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Identification of an IDOL inhibitor prodrug that specifically targets
tumor tissue
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Abstract: Hypoxia-activated prodrugs that specifically target tumor tissues were designed by attaching the
nitro-aromatic ring carrier molecules that can be degraded in the hypoxic microenvironment of the tumor to the
hydroxyamidine group of IDO1 inhibitor compound B and epacadostat. Eleven prodrug compounds were synthe-
sized and their structures were confirmed by *H NMR and HR-MS. Compounds F-1 and F-6, which had a higher
stability and drug release rate, were identified by an in vitro stability assay, nitroreductase reduction assay, MTT
assay, and an in vivo tumor tissue hypoxia degradation assay, and then evaluated for anti-tumor efficacy in vivo.
The results showed that prodrug F-1 inhibited tumor growth by 67.41%, which was significantly higher than
42.31% for the starting drug group. It appeared that the inhibition of IDO1 in the tumor tissue was different from
the overall inhibition of IDO1 in vivo. Animal treatment procedures were carried out with the approval of the
Animal Care and Use Committee of the Chinese Academy of Medical Sciences and Peking Union Medical College.
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Scheme 2 Three metabolites of epacadostat
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Figure 1  Structural formula of the designed prodrug compound
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Scheme 3 Process of degradation of the designed prodrug compound in tumor tissue to release the active drug

Scheme 4  Synthetic route of target compounds. Reagents and conditions: a) K,CO,, DMF, rt, 6 hor 24 h
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Table 1 Structures and physical property of the target compounds
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577.024 6
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Table 2 Spectral data of target compounds
Compd. 'H NMR

F-1  H NMR (400 MHz, DMSO-d,) § 9.24 (s, 1H, -NH-), 8.24 (d, J = 8.6 Hz, 2H, ArH), 7.68 (d, J = 8.5 Hz, 2H, ArH), 7.26-7.16 (m, 2H,
ArH), 6.89-6.82 (m, 1H, ArH), 6.25 (s, 2H, -NH,), 5.36 (s, 2H, -CH,-)

F-2  'H NMR (400 MHz, DMSO-d,) 6 9.17 (s, 1H, -NH-), 8.24-8.22 (m, 1H, ArH), 8.22-8.20 (m, 1H, ArH), 7.66-7.65 (m, 1H, ArH), 7.64-
7.63 (m, 1H, ArH), 7.28-7.21 (m, 2H, ArH), 6.91-6.87 (m, 1H, ArH), 6.11 (s, 2H, -NH,), 5.51 (g, J = 6.4 Hz, 1H, -CH-), 1.52 (d, J =
6.6 Hz, 3H, -CH,)

F-3  H NMR (500 MHz, DMSO-d,) § 9.19 (s, 1H, -NH-), 8.19 (d, J = 8.5 Hz, 2H, ArH), 7.65 (d, J = 8.5 Hz, 2H, ArH), 7.31-7.19 (m, 2H,
ArH), 7.00-6.88 (m, 1H, ArH), 5.86 (s, 2H, -NH,), 1.66 (s, 6H, -2CH,)

F-4  'H NMR (400 MHz, acetone-dy) 6 8.41 (s, 1H, -NH-), 7.49 (d, J = 3.7 Hz, 1H, ArH), 7.30-7.28 (m, 1H, ArH), 7.16-7.11 (m, 1H, ArH),
7.03-6.97 (M, 1H, ArH), 6.92 (d, J = 3.7 Hz, 1H, ArH), 5.88 (s, 2H, -NH,), 5.26 (5, 2H, -CH,-)

F-5  H NMR (400 MHz, DMSO-d,) 6 9.13 (s, 1H, -NH-), 7.70 (d, J = 3.8 Hz, 1H, ArH), 7.22-7.17 (m, 2H, ArH), 6.95 (d, J = 3.8 Hz, 1H,
ArH), 6.87-6.83 (m, 1H, ArH), 6.25 (s, 2H, -NH,), 5.50 (q, J = 6.7 Hz, 1H, -CH-), 1.60 (d, J = 6.8 Hz, 3H, -CH,)

F-6  H NMR (500 MHz, DMSO-d,) § 9.06 (s, 1H, -NH-), 8.03 (s, 1H, ArH), 7.23-7.14 (m, 2H, ArH), 6.87-6.78 (m, 2H, ArH), 6.31 (s, 2H,
-NH,), 5.16 (s, 2H, -CH,-), 3.70 (s, 3H, -CH,)

