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Although N-phosphory la ted  u r e a s  have been fa i r ly  thoroughly invest igated,  the i r  vinyl analogs have 
hi ther to  been  unknown. They a re  of both theore t i ca l  and p rac t i ca l  in te res t ,  s ince many  phospho ry l a t edu rea  
de r iva t ives  p o s s e s s  high an t i tumor  ac t iv i ty  [1-3]o 

We have obtained phosphory la ted  vinylogs of u r ea  f rom 2- isocyanatovinylphosphonyl  dichloride,  p r e -  
pa red  as follows [4]: 

2PCI~ so, 
CH, = CHNCO r (ClsPCH ---- CHNHCOCI) + PCI~- 

Cl~P (O) CH = CHNHCOCI > CI,P iCH = CHNCO. 
--HC1 

The reac t ion  between a r o m a t i c  amines  and 2 - amino -5 -me thoxypy r imid ine ,  and 2- i socyana tov iny l -  
phosphonyl dichlor ide,  r e s u l t s  ini t ial ly in addition to the vinyl group to fo rm N-d ich lorophosphonylv iny l -N ' -  
a r y l u r e a s ,  which a r e  c o l o r l e s s  c rys ta l l ine  sol ids ,  r ead i ly  hydrolyzed by mo i s t  a i r ,  and mel t ing  with de-  
composi t ion (Table 1): 

ArNH2 
CI2P (O) CH = CHNCO ~ CI,P (O)CH = CHNHCONHAr. 

The reac t ion  was c a r r i e d  out in an a t m o s p h e r e  of ni t rogen,  the diacid chlor ides  being obtained in 
nea r ly  quant i ta t ive yields  in a s ta te  of analyt ica l  pur i ty .  

The N-d i ch lo rophosphony lv iny l -N ' - a ry lu r ea s  r eac t  with e thyleneimine in the p r e s e n c e  of t r i e thy l -  
amine  to give N- [2 - (d i e thy lened iamidophosphony l ) -v iny l ] -N ' - a ry lu reas ,  which a r e  co lo r l e s s ,  h igh-mel t ing  
c rys ta l l ine  sol ids ,  soluble on heat ing in methanol  and n i t romethane ,  insoluble in e t h e r - l i g h t  pe t ro l eum and 
in wa te r  (cf. Table  1): 

C12P(O)CH-CHNHCONHAr -,-(_- N),P(O)CH-CHNHCONHAr. 

Intense bands occur  in the IR spec t rum in the 880-920~ and 1210-1230 cm -1 regions ,  due to C - C  de-  
format iona l  v ibra t ions  in the t h r e e - m e m b e r e d  e thyleneimine r ing  [5], and at 1710 and 1260 cm -1, due to 
C = O and P - O group s t r e tch ing  v ib ra t ions  [6, 7]~ 

The an t i tumor  act ivi ty  of the compounds was de te rmined  on two s t r a ins  of ra t  t umors ,  Guer in ' s  c a r -  
c inoma,  and s a r c o m a  45 (Table 2)~ P r e l i m i n a r y  invest igat ion of the acute toxic i ty  showed that al l  the com-  
pounds were  of low toxici ty,  the LI~0 va ry ing  between 150 and 550 mg/kg .  Compounds VIII and XV were  
v i r tua l ly  nontoxic. In invest igat ing the ant iblas t ic  p r o p e r t i e s  of the compounds,  t r e a t m e n t  was begun 6-8 
cays  a f t e r  inoculation, when the t um or s  were  10-15 m m  in d iamete r .  The compounds were  introduced daily 
in 8-10 doses  by the subcutaneous route .  The  pr inc ipa l  indication of an t i tumor  act ivi ty  was the pe rcen tage  
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T A B L E  1. N- ( 2 - P h o s p h o n y l v i n y l ) - N ' - a r y l u r e a s  RNHCONHCH-CHP 

(O) X 2 

Com- Yield Melting ]Caleula- Molecular Found 
pound R x (%) point (deg) ted (%) formula (%) 

