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Abstract Benzylated quinones widely exist in natural products and drug molecules. Thus their convenient synthesis with
high efficiency brings great significance. However, hard conditions are still essential among the present reports. Herein, the
development of visible light-induced metal-free benzylation of quinones via cross dehydrogenation coupling reaction with
methylene blue as photocatalyst, zers-butyl hydroperoxide as oxidant, and toluene derivatives as benzylation reagent is report-
ed. The reaction exhibits many advantages, including mild conditions, a broad scope with good functional group tolerance, low
cost, and avoidance of metal remaining in products. This method may bring novel inspiration and approach for synthesis of
bioactive quinones.
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Figure 1 Selected examples of bioactive alkylated quinones
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Figure 2 Benzylation reactions of quinones
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Table 1 Condition optimization of photo-induced benzylation
reaction of 1,4-naphthoquinone

O

Catalyst oxidant
+H T Solvent,
456 nm LED, r.t. Q

o
3aa
QVI)
Methylene Blue (MB)
| . —| PFe
N u
=z
X
fac-Ir( ppy)3 Ir(ppy)2 dtbbpy) PFg)

Ru(bpy);Cl, Eosin Y
Entry Catalyst Oxidant  Solvent  Yield”/%
1 fac-Ir(ppy)s TBHP CH2Clz 61
2 Ir(ppy)2(dtbbpy)(PFs) TBHP CH2Clz 44
3 Ru(bpy):Cl2 TBHP CH2Clz 26
4 EosinY TBHP CH2Clz Trace
5 MB TBHP CH:CL: 84
6 MB TBHP CH3CN 29
7 MB TBHP DMF Trace
8§ MB TBHP THF 0
9 MB TBHP MeOH Trace
10 MB TBHP DCE 8
11 MB TBHP CCl4 21
12 MB TBPB CH2Cl2 36
13 MB H202 CH2Clz Trace
14 MB (NH4)2$208 CH2Cla 54
15 MB K2S20s CH2Cl2 48
16¢ MB — CH2Cl2 15
179 MB — CH2Cl2 12
18 — TBHP CH2Cl2 0
19¢ MB TBHP CH2Cl2 58
20/ MB TBHP CH2Cl2 0

9 Reaction conditions: 1a (0.2 mmol, 1 equiv.), 2a (10 equiv.), catalyst (0.01
equiv.), oxidant (1.2 equiv.), solvent (2 mL), temperature (r.t., ca. 25 C),
under N, and irradiation with 30 W 456 nm LEDs for 24 h. ® Isolated yield.
¢Under air atmosphere.  Under O, atmosphere. ¢ Irradiation with 30 W white
LEDs./No light. TBHP=tert-butyl hydroperoxide; TBPB=tert-butyl perox-
ybenzoate.
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Table 2  Substrate scope of photo-induced benzylation reaction of quinones

__MB, TBHP

CH2C|2
456 nm LED, r.t.

@o”

P
e N

i Ny
OIS =
- | R | >N éf Nigl
| ci |

Methylene blue (MB)

wmm%w

5 mmol Scale, 48 h 3ab
84% (1.01 g, 4.06 mmol, 81.2% 74%

3ae
79% 80%

3ak 3al 3am 3an

85% 76% 55% 36% 6%
(0] from Vitamin K3

3ap 3ba 3ca 3ea

52% 80% 76% 71% 85%

0 0 0 o)
cl CF, OMe
U OO U OO
o} o} 0 o}

3fa 3ga 3ha
64% 91% 53%

0]

OH

Ph
o from Lawsone e}

3ia 3ja 3ka
85% 76% 86%

4Reaction conditions: 1 (0.2 mmol, 1 equiv.), 2 (10 equiv.), MB (0.01 equiv.), TBHP (1.2 equiv.), CH,Cl, (2 mL), temperature (r.t., ca. 25 ‘C), under N, and irradia-

tion with 30 W 456 nm LEDs for 24 h. ® Isolated yield.

