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In this  work  we s tudied the homolyt ic  addi t ion of va r ious  e l ec t roph i l i c  addends: ch lo ro fo rm,  b r o m o -  
t r i ch lo rome thane ,  and hydrogen b romide ,  to unsa tu ra ted  compounds with a t e r m i n a l  double bond, containing 
e l e c t r o n - a c c e p t o r  groups ,  such as CCI a -  and CClaC (= O ) O - ,  s e p a r a t e d  f rom the double bond by var ious  
number s  of methylene units .  In the reac t ion  with CHC13, we inves t iga ted  t r i ch lo roa lkenes  with the s t r u c -  
tu re  CC13(CH2)nCH = CH2, n = 0, 2, 4 (Table 1). The addit ion of CHCI a to 3 , 3 , 3 - t r i c h l o r o p r o p e n e  p r a c t i c a l l y  
did not take p lace .  The main reac t ion  product ,  despi te  a tenfold excess  of the addend, was a d i m e r  of the 
or ig ina l  monomer .  In the ca se  of the o ther  t r i c h l o r o a l k e n e s  (n = 1, 2, 4), adducts with the s t ruc tu r e  CCI 3 
�9 (CH2)n+2CCI a with y ie lds  of 10, 71, and 46%, r e s pe c t i ve l y ,  were  obtained.  The s t r u c t u r e  of the o~,c~,~,w,w,w- 
hexach lo roa lkanes  was demons t r a t ed  by the PMR method. The hyd ro lys i s  of 1 ,1 ,1 ,6 ,6 ,6-hexachlorohexane,  
leading to adipic acid,  was a lso  conducted.  

B r o m o t r i c h l o r o m e t h a n e w a s  added to 5 , 5 , 5 - t r i c h l o r o - l - p e n t e n e ,  a l ly l  and vinyl e s t e r s  of t r i c h l o r o -  
ace t ic  acid (Table 2). The co r re spond ing  adducts were  i so la ted  in good y ie lds .  In the dehydrobromina t ion  
of 1 ,1 ,1 ,6 ,6 ,6 -hexach lo ro -3 -b romohexane  with d ie thylamine ,  1 ,1 ,1 ,6 ,6 ,6 -hexach loro-3-hexene  was obtained 
in an 80% yie ld .  The s t r u c t u r e  of 1 ,1 ,1 ,6 ,6 ,6 -hexach lo ro -3 -b romohexane  and 1 ,1 ,1 ,6 ,6 ,6 -hexach lo ro -3 -  
hexene was demons t r a t ed  by the PMR method (Table 3). Hydro lys i s  of adducts with the s t r u c t u r e  CC1aC 
�9 (= O)OCHBrCH2CC1 a and CClaC (=  O)OCH2CHBrCH2CCI 3 with aqueous ammonia  in both cases  led to the 
fo rmat ion  of the amide  of t r i c h l o r o a c e t i c  acid,  and, in the l a t t e r  case ,  an alcohol with the composi t ion  C4H 6 
�9 ClaBrO , p robab ly  with the s t r u c t u r e  CClaCH2CHBrCH2OH. 

The addit ion of hydrogen b romide  to 4 , 4 , 4 - t r i c h l o r o - l - b u t e n e  and 5 , 5 , 5 - t r i c h l o r o - l - p e n t e n e  led to 
the fo rmat ion  of adducts with a good y ie ld  (see Expe r imen ta l  sect ion) .  The s t r u c t u r e  of 1 , 1 , 1 - t r i c h l o r o - 4 -  
b romobutane  was demons t r a t ed  by conver t ing  it to t r i e h l o r o v a l e r o n i t r i l e ,  hydro lys i s  of which gave g lu ta r ic  

* Deceased .  

TABLE 1. Addition of CHC13 (S) to C C13 (CH2)nCH = CH 2 (IV[) in the P r e s -  
ence of 8 Mole % Dicyc lohexy lperoxyd ica rbona te  at 60 ~ M:S = 1:13 

2 

4 

Adducts 
t 

,-~- .~ Mp, ~ 

Found, % 

G H H a l  

Calculated, % 

CHCI~CHCICH~CCls * 
CC13(CH~)aCCla 
CCla(CH2hCC13 
CC|s(CH~)~CCls 46 / 28 

C 14 

2t,76 2,i4 75,39 2t,54 2,t7 
24,75 2,79 72,71 24,61 2,75 
30,t0 3,84 66,00 29,94 3,77 

l l a l  

76,30 
72,64 
66,29 

* The adduct was determined by the GLC method by identification with a known sample. 
"~ The basic reaction product is a dimer with the structure CC12 = CHCHzCCI2CHC1CH2C1 
[ I ] .  
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acid. The s t ruc ture  of 1 ,1 ,1- t r ich loro-5-bromopentane  was demonstrated 
by identification with a known sample by the method of ga s - l i qu id  ch ro -  
matography (GLC). It is interest ing to note that in the case of the r e a c -  
tion with 5 ,5 ,5 - t r i ch loro- l -pen tene ,  in addition to the adduct 1 ,1 ,1- t r i -  
ch loro-5-bromopentane ,  1 ,1-d ichloro-5-bromopentane  is formed (5% of 
the sum of the react ion products),  identified also by the GLC method. 
The formation of 1 ,1-d ichloro-5-bromopentane  is apparently associated 
with part ial  reduction of the t r ichloromethyl  group of the adduet under 
the conditions of the reaction.  

