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AbstractÐThe synthesis of N-functionalised isatins using parallel, solution synthesis is described. Functionalised polymers were
employed as stoichiometric and catalytic reagents as well as puri®cation media in the exercise, and the derivatives were screened
against a panel of serine proteases; high percentage inhibition was observed in several cases. # 2000 Elsevier Science Ltd. All rights
reserved.

As part of ongoing investigations into targeted libraries
based on privileged structural motifs, we turned our
attention to isatin. Over recent years, isatin derivatives
have been studied as putative acyl traps for serine and
cysteine proteases. In 1995, Iyer and co-workers repor-
ted that simple N-BOC and N-CBZ-isatin analogues
acted as reversible, slow-binding inhibitors of serine
proteases, and exhibited selectivity for a-chymotrypsin
over porcine pancreatic elastase.1 Webber and co-
workers at Agouron subsequently outlined a compre-
hensive and successful study of isatin-derived inhibitors
of HRV 3C protease.2 In view of the evident potential
of isatin to serve as a biologically-relevant motif for
serine and cysteine proteases, we set out to make a series
of arrays that could serve as probes for these families of
enzyme targets. We chose to prepare a variety of ana-
logues, ranging from simple N-functionalised isatins to
more complex derivatives, and in all cases employed a
solution chemistry approach that was amenable to the
rapid, parallel synthesis and puri®cation of at least 10
milligram quantities of material.

Scheme 1 outlines the method used for preparing of N-
alkylated isatins 1±10. For the initial deprotonation
step, we judged that use of a polymer-supported strong
base would be more suitable to high throughput parallel
synthesis than sodium hydride; accordingly, we treated
a series of 5- and 5,7-functionalised isatins with 2-tert-
butylimino-2-diethylamino-1,3-dimethylperhydro-1,3,2-
diazaphosphorine3 on polystyrene (BEMP, 2.3mmol/g
loading, 1.05 equiv) in acetonitrile, and quenched the
resulting anion with a-bromoketone (1.05 equiv). The

reaction mixtures were agitated at 45 �C for 16 h, after
which the crude products were treated with a functiona-
lised amine resin to remove any unreacted electrophile.4

Supported BEMP has been used successfully as a strong
base by other researchers in similar contexts.5,6 During
our method development studies, we observed complete
consumption of starting isatin using BEMP as the base,
and isolated yields of desired N-alkylated products were
high, typically exceeding 90% following polymeric
scavenging of excess electrophile. When we examined
the method using parallel synthesis, we obtained similar
encouraging results: complete conversion of isatins was
observed, and the desired products were isolated in
similarly high yields, generally with good levels of che-
mical purity as determined by 1H NMR and HPLC-MS
analysis.7,8 Random examples of the members of this
array are summarised in Table 1.

We then extended this exercise to the preparation of an
additional series of isatin analogues based loosely on the
neutrophil elastase inhibitors developed by Zeneca in
the mid-1990s.9 As for the approach outlined above, we
chose to prepare the analogues in solution using
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Scheme 1. Preparation of N-alkylated isatin analogues.
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supported reagents. 1,4-Piperazine was selected as the
core heterocycle in this study owing to its ubiquitous use
in the area of protease inhibitors.10 The piperazine
moiety was attached to the isatin sca�old via a simple
acetyl linker. Reactive electrophilesÐexcesses of which
could be removed by polymeric scavengingÐwere
chosen to allow for the incorporation of a diverse range
of nitrogen capping groups, which encompassed polar
and lipophilic motifs. Scheme 2 outlines the synthetic
approach adopted, and results obtained in the exercise
are listed in Table 2.

Initially, mono-BOC-protected piperazine (1.0 weight)
in dichloromethane at 0 �C was treated with chloracetyl
chloride (1.05 equiv) and polymer-supported DMAP
(10mol%, 2.0mmol/g loading). The reaction mixture
was warmed to room temperature over 2 h, after which
the resin was removed by ®ltration. The resulting crude

material was rapidly puri®ed on a cartridge pre-packed
with normal-phase silica11 using a 20-channel vacuum
manifold,12 eluting with ethyl acetate:hexanes (3:1).
This allowed for 11 to be isolated on a gram scale as a
white solid in 90% yield.13 Compound 11 was then
treated with isatin anions, generated as outlined above
using polymeric BEMP in acetonitrile, and, after 16 h at
45 �C, the solutions were cooled to room temperature
and treated with functionalised amine resin to remove
any unreacted starting material. The resulting isatin
analogues, 12±17, were isolated in purities exceeding
90%, again following rapid puri®cation through pre-
packed silica cartridges.11 These analogues were
prepared on a 100mg scale, and were analysed by
400MHz 1H NMR and LCMS.14 Consumption of
starting material was monitored in all cases, and
isolated yields of all analogues exceeded 80%. Libera-
tion of the corresponding free bases, 18±23, was
accomplished in quantitative yield using tri¯uoroacetic
acid (50%) in dichloromethane at room temperature.
Subsequent capping with isocyanates, and with a-bro-
moketones in the presence of polymer-supported
Hunigs base (3.0mmol/g loading, 2.0 equiv),15 followed
by scavenging of excess electrophile with amine resin
furnished the desired products. AllN-capping experiments
were conducted using stock solutions of starting
materials in acetonitrile at elevated temperature, using a
48-well Flex-Chem block.16 Consumption of electro-
philes was monitored by TLC, and the products 24±35
were subsequently isolated by ®ltration. The presence of
the ®nal products, with purities greater than 70%, was
con®rmed by LCMS.5

Table 1. Data for examples of N-alkyl isatins prepared using parallel

synthesis

Compound R1 R2 R3 R4 Isolated purity7,8

1 CH3 H CH3 m-OCH3-Ph >90
2 H H H NH2 >90
3 H H H p-Cl-Ph >90
4 H H H tert-Bu >90
5 CH3 H CH3 p-Br-Ph >90
6 CF3O H H 2-Naphthyl >90
7 H H H p-CH3-Ph >90
8 CH3 H CH3 CH3 >90
9 NO2 H H p-CH3-Ph 40
10 H H H p-F-Ph 63

Scheme 2. Synthesis of piperazine-functionalised isatin analogues using polymer-supported reagents.
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We then evaluated the biological activity of the com-
pounds against a panel of mammalian serine proteases,
including human chymotrypsin, human leukocyte elas-
tase and human plasmin.17 Biological data for selected
compounds is listed in Table 3.18 As can be seen, good
activity was observed in a number of cases, though
selectivity between each enzyme target was limited.

In summary we have outlined the convenient, parallel-
solution synthesis of isatin analogues using functionalised
polymers; several hundred analogues were prepared in
this exercise. The supported reagents were employed as
stoichiometric reagents, catalysts, and puri®cation
media. Activity of these compounds in serine protease
assays was observed.
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Chymostatin
(0.5mg/mL)
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BOC-Ala-Ala-Ala-NH-Bz
(100mM)

NA 72 NA

a2 Antiplasmin
(0.5mg/mL)

NA NA 92
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