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In continuation of studying the dehydrochlor inat ion of polychloroalkanes  of va r i ab le  s t ruc tu re  [1, 2], 
in the p re sen t  paper  we studied the cata lyt ic  and alkaline dehydrochlor inat ion of compounds of type CH 3- 
CC12CH2CHC1X iX = H (I), C1 (ID, CH 3 (IID]. Compounds (I)-(III) differ  f rom those p rev ious ly  studied by us 
in that one of the subst i tuents  a t tached to the CC12 group is the CH 3 group. Of the compounds of this type 
the ca ta ly t ic  dehydrochlor inat ion of 2 ,2 -d i ch lo ro -6 -b romohexane  was descr ibed  p rev ious ly  [3]. The r e a c -  
tion p roceeds  in the p r e s e n c e  of FeC13 at 40-60 ~ and leads to the ch lorobromohexene  in 80% yield; the d i -  
rec t ion  of the dehydrochlor inat ion was  not es tabl ished.  

I t  was found that  the cata lyt ic  and alkaline dehydrochlor inat ion of compounds (I)-(IID leads  to the 
fo rmat ion  of different  products ,  and that the course  of the dehydrochlor inat ion is affected by the nature  
of the X substi tuent .  

P r ev ious ly  it was mentioned that the p r e s e n c e  of one and, even m o r e  so, of two chlorine a toms in the 
/3-position to the CC12 group hinders  the dehydrochlor inat ion when F r i e d e l - C r a f t s  ca ta lys ts  a r e  used [1]. 
This fact  a lso  found conf i rmat ion  when studying the catalyt ic  dehydrochlor inat ion of compounds (I)-(II19, 
which p roceeds  at a h igher  t e m p e r a t u r e  and with a lower  yield of the dehydrochlor tnat ion product  when 
compared  with 2 ,2 -d i ch lo ro -6 -b romohexane  (Table 1). In all cases  the yield of the dehydrochlor inat ion 
products  does not exceed 30%, despi te  the high convers ion of the s ta r t ing  compounds. 

On the example  of (II) it was  shown that the bes t  dehydrochlor inat ion ca ta lys t  for  these  compounds 
is a mixture  of ZnC12 and FeC13 in a ra t io  of ~6 : 1. In the p r e s e n c e  of ZnC12 alone the react ion  t ime  in- 
c r e a s e s  2 to 3 t i m es ,  in the p r e s ence  of FeC13 the yield of the product  drops to 10%, while in the p r e s -  
ence of A1C13 alone the react ion mass  is conver ted  comple te ly  to a t a r .  

The catalyt ic  dehydroehlor inat ion of compounds (19-(III) p roceeds  by the following scheme  

a -* CH~=CC1CH.~CttC1X 

CH~CCI~CH~CHC1X-- b --~ CH~CCI=CHCHCIX 

A mixture  of 2 ,4 -d ich lo ro -2-bu tene  and 2 , 4 - d i c M o r o - l - b u t e n e  (IV) is obtained as the r e su l t  of the de -  
hydrochlor inat ion of (19, i .e. ,  the reac t ion  p roceeds  along both d i rec t ions  a and b. The catalyt ic  dehydro-  
chlorination of (I19 gave 2 , 4 , 4 - t r i c h l o r o - l - b u t e n e  (V), while the dehydrochlor inat ion of {II19 gave 2 ,4-d i -  
c h l o r o - l - p e n t e n e  (VI) (see Table  1). Despi te  the fact  that the reac t ion  with (II19 p roceeds  at a lower  t e m -  
p e r a t u r e ,  the yield of the dehydrochlor inat ion product  is not improved.  

