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the addition of solid ammonium chloride, and the subsequent 
work-up procedure was the same as above. 

Glc Analysis. Analysis of the chloroform solutions of toluene 
(prepared in 25-mI volumetric flasks) was conducted on a Varian 
1420 instrument with a 0.125 in. X 10 ft column of 10% Dow Cor- 
ning 710 on Chromosorb W, helium flow rate of 30 ml/min, and 
column temperature of 100°. The following retention times (in 
minutes) were observed: 1-methylcyclohexene, 3.7; toluene, 4.6; 1- 
methyl-1,4-cyclohexadiene, 5.2; benzyl alcohol, 37. Each product 
solution was analyzed in triplicate using a fixed-volume injection 
and the average peak height was related to millimoles of toluene 
by a least-squares computer plot of peak heights us. known con- 
centrations of toluene. The precision of this method was *I%. 
Each reduction was carried out a t  least twice and the data in Table 
I are average values (12%). 

A control experiment in which a solution of toluene (10 mmol) 
and tert-butyl alcohol (IO mmol) in T H F  was added to a solution 
of lithium (3 mg-atoms) in liquid ammonia and the reaction solu- 
tion was subjected to the standard work-up and glc analysis estab- 
lished that 90% of the toluene was recovered. 
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We wish to report a convenient procedure for synthesiz- 
ing thiophenyl malonate, the active ester of choice for 

forming malonyl coenzyme A, based upon the reaction of 
malonic acid monochloride with thiophenol. We were led to 
develop this synthesis when we discovered that scaling up 
the normal procedure of Trams and Brady,lP2 which in- 
volves coupling malonic acid with thiophenol using dicyclo- 
hexylcarbodiimide, produced no thiophenyl malonate but 
only a bright orange crystalline side product. In addition 
we had obqerved that some preparations of malonyl coen- 
zyme A obtained from thiophenyl malonate synthesized by 
the Trams and Brady procedure were inexplicably one-half 
to one-third as active as others when used as substrate in 
enzymatic synthesis of fatty acids, indicative of the possi- 
ble presence of inhibitory by-products. 

The thiol ester obtained in low (13%) yield from the reac- 
tion of acid chloride with thiophenol is a colorless, stable 
solid. Using this material, a 10-mg sample of coenzyme A 
(approximately 10 pmol) yields about 8 pmol of malonyl 
coenzyme A.l The malonyl coenzyme A produced is fully 
active in reactions catalyzed by pigeon liver and rabbit 
mammary fatty acid synthetases as assayed spectrophoto- 
metrically in the presence of acetyl coenzyme A and 
NADPH. 

Malonic Acid Monochloride. Malonic acid (15.6 g, 0.15 
mol) and thionyl chloride (18 g, 0.15 mol) in 60 ml of ether 
were heated under reflux for 6 hr with stirring in a flask 
surmounted with a condenser and drying tube. During the 
reflux period, evolution of hydrogen chloride was observed. 
The solvent was then removed on a rotary evaporator 
under vacuum, and the remaining solid was triturated a t  
40' with ten 30-ml portions of a 1:2 mixture of chloroform- 
hexane. The combined extract was cooled to -15' and al- 
lowed to crystallize. The yellow crystals (5.27 g, 28.7%) of 
malonic acid monochloride were washed with hexane and 
dried overnight under vacuum, mp 58-61' (lit.3 mp 63- 
65'). 

Thiophenyl Malonate (Shirley's Ester). Thiophenol 
(1.9 g, 0.017 mol) was added dropwise to a stirred solution 
of 2.1 g (0.015 mol) of malonic acid monochloride in 25 ml 
of ether under an atmosphere of dry argon. The reaction 
was allowed to continue for 3 hr, after which time the sol- 
vent was removed on a rotary evaporator, leaving a moist 
solid which was placed under a vacuum of 0.1 mm until no 
more yellowish oil (thiophenol) could be observed. The ma- 
jority of the solid was then dissolved in a minimum amount 
of chloroform and filtered to provide a clear yellow solu- 
tion. Addition of hexane to the cloud point and subsequent 
cooling resulted in crystallization, providing a yellow solid, 
mp 57-68O. Dissolution in chloroform, decolorization with 
carbon, addition of hexane, and cooling in a Dry Ice-ace- 
tone bath provided 0.37 g (13%) of colorless crystals of thio- 
phenyl malonate, mp 69-71' (lit.2 mp 72-73'], which were 
collected and dried under vacuum: nmr (CDCl3) 6 3.70 (s, 2 
H), 7.42 (5, 5 H), 10.73 (s, 1 H); mass spectrum (80 eV) mle 
(re1 intensity) 196 (0.1, M+), 152 (1.4, M+ - COz), 110 (100, 
PhSH+); ir (KBr) 1690 (0-CS), 1718 cm-* (O=CO). 

Anal. Calcd for CgHs03S: C, 55.09; H, 4.11; S, 16.34. 
Found: C, 54.79; H, 4.30; S, 16.61. 

Registry No.-Malonic acid monochloride, 51932-41-3; malonic 
acid, 141-82-2; thionyl chloride, 7719-09-7; thiophenyl malonate, 
4279-77-0; thiophenol, 108-98-5. 
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