[F] X 52 N 7= SR 5 AN K (3aa~3af). 24 FF 2K B %
B F I, OB RCREAK TH B % 4 RF 7R E 1 KF
(3ag~3aj). HTRIFFT 7RI B HUR T B 250N 1 52
M, R AR H - B 28 X6 e B 5 1) A K (3ak ~ 3all),
R R~ AR R 2 A0 S N 7 28 B W 6 () P (3am),
TP I R R T L A 2 3 BRI B A )
RREEH IR AR E . FIFEE T R R R4 %
MR, LRI R EY) 2- LM, IR [F]
FERERS VR 24T, 1 HLAR SRR 2 e Bt R AR A
RIHAIRA S L (3an~3ap). 25, FE T AR
B0t s BE S P 52 (3ba~3ka). SEE6 45 JAR A,
T 2-AAN [ AR 2R BRI, e B35 e LA U
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Figure 3 Mechanism investigation of photo-induced benzylation reaction of quinones
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920 AT
3.2 XWHE

V5 FEEE RIS R IE AP IR 5 LR B3 e
N AR IR R BRI, 1 equiv.)s
FEEATAEYI2, 10 equiv.). T H T (MB, 0.01 equiv.)-
AT i AL E(TBHP, 1.2 equiv.)« 7 CHCly (2 mL).
SN # A A A Sk, A ER AN DR L
SNIRER RS S IR, SRIGTE R L i e b
#FE(800 t/min), F£H 30 W 456 nm LED 43 cm iz,
SN IMIN I E G IRA EK AR RIS ). FH 2 B
(TLO)M B R RN A WG, RN R CEREE, %
B R, R A R A B S IRAE A VA, b HE 5 R
GV EEE R R E T B, 1930405 0 B st
GV, FTA TS IR SIS . B S 0
JR AT RAE % T

2-HEZE1 4- Tl (3aa): FAMEAA41.7 mg, 84%).
m.p. 90~92 C. R=0.6(f Mt/ LR LBR, V@ V=10 :
1). 'H NMR (400 MHz, CDCl;), 0: 8.12~8.09 (m, 1H),
8.05~8.03 (m, 1H), 7.73~7.71 (m, 2H), 7.36~7.24 (m,
5H), 6.61 (s, 1H) 3.90 (s, 2H); '3C NMR (101 MHz,
CDCls) d: 185.30, 184.90, 151.03, 136.86, 135.78, 133.90,
133.85, 132.30, 132.22, 129.58, 128.99, 127.11, 126.80,
126.23, 35.85. HRMS (EI) calcd for C;7H 0, 248.0837,
found 248.0832.

2-(4- FF R L) 25 g FE -1.4- R (3ab): B O A 1A
(38.8 mg, 74%). m.p. 87~89 C. Ry=0.6(f1 it/ 1R &
fig, V2 V=10 : 1). '"H NMR (400 MHz, CDCl;) ¢: 8.12~
8.09 (m, 1H), 8.05~8.03 (m, 1H), 7.73~7.71 (m, 2H),
7.14 (s, 4H), 6.60 (s, 1H), 3.86 (s, 2H), 2.33 (s, 3H); 13C
NMR (101 MHz, CDCly) &: 185.38, 185.24, 151.29,
136.75, 135.71, 133.88, 133.83, 133.75, 132.37, 132.26,
129.70, 129.47, 126.81, 126.23, 35.48, 21.18. HRMS (EI)
caled for CigH 140, 262.0994, found 262.0991.

2-(3-FE L) 28 b k-1 4- i (3ac): AR (44.0
mg, 84%). m.p. 93~95 °C. Ry=0.6(f1HE#/ LFL 2.1,
V1 ¥=10: 1). "H NMR (400 MHz, CDCl;) J: 8.12~8.10
(m, 1H), 8.05~8.03 (m, 1H), 7.74~7.71 (m, 2H), 7.24~
7.19 (m, 1H), 7.08~7.03 (m, 3H), 6.62 (s, 1H), 3.86 (s,
2H), 2.34 (s, 3H); 3C NMR (101 MHz, CDCl;) d: 185.40,
185.21, 151.17, 138.68, 136.78, 135.82, 133.90, 133.85,
132.35, 132.26, 130.31, 128.89, 127.88, 126.83, 126.60,
126.24, 35.76, 20.85. HRMS (EI) caled for C;sH40,
262.0994, found 262.0991.

