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Among the polycyclopropanes  and polycyclopropylcyc lopropenes ,  the unsubst i tuted compounds a r e  mos t  
unavailable.  However ,  many of these  compounds have unusual p rope r t i e s  and can  be used  to mos t  c l ea r ly  ob- 
s e r v e  the mutual  in te rac t ion  [ interference]  of the t h r e e - c a r b o n  r ings .  

The development  of  a s imp le  method for  the synthes is  of a h igh-pur i ty  1 ,1-dicyclopropyle thylene (I) made 
it poss ib le  to p r e p a r e  one of such compounds,  3 ,3-d ieyc lopropylcyc lopropene  (i1) 
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The addition of d ib romocarbene  p r e p a r e d  f r o m  t-BuOK and CHBr a at ~ -  15~ to (D in absolute pent ,  he led 
to 1 ,1 -d ib romo-2 ,2 -d icyc lopropy lcyc lopropane  (III) in a y ie ld  of 65%, whereas  under  s i m i l a r  conditions the 
y ie ld  of the cor responding  dichloride f r o m  (I) and CHCla is 50% [3]. During the fo rmat ion  of d ib romocarbene  
by the act ion of 50% aqueous NaOH on CHBr a at ~40~ in the p r e sence  of t r i e thy lbenzy lammonium bromide  
(TEBA) [4], compound (III) was  obtained in a yie ld  of 57%. According to GLC data,  the product  contained ~15% 
of an unsa tura ted  compound with bromine  at tached to the mult iple bond (the 1615 and 1590 c m  -1 f requencies  in 
the IR spec t rum) ,  indicating that under  these  conditions there  is a par t ia l  opening of the d ibromocyc lopropane  
ring in (HI). 

The reduct ion of (HI) by an equ imolar  amount  of t r ibutyl  st~nnate at 40~ led to 1 - b r o m o - 2 , 2 - d i c y c l o -  
propylcyc lopropane  (IV) in a y ie ld  of 88%. Thus,  no products  of the comple te  reduct ion of d ibromide  (III) were  
observed.  The dehydrobromina t ion  of the monobromide  (IV) by the act ion of t -BuOK in DMSO at 20~ gave a 
57% yie ld  of (II). The s t r u c t u r e  of (II) was conf i rmed  by e l emen ta ry  ana lys i s ,  IR and PMR spec t ra .  Thus,  in 
the IR s p e c t r u m  of (II), the 1630 cm -~ f requency cor responds  to the C = C bond (compare  1629 c m  -1 in 3,3- 
d imethylcyclopropene [5], 1640 cm -1 in 3 ,3-diphenylcyclopropene [6], and 1600 c m  -1 in 3 ,3 -d imethoxycyc lo-  
propene [7]). The s inglet  at 5 7.00 ppm in the PMR s p e c t r u m  of (II) co r r e sponds  to the protons of the in t r a -  
cyclic  double bond, which dif fers  apprec iab ly  f r o m  the signals  of the cor responding  protons in 3 ,3-diphenyl-  
cyclopropene  (6.12 ppm) [6], 3 ,3-d imethylcyc lopropene  (7.27 ppm)[5] , and  3 ,3-d imethoxycyclopropene  (7.77 
ppm) [7], and is apparen t ly  due to the d i f fe rence  in the magnet ic  an iso t ropy  of these  subst i tuents .  

One of the cha r ac t e r i s t i c  chemica l  p roper t i e s  of 3 ,3-disubst i tu ted cyc lopropenes ,  due to the type of 
hybr idizat ion of the unsa tura ted  ca rbon  a toms in them,  is the abil i ty to readi ly  undergo cyc lod imer iza t ion  
into the cor responding  tricyclo[3,1,0,02,4]hexanes. This was f i r s t  obse rved  in the photochemical  i r rad ia t ion  of 
1 ,3 ,3- t r imethylcyc lopropene  in the p re sence  of a s ens i t i ze r  [8], and the'n in the case  of o ther  cyclopropenes  
in the p resence  of different  ca ta lys t s  [9, 10]. It was  found that the cyc lod imer iza t ion  of (II) into 3 ,3 ,6 ,6 - t e t r a -  
cyclopropyltricyclo[3,1,0,02,4]hexane (V), t he rma l  o r  by the act ion of ca ta lys t s ,  p roceeds  much more  readi ly  
than in the case  of o ther  3 ,3-disubst i tu ted  cyclopropenes  

*For  the previous  a r t i c le ,  see  [1]. P a r t  of this r e s e a r c h  was r epo r t ed  in a lec ture  at the 2nd All-Union Con- 
fe rence  on Chemis t ry  of Carbenes  and Thei r  Analogs [2]. 
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R = eyclohexyl. 

