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(iuioous) tumor at 50.0 nig/kg/day. However, in
troduction of substituents in the phenyl ring of this 
compound either retains or increases its activity against 
Dunning leukemia hut lowers the activity against 
Walker 256 tumor. 

Experimental Section 

Where analyses are indicated only by the symbols of the 
elements, analytical results obtained for those elements were 
within ±0.4Gv: of the theoretical values. Melting points were 
taken in an open capillary tube in sulfuric acid bath and are 
uncorrected. 

Ethyl N-(4-ju-Tolyl-2-thiazoIyl)malonamate.—A mixture of 1.9 
g (0.01 mole) of 2-amiiio-4-p-tolylthiazole18 and 9.6 g (0.06 mole) 
of diethyl nialonate was refluxed for 2.5 hr in an oil bath at 160°. 
The reaction mixture was (tooled, diluted with hexane, and kept 
in an ice box for 1 hr. The compound which separated on cooling 
was collected and recrystallized from EtOII to give 1.9 g (63 r , ) 
of the ester, mp 147-148°. Anal. (CJIieNsOaS) C. II, X. 

N-(4-p-TolyI-2-thiazolyl)malonamic Acid Hydrazide.—A solu
tion of l.o g (0.005 mole) of ethyl N-(4-p-tolyl-2-thiazolyl)-
malonamate in a small quantity of EtOH was treated with 0.6 ml 
of 5S% hydrazine hydrate and the solution was heated under 
reflux for 10 min. The reaction mixture gradually deposited a 
crystalline solid which was filtered off and washed with a little 
EtOH 1o give 1.1 g (76'x) of the crude hydrazide. It was 
crvstallized from E t O H - H , 0 (1:1), mp 270° dec. Awl. 
( C J I u N A i S ) C, II, X. 

Other malonamic acid esters and hydrazides were similarly 
prepared and are listed in Table I. 

The following hydrazides were prepared as described in the 
literature: 4-nitrobenzoic acid hydrazide,14 3-chlorobenzoie acid 
hydrazide,1" 3,4,5-trimethoxybenzoic acid hydrazide,16 nicotinic 
acid hydrazide,17 isonieotinic acid hydrazide,15 pieolinic acid 
hydrazide,19 and 2-hydroxy-4,6-dimethylnicotinic acid hy
drazide.20-21 

4-[N,N-Bis(2-chloroethyl)amino]-o-anisaldehyde.—To 22 ml 
of DMF cooled in an ice bath was added 14 ml of POOL with 
stirring at 7-10°. Then a mixture of 10.5 g (0.05 mole) of N,X-
bis(2-hydi'oxyethyl)-?/i-anisidine22 dissolved in 30 ml of D M F was 
added slowly at 5-10°. The mixture was then heated for 1 hr on 
a water bath and poured onto ice and kept overnight a l4 ° . The 
solid was filtered off, washed thoroughly with ice water, and 
dried. Crystallization from hexane yielded J 1.0 g (S0 rr) of the 
aldehyde mustard, mp 96-97°. Anal. (C1;!H,.-Cl>XO,) C, II, X. 

The 2,4-dinitropheiiylhvdrazoiie, prepared in EtOH, was 
recrystallized from Me..CO| mp 215 216°. Anal. (Cdli.CbXr.O,) 
C, II, X. 

Other aldehyde mustards employed in the present work are 
reported in the literature and were prepared according to the 
known methods.5 '12 

N-(4-PhenyI-2-thiazolyl)malonamic Acid |p-[N,N-Bis(2-
ehloroethyl)amino]benzylidene!hydrazide. -To a solution of 
0.20 g (0.001 mole) of X-(4-phenyl-2-thiazolyl)malonamic acid 
hydrazide in a minimum of EtOH at 70° was added a solution 
of 0.25 g (0.001 mole) of the 4-fX,X-bis(2-chloroelhyl)aminoj-
bciizaldehyde12 in EtOII. Two drops of concentrated IIC1 were 
then added to this solution and the mixture was allowed to stand. 
Wis hin a short time, a crystalline solid separated out. This 
was filtered off and washed with a little EtOH to give 0.30 g 
(00 ' , yield) of product, mp 223-224°. Anal. tCVILiCbNiO^S) 
C, H, X. 