2-(2- F A AL ) 28 g L -1,4- i (3ad): ¥ € [E 14
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(41.4 mg, 79%). m.p. 78~80 C. Re=0.6(f1 i/ L1 £
fig, ¥V 2 V=10 : 1). '"H NMR (400 MHz, CDCl;) 6: 8.20~
8.16 (m, 1H), 8.08~8.04 (m, 1H), 7.80~7.73 (m, 2H),
7.23 (s, 3H), 7.19~7.12 (m, 1H), 6.36 (s, 1H), 3.94 (s,
2H), 2.27 (s, 3H); 3C NMR (101 MHz, CDCl;) d: 185.29,
185.22, 150.66, 136.84, 135.45, 134.82, 133.95, 133.86,
132.38, 132.26, 130.86, 130.58, 127.56, 126.82, 126.63,
126.29, 33.27, 19.55. HRMS (EI) caled for CisHi40;
262.0994, found 262.0989.

2-(3,5- - H K B ) 2R Je 2 - 1,4- i (3ae): 3 7 [H]
14(44.1 mg, 80%). m.p. 90~92 ‘C. Ry=0.6(f1 it/ 7.1
W&, Vi V=10:1). '"H NMR (400 MHz, CDCl;) ¢:
8.13~8.03 (m, 2H), 7.76~7.70 (m, 2H), 6.90 (s, 1H),
6.85 (s, 2H), 6.63 (s, 1H), 3.82 (s, 2H), 2.29 (s, 6H); 13C
NMR (101 MHz, CDCly) o: 185.42, 185.19, 151.23,
138.53, 136.69, 135.80, 133.85, 133.80, 132.35, 132.25,
128.74, 127.33, 126.80, 126.20, 35.61, 21.37. HRMS (EI)
calcd for Ci19H60, 276.1150, found 276.1145.

2-(2,4.5- =B 2R bi k- 1,4- i (3af): B (A [H]
1£(37.1 mg , 64%). m.p. 97~99 C. Ry=0.6(f1 it/ 2. /R
ZB&, V:V=10:1). 'H NMR (400MHz, CDCl;) o:
8.16~8.12 (m, 1H), 8.06~8.02 (m, 1H), 7.77~7.70 (m,
2H), 6.98 (s, 1H), 6.89 (s, 1H), 6.35 (s, 1H), 3.84 (s, 2H),
2.23 (s, 3H), 2.21 (s, 1H), 2.17 (s, 3H); 3C NMR (101
MHz, CDCls) J: 185.44, 185.40, 151.08, 135.65, 135.44,
134.60, 133.91, 133.84, 132.45, 132.29, 132.21, 131.90,
131.86, 129.87, 126.82, 126.26, 32.06, 19.36, 19.33, 18.94.
HRMS (EI) caled for CioH 60, 290.1307, found 290.1302.

2-(4- T ZE e L - 1,4- A (3ag): B (A 14 (44.7
mg, 84%). m.p. 92~94 C. Ry=0.6(f1 Mt/ L. 7R £ g,
V1 ¥=10: 1). '"H NMR (400 MHz, CDCl;) J: 8.13~8.03
(m, 2H), 7.77~7.71 (m, 2H), 7.26~7.20 (m, 2H), 7.06~
7.00 (m, 2H), 6.61 (s, 1H), 3.88 (s, 2H); 3C NMR (101
MHz, CDCls) 6: 185.14, 184.99, 150.34, 135.94, 135.86,
134.04, 133.96, 132.23, 132.20, 132.12, 131.27, 126.85,
126.33, 35.41; '°F NMR (377 MHz, CDCl;) 6: —115.27
to —115.81. HRMS (EI) caled for Ci7H; FO, 266.0743,
found 266.0748.

2-(4-5 ) 25 e HE-1,4- i (3ah): B A 4 (42.8
mg, 76%). m.p. 101~103 C. Re=0.6(47 B/ . FR .18,
V' ¥=10: 1). '"H NMR (400 MHz, CDCl;) J: 8.12~8.02
(m, 2H), 7.76~7.72 (m, 2H), 7.31 (d, J=8.4 Hz, 2H),
7.19 (d, J=8.3 Hz, 2H), 6.61 (s, 1H), 3.87 (s, 2H); *C
NMR (101 MHz, CDCl;) 6: 185.15, 185.00, 150.43,
135.85, 135.32, 134.04, 133.96, 132.94, 132.21, 130.90,
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129.15, 126.85, 126.32, 35.33. HRMS (EI) caled for
C17H,,ClO, 282.0448, found 282.0442.

