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(25 ml) at 0°, and the solution was allowed to stand overnight. 
Fractionation of the solution gave 3-piperidinopropenal, bp 11">•-
120° (0.3 mm), yield 4.17 g (30%). This product was refluxed 
with piperidine perchlorate (6.12 g, 0.033 mole) in 18 ml of EtOH 
for ]") min. The product separated on cooling, vield ".."> g (82'7 s 
nip 129-130°. .1 rial. (CsHaaClXiA) C, H, CI, X, O. 

l-(5-P.vrrolidino-2,4-pentadienylidene)pyrroIidinium Perchlo
rate (2a).- Pyrrolidine (14.2 g, 0.2 mole) was added to a solution 

Steroidal alkylating agents have received sporadic at
tention as potential antitumor agents for some 1.5 years. 
The workers in this field were hopeful that useful advan
tage might be made of the lipophilic nature of the ste
roid molecule in the transport; of various nitrogen and 
sulfur mustards 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 tip t o 
I960,3 concluded that the few steroidal nitrogen mus
tards prepared at this date had no outstanding anti
tumor properties. In 1961, Burstein and Ringold made 
an androgen nitrogen mustard which was nontoxic at 
doses up to 500 mg/kg.4 Antitumor activity was not 
reported. In 1962, Ilao and Price5 made a variety of 
steroidal nitrogen mustards, a few of which were re
ported active in inhibition of the Gardner ascites tumor. 
In 1966, Schneider, Hamsher, and Beyler6 reported that 
a few steroidal ethylenimine derivatives displayed mod
est activity in an unspecified C3H mouse tumor. The 
reports cited in most cases involved compounds in which 
the (C1CH2CH2)2N moiety or ethylenimine grouping 
was linked to the steroid by an X-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,7 Degteva. 

(1) fa) These studies were supported by the Endocrine Evaluation Branch, 
(ieneral Laboratories and Clinics, National Cancer Institute, National In
stitutes of Health, Bethesda, Mil., under Contract No. SA-43-ph-435I. 
(hi Steroid*. LXXXIII . Previous paper in this series: F. I. Carroll. 
A. Philip, A. M. Ferguson, and I I . E. Wall, ./. lltterorijdic Chun., 5, 805 
(H>«8). 

i.2i Endocrine Evaluation branch, (ieneral Laboratories and Clinic*. 
National Cancer Institute, National i nslitutes of Health, Bethesda. Md. 

(.13) W. C. J. Ross, "Biological Alkylating Agents," Butterworth and ( D. 
Ltd., London, 1962, p 142. 

t4) S. H. Burstein and 11. J. Ringold, J. Urn. ('/,<»., 26, :ftl8-l ilwtili; 
this paper also gives a good review of previous studies. 

(5) (i. V. Rao and C. C. Price, ibid., 27, 205 (1962). 
ifi) E. S. Schneider, J, Hamsher, and R. E. Beyler, ateroiils, 8, 553 t .1.1)0(1). 
(7) We wish to thank Dr, Iltor Masnyk for calling these studies to our 

attention, and providing English translation for some of the key references. 

of the sodium etiolate of glulaeonaldehyde6 (lo.O g, 0.1 mole) in 
.'!(.)() ml of MeOlf. The reaction mixture was refluxed for 15 ruin 
and cooled. Acidification with HOC), yielded the product, nip 
1S4-1S60, yield 11..") g (38c

( ). The product was identical with 
that prepared by reaction of pyrrolidine with l-<2, 1-dinii m-
phenyl Jpyridinium chloride. 

• 5 ; I ' . B a i i m c a r l o n . Hir.. 5 9 , 1 1 fill ; l ' . l 2 i i ! . 

Larionov, and coworkers/ These workers described 
the preparation of 30-hydroxy-o-cholestene /)-[X,X-bis-
(chloroethyljaminojphenylacetate which the}' called 
phenesterin (1) and have made detailed studies of the 
activity of phenesterin against a variety of solid tumor 
systems including Sarcoma 4,5, Walker carcinosarcoma, 
and alveolar liver carcinoma RS-l, s a b and recently in 

(C1CHXH, ) ,N—('O) - C H - C 0 ° " ^ - ^ ^ 

1 

brain tumors."1' At levels of 100-200 mg/kg in rats and 
mice, and subcutaneous administration in olive oil vehi
cle, these workers reported remarkable inhibition of the 
above-mentioned tumor systems; however, the com
pound was inactive against Ehrlich and Sarcoma ISO 
mice tumors. In addition phenesterin was found to be 
relatively nontoxic, with an LD50 for rats (single injec
tion) of 2.0 g/kg.Ml Degteva, Larionov, and coworkers 
claimed that the action of the cholesterol ester was dif
ferent from that of the parent free acid"1' and have 
stressed the importance of the ester function. 

With these latter encouraging results in hand, we de
cided to reinvestigate steroidal nitrogen mustards and 
steroidal ethylenimine derivatives with the following ob
jectives: (a) to prepare a number of steroid analogs of 
phenesterin varying the steroid and the location of the 
BCAPAA ester on the steroid selection; (b) to prepare a 
number of steroidal ethyleninhnes in which the active 
a l k y l a t i n g func t ion would be loca ted on an e s t e r or reac

ts) in) L. !•'. Karionot . I '. A. Degteva, and N. A. I.esna.vu. Vuiir. lti,i.l., 
8, J2 (1962): lb) S. A. Degteva, ibi-l.. 10, 52 (1(164); (c) S. A. Degteva and 

I.. F. Larionov, ibi'l.. 12, 51 iltMirt); td) E. N. Shkodinskaya. E. M. Kurd-

yukova. O. S. Vasina, and A. Va. Berlin, •/. Gen. Chern. VSSH, 32, !)15 

11962). 

