7Bu
JOC (1963) 28 280

JOC (1969) 34 3923 h2n
Tetr Lett (1969) 3495
JOC (1969) 34 3923 90%
~70%
JACS (1948) 70 3664 3738
Org React (1951) 6 469
95%

JOC (1969) 34 3918
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374
1 LiA]HQ Etzo
2 Hy Pt HOAc
0Ts
Tetrahedron (1964) 20 2903
Helv (1949) 32 1371
JACS (1970) 92 553
(?N ) Bu3SnH (?N
CHy)3CHoBr — CHo ) 3Me 60%
21312 2)3 JOC (1969) 34 2014

Synthesis (1970) 499

Br
Ph3SnH
Cl — 75%
JOC (1960) 25 2203

150°
(1969) 34 2014
(1959) 24 294

cr2" NHpCHoCHNH,
> BuH 100%
MepSO  Hg0 JACS (1966) 88 4094
Angew (1968) 80 271
(Internat Ed 27747)

Br
Cr(C104)o NHpCHoCHoNH
2 A 100%
DMF Ho0

Br (Vinyl halides are also reduced)
Tetrahedron (1968) 24 3503

Br
PhCH,0Na  Cup0
———-—-—————-3——>- 95%
collidine

JCS € (1969) 308

BuBr
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Br

Aco0 Cun0 Pyr
QO === 00

JCS (1964) 1112
Proc Chem Soc (1962) 113

hy  i-PrOH

PhC1 ——————>  PhH Tetr Lett (1969) 1267 e

COMe  Electrolysis EtyNBr Cove
> 94%
DMF

Br (Aromatic halides may also be selectively reduced in the
presence of aliphatic halides)

JOC (1970) 35 1232

Ber (1968) 101 4179

Section 161  Hydrides from Hydrides

0C000CO000000000CO0000000
This section lists examples of hydrocarbon epimerization. Many related
reactions are included in section 65 (Alkyls and Aryls from Alkyls and
Aryls)

hy HgBY‘z
e ——
cyclohexane

70%

ﬁ
JACS (1970) 92 1094

Section 162 szr1des from Ketones

X2 0000000000000 000
This section lists examples of the conversion RyCO —= RH. For the
conversion RoCO —» RpCHp or RpCHR' see sect1on 72 (Alkyls, Methylenes
and Aryls from Ketones)

NaNHy  CgHg
(t-Bu)2C0 —_— t-BuH  +  t-BuCONH,

Compt Rend (1910) 150 661
Org React (1957) 91
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0 KNH2  NaNHp
e
(fused)
Bull Acad Sci URSS (1941) 167
(Chem Abs 37 3749)
COMe

HaP0y Hp0 @3
———————

JACS (1946) 68 2176

NaNHy NH3 THF
PhCZCCOPh > PhCZCH 25%

Bull Chem Soc Jap (1962) 35 1488

Section 163  Hydrides from Nitriles

0000000CCO0000CQOC0O00000

This section lists examples of the conversion RCN —» RH. For the
conversion RCN — RMe see section 73 (Alkyls from Nitriles)

Na EtOH
PhO(CHg)3CHPh  ————>  PHO(CHp)3CHpPh 89%
éN toluene
JACS (1934) 56 1614
Gazz (1963) 93 525
{Chem Abs 59 8825)
Na NH3
RCN ———> RH 35% (R=Cq2H2s5)
90% (R=PhCH>)
JACS (1969) 91 2059
PhaCCN EtMgBr PhaCH
Me NCHCHp —_— MeNCHCH,
] Eto0 xylene !
CHaNMe, CHpNMep  JACS (1952) 74 5793

Chem Comm (1970) 350



SECTION 165 HYDRIDES FROM MISCELLANEOUS COMPOUNDS 377

CN Electrolysis LiCl
> 60-80%
EtNHp

Tetr Lett (1968) 1975

CN
Me @@ Me  polyphosphoric acid Me @@ Me
Me Me  200° Me Me
CN JACS (1953) 75 3600

Section 164  Hydrides from Olefins
QoC0COCO0000CCO00CO00
This section 1ists examples of the conversion RoC=CRz — R2CH2. For the

hydrogenation, dimerization and alkylation of olefins see section 74
(ATkyls, Methylenes and Aryls from Olefins)

NH2NHNa  Et50

Ph,C=CH, — PhyCHs 97%
Angew (1962) 74 650
(Internat Ed I 456)

Section 165 Hydrides from Miscellaneous Compounds

00000000000 V0000000000000 0000V0O0000
This section 1ists examples of the replacement of miscellaneous functional
groups by hydrogen (RX —» RH)

Hp (100 atmos) MoSp

CgHy 3SH CeH14 90%
300° Coll Czech (1966) 31 2202
(EtO)3P

CgHy7SH CgHig 88%

JACS (1956) 78 6414



378

Ph-X-Ph

Ni  EtOH

_— PhH 68% (X=S)
75% (X=50)
65% (X=505)

C1gH21-X-C1oH21

Me$S

Et

Et

OMe

OMe

Et

Et

SO3H

COMPENDIUM OF ORGANIC SYNTHETIC METHODS

JACS (1943) 65 1013
For use of NipB see JOC (1965) 30 1316

Li MeNHp
_ C1oH22 (X=S or S0p)
JACS (1960) 82 2872
OMe
CHy
OMe
Ni EtOH 0
——
0 Ph
0

Helv (1946) 29 371
JACS (1953) 75 384
(1963) 85 173

Et

H2504 Ho0 Et
—_——

Et

Org React (1942) 1 370

SECTION 165

95%

91%
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Chapter 12

PREPARATION
OF

KETONES

Section 166

Ketones from Acetylenes
0000000000000 00000 )

1 NaBHq BF3-Etp0 diglyme
EtC=CEt >

2 H202 H20

BF3-Et20 HgO
————ree—

COOEt
CHpC=CH
0

CC13CO0H MeOH

OH
O C=CH

Hg0 BF3-Etp0

CgH13C=CH e (gH13CMe
HOCH2CH20H Jb
LJ

OH
Ion exch resin-HgSOy OCOMe
MeOH H»0

EtCH2COEt

JACS (1961) 83 3834
(1967) BJ 5086
Org React (1963) 13 1

COOEt
CHaCOMe
0

JCS (1952) 4086
Helv (1945) 28 1355
(1943) 26 680

62%

75%

80%

JCS (1954) 3257

——— CgH13C0Me

Chem Comm (1967) 200

JACS (1934) 56 1130
(1936) 58 80

379



380 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 167

T C1S02CNO  CHpCl5
EtC=CEt > EtCOCHoEL 67%
2 Hp0

Tetr Lett (1970) 27

Br

|
C=CH  ypy C=CHp Cac03 H0 COMe
—_— _— 73%
MeQ' OMF MeO EtOH MeO

Helv (1964) 47 194

0Ac
H‘COCHBrz 'COMe
NBA NaOAc 3 Zn NaOAc }

HOAc Hp0 HOAc  Hy0 67%

0Ac

AcO

JACS (1958) 80 6118

Section 167  Ketones from Carboxylic Acids, Acid Halides and Anh dr1des

Qo000C CEEEE 0000000000000CCO00 FEEEEEEEEEE]

Ketones from carboxy11c acids by Kolbe coupling page 380
Ketones from carboxylic acids and derivatives by reaction

with organometallic compounds 380-382
Miscellaneous methods 382-385
Ketones from dicarboxylic acids 385-386

Me Me

| |
HOOCCH,CHCHaCHCHaCOMe te  Me
C17H34CO0H C17H34CH2CHCHoCHCHCOMe

electrolysis Acta Chem Scand (1956) 10 478
Advances in Org Chem (1960) 11

Meli Etp0
PhCH,COOH ——— PhCH2COMe 76%
Acta Chem Scand (1952) 6 782
Org React (1970) 18 1



SECTION 167 KETONES FROM CARBOXYLIC ACIDS, ACID HALIDES 381
AND ANHYDRIDES

_ COOH COPh

PhLi  Etp0

.

“Ph Ph

JACS (1969) 91
(1970) 92

EtMgBr Eto0

e
ECOONa Et2C0 Ber (1909) 42 4500

JACS (1933)755 1258
JCS (1950) 2012

Review: The Synthesis of Ketones from Acid Halides and Organometallic
Compounds of Magnesium, Zinc and Cadmium

Org React (1954) 8 28

PhCH2CHoMgBr-CdC12
Cy7H35C0CT > Cy7H35C0CH,CHaPh 65%
Eto0 CgHg

Org React (1954) 8 28
JACS (1950) 72 5333
For use of aryl cadmium reagents see  JACS (1945) 67 740

CO0ES C1gH37MgBr-ZnC1 2 CO0Et
(CH2)70C0CT ~> {CH2)10C0C 1 8H37 ~79%
Eto0 CgHe
Org React (1954) 8 28
COOEt 1-PrCHoMgBr  Et20 (ooEE
{CHp)gloC —> {CHy)gCOCHPr-1
Org React (1954) 8 28
JOC (1961) 26 1768
Tetr Lett (1970) 2523
BupCul
CgHyic0C — C5H11C0BuU 79%

Tetr Lett (1970) 4647



382 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 167

t-BuMgC1-CdCly  Etp0

(PhC0) 50 PhCOBuU-t 40%
JOC (1941)

(1948)

Ber (1964) 37

/=< EtMgBr
C5H11CO0H  =~-» C5H]1C0N\\//ﬂ —_— CgHypCOEL ~64%
== Et20

Annalen (1962) 655 90

Me3SiCHaPh  BuLi
PhCOCT > PhCOCHpPh
HMPA

Tetr Lett (1970) 1137

BupHg AlBrg CHpCl2
PhCOCT —»  PhCOBu 73%

J Organometallic Chem (1969) 17 P21

(CgH13)3AT  CHaClp
Prcoct > PrCOCgH3 78%

Tenside (1967) 4 167
(Chem Abs 67 116507)

CH2Ng p-Tolylcopper
PhCOCY  ----- > PhCOCHN, —_— PhCOCH, Me ~31%

Chem Comm (1969) 515

R
|
MgC(CO0EL), R HpS0,
CioH21€0C1T  ——— C10H21COC(CO0EL )y ———>  CygH27COCHR
CgHg  ELOH EtCOOH

Ho0
JCS (1950) 322
Org Synth (1963) Coll Vol 4 285
For use of malonic tetrahydropyranyl esters see JCS (1952) 3945
v " t-butyl " JACS (1952) 74 831
oo " benzyl " " JCS (1950) 325
and JACS (1963) 85 1409



SECTION 167 KETONES FROM CARBOXYLIC ACIDS, ACID HALIDES 383
AND ANHYDRIDES

EtpCHCOOEL H2S04 HOAc
PhCOC1 ————— PhCO?Etg ————>  PhCOCHEt>» 44%
Ph3CNa Etp0 CooEt O HI  Ho0

JACS (1941) 63 3163

COPh

Naphthalene Al1Cl3 PhNOp
PhCOC) >

JCS (1949) S99
Chem Rev (1955) 55 229

For further examples of the acylation of aromatic compounds see section
176 (Ketones from Hydrides)

CgH17C00H  Fe
PhCOOH —_— PhCOCgH17 70%
250° JOC (1963) 28 879
Org Synth (1963) Coll Vol 4 854

BF
(CgH11€0)50 R {C5H11)2C0 64%

JACS (1950) 72 3294

(MegSi)y AlCI3
(Pre0),0 ~ ——————">  PrCQMe 75%

Compt Rend (1965) 261 1329

Et3SiH RhC13(PBugPh)s
PhCOCI PhCO

Chem Comm (1970) 1703

1 MeCH=PPhy Cghg
PhCOCT PhCOCHoMe <85%
2 Hp0

Tetr Lett (1960) (4) 7
Annalen (1964) 674 11
Ber (1962) 95 1513



384 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 167

+ -

1 BugP Br MeQH
PrCO0Ag —_——— PrCOBu 39%
2 300°

JOC (1963) 28 1133

1 CH2N2 | .-COOMe 7n Nal C00Me
———— ——
Et,0 COCHoBr HOAC COMe
2 2
2 HBr \\\ \\
AcO Et,0 Tetr Lett (1969) 51 75%

JACS (1943) 65 1516

CH,COCT CHpCOMe
0 1 CH2=C(OMe)2 0
2 HC1 Ho0 HOAc

JACS (1956) 78 6086

1 MesN Etp0
C7H15C0C) _—_ (C7H75)2C0 95%
2 Ha0 JACS (1947) 69 2444

Org Synth (1963) Coll Vol 4 555
Aust J Chem (1955) 8 506

For preparation of cyclic ketones from dicarboxylic acids see
JACS (1948) 70 34

Pyridine N-oxide
(Me,CHCO) 20 > MeoCO
Phl

Tetr Lett (1965) 233

KMnO4 NaBi03
00 ———> COOH —————» 0
KOH  Ho0 OH H3P0s4 H20

JOC (1964) 29 2914
JCS (1953) 2129 3580



SECTION 167 KETONES FROM CARBOXYLIC ACIDS, ACID HALIDES 385
AND ANHYDRIDES

CgHiy
COOH NH, 0
T NaN3 HpS0g Cﬂ 1 t-Butyl hypochlorite ﬂ
———————r e . t
CHCT3 NaHCO3 Etp0
2 NaOH M0 2 EtONa EtOH 65%
3 HpS0q Hy0
JOC (1965) 30 3775
COQH Ac,0 0
00H —_— ~80%
C7Hy5 C7Hrs

Compt Rend (1955) 240 317
Helv (1945) 28 1651

COOH  Bap Fe
—_——— 0
COOH 260-280°

Helv (1947) 30 2158
Org Synth (1941) Coll Vol 1 192

(CHz)gC00CE] /3 (CHp)6

400-450° AN
—_— /,CO

(CH2)6COOCe]/3 (CH2)6
Helv (1932) 15 1220 1459
(1928) 11 1174

COOH KF 250-280°

0 2-72%
O0H 5 ’

or Ba0 320-330°

JOC (1962) 27 1034

1 Pb(OAC)4 Pyr CeHg
BUZC(COOH)Z » BupCO 70%
2 KOH MeOH Hp0

Tetr Lett (1966) 6145
JOC (1964) 29 2914



386 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 168

1 C1CO0Et Et3N H2S0
Ot Lo Oty 2 e
MeCO 3 W0

45%
2 NaNj JOC (1962) 27 1647
(1964) 25 2914

Section 168 Ketones from Alcohols and Phenols
TO00000000000000000000000000000GC

Conversion of alcohols into ketones with longer carbon chains . page 386

Oxidation of 2ry alcohols to ketones . . . . . . . o v o v o 4 386-393
Oxidation of allylic and benzylic alcohols to ketones . . . . . . . 393-394
Ketones from 3ry alcohols and 1,2-diols . . . . . . . .« v+ v o 394-396
Ketones from phenols . . v v v v v v v v v e e e e e e e e 396
?E
CHp=CMe TsOH MeOH
Mez?CH=CH2 > Me2C=CHCH2CH2COMe 41%
OH Helv (1967) 50 2091
me ve Pho0
HOCHCH=CHy  --» MeCOCH2CO0CHCH=CH2 — MeCH=CHCH2CH2COMe 76%
220° trans

Tetr Lett (1969) 3253

MeCOCH,CO0E
PPrOH  —————>  MeCOCHCOOEt  --»  MeCOCH,
BF3 i-Pr §-Pr
60-67%

Org Synth (1955) Coll Vol 3 405

OH cro; HOAC Hp0 0
— . 69%
AcO AcO

JCS (1949) 615
(1940) 10
For use of Cr03-Mn(NO3)p see JOC (1967) 32 1098



SECTION 168 KETONES FROM ALCOHOLS AND PHENOLS 387

(CH)3CHCH=CHz  crog Etp0 HyO (CHp) 3COCH=CHp
OH —_— 63%
MeQ (2 phases) Me0

JCS C (1966) 1972
Chem Pharm Bull (1964) 12 1184
JOC (1971) 36 387

NapCrp07
—_— 96%
. HOAc 0 L
Br Br
Br Org Synth (1963) Coll Vol 4 195
Annalen (1967) 707 203
Cr03 HoSO0q4 MepCO H20
Ph?HCECH — PhCOC=CH 77%
OH (Jones' reagent) JCS (1946) 39

(1970) 2631
JOC (1960) 25 1434

CgHi7

Cr0; HoSO
___E___E__ﬂ, ;I:::::tj 79%
HO DMF 0

Ber (1961) 94 729

CrO03*Pyr CH2Cl2
C6H]3$HMe CgHy3C0Me 97%

OH

Tetr Lett (1968) 3363
For use of Cr03 in Pyr-H,0 see Tetrahedron (1962) 18 1351
For in situ preparation of Cr03-Pyr see JOC (1970) 35 4000

t-Butyl chromate

HOw CClq 0

Biochem J (1962) 84 195
Helv (1957) 40 487
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(I‘,HZOAC ?HgOAc
'CHNHAC (IIHNHAC
KMnOg  HpS04
CHOH 4 "z ¢o 86%
HOAC  Hy0
N0, NO2
Ber (1960) 93 387
(1961) 94 169
OF  Ruog cCly 0
_— 96%
JACS (1958) 80 6682
OH Ru0, NalOg 0
— 79%
CClg Ho0
Tetr Lett (1967) 4729
(1970) 4233
Tetrahedron (1963) 19 1959
«0H 0
Ni cyclohexane
JCS € (1969) 968
JOC (1968) 33 175 2814
(1958) 23 899
Li NH,CH CHoNH
Bu?HMe 22 E= BuCOMe 45%
OH

JOC (1962) 27 2662



SECTION 168

[:::::I:OH
Me

KETONES

0p Pt EtOAc

e

FROM ALCOHOLS AND PHENOLS

[::::fo

Me
JACS (1955) 77 190
Tetrahedron (1968) 24 6583
Angew (1957) 69 600

Advances in Carbohydrate Chem
(1962) 17 169

389

50%

0, hv PhyCO
Pr?HMe — PrCOMe
OH Ber (1963) 96 509
1001y Etp0 0
20%
2 MeoSO
3 Et3N
JCS (1964) 1855
OH 0
DCC  CF4COOH I:j::f::]
——— 92%
Pyr MepSO CgHg
0
JACS (1965) 87 5670
Chem Rev (1967) 67 247
Can J Chem (1966) 44 2517
CgH17 CgHry
Pyr.S03
—— 83%
HO Et3N MepSO O

JACS (1967) 89 5505
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0 0
HO:.», 0
Acs0 MesSO
e e 30%
0 0
JACS (1967) 89 2416
Carbohydrate Res (1966) 2 251
OH 0
AT(OPr-i)s Me,CO
3 2 80%
CeHe
Org React (1951) 6 207
CgHr7
t-BuOLi EtCOMe
_ . 68%
HO 0
JCS C (1969) 804
1 MeMgI 0
2 Me,CO
Tetr Lett (1964) 3481
NBA MezCO  Hx0
Ph(CH2)3(IZHMe —_——— Ph(CH2)3COMe 59%

OH
Chem Comm (1965) 5
JACS (1954) 76 3682
Chem Rev (1963) 63 21

For oxidation with NBS see JCS (1959) 2594
and JOC (1957) 22 1678

" " " N-bromocaprolactam see JOC (1960) 25 263
" 1 " NCS " Helv (1953) 36 1763

Tribromoisocyanuric acid see
Bull Chem Soc Jap (1958) 31 450

1-chlorobenzotriazole see JCS C (1969) 1474

" t 1



SECTION 168 KETONES FROM ALCOHOLS AND PHENOLS 391

HQ  MeCHCH,CHpCOOR HQ  MeCHCH2CHoCOOR

Bro NaHCO3
e 44%
" H20 HO* 0
H H
JACS (1945) 67 312

HO™

Bry Ho0
MeCH2$Me2 — Me?H?Mez — MeCOCHMeo 55%

OH BrBr JACS (1933) 55 1136

t-Butyl hypochlorite

Ph?HMe > PhCOMe 83%
OH Pyr (Ll Helv (1953) 36 1763
JACS (1955) 77 172
INO3 Pyr CHCl3
5 1CHiMe > CsHy1COMe 65%
OH JCS € (1970) 676
Pb(0Ac)g Pyr
MeCHCHoCHaCHMe  ————————>  MeCOCH,CHCOMe 89%
OH OH

