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Visible-Light-Induced Benzylic C—H Oxygenation Reaction Using
Tetrabutylammonium Tribromide as the Catalyst

Dai, Pengcheng Xu, Liang™
(Key Laboratory for Green Processing of Chemical Engineering of Xinjiang Bingtuan, School of Chemistry and
Chemical Engineering, Shihezi University, Shihezi §32003)

Abstract The direct oxidative functionalization of the benzylic C—H bonds of alkyl arenes paves a way for the quick syn-
thesis of carbonyl compounds, which is of great significance in organic synthesis. In the past decades, the photooxidative
pathways to achieve this reaction have developed rapidly, using relatively green and readily available oxygen as the terminal
oxidant under light irradiation. In this paper, a commercially available and inexpensive chemical reagent, tetrabutylammonium
tribromide (TBATB), was used to catalyze the photooxidation of the benzylic C—H bonds. Under visible light irradiation and
air atmosphere, a catalytic amount of TBATB was utilized to achieve the efficient conversion of alkyl arenes to the corre-
sponding aryl ketones. The reaction is feasible under mild conditions and without any additives, leading to a broad scope of

ARTICLE

ketone substrates. This method can be an effective supplement to the current benzylic photooxidation reaction systems.

Keywords

oxygenation reaction; visible-light photocatalysis; alkyl arenes; tetrabutylammonium tribromide

S S B FE A WA 27 A0 Tl di A 1 e 2
o, TR B U ) BN BRI A T BL A K
W W RIRFEERAILSN, RAEER £
g, A RE B E A A A A T Y SR
SER, WA (KMnO,) 8. milib ¥I(IBX)
. PUVE Wb m8 e 2 ok 5. fakiibs
i, XS R R T — R AR, PR T e
MR A, tetn: Mgl %, JRyabtiz;
AR B A AN S I HR AR LUACEE B, <6 SR AR A
BT REHT R R I R B B R L B A BT ORGP AN
SRR, TR M R R AT

* Corresponding author. E-mail: xuliang4423@shzu.edu.cn

%, AR UETR RS TR R, IR+,
Wzt TARE S TR Z AN A 1 & sens, e f B8 is
L 20 SO TUORSEIIR LA R,

7 —J7H, WL RO S AR k24
TS TR RS, M TR OV, Ot
W R SSRGS 2R IRER
R, ORI R B BT AR PR S S G RE YR BRE [ 1)
B —. HAMRET, WS TR KR
T TR —HeAg, AT S e RO T AL 2 e i 72
FESCADEHEAL AL RPE R T, 0] AR AL N 22 s
SR, AHERARA. R R, TEAYE, X

Received June 23, 2021; revised August 2, 2021; published online August 17, 2021.
Project supported by the National Natural Science Foundation of China (No. 21963010).

5 H AR5 4 (No. 21963010) BT H .

CCSs s

FEER

4690

http://sioc-journal.cn/

) “ ©2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 4690~4695



Chinese Journal of Organic Chemistry

Sy VR S Fh i] DA — 0 S5 I e A SO DA 5E AT AR
PRI O3,

I AR 3 T A A 11 5 0 R A Al S B AR A RO, B T
WG TR R, — RIVE ARG I R B
R, PR RERE A e . T RIS AL
Y. Hh 4 Fukuzumi SRAA D8 48 A Y e 21
FAEALT G 10-H3E-9- 2K B = SR 32, Ph-Acr ClOs "),
Konig PRAIZH IS4 g Sl 1) 88 3 L H AT A Y (Flavin),
Pandey BREZHME I 1,4- —FIEZE, fok JUEH, —
G 11 A 1 5t gt ik 8 R IR GE HH K. 2018 4, VL
B I R ZH ORI T DY AR SR TE O A R R
B F; 2020 4F, A AR L R A = 50 R R A S B T
— ZRANEAL GG ENA G 2021 4, Szpilman TR
RN 9,10- IR B TR Z R . )6 e A 711

RUREH — BB T H R T & e AR ek
R, BT TAE R ORI, PO 5 E e BT AT
RACHh T A e S22, i 1 AL R A e S8 B0,
A& IR S 05 A A s 2B, AR SR AR TE FRAT I TG 4 S Ol
AR LA ) — MRS R I FIH TS AF . BRI
DU T 5 = VR Ah B (AR ot . BB R AN, B4 0.5
JU/g % 20 Ju/g ANEE), WA LI AR AR DG E A
KL, DL R I AR R 07 45 B — R Y105 Bl RS
Y

1 &R511R

TEHAT AR A S8 A S AR R I, AR
B, RN, RN R A I H AR,
I N AR A & B DY T 3 = 9 Ak 42 (Tetrabutylammonium
Tribromide, TBATB)H, X Z 2 n] 8 S A A X 1R
7 .

