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acetamide 11g which was identical with that previously prepared
by acetylation of Ila as indicated by infrared spectra and paper
chromatographic analysis. The ethyl acetate insoluble material
was crystallized from absolute methanol giving 130 mg. (437
of diacetate Ilc (identical with previously prepared material by
infrared speectra and paper chromatographic analysix).  This
was subjected to n.m.r. speciral analysis to determine whether
deuterium had become 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).—Mitomyein C (750 mg., 2.2 mmoles)
was stirred in a sealed flask with 50 ml. of acetic deuterioncid
for 3 hr. at room temperature. The acid was then removed
in vacuo and a small sample of the residue was spotied ou a thin
layer plate. Analyvsis of this plate after development showed
the residue to consist primarily of the acetamide ITh with
smaller amounts of methoxyamine Ila and an unidentified
substance (trace) which ran fast in the system used. The
residue was dissolved in the minimum volume of hot acetone and
410 mg. (50.59¢) of the acetamide IIh crystallized in three crops
on cooling the solution.  The filtrate was evaporated to drvness,
and the residue was dissolved in the minimum amount of meth-
anol and introduced onto a neutral alumina column (Brockman
grade ITI). Elution with ethyl acetate and then 107, methanol
in ethyl acetate removed the fast-running unidentified substance.
Then elution with 30%; methanol in ethyl acetate gave a red
band which yielded an additional 30.5 mg., 5¢ of the acetamide
IIh upon evaporation of the solvent. Finally elution with
abrohite methanol followed by 50970 methanol-water gave an
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intense purple-red band which was shown to be methoxyamine
[Ta by thin layer chromatography.  This was rechromatographied
in s similar manner to vield 106.8 mg., 14.29,, of pure 1a as «
residue.  An oo spectrum of this compound showed all of
the features of the previously obtained spectrum of Thi and in-
tegration of the § 3.87 4.83 multiplet in the usual manner showed
the presence of 4 protons (/.e, no deuterivm bound to carbon
s 0 the previous spectruny.

Preparation of Deuterated Methoxy Derivative Ila. - A
solution 0,10 g. (0.3 mmole) of mitomyein Cin 20 ml of absolute
methanol and 0.20 wil of glacial acetie acid was refluxed gently
for 5 hr. and left at room temperature for an additional 8 hr
Solvents were then evaporated ¢n vaeno, toluene being added to
help remove traces of acetic acid.  The resulting red residue wuas
dissolved in a snwdl amount of methanol and passed onto an
aluming  column (Woel, neutral, Brockmuan  activity 1.
Flution with methanol produced two fractions, the first being
purple and containing mostly unreacted mitomyein C. 0 A second
red fraction followed closely and vielded crystals after evaporu-
tion and addition of water.  Recrystallization from water vielded
3035 my. (30-3577) of Ia, homogeneous on thin laver chroma-
tography, ¢ 0.08-0.10.

In o similar manner methanol-d and acetie acid-d were em-
ploved in converting mitomycin (' to a deuterated methy! ether.
All nitrogen-bound deuterium was re-exchanged in the work-up
and recrystallization provedure, leaving only carbon-bound deu-
feriuny in the product.  Analogy with diwcetate 1le dictated
that deuterium ncorporation would be exelusively at position
I, and integration of the dras 3.87-4.83 multiplet in the oo
spectrum showed it o be incorporated there to the extent of
approximately 707
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Three new thiosulfinates containing a nitrogen mustard moiety were preparved by treating p-|bis(2-chloro-

ethyDamino]benzenesulfinyl chloride with substituted thiophenols in the presence of pyridine.

The sulfinv]

chloride was synthesized from the corresponding sulfonyl chloride by reduction with lithium aluminum hydride

followed by treatment with oxalyl chloride.

In addition, several new sulfones containing a nitrogen mustard

moiety were prepared by treating an alkyl halide with sodium p-[bis(2-chloroethyl)amino]benzenesulfinate.
The antitumor activity of these compounds was studied in mice against the Ehrlich aseites carcinoma.