The Effects of Some Steroidal Alkylat ing Agents on Experimental 
Animal M a m m a r y T u m o r and Leukemia Systems 1 

MONKOE E. WALL, G. SHUFORD ABEHNETHY, .IK., V. I. CARROLL, AND I). JANE TAYEOR-

Clirmislri/ and Life Seiences [jiborntori/, I'esearrh Triangle Inxlifulc, luxi-areli Trianylc Purk, Sorth Carol inn 

licccireil l'rhriianj 17, lUH'J 

A series of steroid esters of />-lX",X-bis(2-ehloroethyl)anuno]phenylacetic acid (BCAPAA,), steroidal sulfides 
of />(X,X-bis-2-chloroethylaimno)thiophenol, and a variety of steroidal ethylenimine derivatives were syn
thesized and tested for antitumor activity in a number of experimental tumor systems. Activity was found only 
in those instances in which the steroid and potential oncolytic agent were connected by ester or heterocyclic ether 
linkages. The steroidal BCAPAA esters were of particular interest showing excellent inhibition of a DMBA-in-
duced and transplantable mammary adenocarcinoma, and marked increase in survival when tested on a variety 
of rat leukemias. Factors such as route of administration, vehicle, and the nature of the steroid had definite 
effects and are discussed in detail in the body of the paper. The steroidal BCAPAA esters were judged to be less 
toxic 1 han some of the well-known nitrogen mustards in genera] use. 
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TAHLE I 

STKKOID ESTKKS OF P-[N,N-BIS(2-CHLOROF,THYL)AMINO]PHEXYLACI<:TIC ACID 

1!" 

Cholesterol 
I )eoxy('ort,i<:ost.uroiio 
Estrone 
Estradiol 
Testosterone 
Pregnenolone 
Dehydroepiandrosterone 

ROCOCH, 

Position 

•A/3 
21 
• ) 

3,17/3 
17/3 
3/3 
3/3 

N(CH2CH2C1)2 

Yield,6 % 

M 
K; 

89 
">:} 

61 
80 
48 

111-, °C 

9l.r.-<):!c 

i2s-:so 
124-26 

0 A typical example is given in the Experimental Section. b Yield based on analytically pure material, 
compounds except the first were analyzed for C, H, CI, N. 

CMH«C]2X04 

(VHsiCUNO,, 
c),n3ucitN,o4 
C3,H4,C12N03 

C33H4,-,C12N03 

C8 iH„Cl sN03 

Lit.8'1 mp 89-89.5°. ^ All 

tive heterocyclic ether linkage capable of enzymatic 
cleavage similar to the steroidal BCAPAA esters; (c) to 
prepare a number of selected steroidal alkylating agents 
in which the nitrogen mustard or ethylenimine would be 
located in a moiety which should be difficult to remove 
eiizymatically 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-[X,X-bis(2-chlo-
roethyl)amino]phenylacetyl chloride hydrochloride and 
its reaction with various steroidal alcohols to give the 
desired esters is based on the original procedure of 
Shkodinskaya, et a/.,sd 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 prepared by this route are shown in Table I. The 
compounds described were purified by repeated chroma
tography on silica gel and/or Florisil until analysis by 
thin layer chromatography (tic) indicated that the prod
uct was pure. Although in some cases a crystalline 
product was not obtained, in every instance acceptable 
analytical constants were obtained.9 In addition all 
the compounds were characterized by ir and nmr spec
troscopy. Characteristically, all the ir spectra of all the 
esters showed a strong band at 1725-1735 cm - 1 . The 
p- [N,X-bis(2-chloroethylj amino Jphenylacetyl moiety 
present in all the compounds of this group showed char
acteristic nmr peaks: the benzylic protons appearing 
as a singlet in the region 8 3.48-3.70, the protons of the 
2-chloroethyl groups as a singlet at 5 3.67, and the aro
matic protons as a typical A2B2 multiplet centered in the 
region of S 6.92-7.00. All of these bands were well 
downfield from the steroid methyl and methylene peaks 
and hence were useful for characterization. The ester-
ification reaction proceeded readily with steroidal phe
nolic and aliphatic 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 desired product with cortisone or hydrocortisone. 
In these cases the esterification reaction proceeded 
readily at C-21 but the subsequent product was unstable 
and could not be obtained in pure form. 

(y) Although the steroid BCAPAA titers are reasonably stable iu dry, 
pure form, they rapidly decompose in the hot crystallizing solvents such as 
methanol, hexane, acetone, ethyl acetate, etc. Accordingly, if a compound 
was not readily crystallizable, it was not subjected to prolonged attempts, 
particularly since acceptable analyses were obtained. 

A series of steroidal sulfides of p-(X,X-bis-2-chloro-
ethylamino)thiophenol were prepared in order to deter
mine whether a C-S bond in this form could be cleaved. 
The parent compound, p-(X,X-bis-2-chloroethylamino)-
thiophenol is moderately active.10 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, la, and 
16a were prepared as shown in Table II. The C-21 
sulfides were prepared by displacement of the corre
sponding brosylates by the anion of p-(X,X-bis-2-
chloroethylamino)thiophenol,10a the others by addition 
of the same anion to a conjugated double bond, respec
tively, to the 16a position of a A16-12,20-diketo steroid 
and to the 7a position of a 3-keto-A4'6-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-X linkage, and (b) compounds in which the 
ethylenimine moiety is on a function which could be eii
zymatically cleaved away from the steroid and includes 
structures of type 

R00CCH,N<] 

NO. 

