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TABLE I 

Compel 

I 

I I 
I I I 
IV 
V 

" Capill 
E. Childs 
CHCI3. 

% 
yield 

69 

49 
100 
66 
40 

Crystn 
solvent 

Benzene-hexane 
Acetone-benzene 
Benzene-hexane 
Methanol-water 
Ether 
CHCVethe r 

ary tube, corrected. '' In 
(Ann Arbor) and by Mr. 

me 
F. 

M p , 
° C 

235-238 
232-234 
217-219 
248-255* 
252-253 
260-263 

thanol. " 
H. Olivei 

STEROIDAL 7-L. 

mji « 

249 12,300 

221 15,000 
220 10,600 
219 8,650 
223 13,800 
248' 

At 24-26° and 1% in 
• (Ilounslow). • Lit.' 

ACTONES 

MD," 
deg 

+ Uo" 

-ss* 
- 1 3 3 
- 1 2 9 
+ 102 

Formula 

C2oH340,-0.5H20 
C25H34O4-0.5C3H6O 
023tl3y03 

C23H32O3 

CisHsiOj^O.SH.O 
C25H3203 'H20 

CHCI3 except as indicated. d 

1 mp 257--259°. 1 Inflection. 

Calcd, % 
C H 

73,68 8.66 
74.50 8.72 
77.92 8.53 
77.49 9.05 
73.68 8.66 
75.34 8.60 

F o u n d / % 
C H 

73.94 8.61 
74.61 8,46 
77.46 8.49 
77.48 9.21 
73.93 8.44 
75.60 8.34 

Microanalyses are by Mr. C. E. 
» 0.72% in aceto ne. ' 0.75% in 

Compd 

I 
II 
I I I 
IV 
V 

O H 

3440 

3530, 3480 

Lactone 

1776 
1744 
1743 
1750 
1745 

— Infrared 
Ketone 

1653 
1665 

1658 

, cm -1— 
A™ 

1632 
1634 
1632 
1635 

A" 

1608 
1618 

1604 

TABLE 

INFRARED" AND 

Ester 

1730, 1249 

II 

NMR D. 

Cyelo-
propyl 

0.38 

0.46 

ATA11 

18-Me 

1.11 
0.95 
0,94 
0.96 
1.00 

19-Me 

1.13 
1.19 
1.02 
1.04 
1.26 

N'nii , 0 

21-Me 

1.62 
2.15 
2.15 
2,15 
2.17 

C-4 

5.85 
5.44 

5.66 

C-6 

5.38 
5.43 

C-22 

5.87 
5.87 
5.88 
5.87 

C-3 

3.50 
4.54 

" Infrared determinations were made by Mr. E. Schoeb (Ann Arbor) using a Beckman Model IR-9. KBr disks were used except for 
I I which was run in CHC13 solution. b Nmr spectra were obtained by Mr. R. B. Scott (Ann Arbor) using a Varian A-60. Except for I, 
which was run in pyridine, solutions in CDCI3 were used. 

'roduct 

1 
11 

in 
IV 
V 

MeaSOI, 
mmoles 

5 

4,5 

NaH, 
mmoles 

5.3 
5.6 
5.3 
4.5 
5 

DMSO, 
ml 

90 
100 
100 
150 
55 

TABLE I I I 

PROPORTIONS OF REACTANTS 

Steroid, 
mmoles 

4.75 
5.6 
5.3 
4.3« 
2.46 

" 3(3,17a-l)iacetoxypregn-5-en-20-one, mp 174-177°, from 
pyridine-acetic anhydride acetylation of 17a-acetoxypregnenol-
one. b G. D. Searle & Co., South African Patent 65/4327 
(Feb 14, 1966). 

ones yielded the corresponding A20(22)-lactones:2 17a-
hydroxy-3-oxo-23-norchola-4,20(22)-dienic acid 7-lac­
tone (II), 3/3,17a-dihydroxy-23-norchola-5,20(22)-dienic 
acid 7-lactone (III), 3/3-acetoxy-17a-hydroxy-23-
norchola-5,20(22)-dienic acid 7-lactone (IV), and 17a-
hydroxy- 3 - oxo - 6 - spirocyclopropyl - 23 - norchola- 4,20-
(22)-dienic acid 7-lactone (V), when run with sodium 
hydride in dimethyl sulfoxide. Our work has not per­
mitted the assignment of configuration to the C-20 
position. 

Compounds I and II were tested for biological ac­
tivity. Compound II failed to prevent litters being 
born when fed to mice at 10 mg/kg/day. Neither 
compound antagonized 1 ,ug of aldosterone in the salt-
loaded rat at dose levels of 30-50 mg/kg. Neither 
compound showed any progestational effect in the Mc-
Phail assay in rabbits at a dose level of 20 times pro­
gesterone by subcutaneous and 100 times norethindrone 
by oral administration. 

