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The synthesis of 3,4-epoxyphospholanes,  bicyclic compounds composed of condensed phospholane and 
oxirane rings, was repor ted  in [1]. Smooth opening of the a-oxide ring occur red  when these compounds 
were reacted with cer ta in  compounds under acid catalysis  conditions, with the formation of the 3,4-glycols  
of phospholanes or  the i r  derivatives as the addition products [2]. In some cases  the process  was complicat-  
ed by the formation of a small  amount of ~, f l -unsaturated alcohols as impurity. 

Continuing our study of the chemical  proper t ies  of 3,4-epoxyphospholanes,  we also made a study of 
the i r  behavior when reacted  with cer ta in  nucleophilic reagents  under basic catalysis  conditions. The 
present  paper  is devoted to a discussion of the obtained resul ts .  As a rule, three types of t ransformat ions  
occur red  when nucleophilic reagents  were reacted with compounds containing an ~-oxide ring: 1) opening 
of the ~-oxide ring with the formation of addition products;  2) i someriza t ion to a , f i -unsa tura ted  alcohols; 
3) i somer iza t ion  to carbonyl  compounds [3]. The mechanism of the p rocess ,  leading to the formation of 
addition products,  reduces  to attack by the nucleophilic reagent of the carbon atom having the lowest elec-  
t ron density, the formation of the intermediate anion, and the rapid addition of a proton. In the given case 
the catalytic action of bases is explained by the fact that they increase  the activity of the O - H  bond of the 
compound that condenses with the oxide [4]. 

Isomerizat ion p rocesses  are observed less frequently under basic cata lys is  conditions than are the 
p rocesses  of opening of the a-oxide ring. Here isomerizat ion products  are  formed frequently together 
with the addition products.  According to the l i terature  data [5-7], the action of bases on s -ox ides  reduces 
to attack of the hydrogen atoms, attached to the carbon atom of the oxide ring and to the carbon atom in the 
a-posi t ion  to the oxide ring, and the f i rs t  step of this react ion consists  in cleavage of one of the protons by 
the anion of the base. The redistr ibut ion of the bonds in the formed anion, caused by the cleavage of a pro-  
ton, leads to the formation of the corresponding isomeriza t ion products.  The direction of the isomerizat ion 
depends on the s t ruc ture  of the compound: the formation of carbonyl compounds occurs  only in the case where 
the carbon atoms in the a-posi t ion  to the oxide ring are devoid of hydrogen atoms; a-oxides ,  in whose mole-  
cules are present  hydrogen atoms, attached to both the carbon atom of the oxide ring and the ~-carbon  atom 
(with respec t  to the oxide ring), undergo i somer iza t ion  only to a, f l -unsatura ted  alcohols. 

In view of what has been said it is possible to expect the formation of products with the following 
s t ruc ture  when 3,4-epoxyphospholanes are reacted  with nucleophilic reagents  under basic catalysis  condi- 
t ions: 
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A c t u a l l y ,  i t  p r o v e d  tha t  in the  p r e s e n c e  of c a t a l y s t s  wi th  a b a s i c  c h a r a c t e r ,  in e i t h e r  a l coho l  o r  a c e t i c  
a c i d  m e d i u m ,  oniy i s o m e r i z a t i o n  p r o c e s s e s  t ake  p l a c e ,  in  which  connec t ion  the so l e  p r o d u c t s  a r e  ~ , p - u n -  
s a t u r a t e d  a l c o h o l s  of type  (a), (d), (g), and (h). In p r i n c i p l e ,  the  f o r m a t i o n  of c o m p o u n d s  with  s t r u c t u r e s  
(b) and (i) i s  p o s s i b l e ,  but  the  I R - s p e c t r o s c o p y  da t a  do not c o r r o b o r a t e  such  a s t r u c t u r e  f o r  the  compounds  
i s o l a t e d  by us .  

