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A practical synthesis of the major 3-hydroxy-2-pyrrolidinone
metabolite of a potent CDK2/cyclin A inhibitor
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Abstract—The synthesis of the major metabolite of a potent 3-aminopyrazole CDK2/cyclin A inhibitor is presented. A stereocon-
servative approach starting from malic acid was employed to construct the hydroxy-substituted pyrrolidinone moiety. In the key
step of the synthesis the use of cyanoborohydride immobilized on Amberlyst 26 in trifluoroethanol represented a valid alternative
to conventional solution-phase reducing agents.
� 2006 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of PHA-533533 (1) and metabolites.
CDKs/cyclins, a series of binary protein complexes
showing genetic defects in many malignant diseases,
are rate-limiting enzymes in cell cycle progression and
as such represent excellent molecular targets for thera-
peutic intervention.1,2 As part of our medicinal chemis-
try programme aimed at finding novel CDK2/cyclin A
inhibitors, PHA-533533 (1, Fig. 1) was identified as a
potential clinical candidate.3 Compound 1 showed po-
tent CDK2 inhibition in biochemical and cellular assays
and also possessed, in comparison to other members of
the same class, improved physico-chemical properties
such as solubility and plasma protein binding.

The metabolic stability of 1 was investigated using both
microsomes from different species (mouse, rat, dog,
monkey and human) as well as rat hepatocytes. The ma-
jor metabolite in all species (both hepatocytes and
microsomes), except for mouse, was the mono-oxidized
compound 2. Another mono-oxidation product 3 was
also identified in all species. In the mouse the ratio of
2 to 3 was reversed. A further minor metabolite 4 was
also detected and is thought to arise from dehydration
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of either 2 or 3. This metabolite was only found in
mouse microsomes where the metabolic rate of the com-
pound 1 was very low (intr. CL <6 mL/min/kg). Eluci-
dation of the structures of 2 and 3 was based upon the
MSn and accurate mass MS/MS spectra (Fig. 2).4

Hydroxy-substituted pyrrolidinones are components of
many natural products and syntheses of the racemic
core as well as enzymatic and stereoconservative prepa-
rations have been described.5 In this communication, we
report a short and practical synthesis of metabolite 2
(Scheme 1) via reductive alkylation of amine 5 with alde-
hyde 6, prepared in turn from malic acid. Since the ste-
reochemistry of the hydroxy group of metabolite 2 was
unknown, the synthesis of both possible diastereomers,
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Figure 2. Cross species mass chromatograms at m/z 355 showing the ratio of metabolites 2 to 3 in microsomes incubated with 1.
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Scheme 1. Reagents and condition: (a) (polystyrylmethyl)trimethylammonium cyanoborohydride, TFE, rt, 12 h, 70%.
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namely (S,S)-2 and (S,R)-2, was performed starting
from either enantiomer of malic acid.

The amino component 5 was prepared by reacting
tert-butyl-5-amino-3-cyclopropyl-1H-pyrazole-1-carbox-
ylate with (S)-2-(4-tert-butoxycarbonylamino-phenyl)-
propionic acid chloride followed by removal of the
protecting groups in 49% overall yield.6b

By a known three-step procedure7 (S)-malic acid was
protected as the acetonide (2,2-dimethoxypropane and
p-TsOH) to give (S)-(2,2-dimethyl-1,3-dioxolan-4-one)-
5-ethanoic acid in 95% yield. The carboxylic acid was
then reduced to the alcohol (BH3–THF) in quantitative
yield and oxidized (PCC and DCM) to the correspond-
ing aldehyde (S)-6 (43% yield).

Reductive amination was performed at first with
Na(CN)BH3 in MeOH.8 Under these conditions (rt,
5 h) formation of the secondary amine followed by
spontaneous ring closure to produce the 3-hydroxy-2-
pyrrolidinone derivative (S,S)-2 did occur, but yields
were low (�10%). The choice of the dioxolanone
protecting group proved most convenient as it turned
out to be more reactive towards nucleophilic displace-
ment than an ordinary ester (methyl and ethyl). This en-
hanced reactivity allowed the spontaneous formation of
the pyrrolidinone ring. Unfortunately, the presence of a
by-product deriving from the attack of the dioxolanone
intermediate by methanol was also observed.9 In addi-
tion, the final product (S,S)-2 resulted rather hydrophil-
ic and therefore its separation from the contaminating
excess of reducing agent proved rather tedious.

To overcome part of these problems, we tried
Na(CN)BH3 in trifluoroethanol for its less nucleophilic
character but unfortunately the reaction was too slow.10

We reasoned that solubility of the reagent under these
conditions was not sufficient to ensure good reactivity
and therefore we considered the use of cyanoborohy-
dride immobilized on Amberlyst 26 as a possible alter-
native. Indeed, when amine 5 and aldehyde (S)-6 were
stirred together in trifluoroethanol in the presence of
polymer-supported cyanoborohydride, not only clean



Table 1. CDK2/cyclin A inhibition and in vitro antiproliferative

activity of PHA-533533 1, (S,S)-2 and (S,R)-2 metabolites

Compound CDK2/cyclin Aa A2780 cellsa

IC50 (nM)b IC50 (lM)

1 37 0.8

(S,S)-2 27 2.2

(S,R)-2 27 1.6

a See Ref. 3a for description of biological assays.
b At least two independent experiments were performed for each

compound in order to determine IC50 values. Potency is expressed as

the mean of IC50 values obtained by non-linear least-squares

regression fitting of the data. The coefficient of variation of the mean

ranges from 10% to 24%.
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formation of the secondary amine was observed but also
subsequent ring closure to produce the desired lactam
occurred very smoothly under the same reaction condi-
tions employed for the reductive amination.11 More-
over, by using an immobilized reagent, aqueous
workup of the reaction could be avoided and therefore
isolation of the hydrophilic final product resulted less
troublesome.12

Both diastereomers (S,S)-2 and (S,R)-2 were tested and
resulted equipotent in inhibiting CDK2/cyclin A in vitro
but displayed lower antiproliferative activity on A2780
ovarian tumour cell line when compared to compound
1 (Table 1).

In summary, the major metabolite of a potent 3-amino-
pyrazole CDK2/cyclin A inhibitor was synthesized. By
employing a stereoconservative approach, the two possi-
ble diastereomers were accessible starting from malic
acid derivatives with opposite configuration.13 Key step
of the synthesis was the use of polymer-supported
cyanoborohydride in trifluoroethanol as a valid alterna-
tive to conventional solution-phase reducing agents.
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