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Abstract Visible light is an ideal “tool” for the green chemical synthesis. Visible light-induced reactions show such
advantages as mild reaction conditions, simple equipments and less by-products. Therefore, it has gradually become an
important method in organic synthesis. Herein an blue light induced LiBr-promoted carbene insertion reaction of diazoesters
into C(CO)—C bonds of 1,3-diones for the synthesis of a wide range of all-carbon quaternary center-containing 1,4-dione
derivatives is reported. The method features good substrate universality and functional group compatibility, and therefore is an
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ideal and efficient strategy for the synthesis of 1,4-diones.
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B B H AR, BREREREANEY AR E
PR T4 N5~ B 11 s I 30 o AR

A FRAT TR L 2V IR A A AT LA Rk e 1,3-—
R, FE0EHRE 1,3- 2 C(sp?)—H # R EHA R
i, FH UL R B =5 R BRI s i & 9. R,
AT AR RE S LI E75 F 8 5 Wi R (R 2k 1 1,3- =
C(CO)—C #RzAmANMN? HF L EFAR TERE K,
TAAE BEHE R W% T 5 IR AR 3 1 B A R s
A 1,3-Z0 C(CO)—C #IM N, A RS R
O 14- ZERATAY) A 9% TAE (Scheme 1, ¢)13).

(a) Transition metal-catalyzed C(sp?)—H bonds carbene insertion
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(b) Transition metal-catalyzed C—C bonds carbene insertion
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(c) This work: blue light induced and LiBr promoted C—C bonds
carbene insertion
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Scheme 1 Insertion of carbene into C(sp?)—H and C(CO)—C
bonds of 1,3-diones
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2, PA1,3-ZHd(1a) 5 2K 08 TG 2 ((22) N BAR
JRYIFEFL C(CO)—C #EMIRERHARSL. LL 470 nm (¥
LED {T/E R EIE, S P LE(DCM)AET, =i
FE 12 h, LA 45%H89 72 2385 2 Y)(3R 1, Entry 1). N T
RACE Bk, B RIRER T A REFIX R B s, 5L
16 R W DCM R e 133 1, Entries 1~10). B /R iR R
INFR [ BL= 28 () s, e UL . PR e, 1,8-—
Bk I+ —BR-7-05(DBU). = RIS R
I IR, 6 bR BIRAG R ) R AT IE 51%(KR 1,
Entries 11~23). Jyik— B8R 70 IR B + BB B % s
(IR, 224 [ SEARINIRAL BRI, DL 49% [ 43 B 77 545
3a. AR ER AT IR R, AKBIE S, AL
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Entry 30). 34 2a YNINEINE 3 equiv., 77 H IR
TUBEAS, AT REME L E R B AR IR #(3E 1, Entry 31).
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Table 1 Optimization of the reaction conditions

MeO,C Ph
o o N Bluelight ~ Ph
)J\/U\ + Ph CO,Me additive (2 equiv.) 3
Ph Ph solvent 0% > Ph
1a 2 air, r.t., 12h 3
Entry Additive Solvent Light source  Yield”/%

1 — DCM Blue LEDs 45
2 — DCE Blue LEDs 33

3 — CHCls Blue LEDs 37
4 — DMSO Blue LEDs 0

5 — MeCN Blue LEDs 23
6 — EA Blue LEDs 30
7 — Toluene Blue LEDs 41
8 — THF Blue LEDs 0

9 — MeOH Blue LEDs Trace
10 — DMF Blue LEDs 0
11 Pyridine DCM Blue LEDs Trace
12 DBU DCM Blue LEDs 34
13 EtsN DCM Blue LEDs 35
14 CsF DCM Blue LEDs Trace
15 BuONa DCM Blue LEDs Trace
16 Na2COs DCM Blue LEDs 38
17 KI DCM Blue LEDs 47
18 K2COs DCM Blue LEDs 26
19 KBr DCM Blue LEDs 49
20 LiBr DCM Blue LEDs 51
21 LiOH DCM Blue LEDs Trace
22 LiCl DCM Blue LEDs 43
23 LiF DCM Blue LEDs 46
24 LiBr DCM Green LEDs 0
25 LiBr DCM Orange LEDs 0
26 LiBr DCM UV LEDs Trace
27 LiBr DCM White LEDs 40
28 LiBr DCM Dark 0
29¢ LiBr DCM Blue LEDs 51
304 LiBr DCM Blue LEDs 49
31¢ LiBr DCM Blue LEDs 75
32 LiBr DCM Blue LEDs 60
338 LiBr DCM Blue LEDs 83
34k LiBr DCM Blue LEDs 81

@ Reaction conditions: 1a (0.15 mmol), 2a (0.1 mmol), solvent (1.0 mL), r.t.,
under air atmosphere, Blue LEDs (470 nm) for 12 h; ®Isolated yields; ©24 h;
4 Under nitrogen atmosphere; ¢ 2a (0.3 mmol); /LiBr (0.5 mmol); ¢ LiBr (3
mmol); # LiBr (4 mmol).
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LiBr #NINEXS NP> R A& (R 1, Entries 32~
34), LN ER LiBr, [ BP= 23R4 WS 8 i
Y LiBr INEN 3 equiv.iif, LL 83%[K) 77 % 3K15 3a.
I LiBr PN INE4kSL1 K ZE 4 equiv.ii, P2RIFRARE
# LiBr HIASINF=R4kabm. K, & L&k,
e N2 A 1%, 3 equiv. [ LiBr AN,
n(la) : n2a)=1 : 2, FEFHLERIT, =5, =
T2 T B 12 h

12 RMNEYHRR

FERASE AT, 50t EEUR RS 2 1R &
ARG TR R (R 2). 07 BB TR,

W4T 5 4R K 4-HE RS, RN DL R IFER R
72 R IR H AR =4 3b~3d, F=FN 70%~92%. W H,
TFHURFENT [ N7 AN K, W SR B AL Al
AISEAE, LA 87% M= 238 1F 3e. [MEUREE A MR LA
63%[1 = F A5 3. TATDUM B A7 BHALSLASF] T H b5
YIRIRAR. 2-F A IR I 2- SR B E AN A S 1a RPER
4 3g 1 3h, FEEREMN 39%~59%, HIWmEA
C(sp?)—H B REmAR =Y. ML 2-F 5 & 2-4
AIEBEFNEDE 17T Fi-1,3- 20 Bk, 3i 5 3j
[RI77 25 5 68% 1 61%, kB IRE T EAMEIL &
WD PR R 358 5ot S L PRSI ) S TR RN 3 2 2 TR T B

