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pound I.8a-d Such a compound could possibly exert 
an antimetabolite effect if the hydrolysis occurred 
before the second p-chloroethyl group reacted with 
another purine structure.9 (3) Intermolecular cross 
linking of nucleic acids and proteilis’oa’b possibly 
through reaction of the nitrogen mustard with DNA 
and the thiosulfinate with protein sulfhydryl groups 
could occur. 

Two different routes were employed in synthesizing 
the thiosulfinates. Direct oxidation of a known di- 
sulfide with perbenzoic acidllajb was used to prepare 
the synimetrical thiosulfiriate (VIc) and a modifica- 
tion of the procedure of Backer and Kloosterziel** 
was employed in preparing both the symmetrical 
(VIc) and unsymmetrical (VIa arid VIb) compounds. 
The steps involved in the latter synthesis are shown in 
Scheiiie I. 

SCHEME I 

(1) LiAIHd 

(2) NaOH 
- 

I1 S0,Cl 
I11 

I 
R 

pyridine 
R = H ,  CH3, 

SOLNa SOCl N(CHzCH1CI), 

IV V 
N(CHpCH?C1)2 

VIa, R = H 
b, R = CH3 
C, R=N(CH*CH&1)2 

The conversion of I11 to IV was based on the work of 
Field and G r ~ n w a l d ~ ~  in reducing sulfonyl halides to 
sulfinic acids by the “inverse” addition of the hydride 
to the halide at  low t,emperature. Compound V mas 

N(CH&HZCl), 
I 

S02R’ 
VII, R = CH3 

VIII, R = CHzCOOH 
IX, R = (CHz)i&CH, 
X, It = (CH2)ZCX 

(8 )  (a) G. M. Timmis, P. D. Lawley, C. L. Leese, J. H. Lister, and G. 
Hems. Anuew. Chem., 71,44  (1959); (b) P. D. Lawley, Ann. Rept. Brit. Emp. 
Conce.r Cpn., SB, 16 (1958); (0) P. Brookes and P. D. Lawley, Biochem. .I., 
77,478 (1960); (d) G. M. Timmis, Biochem. Pharmacol.. 4, 49 (1960). 

(9) G. M. Timmis, Aduan. Cancer Res. ,  6, 639 (1961). 
(10) (a) R. J. Rutman, W. J. Steele, and C .  C .  Price, Biochem. Biophys. 

Rea. Commun.. 4, 278 (1961); (b) W. J. Steele, Proc. Am. Aaaoc. Cancer 
Rea., 3, 364 (1962). 

(11) (a) L. D. Small, J. H. Bailey, and C. J. Cavallito, J .  Am. Chem. Sac., 
69, 1710 (1947); (h) C. J. Cavallito and L. D. Small, U. S. Patent 2,508,74,5 
(19-50). 

(12) H. J. Backer and H. Kloosterziel, Rec. trau. chim., 75, 129 (1954). 
(131 L. Field and F. A. Grunwald, J. Org. Chem., 16, 946 (1951). 

prepared by a modification of the work of I<urzer14 
mho treated thioriyl chloride with sodium p-toluene- 
sulfinate. Coinpound IV ivas treated with alkyl 
halides to yield some new sulfones (VII-X). 

Proof of structure mas afforded through the prepara- 
tion of the symmetrical thiosulfinate by two different 
proceaures to  yield compounds which mere found to  be 
identical with regard to inelting point, elemental 
analysis, and infrared spectra. Sot  only does this 
procedure prove the structure of the thiosulfinates, 
but it also verifies the structure of all of the internie- 
diates, especially p-[bis(2-chloroethyl)aiiiino]benzene- 
sulfinyl chloride, which was not characterized. 

Screening Results.’j-The compounds were tested 
us.  the Ehrlich ascites carcinoma in Swiss Webster 
white mice by procedures described previously. 16a,b 

The results are recorded in Table I in which the coni- 

TABLE I 
SCREESING TESTS vs. THE EHRLICH ASCTITES C A R C I ~ Y O M A ~  

Compd 

IV 

T’Ia 

VIkl 

TIC 

TI1 

T’III 

I S  

x 
XI 

hlortal- 
Dose,b i ty of 

ma./kg./ treated 
day 

69 * 
100 
124* 
100 
65 
loo* 
69 * 
64 
54 
.5 6 
66 * 
100 
60 
5 i  

126* 
63 * 
60 
95* 
6B 
1233 
56 * 
69 
66 * 
70 
70 * 
66 

A I . . W t .  I 

clianpe 
T, C. g. 

