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Vinyl-  and aUyl t r ia lkyls i lanes  r eac t  with diatkylaluminum hydride to fo rm organoaluminum compounds 
(OAC) which contain the sil icon a tom in the alkyl rad ica l  [1, 2]. In this case  the fo rmat ion  of the l e s s  
s t e r i ca l ly  p r e f e r ab l e  organoaluminum addition product  (H) takes  place  because  of the effect  of d r - p  v-  
conjugation between the Si and C a toms [3]. 

I/3DIBAH_. ( l~Si--CH/~-A1 + (R3SiCH~CH2)a--A1 RaSiCII=CII2 ' 
(ii) (i) 

The fo rmat ion  of a mix tu re  of OAC was a lso  obse rved  in p r o c e s s e s  for  the hydroaluminat ion of s t ryene  [4] 
and 6,6-dimethylfulvene [5]. 

In this work the reac t ion  of di isobutylaluminum hydride (DIBAH) was studied with s i l icon-containing 
olefins which have different  double bonds. The study of these  compounds is  also in teres t ing  because  studies,  
which have appeared  recent ly ,  indicate that i t  is poss ib le ,  bas ical ly ,  to involve olefins with di-  and t r i -  
subst i tuted double bonds in the hydroaluminat ion p r o c e s s  [6, 7]. 

T r i m e t h y l s i l y l - e i s - 2 - b u t e n e  (HI), upon react ing with 1/3 of a mole  of DIBAH (80 ~ 6 h), does not fo rm 
OAC. However ,  an analys is  of the react ion  products  showed that the s ta r t ing  compound i s o m e r i z e d  to a 
m a r k e d  extent into a mix tu re  of t r imethyls i ly lbu tenes  in a ra t io  of (IH) : (IV) : (V) = 27 : 68 : 5. The p re sence  
of the compound (V) in the mix tu re  was es tabl i shed by the appearance  of s ignals  for  the methylene protons  
at 2-C (2.00-2.12 ppm) in the PM_R spec t rum and the appearance  of the 910-and 1000 -cm - i  absorp t ionbands  
in the IR spect rum.  Because  of the smal l  concentrat ion of the i s o m e r  (V) in the reac t ion  mixture ,  it was 
not poss ib le  to isola te  it, whereas  the compounds (HI) and (IV) were  i so la ted  by the method of p repa ra t ive  
GLC. Heating with DIBAH (100% 10 h) r e su l t s  Lu the format ion  of t r ime thy l s i l y l - t r an s -2 -bu t ene  (IV) with 
an 89% yield. These  exper imen t s  show that the reac t ion  between the alkene (HI) and DIBAH takes  place 
in the-form of r e v e r s i b l e  addition --  the splitting off of the aluminum hydride -- in the course  of which the 
m o r e  thermodynamica l ly  stable t r ans  i s o m e r  is accumulated.  The addition of Ti(OBU)~, which in a c o m -  
plex with DIBAH is an active ca ta lys t  for  shifting the double bond [8], did not r e su l t  in samples  of any addi- 
tion products .  

+alH 
~ (CH~)~Si__II2C ~ /  

(cH3)aSi--CH2 . f a l l  (CH@,Si--CH2 -am -al.  --].=alH (iv) 

al ~ (CH3)3Si--H2C/'~ 
al = 1/8A1 (~.) 

The difficulty of adding R2A1H to a disubst i tuted double bond in t r imethyls i ly lbu tenes  can be explained by 
the in terac t ion  of the v - e l ec t rons  with the 3d-vacant  orbi ta ls  of the si l icon atom because  of the i r  spat ia l  
approach [9]; the fo rmat ion  of the d~ -p  r bond also shows a stabil izing effect. 
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The reac t ion  of 1/3 of a mole  of DIBAH with t r ime thy l s i l y l -2 ,6 -oc t ad iene  (VI) (130-140 ~ • h) 
gives tris-(8-trimethylsilyl-2-methyl-6-octenyl)aluminum (VII) with a 30% yield. The reaction takes place 
without a ~hift in the double bond to the end position as indicated by the structure of the alcohol (VIII), which 
is obtainec by the oxidation of the OAC (VII) by air followed by hydrolysis with acidified water~ 

al OH 
DIBAH . ~  / ~ / N / / ~ / - - S i M e ~  - .... : ~ / \ / / ~ / - - S i M e 3  ~' o~ ~ L A A /--SiMea 

�9 . 2 .  H~.O / V " \ /  \ \ /  

(vI) (vii) (vln) 

