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Synthesis of 2-Substituted Cyclopenta[c]chromene Derivatives by
a-C Insertion of Acetonitrile (Acetone)
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Abstract The efficient synthesis of 2-substituted cyclopenta[c]chromene derivatives was realized by a-C insertion of
acetonitrile (acetone) with oxygen-linked 1,7-enynes catalyzed by cuprous bromide. The advantages of this reaction were wide
range of substrates, high compatiblity of functional groups and good yield. The results showed that this was a radical reaction
process, and it was also an effective way to construct oxygen-containing heterocycles. The X-ray diffraction analysis of
1-(4-fluorophenyl)-3a,8-dimethyl-2,3,3a,4-tetrahydrocyclopenta[c]chromene-2-carbonitrile (3am) further confirmed the struc-
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ture of the product.
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FRAMCEMNEE RN TR, CIRIE TR 2 &
JREUG-81 ORI, BRI 1,7-JBRIA A S L D AR A A ik A ),
A HIAUE A S IR A AR UG 1,7-Ji bR S R 0L, 3
B IRAE T 4UBC 1,7-4bk 55 B QAR I vt A 2 1 35 1k
oty BT (B)- WO AT AR DL R 5 B AT i A I R
PR i S R [2 42 + L R AR B R 4 0
ATAERRL AR T AR, AT TR 1,7-Mbk 5 2
5 PIER AR o- AR ANE R a-BRIA T7 205
WESHATED.

1 &R511R

PL1,7-J R (1a) 5 2 a)VE SR I B (A, i

e SN B AR IR N 2 AR (R 1), RS R S A AN R AG

1 £5(20 mol%) 1 A AL 7, 3.0 equiv. 4R T 3T 4R

WHI(DTBPYENEALT, £ 120 C. ZASHE B
F1RALHMRAL ¢

Table 1 Optimization of the reaction conditions

g L o

Z -
O + HiC—CN Screening conditions '
T »
(0)
1a 2a 3aa
Entry  Cat. Oxidant Temp./C Time/h Yield®/%
1 CuCl DTBP 120 60
Cu20 DTBP 120 59
3 CuBr DTBP 120 65 (dr>20:1)
4 Cul DTBP 120 45
5 CuClz DTBP 120 51
6 Cu(OAc) DTBP 120 48
7  Cu(OTf). DTBP 120 37
8 CuBr BPO 120 43 (dr>20: 1)

9 CuBr TBPB 120
10 CuBr  K2S20s 120
11 CuBr DTBP 120
12 CuBr DTBP 120
13 CuBr DTBP 120
14 CuBr DTBP 130
15 CuBr DTBP 140
16 CuBr DTBP 100
17 CuBr DTBP 90
18¢ CuBr DTBP 120
194 CuBr DTBP 120
20¢ CuBr DTBP 120 41 (dr>20:1)
21 — DTBP 120 10

22 CuBr — 120 12 0

4Reaction conditions: 1a (0.2 mmol), 2a (2.0 mL), catalyst (20 mol%), DTBP
(3.0 equiv.), reaction at 120 ‘C for 12 h (monitored by TLC) under nitrogen

51 (dr>20: 1)
36 (dr>20: 1)
70 (dr>20 : 1)
74 (dr>20 : 1)
73 (dr>20: 1)
70 (dr>20 : 1)
65 (dr>20: 1)
42 (dr>20: 1)
30 (dr>20: 1)
45 (dr>20: 1)
53 (dr>20: 1)

A
RN RONODNRNDOS ® P 000 X0 0N

atmosphere. ®Isolated yield of product 3aa. ¢ Under the air conditions. “DTBP
(2.0 equiv.). ¢ CuBr (10 mol%). The dr value was determined by NMR.
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8 h. 45 R EIAL & —Hr 14177 (CuCl, CuBr, Cul,
Cu,0), &2 A i4 2 [CuCly, Cu(OAc),, Cu(OTH)s],
SRS B LA AR A R P E IR 3R 15 B BR P ) (Entries
1~7), 1M CuBr fiE{b 1R RS AH R —4(65%), HEA
TSI dr B (dr>20 : 1). BJ5 LA CuBr £ N AR AL F,
W FEAS 6] 1) S8 AR [ S8 2R R BE(BPO) I AR TR
T ER(TBPB), KoS:Os]%f [ 20, 25 J IR, XL
AN R B AR ER, (2481 T DTBP (Entries
8~10). [FIWSHIFC 1 I JoL Fof T S5 e 7 FRD B2, 224 B 1] ey
ShZEKH] 12 h, B n] LUA R 74%, 1M 5 B2 1]
FEKF] 14 h, B FEARWA K (Entries 11~13). BHIT
RIS it FEE R S B A B R R R, 2 SRS FE R
F| 130, 140 C, RPMYEHA T B (Entries 14, 15),
M2 SN EEREF] 100, 90 CHY, J 7= 53R s f& I
(Entries 16, 17). W R MNAETSSH AT, RSP D
2 T % (Entry 18). CuBr f# 4477 DTBP &AL & B
#AEBEMER, JEA0 2 PR R IR B
(Entries 19, 20), M/ &I H M —Fh, RESEAGE
I 5 B (Entries 21, 22). f2&HH7E I N 2400 R :
P CuBr (20 mol%) Nk, DTBP (3.0 equiv.) A%t
7, WA T, 1,7-M55k 1a (0.2 mmol)7E Z (2.0 mL)
FF 120 CKMN 12 h

