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P r e v i o u s l y  it was es tab l i shed  that  4-v inylcyclohexene  (VCH) when heated with t r i i sobuty la luminum 
(TIBA) i s  conver ted  in high yield to b icyclo[3 ,2 ,1] -2-octene  (BCO) [1]. It  s eemed  in teres t ing  to make a 
more  detai led study of th is  reac t ion  in o rde r  to t r a n s f e r  it to other  olefins. In o rde r  to find the opt imum 
i somer i za t ion  agent  we studied the compara t ive  act ivi ty  of some organoaluminum compounds of va r iab le  
s t ruc tu re .  

F r o m  the data given in Table 1 it can be seen that the mos t  act ive agen t s  for  the i somer iza t ion  of 
VCH to BCO a r e  t r i e thy la luminum (TEA), TIBA, di isobutylaluminum hydride (DI]3AH), and t r i s c y c l o h e x -  

eny l e thy l a luminum (TCEA) [2]. Diethyla luminum chloride,  d i isobutyla luminum chloride,  and e thy la lumi-  
num dichloride a r e  much l e s s  act ive .  Tr iphenyla luminum is comple te ly  inactive,  which is explained by the 
following. The i somer i za t ion  of olefins and, in pa r t i cu la r ,  the i somer iza t ion  of VCH begins with the hy-  
droaluminat ion of the vinyl group by a compound of the R2A1H type. Compound (iI), obtained as the resu l t  
of exhaust ive t ransa lkyla t ion ,  is  conver ted  to the bicyclooctane der iva t ive  (III) due to the in t r amolecu la r  
reac t ion  of the C--A1 bond with the double bond in the ring. The c leavage  of a luminum hydr ide  leads to 
BCO (I). As a resu l t ,  t r iphenyla luminum,  due to i ts  inabili ty to take pa r t  in the hydroaluminat ion r e a c -  
tion, does not cause  the i somer i za t ion  of olefins.  
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Since the bes t  i somer i za t i on  ca ta lys t  is DIBAH, the t r a n s f o r m a t i o n s  of a number  of olefins with i ts  
i nvo lvemen t  were  studied. 1 ,5-Cyclooctadiene (COD) when heated at 200~ in the p r e s e n c e  of DIBAH is 
70% i s o m e r i z e d  to b ieyclo[3 ,3 ,0] -2-octene  (IV). This  t r ans fo rma t ion  opens up a route to the synthes is  of 
difficult ly ava i lab le  b icyclanes .  Hydrocarbon  (IV) was obtained p rev ious ly  by the i somer iza t ion  of 1,3- 
cyclooctadiene on po t a s s ium hydride [3], and i ts  constants  coincided comple te ly  with those of the product  
obtained by us. The use  of a 10-fold exces s  (molar) of the otefin re la t ive  to the DIBAH and a high t e m -  
p e r a t u r e  make  it poss ib le  to d i rec t  the i somer i za t i on  p r o c e s s  toward the fo rmat ion  of bicyclene (IV}. 

However ,  if an equ imola r  ra t io  of TIBA : COD is used and the reac t ion  is run in benzene at a lower  
t e m p e r a t u r e  [4], then the p r o c e s s  goes  with the fo rmat ion  of the organoaluminum compound (VI). I t s  sub-  
sequent hydro lys i s  g ives  a mix tu re  of the c i s -  and t r ans -me thy le thy lcyc lopen tanes  (VH), while reac t ion  
with ethylene leads  to 1 -methy lene -2 -v iny lcyc lopen tane  (VIII). 

As a resu l t ,  if the hydroaluminat ion  of the double bonds of COD o c c u r s  in one case ,  which can be 
judged [4] by the chemica l  t r a n s f o r m a t i o n s  of compound (VI), then the i somer i za t ion  p r o c e s s  takes  place in 
the case  of us ing ca ta ly t i c  amounts  of DIBAH. The di rec t  p repa ra t ion  of b icyclo[3 ,3 ,0] -2-octene  (IV) f r o m  
the react ion  mix tu re  s e r v e s  as proof  of this .  
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TABLE I. Isomerization of 4-Vinylcyclohexene (VCH) on Organo- 

aluminum Compounds (Mole ratio AI : VCH = 1 : I0, 150~ 5 h, and 

a charge  of 6.4 g of VCH) 

Catalyst I <~ t < m 

1 

VCH conversion. ~ b 84,513t,0 
Yield of BGO, ~ 45,0/65,0 

77 
75,0 925 IT5 70,0 

98,5 95,5 
20,0 20,0 

40'0192'5194'030,0 0 

The i somer i za t i on  of t r a n s - t r a n s - t r a n s - l , 5 , 9 - c y c l o d o d e c a t r i e n e  p roceeds  even m o r e  eas i ly ,  which 
a f t e r  heating at 200~ for  5 h g ives  a mix tu re  of t r icyclo[6,4,0,03,7]-4-dodecene (IX) and tricyclo[7,3,0,03'7] - 
4-dodecene (X) in 85% yield. The s t ruc tu re  of the t r i c y c l e n e s  is p roved  by the quanti tat ive i somer i za t ion  
of the dehydro de r iva t ives  (XI) and (XII) to 1 ,3-d imethyladamantane  (XIH) [5], and also on the bas i s  of the 
phys icochemica l  data. Thus,  the m a s s  s pec t rum of (IX) has  a m o l e c u l a r  peak  (m/e  162) with an intensi ty 
of 30%, which indicates  the cycl ic  s t ruc tu re  of the hydrocarbon  [6]. 

