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Unchecked Procedures 243 3-HYDROXYBUTANOATE
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o O Ho OH O
B. MOCH3 _(FC‘H)' :’B(I)ﬁAP—RU! "! /'\/U\OCHa

Submitted by Masato Kitamura, Makoto Tokunaga, Takeshi Ohkuma, and
Ryoji Noyori.1
Checked by Jaechul Shim and Larry E. Overman.

1. Procedure

Cauiion! BINAP-Ru complexes are rapidly oxidized in solution in the presence
of air and all procedures should be carried out under anaerobic conditions using
degassed solvents.

A. [(R)-2,2"-Bis(diphenyiphosphino)-1,1 ~binaphthylJruthenium(il} compiex. A
dry, 80-mL Schlenk tube (Note 1) connected to a supply of argon (Note 2) is equipped
with a Teflon-coated magnetic stirring bar and a glass stopper. The flask is charged
with [RuClz(benzene)]> (130.5 mg, 0.261 mmol) (Note 3), (R)-BINAP (341 mg, 0.548
mmol) (Note 4), and then is evacuated and filled with argon. N,N-Dimethylformamide
(DMF) (9 mL) (Note 5) is introduced with a hypodermic syringe under a stream of
argon and the inlet is sealed by a glass stopper using silicon grease. The suspension

is stirred at 100°C for 10 min under argon (Note 6), giving a clear reddish brown
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solution (Note 7). The reaction mixture is cooled and concentrated at 1 mm at 50°C
with vigorous stirring and then at 0.1 mm for 1 hr to give 500 mg of (R)-BINAP-Ru(II)
complex (Note 8) as a reddish brown solid, which is used as the hydrogenation
catalyst.

B. (R)-Methy! 3-hydroxybutanoate. A 200-mL, dry Schlenk tube is charged with
methyl 3-oxobutanoate (50.0 g, 0.431 mol) (Note 9) and methanol (50 mL) (Note 10)
via hypodermic syringes. To this mixture is added the in situ prepared (R)-BINAP-
Ru(ll) complex (175 mg) (Note 11) under a stream of argon. The resulting yellowish
orange solution (Note 12) is further degassed by two freeze-thaw cycles and then
transferred by cannula to a dry, argon-filled, 500-mL glass autoclave equipped with a
gas inlet tube, a septa-covered stop valve, and pressure gauge (Note 13). The gas
inlet tube is attached to a hydrogen source (Note 14) and the air originally present in
this tube and the autociave is replaced by evacuation (to ca. 20 mm) and refilling with
hydrogen five times. Hydrogen is introduced into the reaction vessel until the pressure
gauge indicates 3 atm. The pressure is carefully released to 1 atm by opening the
stop valve. This procedure is repeated three times, and finally hydrogen is
pressurized to 4 atm (Note 15). The yellowish orange solution is vigorously stirred at
100°C for 6 hr during which time the hydrogen cylinder is kept connected. After the
main valve of the hydrogen cylinder is closed,dthe reaction mixture is allowed to cool to
room temperature, excess hydrogen is cérefully bled off, and the apparatus is
disassembled. The deep reddish orange contents {Note 16) are placed in a 300-mL,
round-bottomed flask, and the glass autoclave is rinsed with three, 20-mL portions of
dichloromethane. The solvent is removed by a rotary evaporator, and the residue
(Note 17) is distilled to give 47-49 g (92-96% yield) of (R)-(-)-methyl 3-
hydroxybutanoate in 97-98% ee as a fraction boiling at 40°C, 2 mm (Note 18).

2. Notes

1. All the apparatus is dried overnight in a 120°C oven before use.

2. Argon gas (99.998%) is purified by passing through the BASF catalyst R3-11
column at 80°C and then through molecular sieves 4A.

3. [RuCla(benzene)),, available from Aldrich Chemical Company, Inc., is used
withaut purification.

4. BINAP is 2,2-bis(diphenylphosphino)-1,1'-binaphthyl.2

5. Guaranteed grade DMF, available from Nakarai Chemicals (the checkers
used DMF, Certified A.C.S., from Fisher Scientific Company), is distilled over
molecular sieves 4A under argon before use and stored in a 100-mL Schienk tube. It
is degassed by three freeze-thaw cycles.

6. Reaction at a higher temperature for a longer period leads to formation of the
ruthenium carbonyl complex [IR(KBr) 1964 cm-1]. This undesired reaction is
suppressed under the present conditions. Use of commercial [RuCl2(1,5-
cyclooctaqiene)]n or readily available RuCla[Sb(CgHs)3)33 gives similar results on
heating in DMF at 160°C for 20 min or in o-dichlorobenzene at 160°C for 10 min. N,N-
Dimethylacetamide can be used in place of DMF.

7. The solution is probably a crude mixture of cationic BINAP-Ru(il) complexes
such as [RuCI(BINAP)(DMF)3]Cl and [Ru(BINAP)(DMF)4]Clp. The physical properties
are as follows: conductivity 27 Scm2/mol (DMF); 31P NMR (4:1 DMF-CDCl3) §: 60.6
(d, J = 46), 61.4 (d, J = 46), 61.8 (s). The DMF solution can be used directly for
hydrogenation although the reactivity is one-half that of the dried material (Note 8).

8. This complex is probably a mixture of neutral BINAP-Ru(ll) complexes such
as RuClx(BINAP)(DMF)z and [RuCly(BINAP)(DMF)],. The physical properties are as
follows:  conductivity 0.4 Scm2/mol (CH2Clz); 31P NMR (CDCl3) 8: 53.7 (d, J = 41),
54.5(d, J = 42), 54.8 (d, J = 39), 57.4 (d, J = 41), 59.7 (d, J = 42), 61.5 (d, J = 39).
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9. Methyi 3-oxobutanoate, available from Nakarai Chemicals (the checkers
used ester purchased from Aldrich Chemical Company, Inc.), is distilled over
molecular sieves 4A under argon and stored in a 200-mL Schlenk tube. It is degassed
by three freeze-thaw cycles before use.

10. Guaranteed-grade methanol is dried and degassed at refluxing temperature
over magnesium methoxide (from magnesium turnings) under a stream of argon for 6
hr and distilled into a 2-L Schlenk flask. It is further degassed by three freeze-thaw
cycles before use.

11. The complex is weighed quickly in the air.

12. The ruthenium complex is moderately soluble in methanol. Suspension in
an ultrasonic cleaning bath is employed to achieve complete solution.

13. The glass autoclave is evacuated and filled with argon five times before use.
The apparatus is shown in Figure 1. Inside diameter and length are 7 and 14 cm. A
Teflon-coated stirring bar of ca. 2 by 4 cm is recommended. The submitters report that
vigorous stirring and use of a wide-shaped autoclave (Figure 1) are important in
obtaining high yields.

14. Hydrogen of 99.99999% purity (Nippon Sanso) is used. The checkers
employed 99.99% grade hydrogen.

15. Satisfactory results are not obtained at atmospheric hydrogen pressure, with
slow conversion even at 100°C. ‘

16. The color changes gradually to dark green in the air.

17. Gas chromatographic analysis indicates that the yield of methyl 3-
hydroxybutanoate is 98%: column, PEG-20M on Chromosorb WAW (Stainless steel 3
m x 3 ¢, Gasukuro Kogyo); column temperature, 120°C; injector temperature, 160°C,
carrier nitrogen pressure, 1.2 kg/cm2; tg of methyl 3-oxobutanoate, methyl 3,3-
dimethoxybutanoate, and methyl 3-hydroxybutanoate are 31.5, 34.0 and 41.7 min,

respectively.

18. The product has the following spectral properties: TH NMR (270 MHz,
CDCl3) 8: 1.24 (d, 3, J = 6.3, CH3CHOH), 2.43 (dd, 1, J = 8.3 and 16.5, CHH), 2.52
(dd, 1, J = 4.3 and 16.5, CHH), 3.01 (br s, 1, OH), 3.72 (s, 3, CH30), 4.2-4.3 (m, 1,
CHOH); IR (CHCI3) cm-1: 3450, 2980, 1735, 1440, 1380, 1285, 1180, 1070, 1005;
()’ -23.1° 10 -23.6° (neat) [it.4 [0]22 -23.5° (neat)]

The enantiomeric excess is determined to be 97-98% by HPLC analysis after
converting an aliquot of the product to the (R)-o—~methoxy-oa~trifluoromethylphenyl-
acetate [(R)-MTPA ester]. An aliquot of the crude reaction product (17.5 mg, 148 umol)
is dissolved in dichloromethane (0.5 mL). To this solution are added (S)-MTPACH
(75.0 mg, 287 umol) (Note 19) and pyridine (50 uL) and the mixture is kept at 20°C for
12 hr. To this are added ether (2 mL) and water (1 mL) and the mixture is vigorously
stirred for 15 min. The aqueous layer is extracted with two 2-mL portions of ether and
the combined organic layers are successively washed with 1 N hydrochloric acid 3
mL), 1 N sodium hydroxide (3 mL), water (3 mL), and brine (3 mL). Drying over
anhydrous sodium sulfate, evaporation of the solvent under reduced pressure, and
purification by flash chromatography [silica gel (Fuji Davison BW 300), 2 g; sluent,
1:20 and then 1.7 ether-hexane mixture) afford 45 mg (91% yield) of the (R)-MTPA
ester. TH NMR (270 MHz, CDCl3) & 1.34 (d, 3, J = 6.3, CHg), 2.57 (dd, 1, J = 4.6 and
16.2, CHH), 2.74 (dd, 1, J = 8.6 and 16.2, CHH), 3.53 (br s, 3, J = 1.3, CH3OCCF3),
3.67 (s, 3, CH30CQ), 5.55 (ddq, 1, J = 4.6 and 8.6 and 6.3, CHOCO), 7.3-7.6 (m, 5,
aromatic). HPLC analysis of this ester [column, YMC 003-3 SIL (250 mm x 4.6 mm)
and 002-3 SIL (150 mm x 4.8 mm); eluent, 1:5 ether-hexane mixture] shows two
signals with tg of 18.6 and 20.7 min in a 98.9:1.1 ratio assignable to the (R,R-) and
(R,S)-diastersomers, indicating 98% ee. The checkers used a SUPELCOCIL LC-SI
column (250 mm x 4.6 mm); eluent 7:1 hexane-ethyl acetate with Rl detection and

observed two signals (tg, 13.7 and 15.0 min) with 98.6:1.4 ratio, indicating 97% ee.



19. The (S)-MTPACI is prepared by Mosher's method5 from (R)-a-methoxy-o—

(trifluoromethyl)phenylacetic acid purchased from Aldrich Chemical Company, inc.
Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories"; National Academic Press; Washington, DC,

1983.
3. Discussion

Opticaily pure ainy« (R)-3-hydroxybutanoates can be obtained by alcoholysis of
poly-(R)-3-hydroxybutanoate, a fermentation product of fructose by Alcaligenes
eutrophus.4 (S)-Ethyl 3-hydroxybutanoate in 84-87% ee can be synthesized in 57-
67% yield on a decagram-scale by an Organic Syntheses procedure® using bakers'
yeast reduction of ethyl 3-oxobutanoate with the aid of sucrose.? In order to obtain
enantioselectivity as high as 95-97% ee, the substrate concentration should be kept
below 1 g/L.8

Among some syntheses of optically active 3-hydroxy carboxylates including
optical resolution,® enantioselective atdol reactions between aldehydes and chirally-
modified enclates,10 cinchona alkaloid-catalyzed [2+2] cycloaddition between
aldehydes and ketens,'! enantioselective hydride reduction12 or hydrogenationt3.14
of 3-oxo carboxylic acid derivatives, the most simple and most desirable would be
asymmetric hydrogenation of 3-oxocarboxylates aided by chiral metal catalysts.
Methyl 3-oxobutanoate can be hydrogenated by using a homogeneous chiral

phosphine rhodium complex13 and a heterogeneous Raney nickel catalyst modified

by tartaric acid and sodium bromide,14 affording methyl 3-hydroxybutanoats in up to
71% ee and 87% ee, respectively.

Hydrogenation of 3-oxobutanoic acid esters catalyzed by Ru(OCOCH3)2[(R)-
BINAP]15 proceeds slowly and in very low optical yield. However, addition of two
equivalents of hydrogen chloride to the ruthenium complex facilitates the
hydrogenation of methyl 3-oxobutanoate in methanoi under the 100-atm, room
temperature conditions to give the corresponding (R)-hydroxy ester in 97% isolated
yield and in greater than 99% ee. RuXz(BINAP) (empirical formula, X = Cl, Br, or I),16
is prepared by mixing Ru(OCOCH3)2(BINAP) and hydrogen chloride, hydrogen
bromide, hydrogen iodide, or iodotrimethylsilane in a 1:2 mole ratio followed by
removal of the solvent. [RuCl(benzene)(BINAP)JCI'7 or RuaCis(BINAP)2[N(C2Hs)3]18
are also usable as catalyst precursor. The present crude BINAP-Ru(ll) complexes
prepared by high-temperature ligand exchange® possess reactivities and selectivities
comparable to these materials. In research laboratories, one may conduct relatively
small-scale reactions in a Parr apparatus or an ordinary thickwalled glass vessel
equipped with a Young's tap under pressure as low as 4 atm and at 80-100°C.20
Large-scale reactions are performed conveniently under high pressure by using a
stainless steel autoclave at room temperature.

The prasent catalytic, asymmetric hydrogenation using BINAP-Ru(ll) complexes
is the first practical chemical procedure for the preparation of (R)- or (S)-3-
hydroxybutanoates. Characteristic features of this method include high chemical and
optical yields, high efficiency of chiral muitiplication (a substrate 1o catalyst mol ratio of
>1000), easy access to both antipodes, clean reactions with high (up to 50%)
substrate concentrations, and simple isolation of products by distillation. Some
examples of the high-pressure, enantioselective hydrogenation of 3-oxo carboxylates

using halogen-containing preformed BINAP-Ru(ll) complexes are given in the Table.2!



This method has been used to effect practical asymmatric syntheses of

carnitine22 and statine,23 important, unusual amino acids. Highly stereoselective
hydrogenation via dynamic kinetic resolution has been realized with chirally-iabile,
racemic, 2-substituted 3-oxo carboxylic esters,24.25 aliowing stereocontrolled
synthesis of natural and unnatural threonine, DOPS (anti-Parkinsonian agent), a
useful intermediate for the synthesis of compounds such as carbapenems or-
carbocyclic analogues of prostacyclin. This methodology can be further extended to a
variety of functionalized ketones that have directive groups such as dialkyiamino,
hydroxyl, alkoxyl, siloxyl, keto, alkoxycarbonyl, alkylthiocarbonyl, (dialkylamino)-

carbonyl, carboxyl, and haiogen.26
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TABLE Appendix
OPTICALLY ACTIVE 3-HYDROXY CARBOXYLATES OBTAINED BY (R)-BINAP-Ru-CATALYZED

Chemical Abstracts Nomenclature (Collective Index Number);
ASYMMETRIC HYDROGENATION OF 3-OXO CARBOXYLATES?®

(Registry Number)

Product %660 Product Y%ee
OH O o1 2 : (R)-(-)-Methyl 3-hydroxybutanoate: Butyric acid, 3-hydroxy-, methyl ester, D-(-)-(8);
OCH, >99 OCHs 99 o
3 NHCOO-1-C,Hy Butanoic acid, 3-hydroxy- methyl ester, (R)- (9); (3976-69-0)
OH O synant =>89:1 - ) "
o g9 OH O [(R)-2,2"-Bis(diphenylphosphino)-1,1"-binaphthyljdichlororuthenium: Ruthenium,
-]
o o OCH, o 317; [[1,1"-binaphthaiene]-2,2-diylbis(diphenylphosphine)-P,Pdichloro- (12);
ant = 51:49
0--CyH, 98 ng 0o (115245-70-0)
OH O év'”*ocu, 82t Benzeneruthenium(ll) chloride dimer: Ruthenium, bis(né-benzene)di-
O+CH, 98 vanuce = 991 u-chlorodichlorodi- (9); (37366-09-9)
T 100 "JLOCHa 90° (R)-BINAP = 2,2"-Bis(diphenylphosphino)-1,1-binaphthyl: Phésphine,
OCH,
oH o Yars:cis = 055 [1,1*-binaphthalene]-2,2-diylbis(diphenyl-, (R)- (10); (76189-55-4)
o]
\/\Mocua 98 oH Lo, Methyl 3-oxobutanoate: Butanoic acid, 3-oxo-, methyl ester (9); (105-45-3)
) c
g
\NOCHG >99 Trans vis = 937
OH O o2
synant = 98:2
OH O OH O
("CGH7)SS'°M0°2HS 95 ; )\(lLOCHa 08¢
NHCOCH,
OH O syn:antl = 99:1
CSHSCHZO\)\)LOC oHs 98® OH O
o OCH .
OH O 4 NHCO. cn: 94
a OC,Hs o symanti = 93:1
OH O
CgHsCH OCONH\)OS)?\ )\ﬁL OCH, 98°
o OC,Hs 88 NHCOG,Hs
synant = 94:6
CgHsCHO  OH O OH O
OCH; % %ocu, 96
3Hydrogenation catalyzed by preformed RuX2(BINAP) (X = CI, Br, or |) at room temperature at 100 aim of hydrogen. 13

5100°C. “In CHaCly.

12



ASYMMETRIC CATALYTIC GLYOXYLATE-ENE REACTION:
METHYL (2R)-2-HYDROXY-4-PHENYL-4-PENTENOATE
(Benzenebutanoic acid, a-hydroxy-y-methylene, methyl ester, (R)-)

A TBr, + (-PrO)Ti ——Dexane .. 2 (-PrO),TiBr
B. o
(i-PrO)2TiBra / (R)-(+)-1,1*-bi-2-naphthol OH
/K . A (0.5 mol% each) /U\/L
Ph H” “CO,CH, 4Asieves Ph CO.CH;
-30°C, CHCly

Submitted by Koichi Mikami, Masahiro Terada, Satoshi Narisawa, and
Takeshi Nakai.1
Chacked by Masami Okabe, Ruen-Chu Sun, and David L. Coffen.

1. Procedure

A. Diisopropoxytitanium(lV) dibromide (Note 1). A 50-mL, two-necked,
round-bottomed pre-weighed flask equipped with a magnetic stirring bar, a rubber
septum, and an argon inlet is charged with 20 mL of hexane (Note 2) and titanium(IV)
bromide (7.3 g, 20 mmol) (Note 3). To the red-brown suspension is added titanium(IV)
isopropoxide (5.9 mL, 20 mmot) (Note 4) slou';ly (~ 7 min) at ambient temperature from
a syringe. The addition of titanium(lV) isopropoxide causes the mixture to warm to
about 37°C. After sfirring for 10 min, the now ysllow solution is allowed to stand for 6
hr at room temperature, and the pale yeliow precipitate that forms is isolated by
removing the supernatant liquid with a syringe. The solid residue is then washed with
hexane (5 mL x 2) and recrystallized from hexane (10 mL). Recrystaliization is carried

out in the same flask by heating the solution to reflux and then leaving it at room

14

temperature overnight. Again the supernatant liquid is removed with a syringe and the
crystalline residue is vacuum dried to give 5.7 g (44%) of yellow, highly moisture
sensitive product. While still in the original flask, this product is dissolved in 88 mL of
dry toluene to give a 0.2 M solution (Note 5).

B. Methyl (2R)-2-hydroxy-4-phenyl-4-pentenoate. A 100-mL, four-necked,
round-bottomed flask equipped with a magnetic stirring bar, thermometer, two
dropping funnels, and an argon inlet is charged with 20 mL of methylene chloride
(Note 6) and (R)-(+)-1,1"-bi-naphthol (Note 7) (100 mg, 0.35 mmol). The suspension is
stirred until the binaphthol is completely dissolved. Powdered molecular sieves 4 A (2
g) (Note 8) are then added. To the resultant suspension is added a 0.2 M toluene
solution of diisopropoxytitanium dibromide (1.75 mL, 0.35 mmol) by syringe at room
temperature. After stirring for 1 hr at room temperature, the reaction mixture is cooled
to -35°C. To the reaction mixture is added dropwise a mixture of a-methylstyrene (14
mL, 108 mmol) and methylene chloride (5 mL) followed by a solution of freshly distilled
methyl giyoxylate (Note 9) (6.16 g, 70.0 mmol) in methylene chloride (20 mL) over 30
min. The mixture is stirred at -35° to -30°C (Note 10) for 6 hr. Progress of the reaction
is monitored by thin layer chromatography (Note 11). Even after 6 hr, a small amount
of unreacted methyl glyoxylate is detected. The solution is poured into saturated
sodium hydrogen carbonate (30 mL). The molecular sieves are removed by filtration
through a pad of Celite, and the filtrate is extracted with ethy! acetate (80 mL x 3). The
combined organic layers are washed with brine (50 mL x 2). The extract is dried over
magnesium sulfate and evaporated under reduced pressure. Fractional distillation
gives 12.1 g (84%) of methyl 2-hydroxy-4-phenyl-4-pentenoate (Notes 12 and 13). The
enantiomeric purity is 93-95% ee by HPLC analysis using a chiral column (Note 14) or
by lanthanide induced shift (LIS) NMR measurement with {+)-Eu(dppm)3 (Note 15)

after conversion to the a-methoxy ester (Note 16).
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2. Notes

1. Diisopropoxytitanium(IV) dibromide is prepared following the preparative
procedure for diisopropoxytitanium(IV) dichk:l'vide.2

2. Hexane is freshly distilled from calcium hydride (CaHz2) or dried over 4 A
molecular sieves.

3. Titanium(IV) bromide is purchased from Aldrich Chemical Company, Inc.
This material is very moisture sensitive and is therefore weighed and transferred under
an argon blanket.

4. Titanium(lV) isopropoxide is purchased from Tokyo Kasei Co., Ltd. or Aidrich
Chemical Company, Inc.

5. Storage of the solution in a refrigerator is recommended.

6. Methylene chioride is freshly distilled'from CaH2 or dried over 4 A molecuiar
sioves.

7. (R)-(+)-1,1-Bi-2-naphthol is purchased from Wako Pure Chemical Industries
Ltd. or Aldrich Chemical Company, Inc.

8. Molecular sieves 4 A (activated powder) are purchased from Aldrich
Chemical Company, Inc.

9. Methyl glyoxylate can be prepared following a literature procedure.3 The
checkers used commercial material suppled by Hoechst Celanese, Specialty
Chemicals. Immediately before use, the material is depolymerized by vacuum
distillation from phosphorus pentoxide (P205) (10% weight); bp 62°C/60 mm.

10. In order to achieve high chemical and optical yields, the reaction
temperature must be kept in the range of -30 to -35°C.
11. E. Merck silica gel 60 F-254 plates are used, with 2:1 vwv hexane:ethyl

acetate as eluent, Ry = 0.4 and iodine vapor for visualization.

12. The product has the following spectral and physical characteristics: IR (neat,
KBr) cm1: 3450 (br,s), 2940 (s), 1730(s), 1440 (m), 1030 (m), 910 (m), 780 (s), 710 (s);
'H NMR (200 MHz, CDCl3) 8: 2.76 (bs, 1 H, OH), 2.88 (dd, 1 H, J = 8.1, 13.5,
CCH2CH), 3.13 (dd, 1 H, J = 4.5, 13.5, CCH2CH), 3.68 (s, 3 H, OCHjg), 4.33 (dd, 1 H, J
= 4.5, 8.1, CHOH), 5.28 (m, 1 H, C=CHj), 5.48 (m, 1 H, C=CHy), 7.3-7.5 (m, 5 H, Ar);
13C NMR (50 MHz, CDClg) 3: 40.4.(t), 52.2 (q), 69.2 (d), 116.5 (1), 126.6 (d), 127.9 (d),
128.6 (d), 140.4 (5), 143.7 (s), 175.1 (s); [aly. -30.55° (CHCl3, ¢ 4.83) (for 97% o6 R):
m/z: Found M+ 206.0936, C12H1403 requires M+, 206.0943; mp 36-38°C.

13. Fractional distillation is carried out as follows: bp 105-106°C/0.2 mm; first
fraction: 0.7 g, 5% (< 105 °C); main fraction: 12.1 g, 84% (105-106°C); iast fraction: 0.3
g, 2% (> 106°C).

14. SUMICHIRAL OA-2500! is available from Sumitomo Chemical Co., Ltd. The
eluent was hexane/1,2-dichloroethane/ethanol, 200:40:1, with a flow rate of 0.5
mL/min, and detection by 254 nm light. The tR of the (R)-isomer (16.8 min) is shorter
than that of the (S)-isomer (18.3 min). The checkers used a CHIRACEL OC column
supplied by Daicel Chemical Industries, Ltd., with 10% isopropy! aicohol/heptane as
the mobile phase.

15. The shift reagent Eu(dppm)s (30 wiv% CCI2FCCIF2 solution) is available
from Daiichi Kagaku Yakuhin Co.4

A 10-uL sample of the a-methoxy ester is dissoived in 0.5 mL of CDCi3 and
transferred to an NMR tube. A 5-pl portion of (+)-Eu({dppm)z (30 wiv% GCl.FCCIF,
solution) is added to the a-methoxy ester sample. The mixture is shaken well, and the
TH NMR spectrum is recorded. Additional portions of the shift reagent solution are
added in 5-ulL portions until the methyl ether resonance shifts downfield beyond that of
the methyl ester and shows baseline resolution of the methyl ester and methyl ether
resonances from the two enantiomers. (Four singlets should be observed). In total 15-

20 pL of the shift reagent solution should be required to achieve the desired shift. At
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that point, a chemical shift difference of the methyl esters (about 0.1 ppm) should be
observed. The % ee is obtained by integration of the two methyl ester peaks. The
chemical shifts of the a-methoxy groups of (R)-methoxy esters are lower than those of
the (S)-isomers, and in contrast those of the methyl ester groups of (R)-methoxy asters
are higher than those of the (S)-isomers.

16. The a-methoxy ester is prepared following a literature procedure:5 To a
mixture of methyl iodide (0.3 mL) and the ene product (104 mg, 0.50 mmol) in ether (1-
2 mL) is added silver(l) oxide (0.23 g). The reaction mixture is stirred for 1 day at room
temperature. The suspension is filtered through a pad of Celite and the filtrate is
evaporated under reduced pressure. Chromatographic purification of the residue

gives the a-methoxy ester in quantitative yieid (110 mg).
Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories"; National Academic Press; Washington, DC,
1983.

3. Discussion

J

£

A full accountS describes the enantioselective carbonyl-ene reaction of
glyoxylate esters catalyzed by a binaphthol-derived chiral titanium complex that is
potentially useful for the asymmetric synthesis of a-hydroxy esters of biological and
synthetic importance.® The present procedure is applicable to a variety of 1,1-
disubstituted olefins to provide ene products in extremely high enantiomeric purity by
the judicious choice of the dichloro or dibromo chiral catalyst (see Table). In certain

glyoxylate-ene reactions involving removal of a methy! hydrogen, the dichloro catalyst
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is superior to the dibromo catalyst in enantioselectivity, although lower in reactivity
(see Table, entries A and B). In reactions involving removali of a methylene hydrogen,
the dibromo catalyst is superior in both enantioselectivity and reactivity (see Table,
entries C, D, and E); the dibromo catalyst provides a higher % ee, while both catalysts
provide equally high (ca. 90%) E selectivity (see Table, entry C). Since both (R)- and
(S)-binaphthol are commercially available in optically pure form, the present
asymmetric process allows the synthesis of both enantiomers of a-hydroxy esters and

their derivatives.

1. Department of Chemical Technology, Tokyo Institute of Technology, Meguro-ku,
Tokyo 152, Japan

Dijkgraaf, C.; Rousseau, J. P. G. Spectrochim. Acta, Part A 1968, 24, 1213,
Kelly, T. R.; Schmidt, T. E.; Haggerty, J. G. Synthesis 1972, 544.

Kawa, H.; Yamaguchi, F.; Ishikawa, N. Chem. Lett. 1982, 153.

Mikami, K.; Terada, M.; Nakai, T. J. Am. Chem. Soc. 1980, 112, 3949.

Reviews: (a) Omura, S. Yuki Gosei Kagaku Kyokaishi 1986, 44, 127; (b)

SR

Hanessian, S. In "Total Synthesis of Natural Products: The Chiron Approach”;
Pergamon: New York, 1983; Chapter 2; (¢c) Mori, K. In "The Total Synthesis of
Natural Products”; ApSimon, J, Ed.; Wiley: New York, 1981; Vol. 4, Chapter 1;
(d) Seebach, D.; Hungerbuhler, E. In "Modern Synthetic Methods"; Schetfold,
R., Ed.; Otto Salle Verlag: Frankfurt am Main, Germany, 1980, Vol. 2.
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TABLE
ASYMMETRIC CATALYTIC GLYOXYLATE-ENE REACTIONS WITH 1,1-
DISUBSTITUTED OLEFINS?2,

(I-PrO)2TiX2 Catalyst Time

Entry  Olefin (X) mol%  hr Product %Yield  %eeb
OH
A /K cl 10 8 CO,CHjg 72 95 R
68 95 gt
Br 10 3 87 94 R
LK
B F’h/g cl 1.0 8 Ph COCHy; g7 97 ()
Br 10 3 98 95 (R)
] OH
c \j\ cl 10 8 COCH; ggd 94e (R)
Br 5 . 3 73t 988 (R)
CO,CH R
D cl 10 8 CHs 82 97 (R)
Br 5 3 89 98 (R)
C O
E cl 10 8 COLCH; 93 88 (R)
Br 5 3 92 89 (R)
N
+S8i0,

»

N
H +SiOA H
F H cl 10 H COLCH; 779 9gh (R)

3
Br 10 3

1009 99" (R)

3All reactions were run on scale of 1 mmol of methyl glyoxylate by the representative
procedure described in the text. PDetermined as described in Note 14 and/or 15. The
configuration in parenthesis could be assigned by the similarity in shift pattern seen in the
LIS-NMR spectra using (+)-Eu(dppm)s as a chiral shift reagent. ¢(S)-BINOL was used
instead of the (R)-counterpart. 9Combined yield of the (E)- and (Z)-isomer (E/Z = 89 : 11).
©Refers to the optical purity of the major (E)-product. fCombined yield of the (E)- and (Z)-
isomer (E/Z = 91 : 9). 9Combined yield of the diastereomeric mixture (96 : 4). "Refers to

the optical purity of the major isomer.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Methyl (2R)-2-hydroxy-4-phenyl-4-pentencate: Benzenebutanoic acid, a-hydroxy-y-
methylene, methyl ester, (R)- (12); (119072-58-1)

Diisopropoxytitanium(IV) dibromids: Titanium, dibromobis(1-methyisthoxy)-,

(T-4)- (9); (37943-35-4)

Titanium(IV) bromide: Titanium bromide (8,9); (7789-68-6)

Titanium(IV) isopropoxide: Isopropyl alcohol, titanium(4+) salt (8); 2-Propanol,
titanium(4+) salt (9); (546-68-9)

(R)-(+)-1,1"-Bi-2-naphthol: [1,1"-Binaphthalene]-2,2"diol, (R}-(+)- (8);
[1,1"-Binaphthalene]-2,2"-diol, (R)- (9); (18531-94-7)

a-Methyistyrene: Stryene, a-methyl- (8); Benzene, (1-methylethenyl)- (9); (98-83-9)
Methyi glyoxylate: Glyoxylic acid, methyl ester (8); Acetic acid, oxo-, methyl ester (9);
(922-68-9)
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(1R,2R)-(+)- AND (1S,28)-(-)-
1,2-DIPHENYL-1,2-ETHYLENEDIAMINE
(1,2-Ethanediamine, 1,2-diphenyl-, [R-(R*,R*)]- and [S-(R*,R*)}-)

Ph

o]
NH4OAC, ACOH Ph
C T o) e Py
ph” N

Ph” O

1. L, THF-NH;, EtOH
2.HCI Ph _NH,

Ph =N 3.NaOH
= LXO «
phe SN Ph" "NH,

)

Ph _NH, Ph. _NH, Ph., NH,

C. T resolution \[ I
Ph" “NH, Ph*" “NH, Ph’ “NH,
(&) R.R)-(+) (8,9)-(-)

Submitted by S. Pikui! and E. J. Corey.2
Checked by Scott C. Jeffrey and James D. White.
:
1. Procedure

Caution! Parts A and B of this procedur; should be carried out in an efficient
hood to avoid exposura to noxious vapors (acstic acid, ammonia).

A.  2,2-Spirocyclohexane-4,5-diphenyl-2H-imidazole (Note 1). A 2-L, three-
necked, round-bottomed flask equipped with a mechanical stirrer and a reflux

condenser is charged with 1.0 L of glacial acetic acid (Note 2), 158 g (0.75 mol) of
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benzil (Note 2), 400 g of ammonium acetate (Note 2) and 80 mL (0.77 mol) of
cyclohexanone (Note 2). The mixture is stirred and heated at reflux temperature for
1.5 hr (Note 3) and then, while hot, poured into 3 L of vigorously stirred water. The
mixture is left overnight to cool to ambient temperature, the crystals are collected by
filtration, washed 4 times with 300 mL of water, crushed in a mortar and dried under
reduced pressure to give 205-210 g (95-97%) of the imidazole as yellowish-green
crystals, mp 105-106°C, fit.3 mp 107-108°C (Note 4).

B. (#)-1,2-Diphenyl-1,2-ethylenediamine. A 2-L, four-necked, round-bottomed
flask equipped with a mechanical stirrer, thermometer and dry ice condenser is
charged with 72.0 g (0.250 mol) of 2,2-spirocyclohexane-4,5-diphenyl-2H-imidazole.
The flask is flushed with argon, and 400 mL of tetrahydrofuran (Note 5) is added. The
mixture is stirred until ali solids dissolve, cooled to -78°C (dry ice/acetone bath) and
treated with a stream of gaseous ammonia (Note 6) until the volume of liquid increases
by about 400 mL (Note 7). One of the side necks is then equipped with a solids
addition funnel and 6.94 g (1.00 mol) of lithium (Note 8) is slowly introduced by cutting
the wire with scissors in a gentle stream of argon. The rate of lithium addition is such
that the temperature does not rise above -65°C. Following the addition of lithium, the
mixture is stirred for 30 min and 30 mL (1.0 mol) of ethanol (Note 9) is slowly added.
The mixture is stirred for an additional 20 min and 70 g of ammonium chloride is
added. The cooling bath is removed, the mixture is allowed to warm to 0°C, 400 mL of
water is carefully introduced, and the phases are separated. The aqueous phase is
washed 3 times with 300 mL of ether and the combined organic extracts are washed
with brine, dried over anhydrous sodium sulfate, filtered and concentrated with a rotary
evaporator to about 200 mL. The solution is transferred to a 1-L, one-necked, round-
bottomed flask equipped with a mechanical stirrer, cooled to 0°C and treated with 300
mL of 2 N aqueous hydrochloric acid. The biphasic mixture is vigorously stirred at

ambient temperature for 1 hr, 500 mL of water is added and phases are separated.
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The organic phase is washed with 150 mL of water and the combined aqueous
phases are extracted with 300 mL of dichloromethane. The aqueous solution is then
carefully treated with 300 mL of 2 N agueous sodium hydroxide and the mixiure is
extracted 4 times with 150 mL of methylene chloride. The combined organic extracts
are washed with brine, dried over anhydrous sodium sulfate, and filtered. Removal of
volatile material under reduced pressure (water aspirator) gives 47-50 g (89-94%) of
racemic diamine as a pale yellow solid, mp 81-82°C, lit.4 mp 82°C corr. (Note 10).

C. (18,25)-(-)- and (1R,2R)-(+)-1,2-Diphenyl-1,2-ethylenediamine (Note 11). A
1-L, round-bottomed flask equipped with a mechanical stirrer is charged with 42.5 g
(0.200 mol) of the racemic diamine and 230 mL of ethanol {Note 9). The solids are
dissolved by heating the mixture to 70°C whereupon a hot (70°C), homogeneous
solution, of 30.0 g (0.200 mol) of (L)-(+)-tantaric acid (Note 12) in 230 mL of ethanol is
added (Note 13). The tartrate salts precipitate immediately, and after the mixture is
cooled to ambient temperature, the crystals are collected by filtration, washed twice
with 60 mL of ethanol, and dried under reduced pressure. The solids are dissoived in
230 mL of boiling water, 230 mL of ethanol is added and the homogeneous solution is
allowed to cool slowly to room temperature. The crystals are collected by filtration,
washed. with 40 mL ot ethanol and dried under reduced pressure. The
recrystallization procedure is then repeated twice using the same volumes of solvents
(230 mL of water and 230 mL of ethanol) to give 23-25 g (63-69%) of the tartrate salt
as colorless crystals, [oz][%3 -10.8 +£0.2° (H20, ¢1.3), iit.5 [cz]g3 -11° (H20).

The salt is transferred tg a 1-L, one-necked, round-bottomed flask equipped
with a magnetic stirring bar and suspended in 300 mL of water. After the mixture is
vigorously stirred and then cooled to 0-5°C, 23 mL of 50% aqueous sodium hydroxide
is added dropwise followed by 150 mL of dichloromethane, and stirring is continued
for 30 min. The phases are separated, the aqueous phase is washed twice with 50 mL

of dichioromethane and the combined organic extracts are washed with brine, dried

24

over anhydrous sodium sulfate and filtered. Removal of the volatile material under
reduced pressure gives a colorless solid that is recrystallized from hexane to yield 12-
X ] (57-66%) of (S,5)-(-)-diamine as colorless Crystals, [a]D -106 £ 1° (MeOH, ¢ 1.1)
1it.6 [or ]D -106.5° (MeOH, ¢ 1.09) (Note 14).

The filtrates from all crystallizations are combined and the solvent is evaporated
on a rotary evaporator under vacuum (water aspirator). The residual solid is
transferred to a 1-L, one-necked, round-bottomed flask equipped with a magnetic
stirring bar, and suspended in 250 mL of water. To this vigorously stirred mixture is
slowly added 25 mL of aqueous 50% sodium hydroxide followed by 200 mL of
dichloromethane and the stirring is continued for 30 min. The phases are separated,
the aqueous phase is washed twice with 50 mL of dichloromethane and the combined
organic extracts are washed with brine, dried over anhydrous sodium sulfate and
fitered. Removal of volatile material under reduced pressure gives 24-27 g of the
enriched (R,R)-diamine as pale yellow crystais. This material is treated with (D)-(-)-
tartaric acid (Note 12) and the resulting salt is recrystallized in exactly the same
manner as descnbed for the other enantiomer to give 29-31 g (80-85%) of colorless
crystals, [a]o +4£0.5° (H20, ¢ 1.3). (The checkers found that the satt from (-)-tartaric
acid was optically impure even after five recrystaliizations. However, this did not affect
the optical purity of the (R,R)-(+)-diamine.) Treatment with sodium hydroxide, as
described above, followed by crystallization from hexane gives 11.5-13 g (54-61%) of
(R,R)-(+)-diamine as colorless crystals, [oc],z)3 +106 £ 1° (MeOH, ¢ 1.1) (Note 14),
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2. Notes

1. Step A is a modified literature procedure.3

2. Glacial acetic acid (99.8%), benzil (39%), anhydrous ammonium acetate
(A.C.8.) and cyclohexanone (99.8%) were obtained from the Aldrich Chemical
Company, Inc., and used as received.

3. As the reaction progresses there is a change of color from light yellow to
dark green.

4. . This material is pure enough for use in the next step. If necessary, it can be
recrystallized from hexane or methanol-water. The properties of 2,2-
spirocyclohexane-4,5-diphenyl-2H-imidazole are as follows: Rj = 0.48 (hexane-ether
1:1, viv; TH NMR (CDClg) §: 1.65-1.92 (m, 6 H), 1.95-2.00 (m, 4 H), 7.33-7.53 (m, 10
H); 13C NMR (CDCl3) &: 24.1,25.7, 34.7, 104.1, 128.3, 128.9, 129.9, 133.1, 164.0.

5. Reagent grade tetrahydrofuran purchased from J. T. Baker Chemical Co.,
was freshly distilled from sodium metal and benzophenone.

6. Anhydrous ammonia (99.98%) was obtained from Matheson Gas Products,
Inc., and used as received.

7. The mixture stays homogeneous when cooled to -78°C.

8. Lithium wire (99% with 1% of sodium) was purchased from the Aldrich
Chemical Company, Inc. The mineral oil is wip’éd off with a paper towel before use.

9. Absolute ethanol (200 proof) was obtained from Aaper Alcohol and
Chemical Co. and used as received.

10. The racemic diamine contains 5-10% of an impurity (by 13C NMR analysis)
that does not interfere with the subsequent resolution. The product has the following
spectral properties: 1H NMR (400 MHz, CDCl3) 3: 1.59 (bs, 4 H), 410 (s, 2 H), 7.2-7.3
(m, 10 H); 13C NMR (100 MHz, CDCl3) &: 61.9, 126.8, 126.9, 128.2, 143,4.
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11. This resolution procedurs is essentially the same as described in the

literature.5

12. (L)-(+)- and (D)-(-)- Tartaric acids (99+ and 99%, respectively) were obtained
from the Aldrich Chemicat Company, Inc., and used as received.

13.- The tartaric acid solution should be added slowly to avoid spontaneous
boiling of ethanol.

14. The spectral properties of this product are the same as that of the racemate

(see Note 10). The optical purity is higher than 98% as confirmed by TH NMR of its sait
with (L)-mandelic acid.”

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for

Disposal of Chemicals from Laboratories™; National Academic Press; Washington, DC
1983. o

3. Discussion

Enantiomerically pure (+)- and (-)-diphenylethylenediamines have recently
been used for highly stereoselective Diels-Alder,8 aldol,8 allylation,® osmylation,10
and epoxidation!? reactions. Other synthetic applications involve enantioselective
Michael addition'2 and asymmetric hydrogenation. 13

The present two-step procedure for preparation of the racemic
diphenylethylenediamine is significantly shorter and more suitabls for scale-up than
that described in the literature.4 The resolution of the racemate has also been

reported using the commercially available enantiomers of mandslic acid.6
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Appendix

45239.
Chemical Abstracts Nomenclature (Collective Index Number);
Department of Chemistry, Harvard University, Cambridge, MA 02138. (Registry Number) H
umber

Weiss, M. J. Am. Chem. Soc. 19852, 74, 5193.
Williams, O. F.; Bailar, J. C., Jr. J. Am., Chem. Soc. 1959, 81, 4464. (1R.2R)-(+)-1,2-Diphenyl-1,2-ethylenediamine: 1,2-Ethanediamine, 1,2-diphenyl-
Lifschitz, I.; Bos, J. G. Recl. Trav. Chim. Pays. Bas. 1940, 59, 173. [R-(R*,R*)}- (9); (35132-20-8) '
Saigo, K.; Kubota, N.; Takebayashi, S.; Hasegawa, M. Bull. Chem. Soc. Jpn. (18,28)-(-)-1,2-Diphenyl-1,2-sthylenediamine: Ethylenediamine
1986, 59, 931. di '

1,2-diphenyl-, (15,28)-(-)- (8); 1,2-Ethanediamine, 1,2-diphenyl-,
Benson, S. C.; Cai, P.; Colon, M.; Haiza, M. A_; Tokles, M.; Snyder, J. K. J. Org. [S-(R*,R")]- (9); (29841-69-8)
Chem. 1988, 53, 5335. 2,2-Spiracyclohexane-4,5-diphenyl-2H-imidazole:
Corey, E. J.; Imwinkelried, R.; Pikul, S.; Xiang, Y. B. J. Am. Chem. Soc. 1989, 1.4-Diazaspiro[4.5]deca-1,3-diene, 2,3-dipheny] (9); (5396-98-5)
111, 5493. Benzil (8); Ethanedione, diphenyl- (9); (134-81-6)
Corey, E. J.; Yu, C.-M.; Kim, 8. 8. J. Am. Chem. Soc. 1989, 111, 5495. Cyclohexanone (8,9); (108-94-1)
corey. £ J Jardine, P. D.; Virgl S.; Yuen, P.-W.; Gonnell, R. D. . Am. Chem. (#)-1,2-Diphenyl-1,2-ethylenediamine: Ethylenediamine, 1,2-diphenyl-, (+)- (8);
Soc. 1988, 711, 9243. 1.2-Ethanediamine, 1,2-diphenyl-, (R*,R")-(2)- (9); (16635-95-3)
Zhang, W.; Loebach, J. L.; Wilson, S. R.; Jacobsen, E. N. J. Am. Chem. Soc. Lithium (8,9); (7439-93-2)
1990, 712, 2801, i A o

L-Tanaric acid: Tartaric acid, L- (8); Butanedioic acid, 2,3-dihydroxy-,
Brunner, H.; Hammer, B. Angew. Chem. 1984, 96, 305; Angew. Chem., Inter. [R-(R*R")]- (9); (87-69-4)
Ed. Eng. 1984, 23, 312. i i )

g f D-(-)-Tartaric acid: Tartaric acid, D-(-)- (8); Butanedioic acid, 2,3-dihydroxy-,

Fiorini, M.; Giongo, G. M. J. Mol. Cat. 1979, 5, 303. [S-(R"R")}- (9); (147-71.7)
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Submitted by S. Pikul! and E. J. Corey.2
Checked by Scott Jeffrey and James D. White.
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1. Procedure

A.  Bistriflamide of (18,25)-1,2-diphen ylethylenediamine. A 50-mL, one-
necked, round-bottomed flask, equipped with a magnetic stirring bar, is charged with
1.06 g (5 mmol) of (1 S,2S)-1,2-diphenylethylanediamine (Note 1), 2.1 mL (15 mmol) of
triethylamine (Note 2), 12.2 mg (0.1 mmol) of 4-dimelhylaminopyridine (DMAP) (Note
3) and 25 mL of methylene chloride (Note 4). The mixture is stirred fo dissolve the
solids, cooled to -78°C with a solid carbon dioxide/acetone bath, and 3.39 g (12 mmol)
of triﬂuoromethanesulfonic anhydride (Note 5) is added dropwise. The cooling bath is
removed and the mixture is allowed to warm to ambient temperature over 30 min. The
mixture is then poured into 4% agueous sodium bicarbonate, the phases are
Separated, and the aqueous Phase is washed with 15 mL of methylene chloride. The
combined organic phases are washed with 1 N hydrachloric acid, with brine, and then
dried over anhydrous sodium sulfate and filtered. The filtrate is concentrated under
reduced pressure and the residue is subjected to flash chromatography3 on 100 g of
silica gel (Note 6) (15% ethyl acetate-hexane, viv) to give 1.64 g (69%) of the
bistriflamide of (1S,2S)-1,2-diphenylethylenediamine as colorless crystals, mp 213-
214°C (Note 7).

B. Acryloyl-2-oxazolidinone (Note 8). A flame-dried, 1-L, one-necked, round-
bottomed flask, equipped with a magnetic stirring bar, is charged with 8.71 g (100
mmol) of 2-oxazolidinone (Note 3), tlushed with argon (Note 9), and then 500 mL of
tetrahydrofuran (Note 10) is introduced. The mixfure is stirred 1o dissolve solids,
cooled to 0°C, and 33.3 mL (100 mmol) of 3 M methyimagnesium bromide in ether
(Note 3) is slowly added. After the solution is stirred for 10 min at0°C, 11.6 mL (115
mmol) of 3-bromopropiony! chioride (Note 11) is added dropwise. The cooling bath is
removed and the mixture is allowed to warm to ambient temperature over 30 min. The
Mixture is diluted with 600 mL of peroxide-froe ether (Note 12) and washed with
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saturated aqueous ammonium chloride. The organic phase is dried over magnesium
sulfate and filtered. To the filtrate, stirred at ambient temperature, is added 69 mL (500
mmol) of triethylamine (Note 2). A colorless precipitate forms immediately and the
resulting siurry is stirred at ambient temperature for 3 hr, then poured into a 1:1 mixture
of saturated aqueous ammonium chloride and 1 N aqueous hydrochioric acid. The
aqueous layer is extracted with 200 mL of peroxide-free ether (Note 12), and the
combined organic phases are dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The residue is subjected to flash
chromatography? on 150 g of silica gel (Note 6) (35% ethyl acetate-hexane, v/v) to
give 5.81 g (41%) of acryloyl-2-oxazolidinone as colorless crjstals, mp B2-83°C (Note
13).

C. Dieis-Alder reaction. All reagents and glassware are dried rigorously. A
flame-dried, 250-mL, three-necked, round-bottomed flask, equipped with a magnetic
stirring bar and a reflux condenser, is charged with 1.31 g (2.75 mmol) of bistriflamide
of (18,28)-1,2-diphenylethylenediamine (dried at 80°C and 1 mm) and placed under
dry argon (Note 9). 1,2-Dichioroethane (20 mL) (Note 14) is added, the mixture is
heated to 80°C with stirring to effect solution, cooled to ambient temperature, and
treated dropwise with 1.37 mL (2.74 mmol) of 2 M trimethylaluminum in toluene (Note
3). After the evolution of gases ceases, the t}pmogeneous mixture is heated to 80°C
(oil bath) for 3 hr. The heating bath is reméved, the mixture is cooled to ambient
temperature, the reflux condenser is replaced by a glass stopper, and the soivent is
removed under reduced pressure (oil pump) that is maintained for an additional 30
min. The resulting solid is dissolved in 10 mL of dry methylene chioride (Note 4) and
overlayered with 50 mL of dry heptane. Colorless crystals are deposited after 20 hr.
The supernatant liquid is drawn off by syringe and the residual solid is dissolved in 50
mL of methylene chloride (Note 4). The solution is cooled to -78°C and a solution of

7.76 g (55 mmol) of acryloyl-2-oxazolidinone in 50 mL of methylene chloride (Note 4)
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is introduced through a cannula. The mixture is Stirred for 5 min at -78°C and then 5.7
mL (71 mmol) of neat, cold (-78°C) cyclopentadiene (Note 15) is slowly introduced
through a cannula (Note 16) along the cooled sides of the flask. Stirring is continued
for another 15 min. The mixture is poured into 1 N aqueous hydrochloric acid, the
phases are separated, and the aqueous phase is washed with 25 mL of methylene
chloride. The combined organic phases are washed successively with aqueous
sodium bicarbonate and brine, dried over anhydrous sodium sulfate, and filtered. The
filtrate is concentrated under reduced pressure and the residue, is subjected to flash
chromatography3 on 150 g of silica gel (Note 6) (hexane-ethyl acstate 2:1, vAV) to give
10.1 g (89%} of the cycloadduct as colorless crystals, mp 68-69°C (Note 17 and 18).

2. Notes

1. (1S.2$)-1,2-Diphenylethylenediamine is prepared according to the
preceding procedure.

2. Triethylamine (99+%) was purchased fraom the Aldrich Chemical Company,
Inc., and stored over sodium hydroxide.

3. 4-Dimethylaminopyridine (DMAP) (99%), 2-oxazolidinone (98%),
methylmagnesium bromide (3 M in ather), and trimethylaluminum (2 M in toluene)
were purchased from the Aldrich Chemical Company, Inc., and used as recsived.

