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corresponding carboxamide. This was unsuccessful; the only 
product, isolated in low yield, was 17: mp 130-131"; mass 
spectrum (70 eV) m/e (re1 intensity) 273 (loo),  159 (71), 114 
(15), 81 (25). 

Anal. Calcd for CliHljNS2: C, 65.89; €I, 5.53; N, 5.12; 
a, 23.46. Found: C, 65.7j; H, 5.53; N, 5.27; S, 23.47. 

Reactions of 9a with Electrophiles. 2,4-Dinitrobenzenesul- 
fenyl Chloride.--The sulfenyl chloride (469 mg, 2 mmol) was 
allowed to react with 348 mg ( 2  mmol) of 9a in 5 ml of methylene 
chloride for 0.5 'hr, sodium carbonate was added, and the solution 
was filtered and evaporated to leave a red syrup which was 
chromatographed on alumina. Elution with 1 : 1 methylene 
chloride-hexane yielded 379 mg (51 %) of 2-[a-(2,4-dinitrophenyl- 
thio)butylidene] -1,3-dithiane as a red syrup which crystallized 
on standing: nmr (CDC13) 6 7.4-9.1 (ABM pattern, 3, J = 9 
and 3 Hz, aromatic), 3.1 (9, 4, SCH2), 2.8-1.2 (m, 6, ring and 
propyl methylenes), 0.9 (5, 3, CH3-). 

Recrystallization from ethanol gave the analytical sample, 
mp 99-100°. 

Anal. Calcd for C14H16N201S3: C, 45.14; H,  4.33; N,  7.52; 
S, 25.83. Found: C,  45.10; H, 4.50; N, 7.35; S, 25.66. 

p-Nitrobenzenediazonium F1uoroborate.-In 20 ml of methy- 
lene chloride was dissolved 1.0 g (5.75 mmol) of 9a, and 1.365 g 
(5.75 mmol) of p-nitrobenzenediazonium fluoroborate was added. 
After 1 hr 400 ml of water was added, the layers were separated, 
and the water layer was extracted with four 50-ml portions of 
methylene chloride. After drying (KazSO1) and evaporating the 
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methylene chloride, 1.57 g (85%) of 2-[a-(p-nitrophenylazo)- 
butylidene] -1,3-dithiane was obtained. Recrystallization from 
ethanol gave purple needles, mp 107.5-108.5". 

Anal. Calcd for C U H I ~ N ~ O ~ S ~ :  C, 51.99; H,  5.30; N ,  12.99; 
S, 19.83. Found: C, 51.86; H,  5.40; N,  13.01; S, 19.75. 

Tri-n-butyltin Hydride Reduction of 15a.-A solution contain- 
ing 145.7 mg (0.5 mmol) of tri-n-butyltin hydride and 163.6 mg 
(0.5 mmol) of 15a in toluene was refluxed under IC'% overnight and 
evaporated, and the residue was taken up in methanol to deposit 
70.2 mg (56%) of yellow crystals, mp 86-89', which were 
identified as 6 by ir. 

Registry No. -6, 30765-32-3; Qa, 17590-62-4; 9c, 
12526-80-6; 13a, 21792-53-0; 13b, 30765-35-6; 13c, 
12526-81-7; 15a, 30908-67-9; 15b, 30765-36-7 ; 15c, 
30765-37-8; 15d, 30765-38-9; 15e, 30765-39-0; 15f, 

(2,4-dinitrophenylthio)butylidene]-1,3-dithiane, 30765- 
43-6; 2-[ or-(p-nitrophenylazo)butylidene]-l,3-dithiane, 
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Of seven approaches for the synthesis of 6-substituted ethyl acetyl disulfides, AcSS(CH2)2X, the most promising 
was based on a procedure of Bohme and Clement that involves reaction of acetylsulfenyl chloride with a thiol. 
Evidence for the structure of typical products was based on ir, nmr, and mass spectra, and onindependent synthesis. 
The order of increasing resistance to decomposition (and hence of decreasing effect of a functional group X)  
was NH3+ - NH+z-n-Cl~Hzl < NHAc < COLH - C02iLIe < C1 - =CHt - CH3. This order is attributed to 
diminishing assistance by X in the cleavage of the acetyl-sulfur and/or the sulfur-sulfur bond. Of the com- 
pounds tested, only three showed significant in  vitro activity against Histoplasma capsulatum. 

Previous reports have described the disproportiona- 
t'ion of unsymmetrical disulfides containing 2-amino- 
ethyl and derivative moieties.2 The possibilit'y of an- 
chimeric assistrance to  disproportionation by the amine 
function was first suggested for benzyl 2-(n-decyl- 
amino)ethyl disulfides.2f Recent'ly, studies of disulfides 
containing an o-carboxyphenyl moiety strongly sug- 
gested that t'he o-carboxylate function also can anchi- 
merically assist disproportionation, la and studies of 
methyl and 2-acetamidoethyl acetyl disulfide suggested 
that' the amide group likewise accelerat'es decomposition.3 

(1) (a) Paper 3'1: L. Field, P. M. Giles, Jr., and D. L. Tuleen, J. O r g .  
Chem., 86, 623 (1971). (b) This investigation was supported by Public 
Health Service Research Grants No. Ah111685 from the Kational Institute 
of Arthritis and Metabolic Diseases (L. F.) and AI-08916 from the Kational 
Institute of Allergy and Infectious Diseases (I. McV.). (e) Taken from part  
of the Ph.D. disssertation of \I-. S. H., which may be consulted for further 
details (Vanderbilt University, Jan  1971). (d) Department of Chemistry, 
(e) Department of General Biology. 

