
Bioorganic & Medicinal Chemistry Letters 17 (2007) 2299–2304
Discovery of novel 2,3-diarylfuro[2,3-b]pyridin-4-amines as potent
and selective inhibitors of Lck: Synthesis, SAR,
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Abstract—2,3-Diarylfuro[2,3-b]pyridine-4-amines are a novel class of potent and selective inhibitors of Lck. The discovery, synthe-
sis, and structure activity relationships of this series of inhibitors are reported. The most promising compounds were also profiled to
deduce their pharmacokinetic properties.
� 2007 Elsevier Ltd. All rights reserved.
The lymphocyte-specific kinase (Lck) is a cytoplasmic
tyrosine kinase of the Src family expressed in T cells
and natural killer cells.1 Genetic evidence in both mice
and humans demonstrates that Lck activity is important
for signaling mediated by the T cell receptor (TCR) and
leads to normal T cell development and activation.2

These findings suggest that a small molecule inhibitor
of Lck could be a useful immunosuppressive for the
treatment of T cell-mediated autoimmune and inflam-
matory disorders and/or organ transplant rejection.

A number of groups, including our own,3 have previous-
ly reported the synthesis and characterization of Lck
kinase inhibitors.4 Potent and orally bioavailable Lck
inhibitors have also been demonstrated to have inhibito-
ry activities in vivo in several models of T cell-dependent
immune responses.3,4d,e

We recently described the discovery of a novel series of
furanopyrimidines, exemplified by 5,6-diphenyl-N-(2-
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(piperazin-1-yl)ethyl)furo-[2,3-d]pyrimidin-4-amine
(compound 1, Fig. 1), as potent and selective inhibitors
of Lck and T cell proliferation.5 X-ray crystallization
studies of 1 bound to Lck6 revealed that the pyrimidine
core in 1 binds to the linker region through two hydro-
gen bonds (Fig. 2): methionine 319 donates a backbone
NH to the N1 pyrimidine acceptor and the carbonyl
from Glu 317 accepts the CH in the 2-position.7 Inter-
estingly, the N3 of the pyrimidine ring does not appear
to be engaged in any H-bond interactions.

Based on this observation, we theorized that removal of
the N3 nitrogen should provide compounds (furanopyri-
dines) with similar biological activity, and possibly
Figure 1. Structure and activity of furanopyrimidine 1.
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Figure 2. X-ray structure of furanopyrimidine 1 bound to Lck.
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improved selectivity. Herein, we describe the synthesis,
structure activity relationships, and pharmacokinetic
properties of a series of substituted 2,3-diarylfuro[2,3-
b]pyridin-4-amines, a new class of small molecule inhib-
itors of Lck.8

We developed a concise route for the construction of the
desired 2,3-diarylfuro[2,3-b]pyridin-4-amines. As illus-
trated in Scheme 1, the key step was the use of Balme’s
procedure for the synthesis of furo[2,3-b]pyridones.9 In
this reaction, iodopyridone 3 was treated sequentially
with phenylacetylene and iodobenzene to afford furano-
pyridone 4 in good yield via a one-pot coupling–cycliza-
tion–deprotection process. Subsequent chlorination with
phosphorus oxychloride provided 4-chlorofuranopyri-
dine 5, which was converted to the 2,3-diarylfuro[2,3-
b]pyridin-4-amines 6 and 7 via a palladium-catalyzed
Scheme 1. Synthesis of 2,3-diphenylfuro[2,3-b]pyridin-4-amines. Reagents

and conditions: (a) phenylacetylene, PdCl2(PPh3)2, CuI, Et3N,

CH3CN, 60 �C, 24 h then PhI, 60 �C, 24 h, 63%; (b) POCl3, 110 �C,

18 h, 57%; (c) RNH2, Pd(OAc)2, BINAP, K2CO3, toluene, 130 �C,

18 h; (d) CF3CO2H, CH2Cl2, rt, 2.5 h, 68% (two steps).
amination.10 Compound 7 was then reacted with triflu-
oroacetic acid to effect N-Boc deprotection and afford
furanopyridine 8.