4. Methylene chloride (A.C.S. reagent) was distilled from calcium hydride prior
to use.

5. Trifluoromethanesulfonic anhydride was purchased from the Aldrich
Chemical Company, Inc., and used as received. It can also be prepared from the acid
according to the Organic Syntheses procedure.4

6. Kieselgel 60 (230-400 mesh) was purchased from EM Science, an affiliate
of E. Merck, Darmstadit.
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7. The product has the following properties: [o]p -6.6° (CHCl3, ¢ 1.4); TH NMR
(CDCl3) 8: 4.81 (s, 2 H), 6.80 (bs, 2 H), 7.25 (6 H), 7.0 (4 H); 13C NMR (CDClg) &:
63.7,127.0, 129.1 (2 C), 135.1. -

8. This procedure is essentially the same as that described in the literature.5

9. This procedure involves three consecutive evacuations of the flask and
fillings with dry argon.

10. Reagent grade tetrahydrofuran purchased from J. T. Baker Chemical
Company, was freshly distilled from sodium metal and benzophenone.

11. 3-Bromopropiony! chioride (tech) was purchased from the Aldrich Chemical
Company, inc., and distilled prior to use.

12. Anhydrous diethyl ether was freshly distilled from sodium metal and
benzophenone.

13. The product has the following properties: R; = 3.1 (35% ethy! acetate in
hexane, viv); IR cm-1: 1785, 1675, 1419, 1396, 1321, 1258, 1220, 1024, 1008, 982,
752; TH NMR (CDCl3) 8: 4.09 {t, 2 H, J = 8.0), 4.45 (, 2 H, J = 8.0), 5.90 (dd, 1 H, J =
10.4, 1.6), 6.56 (dd, 1 H, J = 17.1, 1.6), 7.49 (dd, 1 H, J = 17.1, 10.4); 3C NMR (CDCl3)
8. 42.6,62.1, 127.0, 131.6, 153.6, 165.0.

14. 1,2-Dichioroethane (99%, A.C.S. reagent) was freshly distilled from calcium
hydride.

15. Cyclopentadiene was prepared by "thermal cracking of dicyclopentadiene
available from the Aidrich Chemical Company, Inc., following the literature procedure.6

16. Because of the high rate of the cycloaddition reaction it is very important that
the cyclopentadiene solution enter the reaction flask and mix with the acrylate solution

at as low a temperature as possible. For this reason it is beneficial to use a short
cannula and to introduce the cyciopentadiene solution onto the wall of the flask that is

deeply immersed in a solid CO2 bath.
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17. The product has the following properties: [a]p -152.0° (CHCI3, ¢ 1.5; eo
89%), (Iit.7 [o]p -65° (CHCI3, ¢ 1.5; ee 38%); Ry = 0.23 (hexane-ethyl acetate 2:1, viv);
IR cm-1: 2975, 1775, 1696, 1386, 1337, 1279, 1253, 1225, 1111, 1038, 761, 704; 1H
NMR (CDCl3) 3: 1.39-1.50 (m, 3 H), 1.95 (ddd, 1 H, J = 12.6,9.3,3.7), 2.93 (m, 1 H),
3.30 (m, 1 H), 3.91-4.00 (m, 3 H), 4.35-4.41 (m, 2H),5.87 (dd, 1 H, J = 5.5, 2.8),6.24
(dd, 1 H,J =55, 3.1); 13C NMR (CDCl3) &: 29.5, 42.9 (2 C), 43.2, 46.4, 50.2, 61.9,
131.6, 138.1, 153.4, 174.7.

18. The endo-exo selectivity of the cycloaddition reaction is higher than 50:1,
since no signals corresponding to the exo product are observed in the 500 MHz 1H
NMR spectrum of the crude or chromatographed product. The optical purity is 89% ee
based on comparison with an authentic sample and the literature data.? The optical
purity is confirmed by a 500 MHz 1H NMR spectrum of the corresponding Mosher ester
prepared in two steps: 1. Lithium aluminum hydride (LiAlH4) reduction in tetra-
hydrofuran at room temperature; 2. esterification of the resuiting primary aicohol with
(R)-(+)-a-methoxy-a-(trifluoromethyl)phenylacetyl chloride8 in the presence of

triethylamine and DMAP in methylene chioride at room temperature.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories"; National Academic Press; Washington, DC
1983.
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3. Discussion

The design and application of chiral, non-racemic Lewis acids for the
asymmetric Diels-Alder reaction has recently been a subject of considerable interest.9
Several methods have been developed in many laboratories?.10 but catalysts are still
needed that are more efficient in governing the stereochemical course of the
cycloaddition reaction.

This procedure describes the preparation and application of an effective chiral
catalyst for the enantioselective Diels-Alder reaction.11 The catalyst is derived from
optically active 1,2-diphenylethylenediamine, the preparation of which (either
antipode) was described in the preceding procedure. The aluminum-based Lewis
acid also catalyzes the cycloaddition of crotonoyl oxazolidinones with
cyclopentadiene,'1 and acryloyl derivatives with benzyloxymethylene-
cyclopentadiene. The latter reaction leads to optically pure intermediates for synthesis

of prostaglandins.11

1. Miami Valley Laboratories, The Procter & Gamble Company, Cincinnati, OH
45239.

Department of Chemistry, Harvard University, Cambridge, MA 02138.

Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.

Andersan, A. G.; Stang, P. J. Org. Synth., Coll. Vol. VII 1990, 144.

Evans, D. A.; Chapman, K. T.; Bisaha, J. J. Am. Chem. Soc. 1988, 110, 1238.
Furniss, B. S.; Hannaford, A. T.; Smith, P. W. F.; Tatchell, A. R., Eds.,"Vogel's

o o s e

Textbook of Practical Organic Chemistry”, 5th ed.; Longman Scientific &
Technical and Wiley: New York; 1989; see also Moffett, R. B. Org. Synth., Coll.

Vol. 1V 1863, 238.
7. Narasaka, K.; Inoue, M.; Okada, N. Chem. Lett. 1986, 1109.

36

10.

11.

Dale, J. A;; Dull, D. L.; Mosher, H. S. J. Org. Chem. 1969, 34, 2543.

(a) Paquette, L. A. In "Asymmetric Synthesis®, Morrison, J. D., Ed.; Academic
Press: Florida, 1984; Vol. 3, pp. 455-501; (b) Helmchen, G.; Karge, R.;
Weetman, J. In "Modemn Synthetic Methods", Scheffold, R., Ed.; Springer-
Verlag: Berlin, Heidelberg, 1986; Vol. 4, pp. 216-306.

(a) Hashimoto, S.-i.; Komeshima, N.; Koga, K. J. Chem. Soc., Chem. Commun.
1979, 437; (b) Bednarski, M.: Maring, C.; Danishefsky, S. Tetrahedron Lett.
1983, 24, 3451; (c) Kelly, T. R.: Whiting, A_; Chandrakumar, N. S. J. Am. Chem.
Soc. 1986, 108, 3510; (d) Maruoka, K.; Sakurai, M.; Fujiwara, J.; Yamamoto, H.
Tetrahedron Lett 1986, 27, 4895; (e) Narasaka, K.: Inoue, M.; Yamada, T.
Chem. Lett. 1986, 1967: (f) Bir, G.; Kaufmann, D. Tetrahedron Lett. 1987, 28,
777; (g) Quimpére, M.; Jankowski, K. J. Chem. Soc., Chem. Commun. 1987,
676; (h) Chapuis, C.; Jurczak, J. Helv. Chim. Acta 1987, 70, 436; (i) Seebach,
D.; Beck, A. K.; Imwinkelried, R.; Roggo, S.; Wonnacott, A. Helv. Chim. Acta
1987, 70, 954; (j) Takemura, H.; Komeshima, N.; Takahashi, I.; Hashimoto, S.-i.
Ikota, N.; Tomioka, K.; Koga, K. Tetrahedron Lett, 1987, 28, 5687; (k) Narasaka,
K.; Inoue, M.; Yamada, T; Sugimori, J.; lwasawa, N. Chem. Lett. 1987, 2409; (1)
Maruoka, K.; itoh, T.: Shirasaka, T.; Yamamoto, H. J. Am. Chem. Soc. 1988,
110, 310; (m) Furuta, K.; Miwa, Y.; lwanaga, K.; Yamamoto, H. J. Am. Chem.
Soc. 1988, 110, 6254.
Corey, E. J.; Imwinkelried, R ; Pikul, S.; Xiang, Y. B. J. Am. Chem. Soc. 1989,
111, 5493.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

{1S-endo)-3-(Bicyclo[2.2.1]hept-5-en-2-ylcarbonyl)-2-oxazolidinone:
2-Oxazolidinone, 3-(bicycio[2.2.1]hept-5-en-2-yicarbonyl)-, (1S-endo)- (12);
(109299-97-0)

(18,28)-1,2-Diphenylethylenediamine bistrifiamide: Methanesulfonamide, N,N'-(1,2:

diphenyl-1,2-ethanediyl)bis[1,1,1-trifluoro-, [S-(R*,R*)]- (12); (121788-77-0)
(1S,2S8)-(-)-1,2-Diphenylethylenediamine: Ethylenediamine, 1,2-diphenyi-,
(18,28)-(-)- (8); 1,2-Ethanediamine, 1,2-diphenyl-, [S-(R*,R*}]- (9); (29841-63-8)
Triethylamine (8); Ethanamine, N,N-diethyl- (9); (121-44-8)
4-Dimethylaminopyridine: Pyridine, 4-(dimethylamino)- (8); 4-Pyridinamine,
N,N-dimethyl- (9); (1122-58-3)

Trifluoromethanesutfonic anhydride: Methanesulfonic acid, trifluoro-,

anhydride (8,9); (358-23-6)

Acryloxyl-2-oxazolidinone: 2-Oxazolidinone, 3-acryloyl- (8,9); (2043-21-2)
2-Oxazolidinone (8,9); (497-25-6)

Methylmagnesium bromide: Magnesium, bromomethyl- (9); (75-16-1)
3-Bromopropionyl chioride: Propionyl chloridd, 3-bromo- (8); Propanoy! chioride,
3-bromo- (9); 15486-96-1)

1,2-Dichloroethane: Ethane, 1,2-dichloro- (8,9); (107-06-2)
Trimethylaluminum: Aluminum, trimethyl- (3); (75-24-1)

Cyclopentadiene: 1,3-Cyclopentadiene (8,9); (542-92-7)
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DIRECT DEGRADATION OF THE BIOPOLYMER POLY[(R)-3-
HYDROXYBUTYRIC ACID] TO (R)-3-HYDROXYBUTANOIC ACID AND ITS
METHYL ESTER
(Butanoic acid, 3-hydroxy-, (R)-, homopolymer to Butanoic acid, 3-

hydroxy-, (R)- and Butanoic acid, 3-hydroxy-, methyl! ester, (R)-)

HO O
CICHCH,C1/ CHsOH
H . o . H2SO4 (R) OCH3
n OH B 1. GICH,CH,C1/ CHaOH HO O
PHB ’ p-TolSOzH OH
2.H,0 (R

Submitted by Dieter Seebach, Albert K. Beck, Richard Breitschuh, and Kurt Job. 1
Checked by Eugene R. Hickey and Leo A. Paquette.

1. Procedure

A. (R)~(-)-Methyl 3-hydroxybutanoate. A 2-L, round-bottomed flask is charged
with 50 g (0.58 mol) of poly-[(R)-3-hydroxybutyric acid] (PHB) (Note 1) and 500 mL of
absolute 1,2-dichicrosthane. The flask is equipped with a reflux condenser, and the
mixture is heated at reflux for 1 hr. A solution of 10 mL of concd sulfuric acid in 200
mL of absolute methanol is added and the reaction mixture is heated at reflux for 3
days. During this time the mixture becomes homogeneous.

After the reaction mixture is cooled to room temperature, 100 mL of half-
Saturated brine is added to the reaction mixture, which is stirred for 10 min before the

layers are separated. The aqueous layer is extracted three times with 200 mL each of
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chloroform. The combined organic layers are washed with 100 mL of brine, 100 mL of
saturated sodium bicarbonate solution, and 100 mL of brine. After the solution is dried
over magnesium sulfate and removed in a rotary evaporator, a residue of 59 ¢ is
isolated.

This crude product is distilied under reduced pressure to give 48 g (70%) of
pure (R)-(-)-methyl 3-hydroxybutanoate (bp 61-62°/18 mm) with a specific rotaticn of
[ol! -47.6° (CHCI3, ¢ 1.0) (Note 2).

B. (R)-(-)-3-Hydroxybutanoic acid. In a 1-L, two-necked, round-bottomed flask,
fitted with a precision-ground stirrer and a coil condenser bearing a distillation bridge,
are placed 200 mL of 1,2-dichloroethane and 50 g {0.58 mol) of PHB (Note 1). The
mixture is stirred and heated at 150°C until a milky solution is formed (Note 3). p-
Toluenesulfonic acid monohydrate (2.5 g, 0.013 mol} is added and the solution heated
an additional 30 min at 150°C. A total amount of 9.3 g (11.8 mL, 0.29 mol) of methanol
is then added carefully through the condenser to the boiling solution in approx 1-mL
portions (Note 4). The light brown, cloudy solution is heated at reflux (oil bath, 140°C)
for another 48 hr (Note 5). The oil bath temperature is reduced to 130°C and 60 mL of
water is carefully added. The resulting two-phase mixture is heated for another 4 hr
(Note 6). Methanol, 1,2-dichloroethane, and approx 150 mL of water are removed by
distillation through the condenser within 1-2' hr (Note 7). During the distillation nine
30-mL portions of water are added; the re!uning homogeneous aqueous solution is
heated at reflux for another 4 hr. During this period the temperature of the oil bath is
increased to 180°C. Methanol/water (50 mL) is removed by distillation and, after the
addition of 50 mL of water (Note 8), the solution is again heated at reflux for 15 hr. The
reaction mixture is cooled to about 30°C, followed by the addition of 0.6 g (0.015 mol)
of sodium hydroxide in 10 mL of water. Water is first removed in a rotary evaporator at

a maximum temperature of 30°C, 15 mm, followed by drying at 0.1 mm (Note 9). The
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residue is dissolved in 250 mL of ether, the solution is dried over magnesium sulfate,
filtered, concentrated in a rotary evaporator and dried at 0.1 mm. The resulting light-
brown clear oil (Note 10) is distilled at 80-100°C (air bath)/10-3 mm by bulb to bulb
distillation (Note 11). The crude product is either crystalline or a colorigss oil that
crystallizes upon standing at room temperature. After the crystals are crushed in a
mortar, they are dried for 2 days in a desiccator over phosphorus pentoxide (P20s)
(Note 12), to yield 32 g (53%) of (R)-3-hydroxybutanoic acid, mp 44-46°C [a]BT -24.7°
(H20, ¢5.0 (Notes 13, 14, 15).

2. Notes

1. The submitters used PHB=Poly-(R)-3-hydroxybutyric acid obtained from
Marlborough Biopolymers Ltd., Rudby Hall, Hutton Rudby, Yarm, Cleveland, England,
PHB homopolymer, BX GO4, technical grade powder, MBL 100/703. The checkers
used PHB from Fluka Chemie AG, CH-8470 Buchs, Switzerland. The submitters
report that the procedure works well on batch sizes of 200-250 g.

2. The spectroscopic properties are as follows: IR (neat) cm-1: 1735 (C=0); H
NMR (80 MHz, CDClg) §: 1.25 (d, 3 H, CHj3), 2.45 (d, 2 H, CHy), 3.00 (br s,1 H, OH),
3.75 (s, 3H, OCHgz), 4.20 (m, 1 H, CH). For further data see ref. 2.

3. The submitters used an oil bath to insure vigorous reflux. The time required
to obtain the desired solution consistency depends on the PHB used (30 min to over 2
hr).

4. The reaction solution should be maintained at a vigorous reflux. Shouid the
solution cool during the addition a white flaky precipitate may form that redissolves
upon extended heating (up to 4 hr at 140°C).
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5. This results in a mixture of oligomeric methyl esters with an average degree
of polymerization of 2.1-2.3, according to 'H NMR analysis (ratio of the CH3C-signals
vs. CHgO-signals of the esters).

6. Most of the methyl ester groups are saponified with release of methanol.

7. It is crucial that all the methanol and 1,2-dichloroethane be removed from
the reaction mixture to insure that all the oligomers are in the agueous phase.

8. Newly formed methanol is remaved at this stage. Only a small amount of
maethyl esters remains in the mixture at this point.

9. Low temperature during evaporation avoids condensation back to
oligomers.

10. According to TH NMR analysis the crude product consists of more than 93%
monomeric (R)-3-hydroxybutanoic acid, contaminated by 1-2% of methyl (R)-3-
hydroxybutanoate and less than 0.2% of crotonic acid.

11. The crude product is placed in a 1-L, round-bottomed flask and distilled in
an Aldrich Kugelrohr apparatus, heated with an air bath, the receiver bulb being
cooled with ice water. Partial condensation of (R)-3-hydroxybutanoic acid to oligomers
occurs if the temperature is too high during distillation (Note 12).

12. Drying in an evacuated desiccator over PoOs removes water as well as
methyl (R)-3-hydroxybutanoate and crotonic acid.

13 The spectra are as follows: iR (neiat) cm -1: 1710 (C=0); 'H NMR (80 MHz,
CDCl3)8: 1.25 (d, 3 H, CHg), 2.50 (d, 2 H, CHy), 4.20 (m, 1 H, CH), 7.70 (br s, 2 H, OH).
For further data see ref. 2.

14. The distillation residue (8-9 g) consists of water-soluble oligomers that can
be saponified without loss of optical purity by heating at reflux with aqueous acid for 15

hr.
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15. The submitters report a yield of 45-48 g (74.5-79%) using PHB obtained
from Marlborough Biopolymers. The checkers verified this result using PHB obtained
from the submitters. The yield reported here represents the checker's results with PHB

ubtained from Fiuka Chemie.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983.

3. Discussion

Optically active 3-hydroxybutanoic acid and its methyl ester were first prepared
by McKenzie, Magnus-Levy, and Emil Fischer.3 The biopolymer PHB and mixed
polymers containing (R)-3-hydroxybutanoate and (R)-3-hydroxypentanoate were also
discovered long ago,45 and are now produced on an industrial scale.6.7 As described
here, depolymerization by transesterification [H+ or Ti(OR)4 catalysis], or by hydralysis,
produces8.® the corresponding monomeric (R)-esters and (R)-acids 1. The 3-

hydroxybutancic acid can also be prepared by hydrolysis of the ester.2.10

COR? - R = CHjs, CoH; A CO,R?
R ® 91/(8)\/
1 R? = H, CHg, C,Hsg ent-1

The enantiomeric compounds, ent-1, are available from 1 by inversion through
sulfonates or through B-lactones.12 Ethyl (S)-3-hydroxybutanoate of 86-95 % ee has
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also been made by yeast reduction of acetoacetate.13 Either the ester 1 or ent-1 can
be prepared by enantioselective hydrogenation of the methyl acetoacetate with a Ru-

BINAP catalyst.14

HO
Nu: ~§ OH H  oac
Y R4
0~ 0 COOH
R3
Ri NH
0 R? o
2 3 4

The hydroxy acid derivatives 1 are most versatile auxiliaries and building blocks
for the synthesis of enantiomerically pure products.”a.9b,15 Thus, in an improvement of
Johnson’s method,?6 the dioxanones 2 can be used for overall enantioselective
nucleophilic additions to aldehydes.'” Through open-chain18 or cyclic® lithium
enolates derived from 1 and, through dioxinones,20 new substituents can be
introduced at carbons (2), (3) and (4) of hydroxybutanoic or hydroxypentanoic acid to
give enantiomerically pure products 21,22 of type 3. Another application is the
incorporation of (R)-3-hydroxybutanoic acid into the antibiotic thienamycin 23 through

the B-lactam 4.

1. Laboratorium fiir Organische Chemid der Eidgendssischen Technischen
Hochschule, ETH-Zentrum, Universititstrasse 16, CH-8092 Zirich, Switzerland.

2. Seebach, D.; Zager, M. Helv. Chim. Acta1982, 65, 495, and references cited
therein.

3. Magnus-Levy, A. Arch. exp. Path. und Pharm. 1901, 45, 389; McKenzie, A. J.
Chem. Soc. Trans. 1902, 81, 1402; Fischer, E.; Scheibler, H. Ber. Dtsch. Chem.
Ges. 1909, 42, 1219.
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11.

12.

. Lemoigne, M.; Roukhelman, N. Annales des Fermentations 1 939/40, 5, 527,
Lemoigne, M. C.R. Hebd. Séances Acad. Sci. 1923, 176, 1761.

- Wallen, L. L.; Davis, E. N. Environ. Sci. Technol. 1972, 6, 161; Wallen, L. L.;
Rohwedder, W. K. Environ. Sci. Technol. 1974, 8, 576; Morikawa, H.;
Marchessault, R. H. Can. J. Chem. 1981, 59, 2306.

. Holmes, P. A.; Wright, L. F.; Collins, S. H. Eur. Pat. Appl. EP 52, 459; Chem.
Abstr. 1982, 97, 143146r.

- For recent review articles see: a) Seebach, D.; Roggo, S.; Zimmermann, J., in
"Stereochemistry of Organic and Bioorganic Transformations”; Bartmann, W.;
Sharpless, K. B., Eds.; Proceedings of the Seventeenth Workshop Conference
Hoechst, Verlag Chemie: Weinheim, 1986, New York, 1987; pp. 85-126; b)
Lafferty, R.M.; Korsatko, B.; Korsatko, W., in "Biotechnology”; Rehm, H.-J.; Reed,
G.; Ed.; VCH Verlagsgesellschaft mbH: Weinheim, 1988, Vol. 6b, p. 135-176.

. Seebach, D.; Ziiger, M.F. Tetrahedron Lett. 1984, 25, 2747.

- Procedures are also found in: a) Schnurrenberger, P.; Ziiger, M.F.; Seebach, D.

Helv. Chim. Acta 1982, 65, 1197; b) Seebach, D.; Imwinkelried, R.; Weber, T.,
Mod. Synth. Methods 1986, 4, 125-259; ¢) Vanlautem, N.; Gilain, J. FEur. Pat.
Appl. EP 43,620; Chem. Abstr. 1982, 96, 163397f.

Serck-Hanssen, K.; Stéllberg-Stenhagen, S.; Stenhagen, E. Arkiv Kemi 1953,
5, 203.

Cainelli, G.; Manescalchi, F.; Martelli, G.; Panunzio, M.; Plessi, L. Tetrahedron
Lett. 1985, 26, 3369.

(a) Griesbeck, A.; Seebach, D. Helv. Chim. Acta 1987, 70, 1320; (b) For a
procedure for the preparation (20-g scale) of the B-lactone of (S)-3-

hydroxybutanoic acid see: Breitschuh, R.; Seebach, D. Chimia 1990, 44, 216.
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18.

19.
20.

21.
22.
23.

Seebach, D.; Sutter, M.A.; Weber, R.H.; Zuger, M.F. Org. Synth., Coll. Vol. Vii
1990, 215. For an improvement see: Ehrler, J.; Giovannini, F.; Lamatsch, B.;
Seebach, D. Chimia 1986, 40, 172.

Noyori, R.; Ohkuma, T.; Kitamura, M.; Takaya, H.; Sayo, N.; Kumobayashi, H.;
Akutagawa, S. J. Am. Chem. Soc. 1987, 109, 5856. For a detailed procedure
see: Kitamura, M.; Tokunaga, M.; Ohkuma, T.; Noyori, R. Org. Synth. 1992, 71,
1.

Mori, K.; Kuwahara, S. J. Synth. Org. Chem. Jpn. 1988, 46, 467.

Bartlett, P.A.; Johnson, W.S.; Elliott, J.D. J. Am. Chem. Soc. 1983, 105, 2088.
Seebach, D.; Imwinkelried, R.; Stucky, G. Helv. Chim. Acta 1987, 70, 448.

For procedures for large-scale applications see: Sutter, M.A.; Seebach, D.
Liebigs Ann. Chem. 1983, 939; Aebi, J.D.; Sutter, M.A.; Wasmuth, D.; Seebach,
D. Liebigs Ann. Chem. 1983, 2114; erratum: Aebi, J. D.; Sutter, M. A.; Wasmuth,
D.; Seebach, D. Liebigs Ann. Chem. 1984, 407.

Zimmermann, J.; Seebach, D.; Ha, T.-K. Helv. Chim. Acta 1988, 71, 1143.
Seebach, D.; Zimmermann, J.; Gysel, U.; Ziegler, R.; Ha, T.-K. J. Am. Chem.
Soc. 1988, 110, 4763.

Amberg, W.; Seebach, D. Chem. Ber. 1990, 123, 2413, 2429, and 2439.
MiBlitz, U.; Seebach, D.; Uhlmann, P. Chem. Ber. 1991, 124, 1845.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

Poly-{(R)-3-hydroxybutyric acid], PHB: Butyric acid, 3-hydroxy-, D-(-)-, polyesters (8);
Butanoic acid, 3-hydroxy-, (R)-, homopolymer (9); (29435-48-1)
(R)-3-Hydroxybutanoic acid: Butyric acid, 3-hydroxy-, (-)- (8); Butanoic acid, 3-
hydroxy-, (R)- (9); (625-72-9)

(R)-(-)-Methy| 3-hydroxybutanoate: Butyric acid, 3-hydroxy-, methyl ester, D-(-)- (8);
Butanoic acid, 3-hydroxy-, methyl ester, (R)- (9); (3976-69-0)

p-Toluenesulfonic acid monohydrate (8); Benzenesuifonic acid, 4-methyl-,
monohydrate (9); (6192-52-5)
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(-)-(1S,4R)-CAMPHANOYL CHLORIDE

(2-Oxabicyclo[2.2.1]heptane-1-carbonyl chloride,

COOH
A.
COOH
cl
0
B 0
o)
COOH
c. o
0

4,7,7-trimethyl-3-ox0-, (1S)-)

Cl
0
1)3 PCls
(-3HCI, -2 POClg, - PCly) o]
2 H0
2( 2HCl) o
COOH
1) H3804, 2 Hp0, 100°C
-HC) (o}
2) PhCHj, 100°C (o)
(H0)
cocC!
SOClp, A 0
(-HCl, - S0,) (0]

Submitted by Hans Gerlach,? Dag Kappes, Robert K. Boeckman, Jr.,2 and

Graham N. Maw.

Checked by D. Zhao, D. Hughes, and I. Shinkai.
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1. Procedure

A.  (-)-(1R,3R)-3-Chlorocamphoric anhydride. (+)-(1R,3S)-Camphoric acid
(Note 1), (125 g, 0.625 mol) is added in small portions to a 1000-mL, three-necked
flask charged with 455 g of phosphorus pentachloride (2.19 mol) and equipped with a
ground glass adaptor connected to a T-tube with one outlet open to the atmosphere
and the remaining outlet connected to a gas trap (Note 2). The mildly exothermic
reaction is controlled by gently swirling the flask in an ice bath as required (Note 3).
After the addition is complete, the flask is equipped with a reflux condenser topped by
a calcium chioride (CaClp) drying tube, and the reaction mixture is heated under reflux
(using an oil bath at 125°C) for 12 hr. The reaction mixture is cooled to room
temperature and the volatile material is removed by distillation using a bath
temperature of 50°C under aspirator vacuum with the distillate boiling at 30-35°C
(Note 4). The residual liquid is then added to a mechanically-stirred mixture of ice (2
kg) and dimethylformamide (DMF, 125 ml), and stirring is continued until all the ice has
melted. The resulting waxy white precipitate is collected by vacuum filtration while
cold (2°C), washed with thres, 500-mL portions of cold water, and dried under vacuum
(Note 5). The crude white solid, (-)-(1R,3R)-3-chlorocamphoric anhydride (122 g,
90%), is of sufficient purity to be used in the next step (Notes 6 and 7).

B. (-)-(1S,4R)-Camphanic acid. A 2000-mL, three-necked round-bottomed
flask equippeti with a magnetic stirrer and reflux condenser is charged with 1000-mL
of 0.1 N sulfuric acid and heated by means of an oil bath to 80°C. Finely powdered (-)-
(1R,3R)-3-chlorocamphoaric anhydride (115 g, 0.53 mol) is added in portions over
about 10 min to the stirred acid solution, the necks are sealed with glass stoppers and
the resulting suspension is brought to a gentle refiux (Note 2). After all the solids have
dissolved (4-6 hr): the resulting solution is refluxed for an additional 2 hr (Note 8). The

solution is allowed to cool to room temperature with stirring overnight (~12 hr), and the
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resulting off-while solid is collected by vacuum filtration and washed with water (3 x
250 mL). The remaining camphanic acid is obtained by extraction of the aqueous
filtrate with three 250-mL portions of chloroform (Note 9). After evaporation of the
combined organic phases, the combined vacuum-dried solids are added to a 1000-
mL, round-bottomed flask containing 500 mL of toluene, a condenser is added and the
mixture is brought to gentle reflux until dissolution is compiete (Note 2). The
water/toluene azeotrops (85°C) is removed by distillation until no further water is
obtained (Note 10). Distillation of the toluene (110°C) is then continued until the
residual volume has been reduced to ~350 mL (Notes 10 and 11). The resulting
solution is aliowed to cool to room temperature during which time the acid crystallizes.
After 4 hr at room temperature, the solids are collected by vacuum filtration and air-
dried, atfording (-)-(1S,4R)-camphanic acid (76 g, 72%) as colorless needles, mp 197-
201°C, of sufficient purity for use in the next step (Notes 12 and 13).

C. (-)-(1S,4R)-Camphanoyl chloride. A 500-mL, three-necked, round-bottomed
flask, equipped for magnetic stirring and protected from moisture by a reflux condenser
topped by a CaClp drying tube, is charged with 200 mL of thionyl chioride using &
graduated cylinder. (-)-(1S,4R)-Camphanic acid (63.8 g, 0.322 mol) is added in
portions using a powder funnel over 30 min, and the reaction mixture is heated undef
reflux for 3 hr, then allowed to cool to room temperature (Note 2). Excess thiony
chioride is removed by rotary evaporation (Nots; 14) to afford a solid that is freed of any
residual thionyl chloride by the addition of toluene (500 mL) and subsequent
evaporation under reduced pressure (repeated three times). The resuiting solids are
dried under high vacuum (Note 5) to afford 69 g of (-)-(15,4R)-camphanoy! chioride
(99%) as an off-white solid, mp 69-71°C (Notes 15 and 16).
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2. Notes

1. (+)-(1R,3S)-Camphoric acid (99% purity) was obtained from Aldrich
Chemical Company, Inc.

2. The acidic gases may be absorbed in 10% NaOH solution using the
absorption trap as described in Org. Synth., Coll. Vol. 11941, 97.

3. The reactants initially form a paste that may form sizable lumps upon
agitation, but the mixture liquifies upon further reaction as the result of the production
of phosphorus oxychloride (POCI3) and phosphorus trichioride (PCls).

4. The resuiting liquid sometimes contains small amounts of white solid, but
this solid does not require removal by filtration.

5. A freeze dryer (lyophilizer) was employed for vacuum drying (23°C at ~0.05
mm).

6. If desired, a pure sample of the anhydride (mp 225-229°C) can be obtained
by recrystallization of the crude anhydride from carbon tetrachloride (CClg) (1 9/5 mL).

7. Spectroscopic data for the purified anhydride are as follows: 1H NMR (300
MHz, CDCl3) &: 1.07 (s, 3 H), 1.14 (s, 3 H), 1.36 (s, 3 H), 2.11 (m, 2 H), 2.50 (m, 2 H);
3C NMR (75 MHz, CDCl3) 8: 16.0, 17.9, 18.7, 31.5, 35.2, 48.7, 54.1, 166.0, 170.3; IR
(cm-1): 3019, 1821, 1773, 1215; [oz],_%5 -17.6° (chloroform, ¢ 2.04).

8. A total period of heating of 6-8 hr at 80-100°C was required.

9. Alternatively, a second crop of material can be obtained from the aqueous
filtrate after several hours. However, a considerable amount of camphanic acid still
remains in the aqueous fayer; thus chloroform extraction of the aqueous phase as
described is recommended. To avoid undue exposure to the chloroform vapor, these

extractions should be performed in a fume hood.
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10. The volume of toluene required will depend on the amount of water in the
crude material. Additional toluene should be added as required, so that the finai,
residual volume of dry toluene solution is ~350 mL as described.

11. Colored impurities, if produced, can be removed by treatment of the solution,
prior to cooling, with charcoal (Norit) followed by filtration.

12. If desired, purs acid (mp 201-204°C) can be obtained by recrystallization of
the crude acid from hot toluene.

13. Spectroscopic data for the purified acid are as follows: 1H NMR (300 MHz,
CDCl3) 8: 1.03 (s, 3H), 1.11 (s, 3 H), 1.15 (s, 3H), 1.74 (ddd, 1 H, J = 4.3, 9.3, and
13.2), 1.98 (ddd, 1 H, J = 4.5, 10.6, and 13.2), 2.11 (ddd, 1 H, J = 4.5, 9.3, and 13.5),
2.48 (ddd, 1 H, J = 4.2, 10.6, and 13.5), 8.80 (br, 1 H, (s)); 13C NMR (75 MHz, CDCl3) §:
9.60, 16.70, 16.73, 29.02, 30.73, 54.60, 55.11, 90.89, 172.41, 177.90; (IR cm-1): 3418,
3019, 1785, 1716, 1215; [ct]g5 -20.4° (dioxane, ¢ 1.71).

14. Corrosive thionyl chloride may destroy the rubber vacuum seals of a rotary
evaporator. Thionyl chloride can also be removed by vacuum distillation.

15. (-)-(1S,4R)-Camphanoy! chloride produced in this manner is of sufficient
purity to be used directly in most acylation reactions. However, pure acid chioride (mp
69-71°C) can be conveniently obtained by recrystallization of the crude acid chloride
from coid CCls (1 g/1 mL, ~75% recovery).

16. Spectroscopic data for the erified acid chioride are as follows: 'H NMR
(300 MHz, CDCl3) &: 1.06 (s, 3 H), 1.12 (s, 3 H), 1.15 (s, 3H), 1.76 (ddd, 1 H, J = 4.2,
9.3, and 13.3), 1.99 (ddd, 1 H, J = 4.6, 10.6, and 13.3), 2.18 (ddd, 1 H, J = 4.6, 9.3, and
13.6), 2.52 (ddd, 1 H, J = 4.2, 10.6, and 13.6); 13C NMR (75 MHz, CDCl3) 5: 9.55,
16.55, 16.64, 28.76, 31.46, 55.40, 55.52, 94.86, 170.87, 176.52; IR (cm-1): 2975, 1794,
1231; [u]gs -24.7° (chloroform, ¢ 3.57).
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Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983.

3. Discussion

The resolution of alcohols by fractional crystallization or chromatography of
diastereoisomeric esters with (-)-camphanic acid was introduced some time ago.3
The method has proven to be both convenient and efficient. A substructure search in
the Chemical Abstracts Service (CAS) registry file has shown that more than 500
camphanic acid derivatives have been described in the last two decades. Besides
resolution, camphanic acid esters of primary alcohols have been used to distinguish
the signals of diasterectopic a—hydrogen atoms in TH NMR spectra and to determine
the optical purity of a-deutero primary alcohois.4 Camphanoates are well suited for
characterizing alcohols. They are easily prepared with camphanoy! chloride in
pyridine and generally have high melting points.

Because both enantiomers, (+)- and (-)-camphoric acid, are availabie by
oxidation either from natural (+)-D-camphor or from natural (-)-L-borneol, both
enantiomers of camphanoyi chloride can be prepared conveniently.3.5 The
corresponding enantiomers of camphanic acid were described for the first time by
WredenS and Aschan.” The three-step procedure, described above is an adaptation of

procedures described by Aschan,B Zelinsky et al.,2 Meyer et al.,’0 and Gerlach.3
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

{()-(1S,4R)-Camphanoyl chloride: 2-Oxabicyclo[2.2.1]heptane-1-carbonyl chloride,

¢

4,7,7-trimethyl-3-oxo-, (-)- (9); (39637-74-6)
(-)-(1R,3R)-3-Chlorocamphanic anhydride: 3-Oxabicyclo[3.2.1]octane-2,4-dione,
1-chloro-5,8,8-trimethyl-, (1R)- (11); (87859-84-5)

(+)-(1R,3S)-Camphoric acid: Camphoric acid, cis-(+)- (8);
1,3-Cyclopentanedicarboxylic acid, 1,2,2-trimethyl-, (1R,cis)- (9); (124-83-4)

Phosphorus pentachloride: Phosphorus chloride (8); Phosphorane, pentachloro- 9);
(10026-13-8)
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{-)-(1S.4R)-Camphanic acid: 2-Oxabicycio[2.2.1]heptane-1-carboxylic acid,
4,7,7-trimethyl-3-0x0-, (-)-(8);

2-Oxabicyclo[2.2.1]heptane-1-carboxylic acid, 4,7,7-trimethyl-3-0x0-, (18)- (9)
(13429-83-9)

Thionyl chioride (8,9); (7719-09-7)
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3<(S)-[(tert-BUTYLDIPHENYLSILYL)OXY]-2-BUTANONE
(2-Butanone, 3-[[(1,1-dimethylethyl)diphenylsilylloxy]-, (S)-)
0
o Pha(t-Bu)SiCI
A /U\/ imidazole, THF EO J\/

EtO £
OSi(t-Bu)Ph,

Oun
I

o 1) MeLi, THF, -105°C o}
B EtOJ\/ 2) Me3SiCl, then H30* )k’/
(E)Si(t-Bu)th‘ OSi(t-Bu)Ph,

Submitted by Larry E. Overman and Gilbert M. Rishton.1

Checked by Takashi Ooi and Hisashi Yamamoto.

1. Procedure

A. Preparation of ethyl 2-(S)-[(tert-butyldiphenylisilyl)oxy]propanoate. An oven-
dried, 500-mL, round-bottomed flask is equipped with a magnetic stirring bar and
purged with dry argon. The flask is charged with 10.0 g (84.6 mmol) of (S)-(-)-ethyl
lactate, 23.3 g (84.6 mmol) of tert-butyldiphenyisilyi chloride, 14.4 g (211 mmol) of
imidazole, and 50 mL of dry tetrahydrofuran (Note 1). The resulting, white suspension
is stirred vigorously at 23°C for 2 hr. (At the beginning of the stirring, a heated water
bath is useful to maintain the reaction temperature.) The mixture is then filtered
through glass wool into 400 mL of water and the solids are washed with two 25-mL
portions of tetrahydrofuran. The filtrate is concentrated to remove tetrahydrofuran

under reduced pressure using a rotary evaporator. The resulting aqueous suspension
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is transferred to a 1-L separatory funnel and is extracted with 400 mL of ethyl acetate.
The organic phase is washed with two 400-mL portions of water, dried over anhydrous
sodium sulfate, filtered, and concentrated under reduced pressure using a rotary
evaporator to give 30.0 g (99%) of ethyl 2-(S)-[(ten-butyldiphenylsilyl)oxy]propanoate
as a clgar colorless oil (Note 2).

B. Preparation of 3-(S)-{{(tert-butyldiphenyisilyl)oxy]-2-butanone. An oven-dried
1-L, three-necked, round-bottomed flask is charged with 20.0 g (56.2 mmol) of ethyl 2-
(S)-[(tert-butyldiphenylsiIyl)oxy]propancate and the flask is fitted with a mechanical
stirrer, a 100-mL addition funnel, and a rubber septum. A low temperature
thermometer (Note 3) is inserted through the rubber septum and 250 mL of dry
tetrahydrofuran (Note 1) is injected with a syringe. The mechanically stirred solution is
cooled to -105°C (Note 4) and maintained until the temperature has stabilized. The
addition funnel is charged with 52 mL of a 1.4 M ether solution of halide-free
methyllithium (73 mmol) and this solution is added dropwise with mechanical stirring
over 35-40 min. The internal temperature is never allowed to warm above -100°C
(Note 5). When addition is complete, 20 mL (158 mmol) of trimethylsilyl chloride (Note
6) is injected and the resulting clear solution is warmed to room temperature over 20
min with the aid of a water bath. At this time 200 mL of 1 N hydrochloric acid is added
and vigorous stirring is continued for 1 hr {Note 7). The mixture is poured slowly into a
2-L Erlenmeyer flask containing 30 g of soiid sodium bicarbonate and then
concentrated to remove tetrahydrofuran under reduced pressure using a rotary
evaporator. The resulting aqueous suspension is transferred 1o a 1-L separatory
funnel and extracted with 400 mL of sthyl acetate. The organic layer is washed with
two 400-mL portions of water, dried over anhydrous sodium sulfate, filtered, and
concentrated using a rotary evaporator to give 18.2 g (99%) of 3-(S)-[(tert-
butyIdiphenylsilyl)oxy]-z-butanone as a clear colorless oil (Notes 8 and 9).
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2. Notes

1. (S)-Ethyl lactate, [a]y -10° (neat) and other chemicals employed in this
procedure were obtained from Aldrich Chemical Company, Inc. Anhydrous
tetrahydrofuran was prepared by distiltation under argon from sodium benzophenone
ketyl.

2. Gas chromatographic analysis using a 25-m 10% SP 2100 silicone column
showed that this sample was >95% pure and contained one major unidentified
impurity. Material of this purity is acceptable for use in the second step. A sample
showing no detectable impuritiess by GLC analysis can be obtained by flash
chromatography on silica gel (5:95 ethyl aceate-hexane). This sample has the
following spectral characteristics: [a]p -45.1° (MeOH, ¢ 1.0); H NMR (500 MHz,
CDCl3) 8: 1.09 (s, 9 H, t-Bu), 1.14 (1, 3 H, J = 7.1, OCH2CH3), 1.37 (d, 3H,J = 6.7,
CHg), 3.99-4.04 (m, 2 H, OCH2CH3), 4.27 ( q, 1 H, J = 6.7, CH), 7.36-7.41 (m, 6 H, Ph),
7.65-7.69 (m, 4 H, Ph); 13C NMR (125 MHz, CDClg) 8: 14.0, 19.2, 21.2, 26.8, 60.5,
68.9, 127.6, 129.7, 133.1, 133.5, 135.7, 135.8, 173.6; IR (film) cm-1: 2980, 2933,

2859, 1758, 1735, 1429, 1198, 1139, 1112, 1081, 823, 739, 702, 690, 611. Anal.
Calcd for Co1H2503Si: C, 70.74; H, 7.92. Found: C, 70.94; H, 7.89.

3. An OMEGA 450 ATT (Type T) thermocouple thermometer was used.

4. A minimum amount of liquid nitrog"én contained in a 1-L Dewar bowl was
used to cool the solution to -105°C.

5. It is crucial that the internal temperature of the reaction mixiure never exceed
-100°C during the addition of the methyllithium solution. If the temperature begins to
rise, the dropwise addition of the reagent should be slowed. Periodic addition of a
small amount of liquid nitrogen to the cooling bath may also be necessary.

6. Trimethyléilyl chloride is distilled from calcium hydride and stored under

argon or nitrogen in a stoppered bottle over polyvinylpyridine.
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7. Hydrolysis of the reaction mixture may be accomplished by addition of 200
mL of water instead of 200 mL of 1 N hydrochloric acid. In the former case complete
hydrolysis requires 5 hr and in the latter hydrolysis is complete within 1 hr.

8. Gas chromatographic analysis using a 25-m 10% SP 2100 silicone column
showed that this sample was >95% pure and contained one major unidentified
impurity. A sample of 100% purity may be obtained by flash chromatography on silica
gel (1:9 ethy| acetate-hexane). This sample has the following spectral characteristics:
[o]p -3.1° (MeOH, €1.0); TH NMR (300 MHz, CDClg): 8: 1.10 (s, 9 H, t-Bu), 1.19 (d, 3
H, J = 6.8, CHy), 2.16 (s, 3 H, COCHj), 4.17 (. 1H,J =68, CH), 7.36-7.40 (m, 6 H,
Ph), 7.60-7.66 (m, 4 H, Ph); 13C NMR (75 MHz, CDCl3) 8: 19.2, 20.6, 24.9, 26.9, 75.7,
127.6, 127.8, 129.9, 135.7, 211.7; IR {film) cm-1: 2961, 2933, 2859, 1719, 1428, 1114,
828, 741, 703, 691; MS (CI) M/z 327.1760 (327.1780 caled for CagH260,Si, MH).
Anal. Calcd for CooH2602Si: C, 73.57; H, 8.03. Found: C, 73.52; H, 8.07.

9. The enantiomeric excess of the product is >96%. This was determined by
treating a sample of the ketone sequentially with methyllithium and tetrabutyl-
ammonium fluoride (THF, -78°C). The resulting diol was converted to its Mosher
diester2 [2.5 eq of (+)-a—mathoxytrifluoromethyIphenylacetic acid, 3 eq of
dicyclohexylcarbodiimide, and 0.2 €q of 4-(dimethylamino)pyridine, CH2Cly] and the
crude esterification reaction mixture was analyzed using 500 MHz TH NMR. None of
the minor diastereomer was observed; doping experiments established that 2% of the
minor diastereomer would have been detected [diagnostic signals: & 5.03 (@, J=86.2

major diastereomer); § 5.17 (9, J = 6.1, minor diasteromer)).

Waste Disposal Information
All toxic materials were disposed of in accordance with "Prudent Practices for

Di . .
'spasal of Chemicals from Laboratories”; National Academic Press; Washington, DC
1983. o
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3. Discussion

The sequence detailed here provides 3-(S)-((tert-butyldiphenylsilyl)oxy)-2-
butanone in high purity and on a preparative scale from inexpensive (S)-ethyl lactate.
This optically active ketone should be a useful intermediate for the preparation of a
variety of enantiomerically pure materials. It has been used in our laboratory for an
asymmetric synthesis of (+)-muscarine3 and in the preparation of various other
aptically active tetrahydrofurans.4 Mitsunobu inversion of (S)-ethyl lactate followed by
protection to provide 2-(R)-{(tert-butyldiphenylsilyljoxy)propancateS affords, by this
method, ready access to the enantiomer of the title compound.

Conversions of carboxylic acids to ketones are typically performed in stepwise
fashion€ via intermediates such as acid chlorides,” anhydrides,8 thicesters,? or N-
alkoxy amides,10 or by the direct reaction of carboxylic acids with lithium reagents.1?
In this latter method trimethyisily! chloride has been shown to be an effective reagent
for trapping the tetrahedral alkoxide intermediates and for quenching excess
organolithium reagent.

The addition of trimethylsilyl chloride proved crucial to the success of the
procedure described here. Use of aqueous ammonium chloride as a quenching
feagent (instead of trimethylsilyl chloride) resulted in a reaction mixture that contained
up to 30% of the corresponding tertiary alcohbl.

Preliminary investigations into the generality of this synthesis of lactate-derived
ketones using other alky! iithium reagents including butyllithium and phenyllithium
have not been as successful. Product mixtures were typically contaminated with

significant amounts of both the tertiary alcohol and the starting ester.
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Appendix )
Chemical Abstracts Nomenclature (Collective Index Number);
(Reglstry Number)

3-(S)-[(tert-Butyldiphenylsilyl)oxy]-2-butanone: 2-Butanone, 3-[[(1,1-dimethylethyl)-
diphenylsilylloxyl-, (S)- (12); (135367-18-9)

Ethyl 2-(S)-[(tert-butyidiphenyisilyljoxy)propanoate: Propanoic acid, 2-{[(1,1-
dimethylethyl)diphenylsilylloxy]-, ethy! ester, (S)- (11); (102732-44-5)

(S)-(-)-Ethyl lactate: Lactic acid, ethyl ester, L- (8); Propanoic acid, 2-hydroxy-, ethy)
ester, (S)- (9); (687-47-8)

tert-Butyldiphenylsilyl chioride (Aldrich: tert-Butylchlorodiphenyisilane): Silane,
chloro(1,1-dimethylethy|)diphenyl- (9); (58479-61-1)

Imidazole (8); 1H-Imidazole (9); (288-32-4)

Ethyl acetate: Acstic acid, ethyl ester (8,9); (141-78-6)

Methyilithium: Lithium, methyl- (8,9); (917-54-4)

Trimethylsilyl chioride (Aldrich: Chlorotrimethyisilane): Silane,

chlorotrimethyl- (8,9); (75-77-4)
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STEREOCONTROLLED PREPARATION OF 3-ACYLTETRAHYDROFURANS
FROM ACID-PROMOTED REARRANGEMENTS OF ALLYLIC KETALS:
(23,33)-3-ACETYL-8-CARBOETHOXY-Z,S-DIMETHYL~1-OXA-G-
AZASPIRO[4.5]DECANE

o A,

A __mrafe OH
H th Bu)sNF
OSit-Bu)Ph, on (nBule on
0=CNCOzEt
p-TSA Q
NCO,Et
o
0

B. lo) canh &
0)%r«cozrst —H o NCO,Et

Submitted by Larry E. Overman and Gilbert M. Rishton.1
Checked by Takashi Ooi and Hisashi Yamamoto.

1. Procedure
A. Preparation of (2R,3S)- and (28,35)- 1,4-dioxa-2,3-dimethyl-2—(1-methyl-
ethenyi)-8-ca:boethoxy-8-azaspiro[4.5]decane. An oven-dried, 500-mL, three-necked,

round-bottomed flask is fitted with a mechanical stirrer, 100-mL addition funnel, and

Tubber septum, and then is charged with 100 mL of dry tetrahydrofuran (Note 1) and
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7.7 mL (10.5 g, 86.7 mmol) of 2-bromopropene (Note 2). The solution is cooled to
-70°C with mechanical stirring and a 1.9 M pentane solution of tert-butyllithium (92 mL,
175 mmol) is added by syringe over 20 min. The resulting yellow solution is stirred for
an additional 10 min at -70°C and at this time a solution of 17.6 g (54.0 mmol) of 3-(S)-
[(tert-butyldiphenylsilyl)oxy)-2-butanone? and 50 mL of dry tetrahydrofuran is added by
dropping furnel over 20 min. The resulting solution is stirred for an additional 30 min
at -70°C and at this time a 1.0 M tetrahydrofuran sclution of tetrabutylammonium
fluoride (163 mL, 163 mmol) is added in one portion and the resulting mixture is
warmed to 23°C and stirred for 1 hr. At this time the contents of the flask are pouret
into 200 mL of saturated aqueous ammonium chloride (NH4C!) and the resulting
mixture is concentrated to remove tetrahydrofuran. The resulting aqueous suspensiot
is diluted with 200 mL of brine and extracted twice with 200 mL of ethyl acetate (Not¢
3). The combined organic extracts are washed with five, 100-mL portions of brine
dried over sodium sulfate, filtered, and then concentrated under reduced pressure
using a rotary evaporator. The residue is subjected to short path vacuum distillation
(150-160°C, 3 mm) to remove the less volatile tert-butyldiphenylsilyl by-product. The
distillate contains ca. 10 g of a colorless oil that is comprised of the 2,3-dimethyl-1-
pentene-3,4-diols as a 6:1 mixture of diastereomers and up to 30% of tributylamine
(Notes 4 and 5).

