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Benzylcyanoborane adducts of several amines were pre-
pared in four steps from toluene, their enantiomers were
separated using chiral phase HPLC and an SN2 pathway was
evidenced in the reaction of a trimethylamine-derived
enantiomer with pyridine.

Several methods for the synthesis of enantiomerically pure a-
amino acids 1 have been reported.1 These compounds, either

naturally occurring or not, may then be employed as building
blocks for the preparation of biologically active products.
Among various analogues of amino acids, boron-containing
species have been prepared.2 a-Aminoboronic acids 2, in which
the carboxylic acid moiety is replaced by a boronic acid moiety,
have been employed to prepare peptides modified at the C-
terminal amino acid and several enantioselective accesses to
them have been described.3 Boron analogues 3, in which a
tetravalent boron atom replaces the a-carbonyl carbon atom,
may be used to modify the N-terminal amino acid of a peptide.
The synthesis of 3 and the corresponding esters, amides and
nitriles has also been investigated.4 However, although general
pathways to amine–alkylcyanoborane adducts 4 have been
designed, only glycine analogues (3, R = H) can be prepared
efficiently, due to the difficult hydrolysis of the cyano group of
substituted analogues. Nevertheless, compounds 4 (R = alkyl)
may find use as precursors to dipeptides isosteres. To the best of
our knowledge, such compounds have never been obtained in
enantiomerically pure form.

In this Communication, we describe the preparation of
several amine–benzylcyanoborane adducts and the separation
of their enantiomers by chiral phase HPLC. A ligand exchange
study was also performed starting from one enantiopure adduct,
which suggests the occurrence of an SN2 mechanism.

The syntheses of quinuclidine and trimethylamine adducts of
benzylcyanoborane were described by Todd et al.5 These
adducts were obtained from the complex of benzyllithium and
TMEDA which was then converted to lithium benzylcyanodi-
hydroborate–TMEDA. A modest overall yield was obtained,
probably because of the presence of TMEDA in the reaction
mixture during the complexation of the amine. In order to avoid
this, benzyllithium–TMEDA was reacted with triisopropyl
borate to yield boronate 5,6 which was purified by distillation
(85% yield) and then reduced to lithium benzyltrihydroborate
free from TMEDA (Scheme 1).7 Treatment of 6 with mer-
cury(II) cyanide8 yielded lithium benzylcyanodihydroborate 7,

which was reacted with the hydrochlorides of trimethylamine,
pyridine and 4-chloropyridine to afford benzylcyanoborane
adducts 8a, 8b, 8c, respectively. The adducts were obtained as
crystals with 27, 69 and 51%, overall yield, respectively, from
boronate 5. They are stable to air and moisture, and are not
hydrolyzed by contact with slightly acidic or basic aqueous
solutions. The structures of compounds 8a and 8c were
confirmed by X-ray analyses (Fig. 1 and 2).9

The enantiomers of adducts 8a–c were separated by HPLC
over Chiracel columns using hexane–alcohol mixtures or
subcritical CO2–methanol as eluents (Table 1). However the
absolute configuration of the enantiomers was not deter-
mined.

These compounds were shown to be configurationnally
stable by chiral HPLC analysis, after storage for several weeks
as crystals or in ethanolic solution. CD spectra were recorded
for each pure enantiomer of trimethylamine–benzylcyanobor-
ane 8a and pyridine–benzylcyanoborane 8b, showing symmet-
rical bands which proved opposite chirality. Numerous peaks
were split in the 1H NMR spectrum of racemic 8b in C6D6, in

† Experimental procedures and characterization data for compounds 5, 6, 7,
8a–c as well as HPLC profiles are available as supplementary data. For
direct electronic access see http://www.rsc.org/suppdata/cc/b0/b006265k

Scheme 1 Preparation of benzylcyanoborane adducts of amines.

Fig. 1 X-Ray structure of adduct 8a.
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the presence of Eu(hfc)3‡ (2.4 eq.). In the same conditions,
single sets of peaks were observed for separated enantiomers.

Direct evidence of an SN2 substitution at the boron atom was
observed in our laboratory in the reaction of a diastereomer-
ically pure monoisopinocampheylcyanoborane adduct of tri-
phenylphosphine with a more nucleophilic phosphine, dime-
thylphenylphosphine.10,11

Having pure amine–benzylcyanoboranes enantiomers in
hand, we also studied similar substitution. Thus, one enantiomer
of trimethylamine–benzylcyanoborane 8a was dissolved in
pyridine, at rt or at 70 °C, and the reaction was monitored by
chiral HPLC. After 2 h at rt, one enantiomer of pyridine–
benzylcyanoborane 8b was formed, and after a longer time the
second enantiomer appeared, probably because of the racemiza-
tion of the first one in the presence of the excess of pyridine. At
70 °C, the same phenomenon occurred, but faster. The fact that
one enantiomer of reactant was transformed into one enantio-
mer of product is indicative of an SN2 mechanism occurring at
the boron atom.

In conclusion, several benzylcyanoborane adducts of amines
were prepared in four steps from toluene and separated using
chiral phase HPLC. The occurrence of an SN2 pathway at a
tetravalent boron atom was evidenced by the formation of a
single adduct in the treatment of an enantiopure trimethylamine
adduct with pyridine.

We thank the Ecole Normale Supérieure (Paris) for a
fellowship (L. C.).
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Fig. 2 X-Ray structure of adduct 8c.

Table 1 Separation of the enantiomers of benzylcyanoborane adducts 8a–c
by chiral phase HPLC

Adduct Column Eluent/flow rate Rt/min

8a Chiracel OD 95:5 hexane–EtOH 23.2, 29.1
1.2 mL min21

8a Chiracel OD CO2, 1 mL min (180 bars) 9.4, 10.6
MeOH, 0.2 mL min21

8b Chiracel OD 95+5 hexane–EtOH 26.8, 29.0
1.2 mL min21

8b Chiracel OD CO2, 2 mL min21 (250 bars) 8.7, 9.8
MeOH, 0.15 mL min21

8c Chiracel OC 90+10 hexane–iPrOH 54.1, 56.3
1 mL min21
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