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(25 mlb) at 0°, and the solution was allowed to stand overnight.
Fractionation of the solution gave 3-piperidinopropenal, bp 115--
120° (0.3 mm), yield 4.17 g (30¢%). This prodnct was refluxed
with piperidine perchlorate (6.12 g, 0.033 mole) in 18 ml of EtOH
for 15 min.  The product separated on eooling, vield 7.5 g 1827 5,
mp 129-130°.  Anal. (CuHaCIN00 C, H) CL N, Q.

I -(5-Pyrrolidino-2,4-pentadienylidene )pyrrolidinium Perchlo-
rate (2a).—Pyrrolidine (14.2 g, 0.2 mole) was added 10 1 solindon

Vol 12

of the sodiam erolate of ghnaconaldehyde? (15.6 g, 0.1 mole; 1
o0 utl of MeOH.,  The reaction mixture was refluxed for 15 mix
and vooled.  Acidification with 11CIO, vielded the prodact, mp
184--186°, vield 11.5 g (38¢).  The produet wis idemical with
that prepared by reaction of pyrrolidite with 1-02 f-dintire-
phienylpyridivdinm chilaride.

s 1 Diotoeweted, Bero, 89, TGO (100

The Effects of Some Steroidal Alkylating Agents on Experimental

Animal Mammary Tumor and Leukemia Systems'
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A series of steroid esters of -] N, N-bis(2-chloroethylaminoe]phenylacetic acid (BCAPAA), steroidal sulfides
ol p-(N,N-bis-2-chloroethvlamino)thiophenol, and a variety of steroidal ethylenimine derivatives were syu-

thesized and tested for antitumor activity in a number of experimental tinor systems.

Activity was found only

inn those instances in which the steroid and potential oueolytic agent were counected by ester or heterocyclic ether

linkage~.

The steroidal BCAPAA esters were of particalar interest showing excellens inhibition of a DMBA-in-

dnced and transplantable manimary adenocarcinoma, aud narked increase in snrvival when tested ou a variety

of rat lenkemnias.

Factors siich as route of administration, vehicle, aud the uature of the steroid had definite
cffeets nud are disenssed in detail in the body of the paper.

The stercddal BCAPAA exters were judged to be less

roxie (hatt some of the well-known nitrogen mustards in general ase.

Steroidal alliylating agents have received sporadic at-
tention as potential antitunior agents for some 15 years.
The workers in this field were liopeful that useful advan-
tage might be made of the lipophilic mture of the ste-
roid molecule in the transport of various nitrogen and
sulfur niustards or that hormonal steroids such as andro-
gens and estrogens could deliver the alkylating agent to
a specific target tissue. In his classical treatise on bio-
logical alkylating agents, Ross, reviewing this field up to
1960,3 concluded that the few steroidal nitrogen mus-
tards prepared at this date had no outstanding anti-
tunior properties. In 1961, Burstein and Ringold niade
an androgen nitrogen mustard which was nontoxic at
doses up to 500 mg/kg.* Antitumor activity was not
reported. In 1962, Ruo and Price® made a variety of
steroidal nitrogen mustards, a few of which were re-
ported active i inhibition of the Gardner ascites tunior.
1111966, Schneider, Hamslier, and Beyler® reported that
n few steroidal ethylenimine derivatives displayed mod-
est activity in an unspecified CsH mouse tunior. The
reports cited in most cases involved compounds in which
the (CICH>CH,):N moiety or ethylenimiue grouping
was linked to the steroid by an N-C bond. Moreover.
all the references cited were notable for the paucity of
biological data. In contrast to these unpromising re-
sults were the reports of a Russian group,” Degteva,

(1) Ia) Tlese stadies were sapported by tlte Endocrine Evaluation Brancls,
({encral Laboratories and Clinies, National Cancer Institute, National In-
sltlates of Healll, Betliesda, Md., «ilder Conlract No. SA-43-ple-4351.
() Steroids. LXXXI11I. Previous paper in this series: . 1. Carroll,
A Plidip, v M. Ferpasor, ndd M, T Wall, J. Hetecovyelie Chem., 5, 805
CY68).

20 aeleertee Evaluacion Ve, Gerertl Lalworacocies alel  Clicices,
Natiolal Catleer filstitute, Nutiotul Inscitutes of Heulth, Bethesdn, Md.

13) W. C.J. Ross, “Biological Alkylatiag Ageits.”” Butterworldl aud €
Ltd., London, 1462, p 142.

&) S. H, Burstein and H. J. Rigold, J. Ory. Chew., 26, 3081 19614
(Lis paper also gives a good review of previous studies.

(51 G. V. Ruoand C. C, Price, <bit., 87, 205 (1962).

i 1080 Sclmeider, J. Hamsleer, and R. E. Beyler, Sterodda, 8, 553 (1UG6).

Y7) We wisle to thank Dr, Ilor Masnyk for ealling tlese sludies to rie
seleulion, and providing Englislt translatiod for some of tlle key refercuces.

Larionov. and coworkers® These workers deseribed
the preparation of 33-hydroxy-5-cliolestene p-[N,N-bix-
(chlorocthyDamino Jphenylacetate  which they ealled
phenesterin (1) and have made detailed studies of the
activity of phenesterin against a variety of solid tumor
svatems ineluding Siurconn 43, Walker eareinosireont,
and alveolar liver eareinoma RS-1,Y and recently in

DR

(CICH,CH, )_N—@CHJ('OO

!

brain tumors.™ At levels of 100--200 mg,/ kg in rats and
mice, and subeutaneous adiinistration in olive oil vehi-
cle, these workers reported remarkable inhibition of the
above-mentioned tumor systems; however, the com-
pound was huetive against Lhrlieh and Sarcoma 180
mice tuntors. In addition phenesterin was found to be
relatively nontoxie, with an LD for rats (single injec-
tion) of 2.0 g/kg.™  Degteva, Larionov, and coworkers
elaimed that the aetion of the cholesterol ester was dif-
ferent from that of the parent free aeid® and have
stressed the importance of the ester funetion.

