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mole) of bromoacetyl bromide, under nitrogen, was added 5.0 g
(0.034 mole) of 1,8-octanediol over 25 min. The mixture was
stirred at room temperature 2.5 hr. Ether was then added and
the solution was treated with excess solid X,CQs. The mixture
was then filtered, the filtrate was washed with 59, K,CO; and
dried, and the ether was removed in vacuo to yield 10.14 g (779;)
of solid, mp 33-35°, Ry (CHCl;) 0.49 (silica gel G).

Method B. 0,0’-Bis(iodoacetyl)-1,8-octamethylenediol (7).—
A solution of 5.0 g (0.013 mole) of 6 in 80 ml of acetone was added
to a solution of 15.8 g (0.105 mole) of Nal in 160 ml of acetone.
After addition was complete, the reaction mixture was refluxed
on a steam bath for 2 hr. The mixture was then cooled, ice was
added, and the crystalline product was collected by filtration.
An additional portion of product was obtained vfa ether extrac-
tion of the filtrate to yield a combined total of 5.52 g (879%,) of
7, mp 25.5-26.5°; Ry (CHCl) 0.55 (silica gel G).

Method C. 0,0’-Bis(aziridinylacetyl)-1,6-hexamethylenediol
(4).—In a thoroughly dried flask under a N, atmosphere was
placed 2.32 g (0.0168 mile) of K,CO; and 1.0 g (0.0028 mole) of
2 in 40 ml of tetrahydrofuran (THF). This mixture was cooled
to 0° and treated with a solution of 0.72 g (0.017 mole) of aziridiue
over a 3-min period. The reaction mixture was stirred at 0° for
3 hr then allowed to warm to room temperature and stirred for
15 hr. Ether was then added, the mixture was filtered, and the
solvent was removed from the filtrate in vacuo, keeping the tem-
perature below 40°, to yield a liquid which later solidified.
Crystallization from petrolenm ether (bp 30-60°)-ether gave
0.081 g (119%) of product, mp 58-62, which partly decomposed
to a polymeric mass over a period of several days. An analytical
sample was prepared by formation of the chloroethylamine
hydrochloride.

The aziridine 4 (90 mg) was dissolved in 10 ml of ethanol.
The solution was then cooled to 0° and saturated with HCL
After removal of the solvent, the white residue was crystallized
from ethanol-ether, mp 170-174°.

Method D. 0O,0’-Bis(acrylyl)-1,6-hexanediol! (19).—In a dried
flask under a N; atmosphere was placed 5.9 g (0.05 mole) of 1,6-
hexaediol dissolved in 200 ml of THF and 27.6 g (0.2 mole) of
K,CQ;. The mixture was cooled to 0° and 13.6 g (0.15 mole) of
acrylyl chloride was added. The reaction was allowed to warm
to room temperature and stirred for 62 hr. The mixture was
then filtered and the solvent was removed from the filtrate.
The residue was washed well with ether and filtered again, and
the ether was removed from the combined organic solution to
vield 6.9 g of crinde product. This material was chromatographed
on silica gel using 4:1 petrolenm ether-ether elution. Three
grams (279) of clear, colorless prodiict was obtained; infrared
Ao (u) 5.80 (C=0, ester), 6.1 and 6.2 doublet (C=C, acrylyl).

Method E. 0,0’-Bis(aziridinylpropionyl)-1,6-hexanediol (5).
—Compound 19 (0.75 g, 0.0032 mole) dissolved in 10 ml of THF
was placed in a dry flask under N,. Aziridine (0.916 g, 0.021
mole) was slowly added and the reaction mixture was stirred for
62 hr. Aliquots were periodically taken and the infrared spec-
trum was checked for the presence of remaining double-bond
absorption. The solvent was then removed in vacuo, keeping
the temperature below 40°, to yield a solid, 0.88 g (909%), mp
30-34°, R; (CHCl;) 0.67 (alumina). An analytical sample was
prepared by twice recrystallizing from pentane; mp 34-36°.
The nmr and infrared spectra were in agreement with the as-
signed structure.

