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Rh(lIl)-Catalyzed Efficient Synthesis of Isocoumarins from
Cyclohexanediones
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Abstract Isocoumarin skeleton is a kind of important motif of natural product and bio-active molecular. The synthesis of
simple and efficient construction of isocoumarin is of great significance. This work realized the one-pot synthesis of
cyclohexanone-isocoumarins by rohdium catalyzed aryl C—H activation and followed annulation with in-situ generated
iodonium ylides of cyclohexanones. Divers directing groups can be tolerated under the system leading to the desired products,
among which sulfoxonium ylides and benzoic acids exhibited good reaction efficiency. Control experiments, deuterium
labeling experiments and isolation of the possible intermediate revealed that the in-situ generated iodonium ylides were

necessary for the reaction system.
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Figure 1 Isocoumarin-related natural products and synthetic
intermediate
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Scheme 1 Methods for the construction of cyclohexanone-
isocoumarins

HORMER BRdk. BERLSE ] DUt O kAT, IF15
B H AR ).

1 &HR510R

SERRI S AL S TR A AL C—H B BE 1L S B
o BT MU R SRR, TR I S AR ST A
TR DR M e A 2 A, 51k ZREI L RS, 3R
TR BZ IR 5 F5 CLRR 7E = A 85 4 14 77 R0 8 R A K
FEENIAT T — &A%, DRSOl RE =Y
BREERI(ER 1), MR BUEFIN/SE ST A HFIP)E, N
NI AR, FE LA SRR 5 Bt H FR = 4)(Entry 1). C—

[Rh]
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H B8 E ASOR A FI A ET fEA R OME 254 T 1% R
N, RANBER A (Entry 2). I SRk, K
B 1,2- =& LKE(DCE) AT AL FER e R 15 2 H
B Y (Entry 5); 8 A AR ORDE R, 6 75 R
(acetone). VYA PKIF(THF). ZMRZBR(EA). =% L1
(TFE) A J2 Z £ (EtOH), AR ML H| H b5 7=4) (Entries
3~8). 5 R Ji A7 e 7 A AR AR B PE 24 T B AR
Gy R, KSR AT T iRk, R G A B
AT INTE— R R30S Tz B R A, R
WA BT P& (Entries 9~14). 24 DUBEER 81 7F s in )
B, R ENIRKIR S, LL 96% M7 B ICRA R T
AR W)(Entry  15). 451 5 S B = A0 B8 4 A0 0T I
NRA B YRR, A=, RS EE K
Az (Entry 16). 75 LA N2 AR BERE T, i3k — 2500 s B
R FrifE PR @

Table 1 Optimization of the standard reaction conditions

o o
_ §\\ o O [Cp*RhCIl,/AgOAC, Phi(OAC),
+
\lv\:/l/ base, solvent, 80 °C

1a 2a
(0]
(0]
Z
(0]
3aa
Entry Base (2.5 equiv.) Solvent (1 mL) Yield/%

1 — HFIP 65%

2b — HFIP n.d.

3 — acetone n.d.

4 — THF n.d.

5 — DCE n.d.

6 — EA n.d.

7 — TFE n.d.

8 — EtOH n.d.

9 KOH HFIP 54%

10 NaOAc HFIP 32%

11 K2COs HFIP 28%

12 LiOH HFIP 10%

13 NaOMe HFIP 28%

14 LiO'Bu HFIP 26%

15 K3PO4 HFIP 96%
16¢ K3POs HFIP n.d.

Q o o o o)
OH
Jealsaisalonlon
1a’, 96% 1a-CO(O)CI, 54% 1a-OK, 70% 1a-H, 16% 1a-H, 28%

© 2021 Chinese Chemical Society & SIOC, CAS

4 Conditions: 1a (0.1 mmol), 2a (0.12 mmol), [Cp*RhCL,], (4 mol%), AgOAc
(25 mol%), PhI(OAc), (2 equiv.), base (2.5 equiv.), solvent (1 mL), 80 C, 12
h, under air, “—"=without base, n.d.=not detected. * [CymeneRuCl,], was
used instead of [Cp*RhCL],. ¢ Without [Cp*RhCl],.
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RN E AL B AT TIRER, I TR SZ A 5 Dy
PRI BUR IR #h 3 r) JE AU, {75 n] AECE IR A5 2 B AR
FEV. AN E LS e A S A, g S i 02
DA S e B ST v] DUR AR IOSE, 2 SEWCZE A P 1 B (Entry
17).

