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Abstract: This study was conducted to improve structural instability of a highly active DHODH inhibitor A
found in our group. Twelve prodrugs were synthesized by modifying the carboxyl group. The enzyme activity
test of 12 prodrugs A1-A12 demonstrated that A1-A5 displayed weak inhibitory activity, and A6—A12 displayed
no activity, which met the action mechanism of designed prodrug. The structural stability of A1-A12 in methanol
and pH 2.0, 9.0 buffers were tested, and the results showed that A12 could avoid intramolecular ring-formation in
CH3;OH, A1-A8 were easily hydrolyzed under acidic conditions, and A9-A12 were inclined to hydrolyze under
akaline conditions. The cell proliferation inhibitory activity of 12 prodrugs were evaluated, in which compound
A12 displayed excellent activity (ICs,=0.63 pmol-L™") similar to brequinar. These results laid a good foundation
for conducting further vivo studies.
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Table1l Physical propertiesand *H NMR (400 MHz, DMSO-ds), *C NMR (100 MHz, DM SO-ds), HR-MS data of compounds A1-A12
Prodrug Appearance Yield/%  mp/°'C H NMR, ®*CNMR, HR-MS

Al  VYelowsolid 57 172.2-172.9 *H NMR ¢ 13.30 (br, 1H), 12.05 (br, 1H), 8.84 (s, 1H), 8.02 (d, J = 7.6 Hz, 1H), 7.91 (t, J = 8.0 Hz, 2H),
7.66 (t, J=7.2 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.51 (t, J = 8.0 Hz, 1H), 7.44 (t, J = 7.2 Hz, 1H), 7.38—
7.34 (m, 2H). *C NMR 6 167.92, 167.01, 147.26, 141.03, 134.55, 133.23, 131.94, 131.82, 131.06,

130.70, 130.34, 128.80, 128.74, 128.60, 127.22, 125.96, 109.26, 61.23, 14.10. HR-MS (ESI) Calcd. for
CigH17N30,SCI [M+H]* 386.073 0, Found 386.073 8.

A2  VYelowsolid 58 170.1-171.2 *H NMR 6 12.40 (s, 1H), 8.71 (s, 1H), 8.00 (d, J = 7.9 Hz, 1H), 7.88 (dd, J = 7.6, 2.4 Hz, 2H), 7.67 (t,
J=7.6Hz, 1H), 7.52 (q, J = 7.9 Hz, 2H), 7.46-7.32 (m, 3H), 4.26 (t, J= 6.5 Hz, 2H), 1.76 (h, J=7.1
Hz, 2H), 0.98 (t, J = 7.3 Hz, 3H). *C NMR ¢ 167.68, 167.03, 147.63, 140.16, 134.95, 133.6, 132.71,
131.53, 131.22, 130.85, 130.59, 129.52, 129.4, 129.38, 127.73, 126.74, 109.35, 67.06, 21.96, 10.87.

HR-MS (ESI) Calcd. for CaH1aN30,SCl [M+H]* 400.080 8, Found 400.088 8.

A3  VYelowsoid 60 159.5-160.3 'H NMR ¢ 12.40 (s, 1H), 8.69 (s, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.90-7.81 (m, 2H), 7.65 (t, J = 7.6 Hz,
1H), 7.55-7.46 (m, 2H), 7.44-7.32 (m, 3H), 5.16 (hept, J = 6.3 Hz, 1H), 1.35 (d, J = 6.1 Hz, 6H). *C NMR
4 205.55, 167.21, 166.04, 147.14, 139.59, 134.28, 133.20, 132.07, 131.02, 130.72, 130.35, 130.07,

129.35, 129.00, 128.84, 127.21, 126.11, 108.82, 68.85, 21.53. HR-MS (ESI) Calcd. for CaoH1sCIN3O,S
[M+H]* 400.080 8, Found 400.086 8.

