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Effect of Temperature on N-Heterocyclic Carbene-Catalyzed [3+ 3]
Annulation of a-Bromoenal with Enaminone

Wang, Zhanlin Li, Ruyi Qian, Huimin Yao, Changsheng™
(Jiangsu Key Laboratory of Green Synthetic Chemistry for Functional Materials, School of Chemistry and
Materials Science, Jiangsu Normal University, Xuzhou 221116)

Abstract The regioselectivity of N-heterocyclic carbene (NHC)-catalyzed [3+3] annulation of a-bromoenal with enaminone
is dependent on the temperature. The reactions performed at 35 ‘C could regiospecifically give the derivatives of fused
pyranone instead of previously reported quinolones, which provided a new shortcut to pyranone with mild reaction condition,
broad substrate scope, high yields and operational simplicity.

Keywords N-heterocyclic carbene (NHC); a-bromoenal; enaminone; [3+ 3] annulation
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Scheme 2 Effect of temperature on NHC-catalyzed [3+ 3] annulation of a-bromoenal with enaminone
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W (THF) I [ B R B B4R (3R 1, Entries 7~15).
WA, R ONAR ZR IR BEEAT 1 VP, AR ON R

FER VRN 35 “C(3 1, Entries 16~19). 43I0 & T
F 45 CH, AREER dad il JIEEIAT]SS CHE, Al
PLEII /> B3 3a (29%)F1 4a (41%)M5 R 724, IF H., 4a
7= R W E T R E. W, e T ARIE =
SR R Ak S D I B IR SIS A R EY B PR AL
7, Cs,COs ATk, FZRAWER, [ SR E#E N 35 C.
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SRR IRIR %A W H - B SR (4-Br) B4 B -
X3 (4-CH;, 4-OCHs3), B H SO AR I (HEWy . IR
W )ENF, SIS e DABRAE (1) 7= 26 25 Y H AR =3 2, 3a~
3f), {H2 580 i BUR IR A AN e 2 5% OB
BeAh, ¥ R BOMARITEE, RS HARBEIET. BJE, AT
WRZR NN T IRV 32 1%, ¥ R ANt fte
T FE(4-CH;) 58 W HL T3 (4-Cl, 4-NO)IZRIR, &1k
ARG A, FF DAL S 107 22 45 Hh AR B B 3L P2 ) (3R
2, 3e~30). A4, X RPN H N, %8 AR &L,

=3 W ey dliAl [ RS A= R IV S ER R

Table 1 Reaction optimization for the syntheses of pyranone

0
0
Ph/\)LH +
Br ’}‘H
1a 2a Ph

NHC (20 mol%)
base (120 mol%)

ﬁEm

solvent
Ar’N/_\N\/(-\:rI CFN BF =N BF“ [:N‘N*I
N N\ph N N‘Ar TN
A Ar = 2,4,6-MesCeH, c D E
B: Ar = 2,6-Diisopropylphenyl Ar = 2,4,6-Me;CeHa
Entry NHC Base Solvent 7/°C Yield®/% of 3a Yield?/% of 4a
1 None Cs,CO;5 Toluene 25 — —
2 A Cs,CO;5 Toluene 25 Trace —
3 B Cs,CO;5 Toluene 25 40 —
4 C Cs,CO;5 Toluene 25 14 —
5 D Cs,CO;5 Toluene 25 21 —
6 E Cs,CO;5 Toluene 25 Trace —
7 B K,CO;4 Toluene 25 32 —
8 B CH;COONa Toluene 25 — —
9 B KOBu-¢ Toluene 25 20 —
10 B DABCO Toluene 25 — —
11 B DBU Toluene 25 — —
12 B EtN Toluene 25 — —
13 B Cs,CO5 THF 25 55 —
14 B Cs,CO;5 CH,Cl, 25 12 —
15 B Cs,CO;s 1,4-Dixoane 25 Trace —
16 B Cs,CO;s Toluene 15 53 —
17 B Cs,CO;s Toluene 35 67 —
18 B Cs,CO;s Toluene 45 41 Trace
19 B Cs,CO;s Toluene 55 29 41

“ All reactions were performed by using 1.2 equiv. of 1a (0.24 mmol), 1.0 equiv. of 2a (0.2 mmol) in the presence of NHC (20 mol%), and 120 mol% of base in sol-

vent (3 mL) under N,. * Isolated yield.
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Table 2 NHC-catalyzed syntheses of pyranone

