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Visible Light-Induced Synthesis of Polysubstituted Dihydrofurans via
Cyclization of Aromatic Aldehydes with Acrylonitriles
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Abstract A synthetic method for multi-substituted 4,5-dihydrofuran compounds through tandem Giese addition/cyclization
process under visible light-induced photoredox catalysis from aromatic aldehydes and 2-benzylidenemalononitriles is reported.
The reaction was carried out in the absence of transition metal catalysts, providing a simple and stereoselective approach for
constructing multi-substituted 4,5-dihydrofurans and making it an important supplement to existing methods.
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Figure 1 Drug molecules containing furan skeletons
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U5 TR FRg AX A5 P E AH DA ) B B2 S P,
TR SERE R 2 B T T2 k. WIS A& =G
Y. ZIREMI G, W T AR AR S,
2016 4, Shibata VAR EHRIE T 85 AR AR B 1,1-
CEREMZES 2-F N R 20 2+ 2138 0 Bk s B
(Scheme 1, a), fill#% T — &5 2-&IE-4,5- A KIE-3-E
WEY. ZRNEBFRTEG R AHELE S B
I o 2 (10~ 12 min P 5ER)SEME AT, 2017 4F, He R
ROV 5 3845 (0 AR I P e S R TG R, R
JE T IR A NI R L IR OB, DR AR AR
FMFERAE R T 2-HE S -4- IR AR L A )
(Scheme 1, b). VR 4 H Tt 525 9 K 1 IR FEL T~ i
DI A= A A LR 57 5, 38 R U A 4 T 11 2%
FZINER ISR AE S B (R 740, 2020 4F, Kanai B8
LHUOEF T T e AR 25 AF TR0 T S AN 2 1 R
TR [ N (Scheme 1, ¢), & T IIEAR —
SRR A, RN SR TR HAT)IR
IR REG P RIVER T, BER o-C—H 4843 LUS T, M
MSEIEER) o-C—H KedEAb, (HiZ TR 7T T i 5 ig
I I (R ER AL S . [RI4F, Woo RRRZHINAK & T Al Wi
A 95 P 15 R0 ek 356 PR 1) £ BB PR 4k I B (Scheme 1,
d), =HREERAME N LEE, R T =B 2-F R
SR A Y. BE)G, Kanai WAL HRIE 1,3- T 8%
HIIE B a-kidEth [ N (Scheme 1, e). dHEHY BE #5645
A3 5 AT AN A R R T 1% B (HAT) AL A T
FUWER, SEBLT 1,3- T ZREM MBI £ C—H kit
Z AL AR 2208 & B (DCM) &5 3 i A7 75 751 5k PG
7 A4 R B BE (BDE), LMRE 4 a-ki It
C—H k&M, BT EiiE, BRERNEY ST

T HER R R N BT R AR A A, B
H A R AR & T4 0V L AR 2 i 3
RIE TR EWEESEE S BT R B HLH S DL
TEAGTE O B S B 2R R AR R 031 R 12 E 0,
K TAE LA A REAIEE TN IS AR, 5T r Wbl S
N R BRI S AR IR SR, AR A R T ERLE F 1)
ZHUR 2-FH-4,5- AR WA RO i

1 &HR510R

Y%, LLAEHEE(1a, 0.2 mmol)NI*EIE A — i (2a,
1.5 equiv)fE AR, IRRERAERRBIME, Wk 1
%T‘&HWWTGSWWﬁV%T LA 2,4,5,6-P4(9-MH:
ML) —[A) 2K ZJIF (4CZIPN) G ) DUTRE(HE) yit
Eﬂ\anhﬁMN FRZRONTE T, EEURETR, DA
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(a)
n(Oct),-2MeOH

