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Abstract

Pyrrolo[1,2-a]quinoxalines are a class of heterocyclic compounds with significant biological activities
and rigid structures, demonstrating broad application potential in drug development (e.g., antitumor,
antidiabetic, antimalarial) and materials science (e.g., organic light-emitting diodes, sensors, organic solar
cells). However, traditional synthetic methods for their core structures often suffer from low selectivity,
multiple steps, and difficulties in precisely constructing multi-substituted derivatives. This thesis focuses on
C-H activation reactions, developing a series of green and efficient synthetic methods to successfully achieve
arylation, amination, selenation, sulfuration, and alkenylation of pyrrolo[1,2-a]quinoxalines.

Palladium-catalyzed C-H arylation reactions were conducted using palladium acetate as the catalyst, in
synergy with the X-Phos ligand, in toluene solvent, achieving direct C-H arylation of pyrrolo[1,2-
a]quinoxalines with aryl iodides. By adjusting substrate ratios and steric hindrance, selective synthesis of
mono-arylated (C1 position) or di-arylated (C1 and C3 positions) products was achieved with yields ranging
from 44% to 88%. The reaction conditions are mild, with broad substrate compatibility, accommodating both
electron-donating and electron-withdrawing groups, and scalable to gram-scale preparation (yield 65%).

Palladium-catalyzed C-H alkenylation reactions also utilized palladium acetate as the catalyst,
interacting with the ligand L-pyroglutamic acid, to achieve C3-H alkenylation of pyrrolo[1,2-a]quinoxalines
with allyl esters (such as ethyl acrylate and adamantane-derived esters) in acetic acid, yielding 81%. Coupling
with bioactive molecules like L-menthol derivatives was also successfully achieved.

C-H selenation/sulfuration reactions of pyrrolo[1,2-a]quinoxalines were promoted by iodine (I»),
selectively functionalizing C-H bonds with diaryl diselenides or disulfides in DMSO, successfully
constructing 3-monoselenated, 1,3-diselenated, and 1-sulfurated products. By adjusting substrate ratios and
temperature, reaction sites and substitution patterns could be precisely controlled, with yields ranging from
24% to 85%. This reaction does not require transition metal catalysis, features green conditions, and is
applicable to heterocyclic thiols (e.g., thiophene thiol). Single-crystal X-ray diffraction confirmed the product
structures, and gram-scale experiments (yield 84%) and derivatization (e.g., palladium-catalyzed coupling)
further highlighted their synthetic value.

Alkyne C-H arylthiolation reactions primarily involve two systems: base-promoted and oxidant-
promoted. The base-promoted system uses imidazole in acetonitrile to selectively arylthiolate 1-
phenylethynylpyrrolo[1,2-a]quinoxalines with aryl thiols, generating (Z)- or (E)-vinyl sulfides with yields
between 75% and 95%, and Z/E ratios ranging from 10:1 to 1:1. The (NH4),S20s-mediated system with
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diphenyl diselenides or thiophenols and pyrrolo[1,2-a]quinoxaline alkynes at room temperature for 45
minutes produced (E)-configured diselenated products and (Z)- or (E)-vinyl sulfides with yields between 70%
and 85%. This method shows strong compatibility and adaptability to complex substrates, with further
derivatization potential, thus the products exhibit broad versatility.

Copper-promoted Cl1-H amination reactions utilized tetrakis(acetonitrile)copper(I)
hexafluorophosphate ([Cu(MeCN)4]PF¢) as the catalyst, with N-fluorobenzenesulfonimide (NFSI) as the
amination reagent, achieving direct C1 amination of pyrrolo[1,2-a]quinoxalines. The reaction completed
within 30 minutes at 100 °C with yields up to 96%, showing good tolerance to 7-, 8-position substituents and
4-aryl substituted substrates. Gram-scale experiments verified its practical application potential, and further
derivatization for thiocyanation or iodination provided new pathways for drug molecule modification.

This study proposes a multifunctional reaction system for C-H activation of pyrrolo[1,2-a]quinoxalines,
significantly enhancing synthetic efficiency and structural diversity. All methods demonstrate simplicity,
mild reaction conditions, and broad substrate compatibility, validated through gram-scale reactions and
derivatization experiments. Future research will delve into reaction mechanisms, expand substrate options,
and explore applications in natural products, drug synthesis, and materials.

Key words: C-H activation; Arylation; Arylselenylation or Sulfenylation; Alkenylation; Amination
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Figure 1-1 Application molecule of pyrrolo[1,2-a]quinoxalines structure
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Figure 1-3 Synthesis of pyrrolo[1,2-a]quinoxalines based on a redox strategy
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Figure 1-4 Copper-catalyzed reaction of N-(2-halophenyl)pyrrole to pyrrolo[1,2-a]quinoxalines
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Figure 1-5 Construction of pyrrolo[1,2-a]quinoxalines by C(sp?)-N bond cyclization reaction
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Figure 1-6 Synthesis of pyrrolo[1,2-a]quinoxalines based on C-H activation strategy
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Figure 1-7 Synthesis of pyrrolo[1,2-a]quinoxalines based on radical oxidative coupling strategy
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Figure 1-8 One-pot synthesis of pyrrolo[1,2-a]quinoxalines
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PEMBRAEARRE:,  SEAE 25 W40 2 A 7t B A N FH AT 55

N / [I(COD)CIJ,/(S)-Synphos N /
©: Ac,0, NIS, THF ‘:

26 examples 98% ee

[I(COD)CI],

(S)-Synphos N / ACzo
Hp, NIS, THF ©: Irreverslble
Reverslble

1-9 DER&/MGIRF[1,2-a | REEM Y AR SR S AL 2 L
Figure 1-9 Asymmetric hydrogenation reaction of pyrrole/indolo[1,2-a]quinoxalines

2019 4, Phan. Tran KILEMEFDPITFR T —FhiEET FeMoSe 44K v i 2 AHMEAL 14
B, ST IE[1,2-a ] RN KR = RA B (IR 1-10D 6 %5 m%/\jaﬁﬁ/\aé%y%%- Hok,
PL 2-TH B R AT A AT, fESR AL TS R B D) Re 75 2 G #E T, 1l SR A% B
AR N S B g SE ks ST N B, 7 FeMoSe #1655 (2.5 mol%) & DABCO (1.5
equiv.) fAAE R, T 120 )CLBEHEFIH AT F IR, F=ZIK 43%-91%. BFEER
], DABCO idid Hrl s A SRR 1 il =4, RIS E A LB i A B A 7, 2
RO . ZZ MR E A RO R RN 2% SRR

MeO
A & @ FeMoSe (2.5 mol%) N/
R TN DABCO (1.5 equiv.)
o OMe R{- _
2 NO,
Hooc” R'

B 1-10 —F&EARMLAEH[1.2-0FEEHAIIEIME R 5K

Figure 1-10 A heterogeneous, two-step approach toward synthesis of pyrrolo[1,2-a]quinoxalines
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2020 4, Hong FHPABOHF A T —Fp % T Knolker ZkAC &I INA SRS, 2ol T
ML I 1,2-a | R IR PR R A B R A (TR 1-11) 0 %S0 A N-(2- i 95 2 35 gt 5 i iy e
(W AEE. OB NIEEL, 1F Kndlker ZAEMAF. Eib=FHZ (TMAO) K 2K
A, B SR ARSI RN, Lh 68%-92% K17 FAEE H bR W . 1% 710 Al A
BRI EEREE (40-Cl. -Br. -CFs) FHBERREK FE 35 e IR A S O S22k o adied s 4
JROR SE58 LR =T A4k, WESEHAED IR G P S FHIME, N2 IR 05 &0 n] +F
B AR TR R

— — ™S
@ OH [Fe], TMAO, N. 2 Oi}:o
R:—\ + kR CPME, 4A MS R@[ | “TMS
1 o = Pz
“\o, 0,, 160°C, 24 h N R, oc*Fgc*)co

[Fe]
B 1-11 BT ST RRE MR 1,2-0 R0 & R
Figure 1-11 Synthesis of pyrrolo[1,2-a]quinoxalines lines based on hydrogen transfer strategy

2020 4, PRI I RARIE T — R T A UBIER ) A A SRR, SCE T Rk
FE[1,2-a]"EVR R AW T S N (B 1-12) 0 1% N PATS /b 2 e N R kL, 78
Cu(OPiv), (10 mol%) L F, A& H LN, T 80 °CF ¥ 12 h, J#id Suzuki-
Miyaura REIECS707 NIMEEI PR EIVER, ROt 7 76 FREUEE N2 R0 H bRt &
Y, FEENT 22%-77% 22 18] ST TAE N T-BA 2 28 0 G T RE 1387 101, FEDGH
MR Z R B B R I I E B

YN\ L Cu(OPiv);, (10 mol%)
Y HO PivOH (1 equiv.)
S v b
R1+\;[ Ry OH DCM R \/\[
NH,

80 °C, 05,12 h

& 1-12 &#3iF Cu(OPiv): #E KT EARER A AR AL IS [ 1,2-a] EERE M
Figure 1-12 Synthesis of pyrrolo[1,2-a]quinoxalines from alkyl boric acid via Cu(OPiv); catalysis

2021 4F, Bhattacharya AIBAH2F R T —MQIHET 701 N IRGIRES, sl 1 2,4-
T BRI H[1,2-a ) IR MR I i B PR G R (B 1-13) 6 RIS IR — 20 R R B TE
B, BRES IR R R E Y (TosMIC) 7 K.COs (2.0 equiv.) fF7E F KA
2+ R, AR o= AR (R4S s i S 220k 19k 22 3 HF TR R 5 05 R i s e il
FZ 5 EIAR (SNAD RBELL K731 ML, BL 66% MM E B br =) . HLIEHT 7L
], TosMIC 1E NtikG a1l i S B W s oR AR M IR S I G i &, T A 22 1Y) SR P %
R IIE SNAr IR IME I Z . I T AR N B IR BRI & TR T Higit.
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R' '
R__O R
- Fe (5 equiv.) —
N/ N _/
AcOH, 110 °C ©:
~
NO, N” "R

1-13 S FHRUAERK 2,4- 2BV IS FH[1,2-0]ENZME

Figure 1-13 Intramolecular annulation toward synthesis of 2,4-disubstituted pyrrolo[1,2-a]quinoxalines
2021 4F, Hong HBAMWUFR T —Fhk AL AR RNG, SCHL T 4-0% Bt Jf
[1,2-a] W W bk 1) v 205 R) 2 C B 114D o 12 S 87 BA BRI 2 45 16 PR 5 2 4 J5URY, £E FeClz6H0
AL 5 4k 4T 3 (DTBP, 1.0 equiv.) AT FEVEF T, BLEF A NIEFIT 120 °C
RS 40h, i H HENFH) Csp’)-H #iE S50 TN, G RCE bR, I AR
FPETE C-H S B4 H Refb it T /RJu/EH .

N
¢ FeClz*6H,0
¥ HsC o~ DTBP (1 equiv.)
7 * | R, |
= DMSO R

N
N
R1©: 120 °C, 40 h
NH, '

1-14 £TF Fe EALFILBEARER S AP H(1,2-0 | ETE
Figure 1-14 Synthesis of pyrrolo[1,2-a]quinoxalines based on oxidative coupling strategy via Fe catalysis

2021 4, 7R RURZ T A — e 1 A /i B9 2 2 3 i (1 AL g 22 /05| R R i 5
BRBR Y. Z A B8 (R [ S+ 18T SR ms (I 1-15), DSl 1 &40 i B InAE. 4- R REmtk g 9 [1,2-
alEVRE IR SV = RS e T IE ) BB RHEARIAE . O NAR R BEAG ] (TR 4h
AT BN A dES 5D BA R ERERIN 21 G 34 FUEYD. PR
H R (Rmis 94%) . [EfRTERERE, EVIEMITEERY, Frilfsrih &9E
PUBH 25T A TSR I 1R 4 P N P T 5%

R R,
r—s o . . -
@:N 7 . )]\O [Cp*Rh(MeCN)3][(SbFg)], (5 mol%) N
R Q 3 iPrOH, 120 °C, 15 h R:—(:[
Z >NH, Z N7 cH,

1-15 ETFELHIS+11IMER A BRI H[1,2-0 | FEREH

Figure 1-15 Synthesis of pyrrolo[1,2-a]quinoxalines based on Rhodium catalysed [5+1] cyclization
2022 4, Ly 7K BT FE I NI 28 A 5 B AT S B B B SRR, TP T A AR AL [5+1]
AN I T [1,2-a ) PEVR I i R SR8 7 i (B 1-16). A& R L NN-—HI3E L
FEONEIEAT )M, AE CuBra (15 mol%) AL S TEEAM AT, I T BT b T
120 °C, BLTERINTCAMHIRGHELA & DB RN, CuBr i BUALIE AL LB )
C-H %, filtk 75 WBEIE L T a4k, FEJS 5 s oo i 2RI B[S+ 130k,
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IR R T HIMAT 254 Vilazodone S8 RIS 1) 38 2l %, AT REAC B AL S
ZROERAR A TR .

,@ | CuBr; (5 mol%) N.
N n-BuOH N
R:_ * /N\/\OH Y R+
= = N/

NH, 0,,120°C, 24 h

1-16 i@id CuBr LI NN-ZFRE ZBZRR & BRAL A& [ 1,2-a | ENZMH
Figure 1-16 Synthesis of pyrrolo[1,2-a]quinoxalines from N,N-dimethylethanolamine via CuBr: catalysis
2023 4, HFR RO R 1 —FhEE T57 (A XU e SRS BT B[S+ 1AL R
Z AR RuCly/ = OB h Rt A &, B A5 SRR RIOIRE, SISl 7
ML FE[1,2-a) R MRS AL S R A R (B 1-17) . AR R TE 7 AN Ak 7R B AL
A, I RGBT RS TR, PR ES ZREE R B AR T, ARSI
FEHES AR 1 X /AL

|
RuCls (5 mol%) R

TFE, 120 °C NX2
1-17 BEFEZHREMSEERIEAETHEL A BRI FH[1,2-o) B

Figure 1-17 Ruthenium-catalysed synthesis pyrrolo[1,2-a]quinoxalines based on acceptorless dehydrogenation and hydrogen

RuCl; (5 mol%) R _
TFE, 120 °C

AN
- (/\ !
[ T;> Ry NO,
Ry N g
=

transfer strategy
2023 4F, UG IR RS T TR R A R S R ORI EL I s
[1,2-a]ME 2L S E KA A (B 1-18) . T T LA N-(2-R FE 4838 )itk g Ny wii4, 76
R S A A A B FVE R R, J80d B A7 S A% 50 RO 2 [m) 2 S RS i i A, et 1 4%
GURHFE T L IR 1% AR 22 R KA E RS SN A i, KEHRESEIE . 55 FE 05 K 4 30
LRI I LR e A o 1207 VI B A B I B AR S B 2R RS A
@, RIS R R A AR TR R R

—

Pd/C (10 mol%)

< (\;\[ Ra 4+ Ry—CN  HCO,H:HCO,Na = (1:1) R_(\;\[ IRz
1 L pZ
P ZINTOR,

NO, H,0, 90°C, 20 h

B 1-18 ETRENEBIMSIRIE S BRI (1,2-a EEWEIH] &

Figure 1-18 Synthesis of pyrrolo[1,2-a]quinoxalines based on palladium catalysed transfer hydrogenation strategy
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1.2.2 BHUELAEMIRIF[1,2-a]EEM & 52

VTAESK, A HUEALE BT VEAE S I 1,2-a] VR 2R S & P R B T B 3%
TPV B CEB SN R |2 A A o R S A X P R 5 T I 3 L B B e R B N C AN =
Vg 2 H o Rl ek, B8R T RN R TR E R E . — RAIR,
PERHRE AR B Z U R = R RS R T

2013 4F, HALILIR S A I K 7 — i T BRI/ T+ 1 B 25 19 (B(OMe)3/(R)-BINOL )
P FEMEAL A X R Pictet-Spengler FAMESRIE, RIS T 4,5- = Z ML FE[1,2-a] VR Ik
FALEDIIE R (B 1-19) 0 Z R LA N-(2-Z0 2R 3 i FIEAE IR, 76 LA =& e
(DCMEREFRITEDL R, IO 4A 7370, T-40°C B 15h, B3I EFR~, WEH
80%-99%, ee fH N 72%-95%. ZMEAL VLRI 7T 32 R v, i e ls 5 5
PEECZE I P R RN, R T A% 50 Pictet-Spengler S A TP T A Sy BR A

D B(OMe)3 (10 mol%) N_
o + R,CHO  (R)-BINOL (10 mol%) (I
1
=

NH, DCM, 48 MS, -40°C

1-19 Pictet-Spengler 288U [z 1 & B, 4,5- Z SMLIEH[1,2-a | EIE M
Figure 1-19 Acid-catalyzed Pictet-Spengler-type reaction for the synthesis of 4,5-dihydropyrrolo[1,2-a]quinoxalines

2015 4, Nath A e BN R T — M T+ e 5 OR R (DBSA) B A I = 25 o
TR, R TH S I [ 1,2-a] HENR RS AL S I A (BT 1200 iﬂﬂﬁ%ﬁﬁﬂ%ﬁﬁ*}
e HRE LSO, UL N-Q-@ER ) 5 SN EY), @it DBSA
TR IE R R AL PR AL SN A B 4,5- % FF[1,2-a] s bk e a) 44k &EF%I)\ KMnO4 47
R SEA T AL, IR DL 40-90% I 3RAT B AR ). 207 I AL 57 1 B e ]
WM, BN AR FERE, SRR T Ak T R 2 nr v 5 i R e Ak )
LA,

Q:’Q . j])\ i, p-DBSA, EtOH, 15 min, 25°C @N?
NH, H™ R ii, KMnO,, 15 min, 25 °C N7 R
1-20 + TR B REER 1 (L BE & BRI PR (1,20 EREH
Figure 1-20 Synthesis of pyrrolo[1,2-a]quinoxalines from aldehydes via dodecylbenzene sulfonic acid catalysis

2016 4F, Ji 1R PR R 2 POVE ik 53 Y540 R F USRS RBEVEREJE , 15 RIE T LA COn
VE AT PR FEIR A JC I VB B R AR 2R, Dl SEEL 17 IR (1,2 W e R ) v 2850
HUCE 121 MUEHFFER B, TBD AE A WL B Al im0 1 COx A2 BB PRI &4,
1M MeOTf WA I J5 A7 A2 il N-FR R4 p (AR 2E 70 1 NI ERE, & b RIVE R SET T
C-N 5 C=0 #EMkE 4.
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o St CQ
+ CO,

@[ o-DCB N o

NH, H,0, 120 °C, 12 h H

1-21 £ CO» & MR F([1,2-a| EENZWHEREY fz 2

Figure 1-21 Reaction of synthesizing pyrrolo[1,2-a]quinoxalinones using CO2
2016 £F, SRUGEAHP DT R T —FhEE T4 HIOREEIR —/K &4 (TsOH «H.0) HEALHY
e R, I > TN C-C SRRk R AR SIS TR 1,2-a] VR RS AL & ) RS HEAL 2
(1220, ZAZ L DMSO NXUIIREA I, EAT TR R AL T e (i 1,3- i)
RAELE R RBL, & R AR RIS (1, 2-a]ENR AT AV, WOR
34-96%. 12715 I E B RYIE R, R R BRI EPIR) & R I 1R R
B T - B ZH R AT

Ry N@ . U TSOH#H,0 (50 mol%) R N?
R3 R3  DMSO, 120°C, 12 h P
Ry N~ R,

1-22 TsOH-H20 ¥4t 1,3- B & BRIt H[1,2-aEE WA H &

Figure 1-22 Synthesis of pyrrolo[1,2-a]quinoxalines from 1,3-diketones via TSOH-H,O catalysis
2017 4F, D RIFEAPRIE T —FpE T DMSO/ LRI AE ik R K 43t B AL SR
FC TN SE T [ 1,2-a] R R S AT ARV = a i (B 123D i 90 B N-Q2-Z 2R A )
ML il T4, £ DMSO REAE N R R B XA iR A AR EE A R, @il 2
FR AR IE (0 0T 7 1 B - LB R R T8 S T B 2R E R, DAICER 12-94%3R 15 B AR 4.

N NQ 0 CH3COOH

+ —_— N N /
R_: /S\ 0, R_:
_— Me Me 130°C,20h _— N/

NH,

] 1-23 DMSO £ 5805 6 & RIS 3[1,2-o REVE 0 SR
Figure 1-23 Strategy for green synthesis of pyrrolo[1,2-a]quinoxaline involving DMSO
2019 4E, Patel HAAPIIF R T —FEET LA FEMAILIEDE, SCELT 4-75 %
EARIEE 1 [ 1,2-a ] EWR MRRAL A VI iR 8k B 1l (1 1-24) o %7700 22 Fh 0 R EUAR 2
Bt e m v, BN T BAPUR . PUmiE R R mr A &, A2
W53 PR SR AR AL TR AR

— o —
- NQ o CHCOOH(Oma%) [
| + |
RA 1 R MeOH R )
Z > NH, 80°C, 20 h, air A N

1-24 ZBRHELHIMLRE [ 1,2-a | RENERI A & B SR G

Figure 1-24 Synthesis strategy of pyrrolo[1,2-a]quinoxaline catalyzed by acetic acid
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2021 4, Nguyen 5 Phan HIPAPYYE T R B ST AR 387, FHE1 T BLA Sg
SR AL 5T 11 ]S AR IR SR, TR A 45 8 22 (RIS [ 1,2-a ) MR R WK 2 Ak S 47 (]
1-25) . AR R RBNER FH TG R Rl SR, DL N-(2-F8 2RI it o B AT, 05
Bk R B FEEAE NIk, £ DABCO BiR¥E T, £ 140 °CZ SR, @it Ss it
AT IR/ B AR R RS R, ST B 2RI R A e 1% VE AR B [ A IR BRSO
BEARRA 2 2T R 1 K, G bR o IR LR E S AN E

- DABCO (0.6 or 0.5 equiv.) -
9 . N
N A + x Nar s Ss(1.50r20equiv.) " C[
U
—
Z N Ar

7 NO, air, 140°C, 4 0r20 h

1-25 Sy LTS E Z RSB & ARG [ 1,2-a ERE I
Figure 1-25 S8 catalyzed synthesis of pyrrolo[1,2-a]quinoxaline from arylacetic acid or alcohol
2021 4, 7 R H XD AL BRI B8 IR A S K ARG g & (B 1-
26). ZWFFUEE T OKPRER EL IO AR BT k2%, DL oS AURIR S N-QQ-Z ZE ORIk g
NETIERY), AEIK) GV G A 5t S 3 IR 25 A N S Th #EAT S AU N (6-12 h)

-

/ (/
“_ X o  on Catalyst (15 mol%

7 AN
7 N
) Y= HO,S
HOAc (5 equiv. - 3 @
N >—< (5 equiv.) N/ \/@\/\Ng\
©: R O H,O, rt, 6-12 h R—:(/\[ OTf |§/N—Me
N
5 N R

B 1-26 BFRIAEN o-FIRERA B IEF[1,2-a] EENEH Y SR A%
Figure 1-26 Strategy of pyrrolo[1,2-alquinoxalines from a-oxocarboxylic acid via onic liquid catalysis

2021 4, Verma PIRAPOHEGE 1 — Mk T A42 01K 6n M b- 25 B4 §5 ISR
i, SEIL T 4-2% 57 BN ST [1,2-a ] VENR IR FRPRS HERY BT (B 1-27) 0 I 7T B3 A FH i HR
BN, FEAT IR R & T R AR L — PR on UMb, Aok iR e —
SRR PR, B R i T A AL SE OB E R VIR, &R RA S
Ji 4-2% 55 3 B BRI o ISR ] RC ARG S 5 I ML IE S5 2% B PR T RE AL HEE R AT A2 47 (A
#65-88%), NIREZ TR YL AR RER B T TR

CF3;COOH (2 equiv.
©iNH 3 (2 equiv.) @[ P
R i CH,ClI,, 25°C .
(@) i . o

[ 1-27 on-B MU A B 4-(2-BEE) R EMEAE [ 1,2-a | ENERH A SRR

Figure 1-27 6m-electrcyclization toward synthesis of 4-(2-acyl)phenyl pyrrolo[1,2-a]quinoxalines

P}

"
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2021 4, Pramanik 5 Mandal®" & 1 —FhJ: T i 5 8040 BAWTRFER (AL [ B8 A0
SN N, IR T A R S BRI SR R (B 1-28) . 85T EL 2-(NV-Ml
WEIL) RN BN 2R, £ REXT I REER (p-TsOH, 50 mol% ) #4)# (1) 5s i A 5,
HIE R 10 h D SEIEE AT 5 ZAERZ RIS AR EL . XM s iR S
A RIS GRS, N2 RS (DOS) $/4E | =4 7 R Hu b i ke @ wif

.

,7\\
(

/

/
p-TsOH (50 mol%) N /
alcohols/ amines

NH2

open air
BN

o}
1-28 2-N-M5| PR EL 2K B i P BL K B SRR AT RN SR AR I = 4B 3 3Rk

Nu

Figure 1-28 Three-component annulation of 2-N-indolyl- or pyrrolyl- anilines with isatins and nucleophiles

2022 4, Kim HIRABSHFG] T —Fp T 2 FIEAA ARG, R T
RN, = AE B RIS R [ 1,2-a] R R &) (B 1-29). VAR 2
PR AU NEITE . o, B- A DL SRS 22 1t . NIPEIRY), TEiE I ik
fara s ES S NIECE N ATIVIRT Y WA L AL S WAEALRCEZNE Y S
PE, NRIRF IR 230 R P SR T T Y AR A S B B 2

- AcOH (10 mol%) O,N
XN @ . )O]\ Oxidant (1 equiv.) N? \©\
R Nl ’/N\
T H™ 'Rz MeOH, Ny, it, 1-2 h N~ “COOEt

1-29 ZER1ELEE S RIS H([1,2-aFENZEME

Figure 1-29 Synthesis of pyrrolo[1,2-a]quinoxalines from aldehydes via AcOH catalysis

1.2.3 T SEH THZEMIEFH[1,2-qEEHE 2R

PEE 8 9 [1,2-c WA R AR SR PR A TG SR I 3800 SRABAL e AL S BE R 7, e BT S
V%%uﬁ%ﬂﬁﬁh,ﬁn%ﬁ%%ﬁ?M%?ﬂfﬁhﬁT”ﬁ%%%%%&*%
o TC R AL R IR A e, AN R AL AR A . Bh AU b X 26 55 07 Uk
T HRUREEURIE S D RA G, AR SR 7 GO R SCBL T BV A 58 IR . AT
I PR EACBIEVE R I ek i &, RS SRR R K iR 1A, 3X
LE RPNt S ALY e B i TR R (A BB DL R 2RI D REA A &, AN 3
REZKAAN BT PGP 7S5 T 28 0 2 PR IR IR TS
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2015 4, Jayaprakash HIPACYFR T — Bl T (0 S SR MG, S 1 AHE s I [1,2-a] W
RIS ST 2 A R (B 1-30) 0 24K R DL N-(2- 2 2K 38 )L s 5 24 35 Rl A% 0 Jee
Y, £ CHEE I e B AR S B 2 IR E I L, T 80 °CIR ANk N4 5-8 h B
Al SER C-N BB/ ML IS AR, IR1F 82-95% M B USCR H bR =4 o 1% S5 MS IE i b v 1311
RNAR R, (B TUE ReA P BRI RN, SCHl 7S MMEURIE A B 2B 5%, N H T
J2E H R A A B 235 4 B0 PR B 1) 2 B0 130T 1) L

-
r
o
/

A~

I2 (2 equiv.)

O/\ MeCN Ry
10
(:[ 80°C,5-8h

NH,

B 1-30 FEFHE L HELARMIEF1,2- TR
Figure 1-30 Synthesis of pyrrolo[1,2-a]quinoxalines from phenylmeth ylamine via I> catalysis

2016 4, BIZORBINCTFG] TEN SRS E B R, w80 H 2 BT

[1,2-a]VEWR KA S W B8 51k (B 1-31) o AR R IB 1 A A — B ORI SR #Es s i

P, fwmw%m%§¢LLMhL S I, R N-(2-Z EE R TR L g 5 S A

R BERS T R 62-89%). B EFIN SIS ESTE MR, ZRETLT &R

ﬁ%ﬂ%#?%%?ﬁ%%%@ﬂﬁ%%%&,ﬁ%%%%*W%%é%%%éé&
FERE TR

0 \NZ
W + )j\ oxylene ] ?
R _ H” R, Ry

NH, 140 °C

B 1-31 AESAEMNE AR F[1,2-a]EIEW
Figure 1-31 Synthesis of pyrrolo[1,2-a]quinoxalines using oxygen as oxidant
2016 4, ZE R RINOIT AT — Mo 5 A 9K RS-SRS, TR T AR E
FEA T REAC ML T [1,2-a] R RAT A VRO BT AR (B 1-32) . iR RV 7018 X
TR AR IR TR R BN, W R R SR A A RSP 2 v ] 44 58 il sh A5 SR 7~ HE L, 3
H EH 5 S ML DAL IRE 1A% St A A Z o0 sl 756 ] (-NO2 -CND BURR IR
il o
N@ . 02 (or air) N?
©:NH2 o 160 °C ©:

& 1-32 EE&BMANMFIFEEN A RUIEH[1,2-a]EIZ0H

Scheme 1-32 Aerobic oxidative synthesis of pyrrolo[1,2-a]quinoxalines without metals
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2017 48, D RHBNOIFR T —MIET DMSO/Z R R s &S E A R, T
SO T BT SRS AE A B (B 1-33) . %K — 3L (DMSO) 3 AIE
A AT CL R B I S A R (AR B = B IhRE, 7R 130 °CHF A R AT 20 h 3B L T 4%
Fo-J5 MM ISR [ L, 4 N-(2-% i R I )M i A A DRy 225 4] 22 A TR ML I I 1,2-a W R RS AL
AW (IE 12-94%) . HLiZAE R HFEE AR 848 S5 1R AR B A i ik
A DR AT A AR N B A5 7 18 HH R T HE S S B AR

N N@ .9 AOH N?
RL “H MeSMe  130°C C[
1-33 RN & BRI AE [ 1,2-a EENERAY S R
Figure 1-33 The synthesis of pyrrolo[1,2-a]quinoxalines from dimethyl sulfoxide

2018 4, FRPRVERAH S HRIE [ —Fp % T TEMPO Sk “E‘Jﬂﬁf‘“ﬁ%ﬁ-‘? (E
1-34) . ZFHEANHT I HLA]H TEMPO ATAYME N BT 5645 TR (a4, Ji e 5 i 1S A AL
I E Y5 S BRI (ERg/mI) J-Y), fERMZMET (il 5 ED Ll
JR AL & A2 B[4+ 2080 RS AR R o b — 432 s B D 2 FH T BT ZR 9% i BRORE /i 4
& TAK-071 KA HI el & B, RGP 259 R @34t i B &R 77

/ ) 1 / \\) r —\\
(\ / (0] (/\ / (
= R-CHO @ RCHO
N - ~———— -- -
O: MeCN, rt N N " MeCN it ©:N / -
R1f
N R Z > NH,

& 1-34 TEMPO SX$2Eh 51 2B E RIS FE[1,2-a] EENEMM 2 B2

Figure 1-34 Synthesis of pyrrolo[1,2-a]quinoxalines reaction triggered by TEMPO oxoammonium salt

2018 4, Reddy W5t HIBACHRRIIIF A 1 — ik B S R ALK R IR E SR IR B B
(B 1-35)0 % WK 2R DR A ke ke SR A S g S B I B0 A, B i 73 AL A
WA, AR AT T B AT 58 O R AL S VIR o 12510 34207 3 L/ LBk
RO RUFHAETE, RS2 A ST S R 2 A imiﬂcfir‘;ﬁimTE H il

N@ X R2 I5 (0.2 equiv.)/IBX (2 equiv.)
L el on
NH, DMSO, 100 °C, Air

& 1-35 BEZHHTRE L EXE RILMEFH1,2-|ETEM

Figure 1-35 Synthesis of pyrrolo[1,2-a]quinoxalines from aryl ethylenes or acetylenes via I catalysis
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2019 £, Pardeshi 15 Chaskar Bt 78 A1BA RIS 1 — M i RO i D) REAL R I A 1k 2
IR 1% AR DR 2-(N-IE P ) 8 i N Sk, AR RIR BT (KaS208) AR &
5 PEG-400 Zrth [ M it o, 38 i AL S ML SEIL T 22 BRI KIS AL S P ) = iR
G (B 1-36). B RS N-IErE SRR R, IR B RRT A 1A
PSP E . iR e B E S LZA, XA TE e R 2 5 IR AN SRS 2 2 A%
THERE, NINREMARIF RIS MM S & R Bt 13T A B 5 3

N A~ K5S,0g (1 equiv.) N N_
R * HoN™ Ar rIL
L PEG-400, rt A
N Ar

NH,

1-36 K2S:0s 5 R AR & AR 4-F5 B MR F[1,2-a | ENEME
Figure 1-36 K2$20s is involved in the synthesis of 4-arylpyrrolo[1,2-a]quinoxalines from aniline
2019 4%, Wu BT B D TF A 1 — i 25 bk s [ 1,2-a] P W8 WA 22 14 T <8
RIS (B 1-37). %7585 HOAe St ST B2 AR AR & R Lo 78 FE 2RI 7
H A SEIL AR 2- PR R R 07 e S IR G I U 5 S, 12 TAR N B R BRI E )
R AR 7B R

- = " +2H,0
Toluene
refiux, 3h =N
\
X =CH, CCI,N Z=0,8S,CHR X
Y = CH, CPh, N n=0-2

B 1-37 —$REDFEIB2) 45 E & RIS FH[1,2-a| R EY K 2

Figure 1-37 One-pot intermolecular [3+2] cyclocondensation reaction for the synthesis of pyrrolo[ 1,2-a]quinoxalines

2019 4F, Chaskara F 58 HIBACTIF 1 5 T AL AL - PR SRIE 1) — Favk & LA R
BT SEIL T B I [1,2-a]ME R MK i S5O Sl (J 1-38) 0 i 7V LATS AT 1-(2-
AT I Ak ah EoRE, I 1,2- R8BSR (1,2-DNB) IR E L], E X
SEPL YRR/ A T e 28 T ) SR AL AN, TS e B T NI ROBE o 3R JER A A -4
IRAMENG =20 SN BEA y—wmidk AT, T HRE A 7 RS B AT o 10T Ak
DI T HOETEE o RS, A EYIEYER N-Z8 05 R A 3R 4 1 m & ik

PR
> -
©:N % +©/\NH2 1,2-DNB (1 equiv.) ©:
~
. o N
Nt diglyme, 130 °C, 9 h

1-38 1,2-DNB {E RS L FIE BRI H[1,2-a ) IR WA /K2 B2

Figure 1-38 1,2-DNB as an oxidant in the synthesis of pyrrolo[1,2-a]quinoxalines
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2019 4, F 5 AT A BACSITF & i ) i T M A 3 R SR /KM I AR 2R, SR
T ARSI [1,2-a] IR MR SR E A A e (B 1-39) 0 2R IE I RS 75 Bt 1 SN
1, B 2-(N-MERE ) L DT Je SR IR SR B S T — VR R . IMERES S
YR RF 48 S B 2 s Dh L T L K& 1% 7 5 PQ-4 B 5w 2 4%
@ _~__ activated charcoal (15% w.t.) N//

1-39 FEMRERER 2-(V-IIEE) AT R SR RRESIK R N

Figure 1-39 Coupling of 2-(N-pyrrolyl)nitroarenes and benzyl amines catalyzed by activated charcoal
2020 4F, Uchuskin iff 7t A BAOMRAE | — 5% T Wk R 2 748 I PR - 25 40 S 5 s nt i 5
[1,2-a]ENE MR HTER 2R (] 1-40). 1% 15 DL N-(WRg-2-2 HH 2 )- 2 - il 22 R fide S LA BR 2K
A JERE, RS T B AL SN SIS T B AR HE A S = R T R R MR AL
TN i 5 R R A1 R 1 B A B T T4, i S 42 SR AT 38 ) Paal-Knorr ML
THEEBURIN 1,4-Z g5, 2@t 757 N8 D5 Mk 58 i 5 B2 A & 1 e 0 2
X Fh— 4k SRR R BP IR M VUS A — 20, N E B B e it 1R R

R1 ’/\(‘)\Oj/l:h R»]
o) \ —
N\ N _/
HyO" W
N. 3 X _N. — |
| T Re | R XN
= |
NO, = NO, R

[ 1-40 BRARFERKVEERFFIRAIALE F[1,2-] R & R R K2
Figure 1-40 The acid promotes pyrrolo[1,2-a]quinoxaline synthesis of furan ring opening
2020 4, ST AR\ I & T — R AR A S AR R AR R, AR
M FAL SIS A R NS AL SO A S, SEII TR [ 1,2-a ] R NR IRV = R A R (]
1-41) . ZEMGLIRFEHER S N-Q-Z AL ARG IEY), ££ DMSO &5 Hisid
L3R R% S8 B T B IOM R R I ] SREE R S BT B AN 160 °CRE % 120 °C, HLil
Tk AR B FAL S S N g S DMSO AR FA R A o

Rs,
/’7\ \i) R2
O |\ XX KI(1equiv)
- _—
2 T NF DMSO
X N o R i
R1+/ x=cl,pr  120°C.12h T
NH,

& 1-41 KI M FHREREIRE BRALAE [ 1,2-a | EEH

Figure 1-41 KI-mediated synthesis of pyrrolo[1,2-a]quinoxalines from.p.henylmethyl bromide
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2020 4, FRFREATITE] 7 E TN FHLEE Csp’)-H B ERZKAK A h
B IR NSRS, BRI SEIL T 2RI [4,5]0RME[1,2-a ] NE R AL B 0 1) 8Ok T B R (I 1-42)
PLE SR, R MO AR i = AR o —— R NSRRI 5 RvIah C-H SRR 1F N
R R e ST RE . BLRAE i B iR A e T A« % LARGN A T Huha ok 34k
W) BIQ-12 (=il %, NERZIERM G ax (G T RE T HTHE RS .

R3 R
N !

PL — AN N
RZQENH\S\F“ L N;[R
1-42 I FEVE B F[4, 51K 1,2-a RENEH B9 77 0%
Figure 1-42 I-mediated synthesis of benzo[4,5]imidazole[ 1,2-a]quinoxalines

2020 4, Jung WFFCHIBAT2IF A 73T B AR IBUR SRR B B R N BT, )
SEPL T ML IE[1,2-a ] ER IR E AL S m ACE B (] 1-43) 0 ZAR R DL 1-2-2 25 5 52l
%5 o-JRREEE R, ERUT RIS EAE (TBHP) A SFHEMAE R PEEAET, @it
FEH S R B R 28 ) N S o T B A . 1% AR B B TP eF 4 Ak ik 43+

PQ-7 HIRBEF [AMA G B, NN ARG E et 7 T A,

TBHP (4 equiv.) N7
O:NH ' HOJ\/ZOH DCE, 80 °C 1_:/\:[N?R2
B 1-43 - R EBNE LGS
Figure 1-43 Oxidative condensation of a-hydroxy acids

2021 ¢, HRUEREAHES OGS RATUSIRG B2 R, PRI, FHLEE C-
HEALE HEE (] 1-44). 275 L N-Q-Z IR E) Mg Oy JFURE, 72 (2.5 equiv.) FfL
KR T, FFH DMF #eH 75 PR E DR, lid 120 CCRM BRI G . 1%
TAEE RSB DMF 1ENZ Dhae il B A ], O C1 AL SAAE R & B PR 1 s
o

o)
I2 (2.5 equiv.) N /
' N
R | DCE, 80 °C

NH,

B 1-44 1 /'S DMF & R FE[1,2-a]FENRRE

Figure 1-44 I>-mediated synthesis of pyrrolo[1,2-aJuinoxalines from DMF

2021 4F, SRIREAHEE M Mamedov EFESERG, RBINITR T 4-CEIHmEmE-2-
FEYIE I [ 1,2-a | WENR BRI = R0 A T v (T8 1-45) 0 1244 2R DLATS H i 3k 25 2 AR g W bR
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NIERE £ CIRER T RS ER S 5 AT B T8 2GR ZIE IR T
&4t Mamedov FAHPX N-HUACRHIPR, A3 M A2 S 2 OR9 (1 e R M B A7 2= 4 5
A2 5 . 520G ZMEL, XR8P SR, i 2R
TR DRI -IENR I A R R SRt 1 R, EHUIOR 25 e AL ST A b B EH B
&7

PP e
@[l+@[”/HOAC'ﬂ@[/ N
N~ 0 N =
I NH
2 /N

1-45 Mamedov EHEIAME 1-2-FEFSE)ALAEFD NV B ENEWER
Figure 1-45 Annulation of 1-(2-aminoarylpyrroles and N-substituted quinaxolinones via Mamedov rearrangement
2022 47, Kim W FEHIBAIF R T —Fi B T-7KAH B EH 3 MR 1 ALk 6 [ 1,2-a ] W W AR 2 R
BRGREE (B 1-46). ZERLL o-Z RS N-Q-Z AR B A 5k, i iR ik i
R, RAZE LK (LD IREWT, I 80 °C T MM i F2 - IR I S S S B 2%
IR ZITEBII N T IR V)R s AR & B N AEYIEYE T B SR B & 32
LEE R

7R
(/ N
_ R (NH,4),S,05 (3 equiv.) N
. .
N N7 HOOC)\NHZ DCE/M0 (1:1) o C[N?
Ry air, 80 °C, 10 h v P
A i, ZINTOR,
& 1-46 (NH4)2920s T SHIE o- SEBE & BRAIEH[1,2-a | ENEME

Figure 1-46 (NH4)2S20s-mediated synthesis of pyrrolo[1,2-a]quinoxalines from a-amino acids

1.3 MEREH[1.2-a/EEM B 3% C-H #BINgE L R N

MERE IF[1,2-a] MR MR Dy — SR R ME 51, I EZ PR AR, JIEEE
P K& 5-HT3 320K 4% . CK2 A AKT i il S5 AR 103 P 4% 52 REU S, e 25 e
sk, AL R B S [1,2-a] IR M 2L O AL B EANME . HAT, BT N-Q-EHETS
) AH % 5 AN TR R RO PR A S B LA 121 SRR 28R S s 2, R, B 5 R
JRI PR T 7 4 RLEUAC g SN ek, X6 F A 87 s T BEAL = M) ] 48 T A 2 25 Pk
RIE, A fe RS SEEL 2 FEAL B R ML I IEWR RAT 2R W5 0BT s R 8 Ul % 5K

C-H #AF AN TS A e 225, L E RS ULCE RE BT AL A HL & e
HABEZGME. BTGRP R R BT I REAL M UL IR, C-H iH L 5k
T HLRE T e 14140 3 TR TG R AT . I B R AR R OO ST LA T E 1) )
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REAL AR R AR B T, AR 2 AR B PP 25 U e B T ] S A5
Rl 2l 8K Bk 4L 57 B B SRR, BENE R RURHER I C-X (X=CN,S,0)
B, BORIRTE T RIS T IE BRACR o« IXIRIAET R B35 i R & BRI ez 1L+
FEREFEVE C-H B ReAL ST PUdUR &, (R T Atk i T 1,2-a]E MR AR 2R 1) B4 C-H
R T iR AT AT i 0E

1.3.1 AR&FH[1,2-a]ENEWE B 14 ;2 RIS

2021 4F, Nguyen BF 5T PN HRIE T 4-75 FLntng 35 1,2-a] VR Ik C1-H 5 Hik £k
AT TR (K] 1-47)0 Hor, @ PL N-EAR T BRI i (NCS) AEIE, /£ DMSO
AR RE CHCL W FIH SLBL T CL-H 870 R B s T AL OB UK CuBra/K2S20s
AR R, DLH 2R AVER e R L . 1% 5 I B R AR IR AN AT, S, H S
%%&%%%ﬂ%%ﬁﬁ%.ﬁ@%ﬁﬁﬁ%@ﬁ,ﬁ%%%ﬂ}a%%%x&ﬁﬁi
Vi Ja SRS TEAG R it 1 R A s A

Br. (¢]]
— CuBr; (1 equiv.) NCS (1.2 equiv.) —

N~/ mol%)
OO R oty AR T3
N~ SAr N~ SAr
1-47 4-F5 ELMEIR[1,2-o | EEIEMIE B M SRR (L 75 0%
Figure 1-47 A method for selective chlorination and bromination of 4-arylpyrrole[1,2-a]quinoxalines

2021 4E, XPFRGEABIIT & T HT TBAUL L1 R B IF[1,2-a] Rk C3-H
HEMULHTTE (K 1-48), BIh&E B RS HA IR Xk £ C3 ArmfCntkig I¢(1,2-
alMEVEIRAT A, JF I R HRYIEEYE . 1 TTVEAMY AT S e AR S, HLA
A=A Dy o b v TRl A4, 30 o R A A TR IS I v K] J LA T A A T T PR bk g 5
[1,2-a]EWE RAT A=A 2R

— TBAI (2 equiv.) I, (1 equiv.) _
TsNHNH,, (3 equiv. : '
) C[N 7 s 2 (3 equiv.) or PTSA+H0 (15 mol%) R @[N 7
g _ TBHP, 1,4-dioxane E ”
L NN R

0,
809G DMSO, 100 °C

1-48 MERE[1,2-a]ENER Csp-H BELIEMIL R B
Figure 1-48 Pyrrole[1,2-a]quinoxalines Csp*-H direct iodination
2021 4F, XSRS B S D g A T e [1,2-a ] ENR AR I X IR B C-H B RefbBn
Feng (B 1-49). BRI, 72 CHCL s AMA R, N-WURT B (NIS) mlk ik
L C1 A7 iR FEVERUL, S e C1 AR 124K H DMF 1E RGN, M
ﬁ%ﬁ%ﬁc3mﬁ,i&c3ﬁ@ﬁ%i%ofﬁwmﬁ¢,W&%%NﬁﬁT*m
T (NBS) F¥AL s AR AT DAy e B 1 Hu 3R A5 1,3- B4 . i@ id Suzuki &K LA
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PORIZIAREEAT AN, BEZhseBL 1 s A1) C-C 5 C-S B, R Gidhs 1 it
S IRACH [ AAAE 259 7 1121 LA R D REA 5 1l b (1 AR 7

[
- NIS N NIS N
_ Z% 3 [ Rl a
- CHCIg, rt,3h Ry DMF, rt,3 h 1
Ri (/:[ z ZONTR, Z N7 R,

N” "R,
1-49 MERE[1,2-a]EEREMAAN NIS A9 IERE M C-H Bk
Figure 1-49 Regioselective C-H iodination of pyrrole[1,2-a]quinoxalines and NIS

2024 4, XIS &7 —FhdE T 00T R =R (TBATB) AL [1,2-a] %08
MR DX S PR IR A 78 (B 1-50) . RIS A TBATB fEIRVE, mithsLil | C3 fir
R4k K C1y C3 ALRURM =W = ROE R G . WFTEER A, 17100 & 45 FL 1 B AR
HL 7SRRI AR S U3 e, B C3 R4 =W ml sl e g S Mol 4% o IR
PR R S BRI AL, NIIRE BRI S IR 12 iR
7 E T

Br.

