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I ()] -2-075-1- ( Ta) A1 1,3- RSk mIEkE, 8 Tk, AL, ERINT 5-[(1,3- 5 3E-2-3E)
FH 3]-5- B BT 1[4,5] BRIE[ 2, 1-a] ST mk-6(5H)-Fl ( Ma) =2 A5, 514 N M a i i 2440 1a0.25
mmol . 7JE 0.0125 mmol | 1,3- 4 5ukE 2 mL BT 3k E A (L5 0.75 mmol, =¥ (LED, 10W,
Wk 450~455 nm) FHEFESY 20 h, 78 FIRBISAETF, L 48%~78%7 KA 1 11 FlBAE A R BU SRR 25T
BRIR[2,1-a] S ER-6(5H)-FRATA Y, %M THNMR, BCNMR XA P2 WitT 1451 %58 .
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Visible light promoting fluorescein catalyzed oxidative coupling for
synthesis of benzimidazo[2,1-a]isoquinolin-6(5H)-ones
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Abstract: Benzimidazo[2,1-a]isoquinolin-6(5H)-one derivatives were prepared by radical addition/cyclization
reaction using N-benzimidazo[2,1-a] acrylamide compounds as free radical receptor, 1, 3-dioxolane as free
radical source, and fluorescein as catalyst at room temperature under visible-light irradiation. The effects of
cataysts, oxidants and solvents on the yield of 5-[(1,3-dioxopentyl-2-yl)methyl]-5-methylbenzo[4,5]
imidazol€[2,1-a]isoquinoline-6(5H)-one ( Il &) were investigated with 2-methyl-1-[2-phenyl-benzo(d)
imidazol€]-2-ene-1-one ( I @) and 1,3-dioxolane as raw materials. The optimum reaction conditions for the
synthesis of llla were as follows: I a 0.25 mmol, fluorescein 0.0125 mmol, 1,3-dioxolane 2 mL, fert-
butylhydrogen peroxide as oxidant 0.75 mmol, under blue light (LED, 10 W, wavelength 450~455 nm)
irradiation and reaction time of 20 h. Under the above reaction conditions, eleven benzimidazo
[2,1-a]isoquinolin-6(5H)-one derivatives with different substituents were obtained with yields ranging from
48%~78%. The structures of products were confirmed by *"HNMR and *CNMR.

Key words. benzimidazo[2,1-a]isoquinolin-6(5H)-ones, 1,3-dioxolane; visible-light; fluorescein; green
synthesis; fine chemical intermediates
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2-AFEARIFRME | 1,3- ke . 9L E (CAS:
2321-07-5). fR1ELT 94 (CAS: 632-69-9), 41 Y —
HhEk (CAS: 17372-87-1), 541 B( CAS: 548-24-3 ),
5- ARG E (CAS: 3326-32-7). YK
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I 1: R'=H, R*=H, R*=H, 85%
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I a: R'=H, R*=H, R*=CHj, 94%

I b: R'=H, R>=CH;, R*=CH,, 90%

I c: R'=H, R*=CH;0, R*=CH;,, 88%
I d: R'=H, R*=Cl, R*=CH;, 86%

I e: R'=H, R*=Br, R*=CH,, 87%

I f: R'=H, R>=CN, R*=CHj, 90%
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( CAS: 518-47-8), # &% (CAS: 630-88-6).
R (K,S08). U T Ak (DTBP),
BT Hd AR (TBHP, B %eh 70% ). %1k
ZOoRHIE (BPO), s R BT s (TBPB ). BUHELL
=W (EtN ), HFIEPIEmES . 4- = F s S e
( DMAP ) = BE Sk BT N K B W
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DL 5-[(1,3- U 3k-2-) B 3] -5- F L2691 [4,5]
I K [2,1-a] 5 1 Wk -6(5H)- B (1T a) 1) & 1k 4l . 1)
25 mL i mA 1 a655mg (0.25mmol ) . %
J6% 4.15 mg (0.0125 mmol ) . 1,3- 45kt 2 mL
( I ). TBHP96.4 mg( 0.75 mmol, JFiH 7340k 70%

KW ) , TEEIREEYE (LED, 10W, JEK 450~455
nm) FHEPER N 20 he RN 45 H )G, ajzfﬁnzmﬁf

