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pressure.  The residue was treated with 107, aqueous NaHCO;
and then extracted with ether. The organic layer was washed
with 10Y; HCI aud the aqueous layer was then made basic with
109, NaOH. The oil that separated was again extracted with
ether. The arganic laver was washed with water and dried
(Na,;8304). Upon removal of the solvent a white solid was ob-
taiued, which was reerystallized from ether to yield 600 mg of I11.

Procedure B. 4-[Bis(2-hydroxyethyl)amino]-3-methoxy-1,3-
5-estratrien-178-01 (V).—A solution of 4-[bis(2-hydroxyethyl)-
auino]-3-methoxy-1,3,5-estratrien-17-one (I11) (1.4 g) in meth-
anol (30 ml) was treated with excess NaBH, (2.0 g), stirred for
1 hr at roon temperature, and poured into aqueous NaHCOs,.
The =olution was extracted with ether and the organic layer was
washed and dried (Na,SO;). The solveut was removed and the
solid residue was recrystallized from methanol to yield 700 mg of
V.

Procedure C. 4-[Bis(2-chloroethyl)amino]-3-methoxy-1,3,5-
estratrien-17-one (IV).—A mixture of 11T (500 mg) and POCI;
(10 ml) wus heated on a steam bath for 2 hr.  The excess POCly
wus rentoved under reduced pressure and the remaining oil was
dissolved 11 ether-benzene. The solution was washed wiih
dilute HCL and (hen water. The orgauie layer was dried (Nas-
N0)y), and the solveut was removed. The residue was dissolved
i benzene (5 ml) and absorbed on a columu of silica gel G (50 ).
After removal of an oily side product by eluting with benzene,
IV was eluted with ether—benzene (1:1) as an oil (300 mg), which
would 1ot erystallize. This reaction failed with SOCl,.

Treatmeut of the triol (IX) with POCl; gave a compound that
conld not be identified. Acid shifted the ultraviolet absorption
from 290 to 282-288 mu. No hydroxy! absorption appeared in
the iufrared spectrum. The nmr spectrum showed the aromatic
protous as singlets 7 2.3 aud 3.17, The 3-methoxy and 13-
methyl protons appeared where they did in the starting material.
No other protous could be identified. Anal. Found: C, 43.23;
11,6.66; N,2.28; Cl,17.60; P,7.6. Itiscouceivable that this
material eould be a dimer or polymer.
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4-Substituted nicotinamides might act as stereo-
specific iunhibitors of the glycolytic process by which
many cancer cells derive an appreciable proportion of
their energy requirements.b? More effective and po-
teutially irreversible antagonists may be produced by
incorporating a chemically reactive grouping into the
4 substituent. The preparation of such derivatives
containing alkylating groups is now deseribed.

The preparation of 4-(2-bromoethylthio)uicotinic
acid (I, R = OH; X = Br), isolated as its hydro-
bromide, has already been described.? The corre-
spounding amide (I, R = NH,; X = Br) has now been
prepared by the action of ammonia on the mixed an-
hydride formed from the acid (I, R = OH; X = Br)
atid isobutyl chloroformate.

The acid (I, R = OH; X = Br) was readily obtained
by the action of concentrated hydrobromic acid on the

(1) W. C.J. Ross, dun. Rept. Brit. Empire Cqncer Campn., 42, 81 (1964).
(2) W. C.J. Ross, J. Chem. Sve., Sect. C, 1816 (1966).
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hydroxy acid (I, R = X = OH) but the hydroxy acid
was recovered unchanged after prolonged heatiug with
concentrated HCl. When heated with thionyl chloride
the hydroxy acid gave an unstable product, presumably
the hydrochloride of the acid chloride (I, R = X = Cl),
which afforded 4-(2-chloroethylthio)nicotinic acid (I,
R = OH; X = CI), methyl 4-(2-chloroethylthio)nico-
tinate (I, R = OMe; X = Cl), and 4-(2-chloroethyl-
thio)nicotinamide (I, R = NH,; X = Cl) on treat-
ment with HCI, methanol, and methauolic ammounia,
respectively.
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Many difunctional alkylating agents have greater
carcinostatic activity than the corresponding mono-
functional analogs.® The acid (I, R = H; X = CI)
could be couverted into a novel type of difunctional
alkylating agent, haviug two different alkylating
groups, by the preparation of its ethylenimide (I, R =
N=(CH,),; X = CI).

