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Tetrabutylammonium Cyanoborohydride. A New,
Exceptionally Selective Reducing Reagent

Sir:

The ever-present requirement for accomplishing re-
ductions of specific functional groups with a minimum
of damage to other sensitive portions of molecules has
stimulated considerable interest in reagents capable
of such selective conversions.! One successful ap-
proach to this problem has involved the modification
of borohydride anion by the replacement of a hydrogen
with a cyanide substituent. This strongly electron-
withdrawing group increases the Lewis acidity of the
corresponding cyanoborane and thus the cyanoboro-
hydride anion is more reluctant to deliver a hydride.
The result is a toned down reducing capability (and an
increased stability) which allows more discriminate
selection among functional groups.?-5

This communication reports the unique ability in
this regard of tetrabutylammonium cyanoborohydride
(TBAC), a new, versatile reducing agent.®’ In hexa-
methylphosphoramide (HMPA) solvent at 25°, TBAC
is an exceptionally mild reagent which reduces only
primary iodides and, to a lesser extent, bromides to the
corresponding hydrocarbons. Figure 1 illustrates the
rate plots for primary halides and tosylate. Thus, 1-
iododecane afforded an 819 yield of decane in 21 hr
with no olefin or other side products detected while the
corresponding bromo, chloro, and tosyl derivatives
suffered less nucleophilic attack (Figure 1). In addi-
tion, other normally sensitive groups including alde-
hydes, ketones, esters, amido, cyano, and aromatic
nitro were practically inert to the reaction conditions.?

Remarkably, the addition of acid to the medium
drastically alters the reducing ability of the reagent and
permits the selective reduction of aldehydes to be per-
formed facilely in the presence of most other functional
groups including ketones. In Figure 2 are plotted the
results from competitive reduction experiments of non-
aldehyde and 2-undecanone using excess TBAC and
varying acid concentration. As seen, increasing the

(1) For a stimulating and educational review of selective reductions
see H. C. Brown, *“Boranes in Organic Chemistry,” Cornell University
Press, Ithaca, N. Y., 1972, Chapters 12 and 13,

(2) Recent applications of selective reductions with sodium cyano-
borohydride include the reductive amination of aldehydes and ketones, 3
the selective reduction of alkyl halides and tosylates,* and the selective
conversion of carbonyl tosylhydrazones to hydrocarbons.5

(3) R. F. Borch, M. Bernstein, and H. Durst, J. Amer. Chem. Soc.,
93, 2897 (1971); R. F. Borch and A. Hassid, J. Org. Chem., 37, 1673
(1972); M. Boutigue and R. Jacquesy, Bull. Soc. Chim. Fr., 750 (1973);
A.Harmon and C. Hutchinson, Tetrahedron Lett., 1293 (1973).

(4) R. O. Hutchins, B, E. Maryanoff, and C. A. Milewski, Chem.
Commun., 1097 (1971).

(5) R. O. Hutchins, C. A. Milewski, and B. E, Maryanoff, J. Amer.
Chem. Soc., 93, 1793 (1971); 95, 3662 (1973); B. Ganem, Tetrahedron
Lett., 4105 (1971).

(6) The reagent was prepared in a similar manner as described for the
corresponding borohydride.” Thus, 0.1 mol of Bu{NHSO. suspended
in 50 ml of water was treated with 35 ml of 5 N NaOH, and a solution
of 0.11 mol of NaBH:CN in 40 ml of water was added at room tempera-
ture. After 15 min, the mixture was extracted three times with CH:Cl,
which was dried (K:COQs), decolorized with carbon, and concentrated
at reduced pressure to afford white crystalline product (78 %) which was
recrystallized from ethyl acetate. The material (mp 144-145°) gave
a satisfactory elemental analysis for Ci7H3sN:B.

(7) A. Brandstrom, U. Junggren, and B. Lamm, Tetrahedron Lett.,
3173 (1972).

(8) For instance, nonaldehyde gave 3% reduction in 59 hr while
2-undecanone was 5% reduced in 72 hr. Heptanenitrile, ethyl dec-
anoate, dodecamide, and 4-nitrobiphenyl were virtually unaffected in
72 hr under the conditions described in Figure 1. Sodium cyanoboro-
hydride in HMPA offers similar discrimination between alkyl iodides
and other functional groups; see ref 4.
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TableI. Reduction with Tetrabutylammonium Cyanoborohydride in Hexamethylphosphoramides at 25°

Compound Acid concn, N Time, hr Product % yield®
Nonaldehyde 0.12 1.0 Nonanol 84
0.15 1.0 92

