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In a previous paper from this laboratory we have
deseribed the synthesis of various Schiff bases from
benzaldehyde nitrogen mustards and thiazole amines.?
Farlier, Popp?~® had reported that several Schiff bases
possess antitimmnor activity against 2 number of animal
tnmors.  Since ~CONHN==CH-- ix a struetural modi-
fieation of the nzomethine linkage, it was thought worth-
while to study whether benzyvhidenchydrazides from
benzaldehvde nitrogen mustards could also be evaluated
as potential anticancer agents. Several investiga-
torst—10 have deseribed the sviuthesis of sueh benzyli-
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zylidene -p-aminobenzoie acid hvdrazide prepared by
Elderfield. ef al.,>1 is reported to exhibit significant
antitumor activity.

In the present paper we report the synthesis and
evaluation of several nitrogen mustard containing
benzylidenchydrazides (Table II and III) as possible
anticancer agents.  Most of the acid hydrazides em-
ployed in the synthesis of benzylidenehydrazides ave
known in literature, exeept 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,'! which on sub-
sequent treatment with hydrazine hyvdrate furnished
the required hvdrazides (Table 1),

The condensation of the benzaldehyde nitrogen mmns-
tard<>?? with the acid hydrazides was effected in
aleohol i the presence of an acid eatalyst®  Fquimolar
agnantities of the aldehyde nmmstard and the aeid hy-
drazide were treated in warm aleohol to give the benzyli-
denehyvdrazides recorded in the Tuables IT and 1T,

Biological Results. - -IRepresentative compounds were
evaluated nnder the avspices of the Cancer Chemo-

denehydrazides, and  p-[bis(2-chloroethyl)aminoben- therapy National Sarvice Center, Bethesda, Md..
TapLe 1
N-(2-THiazoLyL)MaLoNaMIC Acip I5sTERS anD 1IYDRAZIDES
Ry——N
R—L . J~ucocH.cor
N R R. R: Yield, ¢ Mp °C Yormoia Analyses
1 OC.1;s H C.,I1, 25 160161~ Ciol HaN,O48 5, HN
2 0OC.H; p-CI1;CeIl, H 65 147-148e CisHisN20s8 N
3 OCZIIE vaICGH; 11 50 154-1562 0141'113CIN203S N
4 NHNIH, H H It} 2000 CellgN 40,8 C I, N
by NHNH, IT C.I1; 70 245 dee? CeH 12 N40,8 C, I N
[§] VIINIL\ Cu]h IT 72 257-258 dec? CuI{mN40zS N
7 NIINL, p-CH,Cill,4 H 76 270 dec? ClliNO8 C, 11, N
ol V}INII; p-ClC5H4 II GS 266—268 dec‘f C)zI{HClN.}OQS N

e Reerystallized from LitO11,

b Recrystallized from [SLO11-H,O (1:1).

Tapre I1
N-(2-TiazoLYLIMALoNAMIC ACID {p-[N. N-B1s(2-CHLOROETHYL)AMING] BENZYLIDEN I | HY DI AZIDIES

R N
R4I| . M NHCOCH,CONHN=CH

Na. Ry R R:
1 H H 151
2 I H H
3 H H Cells
4 I H p-CICeIT,
5 11 H p-CHyCsl T,
6 11 Cll; CeI,
< I CH3 ]JvCII3Cs}’I4
S OCII,; 11 p-CHngH4

« Prire contponnds were obtained without reerystallization.

