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acetamide IIg which was identical with that previously prepared
by acetylation of Ila as indicated by infrared spectra and paper
chromatographic analysis. Tle ethyl acetate insoluble muaterial
was crystallized from absolute methanol giving 130 mg. (4375
of diacetate Ilc (identical with previously prepared viaterial by
infrared spectra and paper chromatographic aaalysiz).  This
was stibjected to n.m.r. spectral analysis to determine whether
deuterium had becorae incorporated at position 1 by exchange.
By the methods previously described, it was found that no deu-
terium exchange had taken place.

Reaction of Mitomycin C with Acetic Deuterioacid without
Subsequent Acetylation (Test of Deuterium Incorporation
into Methoxyamine Ila).—Mitomycin C (750 mg., 2.2 bunoles)
was stirred in w sealed flask with 30 mi. of acetic dewterioncid
for 5 hr. at room tewperature. The acid wag then removed
i vacuo abd a sntall sninple of the residue was spotred on a thin
layver plate.  Aralvsis of this plate alter developiment showed
the residue to consist primarily of the acetnmide ITh with
srnaller amounts of methoxyamme Ila and an unidentified
snbstance (trace) which rn fast in the system used. The
residite was disgolved in the mininnmn volume of hot neetone and
410 mg. (50.59%) of the acetamide ITh crystallized in three crops
on cooling the solution.  The filtrate wax evaporated to dryuess,
and the residue was dissolved in the minimum amoint of meth-
anol and introduced onto a neutral ahnmina cohumu (Brockun
grade ITI). Elutioa with ethyl acetate and then 10, methanol
i ethyl acetate reimoved the fast-running unidentified substance.
Then elution with 307 methanol in ethyd acetate gave a red
band which yielded an additional 3005 wg., 57, of the acetamide
1Ih upon evaporation of the =olvent. Finally ehrtion with
alsolute methanol followed Dy 307, wethauol-water guve an
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intense purple-ced band which wis shown to be methoxyanine
1Ta by thin layer chromatography.  This was recliromatographaol
in a sipdlar mauner v yield 106.8 1ag., 14.29, o pure 1u ax a
residue,  An i spectninn of this compound showed all of
the featnres of the previously obtained spectrum of Ha and iu-
(egration of the 6 5.87 483 multiplet in the usual nanner showed
the presence of 4 protons (Lo no denterinn bound to earbons
s 1 the peevios spectrunt.

Preparation of Deuterated Methoxy Derivative Ila. - A
solufion 0,10 g. (0.3 nunole) of witomyein Cin 200l of absolini e
methanol and .20 i of glieial acetie acid was refluxed gently
for 5 hree aud left ar reon tewperature for an additional 8 hr.
Solvents were then evaporated 7 racao, toluene being added 1,
help rewove traces of acetic acid. The resulting red residue was
dissolved in a0 small amount of wethansd aud passed outo an
ahting cohnun (Woehn, neutrsl,  Brockumm anetivity 111
Fhution with methanol produced two fractions, the first being
purpie and containing mostly nnregeted mitomyein C. A second
red fraction followed closely and yielded cry=tals after evapora-
tion aud addition of water.  Recrystallization fromn water vielded
BU-35 mg. (30-357) of 1Ta, homogenoms on thin laver ehron-
fography, £2¢ 0.05-1).10.

In a similar manner wethanol-¢ and acetie acid-d were cui-
ploved i converting mirtomyein C 1o a deuternted methyl ether.
Al mitrogen-hound deuteriun was re-exchanged in the work-up
and recrvstallization proceduve, leaving only earbou-bound den-
teriii 1o the prodwet. Analogy with dincetate 1D dietated
that dewternin meorporation woudd be exclisively at position
,oand dntegration of vhe deye 3870833 nultipled i the war.
spectinn <howed it to be neorporated there (o the extent »f
approximately ar
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Three new thiosulfinates containing a nitrogen raustard molety were prepared by treating p-|bis(2-chiovo-

ethyhamino}benzenesnifinyl chloride with substituted thiophenols in the presence of pyridine.

The sulfmyi

cldoride was synthesized from the corresponding suifonyl chioride by reduetion with lithinnm ahnminum hydride

followed by treatment wirh oxalyi chloride.

In addition, several new sulfones containing a nitrogen mustard

moiety were prepared by treating an alkyl halide with soditn p-[big(2-chdoroethyl)aminolbenzenesuifinate.
The antitumor activity of these compounds was studied in mice agninst the Elirlich ascites earcinoma.

Weisberger and Pensky®*® observed antitumor

activity in several symmetrical thiosulfinates [-S-
(0)-8-1, & molety present in such naturally occurring
plants as garlic.?®*® Kametani, et al.,**® synthesized
additional symmetrical thiosulfinates which were ef-
fective against the Ehrlich ascites carcinoma.