1-Carbethoxy-4-piperidone (7.52 g, 439 mmol) (Note 6) and p-toluenesulfonic
acid (5.0 g, 26 mmol) are added to a 250-mL, round-bottomed flask that contains the
above distillate and a magnetic stir bar. The mixture is stirred under vacuum (20 mm)
at 100°C for 90 min and the evolved water vapor is collected in a vacuum trap. The
mixture is cooled to 23°C and subjected to flash chromatography on silica gel (250 g,
20 cm x 10 cm) using ethyl acetate:hexane (1:4) as the sluant (Note 7) to give 9.0 g
(59% overall) of (2R,3S)- and (285,38)-1,4-dioxa-2,3-dimethyl-2-(1-methylethenyl)-8-
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carboethoxy-8-azaspiro[4.5]decane, a 6:1 mixture of diastereomers, as a pale yellow
oil {(Note 8).

B.  Preparation of (2S,3S)-3-acetyl-8-carboethoxy-2,3-dimethyl-1-oxa-8-
azaspiro[4.5]decans. Dry nitromethane (100 mL) (Note 9) is added through a rubber
septum by syringe to a vacuum-dried, 500-mL, round-bottomed flask that contains the
ketal mixture prepared in Step A (9.00 g, 31.8 mmol) and a magnetic stir bar. The
solution is cooled to -23°C, tin(iV) chloride (SnCls) (11 mL, 94 mmol) is added by
syringe and the solution is stirred for 30 min at -23°C (Note 10). At this time the brown
solution is warmed to 23°C and stirring is continued for an additional 30 min.
Saturated aqueous NH4Cl (200 mL) is added and the mixture is concentrated under
reduced pressure using a rotary evaporator to remove nitromethane. The resulting
aqueous suspension is extracted with ethyl acetate (200 mL) and the organic extract is
washed with brine (200 mL), dried over sodium sulfate (NagSO4) and concentrated
under reduced pressure using a rotary evaporator. The residue is subjected to flash
chromatography on silica gel (250 g, 20 cm x 10 cm) using ethyl acetate:hexane (1:1)
eluant (Note 7) to give 8.1 g (90%) of (2S,35)-3-acetyl-8-carboethoxy-2,3-dimethyl-1-

oxa-8-azaspiro{4.5]decane as a pale yellow oil (Notes 11 and 12).

2. Notes

1. Anhydrous tetrahydrofuran was prepared by distiilation under argon from
sodium benzophenone ketyl.

2. 2-Bromopropens, obtained from Aldrich Chemical Company, Inc., was
distilled and then passed through a plug of activity IV basic alumina immediately
before use.

3. The fine white emulsion formed at this stage was collected with the organic

phase and was cleared in the subsequent brine washings.
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4. This crude material was acceptable for use in the second step, although
more p-toluenesulfonic acid wili be required if large amounts of tributylamine are
present. The diol mixture, free from tributylamine, can be obtained by careful
chromatography on silica get using ethyl acetate-hexane (1:1). The purified sample
has the following characteristics: TH NMR (500 MHz, CDCl3, major isomer) 8: 1.10 (d,
3 H, J =65, CHg), 1.37 (s, 3 H, CHg), 1.80 (s, 3 H, CHg), 2.21 (brs, 2 H, 2 x OH), 3.77
(3,1 H,J =56, CH), 4.89 (d, 1 H, J = 1.1, CH=C), 5.06 (s, 1 H, CH=C); IR (film) cm-1:
3421, 3397, 3390, 3364, 2981, 2937, 1088; MS (Cl) m/z 113.0936 (113.0966 calcd for
C7H1402, MH - H0).

5. The major isomer is assigned the 3R, 4S stereochemistry on the expectation
that the addition would occur preferentially with Cram (Felkin-Ahn) selectivity.3 This
assignment was confirmed by 'H NMR DNOE experiments on the isobutyraldehyde
acetal.

6. 1-Carbethoxy-4-piperidone was obtained from Aldrich Chemical Company,
Inc., and used as received.

7. A series of 200-mL fractions was collected during flash chromatography.
The product was eluted in fractions 3-8 as indicated by TLC analysis using 4%
ethanolic phosphomolybdic acid stain.

8. This sample has the following characteristics: 1H NMR (500 MHz, CDCl3,
major isomer) §: 1.17 (d, 3 H, J = 5.1, CHa), {.26 {t 3H,J=7.1, OCHaCHg), 1.45 (s, 3
H, CHa), 1.77 (s, 3 H, CH3C=), 1.60-1.81 (m, 5 H, 2 x CHz and CH), 3.43-3.75 (m, 4 H,
2x CHzN), 4.13 (q, 2 H, J = 7.1, OCHCHag), 4.96 (s, 2 H, CH2=C); IR (film) cm-1: 2977,

1702, 1433, 1238, 1122; MS (Cl) m/z 284.1850 (284.1861 calcd for C15H25NO4, MH).
Anal. Calcd for C15H2s5NO4: C, 63.58; H, 8.89; N, 4.94. Found: C, 63.48; H, 8.90; N
4.89.

9. Nitromethane was dried by distillation of a 10:1 mixture of nittomethane and

trifluoroacetic anhydride and collection of the center fraction that distilled at 100°C.
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10. Tin(lV) chioride (SnCly) was obtained from Aldrich Chemical Company, Inc.,
and handled under an atmosphere of argon.

11. Gas chromatographic analysis using a 25-m 10% SP 2100 silicone column
showed that this sample was 94% pure and contained one major unidentified impurity.
Bulb-to-bulb distillation (200°C, 0.6 mm) of a 7.4-g sample of the crude product
afforded 7.0 g (85%) of the product as a pale yeilow oil, which was shown by GLC
analysis to be of 100% purity. This sample has the following spectral characteristics:
lalp-79.1° (MeOH, ¢ 1.0); TH NMR (500 MHz, CDCl3) &: 1.17 (d, 3H, J =66, CHg),
1.25 (m, 8 H, OCH2CHj and CHg), 1.70-1.90 (m, 4 H, 2 x CHg), 2.19 (s, 3 H, CH3CO}),
1.57(d, 1H,J=135)236(d, 1 H, J = 13.5),3.38-3.70 (m, 4 H, 2 x CH2N), 3.89 (q, 1
H J=6.6,CH)4.12(q,2H,J =71, OCH2CHg); 13C NMR (125 MHz, CDCl3) 8: 14.5,
16.6, 22.5, 28.3, 36.0, 37.0, 40.7, 41.1, 47.3, 58.4, 61.0, 79.1, 81.0, 185.5, 210.3; IR
(film) cm-1: 2977, 2937, 1705, 1701, 1698, 1472, 1455, 1434, 1365, 1356, 1274,
1237, MS (Cl) m/z 284.1845 (284.1860 calcd for C15H25NOy4, MH). Anal. Caled for
C15H25NO4: C, 63.58; H, 8.89; N, 4.94. Found: C, 63.38; H, 8.87; N, 4.88.

12.  The enantiomeric excess of the product is >96%. This was determined
by treating a sample of the ketbne with sodium borohydride/methanol (NaBH4/MeOH)
(23°C) and separating the resulting 3:2 mixture of aicohol diastereomers by flash
chromatography (silica gel, 2:3 ethyl acetate-hexane). The major alcohol
diastercomer was converted to its Mosher esterd [2.5 eq of (+)-a-
methoxytriﬂuoromethylphenyIacetic acid, 3 eq of dicyclohexylcarbodiimide, and 0.2 eq
of 4-(dimethylamino)pyridine, CH2Clz] and the crude esterification reaction mixture
was analyzed using 500 MHz 'H NMR. None of the minor diastereomer was observed
while doping experiments established that 2% would have been detected [diagnostic
signals: §1.80 (d, J = 13.4, major ester diastereomer); 8 1.82 (d, J = 14.1, minor ester
diastereomer)).
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Waste Disposal Information
All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983.

3. Discussion

This procedure illustrates a fundamentaily new method for constructing
substituted tetrahydrofurans.5-1¢ This practical method assembles the tetrahydrofuran
ring from allylic diol and carbonyl components and in the process forms three ring
bonds: C(2)-C(3), C(4)-C(5) and O-C(5). Both aldehydes (eq 1) and ketones
(illustrated in the present procedure) can be employed as the carbonyl component.
Although it is often convenient to isolate the acetal intermediate, conversion to the 3-
acyltetrahydrofuran can also be accomplished in many cases by the direct reaction of
the diol and carbonyl components.8 High cis stereoselectivity (at least 20:1) is
observed in the preparation of tetrahydrofurans that contain single side chains at
carbons 2 and 5 (eq 1). The kinetically controlled product also has the cis relationship

of these side chains and the 3-acyl substituent.

R4 4
R 2 i (o)
RA_ .~ 3 Rt
R
ApoH + Rcho —— | B0 Acd__ TN
>~,ns Catalyst .
R2 OH A2 o Re"2o”s RS

A definitive feature of this highly stereoselective new route to substituted
tetrahydrofurans is that both syn and anti allylic diol stereoisomers typically afford

identical tetrahydrofuran products. Thus, there is no need for stereoselective
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construction of the allylic diol reaction partner. The construction of substituted
tetrahydrofurans in high enantiomeric purity from non-racemic allylic diol precursors
has also been established.5.7 The rearrangement illustrated in eq 2 is the key step in

a recent synthesis of (+)-muscarine.

M Z i
e (0] SnCly Me
L-lactate < DArCH,O0COPh  ~ CHaNO; 0COPh
Me (o] Me (o)
l @
HO,

*

optically pure I)VITIMeg
Me

o “OTs

(+) - muscarine
tosylate

The scope and mechanism of the SnCis-promoted rearrangement of allylic
acetals have been investigated in detail and these studies provide considerable
guidance for using this new tetrahydrofuran synthesis.5-10 Three major limitations
emerge from studies conducted to date: (1) When the tetrahydrofuran construction
involves a ketone, and thus forms a quaternary center at C(5), allylic diols with alkene
substituents more nucleophilic than terminal vinyl rearrange in highest yield. (2) Allylic
acetals that are reluctant to ring open in the presence of acid catalysts to generate
oxacarbenium ions often undergo decomposition, rather than conversion to
acyltetrahydrofuran products. (3) Allylic acetals that form highly stabilized
Oxocarbeniums (e.g., cinnamaldehyde-derived acetals) do not undergo conversion to
3-acyltetrahydrofurans.
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This procedure illustrates the asymmetric synthesis of a spirobicyclic
tetrahydrofuran from the reaction of readily available (S)-3-[[(1,1-
dimethylethyl)diphenylsilyljoxy]-2-butanone? with cyclic ketones.1® The specific
example described here affords an azaspirobicyclic tetrahydrofuran 1 that is
structurally related 1o a recently reported class of powerful muscarinic agonists,
exemplified by 2,11 Consistent with limitation (1) noted above, the related reaction of
3-methyl-4-pentene-2,3-diol (which contains a less-nucleophilic terminal vinyl
participant) occurs in lower yield. As with other acetals that contain an slectron-
withdrawing heteroatom P or yto the acetal carbon, the rearrangement described in
this procedure is more efﬁcnem in nitromethane than in the Iess—xonlzmg solvent
dichioromethane (CH2Cl2).7

(o]
e A M 0
Me” o NCO,Et MSWNMG
1 2
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Appendix
Chemical Abstracts Nomenciature (Collective Index Number);

(Registry Number)

2-Bromopene: Propene, 2-bromo- (8); 1-Propene, 2-bromo- (9); (557-93-7)
tert-Butyllithium: Lithium, tert-butyl- (8); Lithium, (1,1-dimethylethyl)- (19); (594-19-4)
3-(S)-[(tert-Butyldiphenylsily l)oxy]-2-butanone: 2-Butanone, 3-[[(1,1-dimethylethy!)-
diphenylsilylJoxy}-, (S)- (12); (135367-18-9)

Tetrabutylammonium fluoride: Ammonium, tetrabutyl-, flucride (8); 1-Butanaminium,
N.N,N-tributyl-, fluoride (9); (429-41-4)

1-Carbethoxy-4-piperidone: 1-Piperidinecarboxylic acid, 4-oxo-,

ethyl ester (8,9); (29976-53-2)

P-Toluenesulfonic acid monohydrate 8); Benzenesulfonié acid,

4-methyl-, monohydrate (9); (6192-52-5)

Nitromethane: Methane, nitro- (8,9); (75-52-5)
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SYNTHESIS OF 2-SUBSTITUTED NAPHTHALENEDIOL
DERIVATIVES USING CHROMIUM CARBENE COMPLEXES:
1-ACETOXY-2-BUTYL-4-METHOXYNAPHTHALENE
(1-Naphthalenol, 2-butyl-4-methoxy-, acetate)

OAc

HC=CC,H CaHo

(CO)sCr Ac20 - TEA
OCl

3
OCHg4

Submitted by Joseph M. Timko and Ayako Yamashita.
Checked by Paul A. Johnson and Albert |. Meyers.

1. Procedure

Caution! All operations should be conducted in a well-ventilated hood with

breathing protection. The chromium carbene complex generally is contaminated with

the very volatile and toxic chromium hexacarbonyl, which is also generated as a

by-product of the reaction.

An oven-dried, 2-L, three-necked, r?und-bottomed flask, equipped with a
nitrogen inlet, magnetic stirring bar, thermometer, and reflux condenser, under an inert
nitrogen atmosphere (Note 1), is charged with 1.22 g (10 mmol) of 4-
dimethylaminopyridine (Note 2), 500 mL of tetrahydrofuran (Note 3), 11.0 mL (95.7
mmol) of 1-hexyne (Note 4), 13.2 mL (140 mmol) of acetic anhydride (Note 5), 9.8 mL
(70 mmol) of triethylamine (Note 2), 20.0 g (64.0 mmol) of penta-
carbonyl[phenyl(methoxy)chromium]carbene (Notes 1 and 6), and a final 100-mL rinsé

of tetrahydrofuran. The solution is heated to reflux with an oil bath and heating is
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maintained until TLC indicates that the chromium complex is totally consumed (about
45-60 min, Note 7). The solution is then cooled to ambient temperature, 30 g of silica
gel is added (Note 8), and volatile organic material is removed under reduced
pressure (rotary evaporator). The green solids are transferred to a filter funnel and
washed with hexane until TLC indicates that all products have been removed (5 x 100
mL) (Note 9). The hexane filtrate is then concentrated under reduced pressure to give
crude product contaminated with chromium hexacarbonyl. To the mixture is added 20
mL of isopropy! alcohol and the insoluble chromium hexacarbonyl is removed by
filtration (Note 9). The filtrate is concentrated under reduced pressure to give 14.0 g of
crude product which is purified by silica gel chromatography (Note 10). Appropriate
fractions are combined and the solvent is removed under reduced pressure to give 1-
acetoxy-2-butyl-4-methoxynaphthalene (11.8 g, >95% pure based on HPLC, 68%
yield based on the carbene complex, Notes 6 and 11) as a light yellow oil which
crystallizes on standing (Note 12). If desired, the product can be crystallized from
isopropy! alcohol (2.5 mL/g) to give white crystals, mp 49-50°C (>99% pure based on
HPLC).

2. Notes

1. Although slowly decomposed by exposure to air (oxygen), the chromium
carbene complex is sufficiently stable to handle using ordinary nitrogen drybox
techniques. The complex should be stored at refrigerator temperature. All solvents
and liquid reagents were routinely deoxygenated prior {o use with a slow stream of
nitrogen.

2. 4-Dimethylaminopyridine and triethylamine were obtained fram the Aldrich
Chemical Company, Inc., and used without further purification. H 4-

dimethylaminopyridine is omitted, the level of impurities rises.2
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3. Tetrahydrofuran, UV grade, was obtained from Burdick and Jackson or
Maliinkrodt inc. and used after distillation from calcium hydride.

4. 1-Hexyne was obtained from Farchan Chemical Company or Aldrich
Chemical Company, Inc., and used without further purification.

5. Acetic anhydride was obtained from Mallinckrodt inc. or Aldrich Chemical
Company, Inc., and used without further purification.

6. Pentacarbonyl[phenyl(methoxy)carbene]chromium was prepared by the
checkers in 75% yield according to the literature: Hegedus, L. S.; McGuire, M. A.;
Schultze, L. M. Org. Synth. 1987, 65, 140. This material was stored under nitrogen at
-30°C and purified immediately prior to use by filtration through a plug of Celite
(hexane soivent). If the chromium carbene is purchased from Aldrich Chemical
Company, Inc., the submitters found it was only 65% pure based on capillary GLC
analysis.

7. Analytical thin layer chromatography (TLC) was conducted on 10 x 2.5-cm
precoated glass plates (silica gel GF, 0.25-mm thickness, Analtech), eluted with 10%
ethyl acetate in hexane, and visualized with both UV (254 nm) and aqueous 50%
sulfuric acid spréy/heating. The carbene complex moves as an orange spot on TLC;
the reaction is complete when this spot is no longer visible.

8. The chromium complex degrades into chromium hexacarbonyl and an
intractable green chromium tar. The atldition of silica gel prior to solvent removal
adsorbs this material before it can form a tar.

9. The solid material containing chromium waste was placed in a container for
heavy metal wastes and disposed of by a commercial service according to approved
procedures

10. Silica gel (obtained from E. Merck or Alfa Products, Morton/Thioko! Inc.) was
used (420 g, 70-230 mesh) in a 5.5 x 60-cm column eluted with 10% ethyl acetate in

hexane.
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11. This reaction has been performed on a scale up to a 20 times larger by the
submitters {400 g of chromium carbens complex) with identical results.

12. The NMR spectrum was as follows: 13C NMR (75 MHz, CDCl3) §: 17.3,
20.2, 23.1, 31.4, 67.4, 127.1, 127.2, 127.9, 128.2, 128.3, 128.6, 128.7, 130.1, 130.3,
141.2, 172.0, 216.1.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories™; National Academic Press; Washington, DC,

1983.
3. Discussion

The regioselective preparation of 2-substituted naphthalenediol derivatives
having the diols differentially protected in a predictable and straightforward manner,
previously not directly attainable, is readily accomplished using chromium carbene
compiexes. First prepared by E. O. Fischer, chromium carbene complexes react
readily with alkynes (extensively investigated by K. H. Détz, and others).3 Steric
effacts dictate the substitution pattern observed2:4 and the reaction mechanism has
been widely studied.?

The title compound (U-66,858) and analogues are of interest as lipoxygenase

inhibitors with potential application to the treatment of asthma and related disorders.
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1. The Upjohn Company, Kalamazoo, MI 49001.

2. Yamashita, A.; Timko, J. M.; Watt, W. Tetrahedron Lett. 1988, 29, 2513, and
references therein. '
For a recent review, see Dbtz, K. H. Pure Appl. Chem. 1983, 55, 1689.

4.  Wultf, W. D.; Tang, P.-C.; McCallum, J. S. J. Am. Chem. Soc. 1981, 103, 7677,
Wulff, W. D.; Chan, K.-S.; Tang, P.-C.; J. Org. Chem. 1984, 49, 2293;
Yamashita, A.; Toy, A. Tetrahedron Lett. 1986, 27, 3471; and references

therein.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

1-Acetoxy-2-butyl-4-methoxynaphthalene: 1-Naphthalenol, 2-butyl-4-methoxy-,
acetate (11); (99107-52-5)

4-Dimethylaminopyridine: Pyridine, 4-(dimethylamino)- (8); 4-Pyridinamine,
N,N-dimethyl- (9); (1122-58-3)

1-Hexyne (8,9); (693-02-7)

Acstic anhydride (8); Acetic acid anhydride (9); (108-24-7)

Triethylamine (8); Ethanamine, N,N-diethyl- (9)! (121-44-8)
Pentacarbonyl[phenyl(methoxy)chromium]carbene: Chromium,
pentacarbonyl{a-methoxybenzylidene)- (8);

Chromium, pentacarbonyl(methoxyphenyimethylene)-, (OC-8-21) (9); (27436-93-7)
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SCHWARTZ'S REAGENT
(Zirconlum, chlorobis(n5-2,4-cyclopentadien-1 -yl)hydro-)

CpZiCl, - CpZr(HICI + CpyZH,

CH,Cl, wash T

Submitted by Stephen L. Buchwald,! Susan J. LaMaire, Ralph B. Nielsen,
Brett T. Watson, and Susan M. King.
Checked by Daniel J. Keavy and Robert K. Boeckman, Jr.

1. Procedure

Caution! The washing procedure described in Note 8 should be followed
carefully. On one occasion, allowing a contact time of ca. 1 hr while attempting to use
a cannula filter to remove the methylens chloride led to an exothermic decomposition
reaction.

To a dry, 1-L Schienk flask equipped with a magnetic stirring bar is added
under argon zirconocene dichloride (100 g, 0.342 mol) (Note 1), followed by dry
tetrahydrofuran (650 mL) (Note 2). Dissolution of the solid is accomplished by gentle
heating with a heat gun. To the solution at ~35°C (Note 3) is added dropwise, over a
45-min period, a filtered solution (Notes 4,5} of lithium aluminum hydride (3.6 g, 94
mmol) (Note 4) in ethyl ether (100 mL) (Note 6,7). The resulting suspension is stirred
at room temperature for 90 min. The mixture is then Schlenk-filtered (Figure 1) under
argon using a "D" frit. The resulting white solid is washed with tetrahydrofuran (4 x 75
mL), methylene chloride (2 x 100 mL) (Note 8) with stirring or agitation of the stirbar

immersed in the slurry, and then with ether (4 x 50 mL). The resulting white solid is
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dried under reduced pressure to give a white powder (Note 9), €6 g, 75% yield (Note
10).

2. Notes

1. Zirconocene dichloride is purchased from Boulder Scientific Co., and used
without any further purification.

2. Tetrahydrofuran is distilled from sodium/benzophencone ketyl under argon at
atmospheric pressure immediately before use.

3. Crystallization occurs if the temperature is ailowed to fall below ~35°C. The

reaction can be conducted successfully even if a small amount of solid forms.

Figure 1

To Argon/NVacuum

Frit
Reaction Flask

4. This solution is prepared by adding lithium aluminum hydride to ethyl ether,
stirring the suspension for 10 min, and allowing the undissolved material to settle to
the bottom of the flask. The clear solution is then filttered under argon using a modified

cannula (Figure 2) fitted with a piece of glass fiber filter (Number 34 Glass, 24 mm,
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purchased from Schleicher & Schusll); a Schienk-filttered or commercial clear solution
would work as well.

5. Lithium aluminum hydride (85%) is purchased from Alfa Products,
Morton/Thiokol, Inc.

6. A slightly exothermic reaction results that maintains the temperature of the
reaction mixture at ~35°C during the addition.

7. Ethyl ether is distilled from sodium/benzophenone ketyl under argon at
atmospheric pressure immediately before use.

8. Methylene chloride is distilled from calcium hydride under argon at
atmospheric pressure immediately before use. It is important to keep the methylene
chloride wash in contact with the Schwartz's Reagent for a maximum period of 10 min;

use of a frit filter is essential.

Figure 2

Connected Meral Piece with Same Bore as Cannula

Glass Fiber Filter Secured with Teflon Tape

9. Schwartz's Reagent is an air, moisture, and moderately light sensitive
compound that should be dried in the dark, and protected from moisture and light

during storage.
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10. A smalil sample of the hydride is suspended in benzene-ds and assayed in a
5-mm NMR tube by treatment with a known amount of excess acetone (Equation 1).
The relative areas of the signal for the mono- and diisopropoxides are determined by
TH NMR (300 MHz, CsDg integrating the methyl doublets): CpaZr(H)Cl: 94-96%,
Cp2ZrHa: 4-6%.2a

O
CroZi(HIC! + CppZrH, —o=—s CpZHO--PCI +  CpyZr(O-+Pr)
50.94 (d, 6 H), 51.05(d, 12H), E!
4.00 (septet, 1 H), 4.04 (septet, 2 H),
592 (s, 10 H) 597 (s, 10 H)

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983.

3. Discussion
:

Schwartz’s Reagent3 is available commercially (from the Aldrich Chemical
Company, Inc.) although it is quite expensive. Two literature preparations of this
important reagent are available. The first utilizes LiAl(OtBu)sH to reduce zirconocene
dichloride.# The second method utilizes sodium bis(2-methoxyethoxy) aluminum
hydride (RED-AL) as the reducing agent.28 The disadvantages of these procedures

have been discussed.3
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Wailes, in his original report on the preparation of CpaZr(H)Cl investigated the
lithium aluminum hydride reduction of zirconocene dichloride and found that this leads
to considerable overreduction to give CpaZrHz.4 Later it was found that treatment of
Cp2ZrHz with methylene chioride converts the dihydride into Schwartz's Reagent.3

In the procedure described hers, zirconocene dichloride is reduced to a mixture
of Cp2Zr(H)Cl, and CpaZrHz using a solution of lithium aluminum hydride. Washing
the mixture with methylene chloride converts the CpaZrH; into the desired CpaZr(H)CI.
This method circumvents the need for expensive reducing agents and the use of the
filttered lithium aluminum hydride solution substantially simplifies the product isoiation.
The procedure can be performed in 3-4 hr and does not require the use of a glove box
thus making it an experimentaily simple, inexpensive preparation for large scale
batches of Schwartz's Reagent.

The utility of Cp2ZrHCI for hydrozirconation was discovered by Schwartz.2
Many subsequent applications of this useful reagent have been documented.5 One
such application is illustrated in the conjugate addition of a vinylzirconium reagent to
form 3-(1-octen-1-yl)cyclopentanone which is detailed in the following procedure.6 In

some cases Schwart'z Reagent (or its equivalent) can be prepared and used in situ.7

1. Department of Chemistry. Massachusetts Institute of Technology, Cambridge,
MA 02139.

2. (a)Carr, D. B.; Schwartz, J. J. Am. Chem. Soc. 1979, 101, 3521; (b) Hart, D. W.;
Schwartz, J. J. Am. Chem. Soc. 1974, 96, 8115; (c) Schwartz, J.; Labinger, J. A,
Angew. Chem., Int. Ed. Engl. 1976, 15, 333; (d) Hart, D. W.; Blackburn, T. F.;
Schwartz, J. J. Am. Chem. Soc. 1975, 97, 679; (e) Bertelo, C. A.; Schwartz, J. J.
Am. Chem. Soc. 1976, 98, 262.

3. Buchwald, S. L.; LaMaire, S. J.; Nielsen, R. B.; Watson, B. T.; King, S. M.
Tetrahedron Lett. 1987, 28, 3895.
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4. (a) Wailes, P. C.; Weigold, H. J. Organomet. Chem. 1970, 24, 405; (b) Wailes,
P. C.; Weigold, H. Inorg. Synth. 1979, 19, 223.

5. Negishi, E.-i.; Takahashi, T. Aldrichimica Acta 1985, 18, 31 and references
therein.

6.  Chu Sun, R.; Okabe, M.; Coffen, D. L.; Schwartz, J. Org. Synth. 1992, 71, 83.
Negishi, E-i.; Miller, J. A.; Yoshida, T. Tetrahedron Leit. 1984, 25, 3407.

Appendix
Chemical Abstracts Nomenciature (Collective Index Number);

(Registry Number)

Schwartz's Reagent: Bis(cyclopentadienyl)zirconium chloride hydride: Zirconium,
chlorodi-n-cyclopentadienylhydro- (8); Zirconium, chlorobis(n5-2,4-cyclopentadien-1-
ylhydro- (9); (37342-97-5)

Zirconocene dichloride: Zirconium, dichloro-n-cyclopentadienyl- (8)-; Zirconium,
dichlorobis(n5-2,4-cyclopentadien-1-yl)- (9); (1291-32-3)
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CONJUGATE ADDITION OF A VINYLZIRCONIUM REAGENT:
3-(1-OCTEN-1-YL)CYCLOPENTANONE
(Cyclopentanone, 3-(1-octenyl)-, (E)-)

C -
I,
Y4 o +

/\/\/\ L
&
(I:l H
[ CpaZr \%\/\/\/ ]
[o]
é Ni(AcAc), (cat)

Submitted by Ruen Chu Sun,! Masami Okabe,! David L. Coffen,1
and Jeffrey Schwartz.2
Checked by Daniel J. Keavy and Robert K. Boackman, Jr.

1. Procedure
3-(1-Octen-1-yl)cyclopentanone.® A 38.7-g quantity (0.150 mol) of chlorobis(ns-
cyclopentadienyl)hydridozirconium, Schwartz's reagent, (Note 1) is weighed into an

oven-dried, 250-mL, three-necked flask. The flask equipped with argon inlet and exit

tubes, a thermometer and magnetic stirrer is placed in an ice/water cooling bath.
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Under an atmosphere of argon, 50 mL of dry tetrahydrofuran (Note 2) and 23.6 mL
(0.16 mot) of freshly distilied 1-octyne (Note 3) are added. The ice/water cooling bath
is used to keep the temperature between 15°C and 25°C during the addition. Stirring
is continued in the ice bath for 2 hr to control a mildly exothermic reaction; then the
flask is wrapped in aluminum foil and stirred overnight at room temperature (elapsed
time is 18 hr). At this point, 10.9 mL (0.130 mol) of freshly distilled 2-cyclopentenone
(Note 3) is added and the reaction mixture is chilled in an ice bath for 10 min. To the
cooled reaction mixture a total of 3.34 g (0.0130 mol) of vacuum-sublimed (at 180°C),
powdered, solid nickel acetylacetonate (Notes 3,4) is added in three portions at 10-
min intervals, keeping the temperature of the reaction mixture below 50°C (Notes 5,6).

The mixture is stirred for 2 hr in the ice bath and for 2 hr at room temperature,
then poured into a large Erlenmeyer flask containing 150 mL of 1 N hydrochloric acid
and 200 mL of ice/water mixture. Hexane (400 mL) is added and the quenched
reaction mixture is stirred for 30 min. Solid material is removed by vacuum filtration
(Note 7) and the solids are washed with hexane (3 x 70 mL). The combined filtrates
are transferred to a separatory funnel and the organic layer is removed. - The aqueous
layer (Note 7) is extracted with 300 mL. of hexane and the extract is combined with the
original organic layer. After the organic layer is washed successively with 300-mL
portions of saturated sodium bicarbonate solytion and brine, it is dried over sodium
sulfate and concentrated under reduced pressure to give 24.8 g of crude product. The
crude product is placed on a chromatography column prepared from 550 g of silica gel
and hexane. The column is eluted with 2% ethy! acetate in hexane until 3.5 L of eluant
has been collected. Then 4% ethy! acetate in hexane is used. The fractions
containing the product (TLC) are combined and evaporated, finally under high
vacuum, to afford 15.4 g (61%) of a very pale yellow liquid (Note 8). GC analysis of
this product on an OV17 50-m capillary column (100°C to 200°C at 5°C/min) shows it
to be 98.2% pure.
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The material is distilled in a Kugelrohr apparatus at 0.15 mm and an oven
temperature of 95-105°C to give 15.0 g (59% overall yield) of material with GC purity of
98.3% (Note 9).

2. Notes

1. Chiorobis(n5-cyclopentadienylhydridozirconium was prepared by lithium
aluminum hydride reduction of the dichloro compound using the procedure of
Buchwald and co-workers.4 When carried out using chlorobis(n5-cyclopentadienyl)-
hydridozirconium obtained from a commercial source, the procedure afforded only a
28% yield of final product.

2. Tetrahydrofuran was distilled from sodium/benzophenone before use.

3. 1-Octyne, cyclopentenone, and nickel acetylacetonate were purchased from
the Aidrich Chemical Company, Inc. The checkers recrystallized the latter compound
from anhydrous methanol followed by azeotropic drying with hot toluene.

4. For some applications of this chemistry, it may be preferable first to reduce
the nickel catalyst with DIBAL.3

5. The checkers observed a significant induction period prior to onset of the
exothermic reaction. Care must be taken to avoid addition of the nickel acetyl-
acetonate too rapidly initially or temperature control becomes difficult.

6. In several separate small scale experiments, it was noted that the coupling
reaction was not impeded by adding pyridine, triethylamine, t-butyl alcohol,
chiorotrimethyisilane, or diisopropylamine to the reaction mixture before adding the
nickel catalyst. These results suggest that a variety of functional groups can be
present in the enone partner of the coupling reaction. In addition toluene can be used

instead of tetrahydrofuran as the solvent.
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7. Disposal of waste materials containing nickel salts should be carried out in
an environmentally acceptable manner.

8. The checkers employed a flash chromatography technique, and 4% ethyl
acetate/hexanes as the TLC solvent system to monitor the chromatographic
separation.

9. The NMR spectrum of the product [TH NMR (CDCI3) 3] showed a
characteristic set of multiplets from 0.8 to 2.9 ppm and olefinic protons at 5.43 (dd, 1 H,
J = 15.4 and 6.4) and 5.49 ppm (dt, 1 H, J = 15.4 and 5.8); 13C NMR (75 MHz, CDCl3)
3: 14.0, 22.6, 28.7, 29.3, 29.9, 31.6, 32.4, 38.1, 39.7, 44.9, 130.6, 131.9, 219.0; IR
(neat) cm-1; 1743; mass spectrum m/e 194 (M+). Anal. Calcd for C13H200: C, 80.35;
H, 11.41. Found: C, 80.40; H, 11.35. The checkers employed a 30-m Durawax DX3

column for the GC analysis and found a purity of 97%.
Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983, '

;
3. Discussion

This example does not illustrate the highest yield application of this chemistry.
Coupling of 1-octyne and cyclopentenone was selected because these materials are
commercially available and because this coupling exemplifies, in a prototypical
fashion, the application of this powerful chemistry to prostaglandin synthesis. Several

additional examples are presented in the original publication.3
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A closely related coupling reaction is a key step in a synthesis of the anti-ulcer
prostaglandin 1, a synthesis that was developed for large scale preparation of this

compound.5

[o]

o]
several steps
—— S~ NCOOH
—_—
4” 2

The simplicity of operation and flawless rendering of (E)-gesometry make this an

attractive alternative to vinylcuprate additions.

Chemistry Research Department, Hoffmann-La Roche inc., Nutley, NJ 07110.
Department of Chemistry, Princeton University, Princeton, NJ 08544,

Schwartz, J.; Loots, M. J.; Kosugi, H. J. Am. Chem. Soc. 1980, 102, 1333.
Buchwald, S. L.; LaMaire, S. J.; Nielsen, R. B.; Watson, B. T.; King, 5. M.
Tetrahedron Lett. 1987, 28, 3895; Org. Synth. 1992, 71, 77.

§. Coften, D. L.; Manchand, P. S.; Truesdale, L. K.; Eur. Pat. Appl. Ep 153 689,
1985 (to Hoffmann-La Roche & Co.); Chem. Abstr. 1986, 104, 186231v.

bl
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

3-(1-Octen-1-yl)cycloptentanone: Cyclopentanone, 3-(1-octenyl)-, (E)- (10);
(64955-00-6)

Chlorobis(n5-cyclopentadienyfhydridozirconium: Zirconium, chlorodi-x-
cyclopentadienylhydro- (8); Zirconium, chlorobis(n5-2,4-cyclopentadien-1-yl}hydro-
(9); (37342-97-5)

1-Octyne (8,9); (629-05-0)

2-Cyclopentenone: 2-Cyclopenten-1-one (8,9); (930-30-3)

Nickel acetylacetonate: Nickel, bis(2,4-pentanedionato- (8); Nickal, bis(2,4-
pentanedionato-O,0')-, (SP-4-1)- (9); (3264-82-2)
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PALLADIUM(0)-CATALYZED REACTION OF 9-ALKYL-9-
BORABICYCLO[3.3.1JNONANE WITH 1-BROMO-1-PHENYLTHIOETHENE:
4-(3-CYCLOHEXENYL)-2-PHENYLTHIO-1-BUTENE

_ 1) Br Br
A.  PhSCH=CH, —2)K_OH—— Phs>=

o (YT 9)
: . H_g@ —_— O/\/
B@ B'>= Pd(PPha)e
¢ ON Y pns KsPOs

SPh

Submitted by Tatsuo Ishiyama, Norio Miyaura, and Akira Suzuki.!
Checked by Ron J. Graham and Leo A. Paquette.

1. Procedure

A. 1-Bromo-1-phenylthioethens. A 300-mL, two-necked, round-bottomed flask
is fitted with a magnetic stirring bar, pressure-equalizing dropping funnel, and a reflux
condenser to which a nitrogen inlet tube and an oil bubbler are attached, and flushed
with nitrogen (Note 1). In the flask are placed 13.6 g (100 mmol) of phenyl vinyl sulfide
(Note 2) and 80 mL of ether (Note 3), which are then cooled to ca. -78°C with a dry ice-

methanol bath. Bromine (16.0 g, 100 mmol) is added dropwise over 30 min to the
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stirred solution. "After the solution is warmed to room temperature, 40 mL of absolute
ethanol, followed by a solution of 8.0 g (140 mmol) of potassium hydroxide in 80 mL of
absolute ethanol is added dropwise to the resulting slightly red solution over 30 min.
The light brown solution containing a white precipitate of potassium bromide is stirred
at room temperature for 2 hr. The precipitate is removed by filtration and the filtrate is
concentrated by rotary evaporation. The residue is treated with 200 mL of ether and
200 mL of water. The organic layer is separated, washed with brine (50 mL), and
dried over anhydrous magnesium sulfate. After rotary evaporation of the solvent, the
residual oil is distilled under reduced pressure to give 17.2 g (80% yield) of 1-bromo-
1-phenylthiosthene (Note 4) as a colorless liquid, bp 49-50°C (0.07 mm).

B.  9-[2-(3-Cyclohexenyl)ethyl]-9-BBN. A 500-mL, three-necked, round-
bottomed flask is equipped with a magnetic stirring bar, thermometer, reflux
condenser, and a pressure-equalizing addition funne! capped with a rubber septum.
The apparatus is connected through the condenser to a nitrogen source and an oil
bubbler and flushed with nitrogen. The flask is charged with 35 mL of tetrahydrofuran
(Note 5) and 8.32 g (77.0 mmol) of 4-vinyl-1-cyclohexene (Note 6) and cooled to 0°C.
A 0.5 M solution of 9-BBN (9-borabicyclo[3.3.1Jnonane) in tetrahydrofuran (154 mL,
77.0 mmol) (Note 7) is transferred via cannula to the addition funnel and is added
dropwise with stirring over 1 hr maimaining’.the temperature at 0-5°C. The reaction
mixture is stirred for 1 hr at 0°C and for 1.5 hr at room temperature. The solution
obtained is used in the next step without further treatment (Note 8).

C. 4-(3-Cyclohexenyl)-2-phenylthio-1-butene. To the above solution of the
borane derivative, 0.809 g {0.700 mmol) of tetrakis(triphenylphosphine)palladium(0)
(Note 9), 1.47 g (5.60 mmol) of triphenylphosphine (Note 10), 35 mL of 3 M potassium
phosphate in water (Note 11), and finally 15.1 g (70.0 mmol) of 1-bromo-1-
phenyithioethene are added and the resulting mixture is heated at reflux for 3 hr with

stiring. The fight brown solution is cooled to room temperature and treated with 6.4 g
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(100 mmol) of ethanolamine (Note 12) for 1 hr. Then 100 mL of hexane and 100 mL of
water are added. The organic layer is separated, washed with 100 mL of water, and
dried over anhydrous magnesium sulfate. The drying agent is removed by filtration
and the filtrate is concentrated by rotary evaporation. The addition of 250 mt. of
hexane to the residual viscous oil, containing some solid, precipitates the 9-
BBN/ethanolamine complex. The solid is removed by filtration and is washed with
hexane (50 mL x 3), and the filtrate is concentrated using a rotary evaporator. The
crude product is passed through a short silica gel column (60-200 mesh, 60 g) using
hexane as an eluent (Note 13). After removal of the hexane, the residue is distilled
under reduced pressure to give 12.5-13.9 g (73-81%) of 4-(3-cyclohexenyl)-2-
phenylthio-1-butene as a colorless liquid, bp 114-116°C (0.04 mm) (Note 14).

2. Notes

1. All glassware was pre-dried in an oven at 120°C for 2 hr, assembled while
hot, and allowed to cool under a stream of nitrogen.

2. The preparation of phenyl vinyl sulfide is described Org. Synth., Coll. Vol. Vil
1990, 453. The compound is also available from Aldrich Chemical Company, Inc.

3. Ether was distilled from benzophenone ketyl under nitrogen before use.

4. The product is labile at room temperature and shouid be stored in a freezer.
Spectral data are as follows: IR (neat) cm-1: 3076, 3060, 1583, 1477, 1440, 1068,
752, 689; 1TH NMR (300 MHz, CDCl3) &: 5.73 (d, 1 H, J=23),583(d 1H,J=23),
7.23-7.46 (m, 5 H).

5. Tetrahydrofuran is distilled from benzophenone ketyl under nitrogen before
use.

6. 4-Vinyl-1-cyclohexene was obtained from Aldrich Chemical Company, Inc.,
and distilled it prior to use.
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7. A 0.5 M solution of 9-BBN in tetrahydrofuran was purchased from Aldrich
Chemical Company, Inc., and was used without additional purification. The
preparation2 of the reagent by hydroboration of 1,5-cyclooctadiene with
borane/tetrahydrofuran complex is reported.

8. If necessary, 9-[2-(3-cyclohexenyl)ethyl]-9-BBN3 can be purified by removal
of the solvent and vacuum distillation under nitrogen (bp 103°C (0.035 mm)).

9. The preparation of tetrakis(triphenylphosphine)palladium(0) is described.4 It
is also available from Aldrich Chemical Company, Inc.

10. Triphenylphosphine was obtained from Nakarai Chemicals, Japan. When
the reaction is carried out without additional triphenyiphosphine, the yield of coupling
product may drop to 60-70% and the product is accompanied by the by-products,
phenyl vinyl sulfide and 4-vinyl-1-cyclohexene, derived from B—hydride elimination.

11. The solution is prepared by dissolving 22.3 g (105 mmol) of potassium
phosphate (Nakarai Chemicals, Japan) in water and adjusting the final volume to 35
mL. The original method® used sodium hydroxide as base; potassium phosphate is
desirable for the extension of the present procedure to base-sensitive compounds.
Under such conditions, the reaction with 9-(10-carbomethoxydecanyl)-9-BBN
proceeds similarly without saponification of the ester group.

12. Ethanolamine was purchased from Nakarai Chemicals, Japan. The reagent
reacts with the resulting 9-BBN residue 16 give an air stable 1:1 adduct6 that is
insoluble in hexane.

13. This operation effectively removes the remaining palladium-containing
compounds, phosphine derivatives, and borane residues.

14. Gas chromatographic analysis of the product (Finnigan ITD 800-fused silica
capillary, SE 30 column, 0.35 mm x 25 m, column temperature 80-250°C, injection
temperature 250°C) shows that the chemical purity is 94-98.5%. The spectral data are
as follows: IR (neat) cm-1: 3030, 2920, 1615, 1590, 1480, 1440, 750, 690; 'H NMR
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(300 MHz, CDClg) §: 1.00-1.90 (m, 6 H), 1.90-2.20 (m, 3 H), 2.20-2.50 (m, 2 H), 4.88
(s, 1 H), 5.15(s, 1 H), 5.64 (s, 2 H), 7.20-7.50 (m, 5 H).
The product deteriorates at room temperature and should be stored in the

freezer.
Waste Disposal Information

Ali toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories"; National Academic Press; Washington, DC,

1983.
3. Discussion

The reaction described here is an attractive method for the synthesis of alkenyl
sulfides via the cross-coupling reaction5 of 9-alkyl-9-BBN with
bromo(phenyithio)ethenes induced by a palladium catalyst. Bromo(phenylthio)ethene
has several advantages in terms of its practical use for the cross-coupling reaction.
Coupling occurs at the bromine position, but no coupling at the sulfur position is
obtained under conditions using an excess of 9-alkyl-9-BBN. Thus, the formation of
dialkylation products is completely avoided. The reaction is highly stereoselective and
is readily extended io the coupling with (E)- and (Z)-2-bromo-1-phenyithio-1-alkene

derivatives (1and 2)7 to afford stereodefined vinylic sulfides. The generality of the
Br

R
Phs\/ABr Phs\)\R R=H,CH;
1

2
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present method was demonstrated by the stereoselective hydroboration of a side

chain of a steroid, followed by the cross-coupling reaction.

)
————
AcO
e,
PhSJLBr SPh
Pd(PPhg}s, KOH
75%

AcO

The reactions8 of (E)- or (Z)-1-alkenyl or 1,3-alkadienylboronic esters with 1 or
2 provide simple routes for stereoselective syntheses of 1,3-alkadienyl and 1,3,5-
alkatrienyl pheny! sulfides.

Not only boron derivatives, but also Grignard reagents® are reported to undergo
a related coupling reaction with bromo(phenylthio)ethene derivatives. Other methods
reported for the synthesis of alkeny! sulfides are condensation of carbonyl compounds
with 1-methyithioalkylphosphonate esters10 or alkylthiomethyl(trimethyl)silane,11
addition12 of organothioalkoxides to alkynes, reduction!3 of 1-alkynyl sulfides with
metal hydride reagents, and substitution14 of 1-bromo-1-alkenes with sulfur reagents.
However, most of these methods may lead to a mixture of geometrical isomers, the

separation of which is difficuft.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

1-Bromo-1-phenyithioethene; Benzene, [(2-bromoethenyl)thic}- (8); (35088-66-5)
Pheny! vinyl sulfide: Sulfide, phenyl vinyl (8); Benzene, (ethenytthio)- (9); (1822-73-7)
Bromine (8,9); (7726-95-6)

9-[2-(3-Cyclohexenyl)ethyl-9-BBN: 9-Borabicycio[3.3.1]nonane,
9-[2-(3-cyclohexen-1-yl)ethyl]- (10); (69503-86-2)

4-Vinyl-1-cyclohexene: Cyclohexene, 4-vinyl- (8); Cyclohexene,

4-etheny)- (9); (100-40-3)

9-Borabicyclo[3.3.1]nonane (9-BBN) (8,9); (280-64-8)
Tetrakis(triphenyiphosphine)palladium(0): Palladium, tetrakis(triphenylphosphine)-
(8); Palladium, tetrakis(triphenylphosphine)-, (T-4)- (9); (14221-01-3)
Triphenylphosphine: Phosphine, triphenyl- (8,9); (603-35-0)
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4-METHOXY-4'-NITROBIPHENYL
(1,1'-Biphenyl, 4-methoxy-4'-nitro-)

OH OSO,CF4
A. + ( CF3802)20 g!ridine
NO, NO,
1
MgBr SnBu,
THF
B +  BuSnCi —_—
OCHg; OCH3,
2
OSOch 3 SnBua
, PACK(PPIgLI0I _ NOCH
c * © DMF 2 s
NO, OCH4 3
1 2

Submitted by J. K. Stille, Antonio M. Echavarren, Robert M. Williams, and
James A. Hendrix.!

Checked and modified by Bryon A. Merrili and Larry E. Overman.
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1. Procedure

Caution! Many organotin compounds are toxic.2 Their preparation and use
should be carried out in a well-ventilated hood.

A. 4-Nitrophenyl trifluoromethanesulfonate (1). A dry, 100-mL, three-necked,
round-bottomed fiask equipped with a magnetic stirring bar, nitrogen gas inlet, and
rubber septum (Note 1) is charged sequentially with 10.0 g (71.9 mmol) of 4-
nitrophenol and 38 mL of pyridine (Note 2). The stirred solution is cooled to 0°C and
13.5 mL (80 mmol) of trifluoromethanesulfonic anhydride (Note 3) is added through
the septum via a syringe. The rate of addition is such that the internal temperature of
the flask never exceeds 25°C (Note 4). The solution is allowed to warm slowly to room
temperature and is maintained at room temperature for 25 hr. The reaction is
quenched by pouring it into a 250-mL separatory funnel that contains 100 mL of water
and 50 mL of diethyl ether. The two phases are separated and the aqueous phase is
extracted with four additional 50-mL portions of diethy! ether. The combined organic
fractions are dried over magnesium sulfate, filtered, and concentrated to provide 18.7
g of crude 1 as a yellow, crystalline, solid.

The crude product is dissolved in 50 mL of diethy| ether and adsorbed onto 20 g
of Celite 521 by evaporation of the diethyl eéther under reduced pressure. The dry
Celite 521 is then added to the top of a column containing 200 g of silica gel (32-63
micron) and the column is eluted with a mobile phase of 9:1 hexanes-ethyl acetate.
The fractions containing the product (Rt = 0.50, 9:1 hexanes-ethyl acetate) are
collected and concentrated under reduced pressure to yield 17.7 g (91%) of 1 as a
colorless, crystalline, solid (Note 5).

B. Tributyl(4-methoxyphenyl)stannane (2). A dry, 250-mL, three-necked,
round-bottomed flask, equipped with a reflux condenser, magnetic stirring bar, and

nitrogen gas inlet, is charged with 2.91 g (120 mmol) of magnesium turnings (Notes 1
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and 6). The flask is fitted with a rubber septum and charged sequentially via syringe
with 85 mL of tetrahydrofuran (Note 7), 14.0 mL (112 mmol) of 4-bromoanisole (Note
8), and 0.05 mL of methyl iodide (Note 9). The rubber septum is immediately replaced
with a Teflon stopper. Within 5 min, the reaction spontaneously warms to reflux
temperature and continues to boil for approximately 10 min. The reaction is stirred an
additional 2 hr without external heating or cooling. The flask is fitted with a rubber
septum and 30.5 mL (112 mmol) of tributyltin chloride is added to the green solution
via a syringe (Note 10). The septum is again replaced with a Teflon stopper and the
reaction is heated at reflux for 12 hr.

Upon cooling to room temperature, a gray precipitate forms and the reaction is
quenched with 220 mL of saturated, aqueous ammonium chloride. The resulting
mixture is poured into a 1-L separatory funnel and extracted with 220 mL of diethyl
ether. The organic fraction is washed two times with 100 mL of water, and once with
100 mL of brine, dried over magnesium sulfate, fittered, and concentrated under
reduced pressure to provide 44.1 g of crude product as a pale yeliow oil. Purification
of this material by bulb-to-bulb distillation (140-145°C, 0.5 mm) (Note 11) into a chilled
(-78°C) receiving flask yields 41.0 g (92%) of 2 as a clear, colorless oil (Note 12).

C. 4-Methoxy-4'-nitrobiphenyl (3). A dry, 500-mL, three-necked, round-
bottomed flask equipped with a reflux condenser, magnetic stirring bar, nitrogen gas
inlet, and rubber septum (Note 1) is charged sequentially with 300 mL of anhydrous
N,N-dimethylformamide (Note 13), 15.0 g (55.4 mmol) of 4-nitrophenyl
trifluoromethanesuifonate (1), 27.8 ¢ (7_0.0 mmol) of tributyl(4-
methoxyphenyl)stannane (2) (Note 14), 7.5 g of dry lithium chioride (Note 15), and 1.6
g (4 mol percent) of bis(triphenylphosphine)palladium(lf) chioride (Note 16). The
rubber septum is replaced with a Teflon stopper and the yellow mixture is heated at

100-105°C for 2.5 hr. After approximately 20 min, the reaction turns dark brown.
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The reaction mixture is cooled to room temperature and then vacuum-filtered
through a 350-mL, medium frit, sintered-glass Blichner funnel that is filled to a height
of 4 cm with ethyl acetate-impregnated Celite 521. Four 100-mL portions of ethyl
acetate are used to wash the pad of Celite 521. The filtrate is partially concentrated by
removal of ethyl acetate under reduced pressure. The resulting brown liquid is slowly
poured into 1.5 L of water. After standing for 8 hr, the precipitate is collected by
vacuum filtration and air dried. The solid is dissolved in 500 mL of acetonitrile, the
resulting solution is poured into a 1-L separatory funnel, and is washed with three 300-
ml portions of hexanes. The acetonitrile layer is concentrated to provide 24 g of crude
product as a brown solid.

