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Desulphurization reactions have been used recently to effect ring closures1 
and for the synthesis of ethers by desulphurization of sulphenate estem2 We wish to 
report that the desulphurization of thioesters by mercury(11) carboxylate salts 
affords anhydrides in high yield. Recent syntheses of anhydrides from carboxylic 
acids include the photolysis of a mixture of diphenylmercury, tri-n-butylphosphine, 
and carboxylic acid3 and the reaction of a mixture of carboxylic acid, diphenyl- 
mercury, and benzophenone diphenylmer~aptole.~ 

The desulphurization of thioesters proceeds rapidly at  room temperature, and 
yields a mixture of mercuric sulphide, ester, and anhydride. The mercuric sulphide 
and ester are easily removed by filtration and distillation respectively. Thioesters are 
readily accessible from nitriles5 or by direct thioacylation of an alcohoL6 

The rapid reaction of mercuric acetate with a number of thioamides, compared 
with the much slower reaction of other mercury salts, has been noted previ~usly.~ 
Mercuric chloride forms fairly stable complexes with thi~acetamide,~ which are 
hydrolysed slowly with precipitation of mercuric sulphide, whereas mercuric sulphide 
is precipitated very rapidly when mercuric acetate is treated with thioacetamide in 
aqueous soIution. Taylor and Smith7 found the rate of the latter reaction to be first 
order in mercury(11) and independent of ionic strength, which was consistent with 
the thioacetamide reacting as an uncharged species. The rapid desulphurization of a 
number of other thiocarbonyl compounds by mercuric acetate has been n ~ t e d , ~ - l l  
but the use of hydroxylic solvents left in doubt the origin of the oxygen which re- 
places the sulphur of the thiocarbonyl group. 
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1528 SHORT COMMUNICATIONS 

In the present work, a number of thioesters were desulphurized using solutions 
of mercury(11) carboxylate salts in chloroform, methylene chloride, or pyridine. An 
immediate precipitate of mercuric sulphide was produced in each case, thus showing 

TABLE 1 

DESULPHURIZATIONS OF THIOESTERS 

Thioester 
Mercuric 

Salt 
Solvent Yields (%) 

Anhydride Ester 
-- - 

Cholestanyl thioacetate acetate pyridine 

Cyclohexyl thioacetate acetate 
butyrate 
valerate 
pivalate 
laurate 

Ethyl thiobenzoate propionate 
valerate 
laurate 

y-picoline 
chloroform 
dichloromethane 
chloroform 
pyridine 

dichloromethane 
dichloromethane 
pyridine 

that the mercury salt serves as a source of oxygen as well as a sulphur acceptor. The 
reaction appears to be general (Table 1) and obeys the stoicheiometry: 

The rapid precipitation of mercuric sulphide during desulphurization by mercuric 
acetate in pyridine (but not by mercuric chloride in acetic acid) suggests the formation 
of a 1 : 1 complex which could rearrange via a cyclic transition state (Scheme 1) to 
give an ester and anhydride as the principal organic products. In  contrast, when 

R ' - ( R 3 ~ 0 h 0  + HgS + \ 
/c=O 

~~0 

Scheme 1 

cholestanyl thioacetate was heated with excess mercuric chloride in pyridine in a sealed 
ampoule, the reaction was incomplete after 20 hr and a mixture of cholest-2-ene, 
3P-acetoxycholestane, and starting material was obtained. I t  was found that the 
mercury salts did not react with the thiocarbonyl group of carbon disulphide, 
carbonyl sulphide, or thiophosgene. 

Microanalyses were carried out by the Australian Microanalytical Service, Melbourne. 
Melting points are uncorrected. N.m.r. spectra were recorded on a Varian A-60 spectrometer, 
using solutions in deuterochloroform with tetramethylsilane as internal standard. Ultraviolet 
spectra were recorded on a Perkin-Elmer 137 spectrophotometer. 
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Cholestanyl Thioacetate 

To cholestanol (5 g) in chloroform (30 ml) was added acetonitrile (30 ml), and the solution 
was saturated with dry hydrogen chloride. After 4 hr the chloroform was removed by distillation 
under reduced pressure and the residue was dissolved in pyridine. The solution w-as saturated 
with dry hydrogen sulphide and the product isolated by extraction with chloroform. The crude 
thioester was chromatographed on silica gel (400 g). Elution with light petroleum-benzene (6 : 1) 
gave cholestanyl thioacetate which crystallized from methanol as colourless flakes, m.p. 91.5- 
93", [a], 0' (c ,  1.00 in CHCI,); A,,, 245 and 368 nm ( E  12400 and 27); n.m.r. 6 5.30 (m, C3-H), 
2.50 (s, OCSMe) (Found: C, 77.8; H, 11.0; S, 7.2. C,,H,,OS requires C, 78.0; H, 11.3; 
S, 7.2%). 

Cyclohexyl Thioacetate 

The thioester was prepared from cyclohexanol and acetonitrile by the method of S ~ h m i d t . ~  
Fractional distillation gave cyclohexyl thioacetate, b.p. 121-123'/15 mm (Found: C, 61.0; H, 8.9; 
S, 20.1. C8Hl,0S requires C, 60.7; H, 8.9; S, 20.2%). 

Ethyl Thiobenzoate 

Ethyl thiobenzoate was prepared as described in the literature and had b.p. 72-76"/1 mm 
(lit.S 111-114°/10 mm) (Found: C, 65.3; H, 6 .2 ;  S, 19.0. Calc. for C,H,,OS: C, 65.1; H, 6.1; 
S, 19.3%). 

Mercuric Salts 

A commercial sample (B.D.H.) of mercuric acetate was purified by crystallization from 
acetic acid. The other mercury salts were prepared by warming mercuric oxide with c. 1.5 mol. 
propn. of the appropriate carboxylic acid. The salt was collected by filtration, washed with ether, 
and purified by crystallization from chloroform to give: mercurio propionate, m.p. 111-112'; 
mercuric butyrate, m.p. 102-103"; mercuric valerate, m.p. 87-88'; mercuric pivalate, m.p. 
230-232' (lit.12 235'); mercuric laurate, m.p. 121-122' (lit.18 100'). 

Desulphurization Reaction 

A solution of the mercury salt (0 .5  mmol) was treated with a solution of the thioester 
(0.5 mmol) and the mixture stirred for 10 min. Any unchanged mercury salt was destroyed by pass- 
ing dry hydrogen sulphide through the solution. The solution was filtered through silica gel, 
and excess solvent removed by distillation through a short fractionating column. The residue mas 
examined by g.1.c. using a 6-ft column with silicone SF96 stationary phase and flame ionization 
detector. Products were identified by peak enhancement with authentic specimens and yields 
(Table 1) were determined by the addition of a known mass of dimethylaniline as an internal 
standard. 
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