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H, Si(CHj3)2); IR (neat) 1724 em~1; MS caled for C1oH2304Si (m-H,0),
259.1365 (found, 259.1355).

Anal. Caled for C,3H0504Si: C, 56.89; H, 9.55. Found: C, 56.73; H,
10.06.

tert-Butyldimethylsilyl tert-Butyldimethylsilyloxyacetate
(6). This was prepared from 10.0 g (130 mmol) of glycolic acid, 40.6
g (270 mmol) of tert- butyldimethylchlorosilane, and 36.3 g (530 mmol)
of imidazole in 80 mL of DMF (25 °C, 18 h) to give after removal of
solvent and drying under vacuum 39.2 g (98%) of 6 as a white solid:
H NMR dme,si (CDClg) 4.14 (s, 2H, OCHjy), 0.87 (s, 18 H, C(CH3)a),
0.22 (s, 6 H, Si (CHj3)s), 0.04 (s, 6 H, Si (CH3)s); IR (KBr) 1748
cm™L,

Anal. Caled for C14H3203Sis: C, 55.21; H, 10.59.

tert-Butyldimethylsilyl m-(tert-Butyldimethylsilyloxy-
benzoate) (7). This was prepared from 10.0 g (72 mmol) of m-hy-
droxybenzoic acid, 22.9 g (152 mmol) of tert-butyldimethylchlo-
rosilane, and 19.7 g (290 mmol) of imidazole (50-60°, 5 hr) to give after
molecular distillation (bath temperature 170 °C (1.0 mm)) 25.5 ¢
(98%)) of 7: TH NMR 6pme,s; (CDCl3) 7.44, 7.22, 7.00 (m’s, 4 H, aro-
matic), 0.96 (s, 9 H, C(CHa)3), 0.93 (s, 9 H, C(CHa)3), 0.32 (s, 6 H,
Si(CHs)g), 0.16 (s, 6 H, Si(CHag)s); [R (neat) 1703 em~1.

Anal. Caled for C19H3403Sis: C, 62.24; H, 9.35. Found: C, 62.11; H,
9.28.

General Procedure for the Reaction of tert-Butyldimeth-
ylsilyl Esters with Oxalyl Chloride-DMF: Ethyl Heptanoate (2).
To a solution of 10.0 g (41 mmol) of 1 in 40 mL of CHsCl; containing
4 drops of DMF was added dropwise 4.5 mL (51 mmol) of oxalyl
chloride at 0 °C. After stirring 1.5 h at 0 °C and 0.5 h at room tem-
perature, the solvent was removed. To the residue was slowly added
a mixture of 10 mL of ether, 10 mL of pyridine, and 10 mL of ethanol.
After stirring 1 h, the mixture was diluted with ether and filtered. The
solvents were removed and the residue was distilled twice to give 5.98
g (92%) of 2: 'H NMR éme,si (CDCl3) 4.12 (q, 2 H, OCH3CH3y), 2.28
(t, 2 H, CH;CO), 2.70-2.10 (m, 8 H, —-(CHy)4-), 1.22 (t, 3 H,
OCH,CH3y), 0.87 (m, 3 H, terminal CHjg).

Anal. Caled for CgH1509: C, 68.31; H, 11.46. Found: C, 68.00; H,
11.82.

Heptanoyl Chloride. The above reaction was repeated without
the addition of ethanol-pyridine. The CH,Cl; was removed and the
residue was distilled under aspirator pressure giving a low-boiling
fraction (40-43 °C) consisting of tert-butyldimethylchlorosilane and
a higher boiling fraction (70-73 °C) consisting of 5.2 g (86%) of hep-
tanoyl chloride. Both compounds were identified by comparison of
their 'H NMR spectrum with that of authentic samples.

Ethyl 2-Methyl-1,3-dioxolan-2-propionate (4). This was pre-
pared from 5.1 g (19 mmol) of 3 and 2.72 g (21 mmol) of oxalyl chloride
in 19 mL of CH2Cl; containing 3 drops of DMF. After a 1.25-h reaction
time, ethanol-pyridine quenching, and molecular distillation (bath
temperature 90-110 °C (0.5 mm)), 3.3 g (95%) of 4 was obtained: 'H
NMR 8pe 01 (CDClg) 4.10 (g, 2 H, CHyCH3), 3.90 (s, 4 H, OCH,CH;0),
2.17 {m, 4 H, (CH,)2C0), 1.28 (s, 3 H, CHj3), 1.22 (t, 3 H, CH,CH3y);
IR (neat) 1740 cm™1,

Anal. Caled for CgH1604: C, 57.43; H, 8.57. Found: C, 57.68; H,
8.49.