I 
I I  

I I I  
IV 
V 

VI 
VII 

VIII 

IX 

x 
xI 

xIi 
xIii  
xIv 
xv 

C~H~ 
C,H~ 
n.CH~C~H4 
n-CHsC~H~ 
n-CH~C~H 4 
n-CH~OC~H, 
2,4-(CH~)~CsH~ 
2,4-(CHa),C,H~ 

r ~ - o ~  

p-CIC~H~ 
p -CIC~H~ 

-BrC, H~ 
P-BrC, H~ 
P-IC.H~ 
p -IC, H, 

CI 92 
C=H,N 58 
C1 95 
~ H . N  48 

96 
CtH~ "1 60 

I 50 
CI 97 

CI 99 
~ H ,  98 70 

71 
99 

C=H~ 75 

127--130 
184--5 (181) 
126--8 
186--8 (180) 
132--4 
188--9 (185) 
148--0 
184--6 (180) 

N 10,04! 
19,t3 
10,57 

i 10,11 1 22,94 
9,60 

10,09 
0,67 

161 --3 P 9,96 

165--6 P 9,88 
211--3 (205) i CI 10,85 
166--8 I P 8,65 
220--I  (215) I P 8,34 
167--8 pCl 17,51 
227- -9  (224) 7,42 

C~HgCI~N2OzP 
CI.~ Ht,N4OtP 
CtoHttC12NIOzP 
Ct,HtoN40~P 
CIoH, ,CI2NzOaP 
Ct4 H t~N~OaP 
CIt Ht~CI~NzO~P 
CtsHztN~O..P 

CsH,CItN~O3P 

i C. PI~CIsN,O,P 
CtsH ~.CIN~OiP 
C.H,BrClzN=O,P 
CtsH~IBrN40=P 
C, Hs sINzOtP 
Ct3HtelN4O=p 

N 9,98 
N 19.23 
P 10,84 
P 10,19 
CI 23,05 

9.49 
10,15 

P 9.45 

9,96 

P 9,94 
CI 10,80 
P 8,48 
P 8,20 
C| 17.48 
P 7.37 

Notes .  The t e m p e r a t u r e  of i n s e r t i o n  of the c a p i l l a r y  con ta in ing  the  
s u b s t a n c e  into  the  mp  a p p a r a t u s  i s  g iven  in p a r e n t h e s e s .  C o m -  
pounds  I, III ,  V, VII -X,  XII ,  and XIV w e r e  p u r i f i e d  by  r e p e a t e d  w a s h -  
ing  with  e t h e r ;  II,  VI, XI,  XIII,  and XV by c r y s t a l l i z a t i o n  f r o m  m e t h -  
ano l ;  and  IV by  c r y s t a l l i z a t i o n  f r o m  a m i x t u r e  of m e t h a n o l  and e t h e r .  

T A B L E  2. 
and S a r c o m a  45 

Tumor type 

Guerill'$ 
carcinoma 

Sarcoma 45 

C o m -  

pound 

A c t i v i t y  of N - S u b s t i t u t e d  U r e a s  on G u e r i n ' s  C a r i n o m a  

ITherapeu~ c ~ t u m o r  w e i ~ - -  

[mg/kg)[• rmmber exp. cont. exp. cont. ]~ ~ 
I ~ admin, I'~ ==~_.~ 

200 
I 550 
VI 150 

VIII 1500 
X I 300 

XIII 50O 
XV I 1200 

IV 
VI 

VIII 
XI 

XIII 
XV 

33X 8 
100X 10 
30• 

100X9 
60X 10 

100X 10 
100X9 
33X 9 

100X 10 
20• 9 

100X 10 
60X9 

100X9 
100X9 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

12 139,0~-2,6 
l 0  I 3 , 1 ~ 0 , 9  
l0 51,4-~4,0 
l0 23,3--+4,1 
l0 9,7~2,6 
10 13,9-~3,4 
10 31.6~2,2 
12 30,0m3,7 
l0 2,7m0,8 
10 6,7ml,2 
15 12,8m4,7 
l0 8,9---3,5 
10 117,0~4,5 
10 I 5'4-m-+3'1 