Gt — KAV FARIE, R&HINT TBATB [F{#1L
TEH, RAKHR R B AR B2 a0 R e
FIZAET, 5.0 mol%I] TBATB J9ytfiib 7, =54 ETF
FIF A6 LED YeURIEES 4 h, bL 85% 94> B W R 45 2%}
VR IK ZH(Table 1, Entry 1). BE/5RIXT BESLIGUER, &S
SRR RN e A AN RE R A (Table 1, Entry 2), #H&/S
16 1% J B PR B B &AL A L. R, R
TBATB & A GHRIIG O, SOV 58 A RE R A
(Table 1, Entries 3, 4), Ui R A 75T TBATB fF
M AT AR LA TS SR, B S, R R )
TREHAER, RIS I A $E (Table 1,
Entry 5). [AJIf, FATH R T IR FIAAAE R XR 2R 1)
FAMNIR L, S R A B R . 2K 5
BHAfET 2.0 mL NN-—H 3 ZEZ(DMA) T, 78~
ik F| 78% (Table 1, Entry 6); 24 2.0 mL 7KA{F N7
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N, RN HIP7 R H A 8% (Table 1, Entry 7). BEEE R T
IKIITE RPN )77 264318 2 $2 F+(Table 1, Entries
8, 9). XIS [AIEHEAT Tk, B S SIS 8] PR 46
AT 5 B R AR F#(Table 1, Entries 10~
12).

R 1 SRR PPEEA BN KA AL @

Table 1 Optimization of photooxidative reactions of 1-bromo-
4-ethylbenzene

O
/©/\Me TBATB (5.0 mol%) Me
Br air, r.t.: 10 th_it_e LEDs Br
1 optimal conditions 2
Entry Variations from optimal conditions  Yield”/%
1 None 85
Without air (under N2) N.R.¢
3 Without TBATB NR.¢
4 Without LEDs NR.¢
5 O instead of air 85
6 2.0 mL DMA 78
7 2.0 mL H20 8
8 0.5 mL H20 30
9 0.1 mL H20 84
10 12 h instead of 48 h 29
11 24 h instead of 48 h 61
12 36 h instead of 48 h 72

© 2021 Chinese Chemical Society & SIOC, CAS

@ Reaction conditions: 1 (0.3 mmol), solvent (as indicated), TBATB (5.0
mol%), air (101 kPa), light source, r.t., 48 h. ?Isolated yields. ¢ No reaction.

DL fe e S i 2 A ke, BEJE IR T 2ok
SN JEC 42038 FH Y [ (Table 2).

B, ZRRHLEAR I ZFEZE T Tz N . 4
KR, AR AEA fE i T2 (8, 10)i8 212
(3~7, 9), ZEAR I 60% LA b SariHt s
T, A I TR P R — AR 5 kA AR
N, AEAZ RN Z A AT DA e 25 5 W LT 2R A 2R (5) A 3
(6), fEUIR 7~ 5 A AR Y IR A — M 75 2 A A e ) S B
AR R R, FR, & 8. BRI T &
(2~ )t AT 71 B 25 A A 2850 A R R L P ot i
B, XA X R TP AR 2 5 R AR R
HIABIE R R, A R T =4 Bt A7 3 — 2D B i el
A SEEE R R OK S SRR R 2 KR, T
RN ZEAE T R B 7230 50%, BUH 2.0 mL HfE
YEN NI, B2 2RIAE] 93% (11). (A7 HUA
1) 2K [ RE AT R A e A R B (12~ 15), B IE & 7R
SR e R RN AN A B
10 S I o VA2 g AT DN P g e S LN A R
WAR IR 2 16 B3 43%, TAHR FITGAE
BHL 257 ()5 B IEE SR LT 10 P2 30N 75%; ARIRZE L 17
FEEN 52%, XTI I 2 7R3 85%
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K 2 TBATB AL T A6 SN A& Y
Table 2 Substrate scope of the TBATB-catalyzed photooxidative reactions

