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5-FF 2 Z-N6,N6-T] vl o] A& 2 [5,4-b] 9] 2] H-3,6-T]o}%l (57)
6-(F-2-) o] & AE 2 [5,4-b] 3] 2 P-3-0} (58)

6,7-t]3to] =2 -5H-Ato] Z 2 HEH b] o] SALE R[4, 5-e] T 2] -3-0}71 (59)
6,7,8,9-el Eg}ato] =2 -5H-Ato] S 2 e b] o] HAME R [4,5-e] T E]H-3-0}71 (60)
6,6-tIME-5,6,7,8-El| Eg}slo] =R o| £AME R [5,4-b] F] =W -3-o}7 (61)
7,8-t)dto] = 2-5H-0] HAE =[5, 4-b] 9] 2} [3, 4-e] ¥ 2] -3-0} W1 (62)
6-(WEE] L) 0] &AL ER[5,4-d] ¥ 2] v ¥-3-0}71 (63)

6-ml e o] HALE R[5, 4-d] 9] @) v El-3-o} 71 (64)

4-(vEE] 2)-6-3d o] HAFE R[5, 4-d] 9] 2] v el -3-o} 71 (65)
6-FRE-5-FF QRO HARER[5,4-b] ¥ H-3-0}7 (66)
5,6-UFRRZo|HAER[5,4-b] ¥ 2l d-3-0}7l  (67)

6-FEE-4-(EFEF o2 E) o] EAMER([5,4-b] ] ] H-3-0}7 (68)
5-(3-MEA L2 Z-1-¢1-1-A) o] HALE R [5,4-b] ¥ 2| Td-3-o}71 (69)
6-(4-M EA H ) o] HALE 2[5, 4-b] ¥ 2l H-3-o}7] (70)

6-(4-ZFQ =l d) o] HAFE R[5, 4-b] 9] g d-3-o}¥1 (71)

6-(2,4-0F 223 d)o|HALEZ([5,4-b]H @] d-3-0o}71 (72)

6-(2,4-0ZF 22 d) o] HALER[5,4-b] ¥ 2| d-3-o}7] (73)
6-(2-Elolld) o] SALE 2 (5,4-b] ¥ 2] l-3-0}7 (74)
6-(1-&-1H-9] 2} &-5-) o] AL 2 [5,4-b] ¥ 2| Hd-3-o}71 (75)

6-(3-(H ot e) T2 LA o] £ALE 2 [5,4-b] 9] 2 d-3-o}7l (76)
6-(2-(t el obr] i) ol ZA]) o] SAME 2[5, 4-b] 9] 2] D -3-0}v1(77)

6-(2-%

1ru

2] ol EA]) o] HALE 2[5, 4-b] 3 g l-3-o}71 (78)
6-(MEE Q) o] HAE 2 [5,4-b] 9 gl d-3-o}71 (79)

6-(Mle A d) o] HALER[5,4-b] T 2l H-3-°}51 (80)

3-obu| o] SHAFE R[5, 4-b ] B H-6-7F 2522 (81)

g 3-oju o] HAE 2 [5,4-b] 9 EH-6-7F 2 5 o] E (82)
6-3 5 Al o] SAFE R [5,4-b] ¥ 2] ¥l-3-0o}7 (83)

6-(2-F 225 A)) o] HALZZ[5,4-b] ¥ 2 H-3-0}7] (84)
6-(3-F 225 o] HALZZ[5,4-b] ¥ 2 Hd-3-0}7] (85)
6-(4-SF 22| FA]) o] HEALER[5,4-b] T 2] H-3-°}71 (86)

6-(2-(EdEF2r5A) F5 A o) HARER[5,4-b] ¥ 2] H-3-oRl (87)

IL

m

6-(3-(EdEF2r5A) F5 A o] HAER[5,4-b] ¥ 2] H-3-0}Rl (88)

m

6-(4-(EdEF 25 F 5 A o] HARER[5,4-b] ¥ 2] Hl-3-0Rl (89)
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6-(2-H| F A H| 2] ) o] ALEZ 2[5, 4-b] ¥ 2l -3~} (90)
6-(3-HHE A H| 2] ) o] AL EZ 2[5, 4-b] ¥ 2l -3~} (91)
6-(4-H| F A H| 2] ) o] AL 2[5, 4-b] ] 2l d-3-o}] (92)
6-(3-(EZEF 2 e 5A]) o) SAFEZ[5,4-b] 9] gl T -3-0}71 (93)
N -#ld o] &AL Z 2 [5,4-b] T 8 H-3,6-T]o}Hl (94)

N-(3-v| E A A Q) o] &AL 2 2[5, 4-b] 7] 8] ©-3,6-T]o}H] (95) =

N’ -(4-v| EA H ) o] HALE R [5,4-b] ¥ ] H-3,6-T]o}Hl (96),

9 o]o] oFEtH o FEHE= .

A% 23

A 18 WA Al 228 F o g &oll glojA, slske] 19 ggtEe] D01 HAA

AT 24

A& WA Al 228 T o= 7 &l lolA, shshA 19 shekEo] TDO AAAR]D oF

AT 25

SIHS31 10-2017-0034439

A 1F WA A 22F T ol g Fell lolA, skek 19] stgtEe] 101 AA R D0 AlAl & R oFst

A AL

7% 26

7125 A A 13l Aow 58 19 5HHE:
5-H R R4 6-T] g o] &AL E R[5, 4-b] 7] 2] Tl-3-o}7 (1)
4,5,6-Eg " o] $AMER[5,4-b]F 2] H-3-o}7 (5)
5-FRZO|HAIER[5,4-b] ¥ 2l H-3-o17 (8)

4-Fd o) HALE 2 [5,4-b] ¥ g H-3-o}7 (13)

5-ZF o Zo|EHALE R ([5,4-b] ¥ g H-3-o}7l (14)

6-dd ol EHAtE2[5,4-b] ¥ 2l ¥-3-o}71 (15)
5-oFo] & o] &HALE 2 [5,4-b] ¥ g H-3-o}7] (16)

N’ N-tl W e o] 441 £ 2[5, 4-b] 9] 2] -3, 6-T] o}l (18)

N Nt E ol £A £ 2[5, 4-b] 9] 2] ©1-3, 4-T] o}l (19)
5-22 2N 4,6-Eg| M eo] HALE R [5,4-b] 9] 2] ¥-3-0}71 (20)

5-Fz 2N N 4,6-8l Eehu| o] &AL £ 2[5, 4-b] ) g -3-0}7] (21)

5-(3-w| B H ) o] HAME R[5, 4-b] ] 2] H-3-0}7l (22)

5-(2-w| EA ) o] HAME R [5,4-b] ] 2] T -3-0}7l (23)

5-(3-FF e 2-4-m S5 Ao d) o] HAZZ[5,4-b] ¥ g ©l-3-o}wl (25)
(98] d-3-) o] GAER[5,4-b] ] 2l d-3-0}7] (26)

(F g ¥-4-) o] EALZ R [5,4-b] F FH-3-o}= (27)
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2-(3-o}] 0] EALE 2 [5,4-b | ¥ B HU-5-2) &= (28)

4-(3-ob] 10| HALE 2 [5,4-b] ¥ 2 W-5-) &= (29)

5-(4-FF Q2| d) o] HARER[5,4-b] ¥ g F-3-o}7 (30)

5-(3-FF &) o] HARER[5,4-b] T Hd-3-o}%l (31)

5-(2,4-tEF 2 d) ol HALE R [5,4-b] ¥ Bl T1-3-o}7] (32)
5-(3,5-t&EF 2 2-2-mF5A|# ) o] HAEZ[5,4-b] ¥ 2 d-3-o}wl (33)
5-(2,4-0 2229 ) o] HAER[5,4-b] 9 gl d-3-o}71 (34)
5-(2,3,4-ER|F 22 d) o] HAER[5,4-b] ¥ g d-3-0}7] (35)
S-(4-(EfEFezmdad)o]SAE 2 ([5,4-b] v 2l -3-o}Wl (36)

5-(3-obu] | d) o] HARE R[5, 4-b] 9] ] H-3-0}7 (37)

e 3-(3-opr] o] SALER[5,4-b] 9 -5- ) Hl o o] E (38)

5-(6-FF 2 29| d-3-) o] HAE R [5,4-b] 9] 2] T -3-c}71 (39)
5-(2-FREA-(EFEFomvE)dd) o] £AER[5,4-b] 9] 2l T-3-o}71 (40)
6-FZ2-4-wo| HALE R [5,4-b] ¥ 2| D-3-o}7] (42)
O|EARER[5,4-b] ¥ EH-3,6-t] o}l (43)

S-rld o] SALE 2 [5,4-b] ¥ ] l-3-0}7 (44)

5,6-t W& o] & ALE 2 [5,4-b] 3] 2] Y-3-0} (45)

6-E-4-(Ee| T o 2 d) o] HAER[5,4-b] T 2 d-3-o}71 (46)

6-ol 22 Ho]HALE R[5, 4-b] ¥ ] Hl-3-0}1 (48)
5-UERo|HAMER([5,4-b] ¥ g el-3-0}7 (49)

g 3-obv]-6-(EE| EF e 2HE) o] HAE R[5, 4-b]d g d-5-7F2 R A o] E (50)
4-v| B A o] EAE R [5,4-b] ¥ g el -3-0o}7 (51)

5-(OZF 2 2|5 A)-4,6-t] M o] HAER[5,4-b] 9] 2] B-3-0}0] (52)

o8l 3-o}w] =-6-mEl o] £ 2[5, 4-b] T B Y -5-7t 2B A o] E (53)

old 3-obn)-6-(T) EFF o2 ") o] AR R [5,4-b] ¥ g U-5-7 25 A g o] E (54)
5-ZFQ 2 -6-EE & o] HAME R ([5,4-b] ¥ @] d-3-o}7 (55)

N6-Ato| FRZ 2 -5-FF 0 Zo| AR 2 ([5,4-b] ¥ 2] -3,6-T]o}7l (56)
5-ZFQ2-N6,N6-t]H e o] HALE R [5,4-b] ¥ 2] -3, 6-t]o}7] (57)
6-(F&-2-d) o] HALER[5,4-b] 9 2] H-3-o}7] (58)

6,7,8,9-H Egsto] =2 -5H-Ale] S 2 FEH[b] o] HAME R [4,5-e] 9] 2] H-3-o}7] (60)
6,6-CIH®-5,6,7,8-H Eg}slo] = o] HAMER[5,4-b] F] 57 -3-0}1 (61)
7,8-t]dlo| =2 -5H-0] HALE 2[5, 4-b ] 9] 2} [ 3, 4-e ] T 2] H-3-0}71 (62)
6-(WEE] L) 0] &AL ER[5,4-d] ¥ 2] v e-3-0}7l (63)

4-(vEE] 2)-6-3d o] HALE R[5, 4-d] ¥ @] W] -3-o} 71 (65)
-FRR-5-ZFQEO)EAERZ(5,4-b] ¥ 2l d-3-0}7] (66)

5,6-U &2 20| &AL EZ 2[5, 4-b] B d-3-0}71  (67)
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6-FR24-(EETFL 2 E) ol HAEZZ[5,4-b] ¥ g H-3-o}71 (68)
5-(3-MBA Z 22 -1-¢1-1-) o] HAE R[5, 4-b] 9] 2] H-3-0}T (69)
6-(4-H FA 3 ) 0] HAE R[5, 4-b] ¥ 2] H-3-o}71 (70)

6-(4-FF 229 d)o| HALER[5,4-b] ¥ 2l d-3-o}7 (71)

6-(2,4-t]F 229 d) | HALERZ[5,4-b] ] 2] H-3-0}7l (72)

6-(2,4-t1&F 2 =ad) o] £AE R[5, 4-b] 9] 2l d-3-o}T1 (73)

6-(2-E]oll d) o] HALER[5,4-b] ¥ 2l H-3-0}7] (74)

6-(1-H & -1H-7 2} &-5-d) o] HALE R [5,4-b] 9 2] H-3-o}7] (75)
6-(3-(trldoln| ) T2 LA o] AR 2 [5,4-b] 9] 2] -3-0}Rl (76)
6-(2-(tmldobr| ) o 5A]) o] SALE 2[5, 4-b | 9] 2] H-3-0}R1(77)
6-(2-R2E 8] =0l 5A]) o] AR R ([5,4-b ] 2] -3-0}rl (78)

6-(W e Q) o] HARER[5,4-b] ¥ 2l -3-0}71 (79)
6-(MEAxd) o) HAER([5,4-b]F 2] D-3-}F1 (80)

3-obu] o] HAME R [5,4-b] 9] B U-6-7F2 B4k (81)

'l 3-oju o] HALEZ 2 [5,4-b] ¥ EH-6-7t 2 A o] E (82)

6-3 5 Al o] SAFE R [5,4-b] ¥ 2] ¥l-3-0}7 (83)

6-(2-F 225 ) o] HALZZ[5,4-b] ¥ 2l d-3-0}7] (84)

6-(3-F 22 5] o] HALZZ[5,4-b] ¥ 2 H-3-0}7] (85)

6-(4-F 22 5] ) o] HALZZ[5,4-b] ¥ 2] d-3-0}7] (86)
6-(2-(Eg&F 252 #5A]) o] HAE R[5, 4-b] v 2l d-3-o}7] (87)
6-(3-(EdEF2r5A) #5 A o) HARER[5,4-b] ¥ 2] H-3-0}R] (88)
6-(4-(EPEF2r5A]) F5A]) o] HAER[5,4-b] ¥ 2] H-3-0Rl (89)
6-(2-v H A 3| 5 A] ) o] AL E R[5, 4-b] ¥ 2] H-3-0}71 (90)

6-(3-v E A 3l 5 A] ) o] A} E 2[5, 4-b] ¥ 2] -3-o}71 (91)

6-(4-v Z A 3| 35 A] ) 0] A} E 2[5, 4-b] ¥ 2] W -3-0} 71 (92)
6-(3-(EgEFemmg)d5A]) o] SAMER[5,4-b] 9] 2l d-3-o}ul (93)
N-sld o] &AbE R [5,4-b] 9 2] ©-3,6-T]okRl (94)

N=(3-wE A D) o] £AME 2[5, 4-b] 9] 2] 9-3,6-T] o}l (95)

N-(4-m| A 5D ) o] SALE 2[5, 4-b] 7] 7] D=3, 6-T] o} &1 (96)
g olo] kKo R FHEHE A,
AT+ 27

skAle] Azl A 18 WA A 268 F o @ G AH 534
fe o) §%.

A3} 28

e

!

il oL o 5)

rir
rlo
ek
ol
il
=2
R
02
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[0003]
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ZIHSd 10-2017-0034439

A+ 38

A5 2, BAF, TFANEA ZE £ el B G Ae, v AR, vFHF A 7)5Fel, o
A A A7 #EE g e Fell, 2 whydos FAE FozYE Aud Wy T FolE X855
A3t kAo Aol el A 18 WA Al 268 T o] 3 o] AW e 19 FIE Fi= oo FEtHow
385 = 99 &=,

AT 39

A& ¥3eteE 28 TEIAA 95 43, #AES, T304 43 £ Foll, W9 A dg, g 4
B, vbHE oA 715, oA A A7y dEE HE Es Ao, @ whigor FAE TOoRRE M
B HE T Fols AR WHoRA, o] w Y] Wye] & X#A fFaHe A 1% A A 268 T
oL & ol Fojw st 19 FFE T oo FtH o FHEHE A T A s, WY

2 e 3-oju| ol EAE R Y, oS THdhe A 2AE F GAHEA olE9 &%, W Hy 53
9EoR e ot WA, tE §39 Woxd AE8A, WA 2 o2 gstalAet 22 o EAe &
A, o ABolAe] o5 &k #I Aotk

L

=olyl 2,3-tFAAIUA 1(IDODE ZIFddez EYET st R WA 2 &= A% dAE Fujslsia,
WY A 2HS A5 H’GH Qe Moo dollM wdHE Y (Uyttenhove et al., J. Nat. Med. 2003, 9
1269). A FTYelA el =2 1001 LS HAY, A4, e, S4F 2 77 ks xdtete A
gk Blile] Srell A Bt 5‘4} | Fe} Aol e FHoE Ueigth. FY SAFE MEFolA ID01 fFHAke] A
S (silencing)& w"hg-2zol olAd w FFE FAHste= Mxe & HAANZREU (Zheng et al., J.
Immunol. 2006, 177, 5639), o] oF 2 93k Ao 2A [D01S EQIAA =), Be 1Fo0] o 3hxloA

DO1

AAA AT Fe stvk. olH @ A= dEe

H Z}
2 re= % ie é}ﬂﬂ‘ﬂﬂ W&ste] T S vEhd Thsdol glojof gttt AR JAIARE D01 &
29 e2EY AsAES AJdsis A Eg & Wodxd HAaw, Jd7dd &9 9 Fol, dY gard
Aol A (oA CTLA4 2 PD1-4) 2 L&A T-AE X5 o] &(dA CART AE)3} A As#ge 7

2 2
AHE 7FA 3L Yvk(Mautina et al., Proceedings of the AACR Annual Meeting, 2014, Poster 5023). %7] <
TolAd+= 10019 AAA JAAZA 1-HEEHEI(I-MD) I 2 EHERY FEAS AE3F¥2(Cady and
Sono, Arch. Biochem. Biophys. 1991, 291, 326) I1DO1¢] <to] <kg]std /Y-S 913 wjgl &<l FHo] & Ao

= MY E=AE AR cHHou et al., Cancer Res. 2007, 614). al¥ T3 FE25FH dojd dA A
%% EYET FEART AFE] S

%! H5o® ID01S AAFT. oM =] @How, AR dE 7}
A 7= 1001 AA F st sl 2EX A EEld 0“7\1?0}“1(exiguamine)o]E}(Brast1anos et al., J.
Am. Chem. Soc., 2006, 128, 16046). ¥ s|=2F o2 HE dad F 72 of=#(annulin)< B ol A
S YERIaL, @ ol S5 A d#9 1001 AR Atz ER =S A= oo §]'§],' g
S A3 }ME}(Perewa et al., J. Nat. Prod. 2006, 69, 1496; Kumar et al., J. Med. Chem. 2008, 51,
1706). 33HE glolv o] F& A 23TYL D019 Jfo|=FEAlotu|d Aol T4 FFeo v 2

HA 32 ol H T (Yue et al., J. Med. Chem. 2009, 52, 7364). AE W &xol sl nM &5 L A KA 0
|ES 2= HAHsE stol=SAlolnd R dAl Ad Al Foll Adtt(Newton et al., J Clin Oncol. 2012,
30, (Suppl; abstract 2500)). oJH|vfzolARlE {9 & vt ZEe ID0 JAAZF g AA 27| @A
oA A1E Foll dvk(Mautina et al., Proceedings of the AACR Annual Meeting, 2013).