With these latter encouraging results in hand, we de-
cided to reinvestigate steroidal nitrogen mustards and
steroidal ethylenimine devivatives with the following ob-
jectives: (a) to prepare n number of steroid analogs of
phencsterin varying the steroid and the loeation of the
BCAPAA ester on the steroid selection; (b) to prepare n
nuniber of steroidal ethylenimines in whieh the aetive
alkylating function would be located on an ester or reae-

(%) ) Lo I Racowsn, O N, Degtieva, atad N. v Lestayy, Vopro (Al
8. 12 (19620 O X AL Degleva, dhid., 10, 52 110645 ; (¢) 8. AL Degteva aiad
1. I lacionov, ibid., 12, 31 (1u66); 1dy 150 N, Slikodinska o ML Kard-
vikova, 0. 3. Vasina, atld A, Ya. Berlin, J. Gexn. Chem. USSRK, 32, 015
i1962).
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Re Position

Cholesteryl 38
Deoxy corticosteronc 21
Estrone 3
Estradiol T8
Testosteroue 178
Pregnenoloue 38
Dehydroepiandrosterone 38

@ A typical example is given in the Experimental Section.
compotinds except the first were analyzed for C, H, Cl, N.

tive heterocvelic ether linkage capable of enzymatic
clenvage similar to the steroidal BCAPAA esters; (c) to
prepare a number of selected steroidal alkylating agents
in which the nitrogen mustard or ethyleniniine would be
located in a moiety which should be difficult to remove
enzymatically from the steroid; and (d) to compare
groups a-c¢ under strictly comparable conditions in a
variety of solid tumor and leukemia systems. This re-
port presents the preparation of the various compounds
and initial biological information obtained to date in a
continuing program.

Chemistry.—The preparation of p-[N,N-bis(2-chlo-
roethyl)aninoJpheuvlacetyl chloride hyvdrochloride and
its reaction with various steroidal alcohols to give the
desired esters is based on the original procedure of
Shkodinskaya, et al.,3 modified by us as required for
preparation of 10-50-g quantities. A flowsheet of the
procedure is shown in Chart I.  The steroidal BCAPAA
esters prepured by this route are shown in Table I The
compounds described were purified by repeated cliroma-
tography ou silica gel and/or Florisil until analysis by
thin layer chromatography (tle) indicated that the prod-
uct was pure. Although in sonie cases a crystalline
product was not obtained, in every instance acceptable
analytical constants were obtained.® In addition all
the compounds were characterized by ir and nmr spec-
troscopyv. Characteristically, all the ir spectra of all the
esters showed a strong band at 1725-1735 em~!. The
p-IN,N-bis(2-chloroethyl)amino Jphenylacetyl moiety
present in all the compounds of this group showed char-
acteristic nmr peaks: the benzvlic protons appearing
as a singlet iu the region 6 3.48-3.70, the protons of the
2-chloroethyl groups as a singlet at § 3.67, and the aro-
matic protons as a typical A;B, multiplet centered in the
region of 6 6.92-7.00. All of these bands were well
downfield froni the steroid methyl and methylene peaks
and hence were useful for characterization. The ester-
ification reaction proceeded readily with steroidal phe-
nolic and aliphatie hydroxylic groups at the 3 position,
and with the 21~ and 17-hydroxyl functions. Although
a variety of relatively simple steroids were easily con-
verted to the BCAPAA esters, we were unable to obtain
the desived product with cortisone or hydrocortisone.
In these cases the csterifiention reaction proceeded
readily at C-21 but the subsequent product was uustable
and could not be obtained in pure form.

@) Altloough the steroid BCAPAA esters uce reasonably stable tn dry,
pure foria, tley rapidly decowmpose in the liot crystallizing solvents such as
methlanol, liexane, acetone, etllyl acetate, etc. Accordingly, if a compound
was not readily crystallizable, it was not subjected to prolonged attempts,
particularly since acceptable analyses were obtained.

b Yield based on analytically pure material.

Yield,b % Mp, °C Foratea?

86 0] . H--0¢

83 CaulleCLNO,
%0 CeHaCLIN )y
-—):; (/‘431 l;,u(,(hxg( '4
61 CaHs CLN Oy
80 12830 CaHyCLN O,
48 124-26 CallgClLN O,

¢ Lit.% mp 89-80.5°. ¢ All

A series of steroidal sulfides of p-(N,N-bis-2-chloro-
ethylamino)thiophenol were prepared in order to deter-
mine whether a C-S bond in this form eould be cleaved.
The parent compound, p-(IN,N-bis-2-chloroethylamino)-
thiophenol is moderately active.'¥ The steroid sulfides
would be expected to be inactive but might be a good
“latent” form (ref 3, pp 178-179) if the R-S bond could
be cleaved. Steroid sulfides at position C-21, 7«, and
16« were prepared as shown in Table II. The C-21
sulfides were prepared by displacement of the corre-
spouding brosylates by the anion of p-(N,N-bis-2-
chloroethylamino)thiophenol,'®® the others by addition
of the same anion to a conjugated double bond, respec-
tively, to the 16« position of a A'-12,20-diketo steroid
and to the 7« position of a 3-keto-A*t-diene. Table III
describes the physical properties of a variety of steroidal
ethylenimine derivatives. Two basic types were pre-
pared: (a) ethylenimines attached directly to the ste-
roid by a C-N linkage, and (b) compounds i which the
ethylenimine nioiety is on a funection which could be en-
zymatically cleaved away from the steroid and includes
structures of type

ROOCCH.N]
N0,

ROOC ]

5
N

The steroidal ethylenimines with direet C-N linkages
were prepared by reaction of an appropriate steroid ox-
ide with etlivlenimine or by a Michael-type addition to
an appropriate conjugated uono- or diene giving a se-
ries of 7a~, 16a-, 68-, and 17-aziridinyl compounds.
The methods and the stereochemistry of the resulting
compounds i1t botl series is well established involving

(10) (a) M. IL. Benn, Ph.D, Thesls, Universily of London, 1957; (b)
M. H. Benn, L. N. Owen, and A. M. Creigliton, J. Chem. Soc., 2800 (1958).
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Anulyses
CALN
¢, 1, CL N, =
¢, U, CL N, =
C, 11, CL N, 8

A, RCH==C1IR + p-HRCGHN(CHL.CHLClis v refluxing
benzene containing piperidine: B, ROBrOS + HSCH,N{CH.CHLCL. in refluxing Calla contatuing piperidine.
* 'The produret wns nonerystalline.

B Based on nnaly tieally

Lneaodi?
Cadbe N0,

( '341 l:xﬁxi('ill‘
Caal 1 NO,P

Cuglla N3O,

Callu N

ol b Nat )y

CuH g Nt )"

CasllipN O
Cu N Oy

s NGO,

CiallagOe N
1.0

CallaN Oy
11,0
Cualla NGOy

Canl TN G,

Cad 3N O,
Cod 1Ny
Ch NG,

A, RO + POCH (ollowed by treatment with evhyleniuine in

(a) Cllg or (b)Y THF: B, ROH + 3,5-(N01)-4-CICsHCOCI or 3,5-(N(h)-2-ClCe11.COCT in Culli or CTILCl conraining pyridine fol-
lowed by treating the produnet with ethylenimine in (1) DMF containing FeN or ihs CHLCL containing KGN ¢, RCH A‘»(v",” R+ ethyl-

eninine;
or (h) contiining LN,

1, ROH + 2-chloro-4,6-bis( L-izividimy D-s-trinzine ine Mea0 0 contadning K.00;;
b Calealation based on pure prodact isolated.

