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2-Aminothiazole (1) was discovered as a novel Src family kinase inhibitor template through screening of
our internal compound collection. Optimization through successive structure-activity relationship iterations
identified analogs2 (Dasatinib, BMS-354825) and12maspan-Src inhibitors with nanomolar to subnanomolar
potencies in biochemical and cellular assays. Molecular modeling was used to construct a putative binding
model for Lck inhibition by this class of compounds. The framework of key hydrogen-bond interactions
proposed by this model was in agreement with the subsequent, published crystal structure of2 bound to
structurally similar Abl kinase. The oral efficacy of this class of inhibitors was demonstrated with12m in
inhibiting the proinflammatory cytokine IL-2 ex vivo in mice (ED50 ∼ 5 mg/kg) and in reducing TNF
levels in an acute murine model of inflammation (90% inhibition in LPS-induced TNFR production when
dosed orally at 60 mg/kg, 2 h prior to LPS administration). The oral efficacy of12mwas further demonstrated
in a chronic model of adjuvant arthritis in rats with established disease when administered orally at 0.3 and
3 mg/kg twice daily. Dasatinib (2) is currently in clinical trials for the treatment of chronic myelogenous
leukemia.

Introduction

Mammalian immunity relies on activation of T cells upon
antigen presentation. Immune responses in T cells are initiated
by interaction of the T-cell antigen receptor (TCRa) with an
antigen presented in the context of a glycoprotein encoded by
the major histocompatability complex (MHC). Upon its engage-
ment T-cell activation is amplified by sequential activation of
three distinct classes of nonreceptor tyrosine kinases, namely,
the Src family kinases (p56Lck and Fyn), the Syk family kinases
(Syk and ZAP-70), and the Tec family kinases (Itk, Txk, and
Tec). A cascade of downstream signaling pathways ultimately
leads to T-cell proliferation and/or differentiation and production
of proinflammatory cytokines such as interleukin-2 (IL-2).

p56Lck (Lck) is a member of the Src family of nonreceptor
tyrosine kinases that share a high degree of homology,
particularly at the ATP binding pocket. Lck, expressed pre-
dominantly in T cells and NK cells is absolutely required for
T-cell development,1 activation,2 and initiation of the T-cell
antigen receptor (TCR)-mediated signal transduction pathway.
Studies have shown that the catalytic activity of Lck is regulated
by phosphorylation of Tyr394 in the catalytic domain and
Tyr505 at the C-terminus. Upon autophosphorylation, activated

Lck phosphorylates tyrosine residues in the immunoreceptor
tyrosine activation motif (ITAM) sequences of the invariant
chains (including theú chain) within the TCR. Once phosphor-
ylated, theú chain provides docking sites for ZAP-70 binding
via its SH2 domains.2c Phosphorylation of ZAP-70 by Lck and
the combined action of ZAP-70, Lck, and the related Src family
kinase Fyn drives downstream signaling events and leads
ultimately to calcium flux, T-cell activation, and proliferation
(Figure 1). Genetics experiments using Lck-/- mice have
validated Lck as a potential immunosuppressive molecular
target.1a These mice display a SCID-like syndrome and are
unable to reject skin grafts despite the presence of peripheral T
cells.3 In addition, overexpression of a dominant negative form
of Lck leads to early arrest of thymocyte development prior to
expression of CD4, CD8, and the TCR.1b Based on these data,
an Lck inhibitor should inhibit T-cell activation and have
potential utility in the treatment of acute and chronic T-cell
mediated autoimmune and inflammatory disorders, including
solid organ transplant graft rejection, multiple sclerosis, rheu-
matoid arthritis (RA), psoriasis, and delayed type hypersensitiv-
ity reactions.4 In addition, dysregulation of Lck expression or
its kinase activity has also been implicated in human T-cell
leukemia,5 lymphocytic B cell leukemia,6 human colon carci-
noma,7 and small cell lung cancer.8

The c-Src proto-oncogene also plays a central role in the
development and progression of several human cancers, includ-
ing colon, breast, pancreatic, lung, and brain cancers.9,10 Src
kinase modulates signal transduction through multiple oncogenic
pathways downstream of receptor tyrosine kinases such as
EGFR, VEGFR, Her2, and PDGFR. Apan-Src kinase inhibitor
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may be considered useful in modulating aberrant pathways
leading to oncologic transformation of cells.

Screening of our internal compound collection using filter
binding assays11 identified aminothiazole1 as an ATP competi-
tive Lck inhibitor with a weak potency in biochemical and cell-
based assays (murine Lck IC50 ) 6.6 µM; human Lck IC50 )
5 µM; T-cell proliferation IC50 >10 µM)).12 Subsequent
structural modification through iterative structure-activity
relationship (SAR) approaches led to the identification of
extremely potentpan-Src inhibitors with picomolar activities
against these enzymes. Within this class, several analogs also
showed potent inhibitory activity against Bcr-Abl kinase. We
describe here the synthesis, and SAR studies leading to the
discovery of compounds12m and 2 (BMS-354825,
dasatinib),12c-e as extremely potentpan-Src inhibitors (Figure
2).

Chemistry

Thiazole analogs described here were synthesized following
the synthetic routes outlined in Schemes 1-3. To prepare the
carboxamide, carbamate, and urea derivatives, appropriate
2-amino-thiazole-5-carboxylate3 was treated withdi-tert-butyl
carbonate in the presence of 4-(N,N-dimethylamino)pyridine in
THF to form the correspondingtert-butyl carbamate that upon
saponification afforded the acid4. Conversion of the carboxylic
acid to its acid chloride and its subsequent treatment with the
appropriate aniline in the presence of diisopropylethylamine in
dichloromethane or THF afforded the anilide5, which on further
deprotection of the BOC-protecting group in TFA formed the
aminothiazole6. Aminothiazole 6 served as an advanced
intermediate for the synthesis of carboxamide, and ureido
analogs. We utilized a solution-phase parallel synthesis approach
to prepare a wide variety of such analogs. Accordingly,6 was
treated with a carboxylic acid chloride or its anhydride in the

presence of an organic base to form amides7. Alternatively,6
could be reacted with a carboxylic acid under standard peptide
coupling conditions to form7. Reaction of6 with an isocyanate
in the presence of pyridine or 4-(N,N-dimethylamino)pyridine
formed the urea analogs9. Compound6 could also be converted
to the phenyl carbamate10, which on further reaction with an
amine in THF-acetonitrile mixture formed the urea9. Com-
mercial availability of a wide variety of amines made the later
approach more attractive for the synthesis of diverse urea
analogs (Scheme 1).

The 2′-aminoheteroarylthiazole anilide analogs were prepared
as described in Schemes 2 and 3. Ethyl 2-amino-thiazole-5-
carboxylate (3b) was converted to amine6b following the
synthetic sequence outlined in Scheme 1. Compound6b could
be directly coupled to an activated heteroaromatic halide to form
12. Alternatively,6b was treated with copper(II) bromide and
tert-butyl nitrite in anhydrous degassed acetonitrile to form the
bromide18, which on treatment with the appropriate heteroaryl
amine and sodium hydride in THF afforded12 (Scheme 2).

An alternate concise and efficient route was also developed
for this series of analogs and is illustrated with the synthesis of
2 (Scheme 3). Treatment of 2-chlorothiazole19 with n-
butyllithium at -78 °C followed by addition of 2-chloro-6-
methylphenyl isocyanate afforded anilide14. Protection of the
anilide followed by reaction of15 with 4-amino-6-chloro-2-
methylpyrimidine in the presence of sodium hydride in THF
and subsequent removal of the PMB protecting group formed
17. Further homologation of17 by treatment with 1-(2-
hydroxyethyl)piperazine in dioxane afforded2, which was
converted to its monohydrochloride salt with methanolic
hydrogen chloride in ether.

Results and Discussion

Initial Structure -Activity Studies. Compounds were evalu-
ated for their ability to inhibit Lck using both biochemical and
cellular assays.13 Our initial screening used recombinant mouse
Lck (mLck) as the enzyme and enolase as substrate. Subse-
quently, mLck was substituted with recombinant human Lck
(hLck). Because Lck shares a high degree of sequence homology
(84%) between mouse and human, we reasoned this change will
have an insignificant impact on the observed IC50 values, a
hypothesis that was borne out by observation of a good
correlation for a set of analogs (Tables 1 and 2).

Broad screening of our in-house compound collection identi-
fied aminothiazole1 as a lead with weak biochemical potency
against Lck and little cell activity up to a concentration of 10
µM. The correspondingtert-butyl carbamate5a was ap-
proximately equipotent and served as a starting point for further
optimization. As part of a systematic SAR approach, we first
investigated the importance of the carboxanilide side chain on
the thiazole (Table 1). Substitution studies revealed an extremely
narrow structural requirement at this position. Replacement of
the 2,4,6-trimethyl substituents on the benzamide with hydrogen
(5f) significantly attenuates potency. Both the 2-Me and 2,4-
di-Me analogs (5g and 5j) are also significantly less potent.
The 2,6-di-Me analog (5c) is only 3-fold less potent. The 4-Me
substituent can be replaced with bromo (5d) without loss of
potency. Either or both of theortho-methyl substituents on the
benzamide can be replaced with a similarly small group (5b
and5e) with minimal loss of potency. In contrast, substitution
with sterically demanding groups (5h and5i) results in dramatic
loss in potency. Overall, small substituents at both theortho
positions on the benzamide ring are optimal for Lck inhibitory

Figure 1. Schematic diagram of T-cell receptor (TCR) activation by
antigen presenting cell (APC)smajor histocompatibility peptide (MHC)
complex.

Figure 2. Activities of compounds1 and2.
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activity of these analogs. This finding is consistent with similar
observations with other classes of Lck inhibitors.13,14Theortho
substituents are most likely required to orient the aniline ring
out of the plane formed by the anilide and thiazole groups in
order that it can fit into a narrow hydrophobic pocket of the
enzyme (Table 1).16

Our attention turned next to the modification of the 2-amino
substituent on the thiazole ring (Table 2). A large number of
diverse carbamates, carboxamides, and ureas were prepared
using a solution-phase parallel synthesis strategy. In general,
derivatization of the amino group leads to improved Lck

inhibitory activity in vitro. For example, the methyl carbamate
(7a), acetamide (7c), and the methyl urea analogs (8a) are
roughly 3-20-fold more potent than1. Sterically demanding
groups in general lead to a significant loss in potency (5a, 7e,
and8d). Introduction of aryl and certain heteroaryl groups (7d,
7f-k, 8b, and 8e) also led to significant enhancement in
potency. In a direct comparison, the 2,4,6-trimethylaniline
analogs (7d, 7f, 7h, and8c) are essentially equipotent to their
2-chloro-6-methylaniline counterparts (7l, 7k, 7j, and 8f).
n-Butyl urea8c was identified as the most potent inhibitor in
this series (hLck IC50 ) 30 nM).

Scheme 1.Synthesis of Carboxamide, Carbamate, and Urea Analogs (5 and7-9)a

a Reagents and conditions: (a) BOC2O, DMAP, THF, 70-72%; (b) NaOH, aq MeOH, 86-96%; (c) (COCl)2, cat. DMF; (d) R-PhNH2, i-Pr2NEt, 28-
100% in two steps; (e) TFA, rt, 68-100%; (f) R1COCl or (R1CO)2O, THF, DMAP or R1CO2H, EDAC, HOBt, i-Pr2NEt, 18-90%; (g) R1OCOCl, aq
NaHCO3, THF, 75-85%; (h) R1NCO, Py, 45-87%; (i) PhOCOCl, aq NaHCO3, THF, 69-90%; (j) R1NH2, THF, CH3CN, 75-95%.

Scheme 2.Synthesis of Heteroaryl Amines12a

a Reagents and conditions: (a) BOC2,O, DMAP, THF, 70%; (b) NaOH, aq MeOH, 96%; (c) (COCl)2, cat. DMF, CH2Cl2; (d) R-PhNH2, CH2Cl2, i-Pr2NEt;
(e) TFA, rt, 19-85% in three steps; (f) CuBr2, t-BuONO, CH3CN, 69-78%; (g) R2,R3-4-amino-pyrimidine, THF, 60°C, 19-70%.