The crude product is dissolved in a minimum amount of dichloromethane and
adsorbed onto 25 g of silica gel (32-63 micron) by subsequent evaporation of the
dichloromethane under reduced pressure. The sample of dry, dark brown silica gel is
added to the top of a column containing 500 g of silica gel (32-63 micron) with a
mobite phase of hexanes. The polarity of the mobile phase is gradually increased
from hexanes to 95:5 hexanes-ethyl acetate. The fractions containing the desired
product (R = 0.26, 95:5 hexanes-ethyl acetate) are combined and concentrated under
reduced pressure to yield 6.9 g of 3 as a yellow solid. Additional purification is
required to remove traces of tin by-products. Compound 3 is dissolved in 70 mL of
ethyl acetate and stirred over 70 mL of satur;ted, aqueous potassium flucride for 24
hr. The two phases are separated and the organic phase is dried over magnesium
sulfate, filtered, and concentrated under reduced pressure. The resulting yellow solid
is recrystallized from ethy! alcohol to provide 6.1 g (48%, 2 crops) of 3 as yellow

needles (Notes 17, 18, and 19).

100

2. Notes

1. All glassware is oven-dried at 140°C ovemight and assembled while hot
under a nitrogen atmosphere.

2. 4-Nitrophenol (99%+) is purchased from the Aldrich Chemical Company,
Inc., as a golden yellow solid and used as received. Pyridine is freshly distilled from
calcium hydride.

3. Trifluoromethanesulfonic anhydride is purchased from the Aldrich Chemical
Company, Inc., and used as received. It may also be prepared from
triflucromethanesulfonic acid.3

4. The reaction turns deep red upon addition of the anhydride.

5. 4-Nitropheny! trifluoromethanesulfonate exhibits the following properties:
mp 54-55°C (lit.4 53°C); IR (KBr) cm-1: 3125, 3094, 1625, 1590, 1537, 1487, 1423,
1352, 1253, 1214, 1137, 1012, 900, 862, 759, 744, 692, 613; TH NMR (300 MHz,
CDClg) &: 7.50 (d, 2 H, J = 9.2), 8.37 (d, 2 H, J = 9.2); high resolution mass spectrum
(isobutane CI): 271.9848 (271.9840 calcd for C7HsF3NOsS).

6. Magnesium turnings (99.99%) are purchased from Johnson Matthey/Alfa
Products and used as received.

7. Tetrahydrofuran is freshly distilled from sodium benzophenone ketyl.

8. 4-Bromoanisole is purchased from the Aldrich Chemical Company, Inc., and
used as received.

9. Methyl iodide is purchased from the Aldriqh Chemical Company, Inc., and
used as received. Methyl iodide is used as a catalyst to initiate the Grignard reaction.

10. Tributlytin chloride is purchased from the Aldrich Chemical Company, Inc.,
and used as received. The reaction warms upon the introduction of tributyltin chioride,

but it does not boil spontaneously .
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11. Tributyl(d-methoxyphenyl)stannane is reported to boil at 158-160°C (0.5
mm).5

12. Tributy](4.methoxyphenyl)stannans exhibits the following properties: 1H
NMR (500 MHz, CDCl3) 8: 0.88 {t, 9 H, J =7.3), 1.02 (m, 6 H), 1.33(m, 6 H), 1.53 (m, 6
H), 3.80 (s, 3 H), 6.90 (d, 2H, J = 85), 7.37 (d, 2 H, J = 8.5). The peaks at 1.02 and
7.37 ppm show coupling With tin; mass spectrum (isobutane ClI) 399, 397, 395, 291,
289, 287. The product is at least 97% pure by GC analysis (30 m, Supelco SPB-1
fused silica column).

13. Anhydrous N,N-dimethylformamide (water <0.005%}) is purchased from the
Aldrich Chemical Company, Inc., and transferred via cannula directly from the
Sure/Seal bottle into the reaction flask. The solvent is deoxygenated by bubbling
nitrogen through it for 45 min prior to the addition of compound 2.

14. Tributyl(4-methoxyphenyl)stannane (2) is added to the reaction flask via a
30-mL syringe.

15. Lithium chloride is dried by heating at 130°C under reduced pressure (0.5
mm) for 24 hr.

16. Bis(triphenylphosphine)palladium(ll) chloride (98%) is purchased from the
Aldrich Chemical Company, Inc., and used as received.

17. 4-Methoxy-4-nitrobiphenyl (3) has the following properties: mp 108-110°C
(lit.6 111°C); IR (KBr) cm-1: 3062, 2968, 28‘38, 1600, 1509, 1487, 1345, 1253, 1034,
1017, 857, 845, 830, 817, 757, 724, 696; TH NMR (500 MHz, CDCl3) 5: 3.88 (s, 3 H),
7.01(d,2H,J=87),758(d,2H,J=87),768(d,2H,J=87)826(d, 2H,J=87);
13C NMR (125 MHz, CDCl3) &: 55.4, 114.5, 124.1, 127.0, 128.5, 131.0, 146.4, 147.1,
160.4; mass spectrum (isobutane Cl): 230 (MH). Anal. Calcd for C13H11NO3: C,
68.10; H, 4.84; N, 6.11. Found: C, 67.99; H, 4.87; N, 6.13.

18. The checkers also recover 170 mg (2%) of 4,4'-dimethoxybipheny! (4) (Rf =
0.38, 95:5 hexanes-ethyl acetate) and 310 mg (3%) of 4-amino-4'-methoxybiphenyl
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(5) (Ry = 0.28, 4:1 hexanes-ethyl acetate) as minor byproducts. Compound 5 is
recovered from the column by increasing the eluent polarity to 4:1 hexanes-ethyl
acetate.

4,4'-Dimethoxybiphenyl (4) has the following properties: mp 175-177°C
(lit.7 176-178°C); IR (KBr) cm-1: 2958, 2914, 2840, 1608, 1503, 1277, 1251, 1184,
1042, 1012, 825, 810; TH NMR (500 MHz, CDClg) &: 3.85 (s, 6 H), 6.96 (d, 4 H, J =
8.7), 7.48 (d, 4 H, J = 8.7); 13C NMR (125 MHz, CDCl3) 8: 55.3, 114.1, 127.7, 133.5,
158.7; high resolution mass spectrum (70 eV, El): 214.0993 (214.0994 calcd for
C14H1402).

4-Amino-4'-methoxybiphenyl (5) has the following properties: mp 143-
144°C (lit.8 144-145.5°C): IR (KBr) cm-1: 3396, 3334, 3224, 3033, 2965, 2837, 1636,
1608, 1500, 1270, 1241, 1181, 1035, 1015, 817; TH NMR (500 MHz, CDCl3) 3: 3.69
(broad s, 2 H), 3.84 (s, 3H),6.75 (d,2H, J=8.5),6.95(d, 2H, J=8.8), 7.37 (d, 2H, J =
8.4); 7.46 (d, 2 H, J = 8.8); 13C NMR (125 MHz, CDCl3) §: 55.3, 114.1, 115.4, 127.4,
127.6, 131.3, 133.8, 145.2, 158.4; high resolution mass spectrum (70 eV, EIl):
199.0990 (199.0997 caled for C13H13NO).

19. The checkers found that using tetrakis(triphenylphosphine)palladium(0) as

the catalyst and dioxane as the solvent resulted in significant reduction of the nitro-
substituent in the coupled product.? Biphenyls 3 and 5 are obtained in ratios as high

as one to one under these conditions.

Waste Disposal Information
-All toxic materials were disposed of in accordance with "Prudent Practices for

Disposal of Chemicals from Laboratories™; National Academic Press; Washington, DC,

1983.
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3. Discussion

The introduction of a bond between two aromatic rings is a familiar problem in
organic synthesis. A wide variety of classical and non-classical methods are available
for the preparation of unsymmetrical biaryl compounds.10 However, many of these
methods are non-selective and require harsh conditions in order to obtain reasonable
yields. A relatively mild and versatile method for the formation of carbon-carbon bonds
is the palladium-catalyzed coupling of functionalized organostannanes with organic
electrophites.11.12 Aryl halides'3 and aryl trifluoromethanesulfonates (triflates)9.14
couple with organostannanes to provide a selective method for the formation of aryl-
aryl bonds. Aryl triflates are especially important starting materials because of their
stability and ease of formation.15.16

The palladium-catalyzed cross-coupling reaction featured in this procedure
occurs under neutral conditions in the presence of many synthetically useful functional
groups (e.g. alcohol, ester, nitro, acetal, ketone, and aldehyde). The reaction works
best in N,N-dimethylformamide with bis(triphenylphosphine)palladium(il) chloride,
PdClo(PPha)z, as the catalyst. Lithium chioride is added to0 prevent decomposition of

the catalyst.14ab It is presumed that conversion of the intermediate aryl palladium .

triflate to an aryl paliadium chloride is required for the transmetallation step to
proceed.? !

In a recent study examining ligand effects on the palladium-catalyzed cross-
coupling reaction between ary! triflates and vinylstannanss. tri-2-furylphosphine and
triphenylarsine were observed to provide significant rale enhancements (102-103
greater than with triphenylphosphine-based catalysts).!” Athough not reported, these

ligands may aiso be useful for aryl-aryl cross-coupling reaclions.
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16. Aryl fluorosulfonates have recently been reported as less expensive
alternatives to aryl triflates. Compound 3 has been synthesized in 50% isolated
yield using 4-nitrophenyl fluorosulfonate as the electrophilic partner in the
cross-coupling reaction. Roth, G. P.; Fuller, C. E. J. Org. Chem. 1991, 56, 3493-
3496.

17. (a) Farina, V.; Krishnan, B. J. Am. Chem. Soc. 1991, 113, 9585-9595; (b)
Farina, V.; Baker, S. R.; Benigni, D. A.; Hauck, 8. |.; Sapino, C., Jr. J. Org. Chem
1990, 55, 5833-5847.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

4-Methoxy-4'-nitrobiphenyl: 1,1'-Biphenyl, 4-methoxy-4'"-nitro- (9); (2143-90-0)
4-Nitropheny! trifluoromethanesulfonate: Methanesulfonic acid, trifluoro-,
p-nitrophenyl ester (8); Methanesulfonic acid, trifluoro-, 4-nitrophenyl ester (9);
(17763-80-3)

4-Nitrophenol: Phenol, p-nitro- (8); Phenol, 4-nitro- (9); (100-02-7)
Trifluoromethanesulfonic anhydride: Methanssulfonic acid, trifluoro-,

anhydride (8,9); (358-23-6)

Tributyl(4-methoxyphenyljstannane: Stannane, tributyl(4-methoxyphenyl)- (10);
(70744-47-7)

4-Bromoanisole: Anisole, p-bromo- (8); Benzens, 1-bromo-4-methoxy- (9); (104-92-7)
Methyl iodide: Methane, iodo- (8,9); (74-88-4)

Tributyltin chloride: Stannane, tributylchloro- (8,9); (1461-22-9)
Bis(triphenyiphosphine)palladium(il) chloride: Palladium,
dichlorobis(triphenylphosphine)- (8,9); (13965-03-2)
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2,2'-DIMETHOXY-6-FORMYLBIPHENYL
((1,1'-Blphenyl)-z-carboxaldehyde, 2,6-dimethoxy-)

~

COH oN
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a) SOCl, oM
o
A b) H2N§<,0H
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MgBr Z
B. M OMe —>
o)
\N
OMe X

MeO OMe MeO OMe
a) MeOTH
c W2 = OO
o b) NaBH,
[\ G) (COOH)2 OHC
<
Submitted by Albert I. Meyers and Mark E. Fianagan.?

Checked by Chris H. Senanayake and Ichiro Shinkai.
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1. Procedure

Caution! This procedure should be performed in a well-ventilated hood.

A.  2-(2,3-Dimethoxyphenyl)-4,4-dimethyl-2-oxazoline. To a 100-mL, round-
bottomed flask, fitted with a magnetic stirring bar and a reflux condenser and placed in
an ice-water bath, is added 24.5 g (0.206 mol) of thiony! chloride (Note 1). To thisis
added 12.2 g (0.067 mol) of 2,3-dimethoxybenzoic acid (Note 2). The resulting
mixture is stirred at 0°C for 1 hr and then at room temperature for 24 hr. Excess thionyl
chioride is removed by rotary evaporation (HOOD!) and the residue is distilled using a
Kugelrohr apparatus at 105°C (0.05 mm) to give 12.7-13.1 g of 2,3-dimethoxybenzoyl
chiloride, which crystallizes on cooling (Note 3).

The acid chloride, 12.7 g, is dissolved in 60 mL of dichloromethane and
transferred to a 300-mL round-bottomed flask fitted with a magnetic stirring bar and a
100-mL, pressure-equalizing dropping funnel. The solution is cooled to 0°C in an ice
bath. 2-Amino-2-methyl-1-propanol (12.5 g, 0.140 mol) dissolved in 50 mL of
dichioromethane is added dropwise to the cold solution over 15 min. The reaction
mixture is allowed to warm to room temperature and stirring is continued for 2 hr. The
white precipitata (Note 4) is removed by filtration and the mother liquor is removed by
rotary evaporation to afford 15.7 g of the amido alcohol (Note 5). The amido alcohol is
redissolved in 100 mL of dichloromethane and added to a 300-mL round-bottomed
flask fitted with a reflux condenser and a magnetic stirring bar. Thionyl chloride (24.5
g, 0.206 mol) is added dropwise and the resulting mixture is stirred at room

temperature for 1.5 hr (Note 6). The reaction mixture is cooled 1o 0°C (ice-water bath)
and to it is added slowly 50 mL of cold water followed by approximately 50 mL of
aqueous 40% sodium hydroxide solution, which neutralizes the reaction mixture to
approximately pH 11. Saturated sodium chloride solution (approximately 50 mL) is

added and the contents of the flask are transferred to a 1-L separatory funnel. The
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jower phase (CH2Cl2 solution) is removed and set aside while the upper, aqueous
phase is extracted once with 50 mL of dichloromethane. The dichloromethane
extracts are combined and dried over magnesium sulfate. The solution is then filtered
through Celite and concentrated under reduced pressure to leave crude 2-(2,3-
dimethoxyphenyl)-4,4-dimethyl-2-oxazoline (1). The latter is distilled in a Kugelrohr
apparatus at 110°C (0.05 mm) to give 12.7-13.3 g (81-85%) (Note 7).

B. 2,2"-Dimethoxy-6-(4",4"-dimethyloxazolinyl)biphenyl. Magnesium turnings
(3.3 g, 0.14 g-atom, Note 8) and 100 mL of dry ether (Note 9) are added to a flame-
dried, 1-L, round-bottomed flask under a nitrogen atmosphere. The flask is fitted with a
250-mL addition funnel, reflux condenser, and magnetic stirring bar, and placed under
a slow nitrogen flow. A few crystals of iodine are added to the reaction vessel followed
by dropwise addition of 18 g (0.12 mol) of 2-bromoanisole (Note 10) in 150 mL of
anhydrous ether (Note 11). When the addition is complete, the reaction mixture is
stirred for 2 hr at room temperature. When it is apparent that formation of the Grignard
solution has consumed most of the magnesium turnings, a solution of the
dimethoxyphenyloxazoline, 11.2 g (0.048 mol) in 300 mL of anhydrous tetrahydrofuran
(Note 12), is added dropwise at room temperature to the stirred Grignard solution.
After addition is complete, stirring of the dark solution is continued for 24 hr or until
reaction is complete (Note 13). The reaction mixture is quenched by careful addition
of saturated ammonium chloride (50 mL) followed by addition of 50 mL of water. The
contents are transferred 1o a 1-L separatory funnel and the lower agueous phase is
separated while the upper organic phase is set aside. The aqueous phase is returned
1o the separatory funnel and extracted once with 50 mL of ether; both ethereal phases
are then combined, dried over magnesium sulfate, and filtered and concentrated
under reduced pressure. There is obtained 19.2 g of a yellow solid that contains, in
addition to the biphenyl, some anisole and other contaminants {e.g., starting

materials). The volatile impurities are removed by Kugelrohr or other short path
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distillation (105°C, 0.05 mm, 15 min) to leave 14.2 g (96%) of crude biphenyl product.
Purification is performed by recrystaliization from ethyl acetate-hexane (1:1) to give
12.2-13.0 g (80-85%) of pure material (Notes 14, 15).

C. 2,2-Dimethoxy-6-formyibiphenyl, To a flame-dried, 1-L, round-bottomed
fiask, under nitrogen, and fitted with a magnetic stirring bar is added 12.2 g (0.039 mol)
of pure biphenyloxazoline 2 in 300 mL of dry dichioromethane (Note 16). To this is
added 7.9 g (0.048 mol) of methyl trifluoromethanesulfonate (Note 17) and the chilied
solution is stirred at room temperature for 2-3 hr (Note 18). The solution of quaternized
oxazoline is cooled to 0°C in an ice-water bath. Separately, 3.3 g (0.87 mol) of sodium
borohydride is slurried at 0°C with 125 mL of absolute ethanol. The chilled slurry is
added slowly, to control foaming, to the reaction mixture. When the addition is
complete, the mixture is stirred at 0°C for 45 min and the contents of the flask are
evaporated under reduced pressure. The resulting solid residue is dissolved in 400
mL of 4:1 tetrahydrofuran-water and 19.5 g (0.217 mol) of oxalic acid is added in
portions (exotherm). The mixture is stirred at room temperature for 16-18 hr (Note 19).
Tetrahydrofuran is removed under rotary evaporation to leave behind an aqueous
slurry that is washed in a separatory funnel with pentane-ether (1:1, 2 x 100 mL). The
upper layer is removed and the aqueous layer is extracted again with 50 mL of
pentane-ether. The organic layers are combined and washed with 50 mL of aqueous
10% sodium bicarbonate and then with 56 mL of saturated brine. The aqueous
washas are also back-extracted with pentane-ether which is combined with the other
organic solutions. The organic layers are dried over sodium sulfate (anhydrous) and
the solution is filtered through Celite. Concentration of the solution under reduced
pressure gives 7.5 g (75-83%) of the final biphenyl aldehyde, mp 65-67°C.

Recrystallization from 2-propanol gives 6.5 g of pure material (Notes 20, 21).
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2. Notes

1. Thionyl chloride was purchased from Fisher Scientific Company.

2. 2,3-Dimethoxybenzoic acid was used as received from Aldrich Chemical
Company, Inc.

3. The meiting point was 5§3-54°C.

4. This is the hydrochioride of 2-amino-2-methyl-1-propanol.

5. The melting point was 77-80°C after air drying for several hours.

6. The formation of the 2,3-dimethoxyphenyloxazoline (1) can be readily
followed by removing aliquots, neutralizing with agueous sodium hydroxide, and
chacking on TLC using sifica gel and eluting with hexane-acstone, 85:15; Ryis 0.29.

7. The physical properties are as follows: mp 44-46°C, 1H-NMR (250 MHz,
CDClg) &: 1.36 (s, 6 H), 3.83 (s, 6 H), 4.08 (s, 2 H), 6.96 (dd, 1 H, J = 8.2, 1.9), 7.02 (dd.
1H,J=8275),7.29 (dd, 1 H,J=7.5, 1.9).

8. Magnesium turnings were purchased from J. T. Baker Chemical Company.

9. Ether was distilled from benzophenane ketyl under nitrogen. The checkers
used ether dried over 4 A molecular sieves, under nitrogen, for 2 days and obtained
the same results.

10. 2-Bromoanisole was purchased, and used without further purification, from
Aldrich Chemical Company, Inc.

11. Warming of the reaction vessel with a water bath (~30°C) tends to expedite
the initiation of the Grignard reagent.

12. Anhydrous tetrahydrofuran (THF) was distilled from benzophenone ketyl
under nitrogen. The checkers used THF dried over 4 A molecular sieves, under

nitrogen, for 2 days and obtained the same resuits.
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13. The reaction is followed by TLC (silica, hexane-acetone, 85:15) and shows
the disappearance of the dimethoxyphenyloxazoline 1 at Rf 0.29 and the appearance
of the bipheny! 2 at R;0.18.

14. The physical properties are as follows: mp 127-129°C; TH NMR (250 MHz,
CDCl3) 8: 1.18 (s, 3H), 1.19 (s, 3 H), 3.59 (d.1H,J=81),372(d, 1 H,J =8.1), 3.75
(s, 6 H), 6.98 (om, 2 H), 7.05(dd, 1 H,J = 7.1, 2.4),715(dd, 1 H,J=7.4,1.7), 7.29 (dd,
1H,J =78, 1.8), 7.34-7.39 (om, 2 H).

15. If crude material is used in Step C, the yield of finai product is approximately
50-58%.

16. Dichioromethane was dried by distilling from calcium hydride. The checkers
used dichloromethane (reagent grade) kept over 4 A molecular sieves for 2 days to
obtain the same results.

17. Mathyl trifluoromethanesuifonate was purchased from Aldrich Chemical
Company, Inc.

18. Stirring is continued untii quaternization of the oxazoline 2 is complete. This
is easily monitored by TLC which shows only baseline salt (silica, hexane-acetone)
and complete absence of the biphenyloxazoline at R; 0.18.

19. The checkers report that the reaction can be followed by TLC, indicating
disappearance of starting material and appearance of the aldehyde (Rs = 0.75,
hexane-ethyl acetate, 75:25).

20. The physical properties are as foliows: mp 75-76°C; TH NMR (250 MHz,
CDCly) 8: 3.74 (s, 3 H), 3.78 (5, 3 H), 7.01 (d, 1 H, J = 8.3), 7.06 (m, 1 H), 7.22 (dd, 1
HJ=7917),7.23 (dd, 1H,J=7.4,1.8), 7.39-7.49 (om, 2 H),7.63(dd, 1 H,J = 7.8,
1.0),9.68 (d, 1 H, J = 0.8),

21. The submitters report that this procedure can also produce the
corresponding bipheny! carboxylic acid by omitting the quaternization-reduction step

and subjecting the biphenyloxazoline 2 to hydrolysis as follows:
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A slurry of 2 (0.1 M) in 4 M hydrochloric acidd is heated at refiux for 16 hr.
The solution is concentrated to dryness by rotary evapo ration and the crude carboxylic
acid, derived from 2, is recrystallized from hexane-ethyl acetate-isopropyl alcohol

(2:1:1) furnishing pure material in 80% yield, mp 196-197°C.

Waste Disposal Informatijon

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,

1983.

3. Discussion

The use of oxazolines in aromatic substitution is & valuable synthetic tool.2 The
o-methoxy- or o-flugrophenyloxazoline reacts readily with a variety of organolithium or
Grignard reagents to displace only the ortho substituent, In this fashion a number of
ortho-substituted benzoic acids, benzaldehydes, and unsymmetrical biphenyls are
accessible. The reaction takes place under very mild conditions, usually at or below

room temperature, and thus allows a number of other sensitive groups to be present.

113



Scheme 1
— X
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OMe R
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R R X =CO.H, X =CHO
o__N
F RM
R RM = Alkyl or Aryl Grignards, Alkyl or Aryl Lithium,
R,NNa, RONa

In addition to the simple substitutions shown in Scheme 1, this reaction has
been used in a variety of complex systems as a route to optically active substances.
For example, use of chiral oxazolines in this coupling process has led to an
asymmetric synthesis of (-)-steganone,3 podophyllotoxin,4 (-)-schizandrin,5 and (+)-

phylictralin.6 The synthesis of (-)-schizandrir) is sketched in Scheme 2.
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Scheme 2
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This method described here for preparing unsymmetrical biphenyls compares

favorably with other recent and classical routes.”10
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1. Department of Chemistry, Colorado State University, Fort Collins, CO 80523.

2. For a review on this subject, see Reuman, M.; Meyers, A. \. Tetrahedron Report

Number 181 1985, 41, 837. For a recent application see: Patten, A. D.;

Nguyen, N. H.; Danishefsky, S. J. J. Org. Chem. 1988, 53, 1003.

Meyers, A. L., Flisak, J. R.: Aitken, R. A. J. Am. Chem. Soc. 1987, 109, 5446,

Andrews, R. C.; Teague, S. J.; Meyers, A, I. J. Am. Chem. Soc. 1988, 710, 7854.

Warshawsky, A. M.; Meyers, A. I. J, Am. Chem. Soc. 1990, 712, 8090.

Meyers, A. I.; Roth, G. P. i Hoyer, D.; Barner, B.; Laucher, D. A.; J. Am. Chem.

Soc. 1988, 110, 4611.

7. Sharp, M. J.; Snieckus, V. Tetrahedron Lett. 1985, 26, 5997 and references
cited.

@ 9 s ow

8." For areview see: Sainsbury, M. Tetrahedron 1980, 36, 3327.
Stille, J. K. Angew. Chem., Int. Ed. Engl. 1986, 25, 508; K. Stille, J. K.;
Echavarren, A. M.; Williams, R. M.; Hendrix, J. A. Org. Synth. 1992, 71, 97.
10.  Echavarren, A, M.; Stille, J. K. J. Am. Chem. Soc. 1987, 109, 5478,

Appendix
Chemical A!?stracts Nomenclature (Collective Index Number);
(Registry Number)
2,2'-Dimethoxy-s-formylbiphenyl: [1,1 '-Biphenyl]-2-carboxaldehyde, 2',6-dimethoxy-
(11); (87306-84-1)
2-(2.3-Dimethoxyphenyl)-4,4-dimethyl~2-oxazoline: Oxazole, 2-(2,3-dimethoxyphenyl)-
4,5-dihydro-4,4-dimethyl- (9); (57598-32-0)
Thionyl chioride (8,9); (7719-09-7)
2,3-Dimethoxybenzoic acid: Benzoic acid,
2,3-dimethoxy- (9); (1521-38-6)
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2,3-Dimethoxybenzoyl chloride: Benzoyl chloride, 2,3-dimethoxy- (9); (7169-06-4)
2-Amino-2-methyi-1-propanol: 1-Propanol, 2-amino-2-methyl- (8,9); (124-68-5)
2,2-Dimethoxy-6-(4",4"-dimethyloxazolinyl)biphenyl: Oxazole, 2-(2',6-dimethoxy[1,1'-
biphenyl}-2-yl)-4,5-dihydro-4,4-dimethyl- (9); (57598-39-7)

2-Bromoanisole: Anisole, o-bromo- (8); Benzene, 1-bromo-2-methoxy- (9); (578-57-4)
Methy! trifluoromethanesulfonate: Methanesulfonic acid, trifluoro-, methyl ester

(8,9); (333-27-7)

Oxalic acid (8); Ethanedioic acid (9); (144-62-7)
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TRIBUTYL(3-METHYL-2-BUTENYL)TIN
(Stannane, tributyl(3-methyl-2-butenyl)-)
Mg, THF

BUaSﬂCl + MBQC=CHCHQC| i BUaSﬂCHQCHBCMOg
ultrasound

Submitted by Yoshinori Naruta, Yutaka Nishigaichi, and Kazuhiro Maruyama.

Checked by Bruce M. Branan and Leo A. Paquette.
1. Procedure

Caution! This experiment should be perfomed with gloves in an efficient hood
in order to avoid the contact of toxic tributyltin derivatives with the skin and to avoid
their unpleasant odor. One should wear earmuffs during operation of an ultrasound
processor. -

A dry, 500-mL, three-necked flask appropriately shaped to accommodate the
horn of an ultrasonic processor is equipped with a thermometer and a pressure-
equalizing dropping funnel to which a nitrogen inlet is attached. A nitrogen
atmosphere is established in the fiask, which is charged with 100 mL of anhydrous
tetrahydrofuran (THF) (Note 1), 3.04 g (0.125 mol) of magnesium (Mg) turnings (Note
2), 32.5 g (0.100 mol) of tributyltin chloride (Note 2), and a small piece of iodine

{optional), and then immersed in an ice-salt bath. After the temperature of the solution

falls below 15°C, 13.4 mL (0.120 mol) of 1-chloro-3-methyl-2-butene (Note 3) in 50 mL. -

of THF is added dropwise over 30-60 min while maintaining the temperature at less
than 20°C (Note 4) under sonication at an output power of 30-75W (Note 5). After the
addition is complete, sonication is continued for a further 30-45 min (Note 6) to

complete the reaction. The reaction mixture is poured into 400 g of ice water and the
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mixture is extracted with three 100-mL portions of ether. The combined etheral
solutions are washed with 50 mL. of water and 50 mL of brine, dried over anhydrous
magnesium sulfate, and eyaporated under aspirator pressure to yield a colorless oil.
This oil is further evacuated (1 mm) at room temperature for 1 hr (Note 7) to give 36 g
(100%) of tributyl(3-methyl-2-butenyl)tin. This material is sufficiently pure for direct use
in most reactions, but can be purified by distillation to afford 33.2 0 (92%) of colorless
oil, bp 105-107°C (0.01 mm) (Notes 8-1 0).

2. Notes

1. THF is distilled from benzophenone ketyl and stored over sodium wire under
a nitrogen atmosphere. For the drying procedure and caution, see Org. Synth., Coll.
Vol. Vii 1990, 451 and Org. Synth., Coll. Vol. V 1973, 976 respectively.

2. Magnesium turnings were purchased from Wako Pure Chemical Industries
and the Aldrich Chemical Company, Inc. Tributyhin chloride was obtained from Tokyo
Kasei Kogyo and the Aldrich Chemical Company, Inc. They were used without further
purification.

3. As purchased from the Aldrich Chemical Company, inc., this chloride
contains 5-10% of 1-chioro-1-methyl-3-butene. Contamination by this isomeric
chloride does not affect the yield of tributyi(3-methyl-2-butenyl)tin.

4. The reaction temperature should be kept below 20°C to prevent side
reactions. If the temperature excesds 20°C, one should stop both the addition of the
prenyl chloride and the ultrasound irradiation, and wait for the reaction temperature to
fall below 15°C.

5. The submitters used Heat Systems-Ultrasonics Mods! W-220 (maximum
output power 200W) with & standard horn. The checkers used a Sonics and Materials

Inc. Vibra- . .
c. Vibra-Cell High Intensity Ultrasonic Processor (maximum power outlet 600W)
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fitted with a 13-in extender probe. Iif the applied ultrasonic processor does not have a
power meter, one can judge the applied power by the occurrence of vigorous stirring
of the Mg tumings around the immersed ultrasonic horn. If the Mg turnings settle to the
bottom of the flask, the applied sonication power is insufficient.

For reaction on a 10-mmol scale, an ultrasonic cleaner with sufficient output
power (e.g., Branson Model B-220) can be used for external irradiation.

6. After completion of the reaction, ultrasonic irradiation for an unnecessarily
long period causes decomposition of the allyltributyltin. The end of the reaction can be
determined by a faint turbidity in the solution and by darkening of the brilliant Mg
surface.

7. Through this treatment, most of the low-boiling impurity can be removed.

8. Good purity (95-98%) is observed by GLC (glass capillary column, OV-101,
0.33 mm x 25) at an oven temperature of 200°C.

9. Because of modest thermal instability of the material, one should distill at a
bath temperature below 150°C. When the bath temperature exceeds 150°C,
considerable decomposition of the allylic tributyltin occurs and a poorer yield is
realized. The checkers measured a bp of 100°C at 0.1 mm.

10. The spectrum is as follows: 1H NMR (400 MHz, CDCi3) 3: 0.83 (m, 6 H,
SnCHz), 0.89 (1, 9 H, J = 7, CHg of Bu), 1.29 (m, 6 H, SnCH2CHo), 1.47 (m, 6 H,
CH2CH3), 1.57 (s, 3 H, cis-CHa), 1.64 (d, 2 H, J = 9, CHaCH=C), 1.67 (s, 3 H, trans-
CHg), 5.28 (broad t, 1 H, J = 9, CH=C); 13C NMR (75 MHz, CDCl) 3: 9.4, 10.7, 13.7,
17.4, 25.5, 27.4, 29.3, 123.0, 125.3; 119Sn NMR (120 MHz, CDCl3) &: -13.4.
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Waste Disposal information

All toxic materials were disposed of in accordance with "Prudent Practices for

Disposal of Chemicals from Laboratories™; National Academic Press; Washington, DC,
1983.

3. Discussion

This procedure describes uitrasound-promoted Barbier-type cross coupling of
an allylic chloride with tributyltin chloride.2 Allylic trialkyltin derivatives have also been
prepared by (i) a coupling reaction of a trialkkyltin chloride with an allyl Grignard
reagent3-5 or allyllithium,6.7 and allyl derivatives with stannyl metals,8-12 (ji)
stannylation of allylic sulfides,12 suifones,13.14 selenoxides, 5 alcohols, 16 and allyl
palladium.17-19 The method with an allylic Grignard reagent prepared in advance of
the coupling reaction is an alternative to this method, but the ultrasonic procedure is
more convenient and effective.  For the preparation of simple allyltributyltin or its
homologues, the present method has advantages over other methods, especially
because of easy manipulation and scale-up, reproducibility, and yield.

This procedure is representative of a general and versatile method for the
preparation of allylic tributyltins. Other allylstannanes prepared using this method are
shown in the Table.

1. Department of Chemistry, Faculty of Science; Kyoto University, Sakyo-ku, Kyoto
606, Japan.

2. Naruta, Y.; Nishigaichi, Y.; Maruyama, K. Chem. Lett. 1986, 1857,

3. Jones, W. J.; Davies, W. C.; Bowden, S. T.; Edwards, C.; Davis, V. E.; Thomas, L.
H. J. Chem. Soc. 1947, 1446.
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TABLE
Abel, E. W.; Rowley, R. J. J. Organomet. Chem. 1975, 84, 199.

Halligan, N. G.: Blaszczak, L. C. Org. Synth. 1990, 68, 104. COUPLING OF ALLYLIC HALIDES WITH TRIBUTYLTIN CHLORIDEa

igan, N. G.; ,L.C.Org.
Y:mgamoto, Y.; Yatagai, H.; Naruta, Y.; Maruyama, K. J. Am. Chem. Soc. 1880, R? Re -
102, 7107. BusSNCl + R'\)\rCI Mg. THF R‘\//J\(SnBus + BugSn %\
Andrianome, M.; Deimond, B. Tetrahedron Lett. 1985, 26, 6341. R Re ultrasound B2 R R g2 1,
Matarasso-Tchiroukhine, E.; Cadiot, P. J. Organomet. Chem. 1976, 121, 155.

Naruta, Y.; Maruyama, K. Chem. Lett. 1979, 881.

Naruta, Y. J. Am. Chem. Soc. 1980, 102, 3774. Total

Naruta, Y. J. Org. Chem. 1980, 45, 4097. R! R? R3 Re Yield, % Isomeric

Ueno, Y.; Okawara, M. J. Am, Chem. Soc. 1979, 101, 1893.

(o~ + y-isomers) ratio, o :y
Ueno, Y.: Aok, S.: Okawara, M. J. Am. Chem. Soc. 1979, 101, 5414.

Ueno, Y.; Ohta, M.; Okawara, M. J. Organomet. Chem. 1980, 197, C1.

H H H 100 -
Jophcote, V. J.; Thomas, E. J. Tetrahedron Lett. 1985, 26, 5327. H Me H 96 .
Ueno, Y.; Sano, H.; Okawara, M. Synthesis 1980, 1011. Me H H 100 1:10
Trost, B. M.; Hemdon, J. W. J. Am. Chem. Soc. 1984, 106, 6835. Me H H Me 52¢ B
Matsubara, S.; Wakamatsu, K.; Morizawa, Y.; Tsuboniwa, N.; Oshima, K.; Ph H H 100¢ 1:0
Nozaki, H. Bull. Chem. Soc. Jpn. 1985, 58, 1196. CH2=CH H H 96 1:0
Tabuchi, T.; Inanaga, J.; Yamaguchi, M. Tetrahedron Lett. 1987, 28, 215. MeCH=CH H H 100! 1:0

! 3All reactions were performed on a 10-mmol scals.

bThe a-adduct is a mixture of trans:cis = 55:45,

¢Pure trans-2-chloro-3-pentene was used. The a-adduct is a mixture of
trans:cis = 55:45.

9No cis isomer is formed.

€The sterecisomer ratio is trans:cis = 92:8.

The trans,trans-isomer is obtained in >80% purity.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Reglstry Number)

Tributyl(3-methyl-2-butenyi)tin: Stannane, tributyl(3-methyl-2-butenyl)- (9);
(53911-92-5)

Tributyltin chloride: Stannane, tributyichloro- (8,9); (1461-22-9)
1-Chioro-3-methyl-2-butene: 2-Butene, 1-chloro-3-methyl- (8,9); (503-60-6)
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UBIQUINONE-1
(2,5-Cyclohexadiene-1,4-dione, 2,3-dimethoxy-5-methyl-6-
(3-methyl-2-butenyl)-)

MeQ MeO Z

1) BF3 - OEty
+ BUaSﬂCHzCH:CMGZ 2) Foll
MeO Me ° MeO Me

o 0O

Submitted by Yoshinori Naruta and Kazuhiro Maruyama.?

Checked by Steven W. Elmore and Leo A. Paquette.
1. Procedure

Caution! This experiment should be performed with gloves in an efficient hood
in order to avoid the contact of toxic tributyltin derivatives with the skin and to avoid
their unpleasant odor.

A 500-mL, three-necked, round-bottomed flask fitted with a low-temperature
thermometer, 125-mL pressure-equalizing dropping funnel, and nitrogen gas inlet is
flame-dried under vacuum, cooled to room temperature, and flushed with nitrogen.
The flask is charged with 5.00 g (27.4 mmol) of 2,3-dimethoxy-5-methyl-1,4-
benzoquinone (Note 1) as a solid followed by 100 mL of dry dichioromethane (Note 2)
via syringe. The addition funnel is charged with.11.8 g (32.9 mmo!) of tributy}(3-
methy!-2-butenyljtin (Note 3) in 100 mL of dry dichioromethane. The flask is immersed
in an acetone/dry ice bath, the solution cooled to -78°C, and 10.1 mL (82.3 mmol) of
boron trifluoride etherate (Note 4) is added dropwise from a syringe. Next, the

stannane solution is added dropwise over a 30-min period. Following completion of
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the addition, the cooling bath is removed and the reaction mixture is allowed to warm
to room temperature. At -40°C, the color of the solution turns from deep red to yellow.
When the reaction mixture reaches 0°C, it is treated with 100 mL of 10% hydrochloric
acid, stirred for 5 min, and allowed to stand. The aqueous phase that separates is
washed with dichloromethane (2 x 20 mL) and the combined organic layers are
washed with water (2 x 20 mL) and brine (2 x 20 mL), dried over anhydrous
magnesium sulfate, and concentrated. The residual yellow oil is dissolved in 200 mL
of ether and this solution is added to 37.1 g (137 mmol) of ferric chloride hexahydrate
FeCls - 6 H20 in 200 mL of water in a 500-mL conical flask. The resulting mixture is
stirred for 8 hr at room temperature. The layers are then separated, the aqueous
phase is extracted with ether (2 x 50 mL), and the combined organic solutions are
stirred with 100 mL of 10% aqueous potassium fluoride for 2 hr (Note 5). The
insoluble tin salts are separated by filtration (Note 6). The organic phase in the filtrate
is washed with water (3 x 20 mL) and brine (3 x 20 mL), dried over anhydrous
magnesium sulfate, and concentrated to give a deep red oil, that is purified by column
chromatography (Note 7). The red-orange band is collected (1600-3000 mL) to give
6.15 g (90%) of 2,3-dimethoxy-5-methyl-6-(3-methyl-2-butenyl)-1,4-benzoquinone as
a deep red oil (Note 8).

2, Nofes

1. Commercial 2,3-dimethoxy-5-methyl-1,4-benzoquinone (Aldrich Chemical
Company, Inc.) was used without further purification.

2. Dichloromethane was distilled from phosphorus pentoxide.

3. Tributyl(3-methyl-2-butenyl)tin was prepared according to the preceding

procedure from 1-chloro-3-methyl-2-butene, tributyltin chloride, and magnesium.
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4. Boron trifluoride etherate was purchased from Nacalai Tesque or Aldrich
Chemical Company, Inc. and used without further purification. Since the purity of the
BF3 complex affects the yield of the quinone, reagent stored for a long period should
be distilled prior to its use.

§. This facile method for removing organotin impurities was developed by
Keck.2

6. Tin wastes are collected and disposed of in an environmentally safe
manner.

7. A gravity column (7 cm x 15 cm) was packed with 60-230 mesh silica gel.
Elution was effected with 10% ethyl acetate in petroleum ether.

8. Spectroscopic data are as follows: 1H NMR (400 MHz, CDCl3) &: 1.68 (s, 3
H, cis-CHg), 1.74 (s, 3 H, trans-CHg), 2.20 (s, 3 H, ring CH3), 3.17 (d, 2 H, J = 7.0,
CHy), 3.98 (s, 3 H, CH30), 3.99 (s, 3 H, CH30), 4.94 {t, 1 H, J = 7.0, C=CH); IR (neat)
em-1: 2790, 1650, 1617, 1455, 1329, 1262, 1555, 1102, 1013.

Waste Disposal Information

A chloroform solution of toxic tributyltin fluoride was placed in a round-bottomed
flask equipped with a reflux condenser, and bromine (3 equiv per BuzgSnF) was added
all at once. After the mixture was stirred for 2-3 days at room temperature, aqueous
sodium thiosulfate was added until the brown color of bromine disappeared. The
aqueous layer containing inorganic tin compounds.was disposed of in accordance
with "Prudent Practices for Disposal of Chemicals from Laboratories”; National

Academic Press; Washington, DC, 1983.
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3. Discussion

Ubiquinones are synthesized by the introduction of an isoprenyl side chain to
the corresponding quinone or hydroquinone using several compounds: Lewis acid-
isoprenyl alcohols,3 n-allylnickel bromides,4.5 isoprenyttrialkyltins,® N-sulfinylamide-
isoprenyl alcohols,” amalgamated zinc-isoprenyl bromides,® and Claisen
rearrangement of isoprenyl aryl ethers.8 Among these procedures, the isoprenyltin
method is superior to the others with respect to yield, simplicity of manipulation, and
purity of product. This method can be also applied to the synthesis of the higher
homologues of ubiquinone-n (n=2-10). In general, synthesis of allylated quinones or
hydroquinones can be performed by the reaction with allylborane,?0 n—allylnicke!
complexes,!1 allyltrimethyisilane,2 or allyltrialkyitins.6.13.14 Direct allylation to the
quinone is considered to be the best procedure compared with stepwise methods
including protection/deprotection of quinone.’ The present method is applicable to a
broad range of quinones and allylated trialkyltins to give the corresponding
hydroquinone (or quinone after oxidation) in good to excellent yields. Several other
examples are shown in the Table. In this reaction, boron trifluoride plays two roles:
activation of the quinones resulting in 1,2-addition and acceleration of dienone-phenol
rearrangement of the allylic group.8 In addition this method can be applied to the
synthesis of many other polyprenylated qui;Iones.‘iv13 including naturally occurring
quinones, plastoquinone-n, phylloquinone (vitamin K1), and menaquinone-n {vitamin
Kz(m)). The polyprenyl side chain can be stereoselectively introduced into a quinone
nucleus without formation of the corresponding chromanol or other side chain-cyclized
products. Other methods of polyprenyl group introduction to quinones or their
protected forms are known: a Friedel-Crafts alkylation,18 a free-radical alkylation,?
and coupling reactions with organometallic reagents including lithium,18

magnesium,19.20 gnd tin.21
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o (trans/cis = 93/7)

TABLE
PREPARATION OF ALLYLATED QUINONES FROM QUINONES AND
ALLYLATED TRIBUTYLTINS
Yield (%) Yield (%)
OH OH
P4
Me 4 Ph
68 81
Me
OH OH
o OH
Me Z
45 80
Me
o OH
(o] OH
o L
55% 82
Me Me
(o} OH
0 [o]
@/\ML 58* O ‘ Z 428
(e}
o]

OH
e

§ £
é\

g4
- 0
Me
(o}

OH

lsolated after oxidation in ether with aqueous FeClg solution.
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12.
13.
14.

Department of Chemistry, Faculty of Science, Kyoto University, Sakyo-ku, Kyoto
606, Japan.

Keck, G. E.; Enholm, E. J.; Yates, J. B.; Wiley, M. R. Tetrahedron 1985, 41,
4079.

Mayer, H.; Isler, O. In "Methods in Enzymology;” McCormick, D. B.; Wright, L. D,
Eds.; Academic Press: New York, 1971; Vol. 18C, p. 182.

Hegedus, L. S.; Evans, B. R.; Korte, D. E.; Waterman, E. L.; Sjéberg, K. J. Am.
Chem. Soc. 1976, 98, 3901.

Inoue, S.; Yamaguchi, R.; Saito, K.; Sato, K. Bull. Chem. Soc. Jpn. 1974, 47,
3098.

Maruyama, K.; Naruta, Y. J. Org. Chem. 1978, 43, 3796; Naruta, Y. J. Am.
Chem. Soc. 1980, 102, 3774, Naruta, Y. J. Org. Chem. 1980, 45, 4097.
Sugihara, H.; Sasaki, M.; Kawamatsu, Y.; Morimoto, H. Justus Libeigs Ann.
Chem. 1972, 763, 121.

Sugihara, H.; Kawamatsu, Y.; Morimotd, H. Justus Liebigs Ann. Chem. 1972,
763, 128.

Yoshizawa, T.; Toyofuku, H.; Tachibana, K.; Kuroda, T. Chem. Lett. 1982, 1131.
Mikhailov, B. M.; Ter-Sarkisyan, G. S. lzv. Akad. Nauk SSSR, Ser. Khim. 1966,
380; Chem. Abstr. 1966, 64, 15907h; Mikhailov, B. M.; Ter-Sarkisyan, G. S.;
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Ubiquinone-1: p-Benzoquinone, 2,3-dimethoxy-5-methyl-6-(3-methyl-2-butenyl)- (8);
2,5-Cyclohexadiene-1,4-dione, 2,3-dimethoxy-5-methyl-6-(3-methyl-2-butenyl)- (9);
(727-81-1)

2,3-Dimethoxy-5-methyi-1,4-benzoquinone: p-Benzoquinone, 2,3-dimethoxy-5-
methyl- (8); 2,5-Cyclohexadiene-1,4-dione, 2,3-dimethoxy-5-methyl- (9); (605-94-7)
Tributyl(3-methyl-2-butenyl)tin: Stannane, tribuyl(3-methyl-2-butenyl)- (8);
(53911-92-5)

1-Chioro-3-methyl-2-butene: 2-Butens, 1-chloro-3-methyl- (8,9); (503-60-6)
Tributyltin chioride: Stannane, tributylchloro- (8,9); (1461-22-9)

Boron trifluoride etherate: Ethyl ether, compd. with boron fluoride (BF3) (1:1) (8);
Ethane, 1,1"-oxybis-, compd. with trifluoroborane (1:1) (9); (109-63-7)

Ferric chloride hexahydrate: Iron chioride, hexahydrate (8,9); (10025-77-1)
Potassium fluoride (8,9); (7789-23-3)
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A HYDROXYMETHYL ANION EQUIVALENT:
TRIBUTYL[(METHOXYMETHOXY)METHYL]STANNANE
(Stannane, tributyl[(methoxymethoxy)methyl]-)

A, BugSnH %-» Bu3SnCH,OH
MOOCHQOMB
BFy ELO
B.  BusSNCH,OH _4A molecularsiaves g, nGH,OCH,OCHS,
CHoClp

Submitied by Rick L. Danheiser,! Karen R. Romines,1 Hiroo Koyama,!
Stephen K. Gee,! Carl R. Johnson,2 and John R. Medich.2
Checked by Darius J. Robinson and Amos B. Smith, Ill.

1. Procedure

A. (Tributylstannyl)methanol. A 500-mL, three-necked, round-bottomed flask is
equipped with a magnetic stirring bar, a rubber septum, an argon inlet adapter, and a
150-mL, pressure-equalizing, dropping funnel fitted with a rubber septum (Note 1).
The flask is charged with 13.7 mL (0.098 mo!) of diisopropylamine (Note 2) and 120
mL of dry tetrahydrofuran (Note 3), and then cooled with an ice-water bath while 58.4
mi (0.083 mol) of a 1.60 M solution of butyllithium in hexane (Note 4) is added
dropwise via syringe over 15 min. After 30 min, a solution of 24.75 g (0.0850 mol) of
tributyltin hydride (Note 5) in 50 mL of tetrahydrofuran is added dropwise via the
addition funnel over 50 min. After 30 min, 3.57 g (0.118 mol) of paraformaldehdye
(Note 8) is added in one portion, the ice bath is removed, and the heterogeneous

yeliow reaction mixture is stirred for 3 hr at room temperature. The resulting clear,
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colorless= solution is diluted with 500 mL of petroleum ether and washed with 300 mL
of water =. The aqueous phase is separated and extracted with 150 mL of petroleum
ether, ar"d the combined organic layers are washed with 200 mL of saturated sodium
chloride  solution, dried over anhydrous sodium sulfate, filtered, and concentrated at
reduced? pressure using a rotary evaporator to afford approximately 30 g of
(tributylsstannyl)methanol as a colorless oil, which was used in the next step without
further p urification (Note 7).

B Tributyl[(methoxymethoxy)methyljstannane. A 1-L, three-necked, round-
bottomesd flask is equipped with a mechanical stirrer, an argon inlet adapter, and a
rubber sseptum (Note 1). The flask is charged with the (tributylstannyl)methanot
preparec in the previous reaction, 190 mL of dichloromethane (Note 8), 280 mL (3.16
mol) of cdimethoxymethane (the 9), and 50 g of powdered 4A molecular sieves (Note
10). Bor-on trifluoride etherate (13,0 mL, 0.106 mol) (Note 11) is added dropwise over
2 min via syringe to the vigorously stirred reaction mixture, and the resulting orange
suspensilion is stirred at room temperature for 13 hr, and then filtered through a 2-cm
pad of Celite in a sintered-glass funnel. The filter cake is washed with 250 mL of
dichlorormethane, and the combined filtrates are washed with two 250-mL portions of
saturatecd sodium bicarbonate solution. The combined aqueous layers are extracted
with 250 mL of dichloromethane, and the combined organic phases are then washed
with 2508 mL of saturated sodium chioride 'Jsolution, dried over anhydrous sodium
sulfate, fililtered, and concentrated at reduced pressure using a rotary evaporator. The
residual goale yellow oil (30 g) is dissolved in 20 mL of hexane and applied to 150 g of
alumina &Note 12) packed in a 4.5-cm diameter column. The column is eluted with 1.3
L of 1% ethyl acetate-hexane (Note 13). The total eluant is concentrated at reduced
pressure using a rotary evaporator, and the residual colorless oil is transfarred to a

100-mL, round-bottomed flask and distilled through a 10-cm Vigreux column to furnish
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23 g (74% overall yield based on tributyltin hydride) of tributyl[{methoxymethoxy)-
methyl]stannane as a colorless liquid, bp 117°C (0.34 mm) (Notes 14 and 15).

