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Abstract: The stereoselective preparation of 1,4-dihydroquinolines
possessing a chiral sulfoxide group at C-3 is reported. These novel
biomimetic NADH models (R)-1a,b have been shown to be highly
enantioselective in the reduction of methyl benzoylformate, produc-
ing (R)-methyl mandelate in up to 95% ee. The corresponding quin-
olinium salts 4a,b have been recovered in good yields. The
regenerated models 1a,b could be reused without any significant
erosion of the enantioselectivity.

Key words: chiral sulfoxide, NADH models, quinoline, asymmet-
ric reduction

Biomimetic NADH models possessing a sulfoxide group
as a chiral inducer have proved to be highly efficient, al-
lowing the reduction of various prochiral substrates with
a high level of induction.1 The main drawback of these co-
enzyme mimics is their poor stability towards nucleo-
philes and water, making them difficult to handle and
hampering the possibility of being used in catalytic pro-
cess. To circumvent this problem and further extend the
potential of these mimics, we report herein the synthesis
of annelated models 1a,b in the quinoline series.2 The
presence of an additional fused phenyl ring is thereby ex-
pected to improve the stability of the reagent by masking
the reactivity of the enamine double bond (Figure 1).

Figure 1 Simple biomimetic NADH models bearing a sulfoxide
group as chiral inducer and their annelated analogues.

We first focused on the preparation of 1a by halogen–
metal exchange reaction of 3-bromoquinoline (2a) fol-
lowed by treatment of the resulting 3-metallated quinoline
with (1R,2S,5R)-(–)-(S)-menthyl p-toluenesulfinate.
Preliminary attempts to achieve bromide–magnesium
exchange with isopropylmagnesium bromide at different
temperatures (–78 °C to 0 °C) failed. In any case, 3-bro-
moquinoline and (S)-menthyl p-toluenesulfinate were
recovered together with isopropyl phenyl sulfoxide. The
desired (R)-3-p-tolyl sulfoxide quinoline (3a) was finally
obtained in modest yield (30%) and excellent stereo-
selectivity (ee >95%)3,4 by lithium–bromide exchange
using t-BuLi in Et2O at –78 °C (Scheme 1). Attempts to
improve the yield by means of ate complexes5 afforded 3a
in somewhat higher yield (55%). However, the stereo-
selectivity is significantly affected under these conditions,
limiting seriously the synthetic interest of these ate com-
plexes in the stereoselective preparation of sulfoxides
from chiral sulfinates esters (Scheme 1).

Scheme 1 Reagents and conditions: (a) t-BuLi, Et2O, –78 °C, then
(1R,2S,5R)-(–)-(S)-menthyl p-toluenesulfinate; (b) Bu3MgLi, toluene,
–10 °C, 2.5 h, then (1R,2S,5R)-(–)-(S)-menthyl p-toluenesulfinate.

Quaternization of (R)-3a with methyl triflate in CH2Cl2

afforded quinolinium salt (R)-4a6 in quantitative yield. At
this stage, first attempts to reduce regioselectively quino-
linium salt (R)-4a under classical conditions (Na2S2O4/
Na2CO3) failed, resulting in the formation of tarry materi-
als presumably due to desulfination side reactions.7 While
the reduction conducted with NaBH4 gave rise to an
inseparable mixture of 1,2- and 1,4-regioisomers, we were
pleased to observe the exclusive formation of 1,4-di-

N

S
p-Tol

O

R

R

Me

H H

N

S
p-Tol

O

R

N

S
p-Tol

O

R

HH

R1 R2

HO H

R1COR2

1a R = H
1b R = OMe

side-reactions

¨

¨

¨

high ee

annelated 
models

N

Br

N

Mg

N

S
p-Tol

O

(R)-3a

¨
(a)

30%

(b) 50%

ee >95%

ee = 50%

3

lithium–bromide 
exchange

ate complexe

Li

2a

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f Q

ue
en

sl
an

d.
 C

op
yr

ig
ht

ed
 m

at
er

ia
l.



442 S. Gaillard et al. LETTER

Synlett 2005, No. 3, 441–444 © Thieme Stuttgart · New York

hydroquinoline 1a8 in high yield and under mild condi-
tions by using N-benzyl-1,4-dihydronicotinamide
(BNAH, Scheme 2).

