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In a previous paper from this laboratory we have 
described the synthesis of various Schiff bases from 
benzaldehyde nitrogen mustards and thiazole amines.2 

Earlier, Popp3 - 5 had reported that several Schiff bases 
possess antitumor activity against a number of animal 
tumors. Since -CONHN—CH.- is a structural modi­
fication of the azomethine linkage, it was thought worth­
while to study whether benzylidenehydrazides from 
benzaldehyde nitrogen mustards could also be evaluated 
as potential anticancer agents. Several investiga­
tors6-10 have described the synthesis of such benzyli­
denehydrazides, and p- [bis(2-chloroethyl)aminoben-

zylideneJ-?;-aminobenzoic acid hydrazide prepared by 
Elderfield, el a/.,9-10 is reported to exhibit significant 
antitumor activity. 

In the present paper we report the synthesis and 
evaluation of several nitrogen mustard containing 
benzylidenehydrazides (Table II and III) as possible 
anticancer agents. Most of the acid hydrazides em­
ployed in the synthesis of benzylidenehydrazides are 
known in literature, except N-(2-thiazolyl)malonamic 
acid hydrazides. These were prepared by the inter­
action of 2-aminothiazole with diethyl malonate to 
give ethyl N-(2-thiazolyl)malonamates,11 which on sub­
sequent treatment with hydrazine hydrate furnished 
the required hydrazides (Table I). 

The condensation of the benzaldehyde nitrogen mus­
tards'''1- with the acid hydrazides was effected in 
alcohol in the presence of an acid catalyst.8 Equimolar 
quantities of the aldehyde mustard and the acid hy­
drazide were treated in warm alcohol to give the benzyli­
denehydrazides recorded in the Tables II and III. 

Biological Results. ••Representative compounds were 
evaluated under the auspices of the Cancer Chemo­
therapy National Service Center, Bethesda, Aid., 
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MP °C 

100-161" 
147-148" 
154-1560 

200'' 
245 dec6 

257-258 dec6 

270 dec6 

266-268 dec6 

formula 

C10II14X2O3S 

CuHieNaOsS 
CiiHiaClNsOsS 
C6II8N402S 
C8H,2X402S 
C l2Hi2X402S 
Ci3IIi4N402S 
C,2H„C1N402S 

Analyses 

C, II, X 
X 
X 
C, II, X 
C, 11, X 
X 
C, II, X 
N 

Recrystallized from EtOII . 6 Recrystallized from E tUI l -H 2 0 (1:1). 

TABLE II 

N-(2-THIAZOLYL)MALO.\AMIC ACID {P-[XT.X"-BIS(2-CHLOI!OE'I'HYL)AMIN(I]BE.\ZYLIDENE jHYDRAZIDES 
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II 
C2H6 
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II 
II 
11 
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< 
\—X(CH2CTLCi); 

Mp. °C° 

192-193 
203-204 
223-224 
210-212 
217-219 
200-201 
193-195 
126-127 

[ 'oriiiula 

C17Hi9Cl2N602S 
C13H23C12N602S 
C23H23C12X502S 
C23H22C13X602S 
C24BUC12X502S 
C24H26C12N602S 
C26H2,C12N502S 
C2oH2,Cl2N603S 

Analyses 

C, H, N 
C, H, X 
C, H, X 
X 
X 
CI, X 
X 
X 

(1) la) G o v e r n m e n t ol I n d i a Resea rch Scholar , (b) T o w h o m inquir ies 
should be sent . 

(2) S. S. Sabnis and K. D . Ku lka rn l , Indian. J. Chem., 1, 447 (1963). 
CI) F . D . P o p p , ./. Org. Chem., 26 , 1506 (1961). 
(4) F . IJ. P o p p a n d \V. Kirsch , ibid.. 26, 3(458 (1961). 
(5) F . D . P o p p , ,/. Med. Chem., 7, 210 (1964). 
(li) F . D . P o p p , J. Org. Chem., 26, 3019 (1961). 
(7) F . L>. P o p p , J. Med. Phurm. Chem., 5, 627 (1962). 
(8) 11. C. Koppel , R. II . Springer , G. D . Daves , and C. C. Cheng . ./. 

1't.arm. Sci., 52, 81 (1963). 
(9) R. C. Elderfield, I . S. Covey , J . 13. Geiduschek , \Y. L. Meye r , A. 1). 

Ross , and .1. 11. Ross , J. Org. Chem., 23 , 1749 (1958). 
(10) It. C. Elderfield a n d T . K. Liao, ibid., 26, 4996 (1961). 

against Dunning leukemia. Walker 256 (subcutaneous), 
L1210 lymphoid leukemia, and Walker 256 (intra­
muscular) . The compounds are, in general, of low toxic­
ity and some compounds are nontoxic even at high 
doses. 

Benzylidenehydrazides obtained from N-(2-thia-
zolyl)malonamic acid hydrazides and substituted ben-

i l l ) K. Th ie r s and A. E . V. I Jormael , Bull. 6oe. C'/um. Beiges, 6 1 , 245 
(1952); Chem. Ahstr., 47, 12353 (1953). 

(12) R. II . Wiley and G. 1 rick, ,/. Org. Chem.. 26, 593 (1961). 
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TABLE I I I 

p- [N,N-Bis (2-CHLOROETHYL)AMINO] BENZYLIDENEHYDRAZIDES 

R2R! 