N Z‘%\Br TBATB (1.2 equiv.) C[N? TBATB (1.2 equiv.) - @N?\I
! Ry 1
Ry DMSO, 80 °C 1 = MeCN, 80 °C =
1 _ = N R, P N R,

=
N” R,

1-50 T E=RUERIEMBURILR K

Figure 1-50 Bromination reaction of TBATB action

1.3.2 MEREF[1,2-a R EIEM B A S A5

2021 4, XSFGEABITE R T — PR A S S E[1,2-a] EENR R C1 A7 B8 5 2
RS (B 1-51)0 ZRBCRA 2-7R-2,2- 9 LR L B8 K 2-1R1-2,2- " F-N,N- . 2.
Bk Ao B RUse 35 AL, (EIR AN 251 N S2 B C(sp?)-CF B s b B, 315 i 3
F=8 . %R R e I AR = 0 B RE AT 52 1, s 07 FR AR BRI LA R A IR &R, FF
PRSI S BN A B, & AT R 25 A AE R AL T SEH TR

— ROCF,C
K —
7N 4 + BrCF,COR CuCl N/
R —_ 1 X
ZSNT A R~
N Ar

1-51 MR F[1,2-aENEMR Y — SR EAL R 2
Figure 1-51 Difluoromethylation of pyrrolo[1,2-a]quinoxalines
2022 4F, XPFEREHBS S IR T — M AL [1,2-a] IR bk C-H B8 ELEE =9
HI AL ) e ORI (B 1-52) 0 2R R DA o0 AL, T BRIR A %L 77, CF3SO2Na
NRRE, 8 E RS C1 AR R FE =M R R . RN S KR ik
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AR 57 RS BRI IR P R B AL 5 (R e 2 1, EL ) RS € S e OB % o 250 L
ARYBE NG KGR F SR . ARSI, SR E R SRS HEE
Gk TR

F3C

—

N/
R_(/\[? *CFSONa _CuSOSH0 A N/
|
e _
ZSNT A RT

Z N/ Ar
1-52 MR FH([1,2-aFEEME = BB R N

Figure 1-52 Trifluoromethylation of pyrrolo[1,2-a]quinoxalines

1.3.3 MEREFF[1,2-a]ENERMIT AL/ AR 1L R RE R 52

2020 4, XPPEREAHBNRE T N-EART ZBEEE (NCS) /SRR [ 1,2-a] W U ik
C-H B im F A/ F A HT S ms (B 1-53) %4k R LA NHsSCN/KSCN N IR, 7EimFs%&
PERSEEL T C3 7 s R B AL I SRR RS, PR & KSeCN 2 5 [1fili
RPL. BRI, %70 S R et DL 75 58 U IR R A 35 3R I AR = i 75
PE, HnT AR e SEL e GBI £ o 1% SRIE B SRR IRYE RS BRI S
R, RERIET IR A& BRI G & et 1 FiEs.

— - NCS -
NCS,KSeCN SN NHLSCNIKSCN N/ seN
N/ "SeCN | 4 R,
R—- EtOAc, it Rt L _ MeCN. rt T A~
T = N/ R N R2 ’ N R2
2

& 1-53 MEREF[1,2-a]ENEM AR B 2 R

Figure 1-53 The thiocyanation reaction of pyrrolo[1,2-a]quinoxalines
2022 4F, Nguyen 58 BB\ & 7 — P fiE 4k 4- 75 FEIES F[1,2-a] IR C-H £
RN DT AT R (] 1-54) . 2R R UL =05 5 Zm Y e RlE, /£ CuCly/KI #[F]
AT, SEHL T C3 AL BRSHE DT Bl . B RGN, AL T AR, ke oy

SRS 5
= CuCl, (30 mol%)
Kl (50 mol%)
NN srssr 4>( ° N/
R DMs0,120°C gl
N Ar

1-54 MEREH[1,2-aEEWIT I & B
Figure 1-54 Pyrrolo[1,2-a]quinoxalines aromatic sulfidation
2024 4, XPPFEREAPIIER T — Mo @ AL I [1,2-a] VR Mk C1-H B
JiEEAGHT G (] 1-55). iR R DAY T B =Rk Ez (TBATB) NfRis, —HZE
BN, 72 50 °CRSEIL 1 C1 A s e B 1 75 B il . BEAESR I, MOV EIRTT &
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100 °CHf, wJ[FEIZHE C1-S 5 C3-Br BTN "W . 1% 7715 BA KR LA
IRPEVELF SIS, NS FF[1,2-a) IR AL S 1) C-S BRI AL 1 B4 .

RS _ ArS
- iv. N TBATB (1equiv. -
N/ TBATB (1equiv.) | XN Y% + (SA), (1equiv.) N B
R,—- DMSO,50°Cc Ritz A _ DMSO, 100°C R,
T _ N R T P
N~ TR, 2 N7 R,

1-55 MEREFH[1,2-a] BN E e F 1L K K2

Figure 1-55 Pyrrolo[1,2-a]quinoxalines bifunctional

1.3.4 MERGFH[1,2-a]EIEWRERML 2 RIAFER

2020 4, XIPPEREAL ST & T AL AT AU T BE (KUTBHP) Bk [FIME 3 1)
ML IH[1,2-a] R MR N-F 2RI AR 1 S B2 P A B (] 1-56) . %A T V2R
DL RS MU R E e e A1, Re i S5 200 7 IS 2R i) £ S5 1 2 7%
[I[1,2,4) =M [3,2-c] R IR AT A4 .

— N _/
0,
N_ o NNHTs Kl (40 mol /o)
+ )j\ TBHP (1equiv.)
> N™ N
_ R |
N =N
R

H DCE, rt

[& 1-56 KI/TBHP {@#RI[3+213M AR & K2

Figure 1-56 KI/TBHP-facilitated[3+2]cycloaddition

1.4 1% B E

ML IF[1,2-a] R IRAT Dy — S BAT NI S M AL R AR R KL &, AEZIL
AR RLRE 2 o FE B B AN . MR (B TR CInUiiR . P PURTESE) A
SEHDEHEIERE (il TIER AR SRR 3 H SOV IR A DL A WL RER R
BOF B 2. ORI, AR G612 SR IR TS I [1,2-a VR MR- SR A, TS
C&BE 2R B B 3% C-H DRI ST AE B 2 ik, JUHOZ anfrse Bl s 6tk . 2Rk
B RERISIN o B J7 iR H 75 TR BE AL IR Bl 3 U 2k ], S BUPBITK HAE
HIRHENEA L B, TR R, et C-H iEALRES, RBENA S NAL A IR
il N2 R R A A R ) QB ) e AN R SR AR T LI SR [1,2-a VB VR IR R B 1 C-H
WACRBETT, SEBLEE C1. C3 SR i MRS HE B BEAL o EIE T DA T R K
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ep s A B eI H] . C-H B ELS AL vl 8 S T e RE AL D B, (AR Al R [X
SR FEIE R . B R (AtE ., WRC S SRR FEIEA, 4G IR T
RONAN A (8] AL B2, R AN [FAL R I B TEALHLA] o

[P RS N A BIGPIENE IF[1,2-a ] EVR IR 75 5640 At AR AG A At
BN, JPRAEBACHNS, SINZHEERER (o7E. Bilz. f/midE. WRi, FE
M ZRE, Y TR RHE BRI SE U R& 1T .

LG AT AL OSSR A, ST T AT SRR TV s TR o g S S s %,
FE I AT A SN R I P R AL e

AT PR S I 1,2-a ) ENR MR BEAT RS HEMZ TR KB 7 1%, L C-H AL S B %
Ly XFMEPEIF(1,2-a)ENR IR AT LLEEAT 97 A0 Il D7ttt J7mlife. Rafess.

?::\/Ar
N
(PhO,S),N

ool

N / /~COOR [Pd]/[Ag] [Pd]+[Ag]'IAr N_
‘ /\COOR " NFSI ‘:
R
N / s

Ph “
SePh N R
?::\ SePh
PhSe Oxidant \— A
xidan Base | TolSH
N / SePh (SePh)2

& 1-57 MEREF[1,2-a]FENEM C-H JE LR N

Figure 1-57 C-H activation of pyrrolo[1,2-a]quinoxalines
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E_T IBEAAIMIRHA[1,2-aEEWAEY C-H FER N

2.1 515

Ak, dESBEADETSEESSM C-H #E il kRO E C-
C 5 C-X 8RR, NE NG SR T HEFHEO3191, 2018 4, Cabrera HFAITIC-
H DhEEALATUR B T i M JE , TR s AR R (T 2-1a), FRIhSeBl 1 as
B T-BAMR e [F) B2 B R A I B B ES 3R C-H 75 364k ) V.o YR4E, Raboin BREZ
ML ZR b E B AN C-H B FAL IR, $2 H DU B AR 88 AU BV I &
B M (B 2-1b). 2020 4F, Saha B 58 20100 i 40440 5 A BI04 B RIAE
TR IR E 2T C(sp?)-H B8 B BEALHT /7%, LI T (NH)JE B Y 2-HUAR IR Rk | i e
Wbk S WK PR ILEIE 1) 22 ARk B (FE] 2-1¢)s

I I

H Br Pd(OAc), (5 mol%) O i i

KOACc (2 equiv. ! !

Al 7 N\ + (@ eqd) | Me |
NG eucalyptol ~ N N\ O i g Mei
N 1 !

reucalyptol

150 °C, 24 h P

Me
-
L= =~
N N 4 X
H DG cat. Pd/L Ar- ‘DG |\ |
[b] u\( Lo S AP0
OH
Ar AcO
- . o) -
27X Pg — N~ AQ MO T X
i }_@ (OAC)2 (10 mol%)R ‘\\ / \ Pd(OP\C\'ZK :\ / \\
LN —/"R Cs,co, X" LN —/"R
H
[c] +
o AcO\I/OAc P |
2N 0 d(o
Lo 0\%) Ac B
. f>—<ﬁj> pacre 2 00mangy )
LN =R NaNO2 “._.N =R

2-1 EREUHRERE CHEREURE

Scheme 2-1 Metal-catalyzed arylation of heteroaromatic hydrocarbons C-H
RERGE T —MAR RN, H T Pd RIS FE[1,2-a] v W I 5 A
W B C-H G 5 Rl 1-57 FALAT 1,3-15¢ 557 HE M [ 1,2-a] e MR Ik
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2.2 SEI T R AL ES

+2-1 FEESIIR
Table 2-1 Reagents of the experiment

e alipg ER
T P 98% AR R A R A
VY (=R R 99% g ZRIAR A A PR A T
(RS 99% AR R A R A
B R R 99% GBI A A PR A T
LR 99% G ZRIAR A A PR A T
P IR AR 99% GBI A A PR A T
ZIOREEN 99% GBI A A PR A T
(- MR R I 98% GBI A A PR A T
e Y 98% GBI A A PR A T
2- XU CL R f-2',6'- — AR IR 98% GBI A A PR A T
2-XUHF CIE -2, 4, 6'- = S T FE 2K 99% AR A R A
GiF S S it HERHEIR AR A
1,4- 575 gy et F IR A PR A A
HIEE gy et HERHER EABR A A
N,N- = F 2T i gy et MR A PR A A
N,N- - e gy et HERHEREA IR A A
ToK gy et HERHER EABR A A
T fi 200-300 H BT 2T
AT ik S it R E T THR A
LR T S it R E T THR A
A S it R E T THR A
4TI 2R 99% ol 2
X R % 99% Rz
A 98% iibu
4-JR-1-flLE 99% SRR
4- 2,k - 1Rl 99% SRR
45 - 1Rl K 98% Accela
4-H A -1 - 98% P P R 2 R
3- A - 1R 95% Ark Pharm

A =G - 1 -l R 99% Tr LAk 2
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fraR2-1 EESEIN

Continued Table 2-1 Reagents of the experiment

R alipg AR
4-5 1-fE 99% i E AR
3,5- VAR - 1R 99% Tl
2-T-4- 3R VA TES AR R I A R A
3-fif-4- F B R i VA TES AR R I A R A
5S-G -2-CR i VA TES AR R A R A
2- TR 99% GBI A T
g 99% GBI A A PR A T
£, IV 0 98% GBI A A PR A T
RANN-Z -1 2- B % 97% GBI A A PR A T
IR 98% GBI A A PR A T
R P TEa AR R A R A
SXof FF 5 2R T P TEa AR R A R A
4R P TEa AR R R A R A
S%of FF 4 25 O R P TEa AR R R A R A
= R R PR 98% LT R A PR A 7
Xof F T R 99% HERHREA IR A A
LB S it SRR A R A
BRI VALt SRR R A R A
4- IR R srhTal KA BB AR R A
2-ZERNIR VALt SRR R A R A
4- IR R VALt i ERLR IR R A A IR A F
3-MEmy 2R B 7 A iE SRR R A R A
R & A iE DR T R B 2R A PR A
Tt R vaiiELt PRI RA R
N-EAR T R % VAR TES AR B A R A
i VAR TES REEEFHTHRAF
SRS >99.8% AR B A R A
SR H R A >99.8% g ZRIA B A A IR A F
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22 SKEU{NER
Table 2-2 Experimental instrument
4 e TR
e 1 AL WRS-1B FHREE R A IR A 7]
AR IS (NMR) Bruker Avance I11 HD 400 Fiti - Bruker /A #]
B RT AL104 RS TSk 0]
75 73 AR 2446 6210 ESUTOF 5 H L e R R A 7

23 ER5HL

2.3.1 RMEHRK

®2-3 RNFHRIMML:

Table 2-3 Optimization of the reaction conditions®

_ Tol
N? . /@/CH3 Catalyst, Base,T NP
©:N/ | Time, Solvent ©: )
N
1a 2a 3a
Entry Catalyst (mol%) Ligand (mol%)  Oxidant (equiv.) Solvent Yield(%)°
1 Pd(OAc), -- Ag>COs Toluene 43
2 Pd(PPh3)4 - Ag>COs Toluene 41
3 Pd(PPh3).Cl, -- Ag>COs Toluene 20
4 Pd(MeCN),Cl, -- Ag>COs Toluene 15
5 Pd(OAc), PPhs Ag>COs Toluene 32
6 Pd(OAc), P(furan-2-yl); Ag>COs Toluene 25
7 Pd(OAc), PCy3 Ag>COs Toluene 55
8 Pd(OAc), S-phos Ag>COs Toluene 54
9 Pd(OAc), X-phos Ag,COs3 Toluene 63
10° Pd(OAc), X-phos Ag>CO3 Toluene 59
11 Pd(OAc), X-phos (10) Ag>CO3 Toluene 48
12 Pd(OAc), X-phos (20) Ag>CO3 Toluene 42
13 Pd(OAc): (5) X-phos Ag>CO3 Toluene 30
14 Pd(OAc): (15) X-phos Ag>CO3 Toluene 48
154 Pd(OAc), X-phos AgrCOs Toluene 35
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5%2-3 RIFAEAIL

Continued Table 2-3 Optimization of the reaction conditions?

Entry Catalyst (mol%) Ligand (mol%) Oxidant (equiv.) Solvent Yield(%)°

16¢ Pd(OAc): X-phos AgrCO; Toluene 40
17 Pd(OAc): X-phos AgrCO; 1,4-dioxane 51
18 Pd(OAc) X-phos AgrCOs DMSO 38
19 Pd(OAc) X-phos AgrCOs DMA 54
20 Pd(OAc) X-phos AgrCOs DCE 24
21 Pd(OAc): X-phos AgrCO; EtOH Trace
22 Pd(OAc): X-phos AgrCOs DMF Trace
23 Pd(OAc), X-phos AgOAc Toluene Trace
24 Pd(OAc): X-phos AgOTf Toluene NR
25 Pd(OAc), X-phos Cs2CO3 Toluene NR
26 Pd(OAc), X-phos - Toluene NR
27 Pd(OAc), X-phos Ag>COs (1) Toluene 62
28 Pd(OAc), X-phos Ag>COs3 (3) Toluene 40

@ Reaction conditions: :1a (0.25 mmol), 2a (2 equiv.), Catalyst (10 mol%), Ligand (15 mol%), Oxidant (2 equiv.), Solvent (1

mL), 120 °C, 24 h, air. ® Isolated yield. ¢ 2a (3 equiv.). 9110 °C. €130 °C.

[E]2-2 3aiy B @ LEHI(CCDC: 2111719)
Figure 2-2 The crystal structure of 3a (CCDC: 2111719)

PR [ 1,2-a] HENE Ik (1a, 0.25 mmol) 1 1-fifl-4- F 3£ %5 (2a, 0.5 mmol) WK KA,
RGN T RPLFA (3R 2-3) I SLE R, 7£ PA(OAC)2 (10 mol%) 4L T, LL AgaCOs
NEALF] . BEERIET, T 120°C N 24 h, RSN 43%0) 1,3- 5554074
3aCentry 1) o8I B & X SFLRATH A HTIESE T 3a (153 F 45849 (& 2-2, CCDC: 2111719).
Wije, 57 AR RBRCR, KW PA(OAc): LI ALK ETE (entries 1-
4)o NPEFHRPIRER, dE— Bk T 2 MBECAR, KIAIN X-Phos(15 mol%) Rl ¥ 3a i
FER T ERE A 63% (entry 9 vs entries 5-8). 1HIid KRG %% 2a & . Pd(OAc) f=.
X-Phos BoiA & M IR ES S50 (entries 10-16), &I 3a I~ R AR —BH4RTF.
W), JTRE T sess, 45 BE 1,4- "% N3 . DMSO. DMA #1 DCE 294713
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FoEF EENAINEIRIE[1,2-oEEWE) C-H FEUR K

SE=Y R AL Centries 17-20), 1M EtOH A1 DMF E A 7 (X 15 2R 774 Centries
21-22). WeAb, VS TANFEIBRIER, KIBR Ag2COs 4k, AgOAc. AgOTS Hl Cs2COs3
FEMA LT TIESI RN Centries 23-25). X HRSZIGIESE AgoCOs A& SEIF = F )
KERNZE (entry26), HHHEMRMLIREMN, N AgCOs HEFF AR R EIE S 3a
F=% (entries 27-28). 2T LIRSRIGLE R, R&HE T BB ARG IF(1,2-a]
WZMk(1a, 0.25 mmol)Al 1-f-4-FFJEH(2a, 0.5 mmol) NJEH, 7E Pd(OAc): (10 mol%)-

X-Phos(15 mol%)#1 Ag,COs (0.5 mmol)fE1L T, AR iEH),

< 2-4 MERSF[1,2-oENEM 55 BN — S E R &

Table 2-4 Diarylation of pyrrolo[1,2-a]quinoxalines with aryl iodides

— Pd(OAc), (10 mol%) Ar?
X-Phos (15 mol%) -
N Ar% N/ —Ar?
_ AQQCO3 (2 equiv.)
N Toluene (1 mL) N/
0,
1 2 120 °C, 24 h, 3
R
MeO
- OMe
: car
0.
—
X R ;
—
N 3i, 44%
3a, R = Me, 64%(35%)° Me

3b, R=H, 54%
3¢, R =CF3, 50%
3d, R=Cl, 49%
3e, R=Br, 18%

R =F, 56%

3g, R = OMe, 53%
3h, R = OEt, 52%

3f,

R

R

Tol

1

X

N/ Tol
Pz

N

3j, 36%

3k, R" = CH3, R? = H; 60%
3LR"=F, R2=H;40%
3m,R'=H, R2=CI; 51%

Reaction conditions:1 (0.25 mmol), 2 (2 equiv.), Pd(OAc)2 (10 mol%), X-phos (15 mol%), Ag2COs (2 equiv.), Toluene (1

mL), 120 °C, 24 h, air. ® 2 = TolBr.

FERMURBLZEAE TS, HE— 55 AN 557 LA ) 5 L T [1,2- ) M W MR 14 s 2 17
Ol (GR2-4). H%a, RGWHIL T 4-BURTT BB S RE 1, L 18-64% NS
RIF T — RN 1,3- 55 FEMEE I 1,2-a) ENEMRATAEY) 3a-ho SEIG S5 SRR B, 1% SR -F
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-Cl. -Br. -OMe #I-OEt 46 B e AR I H R I3 A ME . BR 4-Br BURIESL,  HAdHUAR
FL O BT RSO0 RONTE S AN T . A, DL 1-IR-4- AR RIE, BFR7Y) 3a
773N 35% (3% 2-4, 3a(b)). BEJG, IATHEE T AAL BT FEBAL Y R BIPERE, 43
AL 44%F0 36% 1= 238145 1 1,3- 05 FeAh 4 31 A 3j. [EIF, FRATIEHFIT 1 kg I
[1,2-a] N IR IR AN [E) 47 B AR L (52, R B 7-Cl. 8-CHs BY 8-F HAR LI I [1,2-a]
W R R S5 It R A P S ST 12, AH L) 3k-m )77 2R AE 40-60% Z 1A] o
R 2-5 3-FEMUIEFH[1,2-aEBWHEY C1- BRI R N
Table 2-5 C1-Arylation of 3-arylpyrrolo[1,2-a]quinoxalines

Pd(OAc), (10 mol%) Tol
N A X-Phos (15 mol% -
r ( ©) N/ —Ar
Ag,CO; (2 equiv.) ©:
—

Toluene (1 mL)

N
2a = [Tol-] 120°C, 24 h 3
Tol
3a, R = CH,, 88% - 0
N R 3n,R=H,84% N/ O
30, R = CN, 46% _
N
3p, 60%

Reaction conditions:1 (0.25 mmol), 2a (2 equiv.), Pd(OAc)2 (10 mol%), X-phos (15 mol%), Ag2COs (2 equiv.), Toluene (1
mL), 120 °C, 24 h, air.

BB FLRE, 3-05 FE-MEAE I [1,2-a] IR R RE AL A K A2 C1-5 2R B (3R 2-

» L 46-88% MK 3K 1G B AR~ . AR IIAE, 4-B05 A8 4 i1 SE [ it s 5 [ 1,2-
a]@%ﬂ%ﬂ@% 3a R B E ORI R PIE M HAh, 1R PR R 3-(ZK-2-28) ik i
[1,2-a]ME Rk EIAEE AL 60% K™ 25515 3p. FEnlER RIERZ, 3-(HEwy-2-
ML FF[1,2-a] P WE bR R LY R 7 1 S NSRS (B 2-4), e e 3 i i AR AE L
IR C1-H {7 A FTERS IR CS-H A7 45, LA 60% USRS 2] — 55 34k =) 3q. T ¥ b
X ST T, AT T 3q W45k (8 2-3, CCDC: 2111720), #F—BuFrse 73
SERYRHAIE

[E2-3 3q9 8 FEEHI(CCDC: 2111720)

Figure 2-3 The crystal structure of 3q (CCDC: 2111720)
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_ Pd(OAc), (10 mol%) Tol
a I X-Phos (15 mol%) -
N/ / + ° N/ 7 /
_ S M Ag,CO3 (2 equiv.) S
N € Toluene (1 mL) N/ Tol

120°C, 24 h
1q 2a = [Tol-] 3q, 60%

FE12-4 3-(ERA-2- B MR 1 2-a JEEWR IR0 = 35 4.
Figure 2-4 The diarylation of 3-(thiophen-2-yl)pyrrolo[ 1,2-a]quinoxaline
R TP RAZIT ARG VG, REFLEE T 1-AL80 4-A7 75 FLHCHC kg FF[1,2-
a]EVR IR 1) S ML PE R o 24 1- 2R FEIEIE R [1,2-a] R MK 1r 55 2a 7E SRR N S50 T IR S,
REME LA 55% 77 R3Rk15 3-95 34k 724 3r (&1 2-5), B, WEFC T 4-75 JEMEng 3 1,2-a]%
WR IR IR S SEAT Ao OSEFFERAE BRI 1,3- 5 34720, MRk BEMHIEm T C1-7%
FALFEY) 3s-ve IX—IL G AT BEAE HH T 47 R HE 1 75 [A) Az BELASON BT 35 J8 st B iy XSS 2R AT
WA, fRHT T 3s I 1454 (8 2-6, CCDC: 2111721), i#t—Fse T H AR .
4-KFE FBIN-F. -Me 8-OMe SRR PG TR ANK, AHRF=H) 3t-v (177 R 7E
68-84% [], i%ﬁﬂi?&ﬂ”ﬁi%i U R IE RE I 32 1
? ety 7?
N/ N/ —Tol
@ s o (1
2a = [Tol-I] 120°C, 24 h 3r, 55%

__ Tol
N_ o Pd(OAc), (10 mol%) -
@: X-Phos (15 mol%) N/
[b] _ + 2a @[
N Ag,CO3 (2 equiv.) —
Toluene (1 mL) N
R 120°C, 24 h R

3s,R=H, 58%
3t,R=F, 68%
3u, R = OMe, 84%
3v, R=CHs, 76%

[&]2-5 1-B{4-F5 ZEMLRE[1,2-a | E A 35 £ 1L

Scheme 2-5 The arylations of 1- or 4-arylpyrrolo[1,2-a]quinoxalines

[E]2-6 3sHI B SR LEHI(CCDC: 2111721)
Figure 2-6 The crystal structure of 3s (CCDC: 2111721)
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233 ekl sois

N TV IZ S N T TT, JRIIHEAT T TORSESS . AR, L 65% IR

R T 1175 g Hbsr ¥ 3u (B 2-7). SilERNAHEL, JBORSER P~ RA P~ i, X

A REAE HH T IORBON 8. (HSRIR 45 AR I BN BA BRIFRATBORE, Sy Tk
N T HES

Tol
Pd(OAc), (10 mol%) -

N/
] ©: X-Phos (15 mol%) N/
N/ Ag,CO3 (2 equiv.) —
Toluene (1 mL) N

Tol-I o
1u, 5 mmol OMe [ ] 120°C, 24 h OMe

3u, 65%, 1.175 g

E2-7 3ubI TR R

Scheme 2-7 Gram-scale synthesis of 3u

234 (TEURNAR

N T P IRUE S B R B A N FHME, DL 3u AR E YT R T T4
WHoE (B 2-8). SKERE R, @i BORRBRTFH) C1-J5 ZEA ) 3u BAA RIFI KR
RLE T, AR AE BRGSO TR 8. LTI, UL 3u bRk, seohscil
T C3-BFALI L, L 58%MI#3Rk4T | B DR HIATAEY) 3ua. X —45 RAUIESE
T 3u EAE R TARRSER 1, WM A58 2 1 I L s I [1,2-a] HEDR AT AR P H A1t
TOE R

Tol Tol
N/ NCS (1.5 equiv.) N._~—SCN
[b] ©: _ * O NHSCN o 2 mL) P
N rt, 24 h N
OMe OMe
3u, 0.5 mmol 1 mmol 3ua, 58% vyield

[E2-8 3ulIfTE R

Scheme 2-8 Derivatization of 3u

2.3.5 HIBIRR

N T W S SALER, W T RIS (& 2-9). oG, EEM 1 & 4-H
ﬁﬁﬂﬂ%[ﬁl’]/«#?ﬁ&ﬁfifi SRR B N 57 B ) 3a, ﬁﬁ%%ﬁéﬁcﬁ%ﬂlu%&
BIAAAE (B 2-92). X—IGKRW], R S NI R o AR s s o7 S i, Hoth
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BB BN F12-o R C-H S EURE BT ASELHT
IR R A2 ) 05 AN B 2375 5% T AREAL TR AgaCOs Xt S M 52,

RIL AR R EZ PA(OAC) B Ag,COs B, N SE A RER AT (K] 2-9b,c) . X ELszIg 2k
A IR, 05 SR N R R T S B A AR AL R S R AR P R A

Pd(OAc), (10 mol%) Tol

- | X-Phos (15 mol%) —
N/
[a] O: + Ag,CO; (2 equiv.) N/ ~Tol
N/ Me Toluene (1 mL) P
120 °C, 24 h N
1a, 0.25 mmol 2a,0.25 mmol 3a, 20%
__ Ag2CO;3 (2 equiv.) Tol
N | X-Phos (15 mol%) N// o
[b] ©: * Toluene (1 mL) °
NT Me 120 °C, 24 h 7
1a, 0.25 mmol 2a, 0.5 mmol 3a, NR
— | Pd(OAc), (10 mol%) Tol
N X-Phos (15 mol% -
[c] ? + \©\ (15 mol%) N_/—Tol
_ Me Toluer;e (1 mL)
N 120 °C, 24 h =
1a, 0.25 mmol 2a, 0.5 mmol 3a, NR

E2-9 wtBEsCie

Scheme 2-9 Controlled experiments

Pd(OAc),
Tol + X- phos (L)
N / Tol
P d 1L Tol-l
A92C03 (l)
Oxidative
Catalytlc Addition
Cycle 0
[Pd"IL
Catalytic . .. |
— CYCle ()
@N /
-~ Reductive 1a
N Elimination LoTolPd C-H
) N_ o activation

X

(i
[E2-10 FTRERY 2 R AL FE

Scheme 2-10 Plausible reaction mechanism
BT SRR A SCERIRIE () Pd/Ag PrEIMEAL C-H 3L BHLER, $2&H T AT RER
MHLEE (75 2-7)0 N IR, PA(OAc), 5 X-Phos & A-BLALIE <8 b A1) B,
ZH AR S REEOR (2a) A0 I0RA B TR AR (D), R Tiadad C-H i& AT iy 248
HR AR o %R AR A0 SR BRI RS, A S A i o AR (0) Bo & (00« )5,

33



FE EENAIMIEI1,2-qEEWA C-H FENR N BAFRFHTFMIRX

O AITE AgCOs AAFIER T B4 N EEHATEERAAD, SEMRBEIEIR, [FR
BE] - YAV), &, BRIV R E IR S R, Pk
A IR T HA RN, B R 1,3- 2 55 FAL ) 3a.

2.4 SRIGERSY

2.4.1 MEREFH[1,2-a)FENEME C-H FHEAL R N S5

£ 10 mL AT R o in N5 BEmifb %) (2a, 0.5 mmol). P& I [1,2-a]EWEME 1 (0.25
mmol). Pd(OAc), (10mol% ). X-Phos (15mol%). Ag,CO; (2equiv.) FIHZE (1 mL),
RS WIAE 120 °C wyili NN 24 ho JRMISERUR » BT ZR IR A0 o AERERS b DU
A S ORI Al ORROlE=15: 1, 152345 3.

2.42 TREE LG ST

W 4-(4-F AR IR I )-1-C6 FR 2R ) IR 3 1,2-a] 8 IR IR (1a, 5 mmol). 1-fifi-4-Fi 3%
7K (2a, 10 mmol). Pd(OAc): (10 mol%). X-Phos (15 mol%). AgCO3 (2 equiv.) F
HZE (20 mL) HIREWIFE 120 °C T HHE 2 he 5ERUE, JEUERR L&, g
Puig @il RIFR: Ak LR lE=15: 1D bRy, B2F7% 3u (1.175
g W& 65%)-

243 TEURNETE

A 3u (0.5mmol). NH4SCN (1.0 mmol). NCS (0.75 mmol) 1 MeCN (2mL) /il
ANFBIRMNE (10 mL) 7, F=E T 24 he RMNER)GE, BIERRER . ErER
PGE AR AR BAFR): Ak AR ATE=S5: 1), 53] 3ua FIEAr2 M, WX
N 58%.

2.44 FHIREIRRIE
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FE EENAIMIEI1,2-qEEWA C-H FENR N BAFRFHTFMIRX

1,3- X H R FEIE RS 1 [1,2-a] EHE R [3a]

O —
Ory

Light yellow solid (54.8 mg, 63%); m.p. 85-90 €. *H NMR (400 MHz, CDCls3) § 8.70 (s, 1H),
7.98 (dd, J = 8.0, 1.5 Hz, 1H), 7.88 (d, J = 2.8 Hz, 1H), 7.82 (dd, J = 8.2, 1.2 Hz, 1H), 7.53 (td,
J=8.2,7.8,1.5Hz, 1H), 7.46 (td, J = 7.7, 1.4 Hz, 1H), 6.98 (d, J = 2.8 Hz, 1H); *C NMR (101
MHz, CDCls) 6 145.5, 138.9, 137.6, 137.1, 132.4, 131.3, 131.0, 129.9, 129.8, 129.6, 129.6,
129.2, 128.5, 126.6, 125.1, 123.8, 123.6, 116.8, 116.5, 21.6, 21.4; HRMS (APCI): m/z calcd
for CasH21N2 (M+H)*: 349.1699, found: 349.1695.

1,3- RIS [, 2-a] R IR [3b]

O —
Sea¥

Light yellow solid (43.2 mg, 54%); m.p. 149-151 €. *H NMR (400 MHz, CDCls) 6 9.05 (s,
1H), 7.95 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 7.2 Hz, 2H), 7.58 (dd, J = 6.6, 3.0 Hz, 3H), 7.54 —
7.48 (m, 4H), 7.41 (t, J = 7.4 Hz, 3H), 7.35 (d, J = 8.2 Hz, 1H), 7.18 — 7.09 (m, 1H), 6.94 (s,
1H); 3C NMR (101 MHz, CDCls) ¢ 145.46, 137.62, 134.17, 133.88, 132.36, 130.01, 129.79,
129.16, 129.01, 128.95, 128.92, 128.66, 127.35, 126.75, 125.22, 123.93, 123.63, 116.83,
116.68.; HRMS (APCI): m/z calcd for Ca3H17N2 (M+H)*: 321.1386, found: 321.1384.

1,3- B[4~ (= 580 1 4k ) R bk i 5 [1,2-a] e R R [3c]

Q)

—

N/
@[ CF4
~
N

Light yellow solid (57.0mg, 50%); m.p. 180-185 €. 1H NMR (400 MHz, CDCls) ¢ 9.05 (s,
1H), 7.99 (dd, J = 8.0, 1.4 Hz, 1H), 7.84 — 7.70 (m, 8H), 7.46 — 7.35 (m, 2H), 7.23 (ddd, J =
8.6, 7.2, 1.5 Hz, 1H), 6.98 (s, 1H); 3C NMR (101 MHz, CDCls) § 137.65, 137.54, 137.21,
131.24, 130.91, 130.82, 130.52, 129.96, 129.66, 129.34, 128.76, 128.50, 127.42, 126.20 (d, J
= 3.7 Hz), 126.00 (d, J = 3.7 Hz), 125.88, 125.46, 124.67, 123.00, 122.75, 122.13, 117.32,

Me
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116.74, 0.14; ®F NMR (376 MHz, CDCls) ¢ -62.4, -62.6; HRMS (APCI): m/z calcd for
CasHisFsN2 (M+H)*: 456.1061, found: 456.1063.
1,3- X (4- SR TE) L I [1,2-a] e R IpR [3d]

Cl

O —
LY P

Light yellow solid (47.5 mg, 49%); m.p. 150-155 €. *H NMR (400 MHz, CDCls) 6 8.98 (s,
1H),7.99-7.91 (m, 1H), 7.56 (d, J = 8.5 Hz, 2H), 7.52 — 7.44 (m, 6H), 7.39 (t, J = 7.6 Hz, 2H),
7.24 —7.15 (m, 1H), 6.87 (s, 1H); *C NMR (101 MHz, CDCls) ¢ 145.1, 137.6, 135.1, 133.4,
132.4,132.1,131.0, 130.3, 129.7, 129.4, 129.2, 128.7, 127.0, 125.5, 124.1, 122.3, 116.7, 116.6;
HRMS (APCI): m/z calcd for C23H1sCl2N2 (M+H)*: 389.0607, found: 389.0603.

1,3- X0 (4-1R 2K FE LI [ 1,2-a ] HENE IR [3e]

Br

O —
CLy

Light yellow solid (42.8 mg, 18%); m.p. 172-176 €. *H NMR (400 MHz, CDCls) 6 8.98 (s,
1H), 7.96 (d, J = 8.0 Hz, 1H), 7.64 (dd, J = 15.1, 8.5 Hz, 4H), 7.50 (d, J = 8.5 Hz, 2H), 7.46 —
7.36 (M, 4H), 7.20 (td, J = 7.7, 1.5 Hz, 1H), 6.88 (s, 1H); *C NMR (101 MHz, CDCls) 6 145.05,
137.62, 132.91, 132.58, 132.33, 132.21, 131.25, 131.06, 130.30, 130.09, 128.71, 127.11,
125.58, 124.10, 123.34, 122.35, 121.52, 116.67, 116.66,; HRMS (APCI): m/z calcd for
C23H1sBraNa [M+H]*: 476.9597, found: 476.9589.

1,3- X0 (4-F0 AR FE LI [ 1,2-a]PENR I [3£]

F

/
CCY (e

Light yellow solid (49.9 mg, 56%); m.p. 152-155 €. *H NMR (400 MHz, CDClIs) 6 8.96 (s,
1H), 7.94 (dd, J = 7.9, 1.2 Hz, 1H), 7.59 (dd, J = 8.7, 5.3 Hz, 2H), 7.54 (dd, J = 8.7, 5.3 Hz,
2H), 7.40 — 7.32 (m, 2H), 7.26 — 7.11 (m, 5H), 6.86 (s, 1H); *C NMR (101 MHz, CDCl3) &
164.43, 163.60, 161.95, 161.15, 145.16, 137.60, 131.63 (d, J = 8.2 Hz), 131.10, 130.18 (d, J =
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3.6 Hz), 130.10 (d, J = 2.1 Hz), 129.81 (d, J = 3.6 Hz), 128.86, 126.90, 125.36, 123.87, 122.46,

116.65, 116.52, 116.22 (d, J = 3.4 Hz), 116.01 (d, J = 3.6 Hz); **F NMR (376 MHz, CDCls) ¢

-111.8, -114.8; HRMS (APCI): m/z calcd for Ca3H1sF2N2 (M+H)*: 357.1197, found: 357.1189.
1,3- X0 (4- F AR 2R FE) ks 5 [1,2-a] MR bk [39]

MeOQ,

Light yellow solid (50.4 mg, 53%); m.p. 129-134 €. *H NMR (400 MHz, CDClIs) 6 8.97 (s,
1H), 7.93 (dd, J = 8.0, 1.4 Hz, 1H), 7.57 (d, J = 8.7 Hz, 2H), 7.50 — 7.45 (m, 2H), 7.44 (dd, J =
8.5, 1.0 Hz, 1H), 7.34 (td, J = 8.2, 7.8, 1.2 Hz, 1H), 7.14 (ddd, J = 8.6, 7.3, 1.5 Hz, 1H), 7.04
(dd, J=8.7, 1.9 Hz, 4H), 6.85 (s, 1H), 3.92 (s, 3H), 3.88 (s, 3H); 13C NMR (101 MHz, CDCls)
0 160.02, 159.02, 145.44, 137.58, 132.03, 130.97, 129.79, 129.60, 129.12, 126.59, 126.46,
126.04, 124,91, 123.44, 123.18, 116.56, 116.18, 114.52, 114.22, 55.42, 55.39; HRMS (APCI):
m/z calcd for C2sH21N202 (M+H)*: 381.1598, found: 381.1590.
1,3-X0(4- R FETRIL )L FE[1,2-a] W I [3h]

EtO

Q)

—

N/
@[ OEt
~
N

Light yellow solid (53.1 mg, 52%); m.p. 128-131 °C. 'H NMR (400 MHz, CDCls) & 8.97 (s,
1H), 7.91 (d, J= 7.9 Hz, 1H), 7.56 (d, J = 8.7 Hz, 2H), 7.45 (t, J = 7.7 Hz, 3H), 7.34 (t, J = 7.6
Hz, 1H), 7.12 (d, J= 8.5 Hz, 1H), 7.03 (d, J= 7.7 Hz, 4H), 6.84 (s, 1H), 4.13 (dq, J = 14.0, 7.0
Hz, 4H), 1.48 (dt,J = 13.8, 7.0 Hz, 6H).; '*C NMR (101 MHz, CDCl3) 6 159.56, 158.53, 145.55,
137.64,132.30, 131.08, 129.85, 129.72, 129.27, 126.58, 126.55, 125.99, 125.03, 123.54, 116.71,
116.30, 115.19, 114.83, 63.78, 63.72, 15.04, 15.01; HRMS (APCI): m/z caled for C27HasN2O,
(M+H)*: 409.1911, found: 409.1903.
1,3-3X0(3- F AR FE 2R ) L 0t 5 [1,2-a] R B [3i]

MeO O

37



FE EENAIMIEI1,2-qEEWA C-H FENR N BAFRFHTFMIRX

Light yellow solid (41.8 mg, 44%); m.p. 47-52 €. *H NMR (400 MHz, CDCls3) § 9.07 (s, 1H),
7.94 (d, J=6.5Hz, 1H), 7.48 — 7.39 (m, 3H), 7.39 — 7.33 (m, 1H), 7.27 — 7.23 (m, 1H), 7.20 —
7.12 (m, 3H), 7.11 — 7.09 (m, 1H), 7.06 (dd, J = 7.8, 2.1 Hz, 1H), 6.97 - 6.89 (m, 2H), 3.88
(s, 3H), 3.84 (s, 3H); 3C NMR (101 MHz, CDCls) ¢ 160.19, 159.89, 145.44, 137.61, 135.48,
135.04, 132.08, 130.14, 129.99, 129.97, 128.92, 126.80, 125.24, 123.92, 123.36, 122.16,
121.10, 116.93, 116.57, 115.02, 114.87, 114.05, 113.04, 55.51, 55.44; HRMS (APCI): m/z
calcd for CasH21N202 (M+H)*: 381.1598, found: 381.1591.
1,3-30(3,5- - H LR S IE S I [ 1,2-a ] IR I [3]]

Me

Me
Light yellow solid (79.0 mg, 36%); m.p. 71-76 €. *H NMR (400 MHz, CDCls3) § 9.04 (s, 1H),
7.93 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 8.5 Hz, 1H), 7.39 — 7.33 (m, 1H), 7.29 (s, 2H), 7.17 (d, J
= 13.8 Hz, 4H), 7.03 (s, 1H), 6.90 (s, 1H), 2.41 (d, J = 5.2 Hz,12H); *C NMR (101 MHz,
CDCls) ¢ 145.65, 138.69, 138.50, 138.25, 137.59, 136.64, 134.08, 133.74, 132.71, 130.56,
129.86, 129.03, 127.45, 126.61, 126.55, 125.07, 123.81, 116.97, 116.54, 21.57, 21.51; HRMS
(APCI): m/z calcd for C27H2sN2 (M+H)*: 377.2012, found: 377.2006.
8- FH 1,3 00 FH R LML I 1,2-a]WEVE I [3K]

0

=

Me\@[N Y O Me
N
Light yellow solid (54.3 mg, 60%); m.p. 281-221 €. *H NMR (400 MHz, CDCls) 6 8.96 (s,
1H), 7.80 (d, J = 8.1 Hz, 1H), 7.55 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 7.36 — 7.29
(m,4H), 7.23 (s, 1H), 7.18 — 7.14 (m, 1H), 6.87 (s, 1H), 2.50 (s, 3H), 2.43 (s, 3H), 2.21 (s, 3H);
13C NMR (101 MHz, CDCls) § 144.6, 138.8, 137.0, 136.9, 135.5, 132.2, 131.4, 131.1, 129.8,
129.6, 129.5, 129.4, 128.9, 128.5, 126.3, 123.9, 123.3, 117.1, 116.3, 21.9, 21.6, 21.4; HRMS
(APCI): m/z calcd for CosH23N2 (M+H)*: 363.1856, found: 363.1849.

8-41-1,3- X FHORFEEME N HF[1,2-a] VR IHE [31]
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Me

C

F\C[N Y O Ve
N
Light yellow solid (36.5 mg, 40%); m.p. 78-82 €. 'H NMR (400 MHz, CDCls) § 8.99 (s, 1H),
7.90 (d, J=2.4 Hz, 1H), 7.53 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 7.39 — 7.27 (m, 5H),
7.09 (dd, J = 9.1, 2.4 Hz, 1H), 6.89 (s, 1H), 2.49 (s, 3H), 2.43 (s, 3H); *C NMR (101 MHz,
CDCls) ¢ 146.50, 139.27, 138.65, 137.43, 132.85, 130.96, 130.39 (d, J = 25.0 Hz), 129.93,
129.81, 129.56, 129.07, 128.54, 127.75 (d, J = 2.7 Hz), 126.62, 123.66, 21.62, 21.38; 1°F NMR
(376 MHz, CDCl3) 6 -110.6; HRMS (APCI): m/z calcd for CasHaoFN2 (M+H)*: 367.1605,
found: 367.1603.

7-5-1,3- X IR IFEME S IR [ 1,2-a] EEWR K [3m]

Me

Q)

—

N
fosate
—
Cl N

Light yellow solid (48.8 mg, 51%); m.p. 81-86 €. *H NMR (400 MHz, CDCls3) § 8.97 (s, 1H),
7.89 (dd, J = 8.9, 6.2 Hz, 1H), 7.54 (d, J = 8.1 Hz, 2H), 7.44 (d, J = 8.1 Hz, 2H), 7.33 (dd, J =
11.6, 7.8 Hz, 4H), 7.12 (dd, J = 11.1, 2.7 Hz, 1H), 7.10 — 7.04 (m, 1H), 6.89 (s, 1H), 2.50 (s,
3H), 2.44 (s, 3H); *C NMR (101 MHz, CDCl3) & 144.74, 139.33, 137.28, 134.27, 132.48,
131.45, 131.35, 131.08, 130.23, 129.88, 129.77, 129.71, 128.51, 123.69, 123.28, 116.83,
112.99, 112.75, 103.83, 103.54, 21.61, 21.36; HRMS (APCI): m/z calcd for CasH20CIN:
(M+H)*: 383.1310, found: 383.1306.
1-Cf BRI )-3 -8 LML I [ 1,2-a ] EWZ I [3n]

Q)
N/ )
L
Light yellow solid (70.2 mg, 84%); m.p. 65-70 €. 'H NMR (400 MHz, CDCls) 6 9.03 (s, 1H),
7.94 (d, J = 8.0 Hz, 1H), 7.66 (d, J = 9.4 Hz, 2H), 7.54 — 7.44 (m, 5H), 7.42 — 7.31 (m, 5H),

7.18 —7.12 (m, 1H), 6.91 (s, 1H), 2.50 (s, 3H); 3C NMR (101 MHz, CDCl3) & 145.46, 138.95,
137.63, 134.24, 132.52, 131.23, 130.95, 130.92, 130.69, 129.95, 129.67, 129.64, 129.15,

Me
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128.67, 128.65, 128.52, 127.31, 126.68, 125.16, 123.83, 123.59, 116.84, 116.59, 21.61; HRMS
(APCI): m/z calcd for C24H19N2 (M+H)*: 335.1543, found: 335.1539.
A-[1-ChF BRI )L I 1,2-a ] VR k-3-FE 1 2K S [30]

O —
CL e

Light yellow solid (41.3 mg, 46%); m.p. 199-204 €. 'H NMR (400 MHz, CDCls) ¢ 9.01 (s,
1H), 7.96 (d, J =8.0 Hz, 1H), 7.83 — 7.65 (m, 4H), 7.48 — 7.42 (m, 3H), 7.39 (t, J = 8.2 Hz, 1H),
7.34 (d, J = 7.9 Hz, 2H), 7.21 — 7.15 (m, 1H), 6.91 (s, 1H), 2.50 (s, 3H); 3C NMR (101 MHz,
CDCls) 6 144.5, 139.3, 139.1, 137.6, 133.1, 132.9, 130.4, 130.1, 129.7, 129.6, 128.9, 127.2,
125.6,124.0,119.1, 116.9, 116.4, 110.5, 21.6; HRMS (APCI): m/z calcd for C2sH1sN3z (M+H)*:
360.1495, found: 360.1492.

