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zation from an ethanol-ether mixture afforded 4.15 g. 
(59%) of white powder XVIIIb, m.p. 175-180° d e c , 
reported36 m.p. 175-180° dec. A mixture melting point 
with cysteine hydrochloride (m.p. 175-178°) was depressed. 

Phenyl 0-Naphthyl Disulfide (XVIIIcJ from Phenylthio-
methyl Methyl Ether.—To 0.05 mole of thiocyanogen in 
250 ml. of cold ether was added 7.7 g. (0.05 mole) of XIXa . 
After 0.5 hour, 8.1 g. (0.05 mole) of /3-thionaphthalene was 
added in portions. Workup in the usual manner and crystal­
lization of the residue from ethanol afforded 8.50 g. (63.5%) 
of XVIIIc, m.p. 74-74.5°; reported3'.38 m.p. 76°, 67.5°. 

(36) H. Bretschneider and W. Klotzer, Monalsh, Chem., 81, 589 
(1950). 

(37) H. Lecher and M. Wittwer, Ber., 55B, 1474 (1922). 

The mixture melting point with /3-thionaphthalene was 
depressed. 

3-Carboxy-6-phenyl-4,5-dithiahexanoic Acid (XVIIIa) 
from Benzylthiomethyl Methyl Ether.—A solution of 4.20 
g. (0.025 mole) of XIXb in 100 ml. of acetone was added to 
0.025 mole of thiocyanogen in 150 ml. of ether at 0. The 
yellow solution was then treated with 3.75 g. (0.025 mole) 
of mercaptosuccinic acid. Evaporation of the solvent af­
forded a brown solid which was dried over potassium hy­
droxide, washed with »-hexane and crystallized from water 
to yield 2.70 g. (40%) of XVIIIa , m.p. 148-149°. A mix­
ture melting point with an authentic sample of disulfide 
was not depressed. 

(38) H. Emde, German Patent 804,572 (1951); C. A., 
(1952). 
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Several unsymmetrical disulfides, including two unsymmetrical open-chain cystine derivatives, have been prepared in 
reasonable yield from the corresponding S-triphenylmethyl or S-(2-tetrahydropyranyl)-thioethers using thiocyanogen-zinc 
chloride. The S-benzhydryl thioethers can likewise be removed with this agent. 

In the preceding report2 it was established that 
the sulfenyl thiocyanate method4 can be applied 
to the synthesis of unsymmetrical open-chain cys­
tine derivatives. Of additional interest was the 
observation that unsymmetrical disulfides could be 
obtained directly from S-(2-tetrahydropyranyl) 
thioethers and related hemithioacetals. For ex­
ample, a 58% yield of 3-carboxy-6-phenyl-4,5-
dithiahexanoic acid (II) resulted from treatment of 
benzyl 2-tetrahydropyranyl sulfide (Ia, R = CgHs-
CH2) with thiocyanogen and mercaptosuccinic 
acid. A somewhat lower yield of II (25%) re­
sulted from a similar reaction involving S-(2-

R - S 
C6H5CH2S-

Ia, b 

-SCHCH2CO2H 

CO2H 
II 

tetrahydropyranyl)-succinic acid (Ib, R = CH-
(CO2H)CH2COzH), thiocyanogen and benzyl mer-
captan. The facile cleavage of the hemithio­
acetals by electrophiles is presumably due to the 
fact that a stabilized carbonium ion can be ejected 
from the intermediate sulfonium salt III. To 

(SCN)2 R-S+A J 
I O 
SCN 
III 

RSSCN + .0 
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test this view several other thioethers capable 
of reacting in a similar manner were considered. 

From the viewpoint of peptide synthesis the S-
triphenylmethyl group has several desirable fea­
tures. S-Tritylcysteine derivatives are usually 
easily handled solids (in contrast to the S-tetra-
hydropyranyl analogs) and have been successfully 
employed for the synthesis of peptides.5'6 In these 
preparations the trityl group was used to block the 
nitrogen and sulfur functions of cysteine; the 
former group could be selectively removed with 
warm acetic acid. Detritylation of both functions 
could be accomplished with dry hydrogen chloride 
in chloroform. The expectation that trityl sulfides 
would cleave with thiocyanogen was strengthened 
by the reported7 iodine-catalyzed conversion of 
phenyltrityl sulfide to triphenylcarbinol and di-
phenyl disulfide. 

