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The theore t ica l  poss ib i l i ty  of the hydrozincat ion of l~hexene using ZnH 2 in the p re sence  of catalyt ic  
amounts of NiC12 and CP2*ZrC12 was shown by us r ecen t ly  [1]. The reac t ion  is run using s ta r t ing  reac tan t s  
and solvent that have been carefu l ly  f reed  of t r a c e s  of mo i s tu re ,  02, and other  impur i t i e s .  In the opposite 
case the exper imen ta l  r e su l t s  are  difficultly reproduc ib le .  

In o rde r  to develop new, highly eff icient ,  and readi ly  avai lable  ca ta lys t s  for  the hydroz inca t iouof  clef ins, 
and a l s o t o  expand the applicat ion of this reac t ion  for  obtaining organozinc compounds,  we studied the reac t ion  
of ZnH 2 with 1-hexene,  1-octene,  1-nonene,  1-decene,  cyclooctene,  s ty rene ,  and i soprene  using t r an s i t i o n me ta l  
complexes :  Of the ca ta lys t s  studied by us,  based  on Fe, Co, Ni, Pd, Ti, and Zr  compounds,  the mos t  active 
proved to be the complex obtained by the reac t ion  of ZrC14 with C4HoOH. 

The highly act ive ZnH 2 for  the expe r imen t s  was obtained by the reac t ion  of ZnEt 2 with LiA1H 4 [2]. The 
opt imum condions for  the hydrometa la t ion  of the ment ioned olefins a re :  t e m p e r a t u r e  80~ t ime  3 h, e i ther  
a roma t i c  or  al iphatic  solvents  (benzene, toluene,  heptane,  hexane), and a Zn :olefin : Z r  3 r a t i o - - 5 0 : 1 0 0 : 1 .  In 
THF as the medium,  ZnH 2 decomposes  in the p r e s e n c e  of Z r  ca ta lys t s  even at 20 ~ to give Zn meta l  and H 2.  

1-Alkenes reac t  with ZnH 2 to give the higher  alkyl organozinc compounds (I)-(IV) in 52-65% yields  (Table 
1). The hydrozincat ion of cycloolefins by ZnH 2 p roceeds  to give products  (V) and (VI), whose yield does not 
exceed 20% 
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The react ion of ZnH 2 with s ty rene  and i soprene  leads to the fo rmat ion  of h igh -molecu la r  compounds. 

Together  with zinc dia lkyla tes ,  the cor responding  sa tu ra ted  hydrocarbons  are  fo rmed  in all of the e x p e r i -  
men t s ,  and also Zn meta l  and H 2. The fo rma t ion  of sa tu ra ted  hydrocarbons  during reac t ion  cannot be a t t r ibuted 
to the ca ta ly t ic  hydrogenat ion ofthe s ta r t ing  olefins by the hydrogen that is l i be ra ted  during the decomposi t ion 
of ZnH2, since it was asce r ta ined  by specia l  expe r imen t s ,  run under  the conditions of complete  ZnH 2 decom-  
posi t ion (either above 100" or in THF as the medium),  that hydrogenat ion of the 01efins does not occur  he re .  

Start ing with these facts ,  and a lso  taking into cons idera t ion  the s ta tement  made in [3] that alkyl com-  
plexes of the RZn2H 3 type are  unstable evena t  room t e m p e r a t u r e ,  it becomes  poss ib le  t o p r o p o s e  the following 
scheme fo r the  reac t ion  of ZnH 2 with olefins in the p re sence  of Zr  ca ta lys t s .  Evidently,  toge ther  with the di -  
alkylzinc,  the a lkylzinc hydride is fo rmed  in the f i r s t  s tep,  which quickly d i spropor t iona tes  into the dialkylzinc 
and hydride complex (VII). The l a t t e r  decomposes  under the reac t ion  conditions withthe l ibera t ion  of the alkane 
RI:T, H 2, and Zn metal. 