Scheme 3.Synthesis of2a

a Reagents and conditions: (a)n-BuLi, THF, 2-chloro-6-methylphenyl isocyanate,-78 °C, 86%; (b) NaH, 4-methoxybenzyl chloride, THF, 95%; (c)
NaH, THF, 4-amino-6-chloro-2-methyl pyrimidine,∆, 83%; (d) TfOH, TFA, CH2Cl2, 99%; (e) 1-(2-hydroxyethyl)piperazine, 1,4-dioxane,∆; (f) HCl, Et2O,
MeOH, 91% in two steps.
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SAR studies were now directed toward modification of the
substituent at the 4′-position of the thiazole. With a series of
compounds in which the 2-amino group was functionalized as
its tert-butyl carbamate derivative, we observed earlier that the
replacement of the 4′-methyl substituent with several other
groups (H, Et, Ph, and CF3) led to significant attenuation in
biochemical potency (hLck IC50s > 30 µM). At this stage, our
SAR findings in a related series prompted us to re-explore the
4′-substituent modification further. In a series of related
benzothiazoles,13a introduction of a cyclopropyl amide at the
2′-position (11) leads to a dramatic increase in Lck biochemical
potency (Figure 3). To our surprise, cyclopropyl amide analog
7n (Table 3) with the 4′-unsubstituted thiazole core (hLck IC50

) 18 nM) is about 80-fold more potent than the corresponding
4′-methyl-substituted thiazole analog7m (hLck IC50 ) 1.4µM).
This observation is in sharp contrast with our earlier findings
in thetert-butyl carbamate series, where replacing the 4′-methyl
by a hydrogen resulted in a significant loss in activity.12a

Moreover,7n potently inhibits anti-CD3 and anti-CD28 induced

proliferation in a T-cell proliferation assay (IC50 ) 884 nM).
Further structural optimization was therefore focused on the
4′-unsubstituted thiazole core.

Table 3 summarizes the C2′ carboxamide SAR. Replacement
of the cyclopropyl amide with an alkyl (7o), cyclobutyl (7v)
amide, or small alkyl substitution on the cyclopropyl ring (7p,
7q) leads to a substantial loss (>1000-fold) in potency.
Benzamide (7r), cyclopentyl amide (7w), and the 2-thienyl
amide (7s) retains some of the intrinsic potency. Only the
3-thienyl amide7t displays comparable potency to7n. However,
in the T-cell proliferation assay,7t (IC50 > 2 µM) is less potent
than7n. Minor structural changes thus led to dramatic drops in
activity, and as such, a very narrow SAR pattern was observed
in this series.

Model of Aminothiazole Binding to Lck. Based on the
published crystal structure of the ATP binding site of active,
autophosphorylated Lck15-17 and homology modeling based on
a reported Hck structure,18 we constructed an Lck binding site
model, as described in our previous communications.13,19 The
binding model of7n highlights some of the critical H-bond
interactions with the active site residues. The aniline NH appears
to be positioned favorably for a productive hydrogen-bonding
interaction with the Thr316 hydroxyl, and both the thiazole
nitrogen and the cyclopropyl carboxamide NH are in H-bond
contact with the backbone carbonyl and NH of Met319,
respectively, at the hinge region of the protein. The cyclopropyl
group appears to fit snugly in a hydrophobic pocket. This
proposed binding mode is consistent with the 2,6-aniline
disubstitution, which orients the phenyl ring so that it can fit
into an angular deep but narrow hydrophobic pocket (Figure
4).

To rationalize the 4′-Me effect, we utilized the model
structures shown in Figure 5. The preferred binding conforma-
tions for these compounds are represented by A1 and B1,
respectively. When subjected to SAM 1d minimization, the 4′-
unsubstituted thiazole was shown to adopt either conformation
(A1 and A2) equally, while for the 4′-Me thiazole, the preferred

Table 1. In Vitro Lck Activity of tert-Butoxycarbamate Analogs5a-j

compd R
mLck IC50

a

(µM)
hLck IC50

a

(µM)

5a 2,4,6-tri -Me 3 1.5
5b 2-Cl, 6-Me 9.6 28
5c 2,6-di-Me 7.5 4.4
5d 4-Br, 2,6-di-Me 2.4 1.4
5e 2,6-di-Cl 12.5
5f H 28b

5g 2-Me 45.7
5h 2-Me, 6-iPr 40.3
5i 2-OMe, 6-Me 24.3
5j 2,4-di-Me 27.4

a n ) 3, variation in individual values,<20%. b % inhibition @ 50µM.

Table 2. In Vitro Lck Activity of 2-Amino-4-methyl-thiazole Analogs
7a-i and8a-f

compd R R1

mLck IC50
a

(µM)
hLck IC50

a

(µM)

7a 2,4,6-tri -Me MeO- 0.72 0.7
7b 2,4,6-tri -Me BnO- 33.32
5a 2,4,6-tri -Me t-BuO- 3 1.5
7c 2,4,6-tri -Me Me 0.51 0.48
7d 2,4,6-tri -Me Ph 0.32 0.8
7e 2,4,6-tri -Me t-Bu 12.08
7f 2,4,6-tri -Me 2-furyl 0.36
7g 2,4,6-tri -Me 3-furyl 1.2
7h 2,4,6-tri -Me 3-thienyl 0.18
7i 2-Cl, 6-Me 3-thienyl 0.39
7j 2-Cl, 6-Me 2-thienyl 0.13
7k 2-Cl, 6-Me 2-furyl 0.71
7l 2-Cl, 6-Me Ph 4.47
7m 2-Cl, 6-Me cyclopropyl 1.4
8a 2,4,6-tri -Me Me 0.17 0.24
8b 2,4,6-tri -Me Ph 0.09 0.16
8c 2,4,6-tri -Me n-Bu 0.07 0.03
8d 2,4,6-tri -Me t-Bu 1.3
8e 2,4,6-tri -Me Bn 0.10 0.13
8f 2-Cl, 6-Me n-Bu 0.62

a n ) 3, variation in individual values,<20%.

Figure 3. Activity of benzothiazole11.

Table 3. In Vitro Lck Activity of 2-Carboxamido-4-hydrido-thiazoles
7n-w

compd R R1

hLck IC50
a

(µM)

7n 2-Cl,6-Me cyclopropyl 0.035
7o 2-Cl,6-Me Et 22b

7p 2-Cl,6-Me 1-Me-cyclopropyl 15b

7q 2-Cl,6-Me 2-Me-cyclopropyl 15b

7r 2-Cl,6-Me Ph 0.89
7s 2-Cl,6-Me 2-thienyl 2.23
7t 2-Cl,6-Me 3-thienyl 0.017
7u 2-Cl,6-Me 2-furyl 29b

7v 2-Cl,6-Me cyclobutyl 17b

7w 2-Cl,6-Me cyclopentyl 1.34

a n ) 3, variation in individual values,<20%. b % inhibition @ 3.13
µM.
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conformation is B2. This conformation interferes with the ability
of 4′-Me thiazole to adopt the required binding conformation
and may explain the difference in biochemical potency observed
between these series.

Heteroaryl Replacement of the 2′-Carboxamides and
Identification of 2. Further SAR investigations with the
benzothiazole Lck inhibitors revealed that replacement of the
2-carboxamide function with certain heteroaryl amines led to
highly potent inhibitors (Figure 6).13b Molecular docking of7n
(Figure 4) suggested that the cyclopropyl amide carbonyl was
not engaged in any productive H-bond interaction. We, therefore,
rationalized that the C2′ carboxamide could be replaced with a
heteroaryl amine that can function as a conformationally
constrained “amide mimetic”. These studies were, therefore,
undertaken with the 4′-unsubstituted thiazole core (Table 4).
Replacement of the C2′ cyclopropyl carboxamide with a 2′′-
pyridyl amine (12a) leads to a 30-fold increase in biochemical
potency and a 6-fold increase in cell potency. Regioisomeric
3′′- and 4′′-pyridyl analogs12band12care 6-8-fold less potent
than the 2′′-isomer. Similar improvements in both biochemical
and cellular potencies were observed in the 2,6-di-Me and 2,4,6-
tri -Me aniline series (12d,e). A wide variety of heterocyclic
amine replacements (12f-i) were tolerated. Methyl substitution
on the 2′′-aminopyridine ring (12j,k) leads to a further enhance-
ment in both in vitro enzyme and cellular activity. 4′′,6′′-Di-
substitution on the pyridine ring (12l) is also tolerated. The
2′′,6′′-di-Me-4′′-pyrimidinyl-substituted analog12m was identi-
fied as one of the more potent Lck inhibitors in this series. The

corresponding analog12o in the 2,4,6-tri -Me aniline series is
slightly less potent. Similarly, the regioisomeric pyrimidinyl
analog 12n is significantly less potent (50-fold) than12m,
suggesting specific interactions of the heteroatoms in the active
site binding pocket. Based on its substantial potency,12m (Lck
Ki ) 130 pM, T-cell IC50 ) 80 nM) was selected for further
characterization.

As in the benzothiazole series (Figure 6), further enhance-
ments in both biochemical and cellular activities with the
thiazoles are achieved through appending polar functional groups
to the heteroaromatic ring (Table 5).13b

In the pyridine series, introduction of a weakly basic or polar
residue at the 6′′-position of the pyridine ring led to analogs
(12p-r ) with subnanomolar activities against Lck in vitro.
Differentiation of these analogs at the biochemical level proved
quite difficult because the IC50 values approached the enzyme
concentration in this assay. More importantly, a 10-25-fold
increase in cellular potency was observed with the morpholino
and imidazolyl analogs12q and 12r, respectively. A similar
trend was observed with the pyrimidine-based analogs. Analogs
having a morpholino group directly attached at the 2′′-position
of the pyrimidine (12s,t) or tethered through an alkylamino side
chain (12u) displays nanomolar or below biochemical potency
and single digit nanomolar activity in the T-cell assay. Finally,
introduction of a 4-hydroxyethylpiperazinyl side chain at the
2′′-position of the pyrimidine resulted in the identification of
one of the most potent analogs (2) in the series. Compound2
is roughly 30-fold more potent on T-cells than12m.

Characterization of 2′-(Heterocyclo)amino-thiazole Ana-
logs. The proposed binding modes for12m and 2 (Figure 7)
are consistent with that of the cyclopropyl amide7n (Figure 4)
in that the key hydrogen-bond interactions of the pyrimidinyl
NH, thiazole nitrogen, and the anilide NH are preserved. The
critical requirement of the H-bond interactions of the pyrimidinyl
and anilide NHs for Lck activity was demonstrated by synthesis

Figure 4. Proposed binding interactions of thiazole7n (white) and
benzothiazole11 (blue) with the Lck kinase.

Figure 5. Proposed binding conformations of 4′-unsubstituted and 4′-
Me thiazoles.

Figure 6. Activities of benzothiazoles13 and13a.

Table 4. In Vitro and Cell Activity of 2-Heteroarylamino-thiazoles
12a-o

compd R R1

hLck IC50
a

(nM)
T-cell IC50

b

(nM)

12a 2-Cl, 6-Me 2′′-pyridyl 1.2 140
12b 2-Cl, 6-Me 3′′-pyridyl 6.7 870
12c 2-Cl, 6-Me 4′′-pyridyl 9.4 270
12d 2,6-di-Me 2′′-pyridyl 1.2 180
12e 2,4,6-tri -Me 2′′-pyridyl 5 510
12f 2-Cl, 6-Me 3′′-pyridazinyl 4 350
12g 2,6-di-Me 3′′-pyridazinyl 0.3 350
12h 2-Cl, 6-Me 3′′,5′′-di-Me-2′′-

pyrazinyl
6.3 570

12i 2,4,6-tri -Me 2′′-pyrazinyl 4.9 500
12j 2-Cl, 6-Me 6′′-Me-2′′-

pyridinyl
0.6 110

12k 2-Cl, 6-Me 4′′-Me-2′′-
pyridinyl

0.5 80

12l 2-Cl, 6-Me 4′′,6′′-di-Me-2′′-
pyridinyl

4 140

12m 2-Cl, 6-Me 2′′,6′′-di-Me-4′′-
pyrimidinyl

1 80

12n 2-Cl, 6-Me 4′′,6′′-di-Me-2′′-
pyrimidinyl

50

12o 2,4,6-tri -Me 2′′,6′′-di-Me-4′′-
pyrimidinyl

3 140

a n ) 3, variation in individual values,<20%. b n ) 3, variation in
individual values,<30%.
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of the corresponding N-Me derivatives, both of which are
significantly less potent than the parent12m.12b A similar
attenuation in biochemical activity is observed with other
thiazole analogs.12a Furthermore, as illustrated with12m (left,
inset), the 2-amino pyrimidine ring appears to occupy a
relatively narrow hydrophobic pocket delineated by Leu251,
Tyr318, and Gly322. This may explain the increased binding
affinity of the heteroaryl amine analogs in comparison to amides,
carbamates, and ureas. The polar 4-hydroxyethylpiperazine
residue in2 approaches the solvent front and does not appear
to engage in additional H-bond interactions. The significant
increase in cellular potency of2 and related analogs relative to
12m cannot be readily explained by our binding model nor is
it likely to be solely attributed to improvement of the physico-
chemical properties and/or cell permeability due to incorporation
of a polar side chain. Nevertheless,2 was identified as one of
the most potent Lck inhibitors in the T-cell proliferation assay.
It is also possible that the Lck construct used in the biochemical
assay is not a perfect reflection of the enzyme in cells.

