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a - O L E F I N S  C O N T A I N I N G  C H C 1  2 AND C C 1 2 = C H  G R O U P S  

IN T H E  w - P O S I T I O N  TO T H E  C = C  B O N D  

N.  V.  K r u g l o v a  a n d  R .  K h .  F r e i d l i n a  UDC 542.955:547.412:547.413 

The homolyt ic  addition of electrophil ic  reagents ,  like CHC13, CClaBr or HBr, to polyehloro olefins 
that contain polyehlorinated groups in the co-position to the C=C bond was studied on the example of com-  
pounds of the type CC13(CH2)nCH------CH2(n = 0,1,2,4). It was found that when n = 0 or 1 the CC13 group hinders 
the addition of the indicated addenda [1]. In the present  paper  we studied the radical  addition of some poly-  
halomethanes CC13X(X=H , C1, Br) to (~-olefins of the even se r ies ,  in which the CHC12 and CC12=CH groups 
are  separated f rom the terminal  C------C bond by two or  more  methylene groups.  

We studied the compounds CHC12(CH2)3CH=:CH 2 (D and CC12=CH(CH2)nCH------CH 2 (II)-(IV), n = 2,4,6. The 
synthesis and s t ruc ture  of compounds (I) and (III) (n = 4) were descr ibed previously [2]. Compounds (II) and 
(IV) were obtained in a s imi lar  manner.  The s t ructure  of (ID was confirmed by bromination at the unsub- 
stituted C=:C bond, and by the IR and NMR spectra .  The s t ructure  of (IV) was confirmed by the IR spectral  
data. The addition react ion was initiated with ei ther  dieyclohexyl peroxydicarbonate (DCHPDC) or benzoyl 
peroxide (BP). The conditions of the addition react ions  and the obtained products  are  given in Tables 1 and 
2. 

As can be seen from Table 1, the reaction of 6 ,6-d ich loro- l -hexene  (I) with the indicated polyhalo- 
methanes gives the addition products  (V)-(VII) in good yields, in which connection the yield of the adduct 
with chloroform,  as is cus tomary ,  is lower than with the other CC13X. 

The addition of CC13X (X=H, C1, Br) to a , a -d ieh lo rod ienes  CC12=:CH(CH2)nCH=CH2, where n = 2,4,6, 
goes a t t h e  unsubsituted CH2------CH group. The yields of the adducts are  somewhat lower than in the case of 
(I), and v a r y  as a function of the distance between the CC12=CH and the CH2==CH groups.  Thus, 1,1-di-  
ch loro- l ,5-hexadiene  (1D gives adducts with all of the CC13X in 20-68% yields. F rom 1 ,1 -d ich lo ro - l ,7 -  
oetadiene (lid the adduct was obtained only with CC13Br (63%7, while with CC13H and CC14 the yields of the 

TABLE 1. Addition of CC13X(X=H, C1, Br) to Olefins (I)-(IV) in 
P resence  of DCHPDC or BP (8 mole % of DCHPDC, 60-65 ~ or 5 
mole % of BP, 90 ~ 

(i) (0,07) ~i t,3 
(o,o7) I c] i,26 

((I)) (0,08)1BJ 0,35 
(II) (0,07)[H t,3 
(II) (0,07)IH 1,3 
(II) (0,07)1c1[ 1,26 
(II) (0,07)]B~ 0,36 

(III) (0,03)]B~ 0,t5 
OV) (0,08)] H 1,3 

* The yields are based 
I" i0-Ii mole %- 
$ The yields are based 

Adduct 

Yield 
I%of 
theory 

DCHPDCT --I CHCI2(CH~).~CCI3 I (v) 40 
- --[ CHCI~(CH2)aCHC1CH~CC13 (VI)[ 73 

[~ i00 ~ CHCI~(CH~)3CHBrCH2CC13 (VII)[ 85 
[:)CHPDC. 60 ] CCI~=CH(CH~hCCla (VIII)| t7 

"1" 70/ " . (VIII)|25 
Y 80 [CC12=CH(CHz)~CHC1CHzCCI3 (IX)|53 $ 

IP i00 ]CCI~=CH(CH2)2CHBrCH~CCla (X)]63 $ 
�9 " 100 [CCI~ = CH(CH~)~CHBrCH~CCla (XI)|63 $ 

DCHPDC*~ 77 |CCi~ = CH(CH2)sCCla (XII)|33 

on the distilled-productS. 

