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Figure 1. Very potent dipeptide derivative VLA-4 antagonist (1); Ts-Pro-Ph
dicyclohexylammonium salt X-ray crystal structure (dicyclohexylammon
omitted for clarity).
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A series of (S)-2-(2-(diethylamino)-5-(N-alkyl-N-sulfonamido)pyrimidin-4-ylamino)-3-(4-(carbamoyl-
oxy)phenyl)propanoic acid is discovered as orally available VLA-4 antagonists. Representa tive com- 
pounds 11b and 11p showed efficacy in multiple in vivo animal models. The in vitro selectivity of 11p
is also described. 

� 2013 Elsevier Ltd. All rights reserved. 
Very late antigen 4 (VLA-4, a4b1 integrin) is an adhesion mole- 
cule, which is expressed on T-cells, B-cells, eosionophils , basophils 
and mast cells. 1 VLA-4 binds to vascular cell adhesion molecule 1
(VCAM-1), which is transient ly expressed on endothelial cells in 
response to cytokine s, and to fibronectin (FN), which is present 
in the extracellul ar matrix. 2 Interactions of VLA-4 with these li- 
gands mediate the adhesion, extravascularizat ion, and survival of 
lymphocytes , in certain beneficial or pathological states of inflam-
mation. The humanized monoclonal antibody Natalizuma b blocks 
the binding of VLA-4 to VCAM-1, and is an effective intravenous 
therapy for multiple sclerosis (MS).3,4 Towards oral therapies for 
MS and other inflammatory diseases, considerable research has 
been devoted to the discovery of orally available small molecules, 
which block the function of VLA-4. 5–12 Dipeptide derivatives 
including 1 (Fig. 1) are very potent VLA-4 inhibitor as demon- 
strated by FN cell adhesion assay 13 but with poor oral availabilities, 
which have been reported by several research groups. 14 During the 
course of our VLA-4 inhibitor discovery program, we obtained the 
X-ray crystal structure of the dicyclohexy lammonium salt of the 
moderately potent VLA-4 inhibitor Ts-Pro-Phe-O H 2. The unit cell 
contained four very similar conformati ons of 2, one of which is 
illustrate d in Figure 1. In all four conformations , the proline residue 
was in a gamma-turn conformati on, with a Psi angle near zero. 

Given the observed proline gamma turn conformation, we 
hypothes ized a 5-substituted pyrimidine might be an effective 
replacemen t for the amide bond in 1. Applying the methods illus- 
trated in Scheme 1, we converted the previousl y reported interme- 
diate 4 into 3, which proved to be a very potent VLA-4 inhibitor, 
albeit still with suboptimal oral availabili ty. 
e-OH (2)
ium ion 
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Scheme 2. Reagents: (a) 2,4-dichloro-5-nitropyrimidine, iPrN(Et)2, THF; (b) Et 2NH,
iPrOH; (c) R1COCl, Et 3N, CH 2Cl2; (d) Pd/C, H2, EtOH; (e) ArSO 2Cl, pyridine; (f)
Me 2SO4 or EtI or propargyl chloride, K2CO3, DMF; (g) HCO 2H
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Figure 2. 5-Substituted pyrimidine as a proline replacement. 
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Scheme 3. Reagents: (a) acetone, AcOH, PtO 2, H2, EtOH; (b) ArSO 2Cl, pyridine; (c)
HCO 2H.
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Scheme 1. Reagents and conditions: (a) 2,4-chloro-5-nitropyrimidine, iPrN(Et)2,
CH 2Cl2, 0 �C; (b) Pd/C, H2, NaHCO 3, EtOH; (c) TsCl, pyridine; (d) Me 2SO4, K2CO3, DMF 
(e) HCO 2H.
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Previously, we reported that similar pyrimidines, with Et 2N
groups attached on their 2-positions, are orally available VLA-4 
inhibitors.9 Applying the methods illustrated in Scheme 2, we pre- 
pared 11a (Fig. 2), which has in vitro potency compara ble to 3, but 
15% oral availability in rat. 
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Given the success of 11a, we applied the methods illustrated in 
Schemes 2 and Scheme 3 to prepare a panel of pyrimidines , struc- 
tures and data for which are illustrated in Table 1. All the products 
were determine d to be very potent in our FN cell adhesi on assay. 
However, there were strong substituent effects on system ic expo- 
sure as measured by cassette dosing .15 In general, the best expo- 
sures were obtained for 4-fluorophenyl sulfona mides, with 
unbranch ed N-substit uents, and carbamates derived from 
pyrrolidi ne. Compound 11p, which combine s an N-propargy l
4-fluorophenyl sulfonamide with a pyrrolidine carbamate, achieves 
very impressive exposure, as measured by either cassette dosing or 
a 12-h individua l PK experime nt. 

