
I O N I C  H Y D R O G E N A T I O N  O F  A L K E N Y L -  A N D  

A L K Y L I D E N E  C Y C  L O P R O P A N  ES 

Z.  N .  P a r n e s ,  G. A .  K h o t i m s k a y a ,  
R .  V .  K u d r y a v t s e v ,  a n d  D.  N .  K u r s a n o v  

UDC 542.941:547.512 

The p r e sen t  p a p e r  is devoted to a study of the react ion for the ionic hydrogenation of cyclopropane 
hydroca rbons ,  containing a double bond in conjugation with the ring (alkenylcyclopropanes) ,  and of cyclo-  
propane  hydrocarbons  containing a semicyc l i c  double bond (alkyldienecyclopropanes) .  P rev ious ly  we had 
shown [1] that the ionic hydrogenation of vinylcyclopropane (I) and i sopropenylcyclopropane  (II), which con-  
tain a double bond in conjugation with a t h r e e - m e m b e r e d  r ing,  p roceeds  in a s tepwise  manner .  Ini t ial ly the 
double bond is hydrogenated and the a lkylcyclopropane is formed.  Depending on the s t ruc tu re  of the a lkyl -  
cyclopropane,  it then ei ther  i somer i ze s  to the olefin or  is converted to the sa tura ted  hydrocarbon.  

In the p r e s e n t  paper  we made a m o r e  detai led study of the react ion for the tonic hydrogenation of a l -  
kenylcyclopropanes  (t) and (II), and we also  studied the yield of the fo rmed hydrocarbons  as a function of the 
length of exper iment ,  the amount  of t r i f luoroace t ic  acid,  and the t empe ra tu r e .  In the ionic hydrogenation 
of vinylcyclopropane (1), resul t ing in the format ion  of e thylcyclopropane (HI), in not one of the studied cases  
we re  we able to isolate  an e thylcyclopropane that was not contaminated with t r an s -2 -pen t ene  (IV) (Table 1). 

I sopropenylcyc lopropane  (lI) behaves  in a different  manner  when hydrogenated (Table 2). A t - 1 0 ~  
and a twofold excess  of t r i f luoroace t i c  acid we obtained isopropylcyclopropane iV) in 

(I) (III) (IV) 

approx imate ly  80% yield, which was not contaminated with ei ther  the ethylenic or the sa tura ted  h y d r o c a r -  
bon [2-methylpentane (V1)] 

/CH3 /CHs 
jCH2 H~ ~--CH:-CHa H+, H~ CHaCH2CH2CH__cH 3 ~_C__cH 3 H+, 
(II) (V) (VI) 

It iS in teres t ing to compare  the r e su l t s  of the ionic hydrogenation of a lkenylcyclopropanes  (I) and (II) 
with the p rev ious ly  studied ionic hydrogenation of conjugated dienes [2]. Thus,  the unsubsti tuted diene, and 
speci f ica l ly  1,3-cyclohexadiene (VII), p rac t i ca l ly  does not hydrogenate.  1-Propenylcyclohexene  (VHI), 
which has branching at  one of the double bonds, is hydrogenated complete ly ,  i . e . ,  se lec t iv i ty  is absent  

@--CH=CH--CHs H+, tt= @--GH2GH2CHs 
(VHI) (IX) 

As a resu l t ,  the main  cha rac t e r i s t i c  d i f ference  in the ionic hydrogenation of a tkenylcyclopropane hy-  
d rocarbons  and dienic hydrocarbons  consis ts  in the poss ib i l i ty  of the se lec t ive  hydrogenat ion of a double 
bond that is conjugated with a t h r e e - m e m b e r e d  ring. This se lec t iv i ty  can be explained by the in termedia te  
format ion  of the cyclopropylcarbonium ion (A), wh ichpos se s se s  ahigh stabi l i ty  due to conjugation with a 
t h r e e - m e m b e r e d  ring [3]. The addition of hydride ion f rom t r ie thyls i lane  to ion (A) leads to the format ion 
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TABLE 1. Yield of H y d r o c a r -  
bons (in %), Obtained in the 
Ionic Hydrogenation of Vinyl-  
eyelopropane (I) 