As a model for this synthesis the preparation of N-
nicotinoylethylenimine (II) was examined. The ac-
tion of nicotinoyl chloride on ethylenimiue has been re-
ported to give IT* but the product has not beeun ade-
quately characterized. When this preparation was
repeated, only 2-(3-pyridyl)-2-oxazoline* (IT1), formed
by internal alkylation of the initial product, wax ab-
tained, Ethylenimides can dimerize to give pipera-
zines but the preparation of N,N’-dinicotinoylpipera-
zine by an unambiguous synthesis showed that this had
1ot occurred.

Nicotinoylethylenimine (II) was prepared by con-
deusing nicotinic acid with ethylenimine in the pres-
ence of dicyclohexylearbodiimide, and N-4-(2-chloro-
ethylthio)nicotinoylethylenimine (I, R = N=(CH,),;
X = Cl) was similarly obtained from the acid (I, R =
OH; X = Cl).

Biological Data.—The results of screening tests
against the Walker 256 tumor® and the lymphoid leu-
kemia L1210° are given in Tables I and II. Obnly
moderate activity (ca. 509, inhibition) at tolerated
doses against the Walker tumor was shown by the
hydrobromide of the acid (I, R = OH; X = Br) and
nicotinoylethylenimine  (IT).  Siguificaut  activity
against the L1210 leukemia was shown ouly by the
chloro acid (I, R = OH; X = Cl) at the maximum
tolerated dose.

(3) W. C.J. Ross, "'Biological Alkylating Agents,” Butterworth and Co.
(Publishers) Ltd., London, 1962.

() G.I. Braz and V. A, Skorodumov, Zi. Obsheh, Khim., 26, 770 (1956);
Chem. Abstr., 50, 14711 (1956).

{(5) The protocol for (his carcinvstatic assay ix given by 1. A. Counvrs,
1. ¢ V. Mitelldey, V. M, Rosenaner, and W, .1, Ross, Biuchem. Phoam., 18,
395 (1964).

(6) The protocol for this assay is esentially that given in Cuncer Chemno-

therapy Rept., 1, 42 (1959); the Csi/DBA2 hybrid strain of nouse was
used as host.
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Tasue 1

SCREENING AGANST WALKER 250 (SUBCUTANEOLS) TIIMOI?

No.
bose, of
o~ Compd 1 - myskyg daily Sure o
R X Vehiele i dosest  vivors  ratio®
all 1 Na sall in 110 7 3.3 1.2
waler 2511 v {1 Iz
OMe (1 Aracliis vil 1aa H 3.3 1.1
250 7 2 1.1
N1l (S8 . taw 1y AR 1
250 8 1 2
011 Iiv Drimethy] [ T i 2
=ulfoxile 10 T B 1.3
L. v i [
NIl i Mvarehis ol 51 G 3 1.2
120 G 1 1
e 13r? S Bl 6 3 [
125 6 3 1.4
Ny Cl 10 qretses- 201 i i 11
arachis oil S 1 i b3
Nientinwy - taLy ethauol- 20 1 B 1.5
elhylenimine araclhis oil a1 1 Y 1.0
125 i 3 .

" Weight of tmmors
© As hydrobromide.

o Rtarting on the day after inplantation,
in controls/weight of tumors in treated rads.,
* No utior in the sole snrvivor.

Tasre 11
SCRFENING AGAMNST Lymeroy Levkgaiy L1210

Non. Approx
Lo, uf LDso
s Cotpd 1o—om mg ke daily T/ {mouse),”
R X Vehiele i doses®  railo”  mg/kg

011 1 Na sal in 12.5 10 68 50
water 25 10 100
Ha 10 143

[ORIAT @] Arachis oil 50 10 112 200
111 ] 67
200 L H8

Nl <l . 35 1o ah 14d
T0 10 103
Hta 111 115

arlr Brd B0 Pl 85 1t
v 1 1011
I a 100

Nl fie A 35 M 100 111
Hl 5 oy
fia 0 (6%

N1l tird e BE 5 Pt 1ta
i A g8
Hip 5 A

Nt Cfta)s ] g aceton- 1 1 1 -41)
arachis oil 20 i 105
11 t T4

Nicotinoyl- 10%¢ edhanol- T 1 112 28
ethyleniiine araclis oil 1t t 81
28 1 90

* Btarting on tie day after noculation.  * Average survival
time of treated mice/average survival time of controls X 100.
“The approximate LDs's cited were determined for uonin-
ocrdated mice. ¢ As hydrobromide.

