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ABSTRACT: A library of spirooxindoles containing varied
elements of structural and stereochemical diversity has been
constructed via a three step, one pot nitrile hydrozirconation-
acylation-cyclization reaction sequence from common acyclic
indole intermediates. The resulting library was evaluated for
novelty through comparison with MLSMR and Maybridge
compound collections.
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■ INTRODUCTION
The 2-oxindole motif has proven to be a valuable functionality as
witnessed by the marketed pharmaceutical agents Sutent
(anticancer), Requip (Parkinson’s disease), and Zeldox (schiz-
ophrenia and bipolar disorder).1 This interesting heterocyclic
core is contained in numerous biologically active spirocyclic-
containing natural products such as rychnophylline, gelsemine,
and spirotryprostatin B (Figure 1). These and many other spiro-
oxindoles have received significant attention from synthetic and
medicinal chemists resulting in many elegant synthetic
approaches originating primarily from isatins and derivatives.2−4

Recognition of these factors has led several groups to assemble
diversely substituted chemical libraries upon these heterocyclic
scaffolds (Figure 2),5 and interest persists in developing new
synthetic strategies to construct these important heterocyclic
structures. We recently reported a stereoselective approach to
amide containing spirooxindoles through a nitrile zirconation,
acylation, and cyclization cascade process.6 This manuscript
will detail the assembly of a uniquely substituted library of
spirooxindoles using this convenient methodology. A chemical
diversity analysis will be provided through structural comparison
with the MLSMR compound collection.

■ RESULTS AND DISCUSSION
Our approach began with the preparation of the pivotal 2-chloro-
and 2-triisopropylsiloxyindoles (3{1} and 3{2}, respectively)
that contain the pendant cyanohydrin-benzylether functionality
(Scheme 1).6

Hydrozirconation of nitriles 3{1} and 3{2} using freshly pre-
pared Schwartz’ reagent (Cp2Zr(H)Cl) provides metallo-imine

intermediates that undergo acylation upon treatment with hydro-
cinnamoyl chloride (Scheme 2).7 The resulting spirooxindoles
are produced via Friedel−Crafts cyclizations with the indole-2-
substituent providing the conformational control. In these cases,
the less sterically hindered 2-chloro indole substrate adopts a
pseudoaxial conformation (I), whereas larger moieties such as the
triisopropylsiloxy group prefer pseudoequatorial orientation (II).
The hydrozirconation-acylation-cyclization cascade of 3{1} and

3{2} affords spirooxindoles 4 and 5 bearing versatile functionalities
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Figure 1.Oxindole marketed drugs and spirooxindole natural products.
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Figure 2. Representative spirooxindole libraries.

Scheme 1. Preparation of Indoles 3{1-2}

Scheme 2. Nitrile Hydrozirconation-Acylation-Cyclization Cascade
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that can be modified to incorporate additional elements of
diversity. Our initial library construction was directed toward

the functionalization of the hydroxyl group. TheO-benzyl group
can readily be removed under mild hydrogenolysis conditions
(Scheme 3). Subsequent acylations were accomplished in high
yields either through treatment with the corresponding acyl
chlorides or through carbodiimide mediated acid couplings
(7{1−9}, Scheme 3). To modulate the clogP’s of the final ester
containing analogues, various heterocyclic groups were appended
(entries 8−11).
The hydroxyl group of 6 was also used to introduce additional

elements of stereochemical diversity through oxidation followed
by selective ketone reduction (d.r. > 20/1, Scheme 4). In this case,
the axial-alcohol functionality was converted to a complementary
subset of syn-amido ester analogues containing small alkyl and
heteroaromatic groups (10{1−6}).
To complete the diastereomeric set of oxindoles from the

common acyclic indole intermediate (not shown), the 2-siloxy
indole cyanohydrin 3{2} was subjected to the hydrozirconation-
acylation conditions in the presence of Sc(OTf)3 to provide the
spirocyclic oxindoles 5 with high selectivity.6 The alcohol group
was unmasked and converted to a diverse group of esters in a
manner described earlier (Scheme 5). The relative stereochemistry
was unequivocally established by single X-ray crystallography of the
p-nitrobenzoate derivative 15{5} (Figure 3).
Additional structural variations of nonester containing