ROOC 

ROP: 
\^<\ 

NN<] 

R 0 - ( \ \ 

o 
The steroidal ethylenimines with direct C-X linkages 
were prepared by reaction of an appropriate steroid ox
ide with ethylenimine or by a Michael-type addition to 
an appropriate conjugated mono- or diene giving a se
ries of 7a-, 16a-, 6/3-, and 17a-aziridinyl compounds. 
The methods and the stereochemistry of the resulting 
compounds in both series is well established involving 

(10) (a) M. II. Benn, Ph.D. Thesis, University of London, 1957; (b) 
M. H. Benn, L. N. Owen, and A. M. Creighton, J. Chem. Soc, 2800 (1958). 
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0 u-Pregnane-12 ,20-d ione 

1 leoxycor t icos te rone 

Hydrocor t i sone 

T e s t o s t e r o n e 

T A H I . K II 

; n : i ; i iN) S U . F I D I . S O K / ) - B [ H ( 2 - C ' I I L O I ; O I ' . r n v i , i \ M i x<i r i t K i i ' i n . M 

RS-

L'u-iii iuii M e i h u 

l ( ) r > A 

21 B 

21 ( ' 

7« A 

Recrys in solvere •) 

CEIIB hexane 

MeaCO-hexane 
CiJE-hexane 

N'lCHXH.C'l 

v i e M . ' ; ' • 

S9 

.V> 

(il 

) 

Ml>. C 

111 1)2 

i:.!9 -14:; 

179 1S2 

Kormukl Analyses 

C:l3IUCl2X04S C. II, N 

C3, IL.CbXCbS C, IE Cl, X, S 

C3,H4,CI2NO4,S c, u, (ii, x, s 

C23H3,,C12N02S 0, II, Cl, X, S 

"An example of each procedure is given in the Experimental Section: A, l iCII -^CIIR ' -j- />I{SC6[I.|X(Cn2CH2Cl i2 in reflnxing 
benzene containing piperidine; B, IiOBrOS + HSCJ-^NfCHjCILCl!-; in reflnxing Ct;IIB containing piperidine. '' Based on analytical!) 
pure material. ' The product was noncrystalline. 

T u i u : III 

M k i a 11 l> l v i ' l t V r . l . M M I M ; D K K I V A T I V h : 

i»n M H l i i K tM-r\ s i n M . ] \ 

Choles terol 

2a-AI el hy ldehydro t est osi crone 

Es t rone 

Choles terol 

( ' o r t i sonc 

Deoxycor t i cos te rone 

Corl isonc 

'•id, 17.J-1 Mhydroxy- .Vandrns lene 

3>j-lIydroxY-.">a-androstan-lT-onc 

i [>.\'),!'().— 

(pJMPO.— 

< £ N / W > -

" • \ 

t*-G 
O N / 

O.N, 

M | . . • • ( ' 

; : ; i. 'i -i.-)2' 

:!7 lod-i.-):; 

Ah Me2C() hexane 72 V2K-V.il'1 

• i,o' Aa I l exane 

17d Al» C d h r h e x a n e 

• hi B a E t O I I 

21 HI, , - P r O l l 

Bb 1 : t C > 1 1 

M Bb CIECb-EtOIl 

S4 20:!-205 

'•I 217-211) 

2(K! -205 

17rv C EtOAc CIIC1:, (it) 1X2-190 

I itf C C I I 2 C b - h e x a n e :Y2 257-264 

C 3 , l l ; l 2 X 2 0 2 P 

C^IIjoXot);,! ' 

C 2 2 H 2 a X 0 3 P 

CMII.MNSO,-, 

7S 242 247 dec CMUmS3()lt 

C™II:i;.N»Os 

C3 uII3 3X301 ( l 

C22H,;>X02 ' 

C2,I133X<>3 

Dieth \ lstilbe.st.rol 

t e s t o s t e rone 

• Sd-Acetoxy- iu-pregnane-12 ,20 
dioue 

:>-! l y d r o x y p r e g n a n e - l 1,20-

(lione a c e t a t e 

P roges te rone 

Pregnenolone a c e t a t e 
Cholesterol 

x y - o -

N y-o— 

[>N 

O N -

l>N-

[ > -

[ > N -

> • -

1{OOCC'H=.\<| 

-Pr() II 

rOH 

dec 

7 a Ea M e 2 C O 

10a Eb E t . O 

7« EH E t O A c 

\i\a Kb E t O A c 

•\d 

:!!) 209 -210 

ST 140-14S 

Kia El> E t 2 ( ) - h e x a n e X, b i o . .V-loK 

4M 'MM -:>[<•) 

ST LlX-loO' 

75 90 -07 

C2:,II2nXr,02 

C , , , I 1 M O . , N „ 

C,,II„X().,-

n2o 
C,,-,H37X04 

e2.-,ii3/xo, 

C 2 3 I ( 3 3 XO, 

CbrJIjlXO;, 

C3,H,,XO2 

" Aii example of each p rocedure is given in the E x p e r i m e n t a l Sec t ion : A, HOII 4- POCl 3 followed bv t r e a tmen t wi th e thy l en imine in 
(a) C«U6 or (b) T H F ; B, R O H + : ! ,5 - (X0 2 ) 2 -4 -ClC 6 H 2 COCl or 3 ,5 - (X0 2 ) 2 -2 -ClC 6 H 2 C()Cl in C„IIS or CTI2C12 con ta in ing py r id ine fol
lowed b y t r e a t i n g the produc t w i th e t h y l e n i m i n e in (af D M F con ta in ing E t 3 X or (b) C I E C h con ta in ing E t 3 X ; C, H C H — C I I l i + e t h y l 