3-(38-2-4)-1-(hf F 2R LIS [ 1,2-a ] ER I [3p]

O —
ATy

Light yellow solid (57.6 mg, 60%); m.p. 89-94 €. 'H NMR (400 MHz, CDCls) 6 8.56 (s, 1H),
8.00 (d, J = 8.4 Hz, 1H), 7.80 (t, J = 8.4 Hz, 3H), 7.53 — 7.43 (m, 3H), 7.40 (d, J = 8.1 Hz, 3H),
7.33 (t, J = 6.9 Hz, 1H), 7.24 (dd, J = 11.6, 7.4 Hz, 3H), 7.09 — 7.02 (m, 1H), 6.85 (s, 1H), 2.37
(s, 3H); *C NMR (101 MHz, CDCls) 6 145.68, 138.96, 137.62, 134.17, 132.57, 132.19, 131.61,
130.94, 130.06, 129.77, 129.66, 129.15, 128.54, 128.46, 128.19, 126.73, 126.46, 126.17,
126.12, 125.62, 125.32, 125.19, 121.57, 118.86, 116.85, 21.62; HRMS (APCI): m/z calcd for
CasH21N2 (M+H)*: 385.1699, found: 385.1696.
1-(0F B 35 )-3- [ 5- Ot FR 2328 ) e Wy -2- 3 I M G 1,2-a E R IR [3q]

Me

Me

Light yellow solid (54.3 mg, 60%); m.p.
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Green solid (64.5 mg, 60%); m.p. 110-115 €. *H NMR (400 MHz, CDCls) 6 9.17 (s, 1H), 7.89
(dd, J = 8.0, 1.5 Hz, 1H), 7.50 (d, J = 8.2 Hz, 2H), 7.38 (t, J = 7.9 Hz, 3H), 7.32 (d, J = 7.0 Hz,
1H), 7.30 — 7.25 (m, 3H), 7.23 (d, J = 3.7 Hz, 1H), 7.16 (d, J = 7.9 Hz, 2H), 7.13 — 7.07 (m,
1H), 6.88 (s, 1H), 2.45 (s, 3H), 2.34 (s, 3H); *C NMR (101 MHz, CDCl3) ¢ 145.18, 143.87,
139.13, 137.58, 137.46, 134.92, 132.88, 131.55, 130.55, 129.88, 129.77, 129.67, 129.65,
128.98, 126.89, 125.70, 125.63, 125.34, 123.50, 123.46, 116.78, 116.67, 116.12, 21.62, 21.36;
HRMS (APCI): m/z calcd for CaoH23N2S (M+H)*: 431.1576, found: 431.1570.
-0 I 2RI )- 1 - R ML S [ 1,2-a] IR RBE [31]

()

Light yellow solid (45.9 mg, 55%); m.p. 65-70 €. *H NMR (400 MHz, CDCls3) § 9.03 (s, 1H),
7.94 (d, J = 9.4 Hz, 1H), 7.59 — 7.54 (m, 3H), 7.54 — 7.50 (m, 2H), 7.40 (d, J = 8.5 Hz, 1H),
7.33 (t, J = 8.4 Hz, 3H), 7.14 (d, J = 7.1 Hz, 1H), 6.92 (s, 1H), 2.45 (s, 3H); *C NMR (101
MHz, CDCls) ¢ 145.57, 137.63, 137.17, 133.93, 132.50, 132.27, 131.21, 130.92, 129.96, 129.94,
129.87, 129.77, 129.65, 129.62, 129.60, 129.13, 129.05, 128.89, 128.65, 128.52, 126.66,
125.14,123.87,123.67, 116.80, 116.60, 21.35; HRMS (APCI): m/z calcd for C2sH19N2 (M+H)*:
335.1543, found: 335.1538.
1-Cf FR ORI )-4- 48 LN [ 1,2-a] DRI [3s]

Light yellow solid (48.5 mg, 58%); m.p. 122-124 €. *H NMR (400 MHz, CDCls) ¢ 8.02 (ddd,

J=115,7.7, 1.6 Hz, 3H), 7.56 (d, J = 6.8 Hz, 3H), 7.50 (d, J = 8.6 Hz, 1H), 7.45 (d, J = 8.1

Hz, 2H), 7.40 — 7.30 (m, 3H), 7.14 (ddd, J = 8.6, 7.1, 1.6 Hz, 1H), 7.04 (d, J = 4.1 Hz, 1H),

6.77 (d, J = 4.1 Hz, 1H), 2.50 (s, 3H).; 3C NMR (101 MHz, CDCls) § 154.9, 138.7, 137.7,

133.1,131.4,130.2,129.8, 129.7, 129.6, 128.8, 128.7, 128.4, 126.8, 126.2, 125.0, 122.0, 116.9,

116.6, 109.0, 21.6; HRMS (APCI): m/z calcd for C24H19N2 (M+H)*: 335.1543, found: 335.1539.
4-(A-F AR FL)-1-Chf F 2R FE) L 6 T 1,2-a]EWR AR [3¢]

41



FE EENAIMIEI1,2-qEEWA C-H FENR N BAFRFHTFMIRX

Light yellow solid (59.9 mg, 68%); m.p. 50-55 €. 'H NMR (400 MHz, CDCls) 6 8.02 — 7.96
(m, 3H), 7.46 (dd, J = 16.1, 8.3 Hz, 3H), 7.39 - 7.29 (m, 3H), 7.27 — 7.19 (m, 2H), 7.17 — 7.08
(m, 1H), 6.99 (d, J = 4.1 Hz, 1H), 6.76 (d, J = 4.1 Hz, 1H), 2.49 (s, 3H); 13C NMR (101 MHz,
CDCls) 0165.12, 162.64, 153.80, 138.80, 137.53, 133.30, 131.33, 130.80 (d, J = 8.4 Hz), 130.20,
129.64 (d, J=7.1Hz), 128.38, 126.61, 126.35, 125.16, 116.98, 116.65, 115.83, 115.61, 108.90,
21.60; °F NMR (376 MHz, CDCls) 6 -111.2; HRMS (APCI): m/z calcd for C2aH1sFN2 (M+H)*:
353.1449, found: 353.1447.
4-(4-FH AL AT )- 1O AR L ) ML I 1,2-a] DR I [3u

Light yellow solid (48.5 mg, 58%);

Light yellow solid (76.5 mg, 84%); m.p. 135-140 €. *H NMR (400 MHz, CDClz) 6 7.99 (t, J
= 8.4 Hz, 3H), 7.46 (dd, J = 12.9, 8.3 Hz, 3H), 7.38 — 7.30 (m, 3H), 7.15 - 7.02 (m, 4H), 6.75
(d, J = 4.1 Hz, 1H), 3.91 (s, 3H), 2.49 (s, 3H); 1*C NMR (101 MHz, CDCls) 6 161.02, 154.43,
138.63, 137.71, 132.99, 131.49, 131.28, 130.30, 130.07, 129.66, 129.55, 128.31, 126.78,
125.92, 125.00, 116.81, 116.59, 114.07, 108.94, 55.56, 21.58; HRMS (APCI): m/z calcd for
C2sH21N20 (M+H)™: 365.1648, found: 365.1647.

4-(4-F A L AR )- 3T R AR 5~ 1- O FF 2R L JF[1,2-a]EWE I [3ual]
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Light yellow solid (61.1 mg, 58%); m.p. 218-221 €. *H NMR (400 MHz, CDCls) 6 8.00 (d, J
= 9.3 Hz, 1H), 7.56 (d, J = 8.6 Hz, 2H), 7.46 — 7.37 (m, 4H), 7.34 (d, J = 7.9 Hz, 2H), 7.21 —
7.14 (m, 1H), 7.11 (s, 1H), 7.08 (s, 1H), 6.97 (s, 1H), 3.92 (s, 3H), 2.50 (s, 3H); 3C NMR (101
MHz, CDClz) ¢ 161.28, 153.91, 139.66, 133.73, 130.44, 130.36, 129.85, 129.82, 129.62, 127.98,
127.10, 126.09, 125.33, 119.95, 116.60, 114.42, 111.23, 55.60, 21.63; HRMS (APCI): m/z
calcd for CosH20N30S (M+H)*: 422.1322, found: 422.1329.

1,4- %0 F R LIS IR 1,2-a] EVE R [3v]

Brown solid (method one: 66.2 mg, 76%); m.p. 167-172 €. *H NMR (400 MHz, CDCls) 6 8.01
(d, J = 8.1 Hz, 1H), 7.90 (d, J = 8.1 Hz, 2H), 7.54 — 7.41 (m, 3H), 7.34 (dd, J = 16.4, 8.1 Hz,
4H), 7.12 (ddd, J = 8.7, 7.2, 1.6 Hz, 1H), 7.04 (d, J = 4.0 Hz, 1H), 6.75 (d, J = 4.0 Hz, 1H),
2.48 (d,J=7.6 Hz, 6H); 13C NMR (101 MHz, CDCls) 6 154.92, 139.86, 138.65, 137.71, 135.87,
133.01, 131.50, 130.18, 129.68, 129.56, 129.36, 128.80, 128.38, 126.06, 125.02, 116.84,
116.61, 109.02, 21.62, 21.59.; HRMS (APCI): m/z calcd for CosH21N2 (M+H)™: 348.1626,
found: 349.1697.

2.5 KRE/N

REFFR T —H Pd HEALIIIE RS [1,2-a] ENR RN 5 S4B B B2 C-H 550 = b, H
AT ZREYTEHE . SR8 T &R 195340 A 1,3- 55 FEAIEIR [ 1,2-a) EIR I = . ik
Ab, ESZILT PR R SR A RS R A . 2R GNTE R B R 253 T I
W[1,2-a]ENRRATAE I ERAL T — 2 BRI 1E, (it T MERS1,2-a] N2 A TE Z2 38 L 22 2
WAk 2 A ) I
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F=F FEELRIISHL,2-a)EEM S 5 R ESH C-H KL R M

3.1 515

C-H it [ B - T BB - 2% Jir 1 B ) et JEE DX S PRI A AL 22 5 iR 3t 1T B SRS
Wi PR S L TR AR DR 35 86 52 R0 MR B e AR RIR T 250000 1 KA i 7y
R E S BT, BAEAZ DIREE TR A DU PRI 2 & AN, 1 <
JE AL C-H il TR JR B RS HE SN I I3 i B s 87 20 ) SRRt e 4
M FE A PR 5 B DR Az PR T A 80 s Sl T S D S AR e 3, CAE 2 M iR R b
SH I R SR 061,

TEM BB R AT, FET B-X (X=N. O B ) THBRALHI A TR e F1 4k e g
iR EERRE, KRR T AT AR SRR BB N SR ARG R, 5208
JRAE T LE R AR E M % C-H MR R, IR T A etk B REARE TR et D
TR, A0 3 1 2 s B AN R OB P (AR, Yu SR 5N
9 BT 758 € 28 PR M, T EUTE SN 7 AE AL B AL R FE M C-H M AL . 1€5, RsE
[EI LR C-H I B4 1 2 BT 85 9 IR« Fernandez-Tbadiez 1B\ S %
HT PA/S,0 HIMEALIA R, BRI SEBUIR BRI IR Lk BRI AL s L5 et el 2ot
I REZ AR A R ZE 0 R DY S MR SRAL S YIRS HE R AL o TP AR S R A PR R 7 3R %
PE C-H B e A DGR G 5| NBAN T LA 75K, BEREAL 707 eke e C-H BB R fE
AR A, Syt PR AT TSt T R s

DS FEE C-H HE AE 1AL SR DR H e 75 R e Ak 20 DR R AT SR e o B 1 I8 %
VEFARINT 26 32 T « RBERTFUI A T — P2k T RS AL/ f 5 Z IR HEAL AR AR R IR [1,2-
a]HEWR Ik C-3 A7 B C-H AL SN %48 R I R Z 0BT IE 7 5| N R I2EH], SGEE
TGS BC AR A ir R0 P B AT S B0 P B i S5 L I [ 1,2-a R R C-3 A2A C-C Ik,
RN E YRR PR R SR AL 1 — FoB i H. v 28 SR

R

Ag,CO3 (3 equiv.)

Pd(OAc), (20 mol%) R _
N. N/ ,/—COOEt
+ Z>coogt  H-Pyr-OH (40 mol%)
— ~
N~ “Ar AcOH (1 mL) N~ Ar
100 °C, 36 h

[E13-1 MERRFF(1,2-a]EEREW A C-HIG L R R

Scheme 3-1 C-H enylation of pyrrolo[1,2-a]quinoxalines

44



F=E EENRMIEH(1 2o EEW S HERBSR C-H B R BAFRFHTFMIRX

3.2 SEEGIR T R EF

+3-1 EESIIR
Table 3-1 Reagents of the experiment

EA alipg ER
SRR ) —4(0) PaEL AR R R R A
WU R FE TR ER ) EE(0) s HTak AR R R R A

Tl P 99% AR R R R A
AR 99% SRR R A R A
T B R 99% SRR R A R A
AR 99% SRR R A R A
L-fifi & R 98% SRR R A R A
L-AER IR 99% SRR R R A
D-BUEE R 98% SRR R R A

KR PaTEL HHERHEK AR A A

TR — i P MR A IR A
=W PaTEL HHERHER AR A A
7N A sy irat SRR A R A
=% P HERHE R AR A
1-50-1,2- At -3- 98% SRR A R A
PR T Wi 99% SRR A R A
IR T T 99% SRR A R A
P R IR 99% SRR A R A
ISP e N 98% SRR A R A
FH 35 PR 0 T Y 99% SRR A R A
PRI TR 98% SRR A R A
T A sy irat SRR A R A
-V i I 99% R RRIARM A IR A T

1-4 Wil e 98% R RRIAR I A BRA T

JIEL ] st 98% R RRIAR I A BRA T

7 98% R FRIAR A IR A T

ESyIL 99% R RRIAR A IR A T

2,3:4,5--O- 7 ME.TR 2~ B -D- i g SR 98% R RRIARM A IR A T
SLERAN AR 53R 2-2 AH[FE

45



F=E EENRMIEH(1 2o EEW S HERBSR C-H B R BAFRFHTFMIRX

3.3 R 51718

3.3.1 REZFHMIL

®3-2 RNMFHRIMIL:

Table 3-2 Optimization of the reaction conditions®

- ~\ /—COOEt
@[N? + Z>coogt __ Condition @[N?\/\
~ ~
N N
1a 4a 5a

Entry 1la:4a Catalyst Ligand Base Solvent T(CC) t(h) Yield(%)"
1 1:2 Pd(OAc) - Ag(OAc), DCE 80 24 25
2 1:2 Pd(OAc): -- AgrCOs DCE 80 24 19
3 1:2 Pd(OAc): - AgF DCE 80 24 4
4 1:2 Pd(OAc): -- AgrS04 DCE 80 24 20
5 1:2 Pd(OAc): - Ag,0 DCE 80 24 9
6 1: 3 Pd(OAc): - Ag(OAc), DCE 80 24 19
7 1: 3 Pdy(dba)s -- AgrCOs DCE 80 24 18
8 1: 3 Pd(PPhs), -- AgrCOs DCE 80 24 8
9 1: 3 Pd(PPh;),Cl, -- AgrCOs DCE 80 24 15
10 1: 3 Pd(dba), -- AgrCOs DCE 80 24 9
11 1: 3 PdCl - AgrCOs DCE 80 24 9
12 1: 3 Pd(OAc) -- AgrCOs DMC 80 24 22
13 1: 3 Pd(OAc) -- AgrCOs AcOH 80 24 32
14 1: 3 Pd(OAc), -- AgrCO; Toluene 80 24 13
15 1: 3 Pd(OAc) -- AgrCOs MeCN 80 24 16
16 1:3 Pd(OAc), -- AgrCO; 1,4-dioxane 80 24 17
17 1:3 Pd(OAc) -- AgrCOs DMSO 80 24 -
18 1:3 Pd(OAc) -- AgxCO; MeOH 80 24 17
19 1:3 Pd(OAc) -- AgxCO; HFIP 80 24 22
20 1: 3 Pd(OAc), -- AgrCO; HCOOH 80 24 Trace
21 1:3 Pd(OAc), -- Agr,COs TFA 80 24 Trace
22 1: 3 Pd(OAc) -- AgxCO; DCM 80 24 29
23 1: 3 Pd(OAc) -- AgxCO; AcOH 100 24 36
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5332 RIS

Continued Table 3-2 Optimization of the reaction conditions?

Entry 1la:4a Catalyst Ligand Oxidant Solvent T(CC) t(h) Yield(%)°
24 1:3 Pd(OAc) - AgxCO; AcOH 120 24 20
25 1:3 Pd(OAc) X-Phos AgxCO; AcOH 100 24 59
26 1:3 Pd(OAc) PPhs AgxCO; AcOH 100 24 63
27 1:3 Pd(OAc) PA AgrCOs AcOH 100 24 55
28 1:3 Pd(OAc) H-Pro-OH AgrCOs AcOH 100 24 58
29 1:3 Pd(OAc) H-Pyr-OH AgrCOs AcOH 100 24 71
30 1:3 Pd(OAc);  H-D-Tle-OH AgCOs AcOH 100 24 42
31 1:3 Pd(OAc), H-Pyr-OH Ag,COs3 AcOH 100 36 78
32 1: 3 Pd(OAc), H-Pyr-OH Ag,COs3 AcOH 100 48 65
33¢ 1:3 Pd(OAc) H-Pyr-OH Ag,COs3 AcOH 100 36 75
344 1:3 Pd(OAc), H-Pyr-OH Ag,COs3 AcOH 100 36 67
35¢ 1:3 Pd(OAc) H-Pyr-OH Ag,COs3 AcOH 100 36 59
36 1:3 Pd(OAc): H-Pyr-OH  Ag;COs3 AcOH 100 36 81
37¢ 1:3 Pd(OAc) H-Pyr-OH Ag,COs3 AcOH 100 36 78
39h 1:3 Pd(OAc) H-Pyr-OH Ag,COs3 AcOH 100 36 65
401 1:3 Pd(OAc), H-Pyr-OH Ag,COs3 AcOH 100 36 66

@ Reaction conditions: 1a (0.2 mmol), 4a (0.4 mmol), Catalyst (10 mol%), Ligand (20 mol%), Oxidant (3 equiv.), Solvent (1
mL), under air. ® Isolated yield. ¢ Pd(OAc)? (20 mol%).c Pd(OAC)2 (20 mol%).¢ Pd(OAc)2 (30 mol%). ¢ H-Pyr-OH (10 mol%).
fH-Pyr-OH (40 mol%). ¢ H-Pyr-OH (60 mol%). " Ag2COs (2 equiv.). F Ag2COs (4 equiv.).

FEARZ B, PAEIEH[1,2-a] 020k (1a, 0.2 mmol) FINKELZFE (4a, 0.4
mmol) NIRRT B A HRAL (3R 3-2). VIR AR PA(OAc): (10mol%) Ay
LT, AgOAc (3equiv.) NEAMF, —FHF AR, 7E80°C TR 24h, Lh25%
RIS IRAT H AR W0(B)-3-(MEM% [ 1,2-a] DR R-3-J5) N IR EE Sa Centry Do BT R4
Pt RIBRER R & TR Centries 1-6), 1fii PA(OAC) 7E 2 F Y 1 R I H A A A Ak
ROR Centries 7-11). WL SEIR R Y], CHRAEE F1E S Sa H)/ % (entries 12-22), 1M
SN T2 100 °CI X Sa (AL SN A Centries 23-24) 0 £ S S 45 RARIE T 115
BN, SINBEECAR AN I ER BT I 1L (entries 25-30), Hrf LR E IR R B3
HIPEEE o ST B EA e 4, KA 36 h, fi 5a K HHETHE 78%

(entries 36-37). K5, WKIkULAL AL & Centries 33-34). FCiAI & (entries 35-
37) FRELF & Centries 39-40), BZAYE Sa [{7=%ik ] 81%. T UL LR, e
RN A W FF[1,2-a] %R (1a, 0.2 mmol). WHilfR 2B (4a, 0.4 mmol).
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Pd(OAc): (10 mol% )+ H-Pyr-OH (40 mol%) I Ag,CO3 (0.6 mmol) 7EH K71 H, 100 °C
AT 36 h

332 RiERSEE R

TGN R, RGFEEE T AR B LS I [1,2-a] VR k-5 R 51 A A
PRSP RPE FME (R 3-3). WA RER, 7-HHE. 8-FM 7-Z R AL 3+[1,2-a]
ENEIE (1b-d) HIRESIGIR Ol (da) RV, DA &= R343R =) Sb-5d.
SR, MERE FF[1,2-a] IR 4 7 5] ARIAHUAREERS, BT A FH S, ARG IRE
FEWe 1A B 55 PRHUAR R I I [ 1,2-a ] e W bl e ALt R 7 PR S B2 e, AH B P40 See-5i (1)
FEER Y 18%-72% o Fo A, 1 AL ZRIR XA A H -5 [ 1) R ) R 30 B v ) R R 12k
1M 1-ZE BRI R LA 82% 05 7 223/ 15 H AR =4 5§, 1 1 A7 BRI SAR I R
W73 AILL 19% (5k) 1 28% (51 HIF*FI5E AL . #E— ¥ AR IR IR IR
i, RNARREIH RIHGEEENE, P Sm-5r P2 REEA 17%-75%. W U A
W, WHESTRE (Sm) KRBT AR TEE (Sn), XFEHRETRT ERT
AR o A, MR FEE (S0 FIPAIRARER (Sp) ¥ RE LA &E = 2 3RK45 H by
Yo T EA R 7 (A BEL Y 4 NI P FR BE R BRI 2 5 I B, FEBL 67% 17 23k 7% H

PR S, TR UERH 1A% SOBAA FR00 2 Ak [ )T 52 4
R 3-3 MEAEH[1.2-oEEMATE M S R BEREER & R SEE
Table 3-3 Scope of application of pyrrolo[1,2-a]quinoxalines and acrylates

Pd(OAc), (20 mol%)
Ag,CO3 (3 equiv.)

N/ H-Pyr-OH (40 mol%) COOR
? + 7 COOR N7
AcOH (1 mL) ‘:

100 °C, 36 h
/—~COOEt R 5e, R = H, 38%
N y 5f, R = Me, 72%
5g, R = OMe, 58%
5h,R=F, 40%
5a, R = H, 81% _ h, :
5b, R = 7-Me, :38% N /" —COOEt 5i, R =Cl, 59%
5¢, R = 8-F, 63%
5d, R =7-Cl, 77% 7

N/ ,/—COOR
R @[

/ COOEt / COOEt N/ 5m, R =tBu, 17%

N~/ 5n, R =nBu, 61%

©: P 50, R =Bn, 75%

5p, R = Ph, 71%

N
. 5k, R =1, 19% 5q. R = CH,CFs, 55%
5i. 82% 51 R = CI, 28% 51, R = Ad, 67%

Reaction conditions: 1 (0.2 mmol), 4 (0.6 mmol), Pd(OAc)2 (20 mol%), H-Pyr-OH (40 mol%), Ag2COs (3 equiv.), AcOH (1

mL), 100 °C, under air, 36 h.
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EE P 9 [1,2-c VA R AR ] L A 7 P T 46 32 O, BT AR 2 N i, G

T RINEALRTRE T80, AR B T H 5 5IEE IF[1,2-a]

ROEME (£ 3-4). BRI S, ECT #FEE . L-EMEE. 2,3:4,5--0- 57 P FE--D-AH I
SOWE DL B A i B SR A R I AR A RO B, e S A S TR ER, B S
S HFRRN .. BT &R EREE 295 F (5s-v) BREINR 2 5 b7, FLL 38%-42%

177 HERAF H AR 40
= 3-4 A ER SRR E ATEE
Table 3-4 Scope of application of acrylates for drug structures

== Pd(OAc), (20 mol%) /~COOR
N_ Ag,CO3 (3 equiv.) N_
©: A COOR  H-Pyr-OH (40 mol%) ©:
+
~

N AcOH (1 mL)
1a 4 100°C, 36 h
Me
/ Me
Me\/Me
Me ! \/J\O
Me (0] Me
N [ < /
Me
(@] ) o 0 (6] o (o) 0 O
= _ — _
N
\ \ N N \ N N \ N \
N N N N N N N N
5s, 40% 5t, 39% 5u, 42% 5v, 38%

Reaction conditions: 1a (0.2 mmol), 4 (0.6 mmol), Pd(OAc)2 (20 mol%) , H-Pyr-OH (40 mol%), Ag2COs (3 equiv.), AcOH (1

mL), 100 °C, under air, 36 h.
3.3.3 SERHIR LI

Pd(OAc), (20 mol%)
Ag,COs3 (3 equiv.)

//—~COOEt
@[N 2 A coogt  H-Pyr-OH (40 mol%) @[N?\/\
~ + —
N AcOH (45 mL) N
o]
1a, 12 mmol 4a, 36 mmol 100°C, 48 h 5a, 71%, 2.2577g

p—

[E3-2 5af R R R I

Scheme 3-2 Gram-scale synthesis of 5a

NV IZ S AR R IR AT, TR T SC QO R SER R 7E . AL I [1,2-a]HENR
Wk (1a, 12 mmol) FINMEIL LHE (36 mmol) MR}, FEBAL IS 54 T HEAT UK SE5:,
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HFR=4) 6a K70 BWCRIEE] 71% (8] 3-2)0 X RAHAE T A iR H 2EE |
e S HEAit

3.3.4 TR MR

BT 7)) Sa S HRHE, #E— 2P T HATAA R B 5T . /£ DMF #5H, Sa 5
1-50-1,2- T -3 - i AR I BRI A S, Lh 89% AL U R 3145 C1-S 4k =4) 51 (&
3-3)0 X —SLERAE RAMESE T Sa fE N2 DiRe & AT I BRI 11, oMM S5 8 24
[RIE g [ 1,2-a W R MR AT A= 03 A 138 1 R

(¢]]

— cl
//~COOEt [ —
Et
N/ . \o DMF (1 mL) N /—CO00
— rt, 20 min ©:
N o) N/

5a, 0.2mmol
89%

[#3-3 SapiTHE R KL

Scheme 3-3 Derivatization of 5a

3.3.5 HIBIRR

NIRERBHLER, TATFE T — RGN IRSLES (B 3-4), it A & N A B
HEE 7 TEMPO F1 BHT BEATHLERIGAE, W8 EI0H B N AMHIELS . Ak R
A TEMPO I, BARF=YU IR S 21%; 10 BHT BN~ 2K A 25%, X —
WG ER, fERMNEREF, RiZEHBEPRENSE.

— Pd(OAc), (20 mol%) _
N/ Ag,CO3 (3 equiv.) N. /—COOEt
©: + 2 oot H-PYr-OH (40 mol%) ©:
= pZ
N N

AcOH (1 mL)
100 °C, 36 h

BHT (1equiv.), 21%
TEMPO (1quiv.), 25%

1a, 0.2 mmol 4a
E3-4 HEBIRR
Scheme 3-4 Mechanism investigation

BT FRSIR 45 RASCHRRE, $RH T — P T RER OV (B 3-5). RBFFES,

Pd(OAc), 5 L-EER AR KA A IR L 11k, JEECRBE T EMA®D). s, Z90E

SIS I [1,2-a] R R (1a) BoA7 A= Berp A (), 4% i 4 e i o1 113 A2 2 BT 5

e AR ZF RS B-EIH BRI RS, A E A AL AR OB A (V). B

&, A0 AR A IE R R AR N B TS TR AL QD P Rl [RIBPRE I H FR 724
Sa, SERUETER.
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Oxidation Ag Pd(OAc), Deprotonation
+ H-Pyr-OH

Ag,CO4 yr- AcOH

N 2 //~COOEt e

X
—
N
Sa C-H activation

N/ COOEt

N —A
Pd
N/ —[PdL
(:I/ N\, (;IE%” ]
N COOEt

()
I
[Pd“L] ()
\/COOEt

metalation-deprotonation

(|||)

[&3-5 FTRERY I RIHLIE

Scheme 3-5 Plausible reaction mechanism

3.4 SLIGERY

3.4.1 C3-H BAEURNITE

FHML S H[1,2-a]EHE R (1, 0.2 mmol) « N BRI (4, 0.6 mmol) . Pd(OAc)2(20 mol% )+
AgCO; (3equiv.). L-ERZER (40 mol%) AVKZIR (1mL) 7EMEE (10mL) 47
AL, 100°C FAERM 36 he M SERUS, M 20 mL LR LB B RN, AR JE 0N
30 mL YRR B SN K ISR K I AT AU, KIS I 10 mL L8 ZBEEAT
TIRFERL. EIANUAH, EOERR AN B e ORI Ak LR CEE=20:
1) PR S A i, SRR W 5.

3.42 iR SEIG S

FHME S H[1,2-a]EHE IR (1, 12 mmol) . NG PREE (4, 36 mmol) . Pd(OAc)2 (20 mol% )+
AgCOs (Bequiv.). L-EREIR (40mol%) FIVKZER (45mL) 7EMEE (120 mL) i
TP FHREYILE 100 °C FEZTHFHERE 48 he KPISERJG, I 60 mL ZFE 2B
PR SON,  FEINN 500 mL 7 FIRS R S 7K ¥ /@zﬁﬁﬁilﬁﬁﬁﬂlﬁj\ﬂ% [ 7K IV R A
)\ 50 mL ZPR CER#AT ZIREEEL. SIFENHE, 152 LS. iR b

Sai S JRIFF: A LR AEE=20: 1), BRHRL™ 5 5a Eﬁﬁzﬁ 71%,
22577 g.
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343 TTEURNTE

A RS (10 mL) I NGB ZBR(E)-3-(EHE I [1,2-a] ENR IR-3-28) N MG B EE (5,
0.2 mmol). 1-&(-1,2-ZKfllE-3-H (0.4 mmol) A1 DMF (1 mL), =i FEZSFHEE 20
min M 5ERE, H 20 mL DCM FoBE SN, FEI0N 20 mL R RR FR AM 7K IS VR3EA T 7R 2K
I 10 mL WEATE /KT 20 S IFANUE, R Z8MER 25350 Il AE R b bR
AR SRR b ORRAER), 1931545 Sl

3.44 FHRBEIRRIE

(E)-3-(MLn& [1,2-a] M R IR-3-J85) N A IR B [Sal

N?\/\cooa
L,
N

Yellow solid (43.1 mg, 81%); m.p. 82-87<€. *H NMR (400 MHz, CDCls) § 8.97 (s, 1H), 7.98
(d, J = 15.6 Hz, 1H), 7.93 (dd, J = 8.1, 1.6 Hz, 1H), 7.81 (d, J = 3.1 Hz, 1H), 7.75 (d, J = 8.2
Hz, 1H), 7.54 — 7.48 (m, 1H), 7.46 — 7.41 (m, 1H), 7.04 (d, J = 2.9 Hz, 1H), 6.35 (d, J = 15.8
Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 1.34 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCls3) ¢
167.42, 143.37, 136.35, 134.30, 130.40, 128.69, 127.46, 125.98, 125.34, 117.27, 116.61,
115.52, 113.85, 111.93, 60.50, 14.51; HRMS (APCI): m/z calcd for C16H1sN202 (M+H)*:
267.1128, found: 267.1123.
(E)-3-(7-F & MEMS IF1,2-a] R IHE-3-25) I 445 B8 LT [5b]

N?\/\cooa
/@[ =
Me

N
Yellow solid (38.1 mg, 68%); m.p. 121-124 €. 'H NMR (400 MHz, CDCl3) § 9.02 (s, 1H),
8.03 (d, J =15.8 Hz, 1H), 7.85 (d, J = 3.1 Hz, 1H), 7.79 (s, 1H), 7.72 (d, J = 8.3 Hz, 1H), 7.38
(d, J = 10.8 Hz, 1H), 7.09 (d, J = 2.9 Hz, 1H), 6.39 (d, J = 15.7 Hz, 1H), 4.29 (q, J = 7.2 Hz,
2H), 2.51 (s, 3H), 1.36 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCls) 6 167.14, 166.49,
143.19, 133.73, 133.29, 130.63, 129.21, 129.02, 127.91, 126.51, 120.97, 118.35, 116.98,
114.06, 61.13, 60.76, 14.53; HRMS (APCI): m/z calcd for C17H17N2O2 (M+H)*: 281.1285,
found: 281.1281.
(E)-3-(8-3RML P& FE[1,2-a] " WEIK-3- 3 N A R 2B [Se)

. N2 ,/ —COOEt
T

N
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Yellow solid (35.8 mg, 63%); m.p. 222-224 €. 'H NMR (400 MHz, CDCls) 6 9.01 (s, 1H),
8.06 — 8.02 (m, 1H), 8.01 — 7.98 (m, 1H), 7.79 (d, J = 3.1 Hz, 1H), 7.50 (dd, J = 9.0, 2.6 Hz,
1H), 7.25 — 7.19 (m, 1H), 7.13 (d, J = 3.1 Hz, 1H), 6.41 (d, J = 15.7 Hz, 1H), 4.30 (q, J = 7.2
Hz, 2H), 1.36 (t, J = 7.2 Hz, 3H); 13C NMR (101 MHz, CDCls) § 167.39, 142.63, 134.10, 132.46,
128.33, 125.07, 117.66, 117.28, 115.85, 114.23 (d, J = 23.2 Hz), 112.56, 100.85 (d, J = 27.0
Hz), 60.65, 14.51 (d, J = 8.6 Hz); °F NMR (376 MHz, CDCls) 6 -108.53; HRMS (APCI):
m/z calcd for C16H14FN202 (M+H)*: 285.1034, found: 285.1029.
(B)-3-(7-FME IS IR 1,2-a] M NE IHK-3-38) N MG R £ 156 [5d)

— E
b
Cl

N
Yellow solid (46.2 mg, 77%); m.p. 115-119 €. *H NMR (400 MHz, CDCls) 6 9.01 (s, 1H),
7.99 (dd, J = 5.5, 3.1 Hz, 1H), 7.96 (d, J = 5.4 Hz, 1H), 7.95 (s, 1H), 7.78 — 7.70 (m, 1H), 7.49
(9, J=6.5Hz, 1H), 7.12 - 7.01 (m, 1H), 6.45 — 6.35 (m, 1H), 4.33 — 4.25 (m, 2H), 1.39 - 1.31
(m, 3H); 13C NMR (101 MHz, CDCl3) 5 167.30, 146.74, 144.45, 133.95, 129.76, 128.84, 128.49,
118.77, 117.39, 115.92, 115.09, 114.16, 112.41, 106.06, 60.64, 14.53; HRMS (APCI): m/z
calcd for C16H14CIN2O2 (M+H)*: 301.0738, found: 301.0734.
(B)-3-(1-ZR BN A% I [ 1,2-a]ENR IHR-3-J5) AR TR £ T [Se]

N/
L,
Yellow solid (26.0 mg, 38%); m.p. 147-150 €. 'H NMR (400 MHz, CDCls) 6 9.09 (s, 1H),
8.09 (d, J = 15.8 Hz, 1H), 7.98 (d, J = 8.1 Hz, 1H), 7.53 (s, 5H), 7.39 (t, J = 7.6 Hz, 1H), 7.34
(d, J = 8.7 Hz, 1H), 7.16 (t, J = 7.1 Hz, 1H), 7.00 (s, 1H), 6.41 (d, J = 15.6 Hz, 1H), 4.30 (q, J
= 7.2 Hz, 2H), 1.36 (t, J = 7.2 Hz, 3H).; 3C NMR (101 MHz, CDCls) § 167.44, 143.45, 133.95,
133.23, 130.31, 129.82, 129.40, 129.04, 128.70, 127.56, 126.54, 125.78, 117.22, 116.73,
114.40, 60.61, 14.55; HRMS (APCI): m/z calcd for C22H1oN202 (M+H)*: 343.1441, found:

343.1446.
(E)-3-[1-Chf H 2RI )L i 5[ 1,2-a ) EENE K -3-JE | N A R 18 [51]

,/ ~COOEt

—

N/
L,
N

,/ —COOEt
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Yellow solid (51.3 mg, 72%); m.p. 97-99 €. *H NMR (400 MHz, CDCls) 6 9.05 (s, 1H), 8.07
(d, J=15.8 Hz, 1H), 7.95 (d, J = 8.1 Hz, 1H), 7.44 — 7.34 (m, 4H), 7.20 — 7.13 (m, 1H), 7.04
(d, J = 8.8 Hz, 2H), 6.94 (s, 1H), 6.38 (d, J = 15.7 Hz, 1H), 4.29 (q, J = 7.2 Hz, 2H), 3.91 (s,
3H), 1.35 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl3) § 167.46, 160.43, 143.47, 137.64,
134.04, 133.77, 131.14, 130.30, 128.84, 127.45, 126.40, 125.63, 125.35, 116.94, 116.60,
114.43, 114.15, 60.54, 55.54, 14.53; HRMS (APCI): m/z calcd for C23H21N202 (M+H)*:
357.1598, found: 357.1601.
(E)-3-[1-(4-FH A LA 38 ) ML I 5[ 1,2-a | E R k-3 -J5 | N A TR 1 [Sg]

MeOQ,

N/
L,
Yellow solid (43.2 mg, 93%); m.p. 122-125 €. *H NMR (400 MHz, CDCls) 6 9.07 (s, 1H),
8.09 (d, J = 15.6 Hz, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.40 (d, J = 7.8 Hz, 4H), 7.33 (d, J = 8.4
Hz, 2H), 7.20 — 7.15 (m, 1H), 6.97 (s, 1H), 6.40 (d, J = 15.7 Hz, 1H), 4.30 (q, J = 7.2 Hz, 2H),
2.49 (s, 3H), 1.36 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz, CDCls) ¢ 167.47, 143.42, 139.46,
137.49, 134.14, 134.02, 130.23, 129.74, 129.69, 128.80, 127.50, 126.48, 125.73, 117.12,
116.76, 114.31, 60.60, 21.62, 14.55; HRMS (APCI): m/z calcd for C23H21N203 (M+H)":

373.1547, found: 373.1550.
(E)-3-[1-(4-F0 R 35 )L I [1,2-a]MENR MK-3-FE | A AR TR 088 [Sh]

/" ~COOEt

N/
L
Yellow solid (28.8 mg, 40%); m.p. 105-106 €. *H NMR (400 MHz, CDCl3) § 9.06 (s, 1H),
8.07 (d, J = 16.3 Hz, 1H), 7.97 (d, J = 8.1 Hz, 1H), 7.49 (dd, J = 8.7, 5.3 Hz, 2H), 7.42 — 7.37
(m, 1H), 7.30 (d, J = 8.6 Hz, 1H), 7.25 — 7.15 (m, 3H), 6.97 (s, 1H), 6.40 (d, J = 15.6 Hz, 1H),
4.29 (9, J=7.3Hz, 2H), 1.36 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCls) 6 167.36, 164.65,
162.17, 143.38, 137.39, 133.78, 132.79, 131.75 (d, J = 8.1 Hz), 130.40, 129.24 (d, J = 3.7 Hz),
128.63, 127.69, 126.51, 125.92, 117.45, 116.41 (d, J = 7.7 Hz), 116.16, 114.58, 60.65, 14.55;

19F NMR (376 MHz, CDCls) d -111.13; HRMS (APCI): m/z calcd for CooH1sFN202 (M+H)*:
361.1347, found: 361.1350.

,/ ~COOEt
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(E)-3-[1-(4- 5 ZK 3L ML FE[ 1,2-a] ENR k-3 L | TR I FR 2. 185 [5i]
Cl

N
L,
Yellow solid (44.4 mg, 59%); m.p. 163-165 €. 'H NMR (400 MHz, CDCls) ¢ 9.06 (s, 1H),
8.06 (d, J = 15.8 Hz, 1H), 7.97 (d, J = 8.1 Hz, 1H), 7.52 — 7.43 (m, 4H), 7.43 — 7.37 (m, 1H),
7.34 (d,J = 8.7 Hz, 1H), 7.24 — 7.17 (m, 1H), 6.97 (s, 1H), 6.39 (d, J = 15.6 Hz, 1H), 4.29 (q,
J=7.1Hz, 2H), 1.36 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCls) 6 167.34, 143.49, 137.58,
135.50, 133.75, 132.38, 131.64, 131.06, 130.51, 129.32, 128.49, 127.66, 126.68, 125.91,
117.37, 117.10, 116.51, 114.58, 60.62, 14.52; HRMS (APCI): m/z calcd for C22H1sCIN2O>

(M+H)*: 377.1051, found: 377.1055.
(B)-3-[1-(Z5-2-3L) L H [ 1,2-a ) E IR MR-3- L | T R 2.1 [5i]

e
CLy

Yellow solid (64.3 mg, 82%); m.p. 88-91 €. *H NMR (400 MHz, CDCls) 6 9.12 (s, 1H), 8.12
(d, J = 15.8 Hz, 1H), 8.06 (s, 1H), 8.02 — 7.94 (m, 3H), 7.94 — 7.90 (m, 1H), 7.65 — 7.59 (m,
2H), 7.56 (d, J = 8.4 Hz, 1H), 7.43 — 7.34 (m, 2H), 7.14 — 7.06 (m, 2H), 6.44 (d, J = 15.6 Hz,
1H), 4.31 (g, J = 7.1 Hz, 2H), 1.37 (t, J = 7.2 Hz, 3H); 1°C NMR (101 MHz, CDCls) 6 167.44,
143.47, 133.94, 133.43, 133.36, 130.53, 130.25, 129.02, 128.74, 128.65, 128.45, 128.08,
127.65, 127.28, 127.13, 127.02, 126.71, 125.85, 117.33, 116.89, 114.82, 60.63, 14.56; HRMS
(APCI): m/z calcd for C26H21N202 (M+H)*: 393.1598, found: 393.1601.
(E)-3-(1-RLAR L% [ 1,2-a]E R IHR-3- 35 ) I R 2T [5k]

N ,/ ~COOEt
L,

N

,/—COOEt

,/—COOEt

Yellow solid (14.9 mg, 19%); m.p. 111-115 €. *H NMR (400 MHz, CDCls) 6 9.03 (s, 1H),
8.06 — 7.97 (M, 2H), 7.88 (d, J = 3.1 Hz, 1H), 7.82 (d, J = 6.7 Hz, 1H), 7.56 (t, J = 7.7 Hz, 1H),
7.48 (t, J = 6.9 Hz, 1H), 7.10 (d, J = 3.1 Hz, 1H), 6.40 (d, J = 15.8 Hz, 1H), 4.29 (g, J = 7.2 Hz,
2H), 1.36 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz, CDCls) & 167.46, 143.41, 136.33, 134.34,
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130.43, 128.80, 127.55, 126.08, 125.40, 117.45, 116.77, 115.65, 113.93, 112.06, 60.56, 14.54;
HRMS (APCI): m/z calcd for C16H14IN202 (M+H)*: 393.0094, found: 393.0096.
(E)-3-(1-5UARIES FE[1,2-a] W R IHR-3-J5) MG R SR [S1]

Cl

N ,/ ~COOEt
L,

N

Yellow solid (16.8 mg, 28%); m.p. 180-182 €. *H NMR (400 MHz, CDCl3) 6 9.03 — 8.99 (m,
1H), 8.96 (s, 1H), 8.03 — 7.94 (m, 2H), 7.58 — 7.48 (m, 2H), 6.99 (s, 1H), 6.36 (d, J = 15.7 Hz,
1H), 4.29 (g, J = 7.2 Hz, 2H), 1.36 (t, J = 7.2 Hz, 3H); 1*C NMR (101 MHz, CDCls) 6 167.07,
142,54, 137.35, 132.78, 130.38, 128.63, 128.02, 126.53, 125.53, 118.27, 118.03, 116.71,
115.82,112.32, 60.75, 14.52.; HRMS (APCI): m/z calcd for C16H14CIN20O2 (M+H)*: 301.0738,
found: 301.0742.

(E)-3-(MEE [ 1,2-a] PR IH-3-J4) N IR R A T 1 [Sml]

Yellow solid (10.0 mg, 17%); m.p. 72-75 €. *H NMR (400 MHz, CDCl3) ¢ 9.05 (s, 1H), 8.02
(d, J=7.9 Hz, 1H), 7.96 (d, J = 15.6 Hz, 1H), 7.92 (d, J = 3.1 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H),
7.62 — 7.56 (m, 1H), 7.50 (t, J = 7.0 Hz, 1H), 7.12 (d, J = 3.1 Hz, 1H), 6.37 (d, J = 15.6 Hz,
1H), 1.56 (s, 9H); 3C NMR (101 MHz, CDCls) 6 166.75, 143.01, 133.11, 129.90, 129.03,
127.62, 126.28, 125.10, 119.35, 116.21, 114.30, 114.03, 112.45, 80.70, 28.41, 0.14; HRMS
(APCI): m/z calcd for C1gH19N202 (M+H)*: 295.1441, found: 393.1445.

(E)-3-(MLn& FH[1,2-a] e NE IBR-3- ) N AR T B [Sn)

_ Nl
soal

Yellow solid (35.9 mg, 61%); m.p. 111-114 €. 'H NMR (400 MHz, CDCls) & 9.05 (s, 1H),
8.08 —7.97 (m, 2H), 7.91 (d, J = 3.1 Hz, 1H), 7.84 (d, J = 6.7 Hz, 1H), 7.58 (t, J = 7.0 Hz, 1H),
7.50 (t, J = 7.7 Hz, 1H), 7.12 (d, J = 2.9 Hz, 1H), 6.41 (d, J = 15.7 Hz, 1H), 4.24 (t, = 6.7 Hz,
2H), 1.77 — 1.66 (m, 2H), 1.46 (h, J = 7.4 Hz, 2H), 0.98 (t, J = 7.3 Hz, 3H); 3C NMR (101
MHz, CDCls) § 167.58, 143.38, 136.26, 134.31, 130.41, 128.87, 127.59, 126.14, 125.41, 117.62,
116.88, 115.75, 113.97, 112.14 , 64.52, 31.00, 19.38, 13.92; HRMS (APCI): m/z calcd for
CisH10N20; (M+H)*: 295.1441, found: 295.1444.
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(BE)-3-(MEr% FF[1,2-a] R k-3 -35) N IG TR R [So]

S,
seal

Yellow solid (49.2 mg, 75%); m.p. 139-142 €. 'H NMR (400 MHz, CDCls) ¢ 9.05 (s, 1H),
8.09 (d, J = 15.8 Hz, 1H), 8.01 (d, J = 7.9 Hz, 1H), 7.90 (d, J = 3.2 Hz, 1H), 7.84 (d, J = 8.3
Hz, 1H), 7.58 (t, J = 7.7 Hz, 1H), 7.50 (t, J = 7.0 Hz, 1H), 7.47 — 7.30 (m, 5H), 7.11 (d, J = 2.9
Hz, 1H), 6.46 (d, J = 15.6 Hz, 1H), 5.29 (s, 2H); 3C NMR (101 MHz, CDCls) 6 167.28, 143.32,
136.34, 136.25, 134.93, 130.40, 128.90, 128.74, 128.44, 128.37, 127.55, 126.18, 125.47,
117.50, 116.36, 115.81, 113.98, 112.17, 66.43, 1.16; HRMS (APCI): m/z calcd for C21H17N20>
(M+H)*: 329.1285, found: 329.1288.
(E)-3-(MEP& IF[1,2-a] VIR R-3-25) I B A B [Sp]

cealt

Yellow solid (44.6 mg, 71%); m.p. 165-169 €. *H NMR (400 MHz, CDCls) 6 9.02 (s, 1H),
8.15 (d, J = 15.7 Hz, 2H), 7.96 (d, J = 7.9 Hz, 1H), 7.87 (d, J = 3.1 Hz, 1H), 7.79 (d, J = 8.2
Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H), 7.49 — 7.41 (m, 1H), 7.38 — 7.31 (m, 2H), 7.23 - 7.09 (m, 5H),
6.52 (d, J = 15.7 Hz, 1H); 3C NMR (101 MHz, CDCls) 6 165.87, 151.05, 143.27, 136.28,
134.86, 130.45, 129.56, 129.00, 127.51, 126.28, 125.84, 121.83, 117.68, 117.30, 115.96,
115.63, 114.02, 112.31; HRMS (APCI): m/z calcd for C2oH1sN202 (M+H)*: 315.1128, found:
315.1103.
(E)-3-(MEH% I [1,2-a ] W2 IHR-3-38) N G R -2,2,2- =9 L8 [5q]

CF
= o—"°
sSeal
b
N

Yellow solid (35.2 mg, 55%); m.p. 164-166 €. 'H NMR (400 MHz, CDCls) & 9.06 (s, 1H),
8.14 (d, J = 15.8 Hz, 1H), 8.03 (d, J = 6.5 Hz, 1H), 7.93 (d, J = 3.1 Hz, 1H), 7.85 (d, J = 8.3
Hz, 1H), 7.60 (t, J = 7.0 Hz, 1H), 7.52 (t, J = 7.0 Hz, 1H), 7.15 (d, J = 3.1 Hz, 1H), 6.44 (d, J =
15.6 Hz, 1H), 4.62 (g, J = 8.6 Hz, 2H); *C NMR (101 MHz, CDCl3) 6 165.72, 143.10, 136.86,
136.29, 130.48, 129.09, 127.46, 126.37, 125.78, 124.70, 117.05, 116.04, 114.07 (d, J = 6.2 Hz),
112.32, 60.46 (q, J = 36.5 Hz), 29.84; 1°F NMR (376 MHz, CDCl3) § -73.65; HRMS (APCI):
m/z calcd for C16H12F3sN202 (M+H)*: 321.0845, found: 321.0848.
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(E)-3-(MHi& I [1,2-a] " WE k-3 -F5) A 1 B2 4 W e -1-TE [Sr]

ekl

Yellow solid (49.8 mg, 67%); m.p. 64-69 €. *H NMR (400 MHz, CDCls) ¢ 9.23 (s, 1H), 8.23
(d, J =8.3Hz, 1H), 8.13 (d, J = 15.8 Hz, 1H), 7.93 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 8.3 Hz, 2H),
7.59 (t, J = 6.4 Hz, 1H), 7.36 (d, J = 19.4 Hz, 5H), 7.20 (s, 1H), 6.55 (d, J = 15.7 Hz, 1H), 4.43
—4.37 (m, 2H), 1.45 (d, J = 7.2 Hz, 4H), 0.08 (s, 3H); 3C NMR (101 MHz, CDCls) 6 166.88,
137.18, 132.91, 130.21, 128.63, 128.04, 126.81, 118.28, 116.67, 113.46, 106.96, 98.16, 89.36,
60.91,47.82,14.52,0.14; HRMS (APCI): m/z calcd for C22H25N202 (M+H)™: 373.1911, found:
373.1913.