(2) H. G. Lehmann, Anoew. Chem., 77, 808 (1965), has since reported 
that the reaction leads to the unsaturated lactone (III) in the presence of 
equimolar amounts of NaH while catalytic amounts of NaOH for short reac­
tion times allow isolation of the hydroxylactone. Also N. H. Dyson, J. A. 
Edwards, and J. H. Fried, Tetrahedron Letters, 1841 (1966), haye reported 
the conversion of 17a-acetoxypregna-4,6-diene-3,20-dione to the correspond­
ing unsaturated lactone by NaH in DMSO. 

Experimental Section 

General Procedure.—Sodium hydride was added to dimethyl 
sulfoxide (DMSO) under nitrogen and stirred at room tempera­
ture for about 1 hr. A solution of trimethylsulfoxonium iodide 
in DMSO was added and stirred for 15-30 min. The steroid 
was suspended in DMSO and added in one portion. The mix­
ture was then stirred overnight and worked up by pouring into 
ice-water, separating, and crystallizing. When trimethylsul­
foxonium iodide was not used, the remainder of the procedure 
was unchanged. In two of the preparations, I I and V, the re­
action mixture was acidified with 3 N HC1 after being quenched 
in ice-water. The reactant proportions are given in Table I I I . 

Acknowledgment.—The authors are indebted to 
Dr. O. D. Bird, Dr. L. Blouin, and Dr. M. R. Callan-
tine for the pharmacological results presented. 

The Synthesis of Some Aryl Nitrogen Mustard 
Derivatives of Estrogens1 

C. R. W A L K , ' T. C. CHOTJ, AND H S I HIT L I N 3 

Department of Chemistry, Saint Joseph's College, 
Philadelphia, Pennsylvania 

Received August S, 1966 

The synthesis of several new steroidal compounds has 
been accomplished from the corresponding intermedi­
ates 4-aminoestrone 3-methyl ether (I) and 2-amino-
estrone 3-methyl ether (II). These mustards were 
prepared because the literature describes no previous 
attempts to study aryl nitrogen mustards of steroids 
and also because of their potential as anticancer agents. 

(1) This investigation was supported by the fund from the National 
Cancer Institute, National Institutes of Health, U. S. Public Health Service, 
Dethesda, Md. (Grant Ca-06492-03). 

(2) The data published here are taken from a thesis submitted by Charles 
R. Walk in partial fulfillment for the degree of Master of Science. 

(3) To whom inquiries should be addressed. 
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1!', XV- = O 
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li1. li-' = 0 
V. Ii = C I U ' I P O I I : 

li1 = Oi l ; li2 = II 
VI. R = CIPCIU. ' l : 

l i ' = VO..CU: H-' - II 

1, I! = II: 11", R* - () 
VII, R = CH.CH-.0I1: 

R1, U2 = 0 
VIII, R = CIL.CH2C1: 

R1, li2 = O 
IX, R = CII,CII201I; 

I!' = OH: li2 = II 

- • - - y. ;? • 

The assignment of structure throughout, this work is 
dependent upon the structures of the two start ing ma­
terials. /.<., 2-uiti'o- and 4-nit roestrone. The position 
of the nit.ro group in each case was confirmed abso­
lutely by means of its nmr spectrum.4 Reduction of the 
nitro compounds5 '1 gave the corresponding 2- and 1-
amiiioestronos. 

The conversions of 2- and 4-aminoest rones to the 
corresponding bis-2- and -4-hydroxyethyIamino com­
pounds (III and VII), according to the procedure of 
Detrraw and (ioodman.7 proceeded smoothly and in 
high vield. Treatment of III and VII, respectively. 
with I'OC'I;; gave IV and VIII. Reduction of III and 
VII with sodium borohydride gave the corresponding 
17d-hydroxv compounds. Trea tment of V with P 0 -
( 4:i gave the mustard at the 4 position with a phosphate 
ester grouping at the 17 position. The ultraviolet 
spectrum of this compound was identical with that of 
the 4-uitrngen mustard with a 17-koto group (IV) and 
remained unaltered when the solution was acidified. 
This indicated thai an aromatic mustard was present. 
The mill' and infrared spectra agreed with those of pre­
vious aromatic mustards. The analysis indicated that 
OIK- phosphorus and four chlorines were present in the 
molecule: therefore, the phosphate ester indicated in 
struct lire VI was proposed. 