A4 Yelowsolid 55  144.3-1454 *HNMR 51240 (s, 1H), 8.71 (s, 1H), 8.00 (dd, J = 8.0, 1.2 Hz, 1H), 7.89-7.84 (m, 2H), 7.67 (td, J= 7.6,
1.3 Hz, 1H), 7.56-7.48 (m, 2H), 7.42 (td, J = 7.5, 1.5 Hz, 1H), 7.39-7.33 (m, 2H), 4.30 (t, J = 6.6 Hz, 2H),
1.72 (p, 2H), 1.42 (h, 2H), 0.94 (t, J = 7.4 Hz, 3H). *C NMR ¢ 167.68, 167.02, 147.63, 140.16, 134.95,
133.70, 132.70, 131.53, 131.22, 130.85, 130.58, 129.52, 129.40, 129.37, 127.73, 126.77, 109.35, 65.32,
30.57, 19.23, 14.09. HR-MS (ESI) Calcd. for CoH20N30,SCl [M+H]* 414.096 5, Found 414.104 4.

A5 VYelowsolid 52  137.4-138.2 *H NMR§ 1241 (s, 1H), 8.71 (s, 1H), 8.00 (dd, J = 7.9, 1.2 Hz, 1H), 7.90—7.84 (m, 2H), 7.69-7.64 (m, 1H),
7.56-7.48 (m, 2H), 7.42 (td, J = 7.5, 1.5 Hz, 1H), 7.39-7.33 (m, 2H), 5.03 (h, J = 6.3 Hz, 1H), 1.77-1.63 (m,
2H), 1.33(d, J= 6.3 Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H). *C NMR 6 167.71, 166.60, 147.64, 140.09, 134.89,
133.70, 132.64, 131.53, 131.22, 130.86, 130.52, 129.74, 12952, 129.39, 127.73, 126.67, 109.35, 73.65,
28.66, 19.65, 10.07. HR-MS (ESI) Calcd. for CxH20N30,SCl [M+H]" 414.096 5, Found 414.098 8.

A6  Yelowsolid 52  981-99.0 'HNMR 1239 (s, 1H), 8.71 (s, 1H), 7.99 (dd, J = 8.0, 1.2 Hz, 1H), 7.86 (ddd, J= 7.8, 6.1, 1.6 Hz, 2H),
7.66 (td, J = 7.7, 1.4 Hz, 1H), 7.55-7.48 (m, 2H), 7.42 (td, J = 7.5, 1.5 Hz, 1H), 7.38—7.33 (m, 2H), 4.29
(t, J= 6.7 Hz, 2H), 1.74 (p, J = 6.8 Hz, 2H), 1.42—1.30 (M, 4H), 0.89 (t, J = 7.0 Hz, 3H). *C NMR & 167.68,
167.02, 147.63, 140.19, 134.95, 133.70, 132.69, 131.52, 131.22, 130.85, 130.57, 129.52, 129.40, 129.38,
127.73, 126.80, 109.33, 65.60, 28.21, 28.14, 22.29, 14.34. HR-MS (ESI) Calcd. for CyH2N30,SCl
[M+H]" 428.112 1, Found 428.120 1.

A7  VYelowsolid 59  923-931 HNMR 1245 (s 1H), 8.76 (s, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.96-7.87 (m, 2H), 7.72 (t, J= 7.7 Hz,
1H), 7.62-7.53 (m, 2H), 7.51-7.37 (M, 3H), 4.34 (t, J= 6.6 Hz, 2H), 1.79 (t, J = 7.4 Hz, 2H), 1.49-1.28
(m, 6H), 0.92 (t, J = 6.7 Hz, 3H). ®C NMR ¢ 167.56, 166.92, 147.53, 140.10, 134.85, 133.60, 132.56,
131.41, 131.12, 130.74, 130.44, 129.39, 129.30, 129.27, 127.60, 126.71, 109.20, 65.51, 31.27, 28.36,
2552, 22.36, 14.22. HR-MS (ESI) Calcd. for CsH24N30,SCl [M+H]" 442,127 8, Found 442.135 5.