Weisberger and Pensky®® observed antitumor
activity in several symumetrical thiosulfinates [-S-
(0)-8-1, a moiety present in such naturally occurring
plants as garlic.®*® Kametani, et al.,** synthesized
additional symmetrical thiosulfinates which were ef-
fective against the Ehrlich ascites earcinoma.

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 activity

(1) (a) This work was supported by Public Health Service Research Grants
(-6364, CA-06361-02, CA-06364-03, and CA-02756-08 from the National
Cancer Institute, and in a small part from the American Cancer Society In-
stitutional Grant to the University of North Carolina. (b) Fellow of the
American Foundation for Pharmaceutical kKducation (1959-1963). Ab-
stracted in part from the dissertation of Allen F. Hirsch submitted to the
CGiraduate School of the University of North Carolina in partial fulfillment of
the requirements for the degree of Doctor of Philosophy, 1863,  (¢) To whom
inquiries should be sent.

(2) (a) A. & Weisberger and J. Pensky, Science, 126, 1112 (1957): (W)
Cancer Res., 18, 1301 (1958).

(37 (a) A. Stoll and E. Seebeck, Helv. Chim. Acta, 32, 197 (1049): (L)
. J. Cavallito and J. H. Bailey, J. Am, Chem. Soc., 66, 1950 (1944).

t(4) (a) T. Kametani, K. Fukumoto, and O. Umezawa, Yankugaku Kenkyu,
83, 60, (1959); (b)) ilad.. 33, 125 (1950).

for several reasons. (1) From the standpoint of re-
action with essential sulfhydryl groups, both thiosul-
finates®®® and nitrogen mustards® could exhibit such
reactivities; 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 nueleo-
tides could yield an unstable quaternary ammonium
compound which upon hydrolysis would give com-

OH (“HL;(‘,Hg——IT «@—s@— S O- R

N7 | I\> CH.CH,CI
H.N /J%N N/

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

13y (a) C.J. Cavallito, J. 8. Buck, and C. M. Suter, J. Am. Clem. Soc.,
66, 1052 (1944); (b) E. D). Wills, Biochem. J., 63, 514 (1956).

6y W.C.J. Ross, Ann. N, Y. Acad. Sei., 68, 669 (1958).

Ty TUJ. Bardoes, Z. B. Papanastassiou, A. Segaloff, and 1. 1.
Neatare, 188, 309 (1959).
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pound L1*¢ 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 proecedure of Backer and Kloosterziel?
was employed in preparing both the symmetrical
(VIe) and unsymmetrical (VIa and VIb) compounds.
The steps involved in the latter synthesis are shown in
Scheme I.

ScHEME 1
N(CH2CH:Cl)o N(CH.CH.Cb-
CIS0,H (1) LiAlH,
(2) NaOH
II S0,CI
111
SH
N(CH.CH,Cl), N(CH,CH,Cl),
(COCly R
pyridine
R=H, CHj,
SO;Na SOC1 N(CH;CH,Cl),
v \Y
N(CH,CH.Cl),
Vig,R=H
b,R=CH;

¢, R=N(CH;CH:Cl).

The conversion of IITI 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
VIII, R

, v
X R

CH,
CH,COOH
(CHs1sCHs
(CH.),CN
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(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, Biochem. 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., 3, 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. S. Patent 2,508,745
(1950).

(12) H.J. Backer and H. Kloosterziel, Rec. trav. chim., T8, 129 (1954).

(13) L. Field and F. A. Grunwald, J. Org. Chem., 16, 946 (1951).