57

F2 HEAKMS 13- ZEHIERYEH
Table 2 Substrate scope of diazo esters and 1,3-diones
R*0,C R®
N2 R!
9 @ I Blue LEDs
M , + R3 "COR?* - o)
R! R LiBr, DCM, r.t., 12 h 0~ "R?
1 2 3
Diazo esters
R
J | \ R = 4-Bu (3b) 81%
R = 4-Ph (3c) 70%
"giozc "gf]OZC R = 4-OMe (3d) 92% NIIEtOQC MeO,C
R = 4-Cl (3¢) 87% e Me Me cl
o) o] R = 3-Cl (3f) 63% o) 5
0~ Ph 07 Ph R 2.0Me (3g) 59% 0" "Ph 0~ "Ph
3a, 83% R =2-Cl (3h) 39% 3i, 68% 3j,61%
Et
_z y
iPro,C BnO,C _\—ozc 0,C 0.C
Ph Ph Ph Ph Ph ’
o)
© % pn © 6" pn 0~ "Ph 0 " pn O A p,
3k, 84% 31, 82% 3m, 79% 3n 81% 30, 61%
1.3-Diones Br
o
o]
Me
Ph CO,Me Ph CO,Me
Br
4a, 75% 4b, 54% 4c, 81% CCDC: 2173715
Gram-scale, 1.23 g, 79%
R = 4-Me (4d) 85%
R R = 4-OMe (4e) 62%
R = 4-OPh (4f) 58% o o O
0© R = 4-F (4g) 83% 0 R o)
R = 4-Cl (4h) 78%
Me R = 4-Br (4i) 67% Me Me
. R = 3-Me (4l) 63%
- Ph CO,Me Ph CO,Me
Ph COMe R =4- (4j) 50% 2 R = 3-OMe (4m) 85% 2
R = 4-CF3 (4k) 75% R = 3-Cl (4n) 76% 40, 82%

“4Reaction conditions: 1 (0. 1 mmol), 2 (0. 2 mmol), LiBr (3 equiv), in DCM (1. 0 mL),
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r.t., under air atmosphere, Blue LEDs (40 W, 470 nm) for 12 h.
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B 1a RPCPRR, DLRIFIF= 243 3] 3k 1 31 AR
R A RUT A, G BRE A M IREEE =
BUA I 1-T R T H A5 A LA 79%, 81%FH 61% 17 %
A3 HES=4) 3m~3o.

HE—B 0t 5 13- R T T % L
A-FUT AN 3BV 1,3- =/ N, 43 BILL 75%
55 54% )77 F3RA5 77 4a F1 4b. BEfGHE T — Rk
FITH 13- Eb &Y, RISl N N R R X ik
PR b R A TR B e BT B eEE. D7 BRI R
YR T I (4-F I 4-FRAEIERD 4-FRE )b 2 ]
BT HE (450 4-530. 4-1R. 4-BURN 4- =5 FH 38 I R4,
BIRE LA SR L DL B 2(50%~85%) 3k 3 4e~4k. H
75 5L F IR T SR A A R T B AR . 40
I HUREE Sy 3-H LA 3-FRAJERT, 7393l L 63% 11 85%
7= 3R 3R 41 F1 4m. 17 3-5UBURYI LA 76% 7= 55k
13 dn. BJEIEIRR T HiEZERE 1,3- 0 M 52,
HFF 723 B R S0 28t LA TR I e 5 PE, DL 82%1)
PR E] do. AFEME, MR 1,3-ZHEAEY
BEATHEFERS, AR 8 C(CO)—C BM/™=¥). =4
de SR X B ATHHIESE, FEPII0 X 38005 8 1 v] BE R Ny
Il AN Ty R AAE e i — M, T2 5 BE 5 1R =AE A
N ER PR, AT R B S A
dc, 1T 19%HIF=2E. BLAh, RVIMIAT SRR, ¢
FERIE S5 NS 12 h, LA 89% 7 H 3R RT AL =4
5(Eq. 1).

OO O I

NaOH aq. (2 mol/L)

12 h,110 C
Me —_— COOH (1)
PH CO,Me

4c 5

N TSI, HEAT T RS AN f A
A AR AN AT TR (P 1), 22 i B 2URR TR T PV Y
A IIRAC R, R DL E RUR R R I ROL 9R EE HE 5R, IER
IRACHE UL B AT 2R, H 0.5 equiv.ilic

N>

BB BOR (A 2). SR SER LS B I M BRH RN 3
equiv.IN P g, AT RERIRALERRR T et B R AR
WEYIRIRIGHE, &2 5 AL RO I B A o (] 1.

Diazo ester

— 1,3-ditone

Diazo ester+LiBr

—— 1,3-ditone+LiBr

Diazo ester+1,3-ditone
Diazo ester+1,3-ditone+LiBr

400 450 500 550 600 650
Wavelength/nm

B S A A R AN AT RO
Figure 1 UV absorption spectra of reactants and their combina-
tion

1.0

— Diazo ester

—— Diazo ester+LiBr (20 mmol%)
— Diazo ester+LiBr (50 mmol%)
—— Diazo ester+LiBr (100 mmol%)
—— Diazo ester+LiBr (300 mmol%)

0.8 A

0.6

Abs./a.u.

0.4 1

0.2 1

0.0

T T T 7
400 450 500 550
Wavelength/nm

B2 AEREIEX 2a BTG
Figure 2 Influence of different LiBr amounts on the light ab-
sorption of 2a

1.3 KRR

i DA SEI6 45 5 DA R 0 SCHRFRTE 712161 58 HY
T ETREM) S N HLEE (Scheme 2). ERAAY) 2 7EMRALAE
RFEMBEAFET T, BBES, HEREYM A 13-2
W E SRR P 2E T AR UG B IR A B. REEA S

Blue Light P
— " R3 4 3 4
R3” "CO,R* LiBr R CO,R R® CO,R e LB RY0,C R?
1 r LiBr o1
2 A R , Rﬁ
" Lio%é\ 0 " g2
LiBr r o1 2 07 "R?
R R
2 9 U 3
| C
)P NI !
R‘l R N7
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1 B
B2 ArRERIR LI
Scheme 2 Plausible reaction mechanism
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HE R BTt U S A A T BE R E AR C. d
JEIRTK T HRETBUR AL PIAlA C K AL BB T 2R S BT
J% 1 IS TERE R 3.