A8  Yelowsolid 50 153.4-154.6 H NMR§ 12.42 (s, 1H), 8.70 (s, 1H), 8.00 (d, J = 7.8 Hz, 1H), 7.90-7.83 (m, 2H), 7.66 (t, J = 7.4 Hz,
1H), 7.56-7.47 (m, 2H), 7.42 (td, J = 7.5, 1.2 Hz, 1H), 7.39-7.33 (m, 2H), 5.00-4.91 (m, 1H), 1.98-1.89
(m, 2H), 1.78-1.68 (M, 2H), 1.64—1.49 (m, 3H), 1.47-1.25 (m, 3H). °C NMR ¢ 167.72, 166.37, 140.10,
134.84, 132.62, 131.52, 131.22, 130.86, 130.60, 129.80, 129.52, 129.39, 127.73, 126.67, 109.34, 73.85,
31.44, 25.34, 23.69. HR-MS (ESI) Calcd. for Co3H22N30,SCl [M+H]" 440.112 1, Found 440.110 1.

A9  VYelowsolid 46  168.3-169.2 H NMR & 12.41 (s, 1H), 8.78 (s, 1H), 8.02 (d, J = 7.9 Hz, 1H), 7.92-7.86 (m, 2H), 7.70-7.65 (m, 1H),
7.56-7.49 (m, 4H), 7.45—-7.40 (m, 3H), 7.39-7.34 (m, 3H), 5.38 (s, 2H). **C NMR ¢ 166.20, 147.14,
139.61, 135.86, 134.72, 133.20, 132.41, 131.04, 130.73, 130.35, 130.21, 129.01, 128.92, 128,51, 128.37,
128.16, 128.08, 127.22, 126.35, 108.87, 66.59. HR-MS (ESI) Calcd. for CpsH1gN30,SCl [M+H]*
448.080 8, Found 448.088 8.

A10  Yelowsolid 51  1161-117.0 'H NMR§ 12.46 (s, 1H), 8.79 (s, 1H), 8.05 (d, J = 7.9 Hz, 1H), 7.94 (d, J=7.7 Hz, 1H), 7.84 (d, J= 7.8
Hz, 1H), 7.71 (t, 3= 7.7 Hz, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.48 (t, J = 7.6 Hz,
1H), 7.46-7.34 (m, 6H), 7.32-7.25 (m, 1H), 4.57 (t, J= 6.8 Hz, 2H), 3.14 (t, J = 6.9 Hz, 2H). ®CNMR
4 167.58, 166.74, 147.55, 140.03, 138.30, 134.93, 133.61, 132.66, 131.43, 131.13, 130.75, 130.45,

129.41, 129.24, 129.03, 128.78, 127.62, 126.80, 126.67, 109.25, 65.98, 34.61. HR-MS (ESI) Calcd. for
CasH20N30,SCl [M+H]* 462.096 5, Found 462.104 1.

All  Yellowsolid 49  1144-1156 H NMR§12.43 (s, 1H), 8.73 (s, 1H), 8.03 (dd, J= 8.0, 1.2 Hz, 1H), 7.89-7.83 (m, 2H), 7.74-7.68 (M, 1H),
7.56-7.51 (m, 2H), 7.42 (td, J = 7.5, 1.4 Hz, 1H), 7.39-7.33 (m, 2H), 5.98 (s, 2H), 1.18 (s, 9H). *C NMR
6 167.13, 164.91, 139.23, 135.19, 133.04, 131.04, 130.73, 130.35, 130.31, 129.04, 129.02, 127.24, 127.06,
126.51, 108.96, 80.13, 38.26, 26.47. HR-MS (ESI) Calcd. for CasH2oN30,SCl [M+H]* 472.102 0, Found
472.109 6.

A12  VYelowsolid 53  110.3-111.0 *H NMR 6 12.44 (s, 1H), 8.76 (s, 1H), 8.04 (dd, J = 8.0, 1.2 Hz, 1H), 7.93-7.85 (m, 2H), 7.73 (td, J = 7.6,
1.3 Hz, 1H), 7.57-7.51 (m, 2H), 7.43 (td, J = 7.5, 1.5 Hz, 1H), 7.40-7.33 (m, 2H), 5.96 (s, 2H), 4.85 (hept,
J=6.2 Hz, 1H), 1.26 (d, J = 6.2 Hz, 6H). *C NMR 6 167.62, 165.32, 153.25, 147.67, 139.76, 135.83,
133.66, 131.54, 131.23, 131.01, 130.85, 129.54, 129.49, 127.74, 127.30, 126.99, 109.47, 83.02, 73.24,
21.80. HR-MS (ESI) Calcd. for CazHaoN30sSCl [M+H]* 474.081 2, Found 474.088 9.




