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The reac t ion  of a lkyldichlorophosphines  with b iace ty l  p roceeds  with a c leavage of hydrogen chloride 
and the fo rmat ion  of 5 - m e t h y l - 2 - a l k y l - 4 - c h l o r o - 2 - o x o - l , 2 - o x a - 4 - p h o s p h o l e n e s  [1] (Scheme b). Phenyldi-  
ehlorophosphine r eac t s  in a s i m i l a r  m a n n e r  with b iacetyl  [2]. 

In o rde r  to ve r i fy  the val idi ty of the scheme proposed  by us fo r  the p r o g r e s s  of these in teres t ing  r e -  
act ions we r epo r t  in the p r e s e n t  p a p e r  the counter  synthesis  of 5 - m e t h y l - 2 - e t h y l - 4 - c h l o r o - 2 - o x o - l , 2 - o x a -  
4-phospholene (III). The s ta r t ing  5 - m e t h y l - 2 - e t h y l - 2 - o x o - l , 2 - o x a - 4 - p h o s p h o l e n e  (I) was obtained by us by 
the known p r o c e d u r e  (Scheme a) [3-5], which cons i s t s  in the reac t ion  of the acid chlor ides  of t r iva len t  
phosphorus  with a , f l -unsa tu ra ted  ketones  in the p r e s e n c e  of acet ic  anhydride.  The IR spec t rum of (1) con- 
ta ins  the absorp t ion  bands of the P - - O  group at 1220 cm -1 and of the C - - C r i n g  at 1680 cm -1 (Fig. 1, 1). As 
the r e su l t  of the chlor inat ion of oxa-4-phospholene  (1) we obtained 5 - m e t h y l - 2 - e t h y l - 4 , 5 - d i c h l o r o - 2 - o x o -  
1,2-oxaphospholane (II), which when t r ea t ed  with t r i e thy lamine  in benzene is eas i ly  dehydrochlor inated with 
the fo rmat ion  of 5 - m e t h y l - 2 - e t h y l - 4 - c h l o r o - 2 - o x o - l , 2 - o x a - 4 - p h o s p h o l e n e  (III). The constants  and IR spec-  
t r u m  of (III) a re  identical  with the constants  and IR spec t rum of the oxa-4-phospholene  (III) obtained by us 
p rev ious ly  by the reac t ion  of ethyldichlorophosphine with biacetyl  [1] (see Scheme b). Also identical  were  
the constants  and IR s p e c t r a  of the products  of the fu r the r  t r a n s f o r m a t i o n s  of (IID, the ethyl e s t e r  of e thyl -  
( f l -chloro-7-oxobutyl)phosphinic  acid (IV) and 5 - m e t h y l - 2 - e t h y l - 4 , 4 , 5 - t r i c h l o r o - 2 - o x o - l , 2 - o x a p h o s p h o l e n e  
(V), whose constants  and IR s p e c t r u m  were  identical  with the constants  and IR spec t rum of the (IV) and (V) 
obtained by us  p rev ious ly  [1]. Oxaphospholane (V) is  eas i ly  dehydrochlor ina ted  when it is  t r ea t ed  with 2 
m o l e s  of t r i e thy lamine  in benzene.  Here  a r e  f o rmed  t r i e thy lamine  hydrochlor ide  and 2 - e t h y l - 5 - m e t h y l e n e -  
4 - c h l o r o - 2 - o x o - l , 2 - o x a - 3 - p h o s p h o l e n e  (V1), which contains a conjugated s y s t e m  of C = C double bonds,  
found in the s - t r a n s  conformat ion.  Oxa-3-phospholene  (VI) has  an unusually high value of n~ 1.5290, which 
exceeds  the n~  of benzene.  The IR s pec t rum of (VI) is in teres t ing.  In it  a re  p r e sen t  the absorpt ion  band 
of the P - - P  group at  1220 cm -1, and the ve ry  intense absorpt ion bands of v C = Cring at 1540 and of 

v C __Cexocyclic a t  1660 cm - l ,  comparab le  in intensi ty to the absorp t ionof the  carbonyl  group. Also ve ry  in-  

tense  a re  the absorp t ion  bands of the hydrogens  on the carbon at tached to the double bond in 3050 and 3080 
cm - i  region (Fig. 1, 2). 