Ethyl tert-Butyldimethylsilyloxyacetate (8). This was obtained
from 15.0 g (49 mmol) of 6 and 7.2 g (57 mmol) of oxalyl chloride in
60 mL of CHoCl; containing 10 drops of DMF. After a reaction time
of 3 h, ethanol-pyridine quenching, and molecular distillation (bath
temperature 110-120 °C (25 mm)), 9.24 g (87%) of 8 was obtained: 'H
NMR dpe,si (CDClg) 4.17 (s, 2 H, OCHo), 4.16 (q, 2 H, CH,CH3), 1.20
(t, 3 H, CH>CH3), 0.84 (s, 9 H, SiC(CH3)3), 0.08 (s, 6 H, Si(CH3)2); IR
(neat) 1760 cm™1,

Anal. Caled for C10H22038i: C, 556.00; H, 10.15. Found: C, 54.63; H,
10.42.

Ethyl m-(tert-Butyldimethylsilyloxy)benzoate (9). This was
prepared from 6.0 g (16 mmol) of 8 and 2.0 mL (23 mmol) of oxalyl
chloride in 13 mL of CH2Cl; containing 6 drops of DMF. After a 40
h reaction time, quenching with ethanol-pyridine, and molecular
distillation (bath temperature 115 °C (0.4 mm)), 4.51 g (98%) of 9 was
obtained: 'H NMR &pe,s: (CDCly) 7.40, 7.16, 6.88 (m’s, 4 H, aromatic),
4.26 (q, 2 H, CH,CH3), 1.28 (t, 3 H, CH3CH3), 0.90 (s, 9 H, C(CH3)3),
0.12 (s, 6 H, Si(CHz)2); IR (neat) 1724 cm~—1; MS caled for Cy5H3403S1,
280.1494 (found, 280.1485).

Anal. Caled for C15H24038Si: C, 64.24; H, 8.63. Found: C, 63.83; H,
8.54.

Reaction of 2-Methyl-1,3-dioxolan-2-propionic Acid (5) with
Oxalyl Chloride-DMF. To a solution of 1.0 g (6.3 mmol) of 5¢in 4
mL of CHoCl; containing 2 drops of DMF was added 0.61 mL (7.0
mmol) of oxalyl chloride. The solution was stirred at room tempera-
ture for 1 h. The solvent was removed and a mixture of 1.3 mL of
ethanol and 2.6 mL of pyridine was added. After stirring 15 min, the
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solution was poured into a saturated solution of NaHCOj3 and ex-
tracted with ether. The ether solution was dried over NaySO4. The
solvent was removed. The residue was distilled (bath temperature
90-110 °C (0.5 mm)) to give 0.28 g of distillate and 0.28 g of pot resi-
due.

TLC (CHCly—ether, 19:1) of the distillate indicated that it consisted
of 4 and three additional more polar components; the pot residue
consists only of the more polar side products.
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In connection with other synthetic work we had need for
an efficient synthesis of 2-methyl-1-cyclopentene-1-carboxylic
acid (1). The classical procedure! for preparation of this ma-
terial (Scheme I) involves addition of cyanide to 2-methyl-
cyclopentanone, dehydration of the resulting cyanohydrin,
and hydrolysis to the acid. Recent studies? have shown that
this procedure gives a mixture of acids, since dehydration of
the cyanohydrin gives both unsaturated nitriles 2 and 3. We
found? that even after separation of pure nitrile 2, hydrolysis
gave a mixture of acid 1 and the nonconjugated isomer 4,* from
which acid 1 could be isolated by crystallization.5

The inefficiency of the above procedure, which requires a
somewhat expensive starting material, led us to investigate
new methods for synthesis of acid 1. Subsequent to the de-
velopment of the methodology described below, another
method for synthesis of the ethyl-2-methyl-1-cyclopentene-
1-carboxylate (6) was described® (Scheme II) based upon
methodology reported by Biichi. By this method, ester 6 can
be prepared from keto ester 5 in 46% yield. Keto ester 5 was
prepared from 2-methycyclohexanone in two steps in unre-
ported yield.® The reports by Casey® that acyclic 3-acyloxy
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a,B-unsaturated esters were readily converted to the corre-
sponding 3-methyl o,8-unsaturated esters (e.g., 7 — 8) by
treatment with lithium dialkylcuprates suggested a route to
ester 11 involving a similar reaction with derivatives of the
readily available 2-carbomethoxycyclopentanone (Scheme
III).