To better understand their enzyme inhibitor properties, both
2 and12m were evaluated for their selectivity against a panel
of in-house kinases, some of which are shown in Table 6.
Compound12mwas a potent inhibitor of all Src family kinases
and Bcr-Abl kinase. A high degree of selectivity (>200 fold)
was observed against other tyrosine and serine/threonine kinases.
A similar selectivity profile was observed with2, which strongly
inhibited the Src family kinases Lck, Src, Yes, Fyn, c-kit, and
Bcr-Abl kinase with subnanomolar potencies. Analog2 was also
highly selective against other kinases tested. Compounds2 and
12m were further confirmed to be potent ATP competitive
inhibitors of Lck and Src withKi values of 130 pM and 96 pM,
respectively, for12m and 64 pM and 16 pM, respectively, for
2. In addition,2 was a highly potent ATP competitive inhibitor
of Bcr-Abl (Ki ) 30 ( 22 pM). The lack of selectivity of these
analogs over other Src family kinases is not unexpected, because
the kinase domain is known to be highly conserved among its
members. In addition, the structural similarities of Lck and

activated Abl kinase may explain the strong inhibition of the
Bcr-Abl kinase by these analogs.20

Efficacy of compound12mwas evaluated ex vivo in a mouse
anti-CD3/anti-CD28 induced IL-2 production model. When
dosed orally 2 h prior to anti-CD3/anti-CD28 stimulation,
compound12m reduced serum IL-2 level in a dose-dependent
manner with an ED50 value of approximately 5 mg/kg (Figure
8).

Compound12mwas further characterized in vivo in an acute
murine model of LPS-induced TNFR. Overproduction of TNFR,
a major proinflammatory cytokine is implicated in several
inflammatory diseases.21 The blockade of TNFR function by
anti-TNFR biologics such as Enbrel (Etanercept), Remicade
(Infliximab), and Humira is demonstrated to be clinically
efficacious in the treatment of RA, Crohn’s disease, and
psoriasis.22 When dosed orally 2 h prior to LPS challenge,12m
inhibited TNFR production in a dose-dependent manner (Figure
9). Statistically significant inhibition of TNF production (90%)
was observed at an oral dose of 60 mg/kg. This reduction in
TNF production may be attributed to the inhibition of Src family
kinases Hck and Fgr, which regulate TNFR production by
monocytes and macrophages. Inhibition of p38 kinase (IC50 )
202 nM) may also contribute to the inhibition of TNF production
by this analog. Compound12m, a potent inhibitor of both these
kinases (Hck IC50 ) 2 nM, Fgr IC50 ) 0.8 nM) inhibited LPS-
induced TNFR production in human peripheral blood mono-
nuclear cells (PBMC) with an IC50 value of 670 nM.

The in vivo pharmacokinetic profile of12m was determined
in rats. Upon administration of single doses of 10 mg/kg (iv
and po), compound12m had a peak plasma exposure of 2µM
(Cmax) with a Tmax of 1 h. Both plasma half-life (t1/2) and mean
residence time were approximately 4 h. Compound12m had a
moderate rate of plasma clearance (29 mL/min/kg) and a large
volume of distribution (Vsss) 12 L/kg), indicative of wide
tissue distribution. Oral bioavailabilty of12m in rats was
determined to be 65%.

T-cell activation is known to play a critical role in the
pathogenesis of RA.23 Recent studies demonstrating the clinical
efficacy of CTLA4-Ig, an inhibitor of the T-cell costimulation,
in RA patients has validated the strategy of blocking T-cell
activation for the treatment of RA.24 Because Lck plays a central
role in T-cell activation in response to antigen, we evaluated
the anti-inflammatory efficacy of12m in a rat adjuvant arthritis
model of established disease, which is a widely utilized model
of human RA. Furthermore, this model was chosen based on
acceptable pharmacokinetic profile, including oral bioavailability
of 12m in rats. In this model, male Lewis rats were immunized
with complete Freund’s adjuvant at the base of the tail and hind
paw volumes were measured to assess disease progression. Rats
were treated with12m or vehicle beginning on day 14 after
immunization when arthritic disease was well-established. As
shown in Figure 10,12m significantly reduced the progression
of paw swelling when administered orally at 0.3 and 3 mg/kg
twice daily.

Conclusion

Our broad screening effort identified the 2′-amino-4′methyl
thiazole1 as a novel Lck inhibitor. Iterative SAR studies showed
the 4′-unsubstituted-2′-amino thiazole to be an optimal template
for Src family kinase inhibition. Further structural refinements
on the 4′-unsubstituted thiazole core based on insights from SAR
studies in a related series of benzothiazoles led to the discovery
of analogs2 and12mas highly potentpan-Src kinase inhibitors.
In addition, using molecular modeling, we developed a putative

Table 5. In Vitro and Cell Activity of 2′-Heteroarylamino-thiazoles2
and12m-w

a n ) 3, variation in individual values,<20%. b n ) 3, variation in
individual values,<30%.
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binding model for Lck inhibition by this class of compounds.
The framework of key hydrogen-bond interactions proposed by
this model is in agreement with the subsequent, published crystal
structure of2 bound to the structurally similar Abl kinase.12c

The oral efficacy of this class of inhibitors was demonstrated
with 12m in inhibiting the proinflammatory cytokine IL-2 ex
vivo in mice and in reducing TNF levels in an acute murine
model of inflammation. The oral efficacy of12m was further
demonstrated in a chronic model of adjuvant arthritis in rats
with established disease when administered orally at 0.3 and 3
mg/kg twice daily. Our research culminated in the identification
of 2 as an exquisitely potent inhibitor of the Src family kinases.

As reported earlier,12ccompound2 is currently in clinical trials25

for the treatment of chronic myelogenous leukemia.

Experimental Section

Chemistry. All solvents and reagents were obtained from
commercial sources and used without further purification unless
noted otherwise. Proton and carbon magnetic resonance (1H and
13C NMR) spectra were recorded on one of the following instru-
ments: CPF-270 spectrometer operating at 270 or 67.5 MHz,
Bruker AVANCE 400 MHz, Bruker DRX-400 MHz, JEOL ECL-
500 MHz, JEOL ECL-400 MHz spectrometer and chemical shifts
are reported in ppm (δ) from the tetramethylsilane resonance in
the indicated solvent. High-resolution mass spectra (HRMS) were
recorded on a JEOL SX102 mass spectrometer. Flash chromatog-
raphy was carried out on E. Merck Kieselgel 60 silica gel (230-
400 mesh). Elemental analyses were performed by Robertson
Microlit Laboratories, and the results are within(0.4% of the
theoretical value, unless indicated otherwise. Analytical HPLC and
LC/MS analyses were conducted using a Shimadzu LC-10AS liquid
chromatograph and a SPD-10AVUV-vis detector at 220 nm with
the MS detection performed with a Micromass Platform LC
spectrometer. HPLC and LC/MS methods are detailed below.
Preparative reverse-phase HPLC purifications were performed using
the following conditions: Ballistic YMC S5 ODS 20× 100 mm
column or 30× 250 mm with a binary solvent system where solvent

Figure 7. Proposed binding interactions of12m (left) and2 (right) with the Lck kinase domain. Van der waals surfaces are shown for12m (left,
inset).

Table 6. Kinase Selectivity Profiles of2 and12m

compd

Lck
IC50

(nM)

Src
IC50

(nM)

Fyn
IC50

(nM)

Hck
IC50

(nM)

Yes
IC50

(nm)

Lyn
IC50

(nM)

Bcr-Abl
IC50

(nM)

Cdk2
IC50

(nM)

p38
IC50

(nM)

Her1
IC50

(nM)

Her2
IC50

(nM)

FGFR1
IC50

(nM)

2 0.4 0.5 0.2 0.5 <1 >5000 100 180 710 880
12m 1 <2 1 2 2 4 3 >25 000 202 5200 500 >10 000

Figure 8. Inhibition of anti-CD3/anti-CD28 stimulated IL-2 production
ex vivo in mice (n ) 7/group, mean( SEM) by compound12m (*p
< 0.01).

Figure 9. Inhibition of LPS-induced TNFR induction in mice (n )
11-12/group, mean( SEM). Compound12m was dosed orally 2 h
prior to LPS challenge (*p< 0.01).

Figure 10. Efficacy of compound 12m in the treatment of rats with
established adjuvant arthritis disease: mean( SEM, n ) 8/group.

2-Aminothiazole as a NoVel Kinase Inhibitor Template Journal of Medicinal Chemistry, 2006, Vol. 49, No. 236825



A ) 10% methanol, 90% water, 0.1% trifluoroacetic acid and
solvent B) 90% methanol, 10% water, and 0.1% trifluoroacetic
acid, flow rate) 20 mL/min, linear gradient time) 10 min, start
% B ) 20, final % B ) 100.

HPLC Methods. Method A. A linear gradient program using
10% methanol, 90% water, and 0.2% H3PO4 (solvent A) and 90%
methanol, 10% water, and 0.2% H3PO4 (solvent B);t ) 0 min, 0%
B, t ) 4 min, 100% B was employed on a YMC S5 ODS 4.6× 50
mm Ballastic column. Flow rate was 4 mL/min, and UV detection
was set to 220 nm. The LC column was maintained at ambient
temperature.

Method B. A linear gradient program using 10% methanol, 90%
water, and 0.2% H3PO4 (solvent A) and 90% methanol, 10% water,
and 0.2% H3PO4 (solvent B);t ) 0 min, 0% B,t ) 30 min, 100%
B was employed on a Zorbax S8 C18 4.5× 75 mm column. Flow
rate was 2.5 mL/min, and UV detection was set to 217 nm. The
LC column was maintained at ambient temperature.

Method C. A linear gradient program using 10% methanol, 90%
water, and 0.2% H3PO4 (solvent A) and 90% methanol, 10% water,
and 0.2% H3PO4 (solvent B);t ) 0 min, 0% B,t ) 8 min, 100%
B was employed on a YMC OCD 4.6× 50 mm column. Flow rate
was 2.5 mL/min, and UV detection was set to 220 nm. The LC
column was maintained at ambient temperature.

Method D. A linear gradient program using 10% methanol, 90%
water, and 0.1% TFA (solvent A) and 90% methanol, 10% water,
and 0.1% TFA (solvent B);t ) 0 min, 0% B,t ) 4 min, 100% B
was employed on a YMC Combiscreen 4.6× 50 mm S-5 column.
Flow rate was 4 mL/min, and UV detection was set to 220 nm.
The LC column was maintained at ambient temperature.

Method E. A linear gradient program using 10% methanol, 90%
water, and 0.2% H3PO4 (solvent A) and 90% methanol, 10% water,
and 0.2% H3PO4 (solvent B);t ) 0 min, 0% B,t ) 30 min, 100%
B was employed on a YMC S-3 ODS 6× 150 mm column. Flow
rate was 1.5 mL/min, and UV detection was set to 217 nm. The
LC column was maintained at ambient temperature.

Method F. A linear gradient program using 10% methanol, 90%
water, and 0.2% H3PO4 (solvent A) and 90% methanol, 10% water,
and 0.2% H3PO4 (solvent B);t ) 0 min, 0% B,t ) 4 min, 100%
B was employed on a YMC C18 S5 4.6× 50 mm Ballastic column.
Flow rate was 3 mL/min, and UV detection was set to 220 nm.
The LC column was maintained at ambient temperature.

Ethyl-2-[[( tert-butyloxy)carbonyl]-amino]-4-methyl-1,3-thia-
zole-5-carboxylate (4a):A solution of ethyl 2-amino-4-methyl-
thiazole-5-carboxylate (3a, 18.6 g, 100 mmol), di-tert-butyl car-
bonate (26.2 g, 120 mmol), and catalytic 4-dimethylamino pyridine
(800 mg, 6.6 mmol) in dry THF (300 mL) was stirred under an
inert atmosphere for 18 h. The reaction mixture was concentrated.
The residue was suspended in dichloromethane (1 L) and filtered
through a pad of Celite. The filtrate was washed with 1 N aq HCl
solution, water, and brine, dried (MgSO4), filtered, and concentrated.
The residue was triturated with hexanes. The solid was filtered and
dried in vacuo to obtain4a (20 g, 72%) as a solid.1H NMR (270
MHz, CDCl3) δ 11.03 (br s, 1H), 4.3 (q,J ) 7.3 Hz, 2H), 2.67 (s,
3H), 1.55 (s, 9H), 1.35 (t,J ) 7.3 Hz, 3H).13C NMR (CDCl3) δ
163.3, 162.6, 156.3, 152.5, 114.7, 83.5, 60.8, 28.2, 17.0, 14.3.

