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Electrochemical tandem cyclization of enaminones for
the construction of nitrogen-containing heterocycles
ABSTRACT

Enaminones are an important class of organic compounds,
characterized by their broad chemical reactivity and diverse synthetic
applications. They readily participate in nucleophilic addition reactions,
catalytic processes, and are frequently employed in the construction of
complex nitrogen-containing heterocycles. Owing to their unique
structural features, enaminones play a significant role not only in
traditional synthetic chemistry but also exhibit broad application
prospects in pharmaceutical synthesis and materials science. Therefore,
the exploration of novel reaction mechanisms and the development of
green catalytic technologies have become key research directions in
enaminone chemistry. In this study, we investigated electrochemically-
driven tandem cyclization reactions of enaminones for the efficient
construction of nitrogen-containing heterocycles. By precisely tuning the
reaction conditions, including temperature, voltage, solvent, and
electrodes, we achieved the selective and efficient synthesis of imidazole
and indolizine derivatives. The details are as follows:

(1) We investigated the electrochemically-driven tandem cyclization
of enaminones and phenyl amidines promoted by halogenated reagents,

successfully constructing a series of imidazole-based heterocyclic
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compounds with potential biological activity. By optimizing and fine-
tuning the reaction conditions, we efficiently synthesized 36 structurally
diverse imidazole derivatives, demonstrating the broad applicability of
this method in the construction of molecular diversity and its excellent
substrate compatibility. Furthermore, based on experimental data and
relevant literature, we proposed a plausible radical-induced reaction
mechanism, which provides a theoretical basis for further mechanistic
studies and future reaction development.

(2) We also explored the electrochemical tandem cyclization of
enaminones with ethyl 2-pyridylacetate, promoted by halogenated
reagents under electrochemical conditions, leading to the successful
synthesis of a series of structurally novel indolizine-based heterocyclic
compounds. Through the optimization of reaction parameters, we
efficiently prepared 33 indolizine derivatives with diverse substitution
patterns, showcasing the method’ s high functional group tolerance and
broad substrate scope. In addition, a plausible radical mechanism was
proposed, and the key steps and pathways involved were systematically
analyzed and discussed.

In all these reactions, substrates bearing either electron-donating or
electron-withdrawing groups proceeded smoothly, consistently affording
moderate to excellent yields, highlighting the broad substrate tolerance

and versatility of the developed methodologies. All target products were
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fully characterized by 'H NMR , '*C NMR and HRMS, with data
consistent with the proposed structures. This methodology offers several
advantages, including mild reaction conditions, readily available starting
materials, operational simplicity, excellent regioselectivity, and good
functional group compatibility. Moreover, the reactions could be scaled
up to the gram scale without significant loss of efficiency, demonstrating
excellent synthetic practicality. Overall, this work provides a simple and
reliable strategy for the green and efficient synthesis of nitrogen-

containing heterocycles.

KEY WORDS:
Enaminone; Electrocatalysis; Nitrogen-containing heterocycles;

Imidazole; Indolizine
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Ar
/H H\ C(+)/Pt(-), J= 0.5 mA/cm? N
Ar Ar > l\ll
O O HFIP, RT, "Bu,NPF, A
0
65 66
F&R1-17

Waldvogel IRARZHBIT 2018 - FF & 1 F= T 0 BT 14k () FELAK 2% A Ak R
SERR T NI SRR 67 3 5-55 FF SE-2-Emenik 68 HISR & . AR R AR P
AL R AL AE ) TR, A2t T N-J P R I 1) A 7, M 1 & 2-
R IBR A S o i I 7E J0 B i P Attty o -1 LR 2% F SR SE R, L A TV 41
B R FavE, JEREG T AN AR, R B A1 E R
2. MUHIE TR, 12RO S ES B F h RARAE  4r T G AR T
ISR BT S R IR, A BRI TG G B & R T —Fhml Lk
MR, B&—2NAISa LA BN HE .

F
0]
)J\ 4-methyliobenzene (1.0 eq.) o/g
P o
Ar N/\/ PH+)P-)S = 50 mAlem® <
DCM, Et3N-5HF, rt Ar
67 68

TR 1-18

2021 £, Xu BR@EASIF R T Mz A5, SEI T N-J5 56T
69 7 2 FF IR 70 (1 FLHEAL & e % S BAE TS AT I FRPEAR AR T, RAE

12
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TR TE R, R AMMEARI S, BV E A, FFAE S Ei s
B, RO B E BRI IT R 1 5 e R H AT R R K 5 g A2 o

NH /[::] RVC(+)/Pt(-), 10mA \N/<;j>

N Et,NPF, (1 equiv) N
| MeOH/THF (5:1)
reflux
69 70
HE1-19

2021 4F, Zheng BRBIHBOIH T —Fh AL S IO, SEIL T 2- 404
FEORM i 71 1) 51 72 IEEA . AR R A HUAAGE A ), £ mAk
FEAHIKAT T, Wi A AR RO C-N B, AT 3R K 2,3-
RBIATAEY . ZHERETENN . GEAE. RIS RS REE, Al
B BR AR 2 0 5 R Bt T ATAT MR TT R

R? R2
o X R? RVC(+)/Pt(-) _
R1:—(/:E‘\/ organocatalyst (15 mol"[) R1@7R3
NH "BuyNPFg (1 equiv) Yo
Ts MeCN/H,0, 55 °C 79

71

FTE 120

132 BEXFGH T O FEREE RS AR

2022 4, Chen WRABIFR T —FiH b =H 0 R, SEBLT 4-500R /M
AR 76 B R e 12N A CBEPIBR 73 4Bl 74 TR 75 NI, AE
TeAM N LA S B A AV S5 R, e R T s AE M, H sd AN LE s R [R]
I AE 9 U 5 LR T . MLERBI o, IR R SR B T AL, i SUA A AL
WBES F BT . ZE RN AR, HASGEESREREE, A
BB A T REAL R A T BT sE By R

13
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R'I
R.
U o Nax s+ RNHNH, COOCOMIZEMA N x
R! R2 MeCNM air, rt N=
X:Br, Clorl R?
73 74 75 76

121

2024 4, Grishin BREEHBSR R T — Rl UM A NI AL A R, 8 2K F RS
77 AR iz 78 1R 9 JERE,  SEEL T IR HAR R K I [1,5-a] ML RE 79 (S k. 1%
J7 A H NHaSCN 1N B g o1 S S A, AE1E M 2540 TR T R R I v figd it
e = A . SIS ITIEM L, 244 R MR AE A NHLSCN 1
AFSERIE, TR F BRI, JRiEi DMSO /- F 5k Shono A PH R S 4k & 3%
ISR R A A B o 1% SR e I HE A v SO e R I SR AIIE R, T 1-
SIS DK PR 5 [ 1,5 - MLk I 3 A 470 0] AL 400 9 DR 11 R 300 S LU s ol 3% 8 70 B0 S 1 400
BREPE, SR IR B AR S A E

NH4SCN (2.0 eq.), Py (0.5 eq.) CN
N NH undivided cell, Pt(+)/GC(-) /\r(
R1t Ao o+ < 2 CCE (60 mA, j = 20.0 mA/cm?) R1_/ // N
N R 8 F/mol, DMSO, H,0 (1.0 eq.) NN\/
H 70 °C, under air R
77 78 79
HE1-22

2024 4, Xia PWEAPUF R 7 — R B Ao s R AL AR SR 5 SN, R T
HY 2-Z L AL 5 80 S5 fiE 81 Fe b A IF K 22 82 (4t & IR A% . IZ RN AR
A LV S AGTIAE J5GR, B/ A A s 22 SR A7), I R
JRGANE . HUEIBEFC LS S s . JE3RR% (CVD I S S i 1] 4 1 73
B RAL, RV Z N IEE AL A AR - AL AL, N R R
Kb R GHE S IR T bk, B BB 5 B A B AR a3 h B R i R A,
FF IR E JE 2R 5 R I 1 D) SERTAT R DT 5

14
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00
Y C(HINI() 4
g N _ N
N *  R" OH  ngy,NBF, (20 mol%
H 4NBF4 (20 mol%) )Q

NO 10 mA, MeOH R
T 1-23

1.3.3 HiRES SRR E R RAE S RHRT

2022 4, Zhao VR EEAPOHRIE | HIL A e B 83 I HLAL S 70T N3 + 2134k
S, FEAUIG A AR ST, S 1 el 84 i@ A Bl 12U
ETME BEN FOBAEE, W 6-5-5 74, FYNEENZ RATHE:
R+ # H WA % indeno[ 1,2-c]Mt M, Ra=H IR EIE, XL TR, 1% 50%
W TGRS EAR], 780 I AL & B A PR . UL sE
Rrif € Pt HLAR . LiClO«M1 10 mA TEFCA R KM, CV 5P KSEL SR E H
BN i RBE B A IRA. AT, ATBOROR SIS, gkt i S O 2R L
BV AR T R

R1

N PN pge Pt(+)IPt(-) P\
R3-- Nal (0.1 M), LiClO4 _ S
= MeCN, rt \_N
AN . ‘R
R2 Then, DBU, 80 °C R2
83 84
TR 1-24

2023 4, Wen BREHOVZETCAMINEA R B AL SR FR b, S8R T I IZ R 85
fi EUL A 86 SEH =410 R RIAL [ L, =BG R T 2- b SR ERE 87 7 TR
28, 552022 4 Wan BB IT & FIHH Dess-Martin =4 B 7 (DMP) /51
WERE-S-FRE & B VAR EE . Wen PR (1) SR IS 58 AR FE M AL 22t 2, alad BEAR
ST C-H BB, RIhlE G T AR, RE R T RN
M ER O ORYE ST HF S . OB R AR, KIKERH T C-0. C-S
C-N MM, FEHERE C-N BRI, &R 7 2 BURERL 51,

15
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JE DL AL R A E RERIMN SZVEAN 2 B JRDE I VE . AH LG A% 8 1R WE I o PR SRS
PSR TTIEA A T HARRARE . 2T TS ACR, I T E G AL AN
TN AN ZEAF T, SEIL T SR AN S A AL 51, gkt &F O
FITET Z e S & St 7 e &.

O

0]
C(+)|Pt(-): | =5 mA ] S
Pz » R
R1ﬂ\/\N/ + KSCN | />_OR
N

| LiClO4, DCE/ROH, 6 h
85 86 87

% 1-25

2024 4, He fBAPATFR T 1% FE TR 88 S5 1A 89 ML 24[2 + 2 + 1] Bk
AR, SR 1,2- B 4-BRIEmk e 90 (1R e 7 AL 4 )R
FACEEA T, FIE =R FIR N, Bk RIS A S E . Ak SE
1€ "BuaNL YT, "BusNBFOA T, 78 Pt FHAR/NI FI#k. 3 mA TR T,
P E g i AT Ik 84% . R NE RATF, & T 2P IR AL, AR E
TRV TTEE . ZRFR RMEITIE . HLERRF AR, TR AE R L, R A
Nl S0 RRL, GRS SR, B AT BRI =) o % SR s S A
REAFRFN . AT RUASAIRAE, KPS & 4 10 S (R R AL 18T & T

%o

9] Pt(+)|Ni(-): I =3 mA R2 N
nBU4N|, nBU4NBF4 ,\[ \>_R1
RVONH, + Rzu\f¢\N// g IN

| CH5CN, H,0, HFIP
rt, undivided, cell >
88 89 %20

TR 1-26

L4 KRB ER. AEREX

WS SRR R, RE CERZ IS 5 1 & S B
WEFL, AESCT 5 BBK M 5 15 R R AT A D A AH SRR E VPR BON AT IR . B4, 1258
Wl Bl 2 5 & Boah & RO R E AR €N RRE. B, S e)EEL
A RE T B R AR . AT B B R RN R s DUIEIIE IR TOLIRSAE, &

16



73 AW ENE 2 TR e A8

TRCRARAE, HECASTIR R & s Lewis /B0 (40 I AT 58 5 BUR S MM 2
AR B e Z LB N % . Bk, 9 1 Se XL L, T R IE I Z S
RO S ARG B AR BRI EE., RAICRH R ER, THERMENL
FIAAC A AT, RIS T & B G . AHETE 5 A AL HOR,
EIGIEIZ ST, MRS ERA.

BT R R A R AT A S R DR, BRATT R T A H AT 44 Al e A |
R AT A= (038 T3 -

(1) AWFFCR A2 S0E, DL 7 G Rr . SN R 3 1A ek frg i A
LR SR, A R GEAE o8 51RGIHGR T, RS R Z 51
SKAET, ST KSR S m A . 2T IR AR e B
ey, T EL DL R R N AR RE I 52 1k, D9 Ry 2R R S 5 BB
7B B

(2) FEARWEFCH, BAVFR T — R ) A2 & A, AN R B AT 2-
WENE 2R L BE N BN, AEIROTVE A SIS, e shn e B aEfe),
BV AP GUR g Mgl e R S i 2 . 2R AR A . SRR, B RIEFIE
AE L 52 1k 5 RGN, IRk s i ax & et 1A ogtt.

ST RME, KRR A O R. BRI S, KT
AT BRARfa . 5 R AR SR, RSNG| R AL S W 2 e
A A e 18T 1 B4R o

17
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£ 258 BUFRGTHERESEERN BRI R MR

2.1 LG ERSy

2.1.1 1‘ A 'ﬁl_tulj

BEEA S Giehes E R

ZREFLIRIEE{Y.  AVANCE ONE (500 MHz) 78 [H 75 & s BHE A BR A A
RIRA ZIE¥A % DLSB-5L/20 T P A A B 3T AF 2
fEAKAAHER  SHZ-D ST T AR R TUE A 7

¥ miAX WRS-3 ARG A AR A TR ]
LIRS s LU WPS305B PRI I B, 5 PR )

TR B4 DF-101D P TS A BRI A 7
15 7 A ORBITRAP EXPLORIS 120  ZRER KiH/RABHE (FED HIRAH
HF R PX224ZH/E B ER CREMD HIRAF
fEAKAHAA  SHZ-D P T A PR 2 ]
e KA 41K30RA-C P TS IR TR A R
BT RT PX224ZH/E Bl Es CEMD AIRAF
RGBT  CZX-9146 MBE AR RS AT PR A R RSB T
HA T RAE DZF-6020 b ARG A IR A A

e Jr SR 2XZ-2 AR A A R A
BB gL AT K

2 T el R R R A A

4-FIRE K 2T Grirat 1] 245 4 A 4 2 170U A PR A )

4- P FER T e R HEA (B FIRAH
4-JRIETE £ T STt ] 24 8 A A 2 10 A PR A )

A- T HE 2K 2T STt ] 24 8 A A 2450 A R A )
- IR 2T Grirat ] 24 B A 2 15 A PR A )

18



4 RPN 2R VAT

2- AR LT Syt ] 24 B A A ) PR A )
2-JRFETK 2 BaRIELl IR BHA IR A A
N,N- R HA P Jig — FR Sy Hrat 25 B A A ) PR A A
PN Sr it 25 B A 2 PR A A
R Pk ] 25 S A 2 PR A )
TR PaIELl ] 24 B A 2 A PR A )
ROE Syt FERAERR (i) ARAF
R4 i I 24 4 A1 b i A BR A A
N-N — F 2 Pt i s 1] 24 4 A b i A B A A
VYT H: DY G R VAR iEAn P RERE R A
VU T BN TR R FERLEERR (B BIRA A
YT FEIR AL i g3 iraf B A R A F
VYT R i AR I ZRHBH AR A H
WAL Sl FEREMLEHEA (L) BHIRAF
FA L i Syt ] 245 A A A 32 PR ]
RALAN I3t ] 24 2 A A i A PR A A
M2 EMNTEER (400 H)D 4l L TER A
HZErER (200-300 H) 4l B TERAF
212 ERBE R
2.12.1 FR 1 BER
Q MeO / toluene )OK/\ -
st e N o o |
110°C, 12 h
A B 1a
TT% 2-1

PALE R 1a 961, HAE BT A (20 mmol, 2.41 g) AT N, N-— F & FF ik fig — P
5% B (22 mmol, 2.63 g) MAF] 100 mL [FE LM T, FHIAEFHE (40
mL) J&, T 110 °C K sm th ik [N 24 /N, 3l TLC % S BEkAT 1l
RN AR UUGA BRI, RaiE. WERSE, HIHMTEEN (28R ZE:
AhlE=1: 1 7r BARRE AR 1a, 7% N 87%.