[Zr] 
Olefin-~ ZuHz ... . . . .  RZnH -I- B2Zn 

R =alkyl, cycloalkyl 
I. O~ 

ROH 4- ' R~Zn + RZn2Ha (VII)  
2. H.~O | t" ' 

D~O ~, 
RD -r B H  ~- Zn -}- H~ 

*Cp = cyclopent adienyl.  
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TABLE 1. Hydrometalation of Olefins 

by ZhH 2 Zn :Olefin :Zr  Mole Ratio=50 : 

100:1, 80~ 3 h, Solvent =Toluene 

Comp. of deuterolysis products 
of catalysate, %, 

; . . . . . . . . .  D Alkane"- 
Olefin lunreacted H Alkane :yield of 

olefin ~2Zn) 

1-Hexene - 35 65 
I -Nonene t i 29 60 
1-Decene t2 30 58 
1 -Octene 8 38 54 
Cyclohexene 70 t~ 20 
Cyclooctene 79 t5 

It should be mentioned that the hydrometalat ion of a -o le f ins  by ZnH 2 is exclusively selective at the ce-C 
atom, as was shown by the oxidation of dihexylzinc (1) to n-hexanol.  

In our experiments  the oxidation of the obtained organozinc compounds by 02 and subsequent hydrolysis  
with water  gave, instead of the expected alkyl hydroperoxides [4], the corresponding p r ima ry  alcohols in high 
yields .  Evidently, Zr  complexes,  under the conditions of oxidizing alkyl organozinc eempounds to the c o r r e -  
sponding alkyl hydroperoxides ,  facilitate a conversion of the lat ter  to alcohols. The mechanism of the given 
conversion is being studied. 

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

All of the exper iments  were run ina  dry,  O2-free argon atmosphere .  The solvents and olefins pr ior  to 
use were distilled in an argon s t r eam over LiAIH 4, The ZnH 2 was obtained by reducing ZnEt 2 as descr ibed 
in [2]. The yields of (I)- (VI) were determined by their  deuterolysis  products when based on taken olefin. The 
hydrocarbons in the hydrolysate  were  identified via the p rope r  standards on a Chrom-5 chromatograph equipped 
with a f i re .e- ionizat ion detector  and a 3.7 m x 3 mm column, packed with 15% PEG-6000 deposited on Chromatone 
N-AW. The mass spectra were obtainedon an IV:X-1306 instrument, using an electron ionization energy of 70 
eV and an ionization chamber temperature of 150 ~ 

To prepare the catalyst we added 4 mmoles of n-butanol to a suspension of i mmole of ZrCl 4 in 10 ml of 
dry toluene and stirred the mixture at N 20 ~ until a clear solution was obtained. 

Hydrometalation of Olefins. To a suspension of 15 mmoles of freshly prepared ZnH 2 in 5 rnl of the sol- 
vent were added 30 mrnoles of the appropriate olefin and 0.3 ml of catalyst solution, and the reaction mass 
was stirred for 3 h in a thermostatled reactor at 80 ~ Then the catalysate was filtered from the deposited Zn, 
and a part of it was decomposed with either D20 or H20 and analyzed either by chromatography or by mass 
spectrometry. The experimental results are given in Table 1. The remainder of the catalysate was evapo- 
rated i~ vacuo to remove the solvent and unreaeted olefin and then oxidized. 

Oxidation of Di-n-hexylzinc (3). A slow stream of dry air was passed for 5 h through 25 ml of an ether 
solution of (I) (5 mmoles), cooled to -10 ~ After conventional hydrolysis the ether layer, based on the GLC 
data, contained 4 mmoles of n-hexanol and I mmole of hexane. Hydroperoxides were not detected. 

CONCLUSIONS 

Some higher organozine compounds were synthesized by reacting ZnH 2 with linear and cyclic olefins in 
the presence of a catalyst based on ZrCI 4 and C4H9OH. 
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