Tetr Lett (1964) 3071
JACS (1960) 82 4956

OH 0
Ag,C03-celite j:j::f::]
G B 99%
CeHe

Compt Rend (1968) C 267 900
JACS (1955) 77 490



392

COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 168

OH 0
Ag0 HOAc H3PO

Tetr Lett (1967) 4193
(1968) 5685

o’/Ni:[OH Argentic picolinate 0//T:J’O
Ph’L\~o Me2S0 Ph’l\\o

Et?HMe
OH

Ph?HMe
OH

Me,CHOH

PdCl, Cu(N03)p

e e ]
02

EtCOMe

Tetr Lett (1967) 415
Can J Chem (1969) 47 1649

JoC (1967) 32 2816

OH 4-Phenyi-1,2,4-triazoline- 0
75%
t-Bu 3,5-dione CgHg t-Bu

NCOOEt

NCOOEL CgHg
——— PhCOMe
Xe03 Hy0

—————— Me,CO

Chem Comm (1966) 744

87%

JoC (1967) 32 727
Bull Chem Soc Jap (1968) 41 1491

JACS (1964) 86 2078



SECTION 168 KETONES FROM ALCOHOLS AND PHENOLS 393

MnO»
> 100%

HO MeCN

Proc Chem Soc (1964) 110
Chem Comm (1966) 121

CH=CH?=CHCH=CH?HOH Mn02 CH=CH?=CHCH=CHCOMe
OH Me Me — OH Me
Pet ether

(Applicable to allylic and benzylic alcohols only)
JCS (1952) 1094
JACS (1955) 77 4330
JOC (1959) 24 1051

OH OH
——
HO HMPA
(

Applicable to allylic and benzylic alcohols only)
Bull Soc Chim Fr (1969) 335

Chloranil (Cl4
Ph?HCH=CH2 —_— PhCOCH=CH, 66%
OH (Applicable to allylic and benzylic alcohols only)
JCS (1956} 3070

OH

1
CHEt DDQ dioxane COEt

—————————

HO HO
OMe OMe

{Applicable to allylic and benzylic alcohols only)

Acta Chem Scand (1961) 15 218
Tetr Lett (1960) (9) 14
Chem Pharm Bull (1970) 18 2343
Chem Rev (1967} 67 153
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OH OH
A1(OBu-t)3
R ——— > 65%
MeoCO CgHg
HO 23-26° 0
(Method for selective oxidation of allylic alcohals)
Helv (1961) 44 179
N204 CHC13
Ph?HCgH17 —_—— PhCOCgH17 92%
OH (Applicable to benzylic alcohols only)
JCS (1957) 5087
Op hu Me,SO
Ph?HMe —_— PhCOMe 53%
OH (Applicable to benzylic alcohols only)

Bull Chem Soc Jap (1965) 38 1225

Pr-i 0
Bro AgOAc CCI
OOH 2 4‘ O 38%

JACS (1965) 87 1807

Cr03  HOAc

———

OH

Helv (1942) 25 1364

0% (coom), 0
v : 82%
Ph 155 P Rec Trav Chim (1948) 67 489

JACS (1957) 79 147
Helv (1948) 31 1077



SECTION 168

?H?H Ac20 ?H?AC In
Ph?-CHMe — Ph?-CHMe —
o
Me Pyr Me 170

HoS0s4 Ho0
Mez?-gMeg ———p Me3CCOMe

OHOH

KETONES FROM ALCOHOLS AND PHENOLS 395

Ph?HCOMe ~67%
Me
JOC (1970) 35 660
65-72%

Org Synth (1941) Coll Vol 1 462
JACS (1960) 82 4965

«OH
.u‘OH
NaBi03
AcO HOAC

0
\ﬁ/
(or Cr03) 100%
~ AcO

JACS (1960) 82 4965

R
R
0
OH 0
OH Pb(OAC)4 (OY‘ CT‘O32
AcO HOAC AcO

Helv (1959) 42 1620

OH 0
OH
Cr03
—
HO HOAc 0

Nickel peroxide
Me,C-CMej —— e
2Il

OHOH

MeCO

Helv (1938) 21 546
JACS (1962) 84 2241

61%

Chem Pharm Bull (1964) 12 403



396 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 169

OH
OH 0

HIO; MeOH
——
HO H20 HO
Helv (1941) 24 828
JACS (1956) 2_8_ 3087
Org React (1944) Z_ 341

K2S20g3 AgNO3  H20
Meg?-?Mez > MeoCO 100%
OHOH JACS (1954) 76 6345

OH  y, (2,500 psi) Pd 0
> 40%
N-ethylmorpholine
EtOH

JACS (1946) 68 2172

OH 5 Etnmp 0
—_— 96%
JACS (1955) _7_2_ 6042

Section 169  Ketones from A]deh¥des
] 00000 EEEEEEERE

J0Me
PhsPCHMe C1  t- OMe
3PCHMe €1 t-BuOK . HCY
CgHy 3CHO > CgHjCH=CMe ——>  CgHI3CHaCOMe  57%
glyme MeOH

Tetr Lett (1964) 3323

1 Ph3P=CHMe THF
CgHy 3CHO > > CgH13CHpCOMe

I2 Tetr Lett (1970) 447




SECTION 169 KETONES FROM ALDEHYDES 397

SMe
- * SMe
MeCPO(OEt)p Li | HgCly MeCN
CsHy71CHO > (gH1]CH=CMe  ———————  C5H771CH2COMe  50%
THF H20
Joc (1970) 35 777
CHo(CN)2 glycine 1 CHoNp Et0
PhCHO »  PhCH=C(CN}» ————————> PhCOMe 99%
EtOH Ho0 2 NaQOH H20

Tetr Lett (1963) 955

P 1 Buli Et90 cyclohexane
PhCHO --»  PhCH :l »  PhCOBu 87%
~0 2 H20
JOoC (1965) 30 226
Cyclohexylamine a r]‘le id
PhCHO ———————= PhCH=N ~——> PhC=N  —> PhCOMe
Me2S0
Can J Chem (1870) 48 570
MeNH-+HC] 1 EtBr KNHp NH3
EtCHO ———— EtC(HCN —> EtCOEt <75%
KCN Ve, 2 Ha0

Bull Soc Chim Fr (1961) 1653
JACS (1960) 82 1960
JOC (1961) 26 4740

MeO CHO EtNO;  MeNHp-HC1 Me0 CH=?Me Fe FeCls MeO CHoCOMe
> N02 B —
HO NapCO3 EtOH HO EtOH HO

H20

JOC (1951) 16 221
Chem Comm (1967) 1258
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Bro Br cN A 1 ZnBrp Et20
PRCHCHO  —  PRCCHO  —>  PRC-CHCN —————» PhCHCOMe 50-70%

t
Me Me Me 2 MeMgBr Me

Tetr Lett (1970) 2947

l;‘l'COOEt
BuMgBr NCOOEt
PhCHO ~——>  PhCHOMgBr — PhCOBu 50%
|
Bu Bull Chem Soc Jap (1968) 41 1491
JCS C (1966) 313
ve I\
CHO  prdncooEt CHCCOOEE CHaCOMe
o Me 1 Naow EtoH 214
———————
C\)—_O 3 0 2 Cu 180° Q 0
JCS (1943) 15
JACS (1963) 85 955
Org React (1949) 5 413
Chem Rev (1955) 55 283
CHO COMe
AcO AcO
CHaNy  Et0
e  —2 f, 0Ac 62%
onc  EtOH CHCIg oA
OAc OAc

Org React (1954) 8 364

f E MeCHNo> Eto0 f §
/ 0 \ CHO _ji__f____é_, / 0 \ COEt 100%

JACS (1950) 72 2737

CeH13CH=CHo diacetyl
CgH13CHO > CgH13C0CgH17 75%
peroxide

JOC (1949) 14 248
Aust J Chem (1967) 20 2033



SECTION 169 KETONES FROM ALDEHYDES 399

HOAc KOH electrolysis
PhCHO PhCOMe 18%

MeOH  Hp0 Tetr Lett (1968) 1781

A1CT

3
Me3CCHO —_— MeoCHCOMe Ber (1936) 69B 2244 100%

1 NH2CONHNH2
Ph?HCHO ———— PhCH,COMe 65%

Me 2 H2S04  H20 zh Obshch Khim (1948) 18 2000
(Chem Abs 43 4632)
CHO CHOAc 0
ACZO ! 1 Br2 CHC13 1
NaOAc 2 03 579
3 ZIn HOAc
AcO

JACS (1950) 72 2617

CHO Morpho11ne CHN b 05 rose bengal 0
R e s
hy MeOH

Tetr Lett (1968) 3271 3267
Chem Comm (1969) 314
For ox1dat1on of enam1nes w1th NapoCro07 see JACS (1955) 77 1212 1216
03 " JACS (1952) 74 3627

CHO 0
0, 1,4-diazabicyclo[2.2.2.]- ‘

> 90%
octane 2,2'-bipyridy]

Cu{OAc), DMF

0 Tetr Lett (1969) 985
Chem Ind (1970) 1144
Ber (1967) 100 259



400 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 170

Section 170  Ketones from Alkyls and Methylenes

0000000000000 0C0000Q0C00000QC00000

This section lists examples of the oxidation of methylenes (RCHsR' -
RCOR'), the replacement of alkyl groups by ketonic groups and tﬁe
degradation of alkyl groups to ketones (RpCHR' — RpC0). For the

acylation of hydrocarbons (RH —= RCOR') see section 176 (Ketones from
Hydrides)

Clp NO HCI NOH 0
e -
hy CCly

Ber (1965) 98 3493 3501

O NOC1 hv CgHg QNOH Oo
TR tehe s

7%

O hv  PhNOp Oo
———————ee

Cr03 HOAc CH2Clp
Cy5H371C00Me Me(CH2)nCO(CH2)13-nCO0Me

n=7 to 11
Chem Ind (1966) 2168
JACS (1952) 74 3910

JoC (1953) 18 115
Compt Rend (1965) 260 4514

Chem Comm (1970) 1390

Cr03'Pyr CHaCl2
—e 71%

Ph Ph
JOC (1969) 34 3587



SECTION 170 KETONES FROM ALKYLS AND METHYLENES 401

Cr03 HOAc

e < 20%

Me Me
JACS (1941) 63 758
(1949) 71 2226
For oxidation with NapCrOg in HOAc see JOC (1970) 35 192

t-Butyl chromate CCly 0
> 22%
HOAc  Acp0
Ph Ph
JCS (1951) 516
Helv (1952) 35 284
CgHy
NBS CaCO3 hv \\\\\‘*
—_—— 81%

AcO THF  Hp0 AcO 0
Chem Comm (1969) 1220

0
Se0p EtOH
————— i
Helv (1940) 23 524 1477

Org React (1949) 5 331

1 NOCT  Etp0 0

—_——

2 Pyr MepCO ye 2h Ore fhim (1965) 1 865
e

Me 3 HpSO4 H20 (Chem Abs 63 6873)
JCS (1951} 516

NOF EtOAc
_— \\\\\ 30%

JOC (1969) 34 409
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[::::] 0, Pt0(PPh3), Cotg [:::::],o

JACS (1967) 89 4809

Air  (Phq)3RhCI
ARSI et 204
MeO MeO

Tetr Lett (1968) 2917
(1967) 3665

0
107
et .
2 FeSO4 Hp0

Ber (1943) 76B 1130

Argentic picolinate
PhCHyMe > PhCOMe

Me2S0 Tetr Lett (1967) 415

———— 82%
MeCO Mg0 Ho0 MeCO

JOC (1961) 26 4151

(NHg)2Sp0g AgNO3  Ha0
PhCHoMe PhCOMe <73%

Org Prep and Procedures (1970) 2 207

DDQ MeOH
HO HO

Chem Ind (1970) 158




SECTION 171 KETONES FROM AMIDES 403

(NH Ce(NO3)
o,

Tetr Lett (1966) 4493

Bu-t wecoc1 AlCT4 COte
_— 5 72%
t-Bu t-Bu

JACS (1942) 64 2421
Helv (1960) 43 1473

0
Cr03 HOAc ::t::j::]
—————————t———

Hp0

AcO Helv (1935) 18 986

Section 171 Ketones from Amides
O000C000000060000000

000000000

EtLi  Et,0
PrCHCOMMep ~ —————=>  PrCHCOEt 80%

|

Me Me JOC (1959) 24 701
JACS (1939) 61 232
Ber (1959) 92 2555

Ph(lZHMe Ni  200°
HCONH ——— PhCOMe

Compt Rend (1947) 225 457



404 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 172

PhCH2N PhCHpN
Bro base
MeO ———— MeO
Me0
Ve CONHp ¢ 0

JACS (1968) 90 2448
Org React (1946) 3 267

KpSp0g K2HPOz H20
(MeCH) 2NAC > MeyCO

JOC (1964) 29 3632

Amides may also be converted into ketones via intermediate amines. See
section 96 (Amines from Amides) and section 172 (Ketones from Amines)

Section 172  Ketones from Amines
TE500000006008000000

@NHZ 1 NaNOp NaOAc HC1 H,0 @COEt -
. 0%
2 EXCH=NOH CuSO4 NaOAc
Ci NapSO3 Hpb ¢

3 HCT HQ0 JCS (1954) 1297
NOH
ONHZ NaW0g Hp02 H20 O Oo
EL0 TEt0 7 Eto
87%

Ber (1960) 93 132

82 Nawog H,07
— st

54%
Ph MeOH Hp0 Ph

Ph Ph

JACS (1968) 90 4892



SECTION 172 KETONES FROM AMINES 406

NR2 Mo, CoHg 0
—_—— (R=H or Me)

JCS (1960) 3559
JCS C (1966) 995

PhpC0 hv CgHg HC1
(MepCH) oNH —— e MepC=NCHMep  ~—>  Me2C0 ~95%
H20

JACS (1965) 87 2996

KMnOg CaSO4
EtCHNHR ~— ——————— EtCOMe 91% (R=H)
g1e t-BuOH H20 96% (R =EtCH)

Me
JOC (1967) 32 3129

NH2 NH 0
H,50
. 1 NCS MeOH THF f 2504
2 EtONa EtOH MeOH 3%
HO Tetrahedron (1969) 25 455)

Ber (1955) 88 883
JACS (1968) 90 3245

NH2 t-Butyl hypochlorite 0 73
NaHCO3 Et,0

JACS (1954) 76 5554

ONHZ Argentic picolinate OO e
a0 -

JCS (1965) 4962
NHy

OFZ Freon 11
66%
JACS (1964) 86 1392



406 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 173

1 2,4-Dinitrobenzaldehyde Pyr
MeoCHNH2 Me,CO 46%
2 HC1 Hp0

JCS (1954) 209

//’—\\\ 1 3,5-Di-t-butyl-1,2-benzoquinone
(CH2)'|] CHNH2 {CHo)11 CO 86-97%
\\\~—‘// (or 3,5-dinitromesityiglyoxal)
2 (COOH)»

JACS (1969) 91 1429

?e 2,4-Dinitrochlorobenzene me Cr03 H2504
CeHy 3CHNHR > CgHy 3CHNH 2 S > CgH3COMe
nop,  MeO 219
NO2
00 JOC (1962) 27 452
1 (CF3C0)40
Ho02 Hp0 + —_
Me N ——> MepN 2 NaOH  Hz0 0
0 Tetrahedron (1967) 23 4681 S7%

JACS (1968) 90 5622

Section 173  Ketones from Esters

000000000000 E ]

EtONa
CgHy7CH=CH(CHp)7C00Me  ——> Cghy 7CH=CH(CHz) 6CHCOOMe

xylene CgH17CH=CH(CH2)7C0

KOH
EtOH

[C8H17CH=CH(CH2)7]2CO

Aust J Chem (1955) 8 506



SECTION 173 KETONES FROM ESTERS 407

NaH

1-PrCHoCOOEt — i—PrCHZCOQHCOOEt .- (i-PrCHz)ZCO
i-Pr
52% JACS (1946) 68 2647
1 Ph3CNa Etp0 HpS0s HOAC
Me,CHCOOEt ———r—r—> Meg?COOEt ——————  MeCHCOPh
2 PhCOCT Loph  HeO
JACS (1941) 63 3163 3156
t-Buli THF LiOH
C7H15C00Et —————————> C7H15COCHCO0Et ——>  (C7H15)2C0
hexane é6H13 Hp0

Dokl (1964) 155 1352
(Chem Abs 61 1750)

For the preparation of ketones by alkylation of B-ketoesters with halides
followed by hydrolysis see section 175 (Ketones from Halides and Sulfonates)

1 Mel NaH MepSO

+ - CgH11COCHoMe  62%
MeSOCH2 2 Al-Hg Hp0 THF

Cg5H17C00Et ———> (5H11COCHySOMe

Me2S0 Al-Hg Ho0 THF

» (Cg5Hy1C0Me 100%

JOC (1966) 31 2355
JACS (1965} 87 1345

-+
MeS02CHy Na Al-Hg
C17H35C00Me  ——————>  (y7H35C0CHoSOpMe ~ ————>  (77H35C0Me 67%
MepSO THF H20 THF

JOC (1968) 33 61

-4+
COOEt  [Lich,S0NAr] L COMe

— . 84%
THF

JACS (1968) 90 5548



408 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 174
OEt
1 CHp=ChiMep
PhCHpCOOEt ~ ————— > PhCHpCOMe 549
2 HC1 Hp0 Chem Pharm Bull (1969) 17 2314

1 PhgP=CHp Et20

PhCOOEt PhCOMe 41%
2 NaQH  MeOH Ber (1962) 95 1513
Bro Ho0 pH 4.6
MeoCHOAC MeoCO
JACS (1967) 89 3555
Cr03 HpSOq
——— 83-87%
MepC0
0CHO 0
Org Synth (1962) 42 79
1 NoHg 1 ROH
PRCHCHC(CO0EE)p ———————mm  PRCHZCHRC(CON3)z ———>  PRCHaCHCOMe
Me 2 NaNQ, HOAc Me 2 Acid 28%
Org React (1946) 3 337
JOC (1962) 27 1647

Section 174

t-Butyl perbenzoate

.................