On the bas i s  of the obtained data it may  be fo rma l ly  concluded that  in the case  of (I1) and (IID the 
dehydrochlor inat ion p roceeds  via the chlor ine of the CC12 group and the hydrogen of the CH 3 group,  i .e. ,  
along direct ion a .  However ,  it is not excluded that  the catalyt ic  dehydrochlor inat ion of (II) and (II1), the 
s a m e  as that  of (19, p roceeds  along d i rec t ions ,  but the products ,  fo rmed  according to di rect ion b, a re  
conver ted  to a t a r  under  the synthes is  conditions. Actually,  it was  shown by a specia l  exper iment  that 
2 ,4 ,4 - t r i ch lo ro -2 -bu tene ,  which should be fo rmed by direct ion b in the dehydrochlor inat ion of (II), is con- 
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T A B L E  1 

Starting 
compound 

(n) 

(I) 

(l id 

Reaction compound 

CH2=CCICH~CHCh (V) 

{ CH~=CC1CH~CH2C1 (IV) 60% 
CHsCCI= CHCH2C1 , 40 % 
CHz=CCICH~CHC1CH3 (VI) 

Catalyst 

ZuC-t~* 
FeCh 
AICh 

ZnCI~ + FeCls 
The same 

* Reaction time 5 h; in the other cases it was 1. 5 - 2 h. 

~ Conver- 

non,% 

160--1701 25 80 
t60--t70 / 10 100 

100 160--t701 ~ 76 
160--170 

140--i50 27 80 

it0--120 26 75 

TABLE 2 

Starting J Yield, 
compenn~ Reaction products % 

( i )  

(II) 

( i l I )  

(in) 

CH3CClzCI-I~CH~ 
CH~CCI=CHCH~C1 
CHzCCI=CHCH~0CH2CH~0CH~ 

CH~CCI~CH~CHCI ('VII) 35% 
CH~CCI=CHCHCI2 (u 65% 

CH3CC]=CHCHCICH3 (IX) 
CHsCCI=CHCHCH, (X) 

I 
0CH~CHzOCH~ 

(ix) 
!x) 

23 
2o 

87 

l i  
32 

Reaction conditions 

:no les of KO H/too le 

T, ~ ~f starting compotmd 

0--5 1 

5--i0 i 

10--20 i 

20 3 

c o n v e r t e d  c o m p l e t e l y  to  a t a r  when h e a t e d  a t  130 ~ fo r  20 rain in the  p r e s e n c e  of c a t a l y t i c  a m o u n t s  of a 
ZnCI~ + FeC13 m i x t u r e .  As a r e s u l t ,  the  c a t a l y t i c  d e h y d r o c h l o r i n a t i o n  of compounds  (I)-(IID is  a c c o m -  
p l i s h e d  v i a  the  c h l o r i n e  of  the  CC12 g r o u p  in the  d i r e c t i o n  of both  the  me thy l  and,  a p p a r e n t l y ,  the  m e t h y l e n e  

g r o u p s .  

T h e  d a t a  on the  a l k a l i n e  d e h y d r o c h l o r i n a t i o n  of (II) and (III) u n d e r  the  in f luence  of KOH in me thy l  
c e l l o s o l v e  a r e  g iven  in T a b l e  2. F o r  c o m p a r i s o n  we have  a l s o  g iven  in T a b l e  2 the d a t a  on the  d e h y d r o -  
c h l o r i n a t i o n  of (D, wh ich  w e r e  r e p o r t e d  by us p r e v i o u s l y  [2]. 

c 

CH3CChCH~CHCIX-- ~ d 
-~ CHaCCI~CH=CHX 

- - - ~  CHaCCI=CHCHCIX 

The d e h y d r o c h l o r i n a t i o n  o f  (II,  X = C1), the  s a m e  as  tha t  of (I), p r o c e e d s  wifll an i n v o l v e m e n t  of the h y -  
d r o g e n  of the  CH 2 g r o u p  and the c h l o r i n e  of both  of the  c h l o r i n e - c o n t a i n i n g  g r o u p s ,  and l e a d s  to the  f o r -  
m a t i o n  of  a m i x t u r e  of 1 , 3 , 3 - t r i e h l o r o - l - b u t e  e (VII) and  1 , 1 , 3 - t r i c h l o r o - 2 - b u t e n e  (-VIII) in a r e s p e c t i v e  
r a t i o  of 35 : 65 (GLC).  If  i t  is t aken  into acco un t  tha t  the  y i e l d  of the  m i x e d  i s o m e r s  is  c l o s e  to q u a n t i t a t i v e ,  
w h i l e  compound  (VIID is  f o r m e d  in an amoun t  t ha t  is  a p p r o x i m a t e l y  tw ice  tha t  of  (VII), then i t  m a y  be  c o n -  
c luded  tha t  d e h y d r o c h l o r i n a t i o n  t o w a r d  the  CC12 g r o u p  is  a c c o m p l i s h e d  to a g r e a t e r  d e g r e e  than  t o w a r d  the  
CHC12 g roup .  