EQER2 3-UZAAYA] (TD0)+= EHER & A2 T v a4 aholth. 0 JAAE =g oF 2 o}
2 WH9 A=l FHLs A9 A= E%S 7 5 AT

e 542 3-opvmolSAtE R Y Shghe, B ogtelA, oE 5o o AR, o5 s AT
AW, Aol SolA 783 dES Alwshs Aold.
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A7) Ao A W= (R, N EE N-2Abo] o) 1;
X= (R, N BEE N-Apo]=o]31;
v (R, N X N-SAfo]=o] 11

7= (R, N EE N-SAabo] =0

H

A7 W, X, ¥, B Z F A% shbi N EE N-Sapo] o] a;

R, R, R 2R 27 55802 87 70 H, &=, R, -OH, -O0R, 0C(O)H, -0C(O)R, ~0C(O)NH,, ~OC(OINHR,
-0C(OINRR, -OP(0)(OH),, -OP(0)(OR),, -NO;, -NH,, -NHR, -NRR, -NHC(O)H, -NHC(O)R, -NRC(O)R, -NHC(O)NH,
-NHC(O)NRR, -NRC(O)NHR, -SH, -SR, -S(O)H, -S(O)R, -SO.R, -SO,NH,, -SO.NHR, -SONRR, -CFs;, -CHF,, -CH.F,
-0CFs;, -OCHF,, -CN, -C=CH, -C=CR, -CH=CHR, -CH=CRR, -CR=CHR, -CR=CRR, -CO.H, -CO.,R, -CHO, -C(O)R,
-C(0)NHz, -C(O)NHR, -C(O)NRR,  —CONHSO.H, -CONHSOR, -CONRSO.R, Alol&® C,-C; &Zolv|i, o|n|thE&d,
C-Cy A sebAY, waged ¥ Hewadedzre Auys;

R % R7E g7 A7, R 2 Rol @ AL, B 2 R7E @4 AslA 0, N R s2RE A 1y

A 370 EEdAE delr xshe EsHAY FEHoR IstEAY s =xstE @4 dxpe] 5 E
69 s FAT 5 i, A7) nEE SPAoR REFE AUE 1 A 4] XEE QJeR X3y

7] RE B7) Bt (a) B (D)o 4oE oo Ay =

i)
2
o
fru
rx
)
i
k]

(a) P2 A3 G €27, A= X3 G EAE7], Y2 A3 G E71d7] B d=2 X34 Cs
7 AolEE &d7] (o] wf A7) &, dAld, grid B AtelEE &7 24zt digk sk o) de] ddejeo] X3
71 77t ERAow 7] 70 &=, -0, -0R, -0C(OR’, ~0C(OINH,, ~OC(OINHR', ~OC(ONRR’, ~OP(0)(OID),,
“0P(0)(OR)z, -NO,, -NH,, -NHR, -NRR, -N'(ODRR’, -NHC(O)H, -NHC(O)R’, -NR'C(O)R, -NHC(O)NHs,
NHC(ONRR, ~-NR'CCONHR', ~SH, -SR”, ~S(O)H, -S(O)R’, -SOR’, ~SONH,, -SONHR', -SONRR’, ~CFs, —CHF,,
~CHLF, -OCF;, -OCHF,, —CN, -COH, -COR, -CHO, -C(O)R, -C(O)NH,, ~C(ONHR', -C(OINR'R’, ~CONHSO.H,
CONHSOR',  —COONR'SOR’,  ApolZ®  C-C,  SAolwln,  ojntzd,  dgAd, =meZgd,
HomeZed, dslatd, ohshd, AEedy @ olAEtdRry duni; of 6 ovtEd, s
A4, meEed, HereZed, waA vy, ond, FEatd 2 oEtd 7] Aze &7 7l G

_15_



[0017]
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DA, Cop DAY, Cog BRI, Coo AbolZFY &, =, -0H, -0R, -0C(OR, -OC(ONH; -OC(ONHR

77 7 7 77 + - 77 7
~0CCONRR', -OP(0)(OH);, -OP(0)(OR)., -NO,, -NH,, -NHR', -NRR, -N'(0)RR’, -NHC(O)H, -NHC(O)R,
“NR'C(O)R’, -NHC(O)NH,, -NHC(O)NRR', -NR'C(O)NHR', —SH, —-SR', -S(O)H, -S(O)R', -SOR . -SONH,, -SONHR
~SONR'R", -CFs, —-CHF,, -CH,F. —-OCFs, -OCHF,, -CN, -COH, -COR ., -CHO. -C(O)R'. —-C(O)NHy, —-C(O)NHR ,

“C(O)NR'R’, —CONHSOH, —C(O)NHSO,R', -C(O)NR'SOR, <lel= x3tg of&, @ 127] o]3te] B4 AXS z2t1

i

A7 2gHow 0, N R SERE AuE s} olae] sElRUAE 1 e Asud 2% oz A )
2ol 7] F et o4l ola Qe ABHM; o] w 7] ofd % slelzold 7] Zzke] th@ s} olabel

;O
delel A= 4 ByAoR 7] 7 G €, Gs SIE, G 71 B Gy AbolEY 44, g2,

o

~OH, -O0R", -OC(O)R’, -OC(O)NH;, -OC(ONHR', -OC(OINRR, -OP(0)(OH)s, -OP(0)(OR)s, -NO., -NHy, -NHR,
-NRR, N(OORR, -NHC(O)H, -NHC(OR, -NR'C(O)R’, -NHC(O)NH, -NHC(ONR'R', -NR'C(ONHR', -SH, -SR,
~S(O)H, ~S(O)R", ~SOR’, -SONH,, ~SONHR', ~SONRR’, ~CFs, ~CHF,, ~CHLF, -OCFs, -OCHF,, ~CN, ~COH, ~COR’,
~CHO, ~C(O)R’, -C(O)NHy, ~C(ONHR', ~C(ONR'R', ~CONHSOMH, -C(O)NHSOR', 2 -C(OINR'SOR Z P8 Hehw;
ol W Zpzte] B, R 9 Re S0 Cy 0A7], G DAET], Gy B7197] W (oo Afo]ZE 7w
H =agoz Augd); 2

(b) 9lej& =3+ o}, @ 127] olate] Bl A AAE 27 247 EPHow (o, N @ SREE Hug s} o)

o AHEAAE 1 32 Axde] 2t ez AgE sHzolds] (o] u sh} ol4kel dlole] M@ 2z
Egxo Rl Wsl A7) ()olH FelH weh BAT Jole] Aqs| 2 AeHch;
=]

R' 2 RS 27 =95 oz a7 wet (a) 2 (b)oll Ael® ole] 7| =Re A

(a) H, 9= AFH C €47, A= A3 Cop ALY, d=2 X3H G L71d7] 2 doJ= X3
H Cyp AFOIEE &) (o] w] A7) &, 4Ad, &71d 2 Alo]&8 & ZHzbe] gt s o] el
N#7)= 247 =gdoz a7 v =, -0H, -0R . -0C(O)R. -OC(0)NHy, —-OC(O)NHR . -OC(O)NR R,

11 11 11 11

~0P(0) (OH);, ~OP(0)(OR');, -NO,, -NH,, -NHR", -NR'R", -N'(OOR'R", -NHC(O)H, -NHC(O)R", -NR"C(OR",

1111 11 11 11 11 11 11
SNHC(OONH,, -NHC(ONR'R", -NRUCCONIR", -SH, -SR', -S(O)H. -S(OR"., -SOR'. -SONH,, -SONHR,
“SONR'R", -CF,, —-CHF,, -CH,F, -OCFs;, —OCHF,, -CN, -COH, -COR", -CHO, -C(O)R", —C(O)NH;, -C(O)NHR',
“C(O)NR'R", —CONHSOH, -C(O)NHSO.R ., —C(O)NR SOR', Abo]Ze] (4-C, LZebulie, oluth=al, uiw|ebAd,

2Edd, HeraZed, dddud, okvd, dEdud B oHAEHE RS AEsEa; of o Ale]F
Co=Cr EAotm, olnuEd, iz d, Redyd, Heregdd, JHeyyd, opud, vEdud

2 olAE Y 7] 242 8] 71t G D, Cop DAY, G DAY, Co A1 D, T2, -O0H, R

IO

13_13

“0C(O)R", ~0C(O)NHs, -OCCOINHR, -OCCONR R, -OP(0)(OH)», -OP(0)(OR )y, -NO», -NH,, -NHR , -NR R,

13 13 13 13 13

N(0OR'R”, -NHC(O)H, -NHC(O)R”, -NR'C(O)R", -NHC(O)NH,, -NHC(O)NR'R", -NR C(O)NHR®, —SH, -SR",

13 13

“S(O)H, -S(OR”, -SOR", -SONH,, -SONHR", -SONR'R, -CFs, —-CHF,, —CH,F, —OCFs, -OCHF,, —-CN, —-CO.H,

13_13

“COR", =CHO, -C(O)R", —C(O)NH,, —C(O)NIR", -C(ONR'R", -CONHSOH, -C(O)NHSOR, 2 -C(O)NR'SOR~ =

sht ool os) ez M@ of W) zzke] R R RS Crp DA, Cog DAL, Cop 21HI] L Coy

Aol 2 dAVIRAFY SYAoR AgdEn); 3
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[0034]
[0035]

[0036]

[0037]
[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]
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F7b Fel A, B g,

(a) k82 19] 8hgha Bz o]9] ofete o 385 ¢, 9

(b) shetawiAl, 8 ok WAy g2 we-2dAl, W A e 244 3 ALE T AlE WA EA
(g 5o, 71ve F9 F83 T AZCART AE)EZ FAE Fo2RE Aew= sy o] F7142 24
AE EFsh=, oFtH x3E ke 7|ES Ay

(ﬂ%%‘,ﬂﬂﬂ@ﬁl?%ﬂTﬂi@ﬂTﬂi)
s AR HE 8ty 23E T 1 ES AF3
7

27b gHelA, R wwe 9% A8, AAF, FRAAA A wm= o), BEY A9 AL, v AR,
AT QA J)5gl, o4 A A% Bae We £E gel, L wuger THH TomvE dud Y
ShA

F7h dHelA, B ouhe dF A%, AT, TRAAA AW e o), AT A% 4D, W ANA,
WA QA A, olg A4 0% paAw gu Em gel, @ wugow PR Fozye e
B mE gelE AR A% Al AxelAel B3y 19 FFE wE ol9 FFHoE HEHE Ao §%

e Ane m¥she 2W BRAM 9F AR, 49F, FFUAA
ARA, BHEE QA A, o4 A4 Ags waE

A 9E EE gelE Amst WP AT, o
= o

2 HguHt 9 Tolse 2

R, R, R 2 R7 247 =950 a7] 7]: H, &=, R, -OH, -0R, —0C(O)H, -0C(O)R, -OC(0)NH,, ~OC(O)NHR,
~0C(O)NRR, -OP(0)(OH), -OP(0)(OR),, -NO,, -NH,, -NHR, -NRR, -NHC(O)H, -NHC(O)R, -NRC(O)R, -NHC(O)NH,,
~NHC(0)NRR, -NRC(O)NHR, -SH, -SR, -S(O)H, -S(O)R, -SOR, -SONH,, -SONHR, -SONRR, -CFs, -OCFs, —OCHF,

~CN, -C=CH, -C=CR, -CH=CHR, -CH=CRR, -CR=CHR, -CR=CRR, -CO.H, -COR, -CHO, -C(O)R, -C(O)NHs,
-C(O)NHR, -C(O)NRR, -CONHSO.H, -CONHSO-R, -CONRSOR, Alel&¥ C-C; &Aolw|, ojuthEd, (-C; &2
Hepxd, Refdad 4 fgoreRede iy duyr);

R 2 R7F 3 AAAAY, R 2 R%] i ASAAY, R R R7F @7 AslA 0, N R S2RE Add 1)
A 3o HHZYEAE doR xFs= xEAY FEAoR xstEAV ¢ds] ExstE w4 9Ae] 5 T
t 69 DA BAT F AL, AV v} SYdew ReRE AU 1 ux old) A8/ doz A8

Zkzke] Ro] 3b7] @k (a) B (b)oll FYE v V|EREH sHPH R duyar:

(a) o= X%e Cs €27], o= X3 G ALY, AR A3 G E71d7] B A2 X3 Gy
7 AFlEY &) (o] Wl 3] &, dAd, ¢7Id 2 AtelEY &y ZHzbel gk skt o] de] dejel X%
77F 747t BhAow &) 7]t @2, -0, -0R, -0C(O)R, ~0C(ONH,, ~OC(ONHR', ~OC(ONR'R’, ~OP(0)(OH).,
~0P(0)(OR)z, -NO», ~-NH,, -NHR, -NRR, -N'(OORR’, -NHC(O)H, -NHC(O)R, -NR'C(O)R’, -NHC(O)NH,
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[0050]

[0051]

[0052]
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-NHC(ONRR, -NR'C(ONHR', ~SH, -SR’, -S(O)H, -S(O)R’, -SOR’, -SONH,, -SONHR', -SOANRR’, -CFs, —OCFs,
~OCHF,, —-CN, —-COH, -COR’, —-CHO, —-C(O)R’, -C(O)NH,, -C(O)NHR, —C(O)NR'R’, —-CONHSOH, -C(O)NHSOR’,
—C(O)NR5SOZR5, Aol E8 (C-C;, &Zoln, on|uEH, gAY, TEaEY, HEREZYd, Jd gy,

olAlTd, FEZYd P ofAE I ZEE AEEa; o] u oju|tEY, HHIXd, REEZIY, HLEEE
g9, sy, opsid, SEYOY 2 okAEUY sl Z7tel a1 Al Gy B, G WY, G
A7, Gy AtolZE 27 = -0H, -0R, -0C(O)R’, -OC(O)NH, -OC(O)NHR', -OC(O)NR'R', -OP(0)(OH)s,
“OP(0)(OR),, -NO,, -NH,, -NHR', -NRR., -N'(O)RR, -NHC(O)H, -NHC(O)R', -NR'C(O)R', ~NHC(O)NHj,

“NHC(O)NR'R', -NR'C(O)NHR', -SH., -SR'. -S(O)H, -S(O)R’, -SOR . -SO.NH,, -SONHR . -SO.NR'R . —CFs, —OCFs,

~OCHF,, —-CN, —-COH, -COR', —-CHO, —-C(O)R', -C(O)NH,, -C(O)NHR, —-C(O)NR'R', —-CONHSOH, -C(O)NHSOR',

CONR'SOR’, o= AFH o}, @ 127] o]ate] vha A4S 20w 7tz g om 0, N 2 SERE A
3l o)A FEIRYUXE 1 1 A& zt= 9o® X3kd FEH Rl 7] F ) o)Ak 4311 dojz =
sem); o W 47] o} 2 slElmeld 7] zAzbel g st olge] Aol A At HYHom e
710 Cig D2, Cog SAY, Cog D79 EE Cpy Alo]EE &7 32 -0H, —0R8, —OC(O)R, -0C(O)NH,,

~OCCONHR’, -O0C(ONRR’, -OP(0)(OH),, -OP(O)(OR),, -NO,, ~Ni,, -NMIR', -NRR’, -N'(0)ORR’, -NHC(O)H,

NHC(OR', -NR'C(O)R”, -NHC(O)NH,, -NHC(ONRR', -NR'CCONHR', ~SH, -SR’, ~S(O)H, -S(O)R", -SOR", ~SONH,,

“SONHR", -SOAMRR', -CF;, -OCFs, -OCHF,, -CN, —-COM, -COR’, -CHO, -C(OR’, -C(ONH,, -C(ONIR',

~C(ONR'R’, -CONHSOH, ~C(O)NHSOR', @ -C(ONR'SOR 238l Ml o] uw Zzte] R, R 4 R'o] Sgo

2 Cs €471, Cop EALY], Cos L7197 E Gy Alo] S8 G722 HE Sgdoz A, H

(b) o= A3k o, Bl 127] o]ste] &4 YAE Zta 47 5YA o= 0, N R SERE Adgd sh oy
Z

=0,
] dlﬂliﬂx}i a "’El Alzgel Zh= qlol= X ghel S Rol- Y] (o] wl Zbzbe] ofdl B SEmolRel] tEt
shut ool delel Ar7E A4zt SHAH SR Rl sl 7] (a)ollM gelw mpel FA7 oo A&V Y

R 2 R 247 Sg8oz 7] 9 () 2 (el A8 thee) e Aewa
(a) H 992 A8 Cp 227, A2 AT G DALY, A2 ABE G 27197 2 A2 A
G Abel2Y 97] (o] W A7) 97, WY, Wud L Apel 2 ok el e skt ol4be] 2lele)

11_11

2877t 247 =gHom &y 7 =, -0H, -0R . -0C(OR. -0C(0)NHy, -OC(O)NHR . -OC(ONR'R',

~OP(0)(OH),, -OP(0)(OR'),, -NO,, -NH,, -NHR, -NR'R"., -N'(0OR'R"., -NHC(O)H, -NHC(O)R', -NR'C(O)R",

“NHC(O)NHy, -NHC(ONR'R'', -NR'C(ONHR', -SH, -SR. -S(O)H. -S(O)R"'. -SOR . -SONH,. -SONHR .

