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Tetraalkylammonium T'rihydridocyanoborates.
Versatile, Selective Reagents for Reductive
Aminations in Nonpolar Media

Summary: Tetrabutylammonium cyanoborohydride or the
combination of sodiu™ cyanoborohydride with Aliquat 336
provides useful, convenient reagents for reductive amina-
tion of aldehydes and ketones in aprotic or protic media.

Sir: Trihydridocyanoborate (cyanoborohydride)! is well
established as a mild, selective, acid-stable reducing agent
for a variety of conversions including aldehydes and ke-
tones to alcohols,? tosylhydrazones,® polar alkenes,* and
alkyl halides® to hydrocarbons, and numerous carbon-
nitrogen w-bond derivatives (imines, oximes, enamines) to
amines.? This latter transformation has been particularly
exploited as an excellent procedure for the reductive am-
ination of aldehydes and ketones.!?® However, the com-
mercially available sodium derivative suffers the limitation
that solubility is restricted to a few polar protic (H,0, low
molecular weight alcohols), aprotic (Me,SO, HMPA), or
ether (THF, diglyme) solvents.® The reagent is almost
totally insoluble and unreactive in most other useful sol-
vents including CH,Cl,, CHCl;, aromatic and aliphatic
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hydrocarbons, and diethyl ether.
To circumvent the solubility problem and hence aug-

g ment the utility of cyanoborohydride, we have explored
:’. the use of the tetrabutylammonium derivative® and other
£ phase-transfer techniques!® for typical cyanoborohydride
© . . <. 5911 . . .
N 0o © e mom reductions in nonpolar media.>®!! This communication
© BB VY ™ Mk POD reports the successful application of phase transfer to re-

ductive amination, which extends the useful media for
these conversions to include most common organic sol-
vents, including CH,Cl,, hexane, benzene, and diethyl
ether.

Tetrabutylammonium cyanoborohydride (TBACB),
prepared as previously described,*!! is an air- and mois-
ture-stable crystalline solid (mp 144-45 °C) which, in
contrast to the sodium counterpart, is not hygroscopic.
Phase transfer was also used to solubilize NaBH;CN by
employing Aliquat 336, an inexpensive liquid reagent
composed of methyltrialkylammonium chlorides with
Cg—C,p chains. Successful reductive aminations were ob-
tained under a variety of conditions, but the most con-
venient consisted of simply dissolving the aldehyde or
ketone (10 mmol), amine (60 mmol), and TBACB (7 mmol)
or NaBH;CN (7 mmol) plus Aliquat 336 (7 mmol) in 21
mL of solvent followed by addition of HCl (20 mmol),
conveniently added as a 2.5-5.0 N solution in methanol
or other solvent. Approximately 1 g of 4A molecular sieves
was added (to absorb H,O formed), and the mixture was
stirred at ambient temperature. Progress of the reactions
could be followed by monitoring the disappearance of the

N-cyclohexylmorpholine (169-70)
cyclohexylisopropylamine
N,N-diethylcyclohexylamine
4-tert-butyleyclohexanol (~145, mixture)
2-pyrrolidinyloctane (86-87)
CH,(CH,),CH(CH,)NHC H,

C,H,N(CH,),

cyclohexylpropylamine
New compounds showed IR, NMR, and elemental analysis consistent with the assigned

§ g@ o g 9 ® carbonyl by IR. Upon completion, isolations were accom-
T e e E’ . N; N plished in standard fashion (experimental), the products
§ ©D 0D © of ToT, purified by short-path distillation, and identified by com-
Y oo D © =T OTmIoo parison (IR and/or NMR) with authentic samples.
< LU L0 © DL OLDL The results for a range of carbonyls and amines are
presented in Table I. Examples using the standard me-
thod (NaBH;CN, CH;0H, 2-3 days)? are included for
© © © © © © comparisons. As illustrated, aromatic and aliphatic al-
zZ® Z® zRzB zB zzP dehydes and ketones react readily with unhindered pri-
OemPemPelemlamlU . mary and secondary amines to afford respectable to ex-
CENVEER RS llent isolated yields of amines in reasonable times, usu-
EErEEFLECERTEREEE e y :
Pzt it Pl i s P g b a P it . ally 2.5-24 h for aldehydes and 24-48 h for ketones. Two
2 limitations were encountered. Relatively hindered sec-
_g ondary amines (i.e., diethylamine) reacted only reluctantly
3 with ketones and gave inferior yields (<40%) of amine
= . ] products. Also ammonium salts (NH,*X~, RNH;*X")
Zoo +0 ) generally failed to react in aprotic solvents in which sol-
pRes) o * 2z, oye . .
g M7 e < ubility is a problem. In such cases, methanol solvent is
3 o% 2235 ol clearly superior.?
< E = SoE z The general reaction procedure is illustrated for the
5 ey T E ) preparation of N-cyclohexylpyrrolidine. To a solution
E ©O2 2ta o containing pyrrolidine (4.26 g, 60 mmol) in 21 mL of

CH,Cl, was added HCI (20 mmol, 8 mL of a 2.5 N solution
in CH;0H) followed by cyclohexanone (0.98 g, 10 mmot),
NaBH;CN (0.44 g, 7 mmol), and Aliquat 336 (2.93 g, 7
mmol). Approximately 1 g of 4A molecular sieves was
added, and the mixture was stirred at room temperature
for 48 h. The mixture was filtered, the filtrate acidified
(methyl orange indicator), and the solvent removed on a
rotary evaporator. The residue was taken up with 10 mL
of H,0 and extracted with three 20-mL portions of ether

Isolated and purified by distillation.
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4-tert-butylcyclohexanone
b

CH,(CH,),COCH,
¢ All known products were identified by comparisons with authentic samples.

structures.
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(discarded). The aqueous phase was basified (solid KOH,
phenolphthalein indicator), 20 mL of brine was added, and
the mixture was extracted exhaustively with ether. These
combined extracts were dried (MgSO,), concentrated, and
distilled in a Kugelrohr apparatus to yield 1.43 g (94%)
of N-cyclohexylpyrrolidine, identified by comparison (IR)
with an authentic sample. GLC analysis indicated >98%
purity.

In conclusion, phase-transfer techniques greatly augment
the utility of cyanoborohydride for reductive aminations
of carbonyls and complement analogous conversions in
protic media.
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