POTENTIAL ANTICANCER AGENTs. 11 11

prepared by a modification of the work of Iurzer!*
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 symmetrical thiosulfinate by two different
proceaures 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 |benzene-
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 TusTS vs. THE EHRLICH AscITES CARCINOMA®

Mortal-
Dose,? ity of Av.wt, ———Av. TPCV——
mg./kg./  treated change T/C, % of
Compd. day group T,;C. g. ml, controls
v 69* /8 5.3/4.9 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
BO* 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 3.9/5.1 1.9/2.7 70
60 1/8 4.6/4.9 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 95% 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 T
56* 1/8 5.6/6.4 2.3/2.2 >100
69 (/8 3.0/3.5 1.6/1.7 9
X 66* 4/8 4.1/4.9 3.1/2.9 >100
70 3/8 5.1/5.7 2.0/2.4 83
XI 70* /8 4.8/4.6 1.6/1.6 100
66 1/8 4.5/4.9 2.2/2.4 92

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 compound 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 ascitie
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.
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272 (1959); (b) J. E. Wilson, J. E. Suggs, and J. L. Irvin, Cancer Res. Sup-
plement, 21, 692 (1961).
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dosages recorded in column 2 were divided into two
intraperitoneal  injections/day  commeneing 24 i,
after transplantation of the tumor and continuiug for
1.5 days.

On the basis of significantly lower TPCV in treated
mice in comparison with controls, two thiosulfinate
nitrogen mustards (VIa and V1b) showed sufficient
activity to warrant further study.  The low solubilities
of the various compounds could have contributed 1o
the absence of significant autitumor activity.

Experimental'’

S-{ p-[Bis(2-chloroethyl)amino]phenyl} p-|Bis(2-chloro-
ethyl Jamino]thiobenzenesulfinate (VIc) by Perbenzoic Acid
Oxidation.—To 3.00 g. (0.00602 mole) of 4,4’-dithiobis[N,N-
bis(2-chloroethyDaniline]® in 50 ml. of reagent chloroform,
cooled to 0°, was added dropwise 0.831 g. (0.00602 mole) of
perbenzoic acid contained in 7.5 ml of stock solution.’  The
solution was stirred at room temperature for 50 min., cooled to
10°, and washed with 5 ml of cold 5¢, NaHCO; solution, 10
mil. of 29, NaHCO; solution, and 10 ml. of cold water. The
combined aqueous extracts were washed with two 10-ml. por-
tions of chloroform, and this was combined with the original
chloroform solution which was subsequently dried (NMgRO,).
The chloroform solution wasg cooled to —10° and 320 ml. of cold
ligroin (66-75°) was added. The mixture was kept at —15°
overnight, and the precipitate was removed by filtration and air-
dried; vield, 531%; m.p. 108-109°,

Anal. Caled. for CouHauCLN.OS:: O, 46.70; H, 4.70: 1,
275070 N, 5.45; N, 1247, Found: ¢, 46.26: H, 1.66: CL
27.62: N, 5.36: 8 12.65.

N,N-Bis(2-chloroethyljaniline (II). -Fither the procedure
of Robinson and Watt® or that of Elderfield and co-workers?!
was followed, but in both cases the final produet was vacuum
distilled and then immediately recrvstallized from anhydrous
methanol.

N,N-Bis(2-chloroethyl )sulfanilyl Chloride (III).—To 98 g.
(0.45 mole) of N,N-bis(2-chloroethvDaniline in 250 ml. of ren-
gent chloroform was slowly added a solution of 148 ml (2,25
moles) of chlorosulfonic acid in 250 ml. of reagent chloroform
maintaining the temperature of the reaction between 15-20°,
The addition took approximately 1 hre.  The solution was re-
fluxed for approximately 70 hr. with stireing, cooled, and slowly
poured into a 4-1. beaker containing & rapidly stirred ice-water
mixture.  The chloroform and water layvers were sepuarated, the
aqueous phase washed with one 250-ml. portion and one 100-ml.
portion of c¢hloroform.  The chloroform extracts were combined
and washed with two 150-ml portions of cold water.  The chlovo-
{orm solution was then slowly poured into 3 1. of cold petroleum
ether (30-60°) and the green-grav solid was collected und dried
immediately over phosphorus pentoxide.  Additionad product
was obtained by adding to the filtrate an equal volume of petro-
leum ether and storing overnight at —15°.  The light green-gray
solid was isolated in 6177 vield, nip. 99.5-101°,

