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(57) Abstract: The present invention belongs to the technical field of pharmaceuticals, and particularly re-
/XQ_Xa lates to a benzo [b] selenophene STING regulating agent, a preparation method therefor and an application
thereof. The structure of the compound is as shown in Formula [. According to the present invention, de-
rivatives, salts, stereoisomers, prodrug molecules and pharmaceutical compositions thereof can be used as
immunomodulators to effectively activate inherent immunoregulation pathways to kill tumor cells.
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— TR FH [P ZE STING BT HFIZ A ERHIE

B GuE
KRR BAEER AR, AR K — AT T AN . L2 Erli2 . B
MAEEZ] BRI H] o

BHREAR

AR S TR W AR B B S RGMG . T R IR 40 ks BT AE G B .
G IETFVER H IR @R B AL T RV AR DA R A A B (REERD) R T
N 2013 F i B RFA IS (Science. 2015, 348, 56-61) . Hrf 4y k6 25 £ BT (immune check
point blockade) 71L& HURSZAK T 4007 V2 e AR 1 1 5y I NG IT FBOF R
BT T2 ISE (Drug Discov Today. 2020, 25, 230-237).

AR, cGAS-STING B IA A2 IR S BRI i) L EE /R . 55, oGAS-STING
i % B T AR B 524K (pattern recognition receptors), 244 A [F 47 4 25 U ¥4 (1 2 B 40 B 35 7
(Nature. 2016, 535, 65-74), ‘IR WA AUH 5 75 DNA KBS TiE 5, HE1
TIP3 Rk S5 R s M HE T o 1245 5 W R PR GMP-AMP 4 il (cyclic GMP-AMP
synthase) (IS /ESI. cGAS 40BN —FF DNA 5235, S0 DNA 4558615 S cGAS
EATHK, #ik ATP 5 GTP A MA SRR (2'-3' ¢<GAMP) (Nat. Immunol. 2016, 17,
1142-1149). 1M ¢cGAMP {EN—FiSE (518, 456 7EWN UM 3Z4& STING (stimulator of interferon
genes) JFHUE STING. B2 STING ZAAH AR KA —RIMALH. (8, BALERRIERE
54 TBK B, 1T U4 IRF3 BLA NF-xB B RAY (Curr. Opin. Cell Biol. 2019, 59,
1-7). BRI A0 ML M T DAONAZ 45 R T L PR R RN R A S T AR i,
VAR RN (Nature. 2019, 567, 394-398).

VRN G N2 () B B 350 %, cGAS-STING % 514 2 PR B UM 5%, fERiiHmr
FH, cGAS-STING I8 )3 FEWOE B\ 2 2 P PESE « B B S 115 82— (Cell Mol
Immunol. 2019, 16, 236-241), T 5 —J51H, H&T cGAS-STING X} G M2 i 77 ¥ 4 B
BT 1208 I W A A TR e TV B B 8 (UL Hematol. Oncol. 2019, 12, 35). TiAE
cGAS-STING iH#g ™, P52 4A& STING W& A5 1Z0 B B N R BE Y e R, JFR BB
%) STING SZAKIHT— A2 X - T+ BRAT Iited ey 27 R BAT 2R R o AE IR PR /N B
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AL, STING W) s S KR I, BB A% S 3 iR ARG, {3 R 5 425 B
(Nature. 2018, 564, 439-443; Science. 2020, 369, eaba6098; Science. 2020, 369, 993-999).,

B B 7ML, 2 525~ )% STING WEh BT 1 Kk, b 48 ih 46 22 7] (%) ADU-S100,
ERTL A A MK-1454 824> STING #Eh )6 5 3 A lm RS . STING H@h il KT & B
HI AL TP B, AN B R HT— AR U ICEE 1 STING 1R4557, RILH T R AR S5 1E A
AR R B2 A IR AT 1 o

REARE

AR B AT RE R iR AR/ BLRCRAT R 29 A TR 5 SR (i
WE. Xt &Y o B HARSUMOR 29K H TS B4R s B B 254077 %
TR EANFE I MVER o

KRRHAF T EROBIL A AR RARBIL 2% sz,

R4 5
R3 R )(2'_'X3
/
\ X‘l
R2 Se
R1
@

Horp

R'YEHSEET. )R, G, iH3E. OR®. N(R®),. C1~Ce bk, C~Ce pifiHidt. # OR®
BUARH C~Ce HERE B N(R®), BRACHI C~Co it s

R EHERF. K&, FIE. M. OR®. SR®. N(R®,. COOR’. C(ONR®,. C~Cs
Fidk | C1~Co KfUHELE  # OR® HUARIY C1~Co KBk . N(R)y AR C1~Co Kt 5 Co~Ci Jii B
CorCo ML Co~Co . Co~Co ML FETR C5~Co Fhke It

RPEHERF. K&, 5. M. OR®. SR®. N(R®,. COOR’. C(ONR®,. C~Cs
Fidk | C1~Co KfUHELE  # OR® HUARIY C1~Co KBk . N(R)y AR C1~Co Kt 5 Co~Ci Jii B
CorCo ML Co~Co . Co~Co ML FETR C5~Co Fhke It

o R R SAnER MR F— AR 1 £ 2 MNEH O SEIN UL 5 5K 6 T
IR

RYEHEET. )R, Gt iH3E. OR®. NR®),. C~Co bk, C~Co pifiHhidt. #% OR®
BUARH C1~Co FEFRE B N(R®), BRACH C1~Co it
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ROIEAZEF. W#E. Bl C~Coliidk. C~Co KU, C3~Co FbTdE:

Al — B RO FIBAAR R, AR R ROAHFEIBAHIF, 4% RO SR ik 15 SR
T C~Co btk C~Co MUEEHE. Cs~Co Fhkith. Cy3~Cg ZRIELEL Cs~C oo 7745

X' & C(0);

X2 R(CR )35

Al — B RO FBAAE R, AR ER R AHFEIBAHIF, % R 5 SR
F. K&, CN. OR®. N(R®),. C~Cg fidk. C1~Co ke, # OR® BUHI C1~Co Ktk
Cs~Ce FhJed:

BB AFERREF B 2 A R RS PR 5 —i e 3 % 6 I,

B AN B 2 A R RS PR 5 — i 3 % 6 T,

X’ % H COOR®. C(O)N(R®),. C(O)NHOH. SO,R°. S(O)NR®H C(CF3),0R,

TEARR M — MR SE Ty e p, Hor:

R'EHEFF. BET. CCy Btk C~Cy mifUkedE, ST BEF

RIEHEEF. Kz C~Csfitk. C~Cs MUk, OC~Cs FEdk. OC~C; KifUHEHETR
-OH, LS FH ¥ FJAF. &JEF. CH;. CH,CH;. OCH;. OCH,CH;. OCH(CHj3), Bt OCHF,;

RIEHEEF. Kz C~Csfitk. C~Cs MUk, OC~Cs FEdk. OC~C; KifUHEHETR
-OH, fLikEH¥. -OH. ®JE¥. &EF. CH;» CH,CH;. OCH;. OCH,CH;. OCH(CH3),
3¢ OCHF,;

RYEHEF T BET. CCs itk C~Cy mifUkedE, ST BEF

ROIEAZETF. M#E. CrCy ikl C~Cy iUkt RE, LS F

X' %& C(0);

X* J& CH,CHR';

X® % H COOR®. C(O)N(R®),. C(O)NHOH. SO,R®. S(O)NR® B, C(CF3),0R®, 1% COOH.
COOCH;. COOCH,CH;. C(O)NHOH;

F ROMOTHGE HEJEF. C~Cs btk C~Cs UG Ci~Co Fhfidt. C3—~Cy 24313
o Cs~Cio 7535

% RO HE 3 SR BT C~Cy Bidk . C~Cy KRS L C3~Co BT OC1~C;
BURK) Ci~Cy ki, fi&JEF. CH;. CH,CH;. CH,CH,CH;. CH(CH;),» CH,OCH; B3t
LB
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FEARR IR ARk sy &b, Horb.