TERfE RS AESE, X N R R Ta AT T %2
(F2). EMT T ARG AR 1,7-10 5 25 R
0L 2 1,7-M R iRy b o R PR b BRI A 25 - JE I
ANERFE, 23, ERIEHIE. FAE, RNHELLH
R UL BRIk sy, BEARSEN dar A
(3ab~3af). 2RI Fod BT 1 e R T, OB FTUR
RIS T, (EAK AR AT LLIRAS 0 = 0 45 2R (3ag ~ 3aj).
B Je X Wty R R A FR SR BUEAT T AT,
A RIRZERE . A-FRREZEIERN 4-F R LN, SR HR AT LA
F5E K (3ak~3am), H. 3am {5 ART S ik — 5
W T =254

WG58 T 1,7-00 5 HAT o- FJE (0 DR R 1) S o 1
B, B0 RIS [ o] CABUR 5 (3 3). 24 1,7-0
e EEAATATHARIERT, RBLL 78% MWL Z 3/ 15 H b5~
YI(3ba). 24 1,7-J BRI AR B 4 T i S [,
WIREE, ok, IR, IET . RERMOEREN, R
ML 56%~T78% I 3K 153 H An 4, HEAGIRTFH dr
{E(3bb~3bh). 1,7-fibgity F A SR TAERN, &
N B ER AR AL AS K (3bi~3bK). T 4 B 1 S 2838 _E [
R R T, BL 63% AR =4 3bl.
P 4 S0 1,74 e b A B 32 140 - e o %o e
ALK N
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Table 2 Reaction results of oxygen-linked 1,7-enynes and acetonitrile

R! — 1

TSN — W« CuBr 20 mol%) "X
— R2 + HiC—CN DTBP (3.0 equiv.)
0‘) 120 °C, Ny, 12 h
1 2a

Q. Q. O,
OD OD OD OD OD OD

3aa, 74%” (dr > 20:1) 3ab, 63% (dr > 20:1) 3ac, 75% (dr> 20:1) 3ad, 70% (dr > 20:1) 3ae, 68% (dr>20:1) 3af, 62% (dr > 20:1)
F

(e}

Cl
: Qs O
CN CN CN CN
o~ O o X T
3ag, 67% (dr>20:1) 3ah, 61% (dr> 20:1) 3ai, 62% (dr>20:1)  3aj, 57% (dr> 20:1) 3ak, 64% (dr > 20:1) 3al, 59% (dr > 20:1)
. -
\,\
Qo i
<, Y
' Nl e
f— / >’\7I\
O Pat2s
o) WA
3am, 60% (dr > 20:1) ORTEP drawing of 3am

@Unless otherwise indicated, all reactions were carried out with 1 (0.2 mmol) and acetonitrile (2 mL) at 120 “C under N, condition. ®Isolated yield. The dr value
was determined by NMR.

R3O LTS PIRREG Sm R @

Table 3 Reaction of oxygen-linked 1,7-enynes and acetone

o CuBr (20 mol%)
)k DTBP (3 0 equv.)
o HsC~ “CH
_>: 3 120°C, Ny, 12h
1

2b 3ba ~ 3bl
CHj CH3 Ha
L L O O . L
3ba, 78%" (dr>20:1)  3bb, 56% (dr >20:1) 3be, 73% (dr> 20:1)  3bd, 69% (dr>20:1)  3be, 66% (dr>20:1) 3bf, 65% (d > 20:1)
o) o F F
QL o Yo A 9o 0
CHs CHs
L L O O ) O
3bg, 71% (dr>20:1)  3bh, 67% (dr>20:1)  3bi, 60% dr> 20:1) 3bj, 58% (dr>20:1)  3bk, 67% (dr>20:1) 63% (dr> 20:1)

@Unless otherwise indicated, all reactions were carried out with 1 (0.2 mmol) and acetone (2 mL) at 120 ‘C under a N, condition. * Isolated yield. The dr value was
determined by NMR.
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W J 1% S HLEREAT TR AL AR R, 7R
1a 5 2a RMFBHIINT 3 equiv.f H B3 K]
2,2,6,6-VU F BLIRIE S AL )(TEMPO) L 2,6- U %:-4-
AR (BHT), 258 Bon# A B &) 3aa (1E
B, B URAE 2 S B — A E R SO AR SR ) 45
FRSCHERIRIBE R, XA S B H 0 R HLER. BLA R
3aa AB, BEARTEMBE LT BT B Ak R A
R TRT A A BE, ZE S LEERSR
B E WA A, T SURY) 1a (0K i, 153
Bk B IR B, H S (R B SRR N B
BEITFEA C, C & TN 15-BIER IR B et
H LA D, BJE 81 A HSEE 3]
K E, 2, LR EIRAZBRREER . G,
A& E 5 25 7E CuBr-DTBP L [F/EH T kKA S 1
R, 198 THEFHREAE F, FHE A FoEd %
JRF4 433 B b5 74 3aa (Scheme 1).

2 #ig
il TERM S DTBP 276 F, S0 1,7-7 %k

Ph

5 ZIEecE AR RS 120 CTRRAEA AR
B2, #3d a-C MIRATT 3, I IRAT 230 s T .
ARSI 17 AR S A A RO i, KR T
SRR BT A g, RN T 1 et
LG B BV .

3 SCIEE4e

3.1 EEEEHF

F 0 5E A8 FH AR SR FRODAXES ) A= ) TXS &
T R A 5 (R FE R AR IE); A% WL IR &0 R A
Bruker-400 MHz A% 1 H:A4RACN &, CDCL N7, TMS
NWNFE; =5 #EFEE K ] Bruker micrOTOF-Q-I1 514 #%
JRVEACI E; SR R Siemens P4 UG A7 543G 2

AR 1, 7-M A B SR T VA S R, 2 *DW@H
TS TR, AR A o A di sl fb 4, THE T
B P s 227wl /N I PO [ St A
32 ZWHE

[T 15 mL SESR S A AR I SRR 1,7-J ke

Ph CN

.