PR AR S LI TR MR S I TR 24 B A A R A B R A PR A - 413 -

3 HIHSFHEMEEMN

31 RIANFHEE WX 2 hEpEEIETLE
tH, BT AL~AS G RHESHIHENEM:, HR 7 i
AR X DHODH H)41# 7% M. DHODH ¥ CoQ
G54 VAR AT 43 A A DX 33— P 8 1D 538 7K DX R A/ 35 11
BKIX, th&P A BRIEERTLLS DN EE KX 1
Argl36 [l TR B, XA A AW
TEPERRIE . B MARF Jt s AL~ASB 135 P Ak
BV A BRI, JRINTE TR BRAE S Argl36 &
PR, AT AR ) B RR SRR . B L
REEF IR, ATZ5ARE 545 DHODH ISR /K4: &
4%, Hik A6~A12 % F I H % DHODH [ #14)
S

Table 2 Activities of compounds A—-A12 against DHODH in
vitro enzyme assays. °l1Cso values were determined from the
results of at least three independent tests, and attempts to deter-

mine |Cs values were made if the inhibition rate at 10 pmol L™
was larger than 50%

Compd. Inhibition rate/% 3 Csg/pmol - L2
A 94.60 0.02 = 0.00
Al 73.08 2.34+005
A2 91.04 1.41+0.07
A3 75.96 1.86 + 0.02
A4 61.82 353+0.15
A5 61.32 4.65+0.03
A6 2953 >50.00
A7 28.62 >50.00
A8 36.82 >50.00
A9 30.25 >50.00
A10 34.80 >50.00
All 20.22 >50.00
Al2 2152 >50.00
Brequinar 92.91 0.01 + 0.00
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Table3 Thetest results of the compound stabilities in methanol.
The unchanged compounds at 0 h is 100%

Percent of unchanged compounds/%

Compd.
24 h 48 h 72h

A 98.64 97.85 86.13
Al 91.64 82.91 81.26
A2 92.83 85.94 83.27
A3 92.94 84.97 82.55
A4 93.64 86.93 84.62
A5 95.66 87.71 84.26
A6 89.03 75.62 72.75
A7 90.12 88.26 82.73
A8 89.13 85.62 81.45
A9 90.03 88.62 82.75
A10 88.03 74.93 70.18
All 94.11 87.54 85.91
A12 100.00 100.00 100.00

Table 4 The test results of the compound stabilities in the
buffer of pH =2.0. The unchanged compounds at 0 his 100%

Percent of unchanged compounds/%

Compd.
3h 6h 12h 24 h
Al 0.00 0.00 0.00 0.00
A2 22.24 11.90 0.00 0.00
A3 31.53 19.36 9.43 0.00
A4 29.42 17.92 9.10 0.00
A5 32.24 16.50 6.22 0.00
A6 36.62 19.56 10.30 0.00
A7 41.25 22.78 12.36 1.26
A8 40.12 18.91 11.51 0.00
A9 88.24 77.90 56.36 45.26
A10 95.32 91.80 89.62 58.22
All 99.38 98.30 96.19 87.26
Al12 99.76 0.00 0.00 0.00

Table 5 The test results of the compound stabilities in the
buffer of pH =9.0. The unchanged compounds at O his 100%

Percent of unchanged compounds/%

Compd.

3h 6h 12h 24 h
Al 76.48 58.48 39.36 17.69
A2 80.96 66.09 47.08 2511
A3 88.25 76.08 60.17 36.32
A4 82.92 69.28 57.18 35.71
A5 85.13 70.29 55.04 33.18
A6 81.42 67.19 49.68 26.13
A7 78.37 63.14 45.03 23.52
A8 83.92 71.05 52.08 26.12
A9 65.96 47.09 37.68 19.11
A10 55.18 33.05 14.65 3.12
All 0.00 0.00 0.00 0.00
Al12 0.00 0.00 0.00 0.00
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Table6 The cell proliferation inhibitory activity of compounds
A-A12in BXPC-3 cell

Compd. ICs/pmol L2
Brequinar 0.50+0.01
A 1.52+0.01
Al >50.00
A2 >50.00
A3 >50.00
Ad >50.00
A5 >50.00
A6 >50.00
A7 >50.00
A8 >50.00
A9 >50.00
A10 >50.00
All 14.23 + 0.63
Al12 0.63+0.01
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HANAE, TR, TR, Jaaif, 19305 a0
A [ & 123.0 mg.