(2) (a) L. Field, T .  C. Owen, R.  R.  Crenshaw, and A. W. Bryan, J. Amer. 
Che" SOC. ,  88, 4414 (1961); (b) L. Field, A .  Ferretti, and T. C. Owen, 
J. Ow. Chem., 29, 2378 (1964); (0) R. R. Crenshaw and L. Field, ibid. ,  30, 
175 (1965); (d) L. Field and H. K. Kim, J. M e d .  Chem., 9, 397 (1966); 
( e )  L. Field, T. F. Parsons, and D. E. Pearson, J .  Org .  Chem., 81, 3550 
(1966); (f)  M. Bellas, D. L. Tuleen, and L. Field, i b i d . ,  82, 2591 (1967); 
(9) L. Field and J .  D. Buckman, ibid.. 82, 3467 (1967); (h) L. Field, H. K. 
Kim, and M. Bellas, J. M e d .  Chem., 10, 1166 (1967); (i) L. Field and J. D. 
Buckman, J .  Org. Chem., 33, 3865 (1968): (j)  L. Field and R.  B. Barbee, 
ibid., 84, 1792 (1969). 

(3) L. Field, W. S. Hanley, I. McVeigh, and Z. Evans, J. Med.  Chem., 14, 
202 (1971). 

The preparation and investigation of p-substituted 
ethyl acetyl disulfides, i.e., of AcSS(CH&X, had a two- 
fold purpose: (a) to  clarify the importance of func- 
tional group assistance to acetyl-sulfur and/or sulfur- 
sulfur cleavage with p-substituted disulfides and to  com- 
pare the relative effectiveness of functional groups; and 
(b) to determine whether these functional groups would 
lead to  a greater inhibitory effect than was found for 
methyl acetyl disulfide on H .  capsulatunz, a fungal 
pathogen for man.3 

Seven possible approaches were compared in pre- 
paring the acetyl disulfides 1-11 shown in Table I. The 
sulfenyl chloride method of eq 1, employed in the prep- 
aration of unfunctionalized carbonyl disulfides, was 

0.5C12 0.5C12 AcSH 
RSH __j 0.5(RS)a RSCl __f AcSSR + HC1 

unpromising except for the preparation of 1 and 11. 
Insolubility of the symmetrical disulfides in CHzClz 
precluded the formation of sulfenyl chlorides necessary 
for the preparation of compounds 2, 3, 5 ,  and 9 Allyl 
mercaptan (for 6) and or-mercaptoacetone did not give 
sulfenyl chlorides on treatment with chlorine, not un- 
expectedly, but gave other undetermined reaction prod- 
ucts. 

A method of Hiskey and coworkers was tried briefly 
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Compd 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TABLE I 
SYNTHESIS OF SUBSTITUTED CARBONYL DISULFIDES: AcSX + RSY + AcSSR + XYa 

-Produot--- -Purified--- 

AcSSR, R 

CHzCOzH 

(CHz)aCOzH 

(CHn)sCOzH 

(CHz)aCOzH 

(CHr)zN +HsCl- 

CHzCH=CHz 

0-HOzCPh 

0 
CHzCHzCH3 

Method 

B 
C 
C 

C 

C 

C 

C 

C 

A 

B 

~~ 

Yield,b 
% 
461 
94j  
80 

93 

97 

85 

77 

93 

65 

82 

16 

94 

BP b" 
or mp, O C  

125-142 
(0.25) 

52-62 

130-140 
(0.25) 

e 

90-95 

45-53 
(0.5)  

120-170 

I .  51840 

150-160 
dec 
68-71 

50-54 
(2.0)  

bp (mm) or mp, " C ;  
nab  or solventC 

141-142 (0.25); 
1.5483d 

66-67; M 

I .5350d 

33-34' 

103-104; D 

45 (0 .5 ) ;  
1 .5394 

178-180; 
Ch-C 

1 .51876 

180 dec; 
M-Et 

74-76? E 

54 (2.0);  
1.5155 

----Calod (found)-- 
C, % H, % S, % 

28.90 3.64 38.58 
(29.04) (3.78) (38.37) 
33.32 4 .47  35.58 

(33.27) (4.36) (35.42) 
37.00 5.19 33.01 

(37.34) (5 .30)  (32.71) 
40.36 5 .81  30.79 

(40.30) (5.79) (30.60) 
25.59 5.37 34.16 

(25.68) (5.24) (33.94) 
40.51 5 .44  43.26 

(40.80) (5.71) (43.29) 
47.35 3.53 28.09 

(47.28) (3.47) (27.95) 
37.09 5.19 33.01 

(37.30) (5.25) (32.79) 
51.27 9 .22  19.55 
(51.54) (9.33) (19.32) 