2 Zhig

WIE T O S IR AL A I ) AR IR R R T
N 1,3- i C(CO)—C P, AT — &%)
FABERT O L4- AW, ZABOTELERHES
BEESE, RNZMEMN, Bf BRI Ry E TS
BRI AE, N 1L 4- Fb SR A Rt T
— 2K AT AT I SR
3 LS
3.1 E5EH

'H NMR #1 3C NMR H Bruker 500MHz/Avance 111
5 Bruker 400MHz/Avance IIZREIEIRIEIEACNE, W
P U F R RELE(TMS), 1A TARE A ; BST =43 37
Tl FH 22 FEAG = AR ) YRR £ 15/ U B R AT B T Jof %
P 185 AU AR EE =R AR AU s (X4l
E, W ETF AR IE; AT WO B & R A AT
D43 JEHFETH(UV-2550) il € ; W S U A JLAL 22 42
fitaow, 8 fL); H A AE H A 8 18 E KA/ R
C-MAG HS7 Wi 718 HE 4%, H5E IKA/SLR RV 8 g 75 K
X, 10 mL Jik e /RUZ CRE (R ).

F A R A T BB 20k, S 2RBUR I 2,
FREE KO K RSN R 22t 5 1k
FPHBRAFA. 1,8- 584 ¥+ —k-7-/(DUB) X H1 %
R B BTSN A 1,3- 2RI fe-1,3- -l e T 24
LR RA T 1285 T be-1,3- FIg T U5
b2, RN (200~300 ENIET LR, #
JENTRER AR (TLC) B & R B A4k, e I 554k FH B 28 T
A 25 A B (PE) AN 4.2 Z.T(EA), DCM N 221 75 Ak 22 4
BERRETIER, ARt — DT R, BRI,
1,3- AR HE R BE-1,3- WA A -3 T Be-1,3- EfiT
AR 28 5 RS AT A 10(2) 3 2 HR STk 7 v %
[14-15]

3.2 2-FKHEHE-4-FR-24- KX TEHRPETEYHN
=¥

DL 3a 450, 7] 10 mL B8 EFE SR I0N 1,3-228 14
¢-1,3-"Fl(1a) (22.6 mg, 0.1 mmol, 1 equiv.). AHE-2-H
R IR i5(2a) (35.3 mg, 0.2 mmol, 2 equiv.). LiBr (24.5
mg, 3 equiv.)f1 DCM (1 mL). 7£40 W, K N 475 nm [
WA, BTN 12 h MR, RN
Y DCM #EATFRE, SR BINE] 25 mL MBI 5l
J=F, B VK B A R AR T 5 =R, U
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ToK MgSO4 HHAT ). SRS IR ZL 1M H 25 DCM, /=
WiE i A R A () R SR, VL V=
1220 0e00), 153 2-28 -4 -2,4- 2R B T IR R
B (3a). FB53 [ 44 & AT N R REREA T 3 4 it Ak AL 2.

2- 2K IR B -4- S AR-2,4- R T IR H i (3a): Lt
HURIAK, 722 83%. 'TH NMR (500 MHz, CDCl3) d: 7.97
(dt, J=7.1, 1.4 Hz, 2H), 7.71~7.63 (m, 2H), 7.60~7.54
(m, 1H), 7.51~7.44 (m, 4H), 7.43~7.39 (m, 1H), 7.38~
7.33 (m, 2H), 7.33~7.23 (m, 3H), 4.24 (d, J=17.5 Hz,
1H), 3.88 (d, J=17.5 Hz, 1H), 3.76 (s, 3H); 3C NMR (126
MHz, CDCl3) 8: 196.8, 195.4, 170.8, 138.3, 136.6, 136.0,
1332, 132.2, 130.4, 1289, 128.5, 128.1, 127.7, 127.7,
127.6, 65.1, 52.6, 49.1; HRMS (EI) caled for Ca4HyNaOy
(M+Na)" 395.1254, found 395.1261.

2- 2R T B -2-(4-(RU T 28 ) R ik )-4- S AR -4- R B T IR
FIRE3b): W ORBE, 7% 81%. 'H NMR (500
MHz, CDCl3) 8: 7.93 (d, J=7.0 Hz, 2H), 7.64 (d, J=7.2
Hz, 2H), 7.55~7.50 (m, 1H), 7.42 (t, J=7.8 Hz, 2H),
7.38~7.31 (m, 5H), 7.26~7.21 (m, 2H), 4.19 (d, J=17.5
Hz, 1H), 3.85 (d, J=17.5 Hz, 1H), 3.71 (s, 3H), 1.27 (s,
9H); 3C NMR (126 MHz, CDCl;) d: 197.0(s), 195.7,
171.0, 150.7, 136.7, 136.4, 135.0, 133.1, 132.1, 130.3,
128.5, 128.1, 127.7, 127.2, 125.9, 64.8, 52.5, 49.1, 34.5,
31.2; HRMS (EI) caled for CaHxgNaOs (M + Na) *
451.1880, found 451.1875.

2-([1, 1B IR ]-4-35)-2- O A e Bk -4- S AR-4- R T IR
Hfig3e): L OHPIRIEMA, 7% 70%. 'TH NMR (500 MHz,
CDCl;) d: 7.97~7.93 (m, 2H), 7.71 (dd, J=8.4, 1.3 Hz,
2H), 7.58~7.52 (m, 7H), 7.43 (dt, J=9.9, 8.0 Hz, 5H),
7.33 (t, J=7.3 Hz, 1H), 7.27 (d, J=1.5 Hz, 2H), 4.26 (d,
J=17.5 Hz, 1H), 3.91 (d, J=17.6 Hz, 1H), 3.74 (s, 3H);
13C NMR (126 MHz, CDCly) d: 196.8, 195.4, 170.9, 140.4,
140.1, 137.2, 136.7, 136.0, 133.2, 132.3, 130.4, 128.8,
128.5, 128.2, 128.2, 127.8, 127.5, 127.5, 127.0, 64.9, 52.7,
49.1; HRMS (EI) caled for Cs3HNaOs; (M + Na) '
471.1567, found 471.1565.