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-1,3-thiazole-5-
carboxylic Acid (4b): A solution of 4a (10 g, 34.95 mmol) in
THF-EtOH (250 mL, 2:3) and 6 N aq KOHsolution (250 mL)
was heated to 55°C overnight under an inert atmosphere. The
solution was cooled to 0°C and acidified with concd HCl to pH 1.
The solution was concentrated in vacuo, and the residue was washed
with water, ether, and dried in vacuo over P2O5 to obtain4b (89%)
as a white solid.1H NMR (270 MHz, DMSO-d6) δ 2.52 (s, 3H),
1.40 (s, 9H).13C NMR (DMSO-d6) δ 163.6, 161.2, 155.8, 152.7,
115.0, 81.8, 27.8, 16.9.

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-N-(2,4,6-tri-
methylphenyl)-1,3-thiazole-5-carboxamide (5a):A 2 M solution
of oxalyl chloride (22.5 mL, 45 mmol) in dichloromethane was
added dropwise to a stirred suspension of4b (10 g, 38.7 mmol)
and DMF (150µL) in dichloromethane at 0°C. The solution was
warmed to room temperature, stirred for 1.5 h, and concentrated.

The residue was azeotroped with toluene (300 mL, 2×) and dried
in vacuo to obtain the crude acid chloride (10.7 g, 99%) as a tan
solid.

2,4,6-Trimethylaniline (6.3 mL, 44.9 mmol) was added slowly
to a stirred solution of crude acid chloride (10.7 g, 38.7 mmol) in
dichloromethane (150 mL) at 0°C. After 20 min, diisopropylethyl-
amine (88 mL, 50.7 mmol) was added dropwise. The solution was
warmed to room temperature and stirred for 2 h. The solution was
concentrated. The residue was suspended in EtOAc (700 mL),
washed with 1 N aq HClsolution, water, and brine. The EtOAc
extract was separated, dried (MgSO4), filtered, and concentrated.
The residue was triturated with EtOAc to obtain5a (12.5 g, 86%)
as a tan solid.1H NMR (400 MHz, DMSO-d6) δ 11.71 (s, 1H),
9.15 (s, 1H), 6.89 (s, 2H), 2.53 (s, 3H), 2.23 (s, 3H), 2.11 (s, 6H),
1.48 (s, 9H). HRMS (ESI)m/z calcd for C19H26N3O3S [M + H]+,
376.1697; found, 376.1690. Purity: 100% (method C;tR ) 7.71
min), 100% (method E;tR ) 31.35 min).

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-N-(2-chloro-6-
methylphenyl)-1,3-thiazole-5-carboxamide (5b):1H NMR (400
MHz, DMSO-d6) δ 11.74 (s, 1H), 9.51 (s, 1H), 7.37 (dd,J ) 7.63,
2.03 Hz, 1H), 7.20-7.28 (m, 2H), 2.56 (s, 3H), 2.21 (s, 3H), 1.49
(s, 9H). HRMS (ESI)m/z calcd for C17H21ClN3O3S [M + H]+,
382.0993; found, 382.1001. Purity:>99% (method A;tR ) 3.86
min), 100% (method D;tR ) 3.29 min).

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-N-(2,6-dimeth-
ylphenyl)-1,3-thiazole-5-carboxamide (5c):1H NMR (400 MHz,
DMSO-d6) δ 11.69 (s, 1H), 9.23 (s, 1H), 7.09 (s, 3H), 2.48 (s,
3H), 2.16 (s, 6H), 1.49 (s, 9H). HRMS (ESI)m/z calcd for
C18H24N3O3S [M + H]+, 362.1539; found, 362.1544. Purity: 100%
(method A;tR ) 3.87 min), 98% (method D;tR ) 3.26 min).

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-N-(4-bromo-2,6-
dimethylphenyl)-1,3-thiazole-5-carboxamide (5d):1H NMR (400
MHz, DMSO-d6) δ 11.73 (s, 1H), 9.27 (s, 1H), 7.32 (s, 2H), 2.47
(s, 3H), 2.15 (s, 6H), 1.48 (s, 9H). HRMS (ESI)m/z calcd for
C18H23BrN3O3S [M + H]+, 440.0644; found, 440.0633. Purity:
>99% (method A;tR ) 4.24 min), 93% (method D;tR ) 3.44
min).

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-N-phenyl-1,3-
thiazole-5-carboxamide (5f):1H NMR (400 MHz, DMSO-d6) δ
11.77 (s, 1H), 9.88 (s, 1H), 7.67 (d,J ) 7.6 Hz, 2H), 7.33 (t,J )
7.6 Hz, 2H), 7.09 (t,J ) 7.4 Hz, 1H), 2.49 (s, 3H), 1.51 (s, 9H).
HRMS (ESI) m/z calcd for C16H20N3O3S [M + H]+, 334.1226;
found, 334.1239. Purity: 98% (method D;tR ) 3.18 min),>92%
(method E;tR ) 29.5 min).

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-N-(2-methylphen-
yl)-1,3-thiazole-5-carboxamide (5g): 1H NMR (400 MHz, DMSO-
d6) δ 11.71 (s, 1H), 9.38 (s, 1H), 7.33 (d,J ) 7.63 Hz, 1H), 7.24
(d, J ) 7.63 Hz, 1H), 7.18 (t,J ) 7.63 Hz, 1H), 7.13 (t,J ) 7.63
Hz, 1H), 2.53 (s, 3H), 2.21 (s, 3H), 1.49 (s, 9H). HRMS (ESI)m/z
calcd for C17H22N3O3S [M + H]+, 348.1387; found, 348.1397.
Purity: >95% (method A;tR ) 3.87 min), 98% (method D;tR )
3.11 min).

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-N-(2-isopropyl-
6-methylphenyl)-1,3-thiazole-5-carboxamide (5h):1H NMR (400
MHz, DMSO-d6) δ 11.70 (s, 1H), 9.24 (s, 1H), 7.13-7.24 (m, 2H),
7.09 (dd,J ) 6.61, 2.03 Hz, 1H), 3.10 (m, 1H), 2.47 (s, 3H), 2.15
(s, 3H), 1.49 (s, 9H), 1.12 (d,J ) 5.09 Hz, 6H). HRMS (ESI)m/z
calcd for C20H28N3O3S [M + H]+, 390.1852; found, 390.1851.
Purity: >95% (method A;tR ) 4.17 min),>95% (method D;tR
) 3.44 min).

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-N-(2-methoxy-
6-methylphenyl)-1,3-thiazole-5-carboxamide (5i):1H NMR (400
MHz, DMSO-d6) δ 11.65 (s, 1H), 9.00 (s, 1H), 7.16 (t,J ) 7.9
Hz, 1H), 6.88 (d,J ) 7.9 Hz, 1H), 6.83 (d,J ) 7.9 Hz, 1H), 3.73
(s, 3H), 2.47 (s, 3H), 2.14 (s, 3H), 1.48 (s, 9H). MS (ESI)m/z 378
[M + H]+. Purity: 100% (method A;tR ) 3.79 min), 96% (method
D; tR ) 3.17 min).

2-[[(tert-Butyloxy)carbonyl]-amino]-4-methyl-N-(2,4-dimeth-
ylphenyl)-1,3-thiazole-5-carboxamide (5j):1H NMR (400 MHz,
DMSO-d6) δ 11.68 (s, 1H), 9.30 (s, 1H), 7.18 (d,J ) 8.1 Hz, 1H),
7.04 (s, 1H), 6.98 (d,J ) 8.1 Hz, 1H), 2.53 (s, 3H), 2.26 (s, 3H),
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2.16 (s, 3H), 1.48 (s, 9H). HRMS (ESI)m/zcalcd for C18H24N3O3S
[M + H]+, 362.1539; found, 362.1544. Purity: 95% (method A;
tR ) 4.05 min), 95% (method D;tR ) 3.43 min).

2-Amino-4-methyl-N-(2,4,6-trimethylphenyl)-1,3-thiazole-5-
carboxamide (1). A solution of 5a (10 g, 26.6 mmol) in
trifluoroacetic acid (100 mL) was stirred at 0°C for 3 h. The
solution was concentrated, diluted with EtOAc, and washed with
5% aq KHCO3 solution, water, and brine. The EtOAc extract was
separated, dried (MgSO4), filtered, and concentrated. The residue
was rinsed with EtOAc (200 mL) and AcCN (100 mL) and dried
in vacuo to obtain1 (91%) as a white solid.1H NMR (270 MHz,
DMSO-d6) δ 8.68 (s, 1H), 7.38 (s, 2H), 6.9 (s, 2H), 4.88 (s, 2H),
2.39 (s, 3H), 2.22 (s, 3H), 2.20 (s, 6H).13C NMR (DMSO-d6) δ
167.9, 160.6, 153.8, 135.5, 132.9, 128.2, 112.0, 20.5, 18.1, 17.2.
Anal. Calcd for C14H17N3OS‚0.15H2O: C, 60.47; H, 6.27; N, 15.11;
S, 11.53. Found: C, 60.45; H, 6.19; N, 15.01; S, 11.61. Purity:
100% (method C;tR ) 4.77 min).

2-[[(Methoxy)carbonyl]-amino]-4-methyl-N-(2,4,6-trimeth-
ylphenyl)-1,3-thiazole-5-carboxamide (7a):A solution of1 (100
mg, 0.36 mmol), methyl chloroformate (111µL, 1.44 mmol), and
pyridine (87µL, 1.08 mmol) in dichloromethane (3 mL) was stirred
at rt for 1.5 h. The solution was diluted with dichloromethane,
washed with aq NaHCO3 solution, and brine. Dichloromethane
extract was separated, dried (MgSO4), filtered, and concentrated.
The residue was triturated with ether and dried in vacuo to obtain
7a (88 mg, 82%) as a white solid.1H NMR (400 MHz, DMSO-d6)
δ 11.99 (s, 1H), 9.18 (s, 1H), 6.90 (s, 2H), 3.75 (s, 3H), 2.50 (s,
3H), 2.23 (s, 3H), 2.12 (s, 6H). HRMS (ESI)m/z calcd for
C16H20N3O3S [M + H]+, 334.0564; found, 334.1225. Purity: 100%
(method E;tR ) 25.68 min).

2-[[(Benzyloxy)carbonyl]-amino]-4-methyl-N-(2,4,6-trimeth-
ylphenyl)-1,3-thiazole-5-carboxamide (7b):1H NMR (270 MHz,
DMSO-d6) δ 12.2 (br s, 1H), 9.21 (s, 1H), 7.43 (m, 5H), 6.91 (s,
2H), 5.25 (s, 2H), 2.5 (s, 3H), 2.24 (s, 3H), 2.13 (s, 6H). HRMS
(ESI) m/z calcd for C22H24N3O3S [M + H]+, 410.1540; found,
410.1537. Purity: 98% (method B, gradient time 8 min;tR ) 8.66
min).

2-[[(tert-Butyl)carbonyl]-amino]-4-methyl-N-(2,4,6-trimeth-
ylphenyl)-1,3-thiazole-5-carboxamide (7e):A solution of 1 (30
mg, 0.11 mmol),tert-butylacetic acid (13.3 mg, 0.13 mmol), HOBt
(19.5 mg, 0.14 mmol), EDAC (26.8 mg, 0.14 mmol), and
diisopropylethyl amine (60µL, 0.34 mmol) in THF (400µL) was
heated to 45°C in a sealed tube for 24 h. The mixture was diluted
with CH2Cl2 and washed with 2 N aq HClsolution. The CH2Cl2
solution was passed through a Varian SCX cation exchange column
on a Gilson robot. The column was eluted sequentially with
CH3CN-MeOH (10 mL, 4:1), 1.5 M methanolic NH3 solution (3
mL), and 2 M methanolic NH3 solution (3 mL, 4×). Fractions
containing the product were concentrated in vacuo to obtain7e
(30 mg, 77%).1H NMR (270 MHz, DMSO-d6) δ 9.2 (s, 1H), 6.9
(s, 2H), 2.55 (s, 3H), 2.25 (s, 3H), 2.14 (s, 6H), 1.25 (s, 9H). HRMS
(ESI) m/z calcd for C19H25N3O2S [M + H]+, 360.1748; found,
360.1751. Purity: 100% (method B;tR ) 8.3 min).