Obshch, Khin., 36, 853 (1066)] repori mp 144-146°.  “ Lit.s mp 150-131°,

+ All componnds analyzed correctly for C, 11, N, unless otherwise noted.  * )

e

H analysis ouly.

caled, 76.47:

found, 7533

o
1, BCH==CHR 4+ ethylerdimine () neat
K. A. Petrov, A. L. turvriolova, and V. P. Korotova [Zh.
S LS mp 1521517,
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CHanrr I
1.EIOH

2.1CH,),0
H,N—@—CH,ZCOOH s
1. POCI,

2.HC1
(HOCH:CH;);«N‘Q—CH._,COOCgH; RLLEN
(CICHZCHJ)_,N—Q—CH._;COOH SN

ROH
C.H,

HC} cefl
(CICH.CH. ),N—Q—CH._.COQ ==
ROOCCH:‘Q—N( CH.CH.CD).

familiar diaxial cleavage in the case of thie epoxides,'!
and diaxial, rearside attack in the case of addition of
ethylenimine to the conjugated systems.'2'3 The ir
spectra, which showed a typical absorption at 3060-
3080 em~! due to the C-H stretching found in the aziri-
dinyl ring, represented a good method for characterizing
this group of compounds. Steroidal 3,5-dinitro-2- or
-4-aziridinylbenzoyl esters were prepared from the cor-
responding 2- or 4-chloro derivatives by reaction with
ethylenimine. The steroid bis(l-aziridinyl)phosphi-
nate esters were prepared by treating the appropriate
monohydroxy steroid with POCl; and treating the resul-
tant ROPOCI, derivative with ethylenimine. These
compounds were crystalline and characterized by analy-
sis and ir spectra which show typical bands at 3080
(C-H stretch of aziridinyl ring) and 1275 em~! (P==0
stretch). The nmr spectra show an eight-proton dou-
blet at § 2.17 (aziridinyl protons coupled to phosphorus).
The steroidal bis(l-aziridinyl)-s-triazinyl ethers could
be prepared by reaction of phenolic steroids with
2-chloro-4,6-bis(1-aziridinyl)-s-triazine. The structure

+ ROH — Ro—{
N

N N

o N
a_f‘\(N "~
(_ _

assignments were based mainly on the elemental analy-
sis and the nmr spectra which show an eight-proton sin-
glet at 6 2.38 (aziridine proton). The 33-hydroxy-
5-cholesteneaziridinyl acetate is an extraordinarily reac-
tive compound. The compound can be made readily
by preparing 38-hydroxy-5-cholestene chloroacetate
and treating the latter with ethylenimine.

Biological Data.—The majority of the compounds
listed in Tables I-III were tested for antitumor activity
through both the contract programs of the Endocrine

(11) L. Fieser and M. Fieser, “'Steroids.” Reinhold Publishing Corp.,
New York, N. Y., 1959, pp 7-15.

(12) D. K. Fukushima and T. F. Gallagler., J. Amer. Chem. Soc., 73,
196 (1951).

(13) For tlie stereochemistry of tlle addition of anions to tlle 3-keto-
A4S gteroidal dienes see R. M. Dodson and R. C. Tweit. tbid., 81, 1224
(1959).
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Evaluation Branch!'* (EEB) and the Cancer Chemo-
therapy National Service Center (CCNSC) of the Na-
tional Cancer Institute. Under the auspices of the lat-
ter, they were evaluated in the Walker carcinosarcoma
256 (intramuscular) and the L1210 lymphoid leukemia.
In the EEB program the compounds were evaluated
initially in either the R3149 acute monocytic leukemia
of the Fischer/344 rat or the 13762 DMBA-induced and
transplantable mammary adenocarcinoma (nornial line)
of the same imbred rat, depending upon the steroid moi-
ety of the individual compounds. I'or example, based
on prior experience, corticoids were more likely to show
biological activity in a leukemia system than in a2 mam-
niary tumor, while with androgens or estrogens the op-
posite could be expected. In addition to the R3149
leukemia and the 13762 mammary tumor some of the
steroidal alkylating agents reported herein were tested
in other mammary and leukemia systems (Tables IV
and IX). A paper to be published later will report in
greater detail the antitumor and other biological param-
eters of these and related compounds.

Assays with the L1210 leukemia and the Walker 256
carcinosarconia were performed according to the specifi-
cations® of the CCNSC. The R3149 leukemia and the
other rat leukemias were described by Dunning, et al.,!®
the methods for testing chemical agents were included in
the same publication. The 13762 mammary tumor was
described by Segaloff.'” Compound evaluation meth-
ods (unpublished) were essentially the same as those
used for solid tumors by many investigators, e.g.; frag-
ments 2-3 mm?® were implanted subcutaneously; 24 hr
later drug administration was initiated and continued
once daily; in the case of the 13762 mammary systeni
the drug was continued for 21 days; 1 day later the ani-
mals were sacrificed, thie tumors were excised, and the
weights were recorded. Groups of ten inoculated ani-
mals were assigned randomly as controls or to the vari-
ous agents to be tested. The compounds were adminis-
tered most frequently via the subeutaneous route; how-
ever, oral and intraperitoneal evaluations also were car-
ried out in several instances. Steroid suspending me-
dium (0.99; NaCl, 0.49, polysorbate 80, 0.5%, carboxy-
methyleellulose, and 0.99; benzyl alechol) was used
chiefly as the diluent, but sesame oil, peanut oil, and sa-
line were used in some of the experiments.

A summary of the data obtained to date with active
compounds 18 shown in Table IV. Except for the di-
ethylstilbestrol derivative inactive compounds are not
included, although they were tested in many of the
same systems and at the same or similar dosages via the
same routes of administration. In general, no activity
was found in the systems studied to date with the com-
pounds in which the oncolytic agent and the steroid
were connected by a stable bond which could not be
readily cleaved by hydrolytic and/or enzymatic action.
Thus all the nitrogen mustards with a stable steroid-
sulfur bond (Table II) or ethylenimine compounds
(Table III), in which the active agent was linked to the

(14) Data reported herein with the exception of those on Walker 256 and
L1210 were obtained in the contract laboratories of Dr. W. F. Dunning,
University of Miami, Coral Gables, Fla., and Dr. Arthur Bogden, Mason
Research Institute, Worcester, Mass.

