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Catalytic enantioselective construction of chiral quaternary
stereocenters is a formidable challenge.1 For this type of reaction
to proceed successfully, catalysts must differentiate between the
subtle sterical differences of substituents on apro-chiral carbon
that lacks the remarkably small hydrogen. In addition, catalysts
must activate substrates more strongly than in cases of chiral
tertiary stereocenter construction, due to higher steric repulsion
during bond-formation. Chiral quaternary centers are quite often
essential for the activity of biologically active natural products
and pharmaceuticals. Therefore, development of enantioselective
catalysts that can promote chiral fully substituted carbon formation
is extremely important. In this communication, we describe the
first example of a catalytic enantioselective Reissert-type reaction
in which chiral quaternary stereocenters can be constructed. This
new reaction was successfully applied to an efficient catalytic
enantioselective synthesis of several biologically significant
compounds (10-12), such as the potent anticonvulsant MK801
(dizocilpine,10).2

We developed the first catalytic enantioselective Reissert-type
reaction with quinolines using a bifunctional catalyst (such as3,
Y ) Cl), giving products containing chiral trisubstituted carbons.3

The quaternary stereocenter-constructing reaction did not proceed,
however, when the optimized reaction conditions (9 mol % of
catalyst, 1.1 equiv of 2-furoyl chloride as an acylating reagent,
and 2 equiv of TMSCN) were applied to 2-methylquinoline as a
substrate. On the other hand, the more reactive substrate,
1-methylisoquinoline (1a), gave the corresponding Reissert
product in 60% yield with 38% ee at-40 °C for 48 h.4

Preliminary screening of acylating reagents revealed that chlo-
roformates produced better chemical yields and enantioselectivity
than acid chlorides.5 Thus, PhOCOCl gave the corresponding
product from1a in 72% yield with 56% ee at-60 °C (Table 1,
entry 1).

The bifunctional catalyst was then electronically tuned to further
improve its efficiency. The Lewis acidity and/or Lewis basicity
were increased by substitution on the naphthyl or phenyl groups.
Although the catalyst containing a more electron-rich di-p-
methoxyphenylphosphine oxide gave poorer results (29% yield
and 40% ee), the strategy to increase the Lewis acidity by
introducing an electron-withdrawing group at the 6,6′-positions
of the BINOL (X) was successful. Thus, as shown in Table 1,
entries 2-4 and 6, catalysts derived from the 6,6′-dihalogen
substituted BINOL had improved activity and enantioselectivity.6

Among them, the 6,6′-dibromo-substituted catalyst6 (Y ) Cl)
had the best results and the product was obtained in 91% yield
with 84% ee (entry 4). Use of vinyl chloroformate improved yield
(93%) and ee (88%) (entry 5).

These initial promising results led us to apply this reaction to
a catalytic enantioselective synthesis of a pharmaceutically
important agent, MK801 (10).7 MK801 is a very potent noncom-
petitive antagonist of theN-methyl-D-aspartate (NMDA) subclass
of receptors for the excitatory amino acidL-glutamate in brain
tissue, and might therefore be clinically useful as an anticonvulsant
and neuroprotective drug. The (5S,10R)-(+) isomer is seven times
more potent than the (5R,10S)-(-) isomer; however, there are
no reports of an enantioselective synthesis.8 We expected that
Reissert compound2h would be directly converted to the 10,11-
dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine core structure of
MK801 by regioselective radical cyclization.

Thus, we attempted a Reissert-type reaction of 1-o-bromophe-
nylisoquinoline (1h) at -40 °C in the presence of 9 mol % of6
(Y ) Cl), and product2h was obtained in 53% yield with 73%
ee (Table 2, entry 1). To improve the yield and enantioselectivity,
we further increased the Lewis acidity of the catalyst by tuning
the counterion (Y) of the aluminum.9 As shown in Table 2, when
an aluminum triflate (Y) OTf) was used as the Lewis acid,
product2h was obtained in higher yield (63%) with 98% ee (entry
3). These improvements were not attributed to the formation of
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Table 1. Ligand Effect on Catalytic Enantioselective Reissert-Type
Reaction