Ketones from Ethers and Epoxides
00Q000C00000C00CO QO00000C000CO000

............... page 408-410

410-41

Acid

(MeZCH)zo
BuOH CuCl

— MezC(OBu)g

—_—

Me»CO

Angew (1961) 73 65
Tetrahedron (1961) 13 241



SECTION 174
NCOOEt
OOMG NCOOEt hy

e

OEt
Cr0pClp CClg
—————

NNHCOOEt Acid
COOEt -

KETONES FROM ETHERS AND EPOXIDES 409

OMe
[:::::ro

Chem Comm (1965) 259

87%

J Prakt Chem (1938) 151 61

0
03 CHC13
25%

Bro H20
MeoCHOCHoPH e Me5CO
45%
Electrolysis MeONa
Et?HOMe >
Me MeQH
~228°
MeoCHOCPh4 _— MeoCO

JOC (1962) 27 2392

+ PhCHO
55%
JACS (1967) 89 3550

Et?(OMe)Z --+»  EtCOMe
Me

JACS (1969) 91 2803

JACS (1930) 52 753
(1924) € 2580



40 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 174

OMe 5 Etnmy 0
e 40%

JACS (1955) 77 6042
JCS (1942) 689
Org Synth (1963) Coll Vol 4 903

Some of the methods listed in section 54 (Aldehydes from Ethers and
Epoxides) may also be applied to the preparation of ketones from ethers

Meo Me
HC1 Eto0 Hp0
—_— 79%
i-Pr i-Pr

JACS (1962) 84 284
CgH17

BF3* Eth \
CeHs

JCS (1957) 4596 4765
Helv (1953) 36 398

/—\ MgBr, Eto0 /\CO

(CH2)14 \O —_— (CH2)14 75%
CHz
Helv (1948) 311077
Chem Rev (1959) 59 737
/\ Prl MeZSO
PrCHCHPr ——— PrCH2COPY 100%

Chem Comm (1968) 227



SECTION 175 KETONES FROM HALIDES AND SULFONATES a1

b BugPO LiC10g CeHg Me
> 80%
0

JACS (1968) 193
(1965) 87 1405

OO'»O
\1
—

A Cop(C0)g MeOH
MeCHCHMe — —————— > MeCHpCOMe 77%
JOC (1962) 27 2706

2 Ho0p  KOH
PhC-CHy ~ ———>  PhCOMe 85-90%
Me MeOH H20 JACS (1957) 79 503

Section 175 Ketones from Halides and Sulfonates
PCC060000000006000080000000000060600000

0000000000 ] 000

Ketones by alkylation and hydrolysis of B-ketoesters,
acylmalonates and diketones page 411-412

Ketones from organometallic reagents . . . . . . . . . . . . .. 412-415

Miscellaneous methods . . . . . . « v v v v v v v v 415-417
MeCOCH,COOEt EtONa NaOH H20

BuBr MeCOCHCOOEt ~ ——————— MeCOCH,Bu ~40%
EtOH éu

Org Synth (1941) Coll Vol 1 248 351
For c]eavage of B- ketoesters w1th Calp see JOC (1966) 31 3267
Lir- Org Synth (1965) 45 7
" " " " by pyrolysis see JOC (1957) 22 1189

- - +

CHpCOCHCOOMe 2Na 1 NaH
BuBr ~> BUCHpCOCHZCOOMe ————  BUCHCOCH,COOMe

THF 2 BuLi N n

! 3 PhCHoC1 2
, .
| Hydrolysis } Hydrolysis

BUCH,COMe BUCHCOMe

CHoPh

JACS (1970) 92 6702



412 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 175

CH2(CO0Bu-t)2 1 NaH CgHg
CgH17Br ———————> CgH17CH(CO0BuU- t)y —————> CgH]7(I)(COOBu—t)2
NaH t-BuOH 2 C7H1sC0OCT COCTH15
lTsOH HOAc
CgHy7CH2C0CIH1S
JACS (1952) 74 831 46%
JCS (1952) 3545
(1950) 325
MeCOCHpCOMe  K2CO03
Buil - BuCHzCOMe 60%
EtOH JOC (1965) 30 3321
1 Mg Et,0
BuBr —~—-—*—————> —————»  BuCO{CHp)3Me 71%
2 340-350°
C'I Izv (1964) 747

(Chem Abs 61 3057)

1 Mg Etp0
BuBr —~—————  PhCOBu
2 PhCN JACS (1957) 79 881

Further examples of the reaction RMgX + R'CN —»> RCOR' are included in
section 178 (Ketones from Nitriles)

By COMe

OMe 1 Mg EtBr Etp0 Otre

2 CdCip

3 MeCOCT  CgHg JCS (1955) 3986

Org React (1954) 8 28

BuBr —_— BuCOMe 79%

2 Acz0 JACS (1945) 67 154
JOC (1948) 13 592



SECTION 175 KETONES FROM HALIDES AND SULFONATES 413

Further examples of the preparation of ketones by reaction of organometallic
derivatives of Li, Mg, Cd and Zn with carboxylic acids, acid halides and
anhydrides are included in section 167 (Ketones from Carboxylic Acids,

Acid Halides and Anhydrides)

1 L1 Etp0
i-PrCl —— {1-PrCHyCHZ)2C0
2 Reflux
3 C0p JACS (1953) 75 1771
T Li Ety0
PhRr _— PhoCO 70%
2 COZ JACS (1933) 55 1258
(1955) _7___ 2806
1 L1 Etp0
1=PrCHaCHobr ——— 1-PrCHoCHpCOES 75%
2 EtCONMeo

JOC (1959) 24 701

Me . Me Me
1 EtLi Etp0
[/ \.5 Br — % (/ \5 (/ \3 75%
s 2 MepNCOOEt s €0 S

Tetr Lett (1970) 5219

L1

1L , 1 EtBr
BuBr —————> BuC=NChe, _— BuCOEt 87%
2 CNChe, Lhppu-t 2 (COOH)2
CHgBu-t JACS (1970) 92 6675
NCOOEt
Mg NCOOEt
BuX ~—————>  BuCHOMgX —— BuCOPr 66%
2 PrCHO gr

Bull Chem Soc Jap (1968) 41 1491



414 COMPENDIUM OF ORGANIC SYNTHETIC METHODS
1 Mg Et0
i-PrBr > MeCHCHpCOMe

2 MeCH=CHCOMe i-Pr

JACS (1951) 73 2721

For promotion of 1:4 addition of Grignard
reagents by CuXp see JACS (1941) 63 2308
and JACS (1965) 87 82
and JOC (1966) 31 3128

Br |I 0
1 Mg Et,0 @@
2 2-Chlorocyclohexanone

JOC (1959) 24 843
(1947) 1Z 737

1 L1 Etpo
PhBr ——————>  PhCH2COPh
2 CuBr
3 NoCHCOPh Chem Comm (1969) 515
me
Br 1 Mg THF CH,CHCOMe
———————
2 \)fko
N/
3 MeLi
4 (COOH), JACS (1969) 91 5887
1 Mg Et,0
BuBr BuCOCH,CHaPh
2 \;:ifo
$4LcyZCH2Ph
Me I
3 (CO0H), Ha0 JACS (1970) 92 1084
CO RhC13 MeCN
PhC1  --» PhMgCl --» PhHgL] ——————  Ph2C0

JACS (1968) 90 5546

SECTION 175

48%

35%

82%

71%

<48%



SECTION 175 KETONES FROM HALIDES AND SULFONATES 415

1 Cop(CO)g THF
BuBr  --+  BuHgBr ——— e BupCO <42%

2 Ph3P  CgH
3 676 JACS (1969) 91 3037

B ) Li ety0 CHCOPh
95%
Me 2 9-Borabicyclo[3.3.1]- Me

nonane

H
: gﬁgggHgBr t-BuOk THF  JACS (1969) 91 4304 6852

Li[PhCOFe(C0)4] CgHg
PhCH2Br PhCH2COPh 67%

JOC (1970) 35 4183
Trans New York Acad Sci (1965) 27 724

1 Mg
Cgh3Br ¥ — CgH13COPY-i 459
2 PhzPCMep C1  THF
éOOEt Tetr Lett (1969) 23

.
1 <(:)NCH=CMe OMF

> PhCHpCHaCOMe 85%
2 Zn HOAc Hp0
PhCHoBr
- - 4
1 {Opercocih D) pua
(PhCHpCHp)2CO 40%
2Zn HOAc Hp0 Aust J Chem (1967) 20 2441
Pb(0Ac)4
BuBr  --»  BuC(COOH), ~ ——————>  BUuCOEt
£t Pyr CgHg

Tetr Lett (1966) 6145



416

BuBr  --»

i-Prl

@m

C6H]3(|:HMe
I

Qer

Cety 3CHMe
cl

COMPENDIUM OF ORGANIC SYNTHETIC METHODS

PrLl
BuOCHCH=CHMe —_—_— BuCHCH2COMe
ﬁe MeaNCHaCHoNMe 2 Me

Tetr Lett (1969) 821

25
Mecls D puLi T

i-PrCOMe
HgClo
S
B3 BuLi THF
. (1-Pr),C0
ﬁ;é{z 1-prl Angew (1965) 77 1134

(Internat Ed 4 1075)
Tetr Lett (1969) 173
JOC (1968) 33 298

Synthesis (1969) 17

1 NagCrp07 Hp0 0
—_—
2 HpS04 H20

Ber (1956) 89 1732

Mg0 MeoSO
——>  CgH13C0Me 505 (1964) 520
Joc (1959) 24 1792
(1960) 25 670
Chem Rev (1967) 67 247

+=
MeaNO CHC13 0
————
Ber (1961) 94 1360
1 Mg Ety0 NaOH

— CgH13CHMe — CgHy3COMe
2 0 Etp0 O0H

91%

JACS (1955) 77 6032
Ber (1960) 93 2151

SECTION 175

~30%

84%

70%

32%

50%



SECTION 176 KETONES FROM HYDRIDES (RH) 417

1M Et0 HaCl o4 0
—_—
2 HgClo OMe CHpCT2 OMe

Tetr Lett (1970) 2679

+ -
B ppgp PPh3 Br NaNHZ Opph3 0
L.
CsHs

Ber (1963) 96 1899
(1961) 94 1987

s
LicH :j}
1S THF 7N\
Cl (CHz)sBY‘ — (CH2)5 co 68%
2 BuLi

JOC (1968) 33 300

1 Morpholine
PhaCBr2 — Ph2CO 63%
HC1  Hp0 Bull Soc¢ Chim Fr (1965) 3544
Org Synth (1941) Coll Vol 1 95
JACS (1966) 88 3515

Section 176  Ketones from Hydrides (RH

O00C00000000CO0O0000000

This section 1ists examples of the replacement of hydrogen by ketonic
groups e.g. RH -— RCOMe (R=alkyl, aryl, vinyl etc.). For the oxidation
of methylenes RpCHp —= RCO, and the degradation of alkyls RaCHR' —
R2C0, see section 170 (Ketones from Alkyls and Methylenes)

MeCOCOMe COMe
dibenzoyl peroxide

JACS (1968) 90 3588




418 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 176

MeCOC1 AIC13
Me2CHCH3 —_——— Me>CHCH2COMe

Ber (1936) 69B 2244

MeCOOH  (CF3C0)20
BUCH=CHj »  BuCH=CHCOMe 224

JCS (1953) 3628

Review: The Friedel-Crafts Acylation Reaction and its Application to
Polycyclic Aromatic Hydrocarbons Chem Rev (1955} 55 229

COMe

MeCOC1 AlCl3
—_— 57-60%
CeHe

Org Synth (1963) Coll Vol 4 8
(1955) Coll Vol 3 23

Acp0 AICT3 CSp COMe
> 69-79%
Br Br

Org Synth (1941) Coll Vol 1 109

RCOOH  (CF3C0)0 COR 78% (R
— 56% (R
MeO Me0

JCs (19s1) 718

Me)
Ph)

+ -
RCO SbFg
PAH  —————>  PhCOR 81-93% (R=Et)
86-93% (R=Ph)

JACS (1962) 84 2733



SECTION 177 KETONES FROM KETONES 419

Me

: C0Cy 7H
J:::::] C17H35C00C=CHp  ATCT3 J::::::( 17H35
831
Me Me

JOC (1970) 35 2351

COPh

PhCONHPh  POCT 4

—_— 70%

N N

JOC (1952) 17 1281
JCS (1932) 642

Section 177  Ketones from Ketones

00000 Q000000000
Direct alkylation and arylation of ketones with
halides, olefins and alcohols . . . page 419-421
Alkylation and arylation of ketones by indirect methods . . . . 421-426
Homologation and ring expansion of ketones . . . . . . .. ... 427-429
Transposition of carbonyl groups . . . . . . e e e e 429-431
Degradation and ring contraction of ketones . . . . . . . . .. 432-433

A1l reactions of enones forming saturated ketones (e.g. RCH=CHCOR —»
RCHg-?HCOR) are listed in section 180 (Ketones from Miscellaneous Compounds)

RI
1 NaH THF
t-BuCOCH,Me ——————=  t-BuCOCHMe 57%
2 Bul B
u
Bull Soc Chim Fr (1968) 4990
Tetrahedron (1968) 24 6583
CgHiy
t-BuOK Mel
. 40%
0 t-BuOH CgHg O )
H Me

JACS (1958) 80 5220



420 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 177

OR

S

1 t-BuOK t-BuQH

—_——
0 2 Mel 0
JCS (1956) 4490
(1960) 67
0Ac
t-BuOK  Mel \
—————— 44%
0 t-BuOH 0
Me
JACS (1960) 82 2847
(1962) 84 3402
%t =
MepCONa  PRCHBr
MeCOCH3 > MeCOC(CHZPh)3
Etp0 CgHe Bull Soc Chim Fr (1961) 836
(1956) 1392
0 NaNHp, EtBr 0
_—_ 45%
glyme Et

JACS (1969) 91 1264
(1953) 75 369
Org Synth (1955) Coll Vol 3 44

NaNHp PhBr  NH3

MeCOCH,Et MeCOCHE 65%
Ph
JACS (1959) 81 1169
1 PhaCNa Ety0
PRCOCHpEt  ———————>  PhCOCHEE 62%

2 EtBr £t

JACS (1957) 79 881
(1959) 81 1745



SECTION 177 KETONES FROM KETONES 421

1 BuMgBr HMPA
1-PrCOCHMe, ———— i-PrCOCMes
2 MepS0q or Mel Me

Compt Rend (1966) C 263 488

1 Me3S1 2NNa \\\\
2 Mel Eo

Chem Comm (1969) 1498

CgH13CH=CH
PhCOCH3 6 2 > PhCOCHyCgHy 7 10%
di-t-butyl peroxide

JCS (1965) 1918

PhCHo0H  PhCH20L 1
PhCOCH3 » PhCOCHCHoPh 70%
xylene

JACS (1956) 78 4950

CHOH
HCOOEt MeONa Mel KyCO5 NaOH
0 Cehg O Meyco O o
Me 6 Me Me
JCS (1954) 1373 32%
JACS (1947) 69 1361
(1957) 79 6313
COOMe
Na
Me 0 Me 0
coone), 1 Mel MeOH .
Me0 MeONa Me0 2 HC] H20  Me0

Tetrahedron (1957) 1 49



422 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 177

MeMe
O 1 (cooEt), EtoNa O 1 NaW CgHg 0
—————eere .
2F & COOEt 2 Mel Me
3 TsOH  HOAc 3%

JACS (1958) 80 4072

Org Synth (1943) Coll Vol 2 531
For the preparation of B-ketoesters from ketones via enamines see

JACS (1963) 85 207

0
1 MelgCO3 DMF CHaPh
72%
2 prcger PhCH,BY

JACS (1959) 81 2598

(COOEt COCOOEt
..__. 1 Mel K2C03
NaH CgH

RO 676 MezCO

2 EtONa EtOH 53%
JACS (1958) 80 1967 5220

0
COCOOEL
(cooEt), 1 EBIOK !
@‘ eH Cafe. CeMe 2 Pth c1
MeO 3 MeONa

J Med Chem (1967) 10 106

0 0
Bro 2 MeMgI f
— r > Me
HOAC Mel Ety0 \\‘x\\ 45%
RO THF
JCS (1964) 1161
JOC (1961) 26 2426
Tetr Lett (1969) 2269
0 0 0
PhMgBr g
. 49%
Me Me c1 Etp0 Me Ph

JOC (1947) 12 737
(1959) 24 843
JCS (1957) 4089

xylene



SECTION 177 KETONES FROM KETONES 423

i=ProCul i
1-PrCOCHMe, -- i-PrCO?MeZ E— 1-PrC09Me2

Br i-Pr

Tetr Lett (1971) 177

Et3B  t-BuOK
PhCOCH3  -=>  PhCOCHpBr ~ ——————»  PhCOCHpEL

THF
JACS (1968) 90 6218

(1969) I 4304 6852

1 Zn MepSO CgHg
CgH13C0CHoCHYy == C6H]3CO?HC5H11 C5H13C09HC5H]1

Br 2 Mel Me

JACS (1967) 89 5727

Ac0 1 MeLi Ety0 Me
B ————_—
cc14 MeOCH, CHpOMe
Me
PhCO0 0 65-75%

2 Mel
(PhCO
HC104
0
JOC (1969) 34 1962

JOoc (1965) 30 2502
Tetr Lett (1971) 105

0 Pyrr011d1ne 1 Bul t01uene 0

44%
C6H6 2 H2S804 H20 Bu
JACS (1963) 85 207
Advances in Org Chem (1963) 41
For preparation of enamines from unreactive ketones

see JCS (1965) 5142
and JOC (1967) 32 213

———

; 1 MelLi
2 CHply  ZIn-Cu



424 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 177

Cyclohexylamine 1 EtMgBr
CsH11C0CH3  =-=mmmmmmmmeme - CSHHCICH3 e C5Hy71C0CH2Bu
| 2 Bul
N—<:> 3 Acid

JACS (1963) 85 2178

Cro 1 HCHO MepNH-HC QO Tricyclo- C{
+ -
2 Mel KoCO3 CHoNMe3 1 pentﬂ CHQO

borane

JACS (1968) 90 4166 85%
HCHO Hy (60-100 atmos)
PRCHRCOMe  =nmmmme- > PhCHCOMe PhCHCOMe  56%
. 3 |
MegMHHCT  Lwe ey N EOH e
JACS (1953) 75 1128
0 0 0
CHPh CHyPh
PRCHO NaOH Hp Pd-C
[ — —————p
ELOH Hy0 E£OH Mk

Org Prep and Procedures (1970) 2 37

0 0 0
HCOOEt MeONa CHOH 4y pac He
— ——

CeHe HCT  MeOH 70%

JOC (1965) 30 2502

0 0 0
1 HCOOEt MeONa CHOCOPh  H, P10, Me
e e ———
CeHe Et3N
2 PhCOC1  Pyr §-PrOH 60-78%

Synthesis (1970} 476
Org React (1954) 8 119



SECTION 177 KETONES FROM KETONES 425

Ph Ph

0 1 HCOOEt MeONa Ni EtOH 0
79%

2 BuSH TsOH CgHg CHSBu Me

Chem Ind (1960) 1534

0Ac
PhSH_HCHO { N HegCo ‘
0 EtoN ELOH. ~80%
CHoSPh
JCS (1962) 1091
CHOH CHSBu
0 0 BuSH TsOM 0 1 Mel t-BuOK 0
-~ ——— ——— Me
Me Me Cete Me 2 KOH Me
JOC (1962) 2_7_ 1615 1620 74%
Tetrahedron (1968) 24 3095
CHOPP-~1
0 1 HCOOEt MeONa 0 7 Mel t-BuOK 0
e _— 2%
Me 2 1-Prl KpC03 Me 2 HCl Hy0 e

JACS (1947) 69 1361

—
00
CHNPh
1 HCOOEt ’:j::;::[ 1 NaH [:ji::t;;;;:L OMe
0 MeONa 0
2 PhNHMe C1CH2 CH24<i:::§>

Me
2 NaOH ~60%
EtOCH2CH20H

Tetrahedron (1969) 25 4011
JOC (1970) 35 468



426 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 177

0 0 0
- = CHO Bu
1 HCOOEt M0y gur Et,0
—_— Nt —— s
MeONa Et,0 Kt 2 NaOH Ho0
2 KNHp  NH3 ~a0s

JACS (1965) 87 82

0 1 Memgl Me ) LiBHg BF3-Etp0 Etp0 e
2 Dehydratio 2 NapCrp07 HoSOs Ho0 0

JACS (1961) 83 2951

1 POCI3-DHF oHC ol ff- e
e g
0 Lo 2 NaHCOs NaHCO3 Kishner 0
reduction
Tetr Lett (1964) 2161

0CHpCH=CHp 0
CHoCH=CH»
1 MeOH HpS04 ( A
————— | | e——
2 CHp=CHCH,0H Pyr
AcO TsOH
¢ Gazz (1965) 95 351
(Chem Abs 63 11647)
1 KBH, 1 Crog }
—————e —
0 2 Acp0 AcO 2 NaOH 0
3 Peracid Et

Bull Soc Chim Fr (1964) 321
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QMe

Ph3PCHMe a M Her veow cove
— 45%
t- BuOK glyme

Tetr Lett (1964) 3323

SMe
SMe +

|
=1
O 1 CgHy7CPO(OEL)p Li CCaM7 ger, CoCghy7
” g 66%
2 50° MeCN
H20
JOC (1970) 35 777

\
CCOOBu-~-t COMe
CTCHCOOBu t &e 350~360° 661
e —ea . OD
t- BUOK CHZ CHZ

JACS (1963) 85 955
Org React (1949) 5 413
Chem Rev (1955) 55 283

0 OH 0
’D PhgP=Chie ; 1 Botg THF 3 Croz
—
MegSO 2 H202 NaOH HOAC

Joc (1966) 31 24

0
0 p-Tolylsulfonylmethylnitrosamide
> 33-36%
(= CHyNp) KOH EtOH Hp0

Org Synth (1963) Coll Vol 4 225
Org React (1954) 8 364
JACS (1966) 88 3515
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M
¢ 1-PrCHN; A1C14 e
—————————————
0 0

i-Pr
Tetr Lett (1962) 775

PhCHNo  MeOH

—_—— Ph 76%

Org React (1954) 8 364

OH

0
0 1 BrcHpCOOEt Zn CHpCOOH E1ectrotysis
................ . —————rrmers e <55%
THF EtgN DMF

2 Hydrolysis
JOC (1968) 33 2704

1 HCN piperidine HoNHp  NaNOj 0
2 Aco0 MeCOCT HOAc

3 LiAlHy  Et0 Ha0 22%
JOC (1964) 29 2914
JACS (1952) _7_4 2278
JCS C (1970) 1454
oH OH 0
—— —— ——
EtONa HOAc HOAc
H20 40-42%

Org Synth (1963} Coll Vol 4 221
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0
“CHy CH2NH2
Me S0 1 Nali HO
N NH3

MeoS0
JACS (1965) 87 1353

/" tHy Pyrrolidine /\CH 1 HCZCCOOMe Y

(CHp)g | & ———— (CHp)g —————>  (CH2)g CO  30%

\__<0 \/c -N 2 HC1 Hp0 \/((I:HZ)Z

3 Hp Pd-Al203
4 NaOH
JOC (1967) 32 926

HC104  Hy0
EtCOCHMe ~ ——————>  EtCH,COMe ~63%

JOC (1960) 25 1252
(1969) 34 806

Br, f prsy  PrS ; PrSH  HBr (
0 CHC13 0 CHC13

JOC (1963) 28 2626 1%

OMe
f 1 NaBHy ; i
e —_——
CHO KOH 0 2 Aco0  peo HoAC.
Pyr
3 03

OMe
JCS C (1970) 244
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0
£ [Py o
—
A1c13

