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In a previous  pape r  [1] we showed that  a ry l  vinyl e thers  can undergo S immons-Smi th  reac t ion  {2] 
with fo rmat ion  of the cor responding  unsubst i tuted a ry l  cyclopropyl  e thers .  As a r e su l t  of spec t roscop ic  
invest igat ions on the a ry l  cyclopropyl  e thers  we es tabl i shed t r a n s m i s s i o n  of the conjugation effect  between 
the cyclopropyl  and a ry l  groups  through the oxygen br idge .  This gave us r e a son  to suppose that  an analogous 
effect  would be found not only in such a romat i c  compounds,  but also in cyclopropyl  e thers  containing other  
unsa tura ted  groups  (vinyl, carbonyl) .  It was t he re fo re  of in te res t  to syn thes ize  cyclopropyl  vinyl e ther  and 
inves t iga te  some  of its physica l  and chemica l  p rope r t i e s .  

We synthes ized  cyclopropyl  vinyl e ther  (I) by the S immons-Smi th  reac t ion  in two ways: methylena-  
tion of 2 -ch loroe thy l  vinyl e ther  with subsequent  dehydrochlor inat ion,  and methylenat ion of divinyl e ther  
(I1) with 1 mo lecu l a r  p ropor t ion  of reagent .  
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Methylenation goes  m o r e  smoothly  in the f i r s t  case  and leads to the adduct (I) in 20% yield.  In the 
second ease  reac t ion  is accompanied  by cons iderab le  po lymer iza t ion  of divinyl e ther ,  as a r e su l t  of which 
the monoadduct  (I) was  i so la ted  in only 7% yield.  The samples  of (I) obtained by the two methods w e r e  
identical  in the i r  constants  and re tent ion t imes  in GLC. We hope that compounds of type (I) will help to 
br ing  into re la t ion  two fields of organic  c h e m i s t r y -  tile c h e m i s t r y  of eyc lopropanes  and the c h e m i s t r y  of 
vinyl compounds - which have developed independently. In this invest igat ion we c a r r i e d  out s e v e r a l  r e -  
actions of (I) in which only the vinyl group took par t .  In an acid medium (I) readi ly  hydrolyzes  with f o r m a -  
tion of a mix ture ,  which according to GLC cons is t s  sole ly  of eyelopropanol  (III) and acetaldehyde.  (III) was 
identified by compar i son  with a known s am p le  p r epa red  by the reduction of cyclopropyl  aceta te  with l i thium 
t e t r ahydroa lumina te  [3]. 
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In this case ,  unlike the hydro lys i s  of 2 -a lkoxycyc lopropanecarboxy l i c  acids [4], hydro lys i s  does not affect  
the t h r e e - m e m b e r e d  ring. It should be noted that a ry l  cyclopropyl  e thers  a r e  not hydrolyzed even when 
heated for  50 h with 2~c H2SO 4. (I) undergoes  diene condensat ion with hexachlorocyclopentadiene  at 100 ~ 
and with acro le in  at 180 ~ with fo rmat ion  of the cor responding  adducts: 1 ,2 ,3 ,4 ,7 ,7 -hexach loro-5-cyc lo-  
p ropoxy -2 -no rbo rnene  (IV) and 2 - c y c l o p r o p o x y - 3 , 4 - d i h y d r o - 2 H - p y r a n  (V): 
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The abili ty of (I) to undergo diene condensat ions with p r e s e r v a t i o n  of the t h r e e - m e m b e r e d  ring opens up 
the poss ib i l i ty  of the synthes is  of cycl ic  cyelopropoxy compounds of the mos t  va r i ed  s t ruc tu re .  The 
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TABLE 1. Intensities of C=C and C=O Lines and Their  
Ratios in Vinyl (I) and Cyclopropyl (II) Compounds to 
the Value in Isopropyl  Compounds (HI)* 
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Intensities of Raman lines on the cyclohexane scale: 
j~o of the 802 cm -1 line of cyclohexane = 500 units. 
The contours of the Raman lines of the s tandard and 
the substance under investigation were  recorded  photo- 
met r ica l ly  on a DFS- 12 spec t rophotometer  and then 
planimetered to determine joo 

The summation joo of all rotat ional  i somers .  
$ Calculated for one vinyl group. 

polymerizat ion of (I) under the action of boron t r i f luor ide ether complex leads to a polymer  containing 
cyclopropoxy groups d i rec t ly  linked to the chain: 

c.:=c._o_< I 
ol 

The IR spec t rum of the polymer  obtained contains lines due to the vibrations of the t h r e e - m e m b e r e d  ring 
(v, cm-l :  1030, 1060), while bands due to C=C bonds a re  absent. It should be noted that the polymerizat ion 
of (I) requi res  more  severe  conditions than the polymerizat ion of alkyl vinyl ethers:  it is not catalyzed by 
fe r r i c  chloride,  usually used for  this purpose.  

