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Abstract—Treatment of a-amino aldehyde 2, which was prepared through Moffatt oxidation of the corresponding b-amino alcohol
5, with aqueous sodium bisulfite allowed clean conversion to a water-soluble bisulfite adduct 6 [>99% conversion, 89% yield (two
steps)]. The aqueous solution of 6 was treated with benzylamine followed by easy-handling NaCN to effect the Strecker reaction to
afford a-amino nitrile 3 with high diastereoselectivity and in high yield (syn/anti = 11:1, 95% assay yield). Both the compounds syn-3
and anti-3 were converted to a key intermediate 4 for (+)-biotin through S,N-carbonyl migration in high yields.
� 2004 Elsevier Ltd. All rights reserved.
The Strecker reaction has gained considerable attention
due to its significance in the synthesis of a-amino acid
derivatives from aldehydes.1 In our synthetic studies
on (+)-biotin (1),2 a syn-selective Strecker reaction of
a-amino aldehyde 2 to b-amino-a-amino nitrile syn-3
was required to allow an access to thiolactone 4, a key
intermediate for 1.2j However, our previously reported
procedure2j has suffered from such drawbacks as need
for employing expensive trimethylsilyl cyanide
(TMSCN). Although, as a solution to the problem, we
initially attempted to use HCN, which was generated
by the treatment of NaCN with acetic acid (2 ! 3,
77% yield, syn/anti = 11:1), it was hard to apply to a
large scale preparation due to difficulty in handling toxic
and low-boiling HCN. Taylor and co-workers have re-
ported that the Strecker reaction takes place by the
treatment of bisulfite adducts of achiral aldehydes with
inexpensive and easy-handling NaCN.3 However, to
the best of our knowledge, there have not been any re-
ports on the diastereoselective Strecker reaction of the
bisulfite adducts of chiral aldehydes with an asymmetric
centre a to the carbonyl group. We envisioned a possible
use of the protocol for our diastereoselective synthesis
employing the chiral a-amino aldehyde 2. The use of
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the bisulfite adduct may have an additional and signifi-
cant advantage of easy purification due to the water sol-
ubility. Reported herein are the successful results of
highly diastereoselective Strecker reaction of the bisul-
fite adduct 6 employing NaCN.
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In our initial study, conversion of a-amino aldehyde 2 to
the corresponding bisulfite adduct 6 was undertaken. b-
Amino alcohol 5 was allowed to the Moffatt oxidation
employing DCC4 in the presence of TFA and pyridine
to effect a clean conversion to a-amino aldehyde 2
(90% yield).2j The resulting solution of 2 in AcOEt
was treated with sodium bisulfite (1.1equiv) in water
to provide the bisulfite adduct 6 in 99% conversion. As
expected, a simple work-up involving extraction and
separation provided 6 pure enough for the subsequent
step (Scheme 1).

The Strecker reaction of 6 was the next subject for our
investigation. The aqueous solution of 6 (vide supra) was
treated with benzylamine in a biphasic system involv-
ing CH2Cl2

5 and water at 20 �C for 2 h. The resulting
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Scheme 1. Reagents and conditions: (a) DCC, TFA, pyridine, DMSO,

AcOEt, 50�C, 3h; (b) NaHSO3, AcOEt, H2O, 20 �C, 18h; (c) (i)

BnNH2 (1.7equiv), CH2Cl2, 20�C, 2h, (ii) NaCN (1.2equiv), 8–20�C
20h, (iii) NaHSO3 (0.3equiv), NaCN (0.3equiv), 20�C, 1.5h.
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mixture involving an imine (Scheme 4, compound 13)
and a bisulfite adduct of the imine (Scheme 4, com-
pound 14) was treated with NaCN (1.2equiv) at 8 �C
and the whole was stirred at ambient temperature for
20h. To complete the reaction were added NaCN
(0.3equiv) and sodium bisulfite (0.3equiv) and the mix-
ture was further stirred for 1.5h. Then, 10% aq NaOH
was added and the organic phase was washed with
water to completely remove the toxic cyanide to provide
a-amino nitrile 3 as a solution of CH2Cl2 with high dia-
stereoselectivity and in high yield (syn/anti = 11:1, 95%
assay yield).6 The ee value of 3 was confirmed to be
>99% ee by HPLC analysis.7 It should be noted that,
during the reaction, the reaction mixture was always ba-
sic and evolution of HCN gas in the reaction flask was
much less than that observed in the reaction employing
NaCN/AcOH.8

The resulting CH2Cl2 solution of 3 was directly allowed
to amidation employing H2O2, K2CO3 and DMSO
(Scheme 2).2j The reaction smoothly proceeded even in
a mixed solvent of DMSO and CH2Cl2 to afford the cor-
responding amide 7 in quantitative yield. The syn-isomer
syn-7 was obtained as solids by just adding water to the
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Scheme 2. Reagents and conditions: (d) (i) H2O2, K2CO3, DMSO/

CH2Cl2, 20�C, 2.5h, (ii) H2O, filtration, (iii) for the filtrate: HCl; (e) (i)

DMF, 90�C, 1h, (ii) HCl; (f) DCC, TFA, pyridine, CHCl3, 5 �C––
reflux, 5h; (g) 120�C, 5h DMF.
reaction mixture and filtration. The oily anti-isomer
anti-7 solidified by converting to HCl salt and was ob-
tained in 7% yield without tedious purification such as
silica-gel column chromatography. According to our re-
ported procedure,2j syn-7 was allowed to undergo the
ring transformation from 2-thiazolidinone to 2-imidazo-
lidinone through S,N-carbonyl migration and subse-
quent hydrolysis to give thiol carboxylic acid 8 in 95%
yield. The compound 8 obtained was cyclized and isom-
erized to thiolactone 4 in 93% yield. In contrast, the anti-
isomer anti-7ÆHCl was directly converted to 4 in 91%
yield with heating at a higher temperature (120 �C)
through the S,N-carbonyl migration followed by spon-
taneous cyclization (Scheme 3). The structure of 4 ob-
tained either from syn-7 or anti-7ÆHCl was fully
characterized by comparison with an authentic sample
with respect to IR, 1H NMR and MS spectra and the
ee value of 4 was confirmed to be >99% ee by HPLC.9

The plausible mechanism of the present reaction is de-
picted in Scheme 4. The compound 6 solidified by con-
centrating the aqueous solution and the relative
NaCN
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configuration of 6 was confirmed to be syn by X-ray
crystallographic analysis.10 The syn-isomer 6 may be
formed through a Felkin–Ahn model11 in which sodium
bisulfite attacks the re-face of the carbonyl group. The
adduct 6 was treated with benzylamine in a 0.75:1.0 mix-
ture of D2O and CD2Cl2. A mixture of free imine 13 and
bisulfite adduct of the imine 14 (13/14 = 61:39) was
formed in nearly quantitative yield, as determined by
1H NMR analysis. The relative configuration of 14
should be anti in consideration of the structure of syn-
32j that may be formed through the similar transition
state controlled by a Houk model.12 It is noteworthy
that any racemization did not occur during the reaction
partly because of the partial trap of the imine 13 as the
bisulfite adduct 14.

In conclusion, an efficient and practical synthesis of a
key intermediate for (+)-biotin was worked out through
novel and highly diastereoselective Strecker reaction
employing bisulfite adduct of a-amino aldehyde and
easy-handling NaCN. The ease of operation, the use
of inexpensive reagents and mild reaction conditions
of the present method would permit facile access to b-
amino-a-amino nitriles involving an intermediate for
(+)-biotin.
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