The primary objective of the present research was to
synthesize new thiosulfinates which contained a nitro-
gen mustard moiety. It was considered possible
that these compounds might have antitumor aectivity

(11 (a) This work was supported by Public Health Service Research Grants
-6364, (CA-06364-02, CA-06364-03, atd (CA-02756-08 from the National
C'ancer Institute, and in a small part frem the American Cancer Society In-
stitutional Grant to the University of North Carolina. (b) Fellow of the
American Foundation for Pharmaceutical Lldication (1959-1963). AlL-
stracted in part from the dissertation of Allen F. Hirsch submitted to the
CGraditate School of the University of North Carolina in parttal fulfilltnent of
the renquirements for the degree of Doctor of Philosophy, 1963. (¢) T'o whom
inqairies should he sent.

(21 1a) A. & Weisberger and J. Pensky, Science, 126, 1112 (1857): (1»
Cancer Res., 18, 1301 (1958).

(31 (a) A. Stoll and Ii. Seebeck, Hele. Chim. Acta, 32, 197 (1D40): {10
. J. Cavallito and J. H. Bailey, J. A»i. Chem. Sor., 66, 1950 (1944).
¢ (4) (a) T. Rametani, K. Fakumoto, aml O. Thnezawa, Yarkugake Keokyie,
33, 60, (1959): (1] ilad., 38, 125 (1850).

for several reasons. (1) Prom the standpoint of re-
action with essential sulfliydryl groups, both thiosul-
finates®® and nitrogen mustards’ could exhibit such
reactivitiess consequently, a combination of the two
moieties in one compound could yield a type of dual
antagonist.” (2) An interaction between one arm
of the nitrogen mustard and the N-7 of guanine nuelco-
tides could yield an unstable quaternary ammonium
compound which upon hydrolysis would give com-

OH (“H,(‘,H;—IT O—S('O) —8 @- R
N

N) f > CH.CH.C1
/J%N '\T/

I. R =H, CH;. N(CH.CH.Cl),

H.N

51 (a) . J. Cavallito, 1. 8. Buek, and C. M. Suter, J. Am. Clhem. Soc.,
66, 1952 (19441; () E. D. Wills, Biochem. J., 63, 514 (1956).

{6y WL O Rose, Ann. N, Y. Acad. Sev., 68, 669 (1958).

Ty T L Bardps, Z. T4, Papanastassinn, A, Segaloff, anl 1. 1.
Natwec, 188, 309 (1141).
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pound 154 Such a compound could possibly exert.
an antimetabolite effect if the hydrolysis occurred
before the second B-chloroethyl group reacted with
another purine structure.® (3) Intermolecular cross
linking of nucleic acids and proteins®™® 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 acid"®? was used to prepare
the symmetrical thiosulfinate (VIe), and a modifica-
tion of the procedure of Backer and Kloosterziel'?
was employed in preparing both the synunetrical
(VIe) and unsymmetrical (VIa and VIb) compounds.
The steps involved in the latter synthesis are shown in
Scheme I.

ScHEME |
N(CH2CH,Cl)» N(CH,CH.Cl)2
CISO,H (1) LiAlH,
(2) NaOH
11 S0.C1
111
SH
N(CH,CH:C}), N(CH.CH.C}),
(COCl, R
pyridine
R=H. CHa.
SO.;Na SOC1 N(CH:CH,C),
v \Y

N(CH:CH.Cl)

Lo—s{ Hn

VIa,R=H
b,R=CH;
¢, R=N(CH;CH:Cl),

The conversion of III to IV was based on the work of
Field and Grunwald!® in reducing sulfonyl halides to
sulfinic acids by the “inverse’” addition of the hydride
to the halide at low temperature. Compound V was

N({CH,CH,CD),
SO,R’
VII, R = CH;
VIII, R = CH.COOH
IX, R = (CH,;);CH;
X, R = (CH:);CN

(8) (a) G. M. Timmis, P. D. Lawley, C. L. Leese, J. H. Lister, and G.
Hems, Angew. Chem., T1, 44 (1959): (b) P. D. Lawley. Ann. Rept. Brit. Emp.
Cancer Cpn., 36, 16 (1958): (c) P. Brookes and P. D. Lawley, Biockem. J.,
77, 478 (1960): (d) G. M. Timmis, Biochem. Pharmacol.. 4, 49 (1960).

(9) G. M. Timmis, Advan. Cancer Res., 6, 639 (1961).

(10) (a) R. J. Rutman, W. J. Steele, and C. C. Price. Biochem. Biophys.
Res. Commun., 4, 278 (1961): (b) W. J. Steele, Proc. Am. Assoc. Cancer
Res., 8, 364 (1962).

(11) (a) L. D. Small, J. H. Bailey, and C. J. Cavallito. J. Am. Chem. Soc.,
69, 1710 (1947); (b) C. J. Cavallito and L. D. Small, U. 8. Patent 2,508,745
(1950).

(12) H.J. Backer and H., Kloosterziel, Rec. trav. chim.. T3, 129 (1954).

