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It is known [1] that compounds containing the epoxide group can, as a rule ,  undergo three types of 
t rans format ions :  1) opening of the epoxide ring and format ion of addition products;  2) i somer iza t ion  to c a r -  
bonyl compounds;  3) i somer iza t ion  to unsaturated alcohols.  However,  data in the l i t e ra tu re  on this quest ion 
a re  insufficient  fo r  a - epox ides  of he te rocyc les  and they are  mainly concerned with a - epox ides  ofa lkyt furyl  
alcohols and c~-epoxides of sulfolenes [2, 3]. In ag reemen t  with these data, a t tempts  of Azanovskaya and 
Pansevich-Kolyada  [2] to isolate  products  f rom the react ion of epoxides of alkylfuryl  alcohols with alcohols,  
amines ,  and water  ended in fa i lure :  although the reac t ion  went, the products  formed could not be isolated.  
In the case of a - epox ides  of sulfolenes,  thei r  reac t ions  with hydrogen hal ides ,  water ,  ammonia,  and cer ta in  
o ther  reagents  were  studied. Here ,  smooth opening of the epoxide r ing [3] was observed with format ion  of 
only addition products .  It is  natural  to expect  that the p re sence  of other  he te ro  atoms in the ring,  and in 
pa r t i cu la r  a phosphorus atom, would in some degree  affect  the course  of the p rocess .  In the light of what 
has been presen ted  above, we thought it of in te res t  to study the chemical  behavior  of a - epox ides  of phos-  
phorus-conta ining he te rocyc l ic  compounds in the react ions  indicated. We chose as the object of the invest i -  
gation 3,4-epoxyphospholane 1-oxides  (A), which a re  bicycl ic  sys t ems  consist ing of condensed oxirane and 
phospholane f ragments ,  the p repara t ion  of which we repor ted  recent ly  [4]. Data on this quest ion a re  absent 
in the l i t e ra tu re .  

Data concerning react ions  of (A) with alcohols and water  in the p resence  of cata lysts  of acid charac -  
t e r ,  organic  acids ,  and hydrogen hal ides,  are  presented  in this communication.  Transformat ions  under  con- 
ditions of basic ca ta lys is  and also reac t ions  with amines wilt be repor ted  in subsequent publications. Upon 
react ion of (A) with alcohols the main course  of reac t ion  was found to be opening of the a -epoxide  r ing with 
fo rmat ion  of addition products  [5]. In the case of unsymmet r i ca l  (A), only one compound was isolated,  for  
which we propose the s t ruc tu re  having a secondary  hydroxyl  group on analogy with the product  of the open- 
ing of the a -epox ide  of methylcyclopentene under conditions of acid cata lysis  [6]~ In r a r e  cases  the r eac -  
tion was complicated by i somer iza t ion  to the unsaturated alcohols;  however,  the la t ter  (based on IR spec-  
t r a l  data) were formed as smal l  admixtures .  The compounds obtained r eac t  with acet ic  anhydride,  exchang- 
ing the hydroxyl group for an acetate group. Analogous transformations are also observed upon reaction of 
(A) with organic acids and hydrogen halides. In these cases the reaction is directed exclusively in the di- 
rection of formation of derivatives 3,4-phospholanediol 1-oxide, and the isomerization reaction is not ob- 
served. With the exception of the bromohydrin, the compounds obtained were found to be stable and, in the 
case of liquid products, did not decompose upon distillation. Reaction of (A) with water also proceeds 
smoothly and leads to 3,6-phospholanediol l-oxides. 

On the basis of what has been stated above, we concluded that all the processes studied by us pro- 
c e e d e d b y t h e  scheme 
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The compounds obtained are presented in Table i. They are viscous colorless oils or crystalline 
substances having quite high melting points, frequently poorly soluble in water and organic solvents. The 
compounds do not give a qualitative reaction for epoxide oxygen [7]. 

IR spectra were taken with the purpose of establishing the structure of the compounds obtained. Ab- 
sorption in the 840-850 cm -i region (characteristic for the c~-epoxide ring of phosphorus-containing epoxides 
[8]) was absent in the spectra. Absorption in the 3250-3400 cm -i region (OH stretching vibrations) was 
present for all of the compounds [except (XV)], and (IX)-(XII) and (XV) absorbed in the 1720-1740 cm -i re- 
gion (C =O stretching vibrations). A very weak absorption characteristic for the double bond situated in 
an c~,fl-position to the phosphoryl group appeared in the spectra of compounds (VI) and (VII). All of these 
data  col l f i rm the s t r u c t u r e s  p roposed  by us for  the adducts obtained. We have found a method [5] which 
makes  i t  poss ib le  to obtain 3 ,4-phospholanediol  1-oxides  m~ld some  of the i r  de r iva t ives  ea s i ly  and s imply .  