Preparation of the desired P-trityl thioethers was 
readily accomplished in good yield by treatment of 
the appropriate mercaptan with triphenylcarbinol 
and boron fluoride. When benzyl triphenyl methyl 
sulfide (IVa, R = C6H6CH2) was added to a thio­
cyanogen solution followed by mercaptosuccinic 
acid, II was obtained in 20-28% yield with a com-

RSH + (C6Hs)3COH RSC(C6Hj)3 

II + (C6Hs)3CSCN 
IVa, b 

parable amount of trityl thiocyanate. A similar 
reaction involving S-tritylmercaptosuccinic acid 
(IVb1R = CH(CO2H)CH2CO2H), thiocyanogen and 
benzyl mercaptan produced II in 43% crude yield. 
Dibenzyl sulfide did not react with thiocyanogen. 

(5) G. Amiard, R. Heymes and I- /elluz, Bull. soc. chim. France, 
698 (1956). 

(6) L. Velluz, G. Amiard, J. Bartos, B. Goffinet and R. Heymes, 
ibid., 1464 (1956). 

(7) D. S. Tarbell and D. P. Harnish, J. Am. Chem. Soc., 74, 1862 
(1952). 
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The lower yields of I I obtained from IV com­
pared with I could reflect the decreased electron 
density around the sulfur a tom in the tri tyl sulfides. 
Therefore, it was anticipated the yield of disulfide 
might be increased by addition of a Lewis acid. 
A catalyst of this type could function either to 
cleave the trityl thioether prior to reaction with 
thiocyanogen,8 or the Lewis acid could enhance the 
reactivity of the thiocyanogen in a manner similar 
to the catalytic effect of Lewis acids on electrophiles 
in aromatic substitution. When aluminum bro­
mide was added to tr i tyl sulfides, cleavage occurred, 
bu t extensive decomposition also resulted. On the 
other hand, addition of IVb to a solution of thio­
cyanogen and boron fluoride followed by addition 
of benzyl mercaptan provided only traces of I I . 
Zinc chloride proved to be much more effective. 

When IVa was allowed to react with a thiocyano­
gen solution containing 1.2 molar equivalents of 
anhydrous zinc chloride, a yellow coloration 
was produced which was discharged on addition 
of mercaptosuccinic acid. The tr i tyl thiocyanate 
produced could be extracted with benzene leaving 
crude I I which was purified by recrystallization 
from an ethyl acetate mixture. The yield of I I 
obtained by this procedure was 7 8 % . In a similar 
manner a 4 3 % yield of pure I I resulted from IVb. 
Substitution of mercuric chloride for zinc chloride 
gave similar results; however, neither the puri ty 
nor yield of I I was increased. Zinc chloride was 
also applied to Ia ,b with substantial improvement in 
yield of I I . In an effort to develop the usefulness 
of the zinc chloride-thiocyanogen reagent the 
amount of Lewis acid employed was varied. The 
results of these experiments are recorded in Table 
I. Wi th tr i tyl sulfides an increase in the amount 
of zinc chloride employed from 0-8 moles increased 
the yields of I I from 2 0 % to 80%. The te t rahy-
dropyranyl sulfides were, however, more sensitive to 
excess zinc chloride. The amount of I I obtained 
from I was drastically reduced and with 6 moles of 
Lewis acid only a dark oil could be obtained. Max­
imum yields of I I were obtained when equivalent 
amounts of catalyst were used. 