XK RN, HENSE CARNMEES 2 OB IRF
1:1) MEITEBA, B~ llaes.1 mg, Fﬁij\y
78%. *HNMR (400 MHz, CDCl;), 6: 8.49 (d, J = 7.8
Hz, 1H, Ar—H), 8.44~8.33 (m, 1H, Ar—H), 7.83 (d, J =
8.8 Hz, 1H, Ar—H), 7.64~7.37 (m, 5H, Ar—H), 4.57
(d, J = 5.0 Hz, 1H, CH), 3.62 (q, J = 6.8 Hz, 1H, CH,),
3.53(q,/J=7.1Hz, 1H, CH,), 3.39 (p, /= 7.0, 6.6 Hz,
2H, CH,), 2.88 (dd, J = 14.2. 7.5 Hz, 1H, CH,), 2.52
(d, J = 14.1 Hz, 1H, CH,), 1.72 (s, 3H, CHs).
BCNMR (100 MHz, CDCly), d: 172.87, 149.84,
143.97, 140.91, 131.65, 131.48, 127.71, 126.55, 125.91,
125.64, 125.42, 122.71, 119.65, 115.72, 101.45, 64.92,
64.38, 46.12, 45.11, 30.29,

5-[(1,3- 4 N 2k -2- k) T 36k ]-3- F i -5- T LK
FE[4,5] KR [2,1-a] 5 10k -6(5H) - (T b) : TG (ALK
723N 60%., 'HNMR (400 MHz, CDCl3), d: 8.42 (d, J =
8.2 Hz, 1H, Ar—H), 8.34~8.32 (m, 1H, Ar—H), 7.82
(d, J= 7.8 Hz, 1H, Ar—H), 7.51~7.34 (m, 4H, Ar—H),
455 (d, J = 4.9 Hz, 1H, CH), 3.64 (q, J = 6.8 Hz, 1H,
CH,), 3.55(q, J = 7.0 Hz, 1H, CH,), 3.41 (p, J = 7.0,
6.5 Hz, 2H, CH,), 2.87 (d, J = 14.1 Hz, 1H, CH,), 2.54
(d, J = 14.1 Hz, 1H, CH,), 2.47 (s, 3H, CHa), 1.71 (s,
3H, CH3). “*CNMR (100 MHz, CDCly), §: 171.92,
148.66, 141.32, 139.92, 129.62, 126.81, 125.87, 125.32,

Ila: R'=H, R=H, R*=CH,
R? TIb: R'=H, R=CH,, R*=CH,
Mc: R'=H, R>=CH,0, R*=CH,
0 M d: R'=H, R>=C], R*=CH,
(¢ Ile: R'=H, R=Br, R*=CH,
Il f: R'=H, R=CN, R3—CH3

CEZQ

M g: R'=H, R*=CH,0, R*=CH,
ITh: R'=H, R?=Br, R*=CH,

J@L;& @E o

IM: R'=H, R>=H, R*=H

124.98, 124.02, 121.86, 118.41, 114.82, 101.15, 64.63,
63.97, 45.90, 44.01, 29.79, 21.50.

5-[(1,3- A e ik -2- ik ) T 6 ]-3- PP A ik -5- T
I [4,5] kA [2,1-a] S Wk -6(SH)-Fil (T c) : TG (0
1A, 7= 5K 63%, "HNMR (400 MHz, CDCls), 6: 8.46 (d,
J=8.7Hz, 1H, Ar—H), 8.35 (d, J = 8.3 Hz, 1H, Ar—H),
7.82(d,J = 7.7 Hz, 1H, Ar—H), 7.50~7.36 (m, 2H, Ar—
H), 7.15~6.93 (m, 2H, Ar—H), 4.56 (d, J = 4.9 Hz, 1H,
CH), 3.98 (s, 3H, CH3), 3.66 (q, J = 6.8 Hz, 1H, CH)),
3.57(q,J=7.0 Hz, 1H, CH,), 3.42 (p, J = 7.0. 6.5 Hz,
2H, CH,), 2.89 (d, J = 14.0 Hz, 1H, CH,), 2.57 (d, J =
14.0 Hz, 1H, CH,), 1.72 (s, 3H, CH3). **CNMR (100
MHz, CDCly), J: 172.99, 162.66, 150.84, 142.67,
141.41, 131.90, 127.72, 126.91, 125.63, 125.40, 124.20,
122.70, 119.80, 114.52, 102.45, 65.61, 64.88, 55.65,
48.28, 42.81, 29.29,