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

The s ta r t ing  3 ,4-epoxyphospholane 1-oxides  were  p r e p a r e d  by the method desc r ibed  e a r l i e r  [4]. 

React ion  with Alcohols .  A mix tu re  of the 3,4-epoxyphospholane 1-oxide (A), excess  alcohol, and 1-2 
d rops  of H2SO 4 or  5-7 d rops  of BF 3 e the ra te  o r  5 d rops  of H3PO 4 was boiled for  6-24 h with a ref lux  con-  
dense r ,  then neut ra l ized  with NaHCO 3 or  Ba(OH)2, and f i l t e red  f r o m  the p rec ip i t a t e .  All vo la~ le  products  
were  dis t i l led in vacuum.  The c rys ta l l ine  res idue  was r e c r y s t a l l i z e d  f r o m  a sui table solvent  and liquids 
were  dis t i l led in vacuum.  Ana lyses  and constants  of the compounds obtained are  indicated in Table  1. 

p r e p a r a t i o n  of 1 ,4-Die thoxy-3-phospholanol  1-Oxide (t). F r o m  16.2 g of (A) (R = OC~Hs, R '  = R W 
=H), 12.6 g of ethanol,  and 2 d rops  of cone. H2SO 4 a f t e r  boiling for  24 h, subsequent  neut ra l iza t ion  with 
Ba(OH)2 , f i l t ra t ion  f r o m  the p rec ip i t a te ,  and dis t i l la t ion of the liquid res idue  in vacuum we obtained 8.9 g 
of (I). 

P r e p a r a t i o n  of 1 ,4 -Die thoxy-4-methy l -3 -phospho lano l  1-Oxide (II). F r o m  12.6 g of (At (R = OC2H5, 
R '  = CH 3, R" = H), 30 nil of C2H5OH , and 7 d rops  of BF~ e the ra te  a f t e r  boiling for  6 h and subsequent  d i s -  
t i l la t ion we obtained 7.82 g of (II) (method a). 

b. F r o m  17.6 g of (A) (R = OC2H5, R'  = CH3, R ~ =H) ,  55.2 g of ethanol, and 1 drop of cone.  H2SO 4 
af te r  boil ing for  7 h, neu t ra l i za t ion  with NaHCO3, f i l t ra t ion,  and dis t i l la t ion of the liquid res idue  in vacuum 
we obtained 7.0 g (yield 31.5%) of (II). Yield of (II) in Table 1 is given for  method a. 

P r e p a r a t i o n  of 4 -M e t hoxy -3 ,4 -d i m e t h y l - l - pheny l -3 -phospho l ano l  1-Oxide (III). F r o m  1.1 g of (A) 
(R = C6H5, R '  = R" = CH3), 20 g of CH3OH , and 2 d rops  of conc.  H2SO 4 af te r  boil ing for  13 h with a ref lux  
condenser  and r e m o v a l  of alcohol in vacuum,  f i l t r a t ion  of the c rys ta l l ine  res idue ,  and r ee ry s t a l l i z a t i o n  of 
i t  f r o m  acetone we obtained 1.23 g of (III). 

Compounds (IV) and (V) were  obtained analogously.  

P r e p a r a t i o n  of 4 -M e t hy l - l , 4 -d i p ropox y -3 -phospho l ano l  1-Oxide (V.I). F r o m  7.0 g of (A) (R = OC3H7, 
R '  = C'H3' R" = H), 30 ml  of propyl  alcohol,  and 7 d rops  of BF 3 e the ra te  a f te r  boiling for  6 h and subsequent  
dis t i l la t ion we obtained 1.1 g of (VI). 

P r e p a r a t i o n  of 1 ,4 -Dibu toxy-3 ,4 -d imethy l -3 -phospholano l  1-Oxide (VII). F r o m  9.55 g of (At (R = OC 4 
�9 Hg, R'  = R ~ = CH3), 20 ml  of butyl alcohol,  and 5 d rops  of 65% H~PO 4 a f te r  boiling fo r  16 h, neut ra l iza t ion  
with NatICO3, f i l t ra t ion  f r o m  the res idue ,  and subsequent  dis t i l la t ion we obtained 2.7 g of (VII). 

R e a c t i o n  w i t h  A c e t i c  A n h y d r i d e  

P r e p a r a t i o n  of 1 ,4-Die thoxy-3-ace toxyphospholane  1-Oxide (XV).  A mix tu re  of 7.6 g of (It, 10 ml  of 
abs .  benzene,  6 ml  of (CH3CO)2 O, and 1 drop  of cone. H2SO 4 was held at  r o o m  t e m p e r a t u r e  for  48 h and then 
hea ted  at  80~ fo r  1 h.  Subsequent d is t i l la t ion in vacuum yielded 6.3 of p roduc t  (XV). 