The method was next applied to the S-(2-tetra-
hydropyranyl)-(V) and S-triphenylmethyl-(VI) de­
rivatives of N-carbobenzoxycysteine. Both V and 
Via could be obtained in good yield from the cor­
responding thiol using boron fluoride and either 
dihydropyran or triphenylcarbinol. The lat ter 
substance was stored as the crystalline diethyl-
amine salt; V was previously reported.2 At tempts 

BF3, (C6HO3COH 
CbzNH CHCO2H >• CbzNHCHCO-,R 

CH2SH Via, b C H 2 S C ( C H S ) 3 

to prepare V ia with tr iphenylmethyl chloride and 
triethylamine were unsuccessful. Trea tment of 
Via with thiocyanogen-zinc chloride followed by 
addition of cysteine hydrochloride gave monocarbo-
benzoxycystine (Vila, R = H) in 8 1 % yield. The 
material, obtained as a powder, was identical with 
an authentic sample of V i l a prepared by the 

(8) D. P. Harnish and D. S. Tarbell, J. Am. Chem. Soc., 70, 4123 
(1948), have reported cleavage of benzyl and related sulfides with 
aluminum bromide. 

NHCbz 

1, (SCN)2, ZnCl2 SCH2CHCO2R 
VorVIa.b >• | 

2, H3N
+CHCO2R SCH2CHCO2R 

I I 
CH2SH NH3

+ VIIa,b 
method of Greenstein, et al.,9-10 and with the sample 
previously2 obtained from N-carbobenzoxycysteine. 
In the lat ter case the yield was 57%. The specific 
rotation of Vi l a , obtained from Via, was [a]23D — 
120°, in close agreement with the reported10 value 
of —126°. Similar t rea tment of V likewise pro­
duced V i l a in 36% yield. The specific rotation 
of this preparation was [a]2SD —118°. The prop­
erties of V i l a produced from V were identical with 
the other samples of V i l a obtained. Methyl N-
carbobenzoxy-S-tritylcysteinate (VIb), prepared 
b y the action of diazomethane on Via, was also 
converted into an unsymmetrical open-chain 
cystine derivative. Trea tment of VIb with thio­
cyanogen-zinc chloride followed by cysteine methyl 
ester hydrochloride afforded monocarbobenzoxy-
cystine bis-methyl ester hydrochloride (VIIb), 
[a]25D - 90°, in 15.5% yield. The bis-methyl 
ester hydrochloride was previously prepared10 

by direct esterification of Vi la . The reported ro­
tation was [a]26D — 82.5°. Repetition of this 
preparation afforded authentic VIIb , [a]23D — 
86°, identical in all respects to VI Ib obtained via 
VIb. These experiments indicate tha t unsym­
metrical open-chain cystine derivatives can be pre­
pared directly from blocked cysteines or the thiol2 

with a minimal amount of racemization under 
conditions which avoid disulfide interchange. 

In order to evaluate more fully the potential of 
the sulfenyl thiocyanate method for use in the syn­
thesis of more complex cystine peptides,2 prelimi­
nary experiments on the selective removal of thio­
ethers were initiated. Since benzyl sulfides were 
inert to the action of thiocyanogen-zinc chloride, 
whereas tri tyl sulfides were rapidly cleaved with 
this reagent, the S-benzhydryl group was investi­
gated. Trea tment of S-benzhydrylmercaptosuc-
cinic acid (VIII) with thiocyanogen-zinc chloride 
followed by benzyl mercaptan afforded I I in 4 4 % 
yield. As might be expected, VI I I was cleaved 
less rapidly than IVb. Thus the S-(2-tetrahy-

(C 6 HS) 2 CHSCHCH 2 CO 2 H —>• II 
I 

CO2H VIII 

dropyranyl), S-triphenylmethyl and S-benzylhy-
dryl sulfides appear to offer a definite reactivity 
gradient toward thiocyanogen and preferential 
cleavage may well be possible. Compounds con­
taining several other S-protective groups utilized in 
peptide synthesis were treated with thiocyanogen-
zinc chloride bu t did not afford unsymmetrical 
disulfide. These included 3-carbobenzoxy-4-car-
boxy-2,2-dimethylthiazolidineu and S-benzylthio-
methylmercaptosuccinic acid.12 

(9) R. Marshall, M. Winitz, S. M. Birnbaum and J. P. Greenstein, 
ibid., 79, 4538 (1957). 