Such a w e l l - d e f i n e d  c o u r s e  of the  r e a c t i o n  we a s s o c i a t e  with the e n h a n c e d  l a b i l i t y  of the  h y d r o g e n  
a t o m s  of the  m e t h y l e n e  g r o u p s  a d j a c e n t  to the s t r o n g l y  p o l a r  p h o s p h o r y l  g roup .  ~{any a u t h o r s  [8-16] have  
r e p o r t e d  p r e v i o u s l y  on the l a b i l i t y  of the h y d r o g e n  a t o m s  in the m e t h y l e n e p h o s p h o r y l  g roup .  The un ique -  
h e s s  of the  3 , 4 - e p o x y p h o s p h o l a n e s  c o n s i s t s  in the f ac t  tha t  t h e i r  m e t h y l e n e p h o s p h o r y l  g r o u p s  a r e  found in 
the  c~-posi t ion to the  c a r b o n s  of the oxide  r ing ,  which  f a v o r s  i s o m e r i z a t i o n  only to c~ , /~-unsa tura ted  a l coho l s .  
2he h y d r o g e n  a t o m s  found a t t a c h e d  to the  c a r b o n  a t o m s  of the  oxide  r i n g  o r  (in the  c a s e  of m e t h y l  s u b s t i -  
t uen t s  on the c a r b o n  a t o m s  of the oxide  r ing) in the  CH 3 g roup ,  a r e  much  l e s s  l a b i l e  than  the  h y d r o g e n  a t o m s  
of the m e t h y l e n e p h o s p h o r y l  g roup .  ~Ihe ob t a ined  r e s u l t s  c o n f i r m  th i s  a s s u m p t i o n .  

A m i x t u r e  of i s o m e r s  wi th  the  s t r u c t u r e s  (g) and (h) i s  f o r m e d  in the e a s e  of  an u n s y m m e t r i e a l l y  
s u b s t i t u t e d  3 , 4 - e p o x y p h o s p h o l a n e .  It p r o v e d  p o s s i b l e  to i s o l a t e  t h e s e  i s o m e r s  in the p u r e  s t a t e  by r e p e a t e d  
f r a c t i o n a l  d i s t i l l a t i o n .  The i s o m e r  wi th  s t r u c t u r e  (g) was  f o r m e d  in much  l a r g e r  a m o u n t s  than  the  i s o m e r  
wi th  s t r u c t u r e  (h). This  can  p r o b a b l y  be e x p l a i n e d  by  the fac t  tha t  the  h y d r o g e n  a t o m  hav ing  an a d j a c e n t  
m e t h y l  g roup ,  is  l e s s  a v a i l a b I e  to the  anion  of the ba se  d u r i n g  a t t ack .  