TBATB (5.0 mol%)

0O

‘D”ﬁ

air, r.t., 10 W white LEDs

R

Noalea

3, 68%

(0}
o
Br

2, 85%, 40%?®

O T O

4, 66% (77%°)

8, 88%¢ 10, 75%
9, 72%
0 o}
Na
A M
\@)LME e\©)LMe
14, 57% 15, 63% 16, 43%

saaalives

20, 43% (81%°) 21, 29% (69%°) 22, 91%°

Me O Br O (0]

@*»@*e

5, 85% 6, 88%

Me
12, 83% 13, 82% (81%9)

11 ,50% (93%°)

17, 52% 18, 97% 19, 57% (71%°)

o ob oot b o

23, 55%"

24, 69%"

25, 91%' (93%9) 26, 72%"

o o oo o<

27, 83%" 28, 99%° 29, 99%°

30, 74%°

@Reaction conditions: starting materials (0.3 mmol), TBATB (5.0 mol%), solvent (as indicated), air (1 atm), white LEDs (10 W) rt, 48 h, isolated yields. ®3.0 mmol
scale. “MeOH (2.0 mL). DMA (2.0 mL). ¢ CH3CN (2.0 mL)./ H,0 (0.5 mL). € 24 h instead of 48 h.

b5, 8T BRI R ZERIAELL, 2 R E

FEBF, WA A T AN R A, RIS T
B FEICIATI A N AT LA 97%1) 40 B 77 R AT 5] —
B ASCHHABAR S S B 0L F 9-Z i 28 FNRG I 29 f) &
BR). R AHANGEEERS, WSk, IET . R, RE
F(19~22), 75 H HEESL OIE1E N BER, AH s R
BHE RO A R A =4, 24 S JE R N 2K I EER
ARACA YD, AbF 57 9 0 R 1 AT DL R AR S Ak e
AL A R P R FE AL &9, FERAE T2%Z2 99% 2 [,
U 1-PUEZERR 25, 1-Eif[ 26 Sl 27, 9-%7 1 28.
WL 29, Fe)o, RSB DT IR N EER, R
WA LUK A, (B B2 2 FiT PRI (23 T 24). D5 1@ e
Wi, SRR L 92%)7 3R A5 2| 1gE My -2- 2.

EHEFKMEAZRIENT, ERMAARFIAN 1.0
equiv. [¥] H H 2 4 K57 DY R IR IE A AL ) (TEMPO), F
i SN PR R R R R 5% LR, Ui % N T AL
T H IR MR OCSCERIRIEDP, $R T — TR
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H S BHLEE(Scheme 1): 75N 25, TBATB B H
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TBATB (5.0 mol%)
TEMPO (1 equiv.)

Br/©/\ air, r.t., 10 W white LEDs

1 2
0.3 mmol <5%
Br, < TBATB 02 _
Ilghtl S c)‘o
Ar
Br A")\ Br
HBr HOG" ™ HBr
Ar)\
ArN y
(0]
Ar)J\
B1 RMHLEE

Scheme 1 A proposed reaction mechanism

3 SEES

3.1 UES5HF

'H NMR (400 MHz)f1 '3C NMR (101 MHz)X ]
Bruker Ascend-400 MHz #ZHILHRIGI 2. #+ENTAEH
FH IR T P21 200~300 HEER, 5256 5T 7
WA AT GG W, KRE G S ER 4L
3.2 ZWHE

