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Some antimetabolites of nicotinamide such as 6~aminonicotinamide possess a considerable antitu-
moral activity [1-3]. The antitumoral activity of the antimetabolites of nicotinamide, which is a precursor
of the pyridine nucleotides [4], is evidently connected with a deficiency in the cancer cell of the pyridine
nucleotides which participate in its biosynthetic and oxidative reactions [5]. '

Some derivatives of pyridine containing cytotoxic groups —for example, 1-bis(8-chloroethyl)amino-
pyridine, 3-bis(B-chloroethyl)-aminomethylpyridine, etc.,—possess a considerable antitumoral effect in
animal experiments, and 3-(8-chloroethylaminomethyl)~-5-hydroxy-4-methoxy-6 ~methylpyridine has been
used in clinical medicine and has proved effective [6]. The N,N-bis(B-chloroethyl)hydrazides of 8- and
v-pyridinecarboxylic acids have also been synthesized [7], but their activity was found to be no higher than
that of N,N-bis(8~chloroethyl)hydrazine [8].

In view of this, it appeared of interest to synthesize and study the antitumoral activity of analogs of
nicotinamide containing cytotoxic groupings as compounds with a potential antitumoral effect. In view of
the antitumoral activity of lymphochin [6, 9] and what has been said above, it appeared of interest to synthe-
size and study the antitumoral activity of the p-bis(p~chloroethyl)aminoanilide of nicotinic acid. A com-
parison of the action on malignant neoplasms of cytotoxic-group-containing amides of a-, 8-, and y-
pyridinecarboxylic acids is also of definite interest for the elucidation of the connection between structure
and biological activity.

We have synthesized the p-bis(B-chloroethyl)aminoanilides of a-, 8-, and y-pyridinecarboxylic
acids (I-Iil) in the following way:
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The biological tests of the compounds mentioned showed that the # isomer II (which can be regarded
as an antimetabolite of nicotinamide) is the least toxic and is highly active on the Walker carcinosarcoma,
which is sensitive to chloroethylamines and has a differentiated action on transplanted leukoses. This com~-
pound II extends the life of mice with acute L, leukosis by 82%, but is ineffective on other leukoses. The
v isomer III retards the development of all four leukoses in almost equal degree (Table 1), and is highly
active on the Walker carcinosarcoma. The o isomer did not exhibit activity when it was studied on two
different leukoses.

According to the literature [10, 11], a definite connection exists between the relative rate of hydro-
lysis of the chlorine in the bis(B~chloroethyl)amines and their biological activity. Consequently, it was of
interest to compare the rate of hydrolysis of the chlorine in compounds I-III with their antitumoral effect.
The rates of hydrolysis of the chlorine in compounds I-III, determined as described in the literature [12],
proved to be similar (the percentage hydrolysis of the chlorine was 35-40 after 1 h, 50-55 after 2 h, and

S. M. Kirov Urals Polytechnic Institute, Sverdlovsk; Institute of Experimental and Clinical Oncology,
Academy of Medical Sciences of the USSR, Moscgw. Translated from Khimiko-Farmatsevticheskii Zhurnal,
No. 11, pp. 32-35, November, 1968. Original article submitted May 5, 1968.

620



TABLE 1, Antitumor Activity of p~Bis{B~chloroethyl)aminoanilides of the Isomeric Pyridinecar~
boxylic Acids*

b . /ke) Effect {percentage extension of the lives of animals with
ose (in mg/kg leukosis and retardation of the growth of solid tumors
F}ompound, , lympho- | lympho~ ret?cu- Walker's
isomer . Hemocyto- ] . | losis-ery- )
LDy therapeutic . leukosis | leukosis carcino-
blastosis Ly ¥ throblasto~
Nk/Ly T | Lysg sis sarcoma
I, o 1000 15 No effect No effect - - -
No losses | 150 {for mice), ‘
2 — - 2
o, from 1000 | 80 (for rats 8 No effect 9
50 (for mice),
0 2
I, v 500 45 (for rats) 40 9 57 34 98

* The biological tests were carried out in the Laboratory of Experimental Chemotherapy (Director:
Corresponding Member of the Academy of Medical Sciences of the USSR Prof. L. F. Larinov) of the
Institute for Experimental and Clinical Oncology of the Academy of Medical Sciences of the USSR.