The c leavage of neutra l  f r a g m e n t s  with a m a s s  number  of 67 and 68 is due to the p r e s e n c e  of f ive -  
m e m b e r e d  r ings  in the molecule .  Based on the quanti tat ive hydrogenat ion data, the degree  of unsa tura t ion  
is equal to one. The s ignals  of two vinyl protons  in the 5.30 ppm region a r e  obse rved  in the NMR s p e c -  
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It s e emed  in teres t ing  to study the i somer i za t i on  of some monoolef ins .  As is known, the heating of 
~ -o l e f in s  in the p r e s e n c e  of a luminum t r i a lky l a t e s  leads  to the fo rmat ion  of d imers .  The d imer iza t ion  
p roceeds  due to the addition of the a luminum a lkyla tes  to the double bond in ha rmony  with the Markovnikov 
rule [7]. 

RCH~CH2al RCHCH~al - a ~  RC=CH-2 
+ ~ I - - - "  I 

RCH=CH-~ CHo.CH~R CH~CH~R 

Under the conditions,  desc r ibed  in [7] (heating the hydrocarbon  with DIBAH at 148~ 1-octene was 
conver ted  to 2 - h e x y l - l - d e c e n e .  In our  e x p e r i m e n t s  it was shown that 1-octene under  m o r e  dras t ic  condi-  
t ions (200~ conver ted  to a mix tu re  of the A 2-, A 3-, and A~- i somers .  Vinylcyclohexane is i s o m e r i z e d  
comple te ly  to e thyl idenecyclohexane and ethylcyclohexene.  1 -Methy l - l -v iny lcyc lohexene  r e m a i n s  c o m -  
ple te ly  unchanged. We were  unable to i s o m e r i z e  olefins that contain a CH 2 group and a t r i - subs t i t u t ed  
double bond. In pa r t i cu la r ,  even a f t e r  d ras t ic  t r e a tmen t ,  2 , 4 , 4 - t r i m e t h y l - l - p e n t e n e ,  ~ -p inene ,  l imonene,  
/3-pinene, and A3-carene  a re  r e c o v e r e d  unchanged. 

In d iscuss ing  the i somer i za t i on  of d i - subs t i tu ted  01efins it was a s s u m e d  by Z ieg le r  and c o - w o r k e r s  
[7] that the shift of the double bond can be explained by the r e v e r s i b l e  alH addi t ion- -c leavage  reac t ion .  
If this  scheme is used  to explain the i somer i za t i on  of ~ -o le f ins ,  then it mus t  be a s s u m e d  that the Mark o v -  
nikov rule  is upset  in the addition of alH. 
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RCHzCK=CK~ a i r  RCH~CHCKs --alH RCH=CHCH3 
I 
al 

It is  m o r e  val id  to a s s u m e  a different  i somer i za t ion  scheme,  based  on the hydride shift, which p r o -  
ceeds  under  d ras t i c  conditions.  

H 

alH R__CH2__C__CH 2 al ~ RCH~CH=CH-2 -- * 
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As a resu l t ,  the heat ing of olefins with di isobutyla luminum hydride s e r v e s  as a convenient  method for  
the p repa ra t ion  of i s o m e r i c  hydroca rbons ,  many  of which a r e  difficultly avai lable .  

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

The NMR s p e c t r a  were  r eco rded  on Var ian  A-60 and BS-487B ins t rumen t s  for  solut ions of the c o m -  
pounds in CCI o and using HMDS as  the internal  s tandard.  The m a s s  spec t r a  were  obtained on an MC-12-  
03 s p e c t r o m e t e r  using an e lec t ron  ionization energy  of 50 eV. The IR s p e c t r a  were  r eco rded  on a UR-20 
spec t ropho tomete r .  The UV s p e c t r a  were  m e a s u r e d  on a Specord UV-VIS ins t rument  using heptane solu-  
t ions.  

I s o m e r i z a t i o n  of Vinylcyclohexene.  Into a 25 ml  s teel  autoclave were  charged  6.5 g of v iny lcyc lo -  
hexene and 1.5 g of d i i sobutyla luminum hydride,  and the mix ture  was heated at 150~ for  5 h. After  f r a c -  
tional dist i l lat ion in vacuo we obtained 5.0 g of b icyclo[3 ,2 ,1] -2-octene  (I); bp 135-136~ (760 mm); n~  
1.4810. I n f r a r e d  s p e c t r u m  (v, cm-1):  760, 1450, 1650, 3030. m / e  108. The r e su l t s  of i somer i z ing  vinyl -  
eyclohexene on the other  ca ta lys t s  a r e  s u m m a r i z e d  in Table 1. 