TERE RN 2R, X LRI 37 78 DL R SRR S 4 1)
BT T HEMEE . R 2 R, WRRMNEV AR
M R RV, gk FAEE. =TS TR
AT LLEH FiZ R Btk R (3ba, 3ca, 3ga~3ia, 3ma, 3na).
A AT AR SE AR S2 A DL K 2K R R IR AR E 2 1 R
SN, AT REE SRAL RN 5 | C—H %L
AR R A (3ba~3da). T AR 2, (A7 AR
VIG5 — H AR (3ea, 3fa). 4O LA ERA)
FINGE L A AR I, B B2k 3R B R AL, T A
(R AR 2R R TS AR BL 92% W 345 21 H x40,
o7 P 2 [ = R R 1 5 N6 T R 2R A T A R T
s HIHIVE R, B AR RErS 3 h S5,

PER O AT T & B, IR 3 P
7, BARHIPR T B35 AT DA A H 45 25 i WeR 453 21 H
bR, Horb 547 55 Bl 2k 57 FEUR A © B35 W] LA

#*2

RAAZINAR F, 13 BHH R R U 5 2R 5
(3ad, 3ae). WEFRLERHIEE O B W EET T 220
H. 73 B8 B AH B (R IR IR = M) 45 74 (3af, 66% 1 64%). 4-F2 5
FHRBEM G O 0 B — 2 AU,

5 R R ST - S7 728 R IR S L T T S ) 7 A 5 K L
AERITT BT, A€ ME STk H i

XZR R MREAT T — 5L JIAIURN) 4-F T T
EXRTISIVE LTIV A ES L o IR ESIER
HRH G R E 2 Bag~3aj). FERIUERIL &Y, 50
1,3-1% ZBAAN 1-2K35-1,3-T i DL L &1 1R . R ER 2%
W T ZRBARR, (HRARERH bR

N T BGUE RN AT RERINLER, HEAT T — RIS B SELG
(Scheme 2). 3 i Tt i) R S7 A AL G 1) 5 R W R A
Rh(II)FIEE BRERAETE 2, LA 96% 1153 B %15 5 H
FRr=W)(Scheme 2a). HE— P AEFRHE AT HFEAE 04T T
— € MR, AR BRI B U 0 e Ath A=A 71
(BERRES . BRIRAR . AR HR Bl FR A ) f U — SRR BICR,
SN ANRE & A2 (Schemes 2b Al 20) DA b 845 HRAIE W]
S SEAR Z5 A AL AR R R B ST A T R R 2 A I
I PR IR S I H [ A4

VB 7R R PR3 P s ] @

Table 2  Application scopes of sulfoxonium ylides and benzoic acids

R R
|\\ (>

o O standard conditions
OH) + U -
/

O
R
%
NG
o
3

2a
o)
(0]
=
o)
3aa, 96% (96%) 3ba, 16% 17%) 3ca, trace 34%) 3da, 32% 8% 3ea, 66% 58%)
o}
=
O
3fa, 72% (36%) 3ga, 74% 90%) 3ha, 51% (72%) 3ia, 64% (84%) 3ja, 88% (56%)
o}

0
4 Ph
0

3ka, 94% (96%) 3la, 96% (99%)

%

3ma, 51% (92%)

%

3na, 50% (44%)

3oa, 16% (53%)

4 Conditions: 1 (0.1 mmol), 2a (0.12 mmol), [Cp*RhCl,], (4 mol%), AgOAc (25 mol%), PhI(OAc), (2 equiv.), K3POy4 (2.5 equiv.), HFIP (1 mL), 80 C, 12 h, under

air, isolated yield, yields in the parentheses are from benzoic acids.
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Table 3 Application scope of cyclohexanediones

o o o) o o
Ph)J\78\— <Ph)J\OH) * T}ﬁq

1a or 1a' 2

[Cp*RhCl,l,, AgOAC, Phi(OAC),

K3PO,, HFIP, 80 °C

% ;

3ab, 93%( 8%) 3ac, 72% (72%)

g g O
o~ O OMe
3ag, 54% (51%) 3ah, 37% (79%)

3ad, 78% (56%)

Ph O

3af, 66% (64%)
O

OI
_ Br
o0~ O

3aj, 54% (37%)

3ai, 48% (75%)

4 Conditions: 1a or 1a' (0.1 mmol), 2 (0.12 mmol), [Cp*RhCl,], (4 mol%), AgOAc (25 mol%), PhI(OAc), (2 equiv.), KsPO4 (2.5 equiv.), HFIP (1 mL), 80 C, 12 h,

under air, isolated yield, yields in the parentheses are from benzoic acids.