The s t r u c t u r e  of the  ob t a ined  compounds  (g) and (h) was  e s t a b l i s h e d  on the b a s i s  of the  IR s p e c t r a ,  
and was  c o r r o b o r a t e d  c h e m i c a l l y .  F o r  th i s  p u r p o s e  we u sed  the a b s o r p t i o n  band of the  s t r e t c h i n g  v i b r a t i o n  
of t h e  C = C bond.  It is  known [17] t ha t  i t s  f r e q u e n c y  is  m a i n l y  dependen t  on the  d e g r e e  and c h a r a c t e r  of the  
s u b s t i t u t i o n  of the  double  bond  and the con juga t ion .  In (g) and (h) the C = C bond  was  found in the  s a m e  
p o s i t i o n  to the  p h o s p h o r y l  g roup ,  but had  a d i f f e r e n t  d e g r e e  of subs t i t u t i on .  We a l so  m a d e  use  of th i s  d i f -  
f e r e n c e .  As  m o d e l  compounds  we took the  2 - p h o s p h o l e n e s  and ob ta ined  the 2 - p h o s p h o l e n - 4 - o l s ,  the  p o s i -  
t ion  of the double  bonds  in which  f a i i e d  to evoke  doubt .  Below a r e  g iven  the f r e q u e n c i e s  of the  s t r e t c h i n g  
v i b r a t i o n s  of the  C = C bonds  in t h e s e  c o m p o u n d s  and the  s t r u c t u r e s  of the  c o m p o u n d s  t h e m s e l v e s .  
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In the IR spec t rum of one of the i somers  isolated by us there was present  intense absorption with a 
frequency of 1585 cm -1, while the other i somer  exhibited intense absorption at 1610 cm -1. On the basis of 
the data given below we assigned s t ructure  (g) to the f i rs t  compound, and s t ructure  (h) to the second com- 
potmd, as respect ively  being compounds with an unsubstituted and substituted double bond. The validity of 
such an ass ignment  was also confirmed chemically.  For  this purpose the compound, which was assigned 
s t ructure  (h), was oxidized with K2Cr207 in benzene. The product that was formed here  was reacted  
with 2,4-dinitrophenylhydrazine.  As a resul t  we isolated the 2,4-dinitrophenylhydrazone,  which indicates 
the presence  of a keto group, which could be formed f rom a compound with a secondary  hydroxyl group 
according to the scheme:  
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The formation of carbonyl compounds of type (e) or (m), or  of addition products of type (c), (f), (p) 
or  (t), was not observed under the conditions selected by us. In all of the experiments ,  together with the 
main products,  was formed a noticeable amount of polymers .  As catalysts  we used sodium alcoholates,  
t r ie thylamine and sodium acetate. The i somer iza t ion  proceeds most  vigorously in the presence  of sodium 
alcoholates.  Even the addition of a small  amount of such a cata lyst  causes a sharp r i se  in the tempera ture  
and a yellowing of the solution, for  which reason the components were mixed using chilled water  for cooling. 
The other cata lys ts  fail to give a heat effect and require  additional heating. 

The obtained compounds are  listed in Table 1, while the experimental  details are descr ibed in the 
experimental  part.  

E X P E R I M E N T A L  

The s tar t ing 3,4-epoxyphospholanes were synthesized by the previously descr ibed method [1]. 

Prepara t ion of 1 -E thoxy- l -oxo-2-phospho len-4-o l  (I). To a solution of 23.9 g of 3-e thoxy-3-oxo-6 ,3-  
oxaphosphabieyclo [3,1,0]hexane in 60 ml of absolute ethanol, using chilled water  for cooling, was gradually 
added a solution of C2H5ONa(0.14 g of Na in 10 ml of absolute ethanol). When all of the alcoholate had been 
added the mixture was kept at room tempera ture  for 12 h, and then it was heated under reflux for  25 h. 
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Then the mixture was cooled at room tempera ture ,  cautiously neutral ized with hydrochlor ic  acid solution, 
and diluted with diethyl ether.  The obtained precipitate of NaC1 was fil tered, all of the readi ly volatile 
products  were vacuum-dis t i l led,  and the residue was subjected to fract ional  distillation. We obtained 17.7 
g (74%) of (I). 

Prepara t ion  of 1 -E thoxy- l -oxo-4 -me thy l -2 -phospho len -4 -o l  (II) and 1 - E t h o x y - l - o x o - 3 - m e t h y l - 2 -  
phosptmlen-4-ol  (HI). To a solution of 38.0 g of 1-methyl-3-ethoxy-3-oxo-6,3-oxaphosphabieyclo[3,100]---- 
hexane in 67 ml of absolute ethanol, ~with cooling in a water  bath, was gradually added a solution of C2HsONa 
(0.6 g of Na in 15 ml of absolute ethanol). After adding all of the alcoholate the exper iment  was run as 
indicated above for the preparat ion of (I). Here we obtained 26.9 g of a mixture of (II) and (III). By re -  
peated fract ional  distil lation we were able to isolate 20.6 g (53.3%) of (II) and 1.7 g (4.4%) of (III). 