In connection with the s tudies made by us it was v e r y  in te res t ing  to a lso  synthes ize  some other  oxa-  
3-phospholenes  with a conjugated s y s t e m  of double bonds,  not containing chlorine a toms.  As the resu l t  of 
the reac t ion  of e i t he r  e thyl -  o r  phenyldichlorophosphine with methyl  i sopropenyl  ketone in the p re sence  of 
acet ic  anhydride we obtained the 4 ,5 -d i m e t hy l -2 - e thy l -  (VII) and 4 , 5 - d i m e t h y l - 2 - p h e n y l - 2 - o x o - l , 2 - o x a - 4 -  
phospholenes  (VIII). The IR s pec t rum  of (VII) (Fig. 1, 3) is in a g r e e m e n t  with the s t ruc tu re  ass igned to it. 
Oxa-4-phospho lenes  (VII) and (VIII) a re  readi ly  chlor inated at r oom t e m p e r a t u r e  with the fo rmat ion  of oxa-  
phospholanes  (IX) and (X). The t r e a t m e n t  of compounds (IX) and (X) with 2 moles  of t r i e thy lamine  in an  
iner t  solvent gave  the 4 - m e t h y l - 2 - e t h y l -  (XI) and 4 - m e t h y l - 2 - p h e n y l - 5 - m e t h y l e n e - 2 - o x o - l , 2 - o x a - 3 - p h o s -  
pholenes (XII). Oxa-,3-phospholene (XI) also has  ahigh value of n~  1.5170. In i ts  IR spec t rum a re  p r e sen t  the ab-  
sorpt ion  band of the P = O group at 1265 cm -1 and the ve ry  intense absorpt ion bands of Vc= Cring at 1540 and of 

vc__Cexocycl ic  a t  1645 em -~, and of the hydrogens  on the carbon at tached to the double bonds at 3080 cm -1 

(Fig. 1, 4). 
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TABLE i. Phosphorylation of ~, fl-Unsaturated Ketones 
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Oxa-3-phospholenes  (X1) and (XII) a r e  ve ry  reac t ive  compounds.  They eas i ly  r eac t  with wa t e r  and 
alcohols  to give phosphory la ted  ~ ,p -nnsa tu r a t ed  ketones  (XIII)-(XV1). 

The IR spec t rum  of the ethyl e s t e r  of e thy l - (3 -ke to-2-methy l -bu teny l )phosph in ic  acid (XIV) contains 
the absorpt ion bands of the P = O  group at 1200, of C---C at 1628, and of C = O  at 1689 cm -l .  

EXPERIMENTAL METHOD 

The IR spectra were taken on a UR-10 spectrometer. A drop of the substance was pressed between 
two KBr plates. The layer thickness was not controlled. 

2-Methyl-2-ethyl-2-oxo-l,2-o• (I). To a stirred mixture of 21 g of methyl vinyl 
ketone and 30.6 g of acetic anhydride at 0-5 ~ in a dry N 2 atmosphere, was added 39.2 of ethyldichloro- 
phosphine in drops. After stirring at room temperature for 24 h we distilled off 36 g of CH3COCI (bp 52- 
53 ~ n~ 1.3900). Distillation of the residue gave 24 g (54.5%) of oxa-4-phospholene (I) as an oily liquid with 
bp 67 ~ (0.006 mm); 125 ~ (i0 mm); d~ ~ 1.1247; n~ 1.4782. Found: C 49.09; H 7.56; P 20.86%. MR 36.89. 
C6HtlO2P. Calculated: C 49.31; H 7.58; P 21.20%; MR 36.98. 
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5 -Me thy l -2 - e t hy l -4 ,5 -d i eh l o ro -2 -oxo - l , 2 -oxaphospho l ane  (H). Into a solution of 15.5 g of (I) in 100 
mI  of CC14 at 0-5 ~ was pa s s ed  dry chlorine gas  until the t e m p e r a t u r e  ceased  to r i se .  

At the s t a r t  the CCI~ was r emoved  using a w a t e r - j e t  pump, and then using a high vacuum. The r e s i -  
due, phospholane (II), 23 g (100%), r ep re sen t ed  a thick oily liquid; d 2~ 1.3655; n~  1.5050. Found: C 32.81; 
H 4.94;  C1 33.10; P 13.82%, MR 47.14. C6HllC1202P. Calculated: C 33.20; H 5.11; C1 32.67; P 14.27%, MR 
47.19. 

5 - M e t h y l - 2 - e t h y l - 4 - c h l o r o - 2 - o x o - l , 2 - o x a - 4 - p h o s p h o l e n e  (III). To 20.5 g of (I1) in 150 ml  of benzene 
at  0 ~ was added 9.6 g of (C2Hs)3N in drops .  After  12 h the (C2H5)3N.~IC1 was f i l t e red  (15.5 g), and the ben-  
zene was dist i l led off. Dist i l lat ion of the res idue  gave 9 g (50.5%) of oxa-4-phospholene  (HI), bp 92 ~ (0.005 
mm);  d~ ~ 1.2520; n~ 1.4990. Found: C 40.13; H 5.68; C1 19.15; P 16.91%, MR 42.30. C~H10C102P. Calcu-  
lated: C 39.90; H 5.58; C1 19.63; P 17.15%; MR 41.85. The compound was obtained as an oily liquid that 
turned da rk  when s tored .  