Experimental Section’

4-(2-Chloroethylthio)nicotinic Acid.—4~2-11ydroxyethyltlio)-
nicotinie acid? (10 g) aud SOCl, (40 ml) were heaied under re-
flux for 2 v, Addition of dry benzene (200 ml) and then petro-
lenm etlier (bp 40-61)°, 200 ml) o the cooled solution caused the
sepuration of fine needles (product A) which was collected by
rapid filtration, washed with petroleum ether, aud stored in a
vacnum desiccator.

Produet A was added in small portions to 37¢; HCI (30 wml, «
1.19) kept at 0° and the solution was evaporated to dryuess under
rediiced pressure at 30-40°.  Water (60 ml) was added and the
solid, mp 171-173°, which proved to he the hydrochloride of
4-(2-chloroethiylthio nicotinic acid, was filtered off.

(7) Melting poinis were determnined witihy a Townzon aml Mercer heated
metal block apparatus and are corrected.  The activated aluinina used was
Spenee Type .

3

Adaal, Caled for CsIHLCINOS- TG O

27.0; NL 55 N 12,6, Found: €,

oo

When s apueons solntion of this hvdrochloride was adjasied
to pl1 4 by the addition of agneous NaOH, the free acid was pre-
cipitated, vield 8 g $=(2-Chloroetliylthio micotinic acid formed
flattencd needlex, mp 178-180° dee, from glycol dimethy! ¢ther.
This material is 0 mouohydrate: ti(ration equiv, 235; ealed.

235.7. The analyiical speeimen was dried at 110° 20 m) for
5 hr.

dnal, Caled for ColLCINOS: ) 44000 1L 5.7 CLo160s:
N. 6.4; =047 Found: C, 44.4; 11, 4.0: CL 163 N, 6.5, =,
14.55.

Methyl 4-{2-Chloroethylthio)nicotinate.-—Product A {fram
10 g of the nicatunic acid) was added portionwise tu metlnaiol
200y kept at 0° and then the solvent was resoved nnder
redunced pressure. The residue was suspended in water (50 mli
and excess nuhyvdrons NasCOy was added. The niss wis ex-
traceted with fonr 200-ml portions of ether and the dried (Nu=0),1
extract wis concentrated 1o a small volume: addition ol petrn-
lemmn etlier (hp 406077 caused the separation of the methy! esrer,
mp 67-64°, ux long needles, vield 9.6 g

Anal. Caled for CullioCINGQSS: O, 46.7: H, 4.4 ¢, 150
N, 600 S, s Foand: O, 4640 1L 4.7 CL 1520 NUGL X
[3.5.

4-;2-Chloroethylthio jnicotinamide ~—~Prodiuict A (from 110 g of
the nicotinic acid) was added 11 small portions to rapidly stirved
saturated methaunolic N1l (100 ml) kept at —30°. The excess
solvent wax reinoved under reduced pressure at 30° and the resi-
die was extracted with Lot Denzene (300 wml).  Ou cooling, the
benzene extract yielded 6 g of product, mp 101-104°, as lg
flattened needles.

Aaal. Caled tor CILOCINGOS: Co443: 11 4.2 CL 1603 N,
1200 8, 148 Taund: C, 4400 11 4.1 CL 16.5; N, 13.2; S5,
4.5,

The heuzene mather lignors contained the wethy! esier which
vonld be separated from the amide by passing the =olution throngh
a1 colnmu of activated alimina.  Beuzene eluted the ester, mp
67, 3.5 g, and subsequent elution with 107 methanal in chloro-
form removed a small quantity af the anide.