Method F. O-(Aziridinylacetyl)hexanol (16).—Compound 14
(9.7 g, 0.044 mole) was added over 10 min to a stirred solution of
3.18 g (0.074 mole) of aziridine in 16 ml of triethylamine cooled
to 0°. The reaction was held at 0° for 50 hr. The copious pre-
c¢ipitate of triethylamine salts was then filtered off and washed
with ether. After removal of the ether in racwo the remnant
was distilled, bp 71-80° (0.15 mm), to vield 4.8 g (60%) of color-
less prodiict. This procedure is similar to that of Bestian.?

Tsol, Hoegerle, and Su® have discussed the infrared spectral
characteristics of some aziridyl derivatives related to those
prepared in this paper. We are in agreement with their findings
that a weak peak or shoulder from about 3.30-3.35 u is char-
acteristic of these addnets.

The nmr spectra of the various series were also definitive for
structure identification. The triplet from the alcohol methylene
next to oxygen at 4.0-4.2 ppm was chosen as the basis for integral
determinations, The acetyl methylene was characteristically

(5) K. C Tsou, K. Hoegerle, and H. C. F. Su, J. Med. Chem., 6, 435
(1963).
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a singlet at 2.9-3.1 ppm. The two propiony! methylenes from
the acrylyl adducts overlapped to form a poorly defined triplet
at 2.4-2.5 ppm. All of the aziridinyl adducts possessed sharp
multiplets (ca. 1.7 and 1.1 ppm) up- and downfield from the
remainder of the methylene absorption. Each multiplet con-
tained about half of the integral area required for the four aziri-
dinyl methylene protons.
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This paper reports the synthesis for anticancer
evaluation of a series of ‘“‘nitrogen mustard” derivatives
(I) of thiophene and benzo[b]thiophene; specific cases

RCH,CH.N(CH,CH:Cl),
I

include those in which R = 2-thienyl, 3-thienyl, 2-
benzo [b]thienyl, and 3-benzo[b]thienyl.

The only prior report of nitrogen mustards related to
the above types describes! the synthesis of N, N-bis(2-
chloroethyl)-2-thienylamine. Similar derivatives of
furan and tetrahydrofuran were reported by Landing,
et al.,? and of thiazole by Mikhailov, et al.?

The synthetic route employed for our synthesis is
indicated in Scheme I. Yield ranges for the four

ScHEME I
RMgX TsOCH:CH:Cl
or —— > RCH,CH,CI
RLi (48-80%) 1I
lHN(CHgCHzOH)g
(24-349)
POCl
RCH.CH,N(CH,CH,Cl); <«— RCH.CH,N(CH,CH,0OH),

v (18-83%) 111

Ts = p-toluenesulfonyl

examples of R are given in parentheses along the arrows.
Samples of IV for biological testing were converted to
the hydrochloride salts in 60-859, yields.

In the formation of II in the cases in which R = 2-
thienyl and 2-benzo[b]thienyl, it was planned to use
the organolithium reagents (RLi) readily formed in
high yield by metalation of the parent heterocycle with
n-butyllithium.* This was a satisfactory route for
formation of 2-(2-chloroethyl)benzo[b]thiophene; how-
ever, 2-thienyllithium and 2-chloroethyl p-toluene-
sulfonate gave as the only major product 2-thienyl p-tolyl
sulfone. No 2-(2-chloroethyl)thiophene could be iso-
lated from this system even though several variations of

(1) E. Wilson and M. Tishler, J. Am. Chem. Soc., 78, 3635 (1951).

(2) B. H. Landing, A. Goldin, H. A. Noe, B. Goldberg, and D. M.
Shapiro. Cancer, 2, 1055 (1949).

(3) B. M. Mikhailov, V. P. Bronovitskaya, and J. K, Platova, Zh, Obshch.
Khim., 26, 3445 (1956); Chem. Abstr., B1, 9588 (1957).

(4) (a) H. Gilman and D. A. Shirley, J. Am. Chem. Soc., T1. 1870 (1949);
(b) D, A. Shirley and M. D. Cameron, 7bid., 72, 2788 (1950).
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renction conditions were tried.  2-Thienylmagnesium
bromide gave the expected 2-(2-chloroethyl)thiophene
as did 2-benzo [b]thienyvllithium. Formation of sulfones
RSO.R’ has occasionally been noted from reactions of
R'MgX and RSO,0OR". Kharasch and Remmuth?
point out that tendency to sulfone formation appears
to be more marked i the alkanesulfonic esters and in
the aryl esters of arvisulfonie acids.  Apparently only
quite low vields of sulfones from alkyl arylsulfonates
have been observed.

