


COMMUNICATIONS

Figure 2. Cocrystal structure at 2.35 A of (R)-DWI12 with PAKI
(249—545, mutation Lys299Arg). (a) H-bonding interactions between (R)-
DW12 and PAKI. (b) Surface view through the active site illustrating the
open ATP-binding site of PAKI.

TBS
TBSO Sy TBSO
CH3CN, K,CO
ry IR a

88%
‘{ \CI
* 1.) hv, CHyCN (91%)
2.) TBAF (45%)

H
OseN =0
i
Ly-L
- @ 1\ -
N N=
|_4—-|:Qu\mmu|_1 —=N '/Ru"'N——
Ik L /N Cl
3 2 1 // 4

Figure 3. Synthesis of octahedral Ru complexes 1 from precursor 4.

Figure 4. Cocrystal structure of A-FL}72 with PAKI1 (amino acids
249—545, mutation Lys299Arg) at 1.65 A. (a) H-bond interactions. (b)
Surface view illustrating the shape complementarity of PAK1 and A- FL172.

which further significantly improves relative affinity for PAK1 (110
nM) over Piml (2.84 uM) and GSK3 (14.4 uM) (Table 1). Thus
by just replacing the cyclopentadienyl moiety in NP309 for a
chloride and a bulky, rigid bidentate phenyliminopyridine ligand
in A-FL411, the initial picomolar affinities for Pim1 and GSK3
dropped by factors of 16 700 and 51 400, respectively, whereas at
the same time the affinity for PAK1 improves by almost 1 order of
magnitude.

The 1.65 A resolution cocrystal structure of A-FL172 bound to
PAKI1 reveals the molecular details of the binding of this octahedral
scaffold to PAK1. Whereas the pyridocarbazole moiety and CO
ligand bind analogously to (R)-DW12, the bulky bidentate imi-
nopyridine ligand now stretches the entire distance from the
N-terminal glycine-rich loop to the C-terminal domain (Figure 4).
In this bulky octahedral complex the distance between the oxygen
atom of the CO ligand and the para-carbon of the pyridine in trans
serves as a rigid yardstick of ~8 A which is well accommodated
by the active site of PAKI, but not most other protein kinases.
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Figure 5. Kinase inhibition with racemic FL172 in RT4 rat schwannoma
cells. Serum-starved RT4 cells were treated with FL172 at indicated
concentrations for 1 h and then stimulated with 10 ng/mL PDGF for 5 min.
PAKI1 inhibition was monitored by levels of Ser338-phosphorylated Raf-1
and Ser298-phosphorylated MEK analyzed by Western blot with an
antiphospho-Raf-1(Ser338) (entry 1) and antiphospho-MEK(Ser298) anti-
body (entry 2), respectively. Antibodies against phospho-MEK(Ser217/221)
(entry 3) and endogenous levels of total MEK served as controls (entry 4).
Lane 1 was generated in an independent experiment.

Finally, to assess the biological activity of FL172, we investi-
gated its ability to interfere with PAK1 activity within mammalian
cells. The Western blot in Figure 5 demonstrates that the phos-
phorylation of the endogenous PAK1 substrate MEK at Ser298 was
reduced with increasing concentration of racemic FL172, whereas
the other MEK phosphorylation sites Ser217 and Ser221, which
are not directly phosphorylated by PAK1, were not considerably
affected.” Similarly, phosphorylation of Ser338 on endogenous Raf-
1% could be suppressed in a concentration dependent manner,
consistent with intracellular PAK1 inhibition by FL172, but not
ruling out additional intracellular targets (Figure 5).

PAK1 is implicated in tumorigenesis and metastasis, and
pharmacological inhibitors of PAKI1 are thus promising candidates
for cancer therapy.® However, to the best of our knowledge, there
are no selective organic inhibitors with ICs, values in the nanomolar
range known for PAK1 or other group-I PAK kinases.®'® The bulky
organoruthenium compound A-FL411 constitutes a promising lead
structure for the generation of improved PAKI inhibitors by
functionalizing the associated ligands in a combinatorial and
structure-based fashion. Work along these lines is in progress.
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