(1 a3 Govermiment ol India Research Scholar. (L) To whoimn inquiries

shonld be sent.
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R. R,
N(CH.CH.CI),

R Mp. °C? Formulic Anaiyses
11 192-193 CyrH15CLN0,8 C, H,N
Cl; 203-204 C1yHysCLN;0,8 C H N
II 223—224 Cz3I’Ig3ClQN50-)S C, Il, BY
II 210'212 CQsI'InglsNE,OzS N
1 217219 CasI1;CLN 0,8 N
II 200“2(”. ng]’lzaClzNaOgS Cl, N
1T 10:3-195 Cza]lﬂClgNsOgS N
11 126-127 C2HyCLN ;0,3 N

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

Benzylidenehydrazides obtained from N-(2-thia-
zoly)malonamic acid hydragides and substituted ben-

i1ty R, Thiers and AL Yo V. Dormacl, Ball. Soc. Chim. Belges, 61, 245
{1352y Chem, Abstr., 47, 12333 (1953).
12y R. H. Witey and G. Irick, J. Org. Chen.. 26, 583 (14151),
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TasLe III
p-[N,N-B1s(2-CHLOROETHYL)AMINO] BENZYLIDENEHYDRAZIDES
R, Ry
X—CONHN=CH: N(CH,CH,Cl),
No. X Ry Re Mp, °C?® Formula Analyses
1 4-Nitrophenyl? H H 228-229 C1sH15CLNO; C,H N
2 4—Nitrophenyl H CH3 203-204 ClgHzoclzN403 N
3 4—Nitrophenyl H OCH3 213214 CmHzoClzN404 N
4 4-Nitrophenyl H Cl 204-206 CysH1,ClNLO; N
3 4-Nitrophenyl OC,H; H 132-133 CaoHyCl1eN 4Oy N
6 3-Chlorophenyl H H 164165 CsHisCI;N;0O C, HN
7 3-Chlorophenyl H CH; 192-193 Ci1oHyCl N0 N
8 3—Chlorophenyl H OCH3 198—200 CmHzoChNgOz N
9 3-Chlorophenylb OCH3 H 159-160 CmHzoCl3N30z N
10 3-Chlorophenyl H Cl 218-219 CysH,7CLINO N
11 3-Chlorophenyl OCzH5 H 145-146 ConzzClgN30z N
12 3,4,5—Trimethoxyphenyl" H H 192-193 szstClstO4 C, H, N
13 3,4,5-Trimethoxyphenyl H CH; 205206 Cy:HyCLN;04 N
14 3,4,5—Trimethoxyphenyl H OCH3 197-198 szHz'[ClstOs N
15 3,4,5—Trimethoxyphenyl OCzH5 H 175-176 Cz3HzgclzN30a N
16 3,4,5-Trimethoxyphenyl H Cl 208209 CaHayCl3N350, N
17 3-Pyridyl® H H 152-153 CyHsCLN O C,H N
18 3-Pyridyl® H CH; 164-165 CysH2CLN O N
19 3-Pyridyl® H OCH; 179-180 CisH2CL:N 4O, N
20 3—Pyr1dyl OCzHa H 122-124 CmszClzN402 N
21 3-Pyridyl® H Cl 175-176 Cy7H,CLN,O N
22 3-Pyridyl® H NO. 215-217 Cy7H11CLN;O4 N
23 4'Py1‘1dy1b H CH3 207—208 ClstoclzN4O C, H, N
24 4-Pyridyl H OCH; 218-220 CysHz0CLN 4O, N
25 4-Pyridyl H Cl 221-222 CyHy,CIN O N
26 4-Pyridyl H NO. 265-266 C7HyCLN;0; N
27 2-Pyridyl® H H 147-148 Ci7HsCENLO C,H N
28 2-Pyridyl H CH; 140-141 CyisH2CLN O N
29 2—Pyr1dyl H OCH3 1534-155 ClstoclzN402 N
30 2—Pyr1dyl OCH3 H 125—128 013H20012N4O-z N
31 2-Pyridyl H Cl 129-130 CHCNLO N
32 2—Pyr1dyl OCzHa H 124—125 ClgszclzN402 N
33 2—Pyr1dy1 H NOz 191—192 CanClzN503 N
34 3-(2-Hydroxy-4,6-dimethyl)-
pyrldylb H H 218—219 CszzClzN402 C, H, N
35 3-(2-Hydroxy-4,6-dimethyl)-
pyridyl H CH, 210-212 CH2CleN, O, C,H N
@ Pure compound was obtained without recrystallization. ? Screened for antitumor activity.
TasLg IV
SUMMARY OF THE SCREENING RESULTS AGAINST DUNNING LEUKEMIA AND WALKER 256 (SUBCUTANEOUS)®
)
& l CONHN=CH 1u4 N(CH,CH,Cl),
SN
—————————Dunning leukemia (solid) Walker 258 (subeutaneous)—————————
Dose, Dose, Tumor wté
R mg/kg/day Survivors Cures T/Cf % mg/kg/day Survivors T/C, g T/C, %
H 400.0 6/6 2 150¢ 50.0 6/6 0.2/7.3 2
2-Cl1; 400.0 4/6 2 187¢ 50.0 6/6 1.1/7.3 15
2-OCH;,4 200.0 6/6 4 187¢ 50.0 6/6 6.8/10.7 63
2-Cl 200.0 7/7 0 106¢ 30.0 6/6 9.2/10.7 85
2-NO, 30.0 6/6 5.3/5.5 96
@ For testiug procedures see Cancer Chemotherapy Rept., 25, 1 (1962). * Survivors at 30 days without measurable tumors. ¢ Ratio