2.1.22 [FE 2 9A R
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NH
Ha CN AICI, \
* 140 °C.30-40 min H

C D 2a

22

PLE K 2a 1, B 2EHE € (20 mmol, 1.86 g) FIZEFE D (25 mmol, 2.58 g)
IIAF] 50 mL BRI, THiaomiz . SIREFRZ 160 °C B, [H Kk
RN =& AEE (135 g) JRANEZEE O, 8 THE E 200 °C, Hitd: &M 30
Grehe MRS, 1A RBEH IR (1.2mL) 57K (100 mL) R & 8
FEBEFE 10 20%h, bk e U B R R InE R (1.2 g) , 8R4 10 205 S
BEATHIVE, WEEIEW S . BB N NaOH (13.2 g) 57K (72mL) &
&, FATH G HIE, SR A5, PRSP ELS Rai, REa6
[l 2a, 7729 79%.

2.1.3 BR=4) 3 BIE R

N
0 NH . N Rt
Pt(+)|Pt(-): | = 5 mA | Y>—R
N~ * R? > Ar
Ar)j\/\N R!”” N7 "BusNBF4 N‘Rz
| H CH,Bry/MeCN 0
1 2 3

% 2-3

¥l 1 (0.2 mmol) « ZEZERK 2 (0.3 mmol) . "BusNBFs (0.4 mmol,
131.7 mg) , CH2Br2 (4 mL) Al MeCN (0.5 mL) I 2 A ) B 1 8 X e i il
(H4# 3em) o KA (10 mm x 10 mm x 0.2 mm) /EAFHEFIHE . K
ZRPREYIE T 60 °C b, B RMAESH AT, LS mA BIEHIR
PRI LR 8 /BT (7.5 Fmol™) o RIMNEWGE, IROIRAVARIERYT, s

R 0K H T8 L8/ A Dy e i 75 B DROd A R A 2k, 395 B AR &4 3.

22 XWHERETR
2.2.1 =4 3aa I E R FHRIL
AR RN L 1a ATRK 2a 1B IR RAR R S R 2% A o BATI fe 2%

20
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PF 218 F "BuNBF4 /E N HLE T, CHBr/MeCN (4 mL/0.5 mL) 1ENERI, 41
FAEJI R, ROBIAE 60 °CTR LA 5 mA HITEE BT FL Al 8 /NI, B LA 83%
[ 72 KA BT Bk e 3aa Centry 1) o FEBFFCAURERE A, FRAT KR BIL M
CH2Bro M 8 — 571 S T 2 3aa (177 F AR R R 220 (16.2V X 4.6V)
(entry 2) , IXEH T MeCN AR & T 2%, WARE T HIE, mHAE
JROR R 2 P8 Tl S . Wik, |A1H 2K H DMF A1 DMSO 10 #
MeCN #HATRERHS, (EAREI 7 FEAL Centries 3-4) o (EERMZ, ZXM
FEARAAAE CHB TS BL T, R A =P A i), X HIER T CHaBra 1£1%
LA AR P AR B T ORBEVE T Centry 5) o 3235 FRA S22 000 FH LA 3 1) i
)& I CHBrs EtBr fl DCE X% CH.Br,, SR MEEMEHE N, H ATk
R EAKT CH2Br, (entries 6-8) o [AHFIRATIE#%E T CHyBr Al MeCN fI7 N
e, 243059 i1 MeCN I ELB] (CHoBry/MeCN =7/2, viv) , {HEI'SEKME: 3aa
7= 2 S TP AR Centry 9, IXHUBLEA T CHaBro BARTEIZ RN P A AN A6k, {H
HA BRI BRIEM . % T BrCH,CHOH 78 B AL [ 3 o g ik it
FIRIHT DL i, A TEAEH T 2481 BrCH.CH,OH 1F A/ i #£ MeCN 134T
it RUE R NFIEEAT, (HP= R EG Centry 100 o FEHE— D04k B )3 72
H, FRATT R I AR RS BT 7 R A B R Centries 11-13) , X FER
PRI A FRUBLE PR S 2 A S R R Y, AR BE SRR SR B, T HoA 2
PRI IR AT, TR RS AR Sk Rt . M IERIh R 7, 4ifr
RS, (REERTHRE, R NERFEREME, R RNIRE, b RNAE
E KRB, KR 3RA1230H "BusNBFs. "BusNBr A1 "BusNC104 %5 2548 B AR i,
(A 3 L F R o P 25 SR R4 72 (entries 14-16) o P46, 0038 B AR AT &,
HAFSE T 2 481 "BwuNBFs 2 i1 Centry 17) o 5%, B RMNIREE, #£
JEA A b, TR FRARIE 2 T e S SR B AN e 32 1= 3aa [/ % (entries
18-20) o MEHAFERME, MIEZR FIATHME, 19779 3aa MR 2 HLT
B Centry 19) , I H oU% IR FI 200 i SR . FATME A 7 8 3 mA H
TBEAT SOBL, 399 L 69% 1 T6% H BRI 7= 243 2] 1 PKIE 3aa (entries 21-22) .
BJE, XTRSCER RN, HR2E BTN, FOERA BRSO T A 2 H bR
=) Centry 23)
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K 2-1. =Y 3aa A& BREHFRMATE ¢

Pt(+)[Pt(-): | = 5 mA

N

e
h N
\

Ph)]\/\N/ ¥ Ph” N "Bu,NBF, P
! H CH,Bra/MeCN o Ph
1a 2a 60°C,8h 3aa
entry variation from the standard conditions yield® (%)

1 none 83
2 without MeCN 71
3 DMEF instead of MeCN 47
4 DMSO instead of MeCN 69
5 without CH2Br: 0
6 CHBr3 instead of CH2Br2 21
7 EtBr instead of CH2Br» 37
8 DCE instead of CH2Br2 17
9 CH:Br2/MeCN (3.5 mL/1 mL) as the solvent 76
10 BrCH>CH2OH (0.2 mmol)/MeCN (4 mL) instead of 65
11 C(+)|Pt(-) instead of Pt(+)[Pt(-) 32
12 Pt(+)|C(-) instead of Pt(+)[Pt(-) 45
13 C(+)|C(-) instead of Pt(+)[Pt(—) 37
14 "BusNPFs instead of "BusNBF4 57
15 "BusNBr instead of "BusNBF4 44
16 "BugNClOy instead of "BusNBF4 12
17 0.2 mmol of "BusNBF4 was used 77
18 50 °C instead of 60 °C 67
19 r.t. instead of 60 °C 27
20 70 °C instead of 60 °C 83
21 7 mA instead of 5 mA 69
22 3 mA instead of 5 mA 76
23 without electric current 0

@ [g W 2&4F: 1a (0.2 mmol), 2a (0.3 mmol, 1.5 equiv), "BusNBF4 (0.4 mmol, 2 equiv), CH:Br» (4

mL), MeCN (0.5 mL), #1 LA, 1852 I = 5 mA, £S5 T 60 °C TN 8 /M ((7.5

22



73 AW ENE 2 TR e A8

NN
]

Fmol™). 2/ &Er=3%,

222 [RYMRRR

FERM RIS, AT — G T IR el 5 BRI SR A IE L (R 2-2)
EOE, KR 1 2R B AR RS, 4 Me. MeO. F. Cl. Br
NO,, 133 —RFIBKM: 3ba—ha, 7N 36%%E T1%. HEZ T, BAL Br B
R 1h B2 26 R B, X ATRES ZS AL BEAE O¢ . FRATIER AR R R B,
075 FE A 0 2R R e A PR T BRI ATE R S A S ASRE AT AL
B, AR SRS AR IR R (3R 2-3) o 7E RUBZEIR L AN A
Ik 2 5 1a ZREIAIEBEAT, 19 2AHRK =) 3ab-af, H ™2 7E 31-81%. i
24 R Y SR A AR g SR nE my B, U230 BA 47 %A 62% H 7 2245 S HH N )
F=9) 3ag 1 3ah. A N @R, Ge BRI K 21 & A T i F Ak 2% R
BeAh, AR N-J5EE AN N-R IR IRAEARHE S5 A T 5 1a OB, 5T G
FRIDKPEAL A, o B R A A SR T 2 &

R 22, IBREEA 1 FIZEZERK 22 A RBKME 300

N
Q NH = N
PH(+)IPLC): 1 =5 mA | >—pn
———e
Ar)J\/\'i‘/ + JC _pn Ar\“):N\

Ph N "BuyNBF,4
H CH,Br,/MeCN o Ph
1 2a 60°C,8h 3

N N N N
MeO B O,N
| D—pnh © | S—ph ' | >—pPn 72 | S—ph
N N N N
Ph Ph Ph Ph

o) ) ) 0
3aa, 83% 3ba, 62% 3ca, 62% 3da, 73%
N N N N
| D—pn | d—ph | d—ph | H—ph
E N e N N N
& Ph & Ph Log e Lo P
3ea, 76% 3fa, 61% 3ga, 58% 3ha, 7%

@ Jx N & 1a (0.2 mmol), 2a (0.3 mmol, 1.5 equiv), "BusNBF4 (0.4 mmol, 2 equiv), CH2Br; (4
mL), MeCN (0.5 mL), 51 /7 B0, 15 72 LI = 5 mA, 72 R T T 60 °C T B 8 /N (7.5

Fmol ™). 24 &Er=3%,
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% 2-3. ERETH 12 FIZEEEPK 2 & Dk 300
N

i i 2 Pt(+)|Pt(-): | = 5 mA | \>_R1
Ph)v\l\ll/ + JLN/R W Ph\‘([N

H CH,Bry/MeCN o]
1a 2 60°C,8h 3

N N N\ N N\
| \>—< >— | 5 > cl pn I Br [N o |
Ph N Ph N '\{Ph Ph N N\Ph
A \
& Ph & Pn o o Pn 0

3aj, 78% 3a0, 67% 3ap, 73% 3aq, 81% 3at, 31 %

N

N

| >—Pn 3
N O N S N Ph\([N>_ Ph L

[ v el \

Ph N Ph N Ph N o] &
\
& Ph & Ph

I
Pr ’Bu

3ag, 47% 3ah, 62% 3ai, 73% 3ak, 41% 3al, 61%

N N
N N 2 R
N—ph N\ | >_Ph | >_Ph N
Ph“/[N>_ ph\n/[N>_Ph Ph\([N Ph N [ S—pn
Ph N
o s 0 o)
OMe E Cl Br
3am, 36% 3an, 57% 3ao, 67% 3ap, 73% 3aq, 81%

N N
N N N \> | N—Ph
| S>—pn | S>—pn | >—Pn Ph | Fn Ph
PhyH:N Ph N Ph N N er \
: : Ko NS S
Cl Br

3ar, 51% 3as, 60% 3at, 37% 3au, 76% 3av, 53%

0 9 GG

3aw, 58% 3ax, 53% 3ay, 51% 3az, 47% 3aa’, 43%

Ph ':‘ o |N Ph |:\>_ph

3ab’, 42% sac’, 57% 3ad’, 57%
« ]g N4k 1a (0.2 mmol), 2a (0.3 mmol, 1.5 equiv), "BusNBF;4 (0.4 mmol, 2 equiv), CH2Br» (4
mL), MeCN (0.5 mL), £ /7 B M), 1H 2 IR = 5 mA, £ 2S5 T 60 °C F N 8 /N (7.5

Fmol™), 24rEr=&,
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2.3 BRI =Y RAE

77 ¢h 3aa. 3ba. 3ca. 3fa. 3ga. 3ab. 3ac. 3ad. 3ah. 3aj. 3aa. 3aq.
3ar. 3at. 3aw AW EY, SREILIRIEIESS . ALY R ED,
I AR ILYR RN HRMS 73 T idEAT 7 3R AE.

\
Ph\n/[N%Ph

o Ph

(1-(1,2-Diphenyl-1 H-imidazol-5-yl)(phenyl)methanone (3aa). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 83% yield (53.7 mg), mp
152.1-154.3 °C; 'TH NMR (500 MHz, CDClz) 6 7.91 (d,J = 7.7 Hz, 2H), 7.75 (s, 1H),
7.61 (t,J="7.1Hz, 1H), 7.50 (t,J = 7.4 Hz, 2H), 7.47-7.42 (m, 3H), 7.41 (d,J= 7.9
Hz, 2H), 7.34-7.23 (m, 5H); C NMR (125 MHz, CDCls) 0 184.3, 152.5, 140.5,
138.6, 137.5, 132.8, 132.6, 129.55, 129.49 (2C), 129.3 (2C), 129.2 (2C), 129.0 (2C),
128.6 (2C), 128.4 (2C), 127.8 (2C).

N
\Q\K\I S—Ph

N

0 Ph

(1,2-Diphenyl-1H-imidazol-5-yl)(p-tolyl)methanone (3ba). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 62% yield (40.8 mg), mp 164.7-166.2 °C; 'H
NMR (500 MHz, CDCl3) 0 7.83 (d,J = 8.1 Hz, 2H), 7.74 (s, 1H), 7.45-7.38 (m, 5H),
7.33-7.21 (m, 7H), 2.42 (s, 3H), *C NMR (125 MHz, CDCls) 0 183.9, 152.2, 143.5,

140.0, 137.4, 135.9, 132.7, 129.5 (2C), 129.4, 129.33, 129.28, 129.21, 129.19, 129.1
(2C), 128.9, 128.6, 128.3 (2C), 127.1 (2C), 21.7.