(0]
O
0 B (20 mol%) o

. &%H . /@ Cs,CO03 (120 mol%) R

Br R2 R2 l}ll: toluene, 35 °C R2 > SN
1 2 R R 3 R3

Entry R' R? R® Product  Yield“/%
1 Ph Me Ph 3a 75
2 4-CH3C¢H, Me Ph 3b 94
3 4-OCH;C¢Hy Me Ph 3¢ 88
4 4-BrC4H, Me Ph 3d 73
5 Thienyl Me Ph 3e 79
6 Furanyl Me Ph 3f 70
7 4-CH3C¢H, Me 4-CH;C¢H, 3g 96
8 4-CH;C4H, Me 4-CIC4H, 3h 85
9 4-BrCg¢H, Me 4-CH;Cg¢Hy 3i 80
10 Ph Me 4-NO,CgH, 3j 66
11 Thienyl Me 4-CH;C¢H,4 3k 81
12 Ph Me 4-CH;Cg¢Hy 31 92
13 Ph Me 4-OCH;CsH; 3m 71
14 4-BrC¢H, Me 4-CIC¢H, 3n 65
15 Thienyl Me 4-CIC4H, 30 72
16 Ph H Ph 3p 76
17 4-CH;C4H, H Ph 3q 85

“ All reactios were performed by using 1.2 equiv. of 1 (0.24 mmol), 1.0 equiv.
of 2 (0.2 mmol), in the presence of B (20 mol%), and 120 mol% of Cs,COs in
toluene (3 mL) at 35 ‘C under N,. *Isolated yield by column chromatography.

B, o B8 I R ) AN SRR A AR AT T B
WE. SRR, ERHFHEFREM =Mk xh A
VERMEAT, BRERERE B, F A NTE I, %N
AT LUBAIEEAT, I3FE L 72% F977 50 65%0) ee E153]
HA# =4 (Scheme 3). B IR N R R IEESH T, 4
i LS5 s,

UEAh, DUEKERER 1,3-3F 2 F A B I B B A2 AR 7]
FAF N A R AR S AT A, RIVZIR AR A AR
fit & 2E (Scheme 4).

B =4t 7 NMR, IR #1 HRMS HIRAE. 8T
BE— B PG, AT I TG 3a (5L,
Fahg L 212,

FRAE = R S5 48, FRATTHEDN T 12 I S f T fig AL B
(B 3L Db & Y 3a (& BN, RERAE B £R
TR A HREYS a- AR & RITE % Breslow
FRIEA. Z ARGt o' -d® et B, IR T
B a f-ANEFIBEIE BHME S 7 1 E S50 A T DA i 9
PN Bbs b & 9. SB—MigEh: kY 2a 5+
[EfR 1 &4 Michael JEk, 73200 Bk I, B0

2078 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

(0]
(0]

ok

|
1 2a Ph |

o 3a Ph
\>§NBF4—

N U

\=N l

Cat*

B 3 ML A AR B
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3.1 UESHF

T T VIS CMOTC K AL BR. K E BT A Tl 5 2%
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JEPRAX: "H NMR IR 45% Bruker DPX 400 MHz, "*C
NMR #8452 Bruker DPX 100 MHz, LA CDCl; N4
#, LA PO %R RE %% (TMS) A M A% ; HRMS %
micrOTOF-QIL 1= 73 # o BEACI ;5 silE i XT-5
RS AOE A A 1A 2 (B iR 1 R 2 SOk
[14], o, B-ANHOFNEE Jo oA S5G 24 S 7E 22 25« AL
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3.2 ZLWAHE

BT 10 mL Schlenk M E IR MNYI 1a
(0.24 mmol)F 2a (0.20 mmol), BKMEAELLFIRTIA B (0.04
mmol, 17.0 mg), Cs,CO; (0.40 mmol, 130.3 mg)HIVEE
Y, MANEE TR, ST 8% 3.0 mL 1%
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FRORVEN Schlenk . ¥ MNAKRE T 35 °C, e M.
2 A (TLO) KW s 45 TR =, ok s 728 188 ok 25 9 771
FEETE o B P2 VR B @ (2R 288 =
7 1 1], 193] AEIR E A E 4 3a~3q.