4-(2-Bromoethylthio)nicotinamide. --4-(2-Bromoethyvidio )-3-
carboxypyridinium hromide? (10 g) was suspended in ice-cold
water (50 ml) and sunflicient TN NaOIT to give a clear =olntion
was added.  Addition of ainexcess of glacial acetic neid then gave
a preeipitate whicl was rapidly filtered off and washied sneees-
sively with warer, ethier, and acertore.  After drying iCaCly,
vacin desiceatory for 2 days the acid (6 g1 was dissolved in
tetrahydrofiuran CUHEF, 150 ml) coutaining triethylamine (2.31 g
[~obuty! chloroformate (3.12 ml) was added slowly 1o the cooled
$0°:, surred solutiore during 10,75 hee After keeping at D° for |
hr dey NH; was passed it for 3 hr keepiug the temperative helow
5°. The precipitate was removed by filtration dwongh Tyflo
filter aid and washed with THEF (100 ml).  The combined filirates
were evaporated nuder reduced pressure at 30°. Ou covering
the residual oil with berzene, a solid 13.5 g) was obtained and
eryvstallized by solatian in dry CHCL followed by gradual addi-
fion of benzere: prismatic needles, mp 1-10:3°,

dnal, Caled for CsUILBrNOS: C30.8:0 M, 3.0 Br, 30.6;
N, 1070 =012.050 Fonod: CL36.0:0 113,60 Br, 30.6: N, 104
N, 1200

Addition of conventrated 11Br «f mly i methanol (10 mliioa
=olution of the amide {1 g) in methanol (1) ml) cansed the sepa-

ration of the hydrobromide asx diamand <haped lozeuges, mp
39°,

ColTBrNoOS-TIBre: ¢, 2501
Found: C, 2%.6: H, 3.1;

11, 2.9
Br, 47.2:

Caled  far
Br, 46.7: N, %.2: =, 0.4
N, ¥.3; 8, 0.8

Attempted Preparation of N-Nicotinoylethylenimine.---1<thvi-
cuimine (5.1 wl) was added to o stirred solution of unieotinoy!
chloride (14 g) and triethylamine (27.6 ml) in dry ether (100 ml;
keeping the temperature below 10°. The filtered solution was
evaporated and a benzene solutioie of the residie was passed
throngh a colnune of activated ahmmina.  Bntion of the colnmn
(CHCI;1 gave a =olid ax plates, mp 66-68°, from petroleum
ether (hp 30-40°5. Tt {onned a picrate, mp 140-142°,

dnad. Caled for ColLyNO: Cond.a; 11, 5.4 N Is0.
¢y 0475 1L 503 N, I8

The produet, whicll failed ta react with thivsulfate, wax iden-
tical jinfrared ~pectrn, welting point aid mixture welting poing
of base and picrate) with the 2-(3-pyridyl)-2-uxazoline obtained

Fonad:
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by Braz and Skorodumov? by the action of alkali on chloroethyl-
nicotinamide (IV).

N-Nicotinoylethylenimine.—Dicyclohexylcarbodiimide (20.6 g)
in THF (100 ml) was added to a solution of nicotiniec acid (12.3 g)
aud ethylenimine (5.1 ml) in THF (200 ml). After keeping for
1.5 hr at 25° the solution was filtered and evaporated under re-
duced pressure at 25°. The residue was extracted with petro-
leum ether (bp 30-40° 1 1.). On chilling the extract in a Dry
Ice—acetone bath, plates of mp 36° separated; yield 10 g.

Anal. Caled for CsHsN:O: C,64.9; H, 5.4; N, 189. Found:
C,64.9; H, 5.5; N, 18.8.

The compounud could be stored for several days at 0° without
decomposition but at room temperature in an evacuated vessel
it liquefied within a few hours; this behavior probably accounts
for the previously reported “hygroscopic” nature of the product.
A solution of the compound (156.4 mg) in 509, aqueous acetone
(50 ml) containing sodium thiosulfate (1 g) rapidly developed
alkalinity (phenolphthalein indicator) which was continuously
titrated with 0.1 & HC1.8 The final titer was 10.2 ml, indicating
that the material contained 979 of nicotinoylethylenimine.