39.96 6.71 42.68 
(40.00) (6 .72)  (42.70) 

a Method A where X = H, Y = SOzIl; B, where X = H, Y = C1; and C where X = C1, Y = H. * Sulfenyl chlorides were not 
Solvents used for recrystallizatioii: 

Purificatioii 
e The crude product was a viscous oil that could 

Pure product was obtained by column chromatography on silica gel using 1 : 1 carbon t,et)rachloride- 
f Analyses for C1 and N, respectively, calcd (found) for 5 were 18.89 (19.06), 7.46 (7.54)) and for 9 10.81 (10.53), 4.27 

S. J. Brois, J. F. Pilot, and H. W. Barnum reported a similar synthesis of 5 after t.his paper had been submitted, nip 101-103" 

isolated; yields reportjed are based on the assumption of 10070 conversion to t  he sulferiyl chloride. 
Ch, chloroform; C, carbon tetrachloride; M, methylene chloride; I), dioxane; Et, ethyl ether; E, absolute ethanol. 
was effected by column chrcimatography on silica gel using hexane-ethyl ether (2: 3) .  
neither be dist'illed nor crystallized. 
chloroform. 
(4.35). 
[J. Amer. Chem. Soc., 92, 7629 (1070)l. g Crude n1)6~.  * Lit."* 77". 

for the preparation of 2, 7, and 9 (eq All yields 

Pb(SCN)Z + Brz + (SCNIz + AcSSCN + AcSSlt (2) 

were low (17, 14, and 11%, respectively), and difficulty 
was encountered in removing residual SCN-containing 
compounds. An attempt to isolate acetylsulfenyl thio- 
cyanate (12) in the hope of obtaining a useful, relatively 
stable precursor was unpromising. 

The procedure of RIukaiyama and Takahashi was 
unsatisfactory in our hands for the preparation of liquid 
acetyl disulfides (eq 3).5 An attempt to  prepare phenyl 

AcSH RSH 

12 

AcSH + EtOzCN=NCOzEt + 
RSH 

EtOzCN(SAc)NHCOzEt + AcSSlt (3) 
13 

acetyl disulfide by this procedure was unsuccessful, as 
was an attempt to  purify the intermediate 13; the nmr 
spectrum of the distilled 13 had appropriate peaks, but 
the ratios of protons were inconsistent with pure 13. 
When the addition was reversed, benzenethiol being 
added first, 44y0 of phenyl acetyl disulfide was isolated 
(the ir spectrum was identical with that of an authen- 
tic2g sample). Tlc, however, indicated that all frac- 
tions contained both symmetrical disulfides and the 
unsymmetrical one. Because of the low yield and pu- 
rification problems, further work with this method was 
not indicated. 

Unsymmetrical disulfides have been prepared by ex- 
(4) R.  G .  Hiskey, F. I .  Carroll, R. M .  Babb, J.  0. Bledsoe, R. T. Puckett, 

(5) T. Mukaiyama and K.  Takahashi, Tetrahedron Lett., 5907 (1968). 
and B. W. Roberts, J. Org. Chem., 26, 1152 (1961). 

change between a thiol and a symmetrical disulfide.A 
In  t'rying this method, we sought,, in the usual way, to 
drive the reaction toward completion by dist>illing the 
more volat'ile thiol (eq 4). This met'hod was unsuccess- 

PhSH + (AcS)z + AcSSPh + AcSH (4 1 
ful when attempted wit'h benzenethiol (bp 169") and 
acetyl disulfide [bp 40-47' (1.,5 m)].  Both acetyl 
disulfide and phenyl acetyl disulfide should be suscep- 
tible to nucleophilic attack at  either the -SS- bond or 
t'he -C(O)S- bond. Atta,ck at, the latier would lead to 
polysulfides, which would subsequently decompose. 
When the reaction mixture was heated above t,he boil- 
ing point of thioacetic acid (bp 93"), itJ darkened and 
no distillate was obtained. 

Acetyl p-toluenet'hiolsulfonate (14) mas a possible 
intermediat,e for the preparation of acetyl disulfides 
according t'o eq 5 .  It, evident,ly resultJed from the re- 

EtaN 
1tSH + p-CHaCaHaSOzSAc + 

14 
AcSHII + p-CHaCeH&O%-P:lBNH' ( 5 )  

action of both potassium p-toluenet,hiolsulfonate7 with 
acetyl chloride and of anhydrous sodium p-toluenesul- 
finate with acetylsulfenyl chloride. Identical oils were 
obtained (ir spectra) in yields of -70-88%. The 
oils, dried t'o remove acetyl-containing compounds, had 
ir spect8ra consist,ent8 with 14, but tlo indicated two 
components. At8t,empts to crystallize 14 were unsuc- 

(6) D. T .  McAllan, T. V. Cullum, R. A.  Dean, and F. A .  Fidler, J .  Amer. 

(7) Cf. 13. G .  Boldyrev and T. A.  Trofimova, J. Gen. Chem. 7 lSSR,  87, 
Chem. SOC., 73, 3627 (1951). 

