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In previous  pape r s  [1, 2] we proposed a two-s tep method for  the p repara t ion  of subst i tuted ch lo ro-  
prene  homologs,  s t a r t ing  with polychloro hydrocarbons  of s t ruc tu re  CI(CH2)nCCI2CH2CHCIX [3]. The ca t -  
alytic dehydrochlor inat ion of such polychloro hydrocarbons  by metal  chlor ides  p roceeds  se lec t ive ly ,  via 
the chlor ine  of the d ich loromethylene  group toward the l e s s  chlor inated and longer  chain of the molecule,  
counting f r o m  the - C C I  2 group [1]. The fu r the r  alkaline dehydrochlor inat ion of the fo rmed polychtoroa l -  
kenes leads to the fo rmat ion  of subst i tuted ch loroprene  homologs [2]. The obtained dienes a re  eas i ly  
po lymer i zed  under rad ica l  conditions with the format ion  of se l f -ext inguishing,  f i lm- fo rming  po lymers  
[4, 5]. 

The purpose  of the p r e s en t  pape r  was to study the alkaline dehydrochlor inat ion of polychloro hydro-  
carbons  in o rde r  to a sce r t a in  if dienes can be obtained in one s tep and to es tabl ish  the ru les  of alkaline 
dehydrochlor inat ion.  The dehydrochlor inat ion was run with alkali  in methyl ce l losolve  at 0-20~ the ob- 
tained resu l t s  a re  given in Table  1. As can be seen f r o m  Table  1, all of the s t a r t ing  compounds contain 
e i ther  two (I)-(III) or  three  (IV)-(V) ch lor ine-conta in ing  functions. In con t ras t  to catalyt ic  dehydroch lor ina-  
tion, which p roceeds  se lec t ive ly ,  the alkaline dehydrochlor inat ion proceeds  in a more  compl ica ted manner ,  
with the involvement  of at l eas t  two chlor ine-conta in ing  functions. 

The dehydrochlor inat ion of 1, 3, 3, 5 - t e t r ach lo ropen tane  (I) (here and subsequent ly  the numbers  a re  
given in ha rmony  with Table  1) leads to the fo rmat ion  of 3, 5 -d ich loro-1 ,  3-pentadiene (V1) and 3, 3, 5 - t r i -  
c h l o r o - l - p e n t e n e  (VII). In a specia l  exper iment  it was shown that the fur ther  dehydrochlor inat ion of (VII) 
leads  to (V1) 

C1CH~CH2CC12CH~CH2C1 ~ CH2=CHCC12CH2CH2C1 
(I) ] (VII) 

I 

C J' I C1CH~CH=CC1 H2CH~C1 --~ CH~CHCCI=CHCH2C 
(vi) 

At the s a m e  t ime,  as was shown by us p rev ious ly  [2], (VI) is eas i ly  fo rmed f rom 1, 3, 5 - t r i c h l o r o - 2 -  
pentene. However,  1, 3, 5 - t r i ch l o ro -2 -pen t ene  was not found in the react ion  mixture  (based on an authentic 
spec imen  by the GLC method), and for  this r eason  it is difficult to say whether  (VI) is fo rmed  only f rom 
(vii) or also pa r t i a l ly  f r o m  1, 3, 5 - t r i ch lo ro -2 -pen t ene .  

