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Abstract—3-Pyrrolyl-6-fluoro-naphthostyril 13 was synthesized via a base-catalyzed intramolecular cyclization of oxindole
precursor 2 (Y=H). Derivatization of 2 (Y=I) through a one-pot reaction give 5-substituted naphthostyrils. This method allows
convenient access to 3,5,6-trisubstituted naphthostyrils which may serve as a new template for CDK2 inhibition. © 2003 Elsevier
Science Ltd. All rights reserved.

In an effort to discover novel cyclin-dependent kinase
(CDK) inhibitors1 we set out to design a series of small
molecular weight compounds2 which would be more
stable and have better potency than oxindole deriva-
tives reported in the literature.3 To this end conforma-
tionally restricted naphthostyril 1 was designed, which
possessed, at the 5-position, a side chain bearing a
terminal proton donor substituent as a potential new
template for kinase inhibition.

We were particularly interested in a series of 5-substi-
tuted 3-pyrrolyl-6-fluoro-naphthostyrils. Conventional
preparation of naphthostyrils4a–d normally requires
naphthalimides, naphtholactones or 1-naphthyl iso-
cyanates as starting materials. These intermediates are
often difficult to prepare and thus limit the usefulness
of these approaches for the introduction of
substituents4e,f at the 3- and 5-positions. In this paper
we report a novel approach for the synthesis of 3-aryl-

naphthostyrils, via an intramolecular cyclization of
oxindole precursor 2 (Y=H). Furthermore, derivatiza-
tion of 2 (Y=I) allows for the introduction of diverse
substitution at the 5-position of the naphthostyril ring
system.

Scheme 1 illustrates our retrosynthetic analysis using
4-iodoindole 5 and ethynyl alcohol 4 as starting materi-
als. Cross-coupling of 4 and 5 followed by oxidation
would afford ethynyl ketone 3. Sequential reduction of
the triple bond or a Michael addition reaction would
give the precursors 2, which then would undergo a
base-catalyzed intramolecular Claisen-type condensa-
tion to form the 3,5,6-trisubstituted naphthostyrils.

The first example, 3-pyrrolyl-6-fluoro-naphthostyril 13
was prepared as shown in Scheme 2. Thus, protection
of 4-iodo-5-fluoro-oxindole 65 with di-tert-butyl-dicar-
bonate in the presence of DMAP gave the N,O-di-pro-

Scheme 1. Retrosynthesis of 3,5,6-trisubstituted naphthostyrils.
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Scheme 2. Reagents and conditions : (a) di-tert-butyl dicarbonate (3.0 equiv.), DMAP (0.1 equiv.), MeCN, rt 6 h, 52%; (b)
ethynylmagnesium chloride (0.5 M in THF, 2.0 equiv.), THF, −65°C 30 min then rt 1 h, 94%; (c) 9 (1.8 equiv.), (Ph3P)4Pd (0.08
equiv.), CuI (0.16 equiv.) THF, TEA, rt 3.5 h, 83%; (d) MnO2 (10.0 equiv.), CH2Cl2, rt, overnight, 93%; (e) H2/Lindlar
cat./THF/45°C, 3 h; (f) TFA/CH2Cl2 (87% in two steps); (g) 1.0N NaOH aq. reflux overnight, 12, 90%; (h) 1.0N NaOH aq. reflux
2.5 days, 13, 89%.

tected indole 76 in moderate yield. The N-Boc-ethynyl
alcohol 9 was obtained in very high yield by adding
ethynylmagnesium chloride to a solution of the alde-
hyde 87 in tetrahydrofuran. The cross-coupling
reaction8 of 7 and 9 using a catalytic amount of tetra-
kis(triphenylphosphine)palladium(0) and copper(I)
iodide in tetrahydrofuran at room temperature, fol-
lowed by oxidation with manganese dioxide afforded
the corresponding ethynyl ketone 10 in high yield.

Hydrogenation of 10 in the presence of Lindlar catalyst
in tetrahydrofuran at 45°C for 3 h provided, after
treatment with 50% trifluoroacetic acid solution in
dichloromethane, the saturated ketone precursor 11 in
87% yield. The base-catalyzed intramolecular Claisen-
type condensation was carried out by suspending the
precursor 11 in 1.0N sodium hydroxide and heating the
mixture at reflux overnight to give the desired dihydro-
naphthostyril compound 12 in 90% yield. Under similar
conditions, 3-pyrrolyl-6-fluoro-naphthostyril compound
13 was obtained in high yield after refluxing for 2.5
days, presumably by air-oxidation.