2-[(Benzoyl)amino]-4-methyl-N-(2,4,6-trimethylphenyl)-1,3-
thiazole-5-carboxamide (7d):1H NMR (270 MHz, CDCl3) δ 10.22
(br s, 1H), 7.95 (d, 2H), 7.65 (t, 1H), 7.55 (t, 2H), 6.9 (m, 3H), 2.6
(s, 3H), 2.25 (s, 3H), 2.2 (s, 6H). HRMS (ESI)m/z calcd for
C21H22N3O2S [M + H]+, 380.1432; found, 380.1420. Purity:>95%
(method E;tR ) 29.8 min).

2-[[(Furanyl)carbonyl]-amino]-4-methyl- N-(2,4,6-trimeth-
ylphenyl)-1,3-thiazole-5-carboxamide (7f):1H NMR (270 MHz,
CDCl3) δ 7.62 (s, 1H), 7.42 (d,J ) 3.5 Hz, 1H), 6.94 (s, 2H), 6.89
(br s, 1H), 6.64 (m, 1H), 2.7 (s, 3H), 2.29 (s, 3H), 2.25 (s, 6H).
MS (ESI)m/z 370 [M + H]+. Purity: 93% (method A;tR ) 4.45
min).

3-[[(Furanyl)carbonyl]-amino]-4-methyl- N-(2,4,6-trimeth-
ylphenyl)-1,3-thiazole-5-carboxamide (7g):1H NMR (400 MHz,
DMSO-d6) δ 12.69 (br s, 1H), 9.3 (s, 1H), 8.61 (s, 1H), 7.87 (s,
1H), 7.12 (s, 1H), 6.93 (s, 2H), 2.54 (s, 3H), 2.25 (s, 3H), 2.15 (s,

6H).). HRMS (ESI) m/z calcd for C19H20N3O3S [M + H]+,
370.1226; found, 370.1209. Purity: 100% (method A;tR ) 4.54
min).

3-[[(Thienyl)carbonyl]-amino]-4-methyl-N-(2,4,6-trimethylphen-
yl)-1,3-thiazole-5-carboxamide (7h):1H NMR (400 MHz, DMSO-
d6) δ 12.76 (s, 1H), 9.3 (s, 1H), 8.65 (s, 1H), 7.74 (d,J ) 5.09 Hz,
1H), 7.7 (m, 1H), 6.93 (s, 2H), 2.59 (s, 3H), 2.26 (s, 3H), 2.16 (s,
6H). HRMS (ESI) m/z calcd for C19H20N3O2S2 [M + H]+,
386.0999; found, 386.1008. Purity: 100% (method A;tR ) 4.04
min).

3-[[(Thienyl)carbonyl]-amino]-4-methyl-N-(2-chloro-6-meth-
ylphenyl)-1,3-thiazole-5-carboxamide (7i):1H NMR (400 MHz,
DMSO-d6) δ 12.74 (s, 1H), 9.62 (s, 1H), 8.63 (s, 1H), 7.75 (dd,J
) 5.09, 1.02 Hz, 1H), 7.68-7.71 (m, 1H), 7.34-7.41 (m, 1H),
7.22-7.30 (m, 2H), 2.59 (s, 3H), 2.24 (s, 3H). HRMS (ESI)m/z
calcd for C17H15ClN3O2S2 [M + H]+, 392.0294; found, 392.0288.
Purity: 97% (method A;tR ) 3.71 min).

2-[[(Thienyl)carbonyl]-amino]-4-methyl-N-(2-chloro-6-meth-
ylphenyl)-1,3-thiazole-5-carboxamide (7j):1H NMR (400 MHz,
DMSO-d6) δ 12.91 (s, 1H), 9.63 (s, 1H), 8.24 (s, 1H), 7.98 (d,J )
4.58 Hz, 1H), 7.38 (dd,J ) 7.38, 1.78 Hz, 1H), 7.17-7.32 (m,
3H), 2.58 (s, 3H), 2.24 (s, 3H). HRMS (ESI)m/z calcd for C17H15-
ClN3O2S2 [M + H]+, 392.0294; found, 392.0293. Purity: 96%
(method A;tR ) 3.7 min).

2-[[(Furanyl)carbonyl]-amino]-4-methyl- N-(2-chloro-6-meth-
ylphenyl)-1,3-thiazole-5-carboxamide (7k):1H NMR (400 MHz,
DMSO-d6) δ 12.80 (s, 1H), 9.64 (s, 1H), 8.03 (s, 1H), 7.70 (s,
1H), 7.38 (dd,J ) 7.12, 2.03 Hz, 1H), 7.19-7.31 (m, 2H), 6.70-
6.79 (m, 1H), 2.58 (s, 3H), 2.23 (s, 3H). HRMS (ESI)m/z calcd
for C17H15ClN3O3S [M + H]+, 376.0522; found, 376.0532. Purity:
98% (method A;tR ) 3.49 min).

2-[(Benzoyl)-amino]-4-methyl-N-(2-chloro-6-methylphenyl)-
1,3-thiazole-5-carboxamide (7l):1H NMR (400 MHz, DMSO-
d6) δ 12.92 (s, 1H), 9.65 (s, 1H), 8.11 (d,J ) 7.63 Hz, 2H), 7.64
(d, J ) 7.63 Hz, 1H), 7.55 (t,J ) 7.63 Hz, 2H), 7.36-7.41 (m,
1H), 7.21-7.30 (m, 2H), 2.59 (s, 3H), 2.24 (s, 3H). HRMS (ESI)
m/z calcd for C19H17ClN3O2S [M + H]+, 386.0730; found,
386.0739. Purity:>95% (method A;tR ) 3.79 min).

2-[[(Cyclopropyl)carbonyl]-amino]-4-methyl-N-(2-chloro-6-
methylphenyl)-1,3-thiazole-5-carboxamide (7m):1H NMR (400
MHz, DMSO-d6) δ 12.63 (s, 1H), 9.54 (s, 1H), 7.37 (dd,J)7.12,
2.03 Hz, 1H), 7.19-7.30 (m, 2H), 2.53 (s, 3H), 2.21 (s, 3H), 1.90-
1.98 (m, 1H), 0.88-0.96 (m, 4H). HRMS (ESI)m/z calcd for
C16H17ClN3O2S [M + H]+, 350.0730; found, 350.0741. Purity: 95%
(method A;tR ) 3.41 min).

2-Acetamido-4-methyl-N-(2,4,6-trimethylphenyl)-1,3-thiazole-
5-carboxamide (7c):A solution of 1 (54 mg, 0.2 mmol), acetic
anhydride (22µL, 0.23 mmol) and 4-(N,N-dimethylamino)pyridine
(3 mg) in CH2Cl2 (4.5 mL) was stirred at rt for 4.5 h. The mixture
was diluted with CH2Cl2 and washed with 1 N aq HClsolution
and water, dried (MgSO4), filtered, and concentrated. The residue
was chromatographed on a silical gel column. Elution with 35%
EtOAc in hexanes afforded7c (43 mg, 69%) as a white solid.1H
NMR (400 MHz, DMSO-d6) δ 12.34 (s, 1H), 9.24 (s, 1H), 6.91 (s,
2H), 2.53 (s, 3H), 2.25 (s, 3H), 2.17 (s, 3H), 2.13 (s, 6H). HRMS
(ESI) m/z calcd for C16H20N3O2S [M + H]+, 318.1276; found,
318.1276. Purity: 98% (method D;tR ) 2.7 min), Purity: 95%
(method E;tR ) 25.07 min).

2-[[(Phenylamino)-carbonyl]amino]-4-methyl-N-(2,4,6-tri-
methylphenyl)-1,3-thiazole-5-carboxamide (8b):A solution of1
(80 mg, 0.29 mmol) and phenyl isocyanate (103.5 mg, 0.87 mmol)
in THF (3.5 mL) and pyridine (2 mL) was heated to 60-70 °C for
5 h. The mixture was cooled to room temperature, diluted with
CH2Cl2, washed with 1 N aq HClsolution, water, and brine, dried
(MgSO4), filtered, and concentrated. The residue was purified by
chromatography on a silica gel column. Elution with 20% EtOAc
in hexanes followed by 40% EtOAc in hexane afforded8b (60
mg, 52%) as a white solid.1H NMR (270 MHz, CDCl3 + CD3-
OD) δ 7.5 (d, 2H), 7.35 (t, 2H), 7.15 (t, 1H), 6.95 (s, 2H), 2.65 (s,
3H), 2.3 (s, 3H), 2.25 (s, 6H). HRMS (ESI)m/z calcd for
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C21H23N4O2S [M + H]+, 395.1541; found, 395.1533. Purity:>95%
(method B;tR ) 30.45 min).

2-[[(Methylamino)-carbonyl]amino]-4-methyl-N-(2,4,6-tri-
methylphenyl)-1,3-thiazole-5-carboxamide (8a): 1H NMR (270
MHz, CD3OD) δ 6.95 (s, 2H), 2.9 (s, 3H), 2.65 (s, 3H), 2.3 (s,
3H), 2.2 (s, 6H). HRMS (ESI)m/z calcd for C16H21N4O2S [M +
H]+, 333.1385; found, 333.1373. Purity:>95% (method B;tR )
24.48 min).

2-[[(Butylamino)-carbonyl]amino]-4-methyl-N-(2,4,6-trimeth-
ylphenyl)-1,3-thiazole-5-carboxamide (8c): 1H NMR (270 MHz,
CDCl3 + CD3OD) 6.92 (s, 2H), 3.28 (t,J ) 7 Hz, 2H), 2.63 (s,
3H), 2.28 (s, 3H), 2.22 (s, 6H), 1.54 (m, 2H), 1.39 (m, 2H), 0.95
(t, J ) 7 Hz, 3H). HRMS (ESI)m/z calcd for C19H27N4O2S [M +
H]+, 375.1854; found, 375.1845. Purity:>95% (method B;tR )
30.49 min).

2-[[(tert-Butylamino)carbonyl]-amino]-4-methyl-N-(2,4,6-tri-
methylphenyl)-1,3-thiazole-5-carboxamide (8d):Phenyl chloro-
formate (1.39 mL, 11.1 mmol) was added dropwise to a stirred
biphasic solution of1 (1.02 g, 3.7 mmol) and 10% aq KHCO3

solution (170 mL) in THF (130 mL). The mixture was stirred at rt
overnight, diluted with CH2Cl2 (200 mL), and washed with water
and brine. The organic extract was separated, dried (MgSO4),
filtered, and concentrated. The residue was chromatographed on a
silica gel column. Elution with 10% EtOAc in hexanes afforded
phenyl carbamate (980 mg, 69%).1H NMR (270 MHz, DMSO-
d6) δ 12.55 (br s, 1H), 9.25 (s, 1H), 7.45 (m, 2H), 7.3 (m, 3H), 6.9
(s, 2H), 2.52 (s, 3H), 2.2 (s, 3H), 2.1 (s, 6H). MS (ESI)m/z 408
[M + H]+.

A solution of phenyl carbamate (20 mg, 0.054 mmol) andtert-
butyl amine (6 mg, 0.08 mmol) in THF-CH3CN (3 mL, 1:1) was
heated to 60°C overnight. The solution was cooled to rt, diluted
with CH2Cl2, washed with 1 N aq. HCl solution, and 1 N aq. NaOH
solution. The organic extract was dried (MgSO4), filtered, and
concentrated to obtain8d (16 mg, 84%) as a white solid.1H NMR
(400 MHz, DMSO-d6) δ 10.20 (s, 1H), 9.04 (s, 1H), 6.88 (s, 2H),
6.54 (s, 1H), 2.44 (s, 3H), 2.23 (s, 3H), 2.11 (s, 6H), 1.30 (s, 9H).
HRMS (ESI) m/z calcd for C19H27N4O2S [M + H]+, 375.1855;
found, 375.1838. Purity: 99% (method B, 8 min gradient;tR )
8.48 min).

2-[[(Benzylamino)carbonyl]-amino]-4-methyl-N-(2,4,6-tri-
methylphenyl)-1,3-thiazole-5-carboxamide (8e):1H NMR (400
MHz, DMSO-d6) δ 10.73 (s, 1H), 9.07 (s, 1H), 7.34 (t, 2H), 7.29
(t, 2H), 7.25 (t,J ) 6.87 Hz, 1H), 7.09 (br s, 1H), 6.88 (s, 2H),
4.34 (d,J ) 6.10 Hz, 2H), 2.46 (s, 3H), 2.22 (s, 3H), 2.11 (s, 6H).
HRMS (ESI) m/z calcd for C22H25N4O2S [M + H]+, 409.1698;
found, 409.1683. Purity: 100% (method E, 8 min gradient;tR )
8.52 min).