2. Notes

1. The glass components of the apparatus are immersed in a solution of 19.8 ¢
of potassium hydroxide in 20 mL of water and 88 mL of ethanol for 20 min, dried
overnight in a 150°C oven, and then assembled and maintained under an atmosphere
of argon during the course of the reaction. This procedure removes traces of matetials
that otherwise can catalyze decomposition of the organotin reagents employed in the
reaction.

2. Diisopropylamine was purchased from Aldrich Chemical Company, Inc. and
distilled from calcium hydride before use.

3. Tetrahydrofuran was distilled from sodium benzophenone ketyl immediately
before use.

4. Butyllithium was purchased from Aldrich Chemical Company, Inc. and
titrated using the method of Watson and Eastham.3

5. Tributyltin hydride was freshly prepared by the method of Hayashi et al.4
Commercial tributyltin hydride (Aldrich Chemical Company, Inc.) can also be used, but
in this case the yield of product is 5-7% lower.

6. Paraformaldehyde was obtained from Aldrich Chemical Company, lﬁc. and
dried overnight in a desiccator over phosphorus pentoxide at 0.3 mm.

7. It desired, the product can be purified by column chromatograpy on 230-400
mesh silica gel (50 times by weight, elution with 5-10% ethyl acetate-hexane).
(Tributylstannyl)methanol exhibits the following spectral properties: IR (film) cm-1:
3320, 2970, 2940, 2880, 2860, 1465, 1440, 1380, 1360, 1345, 1295, 1255, 1185,
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1155, 1075, 1045, 1025, 985, 875; TH NMR (300 MHz, CDCl3) 8: 0.8-1.1 (m, 15 H),
1.2-1.7 (m, 13 H), 4.02 (d, 2 H, J = 4.5).
8. Dichloromethane was distilled from calcium hydride immediately before use.
9. Dimethoxymethane was obtained from Aldrich Chemical Company, Inc. and
distilled from sodium before use.

10. Linde type 4A molecular sigve pellets were crushed using a mortar and
pestle and then dried under vacuum (0.3 mm) at 300°C5 for 15 hr prior to use.

11. Boron trifluoride etherate (BF3-Et20) was purchased from Aldrich Chemical
Company, Inc. and distilled at 20 mm from calcium hydride. The overall yield for the
reaction is reduced by ca. 10% if less BF3'Et20 (1.1 equiv) or less dimethoxymethane
(20 equiv) is employed.

12. EM Science 80-325 mesh alumina was used for this filtration.

13. Filtration of the crude product through alumina prior to distillation is
necessary to obtain pure material. If the filtration step is omitted, product of only 85-
90% purity is obtained.

14. The purity of this material was determined to be >99% by gas
chromatographic analysis (0.25 mm x 30 m DB-1701 fused silica capillary column, 12
psi column pressure, 120°C for 2 min, 120-250°C at 10°C/min, then 250°C; retention
time 13.1 min).

15. The product has the following spactral properties: IR (film) cm-1: 2970,
2930, 2880, 2770, 1465, 1420, 1395, 1380, 1345, 1295, 1245, 1205, 1150, 1100,
1040, 965, 930, 875, 730; TH NMR (250 MHz, CDCl3) 5: 0.8-1.1 (m, 15 H), 1.2-1.7 (m,
12 H), 3.33 (s, 3 H), 3.74 (s, 2 H), 4.52 (s, 2 H); 13C NMR (75 MHz, CDCl3) : 8.9, 13.6,
27.3, 29.1, 54.9, 57.6, 99.4. Anal. Calcd for C15H3402Sn: C, 49.34; H, 9.39. Found:
C, 49.68, H, 9.56.
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Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories"; National Academic Press; Washington, DC,
1983.

3. Discussion

Hydroxymethyl anion equivalents play an important role as building blocks in
the synthesis of complex organic compounds.® Still7 has previously demonstrated the
utility of BusSnCH2OCH(OEt)CH3 as a hydroxymethyl anion equivalent. The
preparation of this reagent involves the addition of tributyistannyllithium to
paraformaldehyde followed by the protection of the resultant alcohol with a-chloroethyl
ethyl ether. Transmetalation of the organostannane with one equivalent of butyllithium
then furnishes an a-alkoxymethyllithium reagent which adds to carbonyl compounds
in good yield. Hydrolysis of the ethoxyethy! protective group provides the desired
primary alcohols.

Like Still's reagent, tributyl[(methoxymethoxy)methyljstannane incorporates an
alcohol protective group that can be conveniently unmasked under mild acidic
conditions. However, an advantageous feature of this MOM ether derivative is that, in
contrast to Still's reagent, it is achiral. In many applications the introduction of an
additional chiral center into synthetic intermediates is undesirable because of the
complications associated with the manipulation, analysis, and purification of
diastereomeric mixtures.

Methoxymethylation of alcohols is generally achieved through alkylation with
chloromethyl methyl ether. The procedure described here for the preparation of
BuzSnCH20CH20CH3 avoids the use of the highly toxic chloromethyl ether by

employing an acid-catalyzed acetal exchange reaction with dimethoxymethane for the
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key protection step. Two related procedures have been developed for the

methoxymethylation of (tributylstannyl)methano! based on this strategy.8-10 The

protocol described here employs BFg-etherate and molecular sieves8:1! to promote

the acetal exchange and resuits in a higher yield of product compared to the

alternative Fujita procedure?2 that uses phosphorus pentoxide. In this fashion the title

compound is obtained in excellent purity in 74% overall yield from tributyltin hydride.

The accompanying procedure illustrates one application of this organotin compound

as a hydroxymethy! anion equivalent.
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11. Acetal exchange has previously been achieved using moiscular sieves in
combination with p-toluenesulfonic acid: Roelofsen, D. P.; Wils, E. R. J.; Van
Bekkum, H. Racl. Trav. Chim. Pays-Bas 1971, 90, 1141.

12.  Fuji, K.; Nakano, S.; Fujita, E. Synthesis 1975, 276.

Appendix
Chemical Abstracts Nomenclature (Coliective Index Number);

(Registry Number)

Tributyl{(methoxy methoxy)methyl]stannane: Stannane, tributyl({methoxymethoxy)-
methyl]- (11); (100045-83-8)

(Tributyistannyl)methanol: Methanol, (tributylstannyi)- (8,9); (27490-33-1)
Tributyltin hydride; Stannane, tributyl- (8,9); (688-73-3)

Paraformaldehyde (9); (30525-89-4)

Dimethoxymethane: Methane, dimethoxy- (8,9); (109-87-5)

Boron trifluoride etherate: Ethyl ether, compd. with boron fluoride (BF3) (1:1) (8);
Ethane, 1,1'-oxybis-, compd. with trifluoroborane (1:1) (9); (109-63-7)
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PREPARATION AND USE OF (METHOXYMETHOXY)METHYLLITHIUM:
1-(HYDROXYMETHYL)CYCLOHEPTANOL
(Cycioheptanemethanol, 1-hydroxy-)

CH3OCH,0OCH,,_ OH

A.  BusSnCH,OCH,OCH, ;; 2‘;5;‘)::;3"7:“2

B. CHZOCH,OCH,  OH HOCH,, OH

MeOH

Submitted by Carl R. Johnson,12 John R. Medich,1b Rick L. Danhsiser, ¢
Karen R. Romines, ¢ Hiroo Koyama,¢ and Stephen K. Gee.1c

Checked by Darius J. Robinson and Amos B. Smith, IIl.
1. Procedure

A. 1-[(Methoxymethoxy)methyljcycloheptanol. A 250-mL, three-necked, round-
bottomed flask is equipped with a magnetic éirring bar, a rubber septum, an argon
inlet adapter, and a thermometer port. The apparatus is flame dried under reduced
pressure and evacuated; the vacuum is broken with argon. The flask is charged with
tributyl{(methoxymethoxy)methyijstannane (10.5 g, 28.7 mmol) (Note 1) and evacuated
for 15 min; the vacuum is broken with argon. The flask is charged with 40 mL of dry
tetrahydrofuran (Note 2), a low iemperature thermometer is set into the flask and the
solution is cooled to -78°C using a dry ice-acetone bath. A solution of butyllithium (2.5

Min hexanes, 11.2 mL, 28.0 mmol) (Note 3) is added via a syringe over a period of ~5
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min while maintaining a reaction temperature below -60°C. Stirring is continued for no
more than 5 min (Note 4), at which time cycloheptanone (2.70 g, 24.0 mmol) (Note 5)
is added neat via a syringe. After the solution is stirred for 30 min at -78°C, the dry ice-
acetone bath is removed and the reaction mixture is diluted with 40 mL of saturated
aqueous ammonium chloride. The resulting mixture is stirred for 30 min and then
extracted with three 40-mL portions of ethyl acetate. The combined organic layers are
washed with 20 mL of saturated aqueous sodium chloride, dried over anhydrous
sodium sulfate, filtered, and concentrated at reduced pressure using a rotary
evaporator to provide 12.8 g of crude product. The crude product is purified by flash
chromatography on a 70-mm diameter column packed with 130 g of silica gel (Note 6)
using 5% ethyl acetate/hexane to elute the tin by-products and 30% ethyl
acetate/hexane to elute the title compound. The product fractions are combined and
concentrated at reduced pressure using a rotary evaporator to provide
1-[(methoxymethoxy)methyllcycloheptanol (4.1-4.3 g, 91-95% based on cyclo-
heptanone) as a colorless liquid (Note 7).

B. 1-(Hydroxymethyl)cycloheptanol. To a 100-mL round-bottomed flask
equipped with a stirring bar and a reflux condenser are added 1-
[(methoxymethoxy)methyllcycloheptanol (3.90 g, 20.7 mmol), methanol (50 mL), and
hydrochloric acid (12.1 N, 0.75 mL). The reaction mixture is heated to 55°C for 1.5-2
hr (Note 8). After completion of the reaction, as indicated by TLC (Note 8), the reaction
mixture is cooled to ambient temperature and carefully diluted with 35 mL of saturated
aqueous sodium bicarbonate and stirred for 30 min. The methanol is removed under
reduced pressure using a rotary evaporator and the remaining agueous mixture is
extracted with three 40-mL partions of ethyl acetate. The combined organic layers are
washed once with 15 mL of saturated aqueous sodium chloride, dried over anhydrous
sodium sulfate, filtered, and concentrated at reduced pressure using a rotary

avaporator to afford 2.9 g of crude product as a pale yellow oil. The crude product is
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purified by flash chromatography on a 40-mm diameter column packed with 70 g of
silica gel (Note 6), using 40% ethyl acetate-hexane to elute the product. The desired
fractions are combined and concentrated under reduced pressure using a rotary
evaporator to provide 1-(hydroxymethyl)cycloheptanol (2.3-2.4 g, 76-80% yield) as a
white solid (mp 52-53°C) (Note 9).

2. Notes

1. The preparation of tributyl{{methoxymethoxy)methyl]stannane is described in
an accompanying procedure, Org. Synth. 1992, 71, 133.

2. Tetrahydrofuran was distilled from sodium benzophenone ketyl immediately
before use.

3. Butyllithium was purchased from Aldrich Chemical Company, Inc. and
titrated using a solution of 2-butanol (1.0 M in p-xylene) with 1,10-phenanthroline as
the end-point indicator.

4. In some cases the submitters have noticed that when the transmetalation
mixture was allowed to stir for 15 min or more prior to addition of the carbonyl
compound, the expected addition product was contaminated with material resulting
from addition of butyllithium.

5. Cycloheptanone was purchased from Aldrich Chemical Company, Inc. and
distilled under aspirator vacuum through a 6-in. Vigreux column prior to use.

6. Merck 230-400 mesh silica gel 60 was used for the column chromatography.

7. 1-[(Methoxymethoxy)methyllcycloheptanol has the following spectral
properties: IR (neat) cm-1: 3460, 2930, 2860, 1460, 1445, 1405, 1212, 1198, 1150,
1112, 1042, 965, 920; 1H NMR (400 MHz, CDCl3) 5: 1.35-1.69 (m, 12 H), 2.40 (s, 1 H),
3.35 (s, 2 H), 3.35 (s, 3 H), 4.63 (s, 2 H); 13C NMR (400 MHz, CDCl3) §: 22.3, 30.0,
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37.6, 55.2, 74.6, 76.1, 97.0. Anal. Calcd for C1gH2003: C, 63.80; H, 10.71. Found: C,
63.73; H, 10.82.

8. Progress of the reaction should be monitored periodically during the 2 hr to
determine when the starting material is consumed in order to avoid unnecessary
heating, which leads to the formation of by-products. TLC can be used: 50% ethyl
acetate/hexane, silica gel stained with phosphomolybdic acid.

9. 1-(Hydroxymethyl)cycloheptanol has the following spectral properties: IR
{KBr) cm-1: 3370, 2920, 2858, 1465, 1445, 1375, 1341, 1230, 1190, 1075, 1029, 991,
961, 935, 920, 890, 850, 800, 710; 'H NMR (400 MHz, CDCl3) 3: 1.3-1.8 (m, 12 H);
2.98 (s, 1 H), 3.38 (d, 2 H), 3.52 (i, 1 H); 13C NMR (400 MHz, CDClz) &: 22.4, 30.2,
37.2, 69.6, 76.0. Anal. Calcd for CgHy502: C, 66.63; H, 11.18. Found: C, 66.35; H.
11.39.

Waste Disposal Information

All toxic materials were disposed of in accordance with “Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,

1983.

3. Discussion

The utility of a-alkoxyorganostannanes as precursors to a-alkoxyorganolithiums
has been demonstrated by several groups.2 Primary o-alkoxyorganostannanes2d-g
have been used as hydroxymethyl anion equivalents.3 Direct hydroxymethylation of
carbonyl compounds was achieved by Seebach and Meyers,4 who treated
tributylstannyimethanol with two equivalents of butyllithium (Buli) to produce the

dianion of methanol. The dianion added to carbonyl compounds to give diols directly.
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The usefulness of this method, however, is limited because of the instability of the
reagent and the moderate yields of addition products. Still prepared
tributyl[(ethoxy)(methyl)methoxy]stannnane and (benzyloxymethyl)tributylstannane.2°
These compounds, upon treatment with one equivalent of BuLi, gave a-
alkoxyorganolithiums, which added in high yields to carbonyl compounds to provide
monoprotected diols. The former reagent results in the introduction of a new chiral
center and the latter results in a protected diol that must be unmasked by
hydrogenalysis. The related "MOM" reagent described here was foreseen as fulfilling
a need for an acid-sensitive protecting group that would not introduce new
diastereomers.

Tributyi[(methoxymethoxy)methyilstannane in tetrahydrofuran readily
transmetalates with BuLi and the resulting (methoxymethoxy)methyllithium adds in
high yield to carbonyl compounds, providing monoprotected diols.29 The reagent can
also be added in a conjugate fashion to enones, albeit in moderate yield,29 using the
copper methodology of Fuchs and Hutchinson.5 Deprotection of the alcohol can be

achieved in high yield by simple acid hydrolysis.6

1. (a) Department of Chemistry, Wayne State University, Detroit, Ml 48202; (b)
Department of Chemical Development, G. D. Searle, 4901 Searle Parkway,
Skokie, IL 60071; (c) Department of Chemistry, Massachusetts Institute of
Technology, Cambridge, MA 02139.

2. (a) Linderman, R. J.; Godfrey, A.; Horne, K. Tetrahedron Lett. 1987, 28, 3911;
(b) Linderman, R. J.; Godfrey, R. J. Tetrahedron Lett. 1986, 27, 4553; (c)
Duchéne, A.; Quintard, J.-P. J. Chem. Soc., Chem. Commun. 1987, 29; (d)
Sawyer, J. S.; Kucerovy, A.; Macdonald, T. L.; McGarvey, G. J. J. Am. Chem.
Soc. 1988, 110, 842, (e) Still, W. C. J. Am. Chem. Soc. 1978, 100, 1481; (f)
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Danheiser, R. L.; Ges, S. K.; Perez, J. J. J. Am. Chem. Soc. 1986, 108, 806; (g)
Johnson, C. R.; Medich, J. R. J. Org. Chem. 1988, 53, 4131.

3.  For other hydroxymethyl anion equivalents see: (a) Corey, E. J.; Eckrich, T. M.
Tetrahedron Lett. 1983, 24, 3165; (b) Imamoto, T.; Takeyama, T.; Yokoyama, M.
Tetrahedron Lett. 1984, 25, 3225; (c) Tamao, K.; Ishida, N. Tetrahedron Lett.
1984, 25, 4245; (d) Tamao, K.; Ishida, N; Ito, Y.; Kumada, M. Org. Synth. 1990,
69, 86.

Seebach, D.; Meyer, N. Angew. Chem., Int. Ed. Engl. 1976, 15, 438.
Hutchinson, D. K.; Fuchs, P. L. J. Am. Chem. Soc. 1987, 109, 4930.

For other conditions for hydrolysis of methoxymethyl ethers, see: Greene, T. W.;
Wauts, P. G. M. "Protective Groups In Organic Synthesis®, 2nd ed.; Wiley: New
York, 1991; p. 17.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(Methoxymethoxy)methyllithium: Lithium, [(methoxymethoxy)methyl}- (12);
(115384-62-8)

1-(Hydroxymethyi)cycloheptanol: Cycloheptanemethanol, 1-hydroxy- (10);
(74397-19-6)

1-[Methoxymethoxy)methyllcycloheptanol: Cycloheptanol,
1-[{methoxymethoxy)methyl]- (12); (115384-52-6)
Tributyl[{methoxymethoxy)methyl]stannane: Stannane, tributyl[{(methoxymethoxy)-
methyl]- (11); (100045-83-8)

Butyllithium: Lithium, butyl- (8,9); (109-72-8)

Cycloheptanone (8,9); (502-42-1)

145



ETHYL 1-NAPHTHYLACETATE: ESTER HOMOLOGATION
VIA YNOLATE ANIONS
(1-Naphthaleneacetic acid, ethy! ester)

COgEt 1) LiTMP, -78°C CHZCOZEt
2) LIHMDS + LiOEt
-78°C_—»-20°C
OO +  CHBr, 3 5ecBull, 78°C OO
4) BulLi, ~20°C
5) EXOH/ACCH

Submitted by Rajarathnam E. Reddy and Conrad J. Kowalski.1
Checked by Chang Y. Hong and Larry E. Overman.

1. Procedure

A. Preparation of lithium 2,2,6,6-tetramethylpiperidide (LiTMP). An oven-dried,
500-mL, round-bottomed flask, equipped with a magnetic stirring bar, nitrogen inlet,
and septum, is filled with a nitrogen atmosphere and charged via syringe with 40.5 mL
(33.9 g, 0.240 mol) of 2,2,6,6-tetramethylpiperidine (Note 1) and 250 mL of anhydrous
tetrahydrofuran (Note 2). The rapidly stirred solution is cooled with an ice bath and
88.0 mL (0.220 mol) of 2.5 M butyllithium in hexanes (Note 3) is added via syringe
over a 20-min period. This solution of Iithium’2,2,6.6-tetramethylpiperidide is stirred
with continued ice bath cooling for a period of about 30 min while the next reaction is
readied.

B. In situ lithiodibromomethane preparation/addition. An oven-dried, 2-L,
round-bottomed flask with three vertical necks, containing 20.0 g (0.100 mol) of ethyi
1-naphthoate (Note 4), is equipped with a 2-1/2 x 3/4-inch, egg-shaped magnetic
stirring bar (Note 5), a -100°C to +50°C thermometer (Note 6) and a rubber septum.k
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The apparatus is flushed with nitrogen and a nitrogen atmosphere is maintained
throughout the reaction using a nitrogen bubbler system that allows pressure release.
The flask is charged through the septum (via syringe) with 200 mL of anhydrous
tetrahydrofuran and 15.5 mL (38.3 g, 0.220 mol) of dibromomethane (Note 1). The
thermometer (in a side neck) is adjusted so that the buib is submerged when the liquid
is stirred. The flask is immersed almost to the necks in a dry ice-acetone bath using
about 2 L of acetone, and the contents are stirred vigorously for good heat transfer.

The lithium tetramethylpiperidide solution from Part A is cooled with a dry ice-
acetone bath. When the solution of ethyl 1-naphthoate and dibromomethane has
cooled to -74°C or below (internal solution temperature), addition of the dry ice-
acetone cooled solution of lithium tetramethylpiperidide is begun. Addition is made
via a double-ended (16 gauge) needle aver a 40 to 50-min period using a slight
positive nitrogen pressure in the 500-mL flask (Note 7). During this time, the addition
rate is slowed or stopped as needed to maintain the reaction temperature below
-67°C.

C. Preparation of lithium hexamethyldisilazide(LIHMDS)/ithium ethoxide. As
the addition of Part B above is progressing, an oven-dried, 500-mL, round-bottomed
flask, equipped with a magnetic stirring bar, nitrogen inlet, and septum, is filled with a
nitrogen atmosphere and charged via syringe with 42.1 mL (32.2 g, 0.200 moi) of
1,1,1,3,3,3-hexamethyldisilazane (Note 1), 5.9 mL (4.6 g, 0.100 mol) of absolute
ethanol, and 160 mL of anhydrous tetrahydrofuran. The rapidly stirred solution is
cooled with an ice bath and 120 mL (0.300 mol) of 2.5 M butyllithium in hexanes is
added via syringe over a 20-min period. The resulting solution of lithium
hexamethyldisilazide and lithium ethoxide is stirred with continued cooling for a period
of about 30 min and is then cooled with a dry ice-acetone bath (Note 8).

D. Base and butyllithium addition. Ten minutes after the addition of lithium

tetramethyipiperidide to the main reaction is complete, the cold (ca. -70°C) solution of
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lithium hexamethyldisilazide and lithium ethoxide is added (via a double-ended
needle) over a 15 to 20-min period, while maintaining the reaction mixture
temperature below -85°C. Five minutes after the addition is complete, the dry ice-
acetone cooling bath is removed and the reaction mixture is allowed to warm. When
the internal temperature of the solution has reached -20°C (after about 15 min), the
reaction mixture is again cooled with a dry ice-acetone bath (Notes 9, 10). When the
internal reaction temperature has reached -70°C or below, 308 mL (0.400 mol) of 1.3
M sec-butyllithium in cyclohexane (Note 11) is added via syringe over a 30 to 40-min
period so that the internal temperature is maintained below -60°C. Five minutes after
the addition is complete, the dry ice-acetone cooling bath is removed and the reaction
mixture is allowed to warm. After the internal temperature has gradually reached ca.
-10°C (Note 12), the reaction mixture is warmed 1o 20°C with a ~25°C water bath. A
solution of butyllithium (80 mL, 0.200 mol) in hexanes is then added using a syringe
pump over a 30 to 40-min period while the internal temperature is maintained between
20-25°C (Notes 13, 14). The reaction mixture is then allowed to stir for 30 min at room
temperature (Note 15).

E. Quench and puritication. While the butyllithium addition is taking place, an
acidic ethanol quench soiution is prepared in a 3-L, two-necked, round-bottomed flask,
equipped with a mechanical stirrer and a 250-mL, pressure-equalizing dropping
funnel. The fiask is charged with 1 L of absolute ethanol and the funnel with 250 mL of
acety! chloride. The ethanol is stirred rapidly and the flask is cooled with an ice bath
as the acetyl chloride is added over a 30-40-min period and then the cooling bath is
removed and stirring is continued for 20-30 min. After the main reaction mixture has
been stirred for 30 min at room temperature, it is cooled with a dry ice-acetone bath.
The acidic ethanol solution is cooled with an ice bath and the cold, main reaction
mixture is quenched by addition (via a double-ended needle) into the rapidly stirred,

cold, acidic ethanol solution over a 3 to 3.5 hr period (Note 16).
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After the quench is complete, the mixture is diluted with 2 L of ether and washed
in a separatory funnel with 1.25 L of aqueous 10% hydrochloric acid. The aqueous
layer is reextracted with a 2-L portion of ether. The combined ethereal layers are
washed with 1.25 L of saturated brine solution and dried over anhydrous magnesium
sulfate.  After filtration and removal of solvent using a rotary evaporator there remains
26 g of crude product as a reddish-brown oil. Distillation of this material under
reduced pressure through an unpacked, 2-inch distillation apparatus affords 17.3 g
(81%) of ethyl 1-naphthylacetate as a yellow liquid, (bp 134-138°C, 0.2 mm) (Notes
17, 18).

2. Notes

1. 2,2,6,6-Tetramethylpiperidine, dibromomethane (99%) and 1,1,1,3,3,3-
hexamethyldisilazane (38%) were purchased from Aldrich Chemical Company, Inc.,
and used without further purification. Use of less hindered secondary amines (such as
diisopropylamine) in place of tetramethylpiperidine results in lower yields because of
the formation of carboxamide by-products.

2. Reagent grade tetrahydrofuran was freshly distilled under nitrogen from a
purple solution of sodium and benzophenone.

3. Solutions of butyllithium in hexanes and sec-butyllithium in cyclohexane
were purchased from the Aldrich Chemical Company, Inc. It is recommended that
only freshly opened bottles or extremely well protected solutions be used as the
presence of lithium butoxide in partially decomposed bottles results in formation of the
corresponding butyl ester as an undesired by-product.

4. Ethyl 1-naphthoate was purchased from Lancaster Synthesis, Inc., P.O. Box
1000, Windham, NH 03087, and used without purification. The checkers found that
the purity of the ester was 95% by capillary GC analysis.
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5. Good stirring is important to the success of this reaction, in order to provide
efficient heat transfer during the addition of lithium tetramethyipiperidide and sec-
butyllithium. The 2-1/2 x 3/4 inch stirring bar used is available from Aldrich Chemical
Company, Inc.

6. The submitters recommend calibrating the thermometer to ca. -78°C when
immersed in a dry ice-acetone bath. The thermometer used for these runs (Catalog
#Z211,011-6) was purchased from Aldrich Chemical Company, Inc. Three different
thermometers (two Fisher 15-035 and one Ertco X7048) were found that read from
-86°C to -96°C when immersed in a dry ice-acetone bath! The checkers used a digital
thermometer, model 450-ATT, purchased from OMEGA Engineering, Inc., Stamford,
CT 05907.

7. At a very low temperature the lithium tetramethylpiperidide solution may
become too thick for smooth addition. If that occurs, the dry ice-acetone cooling bath is
either partially or completsly removed for a short period until addition can take place.
The checkers warmed this mixture to -20°C to -10°C (whereupon it became a clear
solution) prior to addition.

8. While it is important for all ester substrates that lithium hexamethyldisilazide
be added before warming in order to avoid yield loss, the addition of lithium ethoxide
(LIOEt) is specific for the naphthyl ester and is not generally necessary (see
Discussion). Thus for other esters the sthano! can be omitted in this step and the
amount of butyliithium can be reduced to 0.20 mol.

9. The reaction mixture turns from a yellow-orange color to a dark brown/black
during the warming process, at ca. -35° to -25°C.

10. It is helpful to withdraw about a 0.20-mL aliquot of the reaction mixture after
the warming-recooling process, to quench it in about 1.5 mL of a 1:5 mixture of acetyl
chloride and absolute ethanol, and then to add about 1 mL of ethyl acetate and 0.5 mL

of water. The mixture is shaken and most of the organic layer is transferred via pipette
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to a tube containing anhydrous magnesium suifate for drying. GC analysis of this
material (at a convenient time) on a 50 m x 0.32 mm i.d. capillary column of cross-
linked methylsilicone, at 40 psi of pressure for the helium carrier gas, and at a
temperature raised from 100°C to 300°C at a rate of 15°C/min should show no
remaining starting ester (ret. time = 6.5 min); instead it should show dibromo ketone Ia
(X'=Br, Y = Br) at a ret. time = 9.0 min, monobromo ketone Ib (X=H, Y = Br) at a ret.
time = 7.7 min and monochloro ketone le¢ (X = H, Y = Cl) at a ret. time = 7.1 min

(resulting from halogen exchange during the quench) in a ratio of about 3.9:4.2:1.

11. Use of butyllithium in place of sec-butyllithium at this point results in
formation of some a-butylated ester by-product later upon warming, while use of sec-
butylithium in greater excess resuilts in formation of methyl ketone Id (X, Y = H) in the
final product.

12. Caution: A pressure buildup can occur on this scale if the reaction mixture is
warmed from -78°C to -10°C too rapidiy and if the nitrogen inlet/pressure reiease
system has very narrow constrictions. The initial warming is best done without a bath
and takes about 15 min.

13. The internal temperature is maintained between 20°C to 25°C during the
addition with a cold water bath.

14. For non-aromatic esters, this addition can be carried out more conveniently

by adding the butyllithium over 5-10 min (without cooling) once the internal
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temperature has reached -20°C, and then warming to room temperature using a 20-
25°C bath. For ethyl 1-naphthoate, however, addition of butyliithium at a lower
temperature, or too quickly at a higher temperature, resuits in formation of ca. 3.2% of
methyl ketone Id (X = Y = H). This lowers the yield and this compound is difficult to
separate from the product.

15. It is wise to remove, quench, and analyze an aliquot from the reaction (as
described in Note 10). At this point there should be no dibromo ketone la (X, Y = Br,
ret. time = 9.0 min} or monobromo ketone (X = H, Y = Br, ret time = 7.7 min), but instead
a strong peak for product at a ret. time = 6.8 min. If any monobromo or dibromo ketone
is present in the 30-min aliquot, a longer time should be allowed far stirring at room
temperature and/or slightly more butyliithium should be added.

16. It is important to quench the reaction into the acidic ethanol. If the quench
solution is added to the reaction mixture, very little product is obtained.

17. The pot material in this distillation is rather viscous and tends to bump, so
good stirring and extra care should be employed to avoid this problem. A low-boiling
fraction (0.67-0.78 g, 95-133°C, 0.2 mm) is collected that is mostly a mixture of
hydrocarbons and ethyl 1-naphthylacetate (ca. 1% yield). More than 90% of the
product distils at 134-138°C, 0.2 mm. For the final few drops of product the bath
temperature must be raised by 15-20°C, resulting in a slight rise in product boiling
point; however, all the remaining distillate obta;ned is desired product.

18. G/C analysis (as in Note 10) of the final product, shows a single peak with
retention time of 6.8 min. This material has the following spectral properties: IR {neat)
cm-1: 2981, 1730, 1598, 1512, 1445, 1174, 792, 780; 1H NMR (CDClz) 3: 1.19 (t, 3 H,
J=7.0),4.04 (s, 2H), 413 (q, 2 H, J = 7.1), 7.39-7.51 (m, 4 H), 7.76 (dd, 1 H, J = 2.4,
7.1),7.84(d, 1H,J=7.9),7.98 (d, 1H,J=8.3).
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Waste Disposal Information
Al toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories"; National Academic Press; Washington, DC,
1983.

3. Discussion

This procedure illustrates a general method for the direct homologation of
common esters, that represents a convenient, safer alternative to the classical Arndt-
Eistert approach. Ethy! 1-naphthylacetate was selected for this demonstration since its
preparation via the classical procedure has appeared previously in Organic
Syntheses,? thus offering a direct comparison. In the earlier work, 1-naphthoy!
chloride was prepared from the corresponding acid and converted using
diazomethane to 1-(diazoacetyl)naphthalene. Preparation of multigram quantities of
hazardous diazomethane was required, and the 1-(diazoacetyl)naphthalene produced
was a severe skin irritant that had to be recrystallized in order to achieve the desired
overall yield. Freshly prepared silver benzoate was then used to catalyze the Wolff
rearrangement, providing the final ethyl 1-naphthylacetate in 78% overall yield (from
the acid chloride). A modified Arndt-Eistert procedure using trimethylsilyidiazo-
methane has also been used to effect transformation of 1-naphthoy! chloride 1o ethyl 1-
naphthylacetate in 66% yield on a 3-mmol scale.3

The current procedure starts with the ester, ethyl 1-naphthoate, and converts it
into homologated product in 81% yield without isclation of any intermediates. Safe,
commercially available materials are employed. Based on a recently published
variation42 of our original homologation methods,4® it represents a general procedure
applicable to esters 1 bearing aryl, alkenyl, alkynyl and primary, secondary or tertiary
alkyl attachments R. Yields range from 67-90% (on a 25-mmol scale) and like the

Arndt-Eistert sequence this procedure affords retention of stereochemistry for the
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attachment R. It is also worth noting that this chemistry proceeds through the

intermediacy of ynolate anions 5 that are useful for other processes,5 including the

preparation of silyloxyacetylenes.®

i OLi OLi
0O OLi .
i ] LIHMDS | |
R-E—OEt L;-::,ATP» R-(I)-OE'( _EIE—OEt—_' R-C=CBr, + R-C=CHBr
1 CHBr, -78°C —-20°C 3 4
y 2 sec-Buli
Ch;Br, -78°C —-20°C{RT)
OLi
RCH,COEt =82 R-czc-oOLi <BWl  JR-C=C-OLi + R-C=CHBr
6 5 20°C(RT) - 25°C 5 4

Parts A and B of the procedure correspond to preparation of lithium
tetramethylpiperidide, and its use in the in situ preparation? and addition of
dibromomethyllithium to the ester 1 producing tetrahedral intermediate 2. InPart C a
mixture of lithium hexamethyldisilazide and lithium ethoxide is prepared for addition in
Part D to the solution of 2. The silazide base serves to deprotonate the mono and
dibromo ketones that are formed on initial warming of the reaction to -20°C, thus
protecting them as the enolate anions 4 and 3. Addition of the sec-butyliithium in Part
D effects the key metal-halogen exchange/re;rrangement of 3 at -78°C, converting it
to the ynolate anion 5 (and producing sec-butyl bromide that does not alkylate the
ynolate anion on subsequent warming). Addition of butyllithium, also in Part D,
provides a source of base (regenerated lithium tetramethylpiperidide) to deprotonate
enolate 4 at room temperature and initiate rearrangement to ynolate 5. The Part E
quench then affords final product 6. .

Two modifications were made to our general procedure,42 specifically to suit the

ethyl 1-naphthoate case in this preparation, that are not necessary for most other
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compounds. For most ynolate anions, 5, the inverse quench into acidic ethanol
described here is sufficient to eliminate significant formation of dimeric products
resulting from ynolate anion reaction with the ketene intermediate. In the naphthalene
case, however, about 3% of dimeric material (which complicates the distillation) is
formed,. possibly because of tighter aggregation of the ynolate anions via n-stacking.
This was eliminated by adding an equivalent of lithium ethoxide {(Parts C and D) to
provide more ethoxide as an internal nucleophile/aggregate companion to trap
effectively all the ketene formed in the quench. This ethoxide is not generally required
for other substrates (Note 8).

It was also found for the naphthalene case (and to a lesser extent for phenyl),
that small amounts of metal-halogen exchange can take place between bromoenolate
4 and butyllithium at room temperature, affording about 3% of acetonaphthone after
quench. Thus the butyllithium addition was carried out slowly enough at room
temperature so that no buildup of butyllithium would occur; under these conditions, the
lithium tetramethylpiperidide deprotonation of 4 was occurring sufficiently fast to
generate tetramethylpiperidine and to protonate the butyllithium as it was being
added. For non-aromatic R groups on 4, this competitive metal-halogen exchange
was not a problem and the butyllithium need not be added slowly at room temperature
(Note 14).

Ethy! 1-naphthoate thus represents one of the more difficult homologation cases,
requiring the two modifications above. For most other compounds these are
unnecessary and the procedure can be simplified as noted. On untried compounds
one should always test the chemistry first on a small (2 mmol) scale, monitoring the
quenched aliquots (as in Notes 10 and 15) to ensure that minor adjustments 1o the
stoichiometry are not needed (e.g., a larger excess of dibromomethyliithium in the first
step to consume all the starting ester and/or more butyllithium in the final step to

deprotonate/rearrange all the bromoenolate 4). No such changes have been required
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for any of the esters that we have investigated to date,43 however, indicating that this Appendix

procedure represents a quite general method for the direct homologation of common Chemical Abstracts Nomenclature (Coliective Index Number);
(Registry Number)

estars.

1. Synthetic Chemistry Department, SmithKline Beecham Pharmaceuticals, P.O. Ethyl 1-naphthylacetate: 1-Naphthaleneacetic acid, ethyl ester (8,9); (2122-70-5)
Box 1539, King of Prussia, PA 19406. Lithium 2,2,6,6-tetramethylpiperidide: Piperidine, 2,2,6,6-tetramethyl-,

2. Lee, V.; Newman, M. S. Org. Synth., Coll. Vol. V1988, 613. lithlum salt (9); (38227-87-1)

3. Aoyama, T.; Shioifi, T. Chem. Pharm. Bull. 1981, 29, 3249. 2,2,6,6-Tetramethylpiperidine: Piperidine, 2,2,6,6-tetramethyl- (8,9); (768-66-1)

() Kowalski, C. J.; Reddy, R. E. J. Am. Chem. Soc. 1992, 114, 0000; (b) Butyliithium: Lithium, butyl- (8.9); (109-72-8)
Kowalski, C. J.; Haque, M. S.; Fields, K. W. J. Am. Chem. Soc. 1985, 107, 1429. Ethyl 1-naphthoate: 1-Naphthoic acid, ethyl ester (8); 1-Naphthalenecarboxylic acid,

5. (a) Kowalski, C. J.; Hague, M. S. J. Am. Chem. Soc. 1986, 108, 1325; ethyl ester (9); (3007-97-4)

(b) Kowalski, C. J.; Lal, G. S. Tetrahedron Lett. 1987, 28, 2463. Dibromomethane: Methane, dibromo- (8,9); (74-95-3)

6. Kowalski, C. J.; Lal, G. S.; Hague, M. S. J. Am. Chem. Soc. 1986, 108, 7127. Lithium hexamethyldisilazide: Disilazane, 1,1,1,3,3,3-hexamethyl-, lithium salt (8);
This preparation is patterned after the in situ preparation of Silanamine, 1,1,1-trimethyl-N-(trimethylsilyl)-, Lithium salt (9); (4039-32-1)
dibromomethyllithium for addition to ketones using lithium dicyclohexylamide, 1.1,1,3,3,3-Hexamethyldisilazane: Disilazane, 1,1,1,3,3.3-hexamethyl- (8);
as reported by Taguchi, H.; Yamamoto, H.; Nozaki, H. J. Am. Chem. Soc. 1974, Silanamine, 1,1,1-trimethyl-N-(trimethylsilyl)- (9); (999-97-3)

96 3010. Lithium ethoxide: Ethyl alcohol, lithium salt (8); Ethanol, lithium salt (9); (2388-07-0)

sec-Butyllithium: Lithium, sec-butyl- (8); Lithium, (1-methylpropyl)- (9); (598-30-1)
Acetyl chioride (8,9); (75-36-5)
Ethanol: Ethyl aicohol or ethanol (8); Ethanol (9); (64-17-5)
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BENZOANNELATION OF KETONES:
3,4-CYCLODODECENO-1-METHYLBENZENE
(Benzocyclododecene, 5,6,7,8,9,10,11,12,13,14-decahydro-2-methyl-)

O OH HO
ZZ 1. MegSiCl = OSiMe;
A EtN
2. CH»=C(CH3)CHMgCl
Et0
1
CHy
2

OSiMey TsOH, PhCHy

—_— -

80°C

Submitted by Marcus A. Tius and G. S. Kamali Kannangara.!

Checked by Annapoorna Akella and James D. White.
£

1. Procedure

A, 1-(2-Methylallyl)-2-(trimethylisiloxy)methylenecyclododecanol. A dry, 2-L,
three-necked, round-bottomed flask connected to a nitrogen bubbler and equipped

with a mechanical stirrer with ground glass shaft and bearing a 100-mL pressure
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equalizing dropping funnel and a septum inlet is charged with 45.4 g (1.89 mol) of
magnesium turnings (Note 1) and flushed for 5 min with nitrogen. Anhydrous ether,
450 mi, (Note 2) is added and the flask is cocled to 0°C in an ice bath. Methally!
chloride, 64.6 mL (0.65 mol, Note 3) is added dropwise from the addition funnel to the
stirred magnesium turnings during 45 min. (Caution! The reaction is exothermic and
care must be exercised to add the methally! chloride at a moderate rate with adequate
stiming and cooling of the reaction mixture). During this time the reaction mixture turns
to a gray heterogeneous slurry. Stirring is continued at 0°C for 1.5 hr and at 22°C for
1.5hr.

In a separate, dry, 1-L, two-necked, round-bottomed flask fitted to a nitrogen
bubbler and equipped with a magnetic stirring bar and a septum inlet is added a
solution of 12.6 g (60.0 mmol) of 2-(hydroxymethylene)cyclododecanone (Note 4) in
500 mL of anhydrous ether. The stirred ethereal solution of the hydroxymethylene
ketone is treated at 22°C with 33 mL of a freshly prepared mixture (1/1, v/v) of
chlorotrimethylsilane and triethylamine (Note 5). An immediate reaction takes place
with deposition of a white precipitate. The mixture is stirred thoroughly at 22°C for 15
min to insure complete conversion 1o the silyl enol ether.

The heterogeneous mixture of the silyl encl ether and triethylamine
hydrochloride is transferred to the solution of the Grignard reagent at 0°C by means of
a large-bore cannula (Note 6) during 15 min. The efficient transfer of the silyl enol
ether is accomplished with the aid of nitrogen pressure. The flask containing the silyl
enoal ether is rinsed with 50 mL of ether that is transferred to the Grignard solution.
Stirring at 0°C is continued for 15 min. The reaction is then quenched by slow addition
of saturated aqueous sodium chloride solution until the reaction mixture becomes
clear. (Caution! The septa are removed from the flask in order to vent the pressure).
The solution is allowed to warm to 22°C and the ether layer is decanted from the

magnesium salt and the unreacted magnesium. The residue is diluted with 100 mL of
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saturated aqueous sodium chloride solution and extracted with ether (3 x 50 mL). The
combined ether extracts are washed with brine (2 x 50 mL), dried over anhydrous
magnesium sulfate and concentrated at reduced pressure. The product that is
obtained is used in the next step without purification.

B. 3,4-Cyclododeceno-1-methylbenzene. A 1-L, two-necked, round-bottomed
flask equipped with a reflux condenser, septum inlet, and a magnetic stirring bar is
fitted to a nitrogen bubbler. The flask is charged with 200 mL of toluene (Note 7) and
4.6 g (24 mmol) of p-toluenesulionic acid monohydrate (Aldrich Chemical Company,
Inc.). The solution is warmed to 80°C in a heating mantle. Tertiary alcohol 1 from the
preceding step is dissolved in 150 mL of toluene and transferred to the flask by
cannula. The progress of the reaction can be monitored by silica gel TLC eluting with
20% ethyl acetate in hexane (Note 8). After 3 hr the reaction mixture is cooled to 22°C
and washed with saturated aqueous sodium bicarbonate (2 x 100 mL). The aqueous
phase is extracted with ether (4 x 100 mL) and the combined organic extracts are dried
over anhydrous magnesium sulfate. The solvents are removed under reduced
pressure and the residue is purified by flash column chromatography on silica gel,
eluting with hexane. The benzoannelated product is obtained as a pale yellow oil in
86% overall yield (12 g; Note 9).

2. Notés

1. Magnesium turnings (98%) from Aldrich Chemical Company, Inc. were used
after drying in a beaker at 110°C overnight. The Grignard reaction took place without
need of an initiator.

2. Reagent grade ether was dried by distillation under argon from a purple

solution of sodium benzophenone ketyl.
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3. Methallyl chioride {obtained from Aldrich Chemical Company, Inc.) was
distilled (bp 71-72°C) from phosphorus pentoxide prior to use.

4. See, Ainsworth, C. Org. Synth., Coll. Vol. IV 1963, 536 and Woodward, R.
B.; Pachter, I. J.; Scheinbaum, M. L. Org. Synth., Coll. Vol. VI 1988, 590. The following
modified- procedure was used: To a 1-L, three-necked, round-bottomed flask
equipped with a septum inlet, mechanical stirrer, nitrogen inlet, and pressure-
equalizing dropping funnel was added 3.0 g (92 mmol) of sodium hydride (obtained
from Aldrich Chemical Company, Inc.). The mineral oil was removed from the sodium
hydride by washing with hexane. Ether was added (250 mL) and the reaction mixture
cooled to 0°C. A mixture of 14 g (77 mmol) of cyclododecanone {(obtained from Aldrich
Chemical Company, Inc.) and 6.8 mL (85 mmoi) of ethyl formate (obtained from Aldrich
Chemical Company, Inc., and distilled from phosphorus pentoxide) in 75 mL of ether
was added through the dropping funnel over 45 min. Next 4 mL of methanol was
cautiously added. After 30 min the reaction became heterogeneous. Further addition
of 4 mL of methanol allowed stirring to take place. The reaction mixture was then
stirred for 4 hr at 0°C. The cooling bath was removed and stirring was continued for 8
hr at 23°C. The reaction was worked up by collecting the light yellow solid and
dissolving it in 150 mL of water. The aqueous layer was washed once with ether to
remove unreacted ketone and residual mineral oil. Careful acidification with 1 N
hydrochloric acid to pH 6 was followed by extraction with ether (6 x 50 mL). The sther
extracts were washed with brine (2 x 50 mL), dried (MgSO4) and concentrated to
produce 11.5 g of the hydroxymsthylene ketone, which was used in the next step
without purification. The spectrum was as follows: 'H NMR (300 MHz, CDCl3) 8.
1.30-1.39 (m, 12 H), 1.50-1.58 (br m, 2 H), 1.78-1.80 (br m, 2 H), 2.26 (t, 2 H, J = 6.9),
235t 2H,J=75),858(d, 1 H, J =36).

5. Chiorotrimethyisilane (obtained from Aldrich Chemical Company, Inc.) and

triethylamine (obtained from Aldrich Chemical Company, Inc.) were mixed in equal
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volumes in dry, stoppered tubes. These were centrifuged briefly and the supernatant
was transterred through a septum by syringe.

6. A suitable cannula was made by filing the ends of a 45-cm long aluminum
tube of 2-mm internal diameter to points.

7. Reagent grade toluene (obtained from Fisher Scientific Company) was
degassed with a nitrogen stream.

8. The reaction was most easily monitored by noting the disappearance of the
highly uv absorbing unsaturated aldehyde intermediate at R; = 0.41 (20% ethy! acetate
in hexane eluant).

9. The physical properties are as follows: 'H NMR (300 MHz, CDClg) &: 1.38-
1.44 (m, 8 H), 1.51-1.54 (m, 4 H), 1.65-1.76 (m, 4 H), 2.28 (s, 3H), 2.62 (t, 4H, J = 7.5),
6.93-7.09 (m, 3 H); 13C NMR (125 MHz, CDClg) 8: 20.95, 22.84, 22.85, 25.54 (two
peaks overlap), 26.25, 26.30, 28.93, 29.29, 29.89, 29.98, 126.52, 129.45, 130.21,
134.91, 137.86, 140.74; IR (neat) cm-1: 2940, 2880, 1510, 1475, 1450, 830, 810; mass
spectrum m/e 230 (M+, 82%), 215 (4%), 173 (8%), 159 (20%), 145 (50%), 119 (100%),
105 (42%), 91 (20%), 40 (37%).

Waste Disposal Information
Al toxic materials were disposed of in'accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983.

3. Discussion

This preparation describes a highly practical and efficient method for the

benzoannelation of ketones. The classical approach to the synthesis of aromatic
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compounds has been to start with a commercially available aromatic compound and
make use of traditional substitution reactions in order to introduce appendages and
functionality. This strategy has served well, but it is limiting for muitistep organic
synthesis because it normally requires that the aromatic substitution chemistry be
carried out at the very beginning of a sequence. The method described here provides
an alternative strategy in which a non-aromatic compound can serve as a precursor to
an aromatic molecule.

The present method is successful with a wide variety of ketones (see Table).
Cyclic ketones (entries 1-4, 8) produce benzoannelated products in excellent overall
yields. There is no need to purify the intermediate; both the nucleophilic addition of
methallylmagnesium chloride and the aromatic cyclization take place cleanly. Acyclic
ketones (entries 5-7) also provide high yields of benzoannelated product. Aromatic
ketones are particularly interesting substrates for this reaction since they provide
substituted biphenyls, which are potentially useful materials for liquid crystal synthesis
and whose preparation through classical methodology is often not straightforward.
The conditions for the cationic cyclization step can be modified to accommodate acid-
sensitive functionality. For example, cyclization of 3 to 4, the latter a precursor for 3-

methyi-8,14-dehydromorphinan, was accomplished in 77% yield by treatment of 3 at

| |
Me;SI0—40% I I

0OSi-BuMe, OSi-BuMe,
3 4
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23°C for 12 hr with pyridinium tosylate in benzene.2 This is an extraordinarily mild
procedure for an aromatic annelation. The method is not limited to the preparation of
methyl-substituted aromatics. By using benzylmagnesium bromide instead of
methallyl Grignard reagent, a naphthalene can be appended onto the ketone.3
Similarly, phenanthrenes3 and m-terphenyls4 can be obtained conveniently and in
high yield. In the absence of a cation-stabilizing group at C-2 of the Grignard reagent,
the yield for cyclization is diminished.5 A similar effect has been noted in related
work.8  Unsubstituted, benzoannelated products are nevertheless accessible from
cyclization of the adducts of [2-(trimethylsilyl)-2-propenyljmagnesium chloride.5
Several related methods for benzoannelation have been reported.” Most
provide aromatic sulfides or phenols that require additional manipulation. The present
method provides convenient and highly efficient access to structurally diverse
benzoannelated products. The ease of the reactions, the high yields, and the

convenience recommend its use.

Department of Chemistry, The University of Hawaii, Honolulu, Hawaii 96822,
Tius, M. A.; Thurkauf, A. Tetrahedron Lett. 1986, 27, 4541-4544.

Tius, M. A.; Gomez-Galeno, J. Tetrahadron Lett. 1986, 27, 2571-2574.

Tius, M. A.; Savariar, S. Synthesis 1983, 467-469.

Tius, M. A.; Ali, S. J. Org. Chem. 1982, 47, 3163-3166.

Singh, G.; lla, H.; Junjappa, H. Tetrahedron Lett. 1984, 25, 5095-5098.