( 13; I.. ('. Kinj; and K. .1. [ l lavacek. ./. . I»i . Chem. Sat:.. 72, 3722 ( l«.l.")0). 
i 11) M. Claesen, P . van Dijck, and 11. Vanderhaegl ie , ,/. Phnnn. Pharma

col., 6, 127 (1954). 
iir>) T . Cur t iu s and 1'". Foers te r , ./. 1'r.tkt. Chem., 64, 326 (1901). 
i l(i) I. A. Pear! and D . L. Beyer , J. Am. Chem. S o c , 77 , 3660 (1955). 
i 17) T . Cur t iu s a n d E . M o h r , Ber., 3 1 , 2493 (1898). 
(18) H. Meye r a n d J . Mal ly , Monatsh., 33 , 400 (1912). 
(19) D . L i b e r m a n n , N . Ris t , F . G r u m b a c h , M . M o y e u x , B . G a u t h i e r , A. 

Rmiaix, .7. Mai l la rd , J . G. H imber t , a n d S. Cats, Bull. Soc. Chim. France, 
1430 (1954). 

(20) .1. T-. Greene , J r . . a n d J . A. M o n t o g o m e r y , ./. Med. Chem., 7. 17 
i 11164). 

(21) T . A. Gcissman , -M. J . Sch la t t e r . 1. D . Webb , and J . D . R o b e r t a 
./. Oni. Chun., 1 1 , 741 (191(1). 

!22) M . Freifelder a n d G. R. S iouc , (',„/., 26, 1477 (1961). 

All other benzylidenehydrazides were similarly prepared and 
are recorded in Tables II and III . 
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Since the report by Mauss, et a/.,la that lucanthone, 
l-(2 - diethylaminoethylamino) - 4 - methylthioxanthen-
9-one,"' possessed schistosornicidal activity, numerous 
analogs have been synthesized. Many of the deriva
tives have also been tested against a variety of experi
mental tumors in vitro a7id in vivo. Hirschberg and co
workers2 have reported that lucanthone exhibits anti
tumor activity against a variety of transplantable 
mouse tumors such as Sarcoma ISO, lyiriphoid leukemia 
L1210 ascites, and Adenocarcinomas 755 and E0771. 
More recently, Blanz and French3 also showed that 
lucanthone hydrochloride possessed antitumor activity 
when tested with a number of structural analogs in 
three tumor (Sarcoma ISO, Adenocarcinoma 755, and 
Leukemia 1210) mouse screening experiments. How
ever, the hydrochloride of the chemotherapeutic agent. 
is somewhat limited in usefulness by its high toxicity. 
For a number of years, we have studied the effects of 
numerous chemicals as potential detoxifying adjuvants 
for toxic chemotherapeutic age7its. The results have 
indicated that certain sulfonic acids4 possessed signifi
cant detoxifying action when administered concomi
tantly with the toxic chemotherapeutic agent (strepto
mycin), so that mice tolerated twice the lethal dose. 
This study stimulated our interest in the possibility of 
sulfonic acid salts of lucanthone as potential anticancer 
agents with maximum therapeutic effectiveness and 
with little or no toxicity. This report includes the 
preparation of five sulfonic acid salts of lucanthone 
with analyses and tests for acute toxicity in mice and 
in vivo antitumor activity of certain derivatives against 
Sarcoma 180, Adenocarchioma 755, and Leukemia 1210. 

(1) (a) 71. Mauss . 11. Roll ing, and R. Gonne r t , Med. Chem. Abhundl. 
Med.-Chem. Forschungsttaettert Farben/abriken Bayer, 5, 185 (1956); (b) 
Miracil D * . 

(2) ]•:. Uirschberg, A. Gel lhorn, M . R. M u r r a y , and K. F. EUlager , ./. 
Xatl. Cancer Ind.. 22, 567 (1959). 

(3) H. Blanz a n d F . French , ./. Med. Chem., 6, 185 (1963). 
14) IS. P re sco t t a n d I I . J . S tone , Farmaco ( P a v i a ) , Ed.Sci.. 2 1 , 471 (1960). 
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SULFONIC 

- S O . H 

p-NH2C6H4 

»«-NH.C,H, 
o-NHjC,II« 
p-HOC6H4 

TABLE I 

ACID SALTS OF LUCANTHONE. CHEMIC. 

l-CH3C6H2-3-OH-4-
(CHCH3)2 

PHYSICAL PROPERTIES 

Mp, °C a 

183 
96-98 
106 
141-143 

258 

Formula 

C 2 6 H 3 1 N 3 0 4 S 2 

C 2 6 H 3 1 N 3 0 4 S 2 

C26H31N3O4S2 

C2 6H3 0N2O5S2 

C3oH38N20-,S2 

VL AND 

Analyses 

C , H , N 
C, N ; H1 

C, H, N 
C, H, N 

C, H, X 
0 All melting points are uncorrected and were determined on 

a Fischer-Johns melting point apparatus. h Anal. H: calcd, 
6.08; found, 6.53. 