en imine ; D, R O H -I- 2-chloro-4,6-bis(l-azi i idin\l)- . - i- t i ' iazine in Me 2 ( ' ( ) con ta in ing K 2 C() 3 : 1'], I it 41 -CI 11! + ei l iy leni inine (a) neat 
or (b) con ta in ing E t 3 X . ' ' C a l c u l a t i o n based on p u r e p roduc t isolated. ' K . A. Pe t rov , A. I. < lavr iolova, a n d A". P . K o r o t o v a \'/.h. 
Obxhch. Khim., 36 , S53 ( I960)] repor t inp 144-146° . ' ' L i t / n i p t : ! 0 - i : ! l ° . ' C : calcd, 7(1.47: found, 75.33. ' Lit.6 n ip 1 5 2 ] / ) 4 ° . 
" All c o m p o u n d s ana lyzed correct ly for C, II , X, unless o therwise no t ed . '' C, H analys is only. 

V2K-V.il'1
lstilbe.st.rol
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H,N- CH,COOH 

CHAKT I 

1. EtOH 

2.(CH,),0 

(HOCH2CH2)2N—f V-CH,COOC,H 

-CHXOOH 

1. POCI, 

2. HCI 

{C]CHm^^r\ ~. soc., 

HCI 
(CICPLCH^N' CH,COCl 

ROH 

C(H„ 

reflux 

ROOCCH —v \—M. WCHmCl), 

familiar diaxial cleavage in the case of the epoxides,11 

and diaxial, rearside at tack in the case of addition of 
ethylenimine to the conjugated systems.12 '13 The ir 
spectra, which showed a typical absorption at 3060-
3080 c m - 1 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 POCl3 and treating the resul
tant ROPOCL> 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 cm" 1 ( P = 0 
stretch). The nmr spectra show an eight-proton dou
blet at 5 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(l-aziridinyl)-s-triazine. The structure 

CI-

A 

'' \s + ROH RO-
N w 

< % 

N = 
N<] 

& 

' < | 

assignments were based mainly on the elemental analy
sis and the nmr spectra which show an eight-proton sin
glet at S 2.38 (aziridine proton). The 3/3-hydroxy-
5-cholesteneaziridinyl acetate is an extraordinarily reac
tive compound. The compound can be made readily 
by preparing 3/3-hydroxy-o-cholestene chloroacetate 
and treating the latter with ethylenimine. 

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

(11) L. Fieser and M. Fieser, "Steroids," Reinhold Publishing Corp., 
New York, N. V., 1959, pp 7-15. 

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

(13) For the stereochemistry of the addition of anions to the 3-keto-
AM steroidal dienes see R. I I . Dodson and R. C. Tweit, ibid., 81, 1224 
(1959). 

Evaluat ion Branch1 4 (EEB) and the Cancer Chemo
therapy National Service Center (CCNSC) of the Na
tional Cancer Inst i tute . Under the auspices of the lat
ter, they were evaluated in the Walker carcinosarcoma 
256 (intramuscular) and the L1210 lymphoid leukemia. 
In the E E B 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 (normal line) 
of the same imbred rat, depending upon the steroid moi
ety of the individual compounds. For example, based 
on prior experience, corticoids were more likely to show 
biological activity in a leukemia system than in a mam
mary 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 anti tumor and other biological param
eters of these and related compounds. 

Assays with the L1210 leukemia and the Walker 256 
carcinosarcoma were performed according to the specifi
cations15 of the CCNSC. The R3149 leukemia and the 
other ra t leukemias were described by Dunning, et a/.,16 

the methods for testing chemical agents were included in 
the same publication. The 13762 mammary tumor was 
described by Segaloff.17 Compound evaluation meth
ods (unpublished) were essentially the same as those 
used for solid tumors by many investigators, e.g.; frag
ments 2-3 mm8 were implanted subcutaneously; 24 hr 
later drug administration was initiated and continued 
once daily; in the case of the 13762 mammary system 
the drug was continued for 21 days; 1 day later the ani
mals were sacrificed, the 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 subcutaneous route; how
ever, oral and intraperitoneal evaluations also were car
ried out in several instances. Steroid suspending me
dium (0.9% NaCl, 0.4% polysorbate 80, 0 .5% carboxy-
methylcellulose, and 0.9% benzyl alcohol) 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 is 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 a t 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 I I I ) , 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 Against. 
Animal Tumors and Other Biological Systems. Cancer Cliemotherapy Rept., 
25, 1 (1962). 

(16) W. F. Dunning, M. R. Curtis, M. L. Stevens, and F. Dumenigo, 
Cancer Res. Suppl, 27, 696 (1967). 