As a resul t ,  on the example  of (I) it is imposs ib le  to de t e rmine  if the reac t ion  proceeds  in the f i r s t  
s tep  only via the chlor ine  of the chloromethyl  group or  also pa r t i a l l y  via the chlorine of the d ich loromethy l -  
ene group. Fo r  compar i son  we ran the dehydrochlor inat ion of 1, 3, 3 - t r ich lorobutane  (II). In this case  the 
reac t ion  p roceeds  with the involvement  of the chlor ine  a toms of both chlor ine-conta in ing  groups to approx i -  
ma te ly  the s a m e  degree ,  and leads to 3, 3 - d i c h l o r o - l - b u t e n e  (IX), 1, 3 -d ich loro-2-bu tene  (X), and also (XI) 
- the r ep l acemen t  product  of the allylic chlor ine  by the f i -methoxyethoxy group (subsequently called the a l -  
koxy group). [n a spec ia l  exper iment  it was shown that the t r ea tmen t  of (I) with exeess  alkali  in methyl 
ce l losolve  gives (VIII), i . e . ,  compounds,  containing an allylie chlor ine  atom, rep lace  it under the synthesis  
conditions by the alkoxy group. 
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TABLE 2. Chemical Shifts of Protons for CH3CCI = CH 
�9 CH2X, X = CI(X); OCH2CH2OCH 3 (XI) 

Com-  

pound 

X 

XI 

Config- 
uration 

Z 
E 
Z 
E 

Z 
E 
Z 
E 

Solvent 

CCh 

CsHe 

CC14 
C8H6 

CHaCCI~ 

2,14 
234 
i,80 
t ,80 

2,07 
2,07 
i ,85 
1,85 

5, ppm 

=CI-I-- 

5,63 
5,75 
5,33 
5,58 

5,55 
5,67 
5,5i 
5,70 

--CH2X 

4,05 
3,96 
3,92 
3,62 

4,00 
3,87 
4,02 
3,78 

1, 5-Dichloro-2,  4-hexadiene (XI1) was obtained f rom 1, 5, 5 - t r i ch lo ro-2-hexene  (III), i. e . ,  the r eac -  
tion went via the allylic hydrogen atom and the chlorine of the dichloromethylene group. In a separate  ex- 
per iment  it was shown that when (II1) is treated with excess alkali the allylic chlorine in the formed (XII) 
is also replaced by the aikoxy group, forming (XIII). 

In principle,  the dehydrochlorination of 1, 1, 3, 3, 5-pentachloropentane (IV) and 1, 1, 3, 3, 7-pentachloro-  
heptane (V) can proceed in four direct ions:  

1 CHCI=CHCCI2CH~(CH2)mC1 
2 -* CHC12CH~-CC1CH2(CH~)mC1 

CHCI~CH,.CCI2CH2(CHg)mCI-- a ~ CHC12CH2CCI=CH(CH2)mC1 

4 ra ~ 1, 3; k = 0,2 ~ CHC12CH2CCI~(CH~)~CH:CH~ 

Scheme 1 

In the dehydrochtorinat ion of (IV) were  isolated 3, 5, 5 - t r ich loro-1 ,  3-pentadiene (XIV) and 1, 3, 3, 5- 
t e t r ach lo ro - l -pen tene  (XV), and 1, 3, 5 - t r i ch loro-1 ,  3-pentadiene was identified by GLC employing an au- 
thentic specimen.  

As the result  of the dehydrochlorination of (V), f rom the react ion products were isolated 1, 1, 3, 7- 
te t rachloro-2-pentene  (XVII) and a mixture that was composed of 1, 3, 7 - t r ich loro-1 ,  3-heptadiene (XVIII) 
and 1, 1, 7 - t r i ch lo ro-2-hep tene  (XIX) in approximately equal amounts. 

The obtained data make it possible to conclude that the dehydrochlorination of (IV) and (V) proceeds 
along direct ions 1 and 2 (see Scheme 1) via the most  labile hydrogen atoms of the methylene group, located 
between the dichloromethyl  and dichloromethylene groups. F r o m  a compar ison of the obtained results  it 
can be seen that the alkaline dehydrochlorination of the CCI2CH2CH2C1 grouping [compounds (I) and (I1)] 
proceeds  via the chlorine atoms of the chloromethyl  and dichloromethylene groups in the same manner as 
the alkaline dehydrochlorinat ion of te t rachloropropane [6]. If the molecule contains a CHCI2CH2CCI2CH2CH2 
grouping with different methylene groups and different CCI 2 groups [compounds (IV) and (V)] the reaction is 
accomplished via the methylene group with the most  labile hydrogen atoms.  The cleavage of the chlorine 
atoms is nonselective and proceeds with the involvement of both of the chlorine-containing groupings. 