(15) Protocols for Screening Clinical Agents and Natural Products Againsl.
Animal Tumors and Other Biological Systems, Cunrer Chemotherupy Repl.,
25. 1 (1962).

(16) W. F. Dunning, M. R. Curtis, M. L. Stevens, and I". Dumenigo,

Cancer Res. Suppl., 27, 696 (1967).
(17) A. Segaloff. Recent Progr. Hormone Res., 22, 351 (1966).



TasLe IV
SUMMARY OF ANTITUMOR EFFECTS OF STEROIDAL ONCOLYTIC AGENTS

et e ¥ o K A R S 13Ty LT 0 R B et

e - e e i e e TOE B ST e e e
R Sabstitation 1 2 3 4 5 6 7 8
ROOCCHCeHN Xy#
Cholesterol 58 —, H0-400 s¢ A4, 5 20 s8¢ =+, 10 po -y 25-10s¢ 4, W0 po 4+, 10 s¢ + 44, 10 s¢
Estrone 3 —, 100-400 s¢ 444, 330 ip +++, 10 po + 4, 125-25 ¢ -4+, 25 8¢ 44,25 4+, 25 ke ++4, 2.5 s
Na

Estradiol 31 -, 100400 s¢ -4, 75600 8¢ + |-+, 1 10=e +4-, 2.0 8¢ 4+ 2.5 se 4+, 208¢ +44,20x¢ 44, 25 se
Testosierone 178 —, 100-400 5¢ 4+ 4, 150-6005¢  + 44, H-10 ¢, po
Deoxyeorticosterone 21 -, 100400 s 444, 3301 4+ 44,5 10s¢ -, 1L.0xe +++,5.0s¢ + 44, 5.0 8¢

N

N~
R—0—¢ N
N

<]
Fistrone ) —, 25-400 s¢ t 4, 12.5-300 8¢ 4,5 10s¢ —, 10s¢ 4, Lose 4, LOxe
Dicthvistilbestrol 2,2 —, 100-4001p  —, 12.5 400 s¢ —, 0.1-5.0po —, L.Ose —, L.0se

6]
el
ROP
S,

Eswone 3 —, 100400 s¢ -+, 40 200 ¢ 4, 5 20 s¢ —, 0.1-10 s¢, po
Cholesterol B —,50 400s¢c 44, 400ip —, 0.1 10 8¢

X, = (CH.CHLCha 8 I imor systems: 1, L1210 lvimphoid lenkemia, BDEF; monse; 2, Walker 256 carcinosarcoma {(iniramusentar), random bred raf.
tained in Fischer /344 rats: 3, 13762 mamnnary adencearcinoma; 4,
7, R3530 subacuie nonoeytic lenkemia; 8, R3309 chronie lenkemia; 9, R3230 mammary adenocarcinoma; 10, R2120 monamary a:donoeareinoma, Aagnst /7322 rat.

in hostsurvival days, e.q., leakemias, and for inthibition of thmor growth, e.g., nunmmary Gnnor, and in some ms(atees hoth end pointx: - = <553, effectiver +
= >05-8 077 + 44 = >80-100¢ and over; 1" = toxic.

Tapil V
Brarnrs Oprarven Usine 13762 Mavmany ‘T'rasor or the senei /344 Rat

No. of racs
sac. /ilitial

Dose, mp/ke/day

Coadpsd po (21 dayvs) Mean (weaor wi, 2 “r ol coiltrols Mean hody wirdtin®
1 ¢

Controls (sesame oil» M 1010 1.09 + 0.8 1.48
Cyelophosphamide 1.62 10710 1,33 - 0.3 69 1.70
325 10710 LIS 0.5 Y] 1.54
6.0 7/10 018 -+ 0.2 21 1.
Phenesterin rl) 5.0 1010 .83 L 0.4 42 1.56
10.0 10710 0,16 1 0.1 N 1 27
200 910 01200 6 1.25

* Body weight ratio s the mena of the nal body weight of the hosts per group divided by the menn ol the miial body weight of 1he

sane group. ¢ Bach cotarol animal i given a D.5-ml dose daily, of the <ame vehicle nsed for the drag preparation.

VU —

a 16

T, 10 po
T, 25 8¢ 4, 2.5 ¢
+, 2.5 s¢ 4 2580
44t 5.0 s¢
= L0 se
-, 1.0 s

-, 2.2 %¢

The following sysfems were all main-
R314H acute monocytie leakemia; 5, IRC741 acate monaevtie lenkemia (Danning); € R3323 acate mamneytic lenkemia;
¢ Activity 1s hased on inerease
S35 5000

I 200 6570 -+ 4
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steroid by a C—N bond, were completely inactive.’® On
the other hand, for all of the active compounds shown in
Table IV, the oncolytic agent is linked to the steroid by
a more easily cleaved ester or heterocyeclic ether linkage

All the compounds studied in the L1210 leukemia
were inactive according to the criteria of the CCNSC.
On the other hand, most of the same materials were ac-
tive in the Walker 256 system. In this system and the
13762 mammary tumor it was of considerable interest to
find that an ether of bisaziridinyltriazine with estrone
showed an antitumor effect while the ether with diethyl-
stilbestrol, which contains two of the bisaziridinyl-
triazine moieties, was inactive in these and in all others
studied. The most active agents of those studied to
date were the steroidal esters of p-[N,N-bis(2-chloro-
ethyl)amino Jphenylacetic acid. As shown in Table IV,
all of these compounds produced a good to excellent
antitumor response in the 13762 mammary tumor. At
this time it is not possible to report that onc of these
agents is definitely superior to another in this system.
However, in some of the rat leukemias the ester of es-
trone, the 3,173-diester of estradiol, and the correspond-
ing desoxycorticosterone-21-phenylacetic acid nitrogen
mustard were more effective than the cholesterol ester
(phenesterin, 1).

Antitumor results from one of the earliest experiments
with the cholesteryl ester in the 13762 system indicated
that route of administration and the vehicle used as a
solvent might be factors iniportant to the efficacy of the
agent. The results of two experiments formulated to
test the effects of each are shown in Table VI.  Ascan be
seen, oral administration was superior to either the sub-
cutaneous or intraperitoneal routes; the sesame oil as
the diluent appeared superior to the steroid suspending
medium. Metabolic studies are in progress with the
doubly labeled phenesterin in an attempt to determine
why oral administration is more effective with this com-
pound. As can be noted in Table IV, the corresponding
estradiol, testosterone, and deoxycorticosterone esters
were active by the subcutaneous route of administra-
tion, but it remains to be proven that they would have
been more effective if given orally.