(17) A. Segaloff, Recent Progr. Hormone Res.. 22, 351 (1966). 
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T A B L E I V 

[SUMMARY O F A . v r m M O i t E F F E C T S O F S T E R O I D A L O N C O L Y T I C A G E N T S 

Activity .*' .lose (ma/kg/day) 
- - -Tumor Systems'1 

2 3 4 5 

, 50 400 se 
, 100-400 se 

, 100-400 sc 
,100 400se 
,100-400sc 

+ + + , 330 iP 

4- + + , 7 5 -000 sc 
+ + , 150-000 se 

+ + +,330ip 

4-+, 5 
+ ++, 

+ I- + 
+ + +, 
+ + 4-, 

20 se 
10 po 

1 10 sc 
5-l()s< 
5 10 sc 

1 < 0 0 C C H 2 C 6 H 4 N X 8 « 
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+ -+, 1.25-2.: 

po 
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, 1.0 se 
1.0 sc 

1.0 se .+ , I .Ose 

- , 1.0 se 

, 1.0 se 

1.0 se 

KOI ^' 
(<]), 

- , 100 -400sc + , 4 0 2 0 0 s c - + , 5 2 0 s c - , 0 .1 -10 sc, po 

, 5 0 4 0 0 s e + + , 4 0 0 i p - , 0 . 1 10se 

e m s : I, LI210 lymphoid leukemia , B D F i mouse ; 2, Walker 256 carc inosarcoma ( i n t r a m u s c u l a r ) , r a n d o m bred ra t . 
ta ined in E i sche r /344 r a t s : 3, 13762 m a m m a r y a d e n o c a r c i n o m a ; 4, R3149 a c u t e m o n o c y t i c l e u k e m i a ; 5, I K C 7 4 I a c u t e m o n o c y t i c l eukemia ( D u n n i n g ) ; (i, 113323 a c u t e m o n o c y t i c l e u k e m i a ; 
7, 1!333)0 s u b a c u t e monocy t i c l eukemia ; 8, 113399 chronic l eukemia ; 9, I{.3230 m a m m a r y a d e n o c a r c i n o m a ; 10, I!2-126 m a m m a r y a d e n o c a r c i n o m a , Aitgusl , /7322 r a t . '• A c t i v i t y is b a s e d on increase 
in host survival days , e.g., leiikemias, and 'or inhibi t ion of t u m o r g rowth , e.g., m a m m a r y t u m o r , and in some ins tances bo th end po in t s : — — <35'° ( , effective: -b = > 3 5 50''•<',; j > 5 0 6 5 ' ( : 4 4-
- > ( ) 5 - 8 0';; ; + + 4 ^ > S O - 1 0 0 r ; and ove r ; T = toxic. 

E s t r o n e 
Cholesterol 

« X , = (CH 2 CII 2 C1 

2.2 sc 

1'he following s y s t e m s were all m a i n -

' 1 'AIILE V 

1 'E.SCLTS O H T A I N E D UKIN<; 13702 M A M M A R Y T C M O R O F TJJI F I S C H E R 344 H A T 

Compd 

Cont ro l s (sesame oil 1 

Cyclophosphamide . 

Dose. inK./kK/day 
7*0 1 li 1 days) 

1.62 

3 . 2 5 

6 . 5 0 

Phenester in (1 ) 5 . 0 

10 .0 

2 0 . 0 

" Body weight ra t io i.- t he mean of the linal body weight of the hosts per g roup divided by the me 
inic group. b E a c h control an imal is given a 0.5-ml dose dai ly, of the s a m e vehicle used for the d r u g 

No. 0 
sac./i 

10 
10 
10 
7, 

10 
10 
9 

r a U 
litial 

10 
10 
10 
10 
10 
10 
10 

Alcari tumor wl. ••. 

I . 9 9 1 0 8 

1 .3:5 ± 0 . 3 

1 .18 1- 0 . 5 

I). 18 + 0 . 2 

0 . 8 3 :i. 0 1 

0 . 1 6 4 0 . 1 

0 . 1 2 -1- 0 . 0 

ot control? Moan i> 

69 

59 

21 

42 

8 

6 

an of !he n 
p rcpa ra t io i 

tial b o d v w< 

1\- wt ratio' 

. 48 

.70 

. 51 

.41 

. 56 

ight >f I he 

25-400.se
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steroid by a C-N bond, were completely inactive.18 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 heterocyclic 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-[X,N-bis(2-chloro-
ethyl)amino ]phenylacetic 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 one of these 
agents is definitely superior to another in this system. 
However, in some of the rat leukemias the ester of es
trone, the 3,17/3-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 important to the efficacy of the 
agent. The results of two experiments formulated to 
test the effects of each are shown in Table VI. As can 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 wTith 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 cyclophosphamide 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 cyclophosphamide 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., 51, 431 (1967), have reported some activity of steroidal 16-aziridinyl 
compounds similar to the pregnendone acetate and 3-hydroxypregnane-
11,20-dione derivatives (Table III) in inhibition of CH/AN mammary car
cinoma (milk factor) (intraperitoneal administration). Inspection of their 
data indicates that very high doses 25-50 mg were required to produce a 
modest response, i.e., T /C 30-45%. The similar compounds in our studies 
were investigated at much lower dose levels and largely by subcutaneous ad
ministration. 

TABLE VI 

RESULTS OBTAINED WITH PHENESTERIN (1) ADMINISTERED 

BY T H R E E DIFFERENT ROUTES AND IN T W O DIFFERENT 

VEHICLES TO F I S C H E R / 3 4 4 RATS BEARING THE 13762 

D M B A - I N D U C E D AND TRANSPLANTABLE MAMMARY TUMOR 

No. of 
animals % of Mean body wt 

T/C° Mean tumor wt T/C, g = SD controls ratio6 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 medium 

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 so for 21 days in sesame oil 

10/10 0.98 ± 0.81 '1.68 ± 0.80 58 1.56 1.82 
10/10 2.66 ± 1.2/2.79 ± 0.7 95 1.68/1.67 

10 mg/kg/day sc for 21 days in steroid suspending medium 

10/ l0 1.52 ± 0.83 / ] . 72 ± 0.86 88 1.77/1.7:? 
10/10 3.21 ± 1.1/3.21 ± 1.6 100 1.53/1.63 

