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Abstract: Indoleamine 2,3-dioxygenase 1 (IDO1) is a key enzyme in the human tryptophan metabolism pathway,
which can mediate tumor immune response. An IDO1 inhibitor would be a potential cancer immunotherapy drug.
Based on the recently reported crystal of an IDO1 protein-inhibitor complex (PDBID: 6AZV), the structure of
reported inhibitor, and by analyzing the interaction mode between the inhibitor and IDO1, new inhibitor molecules
were designed and synthesized. All structures were confirmed by spectral data. Preliminary activity studies showed
that compounds containing an azabiphenyl tetrazole structure (B1 and B2) and biphenyl compounds containing a
sulfonamide structure (D1, D2 and D3) had excellent inhibitory activity of IDO1 at the enzyme and cell level, and
were comparable or even better than the control drug INCB24360.
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Figure 1  Structures of IDO1 inhibitors in clinical and preclinical studies
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Table 1 Physico-chemical data of A1-A3, B1-B2, C1-C3 and D1-D3. *Purity was calculated by area normalization method of HPLC

Purity ESI-MS . BC NMR (100 MHz in
Compd. 1% (mi2) 'H NMR (400 MHz in CDCI, or DMSO-d) CDCI, or DMSO-d,)
Al 98.6 520.3 01282 (s, 1H), 8.74 (s, 1H), 7.78 (d, 1H, J = 7.6 Hz), 7.73 (s, 1H), 169.3, 168.2, 161.1, 144.0, 138.5,
[M+H]"  7.56 (t, 1H, J = 7.6 Hz), 7.35-7.26 (m, 4H), 7.15 (t, 2H, J = 8.8 Hz), 134.8,132.4,131.2,124.3,121.8,
7.03 (t, 1H, J = 8.8 Hz), 6.16 (dd, 1H, J = 2.0, 6.4 Hz), 3.66 (s, 2H), 118.1, 117.2, 116.0, 115.6, 113.1,
3.12 (s, 3H), 2.60 (s, 2H), 2.27 (t, 1H, J = 6.4 Hz), 1.46-1.36 (m, 4H), 67.2,60.3,44.5,42.7,26.8, 25.2,
1.24 (t, 1H, J = 6.4 Hz), 0.85 (s, 6H), 0.71 (d, 6H, J = 6.4 Hz) 20.9,11.2
A2 100.0 520.3 61285 (s, 1H), 8.68 (s, 1H), 8.01 (d, 1H, J = 1.6 Hz), 7.37 (s, 2H), 169.3, 168.0, 164.1, 145.0, 138.7,
[M+H]"  7.32-7.27 (m, 3H), 7.23 (d, 1H, J = 8.8 Hz), 7.14-7.07 (m, 3H), 6.75 134.9, 133.4,131.5, 124.3,121.9,
(dd, 1H, J = 2.0, 6.4 Hz), 3.68 (s, 2H), 3.21 (s, 3H), 2.66 (s, 2H), 2.36 118.6, 117.2, 116.4, 115.8, 113.1,
(t, 1H,J = 6.4 Hz), 1.48-1.38 (m, 4H), 1.29 (t, 1H, J = 6.4 Hz), 0.85 67.5,60.4,44.5,42.9, 26.9, 25.3,
(t,6H,J =6.8 Hz), 0.71 (d, 6H, J = 6.4 Hz) 20.9,11.2
A3 99.3 520.3  012.26 (s, 1H), 8.67 (s, 1H), 8.07 (s, 1H), 7.71 (d, 2H, J = 8.8 Hz), 7.30  169.3, 168.2, 161.1, 144.0, 138.5,
[M+H]"  (t,3H,J=8.0Hz), 7.13 (t, 2H, J = 8.8 Hz), 6.89 (d, 1H, J = 8.8 Hz), 134.8,132.4,131.5,124.3,121.8,
6.73 (d, 2H, J = 8.8 Hz), 3.70 (s, 2H), 3.24 (s, 3H), 2.68 (d, 2H, J = 118.1, 117.2, 116.3, 115.6, 67.2,
4.8Hz),2.41 (t, 1H, J = 5.6 Hz), 1.50-1.40 (m, 4H), 1.32 (t, 1H, J = 60.3,44.5,42.7, 26.8, 25.2, 20.9,
6.8 Hz), 0.86 (t, 6H, J = 7.2 Hz), 0.73 (d, 6H, J = 6.4 Hz) 11.2
B1 99.6 5254  68.15(d,J=2.0Hz 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.43 (s, 1H), 7.22 169.5, 163.2, 141.5, 138.5, 137.2,