of mean survival time of test animals (T') to control animals (C).
control is 16 days.

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

4 T stands for test animals, C for controls.

¢ Mean survival time of

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

{p-[Bis(2-chloroethyl) amino]benzylidene}nicotinic
acid hydrazide (17, Table III) gave two cures against
Dunning leukemia at 400.0 mg/kg/day and also pro-
duced 989, inhibition against Walker 256 (subcu-
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tanicons) tnmor at 50.0 mgikg/day.  However, in-
trodnetion of substituents in the phenyl ring of this
compomnd cither retains or increases its activity against
Duuning  leukemia bnt lowers the activity againsi
Walker 256 tumor,

Experimental Section

Where nnalyses are indieated only by the symbols of the
clements, analytical resnlts obtained for those elements were
within 0.4 of the theoretical valies.  Melting poiuts were
faken in an open capillary tube in sulfurie acid bath and are
niecorrected.

Ethyl N-(4-p-Tolyl-2-thiazolyl)malonamate.— A mixture of 1.9
g (0,01 mole) of 2-anino-4-p-talylthinzole!® and 9.6 g (0.06 mole)
of diethyl malonate was refinxed for 2.5 hr in an oil bath at 160°.
The reaction mixture was cooled, dilinfed with hexane, and kept
in an dee box for 1 hr. The conipannd which separated on cooling
wis eollected and recrystallized from EtOH ta give 1.9 g (63¢;)
of the ester, mp 147-148°.  Adnal. (C,.l11,N.038) C. 11, N.

N-(4-p-Tolyl-2-thiazolyl)malonamic Acid Hydrazide.-—A solu-
fion of 1.5 g (0.005 mole) of ethyl N-(4-p-tolyl-2-thiazolyl)-
walonamate in a siall gunantity of EtOH was treated with 0.6 ml
of 38%, hydrazine hydrate and the solution was heated nnder
reflux for 10 min.  The reaction mixture gradually deposited a
crystalline =olid which was filtered off and washed with a little

FLOH to give 1.1 g (76%;) of the crude hyvdrazide. Tt was
crystallized  from EtOH-H,O (1:1), mp 270° dec. Anal

(C:HuNQO.S) C, H, N,

Other malonainic acid esters and hydrazides were =imilarly
prepared and are listed i Table 1.