1088 (1957). 
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cessful, and chromatography led to decomposition. A 
precipitate soon formed that  appeared to  be bis(p-tol- 
uenesulfonyl) trisulfide. The E1 mass spectrum of 14 
showed no parent ion but did show peaks consistent 
with Ac, C7Hi7, C7H7S02, AcSS02, and S02H. The 
identity as 14 was confirmed by treating the oil with 
2-methyl-2-propanethiol; distillation gave pure tert- 
butyl acetyl disulfide (15) in 24% yield (ir spectrum 
and g l ~ c ) . ~  Although pure 14 could not be isolated, 
all indications (ir, nmr, mass spectrum, and prepara- 
tion of 15) point to its existence, although it  probably 
is unstable. Further work on this method was not nt- 
tempted. 

The procedure of Bohme and Clement was found to  
be elegant and generally applicable and is considered 
the method of choice.* It was used to  prepare disul- 
fides 1-7 (eq 6). Acetylsulfenyl chloride (16), prepared 

AczS + Clz I_, AcSCl+ AcSSR (6 ) 
-hcCl RSH 

16 

from acetyl sulfide and chlorine (eq 6),* reacted 
smoothly with the appropriate thiol to  give 1-7 (cf. 
Table I) ; no base catalyst was needed. Care had to  be 
taken to  maintain the temperature below - 10" during 
preparation of 16, because the reaction is very exo- 
thermic; higher temperatures led to significantly lower 
yields of acetyl disulfides. Distillation of 16 was not 
done because i t  led to  large losses through decomposi- 
tion and to  products little purer than others prepared 
merely by evaporating acetyl chloride. The yields of 
1-7 were 77-97%',. 

In  
the preparation of 5, 2-mercaptoethylamine hydrochlo- 
ride was sparingly soluble in CHZClZ, but 5 dissolved 
and was isolated by solvent evaporation; absolute EtOH 
as the solvent gave 5 in only 14% yield. A previous at- 
tempt to  prepare 7 by the reaction of thioacetic acid and 
o-carboxyphenyl o-carboxybenaenethiolsulfonate,g" a 
general procedure for characterizing thiolslgb gave a 
product having an appropriate ir spectrum. However, 
pure 7 could not be obtained, and there was considera- 
ble question as t o  the identity of the product.ga Com- 
parison of ir spectra of this earlier product with that  of 
7 prepared by eq 6 showed both to  be identical except 
for minor intensity differences. The mass spectrum of 
7 conforms to  a pattern outlined for unsubstituted car- 
bonyl disulfides, with addition of certain peaks.1° Ions 
consistent with the following assignments were found 
(intensity, %): M+ (O. l%) ,  Ac+ (100%)) 17 (0.7%), 
18 (70%), 19 (43%), and AcSH (11%); isotopic cluster 
peaks were consistent with these assignments. 

Of the group 1-7, only 5 and 7 warrant comment. 

17 18 19 

(8) H. Bohme and M. Clement, Justus Liebigs  Ann. Chem., 676, 61 
(1952). 

(9) (a) P. M. Giles, Jr.. Ph.D. Dissertation, Vanderbilt University, May 
1970, pp 31, 44; (b) L. Field and P. M. Giles, Jr., J .  O r g .  Chem., 36, 309 
(1971). 

(10) W. 5. Hanley, Ph.D. Dissertation, Vanderbilt University, Jan 1971, 
pp 30-32, 52-54. 

Unpromising results ensued in only two preparations 
attempted by the Bohme-Clement method. Distilla- 
tion of the product from 16 and 2-mercaptoethanol 
gave no p-hydroxyethyl acetyl disulfide (20). The 
product evolved hydrogen sulfide even at 0". The hy- 
droxyl group of 20 probably attacks the carbonyl group 
to  give AcO(CH2)2SSH1 which  decompose^.^ Acetonyl 
acetyl disulfide (21) evidently was obtained from 16 
and a-mercaptoacetone (22, actually polymeric) in 
-70% crude yield (ir spectra), but distillation or 
chromatography afforded no pure 21; possibly 16 re- 
acted with a! hydrogen atoms of the ketone to  give im- 
purities. 

In  the other preparations, the ester 8 was prepared 
from 2 with diazomethane, evidently with side reac- 
tions since the yieldwas only 65y0,. The n-decylamino- 
ethyl compound 9 was prepared by thioalkylation of 
thioacetic acid with the appropriate thiolsulfonate; an 
attempt to  purify 9 after treatment of 16 with 2-(n-de- 
cy1amino)ethanethiol was unpromising. The 1,2-di- 
thiole-3-one 10 has been prepared by several meth0ds.l' 
We obtained 10 from 7 using HC1 in ethanol in a method 
resembling one of Raoul and Vialle;'le the yield was 
lower (16%) than that  of 10 prepared by their method 
(95%) based on the ester rather than the acid. 

Purification of 1-11 presented no great problems. 
Solids could be recrystallized (2, 5, 7, 9, lo), and two 
liquids (6, 11) could be distilled using a highly efficient 
column. Compounds 1 and 3 were oils which could be 
distilled through a short Vigreux column but with 
slight decomposition; hence they were chromatographed, 
as were 4 and 8. 