2-(3-GUN I ZE e FE-1,4- I (3ai): B (0 [E 1A (46.2
mg, 82%). m.p. 94~96 C. Ry=0.6(f1 Mt/ L. 7R £ g,
V1 ¥V=10: 1). "H NMR (400 MHz, CDCl;) 0: 8.15~7.98
(m, 2H), 7.78~7.74 (m, 2H), 7.28~7.24 (m, 3H), 7.18~
7.09 (m, 1H), 6.63 (s, 1H), 3.87 (s, 2H); 3C NMR (101
MHz, CDCls) 0: 185.13, 184.92, 150.16, 138.95, 135.98,
135.43, 134.78, 134.05, 133.97, 132.21, 130.24, 129.61,
127.75, 127.40, 126.88, 126.33, 35.54. HRMS (EI) calcd
for C17H11C10, 282.0448, found 282.0442.

2-Q2-F AN HE) FE b B -1,4- i (3aj): B A [H 14(46.3
mg, 82%). m.p. 98~100 C. Ry=0.6(f1 it/ LR L.HF,
V' ¥V=10":1). "H NMR (400 MHz, CDCl;) 6: 8.20~8.14
(m, 1H), 8.10~8.01 (m, 1H), 7.80~7.70 (m, 2H), 7.49~
7.39 (m, 1H), 7.29~7.15 (m, 3H), 6.44 (s, 1H), 4.04 (s,
2H); C NMR (101 MHz, CDCl;) J: 185.18, 185.02,
149.31, 135.65, 134.74, 134.66, 133.97, 133.90, 132.31,
132.24, 131.98, 130.10, 128.91, 127.41, 126.85, 126.31,
33.50. HRMS (EI) calcd for C7H;,ClO, 282.0448, found
282.0442.

2-(4- AR BRI ) 2R e 2R -1,4- i (3ak): 3 0 [ 44
(47.2 mg, 85%). m.p. 80~82 C. Re=0.6(f1 it/ 1R &
fig, V2 V=10 : 1). '"H NMR (400 MHz, CDCl;) ¢: 8.17~
7.97 (m, 2H), 7.73 (d, J=3.6 Hz, 2H), 7.20~7.12 (m,
2H), 6.91~6.81 (m, 2H), 6.60 (s, 1H), 3.84 (s, 2H), 3.80
(s, 3H); *C NMR (101 MHz, CDCl;) J: 185.38, 185.27,
158.75, 151.38, 135.60, 133.88, 133.83, 132.35, 132.25,
130.61, 128.73, 126.78, 126.23, 114.44, 55.42, 35.05.
HRMS (EI) calcd for C1sH1405 278.0943, found 278.0938.

2-(3-FH AR B IR B ZE e B - 1,4- i (3al): % (R[] 4
(42.3 mg, 76%). m.p. 84~86 C. Ry=0.6(f1 Mk LR 2
fig, V2 V=10 : 1). '"H NMR (400 MHz, CDCl3) 6: 8.17~
8.01 (m, 2H), 7.73 (s, 2H), 7.24~7.20 (m, 2H), 6.97~
6.85 (m, 2H), 6.51 (s, 1H), 3.90 (s, 2H), 3.79 (s, 3H); 1*C
NMR (101 MHz, CDCly) d: 185.65, 185.46, 157.71,
150.23, 135.27, 133.76, 132.48, 132.31, 131.52, 128.69,
126.76, 126.17, 125.06, 120.92, 110.77, 53.97, 28.93.
HRMS (EI) caled for CisH 405 278.0943, found 278.0936.

