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Abstract—We prepared some 3-aryl-3-hydroxypyrrolidin-2-ones and tricyclic 2-benzyl-9b-hydroxy-3,3a,5,9b-tetrahydro-2H-pyr-
rolo[3,4-c]quinoline-1,4-diones starting from the Baylis–Hillman adducts of isatin derivatives.
� 2006 Elsevier Ltd. All rights reserved.
Recently, synthesis of 3,4-disubstituted pyrrolidin-2-one
derivatives has been investigated extensively1,2 in con-
nection with the design of conformationally restricted
analogs of bioactive amino acids2 and with the useful-
ness as intermediates in the synthesis of bioactive non-
proteinogenic amino acids.2f Especially, the synthesis
of 3-hydroxypyrrolidin-2-one derivatives received much
attention,1h,i,3,4a–c which involved the trials of oxida-
tion of chiral pyrrolidin-2-one3 or synthesis from
the Baylis–Hillman adduct of a-keto esters.4a–c A new
tryptamine-related alkaloid, chimonamidine (1, Fig. 1),
was isolated from the seeds of Chimonanthus praecox
Link and the structure including absolute configuration
was elucidated by spectroscopic analysis and biomimetic
total synthesis from tryptamine.3 Recently, the structure
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Figure 1.
of donaxaridine (2), an alkaloid isolated from Arundo
donax, has been elucidated as having the same backbone
with that of chimonamidine,5a which was assigned be-
fore as the wrong structure (shown in parentheses).5b–d

During the investigations on the chemical transforma-
tions of the Baylis–Hillman adducts,6,7 we envisioned
that we could prepare the interesting 3-aryl-3-hydroxy-
pyrrolidin-2-one derivatives. Thus, we thought an effi-
cient synthetic route for the preparation of ortho-amino-
aryl-substituted pyrrolidinone derivatives, which have
similar backbone with those of the natural products,
chimonamidine and donaxaridine (Scheme 1). If we used
the Baylis–Hillman adducts of isatin,7 we could synthe-
size our desired compound easily via the Michael addi-
tion, condensation, and the following ring-opening
sequences.

The synthesis of the Baylis–Hillman adducts of isatin 3
has been already published by us and other groups inde-
pendently (Scheme 2).7 With the Baylis–Hillman adduct
3a in our hand, we examined the reaction of 3a and benz-
ylamine.2,8 As expected, the reaction of benzylamine
and 3a in MeOH at room temperature gave a diastereo-
meric mixture of 4a-syn and 4a-anti in 57% and 31%
yield, respectively (Scheme 2 and entry 1 in Table 1).9

Similarly, we could obtain 4b and 4c and the results
are summarized in Table 1. In all cases, the syn isomers
were obtained as the major products. The stereochemis-
try of 4b-syn was confirmed by NOE experiments as
shown in Figure 2.
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Table 1. The reaction of Baylis–Hillman adducts of acrylonitrile and benzylaminea
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Scheme 1. Synthetic approaches for chimonamidine analogs.
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However, the situation was different for the Baylis–Hill-
man adducts derived from methyl acrylate (Scheme 2
and Table 2). Indeed, when the Baylis–Hillman adduct
3d was used as the starting material, low yield (2%) of
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Figure 2. NOE results of 4b-syn and 6c.
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expected 3-hydroxypyrrolidin-2-one derivative 5a-syn
was obtained together with tricyclic 2-benzyl-9b-hydr-
oxy-3,3a,5,9b-tetrahydro-2H-pyrrolo[3,4-c]quinolone-1,4-
dione 6a (67%) as the major product (entry 1 in Table
2).10,11 Compound 6a was formed in a one-pot reaction
via the sequential Michael addition of benzylamine to
the Baylis–Hillman adduct 3d, intramolecular cycliza-
tion and concomitant ring opening of lactam of isatin
moiety,5b–d and eventual formation of new lactam ring
(Scheme 2). Similarly, we obtained 6b from the reaction
of 3d and p-methoxybenzylamine and 6c from 3e and
benzylamine. The stereochemistry of compounds 6 was
confirmed by NOE experiments having 6c as an example
(Fig. 2). But the situation was different for 3f, which
afforded a diastereomeric mixture of 5d. However, the
relative geometry is inverted with respect to 3a–c, the
Table 2. The reaction of Baylis–Hillman adducts of methyl acrylate and ben

Entry Substrate Time (h
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a Conditions: BnNH2 (1.2 equiv), MeOH, rt.
b 4-Methoxybenzylamine was used instead of benzylamine (PMB is 4-metho
anti-product being the major component of the reaction
mixture. In this case, we could not find the formation of
the corresponding tricyclic compound 6d. The whole
results are summarized in Table 2.

In summary, we disclosed the synthesis of 3-aryl-3-
hydroxypyrrolidin-2-ones and tricyclic 2-benzyl-9b-hy-
droxy-3,3a,5,9b-tetrahydro-2H-pyrrolo[3,4-c]quinoline-
1,4-diones starting from the Baylis–Hillman adducts of
isatin derivatives. The evaluation of biological activities
and further chemical transformations of the synthesized
compounds are currently underway.
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