CN _ (1omol%)
R/\/ )K/OH NH,
MeCN, MW (30W) /
100 °C, 10 ~ 12 min
(b)
i BICHNO, — 2992
+ Brf
R/\)LF“ 2772 THE rt, 12h O,N
CN
(c)
[Ir] (1 mol%),
oN v HAT (15 mol%
e Si 10 mol%)
R/\( + )\ [ ] o \ CN
CN HO™ “H MeCN, r.t.
blue LED (430 nm)
(d)
CN SiMes  Acr*-Mes, H,0,
R/\( . ) 2 O AN CN
CN HO MeCN, 80 °C, hv
(e)
AcrMesClOy4 (5 mol%)H2N
/%(CN QHOH 1A (10 mol%) |
R +
CN )H“/kH DCM, rt., 16 h
blue LED

23F= v ol iR A e e R R L[k 22

Scheme 1 Conversion of enenitrile compounds to dihydrofuran
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4CZTPN M fac-Ir(ppy)s I, B ARF=W 7= 245 Bl AR (R
1, Entries 2, 3), 1Mi{# ] Ir[dF(CF3)ppy]a(dtbbpy)PFe(4i 5
[Ir]PFs). Ru(bpy)s(PFe). BIELL Y [RLHRIR 2, Fe¥IiR
/SELTCVER B (% 1, Entries 4~6). 5k T — &%)
EJEA, 2k =M " (DABCO). 1,8- “& X
[5.4.0]+—%-7-4(DBU). Et;N. Et;SiH. PhSiH; %54t
B DU BRI, 35 ARATIN B AR B 1) 7= #)(#% 1, Entries 7~
11). BT RXPEFNEAT e, o TR e A 12 S S
HHAT, BRI E P biek 1,2- 28/ Ok SURS
I 7= 45 BT R F(2 1, Entries 12~13, 16), 13 FH 75 R
) = FOREE VI AR (3 1, Entries 14, 15). %X
OB EIFIZE, TN NiCLe6H,O =545 fl e
Ft, Ni(acac), W] T 8347 (3R 1, Entries 17, 18). [A]
I R LA R R 0T B R AR 3R SR, 4 AN CuSOan

FeSO427TH,0 Hl Fex(SO4)s I, U537 69%. 68%7F
63%, TIMA NaxSO4 133 [ fi s % 71%(% 1, En-
tries 19~22). Ht/a (T T #HIPELIGR 1, Entries 23~
25), BB IetE A BOL IR, 564 BA R R E AR )
3a, RPN, 3a PEEN 50%. BEARETFE
R INFR R B AN RE AR A SOV P (K 1, Entries 26~
27).

Chin. J. Org. Chem. 2025, 45, 1763~1769



Chinese Journal of Organic Chemistry

R KA

Table 1 Optimization on reaction conditions

0 PC (1 mol%)
| RE (1.5 equiv.)
CN ' Additive (60 mol%) “1, O,
+ NH
CN  Solvent, Ar, 18 h / 2
35 W blue LEDs N
1a 2a 3a

Entry Photocatalyst Solvent RE Additive  Yield®/%

1 4CzIPN Toluene HE NaBr 58
2 4CZzTPN Toluene HE NaBr 54
3 fac-Ir(ppy)s Toluene HE NaBr 50
4 [Ir]PFe Toluene HE NaBr Trace
5 Ru(bpy)sCl.  Toluene HE NaBr n.d.
6 Eosin Y Toluene HE NaBr n.d.
7 4CzIPN Toluene DABCO  NaBr n.d.
8 4CzIPN Toluene  DBU NaBr n.d.
9 4CzIPN Toluene  Etz:N NaBr n.d.
10 4CzIPN Toluene PhSiH3 NaBr n.d.
11 4CzIPN Toluene Et;SiH NaBr n.d.
12 4CzIPN DCM HE NaBr 55
13 4CzIPN DCE HE NaBr 52
14 4CzIPN Acetone HE NaBr 29
15 4CzIPN  Mesitylene HE NaBr 38
16 4CzIPN PhCl HE NaBr 50
17 4CzIPN Toluene HE Ni(acac)2 33
18 4CzIPN Toluene HE NiCle6H.0 60
19 4CzIPN Toluene HE CuSOq4 69
20 4CzIPN Toluene HE FeSO47H20 68
21 4CzIPN Toluene HE Fe2(S04)3 63
22 4CzIPN Toluene HE Naz2SO4 71
23 — Toluene HE Naz2SO4 n.d.
24 4CzIPN Toluene — NaxSOs4 n.d.
25 4CzIPN Toluene HE — 50
26¢ 4CzIPN Toluene HE Na>S04 63
274 4CzIPN Toluene HE Na2S04 70