[M+H]"  (d,J=8.0 Hz, 1H), 7.21-7.12 (m, 5H), 6.66 (q, J = 2.0 Hz, 1H), 3.74 135.2, 132.5, 131.3, 129.5, 128.6,
(s, 2H), 2.72 (q, J = 3.2 Hz, 2H), 2.50-2.44 (m, 4H), 2.34 (s, 3H), 1.55-  126.3, 123.6, 67.5, 60.2, 44.5, 26.8,
1.44 (m, 4H), 1.36-1.35 (m, 1H), 0.89 (t, J = 7.6 Hz, 6H), 0.73 (d, J = 25.3,21.3,20.6,11.2
6.8 Hz, 6H)
B2 98.9 516.3  08.79 (s, 1H), 8.73 (d, J = 5.2 Hz, 1H), 8.12 (s, 1H), 7.80 (d, J = 168.9, 163.5, 161.2, 149.4, 148.2,
[M+H]* 5.2 Hz, 1H), 7.35 (t, J = 2.8 Hz, 2H), 7.25 (d, J = 8.4 Hz, 1H), 7.12 142.1,131.2,123.1, 120.3, 119.2,
(t, J=8.8 Hz, 1H), 6.84 (d, J = 8.8 Hz, 1H), 3.77 (s, 2H), 2.52 (t, J = 116.5, 67.2, 60.4, 44.5, 26.8, 25.3,
6.0 Hz, 1H), 1.59-1.42 (m, 5H), 0.92 (t, J = 7.6 Hz, 6H), 0.77 (d, J = 20.1,11.2
6.4 Hz, 6H)
C1 100.0 483.3  08.77 (s, 1H), 7.66 (s, 1H), 7.29-7.15 (m, 3H), 7.14-7.09 (m, 3H), 176.5, 161.5, 139.6, 132.4, 131.2,
[M+H]"  6.97 (s, 1H), 6.13 (d, J = 7.6 Hz, 1H), 3.79-3.78 (m, 1H), 3.69 (s, 2H), 124.6,121.8, 116.0, 109.3, 77.6,
3.49-3.47 (m, 1H), 3.14-3.12 (m, 1H), 2.49-2.48 (m, 1H), 2.26-2.09 67.1, 60.4,51.3,44.5, 29.3, 26.9,
(m, 2H), 1.94-1.93 (m, 3H), 1.45-1.26 (m, 6H), 0.88-0.69 (m, 12H) 24.6,20.9,11.0
C2 100.0 4552 §8.69 (s, 1H), 7.92 (d, J = 2.0 Hz, 1H), 7.36-7.31 (m, 3H), 7.18-7.14 176.5, 161.5, 139.6, 132.4, 131.2,
[M+H]"  (m, 4H), 6.64 (dd, J=2.4,15.6 Hz, 1H), 3.72 (s, 2H), 2.64-2.63 (m, 2H), 124.6, 121.8, 116.0, 109.3, 77.6,
2.57-2.55 (m, 1H), 2.34-2.29 (m, 2H), 2.23-2.21 (m, 1H), 1.47-1.21 67.1,60.4,51.3,44.5,29.3, 26.7,
(m, 4H), 0.85-0.69 (m, 12H) 24.6,20.9,11.0
C3 100.0 470.3  08.77 (s, 1H), 7.48 (s, 1H), 7.32-7.09 (m, 5H), 6.13 (d, J = 7.6 Hz, 1775, 161.5, 139.8, 132.4, 131.6,
[M+H]*  1H), 3.97-3.94 (m, 2H), 3.81-3.79 (m, 2H), 3.70 (s, 2H), 3.49-3.36 124.7,121.8, 116.4, 109.3, 77.8,
(m, 2H), 2.62-2.60 (m, 1H), 2.27-2.26 (m, 1H), 1.41-1.23 (m, 5H), 67.0,60.2, 51.3, 44.2, 26.7, 24.8,
0.86-0.69 (m, 12H) 20.9,11.0
D1 99.9 5132  613.29 (b, 1H), 7.67-7.63 (m, 2H), 7.56-7.52 (m, 1H), 7.43-7.40 (m, 167.6, 166.1, 136.5, 135.0, 134.5,
[M+H]*  3H), 7.39 (d, 2H, J = 8.8 Hz), 7.14 (d, 2H, J = 8.8 Hz), 7.02-6.98 (m, 130.8, 128.5, 127.3, 126.3, 121.6,
1H), 2.68 (d, 2H, J = 6.4 Hz), 2.13 (t, 1H, J = 6.8 Hz), 1.50-1.48 (m, 118.2, 115.3, 68.2, 60.3, 26.8, 25.2,
2H), 1.39-1.34 (m, 3H), 0.72-0.66 (m, 12H) 20.9,11.0
D2 100.0 530.2  013.31 (b, 1H), 7.69 (s, 1H), 7.45 (t, 2H, J = 8.8 Hz), 7.32-7.29 (m, 167.6, 167.3, 166.1, 136.8, 136.2,
[M+H]* 5H), 7.17 (t, 2H, J = 8.8 Hz), 7.05 (t, 1H, J = 6.8 Hz), 2.69 (d, 2H, J = 134.7,133.9, 130.6, 128.1, 126.0,
6.4 Hz), 2.14-2.09 (m, 1H), 1.47-1.43 (m, 2H), 1.33-1.30 (m, 3H), 121.6, 118.2, 115.3, 68.5, 60.9,
0.77-0.72 (m, 12H) 26.7,25.2,20.9,11.1
D3 100.0 580.3  012.99 (b, 1H), 7.88-7.83 (m, 2H), 7.67-7.64 (m, 2H), 7.43-7.40 (m, 167.6, 166.1, 136.9, 135.0, 134.5,
[M+H]*  3H), 7.37-7.34 (m, 1H), 7.19-7.15 (m, 2H), 7.07-7.01 (m, 1H), 2.69 130.9, 130.5, 128.5, 127.3, 127.3,