1 Abbrev, for Nemeth-Kellner Ascites Lymphoma.

TABLEZ2. p~Bis{B~chloroethyl)aminoanilides of Pyridinecarboxylic Acids (I~III)

l Melting loul gy
- int (i - Found (in Empirical Calculated (in %)
Com= | oie1q | PO (nde= 4 oo rmal (n %)
pound, | . grees}, sol-
- Hin tF _| form '
isomen vent 1or crys C H cl N Formula C B cl H
tallization
98-101, ben- | oo
I a| 54 |zenetpetro- |- " 56,25 |4.92]21.08 |12.32 | CyH nCLN,O |56.81] 5.06 | 20,96 |12.42
leum ether
m, g | 44 |156 (decombet puis | 56.76 [5.16 | 21.04 |12.21 | CyHy CLN;O |56.81) 5.06 | 20.96 [12.42
2-propanol}
m, y | 35 | 1507138, ben= \Lustrous| o 1o 15 5512092 [12.11 | Cply, CLNGO |56.81] 5.06 | 20.96 |12.42
! zene plates

* Calculated on the acid.

65=-70 after 3 h), although the biological activities of the compounds were different, i.e. in this case there is
no appreciable relationship between the antitumoral activity on the strains studied and the chemical reacti-
vity of the chlorine atoms in the bis(g~chloroethyl)amino groups.

EXPERIMENTAL

p~Bis(B~chloroethyl)aminoanilide of picolinic acid (). A mixture of 3 g of picolinic acid and 50 ml
of freshly distilled thionyl chloride was heated in the water bath for 1 h, The excess of thionyl chloride was
distilled off in vacuum, the residue was treafed with 100 ml of anhydrous benzene, 6.5 g of aminolymphochin
hydrochloride, and 8.7 ml of anhydrous triethylamine and the mixture was heated in the water bath for 2 h,
The triethylamine hydrochloride that formed was filtered off, the filtrate was treated with Al,O3, and the
benzene was distilled off in vacuum to small bulk. The reaction product was then precipitated by the addi-
tion of petroleum ether,

p-Bis(B~chloroethyl)aminoanilide of nicotinic acid (II). A mixture of 1.5 g of nicotinic acid and 10 ml
of thionyl chloride was boiled for 0.5 h and poured into 60 ml of anhydrous benzene. After cooling in a
closed vessel, the nicotinoyl chloride hydrochloride was filtered off, washed with anhydrous benzene, and
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rapidly transferred into 100 ml of anhydrous benzene containing 3.3 g of aminolymphochin hydrochloride and
5.3 ml of anhydrous triethylamine. The mixture was boiled for 1 h, and was then filtered hot, and the tri-
ethylamine hydrochloride was treated at the boil (10~15 min) with 100 ml of benzene and the mixture was
filtered. The filtrates were combined and evaporated to small bulk in vacuum at a temperature not exceed-
ing 40°C, The residue was cooled and the II was filtered off.

p-Bis(B~chloroethyl)aminoanilide of Isonicotinic Acid (III). A mixture of 5.5 g of isonicotinic acid and
10 m! of thionyl chloride was boiled for 1.5 h and poured into 100 ml of anhydrous benzene, and the isonico-
tinoyl chloride hydrochloride was filtered off, washed with anydrous benzene, and rapidly transferred into a
reaction flask containing 200 ml of anhydrous benzene, 11.9 g of aminolymphochin hydrochloride, and 18.6 g
of anhydrous triethylamine. The mixture was heated at 80-90°C for 2 h and was filtered hot, the filtrate was
cooled, and the product II that had precipitated was filtered off (Table 2).

The relative rates of hydrolysis of the chlorine in the bis(B8~chloroethyl)aminoanilides of the isomeric
pyridinecarboxylic acids were determined in 509 aqueous ethanol at 50°C with a concentration of the sub-
stance under investigation of 0.558 1073 M.
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