2 B FHRREM RAINEMEMIR

2.1 HIZEHFH) DHODH #NHIEM A AEmRA
Z i (DHODH) 1 il 77 5T 24 1) By v& Wik 05 v
DCIP tbfik, HAERMLHZ: KaitbfE. CoQ
DCIP =# kA & sk 96 FLA 1, 25 C i F 10 min,
B 5 IR A LSRRI A Y. IEH A DCIP
£ 600 nm AbA i KWL, TiEEZAS [ DCIP 7£ 600
nm TR, MR I AN, T DA S A ) e B
TAE 600 nm A W Y FEE D98 5550 2 K/ Sk i B AL
TERR I EATEE, B DN S R vE RS .
BRI i S HEAT R R, T ) S A R R RN, A
Xof (ARG PR ARG . SEER LA brequinar Ay BH X
TR, ¥ 12 A0 2557 TR RHA 7 7 A JE 13 ANFE Sl A R
N8 MNKRFERSFE, FHA ¥ 34T 4.

22 BIASTHREM R tnacR A
HPLC R 7775« Fae P DR 10 fh 2 A 35 2 H e
pH=2.0 [ 5 FRVA T pH=9.0 (2 rF il (B AL AN AN
B A ). HRERIRNECE: ATZ0 T AL~A12
FEEY A %H 0.5 mg iET 1 mL H L 73 21 F i
. WEEIEW S BIAE O 24, 48 F1 72 h (it a] B



PR AR S LI TR MR S I TR 24 B A A R A B R A PR A - 415 -

HPLC #EFE 10 pl, ARAE R 4k & 4 i T AR ARk,
TP PR O G 5 A R R e S VRN M Y AR P T
B OWEL A 1 mg FLl R 1 mg-mL I RER .
WA HC L mL I 0.5 mL B2 PR i Be SR i, 5301
7E 0. 3. 6. 12 1 24 h [ B (A BLHURE, d5 ) L AR
22 P R W T RR AR A, 3 T HE I I 5 e R e
MRSt itk Zorbax XDB-C18 (4.6 mm x 250
mm); WA N4 K (0.1%TFA) 5 99% FHEE; ¥k
Jii BF 1] 10 min; 3%~ 0.85 mL-min Y, kEiE A 35 C;
K K 254 nm.

2.3 BIZA9FH) BXPC-3 ApRiNELEM  sSeibik i
(Y20 B A S A FE R s 4H . (BXPC-3), KA T MTT
Bt g 300 B I 40 B A AN A K . MTT[3-(4,5-
T F I -2)-2 5 2 I U UM R R ] — Rl B i
ik, HRG: N0 Ji 3R A T 4 i A e f B B IR i
ABFREAAMNEME MTT I8 JFUA KA M 1 15 4R (45
H B UTRRAE A f e, TSR B G b D RE . — H AR
X (DMSO) it i fife 4 e v ) F 38%, FH 0K S 92 A
AXAE 490 nm B AR e G ISE, T A4 e B
Y H . AR AH BB Y, MTT 45 &) i &=
54 M BB E L o A AL A P06 BXPC-3 4 i 1) 4 5
ilaE 1, BPXT BXPC-3 41 (3Bt R . Bk
V45 B R M8 F & 10% FBS () 1640 1% 77 3 55 5% 41
I LA%E£L 5 000 40 B h 4 96 fLik, B T 37 C.
5% CO, 7 TR, WEE 24 h, Al IAAIR K
FERLRE 25, k8 s 48 hy, 2 e RRFLIN N 2R i
N 5mg-mLT I MTT IR 2], e 7F 490 nm %K
T E B ALCRUE . [ Origin B 4b 2 S 56 %
WAL G 1Cso . SR FE R A brequinar
BHPEXT R, BRI 3 IKPAT .
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