(d, 2H, J = 6.7 Hz), 2.13 (t, 1H, J = 6.8 Hz), 1.43-1.40 (m, 2H), 1.33~
1.30 (m, 3H), 0.73-0.69 (m, 12H)

123.5,121.6, 118.0, 115.0, 68.3,
60.8, 26.6, 25.2, 20.9, 11.2

Z % (33.7 g, 334 mmol) ¥R . K P L O TR N
#1140 °C 2 . 30 ho  J 3 78 25 3R 5 in N 500 mL 7 v
fik (PE) F1100 mL H 3880 T 2R fi £ 0.5 h, & & f5

A HUZ, Mk K AT R K Pk, ToK B ER N1
15, ARG MR AR W 46 W) F R I R €13 4 B9 (PE, 300~
400 H &t %), 73 1k &4 10 (53 g, 69%). 'H NMR
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Figure 4 Comparation of binding to IDO1 between BMS-978587 and B1 (a), C1 (b) and D3 (c), respectively. BMS-978587 colored in
yellow, residues involved in interaction colored in gray, B1 and D3 in red, C1 in cyan, and hydrogen bond showed with dotted lines

Table 2 IDO1 inhibition of target compounds (IC,)

Compd. 1C,,/umol
IDO1 HelLa IDO1
Al 3.520 0.333
A2 0.601 0.273
A3 >30 7.963
B1 0.079 0.008
B2 0.363 0.080
C1 >30 9.635
C2 >30 8.652
C3 3.258 0.880
D1 0.121 0.054
D2 0.100 0.019
D3 0.075 0.008
INCB24360 0.394 0.076

Table 3 TDO inhibition rate of selected target compounds in
U-87-MG cells (%)

Compd. TDO Inhibition rate/%
B1 17
D1 30
D2 65
D3 26
680C91 92

(400 MHz, CDCl,) 6 7.75 (d, J = 2.8 Hz, 1H), 7.42 (q,
J = 2.4 Hz, 1H), 6.96 (d, J = 9.6 Hz, 1H), 2.84 (d, J =
7.2 Hz, 2H), 2.79~2.72 (m, 1H), 1.74~1.61 (m, 1H),
1.59~1.54 (m, 2H), 1.51~1.46 (m, 3H), 0.88~0.79
(m, 12H); ESI-MS(m/z): 344.4 [M+H]".

1.2 N-JZTE-N-G-EEXE)-2-FH-4-R-FRHHI&
(11) =& TR (15.2 g, 234 mmol) Z3 i in A 211k
4% 10 (8 g, 23.4 mmol). NH,CI (12.5 g, 234 mmol).
160 mL Z A1 20 mL K, VR G4 HE ) 14 h, A
TG ot Ak S 1 FE 30 ming DURE T L Ik g€, 2 HUA L
2, WE AR, NN 2 2B (EA), ¥ W5 5 F K
TN #h KGRk, LAIE K B AN T 6, ek A £
2 (Vpes Vea=100: 1) 15 2 K 3 K 4 11 (5.0 g, 68%).
'H NMR (400 MHz, CDCI,) 6 6.85 (q, J = 6.0 Hz, 2H),
6.78 (t, J = 6.0 Hz, 1H), 4.12 (q, J = 7.6 Hz, 2H), 2.60~