10 mg/kg/day ip for 21 days in sesame oil 

10/9 1.02 ± 0.74/0.99 ± 0.41 103 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 medium 

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. b Body weight ratio is the mean of the 

final body weight of the hosts per group divided by the mean of 
the initial body weight of the same group. 

kg/day, died. For the longer period of drug adminis
tration the antitumor activity of the two agents ap
peared equivalent at the highest levels; however, with 
cyclophosphamide only 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 inhibition 
occurred only at the higher dose of 15 mg/kg/day. The 
older animals appeared to be more resistant to the toxic
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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TABLI: VIII 
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WFLL-ESTABLISHKD 13762 MAMMAKY TTMOHS 

C o m p d , dose 
O n g / k g ' d a y ) an imals T O " M e a n t u m o r \vt T . 'C , ^ —. SI) corn rols M e n u body w[ ratio 

Phenestvin, 10 20 20c 7 32 = 3 .4 63.2 - 2."). 7 12 1.39 2.17 
1.04 1.34 
0.78 1.24 

Cyclophosphamide, 7.."> 3 2'- 44.9 ± 2."), 7 .19 1 ± 1 s.2 7.1 1.14 1.17 
Cyclophosphamide,!.") 3 2'- 13.3 ± 11.2 59..") - Is .2 22 0.93 \.\1 

" T. C = treated group/control group. '' Body weight ratio is the mean of the final body weight of the hosts per group divided by the 
mean of the initial body weight of the same group. '' Tumors implated 22 days prior to initiation of therapv, 21 days of therapy. '' Tu
mors implanted 30 days prior to initiation of therapy, 7 days of therapy. * Tumors implanted 28 days prior to initiation of therapy, 3 
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22..1 ± 9 0 ' 8 4 . 6 - 16.1 
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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 leukemias of the Fischer/344 
rat. Comparable data on the deoxycorticosterone 
ester beyond 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 113399 chronic leukemia, 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 responsive to alkyl
ating agents19 but never effectively treated with ste
roids.16 R3323 and R3330 were reported by Dunning, 
et al.,16 to be responsive to several compounds of estro
genic structure; however, neither estrone nor estradiol 
alone was significantly effective in increasing host sur
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, et al.w). 

Experimental Section20 

Ethyl p-[N,N-Bis(2-hydroxyethyl)amino]phenylacetate.—Ethyl
ene oxide (90 g) was dissolved in 100 ml of cold 12% AcOH. The 
resulting solution was frozen in Dry Ice-Me2CO 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 
temperature for 17 hr. The apparatus was vented and the two-
phase solution was placed on a rotary evaporator for 30 min at 
room temperature. Water (200 ml) and CIIC13 (300 ml) were 
added and the organic layer was drawn off. The aqueous layer 
was extracted with CHC13 (four 50-ml portions) and the extracts 
were combined with the original CHC13 phase. This solution was 
washed with saturated Na 2C0 3 solution until neutral and dried 
(Na2S04). Evaporation of the solvent afforded 130.1 g of a 
crystalline solid, mp 67-70°, lit.21 mp 70.5-71..1°. 

(19) W. F. Dunning. Ann. N. Y. Acrid. Sci., 76, 643 (1958). 
(20) Melting points were determined on a Jvofler hot stage microscope 

using a calibrated thermometer. Uv spectra were measured on a C'ary 
Model 14 spectrophotometer. Nmr spectra were recorded on a Yarian 
Model A-00 (TMS). Ir spectra were measured with a Perkin-Dlmer 221 
spectrophotometer, Mass spectra were determined on ati AE1 MS-902 
spectrometer. Microanalyses were carried out by Micro-Tech Laboratories. 
Skokie 111. Where analyses are indicated only by symbols of the elements or 
functions, analytical results obtained for these elements or functions were 
within ± 0 . 4 % of the theoretical values. 

Ethyl p-[N,N-Bis(2-chloroethyl)amino]phenylacetate.—Ethyl-
p-[N,N-bis(2-hydroxyethyl)amino]phenylacetate (130 g) in 350 
ml of dry C6H6 containing 130 ml of freshly distilled POCl3 

was heated under reflux with stirring for 1 hr. The solution was 
cooled to room temperature and poured on to 1500 ml of ice. 
The ice was allowed to melt and the C6He layer was drawn off. 
The aqueous phase was extracted with C6H6 (two 100-ml portions). 
The combined CeHe solution was washed (H20, dilute NaHC0 3 ) 
and dried (Na2S04). Evaporation of the solvent in vacuo 
afforded 132.2 g of a brown oil which crystallized on standing, 
mp 49-52°, lit.21 mp 52-53°. 

p-[N,N-Bis(2-chloroethyl)amino]phenylacetic Acid.—Ethyl p-
[N,N-bis(2-chloroethyl)amino]phenylacetate (132.2 g) was heated 
in 560 ml of concentrated IIC1 at 100° for 4 hr. The solution 
was cooled to room temperature and poured into 5 1. of ice and 
H20 with stirring. The tan, crystalline precipitate was filtered 
off and dried giving 96.2 g, mp 103-105°. The aqueous filtrate 
was saturated with NaCl and extracted with CHC13 (four 100-ml 
portions). The combined extracts were neutralized with Na-
HCO3 solution. After drying, evaporation of the solvent afforded 
19 g of a solid. Crvstallization from C6H6-C6Hi4 gave 17.5 g, 
mp 104-105°, lit,21 mp 105°. 

p-[N,N-Bis(2-chloroethyl)amino]phenylacetyl Chloride Hydro
chloride.—p-[N,N-Bis(2-ehloroethyl)amino]phenylaceticacid(12 
g) in 95 ml of dry CSH6 was added dropwise with stirring to 34 ml 
of freshly distilled SOCl2 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 N2. 
After washing with cold, dry C6H6, the solid was dried in vacuo 
over P2O5 giving 14.1 g of crystals. 

