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Calcd. Found 

263.7 263.0 
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277.8 281.1 
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197 2 200 6 
Recrystallized from 9SCc ethanol. h Recrystallized from propanol-1. c A n a l .  Calcd.: S,  16.33. Found: S, 10.31. Recrystal l id  ' Recrystallized by dissolving in hot dimethylformamide and then adding nieth- from methanol. 

arid. A n d .  Calcd.: K, 22.09. Found: 5, 21.85. Anal. Calcd.: S, 22.09. Found: S, 21.56. 
e b or c = -CHJ(CH2CH2CS)2. 

Representative exaiiiples of X,S-bis(2-cyanoethyl)- 
aiiiinoniethylphenols described in this paper were 
screened under the direction of the Cancer Chemother- 
apy Kational Service Center, for aiiticancer activity in 
iiiicc in doses up to 200 nig. kg. and in cell culture tests. 
All  conipouiids tested were nontoxic a t  these levels. 
Agaiiist Walker 256, slight activity of the order of 25 
to 50y6 inhibition was shown by coinpounds I1 aiid 
XI11 in Table I. Otherwise no signifjcaiit inhibition 
was shown by coinpounds I-TX, XII, XIII, or XV 
against Sarcoma 180, Solid Friend Virus Leukemia, 
Leukemia 1210, Walker 256, or in cell culture tests. 
Coinpound XVI showed slight activity against Adeno- 
carcinoma 7 5 5 ,  hut was inactive against Sarcoma 180 
and Leukeiiiia 1210. 

Experimental la 

2,5-Bis( Ibis( 2-~yanoethyl)amino]methyl)hydroquinone (XII). 
-Bis(2-cyanoethyl)amine (24.6 g., 0.2 mole) in 50 ml. of meth- 
anol was added dropwise to an ice-cooled, stirred solution of 30 
nil. of 37yo aqueous formaldehyde (0.4 mole) in 30 nil. of nieth- 
anol. Hydroquinone (11 g., 0.1 mole) was added and the solution 
stirred for 10 min. on an ice bath. After the solution was refluxed 
for 4 hr., the solvents were removed by evaporation under the 
hood. The crude solid was diswlved in 20 ml. of hot dimethyl- 
formamide and sufficient methanol was added to the cooled solu- 
tion to indure rrystallization. The product (12.5 g.: 33%;, m.p. 
180-1S5") melted a t  1!)8-109° after four recrystallizntions from 
dimethylforma niide-ethanol. 

2,6-Bis ( [ bis( 2-cyanoethyl)amino! methyl } -4-chlorophenol (XV). 
-To a solution of 2,6-bis( chloroniethyl)-4-chlorophenol (22.6 g., 
0.10 mole) in 600 nil. of benzene was added <50 nil. of bis(2-cyano- 
ethy1)zruine (0.40 mole) with shaking. The solution was warnled 
ti t  65' for 15 min. and then cooled. The resulting solid, bis(2- 
cyanoethy1)amine hydrochloride (32.8 g., m.p. 144-147"), was 
removed by filtration. Evaporation of benzene from t,he filtrate 
gave 25.2 g. (63.2'1;) of solid: m.p. 123-124' after 5 recrystalliza- 
tioiis from 95C,; ethanol. A 20° depression of melting point !vas 
nhserved for a mixture of this product and the nionosubstituted 
procluc,t I, \vliic.h dso  melted at  l2Y-124'. 

(10) .-\I1 iiielting points are uncorrected. This work was  corilpleted before 
the rerliiircnient f o r  rrieltinr point corrections a e n t  in to  effect for this jour- 
nal. 

d n a l .  Calcd. for C2,H23C1S60: C, 60.22; H, 5.81; S,  21.07; 
neut. equiv., 199.5. Found: C, 60.62; H, 5.65; 5, 20.63; neut. 
equiv., 202.1. 

1 - { [Bis( 2-cyanoethyl )amino] methyl ] -2-naphthol (XVI).-This 
conipound was prepared in 74% yield from %naphthol by the 
Mannich reaction; m.p. 101-102' after recrystallization from 
ethanol. 

-1nal. Calcd. for CliHli?;3O: neut. equiv., 279.3. Found: 
neut. equiv., 280.6. 

