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Synthesis of Indolizines via Spiroannulation/Aromatization

of 2-(Pyridin-2-yl)acetate Derivatives

ABSTRACT

Indolizine, also known as pyrindole, represents an important class of
nitrogen-containing heterocyclic compounds. Its unique structure endows
indolizine with distinctive chemical properties and broad biological
activities, making it prevalent in numerous natural products and
pharmaceutical molecules. Consequently, the construction and
investigation of indolizine derivatives have attracted significant attention
in organic synthesis. Although existing literature reports various methods
for constructing indolizine skeletons, current approaches still present
limitations such as limited availability of starting materials, harsh reaction
conditions requiring elevated temperatures, excessive use of promoters or
expensive catalysts, and mechanistic constraints predominantly relying on
cycloaddition reactions. Addressing these challenges, we developed novel
strategies for indolizine construction through
spirocyclization/aromatization reactions based on o-pyridyl active
methylene compounds. The main findings are outlined below:

(1) We investigated the reaction between alkylidene oxindoles and 2-
(pyridin-2-yl)acetate derivatives. After establishing a model reaction

between alkylidene oxindoles and ethyl 2-pyridylacetate, we
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systematically optimized reaction parameters including halogenating
reagents, temperature, and solvents. The optimal conditions were
determined as: alkylidene oxindole, 1.0 equivalent of 2-(pyridin-2-
yl)acetate derivative, and 1.0 equivalent of N-iodosuccinimide (NIS) in
DMSO at 80 °C for 8 hours. Under these conditions, 42 indolizine
derivatives were synthesized with yields ranging from 50% to 91%.
Structural elucidation was achieved through single-crystal X-ray
diffraction analysis, and control experiments revealed a plausible reaction
mechanism. This method features efficient functional group tolerance,
mild conditions, cost-effectiveness, and readily available starting
materials, providing a novel pathway for indolizine synthesis while
generating multi-functional derivatives amenable to further modifications.

(2) We explored copper-catalyzed reactions between exocyclic a,3-
unsaturated isoxazolones and 2-(pyridin-2-yl)acetate derivatives under
mechanochemical conditions. After establishing the reaction model and
verifying product structures by nuclear magnetic resonance (NMR), we
optimized catalytic systems, oxidants, and co-solvents. This approach
efficiently synthesized 30 indolizine derivatives with yields of 39-85%,
demonstrating advantages of environmental friendliness, broad substrate
compatibility, and operational simplicity. Mechanistic insights were
proposed based on control experiments.

All synthesized compounds were fully characterized by 'H NMR,
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BC NMR, and high-resolution mass spectrometry (HRMS). Notably,
single-crystal X-ray diffraction analysis of representative products from
the first reaction series confirmed structural assignments. Most
importantly, compared with existing methods, this work proposes a novel
spirocyclization/ring-opening aromatization mechanism for indolizine
construction, offering a distinctive alternative for efficient synthesis of

these heterocyclic compounds.

KEY WORDS: Indolizine, 2-Substituted pyridine derivatives,
Alkylidene oxindoles, a,B-unsaturated 1soxazolones,

Spirocyclization/aromatization reaction
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(Figure 1-4 Indolezine derivatives with anti proliferative activity against liver cancer

cell lines)
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(Figure 1-6 Indolizine Derivatives with Anti-Gram-Staining Bacterial Activity)
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(Figure 1-7 Indolezine derivatives with anti-inflammatory activity)
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(Figure 1-8 Indolezine derivatives with anti-inflammatory activity)
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(Figure 1-13 Indolezine derivatives with herbicidal activity)
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NI -2- Vi 1 I R AL S 2 KV N . Z TR R B R =k 5. &
P20t BRI E R 2 2R h, HaEH T RIS .

ol
Rl S lp, BFgEt,0
—  * N AN _EWG P
e N DCE/DMF, 100 °C

Scheme 1-16
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2024 5, Zhang 55 NP2 S A EALMENE . 2R £ B AN B 060 e 1) S L5 B T
HA LR RIS B RE T 52k 158 RS e AL 54«

X
| Gt AHJ\ CuBr (0.3 equiv) N = // \—/
- x~_N TNAL2
EWG (NH,),S,05 (1.0 equiv) Ar
X 1
Ar?— 130°C,5h g A
=

Scheme 1-17

1.5.2 MR 4T 4E 4904 2 5| Wk g

2016 4, Li %5 NPU9d it 4 A0 I g B 05 F4 4030 5 R4k e e, il FH a-(IV-
L 1835 ] 5 B e 22 BA R MG I B %% Sz I3 BE A% 8 H g B X e g 33 1 3 5
ANZ e R

R3

R3——R* R4
ﬂy /4\ cat. LAu* ZN=
N
R ~° R2 80 °C, in toluene R1 o N-F R2

Scheme 1-18

FESERT RS b, AT SOBNLEEAT 1EE PR . 2017 5, PR T M
TEAL A I I - bRk 7 5 PN S8 05 A/ 95 R A SO NS, g i B4 3t F 1 D e AR sl
LRI

R3
R3
| ‘ — cat. LAu™ i
1 X > Z
IT—|O N-*R2 DCM. rt TN N-*R2
R4 R4

R? = H, alkyl, aryl, EWG

Scheme 1-19

2017 4F, Zhong 55 N\ PO 1 ntt g -2- 5 5 i 5k 0045 10 s 2 A) S Mg IR IR
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CHO + . No, KoCOs, EtOH

R./\/ 2
0]
K,& 1) rt, 6h
R

2) air, reflux, 8h NO,

Y

Scheme 1-20

2019 4F, Gong %5 NOTNEIE 1- 2,8 757 5 2- F e SRt i 5 0@ i 1) [4+2130 40
R, BE R T 22 ARSI RIS o % RO TG 7
VIiE VR I R I A2 1 I S RS A

SN, RARIMHRM. R

. ﬁ o OHC._~__ OHC._~__
- LiCI/DBU ) t-BuONa )
1 / + ArZ/\)kH _— A2 N\’/\R —_— Asz
Ar CHCl;, 30°C A" % THF,30°C A
CHO 07 A 07 A
Scheme 1-21

2020 4, Dagar 28 NOSUF R T — MBS AE N A A 3,4- - BEIEMERS [ 1,2-a]
MR ERIRT 7V 120716 Pla- s AUBH . B 2L A0 N-BURC AL i -2- FR I Dy 5Ok}, T8
o o- U B R AL AR B 0 TR e AR N 73T N LT B 7 KA 25 % 08 e
B, SRoEE 7 B T E SR

OHC

-

N

N
NaN i
fo _NaN3 _OCTG_> RTHIN Y
© -Pr,NH 0
Scheme 1-22
2021 4, Kuzu Z NVG T HRITE C-2 A7 B A A R EE IR N-Fe g Skt

WERTAEY) . W AERI A5 NI PrOH, 83X Lo AT A= i
Al g R RT A

i [242)38 0 s e B
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0,
WR CsCOj3, MgSO, N

N
\____ PrOH, sealed tude, Y
— /
= 120 °C, 24 h N
R
Scheme 1-23

2021 &, Kim 25 NUOGE i XAk B[4 + 2P OB, D&k T 5-Hk
FEm| R 7-H SR E W . 271G T 2 EE 2B Re A g g5+ 11 24 g
WRIRATAEYD, e 7 ms|ueme i b 2 1a], N — DN 4L T AT RE.

OHC NC
X N\ X
NC — X ~
L+ N _>R\N\/)
ROH;\
o~ G o” G

Scheme 1-24

2022 F, Sun 5E ANUOUFRIE | —Flod i = 50 H 5 o B0 C-F 8 I35 A 5-
- AR T i o 12 NI T R -2- 2R o = B A A DG A i g
BRI ML T2 1 35— A C-F 8, ZE R 1 AT R DRI LI ik (A 18 — S . B
Ja, BTN SNV RMIE R C-N B[R I 5 28 — A C-F 8, 5e AL I

&o
R

PN CF visible PN b S
i 3 i . ase
Ty - ot Ty st
SN Ar o LF SN F 0 Ar
H COZH H =) F
F2C Ar
Scheme 1-25

2024 4, Wang 55 N\ MO8 1o i i i3 bk g -2- FEEEATT AR -5 A1 F2 O B o A
FAG[A 2R, & s T v AR ] AT A2 )
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Os_R'
L) Os_R'
\ T R/N\
—_—
(jf\\ ' \ i
D
OH R OHC NN OH O

Scheme 1-26

L6 KRR B/, AEREX

i LRTIR, WIBRIERMMEMERS . A5 MEEE . RS0 5
SRR o DRI, PG PR R A A R LA RE IR ST AE AT ML R AU 4 32 R
FAT, O SCHRIRIE 1 05l e ZE b i, RV A 8 U5 Tk e e RO S g e 1%
EAAFAEANFIREEE R ERE . B0, EUR ORI IR 3 & 73 S B2k 135 %1
A R N HEAT s A R E AR N B A B B AL SN HLER R, K
P8 A T I I S B AT BN R AT AR . MRS, EARG UEA ZAE e
Cnfisdk . =@, FEEAE AL ) Hns| Rtz O a5 M T IR 5F . J: T
R RBRE, TR — A REURL R BRAN M A R R T R v Ak ELEA B A
g A& T, H T2 R ThREAL MmO S RTE TR IE D) 75K
i J7 L g A AT AT e QPG R A LS P 2 ThRe &
JT T CAREIE AT 2R A0 0 JEURE 2 A S g | e (1 3 P 8 g, AR D ek
T ZREIME ST A S BRI RIS T . PRIk, BATMEx DA e 2k S A g e
AR RN 2-HOA Qe BT A28 JEORE IR IAAL 57 B AL S NEHEAT TR AT IT,
BT R R R RN e G s T 2T IR A R 2 49 1 R
AT, FEIRAN AT N SC BN el B SR A . RIS R R 1 L s N AL B AN
R 77, s el S S ) £ e (BT 1) A8 i

BT UL R, RRXFEEMAT D WhEALE S 2-(kie-2-25) 2
MRIERTAED L 20 AAN ST REMEER 5 2-(EnE-2-2) Z R RE AT A= VI AE BRI 2%
PERIIS L. ERPIRP TR BATIRAE R . SN 2 AR AT ISRy DL RO B
UFE R E LY, NGRS Z AL NG e i 2R SR AL 1B K 5 R
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B2 F e X E LIRS 2-Kr E N IE RV BRIAL /5L I RE At

2.1 LG ERSy
2.1.1 (L& 57

5

Table 2-1. Main experimental instrument

NE T VR AR
\ . 1 [ A e R A
iR (NMR) I HEAX AVANCE ONE (500 MHz)
R
e s FE B U R BB
o HE A ORBITRAP EXPLORIS 120
(hED HIRAF
. L A g & ]
EMGUEIR I ARE i 4s DF-101D
PR 57 1E A ]
. P T TS A
TRIRA ENRAE I TR DLSB-5L/20
PR 57 1E A ]
A g & ]
PR BT R SHZ-D
PR 57 £ 7
X R A R
hAERTE 2XZ-2
H IR A A
P T TS A
% 75 R AX 41K30RA-C
PR 57 1E A
B A OF
R PX2247ZH/E
M HIRAF]
IS A IR
R ARG XTI AR CZX-9146 MBE
NFEEIT R &
g E R A S
BT DZF-6020
IR A
BT (E
FHALIN T ZF-7A ‘
) HIRAF
XU 2R FR AT X SMART APEX CCD 2 [H Bruker A A
A R )
5 AL WRS-3
XA PR A 7]

Table 2-2. Main experimental chemicals

Vg 2y )

A% EAIE
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HELL srHral ] 24 B A 223504 R A )
W T S at EEALERAR (i) FRAF
KA sy et I 24 48 A1 4 220 A PR 2 7
LIRIF srHral ] 24 B A 223504 R A )
2-MEmE 2.1% 7.1k S at CROETH R R A A
e —2 - 2. i St CRETH R R A A
1R -2 F—2 - R et TRUFETH R R A H
3—IR-2-MtIE 2. . S at CROETH R R A A
52N IE 2. 2. St CROETH R R A A
=R HE srHral ] 24 5 A 22504 R A )
A sy et I 24 48 A1 4k 2l 0 A PR 2 7
TR 74l I 24 48 A1 4 220 A PR 2 7
W2 EMTEERE (400 HD fhagag H S WPEL TAH PR A
FEZEMTRER (200-300 HD 4t H S THR A A
212 [RRIEE R
(1) Mt 7R ] 25

pphy + BN O —>:(t)|u::eh Phs O o Phslf\g/ okt

A 8 B © c

Scheme 2-1
(2) VT EREL 1 &
0
o O 120°C,24h_
O - IR e @53:
p H E

Scheme 2-2
(3) NP A2 S A s Wk 1 i) %

)

\

F Ac
Scheme 2-3
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LA 1a M), (1) K =5 3ERE A (524 g, 20 mmol). R LR LT B
(20 mmol) FIFZ (40 mL) JIA 100 mL S HT, 5N 24 /N, M
JEdhiE, FZRES (50 mL) PeidEdt. Al gE T =& F 5% (100 mL),
N AN SRR (200 mL), #iHEE 0 SANLZ . AKMHH &k (2
x S0 mL) ZHL, & IFE NIRRT 48, W45 /B o487 C.
(2) HEHA D (20 mmol) 5 ZFREF E (50 mL) 7E 120 °C KM 12 /Mo 4]
JEEIAK (200 mL) o, HEdEATH EAR, SEIEKDE, HS TR N-C B AL
S Y Fo (3) ¥ N-ZBERESEAF (10 mmol) 5Bt 87 C (3.83 g,
11 mmol) 7EFM (50 mL) ' 60 °C 8% 12 /MRF o SR JE IR e+, #E
B ChllE 48 CBa=8:1), M W% £ 17 B 245 515 20 19 0 )t 25 S8 A gl W
la.

FoAl Y e B SRS DR V) 45 5D SR 25 1a.

2.1.3 I A R
R2
X | X
R o R4_:/j\/ °
pZ N KN/ R
1 COR3 2

Scheme 2-4 Synthesis of Compound 3

PLA R 3a A, 75 25 mL R, B ke E AWk 1a (0.3 mmol). 2-
e 2R .15 2a (0.3 mmol, 1.0 24&). NIS (0.3 mmol. 1.0 34 %) 1 DMSO
(3mL) JBE, FHTETS B INAZ] 80 oC it 4k 8 /Nif. AH 5, FMAN
NaCl7K¥EH (20 mL) BEERBIREY), H AR HE (3x10 mL) %HL. A5,
WG AN TEK NaxSOs TR I FL ISR . ARV E T I RAE (il ik 70 59,
F 2.1 2 B/ A B e 77 (PE:EA =2:1), 531774 3a,7> %N 83%.
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22 LWHERSTTL
2.2.1 FHLK

M FE W Joe S AL I W 1a R 2-TILE 2R B 2a AE NBEALRY), BRE RN
E. W%, 7£50°CF, 1afll2a LLNIS (1.0 48E) fEAKL, Bl 1,2-—&&
Ji (DCE) 1EAVEFIRIE N (Table 2-3, entry 1). FRATEINIRIG T F 75 BI85 %
EATAEY 3a, FRREN 49%. B TIX SR IATE G 2K T HAb i), B
N-BRIZIAEE I Z (NBS). N-FIEHIBEE (NCS). I A1 PhI(OAc): (Table 2-3,
entries 2-5). {28 FIIX 28 pi AR A 45 AR A, HAR =R IRAK
NT SRR AR, AT NIS #inE) 1.2 48, H RS 1.0 Y&
M Z T )L (Table 2-3, entry 6 vs. entry 1), XANEERFHT 1.0 L&) NIS 2 LA
TR R, M0 2a (& IEBRCA B & H bR =9 3a (Y% (Table 2-3,
entry 7). ROk, FE{RHFE 1a. 2a FI NIS (BE/REL Y 1:1:1 SRR, A%
T %R FIZLN, (Table 2-3, entries 8-13). FRATA I 24 LA DMSO 1E R iE 7
i, 3a UCRIRE 2] 63% (Table 2-3, entry 13), MidLfliEF a0 L8, PSR
(THF). ZJfiF. WAEMN, N-—HEREE (DMF) BIEEI(R (Table 2-3,
entries 8-12). BlJE, FAVAL T PR . BRAGIR B 5 807 Ui 2 2 BRI
(Table 2-3, entry 14), XAZMEIATH E IR EHATIRE . S ANEME, HX
RIfE 60 °C N HEATHS, 3a MUK ZEBE f$E = 2] 68% (Table 2-3, entry 150, #f—3
W SN FE B R $1) 80 °C,  7E BE I S ML [A] 9 73 21 T B SR ) 3a, RN
83% (Table 2-3, entry 16). #R1f, £ 100 °C F#E47 /e b A #E— B m iR
(Table 2-3, entry 17D £ FoK, FATEMRAFAF N THE B ER L
BEAT RN, AHIX B ARG Ol T Y345 B 2 BEIK (Table 2-3, entries 18 and 19).
BT IR, AIHE 1L N s RN A 1a, 2a (1.0 1) AMINIS (1.0
) £ DMSO H1 7 80 °C T ¥ 8 /M (Table 2-3, entry 16).

Table 2-3. Optimization of the reaction conditions”

) ST
EtO,C
o + | N X] A N
N y CO.Et  solvent, temp H
\ N N
1a Ac 2a \Ac
3a
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entry [X] (equiv) solvent temp (°C) time (h) yield® (%)

1 NIS (1.0) DCE 50 20 49

2 NBS (1.0) DCE 50 20 trace
3 NCS (1.0) DCE 50 20 trace
4 L (1.0) DCE 50 20 13

5 PhI(OAc)2(1.0) DCE 50 20 trace
6 NIS (1.2) DCE 50 20 46
7¢ NIS (1.0) DCE 50 20 47

8 NIS (1.0) EtOH 50 20 20

9 NIS (1.0) THF 50 20 36
10 NIS (1.0) MeCN 50 20 32
11 NIS (1.0) toluene 50 20 30
12 NIS (1.0) DMF 50 20 43
13 NIS (1.0) DMSO 50 20 63
14 NIS (1.0) DMSO 30 24 42
15 NIS (1.0) DMSO 60 15 68
16 NIS (1.0) DMSO 80 8 83
17 NIS (1.0) DMSO 100 8 83
18 L (1.0) DMSO 80 8 57
19 L (0.2) DMSO 80 8 8

@ Unless otherwise noted, the reaction conditions were as follows: 1a (0.30 mmol), 2a (0.30
mmol), and halogenating agent in solvent (3 mL) were stirred at the designated temperature.

bIsolated yields based on 1a. “Using 1.2 equiv of 2a.