X— CONHN-CH— f \— N(CH2CH2C1)2 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 

" Pure 

X 

4-Nitrophenyl6 

4-Nitrophenyl 
4-Nitrophenyl 
4-Nitrophenyl 
4-Nitrophenyl 
3-Chlorophenyl 
3-Chlorophenyl 
3-Chlorophenyl 
3-Chlorophenyl6 

3-Chlorophenyl 
3-Chlorophenyl 
3,4,5-Trimethoxyphenyl6 

3,4,5-Trimethoxy pheny 1 
3,4,5-Trimethoxyphenyl 
3,4,5-Trimethoxyphenyl 
3,4,5-Trimethoxyphenyl 
3-Pyridyl6 

3-Pyridyl6 

3-Pyridyl6 

3-Pyridyl 
3-Pyridyl6 

3-Pyridyl6 

4-Pyridyl6 

4-Pyridyl 
4-Pyridyl 
4-Pyridyl 
2-Pyridyl6 

2-Pyridyl 
2-Pyridyl 
2-Pyridyl 
2-Pyridyl 
2-Pyridyl 
2-Pyridyl 
3- (2-Hydroxy-4,6-dimethyl )-

pyridyl6 

3-(2-Hydroxy-4,6-dimethyl)-
pyridyl 

compound was obtained without 
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OC2H5 

H 

H 

H 

recrystallization. 

R2 
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CH3 

OCH3 
CI 
H 
H 
CH3 

OCH3 

H 
CI 
H 
H 
CH3 

OCH3 

H 
CI 
H 
CH3 

OCH3 

H 
CI 
N 0 2 

CH3 

OCHs 
CI 
N 0 2 

H 
CH3 

OCH3 
H 
CI 
H 
N 0 2 

H 

CH3 

Mp, ° C 
228-229 
203-204 
213-214 
204-206 
132-133 
164-165 
192-193 
198-200 
159-160 
218-219 
145-146 
192-193 
205-206 
197-198 
175-176 
208-209 
152-153 
164-165 
179-180 
122-124 
175-176 
215-217 
207-208 
218-220 
221-222 
265-266 
147-148 
140-141 
154-155 
125-128 
129-130 
124-125 
191-192 

218-219 

210-212 
6 Screened for antitumor activity. 

Formula 

Ci8HI8Cl2N403 

C19H20CI2N4O3 

C19H20CI2N4O4 

Ci8H„Cl3N403 
C20H22CI2N4O4 

C18Hi8Cl3N30 
Ci9H2„Cl3NsO 
C19H20CI3N3O2 

Ci 9H20CI3N3O2 

CisHnCUNsO 
C20H22CI3N3O2 

C2iH25Cl2N304 

C22H27CI2N3O4 

C22H27C12N305 

C23H29CI2N3O5 

C21H24C13N304 

C„H18C12N40 
Cl8H2„Cl2N40 
Ci8H2oCl2N402 

Ci9H22Cl2N402 
C„HI7C13N40 
CnH„Cl2N503 
Ci8H2„Cl2N40 
Ci8H20Cl2N4O2 

CnH17Cl8N40 
CnH„Cl2N503 

CnH18Cl2N40 
Ci8H2oCl2N40 
Ci8H20Cl2N4O2 

C18H20Cl2N4O2 

Ci7H„Cl3N40 
Ci9H22Cl2N402 

C„H17C12NS03 

C11JH22CI2N4O2 

C20H24CI2N4O2 

Analyses 

C, H, N 
N 
N 
N 
N 
C, H, N 
N 
N 
N 
N 
N 
C, H, N 
N 
N 
N 
N 
C , H , N 
N 
N 
N 
N 
N 
C, H, N 
N 
N 
N 
C, H, N 
N 
N 
N 
N 
N 
N 

C, H, N 

C, H, N 

TABLE IV 

SUMMARY OF THE SCREENING RESULTS AGAINST DUNNING LEUKEMIA AND WALKER 256 (SUBCUTANEOUS)" 

R 

CONHN= •N(CH,CH,C1), 

R 

H 
2-CHs 

2-OCH3 

2-C1 
2-N02 

Dose, 
mg/kg/day 

400,0 
400.0 
200.0 
200.0 

-Dunning leukemia (solid)- -Walker 256 (subcutaneous)-

Survivors Cures6 T/C," % mg/kg/day Survivors T/C, g T/C, % 

6/6 2 150' 50.0 6/6 0 .2 /7 .3 2 
4/6 2 187" 50.0 6/6 1.1/7.3 15 
6/6 4 187" 50.0 6/6 6 .8 /10.7 63 
7/7 0 106* 50.0 6/6 9 .2 /10 .7 85 

50.0 6/6 5 .3 /5 .5 96 
" For testing procedures see Cancer Chemotherapy Rept., 25, 1 (1962). h Survivors at 30 days without measurable tumors. c Ratio 

of mean survival time of test animals (T) to control animals (C). d T stands for test animals, C for controls. e Mean survival time of 
control is 16 days. 

zoic acid hydrazides were inactive against all the tumor 
systems studied. Similarly, compounds from picolinic 
acid hydrazide and isonicotinic acid hydrazide did not 
show any appreciable activity. However, derivatives 
of nicotinic acid hydrazide demonstrated significant 
antitumor activity against Dunning leukemia and 

Walker 256 (subcutaneous) and their screening results 
are included in Table IV. 

{p- [Bis (2-chloroethyl) amino ] benzy lidene] n icot in ic 
acid hydrazide (17, Table III) gave two cures against 
Dunning leukemia at 400.0 mg/kg/day and also pro­
duced 98% inhibition against Walker 256 (subcu-
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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. 
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