Chem Comm (1967) 898
Compt Rend (1967) C 265 929

0 0
RONO NOH Nake NOH Nats3
—_—
t-BulK KOH EtOH
Hy0 50%
Chem Comm (1968) 1350
0 0
—————
I t-Bu0K 1 HOAC 2 NaOH
2 TSC]
Bull Soc Chim Fr (1965) 67
1 RONO NOAC ¢y (oac),
PhCOCHgMe —— PhCHC e —————>  PhCH)COMe
2 NaBHgy e THF  Hp0
3 Acp0
JACS (1970) 92 5276
0

2 NaOH
3 Acs0 Ca
AcO 2 \\\\ﬂﬂ? 0

HO

JCS (1956) 4330 4344
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CgHi7
0
BuONO, i 1 1 NaBHy
——
0 £-BuOK 2h1
t-BuOH
JOC (1968) 33 1733
0
1 Cubrp } 1 Hap NaOK $® 1 0rog. ;
2 Ligtos 2 Nhs 0 2y
Pd-C
JCS € (1970) 1454
{ 1 HCOOEt Na <s ; 1 LiATHg
0 2 TsSCHCHCHRSTS 2 A0
3 HgClp
Ca NH3
0 t
JOC (1969) 34 4188
0
1 NigNHTs ECOH i ] PRC00ZH CHC13 0
MeO 2 Na HOCHgCHOH 2 KHSOs | MeO
3 KHSO4 Chem Pharm Bull (1961) 9 267
hy  t-BuOH
PrCOCH,Pr ————  PrC0Me

Tetr Lett (1968) 5385
Chem Comm (1969) 204
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0
0
0 <QOH
0, t-BuOK Base
— e 87%
t-BuOH  THF 60-70°
HO Chem Ind (1966) 25
PRCHA 0p hv t-BuOK 1 NaBH, //
e et ——
monoglyme HO#—// 2 Nal0y4 0/
COMe COMe
CONHp JACS (1968) 90 2448
0 OH 0
MeMgl Acp0 g 103 CHClg z:t::i::]
——— —_— ——
s/ Etp0 HOAc 2 In HOAc
JACS (1942) 64 1276
COOMe
¢OCH3 COCHBr L 0
Y 7 ey ey
—_— —_— ———
- HOAC 2 CHoNy 2 In HOAc :
Helv (1944) 27 549
CHaMe Chalte
co COAc 0
0 Ac0 HC104 , 104 ;:i::j::]
—————i —_————
ccly 2 Hy Pd-BaSO4

AcO

35%

JCS (1962) 1572



SECTION 178

CH3 CH=CHPh
o ¢o
:t::i::] PhCHO }:t::i::] 1 AT(0Pr-i)
----- >
i- PrOH
2 HOAc
OR
Cr03 HOOC
—
0 Ac0 HOOC
Vs
Furfural f H202
—————etee— ————
0 0 MeONa
0 0
Brp OF B Meona
—_— —
(CH2)7 Eth CH2)7 C6H6

Ketones from Nitriles

C00000000000000000000

Section 178

T MeCHoLi HMPA
PhCN R PhCOCHMe
2 Bul éu

KETONES FROM NITRILES

433

CH=CHPh

Y

s

HOAc

Helv (1949) 32 1795

PN

Aco0
77%

———

Bull Soc Chim Fr (1958) 1573

HOOC 0
f Ac0 f
—
HoOC

Bull Soc Chim Fr (1958) 1573

CO0Me 2
% 1 Hhz
_—
2 Acid
(CHz)7 “! (CHa)g
85-90%

JOC (1968) 33 2157

70%

Compt Rend (1967) C 265 245
Bull Soc Chim Fr (1968) 4990
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Me

t
/[:::::TCHCHZCN
Me

'i-pY‘CHzL'i Et20

heptane

CN OMe
—_——

BugP=CHPh Etp0

BUCN ~ ———————=  BUCOCH,Ph
Et3A1  CgHg
Cy1Ho3CN —————  (q7Hp3COEt
PClg j//
N cciy \\¥%ZN
C
?HZCN LiNEt, QHCN
(CHodyp —— (CHa)1z  C=NH

CHoCN \\\\‘__,/CHz

SECTION 178
Me

|
CHCHoCOCH2PY-1
76%
Me

JACS (1970) 92 336

52-59%

Org Synth (1955) Coll Vol 3 26

73%
JACS (1967) 89 7009

89%
Ber (1964) 97 2661

NaOH
—_ /i;;7 47%
Me2S0

0

Tetr Lett (1967) 437

Hydrolysis
27 (chhe

CHp

Annalen (1933) 504

(1934) 5 3
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Section 179  Ketones from Olefins
Bd006060600800006000800

435

Conversion of olefins into ketones with longer carbon chains page 435-436

Conversion of olefins into ketones of the same chain length . ., 436-439
Ozonolysis and other degradations of olefins to ketones . . . ., . 440-442
Ketones from dienes . . . . . v v v v v v 0 v 0 e e e e e 442
1 BoHg THF
EtCH=CH, > Et(CHp)3CO0Me 84%
2 BrCHpoCOMe potassium 2,6~
di-t-butylphenoxide
JACS (1969) 91 6852 2147
1 BoHg THF
iij:i:7 2M6 ‘ijii;7—CH2C0Me 677
2 NpCHCOMe
3 NaOH H0 JACS (1968) 90 5936
me
1 BHg THF CHCH,COMe
—_— 98%
2 MeCH=CHCOMe
atr i-PrOH JACS (1970) 92 714
1 BoHg THF COCHBu
. 79%
2 BuC=CBr
2 NaOH  Ha0p Ha0 JACS (1967) 89 5086
BoHg 1 NaCN diglyme
CgH13CH=CHy ---=2 (CgHy3CH2CHp)3B » (CgH13CH2CHR ) 2C0
2 (CF3C0)50 ~95%

3 NaOH Hp0p H0

Chem Comm (1970) 1529
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1 Dicyclohexylborane THF, E£CH2CHLCO
2 CO Hp0 diglyme 72%
3 NaOH Hp02 H20

EtCH=CHp
1 BoHg THF

> {EtCHoCHZ)2C0 85%

2 CO

3 NaOH HpOp HpO

MeCOCT AICTg

J e et
cyclohexane

MeCH,COMe

C H] 3CH=CH2 —>
6 di-t-butyl peroxide

@ MeCHO
CHp dibenzoyl peroxide

1 LiBHy BF3-Et20

gh

2 NapCro07 HpSOg Ho0

JACS (1967) 89 4528 4530 5285

COMe 492

Ber (1936) 69B 1820

CoH1 3CH2CHCHCOMe ~30%

Me
JCS (1965) 1918

@
CHoCOMe

Aust J Chem (1967) 20 2033
JOC (1964) 29 245
(1949) T4 248

0
78%
Me

JACS (1961) 83 2951
JOC (1962) 27 2938
Org React (1963) 131
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CgHy7

HN03

Et20

CgH17

1 AgNO,- 12
2 Aggo

CgHy7

1 FNO
2 A1703

|

COMe

NBA
P
NaOAc
HOAc
MeoCO
o

KETONES FROM QOLEFINS 437

RN O

Zn
—

HOAc  AcD
NOo 0

JACS (1954) 76 532 st

In

———

HOAC 0
JOC (1969) 34 2628

. s

——

: HOAc AcO
F 0 0
Chem Ind (1965) 1929

NOAc Cr(0Ac), 0

———————
¢l THF

JACS (1970) 92 5276

Zh Org Khim (1966) 2 2178

(Chem Abs 66 75730)

Br  COMe CoMe
HO-. 1 1 cros

Helv (1944) 27 821
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0

croatle. \C’:( 1ero Jijt
tHCly . How 2 o

JACS (1956) 78 3749
JOC (1968) 33 3970

N3CN NCN  Acid 0
S —_ 91%
MeCN Ag” Hp0

JACS (1964} 86 4506

1 T](N03)3 MeOH
Ph?=CH2 > PhCH,COMe 81%

Me 2 H2804 H20 Tetr Lett (1970) 5275

0p PdClp CuCly-2Hp0
CgHy13CH=CHy > CgHy3COMe 68%
PrOH

JOC (1969) 34 3949
Synthesis (1970) 225

(CF3C0),0 Hp0 0
3z 2, 41%
Me BF3*Ety0 CHoCly Me

JOC (1967) 32 2669
(1962) 27 666



SECTION 179 KETONES FROM OLEFINS 439

X CHp0AC X CHp0AC X CH,0Ac
2 2
MeCO0HH HC104

———— — 60%

0

Tetr Lett (1964) 3481

Further examples of the epoxidation of olefins and the conversion of
epoxides into ketones are included in section 134 (Ethers and Epoxides
from Olefins) and section 174 (Ketones from Ethers and Epoxides)

0CHO

H202 Ha0 H2504
0
HCOOH H20

Org Synth (1961) 41 53 69-81%

Q NBS Q i-PrMgBr 0
— 40%
CHMe H20 CuMe Eto0 CgHg Me

JOoc (1970) 35 2670

Br
CH=CHp CHCHgBr COMe
1 \S Br; /! \E KOH EtOH i \S
N —_— N —_— N 7%
~ N Et50 N N Ha0 N N
Ph Ph Ph

JCS (1963) 3967
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Ph
1 03 HOAc
ll|i>> Ph —_—

2 Hy Pd-CaC0j

SECTION 179

COPh

CH,COPh

Ber (1954) 87 993

Ozonides may also be reduced by the following reagents:

Zn-HOAc
Ni
HCOOH

Tetracyanoethylene

PhsP
P(OMe)3-MeOH
NaI-HOAc

PhNHNH,

2 wnog Natoy
e

KpCO3 Hy0
dioxane

0s04 NalOg
—_——— PhCOBu

7%

Ph$=CHPh
Bu dioxane Ho0

0s04 CgHg

<::::>=CHPh —
Pyr

Ru0yq
CClg
CHo 0

<::::>T‘?th
OHOH

JACS (1943) 65 752

JACS (1941) 63 3540

JACS (1948) 70 4069

Ber (1963) 96 1564

Bull Soc Chim Fr (1964) 729
Angew (1956) 68 473

JOC (1960) 25 1031

JOC (1968) 33 1656
Ber (1955} 88 795
Ber (1954) 87 993

JOC (1966) 31 3028

PhCHO

JACS (1966) 88 476
(1957) 79 6313
JCS C (1966) 655

Pb(0AC),
——

or Nal0g4
JCS C (1966) 655

<>o

27%

Bull Soc Chim Fr (1964) 729
JCS (1962) 4745
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fle KpCrp07 HpSO4  H0
t-BUCH,C=CHy > t-BuCHyCOMe 56%
JACS (1950) 72 3701
MeCHCHpCHoCH=CMe MeCHCH,CHpCOOMe MeCHCHoCH=CPhy
1 Cr03 HOAc ; 1 PhMgBr z
——
2 CHoNp 2 Ac,0
1 NBS
2 Acy0 HOAc
MeCO MeCH=CH-CH=CPhy
uj Cr03 HOAc 5
—
JACS (1970) 92 2059
N-Nitrosopiperidine hy
PhC=CHz - PRC=HOH -~ PhCOMe
Me Me

91%
JACS (1965) 87 4642

CHo NoG 0
—
300°

JCS (1951) 2999 3009

NHoNHNa  Etg0
PRCH=CMey ~ ———————>  MepC=NNHp ===  MepCO

53%

Angew (1962) 74 650
(Internat Ed 1 456)
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NaN3 HpS04
PhyC=CHEt —_— PhCOCHoEL 64%
JACS (1950) 72 5777
Me
ok 0
1-Pr?BH2

@ 1 Me  THF
60%
CH=CHp 2 €O (70 atmos)

3 Hp02 NaQAc Hp0
Chem Comm (1968) 594

Section 180  Ketones from Miscellaneous Compounds
o 0000 000 QO0C000CCO0000O0

Reductive alkylation of enones . . . . . . . . . « v . . . page 442-443
Reduction of enones to ketones . . . . . . . . . . o 0. 443-445
Reduction of hydroxy and acetoxy ketones to ketones . . . . . 445-446
Reduction of halo ketones to ketones . . . . « « « v v v o o 446-447
Ketones from miscellaneous compounds . « « « « « « « v o ¢ .« 448-449

1 L1 NHg
—_— <83%
Me

JACS (1965) 87 275

Tetrahedron (1964) 20 357

JoC (1967) 32 2851

Bull Soc Chim Fr (1969) 4356 4348

[::::[:::1t BuMgBr Cu(0OAc)s [:::::1:::::1
71%
0 THF 0

Bu

JACS (1965) 87 82
JOC (1966) 31 3128
JCS (1943) 501



SECTION 180

MeCH=CHCOMe
Eto0

0
PhCu Etp0
————
Me

Ho Pd-C
—_—
HC1 EtOH

MeMgBr-BusPCul
e e raee

KETONES FROM MISCELLANEOUS COMPOUNDS

Me 2 CHCHoCOMe

JOC (1966) 31 3128

Ph
Tetr Lett (1970) 1579

cis
0

JOC (1958) 23 1853
Chem Ind (1966) 1796

For reduction of enones with Hp and Rh see JOC (1968) 33 3695

PhCH=CHCOMe

Ni  Hy0

Me,C=CHCOMe —

CgHy7

(Ph3P)3RNC

0 MeOH

Hz Ni  CHzC1,
—_————

PhCHCH2COMe

Bull Soc Chim Fr (1954) 522

MeoCHCHoCOMe

443

99%

93-96%

95%

Bull Chem Soc Jap (1967) 40 1548

MeQ ———
Me0 0
40%

Ber (1968) 101 1154
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R
Hp (PhsP)3RCT Nal
0 EtOH CgHg 0
JACS (1966) 88 4537
Ph Ph

1 Li NH Et20
3 63%

0 2 MeOH 0 trans
3 Cr03 HpS04 MepCO
Joc (1970) 35 753
JACS (1965) §_7_ 275

Na HMPA THF
t-BuCH=CHCOBu-t _—— t-BuCHyCHoCOBu-t

JACS (1970) 92 2783
Bull Soc Chim Fr (1968) 595

1 Na trimesitylborane
> 85-95%
0 MeOCH,CHyOMe 0

2 MeQH

JACS (1970) 92 696

CrCly NH3 HoO
Me,C=CHCOMe ———— MeCHCH2COMe

Angew (1968) 80 271

(Internat Ed 7 247)

Diethyl 1,4-dihydro-2,6-

PhCH=CHCOPh > PhCH>CHoCOPh
dimethylpyridine-3,5-dicarboxylate
156°

JCS (1960) 3257



SECTION 180 KETONES FROM MISCELLANEOUS COMPOUNDS 445

hv EtOH

_— 40%

AcO JCS C (1967) 2032

Ph3SnH
MeoC=CHCOMe —_— MeoCHCHoCOMe

Compt Rend (1965) 260 581

0 PhCHoNH, NCHzPh  £-BuOK N=CHPh HoAc 0

------- > —_— —

Me Me Me Me

40-70%
JACS (1967) 89 2794

0 Zn  HoAc Oﬁ !
—_——
AcO

JCS C (1970) 244
JACS(1955) 77 4367

0 0
Ca NHy Eto0
—————é———jL> 80%

OAc

JOC (1969) 34 4188
JCS (1956) 7344



446

0Ac

/—\ CHOH

COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 180

Na-Hg MeOH 0

—— 95%

Bull Chem Soc Jap (1969) 42 2068

In HCY T e

(CHadg | R (CHa)g | 75-78%
co HOAC  Hy0 co
Org Synth (1963) Coll Vol 4 218
JACS (1964) 86 3068
oK HI HOAC Hap0
EtCOCEty ~ ——————>  EtCOCHEL) 80%

JACS (1964) 86 3068
JOC (1938) 3 456

HI HOAC Hp0 T

———— > (CH2)g | 80%

JACS (1964) 86 3068

LiI BF3°Et0 T

— (CH2 )10 | 100%

Ety0 \\/CO

Tetr Lett (1971) 137

me COOEt

|
COOEt 7y 1 Hoac  MeCOCH COOEt

—_— 88%

JACS (1961) 83 3114
Helv (1944) 27 821
Tetr Lett (1968) 1575
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CrS0q4 DMF H20
PhCOCH,C1 —_— PhCOMe 79%
JACS (1963) 85 2768
(1945) €7 1728
Angew (1968) 80 271
(Internat Ed 7 247)

CgHr7
B, Hy Pd KOAc
et e
0 MeOH Mep,CO O
JCS (1964) 5535
BupSnHy Eto0
PhCOCHC L, PhCOMe 95%

JOC (1963) 28 2165

PhNMe,
Br > 70-76%
or 2,6-dimethylphenol
0

0 Chimia (1967) 21 464
JCS C (1969) 301

1 Ph3P CgHg
i-PrCHzcoeHPr-i —_— 1=-PrCHoCOCHoPr-1

Br 2 EtOH
JCS (1962) 2337
Tetr Lett (1962) 471
PhoPH CClg
PhCO?HMe ————— PhCOCHoMe 100%

Br JOC (1969) 34 2687
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[:::::],OH [:::::IOBu Prii  MepNCHCHpNMep 0
-

Bu
Tetr Lett (1969) 821

COOMe 0
z NaN3  HpS04 CHCig
(CHa)7 (CH2)6

JOC (1968) 33 2157

0 0

1 NHpOH-HC1  Pyr
74%

2 p-Acetamidobenzene-
sulfonyl chloride Pyr

Joc (1956) 21 520
Org React (1960) 11 1
OAc 7, 1540
MeoCCHBuU — MeCHCOBU 68%
6H Chem Comm (1968) 1639

JOC (1970) 35 660

Polyphosphoric acid
Me2C=CHCH2CH2§HMe MepCHCH2CHaCH2COMe 80%

OH Bull Soc Chim Fr (1963) 1799
JACS (1965) 87 2772

KMnO  KOH

[:>»§HMe — [:>>00Me 7%

NO; MgS04 H20
JOC (1962) 27 3699
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NO2 1 EtONa EtOH 0
- . 78%
Ph 2 HC1 Hp0 EtOH Ph

JOC (1952) 17 581
Chem Rev (1955) 55 137

R
OH
HIO -
4 R = CHOH or CHO
Me

Helv (1938) 21 546
(1940) 170
(1941) 24 945

Org React (1944) 2 341

[ ST 18]
g [

Section 180A Protection of Ketones
6C00000000000000008000

Ketals « « « v v v v v o v v o v v w e o o o e o .. page 449-45]
Hemithioketals . . P 3 |
Thioketals « v + v v v v v v 4 e e e e e e e e e e e e e . . . 451-453
Thiazolidines . .« v v v v« v e i e e e e e e e e e e e ... 453
Enol ethers « v v v v v v v v v e e e e e e e e e w e ... 453
Thioenol ethers . . . v v v v v v o v v v« o v w e s ... 454
ENAMINES + v v v v v v v b e e e e e e e e e e e e e ... A4
OXIMES '« v v v v v e e e e e e e e e e e e e .. 454
Semicarbazones . . . . . . v o i v e v e w e e v e w o v w . . 455
HydrazoOnes + « « « v v « v v « v« 4 v o v v v w o w0 .. . 455-456
Cyanohydrins . « v v v v v v v o v v e e e e e .. 4506
Miscellaneous « « « « v & « v o« « s+ 4 4 e e s e e 4w 4 4 . . 456

Ketals are stable to the following reagents: NaOH, NaH, Na-NH3, RMgX, NaBHg,
LiATHy, Hp-Pd, Cr03 and SOC12-Pyr

PrOH Me,C(OMe)p TsOH
PhC'O > Ph(':(OPY‘)z
Me N e — Me

Acid  Hy0

JOC (1960) 25 521 525
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CONHp ACHPh
MeOH HC(OMe)3 TsOH

— j{:;z—OMe
.
Acid  Hp0 Otte

JACS (1968) 90 2448
Annalen (1962) 656 97

0 MeOH ion exch resin (acid) 8&2
DA >

Acid Hy0

JOC (1959) 24 1731

The following catalysts may also be used for the preparation of ketals:
{(Ph3P}3RhCT . .Ber (1968) 101 1154
Se02 ..... JACS (1954) 76 6113

HOCHCHZ0H TsOH CghHg
[R(CHp)3]2C0 — [R(CH2)3]aC :]

