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Abstract: In this study, 1-(3-(4-chlorophenyl)-5-methylthio-1H-1,2,4-triazol-1-yl)-butan-1-one discovered
previously in our lab was selected as a inhibitor of human dihydroorotate dehydrogenase ( HsDHODH) for
structural optimization. The co-crystal of HsDHODH with the hit was obtained and analyzed for guiding
the subsequent structural optimization. As a result, a series of novel triazole derivatives were designed and
synthesized as potent HsDHODH inhibitors. Among them, compound (3-(4-chlorophenyl)-5-ethylthio-1 H-
1,2,4-triazol-1-yl)-furan-2-yl-methanone displayed high potency in the inhibition of HsDHODH with an ICs,
value of 1.50 umol-L™'. Meanwhile, the structure-activity relationships were analyzed based on the biological
data and the co-crystal structure. These results provide a valuable reference for optimization of 1 H-1,2,4-
triazole derivatives as HsDHODH inhibitors in the future.

Key words: human dihydroorotate dehydrogenase inhibitor; triazole derivative; autoimmune disease;
complex co-crystal structure; structure-activity relationship
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Figure 1 Reported structures of HsDHODH inhibitors and the lead compound (compound a is the hit in this study)
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Table 1 The data collection for the co-crystal structure of
HsDHODH in complex with a.  *Rierge=100%2,5| 1, j-In|/Z3 21
where /; is the weighted mean intensity of the symmetry-related
refractions /j,;. *Values for the outermost resolution shell are given
in parentheses. ‘R is calculated using a randomly selected
5% sample of reflection data omitted from the refinement

Parameter Data
Wavelengths/A 0.97852
P321
90.870/90.870/122.820

Space group

Cell dimensions/ A

Resolution/A 2.90
Number of reflections 12 608
Redundancy 7.2 (7.4)
Completeness/% 94.7 (95.9)
Rinerge/ %" 28.3 (53.0)
Io (I)° 6.6 (4.0)
R/Riree/%° 15.77 (21.96)
Bonds/A 0.010
Angles (deg.) 1.236
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Figure 2 X-ray crystal structure of HsDHODH in complex with
a. 2Fo-Fc electron density for compound a is contoured at 1o.
Compound a is shown in cyan sticks, and some key residues are
shown in purple sticks
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Figure 3  Structural modification of the lead compound
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Table 2 Physical properties and 'H NMR data of intermediates

Compd. Apearance Yield/% 'H NMR

2b White solid 43 '"H NMR (400 MHz, DMSO-dg) 6 10.13 (s, 1H), 9.43 (s, 1H), 8.10 (d, J = 8.0 Hz, 2H), 7.95 (s, 1H),
7.88 (d, J = 8.0 Hz, 2H)!"*

3b White solid 53 'H NMR (400 MHz, DMSO-ds) 6 14.09 (s, 1H), 13.83 (s, 1H), 8.12 (d, J= 8.4 Hz, 2H), 7.91 (d, J=8.4
Hz, 2H)!'®!

4b White solid 47 '"H NMR (400 MHz, DMSO-ds) 6 8.19 (d, J = 8.8 Hz, 2H), 7.88 (s, 2H), 3.21 (d, J= 1.6 Hz, 2H), 1.34
(t,J=17.2 Hz, 3H)!""

2c White solid 56 'H NMR (400 MHz, DMSO-dg) 6 10.47 (s, 1H), 9.37 (s, 1H), 7.91 (d, J = 8.4 Hz, 2H), 7.70 (s, 1 H),
7.57 (d, J = 8.4 Hz, 2H)!"®

3¢ White solid 60 'H NMR (400 MHz, DMSO-dg) 6 13.93 (s, 1H), 13.75 (s, 1H), 7.92 (d, J= 8.4 Hz, 2H), 7.61 (d, J=8.4
Hz, 2H)!!

4c White solid 59 'H NMR (400 MHz, DMSO-ds) 6 7.98 (d, J = 8 Hz, 2H), 7.57 (d, J = 12 Hz, 2H), 3.36-3.18 (m, 2H),
1.34 (t, J= 7.4 Hz, 3H)"

4h White solid 51 '"H NMR (400 MHz, DMSO-ds) 6 8.00 (d, J = 8.4 Hz, 2H), 7.60 (s, 2H), 7.42 (d, J = 7.2 Hz, 2H), 7.32
(t,J=7.2 Hz, 2H), 7.42 (d, J = 7.2 Hz, 1H), 4.45 (s, 2H)?!

Table 3 Physical properties and 'H NMR, *C NMR, HR-MS data of compounds b—i

Compd.

