
Tetrahedron Letters Vol. 21, pp 693-696 
8 Pergamon Press Ltd. 1980. Printed in Great Britain 

0040-4039/80/0215-0693$02,00/O 

THE SYNTHETIC UTILITY OF AMINE BORANE REAGENTS IN 

THE REDUCTION OF ALOEHYOES AND KETONES 

G. C. Andrews* and T. C. Crawford 

Central Research, Pfizer Inc. 

Groton, Connecticut 06340 USA 

Abstract: Primary and secondary amine boranes have 

been shown to be mild, efficient, and stereoselective 

reducing agents for aldehydes and ketones in protic or 

non-protic solvents with reactivity patterns different 

than diborane or sodium borohydride. 

During the course of our studies on new stereo- and them,-selective reducing agents we have 

found that the reactivity and stereoselectivity of amine borane reagents is highly dependent on 

the nature of the amine used in the amine borane complex. In fact, contrary to much of the 

literature, commercially available ammonia borane and primary and secondary amine borane reagents 

are versatile, efficient and reactive reducing agents for aldehydes and ketones.' 

While amine boranes have been extensively studied as carbonyl reducing agents both mechan- 

isticall~'~-~ and in synthetic applications,3a-c they have failed to gain widespread use in 

synthetic chemistry in spite of their remarkable stability (both thermal4 and hydrolytic),2a'2c 

solubility in protic and aprotic solvents,4 and handling convenience. The relative disuse of 

amine boranes is a result of the conclusions of previous work, primarily5 with tertiary amine 

boranes (trimethyl amine borane, 2a92ey2b'3d N-phenylmorpholine borane 
*b-e ) and pyridine borane.3a 

These studies show that in the absence of Lewis acid catalysis,zc'2e'5a tertiary amine boranes 

react with ketones and aldehydes only sluggishly, at elevated temperatures, 
sa,sb 

transferring 

only one of the three available hydride equivalents. 

Table 1 shows the relative reactivity of several amine boranes in the reduction of 4-g- 

butyl-cyclohexanone (I). Reductions were accomplished with a 1:l molar ratio of ketone toamine- 
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borane.6 Primary and unhindered amine boranes afforded high stereoselectivity and rapid reduc- 

tion. Tertiary amine boranes were unreactive even at pH 2.0. The stereoselectivity observed 

decreased with decreasing reactivity and was temperature dependent, illustrated by the fact that 

NH3BH3 afforded a 96:4 ratio of 2:3 at -50' in 87% isolated yield.3 This contrasts markedly 

with the moderate stereoselectivity and harsh conditions previously reported for the Me3NBH3 

reduction of 1 (2:3::86:14 in 55% conversion after 3 days at 100").3b 

Table 1. The Relative Reactivity of Amine Boranes in the Reduction 

of 4-t-butylcyclohexanone in CH30H/H20 (Z/l) at RT 

Reagent Time 

15 min 85 min 18 hr 
2;3 2+3 ?:I? 2+3 2:3 I _ 2+3 

NH3.BH3 91:9 >99% -- __ __ __ 

t-C4HgNH2.BH3 92:8 >99% __ __ -- -- 

(CH3)2NHsBH3 9O:lO 73 92:B >99% -_ __ 

2,6-lutidine.BH3 82:18 33 85:15 42 86:14 >99 

pyridinesBH3 0 81:19 29' 

(CH3)3NBH3 0 0 80:20 6 

N-phenylmorpholine.BH3 - 0 0 -- <l 

The high selectivity observed for axial hydride delivery in this sterically biased cyclo- 

hexanone system suggests amine boranes may be less susceptible to non-bonded steric interactions 

than traditional hydride and borane reductants. This premise is supported by a comparison of 

NaBH4, and NH3BH3 in the reductions of camphor (4). Armnonia borane affords reduction at a 

significantly greater rate than NaBH4 and with a higher percentage of hydride delivery across 

the sterical ly more hindered s-face of 4.7s* 

4 
NH3BH3/7 hrsi 
>99% conversion (93% is01 

49 
ated yield) 

NaBHq/7 days/ 
53% conversion 

85 
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There appear to be major electronic differences in the reactivity of amine borane reagents 

and diborane. The reduction of 9-methyl-A5(10)-octaline-1,6-dione 5, ammonia borane affords the 

C-l reduced enone, 6, while BH3 primarily reduces the more electron rich C-6 enone carbonyl.9 

We have 

tion of 

reagent 

aqueous 

B2H6/O"/THF 28 72 

NH3BH3/O"/CH30H 98 2 

NaBH4/O"/CH30H 99 -9 

examined the synthetic utility of amnonia and t-butylamine borane reagents in the reduc- 

several different carbonyl containing molecules. In the cases reported, excess hydride 

(1.1+3 hydride equivalents) was utilized for convenience , and the reactions quenched witt 

2N HCl or H2S04. Reduction yields in Table 2 are of isolated, distilled or crystallized 

products. 

Substrate 

Q 
I 

& 

C02Et 

0 

Table 2: Reduction of Ketones and Aldehydes with Amine Borane Reagents 

Amine Borane 

t-C4HgNH2BH3 

t-C4HgNH2BH3 

NH3BH3 

NH3BH3 

t-C4HgNH2BH3 

Solvent / Conditions 

Et20 

Et20 

CH30H/H20 

CH30H/H20 

CHC13 

Et20 

CHC13 

Et20 

RT (16 hr) 

RT (16 hr) 

RT (1 hr) 

0" (10 min) 

0" (10 min) 

RT (4 hr) 

RT (1 hr) 

0" (1 hr) 

Product Yield 

87la 

6511 

85 

8312 

9212 

84 

7910 

871s 
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Thus primary and secondary amine boranes are efficient and stereoselective carbonyl reducing 

agents with reducing properties unique from diborane andhydridoborate reagents. Amine boranes 

represent a major class of reducing agents which heretofore have not generally been recognized 

and should prove to be an important addition to the family of reducing agents generally used by 

the practicing organic chemist. Our further studies of the utility of amine boranes in the reduc- 

tions of carbohydrates in aqueous media, their chemoselectivity, use in reductive aminations, and 

in the reduction of other functional groups will be reported in due course. 
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