on the sum of the isomers. 
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adducts co not exceed 2-3%, with a diene convers ion  of r e s p e c t i v e l y  40 and 50%. These adducts were  not 
isolated in the pure  s ta te .  The addition of ch loroform to 1 ,1 -d ich lo ro - l , 9 -decad iene  (IV) proceeds  with 
the format ion  of the adduct in 30% yield. It is poss ib le  to a s sume  that the anomalous behavior  of diene 
(III) (n = 45 with CHC13 and CC14, which a re  poore r  c a r r i e r s  of the react ion chain than t r i c h l o r o b r o m o m e t h -  
ane, is apparen t ly  assoc ia ted  with the in t ramolecu la r  t r ans fo rma t ions  of the in te rmedia te  rad ica l  CCI 2 
=:CHCH2(CH2)3CHCH2CC13, which lead to chain te rminat ion .  

The fo rmat ion  of the i somer i c  adducts in amounts of 10-15 re l .  % was obse rved  in the reac t ions  of 
dienes (I]:) and (HI) (n = 2,4) with all of the addenda CCI3X. The f rac t ions  of the adduets that,  based  on the 
GLC data,  contain up to 20 re l .% of the i s o m e r s ,  have the s ame  e lementa l  composi t ion [(IXaS, (Xa5, (XIa), 
see Table  2], and based on the data of the IR and NMR spec t ra ,  do not contain a t e rmina l  CH2-----CH group. 
The s t r u c t u r e  of  the i somer i c  adducts was not studied in more  detail .  

The s t ruc tu re  of adducts (V)-(XID, isolated in the pure  s ta te ,  was conf i rmed by the IR and NMR spec -  
t ra .  Fre~luencies at 660 and 750 cm - I  a r e  observed  in the IR spec t r a  of adducts (V)-(VHS, which a r e  cha r -  
ac t e r i s t i c  for  the CHC12CH 2 group; the s p e c t r a  of adducts (VIII)-(XID have f requencies  at 465, 610-615 ,880-  
885, 162(~, and 3040 cm - l ,  which co r re spond  to the  CC12----CH group. The obtained data co r respond  to those 
r epor t ed  in [1-4]. The NMR s pec t r a  of adducts (V)-(XI) r e spec t ive ly  have the t r ip le t s  of the proton of the 
CHC12CH:: group with 5 5.67, 5.71, and 5.72 ppm, and of the CC12=CItC12group, with 5 5.80, 5.85, 5.81, and 
5.80 ppm. A mult ip le t  of the protons  of the CC13CH2CH 2 group,  with 5 2.65 ppm, is obse rved  in the s p e c t r a  
of the adducts with ch lo ro fo rm [(V), (VIID]. In the spec t r a  of the adducts,  containing the CC13CH2CHX (X 
==CI, ]3 r )g roup ,  the protons  of the CH 2 group give a spec t rum of the AB type, with 5 ~ 3.18 ppm [in adduct 
(VI)] and ~3 .30  ppm [in adducts (VII), (IX)-(XI)]. The mult iplets  of the CH2CHXCH 2 group a re  found at 5 
~ 4.25 plum. The integral  intensi t ies  do not cont radic t  the s t ruc tu re  of the adducts.  The obtained r e su l t s  
a r e  found to be in a g r e e m e n t  with the l i t e r a tu r e  data [1, 2, 5]. 

EXPERIMENTAL METHOD 

The NMR spectra were taken for 25-30% CCI 4 solutions On a Hif~achi-Perkin-Elmer R-20 instrument, 
60 MHz, ~elat ive to TMS. 