The results of a comparative study with the oncolytic
agent, cyclophosphamide, and phenesterin (1) in the
13762 mammary system are shown in Tables V and
VII. Table V shows the results with the routine 21-
day study while Table VII shows additional groups that
were maintained for a longer period of treatment (63
days). A higher dose of cyclophosphamide was not in-
cluded because in two of three previous experiments
with eyclophosphamide at 7.50 mg/kg/day given orally
in steroid suspending medium, all animals were dead be-
fore the end of the 21-day treatment period. With the
shorter test period phenesterin gave better antitumor
activity than cyclophosphaniide at all three dosages and
only one animal died that received the highest level, 20
mg/kg/day; conversely three of the animals that were
given the highest level of cyclophosphamide, 6.50 mg/

(18) In this connection, N. F. Bukva and G. H. Gass, Cancer Chemotherapy
Rept.. 81, 431 (1967), have reported some activity of steroidal 18-aziridinyl
compounds similar to the pregnendone acetate and 3-hydroxypregnane-
11,20-dione derivatives (Table II1) in inhibition of CH/AN mammary car-
cinoma (milk factor) (intraperiloneal administration). Inspection of theicr
duta indicates that very high doses 25-50 mg were reqldred to produce a
modest response, 7.e., T/C 30-45%,. Tle similar compounds in our studies
were invesligated at much lower dose levels and largely by subcutaneous ad-
minisiration.
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TasLe VI

REsvrrs OBTAINED WITH PHENESTERIN (1) ADMINISTERED
BY THREE DIirFERENT ROUTES AND IN Two DIFFERENT
VeHICLES TO FISCHER/344 Rats BEARING THE 13762
DMBA-INpUCED AND TRANSPLANTABLE MaMMary TUMOR

No. of

animals <% of Mean body wt

T/C* Mean tumor wt T/C, g = SD controls ratio® T/C
10 mg/kg/day po for 21 days in sesame oil

10/10 0.46 £ 43/1.44 = 0.95 32 1.33/1.77

10/10 0.33 £ 0.30/3.39 = 1.0 9 1.37/1.67

10 mg ‘kg /day po for 21 days in steroid suspending medinm

10/9 0.49 = 0.31/1.23 = 0.58 40 1.64/1.69
9,/10 1.02 = 1.3/2.73 £ 0.60 37 1.38,/1.68
10 mg,/kg /day =c for 21 days in sesame oil
10/10 0.98 4 0.81/1.68 = 0.80 H8 1.56/1.82
10/10 2.66 4+ 1.2/2.79 = 0.7 95 1.68/1.67
10 mg/kg/day =c for 21 days in steroid suspending medinm
10/10 A2 £ 0.83/1.72 £ 0.86 fatal 1.77/1.73
10/10 3.2l +1.1/3.21 =1.6 100 1.53/1.653
10 mg ‘kg/day ip for 21 days in sesame oil
10/9 1.02 + 0.74/0.99 &= 0.41 108 1.71/1.64
10/10 1.44 + 0.60,/2.93 = 1.1 49 1.37/1.46
10 mg/kg /day ip for 21 days in steroid suspending medinm
10/8 1.36 = 1.2/0.64 &= 0.56 213 1.70/1.45
10/10  3.39 =1.0/3.79 = 1.9 89 1.53/1.46

@ Treated/controls. * Body weight ratio is the mean of the
final body weight of the hosts per gronp divided by the mean of
the initial body weight of the same group.

kg/day, died. Tor the longer period of drug adminis-
tration the antitumor activity of the two agents ap-
peared equivalent at the highest levels; however, with
cyclophosphamide ounly two rats survived beyond 23
days at which time only one animal receiving the highest
dose of phenesterin had died. In this experiment and
others to be reported in a later paper, the steroid
BCAPAA esters appeared to be much less toxic than
this oncolytic agent, as well as others commonly used.
The 3.25-mg/kg dose of cyclophosphamide is roughly
equivalent to the amount of BCAPAA in the 10-mg,/'kg
dose of phenesterin.

All of the data reported above for the 13762 mam-
mary system were obtained in animals in which drug ad-
ministration was initiated 24 hr after tumor implanta-
tion. Table VIII reports results of four experiments
which were obtained in rats with well-established tu-
mors, e.g., those having the tumors implanted a mini-
mum of 22 days prior to initiation of therapy. Phenes-
terin and cyclophosphamide then were given daily for 21
days. Both compounds suppressed the growth of the
tumor, and with tumor measurements made several
times per week phenesterin was found to cause actual
regression of the tumors. In the one experiment with
cyclophosphamide, and using only a few animals, tumor
regression was not measurable, and tumor inthibition
occurred only at the higher dose of 15 mg/kg/day. The
older animals appeared to be more resistant to the toxie-
ity of cyclophosphamide than were the younger animals
in the previous experiments. It is recognized that with
the exception of one of the experiments the number of
animals used was small; however, with phenesterin
three different experiments were done and the antitumor
effects were reproducible in each instance.
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Tanne VI
Resvrirs OBraiNep withH tHE B3T82 Mavvany Tosion or tHe Frseurn 344 B

Dose, mg,/ky, day No. ot eals
Compd po (83 davsi® At al Mearc vuduer we, @ ‘¢ wl conteols  Aleaw harly wu ralos
Controls (sesame oil) S 210 AT o 1T [
Cyelophosphamide 1,62 Tl 286 & 120N 90 bl
525 10 10 SE0 = 1200 9N 200
.50 0 107 0,58 = 0.1 | Lot
Phenesterin (1) 5.0 ] 0.8 & x.2 3 .50
10.0 10 261 = 2.6 N 1.1
20.1) 0 107 0.68 2 0.5 2 0,96

* Body weight ratio ix the mean of the final body weight of the hosts per groap divided by the mean of the initial body weight of e
satte gronp.  * Each control animal ix given a 0.5-ml dose daily, of the =ame vehicle nsed for the dimg preparation. ¢ Ouly two rats
lived bevond 23 days. ¢ Ouly one rat died before day 30. ¢ Survivors =acrified on day 65,

Tasue VIIL
Resvurs OnraaNed witn PHENESTERIN AND CYCLOPHOSPHAMIDE TN Frscinme 544 Roars BrariNa
WeLL-EstabusHed 13762 Mawniagy Tusons

Cowpd, dose Non. ol PR
fmg, ke day) animals T /(¢ Mean taror wi T/C, g = < codlrols Mead holy we ealio® 1 °C
Phenestrin, 10 20) 20¢ T32 =3 4632 - . 12 130207
44 16,4 4+ 0.3.49.8 = 320 BN 104 1.3
50 225 £ 0.084E6 = 165.6 27 0.78 1.4
Cyclophosphamide, 7.5 5o 4.0 £ 257000 £ IN2 ) 114117
Cyeclophosphanude, 15 B2 133 2+ 152 50 7= IN.2 22 093 117

= T,C = treated group/coutrol gronp. * Body weight ratio ix the meau of the final body weight of the hosts per groap divided by the
niean of (he inirial body weight of the saume gronp.  © Tamors imphited 22 day= prior 1o initiation of therapy, 21 davs of therapy. 4 Tn-
mors implanted 30 days prior to nitiation of therapy, 7 days of therapy. ¢ Tamors implanted 28 davs prior to initiation of therapy, =
weeks of therapy.