H3P0s Ho0 JCS (1962) 4722
JACS (1964) 86 2183

0
0 o
!
Q
MeCEt TsOH
——————————
0
----------- C
0 Ac1d Ho0 0
JACS (1954) 76 1359
(1953) 75 1716
0 0
mM
00
\/
MeoNCH  HOAc  CHoClo
D L LT E T 0
0 Acid Hp0 |:0

Steroids (1963) 1 45
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MeZC(CHZOH)Z

. TsOH ><:8

Acid  Hp0 JACS (1968) 90 1253

M
00

Acid Hp0
JoC (1968) 33 1280

HO(CH2)nSH TsOH Cghg

(PhCHp)2C0 ——  (PhCHp)pC 3 CH2 )y
-~ n=2 or 3
TsOH Me2CO
JACS (1953) 75 3704
(1954) 76 1945
For cleavage with Ni see JACS (1958) 80 4723
0 o

HOCHaCHSH  ZnClz NapSOg }ﬁ
dioxane

(Stable to base and
- LiATHg)
HO Ni MepCO or CdCO3 or HCI

JACS (1951) 73 4961

HOCHpCH2OH  HgClp
Ry st === R?(CSHH * RS Cst
s

NS U

HpS04 Hy0 THF

JACS (1968) 90 3245
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Thioketals are stable to the following reagents: NaOH, LiATHg, RMgX, CrO3-Pyr

s
3]
HSCHaCHpSH  BF3-Etp0
z ch12 CdCO3  MeoCO ;

JACS (1959) 81 4556
Can J Chem (1955) 33 716

HSCHaCHoCHaSH
BF3 Eth HOAC @

CHZ 3NM92 --------------- CHZ 3NMes
J Med Chem (1970) 13 191

i Monoperphthalic acid E
e
S SO
0 Cs E THF  Etp0 sog

1 EtONa MeOH
2 0p

Tetr Lett (1967) 165

HSCHp

Oy B X

HgCly dioxane EtOH

JCS ¢ (1966) 1005

(PrS)3B
EtCOMe  ——r Etcl(SPr)z (Neutral conditions)

Me

Can J Chem (1969) 47 859
(1965) 43 307



SECTION 180A

(RCOOCHs ) 2CO

5

o o

Me

0

A

PROTECTION OF KETONES 453

EtSH ZnC)
—-——-———-——2> (RCOOCHZ)ZC(SEt)Z

HgClp MepCO  Ha0
Can J Chem (1955) 33 716

1 HSCHaCHoNHp  TSOH  CgHg k\\*\

2 Acetylation

S
<;/NAC
Ni MeoCO

JOC (1962) 27 1112

MepC(0Me)p TsOH

MeOH DMF J:::::i::fiff\
HC1 MeOH  HpO

(Stable to base, RMgX and LiATHg)

JOC (1961) 26 3925

HC(OEt)3 TsOH ~
et e .
EtOH dioxane J:::::I:::::I
HC1 MeOH Hy0 Eto
Me
JACS (1959) _8_1 4566

HC(OEt)4 OEL TSOH
3 . OEt
EtOH HpSO4 1001100, nos

Annalen (1962) 656 97
Gazz (1962) 92 309
(Chem Abs 57 12572)



454 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 180A

PhCHgSH H202
Pyr: HC]
0 PhCHaS PhCH,S0
—

e ——ne

Acid LiATH
(Stable to L1A1H4) (Stable to acid)

JACS (1951) 73 1528

Pyrrolidine EtOH /J:::::j:
¢] CHyp = C

HOAc NaOAc MeOH

(Stable to RMgX and LiATHg)

Coll Czech (1961) 26 1646
JACS (1956) 78 430
(1952) 74 3627

NH2OH'HC1 NaOH EtOH .
PRCD . PhC=NOH

Bt Et
Ni NaOH EtOH Hy0

JCS C (1966) 531

Aco0
PhCHz?O -==+  PhCHpC=NOH — PhCH2$=NOAC
|

Me Me Me

\

Cr(OAc), THF Hp0

JACS (1970) 92 5276

Oximes may also be cleaved by the following reagents:

NaHS03 JOC (1966) 31 3446
MeCOCH,CH,COOH-HCT JACS (1959) 81 4629

Zn-HOAc J Indian Chem Soc (1969) 46 44
TiCl4 Tetr Lett (1971) 195

{NHg ) 2Ce(NO3)g Can J Chem (1569) 47 145
Fe(C0)5-BF3+Et,0  JoC (1967) 32 2938

For preparation of oximes of unreactive and acid or base sensitive ketones
(using MepSO-NH20H-HC1) see Chem Ind (1969) 240



SECTION 180A PROTECTION OF KETONES 455

l NH20Me “HC1  Pyr
MeON

(Stable to acid and base)

NHpCONHNHp -HCT  EtOH

NH,CONHN

HOAC  Ha0

JOC (1962) 27 914
For cleavage of methoximes with 03 see JOC (1969) 34 2961

Semicarbazones are stable to NaBHq and Oppenauer oxidation

(CHZ)Q\ NHONHCONHz *HOR  EEOH. (0“2)6\
0 s G- HCONH,
(CH2)s (CH2)6

(COOH), Hy0
Helv (1932) 15 1220

Semicarbazones may also be cleaved by the following reagents:

H2504-H20 JCS (1946) 27
HCT-Hp0 JACS (1950) 72 1751
MeCOCOOH JCS (1953) 3864

JACS (1955) 77 1221
MeCOCHoCOMe-HC1 Annalen (1962) 656 119

Acp0-Pyr Joc (1956) 21 795
(NHg)2Ce(NO3)g Can J Chem (1969) 47 145
MeCOO2H Ber (1961) 94 712
NaNQ2-HOAc Rec Trav Chim (1946) 65 796

JACS (1955) 77 4781
(1961) 83 4249

NHoNMe o
Ph?O —— Ph$=NNMe2
At

Me Mel EtOH Hy0

(Stable to base, BpHg, LiA1Hg and Cr03)

Chem Comm (1969) 445
For cleavage of dimethylhydrazones with 03 see JOC (1969) 34 2961
" " " " " peracid see Ber (1961) -9—4- 712

PhNKNH,
EtpC0_  =m-eee- »  EtC=NNHPh

MeCOCHoCOMe  HOAc
Annalen (1962) 656 119



456 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 180A

Phenylhydrazones may also be cleaved by the following reagents:
MnQz JOC (1967) 32 2252
MeCOOzH JOC (1967) 32 2865

2,4-Dinitrophenylhydrazones are stable to CrQ3 and BaHg

2,4-Dinitrophenylhydrazine me
CeHy3C0  ==mrromommmmmmm e > CgHy3C=NN

KHCO3 HOCHACHO0H H0 NO2

NO2
Aust J Chem (1968) 21 271
2,4-Dinitrophenylhydrazones may also be cleaved by the following reagents:
MeCOCHpCH2COOH-HCT  JACS (1959) 81 4629
SnC1,-HC1-MepCO Nature (1954) 173 266
CrClp-HCT JCS (1962) 4729

03 Chem Comm (1968) 433
JOC (1951) 16 556

CuC03+Cu{0H)»-HCOOH Nature (1954) 173 541

R
(')H
1 MepCCN  EtsN
——————
2 AcpQ  Pyr
0 AcO
KOH MeOH CN
(Stable to acids, peracids, Cr0j
and Bry)
Gazz (1961) 91 1250
(Chem Abs 56 10211)
Steroids (1967) 10 411
JACS (1953) 75 650
Ph

0 PhMgBr [::::j,OH
————
RuCl3 NaOC1 Hy0

Chem Comm (1970) 1420
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Chapter 13  PREPARATION
OF
NITRILES

Section 181 Nitriles from Acetylenes
000000 0000CCO000000

BuC=CH — BuCH=CHCN ~ --» BuCH2CHpCN

eLi Etp0
87%
CN)2 JACS (1968) 90 7139

1 Mg EtMgBr
CgHygC=CH ——————>»  CgM1gC=CCN  ~->  CgHygCHoCH,CN

2 CICN
Annales de Chimie (1926) 5 &

COCl2 hv

MeC=CH — MeCN
NO JACS (1963) 85 3506

Section 182 Nitriles from Carboxgﬁc Acids
o o000 000 =]

?N Electrolysis MeONa MeOH ,CN
(CH2)3CO0H > (CHQ)GCN ~41%

Z. Naturforsch (1947) 2b 185
Advances in Org Chem (1960) 1 1

457



458 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 182

PhCHpCN  HpSOg
i-PrCOOH ~ ———— "% §-prCN 40%

JCS (1956) 1686

COOH  Isophthalonitrile CN
> 93%
Cl 259-294° 1

JOC (1958) 23 1350

Po(CNS)p A
PhCH=CHCOOZn1/2 —_— PhCH=CHCN 27-36%
JACS (1916) 38 2120
OMe OMe
CICN
—_— 26%

250°

“CN
JCS (1%61) 3185

1 C1S02NCO pentane
t-BuCOOH — t-BuCN 68%

2 DHF Ber (1967) 100 2719
Tetr Lett (1968) 1631

COOH  p-toluenesulfonamide PClg CN
85-90%
200-205°
NO

2 NO2

Org Synth (1955) Coll Vol 3 646
JCS (1946) 763



SECTION 183 NITRILES FROM ALCOHOLS 459

COOH COCN CN

1 S0C1p RhC](PPh3)3
_— —————— <87%
2 CuCN s

JACS (1967) 89 2338

COOR (nmy),Hc0 e
(CIH2)8 — ((IZHZ)B 46-49%
COOH 160-340 CN Org Synth (1955) Coll Vol 3 768
(1963) Coll Vol 4 62
1 S0CTp SOC12
(t-Bu),CHCOOH =~ ——————me——> (t-Bu)CHCONH; ——  (t-Bu),CHCN 61%
2 NaNHp NH3 CeHe

JACS (1960) 82 2498

Further examples of the preparation of nitriles from amides are included
in section 186 (Nitriles from Amides)

1 S0C1, 1-PrCHoCHLONO
C14HpgCHoCO0H ———————> Cy4H29CHpCOPh ——————— (Cq4HpqCCOPR
2 PhH  AICI3 HCI “OH
TsCl
NaOH
C]4H29CN
JACS (1953) 75 2347
JOC (1961) 26 3507
Section 183  Nitriles from Alcohols
BC00000050000000000000
?N
CH2CO0H ch12
Ph3COH —_—— Ph3CCH,CN 86%

Annalen (1963) 661 157



460 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 184
CClg PhsP NaCN Me250
C6H13?HOH —_— C6H13?HC1 —_— C6H13§HCN
Me Me Me
JOC (1967) 32 855
Me Me Me

i
CHCHo0H TsC1  Pyr
—

Me

| |
CHCH0TS 2 cn CHCH)CN
e
Me MepSO  Me 86%

JACS (1970) 92 336

Further examples of the preparation of nitriles from halides and sulfonates
are included in section 190 (Nitriles from Halides and Sulfonates)

NH3 0p CuClp

PhCH20H _— PhCN 30%
MeONa MeQOH Rec Trav Chim (1963) 82 757
Section 184  Nitriles from Aldehydes
0000000000000 000C0OS0G0
TsCl KCN PhH A1CIg
PhCHO —_— Ph?HCN ——— Ph?HCN 57%
Hz0 oTs Ph
JOC (1954) 19 1699
(EtO)ZOPCHZCN NaH
PhCHO > PhCH=CHCN - PhCH,CHCN
MeOCHpCHo0Me 662

JACS (1961) 83 1733



SECTION 184

?OOEt
CHoCN Hy, Pd
PrCHO —2——-—2—>
HOAc
CHO
KCN
Q) s
PhCOCY
N
KCN
PhCHO ---+ PhCHCN
|
OH
H

2 NaOH
3 NHpOH-HCY

EtONa

é{j;tSS~CHO

1 AcNHCH,COOH
—_————
NaOAc  Acp0

2 NaOH  Hy0

3 HC1 Hp0

& NHoOH-HCI
NaOH Hy0

PhCHO

CHO N3

Op-N
S NaOAc
1 L=

NITRILES FROM ALDEHYDES

461

9OOEt 1 Base
PrCHpCHCN  wmmeme- > PrCHZCHZCN
A
Org Synth (1955) Coll Vol 3 385
JACS (1959) 81 5397
PhCOOCHCN CH CN
H2
Q) oo O
N Pd-BaSOq N
Arch Pharm (1957) 290 218
S0C12 In
~——  PhCHCN —>  PhCHCN ~56%
CHC13 6] HOAc

J Soc Chem Ind (1935) 54 98T

AC20
—_—

Z/ \X—CHZCCOOH
0 !

NOH

JACS (1940) 62 1512
JCS (1946) 958
Org React (1942) 1 210

co0
—

PhCHZECOOH
NOH

PhCH,CN

JACS (1942) 64 885
Org React (1946) 3 198

CN

nickel peroxide

c1 Etp0

-

C1

Chem Comm (1966) 17

ZZj;TSX'CHZCN

43-60%

50%



462 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION

NH3 Pb(OAc)g CgHg
CgHq3CHO > CeHi3CN

Chem Ind (1965) 988

NH3 02 CuClp
CgHy3CHO _— CgHy3CN
MeONa MeOH )
Rec Trav Chim (1963) 82 757

1 NH3 MeONa MeOH
PhCHO > PhCN
21,

Bull Chem Soc Jap (1966) 39 854

@,cuo PrNOp  (NHg)2HPOg @CN
MeoN HOAC MeoN

JACS (1961) 83 2203

CHO NaNy HpSO4 CeHg CN
Me Me

JACS (1952) 74 1168
Org React (1946) 3 307

CHO 1 NHon CH=NOCOPh Xylene CN
------- > ———
OMe 2 PhcoCt OMe 120° OMe

JCS (1950) 1243

184

59%

63%

50%

77%

44%



SECTION 184 NITRILES FROM ALDEHYDES 463

CF3COONHCOCF3
PhCH=CHCHO —_————— PhCH=CHCN 88%

Pyr Cetle JACS (1959) 81 6340

NHgOH-HCT NaOAc. e
67%
HOAc MeO

Chem Ind (1961) 1873
JCS (1965) 1564

CHO Nig0H-HC1 N0t CH=NOH Ac20
70-76%

Ho0 EtOH

Org Synth (1943) Coll Vol 2 622

The following reagents may also be used for dehydration of oximes to
nitriles:

HC1-EtQOH Can J Chem (1967) 45 1014
MsC1-Pyr-collidine Tetr Lett (1965) 2497

PhNCO-Et3N JOC (1961) 26 782

PhN=CC1, Bull Chem Soc Jap (1962) 35 1104

(Ph0)2POH-CCT4-Et3N JOC (1969) 34 2805
p-chlorophenyl chlorothionoformate Chem Comm (1970) 1014

NHoNMe o 1 Mel
BuCH0 ————  BuCH=NNMe, —_— BuCN 42-47%
CeHg 2 MeONa MeOH
or Hp02 H»0
JoC (1962) 27 4372
(1966) 31 4100
PhoNNH, 02 hy
PhCHoCHO e PhCHoCH=NNPhy ——>  PhCH2CN 41%

Tetr Lett (1970) 2085



464 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 186

/=N
NHoN |
1 =N rson cghg
PhCHO PhCN 69%
2 190-200° Z Chem (1964) 4 304

Some of the methods Tisted in section 192 (Nitriles from Ketones) may
also be used for the preparation of nitriles from aldehydes

Section 185 Nitriles from Alkyls
0000000C000CO0000000
This section 1ists examples of the replacement of alkyl groups by nitriles.

For the replacement of hydrogen by nitrile, RH ~» RCN, see section 191
(Nitriles from Hydrides)

02 NH3 Cro03
PhEt ——————— PhCN 8%

389° Tetrahedron (1968) 24 6277

Section 186 Nitriles from Amides
TECE0C000000000CGC0000

T00

CONHR  Rnc1 (pph3)4 e 25% (R=Et)
_ 71% (R=H)
el 250° a

Tetr Lett (1970) 1963

Ph3P
PhCH,CONHp -->  PhCHCONHBr ~ ———»  PhCHaCN 60%
CeHe

JCS (1960) 2976



SECTION 187

PhsP CClq THF

NITRILES FROM AMINES

465

PhCONH ~ ————————=  PhCN 824
Tetr Lett (1970) 4383
?ONHZ (|:N
J@/CH\@ Acy0 @/CH\@
—
C1 1 €l ¢
JACS (1949) 71 2650
The fc]mowing reagents may also be used for the conversion of amides into
meres: S0C1, Org Synth (1963) Coll Vol 4 436
SOC]z-DMF Chem Ind (1964) 752
TsCl1-Pyr JACS (1955) 77 1701
COC12-Pyr JCS (1954) 3730
PhSOgH (235°) JCS (1946) 763
P20s5 Org Synth (1963) Coll Vol 4 144
POC13-NaHSO3 JOC (1957) 22 1142
A1C13 JACS (1940) 62 1432
Et3SiH-ZnClp Compt Rend (1962) 254 2357
Catechyl phosphorus trichloride Ber (1963) 96 1387
MepNCHF o Coll Czech (1963) 28 2047
DCC-Pyr JOC (1961) 26 3356
NaBHg-Pyr Chem Pharm Bull (1969) 17 98
JOC (1967) 32 846
Bul i JOC (1967) 32 3640
(1966) 31 3873
Section 187 Nitriles from Amines
C000000000000C300000
+ -
[::::]:NHZ NaNO,  HCT N2 €1 cucwn [:::::[CN
———— — 64-70%
Me  H20 Me CeHe Me

Org Synth (1932} Coll Vol 1 514
Rec Trav Chim (1961) 80 1075



466 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 187

+ -
NHy N2 BFg  NacN CN
s _— <50%

MEZSO
Ph Ph Ph
Org Prep and Procedures (1969) 1221

CgHyy
NS 1 TsCT NS
— ——
"Ny “NHCHO , DT o

Tetr Lett (1966) 5087
JOC (1958) 23 1221

Nickel peroxide
C7H15CHNH, —_— C7H15CN 96%
CeHg
Chem Pharm Bull (1963) 11 296

Pb(OAC)4 CeHg
PhCHoNH» —_— PhCN 59%
Tetrahedron (1967) 23 721

Ag0  H0
BUCHpNH, ~ ———>  BuCN 87%
Tetr Lett (1968) 5685

1 Cl2 NaHCO3 H20
PrCHNH >

PrCN >81%
2 CsF MeCN

JOC (1968) 33 1008



SECTION 189 NITRILES FROM ETHERS 467

IF5 Pyr CHoCl2
Cs5H17CH2NH2 ————e— CgH11CN 36%

JoC (1961) 26 2531

Section 188  Nitriles from Esters
B0 00000000000000808

S0000000G60

The reaction ROTs —» RCN is included in section 190 (Nitriles from
Halides and Sulfonates)

MeONO MeONa DMF
EtCHoCOOMe > EtCN 18%

J Prakt Chem (1969) 311 370

C5H1710NO Ac50
PhCH=CHCHoCH(COOEt)y ————> PhCH=CHCHCCOOH ——>  PhCH=CHCHCN
NaOEt Non

JCS (1950) 926

Section 189 Nitriles from Ethers
C0060000800000000606060

OMe NaCN  hv CN
—_—— 30%

t-BUOH  Hy0

NO NO2
JACS (1966) 88 2884

OMe  Electrolysis EtgNCN CN
> 45%
Me0 MeCN MeO

JACS (1969) 4181




468 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 190

KCN

ArQMe —— MeCN
Ber (1933) 668 1623

Section 190 Nitriles from Halides and Sulfonates

CO0Q0O00000C0C0000V00000000 C0Q00CQ00

I?r
1 NaNHo NH CHCN
T2 T3 30%
Q1 2 PreHaCN
OMe OMe
J Med Chem (1971) ﬂ 72
COOE
CHCN O0Et  NaoH M0 gooR
Bt ——»  EtyCCN ——S» EtpCeN B Et,CHON
EtONa o
A

JACS (1959) 81 5397
(1938) 60 131
Org React (1957) 9 107

CH3CN NaNHp NH3
EtBr EtCHoCN 58%
JACS (1945) 67 2152
Ber (1968) 101 3113
Org React (1957) 9 107

Further examples of the alkylation of nitriles with halides are included
in section 193 (Nitriles from Nitriles)

C1CH2CN  potassium 2,6~
PhBr  ---->  PhB — PhCHpCN <75%

45 di-t-butylphenoxide THF

JACS (1969) 91 6854




SECTION 190

X CH,Cl

.
NaOEt
| 2 C5H110NO |

EtONa

CH2CT Naek Nar MeoCO
——— e
MeO
NaCN  MepSO
BuBr —— BuCN
[::::]:CHZOTS NaCN  Me,SO
———————titin i
CHo0Ts
+ -
NaCN  PhCH,NMe3 CN
BuBr » BuCN
Ho0
Ion exch resin (CN form)
PhCH,Br