9,i 
0,5 20 
t,0 

4,0 
t5,0 2~0 

Amount of CFsCOOH, moles 

2,5 4 

(IiI) (Iu (III) (tu 

41 6,3 
33 2,8 40 ~0,8 
35 2,8 34 13,5 
39 6,0 27 t5,0 
3t ~o.o 20 7,7 

0,5 
t ,0 20 50 _0 
3 0 20 52 

50~0 20 40 -- 

TABLE 2. Yield of H y d r o c a r -  
bons (in %), Obtained in the 
Ionic Hydrogenation of Isopro- 
penylcyelopropane  (I1) 

, l  
~176 

62 0 
59 0 5 

t7 8,6 

of a lkylcyclopropanes*  

It--C=CH~ + [tt--GTCHs ] Pt--C--CH~ 
] ~ J t / H--Si~t. , [ "~  

/ \  / , - - ,  
k (A) j 

The d i f fe rences  in the r e su l t s  of hydrogenating (I) and (11) a r e  probably  explained by the fact  that the 
carbonium ion that is obtained f rom (I1), which is s tabi l ized by conjugation with the cyclopropyl  group, is in 
addition a t e r t i a r y  ion, which makes  it m o r e  s table  than the secondary  ion that is formed f rom (D. For  this 
r e a son  the ionic hydrogenation of the etkylenic l inkage in (I b p roceeds  at  a f a s t e r  speed than in (1). This 
can explain the d i f fe rence  between the hydrogenat ion ra t e  of the double bond and the ra te  of opening the r ing 
in i sopropenyleye lopropane  and vinyleyclopropane.  For  this r eason  isopropylcyelopropane can be obtained 
without contamination by the sa tu ra ted  hydrocarbon.  

In o rde r  to make  a compar i son  with the r e su l t s  of hydrogenating a lkenylcyclopropanes ,  we studied 
under the s a m e  conditions the behavior  of two a lky l ideneoyc lopropanehydrocarbons ,  and speci f ica l ly  1,1- 
d ime thy l -2 -me thy leneeyc lopropane  (X) and 1,1-dimethyl-2-1sopropylidenecyclopropane CXI), in which the 
double bond is s emicyc l i c ,  They a lso  take p a r t  in the ionic hydrogenat ion react ion  and a re  conver ted to 
sa tu ra ted  hydrocarbons  with an open chain, but in con t ras t  to a lkenylcyclopropanes  (I) and ( ~ ,  the f o r m a -  
tion of alkylcyclopropaue hydrocarbons  is not obse rved  during the course  of their  hydrogenation,  i . e . ,  the 
semicyc l i c  double bond in these  compounds does not hydrogenate  se lec t ive ly .  2 ,3-Dimethylbutane (X/I) is 
obtained in 65% yield as the r e s u l t  of the hydrogenat ion of hydrocarbon (X) 

CHa CH3 
Cga \ / . ,  m, ~- \ / 
CHa v ",~ CH~ ~ CHs--CH--CH--CHa 

(x) (xll) 

The absence  of the in te rmedia te  format ion  of 1 ,1 ,2 - t r imethy leyc lopropane  (XIII) is co r robora ted  by the 
following d a t a .  P rev ious ly  i twas  shown [5] that  1 ,1 ,2- t r imethylcye lopropane  (XII1) during ionic hydrogena-  
tion is conver ted to a mix ture ,  which is composed of 75% of 2 ,3-dimethylbutane (XII) a~ld 25% of 2 -me thy l -  
pentane (VI), whereas  the reac t ion  with (X) leads  to the fo rmat ion  of only 2 ,3-dimethylbutane (XI-f) 

