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We have r epo r t ed  e a r l i e r  on the synthes is  of acid chlor ides  of y-ch loropropylphosphonic  and bis(T-  
chloropropyl)phosphinic  acids and the i r  react ions  with alcohols [1]. Continuing the study of these  acid 
chlor ides  we have inves t igated their  r eac t ion  with amines  and synthes ized  der iva t ives  of aminopropyl -  
phosphonic and b is - (aminopropyl )phosphin ic  acids .  The l i t e r a tu r e  contains only data on the p r epa ra t i on  of 
y -aminopropylphosphonie  acid [2], although such compounds are  of in teres t  as biological ly act ive compounds,  
as in te rmedia te  products  for  the synthes is  of o ther  organophosphoric  compounds,  and as monomer s  [3]. 

The p re sen t  communica t ion  desc r ibes  reac t ions  of y -ch loropropylphosphonic  and b i s - (T-ch lo ropropy l ) -  
phosphintc acid chlor ides  with diethylamine,  ethyleneimine,  a l ly lamine,  and aniline, and also react ions  of 
thei r  e s t e r s  and amides  with diethyla.mine. 

The react ions  of acid chlor ides  with amines  were  c a r r i e d  out in absolute e ther  solutions in the p r e -  
sence  of t r i e thy lamine .  The amines  obtained r ep re sen t ed  co lo r l e s s  liquids or  c rys ta l l ine  compounds;  the i r  

/~ constants  a re  given in Table 1. ( I - I X ) .  The synthesis  of N-  

80 t -  - v ~ ~ ~ ~ - / - ' ~  diethylaminopropylphosphonic andb i s (N ,N-d ie thy laminopropy l ) -  
phosphinic acid der iva t ives  was achieved by heating of the compo-  

~0~ [ Uv ~ nents in sea led  tubes at 90-100~C for  6-8 h [4]. The synthes ized  
compounds were  t r ansparen t ,  s l ightly yellow liquids, eas i ly  d is -  v ! 

8 0 ~ - ~ - ~ - ~ - - ~  t ~ _  , , , ,  , , , , ,  ' ' '  t i l lable under  vacuum (Table 1, X-XIV). 

' ~  I I I I I ~ i i ~ i I I I t t i i i i 
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Fig. 1. I R - s p e c t r a  of (1) y - ch lo rop ro -  
pylphosphonie acid die thyieneimide,  (2) 
bis (y- chloropropyl)phosphinic  acid 
d ie thylamide,  (3) b is - (N,  N-diethyl-  
aminopropyl)phosphinic  acid diethyl-  
amide ,  and (4) N-d ie thy laminopropyl -  
phosphonic acid d ibutyles ter .  

The s t r u c t u r e  of the products  was conf i rmed by IR spec t r a l  
data.  F igure  1 shows that the IR s p e c t r a  of all four compounds 
contain a s t rong absorpt ion  band in the 1195-1300 cm -1 region.  
The f requency of the band m a x i m u m  was 1195 cm -1 in s p e c t r u m  
(1), 1215 cm - t  in s p e c t r u m  (2), 1210 cm - t  in spec t rum (3), and 
1255 cm -1 in s p e c t r u m  (4). As known, the P = Ovalency  v ibra t ion  
appea r s  in this region.  In the am[de s p e c t r a  (1-4) ~ p = o i s  shifted 
towards lower  f requencies  [5] re la t ive  to the absorpt ion band in 
:the s p e c t r u m  of compound (XIV) due to increas ing  e lec t ron-donor  
p r o p e r t i e s  of the subst i tuent .  The IR spec t rum of 7 - ch lo rop ro p y l -  
phosphonic acid diethylenimide shows absorpt ion bands at 940, 
1265, and 3065 cm -1, which a r e  c h a r a c t e r i s t i c  for  the e thylene-  
[mine r ings  adjacent  to the P = O group [6]. In spec t rum (4) of 
N-die thylaminopropylphosphonic  acid dibutyl e s t e r  the well-known 
t ~ -  O - -  C bands at 1030 cm - t  a re  p r e sen t ,  in accordance  with its 
s t r uc tu r e .  

E X P E R I M E N T A L  M E T H O D  

P r e p a r a t i o n  of b i s (y-Chloropropyl )Phosphin ic  Acid Diethyl-  
am[de.  A solution of 15 g of b is (y-ehloropropyl )phosphin[c  acid 
chlor ide  in 20 ml  absolute e ther  was added dropwise  at --5 ~ to --3 ~ 
with s t i r r ing  and cooling to a solution of 4.6 g diethylamine and 
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6.4 g t r ie thylamine in 100 ml absolute e ther .  The react ion mixture  was then kept 1 h at room temper -  
a ture  and the prec ip i ta te  f i l t e red  off. The product  obtained af ter  two distillations was 10.7 g (61.7% of 
theory) bis(7-chloropropyl)phosphinic  acid diethylamide.  The physicoehemical  constants a re  p resen ted  in 
Table 1 (III). The other  amides were  obtained in the same way. 

P repara t ion  of N-Diethylaminopropylphosphonic Acid Dibutylester .  The constants of 7 -eh lo ropropy l -  
phosphonie acid dibutyl e s t e r  (XV) are  given in Table 1. A mixture  of 7 g (XV) and 10 g diethylamine was 
heated in a sealed tube for  6 h. The prec ip i ta te  was f i l te red  and the excess  diethylamine dist i l led off. The 
product  af ter  two disti l lations was 6 g (76%) of N-diethylaminopropylphosphonic acid dibutyl e s t e r  (XIV). 
The other  es te r s  and amides of N-diethylaminopropylphosphonic and b is(N, N-diethylaminopropyl)phosphinic 
acids were  obtained in the same way. The i r  constants are  shown in Table 1. 

The authors acknowledge R. R. Shagidullin's valuable advice and help in the in terpre ta t ion of IR 
spec t ra .  

C O N C  L U S I O N S  

1. The react ions of "/-chloropropylphosphonic and bis(7-chloropropyl)phosphinic  acid chlor ides  with 
amines have been studied. 

2. The react ion of diethylamine with es te rs  and amides of 7-chloropropylphosphonic and b i s (7-ch loro-  
propyl)phosphinic acids gave the der ivat ives  of N-diethylaminopropylphosphonic and bis(N,N-die thylamino-  
propyl)phosphinic acids.  

ii 
2. 
3. 
4. 
5. 
6. 
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