11 11

“SOMNR R, -CFy, -OCFs;, -OCHF,, —CN, -COJH, -COR', —=CHO, -C(O)R', —-C(O)NH,, -C(O)NHR', -C(O)NR'R,
~CONHSO.H, -C(OINHSO,R', -C(ONR'SOR', Ato]Z® (-C, LZojn]re, olnjtizd ugiAd, m=Tay,
geraEed, sy, oshd, WEetd 2 opEtdEyE AuE; o] u AfolFe (-C, 47
olnli . olmgEY. WHEAY, ReZay. gorneZay. uwdud. okud. wEaud 9 ol4 e
g 7] Z7bo] #7] 7] Cup B, oy BAY, Cog D719, Coy Abol2E 271 &2 -0H, -0R, -OC(OR

13 13 13 13_13 13 13

~0C(0)NHy, -OC(O)NHR", —OC(O)NR'R", —OP(0)(OH);, —OP(0)(OR")y, -NO,, —NH,, -NHR, -NR'R", -N'(0)R'R",
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[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]
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13_13

-NHC(O)H, -NHC(O)R", -NR'C(O)R", -NHC(O)NH;, -NHC(ONR'R", -NR C(O)NHR", -SH, -SR", -S(O)H, -S(O)R",

13 13

“SOR", ~SONH,, -SONHR", -SONR'R", —-CFs, —OCFs, -OCHF,, -CN. -COH, —COR", —CHO, -C(O)R", -C(0)NH,,

13_13

“C(O)NHR", —C(O)NR'R", —CONHSOH, —C(O)NHSO,R", = -C(ONR SOR~ 2 a}} o]dol o3 <)oz x3bu|w;

of w ztztel R @ R0l BHAOR s BTN, g FALT], G 717 D Cyy AP FE A7 B
Egdow Audr);

(b) o)z AFE ol B 127) oste] wa AR Zgdow 0, N2 S2RE Auw s} o4
of FHEZAAE 1 a7 Alz="e] zke doj® X ke FEHRotd Y] (o] wWl 7] ofd H FEHEotd 7z
tat st o)ake] elele] Asols} 7tz =hdow R @ Rl hsl 4] (a)elA deld wiel A oo
AR wHY AEH); wi

(© R Rl g7 A4 0, N 2 s2HE Agh 1 A e dusa4E Qo s RRhew
2357 93] BESE wa Aae] 5 EE 69 a1 A7) ek R R e 4
7] @elA AoE vt BAG <dole] AF/RNE S0 e 1 A 5he IR Qo @
= Bhahy 19] s mi ole] ofstHoR FgHE

&

(3). B (1) E= (2)e] glolA, R 2 R'o] 21zt Eghow o] 7] dol2 Ase (. 227, = A
9 G AALY], Yoz AT Gy 27197 2 Qo2 AFE (., Abo] 2 1
b7 Y, Av1d 9D Aol 27 zhzbe] Uld i} ool <lele] As|7t 747} =

&= -0H, -0R', -0C(O)R", -OC(0)NH,, -OC(OINHR', —OCCONR' R, -OP(0)(OH)s, -OP(0)(OR

o

2, ~NOz, -NHz,

11 11 11 11 11 11

HR™, -NRTRT, -NT(0OR'R™, -NHC(O)H, -NHC(O)R', -NR''C(O)R", -NHC(O)NH,, -NHC(O)NR R, -NR''C(O)NHR',

11 11

“SH, -SR", -S(O)H, -S(O)R", -SOR' ., —-SONH,, -SONHR , -SONR R, —CFs, -CHF,, -CH,F, -OCF;, -OCHF,

N, -COH, -COR, —-CHO. -C(O)R', —-C(O)NH,, —-C(O)NHR'., —-C(O)NR'R', -CONHSOH, -C(O)NHSO.R =
~C(ONR 'SOR 2XE Mels|a; o] uwl z}zke] R o] EPHOR O A7, Cos AAET], G 27197] D Cyy
Apol2e] 27 mRE AuE= 8E.

(4). & (1) UA (3) F o 3 wete] QolA, 727} N Ei= N-LAlo|=, oA NolI, W7k (R'o]x, X7}
CR °] . Y7F CR ol IgtE.

(5). & (1) WA (3) F ol 3 wete] QolA, X7F N Ei= N-LAfo]=, alAT] NojI, W7k (R'o]x, Y7}
CR 0] , 77} CR ol 3}3tE.

rir

(6). 9= (1) WA (3) F o= 3 G oA, X H 727} 5 EF N &
CR'elL, Y7} CR'Q shat=.

N-SApol = o A Nojar, W7t

(7). @ (1) WA (6) & oj= 3 weto] 9ojAl, R, R, R 2 R7}, 2A8= 49, 27 =ggoz |, &
2, dogz X#E -G €2, -0-R (o] w R dg2 X3H C-C; &ZAolt}), Aoz g o}, o7y

Ak dd, =127 olste] ©a e ztal 77 sYHoR 0, N B SERE AdEE s o] HH R
A2 oarg] AlxElel] zZte ol X gkd HzolE YR FAE woRNE AYys shghe.
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[0218] 5-(UZEF L2 EA])-4,6-tu| o] HALER[5,4-b] ¥ 2l d-3-0}71 (52)
[0219] g 3-opn] -6~ o] HALER[5,4-b] ¥ Bl d-5-FF2 B o] E (53)

[0220] g 3-obw]-6-(T] EF e 2 ’) o] HARER[5,4-b]F B P-5-7t 2 B A o] E (54)
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[0225] 6,7,8,9-E| Egteto| == -5H-Ato] S =3B b] o] HAME R[4, 5-e ] 9] 2] H-3-0}Rl (60)
[0226] 6,6-t1¥1€-5,6,7,8-E| Eg}slo] = 2o HALE R [5,4-b] F] & H-3-o}7l (61)
[0227] 7,8-t) 80| =250 HALE R [5,4-b] ¥ 2h[3,4-e] ¥ g U-3-0}7 (62)
[0228] 6- (ML E] @) o] £AE 2 [5,4-d] 7] 2 v P-3-0}7] (63)
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6-(2-E 2 &g ol 5A]) o] AR R ([5,4-b] ¥ 2] H-3-0}71 (78)
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6-(4-(EPEF2r5A) F5A]) o) HAER[5,4-b] ¥ 2] H-3-0}Rl (89)
6-(2-M| = A H| 5 A) ) o] FALE 2[5, 4-b] 3] 2] F-3-0}7] (90)

6-(3-H S A A 25 A ) o] HARE R[5, 4-b] 3] 2] ©-3-0}7 (91)
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N -#Hld o] LAl Z 2 [5,4-b] T B H-3,6-T]o}wl (94)
N'-(3-v| E A 9 D) o] &AL 2 2 [5,4-b] ] 2] -3, 6-T] o} 1l (95)

N-(4- BN D) o] A E 2 [5,4-b] 7] 2] -3, 6-T]o} 71 (96),

2ol e dHe 2 ZAE gAY Add 29e 23 ¢ Ao B3, 39 =
upel o], L we] 3 feEje] 54 B owbgA 3 FAe= =3 B 2] uE el 482 Zolt.

oo tAZ 7] geld vhsh 2AW, ol AREE AS ohim ] WPol dF AFsE FA
EFAT. B e o)Al B $As) APE Aol

EWY BuE d9

% 12 hID01S W es: EdxdddE Folx ¥ UdF HIEZ sc AT o, Tl HAAS w, 75
mg/kge] 33E 302 wd ip = sc XEH C57/BI vk s, X5 F 0 WA 169 ot T4 FIE

AT, FFE e or Al FEHd =g wzhA] 2dvitt SAHHAT. FF 9= mn ok N=11
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HH 3
NH, NH(22!)
RN 1. It A N
| or31| A
X_'N/ O/N + CH(OZZ); 2 sl X ”\N/ O/N
TRk SRS e A} ofwls & dHstel =k WA U, AF AlohmR mslo]mdfol=ef e g
AA et A opnlst FAHoR kAo AxE & Art (B 4)
L1 =2
NH, NH(CH,Y) & & -N(CH,Y),
N A
x1= N+ YCHO 1ot X N
N o Y=H, 2+2l 2. &Rl N (%)
AAdstA Age FEA- e EfEYolE-SHy V1ES A9E ofd e dERold HEA Ee ol 29
Zebg S ool 227 AEY EoR WEAIA HHE ofd EE= FEH R (Het) X371E Hf3she 3
=g AT = Udvk O 5).
HIH 5
X NH, X NH;
=Pl = - = X
EdE = Pz / = =] 1
NZ O HetB(OH), gipet N O
HAE ofd = gHzotd (Het) A$71E Hfshs sehed 3 Adei Agd d=a Lt Egsdol
E-gh S9hE S04, 2 AFQ ol EE s Rl uEl it o 2E 2R BeE-Zvjsy 227 AZ
B OeE 3T Fol, AHE ofd- ke dHEotHsE =S AT AR FusAown Alxd
& 9tk (4 6)
HH g
sEA L=
E21ZY0E o Ar £ Het | mum ATES et
H 243
y g\/\: 2+ ArlgE(ch)2 Pd 201 ) ﬁg\\ :COZH Aot o CONHz
~ fec}
N gzw  HetBOH), =7 N o 2 NHs N g e
g ArE= HEtCN Ar E= Het Ny,
e X =P N
— x> + CHCONHOH —— > N N
N" Tzza N O
AF EE AF dolmgtel= mE Ad stEudelEs ge 9l EAst, Bty FR A4 %
/s dmE gAlgte R 4 g/EE ofd JdHE-dZdd A37E ete IpES AxT o dv
8™ 7).
HkH 7
X NH, X NH,
XX k=l Xr\
st 2 r!\ \,N + a2 OH %’%O%/ ’N
N &= 0t2OH z= 0z20- N7 O
AaF EE &aF sfolmdfeln Ex Al JhEEMC]ES; 2 qlvle] EAjstel, &43tE A AAE 2
/s HedmE gAY, HE e HedEY 55 3] A4 whgel o8 Hedd Bl/EE ool
g oHE-d4E A&7E ke FgEs AxT U 449 Hedd ke Heds fEAe
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shrds, I, S5 AE W SAR PR B AR kst Alefe] o) o]E9] AgstE AEAlel= e A
E FEAZ e £ Ao (3 8)
FIRES I
X NH, X NH, X N
N 20| AN 3 N
gé?ﬂ \N + %’F%SH — oFr 21 *@I\(N &2} %%S(O) \N
P ) i ]| ; = 4
NTO €= orEsH z oras- SN 0 x= oSOy N7 O
&t
el
X NH,
Y
2250, N
p/ /
E= 0t2S0, N” O
YA 37 e AAe fAHR AAE A8l Sty 19 the sdhge] =g Azl 5 e oY
Zolt},

B odbglo] 3leka] [9] 3eHE-S D01 e TDO, % ID01F TDO0 & EF9 IAAY < k. ID01 EE TD02
AAAAN s}3E, 2 D01 2 D09 olF AAAI 3FE2 ¢ A5 F8F o=z 7[gdn. wets, &4
TFAAANA, = B A= Fage sk 19 3FE, £ 35 19 eSS aste oty 4=
S A57F sk gdAe Fojgel &, QIFE X st 28 FEAA S X5 HHS AT

2 e BA JHAA, 88k 19 gFEES o AA FY WIAAHS FESeH F8F o=
ZlgEh, 2 3o sRtEe dRoR e Ssta A, WA 9/EE WY 2dAE X9t oE ¢ A
gA9 A FE8F & Aok

WY 2dAE vAA R &k Wil WY HARY o (7] CTLA4 2 PD1-4)& =d3te 284 2 A
48 T-ME AEAEAY CARDE xE3stth. weba], 332 19 s3ES w502 e 3ty ol o
a2k AE5A} A ARmE= 54 BEC &Y TAY v SAFoR Fod 4 Q.

EAR FA oA, 3}t 9] 3tEL o|HEF W (Ipilimumab) (CTLA4S] AA]), YHFH(Nivolumab) & H
Z8 5% (Lambrolizumab) (£ =7+ PD-19] GAAID) 25 E s = s o] WX aA9} g4 FoJ=
2= oh;}

T .

Ao 19 A%ET A Fdm 5 b FHAQ Sl MARdon Beld FxEd TgE £
[14" Edition of the Merck Index (2006)1¢] gt 3betx= oF2 awle] AAW 332S, oA ofxsebr |}
A, Belerield, EnEey, jarad, 2=

2R A AE %,éﬂiﬂﬂ,&ﬂgzzivmz A
gepil, gotzalal, gelwlold, gewsulal, S amu(slEdolnioldl), ol AR, EEAE, 5%
Fo e, axEna, shols e Salol, o E s, ole] et %iE% 2Rad, R
B, 6-AEEE, v, EEGAeE, mEnleld ¢, MENER, ZEUsE, TeEUs, Tt
Zu, SEAN, AEQERA, BHEAN, HoTod, EXH, ndad, Wadsg, @ 0uae v
A,

I

sheta] 19 st A Fold e F7HEQ @54 A= vlAlgA o & BONU, CCNU, DTIC, % of¥i=mle]
21 DE 2. Eeh FUte] EFAAE Ao R B HxEA xFEE E¥|[Goodman and Gilman's
The Pharmacological Basis of Therapeutics (Eleventh Edition), editor Molinoff et al., publ. by McGraw—
Hill, pages 1225-1287 (2006)]1°14 2lA&E Ak XFe AMEHE ZoR A4d sF=EE, oA ojn|=z
FHEW =, L-of2aeb7|uAl, ofAE| e ZR ) S-olAAE Y Sty Few, todiadniES, 2" 2

HE5

EFORUSANEE, AL, delEzstel =R Aot AU BT E, -ETLRASAS
99, 5-EFeRUSATYY RuEados, vk EadolE, BRSAVAHE, BLEE, do=
sAZzAsdE ArzdelE, oltFud, AHAE, WESAzzAsHE opiHolE, WALEE oA
o, WHd, vEw sFelgl, AEAEE, N-EiTcohE-LolaTtZao (ALY, Salsuleldl, A

= fal
F28 0 BdEA S (tenipdside), HAE2HZE TRy ouvolE, E|QH ¥, Egvddala  $gd o2 njn-A
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[0365]
[0366]
[0367]
[0368]
[0369]
[0370]
[0371]
[0372]
[0373]
[0374]
[0375]

[0376]

[0377]

[0378]

[0379]

[0380]

[0381]
[0382]

[0383]

ZIHSd 10-2017-0034439

DNF t]w| e E Fofu) =

EtOAc olg olAH o] E

DCM Y E ==&t

MeOH | &h-2

THF ElE2}slo] = 2473t

HOAc oFAl EAE

dppf 2-(H]Hd ¥ 23] 1) 7 2 Al

EDCI 1-efl&-(3-tlv"olr] =2 2 3) 7k 2 W rjo]u] = sle| =R FR o] =
TEA Egolgoly]

W 1L 3RS A A

5-HEH-4 6-TH "o HAMER[5,4-b] ] 2 d-3-o}¥ (1)

CHs CHs  NH,
Bra -\ CN B
| + CHyCONHOH +KOBUu—— = || |
~
HsC” N cl HsC” "N™ 70

Q)

Az DF (10 mL) & o ESto]l=54t (0.61 g, 8.13 mmol)o] &ol A4 3sho] %
(0.91 g, 8.14 mmol)E #H7}skict). whg &35S 20ColA 2 hr &< WA AT, o1 F
4,6-0ME Y RE = YEZ (1.00 g, 4.07 mmol i

o, 10 (150 mD) = 84 A17]1a 1 hr &9t awkAI o, e W JAES odeta, 22 AHsgith. of
sHelE EtOAc® F=sholth (30 mL x 3). A
F7h 24 5ssle. Red ugE % FEd 24w E5E A, 0-50% el Af ol 2/Et0AcE
Se|A7IH Si0, Aol AmvtETey] Asigith. A AAE Bd=s DA/ A AE =258 AEASAA
5-HER-4 6-T o] HAMER[5, 4-b] T e W-3-0}7] (1) (0.68 g, 69%)S WA nFERA FE53UCH, mp
(DOW/ 4§ ol Bl =) 208-211C, 'H NMR [(CDy),S0] 6 6.24 (s, 2H, NHy), 2.66 (6H, 2 x CHy), LOMS [Mi] =
242 and 244. CHBrN:Ooll tiek AI2bA: C, 36.7; H, 3.3; N, 17.4; AFA] C, 36.9; H, 3.2, N, 17.4%.