The following hyvdrazides were prepared us described in the
Hterathre: 4-nitrobenzoic acid hydrazide,'* 3-chlorobenzoie ucid
hydrazide, 3,4 5-trintethoxybenzoic acid hydrazide,® nicotiiie
acid hydrazide, ' isonicotinic acid hydrazide,*® picolinie acid
hydrazide,'®  and  2-hydroxy-4,6-dimethylnicotinie  acid  hy-
drazide.®®

4-]N,N-Bis(2-chloroethyl)amino]-o-anisaldehyde.-—To 22 il
of DM eooled i an ice bath was added 14 ml of POCI; with
stirring at 7-10°. Then a mixture of 10.5 g (0.05 mole) of N, N-
hix(2-hydroxyethyb-m-unigidine?? dissolved in 30 ml of DMF was
added slowly al 3-10°. The mixture was then heated for 1 hir on
i water bath aud ponred onto ice and kept overnight ut4°. The
solid was filtered off, washed thoronghly with ice water, aud
dried.  Crystatlization from hexanc vielded 11.0 g (80C¢) of the
aldehvde mnstard, mp 96-97°.  Anal. (Cr11:.CLNOy) C, H, N.

The 24-dinitrophenvihvdrazone, prepared in FLOIH,  wis
reerystallized from Me.CO, pip 215-216°. nal. (G111 CLN;OL)
¢, 1, N

(Hher aldehivde mnstards emploved in the present work are
reported in the litertnre and were prepared according to the
known methods.?-1*

N-(4-Phenyl-2-thiazolyl )malonamic Acid {p-/N,N-Bis(2-
chloroethyl)amino]benzylidene} hydrazide.--Ta o solution of
.20 g (0.001 mole) of N-(4-phenvi-2-thiazolyDimalonamic acid
hyvdrazide in a minimun of EtOH at 70° was added a solition
of .25 g (0,001 mole) of the 4-[ N, N-bix(2-chloraethyl)amino]-
benzaldehyde®™ in IStOH., Two draps of concenfrated HCI were
thercadded to this solittion and the mixture was allowed to stand.
Within a <hort thue, a crvstalline solid separated ont.  Thix
wa= filtered off and washed with a little TtOI1 to give 0.30 g
WO, vield) of produet, mp 223-224°0 dnal. (CylTaCLNOS)
C, 11, N.
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Al orher benzyvlidenehydrazides were similarly prepared and
are recorded i1 Tables IT and T1T.
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Sinee the veprrt by Mauss, ef al.,'® that lucanthone,
1-(2 - diethylaminoethylamina) - 4 - methylthioxanthen-
9-one, " possessed schistosomieidal activity, numerous
analogs have been synthesized. Many of the deriva-
tives have also been tested against a variety of experi-
mental tumors in vifro and ¢n vivo. Hirschberg and co-
workers? have reported that lucanthone exhibits anti-
tunior aectivity against a variety of transplantable
mouse tumors such as Sarcoma 180, lymphoid leukemia
11210 ascites, and Adenocarcinomas 755 and EQ771.
More recently, Blanz and I'rench? also showed that
lucanthone hydrochloride possessed antitumor activity
when tested with a number of struetural analogs in
three tumor (Sarcoma 180, Adenocarcinoma 755, and
Leukemia 1210) mouse sereening experinients.  How-
ever, the hydroehlaride of the chemotherapeutic agent
is somewhat limited in usefulness by its high toxieity.
For a number of vears, we have studied the effects of
numerous chemieals as potential detoxifying adjuvants
for toxic chemotherapeutic agents. The results have
indicated that certain sulfonic acids? possessed signifi-
ant detoxifying action when administered coneomi-
tantly with the toxic ehemotherapeutic agent (strepto-
myein), so that nnee tolerated twice the lethal dose.
This standy stimulated our interest in the possibility of
sulfonic acid salts of lncanthane as potential anticancer
agents with maximum therapeutic effectiveness and
with hittle or mo toxicity. This report includes the
preparation of five sulfonic acid salts of lucanthone
with analyses and tests for acute toxicity in mice and
n vivo antitumor activity of certain derivatives against
Sarcoma 180, Adenocarcinoma 7553, and Leukemia 1210.
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