CgHe

1 CHp(COOEL), ~

NITRILES FROM HALIDES AND SULFONATES 469

CHaLCOOH 5 g “X— CHaCN
NOH —_— 31
JCS (1950) 926
CHoCN
~75%
MeO

Org Synth (1963) Coll Vol 4 576

92%
JOC (1960) 25 257 877

CHoCN
92%
CHaCN

Tetr Lett (1964) 2273
JACS (1970) 92 336
JOC (1958) 23 797

69%

Chem Pharm Bull (1962) 10 427

PhCH,CN 72%

JOC (1963) 28 698



470 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 190

CuCN Nal
C7H15C=CCH=CHCH2Br —_— C7H15C=CCH=CHCHoCN 31%
xylene
JACS (1953) 75 3430
Ber (1954) 87 712
1 Mg Eto0
RBr —_——— RCN 63% (R=PhCHpCHp)

2 CICN or (CN); 80% (R=Ph)

Annales de Chimie (1915) 4 28
Compt Rend (1911) 152 388

KgNia(CN)g  KCN
PhCH=CHBr ~ ————————>  PhCH=CHCN 78%

MeOH
JACS (1969) 91 1233
JOC (1969) 34 3626

Br CN

CuCN Pyr
—— 82-90%
215-225°

Org Synth (1955) Coll Vol 3 631 212
JACS (1966) 88 3318
JOC (1952) 17 298

Br 1 CuCN DNF CN
- 88%
Ac 2 FeClz HCl Hp0 A

JOC (1961) 26 2522
The following solvents may also be used in the above reaction:
N-Methylpyrrolidone JoC (1961) 26 2525

HMPA Joc (1969) 34 3626
MeoSO Proc Chem Soc (1962) 113
1 PhaP NO
PhCHoBr ——— PhCH=PPh — PhCN 24%
2 NaNHp  NH3

Chem Comm (1969) 166
Annalen (1969) 721 34
Bull Chem Soc Jap (1967) 40 2983



SECTION 191 NITRILES FROM HYDRIDES (RH) 471

Section 197  Nitriles from Hydrides (RH
oCQO0000 o 00O0C0C000CQ000
This section 1ists examples of the replacement of hydrogen by CN,
RH — RCN. For the replacement of alkyl groups by CN, RR -—» RCN see
section 185(Nitriles from Alkyls)

Ne CICN  benzoyl peroxide ve
i—Pr?H 1-Pr?CN
Me Me

JACS (1969) 91 3028
Ber (1963) 96 670

Pd(CN), DMF
MeCH=CHy ~ ——————>  MeCH=CHCN 20%

JACS (1966) 88 4105

1 EtMgBr Et,0
CgHyqC=CH —_—————— CgHy7C=CCN 67%
2 CICN
Bull Soc Chim Fr (1915) 17 228

0Ts Ph

{
. {
PRCHCN  ATCT4 CHCN
—— ~60%
MeO MeO

JOC (1954) 19 1699
(1949) 14 839

JACS (1921) 43 898
JCS (1954) 678

Chem Met Eng (1921) 24 638
(Chem Abs 15 1703)



472 COMPENDIUM OF ORGANIC SYNTHETIC METHODS

1 (CF3C00)3T1  CF3COOH CN
Et 2 KCN  Hp0 Et

3 hw JACS (1970) 92 3520
N
—————————e R
2 DMF
OMe OMe
Ber (1967) 100 2719
cN
l:::ll:::l BrCN AIC13 CS, l:::ll:::l
R e
0C18H37 0C1gH37

JCS (1954) 678

CN

o

Ber (1933) 668 339

NO, CN

T CCI3CN  AICT3
————————
2 KOH

NO».

KCN 05 hv

———

OMe  t-BuOH Hy0

Q)

OMe

JACS (1966) 88 2884

@ NaCN electrolysis @CN
Phc=C MeOH PhC=C

Chem Comm (1970) 711
JACS (1969) 91 4181

SECTION 197

80%

81%

80%

65%

53%

35%



SECTION 192 NITRILES FROM KETONES 473

Section 192 Nitriles from Ketones
BEE00000000000B000000G

cooEt
CH,CN  alanine COOEt  ppeuomger  PNEH2
B0 > EMC20ON s EEC—CHON
we  HOAC CeMle Me Et20 Me COOEt
,//KOH
Ph?Hg
ECCH,CN
Me
~70%
Org Synth (1963) Coll Vol 4 93
JCS C (1969) 121
ook
O 7 CHpCN NHgOAC ChaCN CHaCN
—_—— -
2 165-175°
76-91%
Org Synth (1963) Coll Vol 4 234
C00Et
CHpCN Hp PA-C NHzOAC CoOEL
ELCO —>  EECHCHCN  ——>  EACHCHoCN 64%
lo  HOAC  EtOH e b
JACS (1959) 81 5397
0 CHCN CHaCN

7 o 1Y 1Y
-

NaOEt DMF !

Me0

JOC (1965) 30 505

1 LiCHpCN THF hexane

PhCO PhoC=CHCN  =-»  PhaCHCHoCN

2 H3PO, 589

JOC (1968) 33 3402



474 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 193
CN

0
‘. 1 KON HOAc U‘l:i Hy Pd-C D
2 P01, Pyr FtoRc HOAC.
MsO JCS C (1968) 2283

1=-PrCHyCHLONO TsC1
C14H29CHCOPR : > C'|4H29%COPh —————  (14H2gCN .
HC1 H,0 dioxane NOH NaOH H,0 >63%

JACS (1953) 75 2347
JOC (1961) 26 3507

Some of the methods listed in section 184 {(Nitriles from Aldehydes) may
also be applied to the preparation of nitriles from ketones

Section 193  Nitriles from Nitriles
B0 000000000000000000GD

©0000

Review: The Alkylation of Esters and Nitriles Org React (1957) 9 107

BuBr NaNH,
BuCHy(N ~ —————5  Bu3CCN 80%
toluene JACS (1948) 70 3091
Brg PhH A1C13
PhCH2CN —_— Ph?HCN —_— PhoCHCN 74%
Br

JOC (1949) 14 839



SECTION 194 NITRILES FROM OLEFINS 475

MeBr NaGOH
PhCHoCN —_—— PhCHCN 79%
MesSO  Ho0 f'l’le
JOC (1969) 34 226
T NaNH» NH3
PhCHZCN - PhCHCN 65-77%

2 Cyclohexyl bromide

Org Synth (1955) Coll Vol 3 219
JCS (1946) 25
JOC (1958) 23 1346

1 Buli 1 NaNHp NH3
PhCHoCN  ———— PhCHCN —_————e— PhCHCN < 70%
2 C0p éOOH 2 BuBr éu

3 & (decarbox)
JOC (1966) 31 3873

For further examples of the alkylation of nitriles with halides see
section 190 (Nitriles from Halides and Sulfonates)

Section 194 Nitriles from Olefins
60000000 006000000600080

000

BoHg C12CHCN potassium 2,6-di-
EtCH=CH, ----» (EtCHyCHy)3B (EtCHoCHp ) pCHCN
t-butylphenoxide THF
~85%

JACS (1970) 92 5790

BoHg CICH2CN  potassium 2,6-di-
EtCH=CHy ----» (EtCHaCHp)3B > Et(CHp)4CN
t-butylphenoxide THF

JACS (1969) 91 6854



476 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 195

BoHg 1 NoCHCN
BuCH=CHy ——>  (BuCH2CH5)3B —— Bu(CHy)3CN 95%
THF 2 KOH Hy0

JACS (1968) 90 6891

CH3CN dibenzoyl peroxide
CgH13CH=CHy > C5H]3(CH2)3CN 17%

JCS (1965) 1918 1932

@ HCN  PA[P(0Ph)3]4 @CN »
(PhO) 4P :

Chem Comm (1969) 112

?OOME HCN (28 atmos) Cop(CO)g COOMe
(CH2)3CH=CH2 > (CH2)3?HM6 ~19%

CN
JACS (1954) 76 5364

< :NNO TsC1
PhCH=CHy _ — PhCCHN )y — PhCN

NOH Et3N
JACS (1965) §l 4642

Section 195 Nitriles from Miscellaneous Compounds

0000000000 © 000C0000C000CO0CO0

BuaSnH MeQH
MeCH=CHCN —_——— MeCHoCHoCN 90%

Tetr Lett (1967) 4805
(1969) 489



SECTION 195 NITRILES FROM MISCELLANEOUS COMPOUNDS 477

CN

H2 Pd-C
92%
@‘ EtOAc HOAC
MsO JCS C (1968) 2283

In  HOAc
PhCHCN — PhCHoCN
& J Soc Chem Ind (1935) 54 98T
PhCOOCHCN CHaCN
Hp Pd-BaSO
O) lalteas, O
N EtOH N
Arch Pharm (1957) 290 218
1 Base Ph3P
CjH1sCHNOp  ——————>  C7H1sCHNOz  ——>  CyHysCN 50%
2 Bry CCly Br CeHe
JCS (1960) 2976
NaOCT  Hp0

PhC=CCONHo — PhCH2CN
Rec Trav Chim (1920} 39 704
(1927) 46 268

NH2OH-HC1  Ha0
PhCHpCOCOOH ~ ———————»  PhCH,CN 90%

Can J Chem (1961) 39 1340
JCS (1950) 926
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CgHy

SO3Na

=
B
n

@ KCN
—_—
A

270°

N

CN
Tetr Lett (1966) 5087

CN

Qo

NHo

JCS (1954) 678

SECTION 195

<70%
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Chapter 14  PREPARATION
OF
OLEFINS

Section 196 Qlefins from Acetylenes
0CO00C000DO00C00C Qo0

1 Dicyclohexylborane {CgHy7)2C0
BuC=CH BuCHpCHLip ——————> BuCHxCH=C(C5H11)2

Tetr Lett (1966) 4315

e
1 (i-PrCH),BH THF e

BUCCH > BUCH=CHCHPr-i 75%
2 NaOH Ip THF Hy0 cis

JACS (1967) 89 3652

(1’—Bu)2A1H 1 MeONa
BuC=CH ————— BuCHgCH[A](Bu-i)g]Z — BuCHoCH=CHp
THF 2 HCHO

Tetr Lett (1966) 6021

" CH=CH ~ Hp Pd-Bas0s /————CH=CH
(CH2)3 (CHo)y — ——————> (CH2)3 (CH2)3
c=c quinoline MeQOH ~ CH=CH
cis

JACS (1956) 78 2518
479



480 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 196

Hy Ni(0Ac)z

MeG(CHp)3CSCEt ~ ————————=  MeC(CHp)3CH=CHEL 80%
dY NaBHq EtOH d %
LT L) cis

Tetrahedron (1969) 25 5149

Electrolysis
BuC=CEt —— BuCH=CHEt 58%
LiCl  MeNH, trans
JOC (1968) 33 2727
c=C Na NH3 CH=CH
</ \) — <: ' <86%
(CHa)7 (CHa)7
trans :
JACS (1952) 74 3643
(1963) 85 622
NaNHo Na
PrC=C(CHp)4C=CH —— PrCH=CH(CHp ) 4C=CH 75%
NH3  Eta0 trans
JCS (1955) 3558
QCHpPh QH
«O(CHp)5CO0H | MeNH, ~0(CHp)5C0O0H
——e
dEHZPh C=CCgH13 HO" CH=CHCgHy 3
trans
Chem Comm (1968) 634
T Li THF
PhC=CPh —_— PhCH=CHPh
2 MeOH

cis
Joc (1970) 35 1702



SECTION 196 OLEFINS FROM ACETYLENES 481

CZCPh  (rs0, OMF Ha0 @CH:CHPh trans 851
-— ’
COOH COOH

JACS (1964) 86 4358

1 NaBHg BF3:Ety0 diglyme
EtC=CEt EtCH=CHEt 68%
2 HOAc cis

JACS (1959) 81 1512

OH OH

CZCH . CH=CHy
(1-Bu),ATH CeH
[:::::j’ 2 6t -

JOC (1959) 24 627
(1963) 28 1254
Ber (1956) 89 444

1 ('i-Bu)g/-\]H

——  EtCH=CHEt 90%
2 MeLi cis
EtC=CEt
1 (1-Bu)pAlH-Mel i
»  EtCH=CHEt 88%
-]
2 100-130 trans
JACS (1967) 89 5085 5086
LiATHg diglyme
EtC=CEt _— EtCH=CHEt 97%
]
117-138 trans
Tetrahedron (1967) 23 4509
HI In

C1gHp1CSC(CHp)5C00H —>  CygH1 CH=C(CHp)5C00H o—» C10H21 CH=CH(CH2)5COCH
HOAc
1

Compt Rend (1916) 162 944
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1 B2Clg
MeC=CMe —_— MeCH=CHMe
2 HC1  Hp0 JACS (1967) 89 4217

Section 197 Qlefins from Carboxg]ic Acids, Acid Halides and Anhgdrides
co [ 000 00 ] COCO000Q0000 QO00000000 ]
The decarboxylation of aB- and BY-unsaturated acids, RCH=CHCOOH —

RCH=CH2 and RCH=CHCH2CO0H —» RCH2CH=CH2, 1is included in section 152
(Hydrides from Carboxylic Acids)

C00Me CHp=CH{CHg ) gCOOH (00Me
(CH2)4COOH : >  (CH2)72CH=CH2
electrolysis MeOH JCS (1953) 2303

(1954) 448 4219

For further examples of the Kolbe electrolysis see section 62 (Alkyls
from Carboxylic Acids)

Pb{0Ac)q Cu(OAc)a+Hy0 Pyr
BuCH2CH,COOH BuCH=CH, 72%

Tetrahedron (1968) 24 2215
JCS C (1969) 1047

Me COCH Me 1 Me
Pb(OAc)4 Pyr
\ —_— 60%
I
0——CO 0—2CO0 0—C0o

Tetr Lett (1968) 2471

PdCly 200°
PhCHCHoCOCT PhCH=CHj 53-71%
or RhC1(PPh3)3 toluene

JACS (1968) 90 94 99




SECTION 197 OLEFINS FROM CARBOXYLIC ACIDS, ACID HALIDES 483
AND ANHYDRIDES

COOH CucN

|
BupCCHpPr  —————>  BupC=CHPr 73%
220-240 JACS (1950) 72 2792

Se0 a
C13H27CH2CHCOOH —_— Cy3H27CH=CHg

J Chem Soc Jap (1938) 59 262 271

COOH Electrolysis
—_— 35%
COCH EtsN  Pyr Hp0

Tetr Lett (1968) 5117 5123

76%

JACS (1968) 90 113
Helv (1958) 41 1191

COOEt COOEt

coy Pb0p 170-190°
0 < 7, 30-37%
co

Helv (1958) 41 1191
JACS (1952) 74 4370

COCT  t-BuOOH C002Bu-t
A
—_— — 38%
coc? €00Bu-t  ©Or hv

Chem Comm (1969) 98
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Section 198 0lefins from Alcohols
CE00000000000000600080

PrLi pentane
BuOH  ~-» BuOCHoCH=CH» _— BuCH=CHj ~73%

Tetr Lett (1969) 821

OH
: Ch=
CHCH3 KHS04 “CHa

_— 80-82%

€1 C1

Org Synth (1955) Coll Vol 3 204
(1943) Coll Vol 2 606
(1941) Coll Vol 1 430

OH H3P04
= 79-84%

Org Synth (1943) Coll Vol 2 151

O I2
MeoCCHoMe — MeoC=CHMe
JACS (1915) 37 1748
CgHiy
POCT3 Pyr
0 —_— 0 83%
H H

OH
JACS (1961) 83 5003
Chem Pharm Bull (1961) 9 854
JCS C (1967) 1115



SECTION 198 OLEFINS FROM ALCOHOLS 485

S0Clo  Pyr ]
(t-BU)z(':CH:a) —_—— (t-Bu)2C=CH2 ~70%

OH JACS (1960) 82 2498

Me  Me,SO 160°
QOH 2 . Me 88%

JOC (1964) 29 123

OH  Cghyy OMs  CgHyy CgH17

MsC1- : £-BuOK
————
e Me250
CeHe \ 579

Steroids (1964) 4 55
JOC (1964) 29 742
(1961) 26 2883

Further examples of the preparation of olefins from sulfonates are included
in section 205 (Olefins from Halides and Sulfonates)

+ -

A\ 1 Et3NSOoNCOOMe A
Fp-tHome,  ——————+  CHp-CHC=CHp 55%
] 2 NaH THF '

OH Me

JACS (1970) 92 5224
JOC (1970) 35 2594

Heosocl 00oMe
" Et20 252750

JACS (1954) 76 1213
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1 H3803
2 2900

[::::],CHZOH

Acp0 (600°)

C1gH33CHaCHPOH ~— ————>
(vapor phase)
/’/__\\CHOH Phthalic anhydride
(CH2)g |
CHp 295-340°

SECTION 198

o

JOC (1961) 26 4193
Chem Rev (1960) 60 431

C16H33CH=CHz 68%

Chem Ind (1965) 681

7 eH
(CHz)g Il 80%
CH

JACS (1952) 74 3636

For examples of the preparation of olefins from esters, by pyrolysis and
by other methods, see section 203 (Olefins from Esters)

OH MeCOCH2C00
Et  piketene Et  TsoH Et
—_— —_— 69%
NaOAc

1 BrCHoCOC1  Pyr

————— e

2 BuzP

CgHy 3CH2CH20H

Arkiv Kemi (1961) 17 401

+ - 170°
CgH13CH2CH20C0CH2PBU3 Br ——CgHy3CH=CH?

