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The reac t ions  of P - a l ky l  and P -a l ko xy  de r iva t ives  of oxaphospholene with d ie thylamine and 
of oxaphospholene P - a m i d e  with alcohol p roceed  in a complex  manner  and included phos -  
phoryla t ion,  alkylation,  and sal t  format ion .  

I t  is known that 1 ,2-oxa-4-phospholene  der iva t ives  enter  into reac t ions  accompanied  by r ing f o r m a -  
t ion.  With wa te r  they f o r m  acids [1-4], while with alcohols they fo rm s y m m e t r i c a l  [3,5-8] or  u n s y m m e t r i -  
cal  [2,3,5,7] phosphonates and phosphinates [2,3,9]. The p repara t ion  of a monothiophosphonate was des -  
c r ibed  in [7]. The synthes is  of amides  of phosphinic acids or  of a m i d o e s t e r s  of phosphonic acids via open-  
ing of the oxaphospholene r ing has not been repor ted .  Acycl ic  amidophosphates  a r e  fo rmed  f r o m  1 ,3 ,2-d i -  
oxa-4-phospholenes  [10]. We have shown [3] that  e s t e r s  of ketoalkylphosphinic and phosphonic acids have 
in te res t ing  biological  p r o p e r t i e s .  The prepara t ion  of the i r  amide analogs s eemed  of na tura l  in te res t  in 
this plan.  

Having th ree  types  of oxaphospholcne der iva t ives  (I-III) at our  disposal ,  we decided to c a r r y  out the 
following reac t ions :  
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In con t r a s t  to the reac t ions  of alcohols with I and III, which p roceed  smoothly  [2,5], reac t ions  (1)-(3) 
do not p roceed  at all  under  mild  conditions,  while under  s e v e r e  conditions they give complex mix tu re s .  

Monitoring of the cour se  of r eac t ions  (1_) and (2) by gas- l iqu id  ch roma tog raphy  demons t r a t ed  that d i -  
ethyl ketobutylphosphinate is fo rmed  in both cases ;  in addition, amide II  was r eco rded  in the products  of 
reac t ion  (1), while e s t e r  I, d ie thylamine,  and t r i e thy lamine  were  r eco rded  in the products  of react ion  (2). 
The band at 870-880 cm -1, which is c h a r a c t e r i s t i c  for  the oxaphospholene r ing,  in the IR s p e c t r a  of the r e -  
action m i x t u r e s  vanishes  (Fig. la) or  becomes  cons iderab ly  l ess  intense (Fig. lb) .  The intensi ty  of the ab-  
sorpt ion  of the r ing  double bond at  1670-1690 cm -1 s imul taneous ly  d e c r e a s e s ,  and a ca rbonyl  group band 
appea r s  at 1710-1720 cm -t  . [The s p e c t r a  of the s ta r t ing  cyclic  e s t e r  and amide a re  p resen ted  in Fig.  2 
(a and b).] The c h a r a c t e r i s t i c  bands of ammonium absorpt ion,  compl ica ted  by some  additional fac tors ,  
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Fig.  1. IR s p e c t r a  of the react ion  products :  a) 2 -oxo-2 -e thoxy-  
3,3,5 - t r i m e t h y l - l , 2  -oxa-4-phospho lene  with diethylamine;  b) 2-oxo - 
2 -d i e thy l amido -3 ,3 ,5 - t r ime thy l - l , 2 -oxa -4 -phospho lene  with ethanol;  
c) 2 -oxo -2 -e t l i y l -3 ,3 ,5 - t r ime thy l - l , 2 -oxa -4 -phospho l ene  with d i -  
e thylamine;  d) ethyl 1 ,1-dimethyl -3-ketobutylphosphinate  with d i -  
e thylamine .  
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Fig.  2. IR spec t r a :  a) 2 - o x o - 2 - e t h o x y - 3 , 3 , 5 - t r i m e t h y l - l , 2 - o x a - 4 -  
phospholene (I); b) 2 - o x o - 2 - d i e t h y l a m i d o - 3 , 3 , 5 - t r i m e t h y l - 1 , 2 - o x a -  
4-phospholene (II); c) 2 - o x o - 2 - e t h y l - 3 , 3 , 5 - t r i m e t h y l - 1 , 2 - o x a - 4 -  
phospholene (l'II); d) ethyl 1,1--dimethyl-3-ketobutylphosphinate (VII). 

a r i s e  at 2000-3000 cm -1 . To conf i rm the "correc tness  of this ass ignment ,  we r eco rded  the IR s p e c t r a  of the 
f r ee  ethyl 1 ,1-d imethyl -3-ke tobuty lphosphina te  (Fig. 2d) and i ts  mix tu re  with die thylamine (Fig. ld) both at 
r o o m  t e m p e r a t u r e  and a f t e r  heating to 160 ~ Heat t r e a t m e n t  did not induce any vis ible  changes .  The 31p 
NMR s p e c t r a  change subs tant ia l ly  in the course  of the reac t ions .  In the case  of (1), the peak of the s ta r t ing  
e s t e r  (6 = -50  ppm) vanishes ,  and a signal  appears  at -24  ppm. In the case  of (2), the signal  of the s ta r t ing  
amide at -53  ppm is re ta ined  along with a peak at -28  ppm. 