2-[[(n-Butylamino)carbonyl]-amino]-4-methyl-N-(2-chloro-6-
methylphenyl)-1,3-thiazole-5-carboxamide (8f):1H NMR (400
MHz, CD3OD) δ 7.48 (dd,J ) 6.9, 3.7 Hz, 1H), 7.35 (m, 2H), 3.4
(t, J ) 7 Hz, 2H), 2.7 (s, 3H), 2.46 (s, 3H), 1.66 (m, 2H), 1.55 (m,
2H), 1.12 (t,J ) 7 Hz, 3H). MS (ESI)m/z 381.1 [M + H]+.
Purity: 100% (method F;tR ) 4.51 min).

N-(2-Chloro-6-methylphenyl)-2-[(cyclopropylcarbonyl)amino]-
1,3-thiazole-5-carboxamide (7n):2-tert-Butoxycarbonyloxyamino-
thiazole-5-carboxylic acid4c was prepared from ethyl 2-aminothi-
azole-5-carboxylate3b following the procedure used in the
preparation of4a. A 2 M solution of oxalyl chloride (1 mL, 2 mmol)
was added dropwise to a stirred solution of 2-tert-butoxycarbony-
loxyamino-thiazole-5-carboxylic acid4c (234 mg, 1 mmol) and
DMF (3 drops) in THF (10 mL). The solution was stirred at rt for
4 h and concentrated under reduced pressure and in vacuo to obtain
the crude acid chloride of4c.

2-Chloro-6-methylaniline (212 mg, 1.5 mmol) was added drop-
wise to a stirred solution of crude acid chloride (∼1 mmol) in CH2-
Cl2 (10 mL) at 0 °C. Diisopropylethylamine (516 mg, 4 mmol)
was added. The solution was warmed to rt and stirred for 24 h,
diluted with CH2Cl2 (60 mL), and washed with 2 N aq HClsolution
(15 mL). The organic extract was separated, dried (MgSO4), filtered,
and concentrated. The residue was diluted with EtOAc-Et2O (25

mL, 4:1). The solid was filtered, washed with ether, and dried in
vacuo to obtain5k (R ) 2-Cl, 6-Me) as a tan solid (175 mg, 48%).

A solution of5k (175 mg, 0.48 mmol) in trifluoroacetic acid (1
mL) and CH2Cl2 (1 mL) was stirred at 0°C for 2 h and concentrated
in vacuo. The residue was diluted with CH2Cl2, washed with water,
satd NaHCO3 solution, dried (Na2SO4), and concentrated to obtain
6b (R ) 2-Cl,6-Me) as a glassy solid (51 mg, 40%).1H NMR
(400 MHz, DMSO-d6) δ 9.62 (s, 1H), 7.85 (s, 1H), 7.60 (s, 2H),
7.36 (dd,J ) 7.38, 1.78 Hz, 1H), 7.16-7.29 (m, 2H), 2.19 (s,
3H). 13C NMR (DMSO-d6) δ 18.2, 120.6, 126.8, 127.9, 128.9,
132.4, 133.6, 138.8, 142.9, 159.5. MS (ESI) 268.23 [M+ H]+.

A solution of amine6b [R ) 2-Cl,6-Me] (51 mg, 0.19 mmol)
and cyclopropanecarboxylic acid anhydride (302 mg, 1.96 mmol)
in dioxane (2 mL) was heated to 93°C overnight. The mixture
was cooled to rt and concentrated in vacuo. The residue was diluted
with EtOAc, washed with satd KHCO3 solution, dried (Na2SO4),
filtered, and concentrated. The residue was triturated with ether to
obtain 7n (11 mg, 18%) as a white solid.1H NMR (400 MHz,
DMSO-d6) δ 12.71 (br s, 1H), 10.02 (s, 1H), 8.28 (s, 1H), 7.39
(dd, J ) 7.38, 1.78 Hz, 1H), 7.23-7.31 (m, 2H), 2.21 (s, 3H),
1.97 (ddd,J ) 12.08, 7.25, 5.09 Hz, 1H), 0.89-0.98 (m, 4H).
HRMS (ESI)m/z calcd for C15H15ClN3O2S [M + H]+, 336.0573;
found, 336.0569. Purity: 100% (method D;tR ) 2.52 min), 100%
(method F;tR ) 3.25 min).

N-(2-Chloro-6-methylphenyl)-2-[(ethylcarbonyl)amino]-1,3-
thiazole-5-carboxamide (7o):1H NMR (400 MHz, DMSO-d6) δ
12.39 (s, 1H), 10.03 (s, 1H), 8.27 (s, 1H), 7.39 (d,J ) 7.4 Hz,
1H), 7.21-7.34 (m, 2H), 3.37 (q,J ) 7.5 Hz, 2H), 2.22 (s, 3H),
1.11 (t,J ) 7.6 Hz, 3H). HRMS (ESI)m/zcalcd for C14H15ClN3O2S
[M + H]+, 324.0573; found, 324.0580. Purity: 95% (method A;
tR ) 3.53 min), 96% (method D;tR ) 2.39 min).

N-(2-Chloro-6-methylphenyl)-2-[(phenylcarbonyl)amino]-1,3-
thiazole-5-carboxamide (7r):1H NMR (400 MHz, DMSO-d6) δ
12.99 (s, 1H), 10.09 (s, 1H), 8.38 (s, 1H), 8.12 (d,J ) 7.63 Hz,
2H), 7.66 (t,J ) 7.38 Hz, 1H), 7.52-7.62 (m, 2H), 7.41 (dd,J )
7.63, 2.03 Hz, 1H), 7.23-7.33 (m, 2H), 2.24 (s, 3H). HRMS (ESI)
m/z calcd for C18H15ClN3O2S [M + H]+, 372.0573; found,
372.0569. Purity: 94% (method A;tR ) 3.61 min),>95% (method
D; tR ) 2.94 min).

N-(2-Chloro-6-methylphenyl)-2-[(2-thienylcarbonyl)amino]-
1,3-thiazole-5-carboxamide (7s):1H NMR (400 MHz, DMSO-
d6) δ 13.09 (s, 1H), 10.10 (s, 1H), 8.39 (s, 1H), 8.32 (s, 1H), 8.03
(d, J ) 4.07 Hz, 1H), 7.42 (dd,J ) 7.63, 2.03 Hz, 1H), 7.20-7.36
(m, 3H), 2.25 (s, 3H). HRMS (ESI)m/z calcd for C16H13ClN3O2S2

[M + H]+, 378.0138; found, 378.0137. Purity: 98% (method A;
tR ) 3.61 min), 93% (method D;tR ) 2.85 min).

N-(2-Chloro-6-methylphenyl)-2-[(3-thienylcarbonyl)amino]-
1,3-thiazole-5-carboxamide (7t):1H NMR (400 MHz, DMSO-
d6) δ 12.86 (s, 1H), 10.08 (s, 1H), 8.67 (s, 1H), 8.37 (s, 1H), 7.76
(d, J ) 4.58 Hz, 1H), 7.71 (dd,J ) 4.58, 2.80 Hz, 1H), 7.40 (dd,
J ) 7.38, 1.78 Hz, 1H), 7.22-7.34 (m, 2H), 2.23 (s, 3H). HRMS
(ESI) m/z calcd for C16H13ClN3O2S2 [M + H]+, 378.0138; found,
378.0136. Purity: 98% (method A;tR ) 3.60 min),>95% (method
D; tR ) 2.85 min).

N-(2-Chloro-6-methylphenyl)-2-[(2-furanylcarbonyl)amino]-
1,3-thiazole-5-carboxamide (7u):1H NMR (400 MHz, DMSO-
d6) δ 12.96 (s, 1H), 10.08 (s, 1H), 8.35 (s, 1H), 8.05 (s, 1H), 7.72
(s, 1H), 7.40 (dd,J ) 7.38, 1.78 Hz, 1H), 7.19-7.33 (m, 2H),
6.76 (s, 1H), 2.23 (s, 3H). HRMS (ESI)m/z calcd for C16H13-
ClN3O3S [M + H]+, 362.0366; found, 362.0362. Purity: 95%
(method A;tR ) 3.61 min), 93% (method D;tR ) 2.62 min).

N-(2-Chloro-6-methylphenyl)-2-[(cyclobutylcarbonyl)amino]-
1,3-thiazole-5-carboxamide (7v):1H NMR (400 MHz, DMSO-
d6) δ 12.30 (s, 1H), 10.02 (s, 1H), 8.27 (s, 1H), 7.39 (dd,J ) 7.12,
2.03 Hz, 1H), 7.22-7.31 (m, 2H), 3.38 (m, 1H), 2.19-2.28 (m,
2H), 2.22 (s, 3H), 2.10-2.19 (m, 2H), 1.89-2.04 (m, 1H), 1.78-
1.87 (m, 1H). HRMS (ESI)m/z calcd for C16H17ClN3O2S [M +
H]+, 350.0730; found, 350.0720. Purity: 91% (method A;tR )
3.52 min), 90% (method D;tR ) 2.75 min).

N-(2-Chloro-6-methylphenyl)-2-[(cyclopentylcarbonyl)amino]-
1,3-thiazole-5-carboxamide (7w):1H NMR (400 MHz, DMSO-
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d6) δ 12.42 (s, 1H), 10.02 (s, 1H), 8.27 (s, 1H), 7.39 (dd,J ) 7.38,
1.78 Hz, 1H), 7.20-7.32 (m, 2H), 2.86-3.02 (m, 1H), 2.21 (s,
3H), 1.50-1.99 (m, 8H). HRMS (ESI)m/zcalcd for C17H19ClN3O2S
[M + H]+, 364.0886; found, 364.0891. Purity: 93% (method A;
tR ) 3.59 min),>95% (method D;tR ) 2.95 min).

N-(2-Chloro-6-methylphenyl)-2-[(2,6-dimethyl-4-pyrimidinyl)-
amino]-1,3-thiazole-5-carboxamide (12m):A solution of copper-
(II) bromide (2.68 g, 12 mmol) in CH3CN (50 mL) was purged
with nitrogen and cooled to 0°C. t-Butyl nitrite (2 mL, 15 mmol)
was added. A solution of amine6b [R ) 2-Cl,6-Me] (2.68 g, 10
mmol) in AcCN (50 mL) was added. The mixture was stirred at rt
and concentrated, and the residue was dissolved in EtOAc and
washed with satd NaHCO3 solution. The precipitate was removed
by filtration, and the EtOAc extract was dried (Na2SO4), filtered,
and concentrated. The residue was crystallized from EtOAc/ether/
hexanes mixture to obtain bromide11 [R ) 2-Cl,6-Me] (1.68 g,
51%) as a yellow solid.1H NMR (500 MHz, DMSO-d6) δ 10.39
(s, 1H), 8.44 (s, 1H), 7.41 (dd,J ) 7.15, 2.20 Hz, 1H), 7.24-7.32
(m, 2H), 2.22 (s, 3H). HRMS (ESI)m/z calcd for C11H8N2OSBrCl
[M - H]-, 328.9150; found, 328.9153.

Sodium hydride (95%; 609 mg, 24.1 mmol) was added to a
solution of bromide11 [R ) 2-Cl,6-Me] (1 g, 3.02 mmol) and
2,6-dimethyl-4-amino-pyrimidine (1.49 g, 12.06 mmol) in THF (10
mL). The solution was heated under reflux overnight, cooled to rt,
and quenched by addition of glacial acetic acid and methanol. The
reaction mixture was concentrated, and the residue was diluted with
water and saturated aq NaHCO3 solution. The solid was collected
by filtration, washed with water and a minimal amount of methanol,
and dried in vacuo to obtain a pale yellow solid that was suspended
in MeOH and treated with concd HCl (62µL, 0.74 mmol). The
solution was concentrated and triturated with EtOH and ether to
obtain12mas its hydrochloride salt (240 mg, 19%) as a light yellow
solid. 1H NMR (400 MHz, DMSO-d6) δ 11.96 (s, 1H), 9.96 (s,
1H), 8.29 (s, 1H), 7.41 (m, 1H), 7.28 (m, 2H), 6.74 (s, 1H), 2.56
(s, 3H), 2.36 (s, 3H), 2.25 (s, 3H). HRMS (ESI)m/z calcd for
C17H17ClN5OS [M + H]+, 374.0842; found, 374.0840. Purity:
100% (method A;tR ) 2.64 min),>95% (method D;tR ) 2.07
min).