Apearance  Yield/%

mp/C

"H NMR,"*C NMR and HR-MS

b

White solid 44

White solid 44

White solid 34

White solid 40

White solid 37

White solid 41

White solid 38

White solid 37

76.3-76.9

79.2-80.1

114.7-115.6

127.0-127.5

94.9-96.5

116.1-116.7

158.3-159.5

163.6—165.3

'"H NMR (400 MHz, CDCl;) 6 8.29 (d, J = 8.0 Hz, 4H), 7.73 (d, J = 8.4 Hz, 2H), 7.68 (d, J= 7.2 Hz,
1H), 7.56 (t, J = 7.6 Hz, 2H), 3.42 (q, J= 7.2 Hz, 2H), 1.52 (t, J= 7.2 Hz, 3H). '>C NMR (100 MHz,
CDCl3) 6 166.04, 162.07, 161.10, 133.73, 133.16, 132.09, 131.66, 130.89, 128.27, 127.38, 125.60,
125.56, 27.18, 13.96. HR-MS (ESI) CsH;4F:N;0S [M—H] Caled.: 378.088 8, Found: 378.089 0
'H NMR (400 MHz, CDCl;) 6 8.78 (t, J, = 7.2 Hz, J,= 1.6 Hz, 2H), 8.12 (t, J,= 1.6 Hz, J,= 6.8 Hz,
2H), 7.68 (t, J1= 7.6 Hz, J,= 7.6 Hz, 1H), 7.56 (t, J,= 8.0 Hz, J,= 7.6 Hz, 2H), 7.45 (d, J = 8.8 Hz,
2H), 3.44-3.38 (m, 2H), 1.52 (t, J; = 7.6 Hz, J» = 7.2 Hz, 3H). 3C NMR (100 MHz, CDCl3) 6 166.03,
161.82, 161.44, 136.31, 133.62, 131.66, 131.01, 128.88, 128.42, 128.28, 128.23, 27.15, 13.99.

HR-MS (ESI) Cj7H,4CIN;0S [M—H]™ Calcd.: 344.062 4, Found: 344.062 7

'H NMR (400 MHz, CDCl3) 6 8.31 (d, J = 8.0 Hz, 2H), 8.21 (d, J = 3.6 Hz, 1H), 7.85 (s, 1H), 7.76 (d, J =
8.0 Hz, 2H), 6.71 (d, J=2.0 Hz, 1H),3.39 (q, J= 7.2 Hz, 2H), 1.54 (t, J= 7.2 Hz, 3H). ">C NMR (100
MHz, CDCls) § 161.98, 161.42, 154.54, 149.10, 144.07, 133.07, 132.18, 127.35, 125.65, 125.61, 124.97,
112.80, 27.06, 13.93.  HR-MS (ESI) C;6H3F3N30,S [M—H] ™ Calcd.: 368.068 1, Found: 368.068 5

'H NMR (400 MHz, CDCl;) 6 8.21 (d, J = 3.6 Hz, 1H), 8.15 (d, J = 8.8 Hz, 2H), 7.85 (s, 1H), 7.48

(d, J=8.4 Hz, 2H), 6.70 (dd, J, = 3.6 Hz, J,= 1.6 Hz, 1H) 3.36 (q, J= 7.2 Hz, 2H), 1.52 (t, J= 7.2
Hz, 3H). '3C NMR (100 MHz, CDCls) § 161.76, 161.74, 154.58, 148.98, 144.16, 136.42, 128.94,
128.38, 128.20, 124.89, 112.76, 27.03, 13.97. HR-MS (ESI) C,sH;,CIN;0,S [M—H] Calcd.:
334.041 7, Found: 334.041 5

'"H NMR (400 MHz, CDCl;) 6 8.26 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H), 3.33 (q, J= 7.6 Hz,
2H), 3.16 (q, J = 7.6 Hz, 2H), 1.51 (t, J=7.6 Hz, 3H), 1.31 (t, J= 7.6 Hz, 3H). ">C NMR (100 MHz,
CDCl3) 6 173.04, 160.86, 159.87, 133.22, 132.03, 131.71, 127.25, 125.59, 125.55, 28.70, 26.84,

13.98, 7.88.  HR-MS (ESI) C14H;sF3N;0S [M—H]  Calcd.: 330.088 8, Found: 330.089 2