(13) L. Field and F. A. Grunwald, J. Org. Chem., 16, 946 (1951).
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prepared by a modification of the work of Kurzer'
who treated thionyl chloride with sodium p-toluene-
sulfinate. Compound IV was treated with alkyl
halides to yield some new sulfones (VII-X).

Proof of structure was afforded through the prepara-
tion of the symunetrical thiosulfinate by two different
procedures to yield compounds which were found to be
identical with regard to melting point, elemental
analysis, and infrared spectra. Not only does this
procedure prove the structure of the thiosulfinates,
but it also verifies the structure of all of the interme-
diates, especially p-[bis(2-chloroethyl)amino Jbenzene-~
sulfinyl chloride, which was not characterized.

Screening Results.!>—The compounds were tested
vs. the Ehrlich ascites carcinoma in Swiss Webster
white mice by procedures deseribed previously.'®®
The results are recorded in Table I in which the com-

TasLE I
ScREENING TrsTs vs. THE EnRllcH AsciTEs CARCINOMA®

Mortal-
Dose,? ity of Av.wt,  ———Av. TPC Ve
mg./kg./  treated change T/C, Yo of
Compil. day group T,C. g. ml, controls
IV 69* 0/8 53/49 2.1/1.6  >100
100 2/8 4.2/5.3 1.8/2.3 78
VIa 124* 1/8 3.0/8.1 1.5/2.6 58
100 0/8 4.1/6.2 1.4/2.9 48
65 0/8 4.6/5.4 1.7/2.8 61
VIb 100* 1/8 3.1/6.2 0.6/2.4 25
69* 1/8 3.6/4.9 1.1/2.2 50)
64 0/8 2.5/4.6 0.3/1.6 19
54 0/8 3.4/4.4 0.2/0.9 22
56 1/8 4.8/5.9 0.05/0.47 11
VIe 66* 0/8  4.8/4.9 2.1/2.2 96
100 2/8 3.9/56.1 1.9/2.7 70
60 1/8 46/4.9 1.5/1.6 94
57 0/8 3.7/4.2 2.3/1.8 >100
VII 126* 5/8 6.2/8.1 2.5/2.6 96
63* 1/8  6.3/6.9 1.6/1.9 84
60 2/8 5.1/6.2 1.5/2.0 75
VIII 5% 2/8  5.6/8.1 2.2/2.6 85
66 0/8 6.9/6.9 2.1/1.9  >100
IX 125% 6/8 6.8/8.1 2.0/2.6 77
56* 1/8 5.6/6.4 2.3/2.2 >100
69 0/8 3.0/3.5 1.6/1.7 9
X 66* 4/8 4.1/49 3.1/2.9 >100
70 3/8 5.1/5.7  2.0/2.4 83
XI 0% 0/S  4.8/46 1.6/1.6 100
66 1/8 4.5/49 2.2/2.4 92

e T = treated, C = control, TPCV = total packed-cell vol-
ume. Average mortality of control groups to day of assay =
33%.. ®The asterisks indicate that the comipound was sus-
pended in 0.997 NaCl; 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 multiplication of the tumor cells. The

(14) F. Kurzer, J. Chem. Soc.. 549 (1953).

(15) The authors wish to thank Messrs. Meyers Powell and Lynons Hall
for the testing of these compounds.

(16) (a) J. E. Wilson, J, L, Irvin, J. E. Suggs, and K. Liu, Cancer Res.. 19,

272 (1959): (b) J. E. Wilson. J. F. Suggs, and J. L. Irvin, Cancer Res. Sup-
plement, 21, 692 (1961).
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dosages reeorded in colune 2 were divided into two
intraperitoncal  injections/day  commencing 24 hr,
after transplantation of the tumor and continuing for
1.5 days.

On the basis of significantly lower TPCV 1n treated
mice I compartson with econtrols, two thiosulfinate
nitrogen mustards (Vla and V1b) showed sufficient
activity to warrant further study.  The low solubilities
of the various compounds could have contributed to
the absence of significant antitumor activity,

Experimental'

S-{ p-[Bis(2-chloroethyl)amino]phenyl} p-[Bis(2-chioro-
ethyl)amino]thiobenzenesulfinate (VIc) by Perbenzoic Acid
Oxidation.—To 3.00 g. (0.00602 mwole) of 4,4’-dithiobis[N,N-
bis(2-chlaroethyl)aniline]™ m 50 . of reagent chloroform,
cooled to (1°, was added dropwise 0.831 g. [0.00602 1nole) of
perbenzole aeid contained in 7.5 ml. of stack salution.t The
solution was stirred at room temperature for 50 min., enoled to
10°, .md wi whed with & mi. of cold 57, NaHCO; solution, 10
nl of 295 NaHCO; solution, and 10 mi. of cold water. The
combined aqueous extracts were washed with two 10-mi. por-
tions of chloroformy, and thus was combined with the original
chloroform solution which was subsecuently dried (MgSo,).
The chioroforin solution was cooled to = 10° aud 320 . of cold
ligroia (66-75°) was added. The raixture was kept at —15°
overnight, and the precipitate was rentoved by filtratian and air-
dried; vield, 5170 mup. 10S-109°,
Anal.  Caled, for CeHuCLNL.OS.:

71N A45; NS 12470 Found:
27.62: N, 5360 % 12.65.
N,N-Bis(2-chioroethyljaniline (II). -Fither the procedure
of Robinson and Watt= or that of Ilderfield wd co-workers=t
was followed, but in both cases the fival product was vaannn
distilled and then immedintely vecevstallized from anlivdrous
methanol.