5 .3 /4 .n 
4 . 2 / 5 . 3  
3.0/8.1 
4.1/6.2 
4.6/5,4 
3 . 1 / 6 . 2  
3.6/4.0 
2 . 5 / 4 . 6  
3 . 4 / 4 . 4  
4 . 8 / 5 . 9  
4.8/4.9 
3.9/5.1 
4 . 6 / 4 . 9  
3,7/4.2 
6.2/8.1 
6 .3 /6 .9  
t5.1/6. 2 
5.6 /8 .1  
6 . 9 / 6 . 9  
6.8/8.1 
*5 .6 /6 .4  
3 . 0 / 3  . 5  
4 1/49 
3 .  l/.i. 7 
4 .8 /4 .6  
4 , 3 / 4 . 9  

__ A v .  TPCV-- 

ml. controls 
T IC ,  of 

2.1/1.6 >lo0 
1.8/2.3 ’78 
1.5/2.6 58 
1.4/2.9 48 

0 . 6 / 2 . 4  25 
1 .1/2.2 50 
0.3/1.6 1 R 
0.2/0,9 2’2 
0 . 0 5 / 0 . 4 7  11 
2.1/2.2 9 6 
1.9/2. i 70 
1.5/1,6 94 

2,5/2 . 6  96 
1.6/1.9 84 
1 , 5 / 2 . 0  i a  

2.2/2 . 6 85 
2. 1/1 . o  >loo 
2.0/2.6 i l  

2 . 3 / % . 2  > l o o  
1.6/1 7 $1  
3.1/2.9 >loo 
2.0/2.4 8:3 
1 .G/l . 6  100 
2.2/2.4 92 

1.7/2.8 61 

2.3/l.S >100 

r- 

m- 

Q T = treated, C = control, TPCT’ = total packed-cell vol- 
ume. Average mortality of control groups to day of assay = 
335,. The asterisks indicate that the compound vas SIIS- 
pended in O.C)(  NaC1; all others were suspended in olive oil. 

pounds are designated by the Roman numerals used to 
identify the compounds in the text of this paper 
The rapid increase in body weight of control mice is 
a measure of the accumulation of tumor cells and ascitic 
fluid (column 4). However, the total packed-cell 
volume of tumor cells (TPCV) (columns 5 and 6) 
determined on the sixth day after intraperitoneal 
transplantation of the tumor is the most reliable 
index of the iiiultiplication of the tumor cells. The 
(14) F. Kurzer. J .  Chem. Sac., 549 (1953). 
(15) The authors wish to  thank  XIessrs. Meyers Pouell  and L ~ n o n s  Hall 

(16) (a) J. E. Wilson, J. L. Irvin, J. E. Suggs, and K. Liu. Canrer Res. ,  19, 
(b) J. E. Wilson, ,I. E. Siipes and J. I,. I r \  in,  Cancer Res.  S u p -  

for t h e  testing of these compounds. 
272 (1959); 
plement, 21, 692 (1961). 
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had strong absorption a t  1310 and 1140 mi.-' dne to -SO,- 
stretching. The nsynimetrical -Sur stretching peak (1310 
ern-') occurred a t  n slightly higher frequency than the methyl 
sulfone. This was due to  the electron-attracting abilky of the 
acidic group which conveyed a stronger double bond character 
to the sulfur-oxygen 

;Lnal. Calrd. for CI?H1,C1,NS04: C, 42.36; H, 4.44; C1, 
20.84; N, 4.11; S, 9.42. Found: C, 41.63: H, 4.59; C1, 20.81; 

N,N-Bis(2-chloroethyl)-p-(hexadecylsulfonyl)aniline (IX).- 
To 1 g. (0.0033 mole) of sodium p-[bis(2-chloroethyl)aniino]- 
benzenesulfinate in 25 nil. of nbsolute ethanol there was added 
5 ml. of 1-broniohexadecane. This was refluxed for about 7-8 
hr., the solid was filtered, washed with wat,er and absolute 
ethanol, and air-dried; yield, 60%); m.p. 60-52'. 

The infrared absorption was similar to that of VI11 at' 1300 
and 1140-1150 cm.-'. I n  addition, the long-chain sulfone had 
a strong band at  2930 cm.-' and a medium band a t  1460 cm.7 ,  
both indicative of C-H stretching in the hexadecyl group.28 

Anal.  Calcd. for C26H4iC1~SOzS: C, 61.60; H, 8.95; c1, 
13.99; K, 2.76: S, 6.32. Found: C, 61.55; H, 9.09; C1, 13.59; 
N, 2.45; S, 6.20. 