MeO N
|OP ke,
N

o  Ph
(1,2-Diphenyl-1H-imidazol-5-yl)(4-methoxyphenyl)methanone (3ca). Ethyl
acetate/petroleum ether = 1:3 as the eluent; Yellow solid, 71% yield (50.3 mg), mp
167.1-169.4 °C; '"H NMR (500 MHz, CDCl3) 6 7.93 (d, J= 7.7 Hz, 2H), 7.72 (s, 1H),
7.44-7.37 (m, 5H), 7.32-7.22 (m, 5H), 6.98 (d, J = 7.7 Hz, 2H), 3.87 (s, 3H); 13C
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NMR (125 MHz, CDCl3) ¢ 183.0, 163.5, 152.0, 139.3, 137.5, 132.7, 131.7 (2C),
131.3, 129.5, 129.3, 129.2 (2C), 129.1 (2C), 128.9, 128.3 (2C), 127.8 (2C), 113.8
(2C), 55.6.
Br N
QL
N
0 Ph

(4-Bromophenyl)(1,2-diphenyl-1 H-imidazol-S-yl)methanone (3da). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 64% yield (51.6 mg), mp
161.3-163.7 °C; '"H NMR (500 MHz, CDCls) 6 7.77 (d,J = 8.5 Hz, 2H), 7.73 (s, 1H),
7.64 (d,J = 8.5 Hz, 2H), 7.49-7.39 (m, 5H), 7.32 (t, / = 7.4 Hz, 1H), 7.30-7.23 (m,
4H); BC NMR (125 MHz, CDCls) 0 183.0, 152.8, 140.6, 137.4, 137.40, 137.35, 132.3
131.9 (2C), 130.9 (2C), 129.7, 129.4 (2C), 129.23 (2C), 129.20, 129.1, 128.4 (2C),
127.8 (2C); HRMS (ESI-TOF) caled for CoH;s”BiN2O [M + HJ* 403.0446, found
403.0449.

O2N N
Nad
N
le) Ph
(1,2-Diphenyl-1H-imidazol-5-yl)(4-nitrophenyl)m ethanone (3ea). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Brown oil, 61% yield (45.2 mg); 'H NMR
(500 MHz, CDCl3) 0 8.35 (d, J = 8.7 Hz, 2H), 8.03 (d, J = 8.7 Hz, 2H), 7.75 (s, 1H),
7.52-7.45 (m, 3H), 7.44-7.40 (m, 2H), 7.34 (t, J = 7.4 Hz, 1H), 7.32-7.25 (m, 4H);
13C NMR (125 MHz, CDCls) 5 182.0, 153.5, 150.1, 143.7, 141.6, 137.2, 132.1, 130.2
(2C), 129.9, 129.5 (2C), 129.4, 129.3 (2C), 128.9, 128.5 (2C), 127.8 (2C), 123.9 (2C).
HRMS (ESI-TOF) caled for CoHi6N3O3 [M + HJ" 370.1192, found 370.1189.
F
N
D
N
0 Ph

(1,2-Diphenyl-1H-imidazol-5-yl)(3-fluorophenyl)methanone (3fa). Ethyl
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acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 53% yield (35.5 mg), mp
113.6-115.2 °C; 'H NMR (500 MHz, CDCl3) 6 7.77 (s, 1H), 7.71 (d,J = 7.7 Hz, 1H),
7.60-7.56 (m, 1H), 7.50-7.39 (m, 6H), 7.34-7.23 (m, 6H); “C NMR (125 MHz,
CDCl) 0 182.6, 162.7 (d,J = 248.3 Hz), 152.9, 140.7, 140.6 (d, J = 6.5 Hz), 137.3,
132.3,130.3 (d, J = 7.9 Hz), 129.6, 129.3 (2C), 129.2 (2C), 129.1 (2C), 128.4 (2C),
127.8 (2C), 125.2 (d,J = 3.0 Hz), 119.7 (d,J = 21.5 Hz), 116.2 (d, J = 22.7 Hz), ¥F
NMR (471 MHz, CDCl3) 0 -111.67 (s, 1F).

F N

L
N

0 Ph
(1,2-Diphenyl-1H-imidazol-5-yl)(2-fluorophenyl)methanone (3ga). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 51% yield (35.2 mg), mp
159.2-161.7 °C; 'TH NMR (500 MHz, CDCl) 6 7.67 (s, 1H), 7.59 (t,J = 7.2 Hz, 1H),
7.52-7.46 (m, 1H), 7.46-7.42 (m, 3H), 7.40 (d, J = 7.7 Hz, 2H), 7.34-7.28 (m, 3H),
7.27-7.21 (m, 3H), 7.15 (t, /= 9.2 Hz, 1H); *C NMR (125 MHz, CDCls) o 180.6,
160.1 (d, J = 253.0 Hz), 152.9, 141.6, 137.3, 133.2, 133.1, 130.6 (d, J = 2.3 Hz),
129.6, 129.3 (2C), 129.24 (2C), 129.20, 129.1, 128.3 (2C), 1279 (2C), 127.6 (d, J =
13.9Hz), 124.2 (d,J=3.6 Hz), 116.5 (d,/=21.7 Hz), F NMR (471 MHz, CDCl3) 6
-112.65 (s, 1F).

Br N
| D—Ph
N
0 Ph
(2-Bromophenyl)(1,2-diphenyl-1 H-imid azol-5-yl)methanone (3ha). Ethyl
acetate/petroleum ether = 1:3 as the eluent; Red oil, 36% yield (28.9 mg); 'H NMR
(500 MHz, CDCl3) 0 7.63 (d,J= 7.9 Hz, 1H), 7.49-7.43 (m, 5H), 7.42-7.38 (m, 3H),
7.36-7.29 (m, 4H), 7.25 (t, /= 7.4 Hz, 2H); 3C NMR (125 MHz, CDCl3) ¢ 183.7,
153.2, 142.2, 140.6, 137.2, 133.5, 132.6, 131.5, 129.7, 129.4 (2C), 129.30, 129.28

(2C), 129.19, 129.15, 128.4 (2C), 127.8 (2C), 127.2, 120.1; HRMS (ESI-TOF) calcd
for C;oH;6"”BrN,O [M + HJ"403.0446, found 403.0450.
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N :::
\ A\
Ph N
0 Ph

Phenyl(1-phenyl-2-(p-tolyl)-1H-imidazol-5-yl)methanone (3ab). Ethyl
acetate/petroleum ether = 1:3 as the eluent; Yellow solid, 71% yield (48.3 mg), mp
184.4-186.1 °C; 'H NMR (500 MHz, CDCl3) 6 7.90 (d,J = 7.3 Hz, 2H), 7.73 (s, 1H),
7.58 (t, J = 6.8 Hz, 1H), 7.48 (t, J = 6.9 Hz, 2H), 7.45-7.38 (m, 3H), 7.32-7.24 (m,
4H), 7.05 (d, J = 7.4 Hz, 2H), 2.30 (s, 3H); *C NMR (125 MHz, CDClz) 0 184.2,
152.7, 140.6, 139.7, 138.7, 137.7, 132.7, 132.5, 129.4 (2C), 129.3 (2C), 129.11 (2C),
129.09 (2C), 128.9, 128.6 (2C), 127.9 (2C), 126.5,21 4.

N
Ph N
0 Ph

(2-(4-Chlorophenyl)-1-phenyl-1H-imidazol-5-yl)(phenyl)methanone (3ac). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 68% yield (48.9 mg), mp
147.3-149.1 °C; 'TH NMR (500 MHz, CDCl3) 6 7.94 (d, J= 7.6 Hz, 2H), 7.78 (s, 1H),
7.65 (t, J= 7.4 Hz, 1H), 7.57-7.47 (m, 5H), 7.38 (d, J = 8.5 Hz, 2H), 7.35-7.31 (m,
2H), 7.28 (d, J = 8.5 Hz, 2H); 3C NMR (125 MHz, CDCIl3) § 184.2, 151.3, 140.3,
138.5, 137.3,135.8, 132.9, 132.8, 130.4 (2C), 129.49 (2C), 129.46 (2C), 129.3, 128.7
(20), 128.6 (2C), 127.84, 127.77 (2C).

N
Ph N
0 Ph

(2-(4-Bromophenyl)-1-phenyl-1 H-imidazol-5-yl)(phenyl)methanone (3ad). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 81% yield (65.2 mg), mp
148.2-150.1 °C; "H NMR (500 MHz, CDCl) & 7.91-7.88 (m, 2H), 7.73 (s, 1H), 7.61
(tt, J=7.4,12Hz, 1H), 7.52-7.43 (m, SH), 7.39 (dt, /= 8.7, 2.1 Hz, 2H), 7.30-7.25
(m, 4H), 1*C NMR (125 MHz, CDClz) 0 184.2, 151.4, 140.4, 138.5, 137.3, 13291,
132.86, 131.7 (2C), 130.7 (2C), 129.52 (2C), 129.48 (2C), 129.3, 128.7 (2C), 128.3,
127.8 (2C), 124.2.
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N
‘@
Ph N

S Ph

Phenyl(1-phenyl-2-(m-tolyl)-1 H-imidazol-5-yl)methanone (3ae). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 76% yield (51.4mg), mp
163.3-165.2 °C; '"H NMR (500 MHz, CDCl3) 6 7.91 (d,J = 7.3 Hz, 2H), 7.74 (s, 1H),
7.58 (t, J = 7.4 Hz, 1H), 748 (t, J = 7.8Hz, 2H), 7.45-7.40 (m, 3H), 7.36 (s, 1H),
7.31-7.27 (m, 2H), 7.13-7.04 (m, 3H), 2.26 (s, 3H); *C NMR (125 MHz, CDCls) o
184.1, 152.6, 140.4, 138.6, 138.1, 137.5, 132.7, 132.5, 130.2, 130.1, 129.4 (2C), 129.2
(2C), 129.1, 1289, 1285 (2C), 128.1, 127.8 (2C), 126.0, 21.4; HRMS (ESI-TOF)
calcd for CsHioN20 [M + H]" 339.1497, found 339.1499.

N
‘@
Ph N

S Ph

Phenyl(1-phenyl-2-(o-tolyl)-1H-imidazol-5S-yl)methanone (3af). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 31% yield (21.1 mg), mp
152.3-154.6 °C; 'TH NMR (500 MHz, CDCl3) 6 7.95 (d,J = 7.8 Hz, 2H), 7.78 (s, 1H),
7.58 (t,J = 7.4 Hz, 1H), 7.48 (t, J = 7.4 Hz, 2H), 7.29-7.24 (m, 3H), 7.20 (t, /= 7.4
Hz, 1H), 7.16-7.11 (m, 3H), 7.09 (d, /= 7.6 Hz, 1H), 7.04 (t,J= 7.3 Hz, 1H), 2.22 (5,
3H); BC{'H} NMR (125 MHz, CDCls) o 184.1, 153.2, 140.1, 138.4, 138.0, 136.7,
132.7, 131.4, 130.6, 130.3, 129.5, 129.4 (2C), 129.2, 128.7 (2C), 128.5 (2C), 128.3,
127.0 (2C), 125.2, 20.1; HRMS (ESI-TOF) calcd for C23H19N>O [M + H]" 339.1497,
found 339.1505.

N O
N\
Ph\[([,\?_@
5 Ph

(2-(Furan-2-yl)-1-phenyl-1H-imidazol-5-yl)(phenyl)methanone = (3ag).  Ethyl

acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 47% yield (29.5 mg), mp
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124.1-126.8 °C; 'H NMR (500 MHz, CDCL) 6 7.87 (d,J = 7.9 Hz, 2H), 7.74 (s, 1H),
7.62-7.52 (m, 5H), 7.49 (t,.J = 7.5 Hz, 2H), 7.38 (d, J= 7.1 Hz, 2H), 6.23 (d, /= 3.4
Hz, 1H), 5.72 (d,J = 3.4 Hz, 1H); ®C NMR (125 MHz, CDCL) 6 183.9, 145.6, 143.7,
140.4, 138.4, 137.0, 132.9, 132.4, 129.8, 129.6 (2C), 129.3 (2C), 128.7 (2C), 127.6
(2C), 125.1, 1142, 113.6; HRMS (ESI-TOF) caled for CaHisN2O, [M + HJ'
315.1134, found 315.1141.

NS
N\
Ph\[([,\?_@
5 Ph

Phenyl(1-phenyl-2-(thiophen-2-yl)-1H-imidazol-5-yl)methanone  (3ah). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Brown solid, 62% yield (40.9 mg), mp
165.3-168.1 °C; 'H NMR (500 MHz, CDClz) 6 7.87 (d,J = 7.4 Hz, 2H), 7.71 (s, 1H),
7.61-7.52 (m, 4H), 7.47 (t,J =7.6 Hz, 2H), 7.42 (d, /= 6.8 Hz, 2H), 7.30 (d, /= 4.9
Hz, 1H), 6.89—6.84 (m, 1H), 6.72 (d, / = 3.4 Hz, 1H); ¥C NMR (125 MHz, CDCl) ¢
183.7, 147.9, 140.4, 138.5, 137.1, 132.7, 132.5, 131.7, 129.8, 129.6 (2C), 129.3 (2C),
128.7, 128.5 (2C), 128.1 (3C), 127.7.

N
\\>I
Ph \
& Ph

Phenyl(1-phenyl-2-propyl-1H-imidazol-5-yl)methanone (3ai). Ethyl
acetate/petroleum ether = 1:3 as the eluent; Yellow oil, 73% yield (42.8 mg); 'H NMR
(500 MHz, CDCl3) 0 7.86 (d,J = 7.3 Hz, 2H), 7.62 (s, 1H), 7.57 (t, /= 7.4 Hz, 1H),
7.53-7.44 (m, SH), 7.30-7.26 (m, 2H), 2.55 (t, J = 7.6 Hz, 2H), 1.77-1.69 (m, 2H),
091 (t, J = 7.4 Hz, 3H), *C NMR (125 MHz, CDCl3) 0 184.0, 155.6, 140.0, 138.6,
137.0, 132.6, 131.7, 129.4 (2C), 129.3 (2C), 129.0, 128.5 (2C), 127.3 (2C), 29.2,21.3,
14.0; HRMS (ESI-TOF) calcd for C19H19N,O [M + H]" 291.1497, found 291.1497.
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N\
Ph\[([N%Ph

0]

Phenyl(2-phenyl-1-(p-tolyl)-1 H-imidazol-5-yl)methanone (3aj). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 78% yield (53.1 mg), mp
52.7-55.1 °C; '"H NMR (500 MHz, CDCl3) § 7.92-7.88 (m, 2H), 7.73 (s, 1H), 7.57 (tt,
J=174,1.1 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.44-7.39 (m, 3H), 7.32-7.27 (m, 4H),
7.05 (d, J = 8.1 Hz, 2H), 2.29 (s, 3H); 1*C NMR (125 MHz, CDCls) J 184.1, 152.6,
140.5, 139.6, 138.6, 137.6, 132.6, 132.4, 129.3 (2C), 129.2 (2C), 129.03 (2C), 129.01
(20), 128.9, 128.5 (2C), 127.8 (2C), 126.4, 21.3.

N\
Ph\[([N%Ph

0]

(1-(4-Isopropylphenyl)-2-phenyl-1H-imidazol-5-yl)(phenyl)methanone (3ak).
Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 41% yield (30.2 mg);
mp 167.4-168.2 °C; 'H NMR (500 MHz, CDCl3) & 7.92-7.88 (m, 2H), 7.73 (s, 1H),
7.58 (tt,J=7.4, 1.3 Hz, 1H), 7.48 (t,J = 7.7 Hz, 2H), 7.43-7.40 (m, 2H), 7.30 (tt,J =
7.4,1.7 Hz, 1H), 7.28-7.22 (m, 4H), 7.20 (dt, J = 8.5, 2.1 Hz, 2H), 2.97 (sept, /= 6.9
Hz, 1H), 1.28 (d, /= 6.9 Hz, 6H); 3C NMR (125 MHz, CDCl3) 0 184.3, 152.5, 149.7,
140.5, 138.7, 135.0, 132.7, 132.6, 129.43 (3C), 129.38, 129.2 (2C), 128.5 (2C), 128.3
(2C), 127.5 (2C), 127.2 (2C), 33.9, 24.0 (2C); HRMS (ESI-TOF) calcd for C2sH23N20
[M + HJ 367.1810, found 367.1808.