The s t ruc ture  of the compounds, l isted in Table 1, was confirmed by the NMR spectra .  For  CH 3 
�9 CC[2CH2CH2CI (II) 5CH 3 2.20, 5CH 2 2.67, 6CH2C l 3.77 ppm. For  CH 2 = CHCCI2CH2CH2CI (VII) the spec-  

H1 \ /H2 
t rum represents  the sum of the charac te r i s t i c  signals of the CCI2CH2CH2CI and H i ' / C  = C groups (61 

5.35, 61 , 5.68, 62 6.25 ppm, J1.2 10, JP.2 16, Jl.1, < 1 Hz), while for CH3CCI2CH= CH 2 (IX) the spec t rum 
represen ts  the sum of the above indicated CH 2 = CH and CH3CCl 2 f ragments .  

The NMR spect ra  of the unsaturated compounds, which will be discussed below, fail to contain signals 
that belong to any other groups, and consequently the discussion has to be limited only to the geometr ic  
isomers �9  To designate the geometr ic  i somers  we used the recent ly  proposed nomenclature  [7], which op- 
era tes  with the concepts of the E and Z forms�9 

The chemical  shifts of the protons for (X) and (XI), obtained in benzene and in CCl4, are  given in 
Table 2. 
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As can be seen f rom Table 2, in the region of the vicinal and CH 2 protons are  present  signals that 
belong to both of the possible geometr ic  i somers .  Apparently, the signals of the CH2X protons, which are  
shifted upfield, belong_to the E isomer.  This is in agreement  with the fact that for  (X) and (XI), JZ H CH 

E jZ 0 9 jE . . 3, 2 > JCH.~CH,(f~ (X), CH CH �9 ' CH CH 0.5 Hz), analogous to [8] The ra tm of the E and Z isomers  3 2 , 
for  (X~ ann (XI) (1:3) was determined ~3~'om ~he ratio of the integral intensities of the doublets f rom the 
CH2X groups of both i somers ,  which are  found quite apart  in benzene. 

The NMR spec t rum for CHCl = CHCCI2CH2CH2CI (XV) is composed of the known CCI2CH2CH2CI f rag-  
ment and the CHCI = CH group (AB system),  the protons of which a re  found mainly in the E position (93%). 
J~B 12.7 Hz, 6~ 6.72, 6~B 6.25 ppm. A small  amount of the Z fo rm (7%) gives an AB quadruplet with JZ B 

The NMR spec t rum for CHC12CH = CCI(CH2)4CI (XVII) contains the known = CCI(CH~)4CI fragment  
and the CHCI2CH = CCI group (AB sys tem,  JAB 9.1 Hz, 5 A 6.55, 5 B 6.00 ppm). A noticeable amount of the 
second i somer  is absent. By analogy with the other alkaline dehydrochlorination products it is possible 
to assume that (XVII) is found in the Z form.  

Dienes (VI), (VIII), (XH), (XIII), (XIV), (XVI), and (XVIII) can represen t  a mixture of the E and Z 
forms.  The s t ruc ture  of compounds (VI), (XIV), and (XVI) was discussed ear l ie r  [9]. In Table 2 are  
given the values of the chemical  shifts and the s p i n - s p i n  coupling constants for the dienes that were ob- 
tained in the present  paper. 

Diene (VIII) is a mixture of the Z and E i somers  in a 6 : 1  ratio. Fo r  the E forms the 5 E are  shifted 
downfield (analogous to that mentioned in I91) when compared with 6Z; E > J 5, as was observed for 
dienes of s imi la r  s t ruc ture  [10]. 

