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In a study of the preparation of 8-mercaptothiolcarboxylic acids (I) by the reaction 
between acid chlorides and H2S in the presence of triethylamine, the intermediate formation 
of 8-thiolactones has been postulated [2]. Reactions of 8-propiothiolactones with sulfur- 
containing nucleophilic reagents have not been studied. We here show that the reaction of 
8-thiolactones (lla-d) with H2S in the presence of EtsN does indeed give 8-mercaptothio- 
alkanoic acids (la-d). 
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R x = R  2 = R  a = H  (a); R 1 = R  ~ = H ,  R 3 = M e  (~; R I = R  e = H ,  
R 2 = M e  (c); R 1 = R 2 = M e ,  R e = N H A c  ~).  

The s t r u c t u r e s  o f  t h e  t h i o l  a c i d s  ( I a - d )  w e r e  c o n f i r m e d  by  s p e c t r o s c o p y  ( T a b l e  l)  and  by  
iodometric and acidimetric titration (Table 2). Compounds (la-c) were obtained for the 
first time, but N-acetylthiolpenicillamine (Id) has been obtained previously in 20% yield 
by the reaction between 2-methyl-4-isopropylideneoxazolone and H2S [3]. 

The reaction of B-thiolactones with H~S is frequently complicated by polymerization, 
the structure of the polymeric product in the case of 8-methyl-8-thielactone (llc) being 
established by depolymerization by treatment with MeONa, which resulted in the formation 
of methyl 8-mercaptobutyrate: 

CHs CHs CHa 

[ 1 [ cH'~ HS|HCH~COOCH3C (--SCHCH~C ' TSCHCH2C--)n 
II II cH,o~, to 
0 0 

For some properties of the thiol acids (la-c), see [2]. 

Cleavage of 8-thiolactones with Na2S or NH~SH gives polymers only. It is, however, 
noteworthy that in the presence of sulfur-containing nucleophiles (Na2S, NH~SH, or sodium 
mercaptides) 8-thiolactones (llb-c) are extremely readily cleaved by methanol to give the 
esters HSCH(R)CH(R')COOCH3 (R = H, R' = Me (III); R = Me, R' = H (IV)). This method can be 
used for the synthesis of 8-mercaptocarboxylate esters cf. [4, 5]). In the presence of 
triethylamine, however, 8-thiolactones (lib, c) are readily cleaved by butyl mercaptan, and 
only under these conditions could the butyl 8-mercaptothiolcaroboxylates (V) and (VI) be 
obtained, albeit in low yields, in addition to the dimers (VII) and (VIII). 

R R' R R' R R' 
\ / B.s~ \ / l I 

CH--CH + HS(--CHCHCOS--)~u 
[ I NEt3" / J (VII), (VIII) S--C~O SH 0 

(II6, ~) 
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(v), (vI) SBu 

R = H, R '  = Me (V), (VII); R = Me, R '  = H (VI), (VIII) .  
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Monomers and dimers were thus obtained in ratios of ~I:|, with polymers as by-products. 

Some IR and PMR spectral parameters for mercaptans (III)-(VIII) are given in Table |. 

Biological tests on some of these compounds revealed that B-mercaptothiolbutyric acid 
(Ib) had fungicidal and insecticidal activity, and N-acetylthiopeniciilamine (Id) was fungi- 
cidally and insectoaearicidally active. The activities of the compounds did not exceed 57%, 
but a search for novel pesticides in this type of compound holds promise. 

EXPERIMENTAL 

PMR spectra were obtained on a Perkin--Elmer R-12 spectrometer (60 MHz) in CCl4 (unless 
another solvent is indicated), from an internal or external standard, HMDS or TMS, and IR 
spectra on a UR-20 spectrophotometer. Dry solvents were used in all the experiments. The 
molecular weights of the thiols (mono-, di-, and trimers) were determined by iodometry, by 
direct titration with 0.1N iodine in alcohol [(Id) in 80% AcOH] until color persisted. 
The yields, constants, and the results of elemental analyses and titrations (with iodine or 
NaOH) of the compounds obtained (I) and (III)-(VlII) are given in Table 2, and IR and PMR 
spectral data in Table I. 

~-Acetylamino-B,~-dimethyl-B-thiolactone (lid). This thiolactone was obtained by a 
modification of the method given in [6]. To a suspension of 9.77 g (0.051 mole) of N-acetyl- 
D,L-penicillamine in 300 ml of CH2C12 was added at --10~ with stirring 5.17 g (0.051 mole) of 
Et3N, followed by the dropwise addition of 5.54 g (0.051 mole) of ethyl chloroformate in 50 
ml of CH=CI2. After I h at -- 10~ the mixture was warmed to ~20~ and poured into ~0.5 liter 
of ether. The precipitated Et3N'HCI (4.97 g, 71%) was filtered off and washed with ether. 
The mother liquors were evaporated to dryness under reduced pressure, and the residue tri- 
turated with ether, then with water (3 ml). The solid was then filtered off and washed on 
the filter with 4 ml of water to give 4.4 g (50%) of (lid), mp 122-125~ (chloroform-ether). 
The compound was insoluble in ether and benzene, but soluble in alcohol, CH~CI2, chloroform, 
ethyl acetate, hot water, and dioxane. IR spectrum (~, cm-~): 1755-1760 (COS), 1560, 1658 
(CON), 3245 (NH). PMR spectrum (in chloroform, from HMDS, ~, ppm): 1.73 s, 1.86 s (CH3), 
2.11 s (NAc), 3.13 d (CH); JCH-NH = 7.3 Hz; 5.58-5.89 m (NH). Found: C 48.66; H 6,36; S 
18.44; N 8.48%. CTHiINO2S. Calculated: C 48.55; H 6.36; S 18.50; N 8.09%. 