Biological Activities. The mustards, diols, and triols 
were all found to be inactive at 105 /xg/ml in the cell 
culture and cell line KB. These compounds were 
found to be nontoxic in the Fischer .544 rats at lo mg/ 
kg for "> days. s 

Experimental Section 

M ell in}! points, were taken in a Thomas-Hoover apparatus and 
are corrected. The nmr spectra were measured with a Yarian 
A-00 ^peel remoter at (it) Me and 26 ± 0.3°. The samples were 
prepared as dilute Milutions in CDClj. The analytical data 
were determined by Alfred Bernhardt Mikroanalytisehes 
I.aboratoi'ium. Mulheim, Crermany. 

Syntheses of compounds in Tattle I were carried out by three 
general procedures each of which is illustrated by a. detailed 
procedure. 

Procedure A. 4-!Bisi2-hydroxyethyl)aminoj-3-methoxy-l,3,-
5-estratrien-17-one (III). A mixture of 4-arniiio-.'>-me!ho.\y-
1,3,.")-est,ratrien-17-oiie (I) (1.0 g), p-toluenesulfonic acid (100 
mg'), absolute ethanol i'.U) ml), and ethylene oxide (10 ml) was 
sealed in a Mainles- steel Parr peroxide bomb and heated on :i. 
-leant bath for Is hr. The solvent, was removed under reduced 

I . 11.11. I.in uiul T. i '. i 'huii. s u b m i t t e d for publ ica t ion . 
-V. S. Kra.vchy. ./. .I i». C/,,/„. A c , 8 1 , 1702 (19.W). 
Hi V ,1. TmiisMi an.I .1. I', l lo rwi iz . ./. (Inj. Chrm., 24, 2(Mtl (ltl">»,. 
7 i .1. l l f U i m v u i i i l L. (i iman , ./. Med. Chem., 7, 21M (1H64). 
Si These c o m p o u n d s were tested by the Cance r C h e m o t h e r a p y Na t iona l 

Service Center , Na t iona l Ins t i tu te? of Hea l th , U. S. Publ ic Hea l th Service, 
Belhe.-da. Mil. 201)11. 

nit.ro
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pressure. The residue was treated with 10% aqueous X a H O ) 3 

and then extracted with ether. The organic layer was washed 
with 10% HC1 and the aqueous layer was then made basic with 
10% XaOH. The oil that separated was again extracted with 
ether. The organic layer was washed with water and dried 
(Na2S04). Upon removal of the solvent a white solid was ob­
tained, which was recrystallized from ether to yield 600 mg of III. 

Procedure B. 4-[Bis(2-hydroxyethyl)amino]-3-methoxy-l,3-
5-estratrien-17/3-ol (V).—A solution of 4-[bis(2-hydroxyethyl)-
amino]-3-methoxy-l,3,5-estratrien-17-one (I I I ) (1.4 g) in meth­
anol (50 ml) was treated with excess NaBH4 (2.0 g), stirred for 
1 hr at room temperature, and poured into aqueous NaHCOs. 
The solution was extracted with ether and the organic layer was 
washed and dried (NaoSO*). The solvent was removed and the 
solid residue was recrystallized from methanol to yield 700 mg of 
V. 

Procedure C. 4-[Bis(2-chloroethyl)amino]-3-methoxy-l,3,5-
estratrien-17-one (IV).—A mixture of I I I (500 mg) and POCl3 

(10 ml) was heated on a steam bath for 2 hr. The excess POCls 
was removed under reduced pressure and the remaining oil was 
dissolved in ether-benzene. The solution was washed with 
dilute H O and then water. The organic layer was dried (Xa2-
SO4), and the solvent was removed. The residue was dissolved 
in benzene (5 ml) and absorbed on a column of silica gel G (50 g). 
After removal of an oily side product by eluting with benzene, 
IV was eluted with ether-benzene (1:1) as an oil (300 mg), which 
would not crystallize. This reaction failed with S 0 O 2 . 

Treatment of the triol (IX) with P 0 O 3 gave a compound that 
could not be identified. Acid shifted the ultraviolet absorption 
from 290 to 282-288 mji. No hydroxyl absorption appeared in 
the infrared spectrum. The nmr spectrum showed the aromatic 
protons as singlets T 2.3 and 3.17. The 3-methoxy and 13-
methyl protons appeared where they did in the starting material. 
Xo other protons could be identified. Anal. Found: C, 43.23; 
11,6.66; N, 2.28; 0 , 1 7 . 6 0 ; P, 7.6. I t is conceivable that this 
material could be a dimer or polymer. 

