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The organophosphorus  compounds that we had synthesized previous ly ,  which contained the pyrrol idine  
r ing  in the molecule ,  exhibited in te res t ing  physiological  p rope r t i e s  in a number  of c a se s  [1, 2]. As an ex-  
pansion of these studies we p repa red  a number  of phosphorus acid e s t e r s  that contained the pyrrol id ine  r ing  
in the e s t e r  (ethyl) r ad ica l .  

The d ia lkyl /~-pyrro l id inoethyl  phosphites were  obtained by the reac t ion  of f l -pyrrol idinoethanol  with 
the acid chlor ides  of d ia lkylphosphorous  acids in the p resence  of Et3N. 

/ - -  (RO)~POCH2CH2N/---[ q--E.t3N. HCl (ROh[ Cl + tt0CH~CH2N + Elan 
\ - ,  . _ .  k__/ 

Tr i ( /~-pyrrol idinoethyl)  phosphite and the alkyl d i (~-pyrro l id inoethyl )  phosphites were  obtained in a s im i l a r  
manner  f rom the acid chlor ides  of phosphorous and alkylphosphorous acids.  The y ie lds ,  physical  constants ,  
and ana lyses  of the obtained compounds are  given in Table  1. The diatkyl  f l -pyrro! id inoethyl  phosphites 
r e a c t  with alkyl hal ides to give, a f te r  heating in a sealed tube at 60-70 ~ for 4 h, compounds that,  based  on 
the e lementa l  ana lys is  and the NMR and IR spec t r a l  data,  were  assigned the s t ruc tu re  of the sa l t s  of q u a t e r -  
n a r y  ammonium b a s e s .  

R '  
R =C,.H.~, Cd{~; R'=C~Hs, C~H9 

The 31p NMB spec t ra  have one signal with p = - 1 3 6  ppm (R_C2H 5) and p = --140 ppm (R--C4Hg), which is  
c h a r a c t e r i s t i c  for the phosphite grouping [3]. The absorpt ion band of the P = O group (1170-1310 cm -1) is 
absent  in the IR spec t r a .  

In o rde r  to obtain the B-pyrro l id inoethyl  e s t e r s  of pentavalent  phosphorus acids we studied the r e -  
action of dipropyl  f l -pyrro l id inoethyl  phosphite with chlora l .  In this case  the s t a r t ing  phosphite undergoes  
Pe rkov  r e a r r a n g e m e n t ,  but instead of the expected product (I) we isolated dipropyl  2, 2-dichlorovinyl  phos-  
phate (II). 

OCH~CH~. N/--'l" 
__.+C3HTOP/ 'N_...] + C3H~CI 

(C~HvO)~POCH2CI-I~N/---[ + CCI~CHO__ IOI\OCH~CCI~ (I) 
i 

--+ (C~HTO)~POCH= CCl~ + I, C1CHzCH~Nx~__~I 

0 (n) 

The s t ruc tu re  of (II) is conf i rmed by i ts  e lementa l  ana lys is  and IR spec t rum,  which has the absorpt ion 
bands of the groups (cm-1): P - -O- -C  (1025-1050), CC12 820, C = C  1650 and P = O  1270. The alkyl d i (~-  
pyrrol idinoethyl)  phosphites also r eac t  v igorous ly  with ch lora l ,  but the product  decomposes  when its i so la -  
tion by dis t i l la t ion is a t tempted.  

EXPERIMENTAL METHOD 

Diethyl f l -Pyr ro l id inoe thy l  Phosphi te .  With s t i r r ing ,  to a benzene solution of 11 g of f l -pyr ro l id ino-  
ethanol and 10.5 g of Et3N at --2 ~ was added 15 g of  die thylphosphorous chlor ide in drops .  After  r emo v a l  
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TABLE 1. f l -Pyrrol id inoethyl  Phosphltes 

Compound 

(Co.HsO)2PR 

(C~H70)~P R 

(CtHgOhPR 

C21isOPR~ 

C4HgOPR2 

PR3 

Note. it= 

I YieM~ 
% 

Sp, ~ (p, mm of 
Hg) 

65(0,04) 

77-78(0.o3) 

95-96(0,03) 

104-105(0,03) 

138(0,03) 

t55-t56(0,03) 

d~ 

t ,0104 

0,9843 

0.9719 

i ,039~ 

i ,0116 

1,0497 

t ,4548 

1.4560 

1,4562 

1,4798 

t,4779 

1,4950 

Found/ca lcu lated 

MR 

62,81 

72,6~ 

81,39 

83,66 

92,83 

104.~ 

P.% N,% 

13,0i 5,79 5,----~ 
tl ,55 5,29 
tt,78 5,34 
t0,54 4,75 

4,81 
10,32 9,44 

9,2i 
9,57 8,29 

8.37 tt ,19 
ii ,26 

\ 
/ NCH:CI-I:O. 

of the Et2N. HC1 and solvent the residue was vacuum-dlst i l led twice to give 14.9 g {72%) of product. The 
other compounds,  listed in Table 1, were obtained in a s imi lar  manner  from the cor responding  phospho- 
rous  and alkylphosphorous chlorides in the presence of EtaN. 

React ion of Diethyl f l -Pyrrol id inoethyl  Phosphite with Eft. A mixture of 1 g of the phosphite and 0.65 
g of EtI was heated in a sealed tube at 60-65 ~ for 4 h, We obtained 1.5 g (95%) of product,  which after 
washing with ether had mp 56-58 ~ Found: C 36.90; H 7.11; 131.73; N 3.56; 1 ~ 7.62%. C12H27INO3P. Cal- 
culated: C 36.85; H 6.91; 132.48; N 3.57; P 6.91%. 

F r o m  2 g of dibutyl ~-pyrrol id inoethyl  phosphite and 1.5 g of RuI under the same conditions we ob- 
tained 2.25 g (70~) of product,  which after  washing with ether had mp 83-84 ~ Found: C 45.55; H 8.05; 
I 26.28; N 3.19; P 6.32~. C18H3~IqO3P. Calculated: C 45.47; H 8.21; I 26.73; N 2.95; P 6.52%. 

Reaction of Dipropyl ~-Pyrro l id inoe thyl  Phosphite with Chloral. With s t i r r ing ,  to a benzene solution 
of 6 g of the phosphite at 50-70 ~ was added 3.36 g of chloral  in drops.  After  removal  of the solvent and 
vacuum-dist i l la t ion of the residue we obtained 3.9 g (61%) of dipropyl 2, 2-dichlorovinyl phosphate with bp 
82 ~ (0.06 ram), d~ ~ 1.2221, n~ 1.4493 [4]. 

C O N C L U S I O N S  

The f l -pyrrol idinoethyl  e s t e r s  of t r ivalent  phosphorus acids were obtained for the f irst  t ime and some 
of their  p roper t ies  were  studied. 
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