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A series of tetrahydro-B-carbolines were identified by HTS as inhibitors of the kinesin Eg5. Molecular
modeling and medicinal chemistry techniques were employed to explore the SAR for this series with a
focus of removing potential metabolic liabilities and improving cellular potency.
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Eg5 is a member of the kinesin family of proteins, which hydro-
lyze ATP as they migrate along microtubules. Kinesins play pivotal
roles in chromosome motility, spindle assembly/function, and in
the transport of vesicles and organelles.! Eg5 (also known as Kine-
sin-5, BimC, KIF11, KSP) is essential in mitosis, and is expressed
primarily in dividing cells. Inhibition of Eg5 blocks centrosome
separation and thereby inhibits cell division. Current anti-mitotic
drugs stop cell division through direct effects on microtubule sta-
bility. Eg5 inhibition, on the other hand, blocks mitosis by prevent-
ing spindle formation without directly affecting microtubule
dynamics. Eg5 inhibitors are specific to dividing cells, and thus lack
the neuronal toxicity of taxanes and vinca alkaloids.? Eg5 and its
inhibitors have been the subject of several reviews.> We describe
herein the discovery of potent tetrahydro-B-carboline inhibitors
of Eg5 that were identified from optimization of high-throughput
screening (HTS) hits.

Synthesis of the tetrahydro-B-carbolines began with Fisher In-
dole synthesis utilizing the bis-ethoxy acetal 1 which followed
by phthalimide deprotection afforded the tryptamine derivatives
(Scheme 1). Subjection of the tryptamines with aldehydes under
standard Pictet-Spengler conditions afforded the corresponding
tetrahydro-p-carbolines in good yields. Acylation followed by
Boc-deprotection afforded the final compounds in excellent
yields.*

Concurrent to our internal fast-follower® Eg5 program, we also
ran an Eg5 HTS assay in order to pursue potentially more diverse
chemotypes. Our primary Eg5 screening assay employed a stan-
dard ATPase assay.5® Our HTS efforts yielded several intriguing
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Scheme 1. Synthesis of N-acyl-tetrahydro-p-carbolines.

chemotypes, one of which was the tetrahydro-g-carboline (TH-B-
carboline) 2, which had an Eg5 ICs of 2.5 pM (Fig. 1). Shortly there-
after, it was found that addition of a single methyl group in the aryl
ring to give compound 3 led to a 10-fold increase in Eg5 binding
affinity. In conjunction with our internal Eg5 co-crystallography ef-
forts in our pyrimidinone series, we were successful in obtaining a
co-crystal structure’ of 3, which induces a new pocket as it did for
the pyrimidinone series® (Fig. 2a). This is consistent with all
reported co-crystal structures in the PDB which show similar
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Figure 1. Lead series evolution.

Figure 2a. Co-crystal structure of 3 bound to Eg5; Phenol of carboline displaces
sidechain of Tyr211 to a new position. Loop 5 translocates approximately 10 A to
form the top of the pocket.

structural movements in the protein upon binding compounds in
the same allosteric site.”

There is a strong hydrogen bond between the phenolic ~-OH and
the backbone carbonyl of Glu118, and worth about 10x in potency
relative to -H or 100x relative to -Me. Additional possible hydro-
gen bonds from the carboline -NH and amide carbonyl have sub-
optimal geometries and are inconsistent from analog to analog,
suggesting that most of the binding is hydrophobic (Fig. 2b).

Interestingly, although compound 3 was soaked into the crystal
as the racemic mixture, it is the R enantiomer that the protein se-
lects. Following modeling overlays with our potent in-house pyri-
midinone series of Eg5 inhibitors, an amino functionality was
introduced in an attempt to pick up additional hydrogen bonds
to Glu215 or Tyr211, leading to the TH-B-carboline 4 whereby
the acetyl moiety has been chain extended to terminate with a

mainchain
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Figure 2b. Schematic depicting key interactions in co-crystal structure of 3 bound
in an allosteric site of Eg5.

Table 1
SAR of the aryl ring for compounds 5-14

OH

Compound? R Eg5 ICso (LM) Cell Glso (M)
5 H 0.63 n.d.
6 F 0.76 n.d.

7 Me 0.020 0.13
8 Et 0.011 0.10
9 ipr >25 nd.

10 Ph 1.7 n.d.

11 Cl 0.039 0.525

12 Br 0.027 0.496

13 OH 4.5 n.d.

14 CF;0 0.2 >2

n.d., not determined.
@ All compounds tested as racemic mixtures.

basic primary amine. Although these interactions were never
confirmed by X-ray, this did lead to a substantial increase in bind-
ing affinity to Eg5.

The combination of ease of synthesis, rapid increase in potency
and the ability to embark on a structure based drug design pro-
gram encouraged us to explore the structure-activity relationship
(SAR) of compounds in this series. It was apparent from early SAR
that hydrophobic groups in the fifth position of the B-carboline nu-
cleus were optimal and followed the trend of Et > Me ~ Br > Cl in
binding affinity, however, the Cl and Br had poor cell activity (Table
1). In addition, di-substitution was not well tolerated by the active
site.

