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Abstract—The alkaloids-catalyzed regio- and enantioselective allylic nucleophilic substitution reactions of tert-butyl carbonate of
the Morita–Baylis–Hillman products with pronucleophiles are reported. A number of pronucleophiles, such as nitrogen, oxygen,
and active carbon pronucleophiles have been used in this facile reaction. In general, the reaction proceeded efficiently to give the
substitution product in good yields with high regioselectivity and medium enantioselectivity.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1.
The Morita–Baylis–Hillman reaction allows the direct
preparation of b-methylene-a-hydroxycarbonyl com-
pounds by organic catalyst catalyzed reaction of, a,b-
unsaturated carbonyl compounds with aldehydes.1

a-Methylene-b-hydroxy-carbonyl compounds are
versatile starting materials for the synthesis of a variety
of natural and non-natural target molecules.2 Many
works related to the extension of the reaction to other
substrates (e.g., imines) were developed.3 The asym-
metric version of the Morita–Baylis–Hillman reaction
has also become a challenge in this field.2o;s;3a;c;4 While
many works were reported related to the scope and
applications of the Morita–Baylis–Hillman reaction,
the direct substitution reaction of the Morita–Baylis–
Hillman products were seldom reported owing to the
fact that a rearranged product from a SN2

0 reaction was
obtained in reaction with a nucleophile. Recently, Kim’s
group showed interesting results on regioselective allylic
nucleophilic substitution reaction of the Morita–Baylis–
Hillman products or their acetates leading to the direct
substitution of nucleophiles at the secondary carbon of
the Baylis–Hillman products.5 In this reaction, two
successive SN2

0–SN2
0 reactions of 1 occurred to give 3 as

the product in one pot (Scheme 1).
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Based on this reaction, a deracemization reaction
of Baylis–Hillman acetates was developed yielding
products with medium enantioselectivity but with
low yield due to the involvement of kinetic resolution
step.5b Very recently, Orena’s group reported one
DABCO-catalyzed intramolecular version of regio-
selective allylic amination of the Morita–Baylis–Hillman
products.6 These substitution reactions greatly broad-
ens the scope of the application of Marita–Baylis–
Hillman products. However, what are missing in
these examples are the limited scope of application
and/or the need of stoichiometric DABCO in most
cases.

To develop a catalytic successive SN2
0–SN2

0 reaction, the
choice of the nucleophile, the leaving group and
the catalyst are very important. If the nucleophilicity of
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Table 1. DABCO-catalyzed allylic nucleophilic substitution of com-

pound 4a
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6

+
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Entry NuH Product Yieldb ;c (%)

1 TsNH2
Ph

CO2Et
NHTs

5a
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2 NH

O
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CO2Et

N

5b

OO
88

3 PhOH Ph
CO2Et

PhO

5c

99

4

OH Ph

O

5d

EtO2C
90

5
OH Ph

5e

O
EtO2C

72
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CO2Me

CO2Me
Ph

5f

MeO2C CO2Me

EtO2C 92

7
O O

Ph
CO2Et

5g

O O

68

8 HP(O)Ph2 Ph
CO2Et

P(O)Ph2

5h

84

a Typical reaction condition: a solution of compound 4 (0.5mmol),

pronucleophile (0.6mmol), and DABCO (0.1mmol) in toluene

(10mL) was stirred at ambient temperature overnight.
b Isolated yield.
c The ratio of 5/6>97/3 as determined by 1H NMR spectra.

4968 Y. Du et al. / Tetrahedron Letters 45 (2004) 4967–4971
the nucleophile is too strong, a direct nucleophilic sub-
stitution will occur without the assistance of the nucleo-
philic catalyst. In the second step, the nucleophilicity of
the nucleophile must be stronger than that of the cata-
lyst. In view of avoiding the competition between two
nucleophiles, a pronucleophile should be used in the first
step and an in situ generated nucleophile is needed in the
second step.

In our work of allylic phosphorus ylides,7 we found that
the tert-butoxycarbonyloxy group is a suitable choice,
which can produce a tert-butoxide ion making the in situ
generation of a nucleophile from the pronucleophile
possible. Herein, we wish to report a DABCO-catalyzed
highly regioselective allylic nucleophilic substitution of
tert-butyl carbonate of the Morita–Baylis–Hillman
products and its asymmetric version catalyzed by alka-
loids.

A number of tertiary amines were chosen as the catalyst
to investigate this reaction. To our delight, this
reaction could proceed smoothly at room temperature
using DABCO as the catalyst and tosylamine as the
pronucleophile (Table 1, entry 1). Further study
showed that this reaction could proceed smoothly in a
high regioselective manner. Using carbonate as the
substrate, a range of pronucleophiles, including oxygen,
nitrogen, and carbon pronucleophiles, were examined.
All of them gave satisfied yield with high regioselectivity
(Table 1).

The observed results might be due to a mechanism
proceeding via a tandem SN2

0–SN2
0 sequence involving

the initial formation of a quaternary ammonium ion,
followed by elimination of the tert-butyl carbonate
anion. After elimination of carbon dioxide, the tert-
butoxy anion deprotonizes the pronucleophile. Then,
the in situ formed nucleophilic anion attacks the olefinic
bond of the cation intermediate to afford the observed
products (Scheme 2).