A mixture of (VII) and (VIII) when heated with catalytic amounts of ZnCI 2 at 80 ~ for i0 rain is con- 

verted to (VIII), i.e., (VII) under the influence of ZnCl 2 undergoes allylic anienotropic rearrangement, the 

same as occurred in the case of 3,3,3-trichloro-l-propene [5]. 

The alkaline dehydroehlorination of (lID gives a complex mixture of products. However, 2,4-di- 

chloro-2-pentene (IX) was isolated in the reaction with an equimolar ratio of the reactants; under the con- 
ditions of excess alkali, (Ill): KOH = 1 : 3, the main reaction product is 2-chloro-4-(fi-methoxyethoxy)-2- 

pentene (X). In addition, based on the NMR data, the fraction from which (IX) was isolated also contains 

CH3CCI2CH =CHCH 3 (characteristic signal of the CH3CH group). Based on the NMR spectrum, the low- 
boiling fraction (two substances according to GLC) represents a mixture of the dienes CH3CCI =CHCH 

=CH z and CH2=CCICH=CHCH 3. These products were not isolated in the pure state. As a result, the 
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TABLE 3 

.1, HZ 

-CH~CHC] JAB J A X  

CHaCChCH2CHC1CHs* (III) 

CH~=CC1CH~CHC1CH3 (VI) 

5, ppm from HivIDS 
Compound , S o l -  - - C H z -  -CHCl-  

v e n t  HA I HB 

CC14 2,65 2,65 [ 4,28 t,58 t_~,6 6 ~ 
C6Hs 2,19[ 2,37 4,06 t,25 
CCI~ 2,60 2,60 4,t8 1,46 
c~m 2,27 2,39 3,96 t ,13 I - ~ , 5  7 ~  

5CHsCC12 = 2.05 ppm in CC14, and 5CHaCCI 2 = 1. 90 ppm in CsH 6, 

JBX 

77 

TABLE 4 

Compound Solvent 

H i \  C c/C1 (IV) ] CCI~ 

tt.. / = \CH~CH2C1 CeDs 
CH2= CC1CH~CHCh (V) CCh 

CsD6 
CH~=CC1CH~CHC1CHs * (VI) CCh 

CsDs 

I-L 

5,30 

4,88 
5,37 
4,90 
5,2i 
4,78 

8, ppm 

H2 

5,30 

5,04 
5,37 
5,08 
5,2i 
4,.95 

* See Table 3 for the chemical shifts of the other protons. 

rom HMDS 

~CC1CH2 

2,65 

2,25 
3,t2 
2,74 

--CH2C1 Or 
--CHCI2 

3,56 

3,29 
5,94 
5,69 

alkaline dehydroehlor inat ion of (HI) p roceeds  via the chlorine of both the CO12 and CHC1 groups ,  in which 
connection the fo rmed  monoenes  undergo fu r the r  dehydrochlor inat ion to dienes,  while,  in addition, in (IX) 
the al lyl ic  chlorine a tom is rep laced  by an alkoxy group to give (X). 

The s t ruc tu re  of all of the obtained compounds was conf i rmed by the NMR method. As a ru le ,  the 
NMR spec t r a  r e p r e s e n t  the sum of the s pec t r a  of the f r agments  (1, 2, 7) known to us, for  which reason  we 
will  d i scuss  in detail  only the c h a r a c t e r i s t i c  t r a i t s  of these  spec t r a .  The molecules  CH3CC12CH2CHC1CH 3 
(IID and CH 2 =CC1CH2CHC1CH 3 (VI) contain an a s y m m e t r i c  center ,  but the nonequivalence of the methylene 
protons  is mani fes ted  only in CsH ~ (Table 3). 

The p r e s e n c e  of the CH2=CC1 group is common for  compounds (IV), (V), and (VI). It was  found that 
in CC14 the H 1 and H 2 protons  have equal shielding (a s inglet  in the spec t rum) ,  but in C6H 6 they a r e  non- 
equivalent (Table 4). 