2-Carbomethoxycyclopentanone (9) was converted in ex-
cellent yield into the enol acetate derivative 10a by treatment
with isopropenyl acetate in the presence of a catalytic amount
of p-toluenesulfonic acid.? Treatment of 10a with an excess
of lithium dimethylcuprate according to Casey’s procedure
gave only cyclopentanone 9 as a product. This product was
observed with either acidic workup or workup using methanol.
The corresponding benzoate, 10b, was prepared by treating
ketone 9 with benzoyl chioride and triethylamine in HMPA
at —5 °C.% Reaction of this ester with lithium dimethylcu-
prate did give the desired 8-methyl «,8-unsaturated ester 11
in 50% yield. Analysis of the crude product indicated the
presence of acetophenone and methyl benzoate as major by-
products. The different results with 10a and 10b suggested
the possibility that addition of the cuprate to these cyclic
derivatives was slower than to the acyclic analogues resulting
in significant attack on the enol ester either by the cuprate
reagent or by the alkoxide always present to some extent in
the methyllithium used to prepare the cuprate. We then in-
vestigated a series of enol ester derivatives (10¢c-f) to deter-
mine the effect of further changes in the enol ester function-
ality. Reaction of esters 10¢ and 10d with lithium dimethyl-
cuprate gave the desired product in yields of 60 and 50%, re-
spectively. The yield with ester 10e was only 36%. In this case
starting enol ester 10e was recovered even after long reaction
time. Thus, in this case, cleavage of the enol ester group was
prevented, but the desired reaction appeared to be slowed also.
The best enol ester derivative found for this conversion was
ester 10f. Reaction 10f with 2 equiv of lithium dimethylcu-
prate gave ester 11 in 71% yield. The yield for the two-step
conversion of 9 to 11 was 55%. Thus, the procedure outlined
in Scheme III is reasonably effective, provided a suitable enol
ester derivative is chosen.

The report by Clark and Heathcock!® that lithium di-
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methylcuprate converted methyl 2-chloro-2-cyclohexene-
1-carboxylate (13) into methyl 2-methyl-1-cyclohexene-1-
carboxylate (14) in quantitative yield led us to investigate this
type of procedure for preparation of ester 11. The problem
with this procedure is to find a method for obtaining the
requisite chloro derivative. Heathcock!® has shown that his
oxalyl chloride procedure for 8-dicarbonyl systems did not
convert keto ester 12 to 13. Other reagents such as phosphorus
trichloride, phosphorus oxychloride, and thionyl chloride are
also unsatisfactory for this conversion.

In 1935, Rapson and Robinsonll reported the synthesis of
ethyl 2-chloro-1-cyclopentene-1-carboxylate in 45% yield by
the treatment of 2-carbethoxycyclopentanone with phos-
phorus pentachloride in petroleum ether at 55 °C. Qur at-
tempts to apply this reaction to 2-carbomethoxycyclopenta-
none (9) gave the chloro derivative 15 in even lower yields.
However, by a modification of this procedure, we have im-
proved the yield significantly. Treatment of keto ester 9 with
phosphorus pentachloride in anhydrous hexane or benzene
for 2 h at 60-65 °C followed by addition of methanol to the
cooled reaction mixture gave, after normal workup, chloro
ester 15 in 80% yield. It is known that esters can be converted
into acid chlorides by vigorous treatment with phosphorus
pentachloride. Thus, the addition of methanol is necessary
to convert any acid chloride 16 in the reaction mixture into
the desired ester 15. Reaction of chloro ester 15 with 1.1 equiv
of lithium dimethylcuprate gave ester 11 in quantitative yield.
Thus, the procedure of choice for synthesis of this cyclopen-
tene ester is that shown in Scheme IV. Hydrolysis of ester 11
gave the carboxylic acid 1 in excellent yield.12