RUEHER T BRT. C~Cs bidkok C~Cs )if Uik, A F. FIE T

RIEHEEF. Kz C~Csfitk. C~Cs MUk, OC~Cs FEdk. OC~C; KifUHEHETR
OH, tik&JAF. &JEF. CH;. CH,CH;. OCH;. OCH,CH;. OCH(CH3), 3% OCHF,;

RIEHEEF. Kz C~Csfitk. C~Cs MUk, OC~Cs FEdk. OC~C; KifUHEHETR
OH, tik&JAF. &JEF. CH;. CH,CH;. OCH;. OCH,CH;. OCH(CH3), 3% OCHF,;

RUEHERE T BRT. C~Cs bidkok C~Cs if Uik, MREHF. FIET

ROIEAZETF. M#E. CrCy ikl C~Cy iUkt RE, LS F

X' %& C(0);

X? J& CHR’CHR';

X® % H COOR®. C(O)N(R®),. C(O)NHOH. SO,R®. S(O)NR® B, C(CF;),0R®; 1% COOH.
COOCH;. COOCH,CH;. C(O)NHOH;

F ROMOTHGE HEJEF. C~Cs btk C~Cs UG Ci~Co Fhfidt. C3—~Cy 24313
o Cs~Cp 7535

RV ASTH%E H EUR T R T Ci~Ca Ji k. C~Cy MiHESE L C5~Co B 3E B OC1~C5
BRI C~Cy bi ks, B 2 A RT G 7 — iR 3 & 6 uhf.

fE— BARsEH H, R RURIR BN T

FE— S BARseh, AR B4R A= 1-1 s &4

BT
~o Se  X,- COOH

(1-1)

Hrp: X* & CHR'CHR';

RTHFRIBCAHFAE, % R7HOIHE QSR T [E. CNy C~Co bidk. C~Co MifUHEL
# OR® HUARIK) C~Co bidk Co~Co Fhdedl; BB ARBKIET L1 2 A R w] UL pri i J5+
—EIE 3 & 6 ok ROMOIIIE AER T C~Csbidk. C~Cs MUk, C~Co Fhidt.
C3~Cs JRIFHEDL C5s~Cyp 752

AR MR E RO S Z Y BRI, RREXOMNEM 545 Lk
52 B TC B FE O LI EAT AL & 10 Eh . 15 B AU SRR Bedh . 5ER. AR
BREL. BRER. BNER. ERSRSE. RRRIPLEALER. AmEh. BEEL. PELRIRNER. B EZNE LR
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FE-— Lo BRI SEI b, Horr, RP A0 R % A 207k F U+ SURF . CHs. CH,CH;\
OCH;. OCH,CH;. OCH(CHs),, R’ 7] BL#& CH;. CH,CH;. C(CHs)s, R’ AJBLZE B+ CHs.
CH,CH;. CH,CH,CH;. CH(CH;),. CH,OCH; RI¥fiH3E, R A LAJE CH;w CH,CH;, X LU
Cl, Br, L

FE— o0 BRI SE B, AL A PIAD S AL A PIAV) SR, OB — FF 2 Al (T ,
RBLRAIAT PLA2 DTT. $iE OBE . IRHAT DBU, & 7 R] LA PY SR AT DMF

TE— S8 T HAR RS2 h, LA PIAV)F AL AV R, RS 2-1R 418 BE(V)
SRR AT LA DMF .

FE— ST BARI L o, AL A PIVD B &AL S YI(VIDI IR, B ST AT AR BRAH |
PRBRANAIE AN, BRI R] LL& DMF Fl1 2

FE— ST BARRYSL o, AL SPI(VIDHI &GS Y(VIID LR, KOS AT DU R ERHH |
SR, EEAER, SORIIA AT UK AN Y SRR

FE— BT BAR RS b, AL S (VI Hl A SOOI RS, SRy T — B Ie S 4
(IX), SRARFIAT LA CDIL MgCly, [ REVE I AT LA PU &K AT DMF

FE— e TT BRI SEflh, AL GO &AL A MXID TR, KM KB ER(XD),
SRR A] DA BRIR R 2 BRI AN, S REIE 7R RT LA B SV 77 AT LA DY S PR AT DMF

FE— 26T BRI, AL SISl & @ A ST i #2, ORI DL iz
RSN, EUEAER, SORIIAT AT DL IR . BEIR . K. PUSRIR .

M H A R S, HA BREg S T

Ox-0
" o o y . (XW)(H]\C%):O " (Hchn P
(Vi (X111 (1b)

Hop, RPFIRWIETHTIR, n R 1. 2. 38K 4; 78— R BAARRsEfd, R AR & 55k
SR EH EJR . &JRF. CHi;. CH,CHs. OCHs. OCH,CH;. OCH(CHs),, n A% 1. 2. 3.
4,

FE— BT HARR) S b, AL S (VI Sl &AL a7 XTI g8, RSty s
VB TR o

FE— Lo T HAR RS o, AL A X i &8 U S0 R, B & A RIEUR
T ZEEERXIV), RGN =& SUREERITYSLER, RBLE RN S bt
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KRR T — R EY, HASELWA BRI 5 1252 Enf 2 104
BT iE P2 A R B DI A1 K% BT Re2 (b vk 1 — R 2 F . TR 29 H &,
Bk SR FE 252 bl HeZ 80 R RI A/ BRI 7).

WRAEIRYT B BTG 2 A P RS PR A 2 AR AL, i )L UL Bl R
e, BV FLIBL ORI ORI RBEAIA I GA B RIS, R A R, W
W BRI (E TR B TR o

AR FTR A WAENG R 42577 U R DO 58 3 75 2

AR AR T B RO TR A B 2% E R 2 T2 A A
1181 % B cGAS-STING JH K2 il ig .

AR AR T B RO TR A B 2% E R 2 T2 A A
TERI & 29 I TE, B2 Ti6R97 5 STING 8% 6 HEAH G IR B0

AR AR T B RO TR A B 2% E R 2 T2 A A
FERIRVEIT B B R . RRTEZR . AR AE AT S M i ik . bR S
MR, dlm. FUE. A SRR 40 M .

AR AR T B RO TR A B 2% E R 2 T2 A A
Tl & S B e 7R R 1 FH 3

BRAR S AL, A UGB R ABUR B SR A A K LA ARE AT R T IR 1

ARAE Rk R HAT R E v R R RO LR EC R A IR R . e k]
DL ERIIBCR B . BRI, BRI & — T2 A, Tk 13 4, &
PRI 18 2 ANEURHE.

ARG IR RIGEEE. HBIRORE, RS AR NIRRT 2D — AR TR
MRS B RO LR, AR, T, 2-FETHENT OmES. HENE
B SCREBUERR S T8 O HLan 4R BT BP0 A 2 ) 3 4 T 4 A

ARIE CHEE” FRERE. SCREBURRY, RS fa i AR R S D — AR =S
EF B, PELAFE P, TR TR 3T . BRI LR . SCREEER
R P A7 =52 HLn AR B 7 B B IO s 8 43 P 4 AR o
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Al R AURIE” 2R B O EE, KA EE A E R T O R A

AR “H Pt Ron ORI PIAENR SR WM E” FEWRE RGP E R
g0 I E SRR 1 — xR R ) A A e — AR A ARG AR T RS
Bk SEBI(A IR YN EE. 2T Fe. ke, 006 oke. eRlk. o —H.
PRPEBEANIR PR = ek ml o BRI AR AR o

AR B e th i EREBCTEE bk T A F I B B BRI PR . B R
T ADIPRAEE LB SR IR AL

ORI 0K 3 B 8 NIRRT AR, Hh AN B AN AR TR IE EH N

O BE S(O)m(FeH m 72 0 & 2 WEEKIRIE T, HRMETR C, Hh— B4 C s
PAn] i e AL A

AR “HH” RO 5 E 10 MRIE TR BB G 2 ER, HA eI o iy
FGte F7AEMARRRGI PRSI KL . FRANTEL . 573 n] DU BUCHIBUR BT

AR WEAE AT AT RER e AR . LR e AT AN e . X s . ARl iA . 1
AR SRR RR S SRR R A

BB

N T H B EREAKW, RIS RPISKEY], IXESLER] e AR PIETER, e
RIS AR I HARRIR AN S 24 B g g A 5 B g PR Ao

A BARSE it T AN R BORE . e BN R, I ST B RS

445

DTT DL- 1 25 W B

DBU 1,8- R IRAOR[5.4.0) F—15-7-Hi
'HNMR R 2RO

PC NMR BC R R G

HRMS =7

DMSO TR

CDCl; AT

TLC Y AREERE

DMF N,N-—" B F P frg
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CDI N,N-Fig 3t Ik e
KR 1
S
B
0 /SeSe/ o r/\g/ o] o
o Br ~o sé "o Se/YO\/ o SO\

Vi1

IR 4,5- T FF - 2-(FR BRI ) 2K R RE (TV-1D) I il 4%

# 3.14 g DTT (20.4 mmol).2.56 g — 1 5 —AlifE(I1L, 13.6 mmol)F 50 mL DMF A E| 250
mL 5 U, FR7E VRS T IR 1 ho B S 18] RSO N N 2-95-4,5-— B AU R IS (TT-1)
5.0 g (20.4 mmol)H DBU 7.76 g (51 mmol), HAEZSRY T T ZEMFIL A  TLC Ml = 52,
Fr BB -1 B S 58 4 Je 4 Ll S B o 4 SRR 200 mL KK, [AHT H . #ldE, JEBHE
KB TG FH O AE 4.46 g, WL 84%. 'H NMR (300 MHz, CDCl;): 6 = 10.19 (s, 1H),
7.35 (s, 1H), 7.00 (s, 1H), 3.99 (s, 3H), 3.94 (s, 3H), 2.32 (s, 3H) ppm. HRMS (ESI"): C10H;30;Se
(M + H)", 261.0024; found, 261.0021.