A compar ison of the yields of the adducts obtained in the reactions 
that we studied, as well as a compar ison of these resul ts  with the l i t e ra -  
ture data (the react ion of bromotr ich loromethane  with 3 ,3 ,3- t r ich loro-  
propene [2] and 4,4,4-tr ichlorobutene [3]) shows that in these react ions 
the effect of polar  factors  is manifested. This action is especially not ice-  
able in the react ion of CHCI 3 with t r ichloroalkenes with the s t ruc ture  
CCl3(CH2)nCH = CH2, n = 0, 1, 2, 4. In the case of the react ion of CHCl 3 
with 3 ,3 ,3- t r ichloropropene,  the radical  formed with s t ructure  CC13CH 
�9 CH2CCI 3 is r ea r ranged  to a radical  with s t ruc ture  CCI2CHCICH2CCI~ 
(analogously to the react ion of 3 ,3 ,3- t r ichloropropene with hydrogen b r o -  
mide, bromotr ich loromethane  [2]). The rea r ranged  radical with a radical 
center  on the dichloromethyl group, being electrophil ic,  is incapable of 
continuing the chain with an electrophilie addend -CHC13. Therefore ,  
in this react ion pract ical ly  no adduct formation is observed.  

In the addition of chloroform to 4 ,4 ,4 - t r i ch lo ro- l -bu tene ,  the rad-  
ical CCI3CH2CHCH2CCI 3 formed, as a result  of the influence of the two 
t r ichloromethyl  groups inthe a -pos i t ion  to the radical  center,  is also 
sufficiently electrophil ic;  therefore ,  its react ion with CHCI 3 is hindered, 
which also explains the low yield of the adduct. The removal  of one t r i -  
chloromethyl  group two and four methylene units f rom the radical  center  
in radicals  with the s t ruc ture  CCI~(CH2)nCHCH2CCI ~ (in the case of 5,5,5- 
t r i ch lo ro - l -pen t ene  and 7 ,7 ,7- t r ichIoro- l -heptene)  evidently reduces the 
electrophil ici ty of the intermediate radical ,  which promotes  the subse-  
quent substitution react ion with CHC13. Therefore  in these reactions the 
yield of the adduct is considerably higher (5-7 fold). 

We should also mention the following. In all the examples studied 
(with the exception of the react ion of CHCl 3 with 3,3,3-tr ichloropropene),  
adducts were isolated retaining the t r ichloromethyl  group of the initial 
unsaturated compound, i.e., no products due to r ea r rangement  of radicals  
with migrat ion of chlorine f rom the t r ichloromethyl  group to the distant 
radical  center  were found among the isolated products in radicals  with 
the s t ruc tures  C CI 3 (CH2)nCHCH2X (n = 1, 2, 4) and CCI3C (= O)O (CH2) mCH 
. CH2X (m - 0, 1). 

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

Addition of Chloroform to Unsaturated Compounds. To 100 ml 
CHC13, 17.3 g 5 ,5 ,5 - t r i ch loro- l -pen tene  in 30 ml CHCI 3 and 2.2 g dicyclo-  
hexylperoxydicarbonate  in 30 ml CHCl 3 were added simultaneously f rom 
two funnels over a period of 2 h with mixing at 60 ~ in a s t r eam of argon, 
after  which the react ion mixture was heated for  6 h at 60 ~ After the 
s tar t ing mater ia ls  and the decomposition products of the peroxide were 
distilled off, the react ion product was redisti l led under vacuum~ We ob- 
tained 20.9 g (71%) 1,1,1,6,6,6-hexachlorohexane (example 3, see Table 1). 
Hydrolysis  of it with 92-93% H2SO 4 at 90 ~ led to adipic acid with a yield 
of 84%. 
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TABLE 3. Pa rame te r s  of the PMR Spectra of the Compounds Ob- 
tained 

Formula of compound 

CClaCH~CH2CH~CC13 
CCIaCH~CH~CH~CH~CCI~ 
CClaCH2CH~CH~CH~CH2CH~CCla 
CCIaCH~CH BrCH~CH2CCla 
CClaCH2CH=CHCH2CCla 

CHaCCI8 

2,68 
2,72 
2.70 

~2,98 
2,80 

Chemical shifts 5, ppm 

--CH2CH2CCIa -CH~(CH.~)2CCI3 =CH-- 

2,27 
t,91 
t ,86 ~ ,57  
2,49 

6,27 

- -GHBr- -  

47~s 

* The PMR spectra were taken ona Perkin -ElmerV-12 instrument, 60 MHz. The 
chemical shifts are cited in the 5-scale (zero on tetramethylsilane); hexamethyldisi- 
loxane (5 = 0.05 ppm) was used as an internal standard. The ratios of the integral in- 
tensities correspond to the assignments made�9 