In par t icular ,  during the distil lation of (II) in vacuo, a residue forms in the flask, consist ing mainly of 
(V). If {II) is heated for 2 h at 90~ (V) is fo rmed in a ~100% yield. A slow convers ion of {U) into (V) is ob- 
se rved  on prolonged holding of (II) at 0-5~ The cyclodimer iza t ion  of (II) by the action of BF 3 ethereate gives 
(V) in a lower yield (54%) because of s t rong resinlfication. 

The s t ruc ture  of (V) was conf i rmed by e lementary and spec t ra l  analysis.  The PMR spec t rum of (V) con- 
s is ts  of a complex multiplet (of the AA'BB'C type) in the region f rom - 0 . 2  to 1.4 ppm, induced by the protons 
of the cyclopropyl  substitutents.  Against  this background, a singlet at 1.16 ppm is observed  corresponding to 
the four angular protons. This shows that (V) has only one of two possible conformations of the t r icyclohexane  
ring ("chair" or "boat"). Other signals (in par t icular ,  in the region of the double bond protons) were  not ob- 
se rved  in the spectrum.  F r o m  the PMR spec t rum of (V) only, it is difficult to attribute one or  other conforma-  
tion to the t r icyclohexane ring. However,  a simple analysis  by means of Dreiding models shows that the boat 
eonformation is ext remely  unfavorable even in the case of 3,3,6,6-tetramethyltr icyclo[3,1,0,02 ,4] hexane, and 
especial ly for (V) with its more  bulky cyclopropyl  substituents.  Thus, the chair  conformation must  be ac-  
cepted for (V). 

The tendency of the cyclopropene hydrocarbons to undergo thermal  cyc lodimer iza t ion  was noted in [7] 
for 3 ,3-dimethoxycyclopropene,  which forms inappreciable amounts of 3 ,3 ,6,6- te t ramethoxytr icyclo[3,1,0,  
02'4]hexane when left to stand for 6 h at 20~ In contras t ,  according to [11], the thermal  dimerizat ion of 1- 
methylcyclopropene for 5 h at 20~ leads exclusively to 3-methyl -3- (2-methylcyclopropyl )cyclopropene ,  so 
that it was possible to suggest  that in the absence of cata lys ts ,  the kinetically most  favorable enic d imer iza -  
tion of cyclopropenes takes place preferential ly.  However, as in the thermodimer iza t ion  of 3 ,3-dimethoxy-  
eyclopropene [7], in the case  of thermal  t ransformat ions  of (II) under different conditions, we were  unable to 
detect the products of enic dimerizat ion.  

We therefore  studied the cyclodimer iza t ion  of 3 ,3-dimethyl-  and 1 ,3 ,3- t r imethylcyclopropenes  more  
thoroughly. After it was heated in a sealed tube for 25 h at 100-110~ and for 8 h at 140~ 3,3-dimethyl-  
cyclopropene remained  pract ical ly  unchanged. Under these conditions, and even under the action of BF 3 e ther -  
eate, 1 ,3 ,3- t r imethylcyclopropene gave inappreciable amounts of h igh-molecular-weight  products.  

Thus, our  data and l i tera ture  data make it possible to conclude that 3-subst i tuted cyclopropenes exhibit 
the grea tes t  tendency to undergo cyclodimerizat ion,  and that this tendency increases  with increase  in the e lec-  
t ronegativi ty of the substituents.  Under these conditions 1,2-disubstituted cyclopropenes form preferably prod-  
ucts of an enic d imer iza t ion  or  h igh-molecular-weight  compounds. 

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

The GLC analysis was ca r r i ed  out on the LKb_M-SMD apparatus with a katharometer ;  300 x 0.2 cm col-  
umns with 5% SKTFT-50kh on chromosorb  G, 80-10/~; 15% carbowax 20M on N-AW-DMCS and 15% Rheoplex- 
400 on N-AW-DMCS chromatone;  c a r r i e r  gas - helium, 30 ml / min. 