Experimental Section

General Procedures. Infrared spectra were determined on a
Perkin-Elmer Model 327B or on a Beckman Instruments Model IR8
infrared spectrophotometer. Proton nuclear magnetic resonance (*H
NMR) spectra were determined on Varian Associates Model HA-100,
T-60, or EM-360 spectrometers in the solvent indicated. Carbon-13
NMR spectra were obtained in CDClj solution in the Fourier trans-
form mode on a JEOL PFT-100 spectrometer system operating at
25.034 MHz (proton resonance frequency 99.539 MHz) and equipped
with a Nicolet 1085 data system. Tetramethylsilane (Me,Si) was used
as the internal reference for all spectra except where stated otherwise.
Chemical shifts are reported on the & scale in parts per million
downfield from Me4Si for all spectra. High-resolution mass spectra
were determined on a CEC Model 21-110B spectrometer under the
supervision of Dr. R. Grigsby.

Vapor phase chromatographic (VPC) analyses were performed on
a Hewlett-Packard Instrument, Model 700, equipped with a thermal
conductivity detector with helium as the carrier gas, or on a Varian
Aerograph Model 940 equipped with a flame ionization detector with
nitrogen as the carrier gas. Column chromatography was performed
using EM Reagents silica gel (60-200 mesh) or Grace silica gel (60-200
mesh).

Anhydrous ether was distilled from lithium aluminum hydride prior
to use. Hexane and benzene were distilled from sodium-benzophe-
none.

“Bicarbonate” refers to a saturated aqueous solution of sodium
bicarbonate. “Brine” refers to a saturated aqueous solution of sodium
chloride. “Concentration” refers to the removal of solvent by rotary
evaporation (Biichi Rotovapor) at 60 mmHg. “Evaporative distilla-
tion” refers to bulb-to-bulb (Kugelrohr) short-path distillation in
which the bulb was heated in an air oven. The temperatures cited for
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these distillations refer to the maximum temperature attained by the
air chamber during the distillation.

Preparation of Enol Esters. Methyl 2-Acetoxy-1-cyclopen-
tene-1-carboxylate (10a). A mixture of 2-carbomethoxycyclopen-
tanone (9) (28.4 g, 0.2 mol), 75.0 g (0.75 mol) of isopropenyl acetate,
and 1.0 g of p-toluenesulfonic acid monohydrate was heated at 110
°C for 12 h. The excess isopropeny! acetate and the acetone formed
in the reaction were removed at reduced pressure, and the residue was
distilled at 93 °C (1.7 mm) to give 33.54 g (91%) of enol acetate 10a:
IR (film) 1750, 1710, 1650 ecm~1; 1H NMR (CCly) 6 3.62 (s, 3 H,
CO,CHa3), 2.45-2.75 (m, 4 H), 2.12 (s, 3 H, OCCHj3), 1.75-2.10 (m, 2
H).

General Procedure for Esters 10b—f. All other enol esters were
prepared by the treatment of keto ester 9 with the appropriate acid
chloride and triethylamine in hexamethylphosphoric triamide.%¢
Freshly distilled acid chloride (1.1 equiv) was added dropwise to a
stirred solution of keto ester 9 (1.0 equiv) and triethylamine (1.1 equiv)
in hexamethylphosphoric triamide at =5 °C. The reaction mixture
was then brought to room temperature and stirred overnight. The
reaction mixture was quenched with water (or bicarbonate) and ether
and the separated aqueous layer was extracted with ether. The com-
bined ether extracts were washed (water and brine), dried over
MgSOy, concentrated, and distilled at reduced pressure to give the
enol ester. Each product was checked for purity by VPC analysis and
characterized by a combination of spectral (IR, !H NMR, MS) and
analytical data. Boiling points, yields, and 'H NMR data are given
below:

Methyl 2-Benzoyloxy-l-cyclopentene-1-carboxylate (10b):
124 °C (0.16 mm); 85% yield; 'H NMR (CCls) 6 1.80-2.95 (m, 6 H), 3.60
(s, 3 H, CO2CHsy), 7.20-7.60 (m, 3 H, aromatic H), and 7.90-8.20 (m,
2 H, aromatic H).

Methyl 2-Anisoyloxy-i-cyclopentene-1-carboxylate (10c): 140
°C (0.01 mm); mp 45-46 °C; 68% yield; tH NMR (CCly) ¢ 1.80-2.95
(m, 6 H), 3.60 (s, 3 H, CO2CHj3), 3.80 (s, 3 H, ArOCH3), 6.84 (2 H, ar-
omatic H), and 7.98 (2 H, aromatic H).