The infrared spectrum showed the desired syvmmetrical
and asymmetrical SO0 absorption peaks at 1165-1175 and
1360 em. L, respectively.?  In addition, the absorption due to
1:4 aromatic substitution was found at 1090 and 815 ¢, 1280

Anal. Caled. for CuHpCLNON: ¢, 37.03; H, 3.x2: €L
33.50; N, 4.42; = 10,13, Found: ¢, 3%07: H, $.01; Cl
33.50; N, 4345 8, 10.02,

(17) Infrared spectra were obtained employing potassium bromide disks
on @ PPerkin-Elmer Infracord, Model 137, calibruted by polystyrene film.
Melting poinis are corrected.
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(22) K. Nakanishi, “'Infrared Absorption Spectroscopy.”
Tue., Ban Franciseo, Calif., 18962, p. 2149,
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Sodium p-|Bis(2-chloroethyl)amino|benzenesulfinate (1V ).
To a suspension of 60 g. (0,17 mole) of NUN-his(2-chloroethyts
sulfanilyl eldoride in 1000 mlo of dey ether there was slowly
added w mixture of 100 ml of w bW Tithiwm aluminum hvdride
solution®t and 100 ml. of dey ether, maintuning the temperature
between 0-3° during the addition.  About 50 min. was vequired
for the addition, after which the solution was allowed to come
to room temperature, refluxed gently for about 65 min, and
stirred for an additionad 90 min. at room femperature,. The
solution was cooled, 200 ml of eold water slowhy was added.
followed by the addition of 200 ml. of 109, sulfurie acid, vesulting
i two layers and o brown gunimy mass. The Javers were sepu-
ruted and the aqueous Taver was recombined with the brown
mass and vigorously shaken with three 100-ml portions of ether
until the mass was completely in solution.  The ether layvers
were combined and washed with several 23-ml. portions of 157,
NaOH solution until the washings were whnost colorless.  The
compound was crvstallized by cooling to =157 for 1 hr,, storing
at 53° for 4 hr., and filtering in the cold.  The solid wus -
mediately dried over phosphorus pentoxide.  Additional c¢om-
pound was obtained by storing the filtrate at —~15° for | hr
and then at 57 for several hours; vield, 5377 based on the mone-
hyvdrate: np. 133 1589,

This compound had three strong absorbing peaks at 3500,
1005, and 960 e, ' The fivst peak was due to the absorption
of the mole of water in the molecule and the two latter peaks were
due to the absorption of the sodium sulfinate group.

Anal. Caled. for CHRCLNNaRO, - HLO: ) 37200 1, 408
CLo22.00;0 NO 4350 S, 0050 Found: O 37200 H. d4s: O
21095 N, 4.20: %, 10.07.

Recrvstallization can be achieved, if desired, by dissolving 14
g.of sodinm sulfinate in 37 ml of water and allowing it 1o crvstad-
lize at 57

When a small portion of the alkaline solution was carvcfully
acidified with T N HCL to pH 6, no solid precipitated. By adding
more weld, however, an immediate precipitate was produced whieh
wis presumably the free salfinie acid. It any p-bis(2-chloro-
ethyDamino|benzenethiol had been formed during the veaction,
this should have precipitated out at pH 6.

N,N-Bis(2-chloroethyl }-p-( methylsulfonyl janiline (VII).
Ta 2 g (00066 mole) of sodium p-[bis(2-chloroethyDaminol-
benzenesulfinate in 75 ml of absolute ethanol there was added
slowly w solution of 15 ml of methyl iodide in 30 ml. of absolute
ethanol. The mixtwre was refluxed for 22 hr,, the solvent was
removed under reduced pressure, and the residual red ol was
added to 30 mb of chloroform. A white solid precipitated, and
the solution was washed with two 5-ml portions of water.  The
chioroform solution was dried (MgSOy), filtered, and suflicient
ligroin was added until the solution turned cloudy. Tt was then
placed in the deep (reeze for several bowrs and vielded o vellow
precipitate which eontained some black tar.  This was filtered
and washed with water.  The solid was again dissolved m o small
amount of chloroform and enough ligroin was added (o bring
out the black tar. The solution was decanted and suflicient ligroin
was added 1o cause ervstallization; vield, 5175 nup. S8-89°,