(10) L. Zervas, L. Benoiton, E. Weiss, M. Winitz and J. P. Green­
stein, ibid., 81, 1729 (1959). 

(11) J. Sheehan and D. H. Yang, ibid., 80, 1158 (1958). 
(12) P. J. E. Pimlott and G. T. Young, Proc. Chem. Soc, 257 (1958). 
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A reaction of some interest is t ha t involving S-
trityl sulfides in both steps of the sulfenyl thiocy-
anate reaction sequence. When IVb was treated 
first with thiocyanogen-zinc chloride and then IVa 
added, I I was obtained in 8 0 % yield. I t would 
appear tha t the intermediate sulfenyl thiocyanate 
I X behaves as a derivative of thiocyanogen and 

IVb + (SCN2) 
ZnCi2 

>- - H O 2 C C H 2 C H S S C N 

. IX CO2H 

ZnCl2 

IVa 
->• II 

reacts with IVa much as IVb reacted with thio­
cyanogen. T h a t zinc chloride alone may not be 
responsible for the cleavage of IV was indicated 
by t reatment of IVb with a fivefold excess of zinc 
chloride in ether. A deep yellow color was ob­
served and the solution gave a positive thiol test 
with nitroprusside, bu t addition of water and work­
up led to 90% recovery of IVb. 

The conversion of two trityl thioethers to the 
corresponding unsymmetncal disulfide is of value 
when the preparation of the corresponding mer-
captans is tedious or impractical. Further, with 
the availability of triphenylmethylmercaptan1 3 a 
number of trityl thioethers may be obtained by 
displacement of a leaving group on carbon or con­
jugate addition to an unsaturated system. These 
sulfides in turn provide unsymmetncal disulfides 
which would probably be otherwise inaccessible 
or difficultly available.14 The conversion of two 
S-trityl thioethers to the unsymmetrical disulfide 
indicates, however, t ha t symmetrical disulfides 
may also result from S-trityl derivatives. Thus 
the merits of the sulfenylthiocyanate method as a 
general route to unsymmetrical open-chain cystine 
peptides must await further evaluation. Experi­
ments of this type are currently in progress. 

Experimental15 

Benzyl Triphenylmethyl Sulfide (IVa).—Following the 
general procedure of Greeg, et al.,u 5 ml. of boron fluoride-
ether complex was added to a suspension of 12.4 g. (0.1 
mole) of benzyl mercaptan and 26.0 g. (0.1 mole) of tri-
phenylcarbinol in 70 ml. of dry ether. The solution was 
allowed to stand 0.5 hour, washed twice with 5% sodium 
hydroxide, water and dried. Removal of solvent afforded 
an oil which crystallized when triturated with hot ethanol. 
The sulfide was recrystallized from ethanol to yield 24.3 
g. (67%) of sulfide, m.p. 92-93°. 

Anal. Calcd. for C26H22S: C, 85.25; H, 6.04; S, 8.76. 
Found: C, 85.15; H, 5.90; S, 8.82. 

S-Triphenylmethyhnercaptosuccinic Acid (IVb).— 
Following the procedure described for IVa gave a 93% 

(13) N . K h a r a s c h a n d H . R . Wil l iams, J. Am. Chem. Soc, 72, 1843 
(1950). 

(14) Fo r example , M r . J . A. Kep le r of th i s L a b o r a t o r y h a s p repa red 
C 6 H 6 C O C H 2 S S C H C O C 8 H 6 rin t h e t w o t r i t y l t h ioe the r s . 

C H 2 C O C H 6 

C 6 H 6 C O C H C H 2 C O C e H 4 

S C ( C a H 6 ) 2 was ob t a ined from d ibenzoy le thy lene a n d t r i t y l 
m e r c a p t a n while C t H i C O C H i S C ( C ( H « ) i resu l ted from t r i t y l m e r c a p -
t ide and phenacy l b romide . 