(a) Dieter, R. K.; Lin, Y. J. Tetrahedron Lett. 1985, 26, 39-42; (b) Chan, T.-H.;
Brownbridge, P. J. Am. Chem. Soc. 1980, 102, 3534-3538; (c) Datta, A.; lla, H.;
Junjappa, H. Tetrahedron Lett. 1988, 29, 497-500; (d) Rao, M. S. C.; Rao, G. S.
K. Synthesis 1987, 231-233,
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Entry 2-Hydroxymethylene ketone

TABLE

BENZOANNELATION OF KETONES

Product

Querall yield (%)
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Appendix DIASTEREOSELECTIVE FORMATION OF TRANS-1,2-DISUBSTITUTED

Chemical Abstracts Nomenclature (Collective Index Number); CYCLOHEXANES FROM ALKYLIDENEMALONATES BY AN
(Reglistry Number) INTRAMOLECULAR ENE REACTION: DIMETHYL (1'R,2'R,5'R)-
2-(2'-ISOPROPENYL-5'-METHYLCYCLOHEX-1'-YL)-PROPANE-
3,4-Cyclododeceno-1-methylbenzene: Benzocyclododecens, 1,3-DIOATE
5,6,7,8,9,10,11,12,13,14-decahydro-2-methyl- (11); (81857-28-5) (Propanedioic acld, [S-methyl-2-(1-methylethenyi)cyclohexyl]-,
Methallyl chloride: 1-Propene, 3-chloro-2-methyl- (8,9); (563-47-3) dimethyl ester, [1R~(10,28,50)]-)
2-(Hydroxymethylene)cyclododecanone: Cyclododecanone, 2-(hydroxymethylene)-
(9); (949-07-5)
Chiorotrimethylsilane: Silane, chlorotrimethyl- (8,9); (75-77-4) A P rk OMe %ﬁﬂ%ﬁ:—%ﬂg‘* MeO,C Z
p-Toluenesulfonic acid monohydrate (8); Benzenesulfonic acid, ° OMe CO,Me
4-methyl-, monohydrate (9); (6192-52-5) 1 2 3
B, 3 —HretA0.Glr . Meozc\(O\ + MoOLC
COMe COzMe
4a 4b

Submitted by L. F. Tietze and U. Beifuss.!
Checked by David Rawson and Albert I. Meyers.

1. Procedure

A. Methyl (5R)-2-(methoxycarbonyi)-5,9-dimethyldeca-2,8-dienoate, 3.2 A dry,
250-mL, two-necked, round-bottomed flask, equipped with a magnetic stirring bar,
calcium chloride drying tube, and rubber septum, is charged with 50 mL of dry
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dichloromathane (Note 1), R-citronellal 1 (Note 2, 15.4 g, 18.0 mL, 100 mmol),
dimethyl malonate, 2 (Note 3, 14.5 g, 12.5 mL, 110 mmol) and 3 A molecular sieves
(Note 4, 9.0 g). To the vigorously stirred mixture, piperidine (Note 5, 0.86 g, 1.00 mL,
10.0 mmol) and acetic acid (Note 6, 0.63 g, 0.6 mL, 10.0 mmol) are added
simultaneously by syringes within a few seconds at room temperature. The reaction
mixture is stirred for 30 min, another portion of molecular sieves (Note 4, 9.0 g) is
added, and stirring is continued for another 2 hr (Note 7). After the solvent is removed
on a rotary evaporator at 25°C, the resulting slurry is diluted with 30 mL of diethy! ether
and the resulting mixture is filtered with suction using a Biichner funnel.

The residue is washed with diethyl ether (4 x 30 mL), and the combined organic
layers are washed with water (3 x 30 mL), 1 N hydrochloric acid (3 x 30 mL), saturated
sodium bicarbonate solution (3 x 30 mL), water (30 mL), and brine (3 x 30 ml), and
finally dried over anhydrous sodium sulfate. Filtration and removal of the solvent on a
rotary evaporator at 25°C yields 24.1-25.5 g (90-95%) of the Knoevenagel product as
a colorless oil. The crude product is pure enough to be used in the ene reaction. An
analytically pure sample of 3 (Note 8) is obtained by column chromatography (SiOg)
(Note 9) with petroleum ether/acetone, 98:2. Compound 3 is acid and base sensitive
and should be stored under argon in a freezer.

B. Dimethyl (1'R,2'R,5'R)-2-(2"isopropeny!-5'-methylcyclohex-1"-yl)propane-
1,3-dioate, 4a.2 A dry, 500-mL, three-necked, round-bottomed flask, equipped with a
circular magnetic stirring bar, two rubber septa, and a three-way stopcock connected
to an argon line and a vacuum line, respectively, is charged with ferric chloride on
alumina (Note 10, 9.25 g, 9.50 mmol of ferric chlorids). An argon atmosphere is
ostablished in the reaction flask by repeated cycles of evacuation and refilling with
argon. Through use of a syringe, 210 mL of dry dichloromethane is added to the
reaction flask. Under a positive argon stream, one rubber septum is replaced by a

thermometer (-110°C to +30°C) and the other rubber septum is replaced by an argon-
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flushed, pressure-equalizing dropping funnel sealed with a rubber septum and
charged with a solution of 3 (25.5 g, 95.0 mmol) in 40 mL of dry dichloromethane
(Note 1). The reaction flask is cooled to -78°C and the solution of 3 in
dichioromethane is added dropwise over a period of 30-45 min with stirring at this
temperature. Stirring is continued for 2 hr at -78°C and the mixture is allowed to warm
to room temperature during 2 hr by taking away the dry ice-acetone bath. The solvent
is removed on a rotary evaporator and the remaining brown slurry is treated with
diethy! ether (50 mL); the resulting suspension is then filtered with suction using a
Biichner funnel. The residuse is washed with four portions of diethyl ether (50 mL) and
the combined organic layers are washed with water (50 mL), saturated sodium
bicarbonate solution (50 mL), 1 N hydrochloric acid (50 mL), water (50 mL), and brine
(50 mL). The ethereal phase is dried over anhydrous sodium sulfate, filtered, and
concentrated on a rotary evaporator to give 24.9 g (98%) of crude 4a/4b as a
yellowish oil in a 98.8:1.2 ratio. (The checkers determined the composition of 4a/4b to
be 97.4-97.8/2.6-2.2 by GC/MS.} The oil is purified by short path distillation under
reduced pressure to yield 17.1-19.7 g 71-77%) of 4a/4b as a clear, colorless,
analytically pure liquid (Note 11). Analytically pure samples of 4a/4b can also be
obtained by flash column chromatography of the crude material on SiO2 (Note 12) with

diethyi ether/petroleum ether, 1:4) in 87% yield.

2. Notes

1. Dichloromethane is freshly distilled from phosphorus pentoxide or calcium
hydride.

2. (R)-Citronellal purchased from Aldrich Chamical Company, Inc., Dragoco,
Holzminden, or Takasago, Perfumery Co., Ltd., Tokyo was used as received. (R)-

Citronellal can also be synthesized from pulegone with ee > 99%.3 The optical purity
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of citronellal can be determined by GLC after conversion to the acetal of {-)-(2R,4R)-
pentanediol4 or by HPLC of the amide of citronellic acid and (R)-(+)-1-(1-
naphthyl)ethylamine.4 The chemical purity was checked by TLC. We are grateful to
Dr. Brunke, Dragoco, Holzminden, Dr. Kumobayashi, Takasago, Tokyo and Dr.
Nirrenbach, BASF, Ludwigshafen for gifts of (+)- and (t)-citronellal.

3. Dimethyl malonate was purified by distillation.

4. Molecular sieves (3 A) were finely ground and dried under reduced pressure
at 100°C for 24 hr prior to use.

5. Piperidine was purified by distillation prior to use.

6. Acetic acid was purified by distillation.

7. The final stirring period can be shortened to 1 hr if an additional 0.6 mL of
acetic acid and 1 mL of piperidine are added at this point.

8. The physical properties of 3 are as follows: Ri 0.51 (ether/hexane, 1:1);
HPLC 3.4 min (Nuclecsil CN-10; etherthexane, 1:2; flow 1.5 mU/min); IR (film, cm-1:
1730, 1645, 1260, 1225, 1060; UV sh 210 (4.13); 1H NMR (100 MHz, CgDg) 5: 0.78 (d,
3 H, J = 6.5, 5-CHg), 0.94-1.46 (m, 3 H, 5-H, 6-Hy), 1.53 (s br, 3 H, 10-Hg), 1.66 (s br, 3
H, 9-CHg), 1.91 (g m, 2 H, J = 7, 7-Hy), 2.13 (multiplet centered, 2 H, 4-H»), 3.39 (s, 3
H, OCHg), 3.51 (s, 3 H, OCH3), 5.10 (tm, 1 H,J = 7, 8-H), 7.06 (t, 1 H, J = 8, 3-H); 13C
NMR (20 MHz, CgDg) 8: 17.66 (C-10), 19.59 (5-CH3), 25.81 (9-CH3), 25.81 (C-7),
32.68 (C-5), 36.99 and 37.03 (C-4 and C-6), 51.69 and 51.81 (OCHg), 124.89 (C-8),
129.80 (C-2), 131.25 (C-9), 148.48 (C-3), 164.20 (2-CO), 165.76 (C-1); MS m/z 268 (1,
M+), 237 (2, M-CH30), 136 (47, C1pH16). Anal. Calcd for C15H2404: C, 67.14; H,
9.01. Found: C, 67.19; H, 9.03.

9. Compound 3 is isolated in 82% yield by flash chromatography on SiOgz;
SiO2 is Silica Woelm 32-63 active, Fa. Woelm Pharma, Eschwege or Aldrich Grade
g951.
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10. fron(lll) chloride on alumina is prepared as foliows: A two-necked, round-
bottomed flask is equipped with a circular magnstic stirring bar, a rubber septum, and
an argon inlet adapter. The flask is flushed with argon and an argon atmosphere is
maintained during the reaction. By use of a syringe the reaction flask is charged with
dry dichloromethane (160 mL, Note 1). Iron(lil) chioride from Merck AG, Darmstadt or
Fluka Chemie AG, Buchs (10.0 g, 61.6 mmol) is added under argon and the
suspension is vigorously stirred. Chromatography-grade neutral or basic alumina
from Woelm Pharma, Eschwege (50.0 g) is added in small portions under argon.
Stirring is continued for 1 hr to achieve homogeneous adsorption and the solvent is
then removed on a rotary evaporator under reduced pressure at room temperature.
The rotary evaporator is carefully flushed with argon. After drying under reduced
pressure (0.01 atm) for 12 hr, 60 g of alumina-supported iron(lll) chloride is obtained
that can ba stored under argon for several months without substantial loss of catalytic
activity.

11. The physical properties of 4a/d4b are as follows: R; 0.56 (diethyl
ether/hexane, 1:1); GLC t(4a) 16.88 min, t(4b) 17.11 min (Chrompack 0.13 um CpSil
5, 0.32 mm x 25 m; 100°C, 5°C/min), 4a/4b = 98.82: 1.18 + 0.043, bp 128-129°C/0.5
mbar; [a]%o -34.6° (CH3CN, ¢ 1,2); IR (film, cm-1) 3065, 1750, 1735, 1645, 1155, 1035,
1020, 895; TH NMR (200 MHz, CDCl3) 8: 0.91 (d, 3 H, J = 6.5, 5-CHg), 0.95 (dg, 1 H,J
=35,12, 4“H ax), 1.11 (g, 1 H, J = 11.5, 6"H ax), 1.24-1.57 (m, 2 H, 3-H ax, 5"H ax),
1.65 (multiplet contered, 3 H, 2"-CHg), 1.57-1.94 (m, 3 H, 3"-H eq, 4-H eq, 6"-H &q),
2.05(dt, 1 H,J = 3.0, 11.5, 2-H), 2.13 (it, 1 H, J = 3.5, 11.5, 1-H), 3.56 (d, 1 H, J = 3.5,
2-H), 3.73 (s, 6 H, OCHg), 4.74 (multiplet centered, 1 H, 1"-H), 4.79 (m, 1 H, 1"-H);
double resonance experiment, irradiation at 3 2.13 (1'-H), 3.56 (2-H), 4.79 (1"-H);
significant change at & 3.56 (s, 2-H) and 1.11 (t, 6"-H ax) 2.13 (1'-H), 1.65 (d, 2"-CHg);
13C NMR (50 MHz, CDCI3) of 4a/4b, § 18.96/19.36 (C-3"), 22.54/17.89 (5-CHj3),
32.35/26.27 (C-3'), 32.73/27.32 (C-5'), 34.68/31.09 (C-4'), 36.59/33.47 (C-6),
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39.88/34.33 (C-1'), 48.68 (C-2), 51.80 and 52.22 (OCHg), 53.22/53.14 (C-2),
112.43/112.22 (C-1"), 147.52 (C-2"), 169.03 and 170.11/169.95 (C-1 and C-3); MS m/z
268 (4, M+), 136 (100, C1gH1g). Anal. Calcd for C1sHp4O4: C, 67.14, H, 9.01. Found:
C, 67.22; H, 9.07.

12. A mixture of 4a/4b is isolated in 87% yield by flash chromatography on
§i0g; SiO; is Silica Woelm 32-63 active, Woelm Pharma, Eschwege or Aldrich Grade
951. Diastereomers 4a and 4b can be separated by chromatography, (diethyl
ether/petroleum ether, 1:9) which, however, causes loss of material; it is also possible
to separate the corresponding diols, that can be obtained by reduction with lithium

aluminum hydride (LiAlH4), by crystallization from disthy! ether.
Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories™; National Academic Press; Washington, DC,
1983.

3. Discussion

The tandem-Knoevenagel-ene reaction is a powerful tool to synthesize five-
and six-membered carbocycles.2.5 The process is exemplified by the
diastereoselective synthesis of 4a. Compound 4a has been obtained in both
enantiomeric forms and as a racemate according to the procedure described here.
The sequence includes the Knoevenagel reaction of citronellal, 1, and dimethyl
malonate, 2, followed by the intramolecular ene cyclization of the chiral 1,7-diene 3 to
yield the trans 1,2-disubstituted products 4a and 4b. Whereas the thermal cyclization
of 3 at 180°C provides 4a and 4b in a ratio of only 89.7 : 10.3, the Lewis acid
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promoted reaction can be performed at a lower temperature and shows a much higher
diastereosslectivity.2 If ferric chloride adsorbed on aluminum oxide is used, the
reaction can be carried out at -78°C to give 4a and 4b in a ratio of 98:2 in 87% yield.2
It should be stressed that FeCly/Al2O3 is employed as a catalyst using about 0.1 equiv.
In the ene reaction other Lewis acids such as diethylaluminum chloride (Et2AICI) and
zinc bromide (ZnBrz) may be used; however, they have to be added in at least
equimolar amounts.2 Compound 4a has been used in the synthesis of terpenoid

natural products.6

1. Institut flir Organische Chemie der Georg-August-Universitiat, Tammannstrasse
2, D-3400-Géttingen, Germany.

2. Tietze, L. F.; Beifuss, U. Synthesis 1988, 359; Tietze, L. F.; Beifuss, U., Ruther,
M. J. Org. Chem. 1989, 54, 3120.

Plesek, J. Collect. Czech. Chem. Commun. 1957, 22, 644.

Fujiwara, J.; Fukutani, Y.; Hasegawa, M.; Maruoka, K.; Yamamoto, H. J. Am.
Chem. Soc. 1984, 106, 5004; Takaya, H.; Ohta, T.; Sayo, N.; Kumobayashi, H.;
Akutagawa, S.; Inous, S.-i.; Kasahara, |.; Noyori, R. J. Am. Chem. Soc. 1987,
108, 1596.

5. Tietze, L. F.; Beifuss, U. Angew. Chem., Int. Ed. Engl. 1985, 24, 1042, Tietze, L.
F.; Beifuss, U. Tetrahedron Lett. 1986, 27, 1767; Tietze, L. F.; Beifuss, U.
Liebigs Ann. Chem. 1988, 321; Tietze, L. F.; Beifuss, U.; Ruther, M.; Rihimann,
A.; Antel, J.; Sheldrick, G. M. Angew. Chem., Int. Ed. Engl. 1988, 27, 1186.

6. Tietze, L. F.; Beifuss, U.; Antel, J.; Sheldrick G. M. Angew. Chem., Int. Ed. Engl.
1988, 27, 703; Corey, E. J.; Carpino, P. Tetrahedron Lett. 1980, 31, 3857.
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Appendix
Chemical Abstracts Nomenclature (Collective index Number);
(Registry Number)

Dimethyl (1'R,2'R,5'R)-2-(2-isopropenyl-5'-methylcyclohex-1'-yl)-propane-1,3-dicate:
Propanedioic acid, {5-methyl-2-(1-methylethenyl)cyclohexyi}-, dimethyl ester,
[1R-(10,2B,5a)}- (12); {106431-81-6)

Methy! (5R)-2-methoxycarbonyl)-5,9-dimethyideca-2,8-diencate: Propanedioic acid,
(3,7-dimethyl-6-octenylidene)-, dimethyl ester, (R)- (12); (106431-76-9)

{R)-Citronellal: 6-Octenal, 3,7-dimethyl-, (R)-(+)- (8,9); (2385-77-5)

Dimethyl malonate: Malonic acid, dimethy! ester (8); Propanedioic acid, dimethyl ester
(9); (108-59-8)
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2-METHYLENE-1,3-DITHIOLANE
(1,3-Dithiolane, 2-methylene-)

A, CICH,CHOMe), + SH  _HCl(concd), E cl
2CHoNel, Hs T 0°C 10 25°C s>(H\
s s
cl T Et0 E
B [s>(,,\ + Meli-lBr  — o s>=

Submitted by Karl R. Dahnke and Leo A. Paquette.!
Checked by M. Amornmarn, A. Focella, and D. L. Coffen.

1. Procedure

A. 2-Chloromethyl-1,3-dithiolane. A 500-mL, three-necked, round-bottomed
flask equipped with a dropping funnel and magnetic stirrer is charged with 59.5 mL
(0.71 mol) of 1,2-ethanedithiol (Note 1) and 50 mL of concd hydrochloric acid. This
mixture is cooled to 0°C and 89 mL (0.78 mol) of chioroacetaidehyde dimethyl acetal
(Note 2) is added via the dropping funnel over 2 hr (Note 3). After an additional 30
min, the ice bath is removed and the reaction mixture is stirred for 3 hr at room
temperature. The resulting two-phase mixture is partitioned between dichloromethane
(100 mL) and water (100 mL). The organic phase is separated and the aqueous
phase is extracted with dichloromethane (100 mL). The combined organic layers are
washed with water (100 mL), saturated sodium bicarbonate solution (100 mL), and
brine (100 mL), then dried over magnesium sulfate. After removal of the solvent under
reduced pressure, the viscous, colored residue (111 g) is subjected to bulb-to-buib

distillation using 500-mL and 250-mL collector bulbs and a 500-mL flask to hold the
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crude product. The oven temperature is initially 20°C and is gradually increased to
120°C. Pressure is maintained at 0.25 mm. Initially only the bulb remote from the
oven is cooled, using an acetone/dry ice bath. Solvent and volatile impurities are
coliected in this bulb. The product is then condensed in the bulb nearest the oven by
placing a dry ice/acetone bath under this bulb after the higher boiling material begins
to distill. The clear coloriess oil thus obtained consists of fairly pure 2-chloromethyl-
1,3-dithiolane (59.3-65.0 g, 54-59%) (Notes 4, 5 and 6).

B. 2-Methylene-1,3-dithiolane. A 1-L, three-necked, round-bottomed flask
equipped with a pressure-equalizing dropping funne!, thermometer, magnetic stirrer,
and nitrogen inlet is charged with 33.0 g (0.213 mol) of 2-chloromethyl-1,3-dithiolane
and diethyl ether (400 mL) (Note 7). After the flask is flushed with nitrogen, the
solution is cooled to 0°C. Methyllithium-lithium bromide complex in diethyl ether (156
mL ot 1.5 M solution, 0.235 mol) (Note 8) is transferred into the dropping funnel via
cannula and added dropwise over 2 hr. After an additional 30 min, the ice bath is
removed and the mixture is allowed to warm gradually to room temperature. After 2 hr
at room temperature when methane evolution has ceased, the mixture is recooled to
0°C and quenched by dropwise addition of 50 mL of saturated ammonium chloride
solution followed by sufficient water to just dissolve the salts. The organic layer is
separated, washed with water (3 x 100 mL), saturated sodium bicarbonate solution
(100 mL), and brine (100 mL), then dried ov;r magnesium sulfate. The solvent is
removed under reduced pressure and the residue is distilled through a short-path
distillation apparatus (34-40°C at 1.0 mm) (Note 9) to give 20.6-21.6 g (82-86%) of 2-
methylene-1,3-dithiolane as a light yellow oil (Note 10).
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2. Notes

1. 1,2-Ethanedithiol was purchased from the Aldrich Chemical Company, inc.,
and used without further purification.

2. Chioroacetaldehyde dimethyl acetal was obtained from the Elanco
Company and used as recsived.

3. The addition was performed sufficiently slowly to maintain a temperature of
5-10°C.

4. During the thioketalization and distillation, thermal extrusion of HCi and
isomerization to 2,3-dihydro-1,4-dithiin is observed? and the product of Step A
typically contains ca. 10% of this impurity.

5. Storage of this material in a freezer is recommended.

6. Spectral characteristics are as foliows: IR (CHClg) cm-1: 3000, 2910, 1430,
1260; 1H NMR (300 MHz, CDCl3) 5: 3.22 (s, 4 H), 3.61 (d,2H,J=7.2),463 (1, 1H,J=
7.2); 13C NMR (CDCl3) 8: 38.36, 49,64, 54.23. Peaks arising from the 1,4-dithiin
impurity appear at 3.18 and 6.08 ppm in the TH NMR.

7. Ether was distilled from sodium-benzophenone kety! before use.

8. Methyliithium-lithium bromide complex was purchased from the Aldrich
Chemical Company, Inc., and was titrated prior to use.

9. The receiver was cooled to -78°C and a small amount of triethylamine was
added to the cold solution to stabilize the product against acid-catalyzed
polymerization. As an added precaution, all glassware was base-washed prior to use.

10. Spectral characteristics are as follows: IR (CHCl3) cm-1: 3000, 2930, 1675,
1575, 1525, 1425, 1285; TH NMR (300 MHz, CDCl3) &: 3.37 (s, 4 H), 5.13 (s, 2 H); 13C
NMR (75 MHz, CDCl3) 5: 38.47, 99.60, 144.50. Peaks attributable to the 1,4-dithiin

impurity carried through from Step A also appear in the TH NMR spectrum.
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Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories"; National Academic Press; Washington, DC,
1983.

3. Discussion

Despite the latent reactivily of ketene thioacetals,34 some members of this class
such as the title compound have been little studied, perhaps because of preparative
inaccessibility. The only previously reported route to 2-methylene-1,3-dithiolane
involves monoacetylation of 1,2-ethanedithiol, cyclization to 2-methyi-1,3-dithiolan-2-yl

perchlorate, and exposure of this salt to diisopropylethylamine in acetonitrile:5

CH,SH

CH,SCOCH,
1
CH,SH

HCIO4 |
CH,SH

+ (CH3CO)20 _—

S S
(-Pr),NEL
E S>LCH3 CHACN Es>=

é

The process requires vast amounts of solvent, proceeds in low yield, and is plagued
by the need to isolate and handle a potentially explosive intermediate.

Herein is described a much simpler dehydrohalogenation aiternative that had
been earlier applied successfully to the preparation of ketene acetais8.7 and 2-
alkylidene-1,3-dithianes.8 This route appears not to have been examined for
preparing the title compound because of an early report that 2-lithio-1,3-dithiolanes

undergo ready fragmentative elimination to form ethylene and dithiocarbonate unlike
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their stable 1,3-dithiane homologues.8 In point of fact, the loss of chloride ion from
lithiated 2-chloromethyl-1,3-dithiolane is the kinetically-favored elimination reaction.
Use of the present two-step procedure makes possible the safe, direct acquisition of 2-
methylene-1,3-dithiolane in unlimited quantities.

The following Organic Syntheses procedure illustrates one of the uses of this

reactive intermediate.

1. Department of Chemistry, The Ohio State University, Columbus, OH 43210.

2. Russell, G. A,; Law, W. C.; Zaleta, M. J. Am. Chem. Soc. 1985, 107, 4175.

3. Kolb M. In "The Chemistry of Ketenes, Allenes, and Related Compounds”, Part
2, Patai, S., Ed.; John Wiley and Sons: New York, 1980; Chapter 16.

4. Crbbel, B.-T.; Seebach, D. Synthesis 1977, 357.

5. Okuyama, T. Tetrahedron Lett. 1982, 23, 2665; Okuyama, T.; Fujiwara, W.;
Fueno, T. Bull. Chem. Soc. Jpn. 1986, 59, 453.
Taskinen, E.; Pentikdinen, M.-L. Tetrahedron 1978, 34, 2365.
Aben, R. W. M.; Scheeren, J. W. Tetrahedron Lett. 1988, 29, 3597; Aben, R. W.
M.; Scheeren, J. W. Recl. Trav. Chim. Pays-Bas 1990, 109, 399.

8. Seebach, D.; Corey, E. J. J. Org. Chem. 1975, 40, 231.

9. Dahnke, K. R.; Paquette, L. A. Org. Synth. 1992, 71, 181.
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Appendix INVERSE ELECTRON-DEMAND DIELS-ALDER CYCLOADDITION OF A
Chemical Abstracts Nomenclature (Collective Index Number); KETENE DITHIOACETAL. COPPER HYDRIDE-PROMOTED REDUCTION
(Registry Number) OF A CONJUGATED ENONE. 8-DITHIOLANOBICYCLO[3.2.2]NON-

6-EN-2-ONE FROM TROPONE
2-Methylene-1,3-dithiolane: 1,3-Dithiolane, 2-methylene- (9); (26728-22-3)

2-Chloromethyl-1,3-dithiolane; 1,3-Dithiolane, 2-(chloromethyl)- (11); (86147-22-0) (o)
1,2-Ethanedithiol (8,9); (540-63-6) A @ S0,
Chioroacetoaidehyde dimethyl acetal: Acetaidehyde, chloro-, dimethyl acetal (8); dimzo
Ethane, 2-chloro-1,1-dimethoxy- (9); (97-97-2) €%
Methyllithium - lithium bromide complex: Lithium, methyl- (8,9); (917-54-4) o 0
B. + ES# (CaHs)N i
S 110-120°C s

C. Cng Cul
(i-Bu)2AH,

S
3 s\)

/2]

Submitted by Kart R. Dahnke and Leo A. Paqustte.!
Checked by Antonino Focella, Mittira Amornmarn, and David L. Coffen.
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1. Procedure

A. Tropone. A 5-L, three-necked, Morton flask, equipped with a reflux
condenser, thermometer, nitrogen inlet, and mechanical stirrer is charged with 81 g
(0.59 mol) of potassium dihydrogen phosphate, 200 mL of water, and 2 L of p-dioxane.
With vigorous mechanical stirring, 258 g (2.80 mol) of cycloheptatriene (Note 1) is
added, followed by 318 g {2.87 mol) of selenium dioxide (Note 2). The mixture is
heated to 90°C and maintained with vigorous stirring for 20 hr. After the black
suspension is cooled to room temperature, 1 L of water is added and the mixture is
filtered over Celite (Note 3). The solution is divided into two halves and each is
extracted with dichloromethane (2 x 1.5 L). Each organic extract is washed with
saturated sodium bicarbonate solution (500 mL) and the solvent is removed under
reduced pressure. The combined, crude, black oil is subjected to bulb-to-bulb
distillation (20-110°C at 0.05 mm) with dry ice cooling. The resulting light brown liquid
is fractionally redistilled (62-65°C at 0.25 mm) to give 147 g (50%) of tropone as a pale
yellow oil (Note 4).

B. 9-Dithiolanobicycio[3.2.2]nona-3,6-dien-2-one. A 50-mL, three-necked,
round-bottomed flask, equipped with a reflux condenser, nitrogen inlet, and magnetic
stirring bar is charged with 8.23 g (77.6 mmol) of tropone, 0.75 mL of triethylamine
{(Note 5), and 11.0 g (93.1 mmol) of 2-metr:ylene-1,3-dithiolane (Note 6). After the
system is flushed with nitrogen, the mixture is heated to 110-120°C for 10 hr. The
resulting dark oil is cooled to room temperature and purified by column
chromatography on silica gel (Note 7). Elution with petroleum ether (1 L) followed by
dichloromethane affords 9-dithiolanobicyclo[3.2.2]nona-3,6-dien-2-one as an orange
oil that solidifies (10.3 g, 59%), mp 56-58°C (Note 8).

C. 9-Dithiolanobicyclo[3.2.2Jnon-6-en-2-one. A 500-mL, three-necked, round-

bottomed flask, equipped with an argon inlet, stirring bar, thermometer, and rubber
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septum is charged with 0.80 g (4.2 mmol) of copper(l) iodide (Note 9) and 150 mL of
dry tetrahydrofuran (Note 10). The resulting slurry is cooled to -50°C and treated in
turn with 3.2 mL of 1.4 M methyilithium in ether (4.5 mmol), 40 mL of
hexamethylphosphoramide (Notes 11 and 12), and 50 mL of a 1.0 M solution of
diisobutylaluminum hydride in hexanes (Note 13), all via syringe. After 1.5 hr at -50°C,
7.4 g (33 mmol) of 9-dithiolanobicyclo[3.2.2]nona-3,6-dien-2-one (Note 14) in 30 mL of
tetrahydrofuran is added over 10 min via syringe. The mixture is allowed to warm
gradually to 0°C over a 4-hr period and quenched with 75 mL of 1.6 N hydrochloric
acid. The organic layer is separated and the aqueous layer is extracted with ether (3 x
100 mL). The combined organic layers are washed with 1.6 N hydrochloric acid (75
mL), water (3 x 150 mL), and brine (150 mL), prior to drying over magnesium sulfate.
Evaporation of the solvent under reduced pressure yields an orange oil which
solidifies on standing for a short time (Note 15). The solid 9-
dithiolanobicyclo[3.2.2]non-6-en-2-one thus obtained is vacuum dried to give 6.9 g
(92%) of material, mp €8-71°C, as one spot on TLC, with no starting material

detectable upon NMR analysis (Note 16).

2. Notes

1. Cycloheptatriene was purchased from the Aldrich Chemical Company, Inc.,
and was washed with 10% sodium hydroxide solution, dried over magnesium suilfate,
and distilled prior to use.

2. Selenium dioxide was obtained from Alfa Products, Morton/Thiokol Inc. and
used without purification.

3. The solid material containing selenium waste was placed in a container for
heavy metal wastes and disposed of by a commercial service according to approved

procedures.
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4. Spectral characteristics are as follows: IR (CHCI3) cm™: 3000, 1630, 1580,
1515, 1470, 1210; TH NMR (300 MHz, CDCl3) 3: 6.88-7.11 (series of m, 6 H).

5. Triethylamine was distilled from calcium hydride prior to use.

6. 2-Methylene-1,3-dithiolane was prepared by the procedure of Dahnke and
Paquette, Org. Synth. 1992, 71, 175.

7. The Ry for this adduct is 0.6 in CHzCl2. Its presence is clearly visible when
anisaldehyde is employed as the staining agent.

8. The adduct exhibits the following spectral properties: IR (CHCl3) cm™1:
2930, 1665, 1603, 1380, 1165; TH NMR {300 MHz, CDCl3) &: 2.72 (d, 1 H, J = 15.5),
2.87(dd, 1 H, J = 6.8, 15.5), 3.21-3.45(m,5H),3.66 (t, 1H,J=7.7),677 (dd, 1 H, J =
2.0,11.1),6.13(t, 1 H,J=7.9), 6.60 (dt, 1 H,J = 0.8, 7.6), 6.92 (dd, 1 H, J = 8.5, 11.1);
13C NMR (75 MHz, CDCl3) §: 40.2, 40.6, 42.9, 51.9, 52.1, 70.8, 126.5, 129.4, 139.4,
150.6, 196.3. A sample recrystallized from hexane afforded off-white crystals with mp
62-63°C. As an alternative to chromatography, the Diels-Alder adduct can be purified
by pouring the cooled, crude product into 100 mL of ether and rinsing the dark viscous
gum with additional ether (2 x 256 mL). The material obtained from evaporation of the
combined ethereal extracts is then subjected to bulb-to-bulb distillation. After removal
of the volatile impurities, the product distils during the ramping of the temperature from
110-165°C at 0.5 mm. This modification affords a comparable yield of adduct on a 6-
fold scale. '

9. Copper iodide was purified prior to use by the method of Kauffman.2

10. Tetrahydrofuran was distilled from sodium-benzophenone ketyl before use.

11. Hexamsthylphosphoramide (HMPA) was distilled from calcium hydride and
stored over molecular sieves before use.

12. Attempts were made to substitute other polar solvents for HMPA in this
reduction. Under similar reaction conditions but with substitution of. 1,3-dimethyl-

3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU) no reaction took place, and the starting
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material was recovered unchanged. The slightly more polar 1,3-dimethyl-2-
imidazolidinone (DMI) allowed reduction to take place, but with only 80% conversion
to a mixture of 1,2- and 1,4-reduction products after 10 hr. With L-selectride in
tetrahydrofuran (THF) at -78°C, 1,4-reduction was achieved in 30-60% yield alongside
competitive 1,2-reduction.

13. Diisobutylaluminum hydride was purchased from the Aldrich Chemical
Company, Inc. and used as received.

14. Before use, this material should be thoroughly dried by heating to 50°C
under high vacuum to constant weight (1-2 hr).

15. The Ry of this product is 0.6 in CH2Clp. Anisaldehyde was employed as the
staining agent.

16. Spectral characteristics are as follows: IR (CHCIg) cm-1: 2930, 2860, 1700,
1425; TH NMR (300 MHz, CDCl3) 5: 1.82-1.94 (m, 1 H), 2.28-2.38 (m, 1 H), 2.52-2.70
(m, 3 H), 2.83-2.94 (m, 2 H), 3.10 (1, 1 H, J = 7.3), 3.22-3.48 (m, 4 H), 6.14 t1H J=
7.9), 6.51 (1, 1 H, J = 8.2); 13C NMR (75 MHz, CDCl3) &: 27.1, 38.1, 39.4, 39.8, 42.9,
46.8, 49.1, 69.9, 127.3, 137.3, 206.9. An analytical sample recrystallized from ether
melts at 74-75°C. Anal. Caled for C11H1408S2: C, 58.37; H, 6.23; S, 28.33. Found: C,
58.32, H, 6.22; S, 28.63.

Waste Disposal Information
All toxic materials were disposed of in accordance with "Prudent Practices for

Disposal of Chemicals from Laboratories™; National Academic Press; Washington, DC,
1983.
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3. Discussion

Although examples of inverse electron-demand Diels-Alder reactions involving
ketene thioacetals and a,B-unsaturated aldehydes, ketones, and esters abound,3 the
formation of six-membered carbocyclic products is rarely encountered. Isoquinolinium
salts and 4a-azoniaanthracenes are recognized as good 2x acceptors,? but the use of
positively charged reaction partners is not necessary as the condensation with tropone
ilustrates. An important advantage of such cycioadditions is their ability to distinguish
two carbony! groups from the outset. Furthermore, the example provided illustrates the
regiospecificity with which carbon-carbon bond formation occurs.

The methodology employed for the oxidation of cycloheptatriene is based on an
original report by RadlickS as subsequently improved by Rigby and Wilson.8

The second stage of the procedure describes a method for the fully
regiocontrolled saturation of conjugated double bonds in the presence of isolated pi
bonds. The agent perhaps responsible for this. discrimination is a coordinated form of
copper hydride. Although "CuH" has been generated in several different ways, the
diisobutylaluminum hydride-methyl copper-HMPA complex developed by Tsuda and
Saegusa’ is especially attractive because of its quantitative capacity for 1,4-reduction

and its ease of generation.8 This chemistry resulis in regiospecific enolate anion

formation and permits ready trapping of these intermediates as illustrated below:®

s
H

1. CHall, Cul
(-BujsAH

THF - HMPA
2. MesSiCl

Consequently, this mild, conjugate reduction may become a powerful tool in synthetic

organic chemistry.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

Tropone: 2,4,6-Cycloheptatrien-1-one (8,9); (539-80-0)

Potassium dihydrogen phosphate: Phosphoric acid, monopotassium salt (9);
(7778-77-0)

Cycloheptatriene: 1,3,5-Cycloheptatriene (8,9); (544-25-2)

p-Dioxane (8); 1,4-Dioxane (8); (123-91-1)

Selenium dioxide: Selenium oxide (8,9); (7446-08-4)

Triethylamine (8); Ethanamine, N,N-diethyl- (9); (121-44-8)
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2-Methylene-1,3-dithiolane: 1,3-Dithiolane, 2-methylene- (9); (26728-22-3)
Copper(l) iodide: Copper iodide (8,9); (7681-65-4)

Methyllithium: Lithium, methyl- (8,9); (917-54-4)

Hexamethylphosphoramide: Phosphoric triamide, hexamethyl- (8,9); (680-31-9)
Diisobutylaluminum hydride: Aluminum, hydrodiisobutyl- (8); Aluminum,
hydrobis(2-methylpropyl)- (9); (1191-15-7)
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METHOXYCARBONYLMETHYLATION OF ALDEHYDES VIA
SILOXYCYCLOPROPANES: METHYL 3,3-DIMETHYL-4-OXOBUTANOATE
(Butanoic acid, 3,3-dimethyl-4-oxo0-, methyl ester)

ClSiMeg
0, NEt3 Me;SiO
A : ( cat. Nal —<
H DMF 1
COzMQ
. MesSiQ N,CHCOMe Me,SiO
: ( cat. Cu(acac),
1 CH3COEt 2
CO,Me o
Me.Si NEta HF
C. 93810\4/ _— H Jk\c O,Me
CHCl
2 3

Submitted by Hans-Ulrich Reissig, Ingrid Reichelt, and Thomas Kunz.1
Checked by Lawrence Snyder and Albert |. Meyers.

1. Procedure

A. 2-Methyi-1-(trimethylsiloxy)propene (1). A dry, 1-L, three-necked flask,
equipped with an efficient mechanical stirrer, reflux condenser with nitrogen inlet, and
a pressure-equalizing dropping funnel, is charged with 230 mL of dry
dimethylformamide (Note 1), 7.5 g (50 mmol) of dry sodium iodide (Note 2), and 119 g

(1.18 mol) of triethylamine (Note 3) under a nitrogen atmosphere.
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Chlorotrimethylsilane (Note 4), 64.3 g (0.592 mol) and 36.0 g (0.500 mol) of freshiy
distilled isobutyraldehyde are added sequentially to this stirred mixture via the
dropping funnel at room temperature. Under vigorous stirring the resulting mixture is
heated to 120°C (oil bath temperature) for 8 hr, then cooled to room temperature and
poured into 400 mL of saturated aqueous sodium bicarbonate (NaHCO3) solution.
The mixture is extracted with three 200-mL portions of pentane, the combined organic
phases are washed four times with 60 mL of ice-cold 2 N hydrochloric acid (Note 5)
and finally with 100 mL of saturated NaHCO3 solution, dried with magnesium sulfate
(MgSOy), filtered, and the pentane is removed at atmospheric pressure to provide
crude product (80 g). . This material is carefully distilled at atmospheric pressure
through a column packed with glass beads (30 cm). Sily! enol ether 1 is the fraction
bailing at 94-108°C; the yield is 48.8 g (67%, Note 6).

B.  Methyl 2,2-dimethyl-3-(trimethylsiloxy)-1-cyclopropanecarboxylate (2).
Caution: This step should be performed behind a safety shield. A 500-mL flask,
equipped with a magnetic stirring bar and a reflux condenser that contains at its head
a pressure-equalizing dropping funnel connected to a gas bubbler, is charged with
1.04 g (4.00 mmol) of copper(ll) acetylacetonate [Cu(acac)z] (Note 7) and 28.8 g (200
mmol) of silyl encl ether 1. The suspension is heated to 90-100°C (oil bath
temperature) and a solution of 24.0 g (240 mmol) of methy! diazoacetate (Note 8)
dissolved in 250 mL of dry ethy! acetate (Note9) is added dropwise within 3-4 hr (Note
10). After a short induction period, vigorous nitrogen evolution is cbserved and the
suspension turns from blue to brownish-yellow. Addition of the diazo compound is
regulated so that continuous liberation of nitrogen is observed at the gas bubbler.
After the resulting black-brown suspension is cooled to room temperature, the solvent
is removed on a rotary evaporator (bath temperature below 35°C). The residue is
treated with 50 g of alumina (Note 11) and 100 mL of pentane; the slurry is filtered and

placed on a column that contains 200 g of alumina. Elution with pentane is
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accelerated by applying a slight pressure of nitrogen at the top of the column.
Concentration of the coloriess solution obtained (Note 12) provides crude 2 (55 g) that
is distilled (bp 86-88°C, 12 mm) to give 35.0 g (81%, Note 13) of pure cyclopropane
derivative 2 as a mixture of cis/trans isomers (Note 14).

C. Methyl 3,3-dimethyl-4-oxobutanoate (3). A 50-mL flask, connected to a
gas bubbler and equipped with a magnetic stirring bar, is charged with 20 mL of
dichloromethane (or tetrahydrofuran), 2.16 g (10.0 mmol) of siloxycyclopropane 2 and
3.64 g (30.0 mmol) of triethylamine hydrofluoride (NEt3-HF) prepared in situ (Note 15).
This mixture is stirred for 1 hr at room temperature (Note 16) and diluted with 20 mL of
water. The aqueous phase is extracted with three 20-mL portions of dichloromethane.
The combined organic phases are dried with magnesium sulfate, filtered, and
concentrated on a rotary evaporator (bath temperature below 40°C). Crude product 3
is distilled with a Kugelrohr oven (oven temperature 105°C, 10 mm) to provide 1.26 g

(87%) of pure 3 as a colorless liquid (Note 17).

2. Notes

1. Dimethylformamide (Aldrich Chemical Company, Inc.) was distilied from
phosphorus pentoxide and stored over molecular sieves.

2. The procedure described is a slight variation of the published methad.2 We
found addition of ca. 10% sodium iodide to be advantageous in terms of reaction times
and yields. Sodium iodide was dried at 120°C/0.2 mm for 6 hr.

3. Triethylamine was distilled from calcium hydride (CaHz) and stored over
molecular sieves.

4. Chlorotrimethylsilane -(obtained from Fluka Chemical Company or Janssen)

was distilled from calcium hydride.
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5. The washing process was performed until the aquecus phase was acidic to
pH paper. The checkers found that gas pressure build-up was common, so the
separatory funnel should be vented frequently during acidification.

6. The fraction boiling at 94-108°C was found to be ~99% pure by GLC and
contained a trace of hexamethyldisiloxane. The impurity does not affect the outcome
of the next step. The NMR spectrum was as follows: 1H NMR (270 MHz, CDCl3) &:
0.14 (s, 9 H), 1.52 (s, 3H), 1.57 (s, 3H), 5.98 (m, 1 H).

7. Copper(ll) acetylacetonate, as supplied by Dynamit Nobel or by other
commercial sources, was used.

8. Methyl diazoacetate was obtained according to a procedure for ethyl
diazoacetate (Searle, N.E. Org. Synth., Coil. Vol. IV 1963, 42). Although the
experiments were usually performed with distilled methyl diazoacetate (bp 43°C at 25
mm, bath temperature below 60°C) without any problems, the cyclopropanation
reaction described works equally well with undistilled diazo compound. If distilled
diazo compound is desired, the submitters have stated that "a spatula of KoCOj is
added to the crude diazo ester to trap traces of acid and then distill behind a safety
shield". The checkers did not evaluate this aspect of the procedure.

Crude methyl diazoacetate contains up to 20% of the solvent dichloromethane,
which has to be taken into account when calculating the stoichiometry. The checkers
had no problems in preparing, handling, and using undistilled methy! diazoacstate;
however, it must be emphasized that this compound is a potential explosive and all
operations should be performed behind an efficient safety shield.

9. Our first experiments were performed with benzene as solvent, which
generally provides very good yields.3 Use of the less hazardous solvent ethyl acetate
gives inferior yields if the silyl enol ether contains triethylamine. Ethyl acetate was

distilled from potassium carbonate.
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10. It the solution of methyi diazoacetate is dropped through the condenser the
diazo compound is further diluted by the refluxing solvent. This simple technique
diminishes formation of dimethyl fumarate and dimethyl maleate as side products.

11. Neutral aluminum oxide (activity Ill, Woelm) was used.

12. Siloxycyclopropane 2 is eluted very quickly. Final fractions contain dimethyl
fumarate and maleate. If mixtures of 2 with these carbene dimers are obtained, the
filtration through alumina has to be repeated.

13. Yields of 75-85% have been obtained in several experiments on this scale.

14. The cis/trans ratio is 25:75. The spectra are as follows: IR (CCls) cm-1:
1728 (CO2Me); TH NMR (270 MHz, CDCl3) 8: 0.12 (s, 9 H, SiCHa), 1.04, 1.15, 1.19,
1.30 (4 s, 6 H, 2-CHj3 of cis-2 and trans-2), 1.35, 3.42 (2d, J =7, 0.25 H each, 1-H and
3-H of cis-2), 1.43, 3.60 (2 d, J = 3, 0.75 H each, 1-H and 3-H of trans-2), 3.63 (s, 3 H,
CO2CH3). For 13C NMR data, mass spactrum, and combustion analysis see reference
3.

15. The reagent was generated in situ by sequential addition of 1.63 mL of
triethylamine trishydrofiuoride (obtained from Riedel deHaen, Merck, or Aldrich
Chemical Company, Inc.) and 2.80 mL of triethylamine to the solution of 2. The
procedure reported in reference 4 provides a reagent with an approximate
stoichiometry of NEt3-2HF that can also be used for the purpose described.5

16. A short period of gas evolution is observed. This is probably
fluorotrimethylsilane (Me3SiF).

17. This procedure can be performed without any problems on a larger scale
(2.6 g, 90% vyield was obtained by checkers). However, aldehyde 3 is of limited
stability and should be stored with exclusion of oxygen at low temperature. It is
advantageous to generate only the amount of 3 required for subsequent reactions and
to use it immediately. The physical properties are as follows: IR (CCls) cm-1: 1739,

1730 (CO2Me, CO); 1H NMR (270 MHz, CDCl3) 5: 1.13 (s, 6 H, 3-CHa), 2.52 (s, 2 H,
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CHb>), 3.63 (s, 3 H, CO2CHz), 9.53 (s, 1 H, CHO). Anal. Calcd for C7H1203: C, 58.32;
H, 8.39. Found: C, 58.59; H, 8.77.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983.

3. Discussion

This sequence illustrates a very general method for the synthesis of methyl
y-oxoalkanoates which are valuable intermediates in organic synthesis.3.6 The scope
of the cyclopropanation reaction is very broad; only functional groups interacting with
the carbenoid generated from methyl diazoacetate are not compatible. Use of
Rh2(OAc)4 instead of Cu(acac)z as catalyst did not afford better yields.3 The
cyclopropanation reaction has been performed with similar efficiency on scales from ¢
mmol up to 500 mmol.

Silyl enol ethers derived from aldehydes (see Table, entries 1-5) or ketones
(entries 6-9) can be used. If unsymmetrical ketones are used as starting material, the
regiochemistry established at the silyl enol ether stage is cleanly transferred to the
siloxycyclopropanes and eventually to the methyl y-oxoalkanoates (entries 7-9). For
some chiral silyl enol ethers, high sterecselectivities can be attained in the [2+1]-
cycloaddition. Because of the very mild conditions for the ring opening step, using the
only weakly acidic fluoride reagent, the stereoselectivity is transmitted to the
v-oxoalkanoate without accompanying epimerization (entry 9).5.7 This mild, ring-

opening procedure that uses NEt3-HF is essential for preparation of the p~formyl
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esters as described in the procedure and for entries 1-5 in the Table. For simple
ketone-derived products ring cleavage can also be effected with 2 N hydrochioric
acid.5

The methyl y-oxoalkanoates shown are not available by alternative methods
with similar efficiency and flexibility. Although the reaction of enamines with alkyl o~
bromoacetates proceeds well in some cases, yields are only moderate in many
examples.8 A further drawback is that the methods for enamine generation lack the
high degree of selectivity and mildness that is characteristic of the preparation of silyl
enol ethers. Related alkylations of lithium enolates often afford low yields or
polyalkylated products, and are in general very inefficient when aldehydes are utilized
as the starting materials.9

An alternative method to prepare B—formyl esters uses different building blocks
to assembie the 1,4-dicarbonyl system and is complementary in many cases.!0 Base-
catalyzed addition of nitromethane to «,p-unsaturated esters, followed by a variation
of the Nef reaction, provides y-dialkoxy-substituted esters. The scope of this
sequence has not yet been explored. Another approach involves cuprate additions to
norephedrine-derived 2-alkenyloxazolidines; this process allows small-scale
synthesis of several f—formyl esters in optically active form (ee up to 95%).11

A major advantage of the sequence presented here is that the aldehyde group
is protected at the siloxycyclopropane stage, which allows convenient storage of this
stable intermediate. Of equal importance is the valuable carbanion chemistry that can
be carried out a to the ester function. Efficient substitution can be achieved by
deprotonation with LDA and subsequent reaction with electrophiles.12.13.6 This
process makes several a—substituted B—formy! esters available. Other ring opening
variants of siloxycyclopropanes - mostly as one-pot-procedures - are contained in
Scheme I. They underscore the high versatility of these intermediates for the synthesis

of valuable compounds.® Chiral formyl esters (see Table, entries 2-5) are of special
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interest as starting materials for chelate-controlled synthesis of disubstituted y—

lactones.14
Scheme |
OSiMe, 1)LDA
2)E*
R&/\cozm
R
cat.
MesSil
COzMe
R O __0 "
< )KBHs  Mg,SiO R
R
R 2)H R R
1) Brp
(0] H
N_ O
R™ N# CO,Me N
R R
R R
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TABLE
SYNTHESES OF SILOXYCYCLOPROPANES AND y-OXOALKANOATES
nt iyl Enol E Siloxycyclopropane?® y-Oxoalkanoate
Entry Sivt Enol Ether {«Z yiepld) pa (% yieid)
COMe o
Me,Si
1 Me,Sio S 25810 H)Ej\coz“‘e
77% 93%
COMe o
MeSiO R Me,SIO, A Hkﬂf\coZMe
2 R=Me 73%> 91%
3 R=Et 80%P _3,4:;,
4 R =i-Prop b 1%
5 R=Ph es%, 90%
67%
COMe o
6 Measio\‘ MeGSiOA é/\COzMe
72% 91%
Me (o]
7 Me,SiO g
= Me,3SiO. COMe
77% 93%
OM
o Me,Si0 ~ QoaMe 0
Me,SIO \H\/‘cozm
80% 89%
cOoMe o
9 MeSiO Me;SiO, é éACOzMe
- eoll) vy,
5 > “
62% 88%°

8Cisftrans isomers in all examples.
BMixture of all four diastereomers.
°Trans compound >95% (racemic mixture).
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Methyl 3,3-dimethyl-4-oxobutanoate: Butanoic acid, 3,3-dimethyl-4-oxo-, methyl

ester (9); (52398-45-5)

2-Methyl-1-(trimethylsiloxy)propene: Silane, trimethyl[(2-methyl-1-propanyl)oxy}- (8,9);
(6651-34-9)

Chlorotrimethyisitane: Silane, chlorotrimethyl- (8,9); (75-77-4)

Isobutyraldehyde (8); Propanal, 2-methyl-, (9); (78-84-2)

Methyl 2,2-dimethyl-3-(trimethylsiloxy)-1-cyclopropanecarboxylate:
Cyclopropanecarboxylic acid, 2,2-dimethy|-3-[(trimethylsilyl)oxy}-,

methy ester (10); (77903-45-8)

Copper(ll) acetylacetonate: Copper, bis(2,4-pentanedionato-0,0')- (9); (46369-53-3)
Methy! diazoacetate: Acetic acid, diazo-, methyl ester (8,9); (6832-16-2)
Triethylammonium fluoride: Triethylamine hydrofluoride (8); Ethanamine, N,N-diethyl-,
hydrofluoride (9); (29585-72-6)
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TITANIUM-MEDIATED ADDITION OF SILYL DIENOL ETHERS TO
ELECTROPHILIC GLYCINE: A SHORT SYNTHESIS OF
4-KETOPIPECOLIC ACID HYDROCHLORIDE
(Pipecolic acid, 4-oxo-, hydrochloride)

1) (o]
A BocNH __NBShv
\/lLO-t-Bu CClg BocNH O-t-Bu
Br
fo) (o}
B. BOCNH\HLO-!-BU TiCh{OEY, BocNH 0-+-Bu
Br N
OTMS 2
O
[o) H
c. BocNH N__COOH
O-t-Bu HCl
Z ether Hel
fo) (0]

Submitted by Clarisse Miihlemann, Peter Hartmann, and Jean-Pierre Obrecht.!
Checked by Eugene Ho and David L. Coffen.