It seems likely that sulfones arise vz nucleophilic
attack on the sulfur atom of the cster by a carbanion or
inciptent  eavbanion from the organometallic agent.
The greater tendency of RLI types to provide R:—

SO,CH,CH, (1

e+ @
CH

@so,—@—cm + JOCHCH,CI

compared with RMgX may explain why 2-thienyl-
lithium, but not the Grignard reagent, gave sulfonc.
Surprising, however, i the failure of the organo-
lithium to yield sulfone i the closely related 2-benzo[b]-
thienyl case.

The nitrogen mustard hydrochloride salts (IV) were
submitted to the Cancer Chemotherapy XNational
Service Center for biological evaluation. Toxicity tests
were performed in rats by intraperitoneal daily in-
jections in dose levels of 3.0-100 mg/kg. Three animals
were used in each of four dose levels and injections were
continued for 3 daws.  All test animals survived for 10
davs i1 the tests with cach of the four compounds
corresponding to IV,  Tests were performed. using
standard screening procedures,® with the four com-
pounds against Walker carcinosarcoma 236 at dose
levels up through 200 mg/kg/day. None of the com-
pounds showed significant activity. The compounds
were al<o nactive in tests against a cell culture of
human epidermoid carcinoma of the nasopharyvnx,

Experimental Section®

3-(2-Chloroethyl)thiophene.—2,3,4,5-Te(raiodothiophene was
prepared according to Steinkopf and Hauske® and thix conmpound
was rediced to 3-iodothiophene?® with zine amalgam.

3-Thienylmaguesinm iodide was prepared in the normal man-
ner from 0.61 g (0.025 g-atom) of Mg turnings, 30 ml of ether, and
5.25 g (0.025 mole) of 3-iodothiophene. To the solution of the
Grignard reagent was added 17.6 g (0.075 mole) of 2-chloroethyl
p-toluenesulfonate in 50 ml of ether over a 25-min period. The
mixtnre was stirred for 3 hr at room temperature, then poured
into a shirry of ice and water, and acidified with HCl. The
erher layer was separated and the aqueous layer was extracted
with ether. The combined extracts were dried and distilled to
vield 2.93 g (80G7) of eolorless liquid, bp 92-93° (7 mm).

13) M. 8. Kharasch and O. Reinmiuth, “*Grignard Reactions of Nonmetal-
lie ¥nbstances,'" Prentice-Hall, Inc., New York, N. Y., 1954, p 1284.

{6) Cancer ('hemotherapy National Service Center **Protocol for Screen-
ing Chemica) Agents and Nataral Products Against Animal Tumors and
Otlier Biological Systemns,” Canrer Chemotherapy Rept., T, 11, 17 (1962).

[7) lilemental microanalyses were hy Weiler and Strauss, Oxford, Englanid-
Melting points were taken on a Mel-Temyp apparatns. Al reactions involv-
ing organometallic reagents were performed in a dry nitrogen atmosphere,

(8) W. Steinkopf and W. Hanske, Ann., 527, 247 (1037).

() LT Rinkes, Ree, Trar, Chim., 83, 048 (1034): 86, 991 (1036).

Vol 9

Adnad. Caled for (,fal}q(‘lS:

40.22, 49.49: H, 5.12, 5.10.

3-{2-[Bis(2-chloroethyl)amino]ethy! | thiophene. - A mixture
of 147 g (0.1 mole) of 3-(2-chlovocthyDthiophene, 210 g (20
woles) of dicthanolunive, and 100 ml of 2-Inttanol was stivred
a temperature of 100-105° for 45 hr. The vellow solntien was
allowed o coal ta room temperatnre, after which water was
added. The produet wax removed from the aqneois snspension
Ly extracting =everal times with 30-mt portions of ether.  The
conbined ether exirnets were evaporated to remove all other
vielding 7 g (3290) of 3-{ 2-[bis( 2-hydroxyethyDamino]ethyl] thio-
phene as a dark hrown oll.