Dienes (XII) and (XIII) contain mainly the Z, E form (70-80%). This is cor robora ted  by the values of 
JCH3, CH2 1.2, J3,4 15, J2,3 9.9-10.2 Hz. Analogous values for the s p i n - s p i n  coupling constants were ob- 
served in [8, 10]. In the region of the vicinal protons of (XII) and (XIII) are  present  signals that belong to 
other  possible i somers ,  but the total amount of these i somers  in the mixture does not exceed 20%. The 
ass ignment  of these i somers  has not been made as yet. 

Diene (XVIII) was obtained by us previously  [9] in two steps by catalytic and alkaline dehydrochlor ina-  
tion. In the presen t  paper  we obtained diene (XVIII) by the one-s tep alkaline dehydrochlorination of 
1, 1, 3, 3, 7-pentachloroheptane (V). In the region of the vicinal protons of the NM:R spec t rum of compound 
(XVIII) are  observed an AB quadruplet,  a singlet and two tr iplets ,  which apparently belong to the E, E and 
E, Z i somers .  The AB quadruplet with a center  at 5 6.73 and the triplet  at 5 5.76 ppm were assigned by us 
to the E, E configuration, by analogy with the data given in [9, 10], since J ~  E > jE~ Z, while 5 E, E and 
5E, E are  found fur ther  downfield than 6 E, Z and 5 E, Z (see Table 3). 

The singlet at 5 6.58 and the triplet  at 5 5.82 ppm were  assigned to the E, Z configuration, since J/',2 
12.6 Hz (established by the accumulation of the signals of the i3C satellites),  J/3C2H2 163.8, JI3C1H1 195.3 
Hz, which is in good agreement  with the data given in [11]; in addition, in the NM-R spectrum,  obtained in 
benzene, the signals of the H t and H 2 protons,  which are  equivalent in CCI 4 (singlet), were found to be apart  
by 0.26 ppm with a constant of Ji,2 12.6 Hz. The ratio of the E, Z and E, E forms is respect ively  equal to 
~45 : 55. 

The presence  of acetylene (XIX) in the mixture was confirmed by the presence  of a tr iplet  in the NMR 
spec t rum with 5 6.20 ppm and Jr,4 1.9 Hz, and by the data of the Raman spectrum, where the intense band 
of VC= C = 2238 cm -1 is present .  

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

The spec t ra  were obtained on a H i t a c h i - P e r k i n - E l m e r  11-20 instrument at 60 MHz, equipped with 
an L. P-4050 accumula tor  of the weak signals,  using 30% solutions of the compounds in either CCI 4 or  ben-  
zene ( tetramethylsi lane was used as the standard).  The pa ramete r s  of the spectra  were  determined f rom 
a f i rs t  o rder  calculation of the spectra .  It was verified that the second order  cor rec t ions  do not affect the 
conclusions regarding  the s t ruc ture  of the compounds. In Table 3 are  given the values of the "apparent ~ 
s p i n - s p i n  coupling constants J ' ,  which for the sake of convenience will subsequently be designated by J. 
The chemical  shifts of the protons were determined f rom the center  of gravity of the multiplets ( recorded 
on a scale  of 3 Hz/cm), and the e r r o r  does not exceed *3 Hz (0.05 ppm). The G LC was run on an instrument 
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equipped with a f l ame- ion iza t ion  de tec tor ,  column (1 m • 0.2 cm),  s t a t ionary  phase 8% SE-30, solid phase  
Chromoso rb  W, 80-100 mesh,  and c a r r i e r  gas = ni t rogen.  

Dehydrochlor inat ion of 1, 3, 3, 5 -Te t r ach lo ropen tane  (I). With s t i r r ing ,  to 105 g of (I) was added 61 g 
of KOH in 150 ml of methyl  ce l losolve .  The mixture  was s t i r r e d  for  a day and then allowed to stand o v e r -  
night. Af ter  t r ea tmen t  with wa te r  the organic  l aye r  was sepa ra ted ,  washed twice with water ,  and dr ied 
over  CaCI 2. Dist i l lat ion over  hydroquinone through a column gave 14 g of (VI) and 21.9 g of (VII). In a 
s i m i l a r  manner ,  f r o m  17.3 g of 3, 3, 5 - t r i e h l o r o - l - p e n t e n e  (VII) and 5.2 g of KOH was obtained (VI) in 38% 
yield (the yield was de te rmined  by GLC). 

