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Design, synthesis and biological evaluation of inhibitors of urate
transporter 1 (URAT1)
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Abstract: Urate transporter 1 (URAT1) is a validated target for the treatment of hyperuricemia. Based on the
structure of URC-102, which is currently under a phase II clinical trial, fourteen novel analogs were designed and
synthesized. Among them, four compounds (9b, 9¢, 10e and 10g) exhibited substantial inhibitory effect against
URATI. The most active compound 9b showed an IC,, value of 0.061 umol- L', which is significantly more potent
than Lesinurad and Benzbromarone. Preliminary SAR was drawn, providing clues for further structural optimization.
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Figure 2 Molecular design of URC-102 analogs
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Table 1 Physical data of the target compounds

HR-ESI-MS (m/z)

Compd. Yield/% mp/°C Found [MH]" _Caled. [M{H]"
8a 62 180-182 282.112 0 282.1125
8b 58 166-168 282.112 0 282.1125
9a 71 155-158 332.027 4 332.028 1
9b 65 221-223 409.939 1 409.938 6
9¢ 61 208-210 322.0397 322.039 6

10a 52 141-143 385.0820 385.082 8
10b 69 156-158 349.1150 349.115 8
10c 44 165-166 371.066 5 371.067 2
10d 58 136-137 335.0992 335.1002
10e 67 183-184 385.0822 385.082 8
10f 51 153-156 349.115 4 349.115 8
10g 39 171-172 371.066 5 371.067 2
10h 56 193-195 335.099 5 335.100 2
10i 37 150-151 317.0950 317.095 4
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Table 2 Spectral data of the target compounds
Compd. "H NMR and '*C NMR data
8a  'HNMR (400 MHz, DMSO-d,) § 13.12 (s, 1H), 7.95 (d, J = 7.2 Hz, 1H), 7.90 (s, 1H), 7.52 (d, J = 6.9 Hz, 1H), 7.44 (t, J = 7.4 Hz, 1H),

8b

9a

9b

9¢l!s

10a

10b

10c

10d

10f

10g

10h

10i

7.20 (d,J="7.1 Hz, 1H), 7.00 (t, J= 7.1 Hz, 1H), 6.88 (t, /= 7.1 Hz, 1H), 6.76 (s, 1H), 3.76 (t, J = 5.8 Hz, 2H), 2.82 (t, J = 5.8 Hz, 2H),
1.96 (t, J = 5.8 Hz, 2H).

13C NMR (126 MHz, DMSO-d,) § 168.44, 166.68, 138.63, 136.89, 132.39, 131.69, 130.82, 130.69, 129.00, 128.54, 128.53, 125.52, 125.13,
124.57, 44.46, 26.28, 23.65.

'H NMR (400 MHz, DMSO-d,) & 13.19 (s, 1H), 7.88 (d, J = 8.2 Hz, 2H), 7.43 (d, J = 8.1 Hz, 2H), 7.20 (d, J = 7.4 Hz, 1H), 7.00 (1, J =
7.7 Hz, 1H), 6.88 (t, J = 7.5 Hz, 1H), 6.75 (s, 1H), 3.75 (t, J = 6.4 Hz, 2H), 2.82 (1, J = 6.6 Hz, 2H), 2.00-1.90 (m, 2H).

13C NMR (126 MHz, DMSO-d,) & 168.53, 166.76, 140.71, 138.49, 131.72, 129.17 (2C), 128.56, 128.23 (2C), 125.52 (2C), 125.03, 124.64,
44.38,26.25, 23.58.

"H NMR (400 MHz, DMSO-d,) 8 10.75 (s, 1H), 7.45 (d, J = 2.1 Hz, 1H), 7.19 (d, J = 7.4 Hz, 1H), 7.12 (dd, J = 2.1, 8.4 Hz, 1H), 7.00 (td,
J=12,7.4 Hz, 1H), 6.93 (td, J= 1.5, 7.9 Hz, 1H), 6.84 (d, J= 8.4 Hz, 1H), 6.74 (d, /= 7.9 Hz, 1H), 3.73 (t, J = 6.4 Hz, 2H), 2.79 (t, J =
6.6 Hz, 2H), 1.99-1.88 (m, 2H).

13C NMR (126 MHz, DMSO-d,) § 167.80, 155.79, 139.16, 133.48, 131.39, 129.46, 128.47, 128.27, 125.51, 124.96, 124.24, 115.47, 108.66,
44.45,26.27, 23.70.