7] SgEE FASA Az
4-b]3) 2 -3-0k1l (2)

o]

I

AER[S,

NH,

(2)

1,2-THEA N E ZF 2-F22UFE-YUELZRE 48% &
El
=

5-F22-4,6-tHE o] HAEZZ[5,4-b] T 2] H-3-o}71 (3)
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CH3  NH,
Cl
XN
H,c” N~ O
3
[0384] @)
[0385] 2, 5-t1 2224 6-tddUzE =UEHARZRE 75% <& mp (DAM/A-F oEH=) 214-216T. H R [ (CD3)2S0]
§ 6.25 (bs, 2H, NH,), 2.64 (s, 3H, CHy), 2.61 (s, 3H, CHs;); LCMS [M+H]=198; HPLC 99.8%; CsH:CIN;0¢l ti
3 B AxR]: C, 48.65 H, 4.1; N, 21.4; 233 C, 48.8; H, 3.9, N, 21.4%.
[0386] 4,6-t)H| g o] &AL ZE R[5, 4-b] T & H-3-0}71 (4)
CHs  NH,
Xr N
H,c” N7 O
4
[0387] @)
[0388] 2-ZF 224 6-tEURE U ELZRE 40% F&; mp (DAM/AF oE|Z2) 156-158T; HONR [(CDy),S0] &
6.98 (s, 1H), 6.09 (bs, 2H, NH,), 2.57 (d, J =0.6 Hz, 3H, CH;), 2.48 (s, 3H, CHs;); HPLC 99.9%; CsHeN;0ol
s B4 AALX]: C, 58.9; H,5.6; N, 25.5; A=X] (,59.0; H, 5.6; N, 25.9%.
[0389] 4,5,6-Eg]H| o] EAE R[5 4-b] 9 2] d-3-0}1] (5)
CHs  NH,
HaC A
\
H,c” "N~ O
(5)
[0390]
[0391] 2-222-4,56-CMdUAE = UELZE 306 58 mp (DOW/AF olEl2) 204-207°C; 'H NMR [(CD;).S0]
§ 6.04 (bs, 2H, NH,), 2.44 (s, 6H, 2 x CHy), 2.14 (s, 3H, CHy); HPLC 99.9%; CoHyN;Ool thd+ &A1 A AL :
C, 61.0; H, 6.3; N, 23.7; A=3x C, 61.0; H, 6.3; N, 23.7%.
[0392] 5-H R R O|EALE R[5, 4-b] ¥ gl d-3-0}9 (6)
NH,
Br | x4
o O’
(6)
[0393]
[0394]

5-ERR-2-F22UIE:UEHZRE 60% 54; mp (DCM/AH

N olEl2) 231-234C: H MR [(CDs),S01 &

8.63 ((d, J = 2.3 Hz, 1H), 8.55 (d, J = 2.3 Hz, 1H), 6.71 (bs, 2H, NH,); HPLC 99.6%; LCMS [M+H] 214
and 216; Cgl,BrN;0ell thdk &A1 Axbx]: C, 33.7; H, 1.9; N, 19.6; A=X%] C, 33.9; H, 1.7; N, 19.5%.

_36_



[0395]

[0396]
[0397]

[0398]

[0399]

[0400]

[0401]

[0402]

[0403]

[0404]

[0405]

[0406]

BIES 10-2017-0034439
6-H g o] &AL 2[5, 4-b] ¥ gl d-3-0}7 (7)

NH,
XN

| L

H,c” N~ O

()

-FRZ2-6-vYYFAE|=YUEHZRE 40% F&; mp (DCM/ A olEH=) 224-2267C; HPLC 100%; LCMS
[M+H]=150; CHNs0oll th3+ &4 AALx]: C, 56.4; H, 4.7; N, 28.2; A=X] C; 56.6; H, 4.5; N, 28.2%.

5-E 2 20| 2 ALE R[5, 4-b]F] B H-3-0}7] (8)

NH,
N

p /

o
(8)

2 50222 e e EL 2R 79% 58 mp (DO/AH EIZ) 257-260C: H MR [(CDs),S0] 6 8.57 (d,
J=2.4 Hz, 1), 8.42 (d, J=2.5 Hz, 1), 6.72 (s, 2H, NHy), HPLC 99.9%; LCMS [M+H]=170; CeH,CIN;O°ll th3h
A AAA €, 42,55 H, 2.4 N, 24.8; A C, 42.6; H, 2.2; N, 24.6%.

o] &HALEZ([5,4-b]FEH-3-o}71 (9)

NH,
SN
N

o /

N O
(9)

%%i;ﬂ%&ﬁ}ﬂéiqzaiaa7%:?%;m(mWﬁ%—ﬂﬂE)%k%ﬁuIHWRHawﬁm § 8.93

(s, 1H), 8.16 (dd, J=8.3, 1.0 Hz, 1H), 7.99 (d, J=8.6 Hz, 1H), 7.87 (ddd, J=8.5, 6.8, 1.4 Hz, 1H),
7.59 (ddd, J=8.1, 6.8, 1.1 Hz, 1H), 6.89 (s, 2H, NH,). HPLC 99.6%; CioH:N;00ll wjat &A1 AXx]; C, 64.9;

H, 3.8; N, 22.7; C, 65.0; H, 3.7; N, 22.7%.
5,6,7,8-H Eg}slo] R o] HAFER[5,4-b]FE R -3-ok11 (10)

NH,
XN

s /

N 0O
(10)

9-222-56,7,8-HENG|En d-3-tE2 R UELZE 61% 58 mp (DOM/MeOH) 236-239C; H NWR
[(CD3).80] & 7.92 (s, 1H), 6.46 (bs, 2H, NHy), 2.88 (t, J=6.4 Hz, 2H), 2.83 (t, J=6.2 Hz, 2H), 1.87-
1.74 (m, 4H); HPLC 100%; LCMS [M+HI= 190; CioHyN;Oell wigh &4 A4kA]: C, 63.5; H, 5.9; N, 22.2; AZ=H]
C, 63.6: H, 5.9, N, 22.2%.
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[0407]

2HE3d 10-2017-0034439
- R Zo|EAER[5,4-b]F 2 P-3-0}71 (11)
NH,
A\
| N
cI” N7 O
(11)
[0408]
[0409] 2.6-T) 222U U ELZRE 2% 58 mp (DOM/MeOH) 238-241C; H NMR [(CDy)»S0] & 8.33 (d, J=8.1
Hz, 1H), 7.48 (d, J=8.1 Hz, 1H), 6.76 (bs, 2H, NH,); LCMS [M+H]=170; HPLC 99.9%, Ce,CINOsol tjah A
AXX: C, 42.5; H, 2.4; N, 24.8; AZX] C, 42.7; H, 2.3; N, 24.7%.
[0410] O|&ALER[5,4-d]F g H|d-3-o}7 (12)
NH,
O
kN/ o’
(12)
[0411]
[0412] 14-0ex = 4-Zavgud-s5-7l2 i JELZEE 156 28 mp (DOM/AS ol82) >205C: H MR
[(CD:),S0] & 9.29 (s, 1H), 9.08 (s, 1H ), 7.00 (bs, 2H, NH,); LCMS [M+H]=137; HPLC 96.0%; CsHN.,0¢l tj
sk BA AR C, 44.1; H, 3.0; N, 41.2; A=X] C, 44.3; H, 2.9; N, 40.9%.
[0413] 4-Fd o] &£ A E 2 [5,4-b] ¥ 2l P-3-o}7 (13)
NH,
XN
| N
o]
(13)
[0414]
[0415] 1,2-tH|EA o8 = 2-F224-HdUIE=UELZRE 26.6% & mp (DCM/A-F olE|Z) 196-199C; LCMS
[M+H]=212; HPLC 99.7%; CpHN;0oll thah ¥4 AAkx]: €, 68.2; H, 4.3; N, 19.9; 233 C, 68.4; H, 4.2; N,
20.0%.
[0416] 5-EFQ RO|EALZ R[5, 4-b] ¥ gl Y-3-0}9 (14)
NH,
F
AN
| I N
o]
(14)
[0417]
[0418]

1,2-tH|EAlo 8 & 2-FFZ-5-ZFQ Z1 FE
LCMS [M+H]=154; HPLC 99.8%; CeH.FN:0¢l ujsh ¥

N, 27.7%.

SUEHZREY 45% & mp (DCM/A+ olElZ) 223-226T;
A AXEA: C, 47.1; H, 2.6; N, 27.4 =% C, 47.3; H, 2.5
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[0419]

[0420]

[0421]

[0422]

[0423]

[0424]

[0425]

[0426]

[0427]

[0428]

[0429]

[0430]

ZIHSd 10-2017-0034439

6-wld o] &AL E =[5, 4-b] T H-3-0}4 (15)

(15)

2-222-6-ddUFE U ELZRE 48% 8 mp (DOM/ A4 olE]l2) 236-238T; LOMS [MHHI=212; I NMR
[(CDy),S0] & 8.36 (d, J=8.1 Hz, 1H), 8.17- 8.14 (m, 2H), 7.97 (d, J=8.27 Hz, 1H): 7.56-7.48 9 (m, 3H),
6.65 (s, 2H, NHy); HPLC 100%; CpHeN,00l thdt 24 AXFA: €, 68.2; H, 4.3; N, 19.9; 23X (,68.3; 1,
4.2; N, 19.8%.

5-of0] ¢ Eo| &AL Z 2[5, 4-h] T B H-3-0}51 (16)

(16)

2-FRE-5-olo] o EURE|=UEHRZKE 356 4&; mp (DCM/MeOH) 243-246°C; LCMS [M+H]=262; H NMR
[(CD5)2S0] & 8.69 (2xd, J=2.1 Hz, 2H), 6.68 (bs, 2H, NH,); HPLC 99.9%; CgH,IN;0°] w3+ 241 A= C,

27.6; H, 1.5; N; 16.1; A=X] C, 27.7; H, 1.6; N, 16.0%.
o|HALER[4,5-c]¥]Ed-3-o}71 (17)

NH,

(17)

4-ZF2EUFE-HEHAZHE 11% 44; mp (DCM/MeOH) 189-192°C; LCMS [M+H]=136; HPLC 99.7%. HRMS (EST)
CeHeNs00ll thak AAFX] 136.0505; A=X] 136.0502.

6-F R 2-4-vgo]|EALZ 7 [5,4-b] ] gl -3-o} (42)

(42)

2,6-TFE2-4-vEdURE| =Y EHZRE, mp 225-228T; H MR [(CD;),S01 & 7.28 (s, 1H), 6.33 (br s,
2H, NHy), 2.63 (s, 8H, CHs); HPLC 99.3%; LCMS 2 =x]: [MtH]=184, 186.
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O|HAFZE[5,4-b] 9 gl -3, 6-T]o}7] (43)

[0431]
NH,
o
H,N” N7 O
[0432] (43)
[0433] 6-ob] e-2-S 22U FE U EDZRE | mp 205-208°C; H NWR [(CD).S0] & 7.71 (d, J=8.8 Hz, 1), 6.70
(br s, 2H, NH,), 6.31 (d, J=8.8 Hz, 1H), 6.08 (br s, 2H, NH,); HPLC 99.0%: LCMS A ZX]: [M+H]=151.
[0434] S-HE o] EALE R [5,4-b] T 2] H-3-0}71 (44)
y NH,
e
[0435] (44)
[0436] s-vle-2-Z 22U FE Yo ERRE, mp 232-234C; H MR [(CD,).S0] & 8.35 (d, J=1.2 Hz, 1H), 8.07 (d,
J=1.2 Hz, 1), 6.57 (br s, 20, NHy), 2.39 (s, 3H, CHy); HPLC 96.4%. LCMS X ZX]: [M+H]1=150.
[0437] 5,6-T]H| "l o] £ALE 2[5, 4-b] 9] g l-3-o}Wl (45)
NH,
Me :j | XN
Me” N7 O
(45)
[0438]
[0439] o-Z2 -5 -l P IE = ELZE] | mp 263-266C; H MR [(CD):50] & 7.95 (s, 1H), 6.47 (br s,
2H, NHy), 2.49 (s, 3H, CHy), 2.31 (s, 3H, CHy); HPLC 99.1%; LCMS A Z=]: [M+H]=164.
[0440] 6-HE-4-(EEF ez e) o] £AER[5,4-b] 9] 2l d-3-0}71 (46)
CF3  NH,
Me” "N~ O
(46)
[0441]
[0442] 2-FRR-6-vd-4-(EEF o gule)YRE U ELRZFE mp 112-114T: H MR [(CD),S0] & 7.70 (s,
=)0 [MHH]=218.

1), 6.07 (br s, 2H, NH;), 2.68 (s, 3H, CHs); HPLC 97.7%. LCMS &
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[0443]

[0444]

[0445]

[0446]

[0447]

[0448]

[0449]

[0450]

[0451]

[0452]

[0453]

[0454]

ZIHSd 10-2017-0034439

(47)

- -6-(EgZ2o2We)RE U ELRE 31% S8, mp (DOM/MeOH) 226-228°C; 'H MR [(CD:).S0]
§ 8.60 (d, J =7.90 Hz, 1H), 7.90 (d, J = 7.90 Hz, 1H), 6.93 (brs 2H); CALFN;O0l thdk &2 AAkx]: C,
41.4, H, 2.0; N, 20.7; 2% C, 41.4, H, 1.8; N, 20.5%.
6-ol 2R Ho|HALE R[5, 4-b] ¥ 2] H-3-0}7] (48)
NH,
B!

H;C N/ o’

CH,

(48)

9-Zrz-g-olareAURE U ELZRE 79% 8, mp (DOM/AS olEl2) 165-168°C; H NMR [(CDy),S0] &

8.18 (d, J = 8.0 Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H), 6.53 (brs, 2H), 3.11 (sp, J = 6.9 Hz, 1H), 1.25
(d, J = 6.9 Hz, 6H); Col;Ns0o sk &2 AAkx]: C, 61.0; H, 6.3 N, 23.7; A=X C, 61.2; H, 6.4; N,

23.5%

5-UERO|EALZER[5,4-b] T g W-3-0}41 (49)

Q NH,
N~
o | \,N
(49)

5-UER-2-F22YFE=YEHZHE, mp >290C; ' NIR [(CDy)2S0] 6 9.37 (d, J=2.8 Hz, 1H), 9.27 (d,
J=2.8 Hz, 1H), 7.06 (br s, 2H, NHy); HPLC 99.8%. LCMS A =x]: [MtH]=181.

e 3-ofvi-6-(EgEF 2 d) o] SAMER[5,4-b] ¥ 2| H-5-7t= 5 A e o] E (50)

NH,
Et00C. o~ A
M N

Fs.¢” "N~ O
(50)

e -FREZ-5-Aolwe-2-(EFZF 2 2HE)YUIE|Yo|EZFE, mp 177-180C; HONR [(CD3),S0] & 8.95
(s, 1H), 7.08 (br s, 2H, NH,), 4.40 (q, J=8.0 Hz, 2H, OCH,). 1.34 (t, J=8.0 Hz, 3H, CH;); HPLC 99.1%.
LCMS A ZX]: [MtH]=276.
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[0455]

[0456]

[0457]

[0458]

[0459]

[0460]

[0461]

[0462]

[0463]

[0464]

[0465]

[0466]

SIES 10-2017-0034439
4-| E A o] A E R[5, 4-b] ] F P -3-0}7 (51)

OMe NH,

= N

(51)

2-F22A-VEAYUIHEYEHZEE, mp 241-2437C; I NIR [(CD3).S0] & 8.35 (d, J=5.9 Hz, 1H), 6.91

(d, J=5.9 Hz, 1H), 6.17 (br s, 2H, NH,), 3.99 (s, 3H); HPLC 97.6%. LCMS A ZX]: [M+H]=166.