We feel  that  the obse rved  phenomena indicate the occu r r ence  of the following p r o c e s s e s :  

il t - H O C 2 H  s ~ I + H N ( C 2 H s )  2 

I + HOC2H s ~ CH3COCH2C(CH3)2PO(OC2Hs) 2 

V l  
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A reac t ion  of the (5) type has  been repea ted ly  desc r ibed  [2,3,5,9]. To conf i rm p r o c e s s  (6), which has  
been r epo r t ed  for acycl ic  phosphinates [11, 12], we c a r r i e d  out the model  reac t ions  of diethylamine with the 
diethyl  e s t e r  of 1 ,1-dimethyl -3-ketobutylphosphonic  acid and the ethyl e s t e r  of ethyl 1 , 1 -d ime thy l -3 -k e to -  
butylphosphinic acid.  The IR s p e c t r a  of the reac t ion  mix tu r e s  of the model  and fundamental  reac t ions  were  
s i m i l a r .  In the f i r s t  case ,  a s ignal  appea r s  at  -28  ppm in the zip NMR s p e c t r u m .  

By planning an exper iment  according to Scheme (3), we expected  that a dec r ea se  in the number  of r e -  
action cen te r s  should s impl i fy  the occu r rence  of the reac t ion  and faci l i ta te  the isolat ion of acycl ic  amide V. 
However ,  in this case  also,  the reac t ion  does not p roceed  unambiguously .  The s ta r t ing  compounds a r e  r e -  
cove red  a lmos t  en t i re ly  .under mild  condit ions.  When the t e m p e r a t u r e  is r a i sed ,  p r o c e s s e s  s i m i l a r  to those 
indicated above,  but occur r ing  with the par t ic ipat ion of exc lus ive ly  the cycl ic  e s t e r  bond, a r e  rea l i zed .  The 
IR spec t rum {Fig. lc)  contains oxaphospholene (875, 1680, 3060 cm-1),  acycl ic  carbonyl  compound (1720 
cm-1),  and secondary  ammonium group bands (2000-3000 c m - l ) .  In addition to the signal of the s ta r t ing  
cycl ic  phosphinate at -75  ppm, a s ignal  at -40  ppm appea r s  in the zip NMR s p e c t r u m .  There  is also a s ig -  
nal  in this region for the products  of the model  reac t ion  of die thylamine with ethyl 1 , 1 -d ime thy l -3 -ke to -  
butylphosphinic acid.  

All of the facts  p resen ted  demons t r a t e  that the reac t ions  p roceed  in a complex  manne r  and include 
phosphorylat ion,  a lkyla t iaa ,  and sa l t - format ion  p r o c e s s e s .  

EXPERIMENTAL 

Reacti(m of 2-Oxo-2-ethoxy-3,3,5-trimethyl-l,2-oxa-4-phospholene (i) with Diethylamine. A) A mix- 
ture of 9 g (0.05 mole) of I [13] and 3.6 g (0.05 mole) of diethylamine was heated in a sealed tube at 83-85 ~ 
for 8 h. The volume of the reaction mixture did not change. The IR and 31p NMR spectra did not register 
changes in the reaction mixture. Additional heating (at 115-117~ for 8 h reduced the volume by 1.5~c. 
Distillation yielded 2 g of a volatile fraction with n~ 1.3923 (which, according to gas-liquid chromatography, 
proved to be diethylamine with a small amount of diethyl ether) and 5.2 g (58~) of starting I with bp 68-70 ~ 
(0.02 ram) and n~ 1.4523. 

B) A mixture of 7.3 g (0.04 mole) of I and 2.9 g (0.04 mole) of diethylamine was heated in a sealed 
tube at 140 ~ for 8 h. The volume of the reaction mixture decreased by 10.5%. The reaction product became 
dark yellow and viscous. Found: N 5.41; P 11.7%. CI2H26NO3P. Calculated: N 5.3; P 11.6%. Distillation 
of the reac t ion  product  r e su l t ed  in decomposi t ion .  