N,N-Bis(2-chioroethyl)suifaniiyl Chloride (III).—To 98 g.
(1,45 mole) of N, N-bis(2-clloroethyDaniline in 250 ml of ren-
gent cldoroform was slowly added o solution of FS 1wl (2,25
yoles) of eblorasulfonie acid in 250wl of reagent chiovoform
buintaining the temperature of the reaction between 15-20°,
The addition took approximately I I, The sohrtion was ve-
fluxed for approximately 711 e, with stireing, conled, and slowly
poured into a 4-1. beaker containing a rapidiy stirred ice-water
wixture.  The chloroforin and water lavers were separated, the
aqueons phase washed with one 230-inl. poction and one HIO-nd.
portion of chloroform.  The chlorofirm extracts were cambined
and washed with two 150-ml portions of cold water.  The chioro-
forin solitioa was then slowly poured into 3 1. of cold petroleum
cther (30-60°) and the green-gray solid was collected and dried
inmmedintely over phosphoris peatoxide.  Additioaal produet
was obtained by adding to the filtrate an equal volume ot pelro-
leann ether and storing overnight at — L The light green-gray
solid was isolated in 6157 vield, in.p. 99.5-101°,

The infrared spectrum showed  the desired  symmetrieal
and asynunetrical 8O absorption peaks at 1165-1175 and
1360 en 7L, respectively.®*  In addition, the absorption due )
1:4 aromatic substitutian was found at 10490 and 815 em, - Lk

Anal. Caled. for CpHRCLENOGS: ¢, 3793 H, 2s2: ClL
304, 'N'. 4,42, % 10830 Found: ¢, 3%07; H, +0b ¢
N, 434 8, 002,

C, 46.70; M. £70; (L.
(, 46.26: H, 4.06; L

3
33.50;

117) Infrared spectra were ohtained employing potassinm bromide disks
on w Perkin-Flmer Infracord, Mndel 137, ralibraled by polystyrene film.
Melting poinls are enrrected.

{18) M. M. Benn. L. N. Owen, and A, M, Creightan, J. Chem. Sae., 2800
11958).

(1) M. GHman and A, H. Blatr, “Organic Syntheses,” Coll. Vol, T, 2ml
Ol Jobn Wiley aml Sens, Ino . New York, NU Y., 1938, p. 431,

20) R. Robinson and J. 8. Wart, J. Chem. Sve., 1536 (1934,

21) R. €. Ebierfield, I. S Covey, Jo B Genlos-hek, Wo Lo Mever, N 10
lh;« ol T 11 Ross, J. Urp. Chem., 23, 1749 (103R),

y W. Nuakonishi, “'lafrared Absorption Speetrpseppy.”’
we br m(m o, Cabf., W62, p. 210,

1 ia) L. J. Bellamy, “The Infrared Spectra of Chipnplex Mdlecoles,”
’nd Kd.. ot \\ iley aml] Sens, Ine.,, New York, NU Y. 1562, p. T8, Ly ).
Bomsteir. Anal. Chont., 28, 512 11452),
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Sodium p- [Bis(Z-chloroethyI)aminolbenlenesutlinate 11V,
oo sugpension of B g (017 molel of NUN-bis 2a-hdorocthiyds
salfouily ddonde in 100 1111 o diy ethier (here was slowls
added a muxture of 0wl of o bV Hthunn aluonmrm ivdesde
solution=tand FOU il of drey ether, mamntaiving (e temperatire
between 0-3° duriug the addition.  About 50 viin. was required
{or the addition, wfter which the solntion was allowed 1o coe
fo roon teiperature, refluxed gentdy Hor abom 65 i, oud
stivred for o1 additional D0 whie e vaan fempermoure. The
solution was raoled, 200 il of codd water slowly was added.
Tollowed Dy the woldition of 200l of 1, =ndfurie aeid, resnhing
i twn davers ad o brown ginoray mass. The layers were sepu-
rted and the agueous fayver was resnubined with the bimwn
s and vigorously shaken with theee 100-mmd. portions of ether
until the mass was completely in solutioun. The ether lavers
were combined and washed with severnd 25-1ml. portions of 157,
NaOH sohition until the washings were alimost colorless.  The
compound was crystallized by cooling 1 = 157 for 1 he., stoving
at 3° for 4 hr,, and filtering in the vold. The solid was -
mediately drvied over phosphorus perdoxide.  Additional ea-
pound was nbhtained by gtoring the filteate o€ =15 Tor T i
and then at 5% for several honrs; vield, i87 based on the oo
hvdeate: nep. B3 1Ase,

This enmpound lad adiree strong absorbing penks at 35,
HQO5, aud 960 e ' The fivst peak was due to the absorption
uf the mole of warer e wolecule mnd the two latter peaks were
due 1y the absorption of the sodhim sulfinate group.