222 [RYIARR

TEf € B RS2 IS, BRATTRE— DR R T BRI/ FF IR 55 W4 = LI i
P, REGETER2-4%. T, XN—RINWLEHEAME 14T TR, 1
BRAERPEAET, B A AFEBE (B3 Me. OMe. CLAI Br) I
FEAI Y 2a IUR][BL, 15 2AH R TS M4 724 3b—f, USRI 76-91%.
IV Jot 5 SR AN Wi (1 2T 56 T 5 45 AT i ik PR S 2 BELRS S, B 54% iR
1S B bR 3g. Mk, 2R H R R R SR FF I A 4D M 22 AL P | R 7 1%
FAL PRI RAF I S22 3 LR AFICR A2 =4 3h A 3i. BUR T Bl A
Tt 5 25 [10) S I SR AL I | DR AR i B AL R R I R B e it . 212k, FRATTWE
Fo T RN 2 WTEH . EFRAESRAETR, 2-MEiE 488 FF e 5 W e i A0 e 1 R
R, il 12 Mg 3. AEAFTE R, 2-AHhE PR AN 2-ENE £
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AR N e VA7

RO RIS, P 50-82% KR A5 B I5 Ik s 3t-ad . BLAL, MEREIS B35
A BRI R MR H BURL,  BL 60-72% 17 %45 3 774 3ae-aj. RN
R P EATE I N-FHAN N-TE ORI B 2 ARG e 55 2- B I W A A 25 1
NARBESA RAN Y, HER R BRI FE

Table 2-4. NIS-Promoted Reactions of Ester Group-Substituted Alkylidene Oxindoles with

2-(Pyridin-2-yl)acetate Derivatives®”

R2 ozc

o N “omso
80°C, 8 h
1 2
0D @
& \ Yj‘” Et0,C EtO,C
3a,R=H, 83% P ¥ N S
3b R = 5-Me, 76% P~ =

'Bu0,C EtOC—\\
Ao i N~
3c, R=5-0Me, 76%  [ie s~ \h/{ NNz

| 4
3d, R = 5-Cl, 91% L H H
3e. R = 5-Br, 81% \ ¢ )4‘{ N N)@/R
3f, R = 4-Cl, 82% &l Ac

Lo o)
g 39, 54% 3h, R = H, 70%
3i, R =Cl, 70%
3d (CCDC 2402327) " PR
MeO,C MeO,C
ES AR ES RS
Et0,C—{ 3L, R=H,69%  BuO,C—{
N & 3m,R=Me, 71% N A
H 3n, R = OMe, 73% H
N_  30,R=Cl80% N,
R Ac  3p, R=Br, 78% Ac
3q, 65%
MeO,C O
~
EtO,C—Q = 3t R=H, 82% A
NF 3u,R=5Me, 75% BUOC \N/
3v, R = 5-OMe, 65%
3w, R = 5-Cl, 50% H
3x, R = 4-Cl, 66% A
C
3r, 65%
3y, 53%
o)
ST Et0,C
Et0.C—\_p _ \ N A EtOC \ Ne 3ae, R = H, 68%
3af, R = 5-Me, 65%
H 3ag, R = 5-OMe, 60%
N\”/\ \”/\ 3ah, R = 5-CI, 70%
3ai, R = 4- 9
Y/ 3aa, R = H, 72% Y/ ai, R = 4-Cl, 72%
3z, 68% 3ab, R = 5-Me, 76% 3ad, 72%
3ac, R = 5-Br, 80% .
Failed examples:
=1 ot Y

N ! EtOC EtO,C '

< H '
EtO,C—4 : ~ Y |
N ' '

Z g EOC \ i EtO,C \ N BOC—\ N J |

H : :

N H H !

e : N

H Ac

3aj, 72% H :

4 Reaction conditions: A mixture of 1 (0.3 mmol), 2 (0.3 mmol), NIS (0.3 mmol), and DMSO (3
mL) was stirred at 80 °C in air for 8 h. ?Isolated yields based on 1.
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=TI AT R P R EEME, 2023 F T 200 Fl
ST, 21 FS A =R RN0], BTy, FRATIRER 1R =6 2R
FRIR ARGV B0 = 3 FF BE I e (Table 2-5) . (HARE RN, =R
B SE A I A 12 22 K Vi B B P R BILHE D0 S RO AR 2 Ik A v S i A2 e DA
FE R R SR I RIS =T S A5 e 3ak—ap. IXEELRR X
TTEBAT MY, I T H AN RPN E GE R 1 R4 d N .
Table 2-5. NIS-Promoted Reactions of Trifluoromethyl-Substituted Alkylidene

Oxindoles with 2-(Pyridin-2-yl)acetate Derivatives®?

A
R'T
>
1
EtO,C
Fa—
TN N~
N
\Ac
3ak, 73% 3al, 7% 3am, 80% _ C 3an, 82%
5
MeO,C b 2
Fo— T Fe—C T N, \%2
3 N\ _N % ? \_N = | -
’ ] W%if
“Ac “Ac i

3ao0, 64% 3ap, 52% CCDC 2402284

@Reaction conditions: A mixture of 1 (0.3 mmol), 2 (0.3 mmol), NIS (0.3 mmol), and DMSO
(3 mL) was stirred at 80 °C in air for 8 h. ?Isolated yields based on 1.

23 L EIFRIE

EtO,C
X

I

H
N
\

Ac
Diethyl 3-(2-Acetamidophenyl)indolizine-1,2-dicarboxylate (3a). Ethyl

acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 83% yield (98.6 mg), mp
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127-129 °C; '"H NMR (500 MHz, CDCLs) & 8.24 (d, J= 9.2 Hz, 1H), 8.15 (d, J= 8.2
Hz, 1H), 8.03 (s, 1H), 7.62 (d, J = 7.0 Hz, 1H), 7.52 (td, J= 7.8, 1.3 Hz, 1H), 7.31 (d,
J=6.5Hz, 1H), 7.26 (t, J = 7.4 Hz, 1H), 7.17 (dd, J= 8.5, 6.9 Hz, 1H), 6.73 (td, J =
6.8, 0.9 Hz, 1H), 4.45-4.34 (m, 2H), 4.27 (q, J = 7.1 Hz, 2H), 1.98 (s, 3H), 1.41 (t, J =
7.1 Hz, 3H), 1.22 (t, J = 7.2 Hz, 3H); 3C NMR (126 MHz, CDCls) 6 169.0, 167.0,
163.8, 137.7, 135.8, 131.9, 130.9, 125.1, 124.4, 124.19, 124.17, 123.2, 120.5, 120.3,
120.2, 113.8, 102.2, 61.9, 60.2, 24.5, 14.6, 14.0; HRMS (ESI-TOF) caled for
C2:H2N205Na [M + Na]* 417.1426, found 417.1428.

Diethyl 3-(2-Acetamido-5-methylphenyl)indolizine-1,2-dicarboxylate (3b). Ethyl
acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 76% yield (93.1 mg), mp
142-144 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.24 (d, J=9.2 Hz, 1H), 7.98 (d, /= 8.3
Hz, 1H), 7.92 (s, 1H), 7.64 (d, J = 7.1 Hz, 1H), 7.32 (dd, J = 8.4, 1.7 Hz, 1H), 7.16
(ddd, J=9.0, 6.6, 0.6 Hz, 1H), 7.12 (s, 1H), 6.72 (td, J = 6.8, 1.1 Hz, 1H), 4.45-4.34
(m, 2H), 4.28 (q, J = 7.1 Hz, 2H), 2.35 (s, 3H), 1.96 (s, 3H), 1.41 (t, J= 7.1 Hz, 3H),
1.24 (t, J = 7.2 Hz, 3H); '3C NMR (126 MHz, CDCl3) ¢ 169.0, 167.1, 163.8, 135.8,
135.2, 135.0, 132.1, 131.6, 124.6, 124.4, 124.1, 123.1, 120.9, 120.4, 120.3, 113.8,
102.2, 61.9, 60.2, 24.4, 20.9, 14.6, 14.0; HRMS (ESI-TOF) calcd for C23H24N20OsNa
[M + Na]*431.1583, found 431.1588.

EtO,C
5SS
EtO,C \ Ne
N
\O “Ac

Diethyl 3-(2-Acetamido-5-methoxyphenyl)indolizine-1,2-dicarboxylate (3¢). Ethyl
acetate/petroleum ether = 1:1 as the eluent; Orange solid, 76% yield (97.0 mg), mp
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130-132 °C; 'H NMR (500 MHz, CDCl3) ¢ 8.23 (d, J = 9.1 Hz, 1H), 7.96 (s, 1H),
791 (d, J=9.0 Hz, 1H), 7.69 (d, J= 6.9 Hz, 1H), 7.17 (t, J = 8.3 Hz, 1H), 7.07 (dd, J
=8.9,2.2 Hz, 1H), 6.86 (s, 1H), 6.74 (t, /= 6.7 Hz, 1H), 4.45-4.33 (m, 2H), 4.29 (q, J
= 7.1 Hz, 2H), 3.80 (s, 3H), 1.93 (s, 3H), 1.41 (t, J= 7.1 Hz, 3H), 1.25 (t, /= 7.1 Hz,
3H); 3C NMR (126 MHz, CDCI3) 6 169.1, 167.1, 163.7, 156.8, 135.7, 130.6, 126.8,
124.3, 124.1, 122.9, 122.3, 120.7, 120.2, 116.5, 116.3, 113.8, 102.1, 61.9, 60.1, 55.6,
24.1, 14.5, 14.0; HRMS (ESI-TOF) calcd for C23H2sN206 [M + H]* 425.1713, found
425.1710.

Diethyl 3-(2-Acetamido-5-chlorophenyl)indolizine-1,2-dicarboxylate (3d). Ethyl
acetate/petroleum ether = 1:1 as the eluent; Yellow solid, 91% yield (117.1 mg), mp
153-155 °C; '"H NMR (500 MHz, CDCl3) 6 8.25 (d, J=9.2 Hz, 1H), 8.14 (d, /= 8.9
Hz, 1H), 8.01 (s, 1H), 7.64 (d, /= 7.1 Hz, 1H), 7.48 (dd, J= 8.9, 2.4 Hz, 1H), 7.31 (d,
J=2.4Hz, 1H), 7.20 (dd, /= 8.7, 7.0 Hz, 1H), 6.78 (t,J = 6.5 Hz, 1H), 4.45-4.34 (m,
2H), 4.29 (q, J=7.1 Hz, 2H), 1.99 (s, 3H), 1.41 (t,J= 7.1 Hz, 3H), 1.26 (t, /= 7.2 Hz,
3H); 3C NMR (126 MHz, CDCl3) ¢ 169.0, 166.9, 163.6, 136.5, 135.9, 131.5, 130.9,
130.0, 125.6, 124.4, 124.0, 123.6, 121.7, 120.4, 118.9, 114.2, 102.6, 62.1, 60.3, 24.5,
14.6, 14.0; HRMS (ESI-TOF) calcd for C22H21*CIN2OsNa [M + H]" 451.1037, found

451.1039.
EtO,C
X
EtOZC \ N
H
N\
Br Ac

Diethyl 3-(2-Acetamido-5-bromophenyl)indolizine-1,2-dicarboxylate (3e). Ethyl
acetate/petroleum ether = 1:2 as the eluent; White solid, 81% yield (114.8 mg), mp
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162-164 °C; '"H NMR (500 MHz, CDCls) J 8.25 (d, J= 9.2 Hz, 1H), 8.09 (d, /= 8.9
Hz, 1H), 8.01 (s, 1H), 7.65-7.60 (m, 2H), 7.46 (d, J= 2.4 Hz, 1H), 7.20 (ddd, J = 9.1,
6.7, 0.9 Hz, 1H), 6.78 (td, /= 6.9, 1.2 Hz, 1H), 4.44-4.34 (m, 2H), 4.33—4.26 (m, 2H),
1.98 (s, 3H), 1.41 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H); *C NMR (126 MHz,
CDCls) 0 169.0, 166.9, 163.6, 137.0, 136.0, 134.4, 133.8, 125.8, 124.4, 124.0, 123.6,
122.0, 120.4, 118.8, 117.5, 114.2, 102.6, 62.2, 60.3, 24.5, 14.6, 14.0; HRMS (ESI-
TOF) calcd for C22H217°BrN2OsNa [M + H]* 495.0532, found 495.0526.

EtO,C
X
H
N\
Ac

Cl

Diethyl 3-(2-Aacetamido-4-chlorophenyl)indolizine-1,2-dicarboxylate (3f). Ethyl
acetate/petroleum ether = 1:2 as the eluent; White solid, 82% yield (105.2 mg), mp
173-175 °C; 'H NMR (500 MHz, CDCls) ¢ 8.30 (s, 1H), 8.25 (d, J = 8.9 Hz, 1H),
8.03 (s, 1H), 7.60 (d, /= 6.9 Hz, 1H), 7.24 (s, 2H), 7.19 (t, /= 7.7 Hz, 1H), 6.76 (t, J
= 6.7 Hz, 1H), 4.45-4.33 (m, 2H), 4.28 (q, J = 7.1 Hz, 2H), 2.00 (s, 3H), 1.41 (t, J =
7.1 Hz, 3H), 1.25 (t, J = 7.1 Hz, 3H); *C NMR (126 MHz, CDCl3) J 168.9, 166.9,
163.6, 138.9, 136.7, 136.0, 132.8, 125.1, 124.3, 123.95, 123.88, 123.5, 120.4, 119.1,
117.9, 114.1, 102.5, 62.1, 60.2, 24.6, 14.6, 14.0, HRMS (ESI-TOF) calcd for
C22H21*3CIN20sNa [M + Na]* 451.1037, found 451.1036.

EtO,C
'BUO,C \\N S
4
N
“Ac

2-(tert-Butyl) 1-Ethyl 3-(2-Acetamidophenyl)indolizine-1,2-dicarboxylate (3g).
Ethyl acetate/petroleum ether = 1:2 as the eluent; Pea-green solid, 54% yield (68.5
mg), mp 143-145 °C; '"H NMR (500 MHz, CDCls) 6 8.25 (d, J=9.2 Hz, 1H), 8.22 (d,
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J=28.5Hz, 1H), 7.68 (s, 1H), 7.59 (d, J= 7.0 Hz, 1H), 7.53 (td, J = 7.8, 1.4 Hz, 1H),
7.32(d, J= 7.6 Hz, 1H), 7.26 (t, J = 7.5 Hz, 1H), 7.15 (dd, J = 9.1, 6.7 Hz, 1H), 6.71
(t, J = 6.8 Hz, 1H), 4.41 (q, J = 7.1 Hz, 2H), 1.96 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H),
1.38 (s, 9H); 3C NMR (126 MHz, CDCls) § 168.9, 165.5, 163.9, 137.9, 135.8, 131.9,
130.9, 124.90, 124.87, 124.1, 124.0, 123.6, 120.4, 120.14, 120.07, 113.8, 102.0, 82.6,
60.2, 27.9 (3C), 24.6, 14.7; HRMS (ESI-TOF) caled for CosHaN2Os [M + HJ*
423.1920, found 423.1915.

EtO,G

X

H
(@)

Diethyl  3-(2-Benzamidophenyl)indolizine-1,2-dicarboxylate (3h). Ethyl
acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 70% yield (96.2 mg), mp
139-141 °C; 'H NMR (500 MHz, CDCl;) ¢ 8.96 (s, 1H), 8.29 (d, J = 8.3 Hz, 1H),
8.21 (d,J=9.2 Hz, 1H), 7.72 (dd, J=7.8, 0.9 Hz, 2H), 7.64 (d, /= 7.1 Hz, 1H), 7.58
(td, J=7.6, 1.3 Hz, 1H), 7.43 (t, J= 7.4 Hz, 1H), 7.39-7.27 (m, 4H), 7.10 (td, J="7.9,
1.4 Hz, 1H), 6.66 (t, J = 6.9 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H), 4.30 (q, J = 7.1 Hz,
2H), 1.41 (t,J=7.1 Hz, 3H), 1.22 (t, J= 7.1 Hz, 3H); 3*C NMR (126 MHz, CDCl3) ¢
167.1, 165.6, 163.6, 137.9, 135.7, 134.1, 131.9, 131.8, 130.8, 128.6 (2C), 127.1 (2C),
125.3, 124.9, 124.11, 124.07, 123.0, 120.9, 120.7, 120.1, 113.8, 102.1, 61.9, 60.0,
14.5, 13.9; HRMS (ESI-TOF) calcd for C27H24N2OsNa [M + Na]*® 479.1583, found
479.1582.
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Diethyl 3-(2-(4-Chlorobenzamido)phenyl)indolizine-1,2-dicarboxylate (3i). Ethyl
acetate/petroleum ether = 1:3 as the eluent; White solid, 70% yield (89.4 mg), mp
101-103 °C; 'H NMR (500 MHz, CDCls) 6 9.10 (s, 1H), 8.24 (d, J = 8.3 Hz, 1H),
8.21(d,J=9.2 Hz, 1H), 7.71 (d, J= 8.4 Hz, 2H), 7.65 (d, J="7.1 Hz, 1H), 7.59 (t, J =
7.7 Hz, 1H), 7.40-7.29 (m, 4H), 7.13 (dd, J = 8.5, 7.2 Hz, 1H), 6.69 (t, J = 6.9 Hz,
1H), 4.41 (q, J= 7.1 Hz, 2H), 4.32 (q, /= 7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H), 1.24
(t, J=7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) 6 167.6, 164.7, 163.7, 138.2, 137.8,
135.8, 132.7, 132.0, 131.0, 129.0 (2C), 128.8 (2C), 125.6, 125.2, 124.2 (2C), 123.0,
121.1, 120.6, 120.3, 113.9, 102.2, 62.2, 60.2, 14.6, 14.0; HRMS (ESI-TOF) calcd for
C27H23*°CIN20sNa [M + Na]* 513.1193, found 513.1187.