The addition of CHCI 3 to 3 ,3,3- t r ichloropropene,  4 ,4 ,4 - t r i ch loro- l -bu tene ,  and 7 ,7 ,7 - t r i ch lo ro-1-  
heptene (examples 1 ,2 ,4 ,  see Table 1) was conducted analogously. 7 ,7 ,7 -Tr ich loro- l -hep tene  was p ro -  
duced according to the method of [4] f rom 1,1 ,1- t r ichloro-7- iodoheptane with a yield of 19%; bp 73 ~ (10 mm); 
n~ 1.4711; d 2~ 1.1545. Found: C 41.74; H 5�9 CI 52�9 MR 48.66�9 CTHIiCI 3. Calculated: C 41.70; H 5.51; 
CI 52.75%; MR 48�9149 

Constants of 1 ,1 ,1- t r ichloro-7- iodoheptane:  bp 90 ~ (1 ram); n~ 1.5353; d 2~ 1.6520. Found: C 25.34; 
H 3.79%; MR 62�9149 CTHt2ClaI�9 Calculated: C 25.52; H 3.67%; MR 61.93. 

Addition of Bromotr ichloromethane  to Unsaturated Compounds�9 When 1�9 g 5 ,5 ,5- t r ich loro- l -pen tene  
and 4 g bromotr ich loromethane  were heated in the presence  of 1 mole % benzoyl peroxide for 3 h at 80 ~ we 
obtained 3.1 g (85%) 1,1 ,1 ,6 ,6 ,6-hexachloro-3-bromohexane (example 1, see Table 2). Dehydrogenation of 
the adduct with diethylamine in methanol at room tempera tu re  yielded ! , l , l , 6 ,6 ,6 -hexach loro-3-hexene ,  mp 
62 ~ w i t h  an 80% yield. Found: C 25�9 H 2.08; C1 73.03%. C6H~CI 6. Calculated: C 24.77; H 2.08; CI 73.15%. 
The products of the addition of bromotr ich loromethane  to the allyl and vinyl es te rs  of t r ichloroacet ic  acid 
are given in Table 2, examples 2 and 3. 

Addition of Hydrogen Bromide to Unsaturated Compounds�9 In the presence  of 1 mole % benzoyl perox-  
ide, HBr was passed through a solution of 35 g 5 ,5 ,5 - t r i ch lo ro- l -pen tene  in 50 ml CC14 at 80 ~ for 5 h. We 
obtained 19.5 g (38%) of the adduct. An analysis of the fract ion corresponding to the adduct by the method 
of GLC indicated that it consis tedof  1 ,1 ,1- t r ich loro-5-bromopentane  (95%) and 1 ,1-dichloro-5-bromopentane 
(5%). Identification with known samples was per formed on two phases of different polari t ies .  1 ,1-Dichloro-  
5-bromopentane and 1 ,1- t r ich loro-5-bromopentane  were produced according to the method of [5]. Constants 
of 1 , t , l - t r i ch lo ro -5 -b romopen tane :  bp 64 ~ (1 mm); n~ 1.5140; d 2~ 1�9 Found: MR 47.67; calculated MR 
47.65. According to the data of [6]: bp 110 ~ (2 mm). The picrate  of the isothiuronium derivative of 1,1,1- 
t r i ch loro-5-bromopentane ,  produced according to the method of [7], showed no depression of the melting 
point when mixed with a sample synthesized f rom 1,1,1,5-tetrachloropentane.  

The addition of HBr to 4 ,4 ,4 - t r i ch lo ro - l -bu tene  was ca r r i ed  out analogously to that described above 
by passing through HBr until the change in the index of ref rac t ion  ceased. The yield of 1 ,1 ,1 - t r i ch loro-4-  
bromobutane was 66%; bp 84-85 ~ (10 mm); n~ 1.5142; d~ ~ 1.6885. Found: C 20�9 H 2.44%; MR 42�9 Cr 6 
�9 CIaBr. Calculated: C 20.03; H 2�9 MR 43.04. 

F r o m  1 ,1 ,1- t r ich loro-4-bromobutane  and sodium cyanide we obtained t r ichlorovaieroni t r i le ;  bp 125- 
127 ~ (20 mm); n~  1.4834; d 2~ 1.3363. Found: C 32.18; H 3.39; Hal 56.83%; MR 39�9 CsHaClaN. Calculated: 
C 32.20; H 3.24; Hal 57.06%; MR 39.63. Hydrolysis  of t r ich lorovaleroni t r i le  led to glutaric acid. 

C O N C L U S I O N S  

The radical  addition of CHCI 3 to t r ichloroalkenes  with the s t ruc ture  CCI3(CHz)nCH = CH2; n = 0, 1, 2,4; 
that of bromotr ich loromethane  to 5 ,5 ,5- t r ich loro- l -pen tene ,  allyl and vinyl es te rs  of t r ichloroacet ic  acid; 
and the addition of hydrogen bromide to 4 ,4 ,4 - t r i ch lo ro - l -bu tene  and 5 ,5 ,5- t r ich loro- l -pen tene  were studied. 
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