The ~eaetion of DI_BAH with t r ime thy l s i l y l -5 -me thy l -2 ,6 -hep t ad i ene  (IX), which, in spite of the 
p r e sence  of a vinyl group, does not stop at the s tage for  the fo rmat ion  of the OAC (X), is  quite interest ing.  
The reac t ion  product ,  which is  obtained with an 80% yield, i s  1 - t r ime thy l s i ly lmethy l -4 -methy lcyc lohexene  
(XII). Apparent ly  the reac t ion  of the diene (IX) with the DLBAH begins in the p r o c e s s  of the hydroalumina-  
tion of the vinyl bond, resu l t ing  in the compound (X), which then undergoes  in t r amolecu la r  cycl izat ion which 
takes  place  as the carba lumina t ion  of the disubst i tuted double bond. The cyclic  compound (XI), which As 
fo rmed  in this  way, i s  unstable and decomposes  with the spli t t ing off of the a luminum hydride.  As we can 
see,  the dcuble bond which is  in the f i -posi t ion to the s i l icon atom is  r a t he r  highly active in the ca rbo-  
alumination react ion.  The addition of the a luminum hydr ides  is  l e s s  typical  for  it. In eve ry  case  the 
split t ing off of the R2Altt f rom the 7 - a l u m o s i l a n e s  takes  place  ve ry  eas i ly .  

CH~SiMea CH~_SiMea 
} l A1R~ 

i } 

(Ix) (x) 

CH2SiMe3 CH2SiMe3 
R2A1 I [ 

I I 

(XI) (xn)  

CH2SiMe3 

(Xll) 

According to m a s s - s p e c t r o m e t r i c  data, the compounds (IX) and (XII) have the s a m e  molecu la r  ion 
t82 but with a different  intensity: for  the product  (XII) the intensi ty  of the peak for  the mo lecu l a r  ion is  
two o r d e r s  of magnitude g r e a t e r  than that for  the aliphatic dienes,  which indicates  the cyclic  s t ruc tu re  of 
(XII) [10]. Moreover ,  the paths for  the decomposi t ion of the mo lecu l a r  ions for  these compounds upon 
impac t  diffe r .  

L (Ix) A L m/e 10s(9~)~ ~-~' (xII) _J 

F o r  the diene (IX) this i s  the fo rmat ion  of the SIC7H15 + ion with m / e  127 and for  the cycloalkene (XII) this 
i s  the ruptu:=e of the fl-bond with r e s p e c t  to the r ing to fo rm CsH n ions with m / e  s The PMR spec t r a  
for  the compounds (XII) and (IX) differ.  

The quanti tat ive hydrogenat ion of the compound (X/I) on Pd /C  takes  place  with the absorpt ion of 1 
mole  of hydrogen; the oxidation of (XII) with an equimolar  amount of t e r t - a m y l  hydroperoxide  in the 
p r e s e n c e  of Mo(CO)s g ives  the oxide (XIV). The cycl iza t ion of the diene (IX) takes  p lace  also with the 
cata lyt ic  amount of DIBAH (~ 5-10%) giving the product  (XII) with an 85% yield. 

The re.action of DIBAH with an excess  of t r imethyls i ly lcyc lopentad iene  (X-V) (100 ~ 6 h) takes  place  
with the for laa t ion of the OAC (XVI) and (XVII) having the composi t ion C21HalA1Sil.~, the hydro lys i s  of 
which g ives  the ini t ial  diene (X-V) and the mix tu r e  of i s o m e r s  of bis( t r imethyls i ly l ) t r icyclo[5,2 ,1 ,02J]-3(4)  - 
decene (XVI]:I) in a 3 : 5 rat io.  I t  m a y  be assumed,  f rom the p r e sence  of the compound (XV) in the hydroly-  
s i s  products ,  that  the diene (XV) undergoes  d i rec t  meta l l i za t ion  substi tution with DIBAH with the fo rmat ion  
of ( t r imethy]s i ly lcyclopentadienyl ) -d i i sobuty la luminum (XVI). This  is  explained by the fact  that the p ro -  
ton, which i,~ on the a tom with the Si(CH3)3-substituting group, has an e levated acid nature  because  of the 
conjunction of the vacant  d -o rh i t a l s  of the Si with the occupied ~-orb i ta l s  of the cyclopentadienyl  and t h e r e -  
fo re  it  is  r ep laced  by the i-Bu2A1 group. Such a reac t ion  was also obse rved  during the hydroaluminat ion 
of cyclopentadiene [11]. The isolat ion of the mix tu r e  of the (XWIII) i s o m e r s  f rom the hydrolys is  products  
shows that  the p r o c e s s  for  the hydroaluminat ion of the d imer ic  f o r m  of the diene (XV) by DIBAH takes  
place  along the c i s -d i subs t i tu ted  (norbornene) bond. The reac t ion  conditions fac i l i ta te  the migra t ion  of the 
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double bonds and the Si(CH3) 3 group in the diene (XV); t he re fo re  i t s  d i m e r s  have a different  i s o m e r i c  c o m -  
position. F o r  this r ea son  the d ihydrot r icyclene  (XVIII) also is  a mix tu re  of i s o m e r s  with different  posi t ions  
for  the Si(CH3) 3 groups.  