Al Caled. Tor CLuHLOLN NSO HLO: 37200 1L 408s:
Clo22.000 N £550 800, Fouud: . 37000 H. 44s: CL
2105 N, 4.20; =, 1007,

Recrystallization can be achieved, i desired, by dissolving 14
p.of sndinm sulfbuite 57 il of water and allowing it 1o eryvstal-
lzeat A7

Wiienr o small porion of the atkaline solutian was earefully
acidified with |V HCTto pH 6, no solid precipitated. By adding
mare ieid, however, an immediate precipitate was produced which
wis presinnably the Tree sulfinde acid. TF any p-his(2-¢hdons-
cthvDamino|benzenethint had been tormes] during the veaetion,
(his should bave precipttated out at pH 6.

N,N-Bis(2-chioroethy! }-p-( methyisuifonyijaniline (VII).
To 2 g 0066 wole) of sodino p-[bis(2-chioroethybnmino!-
benzenesnlfinate in 75 mil. of abselute ethanol there was added
owly a solution of 15wl of wethyl iodide in 5wl of ahsolute
ethaml. The mixture was velluxed tor 22 ey, the solvent was
retmoved under reduced pressuve, and the residual rved oil was
added 1o 30 mb of vhdoroform. A white solid precipitated, aud
the solution was washed with two Sand. portions of water. The
eblorotorm solution was dried (NS0, filtered, aud sullicient
hgrotn was added nutit the solution turned cloudy. Ty was then
placed in the deep treeze Tor several hours and viekded a yoliow
precipitate which enntoined some black twr. This was filtered
aund washed with water.  The solid was again dissolved in o sraall
atnomt of ebloroform and eough ligromm was added ) bring
ot the black tar. Thesolution was decanted and suflicient ligroin
wis ddded v ause crvstallization; vield, A1, np. S8-80°,

This componud absorbed strongly =€ 1300 and 11401150
i, o Phese bauds were in agreement with the findings of
Barnard and ao-workers® who compured the speciin of seven
stlfones e the solid s solntion states, and found Che o
potinds i the solid =tiie Uy absorb i the rauge oF PO TE20
ancd FAd0- 100 e

beots Caled. for
N, i Tl’y =,
5, vk , HLOS.

N I\-BIS( -chloroeth)l)sulfamlylacetlc Acid (VIIT).—T'o 5.0 g,
00003 moley of sodimm p-[bis(2-chloroethyl)amino|benzene-
sulfinate in 250 wil. of :111301ute ethanol there was added a solu-
tion of 14O g (0010 mole) of jodoacetic neid in 25 i, of absolhate
ethanol. The mixture was refluxed for 6 he. The ethanol was
remmoved under reduced pressure, and the resniting residuce was
dissolved i1 a 117, aqueous sodium carbonate sohrtion contaaiing
a staall eryvstal of sodima thiosuifate.  This was then treated
with 2 .V HCL and. upon standing, long whire needles were ob-
tained in 407, vield, nep. F41-143°,

This compound showed the typieal peaks of a4 carboxylic
sorld dimer an 30002500, 1500, 1435, aud 440 corm U 1 also

CaHCLNOS: )
1083, Found: (.

4460 HL oS0 O
4487, H, 507 CL

RN \\’ Coorawn, (hy. Keaclivis, 8§, 483 (19515,
- Detoni orad D Hodzil Jo Clepn, Serc 3103 (11555,
. Borowed oML Fabion, wad H. Po Koele dad.,

2140 C1ha,
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had strong absorption at 1310 and 1140 em.~! due to —SOy
stretching. The asyviumetrical —SOx stretching peak (1310
en 7Y occurred at a slightly higher frequency than the methyl
sulfone. This was due to the electron-attracting ability of the
acidic group which conveyed a stronger double bond character
to the sulfur-oxygen bond.#

Anal. Caled. for Ci.H;ClLNSO,: C, 42.36; H, 4.44; C}
20.84; N, 4.11; §, 9.42. Found: C, 41.63; H, 4.59; Cl, 20.81;
N, 4.44; 8, 9.90.

N,N-Bis(2-chloroethyi)-p-(hexadecylsulfonyi)aniiine (IX)—
To 1 g. (0.0033 mole) of sodium p-[bis(2-chloroethyl)anino]-
benzenesulfinate in 25 ml. of absolute ethanol there was added
5 ml. of 1-bromohexadecane. This was refluxed for about 7-8
hr., the solid was filtered, washed with water and absolute
ethanol, and air-dried; yield, 60%; m.p. 50-52°.