The purity of disulfides 1-1 1 was assured by observa- 
tion of single spots after tlc. (In five jnsthnces, when 
the two symmetrical disulfideswere add&d.to the unsym- 
metrical one, all three spots could be resolved.) With 
6, 8, and 11 as examples, only single peaks also were ob- 
served after glpc. Accordingly, products contained no 
symmetrical disulfides from disproportionation (eq 7). 

2AcSSR e (AcS)~  + (RS)z ( 7 )  

The structures of the disulfides were confirmed in sev- 
eral waj7s: by ir spectra (loss of absorption of -SH 
a t  -2550 cm-l, retention of absorptions associated 
with the remainder of the thiol, and presence of ab- 
sorptions associated with the carbonyl moiety a t  
-1730, 1110, and 940 cm-');'O by nmr spectra (loss 
of the pealis a t  6 -1.4 for -SH, with retention of the 
correct number and relationship of protons) ; by elemen- 
tal analysis; and, for 7, by mass spectrometry.1° 

The decomposition of compounds 2, 5, 6, 8, 9, 11, 
2-acetamidoethyl acetyl disulfide (23), and p-chloro- 
ethyl acetyl disulfide (24)3 was studied in dioxane 
(100"). Water or ethanol could not be used because of 
hydrolysis and ethanolysis of the acetyl disulfides a t  

Propyl acetyl disulfide (11) was used as a ref- 
erence for the other @-substituted ethyl acetyl disul- 
fides, since the P-methyl group affords a good base 
point for comparison with other p substituents. That 
a 2-acetamidoethyl disulfide decomposes more rapidly 
than an analogous alkyl disulfide, we think because of a 
neighboring-group participation of AcNH-,~ was con- 

(11) (a) A. Schonberg and A. Mostafa, J .  Chem. Soc., 793 (1941); (b) 
Warren, and J. H. Jackson, t b d ,  1582 (1929), 

( e )  P. Raoul and J. Vialle, Bull. Soc. Cham. F r . ,  lG70 (1959). 
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TABLE I1 
THERMAL I~EACTIVITIJB OF SUBSTITUTKD 

ACETYL DISULFIDES, AcSS(CH&Xa 

Compd X days AcSS(CHz)zX (9CNzCHzX)z 
Time, -Decomposition, C/o,b based on- 

5 XHZ +C1- 2 100 1 o o c  
9 NH2 +-n- 1 > .w, d 

2 >66',d 
CioHPiC1- 

23 NHAc 2 30' 8 e 

2 COzH 2 w 
8 200 

8 C02Me 3 12f 
70 28f 

140 37f 
24 c1 7 14f 

14 14flh 
6 =CH2 14 15f 

11 CH3 14 19f 
Determined in anhydrous dioxane at  100" in the dark. 

AcSS(CH2)pX is starting material recovered by isolation or 
g1p.e. The value for (SCHZCH~X)~  is based on separated ma- 
terial id. Experimental Section). Yalues calculated either 
as 100% - % .4cSS(CH?)pX recovered OT by using the following 
equation based on eq 7:  per cent decomposition = 2 .  
[mmol of (-SCHrCHrX)z] (100)/(mmol of AcSSCHzCHzX). De- 
termined by isolation. Compound 9 could not be isolated from 
the reaction solution. I t  is likely that 9 also decomposed by a 
secondary pathway to  give products other than 2-(n-decylamino)- 
ethyl disulfide dihydrochloride. The per cent decomposition 
therefore is shown as >58y0',. e Compound 23 was pyepared 
previously;zfl 23 prepared according to cq 6 was identical with 
this previous 23. Tialues for 21 anti 
2.5 days were 2,Q and 36%, respectively. Average of 12 and 17 
days (11 and 16%, respectively). 

j Iletermined by glpc. 

firmed by comparing 2-acetamidoethyl with propyl 
acetyl disulfide (23 and 11). Earlier studies on 23, by 
analyzing for 2-acetamidoethyl disulfide, showed de- 
composition as follows (days, %): l, 22; 2, 32.Q We 
confirmed this result by isolating 23 (2, 30). Decom- 
position of the propyl analog 11 was far slower: 9, 8; 
14, 19; 18, 21; and 35, 26. 

would vary predictably in their resistance to  decompo- 
sition, thereby further supporting a functional-group 
assistance by carboxylate. Such a difference was seen 
in the more rapid disproportionation of the salt of 
o-(pheny1dithio)benzoic acid than of the acid itself or 
of the salt of its meta isomer.la Cnfortunately, the 
acetyl moiety was so labile that  we could not prepare 
carboxylate salts; Thus, after 2 had been neutralized 
with sodium ethoxide in ethanol, immediate addition 
of ether gave a precipitate which had completely lost 
the carbonyl absorption (1730 cm-l) and the other 
usual absorptions of 2 (1100, 940 cm-I); evidently 2 de- 
composed within 5 min. Acidification of the precipi- 
tated salt gave 3,3-dithiodipropionic acid (-100% 
yield). I n  order to learn whether the ethoxide ion had 
led first to the carboxylate salt or whether it had first 
attacked the acetyl group directly, a mixture of the 
propyl analog 11 and 1 equiv of acetic acid mas treated 
with 1 equiv of sodium ethoxide. After about 15 min, 
tlc showed that no 11 remained. Triethylamine and 
n-butyllithium, employed similarly with 11 and acetic 
acid in dioxane, caused 11 to decompose appreciably 
n-ithin 24 hr and 5 min, respectively. They therefore 
seemed unsuitable also for formation of carboxylate 
salts. Lithium acetate and lithium hydride were too 
sparingly soluble in dioxane to be useful. 