Z standard conditions '
+ CH3CN

O/\[/ TEMPO or BHT (3.0 equiv.) O

1a

3aa
not detected

‘BuOOBu

F (B
/C u(ll) tBuO’
CH4CN

\E
Ph H _CN

5

Ph_ H._CN
7 |
» 8,
A/S/?/}? ©\jj2/ /
O
Cc

2a

‘BuOH

B 1 WREM RS HLER

Scheme 1 Possible mechanism of reaction
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1 (0.2 mmol)FIIRAL W4 (20 mol%), FEL %, BB #: 3
R, FESZHEN BT i S (3.0 equiv). 4JfE
B EH(2.0 mL), 120 ChnF#AdH: 12 h, M= A
(TLO)MRMI [ L, S5 2 )5, IR K, 4
A Kk, FH AR AEEG.0 mLX3)AHL, AHLAH
FATC/KBRERAN T4, k98 2 5 3R 15 A ML 080K 751
W4E, HEN(CGR OE/AMES, vV V=10 1)5153]
SRENEEL

2-FHE-3a- F 3E-1-48 32,3, 30,4- DU A3 LR I [ ] T
/i (3aa): A EFE A, 43 mg, 75F 74%. mp. 139~
140 “C; 'H NMR (400 MHz, CDCLy) : 7.51 (dd, J=8.4,
1.6 Hz, 2H), 7.45~7.38 (m, 3H), 7.19~7.15 (m, 1H), 7.05
(dd, J=8.0, 1.2 Hz, 1H), 6.90 (d, J=8.4 Hz, 1H), 6.67~
6.63 (m, 1H), 4.29 (d, J=10.4 Hz, 1H), 3.92 (d, J=10.4
Hz, 1H), 3.70 (d, J=9.6 Hz, 1H), 2.30 (d, J=13.2 Hz,
1H), 2.12 (dd, J=13.2, 9.6 Hz, 1H), 1.46 (s, 3H); 3C
NMR (100 MHz, CDCly) d: 154.0, 139.3, 136.1, 130.5,
129.1, 128.4, 128.1, 127.9, 127.4, 121.9, 120.5, 117.3,
117.2, 76.4, 45.5, 39.0, 21.6; HRMS (ESI-TOF) calcd for
Ca0Hi7NONa [M+Na]" 310.1208, found 310.1211.

2-FHE-3a- FH -1 - i) FE DR JE-2,3,30,4- U S04 00 5F
[c]th)i(3ab): A EK, 38 mg, F2% 63%. m.p. 118~
119 ‘C; '"H NMR (400 MHz, CDCLy) &: 7.33~7.29 (m,
3H), 7.20~7.18 (m, 1H), 7.16~7.14 (m, 1H), 7.07 (dd,
J=8.0, 1.6 Hz, 1H), 6.90 (dd, J=8.4, 0.8 Hz, 1H), 6.68~
6.64 (m, 1H), 4.28 (d, J=10.4 Hz, 1H), 3.91 (d, J=10.4
Hz, 1H), 3.68 (d, J=9.2 Hz, 1H), 2.38 (s, 3H), 2.29 (dd,
J=12.8, 0.8 Hz, 1H), 2.11 (dd, J=13.2, 9.6 Hz, 1H), 1.45
(s, 3H); 3C NMR (100 MHz, CDCls) &: 154.0, 139.1,
138.9, 136.0, 130.4, 129.2, 129.0, 128.5, 128.0, 127.6,
125.2, 121.9, 120.5, 117.4, 117.2, 76.4, 45.6, 39.1, 21.6,
21.5; HRMS (ESI-TOF) calcd for C,;H;9NONa [M+Na]*
324.1364, found 324.1360.

2-FHE-3a- P - 150 AR ORJE-2,3,30,4- DU S030 10004 5F
[c]t )@ (3ac): FEEK, 45 mg, 723K 75%. m.p. 129~
130 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.40 (d, J=8.0
Hz, 2H), 7.22 (d, J=7.6 Hz, 2H), 7.18~7.14 (m, 1H),
7.11 (dd, J=8.0, 1.6 Hz, 1H), 6.90 (d, J=8.4 Hz, 1H),
6.69~6.64 (m, 1H), 4.28 (d, J=10.0 Hz, 1H), 3.91 (d, J=
10.4 Hz, 1H), 3.66 (d, J=9.2 Hz, 1H), 2.41 (s, 3H), 2.29
(d, J=13.2 Hz, 1H), 2.11 (dd, J=12.8, 9.6 Hz, 1H), 1.45
(s, 3H); BC NMR (100 MHz, CDCls) 6: 154.0, 138.8,
138.3, 133.0, 130.3, 129.8, 127.9, 127.5, 122.0, 120.5,
117.4, 1172, 76.5, 45.5, 39.1, 39.0, 21.6, 21.5; HRMS
(ESI-TOF) caled for CoHio9NONa [M+Na]® 324.1364,
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found 324.1371.

2-F I -3a- - 1-0) £ 2K 3E-2,3, 32 4- DU 30 TR UG I
[c]tefi(3ad): ATEK, 44 mg, 7% 70%. m.p. 138~
139 C; 'H NMR (400 MHz, CDCl;) &: 7.42 (d, J=8.4
Hz, 2H), 7.24 (d, J=8.4 Hz, 2H), 7.18~7.14 (m, 1H),
7.12 (dd, J=38.0, 1.6 Hz, 1H), 6.90 (dd, /=8.4, 0.8 Hz,
1H), 6.69~6.65 (m, 1H), 4.28 (d, J=10.4 Hz, 1H), 3.91
(d, J/=10.4 Hz, 1H), 3.67 (d, J=9.2 Hz, 1H), 2.71 (q, J=
7.6 Hz, 2H), 2.28 (d, J/=12.8 Hz, 1H), 2.10 (dd, J=12.8,
9.6 Hz, 1H), 1.45 (s, 3H), 1.29 (t, J=7.6 Hz, 3H); 13C
NMR (100 MHz, CDCl;) §: 154.0, 144.6, 138.8, 133.2,
130.3, 128.5, 128.0, 127.9, 127.5, 122.0, 120.5, 117.5,
117.1, 76.5, 45.5, 39.0, 31.0, 28.8, 21.6, 15.5; HRMS
(ESI-TOF) caled for CyH,NONa [M+Na]'® 338.1521,
found 338.1528.