F-7  'H NMR (400 MHz, DMSO-d,) 4 9.23 (s, 1H, -NH-), 8.27-8.23 (m, 2H, ArH), 7.95 (s, 1H, -NH-), 7.71-7.66 (m, 2H, ArH), 7.24-7.18
(m, 2H, ArH), 6.89-6.84 (m, 1H, ArH), 6.73-6.60 (m, 2H, -NH,), 6.29 (t, J = 5.8 Hz, 1H, -NH-), 5.37 (s, 2H, -CH,-), 2.89-2.88 (m, 2H,
-CH,-), 2.73-2.72 (m, 2H, -CH,-)

F-8  H NMR (400 MHz, DMSO-d,) § 9.17 (s, 1H, -NH-), 8.26-8.19 (m, 2H, ArH), 7.95 (s, 1H, -NH-), 7.68-7.61 (m, 2H, ArH), 7.28-7.20
(m, 2H, ArH), 6.90 (dt, J = 8.7, 3.7 Hz, 1H, ArH), 6.71-6.62 (m, 2H, -NH,), 6.13 (t, J = 5.2 Hz, 1H, -NH-), 5.55 (q, J = 6.3 Hz, 1H,
-CH-), 2.89-2.88 (m, 2H, -CH,-), 2.73-2.72 (m, 2H, -CH,-), 1.54 (d, J = 6.5 Hz, 3H, -CH,)

F-9  'H NMR (400 MHz, DMSO-d,) § 9.17 (s, 1H, -NH-), 8.19 (d, J = 8.9 Hz, 2H, ArH), 7.95 (s, 1H, -NH-), 7.66 (d, J = 9.0 Hz, 2H, ArH),
7.30-7.22 (m, 2H, ArH), 6.97-6.90 (m, 1H, ArH), 6.61 (t, J = 6.0 Hz, 1H, -NH-), 6.56 (s, 2H, -NH,), 2.89-2.88 (m, 2H, -CH,-), 2.73-
2.72 (m, 2H, -CH,-), 1.69 (s, 6H, -2CH,)

F-10  'H NMR (400 MHz, acetone-d,) 6 8.47 (s, 1H, -NH-), 7.48 (d, J = 3.7 Hz, 1H), 7.28 (dd, J = 6.1, 2.7 Hz, 1H, ArH)), 7.13 (t, J = 8.7 Hz,
1H, ArH), 7.01-6.99 (m, 2H, ArH), 6.99-6.97 (m, 1H, -NH-), 6.24 (t, J = 5.7 Hz, 1H, -NH-), 6.09-6.05 (m, 2H, -NH,), 5.26 (s, 2H,
-CH,-), 3.50-3.45 (m, 2H, -CH,-), 3.37-3.33 (m, 2H, -CH,-)

F-11  H NMR (400 MHz, acetone-d,) 6 8.42 (s, 1H, -NH-), 7.50 (d, J = 3.7 Hz, 1H, ArH), 7.32 (dd, J = 6.1, 2.7 Hz, 1H, ArH), 7.17 (t, J =

8.7 Hz, 1H, ArH), 7.06-7.01 (m, 1H, ArH), 6.97 (d, J = 3.7 Hz, 1H, ArH), 6.17 (t, J = 5.9 Hz, 1H, -NH-), 6.02-5.98 (m, 2H, -NH,), 5.62
(s, 1H, -NH-), 553 (q, J = 6.7 Hz, 1H,-CH-), 3.52-3.48 (m, 2H, -CH,-), 3.39 - 3.35 (m, 2H, -CH,-), 1.66 (d, J = 6.8 Hz, 3H, -CH,)
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Table 3 The effect of IDO1 inhibitor prodrugs on the prolifera-
tion of cells. U87 MG: Human glioblastoma cell line; GL261:
Mouse brain tumor cell line; HepG2: Human liver cancer cell line;
H22: Mouse liver cancer cell line; LO2: Human liver cell strain.
Positive control drug is 5-FU
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Table 4 Stability test results in phosphate buffer solution (PBS)

Remaining percentage of prodrug

Compd.