This compound absorbed strongly at 1300 and 140-1150
em. L These bands were in agreement with the findings of
Barnard and co-workers® who eompuared the spectra of seven
sulfones i the solid and solution states, and found the com-
pounds in the solid staie to absorb in the range of T160-1120
and 13501300 ¢

Anol. Caled, for CpHBCLNOSS: ) 4460, H. 5100 CL
2304 N, LT N 1083 Found: (L 4487, HL 507
2363 N, 4030 =S 1008,

N,N-Bis{ 2-chloroethy!)sulfanilylacetic Acid (VIIL[).— To ;5.0 g
(00043 mole; of sodium  p-[bis(2-chloroethvDamino|benzene-
sulfinate in 250 ml. of absolute ethanol there was added a solu-
tion of 1.9 g. (0,010 mole) of iodoacetic acid in 25 ml of absolute
ethanol.  The mixture was refluxed for 6 hr.  The ethanol wus
removed under reduced pressure, and the resulting residue wus
dissolved in a 109 aqueous sodium carbonate solution containing
a osmall erystal of sodium thiosulfate. This was then treated
with 2 .V HCL and. upon standing, long white needles were obi-
tained in 409, vield, mip. 141-143°,

This compound showed the typleal peaks of a carboxylic
acid dimer ar 3000-2500, 1700, 14353, and 940 e L Tt also

C2E WL Gl Brown, (g Reactivns, 6, 483 (19511,
(257 R0 Detoni and D, Hadzi, J, Chem, Soc., 3163 (10557,
200 D Burnwovd, G0 ML Fablun, and H. Po Koelo dbdd, 20482 ol
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had strong absorption at 1310 and 1140 em.”! due to —SOsx—
stretching. The asymmetrical —SOr~ stretching peak (1310
em. 1) oceurred 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.Hi;CLNSO,: C, 42.36; H, 4.44; C},
20.84; N, 4.11; 8, 9.42. Found: C, 41.63; H, 4.59; Cl, 20.81;
N, 4.44; 8, 9.90.

N,N-Bis(2-chloroethyl)-p-(hexadecylsulfonyl )aniline (IX).—
To 1 g. (0.0033 mole) of sodium p-[bis(2-chloroethyl)amino]-
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, 609; m.p. 50-52°.

The infrared absorption was similar to that of VIII at 1300
and 1140-1150 em.~%. 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 CzeH%ClzNOQS: C, 6160, H, 895, Cl,
13.99; N, 2.76; 8, 6.32. Found: C, 61.55; H, 9.09; Cl, 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 y-iodobutyronitrile. The re-
sulting 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 cm. ™},
similar to VIT and IX. In addition, it possessed the character-
istic peak at 2280 cm. ~ due to the cyano group.

Anal. Caled. for CiH;sCLN,0.8: C, 48.14; H, 5.19; C],
20.30; N, 8.02; §, 9.18. Found: C, 48.01; H, 5.12; CI, 20.23;
N, 7.95; §,9.00.

p-[Bis(2-chloroethyl)amino]benzenesulfinyl Chloride (VI).—
To a solution of 27 ml. of oxaly!l 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 filtered 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 839,. 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 gummy 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 )Jamino]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]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
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 (MgSO0,), 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. Nakanishi, ‘“Infrared Absorption Spectroscopy,” Holden-Day
Inc., San Francisco, Calif., 1962, pp. 20-23.

(29) A. I Vogel, “Practical Organic Chemistry,”” 3rd Ed., John Wiley and
Somns, Ine., 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 voluminous 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]';ngclgNOSgl C, 5257, H, 493, CI,
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)amino]thiobenzenesulfinate
(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 chloroform 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 CiHiiCLNOS.: C, 51.33; H, 4.57; C],
18.94; N, 3.76; 8, 17.13. Found: C, 51.39; H, 4.62; Cl,
18.85; N, 3.88; 8, 17.25.