(E)-7,7- — B -4-Z8 FE -5-(A FE W 3E)-3,4,5,6,7,8-
NE-2H- W5 -2- B (3a): IR AR, 2% 75%. mop.
135.6~137.6 ‘C; '"H NMR (400 MHz, CDCl;) : 7.34~
7.23 (m, 7H), 7.04 (t, J=7.4 Hz, 1H), 6.58 (d, J=8.1 Hz,
2H), 4.63 (d, J=7.3 Hz, 1H), 3.06 (dd, J=16.0, 7.5 Hz,
1H), 2.97 (d, J=15.9 Hz, 1H), 2.48 (d, J=17.8 Hz, 1H),
2.40 (d, J=17.8 Hz, 1H), 2.20 (d, J=15.5 Hz, 1H), 2.12
(d, J=15.5 Hz, 1H), 1.07 (s, 3H), 1.02 (s, 3H); *C NMR
(100 MHz, CDCLy) 6: 167.4, 162.9, 157.4, 151.3, 141.4,
128.9, 128.8, 127.1, 126.9, 123.0, 119.3, 115.9, 41.2, 40.8,
36.7,34.7,31.7, 28.4, 28.1; IR (KBr) v: 1780, 1670, 1623,
1591, 1485, 1380, 1216, 1169, 1108, 957, 857, 764 cm™ .
HRMS (ESI) caled for C,3Hp;O,NNa [M + Na *
368.1626, found 368.1627.

(E)-7,7- — F B -5-(COR 2 WP &0 58 )-4-( X HH 2K 2 )-
3,4,5,6,7,8- 7N A -2H- (0 )% -2-T (3b): ¥R BT € [l {4, F7&
94%. m.p. 90.1~92.8 “C; '"H NMR (400 MHz, CDCl;) §:
7.24~7.28 (m, 2H), 7.08~7.14 (m, 4H), 7.00~7.04 (m,
1H), 6.56 (dd, J=8.4, 1.2 Hz, 2H), 4.57 (d, J=7.2 Hz,
1H), 3.01 (dd, J=16.0, 7.2 Hz, 1H), 2.92 (d, J=16.0, 1H),
2.44 (d, J=17.6 Hz, 1H), 2.36 (d, J=17.6, 1H), 2.31 (s,
3H), 2.17 (d, J=15.6 Hz, 1H), 2.08 (d, J=15.6 Hz, 1H),
1.04 (s, 3H), 0.99 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
167.6, 162.9, 157.2, 151.3, 138.4, 136.6, 129.5, 128.8,
126.8, 123.0, 119.3, 116.1, 41.2, 40.8, 36.8, 34.2, 31.6,
28.4, 28.0, 21.0; IR (KBr) v: 1789, 1772, 1662, 1627,
1507, 1380, 1186, 1119. 822, 693, 668, 527 cm ™. HRMS
(ESI) calcd for CyH,50,NNa [M—I—Na]+ 382.1783, found
382.1809.

(E)-4-(4- A L R HE)-7,7- — I k-5 (R L 0 4 9 )-
3,4,5,6,7,8- 7N A -2H- 045 -2- T (3¢): ¥ ([l 44, 77
88%. m.p. 106.5~107.1 ‘C; "H NMR (400 MHz, CDCl;)
8: 7.26 (d, J=7.8 Hz, 2H), 7.16 (d, J=8.6 Hz, 2H), 7.02
(t, J=7.4 Hz, 1H), 6.82 (d, J=8.7 Hz, 2H), 6.56 (d, J=7.5
Hz, 2H), 4.55 (d, J=7.1 Hz, 1H), 3.77 (s, 3H), 3.00 (dd,
J=16.0, 7.4 Hz, 1H), 2.91 (d, J=14.4 Hz, 1H), 2.44 (d,
J=17.8 Hz, 1H), 2.36 (d, J=17.8 Hz, 1H), 2.17 (d, J=
15.5 Hz, 1H), 2.09 (d, J=15.5 Hz, 1H), 1.04 (s, 3H), 0.99
(s, 3H); *C NMR (100 MHz, CDCl;) d: 166.75, 163.85,
159.04, 157.44, 143.61, 141.10, 128.99, 127.35, 126.79,
125.07, 119.58, 115.29, 41.80, 40.82, 36.75, 34.98, 31.89,

http://sioc-journal.cn/ 2079



BIHE

28.28, 28.13; IR (KBr) v: 1781, 1770, 1652, 1637, 1501,
1340, 1176, 1110. 830, 690, 661, 523 cm . HRMS (ESI)
caled for Cp4Ha6OsN [M+H]" 376.1907, found 376.1907.

