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hands appeared. Band 1 had ltt en. 0.:>">, the usual thiol-
sulfonate position, and band 2 AJf ca. O.N, usually associated with 
a disulfide. Band 1 was extracted with ether and a crystalline 
material melting at (KM).")0 was obtained. Band 2 gave mica-like 
flakes which melted at N!M)0°. Since the two compounds melted 
so closely and since the previously described compound, p-
CHsCsHiSOoSCsI^Br-p, was reported to melt at 107°,u it was 
important to prove 1haf both p-bromophenyl p-toluenethiol-
sulfonate and bis(p-bromophenyl) disulfide were present. A 
comparison of the infrared spectrum of the material from band 
2 with a spectrum of an authentic sample of bislp-bromophenyl i 
disulfide, mp N(M)1°, showed the two to be identical. The spec­
trum of the crystals from band 1 was identical with that of the 
recrystalli/ed compound of mp !);i..j-94.o°. With these data 
and confirmation by the elemental analysis it appears that the 
compound reported by Loudon1-' may not have been jo-bromo-
phenyl p-tolueiiethiolsulfonate: total yield of thiolsulfonate 
(KS(),SK') from this reaction, 2.:j g (07''v ). 

In order to determine the fate of the SCF3 group, the reaction 
between triflnoromethyl p-toluenethiolsulfonate and thiophenol 
was performed in a sealed system containing a gas cell. Trifluoro-
methyl p-toluenethiolsulfonate (2..">f> g, 0.01 mole} was dissolved 
in 10 ml of absolute EtOH in a heavy-wall tube and frozen with 
liquid X3. To this was added 1.1 g (0.01 mole) of thiophenol and 
the system was evacuated. The reaction tube was then allowed 
to warm to room temperature, the gas cell was removed, and 
spectra were determined. 

The solution from the reaction tube was allowed to stand over­
night, and a crystalline product which melted at 7.V-770 was 
separated. Chromatography of the remaining solution gave 
more material melting at 7.1-77° and another substance melting 
at .">()-,")S°. The ('(impound, phenyl /j-toluenelhiolsulfonate. has 
been reported as melting at 76-77°.15 Commercial phenyl di­
sulfide, mp 5!)-(i()°, and the disulfide isolated had identical in­
frared spectra. Total yield of phenyl p-toluenethiolsulfonate 
was l.Kj g (4:i''( ). 

B. Reactions with Amines (Table III). -A solution of 0.N7 g 
(0.01 mole) of morpholine in 10 ml of absolute ether was treated 
with 1.28 g (O.OOo mole) of crude trifiuoromethyl p-toluenethiol­
sulfonate in 10 ml of absolute ether. (The 100 r

( molar excess 
of morpholine was not necessary.) The reaction was immediate 
and exothermic and caused some of the ether to boil away. 
The remaining ether was removed by moderate heat and the 
gelatinous mass was taken up in warm 2-propanol, then cooled 
at 4° for several hours. From the solution ().!) g (7.V () of white 
crystals were; recovered, mp 144°. Two more recrystallations 
from 2-propanol gave a compound which had strong SO., ab­
sorption and was identified as p-toluenesulfonmorpholide. 

A similar experiment' using piperazine in absolute EtOH 
produced a white crystalline material: S05 absorption, identified 
as bis-p-toluenesulionpiperaxide. 

Antibacterial Testing.- Bactericidal activity as the minimum 
let hid concentration (MLC) to Staphylococcus aureus was de­
termined by the broth dilution method.16 Trypticase soy broth 
made up to one-eighth the normal strength was employed to make 
serial dilutions of the compounds. This lower strength broth still 
produced heavy growth of the bacteria in 24 hr at 37° but pre­
sented less opportunity for undesirable reaction of the ingredients 
of the medium with the compounds. After 24 hr of incubation, 
the broth in each dilution tube was streaked onto full-strength 
trypticase soy agar in Petri plates and incubated for 24 hr to 
determine the presence or absence of bacterial colonies. 
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I t has recently been found in this laboratory that 
2,2'-dithiodipyridine inhibits the respiration and gly­
colysis of Ehrlich ascites tumor.2 .Further studies3 

have shown that 2,2'-dithiodipyridine and 4,4'-dithio-
dipyridine react readily and irreversibly with thiols. 