Experimental Section 

General Procedure.—A solution of the sodium salt of the sul
fonic acid (0.1 mole) in distilled H20 (200 ml) was added with 
stirring to an equimolecular proportion of lucanthone hydro-

yields from 90 to 95%. Table I gives a summary of the sulfonic 
acids used and the analytical results. 

Acute Toxicity.—Intraperitoneal toxicity studies for the com
pounds were performed in the DBA strain of mice, as maintained 
at the National Institutes of Health, Bethesda, Md., according 
to a procedure described previously.5 The results were judged 
by 72-hr survival. The mice treated with the m-aminobenzene-
sulfonic acid salt of lucanthone tolerated 1.5 g/kg of body weight. 
All of the mice tested with the other four preparations tolerated 
a dose of 2 g/kg. Thus, the compounds were of low toxicity com
pared with the parent compound, lucanthone hydrochloride. 
The highest dose of lucanthone hydrochloride tolerated by DBA 
mice was 250 mg/kg. I t may be that the decrease in toxicity 
is due to the insolubility of the sulfonates. However, significant 
amounts of these compounds were detected in the blood plasma 
of the mice 24 hr after administration. 

Antitumor Studies.—The compounds were tested for antitumor 
activity in the mouse screening program of the Cancer Chemo
therapy National Service Center. The testing procedures em
ployed have been described previously.6 Among the five com
pounds, three were found to exhibit significant antitumor activ-

TABLE II 

ANTITUMOR ACTIVITY OF CERTAIN SULFONIC ACID SALTS OF LUCANTHONE AGAINST SARCOMA 180, 

ADENOCARCINOMA 755, AND LEUKEMIA L1210 

Animal \vt Tumor \vt, mg, or 
Dose, dif, g (survival, days) 

Salt of acid 

HC1 

ffi-NILCJ^SOnH 

HC1 

p-NH2C6H4S03H 

HC1 

p-NH2C6H4S03H 

m-NTT2C6H4S03H 

l-CH3C6H2-3-OH-4-
(CHCH3)2-6-S03H 

mg/kg 

65 
32.5 
16.2 

125 
125 

90 
60 
40 
27 
18 

110 
82 

90 
65 
32.5 
16.2 

165 
110 
73 
51 

125 
82.5 
55 
36.6 
24 

150 
75 
37.5 
18.7 

Survivors 

Sarcoma ISO 

4/6 
5/0 
5/6 
6/6 
5/6 

Adenocarcinoma 755 

7/10 
10/10 
10/10 
10/10 
10/10 
10/10 
10/10 

Leukemia L1210 

6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 

6/6 
6/6 
6/6 
6/6 

test/control 

- 1 . 0 
- 0 . 8 

1.5 
- 1 . 4 
- 1 . 7 

- 9 . 4 
- 7 . 0 
- 4 . 9 
- 2 . 9 
- 3 . 2 
- 2 . 7 
- 5 . 3 

- 4 . 2 
- 2 . 7 
- 0 . 8 
- 0 . 8 
- 3 . 0 
- 2 . 3 
- 3 . 2 
- 0 . 6 
- 2 . 9 
- 2 . 9 
- 1 . 7 

0.0 
0.3 

- 0 . 5 
- 0 . 3 
- 0 . 5 
- 0 . 9 

test/control 

483/1209 
1006/1209 
1148/1209 
593/1996 
639/1890 

101/2092 
200/2092 
422/2092 
1217/2092 
1332/2092 
240/881 
220/1321 

(12.5/8.5) 
(11.5/6.5) 
(7.7/6.5) 
(7.5/6.5) 
(17.5/9.1) 
(14.3/9.1) 
(8.8/9.1) 
(11.0/9.1) 
(20.3/9.7) 
(14.7/8.7) 
(15.0/9.4) 
(9.7/8.7) 
(9.8/8.7) 

(16.5/11.3) 
(15.3/11.3) 
(12.5/11.3) 
(11.8/11.3) 

T/C, % 

39 
83 
94 
29 
33 

4 
9 
20 
58 
63 
27 
16 

147 
176 
118 
115 
192 
157 
96 
120 
209 
168 
159 
111 
112 

146 
135 
110 
104 

chloride dissolved in distilled H 2 0 (2000 ml) cooled to 10-15°. 
The resulting mixture was stirred for 1 hr. In all instances 
crystals of the sulfonic acid salt of lucanthone began to separate 
immediately. The mixture was kept overnight in the cold room 
(4°). The crystalline precipitate was collected, washed with cold, 
distilled H 20, and dried in air. One crystallization from 70% 
EtOH sufficed to give a pure product. The salts appeared as 
yellow-orange, fine, crystalline powders with consistently good 

ity. The p-aminobenzenesulfonic acid, m-aminobenzenesulfonic 
acid, and the 5-hydroxy-p-cymene-2-sulfonic acid salts of 
lucanthone showed good inhibition against the L1210 mouse 
tumor systems. One preparation, the p-aminobenzenesulfonic 

