
Tetrahedron Letters No. 38, pp 3373 - 3376, 1976, Pergamon Press. Printed in Great Britain. 

LIMITED ALKOXY GROUP EXCHANGE IN TETRAALKOXYBOROHYDRIDES: 
EVIDENCE AGAINST THE FOUR-CENTRE TRANSITION STATE IN 

THE BOROHYDRIDE REDUCTION OF KETONES 

Donald C. Wigfield and Frederick W. Gowland 

Department of Chemistry, Carleton University 

Ottawa, Canada 

(Received in USA 2 Jlily 1976; received in UK for publication 9 August 1976) 

Since the discovery of sodium borohydride by Schlesinger, Brown and co-workers.1 its use 

in the reduction of ketones has presented the organic chemist with a continual series of 

puzzles. The question of the origin of stereoselectivity in cyclohexanone reductions has so 

far defied rigorous solution,2 and, even more fundamental, the actual mechanism of reduction 

still remains in doubt. Both the linear (Al3 and the four-centre 

ties were early recognized, to which must be added the six-centre 

(Bj4 mechanistic possibili- 

(C) mechanism, involving a 

H 

(A) (B) (Cl, 

molecule of hydroxylic solvent, more recently suggested by House. 5 The linear mechanism 

does, of course, represent a number of different mechanisms depending on the role of solvent. 

It is curious and noteworthy that, in comparison with continued consideration of the four- 

centre mechanism, 6 the linear mechanism has been almost totally ignored. 7 We wish to present 

evidence indicating that the popular four-centre mechanism is of no significance in cyclohexa- 

none reductions. 
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Inspection of mechanisms (A), (B), and (C) immediately reveals that these mechanisms in 

fact demand different products. All will give an alkoxyborohydride, and, after four steps,3 

a tetraalkoxyborohydride, but it is in the origin of the alkoxy groups where the difference 

lies; that origin being the newly-formed alcohol in the case of the four-centre mechanism, 

but the solvent in the case of the six-centre mechanism and, probably,* the linear mechanism 

also. Thus, at first sight, there would appear to be an extraordinarily simple, yet unrepor- 

ted, mechanistic distinction based on the analysis of the nature of the alkoxy groups in the 

tetraalkoxyborohydride product. This distinction, however, is clearly vitiated if there were 

alkoxy group exchange on boron, and, in fact, it is widely believed that this type of exchange 

does readily occur,' this belief having some experimental support. 10 Because this question 

was so crucial to the problem at hand, however, we have reinvestigated the type of exchange 

reacticns shown helow, 

Na%(0~14 t 4R'.uH ~NaO%c1~'14 + 4~0~ 

42 R=Me 

% R=Et 

ti R=Pri 

IrwEz~&xy*&~7~t?-~~~ LI cm2 Lh w?LpT pLcq?aTiY ccc pLm-zms-2y ci&azrz”kri &Jr sik?m-n bio? 

co-workers;l'll and lc by reduction of acetone by sodium borohydride in 2-propanol. It was 

found ti,ii-dL 3 -m-5_ z-~rrvtlsi-?~~ -rrrtti& ti -zz$< -SRTCL~~&% -ti -8~ "L-e?raa&UXy~~+d?% .Kas 5+&- 

soluticDn anb 'nyh751psis in 5YizD, i-b'loweh '~7 analysis 05 fne res&_?ing a'lcdnoifsj eiynlner by 

the pmr spectrum or by glc on a Carbowax 3000 column. Exchange reactions were performed by 

dissolving the tetraalkoxyborohydride in the appropriate alcohol and stirring the mixture for 

24 hours at room temperature, conditions comparable to reduction conditions. 12 The tetra- 

alkoxyborohydride was then isolated by alcohol evaporation, washed and centrifuged with dry 

benzene to remove traces of free alcohol, and Ynen the alkoXy groups attached to boron ana- 

lysed by nmr and glc as described above. In order to demonstrate lack of exchange by this 

approach, it is clearly essential to study the reaction either from both sides (e.g. NaB- 

(OMe)4 + EtOH a& NaB(OEt)4 + MeOH) or from the side which results in removal of the less 

volatile alcohol so as to ensure that the tetraalkoxyborohydride product is not simply an 

artifact of the relative boiling points of the two alcohols. Studying various possible 

exchanges using this method showed that, although exchange of primary alkoxy groups occurs, 

confirming the report of Cunningham and Pretka, 10 little or no exchange of secondary alkoxy 
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groups by secondary alcohols occurred. 

NaB(OEt)4 + 
cr 

OH 250 B% 
24h 

OH 
NaB(OP&4 + 

CT - 

NaB(OEtI4 + liii/- 

NaB(OPrn)4 _ + t-amyl alcohol + 

Some specific examples are shown below. 

exchange 

< 1% exchange 

no detectable exchange 

no detectable exchange 

This crucial lack of alkoxy exchange clearly removes objection to, and renders valid, the 

mechanistic distinction based on product analysis mentioned above. Investigation of the nature 

of the tetraalkoxyborohydrides formed in ketone reductions showed, as the following two reac- 

tions exemplify, that the alkoxy group attached to boron is consistently that of the alcohol 

solvent and not that of the newly-formed alcohol. 13 

0 
00 

OH 
PrlOH 

t NaBH - 
4 

Na B(OPrlI4 + 

Cl 
PrlOH 

+ NaBD ___f 
4 

As this result, taken in combination with the lack of alkoxy exchange on boron, is clear- 

ly inconsistent with the four-centre mechanism of reduction (B), which demands the newly 

formed alcohol to he attached to boron, it must be concluded that this mechanism is of no 

significance in the borohydride reduction of ketones. 
14 Further work aimed at defining the 

role of solvent and distinguishing mechanisms (A) and (C) is in progress. 
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We are also currently making studies of exchange under more vigorous conditions. 

An amusing corollary of this result is that the routine hydrolysis following a borbhydride 

reduction may be entirely unnecessary. 

Strictly speaking, this conclusion applies only to the last step of the four3 sequential 

hydride transfers. The unlikely possibility of the first three transfers resulting in 
solvent attached to boron being due to rapid alkoxy exchange followed by a specific 

process with no exchange is not experimentally ruled out by these experiments. The fast 

rate of reduction of NaBH(OPr1)3 compared to disproportionation 15 , however, makes this 

possibility very improbable. 