2.53 (m, 1H), 1.58~1.51 (m, 5H), 0.96~0.81 (m, 12H);
ESI-MS (m/z): 313.3 [M+H]*.
1.3 N-[2-(N-B T E-N-3-EXE)FH-5-2-FHE]-
A-BEKZERRNE & (12a) B &% 11 (2.00 g,
6.38 mmol) il 4- % 2K 2, % (1.48 g, 9.57 mmol) ¥ T
50 mL DMF 1, =3 RN = 2% (1.29 g, 12.7 mmol)
I = M -1-JE A = (T IR ) B e N I
f% & (BOP) (4.22 g, 9.57 mmol), = iEHi#E 12 h, £ TLC
AL Ak A 11 98 FE 5 B S 20k )R OBE, T 50 °C Ik B
FWA, A B (Veet Vea=10:1) 15 2] [ € [ 14
12a (2.35 g, 82%). 'H NMR (400 MHz, CDCL,) ¢ 7.56
(d, J = 7.6 Hz, 1H), 7.43 (s, 1H), 7.22 (d, J = 8.0 Hz, 1H),
7.21~7.12 (m, 4H), 3.84 (s, 2H), 3.27 (d, 2H), 2.46 (m,
1H), 2.20 (s, 3H), 1.65 (s, 1H), 1.52 (m, 4H), 0.85 (t, J =
7.6 Hz, 6H), 0.78 (d, J = 6.8 Hz, 6H); ESI-MS (m/z):
445.3 [M+H]*.

Dla-HERCBRENEM N EE, BENEY
12b, Y% 87%. 'H NMR (400 MHz, CDCl,) ¢ 7.56 (d,
J = 7.8 Hz, 1H), 7.40 (s, 1H), 7.25 (d, J = 8.0 Hz, 1H),
7.23~7.08 (m, 4H), 3.85 (s, 2H), 3.27 (d, 2H), 2.43 (m,
1H), 1.68 (s, 1H), 1.50 (m, 4H), 0.87 (t, J = 7.6 Hz, 6H),
0.75 (d, J = 6.8 Hz, 6H); ESI-MS (m/z): 449.2 [M+H]".
14 4'-(N-BTE-N-3-EXE)FE-3-U-BFEXRZH
BREL)-2-FA-5-FE-BRFI& (13a) Kika¥12a
(0.72 g, 1.61 mmol) =& ¥ T 20 mL AT BEH, I
4,4,5,5- P H -2~ (2- Jk-5- F DR ) -1,3,2- S 44 1
%5 (2.42 mmol, 0.59 g), = i N il A\ Pd,(dba), (150 mg,
0.16 mmol). X-Phos (308 mg, 0.64 mmol) F1 f% g 4
(1.32 g, 4.03 mmol), 3 B 25 4%, A5 min, A<
LR3RINFAE] 120 °CLRFE2 h, TLC A (Vee: Vea=1:1)
SR 5E A, R B ZE R, U8 B 25 R, R SRR A Ay
SR EML A 13a ki, HEH T T2 R M.

PASRABAY 7 vE i 4 19 B A4 13D L i
1.5 2-[4-(N-FTE-N-3-ERE)SE-3-FHEFRE
FERBRFERAHIF (14a) O 4,5- 0 (AL BEL)-9,9-
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TR R4 (17 mg, 0.029 mmol). % B2 4 (141 mg,
0.43 mmol).Pd(AcO), (3.3 mg, 0.015 mmol).tt 547 10
(100 mg, 0.29 mmol) FIAH BZ ) 22 5= 7% H R I (44 mg,
0.29 mmol), ¥ V& & W 7F 110 °CHiE £+ 4 h, W8 5 & =I5
7], FE €% 159 1) 6% € [l £ 14a (60 mg, 50%). *H NMR
(400 MHz, CDCL,) 6 7.88 (d, 1H, J = 7.6 Hz), 7.59 (t,
1H, J = 7.6 Hz), 7.34 (s, 1H), 7.14 (t, 2H, J = 8.8 Hz),
7.03 (t, 1H, J = 8.8 Hz), 6.66 (dd, 1H, J = 2.0, 6.4 Hz),
6.54 (s, 1H), 3.93 (s, 3H), 2.89 (s, 2H), 2.26 (t, 1H, J =
6.4 Hz), 1.46~1.39 (m, 4H), 1.23 (t, 1H, J = 6.4 Hz),
0.85 (s, 6H), 0.71 (d, 6H, J = 6.4 Hz); ESI-MS (m/z):
414.2 [M+H]*.