We then checked the conversion of ethynyl ketone 10 to
functionalized intermediates suitable for the introduc-
tion of substituents at the 5-position of naphthostyrils.
After several attempts, we found that the iodination
can be easily achieved by reacting 10 with sodium
iodide under acidic conditions as shown in Scheme 3.9

Thus, treatment of ethynyl ketone 10 with 3 equiv. of
sodium iodide in trifluoroacetic acid at room tempera-
ture for 30 min gave 94% of vinyl iodide 14 as a single
isomer.

Key observations that support the assignment of the
Z-form of the vinyl iodide 14 are as follows: (i) in a
NOE study of compound 14, 7% NOE between the
vinyl proton and the two protons of the oxindole ring

was observed; (ii) the attempted cyclization of 14 when
treated with bases did not provide the desired cyclized
compound 15 (Scheme 4), as expected for an E-
isomer.10

Further manipulation of vinyl iodide 14 provides the
opportunity to introduce a variety of substitution
groups into the 5-position of the naphthostyril ring
system. When 14 was treated with sodium hydride in
MeOH under refluxing conditions, to our surprise and
delight, the product isolated was the 3-pyrrolyl-naph-
thostyril with a methoxy group at the 5-position (16a,
Scheme 4).

Scheme 3. Preparation of vinyl iodide 14.

Scheme 4. Preparation of naphthostyrils via vinyl iodide 14.
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Possible mechanisms for this transformation are as
follows: Michael addition of the nucleophile (XH) to
the vinyl iodide 14 affords ketone 17, which could form
the 5-substituted naphthostyril derivative 16 either by
an intramolecular cyclization to give 18 followed by
elimination of HI, or via an elimination reaction to the
E-olefin 19 followed by a conformationally favorable
intramolecular cyclization in the presence of base
(Scheme 5).

Table 1 shows the results of the one-pot cyclization
reaction when vinyl iodide 14 was treated with a variety
of alcohols and amines in the presence of NaH.11 The
reaction appears to work well with most of the amines
and alcohols that were used in our experiments to give
5-substituted naphthostyrils in 20–89% yield. Applica-

tion of these approaches to examples where the pyrrole
group is replaced by a phenyl ring affords the corre-
sponding 3-phenyl naphthostyrils.12

A typical procedure is as follows. Preparation of 16a:
To a suspension of (Z)-5-fluoro-4-[1-iodo-3-oxo-3-(1H-
pyrro-2-yl)-propenyl]-1,3-dihydro-indol-2-one (14, 200
mg, 0.5 mmol) in methanol (20 mL) was added NaH
(60%, 0.6 g, 15 mmol) in portions at room temperature.
After stirring at room temperature for 30 min, the
reaction mixture was then heated at reflux for 1.5 h.
The reaction was quenched by pouring the reaction
mixture into an ice-cold saturated aqueous ammonium
chloride solution (20 mL) and extracted with ethyl
acetate (3×50 mL). The combined organic extracts were
successively washed with water (10 mL) and brine (10
mL), dried over anhydrous sodium sulfate, filtered, and
concentrated in vacuo. The crude product was purified
by a flash column (SiO2, 25% AcOEt in hexanes) to
give 6-fluoro-5-methoxy-3-(1H-pyrrol-2-yl)-1H-benzo-
[cd ]indol-2-one 16a (73.2 mg, 51.9%) as a yellow solid.

In summary, we have developed a novel and convenient
method for the synthesis of 3-aryl naphthostyrils.13 By
utilizing the vinyl iodide intermediate 14, 3,5,6-trisubsti-
tuted naphthostyrils can be easily prepared in a one-pot
reaction. The method is very general and useful for the
preparation of a wide range of substituted naph-
thostyrils. Naphthostyrils 16 bearing side chains at the
5-position showed moderate to strong CDK2 inhibi-
tion.14 Details of the kinase inhibition activities will be
disclosed elsewhere.
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