'H NMR (400 MHz, DMSO-d,) 6 10.43 (s, 1H), 7.44 (s, 2H), 7.21 (d, J = 7.3 Hz, 1H), 7.03 (td, J= 1.3, 7.4 Hz, 1H), 6.96 (td, /= 1.6,

7.8 Hz, 1H), 6.79 (d, J = 7.9 Hz, 1H), 3.73 (t, J = 6.5 Hz, 2H), 2.80 (t, J = 6.5 Hz, 2H), 1.99-1.89 (m, 2H).

13C NMR (126 MHz, DMSO-d) 6 166.23, 152.28, 138.66, 132.59 (2C), 131.72, 130.12, 128.50, 125.56, 125.06, 124.58, 111.04 (2C),
44.53,26.24, 23.61.

"H NMR (400 MHz, DMSO-d,) 6 10.70 (s, 1H), 7.27 (s, 2H), 7.21 (d, J = 7.4 Hz, 1H), 7.03 (td, J = 1.3, 7.4 Hz, 1H), 6.95 (td, J = 1.6,

7.8 Hz, 1H), 6.78 (d, J = 8.1 Hz, 1H), 3.73 (t, J = 6.5 Hz, 2H), 2.81 (t, J = 6.6 Hz, 2H), 2.00-1.88 (m, 2H).

13C NMR (126 MHz, DMSO-d,) 6 166.55, 150.66, 138.69, 131.72, 128.91 (2C), 128.72, 128.51, 125.57, 125.02, 124.56, 121.58 (2C),
44.51,26.24, 23.60.

'H NMR (400 MHz, Acetone-d,) 8 10.13 (s, 1H), 7.59-7.47 (m, 2H), 7.26-7.20 (m, 3H), 7.06-6.91 (m, 3H), 3.84 (t, J = 6.4 Hz, 2H),

2.89 (t, J = 6.4 Hz, 2H), 2.08-2.02 (m, 2H).

13C NMR (126 MHz, CDCL,) 6 168.73, 138.45, 135.67, 132.14, 131.97, 130.15, 128.87, 126.28, 125.84, 125.62, 125.26, 124.95, 122.94,
119.92 (q, J = 323.0 Hz), 44.97, 26.87, 24.01.

"H NMR (400 MHz, DMSO-d,) 8 11.29 (s, 1H), 7.51-7.41 (m, 2H), 7.35-7.05 (m, 4H), 6.99 (t, J = 7.3 Hz, 1H), 6.96-6.83 (m, 1H), 3.70
(brs, 2H), 2.79 (t, J = 6.6 Hz, 2H), 1.97-1.90 (m, 2H).

13C NMR (126 MHz, DMSO-d,) 6 166.83, 154.94 (q, J = 37.0 Hz), 138.27, 132.87, 130.35 (2C), 129.16, 128.52, 126.63, 126.09, 125.35
(20), 124.53, 124.36, 115.90 (q, J = 288.6 Hz), 39.52, 26.33, 23.21.

"H NMR (400 MHz, DMSO-d,)  8.14 (d, J = 8.2 Hz, 1H), 7.56-7.44 (m, 2H), 7.41-7.31 (m, 2H), 7.29-7.25 (m, 1H), 7.22 (d, J = 8.9 Hz,
1H), 7.11-7.03 (m, 1H), 3.82 (t, J = 8.4 Hz, 2H), 3.04 (t, J = 8.4 Hz, 2H).

13C NMR (126 MHz, DMSO-d,) § 165.37, 142.64, 135.24, 132.74, 130.52, 127.75, 127.63, 127.02 (2C), 124.96 (2C), 124.08, 119.69 (q,
J=1325.2 Hz), 116.75, 49.83, 27.70.

'H NMR (400 MHz, DMSO-d,) 8 11.32 (s, 1H), 8.04 (d, J = 6.4 Hz, 1H), 7.64 (d, J = 6.4 Hz, 1H), 7.56 (t, J = 7.4 Hz, 1H), 7.48 (d, /=77
Hz, 1H), 7.43 (t,J=7.1 Hz, 1H), 7.27 (d, J="7.3 Hz, 1H), 7.21 (brs, 1H), 7.11-6.76 (m, 1H), 3.97 (t, J = 8.2 Hz, 2H), 3.07 (t, J = 8.2 Hz, 2H).
13C NMR (126 MHz, DMSO-d,) 6 165.99, 155.16 (q, J = 36.8 Hz), 142.79, 132.72, 131.87, 130.34, 127.67, 127.08 (2C), 126.99, 126.28,
124.93,123.99, 116.81, 115.87 (q, J = 288.5 Hz), 50.16, 27.83.

