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Radical Denitrogenative Ring Opening of N-Benzyl-benzotriazoles for
the Synthesis of 6-Substituted Phenanthridines under
Visible Light Conditions
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Abstract Phenanthridines are the essential core structural units in a variety of natural alkaloids and biologically active
compounds. With organic fluorescein 4CzIPN as the visible light photocatalyst, radical denitrogenative ring opening of
N-benzyl-benzotriazoles was achieved under mild conditions. The resultant aryl radicals bearing an ortho-imine unit undergo
intramolecular cyclization with arenes, providing a series of 6-substituted phenanthridines efficiently. The generation of biaryl
ketone side-products via the extrusion of benzotriazole can be significantly suppressed by using 10% (volume fraction)
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oxygen as the oxidant.

Keywords benzotriazole; denitrogenative; aryl radical; phenanthridine; visible light photoredox catalysis

FENE R — P EZEN S BRIMEE, |TZAAET R
SRAEWIIEAN 254 43 F- A, 4D, trisphaeridine & M A1 75
AR P b 17 B B B /KAl (Narcissus - asturiensis) 73 B 1%
F, AR AR B — PR I JE e R R AV,
BAESE AN R R E R 1| BLHIV-1) & A S
PERL ALK % 3 (Ethidium  bromide) & — 1 I £
Tifie DNA/RNA fir NGB FAT I 3E0E 45 8 1 S0
AT BR(Nitidine) R A HL A . PUMIE . PUETREE 2 151
(Scheme 1a)“l.

T IERE R B, SRR T — R E
A X R BRI G 7, Hoh B B R B

Fe AR NE BN H I g 2 — Bl i i W R E A
(iminyl radical) &A%k H HH 25 (imidoyl) PA A 75 55 H HH 2%
X AH AR T P IR, &S AT DA ey 28t A g SE 0 1) 1 0%
A (Scheme 1b). Bt4b, T 5 FURAREF ) H B 2ES2 44,
AT DA RZ % SRR B B E N RAE B imidoyl H HH 2.
IR A MRS 2-5 SRR N s g2
T 6-HUARTERE 1A RIS 55 2 B pH Jkd & B 0% 2 H
EREEE U7 R R ) B IR JF R AR . 5 T e R Tk
H HEEMIOAIEE, 2T 07 58 B R AE ST, B
5 3 B AR A R SENE & AR E AR D,

I =M — PRI TR, 2 HLE
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e ARG, BAFE 2R 2R =R
ﬂﬁ:TU\fﬂDm HHE L SRS AR T U =

, NEEMNETN GBI T FF B m ge el 2%
F:%ﬂékl PEEJETI o-B0 2 — ANk 3 B EER, ik H B
BN 22/ FH N—N SUIWFE, AR a5 5 &
BEHBEES PR LR AR A R @ N-BE
FERFF = UMk 1) B SR D OVRN 5 X - 9 =
WA L s e PR M S 2 B A 28 R D v 2K AR R I — e
a-Tk 5 HFE ) /775 (Scheme 1), frilt, ZEHRSEI2HIE T
AT LS AR 4 B R O = M 5 R i e A IR 1 E
EH 0 e/ i 80 S I S A B 6~ AR ) FEE
TR =AM BA— MR ETEe ), RATEERS
TERRIAE F R0 25 3 o2 ¥, B s B F SR AR A
(IR S T A2 ORI B P O E 2. RETE 20 T
90 FAX, Katritzky “EUSIDLIET ZA 008, =it &K
Cul AEALF, SEHLT A N-(Z 05 HE B 2R = e 3
6-75 FEFENE AL, SR S S AUA 2R = M L
TR S TR R PR, I LR R R B
). fEARSCH, L 4CzIPN ] WGHEALT, RIRE N

(a) Representative bioactive phenanthridine derivatives

‘ NH, o>

<O O MeO o
. .