R e a c t i o n  w i t h  H y d r o g e n  H a l i d e s  

p r e p a r a t i o n  of 4 -Ch lo ro -3 ,4 -d ime thy l - l -PhenYl -3 -phospho lano l  1-Oxide (XII.I). We disso lved  1 g of 
(At (R = C6H~, R '  = R W = CH 3) in e ther  and the solution was sa tu ra ted  with HC1. An oil p rec ip i t a ted  which 
hardened  upon rubbing with a g lass  rod.  We obtained 1.15 g of (XIII). 
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P r e p a r a t i o n  of 4 - B r o m o - 3 , 4 - d i m e t h y l - l - p h e n y l - 3 - p h o s p h o l a n o l  1-Oxide (XIV). We disso lved  1 g of 
(A) (R~= C6H 5, R ' ~ R " ~ C H 3 )  in 5 ml  of dist i l led H20. To the solution we added 5 ml  of 48% HBr.  An oil 
p rec ip i t a ted  which solidified upon rubbing with a g lass  rod.  We obtained 1.3 g of product  (XIV). Af te r  
washing with w a t e r  and acetone with r e c ry s t a l l i z a t i on  f r o m  ace tone-n -hep tane ,  5 : 1, we obtained co lo r l e s s  
c r y s t a l s  (dec. t .  185 ~ which turned brown under  the influence of light. 

R e a c t i o n  w i t h  O r g a n i c  A c i d s  

P repa ra t i on  of 4~Ace toxy-3 ,4 -d ime thy l - l -pheny l -3 -phospho lano l  1-Oxide ' !X). A mixture  of 1.95 g of 
(A) (R~C6Hs ,  R ' - ~  R ~ CH3) , 20 ml  of anh. CH3COOH , and 2 drops  of H2SO 4 was  heated  at 50 ~ for  72 h. 
The exces s  CH3COOH was  dist i l led in vacuum.  The solid was f i l te red  off, washed with e the r ,  and l ~ c r y s t a l -  
l ized f r o m  acetone .  We obtained 2.25 g of p roduc t  (X). 

P r e p a r a t i o n  of 3 ,4 -Dime thy l - l -pheny l -4 - ( t r i ch lo roace toxy) -3 :phospho lano l  1-Oxide (XII).  A mix ture  
of 0.6 g of (A) (R-~ C6H5, R '  ~ R " - ~  CH3), 0.7 g of the anhydride of CC13CO2H in 12 ml  of abs.  C6H 6 was 
boiled for  15 h. The solvent  was r emoved  in vacuum. The res idue  was r ec ry s t a l l i z ed  f rom a c e t o n e - m e t h -  
ylene chlor ide ,  5 : 1. We obtained 0.85 g of p roduc t  (XII).  

Compound (XI) was  obtained analogously.  

P r e p a r a t i o n  of 4 - A c e t o x y - l - e t h o x y - 3 , 4 - d i m e t h y l - 3 - p h o s p h o l a n o l  1-Oxide (IX). We held 14 g of (A) 
( R ~  OC2H 5, R'  ~ R" == CH3), 70 ml  of anhyd. CH3COOH, and 3 drops  of H2SO 4 at  room t e m p e r a t u r e  for  288 
h, a f t e r  which the CH3COOH was r em oved  in vacuum,  The res idue  was diluted with e the r  and washed with 
an aqueous solution of K2CO 3 to a neut ra l  reac t ion .  The e the r  l aye r  was s epa ra t ed  f r o m  the aqueous l aye r  
and the l a t t e r  was  ex t r ac t ed  two t imes  with e the r .  

The ex t r a c t s  were  combined with the e the r  l aye r  and dr ied over  Na2SO 4. Af ter  f i l t ra t ion f r o m t h e  d r y -  
ing agent  the solvent  was r emoved  in vacuum and the res idue  was subjectecl to dist i l lat ion.  We obtained 
10.2 g of product  (IX). 

R e a c t i o n  w i t h  W a t e r  

P r e p a r a t i o n  of 3 ,4 -Dime t lwl - t -pheny l -3 ,4 -phospho laned io l  1-Oxide (VIII).  A mix tu re  of 0.6 g of (A) 
(R---~ C~H 5, R'---~ R" ~ CH3), 4 mt  of I{20, and t drop of conc. H2SO 4 was boiled fo r  13 h. The prec ip i ta ted  
c r y s t a l s  were  f i l te red  off, washed with wate r ,  and r e c r y s t a l l i z e d  f r o m  dioxane. We obtained 0.6 g of prod-  
uct (VIII), 

CONCLUSIONS 

Upon r eac t i on  of 3 ,4-epoxyphospholane i - o x i d e s  with alcohols  and w a t e r  in the p r e sence  of ca ta lys t s  
having acid c h a r a c t e r ,  organic  acids ,  and hydrogen ha l ides ,  opening of the c~-epoxide r ing occurs  with fo r -  
mat-ion of addition products .  
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