BB 2 2-((2-F W HE-4,5- — B R IR IRl L) 4 B ZBR(VI-D Rl 4%

4.0 gL 59 TV-1 (15.4 mmol)- 8.5 mL ¥ Z R Z.JE(77 mmol )N Z 100 mL # L,
HAE 170°C FHiPE 4 ho TLC MMM TV-1 58 RN G FIE R . AHESE, KRB
A 30 mL K#RE, 50 mL MR ABERAERNIR . A3 AHLZ, M 50 mL /K¥. 30 mL HAN

hKEE, AVRETKRBRA T, AbIE, IR ZABRE RIS CDIRY), A2 2L
L B3N R P O . HRMS (ESTY): C13H,05S8e (M + H)', 333.0236; found, 333.0233.

B3 5,6- AT IF A1 -2- F R 2 FR(VIL- 1)1 il %

BRI — S BT A Y VI AR 100 mL B0+, FEIA 7.6 g BRERHH(S5 mmol)A
25mL ZJF. [HIRARE 6 he TLC Haill JFURE 58 42 S B2 5 Ll e K S BIvRCaldE, ool Hs 2% bR
M, A 50 mL 7K, JFH 40 mL 4P ZERREEPIR . BIFANUR, Z2K¥E. AT EoKsE.
TooKER BT e il g, WA o A A R IR A AT R s L BHE 3.2 g, PP IR 46%.
'H NMR (300 MHz, CDCls): § = 8.17 (s, 1H), 7.31 (s, 1H), 7.28 (s, 1H), 4.40 (q, J = 7.1 Hz, 2H),
3.97 (s, 3H), 3.94 (s, 3H), 1.41 (t, /= 7.1 Hz. 3H) ppm. HRMS (ESI"): calcd for C3H;4048e (M +

10
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H)" 315.0130; found, 315.0124.

IR 4. 5,6- FRAR IR IR T DAY -2- FR BB (VIII- 1)1 ] %%

¥ 3.2 g & VII-1, 35 mL PUS KR, 35 mL FEE NS 250 mL S5, T=ET
[ I 2 N AR AN EL 15 mL, F£T 60 °C THiHER S 3 he £ TLC fardll i 82 5¢ B2
e, KERSIRORSE, R 1N ShEREAY pH = 3~4, FEENr. ZLhiE, wEBKEE. TrEn
HAEE 2.9 g, ZE 98% . "H NMR (300 MHz, CDCls): 6 = 8.28 (s, 1H), 7.34 (s, 1H), 7.31 (s, 1H),
3.98 (s, 3H), 3.95 (s, 3H) ppm. HRMS (EST’): C;1Hy04Se (M - H), 284.9672; found, 284.9674

KTt 2
o o
o)
O 0 IX-1 - N\ o
o Se OH O—\
VI X-1

3-(5,6- - AL R IR [y -2-32)-3- AR T R 2 B (X-1) il %

% 2.9 g L&Y VIII-1 (10.1 mmol). 5.1 g CDI (31.6 mmol)A1 50 mL JE7K VY &Mk in A £
100 mL M, FHEZEETFHAE 1 he [ FIRRMNIEFIIN 5.4 g TH B 2B ER(31.6
mmol)H 3.0 g FALEE(31.6 mmol), FFAEZEIE MR 4 ho £ TLC Rl BSEE G, A
50 mL KBS, JFHEH 40 mL AR CERARUN IR . AH=EIFE, Sk, Wifih
K TAKBRERAN T g IRAEIIHL N . ML ARERFE Z e B s ik 3.0 g, YK
84%. "H NMR (300 MHz, CDCl3): 6 = 8.09 (s, 1H), 7.33 (s, 1H), 7.30 (s, 1H), 4.26 (q, /= 7.1 Hz,
2H), 3.98 (s, 5H), 3.94 (s, 3H), 1.30 (t, /= 7.1 Hz, 3H) ppm. HRMS (ESI"): C;sH,705Se (M + H),
357.0236; found, 357.0231.

LR 3
O~
Br/\n/ /o o 5
e o} o N 0
\ o) XI-1 ~ A OH
~ Se -_————- O —_— /O
O Y5 O—\ N
N\ 4 o} ~o se ©
X-1 XI1-1 1-1

AHE L 2-(5,6- IR IF[BIMIWy -2- R RE) T 1R — ZBR A (XTI-1) 1 4%
¥ 0.17 g 5% X-1 (0.5 mmol). 0.14 g BREZHH(1 mmol)Fl 5 mL DMF I AF] 100 mL
R, HAE R I T 30 mino 8] B3R BB I 0.13 g 2-1R LR ZER(0.75 mmol )T 8 mg

11
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Ak 40(0.05 mmol), FAEFIE FHRFERMN 4 ho TLC I M 5E )G, RSB I 20 mL
K, FEH 20 mL 4P CBRAERM K. ANUEEIEE, LK. WK, ToKmBRMNT
JEE L HEE AR ARY), AESMIL BT T P B HRMS (ESID): Ci9H23078e (M
+ H)", 443.0604; found, 443.0600.

HIR 2 4-(5,6- A IR I [BIIWY -2-30)-4- 2T BRA-1) 1l 4%

W RT— DR ENAY) XIT-1. 2 mL W ERERA 2 mL BEERINA R 100 mL K MHEH, FHAE
100 °C FHFERML 3 ho 28 TLC MM N XTT-1 N SE4 G, BRBREAE=ZE, A
20 mL /K#iRE, JEH 20 mL Z8R ZER 7 HMIZERP X . AHUEG I, Gk, WA HKEE.
FTOKBREREN T, hdE. IRZEAH A, ML AR E M aifb 3 A El & 45 mg, P EIK
# 26%. "HNMR (300 MHz, DMSO-ds): 6 = 8.42 (s, 1H), 7.70 (s, 1H), 7.53 (s, 1H), 3.84 (s, 3H),
3.82 (s, 3H), 3.24 (sbr, 2H), 2.57 (sbr, 2H) ppm. *C NMR (75 MHz, DMSO-ds): 6 = 193.99, 174.14,
150.77, 148.81, 145.06, 137.15, 135.46, 134.61, 109.36, 108.37, 56.24, 56.01, 32.98, 28.49 ppm.
HRMS (ESI'): C14H1305Se (M - HY', 340.9934; found, 340.9933.

LIt 4

4-(5,6- AR FE R I [B1AF W -2- 5 )-2- FF E-4- S8 40T BR (1-2) 1) il %

S HESLHER) 3 Friddl &7k, H 2-IRAR ZEE 2-IR 2R 48R, VAHFI & 7 i
#93)AY 1-2. "H NMR (300 MHz, DMSO-ds): 6 = 12.19 (s, 1H), 8.43 (s, 1H), 7.70 (s, 1H),
7.51 (s, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.43-3.37 (m, 1H), 3.11-3.03 (m, 1H), 2,92-2.85 (m, 1H),
1.19 (d, J = 7.1 Hz, 3H) ppm. C NMR (75 MHz, CDCl;): 6 = 192.78, 181.10, 150.67, 148.70,
145.30, 138.00, 135.02, 133.08, 108.21, 107.02, 56.17, 56.03, 41.25, 35.18, 17.10 ppm. HRMS
(EST): C1sH;505Se (M - HY, 355.0090; found, 355.0091.

Kt 5
CH,
C|/'\([)(Ov o

O
Q,
O XI-2 ~ S
O € o}
~ Se - - - P
O Y H3C' " O_\ \ ’CH:;
Q ~
_\ 4 \ O Se O

X-1 XI11-2 1-3

AR 12 BR)-2-(5,6- — AR I [y -2- FF I 5 )-3- T 1R — ZBR(XIL-2) i il #%
¥ 0.17 g 5% X-1 (0.5 mmol). 0.14 g BREZHH(1 mmol)Fl 5 mL DMF I AF] 100 mL

12
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R, JFAEEE N 30 mine 1] IR BRI 0.14 g S-2-F R ZE5(1 mmol), Jf7E
55 °C MHiHEE A . TLC WIS o a) SN I 20 mL 7K, H 20 mL 478 ZBRZE B
Wo ANUEGIFIG, GKEE. WA KL, TR TG, Mg, R4S OHrRY
AL A ELE 34T R 22 M. HRMS (ESTY): CyHys078e (M + H)™, 457.0760; found,
457.0758.