N\
Ph\[([N>_Ph

o)
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(1-(4-(tert-Butyl)phenyl)-2-phenyl-1 H-imidazol-5-yl)(phenyl)methanone (3al).
Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 61% yield (46.5 mg),
mp 183.4-185.2 °C; '"H NMR (500 MHz, CDCl3) 6 7.93-7.89 (m, 2H), 7.74 (s, 1H),
7.58 (tt,J=7.4, 1.2 Hz, 1H), 7.48 (t, J= 7.7 Hz, 2H), 7.45-7.39 (m, 4H), 7.30 (tt, J =
7.4, 1.8 Hz, 1H), 7.24 (t, J = 7.6 Hz, 2H), 7.21 (dt, J = 8.6, 2.3 Hz, 2H), 1.34 (s, 9H);
BC NMR (125 MHz, CDCl3) 6 184.3, 152.6, 152.1, 140.5, 138.7, 134.7, 132.7, 132.6,
129.43 (3C), 129.38, 129.2 (2C), 128.5 (2C), 128.3 (2C), 127.2 (2C), 126.1 (2C), 34.8,
31.4 (3C); HRMS (ESI-TOF) caled for CosH2sN2O [M + H]* 381.1967, found
381.1961.

N\
Ph\ﬂ/[N>_Ph

o)

OMe
(1-(4-Methoxyphenyl)-2-phenyl-1H-imidazol-5-yl)(phenyl)methanone (3am).
Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 36% yield (25.7 mg),
mp 159.9-161.2 °C; 'H NMR (500 MHz, CDCl3) 6 7.92-7.89 (m, 2H), 7.73 (s, 1H),
7.60 (t,J = 7.4 Hz, 1H), 7.49 (t, J = 7.7 Hz, 2H), 7.46-7.43 (m, 2H), 7.32 (t, /= 7.3
Hz, 1H), 7.29-7.25 (m, 2H), 7.21 (d,J = 8.9 Hz,2H), 6.93 (d, /= 8.9 Hz, 2H), 3.84 (s
3H); BCNMR (125 MHz, CDCls) 0 184.3, 159.8, 152.7, 140.5, 138.7, 132.74, 132.69
130.2, 129.49 (2C), 129.47 (2C), 129.2 (2C), 128.9 (2C), 128.6 (2C), 128.4 (2C),
114.4 (2C), 55.6, HRMS (ESI-TOF) calcd for C23H19N202 [M + H]" 355.1447, found
355.1442.

N\
Ph\[([N>_Ph

0]

F
(1-(4-Fluorophenyl)-2-phenyl-1H-imidazol-5-yl)(phenyl)methanone (3an). Ethyl

acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 57% yield (39.2 mg), mp
(m, 5H), 7.11 (t, J = 8.2 Hz, 2H); 13C NMR (125 MHz, CDCl3) 6 184.2, 162.5 (d, J =
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249.5 Hz), 152.6, 140.5, 138.4, 133.4 (d, J = 3.4 Hz), 132.8, 132.5, 129.6 (2C), 129.5,
129.4 (2C), 129.2 (2C), 129.1, 128.6 (2C), 128.4 (2C), 116.3 (d, J = 23.0 Hz, 2C); '°F
NMR (471 MHz, CDCL3) 6 -111.64—111.72 (m, 1F).

N\
Ph\[([N>_Ph

0]

Cl
(1-(4-Chlorophenyl)-2-phenyl-1 H-imidazol- S-yl)(phenyl)methanone (3ao). Ethyl
acetate/petroleum ether = 1:3 as the eluent; White solid, 67% yield (48.2 mg), mp
138.7-141.1 °C; '"H NMR (500 MHz, CDCl) 6 7.90 (d,J = 7.5 Hz, 2H), 7.75 (s, 1H),
7.61 (t,J =73 Hz, 1H), 7.51 (t, J = 7.3 Hz, 2H), 7.43-7.38 (m, 4H), 7.37-7.33 (m,
1H), 7.30 (t, J = 7.3 Hz, 2H), 7.23 (d, J = 8.3 Hz, 2H); BC{'H} NMR (125 MHz,
CDCL) o0 184.2, 152.6, 140.7, 138.4, 136.0, 135.0, 132.9, 132.6, 129.8, 129.6 (2C),
129.4 (2C), 129.3 (2C), 129.2 (2C), 129.1, 128.7 (2C), 128.6 (2C).

N\
Ph\[([N>_Ph

0]

Br

(1-(4-Bromophenyl)-2-phenyl- 1 H-imidazol- 5-yl)(phenyl)methanone (3ap). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 73% yield (58.9 mg), mp
167.7-169.2 °C; '"H NMR (500 MHz, CDCl) 6 7.90 (d,J = 7.5 Hz, 2H), 7.75 (s, 1H),
7.62 (t,J=73Hz, 1H), 7.56 (d,J =7.6 Hz, 2H), 7.51 (t,J = 7.4 Hz, 2H), 7.40 (d,J =
7.5 Hz, 2H), 7.38-7.33 (m, 1H), 7.30 (t,/ = 7.3 Hz, 2H), 7.17 (d, J= 7.6 Hz, 2H);, *C
NMR (125 MHz, CDClz) 0 184.2, 152.6, 140.7, 138.4, 136.5, 133.0, 132.6 (2C),
132.5,129.8, 129.4 (4C), 129.3 (2C), 129.0, 128.7 (2C), 128.6 (2C), 123.1.

N
S—Ph
Ph\[([,\?i
Phenyl(2-phenyl-1-(m-tolyl)-1H-imidazol-5-yl)methanone (3aq). Ethyl
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acetate/petroleum ether = 1:4 as the eluent; yellow solid, 81% yield (54.8 mg); mp

83.2-85.7 °C; 'H NMR (500 MHz, CDCls) 5 7.91 (d, J = 7.5 Hz, 2H), 7.73 (s, 1H),
7.59 (t,J = 7.3 Hz, 1H), 7.49 (t,J = 7.6 Hz, 2H), 7.43 (d, /= 7.4 Hz, 2H), 7.31 (t, J =
7.8 Hz, 2H), 7.28-7.22 (m, 3H), 7.11-7.07 (m, 2H), 2.34 (s, 3H); 3C NMR (125 MHz
CDClL) 6 184.1, 152.3, 140.4, 139.3, 138.6, 137.3, 132.7, 132.6, 129.8, 129.43 (3C),
129.38, 129.1 (2C), 129.0, 128.5 (2C), 128.3 (2C), 128.1, 124.8, 21 4.

N\
Ph\[([N%Ph
O @\
Cl

(1-(3-Chlorophenyl)-2-phenyl-1H-imidazol-5-yl)(phenyl)methanone (3ar). Ethyl
acetate/petroleum ether = 1:4 as the eluent; White solid, 51% yield (36.7 mg), mp
160.3-162.7 °C; 'H NMR (500 MHz, CDCl3) 6 7.93-7.89 (m, 2H), 7.75 (s, 1H), 7.62
(t,J=7.4Hz, 1H), 7.51 (t, J= 7.7 Hz, 2H), 7.44 (ddd, J= 8.1, 1.8, 1.0 Hz, 1H), 7.42—
7.39 (m, 2H), 7.38 (d, J = 8.0 Hz, 1H), 7.36-7.33 (m, 1H), 7.33-7.27 (m, 3H), 7.30
(ddd, J=17.9, 1.8, 1.0 Hz, 1H); '3C NMR (125 MHz, CDCl3) ¢ 184.1, 152.6, 140.6,
138.6, 138.4, 134.9, 132.9, 132.6, 130.2, 129.8, 129.43 (2C), 129.38, 129.2 (20),
129.0, 128.7 (2C), 128.6 (2C), 128.1, 126.3.

N\
Phw([,\?iph
5 Q
Br

(1-(3-Bromophenyl)-2-phenyl- 1 H-imidazol- 5-yl)(phenyl)methanone (3as). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 60% yield (48.6 mg), mp
182.7-185.1 °C; 'H NMR (500 MHz, CDCl) 6 7.90 (d,J = 7.4 Hz, 2H), 7.75 (s, 1H),
7.64-7.56 (m, 2H), 7.51 (t, J = 7.4 Hz, 2H), 7.47 (s, 1H), 7.41 (d, J = 7.4 Hz, 2H),
7.37-7.22 (m, 5H); 3C NMR (125 MHz, CDCL) J 184.1, 152.6, 140.6, 138.7, 138.4,
132.9, 132.6, 132.3, 130.9, 130.4, 129.8, 129.4 (2C), 129.2 (2C), 129.0, 128.7 (2C),
128.5(2C), 126.8, 122.6.
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N

on L

e
Phenyl(2-phenyl-1-(o-tolyl)-1H-imidazol-5-yl)methanone (3at). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 37% yield (25.3 mg), mp
132.3-134.2 °C; 'H NMR (500 MHz, CDCl3) 0 7.92-7.87 (m, 2H), 7.79 (s, 1H), 7.57
(t,J=7.4Hz, 1H), 7.49-7.43 (m, 4H), 7.38-7.34 (m, 1H), 7.31-7.20 (m, 6H), 2.00 (s,
3H); 3C NMR (125 MHz, CDCl3) 0 184.0, 151.9, 140.3, 138.5, 136.8, 135.5, 132.6,

132.2, 131.0, 129.5, 129.4 (2C), 129.3 (2C), 128.5 (4C), 128.4 (2C), 128.0, 126.9,
17.6.

N

S—Ph
Phﬁ([,\?_

Br

(1-(2-Bromophenyl)-2-phenyl-1 H-imidazol-5-yl)(phenyl)methanone (3au). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 76% yield (61.2 mg), mp
166.2-167.9 °C; 'H NMR (500 MHz, CDCl3) 6 7.91 (d,J = 7.8 Hz, 2H), 7.77 (s, 1H),
7.67 (d,J=8.0Hz, 1H), 7.60 (t,J =7.4 Hz, 1H), 7.50 (t, /= 7.5 Hz, 2H), 7.44 (d,J =
7.8 Hz, 2H), 7.42-7.38 (m, 2H), 7.36-7.31 (m , 2H), 7.28 (t, J = 7.3 Hz, 2H), 13C
NMR (125 MHz, CDCls) ¢ 184.4, 152.2, 140.0, 138.3, 137.2, 133.5, 132.8, 1324,
130.7, 130.2, 129.8, 129.5 (2C), 129.2, 128.9 (2C), 128.6 (2C), 128.5 (2C), 128.4,

122.7; HRMS (ESI-TOF) caled for C»His”BN:O [M + H] 403.0446, found
403.0451.

N\
th/[,\k_':h

0]

(1-(3,4-Dimethylphenyl)-2-phenyl-1H-imidazol-5-yl)(phenyl)methanone (3av).
Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid, 53% yield (37.7 mg),
mp 147.1-149.2 °C; '"H NMR (500 MHz, CDCl3) d 7.94-7.89 (m, 2H), 7.72 (s, 1H),
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7.59 (t,J = 7.4 Hz, 1H), 7.49 (t, J = 7.7 Hz, 2H), 7.47-7.42 (m, 2H), 7.31 (t, J = 7.3
Hz, 1H), 7.29-7.24 (m, 2H), 7.17 (d, J = 7.9 Hz, 1H), 7.05 (s, 1H), 7.02 (dd, .J = 7.9,
1.9 Hz, 1H), 2.30 (s, 3H), 2.24 (s, 3H); *C NMR (125 MHz, CDCL) 6 184.2, 152.4,
140.4, 138.7, 137.8, 137.6, 135.0, 132.71, 132.66, 130.4, 129.5 (3C), 129.4, 129.2
(2C), 128.6 (2C), 128.4, 128.3 (2C), 124.9, 20.0, 19.8; HRMS (ESI-TOF) calcd for
Ca4H2iN20 [M + HI+ 353.1654, found 353.1652.

N
\>_
Ph | N Fh

0

(1-(Naphthalen-1-yl)-2-phenyl-1 H-imidazol-5-yl)(phenyl)methanone (3aw). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 58% yield (43.6 mg), mp
167.1-169.8 °C; 'H NMR (500 MHz, CDCl3) 6 7.96 (d,J = 8.2 Hz, 1H), 7.92 (d,J =
8.2 Hz, 1H), 7.90 (s, 1H), 7.87 (d, /= 7.3 Hz, 2H), 7.56 (t,J = 7.2 Hz, 1H), 7.52-7.39
(m, 7H), 7.34 (d,J = 7.6 Hz, 2H), 7.21 (t, J = 7.3 Hz, 1H), 7.11 (t, J = 7.5 Hz, 2H);
13C NMR (125 MHz, CDCl3) 0 183.9, 153.1, 140.4, 138.5, 134.2, 134.0, 133.5, 132.7,
130.9, 129.8, 129.6, 129.4 (2C), 129.2, 128.7, 128.6 (2C), 128.5 (2C), 128.3 (2C),

127.8, 126.8, 126.0, 125.3, 121.9.

N
on. AL
0 Bn

(4-(1-Benzyl-2-phenyl-1H-imidazol-5-yl)(phenyl)methanone (3ax). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 53% yield (36.1 mg), mp
156.7-158.1 °C; '"H NMR (500 MHz, CDCl3) ¢ 7.84-7.79 (m, 2H), 7.72 (s, 1H),
7.61-7.58 (m, 2H), 7.57 (d,J = 7.4 Hz, 1H), 7.50-7.42 (m, 5H), 7.26 (t, / = 7.3 Hz,
2H), 7.21 (t, J = 7.3 Hz, 1H), 6.99 (d, J = 7.3 Hz, 2H), 5.77 (s, 2H); 3C NMR (125
MHz, CDCls) o 185.6, 154.5, 141.7, 139.0, 137.7, 132.5, 130.8, 130.2, 129.6, 129.4
(2C), 129.3 (2C), 128.92 (2C), 128.86 (2C), 128.5 (2C), 127.6, 126.1 (2C), 49.6;
HRMS (ESI-TOF) caled for C23HioN20 [M + H]" 339.1497, found 339.1499.
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(1-Benzyl-2-(p-tolyl)-1H-imid azol-5-yl)(phenyl)methanone (3ay). Ethyl
acetate/petroleum ether = 1:4 as the eluent; brown solid, 51% yield (36.1 mg); mp
142.1-143.7 °C; '"H NMR (500 MHz, CDCl3) 6 7.80 (d,J = 7.5 Hz, 2H), 7.70 (s, 1H),
7.57 (t, J= 7.4 Hz, 1H), 7.50-7.44 (m, 4H), 7.27-7.18 (m, 5H), 6.99 (d, J = 7.4 Hz,
2H), 5.76 (s, 2H), 2.40 (s, 3H); *C NMR (125 MHz, CDCls) o 185.6, 154.7, 141.7,
140.4, 139.1, 137.8, 132.5, 130.7, 129.6 (2C), 129.32 (2C), 129.27 (2C), 128.8 (2C),
128.5 (2C), 127.6, 126.6, 126.1 (2C), 49.6, 21.6, HRMS (ESI-TOF) calcd for
C2H21N20 [M + H]" 353.1654, found 353.1645.