aReaction conditions: 1a (0.2 mmol), 2a (1.5 equiv.), photocatalyst (I mol%),
reductant (RE, 2.5 equiv.), additive (60 mol%), solvent (2 mL), Ar, 35 W blue
LED, r.t., 18 h. * Isolated yield was given. ¢ Na;SO4 (50 mol%). ¢ Na,SO4 (70
mol%).
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(3b~3g), BRI AHELRT H AR M7 R BAR31), HHL
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IR ST, 235 BL 64%. 67% 17 23R B bR =4
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Table 2 Substrate scope for benzaldehyde and benzylidene
malononitrile
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OEt Ph
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(3p- 3q). BRMZ, ZMEA AR R A H TR 7R 150 -
1, T A R A R A B A 3 S e sl ®
) N . B . - 11— y= 28X + a
051 7T, e B 40 5 P I T LA % B A J-20ret et 2a
NN, B TE U A2 SN A R 1 AR AR 22 130] —— y=68568x+1 HE
B8 5T T A R 3a I SE GO I L. SEEe R I, K < 1251
EPRMRIOATE 5 mmol, BT a2 S5, < ]
3a =N 43% (Scheme 2). &% NAR R A, A5IEK 1.10
TR g E 58 JEAR I R A 4 R T R 188
0.954
o 4CzIPN (1 mgl%) 0.90 i . .
| ~CN N:Esgs(:gm)/ , N0 0.0000 0.0002 0.0004 0.0006
+ ©/\/ e )—NH, Concentration/(mol-L™")
CN toluene, Ar, 18 h 50 -
35 W blue LEDs CN (b)
45
1a 2a 3a
(5 mmol) (1.5 equiv.) (0.56 g, 43%) 40 1
35
N
BR 2 A& 3a KRS s 301
Scheme 2 Gram-scale reaction for the synthesis of 3a %5 25 -
ke
R ORI AR S PO R S B gf?
SRS T KNI (Scheme 3). H /GfERRERTE T, o] dark
I 2 equiv. i B BT SR 2,2,6,6- 1 FH L AL R I 5] ‘ dark
(TEMPO), A RME] Hbrr=4; SN 2,6- 8T 04
0 1 2

S TR BHT)I, SRS R BB > 5 1) B =40
VR I R AR T RSB % T 1 R i
i R S (1 2, a) R BLDUTEHE) A UK 119 4CZIPN B
5 BRI RAE S, TR M SR NaySO,
(EIH HE MR 492 A8 v MR,
BEHE S FF B8 S22 HE 56 5308 45 119 4CZIPN 47
W TR, S TERRUE I R AT T 64T 520, 45
W] TG MOR 7E RSP AR S R, BG4 TR
RER 24T, HERR T 1 e e 2 R 7 (1 2, b)
4CzIPN(1 mol%)

(0] HE(1.5 equiv.) @
! ~CN  Na,S0, (60 mol%) e
+ m _— / NH,
CN toluene, Ar, 18 h
35 W blue LEDs CN
additive (2.0 equiv.)
1a 2a 3a
TEMPO: n.d.