2- 2 F T k-2 -(4- R AR BE DR O )-4- S AR -4- R B T IR
HIE@3d): B EEIA, % 92%. mp. 90~92 C; 'H
NMR (500 MHz, CDCl;) d: 7.94 (dd, J=8.4, 1.3 Hz, 2H),
7.66 (dd, J=8.5, 1.3 Hz, 2H), 7.54 (d, J=7.4 Hz, 1H),
7.44 (dd, J=8.4, 7.2 Hz, 2H), 7.38 (d, J=9.0 Hz, 2H),
7.25 (d, J=1.0 Hz, 3H), 6.85 (d, J=9.0 Hz, 2H), 4.18 (d,
J=17.5 Hz, 1H), 3.85 (d, J=17.6 Hz, 1H), 3.78 (s, 3H),
3.71 (s, 3H); 3C NMR (126 MHz, CDCl3) 6: 197.3, 194.7,
170.8, 155.8, 137.1, 132.9, 131.9, 129.6, 129.4, 129.0,

Chin. J. Org. Chem. 2022, 42, 2888~2897
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128.4, 128.1, 127.3, 121.1, 111.4, 63.3, 54.7, 52.7, 45.2;
HRMS (EI) caled for CpsH»nNaO; (M+Na)™ 425.1359,
found 425.1360.

2- 7% PP gt e -2-(4- SR 3R )-4- A4 TR 2 T 1R Y I
(3e): FEFHOMHPRIE A, 7% 87%. 'H NMR (500 MHz,
CDCly) 0: 7.98~7.92 (m, 2H), 7.73~7.69 (m, 2H),
7.61~7.56 (m, 1H), 7.50~7.42 (m, 5H), 7.34~7.28 (m,
4H), 4.26 (d, J=17.7 Hz, 1H), 3.87 (d, J=17.8 Hz, 1H),
3.73 (s, 3H); 3C NMR (126 MHz, CDCls) 6: 196.6, 194.8,
170.6, 136.9, 136.5, 133.8, 133.4, 132.7, 130.4, 129.4,
129.2, 129.0, 128.6, 128.1, 128.0, 64.3, 52.8, 49.1; HRMS
(EI) caled for CyyH19CINaO, (M+Na)' 429.0864, found
429.0862.

2- 7% PP g e -2-(3- SR 3 )-4- S AN-4- TR 2 TR Y I
(3f): FREOHPIRIAA, 7% 63%. '"H NMR (500 MHz,
CDCls) 6: 8.20 (dd, J=8.1, 1.6 Hz, 1H), 8.03~7.95 (m,
2H), 7.88~7.80 (m, 2H), 7.55 (d, J=7.4, 1H), 7.46 (t, J=
7.5 Hz, 2H), 7.43~7.36 (m, 2H), 7.25~7.18 (m, 3H), 7.17
(d, J=1.5 Hz, 1H), 4.86 (d, J=18.1 Hz, 1H), 3.88 (d, J=
18.0 Hz, 1H), 3.80 (s, 3H); 3C NMR (126 MHz, CDCl;) ¢:
196.6, 193.7, 170.1, 136.8, 136.8, 135.5, 133.1, 132.8,
132.4, 131.5, 131.1, 1302, 129.1, 128.5, 128.0, 127.6,
127.1, 65.8, 53.0, 44.7; HRMS (EI) caled for CaqH;oCl-
NaO,; (M+Na)" 429.0864, found 429.0860.

2R R B -2-(2- R AR B R 0 ) -4- S AR 4- R B T 1R
HliE(3g): I A, % 59%. mp. 116~117 C;'H
NMR (500 MHz, CDCl; d: 7.97 (dd, J=8.4, 1.2 Hz, 3H),
7.78 (dd, J=8.5, 1.3 Hz, 2H), 7.52 (d, J=7.5 Hz, 1H),
7.43 (dd, J=8.4, 7.1 Hz, 2H), 7.32 (s, 1H), 7.24~7.15 (m,
3H), 7.05 (td, J=7.7, 1.2 Hz, 1H), 6.61 (dd, J=8.2, 1.2
Hz, 1H), 4.65 (d, J=17.9 Hz, 1H), 3.80 (s, 3H), 3.65 (d,
J=17.9 Hz, 1H), 3.31 (s, 3H); *C NMR (126 MHz,
CDCls) 6: 197.3, 194.7, 170.8, 155.8, 137.1, 135.5, 132.8,
131.9, 129.6, 129.4, 129.0, 128.4, 128.4, 128.1, 127.3,
1212, 111.4, 63.3, 54.7, 52.7, 45.2; HRMS (EI) calcd for
C,sH2oNaO4 (M+Na)* 425.1359, found 425.1359.

2- % F gt e -2-(2- SR 3k )-4- S AX-4- R 3 T 1 Y
(3h): I GHPIRAE, 725 39%; 'H NMR (400 MHz,
CDCls) d: 8.10 (dd, J=8.2, 1.6 Hz, 1H), 7.93~7.86 (m,
2H), 7.78~7.70 (m, 2H), 7.50~7.43 (m, 1H), 7.41~7.25
(m, 4H), 7.16~7.05 (m, 4H), 4.77 (d, J=18.0 Hz, 1H),
3.79 (d, J=18.1 Hz, 1H), 3.71 (s, 3H); 3C NMR (101
MHz, CDCl:) 6: 196.7, 193.7, 170.1, 136.8, 136.7, 135.4,
133.1, 132.8, 132.5, 131.5, 131.1, 130.2, 129.1, 128.5,
128.0, 127.6, 127.1, 65.7, 53.1, 44.7; HRMS (EI) calcd for
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Ca4H1oCINaO4 (M+Na)* 429.0835, found 429.0835.

2- LI F-4- S AR -4- AL -2- (AR H 25 ) T R 4 BB 3i):
TERARIBAE, 773 68%. 'H NMR (400 MHz, Chloro-
form-d) &: 8.01~7.95 (m, 2H), 7.58 (s, 1H), 7.51~7.44
(m, 2H), 7.31 (s, 1H), 7.28 (s, 1H), 7.27 (d, J=1.1 Hz,
1H), 7.23~7.20 (m, 1H), 4.38 (q, J=7.1 Hz, 2H), 4.23 (d,
J=17.6 Hz, 1H), 3.65 (d, J=17.6 Hz, 1H), 2.30 (s, 3H),
2.27 (s, 3H), 1.30 (t, J=7.2 Hz, 3H); 3C NMR (101 MHz,
Chloroform-d) 6: 204.1, 196.5, 171.1, 136.8, 136.1, 135.9,
133.0, 133.0, 128.8, 128.5, 128.0, 128.0, 126.8, 67.6, 61.8,
43.1, 28.8,20.9, 13.9; HRMS (EI) calcd for C21H2CINaOy
(M+Na)" 361.1410, found 361.1410.

