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The hydmboradon of alkenes is one of the most fiquently used processes in synthetic organic chemistry - 

in part because the regiochemistry of the reaction is considered to be reliable and predictable. Boron atoms 

normally add to the less crowded ends of double bonds, and hydrogens to the more crowded ends. Steric 

effects are greatest for bulky hydroborating agents such as SiazBH and 9-BBN, but are also significant for 

reactions with diborane, which have invariably fonntd the same principal products, after oxidation, as have 

hydroborations by bulkier agents.1 Electronic effects, which direct attack of boron to the more “nucleophilic” 

ends of double bonds,2 may partially offset steric effects of substituents, but it appears that only in the 

hydroboration of 3,3,3-aifluoropropene3 has boron added predominantly to the (slightly) more crowded end of 

a double bond. 

We have now found that hydroborations of 3,34ibenzylcycloalkenes by diborane are highly 

regioselective, but proceed with rtgiochemistries opposite from those that would be predicted from either steric 

or electronic effects of substituents. 

Addition of a solution of l,l-dibenzyl-l&dihydronaphthalene (la) to a solution containing 5 moles of 

diborane in THF at -5-C, followed by oxidation with alkalis hydrogen peroxide, consistently yielded mixtures 

containing alcohols 2 and 3 in a 91:9 ratio. In contmst, hytitoboration of la by Sia2BH4 or 9-BBN yields 
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1 (a,X=H) 2 3 

exclusively alcohol 3, the product of baron attack at the less cmwdcd site. Similarly, reaction of SiaBH with 

the other benzylcycloalkenes shown in the Table invariably yielded only the C-3 alcohols, although less than 

0.5% of the C-2 alcohol would have been detect& in each case. 

If, instead of la being added to a large excess of borane, borane solutic~~ were added slowly to solutions 

of ta, the product mixtures contained only 75-W% of 2, while if the alkene was added to solutions containing 

ca. OS- 1.5 moles of diborane (l-3 moles of borane) per mole of la the percenw of 2 kteased km ca. 80 to 

90% as the ratio of diborane to alkene incmased. The higher percentages of 3 formed using lower ratios of 

diboranetolaare~umablyduetotheinitiallyfonned1:1aMuctoflaandboraneactingasahydt&orakg 

agent in fur&r reaction with la. 

In order to identify the factors controlling qks&ctivity in the hydroboration of la, a series of 3,3- 

disubstituted cycloalkenes were reacted with diborane under conditions similar to those used for hydroboPaton 

of la. 

As is shown in the Table, hydmborations of 3,3dibenzylcyclohexene and 3,3-dibenzylcyclopentene by 

diborane yield prkipahy the C-2 alcohols. Therefare, it appears that the structum softhecycloalkeneringsplay 

little role in determinin g the regiochemistries of the hydroboration reactions. However, the unusual 

regioselectivity observed in the reaction of diborane with la is clearly dependent on the presence of benzyl 

groups, rather than a&y1 groups, at an allylic position, since reaction of l,l-dimethyl or l,l- 

di(cyclohexyhnethyl)-1,4_dihydmnaphthalcne with dibomne yielded product mixtures containing mom of the C- 

3 than of the C-2 alcohols. Fmthemx~, two benzyl groups are necessary, since the C-3 alcohol is also the 

predominant regioisomer fonnedfx7mrcycloalkene4. ThesameC-3alcoholwasobminedfrommactionof4 

with Sia2BH, and is therefore assigned the geometry with the hydroxy group anti to the benzyl substituent. 

The C-2 alcohol from hydrobo&on of4 was stemoisonmic withthealcoholobtainedfromLiAlH4xedwion 
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of the C-2 ketone, suggesdng that in the hydroboradon product the hydroxy group was syn to the methyl. ‘Ibis 

assignment of may was co&med by~sonsofNuclearOwhawer OfflZtSi.Uthe~OftbCtwO 

C-2 alcohols. Thus, boraoe appears to attack 4 exclusively from the dhection anri to the benayl group, as 

would be expected Finn the f&that ~,l~yl-l,~y~h~ t&&goes h- app&ably 

faatcr than does la. 

Table. Reactions of Cycloaikenes with DIboran& 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

w-ll=m 46 2-Hydroxy Isome& 

l.X=H 90.91 

l,X=CHg 88, 88 

1, x = Cl 96% 

4 42,44 

WY 

05 47.43 

66.71 

The exclusive formation of C-3 alcohols from reaction of 3,3dibcazyl~y~loaMnes with Sia2BH 
demonstrates that, as expect& C-2 is significautly man crowded thao C-3. Since beuzyl groups (sp = -0.099 

am apparently ~rmre~~thanhydrogtns,thee~~c~ofrhttwobenzyl~s 

should actually enhance attack by boroo at C-3. lMhumom,ifthebenzylgToupsdidexhibitsomeunexpected 

electronic influences, such as powerful electron-withdrawing hypercoujugation effects, hydrobomtion of 4 



should ahow mgiomkctivity immediate between tlro# of la and its dimethyl analog, rather than 

lQ&mkmydme#klatticlllwir$I&td*dimetbyl~ 

We have prwiourly shown that 3.34bmwylcyakmlkems react with bmmiw to form 

bicyclq[3.3.lIm1ane or bicyclo[3.2.l]octanc derivatives, as a n#ult of intcmction of bcnxyl groups with the 

initially fomcd bromonium ions.496 We initially suspected that a similar interaction in the course of 

llydmboration might account far fomation of 2 by hydroboration of la. Alternatively, it seemed possible that 

thcvacanta&iwdofbmmmigbtinmutwithpwlecmuafabnnylIgaup. ?imwer,bathliypothcsespmiict 

thatclcctrmQnuingsubslitucntsonbcnzy1Omuprwa;lldtendtoimease the pmentagcs of the 2-hydmxy 

icomen,uhaaarrhapa#atagesofthcj?-hyciroxyirmworI;resctuallylowendbythepreJtnceofelectron- 

dollatingsubstitllentsonthcbenzylIpoup. 

An adequate cxplanadon for the rcgioc~ of hydmbmdon of 3,3-dibcnzylcychndkcncs does not 
Stemtobeinanrrlintclyobviow. 
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