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Some ant imetabol i tes  of nicot inamide such as 6-aminonicot inamide p o s s e s s  a considerable  ant i tu-  
m o r a l  act ivi ty  [1-3]. The ant i tumora l  act ivi ty  of the ant imetabo! i tes  of nicotinamide,  which is a p r e c u r s o r  
of the pyridine nucleotides [4], is evidently connected with a deficiency in the cancer  cell  of the pyridine 
nuc l eo t ides  which par t ic ipa te  in its biosynthet ic  and oxidative reac t ions  [5]. 

Some der iva t ives  of pyridine containing cytotoxic g r o u p s - f o r  example ,  1 -b i s ( f l -ch loroe thy l )amino-  
pyridine,  3-bis  (~-chloroe thyl ) -aminomethylpyr id ine ,  e t c . , - p o s s e s s  a considerable  an t i tumora l  effect  in 
animal  exper iments ,  and 3 - ( f l - ch lo roe thy laminomethy l ) -5 -hydroxy-4 -methoxy-6 -methy lpyr id ine  has been 
used in clinical  medicine  and has proved  effect ive [6]. The N,N-bis (B-chloroe thyl )hydraz ides  of fi-  and 
T-pyr id inecarboxyl ic  acids have also been synthesized [7], but thei r  act ivi ty  was found to be no higher  than 
that of N,N-bis (~-ch loroe thy l )hydraz ine  [8]. 

In view of this, it appeared  of in te res t  to synthes ize  and study the an t i tumora l  act ivi ty  of analogs of 
nicot inamide containing cytotoxic groupings as compounds with a potential  an t i tumora l  effect .  In view of 
the ant i tumoral  act ivi ty  of lymphochin [6, 9] and what has been said above, it appeared  of in te res t  to syn the-  
s ize  and study the an t i tumora l  act ivi ty  of the p -b i s  (/~-chloroethyl)aminoanilide of nicotinic acid.  A c o m -  
par i son  of the action on mal ignant  neoplasms  of cytotoxic-group-conta in ing amides  of a - ,  /3-, and 7 -  
pyr id inecarboxyl ic  acids is also of definite in te res t  for  the elucidation of the connection between s t ruc tu re  
and biological  act ivi ty.  

We have synthesized the p-b is ( f l -ch loroe thyl )aminoani l ides  of a - ,  fl-,  and T-pyr id inecarboxyl ic  
acids (I-III) in the following way: 

/OHtOHtO1 

< - ( z )  ~ - ( ~ )  ~ - (2) 

The biological  tes ts  of the compounds mentioned showed that the fi i s o m e r  II (which can be r ega rded  
as an ant imetabol i te  of nicotinamide) is the l eas t  toxic and is highly act ive on the Walker c a r c i n o s a r c o m a ,  
which is sens i t ive  to chloroethylamines  and has a different iated action on t ransplanted  leukoses~ This c o m -  
pound II extends the life of mice  with acute L a leukosis  by 82%, but is ineffective on other  leukoses .  The 

i s o m e r  III r e t a rd s  the development  of all  four  leukoses in a lmos t  equal degree  (Table 1), and is highly 
active on the Walker  c a r c i n o s a r c o m a .  The ~ i s o m e r  did not exhibit  act ivi ty when it was studied on two 
different  leukoses .  

According to the l i t e ra tu re  [10, 11], a definite connection exis ts  between the re la t ive  ra te  of hydro -  
lysis  of the chlorine in the b is ( f l -ch loroe thyl )amines  and the i r  biological  act ivi ty .  Consequently, it was of 
in te res t  to compare  the ra te  of hydro lys i s  of the chlorine in compounds I - I I I  with thei r  an t i tumora l  effect.  
The ra tes  of hydro lys i s  of the chlorine in compounds I-III ,  de te rmined  as descr ibed  in the l i t e ra tu re  [12], 
p roved  to be s i m i l a r  (the pe rcen tage  hydro lys i s  of the chlorine was 35-40 af ter  1 h, 50-55 a f te r  2 h, and 
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TABLE 1. Anti tumor Activity of p -Bis  (f l-chloroethyl)aminoanil ides of the I somer ic  P y r id in eca r -  
boxylic Acids* 

Compound, 
i somer  

I, O~ 

n, B 

IH, T 

Dose (in mg/kg) 

LDi00 

1 000 

No losses  
f rom 1000 

500 

therapeutic  

15 

150 (for mice), 
80 (for ra t s  

50 (for mice) ,  
45 (for ra ts )  

Effect  (percentage extension of the lives of animals with 
leukosis and re ta rda t ion  of the growth of solid tumors  