N,N-Bis(2-chloroethyl)sulfanilylbutyronitrile (X).-To a 
solution of 3.0 g. (0.01 mole) of IV in 125 ml. of absolute ethanol 
was added 2.09 g. (0.01 mole) of r-iodobutyronitrile. The re- 
sulting mixture was refluxed for 3-4 hr. After cooling, the 
solvent was evaporated and the residue was triturated with rold 
water and ether. The produrt was recrystallized from absolute 
ethanol to give 1.39 g. (40%) of a crystalline product, m.p. 74-75', 
This compound absorbed strongly a t  1300 and 1140-1150 cm.-l, 
similar to 1-11 and IX. In addition, it possessed the character- 
istir peak a t  2280 em.-' due to the cyano group. 

Anal. Calcd. for ClaHl&l,N?O,S: C, 48.14; H, 5.19; C1, 
20.30; N,  8.02; S, 9.18. Found: C, 48.01; H, 5.12; C1, 20.23; 
N, 7.95; S, 9.09. 

p-[Bis(2-chloroethyl)amino] benzenesulfinyl Chloride (VI).- 
To n solution of 27 nil. of oxalyl chloride in 180 ml. of chloro- 
form, immersed in an ice-salt bath was added 18 g. (0.056 mole) 
of sodium p-[bis(2-rhloroethyl)amino]benzenesulfinate and t'he 
mixture was allowed to stand a t  -5" for several hours until there 
was no visible bubbling. I t  was then filtered into 500 ml. of 
cold ligroin and stirred until an orange precipitate came out. 
This was filtered immediately, washed wit,h several portions of 
cold ligroin, and dried between several sheets of filter paper. 
This product was used immediately in synthesizing the thio- 
sulfinates. The filtrate was refrigerated (-15') with an addi- 
tional 100 ml. of ligroin and more compound was isolated. The 
approximate yield of the orange solid was 837,. S o  accurate 
melting point nor analysis could be obtained for this compound 
due to it,s instability. If the orange solid were allowed to stand 
in the air for a few minutes, i t  was found to decompose and turn 
into a gummy mass. When a drop of phenet,ole was added, 
this gummy solid, dissolved in cold sulfuric acid, turned blue 
indicating the presence of a sulfinic acid (Smiles' test).29 Since 
the ease of decomposit,ion of the sulfinyl chloride depended on the 
humidity, this reaction must be carried out under very anhydrous 
conditions. Thionyl chloride was also found to be a sat,isfactory 
chlorinating agent. 

Preparation of the Thiosulfinates (VIa-c).-The preparation of 
S-( p-tolyl) p -  [bis( 2-chloroethyl)amino] thiobenzenesulfinate (VIb) 
is presented as an example of the procedure followed in preparing 
all three thiosulfinates. 

To a mixture of 1.2 g. (0.0093 mole) of p-toluenethiol, 1.0 
ml. of dry pyridine, and 15 ml. of dry rhloroform in an ice bath, 
there was slowly added a solution of 2.8 g. (0.0093 mole) of 
p-  [bis(2-chloroethyl)amino] benzenesulfinyl chloride in 15 ml. 
of dry chloroform. The solution was warmed between 40-50" 
for 10 min., cooled, and poured slowly into a cold solution of 
S ml. of 1 .1' sulfuric acid and 30 ml. of water. The layers were 
separated, the chloroform was washed with two 15-ml. port,ions 
of cold water, dried (MgSO1), filtered, and cooled to -10". 
To this was slowly added, with stirring, 380 ml. of cold ligroin. 
The flask was then srratched until a small quantity of solid pre- 

N, 4.44; s, 9.90. 

(27) T. hIomose. Y. Ueda, and T. shoji ,  Chem. Phnrm. Bull. (Tokyo), 6, 

(28) K. Nakanishi, "Infrared Absorption Spectrosropp," Holden-Day 

(29) A. I. Vogel, "Piactical Organic Chemistrj ," 3rd Ed., John Wilpy and 

415 (1958). 

Inc., San  Francisco, Calif., 1962, pp. 20-23. 

Sons, Inc., New Tork ,  S. Y., 1962, p. 1078. 

ripitated, and the solution was refrigerated (-10') for several 
hours during which time a voluminous solid fomied. This was 
filt,ered and recrystallized from cold chloroform and ligroin. 
A second crop was obtained by returning the filtrate to the re- 
frigerator ( -10') for several days with an additional quantity of 
ligroin. This afforded the compound as a light yellow solid in 
567, yield, m.p. 91-92'. 

Anal. Calcd. for CI;H1&1?NOS?: C, 52.57; H, 4.93; C1, 
18.26; N, 3.61; S, 16.51. Found: C ,  Fi2.34; H, ri.07; C1, 18.34: 
S, 3.75; S, 16.45. 