Tanne IX
lesrers Opramwed Witk Taree Steroip Esters oF p-| N, N-BIs{2-CHLORORTHYL)AMINO [PHENYLACETIC ACID IN
Vartovs Levkesias or THE INBred FiscHer 344 Rar
ROOCCH,CeHIN(CH,CH\Cl),

Mean taor

Letkemic Dose, mg, kg /day Nu. ol rats  diaidecer. cue Mead survival, WT change, &
R Subslitetion svstems? (no. ol doses? T TC “ dayvs T,C “y ¢
Cholesterol 38 15149 10 =¢ (10) 1010 20026 N1 12.6 11.7 108 —5 0
10 po () 1010 P2 a0 20,4 13.8 148 — 13
R3323 10 po 110) 99 ¢ 6.0 10,1 1558 — 2 -]
R3330 10 s¢ [18) 1010 ¢ 286188 1He —-19 =7
13399 10 se (1) 10 10 0.0 1.9 1 2621405 183 -7 =5
IRCT4! 2.5 se (160 1010 | 02 20,5, 2201 03 24 =N
10 3¢ (16) 1010 2004 N3 21.6,2001 107 36 =7
Lisirone 3 L3149 2.5 80 (13) 1010 0.50 1.5 A 16.0 12.6 127 -27 12
R3140 2.5 se¢? (101 10 10 0.70°3.0 23 24 8 144 172 05
15325 200 we (0) 10y 101000 110 —-5°10
133323 2005 se 110) 109 14.2,10.0 141 -1 6
3323 2.0 sed (10 10 9 21.%10.6 200 —20 -5
13330 2.5 s (18} 80 35402003 174 -3t -4
113399 200 R 1) 10 10 1.0.2.06 3N 3320164 202 —27 -5
13432 205 ke 120) 1010 .0-2.9 0 710410 175 —-530
TRCT41 Yoo se T 10 10 00 2.5 0 BRI R W 109 —35.0
Eistradiol BT 3149 2.0 se (1) 109 20209 100 17.% 108 165 -89
205 sed (103 1010 0.9 5.0 30 2005 144 142 205
13323 2.5 ke 110) 109 5.5 0.9 157 =220
1:31323 2.0 wed (10) 1)) 15,7008 140 — 16, - 10
1133330 2.0 e (18) 1045710 5101809 270 3270
1135399 2.5 se (17) 910 0.n 5.0 0 30,3057 1933 =31 -7
3432 205 sed (20) 510 Toxie
R3432 200 se (20) 1O 10 .05 1 8] 62.7,50.8 158 205
TRCT 2.5 xe 116) 10710 [ISU 100 shor2ed 141 2078
IRCTHIL 2.0 sed (1) (0710 [ 23 SN2 183 - 184

“1C = reated coutrols,  * Lenkemius:  R3149 acute mouoey e, R3323 acnte nonveytic ivo solid tmmor), R3330 subacute moro-
evtir (o solid (mor), R3399 clironie, R8432 chronie lymiphoeytic, IRCT41 acute monocytic. ¢ No solid tmmor formed at the site of
inoculation.  9se = in peannt oil.  * T'wo animals classed ns enres since they survived over 90 days before reinoculation. 7 Eight of
ten aninals classed as enres since they survived over 90 days before reivoenlation.  # Seven of ten animals classed as enres, survival over
00 days before reinoeulation.
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Table IX reports in detail the antileukemic results-ob-
tained with cholesterol, estrone, and estradiol esters of
BCAPAA in at least five leukeniias of the I'ischer/344
rat. Comparable data on the deoxycorticosterone
ester bevond those in Table IV are not presented in
Table IX because of incomplete testing. The impor-
tance of the vehicle of administration to the efficacy of
phenesterin was referred to earlier; it is again indicated
by the results with the estrone ester given in peanut oil
or the steroid suspending vehicle to animals with R3149
and R3323 leukemias. All three esters were highly ef-
fective in the 3399 chronic leukemin, and, in fact, it
was the only leukemia in which the cholesteryl ester had
an outstanding activity. Both the estrone and estra-
diol esters were highly effective in several of the rat
leukemias. The results were of particular interest in
the IRC741 leukemia, known to be respounsive to alkyl-
ating agents'® but never effectively treated with ste-
roids.'® R3323 and R3330 were reported by Dunning,
et al.,'® to be responsive to several compouuds of estro-
genic structure; however, neither estrone nor estraciol
alone wus significantly effective in increasing host sui-
vival time as were these BCAPAA esters.  Of particular
interest also with these two agents were the animals that
were ‘“‘cured’’ of their leukemia, e.g., in the R3330 and
R3432 systems.

Additional antitumor and toxicological experiments
must be completed before the five most effective com-
pounds to date can be ranked as to superiority.

Initial studies of the hormonal properties of the com-
pounds reported in this paper indicate that the steroid
portion of the molecule, be it androgen, estrogen, or cor-
ticoid, does express its respective biological activity on
the endocrine organs of the host; however, no such ac-
tivity has been found in the case of phenesterin with its
cholesterol moiety. The antitumor activity of these
steroidal alkylating agents cannot be explained solely on
the basis of their hormonal properties because neither
cholesterol, estrone, estradiol, testosterone, nor deoxy-
corticosterone has demonstrated such effective inhibi-
tion of tumor growth in most of the systems used (un-
published data and Dunning, ef al.!¢).

Experimental Section®

Ethyl p-[N,N-Bis(2-hydroxyethyl)amino] phenylacetate.—Ethy1-
ene oxide (90 g) was dissolved in 100 ml of cold 129, AcOH. The
resulting solution was frozen in Dry Ice-Me,CO and 90 g of ethyl
p-aminophenylacetate was added. The mixture was sealed in a
Parr pressure bomb (2-1. capacity) and allowed to stand at room
temperatnre for 17 hr.  The apparatus was vented and the two-
phase solution was placed on a rotary evaporaior for 30 min at
room temperature. Water (200 ml) and CHCL (300 ml) were
added and the orgauic layer was drawn off. The agueous layer
was extracted with CHClL; (four 50-ml portions) and the extracis
were combined with the original CHCl; phase. This solition was
washed with saturated Na,CO; solution until nentral and dried
(Nas30,). Evaporation of the solvent afforded 130.1 g of a
crystalline solid, mp 67-70°, lit.2t mp 70.5-71.5°.