9-Anthraldehyde 0.15 0.5 9-Anthrylmethanol 95¢

4-Cyanobenzaldehyde 0.15 0.5 4-Cyanobenzyl 434
alcohol

2-Undecanone 1.5 0.5 2-Undecanol 84

Cholestan-3-one 1.5 0.5 3-Cholestanol 94

4-Acetylbipheny! 1.5 0.67 4-(a-Hydroxyethyl)- 86
biphenyl

4-tert-Butylcyclo- 1.5 0.5 4-rtert-Butyl- 88/

hexanone cyclohexanol

sSolutions were 0.2 M in the compound and 0.8 M in TBAC.
otherwise. ¢ Yield of unpurified material; recrystallization led to
product. ¢ Composed of 797 - and 15.5 % a-isomers.
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Figure 1. Reduction of primary halides and tosylate with TBAC
in HMPA at 25°, All solutions were 0.2 M in the compound and
0.8 M in TBAC. The per cent reductions were determined by
glpc using internal standards.

acidity rapidly accelerated the reduction rate of non-
aldehyde such that in 0.1 or 0.12 N acid, nearly com-
plete reduction occurred in 15 min while the ketone was
essentially untouched (ca. 3% reduction).®®  Also
worthy of note, the relatively slow reduction rate of
primary iodides (an SN2 process) was not concomitantly
increased with increasing acid strength and in 15 min
iododecane suffered only ca. 1297 reduction in 1.5 N

(9) The reduction rate of carbonyls by cyanoborohydride is greatly
increased by protonation.®? The marked difference in aldehyde and
ketone reduction rates in the highly basic solvent HMPA 10 possibly re-
sults from a more discriminate deliverance of hydrogen ion to the less
hindered aldehyde oxygen from the relatively hindered protonated
HMPA phosphoryl oxygen. Other solvents including methanol and
benzene did not provide substantial selectivity. For example, using
conditions described in ref 3 with TBAC (methanol, pH ~4, 25°), com-
plete disappearance of nonaldehyde and 85 % reduction of 2-undecanone
was obtained in 15 min. In this case, a small amount (ca. 10-15%) of
nonaldehyde dimethyl acetal was observed in addition to the alcohol.
Furthermore, sodium cyanoborohydride in HMPA was less effective
for the selective reduction of aldehydes over ketones. For instance,
NaBH3CN in 0.12 N acidic HMPA gave 78 7 reduction of nonaldehyde
and 107 reduction of 2-undecanone in 15 min at 25°; in 1 hr the per
cent reductions were 83 and 17, for the aldehyde and ketone, respec-
tively. In addition, the faster rate of halide reductions by NaBH;CN
(i.e., ~51% reduction of iododecane in 1.0 hr at 25°, ref 4) decreases
greatly the selectivity possible in the presence of these functional groups.

(10) H. Normant, Angew, Chem., Int. Ed. Engl., 6, 1046 (1967).

® Isolated yields, purified by recrystallization or distillation unless note
partial air oxidation.
1159 cis, 73 % trans isomers.

4 Water solubility resulted in substantial loss C
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Figure 2. Competitive reduction of nonaldehyde and 2-undecanone
and reduction of 1-iododecane with TBAC in HMPA at 25°, The
reaction time in each case was 15 min, Competitive experiments
were conducted with solutions 0.2 M in both carbonyl compounds
and 0.8 Min TBAC. The reduction of 1-iododecane was conducted
with solutions 0.2 M in iododecane and 0.8 M in TBAC. The per
cent reductions were monitored by glpc analysis using internal
standards.

acid (at twice the relative TBAC concentration, Figure
1). Thus the reductive priority was almost completely
reversed under dcidic conditions allowing aldehydes
to be selectively reduced even in the presence of nor-
mally labile iodides and ketones. As the concentra-
tion of acid was further increased, the rate of ketone
reduction also increased until, in 1.5 N acid, complete
reduction was observed in 15 min. Even under these
conditions other functional groups including cyano,
ester, amido, and nitro were not affected.

Table I presents the results for a variety of reductions
of aldehydes and ketones. As a representative ex-
ample, the reduction of 4-acetylbiphenyl is described.
A solution of 3 mmol of 4-acetylbiphenyl and 12 mmol
of TBAC in 15 ml of HMPA containing 22.5 equiv of
sulfuric acid was stirred at 25° for 40 min, then diluted
with 20 ml of water and stirred for 30 min. The mix-
ture was extracted four times with ether which was
dried and concentrated to obtain a quantitative yield
of essentially pure 4-(a-hydroxyethyl)biphenyl. Re-
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crystallization from cyclohexane gave white needles
(86 %), mp 95-96° (lit.'* 97°).

In conclusion, the mild conditions, high yields, con-
venience, and absence of side products coupled with the
superior and controllable selectivity recommend the
reagent for synthetic applications which would not
tolerate harsher reagents. Particularly attractive pos-
sibilities include the removal of iodo groups in the
presence of carbonyls or the reduction of aldehydes
selectively in the presence of ketones or halides.

(11) W. Huber, M. Renoll, A. Rossow, and D. Mowry, J. Amer.
Chem. Soc., 68,1109 (1946).
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