AHE2: R-4-(5,6- AR IF (D1 -2-Fk)-2- F JE-4- 58 AX- T R (I-3) B il %

W RT— DR AY) XTT-2. 2 mL W ERERA 2 mL BEERINAE] 100 mL K MHEH, FHAE
100 °C FHEHFERM 3 ho £ TLC WIS M) XTI-2 RN 564G, BRNBAETEZE, A
20 mL 7K#RE, JFH] 20 mL 2R LER 7 A AU K . ARG I, KBt WAl EhoK k.
ToKBRERB T, HhDE. WRAETFRL AL o ML T PR A 2SR 3 (0 4K 15 mg, 95% ee, T
H HIE 9%, "H NMR (300 MHz, DMSO-ds): 6 = 12.20 (s, 1H), 8.42 (s, 1H), 7.69 (s, 1H), 7.51 (s,
1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.43-3.37 (m, 1H), 3.08-3.01 (m, 1H), 2.91-2.84 (m, 1H), 1.18 (d, J
= 7.1 Hz, 3H) ppm. ”C NMR (75 MHz, CDCl3): 6 = 191.59, 180.78, 151.88, 147.46, 145.55,
138.37, 134.62, 132.20, 108.17, 107.76, 56.19, 55.96, 41.19, 34.84 17.06 ppm. HRMS (ESI’):

C1sH;505Se (M - H)', 355.0090; found, 355.0088.

S 6

S-4-(5,6- - F A IR FE[ bYWy -2-3E)-2- F FE-4- AR T PR (T-4) K /1] 4%

SRSLHEE] S TR b &7, A X-1 8k, H R2-EAR RS S2-E AR
B, DU R A T 0] &5 31k &40 14, 19 mg, 95% ee, Pih MUNE 11%. "HNMR (300
MHz, DMSO-d): 6 = 12.12 (s, 1H), 8.42 (s, 1H), 7.70 (s, 1H), 7.51 (s, 1H), 3.85 (s, 3H), 3.82 (s,
3H), 3.43-3.37 (m, 1H), 3.09-3.02 (m, 1H), 2.91-2.85 (m, 1H), 1.19 (t, J = 6.9 Hz, 3H) ppm. °C
NMR (75 MHz, CDCl3): § = 192.30, 181.22, 150.92, 147.69, 145.17, 137.61, 135.08, 133.27,
109.03, 107.21, 56.25, 56.08, 42.67, 34.44, 17.25 ppm. HRMS (ESI'): C;5sH;5058e (M - H),
355.0090; found, 355.0089.

St 7

4-(5-FR RS IR IR [BITIWy -2-3E)-2- B F-4- AR T BR(T-5) I ] 4%

SRS 1-3 kb4, DA 2--S-F R R A 2-150-4,5- AR S A
EIGERL, DL 2-IR IR SERACE 2-IR TR CER VIR,  CAAH RN & R 26 445 21 B An ik

13
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4 1-5. "HNMR (300 MHz, DMSO-d): 6 = 12.22 (s, 1H), 8.51 (s, 1H), 8.00 (d, J = 8.8 Hz, 1H),
7.56 (d, J = 2.6 Hz, 1H), 7.13 (dd, J, = 8.8 Hz, ., = 2.6 Hz, 1H), 3.83 (s, 3H), 3.48-3.39 (m, 1H),
3.15-3.08 (m, 1H), 2.96-2.84 (m, 1H), 1.20 (d, J = 7.2 Hz, 3H) ppm. C NMR (75 MHz,
DMSO-ds): & = 194.52, 175.23, 150.69, 146.38, 14421, 138.17, 135.45, 133.80, 109.24, 107.26,
56.07, 42.31, 37.16, 17.47 ppm. HRMS (ESI): C14H,504Se (M - HY', 324.9985; found, 324.9981.

LIt 8

4-(6-FF AR R [ B1 Wy -2- 2 )-2- R B -4- 5 AR T BR(T-6) 0 1] 4%

ZMSKHY) 1-3 Frid il 7%, UL 2-IR-4- U OR A0 2-1R-4,5- — RO ey
EIEERE, PL2-IR AR CBR AN 2-IR CR SBR 9 e Ay, DAAH R iy v #4931 B Ak
4 1-6. "H NMR (300 MHz, DMSO-ds): 6 = 12.19 (s, 1H), 8.50 (s, 1H), 7.92 (d, /= 8.8 Hz, 1H),
7.72 (s, 1H), 7.09 (dd, J, = 8.8 Hz, J, = 2.3 Hz, 1H), 3.84 (s, 3H), 3.45-3.33 (m, 1H), 3.12-3.05 (m,
1H), 2.92-2.85 (m, 1H), 1.19 (d, J = 7.2 Hz, 3H) ppm. °C NMR (75 MHz, DMSO-d,): 6 = 193.37,
173.79, 150.51, 146.26, 143.35, 138.01, 135.14, 133.06, 110.20, 106.93, 56.15, 41.29, 35.05, 17.20
ppm. HRMS (ESI'): C1sH30,4Se (M - H)', 324.9985; found, 324.9984.

LI 9

4-(S-F2I-6-F A L IR IR [PIIY -2-5)-2- FF 3L 4- AR T BR(T-T) il %

S HESLHER] 1-3 BTk %77k, H 2-IR-5-385-4- LR RS0 2-7R-4,5- AR
R R ER, DL 2-IRT IR CERCH 2-IR LR R N i, MR & B 121 445 2
Hbrik &% 1-7. "H NMR (300 MHz, DMSO-ds): 6 = 12.17 (s, 1H), 9.34 (s, 1H), 8.38 (s, 1H), 7.63
(s, 1H), 7.35 (s, 1H), 3.86 (s, 3H), 3.42-3.36 (m, 1H), 3.10-3.02 (m, 1H), 2.93-2.81 (m, 1H), 1.18 (d,
J =172 Hz, 3H) ppm. C NMR (75 MHz, DMSO-d): § = 194.42, 174.41, 150.85, 149.87, 147.25,
136.47, 135.91, 133.23, 107.67, 107.05, 56.20, 42.29, 35.83, 18.93 ppm. HRMS (ESTI'): C14H;305Se
(M - HY', 340.9934; found, 340.9932.

S 10

2- F -4 R -4-(BiW [2°,37:4, 5128 I 1,2-d[ 1,3] - 2-6-38) T FR(I-8) I i1l 4%

ZMSLHE B 1-3 Pkl & J7i%, H 6-IR A IF[1,2-d][1,3] - FR I I 5- FBE AU 2-1R-4,5-
CHSAEOR R ARG R, DL 2-IRR CER AR 2-IR IR SER N B,  DAHIE )G T

14
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%53 LA 1-8. 'HNMR (300 MHz, DMSO-ds): d = 12.21 (s, 1H), 8.43 (s, 1H), 7.67
(s, 1H), 7.49 (s, 1H), 6.14 (s, 2H), 3.43-3.36 (m, 1H), 3.10-3.03 (m, 1H), 2.94-2.82 (m, 1H), 1.19 (d,
J=17.1Hz, 3H) ppm. “C NMR (75 MHz, DMSO-d): 6 = 193.66, 178.84, 150.75, 146.34, 144.29,
139.23, 135.11, 132.97, 109.24, 107.14, 100.42, 42.81, 3438, 16.81 ppm. HRMS (ESI):
CH1105Se (M - H)", 338.9777, found, 338.9775.

S 11

4-(5- 258 - 6- FR A FE R I F [ DI WY -2- 55 )-2- P e -4- 54 Q- T FR(T-9) /1) 4%

S HESLHER] 1-3 BTkl %77k, H 2-9R-5- 28 -4- R AR FRsACH 2-1R-4,5- A
RN ERL, DL 2-IRN IR CERAE 2-IR IR LB AR S, DA IE G i i &4F
B HFMLAY 19, "H NMR (300 MHz, DMSO-ds): 6 = 12.20 (s, 1H), 8.41 (s, 1H), 7.69 (s, 1H),
7.50 (s, 1H), 4.09 (q, J = 6.9 Hz, 2H), 3.85 (s, 3H), 3.43-3.37 (m, 1H), 3.10-3.03 (m, 1H), 2.92-2.85
(m, 1H), 1.40 (t, J = 6.9 Hz, 3H), 1.19 (d, J= 7.2 Hz, 3H) ppm. °C NMR (75 MHz, DMSO-dj): 6 =
193.43, 176.68, 150.50, 147.53, 144.77, 136.75, 135.07, 134.41, 109.84, 108.01, 63.82, 55.79,
40.88, 34.85, 17.10, 14.69 ppm. HRMS (ESI'): C1sH,705Se (M - HY', 369.0247; found, 369.0244.