(15) T h e a m i n o acids used in th i s work a r e of t h e !.-configuration 
a n d were ob t a ined from t h e M a n n Resea rch Labora to r i e s . Opt ical 
r o t a t i o n s were performed wi th a Rudolf po la r imete r model 80 equ ipped 
wi th a model 200 photoe lec t r ic a t t a c h m e n t . E l e m e n t a l ana lys i s by 
Mic ro -Tech Labora to r i e s , Skokie , 111. M e l t i n g po in t s were t a k e n in 
cap i l l a ry l tubes a n d a r e uncor rec ted . 

(16) D . C . Gregg, H . A. Idd les a n d P . W . S tea rns , J. Ore. Chem., 16, 
246 (1951). 

TABLE I 

EFFECTS OF ZINC CHLORIDE ON YIELD OF DISULFIDES FROM 

THIOETHERS 

ZnCl2 R"SH 
R - S - R ' + (SCN2) > R-S-SCN >• R - S - S - R " 

-Yie ld , % -

R R ' 

C J H ( C H I T H P " 

C t H i C H i T H P 
C i H s C H i T H P 
C<H,CHi T H P 

MSA THP 
MSA THP 
MSA THP 

M o l a r 
equiv . 

of 
Z n C h R " 

Ia 
N o n e M S A 6 

1.25 M S A 
3 . 0 M S A 
6 . 0 ' M S A 

Ib 
N o n e C B H 1 C H 2 67 (127-37) 41 
1.25 C t H ( C H i 7 8 ( 1 4 3 - 4 5 ) 57 
6 . 0 C ( H 1 C H i 82 (139-43) 57 

(Pu re 
(Crude , m .p . 

m.p . , "C.) 147-148°) 

50 (138-49) 40 
100 (142-145) 77 

80 (135) 25 
0 

C t H i C H i (C(H()jC N o n e 
C t H i C H i (C(H(J1C 1.2 

IVa 
M S A 

M S A 

IVb 

2 0 - 2 8 
78 

M S A (C(H() iC N o n e C t H 1 C H s 43 (140-45) 
M S A (CtHi) iC 8 . 0 C t H ( C H i 67 
M S A (CtHt ) iC 8.O1* C 6 H t C H i 5 5 ( 1 3 8 - 1 4 5 ) 
M S A (CtHi)aC 8 . 0 ' C t H 1 C H i 80 (147-149) 55 

" Tetrahydropyranyl. b Mercaptosuccinic acid. " The 
reaction mixture became very dark after addition of the 
sulfide and a red-brown oil formed; no disulfide could be 
isolated. d Acetonitrile was used as solvent for both 
sulfide and mercaptan. • This experiment differs from the 
others involving 'S-trityl derivatives in that the S-trityl 
derivative was added to the thiocyanogen in 10 minutes 
rather than one hour. 

yield of IVb, m.p. 189-190°. The substance was pre­
viously17 prepared in 50% yield by alkylation of mercapto­
succinic acid with triphenylmethyl chloride; m.p. 186-
187°. 

S-Benzhydrylmethylmercaptosuccinic acid (VIII) was 
prepared in 74% yield from mercaptosuccinic acid, benzhy-
drol and boron fluoride-ether complex; m.p. 163-164°. 

Anal. Calcd. for CnH16O4S: C, 64.60; H , 5.11. Found: 
C, 64.76; H, 5.26. 

N-Carbobenzoxy-S-triphenylmethylcysteine Diethyl-
amine Salt (VI).—A solution of N-carbobenzoxycysteine 
in ether was treated with triphenylcarbinol and boron 
fluoride—ether complex. After the ether solution was 
washed and dried a 10% excess of diethylamine was added. 
The precipitated salt was filtered, washed with water, and 
dried; m.p. 163-167°. Recrystallization from acetone gave 
67% of the sulfide, m.p. 165-167°. An analytical sample 
recrystallized three times from acetone melted at 168-
170°. 

Anal. Calcd. for C94H3IN2O4S: C, 71.50; H, 6.71; N, 
4.91; S, 5.61. Found: C, 71.68; H, 6.61; N, 4.80; S, 
5.74. 

