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Abstract—Promoted by TiCl4, a series of a-(1,3-dithiolan-2-ylidene)-b-amino carbonyl derivatives––the aza-Morita–Baylis–Hillman
adducts, have been synthesized from a-oxo cyclic ketene-S,S-acetals, arylaldehydes, and nitriles in good to excellent yields. A mech-
anism involving sequential Morita–Baylis–Hillman and Ritter reactions for this novel one-pot, three-component reaction is
described.
� 2005 Elsevier Ltd. All rights reserved.
Based on the C–C coupling of an activated alkene with a
carbon electrophile, the Morita–Baylis–Hillman (MBH)
reaction1,2 can provide various polyfunctionalized mole-
cules in an atom-economic fashion3 and has been
applied to the synthesis of various biologically active
compounds and natural products.4 Accordingly, the re-
lated a-methylene-b-amino carbonyls can be prepared
typically via amine substitution of the alcohol function-
ality in MBH adducts5 or via the aza version of the
MBH reaction with imines as electrophiles.6 However,
the former reaction requires a two- or three-step proce-
dure and is often accompanied by undesired side reac-
tions, for example, SN2

0-substitution or Michael
addition;5c–h and the latter one usually requires the
aldimine to be preformed and isolated prior to the
aza-MBH reaction.6 As an alternative route, the three-
component aza version of the MBH reaction is an
attractive method for the formation of a-methylene-
b-amino carbonyls although such reactions are not
well-developed and have been performed mainly with
the tosyl group as the protecting and activating group
of ammonia6,7 or carried out with large excess of arylal-
dehydes (5 equiv) and methyl acrylate (5 equiv) to drive
the reaction to completion, as in the case of the SES
group functioning as the protecting group.8
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In the past few decades, functionalized ketene-S,S-ace-
tals are emerged as versatile intermediates in organic
synthesis.9 During the course of our studies on the che-
mistry of a-oxo ketene-S,S-acetals, some useful method-
ologies and transformations have been achieved,10–12

and the nucleophilicity of the a-carbon atom in a-oxo
ketene-S,S-acetals has been recognized.13 One of our
recent reports14 showed that a-acetyl ketene-S,S-acetals,
such as compound 1a (Scheme 1, R =Me), could be
taken as a kind of activated alkenes as those used in
the MBH reaction.1,2 When the reaction of 1a with an
arylaldehyde was carried out in dichloromethane in
the presence of TiCl4, the double MBH type product 3
(Scheme 1) was produced and a carbocation intermedi-
ate 5, stabilized by the adjacent sulfur atoms, was pro-
posed to be the key intermediate.14 In order to
broaden the synthetic utility of a-oxo ketene-S,S-acetals
and find a facile and efficient synthetic route to the aza-
MBH type products, in our continuing research, nitriles
were chosen as the nitrogen nucleophiles for the capture
of carbocation 5 according to the Ritter reaction.15

In this communication, with a-oxo cyclic ketene-S,S-
acetals 1 as the activated alkenes, arylaldehydes as the
electrophilic species, and nitriles as the nitrogen nucleo-
philes, the synthesis of the aza-MBH type products 4
via a novel one-pot, three-component reaction was
described (Scheme 1).

In the initial experiments, when 1a (1.0 mmol) was re-
acted with 4-nitrobenzaldehyde 2a (1.1 mmol) in aceto-
nitrile (4 mL) in the presence of TiCl4 (1.2 mmol) at
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room temperature for 10 h, compound 4a, an aza-MBH
type product, assembled by the simultaneous MBH and
Ritter reactions, could be obtained up to 93% isolated
yield.16 However, when the reaction proceeded in
dichloromethane (4 mL) and acetonitrile was added in
5- to 10-fold excess to 1a, the double MBH type product
3a was obtained dominantly (Scheme 1). Also in aceto-
nitrile, with the increasing of the ratio of 1a:2a, com-
pound 3a became the main product and was dominant
when the ratio of 1a:2a reached to 3:1. These results
might indicate that a-acetyl ketene-S,S-acetal 1a was a
much stronger nucleophile than acetonitrile toward car-
bocation 5. According to the above results, nitriles were
chosen as both nucleophiles and the solvent for this
simultaneous MBH and Ritter reactions.