N-(2-Chloro-6-methylphenyl)-2-[(3-pyridinyl)amino]-1,3-thia-
zole-5-carboxamide (12b):1H NMR (500 MHz, DMSO-d6) δ
10.81 (s, 1H), 9.95 (s, 1H), 8.77 (d,J ) 2.20 Hz, 1H), 8.16-8.24
(m, 2H), 8.15 (s, 1H), 7.34-7.42 (m, 2H), 7.21-7.31 (m, 2H),
2.23 (s, 3H). HRMS (ESI)m/zcalcd for C16H14ClN4OS [M + H]+,
345.0578; found, 345.0576. Purity: 99% (method A;tR ) 2.47
min).

N-(2-Chloro-6-methylphenyl)-2-[(4-pyridinyl)amino]-1,3-thia-
zole-5-carboxamide (12c):1H NMR (500 MHz, DMSO-d6) δ 11.70
(s, 1H), 10.13 (s, 1H), 8.53 (d,J ) 6.60 Hz, 2H), 8.29 (s, 1H),
7.86 (d,J ) 3.85 Hz, 2H), 7.40 (d,J ) 7.70 Hz, 1H), 7.23-7.32
(m, 2H), 2.23 (s, 3H). HRMS (ESI)m/z calcd for C16H14ClN4OS
[M + H]+, 345.0578; found, 345.0564. Purity: 97% (method A;
tR ) 2.49 min).

N-(2,4,6-Trimethylphenyl)-2-[(2-pyridinyl)amino]-1,3-thiaz-
ole-5-carboxamide (12e):1H NMR (500 MHz, DMSO-d6) δ 11.61
(s, 1H), 9.50 (s, 1H), 8.35 (d,J ) 3.85 Hz, 1H), 8.19 (s, 1H),
7.71-7.78 (m, 1H), 7.10 (d,J ) 8.25 Hz, 1H), 6.98 (dd,J ) 6.87,
5.22 Hz, 1H), 6.91 (s, 2H), 2.24 (s, 3H), 2.13 (s, 6H). HRMS (ESI)
m/z calcd for C18H19N4OS [M + H]+, 339.1280; found, 339.1272.
Purity: 99% (method A;tR ) 3.66 min).

N-(2,6-Dimethylphenyl)-2-[(3-pyradizinyl)amino]-1,3-thiazole-
5-carboxamide (12g):1H NMR (500 MHz, DMSO-d6) δ 11.85
(s, 1H), 9.67 (s, 1H), 8.88 (d,J ) 4.4 Hz, 1H), 8.25 (s, 1H), 7.64
(dd, J ) 8.8, 4.4 Hz, 1H), 7.41 (d,J ) 8.8 Hz, 1H), 7.11 (s, 3H),
2.19 (s, 6H). HRMS (ESI)m/z calcd for C16H16N5OS [M + H]+,
326.1070; found, 326.1076. Purity: 95% (method A;tR ) 2.97
min).

N-(2-Chloro-6-methylphenyl)-2-[(3,5-dimethyl-2-pyrazinyl)-
amino]-1,3-thiazole-5-carboxamide (12h):1H NMR (500 MHz,
DMSO-d6) δ 11.17 (s, 1H), 9.89 (s, 1H), 8.29 (s, 1H), 8.12 (s,
1H), 7.38 (d,J ) 7.7 Hz, 1H), 7.21-7.31 (m, 2H), 2.57 (s, 3H),
2.39 (s, 3H), 2.23 (s, 3H). HRMS (ESI)m/z calcd for C17H17ClN5-

OS [M + H]+, 374.0843; found, 374.0854. Purity: 99% (method
A; tR ) 3.58 min).

N-(2-Chloro-6-methylphenyl)-2-[(6-methyl-2-pyridinyl)amino]-
1,3-thiazole-5-carboxamide (12j):1H NMR (500 MHz, DMSO-
d6) δ 11.59 (s, 1H), 9.83 (s, 1H), 8.24 (s, 1H), 7.63 (t,J ) 7.79
Hz, 1H), 7.39 (d,J ) 7.33 Hz, 1H), 7.21-7.31 (m, 2H), 6.90 (d,
J ) 8.25 Hz, 1H), 6.85 (d,J ) 7.79 Hz, 1H), 2.50 (s, 3H), 2.24 (s,
3H). HRMS (ESI) m/z calcd for C17H16ClN4OS [M + H]+,
359.0734; found, 359.0731. Purity:>95% (method A;tR ) 3.61
min).

N-(2-Chloro-6-methylphenyl)-2-[(4-methyl-2-pyridinyl)amino]-
1,3-thiazole-5-carboxamide (12k):1H NMR (500 MHz, DMSO-
d6) δ 11.59 (s, 1H), 9.83 (s, 1H), 8.17-8.25 (m, 2H), 7.38 (dd,J
) 7.7, 1.65 Hz, 1H), 7.21-7.30 (m, 2H), 6.91 (s, 1H), 6.84 (d,J
) 5.5 Hz, 1H), 2.30 (s, 3H), 2.23 (s, 3H). HRMS (ESI)m/z calcd
for C17H16ClN4OS [M + H]+, 359.0734; found, 359.0741. Purity:
98% (method A;tR ) 3.29 min).

N-(2-Chloro-6-methylphenyl)-2-[(4,6-dimethyl-2-pyridinyl)-
amino]-1,3-thiazole-5-carboxamide (12l):1H NMR (400 MHz,
DMSO-d6) δ 11.53 (s, 1H), 9.82 (s, 1H), 8.23 (s, 1H), 7.39 (d,J )
7.63 Hz, 1H), 7.16-7.34 (m, 2H), 6.70 (d,J ) 2.54 Hz, 2H), 2.43
(s, 3H), 2.25 (s, 3H), 2.23 (s, 3H). MS (ESI)m/z 373 [M + H]+.
Purity: >98% (method A;tR ) 3.58 min).

2-Chloro-N-[2-chloro-6-methylphenyl]-1,3-thiazole-5-carbox-
amide (14): A 2.5 M solution ofn-butyllithium in hexanes (1.68
mL, 4.2 mmol) was added dropwise to a solution of 2-chlorothiazole
13 (480 mg, 4 mmol) in THF (10 mL) at-78 °C. The reaction
mixture was maintained below-75 °C during addition. After 15
min, a solution of 2-chloro-6-methylphenyl isocyanate (600µL,
4.4 mmol) in THF (5 mL) was added. The solution was stirred at
-78 °C for 2 h, quenched by addition of saturated aq NH4Cl
solution (10 mL), and partitioned between EtOAc and water. The
EtOAc extract was separated, washed with brine, dried (MgSO4),
filtered, and concentrated. The residue was crystallized from
EtOAc-hexanes to obtain14 (988 mg, 86%) as a pale yellow solid.
1H NMR (400 MHz, CDCl3) δ 8.08 (s, 1H), 7.97 (s, 1H), 7.27 (m,
1H), 7.16 (m, 2H), 2.25 (s, 3H). MS (ESI)m/z 286 [M + H]+.

N-(4-Methoxybenzyl)-2-chloro-[2-chloro-6-methylphenyl]-1,3-
thiazole-5-carboxamide (15):Sodium hydride (95% dispersion,
60 mg, 2.4 mmol) was added to a solution of14 (574 mg, 2 mmol)
in DMF (5 mL). After 30 min, the mixture was treated with
4-methoxybenzyl chloride (325µL, 2.4 mmol) and tetrabutylam-
monium iodide (148 mg, 0.4 mmol) and then stirred at rt for 16 h.
The mixture was diluted with EtOAc and water. The EtOAc extract
was separated, washed with brine, dried (MgSO4), filtered, and
concentrated. The residue was chromatographed on a silica gel
column and eluted with 90% EtOAc in hexanes to obtain15 as a
colorless viscous oil (95% dispersion, 676 mg, 95%).1H NMR (400
MHz, DMSO-d6) δ 7.48 (d,J ) 8.3 Hz, 1H), 7.42 (s, 1H), 7.41
(dd, J ) 7.7, 8.3 Hz, 1H), 7.28 (d,J ) 7.7 Hz, 1H), 7.11 (d,J )
8.3 Hz, 2H), 6.78 (d,J ) 8.8 Hz, 2H), 5.85 (d,J ) 14.0 Hz, 1H),
4.50 (d,J ) 14.0 Hz, 1H), 3.66 (s, 3H), 1.72 (s, 3H).13C NMR
(100 MHz, DMSO-d6) δ 159.3, 155.3, 145.8, 140.5,136.1, 134.0,
133.7, 131.6, 131.5, 130.9, 128.9, 127.6, 113.9, 55.2, 51.6, 17.9.
MS (ESI) m/z 408 (M + H)+.

N-(4-Methoxybenzyl)-2-(6-chloro-2-methylpyrimidin-4-ylami-
no)-N-(2-chloro-6-methylphenyl)-1,3-thiazole-5-carboxamide (16):
4-Amino-6-chloro-2-methylpyrimidine (14.4 g, 0.10 mol) was added
in portions to a suspension of sodium hydride (60% dispersion,
12.0 g, 0.30 mol) in THF (300 mL) at 0°C. After 30 min,15 (27.2
g, 0.067 mol) was added in portions. The mixture was heated at
reflux for 4 h, cooled to room temperature, and diluted with H2O
(10 mL). The mixture was acidified with 1 N HCl (500 mL) and
extracted with 10% MeOH in chloroform (250 mL, 3×). The
combined extracts were dried (MgSO4), filtered, and concentrated
in vacuo to obtain a solid that was triturated with ether to give16
(28.4 g, 83%).1H NMR (400 MHz, DMSO-d6) δ 7.54 (d,J ) 8.5
Hz, 1H), 7.46 (s, 1H), 7.43 (dd,J ) 8.3, 7.7 Hz, 1H), 7.30 (d,J )
7.7 Hz, 1H), 7.16 (d,J ) 8.3 Hz, 2H), 6.74 (s, 1H), 6.83 (d,J )
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8.8 Hz, 2H), 5.21 (d,J ) 13.7 Hz, 1H), 4.44 (d,J ) 13.7 Hz, 1H),
3.71 (s, 3H), 2.45 (s, 3H), 1.72 (s, 3H). MS (ESI)m/z 515 (M +
H)+.

2-(6-Chloro-2-methylpyrimidin-4-ylamino)-N-(2-chloro-6-meth-
ylphenyl)-1,3-thiazole-5-carboxamide (17):A solution of16 (6.6
g, 13 mmol) dissolved in a mixture of CH2Cl2 and TFA (50 mL,
1:1) was treated with triflic acid (6.8 g, 45 mmol) and stirred at rt
for 3 h. The mixture was poured onto crushed ice (150 g) and
extracted with CHCl3 (100 mL, 3×). The desired product precipi-
tated from solution upon standing at room temperature and was
collected by filtration and dried in vacuo to give compound17 (5.0
g, 99%).1H NMR (400 MHz, DMSO-d6) δ 12.24 (br s, 1H), 10.02
(s, 1H), 8.32 (s, 1H), 7.41 (d,J ) 7.7 Hz, 1H), 7.30 (dd,J ) 6.1,
6.7 Hz, 1H), 7.26 (d,J ) 7.7 Hz, 1H), 6.95 (s, 1H), 2.59 (s, 3H),
2.24 (s, 3H). MS (ESI)m/z 395 (M + H)+.