Lt 12

4-(5- A IE-6- LRI [DIINY -2-3)-2- F 2L 4- 540 T R (I-10) I 1 4

SRS 1-3 Bkl #7705, H 2-0R-5- 5 TRk -4- PR AU OR R AR 2-7-4,5- 44
FEIE RS EIEERL, DL 2-IRTA IR 2B 2-IR 2R ZEE N R, DA F) B T 12 4%
23 B A3k 44 1-10. '"H NMR (300 MHz, DMSO-ds): 6 = 12.17 (s, 1H), 8.41 (s, 1H), 7.69 (s, 1H),
7.53 (s, 1H), 4.61-4.53 (m, 1H), 3.84 (s, 3H), 3.42-3.34 (m, 1H), 3.10-3.02 (m, 1H), 2.92-2.85 (m,
1H), 1.31 (d, J = 6.0 Hz, 6H), 1.19 (d, J = 7.2 Hz, 3H) ppm. “C NMR (75 MHz, DMSO-d): 6 =
193.87, 177.07, 151.93, 146.60, 145.18, 137.40, 135.58, 134.86, 113.04, 108.82, 71.01, 56.26,
41.32,35.29, 22.22, 17.51 ppm. HRMS (ESI'): C1;H,905Se (M - HY', 383.0403; found, 383.0401.

SEhER 13

(0] (0] S
OH 0
0 — > _O
d A d A\
~0 Se 0O ~o Se 0O
12 I-11
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4-(5,6- - F A8 2R I [ B -2-78 ) -2- F 3k -4- 54 C- T R ZER(T- 1) () %

4 36 mg (LA 1-2 (0.1 mmol)¥A T 10 mL ZEEH, F-T-0KIE T M B N 24 mg &
AEAEHA(0.2 mmol). Bl J5 4 SN 28 R 4R 4E S B 4 ho TLC KNS S 584 fa IR 28
BRIEFR, NN 10 mL /KFRE, FH 10 mL 4R AERFERFIR . GHUEGHGE, &KEE. 1B
g EhKWE . oK BRER AN T4 e 4 o K i R IR Z A 20 A] B Ark 549 1-11 34 mg,
52 89%. 'H NMR (300 MHz, DMSO-ds): 6 = 8.43 (s, 1H), 7.70 (s, 1H), 7.51 (s, 1H), 4.08 (q, J =
7.1 Hz, 2H), 3.85 (s, 3H), 3.82 (s, 3H), 3.44-3.38 (m, 1H), 3.19-3.11 (m, 1H), 2.99-2.88 (m, 1H),
1.20-1.13 (m, 6H) ppm. “C NMR (75 MHz, DMSO-d;): § = 192.97, 176.42, 151.13, 146.92,
145.19, 137.61, 135.09, 133.78, 109.95, 107.10, 62.32, 56.12, 55.81, 42.76, 35.28, 17.27, 16.84
ppm. HRMS (ESI"): C7H,,05Se (M + H)", 385.0549; found, 385.0548.

SEHEH 14
Q Q OH
OH NH
_O \ —~ _o \
o Se O ~No Se ©
1-2 I-12

4-(5,6- - A SE R IR [ DIy -2-J5 )-N-F2 -2 FF B4 -S4 K- T B (1-12) o il %

¥ 177 mg 444 1-2 (0.5 mmol)i& T 10 mL FE/KPUEIEIE, JiIA 160 mg CDI (1 mmol),
T RENHFE 1 he BEGRBB I 69 mg $hERF2Z(1 mmol), F4k4E/E =R R Rk
Ao TLC Kl S M58 S5, A 10 mL 7KHkE, JFAEH] 15 mL 2R ZEREB PR ANLES
WG, @K, WA K. TOKBRIRINTE. fhoE. W4d. L ZH] & TLC 4iiks Bir
&4 1-12 68 mg, ULE 37%. 'H NMR (300 MHz, DMSO-ds): d = 10.38 (s, 1H), 8.69 (s, 1H),
8.42 (s, 1H), 7.70 (s, 1H), 7.52 (s, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.46-3.38 (m, 1H), 3.15-3.06 (m,
1H), 2,97-2.88 (m, 1H), 1.19 (d, J = 7.2 Hz, 3H) ppm. °C NMR (75 MHz, DMSO-d,): 6 = 193.16,
175.48, 150.63, 149.07, 145.72, 137.40, 136.67, 132.81, 107.77, 107.38, 56.15, 56.01, 43.79, 36.94,
19.22 ppm. HRMS (EST'): C;5sHsNOsSe (M - HY', 370.0199; found, 370.0196.

SETE] 1

MM
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4-(5,6- - FR AR LRI [ ]Iy -2~ )-2- FF S -4- 54 R T B AL (T-13) il 2%

4 36 mg (L5 1-2 (0.1 mmol) 15 mg N-FEMEMK(0.15 mmol )i T 10 mL VY FEIEH,
HF KB TR0 21 mg &P ER T H5(0.15 mmol). 058 ¥ Ja W e BORHEL & S IR I F
N1 he FfJERERBRERE TV, 0 0.1 mL 20K, FEJE R T =E XA 4 he TLC
Rl S SE RS, N 10 mL KFRE, A 15 mL LR ABEAERPR. GIEEIGE, &
IKBE WA KB ToOKIRBREN T ik, k48, MR ARERAEI AR BEbr A1
1-13 27 mg, Y3 76%. 'H NMR (300 MHz, DMSO-ds): d = 8.40 (s, 1H), 7.68 (s, 1H), 7.53 (s, 1H),
7.41 (s, 1H), 6.78 (s, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.39-3.31 (m, 1H), 2.95-2.82 (m, 2H), 1.12 (d,
J = 6.8 Hz, 3H) ppm. °C NMR (75 MHz, DMSO-ds): § = 193.87, 176.78, 150.33, 148.36, 145.24,
136.76, 135.09, 134.24, 108.28, 107.95, 55.81, 55.59, 41.11, 35.46, 18.20 ppm. HRMS (ESI"):
C1sH1sNO4Se (M + H)", 356.0369; found, 356.0366.

S 16

4-(5,6- AR FE I I[N -2-95)-2- 7. 3 -4- 580 T IR I-14) il 4%

SRS 3 TS & v, DMLAEY) X-1 AR, B 2R T R BB 2-IR AR &
B &N, UAH [E] 1A BT i 4 49 2046 549 1-14. "H NMR (300 MHz, DMSO-ds): 6 = 12.19 (s, 1H),
8.45 (s, 1H), 7.70 (s, 1H), 7.51 (s, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.43-3.37 (m, 1H), 3.11-3.04 (m,
1H), 2.82-2.73 (m, 1H), 1.66-1.56 (m, 2H), 0.95 (t, J = 7.4 Hz, 3H) ppm. “C NMR (75 MHz,
CDCl3): d = 192.94, 180.36, 150.71, 148.75, 145.37, 138.04, 135.06, 133.04, 108.27, 107.07, 56.19,
56.05, 41.79, 39.20, 24.95, 11.50 ppm. HRMS (ESI'): Ci¢H,705Se (M - H), 369.0247; found,
369.0246.

S 17

R-4-(5,6- A JE R I T[RRIV -2-J5)-2- 2, 3-4-58AR- T BR(I-15) (1 1] 2%

SHSLHER] S Friddl & 077, UALAY X-1 Akl BRA S-2-8 T IR BB S-2-8A
2 G NN AL s LA R A O 2381 %15 3 B ARE S 1-15, 95% ee. 'H NMR (300 MHz,
DMSO-ds): d = 12.20 (s, 1H), 8.43 (s, 1H), 7.69 (s, 1H), 7.52 (s, 1H), 3.4 (s, 3H), 3.83 (s, 3H),
3.42-3.36 (m, 1H), 3.10-3.04 (m, 1H), 2.83-2.74 (m, 1H), 1.67-1.56 (m, 2H), 0.97 (t, J = 7.5 Hz, 3H)
ppm. “C NMR (75 MHz, CDCls): ¢ = 193.34, 180.67, 151.50, 149.27, 144.99, 138.72, 135.18,
132.03, 108.60, 107.63, 57.23, 56.11, 41.59, 38.81, 25.39, 11.05 ppm. HRMS (ESI’): C16H;705Se

17
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(M - H)", 369.0247; found, 369.0244.

St 18

S-4-(5,6- S IR I [BYliy -2- 5 )-2- 2, -4-SAAR- T BR(T-16) ¥ i &%

SRS S BTkl 7%, DMLEY X-1 NIEEL BRA R2-ET RS S-2-8 A
W2 2B R R REAL , AR & i 20 #4321 B b6 59 1-16, 95% ee. 'H NMR (300 MHz,
DMSO-dy): 6 = 12.19 (s, 1H), 8.44 (s, 1H), 7.69 (s, 1H), 7.52 (s, 1H), 3.85 (s, 3H), 3.83 (s, 3H),
3.43-3.35 (m, 1H), 3.13-3.02 (m, 1H), 2.83-2.75 (m, 1H), 1.66-1.55 (m, 2H), 0.95 (t, J = 7.4 Hz, 3H)
ppm. “C NMR (75 MHz, CDCl3): 6 = 192.24, 181.62, 151.74, 148.57, 144.55, 137.85, 136.49,
133.13, 109.40, 107.23, 56.17, 55.99, 42.28, 39.79, 25.01, 11.84 ppm. HRMS (ESI’): C16H;705Se
(M - HY, 369.0247; found,369.0246.