(1S,2S,4R)-1,3,3-= HIFE XU IR [2.2. 1B bE-2-3  (B)-3-(FE % [ 1,2-a] W W Ik -3- 52 ) 7 445
TREE [Ss]

_ Me
e
LD
o
V
Q\N Me
Yellow solid (30.0 mg, 40%); m.p. 162-167 €. *H NMR (400 MHz, CDCl3) § 9.07 (s, 1H),
8.05 (d, J = 15.7 Hz, 1H), 7.97 (s, 1H), 7.87 (d, J = 8.3 Hz, 1H), 7.61 (t, J = 7.5 Hz, 1H), 7.54
(d, J=6.8 Hz, 1H), 7.19 (d, J = 3.1 Hz, 1H), 6.48 (d, J = 15.7 Hz, 1H), 4.53 (s, 1H), 1.93 - 1.82
(m, 1H), 1.76 (s, 1H), 1.65 (d, J = 10.3 Hz, 1H), 1.57 — 1.39 (m, 2H), 1.24 (d, J = 11.9 Hz, 2H),
1.18 (s, 3H), 1.11 (s, 3H), 0.85 (s, 3H); 3C NMR (101 MHz, CDCls) 6 168.37, 167.74, 133.61,
129.35,127.54, 126.56, 124.94, 114.14, 112.94, 86.56, 48.62, 48.58, 41.65, 39.92, 29.94, 26.95,
26.07,20.41, 19.63, 0.14; HRMS (APCI): m/z calcd for C24H27N202 (M+H)*: 375.2067, found:

375.2071.
(1R,3R.4S)-4-F N FE-3-FHILIR O3t (E)-3-(MEM% FF[1,2-a] MR hk-3-38) N K5 R Fig [5t]

o Me Me
A
o Me
O
N
Yellow solid (29.3 mg, 39%); m.p. 170-173 €. 'H NMR (400 MHz, CDCl3) § 9.05 (s, 1H),
8.08 —-7.98 (m, 2H), 7.91 (d, J =3.1 Hz, 1H), 7.84 (d, J = 6.7 Hz, 1H), 7.57 (t, J = 7.7 Hz, 1H),
7.53 - 7.46 (m, 1H), 7.12 (d, J = 2.9 Hz, 1H), 6.41 (d, J = 15.7 Hz, 1H), 4.86 (td, J = 10.9, 4.4

Hz, 1H), 2.09 (d, J = 11.4 Hz, 1H), 2.02 — 1.91 (m, 1H), 1.72 (d, J = 11.5 Hz, 2H), 1.60 — 1.51
(m, 1H), 1.50 — 1.43 (m, 1H), 1.16 — 1.04 (m, 2H), 0.96 — 0.91 (m, 7H), 0.82 (d, J = 7.0 Hz,
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3H); °C NMR (101 MHz, CDCl3) § 167.08, 143.39, 136.18, 134.15, 130.34, 128.87, 127.61,
126.14, 125.36, 117.79, 117.39, 115.79, 113.98, 112.16, 74.32, 47.42, 41.27, 34.47, 31.60,
26.55, 23.73, 22.22, 20.94, 16.64; HRMS (APCI)): m/z calcd for C24H2oN202 (M+H)*:
377.2224, found: 377.2227.

((3aS,5aR,8aR,8bS)-2.2,7- = F K& U & -3aH- X ([1,3] - A 234 [ 4 3F)[4,5-b:4",5'-d] itk
M-3a-JE) &L (B)-3-(MEM% IF[1,2-a] W R IHE-3-55) N A R TR [Su]

0 j(

N t.
/ 70
S

Yellow solid (40.3 mg, 42%); m.p. 52-54 €. *H NMR (400 MHz, CDCls) 6 9.03 (s, 1H), 8.11
(d, J = 15.7 Hz, 1H), 8.00 (d, J = 6.5 Hz, 1H), 7.90 (d, J = 3.1 Hz, 1H), 7.84 (d, J = 8.3 Hz, 1H),
7.61 — 7.54 (m, 1H), 7.50 (t, J = 7.7 Hz, 1H), 7.10 (d, J = 2.9 Hz, 1H), 6.43 (d, J = 15.7 Hz,
1H), 4.63 (d, J = 5.4 Hz, 1H), 4.55 (d, J = 11.7 Hz, 1H), 4.41 (d, J = 2.6 Hz, 1H), 4.29 — 4.22
(m, 2H), 3.94 (d, J = 14.9 Hz, 1H), 3.80 (d, J = 13.0 Hz, 1H), 1.56 (s, 3H), 1.49 (d, J = 16.4 Hz,
6H), 1.35 (s, 3H); 3C NMR (101 MHz, CDCls) ¢ 166.78, 143.34, 135.34, 130.49, 128.89,
127.53, 126.17, 125.57, 117.24, 115.84, 113.97, 112.11, 109.28, 108.85, 101.90, 70.92, 70.26,
65.51, 61.42, 60.50, 26.61, 26.07, 25.50, 24.19, 21.17, 14.32; HRMS (APCI)): m/z calcd for
Co6H2oN207 (M+H)™: 481.1969, found: 481.1974.
(2)-3,7-—WIEF2,6- H-1-FE (BE)-3-(MEPg I 1,2-a] /N8 k-3 38) IR FR TS [5v)

= o Me

d%woﬁm
N

Yellow solid (28.5 mg, 38%); m.p. 78-80 €. *H NMR (400 MHz, CDCls) ¢ 9.06 (s, 1H), 8.08
—8.00 (m, 2H), 7.92 (s, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.62 — 7.56 (m, 1H), 7.51 (t, J = 8.4 Hz,
1H), 7.14 (s, 1H), 6.42 (d, J = 15.8 Hz, 1H), 5.15 - 5.08 (m, 1H), 4.27 (td, J = 7.3, 4.2 Hz, 2H),
2.10-1.94 (m, 2H), 1.82 — 1.74 (m, 1H), 1.68 (s, 3H), 1.62 (s, 3H), 1.23 (d, J = 15.4 Hz, 2H),
0.97 (d, J=6.5Hz, 3H); ®*C NMR (101 MHz, CDCls) § 167.59, 143.49, 136.40, 134.38, 131.50,
130.49, 128.86, 127.64, 126.14, 125.47, 124.76, 116.86, 115.69, 113.98, 112.13, 63.22, 37.19,

35.77, 29.77, 25.87, 25.58, 19.65, 17.82, 0.13; HRMS (APCI): m/z calcd for CasHarN2Os
(M+H)*: 375.2067, found: 375.2066.
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3.5 KENGE

AREH RN R T —Fhi3ET PA(OAC)/L-EB R MK R KNI I [1,2-a] R
Wk C-3 ML E#: C-H M N . @i KRG, B T LA AgaCOs Nl H A NI
FERBIZ&AT, £ 100 °C N MY 36 h ATERTS 81% MR . 1% R M AR R 3 H AL 5 1 KA
TG, AR He AL FE[1,2-a] VR MR 221 2 PR G738 19%-82%), iE
A i 52 23 (B AL BB A TR BREE R IR Y (P23 17%-75%) SR MINSEI T 5 R Y%
Yoy F BB N (F=28 38%-42%), NI R BLZMaT AL St TRngs. wak
FROR SREGAIESE T Z N A RIF RO (T1%00R), NI T4k w 255 T 24
PFUERWTTER B, RN AT AL ) PA(/PA(O)EAL TR, MARE SR H I 5 . IXLEmt
TERRRA PO S5 22 RIS I [1,2-aER AT AE VIR I 1 0%, v as3i ik
BV PEBEIEAB T RE TR R
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EME 1 {RFMAEF[1,2-a]EEMAVE 3% C-H Fil{L R 2

41 318

A MU Ak B 47 DR L RE PR AR 035 1 5 A 2 T Th e 4% 52 DR, BiF AR I, AR
T A S, A PUREHT A R I SO0 5 i AR R SRR e v, BTG B
SR8 R A R T AT EL A EE N AN 230, X — R HESh TR Ak S R R S R
R, ITERIFIH Z MR, kR M S SRk 311571, 2019 4, Han H{BAUSSITT
QPR (MeaN)SeCFs /E N =30 Al AL, 7ETL SR MK TR T (30 % MR
P s = IR R AL S (P 4-1a) . iZSRIGE T IR A 264 (IR KON TR)) R 3h
fa%E C-Se B, JRILHAL R E REHA 32 15 XA BEPE . fEAbEEAE b, Wu BRI
T 2020 FH KRS T B HESOTHT 5% DL AgNOs fEALF, et ok oy 5L
B Ak 5 05 BER IR I =20 70 )L, RER T A S (8 4-10). [FI4E, Nozawa Hff
FEABNISOHRIE TARIR A AE N 2 il . (SRR = R aERE (TMSCFs) 54k
My (CsF) £ Pl —HEEH PR SOV, DA &= 28 S i = sl AR 1 A e (] 4-
16) o IX— 7V BAE R FAFAERRTH 23 A], AE N =5 Rl SR i ) s SR it T RS 5%,

m-CPBA or NIS (1.3 equiv.)

[a] Ar-H +  (Me4N)SeCFy Ar-SeCF3
, MeCN, 0 °C, N,
1.3 equiv. R
3
%
P R2 S |
= B(OH
N SO agn0g, k5,04 oe
b] R oo, tSet I// AR
Z 3 R dioxane, 120 °C n
3 R1|
(0] = (0]

o)
SeCF
s O CsF
[c] TMSCF, + eqg L
DME, -20 °C

El4-1 2543 C-HFS LI KL
Scheme 4-1 Heteroaromatic hydrocarbon C-H aromatic selenization reaction
e LM LES, FIH C-H B3 GBI BLAE LS FF[1,2-a] VR e 42 F B Fh
AL C RN — R B AT 3%, EE S [ 1,2-a] VR IR C-H B8R L ARk 1 B 55
A ARSI, AE REFRATTHRE | — Fh Atk [ 1,2-a]ENR IR ) L f i3E ) B C-H 77 FE A
1 B ER AR o
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4.2 SEIEFI RN ER

F4-1 EESIIR
Table 4-1 Reagents of the experiment

B/ g G
ORI Tk 96% B E R R A IR A
Ak 99% EIRAREREL B A PR A ]
itk s 98% B E R R A IR A
AR 45% B ZRE R A R A
el sy HTat REEFHTHRAF
4- TR 98% B ZRE R A R A
= A 99.8% Acroc Organics
4- A B ORI R et B ZRE R A R A
4- SR et B ZRE R A R A
2- WA LI E-2',40,6"- = S P FE R 99% B ZRE R A R A
TR g 99% B ZRE R A R A
LA A8 53K 2-2 HIF

4.3 ER51118

43.1 RNFHMT

A1, TR T IS IF[1,2-a] IR 1a (0.25 mmol) A1 — % —#fifi% 6a (0.125 mmol)
VE BRI RN, FFAE 100 °CHI DMSO H1, T (0.5 48D fEE T L 43% 7 &
J 3-(AFEA e 38 ) ML I [ 1,2-a ] EWE IBR 7a, JE T X SR ATH 24T (B 4-2, CCDC: 2240335)
WESE T 7a W4t . SRJG, AFAIEIE TR IR B (ER 4-2). T 5E, RTHRSZIRER M I
FE ST 75 I (entry 2). 2 12K, ik TSR IR (entries 3-5), 45 SRR HHAEREN
120 °C(entry 5). 4I 5 EFEE] 120 °CF, 724 Ta FIUSER N 56%, R 24%F1 23%H)
LR A L 5 B K BRI 1,3- LR AT I ) PEE 6% [ 1,2-a ] E WE IR 8a(entries 5 and 6). Ih4h,
F KI. NIS. NH4l 8% HI A B 5T H- 38 G5 VS5 5 Centries 6-9). 4 T RN T
HABIER . 1,4-— 5753, DMF. EtOAc. H . DCE. AcOH. MeCN. CHCl3.» MeOH.
EtOH Ml THF F#{% 7723, 1i DMA REEF= AT 729, iEH H0 1E NG RN, it
SN A RELL 38% )77 %3515 Ta (entries 10-21). KW 124 DMSO 1ERNIEFIN L
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EIFM (entries 22-23), T IXELE WAL TE, Ta REFAZ 1 42N L
£ DMSO H1, £ 120 °C N/ E 8 h (entry 22). M4k, EK A T JEY) 1a A 6a I ELH

LK 6a H@%ﬁiu 1 45, DL S2%MIUCR (entry 24) KIL_HUCTT &1L =4 8a &
FEY, B LINEMN 1 SEEINE 1.5 X8, 8a WA EREMM (entry25). 4L
BH S, 8a M E%MF2 1a (0.25mmol) 1 6a (0.25mmol), 7E 120 °C DMSO H I

& 8h (entry 24),
R4-2 RMFHRIMIL

Table 4-2 Optimization of the reaction conditions®

PhSe

@[N? + (SePh), _catabst N?\Seph @Z?\Se%
N/ solvent
T(°C)/t (h)
1a 6a
Yield(%)°
Entry  [I] source (equiv.) Solvent T(°C)  t(h)
7a 8a

1 1> (0.5) DMSO 100 8 43 0

2¢ - DMSO 100 24 trace 0

3 1> (0.5) DMSO 80 8 24 0

4 1> (0.5) DMSO 110 8 41 0

5 I, (0.5) DMSO 120 8 56 24
6 KI (0.5) DMSO 120 8 0 0

7 NH4l (0.5) DMSO 120 8 9 0

8 NIS (0.5) DMSO 120 8 52 24
9 HI (0.5) DMSO 120 8 52 trace
10 1> (0.5) 1,4-dioxane 120 8 26 trace
11¢ I, (0.5) DMF 120 8 28 0

12f 1> (0.5) EA 120 8 12 trace
138 1> (0.5) Toluene 120 8 13 trace
14 L (0.5) DCE 120 8 49 trace
15 I, (0.5) MeCN 120 8 25 0

16 I, (0.5) CHCl3 120 8 17 0

17 I, (0.5) H>O 120 8 38 trace
18 L (0.5) MeOH 120 8 39 trace
19 I, (0.5) EtOH 120 8 30 0

20 I, (0.5) THF 120 8 18 0

21 I, (0.5) DMA 120 8 0 0
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k42 R

Continued Table 4-2 Optimization of the reaction conditions?

Yield(%)°
Entry  [I] source (equiv.) Solvent T(°C)  t(h)
7a 8a
22 I (1) DMSO 120 8 68 15
23 L (1.5) DMSO 120 8 64 21
24¢ I (1) DMSO 120 8 11 85
25¢ L (1.5) DMSO 120 8 trace 82

2 Reaction conditions: 1a (0.25 mmol), 6a (0.125 mmol), additive, solvent (1 mL), under air. ® Isolated yield. ¢ 6a (0.25 mmol).

[El4-2 7Tafy B S EEHI(CCDC: 2240335)

Figure 4-2 The crystal structure of 7a (CCDC: 2240335)

432 C-3 B R NIERYERSEHE

FERF L B EURDS B RA A S R B A J, al et e AR e g 9 [ 1,2 -] W MR IR — 55
B A BRI, IR TR R E HVEE (R 4-3). Bk, HET 0
AR 6 VE NIRRT IE o SRR, TEIR IR LT 5 SE A A 45 1 05 L
PRI =05 HE A, 568 DA & RS 172 A BB AR ) (Th-a), I TR RN E
REMIMeAME. BifE, ARG T A R ML H[1,2-a] W R IR S B 1 e . 7E IR
PigE AR DL, 7-EBAR B R [1,2-a] VR R EE B 20 1 LA 57%F1 52% 177 2 3R 45 FLAg
=) 76 FUSERAL =4 8F. T 4-75 BNt FE[1,2-a] MR MR 1) 5 31 EJC iR 2 5l ANk T
FEPIE R iR 1], 38R DL 42-56% 417 23R XU AL 774 8h-k, [FII BL 41-53% (1™
RAE KAL) Th-ko IX— IR A RES 4 AT BURIEE I T = 3 R a2, T s2m
T RPIIE R . (RS EURI RSLZ&AET,  1-81 3-05 2 AL s FE[1,2-a] ¥z
IR 2 B RE AT 32 1, DL R4 200053 17 S A O N F) SRR AL ) (Tm-rs Tt
VDo eAh, 3T 1-REAR I [ 1,2-a IR R B Dh 22 5 T B, 43 B 27%F0 92%
(7= 23545 BARZH) 71 F Tso X SEEE ISR, %A I B A J B 0 1R & A
B REHGR A M, MR Z AL SR LAYt T EZE T A,
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3R 4-3 MERRF[1,2-aFEMEW S 1,2- Z 35 B il HI80 I
Table 4-3 Reactions of pyrrolo[1,2-a]quinoxaline with 1,2-diaryl diselenide

SeAr ArSe

NF?R I5 (1 equiv.) /’ AR
r +  (SeAr), DMSO (1 mL) N / SeAr
N/ Ar 120°C,8h

Z?\Seph @Z?\Q\
O: N / SePh

7b, R = Me, 54%"

7c, R = F, 45%P 7I,R=H, 63%
7d, R = Br, 38%P 7e, 92% N 7i, R = Me, 76%
7k, R = OMe, 75%
7. R = H, 76% L R=F 31%
s 79, R = Me, 86% 7m R = CN, 67%
PhSe 7h, R = OMe, 85%

N_ o N/ —SePh
L~
—
—
N
N PhSe
R 8n, R=H, 42% R N/ SePh
7n,R=H, 41% , e e N / SePh
70,R = Me, 31% 80, R = Me, 56%
8p, R = Br, 48%

7p, R =Br, 53%
7q,R = Cl, 49% 8, R =Cl, 50%

7r, 57% 8r, 52%

Reaction conditions: 1 (0.25 mmol), 6 (0.125 mmol), I> (1 equiv.), DMSO (1 mL), 120 °C, 8 h, under air. 12 h.

433 Cl, C3-WHEMMLRNEEREE

BT O RN &1E (3R 4-3, entry32), FATEE— S50 T HAE —HBURTS itk
SN AT (R 4-4). 7-FEE 7-50R1 8-SUHUAR UL RS [ 1,2-a] W R IR 5 fig LA R 4T
2R BB AR A R B D B R =) (8r-t), FRAMIE B 1A% RN AR FR 0 Ik
F[1,2-a) VR IR IR AN [F) 7 B AR AR A . BeAh, FRATIEFE 5 T 4-75 b g I [1,2-
a|ENR IR S R RE . SEIG R, ZRIASA o2 5l N I IS R W T ], 1
RENTRIBEAT S B, I DA R 5 0 7= 28 3R A5 AH B 1) — B 5 BRI AL =) (8n-q) . PR, 4-
FH R 4- Sl A ) = 5 B Al A WD e 12 S B AN AR R B 5 B IR AL 7240 T (60%)
1 7e (37%), T ARMEE B = P A e AHEEZ T, 4-IREUA ) = 05 2 ik M) 3%
AR RS R, LL 64% MR SN AL =4 8d, [F {1 Ff /> & Al AL =4 7d
AR i o
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3R 4-4 MEIRF[1,2-a)FEMEW S 1,2- 235 B il {180 I
Table 4-4 Reactions of pyrrolo[1,2-a]quinoxaline with 1,2-diaryl diselenide

ArSe
- I, (1 equiv.) —
N _/ _ > N/ SeAr
+ (SeAr), DMSO (1 mL) ©: N /" SeAr
—
N7 A 120°C, 24 h P2
r N~ DAr
8
Br
N  —Se
7b, R = Me, 60% P Se 8d, R =Br, 64%°
7¢,R=F, 37%° -
7d,R = Br, 31%° ©:N 7 Se
—
N
PhSe b
= PhSe '
R, N~ —SePh —
:@: P 8r, R, = Cl, 84% N_/—SePh 8N R=H, 82%
—_ 0,
Ry N 8s, R, = CHj, 93% ©: 80, R = CHj, 505/0
8t, R, = F, 85% N7 8, R =Br, 61%
8q, R =Cl, 80%

R

Reaction conditions: 1 (0.25 mmol), 6 (0.25 mmol), I2 (1 equiv.), DMSO (1 mL), 120 °C, 8 h, under air. ® 24 h.

4.3.4 C3-TRtt R M [e4i& ASe E

T 4-5 MEREFH[1.2-oFENEW S — 5 B R8I R &
Table 4-5 Reactions of pyrrolo[ 1,2-a]quinoxaline with diaryl disulfide

PhS
- I, (1 equiv.) _
N_/ _—
+ (SPN:2  Dmso (1 mL) N/l (or H)
N Ar 120°C 24 h N A
7
PhS
Bhs PhS _ _
— N/
N— R E}Lﬂ (:[
I - N
N R, N
R
7y, R = H, 70%

7u, 78%(27%0,72%°) V. R1=H. Ry = CHy, 59%
7w, R, =F, R, = H, 58%
7X, R1 = H, R2 = Cl, 56%

7z, R = OMe, 50%
7aa, R = NO,, 31%
7ab,R=F, 61%

Reaction conditions: 1 (0.25 mmol), (SPh)2 (0.25 mmol), I> (1 equiv.), DMSO (1 mL), 120 °C, 8 h, under air. ® I> (25 mol%).

¢ (SPh)z (0.125 mmol), 12 h.
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T Fibspie s B, EHRERNEMY T (K 4-2, entries22and24) #t— PR T
B — A N IR SR E I E (3 4-5). 8 T HAR IR L I SO I e 5 T AR R
A RE R TR I A TN B RBBAIEEAT , 43 LA 78% AN 72% (1) 7= Z s Uy &
BT 3-Hl-1-CRERA)ME IS IE[1,2-a]E R Tu. 2495 T Fl EFFKE 25 mol%i, 7u K=
B NER 27%, R —g Rt —BPUE T RN ROCEEEN . Ak, AR IR
LIS [1,2-a] IR IR, PR FTIHAZ RGN . SEaeas Ui, 7-FJ . 7-SH 8-
SR B LS FF[1,2-a) W VR MRS BEIUR] 2 5 B, A8 BOHE B R B AL AL P24 Tv-xo
o, Tx BISERE TS XS 2R B AT 0 A A B A AR IE (18] 4-3, CCDC: 2240336). &
MM, 4-75 LML I [1,2-a] IR MR L 31-70% W3R T 5 it =4 Ty-Tab, ixHegh L%
B, m%ﬁﬂ2@&%%%Wﬁﬁuﬁﬂﬁfﬁhﬁﬂﬁmﬁgﬁ

[E4-3 7Tx B 2 FBLEHI(CCDC: 2240336)
Figure 4-3The crystal structure of 7z (CCDC: 2240336)

4.3.5 mRHIFSLE

NSRS N IR 77, BEAT T e N s (18 4-4). ERAURNIARAE T, BL -
PR JF[1,2-a PR K Te A1 1,2- 383 —filfE 6a Jy ik, ARSI 1 M. SEE
RSN, ARSI Ts RIS 84%, 1 EJERE] 1.322 g, RN T W5k
IR 8a, Wy 24%. X — S5 RADUEM] 1% NAK RAETIOR A T RECRFF B
I R, b ReBL 1 H R T ERSE

| PhSe

_— |2 (1 equiv.)
N~ + (SePh), DMSO (12 mL) N/ —SePh + N~/ —SePh
Z 120°C ,16 h

N
7e, 84/o 1.322 g) 8a 24%

El4-4 TsBY TR R R R

Scheme 4-4 Gram-scale synthesis of 7s
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4.3.6 C-3 ML BFMLZITE MR N

e DR, AT DIRER T 7a Al Te FIFTAELE S (H 4-5), BiEE
FEEALSREE, Ta T3 LA 40%F0 41% 1972 R AN 1-55 A0 3-CRIEMI B 58)-1-06)
R R JE)IE I FE[1,2-a] B IEIRR (7g) A 1-BRE I 3-(R LA b1 8 )-1- F LML [ 1,2-a]
EUEME (Tac), 784N T 7Y Ta AR 2 Dhfe & AL 77 Mhah, a5 T 5™
) Te Bt —2 Suzuki B N . 7E PA(PPhs)s (5mol%) LT, L Na,COs (2 equiv.)
B, 7e (0.2mmol) HIARWAMREL 4-H FEIRMFRTE 1,4- ~F/NFA/7K (0.5mL: 2mL) V&
BT 80 °C B, 43 HILL 40%F1 44% ISR IR HESE4b 7= 76 Fl Tg. IXLEATA
SIS IR e TR SR RAEE 45016 B I NG L, i 2546 22 R A B 25 Bl 2 34
a7 B

| Ar.

Pd(PPhs), (5 mol%) _
- Na,CO3 (2 equiv.)
N/ "SePh + Ar-B(OH), N./ ~SePh
©: 1,4-dioxane/H,0 (1:4)
= Ar, 80 °C, 5 h, NG

N

7f, Ar = Ph, 40%

7 .
e, 0.2 mmol 79, Ar = (4-Me)CgHj, 44%
Pd(OAc), (10 mol%) Tol
X-Phos (15 mol%) —
©:N /—SePh /©/ Ag,CO3 (2 equiv.) N_ /" —SePh
Toluene (1 mL) ©: _
120 °C, 24 h, N
7a, 0.25 mmol 79, 40%
__ NCS
N. ./ —SePh NCS (3 equiv.) -
"+ NHgSON  —————> N/ ~SePh
P MeCN (2 mL)
N rt,24h NG
7a, 0.5 mmol 7ac, 41%

El4-5 7aFn7sHIGTE L R B2

Scheme 4-5 Derivatization of 7a and 7s

437 REHIBRSR

NRFCRBIHLE], Bt T — KA R (KB 4-6). 50, 8 g i B
N H HER IR 40 TEMPO 1 BHT, &I H A7) Ta BIWCEE 5 B 2 32%F0 54%, 5
IR A SR LA B R R, DRI SR ] RE AN 2 a2 (1Y) B R R BR AR AT (1) o b,
DL 1-BRA IR TR 1,2-a P IR KA A, 76 DMSO 15 253 —#fifik 6a T 120 °C2 W 8 h,
FRIN LA 35% MR IRTG B AR W) Ta. X —SEIRIMRIR/RN, 1-BUERE IR[1,2-a] VR IR ] B
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e SN R R S [ AR . S A X IR SEIR AR, HED B MRl e B 7 AN R A
[HEZNINEIS SRR

— I> (1 equiv.) —
TEMPO (2 equiv.
N? + (SePh), (2 equiv.) N?\SePh
P2 DMSO (1 mL) P
N N

120°C ,8 h
32%
- I, (1 equiv.)
N? + (sePh), BHT(2equv) N?\SePh
©:N/ DMSO (1 mL) ©:
120°C ,8 h

54%

|
N”/ DMSO (1 mL) N /
SePh
CLY o e L
—
N

35%
El4-6 HIIRERS
Scheme 4-6 Mechanism investigation
et BRI SRR, M TR TREM SOV HLEE (1 4-7). ESE, A ALY
5 L S S AE i PR I AL R AL R R4 RS, R IR [1,2-a ] e MR MG L 2% F HUAR
S S RTRACIVE T, £E C3 LS ANZRRNEE, ALY Ta: B)a, Taitt—2
55— THACRI I RN, e &AL 1,3- 2R 4 8a.

PhSeSePh + I, —— PRhSel

QQ Seglrea

PhSeI
PhSe
O:N?\Seph PhSel Z?\SePh
P
N
8a

[E4-7 FRERY R RIHIE

Scheme 4-7 Plausible reaction mechanism
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4.4 SLIGER4Y

44.1C-3 BEMURNEKRSE

[l 8 (10 mL) AN 55 5 44 6 (0.125 mmol). MLIE FF[1,2-a] W R 1

(0.25mmol). I, (1equiv.) DMSO (1 mL). BIEEMLE 120 °CH= S HFE 8h Bk 12
he RMSERUGE, JRERREER. MR IR A/ Z0R Ol Pus ik
afi, 13 BB ST ALY Ta-Tm, 13 2 5B U ST ZEA 1Y) 1) 26 5 To-Tr. 8n-8r.

4.42 C1, C3-WHEMK 2 N E A ST

W 05 B A 6 (0.25 mmol) ML FF[1,2-a]MEWE I 1.(0.25 mmoD)« I (1 equiv.)
A DMSO (1 mL) JOAZIESE (10mL) Tk, KIREWTE 120 °CIRJE T v
8 h 5 24 ho JRMSEMG, WUEZMERRER. HnSmRIuR Oy (BIFH: A
MK CFR R, 192 5T FEAR AL Tb-7d FXUHUR D57 B 464 8d-8q.

443 FEGERUOR NEKRLR

¥ 5 B TRRE (0.25 mmol). MRS IE[1,2-a]EWEME 1 (0.25 mmoD) I (1 i)
A DMSO (1 mL) #MmENHEE (10mL) F. KRAYTE 120 °CIEE NP 8he KB
SERJE, JRIEZR TR ERRIE N M i PRE ik 2t CRITR: ik 28R 4F8)D,
15 2L D7 FEBR AL Tu-Tx A HUR DT SR ALY Ty-Tab.

444 RRHIFLEPRE

fif R4 (10 mL) #A 1e (3 mmol). 54 “fillk 6a (1.5 mmoD. I (1 4#)
A DMSO (12mL). ¥IREWILE 120 CHIZ S 16he SSTERUE, 8K 72818 2 bR i
Ao WIS AERER PR B AA =Y JRFFA): 4B AR AR, 152 1=
Te (1.322¢g, U 84%) FIEI™ & 8a (I 24%).

445 TTEURNEE

[l R (10mL) HFIA 7s (0.2 mmoD). 732K (1.0 mmol). Pd(PPhs)s (5
mol%). NaxCO3; (2equiv.) Fl 1,4- "5/ : H0 (1: 4, 3 25mL). fEEARY NE

70



BT LEHMIRI[1,2-oEEWH B C-H FilLR K BAFRFHTFMIRX

80 °C FHEHHIR A She RFIFERUE, R kY . MM ARk RIFH: A1k
LR CHER Pukigaif, 192247 m 76 (RE 40%) 1 7g (RE 44%) .

# 7a (0.25mmol). 1-ffi-4-FF IR (0.5 mmol). Pd(OAc), (10mol%). X-Phos (15
mol%). AgCOs (2equiv.) FIHFZK (1 mL) FVREWITE 120 °C FEEESHHiFE 24 h. 5E
B, IR DAY il PR Rl RIS Ak SRR OB AR, 153
Fr =9 1g(ICFE 40%).

MW (10mL) 24 7a (0.5mmol). NH4SCN (1.0 mmol). NCS (1.5 mmol) #l
MeCN (2mL). ¥IRAGWEEER NP 24he RVTERE, BHEHE B S RiRYE . il
R BIFA): Al RO EPusaibaifbiish, 53] 7ac IERA M, UK
RN 41%.

4.4.6 FEYIRVEHRARIE

3-(CRFEN L) LS I [ 1,2-a] VBRI [7a]
@EN?\SG
N" @
Yellow solid (55.1 mg, 68%); m.p. 116-119 €. *H NMR (400 MHz, CDCls) 6 8.98 (s, 1H),
8.06 — 7.95 (m, 2H), 7.88 (d, J = 8.1 Hz, 1H), 7.57 (t, J = 7.7 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H),
7.28 (d, J = 7.6 Hz, 2H), 7.17 (d, J = 6.5 Hz, 3H), 7.06 (s, 1H); 1*C NMR (101 MHz, CDCls) 6
144.85, 133.79, 132.75, 132.21, 132.12, 130.28, 129.99, 129.93, 129.90, 129.44, 127.93,
127.42, 126.73, 126.14, 116.50; HRMS (ES+): m/z calcd for C17H13N2Se (M+H)*: 325.0238,

found: 325.0237.
3- (%t FF 2 BE A7 35 ) iEL gt [ 1, 2-a] e WE R [7b]

@c:?@

e

Yellow solid (method one: 47.8 mg, 54%; method two: 50.9mg, 60%); m.p. 95-100 €. H
NMR (400 MHz, CDCl3) ¢ 8.97 (s, 1H), 8.02 (d, J =8.0 Hz, 1H), 7.97 (s, 1H), 7.87 (d, J = 8.2
Hz, 1H), 7.57 (t, J=7.7 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 7.7 Hz, 2H), 7.04 (s, 1H),
7.00 (d, J = 7.8 Hz, 2H), 2.26 (s, 3H); *C NMR (101 MHz, CDCl3) 6 145.27, 136.62, 130.34,
130.16, 129.27, 128.39, 128.12, 127.70, 125.90, 121.28, 114.94, 113.82, 21.11; HRMS (ES+):
m/z calcd for C1gH1s5N2Se (M+H)*: 339.0395, found: 339.0395.
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3-((4- TR KL JE LI I [ 1,2-a] R [7c)
@EN?\SG

F

Yellow solid (method one: 38.5 mg, 45%; method two: 31.6 mg, 37%); m.p. 82-85 €. *H NMR
(400 MHz, CDCls) 6 8.92 (s, 1H), 7.97 (d, J = 7.8 Hz, 1H), 7.93 (d, J = 2.4 Hz, 1H), 7.83 (d, J
=8.1 Hz, 1H), 7.52 (t, J = 7.4 Hz, 1H), 7.46 (d, J = 7.6 Hz, 1H), 7.25 — 7.19 (m, 2H), 6.99 (d,
J=2.6Hz, 1H), 6.84 (t, J = 8.7 Hz, 2H);*3C NMR (101 MHz, CDCls) 6 163.31, 144.98, 135.90,
132.11 (d, J = 7.8 Hz), 130.32, 128.56, 128.08, 127.62, 126.06, 125.42, 121.26, 116.50 (d, J =
21.7 Hz), 115.13, 113.86; 1°F NMR (376 MHz, CDCls) § -115.74; HRMS (ES+): m/z calcd for
C17H12FN2Se (M+H)*: 343.0144, found: 343.0143.
3-((4-JR IR 2L )L i I 1,2-a )W WR IR [7d]

@c:?@

Br

Yellow solid (method one: 38.2 mg, 38%; method two: 31.1 mg, 31%); m.p. 85-90 <T.*H NMR
(400 MHz, CDCls) 6 8.87 (s, 1H), 7.97-7.88 (m, 2H), 7.80 (d, J = 8.0 Hz, 1H), 7.50 (t, J = 7.6
Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H), 7.19 (d, J = 8.1 Hz, 2H), 7.04 (d, J = 8.3 Hz, 2H), 6.99-6.92
(m, 1H); 3C NMR (101 MHz, CDCls) 6 145.01, 136.13, 132.43, 132.31, 131.15, 130.48, 128.93,
128.55, 128.32, 127.57, 126.06, 121.39, 120.45, 115.09, 113.85; HRMS (ES+): m/z calcd for
C17H12BrN2Se (M + H)*: 402.9344, found: 402.9338.

1-f-3-CR LA L ) LK FF[1,2-a] E VR I [Te]

(LS A
Yellow solid (103.5 mg, 92%); m.p. 136-138 °C. 'H NMR (400 MHz, CDCls) 6 8.95 (s, 1H),
8.02 — 7.89 (m, 2H), 7.82 (d, J= 7.1 Hz, 1H), 7.51 (d, J = 7.4 Hz, 1H), 7.49 — 7.41 (m, 1H),
7.26 (s, 1H), 7.15 (d, J = 7.3 Hz, 3H), 7.03 (s, 1H); *C NMR (101 MHz, CDCls) 6 145.25,
136.15, 133.35, 130.39, 129.58, 129.28, 128.31, 127.57, 126.40, 125.82,121.37, 121.18, 115.63,
114.83,113.74,113.31, 103.21; HRMS (APCI): m/z caled for C17H12IN2Se (M+H)™: 450.9205,

found: 450.9200.
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1- 2K B -3- (R FE AP I )L P TR 1,2-a ] R Ik [7£]

N/ Se

(LS A

Yellow liquid (method one:76.0 mg, 76%;method two: 40.0 mg, 40%); 'H NMR (400 MHz,
CDCI3) 6 9.03 (s, 1H), 8.00 (d, /= 7.9 Hz, 1H), 7.53 (s, 5H), 7.46 — 7.33 (m, 4H), 7.25 — 7.12
(m, 4H), 6.96 (s, 1H); *C NMR (101 MHz, CDCls) 6 145.35, 133.31, 132.79, 130.23, 130.10,
129.83, 129.41, 129.21, 129.12, 128.99, 128.72, 127.19, 126.73, 125.72, 123.73, 116.74;

HRMS (APCI): m/z caled for C23H7N2Se (M+H)™: 401.0551, found: 401.0550.
3-(ARFEAP KL )- 1-Chf FE 2R L)AL IR 1,2-a] DR I [7g]

Me

N// Se
(LS &
Yellow solid (method one: 89.0 mg, 86%; method two: 45.5 mg, 44%; method three: 41.4mg,
40%); m.p. 75-79 °C. '"H NMR (400 MHz, CDCl3) § 9.01 (s, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.48
(d,J=8.5Hz, 1H), 7.42 (d,J= 7.9 Hz, 2H), 7.40 — 7.34 (m, 3H), 7.32 (d, /= 7.7 Hz, 2H), 7.19
(q,J= 6.7 Hz, 4H), 6.92 (s, 1H), 2.48 (s, 3H); 3C NMR (101 MHz, CDCls) § 145.55, 139.19,
137.41, 133.35, 132.97, 130.41, 130.22, 130.08, 129.70, 129.66, 129.37, 129.12, 128.84,
127.02, 126.62, 125.57, 123.55, 116.73, 21.60; HRMS (APCI): m/z calcd for C24Hi9N>Se

(M+H)": 415.0708, found: 415.0706.
1-(4-F AU ORI )-3- (R L AP 6 ML 1 5 [ 1,2-a ] R WE R [7h]

MeQO

Yellow solid (91.4 mg, 85%); m.p. 92-95 °C. 'H NMR (400 MHz, CDCl3) 6 9.01 (s, 1H), 7.97
(d, J=7.8 Hz, 1H), 7.46 (dd, J=11.9, 8.8 Hz, 3H), 7.38 (dd, J=11.6, 7.1 Hz, 3H), 7.19 (q, J
=17.6, 6.9 Hz, 4H), 7.04 (d, J = 8.6 Hz, 2H), 6.91 (s, 1H), 3.92 (s, 3H); '*C NMR (101 MHz,
CDCl3) 6 160.31, 145.62, 137.52, 133.02, 131.19, 130.29, 130.05, 129.36, 129.05, 128.92,
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127.03, 126.59, 125.59, 125.53, 123.45, 116.60, 114.39, 55.56; HRMS (ES+): m/z calcd for
C24H19N,0Se (M+H)": 431.0657, found: 431.0656.
3-IRBE-1-(CHRILAN )L I [ 1,2-a ] ENR I (7]

O/Se

L
Yellow solid (63.0 mg, 63%); m.p. 108-110 °C. 'H NMR (400 MHz, CDCl3) 6 9.49 —9.41 (m,
1H), 9.03 (s, 1H), 8.01 —7.92 (m, 1H), 7.62 (d, J= 7.4 Hz, 2H), 7.50 (t, J = 7.6 Hz, 2H), 7.42
(dd, J=12.1, 7.4 Hz, 3H), 7.35 — 7.28 (m, 2H), 7.27 (s, 1H), 7.21 (t, J = 6.7 Hz, 3H); 3*C NMR
(101 MHz, CDCl3) ¢ 144.44, 137.53, 132.39, 130.47, 130.31, 129.96, 129.93, 129.88, 129.70,
128.57, 127.63, 127.32, 126.79, 126.73, 125.75, 116.55, 21.38; HRMS (APCI): m/z calcd for

Ca3Hi7Na2Se (M+H)": 401.0551, found: 401.0540.
1-(AA I )-3-Cf FHOREE LN R 1,2-a] EDR I [7]]

o
N
Peave
—
N

Yellow solid (78.7 mg, 76%); m.p. 92-93 °C. 'H NMR (400 MHz, CDCls) 6 9.36 — 9.28 (m,
1H), 8.90 (s, 1H), 7.90 — 7.82 (m, 1H), 7.40 (d, J= 7.9 Hz, 2H), 7.34 — 7.29 (m, 2H), 7.20 (d, J
= 7.5 Hz, 4H), 7.13 (t, J = 8.6 Hz, 4H), 2.33 (s, 3H); *C NMR (101 MHz, CDCls) § 144.44,
137.53, 132.39, 130.47, 130.31, 130.05, 129.96, 129.93, 129.88, 129.70, 128.57, 127.63,
127.32, 126.79, 126.73, 125.75, 116.55, 21.38; HRMS (ES+): m/z calcd for Ca4Hi9N2Se
(M+H)": 415.0708, found: 415.0700.

3-(4-F A B ORI )- 1 -CR A 2 ML P I 1,2-a ] PEE IR [7K]

o
N
@[ OMe
=
N

Yellow liquid (80.6 mg, 75%). "H NMR (400 MHz, CDCl3) 6 9.51 —9.35 (m, 1H), 8.98 (s, 1H),
8.01 — 7.85 (m, 1H), 7.54 (d, J = 8.5 Hz, 2H), 7.47 — 7.37 (m, 2H), 7.30 (d, J = 7.6 Hz, 2H),
7.22(q,J=8.6,7.3 Hz, 4H), 7.04 (d, J= 8.5 Hz, 2H), 3.88 (s, 3H); *C NMR (101 MHz, CDCI;)
5 152.74, 138.24, 136.72, 136.47, 136.05, 134.77, 131.96, 130.52, 129.96, 129.57, 129.13,
128.92, 126.08, 124.52, 119.51, 118.26, 115.75, 107.31, 21.04; HRMS (ES+): m/z calcd for
C24H19N>0Se (M+H)": 431.0657, found: 431.0655.
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3-(4- SR )- 1- (AR 2 ) ML [ 1,2-a ] E VR R [71]

Yellow solid (32.4 mg, 31%); m.p. 96-99 °C. 'H NMR (400 MHz, CDCls) 6 9.37 (dd, J = 5.9,
3.7 Hz, 1H), 8.89 (s, 1H), 7.92 (dd, J = 5.9, 3.5 Hz, 1H), 7.50 (dd, J = 7.9, 5.5 Hz, 2H), 7.38
(dd, J = 6.1, 3.5 Hz, H), 7.24 (s, 1H), 7.22 — 7.07 (m, 7H); *C NMR (151 MHz, CDCls) 6
162.50 (d, J=247.5 Hz), 143.96 , 136.95 , 132.20, 130.24 (d, J = 8.1 Hz), 130.15 , 130.04 ,
129.90, 129.72,129.44 (d, J = 3.2 Hz), 129.34 , 129.05 , 127.76 , 127.42 , 126.75 , 126.57 ,
125.88 , 123.40 , 116.56 , 116.27 , 116.13; 'F NMR (376 MHz, CDCls) ¢ -114.46; HRMS
(ES+): m/z caled for C23Hi6FN2Se (M+H)+: 419.0457, found: 419.0455.
3-IRHE- 1R 5L I 1,2-a]EIE I [7m]

o
N~
oAV
~
N

Yellow solid (71.2 mg, 67%); m.p. 135-139 °C. '"H NMR (400 MHz, CDCI3) 6 9.50 — 9.43 (m,

1H), 9.00 (s, 1H), 8.04 — 7.95 (m, 1H), 7.77 (d, J = 8.3 Hz, 2H), 7.71 (d, J = 8.3 Hz, 2H), 7.47

(dd, J=5.9, 3.8 Hz, 2H), 7.31 (d, J = 5.4 Hz, 2H), 7.28 — 7.18 (m, 4H); 3*C NMR (151 MHz,

CDCl3) 6 143.48, 138.17, 137.16, 132.91, 131.89, 130.08, 130.00, 129.92, 128.92, 128.06,

127.54, 126.88, 126.49, 126.15, 121.75, 118.89, 116.57, 113.62, 110.86; HRMS (APCI): m/z

calcd for C24H16N3Se (M+H)": 426.0504, found: 426.0500.
4-FRBE-3-CRANIE ) EIK FF[1,2-a] VR I [7Tn]

s

N/
L
Yellow solid (41.0 mg, 41%); m.p. 107-111 °C. 'H NMR (400 MHz, CDCls) 6 8.03 (d, J = 7.6
Hz, 1H), 7.99 (d, /= 2.8 Hz, 1H), 7.85 (d, /= 8.0 Hz, 1H), 7.59 — 7.39 (m, 7H), 7.29 — 7.10 (m,
5H), 6.69 (d, J = 2.8 Hz, 1H); 3C NMR (101 MHz, CDCIs) J 155.56, 132.40, 132.18, 131.52,
130.47, 129.98, 129.42, 129.19, 129.10, 128.86, 128.26, 127.86, 127.73, 127.27, 127.10,

125.67, 124.17, 120.04, 115.36, 113.33; HRMS (APCI): m/z calcd for C23H7N2Se (M+H)™
401.0551, found: 401.0552.
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3-(ZE I )-4- (6 FF I )L I [1,2-a]ENR R [7o]

o

Se
N/
L,
Me
Yellow solid (32.1 mg, 31%); m.p. 89-94 °C. 'H NMR (400 MHz, CDCl3) § 8.01 (d, J=7.9 Hz,
1H), 7.96 (d, J = 2.9 Hz, 1H), 7.83 (d, J = 7.9 Hz, 1H), 7.47 (q, J = 8.0, 6.6 Hz, 4H), 7.36 —
7.23 (m, 3H), 7.20 (d, J = 6.4 Hz, 4H), 6.64 (s, 1H), 2.44 (s, 3H); 13C NMR (101 MHz, CDCls)
o 155.85, 139.46, 132.79, 132.23, 130.19, 129.19, 129.04, 128.87, 127.75, 127.38, 127.26,
125.65, 124.31, 119.71, 115.25, 113.38, 21.69; HRMS (APCI): m/z caled for Ca4HioN>Se

(M+H)": 415.0708, found: 415.0707.
4-(4-TRFIE)-3- R R ML FF[1,2-a]PEVE I [7p]

o

Se
N/
e
Br
Yellow solid (63.3 mg, 53%); m.p. 111-115 °C. '"H NMR (400 MHz, CDCl3) & 8.05 — 8.00 (m,
2H), 7.87 (d,J=8.2 Hz, 1H), 7.59 - 7.51 (m, 3H), 7.49 (d,J= 7.7 Hz, 1H), 7.41 (d, J= 7.8 Hz,
2H), 7.18 (s, SH), 6.80 — 6.77 (m, 1H); '>*C NMR (101 MHz, CDCl3) 6 154.53, 132.59, 131.73,
131.33, 130.86, 130.76, 130.20, 129.22, 128.24, 127.34, 127.05, 125.93, 124.26, 123.88,
121.01, 115.56, 113.53; HRMS (APCI): m/z caled for C23H16BrN2Se (M+H)*: 478.9657, found:

478.9655.
4-(4- G A )-3- ORI HL) LR T [1,2-a]EVR K [7q]

o

Se
N/
L,
Cl
Yellow solid (53.2 mg, 49%); m.p. 127-129 °C. 'H NMR (400 MHz, CDCls) 6 8.04 — 7.98 (m,
2H), 7.87 (d, J = 8.2 Hz, 1H), 7.54 (d, J= 7.7 Hz, 1H), 7.48 (d, J = 8.2 Hz, 3H), 7.38 (d, J =
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8.2 Hz, 2H), 7.18 (s, 5H), 6.78 (d, J = 2.6 Hz, 1H); *C NMR (101 MHz, CDCl3) ¢ 154.54,
136.65, 135.73, 135.50, 132.62, 131.67, 130.48, 130.25, 129.20, 128.37, 128.17, 127.33,
127.01, 125.87, 124.34, 120.94, 115.45, 113.50; HRMS (ES+): m/z calcd for C23HisCIN2Se
(M+H)": 435.0162, found: 435.0160.