119) W. T. Dunning, Ann. N. Y. Aewd. Sci., 76, 643 (1958).

(20) Melting points were delermined on a Kofler liwol stage microscope
using a calibrated Ilcermometec. Uv spec(ra were measuced on a Cacy
Model 14 wpectrophotometec. Nme spectra were cecorded oo a Varian
Model A-60 (TMS). Ir specica were measuced willt a Perkin-Elmer 221
spectropliofometer,  AMass specica were delecrnined o0 an AFEl MRX-002
spectrometer. Alicroanalyses were carcied cul by Micro-Tech Laboratories,
Skokie Ill.  Where analyses are indicated only by symbols of tile elements or
functions, analytical results obtained for these elements or functions were
witldn =0.4%, of the theoretical values.
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Ethy! p-[N,N-Bis(2-chloroethy!)amino]phenylacetate.—Ethyl-
p-[N,N-bis(2-hydroxyethyl)amino]phenylacetate (130 g) in 350
ml of dry CgHs containing 130 ml of freshly distilled POCl;
was heated under reflux with stirring for 1 hr.  The solution was
eooled to room temperature and poured on to 1500 ml of ice.
The ice was allowed to melt and the Ce¢Hs layer was drawn off.
The aqglieous phase was exiracted with CgHe (two 100-nul portions).
The combined Cglls sohition was washed (0, dilute NaHCO;)
and dried (Na,S0y). Evaporation of the solvent in wvacuo
afforded 132.2 g of a brown oil which erystallized on standing,
mp 49-52°, lit.2 mp 52-58°,

p-[N,N-Bis(2-chloroethyl)amino|phenylacetic Acid.—Ethyl p-
[N,N-bis(2-chloroethyl)aniino]phenylacetate (132.2 g) was heated
in 560 ml of concentrated HCl at 100° for 4 hr. The solution
was cooled to room temperature and poured into 5 1. of ice and
H,0 with stirring. The tan, erystalline precipitate was filtered
off and dried giving 96.2 g, mp 10:-105°. The aqueous filtrate
was saturated with NaCl and extracted with CHCl; (four 100-ml
portions). The combined extracts were nentralized with Na-
HCO; solution.  After drying, evaporation of the solvent afforded
19 g of a solid. Crystallization from CeHg-CeHyy gave 17.5 g,
mp 104-105°, lit.2! mp 105°.

p-[N,N-Bis(2-chloroethyl)amino]phenylacety! Chloride Hydro-
chloride.—p-[N,N-Bis(2-chloroethyl)amino]phenylacetic acid (12
g) i1 95 ml of drv CeH, was added dropwise with stitring to 34 ml
of freshly distilled SOCL, at 0.5°.  After stirring at 0° for 1 hr,
a white precipitate formed. The mixture was allowed to stand
at —5° overnight and the solid was filtered off under dry Na.
After washing with cold, dry C¢He, the solid was dried in vacuo
over P,0; giving 14.1 g of ceryv=tals.

33-Hydroxy-5-cholestene [N,N-bis(2-chloroethy!)amino] pheny!
Acetate (Table I).—A mixtnre of 14 g of cholesterol and 13.37 g
of p-[N,N-bis(2-chloroethyl)amino]phenylacetyl chloride hydro-
chloride i1 220 ml of dry CeHs was refluxed for 4 hr.  The solution
was cooled to rooni (emperatire and concentrated to approxi-
mately 100 ml on n rotary evaporator. This sohition was
percolated throngh 125 g of Florixil and the colunin was washed
with Cglle.  Evaporation of the solvent yielded 21.7 g of a
colorless glass.  Crystallization from Me,CO~-MeOH afforded
20.1 g (8657) of erystals, mp 91.5-93°, lit.8d mp 89-89.5°. The
ir spectrum (CH,ClL) showed bands at 1725, 1615, 1515, 1337,
1003, and 805 em~L

16a-[p-(N,N-Bis-2-chloroethylamino)phenylthio]-33-acetoxy-
5a-pregnane-12,20-dione (Method A, Table II).—A mixiure of
0.36 g (1.0 mmole) of 3g-acetoxy-de,16-pregnane-12,20-dione,??
0.250 g (1 mmole) of p-[N,N-bis(2-chloroethylamino)]thiophe-
nol, and 0.5 ml of piperidine in 5 ml of C¢lls was stirred at re-
flux for 24 hr under N2. The reaction mixture was concentrated
nuder rednced pressure on a rotary evaporator. The remaining
residue was dried at high vacuum overnight and chromato-
graphed on silica gel. Elntion with C¢Hs gave di[p-(N,N-2-
chloroethylamino)phenyl] disulfide. Elition with CeHe—AcOEt
(80:20) yielded a fraction which gave 0.55 g (89%) of the de-
sired product.
21-[p=(N,N-Bis-2-chloroethylamino)phenylthio]-113,17 a~di-
hydroxy-4-pregnene-2%,20-dione (Method B, Table II)—A
mixture of 17.5 g (30 mmoles) of hydrocortisone brosylate,!®
7.51 g (30 mmoles) of p-[N,N-bis(2-chloroethylamino)]thio-
phenol, ™ and 9 ml of piperidine in 150 ml of C¢He was refluxed
for 25 hr nunder N;.  The cooled reaction mixture was filtered to
remove piperidininm brosylate. The filerate was concentrated at
rediiced pressure on a rotary evaporator. The remaining residue
was dried under high vacunm and chromatographed on silica gel.
Elution with Cglls gave p-[N,N-bis(2-chloroethylamino)phenyl]
disulfide. Elntion with CgHg~AcOEt (60:40) vielded a fraction
which gave 9.75 g (559) of the desired product.
173-Hydroxy-2«-methyl-5x-androstan-3-one Bis(1-aziridinyl)-
phosphinate Ester (Method A, Table III).—To a solution of 15 g
(49 mmoles) of 178-hydroxy-2e-methyl-3a-androstan-3-one in
450 ml of THF containing 10 ml of Et;N at 0° was added 6 ml
(66 moles) of POCl and the resulting solution was allowed to
stand at roonn temperature for 24 hr.  Et;N (4 mil) and 1 ml of
POCH were added and he mixtare wis allowed to staud for 20
I at room temperature.  The solution was cooled in an ice bath
and a solution of 7.7 mil (148 nnnoles) of ethylenimine in 30 ml of