S 19

4-(5,6- AR R [ -2-2)-2- 7 TR 3 -4- 54 - T IR (1-17) 1] 4%

S 3 Tk &, WA X-1 8EE, BRA 2-IRA R GBS 2-IR LR 2B
NEONAL, DRI & i R AR B 59 T-17, 95% ee. 'H NMR (300 MHz, CDCls): d
=8.13 (s, 1H), 7.32 (s, 1H), 7.29 (s, 1H), 3.97 (s, 3H), 3.94 (s, 3H), 3.52-3.43 (m, 1H), 3.06-3.00 (m,
2H), 2.17-2.11 (m, 1H), 1.05 (dd, J, = 6.8 Hz, J, = 2.6 Hz, 6H) ppm. “C NMR (75 MHz,
DMSO-ds): d = 192.98, 180.89, 150.86, 149.61, 145.85, 138.32, 134.69, 132.20, 108.11, 106.90,
56.25, 56.07, 48.72, 40.68, 25.81, 22.57 ppm. HRMS (ESI'): C17H1605Se (M - H)", 383.0403; found,
383.0401.

St 20

2-IR TR 5:-4-(5,6- — AL R I [T Wy -2- 52 )-4- 584K T FR (T-18) I il 4%

SRS 3 BTkl &%, DALAY X-1 AERL, B 298 2 RO 2B 2
IR a4, CUHIRI & 7 120 %5 204649 1-18. '"H NMR (300 MHz, CDCls): 6 = 8.28
(s, 1H), 7.35 (s, 1H), 7.31 (s, 1H), 3.98 (s, 3H), 3.96 (s, 3H), 3.50-3.41 (m, 1H), 3.10-3.02 (m, 2H),
1.12-1.04 (m, 1H), 0.57-0.49 (m, 2H), 0.21-0.14 (m, 2H) ppm. *C NMR (75 MHz, DMSO-d): § =
194.07, 176.11, 149.78, 147.75 146.69, 138.73, 135.03, 133.12, 107.38, 107.55, 56.10, 55.74, 47.71,
40.95, 5.10 ppm. HRMS (ESI'): C17H1705Se (M - HY, 381.0247; found, 381.0245.
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S 21

4-(5,6- - AR ORI [B] APy -2~ )-2-( FR A 25 FP O )-4- AR T R (T-19) ¥ il 2%

SRS 3 Frid &7, DALA Y X-1 8RR, B 2-IR-3-F AR R PR E 2-
IRCTR IR, VIR A O 6] 45 2054 1-19. 'H NMR (300 MHz, DMSO-ds): J =
12.34 (s, 1H), 8.44 (s, 1H), 7.69 (s, 1H), 7.53 (s, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.60-3.56 (m, 2H),
3.46-3.37 (m, 1H), 3.25 (s, 3H), 3.14-3.07 (m, 2H) ppm. “C NMR (75 MHz, DMSO-ds): 6 =
192.87, 179.61, 150.43, 149.39, 144.87, 138.76, 134.66, 134.09, 108.16, 107.55, 80.16, 60.98,
56.30, 56.08, 39.62, 39.04 ppm. HRMS (EST’): C6H;-0Se (M - H)', 385.0196; found, 385.0195.

Lt 22

2-(2-(5,6- - AR IR [p)Aliwy -2-38)-2 AR 235 TR (1-20) ) i 4

SRS 3 TS & 7%, DMLAEY) X-1 AR, B 22RO CBRE 2-IR AR
Ba4h, DM RN 2 o i 13 24 54 1-20. 'H NMR (300 MHz, CDCl3): 6 = 8.10 (s, 1H),
7.32 (s, 1H), 7.28 (s, 1H), 3.97 (s, 3H), 3.94 (s, 3H), 3.49-3.39 (m, 1H), 3.13-3.07 (m, 2H),
1.80-1.57 (m, 2H), 1.37-1.32 (m, 4H), 0.93 (t, J = 6.7 Hz, 3H) ppm. C NMR (75 MHz, DMSO-d%):
d = 193.85, 179.54, 150.62, 147.88, 145.47, 138.62, 136.00, 132.97, 108.83, 107.06, 56.24, 56.05,
43.93,42.73, 35.03, 30.10, 24.75, 14.48 ppm. HRMS (EST’): C15H,105Se (M - H)', 397.0560; found,

397.0558.
SEht 23
o - e O
0 0 ~ g O 0
g wao e~ e °\ : m—(_\_(
\O Se —_— O Se QO
O_\ © o) OH
X-1 XII-3 < 1-21

AR 1: 2-(5,6- - HIEILIRIF (AW -2- FF B At I 1R — ZER(XTI-3) ) il %

¥ 0.17 g 5% X-1 (0.5 mmol). 0.14 g BREZHH(1 mmol)Fl 5 mL DMF I AF] 100 mL
PR, FEAE IR T 4HE 30 mino (8] B3R SOSEHII 0.14 g 3-IR AR £ EE(0.75 mmol) M1 8 mg
AL 41(0.05 mmol), JF7E 55 °C FHERE SN 8 ho TLC WIS M 58 ¥ J , 1) SOV TP N 20 mL
K, JFH 20 mL ZBR ZBRER PR . HHUEEHIG, GKEk. WA KRS, KRR T
W ShiE . IRAE A CIRY , AL A B AT T P R B HRMS (EST): CaoHasO7Se (M
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+H)", 457.0760; found, 457.0757

BB 2. 5-(5,6- IR I [BIIY -2-3)-5- A - IR (1-21) [ il 4%

W RT— DR AY) XTT-3. 2 mL W ERERA 2 mL BEERINA R 100 mL K MHEH, FHAE
100 °C FHEFERM 3 he £ TLC WIS Nid) XTI-3 [ se 4, BN RA I E=E, A
20 mL /K#iRE, JEH 20 mL Z8R ZER 7 HMIZERP X . AHUEG I, Gk, WA HKEE.
FTOKBREREN T, hdE. IRZEFH A, ML SRR E M aifb 3 Ak 65 mg, P IR
# 37%. "HNMR (300 MHz, DMSO-ds): 6 = 12.01 (s, 1H), 8.38 (s, 1H), 7.69 (s, 1H), 7.51 (s, 1H),
3.85 (s, 3H), 3.82 (s, 3H), 3.07 (t, J = 7.4 Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 1.88 (t, J= 7.1 Hz, 2H)
ppm. “C NMR (75 MHz, DMSO-ds): é = 193.29, 178.96, 150.56, 148.61, 146.46, 137.80, 136.19,
134.02, 109.54, 108.49, 56.25, 55.98, 42.97, 31.17, 18.41 ppm. HRMS (EST’): C,5H,;505Se (M - H)',
355.0090; found, 355.0088.

SEit ] 24

e OH o
Vi X1t

5,6- - AL I [ A (XTIT-1) 1 1 %

% 0.86 g 4L &4 VIII-1 (3 mmol).0.96 g 200 E 45 (15 mmol)F1 12 mL MEMEINA 2] 100 mL
SR, RSN 4 he TLC IR FEE S, g, BUEBINA 6 N #i# 20 mL, Jf/E
FIE TR 10 min, FEEEH 30 mL R AERAER MR, A6 E, Sk, Wifih
KB KRBT hhDE. WRAa1FHA, AR Er et 5 ey, BmiiEk 0.59
g, YE 81%. "HNMR (300 MHz, DMSO-ds): 6 = 7.54 (s, 1H), 7.52 (d, J = 5.3 Hz, 1H), 7.37 (s,
1H), 7.29 (d, J = 5.3 Hz, 1H), 3.81 (s, 3H), 3.80 (s, 3H) ppm.