Diethyl 3-(2-((4-Methylphenyl)sulfonamido)phenyl)indolizine-1,2-dicarboxylate
(3j). Ethyl acetate/petroleum ether = 1:2 as the eluent; Light yellow solid, 74% yield
(112.7 mg), mp 175-177 °C; 'H NMR (500 MHz, CDCl3) ¢ 8.49 (s, 1H), 8.17 (d, J
=9.1 Hz, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H), 7.30 (t, J = 7.5 Hz,
1H), 7.21 (d, J = 8.2 Hz, 2H), 7.17 (d, /= 7.6 Hz, 1H), 7.06 (dd, J = 9.0, 6.7 Hz, 1H),
6.97 (d,J=7.1 Hz, 1H), 6.74 (d, /= 8.1 Hz, 2H), 6.42 (t, J= 6.8 Hz, 1H), 4.43 (q, J =
7.1 Hz, 2H), 4.34-4.24 (m, 2H), 2.16 (s, 3H), 1.44 (t,J= 7.1 Hz, 3H), 1.25 (t,J=7.2
Hz, 3H); '3C NMR (126 MHz, CDCl3) J 167.4, 163.6, 142.8, 136.8, 136.3, 135.6,
131.8, 131.1, 129.0 (2C), 128.2, 126.7, 126.1 (2C), 123.64, 123.58, 123.55, 122.0,
120.3, 120.0, 113.4, 102.3, 62.2, 60.2, 21.5, 14.6, 13.8; HRMS (ESI-TOF) calcd for
C27H27N206S [M + H]* 507.1590, found 507.1592.
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Diethyl 3-(2-(Ethylsulfonamido)phenyl)indolizine-1,2-dicarboxylate (3k). Ethyl
acetate/petroleum ether = 1:3 as the eluent; Light yellow solid, 68% yield (90.5 mg),
mp 131-133 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.26 (d, /= 9.2 Hz, 1H), 7.76 (d, J =
8.2 Hz, 1H), 7.59 (d, J = 7.1 Hz, 1H), 7.54 (ddd, J = 8.8, 6.7, 2.5 Hz, 1H), 7.36-7.30
(m, 2H), 7.26 (s, 1H), 7.18 (ddd, J = 8.9, 6.7, 0.7 Hz, 1H), 6.76 (td, J = 7.0, 1.0 Hz,
1H), 4.44-4.35 (m, 2H), 4.31-4.21 (m, 2H), 2.97 (dq, J = 14.7, 7.4 Hz, 1H), 2.79 (dq,
J=14.7,7.4 Hz, 1H), 1.41 (t, J="7.1 Hz, 3H), 1.23 (t,J= 7.2 Hz, 3H), 0.99 (t, /= 7.4
Hz, 3H); 3C NMR (126 MHz, CDCl3) ¢ 166.5, 163.6, 137.4, 135.8, 132.6, 131.5,
125.8, 124.1, 123.6, 123.5, 123.2, 121.6, 120.5, 120.2, 114.2, 102.6, 61.9, 60.2, 46.7,
14.5, 13.9, 7.7, HRMS (ESI-TOF) calcd for C22H2sN206S [M + H]™ 445.1433, found

445.1439.
MeO,C
X
EtO,C \ N
H
N\
Ac

2-Ethyl 1-Methyl 3-(2-Acetamidophenyl)indolizine-1,2-dicarboxylate (31). Ethyl
acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 69% yield (78.8 mg), mp
135-137 °C; '"H NMR (500 MHz, CDCl3) 6 8.23 (d, J=9.1 Hz, 1H), 8.14 (d, J=8.2
Hz, 1H), 8.11 (s, 1H), 7.63 (d, J = 6.7 Hz, 1H), 7.52 (t, J = 7.4 Hz, 1H), 7.30 (s, 1H),
7.26 (t, J=7.0 Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 6.73 (t, J = 6.4 Hz, 1H), 4.35-4.19
(m, 2H), 3.91 (s, 3H), 1.98 (s, 3H), 1.22 (t, J = 7.0 Hz, 3H); '*C NMR (126 MHz,
CDCl3) 0 169.0, 166.9, 164.1, 137.6, 135.8, 131.8, 130.8, 125.0, 124.4, 124.22,
124.19, 122.9, 120.8, 120.1 (2C), 113.8, 101.9, 61.9, 51.3, 24.3, 14.0, HRMS (ESI-
TOF) caled for C21H20N20sNa [M + Na]* 403.1270, found 403.1271.
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2-Ethyl 1-Methyl 3-(2-Acetamido-5-methylphenyl)indolizine-1,2-dicarboxylate
(3m). Ethyl acetate/petroleum ether = 1:2 as the eluent; White solid, 71% yield (84.4
mg), mp 201-203 °C; 'H NMR (500 MHz, CDCls) 6 8.23 (d, J=9.1 Hz, 1H), 7.98 (d,
J=28.2 Hz, 1H), 7.97 (s, 1H), 7.65 (d, J= 7.0 Hz, 1H), 7.33 (d, J = 8.3 Hz, 1H), 7.17
(dd, J=9.0, 6.8 Hz, 1H), 7.11 (s, 1H), 6.73 (t, J = 6.8 Hz, 1H), 4.37-4.22 (m, 2H),
3.92 (s, 3H), 2.36 (s, 3H), 1.96 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H); '3C NMR (126 MHz,
CDCl) 0 168.9, 167.0, 164.2, 135.8, 135.1, 134.9, 132.0, 131.5, 124.6, 124.3, 124.2,
122.8, 121.1, 120.4, 120.1, 113.8, 101.8, 61.9, 51.3, 24.3, 20.8, 14.0; HRMS (ESI-
TOF) caled for C22H23N205 [M + H]" 395.1607, found 395.1609.

MeOZC
X
EtOQC \ N
N
0 “Ac

2-Ethyl 1-Methyl 3-(2-Acetamido-5-methoxyphenyl)indolizine-1,2-dicarboxylate
(3n). Ethyl acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 73% yield (89.9
mg), mp 131-133 °C; 'H NMR (500 MHz, CDCl3) 6 8.23 (d, J=9.1 Hz, 1H), 7.99 (s,
1H), 7.91 (d, J=9.0 Hz, 1H), 7.69 (d, J= 7.0 Hz, 1H), 7.17 (t, J = 7.8 Hz, 1H), 7.07
(dd, /=9.0, 2.4 Hz, 1H), 6.85 (d, /= 2.2 Hz, 1H), 6.74 (t, J = 6.8 Hz, 1H), 4.28-4.22
(m, 2H), 3.92 (s, 3H), 3.80 (s, 3H), 1.94 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H); *C NMR
(126 MHz, CDCl3) ¢ 169.1, 167.1, 164.2, 156.8, 135.8, 130.7, 126.9, 124.4, 124.3,
122.8, 122.4, 120.9, 120.2, 116.5, 116.3, 113.9, 101.8, 62.0, 55.6, 51.4, 24.1, 14.0;
HRMS (ESI-TOF) calcd for C22H23N206 [M + H]* 411.1556, found 411.1552.
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2-Ethyl 1-Methyl 3-(2-Acetamido-5-chlorophenyl)indolizine-1,2-dicarboxylate
(30). Ethyl acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 80% yield (99.3
mg), mp 163165 °C; 'H NMR (500 MHz, CDCl3) 6 8.24 (d, J=9.1 Hz, 1H), 8.15 (s,
1H), 8.12 (d, /= 8.9 Hz, 1H), 7.64 (d, /= 7.0 Hz, 1H), 7.48 (dd, J = 8.9, 2.3 Hz, 1H),
7.33 (d,J=2.2 Hz, 1H), 7.20 (dd, /= 8.6, 7.1 Hz, 1H), 6.80 (t, /= 6.8 Hz, 1H), 4.36—
4.24 (m, 2H), 3.90 (s, 3H), 1.97 (s, 3H), 1.26 (t,J = 7.2 Hz, 3H); '3C NMR (126 MHz,
CDCls) 0 169.2, 166.7, 164.0, 136.4, 136.0, 131.5, 130.7, 129.9, 125.7, 124.5, 124.1,
123.2, 121.7, 120.2, 119.3, 114.2, 102.2, 62.1, 51.4, 24.3, 14.0; HRMS (ESI-TOF)
calcd for C21Hi19**CIN2OsNa [M + Na]* 437.0880, found 437.0885.

MeO,C
554
EtO,C \ No
H
N\
Br Ac

2-Ethyl 1-Methyl 3-(2-Acetamido-5-bromophenyl)indolizine-1,2-dicarboxylate
(3p). Ethyl acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 78% yield
(107.6 mg), mp 166-168 °C; '"H NMR (500 MHz, CDCls) J 8.25 (d, J = 9.2 Hz, 1H),
8.10 (d, J = 8.9 Hz, 1H), 8.01 (s, 1H), 7.66-7.60 (m, 2H), 7.45 (d, J = 2.2 Hz, 1H),
7.20 (dd, J = 8.8, 7.0 Hz, 1H), 6.79 (t, J = 6.9 Hz, 1H), 4.38-4.23 (m, 2H), 3.92 (s,
3H), 1.99 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H); *C NMR (126 MHz, CDCls) ¢ 168.9,
166.8, 164.1, 137.1, 136.1, 134.4, 133.9, 125.8, 124.5, 124.1, 123.5, 122.0, 120.4,
119.0, 117.5, 114.3, 102.4, 62.2, 51.5, 24.6, 14.1; HRMS (ESI-TOF) calcd for
C21H19"”BrN2OsNa [M + Na]* 481.0375, found 481.0367.
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MeO,C

Buo,c— T

U2\ N
H
N\
Ac

2-(tert-Butyl) 1-Methyl 3-(2-acetamidophenyl)indolizine-1,2-dicarboxylate (3q).
Ethyl acetate/petroleum ether = 1:1 as the eluent; Yellow solid, 65% yield (79.8 mg),
mp 180-182 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.25 (d, /= 9.2 Hz, 1H), 8.21 (d, J =
8.2 Hz, 1H), 7.77 (s, 1H), 7.61 (d, J= 6.9 Hz, 1H), 7.53 (t, /= 7.8 Hz, 1H), 7.32 (d, J
= 7.4 Hz, 1H), 7.26 (t, J = 7.4 Hz, 1H), 7.16 (t, J = 7.8 Hz, 1H), 6.72 (t, J = 6.7 Hz,
1H), 3.93 (s, 3H), 1.97 (s, 3H), 1.40 (s, 9H); *C NMR (126 MHz, CDCl;) ¢ 168.9,
165.7, 164.3, 137.8, 135.9, 131.9, 130.9, 125.0, 124.8, 124.2, 124.1, 123.8, 120.3,
120.11, 120.07, 113.8, 101.6, 82.7, 51.3, 27.9 (3C), 24.6; HRMS (ESI-TOF) calcd for
C23H24N20sNa [M + Na]* 431.1583, found 431.15787.

MGOZC
X
H
N»/\
O

Ethyl 3-Oxo-2'-phenyl-2'H,3H-spiro[benzofuran-2,3'-indolizine]-1'-carboxylate
(3r). Ethyl acetate/petroleum ether = 1:2 as the eluent; White solid, 65% yield (76.8
mg), mp 107-109 °C; 'H NMR (500 MHz, CDCl3) ¢ 8.23 (d, /= 9.2 Hz, 1H), 8.18 (d,
J=28.2 Hz, 1H), 791 (s, 1H), 7.61 (d, J = 7.1 Hz, 1H), 7.52 (td, J = 7.8, 1.2 Hz, 1H),
7.32 (d, J=6.6 Hz, 1H), 7.25 (d, /= 7.4 Hz, 1H), 7.17 (dd, J= 8.7, 7.0 Hz, 1H), 6.73
(t, J = 6.5 Hz, 1H), 4.34-4.20 (m, 2H), 3.91 (s, 3H), 2.27-2.10 (m, 2H), 1.21 (t, J =
7.1 Hz, 3H), 1.02 (t, J = 7.6 Hz, 3H); *C NMR (126 MHz, CDCl3) J 172.5, 166.6,
164.1, 137.7, 135.8, 131.8, 130.8, 124.9, 124.2 (3C), 123.0, 120.8, 120.1, 120.0, 113.8,
101.8, 61.8, 51.3, 30.4, 13.9, 9.4; HRMS (ESI-TOF) calcd for C22H23N>0s5 [M + H]*
395.1607, found 395.1606.
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2-Ethyl 1-Methyl 3-(2-(4-Chlorobenzoyl)phenyl)indolizine-1,2-dicarboxylate (3s).
Ethyl acetate/petroleum ether = 1:2 as the eluent; Orange solid, 53% yield (78.6 mg),
mp 127-129 °C; 'H NMR (500 MHz, CDClz) 6 9.16 (s, 1H), 8.22 (d, J = 8.3 Hz, 1H),
8.19 (d, J=9.3 Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.65 (d, J= 7.0 Hz, 1H), 7.59 (t, J =
7.7 Hz, 1H), 7.39-7.30 (m, 4H), 7.12 (t, J = 7.9 Hz, 1H), 6.68 (t, J = 6.8 Hz, 1H),
4.42-4.23 (m, 2H), 3.93 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H); *C NMR (126 MHz, CDCl3)
0 167.5, 164.6, 164.0, 138.0, 137.7, 135.8, 132.6, 131.9, 130.9, 128.8 (2C), 128.7
(20), 125.5, 125.2, 124.25, 124.15, 122.8, 121.1, 120.7, 120.1, 113.9, 101.8, 62.1,
51.3, 14.0;, HRMS (ESI-TOF) caled for CasH21*3CIN2OsNa [M + Na]™ 499.1037,
found 499.1045.

H5;COC
X
EtOZC \ N
H
N\
Ac

Ethyl  3-(2-Acetamidophenyl)-1-acetylindolizine-2-carboxylate = (3t).  Ethyl
acetate/petroleum ether = 1:1 as the eluent; Yellow solid, 82% yield (89.5 mg), mp
103-105 °C; '"H NMR (500 MHz, CDCl3) 6 8.33 (d, /= 9.2 Hz, 1H), 8.17 (d, J = 8.3
Hz, 1H), 7.93 (s, 1H), 7.63 (d, J = 7.0 Hz, 1H), 7.54 (t, J= 7.6 Hz, 1H), 7.33-7.25 (m,
2H), 7.23 (dd, J = 8.6, 7.2 Hz, 1H), 6.78 (t, J = 6.8 Hz, 1H), 4.29-4.19 (m, 2H), 2.54
(s, 3H), 1.99 (s, 3H), 1.15 (t, J = 7.2 Hz, 3H); '3C NMR (126 MHz, CDCI3) 6 193.1,
169.1, 166.9, 137.7, 135.7, 131.9, 130.8, 125.5, 125.0, 124.19, 124.15, 122.3, 121.9,
120.8, 120.2, 114.5, 112.4, 62.0, 30.1, 24.4, 13.8; HRMS (ESI-TOF) calcd for
C21H20N204Na [M + Na]* 387.1321, found 387.1321.
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Ethyl 3-(2-Acetamido-5-methylphenyl)-1-acetylindolizine-2-carboxylate (3u).
Ethyl acetate/petroleum ether = 1:1 as the eluent; White solid, 75% yield (84.9 mg),
mp 198-201 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.34 (d, /= 9.2 Hz, 1H), 8.01 (d, J =
8.3 Hz, 1H), 7.72 (s, 1H), 7.64 (d, J= 6.8 Hz, 1H), 7.34 (d, /= 8.3 Hz, 1H), 7.22 (t, J
= 7.8 Hz, 1H), 7.10 (s, 1H), 6.77 (t, J = 6.7 Hz, 1H), 4.31-4.20 (m, 2H), 2.56 (s, 3H),
2.36 (s, 3H), 1.96 (s, 3H), 1.17 (t, J = 7.0 Hz, 3H); '3C NMR (126 MHz, CDCl3) ¢
193.0, 168.9, 167.0, 135.6, 135.2, 135.0, 132.1, 131.6, 125.4, 124.3 (2C), 122.2, 122.1,
120.8, 120.4, 114.4, 112.4, 62.0, 30.1, 24.4, 20.9, 13.9; HRMS (ESI-TOF) calcd for
C22H23N204 [M + H]" 379.1658, found 379.1661.

H3COC
=~ X
EtO,C \ N
H
N\
(o) Ac

/
Ethyl 3-(2-Acetamido-5-methoxyphenyl)-1-acetylindolizine-2-carboxylate (3v).