BHT: trace
DPE: 60%

BRI s
Scheme 3 Radical trapping experiments
BT EIRWT SN RARGE TS, S A IEL ]
L6 S AR R FIHLEE(Scheme 4). HE TR0k Y6 fL
FIPCH)IAE R K 25 B 7T OB e H i 5 BH & 1
(HE"") RN AL 7] Bt 22 25 7(PC), PCitt—
Wt 77 A e 3 SR VE B BOR S HEAL TR B Y
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B2 ()R (b)TF AT S50

Figure 2 (a) Stem-Volmer quenching experiment and (b) light
on/off experiment

T(*PC), AR AL 1 A BE IR EL I ¥ [R5t 7 f i AR
RGP EHE A, R SNEN T RQa) KA |
Fmpk, [EHEE B, B B AR T HEEER RS
T HR AR PR C, C EIZRR T RAEML
RENREY) 3a. BTG RE T E 8D
TR AR TR AL, DR AR Dy B T A A R
THFGG. PRSI P RIE TR RLRE 95 3 2
FI3E b AR N IS B R sl AR, e A
K A T TR 2 S TR AL, 3596 R T T 1 s Ry A g 1)
B, AR, TSR] WG SR R A 0T AR
AL RS L I 2B K AL AL A, S BURAIRE IS
FF A E dE A KPR GG AT, IRREZRE B
B A 5HMTA T RO R TSI AR R R PR . 124
RYE Woo VRS H¥E AL B i SRt I S B =
SEAKEFEIETE I 0T B,

2 i
RIET WIS T 2 & RS 7 il g
W1 5 R N A TR, 2 2 BUAR () 4,5-— SR 1
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Scheme 4 Possible mechanism

RNARZR. LA 4CZIPN AT, SR AE AL
R, BREREATE UG, F%E T — RIIAREAH I
FHREARIE ZIEEY, DLR W7 2R =4,
R Z AR 4,5- AR AL T — R v U7 R %
7. AR RAEH TR, BAA—E Ry &R,
A NIAE & 7 B BN 7
3 XIS
3.1 XE5EH

S — MR AE R SR T, J6UEN 35 W LED i
FeAT, BREFAIUCEE, BT RARN R B sk, Jf E R
. 2 EHT(TLO) BRI S AT REFE . FEJE T
i Fi 200~300 HEERE, TLC 1 GFasa EERCHR. Ji 1%
BEH %S 5975 GC-MS {X(#%(EI). 'H NMR Fl1 BC
NMR ¥ H Bruker-AV #Z W EARBGIIR, 551255774 400
MHz A1 100 MHz, LA CDCl; 8% DMSO-ds N¥ 7, TMS
NN, =5 PSR A Thermo Scientific LTQ Or-
bitrap XL (ESI)Ji &% {3l % .
3.2 ZWHE

DA 3a (& BN, S STEHEAR T 20 mL [3)E
SR FREAT. FREL 0.2 mmol ZXHIEE L 0.3 mmol R4 A
Zfi%. 0.001 mmol 4CzIPN. 0.5 mmol HE F1 60 mol%f#]
RGN, MNP, JHH 2.0 mL H2REMR, &I+
WIS ARMAR 3 WARANASR, H 35 W % LED 4T,
PidE 18 h. i AE I TLC W, e M4 R IR &)
G OIR CTRRERL . To/KAREREN T4 1L R Ik e 2615
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FHL 5, A R RE R (200~300 H)HEAT R JE AT lRE
JB(GF254) 347 # 2 2T Ch e — & ke, Vi v=4:
1~1 0 DB 3a. HARF A0 4l =) i 5 45
fr it — Ak,

2-F 4,5 T HE-4 5 T AR -3-H i (3a): At
AR, 723 71%. m.p. 120~125 ‘C; '"H NMR (400 MHz,
DMSO-ds) 6: 7.42 (s, 2H), 7.09~7.01 (m, 5H), 7.01~
6.92 (m, 3H), 6.86 (dd, J=6.9, 1.8 Hz, 2H), 5.96 (d, J=
8.7 Hz, 1H), 4.55 (s, 1H); '*C NMR (100 MHz, DMSO-ds)
5: 169.0, 139.5, 136.7, 128.9, 128.1, 128.0, 127.7, 127.1,
126.6, 120.2, 86.9, 53.9, 52.3; HRMS (ESI) calcd for
C17H1sN;NaO (M+Na)™ 285.0998, found 285.1006.