S 25
Ox-0
S m _0 Y
\o Se b
\o Se o}
XIII-1 122

2-(5,6- - AR R I [ D] API Wy -2- FF I 22 ) B 7T -1 - PR R (X-22) ) il 46
¥ 0.24 g LAY mmol). 0.28 g 3-% 7% —FR[3.1.0] . kE-2,4- - F(2.5 mmol )1 5 mL 5
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REEIIAE] 100 mL R, FH7E 0°C THedE 1 he BEfa R BIEF A 0.2 ¢ =& AER(1.5
mmol), FHTZHE ML TLC WX ES, FRSEFIMA 1 N8 10 mL, Jf
ST H 20 mL 218 CBREERM IR . AHEGIFG, SR, WAREKEE . ToARKBRBREN T
. WAL, HARERAE R AR A 1-22, REAEE 102 mg, YE 29%.
'H NMR (300 MHz, DMSO-ds): 6 = 12.24 (s, 1H), 8.45 (s, 1H), 7.69 (s, 1H), 7.55 (s, 1H), 3.85 (s,
3H), 3.83 (s, 3H), 3.07 (q, J = 8.4 Hz, 1H), 2.30 (q, J = 8.0 Hz, 1H), 2.17-2.01 (m, 1H), 1.56-1.50
(m, 1H) ppm. C NMR (75 MHz, CDCl3): § = 194.01, 176.93, 150.61, 147.58, 145.89, 138.82,
135.66, 131.91, 108.20, 107.44, 56.30, 56.11, 27.92, 19.82, 11.53 ppm. HRMS (ESI’): C,sH305Se
(M - HY, 352.9934; found, 352.9931.

S 26

2-(5,6- - FR AR I []M 3 -2- FF I ) R T J5e- 1- FR R (1-23) (¥ ) 4%

SR SiEG] 25 Bk sl &1k, DLA Y XTI-1 A E0R, B ER T Be-1,4- —HFIREFCH
328k ZFA[3.1.0] U E-2,4- B N S N4, DL RN & s 2] 415 3 B s 59 1-23, 3%
O [E 4K 58 mg, Y 32%. "H NMR (300 MHz, CDCl3): 6 = 7.92 (s, 1H), 7.31 (s, 1H), 4.32-4.24
(m, 1H), 3.96 (s, 3H), 3.93 (s, 3H), 3.58-3.50 (m, 1H), 2.54-2.44 (m, 2H), 2.41-2.26 (m, 2H) ppm.
BC NMR (75 MHz, CDCl;): d = 193.91, 177.88, 150.59, 148.67, 144.65, 138.01, 135.06, 132.57,
108.26, 107.07, 56.19, 56.04, 44.40, 40.79, 23.13, 22.27 ppm. HRMS (ESI'): CsH;505Se (M - H),
367.0090; found, 367.0089.

St 27

2-(5,6-— FR AL R I [H A1 Wy -2- FF I ) PR CLbe - 1- FF R (T-24) 1 il 4%

SHSLHEE) 25 FrAIH& 77k, DAY XII-1 Rk, B 1,2-3F C ZIREF S 3-
SR ZIN[3.1.0]CbE-2,4- - ER Y S S A, AR IFL )& BT VAR #4322 BEAri &4 1-24, %
i A 37 mg, UNZE 19%. 'H NMR (300 MHz, DMSO-ds): 6 = 12.20 (s, 1H), 8.44 (s, 1H), 7.70 (s,
1H), 7.55 (s, 1H), 3.85 (s, 3H), 3.83 (s, 3H), 2.66-2.60 (m, 1H), 2.58-2.53 (m, 1H), 1.85-1.56 (m,
4H), 1.49-1.30 (m, 4H) ppm. "C NMR (75 MHz, CDCl3): § = 193.76, 176.12, 150.56, 148.95,
145.01, 137.94, 135.13, 132.29, 109.16, 107.13, 56.24, 56.06, 48.22, 42.50, 26.26, 26.07, 25.87,
23.71 ppm. HRMS (EST’): C1zH9058e (M - HY', 395.0403; found, 395.0400.
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SLiifify] 28 #:F THP1-Lucia. RAW-Lucia %¢ 6 2 BFR 15 3 R 5256

% THP1-dual™ (Invivogen: thpd-nfis)4H {5 RAW-Lucia™ (Invivogen: rawl-isg)4H o il
B SR AR IELEY 180 L ZHMu SR T 96 FLIR, M1ELE 1x10° M. K1
MAEEY) 20 uL IMAF) 96 LM (I EMEGKREE Dy 10 uM,  FEFLEARRT)Y 200 uL)IFT 37 °C
THEE 24 ho BEEWE 10 pL EIEREFM 96 FLAM T, A 50 uL QUANT-Luc ik 7.
ARG SLZVE AR BOEAT I E . SRIRWHE 3 DMEAL. WKL R LS 5 E(fold)FR IR,
I AL B ALY/ PEAL-Z B L)t AR 3] A R an ™R PoRs, UL 27,3°-cGAMP fE2y
BRPENTHE, o RORBEN 5 HAE 20 5 LA L, **FRORBBh R HAE 10~20 £, *RRBEBIR55L
£ 1~10 f5.

T 1 AR PR EYIE T G BEHR 5L R S50 Wi M

A= THP1-dual RAW-Lucia A= THP1-dual RAW-Luica
I_l skokosk skokosk 1_13 * *
1-2 ok Hkk I-14 SEE g
1_3 skokosk skokosk 1_15 skokosk skokosk
1_4 skokosk skokosk 1_16 skokosk skokosk
I-5 * * I-17 ok *%
I-6 * * I-18 ok *%
I-7 *% * I-19 *% *%
I-8 * * 1-20 *% *%
1-9 *k *k I-21 % %
I-10 *% *% 1-22 *% *%
I-11 * *% 1-23 T ok
12 * * 1-24 *4 *x

& 1A 0L, ARKHNAEYR cGAS-STING i i H A BT R EEhiE .

St 29 T THP1 40M 0 T4 E B 535850
A WAL L ER 7~ TFNP 38 i I S g 5286 (ELISA) M52 . ¥ THP1 ZHfdfhT 96 FLAR
(RPMI 1640 B2 EEASIMLE), MAFLAMREE R 5~7<10° 4 FIMLA ISR 10 mM
DMSO fEAF, FH AR FR AR BRI BI S A A0 96 LR h (LG LR R
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20 uM, FEFLEAEF N 200 ul), FF7E 37 °C, 5% CO, R E 3.5 ho ME/GWCAEMMR T 4 °C,
1000 rpm B5:0» 20 434, Wi #E I W4T ELISA JIE . LIS E 3 MEA. &R TNEIIR,
PL 2°,3°-cGAMP 1E A BH XS, Ik 4s SR LAAH AT 20 uM KR 27,3 -cGAMP FiE T 2 b
i%/j_‘—\‘o

F 2 ARUE AL SN THP1 40 IENP 55 20

20 uM FAEX T 2°.3°-cGAMP 20 uM FAEX T 2°,3°-cGAMP
R R
BUR (%) AR(%)

I-1 259 I-13 6

I-2 245 I-14 260
I-3 234 I-15 2

I-4 201 I-16 281
I-5 59 I-17 293
I-6 15 I-18 277
I-7 75 I-19 107
I-8 20 1-20 132
I-9 96 I-21 12
I-10 91 1-22 115
I-11 9 1-23 273
I-12 11 1-24 142

& 2 Al 0L, ARIMUERAEYXT5T THPL 40870 W IENB HA RS T

S 30 A KA A1) ADMET YRR

ARSI S ADMET HBU#AT T vP0r, HhaHEAKEE. LogP. 2 /b
i SRATRORAR R E e 24 AN AR REE e, THPT 40 M2k KA EIm AN FRINE Bk o P03
AR LR, LL MSA2 (Science. 2020, 369, eaba6098)1E N LbAL &4 .

R 3 ARRPH AV ADMET P

IKIETE
s 7k pRs  LogP
(ug/mL) (mg/mL)

RILM @ hPlasma @ THP1ICs,  Predict Mem.
2h (%) 24h (%) (uM) Perm. (10°)
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I-1 36 1.9 25 >90 >90 >100 6.8
I-2 30 1.0 24 >90 >90 >100 59
I-14 28 0.7 2.7 >90 >90 >100 53
MSA2 6 0.4 L5 >90 >90 >100 5.0

B 3 A, AR S A BUF ) ADMET £ .
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I N
1 —FALEROPURA Y. Sk RS2 AT 1 2

R* 5
R3 R X2_X3
/
\ X']
R2 Se
R'I
)]

Horp

R'YEHSEET. )R, G, iH3E. OR®. N(R®),. C1~Ce bk, C~Ce pifiHidt. # OR®
BUARH C1~Co FEFRE B N(R®), BRACH C1~Co it

R EHERF. K&, FIE. M. OR®. SR®. N(R®,. COOR’. C(ONR®,. C~Cs
Fidk | C1~Co KfUHELE  # OR® HUARIY C1~Co KBk . N(R)y AR C1~Co Kt 5 Co~Ci Jii B
Co~Co UM . ConCo Mt . Co~Co MRBRMEIE T C5~Co Fft

RPEHERF. K&, 5. M. OR®. SR®. N(R®,. COOR’. C(ONR®,. C~Cs
FEdE C1~Co KARHEHE 4 OR® BUARIKS C1~Co HEHEA NR®), BUR K] C1~Co K JE  Co~Cs Jii 3
CorCo ML Co~Co . Co~Co ML FLTR C3~Co Fhbe It