Investigation of the Raman spec t rum of (I) in compar ison  with the spec t ra  of model compounds showed 
the occur rence  of t r ansmiss ion  of the conjugation effects of the cyclopropyl  and vinyl groups through the 
ether oxygen atom. The t r ansmiss ion  effect is somewhat smal le r  than in the case  of the interaction of two 
vinyl groups (divinyl ether). An analogous effect is also observed in the case  of cyclopropyl  acetate.  The 
intensity of the line of the vinyl group in vinyloxy derivat ives and the intensity of the line of the carbonyl 
group in acetyl derivat ives depend to an appreciable extent on the charac te r  of the unsaturat ion of the 
res idue to which the group is attached. 

It follows f rom the data in Table i that the intensities of the C=C and C=O lines in isopropyl,  cyclo-  
propyl,  and vinyl der ivat ives  are  related as 1 : 1, 3 : 2, i.e., the relat ion is the same as that observed for 
the same ser ies  of aryl  ethers [1]. The Raman spec t ra  of cyclopropyl  vinyl ether and divinyl ether  contain 
two and three bands respect ively  in the region of the stretching vibrations of the C=C bond [1612 and 1633 
cm -1 for (i) and 1624, 1641, and 1667 cm -1 for  (II)]. The relat ive intensities of the bands are  the same in 
the Raman and the IR spectra ,  and in the Raman spec t ra  all the lines under discussion are  polarized.  In 
Raman spec t ra  determined for (I) and (II) in the crys ta l l ine  s tate  only one line due to C=C s t re tch  remains .  
In this case,  therefore ,  the splitting of the C=C band is due to the presence  of rotational i somers  and to the 
separat ion of vibrations into symmet r i ca l  and an t i symmet r i ca l  [5, 6]. 
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E X P E R I M E N T A L  

2 - C h l o r o e t h y l  C y c l o p r o p y l  E t h e r  

Etherea l  solutions (1 : 2) of 400 g of methylene  iodide and 106 g of 2 -ch loroe thy l  vinyl e ther  w e r e  
added s imul taneous ly  with s t i r r ing  at a r a t e  which mainta ined a un i form boil  to a suspension of a zinc-  
copper  couple [7], p r e p a r e d  f r o m  100 g of zinc dust and 7 g of copper  aceta te ,  in 750 ml  of e ther .  The r e -  
action mix tu re  was s t i r r e d  for  70 h at the boiling point of e ther .  After  the usual  t r e a t m e n t  the product  
was vacuum-dis t i l led  f rom the res inous  res idue  and col lected in a cooled rece ive r ;  it was dr ied over  C aCI 2 
and f rac t ionated .  We obtained 24.5 g (20%) of 2 -ch loroe thy l  cyclopropyl  ether; bp 142~ nD 20 1.4420; d420 
1.096. Found: C 49.78, 49.75; H 7.51, 7.53; C1 29.45, 29.47%. C5H9C10. Calculated: C 49.80; H 7.52; 
C1 29.41%. 

C y c l o p r o p y l  V i n y l  E t h e r  (I)  

F r o m  2 - C b l o r o e t h y l  C y c l o p r o p y l  E t h e r .  2 - C h l o r o e t h y l c y c l o p r o p y l e t h e r  (36g) was 
added dropwise  with s t i r r i ng  to 120 g of KOH powder heated to 160-170 ~ The product  dis t i l led off through 
a column and was t rapped in a cooled r e c e i v e r .  It was dis t i l led over  sodium, and we isola ted 13.5 g (59%) 
of (I); bp 68~ nD 2~ 1.4079; d42~ 0.8452. Found: C 71.32, 71.29; H 9.55, 9.51%. C5H80. Calculated: C 71.39; 
H 9.59%. 