) N HN Nig MeO NG

\
Et Br
Trisphaeridine Ethidium bromide Nitidine

(b) C- and N-centered radicals used for the synthesis of phenanthridines

iminyl radical imidoyl radical aryl radical

(c) Two methods for radical denitrogenative ring opening of benzotrizaoles

Z‘iN " :‘IN . f iN
AR

d) This work:

‘: _SET _
base
R

H

A
S
Py

ring-opening
‘: then cychzanon
)\Ar

B ENE G R SR = R B 2R T
Scheme 1 Strategies for the synthesis of phenanthridines and
radical denitrogenative ring-opening of benzotriazoles
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B, SETONEAT, RS T ROt S T N-RESRE
=R E R R TR A S R 6- HUAR SE BE
(Scheme 1d).

1 HR5iHe

e N-(Z 385 ) R 0T = E M (La) VR N IR R AR
RN AR, 1ZER T DL R I = w5 0K
JE IR A AE B 26 1 T 2 Sn2 B R T 4 i
204150 PL Ru(bpy)sCl 7B A6, Cs,COs {’E
N, A SAEREAGR, IR T L 10 W s LED H
%ﬁ 1a f] — FH L T A(DMSO)AF, S8 24 h e A 45%5@

IrEFE RSB WA R SENE =) 2a (Table 1, Entry 1). 28
M, B 7= 2a24b, 3BT 52%7 28/ — 2K F R
3a, XATHESE TR =AM E B — N I A 2
BT BN, T RFL T — RIDGHEA T 1% N )
S, 35 Ru(phen);Cl. BEZL B (eosin B). ¥ &
(riboflavin). Pk &k(FeFc). a4 (rose bengal).
A % (methylene blue). FY e i SR #h(Acr -Mes CIO; )
&, R RIIX LS FIFA W Ru(bpy)sCla A 4L

K1 PR @

Table 1 Optimization of reaction conditions

N
Q“N photocatalyst (5 mol%) O

0o
)N\ base, oxidant, DMSO O ~ * Ph)J\ Ph
N™ "Ph

Ph Ph 10 W blue LED, r.t.
1a 2a 3
Yield”/%
Entry Photocatalyst Base  Oxidant
2a 3
1 Ru(bpy):sCla Cs2CO;  Air 45 52
2 Ru(phen);Clz  Cs2CO;  Air 22 73
3 EosinB Cs2COs  Air 35 55
4  Riboflavin Cs2COs  Air 0 0
5 FeFc Cs2CO3  Air 0 63
6 RoseBengal Cs:CO; Air Trace 0
7  Methylene blue Cs2CO3;  Air 15 83
8 Acr MesClO; Cs:COs  Air 34 43
9 4CzIPN Cs2CO3  Air 64 22
10 4CzIPN ‘BuOK  Air 15 42
11  4CzIPN K2CO;  Air 0 0
12 4CzIPN NaHCO; Air 0 0
13 4CzIPN DABCO Air 17 0
14 4CzIPN Cs2COs 02 34 56
15¢ 4CzIPN Cs2C03 02 (10%) 87 11
167 4CzIPN Cs2C03 02 (5%) 78 19
17¢ 4CzIPN Cs2C03 02 (10%) 0 0
18 4CzIPN None  0:(10%) 0 0
19  None Cs2CO3  02(10%)  Trace 0

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Reaction conditions: 1a (0.2 mmol), base (2.5 equiv.), photocatalyst (5
mol%), oxidant, DMSO (1.5 mL), r.t., 10 W blue LED, 24 h. *Isolated yield.
¢3d. 8 d. ¢In the dark.
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(Table 1, Entries 2~8). 4L 4CzIPN J GRS, JE
WE 2a 77 2R TE 2 64% H.— 2K R 3a 197 R 2 22%
(Table 1, Entry 9). 3ZUba5 R 155, A 4CzIPN Al
AT, 5T O I LIRS, 3B ‘BuOK I {2 it [
i, AHRCRIEAGN Cs,COs, T KoCOs+ NaHCOs 55 555
Xt [ N TG R (Table 1, Entries 10~12). 1 G HL506 1,4-
TR TI[2.2.2] % KE(DABCO), B KA RINE] 3a
AR, (R4 2a (1724 17% (Table 1, Entry 13).
= P E= WS =R A i B g A B 2 i B i 1 R S il
ZIRWEH 3a K ELHIHAA BT EJH(Table 1, Entry 14). H
Wk, HEDU AR B TT B S BT LA R I A 3a (1)
AEREREA R, T, ERERSECR 10% A3 UER
AL, RIS S R A BTSN, {H 2a [ 26 0]