(21) J. L. Everetl, J. J. Roberts, and W. C. J. Ross, J. Chem. Soc., 2386
(1953).
(22) M. E. Wall and 8. Serota, I'etrakedror, 10, 238 (1960).
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Lt:N was added dropwise with stirring.  After 2 hr the solution
was washed (dilute NaHCO;, H,0, saturated NaCl solution).
After drying (Na,SO,), the solution was evaporated to give 19.5
g of a brown oil. This material was dissolved in C¢Hg and
chronatographed on 386 g of silica gel. The column was eluted
witl a gradient system: 57 FEtOAe/CeHe30%, EtOAc/CsHe
LtOAe. Thix procedure gave 10.7 g of chromatographically
pure material,  Crystallizacon from CgHye afforded 8.8 ¢ of
solid, mp 150-153°,

33-Hydroxy-5-cholestene 4-(1-Aziridiny!)-3,5-dinitrobenzoate
Ester (Method B, Table III).—To 1 solution of 8.21 g (31 mmoles)
of 4-chloro-3,5-dinitrobenzovlt chloride in 100 ml of Cglg was
added 10 g (26 mmolex) of cholesterol aud 10 ml of C.H:N.
After stirring 2t room temperature for 2 hr, the solid material
wis remcved by filtration amd the filtrate was washed (dilute
NallCOyq o0 saturated NaCl)y  Afier drying the solution
{NaSO)y), the liquid was evapornted 1o give 15,1 g of a crystalline
solid.  Crystallization fromr MeOl gave 13.8 g of a pale yellow
=olid, mp 170-173°. To a =oltion of 11.5 g of thix material in 300
ml of DMF was added 10 ml of 124N sind 2 ml of ethylenimine
This ~olution was stirred at room temperatare for 20 min and
dilnted with 600 ml of EtOIl,  Aler cooling the solition to 0°,
the crystallive precipitate wis filtered olf and dried to give 11.2
g of a1 vellow solid, nmip 202-205°.

istrone 4,6-Bis(1-aziridinyl)-s-triazin-2-yl Ether (Method D,
Table IID.--A mixture of 10 g (36 nunoles) of esirone, 7.31 g
137 mmoles) of 2-chloro-4,6-bix( 1-aziridinyl)-s-(riazine,?® and 5,11
g (37 munoles) of KyCOyin 400 ml of dry Me.CO was refluxed with
stirring for 17 hr. After cooling, the reaction mixture was poarved
into 3 L of HyO with sifiring.  ‘The resulting precipitate was
filtered off and dried to give 16.2 g of a colorless powder.  Crysial-
lization from 7-PrOH afforded 11.8 g of erystals, mp 156-160°
dee. This material was reerystallized from -PrOH to give 11.1
e, mp 170° dec.

38-Acetoxy-16«-(1-aziridinyl)-5«-pregnane-12,20-dione

{Method E, Table III).—38-Acetoxy-da-pregn-16-en-12,20-dione
110 g) was dissolved i1 100 ml of ethylenimine and 2 ml of kit N
was added.  Afrer ~tanding at room temperature lfor 2.5 hr, ihe
lignid wis removed in vacoo and the residue was crystallized
[vour petrolenm ether (hp 30-60°) (o give 1.9 ¢ ol crvstals, mp

123y I CL Scebaefee, J. T, Geogleestl, and D0 WL Raiser, J. b Cher,
Sor,, 77, HU118 (1955).

Fluorescent Alkylaling Agents.

Vol 12

141-144°,  Reerystallization from (he same solvent gave 0.7 g,
mp 145-147°.

17 a-(1-Aziridinylmethyl)-35,173-dihydroxy-5-androstene
(Method C, Table III).—A solution of 19.86 g of 338-hydroxyspiro-
178-oxiranylaudrost-5-ene?* in 400 ml of ethyleninnne containing
a catalytic amomnt of MeONa wis maintained at D) &= 5° in
a =ealed pressure bomb for 10 hr. The solition was cooled o
room temperatnre and the hiquid wis evaporated.  The residece
was dizsolved in CHCL and (his solution was washed (1.0 aad
dried (Nu.=0.).  Evaporation of the liquid afforded 21.9 g »f «
solid,  Crystallization of this material gave 1446 ¢ of clivonun-
ographically pure material.

33-Hydroxv-5-cholestene Aziridinylacetate.-—( holesicrol
chloroacetaie (10 g, 22 mmoles) was combined with 50wl of dry
CHs and 100 ml of EtN. To this soluiton waz added 10 ml
(238 mmoles t of ethvlenimine.  The reaction mixtre wits stirred
at roow temperatire for 24 hr, whercnpou 5 ml more ethylenimine
was introduced.  Stirring was continaed for 48 b, The reaction
mixture was then diluted with 500 ml of 167 T5uN in Cill, and
filtered throngh Snpercel.  Fvaporation of the solvent alforded
10 g of erude product.  This vesidue was combined with 8 g «f
erude producet from two previons rencions.  The total erde
product was subjected 1o reversed-phase partition chronmiog-
raphy using a system composed of FN-C: I -MeCN 11:25: 100).
The less polar phase (2250 ml) was sapported o a 10 X 95 ¢m
colnmn of 2500 g of silvlated Snpercel, and the colmmun was
chited with 30 L of polar plimse.  Fractions coniaining pure
produet were evaporated at room femperauire and 0.5 nim 1o give
113 g (579 v of amalytieal quality cholesterol g-aziridinylacetae.
The compound had no trie meliing point hat ravher softened 1o
gel in an evirennted cupitlary ac 902077,
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cis- and trans-1-(3-chloroethyl)bisbenzimidazoles have been synthesized ns fHuorescent alkylating agents.
Preliminary ¢n vivo study with HeLa cells shows that such compounds can be aseful to demonstrate the intra-

nuclear alkylation in dividing cells.

In spite of the numerous studies that suggested the
reaction of alkvlating agents with DNA or RNA or
other nuclear material of a tumor cell, no direct ¢n vivo
cvidence has ever been offered to demonstrate the up-
take of an alkylating agent inside a cancer cell.

Fluorescent alkylating agents should be especially
useful for such a purpose beeause fluoreseence could be
detected visually after reaction and measured fluoro-
metrically. A histochemical fluorescent alkylating
agent should possess a high degree of fluorescence so
that the alkylating site would be suitably sensitive.
Preferably, in in wvivo experiments, the fluorescence
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sliould not be masked by the autofluorescence of the
surrounding normal cells. The alkylating agents should
not only have a good degree of substantivity but, for
in vivo work, they should also not be easily metabolized.
Since the incorporation of a benzimidazole ring into »
nitrogen mustard had  previously resulted in =
clinically palliative alkylating agent,? the eis- and
Drains-1-(B-c¢hlorocthivibisbenzimidazoles (1) were there-
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