o} [Cp*RhCI2]2 AgOAc
3aa
HFIP, 80 °C

96%

oy
Toas
Toad

condltlons
U 3aa
without PhI(OAc),
condltlons
U 3aa
oxidant instead of

PhI(OAc),
oxidant = AgOAc, Ag,CO3;, K,S,0g or Cu(OAc),
B 2 A S A ] o R e

Scheme 2 Control experiments of the iodonium ylide interme-
diate

AR SRR RS Y T BB R (A 4K 1a-1 (Scheme
3a), JFLABAE AL FIACE [Cp*RhCL], #EAT T IS
MR EAR, AT PURR KR A, BL 76%0 215 2] H br
Yi(Scheme 3c). DAMVEEHAIA 1a-1 10 B EEA, £
ORBCRAFAE N 53 O 2 e MABSEEL T H bR &9
(14 J8(Scheme 3b, 52%), AN L BRI N A GETS
FIHBRFEY). %55 R — DR 12 R R v R AR S5 R T
SRS A R A, BRI IR e B I e AR B AT L B
PE.

ik — P B AR I SRR, AT T B AR SE
(Scheme 4). LA 1,2- =5 LK N, A 10 equiv. K
YERE NG, PLBARHIV 45 2] H b5/~ #)(Scheme 4a).
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° 0
CpRNCIzlp DMSO | I (
@ ©)J\OH [ :HCO 2]|\2/| OH .
3 Ve cp’ T DMSO
0 1a-1, 47%

O, (0] AgOAc, K3PO4
+ —— > 3aa
HFIP, 80 °C

/=

*Cp  DMSO with PhI(OAC),, 52%
without PhI(OAc),, n.d.
0
o O 1a-1, AgOAc, PhI(OAc
(C) OH " , Ag ’ ( )2
K3PO,, HFIP, 80 °C

76%

B3 i) & s S

Scheme 3 Synthesis and reactions of the intermediate
PR IRIA AL C—H AR, W] C—H B
e pON Tl s P R N B U= B R Sl D DA EE A B DAE )
LSRG, [RIINIIN TR LA R TR R, FEAH AR
MR FE T N 30 min, BIR]732]H FR™=4)(Scheme 4b),
VR 53 B i 1 A AR G AT B1% SR A I 1) 3
IR 2 BN (KIEYE 9 3.0, BB C—H s il A2
T RE AR A SN R D

Fe T DA B BOHLBE S50 45 5 LKA 92 R SCHRAR B -,
U1 Scheme 5 Fi7w, AT AIZI MK £ 0] Gl it A ]
W77k C—H BT R R A BE T 1A AR,
T la~11), FEErp AR AL PR C B Al 57
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B —— 7
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DCE, 80 °C 0O

no deuteration

3aa
and

( O
(0]
O

(b)

OH

and + 2a
o] 40°C 3aa-d,
30 mins

Eijj/J\OH kulkp = 3.0
|

modified conditions
fliteiebibahdtbb bt

Ds 21% yield

B4 Jibridsss
Scheme 4 Deuterium labeling experiments

o}

(0]
OH
9 OH
Ho L) Cp*RhLX,
D
l-HZO HX
HX
3aa o} 0]

2 DN
Rh-Cp* Rh—L

0 0 Cp*
A
(0]
c + _Ph
/O I
Rh—Cp* O e}
0
L
L
B
PhI(OAc), | base

OUO
B 5 TTREMEILIAER

Scheme 5 Possible catalytic cycle

R AERCAL ST N RE, HE— 22 B 715 257 24
RLREIEALH ) D, SR T WA & TE R A
HOMIFRE LR EREN 3aa. Hrp BT e 5
AL RS, JEREN T —MEALTESE.

2 #ig

A DT e C—H 8IS, ISR E TR
BRI T ORI R TR R 1
R BRI O R R AE T S RS ER R AL
A s VR LA, B LIRS SRR C—H Bidkik,
BB T NG B bR Y. Ak R RA
IREF F R IEE, JF B AT DR AN F 0 Az 2L 1, 4
WA SLAE . RIR. R WS DAL, [RIN 1%
AT AR Ao N AT, R AEAIRS R, W AR R
R E AR S T i
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3 SIERSY
3.1 UHF5EH

F& RCNE AL B3 A 38 A PR~ w] WRX-4 2
S AU RN A% W LR S A A R SR S
Bruker AVANCE-400 MHz %4 . Bruker AVANCE-600 MHz
R SERAC 5E, LA CDCls. DMSO-ds. CD,Cly NI
s E PRI A Autoflex speed MALDLTOF/TOF
AR E ; BRER MBI AN, A SR AR 2GR0 38 i
2B A B oM ali, BT SE R Te R i — b alifh, B
. MENTRER G, 200~300 H). GF254 AR
B H R BT I R, B, FrH M EIT
s WREEF AT ER60~90 TR ZBR 2B, Fif [
WERA AT, REm#EEREHERSRE, H
TLC 77 W5 0 52 B k.