With these data in hand, we turned our attention to the effect of
the amine sidechain, the results of which are summarized in Table
2. In varying the length of the sidechain, we found that a two car-
bon tether is optimal in the acyclic series, consistent with model-
ing. In general, a 4-5-fold difference in potency was noted
between the biochemical and cellular assays. Notably, compound
20 demonstrated similar potency in both biochemical and cell as-
says. Deletion of the amine as in compound 15 resulted in a greater
than 10-fold loss in binding affinity. Replacement of the amide car-
bonyl to a sulfonamide linkage such as in compound 19 resulted in
approximately a 10-fold loss in Eg5 binding affinity. The loss in po-
tency observed in capping the basic amine such as in the sulfon-
amide 23 is consistent with the observations from modeling of
the co-crystal structures in that the amine is involved in a key
hydrogen bond.

In order to try to pick up further hydrophobic interactions, var-
ious alkyl substituents were introduced proximal to the amine.
Interestingly, the enzyme distinguishes between the two different
diastereoisomers 24 and 25.

As part of the hit-to-lead process, we sought to identify any is-
sues that might arise from the pharmacokinetic profile, especially
since the series contained a phenol, a well known potential meta-
bolic liability. Indeed, the rat PK of 4 confirmed our suspicions
since it exhibited high clearance and no oral bioavailability (Table
3), whilst the direct phenyl analogue 26 had much improved PK
properties.

To this end, we investigated phenol replacements (Table 4).
Modeling suggested that cyclohexyl would be a suitable replace-
ment, and indeed whilst better than most, it still exhibited a
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Table 2
Sidechain SAR

Table 4
Phenol replacements

R (0]
(+)
Compound? R' R? Eg5 ICs0 (LM)
Compound® R! R? Eg5 ICso HCT-116 ECso A
(uM)° (LM)P
7 26 CH, 0.175
15 CH; Tl/\ 0.46 14 .
(0] —
16 CH, /TI/\NH2 0.049 025 27 CH; ©\ 11.0
/O " OCHs
7 2 o
17 CH; T]/\/ 0.020 0.083
/O 28 CHs ©\ >25
18 CH; Tl/\/\NHZ 0.086 0.43 NHSO,CH3
(6] |
~/ NH2
19 a //,S\\/\/ 0.186 0.256°¢
O O
29 CH; >25
9 <"
(0]
S, N
20 CHs /Tl/\/ 0.10 0.07 e
(0] o
| X
N 30 a | >25
21 CH; 0.9 2.0¢ NH
A o
O o
A =
22 cl T\/\O 0.86 >2.0¢ 31 cl _ | 6.6
/O NHI;I:) CH N NH2
p 2CHa -
23 cl T]/\/ 0.155 0.87°
o} 32 cl 0.23
NH,
24° a /“/H/ 0.76 nd —_—
o 33 CH; ©\ 0.10
NHe -
25¢ cl

YW 8.1 nd
(0]
n.d., not determined.

2 All compounds tested as racemic mixtures.

See Refs. 6a,b for assay details.

COLO-205 cell line.

KB3.1 cell line.

MDA-MB-435 cell line.

' Approximately 1:1 mixture of diastereoisomers.

o a2 n T

Table 3
Rat PK
Compound Ty, (h) Cl (mL/min/kg) Vdss (L/kg) %F
4 10.7 171 94 1
26 9.5 26 18 32

10-fold loss in Eg5 binding affinity. The 3-fluorophenyl 33 turned
out to be a reasonable replacement with only a modest decrease
in binding affinity.

¢ All compounds tested as racemic mixtures.

In order to establish that the observed cellular activity was
indeed through Eg5 inhibition, we initiated several mechanistic
studies. U20S cells were left untreated or treated with compound
3 at1 uM for 8 h before being stained with DAPI (DNA) and an
anti-B-tubulin antibody (B-tubulin).

Representative pictures of normal (bipolar spindle) and abnor-
mal (mono-polar spindle) mitotic figures are shown (Fig. 3). Com-
pound 3 has no effect on microtubules in the interphase, and
demonstrates the mono-polar spindle formation in mitosis which
is the phenotypic signature of Eg5 inhibition.

In summary, we have identified a novel class of small molecule
Eg5 inhibitors. These inhibitors were potent in the biochemical as-
says, and demonstrated activity in cells consistent with the ex-
pected mechanism of action. The phenolic metabolic liability was
replaced with a phenyl group which greatly improved the PK prop-
erties of the series. Further optimization of this series will be re-
ported in due course.
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1 uM compound 3 DMSO

Interphase

Mitosis

Figure 3. U20S cells were treated with compound 3 at 1 uM for 8 h. Chromosomes

are

visualized using DAPI staining (blue) and microtubules are visualized using B-

tubulin antibodies (red).
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