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Abstract—In a first stage, deracemization of 2-(1-phenylethyl)pyridine 1 and chlorpheniramine 2 was investigated in the presence
of (−)-sparteine as a chiral ligand. Whereas (R)-2-(1-phenylethyl)pyridine 1 was obtained in 65% ee with 2,6-di-tert-butyl-4-
methylphenol as a proton donor, the opposite stereoselection was observed with EtOH leading to (S)-2-(1-phenylethyl)pyridine 1
in 53% ee. A second methodology making use of (+)-(R)-1-[5-chloro-2-(methylamino)-phenyl]-1,2,3,4-tetrahydroisoquinoline 4 as
a chiral proton source gave higher enantioselectivities, affording (R)-1 and (R)-2 in up to 84 and 75% ee, respectively. © 2001
Elsevier Science Ltd. All rights reserved.

While deracemization processes have been widely devel-
oped in the field of enolate chemistry,1 little work has
been devoted to extend the scope of this methodology
to other substrates.2 In the course of a project aimed at
obtaining enantiomerically pure alkyl diarylmethane
derivatives, a framework present in many active princi-
ples of important drugs, we recently studied the de-
racemization of 4-phenyl-1,2,3,4-tetrahydroisoquinoline
using (−)-sparteine as a chiral inductor.2b As a part of
this research program, we wish to report the use of
(−)-sparteine and chiral protonating agents in the de-
racemization of 2-(1-phenylethyl)pyridine 13 and chlor-
pheniramine 2,4 one of the most important antihis-
taminic agents (Fig. 1).

The preparation of rac-2-(1-phenylethyl)pyridine 1 was
accomplished by methylation of 2-benzylpyridine
according to a literature procedure.2b Concurrently, we
considered the ability of (−)-sparteine to promote an
asymmetric induction during this methylation step. For
this purpose the deprotonation–methylation sequence
was conducted in the presence of (−)-sparteine in vari-
ous solvents (Scheme 1).

As can be seen in Table 1, polar solvents such as THF
or Et2O are good candidates to deprotonate 1, how-
ever, with a poor stereoselectivity (Table 1; entries 1
and 2). Enantiomeric excesses of the methylated
product 1 were somewhat higher when the reaction was

Figure 1.
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Scheme 1. Reagents and conditions : (a) sec-BuLi (1.5 equiv.)/
(−)-sparteine (1.5 equiv.)/−78°C/1 h; (b) MeI (3.5 equiv.)/
3 h/−78°C.

The deprotonation was complete within 2 h in THF,
affording 1-d1 and 2-d1 in 100% yield after addition of
MeOD. However, as was the case for the methylation
process, no stereoselectivity was observed in that sol-
vent (Table 2; entry 1). When the deprotonation of 1
was carried out in Et2O without (−)-sparteine, 70% of
deuterium incorporation was obtained. The presence of
sparteine improved somewhat the deprotonation rate,
affording 1-d1 with a higher deuterium incorporation
(95%), however, in only 36% ee (Table 2; entry 2). In
contrast to 1, it was found that deprotonation of 2
occurs readily in Et2O without (−)-sparteine, giving rise
to 2-d1 in 100% yield. This enhancement may be
ascribed to the presence of the pendant N,N-
dimethylethylamine moiety which would assist in the
deprotonation step via the formation of a pre-complex
with sec-BuLi. As recorded with 1, (−)-sparteine is not
efficient to promote an asymmetric induction with 2 in
that solvent (Table 2; entry 2). Finally, attempts to
deracemize both substrates 1 and 2 in toluene or hexane
were unsuccessful (Table 2; entries 3 and 4).

In a last attempt to improve this deracemization pro-
cess by the aid of (−)-sparteine, various protonating
agents were also examined in Et2O. The nature of the
proton donor was found to have a pronounced effect
on the enantioselectivity, leading in some cases to an
inversion of stereoselectivity with both substrates, how-
ever, in lower enantioselectivity with 2 (Table 3; entries
1 and 2). In order to clear up this reversal of stereo-
selectivity, it may be asked whether the pKa value or the
steric features of the protonating agent could influence
the stereochemical outcome of the protonation step. As
can be observed in Table 3, no relationship could be
established between the pKa value and the degree of
enantioselectivity. Indeed, whereas tert-BuOH and tert-
Bu(Me2)SiOH possess different pKa values and show
comparable steric hindrance, both protonating agents
provide the same sense of asymmetric induction with
the same level of enantioselectivity (Table 3; entries 2
and 5). In the same way, H2O, AcOH and AcOEt
manifest similar stereoselectivities, although they pos-
sess different acid strengths (Table 3; entries 6–8). On
the other hand, one may observe that sterically hin-
dered proton sources lead preferentially to (R)-1, while
the least sterically hindered ones afford (S)-1.

Table 1. Enantioselective methylation of 2-(1-phenylethyl)-
pyridine in the presence of (−)-sparteine in different sol-
vents

Entry Solvent Yield (%) ee%a

THF1 72 0
2 88Et2O 20 (S)

Toluene 30 (S)703
4 30 (S)Cumene 53

Hexane5 44 52 (S)
Pentane6 27 34 (S)

a Enantiomeric excesses were measured by chiral HPLC.
See Ref. 5.

conducted in toluene or cumene (Table 1; entries 3 and
4). The poor enantioselectivity observed in THF may
be imputed to the strong complexing properties of the
solvent which competes with (−)-sparteine in the com-
plexation of the lithiated diarylmethane species. After
optimization, the best enantioselectivity was attained in
hexane affording (S)-2-(1-phenylethyl)pyridine 1 in
52% ee and 44% isolated yield (Table 1; entry 5).