Compounds 6 and 8 were tested for inhibitory activity
against Lck in a homogeneous time-resolved fluorescent
(HTRF) kinase assay. For the purposes of determining
kinase selectivity, the compounds were also screened
against the related kinases KDR, Ack1, and JAK3.11

Cellular activity was measured by testing the com-
pounds for the inhibition of T cell receptor mediated
IL-2 production in human T cells as well as for the inhi-
bition of T cell activation in a human mixed lymphocyte
reaction.12

The initial data for this novel series of inhibitors shown
in Table 1. While neither compound exhibited the
desired selectivity profile, the nature of the amine in
the 4-position proved to be critical. Whereas the 4-(2-
piperazin-1-yl)ethylamine derivative 8 exhibited modest
potency (0.21 lM), the (S)-(tetrahydrofuran-2-yl)me-
thylamine derivative 6 was significantly less potent
(2.1 lM). This is in sharp contrast to the related furano-
pyrimidines, where many more groups were tolerated.5

To better understand this phenomenon, we obtained a
co-crystal structure of furanopyridine 8 with Lck.

As shown in Figure 3,13 furanopyridine 8 binds to Lck in
a manner similar to furanopyrimidine 1, with the pyridine
nitrogen accepting a backbone NH from Met 319 and
the carbonyl from Glu 317 accepting the CH in the 6-po-
sition of the pyridine ring. The 2-phenyl group points
out of the enzyme toward solvent, providing an area
to introduce polar solubilizing groups for better cell pen-
etration. Interestingly, both 1 and 8 exhibit potency de-
spite not filling the hydrophobic pocket.14 In addition,
the piperidine ring fills the smaller pocket adjacent to
the ribose-binding pocket allowing for a key interaction
between the piperidine NH and Asn 369. The inability
of furanopyridine 6 to make this interaction (it has no
NH to donate) could explain its decreased potency
relative to 8.

With these initial data and structural information in
hand, we carried out structure–activity relationship
studies designed to identify the substituents for
increased potency, selectivity, and optimal pharmacoki-
netic properties. Our work focused on two areas: substi-
tution on the 2-phenyl ring and optimization of the
amine side chain in the 4-position. To construct the
desired compounds, we used the synthetic plan outlined
in Scheme 2.

The new route was based on a revised version of the
chemistry outlined in Scheme 1. Substituting 4-(ben-
zyloxy)phenylacetylene for phenylacetylene in the key
coupling–cyclization–deprotection step afforded key
intermediate furanopyridone 9. Palladium-catalyzed
hydrogenation and subsequent chlorination with oxa-
lyl chloride afforded 4-chlorofuranopyridine 10, which
contained two handles for examining the desired sub-
stitutions. As in the original route, palladium-cata-
lyzed amination introduced the side chain in the



Table 1. Initial furanopyridine SAR (IC50, lM)a

Compound R Lck KDR Ack1 JAK3 IL-2b huMLRc

6 2.1 4.2 0.11 0.026 5.2 4.0

8 0.21 0.36 0.42 0.14 1.2 0.62

a IC50 values are means of two or more separate determinations, in duplicate.
b IL-2: anti-CD3/CD28-induced T cell IL-2 secretion assay.
c huMLR: human Mixed Lymphocyte Reaction.

Scheme 2. Modified synthesis of 2,3-diphenylfuro[2,3-b]pyridin-4-

amines. Reagents and conditions: (a) 4-(benzyloxy)phenylacetylene,

PdCl2(PPh3)2, CuI, Et3N, CH3CN, 60 �C, 24 h then PhI, 60 �C, 24 h,

61–62%; (b) H2 (g), Pd/C, EtOAc–CH2Cl2, rt, 16 h, 71–86%; (c)

(COCl)2, cat. DMF, CHCl3, reflux, 2 h, 65%; (d) R1NH2, Pd(OAc)2,

BINAP, K2CO3, toluene, 130 �C, 18 h, 46–60%; (e) ClCH2CH2NR2,

Cs2CO3, DMF, 85 �C, 16 h; (f) CF3CO2H, CH2Cl2, 0 �C to rt, 2 h, 82–

91% (two steps).

Figure 3. X-ray structure of furanopyridine 8 bound to Lck.
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4-position (compound 11). Subsequent alkylation of
the phenol and deprotection afforded the desired com-
pounds 12.

Table 2 summarizes our results for the introduction of
solubilizing groups on the 2-phenyl group. In general,
the addition of the basic amine side chains increased
enzyme potency four- to ten-fold relative to 8.
Selectivity against KDR, Ack1, and JAK3 remained
unchanged, ranging from two- to five-fold over Lck.
Consistent with what was observed for 8, all compounds
experienced an approximately five- to ten-fold shift
(relative to the enzyme IC50) when tested for cell activity
in the IL-2 secretion assay. A much smaller shift
(�2-fold) was observed when the compounds were test-
ed in the huMLR, with compounds 13, 15, 16, and 17
exhibiting IC50 values between 20 and 60 nM.