The increased reactivity (days, per cent decomposi- 
tion) of the amine salts 5 (2, 100) and 9 ( 2 )  >58) over 
that of the amide 23 (2, 30) is consistent with orders of 
reactivity for related disulfides.2 This relationship 
most likely results from free amine in equilibrium with 
5 and 9, which is more nucleophilic than the amide. 
The stability of the acid 2 (8, 20) presumably stems 
from low nucleophilicity of a carboxyl group largely un- 
dissociated in dioxane; the stability of the ester 8 is sim- 
ilar (7, 28). The reactivities of 24 (14, 14), 6 (14, 15), 
and 11 (14, 19) are similar, indicating very little assis- 
tance by C1 and =CH2. 

0 CH2-CH2 
II Q I  I 

CH,C-S-Su:X -+ CH,C(O)S- I + /- 7 CHJC(0)SSCH2CH2X 

Results of the decompositions are shown in Table 11. 
It should be emphasized that most products probably 
were not merely the symmetrical disulfides predicted 
by eq 7 ,  but a mixture that reflects reactions concur- 
rent with disproportionation, since both the -SS- bond 
and -C(O)S- bond are susceptible to attack by nu- 
cleophiles (eq 8; cf .  ref 3 for discussion of the complex 
decomposition of acyl disulfides). The order of increas- 
ing resistance to decomposition (and hence of decreas- 
ing effect of the functional group) was: NH3+ - 
NH2+-n-decyl < HNAc < C02H - COnl\fe < C1- 

We had hoped that the salts of the carboxylic acids 
1-4 would both react more rapidly than the acids and 

=CH2 -CH3. 

J t 
further products 

0 t 
II - [CHJCX+CH2CH,SS-] 

I n  vitro tests on 1-11 and 23 against Histoplasma cap- 
sulatum, a fungal pathogen for man, were not very 
promising.12 The best inhibitors in pg/ml were: 6 ,  
5-10; 9, 10; 10, 10; 11, 10-20; 5, 15; 8, 15; 1 and 23, 20. 
Compounds 2-4 and 7 were inactive at  20 pg/ml. 
Evaluations of in vivo activities of 1-4 showed weak 
but statistically significant activity (up to 12-14% ex- 
tension of survival, us. 31y0 for amphotericin B at a 
lower dose level). 13* 

(12) Tested as described previously,* me are indebted t o  S. Evans for  
these tests. 

(13) (a) Tests kindly arranged by Dr. W. B. Lacefield and carried out 
under the supervision of Dr. R. S. Gordee of Eli Lilly and Co., as described 
earlier;3,18b (b) cf. R. 8. Gordee and T. R.  Matthews, Bacterzol. Proc., 114 
(1969). 
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Experimental Section14 
Materials .-]Purified o-mercaptobenzoic acid (Aldrich Chemical 

Co.) was kindly provided by Dr. P. M. Giles, Jr . ,g  and 5- 
mercaptovaleric acid by Dr. Y. H.  Khim. 2-(n-Decylamino)ethyl 
2-(n-decylamino)ethanethiolsulfonate dihydrochloride (25) was 
kindly provided by the Walter Reed Army Institute of Research. 
The following were prepared by published procedures: acetyl 
sulfide [86% yield, bp 56" (17 mm), n Z 5 ~  1.4748; lit.15 bp 62-63" 
(20 mm), n21~ 1.48101 ; 2-acetamidoethanethiol 174% yield, bp 
86" (1.5 mm); lit.16 bp 138-140" (7 mm)]; and 4-mercapto- 
butyric acid [93Tc yield, bp 94" (0.5 mm); lit.17 bp 105' (Ci mm)] . 
All other materials were used as purchased. 

a-Mercaptoacetone (22).-Compound 22 was prepared from 
a-chloroacetone and KSH in H20.18 A product precipitated and 
was washed wifh H20, EtOH, and EttO to give a solid, mp 71-73" 
(lit.18 mp 105-.110"). Crude 22 had no carbonyl absorpt'ion 
(-1700 cm-l) but did absorb a t  3380 cm-l (OH). Titration 
with 0.1 N aqueous K13 indicated l O O ~ ,  SH. The mass spectrum 
showed M+ at  m / e  90 (35%), (&'I + 2)+ at, nile 92 (270), and 
intense ions a t  m/e 43 (CHaCO, 1007,) and 47 (CHQSH, 18%). 
An ion a t  m/e  180,2hI+ (O.l%), may indicat,e the presence of a 
dimer of 22. The ir, high melting point,, and very sparing solu- 
bility of 22 indicate a polymeric st'ruct'ure, such as a hemimercap- 
tole, which in solution is in facile equilibrium with 22. T'irt'ual 
insolubility in :EtOH and Et20 suggests a larger structure t>han 
the dimer indicated by the mass spectrum. 

Synthesis of Acetyl Disulfides (1-7, 9, and ll).-Except for 
variations noted in Table I, procedures A, B, and C were as 
illustrated. 