All of the exper imen t s  we re  run in an argon a tmosphere .  The po lych loromethanes ,  as well as the 
s ta r t ing  ~.nd obtained chloro olefins,  were  dist i l led in an argon s t r eam;  the i r  pur i ty  was de te rmined  by GLC 
( ins t rument  equipped with a f lame- ion iza t ion  de tec tor ,  g lass  columns (2 m • 4 m m  and 1 m • 3 ram), e i ther  
10% poly(ethylene glycol adipate) or  6% Silicone E-301 deposi ted on C h r o m o s o r b  W (80-100 mesh) ,  135- 
165o). 

1,1i -Dichloro- l ,5-hexadiene.  As descr ibed  in [2], f rom 17.9 g of 1 , 1 , 3 - t r i c h l o r o - l - p r o p e n e  in an equal 
volume oi} e ther  and a l ly lmagnes ium bromide  ( f rom 37.5 g of allyl b romide ,  17 g of Mg and 300 ml of ether 
[6]) we obtained 20.5 g (90%5 of 1 ,1 -d ich lo ro - l ,5 -hexad iene ,  bp 77.5 ~ (70 ram); n~ 1.4720; d 20 1.0889. Found: 
C 47.71; H 5.38; C1 46.40%; MR 38.84. C6H8C12. Calculated:  C 47.71; H 5.34; C1 46.95%; MR 38.71. The 
f requencies  465, 610, 880, 912, 1620, 1640, and 3040 cm -1 in the IR spec t rum,  ass igned to the CC12:=CH and 
CH=CH 2 groups ,  co r re spond  to the data given in [2-4]. 

The data of the NMR spec t rum of CC12=CHCH2CH2CH=C- (5 , ppm): c 5.78, i 5.66, j 4.88, k 4.88; \ 
Hj 

Jcd = 7.05, Jik = 17.0, Jij = 9.3, and Jih = 6.0 Hz, co r respond  to the analogous data given in [2, 5]. The in- 
t egra l  intensi t ies  and the mult iplets  of the protons of the groups cor respond  to the given s t ruc tu re .  

The reac t ion  of 1 ,1 -d ich lo ro - l ,5 -hexad iene  with bromine  quanti tat ively gives 1 ,1 -d ich lo ro -5 ,6 -d i -  
b r o m o - l : h e x e n e ,  bp 131.5 ~ (8 mm); n~ 1.5510; d 2~ 1.8228. Found: C 23.09; H 2.52; Hal 74.35%; MR 54.40. 
C6HsC12Br2. Calculated: C 23.29; H 2.59; Hal 74.23%; MR 54.70. The data of the IR and NMR spec t r a  for 
the CC12=CHCH 2 group are :  465, 610, 885, 1620, 3040 cm -1 and 5 5.82 ppm. 

1,1~.Dichloro-l ,9-decadiene.  Operat ing as desc r ibed  in [2], we obtained 1 ,1 -d ich lo ro - l ,9 -decad iene  
f rom 1 , 1 - d i c h l o r o - 7 - b r o m o - l - h e p t e n e  [7] and a 3-fold mola r  excess  of CH2-----CHCH2MgBr in THF. After 
dist i l lat ion through a column, bp 137 ~ (70 ram); n~ 1.4730; d 2~ 1.0150; yield 75%. Found: C 57.97; H 7.79; 
C1 34.03; :MR 57.24. Cl0Hl~C12. Calculated:  C 57.97; H 7.79; C1 34.23%; MR 57.18. The IR spec t ra l  data 
for  the CC12------CH and CH2-----CH groups  are :  460, 610, 885, 910, 1620, 1640, and 3040 cm -l .  
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Addition of Chloroform to 6 ,6-Dichloro- l -hexene  (I). With s t i r r ing,  10.3 g of (I) in 25 ml of CHC13 
and 2.2 g of DCHPDC in 25 ml of CHC13 were added simultaneously in 2.5 h to 60 ml of CHC13 at 60% The 
mixture v~as then heated for 7 h at 60-65 ~ after which the solvent and start ing dichloro olefin were  distilled 
off. The res idue was distilled to give 7.7 g (40%) of 1,1,1,7,7-pentachloroheptane (see Table 2). 