5-[(1,3- = UK ik -2- 5 ) F 5L ]-3- G -5- H R R
[4,5] WKk [2,1-a] 53 W Wbk -6(5H) - (T d) : TG {3 A
77 55%, 'THNMR (400 MHz, CDCl3), 6: 857 (d, J =
8.9 Hz, 1H, Ar—H), 8.36~8.34 (d, J = 6.5 Hz, 1H,
Ar—H), 7.76 (d, J = 8.9 Hz, 1H, Ar—H), 7.59~7.41
(m, 4H, Ar—H), 5.32 (d, J = 5.0 Hz, 1H, CH), 3.82~
3.65(q, J = 6.8 Hz, 2H, CH,), 3.57 (p, J = 7.0. 6.6 Hz,
2H, CHy), 2.83 (dd, J = 14.2. 7.5 Hz, 1H, CH,), 2.51
(d, J = 14.1 Hz, 1H, CH,), 1.75 (s, 3H, CH3), “CNMR
(100 MHz, CDCl3), §: 172.05, 151.08, 142.05, 138.94,
133.93, 131.99, 130.98, 128.40, 126.66, 125.11, 124.11,
120.06, 119.07, 114.80, 103.60, 65.64, 49.16, 41.17,
30.35,

5-[(1,3- 5N -2- 3 ) T 56 ]-3- 5L -5- T L -
[4,5] Wk e [2,1-a] 55 W Wk -6(5H)-BR (T ) : TG (o i 4k,
77K 58%, 'HNMR (400 MHz, CDCls), d: 8.47~
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8.35 (m, 2H, Ar—H), 7.88~7.82 (m, 1H, Ar—H), 7.71
(d, J=8.0Hz 2H, Ar—H), 7.51~7.42 (m, 2H, Ar—
H), 5.24 (d, J = 5.2 Hz, 1H, CH), 3.65~3.55 (q, J =
6.8. 7.0 Hz, 2H, CH,), 3.45 (p, J = 7.0. 6.7 Hz, 2H,
CHy), 2.89 (dd, /= 14.2. 7.5Hz, 1H, CH,), 254 (d, J =
14.1 Hz, 1H, CH,), 1.76 (s, 3H, CH3). **CNMR (100

MHz, CDCly), J: 171.64, 150.57, 142.05, 139.26, 133.74,
131.91, 127.89, 127.59, 125.57, 125.11, 124.11, 123.16,

120.06, 114.80, 103.60, 65.64, 49.21, 41.14, 30.37,
5-[(1,3- AN 3k -2- 5 ) B 6 ]-3- i Sk -5- F LR
FE[4,5] 0K IE[2,1-a] 5 1 Bk-6(5H) - (T ) . TG AR,
77 62%, "THNMR (400 MHz, CDCl3), d: 8.67 (d, J =
8.0 Hz, 1H, Ar—H), 8.43~8.36 (m, 1H, Ar—H), 7.95~
7.73 (m, 3H, Ar—H), 7.57~7.48 (m, 2H, Ar—H), 5.27
(d, J= 5.1 Hz, 1H, CH), 3.87~3.75(q, / = 6.8, 7.1 Hz,
2H, CH,), 3.70 (p, J = 7.0, 6.8 Hz, 2H, CH)), 2.93 (d,
J =75 Hz, 1H, CH,), 2.54 (d, J = 14.1 Hz, 1H, CH,),
1.69 (s, 3H, CH3)., *CNMR (100 MHz, CDCls), o:

170.90, 147.01, 142.05, 141.00, 134.68, 131.99, 127.65,
127.42, 127.20, 125.11, 124.11, 120.06, 118.09, 114.80,

