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Aminoborohydrides. 5. Reduction of A1kylcyclohexanones to the 
Corresponding Alcohols with Unique Steric Selectivity 

Summary: Lithium aminoborohydrides (LAB), obtained by the reaction of n-butyZlithium with amineborunes, 

ure powem reducing agents for a wide runge of fknctional groups including the carbonyl group of 

alkylcyciohexanones. Reduction of 2-methylcycl&exanone with LAB reagents shows superiorjkmadon of the 

axial alcohol as compared to sodium borohydride INoBH& Reduction of 3- and &nethylcyclohexanones 

~~ws~~‘on of the equotoriul alcohol in proportions sin&tar to that obtained with NuBF&. Reduction of4- 

ten-bu@&oW kzdspre&minundy to the wrreqxmding cycMexi~~iconkainingon eqtiutvriolukohol 

group. Unlike NoBHd, LAB reagentr are soluble in ether solvents alknuing fbr homogeneous reaktions. 

Synthesis of isomerically pure alkyl substituted cyclohexan~ls remains an intemsting target because of their 

value in organic synthesis. This has led to the development of many stereoselective syntheses including 

Mitsunobu type inversion of substituted cyc1ohexauois.t These inversion reactions am tedious and often 

involve tire use of large amounts of tripbenylphosphine. More recent alternatives involve the reducdon- 

epimerization of alkylcyclohexanones with heterogeneons metal reagents.23 Unfortunately, these reagents 

display insufficient stereoselectivity in the formation of the substituted cyclohexanols and use metals such as 

nickel or chromium which represent an en~~~~ coneem. A direct mduction of the ~~~10~~~ to 

the alcohol would be a preferable alternative. Such reductious of ~1~~10~~~ to the ~~~~y 

less stable axial alcohol have been achieved by hydride magents.k4h Conversion of the axial alcohol to the 

equatorial alcohol may then be performed by inversion methods. 1 However, an efficient reduction of 

alkylcyclohexanones to the cor~~ponding cyclohexanols containing an equatorial alcohol group has not been 

achieved. Herein, we describe the reduction of various alkylcyclohexanones with lithium ~~o~~hy~~ 

(LAB) which give p~dorn~~~y the corms~nding substituted cyclohexanols containing an equatorial alcohol 

group. 

Recently, we demonstrated that LAB magents am powerful reducing agents, comparable in power to lithium 

aluminum hydride (LiilH&~ LAR reagents, unlike LiAlH4, ate non-pyrophoric and thennaRy stable. LAB 

reagents are quantitatively prepared by the deprotonation of an amine-borane complex with n-butyllithium, as 

illustrated with pyrrolidine in (eq. 1). 

H3B:THl? + HN 3 lhr leq. a-BuIA 

OOC 
- H,B:HN 3 7iqzzc LIBH3N 3 
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Our initial study showed that a wide variety of substituted LAB reagents can be readily syntbesized.~ The 

potential for controlling steric selectivity by choosing the appmpiate amine in different LAB reagents interested 

us. We have found tbat the steric requirements of different amine substitutions can dramatically alter tbe course 

of the reaction in the reduction of tertbuy amides. For example. in the redncdon ofNJV-diisoproWlbenzamide, 

lithium pyrrolidinoborohydride yields the corresponding alcohol while reduction with lithium 

diisopropylaminoborohydride yields the tertiary amine.% 

In order to Study the diffemm in stuic selectivity assobwd with diEen?nt aminobomhydrides we reduced 

several alkylcyclohexanones (l-4) to the corresponding alcohols. 

1 2 3 4 

Our results show that LAB reagents offer excellent selectivity in the reduction of 4-tert-butylcyclohexanone 

under mild conditions to afford predominantly the corresponding alcohol containing the equatorial hydroxyl 

group. 

Typically, the reduction of alkylcyclohexanones with complex borohydrides is performed at low 

temperatures to enhance stereo~lectivity.~ Initial studies with LiBHw2, however, showed little difference 

in the C&RZIIS selectivity between reactions performed at -78 “C and those performed at 0 “C (Table 1). 

Table 1: percentages of equatorial alcohols fnrm the reaction of LiBHw with alkykyclobexanones.~b 

Substituted Cydohexanone 
T. ‘C 1 2c 3’ 4 I 

0 64 92 89 95 

-78 I 59 93 92 98 

* Reactions performed in ‘II-IF with 12mmol aminoborohydride and 10 mm01 ketone. 
bAnalysis by capillary GC. ’ Analysis performed on the acetylated alcohol. 

Consequently, we chose to study the reduction of alkylcyclohexanones with a variety of lithium 

aminoborohydrides (5-12) at the more convenient temperature of 0 ‘C.6 

LIB&NM~ LiBH,N-(n-P+ LIB&N-(i-P& LIBHsN 
3 

5 6 7 8 

LiBI&Nz Lj W’a LiBHsN so 

12 
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The cis:t~~~~ ratios of the resulting 2-methyl and 4-tert-butylcyclohexaols wes determined by capillary GC 

analysis directly. However, analysis of the resulting 3-methyl md 4-methylcyclohexanols could not be 

perfonneddirectlysincerhediastereomerofthesePlcoholsdidnotsepPrPtewellonaMethyLPiliconecapillary 

column. Conversion of the alcohols to the less polar acetates facibtatal their separation.7 The msuks are 

presented in Table 2. 

Table2 1 

LAB 

rccntages of equatorial alcohols obtained with various LAB reagentsLc 

sllbstltuted Cydohexanone 

1 2b 3b 4 

5 64 (731d 92 (88jd 89 (891d 95 (87)d 

c75Y WY (8%’ 

6 60 90 86 99 

7 59 87 86 91 

8 59 90 85 93 

9 54 90 86 92 

10 53 88 88 92 

11 53 85 82 89 

12 60 91 86 92 

n Reactions performed at 0 “c, 10 mm01 of ketone, 12 mm01 of LAB reagent in THFJ. b Analysis of 3- 

and 4-methylcyclohcxanol isomers was performe!d on the acetates. CAnalysisona60m.MethyGlicone 

column. d Percentage of alcohol obtained by sodium borohydride mduction. ePerccntage of equatorial 
alcohol obtained with LiAE& . 

The results summarized in Table 2 indicate that LAB reagents give predominantly axial attack in the 

reduction of the relatively unhindered ketones, such as 3-methylcyclohexanone (2). 4-methylcyclohexanone (3) 

and 4-tert-butylcyclohexanone (4). For all of the ketones used in our study axial attack is preferred by small 

reducing agents, such as LiAEQ.8 However. reduction of these ketones with Lw routinely gives a mixture 

of cis- and trans-alcohols.8 On the other hand, the reduction of 4-teti-butylcyclohexanone (4) using LiBH3N- 

(n-F?)2 (6) gives 99% of fran.r-4-terr-butylcyclohexanol, a substantial improvement over conventional methods 

which still require separation. 

LAB reagents, like LiAW, are soluble in ether solvents and are extremely reactive. However, LAB 

reagents, unlii LiAlm. are easy to handle, much like sodium borohydride (NaBH& Unfortunatdy, NaB& 
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is highly insoluble in the majority of ether solvents and thus must be ha&led as a slurry, which is at times 

inconvenient. When working in ether solvents. LAB magents offer an excelkm alternative to the insoluble 

NaE3Hq since they show similar selectivity in the -on of alkykycl~. Asshowmii1Tabk2, 

NaBEQ reduces 3-methylcyclohexanone and 4-methyl~yclobexs to the equatorial alcohol with 88% and 

89% selectivity. respectively, vahres closely mimiclted by LAB magems.~ 
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