The infrared absorption was similar to that of VIII at 1300
and 1140-1150 ecm.~!. In addition, the long-chain sulfone had
a strong band at 2930 cm. ! and a medium band at 1460 cm.™!,
both indicative of C-H stretching in the hexadecyl group.?

Anal. Caled. for CoHyClLNOSS: C, 61.60; H, 895; C],
13.99; N, 2.76; §, 6.32. Found: C, 61.55; H, 9.09; Cl, 13.59;
N, 2.45; S, 6.20.

N,N-Bis(2-chloroethyi)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 y-todobutyronitrile. The re-
stiiting mixture was refluxed for 3-4 hr. After cooling, the
solvent was evaporated and the residue was triturated with cold
water and ether. The product was recrystallized from absolute
ethanol to give 1.39 g. (409,) of a crystalline product, m.p. 74-75°.
This compound absorbed strongly at 1300 and 1140-1150 em. %,
similar to VII and IX. In addition, it possessed the character-
istic peak at 2280 cni. ! due to the cyano group.

Anal. Caled. for CiHCLN.0,S: C, 48.14; H, 5.19; C],
20.30; N, 8.02; S, 9.18. Found: C, 48.01; H, 5.12; Cl, 20.23;
N, 7.95; S,9.00.

p-[Bis(2-chloroethyi )Jamino}benzenesulfinyl Chloride (VI).—
To a solution of 27 ml. of oxaly! 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-chloroethyl)amino]benzenesulfinate and the
mixture was allowed to stand at 5° for several hours until there
was no visible bubbling. It was then fiitered into 500 ml. of
cold ligroin and stirred until an orange precipitate came out.
This was filtered immediately, washed with 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 83%.. No accurate
melting point nor analysis could be obtained for this compound
due to its instability. If the orange solid were allowed to stand
in the air for a few minutes, it was found to decompose and turn
into a gummy mass. When a drop of phenetole was added,
this gunimy solid, dissolved in cold sulfuric acid, turned blue
indicating the presence of a sulfinic acid (Smiles’ test).2® Since
the ease of decomposition 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 satisfactory
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 chloroform in an ice bath,
there was slowly added a solution of 2.8 g. (0.0093 mole) of
p-[bis(2-chloroethyl)amino]benzenesuifinyl 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
8 ml. of 1 N sulfuric acid and 30 ml. of water. The layers were
separated, the chloroform was washed with two 15-ml. portions
of cold water, dried (MgS0,), filtered, and cooled to —10°.
To this was slowly added, with stirring, 380 ml. of cold ligroin.
The flask was then scratched until a small quantity of solid pre-

(27) T. Momose, Y. Ueda, and T. Shoji. Chem. Pharm. Bull. (Tokyo). 6,
415 (1958).

(28) K. Nakantshi, "'Infrared Absorption Spectroscopy,' Holden-Day
Inec., San Francisco, Calif., 1962, pp. 20-23.

(29) A. 1 Vogel, ''Practical Organtc Chemistry,"* 3rd Rd., John Wiley and
Somns. Ime., New York, N. Y., 1962, p. 1078,
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cipitated, and the solution was refrigerated (—10°) for several
hours during which time a voluiminous solid formed. This was
filtered 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
569 yield, m.p. 91-92°,

Anal. Caled. for C:H,)CLNOS:: C, 52.57; H, 4.93; (],
18.26; N, 3.61; § 16.51. Found: C, 52.34; H, 5.07; Cl, 18.34;
N, 3.75; 8, 16.45.

S-Phenyl p-[bis(2-chloroethyl)aminolthiobenzenesulfinate
(VIa) was prepared in an analogous manner except 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]thiobenzenesulfonate.
The second fraction was obtained by adding an additional 240
ml. of cold ligroin to the cold chioroform solution and allowing
it to stand for several days at —10°. More product was ob-
tained by adding additional ligroin to the filtrate. This gave the
desired product as a light yellow solid in 199% yield, m.p. 69.5-
71.5°.

Anal. Caled. for CisHi:CLNOS,: C, 51.33; H, 4.57; Ci,
18.94; N, 3.76; S, 17.13. Found: C, 51.39; H, 4.62; Cl,
18.85; N, 3.88; S, 17.25.

S-{ p-[bis(2-chloroethyl)amino]phenyl}] p-[bis(2-chloroethy!)-
amino]thiobenzenesulfinate (VIc) was prepared in an analogous
manner, only one fraction being obtained. Recrystallization
from cold chloroform and ligroin afforded a yvellow solid in 767,
yield, m.p. 109°.

Anal. Caled. for CpHaCLN.OS,: C, 46.70; H, 4.70; Cl,
27.57; N, 5.45; S, 12.47. Found: C, 46.34; H, 4.58; Cl,
27.59: N, 5.31; S, 12.58.