113.86, 103.60, 65.64, 49.41, 41.17, 30.36.,

5-[(1,3- 5 Je St -2- 3 ) FH L ]-1- FH 4 L -5- FH 3
AT [4,5] WK [ 2, 1-a] 57+ W Wk -6(5H)-Hi (T g) . To el
A, P2 %k 50%, *HNMR (400 MHz, CDCl5), §: 8.42~
8.34 (m, 1H, Ar—H), 7.95~7.89 (m, 1H, Ar—H), 7.55
(t, J = 8.2 Hz, 1H, Ar—H), 7.49~7.39 (m, 2H, Ar—H),
7.20 (d, J = 8.0 Hz, 1H, Ar—H), 7.12 (d, J = 8.4 Hz,
1H, Ar—H), 4.95 (d, J = 4.9 Hz, 1H, CH), 4.15 (s, 3H,
CHs), 3.74~3.65 (g, J = 6.8. 7.0 Hz, 2H, CH,), 3.51 (p,
J=7.0. 6.5 Hz, 2H, CH,), 2.86 (d, J = 14.1 Hz, 1H,
CH,), 2.52 (d, J = 14.1 Hz, 1H, CH,), 1.71 (s, 3H,
CHs), *CNMR (100 MHz, CDCl5), d: 172.89, 159.28,
153.43, 141.69, 139.05, 131.85, 130.67, 125.09, 124.11,
120.06, 119.80, 114.86, 112.59, 112.01, 103.60, 65.64,
56.25, 48.86, 41.53, 30.38,

5-[(1,3- — 480 I k- 2- 5L ) Y 36 ]-1- 78 -5- H JE 2R 9
[4,5] 0k e[ 2,1-a] 5 M vk -6(SH) - (T h) . TG {14,
77 % 53%, "HNMR (400 MHz, CDCl3), d: 8.55 (d, J =
7.1Hz, 1H, Ar—H), 8.41~8.34 (m, 1H, Ar—H), 7.86~
7.82 (m, 1H, Ar—H), 7.66~7.53 (m, 2H, Ar—H), 7.46
(tdd, J = 6.9, 4.7. 1.8 Hz, 2H, Ar—H), 4.87 (d, J =
5.0 Hz, 1H, CH), 3.64 (q, J = 6.8 Hz, 1H, CH,), 3.55
(0, J=7.1Hz, 1H, CH,), 3.41 (p, /= 7.0. 6.6 Hz, 2H,
CH,), 2.92 (d, J = 14.2. 7.5 Hz, 1H, CH,), 2.52 (d,
J = 14.1 Hz, 1H, CH,), 1.69 (s, 3H, CH3). *CNMR
(100 MHz, CDCls), J: 72.64, 149.87, 144.80, 137.96,
131.67, 131.35, 131.28, 125.23, 125.11, 124.74, 124.11,
123.95, 120.06, 114.80, 103.59, 65.64, 48.56, 41.14,
30.71,

A-[(1,3- " HURFE-2- 3 ) 1 JE]-4- F L2655 [4,5] bk
M [1,2-a] E W3 [2,3-c] M e -5(4H)-FR (TT7) : 2148 (i

e, 723k 45%, "HNMR (400 MHz, CDCl), J: 8.37~
8.29 (m, 1H, Ar—H), 7.85~7.75 (m, 1H, Ar—H), 7.66
(d, J = 5.1 Hz, 1H, Ar—H), 7.46~7.39 (m, 2H, Ar—H),
7.20 (d, J = 5.1 Hz, 1H, Ar—H), 4.82 (d, J = 5.0 Hz,
1H, CH), 3.79~3.61 (q, J = 6.8, 7.0 Hz, 2H, CH,),
3.58~3.45 (p, J = 7.0, 6.5 Hz, 2H, CH,), 2.85 (d, J =
14.1 Hz, 1H, CH,), 2.58 (d, J = 14.1 Hz, 1H, CH,),
1.74 (s, 3H, CH3). *CNMR (100 MHz, CDCly),
172.72, 146.48, 144.59, 137.16, 131.80, 128.21, 125.09,
124.37, 124.11, 120.20, 120.09, 114.88, 103.61, 65.64,
49.59, 45.27, 30.76.

7-[(1,3- U k- 2- 58 F 3] -7- B BRI AR 0F:
[4,5] WK 1 [2,1-a] S Mk -8(7H) - (T ) . TG (o 14,
773k 50%, "HNMR (400 MHz, CDCl3), 6: 8.77 (d, J =
8.5 Hz, 1H, Ar—H), 8.55 (d, J = 8.4 Hz, 1H, Ar—H),
8.43 (d, J = 6.7 Hz, 1H, Ar—H), 8.19~7.82 (m, 4H,
Ar—H), 7.70~7.53 (m, 3H, Ar—H), 4.86 (d, J = 5.0 Hz,
1H, CH), 3.76~3.62 (q, J = 6.8, 7.0 Hz, 2H, CH,),
3.58~3.41 (p, J = 7.0, 6.5 Hz, 2H, CH,), 2.82 (d, J =
14.1 Hz, 1H, CH,), 2.61 (d, J = 14.1 Hz, 1H, CH,),
1.76 (s, 3H, CHz), *CNMR (100 MHz, CDCls), ¢:
173.34, 149.89, 142.07, 137.93, 134.75, 134.14, 132.03,
128.97, 128.78, 127.41, 127.28, 126.31, 125.90, 125.11,
124.11, 121.72, 120.06, 114.82, 103.76, 65.64, 49.16,
41.64, 30.24,