4CzIPN (5 mol%)
Cs,CO3 (1 equiv.)
_ 0,(10%)
DMSO, rt., 3d
10 W blue LED

&y,
R

2j, 86%

2k, 63%

Ced

DLER T %2 87%, [EIINF — 2RI 3a (1) & % 42 11% (Table 1,
Entry 15). @3B REACA AR L 5%, OV 75 2E4E
K2 8 d ARk EE 1a HFETE A, ) 2a HIEHA T
NB#(Table 1, Entry 16). #HiSCi0R LR, TAN LM
k77 #BE Z) (Table 1, Entries 17~19).

FERRIN T IR SRR S 2 5, R I S IR S AR 1
PERET T 252, W1 Scheme 2 AR, 7EZRIE = ZMAIA 1
SN LTI =5 2, R T JEE 2R (2b), SR
TR AR /N2, 2d), 1045 HL T B 5 A A
TRR(2e). BEIGHEET N-—05 F B0 FHUR
B, T C—N SR DL E e, Bk st
PATFRI) N-Z(4- 3R 2 R BRI, A= B,
Bk T TUAR O-IENE 2f ZAb, IEATIE] T 8-5AEME 21

4CzIPN =

's%

2i, 42% 2i', 21%

N7 OY OEt
o) o)
21, 40% 2m, 44%

B2 ML

Scheme 2 Substrate scope for the reaction
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(=8, PGB 3010 SRR 20 194 BAT Rk
75 55 F EFE ZRIR 1 ipso AL T EU. AT ERA A S
UL ] WG AR 1 = 0 e Tt S5 R (R A4 s v e
R T R ST, A N-— (- AR E)H
F(2g). N-Z(4-HERE)H R 2h) I N-—(4-FAE R
5 PR 2D BUR B 2R I =M R, SR 1A
LSRRI AR R ARTAT, A EA A4y e U LT T =R
HSERS, IR BB B2 6-endo SMLIITF=H(2), 86%). HZ
— RIS, A N-(9-%5 3) 8 IF =M IR, OB
P 63%[H) 77 Z A3 B e JFIE0E (2k). ARG — 105
WH T RS A R, NS ARRINR] KA, (H2=
FAUCNHEEQ2L 2m).

ZIRNAE TR AT FAEHET, LA 47%077 %4 1
6- 2 HE - A AERE(4). HEM 62K - A HENE (4) T RHED
I Birch i Ji7 [ R AA Int-1 5 #4642 507 (Scheme 3).
RAE TR AL 0] DA R 38k o — 2 F R B =40 1)
AR, AER NATY LA 25% (107 26 23 B B T 5 M =4
2a, XA ] HER S BN A SENE 4 B AL S BT

N, 4CZIPN (5 mol%) O O
N Cs,CO; (1.0 equiv.) O
\ 1§
DMSO, Ny, rt., 3 d
J)~Ph 2 N"Ph N” Ph

PH 5 W blue LED
1a 4,47%

CL,
N™ "Ph

Int-1

B3 oM R 1a L

Scheme 3 Cyclization of 1a under oxygen-free conditions
F TSI 45 A SCHERARIE 2], SR T — 2K AT RERY
[ RHLEE(Scheme 4). 7E Cs:COs FIMERTT, JRE 1 5%
JiF AR AR 5 B T AL Dtk 4CZIPN 7E# D%
BN T ERIE R IOR RS, e AL 0 1 A At B
5 B, HAGWPIEFE S 4CZIPN*-. B HFIE 1)k
MEACTRAE AR T B R BB, AR S L
JE A A E AR B T Oy Bk E HHE B KA B
A ER, AT LS D7 S R H it C, 2t
—B R R AT B D D55 H ik D XA
BAIAH 6-endo H HIFEMNEAFEAC M H AL E, [
JEHE O %M E A C —IRIER 1 F, &Jali 250524
1 9-HUARAENE 2 (path a). 773 H H12E D & m] LUGHAR 4R
AT ipso- H HIFENNEAF R IAMA G, Bl A A4 4 930
O E 2 H, R T A R A A 8-
ARIENE 2' (path b). HIT2RIF =R — MREFIES X%