I 

59,0-5,0 
10.6+-- 1,9 
55,7---4,1 
46,0---3,7 
10,6+ 1,9 
10,6-+- 1,9 
69,4-4-4,5 
23.0--- 1,4 
5,0~ 1,2 

19,6~2,8 
23,3-4-4,9 
14,8~4,4 
14,8+-4,4 
14,8~4,4 

34 
71 
8 

50 
8 

--32 
54 

--30 
46 
66 
45 
4o 

--15 
63 

Note :  T = M c - M e / M c . 1 0 0  , w h e r e  M c and M e a r e t h e  m e a n w e i g h t s  
of the  t u m o r s  in c o n t r o l  and  e x p e r i m e n t a l  a n i m a l s ,  r e s p e c t i v e l y .  

r e d u c t i o n  in  the  g rowth  of the  t u m o r  (cf. T a b l e  2). The  r e s u l t s  w e r e  e v a l u a t e d  s t a t i s t i c a l l y  b y  the  S t u d e n t -  
F i s h e r  m e t h o d  a s  m o d i f i e d  by  S h ~  M o s h k o v s k i i  [8]. The  m o s t  a c t i v e  compound  in t e s t s  on G u e r i n ' s  c a r -  
c i n o m a  was  IV, m o d e r a t e  a c t i v i t y  b e i n g  d i s p l a y e d  b y  VIII  and XV. In t e s t s  on s a r c o m a  45, the  m o s t  p r o -  
nounced  i n h i b i t o r y  e f f ec t s  w e r e  o b s e r v e d  in VI arid XV. 

A n a l y s i s  of the  r e l a t i o n s h i p  b e t w e e n  c h e m i c a l  s t r u c t u r e  and a n t i t u m o r  a c t i v i t y  shows  tha t  the  i n t r o -  
duc t ion  of such  s u b s t i t u e n t s  a s  iod ine ,  m e t h y l ,  and m e t h o x y  into the  p - p o s i t i o n  of the  b e n z e n e  r i n g  i n c r e a s e s  
the  a c t i v i t y , , w h e r e a s b r o m i n e  r e d u c e s  i t .  

E X P E R I M E N T A L  

A l l  r e a c t i o n s  w e r e  c a r r i e d  out  in  a n h y d r o u s  s o l v e n t s .  

N - [ 2 - ( D i c h l o r o p h o s p h o n y l W i n y l ] - N ' - a r y l u r e a s  (I, III ,  V, VII,  IX, X, XII ,  XIV),  To a so lu t i on  of 0.02 
m o l e  of 2 - i s o c y a n a t o v i n y l p h o s p h o n y l  d i c h l o r i d e  in 40 m l  of e t h e r  in  a n i t r o g e n  a t m o s p h e r e  was  added  g r a d -  
u a l l y  with s t i r r i n g  at  2-5* a s o l u t i o n  of 0.2 m o l e  of the  am.ine in 50 m l  of e t h e r ,  and  the  m i x t u r e  was  kep t  a t  
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20 ~ for  5 h. The p rec ip i t a t e  which s epa ra t ed  was f i l te red  off, washed with ether~and dr ied.  

N-[2-(Die thylenediamidophosphonYl)vinyl ] :N~-arylureas  (II, IV, VI, VIII, XI, XIII, XV). To a solution 
of 0.021 mole  of t r i e thy lamine  and 0.021 mole  of f r e sh ly  dis t i l led e thyleneimine in 100 ml  of benzene was 
added slowly with v igorous  s t i r r i n g  and cooling 0.01 mole  of  the N-d ich lo rophosphony lv iny l -N ' - a ry lu rea  at 
such a r a t e  that the t e m p e r a t u r e  of the mix tu re  remained  at 4-5 ~ The mix tu re  was s t i r r e d  at 20 ~ for  5 h 
and kept at the s ame  t e m p e r a t u r e  for  10 h. The p rec ip i t a te  which sepa ra ted  was f i l te red  off, washed with 
benzene and e ther ,  and dr ied .  It was  then washed with water ,  d r i ed ,and  crys ta l l ized~ 
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