Acknowledgments.—We are indebted to H. Cheng 
for his help in the preparation of the starting materials 
and to the Cancer Chemotherapy National Service 
Center, National Institutes of Health, U. S. Public 
Health Service, Bethesda, Md., for the biological data. 

Some Alkylating Derivatives of Nicotinic Acid. 
Synthesis and Antineoplastic Activities 

\V. O. J. Ross 

Chester lieullij Ucscareh Institute, Institute of Cancer Research,, 
Royal Cancer Hospital, London, S.W. 3, England 

Received September 13, 1966 

4-Substituted nicotinamides might act as stereo-
specific inhibitors of the glycolytic process by which 
many cancer cells derive an appreciable proportion of 
their energy requirements.1'2 More effective and po­
tentially irreversible antagonists may be produced by 
incorporating a chemically reactive grouping into the 
4 substituent. The preparation of such derivatives 
containing alkylating groups is now described. 

The preparation of 4-(2-bromoethylthio)nicotinic 
acid (I, Ii = OH; X = Br), isolated as its hydro-
bromide, has already been described.2 The corre­
sponding amide (I, R = NH2; X = Br) has now been 
prepared by the action of ammonia on the mixed an­
hydride formed from the acid (I, R = OH; X = Br) 
and isobutyl chloroformate. 

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

(1) W. C. J. Ross, Ann. Kept. Brit. Empire Cancer Campn., 42, 81 (1984). 
(2) \V. C. ,1. Ross, / . Chem. Hoc, Sect. C, 1816 (1966). 

hydroxy acid (I, R = X = OH) but the hydroxy acid 
was recovered unchanged after prolonged heating with 
concentrated HC1. When heated with thionyl chloride 
the hydroxy acid gave an unstable product, presumably 
the hydrochloride of the acid chloride (I, R = X = CI), 
which afforded 4-(2-chloroethylthio)nicotinic acid (I, 
R = OH; X = CI), methyl 4-(2-ehloroethylthio)nico-
tinate (I, R = OMe; X = CI), and 4-(2-chloroethyl-
thio)nicotinamide (I, R = NH2; X = CI) on treat­
ment with HC1, methanol, and methanolie ammonia, 
respectively. 

SCH2CH2X 

S-" 

,N-CH2 

II 

(**^iCONHCH2CH2Cl /y N—CH2 

-c: l 
N 0—CH 2 

rv in 

Many difunctional alkylating agents have greater 
carcinostatic activity than the corresponding mono-
functional analogs.3 The acid (I, R. = H; X = CI) 
could be converted into a novel type of difunctional 
alkylating agent, having two different alkylating 
groups, by the preparation of its ethylenimide (I, R = 
X=(CH2)2; X = CI). 

As a model for this synthesis the preparation of N-
nicotinoylethylenimine (II) was examined. The ac­
tion of nicotinoyl chloride on ethylenimine has been re­
ported to give II4 but the product has not been ade­
quately characterized. When this preparation was 
repeated, only 2-(3-pyridyl)-2-oxazoline4 (III), formed 
by internal alkylation of the initial product, was ob­
tained. Ethylenimides can dimerize to give pipcra-
zines but the preparation of N,N'-dinicotinoylpipera-
zine by an unambiguous synthesis showed that this had 
not occurred. 

Nicotinoylethylenimine (II) was prepared by con­
densing nicotinic acid with ethylenimine in the pres­
ence of dicyclohexylcarbodiimide, and N-4-(2-chloro-
ethylthio)nicotinoylethylenimine (I, R = N=(CH2)2; 
X = CI) was similarly obtained from the acid (I, R = 
OH; X = CI). 

Biological Data.—The results of screening tests 
against the Walker 256 tumor6 and the lymphoid leu­
kemia L12106 are given in Tables I and II. Only 
moderate activity (ca. 50% inhibition) at tolerated 
doses against the Walker tumor was shown by the 
hydrobromide of the acid (I, R = OH; X = Br) and 
nicotinoylethylenimine (II). Significant activity 
against the L1210 leukemia was shown only by the 
chloro acid (I, R = OH; X = CI) at the maximum 
tolerated dose. 

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

(4) G. I. Braz and V. A. Skorodumov, Zh. Obshrh. Khirn., 26, 770 (1956); 
Chem. Abstr., 60, 14711 (1956). 

(5) The protocol for this carcinostatic assay is >*iven by T. A. Connors, 
Ii. C. V. Mitchley, V. M. Rosenauer, and \V. C. .1. Ross, Bun-hem. Pharm., 13, 
395 (1964). 

(6) The protocol for this assay is esentially that given in Cancer Chemo­
therapy Rept., 1, 42 (1959); the C57/DBA2 hybrid strain of mouse was 
used as host. 


