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INVESTIGATIONS IN THE F I E L D  OF OXYGEN-CONTAINING H E T E RO CY CL E S 

VII. Reac t ion  of 2 - C h l o r o t e t r a h y d r o f u r a n  wi th  Dienes*  

Yu. I. T a r n o p o l ' s k i i ,  M. M. T a r n o p o l ' s k a y a ,  B. I .  Ionin,  and V.  N. Belov  

K h i m i y a  G e t e r o t s i l d i e h e s k i k h  Soedineni i ,  Vol .  4, No. 3, pp .  4 0 0 - 4 0 4 ,  1968 

UDC 547. 722 .3 :541 .67 ' 543 .  422 .4 ' 544  

hi the presence of SNCla, 2-chlorotetrahydrofuran adds to isoprene, 
dimethylbutadiene, piperylene, and bivinyl in the 1,4 position with 
the formation of the corresponding allyl chlorides. In the case of 
bivinyl, appreciable amounts of the product of 1, 2-addition are also 
formed. The structure of the compounds obtained has been established 
by meam of IR and NMR spectra. 

We have  p r e v i o u s l y  shown [2] tha t  2 - c h l o r o t e t r a -  
h y d r o p y r a n  adds  to d i e n e s  in a s i m i l a r  m a n n e r  to  
a l i pha t i e  a - h a l o  e t h e r s  [3]. In the  p r e s e n t  w o r k  we  
have  s tud ied  the  ana logous  r e a c t i o n s  of 2 - e h l o r o t e t r a -  
h y d r o f u r a n  (I) wi th  b iv iny l  (II), i s o p r e n e  (HI), d i m e -  
thy tbu tad iene  (IV), and p i p e r y l e n e  (V) in the  p r e s e n c e  
of SnC14. 

The p r o d u c t s  of the  r e a c t i o n  of the  c h l o r i d e  I wi th  
the  d i enes  I I I - V  d i s t i l l e d  wi th in  n a r r o w  t e m p e r a t u r e  
r a n g e s  and w e r e  homogeneous  on c h r o m a t o g r a p h y  
in a th in  l a y e r  of a l u m i n a  (e luant  benzene ) .  The  p r o -  
duct  of the  i n t e r a c t i o n  of the  c h l o r i d e  I wi th  b iv iny l  
gave two s p o t s  on the  e h r o m a t o g r a m  unde r  the  s a m e  
condi t ions  (Rf 0 .76 ,  0 .78)  and d i s t i l l e d  ove r  a wide  
r a n g e .  The  h i g h e r - b o i l i n g  compound  (Rf 0 .76)  was  
i s o l a t e d  in the  p u r e  f o r m  by c a r e f u l  f r d c t i o n a t i o n ;  
the  s econd  componen t  cou ld  not  be  i s o l a t e d .  In a l l  
c a s e s ,  the  r e a c t i o n  was  a c c o m p a n i e d  by  c o n s i d e r a b l e  
r e s i n i f i c a t i o n .  

I t  migh t  have  been  e x p e c t e d  tha t  the  r e a c t i o n  would  
l e a d  both to the  p r o d u c t s  of 1 , 4 - a d d i t i o n  (VI-IX)  and 
to  t he i r  a l ly l  i s o m e r s  fVIa - IXa)  by the  fo l lowing 

s c h e m e :  
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C| IV, VIII, Villa C l l  3 CH 3 II 
V l a - - l X a  V, IX IXa II H CH 3 

A study of the  IR and NMR s p e c t r a  of the  p r o d u c t s  
ob ta ined  l e d  to  the  conc lus ion  tha t  the  f o r m a t i o n  of 
compounds  of type  V I - I X  is  p r e d o m i n a t i n g  in the  
c a s e  of b ivfuyl  and p i p e r y l e n e  and e x c l u s i v e  in  the  
c a s e  of i s o p r e n e  and d i m e t h y l b u t a d i e n e .  I t  m u s t ,  
h o w e v e r ,  b e  b o r n e  in  mind  tha t  the  a l ly l  r e a r r a n g e -  
men t  m a y  t a k e  p l a c e  du r ing  d i s t i l l a t i o n .  