(5) B. Prescott and C. P. Li, J. Med. Chem., 7, 383 (1964). 
(6) J. Letter, A. R. Bourke, S. A. Schepartz, and I. Wodinsky, Cancer 

Res., 20, 734(1960). 
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acid salt, also showed inhibition against Ca7">"), and another, 
the »i-aminobenzenesulfonic acid salt, possessed antitumor activ
ity against the S180 mouse tumor system with the latter com
pound showing confirmed activity. Table II lists the antitumor 
testing data for the three active compounds, supplied by the 
Cancer Chemotherapy National Service Center. 
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and Indoloandrostanes >,c 

NORMAN J. DOORENBOS1 '1 AXD M U T s r W r 

School of Pharmacy, University of Maryland, 
Baltimore, Maryland 21201 

Received Septernher IS, 1967 

Interest in steroids to which heterocyclic rings are 
fused or at tached developed in our laboratory2 during 
a study of heterocyclic steroids of potential therapeutic 
value. One derivative of this type, \',4'J>',()'-tetrn-
hydropyrimidino [4,3-aJ-o-cholestene,'-'1 possesses sig
nificant antimicrobial,3 antiinflammatory, hypoeholes-
terolemic, hypotensive, and diuretic activities.-'1 An
other derivative of this type. pyrazolo[3,2-c]-17a-
methyl-.")a-androstan-17/3-ol,4 possesses a high degree 
of separation of anabolic from androgenic activity and 
has been in clinical use for several years. I ts discovery 
stimulated the synthesis of analogous heterocyclic 

(1) (a) f o r pape r X X I X in this series, see X . J. D o o r e n b o s a n d R. K. 
S h a r m a , ./. Chromatog., 29, 393 (1967). (b) P re sen t ed in p a r t before t he Div i 
sion of Medic ina l C h e m i s t r y a t the 141st N a t i o n a l M e e t i n g of t he Amer ican 
Chemica l Society, W a s h i n g t o n , D . C , M a r c h 29, 1962. (c) S u p p o r t e d in 
par t by a g r a n t from Smi th Kline and F rench Labora to r i es , (d) Address 
inquir ies to N . ,J. D . a t t he School of P h a r m a c y , U n i v e r s i t y of Mississippi , 
Univers i ty , Miss . 38677. 

(2) (a) N . .1. D o o r e n b o s and C. P . D o r n , ./. Pharm. Sci., 50, 271 (1961); 
(b) N . .7. D o o r e n b o s a n d C . P . D o r n , ibid., 5 1 , 414 (1962); (c) N . J . Dooren
bos a n d C. P . D o r n , ibid., 54, 1219 (1965); (d) N . J . D o o r e n b o s a n d M . T . 
Wu, ibid., 5 1 , 1290 (1965); (e) N . J . D o o r e n b o s and A. P . Shroff, Steroid*, S, 
399 (1965); (f) N . J . Doorenbos a n d L. Milewich, J. Org. Chem., 3 1 , 3193 
(1966). 

(3) K. V. S m i t h , D . K. Shay , and N . J . Doorenbos , ,/. Pharm. Sci., 53, 1211 
(1964). 

(4) R . O. C l in ton , A. .1. Manson , F . W. S tonner , A. I.. Heyler, G. O. P o t t s , 
a n d A. Arno ld , J. Am. Chem. Sec. 8 1 , 1513 (1959). 

steroids in several laboratories." We wish to report 
the synthesis and preliminary biologic study of some 
indolocholestanes and indolandrostanes. 

Doree6" obtained indolo{-lA-h]-">cJ-cholest-:->-ene in 
1909 when lie a t tempted to prepare the phenylhydra-
zone of .">i3-cholestan-3-one (I) by reaction in hot glacial 
acetic acid. In 1935. indolo [3,2-/;]-r>a-cholest-2-cne 
(II) was synthesized in a similar manner. i ; l ' fusion of 
the indole ring at positions 2.3 in the ."ia scries and 3,4 
in the nfi series was confirmed recently by identifying 
the ozonolysis products of these compounds.1'"' 