2-THE-3a- T - 10 IE A 58 32,3, 30,4- WU 31 TR
15 I [c] ()i (3ae): H A, 45 mg, 7% 68%. m.p.
130~131 C; 'H NMR (400 MHz, CDCl;) J: 7.41 (d, J=
8.0 Hz, 2H), 7.22 (d, J=8.0 Hz, 2H), 7.18~7.14 (m, 1H),
7.11 (dd, J=8.0, 1.2 Hz, 1H), 6.90 (d, J=8.4 Hz, 1H),
6.66 (t, J=7.2 Hz, 1H), 4.27 (d, J=10.4 Hz, 1H), 3.90 (d,
J=10.4 Hz, 1H), 3.67 (d, J=9.6 Hz, 1H), 2.64 (t, J=7.6
Hz, 2H), 2.28 (d, /=12.8 Hz, 1H), 2.10 (dd, J=12.8, 9.6
Hz, 1H), 1.69 (dq, J=22.4, 7.6 Hz, 2H), 1.45 (s, 3H), 0.98
(t, J=7.6 Hz, 3H); 3C NMR (100 MHz, CDCl;) J: 154.0,
143.1, 138.8, 133.2, 130.3, 129.1, 127.9, 127.9, 127.5,
122.0, 120.5, 117.5, 117.13, 76.5, 45.5, 39.0, 37.9, 24.5,
21.6, 13.9; HRMS (ESI-TOF) calcd for Co3H23NONa [M+
Na]" 352.1677, found 352.1689.

2-TH-3a- F - 10 AR R R 3E-2,3,30,4- U 31 TR
1 I [c] oM 3af): B EE K, 39 mg, 2 62%. m.p.
99~100 C; 'H NMR (400 MHz, CDCl;) J: 7.46~7.42
(m, 2H), 7.18~7.12 (m, 2H), 6.96~6.93 (m, 2H), 6.90
(dd, J/=8.4, 0.8 Hz, 1H), 6.69~6.65 (m, 1H), 4.27 (d, J=
10.4 Hz, 1H), 3.90 (d, /=10.4 Hz, 1H), 3.86 (s, 3H), 3.66
(d, J=8.8 Hz, 1H), 2.28 (d, J/=13.2 Hz, 1H), 2.10 (dd, J=
12.8, 9.6 Hz, 1H), 1.44 (s, 3H); *C NMR (100 MHz,
CDCls) d: 159.6, 154.0, 138.6, 130.3, 129.4, 128.1, 127.8,
127.1, 122.0, 120.5, 117.5, 117.2, 114.5, 76.5, 55.4, 45.5,
39.0, 38.9, 31.1, 29.8, 21.6; HRMS (ESI-TOF) calcd for
CH;9)NO,;Na [M+Na]" 340.1313, found 340.1316.

2- 2k -3a- FH 2L - 1-(3- A 2 )-2,3,3a,4- DU S A T )i
FH[c] )i 3ag): H B, 41 mg, =% 67%. m.p.
187~188 C; 'H NMR (400 MHz, CDCl;) J: 7.43~7.38
(m, 1H), 7.31 (d, J=7.6 Hz, 1H), 7.24~7.17 (m, 2H),
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7.11~7.07 (m, 1H), 7.04 (dd, J=8.0, 1.6 Hz, 1H), 6.91 (d,
J=8.0 Hz, 1H), 6.70~6.66 (m, 1H), 4.29 (d, J=10.4 Hz,
1H), 3.91 (d, J=10.4 Hz, 1H), 3.69 (d, J=9.6 Hz, 1H),
2.31 (d, J=13.2 Hz, 1H), 2.12 (dd, J=13.2, 9.6 Hz, 1H),
1.45 (s, 3H); 3C NMR (100 MHz, CDCl;) d: 163.1 (d, J=
246.1 Hz), 154.1, 140.3, 138.1 (d, J=7.8 Hz), 130.8 (d,
J=8.3 Hz), 127.8, 125.8 (d, J=2.2 Hz), 123.9 (2C), 121.6,
120.6, 117.3, 116.8, 115.4 (d, J=20.8 Hz), 115.2 (d, J=
21.7 Hz), 76.3, 45.5, 38.9, 38.8, 21.5; HRMS (ESI-TOF)
caled for CH;sFNONa [M 4+ Na] ™ 328.1114, found
328.1120.

2- i -3a- AR 1-2- SRR 55)-2,3,30,4- WU S FF T )
I [c] (ki (3ah): H O A, 39 mg, % 61%. m.p.
143~144 “C; 'H NMR (400 MHz, CDCl3) 6: 7.63 (d, J=
6.8 Hz, 1H), 7.49~7.37 (m, 3H), 7.19~7.15 (m, 1H), 6.91
(dd, J=8.4, 0.8 Hz, 1H), 6.81 (dd, J=7.6, 1.2 Hz, 1H),
6.64 (t, J=7.6 Hz, 1H), 4.28 (d, J=10.0 Hz, 1H), 3.91 (d,
J=10.0 Hz, 1H), 3.85 (d, J=9.6 Hz, 1H), 2.32 (dd, J=
12.8, 1.2 Hz, 1H), 2.21 (dd, J=12.8, 9.6 Hz, 1H), 1.50 (s,
3H); 3C NMR (100 MHz, CDCl3) 0: 154.0, 141.3, 134.3,
132.7, 131.3, 130.6, 130.2, 130.1, 127.6, 126.9, 124.8,
121.2, 121.0, 117.6, 117.4, 76.1, 46.0, 38.6, 38.2, 31.0,
22.1; HRMS (ESI-TOF) calcd for Cy0H;sCINONa [M+
Na]” 344.0818, found 344.0811.