N
| \>—< >—CI
Ph N
0] Bn

(1-Benzyl-2-(4-chlorophenyl)-1H-imidazol-5-yl)(phenyl)methanone (3az). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 47% yield (35.1 mg), mp
154.4-156.3 °C; 'TH NMR (500 MHz, CDCl3) 6 7.81 (d,J = 7.4 Hz, 2H), 7.71 (s, 1H),
7.58 (t,J= 7.3 Hz 1H),7.53 (d,/J =83 Hz,2H), 7.48 (t,J= 7.6 Hz, 2H), 7.42 (d,J =
83 Hz, 2H), 7.27 (t,J=7.1 Hz, 2H), 7.22 (t, /= 7.1 Hz, 1H), 6.97 (d, /= 7.3 Hz, 2H)
5.74 (s, 2H); 3C NMR (125 MHz, CDCls) 0 185.6, 153.2, 141.5, 138.9, 137.4, 136.5,
132.6, 131.0, 130.7 (2C), 129.3 (2C), 129.2 (2C), 129.0 (2C), 128.6 (2C), 128.0,
127.8, 126.0 (2C), 49.6; HRMS (ESI-TOF) caled for CsHis>CIN-O [M + H]'
373.1108, found 373.1109.

N
Ph N
0] Bn

(1-Benzyl-2-(4-bromophenyl)-1H-imidazol-5-yl)(phenyl)methanone (3aa’). Ethyl
1H), 6.98 (d, J = 7.5 Hz, 2H), 5.74 (s, 2H); 3C NMR (125 MHz, CDCl3) ¢ 185.6,
153.2, 141.5, 138.9, 137.4, 132.7, 132.2 (2C), 131.0, 130.9 (2C), 129.3 (2C), 129.0
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(2C), 128.6 (2C), 128.4, 127.8, 126.0 (2C), 124.8, 49.6, HRMS (ESI-TOF) calcd for
CxHis””BrN>O [M + H]* 417.0603, found 417.0609.

N
N
Ph N

o) Bn

(1-Benzyl-2-(m-tolyl)-1 H-imidazol-5-yl)(phenyl)methanone (3ab’). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Brown solid, 42% yield (29.8 mg), mp
192.2-194.8 °C; 'TH NMR (500 MHz, CDCl3) 6 7.81 (d,J = 7.4 Hz, 2H), 7.70 (s, 1H),
7.56 (t,J = 6.9 Hz, 1H), 7.46 (t,J = 7.2 Hz, 2H), 7.42 (s, 1H), 7.37-7.31 (m, 2H),
7.29-7.23 (m, 3H), 7.23-7.18 (m, 1H), 6.99 (d, J = 7.2 Hz, 2H), 5.76 (s, 2H), 2.36 (s,
3H); BC NMR (125 MHz, CDCls) o 185.6, 154.7, 141.7, 139.0, 138.7, 137.7, 132.5,
130.9, 130.7, 130.3, 129.4, 129.2 (2C), 128.8 (2C), 128.7, 128.5 (2C), 127.6, 126.25,
126.17 (2C), 49.6, 21.5; HRMS (ESI-TOF) calcd for C2sH21N2O [M + H]" 353.1654,
found 353.1665.

1\ '
e,
Ph N

9] \Bn

(1-Benzyl-2-(naphthalen-2-yl)-1 H-imidazol-5-yl)(phenyl)methanone (3ac’). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 57% yield (44.5 mg), mp
151.3-152.9 °C; '"H NMR (500 MHz, CDCl3) 6 8.07 (s, 1H), 7.92 (d, J = 8.5 Hz, 1H),
7.87 (d, J= 8.0 Hz, 1H), 7.84 (d, J = 7.7 Hz, 2H), 7.80-7.76 (m, 2H), 7.71 (d, J = 8.5
Hz, 1H), 7.60-7.51 (m, 3H), 7.48 (t, /= 7.7 Hz, 2H), 7.28 (t, /= 7.4 Hz, 2H), 7.22 (t,
J=17.2Hz, 1H), 7.03 (d, J=7.5 Hz, 2H), 5.84 (s, 2H); 1*C NMR (125 MHz, CDCl3) §
185.6, 154.5, 141.8, 139.1, 137.8, 133.8, 132.9, 132.5, 131.0, 129.5, 129.3 (2C), 128.9
(20), 128.75, 128.69, 128.5 (2C), 127.9, 127.7, 127.5, 126.9, 126.8, 126.2 (3C), 49.8;
HRMS (ESI-TOF) calcd for C27H21N20 [M + H]" 389.1654, found 389.1650.
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(1-(4-Bromophenyl)-2-phenyl- 1 H-imidazol-5-yl)(phenyl)methanone (3ad’). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 57% yield ( 42.6 mg), mp
124.3-126.9 °C; '"H NMR (500 MHz, CDCl5) 6 7.81 (d,J = 7.4 Hz, 2H), 7.73 (s, 1H),
7.60-7.54 (m, 3H), 7.51-7.42 (m, 5H), 7.23 (d, J = 8.3 Hz, 2H), 6.93 (d, J = 8.3 Hz,
2H), 5.71 (s, 2H); 3C NMR (125 MHz, CDClk) o 185.5, 154.4, 141.8, 138.8, 136.1,
133.4, 132.6, 130.6, 130.2, 129.34, 129.31 (2C), 129.2 (2C), 129.0 (2C), 128.9 (2C),
128.5 (2C), 127.5 (2C), 49.0; HRMS (ESI-TOF) caled for C»3H;s*CIN,O [M + H]*
373.1108, found 373.1107.

2.4 BIMRR XY

MRS5S IR, CHaBr (3G JE LA N -2.06 V (] 2-1) , XK HIHAFER]
W M JF IR 1 1M BroAY4RIE E AL AL EL 1a (1.2 V vs Ag/AgCD) #11 2a
& (B 2-2) , XHEEH BrfE K S EG R

50 -

-50 4

i/ pA

-100 -

-150 1

_2 00 L] L] L]
-3 -2 -1 0

E vs (Ag/AgCIy/V

K 2-1 744 LiCl0s (0.1 M) AR MeCN (20 mL) ', CH,Br2 (0.05 M) HIfEFE

ZHK. BEEEN-3.0VEI OV
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1000 4 : - Blank
— 1a

800 — 2a
« 600
=8
400

200 -

0- —1

0.0 0.5 1.0 1.5 2.0
E vs (Ag/AgC)/V

K 2-2 &fzk: MeCN (20 mL) H7 0.1 M "BusNBF4; £ff2k: MeCN (20 mL) 1 0.1 M
"BusNBF4f1 0.05M1a (20mL) ; #%4k: MeCN &1 0.1 M "BusNBF4 1 0.05 M 2a (20 mL) .

JWEMOVEI 20V

2.5 BRREXTBR SEaG

N
0] NH N
Pt(+)|Pt(-): | = 5 mA | >—F’h
s o Ph > Ph

Ph)'l\/\lil Ph)j\m/ "BuyNBr (2 equiv) i
MeCN o Pn

1a 2a temp, 8 h 3aa

60 °C 12%

80°C 69%

T2 2-4

AR, FATE IR T ESER (5% 2-4) o 1lafl
2a /£ MeCN H L "BuNBr AR AE 60 °C T N AE =4 3aa, 728N 12%.
7E 80 °CH R Ty RMHEAT RUF, DL 69%MIr =135 3aa (HF 2-4) . LK
SRR, RS FIEZR NP T IOER .
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2.6 BHREHRLE

N T RAERRARAE B B3, JRATEEAT T B H RS 1 A A B
PR 10 A 43 B 2 R R R S N BB 1a (35.0 mg, 0.2 mmol) « ZKIEfK 2a
(58.9mg, 0.3mmol, 1.534&) . "BusNBFs (131.7 mg, 0.4 mmol, 2 X&) .
TEMPO (62.5mg, 0.4 mmol, 2 &) . CH:Br, (4mL) I MeCN (0.5mL) »
1 Ak (10 mm x 10 mm x 0.2 mm) FAEFIRFIINR . K B IR G AE TS
U T 60 °C Hit bk, FFAEIE E B 5 mA S50 T HLAR 8 /NI . M SERRJE, X
K BJR 2 (1) 3aa, i8I HRMS BEESTSREGY, WK (B 2-3) #
(B 2-4) Fiome BATHRIRR] T IR A BRI B L [ 2, XA T T ok
H AL ER A 1A RUE .

Q
standard conditions N + N
la + 2a — 3aa +
TEMPO (2 equiv)
trace

TEMPO-CH,Br TEMPO-Br

(N J
Y

detected by HRMS

TR 2-5

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

78 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:9-9 H:19-19 N:0-100 O:0-100 Br:1-2

27

240808-2-XH-1 34 (0.235) o Br 1: TOF MS ES+
' 236.1052 11197003
100-, >©< ;
| TEMPO-Br
% [M + H]* calcd for CqH4g"°BrNO 236.0650, found 236.0655
~a 236.1331
236.0029 EEBHIERS ‘
e e L B e e T e e e L e e T L B s e e s s e LA S B s s s e N 11174
235.800 235.900 236.000 236.100 236.200 236.300
K 2-3
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Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
94 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:10-10 H:21-21 N:0-100 ©O:0-100 Br:1-2
_CH,Br
27 9

240808-2-XH-1 17 (0.126) N 1: TOF MS ES+
6.86e+002
100+ 250.1282

TEMPO-CH,Br
1 [M + H]* calcd for CqoHpq”°BrNO 250.0807, found 250.0811
% \A

250.0253 250.0811

250.1562

250.0490 ‘
e — m/z

—— T T T
250.100 250.200 250.300 250.400

K 2-4

— T T T T T T
249.800 249.900 250.000

2.7 R MHBHIRR

BT BRI A5 R SOCERIGE, FATGR TS B AL A A
RIALE], dnlE 5% 2-6) Fow, DUREZHER 1a 52REEK 2a (1 NOABI. &G,
TR W B AR T HOL SR, R A B AR . BE)E, R TR
AR A, PAERE . 55, 1a 5IREBERAE A BN, 4
i H B EE AR A, % ] A B A AR B AR R T A AL, B BRI % 84 1144 B
Fila] R B 5 2a R SRAZIN SR N AE BINERA €, B P TENA C R 1 AR
ZHAS, BE— DR A —NRE T, ARV D, SRS . &5,
AR D 2 R AT, BRI ) 3aa. R, ORETBCH 5 T
TEFIR LR, A

42



4 RPN 2R VAT

..........................................

A NH(CHa),, H*

N
S—ph
Ph\'([,\?_
\
Ph

O -
Anode B 3aa Cathode

K 2-5

2.8 BRI T4 14 3036

NT IR VA S Y, BeAh, AT TRORSE, PV %
S . ATATHRE MR, RME A N K F] 4 mmol MRS, JEid
Wt S LI ) ZE K 1) 48 /K, 38R AT BLEL 59% (770 mg) HIH &5 7= K 345 3aa
(7% 2-6) -

N

O NH N

Pt(+)|Pt(-): | = 5 mA | D—pnh
N -+ >
Ph)]\/\N Ph)J\N/ "Bu,yNBF, °h N
| H CH,Br,/MeCN o Ph
o
1a (4 mmol) 2a (6 mmol) 60°C,48h 3aa, 59% (770 mg)
% 2-6
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2.9 RENGE

gr BRTIR, AR E E U AT T M R R R IR AE LA SR A TR R AR I 4 T
IR R B o T I ARG R 51U R, O SE I T M IR 5 R R A
AL 2 R R S SE, E I e R A T S 2 REIR KPS 2 IR B2 . A9 — RN 2,
SRR R RIETERL SIN T IR b, HAE B SR TR IR S AR
NEBES R, RN BRI RN R B T IEIR, B TR
GEAL TR o X SEIS SR St R AL

RITERAZ TN . B, RS A FIRAEAT, #RAEE
fE, e T AR BRI RO R, OSBRI AR R I A OR,
e LUBLE 7 G R H AR ) RIS R AYE R AT, IEH T 2 WA E R 1)
B FBR R, JRVE R 2, BA R SE AR AT R B4, A
JEORME B )t B, JEORMA R AR, 1 — BTt T R R A T . SR
(R, % H A A SR LE AN SR AR AN A (R S A TR T o 38 4 A A 711,
PO FEIE, DKM T IR GG ARt T — Rl it s
o7k, HABENRFMNESHET 85,
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FIF BUFEFHTHEES 2-ItiE CERERTTE M HEk
MU R BLESR

3.1 SEIGER Y
3.1.1 B 5IRF
A BT ) SEERAN BR AN 28 — B AR E], IR A BT A TE

EiIEp FkE G

2-MEIE 2R L1 7 Hral FHERER A R A

M srifrat R HAR (R ARAR
1-2% 2. srifrat AR (L) ARAF
RILEE- T T srifrat ] 245 52 A 22 iR A PR 22 7]

Xt K L et 1] 245 5 A 22 R A R 2 ]
34- R L srifrat I 24 £ AL 1R A PR )
2-Z B HE R IR srifrat [H 25 R B 2GR PR A

2- P FHEE Yy A Ll RERA R AT

T FR 2L srifrat FERAFERAR (L) HIRAR
3.5- K L srifret L RAR A R AT

4" IR srifrat ERAEERAR (L) GRAH
4-57 T EEIK L Jrfrat R ER (L) FARAH
4-IE N HK 2 7 Hrat ] 245 4 A 22 0 A R 2

3 4 -ECRZE srifrat I 2 SR A6 22 iR A PR 2 7]
R R R Jrirat LTI RBATIR A 7]

o srifrat I 24 £ AL 2 1R A PR )
DL- i rf 2 et I 245 52 A 22 R A B 2 7]

5 I srifrat I 24 £ AL 2 1R A PR A 7
KRR et FHZREREATIR A7
2-(3-1R-2-MEIE I LK LR et FigRERA R AT

2-MHEIE 2. Jfg srtfrat FHER AR R

2-NEEIE F i LIED PR EOR (i) AIRAR
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3.2 FER 4 9E R

| N 0 DMAP,Et;N A
~ + ROH | _ R
N OH DCM, DCC, 40°C,12h N

E F 4a
TR 3-1

PAE i da 5 i) [ e e R R AR O BRI e 5 E- (20 mmol, 0.346 g)
LIEEF (30mmol, 0.192 g) , =4 (540 uL) , DCC (20 mmol, 420 mg) ,
DMAP (2 mmol, 12.2 g) 7EMHEAH A & H K (20 mL) HHEEM, 1R x
IR 40 °C B 12 AN/, FEF R SR HIIN 5 g BRBRAM I FERIIE, IIANIE &
MR EMTRERR (200-300 H) , JBRRGER, RIEEHEN (LROBE:H
Wl =1:2) o TEAFIEEME, RN 70%.