I n d o l o [3,2-6 |-17a-niet liy l-f>a-undrost-2-en-17rj-ol 
(VI) was prepared by a procedure similar to that used 
by Doree in the synthesis of indolocholestanes. The 
X-methyl derivatives (III , VII , and VIII) of II, VI. 
and I were prepared similarly by the reaction of X-
methyl-X-phenylhydrazine with the appropriate steroid 
ketone (Tables I and II) . Identical products were 
obtained in somewhat lower yields by adding methyl 
iodide to solutions of II. VI, or I and sodamidc in dry 
dioxane-liquid ammonia. X-Aminoindolo[3,2-/; ]-.">«-
cholest-2-ene (V) and X-aminoindolo[3,4-/;[-."rj-choles-
tene (X) were prepared from II and I by nitrosation 
and LiAlII, reduction. X was characterized further 
by reaction with acetic anhydride, X-acetaniidoindolo-
f3,4-/;j-")^-cholest-3-ene (XI) being obtained. 

Kach of these steroids has the characteristic absorp
tion of the indole ring at approximately 13.of) ^.7 

Kach nitroso derivative has a strong peak at (1.9") /i 
which is consistent with XX~~ 0 . s 

Biological Testing.9—Each indole steroid (I--XI) 
described in this paper was screened for antimicrobial 
activity against gram-negative bacteria (Escherichia 
coli, Salmonella it/phosa, and Brucella abortus), gram-

(5) P . de Huggieri , G. Gandulfi , U. Gu/.zi. D . C h i a r a m o n l i , and C. Ferrar i , 
Farmaco ( P a v i a ) . Ed. Sri., 20, 280 (1965). 

(6) (a) C. Doree , ./. Chem. Soe.. 638 (1909); (b) C. Doree and V. A. 
P e t r o w , ibid., 1391 (1935); (ci V. Ban and Y. Sa to , Chem. Pharm. Bull. 
( T o k y o ) , 13 , 1073 (1965). 

(7) A. F . Chap l in , D . i t . lley, and J . U o n e y m a n , ./. Chem. Sor., 319 1 
(1959). 

(8) R . N . Jones , Inf rared Spec t ra of Organic C o m p o u n d s , N R C Hullelin 
Xo . 6, N a t i o n a l Resea rch Council , O t t a w a , C a n a d a , 1959. 

(9) (a) Ant imic rob ia l assays were conduc ted by Dr . R o d n e y F . Smi th in 
our l abo ra to ry , (b) T h e resul ts of the endocr ine assays were p rov ided by Dr. 
Kerwin and Dr . S a u n d e r s of Smi th Kl ine and French L a b o r a t o r i e s . 

1 ABLE I 

Solvent of 
rec rys tn 

Celle-MeOH 
C6Il6-petr ether 

(bp 30-60°) 
C J V M e O H 
MeOH-ILO 
MeON-MeOII 

" Prepared as follows: A, treatment of 5a-cholestan-3-one with a sixfold excess of N-methyl-X'-phenylhydrazine in HOAc at 9.V; 
B, treatment of indolo[3,2-6]-5a-cholest-2-ene6b in HOAc-dioxane at 1(1° with a concentrated H20 solution of KXOo in !()'•,' excess; 
C, treatment of IV with LiAlH4; 1), treatment of 17a-methyl-.")a-androstan-17/3-ol-3-one with phenylhydraxine in HOAc at i).">°; K. 
treatment of 17a-methyl-.>a-androstan-17/3-ol-3-one with N-methyl-N-phenylhydrazine in HOAc at 95°. '' Melting points were taken 
on a Fisher-Johns apparatus and are corrected. '' c 0.5, CHCb. d Analytical results for elements indicated were within ±0.4",', of 
the theoretical values unless indicated otherwise. e C: calcd, 80.43; found, 79.93. -' C; calcd, S2.7I ; found, S3.22. 

Compel 

in 
IV 

V 
VI 
VII 

Ri 

CHS 

NO 

N i b 
II 
CH, 

R : 

C8H„ 
C8H17 

C8H„ 
OH 
OH 

Ui 

II 
II 

II 
CI I, 
CH3 

M e t h o d " 

A 
B 

C 
1) 
E 

Yield, 

99 
88 

89 
70 
80 

M p , °Ch 

203-20.1 
130-132 

223-224 
233-234 
171-173 

[a]-r'D, dejr,: 

+ 04.0 
+ 103.8 

+ 86.8 
+ 39.4 
+ 4 8 . 3 

F o r m u l a 

GuIhiN* 
G B 1 I ( ! A , 0 

C33Hr>oN2-I'M) 
C26H3,NO 
C27n;)-N() 

A n a b 

C, II, 
(', H, 

II, X 
11, X 
C, II, 

ses'< 

X 
X 

; (' 

c 
X 