P, REE A B SHAE A RN T AR TS

2a, 25%
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JR TR TRIR OB 25 132 RER T = %00, ARl — 05 i
PR 3. AR R B AR UR I R, R RN I LA T
IR, B 57 SR Y RN, FRATHED SR
AR EE R TR U T A, ERKEBEAE
H A7, 2 TN 55 S A A

2 g

P N-"REEZRIE =R Oy SRR}, I R ot AL e
JEAEAL, SEEL T H AR OME, v 6-BURIERE 15 iR
BT —FoBT I S, SR AT TR ] B 5 15 SR PHE AT
ToRL V< E S AL RIS, A2 SR TR TR = A
BRETITIR, #E—BEsE 7 HAE N5 28 B R RTARAE &
R R L

3 ZWERSY
3.1 R 5EH

I AR R AL UV I RLH-18 J\ AL P47 % [
28 WOLIK N 460~465 nm, B AHEIHIIE 10 W, I
ALY, A B ACRRM WRS-3 48 A, IR
RIIE. NMR Jgiti("H Al 13C) it Bruker 400 MHz
B 600 MHz JGHAX3RAR, FTHERIZ CDCL, W
TMS. PLGEAEZEHTH 200~300 HEERHK, Belis s £
Bk AN 2R T, 1550 R V1 FH 38 BR K Q-Exactive 1[4
T 5 T8 PR R RS I G 5, B TR BT &
(ED B KB AL 2 HL B (APCI). 256 it i 70 3 o [ 77
oiTal, BRAERE UL, Rl AbEE.

32 LWHE
32,1 N-FHEFRIHFZRoL(1)89 4%

o R = H MR A AP (4 mmol) A1 5 kb (3
mmol) JIA Y 2 AL £2(0.065 g, 0.25 mmol). Jo7KHx
FR4#1(0.55 g, 4 mmol)MIZ A AL HN(0.16 g, 4mmol) ] Z i
W, ERNRILE R RRE 24~48 h. RN 5E4 At
REY, HHCREvRS AR, B8k, A &
B BV - V=10 @ DAE R, 8w etk ik
4.

322 N-FEEHZRZAMBLRLFRLA 6-BRARIER
2 694 m%,

)2 A R D B AR I B N N-R R R =
M 1 (0.2 mmol, 1 equiv.)~ 4CzIPN (5 mol%, 7.8 mg)-
Cs2CO; (0.5 mmol, 163 mg, 2.5 equiv.)F1 1.5 mL DMSO,
ERA N EBRZAE, @FEHS#SEN 02 (3.8 mL) LK
N> (34.2 mL)!'). 2R J5 ¥ IR G4 7E 10W €4 LED f5 T
W 72 he RBEEREMA 10 mL /K, 48 ZB58(10
mL X3)ZERUR-EY), ShoKBEERIFH LK NaxSOs T4
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Scheme 4 Plausible mechanism for the reaction

15 A K 28R 28 (V - V=10 © DAE e, @it
FE R VLAl AU P2 4.

6- R FENE (22)1): [ AE K, mp. 105~106 C,
P~ % 87%. '"H NMR (400 MHz, CDCls) d: 8.71 (d, J=8.3
Hz, 1H), 8.62 (d, J=8.0 Hz, 1H), 8.26 (d, J=8.1 Hz,
1H), 8.11 (d, J=8.3 Hz, 1H), 7.86 (t, J=7.0 Hz, 1H),
7.80~7.66 (m, 4H), 7.65~7.49 (m, 4H); 3C NMR (151
MHz, CDCLs) 0: 161.42, 143.97, 139.96, 133.62, 130.69,
130.52, 129.88, 129.06, 128.98, 128.84, 128.56, 127.26,
127.07, 125.42, 123.90, 122.34, 122.09.