~72%
JOC (1964) 29 1003
JACS (1961) 83 3336



SECTION 198 OLEFINS FROM ALCOHOLS 487

1 NaH  Ety0 i Biphenyl
o — 0CsMe —_—
2 €Sy 255°
3 Mel JOC (1967) 32 2933

(1968) 33 2214
Can J Chem (1970) 48 970
Org React (1962) 121

OCHZOH 1¢sp QCHzOﬁSCHZCOOEt oH 4-5 QCHQ
— S ——
H20 100°

base

2 C1CHpCOOEt
Ind Eng Chem Prod Res Dev (1970) 9 230

NaH MeaNCSC] 180-200°
CoHy 3CHaCHOH ———————> CgM13CHaCHROCNMe,  —————>  CgH3CH=CHy
DMF i

JOC (1969) 34 3604

Me Me : Me
TsNCO Diglyme

oH OOCONHTS @
diglyme 150-170°

Chem Comm (1970) 606

86%

OCONH

-———

N=NPh

Aust J Chem (1954) 7 298
JACS (1953) 75 2118
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CHoO0H CH20CH2Ph CH2
Buli Ety0
——— _— s <60%
JCS (1958) 843
HBr  ZnBry Zn-Cu
PrCH-CHPr —— Pr?H-?HPr ——»  PrCH=CHPr
t [}
OH OH H20 Br Br ELOH
JACS (1937) 59 403
JCS (1951) 1079
0N BuLi
PhCHO //CHPh
-------------- > “Q hexane \
///
OH
OH
~ ' 0\\ (-Cghy7) 3P trans
N,N'-Thiocarbo- S
nyldiimidazole g
Chem Comm (1968) 1593
Tetr Lett (1968) 3655
JACS (1965) 87 934
(1963) 85 2677
HOCH OCH CH
[ 2 Etoch | i 2
HOCH N CH
OCH
0 HC(OEt)4

PhCOOH 0~ 72%
OMe _ k g —_— OMe
0721 HOAc 150-170° 0

0
Carbohydrate Res (1968) 7 161 7L'
Aust J Chem (1968) 21 2013

.BE;-O o -lg—o

OH HC(OMe ) oNMep 0 Acp0
oH T £0—+Mep  ——

\ 529

Tetr Lett (1970) 5223

For the preparation of olefins from diols via bis sulfonates see section
205 (0lefins from Halides and Sulfonates)

~d

X0
0

trans



SECTION 199 OLEFINS FROM ALDEHYDES 489

Section 199 Qlefins from Aldehydes

00000000000 0CO00Q0O0DCO00
Examples of the decarbonylation of aB-unsaturated aldehydes, RCH=CHCHO —
RCH=CHy, are included in section 154 (Hydrides from Aldehydes)

PhCHpCOOH Acp0  PbO
PhCH=CHCHO —~  PhCH=CHCH=CHPh 23-25%

Org Synth (1943) Coll Vol 2 229

KOH EtOH
PhCH2CHO —_— PhCH=CHCH»Ph 91%

JOC (1966) 31 396

Izv (1960) 1030
(Chem Abs 54 24627)

Bro EtMgBr In
EtCHyCHO —— EtCH-CHOMe ——> EtCH-CHOMe —— EtCH=CHEt ~ 20%
MeOH ér ér ér ét PrOH

JACS (1932) 54 751

OH
|
Me CHO CHaMgI Me CHCH3 KHSO4 Me CH=CHp
B —— —_— 70%
Et20
Me Me Me
JACS (1946) 68 1085
Reviews: The Wittig Reaction Org React (1965) 14 270

Quart Rev (1963) 17 406

New Reactions of Alkylidenephosphoranes and their Preparative Uses
Angew (1965) 77 850
(Internat Ed 4 830)
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1 Ph3P=CHy Etp0
PhCHO —_——— PhCH=CHp 67%

2 65° Ber (1954) 87 1318

PhaP=CHBU-t Et,0
PhCHO PhCH=CHBu-t 84%

JACS (1965) 87 4156

+
opr PhaPCHy
Ph3PCHy PhCH=CH
PhCHO _—t 84%
EtOLi EtOH PhCH=CH

Org React (1965} 14 270

+ -
f E PhaPCHoPY F f §
/ \ CHO 2, / CH=CHPY 41%
0 MeOH MeCN 0

Ber (1970) 103 2077

PhCHgBr‘-(MezN)3P
PhCH=CHCHO —— PhCH=CHCH=CHPh 89%
DMF  MeONa
Annalen (1965) 682 58

PhoPO(CHaPh) t-BuOK CgHg

PhCHO PhCH=CHPh 70%

Ber (1959) 92 2499
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+ - 7\
PhaPCHpEt Br CHp-CHp
PhCHO PhCH=CHEt 74%
150°

Angew (1968) 80 535
(Internat Ed 7 536)

me
1 LiCHPO(NMep) s O tle
PhCHO — PhCH-CHPO(NMeg ) o PhCH=CHMe
2 Crystallization diastereomer A L, cis
. A
diastereomer B ——— trans
n0
2 /NaBH4
PhCO(}HPO(NMeg)Z
Me JACS (1966) 88 5653 5652

(1968) 90 6816

JOC (1969) 34 3053
Ph3P=CHPr T PhLi

PrCHO —————— Pr(IZH('ZHPr ——— PrCH=CHPr 72%
2 HCI
Ph3i 9 3 t-BUOK trans

Angew (1966) 78 115

(Internat Ed 5 126)

JACS (1970) 92 226

Li

CHO 1 MepCPS(OMe)y THF CH=CHe, /
683
2 65°

JACS (1966) 88 5654

Iii
: LiCHgSON-@-Me THF
C11H23CHO —  (11H23CH=CH 56%
2 Toluene reflux

JACS (1966) 88 5656
(1968) 90 5548

Further examples of the Wittig Reaction and a 1ist of bases which may be
used for the generation of Wittig reagents are included in section 207
(0lefins from Ketones)



492

H

CgHy3CHO

CgH13CHO

PhCHO

Cq1H23CHO

CHO

COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 199

1 PhaP=CHe OR wno, OR
- ———

2 Buli X CHo0H XX CHO

3 Paraformaldehyde

OR NoHg  Ha0 OR
s e
X CHpte  CusOs X CH=CHy

32% JACS (1970) 92 6635

1 Ph3P=CHMe THF Mel
— CGH]39H-—?=PPh3 —> C(gHy3CH=CMep <50%

OLi Me
JACS (1970) 92 226

2 Buli

1 Ph3P=CHMe CgHyg_ I RpCuli  CgHiz_ R
c=C L c=C

— ey 4 (R=alkyl)
2 Hg(0Ac), HY Me HY Me
3L Ip Tetr Lett (1970) 447
Me3SiCHoPh BuLi
PhCH=CHPh >50%
HMPA Tetr Lett (1970) 1137
CHplo Mg-Hg Et20
- Cy11Hp3CH=CH2 65%

Tetrahedron (1970) 26 1281
J Organometallic Chem (1968) 12 263
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CsHyCHLi2  THF
PhCHO —_—— PhCH=CHC5Hq 1 45-50%

Tetr Lett (1966) 4315

LiCHpNC  THF
PhCH=CHCHO —_— PhCH=CHCH=CH; 28%

Angew (1968) 80 842
(Internat Ed 7 805)

H

CHO 4 HCN CHCN L1A1H4 [:::::]—CHCHZ BUOND CH=CHp
2 soc12 83%

Tetr Lett (1969) 4001

TsOH (1-Bu)pATHy
MeCHyCHO  --+ MeCHCH(OEt)p —-> MeCH=CHOEt —————— MeCH=CH,  44%

JOC (1966} 31 329

Some of the methods included in section 207 {Olefins from Ketones) may
also be applied to the preparation of olefins from aldehydes

Section 200 Qlefins_from Alkyls, Methylenes and Aryls
Co00O0OCO0000000C00000CO000CO0CO0Q0C0000000C0

RCT (PPh3)5
PhCHyCHPh  ———=>  PhCH=CHPh 37%
260°

Tetr Lett (1970) 1825
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Br
Brp hv gr Zn
—— —— ~37%
CCly HOAc
Rec Trav Chim (1964) 83 67
NBS or Bry
—— 40%

CClg
™~

JOC (1965) 30 2479

T ey clp /\CHCI £-BuOK /\CH

CHp vCHz Me S0 \\_/CH

JoC (1967) 32 510

CgHi7
J/\:Egﬁ Dibromantin O:j/
PhCO0 CgHe PHCOO “Br
(Me0)3P
xylene

NS

PhC00
Helv (1958) 41 70
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Pr-i Li EtNHz Pr-i
—_— 69%

JOC (1963) 28 1094

Bu-t Bu-t

L1 NHoCHpCHoNHo
—_— > 44%
t-Bu t-Bu

JOC (1966) 31 965

Aust J Chem (1964) 17 55

Pr-i Electrolysis LiCl Pr-i
<81%
MeNH»

JACS (1964) 86 5272

Section 207  Qlefins from Amides
C00000C0000060008000

510°
t-BuCH,CMe, ———————  t-BuCH=CMep, +  t-BuCHpC=CHp
ﬁHAc (vapor phase) ﬁe

JOC (1958) 23 996

JACS (1959) 81 651

(1958) 80 4588

OAc 0Ac
Sulfosalicylic acid
AcNR+ Acp0  toluene

Tetr Lett (1965) 2369
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LwNHCOPh CHp
SOC1, Pyr

————

Et50
cooMe 2 ™ C00Me
P205 C6H6 \\\\\“ CO0Me

el

Bull Soc Chim Fr (1966) 2404

AcO

Section 202 Qlefins from Amines
¥BC508600000G083G030

2GQ0C0 0030

Review: The Hofmann Elimination Reaction and Amine Oxide Pyrolysis
Org React (1960) 11 317

/\CHZ Mel Y 1 Agy0 o

\/éHNMe? T (b CMes 1= 2 140-160° ()7 i
e -
\\\_,/’ + 3 \\\._,/’ 629

JACS (1952) 74 3643
JCS (1955) 4016

+ - GHz
NMep NMe3 I CH
Mel 1 Agp0 Hp0
——— ——————P
CgHe 2 KOH
HOCH2CHOH ~58Y
AcO JACS (1948) 70 887

The following bases may also be used in place of Ago0 in the Hofmann
degradation of amines:
Ag2S04-Ba{OH)p, NaOH, T10H, ion exchange resin Org React (1960) 11 317

AgpC03 JCS (1935) 1685
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MeoS04 NaOH - HpS04 H20
BuCH2CHoNHo ——0————-———-> BuCHgCHgNMe3 (504)]/2 ~——————  BuCH=CHp 60%
H2 reflux

Org React (1960) 11 317

/\CH (A) PhLi /_\CH (A) cis

(CH2)6 SET— (CH2)6
CHNMe3 Br or (B) KNH, \\\~—//CH (B) trans
66-68%

Annalen (1958) 612 102

+
CHoNMep HaOp  Hp0 CHgvMeg 160° CHy
—— 0_ —— 79-88%
MeOH

Org Synth (1963) Coll Vol 4 612

Me MepSO THF 25° Me e
PhCHCHCH3 _— PhC=CHMe  +  PhCHCH=CH»
+NMe or Ho0 132-138°
2 JACS (1962) 84 1734
-0

NHy sulfosalicylic acid
> 70%
Ac20

Tetr Lett (1965) 2369

1 TsCl DMF KI DMF
BuCHpCHpNHy  ———————» BuCHpCHpNTsp —— BuCH=CHp 31%
2 NaH TsCl

JACS (1969) 91 2384
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coc
@sozm L0 KOH
PRCHaCHNHy > PRCHCHEN _ —=  PRCH=CHy < 65%
S0,

Tetr Lett (1967) 3027
JACS (1969) 91 2384

CgH170NO  CHC13 HOAc
Me»CHCHoNH) — MeaC=CHp 27%

JACS (1969) 91 1790

/N H\
CH-CH2 BUONO CH=CHp

Tetr Lett (1969) 4001

Section 203 Qlefins from Esters
B Co000C000000000000

For the preparation of olefins from sulfonic esters see section 205
(Olefins from Halides and Sulfonates)

PhMgBr 220-230°
HC=C(CHp)7CHRC00Et ——— HCEC(CHp)7CH2CPhy —————»  HCZC(CHp ) 7CH=CPhy
Et20 OH 92%

JCS (1957) 1622

EtMgBr HCOOH
C15H31C00Me  ———>  CygH3CEty ———»  CqgH3 C=CHMe 96%
Etz0 OH £t

JACS (1945) 67 2239
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Me
!
LiCHPO (NMe) e NaBH, Me
PhCOOMe —_— PhCOCHPO(NMeZ)Z ————— PhCHCHPO(NMe2)2
THF MeQH (')H
’////?o1uene
reflux
PhCH=CHMe
trans
JACS (1966) 88 5653
Review: Pyrolytic Cis Eliminations Chem Rev (1960) 60 431

295-315°

[ ——

CHa

JACS (1959)

CHa0AC  gage OCHZ
—————————
vapor phase

JACS (1959) 81 647 651

(o]

1 1968

Bu-t t-Bu
00CCo0 150-160° Bu-t
—_— <80%

JACS (1969) 91 3324
JOC (1965) 30 689
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330°
—_— 71%

PhCOO

JCS (1965) 4379

Esters of the following acids have also been used for the preparation of
olefins by liquid-phase pyrolysis:

Stearic JACS (1948) 70 2690
JCS (1957) 1998

d-Camphoric JACS (1952) 74 3944
2,4,6-Triethylbenzoic JACS (1953) 75 6011
2-Naphthoic JACS (1954) 76 5692
3,5-Dinitrobenzoic Chem Ind (1954) 1426
Anthraquinone-2-carboxylic Helv (1944) 27 713 821
Ethyl carbonic JACS (1952) 74 5454
2-Naphthyl carbonic JACS (1954) 76 6108
Phenylcarbamic JACS (1953) 75 2118

Can J Chem (1953) 31 688

Further examples of the preparation of olefins by pyrolysis of esters are
included in section 198 (Olefins from Alcohols)

PRCHaCHPh
c00
Et Et  NaNHp NH3 Etp0
—_ PhCH=CHPh
Et

JACS (1953) 75 6011
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Section 204 Qlefins from Ethers and Epoxides

0000000000000 000000D0CO0OD0O0O0D0

0lefins from ethers . . v « v v v v v v v v 0
Olefins from epoxides . « « « ¢ « v ¢« v v 0w w00

page 501-502
502-504

QMe H3POg
823

triethylene glycol
Ber (1967) 100 1764

CgH17

BF3-Etp0
24%
Me0 Acp0 Eth

Tetr Lett (1964) 759

CHaOCHZPh  BuLi Etp0 CHp
—— e ~60%

JCS (1958) 843

?Me i-PrLi pentane
CgHy3CHCH3 —_— CeHy3CH=CHz

JACS (1951) 73 5708 1263

[:::::[OMe Tetrachlorobenzyne [::::]

Tetr Lett (1968) 4455
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N2CHCOOEt
EtCHpCHo0BU ————p EtCH=CHp 6%

- o
140-150 Rec Trav Chim (1955) 74 143

Cr(C104)» NHoCHaCHoNHp
0 472 2ufiglig . 929
DMF Ho0

Tetrahedron (1968) 24 3503

Cgtyy
Mg-Hg MgBro
- 5 80%
THF
CHp-0 CHp
Chem Comm (1970) 144
in
e
HOAc \
0
Chem Comm (1970) 1450
A HBr LiBr Me,CO OHBr 70 HoAc
Bu?-CHMe Bu(—CHMe ———» Bu?=CHMe

{
Me Me Me

e

JCS (1959) 112
(1955) 1370

Zn Nal NaOAc HOAc
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OMe O 0 OH
0 Nal L' 1 snct, pyr S
—- ——————ar .
Me0 NaOAc 2 POC13 Pyr
) 0 HOAc
¢ trans
Aust J Chem (1966) 19 1265
JCS (1959) 112
/\ 1 BULi-HPO(NMeZ)Z THF
MeCHCHMe : MeCH=CHMe 20%
cis 2 CaC03 silica gel trans
toluene JOC (1969) 34 3053
A\ Ph3P PhsB Ety0 70°
PhCHCH5 » PhCH=CH,
—
Ph3P 180 Ber (1955) 88 1654
Chem Ind (1959) 330
~Hoy (NH2) 2CS ?:]/OH 1 505C15 z 0COPh
——————————— e
., 2 NaOH ., 2 PhCOC1  Pyr L
H SH 3 50215 SNHPh
4 PhNH»
m-Chloroperbenzoic
acid
1 Base 0COPh
— |
2 A “SONHPh
trans
25%

JACS (1968) 90 5553



504 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 205

)
PN
Py Potassium methyl ? ? (Me0) 3P
PhCHCHPH ~~—~———r» PhCH—CHPh ———— PhCH=CHPh
cis xanthate trans
JACS (1965) §_7_934
S

A KSCN  Hp0 A (Et0) 5P
PhOCHpCHCHy ~ ——————»  PhOCHCHCHp ~ ————» PhOCHCH=CHp

JOC (1961) 26 3467

CH 1}

0 KSeCN  MeOH CH_-0
k OH >0 ——— OH 1 64%
071_ 7L

Carbohydrate Res (1967) 5 282

Section 2056 Qlefins from Halides and Sulfonates
G006 0000000000000000000000000000600

Olefins from Wittig reagents . . . . . . . . . . .+ . .. page 504-505
0lefins from organometallic reagents . . . . . . . . . . . . . 505-507
Olefins from halides via sulfoxides . . . . . . .. . . . .. 507
Olefins from halides via thiols . . . . . . . . . . . v .. 507
Olefins by elimination of HX from halides and sulfonates . . . 507-510
O0lefins from 1,1-dihalides . . . . . . . . . « o o o o 510
Olefins from 1,2-dihalides and 1,2-disulfonates . . . . . . . 510-512
R R

[} |
The reduction of vinyl halides, RoC=CX —»= RpC=CH, is included in section
160 (Hydrides from Halides and su?fonates)

1 Ph3P 02
PrCHpBr ~ —————— PrCH=PPhy —=  PrCH=CHPr < 66%
2 NaNH
THF

Ber (1963) 96 1899
(1966) 99 2848
(1961) 94 1987

Annalen (1969) 721 34



SECTION 205 OLEFINS FROM HALIDES AND SULFONATES 505

1 Ph3zP + - NaNHp
Ph(CHp)2CH2Br ==-e-- > Ph(CH2)2CH2PPh3 104 ———= Ph{CHp)pCH=CH(CHy)oPh
2 Nal0y NH3 <334
Ber (1969) 102 2259
+ -
CH2C1 CHoPPh3 C1 CH=CHy
@ Ph3P  DMF @ HCHO EtOLi @
e ————————
© @ - @
CHoC1 CHpPPh3 CI1 CH=CH
+ -
Org React (1965) 14 270
PhsP + - 1 Phli Ety0
CHp=CHCHzBr ~ —— (H2=CHCH2PPh3 Br —————— (H2=CHCH=CHPh 53%
CeHs 2 PhCHO

Ber (1954) 87 1318
Annalen (1965) 682 58

Further examples of the Wittig reaction are included in section 199
(0lefins from Aldehydes) and section 207 (Olefins from Ketones)

oK
Br 1 Mg Ety0 CHCH3 CH=CHj
2 A
—_— £ 36%
2 CH3CHO
Ph Ph Ph
JACS (1946) 68 1109
1 Mg Ety0 OH A
PhBr ————»  PhoCCH3 -2+  PhyC=CHp
2 CH3C00Et

Org Synth (1932) Coll Vol 1 226



506 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 205

Me
0 (CHp=C )pCuLi 01:::::]\
Br C=Chy
Me
J Indian Chem Soc (1968) 45 1026
. Br
AN 7
[(Me—¢. /N1\ I .
RBY —»  RCHyC=CHp 90% (R= Me)
{

Me 70% (R= CH=CH)
92% (R= PhCHoCHaCHp)
JACS (1967) 89 2755

gr ' Mg EL0 CHoCH=CHp 704
2 BrCHaCH=CHp

JACS (1946) 68 1101
JoC (1970) 35 22

Further examples of the coupling of halides are included in section 70
(Alkyls and Aryls from Halides and Sulfonates)

1 Mg Etp0 Zn
BuCt ——m—m@mm Bu?HCHgBr —  BuCH=CHp
2 BroHgCHBr By

dMe JOC (1952) 17 807
1L B0 ST maow A 1Nl NaDAc
BUBr —————— BuC— CHile ——= BuC-CHfle —————  BuC=Ciile
2 MeCHCOMe Ho0 E£COOH '
(':‘I Me Me 2 SnClp Pyr Me trans
3 POC15 Pyr

7n Wal WaOAc FHOAC Cis * trans
JCS (195%9) 112



SECTION 205 OLEFINS FROM HALIDES AND SULFONATES

CFpBrp Etp0
PrCHpBr  --» PrCHoMgBr ~ ———————  PrCH=CHCHpPr

Ber (1962) 95 1958

—
2 CHBr3
Compt Rend (1965) 260 4535
/,0
HC Et
S

CgH11CHBr  ==>  CgHypCHpbi ——————— C5H]1CH=CHCH2C5H] ]

Etp0
trans
Tetr Lett (1964) 2547
NaH-CH3SOMe MepS0
Ci15H31CHoX  ~~—————  C15H371CH2CHySOMe ———— C715H371CH=CH)
reflux
X=Br or 0Ts Chem Comm (1965) 29
1 HCHO HCI

CgH11CHpBr  ==»  C5H171CHpSH ————————= C5H171CH2S02CHCT
2 m-Chloroper-
benzoic acid NaOH
Ho0
CgHy1CH=CHy
JACS (1964) 86 4383
MeQ  MeCHCH,CHpCOOMe

Collidine
B ———

JOC (1961) 26 2883

TsO

507

72%

60%

33%

<85%

<53%



508 COMPENDIUM OF ORGANIC SYNTHETIC METHODS
0Ac

Pyr or CaC0j

———

DMF

JOC (1963) 28 1976

HMPA  180-210°
BUCHpCHpBr > BuCH=CH,

Chem Comm (1971) 113

1,5-Diazabicyclo[5.4.0]undec-5-ene
C3H7CHCHoEL > C3HpCH=CHE®
ér Me,SO

Angew (1967) 79 53
(Internat Ed 6 76)
Ber (1966) gg 2012

LiF LipCO3 HMPA
CsHy1CHoCHRBY CgH11CH=CHp

SECTION 205

80%

61%

91%

~51%

Bull Soc Chim Fr (1967) 2455
(1968) 283

JOC (1970) 35 76 1023

EtONa Me,SO
Ph3CCHoCHpCl  —————  Ph3CCH=CHp

JCS C (1967) 1115

/\CHCI £-BUOK  Me,SO /—\CH

(CHy)g _ (CHa)g
\_/CHZ \/CH

JOC (1967) 32 510
(1965) 30 2054
Tetr Lett (1967) 2273

90%



SECTION 205 OLEFINS FROM HALIDES AND SULFONATES 509

MO CgHiz CgHy7

£-BuOK  Me,pSO

_— 65%
CgHe \\\\\

Steroids (1964) 4 55
H JOC (1964) 29 742
¢l CH2
CH3 Et3CONa
L fS§ — L 52%
Et3COH

JOC (1970) 35 196
Chem Comm (1968) 305

—_— 94%
C1 1
¢ (Method for unreactive halides)

Annalen (1962) 652 96

The following bases/solvents may also be used for the elimination of HX
from halides and sulfonates:

Lithium dicyclohexylamide JoC (1967) 32 510

NaNH2-HMPA Bull Soc Chim Fr (1966) 1293
Potassium t-amylate Helv (1967) 50 2111
Me2S0 JACS (1959) 81 5428