F r o m  D i v i n y l  E t h e r .  (I) was p r e p a r e d  analogously to 2 -ch loroe thy l  cyclopropyl  e ther  Prom 
1 mole  each of the S immons-Smi th  reagents  (the couple was p r e p a r e d  f r o m  65 g of zinc dust and 4.5 g of 
copper  acetate)  and 63 g of divinyl e ther  (II) (as a 1 : 2 e therea l  solution). (II) and methylene  iodide w e r e  
added at room t e m p e r a t u r e  in the cour se  of 6 h, and the mix tu re  was s t i r r e d  fu r the r  for  30 h. The reac t ion  
product  was s t e am -d i s t i l l ed  off and dr ied with po ta s s ium carbonate;  e ther  was dis t i l led off through a col-  
umn of 20-p la te  efficiency.  F r o m  the r e s idue  a f te r  dis t i l la t ion over  sodium we isola ted 5.3 g (7%) of (I), 
identical  in constants  and in behav ior  in GLC to the s a m p l e  p r e p a r e d  by the f i r s t  method.  

R a m a n  S p e c t r u m  ( A , ,  e r a - l ) :  176(0) ,194(0) ,208(1) ,228(0) ,252(1) ,264(1) ,283(0) ,348(1) ,  
364(0), 385(2b), 412(1), 444(1), 480(0), 505(1), 540(0), 549(0), 590(lb), 620(0), 670(1), 700(0), 716(1), 739(2), 
770(1), 801(2), 812(1), 872(0), 897(1), 908(2), 933(0), 946(1), 962(1), 993(1), 1016(0), 1041(lb), 1068(0), 1094(0), 
1103(1), 1127(1), 1158(2), 1190(2), 1214(5), 1236(0), 1244(0), 1272(1), 1286(1), 1410(1), 1446(1), 1550(0), 
1612(4), 1633(3), 2783(3), 2783(5), 2934(1), 2963(1), 3017(5), 3046(3), 3056(1), 3081(3), 3094(3). 

tR S p e c t r u m  (~ , c m - 1 ) : $  695w,  739 m, 817v.w,  826v . s ,  908 m, 957 s, 993 s, 1012 s, 1036 m,  
1072 v.w, 1097 w, 1128 m, 1158 s, 1192 s, 1212 s, 1318 m, 1942 m, 1408 w, 1444 m,  1516 s, 1612 s, 1630 sh, 
1644 sh, 1896 w. 

H y d r o l y s i s  o f  (I)  

A mix tu re  of 1 g of (I) and 4 ml  of 2% H2SO 4 was shaken per iodica l ly  and kept at r oom t e m p e r a t u r e  
until it no longer  s epa ra t ed  into l aye r s .  The homogeneous solution obtained was sa l ted out with po tass ium 
carbona te  and dr ied  over  Na2SQ. According to analys is  by means  of GLC$ the upper  l ayer  was a mix tu re  
of aceta ldehyde and cyclopropanol  (III), which had the s a m e  re tent ion t ime  as a s ample  of (!II) p r e p a r e d  in 
a pa ra l l e l  e x p e r i m e n t  by the reduct ion of cyc lopropyl  ace ta te  with li thium t e t r ahydroa lumina te  [3]. 

1 , 2 , 3 , 4 , 7 , 7 -  H e x a c h l o r o -  5 -  c y c l o p r o p o x y - 2 -  n o r b o r n e n e  ( IV)  

A mix tu re  of 5.46 g of  hexachlorocyclopentadiene  and 1.7 g of (I) was  heated in p r e s e n c e  of hydro-  
quinone in a sea led  tube in a boiling wa te r  ba th  for  3.5 h. In dis t i l la t ion we isolated 3.06 g (80.5%) of the 
adduct (IV); bp 122 ~ (1 ram); nD 2~ 1.5431. Found: C 33.87, 33.58; H 2.25, 2.28; C1 59.39, 59.63% CIoHaCI60. 
Calculated: C 33.65; H 2.25; C1 59.61%. 

IR S p e c t r u m  (~ , c m - 1 ) :  699 m,  7 1 1 m ,  766 s, 790 s,  822 w, 8 4 4 s ,  870w,  917 m, 9 7 0 m ,  
998 m, 1012 m, 1023 m, 1037 m, 1066 m,  1103 m, 1120 m, 1175 v.s ,  1219 s, 1268 sh, 1280 m, 1334 s,  1380 
v.w, 1421 w, 1448 m,  1460 m, 1610 s,  2936 w, 2960 sh, 3000 sh, 3012 w, 3094 w. 