5-[(1,3- AUk Fk -2- 56 ) FH 3E]-5,9,10- — HT BE %
JE[4,5] Wk [2,1-a] 5 M Rk-6(5H) - (k) : TG @R,
7= 48%., 'THNMR (400 MHz, CDCl3), d: 8.53 (d, J =
6.8 Hz, 1H, Ar—H), 8.15 (s, 1H, Ar—H), 7.68~7.48
(m, 3H, Ar—H), 4.83 (d, J = 5.0 Hz, 1H, CH), 3.76~
3.62(q, J= 6.8, 7.0 Hz, 2H, CH,), 3.53 (p, J = 7.0,
6.5 Hz, 2H, CH,), 2.83 (d, J = 14.1 Hz, 1H, CH,), 2.50
(d, J = 14.1 Hz, 1H, CH,), 2.45 (d, J = 6.9 Hz, 6H,
2CHs), 1.74 (s, 3H, CH3). *CNMR (100 MHz, CDCly),

0: 172.05, 148.64, 141.63, 136.41, 135.20, 134.11, 133.78,
131.37, 128.69, 127.41, 126.30, 126.07, 117.93, 115.68,

103.60, 65.64, 49.25, 41.21, 30.71, 20.01, 19.93,
2 #HR5WR

21 RME#HHhL
DA a A, I 1.22 555, Mila fil
1,3-ENE N JERE, FEORTEMEALT] . AR L %
FIFpZEXT Ma = ey, 4558 0L% 1,

O
\«to

Ia Il

FEALH,
A

§ﬁ450~455 nm @
10 W 356, 20 h, 55
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Tablel Optimization of reaction conditions”

e AL AL Ma = %1%
1 Ru(bpy)sCl2*6H,0 TBHP 63
2 i pE4r 94 TBHP I
3 ety g TBHP 52
4 BELL B TBHP o
5 PR TBHP 78
6 5-SBR IR PR TBHP 41
7 PN TBHP 72
8 PIHA TBHP 65
9 TOE DTBP 41
10 PR BPO 60
11 wWHER K>S,0s 32
12 PIEHR TBPB 45

13" V% TBHP 39

14" V% TBHP 10

O R &MJ Ta(0.25mmol ) . #E4k5 (0.0125 mmol ).
1,3- "4 80kE 2 mL . 4L (0.75 mmol ), ZE iR %SG (LED, 10W,
W 450~455 nm) FHPEY 20 h; @48 R, TH; O
(CHSCN) : 7 (1,3-—4Ukke)=1 : 1 A (2mL); @R R,

EERT, BAFET AFEMIOSLMHAFIT T a
FEREM (JPS 1-5), Z5REH, LIBIEE Wi
eI RO e, 7RGk 78%., i — 5K T R
PP R Ma F=Rpm (75 6~8), 45RE
H, 5-REAMRIIEE . SRR B
DL A B RAF R 7= R0 Hbn =, BlJs, %57
A4 4L7 (DTBP. BPO. K,S,05. TBPB %) Xif
RN (JF5 5, 9~12), 458%EV], L) TBHP
R EATN SRR . AN, K SR A I R TR
BRI, R RREEIL (P55 13), H&JaikT 1k
JEE (F5 14), M8 WE IS =L 10%,
F AT WACAEZ I v A R B R AR R o
ik, S RER N AN Ta(0.25mmol) |
Y% (0.0125 mmol ), 1,3-—4 k% 2mL. TBHP
Z4kH (0.75 mmol ), =i#E% (LED, 10 W, %
1 450~455 nm) FHEFER N 20 h, 7Rk 78%.
22 RYEEEHAR

TE R B LR N A5, R N-IRIE bR
SLNIGBER AL B YR Y S S T T %5, 45
R 2,

mi2 2 0] A, fEm LR N 41T, Lh 48%~78%
FERA LT 11 B A AN [ BRI B R IR e[ 2, 1-a]
SEWEMR-6(5H)-BAfT A . 5 L ICis e A i T
B3 AR (Mb~c), W HFrE . 8. I
B CMa~f), JR#ESAENFIHEAT, DL Ay 7= R
(55%~63% ) 152 HAr/= %, M55 L5 5k
A (Mg) AREUCIEE (Th) B, BLLdaE=