3/3-Hydroxy-5-cholestene [N,N-bis(2-chloroethyl)amino] phenyl 
Acetate (Table I).—A mixture of 14 g of cholesterol and 13.37 g 
of p-[N,N-bis(2-chloroethyl)amino]phenylaeetyl chloride hydro
chloride in 220 ml of dry C6H6 was refluxed for 4 hr. The solution 
was cooled to room temperature and concentrated to approxi
mately 100 ml on a rotary evaporator. This solution was 
percolated through 125 g of Florisil and the column was washed 
with C6Ii6. Evaporation of the solvent yielded 21.7 g of a 
colorless glass. Crystallization from Me2CO-AleOH afforded 
20.1 g (86%) of crystals, mp 91.5-93°, lit,8d mp 89-89.5°. The 
ir spectrum (CH>C1>) showed bands at 1725, 1615, 1515, 1357, 
1005, and 805 cm-1 . 

16«- [p-(N,N-Bis-2-chloroethylamino)phenylthio] -30-acetoxy-
5a-pregnane-12,20-dione (Method A, Table II).—A mixture of 
0.36 g (1.0 mmole) of 3|3-acetoxy-5a,16-pregnane-12,20-dione,22 

0.250 g (1 mmole) of p-[N,N-bis(2-chloroethylamino)]thiophe-
nol,10b and 0.5 ml of piperidine in 5 ml of Cfjls was stirred at re
flux for 24 hr under N2. The reaction mixture was concentrated 
under reduced pressure on a rotary evaporator. The remaining 
residue was dried at high vacuum overnight and chromato-
graphed on silica gel. Elution with C6H6 gave di[p-(N,X-2-
chloroethylamino)phenyl] disulfide. Elution with CsHe-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]-ll/3,17a-di-
hydroxy-4-pregnene-3,20-dione (Method B, Table II).—A 
mixture of 17.5 g (30 mmoles) of hydrocortisone brosylate, lb 

7.51 g (30 mmoles) of p-[N,N-bis(2-chloroethylamino)]thio-
phenol,101' and 9 ml of piperidine in 150 ml of C6H6 was refluxed 
for 25 hr under N2. The cooled reaction mixture was filtered to 
remove piperidinium brosylate. The filtrate was concentrated at 
reduced pressure on a rotary evaporator. The remaining residue 
was dried under high vacuum and chromatographed on silica gel. 
Elution with C6H6 gave p-[N,N-bis(2-chloroethylamino)phenyl] 
disulfide. Elution with C6H6-AcOEt (60:40) yielded a fraction 
which gave 9.75 g (55%) of the desired product. 

17/3-Hydroxy-2a-methyl-5a-androstan-3-oneBis(l-aziridinyl)-
phosphinate Ester (Method A, Table III).—To a solution of 15 g 
(49 mmoles) of 17/3-hydroxy-2a-methyl-5a-androstan-3-one in 
450 ml of T H F containing 10 ml of EtaN at 0° was added 6 ml 
(66 moles) of POCl3 and the resulting solution was allowed to 
stand at room temperature for 24 hr. EtaN (4 ml) and 1 ml of 
POCla were added and the mixture was allowed to stand for 20 
hr at room temperature. The solution was cooled in an ice bath 
and a solution of 7.7 ml (148 mmoles) of ethylenimine in 30 ml of 

(21) J. L. Everett, J. J. Roberts, and W. C. J. Eoss, J. Chem. Soc, 2386 
(1953). 

(22) M. E. Wall and S. Serota, Tetrahedron, 10, 238 (1960). 
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Et3N was added dropwise with stirring. After 2 hr the solution 
was washed (dilute NaHC0 3 , H20, saturated NaCl solution). 
After drying (Na2S04), the solution was evaporated to give 19.5 
g of a brown oil. This material was dissolved in CeH6 and 
chromatographed on 386 g of silica gel. The column was eluted 
with a gradient system: 5 fl EtOAc, C6H6-30% EtOAc 'C6HB 

EtOAc. This procedure gave 10.7 g of chromatographically 
pure material. Crystallization from C6Hi< afforded 8.8 g of a 
solid, mp 150-153°.' 

3/3-Hydroxy-5-cholestene 4-(l-Aziridinyl)-3,5-dinitrobenzoate 
Ester (Method B, Table III).—To a solution of 8.21 g (31 mmoles) 
of 4-chloro-3,.")-dinitrobenzoyl chloride in 100 ml of CBH6 was 
added 10 g (26 mmoles) of cholesterol and 10 ml of C,-,H5N. 
After stining at room temperature for 2 hr, the solid material 
was removed by filtration and the filtrate was washed (dilute 
XHIICOH, H J O saturated NaCl). After drying the solution 
(Na2S04), the liquid was evaporated to give 15.1 g of a crystalline 
solid. Crystallization from MeOII gave 13.8 g of a pale yellow 
solid, mp 170-173°. To a Million of 11.5 g of this material in 300 
nil of DMF was added 10 ml of Et3N and 2 ml of ethylenimine 
This solution was stirred at room temperature for 20 min and 
diluted with 600 ml of EtOH. After cooling the solution to 0°, 
the crystalline precipitate was filtered off and dried to give 11.2 
g of a yellow solid, mp 202-205°. 