2-F ik -3a- 1 2k -1-(3- S K 5)-2,3,3a,4- DU L3 [0
el (3ai): AEE K, 40 mg, 723 62%. m.p. 192~
193 C; '"H NMR (400 MHz, CDCLy) 6: 7.49 (s, 1H),
7.43~7.36 (m, 3H), 7.22~7.17 (m, 1H), 7.02 (dd, J=8.0,
1.2 Hz, 1H), 6.92 (d, J=8.4 Hz, 1H), 6.71~6.67 (m, 1H),
429 (d, J=10.4 Hz, 1H), 3.91 (d, J=10.4 Hz, 1H), 3.68
(d, J=9.2 Hz, 1H), 2.31 (d, J=13.2 Hz, 1H), 2.12 (dd, J=
12.8, 9.6 Hz, 1H), 1.45 (s, 3H); 3C NMR (100 MHz,
CDCls) 6: 154.1, 140.5, 137.9, 135.0, 130.9, 130.5, 128.6,
128.2, 127.8, 126.4, 125.7, 121.5, 120.7, 117.4, 116.8,
76.3, 45.6, 39.0, 38.9, 21.5; HRMS (ESI-TOF) calcd for
Ca0HCINONa [M+Na]" 344.0818, found 344.0813.

2-FHE-3a- - 150 SR FE-2,3,30,4- DU S030 00075 JF
[c]t 4 (3aj): AR, 37 mg, F53% 57%. mp. 110~
111 ‘C; '"H NMR (400 MHz, CDCls) d: 7.46 (d, J=8.8
Hz, 2H), 7.40 (d, J=8.4 Hz, 2H), 7.21~7.17 (m, 1H),
7.03 (dd, J=8.0, 1.6 Hz, 1H), 6.91 (d, J=8.4 Hz, 1H),
6.71~6.67 (m, 1H), 4.29 (d, J=10.4 Hz, 1H), 3.91 (d, J=
10.4 Hz, 1H), 3.66 (d, J=9.2 Hz, 1H), 2.30 (d, J=13.2
Hz, 1H), 2.12 (dd, J=12.8, 9.6 Hz, 1H), 1.45 (s, 3H); 3C
NMR (100 MHz, CDCLy) d: 154.1, 140.2, 134.5, 134.4,
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130.8, 129.6, 129.4, 127.8, 125.9, 121.7, 120.6, 117.4,
116.9, 76.4, 45.5, 39.0, 38.8, 21.5; HRMS (ESI-TOF) calcd
for CaH1CINONa [M+Na]" 344.0818, found 344.0824.

2-FJk-3a,8- T FJE-1- 2K 02,3 3a,4- DU S FF 005 5
[c]f ) (3ak): FEK, 39 mg, 773 64%. m.p. 156~
157 ‘C; '"H NMR (400 MHz, CDCls) &: 7.52 (dd, J=8.0,
1.6 Hz, 2H), 7.45~7.38 (m, 3H), 6.98 (dd, J=8.4, 2.0 Hz,
1H), 6.83 (d, J=1.6 Hz, 1H), 6.80 (d, J/=8.4 Hz, 1H), 4.25
(d, J=10.4 Hz, 1H), 3.88 (d, J=10.0 Hz, 1H), 3.69 (d, J=
9.2 Hz, 1H), 2.29 (d, J=12.8 Hz, 1H), 2.11 (dd, J=12.8,
9.6 Hz, 1H), 2.00 (s, 3H), 1.45 (s, 3H); *C NMR (100
MHz, CDCL3) 6: 151.9, 139.5, 136.1, 131.4, 129.6, 129.0,
128.4, 128.1, 128.0, 127.1, 121.9, 116.9, 76.4, 45.6, 39.0,
38.9, 21.6, 20.6; HRMS (ESI-TOF) calcd for C2H;sNONa
[M-+Na]" 324.1364, found 324.1367.

2-F HE-3a,8- T FBL- 10 FEOREE-2,3,. 30 4- TU AL IR K,
I I [c] Bl 3al): H B[R, 37 mg, 2 59%. m.p.
144~145 °C; 'H NMR (400 MHz, CDCl;) &: 7.41 (d, J=
8.0 Hz, 2H), 7.22 (d, J=8.0 Hz, 2H), 6.98 (dd, J=8.4, 2.0
Hz, 1H), 6.93 (s, 1H), 6.80 (d, J=8.4 Hz, 1H), 4.24 (d, J=
10.4 Hz, 1H), 3.87 (d, J=10.4 Hz, 1H), 3.66 (d, J=9.2
Hz, 1H), 2.41 (s, 3H), 2.27 (d, J=13.2 Hz, 1H), 2.09 (dd,
J=13.2, 9.6 Hz, 1H), 2.03 (s, 3H), 1.43 (s, 3H); *C NMR
(100 MHz, CDCl3) ¢: 151.8, 138.9, 138.2, 133.0, 131.2,
129.6, 129.5, 127.9, 127.9, 127.1, 122.0, 117.0, 116.8,
76.4, 45.5, 38.9, 38.9, 21.5, 21.4, 20.5; HRMS (ESI-TOF)
caled for CpHyNONa [M + Na] © 338.1521, found
338.1516.