Tetr Lett (1968) 4191
(Me0)3P-xylene Helv (1958) 41 70
Cy7H35C00Ag-CeHg Ber (1942) 75B 660

Ag20-CgHp Helv (1951) 34 1176



510 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 205

el 190-200°
ACO(CHz)3CCHZPr  —————=  AcO(CHp)3C=CHPF 80%
|
Me Me
JOC (1948) 13 239
S

(vapor phase

JCS (1952) 453
Chem Rev (1960) 60 431

Cu
PhaCXy ~ ————=  PhyC=CPhy
or Nal _
or Fe(C0)5 X=Br or C1
Org Synth (1963) Coll Vol 4 914
JCS (1959) 678
JACS (1961) 83 1623
KOH Na
EtCH CHEt —_— EtCH=?Et —_— EtCH=CHEt
¢1c  Prow ¢ M3

JACS (1951) 73 3329

CgHy7

. N

HOAc

Org Synth (1963) Coll Vol 4 195
JOC (1970) 35 1733
JCS (1961) 4547



SECTION 205

OLEFINS FROM HALIDES AND SULFONATES

511

The following reagents may also be used for the conversion of 1,2-dihalides

to olefins:

Nal, KI

JOC (1965) 30 1658
(1959) 24 143
Annalen (1967) 705 76

CrXp (X=C1, OAc etc.) JACS (1968) 90 1582

Bu3SnH

Na-NH3

(1967) 89 6547

(1964) 86 4603
JOC (1959) 24 1621 1629
Tetrahedron (1968) 24 3503

JOC (1963) 28 2165
Acc Chem Res (1968) 1 299

JACS (1952) 74 4590

Sodium dihydronaphthylide Chem Comm (1969) 78
Phenanthrene disodium Angew (1964) 76 432
Rev Chim (Bucharest) (1962) 7 1379

PhSNa, EtSNa

NaZSe
(NH2)oCS
KSCN

(Chem Abs 61 4208)
JOC (1959) 24 143

JOC (1966) 31 4292
Chem Ind (1966) 1418
Chem Ind (1966) 1418

Potassium cyclohexylphosphide Ber (1961) 94 2664

Me-<: 0
0 :>—Me

0Ts
0Ts

(Et0)3P
NaH-MepS0
LiATHg
PhLi
PrMgBr

Nal MeyCO

JOC (1970) 35 3181

Chem Ind (1965) 345

Can J Chem (1964) 42 1294
Annalen (1967) 705 76

Bull Soc Chim Fr (1946) 604

JCS (1950) 598
JACS (1952) 74 4894

73%



512 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 206

CH20CH2Ph HoOCHoPh
0 Nal Zn 0 2oz
—_ 82%

TsG  OTs Bull Soc Chim Fr (1967) 4111
0 0
><0 ><0
Ts0 KSeCN  DMF CH
0Ts —_— CH 45%

Carbohydrate Res (1967) 5 282

OMs EHZ
OMs CH
0 0
fete, 17%
0 0 b
PhCH0 0L PheH0 04

Ber (1969) 102 820

Section 206 Qlefins from Hydrides (RH)

SU00U0000000000000000000C

This section Tists examples of the replacement of hydrogen by olefinic
groups. For the dehydrogenation of alkyl groups, e.g. RCHpCHpR —= RCH=CHR,
see section 200 (Olefins from Alkyls, Methylenes and Ary1s§

HC=CH
Me pCHCHMe Me pCHCMe,
di-t-butyl peroxide 6H=CH2

JOC (1965) 30 3814



SECTION 207 OLEFINS FROM KETONES 513

Me Me Me

I I A
HOCHCH2C CHCHaCT koM C=CHy
—_— -—
Me BF3 P205 Me MeOH Me 22

JACS (1948) 70 1772

Section 207 Qlefins from Ketones
BTEC00000000000000000

Conversion of ketones into olefins with longer carbon chains. . page 513-516

Conversion of ketones into olefins of the same chain length . . . . 516-519
Conversion of ketones into olefins with shorter carbon chains . . . 520
Reviews: The Wittig Reaction Org React (1965) 14 270

Quart Rev (1963) 17 406
New Reactions of Alkylidenephosphoranes and their Preparative Uses
Angew (1965) 77 850

(Internat Ed 4 830)

+ -
0 Ph3PCH3 Br CHz
o . 86%
NaH-MeoSO

Org React (1965) 14 270
Ber (1954) 87 1318

0 ONa CHy

+ - |
Ph3PCHy Br  EtCMep
i > 90%

CeHg  (1-Pr)p0

Bull Soc Chim Fr (1967) 1936

PhCHzBY‘-(MegN):gP
Ph(;‘O —— e Ph(;,=CHPh 35%
Me MeONa DMF Me

Annalen (1965} 682 58



514

COMPENDIUM OF ORGANIC SYNTHETIC METHODS

PhoP(0)CHoMe  t-BuOK

Ph,CO

toluene

ve
1 LiCHPO(NMey)2 THF

PhoCO

O:o

PhyCO

The following reagents/solvents may also

Wittig re

NaH-Me,SO, NaNHp-NH3, PhLi, BuLi,
EtOLi-EtOH, EtONa-EtOH

Further examples of the Wittig reaction are included in section 199

(0lefins

2 Silica gel CgHg

Li
y LickesoN(O)-Me e

me
LiCHPS(OMe)y THF

agents:

Na

t-BuOK-Me S0
PhL i -t-BuOK-t~BuOH

Ethylene oxide

Diazabicyclo[3.4.0]non-5-ene
Electrolysis (non basic)

from Aldehydes)

2 CgHg THF reflux

PhpC=CHMe

Ber (1959) 92 2499

PhoC=CHMe

JACS (1966) 88 5652 5653

JOC (1969) 34 3053

O

JACS (1966) 88 5656
(1968) 90 5548

JACS (1966) 88 5654

be used for the generation

Org React (1965) 14 270
Chem Abs (1940) 34 392

Ber (1965) 98 604

Angew (1964) 76 683
(Internat Ed 3 636)

Angew (1968) 80 535
(Internat Ed 7 536)

Ber (1966) 99 2012
JACS (1968) 90 2728

Tetr Lett (1969) 3523

SECTION 207

51%

87%

~90%

93%



SECTION 207 OLEFINS FROM KETONES 515

0 1 Me3SiCHpMgCl Etp0 CHy
351CHaMg 2
- > 50%
[::::]? 2 NaH THF

Tetr Lett (1970) 1137
JOC (1968) 33 780

CsH11CHLip  THF
(CgHy1)pC0  —————s  (C5H71)2C=CHCgHIY 30-35%

Tetr Lett (1966) 4315

CHpl; Mg Ety0
(CgHy7)200  ——————=>  (CgH77)pC=CHp 30%

Tetrahedron (1970) 26 1281

L1

PRCHNC  THF
PhoCO ———————>  PhpC=CHPh 74%
Angew (1968) 80 842

(Internat Ed 7 805)

1 CgHyiMgBr Etp0 OAc 150H
C1(CHa) 2CHzCO C1(CH2) 2CHRCCsHT 1 ——> C1(CHa) 2CH=CCsH1
Me 2 Acp0 Me CeHg Ve
JOC (1948} 13 239 75%

JACS (1949)771 819

0 §H=§H2 CHCH2Bu
. 1 NaCzCH ﬁc LiBupCu D
--------- »- —
‘ 2 Acetylation Etp0
l:::'llll. 3 Hy Pd
MeO

Chem Comm (1969) 43
JACS (1970) 92 735



516 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 207

QO LiCHCO0BuU-t Q»wgcoosu -t 200-230° OCHZ
EtzO NH3

Bull Soc Chim Fr (1960) 1196

(i-Pr0j5P
Ph,CO —_— PhoC=CPh2 Tow yield
JOC (1964) 29 2567

0 N2H4 NHNH 1 Pb(0Ac)4
73%
st 2 Ph3P

Chem Comm (1970) 1226 1225

EtMgBr OH NaOH 2
MeCOCHoMe -~ MeCO?HMe — Me§-?HMe — MeE—CHMe
a1 Et20 ep ¢ 120 Et
Nal NaOAc
EtCOOH HOAc
trans 1snCl, Pyr OH
Me9=CHMe - MeC CHMe
£t 2 POC13 Pyr Et I
< 65%

JCS (1959) 112

‘. 0, 1 Chig=COAe COAc ]:lij 1 LiATH Etp0 jﬁ
TsOH 2 In HOAc
2 Bry
RO KpC03

Chem Pharm Bull (1969) 17 1585
JCS (1955} 1370



SECTION 207
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CgHy
Ko, NoHg  KOA
2Hg ¢
- ———————————————
0 0 cyclohexene
X=F, C1, Br or I 54-71%
Joc (1964) 29 958
co HSCH CHSH //’—‘\\c:gj N ///—‘\\CH
(CHp)g —————  (CH)s | ——>  (CHp)g Il 55%
\\\5_’//CH2 BF3-Etp0 \\\~_’/,CH2 EtOH CH
Tetrahedron (1969) 25 2823
JOC (1963) 28 1443
0 NNHp
NaHg
i ——P
EtaN Et3N EtOH
EtOH THF
RO
JCS (1962) 470
1 TSNHNHp
[::>—C0CH3 —_— [::>-CH=CH2 ~100%
2 NaH or NalHp
Annalen (1966) 691 41
1 TsNHNH2
~79%
2 MeLi THF

Synthesis (1970) 595
JACS (1967) 89 5734



518 COMPENDIUM QOF ORGANIC SYNTHETIC METHODS SECTION 207

1 TsNHNH,
- ~100%
2 MeLi Ety0 CgHg

JACS (1968) 90 4762

0
‘. T TsNHNHy  MeOH “
> 70%
@‘ 2 Linirg T @‘
MeO Me0

Tetrahedron (1963) 19 1127

COCH3  Hpo(oEt), CH=CHz
_ 60%
o NaNHp ¢l

Angew (1963) 75 138
(Internat Ed 2 98)

CgHyy
1 NaH Li EtNHo
——————— ———— -
0 2 (Et0)2P0C1 (Et0),0P0 t-BuQH
81%
Tetr Lett (1969) 2145
Chem Comm (1969) 112
CgH17
1 82H6
2 Acz0

R Ac or Me
Gazz (1962) 92 309
(Chem Abs 57 12572)
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0 OEt OEt
TsOH (i-Bu),AlH
- Ot Bl Ut <324
1sooctane

JOC (1966) 31 329

Pyrrolidine ATH3 or LiATHg-A1C13
EtCHoCOMe ——————» EtCH=CMe EtCH=CHMe
N Eto0
{ ? Tetrahedron (1968) 24 4489
Proc Chem Soc (1963) 19
Pyrro11d1ne (:::> 1 BoHg THF
......... _ < 98%
2 HOAc
diglyme

Tetr Lett (1964) 2039

IO ENGLE @
Hz catalyst

me
110° p Nitroper- NPh
Me benzo1c Me
acid
Tetr Lett (1964) 3853
Compt Rend (1967) C 264 710
Mn02
PrCOCH3 ——— PrCH=CHp 62%

550° (1 sec)
Chem Comm (1969) 461



520 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 209
0 hv cyclohexane =
JOC (1966) 31 1393
0 0 CHy
. Br
e v}
_—— _
KoCO3 t-BuOH
<65%
Chem Comm (1968) 558
AcO

Some of the methods listed in section 199 (Olefins from Aldehydes) may

also be applied to the preparation of olefins from ketones

Section 208 QOlefins from Nitriles
[] QQQC C000C0000Q
1 KNH NHg tle NHp  NHg e
PhgCH  ——————> Pha(CHPh —————s PhyC=CPh
¢y 2 PhCHCT o JACS (1956) 78 82
Me (1960) 82 1786

Section 209 QOlefins from Olefins
C560008000008000000800

G0C 0060 CX) 0000

Homologation and atkylation of olefins
Olefin metathesis
Migration of double bonds
Cis-trans interconversion and equilibration

.....................
.................

........

1 BoHg
———————

BuCH=CHjp
2 PhHgCCloBr

BuUCHCHoCH=CHCHBuY

JACS (1966) 88 1834

%

page 520-521
521

521-524
524~526

DY



SECTION 209 OLEFINS FROM OLEFINS 521

CBro
- /N
(erec CHBrs t-BuOk ( Con Mg Etp0 CHeC=Chy
(CH2)g t-BuOH (CH2)6 Q(CHZ)s
/H2 Pd-C
CHpCH=CH
15% (~(CH2)5 )
JOC (1961) 26 3518
NaH-Me,S0 A
PhCHpCH=CHp ~ ——————> PhCHoCHCH2SOMe  —— PhCH2§=CH2
|
Me Me
JOC (1964) 29 2699
WClg EtAICI, EtOH
MeCH=CHEt MeCH=CHMe + EtCH=CHEt
Tetr Lett (1967) 3327
JACS (1968) 90 4133
(Ph3P)»C12(NO) oMo
CgHy3CH=CHy CgHy 3CH=CHCgHT 3 37%

Me3Al2C13  PhCl
JACS (1970) 92 528

CH2CH3 1 NaBH4 BF3 CH=CH,
————— 62%
diglyme

2 CgHy7CH=CHy

JACS (1967) 89 567 561
(1960) 82 2074



522 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 209

CgHy7

NS

1 Nitration

AcO 2 In HOAc AcO
0
Bro HOAc
1 NaBHy J
s
2 In -,
AcO HOAC AcO x Br
JACS (1956) 78 6269
JOC (1948) 13 424
¢

CHa e CH3  EtzcoK CHy
R o, ~62%
Et3COH

Chem Comm (1968) 305
Helv (1967) 50 2111

=00
2 CINHp fo- A *

3 Mel NMe3 I
Tetr Lett (1968) 2253
OMe
CHaMe xylene CHMe CHaMe
—e +
MeOH
35%

JACS (1967) 89 5199
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CHoCH=CH) RhCT(PPh3)3 CH=CHMe

_ 60%

CeHe

o L

Tetr Lett (1968) 3797

O™ Rnc1(PPhg)y CHCIS Otfe
80%

Tetr Lett (1968) 3797

RNC13-3Hp0 EtOH
EtCHpCHpCH=CHp —————————» EtCHpCH=CHCH3 + EtCH=CHCH2CH3

JACS (1964) 86 1776

Helv (1967) 50 2445

1 RhC13-3Hp0 EtOH

2 KCN

JACS (1964) 86 2516

Fe3(C0)12 hv
PrCHpCH2CH2CH=CH2 ~ ———————  PrCHpCHpCH=CHCH3 + PrCHpCH=CHCHpCH3
pet ether
+  PrCH=CHCH2CH,CH3

Proc Chem Soc (1964) 408

Review: The Isomerization of Olefins.
Part I. Base Catalyzed Isomerization of Qlefins

Synthesis (1969) 97



524 COMPENDIUM OF ORGANIC SYNTHETIC METHODS
COOH L1 NHCH2CH,NHy CO0H
(CHp)7CHaCH=CHy  —————"—  (CHp)7CH=CHMe

Tetrahedron (1964) 20 2911
JOC (1958) 23 1136

The following bases may also be used for the migration of double bonds:

LiNHEE
t-BuOK-Me S0

Na-alumina

Na-PhCHzNa

-

2-Naphthalenesulfonic acid

JACS (1964) 86 5281

Ber (1966) 99 1737
Joc (1968) 33 221
JACS (1961) 83 3731

JACS (1965) 87 4107
JCS C (1967) 2149
(1966) 260

Tetr Lett (1964) 467

/—\'CH

(CHp)y (CH2)7
CH CH
trans cis
JACS (1952) 74 3643
MeCH Ee CH ESHM 2t MeCH Ee
eCH= = e —_— eCH=
SewscH ELOH Seh=cH €
cis \CH=C?HMe .
OH rans
JACS (1954) 7_6_ 5719
CH= CH CH CH
/ Io CCly \
(CHp )5 (CH2)5 —_— CH2)5 (/CH2
\\\'CH CH \\\\\FH CH
cis trans

JCS C (1966) 260

SECTION 209



SECTION 209 OLEFINS FROM OLEFINS 525

PhoSo  hv
—_—
CeHe
trans cis
Helv (1968) 51 548
JACS (1967) 89 2758
JCS C (1966)7 260
e, =~ e PhCOMe hv CqHg Me
CH=CH e CH=CH
cis trans \Me

JCS C (1966) 260

Hg(0Ac)p HOAc

——— et P

JCS C (1967) 2514

CHg=tt M Ferrocene hy CHa=CH
CH=CH e CH=CH
— N
cis trans Me
JACS (1965) 87 1626
Bt Clp SbClg KOH N EL Bt
CH=CH\ ————*Et(':H-(llHEt —_ EtCH=({,Et — CH?CH
trans Et CHC13 o PrOH Cl NH3 cis

JACS (1951) 73 3329



526 COMPENDIUM OF ORGANIC SYNTHETIC METHODS SECTION 210

CsHil M 4 Inco 2 MeoH Buoo €611
CH=CH W C5H1]CHCHMe — ™S CH=CH 41%
] ase
crs 5 HpSO4 6 Base b trans  Me

Tetr Lett (1969) 4001

77 NCH 1 (seN), 7~ eHs. (CgH70)3P m‘

(CHp)g W ————> (CH2)g | €5 —————> (CH2)g I
2% i 2 ver H20 \_/CHS’ 135° CH
cis 3 Has trans

JACS (1965) 87 934

 Cet13 CeH13 CH13 ,C6M13
CH Ha0p  CHOH HBr HpS04 CHBr n cH
—_— ———
Y Heoon  SHOH HOAC e geow M
(CHp)7CO0R (CHz)7COOR (CHp)7CO0R (CHp)7COO0R
cis trans

JCS (1954) 4219
(1953) 2393
(1951) 1079

Further examples of the conversion of diols and dihalides into olefins are
included in section 198 (Olefins from Alcohols) and section 205 (Olefins
from Halides and Sulfonates)

Section 210 O]ef7ns from Mvsce]laneous Comgounds
G0000Q00Q000000Q 00Q00
The reduction of vinyl ha]xdes, R2C=9R —> RpC=CHR is included in section

c1
160 (Hydrides from Halides and Sulfonates)

The hydrogenolysis of unsaturated ketones, e.g. R2C=?-90 — RgCH-9=§H

R R R R
is included in section 72 (Alkyls, Methylenes and Aryls from Ketones)



SECTION 210 OLEFINS FROM MISCELLANEQUS COMPOUNDS 527

Me»SO
C15H31CHpCH2SOMe —_— C15H37CH=CH 85%
reflux
Chem Comm (1965) 29
JOC (1964) 29 2699

t-BuOK Me,SO0
(MezCH)ZSOZ —_— MeCH=CH2 100%

Chem Ind (1963) 1243
JOC (1967) 32 102

Ni  xylene .
Ph?S — Ph?::CPh 18%
I

Me Me Me
JACS (1944) 66 1136

PhaP  Etp0

JOC (1958) 23 1767
(1961) 26 3467
Chem Pharm Bull (1960) 8 621

Et3N CHaNa 80°
PhCHoCHS0CY  ———— PhCHZRHjFHZ —>  PhCH»CH=CHp 96%
Eto0
S0z

Angew (1965) 77 41

(Internat Ed 4 70)

Iin PrQOH
Bu?HCHzBr —_— BuCH=CHg 78%

Otte JACS (1932) 54 751
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CgHyy
Zn EtOH H\“x

AcO “Br AcO

OH JCS (1955) 1370

Ph*‘\;T\O
0 OCHa

0Ts 0
NoH Ph
N3 OMe
OMe Carbohydrate Res (1967) 4 465
OH
CHaCOOH CHy
Cu quinoline
———— e 60%

Bull Soc Chim Fr (1960) 1196

CO0Na  na1  HMpA
—_—— 70%
Cl

JOC (1968) 33 4540

Bu 1 NaBHz MeOH BU 1 M5l NapCog
BuCOCCOOEt _— BuCH CCOOH DA BuCH=$Bu
Me 2 Hydrolysis OH Me 2 Collidine Me
diastereomer A _ trans

diastereomer B —_— cis
Tetr Lett (1968) 4569
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OAc

190-195° \\\*\\

———p 91%
AcO AcO

0———C0
Coll Czech (1960) 25 2341
hv CeHg

C5H11CHCHCHRCOC00H ~ —————=  CgHy7CH=CH 88%

JACS (1968) 90 1840

PhCHSCHCHaCEt, -S> PhCHpCH=CHp

OH JCS (1965) 7242
me
c : e
i CH
1 Mg THF
C1 e ~90%
2 100°

Tetr Lett (1968) 1457
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