Methyl 2-Ethoxycarbonyloxy-1-cyclopentene-1-carboxylate
(10d): 74 °C (0.06 mm); 89% yield; TH MNR (CCly) 6 1.37 (t,J = 7 Hz,
3 H, CH3CHy), 1.65-2.80 (m, 6 H), 3.64 (s, 3 H, CO,CH3), 4.20 (q, J
=7 Hez, 2H, OCH2CH3).

Methyl 2-Mesitoyloxy-1-cyclopentene-1-carboxylate (10e):
140 °C (0.2 mm); 91% yield; 'H NMR (CCL,) § 1.80-2.95 (m, 15 H), 3.66
(s, 3 H, CO2CHjy), and 6.82 (bs, 2 H, aromatic H).

Methyl 2-Pivaloyloxy-1-cyclopentene-1-carboxylate (10f):
79 °C (0.6 mm); 78% yield; TH NMR (CCly) 6 1.27 (s, 9 H, C(CHjy)s),
1.72-2.78 (m, 6 H), and 3.64 (s, 3 H, CO;CHj).

Reaction of Enol Esters with Lithium Dimethylcuprate.
Lithium Dimethylcuprate.!2 To a cooled (=5 to 0 °C), stirred sus-
pension of Cul (3.81 g, 20 mmol) in 60 mL of anhydrous ether under
an atmosphere of nitrogen was added 20 mL of 2.0 M ethereal
methyllithium (Aldrich, 40 mmol). Upon the addition of 1 equiv of
methyllithium a bright yellow methylcopper solid was formed; the
methylcopper dissolved when the second equivalent of methyllithium
was added to give a colorless to pale pink solution of lithium di-
methylcuprate (~20 mmol).

Reaction of Enol Benzoate 10b with Lithium Dimethylcu-
prate. To a cooled (—78 °C), stirred solution of lithium dimethylcu-
prate (20 mmol) was added 2.46 g (10 mmol) of enol benzoate 10b. The
reaction was maintained at —20 °C for 2.5 h, then quenched with 3
N HC). The copper salt was filtered, and the aqueous layer was ex-
tracted twice with 50-mL portions of ether. The combined ethereal
solution was washed (water, bicarbonate, and brine), dried over
MgSOy4, and concentrated to give 1.20 g of crude product. The VPC
analysis on 3% SE-30 showed the product contained the methylated
ester 11, 8-keto ester 9, acetophenone, and methyl benzoate. The
crude product was chromatographed (silica gel) and evaporatively
distilled at 55 °C (2.0 mm) to give 800 mg (54% vield) of ester 11: IR
(film) 1720 (C=0), 1650 (C=C) cm~!; 1H NMR § 1.60-2.80 (m, 9 H)
and 3.65 (s, 3 H, CO,CHz3); 13C NMR 6 16.2 (C-2 CH3), 21.5 (C-4), 33.6
and 40.8 (C-3 and C-5), 50.8 (OCHj), 127.1 (C-1), 156.0 (C-2), and
166.7 (CO2R). Hydrolysis in methanolic KOH (see below) gave 2-
methyl-1-cyclopentene-1-carboxylic acid (1) in 95% yield: mp 129-130
°C (lit.11 125 °C).

Reaction of Enol Anisoate 10¢ with Lithium Dimethylcuprate.
To a cooled (=78 °C), stirred solution of lithium dimethylcuprate (20
mmol) was added 2.78 g (10 mmol) of enol anisoate 10¢. The reaction
mixture was kept at —20 °C for 2.5 h, quenched with methanol at —20
°C, filtered to remove the copper salt, diluted with water, and ex-
tracted with ether. The ethereal extracts were washed (water and
brine), dried over MgS0y, and concentrated. The crude product was
chromatographed and evaporatively distilled at 55 °C (2 mm) to give
850 mg (60% yield) of ester 11.