To extend the scope of this new procedure for the
synthesis of aza-MBH type products, a variety of arylal-
dehydes were then examined by reacting with ketene-
S,S-acetal 1a under the optimized conditions and the
results were summarized in Table 1. Arylaldehydes bear-
ing electron-withdrawing groups on the phenyl ring led
to good to excellent yields (Table 1, entries 1–7),
whereas benzaldehyde and arylaldehydes bearing elec-
tron-donating groups, such as methyl or methoxy
group, on the phenyl ring, gave sluggish or nearly no
reactions under the identical conditions (Table 1, entries
Table 1. Synthesis of the aza-MBH type products 4a–na

Entry Product 4 R Ar Time (h) Yieldb (%)

1 4a CH3 p-NO2C6H4 10 93
2 4b CH3 m-NO2C6H4 10 85
3 4c CH3 o-NO2C6H4 12 78
4 4d CH3 o-FC6H4 24 72
5 4e CH3 p-FC6H4 24 76
6 4f CH3 p-ClC6H4 24 78
7 4g CH3 P-CHOC6H4 18 75
8 4h CH3 C6H5 72 55
9 4i CH3 p-CH3C6H4 72 48
10 4j CH3 p-CH3OC6H4 72 Tracec

11 4k Ph p-NO2C6H4 72 84
12 4l Ph m-NO2C6H4 72 80
13 4m EtO p-NO2C6H4 12 88
14 4n EtO m-NO2C6H4 10 85

a Reaction conditions: 1 (1.0 mmol), 2 (1.1 mmol), TiCl4 (1.2 mmol),
CH3CN (4 mL), rt.

b Isolated yields.
c Based on the 1H NMR spectrum of the reaction mixture.
8–10). Furthermore, the ketene-S,S-acetals, ethyl 2-(1,3-
dithiolan-2-ylidene)acetate 1b, and 2-(1,3-dithiolan-2-
ylidene)-1-phenylethanone 1c, were subsequently tested
as the activated alkenes. We were pleased to find that
the desired aza-MBH type products were also prepared
in high yields under the under the same conditions as
those of 1a after a relatively long reaction time (Table
1, entries 11–14).

On the other hand, to investigate the effects of nitriles on
the sequential MBH and Ritter reactions as mentioned
above, two other nitriles, propiononitrile, and 2-phenyl-
acetonitrile, were then examined (Table 2). Similar to
acetonitrile, the aza-MBH type products 4o–r were ob-
tained in high to excellent yields when 4-nitrobenzalde-
hyde 2a and 3-nitrobenzaldehyde 2b were selected as
the electrophilic species and the structure of 4o was
established by the X-ray single crystal analysis (Fig. 1).17

Interestingly, when 3a (1.0 mmol) was treated with TiCl4
(1.2 mmol) in acetonitrile (4 mL) at room temperature
for 24 h, compound 4a and 1a were isolated in 77%
and 65% yields, respectively. This result might suggest
that the double MBH product 3 was not stable in aceto-
nitrile in the presence of TiCl4 and a reversible process
between 3 and intermediate 5 existed, which led to the
formation of 4.

Based on the experimental results mentioned above, a
mechanism for this three-component reaction and
related transformations was proposed as shown in
Table 2. Synthesis of the aza-MBH type products 4o–ra
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Entry Product 4 Ar R 0 Time (h) Yieldb (%)

1 4o p-NO2C6H4 PhCH2 10 92
2 4p m-NO2C6H4 PhCH2 12 87
3 4q p-NO2C6H4 Et 5 87
4 4r m-NO2C6H4 Et 6 83

a Reaction conditions: 1a (1.0 mmol), 2 (1.1 mmol), TiCl4 (1.2 mmol),
RCN (4 mL), rt.

b Isolated yields.



Figure 1. ORTEP drawing of X-ray structure of 4o.
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Scheme 2. It was clear that promoted by TiCl4, a MBH
type adduct was first formed and then converted to the
carbocation intermediate 5. At this stage, either the dou-
ble MBH type product 3 or the aza-MBH product 4
could be formed depending on the reaction conditions.
When a nitrile was used as the solvent (large excess),
the reaction might favor the formation of aza-MBH
type product 4 via the trapping of carbocation 5 by
the nitrile as in the Ritter reaction.15

In summary, a novel one-pot three component coupling
reaction of a-oxo cyclic ketene-S,S-acetals, arylaldehy-
des and nitriles, promoted by TiCl4, was described. This
methodology extended the synthetic potential of the ver-
satile a-oxo ketene-S,S-acetals9–14 and provided a pre-
parative method for aza-MBH products without the
use of very stable protecting group–the tosyl group.6–8,18

Moreover, the transformation proceeded in the atom
economic fashion in one step starting from the easily
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Scheme 2. Proposed mechanism for MBH and Rittert reactions.
available or cheap materials under very mild reaction
conditions. Further investigation is in progress.
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