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Synthesis and Kinase Inhibitory Activity of 3'-(S)-epi-K-252a
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Abstract—The 3’-epi diastereomer of K-252a was synthesized with the goal of evaluating the stereochemical requirements of the
3’-sugar alcohol on kinase inhibitory activity. Inverting the 3’-alcohol resulted in a 20 nM inhibitor of VEGFR2 and a 1 nM inhib-

itor of TrkA tyrosine kinase.
© 2002 Elsevier Science Ltd. All rights reserved.

The microbial derived indolocarbazole natural product
(+)K-252a has gained significant attention over the
past several years due to the variety of functional activities
which it possesses. (+)K-252a (1), originally isolated
from the culture broth of Nocardiopsis sp.,' inhibits a
number of serine/threonine and tyrosine kinases such as
protein kinase C (PKC), cAMP-dependant protein
kinase (PKA), myosin light chain kinase (MLCK) and
trkA in the nanomolar range.? The numerous functional
activities of (+)K-252a include antitumor,? antibiotic,*
antiinflammatory,’ and neuronal survival promoting.®

The key structural attributes of glycosylated K-252a are
the indolo[2,3-a]carbazole, a fused pyrrolo[3.4-¢] lactam
and a furanose sugar linked via two N-glycosidic bonds.
A total synthesis of (+)K-252a confirmed the stereo-
chemistry of the molecule to be 1’(R), 3'(R), 4(S).” Our
efforts with optimizing the activities of (+)K-252a
derivatives led to three analogues advancing into clinical
trials: CEP-2563 and CEP-701, trkA tyrosine kinase
inhibitors for prostrate and pancreatic cancers respec-
tively, and CEP-1347, an MLK inhibitor in phase II for
the treatment of Parkinson’s disease.® Further exami-
nation of this template led to the development of a route
to the K-252a diastereomer-2 to assess the contribution
and role of the 3’-sugar alcohol on kinase potency and
selectivity.

We report here the first synthesis and kinase inhibitory
profile of the 1'(R), 3'(S), 4(S)-K-252a diastereomer
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The synthetic strategy focused on the chemical trans-
formation of 1 to 2 via ketone 4 (Scheme 1). K-252a was
reduced with lithium borohydride to yield a diol, fol-
lowed by periodic acid oxidation to ketone 4 in 83%
yield.” The key steps in the synthesis were formation of
the required C-3' stereocenter through cyanide addition
to the hindered ketone 4, and subsequent transforma-
tion of nitrile to methyl ester. A number of cyanide
reagents were evaluated and the diasteriomeric ratios of
the cyanohydrin products were determined by HPLC
(Table 1).

Tetrabutylammonium cyanide in dichloromethane—
dioxane provided the highest yield of the desired cyano-
hydrin 3’-(R)-5b as a 1:1 mixture with isomer 5a.
Potassium cyanide and TMSCN gave lower yields while
diethylaluminum cyanide resulted only in starting
ketone. The low yields may result from difficulty in the
isolation of the cyanohydrin products due to instability
and reversibility. Attempts to separate the mixture of
nitrile diastereomers chromatographically resulted in
retrograde conversion to ketone 4. To circumvent this,
the mixture (S-5a/R-5b) was immediately subjected to a
Pinner reaction (HCl,, MeOH-dioxane, 0 °C), the result
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Scheme 1. (a) LiBH4, THF, rt, 81%; (b) HsIOs, THF, rt 83%:; (c)
nBuy,N*+*CN~, CH,Cl,, 0°C-rt, 60%; (d) HClg , CH;OH-dioxane; (¢)
6N HCL

Table 1. Reaction conditions and yields of cyanohydrin 5b

Entry Reaction conditions Recovered 4 Sa, 5b
(%) (1:1) (%)

1 KCN, CH;CO,H, THF, MeOH 40 40

2 Et,AICN, CH,Cl, 95

3 TMSCN, ZnCl,, CH,Cl, 80 20

4 BuyNCN, CH,Cl,/dioxane 60

of which afforded one major product with a mass cor-
responding to K-252a (m/e 467) although with a more
polar HPLC retention time.

Full analysis confirmed the structure to be the 3'-(S)
diastereomer 2. Under the acidic Pinner reaction condi-
tions, the 3'~(S)-cyanohydrin 5a eliminates CN back to
ketone 4, while the 3'-(R) isomer 5b is converted to 3'-(S)-
epi-K-252a 2. K-252a shows an HPLC retention time of
13.12 min compared to 12.74 min for 3'~(S)-epi-K-252a.'0

The assignment of 2 relative to 1 was made using 'H
and 3C NMR along with COSY, and HETCOR
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Figure 1. '"NMR chemical shift assignments.

experiments. Several differences were observed between
the two compounds in their proton NMR spectra. The
methyl ester of K-252a was observed at 6 3.93 (DMSO-dy)
compared to 6 3.30 on 3'-epi-K-252a (2). The difference in
these shifts can be explained by the three dimensional
structure which was generated by molecular modeling.
The methyl ester of 3'-epi-K-252a (2) is oriented up in the
face of the indolocarbazole ring, while on K-252a (1) the
ester group is below the plane of the sugar. An NOE
experiment with 3'-epi-K-252a was conducted in which
the methyl ester was irradiated. An NOE of 8% was
observed for H-11 (8 7.66) and 11% for H-10 (5 7.47). In a
similar experiment with K-252a an NOE was not
observed with H-10 or H-11 since the methyl ester is spa-
tially distant from the aromatic ring. A significant field
effect is observed from the ester and 4’-H, on 1 and 4'-H,
on epi-2. The chemical shifts are outlined in Figure 1.

The kinase inhibitory data shown in Table 2 reveals that
3'-epi-K-252a (2) is 2-10 times more potent than K-252a
for inhibition of PKC, VEGFR2 and TrkA. K-252a
inhibits the tyrosine kinases TrkA, the high affinity
neurotrophin receptor, and VEGFR2 with ICs, values
of 13 and 43 nM, respectively.!! Epi-K-252a (2) shows
an increase of about 10-fold (ICsy 1.2 nM) in inhibition
of TrkA and 2-fold (ICsy 19 nM) for VEGFR2.12 K-252a
inhibits the serine-threonine kinases PKC and MLKI1
with ICsy values of 250 and 22 nM, respectively.'? In
addition, epi-K-252a (2) is about 2-fold (ICsy 114 nM)
more potent for PKC while activity for MLK1 is essentially
equivalent (ICsg 25 nM). One possible explanation for
the increased inhibitory activity of 3'-epi-K-252a for
PKC, VEGFR2 and TrkA could be that the 3’-epi OH
may be involved in a favorable hydrogen bonding
interaction that is not accessible to (+)K-252a due to
geometry. Modeling studies are on going and will be
included in a full structure—activity publication.

In conclusion, we report the first synthesis of the 3'-(S)-
epi-K-252a diastereomer in a four-step synthesis from K-
252a. Inversion of the alcohol to the 3'-epi-isomer resulted
in a 19 nM VEGFR2 inhibitor and a 1 nM TrkA inhibitor
revealing valuable stereochemical requirements at the sugar
moiety of K-252a for binding to these kinases.
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Table 2. Kinase activity (ICsy, nM)?

Entry PKC TrkA VEGFR2 MLK1
K252a 1 250+25 13+4 43+ 16 2245
epi-K-252a 2 114 1.2+0.2 19+2 25+4

2Experiment run in triplicate.
bSingle experiment.
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