Compounds (VIII), (IX), and (X) belong to the type of compounds that  were  d iscussed  in detail p r e -  
viously [6]. The spec t ra l  t r a i t s  were  asce r ta ined  fo r the  Z -  and E - i s o m e r s ,  of which only the chemical  
shift  of the - C H  = protons and the vicinal  constant  J (=CH-CHC1-)  a r e  cha rac t e r i s t i c  in the given s e r i e s  of 
compounds (Table 5). Based on the data of the NMR spec t r a ,  (VIII) is found to be approx ima te ly  90% in the 
Z - f o r m ,  for  (IX) the Z :E rat io  is ~ 70 : 30 ,  while in compound (X) the E - i s o m e r  p redomina tes  somewhat.  

The s t ruc tu re  of CH3CC12CH =CHC1 (VII) was  proved by the NMR spec t rum,  which was obtained for  a 
mix ture  of (VII) and (VIII). The NMR spec t rum of (VIII) is given in Table 5. The NMR spec t rum of (VII) 
consis ts  of the known f r agmen t  of the CH3CC12 and CHC1 =CH group (AB sys t em,  JAB = 13.2 Hz; 5 A = 6.60; 
6 B = 6.32 ppm). Not iceable  contamination with the second g e o m e t r i c  i somer  is absent.  By ana logywi th  
[2, 6] it is poss ib le  to a s s u m e  that  (VID is found mainly  in the E - f o r m .  

E X P E R I M E N T A L  M E T H O D  

The GLC ana lys i s  was  run on an ins t rument  equipped with a f lame- ion iza t ion  de tec tor  and a 1 m • 3 
m m  column packed with 8% SE-30 deposited on C h r o m o s o r b  W. Ni t rogen was used as the c a r r i e r  gas.  

The NMR s p e c t r a  w e r e  obtained on a H i t a c h i - P e r k i n - E l m e r  R-20 ins t rument  of 60 MHz, for 30% 
solutions of the compounds in CC14, C6D6, or  CsHs, at 34 ~ 

2 ,2 ,4 -Tr ich loropen tane  (III). As desc r ibed  in [7], (III) was  obtained in 37% yield f rom 1 ,1 ,1 - t r i -  
chloroethane and propylene  using a t r i c h l o r o e t h a n e - p r o p y l e n e  mole  ra t io  of 1 : 1. The constants and anal -  
ys i s  of (HI), and also of the o ther  newly obtained compounds,  a r e  given in Table  6. 
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TABLE 5 

Compound 

CH3CCI=CHCHCh (VIII) 

CH3CCI=CHCHC1CH3 (IX) 

CHaCC1--CHCHCH3 (X) 
I 
OCH2CH~OCHa 

" '  i 

=onfigu- 
ration 

6, ppm from HMD8 _i 
Sol- 

vent 

2,06 
t,63 
2,07 
t,64 
1,t2 
1,10 
1,t4 
0,99 

Z CCI4 
C~D6 

E CCh 
C6D~ * 

Z CCI,t 
C6D6 

E CC14 
C~H~ 

Z CCla 
C6D~ 

E CC14 
C6Ds 

~,47 
B,38 
~,22 

4,76 
4,84 
4,58 
4,30 
4,23 
4,26 
4,04 
3,79 

2,tt- 
t,54 
2, t l  
t,50 
1,50 
t,23 
t,52 
1,t3 
2,06 
1,74 
2,04 
1,76 

5.76 9,0 
5;57 
6,03 9,8 

5,48 9,3 
5,32 
5,76 I0,0 
5,6t 
5,36 8,0 
5,t7 
5,44 9,0 
5,42 

* The assignment is made difficult in view of the fact that the E-form is present in 
small amount (~ 10~]o) in C6D 6. 