3.2 XWHE

FEIH 1% T M IR T s 5 R P AR O N I B R 37 438
(B 2K HZ)(0.1 mmol), ¥F - Hd254k &4(0.12 mmol),
TR IR A BB D) AR (4 mol%), B
FRER (20 mol%), — k4 FE 2K (0.12 mmol), K3PO,
(2.5 equiv.), 7NFFEMNEL(1.0 mL). RNIRAYE T T
80 CHITMM R INA N 12 h. KNAKRAEE =R,
RGN I LR RS R R R, I 200~300 H 1)
fEfe, BeZE, TERerE, M s A kAT o B
e, R 4% Y 3aa. C LAY (3aa~ 3Kka,
3ma, 3ab~3ad, 3ag~3aj)I&5HEd '"H NMR, 3C
NMR, “F NMR #fs 5 SCERE AT LU R . RN
14 ¥)(31a, 3na, 30a, 3ae, 3af)[J 45 H)iE T 'TH NMR, 1*C
NMR, HRMS #fiiE.

3,4- A -1H-ZEH (]t )f-1,6(2H)- i (3aa): [
44, m.p. 129~132 C (Lit.*®! 128~129 C); '"H NMR
(400 MHz, CDCls) 6: 9.06 (d, J=8.3 Hz, 1H), 8.29 (dd,
J=179, 1.1 Hz, 1H), 7.92~7.68 (m, 1H), 7.53 (t, J=7.5
Hz, 1H), 2.94 (t, J=6.3 Hz, 2H), 2.67 (dd, J=8.6, 4.9 Hz,
2H), 2.22~2.14 (m, 2H); 3C NMR (150 MHz, CDCls) &:
196.3, 168.8, 162.0, 135.0, 133.4, 129.0, 127.8, 125.4,
119.3, 111.0, 38.3, 28.3, 19.4.

7-%-3,4- A -1H-2K I [c] B Jfi-1,6(2H)- i (3ba):
A EA, mp. 115~117 C (Lit* 116~117 ‘C); 'H
NMR (600 MHz, CDCls) d: 8.95 (t, J=12.0 Hz, 1H),
7.96~7.67 (m, 1H), 7.39~7.22 (m, 1H), 3.19~2.87 (m,
2H), 2.79~2.65 (m, 2H), 2.33~2.17 (m, 2H); *C NMR
(150 MHz, CDCls) d: 196.4, 170.5, 162.8 (d, J=267.0
Hz), 155.7 (d, J=5.5 Hz), 137.1 (d, J=10.1 Hz), 136.2,
121.9 (d, J=4.5 Hz), 115.8 (d, J=20.6 Hz), 110.9, 108.9

Chin. J. Org. Chem. 2021, 41, 4476~4483
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(d, J=6.5 Hz), 39.0, 29.0, 19.8; '°F NMR (565 MHz,
CDCly) 0: —106.38~—106.41 (m).

7-8-3,4- A -1H-Z I [c] t Hi-1,6(2H)- i (3ca):
H AR, mp. 163~164 C (Lit[* 160~161 C); 'H
NMR (600 MHz, CDCl3) 6: 9.05 (d, J=8.1 Hz, 1H), 7.65
(t, J=7.8 Hz, 1H), 7.56 (d, J=7.8 Hz, 1H), 2.92 (t, J=5.7
Hz, 2H), 2.65 (dd, J=15.6, 9.8 Hz, 2H), 2.27~2.07 (m,
2H); 3C NMR (150 MHz, CDCl3) 6: 196.3, 170.1, 156.7,
137.0, 136.8, 135.2, 131.4, 124.7, 117.0, 111.0, 39.0, 28.9,
19.7.

7- B3 -3,4- A -1H- 7K 3 [c] 0 4 -1,6(2H)- — il
(3da): [ B E 4, mp. 110~112 C (LitM*] 110~
111 ‘C); '"H NMR (600 MHz, CDCl;) d: 8.90 (d, J=8.3
Hz, 1H), 7.59 (t, J=7.9 Hz, 1H), 7.29 (d, J=7.5 Hz, 1H),
2.88 (t, J=6.3 Hz, 2H), 2.76 (s, 3H), 2.65~2.58 (m, 2H),
2.17~2.09 (m, 2H); *C NMR (150 MHz, CDCL) o:
196.9, 169.5, 159.6, 143.4, 135.6, 134.9, 131.5, 123.9,
118.4,111.7,29.0, 23.8, 20.0.