Compounds 11b and 11p also were tested in FN cell adhesion 
assays including serum from humans, mice, or rats (Table 2). The 
IC50s determined in the different sera suggest very strong binding 
of these compounds to proteins in human and rat sera, but much 
weaker binding to proteins in mouse serum. 

A 0.3 mg/kg oral dose of compound 11b was determined to in- 
hibit the early and late phases of airway hyper-re sponsiveness and 
subsequent carbachol sensitivity in the Abraham sheep model of 
asthma16 (data not shown). Compound s 11b and 11p were tested 
in a mouse model of acute pulmonary cellular influx.17 Female
Black/6 mice were sensitized on day 1 by intraperitonea l injection 
(i.p.) of ova/alum followed by a booster injection on day 14. Mice 
were challenged on day 28 and 29 with aerosolized ova and alum. 
Mice were euthanized and bronchoalveola r lavage samples were 



Table 1
In vitro potencies and exposures/pha rmacokinetics in SD rat for compounds 11a–11r

Ar R1 R2 FN Cell adhesion a IC50

(lM)
Cassette AUC (lg h/ 
mL)

AUC iv (lg h/ 
mL)

iv t1/ 

2

AUC po (lg h/ 
mL)

C12 pob (lg/ 
mL)

Fc

(%)

11a p-Tolyl NMe 2 Methyl 0.003 41 1.6 6 0.10 (6h) 15
11b 4-Fluorophenyl NMe 2 Methyl 0.002 1.78 27 4.1 20 0.12 74 
11c 4-Chlorophenyl NMe 2 Methyl 0.003 1.64 32 7.1 23 0.13 73 
11d 4-Fluorophenyl NMe 2 Ethyl 0.001 1.9 32 3.3 14 0.06 44 
11e 4-Chlorophenyl NMe 2 Ethyl 0.007 1.25 17 4.2 5.1 0.012 33 
11f 3,4- 

Difluorophenyl
NMe 2 ethyl 0.004 0.55 17 3.6 4.2 0.008 24 

11g 4-Fluorophenyl NMe 2 i-Propyl 0.005 0.51 
11h 4-Chorophenyl NMe 2 i-Propyl 0.004 0.43 
11i 3,4- 

Difluorophenyl
NMe 2 i-Propyl 0.007 0.12 

11j p-Tolyl Pyrrolidine Methyl 0.006 20.54 173 6.1 74 0.45 43 
11k 4-Chlorophenyl Pyrrolidine Methyl 0.019 13.2 153 10.2 51 0.33 33 
11l 2,4- 

Difluorophenyl
pyrrolidine Methyl 0.008 14.8 90 11.3 16 0.1 17 

11m 4-Fluorophenyl Pyrrolidine Ethyl 0.001 12.8 111 5.9 51 0.18 46 
11n 4-Chlorophenyl Pyrrolidine Ethyl 0.017 9.7 110 5.7 34 0.1 31 
11o 2,4- 

Difluorophenyl
Pyrrolidine Ethyl 0.009 4.8 83 11.1 28 0.05 34 

11p 4-Fluorophenyl Pyrrolidine Propargyl 0.008 90.3 156 10.4 88 1.31 56 
11q 2,4- 

Difluorophenyl
Pyrrolidine Propargyl 0.013 23.8 126 9.2 42 0.12 33 

11r 4-Fluorophenyl Azetidine Ethyl 0.002 0.9 34 6.9 6 0.01 16 

a Fibronectin mediated cell adhesion assay. 
b Compound level at 12 h post po dosing. 
c F = bioavailability. 

Table 2
IC50s of 11b and 11p in FN cell adhesion assays with and without sera from human, 
rat, and mouse 

a4b1-FN IC 50 (lM)

0.3% 
BSA 

100% Human 
serum 

100% Rat 
serum 

100% Mouse 
serum 

11b 0.002 0.045 0.28 0.006 
11p 0.009 4.6 1.9 0.036 
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collected on day 30, 48 h post first challenge. The a4 antibody, PS/2, 
was administered iv at 10 mg/kg, 2 h prior to the first challenge. 
Compounds 11b and 11p were administered twice daily on days 
28 and 29 by oral gavage, at a constant dose volume of 5 ml/kg, 
Table 3
Efficacy of 11b and11p in a mouse model of acute pulmonary cellular influx

11

10 mg/kg 

Eos influx% inhibition wrt a PS/2b 80**

Eos influx% inhibition wrt a vehicle group 45 **

a With respect to. 
b PS/2 is an a4 antibody, it was used as positive control in the study. The typical rang

** p <0.01.
* p <0.05.

Table 4
Efficacy of 11p in the rat CIA model 

11p 

30 mg/kg 10 mg/kg 3 mg/kg 

AUC paw diameter 37 ** 31* 25 
Final paw weight 23 * 26* 15 
Body weight 15 14 0
Ankle histology 26 ** 26* 24*

Knee histology 37 ** 40** 39**

** p <0.01.
* p <0.05.
1 h prior and 12 h post challenge. The typical range of inhibition 
achieved by PS/2 was 60–80%. As illustrated in Table 3, 11b and
11p had minimum effective po doses of 10 and 3 mg/kg, 
respectivel y. 