14b 1 14c {1 & #7715 5 14a ML, W= 43 i
59% A1 42%. 14b: *H NMR (400 MHz, CDCL,) ¢ 8.01
(d, 1H, J = 1.6 Hz), 7.39~7.30 (m, 3H), 7.20 (d, 1H, J =
8.8 Hz), 7.17 (m, 1H), 6.72 (dd, 1H, J = 2.0, 6.4 Hz),
3.95 (s, 3H), 2.69 (s, 2H), 2.43 (t, 1H, J = 6.5 Hz), 1.49~
1.43 (m, 4H), 1.31 (t, 1H, J = 6.4 Hz), 0.86 (t, 6H, J =
6.9 Hz), 0.71 (d, 6H, J = 6.5 Hz); ESI-MS(m/z): 414.2
[M+H]*. 14c: 'H NMR (400 MHz, CDCl,) 6 7.71 (d,
2H, J = 8.8 Hz), 6.73 (d, 2H, J = 8.8 Hz), 6.69 (s, 1H),
6.51 (dd, 1H, J = 2.0, 6.4 Hz), 6.24 (s, 1H), 3.95 (s, 3H),
3.78 (d, 2H,J=4.8 Hz), 1.75 (t, 1H, J = 5.6 Hz), 1.50~
1.44 (m, 4H), 1.36 (t, 1H, J = 6.8 Hz), 0.87 (t, 6H, J =
7.2 Hz), 0.74 (d, 6H, J = 6.4 Hz); ESI-MS (m/z): 414.2
[M+H]*.
1.6 N-{[4-(N-FT E-N-3-FE Kk E)RE-3-FE|FxE)-
N-FA £ - B KRB RESASI & (15a) K& 14a
(350 mg, 0.84 mmol) #% T 20 mL DMF #, 0 °C il A
NaH (70 mg, 1.68 mmol, 60%), %A J5 2% 12 in A\ it F 4
(350 mg, 2.52 mmol), ZEHEHEH: 1 h, KR MNIEEPEIA
20 mL K, Z R ZBEAHUM IR (2x20 mL), & FFEA Bl
2, TR AE R &, o B AR S A T EE R i\ Pd/C
(30 mg), ESALAE FEIRBEFE6 h, U8, W45 W, 13
3| ¥ {4, [H {£ 15a (250 mg, 69%). H NMR (400 MHz,
CDCl,) 67.78 (d, 1H,J = 7.6 Hz), 7.56 (t, 1H, J = 7.6 Hz),
7.15 (t, 2H, J = 8.8 Hz), 7.03 (t, 1H, J = 8.8 Hz), 6.54 (s,
1H), 6.46 (dd, 1H, J = 2.0, 6.4 Hz), 6.34 (s, 1H), 3.92 (s,
3H), 3.12 (s, 3H), 2.64 (s, 2H), 2.27 (t, 1H, J = 6.4 Hz),
1.46~1.36 (m, 4H), 1.24 (t, 1H, J = 6.4 Hz), 0.85 (s, 6H),
0.71 (d, 6H, J = 6.4 Hz); ESI-MS (m/z): 398.2 [M+H]".

15b A1 15¢ 1) & % 7 725 15a A AL, W2 45 A
93% A1 86%. 15b: 'H NMR (400 MHz, CDCL,) ¢ 8.01
(d, 1H, J = 1.6 Hz), 7.35~7.26 (m, 3H), 7.20 (d, 1H, J =
8.8 Hz), 7.07 (m, 1H), 6.55 (dd, 1H, J = 2.0, 6.4 Hz),

3.95 (s, 3H), 3.21 (s, 3H), 2.66 (s, 2H), 2.43 (t, 1H, J =
6.4 Hz), 1.49~1.40 (m, 4H), 1.29 (t, 1H, J = 6.4 Hz), 0.85
(t, 6H, J = 6.8 Hz), 0.71 (d, 6H, J = 6.4 Hz); ESI-MS
(m/z): 398.2 [M+H]*. 15c: *H NMR (400 MHz, CDCl,)
5771 (d, 2H, J = 8.8 Hz), 6.73 (d, 2H, J = 8.8 Hz), 6.54
(s, 1H), 6.46 (dd, 1H, J = 2.0, 6.4 Hz), 6.34 (s, 1H), 3.93
(s, 3H), 3.68 (d, 2H, J = 4.8 Hz ), 3.22 (s, 3H), 1.71 (t, 1H,
J=5.6 Hz), 1.50~1.42 (m, 4H), 1.32 (t, 1H, J = 6.8 Hz),
0.86 (t, 6H, J = 7.2 Hz), 0.73 (d, 6H, J = 6.4 Hz); ESI-
MS (m/z): 398.2 [M+H]*.
1.7 N-{[4-(N-BFTE-N-3-EXE)EE-3-@G-AEZ
Bk B B5) 1 2 &} -N- B & - B A K ER R EE AV I & (16a)
¥ 1k & ¥ 16a (300 mg, 0.756 mmol) 1 4- 5 4 2 &
(174 mg, 1.13 mmol) ¥ fi# T 20 mL — & H ke o, i
A = Z J% (152 mg, 1.512 mmol) F1 HATU (430 mg,
1.13 mmol), 2 il 4 Pk 18, ek B 25 9 580 5 AT (1 4y
2, 19 %) ¥ 5 [E 44 16a (310 mg, 77%). ESI-MS (m/z):
534.3 [M+H]".