8- F 5k -3,4- — & -1H- 2K IF [c] 0 ) -1,6(2H)- — Hiid
(3ea): M E A, mp. 159~162 C (Lit.*! 160 ~
161 “C); '"H NMR (600 MHz, CDCls) &: 8.93 (d, J=8.4
Hz, 1H), 8.09 (d, J=0.6 Hz, 1H), 7.60 (dd, /=8.4, 1.6 Hz,
1H), 2.93 (t, J=6.3 Hz, 2H), 2.73~2.61 (m, 2H), 2.46 (s,
3H), 2.24~2.10 (m, 2H); 3C NMR (150 MHz, CDCl;) ¢:
197.0, 168.7, 160.7, 138.7, 136.9, 131.5, 129.3, 126.0,
119.84, 111.7, 38.9, 28.9, 21.2, 20.1.

8- H A Fk-3,4- A -1H- K I [c] )i -1,6(2H)- — il
(3fa): MK, mp. 159~160 C (Lit.*! 158 ~
159 ‘C); '"H NMR (600 MHz, CDCLs) &: 8.54 (d, J=2.6
Hz, 1H), 8.13 (d, J=8.8 Hz, 1H), 7.01 (dd, J=8.8, 2.6 Hz,
1H), 3.92 (s, 3H), 2.90 (t, J=6.3 Hz, 2H), 2.67~2.58 (m,
2H), 2.21~2.09 (m, 2H); 3C NMR (150 MHz, CDCl;) ¢:
197.3, 170.5, 165.5, 160.2, 136.5, 131.7, 117.0, 112.8,
111.4,108.4,55.8,39.1,29.2, 20.1.

9-9.-3,4- A -1H-ZK I [c] )i -1,6(2H)- — i (3ga):
B FE AR, mp. 157~158 C (Lit.[*! 124~125 C); 'H
NMR (600 MHz, CDCls) 6: 8.74 (dd, J=11.3, 2.6 Hz,
1H), 8.24 (dd, J=8.8, 5.9 Hz, 1H), 7.20~7.12 (m, 1H),
2.92 (t, J=6.3 Hz, 2H), 2.68~2.60 (m, 2H), 2.27~2.10
(m, 2H); *C NMR (150 MHz, CDCl3) d: 196.6, 170.8,
167.2 (d, J=256.0 Hz), 159.6, 136.7 (d, J=12.3 Hz),
132.7 (d, J=10.5 Hz), 116.6 (d, J=23.5 Hz), 116.4 (d, J=
2.2 Hz), 112.6 (d, J=26.2 Hz), 111.0 (d, J=3.1 Hz), 38.8,
29.1, 20.0; F NMR (565 MHz, CDCl;) §: —98.81~
—98.85 (m).

Chin. J. Org. Chem. 2021, 41, 4476~4483
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9-5-3,4- “E-1H-ZK I [c] )5 -1,6(2H)- i (3ha):
B AR, mp. 151~153 C (Lt 153~154 C); 'H
NMR (600 MHz, CDCl;) 6: 9.11 (d, J=1.9 Hz, 1H), 8.19
(d, J=8.5 Hz, 1H), 7.48 (dd, J=8.5, 2.0 Hz, 1H), 2.94 (t,
J=6.3 Hz, 2H), 2.71~2.58 (m, 2H), 2.25~2.11 (m, 2H);
13C NMR (150 MHz, CDCl3) d: 196.8, 170.9, 160.0, 143.1,
135.6, 131.4,129.3, 126.3, 118.5, 111.1, 39.1, 29.4, 20.2.

9-1R-3,4- ~EH-1H-K I [c] 0 Ji-1,6(2H)- — i (3ia):
HE A, mp. 157~159 C (Lit.*! 155~156 ‘C); 'H
NMR (600 MHz, CDCl3) 6: 9.29 (d, J=1.9 Hz, 1H), 8.11
(d, J=8.5 Hz, 1H), 7.65 (dd, J=8.5, 1.9 Hz, 1H), 2.94 (t,
J=6.3 Hz, 2H), 2.73~2.57 (m, 2H), 2.29~2.06 (m, 2H);
13C NMR (150 MHz, CDCl3) 8: 196.4, 170.5, 159.0, 135.3,
131.9,131.7,131.0, 129.1, 118.6, 110.7, 38.8, 29.1, 19.9.