The robust efficacy of 11p in the mouse model of pulmonary 
cellular influx prompted us to test this compound in a rat collagen 
induced arthritis (CIA) model. 18,19 Female Lewis rats with develop- 
ing type II collagen arthritis were treated prophylactical ly by oral 
gavage, bid, with 3, 10 and 30 mg/kg 11p for 21 days. In a separate 
arm of the study, similar animals were given methotrexate (MTX)
0.05 mg/kg po, qd alone or in combination with 11p. Efficacy eval- 
uation was based on ankle caliper measureme nts, expressed as 
area under the curve (AUC), terminal hind paw weights and 
b 11p 

3 mg/kg 3 mg/kg 1 mg/kg 

5 74 * 0
3 41 * 0

e of inhibition achieved was 60–80%.

11p + MTX 0.05 mg/kg MTX 

30 mg/kg 10 mg/kg 3 mg/kg 0.05 mg/kg 

41 ** 24* 21 24 
37 ** 11 25 * 17 
26 * 27* 13 28 *

31** 23* 21* 17 
46** 46* 17 31 *



Figure 3. EAE experiment of 11p with Tysabri as positive control. 

Table 5
Activity of 11p in adhesion assays involving different integrins 

Assays IC 50 (lM)

a4b1-FN 0.009 
a4b7-MadCAM 7.24 
aLb2-ICAM >30 
avb1-OPN 0.5 
a5b1-FN >30 
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histopatholo gic evaluation of ankles and knees. Results were ex- 
pressed using only animals that had definite clinical and histopath- 
ologic evidence of disease induction that resulted in connective 
tissue damage. As illustrate d in Table 4, 11p had significant effects 
on inflammation, cartilage destruction , and bone resorbtion. Rats 
treated with 11p at 30 mg/kg or 10 mg/kg alone and in combina- 
tion with MTX had significant inhibition of clinical arthritis as as- 
sessed by AUC for ankle swelling. Rats given 11p at 3 mg/kg had 
25% non-significant inhibition of AUC and the effect was similar 
to the groups treated with combination of MTX or MTX alone. A
very similar trend was observed with final paw weights. Significant
effect was observed with higher doses but not 3 mg/kg 11p alone.
Animals treated with 11p alone had slight but non-significant 
improvement of body weight gain at 10 and 30 mg/kg. 

The effects on histopatholo gy indicate 11p has disease modify- 
ing anti rheumati c drug (DMARD) activity at all doses, alone or in 
combination with MTX. The lack of a dose–response for the 
DMARD effects of 11p suggest even 3 mg/kg achieves a maximal 
effect. Compound 11p at all doses also had stronger DMARD activ- 
ity than Methotrexa te at 0.05 mpk. 

Compound 11p also was tested at 30 and 300 mg/kg po in gui- 
nea pig EAE. 20 In this model of EAE animals were immunized and 
only animals with established disease (clinical score 21 >0) were 
randomized into treatment group at 16–18 days post immuniza- 
tion. Compound 11p was dosed orally bid for 12 days as Natal- 
izumab (Tysabri) was dosed every other day. As illustrated in 
Figure 3, Natalizuma b and high dose 11p were able to reverse par- 
alytic symptoms of EAE in guinea pigs as measured by clinical 
score. Mean clinical scores in the Natalizumab treated group were 
reduced from 1.3 before treatment to an average score of 0.5 by 
treatment day 12. 300 mg/kg 11p administration reduced the 
mean clinical score by half from 1.3 to 0.7 over the treatment per- 
iod. In guinea pigs treated with either vehicle or low dose 11p, clin- 
ical scores increased steadily over the treatment period. Vehicle 
treated animals experienced an increase in mean clinical score 
from 1.2 to 1.6, while 30 mg/kg 11p treated animal’s scores like- 
wise increased from 1.2 to 1.9 over the same period. 

As illustrated in Table 5, the activities of 11p on several inte- 
grins were determined. Compound 11p showed no activity on 
LFA122 or a5b1.23 Compound 11p was much weaker in assays 
involving binding of avb1 to osteopontin (OPN),24 or a4b7 to 
MadCAM.25
In conclusio n, we have identified a group of arylsulfonamide 
pyrimidines, which are potent inhibitors of VLA-4. These com- 
pounds retain the potency of the similar dipeptide inhibitors, but 
display much greater bioavailability, and achieve efficacy in animal 
models of asthma, rheumatoid arthritis and multiple sclerosis 
when dosed orally. 
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