2- 5 FE-4- DR B -5- (0 HH DR R )-4,5- SR g -3- G
(3b): A, P75 68%. m.p. 131~137 C; 'H NMR
(400 MHz, Chloroform-d) &: 7.11-7.03 (m, 3H), 6.92~
6.85 (m, 4H), 6.79 (d, J=8.2 Hz, 2H), 5.88 (d, J=8.8 Hz,
1H), 5.12 (s, 2H), 4.50 (d, J=8.8 Hz, 1H), 2.19 (s, 3H);
BC NMR (100 MHz, Chloroform-d) &: 168.1, 137.6,
137.6, 132.2, 128.7, 128.5, 128.0, 127.1, 126.4, 119.1,
88.8, 57.0, 52.8, 21.1; HRMS (ESI) calcd for CsH¢N»-
NaO (M+Na)" 299.1155, found 299.1165.

2- G I-5-(4- AR L IR I )-4- K FE -4, 5- — S WK IR -3-
i (3c): AMEME, P“F 64%. mp. 127~130 C; 'H
NMR (400 MHz, DMSO-ds) 6: 7.36 (s, 2H), 7.04 (dd, J=
18.5, 7.2 Hz, 3H), 6.86 (d, J=7.7 Hz, 4H), 6.62 (d, J=8.2
Hz, 2H), 5.89 (d, J=8.6 Hz, 1H), 4.47 (d, J=8.6 Hz, 1H),
3.59 (s, 3H); *C NMR (100 MHz, DMSO-ds) &: 169.0,
158.7, 139.7, 129.0, 128.6, 128.2, 128.0, 127.1, 127.1,
113.3, 86.9, 55.3, 53.6, 52.3; HRMS (ESI) calcd for
C1sH1sN2NaO, (M+Na)* 315.1104, found 315.1109.

2-FH-5-(4- LA FEIRIL)-4- K H-4,5- AR -3-
E(3d): AR, FE 65%. mp. 140~147 C; 'H
NMR (400 MHz, Chloroform-d) ¢: 7.08 (d, J=7.3 Hz,
3H), 6.87 (d, J=6.0 Hz, 2H), 6.80 (d, J=8.4 Hz, 2H), 6.59
(d, J=8.7 Hz, 2H), 5.87 (d, J=8.8 Hz, 1H), 5.01 (s, 2H),
4.48 (d, J=8.8 Hz, 1H), 3.89 (q, J=7.0 Hz, 2H), 1.33 (t,
J=7.0 Hz, 3H); 3C NMR (100 MHz, Chloroform-d) J:
167.9, 158.5, 137.5, 128.6, 128.0, 127.8, 127.1, 127.1,
118.9, 113.7, 88.8, 63.3, 56.9, 52.8, 14.7, HRMS (ESI)
caled for CjoH;sNoNaO, (M + Na)™ 329.1260, found
329.1280.

2- B FE-5-(4- TR TN A R B )-4- TR -4, 5- — A Wk IR -3-
H5@3e): AMGREL, 2% 43%. mp. 119~126 C; 'H
NMR (400 MHz, DMSO-ds) 6: 7.36 (s, 2H), 7.04 (dd, J=
17.4, 7.3 Hz, 2H), 6.88~6.78 (m, 4H), 6.62~6.56 (m,
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2H), 5.88 (d, J=8.7 Hz, 1H), 4.45 (dd, J=10.7, 7.3 Hz,
2H), 1.12 (dd, J=6.0, 2.7 Hz, 6H); *C NMR (100 MHz,
DMSO-ds) d: 169.0, 156.9, 139.7, 120.0, 128.4, 128.1,
128.0, 127.0, 120.3, 115.2, 87.0, 69.4, 53.5, 52.3, 22.1,
22.1; HRMS (ESI) caled for CyoH20N2NaO, (M—l—Na)+
343.1417, found 343.1428.