The 1,1,7,7-pentachloroheptane was hydrolyzed with 94% H2SO 4 solution (90 ~ 2 h) to give w,w-dichloro- 
enanthic acid, bp 146 ~ (4 ram): n~ 1.4768; d 2~ 1.2240. Found: C 42.67; H 6.0; C1 36.44%; MR 45.95. CTHI2C12- 
02. Calculated: C 42.23; H 6.07; C1 35.62%; MR 45.80. 

The same procedure  was used to add CC14 to 6 ,6 -d ich loro- l -hexene  [adduct (VI)], and chloroform to 
1 ,1-d iehloro- l ,5-hexadiene  and 1 ,1-d ich loro- l ,9 -decadiene  [adducts (VIII) and (XID, see Tables 1 and 2]. 

Addition of Tr ich lorobromomethane  to 6 ,6-Dichloro- l -hexene  (I). A mixture of 70 g of CC13Br , 12 g 
of (15 and 0.8 g of BP (added in two portions) was heated at 90 ~ for 6 h. Distillation gave 24 g (85%) of 1,1,- 
1 ,7 ,7-pentachloro-3-bromoheptane  with bp 146-150 ~ (2 mm). The constants of the adduct are given in Table 
2. 

Addition of CC14 to 1 ,1-Dichloro- l ,5-hexadiene  (ID. The experiment was run under the same condi- 
tions as the addition of CHC13 to olefin (D. For  reaction we took 10.6 g of (ID, 120 ml of CC14 and 1.6 g of 
DCHPDC After distilling off the CC14 and star t ing (II) the residual  oil was distilled. We obtained: 9.2 g 
of fraction I with bp 135-141 ~ (3 mm), and 2.2 g of fraction II with bp 142-148 ~ (3 mm); the undistillable r e -  
sidue weighed 7.5 g. Based on the GLC data, fractions I and II are  adduct (IX), contaminated with 10-15 
rel .% of ~:he isomer .  The yield of the adducts was 50%. Distillation of fract ions I and II (from two exper i -  
ments) through a column gave the pure adduct (IX) (see Table 2). 

Add[ition of Tr ich lorobromomethane  to 1 ,1-Dichloro- l ,7-oc tadiene  (III). The experiment was run the 
same as with olefin (I). F rom 5 g of (I1D, 30 g of CC13Br and 0.2 g of BP, after the usual workup and d is -  
tillation, we obtained: 0.4 g of fraction I with bp 64-104 ~ (1.5 ram), 2.7 g of fraction II with bp 162-168 (1.5 
ram), and 3.7 g of fraction IlI with bp 168-178 ~ (1.5 ram); the undistillable residue weighed 2.5 g. Based on 
the GLC data, fraction IT is the near ly  pure adduct (XI), while fraction III contains the adduct and 11-13 rel .  
% of the i somers .  F rom fraction II after  two distillations we isolated the pure adduct (XI), devoid of iso-  
mers .  The constants are  given in Table 2. 

Adduct (X) was obtained in a s imi lar  manner (see Tables 1 and 2). 

C ONC L US I O N S  

1. The homolytic addition of some polyhalomethanes CXC13(X----H , C1, Br) to the ~-olef ins :  CHC12- 
(CH2)3CH?=CH 2 and CC12------CH(CH2)nCH-----CH 2 (n = 2,4,  6), was accomplished. The adducts were obtained in 
good yields. 

2. The adduct f rom the diene with n = 4 is formed only when an efficient c a r r i e r  of the react ion chain 
(CCI3Br) is used. 

1. 

2. 
3. 
4. 
5. 

6. 

7. 
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