POCL (25 ml) was added vo 10.8 g (0,050 tmole) nf” the hydroxy
compomd in 30 ml of benzene which had been conled 1 an iee
hath.  After the wmixture had become homogeneons, the dark
solntion was heated ou the stenn bath for 70 min.  After re-
movil of excess POCL nnder redneed pressitre, the tarry mass
which remained was dissolved in ucetone, and the solntion wax
poeed  over ernshed ice. The aeetone-water mixtive was
nentralized with aqueons NaoCOy and then extracted severnl
times with 20-ml portions of ¢hloroform. The combined CHCL:
extriets were washed with water, evaporaied to a smadl volne,
md chvomatographed on a nentral Woelhn almina cobinn.
Benzene elinted the prodiet v the first fraction. The vield was
2.26 g (187, baxed ou the hydroxy componnd) of a pale vellow
liggmid which failed to erystallize,

A zolntion of 2.00 ¢ (0.0080 1mole) of the amine i the minimnn
aqnantity of absolute ethunol was treated with dry HCL  The
volime of the solntion was redueed by evaporation, after which
rime ether wius added winil & permanent clandiness was detected.
The hydrochlovide was allowed o ervatnllize slowly from rhe
ether-ethanol mixtire in the eolil room. A yield of 1.66 ¢
(84¢7) wus obtained.  The prodnet melted at 200--201°.

Anal. Caled for CuHCENS: G, 4188 H, 5.50: N, 4.56.
Fonnd:  Co41.81, 41,94 T 581, 5.57; N, 488, 4.0,

2-(2-Chloroethyl)benzo [/ thiophene.-—-Benzo[h] thiophene
(26.8 g, 11,20 mole) was nietalated with 0.20 male of n-butyvllithinon
(Foote Mineral Co. produet in pentane-hexane) i 120 ol of
ether.™  To the vesulting =olntion was added (55 min) at ice-
bail temperatnre a =olntion of 141 g (1.60 mole) of 2-cliloroeilivi
p-tohienesnlfonate in 100 ml of ether.  The reaction mixtire was
stirred far 3 e at roont temperature, exeess water was added,
the ether leyer was =epurated, aud the water laver was extriacted
with etlier.  The eomibined ether solntions were dried and dix-
tilted 1o yvield IS g (4897) of ecolorless produet, bhp 113-114°
(Grumy  Komppa™ reported bp 110-112° {4 mmun).
2-12-[Bis(2-chtoroethyl)amino]ethyl |benzo[h]thiophene.-- Re-
action of 2-chlovoethylbenzo b thiophene with diethanolamive
was i similar fashion ax deseribed above.  The prodiet, formed
in 34¢7 vield, was treated with POCH also ax described above to
give 27, of 1he nitrogen mustard nx o colovless oil. Thix was
converted to the hydrochloride, mip 228-220°, in 627, vield.

Anal, Caled for CyHCLNS: 0 40.63; 11, 435 N 414
Found:  CO 4061, 40.68; 11, 5.21, 5370 N, 4.07, 412,

3-/2-[Bis{2-chloroethyl)amino|ethy! {benzo|h]thiophene.- - -
Bromobeuzo[hy thiophene?? was converted to the Grignavd ve-
agent in the n<ual manner and reaction with 2-clilovaethyl p-
tohtenesulfonate was enrried ont ws deseribed nbove (o yield 3-
(2-chloraethyDbenzol b thiophene (67¢7 based on S-bromobenza-
[b]thiophener.  Conversion o the nitrogen mustard ocentred as
dexeribed above with a 309, vield of the hydroxyethyl inters
wediiate and a 33 vield of the nitrogen nm=tavd, mp S4.5°

Anad. Caled for CullCLNS: Q. 55.60; 1T, 567 N, 4.64
Fannd: ¢, 55,06, 55.580 H, 5,41, 5.67: N, 4.60, 4.72.

2.} 2-[Bis(2-chloroethyl)amine|ethy! | thiophene.—-2-( 2-Chlova-
ethyDthiophene was prepared from equimalar amonnts af 2-
thienvimagnesium bromide and 2-chlovocthyl p-tohenesulfonnte
essentinlly according to Blicke and Teonard.**  The yield was
4700 bt was inereased 10 787 by using a 34013 vatio of sulfonate
exter 1o Grignard reagent.  Reaction with diethanolanive oe-
emvred in 247 vield aud conversiom 1o the nitrogen nustard in
270 vield.  Procedures 1zed were similar to those dexcribed in
detail above.  The hydrochloride of the nitrogen mstard melted
at 193-104° and was formed i 754, vield.