3.1.3 B4 5 BIE R

jL/\ R1_:/ﬁv ,  CHIPt-): 1=5mA
Ar NT T S @R Ar

| nBU4NBF4
MeCN/CHBr3
80°C,8h

TR 32

¥ E R 1 (0.2 mmol) « 2-MERE LR 4 E 4 (0.4 mmol) . "BusNBF; (0.4
mmol, 131.7 mg). CHBr3 (0.8 mmol) 1 MeCN (4 mL) i F 4 Fg 18 2
HLERE (BA% 3em) o SKRABA (10 mm x 10 mm x 2 mm) YENBHM, 445
(10 mm x 10 mm x 0.2 mm) fEAMK. RMNET2H, 1E 80 °C MBI
NORRERCRE, [FR RN S mA HIR HUE, [BRRSE 8 N (7.4 Fmol™) o RS
SERUE K RNAT R AR IR AW TE B Rk 4E, M Sl PO AR E AT (B
LR /A BT BEAT AL, BE HE S 5.
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3.2 LWHERSTTIL
3.2.1 F=49) Saa MU E RS

FRATTE P A 12 F1 2-HHE0E 2R T da 1E BB R R IR R RN 51
TRAT B £ 2% A 2 A8 "BusNBF4 A A LRI, MeCN (4 mL/0.5 mL) 1ERIEH,
CHBr 1E 51 K7, B VE AR, B eI, RNTE 80 °C R LA S mA [1H
ST FLIREAT FLAE 8 /NI, B2 DL 76% 177 ek A5 BT 75 (K105 R Saa (entry 1) .
2R AR CHBrs, WA ARAT =42 i Centry 2) 53X % W] CHBrs )
TN LA D). 24 H DMF 1 DMSO 0 MeCN #H TG, 15375
BUK Centries 3-4) , XHIATHE AR RIVTEDUEEAF . oA H K0 AT
#&4 CHaBra2 EtBr 1 BrCHCH.OH 0 # CHBrs tHAEfE #E ) B, (HEATHI R
W2 AKT CHBr; Centry 5-7) o #E— PR, AN K HIAR R A B0 il
PRERARERMW Centries 8—11) , HXS T E—AMEA R Pt(+)[Pt(-), FATIX VK
I CHP-) E MM EH R R ER R . 25, BAVEH T "BusNPFs
1 LiClOs %5 B AR H AR, HBTA 1X L8 HL R ) 45 A9 2% (entries 11-12)
A, SUREAR T EARAE I T 2 &= ) "BuNBFa 2 B Centry 13) . 2
&, FAEE T CHBr (IR INE, 7R UMEIC Centry 14) o fEIZRP, iR
FEXT IR AR B O E R, PRARAI T = S B # A BB i Saa (1773
(entries 15-16) o 222 LW AFIHEE 0 S N &A%, H 10 BE 3 mA FLIR IO #E
ST W5 WkIE Saa (entries 17-18) F=Z K, JF B4R R MR, H2FEUR
NATEA: (entry 19) o JEIEXTHESLIG R AT, HLIRN R BAS AT BB R R, 7ETC
RSO, BAR=YIARH Centry 20)

F 3-1. =Y 5aa KA REMBARALE ¢

CO,Et
(0] AN N
| C(+)|Pt(-): | =5 mA \ N A\
Ph)v\N/ + N/ COZEt nBU4NBF4 Ph J—
| MeCN/CHBr; 0]
0
1 4 80°C,8h 5
entry variation from the standard conditions yield” (%)
1 none 76
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o) without CHBr3 0

3 DMF instead of MeCN 37

4 DMSO instead of MeCN 13

5 CH:»Br; instead of CHBr3 43

6 EtBr instead of CHBr3 57

7 BrCH>CH>OH instead of CHBr3 trace
g Pt(+)|Pt(—) instead of C(+)[Pt(-) 69

9 Pt(+)|C(-) instead of C(+)[Pt(-) 33
10 C(+)|C(-) instead of C(+)[Pt(-) 57
11 "BusNPFs instead of "BusNBF4 53
12 LiClO4instead of "BusNBF4 51

13 0.2 mmol of "BusNBF4 was used 47
14 0.4 mmol of CHBr3; was used 39
15 60 °C instead of 80 °C 55
16 r.t. instead of 60 °C trace
17 10 mA instead of 5 mA 67
18 3 mA instead of 5 mA 73
19 6 h instead of 8 h 57
20 without electric current 0

@ [x W24 1a (0.2 mmol), 2a (0.4 mmol, 2.0 equiv), "BusNBF4 (0.4 mmol, 2 equiv), CHBr3 (0.8
mmol), MeCN (4 mL), C(+)/Pt(-)iR FEA%, 18 7& HLJi = 5 mA, 7EZ SR T 80 °C F M. 8 /)

I} (7.4 Fmol ™), /3B =&,

322 RV R
TEHE T & SRR SV A R N &2 5, BATZ R BT T —
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AV RYEGE TR I (3R 3-2) o JREHH 1 2R3 Bar A A F RS, (0 fE
Me. MeO. Et. Pr. Bu. Pr. F. Cl. Br fll CFs, fEXFEMHEI)G, HFH]—
RYIGEIE Saa—pa, 77F A 36%-92%. ML T, WHARIIEY 1s 15 BT
MIr=Pr=2e, XAl Re T2 MAIPE . (AR MR, 2 R Hh fr 28 2 4 g
Wy FRGHEFIER ISR, HEUR T A= % Sva—~xa. BEJE, FRATSK4E
FH &P & FE LR 2-IE0E LR OB 4. 7E R B2RIE Ay A AN R B 2-Rk g 2
MR Ol 4 5 1a JUREEAT, AHRZEI =4 Sab—af DL 42-77% 05> %45 3], 244 R?
BF By CNBF, 5 1b, 11, 1o B, AR T ARI =2, XL TE
T AT R I E .
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F 3-2. IFHER 1 A0 2-nkne ZBRERATAEY) 4 & RRI5| Wk 50

/lk/\ q\/ COIP): 1=5mA
T tBuNBF, | A

MeCN/CHBr3
1 2 80°C,12h
CO,Et CO,Et CO,Et
N N AN N
N N N N
\ N \ N \ N \ N
(o] (e] (o]
5aa, 76% 5ba, 92% 5ca, 58% 5da, 78%
CO,Et CO,Et CO,Et
N N AN
\ N\ \ N\ \ N\
N MeO N Cl N Br
(e} 0] O
5fa, 51% 5ga, 91% Sha, 66% Sia, 77%
CO,Et CO,Et CO,Et
Cl Br. F3C
AN AN 3
\ N \ N
N . N .
0] (e}
Ska, 69% Sla, 47% S5ma, 73% 5na, 56%
CO,Et CO,Et CO,Et
Cl
AN
\ N
cl N
(¢]
Spa, 63% 5qa, 56% Sra, 77% Ssa, 36%
CO,Et CO,Et COEt
AN
N
\ N
(@]
Sua, 76% Sva, 43% Swa, 67% 5xa, 57% 5ab, 47%
CO,Et CO2CH3 GN
N i 7 AN
\ N N 7 I O 7 | (e) & \ N N
— d N g N —
o] \ / N / (e}
5ac, 42% Sad, 77% 5ae, 65% 5af, 61% 5ag, 57%
CN CN CN
Cl
AN AN AN
\ A\ \ A\ \ A
@m {_ N
(e} 0] (¢]
5bg, 78% 5lg, 53% 509, 64%

@ [g Wi 2&AF: 1a (0.2 mmol), 2a (0.4 mmol, 2.0 equiv), "BusNBF4 (0.4 mmol, 2 equiv), CHBr3 (0.8
mmol), MeCN (4 mL), C(+)/Pt(-)# A%, 18 FLIE = 5 mA, 7EZ AT 80 °C M 8 /)

i (7.4 Fmol ™). b/ & =%,
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3.3 ISR MR P-4 RO FRAE

77l Saa. Sba. 5ga. Sha. Sia. Ska. Sla. Sna. S5ah. Soa. Spa. 5qa.
Sra. Ssa. Sab. Sac. Sad. 5ae. Sag. Sbg. Slg CHL &Y, EALHIILIRVEE
o HAPYIARFEY), BRI HRMS 70t 4T 1 3R AE.

CO,Et

Ethyl 3-benzoylindolizine-1-carboxylate (5aa). Ethyl acetate/petroleum ether =
1:5 as the eluent; Yellow solid, 76% yield (44.5 mg), mp 97.2-98.1 °C; '"H NMR (500
MHz, CDCl3) 0 9.98 (d,J =7.0 Hz, 1H), 8.40 (d, J= 89 Hz, 1H), 7.85-7.79 (m, 3H),
759 (t,J =74 Hz, 1H), 7.52 (t,J = 7.4 Hz, 2H), 7.48-7.43(m, J = 8.8, 6.9, 1.0 Hz,
1H), 7.10 (td, J = 6.9, 1.1 Hz, 1H), 438 (q, J = 7.1 Hz, 2H), 1.40 (t, ] = 7.1 Hz, 3H);
BC NMR (125 MHz, CDCl3) 0 185.7, 164.2, 140.0, 131.6, 129.3, 129.17, 129.1 (3C),
128.5(2C), 127.8,122.6, 119.6, 115.4, 106.4, 60.2, 14.7.

CO,Et

Ethyl 3-(4-methylbenzoyl)indolizine-1-carboxylate (Sba). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 92% yield (56.5 mg), mp 104.8-105.3 °C; 'H
NMR (500 MHz, CDClz) 0 9.95 (d,J = 7.0 Hz, 1H), 8.38 (d, ] = 8.9 Hz, 1H), 7.83 (s,
1H), 7.74 (d, J = 8.1 Hz, 2H), 7.46-7.40 (m, 1H), 7.32 (d, J=7.8 Hz, 2H), 7.07 (td,
J=6.9, 1.2 Hz, 1H), 4.38 (q, J=7.1 Hz, 2H), 2.46 (s, 3H), 1.40 (t, J=7.1 Hz, 3H); *C
NMR (125 MHz, CDCl3) 0 185.5, 164.2, 142.2, 139.7, 137.2, 129.24 (3C), 129.16
(2C), 128.8,127.6, 122.7, 119.5, 115.3,106.2, 60.2, 21.7, 14.7.

CO,Et
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Ethyl 3-(4-ethylbenzoyl)indolizine-1-carboxylate (Sca). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 58% yield (37.2 mg), mp 94.9-96.3 °C; 'H
NMR (500 MHz, CDCl3) 6 'TH NMR (500 MHz, CDClz) 6 9.95 (d,J = 7.1 Hz, 1H),
838(d,/=9.0 Hz, 1H), 7.84 (s, 1H), 7.76 (d, J = 8.1 Hz, 2H), 7.42 (m, 1H), 7.34 (t,
J=7.7Hz,2H), 7.06 (t,J =6.6 Hz, 1H),4.38 (q, /= 7.1 Hz, 2H), 2.75 (q,J = 7.6 Hz,
2H), 1.40 (t,J=7.1 Hz, 3H), 1.30 (t, J = 7.6 Hz, 3H); 3C NMR (125 MHz, CDCl3) 0
185.5, 164.2, 148.4, 139.8, 137.4, 129.3 (2C), 129.2, 128.8, 128.0 (2C), 127.6, 122.7,
119.5,115.2,106.2, 60.1, 29.0, 15.4, 14.6; HRMS (ESI-TOF) calcd for C20H1oNO3;[M
+ H]" 321.6720, found 321.6716.

CO,Et

Ethyl 3-(4-propylbenzoyl)indolizine-1-carboxylate (Sda). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 78% yield (52.3 mg), mp 70.7-72.8 °C; 'H
NMR (500 MHz, CDCl3) 6 9.95 (d,J = 6.9 Hz, 1H), 8.38 (d, /= 8.8 Hz, 1H), 7.85 (s,
1H), 7.76 (d,J=7.0 Hz, 2H), 7.44 (t, /= 7.9 Hz, 1H), 7.32 (d,J = 7.3 Hz, 2H), 7.07
(t, /=69 Hz, 1H), 438 (q, /= 7.1 Hz, 2H), 2.69 (t, J = 7.6 Hz, 2H), 1.75-1.65 (m,
2H), 1.40 (t,J= 7.1 Hz, 3H), 0.99 (t, J = 7.3 Hz, 3H); *C NMR (125 MHz, CDCl3) o
185.6, 164.3, 146.9, 139.8, 137.4, 129.2 (3C), 128.9, 128.6 (2C), 127.6, 122.7, 119.5,
115.3,106.2, 60.2, 38.1, 24.5, 14.7, 13.9; HRMS (ESI-TOF) calcd for C21H21NO;[M
+ H]" 335.4030, found 335.4032.

CO,Et

Ethyl 3-(4-butylbenzoyl)indolizine-1-carboxylate (Sea). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 72% yield (50.3 mg), mp 97.8-98.9 °C; 'H
NMR (500 MHz, CDCl5) 6 '"H NMR (500 MHz, CDCl3) 0 9.95 (d, /= 7.1 Hz, 1H),
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8.38 (d, /= 8.9 Hz, 1H), 7.85 (s, 1H), 7.76 (d,J = 7.9 Hz, 2H), 7.43 ((t, /= 7.8 Hz,
1H), 7.32 (d,J = 7.9 Hz, 2H), 7.06 (t, /= 6.8 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 2.70
(t,J =7.7 Hz, 2H), 1.72-1.64 (m, 2H), 1.40 (t, J= 7.1 Hz, 3H), 1.38-1.33 (m, 4H),
0.92 (t, J = 6.6 Hz, 3H); 3C NMR (125 MHz, CDCL) J 185.6, 164.3, 147.2, 139.9,
137.4, 129.3 (2C), 128.9, 128.5 (2C), 127.6, 122.8, 119.6, 115.2, 106.2, 60.2, 36.0,
31.6, 31.0, 22.6, 14.7, 14.1; HRMS (ESI-TOF) caled for C»HxNOs[M + HJ*
349.4300, found 349.4304.