Acknowledgment.--We wish to express our apprecia- 
tion to Mr. George Van Lear for technical assistance. 
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The first thiolsulfonate was reported in 1840 and 
in 1949 Small, et al., demonstrated antimicrobial 
activity of thiolsulfonates.lB* The structural relation- 
ship to allicin (allylthiolsulfiiiate), the antibiotic found 
ingarlic, stimulated further interest, in thiolsulfonates. 3-5 
Grishko aiid Gur'yanova discussed whether the RSQL- 
or the RS- is the active nioiety, coiicluding that the 
former could be substituted without affecting activity 
while the RS- could not and was responsible for the in- 
hibition towards microorganisms.6 I n  order to investi- 

(1) C. Lowig and S. Weidmann, P o g g .  A n n . ,  49, 323 (1840). 
(2) L. D. Small, J. H. Bailey, and C. J. Cavallito, J. Am.  Chem. Soc., 

(3) C. J. Cavallito, J. S. Buck, and C. AI .  Suter, ibid., 66, 1952 (1944). 
(4) H .  C; .  Holdyrel-, I<. .L Oar. and S. V. Evteel,a, Doki. Akad .  S a u k  

( A )  B. G. Roldyrev, L. E. Kolmakova, and T. K .  Rilozor, Zh. Olishcli. 

(fi) X. I. Crishko and  E. S. Gur'yanova, ih id . ,  29, 878 (19>9). 

71, 3565 (1949). 

S S S R ,  13Z, 34G (1YGO). 

Khim., 33, 1980 (1903). 
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gate this matter further several sets of isomers of RSOZ- 
SR' and R'S02SR were prepared, as well as a number of 
other iiiixed and syninietrical thiolsulfonates to relate 
structure with antimicrobial activity. 

The unsubstituted S-alkyl members mere prepared by 
alkylation.' 

R S O S  + R'Br + RSOpSR' + NBr 

The S-tosyl and S-trichlorovinyl esters were prepared 
by reacting the sulfenyl chloride with the sulfinate8 

RSOjll + C7H;SCl + RSO?SCiHi + hlCl 

where ;\I is silver or zinc. 
The bactericidal activity of these thiolsulfonates is 

given in Table I. h number of the compounds, namely 
those of lower niolecular weight and the acetylenic 
derivatives, have high activity. Table I1 coinpares the 
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TABLE I1 
BAC~ERIOSTA?IC L ~ L T I \ ~ I T Y  OF THIOLSULFOXATES 

RSOi SR' 
R R '  AfIDO 

Symmetrical 

CH3 CHI 12 
C sHi; CSHI7 40 
Ci& C16H33 200 
C7H7 C7H7 500 

Unsymmetrical 
C& CsHi; 6 
C&l7 CH, 12 
CHI Cl6H3I 1000 
C i J L  CH, > 1000 
CH, CiHi 40 
C7H7 CH, 34 
CSH17 C16H33 250 
C16H.43 CsHiT 1000 
C8H17 CiH7 8 
C;H7 CsHi; 0.3 
C16H33 CiH7 200 
C7H7 C I ~ H I ,  200 

a Minimum inhibitory dose in parts per million to  Staphylococ- 
cus aweus. 

bacteriostatic action of a series of symmetrical thiol- 
sulfonates and mixed isomers. It can be concluded 
from these data that the whole molecule enters into the 
toxic mechanism and that, although the toxicity toward 
bacteria of some of the isomers differs, neither the 
RS02- nor the RS- alone can be considered to be the 
active moiety. Table I11 presents data on a series of 
trichlorovinyl thiolsulfonates which were found to have 
very high bactericidal activity. 

TABLE 111 
BACTERICIDAL hCTIVITY O F  TRICHLOROYISI-L TBIOLSULFOSATES 

RSOi SCC1-CClj 

CH, 2 
CsH: 8 

n-GH; Y 
n-C4H, 8 
n-C& 250 

C& 40 

n hILDa 

4 Rlinimum lethal dose in parts per million to  Staphylococcus 
u w e  us. 

( 7 )  R. Otto, Ber.. 13, 1282 (1880). 
(8) R. 0. Roldyrev, Dokl. B k a d .  Nauk SSSR. 131, 1331 (1960). 