Aaal. Caled for CrICENS: 4188 1 5590 N, 486,
Fonned:  C, 4176, 41840 T1 a4, 5.60; N, .76, 484,

Co40500 T 4830 Ponnd:

F10r Gl Wompna, J. Feakt. Chem., 122, 110 11024y,
O L Rzmoszkoviez and 000 Modest, J. A m. Chem, Soc., T2, 371 019501,
vy 1L Iieke sand I Lewnand, Pdd., 68, Ttd (10165,
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2-Thieny! p-Tolyl Sulfone.—2-Lithiothiophetie was formed by
metalation of thiophene with n-butyllithium.* The yield has
been shown to be essentially quantitative.'® A solution of 2-
lithiothiophene from 8.4 g (0.10 mole) of thiophene in ether-
pentane-hexane solvent was maintained at room temperature
during the addition (50 min) of 70.4 g (0.30 mole) of 2-chloro-
ethyl p-toluenesulfonate in 85 ml of ether. The mixture was
stirred for 3 hr at room temperature, hydrolyzed with excess
water, and extracted with ether in the usual fashion. Distilla-
tion of the extracts gave unreacted 2-chloroethyl p-toluenesulfon-
ate and thiopheue from unreacted 2-lithiothiophene as the only
distillable prodnets. The residual red oil was crystallized from
acetone with charcoal treatment to yield 8.1 g (349) of colorless
crystals, mp 120-121°.

Anal. Cal(}d fOr C]]H]OOQSQ: C, 55.40, H, 4.24; S, 26.90.
Found: C, 55.36, 55.51; H, 4.20, 4.36; S, 26.71, 26.88.

The infrared spectriim (KBr disk) of the sulfone showed strong
bands at approximately 7.6 and 8.7 p which may be assigned'*
to the sulfone group.

Acknowledgment.—The authors would like to ex-
press appreciation to the National Cancer Institute
for pharmacological testing and for partial financial
support under Public Health Service Research Grant
No. CA-04068 from the National Cancer Institute.

(13) D. A. Shirley and K. R, Barton, Tetrahedron, 28, 515 (1966).

(14) L. J. Bellamy, "“The Infrared Spectra of Complex Molecules,' John
Wiley and Sons, Inc., New York, N. Y., 1958, pp 360-361,
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Derivatives of benzaldehyde thiosemicarbazone have
been reported to be active tuberculostatic® and anti-
viral agents. Additional work on thiosemicarbazone
compounds led to the discovery of antiviral activity
of 1satin 3-thiosemicarbazone (I) (ITSC) against the pox
group of viruses in human and type 2 polio in ERK
cells? A number of monocyclic thiosemicarbazones,
such as derivatives of nicotinaldehyde, isonicotinal-

NNHCSNH, CH;
G Ny
N" "0 °S

H

Br

CH==NNHCSNH.
1 I

NNHCSNH,
:N: i0
|
R

m

(1) According to Chemical Abstracts, the name for this compound is 1,1/~
](methyl)ethanediylidenedinitrilo}diguanidine.

(2) This investigation was supported by the Cancer Chemotherapy Na-
tional Service Center (CCNSC), National Cancer Institute, National Insti-
tutes of Health, Public Health Service, Contract PH-43-65-94.

(3) (a) G. Domagk, Naturwissenschafien, 88, 315 (1946); (b) R. Behnisch,
F. Mietzsch, and H. Schmidt, Angew. Chem., 60, 113 (1948): (¢) N. P.
Buu-Hoi, M. Welsch, G. Dechamps, H. L. Bihan, F. Binon, and N. D.
Xuong, J. Org. Chem., 18, 121 (1953).

(4) D. Hamre, J. Bernstein, and R, Donovick, Proc. Soc. Exptl. Biol. Med.,
78, 275 (1950).

