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ABSTRACT

Highly diastereoselective protonation of chiral lactam enolates of 4-substituted-1,4-dihydroisoquinolin-3-ones is reported. Protonation and
alkylation processes of these lactam enolates derived from phenylglycinol occur with opposite diastereofacial selectivity. This diastereoselective
protonation has been applied to the asymmetric synthesis of (4S)-N-methyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline 9 obtained in up to 97% ee.

While much effort has been devoted to the asymmetric
synthesis of 1-substituted tetrahydroisoquinolines,1 relatively
little work has been done on the asymmetric synthesis of
tetrahydroisoquinolines substituted at the 4-position.2 This
class of compounds is of considerable interest because of
the important biological properties of 4-aryl tetrahydroiso-
quinolines that display central nervous system activity. This
is illustrated by nomifensine,3 dichlofensine,4 or hexahydro-

pyrrolo[2,1-a]isoquinolines,5 which inhibit dopamine, nor-
adrenaline, or serotonine (re)uptake mechanisms.

Although these compounds exhibit pronounced enantio-
selective activity, development of asymmetric approaches
have been scarcely reported. In continuation of our investiga-
tion into the asymmetric synthesis of this class of com-
pounds,6 we herein wish to disclose a novel route to
enantiomerically pure 4-aryl tetrahydroisoquinolines based
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upon diastereoselective protonation of chiral lactam enolates
derived from (R)-phenylglycinol.

We recently reported a diastereoselective alkylation of
chiral 1,2,3,4-tetrahydroisoquinolin-3-ones derived from (R)-
phenylglycinol.7 The synthesis of lactam1 starts from the
readily available isochroman-3-one, which upon treatment
with HBr in ethanol gave rise to2, which was subsequently
condensed with (R)-phenylglycinol to provide the desired
tetrahydroisoquinoline1 in 62% overall yield. Excellent
diastereoselectivities were observed during the alkylation of
the corresponding lactam enolate under the conditions
depicted in Scheme 1. The absolute configuration at C4 of

the major isomer was established as (S) by X-ray analysis.
Attempts to apply that approach to the asymmetric synthesis
of 4-aryl tetrahydroisoquinolines by electrophilic arylation
of the lactam enolate with diphenyliodonium salts8 were
unsuccessful, leading in most cases to recovery of the starting
material. However, it was observed that when pure (4S)-3
was subjected to the deprotonation conditions described in
Scheme 1 and subsequently treated with EtOD, a high degree
of diastereoselectivity was retained, 90% de (Scheme 1).

Interestingly, the obtained major diastereoisomer (4S)-3-
d1 clearly indicates that protonation of the enolate intermedi-
ate occurred with diastereoselection opposite to that observed
during alkylation processes. Only a few investigations have
been reported with regard to the sense of the diastereo-
selection in both alkylation and protonation processes of

chiral amide enolates.9 In alkylation processes, a five-
membered ring chelate between the lithium alkoxide and the
lone pair of the pyramidalized nitrogen of the lactam enolate
has been suggested to be responsible for the stereoselectivity.
In that situation, the stereochemical outcome of the alkylation
would arise from an attack of the electrophileanti to the
nitrogen lone pair (Figure 1).10 On this basis, opposite

diastereofacial selectivities observed in protonation reactions
could rely on a complexation of the protonating agent with
the lithium alkoxide to subsequently direct the protonation
on the opposite face of the enolate (Figure 1).11

We then applied this diastereoselective protonation to the
asymmetric synthesis of 4-phenyl-1,2,3,4-tetrahydroisoquino-
lines. The required 4-phenyl-1,2,3,4-tetrahydroisoquinolin-
3-one (4R,4S)-6 has been prepared in a manner similar to
that described for the preparation of1. Treatment of the
readily available 2-benzylphenylmethanol412 with n-BuLi
in THF at room temperature for 24 h followed by quenching
the reaction with methyl chloroformate afforded 4-phenyl
isochroman-3-one513 in 54% yield. The isochroman-3-one
5 was then treated with HBr in ethanol and subsequently
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Scheme 1a

a Reagents and conditions: i, HBr/EtOH, rt; ii, (R)-(-)-phenyl-
glycinol/EtOH, rt f reflux; iii, LHMDS/THF/-78 °C; iv,
PhCH2Br/-78 °C; v, n-BuLi/-78 °C; vi, EtOD/-78 °C.

Figure 1. Proposed stereodirecting effect of the lithium alkoxide
to account for the diastereofacial discrimination with alcohols (the
absolute configuration of phenylglycinol lactam enolates in this
figure is (S) for clarity).
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condensed with (R)-phenylglycinol to provide lactam6 as
an epimeric mixture at C-4 (50:50) in 55% yield (Scheme
2).

Lactam (4R,4S)-6 was then subjected to deprotonation by
n-BuLi in THF at -78 °C followed by EtOD quench,
affording lactam6-d1 (6-d1/6, 95:5) in up to 85% de (entry
1). With intend to optimize the diastereoselectivity, different
proton sources were screened. As can be seen from Table 1,
the stereoselectivity is highly dependent on the nature of
protonating agent (entries 1-6). It seems that hindered

protonating agents lead to lower diastereoselectivity (entries
4 and 6). The best result was attained with a saturated
aqueous solution of ammonium chloride affording lactam6
in up to 97% de (entry 5).

Reduction with diborane afforded tetrahydroisoquinoline
7 in 69% yield without epimerisation at C-4 (de> 97%).
Debenzylation (65%) and reductive methylation (95%) led
to the knownN-methyl-4-phenyl-1,2,3,4-tetrahydroisoquino-
line 9 in up to 97% ee (Scheme 3). As expected from the

diastereoselection obtained with lactam3, the absolute
configuration at C-4 was assigned as (S) by comparison of
the sign of the optical rotation with the literature data.14

To conclude, the highly diastereoselective alkylation of
lactam enolates derived from amino alcohols reported
previously has been extended to diastereoselective protona-
tion, broadening the synthetic usefulness of this class of
amide enolates. This is well exemplified in this report by
the asymmetric synthesis of 4-phenyl-1,2,3,4-tetrahydroiso-
quinolines, which are not easily accessible by direct asym-
metric arylation.
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Scheme 2a

a Reagents and conditions: i,n-Buli/rt/24 h/THF; ii, ClCOOEt/-
78 °C; iii, H3O+; iv, HBr/EtOH/rt/48 h; v, (R)-phenylglycinol/
K2CO3/EtOH/rt f reflux.

Table 1. Influence of the Proton Source on the
Diastereoselectivity

entry proton source yield (%)a de (%)c

1 EtOH(D)b 85 85
2 MeOH 90 73
3 t-BuOH 90 76
4 Ph3COH 86 33
5 H2O/NH4Cl 92 97
6 2,6-di-tert-butyl-4-methylphenol 80 49

a Yield analytically pure material.b Quenching the reaction with EtOD
afforded6-d1 with 95% deuterium incorporation at C-4.c Determined by
HPLC analysis.

Scheme 3a

a Reagents and conditions: i, BH3/THF/reflux; ii, H2/Pd(OH)2/
EtOH; iii, (CHO)n/Pd(OH)2/H2.
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