CHs CHa CHa CH~ 
m ~- \ / \ 

CH~ - . . ~ / ~  CHs ~ CH3--CH--CH--CH3 + GH~--Ctf--GH~CH~CH~ 
(XIII) (Xlt) iV0 

As the r e s u l t  of the reac t ion  of 1 , l -d ime thy l -2 - i sop ropy l idenecyc lop ropane  (XI) the main hydrogenation 
product  proved to be 2 ,5-dimethylhexane (XIV); 2 ,5 -d imethy l -2 -hexene  (XV) and 2 ,5 -d imethy l -3 -hexene  
(XVI) were  a lso  detected.  The la t t e r  p redomina ted  under incomplete  hydrogenation conditions 

* The authors  of [4] failed to obse rve  the fo rmat ion  of sa tu ra ted  hydrocarbons with an open chain when cyolo-  
p ropy lca rb ino l s  w e r e  r eac ted  with si l icon hydr ides  and trifluoroacetic acid.  Apparent ly,  this is a s s o -  
ciated with the fact  that  the reac t ion  was run using inadequate amounts  of acid and si lane,  and a lso  a shor t  
contact  t ime.  
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H3C CHs H+, H- 
\ / ~ _ _ = /  -----> 

H3C \CHs 

(XI) 

CHa CHa 
\ / 

CHa--CH--CHzCH~CH--CHa (X IV) 

CHa CHa 
\ / 

CHa--C=CHCH~CH --CHs (XV) 

CH3 CHa 
\ / 

CHa--CHCH=CHCH--CHa (XVI) 

The fo rma t ion  of  these  h y d r o c a r b o n s  is poss ib le  only when the r ing  a t tached to the bond between the 
two subs t i tu ted  ca rbon  a toms  is c leaved.  The c o u r s e  of  the r eac t i on  can be depic ted  by the following 
s c h e m e ,  which pos tu l a t e s  the in t e rmed ia t e  fo rma t ion  of 2 , 5 - d i m e t h y l - 2 , 4 - h e x a d i e n e  (XVII) 

H H 
\ /  

CHa HaC C CHs HaC CHa 

\CH=C --a+ \ / HaC / H+ ~C / --/CI~ HsC--C=CH--CH=C--CHa H3C\/\=C--CHs ' H3C -~ 
4- 

(XI) H- 1,~-H+, (XVIt) 
H -  ] 1,4- I H+, H -  

HsC I / '  CH3 HaC | /CHa 

\ ~ i / "H HaC\CHCJ'=CHCHZ--CHs-- l-I HsC--CHCH~CH-----C--C a 
(XV) H+, ~- (XVI) 

HaC | CHa 

\ ~ /CH H3C--CHCH2CH~CH-- 
(XIV) 

The following facts serve to corroborate the presented scheme. By means of special experiments* 
it was shown that, together with the saturated hydrocarbon (XIV), the symmetrical olefin (XVI) is formed 
in the ionic hydrogenation of diene (XVI1), and traces of olefin (XV) were also detected. These results 
testify to the fact that the hydrogenation of diene (XVII) proceeds at the 1,2- and 1,4-directions, and cor- 
roborate the possibility of its intermediate formation during the hydrogenation of (XI). 

EXPERIMENTAL 

Vinyleyelopropane (I) and isopropenylcyclopropane (ll) were obtained as described in [6], and had the 
following constants, vinyleyclopropane, bp 40.1 ~ n~ 1.4142; isopropenyleyclopropane, bp 70.3 ~ n~ 1.4255. 