'H NMR (400 MHz, CDCl;) 6 8.08 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.8 Hz, 2H), 3.32 (q, J = 7.6 Hz,
2H), 3.14 (q, J= 7.6 Hz, 2H), 1.48 (t, J= 7.6 Hz, 3H), 1.29 (t, J= 7.6 Hz, 3H). '>C NMR (100 MHz,
CDCLy) 6 173.04, 161.19, 159.62, 136.22, 128.87, 128.35, 138.29, 28.69, 26.80, 14.00, 7.91. HR-MS
(ESI) Cy3H;5CIN;0S [M—H]~ Calcd.: 296.062 4, Found: 296.062 2

'H NMR (400 MHz, CDCl;) 6 8.25 (d, J = 7.2 Hz, 2H), 8.11 (d, J = 8.8 Hz, 2H), 7.65 (t, J= 7.6 Hz,
1H), 7.53 (t, J = 8.0 Hz, 4H), 7.43 (d, J = 8.4 Hz, 2H), 7.35 (t, J= 7.2 Hz, 2H), 7.29 (d, J=7.2 Hz,
1H), 4.61 (s, 2H). '3C NMR (100 MHz, CDCl3) ¢ 165.97, 161.40, 136.41, 136.34, 133.72, 131.69,
130.80, 130.61, 129.46, 128.97, 128.69, 128.43, 128.26, 128.24, 127.72,37.30. HR-MS (ESI)
C1,H,7CIN;OS [M—H]™ Caled.: 406.078 1, Found: 406.078 2

'"H NMR (400 MHz, CDCl;) 6 8.18 (d, J = 3.2 Hz, 1H), 8.14 (d, J = 8.4 Hz, 2H), 7.82 (s, 1H), 7.51 (s,
1H), 7.49 (q, J = 3.2 Hz, 2H), 7.47 (s, 1H), 7.34 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 7.2 Hz, 1H), 6.68 (m,
1H), 4.60 (s, 2H). °C NMR (100 MHz, CDCl3) 8 161.72, 161.28, 154.52, 149.09, 144.02, 136.52,
136.27, 129.43, 129.03, 128.66, 128.39, 128.16, 127.70, 125.01, 112.79, 37.15. HR-MS (ESI)
Ca0H14CIN;0,8 [M—H]™ Caled.: 396.057 3, Found: 396.057 0
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Table 4 Activities of compounds a—i against HsDHODH in vitro enzyme assays.
least three independent tests, and attempts to determine ICso values were made if the inhibition rate at 10 pmol-L™" was larger than 50%

R2

N~N
R? /
O

“ICso values were determined from the results of at

Compd. R R’ R’ Inhibition rate (10 pmol-L™")/% ICs/umol-L ™'
p
o]
a Cl I CH; 58.87 5.84+0.01
(o]
b CF; k@ CH,CH; 75.00 231+0.15
(o]
¢ Cl k@ CH,CH; 74.42 318 +£0.11
(0]
d CF; \O CH,CH; 81.98 1.50 £ 0.04
//
(o}
e Cl \O/ CH,CHj 75.57 2.85+0.38
[e]
f CF; 1 CH,CHj 74.81 2.94£0.37
[e]
g Cl 1 CH,CHj 65.76 4.68 +0.12
(0]
h Cl Bn 30.01 >10
(o]
i cl PN Bn 37.89 >10
\
Brequinar - - - 0.01 £ 0.00

FLAE FT S A S VDA RITE T, A6 S d R
EF] 1,50 pmol-L™', B EAR T 1 kb &9 B3 1 i
P, ZEME R A ZEEMSIN, HHkitk &+
(%) FR S ik L T a5 T 0 48 ) L 2 TR e 5 1) i
KM EAEH . HFERENZE, £ =2 MM T -
FINBRARFR TS B B A ) 5] B 72 B 5 B 5 NB
JEREAEIE, B Leud6 1 Thr360 £ [ i)l H 4SS A A 2
LA KB, (& WAERE D48 n kiR
180 F£ 1) 2% [A) A6 B e 2, B ORAA AR 1) 05 B ik 1A o 9 1
FASN AR B AK 25 i, 3T 4 A P o 1 2518 %
— A M HsDHODH i 71 (1) gk — B AR AL it 1
7%, H T RKIE &iEYER HsDHODH #1i7 .

SIS ER S
1 ARkEs

B LRI (B 1, Bruker AV-400); {2108 fAX
(B RS E R AR AR A A, SGW X-4); i
(B, HP5989A); ik (200~300 H, H 5
WL TAHRAR); 25555580k,

B EYER (LB E ¢ AH)):

AR (1e): MEXEATR (500 mg,
3.20 mmol) T 25 mL KA, i &AL (1 mL)

J— DMF. fi#E B, RMER. &K
TR 28RS, fl& B R B T N .

