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A model compound containing an indole �-lactam moiety
bearing vinylchloride in chartellines was synthesized from the
Mannich reaction of isatin imine with ketene silyl acetal, �-lac-
tam formation of the resulting �-amino ester, and copper(I)-
mediated coupling with (E)-�-chloro-�-iodostyrene.

Chartelline A (1) and its analogs were isolated from the ma-
rine bryozoan, Chratella papyracea. The structure studies by X-
ray crystallographic analysis and spectroscopic methods re-
vealed an unusual structure including a 10-membered ring con-
densed with �-lactam, indoline and imidazole rings (Figure 1).1

Despite the unique chemical architecture, few synthetic studies
have been reported. Recently, Weinreb, and co-workers reported
the synthesis of a model compound containing a spiro �-lactam
and an unsaturated imine moiety,2 which prompted us to disclose
our preliminary result on model experiments of chartelline syn-
thesis, focusing on the synthesis of the spiro �-lactam and its en-
amide moiety.

With a view to the asymmetric synthesis of chartellines in
the future, we planned to synthesize the spiro �-lactam from
the corresponding �-amino acid, which would be prepared by
the Mannich-type reaction of isatin imine with ketene silyl ace-
tal. Generally, imine prepared from ketone is not suited as the
substrate for the Mannich reaction owing to its low reactivity.
However, we anticipated that an imine derived from isatin could
serve as a good substrate, because the neighboring amide car-
bonyl group would enhance the electrophilicity of the imine.
Thus, we examined the reaction of an imine 3, readily prepared
from isatin (2) and p-anisidine,3 with ketene silyl acetal of ethyl
acetate in the presence of a Lewis acid (Scheme 1). After some
experiments, we found that the reaction proceeded with
BF3�OEt2 in CH2Cl2 at �20 �C to give �-amino ester 4a in
62% yield.4 In this case, 2 equivalents of the Lewis acid was nec-
essary to consume the imine 3. Oxindole 4a was treated with
NaH and MeI to afford the corresponding N-methyl derivative

4b. Deprotection of the PMP (p-methoxyphenyl) and ester of
4a and 4b was carried out under conventional conditions to give
the precursors (5a–5c) for �-lactam formation.

We next examined �-lactam formation of the �-amino acids
(5a–5c) (Table 1). Under the conventional conditions employing
(PyS)2/Ph3P or 2-chloro-1-methylpyridinium iodide (7),5 the
substrates 5a and 5b gave the corresponding �-lactams 6a and
6b in low yields,6 respectively (Entries 1, 2, 4, and 5). N-Methyl
derivative 5c also gave disappointing results under the same con-
ditions (Entries 3 and 6). In this specific case, however, we found
that �-lactam 6c7 was obtained in good yield when 5c was treat-
ed with tris(2-oxo-3-benzoxazolinyl) phosphine oxide (8)8 and
Et3N (Entry 9). These results indicate the importance of the sub-
stitution of the oxindole NH group as well as the reagent for this
�-lactam formation.

With the desired �-lactam 6c in hand, we then attempted di-
rect coupling with vinyliodide for the enamide moiety of chartel-
lines. Palladium- or copper-catalyzed enamide formations
between amide and vinyl halides have been extensively devel-
oped by several groups.9 Among them, we found the conditions
recently reported by Buchwald10 were fruitful. Thus, the �-lac-
tam 6c and (E)-�-chloro-�-iodostyrene (9)11 as a model vinyl
halide were heated with K2CO3, N,N

0-dimethylethylenediamine
and copper(I) iodide to give a 5:1 mixture of 10a and 10b in high
yield (Scheme 2).12

This model study should provide an easy accessible route for
simple analogs of chartellines. Further studies are in progress in
our laboratory.
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Figure 1. Structures of chartelline A–C.
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Scheme 1. Reagents and Conditions, (a) p-anisidine, EtOH, re-
flux; (b) CH2=COEt(OTMS), BF3�OEt2, CH2Cl2, �20 �C; (c)
NaH, MeI, DMF, rt; (d) aq 1N NaOH, 2-PrOH, rt; (e) CAN,
aq CH3CN, 0

�C.
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Scheme 2. Reagents and Conditions, (a) (CH2NHMe)2, CuI,
K2CO3, toluene, reflux.

Table 1. �-Lactam formation
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Entry

1

2

3

4

5

6

7

8

9

Reagentsa

(PyS)2, Ph3P

7, Et3N

8, Et3N

(PyS)2, Ph3P

7, Et3N

8, Et3N

(PyS)2, Ph3P

7, Et3N

8, Et3N

R2 = PMP
R2 = H
R2 = H

R1 = H
R1 = H
R1 = Me

5a
5b
5c

R2 = PMP
R2 = H
R2 = H

R1 = H
R1 = H
R1 = Me

6a
6b
6c

Substrate

5a

5a

5a

5b

5b

5b

5c

5c

5c

Product

6a

6a

6a

6b

6b

6b

6c

6c

6c

Yield/%

15

20

26

13

16

39

13

16

70

CH3CN
reflux

a All reactions were carried out in [0.01M] as a substrate
concentration.
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