General Method for the Preparation of B-Mereaptothiolcarboxylic Acids (la-d). In a 
flask fitted with a bubbler and condenser cooled with a mixture of dry ice and acetone was 
placed 0.I mole of (lla-d) in 200 ml of chloroform. Hydrogen sulfide was passed into the 
solution for 0.5 h, then 10.1 g (0.1 mole) of Et~N in 50 ml of chloroform was added, and 
passage of H2S continued for 6-7 h. The mixture was warmed to ~20~ and extracted with 
water (3 • 60 ml). The extract was acidified to pH ~ I-2, extracted with chloroform, and 
dried over MgSO4. The solvent was removed under reduced pressure (under nitrogen), and the 
residue distilled in vacuo or crystallized. The thiols obtained (la-d) were sparingly 
soluble in water (pH ~ 2-3). With sodium nitroprusside in alkaline solution they gave a 
raspberry coloration (qualitative test for the SH group). 

Methyl B-Mercaptoisobutyrate (III)~ a) To a suspension of 19.2 g (0.08 mole) of Na2S" 
9H20 in 200 ml of methanol at 0-5~ was added under nitrogen a solution of 8.16 g (0.08 mole) 
of (lib) in 40 ml of methanol. After 2 h, the mixture was evaporated under reduced pressure, 
and the residue diluted with water and acidified with 10% HCI (to pH ~ 2). The oil which 
separated was extracted with ether, dried over Na2S04, and fractionated in vacuo under 
nitrogen to give 4.35 g of (III). 

b) The preparation of the ester (III) by reacting ~-methyl-~-thiolactone (llb) with n- 
BuSNa in MeOH was carried out as for the reaction of (llc) with i-PrSNa [see synthesis of 
(IV), below]. 

Methyl B-Mercaptobutyrate (IV).~ To a solution of 4.56 g (0.06 mole) of isopropanethiol 
in 20 ml of methanol was added under nitrogen 1.15 g of sodium, and the mixture was stirred 
until dissolution was complete. To the resulting mercaptide was added at --40~ 5.1 g (0.05 
mole) of (llc). The mixture was worked up as described above for (III). Fracti0nation gave 
1.9 g of (IV).* 

L 

*The formation of (IV) in the reaction of CH3CH=CHCOOMe with NaSH has been reported pre- 
viously [5], but no constants were given for the compound. 

1179 



Reaction of (lib) with n-Butanethiol. To a solution of 7.11 g (0.08 mole) of n-butane- 
thiol in 50 ml of chloroform was added 6.97 g (0.07 mole) of Et3N in ]0 ml of chloroform, fol- 
lowed at 0~ by a solution of 7.05 g (0.07 mole) of (lib) in 20 ml of chloroform. After 3 h 
at 20~ the mixture was poured into 200 ml of ice-water, and the organic layer was separated, 
dried over MgS04, and fractionated to give 1.4 g of butyl B-mercaptothioloisobutyrate (V). 
Additionally, ].I g of n-butyl 4-thia-2,6-dimethyl-5-oxo-7-mercaptothiolheptanoate (VII) and 
I.I g (12.1%) of what was apparently the trimer HS[CH2CH(CH3)C(O)S~sBu (n-butyl 4,8-dithia- 
2,6,10-trimethyl-5,9-dioxo-ll-mercaptothiolundecanoate), bp 160-165~ (0.02 mm), nD Is 1.5330 
(iodometric mol. wt., found 411. C16H2803S~ requires mol. wt. 396) were obtained. 

Reaction of B-Methyl-B-thiolactone (IIc) with n-Butanethiol. The reaction of 5.1 g (0.05 
mole') of (IIc) with 5.4 g (0.06 mole) of n-BuSH and 5.05 g (0.05 mole) of Et3N was carried out 
as for (IIb) to give 2.7 g of n-butyl B-mercaptothiolobutyrate (VI) and 1.6 g of n-butyl 4- 
thia-3-methyl-5-oxo-7-mercaptothioloctanoate (VIII). 

CONCLUSIONS 

A method is proposed for the synthesis of B-mercaptothiolcarboxylic acids, by the reac- 
tion between B-thiolactones and hydrogen sulfide in the presence of triethylamine. 
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SULFUR-CONTAINING CARBOXYLIC ACIDS. 

COMMUNICATION 4. B-MERCAPTOTHIOLCARBOXYLIC ACIDS* 

T. P. Vasil'eva, V. M. BystroVa, 
O. V. Kil'disheva, and I. L. Knunyants 

UDC 542.91:547.464:546.221:547.233.3 

B-Mercaptothiolcarboxylic acids are important key compounds in the synthesis of |,2-di- 
thiolan-3-ones. Their preparation has, however, received little attention. Thiolcarboxylic 
acids are usually obtained by the reaction of carbonyl chlorides with H2S in the presence of 
AICI3, chlorine in the ~ or B position of the acid chlorides not being replaced by SH [2-4]. 
B-Mercaptothiolcarboxylic acids are known only as the ~-acylaminoderivatives, formed in low 
yields on reaction of 4-isopropylideneoxazolones with H2S [5, 6]. 

We have now developed a general method for the preparation of the hitherto unknown ~- 
mercaptothiolcarboxylic acids (Ia-c) from readily available B-halocarbonyl chlorides. Reac- 
tion of the latter with H=S in the presence of triethylamine gives the thiolate anions (II) 
as intermediates, which then cyclize to the ~-thiolactone (III), which is cleaved with H2S 
without isolation to give the final products (Ia-c) as the triethylammonium salts. The inter- 
mediate B-thiolactones (III) were previously known, being obtained by cyclization of B-halo- 
~hiolcarboxylic acids [7]. 

*Deceased. 
#For communication 3, see [I]. 
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