2-(4- =PI ZE - 1,4- i (3am): T (R
[E14(34.7 mg, 55%). m.p. 87~89 C. Re=0.6(f1 MK/ 2.
FR W8, V2 V=10 :1). '"H NMR (400 MHz, CDCl;) ¢:
8.12~8.03 (m, 2H), 7.78~7.70 (m, 2H), 7.59 (d, J=8.0
Hz, 2H), 7.39 (d, J=8.0 Hz, 2H), 6.63 (s, 1H), 3.96 (s,
2H); '3C NMR (101 MHz, CDCl;) 6: 185.03, 184.87,
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149.93, 141.14, 136.04, 134.11, 134.02, 132.18, 129.88,
129.54 (q, J=32.6 Hz), 126.88, 125.99, 125.93 (q, J=3.7
Hz), 124.23 (q, J=272.0 Hz), 35.79; "YF NMR (377 MHz,
CDCls) : —62.52. HRMS (EI) caled for CisHF50;
[M]" 316.0711, found 316.0704.

2-(WRIg-2- 30 FH 36 25 e 8- 1,4- i (3an): B (iR
WiAAR(17.1 mg, 36%). Re=0.6(f1 Mk 2 2.8, vV : V=
10 : 1). '"H NMR (400 MHz, CDCl;) 6: 8.16~8.09 (m,
1H), 8.09~8.03 (m, 1H), 7.78~7.72 (m, 2H), 7.40 (s,
1H), 6.71 (s, 1H), 6.37 (s, 1H), 6.23 (d, J=3.2 Hz, 1H),
3.97 (s, 2H); BC NMR (101 MHz, CDCls) §: 183.95,
175.33, 149.83, 147.82, 142.34, 135.82, 133.88, 133.80,
132.26, 126.69, 126.21, 110.65, 108.25, 28.59. HRMS (EI)
caled for C15H 1003 238.0630, found 238.0698.

2-(1- 2.3 25 e e -1,4- i (3a0): 3 (4 [ 14:(39.8
mg, 76%). m.p. 85~87 ‘C. Ry=0.6(f1 Mt/ .7 £ 1ig,
V1 ¥=10: 1). '"H NMR (400 MHz, CDCl;) J: 8.10~8.04
(m, 2H), 7.75~7.66 (m, 2H), 7.31 (t, J=7.1 Hz, 4H), 7.24
(dd, J=8.6, 5.4 Hz, 1H), 6.81 (s, 1H), 4.53~4.46 (m, 1H),
1.56 (t, J=7.5 Hz, 3H); 3C NMR (101 MHz, CDCl;) ¢:
185.56, 184.62, 154.98, 142.83, 134.13, 133.83, 133.79,
132.42, 132.00, 128.83, 127.78, 126.99, 126.89, 126.08,
38.11, 20.12. HRMS (EI) caled for C;sH14O02 262.0994,
found 262.0991.

2-(1,1- - H JE ) e FE 25 -1,4- [l (3ap): ¥ €0 [H]
14(28.7 mg, 52%). m.p. 85~87 ‘C. Ry=0.6(f1 it/ .12
ZHEE, V:v=10:1). '"H NMR (400 MHz, CDCLy) ¢:
8.12~8.03 (m, 1H), 7.95~7.90 (m, 1H), 7.77~7.62 (m,
2H), 7.29 (d, J=6.2 Hz, 3H), 7.23~7.20 (m, 2H), 7.08 (s,
1H), 1.68 (s, 6H); 3C NMR (101 MHz, CDCl;) J: 186.08,
184.13, 157.62, 147.59, 134.31, 133.97, 133.57, 133.20,
131.78, 128.73, 128.59, 128.47, 127.18, 126.21, 125.85,
125.36. 42.60, 29.24. HRMS (EI) caled for CioH 60,
276.1150, found 276.1145.

2R E-3-FEZE-1,4- i (3ba): FH B [E14(41.9 mg,
80%). m.p. 107~109 ‘C. Re=0.6(F it/ L. F& .18, V
¥=10 : 1). '"H NMR (400 MHz, CDCl;) J: 8.10~8.06 (m,
2H), 7.70~7.68 (m, 2H), 7.27~7.23 (m, 5H), 4.03 (s,
2H), 2.25 (s, 3H); 3C NMR (101 MHz, CDCl;) d: 185.50,
184.76, 145.45, 144.54, 138.18, 133.61, 133.57, 132.24,
132.16, 128.77, 128.72, 126.59, 126.54, 126.38, 32.52,
13.38. HRMS (EI) caled for CigH140, 262.0994, found
262.0992.