Z-(n-Decylamino)ethyl Acetyl Disulfide Hydro- 
chloride (9).-Thioacetic acid (11.1 g, 90% SH, 0.13 mol) was 
added (-10 min) t o  a suspension of 25 (70 g, 0.13 mol) in 1.0 1. 
of CH2C19, and the mixture was stirred for 24 hr. Solid was 
removed, andsolvent was evaporated t,o leave 35 g (827c) of 9 
as a white, waxy solid, mp 150-160' dec. Six recrystallizations 
from CH2ClZ-Et20 gave 9 wit,h a constant mp of 180" dec; 
tlc showed only one spot (Rf 0.73); ir (Nujol) 2940, 2770, 2450, 
1740, 1595, 1470, 1380, 1116, 1060, 945, and 725 cm-l. 

2-(Acety1dithio)acetic Acid (1 ).-Compounds 1 
and 11 were prepared as described previously for a lkanethi~ls .~ 
For 1, Cl2 (3.1 g, 44 mmol) was added to thioglycolic acid (4.0 g, 
44 mmol) in 50 ml of CH2Clz at  -20". Some precipitate formed 
but most had redissolved by the end of addit.ion. This solut'ion 
was added to  thioacetic acid (3.8 g, 95% SH, 48 mmol) in CHzClz 
at  -20", and the reaction mixture was allowed to warm to  room 
temperature foic 1.5 hr. The solvent was evaporated to leave 7.7 
g (106W yield) of 1, n Z 5 ~  1.5550. Pure 1 was afforded by column 
chromatography using silica gel (hexane-Et20): 1.3483; ir 
(neat) 2300-3700, 1720, 1690, 1410, 1350, 1280, 1190, 1105, 
and 935 cm-l; nmr (CDCL) 6 2.5 (s), 3.6 (s), and 10.7 (s). 

3-(Acety1dithio)propionic Acid (2) .-Essent'ially 
the method of Bohme and Clement was used t,o prepare 1-7,* 
except that the sulfenyl chloride 16 was prepared in CHiCl2 and 
used without isolation. Acetylsulfenyl chloride (16) was pre- 
pared under a N 2  atmosphere at - 15' from Acts (37 g, 0.31 mol) 
i n  60 ml of CH~Cl?: and Clz (21 g, 0.29 mol) in 75 ml of CHZC12. 
AcCl formed in the reaction was evaporated under reduced pres- 
sure (-20 mm, 15 min), and the residual solution (-0.5 of the 
original volume) of 16 was added to 3-mercaptopropionic acid 
(30 g, 0.28 mol) in -125 ml of CHzC12 at  -10". The reaction 
mixture was stirred for 1 hr a t  room temperature, and t,hen the 
solvent was evaporated to give 40 g (80yc) of crude 2, mp 52-62'. 
Four recrystallizations from CHzC12 afforded 2 with constant mp 
86-67': ir (Nujol) 2300-3300, 1730, 1700, 1460, 1410, 1380, 
1350, 1330, 1285, 1260, 1195, 1100, 940, 905, 760, and 646 cm-'; 
nmr (CDCla) 6 2.5 (s), 2.6-3.1 (m), and 10.4 (s).IQ 

Methyl 3-(Acetyldithio)propionate (8).--Dia~omethane~~ (-80 

Procedure A. 

Procedure B ,, 

Procedure C. 

(14) Experimental details were as given in a previous paper,3 except tha t  
melting points vere  taken using a Mel-Temp hot-block apparatus and tha t  
typical solvents used for tlc were benzene, MeOH. and CHCla. 

(15) W. A. Bonner, J. Amer. Chem. Soc., 72, 4270 (1950). 
(16) R. Kuhn and G .  Quadbeck, Chem. Ber., 84, 844 (1951). 
(17) Kodak Soc., Belgian Patent 593,048 (1960); Chem. Abstr.,  86, 14142 

(1 961). 
(18) M. Ohta, J. Pharm. SOC. Jap., 70, 709 (1950); Chem. Abstr.,  48, 

6581 (1951). 
(19) After completion of this paper, we learned of a synthesis of 2 by a 

similar method but  with a large excess of distilled 16 [J. Tsurugi, Y. Abe, and 
S. Kawamura, Bull. Chem. Soc., Jap., 43, 1890 (1970)l: 69-70': ir  (KBr) 
1690 cm-l;  nmr (CDCla) S 2.49 (SCOCHs), 11.70 (COOH). 
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mmol) was added to a stirred solution of 2 (8 g, 44 mmol) in 100 
ml of absolute EtzO. The solution was stirred for 5 min and 
AcOH was added to destroy the excess C H Z N ~ .  The solution 
then was washed with HzO, 57, NaHCOa, and again with HaO 
to neutrality, and was dried (CaSO4). Evaporation left 5.6 g 
(65%) of 8 as a reddish liquid. Column chromatography on 
silica gel using CCL-CHCl3 gave pure 8 in 607, yield, n25~ 1.5187; 
tlc showed only one spot (Rr 0.53), and a single peak was ob- 
served by glpc (& -194 sec, oven temperature 112'); ir (neat) 
2965, 1735, 1700, 1440, 1360, 1250, 1115, and 940 cm-'; nmr 
(CC14) 6 2.4 (s), 2.5-3.1 (m), and 3.6 (s). 