Given the difficulty encountered to attain high asym-
metric induction by alkylation, we turned our interest
in a deracemization process in the presence of (−)-
sparteine. Firstly, we studied the influence of the sol-
vent on both deprotonation rate and asymmetric
induction. Deracemization of (rac)-1 and (rac)-2 was
conducted in different solvents at −78°C, followed by
addition of MeOD to quench the reaction (Scheme 2).

Table 2. Deracemization of 1 and 2 in the presence of
(−)-sparteine. Influence of the solvent on the stereoselec-
tivity

Entry Solvent Substrate % D ee%

1 1THF 100 0
01002

95a1 36 (S)Et2O2
2 100b 26 (S)

Toluene 13 25 0
2 220

Hexane 125714
2 60 0

a Without (−)-sparteine: 1-d1/1=70/30.
b Without (−)-sparteine: 2-d1=100%.

Scheme 2. Reagents and conditions : (a) sec-BuLi (1.5 equiv.)/
(−)-sparteine (1.5 equiv.)/−78°C/2 h/Et2O; (b) MeOD/−78°C.
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Table 3. Deracemization of 1 and 2 in the presence of
(−)-sparteine. Influence of the achiral proton source on
the stereoselectivity

Achiral proton sourceEntry pKa
cSubstrate ee%

EtOH 161 53 (S)1
22 (S)2

tert-BuOH 181 50 (R)2
2 20 (R)

2,6-Di-tert-butyl-4-1 123 39 (R)a

methylphenol
65 (R)b

2,6-Di-tert-butyl-4-2 124 18 (R)a

methylphenol
19 (R)b

tert-Bu(Me2)SiOH 12d1 50 (R)5
16 H2O 15.7 20 (S)
17 AcOH 4.8 26 (S)

AcOEt 251 33 (S)8

a Addition of a solution of 2,6-di-tert-butyl-4-methylphenol in THF.
b Addition of 2,6-di-tert-butyl-4-methylphenol (solid).
c Water pKa values from March’s Advanced Organic Chemistry.
d Estimated.

ton donor displayed lower enantioselectivities when it
was added as a solution in THF (Table 3; entry 3).7

Lastly, it should be noted that in all cases lower ee
were recorded with 2 (Table 3; entries 1–4). This dif-
ference in behaviour may be due to the presence of
the complexing side-chain which would displace
sparteine from the lithiated species (Scheme 3).

The rather disappointing outcome of the deracemiza-
tion of 2 with (−)-sparteine prompted us to consider
whether the use of a chiral proton source could
provide an interesting alternative to obtain a higher
level of asymmetric induction. For this purpose, the
commercially available (−)-(1R,2S)-N-methylephedrine
38 and (+)-(R)-1-[5-chloro-2-(methylamino)-phenyl]-
1,2,3,4-tetrahydroisoquinoline 49 were tested (Scheme
4).

Whatever the conditions used, N-methylephedrine 3
exhibits a low efficiency in the deracemization of both
substrates 1 and 2 (Table 4; entries 1–4). In contrast,
the chiral diamine 4 provided 1 in 73% ee when the
deracemization was carried out in THF (Table 4,
entry 5). However, in that solvent the enantioselectiv-
ity remains modest with 2 (Table 4, entry 5). Further
increases in enantioselectivity were obtained in Et2O
affording 1 in 84% ee, while 2 was isolated in up to
75% ee (Table 4; entries 7 and 8).

In summary, the deracemization of enolates widely
reported in literature has been applied to alkyl diaryl-
methanes showing that this methodology could be
extended to a new class of substrates. In a first
approach, (−)-sparteine afforded (R)-1 in 60% ee or
(S)-1 in 53% ee according to the proton donor used
in the protonation step. This methodology gave only
modest enantioselectivities with chlorpheniramine 2.
Another approach using the diamine 4 as a chiral
proton source allowed the increase in stereoselectivity
of this deracemization process, producing (R)-1 and
(R)-2 in 84 and 75% ee, respectively. The chiral pro-
ton source 4 offers not only the advantage to provide
higher stereoselectivities compared to the use of (−)-
sparteine, but also to be available in both enan-
tiomeric forms.9c

If one assumes that the lithiated species possesses an
enamide type structure,6 as depicted in Scheme 3, this
suggests that the inversion of enantiofacial differentia-
tion would originate from a competition between a
steric and a chelation control in the protonation step.
Interestingly, while powdered 2,6-di-tert-butyl-4-
methylphenol afforded (R)-1 in 65% ee, the same pro-

Scheme 3.

Scheme 4. Reagents and conditions : (a) sec-BuLi/−78°C/sol-
vent/2 h; (b) chiral protonating agent.

Table 4. Deracemization of 1 and 2 in the presence of a
chiral proton source

SubstrateSolvent Chiral protonEntry ee%
source

THF1 1 3 0
THF2 2 3 5 (R)
Et2O 13 3 4 (R)
Et2O 34 2 1 (R)

1THF 45 73 (R)
6 THF 2 3 23 (R)

Et2O7 1 3 84 (R)
Et2O 2 3 75 (R)8
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