analogues were accomplished through derivatizations of the
spirooxindole heterocyclic core (Scheme 6). Various heterocycles
or amino-propyl substitutions could be efficiently incorporated
through Suzuki couplings utilizing either the iodo- or the pinacol
ester-containing spirooxindole scaffolds (16{1} and 16{2},
respectively).8−10 Despite the incorporation of numerous hetero-
atom containing functionalities, the lipophilicities of this
sublibrary were significantly increased although calculated PSA
values remained below 130 (Scheme 6).

Scheme 3. Preparation of an Ester Containing Library

Scheme 4. Preparation of syn-Amido Ester Analogues

Scheme 5. Preparation of Additional Spirooxindole Library
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We have generated more polar analogues via removal of the
N-benzyl group using dissolving metal conditions (Scheme 7).11

In these cases, the isopropylamide spirooxindoles proved
compatible for the N-debenzylation reaction conditions and
produced much lower molecular weight compounds and
increased product polarities.6a The acetate 20{2} was obtained
directly using ethyl acetate as solvent during reaction workup and
extraction.
With the completion of this spirooxindole amide library,

the compiled physical chemical properties have been evaluated
with the majority of analogues having MWs between 500 and
600 (Figure 4). Many of these compounds were lipophilic
(cLogP’s >6), but incorporation of numerous heterocycles upon
the scaffold helped modulate the overall polarities (vide supra).

Figure 3. X-ray structure of 15{5}.

Scheme 6. Spirooxindole Derivatizations

Figure 4. MW and cLogP distribution of spirooxindole library.

Figure 5. Tanimoto coefficient (Tc) comparisons of spirooxindoles vs
MLSMR collection.
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The structural novelty of this library was compared to the
NIH Molecular Libraries Small Molecule Repository
(MLSMR) using chemistry space BCUT metrics as well as
2-dimensional fingerprint calculations.12 Using these parame-
ters, the new spirooxindole-based library displayed favorable
chemical diversity with an average Tanimoto coefficient (Tc) of
<0.7 when evaluated against the 430,000 compounds in the
NIH MLSMR collection (Figure 5).13,14 Representative library
structures that exhibit the highest and lowest similarities are
also represented in Figure 5. These spirooxindoles have been

deposited into the MLSMR to serve as novel biological
screening candidates.15,16

To further illustrate the structural uniqueness of the described
spirooxindole library, perspective 3D chemistry space views were
constructed against the Maybridge HitFinder library (Figure 6).
Space coordinates for each compound were generated using
3-dimensional BCUT metric calculations based upon four
principal molecular property descriptions consisting of charge,
polarity, and hydrogen bond donor/acceptor abilities. The
3-dimensional chemical space representation of the spirooxindoles

Figure 6. 3D Chemistry space matrix analyses of spirooxindoles vs Maybridge HitFinder library.
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(red dots) versus the 14,400 Maybridge compounds (gray dots)
generally indicates that our new library occupies less populated
or void regions. The corresponding 2D evaluations further
establish novelties with nine compounds (6, 7{1−2, 5−7},
10{1}, 15{5}, 17{5}) in vacant chemical space cells with the
nearest Maybridge compounds to 6 and 15{5} possessing
very low Tanimoto coefficients of 0.17 and 0.34, respectively
(Figure 6).

■ CONCLUSIONS
We have described the synthesis of a stereochemically and
structurally diverse library of spirooxindoles (37 total analogues)
using a three step nitrile hydrozirconation-acylation-cyclization
reaction cascade. These poly functional spirooxindoles were
assembled with high stereoselectivities with pivotal cyclizations
controlled by the 2-indole substitutions that were generated from
a common intermediate. Structural elaborations were provided
by a series of acylations or palladium mediated couplings. The
resulting compound library demonstrated good chemical novelty
when evaluated against the MLSMR and Maybridge compound
collections.
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Scheme 7. Unsubstituted Spirooxindoles
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