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In the presence  of s tannic  chlor ide .  2 ,3 -d ieh lo ro te t rahydrofuran  adds 
to isoprene with the fo rmat ion  of 3 - e h l o r o - 2 - ( 4 ' - e h l o r o - 2 ' - m e t h y l -  

bu t -2 ' - eny l ) t e t r ahydro fu ran  and to p ipe ry l ene  and b iv iny l  with the 
format ion ,  p r edominan t ly ,  of 3 - e h l o r o - 2 - ( 4 ' - c h l o r o p e n t - 2 ' - e n y l ) -  
and 3 - c h l o r o - 2 ' - ( 4 ' - c h l o r o b u t - 2 ' - e n y l ) t e t r a h y d r o f u r a n ,  respec t ive ly ,  

wi th  their  a11yl isomers.  The amount  of the la t ter  was e s t ima ted  from 
the NMR spectra  a t  20 -30%.  

The addi t ion  of 2, 3 - d i c h l o r o t e t r a h y d r o f u r a n  (I) to 
d i enes  in the p r e s e n c e  of z inc  c h l o r i d e  was  f i r s t  d e -  
s c r i b e d  by V a r t a n y a n  [2, 3 ,7 ] .  In the  p r e s e n t  p a p e r  we 
give the r e s u l t s  of an independen t ly  u n d e r t a k e n  i n v e s -  
t iga t ion  of th is  r e a c t i o n  in the  c a s e s  of i s o p r e n e  (II), 
p i p e r y l e n e  (III), and b iv iny l  (IV). We w e r e  i n t e r e s t e d  
p r i m a r i l y  in the i s o m e r i c  c o m p o s i t i o n  of the add i t ion  
p r o d u c t s  in a c c o r d a n c e  with the fol lowing s c h e m e :  
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the structure of the products, which boiled within nar- 
row temperature limits, was established from their 
IIZ and NMR spectra. In the IR spectra (Fig. i) the 

presence of the isomer of type b was detected in prod- 
uct IV (stretching vibrations of the C=C and C--H 

*For part VII, see [i]. 

bonds of the terminal vinyl group at1645 and 3100 cm -I, 
respectively) but was absent from product V. In the 
olefin region, the NMR spectrum of product V (Fig. 2) 
had only a triplet with 5 5.6 ppm corresponding to the 
structure Va; the isomer Vla was practically absent. 
In the same region the product VII gave an unsym- 
metrical group of signals of which the signal with 5 
5.7 ppm corresponded to the olefinic protons of the 
isomer VIIa and the 3' proton of the terminal vinyl 
group of the isomer VIIb and the signal in the 5 5.3- 
4.9 ppm region corresponded to the 4' protons of the 
terminal vinyl group of the isomer VIIb. A comparison 
of the areas of the peaks permitted an approximate 
evaluation of the content of the isomer VIIb as 20-30%. 
In the NMR spectrum of product VI, the signals of the 
methyl group represented the superposition of two 
doublets: 5 1,5 ppm, J 8 Hz (isomer Via), and 5 1.65 
ppm, J 4 Hz (isomer VIb). In this case analysis by 
peak areas was difficult. For strong signals, quanti- 
tative conclusions can be based on the amplitudes of 

the resonance peaks [4]. On this basis, we estimated 
the content of isomer VIb as 20% from the ratio of the 
amplitudes of the methyl doublets. 

For the assigment of the signals, we made use of a 
published compilation [5]. The purities of the products 
were checked by thin-layer chromatography on alumina 
in benzene. In this process no differences were found 
between the isomers. The chlorides obtained were 
characterized by the picrates of the corresponding S- 
substituted thiouronium salts. 

The authors are deeply obliged to B. I. lonin for 

help in recording and interpreting the NMR spectra. 

Com- 
pound 

V 

VI 

VII 

Bp, ~ 
(pressure, 

ram) 

91.5-- 
92 (1) 
93--  

935 (I) 
90.5-- 
91 (I) 

dfl ~ 

1.1768 

1.1536 

1.1952 

riD20 

1.5013 

1.4925 

1.4968 

MRDcatcu- Empirical formula 
found fated 

52.41 52.58 C9H14Ct~O 

52 58~ 52.65 C~H~2CIO2 

47.74 4 7 1 9 7  C8H12C120 

51,59 

52.35 

49.61 

Found, % 

6.63 

6.73 

6.51 

CI 

34.08 

a3.8~ 

36.12 
I 

Calculated,  % Yield*,  

C H el % 

51.69 6.75 33,43 44 

51.69 6,75 33,43 83 

49,25 6.20 36,35 77 

Picrate of thiouronium salt 

rap. "C 

161-- 
162 
163-- 
164 
162 

empirical formula 

C~oHIrCIN2OS.C6HaNaO7 

C~oH~rCIN=OS-C6HaNaOr 

CgHtsC1N2OS.C6HaNaO7 

N,% 

calcu- 
found lated 

14.56 ! 14.66 
i 

14.70 14.66 

14.96 15.10 

*Without taking the unchanged chloride I into account the yield of V was 48% and of VI 60%. 
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Fig. i. IR spectra: i) 3-chloro-2-(4'- 
chloro-2'-methylbut-2'-enyl)tetrahdro- 
furan (V); 2) 3-chloro-2-(4'-chloro-2'- 
methylpent-2'-enyl)tetrahydrofuran (VI) ; 
3) 3-chloro-2- (4'-chlorobut-2'-enyl)- 

tetrahydrofuran (VII). 
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Fig. 2. NMR spectra: 1) 3-chloro-2- 
(4'-chloro-2'-methylbut-2'-enyl)tetra- 
hydrofuran (V); 2) 3 -ch loro-2- (4 ' -  
ch loro-2 ' -methylpent -2 ' -enyl ) te t ra -  
hydrofuran (VI); 3) 3-ch loro-2- (4 ' -  
chlorobut-2 ' -enyl) te t rahydrofuran 
(VII). (Shifts in ppm shown on the 5 

scale . )  
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EXPERIMENTAL 

Addition of 2, 3'diohlorotetrahydrofuran (I) to di- 
enes. In drops,  0.1 mole of the appropriate diene in 
5 ml of carbon tetrachloride was added with st irr ing 
and cooling to a mixture of 0.t mole of the chloride I 
[6] in 30 ml of dry carbon tetrachloride and 2 ml of 
a 10% solution of stannic chloride in carbon te t ra -  
chloride. Stirring was continued at 15-200 C for 4 hr.  
The reaction was stopped by the addition of 0.4 ml of 
pyridine in 20 ml of petroleum ether.  The precipitate 
was filtered off and the filtrate was distilled in vacuum 
(see table). The picrates  of the S-substituted thiouron- 
ium salts were recrys ta l l ized from ethanol. 

The IR spectra  were taken on a UR-10 instrument 
in a thin layer.  The NMR spectra  were taken on a 
JNM-3 (40 MHz) instrument for the pure substances 
with hexamethyldisiloxane as internal standard. 
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