The PMR spec t ra  were  run on the "Varian DA-60-IL" apparatus for solutions in CCI 4 with TMS as the 
internal standard.  The 13C N1V[R spec t rum was run under pulse conditions with a broad band elimination of the 
proton noise, on the Bruker  WP-60" apparatus with a working frequency of 60 MHz with reference  to ~3C for 
a 30% solution in CDC13, with 5 vol. % of TMS as the internal standard. The I~ spec t ra  were  recorded  on the 
UR-20 spect rophotometer  in a fi lm of the substance on KBr. 

1 ,3 ,3-Tr imethylcyclopropene was prepared  by the method given in [12]. 

1 ,1-Dibromo-2,2-dlmethylcyclopropane (VI). A mixture of 30 ml of 50% aqueous NaOH, 20 g (~0.04 mole) 
os CHBr 3 and 0.2 ml of t r ibutylamine was placed in a flask with a reflux condenser  cooled to -40~  and iso-  
butylene was passed for 5 h at 20~ The mixture was then diluted with water ,  washed with 2N H2SO4, and 
extracted with ether. F r o m  the extract ,  10.2 g (56% based on CHBr 3) of (VI) were  isolated bp 46-47~ (12 mm), 
n}~ 1.5156, which cor responds  to the data of [13]. 
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1-Bromo-2 ,2 -d ime thy lcyc lop ropane  (VII). A 10.2 g (~0.02 mole) por t ion of n-Bu3SnH was added in a n  N 2 

a tmosphe re  in the cou r s e  of  1 h at 40~ to 8.1 g (N0.02 mole) of (VI). The mix ture  was s t i r r e d  for 3 h. Dis-  
t i l la t ion gave 2.4 g (~46%) of the bromide  (VII), bp 104-105~ (760 mm),  n}~ 1.4516, which co r re sponds  to the 
data of [14]. 

3 ,3 :Dimethv lcyc lopropene  (VIII). A solut ion of 0.17 mole of t -BuOK in 100 ml of DMSO was added in an 
N 2 a tmosphe re  at 15~ to 12 g (0.08 mole) of (VII) in 15 ml of absolute  DMSO. The mix tu re  was s t i r r e d  for  3 h, 
and a f t e r  the addition of wa t e r ,  was  slowly heated to 40~ Thus,  in a cooled (to -30~ r e c e i v e r  4.6 g (83%) 
of (VIII) w e r e  col lected,  bp 14-15~ IR s p e c t r u m  (v, cm-1): 1629 (C=C). I~IVIR s p e c t r u m  (5, ppm): 1.13 (2CH3) , 
7.27 s (2H in c-C3H2). 

1 ,1 -Dibr0mo-2 ,2 -d icyc lopropy lcyc lopropane  (III). a) A 25.5 g (0.10 mole) por t ion of CHBr 3 was added 
dropwise  in an N 2 a tmosphe re  at -15~  to a mix ture  of  0.1 mole  of t -BuOK in 50 ml of absolute pentane and 9 g 
(0.08 mole) of  (I). The  mix ture  was s t i r r e d  for  3 h at -10~  diluted at  20~ with wa te r ,  and ex t rac ted  with 
ether .  F r o m  the ex t rac t ,  15 g (65%) of (HI), bp 112-113~ (6 mm); n~ 1.5500; d 2~ 1.6406 w e r e  isolated.  Found: 
C 38.63; H 5.20; Br  56.48%. CgH12Br 2. Calculated: C 38.61; H 4.32; Br  57.07%. IR s p e c t r u m  (v, cm-1): 685 
( C - B r ) ,  1020, 3010, and 3080 (cyclopropyl).  PMR s p e c t r u m  (5, ppm): 0-0.8 m (4CH 2 in c-C3H5) , 0.85-1.4 m 
(2CH in c-C3H5) , 1.05 s (CH 2 in c-C3H2Br2). 

b) A 40 ml  por t ion of 50% aqueous NaOH was added dropycise to a mix ture  of 16 g (0.14 mole) of (I), 38 
g (0.15 mole) of CHBr3, 0.5 ml  of alcohol and 0.1 g of TEBA. The t e m p e r a t u r e  ro se  to 40~ The mix ture  was  
s t i r r e d  for  another  3 h at 40-45~ and poured into 100 ml  of water .  F r o m  the organic  l aye r ,  14.5 g (57%) of 
(HI) w e r e  isoia ted,  bp 112-114~ (6 ram), containing, according to GI.C, ~15% of an impur i ty  with a somewhat  
longer re ten t ion  t ime.  IR s p e c t r u m  (v, cm-1): 685 ( C - B r ) ,  1615 and 1590 (C=C). 