9- W1k -3,4- A -1H- K FF [¢] B Wi -1,6(2H)- — T
(3ja): H B E A&, mp. 165~166 C (Lit.*! 166~
167 C); '"H NMR (600 MHz, CDCl;) d: 8.90 (d, J=7.9
Hz, 1H), 8.05 (s, 1H), 7.58 (d, J=8.0 Hz, 1H), 2.91 (s,
2H), 2.63 (s, 2H), 2.43 (s, 3H), 2.16 (s, 2H); '3C NMR
(150 MHz, CDCL3) 0: 197.0, 168.7, 160.7, 138.7, 136.9,
131.5, 129.3, 126.0, 119.8, 111.7, 39.0, 28.9, 21.2, 20.1.

9- BT Hk-3,4- T E-1H-2R I [c] B ) -1,6(2H)- — i
(3ka): M4k, mp. 107~109 C (Lit* 106~
107 “C); 'H NMR (600 MHz, CDCL3) §: 9.11 (s, 1H), 8.17
(d, J=17.7 Hz, 1H), 7.55 (d, J=7.5 Hz, 1H), 2.90~2.97
(m, 2H), 2.63~2.76 (m, 2H), 2.15~2.23 (m, 2H), 1.37 (s,
9H); 3C NMR (150 MHz, CDCl3) d: 197.2, 169.6, 160.4,
159.8, 134.0, 129.4, 126.1, 122.7, 117.3, 111.7, 39.1, 35.8,
31.1,29.0, 20.1.

9-2KHE-3 4- “ A -1 H- R I [c] B )di-1,6 2 H)- i (31a):
F A, mp. 168~171 ‘C; 'H NMR (600 MHz,
CDCls) d: 9.28 (s, 1H), 8.25 (d, J=7.1 Hz, 1H), 7.73~
7.65 (m, 3H), 7.47~7.51 (m, 2H), 7.41 (s, 1H), 2.89 (s,
2H), 2.63 (s, 2H), 2.15 (s, 2H); 3C NMR (150 MHz,
CDCLy) d: 197.0, 169.9, 160.3, 148.1, 139.6, 134.5, 130.1,
129.0, 128.7, 127.6, 127.1, 124.3, 118.4, 111.5, 39.0, 29.0,
20.0; HRMS (ESI-TOF) calcd for C9H;4NaO; [M+Na]"
313.0833, found 313.0835.

9- H A FE -3 4- & -1H-K I [c]) B )i -1,6(2H)- —
(3ma): A G E A, mp. 166~169 C (Lit.l%1 147~
148 ‘C); 'H NMR (600 MHz, CDCls) 6: 8.56 (s, 1H), 8.12
(dd, J=25.4, 8.9 Hz, 1H), 7.10~6.91 (m, 1H), 4.04~3.82
(m, 3H), 3.03~2.71 (m, 2H), 2.71 (s, 2H), 2.09 (d, J=
74.2 Hz, 2H); BC NMR (150 MHz, CDCly) d: 197.2,
170.4, 165.4, 160.1, 136.4, 131.6, 116.9, 112.7, 111.3,

http://sioc-journal.cn/ 4481



BIKE

MRILX

108.3, 55.7, 39.0, 29.1, 20.0.

9-( = 3)-3.4- A -1H-ZE I [c] )i -1,6(2H)- —
i (3na): A, mp. 94~97 C; 'H NMR (600 MHz,
CDCl3) 6: 9.39 (d, J=24.0 Hz, 1H), 8.37 (d, J/=8.0 Hz,
1H), 7.72 (t, J=16.5 Hz, 1H), 2.96 (s, 2H), 2.68 (s, 2H),
2.20 (d, J=5.6 Hz, 2H); 3C NMR (150 MHz, CDCL) ¢:
196.6, 170.7, 159.5, 137.0 (q, J=32.8 Hz), 134.7, 130.5,
1249 (q, J=3.2 Hz), 123.7 (q, J=3.8 Hz), 123.5 (d, J=
273.9 Hz), 122.5, 111.0, 38.9, 29.1, 20.0; "9F NMR (565
MHz, CDClL3) 6: —63.39; HRMS (ESI-TOF) caled for
C1sHoF3NaO; [M+Na]”™ 305.0400, found 305.0396.

8,9- & -5H-Z5 I [1,2-c] th Ji-5,10(7H)- —- il (30a):
@ & 4K, mp. 172~174 ‘C; 'H NMR (400 MHz,
CDCL3) d: 9.63 (d, J=8.7 Hz, 1H), 9.17 (d, J=9.1 Hz,
1H), 8.19 (d, J=9.1 Hz, 1H), 7.92 (d, J=8.0 Hz, 1H), 7.75
(ddd, J=8.6, 6.9, 1.4 Hz, 1H), 7.64 (dd, J=11.0, 3.9 Hz,
1H), 3.01 (t, J=6.4 Hz, 2H), 2.71 (dd, J=8.6, 4.8 Hz,
2H), 2.26~2.15 (m, 2H); 3C NMR (150 MHz, CDCl;) ¢:
196.8, 170.6, 159.4, 137.4, 136.9, 132.7, 131.3, 129.4,
128.6, 127.2, 126.6, 122.6, 113.6, 111.9, 39.3, 29.1, 19.9;
HRMS (ESI-TOF) caled for C;7H;305 265.0862, found
265.0859.