5~(HEF L ZHEA])-4,6-TIHE o] EALZZ[5,4-b] T g T-3-o}7l (52)

Me  NH,
F_O
~
Me” N7 O
(52)

2-F2E2-5-(UEFL2WEA A4, 6-tEyIE| =UEHZHE, mp 151-153C; MR [(CD3)2S0]1 & 7.05
(t, J=74 Hz, 1H), 6.23 (br s, 2H, NH)), 2.54 (s, 3H), 2.51 (s, 3H); HPLC 99.7%. LCMS A=x:
[M+H]1=230.

oe 3-olv) w=g-v o] SAFE 2[5, 4-b] W 2] D-5-7h 2 B e o] (53)

NH,
EtOOC._~ {
< N
Me” "N~ O
(53)

g g-Zzz2-5-Aohe-2-w L ZE O] EZRE] mp 178-180°C: H NMR [(CDy),50] & 8.86 (s, 1H), 6.81
(br s, 2H, NH,), 4.35 (q, J=7.2 Hz, 2H, OCH,), 2.80 (s, 3H, CHy;), 1.36 (t, J=7.2 Hz, 3H, CHs;); HPLC
99.6%. LCMS AZX]: [M+H]=222.

e 3-ofrke-6-(HEF L2 E) o] HALE 2 [5,4-b] ] g H-5-7t 25 o E (54)

NH,
EtOOC VZ A
| N
F. \N o
F
(54)

oﬁi&%ii&ﬂﬂiﬂ%d%égiw%ﬂﬁmmﬂziiﬁ,ml%ﬂmt;ﬁNm[mmmm § 9.05 (s,
1H), 7.59 (t, J=53 Hz, 1H), 7.04 (br s, 2H, NH,), 4.39 (g, J=6.8 Hz, 2H, OCH,), 1.37 (t, J=6.8 Hz, 3H,
CHy); HPLC 99.1%. LCMS A=x]: [M+H]=258.
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[0467]

[0468]

[0469]

[0470]

[0471]

[0472]

[0473]

[0474]

[0475]

[0476]

[0477]

[0478]

ZIHSd 10-2017-0034439

5-ZR QR -6-HEZF 0| EALZ R [5,4-b] 9] B ¥-3-o}7 (55)

(55)

2-ERB2-5-EFQE2-6-REZF-YIEYEHRZEE, mp 168-170TC; MR [(CD3)»S0] & 7.86 (d, J=12.8
Hz, 1), 6.33 (br s, 2H, NH), 3.72 (br s, 4H, CH,0), 3.51 (br s, 4H, CHN); HPLC 98.0%. LCMS A ZX]:
[M+H]=239.

N'-Apo] 5 3 2 -5

e

FQ Bo|EHAEZ R[5 4-b] B H-3,6-t]o}wl (56)

NH,
F
7
Ho N
;Es o
(56)

-ZRRp-(Alo]FR IR oluv)-5-Z2 0 2 FE v ELZEE  np 182-184C: H NR [(CD),S0] & 7.66
(d, J=12.9 Hz, 1H), 7.63 (br s, 1H, NH), 6.14 (br, 2H, NH,), 2.75 (m, 1H, CHN), 0.73 (m, 2H, CH,), 0.56
(m, 2H, CH,); HPLC 99.4%. LCMS AZX]: [M+H]=209.

Ay

5-ZF 9 #-N6,N6-t]H g o] &AL 72 [5,4-b] 9] gl W -3,6-T] o} (57)

NH,
F
z
M S I \’N
e\’}l N O
Me
(57)

-2 22-6-(HuEoln| o)-5-ZF 2 YIE| = EHZHE, mp 186-189T; MR [(CD)2501 6 7.74 (d,
J=13.2 Hz, 1H), 5.76 (br, 2H, NHy), 3.11 (s, 6H, NMe;); HPLC 96.2%. LCMS A ZX]: [M+H]=197.

6-(FeH-2-A) o) HALERE[5,4-b]F 2] DA-3-0}F (58)

NH,
Z
[ N
O \N o
\ |
(58)

}%ii%%%%ﬂﬂbqiaingi$3,mzwamt;ﬁNm[mmmm § 8.31 (d, J=8.4 Hz, 1H),
7.93 (d, J=1.2 Hz, 1H), 7.72 (d, J=8.4 Hz, 1H), 7.28 (d, J=3.2 Hz, 1H), 6.72 (dd, J=3.2, 1.2 Hz, 1H),
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6.64 (br s, 2H, NHy). HPLC 98.7%. LCMS A ZX]: [M+H]=202.

6,7-tleto| == -5H-Ato] S = A EH b o] HAME R[4, 5-e ] 9] 2l H-3-0}rl (59)

[0479]
NH,
“
go
N O
(59)
[0480]
[0481] %%iiﬁﬂﬂaﬂziﬂm&ﬂ%i%ﬂbh%%}&ﬂEEQE%i$H,mzwﬂmt;ﬁNm[mmmm &
7.99 (s, 1H), 6.47 (br s, 2H, NHy), 2.94 (m, 4H), 2.13 (m, 2H); HPLC 99.4%. LCMS A=x]: [M+H]=176.
[0482] 6,7,8,9-H Eg}sto] = 2-5H-Alo] 2 e b] o] SALEZ[4,5-e] T 2] H-3-°}7 (60)
NH,
=z
\/N
(60)
[0483]
[0484] 2-222-6,7,8,9-H E3Io| E2-51-Ao| 22 EH b H-3-7I 2R YEZZHE, mp 210-212T; MR
[(CD:),S0] & 7.94 (s, 1H), 6.47 (br s, 2H, NH,), 3.02 (d, J=4.0 Hz, 2H), 2.87 (d, J=4.1 Hz, 2H), 1.83
(m, 2H), 1.61 (m, 4H); HPLC 96.6%. LCMS 21=x]: [M+H]=204.
[0485] 6,6-tlHlEl-5,6,7,8-H ET}slo] =2 o] &AL E 2[5 4-b]F HH-3-0}7 (61)
Me NH,
Me =
U
N (e}
(61)
[0486]

[0487] 9-222-6,6-t]WE-5,6,7 8-l Edsto|mmF sed-3-7t2 R UELZRE  mp 203-205C; H MR [(CDy)sS0]
§ 7.90 (s, 1H), 6.49 (br s, 2H, NHy), 2.62 (s, 2H), 2.06 (t, J=6.9 Hz, 2H), 1.65 (t, J=6.9 Hz, 2H),

0.97 (s, 6H); HPLC 99.1%. LCMS A=x]: [M+H]=218.
7,8-t3lo] E 2 -5H-0| &ALER[5,4-b] ¥ B} = (3, 4-e] ¥ Bl d-3-0}7] (62)

[0488]
NH,
=
0 XN
[0489]

62

[0490] (62)
[0491] %%ii#&ﬂﬁdziﬂmﬂﬂimﬁﬁﬂﬂﬂ%ﬁﬁﬂﬂEﬂi%ﬂ,mz&amt;ﬁNm[@mmm &
4.81 (s, 2H), 4.00 (m, 2H), 2.97 (m, 2H); HPLC 97.8%. LCMS A=X]:

7.94 (s, 1H), 6.57 (br s, 2H, NHy),

[M+H]=192.
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[0492]

[0493]

[0494]

[0495]

[0496]

[0497]

[0498]

[0499]

[0500]

[0501]

[0502]
[0503]

ZIHSd 10-2017-0034439

6-(MEE] L) o) EALZ 2 [5,4-d] 9 Bl n§l-3-o}71 (63)

NH,
NZ N\
M X, I ’N
ex N O

(63)

41-F22-2-(vdeg o)y gnd-5-7l 2R UEHZRE | mp >310C; T NR [(CD3),S0] & 9.05 (s, 1H), 6.92

(br s, 2H, NH,), 2.56 (s, 3H, SCHs;); HPLC 99.9%. LCMS A =%]: [M+H]=183.

-H| g o] &ALE 2[5 4-d] ¥ gl n P-3-o} (64)

NH,

N/
gh
Me” "N~ O
(64)

4-FRR2-vdugnud-5-7t 2R UEH R XE np 180-1827C; T NIR (CDsOD) & 9.10 (s, 1H), 2.78 (s, 3H

CHs); HPLC 97.9%. LCMS A=X]: [M+H]=151.

4-(ME B 2)-6-d o] FALEZ[5,4-d] T 2l v| d-3-0}71 (65)

Me<
S NHy
’d
N O
(65)

1-F2E2-6-(MEE Q)-2-Hdygnd-5-7t 2R UELZRE  mp 230-233T; H MR [(CD5),S0] & 8.48 (m,

%

20), 7.57 (m, 3H), 6.37 (br s, 2H, NHy), 2.84 (s, 3H, SCH;); HPLC 98.3%. LCMS AZX]: [MtH]=259.

-E2Z2-5-ZF 9 Bo|&AZZ[5,4-b]F gl P-3-o17 (66)

NH,
F
F SN K,CO4/N- g z=2=2 | N N
+ CH3CONHOH A
| 0°C-RT cI” SNF o
cl” >N" ¢l
(66)

N-WgRaZd (10 ml) F ol Esto|=2akak (589 mg, 7.85 mmol)e] £l 20CAA 7% K,C0; (1.08 g,
7.83 mmol)S F7Fsla, EFES o] 2504 1 hr B¢ WAL, o] EFES ASoA WAA]AL, 2,6-
OFE2E-5-ZF02YIAERYEZ (1.00 g, 5.24 mmol)E H7star, ¥ ZTgEo] 20C= HH3] 7F=FHA
ki, o] &moA 3d FoF WRIAATH I T 9 EES H0E SAAI7IA, KL0:2 @714 8ksta, EtOAc
Sujo] SR WaAE A3, olF IA=RvEIHI AHHIth

AT AAE HFES DO B MeOH

2 FEota, AxARY (NagSo

olN

).
(Si0y/X4/EtOAc, 0-20%). A3t A¢S zte= IS 3Xa, g0 -
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[0504]

[0505]
[0506]

[0507]

[0508]
[0509]

[0510]

[0511]
[0512]

[0513]

[0514]
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2 BAXNA 3TE(66) (2.0 mg, 0.2% T8)E F5590), mp 243-245T; I NIR [(CD3),S0] & 8.32 (d, J =
7.6 Hz, 1H), 6.77 (brs, 2H); HPLC 99.4%; CsHsCIFN;0.0.25 MeOHell whah #241 AAbx]: C, 38.38, H, 2.06; N,
21.49; A=x] C, 38.32; H, 1.85, N, 21.54%.

5,6-T) &2 20| &AL Z 2 [5,4-b] T B Hd-3-0}51  (67)

NH,
Cl CN Cl
| X CH;CONHOH | TN
— ~ Y
cl” >N~ O
cl N cl N-egzz=a
-10 °C-Rt (67)

N-HErnaZd F 2,5,6EYEE2UIERHEY 2 olHES =S o 2R Ao 3d Fot IFE
67% Sahdth (3% %), H MR [(CD),S0] 6 8.58 (s, 1H), 6.82 (brs, 2H), HPLC 96.5%, LCMS
[M+H]=204/206 .

6-F22A-(EFZF o 2W|E)o| &AL ZZ([5,4-b] T 8 Hd-3-0}51 (68)
CFs CFs  NH,
I\ CN  CHZCONHOH N
T 120°C . “~0
c” >N el g
(68)

2,6-U 2224~ (EYZSF o2 eE)YZE =Y EH (102 mg, 0.42 mmol) 2 OMIEo}O

|=Z22F (315 mg 4.2
EFES 120C2 20 hr &< 7MEAHY. 2 & W74 vs EFES

mmol)2] <=(neat) H0Z A7)
K,COs 02 714 3b8taL, EtOAcE FZE38taL, IS AXAAT (NaS0,) . €mle &4 2 AF[E m=nED
23] (Si0,/ A5 ol EZ/Et0Ac 0-20%)o <3 BHEHE 68 (4.0 mg, 4% &)L FE=3TH, H NMR [(CD),S0] 6
7.95 (d, ] =0.6 Hz, 1H), 6.24 (brs, 2H), HPLC 99.5%, LCMS [M+H]=238.

5-(3-MEA T2 Z-1-Q1-1-) o] HALE R[5, 4-b] ] 2] T -3-0}rl (69)

OMe
' B CN' pyCly(PPhy), X N
Cul/Et;N/DMF/N | EE—
N> RS 2 NG
2222 -5-(3-HSNZEZ-1-2-1-2)UBE LS (69)

DMF (6.0 ml) 2 EtsN (6.0 ml) T 2-F=22-5-o}o]e=YFE=YEZH (277 mg, 1.05 mmol), Cul (19.8
mg,0.104 mmol) 2 PdCl,(PPhs)s (44 mg, 0.022 mmol)E =HEH FHAA N2 7|A7 v, WEeXZzuld o

HZ (1.1 ml, 910 mg, 13 mmol)E F7}slar, ¥+ EFES 20CoA 2 hr B¢ WA AT, HkS Z3HE
HO0E 3)AA 7131, EtOAcE FE3ta, AZAZTH (Na,S0,). &uie &2 2 Si0,/Alf olEZ/EtOAc (0-10%)

oA AFEo FrulEIHA 93] 2-FEE-5-(3-WEAZZI-1-¢-1-)YUFE=UEZ (103 mg, 47.4%)
o =akdth; H NR [(CDy),S0] & 8.80 (d, J = 2.3 Hz, 1H), 8.67 (d, J = 2.3 Hz, 1H), 4.39 (s, 2H),
.59 (s, 3H), LCMS [M+H]=207. 20% A& <l ElZ/EtOAcel 3+ 371 &ol= H|2-37F A ES 53190,

2,5-H (- SA Z22-1-R1-1-) AN Y FE| =Y EZH (100 mg, 40%). ' NIR [(CDs),S0] & 8.90 (d, J =

2.1 Hz, 1H), 8.56 (d, J = 2.1 Hz, 1H), 4.49 (s, 2H), 4.40 (s, 2H), 3.39 (s, 3H), 3.35 (s, 3H), LCMS
[M+H]=241.

o Esto| =B A 2 K0Budl DMF & o3 2-2R2-5-(3-vEAZEx-1-¢l-1-e)UREw]EDe] FAS
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[0515]

[0516]

[0517]

[0518]

[0519]

[0520]

[0521]

[0522]

[0523]

[0524]

[0525]

[0526]

ZIHSd 10-2017-0034439

Haom FFE 692 24% FEE FE5IYT, mp DM/ A5 CEHE) 183-186T; H MR [(CD3),S0] & 8.61

(d, J =2.1Hz, 1H), 8.42 (d, J = 2.1 Hz, 1H), 6.70 (brs, 2H), 4.37( s, 2H), 3.37 (s, 3H); HPLC 99.9%;
LCMS [M+H]=204, CoHN:0.0 thdk &4 Axkx]: C, 59.1, H, 4.5, N, 20.7; A=3] C, 59.2, H, 4.3; N, 20.7%.

W 2. o

=]

ERIELE)

h ER

N’ N-t) W gl o) &AL = 2[5, 4-p] ] @] ©-3 6-T] o}l (18)

NH, NH,
X THF/20°C X
| N+ NHMe; | LN
c” >NZ 0 Me,N~ N7 7O
(18)
THF (15 ml) % 6-Z 2 20| EAZ 2[5, 4-b] T e]t-3-0}w o] Lolo] tuelolul (2 nl)o] 40% 2=golS A 7}ahal
o Wb EFES 49 B9 20TAA HW?ﬂE‘r o] &vlE HF st AAS, AHE IHAES AT}
I, AFES FHEAT. AFHAS EtOAcE FEske] (20 nl x 3) FUF EEAS ?%6}914. 3 YAES
756 o] A ol 2/Et0AcE Rl A71H Si0, Aol AmulEd s Aelste] N N-tlugo]sAlE R[5, 4-

]3] ¥l-3,6-t]obal(18) (81 mg; 77%)< WA THEEA S8tk mp (DOM/AS olEl=2) 238-241C; H
NMR [(CDs).S0]1 & 7.85 (d, J=8.8 Hz, 1H), 6.57 (d, J=8.8 Hz, 1H), 1.13 (s, 2H, NH,); 3.09 [s, 6H,
N(CHs).]. LCMS [M+H]=179; HPLC 99.7%; CsHioNOoll wist 4 Alxkx]: C, 53.9; H, 5.7; N, 31.4; AZA] C,
54.1; H, 5.6; N, 31.5%.

at7] shgteS fAbeHAl Al xsk ottt

N NSO g ol £A = 2[5, 4-p] 9] 2] ©1-3, 4-T] o}l (19)
NMe2 NH2
X
N (0]

(19)

4-FRZO|HEAEZR[5,4-b] ] U301 02 HE] 74% 45, mp (DCM/MeOH) 218-220°C; LCMS [M+H]=179; HPLC
99.9%. HRMS (ESI) CH,NO0o| that #1A=] 179.0927; 2232 179.0926.

