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Abstract: Febuxostat, as a xanthine oxidase inhibitor, is a classic anti-gout drug with significant therapeutic
effects and good tolerability. The structures of febuxostat and its derivatives can be divided into two parts: a substi-
tuted phenyl ring and a five-membered or six-membered heterocyclic ring with a carboxyl substitution. This paper
reviewed the research progress of febuxostat derivatives in recent ten years and classified the structure-activity rela-
tionships of various febuxostat derivatives. Exploring the action mechanisms and structure-activity relationships of
xanthine oxidase inhibitors might be significant for the rational design and development of new anti-gout chemical

entities.
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Figure 3 (a) The crystal structure of bovine xanthine oxidase (PDB: IN5X); (b) The binding mode of febuxostat
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Figure 9 Binding modes of febuxostat derivatives with five-membered heterocyclic isosteres in the XO protein. (a) compound 4; (b) com-

pound 5; (¢) compound 6; (d) compound 7; (¢) compound 10; (f) compound 11

NC R
> 5. COOH 3 2 ge COOR,
(] . — R0 4 TN\ L
N N

Febuxostat Compound 5: R} = CN; Ry =allyl; R3 =H

(ICs59= 5.5 nmol-L")
Figure 10 The design strategy of selenazole derivatives and their

structures

NC R
>_\ . COOH N__COOH
L= s {p T
N N
Compound 6: R = CN; R, = i-amyl
(ICso= 84 nmol-L")

o
N_CONHNH,
Nyt
N

Figure 11 The design strategy I of triazole derivatives and their

Febuxostat

structures

TR BEAh, R FERREE K AT o T SRR, A
FFiE k.

2.1.5 BRMEIR  BKMEIRH R 0 O R BUE
25 I R R4, 2015 4F, Chen 2599 ] K LR AR
Fr AR A 7 A (R ER, DL 3-8 -4- 5 2 R N JRORE A
T — RPN -2 5 A R -4 R -2 - DR - L - R -
S-RERATAE (K13). Horh, 1- 3 &R R I
B ) XO P e, fh &4 8~ 10 O35 P AR T A A4 =)

xo@ B
NC 1 '\\IN N\y—COOH == NC 1 f\\l N\~ COOH
2 2 N

3
Y-700 Compound 7: R = m-methoxybenzyl
(IC59=210 nmol-L")

Figure 12 The design strategy 1l of triazole derivatives and their

structures
NC NC HO
>_\ 5. COOCOH ‘N COOH
o) | — RO S
N N
Febuxostat

Compound 8: R = n-butyl (IC59= 3 nmol-L"")
Compound 9: R = sec-butyl (IC59=3 nmol-L")
Compound 10: R = i-butyl (IC59= 6 nmol-L")

Figure 13 The design strategy I of imidazole derivatives and

their structures

fibo X R BILERIRFIIR L Z 8] 5] N —ANFR I 1T REAT A
T m XOLM A iEE. /TR EEs R, T
JEAp 7 A, DR MEFR_E ) F2 5 AT 5 Thrl010 7 & — AN 8
AR (K 9e).

2020 4F, Zhou S5 DAL 2H w1 A A5 F Fr) it e i
A9 WN1703 g3t H44 I s BR 35 A ke 2R, 45 1l 17
44 RN 1- 2RIk M- 4- R IR ATAE W) (B 14). K2R
A Y3t XO By B A BT (0 )5 1, 1C,, (B 7E 40 B /R
Ko MG TSR, 5 A A A . R RO
RWETER M, bt = Ak A P 5t XO il vg MR T ¢



+ 3406 -

2% %3 Acta Pharmaceutica Sinica 2021, 56(12): 3401 -3413

NC NC
>_\ . COOH >ﬁ COOH
-
Vv G Ra e Yt
N / N

Febuxostat

NC

2

I II

|

COOH NG COOH NG
—~ Ry s N__COOH
N W SN W G il
=N R’ \=N NN,
Rp
1

WN1703

R NG COOH
O-O-x
— \=N

v
Compound 11: R = ¢-butyl
(IC5p="7.2 nmol-L™")
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Figure 16 Binding modes of febuxostat derivatives with six-membered heterocyclic isosteres in the xanthine oxidase protein. (a) com-

pound 12; (b) compound 13; (¢) compound 14; (d) compound 16; (e¢) compound 17
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Figure 19 The design strategy of dihydropyrimidine derivatives and their structures
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Figure 21 The design strategy of pyridazine derivatives and their

structures
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Figure 22 Binding modes of febuxostat derivatives with a linker of methylene amino or formylamino group (a) compound 18; (b) com-

pound 19; (¢) compound 20; (d) compound 21
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Figure 24 The design strategy I of febuxostat derivatives with a

linker of formylamino group
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Figure 25 The design strategy I of febuxostat derivatives with a

linker of formylamino group
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