2- (i BE-2-(2- AR I )-4- A4 R B T R H BB 3)):
ToEHPIRBAE, 772 61%. 'H NMR (400 MHz, CDCls) 6:
7.98~7.91 (m, 2H), 7.62 (dd, J=7.9, 1.7 Hz, 1H), 7.53 (s,
1H), 7.43 (dd, J=8.2, 6.9 Hz, 2H), 7.39~7.30 (m, 2H),
7.28 (dd, J=17.6, 1.8 Hz, 1H), 4.49 (d, J=18.0 Hz, 1H),
3.84 (s, 3H), 3.78 (d, J=18.0 Hz, 1H), 2.29 (s, 3H); 1*C
NMR (101 MHz, CDCl3) d: 201.9, 196.3, 170.2, 136.5,
135.6, 133.0, 132.9, 131.4, 131.1, 129.3, 128.4, 127.9,
1272, 67.3, 529, 42.4, 27.8; HRMS (EI) caled for
C19oH,7CINaO,4 (M+Na)* 367.0708, found 367.0708.

2- K FE 3L -4- 48R -2,4- ORI T IR 7+ N BR(3k): 7%
HOHPIRBAE, 77 84%; 'H NMR (500 MHz, CDCls)
5 : 7.85~7.83 (m, 2H), 7.57~7.52 (m, 2H), 7.46~7.41
(m, 3H), 7.33 (t, J=7.8 Hz, 2H), 7.29 (d, J=7.4 Hz, 1H),
7.24 (t, J=17.5 Hz, 2H), 7.20~7.16 (m, 1H), 7.15~7.10
(m, 2H), 5.03 (p, J=6.3 Hz, 1H), 4.09 (d, J=17.6 Hz,
1H), 3.78 (d, J=17.5 Hz, 1H), 1.08 (d, J=6.3 Hz, 3H),
0.88 (d, J=6.3 Hz, 3H); 3C NMR (126 MHz, CDCl;) ¢:
196.6, 195.8, 169.4, 138.3, 136.7, 136.5, 133.0, 132.0,
130.2, 128.9, 128.4, 128.0, 127.6, 127.5, 69.3, 65.1, 49.1,
21.3, 21.1; HRMS (EI) caled for CasH2sNaOs (M+Na)"
423.1567, found 423.1571.

WHE2- T P FE -4 AR -2,4- IR I T R ER3): B
EEE, P2 82%. mp. 101~103 ‘C; 'H NMR (500
MHz, CDCls) d: 7.95~7.86 (m, 2H), 7.63~7.58 (m, 2H),
7.52 (t, J=7.4 Hz, 1H), 7.50~7.46 (m, 2H), 7.41 (t, J=
7.8 Hz, 2H), 7.37~7.28 (m, 3H), 7.27~7.23 (m, 1H),
7.22~7.13 (m, 5H), 7.08~7.00 (m, 2H), 5.25 (d, J=12.4
Hz, 1H), 5.12 (d, J=12.4 Hz, 1H), 4.22 (d, J=17.6 Hz,
1H), 3.88 (d, J=17.5 Hz, 1H); *C NMR (126 MHz,
CDCls) 6: 196.8, 195.4, 170.1, 138.2, 136.6, 136.2, 135.1,
133.1, 132.2, 130.3, 129.0, 128.5, 128.3, 128.1, 128.1,
127.9, 127.7, 127.7, 127.7, 67.5, 65.1, 49.1; HRMS (EI)
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caled for C3H2NaOs; (M + Na)
471.1563.

WA -1,2,4- =R T -1,4- A (3m): R E
AR, 723 79%. m.p. 119~120 ‘C; '"H NMR (500 MHz,
CDCls) d: 7.95~7.92 (m, 2H), 7.66~7.62 (m, 2H), 7.53
(s, 1H), 7.50~7.48 (m, 2H), 7.42 (t, J=7.8 Hz, 2H),
7.39~7.34 (m, 1H), 7.32 (d, J=7.9 Hz, 2H), 7.28 (d, J=
7.3 Hz, 1H), 7.22 (dd, J=8.4, 7.3 Hz, 2H), 5.71 (ddt, J=
17.3, 10.4, 5.8 Hz, 1H), 5.11~5.04 (m, 2H), 4.65 (ddt, J=
16.1, 5.8, 1.5 Hz, 2H), 4.22 (d, J=17.6 Hz, 1H), 3.88 (d,
J=17.6 Hz, 1H); 3C NMR (126 MHz, CDCls) 6: 196.7,
195.4, 170.0, 138.2, 136.7, 136.2, 133.1, 1322, 131.4,
130.4, 130.3, 128.9, 128.5, 128.1, 127.7, 119.5, 118.4,
66.3, 65.2, 49.1; HRMS (EI) calcd for CysH2NaOs (M+
Na)" 421.1410, found 421.1415.

(2)-2-(C.-3-H5-1-T S 3E)-1,2,4- =R FE T Hi-1,4-—
fii(3n): FHRAK, 7% 81%; 'H NMR (500 MHz,
CDCls) 6: 7.94 (d, J=7.0 Hz, 2H), 7.64 (d, J=7.1 , 2H),
7.54 (t, J=7.4 Hz, 1H), 7.50~7.47 (m, 2H), 7.43 (t, J=
7.8 Hz, 2H), 7.38 (t, J=7.4 Hz, 1H), 7.33 (t, J=7.5 Hz,
2H), 7.28 (d, J=7.2 Hz, 1H), 7.23 (dd, J=8.4, 7.4 Hz,
2H), 5.30 (dtt, J=10.6, 7.3, 1.6 Hz, 1H), 5.06 (dtt, J=
10.6, 7.2, 1.7 Hz, 1H), 4.20 (d, J=17.6 Hz, 1H), 4.14 (td,
J=17.0, 4.3 Hz, 2H), 3.85 (d, J=17.6 Hz, 1H), 2.19 (q, J=
7.1 Hz, 2H), 1.95~1.87 (m, 2H), 0.87 (t, J=7.6 Hz, 3H);
13C NMR (126 MHz, CDCl;) d: 196.7, 195.6, 170.2, 138.3,
136.7, 136.3, 134.3, 133.1, 132.1, 130.4, 128.9, 128.5,
128.1, 127.7, 127.7, 127.7, 123.5, 65.3, 65.2, 49.2, 26.2,
20.5, 14.1; HRMS (EI) caled for CpoHasNaOs (M+Na)"
463.1880, found 463.1882.