(5) Cf. H. E, Whipple, Ed., Aan. N. Y, Acad, Sci., 130, 71 (1965).
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dehyde, and 2- and 3-thenaldehydes, have also shown
high antiviral activity.® 4-Bromo-3-methylisothiazole-
5-carboxaldehyde thiosemicarbazone (II), when given
orally, was found to protect mice infected intracere-
brally with neurovaccinia. Two thiosemicarbazones
derived from substituted pyrrolidine-2,3-diones (III,
R = C,H; and CH,CH,OH) demonstrated protection
against experimental influenza infection in mice.?
2-Keto-3-ethoxvbutyraldehyde (kethoxal) has been
shown to have antiviral activity in embryonated eggs
infected with PR-8 influenza and Newecastle disease.”
Its bis(thiosemicarbazone) derivative (IV, KTS) was

C.:H;0CH(CH;)C=NNHCSNH: CH;C=NNHCSNH,

J J
HC=NNHCSNH, HC==NNHCSNH;
v v

CH;C=NNHC(=NH)NH.

HC=NNHC(=NH)NH,
VI

found to be very effective when given orally or intra-
peritoneally to rats bearing the Walker 256 carcino-
sarcoma and S180.8 This activity pattern is similar
to a closely related compound, methylglyoxal bis(thio-
semicarbazone)® (V), but different from that of the
guanylhydrazone analog (VI). The latter compound,
the structural modifications of which have been sys-
tematically studied in our laboratories for the past
3 years," was found to be active in leukemia L1210
and Ca755 and is considered as one of the few agents
clinically effective in the therapy of adult acute myelo-
genous leukemia, !

In view of the antituberculous, antiviral, and anti-
leukemic as well as other antitumor activities dem-
onstrated by the thiosemicarbazone and guanylhydra-
zone derivatives, and the importance of the methyl-
glyoxal moiety in cell growth,'? synthesis and biological
evaluation of compounds VII and VIII are of pertinent
interest.'3

(6) R. L. Thompson, 8. A. Minton, Jr.. J. E. Officer, and G. H, Hitchings,
J. Immunol., 70, 229 (1953).

(") (a) G. E. Underwood and 8. D. Weed, Proc. Soc. Exptl. Biol. Med., 98,
421 (1956): (b) W. F. McLimans, G. E. Underwood, E. A. Slater, E, V.
Davis, and R. A. Stem, J. Immunol., 78, 104 (1957).

(8) H. G. Petering, H. H. Buskirk, and G. E. Underwood, Cancer Res.,
24, 367 (1964).

(9) (a) C. Neuberg, and M. Kobel, Biochem. Z., 188, 215 (1927). (b)
Testing information provided by CCNEC.

(10) (a) E. G. Podrebarac, W. H. Nyberg, F. A. French, and C. C. Cheng,
J. Med. Chem., 6,283 (1963); (b) F. Baioechi, C. C, Cheng, W.J. Haggerty.
Jr., L. R. Lewis, T. K. Liao, W. H. Nyberg, D. E. O'Brien, and E. G.
Podrebarae, ibid., 6, 431 (1963): (c¢) E. G. Podrebarac and C. C. Cheng,
tbid.. T, 806 (1964); (d) T. K. Liao, F. Baiocchi, and C. C, Cheng, J. Org.
Chem., 80, 560 (1965).

(11) (a) B. L. Freedlander and ¥, A. French, Cancer Res., 18, 360 (1958);
(b) E. J. Freireich and E. Frei, 111, Proc. Am. Assoc. Cancer Res., 8, 319
(1962): (c) E. J. Freireich, E. Frei, I1I, and M. Karon, Cancer Chemother~
apy Rept., No. 16, 183 (1962).

(12) A. Szent-Gyérgyi [Science, 149, 34 (1965)] recently stated that sub-
stances which promote (‘“‘promine'’) or retard (‘‘retine'') cell growth may
provide keys to fundamental problems of cellular biology. Further study
with the isolated ‘‘retine’' indicated that methylglyoxal, combined in some
fashion with a nitrogen-containing moiety, is the chief constituent.

(13) According to Thompson, et al..® most thiosemicarbazones possessing
high antiviral activity are those in which the thiosemicarbazone group,
=NNHCSNH-, is separated by fwo carbon atoms from a N or S atom.
This statement has since been substantiated by Furst!¢ based on chelation
studies. Our structure—activity study of the guanylhydrazone derivatives
in antileukemic screenings indicated that a similar relationship is also one of
the fundamental requirements in the =NNHC(=NH) N H; series,

(14) A. Furst, “Chemistry of Chelation in Cancer,'' Charles C Thomas,
Springfield, Ill., 1963, p 67.