Ethyl acetate/petroleum ether = 1:1 as the eluent; White solid, 65% yield (77.1 mg),
mp 167-169 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.33 (d, /= 9.2 Hz, 1H), 7.95 (d, J =
9.1 Hz, 1H), 7.72 (s, 1H), 7.67 (d, J= 7.0 Hz, 1H), 7.22 (t,J = 7.8 Hz, 1H), 7.08 (dd,
J=9.0,2.9 Hz, 1H), 6.83 (d, /= 2.8 Hz, 1H), 6.78 (t,J = 6.8 Hz, 1H), 4.32-4.21 (m,
2H), 3.81 (s, 3H), 2.56 (s, 3H), 1.94 (s, 3H), 1.20 (t, J = 7.1 Hz, 3H); 1*C NMR (126
MHz, CDCL) ¢ 192.9, 169.0, 167.0, 156.9, 135.6, 130.8, 126.6, 125.5, 124.4, 122.4,
122.2, 121.9, 120.7, 116.6, 116.4, 114.5, 112.4, 62.1, 55.7, 30.1, 24.2, 13.9; HRMS
(ESI-TOF) calcd for C22H23N20s [M + H]* 395.1607, found 395.1559.
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Ethyl 3-(2-Acetamido-5-chlorophenyl)-1-acetylindolizine-2-carboxylate (3w).
Ethyl acetate/petroleum ether = 2:1 as the eluent; Yellow solid, 50% yield (59.8 mg),
mp 190-192 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.32 (d, /= 9.2 Hz, 1H), 8.18 (d, J =
8.9 Hz, 1H), 7.85 (s, 1H), 7.63 (d, J = 7.0 Hz, 1H), 7.50 (dd, J = 8.9, 2.0 Hz, 1H),
7.30 (d, J=1.9 Hz, 1H), 7.25 (t, J = 7.9 Hz, 1H), 6.83 (t, /= 6.8 Hz, 1H), 4.32-4.22
(m, 2H), 2.54 (s, 3H), 1.99 (s, 3H), 1.20 (t, J = 7.1 Hz, 3H); '*C NMR (126 MHz,
CDCls) 0 193.1, 169.1, 166.7, 136.5, 135.8, 131.6, 130.9, 130.0, 125.6, 125.3, 124.0,
122.7, 121.7, 121.0, 120.2, 114.8, 112.7, 62.2, 30.2, 24.5, 13.9; HRMS (ESI-TOF)
calcd for C21Hi9**CIN2O4Na [M + Na]* 421.0931, found 421.0932.
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Ethyl 3-(2-Acetamido-4-chlorophenyl)-1-acetylindolizine-2-carboxylate  (3x).
Ethyl acetate/petroleum ether = 1:2 as the eluent; Orange solid, 66% yield (79.0 mg),
mp 143-145 °C; 'H NMR (500 MHz, CDClz) ¢ 8.32 (s, 1H), 8.28 (d, /= 9.2 Hz, 1H),
8.07 (s, 1H), 7.61 (d, J = 7.0 Hz, 1H), 7.26-7.19 (m, 3H), 6.82 (t, J = 6.8 Hz, 1H),
4.25(q,J=7.1 Hz, 2H), 2.49 (s, 3H), 2.01 (s, 3H), 1.18 (t, J= 7.1 Hz, 3H); 3C NMR
(126 MHz, CDCIl3) ¢ 193.0, 169.2, 166.6, 138.9, 136.6, 135.8, 132.8, 125.5, 125.0,
123.9, 123.7, 122.6, 120.9, 120.6, 118.1, 114.7, 112.5, 62.0, 30.0, 24.4, 13.8; HRMS
(ESI-TOF) calcd for C21H19*>CIN2O4Na [M + Na]* 421.0931, found 421.0936.
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tert-Butyl 3-(2-Acetamidophenyl)-1-acetylindolizine-2-carboxylate (3y). Ethyl
acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 53% yield (62.2 mg), mp
141-143 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.40 (d, /=9.2 Hz, 1H), 8.29 (d, /= 8.3
Hz, 1H), 7.59 (d, J= 7.0 Hz, 1H), 7.56 (s, 1H), 7.54 (d, J= 8.1 Hz, 1H), 7.32-7.24 (m,
2H), 7.22 (dd, J= 8.4, 7.4 Hz, 1H), 6.78 (t, J = 6.8 Hz, 1H), 2.58 (s, 3H), 1.98 (s, 3H),
1.34 (s, 9H); 1*C NMR (126 MHz, CDCls) 6 193.2, 168.9, 165.8, 137.9, 135.7, 131.9,
131.0, 125.4, 124.8, 124.3, 124.0, 123.2, 121.1, 121.0, 119.9, 114.6, 111.8, 83.0, 30.2,
27.8 (3C), 24.7;, HRMS (ESI-TOF) calcd for C»H24N>2O4Na [M + Na]® 415.1634,
found 415.1634.
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Ethyl 1-Acetyl-3-(2-propionamidophenyl)indolizine-2-carboxylate (3z). Ethyl
acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 68% yield (77.1 mg), mp
123-125 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.35 (d, J=9.2 Hz, 1H), 8.22 (d, J=8.2
Hz, 1H), 7.68 (s, 1H), 7.60 (d, J=7.0 Hz, 1H), 7.54 (t, /= 7.7 Hz, 1H), 7.32-7.24 (m,
2H), 7.22 (dd, J = 8.9, 7.0 Hz, 1H), 6.77 (t, J = 6.8 Hz, 1H), 4.29-4.18 (m, 2H), 2.56
(s, 3H), 2.27-2.11 (m, 2H),1.14 (t, J= 7.1 Hz, 3H), 1.02 (t, J= 7.6 Hz, 3H); '3*C NMR
(126 MHz, CDCl) ¢ 193.1, 172.5, 166.7, 137.8, 135.6, 131.8, 130.9, 125.4, 124.9,
124.2, 123.9, 122.3, 121.9, 120.8, 120.1, 114.5, 112.4, 61.9, 30.5, 30.1, 13.8, 9.5;
HRMS (ESI-TOF) caled for C22H23N204 [M + H]" 379.1658, found 379.1656.
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Ethyl 3-(2-Acetamidophenyl)-1-cyanoindolizine-2-carboxylate (3aa). Ethyl
acetate/petroleum ether = 1:1 as the eluent; White solid, 72% yield (75.1 mg), mp
167-169 °C; 'H NMR (500 MHz, CDCl3) ¢ 8.02 (d, J = 8.2 Hz, 1H), 7.80 (s, 1H),
7.72-7.66 (m, 2H), 7.55 (t, J = 7.5 Hz, 1H), 7.34-7.25 (m, 2H), 7.24-7.18 (m, 1H),
6.80 (t, J= 6.9 Hz, 1H), 4.31-4.20 (m, 2H), 1.94 (s, 3H), 1.25 (t, /= 7.1 Hz, 3H); 13C
NMR (126 MHz, CDCl;) ¢ 169.5, 163.1, 138.6, 137.5, 131.9, 130.9, 125.6, 125.5,
125.2, 125.0, 124.7, 121.3, 119.7, 118.4, 115.2, 114.7, 83.2, 61.6, 24.0, 13.8; HRMS
(ESI-TOF) calcd for C20H17N303Na [M + Na]* 370.1168, found 370.1171.

Ethyl 3-(2-Acetamido-5-methylphenyl)-1-cyanoindolizine-2-carboxylate (3ab).
Ethyl acetate/petroleum ether = 1:1 as the eluent; Yellow solid, 76% yield (82.3 mg),
mp 184-186 °C; 'H NMR (500 MHz, CDCl:) ¢ 7.86 (d, J = 8.3 Hz, 1H), 7.75 (s, 1H),
7.68 (d,J=7.1 Hz, 1H), 7.64 (d, J=9.0 Hz, 1H), 7.36 (d, J= 8.0 Hz, 1H), 7.20 (dd, J
= 8.3, 7.2 Hz, 1H), 7.07 (s, 1H), 6.79 (t, J = 6.7 Hz, 1H), 4.29-4.16 (m, 2H), 2.37 (s,
3H), 1.91 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H); '3C NMR (126 MHz, CDCl3) § 169.3,
163.0, 138.5, 135.1, 135.0, 132.1, 131.6, 125.9, 125.3, 125.1, 124.5, 121.3, 119.6,
118.3, 115.1, 114.6, 83.1, 61.4, 23.9, 20.9, 13.8; HRMS (ESI-TOF) calcd for
C21H19N303Na [M + Na]* 384.1324, found 384.1333.
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Ethyl 3-(2-Acetamido-5-bromophenyl)-1-cyanoindolizine-2-carboxylate (3ac).
Ethyl acetate/petroleum ether = 1:1 as the eluent; Yellow solid, 80% yield (102.0 mg),
mp 184-186 °C; 'H NMR (500 MHz, DMSO-ds) 6 9.21 (s, 1H), 7.81 (d, J = 8.5 Hz,
1H), 7.76 (d, J = 9.0 Hz, 1H), 7.73-7.67 (m, 2H), 7.65 (s, 1H), 7.34 (t, J = 7.6 Hz,
1H), 6.97 (t, J= 6.5 Hz, 1H), 4.20-4.00 (m, 2H), 1.75 (s, 3H), 1.06 (t, /= 6.9 Hz, 3H);
3C NMR (126 MHz, DMSO-ds) 6 168.7, 161.9, 138.2, 137.5, 134.5, 132.7, 126.3,
1253, 125.2, 124.4, 123.5, 119.0, 117.6, 116.2, 115.4, 114.9, 82.2, 60.6, 23.2, 13.6;
HRMS (ESI-TOF) calcd for C20Hi16”’BrN3OsNa [M + Na]" 448.0273, found 448.0268.

NG
AN
EtO,C \ No
N
CZ;/\

Ethyl 1-Cyano-3-(2-propionamidophenyl)indolizine-2-carboxylate (3ad). Ethyl
acetate/petroleum ether = 1:2 as the eluent; Orange solid, 72% yield (77.9 mg), mp
183-185 °C; 'H NMR (500 MHz, CDCl3) ¢ 8.08 (d, J = 7.8 Hz, 1H), 7.70 (d, J=9.0
Hz, 1H), 7.66 (d, J= 7.0 Hz, 1H), 7.56 (t, /= 7.4 Hz, 1H), 7.51 (s, 1H), 7.33-7.24 (m,
2H), 7.20 (t, J = 7.8 Hz, 1H), 6.79 (t, J = 6.7 Hz, 1H), 4.34-4.20 (m, 2H), 2.24-2.06
(m, 2H), 1.26 (t, J = 7.0 Hz, 3H), 0.99 (t, J = 7.5 Hz, 3H); *C NMR (126 MHz,
CDClh) o 172.7, 163.0, 138.6, 137.7, 131.7, 131.0, 125.4, 125.3, 125.0, 124.9, 124.6,
121.0, 119.9, 118.5, 115.1, 114.7, 83.3, 61.6, 30.4, 13.9, 9.6; HRMS (ESI-TOF) calcd
for C21H19N303Na [M + Na]* 384.1324, found 384.1319.
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Diethyl 3-(2-Acetamidophenyl)-8-bromoindolizine-1,2-dicarboxylate (3ae). Ethyl
acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 68% yield (96.8 mg), mp
139-141 °C; 'H NMR (500 MHz, CDCls) ¢ 8.15 (d, J = 8.1 Hz, 1H), 7.53 (t, J = 7.8
Hz, 1H), 7.50 (d, J = 7.2 Hz, 1H), 7.39 (s, 1H), 7.26 (t, /= 7.4 Hz, 1H), 7.22 (d, J =
7.4 Hz, 1H), 7.17 (d, J = 7.1 Hz, 1H), 6.45 (t, J = 7.1 Hz, 1H), 4.55-4.41 (m, 2H),
4.26-4.13 (m, 2H), 1.97 (s, 3H), 1.47 (t,J = 7.2 Hz, 3H), 1.15 (t, J= 7.1 Hz, 3H); *C
NMR (126 MHz, CDCl3) 6 168.9, 166.3, 163.8, 137.6, 131.8, 130.8, 128.4, 125.2,
125.1, 124.2, 123.9, 123.1, 121.2, 118.5, 113.0, 112.8, 110.4, 62.1, 61.3, 24.6, 14.2,
13.9; HRMS (ESI-TOF) caled for C2:H217BrN2OsNa [M + Na]* 495.0532, found
495.0537.

Diethyl  3-(2-Acetamido-5-methylphenyl)-8-bromoindolizine-1,2-dicarboxylate
(3af). Ethyl acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 65% yield (94.7
mg), mp 166-168 °C; 'H NMR (500 MHz, CDCls) 6 7.94 (d, J= 8.3 Hz, 1H), 7.52 (d,
J=17.0 Hz, 1H), 7.41 (s, 1H), 7.32 (d, J= 8.3 Hz, 1H), 7.16 (d, J = 7.0 Hz, 1H), 7.02
(s, 1H), 6.44 (t, J= 7.0 Hz, 1H), 4.55-4.39 (m, 2H), 4.27-4.13 (m, 2H), 2.34 (s, 3H),
1.93 (s, 3H), 1.46 (t, J = 7.1 Hz, 3H), 1.17 (t, J = 7.0 Hz, 3H); *C NMR (126 MHz,
CDCl) o 168.9, 166.3, 163.8, 134.92, 134.89, 131.9, 131.4, 128.1, 124.9, 124 .4,
124.1, 123.1, 121.4, 118.1, 112.8, 112.5, 110.2, 61.9, 61.1, 24.3, 20.9, 14.1, 13.8;
HRMS (ESI-TOF) calcd for C23H23"”BrN2OsNa [M + Na]* 509.0688, found 509.0688.
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Diethyl 3-(2-Acetamido-5-methoxyphenyl)-8-bromoindolizine-1,2-dicarboxylate
(3ag). Ethyl acetate/petroleum ether = 1:1 as the eluent; Yellow solid, 60% yield
(90.5 mg), mp 142-144 °C; 'H NMR (500 MHz, CDCI3) 6 7.89 (d, J = 9.0 Hz, 1H),
7.56 (d, J=17.2 Hz, 1H), 7.38 (s, 1H), 7.17 (d, J = 7.1 Hz, 1H), 7.07 (dd, J = 9.0, 2.8
Hz, 1H), 6.75 (d, J = 2.8 Hz, 1H), 6.45 (t, J = 7.1 Hz, 1H), 4.54-4.41 (m, 2H), 4.28—
4.14 (m, 2H), 3.78 (s, 3H), 1.92 (s, 3H), 1.46 (t, J= 7.2 Hz, 3H), 1.19 (t, /= 7.1 Hz,
3H); *C NMR (126 MHz, CDCl3) § 169.0, 166.3, 163.8, 156.8, 130.5, 128.1, 126.6,
125.0, 124.0, 123.4, 123.2, 118.1, 116.5, 116.2, 112.9, 112.5, 110.1, 62.0, 61.2, 55.6,
24.2, 14.2, 13.9; HRMS (ESI-TOF) calcd for C23H24""BrN2Os [M + H]" 503.0818,
found 503.0809.

Diethyl 3-(2-Acetamido-5-chlorophenyl)-8-bromoindolizine-1,2-dicarboxylate
(3ah). Ethyl acetate/petroleum ether = 1:2 as the eluent; White solid, 70% yield
(107.0 mg), mp 176-178 °C; 'H NMR (500 MHz, CDCl3) 6 8.11 (d, J = 8.9 Hz, 1H),
7.52-7.46 (m, 2H), 7.42 (s, 1H), 7.22 (d, J = 2.3 Hz, 1H), 7.20 (d, J = 7.1 Hz, 1H),
6.51 (t,J=7.1 Hz, 1H), 4.53-4.41 (m, 2H), 4.27-4.13 (m, 2H), 1.95 (s, 3H), 1.46 (t, J
=7.2 Hz, 3H), 1.18 (t,J = 7.1 Hz, 3H); 3C NMR (126 MHz, CDCls) J 168.9, 166.1,
163.5, 136.2, 131.5, 130.7, 129.9, 128.4, 125.24, 125.17, 122.8, 122.6, 122.0, 118.5,
113.3, 112.8, 110.6, 62.0, 61.3, 24.4, 14.1, 13.8; HRMS (ESI-TOF) caled for
C22H20”°Br3*CIN20sNa [M + Na]* 529.0142, found 529.0139.
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Diethyl 3-(2-Acetamido-4-chlorophenyl)-8-bromoindolizine-1,2-dicarboxylate
(3ai). Ethyl acetate/petroleum ether = 1:2 as the eluent; Pea-green solid, 72% yield
(109.5 mg), mp 120-122 °C; 'H NMR (500 MHz, CDCl3) d 8.25 (s, 1H), 7.50 (s, 1H),
7.48 (d, J=7.2 Hz, 1H), 7.23 (d, J= 8.2 Hz, 1H), 7.19 (d, J= 7.1 Hz, 1H), 7.15 (d, J
=8.2 Hz, 1H), 6.49 (t, J="7.1 Hz, 1H), 4.53-4.40 (m, 2H), 4.25-4.13 (m, 2H), 1.95 (s,
3H), 1.46 (t,J=7.2 Hz, 3H), 1.18 (t,J = 7.1 Hz, 3H); '3C NMR (126 MHz, CDCl3) ¢
168.9, 166.1, 163.5, 138.5, 136.5, 132.7, 128.4, 125.13, 125.09, 123.6, 122.7, 122.4,
119.0, 118.4, 113.2, 112.7, 110.5, 62.0, 61.3, 24.5, 14.1, 13.8; HRMS (ESI-TOF)
calcd for C22Ha0”°Br3*CIN2OsNa [M + Na]* 529.0142, found 529.0149.
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2-Ethyl 1-Methyl 3-(2-Propionamidophenyl)indolizine-1,2-dicarboxylate (3aj).
Ethyl acetate/petroleum ether = 1:2 as the eluent; Orange solid, 72% yield (102.3 mg),
mp 84-86 °C; '"H NMR (500 MHz, CDCl;) 6 8.19-8.12 (m, 2H), 8.11 (s, 1H), 7.76 (s,
1H), 7.59-7.52 (m, 1H), 7.32-7.26 (m, 2H), 7.21 (d, J = 9.6 Hz, 1H), 4.45-4.33 (m,
2H), 4.27 (q,J=7.1 Hz, 2H), 2.02 (s, 3H), 1.41 (t,J="7.1 Hz, 3H), 1.22 (t,J=7.1 Hz,
3H); *C NMR (126 MHz, CDCl3) § 169.0, 166.7, 163.4, 137.8, 133.9, 131.7, 131.3,
127.4, 125.3, 124.7, 124.1, 123.4, 121.0, 120.9, 119.6, 109.0, 103.4, 62.1, 60.5, 24.5,
14.6, 14.0; HRMS (ESI-TOF) calcd for C2H21"”BrN2OsNa [M + Na]* 495.0532,
found 495.0533.
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Ethyl 3-(2-Acetamidophenyl)-2-(trifluoromethyl)indolizine-1-carboxylate (3ak).
Ethyl acetate/petroleum ether = 1:2 as the eluent; Orange solid, 73% yield (85.8 mg),
mp 169-171 °C; '"H NMR (500 MHz, CDCl3) 6 8.28 (d, J=9.1 Hz, 1H), 8.19 (d, J =
7.5 Hz, 1H), 7.59-7.50 (m, 2H), 7.32-7.25 (m, 2H), 7.18 (t, J = 7.6 Hz, 1H), 7.13 (s,
1H), 6.75 (t, J= 6.1 Hz, 1H), 4.42-4.31 (m, 2H), 1.91 (s, 3H), 1.41 (t, /= 6.9 Hz, 3H);
BC NMR (126 MHz, CDCl3) 6 168.9, 163.4, 137.4, 137.1, 131.9, 131.0, 125.2, 124.8,
124.1, 123.3, 122.9 (q, J = 270.2 Hz), 121.4 (q, J = 4.0 Hz), 120.6, 120.3, 118.0 (q, J
= 35.5 Hz), 114.2, 101.9, 60.4, 24.3, 14.3; ’"F NMR (471 MHz, CDCl3) ¢ -54.65 (s,
3F); HRMS (ESI-TOF) caled for CHi7F3sN2OsNa [M + Na]® 413.1089, found
413.1087.