3- H 3 -3.4- A -1H- 2R 3F [e]) B M -1,6(2H)- — T
(3ab): AR, mp. 129~133 C (Lit* 127~
128 °C); 'H NMR (600 MHz, CDCl;) d: 9.28~9.08 (m,
1H), 8.40 (dd, J=7.9, 1.1 Hz, 1H), 7.96 (d, J=0.8 Hz,
1H), 7.92~7.88 (m, 1H), 7.69~7.61 (m, 1H), 7.47 (dd,
J=8.4,1.7 Hz, 1H), 7.31 (d, J=8.4 Hz, 1H), 2.48 (s, 3H);
13C NMR (150 MHz, CDCl;) d: 197.0, 168.9, 160.6, 135.7,
134.0, 129.6, 128.4, 125.9, 119.8, 111.2, 47.2, 36.9, 27.7,
20.8.

3- ¢ N HE-3,4- A 1H- R[] B ) -1,6(2H)- — T
(3ac): A A, mp. 136~138 C (Litd 139~
141 “C); '"H NMR (600 MHz, CDCl3) d: 9.03 (d, J=8.3
Hz, 1H), 8.26 (d, J=7.9 Hz, 1H), 7.88~7.72 (m, 1H),
7.52 (t, J=7.6 Hz, 1H), 2.90 (ddd, J/=18.0, 4.7, 1.5 Hz,
1H), 2.76~2.66 (m, 2H), 2.38 (dd, J=15.9, 13.2 Hz, 1H),
2.10~2.00 (m, 1H), 1.71~1.63 (m, 1H), 1.00 (dd, J=6.8,
2.2 Hz, 6H); '3C NMR (150 MHz, CDCl;) J: 197.6, 169.8,
160.9, 136.0, 134.3, 129.9, 128.7, 1262, 120.1, 111.5,
43.5,39.1,33.2,32.2,19.2, 19.8.

3- R HE3.4- A -1H- K I [] B0 ) -1,6(2H)- — B
(3ad): A E 4K, mp. 165~166 C (Lit* 166~
167 “C); '"H NMR (400 MHz, CDCl3) §: 9.08 (d, J=38.1
Hz, 1H), 8.29 (dd, /=8.0, 1.1 Hz, 1H), 7.81 (ddd, J=8.5,
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7.3, 1.5 Hz, 1H), 7.57~7.52 (m, 1H), 7.43~7.36 (m, 2H),
7.32 (dd, J=7.3, 1.4 Hz, 2H), 7.29 (d, J=1.7 Hz, 1H),
3.68~3.41 (m, 1H), 3.24~3.11 (m, 2H), 2.98~2.84 (m,
2H); *C NMR (150 MHz, CDCl3) d: 196.4, 168.9, 160.7,
141.8, 136.1, 134.1, 130.0, 129.4, 128.9, 127.9, 126.9,
126.3,120.2, 111.7, 46.2, 38.3, 36.7.

3-(WRN-2-3E)-3 4- A -1H-FE I [c] B )-1,6(2H)- —
fil(3ae): HEFE A, mp. 101~102 C; 'H NMR (400
MHz, CDCls) 6: 9.08 (d, J=8.3 Hz, 1H), 8.30 (dd, J=8.0,
1.1 Hz, 1H), 7.95~7.73 (m, 1H), 7.55 (t, J=7.6 Hz, 1H),
7.41~7.32 (m, 1H), 6.30~6.39 (m, 1H), 6.14 (d, J=3.2
Hz, 1H), 3.66~3.72 (m, 1H), 3.30~3.15 (m, 2H), 3.03~
2.80 (m, 2H); 3C NMR (150 MHz, CDCl;) §: 196.4,
168.9, 160.7, 141.8, 136.1, 134.1, 130.0, 129.4, 128.9,
127.9, 126.9, 126.3, 120.2, 111.7, 46.2, 38.3, 36.7; HRMS
(ESI-TOF) caled for Ci7Hi;;2NaOs [M+Na]™ 303.0622,
found 303.0628.