6h 24 h 31lh
F-1 100% 100% 100%
F-2 100% 100% 100%
F-3 100% 100% 100%
F-4 0% 0% 0%
F-5 0% 0% 0%
F-6 100% 100% 100%
F-7 100% 100% 100%
F-8 100% 100% 100%
F-9 100% 100% 100%
F-10 3.7% 0% 0%
F-11 0% 0% 0%
B 100% 100% 100%
Epacadostat 100% 100% 100%

G W) F-4.F-5.F-10. F-11 [ R B 1], FF-O0ORFIX 4 Sk
G W) H I, U R EURE I TR] SR 05,12 F1 3 he
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Table 5 Stability test results in PBS

Remaining percentage of prodrug

Compd.

0.5 h 1h 2h 3h
F-4 36% 24% % 0%
F-5 33% 23% 17% 13%
F-10 35% 24% 16% 11%
F-11 2.4% 0% 0% 0%
B 100% 100% 100% 100%
Epacadostat 100% 100% 100% 100%
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Table 7 Results of plasma stability test. The control is 0.5% BSA
in PBS (0.01 mol-L*, pH=7.4)

Remaining percentage of the prodrug

Compd.

0.25h 0.5h 1h 3h 45h
F-1 100% 100% 100% 99% 97%
F-1 control 100% 100% 100% 100% 100%
F-6 100% 95% 89% 78% 42%
F-6 control 100% 100% 100% 100% 100%
F-7 100% 100% 100% 98% 94%
F-7 control 100% 100% 100% 100% 100%
Blank - - - - -
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Table 6 Results of enzyme reduction experiment. The final concentration of nitroreductase is 5 pg-mL*

Remaining percentage of prodrug or original drug

Compd. 15h 6h 10h 25h
Prodrug Original drug Prodrug Original drug Prodrug Original drug Prodrug Original drug
F-1 81% 19% 40% 60% 38% 62% 9.0% 91%
F-2 92% 8.0% 57% 43% 56% 44% 27% 73%
F-3 81% 19% 73% 27% 69% 31% 44% 56%
F-6 90% 10% 87% 13% 80% 20% 78% 22%
F-7 75% 25% 66% 34% 50% 50% 41% 59%
F-8 92% 8.0% 85% 15% 7% 23% 65% 35%
F-9 98% 2.0% 90% 10% 86% 14% 76% 24%
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Table 8 Results of reduction test of prodrug in mouse tumor tissue

Remaining percentage of prodrug or original drug

Compd. 05h 1h 2h
Prodrug Original drug Prodrug Original drug Prodrug Original drug
F-1 23% 7% 96% 0% 100%
F-6 2.0% 98% 100% 0% 100%

Table 9 The effect of prodrug compounds on the tumor growth of mouse H22 hepatocellular carcinoma xenograft model. "P<0.05, ""P<

0.01, ™"P<0.001 vs the solvent control group. Compound B is the original drug of the prodrug compounds F-1 and F-6

Group Dose Duration of Number of Weight/g Tumor weight Inhibition
/mg-kg* administration/h animals Begin End /g 1%

Control 5/5 16.7 £ 0.7 247 +4.1 2.51+0.70

5-FU 30.0 1,4,7 5/5 175+ 04 286+1.9 1.05+0.66™ 58.25
F-1 100.0 bid 4-8 5/5 17.0+1.2 25.2+3.0 0.82 +0.22"™ 67.41
B 100.0 bid 4-8 5/5 16.9+04 25621 1.15+0.46" 42.31
F-6 100.0 bid 4-8 5/5 16.6 £ 0.7 256+1.8 1.65+0.36" 34.42

3 INEE 2 HEYEEHS

AHIE T T b e S S BT S R e R L 1) e 4
24 IDOL HI I 77 7 24, PR Z H T g ] s . Ak
T8 fY e P IDOL A 7 R SR AE & 1 B A
epacadostat, BT ARk T 1L /N ATZ L&Y . @i MTT
SIS R E T SIS L AR AN i A JE L JE SIS L R Py
T A R AE B A S5, A TP R HE AR E T VR SR
GERBI LAY F-1 5 F-6 I T 248089 . AW
I 25 30 VP 45 S 3 B, AT 24 F-1 5% i 8 A= K 1 400 1)
R T R, KR s i 420 1ID01 54
TH A AL A 1IDOL F B b e 8RB AN [, 1 — 28 Y
2 AR A A E R BLRITE FEIEAEREAT o ARHIE FERE R4
JE L B BRI S R X