Under the s a m e  conditions,  f r o m  52.5 g of (I) and 56 g of KOH was obtained 15.9 g of (VIII). 

Dehydrochlor inat ion of 1, 3, 3 -Tr ich lo robn tane  (II). Compound (II) was obtained in 27% yield f r o m  
1, 1, 1 - t r i ch lo roe thane  and ethylene by the p rocedure  given in [3], bp 84 ~ (72 ram); n~  1.4662; d~ ~ 1.2673. 
Found: C 30.14; H 4.43; CI 65.50%; MR 35.30. C4HTCI 3. Calculated:  29.75; H 4.36; C1 65.86%; MR 
35.27. The dehydrochlor ina t ion  was run in the s a m e  manner  as the preceding.  F r o m  335 g of (II) and 
135 g of KOH was obtained 60.2 g of (IX), bp 95-95.5 ~ , n~ 1.4428; d 2~ 1.1079, cf. [12]; 51.2 g of (X), bp 
127-129 ~ , n~ 1.4665, d 2~ 1.1573, cf. [13], and 25.5 g of (XI). 

Dehydrochlor inat ion of 1, 5, 5 - T r i c h l o r o - 2 - h e x e n e  (III). In the s a m e  manner  as the preceding,  f rom 
47 g of (Ill), obtained as desc r ibed  in [14], and 16.8 g of KOH at 10-15 ~ in the p r e sence  of hydroquinone, 
was obtained 16.8 g of (XII). Under the s a m e  conditions, f r o m  28 g of (III) and 16.8 g of KOH was obtained 
16.7 g of (XIII). 

Dehydrochlor inat ion of 1, 1, 3, 3, 5 -Pen tach loropentane  (IV). In the s ame  manner  as the preceding,  at 
5-10 ~ in the p r e s e n c e  of hydroquinone, f r o m  97 g of (IV) and 50 g of KOH were  obtained 24.5 g of (XIV) and 
2 g of (XV). 

Dehydrochlor inat ion of 1, 1, 3 ,3,  7 -Pen tach lorohep tane  (V). In the s ame  manner  as the preceding,  at 
0-5 ~ f r o m  55 g of (V) and 22.5 g of KOH were  obtairmd 13.7 g of (XVII) and 10.8 g of a mix tu re  of (XVIII) 
+ (XIX) with bp 91-93 ~ (2 ram). 

The authors  express  the i r  gra t i tude to P. V. Pe t rovsk i i  and L. I. Fedorov  for  taking pa r t  in a d i s -  
cuss ion of the NMR spec t r a .  

C O N C L U S I O N S  

1. A one - s t ep  method was proposed  for  the p repa ra t ion  of 3 -ch lo ro -5 - ( f i -me thoxye thoxy) - l ,  3 -pen-  
tadiene, (2-ch loro-6- ( f i -methoxyethoxy)-2 ,  4-hexadiene,  and 2, 5 -d ich loro-2 ,  4-hexadiene f rom the c o r -  
responding polychloro hydrocarbons  by the action of po t a s s ium hydroxide in methyl ce l tosolve .  

2. The alkal ine dehydrochlor inat ion of the CC[2CH2CH2CI and CHCI2CH2CCI2CH2CH 2 groupings is ac -  
compl ished via the chlor ine  of both ch lor ine-conta in ing  groups.  The c leavage  of the hydrogen proceeds  
se lec t ive ly ,  and spec i f ica l ly  f r o m  the methylene group that contains the mos t  labi le  hydrogen a toms .  
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