1 -Bromo-2 ,2 -d icyc lopropy lcyc lopropane  (IV). A 15.4 g (0.05 mole) por t ion  of n-Bu3SnH was added in an 
N 2 a tmosphe re  in the cou r s e  of 11/2 h at  40~ to 14.8 g (0.05 mole) of (III). The mix tu re  was s t i r r e d  for 4 h, 
and disti l led.  Yield 10 g (88%) of b romide  (IV), bp 80-90~ (7-8 mm); n~  1.5100; d~ ~ 1.2985. Found: C 53.20; 
H 7.08; Br  39.86%. CgH13Br. Calculated:  C 53.75; H 6.52; Br  39.73%. IR s p e c t r u m  (~, cm-1): 680 ( C - B r ) ,  
1025, 3010, and 3080 (cyclopropyl).  PMR s p e c t r u m  (5, ppm): - 0 . 2 - 0 . 8  m (4CH 2 in c-C3H5) , 0.8-1.4 m (2CH in 
c-C3H5; CH 2 and CH in c-C3H3Br). 

3 ,3-Dicyc lopropylcyc lopropane  (II). A solution of ~0.28 mole  of t -BuOK in 200 ml of DlVISO was added 
dropwise  in an N 2 a tmosphe re  at 15~ to 25 g (0.12 mole) of (IV) in 100 ml of absolute  DMSO. The mixture  was 
s t i r r e d  for  3 h, and a f t e r  the addition of ice wa te r ,  was ex t rac ted  with pentane.  Dist i l lat ion of the ex t rac t  
y ie lded 8.6 g (57%) of cyclopropene  (1I), bp 75-77~ (65 mm),  n~  1.4770; d 2~ 0.8845. Found: C 89.87; H 9.90%. 
C9H12. Calculated: C 89.94; H 10.06%. IR s p e c t r u m  (v, cm-1): 1630 (C=C),  1020, 3010, and 3080 (cyclopropyl).  
PMR s p e c t r u m  (5, ppm): - 0 . 3  to 0.4 m (4CH 2 in c-C3H5), 0.9 to 1.4 m (2CH in c-C3H5) , 7.0 s (2H in c-C3H5). 

The res idue  in the dis t i l la t ion f lask  (1.5 g) was (V). 

The rma l  Cyc lod imer iza t ion  of (II). A 5-g  port ion of (II) was  heated for  2 H at  90~ in a f lask  with reflux 
condenser .  The mix ture  was  cooled to 20~ and 5 g (100%) of (V) mp 82-84~ w e r e  obtained; a f t e r  twice-  
r epea ted  r ec rys t a l l i z a t i on  f r o m  ethanol,  mp 82-84~ Found: C 89.85; H 10.16%. C18H24. Calculated: C 89.94; 
H 10.06%. PMR s p e c t r u m  (5, ppm); - 0 . 2  to 0.8 m (4CH 2 in c-C3H5) , 0.8 to 1.4 m (2CH in c-C3H5) , 1.16 s (4CH 
in c-C6H4). ~3C NMR s p e c t r u m  (in CDC13, 5, ppm): 42.23 (C 3, C6), 24.48 (C 1, C 2, C 4, C5), 11.45 (2~-C in equa-  
to r ia l  c-C3H5), 10.72 (2~-C in axial  c-C3H5) , 1.98 (4fl- and flt-C in equator ia l  c-C3H5) , 0.82 (4fi- and flt-C in 
axial  c-C3H5). 

Cyc lod imer iza t ion  of (II) under  the Action of BF~ Etherea te .  A 3 -g  (~0.02 mole) por t ion of (II) was added 
in the cour se  of 1 h to 0.5 ml  of BF 3 e the rea te  in 5 mi of absolute e ther .  The t e m p e r a t u r e  rose  to 30~ and the 
reac t ion  mix ture  turned r ed -b rown  in color .  The mixture  was held for  1 h at 36-40~ and 2 mi of 2N NaOH 
were  added. The organic  l aye r  was sepa ra ted ,  and dr ied  over  CaC12. Af ter  dis t i l la t ion of e ther ,  1.8 g of c r y s -  
tal l ine res idue  was obtained, f r o m  which (V) was isola ted in a 54% yield ,  mp 85.5-86~ (f rom ethanol). 