1. Procedure
A. 2-Bromo-N-Boc-glycine tert-butyl ester. In a 1-L, round-bottomed flask are

placed 20.0 g (0.0865 mol) of N-Boc-glycine tert-butyl ester (Note 1) and 16.2 g
(0.0912 mol) of N-bromosuccinimide (Note 2). Carbon tetrachloride (350 mL, Note 3)
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is added, the flask is connected to a clean rotatory evaporator (Note 4) and the
apparatus is flushed with argon. The flask is cooled, while being rotated, by means of
a water bath and is irradiated with two 150-W tungsten lamps (Note 5) for 1 hr. The
colorless solution becomes dark red and a precipitate forms. The suspension is
filtered through a Schlenk tube and the carbon tetrachioride (CCls) is evaporated
under reduced pressure. The remaining yellowish oil is employed in the next step
without purification (Note 6).

B. tert-Butyl [1-(tert-butoxycarbonyl)-3-oxo-4-pentenyljcarbamate. The crude
bromination product from the previous step is taken up in 240 mL of dry
tetrahydrofuran (THF) (Note 7) and transferred to a 1000-mL. flask equipped with a
stirrer, thermometer, dropping funnel, and argon inlet. The solution is cooled to -78°C
and a solution of 42 g (0.20 mol) of dichlorodiethoxytitanium [TiClz2(OEt)2] in 80 mL of
dry THF (Note 8) is added at such a rate that the internal temperature does not exceed
-72°C. When the addition is complete, the reaction mixture is stirred at -78°C fc_)r 10
min and then 24 g (0.170 mol) of 2-trimethylsiloxybutadiene (Note 9) in 100 mL of THF
is added dropwise, causing only a slight increase in temperature (-72°C). The
reaction mixture is allowed to warm to room temperature overnight and poured into
700 mL of ice-cooled, saturated sodium bicarbonate solution. After filtration through
Celite, the aqueous phase is extracted with three 200-mL portions of ether. The
combined organic layers are washed twice with water, dried over magnesium sulfate
(MgS0y), filtered, and concentrated. The remaining dark oil (29 g) is subjected to
flash chromatography (20-cm column diameter, ether/hexane 1:3); 8.44-8.73 g (33-
36%) (Note 10) of the product is obtained as a slightly yellowish oil (Note 11).

C. 4-Ketopipecolic acid hydrochioride. tert-Butyl [1-{tert-butoxycarbonyl)-3-
oxo-4-pentenyljcarbamate, 8.73 g (0.0308 mol), is dissolved in 280 mL of an ice-
cooled, saturated solution of hydrogen chloride in ether. The solution is kept without

stirring at room temperature overnight. The resulting suspension is filtered and the
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filter cake is immediately washed with dry ether (Note 12). The washing with ether is
repeated four times and, after drying under reduced pressure, 5.48 g (99%) of 4-
ketopipecolic acid hydrochloride is obtained as a colorless powder, mp 139-142°C
dec (Note 13).

2. Notes

1. Boc-Glycine tert-butyl ester can be prepared by treatment of glycine tert-butyl
ester hydrochloride (Aldrich Chemical Company, Inc.) with di-tert-butyl dicarbonate
(Fluka Chemical Corporation) and triethylamine in THF.2

2. N-Bromosuccinimide was purchased from Fluka Chemical Corporation,
recrystallized from water, and dried well in a vacuum desiccator.

3. Carbon tetrachioride is toxic and should only be handled in a well-ventilated
hood.

4. The rotatory evaporator was washed with ethanol and ether. Bromination on
a smaller scale can be carried out in a three-necked, round-bottomed flask with a
thermometer, argon inlet, and stirring bar. External cooling with a water bath to keep
the internal temperature between 15° and 20°C is important. The use of more
concentrated solutions should be avoided, since dimerization instead of bromination
becomes the dominant reaction. ‘

5. The water bath was coated with aluminum foil in order to increase the
efficiency of the irradiation.

6. TLC (ethyl acetate/hexane 1:3; vanillin/concd. H2804/heat) reveals
complete consumption of the starting material and only small amounts of impurities.
The crude product is stable for several weeks at -20°C under argon.2

7. THF was distilled from potassium and benzophenone.
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8. Tetraethyl orthotitanate, 22.9 g (0.100 mol), (Fluka Chemical Corporation,
bulb-to-bulb-distilled at 110-115°C/0.1 mm) is dissolved in 80 mL of dry THF. Titanium
chloride (TiClg) (Fluka Chemical Corporation), 19.0 g (0.100 mol, distilled at
136°C/atmospheric pressure) was added dropwise while cooling with an acetone/dry
ice bath to keep the temperature below 0°C. Alternatively, TiClq may be added to a
solution of Ti(OE1)4 (obtained from Aldrich Chemical Company, Inc.) in hexane at 0°C;
the solvent is evaporated and replaced by THF3

9. Trimethylsiloxybutadiene was purchased from Petrarch Systems, Inc., and
employed without further purification. The checkers attempted to use the more stable
triethylsiloxybutadiene without success.

10. In an experiment on one tenth the scale, the yield was 57%.4

11. The physical properties are as follows: 1H-NMR (CDClI3) &: 1.44 (s, 18 H),
3.08 (dd, 1 H, J =4 and 18), 3.28 (dd, 1 H, J = 4 and 18), 4.45 (m, 1 H), 5.48 (d1H,J=
8, N-H), 5.91 (dd, 1 H, J=2 and 10), 6.25 (dd, 1 H, J = 2 and 18), 6.34 (dd, 1 H, J = 10
and 18); IR (CHCI3) cm-1: 3430, 3000, 2980, 2930, 1740, 1720, 1710, 1630, 1500.

12. When the filter cake contains hydrogen chloride, it is very hygroscopic. It
should therefore be covered immediately with dry ether after the ethereal hydrogen
chloride solution has been aspirated.

13. The physical properties are as follows: 'H NMR (MeOD) &: 3.05 (dt, 2H, J =
2 and 6), 3.20 (dd, 1 H, J = 7 and 20), 3.29 (dd, 1 H, J =4 and 20), 3.79 {t, 2 H, J = 6),
4.30 (dd, 1 H, J = 4 and 7); IR (nujol) cm!: 3300-2300 broad, 3060, 2960, 2920, 2860,
1740, 1725, 1600, 1570.

Waste Disposal Information
All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories"; National Academic Press; Washington, DC,

1983.
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3. Discussion

N-Boc-2-Bromoglycine tert-butyl ester (1), introduced by Steglich and co-

workers, is a versatile synthon for electrophilic glycine,5 an impaortant tool in the

synthesis of non-proteinogenic amino acids.
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Elimination of HBr leads to an acylimino acetate that should be able to undergo
an aza-Diels-Alder reaction with dienes to give pipecolic acid derivatives not readily
accessible by other methods. Indeed, 1, in the presence of TiCl2(OEt)2, reacts with
Danishefsky's diene between -78°C and room temperature to give the cyclic
compound 2 in 72% yield. In a thermal reaction of 2-trimethylsiloxybutadiene with
another electrophilic glycine equivalent, Jung and co-workers® isolated a cyclic
product of type 3. Under the reaction conditions described hers, the reaction product
is not 3 but the enone 4, which by itself is an interesting bifunctional intermediate.
However, upon deprotection the anticipated ring closure takes place in a very clean
fashion. Pure 4-ketopipecolic acid hydrochloride crystallizes out of the ethereal
hydrogen chloride solution in quantitative yield, which illustrates the advantage of the

use of 1 in amino acid synthesis, i.e., the ease of deprotection, coften a critical step.

1. Dr.R.Maag AG (CRD), from 1990 Ciba-Geigy Plant Protection Division (Disease
Control), Ueberlandstrasse 138, CH-8600 Duebendorf, Switzerland. Present
address: J.-P. Obrecht, Dr.R.Maag AG, CH-8157 Dielsdorf, Switzerland.

2. Minster, P.; Steglich, W. Synthesis 1987, 223.

3. Seebach, D. In "Modern Synthetic Methods", Scheffold, R., Ed.; Veriag
Sauerlander: Aarau, Switz., 1983; Vol. 3, p. 223.

Hartmann, P.; Obrecht, J.-P. Synth. Commun. 1988, 18, 553.

5. For a recent review on modern a-amino acid syntheses see: "Symposia-in
Print", O'Donnell, M. J., Ed.; Tetrahedron 1988, 44, 5253-5614. For a review on
N-acylimino acetates see: Bretschneider, T.; Miltz, W.; Mnster, P.; Steglich, W.
Tetrahedron 1988, 44, 5403-5414.

6. Jung, M. E.; Shishido, K.; Light, L.; Davis, L. Tetrahedron Lett. 1981, 22, 4607.

205



Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

4-Ketopipecolic acid hydrochloride: Pipecolic acid, 4-oxo, hydrochloride, (11
(99979-55-2)

2-Bromo-N-Boc-glycine-tert-buty! ester: Acetic acid, bromo[[(1,1-dimethylethoxy)-
carbonyljamino}-, 1,1-dimethylethyl ester, (1)-, (12); (111652-22-3)
N-Boc-Glycine-tert-butyl ester: Glycine, N-[(1 »1-dimethylethoxy)carbonyl}-,
1,1-dimethylethy) ester (12); (1 11652-20-1)

N-Bromosuccinimide: Succinimide, N-bromo- (8); 2,5-Pyrroiidinedione, 1-bromo-, (9);
(128-08-5)

tert-Butyl {1 -(tert-butoxycarbonyl)-3-oxo-4-pentenyl]carbamate: S-Hexenoic acid,
2[[(1,1-dimethylethoxy)carbonyl]amino]-4-oxo—, 1.1-dimethylethyl ester, (12);
(117833-62-2)

Dichlorodiethoxytitanium: Titanium, dichlorodiethoxy-, (8,9); (3582-00-1)
2-Trimethylsiloxybutadiene: Silane, trimethyl[(1-methylene—z‘propenyl)oxy]-, 9);
(38053-91-7)

Glycine tert-butyl ester hydrochloride: Glycine, tert-butyi ester, hydrochloride (8);
Glycine, 1,1-dimethylethyl ester, hydrochloride (9); (27532-96-3)

Di-tert-butyl dicarbonate: Formic acid, oxydi-, di-tert-buty| ester (8); Dicarbonic acid,
bis(1,1-dimethylethyl)ester (9); (24424-99-5)

Tetraethyl orthotitanate (Fluka Chemical Corporation), Titanium ethoxide (Aldrich
Chemical Company, Inc.): Ethy! alcohol, titanium(4+) salt (8); Ethanol, titanium(4+) salt
(9); (3087-36-3)

Titanium chloride (9); (7550-45-0)
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A SELECTIVE, HETEROGENEOUS OXIDATION USING A MIXTURE OF
POTASSIUM PERMANGANATE AND CUPRIC SULFATE:
(3aS,7aR)-HEXAHYDRO-(3S,6R)-DIMETHYL-2(3H)-BENZOFURANONE
(2(3H)-Benzofuranone, hexahydro-3,6-dimethyl-,

[3R-(3a,3aB,6B,7ax)]-)

1) BHg - THF ) .
Ho™ 2 e ot KMnO,/CuSO, p
2) HyOs, NaOH —
HO
(o)

Submitted by Charles W. Jefford, Yun Li, and Ying Wang.1
Checked by Timothy J. Watson and Leo A. Paquette.

1. Procedure

A. (-)-(1R.3R,4S,8R)-p-Menthane-3,9-diol. To a dry, 2-L, three-necked flask
equipped with a gas outlet, an overhead stirrer, and a 500-mL pressure-equalizing
dropping funnel with a gas inlet, is added a solution of 31 g (0.20 mol) of isopulegol
(Note 1) in 550 mL of tetrahydrofuran (THF) (Note 2) under nitrogen. From the funnel,
230 mL of a 1.0 M diborane solution (Note 3) is added dropwise with stirring at room
temperature at such a rate to insure that gas evolution is not violent. When the
addition is complete, the clear solution is stirred for 3 hr at room temperature. The
dropping funnel is removed and 100 mL of aqueous 3 N sodium hydroxide is added
slowly; the solution is then warmed to 60°C on the steam bath for 2 hr. The gas outlet
is replaced by a thermometer and the septum is replaced by another dropping funnel

charged with 120 mL of aqueous 30% hydrogen peroxide and the reaction flask is
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placed in an ice bath. Hydrogen peroxide is then added and the reaction temperature
is maintained between 30-50°C by carefully controlling the rate of addition (the
reaction is strongly exothermic at the beginning). When the addition is complete, the
ice bath is removed and the reaction mixture is stirred at 50°C for 2 hr. The bulk of the
THF is removed under reduced pressure and the residue is diluted with 200 mL of
ether and washed with brine. The aqueous layer is extracted with two 50-mL portions
of ether; the resulting extracts are combined and dried over anhydrous sodium sulfate
for several hours and filtered. The filtrate is concentrated using a rotary evaporator.
The resulting oil is dissolved in 100 mL of hot hexane, allowed to cool slowly, and
stored at 0°C for 2 days. The supernatant mother liquor is decanted, 100 mL of fresh
hexane is added, the crystalline mass is swirled for 2-3 min and the product is
separated by filtration. After vacuum drying, 17.6 g (51%) of (-)-(1R,3R,4S,8R)-p-
menthane-3,9-diol is obtained as coloriess crystals, mp 105-107°C (Note 4).

B. (+)-(3aS,7aR)-Hexahydro-(3S,6R)-dimethyl-2(3H)-benzofuranone. To a 1-L
round-bottomed flask equipped with an efficient magnetic stirrer is added 10 g (58
mmol) of (-)-(1R,3R,48,8R)-p-menthane-3,9-diol and 400 mL of dichloromethane. The
resulting suspension is stirred until all the solid dissolves at which time a mixture of
powdered potassium permanganate and copper sulfate (CuSO4-5H20) (Note 5) is
added in one portion. The reaction mixture is then stirred at 25°C between 6 and 8 hr
depending upon the quality of the oxidant (Note 6), 400 mL of sther is added, and
stirring is continued for an additional 20 min. The suspension is transferred with the
aid of a small amount of ether onto a fritted-disk Biichner funnel containing 50 g of
silica gel and a little ether. The spent manganese salt is mixed with some of the silica
gel, using a spatula, to insure that all the solution is absorbed. The resuiting filter-cake
is washed with 500 mL of ether (Note 7). Upon removal of the solvent, the crude
product is obtained as a clear, colorless oil. More product is recovered by taking the

fiter-cake from the funnel and placing it in a 2-L beaker containing 100 mL of ether
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and a solution of 270 g of sodium metabisulfite in 1 L of water that is cooled in an ice
bath (Note 8). The cake is broken up with a glass rod and stirred. To the resulting
slurry, 150 mL of aqueous 10% hydrochloric acid is added in portions with stirring until
the color turns from dark gray to pale yellow and all the solid material, except the silica,
is dissolved. The resulting mixture is filtered and the filtrate is extracted with three 150-
mL portions of ether. The ether extracts are combined and washed twice with water
and once with brine. The ethereal solution is dried by shaking with 30 g of anhydrous
sodium sulfate and filtered. The filtrate is concentrated to about 150 mL and stirred
with 10 g of Amberlyst-15 for 3 hr (Note 9). After another filtration, the solvent is
evaporated and the residual oil is combined with that previously obtained.
Purification by vacuum distillation gives 4.8-5.0 g (49-51% yieid) of 3aS,7aR-
hexahydro-3S,6R-dimethyl-2(3H)-benzofuranone as a colorless oil, bp 110°C (0.05
mm) (Note 10).

2. Notes

1. Isopulegol (Tech. as obtained from Aldrich-Chemie GmbH & Company KG, .
D-7924 Steinheim, Federal Republic of Germany) contains about 65-70% (-)-
isopulegol according to its NMR spectrum. It has an optical rotation of [0112,3O -4.6°
(neat), while [a}%o -22° is reported? for the pure material. The technical grade product
was used without further purification. Pure (-)-isopulegol can be prepared in a highly
stereoselective manner from (+)-citronelial.3

2. Tetrahydrofuran (THF) was dried with and distilled from sodium in the
presence of benzophenone.

3. Diborane was obtained as a 1.0 M THF solution from Aldrich Chemical

Company, inc.
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4. The NMR spectrum of the diol obtained was identical to that already
reported:2 TH NMR (360 MHz, CDClg) 5: 0.86-0.99 (m, 2 H),0.92 (d, 3H, J =6.6), 0.96
(d, 3H, J =7.5), 1.17-1.29 (m, 1 H), 1.32-1.49 (m, 2 H), 1.57 (m, 1 H), 1.64 (m, 1 H),
1.85(m, 1 H), 1.96 (m, 1 H), 3.29 (br, s, 2 H), 3.47 (t, d, 1 H, J = 10.4, 4.2), 3.60 (dd, 1 H,
J =105, 3.5), 3.6 (dd, 1 H, J = 10.6, 5.4). Its optical rotation (]2 -18.7° (CHCls, ¢
10)) was identical to that reported.2 The checkers recorded an [cz],%0 of -20.7° (CHCl3,
c10).

5. The oxidant was prepared from 130 g of crystalline potassium
permanganate (KMnQOg4) and 25 g of CuSO4-5H20 by grinding them together in a
mortar until a fine powder was obtained.

6. The progress of the oxidation can be monitored by the disappearance of the
diol using TLC (eluent, hexane:ethy| acetate, 2:7).

7. It is essential to mix thoroughly the spent oxidant and the silica gel with a
spatula while washing. This process does not cause any manganese salt to pass into
the filtrate.

8. The quality of the KMnO4 and CuS04'5H20 varies with the supplier and

_affects the yield. Consequently, some hydroxy acid, instead of the lactone, may be
formed. In such a case, treatment with sodium metabisulfite solution followed by
acidification, converts any free acid retained on the filter cake into lactone.

9. Amberlyst-15, a cation exchange résin, was supplied by Fluka Chemical
Corporation.

10. The lactone is identical to that previously reported4 and has the following
spectral data: IR (neat) cm-1: 1770, 1453, 1375, 1290, 1190, 1096, 847; 1H NMR (360
MHz, CDCl3) 3: 0.99-1.38 (m, 3 H), 1.02 (d, 3 H, J = 6.5), 1.15(d, 3H, J = 7.6), 1.59 (m,
1H), 1.78 (m, 2 H), 1.82(m, 1 H), 2.25 (m, 1 H), 2.64 (quint., 1 H, J = 7.6), 4.00 (dt, 1 H,
J =11, 4); 13C NMR (360 MHz, CDCl3) §: 9.57, 21.99, 23.77, 31.25, 34.15, 38.72 (2
carbons), 47.09, 81.38, 180.27. It has [a]5_ +106.2° (CHCy, ¢ 0.6). The checkers
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recorded [a]%s of +72 to +88° (CHCl3, ¢ 0.6). If the temperature of the distillation
exceeds 110°C, a decrease in [a]p might be observed because of epimerization « to
the lactone carbonyl. If the pure diastereomer is required, it is recommended that
purification be effected by column chromatography over silica gel (eiuent,
pentane:ethyl acetate 20:1). Typically, the lactone is obtained in a yield of 55% with
an [, +149° (CHCl3, ¢ 1.1).

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,

1983.

3. Discussion

There are few oxidants that oxidize primary alcohols faster than secondary
ones. We have demonstrated that a solid mixture of KMnO4 and CuS0O4-5H20 treated
with base can bring about such selectivity.4 The present procedure illustrates a
general and convenient method for the oxidation of a,w-diols to give lactones, that is
typified by procedure B, where base is not necessary since ideally no acid is
produced. When conducted on a 1-g scale and using pure (-)-isopulegol, overall
yields were as high as 89%. In the present instance, starting with pure diol in 10-g
lots, maximum yields of only 55% were attained. The reason for the lower yield on
larger scale is unclear, although the formation of hydroxy acid rather than lactone may
account for some loss. Nonetheless, the procedure has undeniable advantages,
including, the formation of a single lactone retaining the initial stereochemistry at C(3).

Although Jones oxidation of the diolS is reported to give the product lactone in 89%
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yield, repetition of the experiment reveals that only 38% is found in practice, the
balance of material being two other related, but different products.4 Other routes6.7 to
this lactone, because of the conditions, give most probably the 3R epimer as

evidenced by the NMR spectral data.

1. Department of Organic Chemistry, University of Geneva, 30 quai Ernest

Ansermet, 1211 Geneva 4, Switzerland. We thank the Swiss National Science

Foundation for the support of this work (Grant No. 2.812-0.85).

Schulte-Elte, K. H.; Ohloff, G. Helv. Chim. Acta 1967, 50, 153.

Nakatani, Y.; Kawashima, K. Synthesis 1978, 147.

Jefford, C. W.; Wang, Y. J. Chem. Soc., Chem. Commun. 1988, 634.

Xu, X.; Wu, Z.; Shen, J.; Cheng, C.; Wu, Y.; Zhou, W. Huaxue Xuebao 1984, 42,

333; Chem. Abstr. 1984, 101, 91258h.

6. Kabasakalian, P.; Townley, E. R. Am. Perfum. Cosmet. 1963, 78, 22, Chem.
Abstr. 1983, 58, 123669.

7. Sanghvi, Y. S.; Rao, A. S. J. Heterccyclic Chem. 1982, 19, 1377.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(8aS,7aR)Hexahydro-(3S,6R)-dimethyl-2(3H)-benzofuranone: 2(3H)-Benzofuranone,
hexahydro-3,6-dimethyl-, [3R-(3a,3ap,6p,7a0)}- (10); (79726-51-5)
(-)-(1R,3R,4S,8R)-p-Menthane-3,9-diol: p-Menthane-3,9-diol, (1R,3R,4S,8R)-(-)- (8,9);
Cyclohexaneethanol, 2-hydroxy-B.4-dimethyl-, [1S,-[1a(S"),2B,4B]]- (10);
(13834-07-6)

Isopulegol: Cyclohexanol, 5-methyl-2-(1-methylethenyl)-, {1R-(1c,28,50)]- (9):
(89-79-2)

Dibroane: Furan, tetrahydro-, compd. with borane (1:1) (8,9); (14044-65-6)
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DIALKYL MESOXALATES BY OZONOLYSIS OF DIALKYL
BENZALMALONATES: PREPARATION OF DIMETHYL MESOXALATE

(Propanedioic acid, oxo-, dimethyl ester)

COOR 1) O, CHLCl2 COOR
== 0=
COOR .—2,; g:zs COOR

Submitted by Lutz F. Tietze and Matthias Bratz.1

Checked by Makoto Kaino and Hisashi Yamamoto.

1. Procedure

A 300-mL wash botlle with an inlet tube fitted with a wide pore glass frit and -

equipped with a stirring bar is charged with 40.0 g (0.18 mol) of dimethyl
benzalmalonate (Note 1) dissolved in 150 mL of dichloromethane. The cooled
solution (0°C, ice bath) is purged with argon (10 min) and then a stream of ozone is
passed through with vigorous stirring for 4.5 hr (Note 2). After the reaction is complete
(TLC, silica gel, diethyl ether/petroleum ether = 1:1), excess ozone is removed by
purging with argon (10 min) and 15 mL of dirhethyl sulfide (Note 3) is slowly added at
0°C (ice bath). Stirring is continued for 1 hr at this temperature and 2 hr at ambient
temperature. Finally, air is blown through the solution for 12 hr (Note 4) and the
residue is distilled at 20 mm, boiling range 90-100°C (Note 5) to give a yellow liquid
that is further purified by filtration through 150 g of silica gel (SiOz) (Note 6) (elution
with diethy! ether). The solvent is removed under reduced pressure and the residue is

recrystallized from ethyl acetate to give 23.9 g (80%) of the dimethyl mesoxalate
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hydrate as colorless crystals (Note 7). Dehydration of the product is accomplished by
azeotropic removal of water. The hydrate is dissolved in dichloromethane (150 mL)
and heated for 12 hr in a Soxhlet apparatus (Note 8) equipped with a thimble
containing layers of phosphorus pentoxide and basic alumina. The solvent is then
evaporated and the residue distilled at reduced pressure to give 20.1 g (76%) of the
ester as a yellow liquid [bp 94°C (20 mm)).

2. Notes

1. Dimethyl benzalmalonate and the corresponding esters of other alcohols
can be prepared according to an Organic Syntheses procedure or as described in
standard textbooks.2

2. A Fischer Ozonizator 502 was used. The flow was adjusted to about 70 L/hr
and the ozone content to 2-3 vol.%. The checkers used Japan Ozone Co. Ltd. 0-3-2
Ozonator. The flow was adjusted to about 1.3 mmol/min. Efficiency of stirring affects
the yield greatly.

3. Dimethyl sulfide (Me2S) was purchased from Tokyo Kasei; it is also
available from Aldrich Chemical Company, Inc.

4. By this procedure the benzaldehyde is oxidized to benzoic acid, which is
easily removed from the products.

5. Esters of higher alcohols may be filtered directly through silica gel and
further purified by recrystallization.

6. Silica gel is 60 mesh.

7. All ester hydrates prepared were crystalline and can be stored without
decompasition.

8. A 250-mL Soxhlet apparatus was used.

215



Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories"; National Academic Press; Washington, DC,
1983.

3. Discussion

The method described is an improved procedure based on a work appearing in
the patent literature.3 Mesoxalates have been prepared by direct oxidation of
malonates with selenium dioxide (SeO2) or nitrogen dioxide (N204),# by thermolysis
of brominated malonates,® or by oxidative cleavage of malonates with ozone€ or
singlet oxygen.? Diethyl mesoxalate is commercially available.

The procedure described has advantages over previously published methods.
The starting material is easily obtained on a large scale at low cost. The ozonolysis
can be conducted even on a large scale (150 g) and the workup is simple since the
benzoic acid that is also formed can be removed by distillation, chromatography, or
crystallization. The method is general and can be applied to different esters including
chiral derivatives such as dimenthyl mesoxalate (see Table).

Mesoxalates are highly reactive substrétes because of their strongly polarized
carbon-oxygen bond. They have been used in pericyclic processes (e.g. Diels-Alder
reactions,® ene reactions,9 [3+2]10 and [2+2]!? cycloadditions), in aidol'2 and Wittig
as well as Friedel-Crafts reactions.13 Further applications arise from the use of the
corresponding imines in hetero Diels-Alder reactions!'4 and electrophilic

cyclizations. 15
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TABLE
PREPARATION OF DIALKYL MESOXALATES

Ester Hydrate Ester
R Yield [%)] m.p.°C b.p. [°C]
(Solvent)

Me 77 76  (ethyl ether) 110/17 mm
i-Pr 70 56-57 (t-BuOMe/pet. ether) 96/10 mm
Benzyi 86 55-57 (t-BuOMe/pet. ether)
(-) Menthy! 74 115 (Et20/pet. ether)
(-)-Bornyl 42 93-95 (Et20/pet. ether)

1. Institut fiir Organische Chemie der Universitat Géttingen, Tammannstr. 2, D-
3400 Géttingen, Federal Republic of Germany.

2. (a) Allen, C. F. H.; Spangler, F. W. Org. Synth., Coll. Vol. lil 1955, 377; (b)
"Organikum”, Autorenkollektiv, 15th ed.; VEB Deutscher Verlag der
Wissenschaften: Berlin, 1981.

3. Girijavallabhan, V. M.; Ganguly, A. K.; Pinto, P. A_; Versace, R. W., Eur. Patent
Appl. EP 146730 A1, 1985; Chem. Abstr. 1985, 103, 141748h.

4. (a) Miller, R. Ber. 1933, 66, 1668; (b) Dox, A. W. Org. Synth., Coll. Vol. 11941,
266; (c) Gilman, E.; Johnson, T. B. J. Am. Chem. Soc. 1928, 50, 3341.

5. (a)Faust, J.; Mayer, R. Synthesis 1976, 411; (b) Pardo, S. N.; Salomon, R. G. J.
Org. Chem. 1981, 46, 2598.

6. (a) Jung, M. E.; Shishido, K.; Davis, L. H. J. Org. Chem. 1982, 47, 891; (b)
Schank, K.; Schuhknecht, C. Chem. Ber. 1982, 115, 2000.
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769.
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(a) vor der Briick, D.; Biihler, R.; Plieninger, H. Tetrahedron 1972, 28, 791; (b)
Jung, M. E.; Shishido, K.; Light, L.; Davis, L. Tetrahedron Lett. 1981, 22, 4607.
(a) Tietze, L. F.; Bratz, M. Chem. Ber. 1989, 122, 997; (b) Tietze, L. F.; Bratz, M.
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Ph.D. Thesis, University Géttingen 1988.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Dimethyl mesoxolate: Propanedioic acid, oxo-, dimethyl ester (9); (3298-40-6)
Dimethyl benzalmalonate: Malonic acid, benzylidene-, dimethyl ester (8);
Propanedioic acid, (phenylimethylene)-, dimethyl ester (9); (6626-84-2)
Dimethyi sulfide: Methyl suflide (8); Methane, thiobis- (9); (75-18-3)
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9-BROMO-9-PHENYLFLUORENE
(SH-Fluorene, 9-bromo-9-phenyl-)

Br
1. C4HglLi/ether

Eo— &L
3.H0 ° Q

LD e, L0

B. OH - Br

O Toluene O

Submitted by T. F. Jamison, W. D. Lubell, J. M. Dener, M. J. Krisché, and H. Rapoport.1

-

Checked by Carol M. Taylor and Amos B. Smith, III.
1. Procedure

Caution! Butyllithium is an air-sens{;ive, pyrophoric material and should be
kept under an inert atmosphere at all times. Persons following this procedure should
be thoroughly familiar with the handling of air-sensitive solutions (Note 1).
Bromobenzene is an iritant and a potential carcinogen.

A. 9-Phenyl-9-fluorenol. A flame-dried, 3-L, three-necked, round-bottomed
flask equipped with an overhead stirrer, rubber septum, and glass stopper, under a
nitrogen atmosphere, is charged with bromobenzene (158 mL, 1.5 mol, Note 2) and

ethyl ether (800 mL, Note 2). The solution is cooled in an ice bath and stirred at 0°C.
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A flame-dried, 1-L, graduated cylinder fitted with a rubber septum is filled with 767 mL
of a 1.5 M solution of butyllithium in hexane (1.15 mol, Note 3) under a nitrogen
atmosphere. The butyllithium solution is then added to the 0°C ether solution over 30
min via a Teflon cannula with a positive nitrogen pressure. After the addition is
complete, the solution is stirred for 20 min at 0°C and a solution of fluorenone (180g, 1
mol, Note 4) in tetrahydrofuran (THF) (300 mL, Note 5) is added over 25 min via a
Teflon cannula using positive nitrogen pressure. The ice bath is removed, the mixture
is allowed to reach room temperature (24°C), and stirred for 2 hr. During this time,
fithium bromide precipitates out of the reaction mixture. Water (250 mL) is added to
dissolve the precipitate, the layers are separated, and the organic layer is washed with
800 mL of water and 800 mL of brine. The brine wash is discarded, and the other
aqueous layers are combined and extracted with ethyl ether (2 x 200 mL). The
combined organic layers are evaporated on a rotary evaporator at an initial bath
temperature of 30-35°C and, when most of the volatile material has been removed, at
a bath temperature of 70-75°C until a yellow solid is obtained (Note 6).

B. 9-Bromo-9-phenyifiuorene. The yellow solid obtained in Step A is dissolved
in toluene (800 mL, Note 7) and transferred to a three-necked, 2-L Morton flask (Note
8) equipped with an overhead stirrer, a nitrogen-filled balloon, and a glass stopper.
Aqueous hydrobromic acid (HBr) (48%, 400 mL, Note 9) is added, and the
heterogeneous mixture is vigorously stirred at room temperature (ca. 20-25°C) for 24
hr (Note 10). The layers are separated, the aqueous layer is extracted with toluene
(400 mL), the combined organic layers are dried over sodium sulfate (NazS0Oy4) and
filtered. The filter cake is washed with ethyl acetate (2 x 50 mL), and the combined
organic filtrate and washings are evaporated to a yellow solid. Recrystallization from
isooctane (1.25 L, Note 7) gives 270 g (84%) of 9-bromo-9-phenylfiuorene (Notes
11-14).
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2. Notes

1. A pamphlet describing techniques for the handling of air-sensitive solutions
can be ordered from Aldrich Chemical Company, Inc.

2. Bromobenzene and ethy! ether were obtained from the Fisher Scientific
Company. Bromobenzene was distilled from calcium hydride (CaHz) under vacuum,
and ethyl ether was distilled from sodium/benzophenone. Each liquid was transferred
to the reaction vessel via glass syringe or Teflon cannula under a positive nitrogen
pressure.

3. Butyllithium was obtained as a solution in hexane from Foote Mineral Lid.
and titrated with 0.5 M 2-propanol in tetrahydrofuran (THF) with 1,10-phenanthroline
as the indicator. The butyllithium was transferred via Teflon cannula under positive
nitrogen pressure. The checkers used a 1.6 M solution of butyllithium purchased from
Aldrich Chemical Company, Inc.

4. Fluorenone was obtained from Chemical Dynamics Corporation or Fluka
Chemical Corporation and recrystallized from absolute ethanol to remove fluorene.

5. Tetrahydrofuran was obtained from the Fisher Scientific Company and
distilled from lithium aluminum hydride (LiAlH4). (See warning: Org. Synth., Coll. Vol.
V1973, 976).

6. The physical properties of 9-phenfyl-9-fluorenol, which was recrystallized
from isooctane to give pale yellow, transiucent needles, are as follows: 13C NMR
(Nicolet, 200 MHz) &: 83.5, 120.0, 124.7, 125.3, 127.1, 128.1, 128.4, 129.0, 139.5,
143.1, 150.3; mp 107-108°C (lit. mp 85°C,3a 107°C3b). The checkers observed mp 85-
86°C. Anal. Caled for C1gH140: C, 88.34; H, 5.46. Found: C, 88.39; H, 5.60.

7. Toluene and isooctane (2,2,4-trimethylpentane) were obtained from the

Fisher Scientific Company and used without further purification.
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8. Use of a Morton flask and an overhead stirrer allows for better mixing of the
two-phase system and gives conversion to product faster than does use of a standard
round-bottomed flask with an overhead stirrer.

9. Aqueous hydrobromic acid (HBr) (48%) was obtained from the J. T. Baker
Chemical Company.

10. The relative amounts of 9-phenyi-9-fluorenc! and 9-bromo-9-phenyl-
fluorene were determined as follows: A 13C NMR spectrum (CDCl3 solution, Bruker
400 MHz) of an authentic sample of 9-bromo-9-phenylfluorene was recorded and then
doped in 1% increments with authentic 9-phenyl-9-fluorenol. A 13C NMR spectrum
(CDCl3 solution, Bruker 400 MHz) was recorded after each doping, and the heights of
the peaks at 120.3 ppm (bromide) and 120.0 ppm (alcohol) were monitored. These
spectra were compared with a 13C NMR spactrum (CDClg solution, Bruker 400 MHz)
of the sample in question. Application of this technique to an evaporated aliquot of the
reaction mixture in Step B, indicated >97% conversion of alcohol to bromide after 24
hr.

11. 9-Bromo-8-phenylfiuorene is greater than 99% pure as shown by 13C NMR,
(determined by the procedure in Note 10); mp 93°C (lit.2 mp 99°C).

12. The physical properties of 9-bromo-9-phenylifluorene, which was
recrystallized from isooctane to give light-yellow, lustrous flakes, are as follows: 13C
NMR &: 67.5, 120.3, 126.1, 127.4, 128.0, 128.3, 128.5, 129.0, 138.1, 141.1, 149.6: mp
99°C (lit.2 mp 99°C); IR (CHCI3) em-!: 3060 (m), 3000 (m), 1600 (w), 1485 (m), 1445
(s), 1150 (m), 830 (w), 690 (m), 620 (m); UV (EtOH) A, nm, (g): 310 (8,000), 276
(29,000), 238 (59,000), 230 (70,000), 213 (78,000). Anal. Calcd. for C1gH13Br: C,
71.04;H, 4.08; Br, 24.88. Found: C, 71.11; H, 4.13; Br, 25.07.

13.  The submitters report that 9-bromo-9-phenylflucrene of poorer quality can
also be prepared on an identical scale in a lower yield using phenyliithium (obtained

from Aldrich Chemical Company, Inc.) following the procedure given in Step A with
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minor modifications: A black solution of phenyllithium (632 mL, 1.14 mol, Note 14)
was added to a 0°C solution of fluorenone (180.2 g, 1 mol, Note 4) in THF (1360 mL,
Note 5) over 30 min, and the solution was stirred for 2 hr at room temperature (24°C).
Isolation as described in Step A and conversion to the bromide as described in Step
B, afforded 234 g (72.8%) of 9-bromo-8-phenylfluorene as an orange/yellow solid (mp
98°C, lit.2 mp 99°C); >99% pure [13C NMR (Note 10)] that was contaminated with
approximately 20 g of a black solid; mp 91-94.5°C. This alternative procedure was not
checked by the checkers.

t14. Phenyllithium ("2.0 M" in cyclohexane/ether, 70/30, found to be 1.8 M by
titration as described in Note 3) was obtained from the Aldrich Chemical Company,
Inc., as a black solution and was added to the solution of fluorenone via Teflon

cannula under positive nitrogen pressure.
Waste Disposal information

Ali toxic materials were disposed of in accordance with "Prudent Practices for
Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983.

3. Discussion
Alkylation of a~amino esters with 9-bromo-9-phenylfiuorene serves as the
principal step in the preparation of N-(9-phenylfluoren-9-yi)-c.—amino carbonyl
compounds which are useful chiral educts for asymmetric synthesis. A discussion of
the synthetic utility of N-8-phenylfiuoren-9-yl derivatives of amino acids and amino

acid esters appears in the procedure following.
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The preparation reported here is based on the method of Christie and
Rapoport.4 9-Bromo-9-phenyifluorene has also been prepared by a light-initiated
reaction of bromine and 9-phenyifluorene in carbon disulfide,2 by addition of
phenylmagnesium bromide to fluorene3b followed by treatment with acetyl bromide,5

and by treatment of 9-phenylfluorene with N-bromosuccinimide.®

1. Department of Chemistry, University of California, Berkeley, CA 94720.
Kliegl, A. Chem. Ber. 1905, 38, 284.

3. Two distinct melting points (85°C and 107°C) are reported for 9-phenyl-9-
fluorenol: (a) 85°C: Arcus, C. L.; Coombs, M. M. J. Chem. Soc. 1954, 3977;
Bolton, R.; Chapman, N. B.; Shorter, J. J. Chem. Soc. 1964, 1895. (b) 107°C:
Ullmann, F.; von Wurstemberger, R. Chem. Ber. 1904, 37, 73.

Christie, B. D.; Rapopon, H. J. Org. Chem. 1985, 50, 1239,

5. Bachmann, W. E. J. Am. Chem. Soc. 1930, 52, 3287.
Buu-Héi, Ng. Ph. Justus Liebigs Ann. Chem. 1944, 556, 1.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

{(Registry Number)

9-Bromo-9-phenylflucrene: 9H-Fluorene, 9-bromo-9-phenyl- (9); (55135-66-5)
Butyliithium, lithium, butyl- (8,9); (109-72-8)

Bromobenzene, Benzene, bromo- (8,9); (108-86-1)

Hydrobromic acid (8,9); (10035-10-6)

9-Phenyl-8-fluorenol: Fluoren-9-ol, 9-phenyl- (8); 9H-Fluoren-9-ol, 9-phenyl- (9);
(25603-67-2)

Fluorenone: Fiuoren-9-one (8); 9H-Fluoren-9-one (9); (486-25-9)
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(S)-N-(9-PHENYLFLUOREN-9-YL)ALANINE AND
(S)-DIMETHYL N-(9-PHENYLFLUOREN-9-YL)ASPARTATE
L-Alanine, N-(9-phenyl-9H-fluoren-9-yl)- and L-Aspartic acid,

N-(9-phenyl-9H-fluoren-9-yl-, dimethyl ester)

(¢] (o}
A 1. (CHy)SICl, &
OH 2. SEtsl\?.an(No;,)z, PhEIBr \|)L°H
NH, 3. CHzOH NHPhFI
1 2
(0] 0]
B. CHiO OCH, _!-KsPOs PbNO3)2, PhFIBr CHZ0 ocH,
O NHg*ClI” 2. CH3OH O  NHPhFI

3 . D
W,

Submitted by T. F. Jamison'a and H. Rapoport.1b
Checked by Carol M. Taylor and Amos B. Smith, IlI.

1. Procedure
Caution! Chlorotrimethyisilane is moisture-sensitive and should be kept under
an inert atmosphere at all times. Persons following this procedure should be

thoroughly familiar with the handling of moisture-sensitive materials. Lead nitrate

[Pb(NO3)2] is toxic (1), and it and tripotassium phosphate (K3PO4) are hygroscopic.
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A.  (S)-N-(9-Phenylfluoren-9-yl)alanine (2).2 A 1-L, flame-dried, three-necked
Morton flask (Note 1) equipped with an overhead stirrer, rubber septum, and reflux
condenser (equipped with a rubber septum) under a nitrogen atmosphere is charged
with L-alanine (1, 13.5 g, 150 mmol, Note 2), chloroform (375 mL, Note 3), acetonitrile
(75 mL, Note 4), and chlorotrimethylsilane (19.04 mL, 150 mmol, Note 5). The rubber
septum in the neck of the Morton flask is replaced with a glass stopper, and the mixture
is heated at reflux for 2 hr with vigorous stirring under an inert atmosphere (Note 6).
The mixture is cooled to room temperature under a stream of nitrogen, triethylamine
(46.0 mL, 330 mmol, Note 7) is added via syringe at a rate sufficient to maintain a
gentle reflux, and the mixture is stirred for 15 min after which Pb(NO3)2 (33.1 g, 100
mmol, Note 8) is added. The glass stopper is replaced with a rubber septum, and a
solution of 9-bromo-9-phenyifluorene (57.8 g, 180 mmol, Note 9) in chloroform (180
mL, Note 3) is added via a Teflon cannula with a positive nitrogen pressure. The reflux
condenser is replaced with a glass stopper, and an 18-gauge syringe needle
equipped with an argon-filled balioon is inserted in the rubber septum. The
heterogeneous, off-white mixture is stirred vigorously under this inert atmosphere for
48 hr. After about 20 hr, the reaction mixture becomes orange and darkens over time.
Methanol (15.2 mL, 375 mmol, Note 10) is then added, and the mixture is stirred an
additional 30 min.

The mixture is filtered using a sintered glass filter, the filter cake is washed by
stirring with chloroform (3 x 50 mL), and the dark orange filtrate is evaporated to a
residue that is partitioned between ether (750 mL, Note 11) and aqueous 5% citric
acid (750 mL, Note 12). The layers are separated, and the aqueous layer is extracted
with ether (4 x 250 mL). The combined organic solutions are extracted with 1 M
sodium hydroxide (300 mL). The aqueous solution is washed with 300 mL of ether,
cooled to 0°C with stirring using a magnetic stir bar, and the pH is adjusted to 7 by the

dropwise addition of glacial acetic acid (approximately 17 mL, Note 13). The mixture
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now containing an off-white precipitate is extracted with 25% 2-propanol (Note 14) in
chloroform (3 x 300 mL). The combined organic solutions are washed with 150 mL of
saturated sodium chioride solution, dried (Na2S04), filtered, and evaporated to a light
yellow foam that is dried under reduced pressure to give 39.2 g (80% yieid) of (S)-N-
(9-phenyifluoren-9-ylyalanine (2) (Note 15).

B.  (S)-Dimethyl N-(9-phenyifiuoren-9-yl)aspartate (4).3 A 1-L, flame-dried,
three-necked Morton flask (Note 1) equipped with an overhead stirrer and two rubber
septa under a nitrogen atmosphere is charged with Pb(NO3)2 (28.2 g, 85.0 mmol, Note
8), KaPO4 (44.6 g, 210 mmol, Note 16), and acetonitrile (250 mL, Note 4). (S)-
Dimethyl aspartate hydrochloride (3, 19.8 g, 100 mmol, Note 17) is added, foliowed by
9-bromo-9-phenylfiuorene (40.15 g, 125 mmol, Note 9). The off-white, heterogeneous
mixture is stirred vigorously for 22 hr, and to the mixture is added methanol (40.5 mL,
1.00 mol, Note 10); the mixiure is stirred an additional 30 min and filtered through
approximately 20 g of diatomaceous earth ("Celite”) on a sintered glass funnel. The
filter cake is washed by stirring with portions of chioroform until no UV chromophore
can be detected in the filtrate (Note 18). Silica (60 g, Note 19) is added to the
combined organic solutions, and the solvent is removed (rotary evaporator), leaving a
dry powder. This powder is added to a column of silica (800 g, Note 19) and the
column is eluted with 10% ethyl acetate in hexanes (Note 20) to give 9-methoxy-9-
phenylfiuorene (5.30 g, 19.5 mmol, Note 21) and then 9-phenyl-9-fluorenol (2.00 g, 7.7
mmol, Note 22). A 1/1 mixture of 9-phenyl-9-fluorenol and 4 is eluted next (2.13 g).
After all the 9-phenyl-9-fluorenol has been eluted, the eluting solvent is changed to
25% ethyl acetate in hexanes (Note 20). The combined solutions of pure 4 are
evaporated (rotary evaporator), yielding (S)-dimethyl N-(9-phenylfluoren-9-
ylasparate (4) as a light yellow solid (36.1 g, 90 mmol, 90% yield, Note 23) after
drying for 1 day at 0.1 mm. The 2.13-g mixture of 4 and 9-phenyl-9-fluerenol can be

rechromatographed (100 g of silica, 10-25% ethyl acetate in hexane) to give an
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additional 0.8 g (3.1 mmol) of 9-phenyl-9-fluorenol (for a total of 2.80 g, 10.8 mmol)
and 1.3 g (3.2 mmol, 3.2% yield) of 4, for a total of 37.4 g (93% yield) of 4.

2. Notes

1. Use of a Morton flask and an overhead stirrer allows for better mixing of the
heterogenous system and gives conversion to product faster than does use of a
standard round-bottomed flask with an overhead stirrer.

2. L-Alanine was purchased from Fisher Scientific company and used without
further purification.

3. Chioroform was purchased from Fisher Scientific Company and distilled
from phosphorus oxide (P20s5) immediately before use and added to the reaction
mixture via syringe.

4. Acetonitrile was purchased from EM Science, distilled from calcium hydride
(CaHg) immediately before use and added to the reaction mixture via syringe.

5. Chlorotrimethylsilane was purchased from Aldrich Chemical Company, Inc.,
distilied from CaH, immediately before use, and added to the reaction mixture via
syringe.

6. A syringe needle equipped with an argon-filled balloon should be inserted
through the rubber septum on the reflux condenser. In addition, while the mixture is
refluxing, the apparatus should be checked frequently for leaks.

7. Triethylamine was purchased from Fisher Scientific Company and distilled
from barium oxide (BaO) immediately before use and added to the reaction mixture via
syringe.

8. Lead nitrate (toxic!) was purchased from Fisher Scientific Company, dried in
an oven at 160°C for 4 days, and cooled in a desiccator, yielding a freely-flowing,

white granular solid. The checkers dried it at 100°C under 1.5 mm vacuum for 4 days.
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9. 9-Bromo-9-phenylfiuorene was prepared as described.4

10. Methanol was purchased from Fisher Scientific Company and used without
further purification.

11. Ethyl ether was purchased from Fisher Scientific Company and used without
further purification.

12. An insoluble brownish-orange polymer formed was carefully excluded from
the organic extractions. Leaching of this material into the organic layer produces
colored product.

13. Glacial acetic acid was purchased from Fisher Scientific Company and used
without further purification. Near pH 7, much of the praduct precipitated, and the off-
white mixture became difficult to stir. Distribution of the acetic acid was accomplished
by manually swirling the flask.

14. 2-Propanol was purchased from Fisher Scientific Company and used
without further purification.

15. Compound 22 thus obtained was of sufficient purity (>97%, as determined
by elemental analysis) for direct use; but was contaminated by a small amount of
highly colored impurities. IR cm-1: 3070 (m), 3005 (m), 2905 (m), 1765 (m), 1735 (m),
1640 (m), 1590 (m), 1450 (s), 1390 (s), 1375 (s), 1355 (s), 690 (m), 605 (m). 2 can be
tecrystallized (1:1 EtOAc/hexane) to give a white solid,2 mp 158-161°C. [a] -63.0°
(EtOH, ¢ 1.4); THNMR &: 1.09 (d, 3H,J =7.2},2.70 (4, 1 H, J = 7.2), 7.36 (m, 11 H),
7.71 (m, 2 H); 13C NMR &: 19.2, 52.9, 73.0, 120.19, 120.21, 125.5, 125.7, 125.9, 127.6,
128.2, 128.6, 129.1, 140.5, 140.6, 141.8, 145.9, 146.5, 176.5 (Four 13C NMR signals
appear to be missing, possibly due to overlapping of signals.); TLC R¢ 0.25 (~8:1
EtOAc/hexane); UV (EtOH) A, nm (e): 310 (9,600), 288 (5,000), 266 (14,000), 238
(23,000), 209 (47,000). Anal. Calcd for CoaH1gNO2: C, 80.22; H, 5.81; N, 4.25.
Found: C, 80.4;H, 5.6; N, 4.2,
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16. Potassium phosphate was obtained from Mallinckrodt Chemical and was
dried at >500°C for > 12 hr, cooled in a desiccator, ground to a fine powder with a
mortar and pestie, and stored in a desiccator befors use. It must be weighed quickly,
as it is hygroscopic.

17. (S)-Dimethyl aspartate hydrochloride was prepared as describedd and
recrystallized from acetone to give a white crystalline solid (mp 114.5-115°C, lit.5 mp
116-117°C), which was stored in a vacuum desiccator befors use.

18. Eight or nine 100-mL portions of chloroform, obtained from EM Science and
used without further purification, were required.