7-F-3-CA 3 ) ML [ 1,2-a] R IR RBE [7r]

0
Fosts

Yellow solid (51.0 mg, 57%); m.p. 100-103 °C. '"H NMR (400 MHz, CDCls) 6 8.96 (s, 1H),
7.97 (dd, J=17.0, 2.3 Hz, 2H), 7.80 (d, J = 8.8 Hz, 1H), 7.51 (dd, /= 8.8, 2.1 Hz, 1H), 7.35 —
7.25 (m, 2H), 7.18 (d, J = 6.6 Hz, 3H), 7.07 (d, J = 2.6 Hz, 1H); '*C NMR (101 MHz, CDCl5)
5 146.29, 137.04, 133.01, 131.13, 130.20, 129.87, 129.75, 129.39, 128.44, 128.37, 128.13,
126.64, 126.30, 121.77, 115.26, 114.97; HRMS (APCI): m/z calcd for C17H12CIN2Se (M+H)':
358.9849, found: 358.9845.

1-FIL-3-CR TR IS ML I [1,2-a] VR IR [Tu]

Yellow solid (method one: 78.4 mg, 78%; method two: 27.1 mg, 27%; method three: 73.4 mg,
72%;); m.p. 95-99 €. 'H NMR (400 MHz, CDCl3) ¢ 9.35 (d, J = 8.3 Hz, 1H), 8.76 (s, 1H),
7.99 (d, J = 7.8 Hz, 1H), 7.43 (dt, J = 16.0, 7.2 Hz, 2H), 7.31 — 7.18 (m, 2H), 7.16 (d, J = 7.3
Hz, 1H), 7.05 (d, J = 7.3 Hz, 2H); 3C NMR (101 MHz, CDCls) ¢ 144.85, 133.79, 132.75,
132.21, 132.12, 130.28, 129.99, 129.93, 129.90, 129.44, 127.93, 127.42, 126.73, 126.14,
116.50; HRMS (ES+): m/z calcd for C17H12IN2S (M+H)*: 402.9760, found: 402.9756.

1-fil-7- P Bk-3- (A< 22k ) L s [1,2-a] FE DR IR [7v]

N /I
[ :I _
Me N

Yellow solid (61.4 mg, 59%); m.p. 126-130 €. *H NMR (400 MHz, CDCls) 6 9.20 (d, J = 8.7
Hz, 1H), 8.73 (s, 1H), 7.78 (s, 1H), 7.27 — 7.18 (m, 6H), 7.15 (d, J = 7.3 Hz, 1H), 7.03 (d, J =
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7.4 Hz, 2H), 2.45 (s, 3H); *C NMR (101 MHz, CDCls) ¢ 160.31, 145.62, 137.52, 133.02,
131.19, 130.29, 130.05, 129.36, 129.05, 128.92, 127.03, 126.59, 125.59, 125.53, 123.45,
116.60, 114.39, 103.92, 55.56; HRMS (ES+): m/z calcd for CigH14IN2S (M+H)*: 416.9917,
found: 416.9915.

8- 1-f-3- (R L ) ML g I [1,2-a EHE R [7w)

Yellow solid (60.9 mg, 58%); m.p. 113-118 €. *H NMR (400 MHz, CDCls) 6 9.14 (d, J = 13.2
Hz, 1H), 8.71 (s, 1H), 8.01 — 7.91 (m, 1H), 7.29 (s, 1H), 7.27 — 7.21 (m, 2H), 7.17 (q, J = 7.3,
6.5 Hz, 2H), 7.06 (d, J = 7.9 Hz, 2H); 23C NMR (101 MHz, CDCls) 6 162.44 , 159.98 , 144.68 ,
135.87 , 133.10 , 131.84 (d, J = 9.7 Hz), 130.02 , 129.78 , 126.97 , 120.36 , 114.40 , 114.16 ,
103.70 , 103.40; F NMR (376 MHz, CDCl3) & -108.31; HRMS (ES+): m/z calcd for
C17H1FIN,S (M+H)*: 420.9666, found: 420.9663.

7- - 1-T-3-CRBR L) I 5 [1,2-a] IR [7x)

e
Feun

Yellow solid (61.0 mg, 56%); m.p. 136-138 €. *H NMR (400 MHz, CDCls) §9.24 (d, J = 9.2

Hz, 1H), 8.71 (s, 1H), 7.92 (d, J = 2.2 Hz, 1H), 7.32 (d, J = 9.2 Hz, 1H), 7.27 — 7.18 (m, 3H),

7.15(t, J = 7.2 Hz, 1H), 7.01 (d, J = 7.5 Hz, 2H); 1*C NMR (101 MHz, CDCl3) 6 146.49, 138.37,

135.82, 132.75, 131.51, 130.16, 129.76, 129.54, 128.12, 128.09, 126.91, 126.78, 120.49,

117.56; HRMS (ES+): m/z calcd for C17H11CIIN2S (M+H)*: 436.9371, found: 436.9368.
4-FRFE-3-CR B IE LK TF[1,2-a] VR [Ty]

o

S

—

N
L
N
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Yellow liquid (61.6 mg, 70%). *H NMR (400 MHz, CDCl3) ¢ 9.46 (d, J = 8.3 Hz, 1H), 8.06 (d,
J=7.8Hz, 1H), 7.97 (d, J = 7.3 Hz, 2H), 7.56 (d, J = 5.4 Hz, 3H), 7.42 (dt, J = 20.0, 7.2 Hz,
2H), 7.23 (t, J = 7.5 Hz, 2H), 7.17 (d, J = 4.0 Hz, 1H), 7.14 (d, J = 7.3 Hz, 1H), 7.07 (dd, J =
8.8, 6.2 Hz, 3H); *C NMR (101 MHz, CDCls) d 154.27, 138.04, 137.53, 137.32, 130.23, 129.99,
129.68, 129.50, 129.34, 128.88, 128.79, 128.76, 127.48, 126.75, 126.40, 126.33, 126.20,
125.74, 118.09, 116.49, 109.03; HRMS (ES+): m/z calcd for C2sH17N2S (M+H)*: 353.1107,
found: 353.1101.
4-(4- AR L ORI -3-CR B ) ML I I [1,2-a ] RENEIBE [Tz

o

S

Nz
0,
N
OMe

Yellow solid (47.8 mg, 50%); m.p. 124-126 €. *H NMR (400 MHz, CDCls) § 9.43 (d, J = 8.4
Hz, 1H), 8.10 — 7.98 (m, 1H), 7.93 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 7.7 Hz, 1H), 7.36 (d, J =
8.1 Hz, 1H), 7.21 (t, J = 7.4 Hz, 2H), 7.14 (dd, J = 12.0, 5.6 Hz, 2H), 7.06 (t, J = 5.6 Hz, 5H),
3.89 (s, 3H); 1*C NMR (101 MHz, CDCls) ¢ 161.17, 153.77, 137.61, 137.36, 130.59, 130.36,
130.03, 129.71, 129.49, 129.22, 127.19, 126.71, 126.30, 126.17, 125.70, 117.90, 116.46,
114.16, 108.96, 55.57; HRMS (ES+): m/z calcd for C24H19N20S (M+H)*: 383.1213, found:
383.1208.
A4-(4- TR I )-3-CRBR L)L I [1,2-a] EVEIK [7aa]

o

S

N/
L
N
NO,

Yellow solid (30.8 mg, 31%); m.p. 106-111 €. 'H NMR (400 MHz, CDCls) § 9.47 (d, J = 9.6
Hz, 1H), 8.42 (d, J = 8.5 Hz, 2H), 8.16 (d, J = 8.5 Hz, 2H), 8.06 (d, J = 8.6 Hz, 1H), 7.46 (p, J
= 5.5 Hz, 2H), 7.23 (d, J = 7.7 Hz, 2H), 7.19 (d, J = 4.1 Hz, 1H), 7.16 (d, J = 7.2 Hz, 1H), 7.08
(d, J = 7.4 Hz, 2H), 7.01 (d, J = 4.1 Hz, 1H); 3C NMR (101 MHz, CDCls) ¢ 151.68, 148.83,
136.87, 130.33, 130.03, 129.64, 129.38, 128.92, 128.40, 126.84, 126.73, 126.58, 126.16,
124.02, 116.70, 108.79; HRMS (ES+): m/z calcd for C23H1sN302S (M+H)*: 398.0958, found:
398.0954.
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4-(4- G HL)-3-(CR I J2 ) I I 1,2-a]VEVE IR [7ab]

o

S

N.
L
N
F

Yellow solid (56.4 mg, 61%); m.p. 124-126 €. *H NMR (400 MHz, CDCls3) § 9.44 (d, J = 8.3
Hz, 1H), 8.01 (d, J = 7.6 Hz, 1H), 7.99 — 7.90 (m, 2H), 7.48 — 7.33 (m, 2H), 7.22 (q, J = 8.1,
7.6 Hz, 4H), 7.14 (dd, J = 11.2, 5.7 Hz, 2H), 7.05 (d, J = 7.7 Hz, 2H), 7.00 (d, J = 4.1 Hz, 1H);
13C NMR (101 MHz, CDCls3) § 165.18, 162.70, 153.10, 137.40, 137.19, 134.16, 130.86 (d, J =
8.4 Hz), 130.16, 129.50 (d, J =5.3 Hz), 129.29, 127.59, 126.76, 126.33 (d, J = 11.7 Hz), 125.82,
118.41, 116.53, 115.92, 115.71, 108.85; *F NMR (376 MHz, CDClIs) 6 -110.80; HRMS (ES+):
m/z calcd for C23H16FN2S (M+H)*: 371.1013, found: 371.1008.
3-(ZRAPHE)-1-B FUIE ML S FHE[1,2-a ] IEMR [7ac]
NCS

oy

N
Yellow solid (78.0 mg, 41%); m.p. 122-127 °C. "H NMR (400 MHz, CDCls) 6 9.27 (d, J= 8.5
Hz, 1H), 9.07 (s, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.70 (t, J= 7.8 Hz, 1H), 7.61 (t,J= 7.6 Hz, 1H),
7.44 (s, 1H), 7.38 — 7.29 (m, 2H), 7.21 (d, J = 3.6 Hz, 3H); '3C NMR (101 MHz, CDCLs) §
144.86, 137.44, 133.62, 132.78, 131.55, 131.16, 130.55, 129.51, 129.04, 128.99, 127.17,
126.94, 115.56, 108.66, 105.36, 104.84; HRMS (ES+): m/z caled for CisH12N3SSe (M+H)':
381.9912, found: 381.9909.
1,3- 0L A 85 ML i FF [1,2-a 2 VR I [8a]

O
Se _ Q
ol

Yellow solid (102.0 mg, 85%); m.p. 132-136 €. 'H NMR (400 MHz, CDCls) § 9.48 — 9.40 (m,
1H), 8.98 (s, 1H), 8.01 — 7.91 (m, 1H), 7.42 (dd, J = 6.3, 3.5 Hz, 2H), 7.27 (s, 1H), 7.25 (s, 1H),
7.23 —7.08 (m, 9H); 3C NMR (101 MHz, CDCls) 6 144.85, 133.79, 132.75, 132.21, 132.12,
130.28, 129.99, 129.93, 129.90, 129.44, 127.93, 127.42, 126.73, 126.14, 116.50; HRMS (ES+):
m/z calcd for Co3H17N2Se2 (M+H)™: 480.9717, found: 480.9717.
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1,3-XU[(4-T5LR )R HE M0 R 1,2-a]E DRI (8d])

Br

o
Lo

Yellow solid (102.0 mg, 64%); m.p. 173-175 €. 'H NMR (400 MHz, CDCl3) § 9.38 — 9.30 (m,
1H), 8.92 (s, 1H), 7.98 — 7.88 (m, 1H), 7.45 — 7.35 (m, 2H), 7.23 (d, J = 4.2 Hz, 2H), 7.19 (d, J
=13.5 Hz, 3H), 7.06 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H); *C NMR (101 MHz, CDCl3)
0 144,52, 133.78, 132.99, 132.48, 132.13, 131.63, 131.44, 131.02, 130.42, 129.80, 128.21,
126.42, 121.72, 120.93, 116.25; HRMS (ES+): m/z calcd for CasHisBroN2Sex (M+H)*:
638.8083, found: 638.7900.

4-FRFE-1,3- XU (ZRAFE ) L I [1,2-a] ZEWE IR [Sn]

o

Se Q
N/ —Se
L
N

Yellow solid (114.0 mg, 82%); m.p. 133-135 €. *H NMR (400 MHz, CDCl3) 69.38 (d,J=7.8
Hz, 1H), 8.00 (d, J = 6.1 Hz, 1H), 7.57 (d, J = 6.3 Hz, 2H), 7.49 (q, J = 7.1, 6.2 Hz, 3H), 7.41
(td, J=7.2, 6.6, 4.4 Hz, 2H), 7.31 (d, J = 7.7 Hz, 2H), 7.26 — 7.11 (m, 8H), 6.71 (s, 1H); 13C
NMR (101 MHz, CDCls) ¢ 133.67, 131.08, 130.12, 129.83, 129.64, 129.38, 128.98, 128.63,
127.80, 127.38, 127.27, 125.89, 116.20; HRMS (ES+): m/z calcd for CagH21N2Se; (M+H)*:
557.0030, found: 557.0027.

1,3- XU (R HE)-4-(xf H A I ) I I [1,2-a] EWZ I [8o]

o

Se

pu—

N/ —Se
99
N

Me
Yellow solid (78.4 mg, 55%); m.p. 142-144 €. 'H NMR (400 MHz, CDCls) 6 9.37 (d, J = 7.9
Hz, 1H), 7.98 (d, J = 7.1 Hz, 1H), 7.48 (d, J = 7.4 Hz, 2H), 7.43 — 7.37 (m, 2H), 7.35 (d, J =
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7.7Hz, 2H), 7.30 (d, J = 7.6 Hz, 2H), 7.21 (dt, J = 13.0, 6.1 Hz, 8H), 6.67 (s, 1H), 2.45 (s, 3H);
13C NMR (101 MHz, CDCls) 6 155.24, 139.69, 134.00, 130.69, 130.05, 129.94, 129.80, 129.60,
129.38, 129.31, 128.87, 127.90, 127.33, 127.11, 125.82, 116.15, 21.71; HRMS (ES+): m/z
calcd for C3oH23N2Se2 (M+H)*: 571.0186, found: 571.0188.

A-(4- PR HE)-1,3- KU (Al KL ML g I [1,2-a] R R [8p)

o

S

=

N// Se
L

Br

Yellow solid (96.7 mg, 61%); m.p. 190-192 €. 'H NMR (400 MHz, CDCls) 6 9.41 — 9.32 (m,
1H), 8.02 — 7.90 (m, 1H), 7.56 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 8.4 Hz, 4H), 7.28 — 7.10 (m,
10H), 6.77 (s, 1H); 3C NMR (101 MHz, CDCls) ¢ 153.93, 132.98, 131.62, 130.74, 130.30,
129.99, 129.87, 129.57, 129.40, 127.68, 127.52, 126.04, 124.05, 116.28; HRMS (ES+): m/z
calcd for CogH20BrN2Se; (M+H)*: 634.9135, found: 634.9130.

A-(4-F R FE)-1,3- XL (R A L) ML g I [1,2-a] e HE MR [8q]

Se Q

N/ —Se
L

N

o]
Yellow solid (118.0 mg, 80%); m.p. 177-179 €. *H NMR (400 MHz, CDCls3) § 9.46 —9.32 (m,
1H), 8.04 — 7.94 (m, 1H), 7.51 (d, J = 8.2 Hz, 2H), 7.47 — 7.38 (m, 4H), 7.26 (dd, J = 8.1, 4.9
Hz, 7H), 7.20 (s, 2H), 6.81 (s, 1H); *3C NMR (101 MHz, CDCl3) § 153.94, 136.81, 135.73,
132.97, 132.02, 131.67, 131.30, 130.48, 130.25, 130.01, 129.85, 129.58, 129.39, 128.67,
127.67,127.49, 126.01, 116.26; HRMS (ES+): m/z calcd for C29H20CIN2Sez (M+H)*: 590.9640,
found: 590.9638.
7-58-1,3- X (R HE ) Lk gt I [1,2-a] E R K [8rr]

O
Se _ Q
Jeem
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Yellow solid (107.9 mg, 84%); m.p. 152-156 €. *H NMR (400 MHz, CDCl3z) 6 9.42 (d, J = 9.2
Hz, 1H), 9.02 (s, 1H), 7.97 (s, 1H), 7.39 (d, J = 11.5 Hz, 1H), 7.31 (s, 3H), 7.21 (d, J = 14.5 Hz,
8H); °C NMR (101 MHz, CDCls3) 6 145.82, 138.35, 133.81, 132.33, 131.76, 131.63, 131.25,
130.07, 129.87, 129.75, 129.40, 129.36, 127.69, 127.46, 126.77, 117.50; HRMS (ES+): m/z
calcd for C23H16CIN2Sez (M+H)*: 514.9327, found: 514.9327.

7- - 1,3-XUCRAT L )L % R 1,2-a ] DR I [8s]

O
Se _ Q
oy

Yellow solid (114.9 mg, 93%); m.p. 135-140 €. *H NMR (400 MHz, CDCl3) 69.33 (d, J=8.7
Hz, 1H), 8.99 (s, 1H), 7.80 (s, 1H), 7.31 (d, J = 2.2 Hz, 1H), 7.30 — 7.27 (m, 3H), 7.24 (s, 2H),
7.23 - 7.20 (m, 3H), 7.19 (s, 1H), 7.17 (s, 2H), 2.46 (s, 3H); *°C NMR (101 MHz, CDCls) ¢
44.73,137.32,136.04, 133.59, 132.87, 132.37, 132.01, 130.17, 129.99, 129.88, 129.82, 129.76,
129.37, 129.06, 127.80, 127.27, 126.62, 116.12, 21.02; HRMS (ES+): m/z calcd for
C24H19N2Se2 (M+H)*: 494.9873, found: 494.9874.

8-9-1,3- X (A AT L ML 1% IR [1,2-a] E R IHE [8t]

O
Se/ Q
F\C[f}\&a

Yellow solid (105.8 mg, 85%); m.p. 83-85 €. 'H NMR (400 MHz, CDCls) 6 9.32 (dd, J =11.3,
2.5 Hz, 1H), 8.96 (s, 1H), 7.95 (dd, J = 8.9, 6.3 Hz, 1H), 7.34 (s, 1H), 7.31 (d, J = 2.4 Hz, 1H),
7.30 — 7.28 (m, 1H), 7.25 (s, 2H), 7.22 (s, 1H), 7.21 — 7.20 (m, 2H), 7.19 (s, 1H), 7.18 — 7.14
(m, 3H); *3C NMR (101 MHz, CDCls) 6 162.30 , 159.83 , 144.11 , 134.39 , 134.12 , 132.54 ,
131.90, 131.78 (d, J = 4.8 Hz), 130.54 , 130.46 — 130.38 (m), 130.17 — 130.07 (m), 129.98 (d,
J=3.4Hz),129.81,129.46 ,129.37,127.57 ,126.84 , 114.19, 113.95 , 103.62 , 103.32; °F
NMR (376 MHz, CDCls) ¢ -108.63; HRMS (ES+): m/z calcd for CasHisFN2Sez; (M+H)™:
498.9622, found: 498.9622.
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4.5 KB

KREE RGBT T MG H[1,2-a] IR MR AL R N, BRINTT R T —Fhm 3. H & i
7%, i L HEA, DMSO AVEF, 120°C M 8h ik &, SLl 7 BAmfiy 5 XUafk
PRI AT G e 2R RIS A IR [1,2-a ] PR AN — 75 5 i ) B BUREE B T2 1
RN, TRt TREFE R B TR, a8 LS5 20 07 2 4 B H FR =4
SRR S IGAUE T Z BN AT, HAR =4 7s BINCRIE 84%, fTAEAHFFLiE—
AR T IR 2 iRetE, AE ARSI E YA R L T EERNE . X BTR,
R FATFR T —FEsk ORI 7%, @ i 7 AT 78 R L3
R, NEWThReS T 56 et 7R aes, BAREEMNE RS54 5 N
HAE.
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FRE KRZHREMWMRF[L2-a]EEWE M ST SR N

5.1 515

FORIBRA 1 G e AR R HES AU SR SRR, JEH R AR TR R AT
B 7 R SR o01001, Forhr, A R ST B Y M A AR PRI B A S R B T 632
RiE . XRHARRENS IE L 2 Al B R & B R ROV DI R R &1, JapRbstihoe
BE 7T R A [R) U1 10 167190 I S P D BEAL SR S WIE N — Ktk RERT AT R, £ 2
BB ERRI N ), SRR TR, St Bt 7 asfh. MRS,
BRI 55 R T A SOOGS0, R (AT — 302, BTRR A
FELEMEE 20U, JUH A N E YRR T, JRIL 7R AR B3 00T, B R T 4 5
ANNPERE VIR EEAG 2R G R At 1 52 Bl 107 108, ol p &8 2 4R T4 R i S
Fl701 g AT U TR R s s AR e PR B OT I SR, TRl S bR
RIS LA ) 26 LI BERAL IR I 1 — 2k R RN I8 AR

H 1930 AR EE-be s b CHIVEBREE AL SNL) B ICHRIE AR 1, 3% — SRR A
HORAFIRAT . BRI L IR T2 Br RS s, A HLE RS MR Rl A 0UEAe 22
FHUTRAT3L, R, AR AR SR e ) A SE P 5 P RS PR A A A7 s &2 25 Bk 701,
XA FRZPR T PR P [ A7 o 1 —— = B S B PR, BN B R mh 1 DX s
SR AP A A PR

FT U, AWPFGH SR AT 1-CR CHRIE) IS IE[1,2-a] IR IR Y A,
R T LG TR C1/C3 AL i ThREALHIWE LR IR, & KB L i 1 e R o-
H 7o XS A OSSR S VIR S ETh R s i 19 B i, HEOWB R Thae 7>
T R PR RE R ST ROT R 1 Hnigtt.

Ar. Ar.

(SePh), \\ ArSH J
PhSe (NH4)2S,0g (5 equiv.) imidzaole (0.8 equiv.)

SePh SAr

—

N MeCN (1 mL) N DCM (1 mL) N
t, 45 min 120 °C, 48 h
— P~ —
N~ "R N" R N~ "R

& 5-1 FEZHREMIEH[1,2-aEEM C-H B R N

Scheme 5-1 Phenylethynylpyrrolo[1,2-a]quinoxaline C-H aromatic vulcanization reaction
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5.2 RIS

F5-1 EESKIIR
Table 5-1 Reagents of the experiment

R alipg CVRI I 3
4- B 2R Iy 98% g ZRIA R A A PR A T
1,8- R A XA[5.4.0]+—1-7-0 99% IR A A R A A

e st HERHEIR AR A

N- "5 FE i 99% bidepharm
4- kb 99% G ZRIAR A A PR A T
- ERENIR2.2.2)°E 99% GBI A A PR A T
IR A 99% GBI A A PR A T
(RS 99% GBI A A PR A T
LR S it GBI A A PR A T
4-FIHEIR 2 S it GBI A A PR A T
4R LI S it =$ﬂﬂﬁhﬁﬁ@AT
4-FR LI S it Mg 2R AR I A BRA 7]
4- 5 AR 98% Lﬁ%ﬂﬂﬁhﬁﬁ@&ﬁ
4- SRR 98% GBI A F
4-JR KT 98% GBI B PR A F
2- AR 98% GBI B PR A F
3-F AR 98% GBI B PR A F
4- WA B R 98% GBI B PR A F
4- T HE ORI 98% GBI B PR A F
4-F2 BT 97% GBI B PR A F
4-F R Y 97% R R BA BR A A
2-ZE il 98% GBI A F
2-H BRI 98% g ZRIA B R A A IR A T
3- R Aty 98% g ZRIA B R A A IR A T
2-MEEIG} it I 98% g ZRIA B R A A IR A T
2- FH - 3 i i 98% g ZRIA B R A A IR A T
[ S SR H R VAR TES G ZRIAB A A IR A F
HRREAME G sy et g ZRIA B A A IR A F
JNRIE 99.5% g ZRIAB A A IR A F
NRI L& VAR TES g ZRIAB R A A IR A F
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4rEks-1 EESLF
Continued Table 5-1 Reagents of the exfperiment

4 i HEPE TR
B Sbrat AR R R AT PR A 7
R R Sbrat AR IR B AT PR A
T2 Syt AR R R AT PR A 7
SEIGAN B 53 2-2 FHE

53 ER5V118

53.1 REZFHMIL

AER I ST LN 1-(FR 2RI MENE FF[1,2-a] R R (9a, 0.2 mmol) FINT FH AHR )
(10a, 0.3 mmol) MBI TF R S NSRRI 7T (36 5-2). FEWIIR AT 1,8- MR A
FRIEIA[5.4.0]F—-7-1% (DBU, 0.8 =) N, S HLNER, =R~ RM 48h 3k
IR ETWN(Z)-1-(2- 5 -2-ChF H 2R BRAR) £ M5 25 ML & [ 1,2-a ] R R 11a Centry 1), i
IS X BFRATATSEES, A ATHRIE T 11a S fRZEH (K 5-2, CCDC: 2415103). %
XFWIUE = 2w 1A R, B e B8R T IR RN . M RBLR T2 120 °CF,  H AR =47
W ERTIT A 55% C(entries 2-3). FiJa RGTHIEL T IMESRAE Centries 5-8), A I LABKME
BRI S B SCR B, PR ERIR 75% AR AR R RIS () 2 S BUFRHE LA 564> Centries
9-10), (Kt 48 h Ay B[P S RIS o Ayidh— B4R T I B ER, 4k T R ¥ )i Centries
11-16). SREHHR IR LG E R EEA R 3E R BT, AT 1a F= 38 2 93%.

2 ZH M, BAFL RN AN AR CIEE R, LL9a (0.2 mmol). 10a (0.4
mmol) KM (0.8 equiv.) NKMAKR, T 120 °CZ S5 A B 48 ho ZARAK [ B =
MR = T RN, WG RY R RS E T HEE.

[E]5-2 11akY 8 B L5HI(CCDC: 2415103)

Figure 5-2 The crystal structure of 11a(CCDC: 2415103)
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=52 M AR AL

Table 5-2 Optimization of the reaction conditions®

Ph N - STol
N’/ +  TolSH s(())lvent N’/
T (°C)/t(h)
s o
9a 10a 1Ma
Entry Base (equiv.) Solvent T(°C) Time Yield(%)°
1 DBU DCM rt 48 trace
2¢ DBU DCM 100 48 28
3 DBU DCM 120 48 55
4 Et;N DCM 120 48 48
5 DIPEA DCM 120 48 65
6 DMAP DCM 120 48 62
7 DABCO DCM 120 48 67
8 imidazole DCM 120 48 75
9 imidazole DCM 120 12 61
10 imidazole DCM 120 24 71
11 imidazole DCE 120 48 11
12 imidazole DMSO 120 48 68
13 imidazole DMF 120 48 85
14 imidazole MeCN 120 48 93
15 imidazole EtOH 120 48 90
16 imidazole 1,4-dioxane 120 48 89

2 Reaction conditions: 9a (0.2 mmol), 10a (0.3 mmol), base (0.8 equiv.), solvent (1 mL), under air. ° Isolated yield.

FERTHIRZ S 4R 2R 2 A K A 00 FR RSB By INF R RESRAS FU 4, AL
AR R EAA T (R 5-3). BL 1-CR L HRIR)IEE FH[1,2-a]ENEME (9a, 0.2
mmol) 5 I Tl (0.4 mmol) NIEH, HEITEKHEL (m-CPBA) NEAL,
TERET M TR S ATUR SONAR R Centry 1), F i S 45 min 18 AR 12a(72 2 37%) .
FEK S N [ R BE R Z IR RCE (entry 2) . I Ik EALFA Centries 3-7), KILILHIR
BTG P 2R 2 70%. it — LM (entries 8-13) WELAA LNEERREA X
RN . BRI RS 9a (0.2 mmoD)y IRIEAfiEE (0.4 mmol). T BRR

(5 equiv.) T ZHEH ZER KM 45 min.
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L

®5-3 RNMFHRIMIL:

Table 5-3 Optimization of the reaction conditions®

9a 12a
Entry Oxidant (equiv.) Solvent T(Y)  Time(h) Yield(%)®

1 m-CPBA Dry MeCN It 0.75 37
2¢ m-CPBA Dry MeCN It 3h 38

3 Oxone Dry MeCN rt 0.75 51

4 K2S,08 Dry MeCN It 0.75 NR
5 Na»S»0s Dry MeCN It 0.75 18
6 (NH4)2S208 Dry MeCN It 0.75 70
7 BPO Dry MeCN rt 0.75 Trace
8 (NH4)28:0s8 MeCN rt 0.75 70
9 (NH4)2S208 DMSO It 0.75 NR
10 (NH4)2S2053 1,4-dioxane rt 0.75 NR
11 (NH4)2S208 EtOH It 0.75 NR
12 (NHa4)2S208 THF It 0.75 NR
13 (NHa4)2S208 DCM It 0.75 NR

a Reaction conditions: 9a (0.2 mmol), (SePh). (0.4 mmol), oxidant (5 equiv.), solvent (1 mL), under air. ® Isolated

yield.

TE 2R TN ERAR R LA AR 2R A b, 3 — 2D BRI 5] N AN T R B A
RIATAL Centry Do FEWIME MR, DL 1-CR SHIE) LS FH[1,2-a]E B IR (9a,0.2
mmol) 5%} F IR (0.8 mmol) MY, EHiRE: (Sequiv.) NEMF, 1EZIEHEH
RN 45 min, FIIFRAF(E)-1-(2-7K3E-1,2- W CR I B FL ) 297 36 ML FE [ 1,2-a]
WMk (11a), WUFRIE 80%. & e T8 AL LSS (entries 2-5) 1, i BRERELAIIREF
AR (80%WZ) . BEJE AT HIE LA Centries 6-10) 7r, 4 & W HifEA
WIS SE T 2 83%. 25 H 11 IESEIEK S S [ Gkt — Pt m i . it &
SR, B R B Centry 12) FEUCR/NE N 80%, 1M FEREAAT Y
i (entries 13-14) TIE 2 H 55 [ N RCRE A 52%-59%. SRS (entries 15-17) 45
P2 A R A IR U E —— 4 [ B BE T A 70-120 °CIF, =i B B FRAIR .
I EIR RGBT A SN A A : 9a (0.2 mmol) X F 2R (0.8 mmol).
R EREE (S equiv.) T Z M = iR = W 45 min.
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®”S-4 RNMFHRIMIL:

Table 5-4 Optimization of the reaction conditions®

a N\ Ph_sTol
©:N—; © TosH Conditioon N//
v L,
9a 10a 11a
Entry Oxidant (equiv.) Solvent T(°C) Time(h) Yield(%)°

1 (NH4)2S205(5) MeCN It 0.75 80
2 Oxone (5) MeCN rt 0.75 79
3 K2S205 (5) MeCN It 0.75 79
4 NazS20s (5) MeCN It 0.75 77
5 BPO (5) MeCN rt 0.75 trace
6 (NH4)28:05 (5) DCM rt 0.75 83
7 (NH4)2S205(5) THF It 0.75 82
8 (NH4)2S205(5) DMSO It 0.75 NR
9 (NH4)2S208(5)  1,4-dioxane It 0.75 74
10 (NH4)2S205(5) EtOH It 0.75 82
11 (NHa4)2S205(5) DCM It 2 83
12¢ (NH4)2S205(5) DCM It 0.75 80
13 (NH4)2S205(3) DCM It 0.75 59
14 (NHa4)2S205(1) DCM It 0.75 52
16 (NH4)2S205(5) DCM 70 0.75 67
17 (NH4)2S205(5) DCM 100 0.75 68
13 (NH4)2S205(5) DCM 120 0.75 68

a Reaction conditions: 9a (0.2 mmol), 10a (0.8 mmol), oxidant (5 equiv.), solvent (1 mL), under air. ° Isolated

yield. ¢ 10a (0.5 mmol).

532 RYIERSEESR

BT, RGHRR T 1-CK BRI F[1,2-a] W V& IR %5 B 1) iS4
M GR5-5). SRR EIR, 1ZRMNARRI YT I LT I Fes
WRRIS FIEA M TR (R, RS Bl 7R (nfiEE. %), His™
) 11a-j 3BIEELL 75%-95% IR e R, H Z/BE RIGEFME4ERRAE 20:1 2 2:1 Y5
P, R EHEUREE A B PR O I REERR R el 4 5] N B SRIECALRE T 4- 32 FE IR
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By (10k) F1 4-Z ERK G (10D B, RMSATIRFF RIFREE, 700l A 76%HIWR 3k 43 H
FrEdn, o Z/BE GREME I 2:1 AT 10:1, ESZiZAR R B AE B B B T S
R ERMAR RIS, 2-ZE8H AT A BAR ) 10m G 90%), FF2IL 1:1 [
Z/E th. FRINGREESRIRY) (o 2-MEny BB Al 2- FH L -3- R R D [RIRE R IR 7 (1) B B i
PE, 2 JILL 91% (10n) F1 79% (100) HIWCRSLHFAL, H Z/BE ®8HMHE 1:1 5 2:1,
FEOPUEWIZ S N A R b st . Bk s a5 R R, AW TS T
HA T Z KRV GRS 2 I X R BRI I RE 71, & RS 2 BUR 20 25 F i
N IR AT AR WD ER AL T 1y R B
< 5-5 FERBHEREE
Table 5-5 Scope of ArSH

Ph 7 SAr
N\
imidzaole (0.8 equiv.) —
—\ + ArSH N_ 2
N/ MeCN (1 mL) ©:
©: P 120°C, 48 h N/
N
9a 10 11
R 11a, R = 4-Me, 93%, Z/E = 5:1

= 11b, R = 4-F, 83%, Z/E = 10:1

N / 11c, R = 4-Cl, 89%, Z/E = 5:1
Ph 11d, R = 4-Br, 95%, Z/E = 2:1
S 11e, R = 2-F, 87%, Z/E = 3:1

/ 11f, R = 3-F, 89%, Z/E = 5:1

— 119, R = 2-Me, 90%, Z/E = 3:1
N/ 11h, R = 3-Me, 87%, Z/E = 3:1
11i, R = 4-OMe, 88%, Z/E = 3:1
N 11j, R = 4-NO,, 75%, Z/E = 20:1

11k, R = 4-OH, 76%, Z/E = 2:1
111, R = 4-NH,, 76%, Z/E =10:1  11m, 90%, Z/E = 1:1

Me

11n, 91%, Z/E = 1:1 110, 79%, ZIE = 2:1

Reaction conditions: 9a (0.2 mmol), 10 (0.3 mmol), imidazole (0.8 equiv.), MeCN (1 mL), 120 °C, 48 h, under air.
FT MG IR, REFEL T R 1-CR CHRFE) MR I [1,2-a] VR I 5
X 2R (10a) [ BLENE (R 5-6). BEFULREH], WEAEIF[1,2-a] IR E 42 7 fif
A8 AL BUARIE RS S SV P R 25 7-Hidk . 8-9 LA L 7- S BRI IR BE 55 10a Il

91



FHE FOHREMIRI[1,2-oEREWIEFE MR, FRURK BAFRFHTFMIRX

P, Lh 81%-92%[K) 77 R3S HAR =) 1p-r, H Z/E EFMELERFE 2:1 £ 1:1 J5H
Mo HIEY) 4 ALTI AR, S BTN HH B 0T H 7~ RN 2 (T1s-w) o H
W, RPN BIEA AR B R R R I B S N (0 110, PP 50%-
89% 8], Z/E LM 5:1 & 1:1. X— IR fE 5 ML T RUR0] e 2 H TR AR E PE R 5%
WG O HE— B RIRE R R I, ASFEHURH 1-28 2RIt s [ 1,2-a] e Ve ik 35 Be 48
U HE N AZNAR R (1x-2), PEPICRIE 71%-98%, H R H 05 17 X 35035 15 14 4 1
RE1 (Z/E=20:1-1:1). AR, MIKLHRIEMN 1 AFEE 3 A7), MM EE FIK (11za-
zd), PR TR 44%-88%, Z/E kMR 10:1-3:1, X 0] G5 23 (a4 BH 2408 S 2501
SNAE R AT S B G

7 5-6 5 CREMEH[1,2-0|EREWAYIE FHSEE

Table 5-6 Scope of arynynypyrrolo[1,2-a]quinoxalines

Ar Ar
A\

—

STol
imidzaole (0.8 equiv.)
N + Tol-SH N/
@ DCM (1 mL)
N7 R 120 °C, 48 h NT R

9 10a "

STol

N N/ ©:
R—./ P
N
11p, R = 8-F, 83%, Z/E = 2:1
11q, R =7-Cl, 81%, ZIE = 1:1 1Ms, R=H, 71%, Z/E = 5:1
11r, R = 7-Me, 92%, Z/E = 1:1 11t, R = 4-OMe, 89%, Z/E = 3:1

11u, R = 4-Br, 50%, Z/E = 1:1
11v, R =4-Cl, 67%, Z/E = 2:1
11w, R = 4-F, 68%, Z/E = 2:1

TolS

11za, R = 4-H, 88%, Z/E = 10:1
1%, R = 4-Me, 71%, Z/E = 3:1 11zb, R = 4-Me, 44%, ZJE = 3:1
11y, R =4-F, 81%, ZIE = 20:1 11z¢, R = 4-F, 55%, ZJE = 4:1

112, R = 4-Cl, 98%, Z/E = 1:1 11zd, R = 4-Cl, 45%, Z/E = 4:1

Reaction conditions: 9 (0.2 mmol), 10a (0.3 mmol), imidazole (0.8 equiv.), MeCN (1 mL), 120 °C, 48 h, under air.

BT ORI RS %A, RGFHELE T ARBUREBIGN 1-CK CHIL) g IF([1,2-q]
WENR IR 5 — R AR R DG SPERT T . IR CBREEIRIR 4 A5 NEHEUREE (12h)
N, ONERAT 34%77 %, R B3 MAZARIEFEVE (Z/E=1:10); 2107 fi B ey AR
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B (1200 B, FPFRIETHE 58%, FINYERFIL R AL ARESEENE (Z/E=1:10). 4 FEUR
RPN IRGER (12d) B, FFAN 53%, HIREREHERK (Z/E=1:5). #—5F
WHIE CBRBEAT BRI, KR RIS IS FE[1,2-a] IR MK 3 I, FRIFAHL
RAER (12e) 77 HIE 60%H Z/E (N 1:1, 1 4-FF AR R (1260 N7~ IR EE 2 29%,
SRR B IR B RES (Z/E=1:3),
= 5-7 ROHREMIEH[1,2-|EEWSHERTEE
Table 5-7 Scope of application of phenylacetylenylpyrrolo[ 1,2-a]quinoxalines

Ar.
Ar SePh
\\ PhS
(NH,),S8,04 (5 equiv.) ¢ N—=
+ PhSeSePh

N/ MeCN (1 mL) N/
_ rt, 45 min _
N R N R

12e, R = 4-H, 60%, Z/E = 1:1
12d, 53%, Z/E=1:5 12f, R =4-Me, 29%, Z/E = 1:3

Reaction conditions: 9 (0.2 mmol), PhSeSePh (0.4 mmol), (NH4)2S20s (5 equiv.), MeCN (1 mL), rt, 45 min.
& 5-8 9 HiEHSEE

Table 5-8 Scope of application of 9
Ar Ar.

STol
N

- (NH4)2S20s (5 equiv.) =

N )+ ToisH =
DCM (1 mL)

— rt, 45 min _
N R N R
9 11

STol Ph STol
|
"L I
—
N N~ ~Ph
11a, R = 7-H, 83%, Z/E = 3:1 Ms 84% ZJE = 21 11x, R = 4-Me, 27%, Z/E = 3:1
1q, R=7-Cl, 32%, ZIE =14 o 0%/ B =2l 4y R= 40l 35%, Z/E = 1:1
1r, R = 7-Me, 77%, Z/E = 2:1 11ze, R = 4-OMe, 66%, Z/E = 3:1

Reaction conditions: 9 (0.2 mmol), 10a (0.8 mmol), (NH4)2S20s (5 equiv.), DCM (1 mL), rt, 45min, under air.
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R BIZEAT T, B T AR 1-CF LR3I FF [ 1,2-a ] HEVR IS5 08 FH
AR R R . AR 7 A (p) sEAUGE (1) B, SREIARISE
LA, 53 BIFAT 32% R0 77%5 2, H SIS S th SRtk 43 A 9 Z/B=3:1 I Z/E=1:1.
117 4 AR FEBACURY) (11s) FeILH 84% 0w R, [FAIN Z/E bR & 2:1. KM 2
BEACHUR I 1-2 BB S 1 2-a RIS, P07 S AT E 27%-66%IX 1] (11x.
1z J 1ze), FHEFMELLGIBZT 3:1 &2 1:1 il

5.3.3 mRHIF LI

NIRUEIZ AR R VIR 77, JF e 1 TR SIS T SUAE OREF S Bk A AN IR OL R
JBOR SRR EAT, IR EL 84% ISR K TIR1G 1.3114 g HAR 4 1a (18 5-3), X4
RICPUESE TR R BAT BRI R BONE, AR Tl A= A i R 358 1 I sk
fiffo

Ph
Ph STol
\\ imidzaole (0.8 equiv.) —
=\ , TolsH
N. MeCN (20 mL) N/
©: ) 120 °C, 48 h -
N
9a, 4 mmol 10a, 6 mmol 11a, 84% (1.3114 g)

5-3 11a IR R RN

Scheme 5-3 Gram-scale synthesis of 11a

534 TEURNAR

RRNREF TR G RS E, R T a FATAEMT T (B 5-4).
ARG REY, ZATAT= YR Z ThRE A BUREEL, S8 N 2 Fh B 7 e S AN
B HD . B, ETORMEREKE, 11a 1) C3-BREL SN B A 5 1 [ S 3k
PE, DL 1% Z3RAT(2)-1-(2-2R -2 O FR 2R AR) 20 3% )-3- B UMb 1 9 [ 1,2 -] e W
(11aa). FJE, BAVFR T —FERem C3-MAL g . DAL FONBILIR, X B 2R R
FHEAAER T, BRI A U(Z)-3--1-(2- 28 35 -2-Cf FERBRAR) 0 228 ) ML IS 5[ 1,2- P W Tk
(11ab), Wk 87%. ML HEEMLIAEFIH, 11a £ 120 °C&AF T 1T 3790 S35 Bidk
TS SN, LL T4%F0 94% MW 23R4T AH N4 11ac Al 11ad. X — RIIATAAL [
MR i, AMGIESE T Na fERZ e & MT RIE KT, R S5 2 FE g
F[1,2-a] R MRAT A= VD ER AL T BT I LB
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FHE FOHREMIRI[1,2-oEREWIEFE MR, FRURK BAFRFHTFMIRX

Ph
STol [a] [b] STol
NH4SCN (2 equiv.) I (1 equiv.)
NCS (1.5 equiv.) PTSA+<H,0 (15 mol%) —

N._/—SCN
@[ MeCN (2 mL), rt, 24 h
/
N

11aa, 91%, Z/E > 20:1

DMSO (2 mL) NI
100°C, 12 h P
N
11ab, 87%, ZIE = 2:1

STol
STol [c]

(PhS), (0.5 equiv.) (PhSe), (0.5 equiv.)
CuCl, (0.6 equiv.) I (1 equiv.)

N._/—SPh N._~—SePh
@[ KI (1 equiv.) DMSO (1 mL) ©:
N DMSO (1 mL) 120°C, 8 h NG

120°C, 24 h

[d]

p— —

11ac, 74%, Z/E = 2:1 11ad, 94%, Z/E = 1:1

5-4 11a BIHTE R R

Scheme 5-4 Derivatization of 11a

5.3.5 ¥IBIRR

Ph
Ph STol
\\ imidzaole (0.8 equiv.)
—\ , ToISH BHT (1 equiv.) N—//
N/ MeCN (1 mL)
120°C, 48 h Pz
N/ N
90%
Ph
Ph STol
\\ TolsH imidzaole (0.8 equiv.)

— TEMPO (1 equiv.)
N _/ MeCN (1 mL)
©: 120°C, 48 h P2
-~ N

& 5-5 HIBIRR

Scheme 5-5 Mechanism investigation
RN NALE, Bk HIF R T — RN RS (B 5-5), Jid m AR AL R R H
IINPFAS R B0 B B R, R B B2 PR BTS2 5 M 2,6- 8T 2
A4-HEIK®y (BHT) /B8 H HEEBRFIN, RPN =52 UPARZ MM AW, 15 2,2,6,6-71
HEEIRIE-1-%2E (TEMPO) fA7E T, MR R TE24MH], HARK 25 TEMPO /EH K
HRTE] P2 IR A e 3K — S5 HE SIZ B0 45 SRR W22 3 A R P RE AN B UL 1) 1 Pl 25 o ) 4
R DL B SEIGURYE, FRATHEN 2 s B AT B A BT AL s AL
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FHE ROHREMMEI[12-oEEWEFMFTR . FRURE BAFRFHTFMIRX

ArS Ph
7 Ph 7 SAr imidazole ArSH

p— r —-—\
N/ N
N N

11a

o

(imidazole—H]| * ArS

Deprotonation

Addtion

5-6 FIHERYR RIALEE
Scheme 5-6 Plausible reaction mechanism

BT AT ASCERARE O P AR AR S Be 25 R, R AT VAL (& 5-6): [N
THAR, BROEERT AR ER Iy 25 51 51, A A MUBREA & 5P AR A s YR BE e X 1-
(AR LHRSE) L FE[1,2- ] W W bk o B SR B HEAT SR AN, T B B A A4 e ) 128 5 o T
B ABAHE R B2, F A B A77E AR 3L IR 45K - 0 ke B B S 20in sy B4 B(ID),
XA B2 A0S 0 0 AR R Z/E R RLE H AR 11a. SES USSR Z /R4
AIG, "TREIR T H AR B Fik Bl &+ AL S5 2 (B 2 [ AR R X oL
PR HL T RN AL A N B 42 B(DTER )% B A R], T2 Z MR 5 3 i
fro X —HLEMER AN & PRARRE 1 SRS B IX S £, W0 Ja 82 S B2k A B AL
AL RIS IR M 7R TE S

Ph

N\ SePh
N (NH4)28205 (5 equiv) o
—\ + PhSeSePh =
MeCN (1 mL)
[ :[N 7 rt, 45 min [IN /
—
N N/

BHT, 18%
TEMPO, 53%

[ 5-7 HIRIRF
Scheme 5-7 Mechanism investigation
NRTCBALEE, JF T — R SER: (B 5-7). i 5] AR [RZRAY T H H
LA, OEER WSS TEZE SR B 2,6- —RUT 2-4- RSy (BHT) {FN
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FHE FOHREMIRI[1,2-oEREWIEFE MR, FRURK BAFRFHTFMIRX

H BRI, SR SR, 7E 2,2,6,6- VU IV EEIRIE-1-%43 (TEMPO) f74E T,
J AR ZA BT 3 4] o 3K — X S 45 SRR W e AL R FT REVS K B R v e 4 TR,
FRAV TR 122 B B ] RE A I bk s MR A o

PhSeSePh
Oxidant
\ Ph{_seph Ph{_seph
N\ .
N PhSe- — PhSe- PhSe™N__
- > N/ ’ N/
N/
@E N7 Nig
—
N
9a In-A 12a

5-8 SHHR RHLIE
Scheme 5-8 Plausible reaction mechanism
AR b3 S0 285 AN LAAT SCERIR TE A0 B H B L S Ri X, B2 n] RBAS IS B 4%
(Kl 5-8). BG4 5 Al 58RI ISR L, Ar s IROSLE T 1 A0 5 2
(PhSes). % H HIEEBIT IR REIRY 9a MBI =8, B kLG A
L In-A. BES, In-A 55 A PhSee KA H HEMEEL, HAERU(E)-HRH) 1-2- 4%
12U BE 3 ) 2,975 38 L [ 1,2-a] e R IR (12a) .