"H NMR (400 MHz, CDCL,) § 9.65 (s, 1H), 7.61 (s, 1H), 7.41 (ddd, /= 0.8, 2.2, 8.2 Hz, 1H), 7.18 (d, J= 7.5 Hz, 1H), 7.13 (t, J= 7.9 Hz,
1H), 7.05 (td, J= 1.0, 7.5 Hz, 1H), 6.89 (t, /= 6.3 Hz, 2H), 6.66 (brs, 1H), 3.95 (t,J = 6.6 Hz, 2H), 2.85 (t, /= 6.6 Hz, 2H), 2.12-2.04 (m, 2H).
13C NMR (126 MHz, DMSO-d,) 6 168.23, 138.58, 137.87, 135.02, 131.72, 129.57, 128.47, 125.97, 125.51, 124.87, 124.59, 123.71, 121.83,
119.65 (q, J = 324.1 Hz), 44.37, 26.21, 23.63.

'H NMR (400 MHz, DMSO-d,) 8 11.33 (s, 1H), 7.79 (t,J = 1.7 Hz, 1H), 7.72 (dd, J = 1.6, 7.8 Hz, 1H), 7.34 (1, J = 7.9 Hz, 1H), 7.20 (d,
J=7.3Hz, 1H), 7.09 (d,J=7.7 Hz, 1H), 7.01 (td, J= 1.0, 7.4 Hz, 1H), 6.97-6.89 (m, 1H), 6.83 (d, /= 7.4 Hz, 1H), 3.75 (t, J = 6.4 Hz, 2H),
2.81 (t, J = 6.6 Hz, 2H), 1.99-1.91 (m, 2H).

13C NMR (126 MHz, DMSO-d,) 6 168.68, 154.58 (q, J = 37.0 Hz), 138.67, 137.36, 136.49, 131.44, 128.82, 128.57, 125.52, 125.05, 124.90,
124.49, 122.27, 120.53, 115.71 (q, J = 288.7 Hz), 44.63, 26.25, 23.62.

"H NMR (400 MHz, Acetone-d,) 8 10.44 (brs, 1H), 8.10 (brs, 1H), 7.62-7.53 (m, 4H), 7.26 (d, J = 8.6 Hz, 1H), 7.16 (s, 1H), 7.04 (1, J =
7.4 Hz, 1H), 4.06 (t, J = 8.3 Hz, 2H), 3.14 (t, J = 8.3 Hz, 2H).

13C NMR (126 MHz, CDCL,) 6 168.67, 141.94, 137.40, 135.64, 132.43, 129.94, 127.91, 125.52, 125.46, 124.99, 124.56, 122.29, 120.01
(q.J = 322.9 Hz), 118.42, 51.42, 28.50.

'H NMR (400 MHz, DMSO-d,)  11.42 (s, 1H), 8.07 (brs, 1H), 7.88 (s, 1H), 7.81 (d, J=8.1 Hz, 1H), 7.56-7.51 (m, 1H), 7.45 (d,./= 8.0 Hz,
1H), 7.29 (d, J = 8.0 Hz, 1H), 7.18 (brs, 1H), 7.07-7.01 (m, 1H), 4.01 (t, J = 8.2 Hz, 2H), 3.09 (t, J = 8.2 Hz, 2H).

13C NMR (126 MHz, DMSO-d,) § 167.28, 154.70 (q, J = 37.1 Hz), 142.52, 137.68, 136.52, 132.75, 129.34, 126.91, 125.07, 124.05 (2C),
122.57, 119.55 (2C), 115.75 (q, J = 288.7 Hz), 50.45, 27.77.

'H NMR (400 MHz, CDCL,) 6 8.22 (brs, 1H), 7.55 (s, 1H), 7.47-7.37 (m, 3H), 7.36-7.29 (m, 1H), 7.22 (d, J = 8.0 Hz, 1H), 7.04 (brs, 1H),
4.05 (brs, 2H), 3.12 (t, J = 8.2 Hz, 2H), 2.98 (s, 3H).