-N *J-s-s- J + 2RSH 
2 

H 

+ RSSR (1) 

as shown in eq L and tha t this reaction, when occurring 
in metabolically active cells (mouse liver and kidney. 
Ehrlich ascites tumor), can also cause the enzyme-
mediated oxidation of nonsulfhydryl metabolites, such 
as glucose 0-phosphate.4"' 

In the present communication we report further 
studies on the effect of a number of other disulfides, 
aliphatic and heterocyclic, on the carbohydrate metab­
olism of Ehrlich ascites tumor. In all cases, the effect 
of the corresponding thiol has also been studied. 

Results and Discussion 

Table I reports the results of the nnuiometric experi­
ments. l\Iost of the thiols (or thiones) studied have no 
significant effect on Ehrlich ascites tumor metabolism; 
only cysteamine (I) and X.X'-dimethylcysteamine 
(II) cause a substantial inhibition of Qo,- In addition. 
I stimulates Qo»(('0 and Qch, and inhibits Qcb, if 
sufficient time is allowed. 

Among the disulfides, it is apparent that two types 
of action can be distinguished: (a) strong inhibition of 
glycolysis and of respiration by X I I I , XIV, X V I I , 
X V I I I , X X I , and X X I I (the effect of these compounds 
is similar to that of 2.2'-dithiodipyridine);2 and (b) 
moderate or negligible inhibition of anaerobic glycolysis 
and of respiration, accompanied by apparent stimula­
tion of aerobic glycolysis (accumulation of lactate in the 
presence of oxygen) by XV, XVI , X I X , and X X I I I . 

(1) (aj Th is inves t iga t ion v.as s u p p o r t e d by Publ ic Hea l th Service Re­
search G r a n t CA 08038-01, from the N a t i o n a l C a n c e r I n s t i t u t e , (b) P a r t of 
t h e d a t a r epor t ed here h a v e been presen ted at t h e 3rd I n t e r n a t i o n a l M e e t i n g 
i,f Medicinal Chemist r\ Chiinie TherapMil i . iue) . Par i s , t r a n c e , July l!)f>7. 
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"Experiments were carried out at 37° for 1 hr, except when indicated otherwise. Q values are jul/mg dry weight of ascitic fluid per hr. QQ, = rate of G2 uptake in air; Q o / C ) = rate of O 
uptake in air in the presence of 0.05 M glucose; Qoo, = rale of C0 2 evolution in 0 2 - C 0 2 (95:5) in the presence of 0.05 M glucose; Q"o, = rate of C0 2 evolution in Nr-COj (95:5) in the pres­
ence of 0.01 M glucose. bCommercial products. "NSC means no significant change was noted. These values were found to vary within a wide range (—30 to + 4 7 ) in eight different experi­
ments. d F . J. McQuillin and J. Stewart, / . Chem. Soc, 2966 (1955). c C. Hath, Ann., 487, 105 (1931). ^ II. S. Forrest and J. Walker, ,/. Chem. Soc, 1939 (1948). It, was found advantageous to 
carry out the reaction in dimethylformamide instead of ethanol. « T. Suzuki, K. Imacda, M. Kubota, and II. Takagi, Japan. J. /'harm. Chem., 22, 464 (1950); Chem. Abstr., 45, 8458e (1951). 
'• A. M. Comrie and J. B. Stenlake, / . Chem. Soc, 1853 (1958). ' Olin Matheson Chemical Corp., German Patent 1,224,744 (Sept 15, 1966). ' See Experimental Section. * W. II. Miller, H. O. 
Roblin, and E. B. Astwood, J. Am. Chem. Soc., 67, 2201 (1945). ' T. Kametani, K. Fukumoto, and O. Umezawa, Japan. J. Pharm. Chem., 31, 132 (1959); Chem. Abstr., 54, 11019a (1960); see 
also S. Kubota and T. Akitu,,/. Pharm. Soc. Japan, 81, 515 (1961); Chem. Abstr., 55,19920a (1961). 
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Within the group of compounds studied, type a effect 
is given by aliphatic or heterocyclic disulfides containing 
amino groups. If the basicity of the amino nitrogens 
is decreased, as for instance by X-acetylation of cysta-
mine (to give XV). or by introduction of appropriate 
ring substituents in heterocyclic bases (to give XIX or 
XXIII), the compounds acquire type b effect. A 
similar change is obtained when the amino groups of 
cystamine are replaced by carboxyls (to give XVI). 
It is interesting to note that formation of the X-oxide 
(to give XVIII) does not alter the type a effect of 
2,2'-dithiodipyridine. 