B ROA R o] LS B B2 S — IR s 1 % 2 AN H O S BN ki s ok 6
TOARIR

RYEHEET. )R, Gt iH3E. OR®. N(R®),. C1~Ce bk, C~Ce pifiHidt. # OR®
BUARH C~Ce HERE B N(R®), BRACHI C~Co it s

ROIEAZEF. W#E. Bl C~Coliidk. C~Co KU C3~Co FbTdE:

[Fl— 5 B RO RIBCAHIF, AFREF R ROA RS R, 5% RO Jlor ik (AR
T+ Ci~Co itk Ci~Co MUEEHE. C3~Co FhkTth. Cy3~Cs ZRIELEL Cs~Cyp 7745

X' %& C(0);

X2 (CR )3

A — B b R A IS A, AN B F L RATFIBAAIR, 4% R hor i [ 405
F. K&, CN. OR®. N(R®),. C~Cg fidk. C1~Co ke, # OR® BUHI C1~Co Ktk
Cs~Ce FhJed:

BE A FEBREF B 2 A RS B i F— IR 3 £ 6 Juif;

B AN B 2 A R RS PR 5 — i 3 % 6 T,

X’ % H COOR®. C(O)N(R®),. C(O)NHOH. SO,R°. S(O)NR®H{ C(CF;),0R,
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2. MRAERCRIZR 1 BRI G SCAR AR B 2% Ll 82 (W3, HAREZE T

RUEHER T BRT. C~Cs bidkok C~Cs )if Uik, A F. FIE T

RIEHEEF. Kz C~Csfitk. C~Cs MUk, OC~Cs FEdk. OC~C; KifUHEHETR
-OH, LS FH ¥ FJAF. &JEF. CH;. CH,CH;. OCH;. OCH,CH;. OCH(CHj3), Bt OCHF,;

RIEHEEF. Kz C~Csfitk. C~Cs MUk, OC~Cs FEdk. OC~C; KifUHEHETR
-OH, fLikEH¥. -OH. ®JE¥. &EF. CH;» CH,CH;. OCH;. OCH,CH;. OCH(CH3),
3¢ OCHF,;

RYEREEF. BT CrC FEHEE C~Cs iU, RIEER T U+

ROIEAZETF. M#E. CrCy ikl C~Cy iUkt RE, LS F

X' %& C(0);

X* J& CH,CHR';

X® % H COOR®. C(O)N(R®),. C(O)NHOH. SO,R®. S(O)NR® B, C(CF3),0R®, 1% COOH.
COOCH;. COOCH,CH;. C(O)NHOH;

F ROMOTHGE HEJEF. C~Cs btk C~Cs MU Ci~Co FRfidt. C3—~Cy 24303
o Cs~Cio 7535

R ASTH%E H EUR T R T C~Cy Jidk L C~Cy BiBESE L C3~Co B 3E B OC1~C;5
BRI C~Cy Bidt, MikEJEF. CH;. CH,CHs;. CH,CH,CH;. CH(CHs),» CH,OCH; B3
TR 2

3. MABRBUCRIER 1 iR 59, SCAR R RBU 2G5 P2 i dh, Ho.

RUEHER T BRT. C~Cs bidkok C~Cs )if Uik, A F. FIE T

RPEHEAEF. K5 C~Cs Fidk. C~Cs kUl OC~Cs ikt OC~Cs HfiHEdt,
OH, tik&JAF. &JEF. CH;. CH,CH;. OCH;. OCH,CH;. OCH(CH3), 3% OCHF,;

ROEHEAEF. K. C~Cs Fidk. C~Cs kUi, OC~Cs ikt OC~Cs FfHEdt,
OH, tik&JAF. &JEF. CH;. CH,CH;. OCH;. OCH,CH;. OCH(CH3), 3% OCHF,;

RYEHEF T BET. C~Ci btk C~Cy mifUhidE, EEF 1. BEF

ROEHEEF. KEK. C~Csliith. C~Cspftlst, Mhik& s+

X' & C(0);

X? J& CHR’CHR';

X’ % H COOR®. C(O)N(R®),. C(O)NHOH. SO,R°. S(O)NR®H{ C(CF;),0R,
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F ROMOTHGE HEJEF. C~Cs btk C~Cs MU Ci~Co FRfidt. C3—~Cy 24303
o Cs~Cio 7535

R ASTH%E H EUR T R T C~Cy Jidk L C~Cy BiBESE L C3~Co B 3E B OC1~C;5
AR C~Cy bi ks, B 2 A RT G EF— R 3 £ 6 uhf.

4. —FarERC-DIREC A SR SRR B2 % E AT [ 4k

~o Se  X,— COOH

(-1
Hrp: X* & CHR'CHR';
RTHFRIBCAHFAE, % R7HOIHE QSR T [E. CNy C~Co bidk. C~Co MifUHEL
# OR® HUARIK) C~Co bidk Co~Co Fhdedl; BB ARBKIET L1 2 A R w] UL pri i J5+
—EIE 3 & 6 ok ROMOIIIE AER T C~Csbidk. C~Cs MUk, C~Co Fhidt.
C3~Cs JRIFHEDL C5s~Cyp 752
S, WNALEY . SEARRAREUL 22 12 (W6

] gt ] gt
/O N\ O /O A O
I-1 ~o Se 1-2 ~o Se
OH OH
o) o)
o) 0 O 0
g b CHs g N LHs
13 ~0 Se 14 ~o Se N
R OH S OH
o) o)
o
- \_¢ \_ 4
1-5 Se I-6 ~0 Se
OH OH
o) o
HO O
¢ { \
1-7 ~o A I-8 se
OH OH
o) 0
0 hd
~ \_¢ o NP
- ~ -
1-9 o se I R U N &
o) OH
o)
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O A O A O
I-11 ~o Se I-12 ~0 Se
Q NH
— o OH
/o A /O A O
I-13 ~o Se I-14 ~o Se
NH, OH
o)
~© \ ~© N\
I-15 ~o0 Se I-16 ~o Se
OH S COH
o]
0 A -0 A O
1-17 ~0 Se I-18 ~o Se
OH OH
o)
- \ J - \_¢
I-19 ~o Se 1-20 ~o0 Se
OH OH
o]
PRy A O A 0
I-21 ~o Se 0 [-22 ~o Se OH
OH o]
A0 A 0 A O
I-23 ~o Se OH 1-24 ~o A OH
o o]

6. BURIER | Bk & hl & 7%, HAHELE T

MR T2) TR A YIRS, B RAD A5 10 AV ) TERR P S AR T 28 3R S Bl
BENRAVEY, AEAV)SLEMVE IR B APV, L EPI(VDIER %
F &5 F W46 RBLEREYIVID, EPIVIDZ K SR G S (VID, a4
(VI 5 A PAX)E 466 K BLHIAL A PIX), A5 A PIXD G B Z AR R 154k

EXID), AWK bR R AR 5 P(Ta), HoA B Ee i h .
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o
(ul) H (V) A
se” O\/ R? Se O

1V
av) V1) (VIT)
X
o 0 7J\[( 9
R "R
8
AHr ¢
IX R (XI)
A ——Toy —
Se O R2 Se O
X)
(VLD R

(X1

O
OH
R3
R? Se (@)
(Ta)
Hb, R RYM R AAISESR 1 ik, R®3%EE CHs. CH,CHs. C(CHs)s, R’¥EH CHs.
CH,CH;, Xi£H Cl, Br, [;

MHEAA) st st dEVIDITR SR &I, d
Yo 5L EWN(XIVY AT sa B A AL e N AR I CAL S I(Ab), G g 2ot T

; ; (xw)oT?o)‘o 3 (HaClo P
povE iy o R SR

(VID) (XIID Ib)

e RPRTR GOBCRIEESR 1 Frik, nfUE 1. 2. 3 Bk 4.

7. —FAMHEY), HAHEE T AW SR IE R FI 2% LR 2 kL BT
I PE R AR EER 1 2 5 AR — TR Kb & AR iR B 22 bl sz i kv
[ — a2 Fir

8. BURIZR 1 & SAT—TFTRAY . AR AT 202 P32 (K SR BUBORI 2R 7
Pk i 25 W2 5 WD AE 1 4 B0 cGAS-STING 8 B4 2 2654 b i F i

0. BURIER 1 & S AT TR AW SR SR BIL 25 Al 452 1 Eh BUBURI R 7
BTk 252 G e & 29 b i i, Brik 294 FE TRYT S STING 3l 2% i TR AH DS (K B0«
PRIEN, 5 STING JEFEVE PEAH IR IZ /& 1 & i« S PEZO i A B 45 S e AH
DRI P I — PR ER LAl

10. BUFIZER 1 5 SAT—TATRA AV S SR B 2525 1 n] 2 1) ER BORUR) 2R 7
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