CO,Et

Ethyl 3-(4-isopropylbenzoyl)indolizine-1-carboxylate (Sfa). Ethyl
acetate/petroleum ether = 1:3 as the eluent; Black solid, 51% yield (34.2 mg), mp
92.5-94.3 °C; 'H NMR (500 MHz, CDCl3) 6 9.89 (d, J = 7.1 Hz, 1H), 8.37 (d, J=9.0
Hz, 1H), 7.84 (d, J= 8.8 Hz, 2H), 7.83 (s, 1H), 7.4 (d, /= 7.9 Hz, 2H), 7.05 (t, /= 6.9
Hz, 1H), 7.01 (d, J = 8.7 Hz, 2H), 4.38 (q, J = 7.1 Hz, 2H), 3.90 (s, 3H), 1.41 (t, J =
7.1 Hz, 3H); *C NMR (125 MHz, CDCl:) J 185.6, 164.3, 153.0, 139.8, 137.6, 129.4
(20), 129.3, 128.9, 127.6, 126.6 (2C), 122.7, 119.5, 115.3, 106.2, 60.2, 34.3, 23.9
(20), 14.7; HRMS (ESI-TOF) caled for C21H21NO; [M + HJ" 355.4030, found

355.4033.
CO,Et
N
MeO N
o)

Ehyl 3-(4-methoxybenzoyl)indolizine-1-carboxylate (5ga). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 91% yield (58.8 mg), mp 107.1-108.5 °C; 'H
NMR (500 MHz, CDCl3) 6 9.89 (d, /= 7.1 Hz, 1H), 8.37 (d, J=9.0 Hz, 1H), 7.84 (d,
J=8.8 Hz, 2H), 7.83 (s, 1H), 7.4 (d, J=7.9 Hz, 2H), 7.05 (t, J = 6.9 Hz, 1H), 7.01 (d,
J= 8.7 Hz, 2H), 4.38 (q, J = 7.1 Hz, 2H), 3.90 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H); 13C
NMR (125 MHz, CDCl3) ¢ 184.6, 164.2, 162.6, 139.7, 132.4, 131.3 (2C), 129.1,

128.4,127.4,122.6,119.5, 115.1, 113.7 (2C), 105.9, 60.1, 55.5, 14.6.
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Cl N

Ethyl 3-(4-chlorobenzoyl)indolizine-1-carboxylate (Sha). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 66% yield (43.2 mg), mp 101.2-102.1 °C; 'H
NMR (500 MHz, CDCl3) 6 '"H NMR (500 MHz, CDCl3) 69.94 (d, J = 7.0 Hz, 1H),
841 (d,J =9.0 Hz, 1H), 7.78 (d, J = 2.5 Hz, 2H), 7.76 (s, 1H), 7.50 (d, J = 8.4 Hz,
2H), 7.49-7.45 (m, 1H), 7.11 (td,J = 6.9, 0.8 Hz, 1H), 4.39 (q, / = 7.1 Hz, 2H), 1.41
(t,J= 7.1 Hz, 3H), ¥C NMR (125 MHz, CDCl3) 0 184.2, 164.1, 140.1, 138.3, 137.9,
130.5 (2C), 129.3,129.0, 128.8 (2C), 128.1, 122.3, 119.7, 115.6, 106.6, 60.3, 14.7.

CO,Et

Br N

Ethyl 3-(4-bromobenzoyl)indolizine-1-carboxylate (Sia). Ethyl acetate/petroleum
ether = 1:5 as the eluent; Yellow solid, 77% yield (57.1 mg), mp 120.2-121.2 °C; 'H
NMR (500 MHz, CDCl3) ¢ 9.94 (d, J=7.0 Hz, 1H), 8.41 (d, J/=8.9 Hz, 1H), 7.78 (s,
1H), 7.72-7.64 (m, 4H), 7.50-7.45 (m, 1H), 7.14-7.08 (m, 1H), 4.38 (q, J=7.1 Hz,
2H), 1.41 (t, J=7.1 Hz, 3H); '3C NMR (125 MHz, CDCl3) 6 184.3, 164.1, 140.2, 138.8,
131.8 (2C), 130.6 (2C), 129.3, 129.0, 128.1, 126.4, 122.3, 119.7, 115.6, 106.7, 60.3,
14.7.

MeO o
Ethyl 3-(3-methoxybenzoyl)indolizine-1-carboxylate (5ja). Ethyl acetate/petroleum
ether = 1:4 as the eluent; White solid, 79% yield (51.1 mg), mp 125.1-125.9 °C; 'H
NMR (500 MHz, CDCl3) 6 9.90 (d, J = 6.9 Hz, 1H), 8.38 (d, J= 8.9 Hz, 1H), 7.86 (s,
1H), 7.84 (d, J=4.6 Hz, 2H), 7.43 (d, J = 7.9 Hz, 1H), 7.07 (t, J = 6.9 Hz, 1H), 7.03
(d, J=8.2 Hz, 2H), 4.39 (q, /= 7.1 Hz, 2H), 3.91 (s, 3H), 1.42 (t,J = 7.1 Hz, 3H); 13C
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NMR (125 MHz, CDCls) 0 84.7, 164.3, 162.6, 139.7, 132.4, 131.3 (2C), 129.2, 128.4,
127.5,122.7,119.5, 115.1, 113.8 (2C), 106.0, 60.2, 55.6, 14.7.

CO,Et

Ethyl 3-(4-methylbenzoyl)indolizine-1-carboxylate (Ska). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 69% yield (42.9 mg), mp 115.4-116.3 °C; 'H
NMR (500 MHz, CDCl3) 6 9.95 (d, J= 7.0 Hz, 1H), 8.41 (d, J = 8.9 Hz, 1H), 7.81 (s,
1H), 7.60 (d, J = 7.6 Hz, 1H), 7.53-7.45 (m, 3H), 7.28 (dt, J = 8.1, 2.1 Hz, 1H), 7.12
(t, /= 6.8 Hz, 1H), 4.39 (q, /= 7.1 Hz, 2H), 1.41 (t, J= 7.1 Hz, 3H); *C NMR (125
MHz, CDCl3) ¢ 183.9, 164.1, 163.6, 161.6, 142.0 (d, /= 3.6 Hz, 1C), 140.2, 130.2 (d,
J=179 Hz, 1C), 129.2 (d, J = 23.8 Hz, 1C), 128.2, 124.8 (d, J = 3.6 Hz, 1C), 122.2,
119.7,118.5 (d, J=21.1 Hz, 1C), 116.0 (d, J = 22.3 Hz, 1C), 115.7, 106.7, 60.3, 14.7.
F NMR (471 MHz, CDCl3) 6 -111.98 (s, 1F).

CO,Et

Ethyl 3-(3-chlorobenzoyl)indolizine-1-carboxylate (Sla). Ethyl acetate/petroleum
ether = 1:5 as the eluent; Yellow solid, 47% yield (30.7 mg), mp 111.4-112.3 °C; 'H
NMR (500 MHz, CDCls) 0 991 (d, /= 7.0 Hz, 1H), 8.40 (d,/J = 8.9 Hz, 1H), 7.90 (d,
J=1.7Hz, 1H), 7.77 (s, 1H), 7.64 (dd, /= 8.3, 1.7 Hz, 1H), 7.59 (d, /= 8.2 Hz, 1H),
749 (t,J =79 Hz, 1H), 7.12 (t,J =69 Hz, 1H), 439(q, /= 7.1 Hz,2H), 1.41 (t,J =
7.1 Hz, 3H); BC NMR (125 MHz, CDClz) o 182.6, 163.9, 140.3, 139.64, 136.0, 133.1
130.7, 130.6, 129.3, 128.9, 128.3, 128.2, 121.9, 119.7, 115.8, 106.9, 60.4, 14.6.

CO,Et
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Ethyl 3-(3-bromobenzoyl)indolizine-1-carboxylate (Sma). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 73% yield (54.2 mg), mp 152.1-154.3 °C; 'H
NMR (500 MHz, CDCls) 0 9.94 (d,J = 7.1 Hz, 1H), 8.40 (d, J=8.9 Hz, 1H), 7.93 (s,
1H), 7.79 (s, 1H), 7.74-7.69 (m, 4.7 Hz, 2H), 7.51-7.46 (m, 1H), 7.39 (t, J=7.8 Hz,
1H), 7.12 (t, J=6.9 Hz, 1H), 4.39 (q, J=7.1 Hz, 2H), 1.41 (t, J=7.1 Hz, 3H), *C NMR
(125 MHz, CDCls) 0 183.7, 164.0, 141.9, 140.2, 134.4, 131.8, 130.0, 129.3, 129.2,
128.2, 127.6, 122.8, 122.2, 119.7, 115.7, 106.8, 60.3, 14.7; HRMS (ESI-TOF) calcd
for CisHuBrNOs[M + H]" 372.2180, found 372.2179.

CO,Et

FaC ©

Ethyl  3-(3-(trifluoromethyl)benzoyl)indolizine-1-carboxylate  (Sna).  Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 56% yield (40.4 mg), mp
78.7-80.1 °C; 'H NMR (500 MHz, CDCl3) 6 'H NMR (500 MHz, CDCI3) 6 9.96 (d, J
=7.1 Hz, 1H), 8.41 (d, J=9.0 Hz, 1H), 8.08 (s, 1H), 7.99 (d, J=7.7 Hz, 1H), 7.84 (d,
J=179 Hz, 1H), 7.76 (s, 1H), 7.66 (t, J = 7.8 Hz, 1H), 7.51-7.47 (m, 1H), 7.13 (td, J
=6.9, 1.2 Hz, 1H), 4.39 (q, J = 7.1 Hz, 2H), 1.40 (t, J = 7.2 Hz, 3H); 1*C NMR (125
MHz, CDCl3) 6 183.8, 163.9, 140.7, 140.2, 132.2, 131.1 (q,J=32.5 Hz, 1C), 129.3,
129.1, 129.0, 128.3, 128.0 (q, J = 3.6 Hz, 1C), 125.8 (q, J=3.8 Hz, 1C), 123.9 (q, J =
271.0 Hz, 1C), 122.1, 119.7, 115.7, 106.9, 60.3, 14.6; '°F NMR (471 MHz, CDCI3) ¢ -

62.68 (s, 3F).

CO,Et

Ethyl 3-(2-methylbenzoyl)indolizine-1-carboxylate (Soa). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Yellow solid, 47% yield (28.9 mg), mp 94.9-96.1 °C; 'H
NMR (500 MHz, CDCl5) 6 '"H NMR (500 MHz, CDCl3) 0 10.07 (d, /= 7.0 Hz, 1H),
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8.40 (d,J = 8.9 Hz, 1H), 7.54 (s, 1H), 7.47 (t, J = 7.9 Hz, 1H), 7.42-7.37 (m, 2H),
729 (t, J = 6.9 Hz,, 2H), 7.11 (t, J = 7.0 Hz, 1H), 4.35 (q, J = 7.1 Hz, 2H), 2.38 (s,
3H), 1.37 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) 5 187.6, 164.1, 140.1,
139.8, 136.1, 131.0, 129.8, 129.5, 129.4, 128.1, 128.0, 125.3, 123.4, 119.6, 115.5,
106.5, 60.2, 19.6, 14.6.

CO,Et

Ethyl 3-(2-fluorobenzoyl)indolizine-1-carboxylate (Spa). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Green solid, 63% yield (39.2 mg), mp 97.3-98.1 °C; 'H
NMR (500 MHz, CDCl3) 0 10.03 (d, /= 7.0 Hz, 1H), 8.39 (d, /=9.0 Hz, 1H), 7.68 (d
J=1.7Hz, 1H), 7.56 (td, J = 7.2, 1.5 Hz, 1H), 7.54-7.46 (m, 2H), 7.28 (td, J = 7.5,
0.8 Hz, 1H), 7.21 (t,J = 9.1 Hz, 1H), 7.13 (td, J = 6.9, 1.1 Hz, 1H), 437 (q,J = 7.1
Hz, 2H), 1.39 (t, J = 7.1 Hz, 3H); '3C NMR (125 MHz, CDCl3) J 181.46, 163.97,
159.5 (d, J = 249.4 Hz, 1C), 140.20, 132.3(d, J = 8.1 Hz, 1C), 130.2(d, J = 3.1 Hz,
1C), 12949 (d, J = 1.6 Hz, 1C), 129.38, 128.3, 128.3, 1243 (d, J = 3.5 Hz, 1C),
123.06, 119.66, 116.5 (d, J = 21.8 Hz, 1C), 115.76, 106.96, 60.28, 14.61; '’F NMR
(471 MHz, CDCls) 0 -113.89 (s, 1F).

CO,Et
Cl N

Ethyl 3-(3,4-dichlorobenzoyl)indolizine-1-carboxylate (5qa). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 56% yield (40.4 mg), mp
121.4-122.8 °C; 'H NMR (500 MHz, CDCl3) 6 9.89 (d, J= 7.0 Hz, 1H), 8.39 (d, J =
8.9 Hz, 1H), 7.89 (s, 1H), 7.77 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.58 (d, /= 8.2 Hz,
1H), 7.48 (t, /=79 Hz, 1H), 7.11 (t,J= 6.9 Hz, 1H), 4.39 (q, /= 7.0 Hz, 2H), 1.41 (t
J =172 Hz, 3H); BC NMR (125 MHz, CDCl;) ¢ 182.5, 163.8, 140.2, 139.5, 135.9,
133.0, 130.8, 130.5, 129.2, 128.9, 128.3, 128.1, 121.8, 119.6, 115.7, 106.9, 60.3, 14.6.
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Ethyl 3-(3,5-dimethylbenzoyl)indolizine-1-carboxylate (5ra). Ethyl
acetate/petroleum ether = 1:6 as the eluent; Yellow solid, 77% yield (49.4 mg), mp
129.7-131.1 °C; 'H NMR (500 MHz, CDCl3)  "H NMR (500 MHz, CDCl3) 6 9.94 (d
J=17.1Hz, 1H), 838 (d,/ =89 Hz, 1H), 7.84 (s, 1H), 7.61 (s, 1H), 7.56 (d, J = 7.7
Hz, 1H), 7.44 (t,J = 7.8 Hz, 1H), 7.26 (d,J = 7.6 Hz, 1H), 7.07 (t, / = 6.8 Hz, 1H),
438 (q,J=7.1 Hz, 2H), 2.36 (s, 6H), 1.40 (t, /= 7.1 Hz, 3H); *C NMR (125 MHz,
CDCl) 0 185.7, 164.3, 140.9, 139.8, 137.7, 137.0, 130.1, 129.6, 129.2, 128.8, 127.6,

126.9, 122.8,119.5, 115.2, 106.1, 60.1, 20.0, 19.9, 14.6.

CO,Et

Ethyl 3-(3,5-difluorobenzoyl)indolizine-1-carboxylate (5sa). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 36% yield (23.7 mg), mp
137.5-139.3 °C; 'TH NMR (500 MHz, CDCl3) ¢ 10.03 (d, /= 7.0 Hz, 1H), 8.39 (d,J =
9.0 Hz, 1H), 7.68 (d, J = 1.7 Hz, 1H), 7.56 (td, J = 7.2, 1.5 Hz, 1H), 7.54-7.46 (m,
2H),7.28 (td,J = 7.5,0.8 Hz, 1H), 7.21 (t, /= 9.1 Hz, 1H), 7.13 (td,J = 6.9, 1.1 Hz,
1H),4.37 (q, /= 7.1 Hz, 2H), 1.39 (t, /= 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) 0
182.3,163.9, 162.8 (dd, J = 249.5, 11.9 Hz, 2C), 142.9 (t,J = 7.9Hz 1C), 140.4, 129.3
129.1, 128.4, 121.7,119.7, 115.8, 112.1 (dd, J = 20.0, 6.5 Hz, 2C), 107.0, 106.8 (t, J
=25.1Hz, 1C), 60.4, 14.6; '°F NMR (471 MHz, CDCl) 6 -118.9 (s, 1F).