The solubility of XX and XXIV was very low; a 
concentration comparable to that of the other disulfides 
studied could not be attained. At the maximum pos­
sible concentration these two compounds had no signifi­
cant effect on the properties studied. 

The accumulation of lactate from glucose, caused by 
action of type b compounds on Ehrlich ascites cells in 
air, indicates that the formation of pyruvate through 
the glycolytic pathway is not prevented by these com­
pounds. However, the further oxidation of pyruvate 
through the Krebs cycle is undoubtedly inhibited. 
There appears thus to be a selective inhibition of the 
Krebs cycle by type b compounds, while the glycolytic 
pathway is relatively undisturbed. Compounds of 
type a, on the other hand, are strong inhibitors of the 
glycolytic pathway. The study of these compounds at 
the enzyme and molecular level is being continued. 

Skrede, et a/.,6 have studied the effect of several 
disulfides on citrate oxidation by rat liver mitochondria. 
It is interesting to note that compounds which we clas­
sify as type a were inhibitory, whereas compounds of 
type b were not. Thus, eystamine at 2 X 10~~3 .1/ 
inhibited respiration to the extent of 70%, in the first 
hour; on the other hand, at the same concentration. 
.X,N'-diacetylcystamine caused no inhibition of mito­
chondrial oxidation of citrate. 

Experimental Section 

Materials and Methods. Manometry.—These experiments 
were carried out as reported previously,2 except that, for the aero­
bic glycolysis, instead of lactate determination, the COa evolu­
tion in a atmosphere of ()L>-CO_> (95:5) was determined in 
Krebs-Ringer bicarbonate buffer, pH 7.4. The amount of heparin 
added was 50 U.H.P. units/ml of ascitic fluid. 

Solubility.--These experiments were carried out as described 
previously2 and are reported in Table I I . 

Melting points were determined on the Fisher-Johns block. 
6,6'-Dithiodinieotinic Acid (XIX). -6-Mercaptonicotinic acid 

was oxidized with iodine and KI at pll 7, according to the pro­
cedure described by Fox and Ciibas.' The disulfide was purified 
bv repeated extraction with hot acetone; mp 265°, quantitative 
yield. 

01) S. Skrede , J . l i r cmer , a n d L. L ld ja rn Biochem. J., 98 , 838 (1905). 
U ) 11. II . Fox a n d J . T. G ibas , ./. Org. Chtm., 23 , 6-1 (1958). 

Anal. Calcd for C,T[sX,04>S2: (', 46.75; 11, 2.62. Found: 
C. 47.11 : H, 2.S2. 

6,6'-Dithiodinicotinamide (XX). 6-Mercaptonicoiinamide was 
oxidized with iodine and KI in alkaline medium (KOH), accord­
ing to the procedure described by .Miller, el at.* The disulfide 
was recrystallized from 2-propauol: mp 263-265°, yield 60'",. 

Anal.' Calcd for (Y:II„,X.,02S;,: (', 47.04: II, .'(.20. Found: 
('. 46.:S4: II, :i.57. 