6- A% 3 -2-( =3 AR FEE (2b)20): 1 A 4R, mop.
190~191 °C, /% 94%. 'H NMR (400 MHz, CDCl3) §:
8.88 (s, 1H), 8.70 (d, J=8.4 Hz, 1H), 8.34 (d, J=8.5 Hz,
1H), 8.15 (d, J=8.3 Hz, 1H), 7.98~7.88 (m, 2H), 7.76~
7.74 (m, 2H), 7.69~7.65 (m, 1H), 7.61~7.54 (m, 3H); '°F
NMR (565 MHz, CDCls) §: —61.73; 3C NMR (101
MHz, CDCls) 6: 163.47, 145.26, 139.27, 133.17, 131.23,
129.74, 129.22, 129.15, 128.55 (t, J=32.3 Hz), 128.04,

1774 http://sioc-journal.cn/
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125.77, 125.49, 124.82 (q, J=4.0 Hz), 123.38, 123.07,
122.24, 119.83 (q, J=4.0 Hz).

2-F 6-FFEIENE (20)2: VR A [ AR, mp. 141~
142 C, 7% 76%. '"H NMR (400 MHz, CDCls) J: 8.58
(d, J=7.8 Hz, 1H), 8.54 (d, J=1.9 Hz, 1H), 8.16 (d, J=
8.8 Hz, 1H), 8.11 (d, J=8.3 Hz, 1H), 7.88~7.82 (m, 1H),
7.73 (dd, J=17.9, 1.6 Hz, 2H), 7.68 (dd, J=8.7, 2.3 Hz,
1H), 7.66~7.61 (m, 1H), 7.60~7.51 (m, 3H); 3C NMR
(151 MHz, CDCly) d: 161.47, 142.23, 139.49, 132.82,
132.47, 131.82, 130.81, 129.73, 129.35, 128.97, 128.90,
128.49, 127.79, 125.36, 124.81, 122.23, 121.62.

2,3- A -6- A I IENE (2d): A E AR, mp. 203~
204 °C, 7% 73%. 'H NMR (600 MHz, CDCl3) ¢: 8.65
(s, 1H), 8.56 (d, J=8.3 Hz, 1H), 8.34 (s, 1H), 8.14 (d, J=
8.2 Hz, 1H), 7.89 (t, J=7.6 Hz, 1H), 7.74 (d, J=7.7 Hz,
2H), 7.68 (t, J=7.6 Hz, 1H), 7.59 (d, J=7.3 Hz, 3H); 1*C
NMR (151 MHz, CDCl;) d: 162.64, 142.83, 139.15,
132.81, 132.07, 131.41, 131.19, 131.17, 129.69, 129.17,

Chin. J. Org. Chem. 2025, 45, 1770~1777
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129.10, 128.51, 128.02, 127.44, 127.41, 125.27, 123.47,
123.32, 122.19; HRMS (EI) caled for CioH;;NCl, [M]"
323.0263, found 323.0249.

2,3- I -6- A HEE (20)22: LEIRY, PR
40%. 'H NMR (400 MHz, CDCL3) d: 8.79 (d, J=8.6 Hz,
1H), 8.11 (d, J=8.2 Hz, 1H), 8.03 (d, J=8.2 Hz, 1H), 7.81
(d, J=7.5 Hz, 1H), 7.76 (d, J=7.2 Hz, 2H), 7.61~7.52
(m, 5H), 2.98 (s, 3H), 2.59 (s, 3H); 3C NMR (151 MHz,
CDCl;) d: 160.03, 143.45, 139.82, 136.90, 134.39, 132.61,
131.04, 129.93, 129.24, 128.94, 128.80, 128.58, 127.82,
127.46, 126.64, 126.45, 124.12, 21.79, 21.42.