SLIGER S

S BT FHVE 51350 R 4y i, Fodh — S&H BE4 Inno-
vative Technology PS-MD-7 ¥ 7l 4li{k & 4 T 1§ 2l fb J5
A, AR RS AR R & b2 . B A
P Z Al B A BT Al T S P LR st — 0 AL B, B
. %SRRI Varian Mercury 400 5% 500 4, 74 #5
NTMS. #E &  3 HEER ONE Bi e i T
1 200~300 H L FLAE S (zox-11 2Y), 78 2 €0 3 ke i A
S T AP R GF254.
1 KEERBEE

¥tk & %) Blepacadostat (2 mmol) 5 B & 4
(3 mmol) ¥ T- DMF (10 mL), 5 i& i # 30 min J&, ¥
IR C (3 mmol) i A R I . K
(20 mL). Z.f#2 2. B (30 mL) 2£Hy 3 vk, A HLAH F A Fn &
ERAKGEE, ToKBRRREAT 1%, I U8, R 40 5, iR AL
OREN A AL Y. B LA YERALE TA A% H
i MR 1K 2,

2.1 IDOL A Z X 4 51 15 7 40 A A9 A= < HD 1 4E A <2
B0 K0 AR K A I 2 PR P SR AL S G R = T
2x10%~3x10% 4™ 1) 40 it 2 9, B L 100 pL i\ 96 FLAR
H o R IINA [ R B A5 ity B R TR 35 791 %o TR 90 5 i 355
Frdk, &AL 100 pL, Z ik EW& 4 F = A, A
W3NTFATFL. T 37 CREFFAAM LN E 96 h )5, BEAL
BN 5 5 B 46 £ 2 mg-mL MTT 3 50 pl. 4k %: 5%
24 hJa 7 EiEW, BFLIIn X DMSO 150 pL, 7843 JE 2]
JEAE A 570 nm b e IR ' FE AR, LAV 770 %k HE Ak 25 1)
i 988 241 P R ot BB A, F 8O FE B 1C

22 PBSHREMII HANATANHEYSEY
43 %) Fil DMSO Bt & /% 5 mmol-L™ ({4 ¥, #£ 5 mL
F) L 2 20 B 304 A i N DMSO 20 L AT 45 3 4 L,
FH PBS (0.01 mol-L, pH=7.4) 2% il ¥ s B¢ 52 2 mL,
e 30 s J5 T 37 cCHE IR K 8 &, 40 7l T 6.24.
31 h I ECRE 500 pL, 4% 121 Eb 4 N F R 500 L, 9 e
2 min, 2 000 r-mint &> 5 min, B 3% W 20 pL, #E47
HPLC 4> #7 -

23 BEIRIESEIG 2% SCHRUSYIE B A L L SR B TE
P HMEFUERE B R I8 SR S 56, B AR AT & 5
J5. 24543 ) F DMSO it & i 5 mmol- L™ [ I 45 ¥, ¥ ik
i 2R 0 T e i M 4 A% R (NADH) 2K B i 1)
4l K i B Bk 50 mmol - L, ¥ fi 35 8 JR B (NTR) FH i
2l K e B A 0.5 pg-ulte 765 mL [ L 28 %1 5 R
B\ DMSO 25 pL. 7 % % 5 pL F1 PBS (0.01 mol-L*,
PH=7.4) ZZ ¥ W 2.42 mL, FE NN B 47 i) NADH %
W25 UL 5 NTR & 25 pL, i i€ 30 s Ji5 T 37 °CfH I
KIBEAIE T, 20 9T 1.4.10. 24 h s} BUEE 500 L, 4%
101 A hn A FE EZ 500 L, % € 2 min, 2000 r-min 5§
5 min, BU_E3% ¥ 20 pL, #E4T HPLC 2347 .