CO,Et

\\\
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Ethyl 3-(1-naphthoyl)indolizine-1-carboxylate (Sta). Ethyl acetate/petroleum ether
= 1:4 as the eluent; Yellow solid, 63% yield (43.2 mg), mp 112.4-113.2 °C; '"H NMR
(500 MHz, CDCI3) 6 '"H NMR (500 MHz, CDCl3) 6 10.18 (d, J= 7.0 Hz, 1H), 8.42 (d
J=89Hz, 1H), 8.11 (d,/=8.0 Hz, 1H), 7.99 (d,J = 8.2 Hz, 1H), 791 (d,J = 7.7 Hz
1H), 7.67 (d,J= 7.0 Hz, 1H), 7.59 (d,J = 1.2 Hz, 1H), 7.57-7.52 (m, 2H), 7.49 (t,J =
7.6 Hz, 2H), 7.15 (t, /= 6.9 Hz, 1H), 4.31 (qd, /= 7.2, 1.2 Hz, 2H), 1.33 (td, /= 7.1,
1.2 Hz, 3H), ¥C NMR (125 MHz, CDCl;) 0 185.6, 164.3, 147.2, 139.9, 137.4, 129.3
(2C), 128.9,128.5 (2C), 127.6, 122.8,119.6, 115.2, 106.2, 60.2, 36.0, 31.6, 31.0, 22.6

14.7, 14.1.

Ethyl 3-(benzo[d][1,3]dioxole-5-carbonyl)indolizine-1-carboxylate (Sua). Ethyl
acetate/petroleum ether = 1:3 as the eluent; Yellow solid, 76% yield (51.2 mg), mp
126.2-127.7 °C; '"H NMR (500 MHz, CDCl3) 6 '"H NMR (500 MHz, CDCls) 6 9.86 (d,
J=17.1 Hz, 1H), 8.36 (d, J = 8.9 Hz, 1H), 7.82 (s, 1H), 7.44-7.38 (m, 2H), 7.33 (s,
1H), 7.05 (t, /= 7.0 Hz, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.07 (s, 2H), 4.39 (q, J="7.1
Hz, 2H), 1.41 (t, J= 7.1 Hz, 3H); 3C NMR (125 MHz, CDCl3) ¢ 184.0, 164.1, 150.7,
147.9, 139.8, 134.0, 129.1, 128.4, 127.5, 124.8, 122.5, 119.5, 115.1, 109.3, 108.0,
106.0, 101.8, 60.1, 14.6; HRMS (ESI-TOF) calcd for C19Hi1sNOs [M + H]" 337.3310,
found 337.3315.

CO,Et

Ethyl 3-(thiophene-2-carbonyl)indolizine-1-carboxylate (Sva). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 43% yield (25.7 mg), mp
108.3-109.7 °C; '"H NMR (500 MHz, CDCl3) 6 '"H NMR (500 MHz, CDCl3) 6 9.84 (d,
J=17.0 Hz, 1H), 8.38 (d, /= 8.9 Hz, 1H), 8.14 (s, 1H), 7.82 (d, J = 3.6 Hz, 1H), 7.67

(d, J = 4.9 Hz, 1H), 7.46 — 7.39 (m, 1H), 7.20 (t, J = 4.3 Hz, 1H), 7.05 (t, J = 6.9 Hz,
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1H), 4.41 (q, J= 7.1 Hz, 2H), 1.43 (t, J= 7.1 Hz, 3H); °*C NMR (125 MHz, CDCls) ¢
176.5, 164.1, 1443, 139.9, 132.2, 132.1, 129.1, 127.9, 127.6, 127.3, 122.2, 119.6,
115.3, 106.5, 60.2, 14.7; HRMS (ESI-TOF) calcd for C16H13NOsS [M + H]* 299.3440,
found 299.3438.

CO,Et

Ethyl 3-(cyclopropanecarbonyl)indolizine-1-carboxylate (Swa). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Black solid, 67% yield (34.4 mg), mp
91.2-92.9 °C; 'H NMR (500 MHz, CDCls) d '"H NMR (500 MHz, CDClz) 6 9.91 (d, J
=7.1Hz, 1H), 8.35 (d,/=9.0 Hz, 1H), 8.18 (s, 1H), 7.38 (d, /= 7.9 Hz, 1H), 7.00 (t,
J=69 Hz, 1H), 441 (q,/ =7.1 Hz, 2H), 2.64-2.57 (m, 1H), 1.74 (s, 1H), 1.44 (t,J =
7.1 Hz, 3H), 1.25-1.19 (m, 2H), 1.00 (dt, /= 11.3, 3.5 Hz, 2H); 3C NMR (125 MHz,
CDCl;) 0 190.0, 164.3, 139.3, 129.2, 127.1, 125.6, 123.4, 119.4, 115.1, 105.9, 60.2,
18.2, 14.7, 10.4 (2C); HRMS (ESI-TOF) calcd for CisHisNOs [M + H]" 257.2890,
found 257.2892.

CO,Et

Ethyl 3-(cyclopentanecarbonyl)indolizine-1-carboxylate (5xa). Ethyl
acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 57% yield (32.5 mg), mp
102.3-103.6 °C; 'H NMR (500 MHz, CDCl3) 6 "H NMR (500 MHz, CDCls) 6 9.96 (d
J=7.1Hz, 1H), 834 (d,J = 8.9 Hz, 1H), 8.04 (s, 1H), 7.38 (t, /= 7.9 Hz, 1H), 7.00 (t
J=69Hz, 1H),4.41 (q,/ = 7.1 Hz,2H), 3.70-3.61 (m, 1H), 1.96 (q, /= 6.7 Hz, 4H),
1.84-1.76 (m, 2H), 1.73-1.66 (m, 2H), 1.44 (t,J/ = 7.1 Hz, 3H); 3C NMR (125 MHz,
CDCl;) 0 193.9, 164.2, 139.4, 129.3, 127.1, 125.6, 122.8, 119.4, 115.1, 105.7, 60.1,
47.6, 31.0 (2C), 26.5 (2C), 14.7, HRMS (ESI-TOF) calcd for Ci7HioNOs [M + H]'
285.3430, found 285.3425.
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Ethyl 3-benzoyl-6-bromoindolizine-1-carboxylate (Sab). Ethyl acetate/petroleum
ether = 1:4 as the eluent; Black solid, 47% yield (34.9 mg), mp 72.3-73.8 °C; 'H
NMR (500 MHz, CDCl3) 6 '"H NMR (500 MHz, CDClz) § 9.97 (d,J = 7.1 Hz, 1H),
842 (d,J =9.0 Hz, 1H), 8.08 (s, 1H), 7.99 (d,J = 7.7 Hz, 1H), 7.84 (d, J = 7.8 Hz,
1H), 7.77 (s, 1H), 7.66 (t,J= 7.8 Hz, 1H), 7.53-7.47 (m, 1H), 7.14 (t, /= 7.0 Hz, 1H)
439 (q, J = 7.1 Hz, 2H), 1.40 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDClL) ¢
185.6, 164.1, 139.7, 135.6, 131.9 (2C), 129.9, 129.1 (2C), 128.6 (2C), 128.1, 122.3,

114.9,112.3,110.1, 61.2, 14.5.

CO,Et

Ethyl 3-benzoyl-5-methylindolizine-1-carboxylate (5ac). Ethyl acetate/petroleum
ether = 1:3 as the eluent; Brown solid, 42% yield (25.8 mg), mp 122.5-123.1 °C; 'H
NMR (500 MHz, CDCl) o 10.06 (d, J = 7.0 Hz, 1H), 846 (d, J = 8.9 Hz, 1H),
7.47-7.40 (s, 4H), 7.36-7.31 (m, 2H), 7.05 (t, J = 7.0 Hz, 1H), 4.09 (q, /= 7.1 Hz,
2H), 1.90 (s, 3H), 0.99 (t, J = 7.1 Hz, 3H); ¥C NMR (125 MHz, CDCl3) ¢ 190.1,
164.4, 141.1, 138.8, 136.4, 129.4 (2C), 129.3, 128.0 (2C), 127., 127.6, 122.6, 119.5,
115.4,105.9,59.7, 30.8, 13.9.

CO,CHs

Methyl 3-benzoylindolizine-1-carboxylate (Sad). Ethyl acetate/petroleum ether =
1:4 as the eluent; White solid, 77% yield (42.9 mg), mp 145.3-147.1 °C; 'H NMR
(500 MHz, CDCI3) 6 '"H NMR (500 MHz, CDCl3) 6 9.96 (d, J = 7.1 Hz, 1H), 8.38 (d,
J=28.9 Hz, 1H), 7.83-7.79 (m, 3H), 7.58 (t, /= 7.4 Hz, 1H), 7.51 (t,J = 7.5 Hz, 2H),
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7.45 (t, J= 7.9 Hz, 1H), 7.09 (td, J = 6.9, 0.9 Hz, 1H), 3.90 (s, 3H); 3C NMR (125
MHz, CDCL) & 185.7, 164.5, 140.0, 139.9, 131.6, 129.3, 129.1, 129.0 (2C), 128.5
(20), 127.9, 122.6, 119.5, 115.4, 105.9, 51 .4.

Benzyl 3-benzoylindolizine-1-carboxylate (Sae). Ethyl acetate/petroleum ether = 1:4
as the eluent; Yellow solid, 65% yield (46.2 mg), mp 125.6-127.4 °C; '"H NMR (500
MHz, CDClz) § '"H NMR (500 MHz, CDCl3) 6 9.97 (d, J = 7.0 Hz, 1H), 8.39 (d, J =
8.9 Hz, 1H), 7.85 (s, 1H), 7.81 (d, J = 7.7 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.51 (t, J
=73 Hz,2H), 7.44 (t,J = 6.8 Hz, 3H), 7.38 (t, J = 7.4 Hz, 2H), 7.34 (d, /= 7.2 Hz,
1H), 7.10 (t, J = 6.9 Hz, 1H), 5.38 (s, 2H); *C NMR (125 MHz, CDCls) 0 185.8,
164.0, 140.1, 139.9, 136.6, 131.7, 129.4, 129.2, 129.1 (2C), 128.7 (2C), 128.6 (2C),
128.3 (2C), 128.3, 128.0, 122.8, 119.6, 115.5, 105.9, 66.0.

Cinnamyl 3-benzoylindolizine-1-carboxylate (Saf). Ethyl acetate/petroleum ether =
1:4 as the eluent; Yellow solid, 61% yield (46.5 mg), mp 112.3-113.5 °C; 'H NMR
(500 MHz, CDCl3) 6 '"H NMR (500 MHz, CDCls) 6 9.98 (d, /= 7.0 Hz, 1H), 8.43 (d,
J=89Hz, 1H), 7.85 (s, 1H), 7.82 (d, /= 7.6 Hz, 2H), 7.58 (t, J= 7.3 Hz, 1H), 7.51 (t
J=175Hz,2H), 7.47 (d, /= 7.9 Hz, 1H), 7.41 (d,J = 7.5 Hz, 2H), 7.32 (t,/ = 7.5 Hz,
2H), 7.26 (t,J = 7.2 Hz, 1H), 7.11 (t, J = 6.9 Hz, 1H), 6.73 (d, J = 159 Hz, 1H),
7.46-6.39 (m, 1H), 4.99 (d, J = 6.5 Hz, 2H), ¥*C NMR (125 MHz, CDCl;) 0 185.8,
163.9, 140.2, 140.0, 136.4, 134.3, 131.7, 129.4, 129.2 (2C), 129.1 (2C), 128.8 (2C),
128.6, 128.2, 128.0, 126.8 (2C), 123.8, 122.8, 119.7, 115.5, 106.0, 65.0; HRMS
(ESI-TOF) caled for C2sHioNO3 [M + H]* 381.4301, found 381.4305.
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3-Benzoylindolizine-1-carbonitrile (5ag). Ethyl acetate/petroleum ether = 1:5 as the
eluent; White solid, 57% yield (28.1 mg), mp 123.3-125.5 °C; '"H NMR (500 MHz,
CDCl3) 6 '"H NMR (500 MHz, CDCl3) 6 9.95 (d, /= 7.1 Hz, 1H), 7.83 (d,J= 8.9 Hz,
1H), 7.81-7.77 (m, 2H), 7.62 (s, 1H), 7.60 (d, /= 7.4 Hz, 1H), 7.53 (d, /= 7.4 Hz,
2H), 7.49 (d, J= 8.5 Hz, 1H), 7.16 (t,J =7.0 Hz, 1H).; *C NMR (125 MHz, CDCl3)
0 185.2, 141.3, 139.3, 132.1, 129.6, 129.4, 129.0 (2C), 128.6 (2C), 128.0, 123.0,
117.6,116.0, 115.2, 84.9.

CN

3-(4-Methylbenzoyl)indolizine-1-carbonitrile (Sbg). Ethyl acetate/petroleum ether
= 1:4 as the eluent; White solid, 78% yield (40.9 mg), mp 154.7-155.9 °C; '"H NMR
(500 MHz, CDCl3) 6 'H NMR (500 MHz, CDCl3) 6'H NMR (500 MHz, CDCls) 8
993 (d, J=17.0 Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.71 (d, J = 7.9 Hz, 2H), 7.63 (s,
1H), 7.49 (t, J=7.8 Hz, 1H), 7.33 (d, J=7.6 Hz, 2H), 7.15 (t,J = 7.0 Hz, 1H), 2.47 (s,
3H); *C NMR (125 MHz, CDCl3) ¢ 185.1, 142.9, 141.3, 136.5, 129.6, 129.4 (2C),
129.2 (2C), 129.1, 127.8, 123.1, 117.6, 115.9, 115.4, 84.7, 21.8.

3-(3-Chlorobenzoyl)indolizine-1-carbonitrile (51g). Ethyl acetate/petroleum ether =
1:4 as the eluent; White solid, 53% yield (29.9 mg), mp 199.1-199.8 °C; 'H NMR
(500 MHz, CDCl3) 6 'H NMR (500 MHz, CDCl3) 6'H NMR (500 MHz, CDCl3) ¢
9.94 (d, J=17.0 Hz, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.77 (s, 1H), 7.66 (d, J = 7.6 Hz,
1H), 7.63 (s, 1H), 7.58 (d, /= 8.0 Hz, 1H), 7.54 (t,J=7.9 Hz, 1H), 7.48 (t, J= 7.8 Hz,
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1H), 7.27 (s, 1H), 7.20 (t, J = 7.0 Hz, 1H); '*C NMR (125 MHz, CDCls) § 183.5,
141.6, 140.9, 134.9, 132.1, 130.0, 129.7, 129.5, 129.0, 128.4, 127.1, 122.56, 117.7,
116.3, 115.1, 85.3.

3-(2-Methylbenzoyl)indolizine-1-carbonitrile (Sog). Ethyl acetate/petroleum ether =
1:4 as the eluent; White solid, 64% yield (33.3 mg), mp 158.6-159.5 °C; 'H NMR
(500 MHz, CDCl3) 6 '"H NMR (500 MHz, CDCl;) 6'H NMR (500 MHz, CDCl;3) &
10.07 (d, J= 7.0 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.54 (t, J = 7.9 Hz, 1H), 7.45 -
7.38 (m, 2H), 7.37 (s, 1H), 7.31 (dd, J = 16.5, 8.0 Hz, 2H), 7.20 (t, / = 6.9 Hz, 1H),
241 (d,J=17.0 Hz, 4H), *C NMR (125 MHz, CDCl3) 0 187.2, 141.4,139.0, 136 .4,
131.2,130.4,129.9, 129.7, 128.2, 128.1, 125.4, 123.8, 117.7, 116.2, 115.1, 85.0, 19.7,
HRMS (ESI-TOF) caled for C177H21N20 [M + H]" 260.2960, found 260.2963.
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Figure 11. 13C NMR (125 MHz, CDCls) spectrum of 3ga
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