93 -4-(F 2K 35 FEmE (20 PIAT 8- -4-(F 7K 2L ) FEme
@f): AMEER, 7P2F 92%. 2f Al 20 8 TCEED TFH
&, iR 3 1 1. 2f: '"H NMR (600 MHz, CDCls) §: 8.50
(d, J=8.2 Hz, 1H), 8.24 (d, J=2.6 Hz, 1H), 8.20 (d, J=
8.2 Hz, 1H), 8.06 (dd, J=6, 6 Hz, 1H), 7.74~7.70 (m,
1H), 7.70~7.64 (m, 3H), 7.33~7.30 (m, 1H), 7.27~7.23
(m, 2H). 2f": '"H NMR (600 MHz, CDCl;) §: 8.64 (dd, J=
6, 6 Hz 1H), 8.42 (d, J=8.2 Hz, 3H), 8.20 (d, J=8.2 Hz,
2H), 7.57 (t, J=8.5 Hz, 1H), 7.77~7.75 (m, 1H), 7.33~
7.30 (m, 2H), 7.27~7.23 (m, 1H); '°F NMR (376 MHz,
CDCly) 6: —106.50, —111.74, —112.33, —112.51; 13C
NMR (151 MHz, CDCls) d: 164.78, 164.24 (d, J=6.0 Hz),
163.11, 162.59 (d, J=6.0 Hz), 162.20, 160.56, 159.64,
159.34 (d, J=3.0 Hz), 144.16, 143.57, 136.10, 136.03,
135.79 (d, J=3.0 Hz), 135.51 (d, J=3.0 Hz), 131.73~
131.58 (m, 2c), 130.59, 130.53, 130.34 (d, J=1.5 Hz),
129.72, 128.93, 127.58, 127.22, 126.52 (d, J=7.5 Hz),
125.04 (d, J=7.5 Hz), 123.42 (d, J=3.0 Hz), 122.26,
121.84, 120.03, 119.87, 116.48, 116.33, 115.85, 115.72 (d,
J=4.5 Hz), 115.60, 113.08 (d, J=22.6 Hz), 107.60 (d, J=
21.1 Hz); HRMS (APCI) calcd for CjoHFoN [M+H]®
292.0933, found 292.0932.

9- & -6-(4- & K AL ) FE e 2g)?: [ B [E 4K, mop.
206~207 C, F*# 41%. '"H NMR (600 MHz, CDCl3) ¢:
8.64 (d, J=8.8 Hz, 1H), 8.57 (d, J=8.1 Hz, 1H), 8.22 (d,
J=8.1 Hz, 1H), 8.02 (s, 1H), 7.82 (d, J=8.8 Hz, 1H), 7.78
(t, J=7.1 Hz, 1H), 7.72 (t, J=7.2 Hz, 1H), 7.69~7.66 (m,
2H), 7.57 (d, J=8.3 Hz, 2H); 3C NMR (151 MHz, CDCl5)
d: 159.05, 143.87, 137.76, 135.43, 133.47, 132.10, 131.44,
131.21, 130.68, 129.46, 129.06, 127.76, 127.71, 126.13,
124.34, 123.35, 122.03.

8-S -6-(4-FH AR FENE (2g"): A A, mp. 219~
221 C, /*% 48%. '"H NMR (600 MHz, CDCls) J: 8.68
(s, 1H), 8.55 (d, J=8.0 Hz, 1H), 8.25 (d, J=8.0 Hz, 1H),
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8.03 (d, J=8.8 Hz, 1H), 7.82 (t, J=7.4 Hz, 1H), 7.74 (t,
J=7.1 Hz, 1H), 7.69 (d, J=8.1 Hz, 2H), 7.58 (t, J=10.5
Hz, 3H); 3C NMR (151 MHz, CDCls) d: 159.59, 144.30,
137.97, 137.47, 135.35, 135.01, 131.24, 130.62, 130.27,
129.81, 128.96, 128.04, 127.60, 123.46, 122.90, 122.26,
122.19; HRMS (APCI) caled for CioH;,CLN [M+H]"
324.0340, found 324.0341.