Methyl N-Carbobenzoxy-S-triphenyhnethylcysteinate 
( V I b ) . - T o 5.71 g. (0.01 mole) of Vl-diethylamine salt in 
150 ml. of ether was added 30 ml. of 0.5 N hydrochloric 
acid. The mixture was shaken until the solid dissolved. 
The ether layer was washed twice with water, dried, and 
treated with excess diazomethane until the yellow color 
persisted. Evaporation of the solvent afforded a quantita­
tive yield of VIb as a thick, clear oil. 

3-Carboxy-6-phenyl-4,5-dithiahexanoic Acid (II) from S-
Triphenylmethylmercaptosuccinic Acid (IVb).—To a cold 
stirred solution of 0.0125 mole of thiocyanogen in 150 ml. 
of ether was added 13.6 g. (0.1 mole) of anhydrous zinc 
chloride followed by rapid addition of 4.91 g. (0.0125 
mole) of IVb in 100 ml. of ether. The addition re­
quired 10 minutes. The resulting mixture was treated 
immediately and rapidly with a solution of 1.55 g. (0.0125 
mole) of benzyl mercaptan in 50 ml. of ether. The bright 
yellow color obtained when the sulfide was introduced faded 
completely giving a clear, colorless solution. The solution 

(17) E. Billman and N. V. Due, Bull. soc. chim. France, [4] 35, 390 
(1924). 
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was stirred cold for 0.5 hour and at room temperature for 
1 hour. During this period an oil was deposited in the 
flask. The mixture was washed 3 times with water, 
dried and evaporated. Trituration with benzene afforded 
2.70 g. (80%) of I I , m.p . 147-148°. One recrystallization 
from a benzene-ether mixture gave 1.86 g. (55%) of di­
sulfide; reported4 m.p. 147-148°. 

3-Carboxy-6-phenyl-4,5-dithiahexanoic Acid (II) from 
S-(2-Tetrahydropyranyl) Thioethers (I).—The following 
general procedure was used to evaluate the usefulness of 
zinc chloride. To a cold solution of 0.0125 mole of thio-
cyanogen was added the desired amount of anhydrous zinc 
chloride. This was followed by addition of 0.0125 mole of 
the tetrahydropyranyl sulfide in 100 ml. of ether over a 
0.5-hour period. The reaction mixture was stirred for an 
additional 0.5 hour and then treated with 0.0125 mole of 
mercaptan during 0.33 hour. After stirring at 0-5° for 
0.5 hour and at room temperature for 1 hour the reaction 
mixture was washed 3 times with water, dried and evapo­
rated. The residue was washed with ra-hexane to remove the 
red-brown tarry substance formed, filtered and dried. Crys­
tallization of the crude material from ethyl acetate-benzene 
(1:4) gave I I . In the cases involving Ib it was necessary to 
employ an ether-dioxane mixture (3:1) to dissolve the sul­
fide. The reaction mixture became heterogeneous when 
this solution was added. When mercaptosuccinic acid was 
the mercaptan used in the second step it was added as a 
solid in small portions. Benzyl mercaptan was added as 
a solution in 50 ml. of ether. 

Monocarbobenzoxycystine (Vila) from N-Carbobenzoxy-
S-(2-tetrahydropyranyl)-cysteine (V).—To a cold solution 
of 0.01 mole of thiocyanogen in 100 ml. of ether was added 
2.06 g. (0.015 mole) of anhydrous zinc chloride followed 
by the addition of 0.01 mole of V in 100 ml. of ether over a 
period of 0.5 hour. (The free acid was prepared by suspend­
ing 4.47 g. (0.01 mole) of the benzylamine salt* in 100 
ml. of ether and shaking with 30 ml. of 0.05 N hydrochloric 
acid until complete solution. The ether layer was separated 
and dried.) The colorless solution was stirred a t 0° for 0.5 
hour then treated with a solution of 1.76 g. (0.01 mole) of 
cysteine hydrochloride monohydrate in 80 ml. of N,N-
dimethylformamide during 0.5 hour. An additional 20 
ml. of N,N-dimethylformamide was added and the solution 
stirred cold for 1 hour and a t room temperature for 1 hour. 
The solvents were removed in vacuo at room temperature to 
leave an orange oil which was washed 3 times with ether, 
treated with 150 ml. of aqueous diethylamine (5 g. per 100 
ml.) and filtered. The residue was washed with aqueous 
diethylamine, the filtrate and washings combined and acidi­
fied with excess acetic acid. The product precipitated 
on cooling and appeared as 1.34 g. (36%) of Vi la , [a]83D 
— 118° (c 1 in 5 JV hydrochloric acid). This preparation 
was identical with the material obtained from the thiol,1 