Notes

Reaction of Enol Ethylcarbonate 10d with Lithium Dimeth-
yleuprate. To a cooled (=78 °C), stirred solution of lithium di-
methylcuprate (20 mmol) was added 2.14 g (10 mmol) of enol ethyl-
carbonate 10d. The reaction mixture was kept at — 20 °C for 2.5 h,
then quenched with methanol. Isolation as described for reaction with
10c gave 635 mg (45%) of ester 11,

Reaction of Enol Mesitoate 10e with Lithium Dimethylcu-
prate. To a cooled (=78 °C), stirred solution of lithium dimethylcu-
prate (20 mmol) was added 1.15 g (4 mmol) of enol mesitoate 10e. The
reaction mixture was maintained at —~20 °C for 2.5 h, then quenched
with methanol. Isolation as described for 10¢ gave 200 mg (36% yield)
of ester 11.

Reaction of Enol Pivaloate 10f with Lithium Dimethylcuprate.
To a cooled (—78 °C), stirred solution of lithium dimethylcuprate (40
mmol) was added 4.52 g (20 mmol) of enol pivaloate 10f. The reaction
mixture was stirred at that temperature for 30 min, then raised to
room temperature and stirred for another 1.5 h. The reaction mixture
was quenched with 3 N HCl at ~20 °C, and the copper salt was fil-
tered. Isolation as described for reaction with 10¢ gave 2.0 g (71%
yield) of ester 11,

Methyl 2-Chloro-1-cyclopentene-1-carboxylate (15). To a
cooled (0 °C), stirred suspension of PCl; (50 g, 0.24 mol) in 100 mL
of anhydrous hexane was added dropwise 14.2 g (0.1 mol) of keto ester
9. Reaction set in immediately with evolution of hydrogen chloride,
and the reaction was completed by refluxing at 60 °C for 2 h, cooling
with a dry-ice bath, and adding anhydrous methanol (10 mL). The
methanol layer was extracted twice with 50-mL portions of hexane,
and the hexane solution was washed (water, bicarbonate, and brine),
dried over MgSQ,, and concentrated. The residue was distilled at 52
°C (0.5 mm) to give 12.80 g (80%) of chloro ester 15: IR (film) 1720
(C=0), 1630 cm~! (C=C); 'H NMR (CCly) 6 3.66 (s, 3 H, CO.CH3),
1.65-2.84 (m, 6 H).

Reaction of Chloro Ester 15 with Lithium Dimethylcuprate.
To a cooled (—78 °C), stirred solution of ethereal lithium dimethyl-
cuprate (60 mmol) was added 6.85 g (42.6 mmol) of 3-chloro ester 15
in 15 mL of anhydrous ether. After 1.5 h at =78 °C, the reaction
mixture was quenched with 3 N HCl at —30 °C. The copper salt was
filtered, and the aqueous layer was extracted twice with 100-mL
portions of ether. The combined ethereal solution was washed (water,
bicarbonate, and brine), dried over MgSQy, and concentrated. The
crude product was chromatographed and distilled at 55 °C (2 mm)
to give 5.90 g (greater than 99% yield) of methyl ester 11,

2-Methyl-1-cyclopentene-1-carboxylic acid (1). Methyl 2-
methyl-1-cyclopentene-1-carboxylate (11) (800 mg, 5.71 mmol) was
added to methanolic potassium hydroxide solution (1.0 g of KOH)
at room temperature, and the mixture was refluxed overnight. The
residue remaining after concentration was acidified with 3 M HoSO04.
The liberated acid was extracted three times with 50-mL portions of
ether, and the combined ethereal solution was washed (water and
brine) and dried over MgSO4. The solvent was removed at reduced
pressure to give 750 mg of crude acid as a yellow solid, which upon
recrystallization from hexane at 0 °C gave 700 mg (97% yield) of acid
1 as a white solid (mp 129-130 °C; lit.}! mp 125 °C): 13C NMR 6 16.5
(C-2 CHgy), 21.3 (C-4), 33.3 and 41.1 (C-3 and C-5), 126.8 (C-1), 159.3
(C-2),and 171.9 (C-6).
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Recently, we became interested in photochemically ini-
tiated reductions of adsorbed organic substrates by tributyltin
hydride and were surprised to observe the rapid and efficient
reduction of carbonyl groups adsorbed on dried silica gel, but
in the dark.? This note describes investigations of these re-
actions and reveals the synthetic utility of tributyltin hydride
reductions under these conditions.