We then turned our attention to the preparation of model
1b. We anticipated that the presence of two strong elec-
tron-donating methoxy groups might increase the reduc-
ing properties of the 1,4-dihydroquinoline ring and
thereby should improve the performance of these annelat-
ed models. To this end, various methods were investigated
for the synthesis of the new 3-bromo-6,7-dimethoxyquin-
oline 2b (Scheme 3). We first considered the possibility to
have access to this key intermediate 2b via a Curtius re-
arrangement of the known carboxylic acid 5b.9 This was
accomplished by treatment of the former with diphe-
nylphosphorazide (DPPA) in refluxing t-BuOH affording
6b in 41% yield. Diazotization of 6b with HBr–NaNO2

followed by addition of molecular bromine provided the
required key intermediate 2b,10 however, in modest yield
(20%). In search of a more straightforward route, we next
investigated an alternative approach by construction of
the quinoline ring from 3,4-dimethoxyaniline and an ap-
propriate 1,3-dielectrophile such as a-bromoacrolein11 or
2-bromomalondialdehyde.12 In both cases, bromoquino-
line 2b was isolated in 30% yield. Although the yield re-
mains rather modest, this approach presents the advantage
of furnishing the key intermediate 2b in a single step
process from readily available reagents (Scheme 3).

In contrast to 3-bromoquinoline, when 3-bromo-6,7-
dimethoxyquinoline (2b) was treated with isopropylmag-
nesium bromide in THF at room temperature, metal–halo-

gen exchange reaction took place smoothly to furnish the
corresponding Grignard intermediate which was sub-
sequently quenched with MeOD. An optimization of the
reaction conditions showed that 3 equivalents of isopro-
pylmagnesium bromide are required to drive the reaction
to completion, providing 3-deuterated-6,7-dimethoxy-
quinoline in 100% yield. Treatment of the Grignard
intermediate with (1R,2S,5R)-(–)-(S)-menthyl p-toluene-
sulfinate resulted in the formation of (R)-7b13 in 40%
yield as a single enantiomer (ee >98%).14 Quinoline 7b
was further converted into 1,4-dihydroquinoline 1b16 by
quaternization to give 8b15 which was regioselectively
reduced with BNAH (Scheme 4).

Scheme 4 Reagents and conditions: (a) i-PrMgCl (3 equiv), THF,
20 °C, 3 h, then (1R,2S,5R)-(–)-(S)-menthyl p-toluenesulfinate, 24 h;
(b) MeOTf, CH2Cl2, 20 °C, 2 h; (c) BNAH, CH2Cl2, 20 °C, 2 h.

Performances of models 1a,b were assessed in the course
of the reduction of methyl benzoylformate (Scheme 5).
For comparison purpose with literature data,1 models
were tested under standard conditions, i.e. in the presence
of magnesium perchlorate in acetonitrile.9 Under these
conditions, both models 1a,b produced (R)-methyl man-
delate in 50% and 70% yield, respectively. As anticipated
above, the presence of electron donating groups in 1b im-
proves to some extent the reducing properties of the mod-
el. More importantly, one may notice that the level of
enantioselectivity of these new 1,4-dihydroquinolines is
as high as those observed with non-annelated NADH
models, affording (R)-methyl mandelate in up to 95% ee.
One can conclude that an additional phenyl ring does not
affect the high degree of stereocontrol already observed
with dihydropyridine NADH mimics developed earlier.1

Additionally, this annelation process offers the main
advantage of stabilizing the reagent and hence to recycle
the models. Thus, quinolinium salts (R)-4a and (R)-8b
recovery was accomplished in 90% and 85% yields, re-
spectively, after flash chromatography. Both recovered
quinolinium salts were subsequently reduced to give
models 1a,b17 in 95% yields. The recycled reagents were
involved in the reduction of methyl benzoylformate with-
out significant lost of their performances in terms of reac-
tivity and enantioselectivity. One attractive perspective of
this work is the potential for immobilization of these
reagents on insoluble support, which should make
recycling easier (Scheme 5).

Scheme 2 Reagents and conditions: (a) MeOTf, CH2Cl2, 20 °C, 2 h;
(b) BNAH, CH2Cl2, 20 °C, 2 h.
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Scheme 5 Reagents and conditions: (a) Mg(ClO4)2, MeCN, r.t., 24
h; (b) MeOTf, CH2Cl2, 20 °C, 2 h; (c) BNAH, CH2Cl2, 20 °C, 2 h.
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resulting solution was stirred at r.t. for 24 h in the dark. After 
addition of H2O (10 mL), the organic solvent was evaporated 
under reduced pressure and the resulting aqueous phase was 
extracted with CH2Cl2 (3 × 10 mL). After drying (MgSO4) 
and evaporation of the solvent, the residue was purified by 
chromatography on silica gel (eluent: Et2O–cyclohexane = 
2:1). Yield: 50%. Enantiomeric excesses were determined 

by HPLC analysis using a Chiracel OD column (250 × 4.6 
mm; 10 mm). Chromatographic conditions: injection: 20 ml 
(0.5 mg of methyl mandelate in 10 mL of hexane); eluent: 
hexane–2-propanol = 90:10; flow rate: 1 mL min–1; pressure: 
300 psi; temperature: 22 °C; UV detection: l = 235 nm; tR = 
9.2 min [(S)-enantiomer] and 14.8 min [(R)-enantiomer].
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