2R -3- 225 1,4- i (3ca): B A [E4(42.0 mg,
76%). m.p. 94~96 C. Ry=0.6(f1 MK/ LR LBs, V.
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=10 : 1). '"H NMR (400 MHz, CDCl;) J: 8.14~8.02 (m,
2H), 7.73~7.64 (m, 2H), 7.27~7.21 (m, 5H), 4.05 (s,
2H), 2.79~2.67 (m, 2H), 1.10~1.00 (m, 3H); C NMR
(101 MHz, CDCly) o: 18528, 185.16, 149.74, 144.72,
138.64, 133.57, 132.37, 132.17, 128.74, 128.58, 126.54,
126.51, 126.35, 32.08, 20.98, 13.52. HRMS (EI) calcd for
CioH 160, 276.1150, found 276.1148.

2- R HE-3- N2 -1,4- i (3da): P A 4(41.2 mg,
71%). m.p. 84~86 C. Ry=0.6(f1 it/ . IL L IE, V .
¥=10 : 1). '"H NMR (400 MHz, CDCl;) J: 8.18~7.99 (m,
2H), 7.77~7.60 (m, 2H), 7.33~7.14 (m, 5H), 4.04 (s,
2H), 2.73~2.59 (m, 2H), 1.52~1.34 (m, 2H), 0.99 (t, J=
8.2 Hz, 3H); *C NMR (101 MHz, CDCl;) J: 185.94,
185.26, 148.53, 145.10, 138.70, 133.59, 132.36, 132.21,
129.11, 128.75, 128.57, 126.54, 126.40, 32.29, 29.67,
23.83, 15.41. HRMS (EI) caled for CaHizO; 290.1307,
found 290.1302.

2-HE 3TN FEZE-1,4- T (3ea): B0 [H 14(49.0
mg, 85%). m.p. 94~96 ‘C. Re=0.6(f1 MMt/ LR L BK,
V:¥V=10":1). "H NMR (400 MHz, CDCl;) ¢: 8.09 (dd,
J=172, 3.9 Hz, 2H), 7.80~7.63 (m, 2H), 7.37~7.09 (m,
5H), 5.96~5.59 (m, 1H), 5.20~4.99 (m, 2H), 4.05 (s,
2H), 3.58~3.34 (m, 2H); 3C NMR (101 MHz, CDCl;) ¢:
185.19, 184.93, 146.02, 145.53, 138.32, 133.72, 133.62,
132.23, 132.19, 128.79, 128.68, 126.63, 126.60, 126.50,
32.21, 31.33. HRMS (EI) caled for CaH 60, 288.1150,
found 288.1145.

2R3N ZE-1,4- i (3fa): B A [EAR(37.1 mg,
64%). m.p. 80~82 C. Ry=0.6(f1 it/ L. LG, V .
¥=10 : 1). '"H NMR (400 MHz, CDCl;) J: 8.15~7.99 (m,
2H), 7.74~7.62 (m, 2H), 7.25 (d, J=5.2 Hz, 3H), 7.19
(dd, J=7.7, 3.4 Hz, 2H), 4.12 (s, 2H), 3.34~3.15 (m, 1H),
1.33 (dd, J=21.0, 7.0 Hz, 6H); *C NMR (101 MHz,
CDCls) 6: 185.50, 185.42, 152.49, 144.65, 138.85, 133.65,
133.38, 133.08, 131.94, 131.79, 131.00, 128.76, 128.47,
127.58, 126.45, 126.42, 126.29, 31.78, 30.81, 29.52, 20.87.
HRMS (EI) caled for Ca0H ;502 290.1307, found 290.1301.