S-{ p-[bis(2-chloroethyl)amino]phenyl}  p-[bis(2-chloroethyl)-
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 769,
yield, m.p. 109°.

Anal. Caled. for C20H24C14NQOSQ: C, 4670, H, 470, Cl,
27.57; N, 5.45; S, 12.47. Found: C, 46.34; H, 4.58; Cl,
27.59; N, 5.31; 8, 12.58.

Bredereck and co-workers® found 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 produets. 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 em.~! which was assigned to the S=0
linkage. This additional peak was between the S=0 absorption
of a sulfoxide (1040-1060 cm. 1) and the 8=0 absorption of a
sulfinic acid ester (1126~1136 cm.~!) or a sulfinic acid chloride
(1150 cm.—t).2%

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 e¢m.™!, thus
showing the absence of a —SO.,— group in the thiosulfonates.
Protogen-B (B-lipoic acid) had the S=O absorption at 1040
em, ~1.32

The spectra of $-{p-[bis(2-chloroethyl)amino]phenyl} p-[bis-
(2-chloroethyl)amino]thiobenzenesulfinate (VIe), 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 distinet peak at 1070 em. ™!
due to 8==0 absorption. Also the thiosulfinate showed no addi-
tional absorption between 1110 and 1163 ecm.~. The spectra of
the two unsymmetrical thiosulfinates had the same S=O ab-
sorption peak as the symmetrical compound. The S=O0 absorp-
tion in these three thiosulfinates was at a lower frequency
than reported by Bredereck, unless we assume that the peak
at 1100 em. ~!in the disulfide had shifted to the lower frequency of
1060-1070 cm. ™! in the thiosulfinates. Then the peak at 1090~
1100 cm. ~tin 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 such as dodecyl mercaptan,

(30) H. Bredereck, A. Wagner, H. Beck, and R. J. Klein, Chem. Ber., 93,
2736 (1960).

(31) J. F. Carson and F. F. Wong, J. Org. Chem., 26, 1467 (1961).

(32) J. A. Brockman, E. L. R. Stokstad, E. L., Patterson, J. V. Pierce,
M. Maechi, and F. P, Day, J. Am. Chem. Soc., T4, 1868 (1952).
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thiophenol, and thiotoluene were used in making the thiosulfinates
and in each case the same symmetrical thinsulfonate was obtained.
The yellow solid was reerystallized from absolute ethanol and had
a m.p. of 136-139°.  The disulfide was not recovered.

In comparing the spectra of this thiosulfonate with it~ cor-
responding disulfide there were found two large peaks ut 1135
and 1300 em.”! due to asymmetrical and symmetrical —80.-
absorption.®38  In addition, the peak at 1100 em. ! in the di-
sulfide has shifted to 1073 cm.~in the thiosulfonate, which is in
agreement with the assumption made concerning the S0
peak in the thiosulfinate.

Anal. Caled, for CoHuomCLNOS: €, 4529 H, 4.56; Cl,
26.74; N, 5.28: 8, 12,10, Found: C, 45.16: H, 4.71; Cl, 26.20:
N, 5.35; 8, 11.82,

Reaction of S-(p-Tolyl) p-[Bis(2-chloroethyl)amino]|thio-
benzenesulfinate (VIb) with Triphenylphosphine.—The pro-
cedure employed by Carson and Wong?®! was followed. In a test
tube was placed 0.6 g. (0.0023 mole) of triphenylphosphine and
0.852 g, (0.0023 mole) of S(p-tolyl) p-[bis(2-chloroethyl)-

)