Estrone 4,6-Bis(l-aziridinyl)-s-triazin-2-yl Ether (Method D, 
Table III).—A mixture of 10 g (36 mmoles) of estrone, 7.31 g 
(37 mmoles) of 2-chloro-4,6-bi>( l-aziridinyD-s-triazine,23 and 5.11 
g (37 mmoles) of K2CO3 in 400 ml of dry Me^CO was refluxed with 
stirring for 17 hr. After cooling, the reaction mixture was poured 
into 3 1. of H2() with stirring. The resulting precipitate wn» 
filtered off and dried to give 16.2 g of a colorless powder. Crystal
lization from ?'-PrOH afforded 11.8 g of crystals, nip 156-160° 
dec. This material was recrvstallized from i-PrOH to give 11.1 
g, mp 170° dec. 

SiS-Acetoxy-iea-ll-aziridinyO-oa-pregnane-^^O-dione 
(Method E, Table III).—38-Acetoxy-5a-pregn-16-en-12,20-dione 
( 10 g) was dissolved in 100 ml of ethylenimine and 2 ml of Et3N 
was added. After standing at room temperature for 2.5 hr, the 
liquid wtis removed in vacuo and the residue was crystallized 
from petroleum ether t'bp 30-60° > to give 9.9 g of crystals, mp 

:T.\) !•'. 0 . Sehaefer . J. T. Geoghesian, and I). \V. Kaiser . ,/. Am. ('/,<•);,. 
Sar.. 77, 3918 (1955). 

In spite of the numerous studies that suggested the 
reaction of alkylating agents with DXA or RXA or 
other nuclear material of a tumor cell, no direct in vivo 
evidence 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 because fluorescence 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 vivo experiments, the fluorescence 

i 1 j Th i s work was s u p p u n e d by U. S. Publ ic H e a l t h Grun t CA-07tJ39 frum 
the N a t i o n a l C a n c e r I n s t i t u t e , N a t i o n a l I n s t i t u t e s of H e a l t h , Be thesda . 
Md. P re sen t ed in p a r t a t t he 1st M i d - A t l a n t i c Reg iona l M e e t i n g of the 
Amer ican Chemica l Society , Ph i l ade lph ia , Pa . , F e b 1966. 

141-144°. Uecrystallizatiou from the same solvent gave il.7 g, 
mp 145-147°. 

17a-(l-Aziridinylmethyl)-3/3,17/3-dihydroxy-5-androstene 
(Method C, Table HI).—A solution of 19.86 g of 3,3-hydroxyspiro-
17(i-oxiranylandrost-5-ene21 in 400 ml of ethylenimine containing 
a catalytic amount of .MeONa was maintained at 100 ± 5 ' in 
a sealed pressure bomb for 10 hr. The solution was cooled lo 
room temperature and the liquid was evaporated. The residue 
was dissolved in CHCls and this solution was washed (ILOi and 
dried (Na-.>S()4). Evaporation of the liquid afforded 21.9 g of a 
solid. Crystallization of this material gave 14.46 g of chromat
ographically pure material. 

3j3-Hydroxy-5-cholestene Aziridinylacetate.---Cholesterol 
chloroacetate (10 g, 22 mmoles) was combined with 50 ml of dry 
06H6 and 100 ml of Et3N. To this solution was added 10 ml 
(238 mmolesj of ethylenimine. The reaction mixture was stirred 
at room temperature for 24 hr, whereupon 5 ml more ethylenimine 
was introduced. Stirring was continued for 48 hr. The reaction 
mixture was then diluted with 500 ml of \c.c E u N in C J I U and 
filtered through Supereel. Evaporation of the solvent afforded 
10 g of crude product. This residue was combined with 8 g of 
crude product from two previous reactions. The total crude 
product was subjected to reversed-phase partition chromatog
raphy using a-ystem composed of Et:iN~07Hi6~MeCN (1:25: 100). 
The less polar phase (2250 ml) was supported on a 10 X 95 cm 
column of 2500 g of silylaled Supereel, and the column was 
eluted with 30 1. of polar phase. Fractions containing pure 
product were evaporated at room temperature and 0.5 mm to give 
11.3 g (57 r) ) of analytical quality cholesterol (3-aziridinylacetate. 
The compound had no true melting point but rather softened to :i 
gel in an evacuated capillary at 90-97°. 

Acknowledgment.—-We should like lo thank Airs. Lee 
Burger. Dr. David Rosenthal, Joan Gratz, and Airs. 
Anna Ferguson for supplying some of the compounds 
discussed in this paper. We acknowledge with appre
ciation the interest and advice of Drs. Ihor Alasnyk 
and Frwin Vollnier. Fndocrine Evaluation Branch, 
General Laboratories and Clinics, National Cancer 
Institute. 

i 2 1 : 1). Rosen tha l . 1.. Hurger , and M. 1-:. Wall , to be publ ished. 

should 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 a 
nitrogen mustard had previously resulted in a, 
clinically palliative alkylating agent,2 the vis- and 
/)'rt/(.s-l-(/3-chloroethyl)bisbenzimidazoles (1) were there-

1. R = H or CH : K '=H or CH,; R" = CH.CH.CI 

'•>) ,1. I-'.. U l t m a u n , II. (I . T h o m p s o n , E . Hi rshberg , ,1. Zaidemveber , and 
A. Gel lhoni , Cmnr lies.. 19, 719 (1959). 
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cis- and £raris-l-(/3-chloroethyl)bisbenzimidazoles have been synthesized as fluorescent alkylating agents. 
Preliminary in vivo study with HeLa cells shows that such compounds can be useful to demonstrate the intra
nuclear alkylation in dividing cells. 