Tributyltin hydride is one of the more readily available?® and
least reactive organotin hydrides.4 In the absence of catalysts
it will readily reduce strongly electrophilic species such as
carbonium ions,5 isocyanates,® isothiocyanates,® and carbonyl
groups bearing powerful electron-withdrawing functions.4 It
also reacts spontaneously with alkyl iodides and bromides.*
If radical initiators are present [e.g., ultraviolet light, azo-
bis(isobutyryl)nitrile], then alkyl chlorides, aryl halides, esters,
ketones, and other functional groups can also be reduced,+8-10
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although elevated temperatures are often required. However,
we found that in the presence of a cyclohexane slurry of dried
silica gel, tributyltin hydride cleanly reduced aldehydes and
ketones to give high yields of the corresponding alcohols
(Table I). Sulfoxides, nitro groups, esters, arylnitriles, and
alkyl, aryl, and benzylic chlorides were not effectively reduced.
Attempted reduction of phenyl benzoate gave some phenol,
but a blank reaction in the absence of tributyltin hydride gave
the same result, indicating that the product arose from sili-
colysis of the ester on the silica gel. The fact that the silica gel
had been activated to remove water and the failure to isolate
any benzoic acid suggest that the phenol is displaced from the
ester by hydroxyl end groups on the silica gel to give a ben-
zoylated silica. Diphenylmethyl benzoate was also not re-
duced, and in this case no evidence for ester dissociation was
observed.

Attempted reduction of an epoxide, that of trans-stilbene,
led to the product of acid-catalyzed opening of the epoxide
followed by pinacol rearrangement and reduction of the re-
sulting carbonyl group. This was confirmed by a blank reac-
tion where stilbene epoxide was treated with a cyclohexane
slurry of dried silica gel; 2,2-diphenylacetaldehyde was iso-
lated as the only major product.

With the exception of strained ketones such as norcamphor,
the rate of reduction of carbonyl groups was found to be in the
order aldehydes > dialkyl ketones > aralkyl ketones > diaryl
ketones (Table I). When equimolar mixtures of aldehydes and
ketones were treated with 1 equiv of tributyltin hydride in the
presence of silica gel, selective aldehyde reduction was
achieved (Table II).

Relatively few reagents are available for the selective re-
duction of aldehydes in the presence of ketones; tetrabutyl-
ammonium cyanoborohydride,!! lithium aluminum tri-tert-
butyloxyhydride,!? sodium triacetoxyborohydride,!3 lithium
di-n-butyl-9-borabicyclo[3.3.1]nonane,!* diisopropylcarbinol
on alumina,!® and samarium diiodide!® are ones which have
been reported. Excluding the last of these reagents, a com-
parison has shown! that while all are capable of reducing an
aldehyde in the presence of a methy! ketone, only diisopro-
pylcarbinol on alumina has the ability to distinguish between
a cyclohexanone and an aliphatic aldehyde. Tributyltin hy-
dride in the presence of dried silica gel is superior to these
reagents in its selectivity (Table II). Since this work was

Table I. Reduction of Organic Functional Groups by Excess Tributyltin Hydride on Dried Silica Gel at Room

Temperature
minimum
isolated reaction
substrate product yield, % time, h
norcamphor norborneol (exo + endo) 69a.b 0.5
3-cholestanone 3-cholestanol (« + 8) 89a.c 2
methyl naphthyl ketone 1-(8-naphthyljethanol g1ad 4
benzophenone diphenylmethanal 94¢e 6
benzaldehyde benzyl alcohol 81¢ 1
octanal 1-octanol 90¢ 1
nitrobenzene aniline <5a.e€ 24
trans-stilbene epoxide 1,2-diphenylethanol 82¢ 6
phenyl benzoate phenol trace® 72
diphenylmethyl benzoate 0e 24
1-chloro-2-phenylethane 0e 48
dipheny! sulfoxide 0¢ 18
benzyl chloride 0e 24
phenyl bromide 0¢ 24
benzonitrile 0¢ 24

@ Average of at least two determinations. ® 92% endo by VPC (20% Carbowax 20M on Chromosorb W, 100 °C, 7 ft) and 'H NMR
assay (average of at least two determinations); reduction with BugSnH/ZnCl2/Et20 solution gave 89% endo. ¢ 89% 3, computed from
isolated yields of « and § isomers after separation by TLC and crystallization (average of at least two experiments); reduction with
Bu3SnH/ZnCly/Et,0 solution gave 85% 3. ¢ Reduction with BugSnH/ZnCly/Et,0 solution gave a 77% yield of the alcohol. ¢ Starting

material recovered unchanged.
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