In the  IR s p e c t r a  (F ig .  1) of the  c h r o m a t o g r a p h i -  
ca l l y  homogeneous  compounds  V I - V I I I ,  the  c o m -  
p a r a t i v e l y  high v a l u e s  of 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 t he  --C'-~-~C-- bond (1660-1670 
cm -1) and the  a b s e n c e  of a b s o r p t i o n  in  the  3100 c m  - i  

* F o r  p a r t  Vl, s e e  [1]. 

r e g i o n  ( s t r e t c h i n g  v i b r a t i o n s  of the  ~C- - -H  bond) 
c o r r e s p o n d  to  a n o n t e r m i n a l  p o s i t i o n  of the  double  
bond [4]. In the  s p e c t r u m  of the  l o w - b o i l i n g  f r a c t i o n  
wi th  bp  60* C (1 ram) ob ta ined  in the  i s o l a t i o n  of c o m -  
pound VI, the  a b s o r p t i o n  at  1645 and 3100 c m  -~ shows 
the  p r e s e n c e  of a p p r e c i a b l e  amounts  of compound  
Via .  In the  s p e c t r u m  of compound  IX t h e r e  i s  an i n -  
f l e c t i o n  at  1645 e m  -1 which  can  b e  a s s i g n e d  to  the  
p r e s e n c e  of a compound wi th  a t e r m i n a l  double  bond.  
A s i m i l a r  i m p u r i t y  w a s  d e t e c t e d  in  t he  p r o d u c t s  of 
the  add i t iona l  of 1 - c h l o r o - 3 - m e t h y l - 2 - b u t e n e  to p i p e -  
r y l e n e  [5]. I t  i s  not  exc luded  tha t  e l e c t r o p h i l i c  add i t ion  
to  p i p e r y l e n e  m a y  t ake  p l a c e  in  the  3 , 4  p o s i t i o n .  An 
a n a l y s i s  of the  IR s p e c t r a  in  the  r e g i o n  of the  d e -  
f o r m a t i o n  v i b r a t i o n s  of the  = C - - H  bond  i s  c o m p l i c a t e d  
by  the  a b s o r p t i o n  of the  t e t r a h y d r o f u r a n  r i n g .  

In the  NMR s p e c t r a  of compounds  V I - I I I ,  the  r e g i o n  
of the  o le f in ie  p r o t o n s  i s  of the  g r e a t e s t  i n t e r e s t  (F ig .  
2).  The  g roup  of s i g n a l s  of the  o le f in ie  p r o t o n s  of 
compound  VI h a s  a s y m m e t r i c a l  shape ,  a g r e e i n g  wi th  
t he  2, 3 p o s i t i o n  of the  double  bond  in the  s i de  cha in .  
The  s i ng l e  o le f in ic  p r o t o n  of compound  VII g ives  a 
t r i p l e t ,  5 = 5 .5  p p m ,  J = 8 . 6  Hz.  In the  s p e c t r u m  of 
compound  VIII,  the  s i g n a l s  of t he  t e r m i n a l  o l e f in i c  
p r o t o n s  a r e  p r a c t i c a l l y  a b se n t .  No d i f f e r e n c e s  be tween  
s t r u c t u r e s  IX and IXa a p p e a r  in the  w e a k - f i e l d  r e g i o n .  
The w e a k  s i g n a l s  wi th  5 = 5 .25  p p m  in the  s p e c t r u m  
of IX m a y  be  a s c r i b e d  to  a con ten t  of a compound 
wi th  a t e r m i n a l  v i n y l  g roup  (cf.  the  IR s p e c t r u m ) .  