2-FH-5-(4-FF A FE IR I )-4- 9 -4,5- — W -3-
f5@3H: AfEA, 7% 50%. mp. 115~123 C; 'H
NMR (400 MHz, DMSO-ds) 6: 7.37 (s, 2H), 7.03 (d, J =
7.2 Hz, 2H), 6.93 (d, J=7.9 Hz, 2H), 6.84 (dd, J=7.7, 4.5
Hz, 5H), 5.91 (d, J=8.6 Hz, 1H), 4.50 (d, J=8.6 Hz, 1H),
2.73~2.65 (m, 1H), 1.04 (d, J=6.8 Hz, 6H); *C NMR
(100 MHz, DMSO-ds) J: 169.0, 147.8, 139.6, 134.1, 128.9,
128.1, 127.0, 126.6, 125.8, 120.3, 87.0, 53.8, 52.3, 33.4,
242, 24.2; HRMS (ESI) caled for CaoHN,NaO (M+
Na)* 327.1468, found 327.1476.

2-FH-5-(3- LA I IR IL)-4- 4 -4,5- W3-
E(3g): H R, F2% 43%. mp. 138~145 C; 'H
NMR (400 MHz, DMSO-ds) d: 7.39 (s, 2H), 7.11~6.93
(m, 4H), 6.89~6.83 (m, 2H), 6.62~6.50 (m, 2H), 6.47 (d,
J=2.2 Hz, 1H), 5.90 (d, J=8.7 Hz, 1H), 4.51 (d, J=8.7
Hz, 1H), 3.78 (dd, J=7.0, 3.9 Hz, 2H), 1.21 (d, J=7.1 Hz,
3H); *C NMR (100 MHz, DMSO-d¢) J: 168.9, 158.2,
139.6, 138.2, 129.1, 128.9, 128.1, 127.1, 120.2, 118.8,
114.1, 112.7, 86.8, 63.3, 53.9, 52.2, 15.0; HRMS (ESI)
caled for CjoH;sN;NaO, (M +Na)' 329.1260, found
329.1276.

258 B -5-(4-( R 2k ) AR 5 )-4- 2R J -4 5- — SR IR - 3-
H5@3h): AMGEK, 725 44%. mp. 126~131 ‘C; 'H
NMR (400 MHz, DMSO-d) 6: 7.40 (s, 2H), 7.07 (d, J=
7.3 Hz, 2H), 7.05~7.00 (m, 1H), 6.95 (d, J=8.2 Hz, 2H),
6.91~6.85 (m, 4H), 5.92 (d, J/=8.6 Hz, 1H), 4.51 (d, J=
8.7 Hz, 1H), 2.33 (s, 3H); '*C NMR (100 MHz, DMSO-ds)
5: 168.9, 139.6, 137.5, 133.3, 128.9, 128.3, 127.2, 127.2,
125.3, 120.2, 86.7, 53.9, 52.2, 14.9; HRMS (ESI) calcd
for C1sH1sNoNaOS (M+Na)* 331.0876, found 331.0886.