BRI [c] Euls-3,1- 38 [t 1-1,6(2H,4H)- i (3af):
F & 44, mp. 183~185 C; 1H NMR (600 MHz,
CDCls) d: 9.04 (d, J=8.3 Hz, 1H), 8.50~8.12 (m, 1H),
7.80~7.67 (m, 1H), 7.52 (t, J=7.5 Hz, 1H), 2.88 (s, 2H),
2.62 (s, 2H), 1.75~1.54 (m, 8H); '*C NMR (150 MHz,
CDCl;) J: 197.4, 169.0, 161.0, 136.0, 134.3, 129.9, 128.7,
126.2, 120.1, 111.3, 51.5, 42.9, 41.6, 38.4, 24.1; HRMS
(ESI-TOF) caled for Ci7H;¢NaO; [M+Na]™ 291.0988,
found 291.0992.

6H,11H-5 7 5.2 [4,3-c] (0 )fi-6,11- i (3ag): A
1A, m.p. 261~262 ‘C (Lit.’2 287~288 ‘C); '"H NMR
(600 MHz, CD»Cl,) 6: 9.17 (d, J=8.3 Hz, 1H), 8.39 (dd,
J=17.9, 12 Hz, 1H), 8.17 (dd, J=7.9, 1.4 Hz, 1H), 7.97~
7.90 (m, 1H), 7.69~7.75 (m, 2H), 7.45~7.49 (m, 2H);
BC NMR (150 MHz, CD.Cl) 6: 159.6, 159.4, 158.3,
153.2, 136.6, 134.3, 133.8, 130.6, 130.0, 126.9, 125.5,
124.1,121.1, 117.3, 114.1, 101.7.

2-F SR B -6 H 1 | H- 57 7 5 3 [4,3-c] )i -6,11- il
(3ah): [ {0 & 4K, mp. 222~223 C (Lit[* 221~
222 “C); 'H NMR (600 MHz, CD,Cl,) J: 9.10 (d, J=8.3
Hz, 1H), 8.35 (dd, J=7.9, 1.1 Hz, 1H), 8.04 (d, /=8.9 Hz,
1H), 7.89 (ddd, J=8.5, 7.3, 1.5 Hz, 1H), 7.65~7.58 (m,
1H), 7.00 (dd, J=8.9, 2.4 Hz, 1H), 6.90 (d, J=2.4 Hz,
1H), 3.93 (s, 3H); 3C NMR (150 MHz, CD,Cl,) d: 165.1,
159.8, 158.9, 155.2, 136.5, 134.2, 130.6, 129.3, 126.4,
125.3,120.5, 114.0, 107.2, 101.0, 99.1, 56.7.

3-FIE-6H,11-57 7 5 K [4,3-c] . }5-6,11- i (3al):
H &R, mp. 213~215 C (Lit*! 221~222 C); 'H

Chin. J. Org. Chem. 2021, 41, 4476~4483



Chinese Journal of Organic Chemistry

NMR (600 MHz, CDCls) d: 9.28~9.08 (m, 1H), 8.40 (dd,
J=179, 1.1 Hz, 1H), 7.96 (d, J=0.8 Hz, 1H), 7.92~7.88
(m, 1H), 7.69~7.61 (m, 1H), 7.47 (dd, J=8.4, 1.7 Hz,
1H), 7.31 (d, J=8.4 Hz, 1H), 2.48 (s, 3H); 3C NMR (150
MHz, CDCl:) 0: 159.4, 159.3, 157.9, 150.9, 136.3, 135.1,
135.0, 133.4, 130.4, 129.5, 126.6, 123.3, 120.4, 116.7,
113.2,101.2, 21.1.
3-JR-6H,11H- 7 & % [4,3-c] B )#i-6,11- i (3aj):
FH@EA, mp. 275~276 C (Lit.* 260~261 C); 'H
NMR (600 MHz, DMSO-ds) J: 9.03 (d, J=8.2 Hz, 1H),
8.34 (d, J=7.9 Hz, 1H), 8.14 (s, 1H), 8.05 (t, J=7.7 Hz,
1H), 7.97 (d, J=8.8 Hz, 1H), 7.79 (t, J=7.6 Hz, 1H), 7.57
(d, /=8.8 Hz, 1H); *C NMR (100 MHz, CD,CL) ¢:
159.3, 158.9, 157.1, 152.1, 137.1, 136.8, 133.4, 130.8,
130.4, 127.0, 126.7, 121.2, 119.2, 118.3, 115.7, 102.5.

44 Bh#4 %} (Supporting Information) 1 [A1 & H & 5
SRE SRR ICSEE | Bl ) 5 R 22 R0 S 6 i) 3R P BR.
774 3aa~30a, 3ab~3aj KRR . i, #0E,
3na, 30a, 3ae, 3af 1) HRMS #4E. X481l a] L9 2 M
AT R 33k (http://sioc-journal.cn/) | R %K.
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