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Tetrahydroisoquinolines (THIQs) bearing a stereogenic carbon
center at the C1 position represent a fundamental structural motif
found in many biologically active compounds.1 Therefore, asym-
metric synthesis of such molecules is of particular interest.2

Although various reliable methods have been developed using a
stoichiometric amount of chiral sources,2,3 the number of practical
catalytic asymmetric reactions is still limited. Among them, the
asymmetric transfer hydrogenation of dihydroisoquinolines (DHIQs)
and Pictet-Spengler reactions are noteworthy,4,5 but an important
alternative approach is the catalytic asymmetric addition of carbon-
centered nucleophiles to CdN bonds of isoquinoline scaffolds.6-9

In contrast to reactions with acyclic imines,10 only a few
successful examples of catalytic asymmetric addition reactions of
enolate equivalents to cyclic imines (and their iminium ions) are
known.11 This might be due to difficulties associated with the lower
reactivity of cyclic imines and/or to less efficient face discrimina-
tion. Based on our recent work on the asymmetric Mannich-type
reaction ofâ-ketoesters with acyclic imines,12 we describe herein
an efficient catalytic asymmetric addition reaction of malonates to
DHIQs using chiral Pd complexes1.13

Initial reaction of DHIQ 2a with diethyl malonate3a in the
presence of the Pd complex1a (2 mol %) failed to give the desired
product when (Boc)2O (4) was added after 24 h (eq 1). However,
a slight modification of the reaction procedure was found effective
(eq 2). Thus, premixing2a with 4, followed by addition of3a and
1a, afforded the desired product5 in 94% yield with 38% ee after
only 2 h.

We next examined various reaction conditions. Despite the
marked difference in solvent, reactions in CH2Cl2 and EtOH gave
essentially equal enantioselectivity (Table 1, entries 1 and 2). The
ee was greatly improved when bulkier ligands (b,c) were employed
(entries 3 and 4). Further study revealed that the ester moiety of
the nucleophile was also important for high asymmetric induction,
and isopropyl malonate3b was the best among those examined
(entry 5).14 Combined use of1cand3b in EtOH afforded the highest
enantioselectivity, although2a was not fully consumed even after

24 h (entry 6). Finally, reaction in CH2Cl2 was complete within 30
min at ambient temperature, affording the desired product6a in
90% yield with 80% ee (entry 7).

With these results in hand, we examined the generality of the
reaction as regards DHIQs. As shown in Table 2, various C1-
substituted THIQs were accessible with high enantioselectivity (up
to 97% ee). The reactions were complete within several hours, even
under ice-bath cooling, and improved enantioselectivity was
observed (85% ee, entry 1). It is noteworthy that substrates with
various substitution patterns were available, and our reaction system
was compatible with the oxygen functionality (entries 2-6). In
particular, the imines2d and 2e underwent the reaction without
difficulty, regardless of the possible bidentate coordination of the
dimethoxy moiety (>90% yield, 94 and 97% ee, respectively)
(entries 4 and 5). Interestingly, in spite of the steric hindrance, the
substrate with the MeO group at the ortho position to the imine
reacted in good yield with reasonable enantioselectivity (entry 6).
The reaction of the Me-substituted imine2ggave the desired adduct
6g in 93% yield with 96% ee (entry 7). In addition, the reaction of
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Table 1. Optimization of Reaction Conditions

entry Pd cat. R product solvent
time
(h)

yield
(%)

ee
(%)

1 1a Et (3a) 5 CH2Cl2 2 96 35
2 1a Et 5 EtOH 2 quant. 41
3 1b Et 5 EtOH 7 quant. 65
4 1c Et 5 EtOH 3 quant. 73
5 1a i-Pr (3b) 6a THF 1 quant. 71
6 1c i-Pr 6a EtOH 12 67 80
7 1c i-Pr 6a CH2Cl2 <0.5 90 80

Table 2. Catalytic Asymmetric Addition of Malonate to DHIQs 2

entry R1/R2/R3/R4 product
time
(h)

yield
(%)

ee
(%)

1 H/H/H/H (2a) 6a 1.5 89 85
2 H/H/MeO/H (2b) 6b 1.5 98 81
3 H/R2-R3 ) OCH2O/H (2c) 6c 5 57 91
4a H/MeO/MeO/H (2d) 6d 3 93 94 (S)b

5 MeO/MeO/H/H (2e) 6e 1 92 97
6c MeO/H/H/MeO (2f) 6f 6 94 82
7d H/H/Me/H (2g) 6g 1.5 93 96
8 H/H/Br/H (2h) 6h 3 97 90
9e 2d 6d 5 89 89 (99)f

10e 2e 6e 7 71 95

a 1 mol % of1c. b For absolute stereochemistry, see Scheme 1.c 5 mol
% of 1c. d 2 M. e 0.5 mol % of 1c. f The ee value after a single
recrystallization from AcOEt.
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the electron-deficient substrate2h proceeded without problem (97%,
90% ee), and it is noteworthy that the Br group was completely
intact (entry 8). In entries 9 and 10, the amount of catalyst could
be reduced to as little as 0.5 mol % without significant deterioration
of the reaction efficiency.

To determine the sense of enantioselection, conversion of6d
was carried out (Scheme 1). Hydroxylation of6d with dimethyl-
dioxirane (DMDO) and subsequent transformation afforded the
amino ester8 without racemization. Reduction with LAH, followed
by removal of the Boc group, furnished the antipode of naturally
occurring (S)-calycotomine (9).15

On the basis of preliminary mechanistic studies, we propose the
catalytic cycle depicted in Scheme 2. First, the cyclic imines2 react
with (Boc)2O to give the carbonates10. Although uncatalyzed
decarboxylation of10 to theN,O-acetal11 is not fast, addition of
the Pd complex apparently accelerates the reaction, as indicated
by vigorous gas evolution.16,17We speculate that the Pd enolate12
would be a key intermediate on the basis of our previous results,12

though this remains to be confirmed. A strong protic acid, generated
during the formation of12, would facilitate formation of the acyl
iminium intermediate13, which would react with the Pd enolate
to complete the catalytic cycle. In spite of the formation of the
highly reactive species, high asymmetric induction was observed
under mild conditions (0°C to room temperature),18 which might
be due to cooperative action of the enolate and the proton.

Finally, inspired by the recent work of Li et al.,8a we examined
the dehydrogenative addition reaction with malonate (eq 3). Slow
addition of DDQ allowed in situ generation of the reactive
intermediate, such as13, from theN-Boc-protected THIQ14, and
interestingly, the coupling product6d was obtained at a synthetically
useful level (82%, 86% ee). This one-pot procedure is operationally
convenient. Also, it should be noted that an easily removable
protecting group could be used in our reaction, whereasN-phenyl-
substituted substrates were normally used in the literature.8a

In summary, we have developed a highly efficient catalytic
asymmetric addition reaction of malonates to various DHIQs. This
method can provide highly optically active C1-substituted THIQs,
many of which would find a multitude of applications in medicinal
studies. Because the use ofN,O-acetals is unique in asymmetric
catalysis, we believe that the present results provide a basis for the
discovery of other novel reactions. Further examination of the scope
of the reaction and mechanistic studies are under way.
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Scheme 1. Conversion of 6da

a Reagents and conditions: (a) NaHMDS, DMDO, 96%. (b) LiAlH4.
(c) NaIO4, KMnO4 (cat.). (d) TMSCHN2, 50% for three steps. (e) LiAlH4.
(f) AcCl, MeOH, 90% for two steps.

Scheme 2. Plausible Catalytic Cycle
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