13C NMR (126 MHz, DMSO-d,) 6 167.48, 142.60, 138.66, 138.03, 132.81, 129.63, 126.89, 125.08, 123.98, 122.02, 120.95, 117.75, 116.88,
50.53, 50.38, 27.72.
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Scheme 1 Synthesis of compounds 8-10. Reagents and conditions: (a) (COCl),, DMF, DCM, RT, 1 h; Et;N, RT, 2 h; (b) NaOH, THF-

MeOH-H,0 (2:2:1), RT, 2 h; 1 mol-L" HCI; (¢) CH,COCI, Et;N, THF, RT, 2 h; (d) Pd/C (10%), H,, MeOH, RT, 4 h; () Et;N, DCM, RT, 2 h

Table 3 Inhibitory activities of the target compounds against URAT1. NA: Inhibition <20%, 10 pmol-L™'; ND: Not determined; “1Cy, 0.1-
1.0 umol - L7113
Compd. Inhibition/10° mol - L' IC,,/10° mol-L"' Compd. Inhibition/10° mol- L' IC,,/10° mol-L"
8a NA ND 10c 47% ND
8b NA ND 10d NA ND
9a 68% ND 10e 82% 1.51
9b 99% 0.061 10f NA ND
9¢" 94% 0.182 10g 77% 2.19
10a 62% ND 10h NA ND
10b NA ND 10i NA ND
Lesinurad ND 39.00 Benzbromarone ND 0.49
URC-102 ND 0.0230¢
3 N\ #0.061 pmol - L, 5 PEAL T F P g FE AR IR T [ . 4)
ASCUAE T 1T I AR ST URC-102 53 F 98 B 8O0 R WE TR, URC-102 4514 Hh F ML e -1

B, S8 AR H S HE SR BRI R S, TE S T
144 HAs &9, 0 5E 7 e 10 URATL 40 1l v&
Mo Hr 4 /MEEY (9b.9¢.10e.10g) 5o H B I 1)
F 2, Ak &% 9b X URATI [ 2 B0 i) 9 B 1C,, 34

WA 5 4 SO VF — 58 IV A R AR A (I W] 4 o R OF
MR WG 2 B A R BE 24, {5 N-24% FR B 32k £ g mh A
E AR (R4 U2 1 SR R AR AL ) X i
VEA R BRI . I L AAAE W R 1 L
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(Y ECAR R Ay R B URAT L A0 7 FH 1 BAR A 7893 5%
fFo BRMIROK 5 URATL /N3 -0 571 1) & B A
gttt ¥ 2% .

SCIGER Sy

1% 15 5% Fisher Scientific & U S A &, iR
KW IE, M REENE K F VarianMercury 400 7Y #% ff 3 37
LG E, TMS N P bR o Jit i K Fl LC/MDC-MS # BX i
% {X (Thermo, USA) ¥l & - ¥ il /> B K I HE K H
(200~300 H), # 2t it ik i N0 610 K EERIT K
PR 23 7] BT P2 1Y) GF 254 BURE OB o S2 36 it FH K A1) D AL
OB o M Al W SR JG RAEE— P A, AL . BY
FAVE Y N oy A 2, v Jo /K 9% 77038 48 55 [ ) 3 B B
(Innovative Technology) 7t 7K ¥ 71 46 ft. 5 4t b 7K J 1
F, FAh A AR 48 R 2 b 2
1 KEYHERK
1.1 RiEfR2aiHl&E KRR EIR PR TG (216 mg,
1.2 mmol) ¥ T 7K & W %E 5 mL 1, B\ 3 3 DMF,
SR G 2218 N N S (254 mg, 2.0 mmol) =I5 &N
1 he I8 M4 k25 s I 7R I 6 ) T R, PR G
BT K AR S mLh & H . #HEE 1a (133 mg,
1.0 mmol) ¥ AT TEK Z & B, MA =2 (202 mg,
2.0 mmol), SR J5 7EUKIE T G218 N b3k 1] 4% R A,
i N2 he TLC MW 564, K SRR A 50 mL
TR RRRE, SRS KB, A LA O K R B AN TR,
ABRIEF GBS 8 ChME- 28 OBE1001) 133
b &9 2a, L 61%. "H NMR (400 MHz, CDCl,) o
8.10~8.06 (m, 1H), 8.03~7.96 (m, 1H), 7.48~7.41 (m,
1H), 7.35~7.27 (m, 1H), 7.14 (t, J = 6.8 Hz, 1H), 7.01~
6.93 (m, 1H), 6.88~6.78 (m, 1H), 6.66 (brs, 1H), 3.93~
3.81 (m, 5H), 2.88~2.80 (m, 2H), 2.10~1.97 (m, 2H).