VI or cystine.10 

Monocarbobeazoxycystine (Vila) from N-Carbobenzoxy-
S-triphenylmethylcy steine (VI).—In a similar manner 0.0125 
mole of VI, generated from the diethylamine salt, afforded 
3.80 g. (81%) of Vi la , [a] 83D - 121° (c 1 in 5 N hydro­
chloric acid). 

Anal. Calcd. for C14H18N2O6S5: C, 44.9; H, 4.8; N , 
7.5; S, 17.1. Found: C, 45.07; H, 4.94; N, 7.52; S, 
16.89. 

Monocarbobenzoxycystine (Vila) was prepared from cys­
tine by the method of Greenstein, et oJ.' From 100 g. of 
cystine 10.0 g. of Vi l a was obtained, [a]uD - 120° (c 1 
in 1 N sodium hydroxide); reported'.10 - 1 2 0 ° and -117 .5° 
under the same conditions. 

Monocarbobenzoxycystine Bis-methyl Ester Hydrochlo­
ride (VIIb) from Methyl N-Carbobenzoxy-S-triphenyl-
methylcysteinates (VIb).—A 0.01-mole sample of ester, 
generated from the diethylamine salt, was treated with 
thiocyanogen and zinc chloride using the previous condi­
tions. After addition of VIb the solvents were removed 
and the semi-solid residue taken up in hot acetone. The 
precipitated solid gave a negative test for disulfide whereas 
the filtrate gave a strongly positive test. The filtrate was 
concentrated; the oily solid suspended in water and the pH 
adjusted to 6. The suspension was extracted with ethyl 
acetate, the extracts washed twice with water and dried. 
Evaporation left a gummy residue which was washed with 
ether and dried in vacuo. The resulting white powder was 
dissolved in a 2 N hydrogen chloride-methanol solution, 
evaporated twice and the residue crystallized from a meth-
anol-ether mixture to give 0.68 g. (15.5%) of VIIb, m.p . 
155-156°. 

A mixture melting point with authentic VIIb prepared by 
the method of Zervas, et al.,16 was not depressed. The 
specific rotation of the substance was [a] 83D —90° (c 1 in 
methanol), reported Ia]26D — 82.5° (c 1 in methanol). 

Monocarbobenzoxycystine Bis-methyl Ester Hydrochlo­
ride (VTIb).—The diester hydrochloride was prepared by 
the method of Zervas, et oj.,9-10 5 g. of monocarbobenzoxy­
cystine affording 3.54 g. of VIIb, m.p. 155-157°, [a]83D — 
86° (c 1 in methanol); reported9 m.p. 159-160°, Ia]23D -
82.5° (cl in methanol). 

3-Carboxy-6-phenyl-4,S-dithiahexanoic Acid (II) from 
S-Triphenylmethylmercaptosuccinic Acid (IVb) and Benzyl 
Triphenylmethyl Sulfide (IVa).—A solution of 0.01 mole of 
thiocyanogen containing 13.6 g. (0.1 mole) of zinc chloride 
in 150 ml. of ether was treated with a solution of 3.93 g. 
of IVb in 80 ml. of ether over a 0.5-hour period. The 
bright yellow solution was stirred at 0° for 0.5 hour and 
treated with 3.67 (0.01 mole) of IVa in 50 ml. of ether dur­
ing 0.5 hour. The solution was stirred 0.5 hour at 0 and 
1 hour at room temperature. The usual workup afforded 
2.17 g. (80%) of crude disulfide, m.p. 141-144°. 