2-F( H-3a,8- 7 FH 10 GRS JE-2,3,30,4- T AL T
W FE[c] €M (3am): H AR, 38 mg, % 60%. m.p.
150~151 ‘C; '"H NMR (400 MHz, CDCls) d: 7.51~7.48
(m, 2H), 7.15~7.09 (m, 2H), 6.99 (dd, J=8.4, 2.0 Hz,
1H), 6.82~6.80 (m, 2H), 4.25 (d, J=10.0 Hz, 1H), 3.87
(d, J=10.4 Hz, 1H), 3.66 (d, J=9.2 Hz, 1H), 2.28 (d, J=
12.8 Hz, 1H), 2.10 (dd, J=13.2, 9.6 Hz, 1H), 2.03 (s, 3H),
1.43 (s, 3H); 3C NMR (100 MHz, CDCl3) d: 162.6 (d, J=
246.7 Hz), 151.9, 139.9, 132.0 (d, J=3.0 Hz), 131.5, 130.0
(d, J=8.0 Hz), 129.9, 129.6, 127.7, 125.8, 121.8, 117.0,
116.6, 116.1 (d, J=21.3 Hz), 76.3, 45.5, 38.9, 21.5, 20.6;
HRMS (ESI-TOF) calcd for CyH;sFNONa [M+Na]*
342.1270, found 342.1284.

2- 2T HE-3a-FH - 1- 2K 32,3 30, 4- DO SR R S [ ]
#5(3ba): A, 47 mg, 7% 78%. m.p. 85~86 C;
'H NMR (400 MHz, CDCl;) 6: 7.39~7.30 (m, 5H),
7.12~7.08 (m, 1H), 7.03 (dd, J=8.0, 1.6 Hz, 1H), 6.86
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(dd, J=8.0, 0.8 Hz, 1H), 6.62~6.58 (m, 1H), 4.22 (d, J=
10.0 Hz, 1H), 3.92 (d, J=10.0 Hz, 1H), 3.88 (dd, J=8.0,
5.2 Hz, 1H), 2.16 (s, 3H), 2.08 (d, J=2.8 Hz, 1H), 2.06 (s,
1H), 1.28 (s, 3H); 3C NMR (100 MHz, CDCls) §: 209.9,
153.8, 138.1, 138.1, 132.5, 129.3, 128.7, 127.8, 127.6,
120.2, 118.5, 116.8, 63.6, 45.2, 37.2, 30.1, 22.6; HRMS
(ESI-TOF) caled for CyHy0.Na [M—+Na]® 327.1361,
found 327.1366.

2- T AR -3a- AR - 1- B] FH R 62,3, 30,4- DU S 34 LA
[c]E 4 (3bb): HEEA, 36 mg, F*F 56%. m.p. 87~
88 °C; 'H NMR (400 MHz, CDCL3) 6: 7.25 (d, J=7.2 Hz,
1H), 7.12 (t, J=8.4 Hz, 4H), 7.08~7.04 (m, 1H), 6.86
(dd, J=8.0, 0.8 Hz, 1H), 6.63~6.58 (m, 1H), 4.21 (d, J=
10.0 Hz, 1H), 3.91 (d, J=10.0 Hz, 1H), 3.87 (t, J=6.8 Hz,
1H), 2.34 (s, 3H), 2.14 (s, 3H), 2.06~2.05 (m, 2H), 1.28
(s, 3H); 3C NMR (100 MHz, CDCls) &: 210.0, 153.7,
138.4, 138.0, 137.8, 132.7, 129.2, 129.2, 128.6, 128.3,
127.9, 125.8, 120.2, 118.5, 116.8, 63.6, 45.2, 37.1, 30.2,
22.7, 21.5; HRMS (ESI-TOF) caled for CaHy,0,Na [M+
Na]" 341.1517, found 341.1524.

2- LT HE-3a- AR 1-0F FHOR 62,3, 30,4- DU S 34 LA
[c]ff#(3be): A, 46 mg, 77F 73%. mp. 121~
122 “C; 'H NMR (400 MHz, CDCLs) 8: 7.21~7.16 (m,
4H), 7.12~7.08 (m, 2H), 6.86 (dd, J=8.4, 0.8 Hz, 1H),
6.64~6.60 (m, 1H), 4.21 (d, J=10.0 Hz, 1H), 3.91 (d, J=
10.4 Hz, 1H), 3.85 (t, J=6.0 Hz, 1H), 2.38 (s, 3H), 2.15 (s,
3H), 2.05 (d, J=6.4 Hz, 2H), 1.28 (s, 3H); *C NMR (100
MHz, CDCl;) 6: 210.1, 153.8, 137.7, 137.3, 135.0, 132.6,
129.5, 129.3, 128.6, 127.9, 120.2, 118.6, 116.8, 63.7, 45.2,
37.1, 30.2, 22.7, 21.4; HRMS (ESI-TOF) caled for
C2H»0,Na [M+Na]" 341.1517, found 341.1511.

2- Lk -3a- - 1-%F L3 42,3, 30 4- DU AR TR
1% [c) )% (3bd): H B K, 46 mg, F= % 69%. m.p.
101~102 °C; '"H NMR (400 MHz, CDCls) d: 7.23~7.18
(m, 4H), 7.12~7.07 (m, 2H), 6.86 (dd, J=8.4, 1.2 Hz,
1H), 6.64~6.60 (m, 1H), 4.21 (d, J=10.4 Hz, 1H), 3.91
(d, J=10.0 Hz, 1H), 3.85 (dd, J=7.2, 5.6 Hz, 1H), 2.69
(dd, J=15.2, 7.6 Hz, 2H), 2.16 (s, 3H), 2.06 (d, J=1.6 Hz,
1H), 2.04 (s, 1H), 1.29~1.25 (m, 6H); '*C NMR (100
MHz, CDCl) 6: 210.2, 157.5, 153.8, 143.6, 137.7, 135.2,
132.6, 129.3, 128.6, 128.2, 127.9, 120.2, 118.7, 116.8,
63.6, 45.2, 37.2, 31.0, 30.2, 28.7, 22.8, 15.5; HRMS
(ESI-TOF) caled for CyHyOoNa [M+Na]® 355.1674,
found 355.1668.