TABLE 6 

Compound 

CHaCChCH2CHC1CHa [81 

CH~=CC1CH~CHCh 

CH2=CC1CH~CHC1CHa 

CHaCCI=CHCHCI2 

CHaCCI=CHCHCICH3 

CH3CCI=CHCHCH3 
I 

OCH~CHzOCH: 

[~ p, ~ 
p, mm 

of ttg) 

65(26) 

74(98) 

75(100) 

83(93) 

79(97) 

83(15) 

t,462t 

t,4800 

t,4563 

t,4861 

1,464t 

t,4473 

1,204t 

t,307C 

t,0945 

1,295~ 

1,090~ 

t,010~ 

MR 

found 

40,07 

34,53 

34,58 

35,26 

35,08 

46,83 

found 
ca lculate d 

34,42 5,11 [ 

30,34 3,25 
3 - ~  I 

43,33 5,73 ] _ _  
s,82 t 

30,32 3,t7 
3 - ~  - -  

4~,39 5,8t 
4-3,19 5,82] 
53,37 8,52 
5-5~,77 s,~6 

t 

CI 

60,29 
60,59 
66,70 
66,71 
50,71 
50,99 
66,00 
66,71 
50,3E 
50,99 
20,00 
19,85 

Catalytic Dehydrochlor ination 

l,l,3,3-Tetrachlorobutane (If). To 58.8 g of (If) at 100 ~ was added 0.2 g of a mixture of ZnCI 2 + FeCI 3 

and the reaction products were distilled off slowly (the temperature of the reaction mixture was 160-170~ 

The distillation was accompanied by the evolution of HCI. The distillate at 130-135 ~ was collected, which 

was distilled through a column. We obtained 11.9 g of (IV) and 14.i g of (If). 

1,3,3-Trichlorobutane (I). The dehydrochlorination of (1) was run in a similar manner at 140-150 ~ 

The distillate was collected at 110-120 ~ From 16.1 g of (1), after distillation through a column, we ob- 

tained 3.4 g of a mixture of (IV) and 2,4-dichloro-2-butene, bp 71-73 ~ (I00 ram), in a respective ratio of 

3 : 2, and 3.1 g of (1). 

2,2,4-Triehloropentane (lID. The dehydrochlorination of (Ill) was run at 110-120 ~ After the cal- 

culated amount of HCI had evolved the reaction product was distilled off at 70-135 ~ (135 ram), and then 

redistilled through a column. From 70 g (0.4 mole) of (IID we obtained 14.1 g of (VI) and 17.5 g of (Ill). 

A l k a l i n e  D e h y d r o c h l o r i n a t i o n  

1,1,3,3-Tetrachlorobutane (If). With stirring, a solution of 18.4 g of KOH in methyl cellosolve was 
added to 58.8 g of (II) at 5-10 ~ After stirring for 4-5 h the mixture was diluted with water. The organic 
layer was separated, washed with water, and dried over CaCl 2. Distillation through a column gave 41.7 
g of a mixture of (VII) and (VIII) in a respective ratio of 35: 65. 

2,2,4-Triehloropentane (Ill). In the same manner as the preceding, at 20 ~ from 35.2 g of (HI) and 
12.6 g of KOH, after distillation through a column, we obtained 6.5 g of (IX), 1.2 g of (X), and 8.8 g of (Ill). 

From 17.5 g of (III) and 18.0 g of KOH under the same conditions we obtained 1.4 g of (IX) and 5.8 
g of (X). 
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I somer iza t ion  of 1 , 3 , 3 - T r i c h l o r o - l - b u t e n e  (VII) to 1 ,1 ,3 -Tr i cMoro -2 -bu tene  (VIII). A catalyt ic  
amount of ZnC12 was added at  80 ~ to 4.8 g of mixed i s o m e r s  (VII) and (VIII), obtained by the alkal ine de-  
hydrochlor inat ion of (II). After 10 rain the reac t ion  mixture  was  cooled and decanted f rom the prec ip i ta te  
into a dis t i l la t ion f lask.  Dist i l lat ion gave  4.2 g (87%) of 1 ,1 ,3 - t r i ch lo ro -2 -bu tene  (VIII). 

CONCLUSIONS 

1. The catalytic dehydrochlorination of compounds of general formula CH3CCI2CH2CHCIX (X = H, 
Cl, CH 3) under the influence of Friedel-Crafts catalysts is accomplished via the chlorine of the diehloro- 
methylene group toward both the methyl and the methylene groups. 

2. The alkaline dehydroehlorination of the same compounds proceeds with the involvement of the.hy- 
drogen of the methylene group and the chlorine of both chlorine-containing groups. 
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