34y 0 Cymerman-Craig and J. B Willis, . Chem, Soea. 1332 (1951).
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aminofthiobenzenesultinate.  They  were  mixed and  gentiy
shaken together.  After 15 min., the dry mixture had not liquefied
to a vellow melt ug reported by Carson and Wong with ther
thiosulfinates.  The tube was allowed to <tand overnight, then
it was warmed inoaowater bath for 30 min. The <olid melied
when warnmed and re-formed as o yvellowsolid at roont temperature,
This was dissolved in 4 ml. of benzene, and 20 ml. of petroleum
ether was added. The mixture was refrigerated for severul
hourz and filtered, and the solid was washed with =everal portions
of petroleun ether. Tt was rediscolved mow small ainount of
henzene, and petrolewn ether again was added.  The resulting
white =olid had a mnp. of 134--157° Thix confirmed the presence
of u reactive oxyvgen on the =ulfur atom.  An unsuccessful -
tempt was made to ixolate the disulfide tfrom the chlovoform
filtrate.

Sinee the eutectic misture reported by Carson and Wong did
not form of its own accord, a blank was run to verify that the
oxidation of the triphenylphosphine was truly caused by the
thiosulfinate.  The only produet that was isolated from the blank
wiux o white solid melting at 70-75°  Therefore, it can he
assumed that the oxidation was cansed by the thiosulfinaie.

Enzyme-Alterable Alkylating Agents.
VII. The Design of Short-Lived Mustards'
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In a search for short-lived alkyvlating agents suitable for intraarterial injection in cancer chemotherapy, o

series of 2-bromo- and 2-iodeethy] sulfur mustards has been synthesized.

The mustards have the general struc-

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

from 1 to 4.
(2)as a function of n, 1 > 2 >3 > 4.

proximately 0.2 sec. at 37°, extrapolated from rate data at a lower temperature.
mustards can be designed with extremely short half-lives utilizing two regulatory factors:

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

(1) as a function of X, C1 > 1> Br, and

These data indicate that sulfur
(1) the relative nuecleo-

philicity of the sulfur afom as controlled by the integer n, and (2) the type of halogen on the carbon 3 to the

sulfur atom.

The therapeutic effectiveness of the alkylating
agents in cancer chemotherapy is limited by the unde-
sirable side effects normally associated with these drugs
when they are administered in sufficient dose to cause
tumor regression. Because of the great sensitivity 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. In a pre-
vious search for short biological life agents suitable for

(1) (a) This investigation was supported in part by a research grant
(CY-2478) from the National Cancer Institute of the National Institutes
of Tlealth, Public Health Service, and a contract (SA-43-ph-3740) from the
IMfeld Investigations and Demonstrations Branch, National Cancer Institute
of the National Institutes of Health, Public Health Seivice. (b) The com-
pounds reported herein were submitted to the Cancer Chemotherapy
Nauational Service Center for Screening. This agency publishes its results
in supplements to Cancer Research (entitled Cancer Chemotherapy Screening
Data). Data on compounds submitted to this group will appear in futnre
supplements,

(2) (a) 8. MecFarland, N, B, Granville, and W. Damershek, Blood, 14,
503 (1959): (b) O. Creech, Jr.. E. T. Kremontz, R. F. Ryan, and J. N,
Winblad, Ann. Surg., 148, 616 (1958); (¢) M. E. Conrad and W, H. Crosby.
Blood, 16, 1089 (1560): (d) D. G, Miller and W, Lawrence, Proc. Am. Assor,
Cancer Res., 3, 251 (1961): (e) C. T. Klopp, T. C. Alford, 1. Batemun, (i, N,
Berrry, and T. Winship, Ann, Surg., 132, 811 (1050).

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

In view of the short circulation time in maun, however,
further reduction in the half-lives of these agents was
considered neeessary to prevent significant quantitios
of the agent from reaching sensitive, nontumor arcas
after intraarterial injection 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 seclecting 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 cyelize
(and react) more rapidly than the corresponding chloro

3) CL E Williamson, J. 1. Ailler, 8, Sass, J. Casanova, S, P. Kramer
\. M. Seligman, and B. Wiiten, .JJ. Nafl. Cancer Inst., 31, 273 (1063).

(4) L. I, Fieser and M. Iieser, ‘““Advanced Organic Chemistry,” Reinhold
Publishing Corp., New York, N. Y., 1962, p. 310,