In the Raman  s pec t r a  r e l a t ive  v isua l  intensi t ies  a r e  given. 
IR s p e c t r a  we re  de te rmined  with UR-10 and Leitz ]:R s p e c t r o m e t e r s .  Denotations: w, weak; m, medium 

strength;  s, strong; v .s ,  v e r y  strong; sh, shoulder .  
:~ LKhM-5 ins t rument ,  2 - m  column, solid phase  INZ-600, liquid phase  Tween 80 10%, c a r r i e r  gas  hel ium. 
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2 -  C y c l o p r o p o x y -  3 , 4 -  d i h y d r o - 2  H-  p y r  an  (V) 

A mix tu re  of 3.6 g of (D and 3.36 g of acro le in  was heated in a s t ee l  ampule at 180 ~ for  1.5 h. By 
dis t i l la t ion we isola ted  4.04 g (66.2%) of the adduet (V); bp 76.5-77 ~ (26 mm); nD 2~ 1.4627; d42~ 1.024. Found: 
C 68.43; 68.70; H 859; 8.70%. C8H1202. Calculated: C 68.54; H 8.63%. 

IR  S p e c t r u m  ( v ,  e r a - l ) :  756 w, 769 v.w, 7 8 2 m ,  821sh ,  830sh ,  8 4 2 s ,  862w,  8 9 8 s , 9 2 0 s ,  
951 s,  976 s,  1003 s,  1024 s, 1060 v .s ,  1077 sh, 1108 s, 1140 m, 1172 s,  1201 sh, 1220 v .s ,  1230 v.s ,  1249 
m,  1321 w, 1350 s, 1368 m,  1405 w, 1460 m,  1660 s,  1694 sh, 1744 w, 1770 sh, 1830 v.w, 2858 m,  2890 sh, 
2940 s,  2968 w, 3014 m,  3069 m,  3092 w. 

P o l y m e r i z a t i o n  o f  ( I )  

A mix tu r e  of 3 g of (I) and 11 ml  of dry  heptane was s t i r r e d  in a s t r e a m  of argon at -70 ~ and two 
drops  of boron  t r i f luor ide  e ther  complex  w e r e  added. The cooling bath  was removed ,  and the mix tu re  was 
b rough t  to room t e m p e r a t u r e  in the c o u r s e  of 2 h and was  left  fo r  10 h in an a tmosphe re  of argon. The 
po lymer  was s epa ra t ed  f r o m  heptane and d isso lved  in e the r ,  p rec ip i ta ted  with heptane,  and vacuum-d r i ed  
to constant  weight.  We obtained 1.9 g (63%) of po lymer  of mo l .w t .  10,000 (determined cryoscopica l ly) .  

IR  S p e c t r u m  ( v ,  c m - 1 ) :  6 9 9 s ,  7 3 6 s ,  7 7 0 m ,  865sh ,  883sh ,  943w,  1007w,  1030w, 1060m,  
1080 W, 1092 m,  1150 s, 1180 w, 1270 m,  1300 sh, 1311 v .s ,  1377 w, 1455 m,  1476 m,  1592 w. 

C ' y c l o p r o p y l  A c e t a t e  

This was p r e p a r e d  by the method desc r ibed  in [2]. After  dis t i l la t ion through a column of 50-pla te  
efficiency it had: bp Ii0 ~ (735 ram); nD 2~ 1.4091; d42~ 0.9746. 

Raman Spectrum (Av , cm-l): 145(1), 295(0), 355(4), 400(2), 448(2), 502(0), 528(0), 628(6), 
711(0), 749(3), 819(3b), 879(7), 955(3), 992(3), 1025(3), i094(ib), I154(2b), 1171(2), 1208(7), 1228(2), 1356(2), 
1372(I), 1416(2), 1452(2), 1741(4), 2942(3), 3017(4), 3054(2), 3092(2). 

Divinyl Ether (If) 

This was prepared by the method described in [8]; bp 28.5~ nD 2~ 1.3980. 

Raman Spectrum (Av , cm-i): 145(i),218(0),284(Ib), 398(0),453(2b), 508(3b),578(0), 705(0), 
848(3b), 939(0), iiii(0), i186(0), 1298(10), 1322(100, 1382(2), 1624(3), 1641(7), 1667(5), 3035(2). 

CONCLUSIONS 

i. Cyclopropyl vinyl ether was synthesized, and some of its chemical and physical properties were 
investigated. The polymerization of the ether and diene condensations with it lead to the preparation of 
new eyelopropoxy compounds. 

2. It was sh0wnthat the conjugation effects of the eyclopropyl and vinyl groups are transmitted 
through the ether oxygen atom and that divinyl and eyelopropyl vinyl ethers show rotational isomerism. 
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