5.4 SEIGERSY

54.1 BARHRFTHRULER SR

£ 10 mL i B AN 1-55 5k Z 6k FE i I [1,2-a]"E V2K 9 (0.2 mmol). F5 i)
(0.3 mmol) KM (0.8 equiv., 0.16 mmol) AIZME (1 mL). KIBEWITE 120 °C T HiiHk
48 ho MSERUE, WHIRZER, WURZAMEREN. Ak b aibai s R
FE5: Ak 2R AEE=10: 1), 5% 1a-11zd [KHR%7" 5.

542 |HFEHENTIHUERLER

£ 10 mL SOOI 8% T HiEE (0.4 mmol). i AEREE (5 equiv., 1 mmol)
MZHE (0.5mL), £ FHEHESY 15 min, RGH 1-55 5 Z L% 35 1,2-a] 02
k9 (0.2 mmol) MZME (0.5mL) MAEH. KFAEZE F 468K 30 min U5, 0
AMEA NaHCO3 7Kis T (10 mL), FEIIA LR 4 B8 (3x10 mL) #4728, FH Ho7K NaxSOq
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FHE FOHREMIRI[1,2-oEREWIEFE MR, FRURK BAFRFHTFMIRX

TEANE, WIEZREEREN . HAEER B aEaid (BIFR: Al 4%
LBE=10: 1), 193HZ7™ 5 12a-12f,

543 |UFEHENETRUERLER

7E 10 mL & IS B 28058 (0.4 mmol). M ARIREE (5 equiv., 1 mmol) F
AR (0.5mL), EER FHPHEAY 15min, SRR 1-57 3 2R IR S I [1,2-a]
WEMk 9 (0.2 mmol) A& AL (0.5mL) MANEH. RMIEER F4kER M 30 min £
J& s MIAAT NaHCOs /K (10 mL), AR R AEE (3x10mL) HEATHEL. A
To/K NaxSOs THEENZ, WUEZEE BRG] M ERER EPod ek aife (RIFH:
Ak LR OBE=10: 1D, 153%™ 11a. 11q-11ze.

5.4.4 SR SLIG S

£ 120 mL i R HOMN 1-2K 2R FEMEISE FF[1,2-a]EIEME 9 (4 mmol) X KA (6
mmol). BkM (0.8 equiv., 3.2mmol) FIZ M (20mL). KR AWITE 120°C FHiHE 48 ho
RMTERG, R MNABER, BURBRZEEN, EER IR Ak LR
=10: 1) ks aEaifof s, 52&R%7Y 11a (13114 g).

545 THEURNTE

£ 10 mL i JEE SN 11a (0.25 mmol). ARFE s (0.5 mmol). N-FAIEIAEE I
it (1.5 equiv.) MRS (2 mL). REHIREMAERR TN 24 ho 5ERUE, k2808
ZBRIEAR] . R B IR A (R ITR: AEE: LTR OPE=10: 1), 1§mA&”
Y) 11aa.

[ 10 mL i EE A 11a (0.2 mmol). X H KRR (15 mol%). fill (0.2 mmol)
AT (2mL). KIRAYITE 100°C F M 12he SEREAHIEER, FHEMN

(20 mL) MG HLE (3x10 mL) BEANARZRIE R . FHG7K Na:SOs TG HLZ,
BT ZE VR L R R R e B e alith, R Ak 4R CFE=10: 1),
R RNR L i 11ab.

# 10 mL it & I 11a (0.2 mmol). —IKIE Hifk (0.1 mmol). EAL4 (0.6
HED. BYLAT (1 HE, 0.2mmol) A HIEEH (1mL). KIREWAE 120 °C HE T
N 24he SERE, WHIRER, IMAGMAMEAER (20mL), FHH & F L (3x10
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FHE ROHREMMEI[12-oEEWEFMFTR . FRURE BAFRFHTFMIRX

mL) ZHl. HTEK NaxSOs THRANLZ, Ik AR BRI A K EfE B a4l
e ORI Ak LR OEE=20: 1), 83&Z5= M 1ac.

£ 10 mL T 58 HIE7E 11a (0.25 mmol). 2R “ffifk4) (0.125 mmol). fft (1
&, 0.25mmol) FIHEEH (1 mL). HIEAWTE 120 °C Eild B 8 he EHUE
AEEZR, AR RIAIAER (20 mL) FREWR, HH & FKEGx10mL)AEHL .
HTEK NaxSOs THRANLZ, ol 2808 L BRE T M AERER bk ik aifh e It 77
Ak LR AE=20: 1), S3IHRZH 11ad.

5.4.6 FYIREIEIRIE

(2)-1-[2- 532 (6 FAETREE) 20 3L W 361, 2-a R [11a/(E)-1-[2-255-2-(%
L) 2 M BE DI I [1,2-a eIk [11a°]

Me Me
Ph ; S
S Ph
/
\INg%
L,
N

11a 11a’

Yellow solid (method one: 70.4 mg, 93%, 11a: 11a" = 5:1; method two: 62.8 mg, 83%, 11la:
11a" = 3:1); m.p. 151-155 €. *H NMR (400 MHz, CDCls, for method one) & 8.75 (s, 1H), 8.62
(s, 0.2x1H), 8.25 (d, J = 9.5 Hz, 1+0.2x1H), 7.99 (d, J = 9.4 Hz, 1+0.2x1H), 7.75 (d, J = 7.3
Hz, 2H), 7.52 (d, J = 7.8 Hz, 0.2>H), 7.45 (d, J = 7.0 Hz, 3+0.2>3H), 7.37 (m, 0.2>4H), 7.36
—7.27 (m, 4H), 7.20 (d, J = 7.7 Hz, 0.2>2H), 7.07 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 4.2 Hz, 1H),
6.86 (d, J = 7.9 Hz, 2H), 6.65 (d, J = 6.5 Hz, 0.2>H), 6.11 (d, J = 4.0 Hz, 0.2x<1H), 2.33 (s,
0.2>3H), 2.15 (s, 3H); *H NMR (400 MHz, CDCls, for method two) ¢ 8.65 (s, 1H), 8.52 (s,
0.3%x1H), 8.21 —8.03 (m, 1+0.3%x1H), 7.92 — 7.80 (m, 1+0.3%x1LH), 7.65 (dd, J = 8.2, 1.3 Hz, 2H),
7.42 (d, J = 8.1 Hz, 0.3>%2H), 7.36 (s, 0.3>3H), 7.34 (d, J = 4.3 Hz, 2+0.3x1H), 7.33 — 7.30 (m,
0.3>2H), 7.25 (dd, J = 8.0, 6.4 Hz, 2H), 7.22 — 7.17 (m, 2H), 7.14 (dd, J = 6.3, 3.4 Hz, 1H),
7.09 (d, J=7.9 Hz, 0.3>%H), 6.98 (d, J = 8.2 Hz, 2H), 6.82 (d, J = 4.2 Hz, 1H), 6.76 (d, J = 8.0
Hz, 2H), 6.57 (s, 0.3%1LH), 6.52 (d, J = 4.2 Hz, 0.3x1H), 6.01 (d, J = 4.9 Hz, 0.3xLH), 2.23 (s,
0.3>3H), 2.05 (s, 3H); *C NMR (101 MHz, CDCls, for 11a)  145.51, 139.78, 138.30, 137.52,
136.28, 134.12, 131.02, 130.33, 129.93, 129.79, 129.51, 129.38, 128.50, 128.14, 127.51,
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FHE FOHREMIRI[1,2-oEREWIEFE MR, FRURK BAFRFHTFMIRX

127.35, 125.15, 124.32, 117.21, 116.74, 107.71, 20.96; HRMS (APCI): m/z calcd for
CasH21N2S (M+H)*: 393.1420, found: 393.1413.

(Z)-1-[2-(4- B A FE )-2- T FE 20 FE L FE[1,2-a]E VR WK [11b]/(E)-1-[2-(4- 5 A< it
H)-2- IR FE LG B [ 1,2-a] IR [11b')

11b’

Yellow solid (65.8 mg, 83%, 11b: 11b* = 10:1); m.p. 149-152 €. *H NMR (400 MHz, CDCl3)
5 8.69 (s, 1H), 8.56 (s, 0.1<1H), 8.23 — 8.11 (m, 1+0.1<1H), 7.92 (dd, J = 7.1, 2.4 Hz,
1+0.1xLH), 7.62 (d, J = 6.9 Hz, 2H), 7.47 (dd, J = 8.7, 5.3 Hz, 0.1>H), 7.39 (dd, J = 6.6, 2.9
Hz, 2H), 7.35 (s, 1+0.1x1H), 7.32 — 7.29 (m, 0.1>2H), 7.25 (dt, J = 12.6, 6.9 Hz, 3H), 7.20 (s,
0.1x1LH), 7.18 (s, 1H), 7.16 — 7.12 (m, 0.1>3H) , 7.08 (dd, J = 8.7, 5.2 Hz, 2H), 6.98 (d, J = 8.6
Hz, 0.2x1H), 6.87 (d, J = 4.2 Hz, 1H), 6.73 (s, 0.1<1H), 6.69 (t, J = 8.7 Hz, 2H), 6.57 (d, J =
4.2 Hz, 0.1<1H), 6.05 (d, J = 4.2 Hz, 0.1xLH); *3C NMR (101 MHz, CDCls, for 11b) 6 145.65,
139.33, 137.69, 136.45, 134.09, 132.47, 131.91, 130.90, 130.09, 129.63, 129.01, 128.95 —
128.65 (m), 128.54, 128.05, 127.55, 125.62, 125.37, 122.41, 120.20, 117.24 (d, J = 5.1 Hz),
116.70, 107.76; °F NMR (376 MHz, CDCls) ¢ -100.01.; HRMS (APCI): m/z calcd for
CasH1sFN2S (M+H)*: 397.1169, found: 397.1161.

(Z)-1-[2-(4- AR I )-2- I8k 2 M L L% [ 1,2-a] PEWE IR [11c]/(E)-1-[2-(4- S ZE B
H)-2- 2RI 2R SR LIS G (1,2-a ] IR I [11¢']

g ¢

cl
Ph
/
N/
L,
N

N/
L

11c 1¢’
Yellow solid (73.5 mg, 89%, 11c: 11¢' = 5:1); m.p. 114-119 €. *H NMR (400 MHz, CDCls) ¢
8.69 (s, 1H), 8.57 (s, 0.21H), 8.22 — 8.17 (m, 0.2xLH), 8.17 — 8.11 (m, 1H), 7.95 — 7.88 (m,

1+0.21H), 7.64 (d, J = 6.8 Hz, 2H), 7.43 (s, 1H), 7.43 — 7.41 (m, 0.2x1H), 7.38 (dd, J = 7.9,
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3.4 Hz, 2H), 7.35 (s, 0.2x1H), 7.32 (s, 0.2x1H), 7.31 — 7.23 (m, 3H), 7.20 (d, J = 8.5 Hz,
0.2>3H), 7.18 — 7.15 (m, 1+0.2x1H), 7.13 (dd, J = 5.2, 1.8 Hz, 0.2>2H), 7.03 (d, J = 8.6 Hz,
2H), 6.96 (d, J = 8.6 Hz, 2H), 6.91 (s, 0.2x1H), 6.86 (d, J = 4.2 Hz, 1H), 6.57 (d, J = 4.2 Hz,
0.2x1H), 6.07 (d, J = 3.9 Hz, 0.2x1H); *C NMR (101 MHz, CDCls, for 11c) § 145.66, 139.36,
134.03, 133.49, 132.30, 130.76, 129.62, 129.55, 128.99, 128.82, 128.74, 128.53, 128.08,
127.53, 127.24, 125.42, 125.35, 120.18, 117.28, 116.69, 107.73; HRMS (APCI): m/z calcd for
CasH1sCIN2S (M+H)*: 413.0874, found: 413.0868.

(Z)-1-[2-(4-TR A AL )-2- 4T LI FL L IF [1,2-a] VR Mk [11d]/(E)-1-[2-(4-1R A it
F)-2- IR B LR B LS I [1,2-a] VR IR [11d')

Br
Br (
Ph ; S
S Ph
/

N . ~/
L,
N

11d 11d’

Yellow solid (86.9 mg, 95%, 11d: 11d' = 2:1); m.p. 135-138 °C. *H NMR (400 MHz, CDCl3)
5 8.69 (s, 1H), 8.58 (s, 0.5x1H), 8.21 (d, J = 9.5 Hz, 0.5x1H), 8.18 — 8.12 (m, 1H), 7.97 — 7.89
(m, 1+0.5x1H), 7.65 (d, J = 6.8 Hz, 2H), 7.46 (s, 1H), 7.40 (dd, J = 9.4, 5.0 Hz, 1+0.5>4H),
7.36 (d, J = 8.5 Hz, 0.5>H), 7.28 (dt, J = 11.5, 3.6 Hz, 4H), 7.24 (s, 0.5x1H), 7.19 — 7.09 (m,
5H), 6.99 — 6.93 (m, 0.5>6H), 6.86 (d, J = 4.2 Hz, 1H), 6.58 (d, J = 4.2 Hz, 0.5x1H), 6.08 (d, J
= 4.2 Hz, 0.5x1H).; *C NMR (101 MHz, CDCls, for 11d) ¢ 145.56, 139.38, 138.07, 137.52,
132.13, 132.05, 129.88, 129.82, 129.46, 128.95, 128.62, 128.56, 128.46, 128.17, 127.41,
127.03, 125.24, 124.21, 117.32, 116.59, 115.99, 115.77, 107.70; HRMS (APCI): m/z calcd for
CasH1sBrN2S (M+H)*: 457.0369, found: 457.0364.

(Z)-1-[2-(2- T A 3k )-2- 8 ok 2 M FE L% [ 1,2-a] PEWE IR [11e]/(E)-1-[2-(2- 5 5 B
F)-2-FFE LR FEEE FE[1,2-a] EIRE IR [11e']

; F
Ph ; S
S F

Ph
/ /

p—

N/
P
N

11e'
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Yellow solid (69.0 mg, 87%, 11e: 11e' = 3:1); m.p. 103-107 €. 'H NMR (400 MHz, CDCls) ¢
8.66 (s, 1H), 8.56 (s, 0.3x1H), 8.29 (d, J = 8.1 Hz, 0.3x1H), 8.16 (d, J = 9.1 Hz, 1H), 7.89 (d,
J =8.9 Hz, 1+0.3x1H), 7.65 (d, J = 7.2 Hz, 2H), 7.46 (d, J = 7.7 Hz, 0.3%2H), 7.43 — 7.34 (m,
2+0.3x1H), 7.32 (d, J = 7.9 Hz, 1+0.3%H), 7.29 — 7.19 (m, 3+0.3>4H), 7.14 — 6.98 (m,
2+0.3>2H), 6.88 (dd, J = 12.6, 5.3 Hz, 2H), 6.83 (s, 0.3%1LH), 6.71 (t, J = 8.1 Hz, 2H), 6.56 (d,
J = 4.1 Hz, 0.3x1H), 6.07 (d, J = 4.1 Hz, 0.3xLH).; 3C NMR (101 MHz, CDCls, for 11¢) §
145.45 ,139.47 ,136.05, 133.19 — 132.66 (m), 129.78 , 129.57 , 128.96 (d, J = 7.8 Hz), 128.81,
128.71, 128.58 , 128.45 , 128.23 , 127.56 , 125.36 , 124.25 (d, J = 3.7 Hz), 123.84 , 118.77 ,
117.44 ,117.19 , 116.73 , 115.67 (d, J = 22.1 Hz), 107.98; *°F NMR (376 MHz, CDClIs, for
11e) 9-109.01; HRMS (APCI): m/z calcd for CosHigFN,S (M+H)*: 397.1169, found: 397.1165.

(Z)-1-[2-(3- G ATt FE )-2- R HE 2475 JL 1L 1 - [1,2-a PR WR Wb [11£]/(E)-1-[2-(3- 3 K B
)2 LSRRG IF[1,2-a ] ENE I [1117]

1f

Yellow solid (71.4 mg, 89%, 11f:11f' = 5:1); m.p. 109-112 €. *H NMR (400 MHz, CDCls) 6
8.69 (s, 1H), 8.58 (s, 0.2%<1H), 8.23 (d, J = 7.8 Hz, 0.2%<LH), 8.14 (dd, J = 6.5, 2.9 Hz, 1H), 7.92
(dd, J = 6.0, 3.4 Hz, 1+0.2x1H), 7.68 (d, J = 7.0 Hz, 2H), 7.49 (s, 1H), 7.42 (s, 0.2>2H), 7.42
—7.36 (M, 1+0.2>3H), 7.34 (s, 0.2>2H), 7.28 (dt, J = 12.8, 6.9 Hz, 3H), 7.23 — 7.15 (m, 2H),
7.15 -7.12 (m, 0.2>3H), 7.04 — 6.92 (m, 1+0.2x1H), 6.92 — 6.75 (m, 3+0.2x1LH), 6.68 — 6.54
(m, 1+0.2x1H), 6.10 (d, J = 4.2 Hz, 0.2xLH); 1*C NMR (101 MHz, CDCls, for 11f) 6 145.74 ,
139.70, 137.72 , 136.61 , 130.43 (d, J = 8.5 Hz), 130.22 , 129.95, 129.60 , 129.23 , 129.12,
128.89, 128.33 , 128.09 , 128.02 , 127.79 , 126.26 , 125.79 , 125.17 (d, J = 3.0 Hz), 117.72,
117.05, 116.43 (d, J = 23.5 Hz), 113.64 (d, J = 21.3 Hz), 108.41; *°F NMR (376 MHz, CDCls,
for 11f) 6 -112.12; HRMS (APCI): m/z calcd for CasHisFN.S (M+H)*: 397.1169, found:
397.1163.
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(2)-1-[2- 9 H-2- (AR F AR BILIE) 20 HE] WL s I [1,2-0] eV [11]/(E)-1-[2- 2% JE-2-(40
HORBR2E) LA 2E]IE e I [1,2-a] R I [119°)

Me
Ph / s
g Me Ph
/
N/
L
N

1g'

Yellow solid (70.7 mg, 90%, 11g:11g" = 3:1); m.p. 151-155 €. *H NMR (400 MHz, CDCls) 6
8.66 (s, 1H), 8.52 (s, 0.3%x1LH), 8.18 (dd, J = 6.4, 3.1 Hz, 1H), 8.02 (d, J = 7.8 Hz, 0.3x1H), 7.93
— 7.87 (m, 1H), 7.83 (s, 0.3x1H), 7.63 (d, J = 7.3 Hz, 2H), 7.56 (s, 0.3<1H), 7.42 (s, 1H), 7.40
—7.35 (m, 2H), 7.33 (d, J = 7.0 Hz, 1+0.3x1LH), 7.27 — 7.20 (m, 2+0.3>3H), 7.20 — 7.16 (m,
3H), 7.15 (s, 0.3x1H), 7.03 (d, J = 7.6 Hz, 1H), 6.91 (d, J = 7.3 Hz, 1H), 6.87 — 6.81 (m, 2H),
6.78 (d, J = 7.3 Hz, 1H), 6.53 (d, J = 4.2 Hz, 0.3x1H), 6.37 (s, 0.3xLH), 6.00 (d, J = 4.2 Hz,
0.3x1H), 2.54 (s, 0.3>3H), 2.29 (s, 3H); **C NMR (101 MHz, CDCls, for 11g) 6 145.61, 139.82,
137.79, 137.67, 137.63, 135.93, 133.89, 131.17, 130.27, 130.16, 129.95, 129.45, 129.26,
128.65, 128.59, 128.00, 127.70, 127.50, 126.53, 126.29, 125.31, 124.86, 117.19, 116.78,
107.84, 20.64; HRMS (APCI): m/z calcd for C26H21N2S (M+H)*: 393.1420, found: 393.1414.

(Z)-1-[2-FF F5-2- (18] i 5 ) 2040 FE T8 I [1,2-a VR I [11h]/(E)-1-[2- 22 5-2-(1H]
R Sk ) 20 2k TR IR [1,2-a ] MEDE IR [11h']

Ph S
S

Me
Ph
/

pu—

N/
L
N

11h 11h’

Yellow solid (68.3 mg, 87%, 11h: 11h' = 3:1); m.p. 130-134 €. 'H NMR (400 MHz, CDCls)
0 8.67 (s, 1H), 8.56 (s, 0.3xLH), 8.24 — 8.08 (m, 1+0.3%LH), 7.98 — 7.83 (m, 1+0.3LH), 7.70
(d, J=7.2 Hz, 2H), 7.41 (s, 1H), 7.39 (s, 1H), 7.38 (d, J = 4.7 Hz, 1+0.3>2H), 7.35 (s, 0.3>3H),
7.29 (q, J = 6.8 Hz, 2H), 7.24 (s, 1H), 7.22 — 7.14 (m, 2+0.3>2H), 7.05 (d, J = 7.6 Hz, 0.3%LH),
6.94 (s, 1H), 6.89 (t, J = 7.1 Hz, 1+0.3x1H), 6.85 (d, J = 4.3 Hz, 1+0.3>2H), 6.71 (d, J = 7.2
Hz, 1H), 6.66 (s, 0.3%<LH), 6.57 (d, J = 4.2 Hz, 0.3LH), 6.06 (d, J = 4.2 Hz, 0.3xLH), 2.28 (s,
0.3>3H), 2.03 (s, 3H); 3C NMR (101 MHz, CDCls, for 11h) 6 145.46, 139.93, 138.60, 134.59,
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134.48, 130.89, 130.21, 129.82, 129.66, 129.50, 128.73, 128.64, 128.61, 128.53, 128.17,
127.53, 127.21, 126.72, 125.32, 124.67, 117.33, 116.79, 107.96, 21.25; HRMS (APCI): m/z
calcd for Co6H21N2S (M+H)*: 393.1420, found: 393.1417.

(Z)-1-[2-(4- FF B8 35 R 6 )-2- TR 35 2006 35 1 s S [1,2-a ) EIE IR [11]/(E)-1-[2-(4-

AR L )-2- IR F A FE LR IR 1,2-a )RR [11i']
OMe

Fa

1

Yellow solid (71.9 mg, 88%, 11i: 11i* = 3:1); m.p. 171-175 €. *H NMR (400 MHz, CDCls) 6
8.71 (s, 1H), 8.57 (s, 0.3x1LH), 8.26 — 8.18 (m, 1H), 8.17 — 8.11 (m, 0.3<1H), 8.00 — 7.86 (m,
1+0.3x1H), 7.66 (d, J = 7.1 Hz, 2H), 7.55 (d, J = 8.7 Hz, 0.3>2H), 7.41 (q, J = 4.4 Hz,
2+0.3>2H), 7.34 (d, J = 3.6 Hz, 0.3>QH), 7.33 - 7.27 (m, 3H), 7.25 - 7.18 (m, 2+0.3>3H), 7.06
(d, J = 8.8 Hz, 2H), 6.96 — 6.80 (m, 1+0.3>2H), 6.60 (d, J = 4.2 Hz, 0.3x1H), 6.52 (d, J = 8.8
Hz, 2H), 6.48 (s, 0.3x1H), 6.05 (d, J = 4.1 Hz, 0.3x1H), 3.75 (s, 0.3>3H), 3.60 (s, 3H); *C
NMR (101 MHz, CDCls, for 11i) § 158.80, 145.51, 139.84, 136.65, 132.68, 129.79, 129.35,
128.60, 128.53, 128.41, 127.45, 125.29, 123.00, 117.50, 116.84, 115.33, 114.41, 107.96, 55.30.;
HRMS (APCI): m/z calcd for C2sH2:N20S (M+H)*: 409.1369, found: 409.1362.

(Z)-1-[2-(A4-Tit§ & T 3L )-2- 28 5 Z 45 L T I FE[1,2-a] VR IR [11§]/(E)-1-[2-(4-fi§ 3
IRIFE)-2- 2R FE 27 FE L TF[1,2-a] BRI [11']

NO
NO, / 2
Ph 7 S

S Ph
/

N
L
N

1] 1j'

Yellow solid (63.5 mg, 75%, 11j: 11j' = 20:1); m.p. 229-232 €. *H NMR (400 MHz, CDCls)
0 8.79 (s, 1H), 8.72 (s, 0.06xLH), 8.39 (d, J = 7.8 Hz, 0.06>H), 8.23 — 8.15 (m, 1H), 8.09 —
8.01 (m, 1+0.06>1H), 7.98 (d, J = 8.9 Hz, 2H), 7.82 — 7.70 (m, 3H), 7.53 (s, 0.06>4H), 7.53 —
7.46 (M, 2+0.06x1H), 7.44 — 7.33 (m, 3+0.06>3H), 7.30 (d, J = 8.9 Hz, 2+0.06x1H), 7.22 (d,
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J = 4.3 Hz, 1+0.06>2H), 6.94 (d, J = 4.3 Hz, 1H), 6.73 (d, J = 4.1 Hz, 0.06>1H), 6.30 (d, J =
3.9 Hz, 0.06LH); 3C NMR (101 MHz, CDCls, for 11j) ¢ 145.56, 138.82, 133.13, 130.22,
129.85, 129.26, 129.19, 129.10, 128.69, 128.63, 128.09, 127.89, 127.83, 127.71, 125.59,
124.05, 117.26, 116.63, 107.94; HRMS (APCI): m/z calcd for Ca5H1sN302S (M+H)*: 424.1114,
found: 424.1107.

(2)-4-[(1-ZKFE-2- (LI [ 1,2-a] EWR K- 1-38) Z G TV AR L Ry [11K]/(E)-4-[(1-7K 3 -
2-(MEIE FF[1,2-a ) HENR IHR- 1- 3% ) M L 251 11K

OH
OH /
Ph / s
s Ph
/

N~
L
N

11k 11k’

Yellow solid (60.0 mg, 76%, 11k: 11k" = 2:1); m.p. 126-130 °C. *H NMR (400 MHz, CDCl3)
58.72 (s, 1H), 8.56 (s, 0.5x1H), 8.27 (d, J = 9.3 Hz, 1H), 8.10 (d, J = 8.5 Hz, 0.5x1H), 7.99 (d,
J=7.4Hz, 1H), 7.92 (d, J = 9.1 Hz, 0.5xIH), 7.76 — 7.67 (m, 2H), 7.56 (d, J = 8.6 Hz, 1H),
7.46 (t,J = 6.1 Hz, 2H), 7.39 (d, J = 7.8 Hz, 2H), 7.37 — 7.30 (m, 2+0.5>8H), 7.30 — 7.21 (d, J
= 4.0 Hz, 1+0.557H), 7.07 — 6.94 (m, 3+0.5x1H), 6.76 (d, J = 4.3 Hz, 0.5x1H), 6.50 (d, J = 8.7
Hz, 1+0.5x1H), 6.36 (s, 0.5%LH), 6.11 (d, J = 4.3 Hz, 0.5x1H); *C NMR (101 MHz, CDCls,
for 11k) ¢ 156.69, 145.70, 139.00, 138.90, 137.09, 136.92, 132.61, 129.48, 129.08, 128.41,
128.33, 128.13, 127.74, 126.95, 125.23, 123.19, 121.66, 117.33, 116.58, 115.96, 107.69;
HRMS (APCI): m/z calcd for CasH1sN20S (M+H)*: 395.1213, found: 395.1207.

(Z)-4-[(1-FE-2-(ME 8 FE[1,2-a ] E R IR -1- 35 ) £ 06 38 R BE 1 25 1% [10)/(B)-4-[(1- 7K 3
2-(MEIE FE[1,2-a]ENRE IR-1-38) 245 38 IR FE 2R % [111')]

NH»

§ 7

S
Ph

/

—

N
L,
N

1"r

Yellow solid (59.8 mg, 76%, 111: 111" = 10:1); m.p. 202-206 €. 'H NMR (400 MHz, CDCls) &
8.68 (5, 1H), 8.53 (s, 0.1x1H), 8.25 — 8.18 (M, 1H), 8.14 — 8.07 (m, 0.1>IH), 7.91 (dd, J = 6.3,
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2.9 Hz, 1+0.1x1H), 7.74 (d, J = 6.4 Hz, 0.1x1H), 7.60 (d, J = 8.1 Hz, 2H), 7.42 — 7.35 (m,
2+0.1>6H), 7.34 —7.29 (m, 0.14H), 7.25 (d, J = 7.5 Hz, 2H), 7.23 — 7.16 (m, 4+0.1xLH), 6.95
—6.86 (M, 3H), 6.64 (d, J = 8.4 Hz, 0.1>2H), 6.58 (d, J = 4.2 Hz, 0.1x1H), 6.36 (s, 0.1xLH),
6.26 (d, J = 8.4 Hz, 2H), 6.01 (d, J = 4.0 Hz, 0.1x1LH); *C NMR (101 MHz, CDCls, for 11l) ¢
145.79, 141.29, 140.01, 137.04, 133.24, 129.61, 129.27, 128.60, 128.47, 128.44, 127.44,
127.01, 125.27, 122.03, 121.52, 117.65, 116.96, 116.87, 116.02, 115.43, 108.16; HRMS
(APCI): m/z calcd for CasH20NsS (M+H)*: 394.1372, found: 394.1366.

(Z)-1-[2-(Z5-2-FE Wi 5k )-2- I 3k £ M B ML g [ 1,2-a] VR MR [11m)/(E)-1-[2-(Z8-2-2%
B 2E)-2- 2R 2 A ZE L I 1,2-a ] R [11m)

RS

—_— pu—

N
L,
N

11m 11m’'

Yellow solid (77.1 mg, 90%, 11m: 11m" = 1:1); m.p. 229-232 €. 'H NMR (400 MHz, CDCls)
58.71 (s, 1H), 8.62 (s, 1H), 8.28 (d, J = 9.2 Hz, 1H), 8.23 (d, J = 8.3 Hz, 1H), 8.11 (s, 1H), 7.99
(t, J=7.3Hz,2H), 7.82 (dd, J=7.7, 4.8 Hz, 5H), 7.64 (d, J = 9.8 Hz, 3H), 7.56 (d, J = 6.9 Hz,
2H), 7.54 — 7.43 (m, 7H), 7.39 — 7.31 (m, 6H), 7.31 — 7.27 (m, 2H), 7.25 — 7.21 (m, 3H), 7.18
—7.13(m, 1H), 6.92 (d, J = 4.2 Hz, 1H), 6.84 (s, 1H), 6.69 (d, J = 4.2 Hz, 1H), 6.17 (d, J = 4.2
Hz, 1H); *C NMR (101 MHz, DMSO, for 11m) ¢ 156.70, 145.70, 139.00, 138.90, 137.09,
132.61, 129.48, 129.08, 128.82, 128.56, 128.41, 128.34, 128.26, 128.13, 127.74, 126.96,
125.23, 123.19, 121.67, 117.33, 116.59, 115.96, 107.69, 40.15, 39.94, 39.73, 39.52, 39.31,
39.10, 38.89; HRMS (APCI): m/z calcd for C29H21N2S (M+H)*: 429.1420, found: 429.14186.
(Z)-1-[2-FK I -2-(WE Wy -2-FE B AL ) I FE ML I [1,2-a]PEWE IR [11n]/(E)-1-[2- 43 -2-
(WEWY-2-FETR HE) LM FE TS FE[1,2-a] IR [11n']
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Yellow solid (70.0 mg, 91%, 11n: 11n" = 1:1); m.p. 110-114 <. *H NMR (400 MHz, CDCls)
0 8.79 (s, 1H), 8.63 (s, 0.7x<1H), 8.30 — 8.19 (m, 1+0.7x<1H), 8.06 — 7.95 (m, 1+0.7x<1H), 7.67
(d, J=7.3 Hz, 2H), 7.53 (d, J = 5.4 Hz, 0.7<1H), 7.47 (dd, J = 8.3, 4.9 Hz, 2+0.7>H), 7.41 -
7.36 (M, 2+0.7>2H), 7.36 — 7.31 (m, 1+0.7>2H), 7.29 (d, J = 5.4 Hz, 2H), 7.25 (d, J = 6.0 Hz,
0.7>2H), 7.10 (dd, J = 12.4, 5.1 Hz, 1+0.7<LH), 7.01 (d, J = 4.1 Hz, 1H), 6.93 (d, J = 3.5 Hz,
1H), 6.77 — 6.70 (m, 1H), 6.67 (d, J = 4.1 Hz, 0.7x1H), 6.62 (s, 0.7><LH), 6.12 (d, J = 4.2 Hz,
0.7><1H); C NMR (101 MHz, CDCls, for 11n) ¢ 145.72, 136.95, 133.70, 132.24, 129.94,
129.50, 129.35, 128.61, 128.50, 128.42, 127.44, 127.07, 125.23, 122.73, 117.62, 116.70,
116.32, 107.83, 107.64; HRMS (APCI): m/z calcd for Ca3H17N2S, (M+H)*: 385.0828, found:
385.0822.

(Z)-1-[2-((5-FF FE IR R -2 - J2 ) 2 ]-2- R 2k 205 ZE L I [ 1,2-a B IE MR [110])/(E)-1-[2-
((5-FR FE IR MR -2- ik ) Bt ik ]-2- 2R ik 2 M L TR [ 1,2-a ] PR IR K [110']

Yellow solid (60.4 mg, 79%, 110: 110" = 2:1); m.p. 106-110 €. 'H NMR (400 MHz, CDCls) 6
8.70 (s, 1H), 8.55 (s, 0.5x1H), 8.29 — 8.21 (m, 1H), 8.17 (dd, J = 6.2, 3.5 Hz, 0.5xLH), 7.94 —
7.86 (m, 1+0.5x1H), 7.50 (d, J = 6.7 Hz, 2H), 7.42 — 7.35 (m, 2+0.5>2H), 7.33 — 7.27 (m,
2+0.5>2H), 7.24 (d, J = 6.9 Hz, 0.5>2H), 7.20 (dd, J = 7.4, 3.1 Hz, 2+0.5>2H), 7.09 (s, 1H),
6.91(d, J=4.2 Hz, 1H), 6.88 (d, J = 1.9 Hz, 1H), 6.56 (d, J = 4.2 Hz, 0.5%LH), 6.51 (s, 0.5>%LH),
6.43 (d, J = 1.8 Hz, 0.5xLH), 6.01 (d, J = 4.0 Hz, 0.5x1H), 5.93 (d, J = 1.8 Hz, 1H), 2.40 (s,
0.553H), 2.11 (s, 3H); 3C NMR (101 MHz, CDCls, for 110) 6 154.73, 145.70, 141.64, 140.48,
129.92, 129.25, 128.60, 128.50, 128.37, 128.32, 127.38, 125.26, 120.94, 117.67, 116.71,
116.59, 115.41, 114.62, 107.75, 12.06; HRMS (APCI): m/z calcd for C24H19N20S (M+H)™:
383.1213, found: 383.1207.
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(Z)-8-9-1-[2-Z5 e -2-CXF ISR ) 20 B LIS FF[1,2-a] R I [11p]/(E)-8-51-1-[2-
REE-2-O0 TR ) MR R LS I [1,2-a] E DR K [11p')]

Me

1p'

Yellow solid (68.1 mg, 83%, 11p: 11p' = 2:1); m.p. 128-132 €. 'H NMR (400 MHz, CDCls)
8 8.71 (s, 1H), 8.56 (s, 0.5%1H), 8.03 — 7.95 (m, 2+0.5x1H), 7.91 (d, J = 13.1 Hz, 0.5x1H),
7.72 (d, 3= 7.0 Hz, 2H), 7.59 (d, J = 8.0 Hz, 0.5>2H), 7.36 (d, J = 8.7 Hz, 2H), 7.32 (d, J = 5.9
Hz, 2H), 7.28 (s, 0.5>4H), 7.27 — 7.23 (m, 2+0.5>3H), 7.22 — 7.14 (m, 1+0.5%1H), 7.04 (d, J =
8.1 Hz, 2H), 6.96 (d, J = 4.2 Hz, 1H), 6.84 (d, J = 8.0 Hz, 2H), 6.68 (d, J = 4.2 Hz, 0.5x1H),
6.34 (s, 0.5x1H), 6.12 (d, J = 4.2 Hz, 0.5%1LH), 2.35 (s, 0.5>3H), 2.14 (s, 3H); 13C NMR (101
MHz, CDCl3, for 11p) ¢ 144.93 (d, J = 2.5 Hz), 144.78 , 144.12 , 140.32 , 139.66 (d, J = 17.2
Hz), 136.58 , 135.02 , 131.47 (d, J = 9.7 Hz), 130.58 (d, J = 21.0 Hz), 129.52 , 129.26 , 128.69
(d,J=3.6 Hz), 128.59, 128.54,128.28, 122.97,117.77,117.00, 115.02, 112.74 (d, J = 13.1
Hz), 107.80 (d, J = 15.7 Hz), 103.37 (d, J = 6.4 Hz), 21.20 (d, J = 37.6 Hz); °F NMR (376
MHz, CDCls, for 11p) 6 -110.68; HRMS (APCI): m/z calcd CasH20FN2S (M+H)*: 411.1326,
found: 411.1326.

(2)-7-5-1-[2- TR F=-2-Chf F ARk ) £ 0 6 Lt - [ 1,2-a ] PEVE BB [11q]/(E)-7-5-1-[2-
ARFE-2-C6f HORER L) £ A2 I [ 1,2-a]E DRI [11q"]

Me
Me Q
Ph s; 5 —ph
/

N/
O
Cl N

1q 1q'

Yellow solid (method one: 69.2 mg, 81%, 11q: 119" = 1:1; method two: 27.4 mg, 32%, 11Q:
119" = 1:1); m.p. 115-119 €. *H NMR (400 MHz, CDCls, for method one) & 8.63 (s, 1H), 8.50
(s, 0.7<1H), 8.05 (d, J = 9.0 Hz, 1H), 8.01 (d, J = 9.0 Hz, 0.7><1H), 7.84 (d, J = 2.4 Hz, 1H),
7.82(d, J=2.4 Hz, 0.7<1H), 7.64 (d, J = 6.8 Hz, 2H), 7.43 (d, J = 8.0 Hz, 0.7>2H), 7.32 - 7.29
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(m, 0.7>2H), 7.29 — 7.25 (m, 3H), 7.23 (t, J = 5.6 Hz, 1+0.7>2H), 7.19 — 7.15 (m, 2+0.7>2H),
7.13(d, J = 7.9 Hz, 0.7>2H), 6.96 (d, J = 8.1 Hz, 2H), 6.85 (d, J = 4.2 Hz, 1H), 6.75 (d, J = 8.0
Hz, 2H), 6.55 (d, J = 4.2 Hz, 0.7<1H), 6.42 (s, 0.7><1H), 6.01 (d, J = 4.2 Hz, 0.7<LH), 2.26 (s,
0.7>3H), 2.06 (s, 3H); *H NMR (400 MHz, CDCls, for method two)  8.73 (s, 1H), 8.60 (s, 1H),
8.14 (d, J = 9.0 Hz, 1H), 8.10 (d, J = 9.0 Hz, 1H), 7.94 (d, J = 2.4 Hz, 1H), 7.91 (d, J = 2.4 Hz,
1H), 7.76 — 7.69 (m, 2H), 7.52 (d, J = 8.1 Hz, 2H), 7.38 (dd, J = 3.2, 1.8 Hz, 4H), 7.36 — 7.31
(m, 4H), 7.26 (q, J = 3.9, 3.3 Hz, 4H), 7.22 (d, J = 7.9 Hz, 2H), 7.04 (d, J = 8.2 Hz, 2H), 6.95
(d, J = 4.2 Hz, 1H), 6.84 (d, J = 8.0 Hz, 2H), 6.64 (d, J = 4.2 Hz, 1H), 6.51 (s, 1H), 6.10 (d, J =
4.8 Hz, 1H), 2.35 (s, 3H), 2.15 (s, 3H); **C NMR NMR (101 MHz, CDCls, for 10q) 6 145.54,
137.56, 136.25, 135.04, 134.05, 130.35, 129.86, 129.73, 129.57, 129.46, 128.53, 128.45,
128.15, 128.09, 124.62, 117.01, 116.52, 107.50, 21.06; HRMS (ES+): m/z calcd for
CasH20CIN2S (M+H)*: 427.1030, found: 427.1025.

(Z)-7-H F-1-[2- R FE-2- O 2R 32 ) 2 M JE TP g 5[ 1,2-a ] W WE IR [11r)/(E)-7- i -
1-[2- R FE-2-ChF FORTR 28 ) 205 25 L P [1,2-a )M R IR [11r"]

Me

1"r

Yellow solid (method one: 74.8 mg, 92%, 11r: 11r* = 1:1; method two: 62.6 mg, 77%, 11r:
11r' = 2:1); m.p. 158-162 €. 'H NMR (400 MHz, CDCls, for method one) J 8.62 (s, 1H), 8.49
(s, 0.8x1H), 8.01 (t, J = 8.6 Hz, 1+0.8x1H), 7.70 — 7.58 (m, 3+0.8<1H), 7.40 (d, J = 8.1 Hz,
1+0.8x1H), 7.34 (s, 1H), 7.31 (dd, J = 6.7, 3.0 Hz, 0.8>2H), 7.26 — 7.19 (m, 1+0.8>2H), 7.19
—7.15 (m, 3H), 7.15 - 7.11 (m, 0.8>3H), 7.08 (d, J = 7.9 Hz, 0.8>2H), 6.98 (d, J = 8.1 Hz, 2H),
6.84—6.74 (m, 3H), 6.59 (s, 0.81H), 6.49 (d, J = 4.2 Hz, 0.81H), 5.98 (d, J = 4.3 Hz, 0.8 <LH),
2.40 (s, 0.8>3H), 2.38 (s, 3H), 2.23 (s, 0.8>3H), 2.06 (s, 3H); *H NMR (400 MHz, CDCls, for
method two) ¢ 8.70 (s, 1H), 8.57 (s, 0.5%1H), 8.09 (dd, J = 10.6, 8.6 Hz, 1+0.5x1H), 7.74 (s,
1H), 7.71 (dt, J = 5.9, 1.3 Hz, 2+0.5x1H), 7.48 (d, J = 8.1 Hz, 0.5>H), 7.42 (s, 1H), 7.40 —
7.35(m, 1H),7.33(d, J=1.5Hz, 0.5x1H), 7.31 (d, J = 1.6 Hz, 1H), 7.30 (d, J = 1.3 Hz, 0.5%<LH),
7.28 (t, J = 1.4 Hz, 0.5x1H), 7.26 (s, 1H), 7.25 — 7.23 (m, 2H), 7.22 — 7.19 (m, 0.5>3H), 7.16
(d, J = 7.9 Hz, 0.5>2H), 7.05 (d, J = 8.2 Hz, 2H), 6.87 (d, J = 4.2 Hz, 1H), 6.84 (d, J = 8.0 Hz,
2H), 6.66 (s, 0.5%1H), 6.57 (d, J = 4.2 Hz, 0.5%LH), 6.05 (d, J = 4.8 Hz, 0.5%1H), 2.47 (d, J =

109



FHE FOHREMIRI[1,2-oEREWIEFE MR, FRURK BAFRFHTFMIRX

7.1 Hz, 3+0.5>3H), 2.30 (s, 0.5>8H), 2.14 (s, 3H); 3C NMR (101 MHz, CDCls, for 11r) 6
145.48, 139.86, 136.19, 134.99, 133.99, 131.12, 130.30, 129.80, 129.51, 129.40, 128.48,
128.41, 128.39, 128.09, 124.56, 116.95, 116.47, 116.30, 107.43, 21.01; HRMS (APCI): m/z
calcd for Ca7H23N2S (M+H)*: 407.1576, found: 407.1570.

(Z)-4-8 FHk-1-[2- K F-2- (0 FE AR 22 ) £ A7 L T L s I [1,2-a] MR bk [11S]/(E)-4- 7K 2k~
1-[2- 2R F-2- O HI 2RI 25 ) £ A ZE L I [1,2-a] e R bk [11']

Me

11s 11s’

Yellow solid (method one: 66.5 mg, 71%, 11s: 11s' = 5:1; method two: 78.7 mg, 84%, 11s: 11s'
= 2:1); m.p. 140-144 €. 'H NMR (400 MHz, CDCls, for method one) 6 8.23 — 8.14 (m, 1+
0.2x1H), 7.97 (dd, J = 6.1, 3.5 Hz, 1+ 0.2x1H), 7.87 (dd, J = 7.4, 1.9 Hz, 2H), 7.77 (dd, J =
6.6, 2.9 Hz, 0.2>2H), 7.67 (d, J = 7.6 Hz, 2H), 7.47 (d, J = 3.7 Hz, 0.2>@H), 7.44 (d, J = 6.2
Hz, 2+ 0.2>@H), 7.42 (d, J = 4.0 Hz, 0.2>3H), 7.37 (d, J = 5.9 Hz, 2+ 0.2x1H), 7.35 (dd, J =
5.1, 2.1 Hz, 2H), 7.25 (t, J = 7.3 Hz, 2H), 7.19 (dd, J = 14.0, 5.7 Hz, 2H), 7.16 — 7.12 (m,
0.2>4H), 7.09 (d, J = 8.0 Hz, 0.2>2H), 6.98 (d, J = 8.1 Hz, 2H), 6.89 (d, J = 4.3 Hz, 1H), 6.75
(d, J=8.0 Hz, 2H), 6.62 (s, 0.2x1H), 6.60 (d, J = 4.3 Hz, 0.2x1H), 6.02 (d, J = 4.3 Hz, 0.2xLH),
2.23 (s, 0.2>3H), 2.05 (s, 3H); *H NMR (400 MHz, CDClIs, for method two) ¢ 8.36 — 8.30 (m,
1+ 0.4x1H), 8.10 (dt, J = 12.8, 6.8 Hz, 1+ 0.4x1H), 8.01 (d, J = 6.3 Hz, 2H), 7.94 — 7.88 (m,
0.4>2H), 7.81 (d, J = 7.4 Hz, 2H), 7.60 (s, 0.4x1H), 7.59 — 7.57 (m, 2+ 0.4<1H), 7.56 (d, J =
3.4 Hz, 0.4>%2H), 7.52 (d, J = 3.9 Hz, 0.4>4H), 7.51 — 7.48 (m, 4H), 7.40 (t, J = 7.5 Hz, 2H),
7.34 (t,J = 7.3 Hz, 1H), 7.32 (d, J = 4.2 Hz, 1H), 7.30 — 7.26 (m, 0.4>4H), 7.23 (d, J = 7.9 Hz,
0.4>2H), 7.13 (d, J = 8.1 Hz, 2H), 7.04 (d, J = 4.2 Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H), 6.77 (s,
0.4x1H), 6.73 (d, J = 4.2 Hz, 0.4%1H), 6.16 (d, J = 4.2 Hz, 0.4x<LH), 2.37 (s, 0.4>3H), 2.20 (s,
3H);**C NMR (101 MHz, CDCls, for 11s) 6 154.39, 139.83, 136.28, 134.07, 131.05, 130.32,
129.97, 129.76, 129.48, 128.92, 128.73, 128.67, 128.62, 128.50, 128.42, 128.15, 126.99,
126.53, 125.24, 124.52, 117.24, 116.61, 109.07, 20.97; HRMS (APCI): m/z calcd for
Ca2H2sN2S (M+H)*: 469.1733, found: 469.1729.
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(Z)-4-(4- FF 580 B 2% 3 ) 1-[2- 2% Jk -2-(Onf PR 28 i 35 ) 2 05 35 ] b W6 9 [1,2-] 128 IR WK
[11t]/(E)-4-(4- S IE IR FL )- 1-[2- 2R F-2-Cf F 28t 2k ) £ 04 B ML S IR [1,2-a VTR IR [11¢)

OMe OMe

Yellow solid (88.8 mg, 89%, 11t: 11t = 3:1); m.p. 136-139 €. *H NMR (400 MHz, CDCl3) ¢
8.29 — 8.22 (m, 1+0.3x1H), 8.05 (s, 1+0.3x1H), 7.93 (d, J = 8.7 Hz, 2H), 7.84 (d, J = 8.7 Hz,
0.3>2H), 7.74 (d, J = 7.1 Hz, 2H), 7.50 (d, J = 8.1 Hz, 0.3>2H), 7.46 (s, 2H), 7.44 (d, J = 3.8
Hz, 0.3>2H), 7.42 (d, J = 2.2 Hz, 1H), 7.34 (t, J = 7.3 Hz, 2H), 7.29 (d, J = 7.1 Hz, 0.3>3H),
7.25(d, J = 4.3 Hz, 1H), 7.24 — 7.21 (m, 1H), 7.17 (d, J = 7.9 Hz, 0.3%2H), 7.06 (dd, J = 8.4,
4.5 Hz, 4H), 7.02 — 6.96 (m, 1+ 0.3>2H), 6.84 (d, J = 8.0 Hz, 2H), 6.71 (d, J = 4.1 Hz, 0.3<1H),
6.69 (s, 0.3%1H), 6.10 (d, J = 4.2 Hz, 0.3x1H), 3.89 (s, 3H), 3.85 (s, 0.3>3H), 2.31 (s, 0.3>3H),
2.14 (s, 3H); 1°C NMR (101 MHz, CDCls, for 11t) ¢ 161.16, 139.94, 136.38, 134.19, 131.16,
130.44, 130.35, 130.05, 129.60, 129.54, 128.87, 128.61, 128.54, 128.25, 126.87, 125.37,
116.71, 114.14, 114.06, 55.58, 21.08; HRMS (APCI): m/z calcd for CasH27N20S (M+H)*:
499.1839, found: 499.1831.