The i somer i za t i on  of the following olefins was run at 200~ for  5 h, us ing a 10 : 1 ra t io  of the s t a r t -  
ing olefin and DIBAH. 

1. F r o m  6 g of 1 ,5-cyclooctadiene we obtained 5.5 g of a mixture ,  which, based on the GLC data, is 
composed  of two i s o m e r s  (IV) and (V) in a 7 : 3 rat io .  After  p r e p a r a t i v e  separa t ion  we obtained: a) b icyc lo -  
[3 ,3,0]-2-octene (IV), bp 133-134~ (760 mm); n~  1.4935. I n f r a r ed  spec t rum (v, cm-1): 700, 760, 1460, 
3030. NMR s p e c t r u m  (5, ppm): 5.60 (2H), m / e  108; b) 1 ,3-cyclooctadiene (V), bp 60-61~ (65 mm); n~  
1.4901. I n f r a r e d  s p e c t r u m  (v, cm- t ) :  720, 1460, 1640, 1660, 3020. Ul t rav io le t  spec t rum:  kma x 230 nm, 
l o g e  3.80. m / e  108; cf. [3]. 

2. F r o m  6.3 g of t r a n s - t r a n s - t r a n s - l , 5 , 9 - c y c l o d o d e c a t r i e n e  we obtained 5.3 g of a mix ture ,  which 
contained 55%of (IX) and 45% of (X). Af ter  p r e p a r a t i v e  separa t ion  of the mix tu re  we obtained: at t r i c y c l o -  
[6,4,0,03,?]-4-dodecene (IX), bp 80-81~ (8 mm); n ~  1.4962. In f r a r ed  spec t rum (v, cm-1): 745, 1450, 
3060. NMR spe c t rum  (5, ppm): 5.59 (2H). m / e  162; b) t r icyc lo[7 ,3 ,0 ,03J] -4-dodecene  (X), bp 83-85~ 
(8 mm); n ~  1.5048. I n f r a r e d  s pec t rum  (v, cm-1): 750, 1450, 3055. NMR spec t rum (5, ppm): 5.39 (2H). 
Mass  spec t rum,  m / e  M + (30%), 121 (41%), 96 (10.7%), 93 (48.1%), 82 (21%), 8t  (48%), 80 (100%), 41 (32%). 

I Iydrogenat ion of Mixture of Compounds (IX) and (X). In to  an autoclave were  charged  12.5 g of a m i x -  
tu re  of compounds (IX) and (X) and 1.0 g of Raney Ni. The hydrogenat ion was run for  5 h at 20~ and a H 2 
p r e s s u r e  of 5 a im.  We obtained 12.0 g of a mix tu re  of t r i c y c l a n e s  (XI) and (XII), bp 85-86~ (6 mm);  n~  
1.4903. I n f r a r e d  s p e c t r u m  (v, cm- i ) :  1380, 1460. M + 164 (by m a s s  spec t rome t ry ) .  

I somer i za t i on  of Mixture of T r i c y c l a n e s  (XI) and (XII). With s t i r r ing ,  to a mix tu re  of 5.0 g of AIBr 3 
and 4.0 g of compounds {XI)and {XII) was  added 2.0 g of t e r t -bu ty l  chlor ide,  the mix ture  was kept at 60~ 
for  6 h, and then the product  was ex t r ac t ed  with pentane.  After  evapora t ion  and dist i l lat ion we obtained 
3.5 g of d ime thy ladaman tane  (XIII), bp 100-102~ (25 mm);  n ~  1.4785; cf. [8]. 

1. F r o m  6 g of 1-octene we obtained 5.5 g of a mixture ,  which, based  on the GLC data ( ident i f ica '  
tion using authentic spec imens) ,  cons is ted  of 2-octene  and 3-octene in a 1 : 1  rat io ,  bp (of the mixture)  
122-122.5~ (760 mm);  n ~  1.4140. In f r a r ed  s p e c t r u m  (v, cm-1): 960, 1380, 1460, 3020. NMR spec t ru m 
(6, ppm): 5.80 (2H), m / e  112 .  
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2. From 6 g of vinylcyclohexene we obtained 2 g of a mixture, which, based on the GLC data (iden- 

tification using a label), consisted of ethylidenecyclohexane and l-ethylcyclohexene in a 1 : 3 ratio. A sim- 

ilar ratio was also obtained when the NMR spectrum of the mixture was examined. 

C O N C L U S I O N S  

1. I r r e v e r s i b l e  [somer iza t ion  occurs  when olefins a re  heated in the p resence  of diisobutylaluminum 
hydride. 

2. Conditions were  found for  the convers ion  of 4-vinylcyclohexene to bicyclo[3,2,1]-2-octene,  of 1,5- 
cyclooctadiene to bicyclo [3,3, 0]-2-octene,  and of 1, 5 ,9-cyclododeeatr iene  to t r i cyc to  [6,4,0,03, ~]dodecene and 
tricyclo[7,3,0,03,7]dodecene, and also for  the i somer iza t ion  of ~ -o le f ins  with a shift of the double bond. 

1. 

2. 
3. 

4. 

5. 

6. 
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