T WA R MR ] R AL 2L IDOL I AT 25 I E A - 965 -

24 MPFHPBEMSIE KAWL EYF-1.
F-6.F-7 1 DMSO it & % 5 mmol- L1 {045, F &
4 0.5% BSA (1] PBS (0.01 mol-L, pH=7.4) i g £h 2%
T VR B, 9 0.045 pg-plt. 7E5 mL A B £ %1
BRI/ BRI SZ 200 pL T 37 °CIE IR R 37 28 T,
SR 1) He PO N VR A 0.045 ug- w4 B i I 46 T
100 pL. f£ % — 5 mL M H 2E Z) B2 8 o\ 0.5%
BSA [£] PBS (0.01 mol-L?, pH=7.4) T 2 £h 2% v 1% W
200 pL I 4 0.045 pg- Lt FB J 149 I 46 100 uL
PE R REAH . S EC— 5 mL AL 2E 20 B R A o /)
fR I 2% 200 L 5 0.5% BSA #J PBS (0.01 mol-L?,
pH=7.4) TR £5 22 s VAW 100 L VE A2 A RHIR . 9 i
2] 5 minj5 T 37 cClEIRERIR G &P E, 70T
0.25.0.5.1.3.4.5 h i BUFE 60 pL, % 1:2 Eb A5l i\ F A
120 pL, ¥4 JiE 2 min, 2 000 r-min™ & > 10 min, B %
20 pL, 47 HPLC 7347

25 FIZATENERMEBALANREE WaHTESTRYS
K s B T e (KR 51 1112511800000798) H AR B,
1A 16.0~18.0g. LM T, REAAERTEREM T
) NCI-H1975 F1 NCI-H460 Jiili 2 fit J8 41 43, 2= 2 3 fik
BUREIR 2235 53 OR /NI — (1) 2~3 mm3 g B, 427 T
BALB/c # BRI (Ze I M NCI-H460, 45 i T 42
FitNCI-H1975) . 1 JH83 - 5 4R FA 1A 2] 600 mme i, s
SIVIBENL 5> 2 41, F-1 45 2520 80 mg-kg* Fl F-6 45 2}
24 80 mg-kg?, MG EEESS, 4545570 0.5 1812 h 3 34
I T) AR, AN AL R BUBE I, AbBESh Y, F
SR ZH 2, IO AR FE ER K A1 (R L2 AR R K=
1:3), i JiE 3 min J& 2 000 r-min™ &> 5 min J& B 5 W
300 pL, 1A 300 pL Zfif, %% 1 min, 2 000 r-min™ &
£ 5 min, 582 P IKJE, B S W 20 pL #E4T HPLC 43
Wro A 504 S 58 35 7 4 1 A0 o 1 R 22 R 3 B 2454
W T BT 2N 52 56 O b 1 5 VR R AE, 932> 30 4 ST 56 )
BN I R

26 HIZALEYIX /R H22 BT B0 K351 1E A
AN RO H22 58 3k FH B 30 o KM/ B, 1k &
15.0~18.0 g (Fh b 52 7 B 2 5 A= i oA e BTS2 56
O ERAL) . B K R IR K, G AR B 3 K
e 123 LA A% B i ) RS e 240 i B2, g RN RS
A 0.2 ML . M5 X H S BE N5 4, FR
Ho SLIGBWIIL S 54, IRV AR HEZEL | BH AT R 2
5-FU 4 24 4H 30.0 mg-kg™. F-1 45 24 4 100 mg-kg*. J&
245 45 24541 100 mg-kgt . F-6 45 245 4 100 mg-kg?, % 41
5 1%, 5-FU %2541 30.0 mg-kgt T4 0 5 55 1.4,
TRAFNE L LIR, B2 3R, B AR BUNEE20 g/
IR v E 55 0.2 mL, ¥ FIN R R 25 5 52 30k & 4 F-1

A F-6 45 25K B9 6E 20 g /N BLE H 0.4 mL, B H 45 44
29K, THAGEE 4 RITUG % 245, LR 255K
KR a5 AR, SUMERL F AL SEBh W), Rk, KB
TEHLUFARE . MR ¥ 2 5 T B AR 4 1 R (%) AR
A A BIE + bRdEZE (2 SD) &ow, AT # A4S
VRO IR AL 2 TR B e OGP K B A S 0 2 7 A
G v B = 2 ko Bt 25 W 72 P s 0 S 3 o b A 35 A
FURE, BBl Bl W) S 56 0] B A 45 5 o
VRN R R L - YR =
iR H ) 2 (%)
VS 7R R R 2 e

x 100%
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