(E)-4-(4- 1R 2K £ )-7,7- — W1 5. 2% 5L 7 & 35 )-
3,4,5,6,7,8- 7N & -2H- (045 -2- i (3d): & A [F AR, 72K
73%. m.p. 134.5~134.9 “C; '"H NMR (400 MHz, CDCls)
5: 7.41 (d, J=8.5 Hz, 2H), 7.34~7.22 (m, 2H), 7.12 (d,
J=8.4 Hz, 2H), 7.10~6.95 (m, 1H), 6.54 (dd, J=8.3, 1.1
Hz, 2H), 4.56 (d, J=7.6 Hz, 1H), 3.03 (dd, J=16.1, 7.7
Hz, 1H), 2.90 (d, J=14.5 Hz, 1H), 2.44 (d, J=17.8 Hz,
1H), 2.37 (d, J=17.9 Hz, 1H), 2.17 (d, J=15.6 Hz, 1H),
2.09 (d, J=15.6 Hz, 1H), 1.04 (s, 3H), 0.98 (s, 3H); 1°C
NMR (100 MHz, CDCLy) d: 167.1, 162.7, 157.6, 151.0,
140.6, 131.9, 128.9, 128.7, 123.2, 120.9, 119.2, 115.5,
41.1, 40.8, 36.4, 34.3, 31.6, 28.3, 28.1; IR (KBr) v: 1790,
1662, 1622, 1592, 1488, 1408, 1376, 1228, 1159, 1090,
1008, 957, 857, 771, 695 cm '. HRMS (ESI) calcd for
C»3H»,0,NBrNa [M+Na]* 446.0732, found 446.0736.

(E)-7,7- — W 35 -5-( 2% 2k WP % Ok )-4-( W8 Wy -2- 0k )-
3,4,5,6,7,8- 75 & -2H- {0 )7 -2- T (3e): ¥ (0 [ 4k, 7= &
79%. m.p. 121.5~121.8 ‘C; 'H NMR (400 MHz, CDCl5)
5: 7.30~7.34 (m, 2H), 7.16 (dd, J=4.4, 1.6 Hz, 1H),
7.05~7.09 (m, 1H), 6.90~6.92 (m, 2H), 6.72 (dd, J=8.4,
1.2 Hz, 2H), 4.85 (d, J=6.8 Hz, 1H), 3.20 (d, J=16.0,
1H), 3.02 (dd, J=16.0, 7.2 Hz, 1H), 2.34 (s, 2H), 2.17 (s,
2H), 1.03 (s, 3H), 0.98 (s, 3H); *C NMR (100 MHz,
CDCly) d: 167.2, 162.9, 157.2, 151.1, 144.4, 128.9,
126.6, 124.5, 123.4, 123.2, 119.4, 116.4, 41.1, 40.7,
36.0, 31.7, 30.0, 28.3, 28.1; IR (KBr) v: 1783, 1659,
1608, 1591, 1494, 1484, 1380, 1219, 1169, 1115, 703
cm . HRMS (ESI) caled for C,1H,;O,NNaS [M-l-Na]+
374.1191, found 374.1201.

(E)-4-( WK i -2- 3£ )-7,7- — F B 5% 3 & 3 )-
3,4,5,6,7,8- /N A -2H- 10 )3 -2- B (3): ¢ 3%t [E 4A, 77 &
70%. m.p. 108.1~108.5 ‘C; 'H NMR (400 MHz, CDCl5)
d:7.30 (t, J=7.8 Hz, 2H), 7.05 (t, J=7.4 Hz, 1H), 6.63 (d,
J=7.3 Hz, 2H), 6.18 (d, J=3.2 Hz, 1H), 6.06 (d, J=3.2
Hz, 1H), 4.66 (d, J=7.0 Hz, 1H), 3.11 (d, J=17.5 Hz,
1H), 2.90 (dd, J=16.1, 7.3 Hz, 1H), 2.39 (d, J=17.8 Hz,
1H), 2.33 (d, J=18.0 Hz, 1H), 2.16 (s, 2H), 1.03 (s, 3H),
1.00 (s, 3H); C NMR (100 MHz, CDCl;) §: 166.75,
163.85, 159.04, 157.44, 143.61, 141.10, 128.99, 127.35,
126.79, 125.07, 119.58, 115.29, 41.80, 40.82, 36.75, 34.98,
31.89, 28.28, 28.13; IR (KBr) v: 1773, 1669, 1601, 1540,
1504, 1492, 1381, 1211, 1179, 1105, 699 cm '. HRMS
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(ESI) caled for C,;H»OsN [M~+H]" 336.1594, found
336.1595.

