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The po lymer iza t ion  of gem-d iha locyc lopropanes  under the influence of var ious  ca ta lys t s ,  which p r o -  
ceeds  with the opening of the t h r e e - c a r b o n  ring, was studied prev ious ly  [1-3]. We studied the polyconden- 
sat ion of var ious  gem-d iha locyc lopropanes  : the 1, 1-dichloro-(I ) ,  1, 1 - d i c h l o r o - 2 - n - p r o p y l -  (II), 1, 1-d i -  
ch lo ro-2- to ly l - ( I I I ) ,  and 1 , 1 - d i b r o m o - 2 - n - b u t y l - ( I V ) - e y e l o p r o p a n e s ,  and also the 7, 7 -d ich lo ro-  and 7, 7- 
d ibromobicyelo[4.1 .0]heptanes ,  (V) and (VI) respec t ive ly .  The select ion of these study objects is explained 
by the s impl ic i ty  of thei r  p repa ra t ion  and by the p re sence  of two halogen a toms in their  molecules ,  the in-  
t e r m o l e c u l a r  c leavage of which a s s u r e s  the format ion  of mac romolecu l e s .  We used l i thium in THF medium 
as the dehalogenat ing agent. According to [4], var ious  polyhalo-subst i tu ted hydrocarbons  eas i ly  f o r m  high- 
molecu la r  compounds under these conditions. 

It is known [5] that gem-d iha toeyc lopropanes  r e a c t  with l i thium alkyls to f o r m  o~-ha[o l i thium c o m -  
pounds [6] as the in te rmedia te  products .  Under the influence of l i thium, monohalocyclopropanes  [7, 8] 
f o r m  cyclopropyl l i th ium der iva t ives .  The polycondensatton of gem-diha locye lopropanes  under  the influence 
of Li will apparen t ly  proceed  with a re tent ion of the r ing accord ing  to the scheme:  

X X 

X X X Li ~ /  
Li/THF ~ 

/ ~  - u x  / " .  R R / -  
l-I R --LiX 

(VII)  
X = Cl, Br; R = Alk, Ar 

An a l t e rna te  m e c h a n i s m  for  p r o g r e s s  of the reac t ion  is the in t r amolecu la r  c leavage of LiX in the in- 
t e rmed ia te  organol i th ium compound (VII) with the format ion  of aflenes [8, 9]. It is not excluded that the 
l a t t e r  is po lymer ized  accord ing  to the scheme  proposed by us: 

(VII) --LiX 

I 
~--CHR--C--CH2--~ 

] 

~--CHs--C--~ 
IJ 
CHR 

As it proved,  the react ion  of the indicated dihalides with l i thium in THF medium at 0-50 ~ leads to the 
fo rmat ion  of o l igomers ,  with a mol. wt. of 300-700, in 27-88~ yields (Table 1). React ion is p rac t i ca l ly  
absent  at a t e m p e r a t u r e  below 0 ~ The in te rmolecu la r  c leavage of LiX proves  to be more  p r e f e r ab l e  for  
(V) than for  (V1) under  the s a m e  conditions. The polycondensation product  f r o m  (I) is a pale yellow powder,  
while the other  o l igomers  a re  colored viscous  liquids. 

The s t ruc tu re  of the synthes ized o l igomers  was judged on the bas i s  of the IR and NMR spec t ra ,  and 
also on the bas is  of the tu rb id[met r ic  t i t ra t ion data.  Together  with the l ines that a re  cha r ac t e r i s t i c  for  a 
3 - m e m b e r e d  r ing [10] (1010-1020, 3010-3020, 3100-3110 cm- t ) ,  the absorpt ion bands of the C - C l  and 
C - B r  bonds (600-800 c m  -1) a r e  p resen t  in the 1-R spec t ra  of compounds (I)-(V1). The comple te  (or a lmos t  
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complete) d isappearance of the absorption bands of the C - H a l  bonds is observed in the LR spect ra  of all of 
the obtained ol igomers ,  whereas  the lines of the eyelopropane r ing are  retained. Besides this, absorption 
bands in the 2800-2900 cm -1 region a re  observed in the spect ra  of ol igomers  (VK)-(X) (respectively ob- 
tained from (I)-(IV)), which are  charac te r i s t i c  for noncyelie methylene groups, and are  somewhat more in- 
tense than in the spect ra  of the s tar t ing  monomers .  In the spect ra  of (VII), (VIII), (XI), and (XII) ( respee-  
lively obtained f rom (I), (II), (V), and (VI)) are  present  weak absorption bands in the 1600-1700 cm -1 r e -  
gion, which cha rac te r i ze  the presence  of double bonds, whereas these lines are  absent in the spect ra  of 
(IX) and (X); absorption lines in the 1800-1900 cm -1 region, charac te r i s t i c  for tntracyclic double bonds 
[11], are  also not observed in the spect ra  of the ol igomers .  As was to be expected, the lines, eha r ac t e r i s -  
tic for the corresponding II radical ,  are retained in the spectra  of (VII1)-(XII). As a result ,  f rom an anal-  
ysis  of the Ill spect ra  of the ol igomers  it follows that, together with the formation of polycyclopropane 
s t ruc tures ,  a part ial  opening of the 3 -membered  rings occurs .  In the case of (IK)-(VI) the formation of 
polyeyclopropanes is the predominant direct ion of the reaction.  