2-ZHE-5-([1,1- Bk IR -4- 3k )-4- 2K JE -4, 5- — S PR IR -3-
i 3i): A EEAR, 7% 33%. mp. 133~138 C; 'H
NMR (400 MHz, DMSO-ds) J: 7.68 (dd, J=13.3, 7.8 Hz,
4H), 7.50~7.34 (m, 10H), 7.28 (dd, J=7.4, 5.8 Hz, 3H),
5.38 (d, J=6.4 Hz, 1H), 4.24 (s, 1H); 3C NMR (100 MHz,
DMSO-ds) 0: 168.1, 142.4, 140.9, 140.0, 139.0, 129.5,
129.3, 129.0, 128.2, 127.9, 127.5, 127.2, 127.0, 119.9,
90.4, 56.0, 53.6, HRMS (ESI) calcd for C3H;sN,NaO
(M+Na)" 361.1311, found 361.1319.
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2-58 Fk-5-(4- TR HE)-4- R Fk-4,5- T BRI -3- F IS
(3j): A, F“F 67%. mp. 120~127 C; 'H NMR
(400 MHz, DMSO-de) 6: 7.42 (s, 2H), 7.07 (t, J=7.2 Hz,
2H), 7.04~6.94 (m, 3H), 6.94~6.83 (m, 3H), 6.84 (t, J=
1.4 Hz, 1H), 5.97 (d, J=8.7 Hz, 1H), 4.53 (s, 1H); 1*C
NMR (100 MHz, DMSO-ds) J: 168.9, 161.6 (d, J=243.5
Hz), 139.4, 133.0 (d, J=3.1 Hz), 128.9, 128.6 (d, J=8.3
Hz), 128.3, 127.2, 120.1, 114.8 (d, J=21.5 Hz), 86.2, 53.5,
52.2; F NMR (376 MHz, DMSO-ds) 6: —114.9; HRMS
(ESI) caled for C7H;3FNoNaO (M +Na) ™ 303.0904,
found 303.0911.

2-BA e -5-(4- SR HE )-4- 2K -4, 5- T R -3- H G
(Bk): AMEE, P“F 70%. mp. 119~126 C; 'H
NMR (400 MHz, DMSO-dq) J: 7.47 (d, J=8.1 Hz, 2H),
7.44~7.32 (m, 6H), 7.24 (d, J=7.4 Hz, 3H), 5.35 (d, J=
6.5 Hz, 1H), 4.17 (d, J=6.5 Hz, 1H); 3C NMR (100 MHz,
DMSO-ds) d: 168.0, 142.1, 138.9, 133.6, 129.3, 129.2,
128.3, 127.9, 127.9, 119.8, 89.7, 56.0, 53.5; HRMS (ESI)
caled for C17Hi;3CIN;NaO (M +Na) ™ 319.0609, found
319.0616.

2-58 Fk-5-(4- TR IR HR)-4- TR Fk-4,5- — BRI -3- F IS
@): AWmEE, 7% 55%. mp. 123~130 C; 'H NMR
(400 MHz, DMSO-de) d: 7.61 (d, J=8.5 Hz, 2H), 7.42~
7.33 (m, 4H), 7.31~7.21 (m, 5H), 5.34 (d, J=6.5 Hz,
1H), 4.15 (s, 1H); '3C NMR (100 MHz, DMSO-ds) o
168.0, 142.1, 139.3, 132.2, 129.3, 128.6, 127.9, 127.9,
1222, 119.7, 89.7, 56.0, 53.5; HRMS (ESI) caled for
C17H13BrN;NaO (M+Na)™ 363.0103, found 363.0108.

2-58 Fk-5-(2- R KR )-4- K Fk-4,5- BRI -3- F S
(Bm): AMEE, 2% 66%. m.p. 128~134 ‘C; '"H NMR
(400 MHz, DMSO-dg) 0: 7.46 (s, 1H), 7.23~7.17 (m, 1H),
7.07 (s, 3H), 7.12~7.01 (m, 3H), 6.99 (d, J=7.0 Hz, 1H),
6.96~6.89 (m, 2H), 6.12 (d, J=8.7 Hz, 1H), 4.65 (d, J=
8.7 Hz, 1H); 3C NMR (100 MHz, DMSO-ds) 6: 168.5,
139.3, 134.7, 130.8, 129.6, 129.1, 128.5, 128.2, 127.8,
127.4, 127.0, 119.9, 84.2, 54.2, 50.8; HRMS (ESI) calcd
for C17H;3CIN;NaO (M+Na)" 319.0609, found 319.0617.