Ethyl 3-(2-Acetamido-5-chlorophenyl)-2-(trifluoromethyl)indolizine-1-
carboxylate (3al). Ethyl acetate/petroleum ether = 1:2 as the eluent; White solid, 77%
yield (98.2 mg), mp 175-177 °C; 'H NMR (500 MHz, CDCl3) ¢ 8.27 (d, J=9.2 Hz,
1H), 8.18 (d, /= 8.7 Hz, 1H), 7.56 (d, /= 7.0 Hz, 1H), 7.50 (dd, J = 8.9, 2.2 Hz, 1H),
7.28 (s, 1H), 7.24-7.16 (m, 2H), 6.80 (t, J = 6.5 Hz, 1H), 4.40—4.29 (m, 2H), 1.91 (s,
3H), 1.41 (t, J = 7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) ¢ 168.9, 163.2, 137.3,
136.3, 131.6, 131.1, 130.1, 124.9, 124.5, 123.9, 122.7 (q, J = 270.4 Hz), 121.8, 120.7,
119.8 (q, /= 3.8 Hz), 118.3 (q, /= 35.5 Hz), 114.6, 102.2, 60.5, 24.2, 14.2; "F NMR
(471 MHz, CDCl3) 6 -54.65 (s, 3F); HRMS (ESI-TOF) calcd for C20H16F3*CIN203Na
[M + Na]" 447.0699, found 447.0703.
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Ethyl 3-(2-Acetamido-5-bromophenyl)-2-(trifluoromethyl)indolizine-1-
carboxylate (3am). Ethyl acetate/petroleum ether = 1:3 as the eluent; White solid,
80% yield (113.0 mg), mp 170-172 °C; '"H NMR (500 MHz, CDCl3) 6 8.23 (d, J=9.2
Hz, 1H), 8.10 (d, J = 8.7 Hz, 1H), 7.64 (dd, J = 8.9, 2.0 Hz, 1H), 7.56 (d, J = 7.1 Hz,
1H), 7.42 (d, J= 2.0 Hz, 1H), 7.40 (s, 1H), 7.19 (dd, J = 8.6, 7.1 Hz, 1H), 6.80 (t, J =
6.8 Hz, 1H), 4.37-4.25 (m, 2H), 1.90 (s, 3H), 1.40 (t, J= 7.2 Hz, 3H); '3C NMR (126
MHz, CDCI3) 0 169.0, 163.2, 137.2, 136.8, 134.4, 133.9, 124.9, 124.7, 123.9, 122.7 (q,
J =270.4 Hz), 122.1, 120.6, 119.8 (q, J = 3.7 Hz), 118.3 (q, J = 35.6 Hz), 117.5,
114.5, 102.1, 60.5, 24.1, 14.2; ’F NMR (471 MHz, CDCls) 6 -54.60 (s, 3F); HRMS
(ESI-TOF) calcd for C20Hi6F37"BrN2O3Na [M + Na]* 491.0194, found 491.0196.

Cl

Ethyl 3-(2-Acetamido-4-chlorophenyl)-2-(trifluoromethyl)indolizine-1-
carboxylate (3an). Ethyl acetate/petroleum ether = 1:2 as the eluent; White solid,
82% yield (104.3 mg), mp 209-211 °C; 'H NMR (500 MHz, DMSO-ds) J 9.39 (s,
1H), 8.25 (d, J = 9.1 Hz, 1H), 7.99 (s, 1H), 7.69 (d, J = 6.9 Hz, 1H), 7.44-7.32 (m,
3H), 6.93 (t, J = 6.7 Hz, 1H), 4.39-4.28 (m, 2H), 1.82 (s, 3H), 1.34 (t, J = 7.1 Hz,
3H);'3C NMR (126 MHz, DMSO-d6) J 168.8, 162.5, 139.6, 136.5, 134.5, 133.6,
125.4, 124.8, 124.5, 123.9, 122.9 (q, J = 269.5 Hz), 121.7 (q, J = 3.6 Hz), 119.9,
119.6, 116.1 (q, J =34.7 Hz), 114.2, 100.8, 59.7, 23.3, 14.2; ”F NMR (471 MHz,
DMSO-ds) 6 -53.96 (s, 3F); HRMS (ESI-TOF) calcd for C20H16F3*°CIN2OsNa [M +
Na]" 447.0699, found 447.0692.
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Methyl 3-(2-Acetamidophenyl)-2-(trifluoromethyl)indolizine-1-carboxylate (3a0).
Ethyl acetate/petroleum ether = 1:1 as the eluent; White solid, 64% yield (72.5 mg),
mp 151-153 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.26 (d, /= 9.2 Hz, 1H), 8.16 (d, J =
8.0 Hz, 1H), 7.59-7.51 (m, 2H), 7.32-7.26 (m, 2H), 7.22-7.15 (m, 2H), 6.76 (t, J =
6.8 Hz, 1H), 3.90 (s, 3H), 1.90 (s, 3H); '3C NMR (126 MHz, CDCl3) 6 169.0, 163.8,
137.5,137.1, 131.9, 131.0, 125.2, 124.8, 124.2, 123.5, 122.8 (q, J = 270.1 Hz), 121.7,
120.5, 120.4, 117.9 (q, J = 35.4 Hz), 114.2, 101.5, 51.4, 24.1; "F NMR (471 MHz,
CDCl3) 0 -54.90 (s, 3F); HRMS (ESI-TOF) calcd for Ci9HisF3N2O3Na [M + Na]*
399.0932, found 399.0927.

N-(2-(1-Acetyl-2-(trifluoromethyl)indolizin-3-yl)phenyl)acetamide (3ap). Ethyl
acetate/petroleum ether = 1:1 as the eluent; Green solid, 52% yield (55.9 mg), mp
139-141 °C; '"H NMR (500 MHz, CDCl3) ¢ 8.25 (d, J=9.2 Hz, 1H), 8.20 (d, J = 8.0
Hz, 1H), 7.60-7.52 (m, 2H), 7.44 (bs, 1H), 7.33-7.26 (m, 2H), 7.20 (dd, J = 8.7, 7.1
Hz, 1H), 6.79 (t, J = 6.8 Hz, 1H), 2.58 (s, 3H), 1.93 (s, 3H); '*C NMR (126 MHz,
CDCl3) 0 193.6, 169.1, 137.5, 136.7, 132.1, 131.1, 125.8, 125.2, 124.1, 123.7, 123.3
(q, J=270.2 Hz), 121.9 (q, J = 4.0 Hz), 121.1, 120.3, 116.9 (q, J = 34.7 Hz), 114.7,
111.8, 30.6 (q, J = 3.9 Hz), 24.2; ”F NMR (471 MHz, CDCls) 6 -51.75 (s, 3F);
HRMS (ESI-TOF) calcd for Ci9H15F3N20O2Na [M + Na]"383.0983, found 383.0988.
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2.4 L&Y 3d MR RITHEE

WA 3d B SRR FL T IR/ IE e iR AR, (RIRZR 18 & R 3R
3o B X AT 5 BHE AR B 4 CCD AR 2% ¥ Bruker APEX-IT fiT 4% Ui
2, ff Fl A7 28 B 8 MoKo 4B 5 (A=0.71073 A), FIH3E Fl A 4.154° < 20 <
54.946°, iyl SHELXT 27 K H HEAE R, Hdid s/ ek BT
Witz SRR O NSNS iR il o, W5 9 CCDC 2402327,

Figure 2-1. ORTEP Diagram of 3d with 30% thermal ellipsoids

Table 2-6. Crystal Data and Structure Refinement for 3d

CCDC number 2402327
Empirical formula C22H21CIN20s
Formula weight 428.86
Temperature [K] 273.15
Crystal system trigonal
Space group P35 (145)
a[A] 11.3207(3)
b [A] 11.3207(3)
c[A] 14.4325(5)
a[°] 90

pI°] 90

Y[l 120
Volume [A3] 1601.84(10)
Z 3

Pealc [gem™] 1.334

wu [mm'] 0.215
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F(000)

Crystal size [mm?]
Radiation

20 range [°]

Index ranges

Reflections collected
Independent reflections
Data / Restraints / Parameters
Goodness-of-fit on F?
Final R indexes [/>20(/)]
Final R indexes [all data]
Largest peak/hole [eA 3]

672.0
0.4x0.2x0.2

MoK, (A=0.71073 A)

4.154 to 54.946
—14<h<14,-14<k<14,-18<1<18
53502

4851[Rint = 0.0882, Rsigma = 0.0334]
4851/1/274

1.039

R1=0.0513, wR>=0.1349
R1=0.0733, wR2=0.1540
0.37/-0.24

2.5 4 E Y 3an B RITHHEIR

3an [ 5 SR A T IR/ IE IR A, 7 5 °C FRIBAER IS
B X B AT S B AE B % CCD [HI4R U 28 1Y) Bruker APEX-II TS 4% F US4,
i FH A SR B (8 MoKafE ST (3=0.71073 A), HHEVEREN 4.716° < 20 < 55.002°,
gittidid SHELXT f8 7 R H Bk, JFilid /s Z ek kgt sz . &
s AR NS fh iR B i ol 4W5 9 CCDC 2402284,

Cl

Figure 2-2. ORTEP Diagram of 3an with 40% thermal ellipsoids

Table 2-7. Crystal Data and Structure Refinement for 3an

CCDC number 2402284

Empirical formula C20H16N205CIF3
Formula weight 424.80

46



LT RER SR A (8 3

Temperature [K] 273.15

Crystal system monoclinic

Space group C2/c (15)

a[A] 24.034(14)

b [A] 9.142(9)

c[A] 17.924(11)

a[°] 90

BI°] 105.465(9)

Y [°] 90

Volume [A3] 3796(5)

Z 8

Peale [gem ™3] 1.487

w [mm!] 0.255

F(000) 1744.0

Crystal size [mm?] 0.4x0.2x0.2

Radiation MoK, (A=0.71073 A)

20 range [°] 4.716 to 55.002

Index ranges -29<h<31,-11<k<11,-23<1<23
Reflections collected 48631

Independent reflections 4352[Rint = 0.0943, Rsigma = 0.0292]
Data / Restraints / Parameters 4352/0/264
Goodness-of-fit on F? 1.070

Final R indexes [>206(/)] R1=10.0623, wR> = 0.1309
Final R indexes [all data] R1=0.0805, wR>=0.1406
Largest peak/hole [eA™] 0.26/-0.22

26 K (RR) RESHTEAKE
26,1 K (ReRk) RE

¥ 1a (1.04g, 4 mmol). 2a (0.66g, 4mmol, 1.045) FINIS (0.90 g,
4 mmol, 1.0 4%) T DMSO (40 mL, 0.1 M) H, 7E 50 mL &L+ T
80 °C IV HLFE S L 20 /N o YRS, FIMAT NaCl KV (200 mL) e
RIVRAEY), HHZMROBERER =R (3x50mL). &3FAHM, FTK NaxSOs
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TSGR IRYE . R Y A i vk 5, LR O BE/ Ak (1:2,
VIV) ONBETR, 3305 EEE 3a (1.10 g, 7% 70%, Scheme 2-5).

EO,C. EtO,C
J E10,0— T
X NIS 22NN
o + | —_—
N N/ CO,Et DMSO H
\ 80°C, 20 h
Ac c Mc
1a (4 mmol) 2a (4 mmol) 3a (1.10 g, 70%)
Scheme 2-5 Gram-Scale Synthesis of 3a
2.6.2 TSI

W5 3 A E REFI A it — 2B AT A4k . DL 3a N, EARIEE(EQIR: 7E 25 mL
REF, % 2a (789 mg, 0.2mmol) Al KOH (449 mg, 0.8 mmol, 4.0 Z4&F)
FECEE (2mL, 0.1 M) HUREHHEIFEMB A 80°C [ 2 /M. BEJE
KR GMRHZE 0°C, WENTHMMHEIFEET K (SmL) d. HEHER (5M)
KB ZE pH 2.0, REIRFEOE A, KHEMT CREF (2mL) H, JEAEM
W AINFAZE 140°C [ 2 /N o WENE, W4T IRE Y RI/KEEE I H IR s
(3x10mL) H. &IHAEHAH, MK Na:SOs FHEIFTE R T Filk4i. TR
Vil i A s &, LR OBEVElR), &AL 62% MY (38.1 mg)

A

PAF NN 4a (Scheme 2-6) . X — 45 RKHZITVEBA LN HE /).
Et0,C Et0,C
~ X O X
EtO,C °

5 \ N (1) KOH, EtOH, 80 °C, 2 h; " NN~

H (2) Ac,0, 140 °C, 2 h

N

\Ac
3a 4a, 62%

Scheme 2-6 Derivatization experiment
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2.6.3 LAY 4a HIZRAE

EtO,C
@) < X

N A
HN\

Ethyl 6-Oxo-5,6-dihydroindolizino[2,3-c|quinoline-7-carboxylate (4a). Ethyl
acetate as the eluent; Yellow solid, 62% yield (38.1 mg), mp 262-264 °C; 'H NMR
(500 MHz, DMSO-ds) 6 11.66 (s, 1H), 9.33 (d, J = 7.2 Hz, 1H), 8.52 (d, J = 8.2 Hz,
1H), 8.10 (d, J=9.2 Hz, 1H), 7.52 (d, J= 7.9 Hz, 1H), 7.47 (t, /= 7.6 Hz, 1H), 7.35
(dd, J=9.0, 6.9 Hz, 1H), 7.32 (t,J=7.7 Hz, 1H), 7.11 (t, J= 6.8 Hz, 1H), 4.35 (q, J =
7.1 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H); BC{'H} NMR (126 MHz, DMSO- ds) J 163.5,
157.8, 136.9, 136.2, 127.3, 127.2, 125.6, 124.3, 122.0, 121.0, 119.5, 117.0, 116.1,
114.3, 112.3, 102.3, 60.0, 14.3; HRMS (ESI-TOF) calcd for CisHi14N2O3Na [M +
Na]* 329.0902, found 329.0909.

2.7 R RIHEBIR 5
MR E RN RSB A R E T, AT T B R R R
(Scheme 2-7a). I 2 & 2,2,6,6-V4 FELIRIE A E H 1% (TEMPO) J5, 1la
5 2a [ [ B UFA 58 40l . HRMS Rl 3] 2-(Hb e -2-55) 208 216 B A 3k
P 5 AE HEEINEY) 6 (Figure 2-3. Figure 2-4), X E 1% M Al GE# 2 1
EHLHI, 2-MEBE L1 L FG B B A B E I A YR Z A RO EE R i . B
TER A TIRAN AT, (HP= 2 [FK A 63% (Scheme 2-7b). 4 R M.7E TG /K
DMSO H T N HEATI, 3a (77 F R ZFEKE 17% (Scheme 2-7¢). 4
SRR, AR AR | R [ R DS B, A T B TR KA 1% R
e, A oK DMSO fE AR, R INAS [F) 2 & K 3EAT 7 SE56
(Scheme 2-7d). Z5RKH, 2 HEMKE LSBURIEZEN . AL, RNTETE
2B T T, ST 5 ATCRAH M 3a (Scheme 2-7e), A RHERR
TGS RS AT e
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Et0,C

/ A TEMPO (2 equiv)
(a) o+ | —_—
N N CO2Et  standard conditions
\
Ac

1a 2a
EtO,C
/ X
() o + | NS _
N N CO,Et DMSO
\ o]
e N,, 80 °C, 8h
1a 2a
EtO,C
/ X
(c) 0 + @\/ L
N N CO,Et dry DMSO
\ o}
Mo N5, 80 °C, 8h
1a 2a
EtO,C,
/ A
(d) 0 + Ej\/ L»
N N CO,Et dry DMSO
\ air, 80 °C, 8h
Ac
1a 2a
H>0 (1 equiv)
H,0 (2 equiv)
H50 (5 equiv)
EtO,C
/ B standard conditions
(e) o+ | -
N pZ CO,Et in dark
\ N
Ac
1a 2a

EtO,C
= X
EtO,C \_N_
H
N

“Ac

3a, trace

EtO,C

X

EtO,C \ N o
H

N\

Ac

3a, 63%

Et0,C

X

EtO,C \_N _
H

N\

Ac

3a, 17%

EtO,C

SR

EtO,C \ N o
H

N\

Ac

3a
66%
84%
81%

Et0,C

EtO,C =S
2 N\_N
Z
H
N\
Ac

3a, 82%

® Lo
N CO,Et CO,Et
0 + EtO,C O0—N
N 0
N
Ac
5 6

(both detected by HRMS)

Scheme 2-7 Control Experiments
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1

240924-5-XH-1 13 (0.105) 1: TOF MS ES+
P 3432005 1.52e5]
| X
Z CO,Et
N 2
—
Q
N
5
=| Calcd for C4gHogN,0O3Na [M + Na]* 343.1998;
Found 343.2005
344 2027
3452127
346.1272
. 3‘33.3“4 3301333 3400767 3412674 342 1241 3430705 |343.22%6 345'“3% 345.6338 F‘ﬁ - }4 71291 81060 3488402 -
338 338 340 341 342 343 344 345 346 347 348 a9
Figure 2-3. HRMS of free radical trapping adduct 5
1
240924-5-XH-1 38 (0.256) 1: TOF MS ES+
100 580.3023
x
AN
-— CO,Et
O
N
Ac
6
ol Calcd for C32H42N307 [M + H]+ 580.3023;
° Found 580.3023
580.2817
580.2015
579.8081 580.8693 581.2297
5812036
s70.0838 5808452 )
; 581.2507
76 6520 sso,inarseao‘ons ‘ BOIE sz 5807457507954 6809935 o 4ioo
. L1 L1 L | L1 MANIEN ‘ m L.
580 581

Figure 2-4. HRMS of free radical trapping adduct 6
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TR TR A 28 3

BT FIR SRI 5 RAH OGSOk, FRATHEH 7 —FP AT BERALE], LA 1a A0
2a JEH 3a M, 40 Scheme 2-8 Ai7R. TG, 2a 5 NIS YL H A4 A
FiE R A G5 C-T I, 7= A P afs B A E Xk, AR5, Pk
B 5 1a KA HHEEIBUR N, 724 BB EYF C, HAZE S5 E g 674
WA Do BEJG, KA TWERZEBURRRL, TR a4 E. ik E /£
i R K IAEAE TR, TERIT IR (Al 4R F, S8 5 I R I B 4k oy —
AR G. |5, GEFES T DMSOUSI8IE A <1k, 374 3a. {H
B—#r2, A E. FA G #4 HRMS #31F] (Figure 2-5- 2-7). %M
¥R AT REE R B eh 5 R A A M . 2 R T R P B B e e b
CATECT B R R R B IR TR R, AT (R R A R e 1 e R A
AL, VR R T e [ B IV o i A M R 1 R T R BT B R ]
i C A . XA T Table 2-2 H LR S B ¥ R 1A .

