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While the r eac t ion  of e thy ld ich lorophosphine  with ox i ranes  was s tudied in [1, 2], the analogous r e a c -  
tion with oxetanes  was unknown. It turned out that while t r iva lent  phosphorus  de r iva t ives  with both one and 
two f i -ch loroe thyl  g roups  can  be r ead i ly  i so la ted  f r o m  the r eac t ion  with ethylene oxide [1], we w e r e  able 
to i so la te  only O - ( 1 - m e t h y l - 3 - c h l o r o p r o p y l ) e t h y l e h l o r o p h o s p h o n i t e  (D f r o m  the r eac t i on  with 2 - m e t h y l o x e -  
tane by dis t i l la t ion 
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M o r e o v e r ,  if equ imola r  amounts  of the r eagen t s  a r e  used in the reac t ion ,  the y ie ld  of (D is 30-40%. In this 
ca se ,  in addit ion to ([) ano ther  s e r i e s  of subs tances  which boil  above and below (I) is obtained.  The yie ld  of 
(I) i n c r e a s e s  cons ide rab ly  with excess  e thyld ichlorophosphine .  The r eac t ion  of 2 mole  of 2 -me thy loxe t ane  
with i mole  of e thy ld ich lorophosphine  y ie lds  O , O - b i s ( 1 - m e t h y l - 3 - e h l o r o p r o p y l ) e t h y l p h o s p h o n i t e  (II) 
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When (II) was dis t i l led  in vacuo  (0.1 mm) it began to boil  v iolent ly  with the l ibe ra t ion  of low-boi l ing  p roduc t s .  
We t h e r e f o r e  heated  {II) at 100-110~  20-30  rain and then dis t i l led it. The fol lowing p roduc t s  w e r e  i sola ted  
by dis t i l la t ion:  
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w h e r e a s  (III) and (V) a r e  pu re  compounds  acco rd ing  to e lementa l  ana lys i s ,  (IV) is con tamina ted  with O - ( 1 -  
me thy l -3 - ch lo rop ropy l ) e thy lphosphon i t e  (VI) (vp_  H 2350-2370 era- t ) .  The appea rance  of (VI) in the r e a c t i o n  
mix tu re  is poss ib le  as  a r e su l t  of two r eac t ions :  1) par t ia l  h y d r o l y s i s  of (I) and 2) r e a c t i o n  of  HC1 with (II). 
We obtained phosphoni te  (VI) by con t ro l led  hyd ro ly s i s  of (I): 

H 
non I 

C,_HsPOCHCH~CH2C1 ---* C2HsPOCHCH~CH~CI (VI) 
l I Ll I 

C1 CHa 0 CHa 

A. E. Arbuzov  Inst i tute  of Organic  and Phys ica l  Chemis t ry ,  Academy  of Sc iences  of the USSR. T r a n s -  
la ted f r o m  Izves t iya  Akademi i  Nauk SSSR, Ser iya  Kh imicheskaya ,  No. 3, pp. 548-550,  March ,  1972. Original  
a r t i c l e  submi t ted  F e b r u a r y  19, 1971. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available [rom the publisher for $15.00. 

502 



T r e a t m e n t  of (iV) conta in ing (VI), which w e r e  i so la ted  f r o m  the r e a c t i o n  of e thyld ich lorophosphine  with 2 -  
methyloxe tane ,  with PCI~ gave 50% of 3 -eh lo robu ty le thy lphosph iny l  ch lor ide  (VII). This indicates  that p h o s -  
tone (iV) is the chief  p roduc t  in this mix tu re  

O----CH--CH3 CI 
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II \ I II 
0 CH~--CHz 0 

A g r e a t  deal  of undis t i l led  b rown r e s idue  r e m a i n s  in the f l ask  a f t e r  d is t i l la t ion  of (VII). Dich lorobutane  is 
obtained in ins igni f icant  quant i t ies  in this r e a c t i o n  [due to con tamina t ion  by (VI)]. P u r e  (IV) ((rp31 - 70 pprn) 
is obtained by heat ing (IV) conta in ing  (VI) with sod ium meta l  in toluene.  Compounds s i m i l a r  to (iV) w e r e  
p r e v i o u s l y  obtained in [3]. Workup of  (V) y ie lds  (VII) (70%), POC13, and d ich lorobutane .  Li t t le  r e s idue  is 
obtained in the d is t i l la t ion  f lask.  It turns  out that  the r e a s o n  that a l a r g e  amount  of res idue  is obtained in 
~he reac t ion  of PCl 5 with (iV) is the ene rge t i c  r eac t ion  of (IV) with the POCI 3 that f o r m s .  In the p r o c e s s ,  
compounds  which do not  y ie ld  to d is t i l la t ion  a r e  obtained.  (IV) is obtained in 40% yie ld  when (V) is heated  
at 200-215 ~ fo r  40 rain. 