Bredereck and co-workers® fonnd that the absorption bands
of a disulfide were present, neglecting small differences in wave
length and relative intensities, in all the spectra of its oxida-
tion products. The oxidized compounds, however, possessed
additional bands characteristic of the particular oxidation state.
The spectrum of S-p-tolyl p-toluenethiosulfinate contained an
additional band at 1094 cm.~! which was assigned to the S=0
linkage. This additional peak was between the S=O absorption
of a sulfoxide (1040-1060 cm.~!) and the S=O absorption of a
sulfinic acid ester (1126-1136 cm.~!) or a sulfinic acid chloride
(1150 cm. ~1).%

Carson and Wong?! also reported strong absorption at 1093
em. ! for p-tolyl p-toluenethiosulfinate. They stated that the
compound did not absorb between 1163 and 1110 cm.~¢ thus
showing the absence of a —SO.— group in the thiosulfonates.
Protogen-B (g-lipoic acid) had the S=O absorption at 1040
cm. ~1.32

The spectra of S-{p-[bis(2-chloroethyl)amino]phenyl} p-[bis-
(2-chloroethyl)amino]thiobenzenesulfinate (VIc), made via the
perbenzoic acid or the sulfinyl chloride method, were the same,
This established that the chlorosulfonation of bis(2-chloroethyl)-
aniline occurred in the para position. In comparing the spec-
trum of this thiosulfinate to the corresponding disulfide it was
seen that the former spectrum had a distinct peak at 1070 cm. !
due to 8=0 absorption. Also the thiosulfinate showed no addi-
tional absorption between 1110 and 1163 cm.~t. The spectra of
the two unsymmetrical thiosulfinates had the same S=O0 ab-
sorption peak as the symmetrical compound. The S=0 absorp-
tion in these three thiosulfinates was at a lower frequency
than reported by Bredereck, unless we assume that the peak
at 1100 em. 7! in the disulfide had shifted to the lower frequency of
1060-1070 em.~! in the thiosulfinates. Then the peak at 1090~
1100 cm. ! in the latter spectra was due to the S=0 absorption.

S-{p-[Bis(2-chloroethyl)amino] phenyl} p-[Bis(2-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 at room
temperature and then placing the solution into the refrigerator
(—10°). Various mercaptans stich as dodecyl mercaptan,

(30) H. Bredereck, A. Wagner, H. Beck, and R. J. Klein, Chem. Ber., 98,
2736 (1960).

(31) J. F. Carson and F. F. Wong, J. Org. Chem.. 36, 1467 (1961).

(32) J. A, Brockman, E. L. R. Stokstad, E. L, Patterson. J. V. Pterce,
M. Maechi, and F. P, Day, J. Am. Chem. Soc.. T4, 1868 (1952).
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thiophenol, and tliotolnene were sed in making the thiosulfinates
and in each cage the sane synunetrical thiosulfonate was obtained.
The yellow solid was recrystallized from absolute ethanol and had
ap. of 136=139°.  The disulfide was not recovered.

In comparing the spectra of this thiosulfonate with it~ cor-
responding disulfide there were fonnd twa large peaks at 1135
ared 1300 emi 7t due to asyuunetrical and symuuetrical R0
absorption.®3  In addition, the peak at 1100 cu 't in the di-
sulfide has shifted to 1075 o ~Uin the thiosuiifouate, which is in
agreement with the assumption wade concerning the Se-(
peak in the thiosnifinate.

Anal. Caled, for CoHeCLNORS: €, 45.2a; H, 4.56; (1,
26.74: N, 5280 812000 Found: C045.16: M, 4.71; CL26.20:
N, 5.35; 8, 11.82,

Reaction of S-(p-Tolyl) p-[Bis(2-chioroethyl)amino}thio-
benzenesulfinate (VIb) with Triphenylphosphine.—Tle pro-
cedure emiployed by Carson and Wong?' was followed.  In a test
tthe was placed 0.6 g. (0.0023 mole) of triphenylphospliine and
0.882 ¢ 10.0023 mole) af S-(p-tolvl)  p-[bis(2-chidorocthivi)-

Gt Cyroetotme-Craie and Jo 1 Williso L Oherin Sees 132 {15511

Vol R

antnoltldobenzenesultinate,  They  weee  mixed and  gentiy
shaken together.  After 15 min., the dey imixture bad not liquehed
to a yvellow el wg reported iy Carson aunl Wong with their
thiosalfinanes. Fhe tube was allowed 1o <taud overnighn, heo
1 was warnied o water hath for 30 min. The =olid velted
when wartned and re-fomued asa vellow =olid at voota tempera e,
This was dizsolved in 4 wmb of henzene, and 200 mil. of petmoleum
ether was added. The misture was sefrigerated  for severd
hows and filtered, and the solid was washied with =everal portions
of petrolem cther,  Te was rvedissolved iun o smadl amount of
benzene, and penmleiia ether agnin was added.  The resulting
white =olid had a nup.of 1541377 This confirmed the presence
ol a reretive nxygen on te sulfur won An tusuceeessful an-
tempt wis nacde O solite the disulfide Tonn the chibrofors
Hitrate.