RISRN =Y, HFRN AN, AN, BT AR
B ZEA0 3,4-FF LR Y N-A K s I DA s o g
RGO, ALk 45% . 50%F1 48%fH 7 245
L= (Mi~k ). EHA—HEME, ke lg.
Mh FOITj {045 2055 A 17 1 i AR IR 1) B — H bi =
Y. fea, MmN RPN ERTFEUCE, EAEE
Hizxr=4 (1),

2 RYIEIEE
Table2 Universdity of reaction substrates

P e 74 %
1 la Ma 78
2 Ib b 60
3 Ic lic 63
4 Id d 55
5 le Me 58
6 If Imf 62
7 Ig Mg 50
8 I'h Ih 53
9 Ii 11 45
10 I'j I j 50
11 Ik Mk 48
12 Il Il 0

J TR T RER SV HLEE, HEAT T — R A%
Tl S2e . B AR L EIR K E AR SON R F
EPE AT T 80IE . TERPL RN 454, B N IF
Ik s P B e A A (0.25 mmol ) | AL 2
& (0.0125 mmol ), 1,3-—%N%e 2 mL, TBHP
FEALF (0.75 mmol ), FEi#E)E (LED, 10 W,
K 450~ 455 nm) [FERE E, S BIEEAR RN E R
(i1 | I W o8- SN V-2 W £ 0513 B3 ol N B A
T, RO FBR G ICIRRT, =R L=
15%F1 10%, ULEAZER MR . S AL RN R R
R T EBAESEVE R . A I AR B A
KA, RS LE I ] fE e e PEAE o
B HEAT A SR S5, 1) s AR R I A
FEA IR 2,2,6,6-P4 H FEIRIEE LY (TEMPO), Hf
FE N-A IR LN I e e b 54 (0.25 mmol )
AL F ¢ 62 (0.0125 mmol ). 1,3- 4k 2mL .
TEMPO ( 0.75 mmol ), TBHP & {k51 (0.75 mmol ).
iRt (LED, 10W, K 450~455nm) &1 F
HEAT SIS, SN SE AR, AR R B AR,
FUZ SV TREL I T A R .

MR b A S 25 5 A S M o6 SCiik A g 12471
P TR ATRRM B R R A R, WE L R
W, OLEMALF (F1) 20T WIEHER R I AL
BA ), 5 13- btk A s TR A AL
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o5 39 %

R ACRE)S , 7663 [ LB F(FI )7 TBHP
A EACAE T B3, [ AR AU T 480 A Pl 3
(+-BuOe ) FIE AN B T, fik H L A SE—20 % N-
R R e 58 D 94 T e 254k A 0 AN RS R A B
AR S R A B B A B, i — 20 PR 31 ) ph
HlEfR C. A C ERUT 4 A M 3SR 28
T A=) (Path 1), o E— 9 A ALk
%I%?$@%DFf§ﬂA%¥WmT%£mﬁ

RENL Y (Path 2),

Efﬂﬁ‘ﬁ

FIASOL % [jﬁ

o)

OH + t-BuO-
FI"/%V Path 1 |,>BuOH
TBHP

©: >_© P\J R t-BuOe
{o

Path 2 [O]

@V%

K1 ATRERY SN HLEE

Fig. 1 Possible reaction mechanism

3 #Hit

38 T WA R SO R AL A N-2R IR
IR S S 1,3- 8RB A AL I S
A 3 R T K 1 [ 2, 1-a] 5 s Bk -6(5H)- B 437 A W0 B4
Peo FRRNEAR N S F : N-2R I DK el 35 9 s Tk i 2%
&9 (0.25mmol ) | #AEFIZEEE (0.0125 mmol ),
1,3- 4% 2mL . TBHP 4 4k#] (0.75 mmol ), 2%
%ot (LED, 10W, %1 450~455 nm) FHiff
N 20 he il T 1L A TR R 3 A R 2R bR e
[2,1-a] 5 WEWk-6(5H)-Fil FI A=) , 7= 5%k 48%~T78%.
LW ST N B AR I DK [ 2,1-a] 57 M W -6(5H) - i 25 1k
BT —4cgk e BERHTT .
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