1 ,3 -Dich lo robu tane  and a mix tu re  of phos tone  (VIII) and (IX) a r e  f o r m e d  as a r e su l t  of the r eac t ion  
of  pheny ld ich lo rophosph ine  with 2 mole  of 2 -me thy loxe t ane  and hea t ing  of the r eac t ion  mix ture  without p r e -  
l i m i n a r y  dis t i l la t ion .  Since the boi l ing points  of (VIII) and (IX) a r e  c lose ,  d is t i l la t ion  y ie lds  only a mix tu re  
of  them in which (VIII) p r e d o m i n a t e s  (C1 6.42%) 
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EXPERIMENTAL METHOD 

The r e a c t i o n  of e thy ld ich lo rophosph ine  with 2 -me thy loxe t ane  was c a r r i e d  out a c c o r d i n g  to the method 
d e s c r i b e d  in [4] (under an iner t  gas) .  A reagen t  ra t io  of 1:1 o r  excess  e thy ld ich lorophosphine  y ie lded  30-  
60% of O - ( 1 - m e t h y l - 3 - c h l o r o p r o p y l ) e t h y l e h l o r o p h o s p h o n i t e  (i) with bp 90 ~ (10 turn); d~ 2~ 1.1404, nD 20 1.4779. 
Found: C 35.42; H 6.37; C1 34.94; P 15.64%. CGH13C12OP. Calcula ted:  C 35.46; H 6.40; C1 34.97; P 15.27%. 
(iI) was not i so la ted  by the r eac t ion  of e thy ld ich lo rophosph ine  with 2 mole  of 2 -me thy loxe t ane  but was  heated 
at 100-110  ~ fo r  30 rain and then dis t i l led .  A mix tu re  of 9.5 g of e thy ld ich lorophosphine  and 10.5 g of 2 -  
methy loxe tane  y ie lded :  1) ~4 g of 1 ,3 -d i ch lo robu tane  with bp 33-34 ~ (13 ram); d420 1.1158, nD 20 1.4423. Found: 
C 37.83; H 6.34; C1 55.54%. C4H8C12. Calcula ted:  C 37.80; H 6.30; C1 55.90%. 2) 6.5 g of phos tone  (iV) con ta in -  
ing phosphoni te  (VI) with bp 70 ~ (0.1 ram); d42~ 1.1002, nD 2~ 1.4638. Found: C 45.98; H 8.56; P 19.34%. C~H13. 
.O2P.  Calcula ted:  C 48.64; H 8.78; P20.94%.  3) 5 g of (V) with bp 109-110 ~ (0.1 ram); d42~ 1.1464, nD2~ 1.4745. 
Found: C 43.65; H 7.54; C1 25.38; P 11.35%. CIoH2iPC1202. Calcula ted:  C 43.63; H 7.63; Cl 25.81; P 11.27% 
(6p3 ~ - 56 ppm).  When 6 g of (iV) conta in ing  (VI) was  ref luxed with 0.15 g of Na in toluene for  3 h, 3 g of 
pu re  (IV) with bp 72-73 ~ (0.2 ram); d42~ 1.0905, nD 2~ 1.4656 was  obtained.  Found: C 48.55; H 8.70; P 21.06%. 
C6HI302P. Calculated: C 48.64; H 8.78; P20.94% (6p31 - 70 ppm). 

Reaction of (iV) with PCIs. A total of 12.4 g of (iV) (not freed from Na) was added to 17.5 g of powdered 
PCI 5 in 50 ml of ether. The temperature was held at no higher than 30 ~ After the PC15 disappeared, the 
mixture was held at room temperature for ,,~I h and then distilled to give 8.7 g (51%) of 3-chlorobutylethyl- 
phosphinyl chloride (VII) with bp 86-87 ~ (0.15 mm); d42~ 1.2051; nD 2~ 1.4861. Found: C 35.50; H 6.45; Cl 34.55; 
P 15.44%o C6HI3CI2OP. Calculated: C 35.46; H 6.40; CI 34.97; P 15.27%. The first fraction was POCl 3 with bp 
107-109 ~ and a large amount of residue remained in the distillation flask. 

Reaction of (V) with PCI 5. Similarly, ii g of (V) yielded 5.6 g of (VII) with bp 91-92 ~ (0,15 ram); d42~ 
1.2051; nD 2~ 1.4864. Found: P 15.44%. C6Hi3CI2OP. Calculated: P 15.27%. The first fraction contained a mix- 
ture of dichlorobutane and POCI 3. The dichlorobutane was isolated by washing this mixture with water and 
ex t rac t ion  with e the r .  
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Reaction of (IV) with POCI 3. The addition of 3 g of (IV) to 33 g of POC13 in e ther  ra ised the t empe ra -  
ture to the boiling point of e ther .  The resul t ing substances could not be distil led [only 0.3 g of a substance 
with bp 91 ~ (0.2 ram); d42~ 1.2128, nD 2~ 1.4800 was isolated. Found: C1 29.73; P 17.52%]. 

Hydrolysis  of O-0-Methyl -3-chloropropyl )e thylchlorophosphoni te  (1). Water (0.72 g) was added with 
s t i r r ing  to 8.2 g of (I) in 50 ml of CHC13. The mixture  was refluxed for 1 h and disti l led to give 4.9 g (65%) 
of (VI) with bp 79-81 ~ (0.2 mm); d42~ 1.1256, nD2~ 1.4561. Found: CI 19.01; P 16.51%. CGH14C102P. Calcu-  
lated: CI 19.24; P 16.80%. 

C O N C L U S I O N S  

The react ion of ethyldichlorophosphine with 2-methyloxetane was studied. 
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