N-4-(2-Chloroethylthio)nicotinoylethylenimine.—4-(2-Chloro-
ethylthio)uicotinic acid was similarly converted into its ethyl-
enimide which formed plates, mp 66-68°, from benzene-petro-
leum ether (bp 40-60°); yield 409;. The product was unstable
at room temperature and was stored at —30°.

Anal. Caled for CoHuCIN,OS: C, 49.5; H, 4.6; Ci, 14.6;
N, 11.5; aziridine N, 5.77. Found: C, 49.2; H, 4.3; Cl, 14.6;
N, 11.3; aziridine N (thiosulfate titration), 5.6.

N,N’-Dinicotinoylpiperazine.—Isobutyl chloroformate (2.6 g)
in THF (10 ml) was added to a stirred, cooled (0°) solution
of nicotinic acid (2.46 g) and triethylamine (2.8 g) in THF
(40 ml). After allowing to stand for 30 min at 0°, a solution of
piperazine (0.86 g) in THF (20 ml) was added and the mixture
was allowed to warm up to room temperature during 1.5 hr.
The filtered solution was washed successively with aqueous
2 N Na,COy, aqueous 2 ¥ HCI and water, and then dried (Nag-
S04). The product obtained on evaporation formed prisms, mp
201°, from ethanol-ether (1:2).

Anal. Caled for CigHisN4O::
Found: C, 64.4; H, 5.6; N, 18.9.

C, 649: H, 54; N, 189
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1,3-Bis(2-chloroethyl)-1-nitrosourea? (I) is an active
compound against lymphocytic choriomeningitis,® L-
1210 leukemia and other experimental neoplasms,>*
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Figure 1. Measurement of the alkylating activities of several
compounds. With the exception of the tests with diazomethane,

the reaction mixtures were heated in a boiling-water bath for 20
min. The reaction with diazomethane occurred at room tem-
perature in the course of approximately 3 min. The numbers
on the abscissa indicate the total micromoles of compound
present in the reaction mixture. A, 1,3-bis(2-chloroethyl)-1-
nitrosourea; B, 1-(2-chloroethyl)-1-nitrosourea; C, 1-(2-chloro-
ethyl)-3-cyclohexyl-1-nitrosourea; D, 1,3-bis(2-fluoroethyl)-1-

nitrosourea; E, 2-fluoroethylamine hydrochloride; F, diazo-
methane; G, 1-methyl-1-nitrosourea.
and a number of neoplasms in humans.® Because a

hamster plasmacytoma that was resistant to cyclo-
phosphamide was also resistant to this compound, it
was suggested that it might function as an alkylating
agent.*®  Cross resistance with alkylating agents was
also observed with microorganisms,® and some of the
biochemical effects of the agent are similar to those of
several alkylating agents.‘¢ It is known that treat-
ment of N-nitroso-N-methylurethan,” 1-methyl-1-nitro-
sourea,® and 1l-alkyl-1-nitroso-3-nitroguanidines? with
alkali yields diazoalkanes, and it has been suggested
that the biological effects of these agents might be due
to such diazoalkanes”1® which might function as
alkylating agents. The results presented below indi-

(4) (a) F. M. Schabel, Jr., T. P. Johnston, G. 8. MecCaleb, J. A. Mont-
gomery, W. R. Laster, and H. E. Skipper, Cancer Res., 28, 725 (1963): (b) A.
Goldin, J. M. Venditti, J. A. R. Mead, and J. P. Glynn, Cancer Chemotherapy
Rept., 40, 57 (1964); (¢) G. P. Wheeler and B. J. Bowdon, Cancer Res., 25,
1770 (1965).

(5) (a) D. P. Rall, M, Ben, and D. M. McCarthy, Proc. Am. Assoc.
Cancer Res., 4, 55 (1963); (b) V. DeVita, P. P. Carbone, A. H. Owen, Jr.,
G. L. Gold, M. J. Krant, and J. Edmonson, Cancer Res., 25, 1876 (1965).

(8) R. F. Pittillo, A. J. Narkates, and J. Burns, Cancer Res., 24, 1222
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(7) B. A. Killlman, Ezptl. Cell Res., 30, 657 (1960).
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