I8 R SR AR (AR SR ). Kl F TN Gt
FETFRI0 25 mL A 9 [ S, AR 1) SOSEE o JsURk
1-1R-4-2,5(55.5 mg, 0.3 mmol)Ff#1k7 TBATB (7.2
mg, 0.015 mmol). H s N AL H6 LED
TR (10 W)eth 2547 O GBI EL, B ST).
ZJa, T EAAL, R B AL T S,
P85 LA 1000 t/min (6 EREFE R SR AY). FEBIERA
BRI, FTIRGIETT G, 8 BNVR &R FFE 2 05 T I
WML 48 h. RILEEW G, B RN, MR BREEY)
I 10 mL 7K. 485 F 2R Z.T6(10mL X 3)FEH s 3
REY. A IFRE WU MR 3 7K(5.0 mL X 2)Pei,
SRJEFTE/K NaoSOs T4 k465, M EHENT ()
Aifb 33 B br =9, Pl A i LR s, FREal
A JE = i S R, IR T A . BRI SR AE.

4-BK L BE2): 50.8 mg, FEE 85%. KA,
m.p. 1083~112.5 ‘C (Lit.?" 107.2~108.5 C); 'H
NMR (400 MHz, CDCl3) 0: 7.82 (d, J=8.4 Hz, 2H), 7.60
(d, J=8.8 Hz, 2H), 2.58 (s, 3H); 3C NMR (101 MHz,
CDCls) 0: 197.15, 135.97, 132.04, 129.98, 128.45, 26.68.

Chin. J. Org. Chem. 2021, 41, 4690~4695
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4-FR L (3): 31.5 mg, F=% 68%. H A, m.p.
73.1~75.5 ‘C (Lit.2?" 72.8~74.1 "C); 'H NMR (400
MHz, CDCL;) o: 7.88 (d, J=8.8 Hz, 2H), 7.42 (d, J=8.4
Hz, 2H), 2.58 (s, 3H); '3C NMR (101 MHz, CDCls) §:
196.91, 139.67, 135.55, 129.84, 129.00, 26.66.

4-THZK 2T (4): 48.7 mg, F7F 66%. K [AEIEAE,
m.p. 81.3~83.6 ‘C (Lit.2"1 80.3~81.5 ‘C); "H NMR (400
MHz, CDCLy) o: 7.80 (d, J=8.4 Hz, 2H), 7.63 (d, J=8.4
Hz, 2H), 2.55 (s, 3H); '3C NMR (101 MHz, CDCls) §:
197.33, 137.95, 136.39, 129.78, 101.18, 26.56.

4-THHEIR Z/A(S): 42.1 mg, F=% 85%. T (A 14,
m.p. 75.0~79.1 “C (Lit.27 77.9~79.1 “C); '"H NMR (400
MHz, CDCL) o: 8.28 (d, J=8.8 Hz, 2H), 8.09 (d, J=8.8
Hz, 2H), 2.66 (s, 3H); 3C NMR (101 MHz, CDCls) §:
196.41, 150.43, 141.47, 129.40, 123.93, 27.06.

4-FIEFRFNE6): 38.3 mg, 7=FK 88%. K [ [Elk,
m.p. 59.6~62.3 'C (Lit.2" 60.5~61.7 ‘C); "H NMR (400
MHz, CDCL) d: 8.02 (d, J=8.4 Hz, 2H), 7.75 (d, J=8.8
Hz, 2H), 2.62 (s, 3H); 3C NMR (101 MHz, CDCls) §:
196.60, 139.98, 132.58, 128.76, 117.99, 116.44, 26.83.

4-ZFRFEIE 2 (T): 38.9 mg, 77K 80%. [ HE 1A,
m.p. 109.8~113.3 C (Lit.2”? 110.0~113.0 ‘C); '"H NMR
(400 MHz, CDCls) d: 8.01 (s, 4H), 2.62 (s, 6H); 3C NMR
(101 MHz, CDCls) 0: 197.56, 140.25, 128.58, 26.98.

4-FEIEZR ZH(8)27): 39.7 mg, 75K 88%. LAl
fA; 'TH NMR (400 MHz, CDCl;) 6: 7.90 (d, J=8.8 Hz,
2H), 6.90 (d, J=8.8 Hz, 2H), 3.83 (s, 3H), 2.52 (s, 3H);
3C NMR (101 MHz, CDCls) J: 196.76, 163.52, 130.61,
130.36, 113.71, 55.48, 26.35.