2- LMk -3a- FH R -1-(4- T B R 0k )-2,3,30,4- DY S 3R

Chin. J. Org. Chem. 2022, 42, 181~189

© 2022 Chinese Chemical Society & SIOC, CAS

i [c] ()@ (3be): HAE AR, 46 mg, 7% 66%. m.p.
126~127 °C; 'H NMR (400 MHz, CDCl;) &: 7.21 (d, J=
8.0 Hz, 2H), 7.16 (d, J=8.0 Hz, 2H), 7.12~7.08 (m, 2H),
6.86 (d, J=8.4 Hz, 1H), 6.63~6.59 (m, 1H), 4.21 (d, J=
10.4 Hz, 1H), 3.91 (d, J=10.0 Hz, 1H), 3.86 (t, J=6.4 Hz,
1H), 2.61 (t, J=7.2 Hz, 2H), 2.15 (s, 3H), 2.05 (d, J=6.0
Hz, 2H), 1.67 (dt, J=22.4, 7.2 Hz, 2H), 1.27 (s, 3H), 0.96
(t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5) d: 210.1,
153.8, 142.1, 137.7, 1352, 132.6, 129.2, 128.8, 128.5,
127.9, 120.2, 118.7, 116.8, 63.6, 45.2, 37.9, 37.2, 30.2,
24.5,22.7, 13.9; HRMS (ESI-TOF) calcd for CsH»60,Na
[M+Na]" 369.1830, found 369.1822.

2- £ WE AL -3a-FH AR -1-(4- T B 0K 3E)-2,3,32,4- DU H IR
IS [c] ki (3bh): H B E4E, 47 mg, 72 65%. m.p.
137~138 °C; 'H NMR (400 MHz, CDCl;) d: 7.21 (d, J=
8.4 Hz, 2H), 7.17 (d, J=8.4 Hz, 2H), 7.12~7.07 (m, 2H),
6.86 (dd, J=8.8, 1.2 Hz, 1H), 6.63~6.59 (m, 1H), 4.21 (d,
J=10.4 Hz, 1H), 3.91 (d, J=10.0 Hz, 1H), 3.86 (t, J=6.4
Hz, 1H), 2.63 (t, J=7.6 Hz, 2H), 2.15 (s, 3H), 2.05 (d, J=
6.0 Hz, 2H), 1.67~1.59 (m, 2H), 1.38 (dq, J=22.4, 7.2
Hz, 2H), 1.27 (s, 3H), 0.95 (t, J=7.2 Hz, 3H); *C NMR
(100 MHz, CDCls) J: 210.1, 153.8, 142.3, 137.7, 135.1,
132.6, 129.2, 128.7, 128.5, 127.9, 120.2, 118.7, 116.8,
63.6, 45.2, 37.2, 35.5, 33.6, 30.2, 22.7, 22.5, 14.1; HRMS
(ESI-TOF) caled for CpsHys0,Na [M+Na]™ 383.1987,
found 383.1999.

2- £ E AL -3a- FH AR -1-(4- A 0K 5E)-2,3,30,4- I &
W@ ]l (3be): A EIEAE, 47 mg, 772 71% . m.p.
108~109 ‘C; '"H NMR (400 MHz, CDCl3) o: 7.24 (dd,
J=6.8, 2.0 Hz, 2H), 7.12~7.08 (m, 2H), 6.90 (dd, J=6.8,
2.4 Hz, 2H), 6.86 (dd, J=8.8, 1.2 Hz, 1H), 6.65~6.60 (m,
1H), 4.21 (d, J=10.0 Hz, 1H), 3.91 (d, J=10.4 Hz, 1H),
3.86 (s, 1H), 3.84 (s, 3H), 2.16 (s, 3H), 2.06 (d, J=2.0 Hz,
1H), 2.04 (s, 1H), 1.27 (s, 3H); '3C NMR (100 MHz,
CDClLy) d: 210.2, 159.0, 153.7, 137.6, 132.2, 130.1, 129.9,
129.2, 127.8, 120.2, 118.6, 116.8, 114.1, 63.6, 55.3, 45.1,
37.1, 30.1, 22.7; HRMS (ESI-TOF) calcd for Cy,H203Na
[M+Na]" 357.1467, found 357.1469.

2- 2T e -3a- F B - 1-(4- 25 FE 7K 3E)-2,3,3a,4- DU &
W IRIE ] (3bh): HEE A, 46 mg, =2 67%. m.p.
104~105 °C; '"H NMR (400 MHz, CDCl3) o: 7.22 (dd,
J=6.4, 2.0 Hz, 2H), 7.12~7.07 (m, 2H), 6.90~6.85 (m,
3H), 6.64~6.60 (m, 1H), 4.20 (d, J/=10.4 Hz, 1H), 4.06
(dd, J=14.0, 7.2 Hz, 2H), 3.92~3.89 (m, 1H), 3.84 (t, J=
6.0 Hz, 1H), 2.16 (s, 3H), 2.05 (d, J=6.0 Hz, 2H), 1.44 (t,
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J=7.2 Hz, 3H), 1.26 (s, 3H); '*C NMR (100 MHz, CDCl;)
9: 210.2, 158.4, 153.7, 137.6, 132.3, 130.0, 129.9, 129.2,
128.5, 127.8, 120.2, 118.7, 116.8, 114.6, 63.6, 63.4, 45.1,
37.0, 31.0, 30.1, 22.7, 14.9; HRMS (ESI-TOF) calcd for
Cy3H2403Na [M+Na]™ 371.1623, found 371.1613.