The success of this reaction might ascribe to the fact that
a pronucleophile was used in the first step making the
catalyst react with the electron-deficient olefin possibly
without competition. The in situ generated tert-butoxide
anion can deprotonize a pronucleophile to produce
a strong nucleophile that can add to the olefin and
eliminate the catalyst.
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Further studies were devoted to the asymmetric version
of this novel reaction. Natural alkaloids and their
derivatives are the best choice of catalysts because of
their chiral nature. Quinidine was chosen as the catalyst
to investigate the effect of the solvent on the reaction of
4 and TsNH2. Highly polar solvents gave unsatisfied
results. No optically active product was obtained when
THF was used as a solvent. Disordered results were
obtained when DMF, DMSO, and acetone were used as
solvents. We are delighted to find that a good result
(44% ee, 5a/6a>97/3) was obtained when toluene was
used as a solvent.

Focusing on the reaction of carbonate 4 with TsNH2 in
toluene, some alkaloids and their derivatives were
investigated. Among them, 4-(3-ethyl-4-oxa-1-
azatricyclo[4.4.0.03:8]dec-5-yl)quinolin-6-ol (b-isocupre-
idine or TQO)8 showed the highest catalytic activity.
(DHQD)2PYR showed the highest enantioselectivity,
but the decreased reactivity (Table 2).

Thus, TQO was selected as the catalyst for the reaction
of 4 and TsNH2. The effects of the loading of the cata-
lyst, the reaction temperature, and the concentration of
compound 4 on the yield and the enantioselectivity were
studied. All of them have little influence on the enantio-
selectivity. Certainly, the high loading of the catalyst,
Table 3. Effects on TQO-catalyzed allylic nucleophilic substitution of compo

Entry TQO (mol%) Temperature (�C) Time (h)

1 20 25 12

2 20 )20 12

3 20 50 3

4 100 25 12

5 10 25 12

6 5 25 36

7 20 25 12

8 20 25 12

a Typical reaction condition: a solution of compound 4 (0.1mmol), TsNH2 (0.

time.
b Isolated yield.
c The ratio of 5a/6a>97/3.
d The ee value was determined by HPLC.

Table 2. Effect of the alkaloids catalysts on the allylic nucleophilic substitut

Entry Catalyst Time

1 (+)-Quinidine 2 d

2 TQO 12h

3 Brucine dihydrate 7 d

4 Strychnine 7 d

5 (DHQ)2AQN 7d

6 (DHQ)2PYR 7d

7 (DHQD)2PYR 7d

8 (DHQD)2AQN 7d

aTypical reaction condition: a solution of compound 4 (0.1mmol), pronucleo

at ambient temperature.
b Isolated yield.
c The ratio of 5a/6a>97/3 as determined by 1H NMR spectra.
d The ee value was determined by HPLC using chiralcel AS column. The sig
the high reaction temperature, or the high concentration
of compound 4 led to the low enantioselectivity (Table
3).

Finally, the reactions of different pronucleophiles,
including oxygen, nitrogen, and carbon pronucleophiles,
were investigated under the standard condition. All
of them showed a moderate enantioselectivity and high
regioselectivity (Table 4). Using ketone 7 as the
substrate, the reaction also gave high regioselectivity
(8/9>97/3) and higher enantioselectivity (Scheme 3).
The high yield of products implies that the kinetic
resolution step as described in literature5b is not
involved, and the highly reactive tert-butoxycarbonyl
leaving group might play an important role in this
reaction.

In conclusion, we developed an alkaloids-catalyzed
regio and enantioselective nucleophilic allylic substitu-
tion reaction of tert-butyl carbonate of the Morita–
Baylis–Hillman products with pronucleophiles. A
number of pronucleophiles, such as nitrogen, oxy-
gen, and active carbon have been used in this facile
reaction. In general, the reaction proceeds efficiently
to afford the successive SN2

0–SN2
0 reaction product

in good yields with high regio and medium enantio-
selectivity.
und 4 with TsNH2
a

Conc. of 4 (M) Yieldb ;c (%) Eed (%)

0.05 84 66

0.05 36 64

0.05 86 58

0.05 42 53

0.05 61 67

0.05 72 68

0.01 83 71

0.5 86 59

12mmol) and TQO in toluene was stirred at indicated temperature and

ion of compound 4 with TsNH2
a

Yield of 5a (%)b ;c Eed (%)

84 44 ())
89 66 ())
89 8 (+)

86 20 (+)

81 21 ())
92 56 (+)

86 70 ())
75 21 (+)

phile (0.12mmol) and catalyst (0.02mmol) in toluene (2mL) was stirred

n in parenthesis represents the sign of the specific rotation.



Table 4. TQO-catalyzed allylic nucleophilic substitution of compound 4a
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Entry NuH Product Yieldb ;c (%) Eed (%)
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3 PhOH Ph
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O
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a Typical reaction condition:9 a solution of compound 4 (0.1mmol), pronucleophile (0.12mmol), and TQO (0.02mmol) in toluene (2mL) was stirred

at room temperature overnight.
b Isolated yield.
c Ratio of 5/6>97/3.
d The ee value was determined by HPLC. The sign in parenthesis represents the sign of the specific rotation.
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