React ion of 2 - O x o - 2 - d i e t h y l a m i n o - 3 , 3 , 5 - t r i m e t h y l - l , 2 - o x a - 4 - p h o s p h o l e n e  (iI) with Ethanol.  A) A 
mix tu re  of 25.4 g (0.12 mole) of II  and 11 g (0.24 mole)  of absolute ethanol in the p r e sence  of a catalyt ic  
amount of sodium ethoxide was heated in a sea led  tube at 110 ~ for  16 h. A wate r  a sp i r a to  r was used  to 
s epa ra t e  a volat i le  f rac t ion  (13.0 g), which, according to GLC, proved  to be  a mix tu re  of ethanol,  d ie thyl-  
amine,  and t r i e thy lamine .  Column rec t i f ica t ion  made it poss ib le  to isola te  1 g of die thylamine with bp 55 ~ 
and n~  1.3872 and 8.6 g of ethanol with bp 78 ~ and n~  1.3632. Two f rac t ions  were  i so la ted  by vacuum 
dist i l lat ion of the res idue :  17 1.8 g with bp 66-76 ~ (0.02 ram),  d 2~ 1.0578, and n~  1.4595 (according to GLC, 
this f rac t ion  is a mix tu re  of II, I ,  and VI); 2) 9.7 g of a product  with bp 77 ~ (0.02 ram), which c rys t a l l i zed  on 
standing to give a subs tance  with mp 55-57 ~ This  product  did not dep re s s  the mel t ing  point of s ta r t ing  II. 
The amount of II r e c o v e r e d  was 38%. 

B) A mix tu re  of 11 g (0.05 mole) of II and 2.3 g (0.05 mole) of absolute ethanol in the p r e s e n c e  of a 
ca ta ly t ic  amount of sodium ethoxide was heated in a sea led  tube at  200 ~ for  16 h. Workup of the reac t ion  
mix tu re  gave 5 g of volat i le  react ion  products  with bp 72-75 ~ and n~  1.3945; according to GLC, this f ract ion 
cons is ted  of diethylamine,  ethanol,  and t r i e thy lamine .  The bulk of the m a s s  decomposed  during dist i l lat ion.  

React ion of 2 - O x o - 2 - e t h y l - 3 , 3 , 5 - t r i m e t h y l - l , 2 - o x a - 4 - p h o s p h o l e n e  (III) with Die thylamine.  A) A m i x -  
tu re  of 22.7 g (0.13 mole)  of III  [14] and 9.8 g (0.13 mole) of d ie thylamine was heated  in a sea led  tube at 
120 ~ for  8 h. F rac t iona l  dist i l lat ion yielded 8.4 g (95%) of d ie thylamine with bp 55 ~ and n~  1.3873 and 18.5 g 
(82%) of s t a r t ing  III  with bp 70-72 ~ (0.02 ram) and n~  1.4735. 
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B) A mix ture  of 10.8 g (0.06 mole) of III and 4.7 g (0.06 mole) of diethylamine was heated in a sealed 
tube at 160 ~ for  8 h. Frac t iona l  disti l lation yielded 2.8 g (24%) of s tar t ing III with bp 72 ~ (0.02 ram) and n~ 
1.4732. 

Reaction of Ethyl 1,1-Dimethyl-3-ketobutylphosphinic Acid (VII) with Diethylamine.  A mixture  of 
0,8 g (0.004 mole) of VII [2] and 0.3 g (0.004 mole) of diethylamine was heated in a sealed tube at 160 ~ for 
6 h. When the compounds were  mixed, a viscous,  homogeneous liquid was formed and did not change its 
appearance during heating.  The IR spec t ra  of the react ion mixture  before  and af ter  heating were  identical.  

Reaction of the Diethyl E s t e r  of 1,1-Dimethyl-3-ketobutylphosphonic Acid (VI) with Diethylamine.  A 
mix tu re  of 3.7 g (0.016 mole) of VI [3] and 1.2 g (0.016 mole) of diethylamine was heated in a sealed tube at 
160 ~ for  6 h.* 

Reaction of the Ethyl Es t e r  of  Ethy 1,1-Dimethyl-3-ketobutylphosphinic  Acid (VIII) with Diethylamine.  
A mixture  of 1.5 g (0.007 mole) of VIII [2] and 0.5 g (0.007 mole) of diethylamine was heated in a sealed 
tube at 160 ~ for  16 h. Frac t iona l  distillation yielded 0.6 g (40%) of s tar t ing VIII with bp 85 ~ (0.05 ram) and 
n ~ 1 . 4 5 9 0 .  

Except  fo r  VII, the IR spec t ra  of all of the compounds were  r eco rded  as thin layers  with a UR-10 
spe c t ropho tome te r .  The IR spec t rum of a KBr pellet  of VH was recorded .  The chromatographic  analysis  
was c a r r i e d  out with a Pye-104  chromatograph with a different ial  f lame ionization de tec tor  in 200-cm-long 
glass columns with an inner  d i ame te r  of 0.4 cm.  The liquid phase was a mixture  of f luorinated FS-328 
si l icone with neopentylene glycol succinate (5 : 1) applied in 3% quantit ies on silanized ChromosorbW (80-100 
mesh) .  The g a s - c a r r i e r  (argon) flow ra te  was 30 m l / m i n .  The phosphorus-containing compounds were  
analyzed at 180 ~ while the phosphorus - f ree  volati le f rac t ions  were  analyzed at 30 ~ . The 311~ NMR spec t ra  
were  r e c o r d e d  with a KGU-4 s p e c t r o m e t e r  with an operating f requency of 10.2 MHz at room tempera tu re .  
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