H SiMea /-Bu.2AI SiMe3 

(xv) (xvD 

H20 
+ :Si~(CH3)6 ~ (XV) + 

i-s.~A1- ~ / j  
(xvll) ~ J 

( X V I I I )  "~  .-J 

E X P E R I M E N T A L  M E T H O D  

The IR spec t r a  were  obtained on the UR-20 spec t ropho tomete r  (film). The PMR spec t r a  were  r e -  
corded in CC14 on the "Tes la"  VS-487-V appara tus  with an operat ing frequency of 80 lVl/4z with and without 
proton s tabi l izat ion with r e s p e c t  to the HMDS. The m a s s  spec t r a  were  obtained on the MKh-13-06 ap- 
pa ra tus  at 50 eV and at 200 ~ The GLC was c a r r i e d  out on the KhT-63 appara tus ,  phase  KhE-60,  10% on 
Chromoso rb  W. 

React ion of T r h n e t h y l s i l y l - c i s - 2 - b u t e n e  (III) with DIBAH. Fifteen g r a m s  of the compound (III) were  
added to 5.5 g of DIBAH at 80 ~ in a s t r e a m  of argon. The mix tu re  was held at 120 ~ for  5-10 h. After  
hydro lys i s  with acidified water  13.8 g of the product  was obtained, the GLC analys is  of which showed that 
the ra t io  of the i s om er i c  t r imethyls i ly lbu tenes  tiE) : (IV) : (V) = 27 : 68 : 5. The boiling t e m p e r a t u r e  of the 
mix tu re  was 95-116 ~ (760 mm);  nD 2~ 1.4060. The mix tu re  was separa ted  by p r epa ra t i ve  GLC. The c i s -  
i s o m e r  (III), bp 115-116 ~ (760 ram); nD 2~ 1.4220, was isolated.  The t r a n s - i s o m e r  (IV) had a b.p.  of Ix3-  
114 ~ (760 ram); nD 2~ 1.4240; IR spec t rum (v, cm-t ) :  660, 690, 700, 720, 850, 970, 1250, 1660, 3030. The 
PM.R spec t r a  (5, ppm):  --0.12 (9H); 1.56 (3H), J = 6 Hz; i.48 (2H): 5.25-5.50 (2H, vinyl); M + 128 (mass  
spec t romet r ic ) .  Found: C 68.1, H 12.3, Si 19.2c/~ C7H15Si. Calculated: C 68.3, H 12.3, Si 19.4%. 

Reaction of Tr imethyls i ly l -2 ,6-oc tad iene  (VI) with DIBAH. Using the method descr ibed  above, t r i s -  
(8 - t r ime thy l s i ly l -2 -me thy l -6 -oc teny l )a luminum (VII) was obtained with a yield of 30%. Found: C 76.0, 
H 13.0, Si 5.12, A1 5.0%. C33H69SiA1. Calculated: C 76.2, H 13.3, Si 5.3, A1 5.2%. 

The oxidation of (VII) with a tmospher ic  oxygen followed by hydro lys i s  yielded t r ime thy l s i l y l -2 -  
oc tene -7 -o l  (VHI) with a bp 76 ~ (2 mm);  nD 2~ 1.4553. IR spec t rum (v, cm-t ) :  700, 770, 870, 970, 1160, 
1250, 1470, 3020, 3380. PMR spec t rum (5, ppm): --0.05 (9H); 2.18 (6H); i. i3 (3H), J = 7 Hz; 1.60 (2H), 
J = 8 Hz; 5.40 (2H); 3.75 (H); 3.42 (OH); M + 200 (mass  spec t romet r ic ) .  Found: C 65.9, H t2.2, Si 13.8%. 
CllH24OSi. Calculated: C 66.0, H 12.0, Si 14.0%. 