(E)-7,7- — W Jk-4- (0] I 2R 25 )-5- (0 FH 2R I IV 2 ik )-
3,4,5,6,7,8- /N A -2H- 1004 -2- T (3g): 4k ¥ o [E 44, 7=
96%. m.p. 99.2~99.8 “C; '"H NMR (400 MHz, CDCl) §:
7.06~7.14 (m, 6H), 6.47 (d, J=8.0 Hz, 2H), 4.58 (d, J=
7.2 Hz, 1H), 3.00 (dd, J=16.0, 7.2 Hz, 1H), 2.91 (d, J=
15.6 Hz, 1H), 2.27~2.46 (m, 8H), 2.19 (d, J=15.2 Hz,
1H), 2.10 (d, J=15.2 Hz, 1H), 1.03 (s, 3H), 0.99 (s, 3H);
C NMR (100 MHz, CDCl) d: 167.7, 162.9, 156.9, 148.7,
138.4, 136.5, 132.4, 129.4, 129.4, 126.8, 119.3, 116.2,
41.1, 40.8,36.8, 34.2, 31.6, 28.5, 28.0 21.0, 20.8; IR (KBr)
v: 1789, 1739, 1669, 1622, 1503, 1380, 1231, 1176, 1118,
1037, 969, 855, 625 c¢cm '. HRMS (ESI) calcd for
C»sH,,0,NNa [M+Na]* 396.1939, found 396.1946.

(E)-5-((4- 5 2K 3 W& 3 )-7,7- = F 3 46 H1 2%
5£)-3,4,5,6,7,8-7N A -2 H- 10 )f-2-[d(3h): B8 (] Ak, 7=
85%. m.p. 115.7~116.1 ‘C; '"H NMR (400 MHz, CDCl;)
8: 7.24~7.18 (m, 2H), 7.10 (s, 4H), 6.49 (d, J=9.4 Hz,
2H), 4.53 (d, J=7.3 Hz, 1H), 3.00 (dd, J/=16.0, 7.4 Hz,
1H), 2.91 (d, J=14.2 Hz, 1H), 2.45 (d, J=17.8 Hz,
1H), 2.37 (d, J=16.8 Hz, 1H), 2.30 (s, 3H), 2.15 (d, J=
15.5 Hz, 1H), 2.07 (d, J=15.5 Hz, 1H), 1.04 (s, 3H),
1.00 (s, 3H); *C NMR (100 MHz, CDCly) o: 167.4,
163.7, 157.7, 149.8, 138.2, 136.7, 129.5, 128.9, 128.3,
126.7, 120.7, 115.9, 41.2, 40.8, 36.8, 34.3, 31.7, 28.4,
28.1, 21.0; IR (KBr) v: 1787, 1661, 1621, 1585, 1481,
1379, 1226, 1181, 1115, 1034, 971, 860, 853, 817 cm .
HRMS (ESI) caled for C,4H,0,NCINa [M + Na] *
416.1393, found 416.1417.

(E)-4-(4- 1R A FE)-7,7- — FHBE-5-(6f H 2R B T S 4 )-
3,4,5,6,7,8- 7N & -2H- 0 4 -2- B (3i): 3% (0 [E] 4k, 77 %K
80%. m.p. 132.8~133.3 ‘C; '"H NMR (400 MHz, CDCly)
5: 7.40 (d, J=8.5 Hz, 2H), 7.12 (d, J=8.4 Hz, 2H), 7.07
(d, J=7.9 Hz, 2H), 6.45 (d, J=8.2 Hz, 2H), 4.56 (d, J=
7.7 Hz, 1H), 3.02 (dd, J=16.1, 7.7 Hz, 1H), 2.90 (d, J=
16.1 Hz, 1H), 2.43 (d, J=17.8 Hz, 1H), 2.36 (d, J=18.0
Hz, 1H), 2.31 (s, 3H), 2.18 (d, J=15.5 Hz, 1H), 2.10 (d,
J=15.5 Hz, 1H), 1.03 (s, 3H), 0.97 (s, 3H); >C NMR (100
MHz, CDCLy) d: 167.1, 162.7, 157.3, 148.4, 140.6, 132.6,
131.9, 129.5, 128.7, 120.9, 119.2, 115.6, 41.0, 40.8, 36.4,
34.2,31.6,28.3,28.1, 20.8; IR (KBr) v: 1786, 1647, 1618,
1479, 1421, 1377, 1202, 1149, 1107, 1087, 1044, 870, 853,
813 cm . HRMS (ESI) caled for C,4H,;0,BrNNa [M+
Na]" 460.0888, found 460.0876.
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(E)-7,7- — W Jk -5-((4- i 25 % 2k ) 7 0 26 )-4- 2R ik -
3,4,5,6,7,8- 75 & -2H- 6 45 -2- T (3)): 77 F  66%. m.p.
129.7~130.4 °C; '"H NMR (400 MHz, CDCl) : 8.15 (d,
J=8.9 Hz, 2H), 7.39~7.14 (m, 6H), 6.62 (d, J/=8.9 Hz,
2H), 4.52 (d, J=7.4 Hz, 1H), 3.05 (dd, J=16.1, 7.6 Hz,
1H), 2.95 (d, J=14.5 Hz, 1H), 2.50 (d, J=18.0 Hz, 1H),
2.43 (d, J=18.9 Hz, 1H), 2.12 (d, J=15.6 Hz, 1H), 2.07
(d, J=15.6 Hz, 1H), 1.07 (s, 3H), 1.03 (s, 3H); *C NMR
(100 MHz, CDCl;) 6: 166.75, 163.85, 159.04, 157.44,
143.61, 141.10, 128.99, 127.35, 126.79, 125.07, 119.58,
115.29, 41.80, 40.82, 36.75, 34.98, 31.89, 28.28, 28.13; IR
(KBr) v: 1795, 1661, 1612, 1598, 1478, 1412, 1386, 1238,
1160, 1092, 1013, 967, 867, 780, 698 cm™'. HRMS (ESI)
caled for CpH,04N, [M + HJ  391.1652, found
391.1658.