A s imi lar  conclusion can be made f rom an analysis of the NMll spectra .  The s t ruc ture  of a polycyelo-  
propane is most dist inctly confirmed on the example of ol tgomer (IX). Multiplets with 5 1.70 and 2.75 ppm, 
which are  charac te r i s t i c  for the s tar t ing  halo-containing eyclopropane ring, are  absent in the spect ra  of 
o l igomer  (IX). Together  with the signals of the protons of the CH 3 and C6H 5 groups (5 2.3 and 7.0 ppm), 
new signals appear in the spec t rum of (IX), with 5 0.6, 1.2, and 1.4 ppm, which are  charac te r i s t i c  for the 
protons of ary lcyclopropanes  [12]. The observed changes in the spect ra  of the monomers  and ol igomers  
test ify to the p rogress  of dehalogenation and the retention of the 3 -membered  r ing in the reaction products.  

In the spect ra  of ol tgomers  (VIII), (X), (XI), and (XK) an overlapping of 
,~z,O/o z zjB~/~ 7 the signals of the protons of the 3 -membered  ring and the protons of the 

, ~ / substituent make it quite difficult to obtain information regarding their 
, s u r e  e s h  r a  o w e   aoo c 

protons (5 5.6 ppm) in the spec t ra  of (VIII), (XI), and (XII) cor robora tes  
a partial  opening of the 3 -membered  ring. 

In Fig. 1 are  shown the turbidimetr ic  t i tration curves  of the oligo- 
2 / mers  obtained f rom (III) and (IV). The smoothness of t i tration curves  1 

and 2, and the absence of inflections, testify to the high degree of uni- 
fo rmi ty  of the products.  Differential curves  3 and 4 represent  one peak, 
which also suggests  that the ol igomers  have a uniform composition. 

! 

o 

Fig. i. 
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Turbidimetr ic  t i-  
tration curves  of o l igomers :  
1 and 3) for o l igomers  ob- 
tained f rom (III); 2 and 4) 
for o l igomers  obtained f rom 
(IV). 

EXPEllIMENTAL 

The KI spectra were taken on a Ull-10 spectrophotometer (the liq- 

uids in cells with a thickness of 0.05-5 cm, and the solid products as 
KBr pellets). The NMll spectra were obtained on a JNM-3H-60 spec- 

trometer in CCI 4 solutions at 20 ~ using HMDS as the standard. 

i, l-Dich[orocyclopropane (1) was obtained as described in [13], bp 

74.5~ n}~ 1.4378. 1, l-Diehloro-2-n-propylcyclopropane (If) was obtained 

at 0 ~ from l-pentene, sodium methylate and ethyl trichloroaeetate (ETCA) 

as described in [14], bp 59 ~ (42 mm); n~ 1.4488; el. [15]. i, 1-Dichloro- 
2-tolycyclopropane (Ill) (mixture of isomers) was prepared by the 

TABLE 1. Prepara t ion  Conditions and Charac te r i s t i cs  of Oligomers 

Starting DHC:THF:llReaction.. Zield of 
gem-dihalo- T.--' 2 .... Icondmons Found ul mote I )ligomer, 
cyclopropane ~ ~i 7oof Mol. wt m e ,  
(DHC) T., ~ C C, % t/, % Cl (Br) % 

I 
II 

III Mixture 
of o- and 
p-isomers 

IV 
V 
VI 

t : 5 : 5  I 
i :60:51 55 
I : 65 : 5 t0 

1:4:5 40 
1:4:5 t 20 
1 : 4:5 20 

25 
t5 
t5 

15 
15 
15 

50 
39 
88 

75 
54 
27 

390 
600 
700 

40O 
360 
320 

76,99 
74 32 
83,20 

86.06 
84. 64 
82.42 

i0,57 
9,89 
7,67 

12.86 
11.02 
10.70 

i ,03 
0,0 
0,56 

0.0 
0.0 
3.77 
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dichloromethylenat ion  of vinylto[uene (mixture of o-  and p - i s o m e r s )  as descr ibed  in e i ther  [14] or  [16], bp 
83-85 ~ (2 mm); n~  1.5465; cf. [17]. 1, 1 -Dib romo-2-n -bu ty l cyc lop ropane  (IV) and 7, 7-dihalobicyclo[4.1.0]-  
heptanes (V) and (V1) were  synthesized as descr ibed  in [18], and had constants  that cor responded  to the 
l i t e r a tu r e  data.  

Synthesis of Ol igomers .  To a mixture  of the gem-diha locyc lopropane  and THF, with the constant  p a s -  
sage  of d ry  ni t rogen and s t i r r ing ,  was added l i thium as thin pla te le ts  in port ions over  2 h. In the case  of 
marked  exothermic  heat  the f lask was cooled in ice water .  The o l igomer  f r o m  (I) was reprec ip i t a ted  f r o m  
THF solution by pouring into wate r .  The res in l ike  liquids, obtained f r o m  (II)-(VI), w e r e  dissolved in ether ,  
the solutions were  washed with wa te r  until the tes t  for  CI- and HO- was negative,  and a f t e r  removing  the 
solvent  the res idues  w e r e  dissolved in THF and reprec ip i ta ted  by pouring into water .  The o l igomers  were  
dr ied at 30 ~ (10 mm) ove r  P205 to constant  weight. The molecu la r  weight of the o l igomers  was de te rmined  
by the t he rmoe lec t r i c  method f r o m  the value of the t e m p e r a t u r e  max imum [19] for  thei r  solutions ia THF, 
with the the rmos ta t  t e m p e r a t u r e  kept constant  with an accuracy  of +0.005 ~ 

C O N C L U S I O N S  

1. The polycondensat ion of a number  of gem-d iha locyc lopropanes  under the influence of l i thium in 
t e t rahydrofuran  medium gave o l igomers  with an ave rage  mol.  wt. of 300-700. 

2. An analys is  of the [R and NMR spec t r a  tes t i f ies  to the main retention of the 3 - m e m b e r e d  r ing dur -  
ing the polycondensat ion p roce s s .  
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