9- FH 3 6- (% 2K FENE (2h)OVFT 8- FF -6 (X FF %)
FERER): FAE R, 2% 60%. 2h il 2h AL T
SRR, Bl 3 0 2. 'TH NMR (400 MHz, CDCls) o:
8.60 (d, J=1.8 Hz, 1H), 8.58 (s, 1H), 8.48 (s, 1H), 8.22 (s,
2H), 8.20 (s, 2H), 8.02 (d, J=8.5 Hz, 1H), 7.75~7.62 (m,
3H), 2.65 (s, 3H), 2.47 (s, 3H). 2g": '"H NMR (400 MHz,
CDCls) d: 8.56 (s, 1H), 8.22 (s, 1H), 8.20 (s, 1H), 7.90 (s,
1H), 7.63 (d, J=8.0 Hz, 2H), 7.75 (d, J=1.8 Hz, 2H),
7.44~7.35 (m, 3H), 2.51 (s, 3H), 2.49 (s, 3H); 3C NMR
(101 MHz, CDCly) &: 161.15, 161.07, 144.12, 143.62,
140.87, 138.52, 137.19, 137.16, 137.05, 133.64, 132.24,
131.36, 130.31, 129.74, 129.15, 129.12, 128.89, 128.80,
128.68, 128.35, 128.30, 126.75, 126.59, 125.50, 123.84,
123.61, 123.50, 122.14, 121.96, 121.88, 121.79, 22.28,
21.78, 21.46.

9- A ik -6-(4- PR R DR 3 JEmE (2019 | E B 4,
mp. 100~101 C, 7% 42%. 'H NMR (600 MHz,
CDCls) &: 8.52 (d, J=8.2 Hz, 1H), 8.20 (d, J=8.1 Hz,
1H), 8.07 (d, J=9.0 Hz, 1H), 8.00 (d, J=2.1 Hz, 1H),
7.74~7.62 (m, 4H), 7.21 (dd, J=9.0, 2.3 Hz, 1H), 7.08 (d,
J=8.5 Hz, 2H), 4.06 (s, 3H), 3.91 (s, 3H); *C NMR (101
MHz, CDCls) 6: 161.36, 160.55, 160.24, 144.49, 135.82,
132.67, 131.26, 131.05, 130.40, 129.03, 126.36, 123.64,
122.08, 120.51, 117.28, 114.03, 103.09, 55.73, 55.60.

8- AU Jik-6-(4- F AU BE 2R ) FEmE (2101 1 68 [ 4k,
m.p. 151~152 C, /% 21%. 'H NMR (600 MHz,
CDCls) &: 8.61 (d, J=9.0 Hz, 1H), 8.52 (d, J=8.1 Hz,
1H), 8.20 (d, J=8.0 Hz, 1H), 7.79~7.55 (m, 5H), 7.53 (s,
1H), 7.49 (d, J=9.0 Hz, 1H), 7.10 (d, J=8.3 Hz, 2H), 3.92
(s, 3H), 3.85 (s, 3H); '*C NMR (101 MHz, CDCls) ¢:
160.26, 158.63, 153.10, 143.27, 132.64, 131.11, 130.36,
128.07, 127.95, 126.95, 126.86, 124.06, 123.92, 121.58,
121.07, 114.13, 109.25, 55.63, 55.59.