entry catalyst time (h) yield (%)b ee (%)c

1 3 (X ) H) 48 72 56
2 4 (X ) F) 48 74 71
3 5 (X ) Cl) 48 88 81
4 6 (X ) Br) 48 91 84
5d 6 (X ) Br) 48 93 88
6 7 (X ) I) 60 85 81
7 8 (X ) CF3) 60 68 48

a Y (counterion of aluminum)) Cl. b Isolated yield.c Determined
by HPLC analysis.d Vinyl chloroformate (1.2 equiv) was used instead
of phenyl chloroformate.
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an aluminum cyanide (Y) CN) by anion exchange, because the
aluminum cyanide catalyst gave significantly lower ee (entry 2),
albeit in higher yield. On the other hand, when more electron-
withdrawing counterions (Y) NTf2

10 or BF4) than triflate were
used (entries 4 and 5), enantioselectivity decreased, possibly due
to a partial contribution of a racemic pathway promoted by a
Lewis acidic silicon. These results indicated that there was almost
no anion exchange on the aluminum, when weakly coordinating
triflate was used as a counterion.

Having optimized the reaction conditions, substrate scope was
investigated. As shown in Table 3, using 2.5 mol % of6, a
quaternary stereocenter forming Reissert-type reaction proceeded
with a broad range of 1-substituted isoquinolines to give the
products in excellent yield and enantioselectivity. The reaction
is not very sensitive to the steric bulkiness of the substituent at
the 1-position (R). In some cases, catalyst loading could be
reduced to 1 mol % (entries 8 and 10).11,12

The utility of this reaction was clearly demonstrated by an
efficient catalytic enantioselective synthesis of several biologically
significant compounds. First, MK801 (10) was synthesized in six
steps from the Reissert productent-2h, using radical cyclization
as a key step (Scheme 1). Second, anticonvulsant phenytoin
analogues13 11a and 11b were synthesized in high yield from

ent-2a or ent-2g.14 To our knowledge, this is the first example of
an asymmetric synthesis of these three compounds. Similarly, an
enantioselective synthesis of12, a biosynthetic intermediate of a
dopamine-derived alkaloid salsolinol,15 was achieved in three steps
from ent-2i.14

Although the complete reaction mechanism is not clear at the
moment, the absolute configuration of the products and results
with use of control catalyst9 supports the idea that the reaction
proceeds via dual activation of the acyl isoquinolinium and
TMSCN by the Lewis acid and the Lewis base of the catalyst, as
depicted in Figure 1. Thus, with 2.5 mol % of9 (Y ) Cl), (R)-
2a (the opposite configuration) was obtained in 36% yield with
12% ee. Similarly,9 (Y ) OTf) gave (R)-2g in 95% yield with
4% ee. These control experiments indicated that, in the case of
bifunctional catalyst6, the cyanide attacked the activated acyl
isoquinolinium from the side of the phosphine oxide.

In summary, we report the first example of a catalytic
enantioselective quaternary stereocenter construction through a
Reissert-type reaction. This new reaction should allow for the
efficient synthesis of many useful compounds, and several
examples are described in this paper. Further extension of this
reaction to other substrates such as quinolines and pyridines is
now in progress.
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Table 2. Counterion Effect on Catalytic Enantioselective
Reissert-Type Reaction

entry catalyst yield (%)a ee (%)b

1 6 (Y ) Cl) 53 73
2 6 (Y ) CN) 73 65
3 6 (Y ) OTf) 63 98
4 6 (Y ) NTf2) 55 88
5 6 (Y ) BF4) 58 31

a Isolated yield.b Determined by HPLC analysis.

Table 3. Catalytic Enantioselective Quaternary
Stereocenter-Forming Reissert-Type Reactiona

a For the representative procedure, see ref 12.b Isolated yield.
c Determined by chiral HPLC (see Supporting Information).d Absolute
configurations were determined as shown (see Supporting Information).
e 1 mol % of catalyst was used.f The reaction time was 72 h.

Scheme 1.Application of the Catalytic Enantioselective
Reissert-Type Reaction to the Synthesis of MK801

Figure 1. Working model.
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