Scheme 2-8. Proposed Reaction Mechanism
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13

240128-17-xh-2 16 (0.094)
100+

%

| Found 417.1434

EtO,C
A
LN N
H
N\
Ac
3a

Calcd for CooHoNoOsNa [M + Na]* 417.1426;

423.1564

Found 423.1564

EtO,C
'\ Et0,C N~
O
N
\
Ac
E

Calcd for Co3Ho3NoOg [M + H]+ 423.1556;

1: TOF MS ES+
5.78e5

l424.1594
417.1434 |425.1695
a7 1536
4751487
381.1455 L
304.1164 1476.1515
91.8330 105 ggs5 205.0762 26,1342 ‘ | “ L 515.1492559 5112 8902208 680 2324 728,076 795.2628 e
e PR e et ek e L e e
50 100 150 200 250 300 350 400 450 500 550 650 700 750 800 850
Figure 2-5. HRMS of intermediate E and product 3a
13
240128-17-xh-2 14 (0.087) 1: TOF MS ES+
100+ 4411824 48.1
\ EtO,C
4421348
441.1476
: F
Calcd for Co3HosNo07 [M + H]* 441.1622;
440,5063 Found 441.1624
<
441,787
442.0130
4408567
0 T T m/z
441 442

Figure 2-6. HRMS of intermediate F
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13
240128-17-xh-2 8 (0.065) 1: TOF MS ES+
100+ 397.1764 1.42ed

EtO,C

EtO,C

ZT

Ac

G

| Calcd for CooHosNoO5 [M + H]+ 397.1763;
Found 441.1764

3991314
3981784
3922384 3030642 393.8985304.5007 3951202 39,1473 397.1361307.2082 ‘ 3000820 | 9991701 4001350 51 43 4028519 4030008
T T T T T T T T 1 T T
393 384 305 398 397 3%8 389 abo ab1 402 403

Figure 2-7. HRMS of intermediate G

2.8 KB

i bprik, AR T — ML LE R ARG b 5 2-(MEE -2-3) L RR BT A
WIRIAAL T TF M JOSE, T A Mgl Wede o B 5, JRATTER S 1R J B -
AR T T B R A AR A 1. 1.0 & 2-(HnE-2-55) 2
FREGATA4) 2 A1 1.0 245 NIS 7E DMSO T 80 °C )R M. 8 /N FERALSFAF T,
AL 50-91% Ml & BT 42 IR RAL &, JFiEIE X-56F 4 5 i AT 4k
—BWE T PSR, FINRH T RTRER ROV ALEE . X N REE AL, E
TR 2 P REATAEY), s 2T, @7 g, 5k AE
AU T2 E BRI 52 . SRR AR, R SR, A
R AE YA AR AL T — R it
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£ 3F NEFSFEMERDS 2-k E e RV ERIAL S R N
W53

3.1 LI ERSY
3.1.1 B3 515
FEAER IR, HARYER A R —

Table 3-1. Main experimental instrument

&=y Ehs) TR

BREEAL MM 400 f8[E Retsch /A )

BB Rm il L

Table 3-2. Main experimental chemicals

W4 K g AR

IR srifrat ] 24 4 i A 2k ) A R ]
TR P srifrat LR EREA PR A A

LI LR O srifrat FHF R PR A A

LR et RS EAR (Rifg) ARAR
INEAIRNE vaxiELH FiRRERH A R A

3.1.2 BRI E AR

©/CHO
NH,OH.HCI

0 0
H J Ph
0 - 0
)K/CO Et _NaOAc, HCI 5 Piperidine ] —
25 TEOH, reflux . NS 50°C, ProH V=
3h 6h
G | 7a

Scheme 3-1 Synthesis of unsaturated-isoxazolone

PLE L 7a A, 26K NaOAc (15 mmol, 1.23 ) 5B H (15 mmol,
1.04 g) BN 50 mL [BJRFEMH, RGN 20 mL 48, ¥ [BR AN 78 °C
[PIHA S R BEEE 5 min, BEJEZEIIA 4BE 4R 408 G (10 mmol, 1.30 g), f#
F TLC W | N AT Wi 4% (LR OB A lig=1:2), LWk LR ClR5E 2 FE S
PR ST B R I N SE A I AN, IR N 50 pL #hER4k 4 S N 3 h L ZE ]
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e R G IR, BRI, TRTEMAEE LR OFRAER, EEHRE=R
EHENAEHATHZNT (L8R Sl A EE=1:2) 4385 )5 159 31 58 PR o )=
Y1 (89%, 0.88 g)o BfJ5H I (8 mmol, 0.79 g) FIZKFEE J (9.6 mmol, 1.02 g)
A ZEEA 20 mL 5 A B 50 mL [REBEM S, FIIA 40 pL WREE, § 50 °C
JSE 6 h, B AR A . A B e S A WS T A 3 S I e P [
7a (83%, 1.24 g).

3.1.3 IR & R

4
0 R3 CuCl, (0.2 €q.), H,0O (2.0 eq.) R R3
0 R1 \/\ KzSzOg (1.0eq.) 1 ~3 \/\
\ — |l J\/ 4 » R\ N\J
Nx N R ball-milling Z
2 30 Hz, 30 min R2
7 2 o 8

Scheme 3-2 Synthesis of Compound 8

LLE % 8aa Nf, K 7a (0.2 mmoD). 2a (0.2 mmol). CuCl> (0.04 mmol).
K2S:0s (0.2 mmol) 1 HO (0.4 mmol) MAYEH 4 FHFEER (HE 6 mm) [f]
5 mL NS B GE b o K% B B BT B GE [ %€ 7E Retsch MM400 BFEE (X £, T=
I T~ A 1800 rpm (30 Hz) BIHEE 30 704, N SERE, H LR OBRIEMRE),
RN, MADERER, EURRA AR, S OIE%T BAR Y

8aa.

3.2 LWERSTTE
3.2.1 MK
LA S WEPERE 7a F 2-HENE 02 21 2a 1EAAYRY), ERRENLH RG0AL
RPN AR, B, FATK 7a (0.2 mmol). 2a (0.2 mmol, 1.0 X&), CuCh
(0.04 mmol, 0.2 ¥ &), K»S:0s (0.2 mmol, 1.0 %&) 5 H0O (0.2 mmol,
1.0 48 JBAE, EEREELAT TR 30 204, ] TLC X BT I, 8
SEARh B bR . W IR (NMR) 20 #, BN N B EE SK AT L) 8aa
(Table 3-3, entry 1) B )5, FRATHERIN H.0 FIEBHTIRE . BATRIIE IR
I H0 IF, JUTF%H bR 4 B (Table 3-3, entry 2), 31X ¥t B ££ 1% f2 b
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H2O 2 ). 24U I0 2.0 248K (Table 3-3, entry 3), MR R ifE, WFE
N 85%. ARTM, HREEHEHIKII =, PCRIR G —PHE 5 (Table 3-3, entries 4-
5). TR, AT T H BRI ERAE AR, W1 Cul. CuSOs SH20.
CuBr2. CuCN % (Table 3-3, entries 6-13), K ILIERZ 2 CuCl /E AL [
LR B (Table 3-3, entry 3). #RJ5, AT A AT ik (Table 3-3,
entries 14-18), K I 48 Ay 0 R 5 If JHC S B R A, JH v oo A R 4 1)
RIS B i (Table 3-3, entry 3). fJa, FATRAEA IS BRER A ¥ & AT I ik
(Table 3-3, entries 19-21), KRILILE 1.0 & WIBHEFE GBI 1152 H brr=4),
BE— 0 R I R ER AR (1 SR A RE R T DRI, e 2 B B AL R L AR A
7a. 2a (1.0 4&E). CuClh (0.2 HE). KxS:0s (1.0 &) 5 H0 (2.0 45)
TRA AEBREE S5 A IS 30 434

Table 3-3. Optimization of the Reaction Conditions*

0 EtO,C
P N\= o " (I/ [Cul  _ pp \\N ~
Nx N ~COEL  ball-milling =
30 Hz, 30 min
7a 2a 0
8aa
Entry (r[n(z)lll‘}%) (ezlég.) Aggsllltllvv; Yield” (%)
1 CuClL, (20) 1.0 K2S:05 (1.0) 63
2 CuCl: (20) K2S205 (1.0) trace
3 CuCl: (20) 2.0 K>S,0s (1.0) 85
4 CuClz (20) 3.0 K2S,0s (1.0) 78
5 CuCl: (20) 4.0 K28,0s (1.0) 67
6 Cul (20) 2.0 K>S,0s (1.0) 58
7 CuSO4 5H>0 (20) 2.0 K2S:0s (1.0) n.d.
8 CuBr; (20) 2.0 K2S:0s (1.0) 65
9 Cu(acac): (20) 2.0 K>S205 (1.0) n.d.
10 Cu(OAc)2 H,0 (20) 2.0 K>S,05 (1.0) trace
11 CuCN (20) 2.0 K2S,0s (1.0) trace
12 CuCl (20) 2.0 K2S:0s (1.0) 53
13 CuO (20) 2.0 K>S,05 (1.0) trace
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14 CuClz (20) 2.0 (NH4)2S20s (1.0) 70
15 CuCl (20) 2.0 NalOg4 (1.0) 20
16 CuCl2 (20) 2.0 KMnO4(1.0) n.d.
17 CuCl; (20) 2.0 Na»S20s (1.0) 75
18 CuClz (20) 2.0 K>Cr207 (1.0) trace
19 CuClz (20) 2.0 K>S205 (0.5) 68
20 CuCl; (20) 2.0 K>S,0s (0.8) 72
21 CuCl: (20) 2.0 K2S205 (1.2) 83

“Unless otherwise noted, the reaction conditions were as follows: 7a (0.2 mmol), 2a (0.2 mmol), a
copper salt, an oxidant, and H>O together with four stainless balls (6 mm in diameter) were milled
in a Retsch MM400 mixer mill at 30 Hz for 30 min. *Isolated yields based on 7a.

322 R R

TERIE T B RN A G, BATHZ VAN EERAT TIRER, 4R 04
fER 32, B, HET—RIIFUEM M. ERAEET, KT L
WA ARFRBACE (40 Me. OMe. Cl. Br. NO, Ml CF3) [f)5FIEME 5 2a A 2
R, {3EIAH R 540774 8ba—ma, WX HN 51-82%. £ NK, A TK S5 uEm:
PR IR O A A IR DA & P . 5 R, R o2 R
WEWY . DRIFEWy BMEMEET, B REA EIAH NI H AR A 8oa—ta, WLEER 43-71%.
BRAl, FRATHG SREME E R o IR EOR S, RN AR BRIRIEEAT, 4 LA
63%F1 46%HICRAFE] H brr=4) Sua 1 8va. B, BAIN 2-(knE-2-5) LR TS
AP R AT IR R . STEMERE 3R B gl NSRS, RN BRI 1T, B bs
P79 8ab (IR T4%. HBATH 2-MEse 744 b C s & on A Ee S Cn
RS A1 21 HAR=4) 8ac-ah, WZH 39-72%. Jitt— 54" &R WTE
HATH LR LT B o HA R i 7 R CanBR RIS, AR BIAH R H
Frr= 4 8ai H1 8aj IR 73704 63%A1 56%.
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Table 3-4. Reaction of Unsaturated Isoxazolones with 2-(Pyridin-2-yl)acetate Derivatives

under Mechanochemical Conditions®?

o) R CuCl, (0.2 eq.), H,0 (2.0 eq.) R R3
o R! f/\ K,S,0g (1.0 eq.) e j
J — + >
N N/JVR“ ball-milling NN~
30 Hz, 30 min o
7R 2 R, 8
R=H, 8aa, 85%
» 5aa, R=3-Me, 8ha, 70%
EtO,C R=4-Me, 8ba, 82% R=3-Cl. 8ia, 80% EtO,C EtO,C
R>/ \ ~X R=4-OMe, 8ca, 51% R=3-Br, 8ja, 81% ~r X A ~ X
e W R=4-C|, 8da, 78% R=2-Me, 8Ka, 69% N\_N_ | Y NNz
R=4-Br, 8a,76% R=2-Cl, 8la, 78%
o R=4-CF3, 8fa,63% R=2-Br, 8ma, 75% 9 5
_ R=3,4-di-Me, 8na, 62%
R=4-NO,, 8ga, 53% J 8oa, T1% X=0, 8pa, 43%
X=8, 8qa, 58%
Et0,C EtO,C EtO,C EtO,C E10:G
s/ N\_N P> S N\_N P> LS N\_N P> N\_N = N A
o) o) o) 0 O o
8ra, 71% 8sa, 68% 8ta,53% 8ua, 63% 8va, 46%

Q\\ o
o
S

EtO,C MeO,C \
~ <~ S 5P
N\_N_~ N\_N__~ N
Br X \ No =~ X
\
o) 0 \ N~ N~
0 0

8ab,74% 8ac, 72% [¢]
8ad, 39% 8ae, 67% 8af 63%
\ \
¢ H,COC NC
o o X S
o} o} \_N__~ N\_N__~
X eSS
\_N.__~ \_N.__~ © ©
8ai, 63% 8aj, 56%
(0] o
8ag, 43% 8ah, 41%

“Unless otherwise noted, the reaction conditions were as follows: 7 (0.2 mmol), 2 (0.2 mmol),
CuCl; (0.04 mmol), K>S>0s (0.2 mmol), and H>O (0.4 mmol) together with four stainless balls (6
mm in diameter) were milled in a Retsch MM400 mixer mill at 30 Hz for 30 min. “Isolated yields

based on 7.

3.3 LEHIARIE

Et0,G
N
N\_N__~

0]
Ethyl 3-acetyl-2-phenylindolizine-1-carboxylate (8aa). Ethyl acetate/petroleum
ether = 1:8 as the eluent; Yellow oil, 85% yield (78.3 mg); 'H NMR (500 MHz,
CDCl3) ¢ 10.07 (d, J = 7.1 Hz, 1H), 8.46 (d, J = 9.0 Hz, 1H), 7.47-7.40 (m, 4H),
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7.36-7.31 (m, 2H), 7.05 (t, J = 6.6 Hz, 1H), 4.09 (q, J = 7.1 Hz, 2H), 1.90 (s, 3H),
0.99 (t, J = 7.1 Hz, 3H); 3C NMR (126 MHz, CDCls) 6 190.1, 164.4, 141.1, 138.8,
136.4, 129.4 (2C), 129.2, 128.0 (2C), 127.9, 127.6, 122.5, 119.5, 115.4, 105.9, 59.6,
30.8, 13.9; HRMS (ESI-TOF) calcd for CisHisNOs [M + H]* 308.1287, found
308.1290.

EtO,C
X
N\_N__

0]

Ethyl 3-acetyl-2-(p-tolyl)indolizine-1-carboxylate (8ba). Ethyl acetate/petroleum
ether = 1:8 as the eluent; Yellow solid, 82% yield (79.4 mg), mp 132-134 °C; 'H
NMR (500 MHz, CDCl;) 6 10.05 (d, J= 7.1 Hz, 1H), 8.42 (d, /= 8.9 Hz, 1H), 7.41 (t,
J=17.8Hz, 1H), 7.25 (d, J= 7.5 Hz, 2H), 7.21 (d, J= 7.5 Hz, 2H), 7.02 (t, /= 6.9 Hz,
1H), 4.12 (g, J= 7.0 Hz, 2H), 2.43 (s, 3H), 1.93 (s, 3H), 1.05 (t, J = 7.0 Hz, 3H); *C
NMR (126 MHz, CDCl3) ¢ 190.1, 164.3, 141.4, 138.6, 137.5, 133.1, 129.2 (20),
129.1, 128.7 (2C), 127.4, 122.6, 119.4, 115.2, 105.9, 59.6, 30.8, 21.4, 13.9; HRMS
(ESI-TOF) calcd for C20H20NO3 [M + H]* 322.1443, found 322.1442.