Experimental9 

A.-The preparation of n-butyl p-toluenethiolsulfonate illus- 
trates the general synthesis of the S-alkyl thiolsulfonates. To a 
200-ml. two-necked flask was added a mixture of 12.2 g. (0.05 
mole) of recrystallized potassiuni p-toluenethiolsulfonate,lo 97 nil. 
of acetone, and 3 nil. of water. The salt was rrushed in the sol- 
vents to insure small particle size. The flask was fitted with a 
stirrer, condenser, and heating mantle. To the flask was added 
a t  once 6.85 g. of n-butyl bromide and the mixture stirred and 
heated fur 20 hr. After completion of the reaction the mixture 
was diluted with water and transferred to a 300-nil. separatory 
funnel. The heavy organic layer was removed, diluted with 
ether, and dried over sodium sulfate. Filtration of the ether 
solution and evaporation of the ether gave 10.5 g. of crude prod- 
uct. The cdnipound was purified by thin layer chromatography 
by coating 20-mi. square glass plates to a thickness of 250 
with s i h a  gel. After activation of the plates by heating for 30 
niin. a t  1 lo",  the crude compound was applied by a small pipet 
about 2 cni. from the bottom edge, and the plate developed in a 
solvent mixture of benzene-petroleum ether-chloroform (8: 8: 1 
by volume). After the solvent had risen to the top, the plates 
were removed, and one was sprayed with 10cG sulfuric acid and 
charred a t  110'. The position of the compound on the charred 
plate indicated where to remove the silica from the other plates. 
Ether extraction of the silica from 10-20 such plates and evapora- 
tion of the ether provided a sufficient amount of compound fur 
analysis and microbiological testing. 

B.-The preparation of p-tosyl n-octanethiolsulfonate illus- 
trates the synthesis of the S-tosyl thiolsulfonates. A 250-ml. 
erlenmeyer flask containing 50 ml. of absolute ether was set on a 
magnetic stirrer in the dark and 12.55 g. (0.044 mole, approx. 10% 
excess) of silver octanesulfinatell added. To the stirring sus- 
pension 6.85 g. (0.040 mole) of p-toluenesulfenyl chloride,12 dis- 
solved in 45 ml. of absolute ether, was added in small amounts 
over a period of 2-3 min. During the addition the temperature 
rose, causing the ether to boil and the orange-red solution of ml- 
fenyl chloride to lose some of its color. After standing 15 min. in 
the dark the reaction mixture was filtered giving 9.5 g. of yellow 
solid; the theoretical requirement of silver chloride is 6.87 g. 
The pale yellow filtrate upon evaporation of the ether gave 8.8 g. 
of light yellow oil which was purified, as above, by thin layer 
chromatography. 

The S-trichlorovinyl esters were made by reaction of the zinc 
sulfinate with 1,2,2,2-tetrachloroethanesulfenyl chloride which 
has been described elsewhere.13 

Acknowledgment.-This work was supported by the 
Sational Institutes of Health under Grant A1-02793. 

(9) llicroanalyses were performed by G. Weiler and F. B. Strauss, 
hlicroanalytical Laboratories, Oxford, England. All melting points are 
corrected. 

(10) W. Spring, Ber. ,  7 ,  1157 (1874). 
(11) T. Zinke, Ann., 412, 86 (1918). 
(12)  R. Lecher, with F. Holschneider. K. Iioberle, 15.. Speer. and P. 

( 1 3 )  9. 8. Block and J. P. Weidner, submitted for publication. 

Infrared spectra were run on a Perkin-Elmer Infracord. 

Stscklin, Ber. ,  68, 409 (1925). 
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I n  previous articles we had recorded the observa- 
tion that a combination of a proper functional group 
with an appropriate radical niay lead to conipouiids 
which display in vivo pharmacodynamic activities.2 

(1) (a) Deceased. (b) Author to wiiom inuuiries should be addressed, 

(2) G. Cavallini and E. Xfassarani, .J .  J l e d .  Pharm. Chem., 1, 3fi5 (19571)). 
Research Division, Recordati S.p.A., XIilan, Italy. 