16b F1 16¢ )& B 7 %5 16a FHALL, U= 43 05
72% F1 75%. 16b: ESI-MS (m/z): 534.3 [M+H]*. 16c:
ESI-MS (m/z): 534.3 [M+H]*.
1.8 N-[2-(N-BTE-N-3-E X E)RE-5-RFH]-4-8
KIETBLAEIZ (17) ¥ N-FJEmE 1 (3.0 g, 30 mmol).
&P 11 (2.3 g, 7.3 mmol)4-FRG#EE S (1.4 g, 7 mmol)
IO E] 40 mL & P Le b, &R T % IR e
20 h, I EEATK, £ 4 30 min, DL AT & 57K bR
BANLE, R 4E, W 4a ) DARE A (1 43 55 (300~
400 H, Vpe:Vea=50:1), 13 23K (414 17 (2.0 g, 59%).
'H NMR (400 MHz, CDCl,) 6 10.44 (b, 1H), 7.55~7.51
(m, 1H), 7.49~7.42 (m, 1H), 7.39 (d, 2H, J = 8.8 Hz),
7.17~7.10 (m, 2H), 7.09~7.02 (m, 1H), 2.78 (d, 2H,
J =6.4 Hz), 2.68 (b, 2H), 2.13 (t, 1H, J = 6.4 Hz), 1.50~
1.46 (m, 2H), 1.39~1.34 (m, 3H), 0.72~0.68 (m, 12H);
ESI-MS (m/z): 471.1 [M+H]*.
1.9 N-{[4-(N-BT E-N-3-FF [k &)F&-2-8 E]-[1,
1-BAK]-2-E}-4- B KB ARG & (18a) HLEW
17 (0.15 g, 1 mmol) . 2- 5 J 2% B /& 43 A8 B2 Fg (0.14 g,
2 mmol).Cs,CO, (0.40 g, 4 mmol) A1 Pd[P(Ph,),] (0.10 g,
0.1 mmol) AT 4 mL —5 N3 2 mL KA, &SR
IR A WAE 130 °C I N 30 min, KR A4 A2 R
FE AR, WAk 4 CARE e A €81 43 29 15 21 1 [ 44 18a
(0.14 g, 86%). *H NMR (400 MHz, DMSO-d,) § 12.89
(b, 1H), 7.80 (t, 1H, J = 6.4 Hz), 7.75 (s, 1H), 7.63 (d,
1H, J = 8.8 Hz), 7.56 (t, 1H, J = 6.4 Hz), 7.48 (d, 2H,
J=8.8Hz), 7.27~7.21 (m, 3H), 7.19 (t, 2H, J = 2.4 Hz),
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2.72 (d, 2H, J = 6.4 Hz), 2.24 (t, 1H, J = 6.4 Hz), 1.52~
1.48 (m, 2H), 1.38~1.34 (m, 3H), 0.75~0.80 (m, 12H);
ESI-MS (m/z): 494.0 [M+H]*.

18b F1 18c [l % 77 155 18a 25181, K 45 4 86%.
18b: 'H NMR (400 MHz, DMSO-d;) 6 12.90 (b, 1H),
9.85 (s, 1H), 7.70 (d, 2H, J = 6.8 Hz), 7.45~7.40 (m,
2H), 7.40 (d, 2H, J = 6.9 Hz), 7.19 (t, 3H, J = 6.4 Hz),
2.72 (d, 2H, J = 6.4 Hz), 2.07 (t, 1H, J = 6.4 Hz), 1.43~
1.40 (m, 2H), 1.33~1.30 (m, 3H), 0.74~0.79 (m, 12H);
ESI-MS (m/z): 512.2 [M+H]*. 18c: *H NMR (400 MHz,
DMSO-d,) § 12.5 (b, 1H), 9.65~9.62 (m, 1H), 7.88 (d,
1H,J = 6.4 Hz), 7.77 (s, 1H), 7.48~7.45 (m, 2H), 7.41~
7.36 (M, 2H), 7.33~7.30 (m, 1H), 7.17 (t, 2H, J = 8.9 Hz),
2.75 (d, 2H, J = 6.9 Hz), 2.50 (t, 1H, J = 7.0 Hz), 1.56~
1.52 (m, 2H), 1.37~1.32 (m, 4H), 0.78~0.73 (m, 12H);
ESI-MS (m/z): 562.0 [M+H]"*.
1.10 1-[4-(N-FTE-N-3-EXE)RE-3-4-BF %
£)- K E]-2- gkt B FREERY &I (19) #12a (150,
3.34 mmol). it i g -2- 32 2 H s (0.65 g, 5.02 mmol).
Cs,CO, (2.17 g, 6.68 mmol).S-phos (137 mg, 0.33 mmol)
A1 Pd,(dba), (153 mg 0.17 mmol) J& & F 20 mL 1,4-
AT, AR 3 min, ZEESARYT R T 100 °C i HE
8 h, LA Z.l& Z g i e (150 mL), K BE %% (30 mLx2), &
KR R A T8, V8 B 259 771, ek R A €% 23 B8 (Ve
Vea=1:1) 15 3 3% (0 [l f& 19 (0.8 g, 48%). 'H NMR
(400 MHz, CDCl,) ¢ 8.99 (s, 1H), 7.69 (d, J = 2.4 Hz,
1H), 7.29~7.26 (m, 3H), 7.04~6.99 (m, 3H), 6.12 (dd,
J =28, 8.8 Hz, 1H), 4.15~4.05 (m, 4H), 3.73 (s, 3H),
3.66 (d, J = 2.4 Hz, 2H), 3.54~3.50 (m, 1H), 2.85~
2.82 (m, 1H), 2.44~2.29 (m, 2H), 1.49~1.31 (m, 5H),
1.06~0.72 (m, 12H); ESI-MS (m/z): 498.3 [M+H]*.
111 1-[4-(N-BTE-N-3-ERXE)EE-3-G-8FX 8
B E) - E]-2-I g T FRER A& (20) K LiOH (77 mg,
3.22 mmol) A E| 4k A 4 19 (0.81 g, 1.61 mmol) 1)
THF/MeOH/H,0 (20 mL) J& & & A o, =
TPEHE 3 he JE ZBRA WA, L1 mol-L* HCIA Y
JKAHZE pH=~6.0, F§ Z.18 Z. 18 (50 mLx2) Z£HYL, J/K bR
PR 5 T-15, K I #ll % HPLC (CH,CN/H,0, 0.05% HF) 4
B33 1 5 [E 44 20 (120 mg, 15%). *H NMR (400 MHz,
CDCl,)  8.77 (s, 1H), 7.48 (s, 1H), 7.32~7.09 (m, 5H),
6.13 (d, J = 7.6 Hz, 1H), 3.97~3.94 (m, 2H), 3.81~
3.79 (m, 2H), 3.70 (s, 2H), 3.49~3.36 (m, 2H), 2.62~
2.60 (m, 1H), 2.27~2.26 (m, 1H), 1.41~1.23 (m, 5H),
0.86~0.69 (m, 12H); ESI-MS (m/z): 484.3 [M+H]*.