(Z)-4-(4-VR IR I )-1-[2- TR F-2-Oh B R 228 ) £ 0 ZE (L P I [ 1,2-a ] MEIEBE [11a]/(E)-4-
(4-IRIRFE)-1-[2-FR BL-2- (0] F 2RI RS ) A7 BE L% I [ 1,2-a] R AHE [11u']

Me

11u 11u’
Yellow solid (54.8 mg, 50%, 11u: 11u* = 1:1); m.p. 161-164 <. 'H NMR (400 MHz, CDCly3)
§ 8.34 — 8.24 (m, 1+0.8>2H), 8.07 (s, 1+0.8>2H), 7.86 (d, J = 8.4 Hz, 2H), 7.76 (dd, J = 7.6,
4.9 Hz, 2+ 0.8>2H), 7.69 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.4 Hz, 0.8>2H), 7.53 (d, J = 8.0 Hz,
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0.8>2H), 7.48 (dd, J = 6.7, 3.5 Hz, 4H), 7.44 (dd, J = 6.6, 2.9 Hz, 0.8>2H), 7.36 (t, J = 7.2 Hz,
2H), 7.32 (d, J = 7.0 Hz, 0.8x1H), 7.27 (s, 1H), 7.25 (d, J = 6.1 Hz, 0.8>4H), 7.20 (d, J = 7.9
Hz, 0.8>2H), 7.07 (d, J = 8.1 Hz, 2H), 6.97 (d, J = 4.2 Hz, 1H), 6.85 (d, J = 7.9 Hz, 2H), 6.71
—6.63 (M, 0.852H), 6.12 (d, J = 4.2 Hz, 0.8x1H), 2.33 (s, 0.853H), 2.15 (s, 3H); 13C NMR (101
MHz, CDCls, for 11u) & 153.20, 139.82, 136.40, 134.21, 131.89, 131.78, 131.04, 130.41,
130.36, 130.09, 130.03, 129.57, 129.49, 128.63, 128.60, 128.53, 128.24, 127.30, 125.43,
125.35, 124.38, 117.41, 116.71, 116.57, 108.86, 21.06.; HRMS (APCI): m/z calcd for
Ca2H24BrN,S (M+H)*: 547.0838, found: 547.0833.

(Z)-4-(4-F R FE)-1-[2-FR FE-2-Chf FF 2R A 228 ) 205 2 (I s I [ 1,2-a | WE IR W [11v]/(E)-4-
(45 )-1-[2-HEHE-2- O F 2R R IL) 203 IR I [1,2-a ] ME R IR [11v']

11v

1Mv'

Yellow solid (67.4 mg, 67%, 11v: 11v' = 2:1); m.p. 159-163 €. 'H NMR (400 MHz, CDCls)
0 8.29 (td, J = 5.8, 2.8 Hz, 1+0.4x1H), 8.05 (dd, J = 6.2, 3.5 Hz, 1+0.4>1H), 7.96 — 7.90 (m,
2H), 7.83 (d, J = 8.5 Hz, 0.4>QH), 7.79 — 7.73 (m, 2H), 7.55 — 7.50 (m, 2+0.4>2H), 7.48 (d, J
= 3.4 Hz, 1+0.4x1H), 7.47 — 7.45 (m, 3H), 7.45 (s, 0.4>2H), 7.36 (dd, J = 8.2, 6.3 Hz, 2H),
7.33 —7.30 (m, 0.4>2H), 7.28 (dd, J = 4.4, 0.8 Hz, 1H), 7.25 (d, J = 6.8 Hz, 0.4>2H), 7.20 (d,
J=7.9 Hz, 0.4>2H), 7.12 — 7.05 (m, 2H), 6.96 (d, J = 4.3 Hz, 1H), 6.85 (d, J = 7.9 Hz, 2H),
6.70 — 6.64 (M, 0.4>2H), 6.12 (dd, J = 4.3, 0.8 Hz, 0.4xLH), 2.33 (s, 0.4>3H), 2.16 (s, 3H); 13C
NMR (101 MHz, CDCls, for 11v) § 153.18, 139.84, 136.44, 134.26, 131.04, 130.45, 130.18,
130.15, 130.11, 129.59, 129.50, 128.97, 128.87, 128.66, 128.62, 128.55, 128.26, 127.33,
126.30, 125.47, 124.38, 117.45, 116.73, 108.96, 21.08; HRMS (APCI): m/z calcd for
CazHasCIN2S (M+H)*: 503.1343, found: 503.1332.
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(2)-4-(4-F IR IE)-1-[2-FKFE-2-Cf AR IR I ) I SE LIS R [ 1,2-a ] EHE IR [11w]/(E)-4-
(4-FAARIE)-1-[2- 2R -2- OO FE R B 28 £ 0 5 e s [ 1,2-a ) EIEIBE [11w']

11w 1w’

Yellow solid (66.2 mg, 68%, 11w: 11w' = 2:1); m.p. 175-179 €. *H NMR (400 MHz, CDCls)
5 8.33 — 8.26 (m, 1+0.5x1H), 8.11 — 8.02 (m, 1+0.5%1H), 8.02 — 7.93 (m, 2H), 7.88 (dd, J =
8.6, 5.5 Hz, 0.5>2H), 7.75 (s, 2H), 7.53 (d, J = 8.0 Hz, 0.5>2H), 7.48 (q, J = 5.5, 4.6 Hz,
3+0.5%2H), 7.43 (d, J = 2.8 Hz, 0.5x1H), 7.36 (t, J = 7.2 Hz, 0.5>2H), 7.32 (d, J = 7.0 Hz,
0.5>2H), 7.28 (d, J = 4.4 Hz, 1H), 7.27 — 7.23 (m, 2+0.5>3H), 7.21 (d, J = 2.6 Hz, 1H), 7.20 —
7.14 (m, 0.5>3H), 7.08 (d, J = 8.1 Hz, 2H), 6.97 (d, J = 4.3 Hz, 1H), 6.86 (d, J = 8.0 Hz, 2H),
6.68 (d, J = 7.1 Hz, 0.5H), 6.12 (d, J = 4.2 Hz, 0.5%1LH), 2.33 (s, 0.5>3H), 2.16 (s, 3H); *C
NMR (101 MHz, CDCls, for 11w) ¢ 139.86, 136.45, 134.29, 131.06, 130.81 (d, J = 8.4 Hz),
130.47, 130.13, 129.60, 129.51, 128.96, 128.65 (d, J = 4.5 Hz), 128.57, 128.27, 127.25, 126.40,
125.48, 124.40, 117.47, 116.74, 116.60, 115.89, 115.80, 115.67, 115.58, 21.08; °F NMR (376
MHz, CDCl3, for 11w) § -111.03; HRMS (APCI): m/z calcd for Ca2H24FN2S (M+H)*: 487.1639,
found: 487.1632.

(Z)-1-[2-(%F H 2R 2k )-2- () FR R B 22 ) £ 0 S ikt g 9 [1,2-a] M WE bk [11X)/(E)-1-[2- (%
DR JE)-2- O FE R S ) £ ) T s [ 1, 2-a] R k. [11x]

Me

S Me

11x 11x'
Yellow solid (method one: 57.7 mg, 71%, 11x: 11x" = 3:1; method two: 22.0 mg, 27%, 11x:
11x" = 3:1); m.p. 116-120 €. *H NMR (400 MHz, CDCls, for method one) & 8.65 (s, 1H), 8.53
(s, 0.3>8H), 8.14 (dd, J = 6.2, 3.5 Hz, 1+0.3>3H), 7.88 (dd, J = 6.3, 3.3 Hz, 1+0.3>3H), 7.57
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(d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.1 Hz, 0.3>2H), 7.39 — 7.29 (m, 3+0.3>2H), 7.22 (d, J = 8.0
Hz, 0.3>%2H), 7.16 (d, J = 4.0 Hz, 1H), 7.10 (d, J = 7.9 Hz, 0.3>%2H), 7.07 (d, J = 8.0 Hz, 2H),
6.97 (t, J = 9.0 Hz, 2+0.3>2H), 6.82 (d, J = 4.2 Hz, 1H), 6.77 (d, J = 8.0 Hz, 2H), 6.55 (d, J =
4.2 Hz, 0.3>3H), 6.52 (s, 0.3>3H), 6.05 (d, J = 4.2 Hz, 0.3%<LH), 2.26 (s, 3H), 2.24 (s, 0.3>3H),
2.21 (s, 0.3>3H), 2.06 (s, 3H); 'H NMR (400 MHz, CDCls, for method two) J 8.66 (s, 1H), 8.54
(s, 0.3x1H), 8.16 (dd, J = 6.1, 3.6 Hz, 1+0.3x1H), 7.90 (dd, J = 6.1, 3.5 Hz, 1+0.3x1H), 7.58
(d, J = 8.2 Hz, 2H), 7.44 (d, J = 8.1 Hz, 0.3>2H), 7.40 — 7.33 (m, 3+0.3>2H), 7.22 (d, J = 8.1
Hz, 0.3>%2H), 7.18 (d, J = 3.3 Hz, 1H), 7.12 (d, J = 7.9 Hz, 0.3>%H), 7.08 (d, J = 7.9 Hz, 2H),
6.98 (t, J = 7.8 Hz, 2+0.3>2H), 6.85 (d, J = 4.2 Hz, 1H), 6.78 (d, J = 7.9 Hz, 2H), 6.58 (d, J =
4.2 Hz, 0.3%LH), 6.52 (s, 0.3xLH), 6.06 (d, J = 4.9 Hz, 0.3xLH), 2.27 (s, 3H), 2.25 (s, 0.353H),
2.23 (s, 0.3>3H), 2.08 (s, 3H); 3C NMR (101 MHz, CDCls, for 11x) § 197.26, 145.57, 138.69,
138.23, 136.99, 136.19, 134.13, 131.40, 130.40, 129.83, 129.74, 129.68, 129.58, 129.34,
129.29, 129.24, 128.05, 127.38, 125.20, 123.93, 117.14, 116.85, 107.78, 21.34, 21.03.; HRMS
(APCI): m/z calcd for C27H23N2S (M+H)*: 407.1576, found: 407.1570.

(2)-1-[2-(4-F A L) -2- (O B R 2 ) M 25 s 5 [1,2-a] W HE bR [11y]/(E)-1-[2-(4- 9
IR FE)-2-(0 R B R ) S M BRIk gt I [1,2-a] VR Ik [11y°]

11y 1y’
Yellow solid (66.5 mg, 81%, 11y: 11y" = 20:1); m.p. 128-132 €. 'H NMR (400 MHz, CDCls)
0 8.76 (s, 1H), 8.64 (s, 0.06x<1H), 8.26 — 8.20 (m, 1+0.06x<1H), 8.04 — 7.97 (m, 1+0.06><LH),
7.74 — 7.66 (m, 2+0.06>2H), 7.51 — 7.43 (m, 2+0.06>2H), 7.36 (s, 1+0.06<1H), 7.28 (d, J =
4.2 Hz, 1+0.06<1LH), 7.19 (d, J = 7.9 Hz, 0.06>H), 7.13 — 6.98 (m, 4+0.06>2H), 6.95 (d, J =
4.2 Hz, 1H), 6.87 (d, J = 8.0 Hz, 2H), 6.70 (s, 0.06>2H), 6.12 (d, J = 3.7 Hz, 0.06>H), 2.33 (s,
0.06>3H), 2.17 (s, 3H); 3C NMR (101 MHz, CDCls, for 11y) 6 139.73, 136.32, 134.16, 130.93,
130.68 (d, J = 8.4 Hz), 130.34, 130.00, 129.47, 129.38, 128.83, 128.52 (d, J = 4.5 Hz), 128.44,
128.14, 127.12, 125.35, 124.27, 116.61, 116.47, 115.76, 115.54, 20.95; '°F NMR (376 MHz,
CDCl;, for 11y) 6 -112.81; HRMS (APCI): m/z calcd for C26H20FN2S (M+H)*: 411.1326, found:
411.1320.
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(2)-1-[2-(4-F A FE)-2- (0 HE ORI 28 ) 20065 25 L s I [1,2-a] B IR Ik [11z]/(E)-1-[2-(4-
PRIL)-2-(Ch) B 2R AR 3 ) £ 05 26 L g [ 1, 2-a] MR IBR [112")

Me

S Cl

11z’

Yellow solid (method one: 83.7 mg, 98%, 11z: 11z' = 1:1; method two: 28.1 mg, 35%, 11z:
11z' = 1:1); m.p. 128-131 €. 'H NMR (400 MHz, CDCls, for method one) ¢ 8.68 (s, 1H), 8.57
(s, 1H), 8.18 — 8.03 (m, 2H), 7.97 — 7.82 (m, 2H), 7.59 (d, J = 8.5 Hz, 2H), 7.42 — 7.36 (m, 6H),
7.34 (s, 1H), 7.27 (d, J = 8.5 Hz, 2H), 7.24 — 7.21 (m, 3H), 7.18 (s, 1H), 7.11 (dd, J = 8.1, 6.2
Hz, 4H), 6.99 (d, J = 8.1 Hz, 2H), 6.87 (d, J = 4.2 Hz, 1H), 6.81 (d, J = 8.0 Hz, 2H), 6.68 (s,
1H), 6.59 (d, J = 4.2 Hz, 1H), 6.05 (d, J = 4.2 Hz, 1H), 2.25 (s, 3H), 2.11 (s, 3H); *H NMR (400
MHz, CDCls, for method two) 6 8.76 (s, 1H), 8.64 (s, 0.7><LH), 8.27 — 8.10 (m, 1+0.7xLH),
7.97 (ddt, J=9.1, 6.0, 3.0 Hz, 1+0.7%LH), 7.67 (d, J = 2.0 Hz, 1H), 7.65 (d, J = 2.0 Hz, 1H),
7.51 — 7.43 (m, 4+0.7>2H), 7.42 (s, 1H), 7.35 (d, J = 2.0 Hz, 0.7><LH), 7.34 (d, J = 2.0 Hz,
0.7x1H), 7.32 — 7.28 (m, 0.7>4H), 7.18 (dd, J = 8.2, 6.1 Hz, 2+0.7>2H), 7.10 — 7.04 (m, 2H),
6.93 (d,J=4.2 Hz, 1H), 6.89 (d, /J=7.9 Hz, 2H), 6.76 (s, 0.7%<LH), 6.65 (d, J=4.2 Hz, 0.7 <LH),
6.13 (d, J= 5.0 Hz, 0.7x1H), 2.32 (s, 0.7>8H), 2.18 (s, 3H); **C NMR (101 MHz, CDCls, for
117) 6 145.58, 139.23, 138.42, 135.96, 134.41, 133.94, 130.90, 130.48, 130.07, 129.79, 129.41,
128.83, 127.55, 127.22, 125.39, 124.76, 118.30, 117.41, 116.77, 116.62, 107.96, 21.09; HRMS
(APCI): m/z calcd for C26H20CIN2S (M+H)*: 427.1030, found: 427.1025.

(2)-3-(2- 2R FE-2-(Ff H R I AL ) 245 38 ) ML s [ 1, 2-a] W W bk [ 11 za ]/ (E)-3- (2- 4% 3 -2- (%}
R 2T ) 2475 ) LI JE[1,2-a ] WE R B [11za")

i
@“W oy

11za 11za’

Yellow solid (69.0 mg, 88%, 11za: 11za’ = 10:1); m.p. 158-163 €. *H NMR (400 MHz, CDCls)
08.91 (s, 1H), 8.62 (s, 0.1x<1H), 7.88 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 7.4 Hz, 0.1>2H), 7.77 (d,
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J=3.2 Hz, 2H), 7.71 (d, J = 8.1 Hz, 1H), 7.63 — 7.57 (m, 2H), 7.55 (s, 0.1x1H), 7.46 — 7.40
(m, 2+0.1>2H), 7.36 (t, J = 8.1 Hz, 1H), 7.31 (s, 0.1>3H), 7.20 (t, J = 7.4 Hz, 2+0.1>3H), 7.16
—7.09 (M, 1+0.1>4H), 7.04 (d, J = 8.2 Hz, 2H), 7.00 (d, J = 7.9 Hz, 0.1>3H), 6.84 (d, J = 8.0
Hz, 2H), 5.84 (d, J = 2.9 Hz, 0.1x1H), 2.21 (s, 0.1>3H), 2.10 (s, 3H); *C NMR (101 MHz,
CDCls, for 11za) 6 143.57, 141.49, 135.83, 133.24, 133.07, 131.77, 130.14, 128.97, 128.41,
128.38, 127.94, 127.84, 125.70, 124.87, 114.84, 114.40, 113.89, 21.07; HRMS (APCI): m/z
calcd for CoeH21N2S (M+H)™: 393.1420, found: 393.1412.

(Z)-3-(2-(% FY 2Rk )-2- (R FH 2R 2 ) <00 22 ) bk g% 5[ 1, 2-a] m W2 ik [11zb ]/ (E) -3- (2- (X
A 2R ) -2- (XTEF‘ZIS mﬁ)aﬁ%ﬁg)uthﬂ%ﬂl 2-a]ENREIE [11zb']

Q
@NW iy

Yellow solid (35.8 mg, 44%, 11zb: 11zb' = 3:1); m.p. 151-155 €. *H NMR (400 MHz, CDCl5)
8 9.01 (s, 1H), 8.82 (s, 0.3x1H), 8.70 (s, 0.3x1H), 8.00 (d, J = 8.0 Hz, 1+0.3x<1H), 7.91 (s,
0.3%2H), 7.87 (d, J = 2.9 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 7.9 Hz, 0.3<1H), 7.60
(d, J=8.0 Hz, 2+0.3x1H), 7.53 (s, 1+0.3x1H), 7.50 — 7.44 (m, 1+0.3<1H), 7.43 - 7.36 (m, 1H),
7.33 (d, J = 8.0 Hz, 0.3>@H), 7.18 — 7.05 (m, 5+0.3>2H), 6.95 (d, J = 8.0 Hz, 2+0.3x1H), 6.86
(s, 0.3x1H), 6.02 (d, J = 2.9 Hz, 0.3x1H), 2.36 (s, 0.3>3H), 2.33 (s, 0.353H), 2.32 (s, 3H), 2.21
(s, 3H); ¥C NMR (101 MHz, CDCls, for 11zb) § 143.63, 138.64, 137.78, 135.67, 133.13,
132.02, 130.12, 130.02, 129.73, 129.59, 129.47, 129.17, 128.76, 128.35, 127.76, 125.67,
124.35, 114.81, 114.37, 113.88, 113.65, 112.99, 60.53, 14.34; HRMS (APCI): m/z calcd for
C27H23N2S (M+H)*: 407.1576, found: 407.1570.

(Z)-3-[2-(4- 3 A FE)-2-(OhF R R 25 ) 0 B ML I 5 [1,2-a ] MEWE IBE [11z¢)/(E)-3-[2-(4-

HEHL)-2-(hf FE 2 ;Ibﬁ)zkﬁﬁ]uttﬂ%aﬂl 2-a]EVEME [11zc]

Me
@E”W @EN /
11zc 11zc’

Yellow solid (45.2 mg, 55%, 11zc: 11z¢’ = 4:1); m.p. 156-160 €. 'H NMR (400 MHz, CDCl5)
09.00 (s, 1H), 8.75 (s, 0.25x1H), 7.99 (d, J = 7.9 Hz, 1H), 7.93 (d, J = 7.9 Hz, 0.25%1H), 7.89
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(d,J =29 Hz, 1H), 7.86 (d, J = 2.9 Hz, 1H), 7.82 (d, J = 7.7 Hz, 1H), 7.69 (d, J = 7.7 Hz,
0.25x1H), 7.64 (dd, J = 8.6, 5.5 Hz, 2H), 7.57 (d, J = 3.0 Hz, 0.25x1H), 7.53 (d, J = 7.1 Hz,
1H), 7.48 (d, J = 8.3 Hz, 1H), 7.45 (s, 1H), 7.42 — 7.37 (m, 0.25>%2H), 7.34 (d, J = 8.1 Hz,
0.25>2H), 7.13 (d, J = 8.1 Hz, 2H), 7.10 (d, J = 8.1 Hz, 0.25>2H), 7.01 (d, J = 9.0 Hz, 1H),
6.96 (dd, J = 8.4, 3.5 Hz, 3+0.25>2H), 5.98 (d, J = 2.9 Hz, 0.25x1H), 2.32 (s, 0.25>3H), 2.22
(s, 3H); 3C NMR (101 MHz, CDCls, for 11zc) ¢ 143.48, 136.13, 133.12, 132.32, 131.36,
130.13, 130.02, 129.79, 129.62, 129.54, 129.28, 128.42, 125.75, 124.42, 119.02, 115.41,
115.19, 114.85, 114.32, 113.89, 21.09; '°F NMR (376 MHz, CDCls, for 11z¢) 6 -114.27; HRMS
(APCI): m/z calcd for CosH20FN2S (M+H)*: 411.1326, found: 411.1320.

(2)-3-[2-(4- S IR )-2-(F FH 2R 28 ) £ 06 2R L s I [1,2-a) e e Wk [11zd]/(E)-3-[2-(4-
FUAREE)-2-(0 FARR 2 ) LM BE TP I [1,2-a] EWE Ik [112d°]

Me

@“W ol

11zd 11zd'

Yellow solid (38.4 mg, 45%, 11zd: 11zd' = 4:1); m.p. 128-132 €. *H NMR (400 MHz, CDCls)
09.00 (s, 1H), 8.75 (s, 0.25<LH), 7.98 (d, J= 8.9 Hz, 1H), 7.93 (d, J= 7.9 Hz, 0.25xLH), 7.89
(d, J=2.9 Hz, 1H), 7.86 (d, J = 2.9 Hz, 1H), 7.82 (d, J = 7.7 Hz, 1H), 7.69 (d, J = 7.7 Hz,
0.25x1H), 7.64 (dd, J = 8.7, 5.4 Hz, 2H), 7.57 (d, J = 2.9 Hz, 0.25x1H), 7.54 (t, J = 8.3 Hz,
1H), 7.51 — 7.43 (m, 2+0.25>2H), 7.42 — 7.39 (m, 0.25>2H), 7.34 (d, J = 8.1 Hz, 0.25>2H),
7.13 (d,J=8.1 Hz, 2H), 7.10 (d, J= 8.1 Hz, 0.25>2H), 7.00 (s, 1+0.25xLH), 6.96 (dd, J = 8.4,
3.5 Hz, 3+0.25>2H), 5.98 (d, J = 2.9 Hz, 0.25x1H), 2.32 (s, 0.25>3H), 2.22 (s, 3H); 3C NMR
(101 MHz, CDCl3, for 11zd) o 143.22, 139.82, 136.08, 133.43, 132.84, 131.09, 129.98, 129.74,
129.06, 128.87, 128.47, 128.39, 127.55, 125.71, 125.48, 124.84, 114.88, 114.31, 113.80, 20.98;
HRMS (APCI): m/z calcd for C26H20CIN,S (M+H)*: 427.1030, found: 427.1021.
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(2)-1-[2-(4- FR 48 S 2 B )-2- (Ot FH 2 B 36) 2 ] M g I [1,2-a] M DR Wk [L1ze)/(E)-1-
[2-(4-FF 48 FE 2R JE)-2- (6 FR A B A28 ) 2 JE | s I [ 1, 2-a] HENE bk [11ze')

Me

S OMe

11ze'

Yellow solid (55.8 mg, 66%, 11ze: 11ze' = 3:1); m.p. 117-120 €. *H NMR (400 MHz, CDCl5)
0 8.66 (s, 1H), 8.55 (s, 0.3xLH), 8.16 (tt, J= 6.9, 3.3 Hz, 1+0.3x<LH), 7.88 (td, /=7.4, 6.8, 3.6
Hz, 1+0.3x1H), 7.62 (d, /= 8.8 Hz, 2H), 7.41 (d, J= 8.1 Hz, 0.3>%H), 7.36 (dt, J=6.2,2.9 Hz,
2+0.3>2H), 7.28 (s, 1+0.3x<1H), 7.18 (s, 0.3x%LH), 7.16 (d, /= 4.2 Hz, 1H), 7.10 (d, /= 7.9 Hz,
0.3>%2H), 6.98 (d, J = 8.1 Hz, 2H), 6.83 (d, J = 4.2 Hz, 1H), 6.81 (s, 1H), 6.78 (d, J = 7.7 Hz,
3H), 6.68 (d, J= 8.8 Hz, 0.3%2H), 6.57 (d, /= 3.8 Hz, 0.3>2H), 6.07 (s, 0.3<LH), 3.73 (s, 3H),
3.68 (s, 0.3>3H), 2.24 (s, 0.3>3H), 2.08 (s, 3H); 3C NMR (101 MHz, CDCls, for 11ze) 5 159.94,
145.56,137.60, 136.11, 133.81, 132.14, 131.34, 130.70, 130.27, 129.78, 129.63, 129.50, 129.35,
127.20, 125.07, 123.01, 116.94, 116.73, 113.89, 107.59, 55.33, 20.95; HRMS (APCI): m/z
calcd for C27H23N20S (M+H)*: 423.1526, found: 423.1522.

(Z)-1-[2-3E-2-Cht 28 B 0L ) 05 3 - 3- B S L s [ 1,2-a ] WE IR [11aa]/(E)-1-[2-
PRI 2O FE R 2 ) 2005 225 - 3-B AU SR L [ 1,2-a B IR R [11aa’)

Me
Me (
Ph ; S

S Ph

/ /

N/ —SCN
X

N

11aa 11aa’

Yellow solid (102.3 mg, 91%); m.p. 154-159 €. *H NMR (400 MHz, CDCls) 6 8.29 (s, 1H),
8.11 (d, J = 8.2 Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H), 7.61 (d, J = 6.5 Hz, 2H), 7.33 (dd, J = 16.6,
7.8 Hz, 2H), 7.29 — 7.20 (m, 5H), 6.87 (d, J = 8.1 Hz, 2H), 6.66 (d, J = 8.0 Hz, 2H), 2.01 (s,
3H); 13C NMR (101 MHz, CDCls) § 143.53, 140.63, 139.64, 136.60, 130.58, 130.54, 129.90,
129.53, 129.26, 129.07, 128.77, 128.55, 128.41, 127.84, 125.72, 122.80, 122.13, 116.86, 21.04;
HRMS (APCI): m/z calcd for C27H20NsS, (M+H)*: 450.1093, found: 450.1086.
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(Z)-3-TH-1-[2- 2K B -2-(hF HE R B 25 ) £ 2 1L g FE[1,2-a] ME VR IR [11ab]/(E)-3-fft-1-
[2-2R -2 (O R 2R 358 ) M JEE JIE s 5[ 1,2-a ] R EIHR [11ab’]

Me

11ab 11ab’

Yellow solid (90.2 mg, 87%, 11ab: 11ab' = 2:1); m.p. 175-178 €. *H NMR (400 MHz, CDCls)
5 8.54 (s, 1H), 8.44 (s, 0.5x1H), 8.12 — 8.05 (m, 1+0.5x1H), 7.92 — 7.82 (m, 1+0.5xLH), 7.63
(d, J=6.7 Hz, 2H), 7.42 (d, J = 8.0 Hz, 1H), 7.35 (dd, J= 6.1, 3.3 Hz, 2+0.5>%2H), 7.31 (d, /=
1.9 Hz, 0.5%1H), 7.30 - 7.27 (m, 0.5>%2H), 7.25 (d, J= 9.8 Hz, 3H), 7.21 (d, J=7.5 Hz, 0.5x<LH),
7.17 (t, J= 3.1 Hz, 2+0.5%LH), 7.10 (d, J = 8.0 Hz, 1H), 6.93 (d, J= 8.1 Hz, 2H), 6.71 (d, J =
8.0 Hz, 2H), 6.39 (s, 0.5%<1H), 6.11 (s, 0.5XLH), 2.23 (s, 0.5>3H), 2.03 (s, 3H); 13C NMR (101
MHz, CDClgz, for 11ab) ¢ 145.46, 139.61, 136.84, 134.59, 130.62, 130.57, 130.37, 130.03,
129.56, 129.35, 129.28, 129.05, 128.97, 128.72, 128.66, 128.35, 127.82, 127.33, 125.82,
123.90, 122.11, 116.49, 21.07.; HRMS (APCI): m/z calcd for C26H20IN2S (M+H)*: 519.0386,
found: 519.0380.

(Z)-1-[2- 22 FE-2-Ohf HI 2R B 3 ) 0 R 1-3-COR B 58 ) ML % IR [1,2-a ] MEVE IR [11ac]/(E)-1-
[2-28 H-2-(Ohf HI 2R B 5 ) Z0 5 1-3-CAR B 228 )L i [ 1,2-a]ME VR MR [11ac')

Me

11ac 11ac’

Yellow solid (74.1 mg, 74%, 11ac: 11ac’ = 2:1); m.p. 151-155 €. 'H NMR (400 MHz, CDCls)
0 8.84 (s, 0.5xLH), 8.54 (s, 1H), 8.32 — 7.99 (m, 1+0.5>2H), 7.96 — 7.72 (m, 1+0.5>2H), 7.63
(d, J = 6.7 Hz, 2H), 7.49 — 7.40 (m, 1+0.5>LH), 7.38 (dd, J = 6.6, 4.6 Hz, 0.5>2H), 7.36 — 7.32
(m, 2H), 7.32 — 7.27 (m, 2H), 7.25 (d, J = 9.0 Hz, 3H), 7.21 (dd, J = 6.5, 3.6 Hz, 0.5>2H), 7.16
(dd, J=4.9, 1.7 Hz, 2H), 7.15— 7.12 (m, 0.5>2H), 7.12 — 7.07 (m, 2H), 7.07 — 6.96 (m, 0.5>2H),
6.96 — 6.88 (M, 2H), 6.78 (d, J = 7.1 Hz, 0.5xLH), 6.70 (d, J = 8.0 Hz, 2H), 6.39 (s, 0.5xLH),
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6.10 (s, 0.5x1LH), 2.23 (d, J = 4.8 Hz, 0.5>3H), 2.03 (s, 3H); *C NMR (101 MHz, CDCls, for
11ac) J 144.09, 140.90, 139.56, 136.74, 134.53, 134.47, 130.64, 130.55, 130.49, 130.35, 130.08,
129.51, 129.25, 129.06, 128.93, 128.88, 128.64, 128.61, 128.29, 127.69, 127.28, 127.11,
125.68, 125.63, 123.75, 123.31, 122.18, 116.41, 115.45, 21.03; HRMS (APCI): m/z calcd for
Ca2H2sN2S2 (M+H)*: 501.1454, found: 501.1443.

(Z)-1-[2-ZRFE-2-CKf R B 228 ) £ 0 25 1-3-CR Il 22 ) ML % 3 [1,2-a | R I [11ad]/(E)-1-
[2- 7% 5E-2-OhF F 2RI 58 ) 205 55 -3-CR AT 525 ) IEE 6 I 1,2-a]WENE IR [11ad']

Me
Me (
Ph ; S
S Ph
/ /
N~/ —SePh
@
N
11ad 11ad’

Yellow solid (128.7 mg, 94%, 11ad: 11ad" = 1:1); m.p. 117-119 €. 'H NMR (400 MHz, CDCls)
58.88 (s, 1H), 8.78 (s, 1H), 8.32 — 8.12 (m, 2H), 8.01 — 7.83 (m, 2H), 7.69 (d, J = 6.9 Hz, 2H),
7.49 (d, J = 8.1 Hz, 2H), 7.45 — 7.37 (m, 5H), 7.31 (ddd, J = 16.2, 8.8, 4.4 Hz, 7H), 7.20 — 7.09
(m, 8H), 7.06 — 7.01 (m, 4H), 7.01 — 6.95 (m, 4H), 6.74 (d, J = 8.0 Hz, 2H), 6.52 (s, 1H), 6.24
(s, 1H), 2.27 (s, 3H), 2.07 (s, 3H); **C NMR (101 MHz, CDCls, for 11ad) 6 144.18, 139.33,
136.53, 134.43, 132.96, 130.62, 130.44, 130.39, 130.07, 129.88, 129.49, 129.29, 129.26,
129.07, 128.69, 128.54, 128.48, 128.25, 127.69, 127.31, 126.46, 126.16, 125.56, 123.63,
116.67, 116.43, 103.81, 21.34.; HRMS (APCI): m/z calcd for Cs2H2sN2SSe (M+H)*: 549.0898,
found: 549.0891.

(E)-1-[2- 2K -1, 2- XL (R AP JE ) £ s Tk g IR [1,2-a] e R bk [12a]/(Z)-1-[2- 48 Fk-1,2- 3L
CORAN L) C A FETE g IR [1,2-a] MR [12a°]

12a 12a’
Yellow solid (81.3 mg, 70%, 12a:12a’ = 10:1); m.p. 140-145 €. 'H NMR (400 MHz, CDCls)
9 8.67 (d,J = 8.4 Hz, 1H), 8.47 (d, J = 7.6 Hz, 0.1LH), 8.47 (s, 1H), 8.27 (s, 0.1xLH), 7.84 (d,
J=8.2Hz, 1H), 7.79 (dd, J = 8.0, 1.6 Hz, 0.1x1H), 7.55 — 7.50 (M, 1H), 7.49 — 7.45 (m, 0.1x1H),
7.42 (t, 3= 7.0 Hz, 1H), 7.33 (d, J = 7.0 Hz, 0.1xLH), 7.24 (t, = 7.4 Hz, 1+0.1>2H), 7.16 (d,
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J=17.6 Hz, 2H), 7.14 - 7.08 (m, 2H), 7.07 — 7.01 (m, 1+0.1x1H), 6.96 (t, J = 7.4 Hz, 0.1>4H),
6.91 (dd, J = 7.6, 1.9 Hz, 0.1>2H), 6.89 — 6.80 (m, 3+0.1>2H), 6.77 (d, J = 6.7 Hz, 2+0.1>4H),
6.66 — 6.59 (m, 4H), 6.56 (d, J = 7.8 Hz, 0.1x1H), 6.34 (d, J = 4.1 Hz, 0.1x1H), 6.21 (d, J = 4.1
Hz, 0.1xLH); **C NMR (101 MHz, CDCl;, for 12a) ¢ 145.18, 139.36, 136.48, 135.69, 134.71,
129.54, 129.10, 128.97, 128.55, 128.53, 128.37, 128.31, 127.94, 127.82, 127.37, 126.90,
126.66, 126.06, 125.28, 118.12, 117.20, 107.02; HRMS (APCI): m/z calcd for CaiH23N2Sez
(M+H)*: 583.0186, found: 583.0184.

(BE)-1-[2-(4-F R E)-1,2- X (R AN JE) 2,0 BE L s H[1,2-a] VR Ik [12b]/(Z)-1-[2-(4-5
FRIE)-1,2-XNCRAN L ) I LR T [1,2-a ] VR FEE [12b']

PhSe Cl

12b 12b’

Yellow solid (41.8 mg, 34%, 12b:12b' = 10:1); m.p. 40-42 €. *H NMR (400 MHz, CDCls) 6
8.68 (d, J = 8.3 Hz, 1H), 8.63 (d, J = 8.4 Hz, 0.1x1LH), 8.55 (s, 1H), 8.36 (s, 0.1<1H), 7.92 (d,
J=6.7 Hz, 1H), 7.87 (d, J = 6.6 Hz, 0.1<1H), 7.60 (t, J = 7.8 Hz, 1+0.1x1H), 7.51 (t, J = 7.0
Hz, 1+0.1>2H), 7.34 (d, J = 8.5 Hz, 2+0.1x1H), 7.29 (d, J = 8.5 Hz, 2+0.1x1H), 7.22 (d, J =
7.4 Hz, 0.1>2H), 7.12 (t, J = 6.3 Hz, 0.1>2H), 7.07 (d, J = 7.4 Hz, 1H), 6.98 (t, J = 7.4 Hz, 2H),
6.92 (t, J = 7.4 Hz, 1+0.1>3H), 6.84 (d, J = 6.9 Hz, 2+0.1>2H), 6.74 — 6.66 (M, 4+0.1x1LH),
6.65 (s, 0.1x1H), 6.44 (d, J = 4.1 Hz, 0.1x1H), 6.29 (d, J = 4.1 Hz, 0.1x1H); *C NMR (101
MHz, CDCls, for 12b) ¢ 145.07, 137.76, 136.34, 135.56, 134.03, 133.27, 130.27, 129.52,
129.19, 128.96, 128.75, 128.67, 128.55, 128.12, 127.79, 127.53, 127.30, 126.85, 126.32,
125.25, 118.02, 116.93, 106.99; HRMS (APCI): m/z calcd for CaiHzCIN2Sez (M+H)':
616.9796, found: 616.9793.

(E)-1-[2-(4- F AU BE 2R 6 )- 1, 2- XU (R A 42 ) 207 B8 LR I [ 1,2-a ] WR B [12¢]/(Z)-1-[2-
(4- F AR R I )1, 2- W (ZEAT 3L ) 27 L IS [ 1,2-a VBRI [12¢]

MeQ,

PhSe OMe
SePh

— PhSe
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Yellow solid (70.8 mg, 58%, 12c:12¢* = 20:1); m.p. 40-44 °C. 'H NMR (400 MHz, CDCI3) ¢
8.73 (d, J = 8.4 Hz, 1H), 8.68 (d, J = 8.3 Hz, 0.05><1LH), 8.54 (s, 1H), 8.36 (s, 0.05%<1LH), 7.91
(d, J=9.3 Hz, 1H), 7.87 (d, J = 9.4 Hz, 0.05><LH), 7.59 (t, J = 7.1 Hz, 1+0.05>2H), 7.50 (t, J =
7.6 Hz, 1+0.05>4H), 7.38 (d, J = 8.7 Hz, 2H), 7.20 (d, J = 3.3 Hz, 0.05>2H), 7.16 — 7.08 (m,
2H), 7.04 (t, J = 7.4 Hz, 1+0.05%1H), 6.99 — 6.88 (m, 3+0.05>3H), 6.88 — 6.82 (m, 4H), 6.81
(s,0.05x1H), 6.75 - 6.66 (m, 4H), 6.64 (d, J = 7.8 Hz, 0.05>2H), 6.45 (d, J = 4.1 Hz, 0.05xLH),
6.38 (d, J = 8.8 Hz, 0.05x1H), 6.31 (d, J = 4.1 Hz, 0.05x1H), 3.80 (s, 3H), 3.56 (s, 0.05>3H);
13C NMR (101 MHz, CDCls, for 12¢) 6 159.44, 145.21, 136.49, 135.38, 134.50, 131.73, 130.43,
129.55, 129.15, 128.56, 128.49, 127.78, 127.30, 126.83, 125.99, 125.22, 118.05, 117.18, 113.74,
106.92, 55.36.; HRMS (APCI): m/z calcd for CsH2sN20Se; (M+H)*: 613.0292, found:
613.0287.

(E)-4- 7R - 1-[2- 2K - 1,2- XU (RAN I ) 205 FE L gt I [1,2-a ] HEWR MK [12d]/(Z)-4- 72 5
1-[2-2KFE-1,2- WU (R FL ) I FE LIS I [ 1,2-a ] MEE B [124]

12d 12d’

Yellow solid (69.6 mg, 53%, 12d:12d" = 5:1); m.p. 73-76 €. *H NMR (400 MHz, CDCls) &
8.72 (d, J = 7.4 Hz, 1H), 8.63 (d, J = 6.9 Hz, 0.2H), 7.92 (d, J = 7.7 Hz, 1H), 7.88 (d, J = 7.8
Hz, 0.2x1H), 7.76 — 7.70 (m, 2H), 7.61 (dd, J = 6.3, 3.3 Hz, 0.2>2H), 7.53 (t, J = 7.0 Hz, 1H),
7.48 (s, 0.2H), 7.47 — 7.40 (m, 4+0.2>3H), 7.40 — 7.32 (m, 2+0.253H), 7.25 (t, J = 7.5 Hz,
2H), 7.17 (t, J = 3.7 Hz, 1+0.2>1H), 7.15 — 7.11 (m, 0.2>3H), 7.08 (dd, J = 8.1, 1.2 Hz, 2H),
7.00 (s, 0.2x1H), 6.97 (t, J = 7.3 Hz, 1H), 6.88 (t, J = 7.4 Hz, 2H), 6.82 (d, J = 4.0 Hz, 1H),
6.81 (d, J = 2.3 Hz, 0.2>3H), 6.75 (dd, J = 8.1, 1.2 Hz, 2+0.2xH), 6.72 (s, 0.2>LH), 6.69 (d, J
= 4.1 Hz, 1H), 6.66 — 6.59 (M, 3H), 6.57 (d, J = 7.8 Hz, 0.2>2H), 6.39 (d, J = 4.2 Hz, 0.2xLH),
6.24 (d, J = 4.2 Hz, 0.2x1H); 3C NMR (101 MHz, CDCls, for 12d) § 139.40, 136.54, 136.13,
135.75, 133.94, 129.72, 129.16, 129.04, 129.01, 128.70, 128.62, 128.57, 128.54, 128.43,
128.39, 128.31, 127.94, 127.71, 127.68, 127.45, 127.02, 126.60, 125.33, 118.34, 117.06;
HRMS (APCI): m/z calcd for Ca7Hz7N2Sez (M+H)*: 659.0499, found: 659.0496.
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(E)-3-[2- 431, 2- XU CAR R HL ) £ 475 FE LI I [1,2-a]EVR I [12e]/(Z)-3-[2-FE-1,2-3
CRANIE) 2 ) L I 1,2-a] VR IR [12¢']

PhSe
% —\ /) —SePh

N/ N
_ SePh ©: SePh
N /
N
12¢'

12e

—

Yellow solid (69.7 mg, 60%, 12e:12e" = 2:1); m.p. 53-55 €. *H NMR (400 MHz, CDCls) 6
8.95 (s, 1H), 8.72 (s, 0.5x1H), 7.99 (d, J = 7.7 Hz, 1H), 7.85 (d, J = 5.9 Hz, 0.5xLH), 7.74 (d,
J =8.2 Hz, 1H), 7.70 (d, J = 2.6 Hz, 1H), 7.56 (d, J = 8.0 Hz, 0.5x1H), 7.51 (t, J = 7.6 Hz,
0.5>3H), 7.45 (dd, J = 9.0, 4.8 Hz, 1+0.5>2H), 7.40 (d, J = 8.0 Hz, 1+0.5%1H), 7.36 (d, J = 7.3
Hz, 1H), 7.30 (d, J = 7.0 Hz, 2H), 7.24 (s, 0.5>2H), 7.23 - 7.17 (m, 6H), 7.16 — 7.09 (m, 0.5>4H),
7.06 (t, J = 7.4 Hz, 1H), 6.99 (d, J = 8.0 Hz, 4H), 6.97 — 6.91 (m, 0.5>6H), 6.89 (d, J = 7.6 Hz,
0.5x1H), 6.86 — 6.78 (m, 1+0.5x1H), 6.77 (d, J = 2.7 Hz, 1H), 6.41 (d, J = 2.8 Hz, 0.5x1H);
13C NMR (101 MHz, CDCls, for 12¢e) 5 151.68, 148.83, 136.87, 130.33, 130.03, 129.64, 129.38,
128.92, 128.40, 126.84, 126.73, 126.58, 126.16, 124.02, 116.70, 108.79; HRMS (APCI): m/z
calcd for Ca1H2sN2Se, (M+H)*: 583.0186, found: 583.0184.

(E)-3-[1,2- XL (R 35 )-2-(0f B R 3 ) 20 2L TIE g 5 [1,2-a PR VR IBE [126]/(Z)-3-[1,2-3X
(CRAI L )-2-Ohf R 2RI 2 S BE T s FE[1,2-a ] HEIE IR [121°]

Me
PhSe
N. Y Me N. 2 // ~SePh
@[ SePh @[ SePh
~ —
N N
12f 12f

Yellow solid (34.5 mg, 29%,12f:12f" = 3:1); m.p. 55-58 €. 'H NMR (400 MHz, CDCls) 6 8.95
(s, 1H), 8.72 (s, 0.31LH), 7.96 (d, J = 7.8 Hz, 1H), 7.83 (d, J = 7.7 Hz, 0.3x1H), 7.70 (d, J =
8.1 Hz, 1H), 7.65 (d, J = 2.7 Hz, 1H), 7.53 (d, J = 7.9 Hz, 0.3xLH), 7.50 — 7.45 (m, 1H), 7.45
—7.40 (m, 2H), 7.38 (s, 0.35LH), 7.37 — 7.33 (m, 0.3>3H), 7.28 — 7.22 (m, 3+0.3LH), 7.22 —
7.17 (m, 3H), 7.12 (d, J = 7.1 Hz, 0.3>3H), 7.05 (d, J = 7.7 Hz, 2+0.3>3H), 6.99 (t, J = 7.2 Hz,
3H), 6.96 — 6.94 (m, 0.3>3H), 6.94 — 6.90 (M, 2+0.3xLH), 6.90 (d, J = 1.7 Hz, 0.3xLH), 6.73
(d, J = 2.8 Hz, 1H), 6.65 (d, J = 8.0 Hz, 0.3>2H), 6.42 (d, J = 2.8 Hz, 0.3>LH), 2.29 (s, 3H),
2.01 (s, 0.3>3H); ¥C NMR (101 MHz, CDCls, for 12f) & 145.13, 137.71, 137.56, 135.04,
134.78, 134.40, 133.98, 130.51, 130.06, 129.56, 129.51, 128.82, 128.61, 128.48, 128.42,
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128.25, 127.96, 127.56, 127.53, 125.34, 115.81, 113.76, 113.49, 21.43; HRMS (APCI): m/z
calcd for Cs2H2sN2Se2 (M+H)™: 597.0343, found: 597.0339.