NH,
N + R-- A
| N N
cl N/ o) NH, DMSO
A B

DMSO 3 A (1.0 eq)®] &9 B (2.0 eq) ¥ KF (3.0 eq)S H7lotar, A4 E3ES nto]lm2ab wh-g-7]o A
150C2 2 h 5 7MEAHTE. ¥ EFES oE olAdHoER A 7|a, B3 FF=E MFHsta, &
Na,S0, Aol A AxA713, oFeti, FH5AHT. AFES 238 TLC (CHLCly/MeOH = 20/1)0 o) HAAA

of
auEE YYES SRS
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[0527]

[0528]
[0529]

[0530]

[0531]
[0532]

[0533]

[0534]

[0535]
[0536]

ZIHSd 10-2017-0034439

1H NMR (400 MHz, DMSO0) & 9.62 (s,
“ 1H), 7.91 (d, J = 8.6 Hz, 1H), 7.72 (d,
94 ©\N | LW 227.1 |y 2 7.6 Hz, 2H), 7.32 (t, J = 7.6 Hz,
2H), 6.98 (t, J = 7.6 Hz, 1H), 6.72 (d,
3 = 8.6 Hz, 1H), 6.24 (s, 2H).

NH, 1H NMR (400 MHz, DMSO) b 9.61 (s,
/@\ B! 1H), 7.91 (d, J = 8.6 Hz, 1H), 7.45 (s,
J)
o5 o NONTTO L Ses | 1H), 7.26 (t, 7 = 8.0 Hz, 1H), 7.22 (t,

1 = 8.0 Hz, 1H), 6.71 (d, J = 8.6 Hz,
1H), 6.57 (dd, J; = 8.0 Hz, J, = 1.2
Hz, 1H), 6.25 (s, 2H), 3.76 (s, 3H).
1H NMR (400 MHz, DMSO) & 9.42 (s,
/OQ ~A, 1H), 7.85 (d, J = 8.6 Hz, 1H), 7.59 (d,
N7 NE O 257.1 | 7 = 9.0 Hz, 2H), 6.92 (d, J = 9.0 Hz,
2H), 6.62 (d, J = 8.6 Hz, 1H), 6.19 (s,
2H), 3.74(s, 3H).

96

R 3. Al A4

222N 4,6-E Qo] EAE 2 [5,4-b] 9] 2 ©l-3-0}11 (20)

CHy  NH, CHs  NHCH;,
== Cl
Ch A . 1. 88 . | ~SA
| _|_ N *+ CH(OMe); 3 EGH/NaBH, Ay
H,c” "N~ O Hs;C~ N

(20)

EfgoZEXEYolE (3 ml) F 5-F224,6-THPo]EAEZR[5,4-b]FFH-3-o}71 (0.21 mg, 1.05
mol)e] ZIELS 20 hr 59 FAFAHT. FeFo] EgvEoazgxadoEE XF 3d AAsSL, FFES
o kL (10 mL)oll &3HA)7]aL, NaBH, (284 mg, 7.7 mmol)E A &]d}al, EES 20TColA 3 hr, ©]o]A 50Tl

o

A 20 hr B¢k WAL, W EFES FFA7I, FHFES B0 (50 mL)ollA wRkAZ T AdE AHE
oquteta, o B2 B2 AFEAT. 318 1FES 0-40%9] AH oEl=/Et0Ace] TR &A1Y, Si0,
ol Ayl ARvtE g o] FAAZ T DM/AF oAE| 2 o]o], Alf oE|Z/Et0Ac B wpA|HtoR
MeOH/H0EFE ANAASAA AP 5-F22-N 4,6-Egmeo] &A1 E 2[5, 4-b] 9] 2] d-3-0}71(20) (50 mg,

w

22.5%)% TE53AT; mp 167-170C; 'H NIR [(CD3)»S0] & 6.53 [(q, J=4.4 Hz 1H, NH(CH;)], 2.82 (d, J=4.9
Hz, 3H, NCH;); 2.62 (s, 3H, CHs), 2.60 (s, 3H, CH;); LCMS [M+H]=212.5; HPLC 97.5%; CoH;oCIN;Ol st 4]
AAA]: C, 51.15 H, 4.8; N, 19.8; 254 C, 51.0; H, 4.5; N, 19.9%.

W 4, A1 A A

222N N 4,6-HEetueo] A% 2 [5,4-b] ] 2 D-3-0}7] (21)

CHs  NH, CHs  N(CH,),
cl | S (HCHO)5/NaBH;CN/HOAC ©! | N
H,e” N7 0 sz Hye” N7 O
(21)

HOAc (5 mL) & 5-F 224, 6-tudolHAER[5,4-b]F & P-3-0}71 (0.10 g, 0.506 mmol)2] EErMe] u}2}3E
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[0537]

[0538]

[0539]
[0540]

[0541]

[0542]

[0543]

[0544]

[0545]

[0546]

[0547]
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2odslel= (0.65 g, 7.2 mmol) 2 NaBH,CN (0.45 g, 7.2 mmol)& 7}t w8 E3dES 100CE 2 hr
ot MAAT AL, W7beta, A KC0 o2 v stelith. A AHES sk, 02 MFHSIAL, 0-75%

9

o] A oHZ/DONe] TR SN Si0, AolN AmviEd)y] At 5-ZREN N 4,6-HEehig

ol &AL ER[5,4-b] B P-3-0}F(21) (45 mg; 39%)S FE535ATh; mp (DCM/AF ClEl2) 112-113T; HONIR
[(CD3),S0] & 2.90 [s, 6H, N(CHp.l, 2.65 (s, 3H, CHy), 2.63 (s, 3H, CHy); LCMS [M+H]=226.5; HPLC

98.3%; CiHpCIN, Ol gk &A1 AAkx]: C, 53.2; H, 5.4; N,18.6; A=x] C, 53.1; H, 5.3; N,18.5%.

W 5. A1 AA]

5-(3-Hl EAlH D) o] FAFER[5,4-b] T 2] d-3-0}71 (22)

OCH;
B(OH),
NH,
Br ~ PdCl,(dppf)/ 2M Ko,HPO, NH;
| N7 1,4- [|= 4+ I70°C NN
N7 O OCHs | J_ N
N (e}

(22)

1,4-05A4F (6 ml) & 5-BEHO|FEAZZ[5,4-b]T g T-3-o}7l (0.16 g, 0.76 mmol), (3-WlEA|FD)LELL
(0.23 g, 152 mmol) 2 2M K:MPO, (3 mL)e] EFE=E No= Z7|AIFTE. PdCly(dppf) (50 mg, 9% mol)E 73k

aL, ke EFRES wHbAZIAL 70TelA WAl ARG Osdts e stel SeA7Ia, AREs =3

BtOAc Abololn BulAATH. §7 47] 2228 AL Nas0), S9F SRR, FFEE 0-3062] 4
§ olElZ/BtoAce] Tl SAW AT AN Ameieaels Asd 5-(3-HEAM) ol S ER

[5,4-b]T 2l -3-0}71(22) (66 mg, 36%)= F53tth, mp (EtOAc/A - olEHlZ2) 200-202C, I NIR [(CD3)2501

& 8.83 (d, J=2.3 Hz, 1H), 8.59 (d, J=2.3 Hz, 1H), 7.45 (t, J=8.1 Hz, 1H), 7.28-7.26 (m, 2H), 7.02-
7.03 (m, 1H), 7.00-6.99 (m, 1H), 6.68 (s, 2H, NH;), 3.85 (s, 3H, OCH;), LCMS [M+H]= 242, HPLC: 98.2%,

CisHiNg0p0 e BA AAkx]: C, 64.7; H, 4.6; N, 17.4; A=x] C, 64.7; H, 4.6, N, 17.4%
st7] stES FAlsHAl Alxskslt:
5-(2-W|EA|H d) o] AL E R[5, 4-b] 9] 2] P -3-0}7] (23)

(23)

(2-AEAAD) REALCZRE 19% 58 mp (DO/AF ol Bl Z) 191-193T; HPLC 98.6%: HRMS (ESI) CisHiN:O,
o gk At 242.0924: A

e

2] 242.0928.

5-¥d o] A& R [5,4-b] ¥ gl d-3-o}7) (24)

NH,
N

p/ /7

N O
(24)

S-HEZ RO EALEZ R[5, 4-b] 9 U-3-0o}7] 2 FHdHEANoZHE 13% F&; mp (DOM/MeOH) 249-252°C; LCMS
[M+H]=212; HPLC 99.3%. C;HgN:0.1/4 H,00l wist #4 AEX]; C, 67.5; H, 4.4; N, 19.7, AZA]; C, 67.4; H,
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[0549]
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[0551]

[0552]

[0553]

[0554]

[0555]

[0556]

[0557]

[0558]

[0559]

ZIHS3d 10-2017-0034439

4.2; N, 19.8%

5-(3-5F 2 2-4-] %A )0 &AL 2[5, 4-b]5 ] ¥-3-0b (25)

HsCO
NH,
F | NN
Nl
(25)

(B-EFL2A4-HEA A RS2 HE 180 & mp (DCM/MeOH) 258-2617TC; LCMS [M+H]=260; HPLC 99.6%;
CistoFNs00ll ti gk 41 ALk]: C, 60.25 H, 4.0; N, 16.2; A4 C, 60.1; H, 3.8; N, 16.2%.

5-(3] 2] ¥1-3-91) o] S A& 2 [5,4-b] 9] €] B-3-o} ¥l (26)

Z | NH,
Na A
| )
Ne!

(26)

-TE U R EAOZEE 6% 48 mp (MeOH) 239-242°C; HPLC 98.8%: HRMS (ESI) CiHN,0o thah #4Hx]
213.0771; A=A 213.0779.

5-(F ] d-4-) o] EHALZ R [5,4-b] ¥ 2] ¥-3-o} (27)

(27)

A~ BN EAL O ZHE] 6% S8 mp (DOM/MeOH) 291-294°C; HPLC 98.6%: HRMS (ESI): CpHNOol thah #4Hx]
213.0771; AZX] 213.0774.
2-(3-ou| o) HALZ 2[5, 4-b] B H-5-Y) & (28)

OH

(28)

(2-3lo|=EEA A ) REA SR HE 4% 5; mp (MeOH/H,0) 208-2117C; HPLC 95.7%; HRMS (ESI+) CioHioNsOz0l o

gk ALk 228.0768; AE32] 228.0771.
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[0560]

SIS0 10-2017-0034439
4-(3-op] o] HARE R[5, 4-b] ¥ 2] H-5-

HO
NH,
EN
B
N O

(29)
[0561]

)= (29)

[0562] (4-3Fo] =2 A A ) B E Ao

==

2HE 4% &5 mp (MeOH) 272-275C; HPLC 99.6%
AXEA] 228.0768; A %] 228.0763.

. HRMS (EST") CpsHiN:0,01 ot
[0563] 5-(4-ZF ¢ 72 d) o] A Z 2[5, 4-b] ¥ 2l H-3-0}7 (30)
F
NH,
X
| LN
N (0]
30
[0564] (30)
[0565] (4-ZF B2 HEANCTRE 16% 5; mp (MeOH) 235-238C; HPLC 99.6%; CiHsEN;0l thak EA1 AAkx]
C, 62.9; H, 3.5; N, 18.3; A=x C, 62.3; H, 3.4; N, 18.3%.
[0566] 5-(3-EF Q2 A ) ol HAEZZ[5,4-b] T gl d-3-o}1l (31)
NH,
F N
| LN
N (6]
(31)
[0567]
[0568] (B-ZFz2Hd)BEACZHE 380 =5&; mp (MeOH) 233-236C; HPLC 98.4%; CiHgFN;00ll theh £ A4k
C, 62.9; H, 3.5; N, 18.3; A=x C, 62.5; H, 3.5; N, 18.1%.
[0569] 5-(2,4-tEF 2 d) ol HALE R [5,4-b] ¥ Bl T1-3-o}7] (32)
F
NH,
X
F | P \fN
N (0]
(32)
[0570]
[0571] (2,4-9ZF 229 d)HEACZRE 18% 8; mp (MeOH) 258-261TC; HPLC 99.5%; CiH/FN;00l gk 241 AAl
. C, 58.3; H, 2.8; N, 17.0; A=x] C, 58.2; H, 2.7; N, 16.%%.
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[0572]

[0573]

[0574]

[0575]

[0576]

[0577]
[0578]

[0579]

[0580]
[0581]

[0582]

[0583]
[0584]

SIES 10-2017-0034439
5-(3,5-tEF 2 Z-2-MEA 3 ) o] HALEZ[5,4-b] T 2] H-3-0}7l (33)

F

NH,

F X
w L LN
OCH; \\#~¢

(33)

(3.5-0Z20 2 o WEAFNY)REANOZRE 56 48: mp (MeOH) 210-211C; HPLC 99%; HRMS (ESI')
CisHioFoNsOz0ll Tthak AAbx] 278.0737; AZX] 278.0736.

5-(2,4-9F 228 d)o| &AL 2 [5,4-b] ¥ gl d-3-0}9 (34)

Cl
NH,
AN
Cl | z \'N
N (0]

(34)

(2,4-9ZF22Hd) 2202 HE 5% &, mp (Y7 SNElZ/EtOAc) 233-236C; HPLC 97%; Cpol,CioNs0l i3k
4 A4, € 51.4; H, 2.5; N, 15.0; A= C, 51.3; H, 2.6; N, 14.8%.

5-(2,3,4-EdZ2 29 d)o|HALEZ R[5, 4-b] 7] g Y-3-o}571 (35)

Cl
NH,
| X
C ! | \/N
NZ 0O

(35)

(2,3, 4-E8)F22Hd)RE2A02XE 3% £48; mp (DCM/MeOH) 250-153C; HPLC 97.5% LCMS [M+H] 314 and
316. HRMS (ESI') CpH,CiN:0ol that 714k%] 313.9648; 21232 313.9649.