N-(2-Chloro-6-methylphenyl)-2-[[6-[4-(2-hydroxyethyl)-1-pip-
erazinyl)]-2-methyl-4-pyrimidinyl]amino)]-1,3-thiazole-5-car-
boxamide, Hydrochloride Salt (2):A mixture of 17 (34.7 g, 88.1
mmol), diisopropylethylamine (3.6 mL, 0.17 mol), and 1-(2-
hydroxyethyl)piperazine (54 mL, 0.44 mol) in 1,4-dioxane (300
mL) was refluxed for 12 h. The mixture was concentrated under
vacuum, and the solid was triturated successively with H2O, aqueous
MeOH, and Et2O (2×) and dried in vacuo. The solid was
resuspended in ether-methanol, treated with 2 N HCl (44 mL),
and vigorously stirred for 30 min. The precipitate was collected
by filtration and triturated successively with ether, ether-methanol,
and then ether. The solid was dried in vacuo to give2 (42.2 g,
91%) as its hydrochloride salt. Mp) 279-280°C (free base).1H
NMR (400 MHz, DMSO-d6) δ 11.67 (br s, 1H), 10.50 (br s, 1H),
9.96 (s, 1H), 8.27 (s, 1H), 7.40 (d,J ) 7.7 Hz, 1H), 7.28 (dd,J )
6.6, 6.7 Hz, 1H), 7.25 (d,J ) 7.7 H, 1 Hz), 6.17 (s, 1H), 4.33 (d,
J ) 12.6 Hz, 2H), 3.79 (dd,J ) 5.0, 5.5 Hz, 2H), 3.60 (d,J )
11.6 Hz, 2H), 3.38 (dd,J ) 12.1, 12.6 Hz, 2H), 3.22- 3.19 (m,
2H), 3.13- 3.07 (m, 2H), 2.45 (s, 3H), 2.24 (s, 3H).13C NMR
(125 MHz, DMSO-d6) δ 165.7, 162.8, 162.1, 160.4, 157.5, 141.2,
139.4, 133.8, 133.0, 129.6, 128.8, 127.6, 126.5, 84.0, 58.1, 55.2,
51.1 (2), 41.2 (2), 25.7, 18.8. HRMS (ESI)m/z calcd for C22H27-
ClN7O2S (M + H)+, 488.1635; found, 488.1636. Anal. Calcd for
C22H26ClN7O2S: C, 54.14; H, 5.37; N, 20.09. Found: C, 53.90;
H, 5.30; N, 20.07. Purity: 100% (method A;tR ) 2.72 min).

N-(2-Chloro-6-methylphenyl)-2-(6-(2-hydroxyethylamino)py-
ridin-2-ylamino)-1,3-thiazole-5-carboxamide (12p): 1H NMR
(400 MHz, DMSO-d6) δ 11.27 (s, 1H), 9.77 (s, 1H), 8.19 (s, 1H),
7.38 (dd,J ) 2.17, 7.23 Hz, 1H), 7.32-7.22 (m, 3H), 6.16 (d,J )
7.63 Hz, 1H), 6.09 (d,J ) 8.13 Hz, 1H), 3.60-3.57 (m, 2H), 3.50-
3.45 (m, 2H), 2.23 (s, 3H). HRMS (ESI)m/z calcd for C18H19-
ClN5O2S (M + H)+, 404.0948; found, 404.0964. Anal. Calcd for
C18H18ClN5O2S‚1.0HCl‚0.2H2O: C, 48.69; H, 4.40; N, 15.77.
Found: C, 48.65; H, 4.18; N, 15.59. Purity:>99% (method A;tR
) 3.08 min).

N-(2-Chloro-6-methylphenyl)-2-(6-(3-morpholinopropylami-
no)pyridin-2-ylamino)-1,3-thiazole-5-carboxamide (12q):1H NMR
(400 MHz, DMSO-d6) δ 11.39 (s, 1H), 9.55 (s, 1H), 9.57 (br s,
1H), 8.27 (s, 1H), 7.39 (d,J ) 7.63 Hz, 1H), 7.33 (dd,J ) 7.63
Hz, 7.63 Hz, 1H), 7.29-7.22 (m, 2H), 6.97 (br s, 1H), 6.19 (d,J
) 7.63 Hz, 1H), 6.05 (d,J ) 8.13 Hz, 1H), 3.88 (d,J ) 13.74 Hz,
3H), 3.55 (t,J ) 11.69 Hz, 2H), 3.46-3.37 (m, 3H), 3.29-3.23
(m, 2H), 3.03-2.93 (m, 2H), 2.23 (s, 3H), 2.03-1.97 (m, 2H).
HRMS (ESI)m/z calcd for C23H28ClN6O2S (M + H)+, 487.1683;
found, 487.1696. Purity:>98% (method A;tR ) 2.87 min).

2-(6-(3-(1H-Imidazol-1-yl)propylamino)pyridin-2-ylamino)-
N-(2-chloro-6-methylphenyl)-1,3-thiazole-5-carboxamide (12r):
1H NMR (500 MHz, CD3OD) δ 8.99 (s, 1H), 8.36 (s, 1H), 7.70 (s,
1H), 7.65 (br s, 1H), 7.54 (s, 1H),7.36-7.38 (dd,J ) 2.2, 7.2 Hz,
1H), 7.25-7.28 (m, 2H), 6.39-6.44 (m, 2H), 4.46 (t,J ) 7.4 Hz,
2H), 3.55 (t,J ) 7.2 Hz, 2H), 2.32-2.36 (m, 5H). HRMS (ESI)
m/zcalcd for C22H23ClN7OS (M+ H)+, 468.1373; found, 468.1394.
Purity: >98% (method A;tR ) 2.83 min).

N-(2-Chloro-6-methylphenyl)-2-(6-morpholinopyrimidin-4-
ylamino)-1,3-thiazole-5-carboxamide (12s):1H NMR (500 MHz,
DMSO-d6) δ 11.75 (br s, 1H), 9.98 (s, 1H), 8.45 (s, 1H), 8.26 (s,

1H), 7.39 (dd,J ) 1.65, 7.38 Hz, 1H), 7.29-7.24 (m, 2H), 6.29
(s, 1H), 3.70-3.68 (m, 4H), 3.53-3.51 (m, 4H), 2.23 (s, 3H).
HRMS (ESI)m/z calcd for C19H20ClN6O2S (M + H)+, 431.1057;
found, 431.1055. Anal. Calcd for C19H19ClN6O2S‚1.0HCl: C, 48.83;
H, 4.31; N, 17.98. Found: C, 48.76; H, 4.21; N, 17.80. Purity:
>98% (method A;tR ) 3.44 min).

N-(2-Chloro-6-methylphenyl)-2-(2-methyl-6-morpholinopyri-
midin-4-ylamino)-1,3-thiazole-5-carboxamide (12t):1H NMR
(400 MHz, DMSO-d6) δ 11.52 (s, 1H), 9.88 (s, 1H), 8.21 (s, 1H),
7.39 (d,J ) 6.10 Hz, 1H), 7.29-7.23 (m, 3H), 6.04 (s, 1H), 3.67-
3.65 (m, 4H), 3.49-3.46 (m, 4H), 2.41 (s, 3H), 2.23 (s, 3H). HRMS
(ESI) m/z calcd for C20H22ClN6O2S (M + H)+, 445.1213; found,
445.1234. Purity: 95% (method A;tR ) 3.34 min).

N-(2-Chloro-6-methylphenyl)-2-(2-methyl-6-(3-morpholino-
propylamino)pyrimidin-4-ylamino)-1,3-thiazole-5-carboxam-
ide (12u): 1H NMR (500 MHz, DMSO-d6): δ 11.16 (br s, 1H),
10.08 (s, 1H), 8.33 (s, 1H), 7.40 (dd,J ) 1.65, 7.38 Hz, 1H), 7.30-
7.25 (m, 3H), 6.28 (br s, 1H), 4.01-3.90 (m, 2H), 3.89-3.80 (m,
2H), 3.53-3.43 (m, 2H), 3.19-3.13 (m, 2H), 3.09-3.03 (m, 2H),
2.60-2.53 (m, 2H), 2.45 (s, 3H), 2.24 (s, 3H), 2.07-1.99 (m, 2H).
HRMS (ESI)m/z calcd for C23H29ClN7O2S (M + H)+, 502.1792;
found, 502.1787. Purity:>98% (method A;tR ) 2.25 min).

N-(2-Chloro-6-methylphenyl)-2-(6-(2-hydroxyethylamino)-2-
methylpyrimidin-4-ylamino)-1,3-thiazole-5-carboxamide (12v):
1H NMR (400 MHz, DMSO-d6): δ 11.27 (s, 1H), 9.77 (s, 1H),
8.19 (s, 1H), 7.38 (dd,J ) 2.17, 7.23 Hz, 1H), 7.32-7.22 (m,
3H), 6.16 (d,J ) 7.63 Hz, 1H), 6.09 (d,J ) 8.13 Hz, 1H), 3.60-
3.57 (m, 2H), 3.50-3.45 (m, 2H), 2.23 (s, 3H). HRMS (ESI)m/z
calcd for C18H20ClN6O2S (M + H)+, 419.1057; found, 419.1047.
Purity: 95% (method A;tR ) 2.68 min).

N-(2-Chloro-6-methylphenyl)-2-(6-(4-(hydroxymethyl)piperi-
din-1-yl)-2-methylpyrimidin-4-ylamino)-1,3-thiazole-5-carboxa-
mide (12w): 1H NMR (500 MHz, CD3OD) δ 8.22 (s, 1H), 7.35
(dd, J ) 7.1, 1.6 Hz, 1H), 7.26-7.23 (m, 2H), 6.39 (br s, 1H),
3.45 (d,J ) 6.0 Hz, 2H), 3.31-3.29 (m, 4H), 2.65 (s, 3H), 2.31
(s, 3H), 2.00-1.80 (m, 3H), 1.35-1.32 (m, 2H). LC/MS (ESI):
m/z 473 (M + H)+. Purity: 98% (method A;tR ) 3.05 min).

Lck Enzyme Assay.For the preparation of recombinant Lck,
human Lck was prepared as a His-tagged fusion protein using the
commercially available (Life Technologies) baculovirus vector
pFastBac Hta in insect cells. A cDNA encoding human Lck isolated
by PCR was inserted into the vector, and the protein was expressed
using the methods described by the manufacturer. The Lck purified
by nickel affinity chromatography was incubated in kinase buffer
(20 mM MOPS, pH 7, 10 mM MgCl2) in the presence of the test
compound. The reaction was initiated by the addition of the
substrates to the final concentration of 1µM ATP, 3.3 µCi/mL
[33P] g-ATP, and 0.1 mg/mL acid denatured enolase and was
stopped after 10 min by the addition of 10% trichloroacetic acid
and 100 mM sodium pyrophosphate, followed by 2 mg/mL bovine
serum albumin. The labeled enolase protein substrate was precipi-
tated at 4°C, harvested onto Packard Unifilter plates, and counted
in a Topcount scintillation counter.

T-Cell Proliferation Assay. A 96-well plate was coated with a
monoclonal antibody to CD3 (G19-4), the antibody was allowed
to bind, and then the plate was washed. Normal human peripheral
blood T-cells were added to the wells, along with the test compound
and anti-CD28 antibody (E.3), to provide costimulation. After 3
days, the [3H]-thymidine was added to the cells, further incubation
occurred, and the cells were harvested and counted in a scintillation
counter to measure proliferation.

Inhibition of IL-2 Production Ex Vivo in Mice. BALB/c
female mice were dosed by oral gavage (po) with either vehicle
alone (propylene glycol-water, 1:1, v/v) or compound12m
dissolved in vehicle. After 2 h, blood was collected into heparain
anticoagulant. Triplicate cultures of each sample containing 100
µL whole blood and anti-CD3 antibody (10µg/mL), anti-CD28
antibody (10µg/mL), and goat anti-hamster IgG antibody (30µg/
mL) were established in 96-well plates. Plates were incubated for
24 h at 37°C in 5% CO2. Culture supernatants were collected and
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assayed for IL-2 concentration by ELISA. Results are shown as
mean( SEM of n ) 7 mice per treatment group.

Inhibition of Tumor Necrosis Factor R (TNFR) in Mice.
C57BL/6 female mice, 8-10 weeks of age (Harlan Teklad,
Indianapolis, IN), were dosed by oral gavage (po) with either vehicle
alone (propylene glycol-water, 1:1, v/v) or compound12m
dissolved in vehicle. After 2 h, mice were injected intravenously
(iv) with 500µg/kg lipopolysaccharide (LPS,Escherichia coli0111:
B4; Sigma, St. Louis, MO). Mice were bled 1 h after LPS injection.
Serum was separated from clotted blood samples by centrifugation
(5 min, 5000× g, room temperature) and analyzed for the levels
of TNFR by ELISA assay according to manufacturer’s instructions
(R&D systems, Minneapolis, MN). Results are shown as mean(
SEM of n ) 11-12 mice per treatment group.

Adjuvant Arthritis in Rats: Treatment of Established
Disease.Male Lewis rats (150-175 g; Harlan Teklad, Indianapolis,
IN) were immunized at the base of the tail with complete Freund’s
adjuvant. The volumes of their hind paws were measured in a water
displacement plethysmometer (Ugo Basile, Italy). Fourteen days
after immunization, when disease was clinically evident, rats were
randomized into treatment groups (n ) 8/group). Rats were treated
orally twice daily with12mat 0.3 mg/kg and 3.0 mg/kg in a vehicle
solution of propylene glycol/H2O (1:1). Control rats received vehicle
alone. All procedures involving animals were reviewed and
approved by the Institutional Animal Care and Use Committee.
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