4- T FEZE R T EG(9): 38.5 mg, 77 72%. MK
B E &, mp. 95.7~983 C (Lit.?"! 96.7~97.0 ‘C); 'H
NMR (400 MHz, CDCL) o: 8.08 (d, J=8.4 Hz, 2H),
7.99~7.94 (m, 2H), 3.91 (s, 3H), 2.60 (s, 3H); 3*C NMR
(101 MHz, CDCls) &: 197.54, 166.23, 140.27, 133.93,
129.86, 128.25, 52.50, 26.91.

4-FEEZE ZB(10)33: 29.0 mg, F7FE 72%. LW
&; 'TH NMR (400 MHz, CDCLs) 6: 7.85 (d, J=8.0 Hz,
2H), 7.25 (d, J=8.4 Hz, 2H), 2.57 (s, 3H), 2.40 (s, 3H);
13C NMR (101 MHz, CDCls) &: 197.90, 143.93, 134.79,
129.31, 128.51, 26.59, 21.69.

4- IR ZMAAL): 54.8 mg, PR 93%. HEEE,
m.p. 155.1~157.4 °C (Lit.2" 154.7~155.9 C); '"H NMR
(400 MHz, CDCL) d: 8.03 (d, J=8.8 Hz, 2H), 7.68 (d, J=
8.8 Hz, 2H), 7.63 (d, J=7.2 Hz, 2H), 7.50~7.44 (m,
2H), 7.43~7.38 (m, 1H), 2.63 (s, 3H); '*C NMR (101

http://sioc-journal.cn/ 4693
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MHz, CDCls) 6: 197.75, 145.78, 139.88, 135.89, 129.01,
128.97, 128.29, 127.31, 127.25, 26.70.

3-RIEZEA12)27: 49.6 mg, FEF 83%. TaifAk;
'H NMR (400 MHz, CDCls) o: 8.08 (s, 1H), 7.87 (d, J=
7.6 Hz, 1H), 7.66~7.70 (m, 1H), 7.34 (t, J=7.8 Hz, 1H),
2.59 (s, 3H); 3C NMR (101 MHz, CDCls) J: 196.68,
138.88, 136.03, 131.44, 130.29, 126.94, 123.03, 26.70.

3-BUT HE ZFA3)PY: 43.4 mg, FEEK 82%. T
#&; 'TH NMR (400 MHz, CDCls) 6: 8.01 (s, 1H), 7.76 (d,
J=7.6 Hz, 1H), 7.60 (d, J=8.0 Hz, 1H), 7.39 (t, J=7.8
Hz, 1H), 2.60 (s, 3H), 1.35 (s, 9H); '3C NMR (101 MHz,
CDCls) d: 198.58, 151.77, 137.10, 130.35, 128.38, 125.92,
124.96, 34.92, 31.34, 26.80.

3-ZFRIETEFAE(14): 25.0 mg, FEF 57%. [
&, m.p. 94.7~97.4 ‘C (Lit.*¥ 95.0~97.0°C); 'H NMR
(400 MHz, CDCls) J: 8.22 (t, J=1.4 Hz, 1H), 8.19~8.14
(m, 1H), 7.83 (d, J=7.6 Hz, 1H), 7.61 (t, J=7.8 Hz, 1H),
2.63 (s, 3H); BC NMR (101 MHz, CDCls) d: 195.92,
137.84, 136.10, 132.31, 132.12, 129.80, 118.02, 113.28,
26.67.

-HEFEZENA5)BY: 254 mg, PF 63%. KO
f&; "TH NMR (400 MHz, CDCl3) §: 7.78~7.72 (m, 2H),
7.30~7.39 (m, 2H), 2.58 (s, 3H), 2.40 (s, 3H); '*C NMR
(101 MHz, CDCly) d: 198.41, 138.39, 137.22, 133.91,
128.83, 128.50, 125.64, 26.70, 21.37.

2-HIEE ZFA16)P: 17.3 mg, “F 43%. LA
&; "TH NMR (400 MHz, CDCl3) é: 7.69 (dd, J=7.6, 0.8
Hz, 1H), 7. 34~7.40 (m, 1H), 7.29~7.21 (m, 2H), 2.58 (s,
3H), 2.53 (s, 3H); 3C NMR (101 MHz, CDCl;) d: 201.82,
138.52, 137.76, 132.15, 131.62, 129.46, 125.80, 29.65,
21.69.