Hemocy to -  
blas tosis  L a 

No effect  

82 

lympho - 
leukosis 
Nk/Ly ~ 

No effect  

No effect  

29 

lympho - 
leukosis 

Li2i0 

57 

r e t i cu -  
l o s i s - e r y -  
throblas to-  
sis 

34 40 

Walker 's  
ca rc ino-  
s a r coma  

92 

96 

* The biological  tes ts  were  c a r r i e d  out in the Labora to ry  of Exper imental  Chemotherapy (Director:  
Corresponding Member  of the Academy of Medical Sciences of the USSR Prof .  L. F.  Larinov) of the 
Institute for  Exper imenta l  and Clinical Oncology of the Academy of Medical Sciences of the USSR. 
SAbbrev. for  Nemeth-Kel lne r  Asc i tes  I j m p h o m a .  

TABLE2. p-Bis( f l -chloroeth 'd)aminoani l ides  of Pyr id inecarboxyl ic  Acids (I-HI) 

C o r n  - 

pound, Yield 

isomez (in 

I, c~ 54 

H, 3 44 

IH, T 

Melting 
point (in de-  
grees) ,  so l -  
vent  for  c r y s -  
tal l ization 

98--101, ben-  
zene + p e t r o -  
leum e ther  

156 (dedomp., 
2-propanol) 

136-138, ben-  
z e n e  

*--Calculated on the acid. 

External 

form 

Yellow 
needles  

Ditto 

Lustrous 

plates 

C 

56.25 

56.76 

Found (in %) 

H C1 

4.92 21.08 

5.16 21.04 

N 

12.32 

12.21 

EmPir ica l  

F o r m u l a  

Ci6H i?C12N30 

CI~HI7 C12N30 

Ci~Hi7 C12N30 

C 

56,81 

56.81 

Calculated (in %)* 
I ....... 

5.06 12o42 

5.06 

20,96 

20.96 12.42 

12.42 

65-70 af te r  3 h), although the biological  act ivi t ies  of the compounds were  different,  i .e. in this case there  is 
no appreciable  relat ionship between the ant i tumoral  act ivi ty on the s t ra ins  studied and the chemical  r eac t i -  
vity of the chlorine atoms in the bis (f l -chloroethyl)amino groups.  

EXPERIMENTAL 

p-Bis(~-chloroethyl)aminoanilide of pieolinic acid (I). 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 vacumu, the residue was treated with i00 ml of anhydrous benzene, 6.5 g of aminolymphochin 
hydrochloride, and 6~ 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 A1203, 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(p-chloroethyl)aminoanilide of nicotinic acid (II). A mixture of 1o5 g of nicotinic acid and I0 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  t r a n s f e r r e d  into 100 ml  of anhydrous benzene containing 3.3 g of aminolymphochin hydrochlor ide  and 
5~ ml  of anhydrous tr iethylamineo The mix tu re  was boiled for  1 h, and was then f i l te red  hot, and the t r i -  
e thylamine hydrochlor ide  was t rea ted  at the boil (10-15 min) with 100 ml  of benzene and the mix ture  was 
f i l te red .  The f i l t r a t e s  were  combined and evapora ted  to smal l  bulk in vacuum at a t e m p e r a t u r e  not exceed-  
ing 40~ The res idue  was cooled and the II was f i l te red  off. 

p -Bis  (f l -chloroethyl)aminoanil ide of Isonicotinic Acid (III). A mix ture  of 5.5 g of isonicotinic acid and 
10 ml  of thionyl chloride was boiled for  1.5 h and poured into 100 ml  of anhydrous benzene,  and the i sonico-  
tinoyl chloride hydrochlor ide  was f i l t e red  off, washed with anydrous benzene,  and rapidly  t r a n s f e r r e d  into a 
reac t ion  f lask  containing 200 ml  of anhydrous benzene,  11.9 g of aminolymphochin hydrochlor ide ,  and 18.6 g 
of anhydrous t r ie thylamine .  The mix ture  was heated at 80-90~ for  2 h and was f i l te red  hot, the f i l t ra te  was 
cooled, and the product  III that had prec ip i ta ted  was f i l te red  off (Table 2). 

The re la t ive  r a t e s  of hydrolys is  of the chlorine in the bis ( f l -chloroethyl)aminoanil ides of the i somer i c  
pyr id inecarboxyl ic  acids were  de te rmined  in 50% aqueous ethanol at 50~ with a concentrat ion of the sub-  
s tance under investigation of 0.558 ~ 10 -3 M. 
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