5.5 KRE/IIN

REHFRIIIFR TR 1-28 CH ML I [1,2-a]HENR IR BT 2 C-H J7 BiAk . 5l
W NAR . BT RGERI RO, WL 1 CABKIEOY TR, 21 ¥ 1 fe R S B2k 1
£ 120 °C N [AY. 48 h AISRTGEIE 93% W AEAMFIIER T, =imA P S 5,
JERFRAT TR I5MAL . FTRRALT o 2% NR 2R B AR S (R B G, TBOR S5
UESE T IZRNAR R B R RTBORE, AT Tt — 20 R 1 & s, ik
BT C3-TAAL AL LK G5 B/ AL S e AL o IXBERIE FE SR AN S 45 F 24 (1)
MR I [1,2-a ] ENR AT A 4R A 78 705, ORI S VIR BB T I 1 8ngle,
FE WAL A AR R R 2 U H AT VB 2 1R N P T3
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FEARE EIEEAIMIRH[1,2-a]EEM 5 N-F A BER @R AL C1-H fZ{L
R Rz

6.1 5|5

N-ARRCREREE (NFSD EN—Fh 2 Dhae ik, MU ZRH T AN T1
TR AL FUA SO AL 2 S T e A% S 9%, SR mTVE NI & e 05 e, R E BT 2 C-H 8
Ak SN R T RN, 2015 4F, Kawakami B1BAORg 2 T AL /6,6'- — FF 3E-2,2"- 1%
MERE S AR R, BIRSEIL T NFSI A S Z 5. HEFH. bk, 3558 T2 R
SR A T2 d@ SV A SO (] 6-1a). BEJE, Lu iRRRAHIOIE 2018 4EIT K T
TCIINFIAAT T BRI SRS, BTy SEBl 1 KPR IR e R &) C3 AL s it (B
6-1b). JT4FEK, Zheng FBAM U@L Fe Ak TF2 5K mE 5 11 H GPT-Cu 5 GPT-Ni #4671 (&
6-1c), SEZHL T 8-S IEMEMR S NFSI (3£ C-N/C-F 181, o p b s vk 507 5k
PRI U 4 Jm AL S B R v R A AR T S

CuBr (10 mol%)
PhOzs\N,SOZPh 6,6'-Me2bpy (12 mol%)

[a] Ar—H  + \ Ar—N(SO,Ph),
F 1,2-dichloroethane
70 °C
AN [(MeCN),Cu]BF Qe
= PhO,S. .SO.Ph e u
[b] S N\%_Q + 2 l}l 2 4 4 N /
o .
H F DCE, 100 C, 10 min /N\Sozph
PhO,S
’ SO,Ph
0 PhO,S.. _SO,Ph GPT-Cu (15 molf%) 0 N~so,ph
[c] )J\ + N DCE, 90 °C
R °N , )
H IR, F 12 h, air R N i
Nv H NJRZ

& o-1 N-FAR KBS 589 C-H BRIUR K
Scheme 6-1 C-H amination reaction with NFSI
ST BATHFFEEIBETC, AEBLRIR T4/ 3 AN I [1,2-a ] ENR I 5 N- SRR I L 1
() C1-BEAE SO SR ELFR AL SR O & BRI AT ¥ (2 AR 245 B TR AR LI 9 (1,2-a]
WENRIRAT AP ER AL 1Mo (0 Sms
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6.2 RIS

#+6-1 FESIIR
Table 6-1 Reagents of the experiment

SRR alipg AT

N-GAR R T e 97% AR R A R A
AL 99% g ZRIAR A A IR A T

TRAL 4 99% g ZRIA R A A PR A T
AL 98% GBI A T

Tk s R 99% GBI A A PR A T

7N F IR DY R (1) 98% GBI A T
VUSIER DU (Z I8 ( 1) 98% AR A R A
HA 2 s Hrak REEFUTHRAF
IWENPRL s Hrak MR A BR A A

1,2- & LK s Hrak REEFUTHRAF
2-fift-5-F R i s Hrak AR A R A
2-fill-4- = 5 I K i s Hrak AR A R A
4K H VAL SRR R A R A
4- =5 FR ORI 98% SRR R A R A
AT B sy Hral SRR R A R A
S%of R B R TR A sy Hral SRR R A R A
PUT B R A 99% AR R A R A
N-RAR T BRI % sy Hral AR R A R A

SERAN AR 53R 2-2 AH[FE
FER5IE

6.3.1 RREZFHMIL

126



BRE EIRHERMMI[12-EIEM S V- B ICR#ER AR C1-H BRUR N
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®6-3 RNMFHRIMIL:

Table 6-3 Optimization of the reaction conditions®

SO,Ph
Q:N? R Cucourse P05 NT?
- S
13a

Entry [Cu] course (equiv.) Solvent T(°C) Yield(%)°
1 Cul (1) DCE 100 26
2 CuCl (1) DCE 100 78
3 CuBr (1) DCE 100 61
4 CuCly (1) DCE 100 51
5 Cu(OAc): (1) DCE 100 65
6 [(MeCN)4Cu]BF; (1) DCE 100 62
7 [(MeCN)4Cu]PFs (1) DCE 100 85
8 - DCE 100 NR
9 [(MeCN)4Cu]PFs (1) MeOH 100 Trace
10 [(MeCN)4Cu]PFs (1) DMSO 100 NR
11 [(MeCN)4Cu]PFs (1) DMA 100 14
12 [(MeCN)4Cu]PFs (1) DMF 100 NR
13 [(MeCN)4Cu]PFs (1) 1,4-dioxane 100 Trace
14 [(MeCN)4Cu]PFs (1) EtOH 100 Trace
15 [(MeCN)4Cu]PFs (1) DCM 100 67
16 [(MeCN)4Cu]PFs (1) toluene 100 NR
17 [(MeCN)4Cu]PFs (1) THF 100 Trace
18 [(MeCN)4Cu]PFs (1) MeCN 100 35
19 [(MeCN)4Cu]PFs (1.5) DCE 100 96
20 [(MeCN)4Cu]PFs (0.5) DCE 100 68
21 [(MeCN)4Cu]PFs (1.5) DCE 90 68

2 Reaction conditions: 1a (0.2 mmol), NFSI (0.4 mmol), solvent (1 mL), 30 min, under air. ° Isolated yield.

BT REIE IF[1,2-a]E R (1a, 0.20 mmol) 5 N-F AN ZEME R4 (NFSI, 0.4 mmol)
WAL N IR R, R T B (38 6-3). WIRASEYEAE S LkE (DCE) %7

B+ 100 °C 2 M. 30 min. ]

r Hb’

FER 2 B 56 4 T032:3E T (Entry 8, 38 UF 18 44771 1 06 2

DCM F1 MeCN 5577 e v, {HAZF2 R E K, 1 MeOH. DMSO. DMF.
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P o J 5T e 52 36 R ], DMA
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. EtOH. KK THF S80I LA 3647 ) . (Entries 9-18), & HiE DCE 1/
A AERE . BEfE, EIid A [(MeCN)CulPFs H & (Entries 19-20), &4 #EAL T H &=
WA 1.5 MR, 13a PRSI E 96% (Entry 19). N FTERH, FFHK
}iﬁ\“ BESSE R EE TR (BEntry 210, @B T mxd SON RCR 2 3E1E FH -
LALLM N IR 1,2-a]E 2K (1a, 0.20 mmol). NFSI (0.4 mmol) 5
[(MeCN)4Cu]PFs (0.3 mmol) 7E DCE %5/, F 100 °CZS 5 T &M 30 min

6.3.2 R¥ERTEE MR

& 6-4 MEMEFH[1,2-0|FENEM S NFSI BORR LR B2
Table 6-4 Aminations of pyrrolo[1,2-a]quinoxalines with NFSI

SO,Ph
N. [(MeCN),Cu]PFg F’hOzS’N
+ NFSI y
VR DCE
100 °C, 30 min
1
SO,Ph
N
PhO2S /SOzPh
BN
PhO,S™\ — 13g, R = H, 65%
13h, R = OMe, 48%

N/ , ,
©: 13i, R = Br, 39%
13b, R, = CHy, R, = H, 59% N7

130 R1 F Rz—H 76%
13d, Ry = CF3, R, = H, 52% R
13e, Ry = H, R, = Cl, 44%

13f, Ry =H, R, = CH,, 59% SO,Ph

PhO,S~ N
SO,Ph P
PhO,s—N._

R, N_ 13p, R = H, 36%

:@: 13q, R = CN, 96%

R; NG 13r, R = CF3, 45%
R3

13j, R;=F, R,=H, Ry = H, 68% SO,Ph
13k, Ry = F, Ry=H, R; = OMe, 46% |

Pho,S—N
131, R, =F, R, = H, R; = Br, 58% 13s, R = Br, 39%
13m, Ry = CHj, Ry = H, R3 = H, 35% N._/"R 13t R=1 56%
13n, Ry = CH;, R, = H, R; = OMe, 49% ©: P
N

130 R1 H, R2 = CH3 R3 =Br, 34%

Reaction condition: 1 (0.2 mmol), NFSI (0.4 mmol), [(MeCN)sCu]PFs (1.5 equiv.), DCE (1 mL), 100 °C, 30 min, under

air.

FEWISL AN SR JE T T s IR [1,2-a ] DR MR ) SRS Ve (3R 6-4). B
JeBREET C7 M C8 A HUARE XS Ak S N FRIREMR , S50 3 W] Jo 18 2 it Fi 7~ Jik [A13 2 M
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THHl, YWREABSEREBL, DL 44-76% A X M=) 13b-f, 2on BRI H BE
A 32 1% . BEJS, FRATEIIE T C4 Ar 75 BRI AL S T [ 1,2-a] R MR IR A PR R, R BIR
I AR BRI S BRI 40, 74 13g-i IR TE L 39-65%. o T HAA XA
T BIIEnS FE[1,2-a] BN KA,  OBAT 2o H RGPS, 3R 1S B AR 13j-0 B
N 34-68%, Horh 13§ ()5 T il 5 g X B ERAT I o A 2145 5 (B 6-2, CCDC:
2132314) . B WE TR I, 4-75 FEnth v [ 1,2-a] VR AT AR R REE F T2 N &R,
P 13p-r HIWSCR 5 LA 36-96% . 4-75 F KPR F HIUARCEE () FEL 1 280N 0F S v 1 52 0 5l 3
SO S L R A ) G R LR SR S v dg Tt P SR A ) B PR R
At SREG R4 R 2 s R U IR (1, 2-a )RR AR Y, 3-1RAN 3-TLEAXER A 7373
PL 39%A1 56% IR AL % B AR~ 4 13s A 13t. X848 B 78 0 UF B 1 i MAk S B AR R 7E
F3or T 2 NI 7T

E6-2 13jHY 8 B £5H#I(CCDC: 2111719)
Figure 6-2 The crystal structure of 13j (CCDC: 2111719)

6.3.3 TRkl scis

ISR A S S A SRR EL, R T S AR SR 6 (I 6-3) o A ML 3 [1,2-
alEWEIR (1a, 4mmol) 5 N-HARXUCREEEEE (NFSI, 8 mmol) 7EMLAL [ B 4644 47
SN, 5 SREIR HERPE) 13a (72 3R AT 719% . X — 45 RAUS S S2 8l 1 s SRR )+
GIBOR, TR B R AL I & PR R R 1 E, SRR T A R AR R AT
P, EAERNAE, MR TMERM (96%=5), KSR RGNk, (H#&
T AR RIG IR e tt, NJESE TR TRt 7 5 B0k .

SO,Ph
- Pho,s—N
N/ [(MeCN),Cu]PFg —
+ NFSI N.
_ DCE
N 100°C, 3 h P
N

1
a, 4 mmol 13a, 79% (1.463 g)

[&6-3 13af 5T R KL

Scheme 6-3 Gram-scale synthesis of 13a
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6.3.4 TR NAR

FERIIERAS S LA T 1 13a RO ZEAIE b, FATHE—DIRRE 7 HATAAE F1(E 6-4)
B, I N-EAT B (NCS) /v 3R BN, 13a 5HFHERMT (KSCND
FEIRANSFAT N R C3 LB E I ML, P 40%H R SR EIE DY) 13aa. R
7RIS, (HAZ B TSI T B X — B T REFE € 7] 51N o 2R V-l
AT 2B (NIS) X 13a #E47 C3 LLBUL, SN RBLHAL R R, EIMErE
LA 70% MR R RORAF A4 13t IR al AR Dy S e i, e 58 SCA B S
Pt bR C-C HEl C-I% 5l 7ot . IXEEATAEM SRR TS 70 I 1 ALY 13a (2 T)
REABIHRE ST, A ST 2 FEAC LS IF[1,2-a] e R ETAE DD PR it 1 B B0 & FOSR S

SO,Ph SO,Ph
Pho,S—N PhO,S—N
— NCS (1.5 equiv.) —
+ KSCN————————
N_/ MeCN (2 mL) N_/~—SCN
_ rt, 24 h P
N N
13a, 0.5 mmol 1 mmol 13aa, 40%
SO,Ph SO,Ph
-N -
PhOS™R__ NIS (1equiv.) PhO,s—N{
_—
N/ DMF (3 mL) '2?\'
i, 3h
_ ,
N N7
13a, 0.2 mmol 13t, 70%
[E6-4 1391 TE KR B

Scheme 6-4 Derivatization of 13a

6.3.5 ¥IBIRR

DN B S SEALER, FRATR T R T — RAIFLERIESLES (K] 6-5). @i 5] N HH
FEAHIRF BHT (2,6- U T 2-4-HEKE) A1 TEMPO (2,2,6,6-V0 FFE-1-NRIE4E L), K
Pl 1a 5 NFSI (2a) (M52 BB RAH] . S R4 3040 1.0 245 TEMPO 5 BHT
i, P24 13a FICR SUR R BEE 13%F1 10%, BhriESAF (96%7=5) BilEL 86%LL L.
X—IGRERY, BHEPEAEITGESE T RSP IR —— B R 5 s
HHEEEYFG G, A RBHE T R, NI RIR PR R MR . 456 STk RaE 1
ML C-H FALHLEE, SIS as B J h SCRRZ R N AT RESE I H AN T T LR 42
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SO,Ph
= N
N2 [(MeCN),CulPFg 10257 " y—
_ =
©: Y - NFSI CE N
N 100 °C, 30 min _
N

0.2 | 0.4 I
mmo mmo TEMPO (2 equiv.): 13% yield

BHT (2 equiv.): 10% yield
El6-5 HlIBIRSE
Scheme 6-5 Mechanism investigation
BT FORHUERER F 550 25 5 DU S SCHRARE 1 C-H S AL, FRATIHE H mT B 1 R R %
7 (B 6-6). MRS VYA CHEITE: B, Cu HEMAA)S Cu(IDFEE P F(B)AL
TPHPIRS; BEJE, FIAMAB) S [ 1,2-a] MRS T IR B E IR, 53] C3 BhEk
HEAAR(C) o 43 T oK, B H3E (A (C) B NFST AL, 28 s [ 1,2-a] W W2 Ik FH 25 1-(D)
B s WD) 2 T4 7= A2 BT 75 7= 40 13a, [RE R AR A (A0 7 N R — AT R

F F
[CuL4]PFg | () | ()
(PhSOp)N-F —————— ,—Cu—PFg L4—Cu—PFg
L = MeCN | !
N(SO,Ph), N(SO5Ph),

(A) (B)
1

a
F
| (i

L4_CU_PF6

_(PhO,S),N_ H . (PhSO,),N +F (PhO,S),N H

HF F
13a4¥ N_/ 4% N/
©: _ (PhSO,),N-F ©: _
N N

) (©)
El6-6 TTAERIS RIALER

Scheme 6-6 Plausible reaction mechanism

6.4 SEIGERSY

6.4.1 MEREFH[1,2-a]ENEWE C1-H BRI R 515

FHMERE I [1,2-a]EWEME (1, 0.2 mmol). NFSI (0.4 mmol). [(MeCN)4Cu]PFs (1.5
equiv.) DCE (1 mL) X% (10 mL) #EATIN#H. KIREWLE 100 °C FAEZ i
30 min. SMTERSE, R AR EBRIE . I AERER ORGE (R AR S (EIT
Ml FbEE: ZBROEE=1: 1D, 1F3H% 13,
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6.4.2 TERHIZFLIESE

% NFSI(8 mmol) . MEH F[1,2-a]EEWEMK (1a, 4 mmol)+ [(MeCN)sCu]PFs (1.5 equiv.)
A DCM (20 mL) KIEAWEMRIEE (100mL) 71, 100°C REZSFHFE 3h. 58K
Jo . PR AT BRI I PR g Al AR (R Ak OFR CE=1: 1), 19
BT PEY) 132(1.463 g, 79%).

6.43 MTEURNITE

M EE (10 mL) FhiA 13a (0.5 mmol). KSCN (1.0 mmol). NCS (0.75 mmol)
AT MeCN (2 mL), HEEWEZE FHEE 24 he 5EJG, IERIELBRER . EilE
FERR b Pug s ai AR 5 BRI Ak 28R =11, 53] 13aa, EH 40%.

M EE (10mL) AU 13a (0.5mmol). NIS (0.5mmol) 1 DMF (3mL), ¥
REERR T3 he RMIBAYH O OHES (15 mL) #kE, F NaxS:08 i (3
mL) FYIFI NaCl i (10X3 mL) ek, AJEH & F R (10X3 mL) FERUKIER,
RIG T BEANLZ . BIEE AR, 2008 L BRiE . it e i B pRod e ai ok (g
FEA: Al LR OHS), 53] 136 FIHRL 0, BEHN 70%.

6.4.4 FEHIRIEIRIRIE

N-CRIEREEL)-N-(MH & FF[1,2-a]ENE K- 1-38) R AE % [13a)

SO,Ph
Pho,S—N

@“?

N/

Yellow solid (89.1 mg, 96%); m.p. 80-85 €. *H NMR (400 MHz, CDClIs) ¢ 8.80 (s, 1H), 8.09
(d, J=8.6 Hz, 1H), 7.96 — 7.86 (m, 5H), 7.67 (t, J = 7.5 Hz, 2H), 7.51 (t, J = 7.9 Hz, 4H), 7.40
—7.33(m, 1H), 7.16 — 7.10 (m, 1H), 6.86 (d, J = 4.3 Hz, 1H), 6.42 (d, J = 4.3 Hz, 1H); °C
NMR (101 MHz, CDCls) ¢ 144.86, 138.18, 135.11, 134.91, 131.48, 129.50, 129.22, 129.20,
128.41, 128.19, 127.49, 127.09, 127.03, 126.30, 120.39, 119.01, 116.32, 108.13; HRMS (ESI-

TOF): m/z calcd for C23H1sN304S, (M+H)™: 464.0733, found: 464.0738.
N-(7-H LRI [ 1,2-a ] s VR THR-1- 55 )-N-CR RS Tk 3% ) K Rk i [13b)
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SO,Ph

PhO,S~ N?

Yellow solid (56.3 mg, 59%); m.p. 130-135 €. 'H NMR (400 MHz, CDCls) 6 8.82 (s, 1H),
7.89 (d, J = 7.2 Hz, 4H), 7.83 (d, J = 8.1 Hz, 2H), 7.64 (t, J = 7.5 Hz, 2H), 7.51 — 7.44 (m, 4H),
7.18 (d, J = 8.3 Hz, 1H), 6.90 (d, J = 4.4 Hz, 1H), 6.48 (d, J = 4.4 Hz, 1H), 2.10 (s, 3H); 1°C
NMR (101 MHz, CDCIs) ¢ 143.63, 139.40, 139.04, 138.11, 134.79, 132.68, 131.18, 129.39,
129.23, 128.42, 128.28, 127.68, 127.25, 127.01, 126.93, 126.14, 120.19, 119.21, 116.48,
108.28, 22.02; HRMS (ESI-TOF): m/z calcd for C24H20N304S, (M+H)": 478.0890, found:
478.0899.
N-(8-FRME I [ 1,2-a ] W K- 1 - 35 )- N- (AR s T 28 ) R T e i [13 ¢

SO,Ph

PhOzs’N?

Yellow solid (73.0 mg, 76%); m.p. 155-160 €. *H NMR (400 MHz, CDCls) 6 7.79 (d, J = 7.9
Hz, 1H), 7.75 (dd, J = 5.9, 2.9 Hz, 1H), 7.64 — 7.58 (m, 1H), 7.31 (dg, J = 16.3, 7.8 Hz, 6H),
6.83 (t, J = 3.4 Hz, 1H); *C NMR (101 MHz, CDCls) § 162.13, 159.65, 144.50 (d, J = 2.8 Hz),
137.98, 134.92, 133.08 (d, J = 2.5 Hz), 131.47 (d, J = 9.7 Hz), 129.30 (d, J = 5.2 Hz), 127.92
(d, J =11.8 Hz), 127.00, 119.38, 119.00, 114.06 (d, J = 23.4 Hz), 106.81, 103.26 (d, J = 29.2
Hz); %F NMR (376 MHz, CDCls) 6 -108.27; HRMS (ESI-TOF): m/z calcd for C2aH17FN204S;
(M+H)*: 482.0639, found: 482.0645.
N-(ZEREI AL )-N-[8-( =5 25 ) LIS F [ 1,2-a ] ENZ - 1-JE R R AZ [13d]

SO,Ph

PhO,S— N?

Yellow solid (55.2 mg, 52%); m.p. 125-130 €. *H NMR (400 MHz, CDCl3) 6 7.77 (d, J = 8.4
Hz, 1H), 7.73 (s, 1H), 7.59 (d, J = 8.1 Hz, 1H), 7.46 (dd, J = 8.0, 2.0 Hz, 2H), 7.34 — 7.22 (m,
4H), 6.84 —6.80 (m, 1H);*C NMR (101 MHz, CDClI3) ¢ 147.08, 138.01, 130.47, 129.36, 129.26,
127.18 (d, J = 7.0 Hz), 122.70, 122.09, 120.95, 119.41, 114.05 (d, J = 4.5 Hz), 108.44; 1°F
NMR (376 MHz, CDCls) 6 -61.94; HRMS (ESI-TOF): m/z calcd for C24H17F3N304S, (M+H):
532.0607, found: 532.0616.

133



BRE EIRHERMMI[12-EIEM S V- B ICR#ER AR C1-H BRUR N BAFRFHTFMIRX

N-(7-5 & [ 1,2-a] P IR k- 1-38)-N-CR RS L 38 ) ZE A B AL [13e]

SO,Ph

PhOZS’N?

Yellow solid (43.8mg, 44%); m.p. 90-95 °C. *H NMR (400 MHz, CDCls) § 8.00 — 7.95 (m,

2H), 7.84 (d, J = 8.2 Hz, 1H), 7.80 (d, J = 8.3 Hz, 2H), 7.69 (d, J = 8.3 Hz, 2H), 7.58 — 7.53 (m,

1H), 7.51—7.43 (m, 1H), 7.04 (d, J = 2.9 Hz, 1H); 13C NMR (101 MHz, CDCls) 6 152.1, 140.4,

134.1, 130.9, 129.8, 129.2, 127.5, 126.2, 125.0, 123.1, 122.4, 117.7, 115.7, 112.3, 112.0, 59.3;

HRMS (ESI-TOF): m/z calcd for C23H17CIN304S, (M+H)*: 498.0344, found: 498.0349.
N-(7-FRERE IS [ 1,2-a]WENR K- 1- 355 )-N-CARE I 58 ) R It i [13]

SO,Ph

PhOzs’N?

Yellow solid (56.3 mg, 59%); m.p. 115-120 €. *H NMR (400 MHz, CDCl3) 6 7.89 (d, J = 2.9
Hz, 1H), 7.80 — 7.78 (m, 1H), 7.68 (d, J = 8.4 Hz, 1H), 7.55 — 7.50 (m, 2H), 7.32 — 7.25 (m,
1H), 7.07 — 7.02 (m, 2H), 6.99 (d, J = 2.9 Hz, 1H), 3.89 (s, 3H), 2.47 (s, 3H); *C NMR (101
MHz, CDCls) ¢ 160.7, 155.0, 135.6, 135.5, 131.4, 129.9, 129.8, 128.8, 125.1, 124.2, 123.8,
116.1, 113.5, 112.9, 60.1, 55.4, 21.2; HRMS (ESI-TOF): m/z calcd for C24H20N304S, (M+H)*:
478.0890, found: 478.0891.

N-(4-TRFEMENE [ 1,2-a] W W pR- 1 - 358 ) - N-CR R Tk 528 ) R ik . [13g)

SO,Ph
PhO,S—N_

N.
L
N

Yellow solid (70.1 mg, 65%): m.p. 163-165 °C. 'H NMR (400 MHz, CDCls) 6 8.14 (d, J = 7.4
Hz, 1H), 8.02 (t, J = 7.3 Hz, 2H), 7.98 — 7.91 (m, 5H), 7.68 (t, J = 7.5 Hz, 2H), 7.58 — 7.49 (m,
8H), 7.38 (t, J = 7.0 Hz, .(101 MHz, CDCl3) ¢ 154.19, 138.32, 134.80, 130.09, 129.63, 129.15,
128.93, 128.80, 127.43, 12597, 118.52, 116.02; HRMS (ESI-TOF): m/z calcd for
Ca9H22N304S2 (M+H)*: 540.1046, found: 540.1078.

N-[4-(4-FH AR BE 2R TR IE 0 IR [ 1,2-a ] W IR BR- 1 - 25 - N-(CR T TBE 38 R Tt e i [13h]
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SO,Ph
PhO,s—N,_

N~
L,
N

Yellow solid (54.6 mg, 48%); m.p. 98-100 €. *H NMR (400 MHz, CDCl3) 6 8.39 (d, J = 8.5
Hz, 2H), 8.06 — 7.97 (m, 2H), 7.88 (d, J = 8.2 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.55 (dt, J =
34.4,7.5 Hz, 2H), 7.08 (d, J = 3.3 Hz, 1H); 1*C NMR (101 MHz, CDCls) 6 152.9, 148.6, 143.4,
135.2,131.2, 130.4, 128.7, 127.4, 126.1, 124.3, 123.5, 123.4, 116.7, 113.4, 60.4; HRMS (ESI-
TOF): m/z calcd for C3oH24N305S, (M+H)*: 570.1152, found: 570.1158.

N-[4-(4-1R R FE) LG FE[1,2-a ] NR MR- 1 - - N-(CAR RS I 2 ) A B e [13i]

SO,Ph
PhO,S—N__

N A
o
N

Yellow solid (48.1 mg, 39%); m.p. 116-120 €. 'H NMR (400 MHz, CDCls) 5 8.14 (d, J = 8.5
Hz, 1H), 7.96 (dd, J = 18.0, 7.8 Hz, 6H), 7.84 (d, J = 8.3 Hz, 2H), 7.74 — 7.63 (m, 4H), 7.53 (q,
J=7.7Hz, 5H), 7.39 (t, J = 7.6 Hz, 1H), 7.13 (t, J = 7.1 Hz, 1H), 6.92 (dd, J = 23.8, 4.3 Hz,
1H), 6.46 (dd, J = 24.4, 4.3 Hz, 1H); *C NMR (101 MHz, CDCl3) § 152.72, 138.19, 138.02,
134.97, 134.90, 132.07, 130.62, 130.39, 129.56, 129.45, 129.30, 129.19, 128.94, 128.87,
127.91, 126.62, 126.33, 126.03, 119.17, 118.88, 116.07; HRMS (APCI): m/z calcd for
Ca9H21BrN304S, (M+H)*: 618.0151, found: 618.0147.
N-[8-FR-4- T FE ML W T 1,2-a] s MR K- 1- 35 |- N-C U R R At 5 ) A Rk e [13;]

SO,Ph
PhO,s—N__

F N A
L,
N

Yellow solid (75.8 mg, 68%); m.p. 172-175 €. 'H NMR (400 MHz, CDCl3) ¢ 8.37 (d, J = 8.8
Hz, 1H), 7.97 (d, J = 2.9 Hz, 1H), 7.79 — 7.78 (m, 2H), 7.77 (d, J = 2.0 Hz, 1H), 7.75 (dd, J =
5.2,3.2 Hz, 2H), 7.39 (dd, J = 8.4, 1.6 Hz, 1H), 7.04 (d, J = 2.9 Hz, 1H), 2.50 (s, 3H); *C NMR
(101 MHz, CDCls3) ¢ 138.07, 134.95, 131.70, 130.26, 129.48, 129.30, 128.88 (d, J = 5.4 Hz),
127.12, 126.30, 119.07, 114.30, 114.07, 103.28, 102.98.; **F NMR (376 MHz, CDCl3) ¢ -
108.82; HRMS (APCI): m/z calcd for C29H21FN304S3 (M+H)*: 558.0952, found: 558.0962.

OMe

Br
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N-[8- 55 -4-(4- I 58 5 2R K ) L 1% I [1,2-cr] W W R - 1~ 0 ]~ V- ST T I o S ) 2 ik Pk e
[13K]

SO,Ph
PhO,s—N._

OMe

Yellow solid (54.0 mg, 46%); m.p. 70-72 €. *H NMR (400 MHz, CDCl3) 6 7.93 (dd, J = 23.7,
8.0 Hz, 7H), 7.75 — 7.65 (m, 3H), 7.53 (q, J = 7.4 Hz, 5H), 7.08 (t, J = 8.6 Hz, 3H), 6.97 (d, J
= 3.8 Hz, 1H), 6.49 (d, J = 3.9 Hz, 1H), 3.90 (s, 3H); *C NMR (101 MHz, CDCls) ¢ 161.40,
138.08, 134.94, 132.84, 130.44, 129.47, 129.26 (d, J =5.8 Hz), 126.51, 119.03, 114.27, 114.01,
103.09 (d, J = 29.5 Hz), 55.60; °F NMR (376 MHz, CDCls) § -109.05; HRMS (ESI-TOF): m/z
calcd for C3oH23FN30sS3 (M+H)*: 588.1058, found: 588.1050.

N-[4-(4-1R 85 )-8- TP % I [1,2-a] W W IR~ 1 -2 -N-CAR B I 8 AR R I e [131]

SO,Ph
PhO,S—N__

F N/
L,
N

Yellow solid (73.7 mg, 58%); m.p. 135-140 €. *H NMR (400 MHz, CDCl3) 6 7.88 (dd, J = 8.4,
1.1 Hz, 5H), 7.74 (d, J = 8.5 Hz, 2H), 7.68 — 7.58 (m, 5H), 7.47 (t, J = 7.9 Hz, 4H), 7.04 (ddd,
J=9.0, 7.6, 2.6 Hz, 1H), 6.84 (d, J = 4.4 Hz, 1H), 6.43 (d, J = 4.4 Hz, 1H); *C NMR (101
MHz, CDCl3) 6 162.17 , 159.69 , 152.10 , 138.04 , 134.99 , 132.08 , 131.71 (d, J = 10.8 Hz),
130.49, 129.46 , 129.33 , 127.05 (d, J = 10.8 Hz), 125.93 , 124.75, 119.13, 114.33 (d, J = 26.4
Hz), 103.19 (d, J = 26.4 Hz); °F NMR (376 MHz, CDCls) ¢ -108.21; HRMS (ESI-TOF): m/z
calcd for CogH20BrFN304S; (M+H)™: 636.0057, found: 636.0062.
N-(7-H F-4-ZRFEE I I [1,2-a] MR K- 1 -2 )- V-(CAR T Pt 22 ) R A 9 % [13m]

SO,Ph
PhO,s—N,__

Me N _/
L
N

Yellow solid (38.7 mg, 35%); m.p. 164-169 €. *H NMR (400 MHz, CDCls) 6 8.04 (d, J = 8.7
Hz, 1H), 7.94 (d, J = 7.6 Hz, 6H), 7.85 (s, 1H), 7.69 (t, J = 7.4 Hz, 2H), 7.53 (g, J = 7.8, 6.2 Hz,
7H), 6.96 (dd, J = 8.7, 2.1 Hz, 1H), 6.91 (d, J = 4.4 Hz, 1H), 6.38 (d, J = 4.2 Hz, 1H), 2.43 (s,

Br
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3H); *C NMR (101 MHz, CDCls) § 162.17, 159.69, 152.10, 138.04, 134.99, 132.08, 131.71
(d, J=9.8 Hz), 130.49, 129.46, 129.33, 127.05 (d, J = 11.8 Hz), 125.93, 124.75, 120.07, 119.13,
114.33 (d, J = 23.4 Hz), 107.84, 103.19 (d, J = 29.4 Hz); HRMS (APCI): m/z calcd for
C3oH24N304S; (M+H)™: 554.1203, found: 554.1202.

N-[4-(4- FFHAA 2R 3 )-7- LML I8 5[ 1,2-a W W K- 1 - 326 ]-N-CAR R 96 228 ) JR BB BE 1% [13m]

SO,Ph
PhO,s—N_

(NN%
/@i/
Me N

Yellow solid (57.1 mg, 49%); m.p. 92-95 €. *H NMR (400 MHz, CDCls) 4 8.02 (d, J = 8.7 Hz,
1H), 7.92 (t, J = 8.9 Hz, 6H), 7.82 (s, 1H), 7.68 (t, J = 7.5 Hz, 2H), 7.52 (t, J = 7.9 Hz, 5H),
7.06 (d, J =8.7 Hz, 2H), 6.93 (d, J = 10.8 Hz, 2H), 6.37 (d, J = 4.4 Hz, 1H), 3.90 (s, 3H), 2.42
(s, 3H); ®*C NMR (101 MHz, CDCls) 6 142.18, 138.27, 134.76, 132.81, 130.56, 129.59, 129.35,
129.22, 129.13, 128.52, 127.36, 126.52, 126.33, 124.38, 118.33, 115.72, 114.23, 55.59, 21.06;
HRMS (ESI-TOF): m/z calcd for C31H26N30sS2 (M+H)*: 584.1308, found: 584.1314.
N-[4-(4-1R 28K )-8- FHIE LI JF[1,2- ] W W IR~ 1 -3 |-N-CR BB 5 AR BRI % [130]

SO,Ph
PhO,S—N__

Me N _/
T
N

Yellow solid (42.9 mg, 34%); m.p. 138-141 €. 'H NMR (400 MHz, CDCls) § 8.05 (d, J = 8.7

Hz, 1H), 7.92 (d, J = 8.5 Hz, 4H), 7.82 (d, J =8.4 Hz, 3H), 7.71 - 7.63 (m, 4H), 7.51 (t, J= 7.8

Hz, 4H), 6.97 (d, J = 8.8 Hz, 1H), 6.86 (d, J = 4.4 Hz, 1H), 6.38 (d, J = 4.4 Hz, 1H), 2.43 (s,

3H); 1*C NMR (101 MHz, CDCls) 6 152.74, 138.24, 136.72, 136.47, 136.05, 134.77, 131.96,

130.52, 129.96, 129.57, 129.13, 128.92, 126.08, 124.52, 119.51, 118.26, 115.75, 107.31, 21.04;

HRMS (ESI-TOF): m/z calcd for C3oH23BrNz04S, (M+H)*: 632.0308, found: 632.0310.
N-(3-R LML [ 1,2-a] PR IHR-1- 355 )-N-CR A I L ) R k% [13p]

SO,Ph
Pho,S—N

oy O

Yellow solid (38.8 mg, 36%); m.p. 90-95 €. 'H NMR (400 MHz, CDCls) 6 8.19 (d, J = 8.6 Hz,
1H), 8.06 — 7.93 (m, 8H), 7.72 (t, J = 7.5 Hz, 2H), 7.59 — 7.52 (m, 4H), 7.43 (t, J = 8.2 Hz, 1H),
137
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7.28 (t, J = 8.2 Hz, 2H), 7.16 (t, J = 7.1 Hz, 1H), 6.94 (d, J = 4.4 Hz, 1H), 6.47 (d, J = 4.4 Hz,
1H); 3C NMR (101 MHz, CDCls) ¢ 165.26, 162.78, 152.97, 138.25, 136.68, 134.83, 133.58,
130.97, 130.89, 130.16, 129.59, 129.15, 127.58, 126.67, 126.40, 126.08, 119.86, 118.60,
116.02, 115.98, 115.77, 107.67; HRMS (ESI-TOF): m/z calcd for Ca9H22N304S; (M+H)*:
540.1046, found: 540.1046.

N-[3-(4- 50 FE 22 5 ML g I 1,2 P WS K- 1 - - V- CAS i Pt 56 ) AR e iz [13q]

SO,Ph

PhOZS’N
oty e

Yellow solid (108.3 mg, 96%); m.p. 116-119 €. *H NMR (400 MHz, CDCls3) 6 9.04 (s, 1H),
8.12 (d, J=8.6 Hz, 1H), 7.95 (d, J = 7.8 Hz, 5H), 7.78 (d, J = 8.0 Hz, 2H), 7.71 (t, J = 7.4 Hz,
2H), 7.63 (d, J = 8.0 Hz, 2H), 7.54 (t, J = 7.7 Hz, 4H), 7.42 (t, = 7.6 Hz, 1H), 7.17 (t, = 7.9
Hz, 1H), 6.57 (s, 1H); 13C NMR (101 MHz, CDCls) 6 143.45, 138.16, 135.06, 133.04, 130.09,
129.59, 129.28, 129.08, 128.43, 127.25, 126.51, 123.79, 117.90, 116.40, 111.30; HRMS (ESI-
TOF): m/z calcd for C3oH21N404S2 (M+H)*: 565.0999, found 565.1004.
N-CARTFIEHE)-N-[3-(4- =580 L AL ) LK IR 1, 2-a] M R hA- 1 -6 2R B 9t i [13r]

SO,Ph
oty O
Yellow solid (54.6 mg, 45%); m.p. 123-125 €. *H NMR (400 MHz, CDCls) 6 9.04 (s, 1H),
8.14 (d, J = 8.6 Hz, 1H), 7.95 (d, J = 8.0 Hz, 5H), 7.75 (d, J = 8.0 Hz, 2H), 7.70 (t, J = 7.5 Hz,
2H), 7.64 (d, J = 8.0 Hz, 2H), 7.53 (t, J = 7.7 Hz, 4H), 7.41 (t, J = 7.6 Hz, 1H), 7.17 (t, J = 7.9
Hz, 1H), 6.56 (s, 1H); 1*C NMR (101 MHz, CDCls) 6 143.69, 138.06, 136.70 (d, J = 12.6 Hz),
134.86, 130.02, 129.45, 129.11, 128.73, 128.10, 127.21, 126.18, 126.07 (q, J = 3.7 Hz), 123.70,
120.44, 119.54, 117.74, 116.24.; °F NMR (376 MHz, CDCls) 6 -62.46; HRMS (APCI): m/z
calcd for C3oH21F3N304S2 (M+H)™: 608.0920, found: 608.0917.

N-(3-TRME R [ 1,2-a] P e K- 1 - 25k ) - V- (R Tt 5 ) R B P i [13s]

SO,Ph

PhO,S— N
?\Br

PhO,s—N
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Yellow solid (42.2 mg, 39%); m.p. 117-120 €. 'H NMR (400 MHz, CDCls) ¢ 8.86 (s, 1H),
8.03 (d, J=8.5Hz, 1H), 7.95(d, J =8.2 Hz, 1H), 7.91 (d, J = 7.7 Hz, 4H), 7.68 (t, J = 7.4 Hz,
2H), 7.52 (t, J = 7.8 Hz, 4H), 7.39 (t, J = 7.6 Hz, 1H), 7.14 (t, J = 7.8 Hz, 1H), 6.48 (s, 1H); 13C
NMR (101 MHz, CDCls) ¢ 143.47, 138.06, 136.42, 135.02, 130.17, 129.44, 129.29, 128.28,
126.94, 126.50, 124.83, 120.05, 119.45, 116.09; HRMS (APCI): m/z calcd for C23H17BrN3O4S:
(M+H)*: 541.9838, found: 541.9836.

N-(3-THAH G FH[ 1,2-a] W WR k- 1-38)-N-CAS R ) A i B i [13¢)

SO,Ph

PhO,S— N
?\

Yellow solid (66.0 mg, 56%); m.p. 100-105 €. *H NMR (400 MHz, CDCls) & 8.80 (s, 1H),
8.05 (d, J = 8.6 Hz, 1H), 7.98 (d, J = 8.1 Hz, 1H), 7.91 (dd, J = 8.5, 1.2 Hz, 4H), 7.69 (t, J = 7.5
Hz, 2H), 7.58 — 7.50 (m, 4H), 7.41 (t, J = 7.1 Hz, 1H), 7.15 (t, J = 7.1 Hz, 1H), 6.59 (s, 1H);
13C NMR (101 MHz, CDCls) § 144.30, 137.99, 135.20, 129.46, 129.40, 128.86, 128.51, 127.27,
127.09, 126.27, 126.14, 116.13; HRMS (APCI): m/z calcd for C3Hi7IN304S; (M+H)*:
589.9700, found: 589.9704.

N-( T 38 ) - N-(3 - B B I M9 5[ 1,2-a ] W K- 1 - 358 51 ik % [13aa)

SO,Ph

PhO,S~ N
?\SCN

Yellow solid (104.0 mg, 40%); m.p. 115-120 €. *H NMR (400 MHz, CDCls) 6 8.91 (s, 1H),
8.03 (dd, J = 8.7, 1.0 Hz, 1H), 7.94 (dd, J = 8.1, 1.6 Hz, 1H), 7.92 (d, J = 1.1 Hz, 2H), 7.90 (d,
J=14Hz 2H), 7.68 (t, = 7.5 Hz, 2H), 7.57 — 7.47 (m, 4H), 7.44 — 7.35 (m, 1H), 7.18 — 7.08
(m, 1H), 6.41 (s, 1H); *C NMR (101 MHz, CDCl3) ¢ 142.32, 137.98, 135.97, 135.04, 129.88,
129.38, 129.29, 128.60, 128.44, 128.36, 126.86, 126.54, 126.13, 123.35, 118.70, 117.53,
116.17, 110.15; HRMS (ESI-TOF): m/z calcd for C24H17N4O4Ss (M+H)*: 521.0406, found:
521.0407.

6.5 RE/NE
RFME T R S I [ 1,2-a] R IR AR AL C-H b R Btk &R . DA

[(MeCN)4Cu]PFs (1.5equiv.) AMEWF. —5 Lk (DCE) NI, fE 100 °CHH KR
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I 30 min, DA 96%H)77 R A B H AR 13a. FEJEYDE YRR, SON R AR S
HREFM AN . ATAEMERER, AP Y 13a nI{E A Z Thae & Ry, 4T C3 fhR
JA (40%, 13aa) HHLL (70%, 130) RN, NG A8 AR R D Refb B 1hige e 1 Xk
fithe VB AE R TS B SATAEAIE 77, NV 2E SRR U 73 1 50T T i
T
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FtE REERE

7.1 B

Lk P - [1,2-a] W W W S AT A= P A Mk S 4 R S35 R ZE s 1, FE 25004 (in
PUME S PUEIRER) AIATRIRRE (g pLUAOL — e . RBIRERM) B H 2
B 1. ARG ROT IR AP IRE D B, TGS R, RN Z
BURHTAE YIRS HER A AE PR A o PRI ASHIE 7T L C-H B85 AL S ML SRS A% e, BRI SR BIL
T LR IF1,2-a) IRV D7 B AL Retl s AlAL. BRAL KOG SE B R AL, BRI T
R EMI & R S 4 2 R

Partl: 22 Examples Yield 18-88%

?:‘\/Ar

N
)
N~ R
"\ /—COOR [ o
N?\/\ [PdVIAg] Pd]+[Ag] | 1Ar 2 N
AN . / (SePh),

N/ = “COOR N/ R
Part ll: 22 Examples Yield 17-81% N_ Part lll: 32 Examples Yield 31-93%
)

P N~ R

h SePh
e
. u

- Oxidant Base | TolSH NESI N_ o

N/ SePh S
~

7 Ph N R

N R

STol Part V: 20 Examples Yield 34-96%
Part IV: 13 Examples Yield 29-70% E/Z = 1:1-1:20

Part IV: 30 Examples Yield 44-98% Z/E = 1:1-20:1

[ 7-1 MER&FH[1,2-a]ENEM C-H SEL R
Figure 7-1 C-H activation of pyrrolo[1,2-a]quinoxalines
AL C-H 5 R S N I BERR S X-Phos BCAA B PRI fEEAL, 8 FFORVE 7
SEHL T I FE[1,2-a ] NR b 55 07 FE I ) ) BB C-H 5 R4k o Gl I 15 IR He A5 A ]
frfH, PrEFErES R TTEAL (CL AL BT RAL (C1 AT C3 D) 7=, 773k 44%-
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88% o AILELAF 75 3% B, AR AL 2 T8 b S840 sk 4 B B A% RO BR W Bk 52 ik, B 3E (Ag2CO3)
FEARHE S N T S B T o %7 VR AR IR AT (120°C, 24 1), FEAWHL TR0t B 1 JE 4],
HEI LB T H % GZF 65%), Wil 1 H bR /7.

AL C-H Mtb =i [FIFE DABSRRALAE NI 7], DL LA E NIk, 754
i VI AR S LT Ik I [1,2-a] W W WK 5 0 T R B 1Y C3-H IR B fE L6 T
(Pd(OAc), 100°C, 36h), PRIk 81%, ZAAMMAEHA L MIGEHNIENE (INRHIR L
Be. SRIGENRRER) KW+ (a0 L-Ef BT, g I gk 5 AL vE i
I IREER U T A T A .

WA 31 C-H AL/ A S N : TERERE T, IR FE[1,2-a] MR M5 — 5 56 — il ik =i
T HiEEE DMSO HORAEIEREME C-H Btk MET 3-BAfik. 1,3-BUlik K -k
Yo VAT R LA BT, AU RR A ] S AL i S BB, 7R ERIA 24%-85%. 14
RN FLE SR, 4146 (120°C, 8h), EHTAMGE (AW fiEE), I
BT (PR 84%) FIfiTAEAL CUn AL ARES) B8IE T H A RN E

BRI RIS C-H AL B DABKIEONTE, 75 CHEHSRELT 1-2K Z kg
[1,2-a] W W& k5 75 B B B8 1% C-H BRAL IR L, AE BU(Z)-BU(E)- T B @ LA, r=2
& 75%-95%, Z/E FEVEDY 10:1-1:1. SRS IR CAnmEmy Bl ) A A U
Yy Can 4-75 B4R BIE A, B AT (BREAL B BOR T P r £ Thre k.

FALFRIE RIS C-H 5L N 7RIS TR AL T, 12K LB BE g JE1,2-a]
W IR IR A AR A S C-H WAL N, A R(E)- R R XU AL A, 7
HIE 70%-85%. %ML BT, =T 45 min RIAT5ER, SRR HiEH T
ZFERIRY), HE— D T RO & A Y

B C1-H Ftb ) Bi: FFH[Cu(MeCN)4]PFs J9EALF, DL NFSI A4k iR,
TE S OB B SEEL T LS FE[1,2-a] IR MK Y] C1 A7 BB fZ AL . [ N2 7E 100 °C'F 30 min
W SERK, FHmik 96%, XF 7-+ 8-LrHUACIE K 4-05 SEBUR IR R I R AP 521 . ek
SR BRI 77, HeWnl it — AT AR OB BB AT AR, RE &
WRTR M 1 Hrigit.

KW RGTT I T MG H[1,2-a] e IR IR 22 407 55 C-H I A0 SRNE , s ok g i 1
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