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A series of potent and orally bioavailable 3,4-diaminocyclobutenediones with various fluoroalkyl groups
as a side chain were prepared and found to show significant improvements in the binding affinities
towards both CXCR2 and CXCR1 receptors.
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Chemokines1 are chemotactic cytokines that are released by a
wide variety of cells to attract macrophages, T-cells, eosinophils,
basophils, neutrophils, and endothelial cells to sites of inflamma-
tion and tumor growth. In general, chemokines have been classi-
fied2 into two main classes, the CXC-chemokines and the CC-
chemokines. The CXC-chemokines include interleukin-8 (IL-8),
neutrophil activating protein-1 (NAP-1), NAP-2, and GRO-a as well
as many others. These CXC-chemokines3 promote the accumula-
tion and activation of neutrophils and hence, they have been impli-
cated in a wide range of acute and chronic inflammatory disorders4

including psoriasis, RA, and COPD. IL-8 mainly activates neutro-
phils through their G-protein coupled receptors, CXCR1 and
CXCR2. Due to the well established relationship between IL-8
and inflammatory diseases, CXCR1 and CXCR2 antagonists5 have
been targeted for small molecule drug discovery. Several literature
reports are available on the discovery of CXCR2 antagonists.6 We
previously reported several publications on the structure–activity
relationships of 3,4-diaminocyclobutenedione6a–d (e.g., 1) class of
CXCR2 antagonist and two other structures, 3,4-diaminothiadiaz-
oleoxides6e 2 and 3 and 3,4-diamino-1,2,5-thiadiazoles6f 4. The
other notable CXCR2 antagonists include urea7a compounds 5,
cyanoguanidines7b 6, and cyclic sulfonamides7c 7 from Glaxo-
SmithKline. Our previous reports on diaminocyclobutenediones
primarily focused on the right side amine modifications, particu-
larly benzyl, substituted furyl, and heteroaryls. Herein, we report
our efforts to improve both receptor binding affinities particularly
ll rights reserved.
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CXCR1 by introducing fluoroalkyl a side chain RF groups as in 1a
(Fig. 1).

Table 1 summarizes the effect of various fluoroalkyl a-substitu-
ents RF on CXCR2 and CXCR1 binding affinities. A general synthetic
procedure6,8 for the preparation of the right side amines and final
coupling to cyclobutenedione can be obtained from our previous
OH HO H

1a
R

Figure 1. Existing diamino structures as CXCR2 antagonists.
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Table 1
3,4-Diamino-cyclobutenediones: effect of the fluorinated a side chain on CXCR2 and
CXCR1 binding versus IL-8
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Compounds –CHRFR– CXCR2 Ki (nM)a CXCR1 Ki (nM)a

8 O 4 20

9 O
CF 3

2 6

10 O
CF 3

5 9

11 O

CF 3
5 100

12 O

CF 3
400 NT

13 O

F
13 16

14 O

F

4 5

15 O

F
7 43

16
O

F
F

10 6

17 O

F
F

14 6

Table 1 (continued)

Compounds –CHRFR– CXCR2 Ki (nM)a CXCR1 Ki (nM)a

18 O

F
F

12 30

19 O

F
F

2 25

20
O

F
F

5 22

21
O

F
F

9 NT

22
O

F

8 24

23
O

CF 3F
F

4 10

24 O
Cl

CF 3
7 34

25
O

Cl

Cl

CF 3

5 103

26
O

Cl

CF 3

5 20

27 4 40

28

CF 3
14 40
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Table 1 (continued)

Compounds R1 CXCR2 Ki (nM)a CXCR1 Ki (nM)a

29

O

O
CF 3

5 8

NT, not tested.
a Values are means of two experiments.

Table 2
Rapid rat pharmacokinetic results for a selected list of compounds

Compound R rat AUC (po) (lM h)a

8 49.0
10 19.8
13 3.6
14 3.6
16 3.0
27 17.4
29 9.17

a Values are means of three experiments.
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reports. Compound 9 with a trifluoromethyl group showed three-
fold improvement in CXCR1 and twofold in CXCR2 binding
affinities compared to the ethyl compound 8. However, a trifluoro-
ethyl group as found in compound 11, showed weaker binding
affinity towards CXCR1 receptor while retaining excellent CXCR2
affinity. Introduction of 1,1,1-trifluoropropyl group as in com-
pound 12 further weakened the CXCR2 affinity. Based on these re-
sults, we focused our attention on trifluoromethyl and fluoroethyl
side chains. Compound 14 with a 2-fluoroethyl side chain on 4-
methyl furan was one of the most potent duel CXCR2–CXCR1
antagonists. It is interesting to note that a difluoroethyl substituted
compound 16 and 17 had a threefold improvement towards CXCR1
binding affinity over the compound 8. 3,3-Difluoropropyl substitu-
tion as in compound 20 did not improve the CXCR1 potency. Com-
pound 23 with a pentafluoroethyl substitution showed twofold
improvements in CXCR1 affinity compared to the ethyl side chain.
A 2-fluoroisopropyl substitution as in compound 22 was well toler-
ated on both the receptor affinities. We also incorporated the fluo-
roalkyl side chain in the right side benzyl series. Compound 29
with a trifluoromethyl group in phenylmethylenedioxy motif
showed single digit nanomolar affinity towards both the receptors.
Most of these compounds showed excellent blood levels in the ra-
pid rat pharmacokinetic screen as shown in Table 2.

In summary, the fluoroalkyl modifications significantly im-
proved binding affinities towards both CXCR1 and CXCR2 receptor.
Moreover, fluoroalkyl a side chain modifications produced com-
pounds with excellent blood levels. Compounds 9, 10, and 14 were
identified as the most potent compounds.
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