Having established the benefits of substituting the
2-phenyl ring, we next explored the SAR of the 4-amino
side chain. We were interested in cyclic amines that
could engage Asn 369 and provide compounds with
increased enzyme and cell potency relative to piperidine
derivative 17. As shown in Table 3, replacing the piper-
azine with aromatic heterocycles led to a decrease in
potency in all examples tested. Presumably, none of
these compounds can form favorable H-bond interac-
tions with Asn 369.

We also examined the pharmacokinetic properties of a
number of cell potent compounds. Compounds 8, 13,
15, 16, and 17 were tested for microsomal stability
and dosed iv in Sprague–Dawley rats (Table 4). Com-
pound 8 (at 0.62 lM, the least potent in cells) showed
moderate clearance (1.2 L/h/kg) and a short half-life
(1.5 h). In contrast, compounds 13, 15, 16, and 17,
all of which exhibited promising cellular activity, each
had undesirable PK properties. All four compounds
were cleared at a rate higher than hepatic blood flow
(�8–11 L/h/kg) and showed a correspondingly high
volume of distribution (7–122 L/kg). Furthermore, in vi-
tro microsomal clearance was not predictive of in vivo
stability.15 Whereas compounds 15 and 16 exhibited



Table 2. SAR: variations on the 6-phenyl group (IC50, lM)a

Compound R Lck KDR Ack1 JAK3 IL-2b huMLRc

8 H 0.21 0.36 0.42 0.14 1.2 0.62

13 0.022 0.057 0.15 0.032 0.13 0.014

14 0.054 0.21 0.17 0.11 0.65 0.17

15 0.030 0.16 0.084 0.025 0.47 0.057

16 0.019 0.067 0.18 0.044 0.25 0.018

17 0.029 0.10 0.12 0.071 0.51 0.061

a IC50 values are means of two or more separate determinations, in duplicate.
b IL-2: Anti-CD3/CD28-induced T cell IL-2 secretion assay.
c huMLR: human mixed lymphocyte reaction.

Table 3. SAR: variations on the 4-amino side chain (IC50, lM)a

Compound R Lck KDR Ack1 JAK3

17 0.029 0.10 0.12 0.071

18 1.6 4.7 0.18 0.080

19 0.17 0.37 0.020 0.037

20 0.38 1.7 0.93 1.4

a IC50 values are means of two or more separate determinations, in

duplicate.

Table 4. Pharmacokinetic parameters following iv Dose in Sprague-

Dawley Ratsa,b

Compound CL

(L/h/kg)

Vss

(L/kg)

t1/2 (h) CLint
c

(lL/min/mg)

clogPd

8 1.2 2.3 1.5 137 4.7

13 7.7 4.7 5.3 <5 4.8

15 11.5 7.2 0.8 100 4.4

16 34.1 122 3.1 120 6.6

17 11.3 60 4.7 50 6.0

a n = 3 animals per study.
b Dosed at 1 mg/kg as a solution in DMSO.
c In vitro intrinsic clearance after incubation with rat liver microsomes.

Compound concentration = 1 lM, microsomal protein = 0.25 mg/

mL.
d Determined using ACDLabs 8.0.
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high clearance both in vivo and in vitro, compounds 13
and 17 showed promising in vitro clearance but high
rates of in vivo clearance. The observed PK properties
are best interpreted in the context of the clogP for each
of the compounds.16 With the exception of compound
15, the clogP increased with the introduction of the
polar amine side chains, with the high clogP values
of 16 and 17 accounting for the large clearance
values.17
In summary, we have reported the discovery of a novel
class of 2,3-diarylfuro[2,3-b]pyridin-4-amines that are
potent and selective inhibitors of Lck. These compounds
show promising cellular activity when tested in a human
MLR and in an anti-CD3/CD28-induced IL-2 secretion
assay. Despite non-optimal pharmacokinetic properties,
these initial compounds show the potential of furano-
pyridines as a new class of Lck inhibitors. Future work
will aim to improve the potency and pharmacokinetic
properties with the hope of identifying compounds suit-
able for in vivo studies.
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