The commercial grade of trifluoroaeetic acid was refluxed for 2 h with eonc. H2SO 4 (volume ratio 2 
�9 17 in a dry argon stream, and then distilled through a column filled with glass packing and having an effi- 
ciency of 15 theoretical plates; bp 72.5~ mp 15.2. The triethylsilane (Et3SiH) was obtained by the reaction 
of ethylmagnesium bromide with silicochloroform [7]; bp 108-109~ n~ 1.4093. 

l,l-Dimethyl-2-isopropylidenecyclopropane (XI) was obtained by the addition of isopropylidenecarbene 
to isobutylene [8]. With stirring, 21 g of isobutylene dibromide was dissolved in 200 ml of liquid isobutyl- 
ene. The solution was cooled to - I0 ~ and, in a dry argon stream, an ether solution of 0.I mole ofmethyllithi- 
um was added in 1 h. The mixture was stirred at 0 ~ for 1.5 h, decomposed with water, and dried over 
MgSO 4. After distilling off the solvent the residue was distilled; bp 58.5 ~ (200 ram); n~ 1.4240; yield 57%. 
NMR spectrum (6, ppm)- 1.75 (6 protons), 1.15 (6 protons), 0.77 (2 protons). Infrared spectrum: 1780, 
1450, 1370, 1150, 1140, i000 cm -I. 

l,l-Dimethyl-2-methyleneeyelopropane (X) was obtained by the stepwise reduction of l,l-dimethyl- 
2,2-dibromo-3-methylenecyclopropane with tri-n-butyl hydride [9]. To 31.7 g of the dibromide [bp 78-79.5 ~ 
(26 ram)] in a dry argon stream, with stirring, was added an equimolar amount of 17.0 g of n-BusSnH. Af- 
ter 3 days (at 22 ~) themonobromide was distilled off and the reduction was repeated. The l,l-dimethyl-2- 
methylenecyclopropane (X) had bp 46-48 ~ [i0]. NMR spectrum (6, ppm)- 1.22 (6 protons), 5.25 (2 protons), 

0 (2 p ro tons) .  

Ionic  Hydrogenat ion .  To a m i x t u r e  of 0.01 m o l e  of  the h y d r o c a r b o n  and 0.01 mole  of EtaSiH was  g radua l ly  
added 0.02 mole  of  CF3COOH (due to exo the rmic  r eac t i on ,  in the case  of h y d r o c a r b o n s  (1) and (II) the ac id  was 

�9 The  expe r imen t s  w e r e  run with the co l labora t ion  of G. I. Boles tova .  
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added at  0~). The mix tu re  was kept at  a t e m p e r a t u r e  o f ' 1 0 ,  20, or  50 ~ and, at  the end of react ion,  was 
e i ther  decomposed  with wate r ,  ex t rac ted  with benzene and neutra l ized with solid I(2CO3, o r  a sample  was 
taken d i rec t ly  f rom the reac t ion  mix tu re  and analyzed by GLC. 

Hydrocarbon  (X), using a m o l a r  ra t io  of the r eac tan t s  of hydrocarbon : s i lane : acid = 1 : 2 : 4, at 20~ 
in 90 h, gives a 65% yield of 2 ,3-dimethylbutane.  

F rom hydrocarbon  (X1), using a 1 : 2 : 4  ra t io  of the r eac tan t s ,  at  50 ~ in 16 h, is formed:  63% of 2,5- 
dimethylhexane (XIV), 18.5% of 2 ,5 -d imethy l -3 -hexene  (XV1), and 1.6% of 2 ,5 -d imethy l -2 -hexene  (XV), and 
also 7% of 2 ,5-d imethyl -2-hexanol  t r i f luoroace ta te .  Using a r eac tan t  ra t io  of 1 : 1 : 2, at  50 ~ in 12 h, gives 
19% of (XV1), 4.7% of (XI), 4.0% of (Xu and 55% of 2 ,5-d imethyl -2-hexanol  t r i f luoroace ta te .  

The hydrogenat ion of diene (XVI1) using a reac tan t  ra t io  of 1 : 2 : 3, at 20 ~ in 172 h, g ives  30% of (XIV), 
10% of (XVI) and t r a c e s  of (XV). 2 ,5 -Dimethy l -3 -hexene  (XVI) was isolated by p r e p a r a t i v e  GLC. NMR 
spec t rum (6, ppm): 0.96 (6 pro tons) ,  2.17 (2 protons) ,  5.28 (2 protons) .  

