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RELATIVE ASYMMETRIC INDUCTION IN THE HYDROBORATION OF BI-l-CYCLOHEXEN-l-YLS 
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Abstract: Hydroboration-oxidation of the bi-1-cyclohexen-1-yls Land @ gave single 1,4-dials, 
d,l 2 and meso m, respectively, whereas the chiral bi-1-cyclohexen-l-y1 8a, synthesized 
from-(-)-trans-3,5-dimethylcyclohexanone, led to a mixture of two 1,4-dials (2 and l$a). 

The ability of boranes to distinguish between diastereotopic faces of double bonds in 

rigid2 and flexible3 cyclic olefins has been amply demonstrated. In most cases this stereo- 

selectivity is determined by the presence of adjacent or transannular substituents. This 

report describes examples of very high asylrmetric induction in which the stereochemistry of 

borane addition is controlled by asytmnetric centers which are external to a cyclohexene ring4. 

According to a previous report 5, the equimolar reaction of bi-1-cyclohexen-l-y1 1 with 

borane in tetrahydrofuran (BH3-THF) at Cl-ZO"C, followed by oxidation with alkaline hydrogen 

peroxide, led to a mixture of the d,l-diols 2 (58%) and 3 (3.4%), the mesa-diol 4 (5.8%) and 

the monoaddition-oxidation product 5 (12%). e have fou;d that the product selectivity of 

this reaction is greatly affected by stoichiometry and reaction temperature. Thus, reaction 

of BH3-THF with 1 in l.l:l molar ratio at O-20°C, followed by reflux (10 min.), then oxidation, 

gave a mixture of only 2 and 4 (3:1, respectively) in 89% yield. Similar results were - - 
obtained when thexylborane2*" and 1 were employed in 1:l or 2:l molar ratios. However, - 
reaction of BH3-THF with 1 in .?.I:1 molar ratio at -20 to 2WC, followed by oxidation, led to 

diol 2 (98%), accompanied-kly by a trace of diol 4. - 
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In order to examine the stereoselectivity of hydroboration of substituted bi-l-cyclo- 

hexen-1-yls, ketones 6a7 and 6bs were converted to the pinacols la and 7b, respectively, using 
- - - 

either magnesium amalgam-titanium tetrachloride in THFs or aluminum amalgam in dichloro- 

methanelo. Treatment of the pinacols with phosphorus oxychloride in pyridinell,l* gave the 

symmetrical bi-1-cyclohexen-1-yls 8a and 8b. The reaction of BH3-THF with (+)-8a (3:l molar 

ratio) at -40 to 2"C, followed by zidati;, gave a mixture of dials which were separated by 

column chromatography on alumina. These products were identified on the basis of symmetry 

properties and IHNMR coupling constants as the symmetrical diol 9a (21%, m-p. 155.5-156_5"C, 

<a];' + 34.4' (c 2.1, CHC13)) and the pseudomeso dial 10a (518, Ep. 169.5-17O.O"C, [cI]~" 

-38.4" (c 2.0, CHC13)). Reaction of BH3-THF with the zarnethyldiene 8b (2.2:l molar ratio) 
- 

at -10 to 3O"C, followed by prolonged oxidation, afforded a single product in 78% yield after 

recrystallization, m.p. 181.0-181.5"C. This product was identified as the e diol lob by - 
reaction with N-bromosuccinimide in DMSO l3 to afford the methylene ketal 11 (96%), whose 

lHNM8 spectrum (200 MHz, CDC13) exhibited an AB quartet centered at S4.gg?Av = 0.57 porn, 

J 
AB 

= 5.62 Hz). The distribution of product 1,4-diols 9a, 1Oa 
- 

could not be altered by changes in hydroboration conditions. 

and lob from dienes 8a and 8b 
- - - 

It is seen that the direction of interannular asynanetric 

hexen-l-y1 system is reversed by the presence of methyl groups 

induction in the bi-l-cyclo- 

in the 3,3',5 and 5' positions. 

If it is assumed that hydroboration stereochemistry is determined by the ground state olefin 

conformationaa and that this conformation of the bill-cyclohexen-1-yl.BH3 monoadduct is best 

represented as 1214, then diol 2 results from the attack of a second BH3 molecule on the 

cyclohexene faceopposite the B& group of 12. Alternately, the major products of dienes 8a - 
and 8b would result from monoadduct conformzons corresponding to 12 by cyclization15 or by 

direzion of the second BH3 molecule to the double bond face which G nearest to the BH2 

group. Cyclization appears unlikely, since monohydroboration products, such as 13a, can be 
- 

isolated in good yields if these dienes are treated with equimolar BH3-THF under conditions 

which give complete reaction with excess BH3-THF. FurthemKJre, hydroboration-oxidation of 

13a or hydroboration-oxidation-hydrogenolysis of 13b also yielded exclusively the meso dial 

G, in agreement with the directive effects of alcohol and ether substituents in hydrobora- 

tionls. 

The synthesis and complexation properties of crown ethers derived from diols 2, 4, -- 
9a, 10a and lob will be reported shortly17. 
_- - 
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