KA BT 1EE BT a4 2b .5 & 6.
1.2 FEF4eHl & ¥ E Y 3 (2 070 mg,
10 mmol) /il A TG 7K DY &R 30 mL 1, i\ = 2 Ji
(1 515 mg, 15 mmol), 2R J5 FE VKB N 218 I\ S Bt &
(942 mg, 12 mmol), Z i N &M 2 ho TLC Hill Jx B 58
45 1) [N 42 18 0 N UK K 50 mL ¥ K, AR
2R 2 BE R 3 Ik, WA A AL AN e 1k, B HLAE
IKBR RN T )%, WUE IR 415 B A P de, TTHBEH T
T4, W 92%. 'H NMR (400 MHz, DMSO-d,) ¢
13.71 (s, 1H), 8.03 (s, 2H), 2.45 (s, 3H).

K RAU 724 BT R A 44 4a.4b.
1.3 EfRScHIHI&  Hil I vE S Ak 2a 1SR,
AN A 2 A AE T TR B 1R 5 4, WS 56%. HR-MS
(ESI) m/z: Calcd. for C3H,(CLLNO, [M+H]" 364.044 1,

Found 364.043 2.

KA 7724 BT A 5a.5b.
1.4 HEMEATHHEIE KA 6 (268 mg, 1.0 mmol)
IO EES mL o, 28 5 2218 N 10% 48 5% 50 mg, ¥4
RNARRFEA B3, EHRMN4h, TLC B
;58 4, K I N7 R 9 R i, YRR IR 4 T RS B4k
G, TEERHT T,
1.5 B EYsamflg KA1 2a (295 me,
1.0 mmol) HI A DY SRR — FH i —7K (2:2:1) IR & %
710 mL 1, 28 J5 I N A AL BN (80 mg, 2.0 mmol), =
BN 2 he TLC MR s B 58 4, 98 9 48 Bk 25 S A
RHPRE D A NLE R, SR KR, B 1 mol - L
Eh PR 2218 R T pH & 3~4, AT [ A, B T AR AS M
i, SR FH 2 - K Mk &R B 45 19 3 B AR 5 3a.

KRBT VES K T 8b.9a.9b.9¢c. Hirib &4
8a.8b. 9a.9b.9c [1JHAb 1 J5 AN 22 5045 W& 1 F1 2.
1.6 BRMEEY10ghEIE  FAHRATH AT (119 mg,
0.5 mmol) MM A J& /K Z & H k¢ 5 mL 1, F I A ik i
(79 mg, 1.0 mmol), ZRJ5 FE VK T 22 18 ¥ N = 5 H B iR
It (169 mg, 0.6 mmol), & ¥ K B 2 ho TLC Wl ) 3
SE4, B I SR S R R R R, K e, oK B R AT
P DRI, A g B CR - LR OBE S50 1) 13
FH LAY 10g.

KT ES KT 10a~10f.10h.10i. H brik
0 10a~ 104 [ B AL 5 RN 22 55008 W26 1A 2,
2 &4 URAT1HNHEME SIS

B 3% 4 5E % 75 hURATI 1) HEK-293T 44 fitd #k
(DMEM 5 77 2 +10% i 4 1fiL % +500 pg - mL' G418+
1% P/S), 5 21 j 322 Fl 2] 96 FLAH B 55 724, 15 9% 12~
24 h. tb& Y H DMSO L A% 10 mmol - L ¥ B 1) BE W,
T R BE R 1 mmol - LY, 33— B 3T 4 15 45 1
FiRE o A5 96 FLAR HH 4t i 5 7% U B = B AT 1047 C- IR IR
75§ € 3215 hURAT 1 40 g o 1) R iR 36 . B L Im A
50 pL A R4 A #0A1 0.1 Ci-mL"! “C-JR BR ¥ W, 7
37 °CRE A H S minJi, SLEIHIN 150 uL vk A 1
Gz LA 2B, BEFLANN 50 pl 2 AE R 2 Bl
L, B TR % %8 £ LL900 r- min 3 FF 4R % 5 min;
LN 150 uL [N £V Microsint 40, P4 900 r- min™ 1]
T PR % 5 min; K MicroBeta Trilux (PerkinElmer 2
A AR PE) ARSI R RO 1, S XL-fit 53T 4T
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