Sinee the entectic mixtire reported by Carson and Wong did
it form of it= own necord, a blank was un to verify thay the
oxidation of the rriphenyiphosphine was tuly caused by the
thinsulfinate.  Fhe ouly prodiret that was i=olnted from the blank
wis i white solid melting at 70- Therefore, it can be
assiined i the oxidstion was eansed by the thiosndbiusae.

Enzyme-Alterable Alkylating Agents.
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In 1 search for short-lived alkylating agents snitable for intraarterial injection in cancer chemotherapy, 2

series of 2-bromo- and 2-iodoethy] suifur mnstards has been synthesized.

The mnstards have the general strue-

ture, XCH,CH,S(CH.),CONHCH,CH,.NHCO(CH.),SCH,CH,X, where X is o halogen ntom and » is an integer

from 1 to 4.
(Dasafunction of n, 1 > 2 >3 > 4.

proximately (1.2 sec. at 37°, extrapolated from rate data at # lower temperature.
nwstards can be designed with extremely short half-lives utilizing two regulatory factors:

The hydrolvtic stability decreased in the following order:
One broma mustard (n = 4) was synthesized which had a half-life of ap-

(1) asafunction of X, Ci > 1> Br, and

These data indicate that suifur
(1) the relative mclon-

philiity of the sulfur atom ag controlled by the integer », and (27 the type of halogen on the earbon 3 to the

sulfur atow.

The therapeutic effectiviness of the alkylating
agents in cancer chemotherapy is limited by the unde-
sirable side effects normally associated with these dirugs
when they are administered in sufficient dose to cause
tumor regression. Because of the great scnsitivity of
one or more elements of the bone marrow, many at-
tempts to by-pass this area have been proposed.®
The current intraarterial infusion technique depends
for its success on the rapid and complete decomposition
of the agent after it has passed through the tumor
and prior to its contact with bone marrow. Ina pre-
vious search for short biologieal life agents suitable for

(1 (a) Touis investigation was supported in part by a rescarch grant
(C'Y-2478) from the National Cancer Instititte of the National Institotes
nf Tlealth, Pyblic Health Service, and a contraet (SA-43-ph-3740) from the
I'ield Investigations and l)emonstrations Branch, Nattonal Cancer Institute
»f 1he National Institnles of Health, Pablic Health Setvice. (b) The cntn-
oounds reported herein were submitter]l to the Cancer Chemotberapy
National Nervice Center for Sereening. This agency publishes its resalcs
in supplements to Cancey Research (entitled Cancer Chemotherapy Sereenisg
Datw). Data an compnqmis sitbmitted 1o 1his groap will appear in futnre
snpplements.

(21 (a) 8. MeFarlaml, N, B. Granville, and W. Damershek. Blond, 14,
503 (1959); (bl O. Creech, Jr., E. T. Kremontz, R. F. Ryan, and J. N.
Winblad, Anp. Strg,, 148, 816 (1958): (e) M. K. Chnrad and W, H. Crysby.
Blood. 16, 1089 (1860): (d) 1. . Miller and W. Lawrence, Proc. A dasee,
Cancer Res., 3, 251 (1961): (e) C. T, Klepp, 'I'. C. Alford, 1. Baleman, (i, N.
Berrry, and 1. Winship, A»u. Surg., 132, 811 (1950).

intraarterial infusion, a large number of sulfur mustards
were synthesized and evaluated.  Among thesi were
bifunctional sulfur mustards with half-lives as short as
14 see.  The reaetion meehanism for these mustards
was studied in detail and the parameters controlling
reactivity were reported.?

In wiew of the short circulation time in man, however,
further reduction in the half-lives of these agents was
considered necessary to prevent significant guantitios
of the agent from reaching sensitive, nontumor areas
after intraarterial injeetion to the tumor site. An
analysis of the quantitative data for the first-order
reaction rates of chloro sulfur mustards? indicates a
low probability of sclecting substituents that would
further shorten the half-lives of these agents. There-
fore, an alternate approach was sought.

Because the bromine and iodine atoms possess better
leaving properties than the chlorine atom,* the former
would be expeeted to vield sulfur mustards that eyelize
{and react) nore rapidly than the corresponding chloro

3) C. I Willlmnson, J. 1. Miller, S, Soss, 1. Casanovo, S, P. Isranues
\. M, Seligmun, and B. Witler, J. Nafl. Cancer Inst., 81, 273 11363).,

(4) L. F. Tteser and M. Fieser, " Advanced Organie Cheotistry,' Reinbold
Pablishing Corp., New Yk, N. Y., 1942, p. 310,