Cyc lod imer iza t ion  of 1 ,3 ,3 -Tr imethy lcyc lopropene  under the Action of BF 3 Etherea te .  A 1 ml port ion 
of BF 3 e the rea te  in 3 mi of e ther  was added dropwise  in the cour se  of 40 rain at 20~ to a solution of 5 g (0.07 
mole) of 1 ,3 ,3- t r imethylcyc lopropene  in 10 ml of absolute e ther .  The mixture  was s t i r r e d  for 1 h at 20~ and 
for 2 h at 35-40~ It was  then neut ra l ized  with 2N NaOH, and ex t rac ted  with ether .  The ex t rac t  was dr ied  and 
disti l led.  After  dis t i l la t ion of e ther  and 1 ,3 ,3- t r imethylcyc lopropene ,  3 g of undist i l lable po lymer ic  res idue  
and 0.8 g of a product  boiling at  40~ (6 mm),  and 105~ (3 ram) w e r e  obtained. IR s p e c t r u m  (v, cm-1): 890 
medium,  1160 weak,  1380 s t rong,  1640 medium,  1660 weak,  2730 weak,  2880 very  pure ,  2910-2970 very  
strong.  
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C O N C L U S I O N S  

3,3-Dicyclopropylcyclopropene was synthes ized and its high tendency to undergo quantitative thermal  
cyc lod imer iza t ion  into 3,326,6-tetracyclopropyltr icyclo[3,1,0,02 ,4] hexane was shown, 
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T E L O M E R I Z A T I O N  O F  I S O B U T Y L E N E  W I T H  M E T H Y L  

E S T E R S  O F  P R O P I O N I C  A N D  I S O B U T Y R I C  A C I D S  

A.  B.  T e r e n t ' e v  UDC 66.095.2:547.313.4 

Te lomer iza t ion  of isobutylene with methyl chloroaceta te  is accompanied by the r ea r r angemen t  of r ad i -  
cals with a 1 ,5 -H-migra t ion  and c ro s s - r ecombina t i on  of the t e lomer ic  radicals  with isobutenyl radicals .  More-  
over ,  the d imer  of the r e a r r a n g e d  radical  is fo rmed  in a high yie ld  [ 1]. The presen t  study is on the influence 
of the nature of the telogen on the course  of the te lomer iza t ion  of isobutylene with carboxyl ic  acid e s t e r s  in the 
p resence  of t e r t -bu ty l  peroxide.  

For  radical  reac t ions  with isobutylene,  t he  allyl cleavage of the chain with the format ion  of isobutenyl 
radicals  and the i r  c ro s s - r ecombina t i on  with growing radicals  is charac te r i s t i c .  This path of the chain cleavage 
can play a very  impor tant  ro le  [1]. It is c l ea r  that t e lomer iza t ion  of isobutylene with methyl isobutyrate  pro-  
ceeds without r e a r r angemen t  and leads to the format ion  of two se r i e s  of compounds, t e lomers  (T n) and prod-  
ucts of c r o s s - r e c ombina t i on  of the growing radicals  with the isobutenyl radicals  (Pm) 

RO" 
(CHs)~CHCO~Ct] 3 - - ~  (CH3),.CCO~CH2 

(CH2)2CCO2CH3 § n(CH2)2C=CH2-~ "[(CH2)~CcH~]nC(CH2)~CO2CH2 
(A) 

(A! q- DH* ~-~ H[(CH~)~CCH~]~C(CH2)~CO~CH2(Tn) + D" (1) 

(A) q- CH 2C(CH 2) = CH,--~ CH~ = C(CH 2)CH 2[(CH 2)2CCH2lmC(CH 2)~" C02CH2(Pm) 

The yie ld  of unsa tura ted  compounds Pm is commensurab le  with the number of t e lomers  Tn, and with the in- 
c r ea se  in the length of the radica l  chain, the re la t ive  yie ld  of the unsaturated products increases  by a factor  of 

*Both the telogen and the monomer  can play the role  of a hydrogen donor (DH). 

Institute of Heteroorganic  Compounds, Academy of Sciences of the USSR, Moscow. Trans la ted  f rom 
Izvest iya  Akademii Nauk SSSR, Ser iya  Khimicheskaya,  No. 7, pp. 1539~1543, July,  1979. Original a r t ic le  
submit ted Februa ry  20, 1978. 

0568-5230/79/2897-1425 $07.50 �9 1980 Plenum Publishing Corporat ion 1425 