2-IRZE A WH(1T): 31.1 mg, P2 52%. JLaiifk; 'H
NMR (400 MHz, CDCL3) 6: 7.61 (dd, J=7.8, 1.0 Hz, 2H),
7.46 (dd, J=17.6, 2.0 Hz, 2H), 7.39~7.36 (m, 2H), 7.32~
7.26 (m, 2H), 2.63 (s, 6H); *C NMR (101 MHz, CDCl;) ¢:
201.43, 141.55, 133.93, 131.89, 129.01, 127.54, 118.99,
30.41.

TIORFEH(18): 53.0 mg, FEE 97%. HEE K, mup.
473~49.1 'C (Lit.27 493~50.1 ‘C); '"H NMR (400
MHz, CDCls) d: 7.84~7.78 (m, 4H), 7.62~7.56 (m, 2H),
7.52~7.45 (m, 4H); 3C NMR (101 MHz, CDCl) o:
196.84, 137.70, 132.52, 130.16, 128.38.

1,2- % F 2-1-Ff(19): 41.8 mg, 7= T1%. FE[H
&, m.p. 53.7~55.9 C (Lit.*"! 55.1~56.4 C); '"H NMR
(400 MHz, CDCls) ¢: 8.01 (d, J=7.6 Hz, 2H), 7.55 (t, J=

4694 http://sioc-journal.cn/
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7.4 Hz, 1H), 7.45 (t, J=7.6 Hz, 2H), 7.35~7.29 (m,
2H), 7.26 (dd, J=7.2, 3.6 Hz, 3H), 4.28 (s, 2H); 3C NMR
(101 MHz, CDCly) o: 197.74, 136.74, 134.67, 133.29,
129.60, 128.81, 128.77, 128.75, 127.02, 45.64.

1-2E 3 2-1-H(20)4): 39.4 mg, 2K 81%. LK
fA; '"H NMR (400 MHz, CDCl;) 6: 7.96 (dd, J=8.4, 1.2
Hz, 2H), 7.57~7.52 (m, 1H), 7.49~7.42 (m, 2H), 3.02~
2.93 (m, 2H), 1.77~1.67 (m, 2H), 1.45~1.38 (m, 2H),
0.96 (t, J=7.4 Hz, 3H); '3C NMR (101 MHz, CDCL) ¢:
200.73, 137.25, 132.99, 128.68, 128.19, 38.47, 26.63,
22.63, 14.08.

2-FHE 2R -1-FA2DBY: 30.7 mg, F5FR 69%.
ToiiA; 'TH NMR (400 MHz, CDCl;) 6: 7.99~7.93 (m,
2H), 7.59~7.52 (m, 1H), 7.50~7.43 (m, 2H), 3.52~3.60
(m, 1H), 1.22 (d, J=6.8 Hz, 6H). *C NMR (101 MHz,
CDCls) 0: 204.65, 136.37, 132.92, 128.74, 128.45, 35.49,
19.29.

2-PR-1-KHE 2,-1-FH(22): 54.34 mg, F2H 91%. Tt
#i4A; 'TH NMR (400 MHz, CDCl3) J: 7.98 (dd, J=8.4, 1.2
Hz, 2H), 7.64~7.56 (m, 1H), 7.52~7.45 (m, 2H), 4.45 (s,
2H); C NMR (101 MHz, CDCl;) d: 191.34, 134.03,
128.98, 128.94, 31.10.

1-Z5 4. 0(23): 28.1 mg, 723 55%. LA, 'H
NMR (400 MHz, CDCl) o: 8.80~8.72 (m, 1H), 8.00 (d,
J=8.4 Hz, 1H), 7.94 (dd, J=7.2, 1.2 Hz, 1H), 7.90~7.86
(m, 1H), 7.64~7.58 (m, 1H), 7.56~7.47 (m, 2H), 2.75 (s,
3H); BC NMR (101 MHz, CDCly) 6:201.96, 135.57,
134.10, 133.15, 130.26, 128.79, 128.52, 128.18, 126.56,
126.13, 124.45, 30.10.