P-2-bR-1- 282 - 2R H i -4- S AR -2,4- R BE T TR A B
(30): LRI, 7“2 61%. 'H NMR (500 MHz,
CDCls) 6: 7.94 (d, J=7.0 Hz, 2H), 7.64 (d, J=7.0 Hz,
2H), 7.57~7.52 (m, 1H), 7.52~7.47 (m, 2H), 7.43 (t, J=
7.8 Hz, 2H), 7.38 (d, J=7.4 Hz, 1H), 7.33 (d, J=7.8 Hz,
2H), 7.29 (d, J=7.2 Hz, 1H), 7.23 (dd, J=8.3, 7.4 Hz,
2H), 4.30~4.19 (m, 3H), 3.86 (d, J=17.6 Hz, 1H), 2.41~
229 (m, 2H), 1.76 (t, J=2.7 Hz, 1H); *C NMR (126
MHz, CDCls) 6: 196.7, 195.3, 169.9, 138.0, 136.5, 136.1,
133.1, 132.2, 130.4, 1289, 128.5, 128.1, 127.8, 127.7,
127.6, 79.8, 69.8, 65.0, 63.1, 49.2, 18.4; HRMS (EI) calcd
for Ca7H,,NaO4 (M+Na)™ 433.1410, found 433.1407.

2-(4-(GRUT 3 2K F I 38 )-4-(4-GRU T 3 ) 2K 3k )-4- 41
R2-Z8 5 TR W IR (4a): WK (LlEA, 7% 75%. m.p.
135 “C; '"H NMR (500 MHz, CDCl;) J: 7.88 (d, J=8.5

471.1567, found
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Hz, 2H), 7.62 (d, J=8.6 Hz, 2H), 7.51~7.47 (m, 2H),
7.44 (d, J=8.6 Hz, 2H), 7.31 (t, J=7.6 Hz, 2H), 7.24 (d,
J=8.7 Hz, 3H), 4.23 (d, J=17.6 Hz, 1H), 3.85 (d, J=17.6
Hz, 1H), 3.72 (s, 3H), 1.31 (s, 9H), 1.24 (s, 9H); 3C NMR
(126 MHz, CDCls) §: 196.4, 194.8, 170.9, 156.8, 155.9,
138.6, 134.0, 133.0, 130.4, 128.8, 128.0, 127.8, 127.5,
125.4, 124.7, 64.9, 52.6, 49.0, 35.0, 34.9, 31.0, 30.9;
HRMS (EI) caled for C3H3NaOs (M+Na)® 507.2506,
found 507.2509.

2-(3- VR IR H I 5 )-4-(3- 1R R JE )-4- S AR-2- R B T 1R
F i (4b): 3 2 L AR [ 4, 722 54%. mp. 111~
112 “C; 'H NMR (500 MHz, CDCls) &: 8.07 (s, 1H), 7.87
(d, J=7.9 Hz, 1H), 7.83 (s, 1H), 7.68 (dd, J=7.9, 1.0 Hz,
1H), 7.52~7.49 (m, 1H), 7.42~7.30 (m, 8H), 7.06 (t, J=
7.9 Hz, 1H), 4.12 (d, J=17.5 Hz, 1H), 3.77 (s, 3H); 1*C
NMR (126 MHz, CDCly) o: 195.4, 194.2, 170.4, 138.1,
138.0, 137.5, 136.1, 135.0, 133.1, 131.2, 130.2, 129.3,
129.1, 129.0, 128.2, 127.3, 126.6, 122.9, 122.0, 65.4, 52.8,
49.1; HRMS (EI) caled for CyqHisBro,NaOs (M+ Na)'
550.9464, found 550.9462.

2- 45 AR-2,4- TR B T R H iR (4e): LRIE
BB, 723 81%. m.p. 95~96 ‘C; 'H NMR (500 MHz,
CDCly) 8: 7.97 (d, J=7.0 Hz, 2H), 7.57 (t, J=7.4 Hz, 1H),
7.46 (dd, J=8.4, 7.2 Hz, 2H), 7.38 (d, J=7.7 Hz, 2H),
7.33 (t, J=7.3 Hz, 1H), 7.25 (d, J=17.1 Hz, 2H), 4.15 (d,
J=17.5 Hz, 1H), 3.84 (s, 3H), 3.73 (d, J=17.6 Hz, 1H),
2.32 (s, 3H); 3C NMR (126 MHz, CDCls) 6: 203.3, 197.0,
171.3, 137.2, 136.4, 133.2, 129.2, 128.5, 128.1, 128.1,
126.9, 66.4, 52.5, 46.3, 28.6; HRMS (EI) calcd for
CioH1sNaO4 (M+Na)* 333.1097, found: 333.1095.

2- LW -A- A AR 2- IR B A-(C FE R 2 T R W g
(4d): TEHPIRBUA, 2% 85%. 'H NMR (500 MHz,
CDCly) d: 7.87 (d, J=8.3 Hz, 2H), 7.38 (t, J=7.4 Hz, 2H),
7.33 (d, J=17.3 Hz, 1H), 7.25 (dd, J=8.3, 1.3 Hz, 4H).4.13
(d, J=17.5 Hz, 1H), 3.83 (s, 3H), 3.71 (d, J=17.5 Hz,
1H), 2.40 (s, 3H), 2.32 (s, 3H); 3C NMR (126 MHz,
CDCly) d: 203.3, 196.6, 171.3, 144.0, 137.2, 133.9, 129.2,
129.1, 128.8, 128.2, 126.9, 66.3, 52.4, 46.2, 28.6, 21.6;
HRMS (EI) caled for CyHxoNaOs (M+Na)* 347.1254,
found 347.1249.

2- LT e -4-(4- W AU R R R )-4- S AR -2- 2R B T R
fis(4e): AGEE, 77% 62%. mp. 103~105 C; 'H
NMR (500 MHz, CDCl;) é: 7.95 (d, J=8.9 Hz, 2H), 7.38
(s, 2H), 7.32 (t, J=7.3 Hz, 1H), 7.24 (d, J=1.0 Hz, 2H),
6.92 (d, J=9.0 Hz, 2H), 4.11 (d, J=17.4 Hz, 1H), 3.86 (s,
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3H), 3.83 (s, 3H), 3.70 (d, J=17.4 Hz, 1H), 2.33 (s, 3H);
13C NMR (126 MHz, CDCl;) d: 203.5, 195.5, 171.4, 163.6,
137.2, 130.4, 129.3, 129.1, 128.0, 126.9, 113.7, 66.3, 55.5,
52.5, 46.1, 28.6; HRMS (EI) calcd for CyoHz0NaOs (M—+
Na)" 363.1203, found 363.1199.