5S-G HE-3- IR -2,3- A-[2,2' - B MR IR 1-4- F i (3m):
HEEAR, 723 35%. mp. 121~127 C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.51 (d, J=1.8 Hz, 1H), 7.35 (dd,
J=8.0, 6.5 Hz, 2H), 7.27 (dt, J=6.8, 3.6 Hz, 3H), 6.46 (d,
J=3.3 Hz, 1H), 6.44~6.39 (m, 1H), 5.31 (d, J=7.6 Hz,
1H), 4.93 (s, 2H), 4.64 (d, J=7.6 Hz, 1H); 3C NMR (100
MHz, Chloroform-d) 6: 166.7, 149.9, 144.1, 140.3, 129.0,
127.9, 127.4, 118.5, 110.7, 110.3, 85.1, 57.0, 52.0; HRMS
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(ESI) calcd for CisH12N;NaO, (M+Na)™ 275.0791, found
275.0809.

2-G FE-5-(3,4- B ORI )-4- IR 4, 5- A MR -3-
FE30): AMEE, 7% 68%. mp. 129~137 C; 'H
NMR (400 MHz, Chloroform-d) d: 7.36 (dd, J=38.0, 6.4
Hz, 2H), 7.31 (d, J=7.2 Hz, 1H), 7.25 (dd, J=6.8, 2.0 Hz,
2H), 7.15 (d, J=7.7 Hz, 1H), 7.08 (d, J=2.0 Hz, 1H),
7.04~6.97 (m, 1H), 5.25 (d, J=6.9 Hz, 1H), 5.10 (s, 2H),
4.31(d, J=7.0 Hz, 1H), 2.28 (s, 6H); 3*C NMR (100 MHz,
Chloroform-d) 6: 167.3, 141.2, 137.6, 137.3, 136.4, 130.1,
129.0, 127.7, 127.5, 127.1, 123.5, 119.0, 92.7, 56.5, 56.4,
19.9, 19.6; HRMS (ESI) calcd for CioH;sNoNaO (M—+
Na)" 313.1311, found 313.1331.

2- B FE -5 TR B -4-( T R )-4,5- — AR I -3- IR
(3p): AMEE, P7F 64%. mp. 116~123 C; 'H NMR
(400 MHz, DMSO-ds) 0: 7.38 (s, 2H), 7.07 (p, J=6.9 Hz,
3H), 6.96 (d, J=7.4 Hz, 2H), 6.85 (d, J=7.7 Hz, 2H), 6.74
(d, J=7.7 Hz, 2H), 5.93 (d, J=8.7 Hz, 1H), 4.48 (d, J=
8.7 Hz, 1H), 2.10 (s, 3H); '*C NMR (100 MHz, DMSO-ds)
J5: 168.8, 136.8, 136.5, 135.9, 128.8, 128.8, 128.0, 127.7,
126.5, 120.2, 86.9, 54.2, 51.9, 21.0; HRMS (ESI) calcd for
C1sH1NaNaO (M+Na)* 299.1155, found 299.1160.

2- 58 Fk-5- IR Bk -4- (0 HH R KR )-4,5- SR -3- IS
(3q): A, P#% 67%. m.p. 119~125 C; 'H NMR
(400 MHz, Chloroform-d) J: 7.18~7.09 (m, 4H), 7.01 (t,
J=1.9 Hz, 1H), 6.92 (td, J=7.5, 6.4, 3.1 Hz, 3H), 6.81~
6.74 (m, 1H), 5.93 (d, J=8.9 Hz, 1H), 5.13 (s, 2H), 4.49
(d, J=8.9 Hz, 1H); '*C NMR (100 MHz, Chloroform-d) d:
168.0, 140.1, 134.9, 131.6, 130.3, 129.5, 128.1, 128.0,
127.3, 126.1, 122.2, 118.5, 88.4, 56.7, 52.6; HRMS (ESI)
caled for C;7H;3BrNoNaO (M+Na) ' 363.0103, found
363.0107.

%5 Bh A4 $L (Supporting Information) Frf =¥/ 'H
NMR A1 3C NMR % &, X LEmF8E AT DA 2 AT ]l
(http://sioc-journal.cn/) I N %K.
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