S-Phenyl p-  [bis( 2-rhloroethyl)aniino] thiobenzenesulfinate 
(VIa) was prepared in an analogous manner exrept that two dif- 
ferent fractions were obtained during the isolation. The first 
fraction was a yellow solid, m.p. 132-138", and its infrared 
spectrum was identical with that of S-{ p-[bis(2-chloroethyl)- 
amino] phenyl ] p-[bis( 2-chloroethyl)amino] t~hiobenzenesulfonate. 
The second fraction was obtained by adding an additional 240 
ml. of cold ligroin to the cold chloroform solution and allowing 
it to stand for several days a t  -10". More product was ob- 
tained by adding additional ligroin to t,he filtrate. This gave the 
desired product as a light yellow solid in 19cc yield, n1.p. 69.5- 
71.5'. 

Anal. Calcd. for C16H&12NOS2: C, 51.33; H, 4.57; C1, 
18.94: N,  3.76; S, 17.13. Found: C, 51.39: H, 4.62, C1, 
18.85: N, 3.88: S. 17.25. 

S-{ p-[bis(2-chloroethyl)amino]phenyl} p-[bis(2-rhloroethyl)- 
amino] thiobenzenesulfinate (VIc) was prepared in an analogous 
manner, only one fraction being obtained. Recrystallization 
from cold chloroform and ligroin afforded a yellow solid in 7 6 5  
yield, m.p. 109". 

Anal. Calcd. for CIOH~~CLNQOSI: C. 46.70: H. 4.70: C1. 
27.57; N, 5.45; S, 12.47. Found: C, 46.34; H, 4 58; C1, 
27.59, N, 5.31; S, 12.58. 

Bredereck and co-workers30 found that the absorption bands 
of a disulfide were present, neglerting small differences in wave 
length and relative intensities, in all the spertra of its osida- 
tion products. The oxidized rompoundq, however, possessed 
additional bands characteristic of the particular oxidation state. 
The spectrum of S-p-tolyl p-toluenethiosulfinate contained an 
additional band a t  1094 cm.-1 which was assigned to the S=O 
linkage. This additional peak was between the S=O absorption 
of a sulfoxide (1040-1060 cm.-l) and the S=O absorption of a 
sulfinic acid ester (1126-1136 c m . 3 )  or a sulfinic acid chloride 
(1150 

Carson and W0ng31 also reported strong absorption a t  1093 
cm.-1 for p-tolyl p-toluenethiosulfinate. They stated that the 
compound did not absorb between 1163 and 1110 em.-', thus 
showing the absence of a -SO?- group in the thiosulfonates. 
Protogen-B (8-lipoic arid) had the S=O absorption at 1040 
rm.-l. 3 2  

The spectra of S-{ p-[bis(2-chloroethyl)amino]phenyl] p-[bis- 
(2-~hloroethyl)amino]thiobenzenesulfinate (VIc), made ma the 
perbenzoic acid or the sulfinyl chloride method, were the same, 
This established that the chlorosulfonation of bis(2-chloroethy1)- 
aniline occurred in the para position. I n  comparing the spec- 
trum of this thiosulfinate to the corresponding disulfide it was 
seen that the former spectrum had a distinct peak a t  1070 cm.-l 
due to S=O absorption. Also the thiosulfinate showed no addi- 
tional absorption betmen 1110 and 1163 cm.-l. The spectra of 
the two unsymmetrical thiosulfinates had the same S=O ab- 
sorption peak as the symmetrical compound. The S=O absorp- 
tion in these three thiosulfinates was a t  a lower frequency 
than reported by Bredereck, unless we assume that the peak 
a t  1100 cm.-lin the disulfide had shifted to the lower frequency of 
1060-1070 em.-' in the thiosulfinates. Then the peak a t  1090- 
1100 cm.-lin the latter spectra was due to the S=O absorption. 

S-{ p -  [Bis(2-chloroethyl)amino]phenyl] p -  [Bis(f-chloro- 
ethyl)amino] thiobenzenesulfonate (XI).-This was prepared by 
the same procedure as presented for the thiosulfinates, only the 
mode of isolation was different. The thiosulfinates were found to 
disproportionate into a thiosulfonate and a disulfide if they were 
isolated by pouring the chloroform solution into ligroin a t  room 
temperature and then placing the solution into the refrigerator 
( - 10"). Various mercaptans such as doderyl merraptan, 

(30) H. Bredereck, A. Wanner, H. Berk, and R. J .  Klein, Chrm. Ber. ,  93, 

(31) J. F. Carson and F. F. Wong, J .  Ore. Chem., 26, 1467 (1961). 
(32) J. A. Brockman, E. L. R. Stokstad, E. L. Patterson, J. V. Pierce, 

2736 (1960). 

M. Macchi, and F. P. Day, J .  Am.  Chem. Soc., 74, 1868 (1952). 