1 & 1 21 A1 22 (1 ) 2% 43l S5 40 & 19 20

1 1] % 7 ¥E 2R 8L, A R 4 B 4 T A A, 43 Sl
4 ESI-MS (m/z): 470.3 [M+H]*Fl ESI-MS (m/z): 456.3
[M+H]*.
112 1-[4-(N-BTE-N-3-E/RE)EH&-3-G-BE T
PRE)-EE]-RRIFT k-3- PR ZBsR0HI& (23) b
W) 23 (I £ 071 50 A 19 2540, WK 48%. 'H NMR
(400 MHz, CDCIl,) ¢ 8.99 (s, 1H), 7.69 (d, J = 2.4 Hz,
1H), 7.29~7.26 (m, 3H), 7.04~6.99 (m, 3H), 6.12 (dd,
J = 2.8, 8.8 Hz, 1H), 4.15~4.05 (m, 4H), 3.73 (s, 3H),
3.66 (d, J = 2.4 Hz, 2H), 3.54~3.50 (m, 1H), 2.85~
2.82 (m, 1H), 2.44~2.29 (m, 2H), 1.49~1.31 (m, 5H),
1.06~0.72 (m, 12H); ESI-MS (m/z): 498.3 [M+H]*.
113 N-{[4-(N-BTE-N-3-EXRE)EE-3-4-EBFXKZ
Fit R B5) | 2R £ )-N-FRE- R E X R AHIE (A1) K 16a
(200 mg, 0.38 mmol) ¥ - FEE-7K (3:1, 20 mL) 1, f
NS E AL SN (45 mg, 1.12 mmol), [B] 37 i 5 S 82, ek &
Br 297, I 10 mL 7K, BL 5% #hER ¥ 47 pH=2~3, i
JE, JEUFLL 15 mL g BESE %, TS O T R AL
(120 mg, 61%).

A2 FI A3 A BT 155 ALFRL, USR535 72%
H156%:
1.14 5-{[4-(N-B T &E-N-3-E/RE)EE]-[3-@-F &
K ELBEE)]-5- B E-[1,1-BA K] -2- B O R Ao ol 5
(B1) ¥ it&4)13a (0.89g, 1.85 mmol) = i T N A 8
FOfH, IiN 20 mL H2%, =35 R I NaN; (12.9 mmol,
0.85 g) 1 n-Bu,SnCl (5.18 g, 12.9 mmol), fil # 5|
120 °CHEFF PR 5 40 h, TLCHAZ I (V s - V e =10:1)
13a J M58 4, P 3 &I, D BR 22, H KF 3|
(100 mL, 10%) ¥, SR 518 N 100 mL 7K H, H & H
B A B (100 mLx3), & 5 b, TR, fE RO i
5 E [ E A BL (0.43 g, 42%).