2,2'-Dithiodipyrimidine (.XXI). --2-Mereaptopyrimidine was 
oxidized with iodine and KI in alkaline medium.8 The product 
was recrystallized from ethyl acetate-petroleum ether (bp (ill-
110°); mp l.S<l-14()°, yield 5:!','. 

Anal. Calcd for (MI„XiS2: (', 4:i.22: 11, 2.72. Found: (', 
4:S.57; II, 2.05. 

6,6'-DimethyI-2,2'-dithiodipyrimidine (XXII).9 2-Mercapto-b-
methylpyrimidine was oxidized in the same manner.8 The 
product was recrystallized from acetone-petroleum ether tbp 
:-!0-60°): mj) 10N-1000, yield !)()'','. 

Anal. Calcd for CnJboX^.,; ( ' ,47.06; 11,4.02. Found: C, 
4N.:tt>: II, :!.0O. 
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: 8 ; K. .Miller. V. S. Crowley , and M. L. Moore . ./. ,1m. Cln-m. .>V.. 64, 
2822 (1942). 

'()) Use of tills c o m p o u n d for an t i c ance r tes t ing lias been repor ted by It. 
M . R a u e n and H, Nonliof. Arzneimittel-Forxh., 13 , 558 (19(Wj. No pro­
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The synthesis of X-acylated cysteines1"3 as mu­
colytic agents was extended to include some new ear-
boxamides,4"" typified by L-2-acetamido-3~mercapto-
propionamide (2), the amide of N-acetyl-L-cysteine 
(NAC). Only two 2-amino-3-mercaptopropionamides 
have been reported"'7 previously. 2-Amino-N-/3-
naphthyl-IrS-mercaptopropionamide6 was prepared in 
connection with oxytocin studies, and 2-amino-3-mer-
capto-X'-n-oetadecylpropionamide7 was obtained in 
crude form for use as an emulsifying agent. 

Chemistry.- -Despite unsuccessful attempts by earlier 
investigators8'9 to obtain L-cystine diamide dihydro-
chloride (19)9 by ammonolysis of L-cystine dimethyl 
ester dihydrochloride,10 we have found that 19 can be 
isolated in good yield, provided complete conversion to 
the dihydrochloride is assured by acidification with 

l.]J T. A. .Martin and ( ' . \V. Waller. U. S. P a t e n t 8.184,505 (J0(i5). 
(2) T. A. M a r t i n . J. R. Cor r igan , a n d C. \Y, Waller, ,/. Org. Chem.. 30, 

2839 (1965). 
(3) T. A. M a r t i n . !) , 11. Causey , and ,1. R. Cor r igan , manuscr ip t in p repa­

ra t ion . 
(-1) A detai led s t u d y of m a n y of these c o m p o u n d s , and their precursors , 

as po ten t ia l a m i n o acid an t agon i s t s will be repor ted elsewhere. 
(5) A. L. Shetfuer. I". S. Patent . :i,252,860 (1966), lias disclosed the use of 

these c o m p o u n d s in hair waving composi t ions . 
(U) II . T u p p y , t". Wiesbauer , a n d K. Win te rsberger , Munatsh., 94 , .'121 

(11)63); A. Lindner , K. S tok laska , and K. Win te rsberger , Chem. Ahslr.. 
6 1 , 15940a (1964) . 

(7) M . l ' ieser, L. I'ieser, K. ToromanotT, Y. I l i r a la . II . Heymant i , M. Teffl , 
and S. IShat tacharyn , ./. Am. Chem. So,'., 78 , 2825 (1956). 

i8) J . \Y. Swan . Proceedings of the i n t e r n a t i o n a l Wool Text i le Research 
Conference, Aust ra l ia . 1955, Vol. C, p 25. 

(01 1. W. S t ap l e ton and J. \V. Swan, Australian ./. Chem., 15, 106 (1962: . 
; 10) L. Zervas and I. Pho tak i , ,/. Am. Chem. Soc, 84 , 3887 (1962). 