The GLC ana lys i s  of the products  was run by compar ing  with s tandard compounds of known s t ruc tu re ,  
while the quant i ta t ive ana lys i s  was run using an internal  s tandard,  n -Pen tane  se rved  as the s tandard for 
hydrocarbon  (I), n-hexane for (I1) and (X), and isooctane for  (XI). The GLC was run on a "Khrom-3"  appa -  
r a t u s ,  using ni t rogen as the c a r r i e r  gas ,  and a g lass  cap i l l a ry  with a length of 43 m and an inside d i ame te r  
of 0.25 ram.  Silicone e l a s t o m e r  E-301 se rved  as the liquid phase .  The p r e p a r a t i v e  isolation was run on a 
V a r i a n - A e r o g r a p h  1868/4 ins t rument  at 100 ~ using an a luminum column with a length of 6 m and an inside 
d i ame te r  of 9 ram; diethylene glycol dicyanide se rved  as  the liquid phase .  

C O N C L U S I O N S  

1. A study was made  of the ionic hydrogenat ion of cyelopropane hydrocarbons ,  containing a double 
bond in the side chain. 

2. On the example  of the ionic hydrogenat ion of the vinyl-  and i sopropenylcyc lopropanes  it was shown 
that the se lec t ive  hydrogenat ion of a double bond, conjugated with a t h r e e - m e m b e r e d  r ing,  is poss ib le .  

3. In the ionic hydrogenat ion of a lkyl idenecyclopropane  hydrocarbons ,  and spec i f ica l ly  1 ,1-d imethyl -  
2 -methy lenecyc lopropane  and 1 ,1 -d imethy l -2 - i sopropy l idenecyc lopropane ,  the se lec t ive  hydrogenation of the 
semicyc l i c  double bond fai ls  to occur  and the hydrogenat ion products  a r e  sa tura ted  hydrocarbons  with an 
open chain, and speci f ica l ly  2 ,3-dimethylbutane  and 2 ,5-dimethylhexane.  

4. A reac t ion  scheme  was p roposed  for  the ionic hydrogenat ion of 1 ,1 -d ime thy l -2 - i sopropy l idenecyc lo -  
propane ,  which includes the in te rmedia te  format ion  of 2 ,5 -d imethyl -2 ,4-hexadiene ,  which compound is 
capable  of taking pa r t  in the ionic hydrogenat ion reac t ion ,  both by the 1,2- and by the 1 ,4 -mechanism.  

LITERATURE CITED 

1. Z .N.  Parr ies ,  G. A. Khot imskaya ,  and M. Yu. Lukina,  Dokl. Akad.Nauk SSSR, 178, 620 (1968). 
2. D . N .  Kursanov,  Z. N. P a r n e s ,  and G. I. Boles tova,  Dokl. Akad. Nauk SSSR, 181, 1132 (1968). 
3. Con tempora ry  P r o b l e m s  of Phys ica l  Organic  Chemis t ry  [in Russian] ,  Mir ,  Moscow (1967), p. 410. 
4. F .A .  Carey  and H. S. T r e m p e r ,  J. Am. Chem. Soc . ,  91, 2967 (1969). 
5. Z . N .  P a r n e s ,  G. A. Khot imskaya,  R. V. Kudrya tsev ,  and M. Yu. Lukina, Dokl. Akad. Nauk SSSR, 

184, 615 (1969). 
6. V.A. Slabey and P. H. Wise, J. Am. Chem. Soc., 71, 1518, 3252 (1949). 
7. J.W. Jenkins, N. L. Lavery, P. R. Guenther, and H. W. Post, J. Org. Chem., 13, 862 (1948). 
8. H . D .  Ha r t z l e r ,  J. Am. Chem. Soc., 86, 526 (1964). 
9. W. Rahman and H. G. Kuivila,  J. Org. Chem. ,  31, 772 (1966). 

10. G. Sehroder ,  Chem. B e r . ,  96, 3178 (1963). 

857 