EtO,C
N
/ N\_N__~

@)
Ethyl  3-acetyl-2-(4-methoxyphenyl)indolizine-1-carboxylate  (8ca).  Ethyl
acetate/petroleum ether = 1:6 as the eluent; Yellow solid, 51% yield (51.6 mg), mp
132-134 °C; 'H NMR (500 MHz, CDCl3) 6 10.05 (d, J= 7.2 Hz, 1H), 8.43 (d,J= 8.9
Hz, 1H), 7.42 (ddd, J= 8.9, 6.9, 1.1 Hz, 1H), 7.25 (dt, /= 8.7, 2.4 Hz, 2H), 7.04 (td, J
=7.0, 1.4 Hz, 1H), 6.99 (dt, J = 8.7, 2.4 Hz, 2H), 4.13 (q, J = 7.1 Hz, 2H), 3.88 (s,
3H), 1.94 (s, 3H), 1.08 (t, J = 7.1 Hz, 3H); *C NMR (126 MHz, CDCls) ¢ 190.2,
164.5, 159.5, 141.1, 138.7, 130.6 (2C), 129.2, 128.2, 127.5, 122.8, 119.5, 115.3, 113.5
(20), 106.0, 59.7, 55.4, 30.8, 14.1; HRMS (ESI-TOF) calcd for C20H20NO4 [M + H]*
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338.1392, found 338.1397.

EtO,C
S

cl N\_N__~

0]

Ethyl 3-acetyl-2-(4-chlorophenyl)indolizine-1-carboxylate (8da). Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow solid, 78% yield (79.6 mg), mp
171-173 °C; 'H NMR (500 MHz, CDCl3) 6 10.04 (d, J= 7.1 Hz, 1H), 8.44 (d, J = 8.8
Hz, 1H), 7.47-7.38 (m, 3H), 7.29 (d, /= 7.3 Hz, 2H), 7.05 (t, /= 7.0 Hz, 1H), 4.12 (q,
J=7.1 Hz, 2H), 1.93 (s, 3H), 1.06 (t, J= 7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) &
189.6, 164.1, 139.5, 138.7, 134.9, 134.0, 130.8 (2C), 129.1, 128.3 (2C), 127.7, 122.5,
119.5, 115.5, 105.8, 59.8, 30.9, 13.9; HRMS (ESI-TOF) calcd for Ci9H;7*CINO3 [M
+ H]* 342.0897, found 342.0899.

EtO.C
N

Br \N/

)

Ethyl 3-acetyl-2-(4-bromophenyl)indolizine-1-carboxylate (8ea). Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow solid, 76% yield (87.8 mg), mp
176-178 °C; 'H NMR (500 MHz, CDCl3) 6 10.03 (d, J = 7.0 Hz, 1H), 8.43 (d, /= 8.9
Hz, 1H), 7.59 (d, J = 7.4 Hz, 2H), 7.42 (t, J = 7.8 Hz, 1H), 7.23 (d, J = 7.5 Hz, 2H),
7.04 (t,J= 6.8 Hz, 1H), 4.12 (q, /= 7.0 Hz, 2H), 1.93 (s, 3H), 1.06 (t, /= 7.0 Hz, 3H);
13C NMR (126 MHz, CDCls) 6 189.4, 164.0, 139.3, 138.6, 135.3, 131.1 (2C), 131.0
(20), 129.0, 127.6, 122.3, 122.0, 119.4, 115.4, 105.6, 59.7, 30.9, 13.9; HRMS (ESI-
TOF) caled for C1oH17”BrNOs [M + H]* 386.0392, found 386.0398.

EtO,C
S

F3C \N/

O
Ethyl 3-acetyl-2-(4-(trifluoromethyl)phenyl)indolizine-1-carboxylate (8fa). Ethyl
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acetate/petroleum ether = 1:6 as the eluent; Yellow solid, 63% yield (71.3 mg), mp

192-194 °C; 'H NMR (500 MHz, CDCl3) 6 10.07 (d, J= 7.2 Hz, 1H), 8.47 (d,J= 8.9

Hz, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 7.47 (ddd, /= 8.9, 6.9, 1.1

Hz, 1H), 7.08 (td, /= 7.0, 1.4 Hz, 1H), 4.08 (q, J = 7.1 Hz, 2H), 1.90 (s, 3H), 0.97 (t,

J=17.1 Hz, 3H); 3C NMR (126 MHz, CDClz) ¢ 189.5, 164.1, 140.6, 139.1, 138.8,

130.3 (q, J = 32.6 Hz), 129.9 (2C), 129.3, 128.0, 125.0 (q, /= 3.6 Hz, 2C), 124.3 (q, J
=272.6 Hz), 122.4, 119.6, 115.7, 105.8, 59.8, 31.0, 13.7; '°F NMR (471 MHz, CDCls)
0 -62.45 (s, 1F); HRMS (ESI-TOF) calcd for C20Hi7F3NOs [M + H]* 376.1161, found
376.1160.

EtO,C
S
\_N__~

O

Ethyl 3-acetyl-2-(4-nitrophenyl)indolizine-1-carboxylate (8ga). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 53% yield (55.8 mg), mp
217-219 °C; 'H NMR (500 MHz, CDCls) 6 10.07 (d, J = 7.2 Hz, 1H), 8.47 (d, /= 9.0
Hz, 1H), 8.35 (d, J= 8.7 Hz, 2H), 7.57 (d, /= 8.7 Hz, 2H), 7.50 (ddd, /= 8.9, 7.0, 1.1
Hz, 1H), 7.12 (td, J = 7.0, 1.4 Hz, 1H), 4.12 (q, J = 7.1 Hz, 2H), 1.90 (s, 3H), 1.05 (t,
J=17.1 Hz, 3H); 3C NMR (126 MHz, CDClz) ¢ 189.1, 163.8, 147.7, 143.9, 138.7,
138.1, 130.6 (2C), 129.3, 128.2, 123.3 (2C), 122.2, 119.7, 115.9, 105.7, 60.0, 31.1,
14.0; HRMS (ESI-TOF) calcd for C19H17N20s [M + H]* 353.1137, found 353.1141.

Et0,C
N
N\_N__~

O
Ethyl 3-acetyl-2-(m-tolyl)indolizine-1-carboxylate (8ha). Ethyl acetate/petroleum
ether = 1:8 as the eluent; Yellow oil, 70% yield (67.4 mg); 'H NMR (500 MHz,
CDCl3) 6 10.05 (dt, J = 7.2, 1.0 Hz, 1H), 8.44 (dt, J = 8.9, 1.2 Hz, 1H), 7.41 (ddd, J =
8.9,6.9, 1.2 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 7.7 Hz, 1H), 7.15 (s, 1H),
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7.13 (d, J = 7.6 Hz, 1H), 7.03 (td, J = 7.0, 1.4 Hz, 1H), 4.14-4.05 (m, 2H), 2.41 (s,
3H), 1.92 (s, 3H), 1.00 (t, J = 7.1 Hz, 3H); '*C NMR (126 MHz, CDCls) ¢ 190.1,
164.3, 141.2, 138.7, 137.4, 136.2, 130.0, 129.1, 128.5, 127.8, 127.5, 126.5, 122.5,
119.4, 115.2, 105.8, 59.5, 30.7, 21.5, 13.8; HRMS (ESI-TOF) caled for CaH20NOs [M
+ H]* 322.1443, found 322.1443.

EtO,C
S
N\_N__

Cl
(@)

Ethyl 3-acetyl-2-(3-chlorophenyl)indolizine-1-carboxylate (8ia). Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow solid, 80% yield (81.7 mg), mp
106-108 °C; 'H NMR (500 MHz, CDCls) 6 10.04 (d, J = 7.1 Hz, 1H), 8.46 (d, /= 9.0
Hz, 1H), 7.46-7.36 (m, 4H), 7.24 (d, J = 7.3 Hz, 1H), 7.05 (td, J = 6.9, 1.1 Hz, 1H),
4.17-4.03 (m, 2H), 1.94 (s, 3H), 1.02 (t, /= 7.1 Hz, 3H); *C NMR (126 MHz, CDCls)
0 189.5, 164.0, 138.9, 138.7, 138.2, 133.8, 129.6, 129.2, 129.1, 128.0, 127.8, 127.7,
122.3, 119.5, 1155, 105.8, 59.7, 309, 13.8; HRMS (ESI-TOF) calcd for
C19H17°CINOs [M + H]* 342.0897, found 342.0892.

EtO,C

N\_N__~

Br
(0]

Ethyl 3-acetyl-2-(3-bromophenyl)indolizine-1-carboxylate (8ja). Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow solid, 81% yield (93.9 mg), mp
173-175 °C; 'H NMR (500 MHz, CDCl3) 6 10.04 (d, J= 7.1 Hz, 1H), 8.44 (d,J=9.0
Hz, 1H), 7.59 (d, J = 8.2 Hz, 2H), 7.44 (t, J = 7.9 Hz, 1H), 7.23 (d, J = 8.3 Hz, 2H),
7.05 (t,J=6.9 Hz, 1H), 4.12 (q, J = 7.1 Hz, 2H), 1.93 (s, 3H), 1.06 (t,J = 7.1 Hz, 3H);
3C NMR (126 MHz, CDCls) 6 189.6, 164.1, 139.4, 138.7, 135.4, 131.2 (2C), 131.1
(20), 129.2, 127.8, 122.4, 122.2, 119.5, 115.5, 105.8, 59.8, 31.0, 13.9; HRMS (ESI-
TOF) calcd for Ci19H17”°BrNO;3 [M + H]* 386.0392, found 386.0391.
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Ethyl 3-acetyl-2-(o-tolyl)indolizine-1-carboxylate (8ka). Ethyl acetate/petroleum
ether = 1:8 as the eluent; Yellow solid, 69% yield (66.5 mg), mp 98-100 °C; 'H NMR
(500 MHz, CDCl3) 0 10.11 (d, J = 7.2 Hz, 1H), 8.48 (d, J = 9.0 Hz, 1H), 7.44 (ddd, J
=8.9, 6.9, 1.1 Hz, 1H), 7.35-7.28 (m, 2H), 7.26 (t, J = 7.3 Hz, 1H), 7.16 (d, J = 7.4
Hz, 1H), 7.06 (td, /= 7.0, 1.4 Hz, 1H), 4.14-4.02 (m, 2H), 2.12 (s, 3H), 1.87 (s, 3H),
0.97 (t, J = 7.2 Hz, 3H); '*C NMR (126 MHz, CDCls) § 189.8, 164.3, 140.5, 139.2,
136.13, 136.11, 129.7, 129.4, 129.0, 128.1, 127.6, 125.6, 121.8, 119.4, 115.3, 105.4,
59.6, 30.0, 20.2, 13.8; HRMS (ESI-TOF) calcd for C20H20NO3; [M + H]* 322.1443,
found 322.1437.

EtO,C

N\_N__~

Cl
@)

Ethyl 3-acetyl-2-(2-chlorophenyl)indolizine-1-carboxylate (8la). Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow solid, 78% yield (80.2 mg), mp
78-80 °C; 'H NMR (500 MHz, CDCl3) 6 10.08 (d, J = 7.1 Hz, 1H), 8.49 (d, J = 9.0
Hz, 1H), 7.51 (d, J = 7.8 Hz, 1H), 7.45 (t, /= 7.9 Hz, 1H), 7.40 (t, J = 6.6 Hz, 1H),
7.36 (t,J=17.3 Hz, 1H), 7.31 (d, J = 7.3 Hz, 1H), 7.07 (t, /= 7.0 Hz, 1H), 4.17-4.03
(m, 2H), 1.95 (s, 3H), 0.99 (t, J = 7.1 Hz, 3H); *C NMR (126 MHz, CDCls) J 189.5,
164.0, 139.0, 137.4, 135.8, 133.7, 130.9, 129.5, 129.35, 129.31, 127.7, 126.6, 122.0,
119.6, 115.5, 105.6, 59.7, 29.9, 13.8; HRMS (ESI-TOF) calcd for Ci9H;7*CINO3 [M
+ H]" 342.0897, found 342.0897.
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EtO,C
< X
N\_N__~

Br
(0]

Ethyl  3-acetyl-2-(2-bromophenyl)indolizine-1-carboxylate =~ (8ma).  Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow solid, 75% yield (83.2 mg), mp
61-63 °C; 'H NMR (500 MHz, CDCIz) 6 10.08 (d, J = 7.2 Hz, 1H), 8.49 (d, J= 9.0
Hz, 1H), 7.69 (d, J = 7.8 Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H), 7.40 (t, J = 6.9 Hz, 1H),
7.34-7.27 (m, 2H), 7.05 (td, J = 7.0, 1.0 Hz, 1H), 4.18-4.01 (m, 2H), 1.95 (s, 3H),
0.99 (t, J = 7.2 Hz, 3H); 13C NMR (126 MHz, CDCl3) 6 189.3, 163.9, 138.9, 138.8,
137.8, 132.4, 130.8, 129.5, 129.2, 127.5, 127.1, 124.0, 121.7, 119.5, 115.4, 105.4,
59.6, 30.0, 13.8; HRMS (ESI-TOF) calcd for CioH177°BrNOs [M + H]* 386.0392,
found 386.0381.

EtO,C
X
N\_N__

0]

Ethyl 3-acetyl-2-(3,4-dimethylphenyl)indolizine-1-carboxylate (8na). Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow oil, 62% yield (62.3 mg); 'H NMR
(500 MHz, CDCl3) 6 10.05 (d, J = 6.9 Hz, 1H), 8.41 (d, /= 8.9 Hz, 1H), 7.39 (t, J =
7.8 Hz, 1H), 7.19 (d, J= 7.5 Hz, 1H), 7.10 (s, 1H), 7.05 (d, J = 7.6 Hz, 1H), 7.01 (t, J
= 6.9 Hz, 1H), 4.19-4.06 (m, 2H), 2.34 (s, 3H), 2.31 (s, 3H), 1.94 (s, 3H), 1.05 (t, J =
7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) 6 190.2, 164.3, 141.5, 138.6, 136.0, 135.9,
133.4, 130.5, 129.2, 129.1, 127.3, 126.8, 122.6, 119.4, 115.1, 105.8, 59.5, 30.7, 19.8,
19.7, 13.9; HRMS (ESI-TOF) caled for C21H2NO; [M + HJ" 336.1600, found
336.1607.
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Ethyl  3-acetyl-2-(naphthalen-2-yl)indolizine-1-carboxylate (80a). Ethyl
acetate/petroleum ether = 1:6 as the eluent; Yellow solid, 71% yield (75.9 mg), mp
96-98 °C; 'H NMR (500 MHz, CDClz) 6 10.09 (d, J = 7.1 Hz, 1H), 8.48 (d, J = 8.9
Hz, 1H), 7.98-7.88 (m, 2H), 7.87-7.82 (m, 1H), 7.80 (s, 1H), 7.55-7.50 (m, 2H), 7.49
(d, J=8.4 Hz, 1H), 7.45 (t, /= 7.9 Hz, 1H), 7.06 (t, /= 6.7 Hz, 1H), 4.03 (q, J=7.1
Hz, 2H), 1.87 (s, 3H), 0.82 (t, /= 7.1 Hz, 3H); 3C NMR (126 MHz, CDCI3) ¢ 190.1,
164.4,140.9, 138.8, 133.8, 133.1, 132.9, 129.2, 128.4, 128.1, 127.9, 127.7 (2C), 127.5,
126.4, 126.3, 122.8, 119.5, 115.4, 106.1, 59.7, 30.9, 13.8; HRMS (ESI-TOF) calcd for
C23H20NO3 [M + H]" 358.1443, found 358.1444.

EtO,C

N\_ /7
IO N\_N__~

@)

Ethyl 3-acetyl-2-(furan-2-yl)indolizine-1-carboxylate (8pa). Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow oil, 43% yield (38.3 mg); 'H NMR
(500 MHz, CDCl3) 6 9.98 (d, J = 7.2 Hz, 1H), 8.42 (d, J=9.0 Hz, 1H), 7.63 (d, J =
1.6 Hz, 1H), 7.41 (ddd, J = 8.9, 7.0, 1.0 Hz, 1H), 7.04 (td, J = 7.0, 1.3 Hz, 1H), 6.58
(dd, J=3.2, 1.9 Hz, 1H), 6.51 (d, J = 3.3 Hz, 1H), 4.22 (q, J = 7.1 Hz, 2H), 2.07 (s,
3H), 1.21 (t, J = 7.1 Hz, 3H); *C NMR (126 MHz, CDCIl3) ¢ 189.8, 163.8, 145.8,
142.4, 138.3, 128.8, 128.6, 127.4, 123.3, 119.7, 115.7, 111.5, 111.3, 106.8, 59.9, 28.8,
14.2; HRMS (ESI-TOF) calcd for C17H16NO4 [M + H]* 298.1079, found 298.1076.

EtO,C
" X
> N\_N__~
S
(@]

Ethyl 3-acetyl-2-(thiophen-2-yl)indolizine-1-carboxylate (8qa). Ethyl
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acetate/petroleum ether = 1:8 as the eluent; Yellow oil, 58% yield (54.4 mg); '"H NMR
(500 MHz, CDCIl3) ¢ 10.03 (d, J= 7.2 Hz, 1H), 8.44 (d, J=9.0 Hz, 1H), 7.48 (dd, J =
5.1, 1.1 Hz, 1H), 7.43 (ddd, J = 8.9, 6.9, 1.1 Hz, 1H), 7.13 (dd, J = 5.1, 3.5 Hz, 1H),
7.08-7.02 (m, 2H), 4.17 (q, J= 7.1 Hz, 2H), 2.11 (s, 3H), 1.11 (t, /= 7.1 Hz, 3H); 13C
NMR (126 MHz, CDCl3) ¢ 190.2, 164.1, 138.6, 135.7, 132.5, 129.0, 128.5, 127.6,
126.9, 126.8, 123.5, 119.6, 115.6, 107.2, 59.8, 29.8, 14.0; HRMS (ESI-TOF) calcd for
C17H1sNOsS [M + H]* 314.0851, found 314.0850.