Ay

5-(4-(EgjEFezvdud) o] HAER[5,4-b] ¥ 2 d-3-o}%l (36)

FsC

U-EfEF2vdrd) HEACZRE 17% 58, mp (MeOH) 267-270°C; HPLC 99.9%; LCMS (MtH) 281;
CistsFaNs00ll di gk 41 ALk C, 55.9; H, 3.0; N, 15.0; A=A C, 55.8; H, 2.8; N, 15.0%.
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5-(3-opm| el d) o] EAE R[5, 4-b] 9] 2] T -3-o}71 (37)

[0585]
NH,
X
HyN | \/N
NZ O
37
[0586] (37)
[0587] (B3-olr=Hd)HEA O ZRE 83% 48 mp (MeOH/H20) 220-221°C; HPLC 96.0%; LCMS (M+H) 227; CioHiN,00l
sk B4 AR C, 63.7; H, 4.5; N, 24.8; C, 64, H, 4.5; N, 24.5%.
[0588] 18l 3-(3-o}u] 0] EALE 2 [5,4-b]H B H-5-U)H 2o o] E (38)
NH,
H3CO,C Xr\
3 2 | P ,N
N (0]
38
[0589] (38)
[0590] B-(MEAZI2RY) AR EACZRE 28% &; mp (MeOH) 221-223°C;  HPLC 98.2%; LCMS (M+H) 270;
CullNsOs0l] tiat B2 AXEA]: €, 62.4; H, 4.1; N, 15.6; A=X] C, 62.1; H, 4.1; N, 15.6%
[0591] 5-(6-FF 29 H-3-U) | HFALZZ[5,4-b] T 2l D-3-o}71 (39)
F
“ NH,
Na
AN
| T N
N (0}
39
[0592] (39)
[0593] (6-Z 70 27e|d-3-2) R EA 0 ZRE] 37% =8 mp (MeOH) 278-2817C; HPLC 99.4%; HRMS (ESI') CyHgFN,00]
& Axkx] 231.0677; A=%] 231.0680.
[0594] 5-(2-FRR-4-(EZF e 2rE)dd)o| HAE2[5,4-b] 2 H-3-0}71 (40)

C
NH,
X
Cl | P \’N
N O

(40)
[0595]
[0596] -ZFRBE-4-(E FoRdeE)dd)HEACZRE 8.2% 44 mp (MeOH) 195-198C; LCMS [M+H]=314; HPLC
98.5%; C13H7C1F3N30°ﬂ g B4 AALX]: C, 49.2; H, 2.2; N, 13.4; A=x] C, 49.7; H, 2.1; N, 13.3%.
[0597] W 6. A A P FU) Ao
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[0598]

[0599]
[0600]

[0601]

[0602]

[0603]
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6-(4-H EA Hd) o] EALZ 2 [5,4-b] ¥ 2] P-3-0}1 (70)

con ~COH
Xy 2 Pd(dppf)Clo/K,CO4/ »
P + MeO B(OH), N~ Cl
N CI DI S Al Ol £ /EtOH/H ,0 1:1:1
MeO

CONH,
- COH e |
1-8OC,DMF 87 NSl _pocy sz
2.aq NH
Cl q NH; MeO
NH;
N CN T
) /
| + CH,CONHOH _KO'BUDMF/RT NZ O
N~ Cl
oo MeQ'
e

(70)

T ZE Aol (6 ml), EtOH (6 ml) ® HO (6 ml) F 2,6-t]ZE22UFEAF (1.0 g, 5.21 mmol), 4-HEXAHY

B2 (0.96 g, 1.15 mmol, 1.2 eq) 2 K03 (2.5 g, 3.5 eq)? EFES N,2 27|42 kg, Pd(dppf)Cl,

(180 mg)S H7lbetar, whg EFES N, dtoll 2 hr B¢ SFAZG. 2FES S

< EtOAcell A wRkAI7]aL, AFAIZ T, 18 DY ES 2] =oll &3iA7]a, §HS 2) HCIZ AlFstA 4t

H@W?ﬂv} e JAHES oFstar, B NS EtOAc®E F7F FE3HaL, léA]ZiE} (NayS0,) . |12 SaA|A

F7F BAS 59T, F LEE TS 3, MeOH/DMOZHE AZAAZA A 2-F 2 2-6-(4-WFA] ¥
1

DY FELE (196 mg, 16%)S F53H3ck H NMR [(CDs).S0] & 13.62 (br, 1H, COMH), 8.25 (d, J = 8.1 Hz,

AxA7)aL, A4E 1=

1), 8.09 (d, J = 8.9 Hz, 2H), 8.03 (s, J = 8.1 Hz, 1H), 7.09 (d, J = 8.9 Hz, 2H), 3.84 (s, 3H, OCHs).
°F F7F Al flol A4 olgsirt.
2-S22-6-(4-mEAH D) YA (196 mg, 0.74 mmol) B SOCI, (10 m1)¢F wZFe] DMFS] E3H=S 2 h &<t
SEA AT, B2 S0CLE AT sol AASI, ANE ARES A% 1.4-U)SAbe] SaAT] I, AL
ZIAFT. 4 Ny (10 mDS AH7Fehal, 894 20 h F<F Aol awkA it §ujg g st AlAskaL,
ARE JARS oFeta, B2 AHea, AxAA -FREZ-6-U-HMEAFD) UIH = (153 ng 78%) =
A7kekednh: HONMR [(CD),S0] & 8.05 (d, J = 8.6 Hz, 21), 8.01 (brs, 1 H), 7.98-7.91 (m, 2H), 7.73
(brs, 1H), 7.07 (d, J = 8.6 Hz, 2H), 3.83 (s, 3 H). o5 F7} AA glo] A% o] &3t
2-Z22-6-(4-HEAF) I = (153 mg, 0.58 mmol)E EF<1 (3 L) POCl; (0.5 ml)o] EFHECIA
1 hr BoF S-EAAY. uhe BB 20CE WAL, A K02 AZeA 27148k 1, EtoAcs 223
B AZART NaS0). Bule] S S AFEe ARGRAAT (Si0,/0-208 A AHZ/E0A <l
2-ZF R 2-6-(4-v ZEA DY TE =UEZ (120 mg, 84%)2 53tk H MR (CDCly) & 8.03 (d, J =
Hz, 2H), 7.96 (d, J = 8.2 Hz, 1), 7.70 (d, J = 8.2 Hz, 1), 7.01 (d, J = 9.0 Hz, 2H), 3.89 (s, 3H).
ol& F7F AAl gle] el g3katt.
DIF % oblEste| =544t % KO'BuZ ol §ste], Aut Wby lo] weh 2-222-6-(4-vHA ) e ] =
e ABAA R (700E 57 £ER FEAUT, mp (DOW/MeO) 249-252C, H NIR [(CD),50] & 8.29

(d, J = 8.2 Hz, 1), 8.12 (brd, J = 9.0 Hz, 2H), 7.90 (d, J = 8.2 Hz, 1H), 7.08 (brd, J = 9.0 Hz, 2H),
6.60 (s, 2H, NHy), 3.84 (s, 3H, OCH;); HPLC 96.4%; LCMS [M+H]=242.5; Cy3HN:0p0 wdt 4 AAkx]: C

_54_



[0604]

[0605]
[0606]

[0607]

[0608]

[0609]

[0610]
[0611]

[0612]

SIHSd 10-2017-0034439
64.7; 0, 4.6, N, 17.4; A5 C, 64.4; H, 4.4; N, 17.4%.

6-(4-ZF 29 d) o] EAIEZ[5,4-b]F ] H-3-o} (71)

/@COQH | N CO,H ‘ X~ CONH;
+ F—@—B(OH)Z - . - . _
N el N Nl

F F
S CN NH,
—_ - S
—_— N/ cl ‘ \/N
Nl
F
F
(71)

2,6-T)2REYARANY (S-EF0 2D RENS FAT 227 ABYoR 2 FRE6-(4-2
Hd)yaEAS 49% &2 5515 H NMR [(CD3),S0] & 13.72 (br s,1H), 8.31 (d, J = 8.1 Hz, 1),
Hz,

mlu
HU
e
el
to
fr

8.19 (br dd, J = 9.0, 5.5
flol 44 olgsheirt.

-ERE2-6-U-EFRAD YT Hod FR2gol=e] whg ol A4 N vhEo g 2-F22-6-(4-

1H), 8.10 (d, J = 8.1 Hz, 1H), 7.38 (t, J = 8.9 Hz, 1H), ol& F7} AAl

z2owdd)yadoln =g £584ch H MR [(CD),80] & 8.17-8.13 (m, 2), 8.05-8.36 (m, 2H), 7.98
(d, J =7.9Hz, 1), 7.67 (br s, 1H), 7.38-7.34 (m, 2H). ©]& POCly/EF<NolA SFAIA 2ckAle] A
83% FER 22FRe6-(-E2oADUAEYEYDS FE5YT: H MR [(CD),80] & 8.55 (d, J = 8. 2
Hz, 1H), 8.26-8.21 (m, 3H), 7.43-7.37 (m, 2H).

22226222 d)UIEYELT DIF F ol Eso|=Eaat @ KOBue wSow FgE (TS
21% &= 539, WP (DCOM/A - olE2) 265-268T; H NMR [(CD3),S0]1 & 8.35 (d, J = 8.2 Hz, 1H),

8.22 (dd, J = 9.0, 5.5 Hz, 2H), 7.96 (d, J = 8.2 Hz, 1H), 7.37 (t, J = 8.0 Hz, 2H), 6.65 (s, 2H);
HPLC  99.8%; CiHgFNsQoll thdk ®A1 AAbx]; C, 61.7; H, 3.7; N, 18.0; A=x] C, 61.8; H, 3.6; N, 18.1%.

6-(2,4-t)Z 227 d)o| EALZE([5,4-b] T 2l P-3-0}4l (72)

B(OH). CONH
COH 7
COZH o| 2 [
oty X
c” N el
cl
NH,
N CN ~A
. L | LN
N el e
cl cl cl cl
(72)

2,6-tEFR2YATLY (2,4-T 22 E) B2 fFAMgE 227

Hol olo] Hlod FReel= 3 F4
NHzoll 93 Az 2-F22-6-(2,4-"F22dd)yadoln= 3

2 FE5391. o] POClLy/EFA3 37 &l
HES A A 2-222-6-(2,4-UZF22Hd)UIE-YELS 15% AA F&2 F53190 H MR [(CD3)2S0] &

8.61 (d, J = 8.0 Hz, 1H), 7.98 (d, J = 8.1 Hz, 1H), 7.85 (d, J = 2.0 Hz, 1H), 7.69 (d, J = 8.4 Hz,
1H), 7.62 (dd, J = 8.4, 2.0 Hz, 1H); LCMS [M+H]=279.

2-222-6-(2, 40222 Y)Y = ELD DF F oldEso| =244 2 KO'Bug) uHSoR §aE (72)
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2 41% &2 53590, mp (DAM/A]F o El2) 231-233C; MR [(CD3)»S0] & 8.40 (d, J = 8.0 Hz, 1H),

7.80 (d, J = 2.0 Hz, 1H), 7.66 (d, J = 8.3 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.59 (dd, J = 8.4, 2.1
Hz, 1), 6.73 (s, 2H); HPLC 99.3%; Cpil,CLN00l diet &4 A4bx]: €, 51.5; H, 2.5; N, 15.0; A& C,

51.6; H, 2.4; N, 15.1%

[0613] 6-(2,4-t&F 223 d) ol HAER[5,4-b] v 2l F-3-o}l (73)

BOH), CONH
COH F X COH | AN 2
| N - | P
clI” °N” Tl N™ Ci A
F F F F F
NH,
I ~CN A
NZ el | N
NT TO
F F
F F

[0614] 73)

[

(o

[0615] 2,6-0F2RYSREAN (2, 4-HEF LR ) HES] FARE 227

2ol 9
A Nl 93] 2-222-6-(2,4-1EF 29 d)UIdoln =8 53} °

HQ

S5 3ol POCly/E 24l
2 Helshe] 2-F2R-6-(2 4-UZE0 2 ) URE - UEDS 196 &7 =akdth H MR [(CD:),50] &

8.57 (d, J =8.1 Hz, 1H), 8.08-7.99 (m, 2H), 7.50 (ddd, J = 11.8, 9.2, 2.5 Hz, 1H), 7.34-7.29 (m, 1H).

[0616] 2-2R2-6-(2,4-05 2o 22 d) e = ELD DWF % oldEdo| =242 2 K0Bue] wgow 3eE
(73)S 74% &= FET, mp (DOW/AS dlEl2) 235-238C; H NMR [(CD,),50] & 8.39 (d, J = 8.1 Hz,

1), 8.04 (dt, J =8.9, 6.7 Hz, 1), 7.76 (dd, J = 8.1, 2.0 Hz, 1H), 7.45 (ddd, J = 11.7, 9.3, 2.5 Hz,
1), 7.31-7.26 (m, 1H), 6.71 (s, 2H); HPLC 97.8%.

[0617] 6-(2-Elol| d) o] &AL Z 2 [5,4-b] T &) H-3-0}7] (74)

(74)
[0618]
[0619] 2,6-U 222U IR 2-HoldBEAS] fARE 227 AE™- olo] 7] 7Ald vkl 22 AdES Hu
32 35t E (74)E 53, mp 241-244°C; H MR [(CD3),S0] & 8.28 (d, J = 8.2 Hz, 1H), 7.96 (dd, J
=3.7, 1.1 Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H), 7.76 (dd, J = 5.0, 1.1 Hz, 1H), 7.22 (dd, J = 5.0, 3.7
Hz, 1H), 6.6 (br s, 2H). HPLC 99.2%; LCMS [M+H]=218.
[0620] 6-(1-WE-1H-9 2}&-5-Y) o) HAME R[5, 4-b] T 2] D-3-°}F1 (75)
Mye @)
[0621]
[0622] 2,6-0 222U FEAY (1-HE-10-928&5-5-A) L2 FAeE 227 AZF olo] 47| 7|Ad vie} 2

AAgEe] Austz AL (75)2 $554%ch, H NR [(CD):50] & 8.29 (d, J = 8.2 Hz, 1H), 7.72 (d, J =
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[0623]

[0624]
[0625]

[0626]

[0627]

[0628]
[0629]

[0630]

[0631]
[0632]

8.2 Hz, D, 7.54 (d, J = 2.1 Hz, 1), 6.89 (d, J = 2.1 Hz, 1), 4.27 (s, 3H); HPLC 97%; ESI 233
216.0872, CioHN;0% 216.0880S 2@},

ZIHSd 10-2017-0034439

W 7, g el AA 4
NH,
X
| I N
H,cO0” N~ O
(41)
2% (129 mg, 5.6 mmol)S AZ MeOH (3 mL)ol H7}eto] 2] A" LMo 20CoNA 6-FRZO|EHAIZZ
[5,4-b]¥g]d-3-o}71 (16 mg, 0.09 mmol)S H7}star, &MS 20ColA 20 hr S wHHAIFHG, o2 3 Hke
35S =9 fAxA7 2, AAE ZFES B0 (10 mL)olA wikA]A W A A[ES Ay, o] of¥slar, H0

2 AFstar, 100N HAX2AA 6-rlS5A o] HAER[5,4-b] ¥ 2| H-3-0}7] (41) (7 mg, 46%)& TSt
mp (H,0), 213-215C; 'H NUR [(CD:),S0] & 8.10 (d, J = 8.5 Hz, 1H), 6.75 (d, J = 8.5 Hz, 1 H), 6.42 (bs,

2H, NHy), 3.91, (s, 3H, OCHs), HPLC 99.8%; HRMS (ESI) CAHN,00 thgh AlAkA] 166.0611; A Z%] 166.0606.

NH, NH>
| N NaH/HO(CH,);NMe, | X\
/N Z /
ol N/ S DMF/RT MezN/\/\O NZ O
(76)

FAVSHA 6-F R Eo|HALER[5,4-b] ] gld-3-o}wl 2 N N-trdojn| =238 2 RE] 33% &, mp (DCM/A]
Sl =) 164-166C; H MR [(CD;),S0] & 8.09 (d, J = 8.5 Hz, 1), 6.73 (d, J = 8.5 lz, 1), 6.41 (brs,
2H), 4.32 (t, J = 6.6 Hz, 2H), 2.35 (t, J = 7.1 Hz, 2H), 2.14 (s, 6H), 1.86 (p, J = 6.8Hz, 1H); HPLC
99.7%: HRMS (ESI) CyHNO, [M+H]ol gk AlAbx] 237.1346, 22| 237.1346.

6-(2-(tHdotr| ) o FA)) o SARE R[5, 4-b ] 9] 2] T -3-0}RI(77)

NH, NH;
|\ \,  NeHHO(CH,)NMe, N ¥
“~d DMF MeN o N2 0
CI”” N
(77)

HAVSHA 6-F R B0 EALEZ R[5, 4-b]F gl d-3-o}7 @D N N-tjdEoln| o & 2 X E 43% =&, mp DCM/A-F <l
Hl2) 168-170C; 'H NMR [(CDs)»S0] & 8.09 (d, J = 8.5 Hz, 1H), 6.73 (d, J = 8.5 Hz, 1H), 6.42 (brs,

OH), 4.38 (t, ] =5.8 Hz, 2H), 2.63 (t, J = 5.8 Hz, 2H), 2.20 (s, 6H); HPLC 99.9%; HRMS (ESI') CyoHy:N,0;
[MtH]ol w3k AAx] 223.1190, =X 223.1197.
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6-(2-%. 2 E 2] 0] B A)) o] SALE R[5, 4-b] 9] 2] W-3-0}] (78)

NH, NH,
X\ NaH/HO(CH,),Morph oY T N
| — /N K/N\/\ Z O’

(78)
GASHA 6-SF R R0 EAIEZR[5,4-b] T B H-3-0}7] ¥ 2-REZZF -2 RE 24% &, mp (DCM/A-S ol
2) 151-153C; 'H NMR [(CDy),50] & 8.10 (d, J = 8.5 Hz, 1H), 6.75 (d, J = 8.5 Hz, 1H), 6.42 (brs 2H),

4.42 (brm, 2H), 3.56 (brm, 4H). 2.70 (brm, 2H). 2.40 (brm, 4H); HPLC 99.9%; HRMS (ESI) CpHiN.Os [MHH]
of th3t AR 265.1295, A

i

=2] 265.1295.

JulA o] upd

NH, NH,
SN . NaH (60%) N
o e o
ci” >N 0 OH o~ >N O
A

DMF = B (2.0 eq)] &9
30% Hok WA 1 &

0CoNA Nal (FF 5 60% &2k, 1.9 eq)E H7lsfar, Wb
A 5]
of o3 mYHH). ¥s EFES

O

o H
(1.0 eq) & #H7Fsta, AHE EFES 90 coﬂxi 6-16 h %OL WHEATH T (TLC
S dE oA EHeIER gAsta, X

ia‘% ax [M+HT* H NMR

TH NMR (400 MHz, DMSO-d6) o 8.26
(d, 7 = 8.4 Hz, 1H), 7.47 (t, J = 7.9
83 NH, 227.9 | Hz, 2H), 7.28 (t, J = 7.2 Hz, 1H), 7.21

©\ MN (d, 7 = 7.6 Hz, 2H), 6.97 (d, J = 8.4
P
o

Hz, 1H), 6.52 (s, 2H).