2-25 ZT(24): 35.2 mg, FEH 69%. AEE A, m.p.
53.1~55.1 ‘C; '"H NMR (400 MHz, CDCl;) J: 8.47 (s,
1H), 8.04 (dd, J=8.6, 1.4 Hz, 1H), 7.97 (d, J=8.0 Hz,
1H), 7.93~7.85 (m, 2H), 7.65~7.53 (m, 2H), 2.73 (s,
3H); 3C NMR (101 MHz, CDCl;) §: 198.24, 135.74,
134.65, 132.66, 130.33, 129.69, 128.61, 128.56, 127.93,
126.92, 124.04, 26.83.

1-PUSEZEH(25)28): 39.9 mg, /=% 91%. TR,
'H NMR (400 MHz, CDCls) J: 8.02 (dd, J =8.0, 1.2 Hz,
1H), 7.48~7.43 (m, 1H), 7.32~7.26 (m, 1H), 7.24 (d, J=
8.0 Hz, 1H), 2.95 (t, J=6.2 Hz, 2H), 2.67~2.61 (m, 2H),
2.16~2.09 (m, 2H); *C NMR (101 MHz, CDCly) ¢:
198.38, 144.50, 133.40, 132.63, 128.79, 127.17, 126.63,
39.18,29.72, 23.30.

1-Efifil(26)12%: 28.6 mg, F=% 72%. LB, 'H
NMR (400 MHz, CDCL) 6: 7.75 (d, J=8.0 Hz, 1H),
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7.61~7.53 (m, 1H), 7.47 (d, J=7.6 Hz, 1H), 7.36 (t, J=
7.8 Hz, 1H), 3.21~3.06 (m, 2H), 2.75~2.60 (m, 2H); 1*C
NMR (101 MHz, CDCL) &: 207.17, 155.27, 137.19,
134.70, 127.38, 126.81, 123.81, 36.32, 25.91.

RO 369 mg, FEEK 83%. LKA 'H
NMR (400 MHz, CDCl:) 8: 8.09 (dd, J=8.0, 0.4 Hz, 1H),
7.57~7.52 (m, 1H), 7.39 (t, J=7.6 Hz, 1H), 7.27 (d, J=
7.2 Hz, 1H), 4.54 (t, J=6.0 Hz, 2H), 3.06 (t, J=6.0 Hz,
2H); *C NMR (101 MHz, CDCL) &: 165.20, 139.64,
133.75, 130.44, 127.75, 127.33, 125.37, 67.39, 27.89.

9-Zjf(28)5¢): 53.5 mg, 7& 99%. HEE A, mp.
81.3~83.7 ‘C; 'H NMR (400 MHz, CDCL3) 8: 7.65 (d, J=
7.6 Hz, 2H), 7.53~7.45 (m, 4H), 7.31~7.26 (m, 2H); 1*C
NMR (101 MHz, CDCl) &: 194.06, 144.57, 134.82,
134.29, 129.21, 124.45, 120.44.

R (29)B3): 58.3 mg, 23 99%. HEFEA, m.p.
171.5~174.1 °C; '"H NMR (400 MHz, CDCls) 6: 8.30 (dd,
J=8.0, 1.6 Hz, 2H), 7.70~7.65 (m, 2H), 7.47~7.40 (m,
2H), 7.37~7.29 (m, 2H); 3C NMR (101 MHz, CDCl;) §:
177.19, 156.17, 134.83, 126.73, 123.93, 121.87, 118.01.

1-BEWy Z.F7(30)20): 33.7 mg, ;=& 74%. TSk,
'H NMR (400 MHz, CDCls) d: 7.69 (dd, J=3.6, 1.2 Hz,
1H), 7.62 (dd, J=5.0, 1.0 Hz, 1H), 7.12 (dd, J=5.0, 3.8
Hz, 1H), 2.56 (s, 3H); 3C NMR (101 MHz, CDCls) &
190.83, 144.68, 133.88, 132.57, 128.22, 27.03.

HBh# kL (Supporting Information) H stk 5410 'H
NMR FI 3C NMR &, X SRl nl LG 2 AT g s
(http://sioc-journal.cn/) . N K.
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