A cho ice  can  b e  m a d e  b e t w e e n  s t r u c t u r e s  IX and 
IXa in the  r e g i o n  of  the  m e t h y l  p r o t o n s .  In the  s p e c t r a  
of compounds  VII  and VIII ,  the  s i g n a l s  of the  a l l y l i c -  
me thy l  p r o t o n s  and the  /3 p r o t o n s  of the  r i n g  o v e r l a p  
(5 = 1 . 7 - 1 . 8  ppm) .  In the  s p e c t r u m  of compound  IX, 
a double t  wi th  a s m a l l e r  sh i f t  (5 = 1 . 5  ppm)  than  was  
to  be  e x p e c t e d  fo r  the  a l ly l  p r o t o n s  in  compound  IXa 
c o r r e s p o n d s  to  the  me thy l  g roup .  The  o t h e r  p r o t o n s  
of compounds  V I - I X  a p p e a r  in  the  fo l lowing  r e g i o n s  
of the  s p e c t r u m  [6] : the  ~ p r o t o n s  of the  r i n g ,  5 = 
= 3 . 6 - 3 . 7 ;  the  p r o t o n s  of the  c h l o r o m e t h y l  g roup ,  
5 = 3 . 9 - 4 . 1  ; t he  m e t h y l e n e  g roup  a d j a c e n t  to  the  
r i n g ,  5 = 2 . 1 - 2 . 3 ;  and the  p r o t o n  of the  c h l o r o m e t h y l  
g roup  in compound  IX g i v e s  a q u a r t e t  wi th  5 = 4 . 5  ppm-  

Compounds  V I - V I I I  w e r e  c h a r a c t e r i z e d  by  the  
p i e r a t e s  of the  c o r r e s p o n d i n g  S - s u b s t i t u t e d  t h i o u r o n i u m  

s a l t s .  

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

2-Chlo~om~ahy&oft~an (I) was obtained by the photochemical 
chlorination of tetrahydroftttan at -50* C [~. 

2-(4-Chlc~o-2-butemyl)mtrahydrofman 0/I). To 32 g (0.3 mole) 
of the chloride I in 20 ml of CHtCI z were added first 6 ml of a 10~ 
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Fig. 1. ]R spectra: 1) 2-(4-chloro-2-butenyl)tefrahydro- 
furan (VI); 2) compound VI containing some 2- (2 -eh lo ro-  
3-butenyl)tetrahydrofuran (Via) [fraction with bp 60* C (1 
mm)[ ; 3) 2 - (4-chloro-2 -methyl-2-butenyl) te t rahydrofuran 
(VII) ; 4) 2 - (4-chloro-2,3-dimethy1-2 -butenyl) te t rahydro-  
furan (VIII); 5) 2- (4-chloro-2-pentenyl) te t rahydrofuran 

(IX). 
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Fig. 2. NMR spectra  (the numbers correspond to the 
numbers of the compounds in the table).  
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solution of snCl~ in CC1a and then, in drops with stirring, 100 ml  
of a solution of bivinyl in CC14 containing 18 g (0 .3  mole) of the 
diene,  and stirring was continued for 4 bt at 18-20  ~ C. The reaction 
was stopped by the addition of 1 .2  m l  of pyridine, the Ixeduet was 
filtered, the solvent was driven off, and the residue was distilled 
in vacuum. This gave 7 g of the unchanged eblc~ide I, bp 30 ~ C 
(13 ram). and 17 g (46%) of compound VI contaminated with com-  
pound Via, bp 60-69" C (1 ram). Vacuum fraetionation gave com-  
pound VI (see table). The initial fraction with bp 60 ~ C (1 ram), 
dZ, ~ 1. 0584, n~  1.4761, was used for recording the IR spectrum. 

Addition of the ch l~ i de  I to the dienes III-V. To 0 .2  mole  of 
the chloride I in 25 ml  of CHzC1 z was added 4 ml  of a 10~ solution 
of SnCla in CC14 and then, at 0* C, 0 .2  mole of the diene,  and the 
mixture was stirred at O* C for 1.5 hr  and at 20 ~ C for 1 hr. The 
reaction was stopped by the addition of 0 .8  m l  of pyridine, the 
product was filtered, the  solvent was driven off, and the residue 
was distilled in vacuum (see table). 

The  IR tlmctra were recorded on a URol0 i m t mmen t  in a thin 
layer. Prisms: NaC1 in the  700-1800 em -x region, LiF in the  2700-  
3200 cm - t  region.  

The  NMR ~ t ~ a  were taken on a JNM-3 ~ e n t  (40 MHz) 
with hexamethyldisi loxane at internal standard. 
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