Acetylsulfenyl Thiocyanate (12).-Thioacetic acid (8.0 g, 95% 
SH, 0.1 mol) was added a t  0" to (SCN)g (12 g, 0.1 mol), prepared 
from Pb(SCN)Z and Br2 in 1.0 1. of Et20.4 The solution was 
stirred for 15 min and then was washed rapidly with cold HzO, 
5% NaHC03, and again with HzO to neutrality, and was dried 
(CaS04). Evaporation left 12 g (90%) of a reddish liquid, bp 
44" (0.75 mm). The ir and nmr spectra were consistent with 12: 
ir (neat) 2980,2920, 2020, 1735, 1420, 1350, 1100, and 940 cm-l; 
nmr (CC1,) 6 2.48 (s) (nmr also showed slight impurities); tlc 
(benzene) indicated one large (Rf -0.6) and one very small 
spot. Elemental analysis was far from the theoretical value 
despite shipping in Dry Ice. Anal. Calcd for CaHsONSz: C, 
27.05; H ,  2.27. Found: C, 30.91; H,  4.46. Samples of the dis- 
tilled 12 formed a precipitate during 36 hr a t  ambient conditions, 
but a t  0" remained homogeneous for about 1 week and showed 
no change in ir. No attempt was made to identify decomposi- 
tion products since the 12 seemed too unstable for practicaluse. 

Decomposition of Acetyl Disulfides.-The resistance of disul- 
fides 2 , 5 ,  6, 8, 9, 11, 23, and 24 to decomposition was determined 
by the general procedures below, the per cent decomposition 
being determined by glpc analysis for 6, 8, 11, and 24, and by 
isolation for 2, 5, 9, and 23. In  all experiments, concentrations 
were 1.0 mmol of disulfide in 10 ml of dioxane. 

By G1pc.-Glpc was performed as usual (oven tempera- 
tures for 6 and 11, 82"; for 8 and 24, l12°).a Typical retention 
times (see) for various components a t  82 or 112' (*) were: 
dioxane, 19, 12*; 1,2,4-trichlorobenzene (internal standard) 
-200, 69'; 6, 120; 8, 194"; 11, 137; and 24, 89*. 

Illustratively, disulfide 6 (0.1541 g, 1.0 mmol) and 1,2,4- 
trichlorobenzene (0.1815 g) were dissolved in 10 ml of dioxane, 
and 1-ml aliquots were sealed in each of ten ampoules. The am- 
poules were wrapped in aluminum foil for protection against 
light and were heated at  100". After a time t ,  1.0 r l  from an 
ampoule was injected on the glpc column. The per cent recovery 
was calculated from the automatic peak-area Qutput of the in- 
strument by using the expression [(6 at  time t)(lOO)/(ClsCeHs 
at time t ) )  /[(6 a t  tO)/(C13CeH3 a t  t o ) ] .  

The data given below are in order of per cent recovery and of 
time t in days at  100' (in parentheses): 6, 96 ( 5 ) ,  95 (9), 85 
(14), 86 (18), and 72 (26); 8, 88 (3), 72 (7), 63 (14), 83 (19), 
72 (21), and 64 (25); 11, 100 ( 5 ) ,  92 (9), 81 (14), 79 (18), and 
74 (35); and 24, 86 (7), 85 (11), 89 (12), and 84 (17). The per 
cent decomposition (Table 11) was calculated by subtracting the 
per cent recovery from 100. 

By Isolation.-The disulfide (1.00 mmol) was dissolved in 
10 ml of dioxane in a glass ampoule, which was sealed, wrapped, 
and heated as before for the periods stated in Table 11. The 
contents then were removed from the ampoules and freeze-dried 
to constant weight a t  -0.01 mm (24 hr). Decomposition 
products were separated as described below for the various di- 
sulfideb and were dried to constant weight. The results are given 
in Table 11. Materials for which values are given were identified 
by ir spectra, melting points, and mixture melting points (us. 
authentic disulfide). With 2, the dried product was washed with 
5 ml of CHzClz to separate 2 from nearly insoluble 3,3'-dithio- 
dipropanoic acid. With 5 ,  cystamine dihydrochloride, which 
precipitated from solution, was separated by filtration. With 9, 
the dried product was washed with CH2Cl2 t o  remove 9 from 
the insoluble 2-(n-decylaniino)ethyl disulfide dihydrochloride. 
With 23, the dried product was washed with 5 ml of Et20 to 
separate 23 from the insoluble iV,N'-diacetylcystamine.zg 

Regis'ry No. -1, 30768-33-3; 2, 29070-80-2; 3, 

A.  

B. 

30768-35-5; 4,30826-40-5; 5,30453-32-8; 6 30768-37- 
7; 7, 30768-38-8; 8,  30826-41-6; 9, 30768-39-9; 10, 
1677-27-6; 11,5824-50-0; 12,30768-42-4; 22,24653-75-6. 
(20) T. J. DeBoer and H. J. Backer, Reel. Trau. Chi%. Pays-Bas, 78, 229 

(1954). 