4-FH KRB ER (20): REZEERMR (230
mg, 2.53 mmol) T 25 mL B, IIAMEEE 10 mL A
PR B S &R RS (400 mg, 2.30 mmol), N
50 C, ML 12 ho ¥GHEBERET, FIRMIE A, MAK
(10 mL) #ide, SIS/ O OREE. 15300 &4
3t O OBRE S, 153 H AR

3-(4- S I)-1H-1,2,4- = F I -5(4H)-TR B (3e):
PR E) A 4- SR R A B IR (200 mg, 0.87 mmol)
T 25 mL B, A 1 mol-L™! NaHCO; (10 mL), HiI
WA, 24 h, HM HCL A=A, 2 5 H
LR CTEEEHL, A VAN TC KRBT, W46 0
A WA 18 A Bk B 25 i, £33 i k.

3-(4-FFKEI)-5- L FE-1H-1,2,4- —F M (4e): R
EH A 3-(4-F K FL)-1H-1,2,4- = B WE-5(4 H)-F B
(600 mg, 2.84 mmol) T 25 mL %, A 1 mol-L™
NaOH (6 mL), EH#Z4E (230 uL, 2.84 mmol) F
BE (1 mL) MOANRENEH, ZERRL 24 he HIAIKA
LR CTREHL, WAERNAE, &id KR TR,
WA N, SrEEigaith, 1530 G4,

3-(4- R K I )-5- 20 Fe-1H-1,2,4- = F M -1-3E)
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KEE (VL&D o): FREEY) 3-(4-F A E)-5-
LW HE-1H-1,2,4-= %™ (50.0 mg, 0.21 mmol) F1—
2% W (70.7 mg, 0.63 mmol) ¥ T /K DMF (1
mL) H, FKHEEES (88.6 mg, 0.63 mmol) ¥ T Jo/K
DMF (1 mL) JamA BdREwH, @SRy T, £
TN 16 ho e T /5, H &M R, HX
IKBREREN T WRAEA VA, 19 20RYHLS,
(AR T E I SRR 7 N TR NS

2 AYREYEMENR R E LKA Y-HsDHODH
HEAYRAIER

21 EYHEDENNR HsDHODH WEH®E
AN T 7552 SO BT P> 2. HsDHODH (130 il
FI 1% K H DCIP [ J7 L2224 ¥ 44k J5 ¥ HsSDHODH
A IEEW (50 mmol-L™' HEPES pH 8.0, 150
mmol-L ™' KCI, 0.1% Triton X-100) #F&% 10 nmol-L ™",
IINGEE Q & DCIP & AWK E S 7N 100 & 120
umol-L™"s JRA)J5 FAHEM LAEEFL 199 pL A %] 96 fL
B, 2 G BT EE FFHE Smin, 85/ 1 UL
JEE4) DHO % HZ WK E 500 pmol-L ™', i& HEEbRIX
BEHL 600 nm AbMOEAE, — 3 BEEL 6 min, B 30 s B2
— W VBRI SLHTEE Vo, 08557 P W ) 2
TE b J AR Z oI NS (R BE () 55, v S
R BAIEREE Vi, i AR (1-V/Ve)x100% 15 H
A& W 30 22 B B Origing.0 AL &1 1Cs,
fH. %S5 LN brequinar AYRHEXT R, K SLEG 52/
WHE 3 FAT.

2.2 HsDHODH 58 L&Y EiEsF Wkl
AW HsDHODH (& & kB AR BUE T
20 CHi P, K4lifb 5 1) HsDHODH & k46 &
20 mg-mL™', MINJEY DHO K i Skt &4 4 4K
B4 2 mmol- L™, SRJEE Tk EWE 2 h. JUEFER
£45 0.1 mol-L ™' {2 pH 4.8 40 mmol-L ™' C11DAO.
20 mmol-L™' DDAO LA K 1.6~1.81 mol-L™" i 4% .
—AEBLURTE 3 KA SRR BAEE /N7 B o
W, 1E 3 AN SR TTA$) 0.2 mm x 0.2 mm x 0.2 mm ]
KNS

2.3 HsDHODH 5&EL &Y SRALTST 8RR
IRERT X ST SR R TE i R D R S e
(SSRF) =M K4r T2 (BL17UL) WEERY, EEH
100 K. W& RIAT 9 $cdii2 F MOSFLM #AF 47 %)
HAEFPO ] cepd BAEHHI scale FEFHEATIH IR,
FE DL 1D3G NBER (ZHEPTA K> TR AA) R
7 B BOE3ET#r, ) Coot? A1 Refmacs* it

ITERGE . SARATH B R R Wk 1. 71
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