'H NMR (400 MHz, DMSO-dé) & 8.30
NH; (d, 7 = 8.4 Hz, 1H), 7.62 (dd, J; = 8.0
84 N 262.0
| N Hz, J; = 1.2 Hz, 1H), 7.49 - 7.32 (m,
~d 264.0
3H), 7.07 (d, J = 8.4 Hz, 1H), 6.54 (s,
2H).
'H NMR (400 MHz, DMSO-d6) & 8.29
NH, 262.0 |(d, J = 8.4 Hz, 1H), 7.49 (t, J = 8.0
85 et Hz, 1H), 7.39 - 7.35 (m, 2H), 7.21
g 264.0
cl o N (dd, J; = 8.0 Hz, J, = 1.2 Hz, 1H), 7.02
(d, 7 = 8.4 Hz, 1H), 6.55 (s, 2H).

Cl

1H NMR (400 MHz, DMSO-d6) 5 8.27
262.0

86 m\©\ B : (d, J = 8.8 Hz, 1H), 7.51 (d, 7 = 8.8
O

N2 o s64.0 | Hz: 2H), 7.27 (d, 7 = 8.8 Hz, 2H), 7.01

(d, J = 8.4 Hz, 1H), 6.54 (s, 2H).
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< NHz 1H NMR (400 MHz, DMSO-d6) & 8.32

N

87 Om“‘ 312.1 | (d, J = 8.4 Hz, 1H), 7.57 - 7.41 (m,
ocF 4H), 7.09 (d, J = 8.4 Hz), 6.57 (s, 2H)

1H NMR (400 MHz, DMSO-d6) & 8.30
N d, J = 8.4 Hz, 1H), 7.59 (t, J = 8.0

= OO e | 70
o Hz, 1H), 7.28-7.33 (m, 3H), 7.04 (d, J

= 8.4 Hz, 1H), 6.55 (s, 2H).
1H NMR (400 MHz, DMSO-d6) d 8.29

. NH, (d, J = 8.4 Hz, 1H), 7.47 (d, J = 8.4
89 €O SN 312.0
. [ P o,N Hz), 7.39 - 7.35 (m, 2H), 7.04 (d, J =

8.4 Hz, 1H), 6.55 (s, 2H).

1H NMR (400 MHz, DMSO-d6) & 8.23

N, (d, J = 8.4 Hz, 1H), 7.32 — 7.24 (m,

90 S, 1H), 7.18 (ddd, J, = 8.1 Hz, J, = 4.3
Ay 258.1

07N Hz, J; = 1.4 Hz, 2H), 7.01 (td, J; = 7.7

Hz, J, = 1.3 Hz, 1H), 6.94 (d, J = 8.4
Hz, 1H), 6.50 (s, 2H), 3.69 (s, 3H).

1H NMR (400 MHz, DMSO-d6) & 8.26
(d, 7 = 8.4 Hz, 1H), 7.36 (t, J = 8.2

o1 /@\ I : N - Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.86
MeO' o7 NTTO (dd, J1 = 8.3 Hz, J2 = 1.9 Hz, 1H),
6.82 — 6.75 (m, 2H), 6.52 (s, 2H),

3.76 (s, 3H)

1H NMR (400 MHz, DMSO-d6) & 8.23
NH, (d, J = 8.4 Hz, 1H), 7.13 (d, J = 9.2

92 MeO. g N
\Q\O L 258.1 | Hz, 2H), 7.00 (d, J = 9.2 Hz, 2H), 6.92

(d, J = 8.4 Hz, 1H), 6.50 (s, 2H), 3.78

(s, 3H).
N, 1H NMR (400 MHz, DMSO-d6) & 8.31
o3 m“ (d, J = 8.4 Hz, 1H), 7.73-7.64 (m,
Ay 296.0
FsC 07N 3H), 7.57 (d, ] = 8.0 Hz, 1H), 7.06 (d,

J = 8.4 Hz, 1H), 6.55 (s, 2H).

6-(MEE Q) o] EAFER[5,4-b] T 2l d-3-0}rl (79) R 6-(WEdxd)olHAEZE(5,4-b] ¥ g H-3-o}wl (80)

NH; NH2 NH
X A THF/CHZCOOH 2

| N, NaShe DMF/RT | N A
A Z~g I N
c”>NT O Mes” “N~ O ] A

MeS” "N~ O

A\
(79)
(80)

6-F RO HALER[5,4-b] 7] 2] H-3-0}Wl& DWF 5 3d%Fe] &F ElovFAte]=oh A2oA 18 h Fet WA
A SEE (79F 68% FEE S5 mp (DOW/MeOH) 230-233C; H NMR [(CD,),50] & 8.07 (d, J = 8.2
Hz, 1), 7.24 (d, J = 8.2 Hz, 10), 6.53 (brs, 2H), 2.56 (s, CH3); HPLC 99.3%; HRMS (ESI) C/HN.0S

[M+H] ol i3t A4b=x] 182.0383; A

|\

] 182.0380.

THF (3.0 mL) ¥ 33E (79) (18 mg, 0.1 mmol)2] &do] FolHEX (Sl EX F 0.5 mLe 32% &9)S

7¥skal, kg Ed=S 20TelA 30 hr &t WA ZT. &S 20Tl SEA7]aL, FFES H0= 344
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713, KCOs0ll o3l 9714 8sha, EtOAc® FF38FaL, NaS0, AollAl Az zivk. &ufo] S 51 DON/ A ol
225H AFEe AAstel o3 S FE(R0) (19 mg, 89% F&)& F53HAUTH, mp (DOM/AF oleH2) 231-
234°C: H MR [(CD),S0] 6 8.65 (d, J = 7.9 Hz, 1H), 8.04 (d, J = 7.94 Hz, 1H), 6.96 (brs, 2i), 3.35
(s, CHy); HPLC 98.5%; LCMS 23X [MtH]=214.

3-olu| o] FALZ 2[5, 4-b] ¥ 2l H-6-7} 2524 (81)

NH NH; NH2
N 2 H,S04/CrO3 X MeOH | XA
A\ B —— | N N
| N ~ 020°C J_ I
PN o MeO,C~ "N~ O
Hae” N7 O HO,C” N 2
81 82

6-mlE o] &AL ZZ([5,4-b] ) 2l d-3-0}71 (48 mg, 0.32 mmol)S FFH HS0, (5 mL)oll 0Tl A7 v,

Cr0; (160 mg, 1.6 mmol)& F7}8kaL, 20417+ B¢k 20Tl A% wwslich, 2 F EFES 3ol nyA

713, Y HAEE o3A7aL, B0 2 AF oElZ/DoNe 1:1 EFER A os, oB %

S5 81 (8.0 mg, 14%)< F5aFATH H MR [(CD;),80] 8§ 12.78 (br,1H), 8.45 (d, J = 7.9 Hz, 1H), 8.02

(d, J =7.9Hz, 1), 6.81 (brs, 2H). HPLC 96%. LCMS A== [M+H]=178.

e 3-ojn] o] HALE 2 [5,4-b] 9 EH-6-7F 2 A o] E (82)

G-l o) AL EZ[5,4-b]F 2l d-3-017 (248 mg, 1.66 mmol)S WZH +F HS0, (10 mD)olA 0CE &A1l

t}L-, Cr0s; (350 mg, 3.5 mmol)& H7Ista, ETES 20CoAA 3¢ F<F wwkAHAT. 0CE YA 3 MeOH
A7rekar, 20TColA 20 hr S Al sl EFES B2 343t aL, EtOAcE FE330. &3l

AZA7]AL (NapS0y), &mE FLAIX 5 &9 HPLC #2lo o3 s3E 82 (44 mg)E <+

oF, 'H MR [(CD;),S0] 6 8.48 (d, J = 8.0 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H), 6.84 (brs, 2 1), 3.92 (s,

3H) CsHNsOgoll thah ¥4 AAkX]: C, 49.7; H, 3.6; N, 21.7; =X C, 49.8; H, 3.5; N, 21.8%. HPLC 99.6%.

ID01 Aol dist 44 AA

AZ7 QIZF ID01 (rhIDO1) S WAAI7]3L, pREP4A % pQE9-ID0 EHetxv|=2 FZAd3kE E. 9] EC538
o] iMoo ZRE AAANALE. WS EFES F By 30 ulY HA HiXAdA HF F% 9 nMe rhID01 (15
pl) et E39 50 M E2AHOE A, 10 mM of~FZEBAN 10 pM HEd B 100 pg/mL 7rEEAl, 8

uM TRP, 0.01% Tween 20 (v/v)<S $Hfdhe 384~ wA|Z o] Ed FAHT. FHo|EE 37Tl 30% %%}
oltwloldstar, Y (200 m)S H7 gl o) a4 WS FZAZIA, 65TolA 208 59 7FEAA
o G A7IE Ao 400 om H A, 500 mmell A FEFACE. AR SHEHES 100% DMSOC &-3A17]aL, rhID01<

HA7ketr] Aell A4 wiA el mE] sAAZATE. D01 A (%)= the3t o] ALtEAth:

((| RSN A2 52

-
(| YHEZX 22 84 28 A5 |- | ZE WX &5 |

BEE AL Azor F£IPHQa, EAZF BEAE Prism v5 (Graphpad Software, Inc., La Jolla, CA, USA)el
A = A
IDO1 Aol gt A E-71uk HA

&, <1z ID01 (LLTC-hIDO1) =¥ H# (LLTC-mIDO1)S 23l s}
19 3t&E3 &7 37°C, 5% C0.004 24 h ok wiEAZY. o & 7} 4=
g 96-9 FHlo]ER &r|a, EIFRROPAEL (104 HF wx=)3 EFAY)
3L, 60TelA 208 &t ANZT. 2 F ZUolES dAET o (2500 gollA 10%), FEAS &
AN NZE Zdo)EdA 4-(udolr )il =g slo|= (SFAEAL F 20 mg/mL) 9t 1112 E3AZ L. 2 &
o] ZHLE 480 mmoll A A=, AEY FA S 50% AT TEE AAEiTh.

Aze] 101 BA4e) Al AP
Ang Folz o ¢ A

>
&
o=
ofN
Y
bl
il

2
o
o)
o
|
o
=

of Wk gHNE Al
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T AgelA 7+ Ao Mz AFAFS 3-(4,5-vHEE tEE-2-Y)-2,5-HAdHEREF B2ulo]=(IT)
HA AAE o]gete] AASgI. D01 oJAle] AAE 3] FHFHS AAS F, AEE e
| 7k2] MTT (500 pg/mL)eb AFFHo]AAIF T, EHOEE 158 &< 2500 gollA L&A
o] BE AHAS HAZIAFATE. DMSO (100 pL/E)E Hristey A4S A7 v, 7k 49 &

9 ZAST. 7 Ao AE ASAS vAHYE gERae] MEEEA BAEEU. g AFEA ¢ 3 2

£ 499 S8 AFom Mg o gaqnh,

CES L HZ M54
auE e ICso (M) ICso (M) ICso (M)
1 B A D
2 D C D
3 B A D
4 C B D
5 C - -
6 C A D
7 D - -
8 C A D
9 C B D
10 D B D
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11

12

13

14

15

16

17

18

19

20

28

30

33

42

43

a4

45

46

a7

48

49

50

51
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52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74
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75 D D D
76 D D D
77 D D D
78 D D D
79 C B D
80 D Cc D
81 D D D
82 D C D
83 D - -
84 & C D
85 D - -
86 D - -
87 D c D
88 D & D
89 D c D
20 D C D
91 D - B
92 D ~ o
93 D c D
94 D B D
95 D B D
96 D D D

A IC, MS: A; <1 uM, B; 1-10 uM, C; 10-100 pM, D; >100 uM

O SjAlel thd A2-7]9 HA

[
£
[
4,
.
)
[ep)
-
[\
()]
—
)
59
il
>
oot
oty

o
td
i
o
=)

AT 0 AA RS A, AP A M0 HAAGES 3
37C, 5% COAIA 24 h Bk MEAAT, 1 F 2 ARTE ] F FHAS ANF AP-vle 96-U Heol=

i el —

=
d

s 001 A Al 7] 7A€ nkep Fo] AAskar, AEe] 34 S-S 50% Al

AT HFM 7 do] AEe] AHHS 3-(4,5-HHHE| olE-E-2-9)-2,5-T AL H EEE B E2vlo] =(MIT)
N A=A
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g E &4
sigte ¥s Mzl HEZ Mg
ICso (uM) ICso (uM)
3 = _
11 A .
66 A .
89 = .

A 1C, ¥MS: A; <1 uM, B; 1-10 uM, C; 10-100 pM, D; >100 uM

TE A gA9 2H

F%S B/ C57B1/6 vhg-2~ol W3} ol AA 7 AL, FF A717F oF 3x3 mmoll EEE ) o A® 1
SHalth. Shehe& DMSOol &8A171az, 50 ml e &5 e ip T sc Tl 3] Fosiivt. Td=

2advit S9sha, Phe g ARAe Red FP) £9F W BUES

ol ON

H EHER H(K:T)olA e ¥3t 24,

16¢ T3} GL-261-hID01 ¥ (FF Z7] 15-20 mm)S ZE w22 HEY 83 9 FFA KT v, 150
mg/kg?l 3¢ 30 &, n=A1d F 3vte]l= X8I A 0.25h, 1h, 2h, 4h, 6h 2 24h Fo] ¥ HPLCO 23)
AARE AT, DMSO H]3|F thxF(n = 21)S DMSOE A& A 0.25h, 1h, 2h, 4h, 6h ¥ 24h $o] 3u}g] m}-$
228E ZYEAT. + @ s DNSO thEtol Hls) 9 ANOVA 2 Sidake] thF Mlae] 93 o)A (44 p
<0.05, p <0.01)& uvepdt}.

o] AFe A ¥ 20] E=AFET}
W AAb Aus AgE 45989 54,

%= 32 HEE (A): 75 mg/kgd] BEHE 3 (B) IP WY, FF oA F gdell ARy F-PDICHT: FF ol F
8, 11 % 149 250 pg/U}o’\ IP) =& F-CTLA4(3H-: F% o] % 6o 1 mg/vk$-2~ IP)oll ot -1
g HAME A (0); = 33E 3+ WY AAE A9 23E (D)E A 8% sc GL261-hID01 FYS 2t vf
$5 o] g3 9x=% 9l EWJ T Ao tg AEES TATTE. P-32 v E AE FAd HlE Zo-
9 B4 93 foldt ol yEeldY, MAE laEe Fo AAES UERdAL

o] Aol A3 & 30 LAHTH

H 3 5} u_‘%_ ||—]E_%-J_.(:5]_\:“:u, ||%-J_O .5.]_%" EJE‘:‘\: "EFQ_Q_E 6‘]—7‘:4"31}- %‘(210_10]‘11, —A]J_—Jé_x_ql017_11/}_

B oA A Alew "¥3)s)
Ago] glom, AFE 4
"EAEENS HEE QAo AR
Agoz FAHHE"S P7Fel 7Bl

= T

Fe FUHARQ 24 EE WY WAE WA et EYoA AEHE

dojo] g4, oA, BE AEE wiAgY. EYdA AgEHE "R
o2 ks HAA &= oly ©AE

o s the

ol
2]

3 g
2 e 2 TR

B4, 248, AR =& IHEY :L%—O] ol AAES = A, olE aF9 EE M ALY 2 o]
BE ABEIOFS AEASR JAEHe] e AoR olsdn). ultA] O1F EE o 1FsF 2 A"
A, 28 BE M 7Y 2 1*4 Vet BE 23 4 5hg 29 MEyez Ao xshd Flo] 9
TEY, 2o JlEdAY dAE AREY RE AY B 2EEL gy AFEA EE 3 B 2gs A3
7] 918l A2 S Aok WAl B9, A& 5o 2% W9, AR ¥, i 24 " T A4S, F
o Welel x3E BE T E9 2 a9 W, Wk oby AN g Ayl xshd o] omHTh, Ay
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¥ 9 ¥ ¥ ¥ Y ¥ Y Y ¥ ¥ oz (&)
Y YV Y Y Y VY VY VY 8238 o
v v v 0.-PD-1 (G) == I
1 00 e
80- s (U1 p < 0,01
60-
40- e (G} p < 0.05
20~ -
A B
oy (A {B)

06 8 10 12 14 16 18 20

Y YV VY Y Y Y VYV ¥ys=z (A ]
\AABAAAEANASTEY: '_ﬁ@}
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