19. Silica gel of 230-400 mesh was obtained from EM Science. The checkers
used silica gel from J. T. Baker.

20. Both ethyl acetate and hexanes were obtained from Fisher Scientific
Company and used without further purification.

21. The physical properties of 8-methoxy-9-phenylflucrene are as follows:® mp
93-94°C (lit.6 mp 94-95°C), TH NMR &: 2.96 (s, 3 H), 7.2-7.4 (m, 11 H), 7.7 (m, 2 H);
13C NMR &: 51.3, 89.0, 119.9, 125.3, 125.5, 127.1, 128.0, 128.1, 128.9, 140,8, 143.4,
146.8; TLC (1/3 EtOAc/hexane, aluminum backed silica) Rt 0.85.

22. The properties of 9-phenyl-9-fluorenci are as follows: TLC (1/3
EtOAc/hexane, aluminum backed silica) Ry 0.67; ses ref. 4 for additional spectral and
physicai data.

23. The physical properties of (S)-dimethy! N-(9-phenylfluoren-9-yl)aspartate (4)
are as foliows:3 mp 58-59.5°C (sometimes 4 does not solidify); [a]lp -264° (CHCl3 ¢
3.3); IR (CHClg) cm-1: 3320 (w), 3005 (m), 2950 (m), 1740 (s), 1600 (w), 1440 (s),
1365 (m), 1340 (m), 1170 (m), 1010 (m), 1000 (m), 900 (w), 690 {m), 610 (w); UV
(EtOH) A (e): 310 (9,600), 298 (8,700), 276 (22,100), 239 (43,700), 231 (50,700), 211
(66, 200); TH NMR &: 2.35 (dd, 1 H, J = 15, 5.4), 2.52 (dd, 1 H, J = 15, 6.8), 3.01 (m, 1
H), 3.3 (brs, 1 H), 3.34 (s, 3 H), 3.65 (s, 3 H), 7.15-7.4 (m, 11 H), 7.7-7.8 (m, 2 H); 13C
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NMR 8: 39.7, 51.5, 51.8, 52.7, 72.7, 119.7, 119.9, 125.4, 125.8, 125.9, 127.2, 127.4,
127.7,128.2, 128.3, 139.7, 141.1, 144.4, 148.3, 148.5, 170.8, 174.6 (Note: Three 13C
NMR signals appear to be missing, possibly due to overlapping of signals.); TLC (1/3
EtOAc/hexane, aluminum backed silica) Ry 0.52. Anal. Caled for CosHaaNO4: C, 74.8;
H, 5.8;N, 3.5. Found: C, 74.6; H, 5.8; N, 3.4,

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices for

Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983.

3. Discussion

Procedures A and B illustrate the two current methods for preparation of N-9-
phenylifiuoren-9-yl derivatives of amino acids and amino acid esters. Free carboxylate
(as in alanine in Step A) or free hydroxy! (e.g., serine?) functions can be blocked for
the duration of the reaction as trimethylsily! (TMS) esters or ethers, respectively, by
treatment with chlorotrimethyisilane and triethylamine. The TMS group(s) are then
removed by methanolysis from carboxylic acids (as in Step A) and mild acidic
hydrolysis from hydroxyl groups, both being adcomplished during product isolation. In
addition to 2, the N-9-phenylfluoren-9-yl derivatives of serine,” glutamic acid y-methy!
ester,8 and aspartic acid B-methyl ester39 have been prepared in this manner.

Substrates whose only reactive nucleophile is an amino group can be alkylated
with 9-bromo-g-phenylfluorene using the method described in Step B. In addition to 4,
the N-8-phenylfluoren-9-y! derivatives of glutamate diesters,8 aziridines, 19 and N-alkyl

aspartate diesters3.11.12 have been prepared by this method.
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Exclusion of moisture from the reagents and apparatus is most important, as 9-
bromo-9-phenylflucrene hydrolyzes to S-phenyl-9-fluorenol, which is unreactive
toward free amines. Accordingly, all glassware, K3PO4, Pb(NOg)2 (which scavenges
bromide ion), and substrates must be dried thoroughly (as described above) and kept
under an inert atmosphere prior to use. In addition, solvents must be distilied
immediately before use and transferred to the reaction vessel under an inert
atmosphere.

The methanol quench in Step B facilitates chromatographic purification by
forming the known 9-methoxy-8-phenylfiuorene,8 which is less polar than 9-phenyl-9-
fluorenol, from 9-bromo-9-phenylfluorene (but not from 9-phenyl-9-fluorenol). Both 9-
methoxy-9-phenylfluorene and 9-phenyl-3-fluorenol can be converted to 9-bromo-9-
phenyifiuorene by treatment with 48% hydrobromic acid (HBr).4

Both the stability!3 and rigid steric bulk of the 9-phenylfluoren-8-yi group have
increased significantly the utility of amino acids N-protected in this way as chiral
educts for asymmetric synthesis. N-(9-Phenylfiuoren-g-yl)-a-amino aldehydes
maintain configurational stability at the « carbon during treatment with silica gel or
triethylamine and on treatment with Wittig and organometallic reagents.2.7.14.15 N-
(9-Phenylfluoren-9-yl)-a-amino ketones and esters behave similarly under these
conditions, and they can also be regioselectively enolized and subsequently alkylated
with a variety of electrophiles in good to excellent yield with modest to excellent
diastereoselectivity, no detectable racemization, and no detectable alkylation on
nitrogen or at the carbon corresponding to the o carbon of the starting amino
acid.3.8-12,14,15  Consequently, these N-(9-phenylfluoren-9-yl)-a-amino carbonyl
compounds have enabled the enantiospecific syntheses of many important
compounds, including cyclosporin's unique amino acid MeBmt,15 other unusual
amino acids,89 a-amino aldehydes,27:14.15 vinca alkaloids,3.11 (-)-vindoline,12.16 a-

alkyl branched carboxylic acids, 14 and the core nuclei of two antineoplastic agents.10
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Removal of the 9-phenylfiuoren-9-yi group has been accomplished by three

different procedures: acidolysis with trifluoroacetic acid,2.8.10-12 catalytic

hydrogenolysis,3.7:9:14,15 and dissolving metal reduction.5

(a) Current address: Laboratorium fir Organische Chemie, Eidgenéssische
Technische Hochschule-Zentrum, CH-8092, Zirich, Switzerland; (b)
Department of Chemistry, University of California, Berkeley, CA 94720.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(S)-N-(9-Phenylfluoren-9-yl)alanine: L-Alanine, N-(3-phenyl-9H-fluoren-9-yl)- (11);
(105519-71-8)

(S)-Dimethyl N-(9-phenyiflucren-g-yl)aspartate: L-Aspartic acid, N-(9-phenyl-9H-
fluoren-9-yl)-, dimethyl ester (12); (120230-62-8)

Chlorotrimethylsilane: Silane, chlorotrimethyl- (8,9); (75-77-4)

Lead nitrate: Nitric acid, lead (2+) salt (8,9); (10099-74-8)

Tripotassium phosphate: Phosphoric acid, tripotassium salt (8,9); (7778-53-2)
L-Alanine (8,9); (56-41-7)

9-Bromo-9-phenylfluorene: 9H-Fluorene, 9-bromo-9-phenyl (9); (565135-66-5)
(S)-Dimethyl aspartate hydrochloride: Aspartic acid, dimethyl ester, hydrochloride,
L- (8); L-Aspartic acid, dimethyl ester, hydrochloride (9); (32213-95-9)
9-Methoxy-9-phenyifluorene: 9H-Fluorene, 9-methoxy-9-phenyl- (9); (56849-87-7)
9-Phenyl-9-fluorenol: Fluoren-9-ol, 9-phenyl- (8); 9H-Fluoren-9-ol, 9-phenyl- (9);
(25603-67-2)
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ETHYL 3-OXO0-4-PENTENOATE (NAZAROV'S REAGENT)

(4-Pentenoic acid, 3-oxo-, ethy! ester)

O 1) LDA, THF OH O
N, § . mc
. OEt 2 ~CHO OEt
i |
OH O o O

B- i X,
Noa M——acemne I(‘ULOEt
0°C ot

Submitted by R. Zibuck! and J. Streiber.
Checked by Michael D. Gaul and Robert K. Boeckman, Jr.

1. Procedure

Caution: Acrolein is highly toxic and a lachrymator. Handle in a well-ventilated
fume hood!

A. Ethyl 3-hydroxy-4-pentenoate. A dry, 2-L, two-necked, round-bottomed flask,
capped with septa and equipped with a thermometer (Note 1), magnetic stirring bar,
and an argon inlet is flushed with argon and charged with dry tetrahydrofuran (400 mL,
Note 2) and diisopropylamine (30.8 mL, 220 m;nol, Note 3). The solution is cooled to
-30°C and butyllithium (BuLi) (93.2 mL, 220 mmol, 2.36 M solution in hexanes, Note 4)
is added. The reaction is stirred for 15 min and cooled to -76° to -78°C. Dry ethyl
acetate (19.5 mL, 200 mmol, Note 5) is added dropwise so that the internal reaction
temperature remains below -66°C (addition time 10-15 min). When addition of the
ethyl acetate is complete, the reaction is stirred for 50 min at -70° to -78°C. A solutior

of freshiy distilled acrclein (13.4 mL, 200 mmol, Note 6) and 100 mL of dry
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tetrahydrofuran is then added rapidly via a cannula. The reaction is stirred for 5 min
and quenched by the rapid addition of saturated aqueous ammonium chloride
(NH4Cl), (100 mL). The reaction mixture is poured immediately into a 2-L separatory
funnel containing 500 mL of diethyl ether. The reaction flask is rinsed with 100 mL of
distilled water and 100 mL of diethyl ether. After thorough mixing, the layers are
separated and the aqueous layer is extracted with diethyl ether (three, 100-mL
portions). The combined organic layers are washed with brine (200 mL}, dried over
magnesium sulfate (MgSO4), filtered, and evaporated under reduced pressure (Note
7). Crude ethyl 3-hydroxy-4-pentenoate is used in the next step (Note 8).

B. Ethyl 3-oxo-4-pentenoate. A 1-L, round-bottomed flask equipped with a
magnetic stirring bar and pressure-equalizing dropping funnel is charged with ethyl 3-
hydroxy-4-pentenoate (Part A) and 400 mL of acetone. The mixture is cooled in an ice
bath and Jones reagent (175 mL, Note 9) is added dropwise via the dropping funnel
(addition time is approximately 30-40 min). When addition of the Jones reagent is
complete, the reaction mixture is allowed to warm slowly to room temperature and is
stirred overnight (10-20 hr). Methanol (20 mL) is added to quench excess Jones
reagent and the reaction mixture is poured into a 2-L separatory funnel containing
diethy! ether (800 mL). After thorough mixing, the layers are separated and the
aqueous layer is extracted with diethy! ether (three, 200-mL portions) (Note 10). The
combined organic layers are washed with brine (iwo, 200-mL portions), dried over
MgSOy4, filtered, and the solvent is removed by simple distillation (Note 11). Final
purification is accomplished by Kugelrohr distillation (Note 12) at 0.60 mm (oven temp
45°C) with a 250-mL receiving bulb cooled to -78;’0 using a dry ice/isopropy! alcohoi
cold bath. The purified product (14.9 g, 52%) (Note 13) can be stored at -20°C for

several months without decomposition.
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2 Notes

1. A Fluke 51 K/J digital thermometer with temperature probe is used to monitor
internal reaction temperature.

2. Tetrahydrofuran is distilled from sodium-benzophenone ketyl under argon.
The reaction may be carried out using a freshly opened can of anhydrous diethyl ether
from Fisher Scientific or Mallinckrodt without further purification.

3. Diisopropylamine is purified by heating to reflux over sodium hydroxide
(NaOH) for 3-12 hr, followed by simple distillation from NaOH.

4. Butyllithium in hexanes (2.5 M) is purchased from Aldrich Chemical
Company, Inc., and fitrated using diphenylacetic acid.2

5. Ethyl acetate (500 mL) is purified by washing with 100 mL of 5% sodium
carbonate solution, followed by 100 mL of saturated sodium chloride solution, drying
over potassium carbonate and filtering. It is then heated at reflux over phosphorus
oxide (P20s5) for 3-12 hr and distilled from P205.3

6. Acrolein is purchased from Aidrich Chemical Company, Inc. It is freshly
distilled under reduced pressure (~20 mm) employing a dry ice/isopropy! alcohol
cooled-receiver.

7. The rotary evaporator bath temperature should not exceed 40°C.

8. If desired, ethyl 3-hydroxy-4-peme"noate can be purified by Kugelrohr
distillation at 0.60 mm (oven temperature 57°C) using a dry ice/isopropy! alcohal cold
bath to cool the receiver (79% yield). Spectral properties are as follows: IR (film) cm-1;
3437, 2084, 2938, 1732, 1373, 1275, 1030; TH NMR (300 MHz CDClg) &: 1.22 (1, 3H,
J = 6.7, OCH2CH3), 2.4-2.6 (m, 2 H, C(OH)CH2C(0)), 3.15-3.25 (brm, 1 H, OH), 4.10
(@, 2 H, J = 6.7, OCH2CHg), 4.44-4.57 (m, 1 H, HC(OH)), 5.05-5.35 (m, 2H), 5.78-5.90
(m, 1H); MS, mvz 145 (MH+),
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9. Jones reagent is prepared by dissolving chromium oxide (CrO3) (23.5 g) in
concd sulfuric acid (21 mL) with cooling and then diluting with distilled water to give a
total volume of 175 mL.4

10. Aqueous chromium waste must be bottled, labeled, and given to the waste
management technical personnel.

11. The simple distillation is accomplished by using a rotary evaporator at
atmospheric pressure and bath temperature < 50°C. The last traces of solvent are
removed under reduced pressure with an ambient temperature bath. Caution: the
product is volatile and will be lost by evaporation if care is not taken. If water should
be present, the compound can be dissolved in diethy! ether, dried again over MgSO4,
filtered and distilled.

12. During the Kugelrohr distillation a forerun of 3-4 mL is collected and
discarded.

13. The spectral properties of ethyl 3-oxo-4-pentenoate, which exists as a
mixture of keto and enol forms, are: IR (film) cm-1: 2984, 1741, 1659, 1588, 1423,
1242, 1150, 1038, 812; TH NMR (CDCI3) &: 1.2-1.3 (overlapping t, 3 H), 3.6 (s, ketonic
Hat C(2)), 4.1-4.3 (m, 2 H), 5.05 (s, enolic H at C(2)), 5.50 (app t, 1 H), 5.91-6.43 (m, 2
H), 11.8 (s, enol OH); 13C NMR &: 14.02, 14.19, 46.43, 60.23, 61.43, 91.84, 122.53,
130.16, 131.20; 135.74, 167.14, 168.61, 172.70, 192.62. Minor peaks are observed

which may be the E enot form. The mass spectrum shows m/z 143 (MH*+).
Waste Disposal Information
All toxic materials were disposed of in accordance with "Prudent Practices for

Disposal of Chemicals from Laboratories”; National Academic Press; Washington, DC,
1983.
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3. Discussion

Ethyl 3-oxo-4-pentencate (Nazarov's reagent) is a well known annelating agent
that has been used in several terpeneS and alkaloid® syntheses.

Other preparations of Nazarov's reagent and its analogs have been reported,”
but many of the procedures are labor-intensive and/or require special apparatus. The
reported preparation of ethyl 3-oxo-4-pentenoate is facile (2 steps) and efficient (52%
overali yield). All starting materials are commercially available, relatively inexpensive,
and easily purified. The synthesis s also amenable to scale up and has been carried
out successfully on a 1-mo! scale. Other esters have also been synthesized by this
method with overall yields ranging from 45-58% (see Scheme 1).8 Finally,

methacrolein and crotonaldehyde are also suitable reactants (see Scheme 1).

Scheme 1
o O O O o O
N“ oFt W“‘
R =Me 45% 48% 37%
Et 52%
i-Pr 58% !
t-Bu 47%

(-)-borny! 56%

1. Wayne State University, Department of Chemistry, Detroit, Ml 48202. The
technical assistance of R. Keith Murphy is greatly appreciated. A portion of this
work was carried out at Syracuse University, Syracuse, NY.

2. Kofron, W. G.; Baclawski, L. M. J. Org. Chem. 1976, 41, 1879,
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Ethyl 3-oxo-4-pentenoate: 4-Pentenoic acid, 3-oxo-, ethyl ester (8,9);
(22418-80-0)

Ethyl 3-hydroxy-4-pentenoate : 4-Pentenoic acid, 3-hydroxy-, ethyl ester (9);
(38996-01-9)

Diisopropylamine (8); 2-Propanamine, N-(1-methylethyl)- (9); (108-18-9)
Butyllithium: Lithium, butyl- (8,9); (109-72-8)

Ethyl acetate: Acetic acid, ethyl ester (8, 9); (141-78-6)

Acrolein (8); 2-Propenal (8); ( 107-02-8)

Chromium(VI1) oxide: Chromium oxide (8,9); Chromium oxide (8,9); (1333-82-0)
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Unchecked Procedures
Accepted for checking during the period May 1, 1991
through May 1, 1892. An asterisk (") indicates that

the procedure has been subsequently checked.

In accordance with a policy adopted by the Board of Editors, beginning with
Volume 50 and further modified subsequently, procedures received by the Secretary
and subsequently accepted for checking will be made available upon request to the
Secretary, it the request is accompanied by a stamped, self-addressed envelope.
(Most manuscripts require 54¢ postage).

Address requests to:

Professor Jeremiah P. Freeman
Organic Syntheses, Inc.
Department of Chemistry
University of Notre Dame

Notre Dame, Indiana 46556

It should be emphasized that the procedures which are being made available
are unedited and have been reproduced just as they were first received from the
submitters. There is no assurance that the procedures listed here will ultimately check
in the form available, and some of them may be rejected for publication in Organic
Syntheses during or after the checking process. For this reason, Organic Syntheses
can provide no assurance whatsoever that the procedures will work as described and
offers no comment as to what safety hazards may be involved. Consequently, more
than usual caution should be employed in following the directions in the procedures.

Organic Syntheses welcomes, on a strictly voluntary basis, comments from
persons who attempt to carry out the procedures. For this purpose, a Checker's Report
form will be mailed out with each unchecked procedure ordered. Procedures which
have been checked by or under the supervision of a member of the Board of Editors
will continue to be published in the volumes of Organic Syntheses, as in the past. Itis
anticipated that many of the procedures in the list will be published (often in revised
form) in Organic Syntheses in future volumes.
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2563R

2580R

2594R

2613R

2614R

2815

2616

2621

Cyclic Hydrazines via N,N'-Diacylhydrazonium lons: Synthesis of
1,2-Diaza-1,2-diethoxycarbonylcycloheptan-5-one.

F. P. J. T. Rutjes, H. Hiemstra, and W. N. Speckamp, Department of
Organic Chemistry, University of Amsterdam, 1018 WS Amsterdam,
The Netherlands

A Simple and Convenient Method for the Oxidation of

Organoboranes Using Sodium Perborate: Preparation of (+)-
Isopinocampheol.

G. W. Kabalka, J. T. Maddox, T. Shoup, and K. R. Bowers, Department
of Chemistry, University of Tennessee, Knoxville, TN 37996-1600

Preparation ot Bis(trimethylsilyl)peroxide {(BTMSPO).

P. Dembech, A. Ricci, G. Seconi, and M. Taddei,

C.N.R. - Istituto dei Composti del, Carbonio contenenti, Eteroatomi e
loro Applicazioni, Via della Chimica, 8 40064 Ozzano Emilia (BO),
ltaly

Bis-(ethylenedithio)-tetrathiafulvalene(BEDT-TTF).

T. K. Hansen, J. Becher, T. Jargensen, K. S. Varma, R. Khedekar, and
M. P. Cava, Department of Chemistry, Odense University, Campusvej
55, DK-5230, Odense M., Denmark

A Water Soluble Tin Hydride: Tris(3-(2-methoxyethoxy)-
propyl)stannane.

J. Light and R. Breslow, Department of Chemistry,
Columbia University, New York, NY 10027

Use of 1,2,4,5-Tetrabromobenzene as a 1,4-Benzadiyne Equivalent;
anti- and syn-1,4,5,8-Tetrahydroanthracene-1,4:5,8-diepoxides.

K. Shahlai, S. O. Acquaah and H. Hart, Department of Chemistry,
Michigan State University, East Lansing, Ml 48824

Hydrogenation of Quinolines Under Water Gas Shift Conditions and
Oxidation of 1,2,3,4-Tetrahygdro-quinolines to Hydroxamic Acids: 6-
Methoxy-1,2,3,4-tetrahydroquinoline and 1-Hydroxy-6-methoxy-3,4-
dihydrequinolin-2(1H)-one.

S.-I. Murahashi, Y. Imada, and S. Watanabe, Department of
Chemistry, Faculty of Engineering Science, Osaka University,
Machikaneyama, Toyonaka, Osaka 560, Japan

Chiral (Acyloxy)borane Complex Catalyzed Asymmetric Diels-Alder
Reaction: (1R)-1,3,4-Trimethyl-3-cyclohexene-1-carboxaldehyde.
K. Furuta, Q.-z. Gao, and H. Yamamoto, Department of Applied
Chemistry, Faculty of Engineering, Nagoya University, Furocho,
Chikusa, Nagoya 464, Japan
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2622

2624

2625

2626"

2627

2628

2629

2630

2631

3,3-Difluoroallyitrimethyisilane.
J. Gonzalez, M. J. Foti, and S. Elsheimer, Department of Chemistry,
University of Central Florida, Orlando, FL 32816

Highly Reactive Calcium for the Preparation of Organocaicium
Reagents: Preparation of 1-Adamanty! Calcium Halides and Their
Addition to Ketones.

R. D. Rigke, T.-C. Wu, and L. |. Rieke, Department of Chemistry,
University of Nebraska, Lincoin, NE 68588-0304

(1R,5R)-(+)-Verbenone of High Optical Purity.
M. R. Sivik and L. A. Paquette, Department of Chemistry, The Ohio
State University, Columbus, OH 43210

L-(S)-Glyceraldehyde Acetonide.

C. Hubschwerlen and J.-L. Specklin, F. Hoffmann-La Roche & Co.,
Ltd., Pharmaceutical Research Department, CH-4002 Basel,
Switzerland

(3S,4S)-3-Amino-1-(3,4- Dimethoxybenzyl)-4-[(R)-2,2-dimethyl-1,3-
dioxolan-4-yl}-2-azetidinone.

C. Hubschwerlen and J.-L. Specklin, F. Hoffmann-La Roche & Co.,
Ltd., Pharmaceutical Research Department, CH-4002 Basel,
Switzerland

N-tert-Butoxycarbonyl-L-serinal from D-Glucosamine Hydrochloride.
T. Henk, T. Kolter, and A. Giannis, Institut flir Organische Chemie und
Biochemie der Universitat Bonn, Gerhard-Domagk-Str. 1,

W-5300 Bonn 1, Germany

Enantioselective Hydrolysis of cis-3,5-Diacetoxycyclopentene:
(1R,4S)-(+)-4-Hydroxy-2-cyclopentenyl Acetate.

D. R. Deardorf, C. Q. Windham, and C. L. Craney, Department of
Chemistry, Occidental College, Los Angeles, CA 80041

(Bromomethyl)—lithium in the Preparation of Oxiranes: Ethyl 2-
Methyloxirane-2-propanoate.

D. S. Matteson and T. John Michnick, Department of Chemistry,
Washington State University, Pullman, WA 99164-4630

Synthesis of Functionalized Enynes by Palladium/Copper-catalyzed
Coupling Reactions of Acetylenes with (Z)-2,3-Dibromopropenoic ‘
Acid Ethyl Ester: (Z)-2-Bromo-5-(trimethy!silyl)-2-penten-4-ynoic Acid
Ethy! Ester.

A. G. Myers and P. S. Dragovich, Arnold and Mabel Beckman
Laboratories of Chemical Synthesis, California Institute of
Technology, Pasadena, CA 91125
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2632

2633

2634"

2635"

2636

2638

2641*

2642"

2644

Detrifluoroacetylative Diazo Group Transfer: (E)-1-Diazo-4-phenyl-3-
buten-2-one.

R. L. Danheiser, R. F. Miller, and R. G. Brisbois, Department of
g£\1eggstry, Massachusetts Institute of Technology, Cambridge, MA

Synthesis of B-Lactones and Alkenes via Thiol Esters: (E)-2,3-
Dimethyl-4-dodecene.

R. L. Danheiser, J. S. Nowick, J. H. Lee, and R. F. Miller, Department
of Chemistry, Massachusetts Institute of Technology, Cambridge, MA
02139

1-Trifluoromethyl-1-cyclohexanol.
P. Ramaiah, R. Krishnamurti, and G. K. S. Prakash, Department of
Chemistry, University of Southern California, Los Angeles, CA 90089

2,3-O-Isopropylidene-D-glyceraldehyde.

C. R. Schmid and J. D. Bryant, Chemical Process Research and
Development, Lilly Research Laboratories, Lilly Corporate Center,
Indianapolis, IN 46285

2,2'-Bi-5,6-dihydro-1,3-dithiolo[4,5-b]{1,4]-dithiinylidene (BEDT-TTF).
J. Larsen and C. Lenoir, Department of General and Organic
Chemistry, H. C. @rsted Institute, University of Copenhagen,
DK-2100 Copenhagen, Denmark

7-Methoxyphthalide.

X. Wang, S. O. de Silva, J. N. Reed, and V. Snieckus, The Guelph-
Waterloo Centre for Graduate Work in Chemistry, University of
Waterloo, Waterloo, Ont. N2L 3G1, Canada

Phenylthioacetylene.
P. A. Magriotis and J. T. Brown, Department of Chemistry,
Waest Virginia University, Morgantown, WV 26506-6045

1,3-Diols from Lithium f-Lithioalkoxides Generated by the Reductive
Lithiation of Epoxides: 2,5-Dimethyl-2,4-hexanediol.

B. Mudryk and T. Cohen, Department of Chemistry, University of
Pittsburgh, Pittsburgh, PA 15260

Rearrangement of trans-Stilbene Oxide to Diphenylacetaldehyde with
Catalytic Methylaluminum Bis(4-bromo-2,6-di-tert-butylphenoxide).

T. Ooi, K. Maruoka, and H. Yamamoto, Department of Applied
Chemistry, Faculty of Engineering, Nagoya University, Furocho,
Chikusa, Nagoya 464, Japan
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2645

2646

2649

2650

2654

2655

2656

Stereoselective Alkene Synthesis via 1-Chloro-1-[(dimethyl)-
phenylisilyi]-alkanes and o-(Dimethyl)phenylsilyl Ketones.

A. G. M. Barrett, J. A. Flygare, J. M. Hill, and E. M. Wallace,
Department of Chemistry, Colorado State University,
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The Chemoselective Conversion of Carbonyl Compounds to Nitriles:
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R. Yoneda, S. Harusawa, and T. Kurihara, Osaka University of
Pharmaceutical Sciences, 2-10-65, Kawai, Matsubara, Osaka 580,
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Reaction of Sulfoxides with Diethylaminosulfur Trifluoride:
Preparation of Fluoromethyl Phenyl Sulfone, a Reagent for the
Synthesis of Fluoro Olefins.

J. R. McCarthy, D. P. Matthews, and J. P. Paolini, Marion Merrell Dow
Reseach Institute, 2110 E. Galbraith Road, Cincinnati, OH 45215

Stereoselective Synthesis of 2,2-Disubstituted 1-Fluoro Olefins: (E)-
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The procedures in this text are intended for use only by persons
with prior training in the field ot organic chemistry. In the checking
and editing of these procedures, every effort has been made to
identify potentially hazardous steps and to eliminate as much as
possible the handling of potentially dangerous_ materials; safety
precautions have been Iinserted where appropriate. If performed
with the materials and equipment specified, in careful accordance
with the instructions and methods in this text, the Editors believe
the procedures to be very ussful tools. However, these
procedures must be conducted at one's own risk. Organic
Syntheses, Inc., its Editors, who act as checkers, and its Board of
Directors do not warrant or guarantee the safety of individuals
using these procedures and hereby disclaim any liability for any
injuries or damages claimed to have resulted from or related in
any way to the procedures herein.

This edition published by Organic Synthesss, Inc.

Copyright© 1992 by Organic Syntheses, Inc.

Allrights reserved

Reproduction or translation of any part of this work beyond that
permitted by Section 107 or 108 of the 1976 United States Copyright
Act without permission of the copyright owner is unlawful.

Printed in the United States of America

NOTICE

With Volume 62, the Editors of Organic Syntheses began a new
presentation and distribution policy to shorten the time between
submission and appearance of an accepted procedure. The soft
cover edition of this volume is provided at no charge to the
Division of Organic Chemistry of the American Chemical Society
for distribution to its membership. Copies are also donated to the
Perkin Division of the Royal Society of Chemistry (available to
their members upon request), to the Society of Synthetic Organic
Chemistry, Japan, for distribution to students, to the Polish
Chemical Society, and the Gesellschaft Deutscher Chemiker. The
soft cover edition is intended as the personal copy of the owner
and is not for library use. A hard cover edition is published by
John Wiley and Sons Inc. in the traditional format, and differs in
content primarily in the inclusion of an index. The hard cover
edition is intended primarily for library collections and is available
for purchase through the publisher. Annual Volumes 60-64 have
been incorporated intc a new five-year version of the collective
volumes of Organic Syntheses which has appeared as Collective
Volume Seven in the traditional hard cover format. It is available
for purchase from the publishers. The Editors hope that the new
Collective Volume series, appearing twice as frequently as the
previous decennial volumes, will provide a permanent and timely
edition of the procedures for personal and institutional libraries.
The Editors welcome comments and suggestions from users
concerning new editions.



NOMENCLATURE

Both common and systematic names of compounds are used throughout this
volume, depending on which the Editor-in-Chief felt was more appropriate. The
Chemical Abstracts indexing name for each title compound, if it differs from the titie
name, is given as a subtitle. Systematic Chemical Abstracts nomenclature, used in
both the 9th and 10th Collective Indexes for the title compound and a selection of other
compounds mentioned in the procedure, is provided in an appendix at the end of each
preparation. Registry numbers, which are useful in computer searching and
identification, are also provided in these appendixes. Whenever two names are
concurrently in use and one name is the correct Chemical Abstracts name, that name
is preferred.

SUBMISSION OF PREPARATIONS

Organic Syntheses welcomes and encourages submission of experimental
procedures which lead to compounds of wide interest or which illustrate important new
developments in methodology. The Editorial Board will consider proposals in outline
format as shown below, and will request full experimental details for those proposals
which are of sufficient interest. Tear-out copies of this form may be found at the back of
this volume. Submissions which are longer than three steps from commercial sources
or from existing Organic Syntheses procedures will be accepted only in unusual
circumstances.

QOrganic Syntheses Proposal Format

1) Authors
2) Title
3) Literature reference or enclose preprint if available.
4) Proposed sequence
5) Best current alternative(s)
6) a. Proposed scale, final product:
b. Overall yield:
¢. Method of isolation and purification:
d. Purity of product (%):
e. How determined?
7) Any unusual apparatus or experimental technique:
8) Any hazards?
9) Source of starting material?
10) Utility of method or usefulness of product.

Submit to:  Dr. Jeremiah P. Freeman, Secretary
Department of Chemistry
University of Notre Dame
Notre Dame, IN 46556



Proposals will be evaluated in outline form, again after submission of full
experimental details and discussion, and, finally by checking experimental
procedures. A form that details the preparation of a complete procedure (Notice to
Submitters) may be obtained from the Secretary.

~ Additions, corrections, and improvements to the preparations previously
published are welcomed; these should be directed to the Secretary. However,
checking of such improvements will only be undertaken when new methodology is
mvolved.‘ Substantially improved procedures have been included in the Collective
Volumes in place of a previously published procedure.
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DISPOSAL OF CHEMICAL WASTE
General Reference: Prudent Practices for Disposal of Chemicals from
Laboratorigs, National Academy Press, Washington, D.C. 1983
Effluents from synthetic organic chemistry fall into the following categories:
1. Gases
ia. Gaseous materials either used or generated in an organic reaction.

1b.  Solvent vapors generated in reactions swept with an inert gas and during
solvent stripping operations.

1c.  Vapors from volatile reagents, intermediates and products.
2. Liquids
2a. Waste solvents and solvent solutions of organic solids (see item 3b).

2b.  Aqueous layers from reaction work-up containing volatile organic
solvents.

2c.  Aqueous waste containing non-volatile organic materials.

2d.  Aqueous waste containing inorganic materials.

3. Solids

3a.. Metal salts and other inorganic materials.

3b.  Organic residues (tars) and other unwanted organic materials.

3c.  Used silica gel, charcoal, filter aids, spent catalysts and the like.

The operation of industrial scale synthetic organic chemistry in an
environmentally acceptable manner® requires that all these effluent categories
be dealt with properly. [n small scale operations in a research or academic

setting, provision should be made for dealing with the more environmentalty
offensive categories.

‘An environmentally acceptable manner may be defined as being both in compliance with all
relevant state and federal environmental regulations and in accord with the common sense and
good judgement of an environmentally aware professional.



1a.  Gaseous materials that are toxic or noxious, e.g., halogens, hydrogen
halides, hydrogen sulfide, ammonia, hydrogen cyanide, phosphine,
nitrogen oxides, metal carbonyls, and the like.

tc.  Vapors from noxious volatile organic compounds, 6.g., mercaptans,
sulfides, volatile amines, acrolein, acrylates, and the like.

2a.  All waste solvents and solvent solutions of organic waste.
2c.  Aqueous waste containing dissolved organic material known to be toxic.

2d. Agueous waste containing dissolved inorganic material known to be
toxic, particularly compounds of metals such as arsenic, beryllium,
chromium, lead, manganese, mercury, nickel, and selenium.

3. All types of solid chemical waste.

Statutory procedures for waste and effluent management take precedence over
any other methods. However, for operations in which compliance with statutory
regulations is exempt or inapplicable because of scale or other circumstances,
the following suggestions may be helpful.

Gases:

Noxious gases and vapors from volatile compounds are best dealt with at the
point of generation by "scrubbing” the effluent gas. The gas being swept from a
reaction set-up is led through tubing to a (large!) trap to prevent suck-back and
on into a sintered glass gas dispersion tube immersed in the scrubbing fluid. A
bleach container can be conveniently used as a vessel for the scrubbing fluid.
The nature of the effluent determines which of four common fluids should be
used: dilute sulfuric acid, dilute alkali or sodium carbonate solution, laundry
bleach when an oxidizing scrubber is needed, and sodium thiosulfate solution
or diluted alkaline sodium borohydride when a reducing scrubber is needed.
Ice should be added if an exotherm is anticipated.

Larger scale operations may require thg use of a pH meter or starchfiodide test
paper to ensure that the scrubbing capacity is not being exceeded.

When the operation is complete, the contents of the scrubber can be poured
down the laboratory sink with a large excess (10-100 volumes) of water. If the
solution is a large volume of dilute acid or base, it should be neutralized before
being poured down the sink.

Liquids:

Every laboratory should be equipped with a waste solvent container in which alf
waste organic solvents and solutions are collected. The contents of these
containers should be periodically transferred to properly labeled waste solvent
drums and arrangements made for contracted disposal in a regulated and
licensed incineration facility.**

Aqueous waste containing dissolved toxic organic material should be
decomposed in situ, when feasible, by adding acid, base, oxidant, or reductant.
Otherwise, the material should be concentrated to a minimum volume and
added to the contents of a waste solvent drum.

Aqueous waste containing dissolved toxic inorganic material should be
evaporated to dryness and the residue handled as a solid chemical waste.

Solids:

Soluble organic solid waste can usually be transferred into a waste solvent
drum, provided near-term incineration of the contents is assured.

inorganic solid wastes, particularly those containing toxic metals and toxic metal
compounds, used Raney nickel, manganese dioxide, etc. should be placed in
glass bottles or lined fiber drums, sealed, properly labeled, and arrangements
made for disposal in a secure landfill.** Used mercury is particularly pernicious
and small amounts should first be amalgamated with zinc or combined with
excess sulfur to solidify the material.

Other types of solid laboratory waste including used silica gel and charcoal
should also be packed, labeled, and sent for disposal in a secure landfill.

Special Note:
Since local ordinances may vary widely from one locale to another, one should

always check with appropriate authorities. Also, professional disposal services
differ in their requirements for segregating and packaging waste.

i arrangements for incineration of waste solvent and disposal of sofid chemical waste by
licensed contract disposal services are nol in place, a list of providers of such services should be
available from a state or local office of environmental protection.
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PREFACE

Annual Volume 71 contains 30 checked and edited experimental procedures that
illustrate important new synthetic methods or describe the preparation of particuiarly
useful chemicals. This compilation begins with procedures exemplifying three important
methods for preparing enantiomerically pure substances by asymmetric catalysis. The
preparation of (R)~(-)-METHYL 3-HYDROXYBUTANOATE details the convenient
preparation of a BINAP-ruthenium catalyst that is broadly useful for the asymmetric
reduction of B-ketoesters. Catalysis of the carbonyl ene reaction by a chiral Lewis acid,
in this case a binapthol-derived titanium catalyst, is illustrated in the preparation of
METHYL (2R)-2-HYDROXY-4-PHENYL-4-PENTENOATE. The enantiomerically pure
diamines, (1R,2R)-(+)- AND (18,2S)-(-)-1,2-DIPHENYL-1,2-ETHYLENEDIAMINE, are
useful for a variety of asymmetric transformations: hydrogenations, Michael additions,
osmylations, epoxidations, allylations, aldol condensations and Diels-Alder reactions.
Promotion of the Diels-Alder reaction with a diaminoalane derived from the (S,S)-
diamine is demonstrated in the synthesis of (15,endo)-3-(BICYCLO[2.2.1]JHEPT-5-EN-
2-YLCARBONYL.)-2-OXAZOLIDINONE.

"The preparation of enantiomerically pure chemicals is also the theme of the next
group of four procedures. The biopolymer polyhydroxybutyric acid, which is now
produced on an industrial scale, serves as the starting material for the large scale
synihesis of (R)-3-HYDROXYBUTANOIC ACID and (R)-METHYL 3-HYDROXY-
BUTANOATE. Esters of (-)-camphanic acid are useful derivatives for resolving and
determining the enantiomeric purity of primary and secondary alcohols. An optimized
preparation of (-)-(1S,4R)~CAMPHANOYL CHLORIDE is provided. The preparation of
enantiomerically pure a-hydroxyketones from ethy! lactate is illustrated in the synthesis
of (3)-(S)-[(tert)-BUTYL-DIPHENYLSILYL)OXY]-2-BUTANONE. One use of this chiral
a-hydroxyketone is provided in the synthesis of (2S,3S)-3-ACETYL-8-
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CARBOETHOXY-2,3-DIMETHYL-1-OXA-8-AZASPIRO[4.5]DECANE, a procedure that
exemplifies a new stereocontrolled method for constructing substituted tetrahydrofurans.
The vital role played by organometallic reagents in contemporary preparative
organic chemistry is further demonstrated by the next cluster of 11 procedures. The
preparation of 1-ACETOXY-2-BUTYL-4-METHOXYNAPHTHALENE illustrates a
versatile, regiocontrolled synthesis of 2-substituted napthalenediol derivatives using
chromium carbene complexes. CHLOROBIS(n5-CYCLOPENTADIEN-1-
YL)HYDRIDOZIRCONIUM (SCHWARTZ'S REAGENT) is widely employed to access
organozirconium intermediates by hydrozirconation. A convenient procedure for
preparing this reagent in high purity on a large scale is provided. The companion
preparation of 3-(1-OCTEN-1-YL)CYCLOPENTANONE details a reliable zirconium-
based procedure for the coupling of alkynes and enones. The immense importance of
palladium catalyzed cross-coupling procedures stems to a considerable extent from the
broad functional group tolerance of palladium-catalyzed reactions. The compatibility of
sulfide and nitro functional groups is exemplified in the next two procedures describing
the preparation of 4-(3-CYCLOHEXENYL)-2-PHENYLTHIO-1-BUTENE and 4-
METHOXY-4'-NITROBIPHENYL. An alternate regiocontrolled route to unsymmetrical
biphenyls is presented in the preparation of 2,2'-DIMETHOXY-6-FORMYLBIPHENYL, a
procedure that illustrates the unusual use of an oxazoline in aromatic substitution. The
next two procedures describe the preparation of TRIBUTYL(3-METHYL-2.
BUTENYL)TIN and the use of this allylating reagent to introduce the isoprenyl side
chain of UBIQUINONE-1. Another application of organotin intermediates is provided in
the preparation of TRIBUTYL[(METHOXYMETHOXY)METHYL]STANNANE, a useful
hydroxymethyl anion equivalent. The accompanying procedure illustrates this use in the
preparation of 1-(HYDROXYMETHYL)CYCLOHEPTANOL. The final procedure of this
group, the preparation of ETHYL 1-NAPHTHYLACETATE, exemplifies a one-pot ester

xvi

homologation method that proceeds by way of ynolate anion intermediates. For many
esters this procedure will be a safer alterrative to classical Amdt-Eistert homologation.

The next eight procedures illustrate additional important synthetic methods. The
preparation of 3,4-CYCLODODECENO-1-METHYLBENZENE demonstrates a useful
procedure for benzoannulation of ketones, while the preparation of DIMETHYL
(1'R,2'R,5'R)-22-ISOPROPENYL-5-METHYLCYCLOHEX-1"-YL)-PROPANE-1,3-DI-
OATE illustrates a Knoevenagel-intramolecular ene route to trans-1,2-disubstituted
cyclohexanes. An optimized preparation of 2-METHYLENE-1,3-DITHIOLANE is
followed by the use of this ketene thioacetal in an inverse elactron-demand Diels-Alder
reaction to prepare 8-DITHIOLANOBICYCLO[3.2.2]NON-6-EN-2-ONE. The four
eleciron component of this cycloaddition is tropone and an optimized procedure for
preparing this versatile starting material on large scale by selenium dioxide oxidation of
cycioheptatriene is aiso detailed. A method for methoxycarbonyimethyiation of
aldehydes is illustrated next in the preparation of METHYL 3,3-DIMETHYL-4-
OXOBUTANOATE. The addition of a dienoxysilane to an electrophilic glycinate is the
key step in a short synthesis of 4-KETOPIPECOLIC ACID. The final procedure in this
group describes the preparation of (3aS,7aR)-HEXAHYDRO-(3S,6R)-DIMETHYL-
2(3H)-BENZOFURANONE and illustrates the use of a heterogeneous oxidant for the
selective oxidation of primary alcohols.

The volume concludes with the preparation of four useful starting materials. The
highly electrophiic tricarbonyl reagent DIMETHYL MESOXALATE finds application as a
two-electron component in various pericyclic processes. 9-BROMO-9-PHENYL-
FLUORENE is becoming increasingly used for the protection of primary amines,
particularly amino acids and amino esters. Two methods for introducing the 9-
phenylfiuorenyl group are illustrated in the preparations of (S)-N-(9-PHENYLFLUOREN-
S-YL)ALANINE AND (S)-DIMETHYL N-(9-PHENYLFLUOREN-9-YL)ASPARTATE.
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The final procedure in the volume documents a convenient synthesis of the classical
annulating reagent ETHYL 3-OX0-4-PENTENOATE (NAZAROV'S REAGENT).

The long-standing success of this series derives from the efforts of many people.
I am particularly grateful to my colleagues on the Editorial Board who have contributed
their insight and energies to the selection and checking of the procedures recorded in
this volume. Deserving of special praise are the coworkers of the Editorial Board
members who carefully checked, and in some cases modified and improved, the
procedures appearing in this volume. Finally, | wish to acknowledge the invaluable
contributions of Professor Jeremiah P. Freeman, Secretary to the Board and our
Assistant Editor, Dr. Theodora W. Greene.

Irvine, California Larry E. Overman
July 1992
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RICHARD S. SCHREIBER
October 15, 1909 - March 7, 1992

"Richard S. Schreiber, Editor of Volume 31 of Organic Syntheses and a long-
time member of its Board of Directors, died on March 7, 1992, after a long iliness.
Raised in Blue Island, Hlinois, Schreiber graduated from Wabash College in
1931. He received a Ph.D. in organic chemistry from the University of lllinois in 1935,
with Ralph Shriner as his adviser. He then joined the Centrai Research Department of
the DuPont Company in Wilmington, Delaware, where he soon became leader of a
research group.
Schreiber was one of the first people | met when | joined DuPont, and | was at
once impressed by his cordiality, energy, and intelligence. He had a knack for exciting

people about what they were doing, as | observed both in the laboratory and in the
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local ACS Section one year when he chaired it and spurred it into worthwhile new
activities. His DuPont coworkers were sorry to see him leave to join the Upjohn
Pharmaceutical Company in 1949.

At Upjohn he became Vice President for Research and a member of the Board
of Directors. Shortly after arrival he was told to pick one major area of research for
Upjohn and then to do what was necessary to put Upjohn research in the front ranks of
pharmaceutical rosearch. He picked steroids as the area to emphasize, and under his
direction Upjohn became a major factor in steroidal drugs and a leader in research.
His friends at DuPont were not surprised to hear by the grapevine that Schreiber
seemed to know all the Upjohn research people by their first names, was a stimulating
leader, and answered his own phone.

In 1947, while at DuPont, he became an Editor of Organic Syntheses. As
indicated he was Editor-in-Chief of Volume 31 in 1951. Even after his term as Editor
had expired, he was willing to check preps requiring equipment not widely available.
From 1955 to 1989 Schreiber was a member of the Organic Syntheses Board of
Directors, serving as treasurer from 1967 to ‘1 973. As a member of the Organic
Syntheses Board, he was particularly valuable during discussions of how to invest the
organization's capital, when he would preach the virtues of prudence in a clear,
persuasive way.

Schreiber was active in educational matters during much of his life. Thus at
various times he was on the School Board of his Wilmington district, the Board of
Directors of both Kalamazoo College and Wabash College, and the Michigan
Commission for Educational Policies. Among other important posts, he served on the

National Advisory Cancer Council and the Michigan Science Advisory Board.

April 6, 1992 Blaine McKusick
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JOHN CLARK SHEEHAN

September 23, 1915 - March 21, 1992

" John C. Sheehan will long be remembered for having solved one of the most
formidable and prominent problems in synthetic chemistry of the twentieth century, the
chemical synthesis of the penicillins, and for helping to lead organic chemistry to new
heights in the post World War Il era. He made major contributions 1o his academic
home for four decades, the Massachusetts Institute of Technology, through his
teaching and research, which were instrumental in rejuvenating chemistry and
maintaining its excellence at the Institute, and through the enormous financial returns
from his successful work on synthetic penicillins. His fundamental research provided
the chemical base for the development of modern semisynthetic penicillins which have

saved countless human lives. John Sheehan played an active role in the Organic
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Syntheses organization, having served as editor-in-chief of volume 38, as a member
of the Advisory Board and Board of Directors for many years, and as an astute advisor.
His was a multifaceted career shaped by his famed mentor the late Werner E.
Bachmann, secret research projects during World War 1l on the production of
explosives and antibiotics, the postwar rebuilding of Chemistry at M.L.T. under the late
Arthur C. Cope, service on governmental scientific advisory commitiees, and
leadership of private research institutes in the Boston area. His achievements
demonstrated an ability to focus on chemical problems of great practical importance,
the courage to pioneer against strong odds, and an unflagging determination to
succeed.

John Sheehan was born and raised in Battle Creek, Michigan and was
educated at local schools and at Battle Creek College. He received the Ph.D. degree
in 1941 from the University of Michigan for studies in the laboratory of Werner E.
Bachmann, then engaged in the historic first total syntheses of the steroid hormones
equilenin and estrone. John was a superbly trained experimentalist in the grand
tradition of Bachmann and Bachmann's illustrious teacher Moses Gomberg, the
founder of the field of carbon free radicals. John assumed a postdoctoral position in
the Bachmann laboratory with the entry of the U.S. into World War I, and, in
collaboration with Bachmann, developed the large-scale method for the production of
the important explosive RDX which was used by the U.S. for the remainder of the War
with great success. From 1941-1946 he was a research chemist at Merck and Co.
under the late Max Tishler and participated in several key projects including the
program of research on penicillins.

At the invitation of Arthur C. Cope, John joined the Faculty of M.L.T. as an
Assistant Professor in 1946. Cope had just been appointed as Head of the
Department of Chemistry by the President of M..T., Karl T. Compton, on the advice of

his friend and wartime associate Roger Adams of the University of lllinois. At the same
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time John D. Roberts and C. Gardner Swain were brought on board by Cope, and in
the next few years that foursome and their colleagues propelied M.l.T. into the front
rank of U.S. chemistry. Within a period of just four years John Sheehan established
himself as one of the most creative and dynamic synthetic organic chemists in the
world by his discovery of new methods of synthesis of peptides (carbodiimide coupling
and phthaloyl N-protection), three new syntheses of B-lactams, the first synthesis of
the penicillin ring system, and the isolation and identification of a number of important
new natural products.

His research on penicillins, initiated in 1948, was remarkable for severai
reasons. It came on the heels of the large wartime U.S.-British project of research on
penicillins (involving more than one thousand chemists), which tailed to develop a
chemical synthesis and produced instead an ominous summary of a great many
attempts. By 1948 penicillin G was produced in abundance commercially by
fermentation and no other leading chemist saw any reason to take on the apparently
hopeless task of synthesizing such an unstable molecule. In John's own colorful
language the chemical synthesis of penicillin was like “placing an anvil on top of a
house of cards.” Years of determined and skillful effort were rewarded by success in
1957 when John and his group completed the first synthesis of penicillin V and also 6-
aminopenicillanic acid, a key intermediate for the synthesis of a large number of
superpenicillins. John later told the story of his work on penicillins in the book "The
Enchanted Ring-The Untoid Story of Penicillin™ which includes an account of the
complex legal skirmish over the Sheehan-MIT patents on penicillin synthesis.

John Sheehan's major research achievements are described in some 150
synthetic papers which cover not only penicillin, but peptides, antibiotics, alkaloids and
steroids. For these scientific contributions John received several high honors
including the American Chemical Society award in Pure Chemistry (1951), the

American Chemical Society award for Creative Work in Synthetic Organic Chemistry
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(1959), the John Scott Award for inventors benefiting mankind (1964), the Outstanding
Achievement Award of the University of Michigan (1971), and a number of honorary
doctorates.

As a graduate student in John's research group | was struck by his ingrained
cheerfulness, optimism and humor, as well as his broad chemical expertise. That
1948-1950 group, which included Gerald D. Laubach (later President of Pfizer Inc),
Robert T. O'Neill (later a successful research chemist at Merck and private
businessman), Barry M. Bloom (President of Pfizer Research), Ajay K. Bose (Professor
at Stevens Institute of Technology), and David Johnson (research director at Bristol
Myers), no collection of shrinking violets, found as much enjoyment in give and take
with John as in the research adventure itself.

John Sheehan was a man who made friends easily and had many close
friends, including not a few in the Organic Syntheses family. He was an avid tennis
player and boater, a close follower of politics and sports, a lover of good stories, and
an entertaining dinner companion. John is survived by his lovely and devoted wife of
more than fifty years, the former Marion M. Jennings; a brother, David Sheehan of
Battle Creek, Michigan; three children, John C. Jr. of Denver, Colorado; David E. of
Key Biscayne, and Elizabeth (Betsy) S. Watkins of Sauderstown, Rhode Island, and

six grandchildren.

June 29, 1992 E. J. Corey
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