Prepara t ion  of 1 -E thoxy- l -oxo-3 ,4 -d ime thy l -2 -phospho len-4 -o l  (IV). A mixture of 22.8 g of 1,5- 
dimethyl-3-ethoxy-3-oxo-6,3-oxaphosphabicyclo[3,1 ,0]hexane,  100 ml of absolute diethyl ethel-, 10 ml of 
glacial  acetic acid and 0.5 g of anhydrous sodium acetate was heated under reflux for  15 h. All of the readi -  
ly volatile products were vacuum-dis t i l led using a wate r - je t  pump, while the residue was subjected to f r ac -  
tional distillation. We isolated 8.0 g (35%) of (IV). We also recovered  14.05 g of the s tar t ing oxide. 

Prepara t ion  of 1 -Pheny l - l -oxo-3 ,4 -d ime thy l -2 -phospho len-4 -o l  (V). A solution of 0.6 g of 1,5-di-  
methyl-3-phenyl-3-oxo-6,3-oxaphosphabicyclo[3,1 ,0]hexane and 0.4 ml of t r ie thylamine in 5 ml of absolute 
ethanol was heated under reflux. All of the readi ly volatile products  were vacuum-dist i l led.  The residue 
was dissolved in CH2C12, and the addition of e ther  to this solution gave a precipitate.  The precipi tate  was 
f i l tered and rec rys ta l l i zed  f rom boiling acetone. We obtained 0.3 g (50%) of (V). 

Oxidation of 1 -E thoxy- l -oxo-3 -me thy l -2 -phospho len -4 -o l .  To a solution of 2.1 g of (III) in 20 ml of 
absolute benzene was slowly added in drops,  with shaking and cooling, a solution of 1.65 g of K2Cr207 and 
1 g of conc. H2SO 4 in 10 ml of distilled water.  Here the appearance of an intense lilac color  was observed,  
which after  some time changed to a pale yellow. Then the react ion mixture was kept at room tempera tu re  
for  10 h, the benzene layer  was separated,  and the aqueous l ayer  was extracted f i rs t  with 30 ml of benzene, 
and then twice with 25-ml port ions of f resh ly  distil led CHC13. The ext rac ts  and benzene l aye r  were com-  
bined, dried over  anhydrous Na2SO4, and fi l tered f rom the drying agent. All of the readi ly volatile products 
were vacuum-dist i l led,  using a wa te r - j e t  pump f irs t ,  and then an oil pump. We obtained 1.3 g of residual  
oil. 

Prepara t ion  of 2,4-Dinitrophenylhydrazone (VI). To a solution of 0.5 g of the product  f rom the p re -  
ceding reac t ion  in 15 ml of ethanol was added a solution composed of 0.4 g of 2,4-dini t rophenylhydrazine,  
2 ml of conc. H2SO4, 5 ml of H20 and 15 ml of ethanol. A yellow precipitate began to deposit  within 5 min 
af ter  mixing, and the precipi tat ion was prac t ica l ly  ended in 5 h. After  I0 h the precipi tate  was fi l tered,  
washed twice with a little water,  r ec rys ta l l i zed  f rom boiling ethanol, and washed with ether.  We isolated 
0.85 g of a product (81.7%) with mp 184-185 ~ Found: C 44.10; H 4.44; P 8.47%. C~3Hl~N40~P. Calculated: 
C 44.05; H 4.23; P 8.75%. The IR spec t ra  confi rm the s t ruc ture  of the hydrazone.  

In conclusion the authors s incere ly  express  their  gratitude to Z. G. Isaeva for  a number  of valuable 
suggestions,  made during the course  of the work and in interpret ing the resul ts .  

C O N C L U S I O N S  

1. In the presence  of cata lys ts  of basic charac te r ,  3,4-epoxyphospholanes are  i somer ized  to 2-phos-  
photen-4-ols .  

2. Unsymmetr ica l  3,4-epoxyphospholanes form a mixture of i somers ,  with a substantial  predominance 
of the i somer  containing a t e r t i a ry  hydroxyl group. 
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