1 -Tr ime thy l s i lyhne thy l -4 -me thy lcyc lohexene  (XII). Heating the diene (IX) with DIBAH at 80-140 ~ 
for  5-12h gives (XII) with a yield of 76%, bp 62 ~ (6 mm);nD 2~ 1.4580. IR spec t rum (v, cm-t ) :  700, 760, 
840, 865, 1250, • i420, 1440, 1460, 1660, 3040. PMR spec t rum (5,ppm): --0.06 (9H); 0.82 (3H); J = 
7 Hz; 1.42 (2H); 5.36 (H). Mass  spec t rum,  m / e :  M + 182 (7.6%), 167 (2.11%), i39 (2.0%), 108 (9.0%), 97 
(3.5%), 95 ( 2 . ~ ) ,  93 (6.8%), 79(4.0%),77 (2.5%), 73 (100%)) 59 (11%), 58 (8.9%), 55 (13.0%), 45 (13.0%). 
Found: C 72.3, H 12.0, Si 15.2%. CilH22Si. Calculated: C 72.5, H 12.1, Si 15.4%. 

1 -Tr ime thy l s i l y lme thy l -4 -me thy lcyc lohexane  (XIII). The hydrogenat ion of (X/I) on P d / C  in e ther  
gives (X]:ff), bp 35 ~ (1, n0_m), nDz~ 1.4400. I R - s p e c t r u m  (v, cm-i ) :  700, 760, 870, 1190, 1250, 1380, 1460, 
2880, 2920, 2970. PMR spec t rum (b, ppm): --0.06 (9H); 2.40 (10H); 0.92 (3H), J = 7 Hz; 0..51 (2H); M + 
184 (mass  spec t romet r i c )  Found: C 71.6, H 13.2, Si 14.9% CiiH24Si. Calculated: C 71.7, H 13.0, Si 15.2%. 

1 -Tr ime thy l s i l y lme thy l -4 -me thy l - l , 2 - epoxycyc lohexane  (XIV). Epoxidation of the compound (XII) 
with a one mole  amount of t e r t - a m y l  hydroperoxide ,  ca ta lyzed with MO(CO)6 , yields the oxide (X1-V), ~bp .... 
93 ~ (7 ram); nD z~ 1.4600. I R - s p e c t r u m  (v, cm-i ) :  700, 770, 870, 1240, 1380; M + 198 (mass  spec t romet r ic ) .  
Found: C 66.9, H l l . 0 ,  Si 13.8%. CilH22OSi. Calculated: C 66.7, H 11.1, Si 14.170. 

React ion of Tr imethyls i ly lcyc lopentadiene  (XV) with DIBAH. Ten g r a m s  of the diene (XV) were  added 
to a solution of 9g of DIBAH in 150 m l  of heptane at 90-100 ~ in the course  of 2 - 3 h  and it  was held at this  
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temperature for 6h. After evacuation we got 18.5g OAC (XVI)-(XVII). Found C 68.76, H li.00, A17.1• 
Si • CIIH4iAISiI.~. Calculated: C 69.1, H 11.2, A17.4, Si 2.3%. 

The OAC (XVI)-(XVII) were hydrolyzed in abs. hexane, the organic layer was dried with MgSOo20and 
the solvent yeas distilled off. By means of vacuum distillation we obtained 4.2 g (XV), bp 35 ~ (12 mm); n D 
1.4658 and 7g of product (XVIII), bp 60-65 ~ (I ram); nD 2~ 1.4885. IR-spectrum (v, cm-1): 700, 760, 855, 
1250, 3030. PIV[R spectrum (5, ppm): --0.08 (gH); +0.12 (gH); 6.27 (IH olefin). M + 278 (mass spectro- 
metric). Found C 69.25, H 10.8, Si 19.9%. Ci6H30Si 2. Calculated: C 69.0, H 10.8, Si 20.2%. 

CONCLUSIONS 

1. The d isubs t i tu ted  double bond in the f i -pos i t ion  with r e s p e c t  to the s i l icon  atom does not en ter  
into the hydroa luminat ion  r eac t i on  because  of the in te rac t ion  of the u - e l e c t r o n s  with the 3d-vacant  o rb i t a l s  
of the s i l i con  atom. 

2. The disubstituted double bond, which is removed from the silicon atom, enters into the hydro- 
alumination reaction without a shift in the vinyl position to form organoaluminum co~npounds which contain 
the silicon atom. 
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