Ethyl E s t e r  of Ethyl-(B-chloro-~/-oxobutyl)phosphinic Acid (IV). In an Arbuzov f lask  were  p laced 5 
ml  of absolute ethanol and 9 g of (II1). The t e m p e r a t u r e  of the react ion  mix ture  rose  f r o m  20 up to 56 ~ 
Af ter  r emova l  of the excess  alcohol in vacuo the res idue  was dist i l led.  We obtained 6.5 g (57%) of e s t e r  
(IV} with bp 92 ~ (0.02 ram); d 2~ 1.1558; n~  1.4680. F r o m  [1]: bp 100 ~ (0.09 ram); d~ ~ 1.1578; n~  1.4675. 

5 - M e t h y l - 2 - e t h y t - 4 , 4 , 5 - t r i c h l o r o - 2 - o x o - l , 2 - o x a p h o s p h o l a n e  (V). Into a solution of 8.7 g of 4 -phos -  
pholene (III) in 70 ml  of cc14, with cooling, was  pa s sed  dry chlorine gas.  Af ter  r emova l  of the CC14 in 
vacuo we obtained 12.2 g {100%) of phospholane (V) with mp 56-59 ~ F r o m  [1]: mp 56-59 ~ 

2 - E t h y l - 5 - m e t h y l e n e - 4 - c h l o r o - 2 - o x o - l , 2 - o x a - 3 - p h o s P h o l e n e  (VI). To a solution of 12.2 g phospho- 
lane (V) in 100 ml  of absolute  benzene,  with s t i r r ing ,  was  added 9.8 g of (C2Hs)3N in drops .  The fo rmed  
t r i e thy lamine  hydrochlor ide  (12.7 g) was f i l te red,  and the benzene was r emoved  in vacuo. Dist i l lat ion of the 
res idue  gave 5.8 g (63.5%) of 3-phospholene (VI) with bp 90 ~ (0.02 ram); d 2~ 1.2906; n~  1.5290. Found: C1 
20.17; P 17.04%; MR 41.86. C~HsC102P. Calculated: C1 19.86; P 17.35%; MR 42.28. 

4 , 5 - D i m e t h y l - 2 - e t h y l - 2 - o x o - l , 2 - o x a - 4 - p h o s p h o l e n e  (VII). A four -necked  f lask ,  fi t ted with a s t i r r e r ,  
t h e r m o m e t e r ,  ca lc ium chloride tube and a dropping funnel, was  filled with dry  CO2, a f te r  which 46.5 g of 
e thyldichlorophosphines  and 31.6 g of acet ic  anhydride were  added. With cooling of the f lask  in an i c e - s a l t  
mix tu re ,  28.8 g of methyl  i sopropenyl  ketone was  added in drops  at such a ra te  that the t e m p e r a t u r e  of the 
reac t ion  mix tu re  remained  in the range 0-10% After  12 h the ca lc ium chloride tube was rep laced  by a de-  
scend ingcondenser  and44 g (80%) of CH3COC1 was dis t i l led off, bp 53 ~ and n~  1.3900. Dist i l la t ion of the 
res idue  gave 44 g (77.3%) of 4-phospholene (VII) with bp 73 ~ (0.007 ram); d 2~ 1.0970; n ~  1.4810. Found: C 
52.16; H 8.41; P 19.45%; MR 41.55. C7HI302P. Calculated: C 52.49; H 8.18; P 19.35%; MR 41.61. 

4 , 5 - D i m e t h y l - 2 - p h e n y l - 2 - o x o - l , 2 - o x a - 4 - p h o s p h o l e n e  (VIII). Obtained in a s i m i l a r  manne r  by the r e -  
act ion of 89.5 g of phenyldichlorophosphine,  51 g of acet ic  anhydride and 42.5 g of methyl  i sopropenyl  ke -  
tone. The yield of (VII1) was 60.5 g (57.8%); bp 152 ~ (0.02 ram); d 2~ 1.1735; n~  1.5522. Found: C 63.13; H 
6.24; P 15.01%; MR 56.65. CilH1302P. Calculated: C 63.46; H 6.25; P 14.90%, MR 56.47. 

4 , 5 -D ime thy l -2 - e t hy l -4 ,5 -d i ch l o ro -2 -oxo - l , 2 -oxaphospho l ane  ( I ~ .  Into a solution of 24.5 g of 4-  
phospholene (VII) in l00 ml  of CClt, with cooling, was  pas sed  dry  chlor ine gas  until the t e m p e r a t u r e  of the 
reac t ion  mix tu re  ceased  to r i se .  The CC14 was vacuum-dis t i l l ed ,  while the res idue  was dist i l led using a 
high vacuum. We obtained 34.5 g (98.5%) of phospholane (IX); d 2~ 1.3308; n~  1.5055. Found: C 35.93; H 
5.64; C1 3(}.18; P 13.53%. MR 51.54. CTHI3C1202P. Calculated: C 36.38; H 5.67; C1 30.69; P 13.41%; MR 
51.81. 