2- Lt L -4- S ARA-A- R R AR )2 R B TR
fis(4f): TCEHPIRIBA, 725 58%. 'H NMR (500 MHz,
CDCl;) d: 7.95 (d, J=8.8 Hz, 2H), 7.41~7.37 (m, 4H),
733 (t, J=7.3 Hz, 1H), 7.24 (d, J=7.4 Hz, 2H), 7.20 (d,
J=7.6 Hz, 1H), 7.07 (dd, J=8.1, 1.1 Hz, 2H), 6.99 (d, J=
8.8 Hz, 2H), 4.11 (d, J=17.5 Hz, 1H), 3.84 (s, 3H), 3.69
(d, J=17.5 Hz, 1H), 2.32 (s, 3H); *C NMR (126 MHz,
CDCls) 6 : 203.4, 195.6, 171.3, 162.1, 155.5, 137.2, 131.0,
130.4, 130.0, 129.2, 128.1, 126.9, 124.6, 120.1, 117.3,
66.4, 52.5, 46.2, 28.6; HRMS (EI) calcd for C,sH»NaOs
(M+Na)" 425.1359, found 425.1354.

2- iR B -4-(4-F AL )-4- AR 2- R T R H s (4g):
H AR, 7% 83%. mp. 115~116 C; 1H NMR (500
MHz, CDCls) &: 8.00 (dd, J=8.9, 5.4 Hz, 2H), 7.39 (t, J=
7.3 Hz, 2H), 7.34 (d, J=7.2 Hz, 1H), 7.23 (d, J=7.3 Hz,
2H), 7.12 (t, J=8.6 Hz, 2H), 4.10 (d, J=17.5 Hz, 1H),
3.85 (s, 3H), 3.68 (d, J=17.5 Hz, 1H), 2.32 (s, 3H); 1*C
NMR (126 MHz, CDCLy) 6: 203.3, 195.4, 171.2, 165.8 (d,
J=254.9 Hz), 137.1, 132.8, 130.7 (d, J=9.4 Hz), 129.2,
128.1 (d, J=3.1 Hz), 126.9, 115.7 (d, J=22.0 Hz), 66.5,
52.5,46.2, 28.6; HRMS (EI) calcd for C19H;7NaFO4 (M+
Na)" 351.1003, found 351.1005.

2- £ T F -4-(4- A B )-4- S AR 2- B T R P I
(4h): HHFEOEE, P2F 78%. mp. 120~122 C; 'H
NMR (500 MHz, CDCl3) 6: 7.93 (d, J=8.6 Hz, 2H), 7.45
(d, J=8.6 Hz, 2H), 7.41 (d, J=7.8 Hz, 2H), 7.36 (t, J=7.3
Hz, 1H), 7.25 (d, J=7.0 Hz, 2H), 4.11 (d, J=17.5 Hz,
1H), 3.87 (s, 3H), 3.68 (d, J=17.5 Hz, 1H), 2.33 (s, 3H);
13C NMR (126 MHz, CDCl;) d: 203.2, 195.8, 171.1, 139.7,
137.0, 134.7, 129.5, 129.2, 128.9, 128.1, 126.8, 66.5, 52.5,
52.1, 46.2; HRMS (EI) calcd for C19H;7CINaO4 (M+Na)"
367.0708, found 367.0704.

2- T - 4-(4- TR IR FE)-4- 5 AR-2- 5L T R 1 B (4i):
WE O, 7% 67%. mp. 131 C; 'H NMR (500
MHz, CDCl;) 0: 7.83 (d, J=8.6 Hz, 2H), 7.60 (d, J=8.5
Hz, 2H), 7.39 (t, J=7.4 Hz, 2H), 7.34 (t, J=7.3 Hz, 1H),
7.23 (d, J=7.3 Hz, 2H), 4.08 (d, J=17.5 Hz, 1H), 3.85 (s,
3H), 3.65 (d, J=17.5 Hz, 1H), 2.31 (s, 3H); '3C NMR (126
MHz, CDCl;) 6: 203.2, 196.0, 171.1, 137.0, 135.1, 131.9,
129.6, 129.3, 128.1, 128.9, 126.9, 66.5, 52.6, 46.2, 28.5;
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HRMS (EI) caled for CioH;7BrNaO4 (M+Na)" 411.0202,
found 411.0201.

2- £ T F-4-(4-TIR JR)-4- S8 AR -2- 2R 3 T 12 H B (4j):
W EE, 77 50%. mp. 119~120 C; 'H NMR
(500 MHz, CDCls) 6: 7.82 (d, J=8.5 Hz, 2H), 7.67 (d, J=
8.5 Hz, 2H), 7.42~7.37 (m, 2H), 7.36~7.31 (m, 1H),
7.25~7.20 (m, 2H), 4.07 (d, J=17.5 Hz, 1H), 3.85 (s,
3H), 3.64 (d, J=17.5 Hz, 1H), 2.31 (s, 3H); *C NMR (126
MHz, CDCl3) 8: 203.3, 196.4, 171.1, 137.9, 137.0, 135.6,
129.5, 129.3, 128.2, 126.8, 101.2, 66.5, 52.6, 46.1, 28.6;
HRMS (EI) caled for Ci9H7INaO4 (M+Na)™ 459.0064,
found 459.0061.

2- LT H-4- AR 2- R - 4-(A-(= U ) R ) TR
Ffigdk): A, 7% 75%. mp. 121~123 C; 'H
NMR (500 MHz, CDCls) 8: 8.07 (d, J=8.1 Hz, 2H), 7.73
(d, J=8.2 Hz, 2H), 7.41~7.37 (m, 2H), 7.37~7.34 (m,
1H), 7.23 (d, J=7.0 Hz, 2H), 4.11 (d, J=17.5 Hz, 1H),
3.87 (s, 3H), 3.69 (d, J=17.5 Hz, 1H), 2.31 (s, 3H); 13C
NMR (126 MHz, CDCly) d: 203.2, 196.2, 171.1, 139.1,
136.9, 134.5 (q, J=32.6 Hz), 129.3, 128.4, 128.2, 126.8,
125.7 (q, J=3.7 Hz), 123.6 (d, J=272.8 Hz), 66.7, 52.6,
46.4, 28.6; HRMS (EI) calcd for C19H;7F3NaO4 (M+Na) "
401.0971, found 401.0972.