Ethyl 3-acetyl-2-(thiophen-3-yl)indolizine-1-carboxylate (8ra). Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow solid, 71% yield (66.7 mg), mp
76-78 °C; 'H NMR (500 MHz, CDClz) 6 10.02 (d, J = 7.2 Hz, 1H), 8.44 (d, J= 9.0
Hz, 1H), 7.44-7.39 (m, 2H), 7.20 (dd, J = 3.0, 1.2 Hz, 1H), 7.11 (dd, J = 4.9, 1.2 Hz,
1H), 7.03 (td, J=7.0, 1.4 Hz, 1H), 4.14 (q, J = 7.1 Hz, 2H), 2.00 (s, 3H), 1.09 (t, J =
7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) ¢ 190.0, 164.3, 138.8, 135.7, 135.3, 129.3,
129.0, 127.5, 125.1, 123.9, 122.8, 119.4, 115.3, 106.2, 59.7, 30.0, 14.0, HRMS (ESI-
TOF) calcd for Ci7HisNOsS [M + H]* 314.0851, found 314.0859.

EtO,C
\ 5"
N\ _N__~
S
(@]

Ethyl 3-acetyl-2-(benzo|b]|thiophen-2-yl)indolizine-1-carboxylate (8sa). Ethyl
acetate/petroleum ether = 1:6 as the eluent; Yellow solid, 68% yield (73.9 mg), mp
177-179 °C; 'H NMR (500 MHz, CDCl3) 6 10.05 (d, J = 7.2 Hz, 1H), 8.47 (d,J=9.0
Hz, 1H), 7.87 (d, J= 7.8 Hz, 1H), 7.82 (d, J= 7.2 Hz, 1H), 7.44 (ddd, /= 8.8, 7.0, 1.0
Hz, 1H), 7.42-7.35 (m, 2H), 7.28 (s, 1H), 7.07 (td, J = 7.0, 1.3 Hz, 1H), 4.12 (q, J =
7.1 Hz, 2H), 2.20 (s, 3H), 0.94 (t, J = 7.1 Hz, 3H); '3C NMR (126 MHz, CDCl3) ¢
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190.1, 163.9, 141.0, 139.7, 138.7, 136.6, 132.1, 129.1, 127.7, 125.4, 124.6 (2C), 123.8,
123.3, 122.2, 119.7, 115.8, 107.1, 59.9, 30.0, 13.8; HRMS (ESI-TOF) caled for
C21H1sNOsS [M + H]" 364.1007, found 364.1005.

EtO,C

Ethyl 3-acetyl-2-(thiazol-5-yl)indolizine-1-carboxylate (8ta). Ethyl
acetate/petroleum ether = 1:2 as the eluent; Yellow solid, 53% yield (49.9 mg), mp
100-102 °C; '"H NMR (500 MHz, CDCI3) ¢ 10.02 (d, J = 6.8 Hz, 1H), 9.01 (s, 1H),
8.47 (d, J=8.8 Hz, 1H), 7.83 (s, 1H), 7.45 (t, /= 7.6 Hz, 1H), 7.08 (t, J = 6.2 Hz, 1H),
4.16 (q, J = 6.9 Hz, 2H), 2.09 (s, 3H), 1.11 (t, J = 6.9 Hz, 3H); '3C NMR (126 MHz,
CDCls) 0 189.3, 163.6, 154.2, 143.5, 138.7, 130.7, 128.9, 127.8, 127.4, 123.4, 119.5,
115.9, 107.2, 59.9, 30.3, 14.0; HRMS (ESI-TOF) calcd for CisHisN203S [M + H]*
315.0803, found 315.0806.

EtO,C
X
N\_N__~

@)

Ethyl 2-phenyl-3-propionylindolizine-1-carboxylate (8ua). Ethyl acetate/petroleum
ether = 1:8 as the eluent; Yellow oil, 63% yield (61.2 mg); 'H NMR (500 MHz,
CDCl) 6 10.06 (d, J = 7.2 Hz, 1H), 8.45 (d, J = 8.9 Hz, 1H), 7.47-7.39 (m, 4H),
7.35-7.31 (m, 2H), 7.03 (td, /= 7.0, 1.2 Hz, 1H), 4.08 (q, J = 7.1 Hz, 2H), 2.15 (q, J
= 7.3 Hz, 2H), 0.99 (t, J= 7.1 Hz, 3H), 0.92 (t, J = 7.3 Hz, 3H); 1*C NMR (126 MHz,
CDCl3) 0 193.8, 164.5, 140.3, 138.8, 136.5, 129.4 (2C), 129.2, 128.0 (2C), 127.9,
127.4, 122.4, 119.5, 115.3, 105.8, 59.6, 35.0, 13.9, 8.9; HRMS (ESI-TOF) calcd for
C20H20NO3 [M + H]* 322.1443, found 322.1139.
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Ethyl 3-benzoyl-2-phenylindolizine-1-carboxylate (8va). Ethyl acetate/petroleum
ether = 1:8 as the eluent; Yellow solid, 46% yield (51.0 mg), mp 112-114 °C; 'H
NMR (500 MHz, CDCl3) 6 9.61 (d, J= 7.1 Hz, 1H), 8.46 (d, J=9.0 Hz, 1H), 7.42 (t,
J=17.7Hz, 1H), 7.35 (d, J = 7.3 Hz, 2H), 7.15 (t, /= 7.4 Hz, 1H), 7.11-7.06 (m, 2H),
7.06-6.93 (m, 6H), 4.16 (q, J = 7.1 Hz, 2H), 1.07 (t, J= 7.1 Hz, 3H); *C NMR (126
MHz, CDCl;) ¢ 188.5, 164.5, 140.4, 139.5, 139.3, 134.0, 131.3 (2C), 131.1, 129.3
(20), 128.2, 127.5 (2C), 127.3, 127.2, 126.8 (2C), 122.4, 119.9, 115.0, 104.9, 59.8,
14.0; HRMS (ESI-TOF) calcd for C24H19NO3Na [M + Na]" 392.1263, found 392.1268.

EtO,C
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Ethyl 3-acetyl-6-bromo-2-phenylindolizine-1-carboxylate (8ab). Ethyl
acetate/petroleum ether = 1:8 as the eluent; Yellow solid, 74% yield (85.5 mg), mp
111-113 °C; '"H NMR (500 MHz, CDCI3) ¢ 10.25 (s, 1H), 8.35 (d, J = 9.5 Hz, 1H),
7.48 (dd, J=9.5, 1.5 Hz, 1H), 7.46-7.42 (m, 3H), 7.34-7.30 (m, 2H), 4.08 (q, J= 7.1
Hz, 2H), 1.90 (s, 3H), 0.97 (t, /= 7.1 Hz, 3H); 3C NMR (126 MHz, CDCl3) § 190.2,
164.0, 140.8, 136.8, 135.8, 130.6, 129.3 (2C), 129.1, 128.1, 128.0 (2C), 122.5, 120.0,
110.3, 106.6, 59.8, 30.7, 13.8; HRMS (ESI-TOF) calcd for Ci19H17”°BrNO3; [M + H]*
386.0392, found 386.0395.

M802C
SN
N\_N__~

O
Methyl 3-acetyl-2-phenylindolizine-1-carboxylate (8ac). Ethyl acetate/petroleum
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ether = 1:8 as the eluent; Yellow solid, 72% yield (63.4 mg), mp 135-137 °C; 'H
NMR (500 MHz, CDCl;) ¢ 10.06 (dt, J = 7.2, 1.0 Hz, 1H), 8.42 (dt, /= 9.0, 1.2 Hz,
1H), 7.48-7.41 (m, 4H), 7.36-7.32 (m, 2H), 7.05 (td, J = 7.0, 1.4 Hz, 1H), 3.65 (s,
3H), 1.89 (s, 3H); 3C NMR (126 MHz, CDCl3) 6 190.2, 164.7, 141.3, 138.6, 136.1,
129.4 (2C), 129.3, 128.1 (2C), 128.0, 127.7, 122.7, 119.6, 115.4, 105.6, 51.0, 30.7;
HRMS (ESI-TOF) caled for Ci1sH1sNOs [M + H]* 294.1130, found 294.1131.

2-Isopropyl-5-methylcyclohexyl 3-acetyl-2-phenylindolizine-1-carboxylate (8ad).
Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow oil, 39% yield (49.3 mg); 'H
NMR (500 MHz, CDCl;) ¢ 10.06 (d, J= 7.1 Hz, 1H), 8.52 (dt, /= 9.0, 1.1 Hz, 1H),
7.47-7.39 (m, 4H), 7.36-7.29 (m, 2H), 7.04 (td, J = 7.0, 1.4 Hz, 1H), 4.70 (td, J =
10.8, 4.4 Hz, 1H), 1.97-1.92 (m, 1H), 1.89 (s, 3H), 1.64-1.58 (m, 1H), 1.56—1.49 (m,
2H), 1.44-1.38 (m, 1H), 0.99-0.90 (m, 1H), 0.85 (d, J = 8.3 Hz, 3H), 0.81-0.65 (m,
3H), 0.74 (d, J= 7.0 Hz, 3H), 0.64 (d, J= 7.0 Hz, 3H); 3*C NMR (126 MHz, CDCl3) 6
190.1, 164.1, 140.7, 139.1, 136.7, 129.6 (2C), 129.2, 127.9 (2C), 127.8, 127.6, 122.6,
119.6, 115.4, 106.3, 73.3, 46.8, 41.0, 34.4, 31.5, 30.8, 25.7, 23.0, 22.1, 21.1, 16.0;
HRMS (ESI-TOF) calcd for C27H32NO; [M + H]" 418.2382, found 418.2380.
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Benzyl 3-acetyl-2-phenylindolizine-1-carboxylate (8ae). Ethyl acetate/petroleum
ether = 1:8 as the eluent; Yellow solid, 67% yield (74.5 mg), mp 71-73 °C; '"H NMR
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(500 MHz, CDCls) 6 10.05 (dt, J = 7.2, 1.0 Hz, 1H), 8.46 (dt, J = 9.0, 2.4 Hz, 1H),
7.43-7.37 (m, 4H), 7.35-7.31 (m, 2H), 7.27-7.23 (m, 3H), 7.06-6.99 (m, 3H), 5.11 (s,
2H), 1.86 (s, 3H); 3C NMR (126 MHz, CDCls) § 190.1, 164.2, 140.9, 139.0, 136.15,
136.08, 129.5 (2C), 129.2, 128.4 (2C), 128.1 (2C), 128.0 (3C), 127.85, 127.78, 122.8,
119.6, 115.4, 105.4, 65.7, 30.7; HRMS (ESI-TOF) calcd for CosH2oNOs [M + HJ*
370.1443, found 370.1443.
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Cinnamyl 3-acetyl-2-phenylindolizine-1-carboxylate (8af). Ethyl acetate/petroleum
ether = 1:8 as the eluent; Yellow solid, 63% yield (74.5 mg), mp 71-73 °C; '"H NMR
(500 MHz, CDCIl3) ¢ 10.06 (dt, J = 7.2, 0.9 Hz, 1H), 8.47 (dt, J = 9.0, 1.1 Hz, 1H),
7.45-7.39 (m, 4H), 7.37-7.35 (m, 2H), 7.33-7.31 (m, 4H), 7.28-7.23 (m, 1H), 7.05
(td, J=17.0, 1.4 Hz, 1H), 6.40 (dt, J = 16.0, 1.3 Hz, 1H), 5.99 (dt, J = 15.9, 6.3 Hz,
1H), 4.72 (dd, J= 6.3, 1.4 Hz, 2H), 1.90 (s, 3H); 1*C NMR (126 MHz, CDCl3) 6 190.1,
164.1, 141.1, 138.9, 136.6, 136.3, 133.3, 129.5 (2C), 129.3, 128.7 (2C), 128.1 (20),
128.03, 127.97, 127.8, 126.6 (2C), 123.6, 122.7, 119.6, 115.4, 105.6, 64.4, 30.8;
HRMS (ESI-TOF) caled for C26H22NOs [M + H]* 396.1600, found 396.1607.

3,7-Dimethyloct-6-en-1-yl 3-acetyl-2-phenylindolizine-1-carboxylate (8ag). Ethyl
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acetate/petroleum ether = 1:8 as the eluent; Yellow oil, 43% yield (53.7 mg); '"H NMR
(500 MHz, CDCIl3) ¢ 10.06 (dt, J = 7.2, 1.0 Hz, 1H), 7.04 (dt, J = 9.0, 1.1 Hz, 1H),
7.46-7.40 (m, 4H), 7.36-7.32 (m, 2H), 7.04 (td, J = 7.0, 1.4 Hz, 1H), 5.09-5.04 (m,
1H), 4.15-4.09 (m, 1H), 4.07-4.01 (m, 1H), 2.01-1.83 (m, 2H), 1.88 (s, 3H), 1.67 (s,
3H), 1.60 (s, 3H), 1.43-1.34 (m, 1H), 1.28-1.20 (m, 2H), 1.19-1.12 (m, 1H), 1.11-
1.03 (m, 1H), 0.79 (d, J = 6.5 Hz, 3H); '3C NMR (126 MHz, CDCl3) ¢ 190.1, 164.6,
140.9, 138.9, 136.4, 131.3, 129.5 (2C), 129.2, 128.1 (2C), 127.9, 127.6, 124.8, 122.7,
119.6, 115.4, 105.9, 62.2, 37.0, 35.4, 30.7, 29.2, 25.8, 25.5, 19.3, 17.8; HRMS (ESI-
TOF) calcd for C27H32NO3 [M + H]* 418.2382, found 418.2379.

(E)-3,7-Dimethylocta-2,6-dien-1-yl 3-acetyl-2-phenylindolizine-1-carboxylate
(8ah). Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow oil, 41% yield (51.3
mg); 'H NMR (500 MHz, CDCl3) 6 10.06 (d, J= 7.1 Hz, 1H), 8.45 (d, J = 8.9 Hz, 1H),
7.46-7.40 (m, 4H), 7.35-7.31 (m, 2H), 7.04 (td, J = 7.0, 1.4 Hz, 1H), 5.11-5.07 (m,
1H), 5.06-5.02 (m, 1H), 4.57 (d, J = 6.9 Hz, 2H), 2.09-2.03 (m, 2H), 2.00—1.95 (m,
2H), 1.89 (s, 3H), 1.69 (s, 3H), 1.62 (s, 3H), 1.59 (s, 3H); 13C NMR (126 MHz, CDCl3)
0 190.1, 164.4, 141.4, 141.1, 138.8, 136.3, 131.9, 129.5 (2C), 129.2, 128.0 (2C),
127.9, 127.6, 124.0, 122.6, 119.6, 118.5, 115.4, 105.9, 60.8, 39.5, 30.8, 26.4, 25.8,
17.8, 16.6; HRMS (ESI-TOF) caled for C»7H30NOs [M + H]" 416.2226, found
416.2221.
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1,1'-(2-Phenylindolizine-1,3-diyl)bis(ethan-1-one) (8ai). Ethyl acetate/petroleum
ether = 1:6 as the eluent; Yellow solid, 63% yield (52.4 mg), mp 163-165 °C; 'H
NMR (500 MHz, CDCl;) ¢ 10.08 (d, J= 7.1 Hz, 1H), 8.72 (d, /= 9.0 Hz, 1H), 7.55—
7.47 (m, 4H), 7.45-7.40 (m, 2H), 7.10 (td, J = 7.0, 1.2 Hz, 1H), 1.87 (s, 3H), 1.83 (s,
3H); 3C NMR (126 MHz, CDCls) 6 195.2, 190.0, 139.9, 138.8, 136.4, 129.9 (2C),
129.1, 128.9 (4C), 122.4, 120.5, 116.2, 115.6, 30.9, 30.7; HRMS (ESI-TOF) calcd for
CisH16NO2 [M + H]" 278.1181, found 278.1182.

NC
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3-Acetyl-2-phenylindolizine-1-carbonitrile (8aj). Ethyl acetate/petroleum ether =
1:6 as the eluent; Yellow solid, 56% yield (44.0 mg), mp 132—134 °C; 'H NMR (500
MHz, CDCl;) ¢ 10.00 (dt, J = 7.2, 1.0 Hz, 1H), 7.79 (dt, J = 8.8, 1.2 Hz, 1H), 7.55—
7.50 (m, 3H), 7.49-7.45 (m, 3H), 7.10 (td, J = 7.0, 1.4 Hz, 1H), 2.05 (s, 3H); 13C
NMR (126 MHz, CDCl3) 6 189.5, 142.1, 139.6, 133.0, 129.7 (3C), 129.4, 128.9 (2C),
1279, 121.7, 117.2, 116.0, 115.1, 87.4, 30.5; HRMS (ESI-TOF) calcd for
C17H12N2ONa [M + Na]" 283.0847, found 283.0852.

3.4 RZHEIRR
RE RN TS  E HEEIR R, FRATHET T B ARk (Scheme 3-
o MO 2 B8 2,2,6,6-V0 LR IE & H & (TEMPO, —Fi W B B &4
A S5, Ta 5 2a B RBLFHE MBS RO RBRIEIT A EE, 5y
%ﬁT2WM®ﬂ%Z&Z%M§$ﬁ% KrEW S, X — 5 SRR W% N AT g
ot H AR AT
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Scheme 3-4 Controlled experiment

BET 1R S0 45 ORI OGSk E , FRATTHR T 7a 1 2a JE AR 8aa ] AE
M| (Scheme 3-5). B, 2a HHIECAI A H HEH A AL BEE, Hk A
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Cu(II) cul Cu ||) cuh
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2a

NH Ph

@C02Et 47 /‘P;COZE <— N )—CO,Et <— @COZE

Scheme 3-5 Plausible mechanism for the reaction
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Figure S2. *C NMR (126 MHz, CDCl;3) of compound 3a
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Figure S20. '3C NMR (126 MHz, CDCls) of compound 3ak
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Figure S29. 'H NMR (500 MHz, CDCls) of compound 8ba
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Figure S41. 3C NMR (126 MHz, CDCls) of compound 8ia
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Figure S45. *C NMR (126 MHz, CDCl3) of compound 8oa
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Figure S46. 'H NMR (500 MHz, CDCls) of compound 8pa
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Figure S48. 'H NMR (500 MHz, CDCls) of compound 8ah
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Figure S49. '3C NMR (126 MHz, CDCls) of compound 8ah
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Figure S50. '"H NMR (500 MHz, CDCls) of compound 8aj
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