4 , 5 -D ime thy l -2 -pheny l -4 ,5 -d i ch l o ro -2 -o xo -1 ,  2-oxaphospholane iX). Obtained in a s i m i l a r  manne r  
by the pa s sage  of chlor ine  into a solution of 50 g of phospholene (VIII) in 150 ml of CCI 4. We obtained 67 g 
(100%) of (X~; d 2~ 1.3857; n~  1.5650. Found: C 47.61; H 4.97; P 10.71%; MR 66.12. CiiHI3C1202P. Calcu-  
lated: C 47.32; H 4.69; P 11.06; MR 66.67. 

4 - M e t h y l - 2 - e t h y l - 5 - m e t h y l e n e - 2 - o x o - l , 2 - o x a - 3 - p h o s p h ~  (XI): In a f lask  fit ted with a s t i r r e r  
were  placed 300 ml of absolute benzene,  34.5 g of phospholane (IX) and 30 g of t r i e thy lamine .  After  12 h 
the (C2Hs)3N.HC1 was f i l t e red  and the benzene was dist i l led off. Distal la t ion of the res idue  gave 18.5 g 
(78.5%) of 3-ph0spholene (XI) with bp 81.5 ~ (0.006 mm); d 2~ 1.1265; n~  1.5170. Found: C 52.68; H 7.16; P 
19.55%; MR 42.27. CTHIiO2 P. Calculated:  C 53.16; H 7.01; P 19.59%; MR 42.05. 
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Fig. 1. Infrared spectra: i) 5-methyl-2-ethyl-2-oxo-1, 
2-oxa-4-phospholene (I); 2) 2-ethyl-5-methylene-4- 
ch lo ro -2 -oxo- l ,2 -oxa -3 -phsopho lene  (VI); 3 ) 4 , 5 - d i -  
me thy l -2 -e thy l -2 -oxo- l , 2 -oxa -4 -phospho lene  (VII); 4) 
4 -me thy I -2 -e thy l -5 -me thy lene -  2 - o x o - l , 2 - o x a - 3 - p h o s -  
pholene (XI); 5) ethyl es te r  of e thy l - (3 -ke to -2-methy l -  
butenyl)phosphinic acid (XIV). 

4 -Methy l -2 -pheny l -5 -methy lene -2 -oxo- l ,2 -oxa -3 -phospho lene  (XH). In a f lask fitted with a s t i r r e r  
and a reflux condenser  were placed 67 g of phospholane (X), 200 ml of anhydrous dioxane and 48.5 g of 
(C2H~)3N , and the mixture was heated at 80 ~ for  2 h. After cooling, the (C2Hs)3N.HC1 was fi l tered and the 
dioxane was vacuum-dis t i l led.  Distillation of the residue gave 37 g (74.8%) of 3-phospholene {XII) with bp 
125-127 ~ (0.02 ram); d2~ n~ 1.5640. Found: C 63.58; H 5.38; P 15.03%, MR 56.91. 

Ethyl-(3-keto-2-methylbutenyl)phosphinic  Acid (XII1). To 3.16 g of 3-phospholene (XI) was added 0.5 
g of water .  Here the t empera tu re  of the react ion mixture rose f rom 20 np to 48 ~ After removal  of the ex- 
cess  water  in a high vacuum we obtained 3.5 g of (XIII) (see Table 1). 

Es t e r s  of Ethyl-  (or Phenyl-)(3-keto-2-methylbutenyl)phosphinic Acid. An equimolar  mixture of 
e i ther  3-phospholene (XD or  (XI1) and the appropriate  alcohol was sealed in an ampul and heated at 100 ~ for  
8 h. Distillation gave the e thers  (XIV, xV,  XVI) (see Table 1). 
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C O N C L U S I O N S  

1. The counter synthesis of 5-methyl-2-ethyI-4-ehloro-2-oxo-l ,2-oxa-4-phospholene was accom- 
plished. 

2. The 4-methyl-2-ethyl-  and 4-methyl-2-phenyl-5-methylene-2-oxo-l ,2-oxa-3-phospholenes were 
obtained by the chlorination and dehydrochlorination of the 4,5-dimethyl-2-ethyl- and 4,5-dimethyl-2- 
phenyl-2-oxo- 1,2-oxa-4-phospholene s. 

3. The 4-methyl-2-ethyl  (or phenyl)-5-methylene-2-oxo-l ,2-oxa-3-phospolenes when treated with 
water  or alcohols are  converted to the corresponding phosphorylated ~, fi-unsaturated ketones. 

I. 

2. 

3. 
4. 

5. 
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