DA A W) 13b SR FI 240 U7 2 ) 46 43 24k & 9 B2,
% 35% .
1.15 1-[4-(N-BTE-N-3-E/XE)EE-3-G-BEEE
P BK)- 2K £K]-2- ML i T FR B BZ B9 1 & (C1) 4 NH,CI
(74 mg, 1.40 mmol). HATU (532 mg, 1.96 mmol) #
Et;N (212 mg, 2.10 mmol) i A %] 20 mL 1k & % 20
(367 mg, 0.70 mmol) ] DMF ¥ ¥, J& & 0 = 35 5t #F
3 h, A 100 mL 7K 4R J5 LA 218 2 g A5 HL (200 mLx3),
& IFEHLZ I T4, UL pre-HPLC 4> B (CH,CN/H,0,
0.05% NH,HCO,) £33 [ &[] & C1 (105 mg, 31%).

&) C2 i 2% 775 CLEA, 12 43%.
1.16 1-[4-(N-BTE-N-3-E/XE)EE-3-G-BEXEE
P B)-FKE]- BT ke-3- R A HI & (C3) e
C3 il & 772 5 A 20 240k, e 35% .



R AR WG| 2, 3- XIS 1A 7R 0 BT ORI R AT

+ 2047 -

117 3-(4-BFXMEE R E)-4-[(N-F T E-N-3-IE/X
)-SE&]-[1,1-BFK]-2-BEgpYFI & (D1) #0129k
S LMAT 2 mL/K .2 mLEREE A 2 mL Z 8, S
R TR T 120 °CHittE 14 he A HE, TIAN L
i CHEFIK o TN [ A B R 4, FH 5% i $h 2K pH 1
TR 5~6, WA HZ R, AR Y8 I A
P13 [ afE 44 D1 (43 mg, 34%).

D2 A1 D3 1) 1] % 7772 5 D1 2564, R 53 51l A 42%
H133%.
2 SFREIE

7y 1% 2% 1 UCSF [f) DOCK 6.9 F2 /7%, K FH i &
15 A4 &5 #4) (1) PDB 4 5 4 6AZV . K Chimera 4b
HER (IR ST, A7 DMS SO, A, il s, SR
F Flexible Ligand Docking #% =ik 47 Xt #2, HoAth Z %R
FHERIME . FEFIZ 477 CentOS 7 £ 45 L, % i Pymol
1.5.0.3 % HAER.
3 HNHEM LIS

IDO1 Flf 2% 52 56 2 2% SCHR U7 209, 1R bR R BLTR A
% [50 mmol- L™ fff & £ 22 M ¥R (pH=6.5), 20 mmol-L*
YUK MR 44, 10 pmol-L™ WF FF & 5, 200 pg-mL* i 44
fb & ¥, 50 nmol-L* IDO1 i, 100 pmol-L* L- £ 5 R]
HOI NS [R] & AR A A ) (BH M RS in DMSO 1 28
0 HR), #£ 37 °C T [ 3 60 min, II N IE & =5 L&
1E 2 B, £ 65 °C N % & 15 min, B0 B 3% WU 7 3
96 FLAR 1, 15 125 pl 29% F AT — FH 2 2k OR FE R T IR U
WRA, EiRIEE 10 min. K48 480 nm K AL OG FE
fE (OD) vHA il Z, M THE ICs.

IDOL 4 Jfl 2 S8 2 2% SRR, K4 A5 AL & 4 Bk
HE Ak &4 Fl DMSO FL 5t 463, I DMEM Fis ¢ 2 AN [
R BUGH AR K ) HeLa 4 i DLAE £L 2x10° /> 41 Jifd
PR 96 FLIR, AN\ 100 pbL IFN-y, f# F T30 e
R E R AL A i InFL AR K 4l i E T 37 °CRE R
20h. @R EA LKL LR . 7550 °C % 30 min.
BLOEETER, BN 2% (wiv) Ehrlich %7 3% B 96 4L
JEAR H, AR JE 7E =R R A 10 min. K 4E 490 nm &b
OD A THE M 2%, Tt &4 1C, 1A -

TDO 4 i % SZ 56 2 2% SCHRPA, St & AL & 4 &
X FE AL A ) ) DMSO 2 5% 100 pmol- Lt ik F&F 1) fil 4%
i, I DMEM 2k 4 7 B 25 1 pmol- L% B 32 K 1
U-87-MG 4H il L& L 2x 104> 48 g 35 R 1 96 FL R, %
F£12 h g, IO\ iR Aiib & iR -t = R, 4k 4
557% 8 h 5 DMEM #5773 L5 W 7 2 8 (10 v,
FHIMAN =R LR &1 B . 65 °C/KI % & 15 min
&, BB s A 96 Lk, H A 4- —
FHRR R A . KHE 492 nm OD i+ S =,
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