2- N HE-3- S ZE AL -1,4- Tl (3ga): B EAEA(S51.3 mg,
91%). m.p. 128~130 C. R=0.6(f /LR L. BE, V :
V=10 : 1). '"H NMR (400 MHz, CDCl;) J: 8.31~7.93 (m,
2H), 7.87~7.51 (m, 2H), 7.32~7.27 (m, 2H), 7.24~7.18
(m, 3H), 4.12 (s, 2H); 3C NMR (101 MHz, CDCl;) ¢:
185.48, 185.27, 148.31, 138.07, 133.72, 133.59, 133.56,
132.16, 128.78, 128.66, 128.61, 32.55. HRMS (EI) calcd
for C17H11C10, 282.0448, found 282.0442.
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2-E R 3- = R H HE-1,4- i (3ha): i (0 [H14(33.5
mg, 53%). m.p. 102~104 C. Re=0.6(41 B/ . FR .18,
V:¥=10":1). '"H NMR (400 MHz,CDCls) §: 8.14 (dd,
J=7.2,1.7 Hz, 1H), 8.08 (dd, J=7.2, 1.7 Hz, 1H), 7.82~
7.76 (m, 2H), 7.27 (d, J=9.7 Hz, 3H), 7.23 (d, J=6.9 Hz,
2H), 4.32 (s, 2H); 3C NMR (101 MHz, CDCl;) J: 184.23,
181.16, 134.86, 134.36 (q, J=164.0 Hz), 132.06, 130.84
(q, J=220.8 Hz), 129.48, 128.95, 128.84, 128.59, 127.91,
127.57 (q, J=32.0 Hz), 126.84, 125.34, 125.13, 29.85; 'F
NMR (377 MHz, CDCl3) §: —56.90. HRMS (EI) calcd
for C1sH;1F30, 316.0711, found 316.0726.

2- e HE-3- A B -1,4- i (Bia): 3 (A[E4(47.3 mg,
85%). m.p. 73~74 ‘C. Ry=0.6(f1 it/ LR LR, V-
=10 : 1). '"H NMR (400 MHz, CDCl5) J: 8.08~8.00 (m,
2H), 7.74~7.64 (m, 2H), 7.34 (d, J=7.6 Hz, 1H), 7.30~
7.24 (m, 2H), 7.22~7.11 (m, 1H), 4.13 (s, 3H), 3.94 (s,
2H); *C NMR (101 MHz, CDCl;) J: 185.25, 181.94,
157.79, 139.23, 133.99, 133.86, 133.39, 131.97, 131.65,
129.21, 128.58, 126.44, 126.39, 126.30, 126.22, 61.30,
29.45. HRMS (EI) calcd for C;sH1405 278.0943, found
278.0958.

2R3 PR 2R 1,4- i (3ja): P A E4(40.1 mg,
76%). m.p. 172~174 ‘C. Re=0.3(f1ililik/ IR L 18, V :
=10 : 1). '"H NMR (400 MHz, CDCl3) 6: 8.12 (d, J=7.6
Hz, 1H), 8.07 (d, J=7.4 Hz, 1H), 7.75 (t, J=7.9 Hz, 1H),
7.67 (t, J=7.5 Hz, 1H), 7.47~7.34 (m, 3H), 7.28 (s, 2H),
7.17 (t, J=7.4 Hz, 1H), 3.94 (s, 2H); '*C NMR (101 MHz,
CDCls) d: 184.52, 181.82, 153.17, 139.05, 135.16, 133.13,
132.95, 129.53, 129.34, 128.59, 127.07, 126.47, 126.28,
123.20, 29.24. HRMS (EI) calcd for C7H 1203 264.0786,
found 264.0793.

K HE-3,5,6- = HIL PR OO -2,5- — 0% -1,4- — i (3ka):
0 [E 4(41.3 mg, 86%). m.p. 85~87 ‘C. Ry=0.6(F1 M
i/ 2.1 Z.F&, V' : V=10 : 1). '"H NMR (400 MHz, CDCl5)
J: 7.26 (dd, J=8.8, 6.2 Hz, 2H), 7.17 (dt, J=7.5, 3.1 Hz,
3H), 3.87 (s, 2H), 2.10 (s, 3H), 2.01 (s, 6H); 3C NMR
(101 MHz, CDCly) d: 187.97, 187.18, 142.56, 141.45,
140.74, 140.59, 138.47, 128.71, 128.68, 126.45, 32.18,
12.89, 12.55, 12.46. HRMS (EI) caled for CicHs02
240.1150, found 240.1144.

4 BBl (Supporting Information) < NIEA(E E. I
o SEEG D IR LB SIS AN, A B R i 1.
TR G R AT DL G F MASTI) 3 (http://sioc-journal.cn/) |
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