2- £ WEHE-3a- FH B -1-3- 9 R 3L )-2,3,30,4- DU L IR K,
Jlc)tulfs (3bi): FIEE, 39 mg, 722 60%. m.p. 90~
91 ‘C; '"H NMR (400 MHz, CDCls) : 7.35~7.30 (m,
1H), 7.14~7.09 (m, 2H), 7.06~6.99 (m, 3H), 6.87 (d, J=
8.4 Hz, 1H), 6.65~6.61 (m, 1H), 4.22 (d, J=10.0 Hz,
1H), 3.91 (d, J=10.0 Hz, 1H), 3.85 (dd, J=10.0, 2.0 Hz,
1H), 2.20 (s, 3H), 2.09 (d, J=10.4 Hz, 1H), 2.04 (dd, J=
13.2, 2.0 Hz, 1H), 1.26 (s, 3H); '3C NMR (100 MHz,
CDCls) 6: 209.7, 163.0 (d, J=245.2 Hz), 153.9, 140.4 (d,
J=7.7 Hz), 139.0, 130.9, 130.3 (d, J=8.3 Hz), 129.7,
127.9, 124.6 (d, J=2.6 Hz), 120.4, 118.0, 117.0, 115.8 (d,
J=21.3 Hz), 114.6 (d, J=21.0 Hz), 63.3, 45.2, 37.4, 30.1,
22.5; HRMS (ESI-TOF) calcd for Co;HoFO,Na [M+Na]*
345.1267, found 345.1270.

2- £ HE-3a- F B -1-(4- 9 R 3L )-2,3,30,4- DU L IR K
Iilc] i 3bj): A GlE AR, 37 mg, 7#% 58%. m.p. 104~
105 “C; 'H NMR (400 MHz, CDCl3) d: 7.31~7.28 (m,
2H), 7.13~7.03 (m, 3H), 6.98 (dd, J=8.0, 1.2 Hz, 1H),
6.87 (dd, J=8.0, 0.8 Hz, 1H), 6.64~6.60 (m, 1H), 4.21 (d,
J=10.0 Hz, 1H), 3.91 (d, J=10.0 Hz, 1H), 3.83 (dd, J=
10.4, 2.4 Hz, 1H), 2.19 (s, 3H), 2.10 (dd, J=13.2, 10.4 Hz,
1H), 2.03 (dd, J=13.2, 2.4 Hz, 1H), 1.26 (s, 3H); *C
NMR (100 MHz, CDCls) d: 209.9, 162.2 (d, J=245.5 Hz),
153.8, 138.6, 134.0 (d, J=3.2 Hz), 131.3, 130.5 (d, J=8.0
Hz), 129.5, 127.8, 120.3, 118.3, 117.0, 115.8 (d, J=21.2
Hz), 63.5, 45.1, 37.3, 30.1, 22.6; HRMS (ESI-TOF) calcd
for C2/H1oFO,Na [M+Na]" 345.1267, found 345.1275.

2- £ MEHE-3a- FH AR -1-3- AR 2E)-2,3,3a,4- WU A IR TR
It )i (3bk): [ E 1A, 45 mg, =% 67%. m.p. 83~
84 ‘C; 'H NMR (400 MHz, CDCls) &: 7.32~7.29 (m,
3H), 7.23~7.21 (m, 1H), 7.14~7.10 (m, 1H), 6.99 (dd,
J=8.0, 1.6 Hz, 1H), 6.87 (d, J=8.4 Hz, 1H), 6.64 (t, J=
8.0 Hz, 1H), 4.22 (d, J=10.0 Hz, 1H), 3.91 (d, J=10.0
Hz, 1H), 3.84 (dd, J=10.4, 2.0 Hz, 1H), 2.20 (s, 3H), 2.09
(d, J=10.4 Hz, 1H), 2.04 (dd, J=13.2, 2.0 Hz, 1H), 1.25
(s, 3H); C NMR (100 MHz, CDCls) §: 209.7, 153.9,
140.1, 139.2, 134.6, 130.8, 130.0, 129.7, 128.7, 127.9,
127.8, 127.2, 120.4, 118.0, 117.0, 63.3, 45.2, 37.4, 30.1,
22.5; HRMS (ESI-TOF) calcd for Cy;H;9ClO,Na [M—+
Na]" 361.0971, found 361.0984.
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2-Z.fh3e-3a,8- — FIE-1-(4-F A HE)-2,3,3a,4- DU A 3P
P[]t )i 3bl): H A E R, 42 mg, 7% 63%. m.p.
105~106 ‘C; '"H NMR (400 MHz, CDCls) d: 7.21~7.17
(m, 2H), 6.98~6.93 (m, 2H), 6.82 (dd, J=8.4, 2.0 Hz,
1H), 6.66 (d, J=8.4 Hz, 2H), 4.08 (d, J=10.4 Hz, 1H),
3.77 (d, J=10.4 Hz, 1H), 3.72 (dd, J=10.4, 2.4 Hz, 1H),
2.09 (s, 3H), 1.99~1.91 (m, 2H), 1.90 (s, 3H), 1.14 (s,
3H); '3C NMR (100 MHz, CDCl3) d: 210.1, 162.2 (d, J=
245.3 Hz), 151.7, 138.8, 134.0 (d, J=2.0 Hz), 131.0, 130.6
(d, J=7.8 Hz), 130.4, 129.3, 128.0, 117.9, 116.7, 115.6 (d,
J=21.2 Hz), 63.5, 45.1, 37.4, 30.0, 22.6, 20.6; HRMS
(ESI-TOF) calcd for CyHyFO,Na [M+Na]' 359.1423,
found 359.1418.

4 Bh#1 8L (Supporting Information) =% 3aa~3am I
3ba~3bl ffJ '"H NMR Al 3C NMR &, LLJ 3am (¥ 5
R s . X 2t kL AT BL A 3% MNAS T I 3k (http://sioc-
journal.cn/) N K.
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