2- - 4- 5 AR -2- PR FE -4 (R] R 2 ) T 1R R i (41):
T ERIBAE, 723 63%. 'H NMR (500 MHz, CDCl;) 6:
7.77 (qd, J=5.0, 1.3 Hz, 2H), 7.44 (dd, J=8.3, 6.7 Hz,
3H), 7.41~7.37 (m, 2H), 7.34 (dt, J=7.2, 3.7 Hz, 2H),
7.27~7.23 (m, 2H), 4.14 (d, J=17.6 Hz, 1H), 3.84 (s,
3H), 3.72 (d, J=17.6 Hz, 1H), 2.40 (s, 3H), 2.32 (s, 3H);
13C NMR (126 MHz, CDCl3) d: 203.3, 197.2, 171.3, 138.3,
137.2, 134.0, 129.2, 128.6, 128.4, 128.0, 126.9, 125.3,
66.4, 52.5, 52.2, 46.4, 28.6, 21.3; HRMS (EI) calcd for
CaoH20NaO4 (M+Na)" 347.1254, found 347.1249.

2- LT ik -4-(3- A B DR R )-4- A AX-2- 2R 2 T R
Fig(4m): TCEJHCRIEAR, 775 85%. '"H NMR (500 MHz,
CDCly) d: 7.57 (dd, J=17.5, 0.7 Hz, 1H), 7.49 (dd, J=2.7,
1.5 Hz, 1H), 7.40~7.33 (m, 4H), 7.26~7.23 (m, 2H), 7.12
(ddd, J=8.3, 2.7, 1.0 Hz, 1H), 4.13 (d, J=17.6 Hz, 1H),
3.85 (s, 3H), 3.84 (s, 3H), 3.72 (d, J=17.6 Hz, 1H), 2.32
(s, 3H); 3C NMR (126 MHz, CDCl3) §: 203.3, 196.9,
171.3, 159.8, 137.6, 137.1, 129.5, 129.2, 128.1, 126.9,
120.8, 120.0, 112.1, 66.4, 55.4, 52.5, 46.4, 28.6; HRMS
(EI) caled for CyHzNaOs (M+Na)" 363.1203, found:
363.1201.

2- 7 B -4-(3- S K JE )-4- S AR 2- 2K B T R
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(4n): HEOEE, P2FH 76%. mp. 107 C; 'H NMR
(500 MHz, CDCl3) §: 7.93 (s, 1H), 7.84 (d, J=7.8 Hz,
1H), 7.55~7.53 (m, 1H), 7.42~7.38 (m, 3H), 7.35 (d, J=
7.2 Hz, 1H), 7.23 (d, J=7.3 Hz, 2H), 4.08 (d, J=17.6 Hz,
1H), 3.85 (s, 3H), 3.66 (d, J=17.6 Hz, 1H), 2.31 (s, 3H);
13C NMR (126 MHz, CDCl;) d: 203.2, 195.8, 171.1, 137.8,
136.9, 134.9, 133.1, 129.9, 129.3, 128.3, 128.2, 126.8,
126.2, 66.5, 52.6, 46.3, 28.6; HRMS (EI) calcd for CioH,7-
CINaO; (M+Na)" 367.0708, found: 367.0710.

2- LW e -4-(ZE-2-Fk)-4- S AR-2- R B T TR F i (do):
HHOMPIRAA, 77% 82%. 'H NMR (500 MHz, CDCls)
J: 8.51 (s, 1H), 8.02 (dd, J=8.6, 1.8 Hz, 1H), 7.95 (d, J=
8.1 Hz, 1H), 7.88 (t, J=8.8 Hz, 2H), 7.60 (ddd, J=8.2,
6.9, 1.3 Hz, 1H), 7.54 (ddd, J=8.0, 6.8, 1.3 Hz, 1H), 7.41
(dd, J=8.3, 6.6 Hz, 2H), 7.35 (t, J=7.3 Hz, 1H), 7.30 (d,
J=7.1 Hz, 2H), 429 (d, J=17.5 Hz, 1H), 3.89~3.83 (m,
3H), 3.84 (d, J=10.1 Hz, 1H), 2.35 (s, 3H); '3C NMR (126
MHz, CDCl;) 6: 203.4, 196.9, 171.3, 137.2, 135.7, 133.7,
132.5, 129.8, 129.5, 129.2, 128.5, 128.4, 128.0, 127.8,
127.0, 126.8, 123.8, 66.5, 52.5, 46.5, 28.6; HRMS (EI)
caled for CyHyNaOs; (M + Na) © 383.1254, found
383.1252.

4-H AR 2,4- ZHIETIRGS): L ERBAE, 725
86%. 'H NMR (400 MHz, Chloroform-d) &: 8.01~7.92
(m, 2H), 7.60~7.53 (m, 1H), 7.45 (dd, J=8.4, 7.1 Hz,
2H), 7.40~7.28 (m, 5H), 4.31 (dd, J=10.1, 4.2 Hz, 1H),
3.91 (dd, J=18.1, 10.1 Hz, 1H), 3.29 (dd, J=18.1, 4.2 Hz,
1H).

3.3 RAKRMAMITEMNR R

FETFHR 100 mL [FERBEH RN 1-REE T He-1,3-
—M{(0.81 g, 5 mmol, 1 equiv.), 2a (1.28 g, 7.5 mmol, 1.5
equiv.), LiBr (1.32 g, 15 mmol, 3 equiv.)f1 DCM (50 mL),
BT N840 W, 470 nm), @i i 48178
JeALH, =R T RIZIERE 12 h RN SR E, TLC Yl
RN, B2 2a HRETE A RS B R SRR 53 T
2, FMRN S AL E VA T VR (100 mL X 3). A IFH ML
FH, VR AR R I A e R R VR Al A (LR 4
Be/ A, Vi V=11 15733 4¢ (1.23 g, 79%).

W de IIAF] 2 mol/L A FULINIAE W, fE 110 C
NER 12 h, SRAFATAETED S, 722N 89%.

4 Bh#1 B} (Supporting Information) Fr& i HArfb &

PIi¥) "H NMR A1 PC NMR 3 . I EERPRER] LG 37 A
F1J )4 33t (http://sioc-journal.cn/) I N %K.
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