9-( =98 1 25 )-6-(4-( =3 FH 8 ) R 3 ERE (2)12: A
EEA, mp. 161~162 C, F“% 86%. 'H NMR (400
MHz, CDCl;3) d: 9.00 (s, 1H), 8.66 (d, J=9.8 Hz, 1H),
8.28 (d, J=9.6 Hz, 1H), 8.17 (d, J=8.6 Hz, 1H), 7.89~
7.77 (m, 7H); F NMR (377 MHz, CDCl3) 6: —62.57,
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—62.66; 3C NMR (151 MHz, CDCls) &: 159.24, 144.18,
142.82, 133.53, 132.61 (q, J=33.2 Hz), 131.51 (q, J=33.2
Hz), 130.87, 130.32, 130.14, 129.46, 12825, 126.35,
125.80 (d, J=3.0 Hz), 125.13, 124.94, 123.45, 123.32,
123.13, 122.20, 120.20 (d, J=4.5 Hz).
BfiJ£[1,2,3-gh] FEmE 2K A [E 4K, mp. 153~
154 C, "% 63%. 'H NMR (600 MHz, CDCL) J: 8.55
(d, J=9.4 Hz, 1H), 8.38 (d, J=9.5 Hz, 1H), 8.32 (d, J=
7.8 Hz, 1H), 8.25 (d, J=7.8 Hz, 1H), 7.88~7.83 (m, 3H),
7.81 (t, J=8.3 Hz, 1H), 7.72 (t, J=7.5 Hz, 1H), 7.51 (t,
J=17.4 Hz, 1H), 7.49~7.45 (m, 1H); 3C NMR (151 MHz,
CDCls) 6: 161.35, 147.69, 142.14, 138.47, 138.00, 132.78,
131.13, 130.98, 130.25, 129.35, 128.96, 128.83, 127.13,
125.48, 124.24, 123.11, 123.09, 122.00, 121.81, 120.16.
JEnE-6- R T N ERQ2L): TLEMRY), 723 40%. 'H
NMR (400 MHz, CDCls) ¢: 8.68 (d, J=8.4 Hz, 1H),
8.61~59 (m, 1H), 8.43 (d, J=7.6 Hz, 1H), 8.30~8.27 (m,
1H), 7.92~7.88 (m, 1H), 7.80~7.71 (m, 3H), 5.57~5.48
(m, 1H), 1.54 (d, J=6.3 Hz, 6H); *C NMR (151 MHz,
CDCls) 6: 166.35, 152.19, 143.09, 133.59, 131.23, 131.15,
129.12, 128.51, 127.92, 127.33, 124.88, 123.48, 122.38,
122.16, 70.38, 22.10; HRMS (APCI) caled for Ci7HisNO,
[M-+H]" 266.1175, found 266.1176.
JENE-6-FR R 4l (2m)2Y: TLEMPRY, 77K 44%.
'H NMR (400 MHz, CDCL) §: 8.69 (d, J=8.4 Hz, 1H),
8.63~8.60 (m, 1H), 8.55 (d, J=8.9 Hz, 1H), 8.31~8.29
(m, 1H), 7.93~7.89 (m, 1H), 7.82~7.70 (m, 3H), 4.64 (q,
J=7.1 Hz, 2H), 1.54 (t, J=7.1 Hz, 3H); *C NMR (151
MHz, CDCls) 6: 166.35, 151.25, 142.81, 133.47, 131.13,
131.00, 129.02, 128.54, 127.86, 127.34, 124.87, 123.46,
122.19, 122.03, 62.31, 14.33.
6-KIE-5,6- A IENE (4): ZAL AW A AR R AR
PREHT, HAGHCERE 6-BURIENE 2 KA B .
W E AR, mp. 102~103 C, % 47%. 'H NMR
(400 MHz, CDCls) 6: 7.78 (dd, J=14.8, 7.9 Hz, 2H), 7.42
(d, J=7.9 Hz, 2H), 7.39~7.31 (m, 4H), 7.18~7.11 (m,
2H), 6.88 (t, J=7.5 Hz, 1H), 6.82 (d, J=7.6 Hz, 1H), 6.64
(d, J=8.0 Hz, 1H), 5.59 (s, 1H), 4.29 (s, 1H); 3C NMR
(151 MHz, CDCL) J: 14431, 143.56, 135.88, 131.50,
129.17, 128.83, 128.04, 127.97, 127.75, 127.31, 127.08,
123.54, 122.42, 121.30, 119.21, 115.10, 60.30; HRMS
(APCI) caled for CioHisN [M — H] 256.1120, found
256.1121.

HBh# #L(Supporting Information) 774 2a~2m F1 4
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