(E)-7,7-— F J-4-(ME Wy -2-F)-5-(h H K 36 TP 4 3 )-
3,4,5,6,7,8- 7N & -2H- (0 45 -2- i (3k): & (A [f A4k, 72K
81%. m.p. 124.3~124.7 “C; "H NMR (400 MHz, CDCl;)
5: 7.11~7.16 (m, 3H), 6.89~6.92 (m, 2H), 6.61~6.63
(m, 2H), 4.85 (d, J=6.8 Hz, 1H), 3.19 (dd, J=16.0, 1H),
3.01 (dd, J=16.0, 7.2 Hz, 1H), 2.32~2.33 (m, 5H), 2.18
(s, 2H), 1.02 (s, 3H), 0.97 (s, 3H); >C NMR (100 MHz,
CDCly) 6: 167.3, 162.9, 157.0, 148.4, 144.4, 132.6, 129.5,
126.5, 124.5, 123.4, 119.4, 116.5, 41.0, 40.7, 36.0, 31.6,
30.0, 28.3, 28.1, 20.9; IR (KBr) v: 1770, 1662, 1625, 1502,
1413, 1375, 1141, 1103, 1032, 967, 865, 828, 741, 702
ecm ', HRMS (ESI) caled for Cy,H30,NNaS [M+Na]*
388.1347, found 388.1355.

(E)-7,7- — B Fk -4- 2K i -5 ( X B 2K 3 0 & 3 )-
3,4,5,6,7,8- /N A -2H- {0 45 -2- T (31): V% 3 fo [ 4k, 77
92%. m.p. 95.6~96.0 “C; '"H NMR (400 MHz, CDCl;) ¢:
7.33~7.18 (m, 5H), 7.06 (d, J=8.0 Hz, 2H), 6.46 (d, J=
8.2 Hz, 2H), 4.61 (d, J=7.3 Hz, 1H), 3.02 (dd, J=16.1,
7.5 Hz, 1H), 2.94 (d, J=16.1 Hz, 1H), 2.45 (d, J=17.8
Hz, 1H), 2.36 (d, J=16.8 Hz, 1H), 2.30 (s, 3H), 2.20 (d,
J=15.5 Hz, 1H), 2.10 (d, J=15.5 Hz, 1H), 1.04 (s, 3H),
0.99 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 167.5, 162.8,
157.1, 148.6, 141.5, 132.4, 129.4, 128.8, 127.0, 126.9,
119.3, 116.0, 41.1, 40.8, 36.7, 34.6, 31.6, 28.4, 28.0, 20.8;
IR (KBr) v: 1723, 1668, 1623, 1497, 1471, 1457, 1382,
1257, 1230, 1185, 1104, 875, 668 cm '. HRMS (ESI)
caled for C,4H,50,NNa [M—|—Na]+ 382.1783, found
382.1811.

(E)-5-((4-FF AU 20 25 ) ML 2 0k )-7,7- — PR B4 SR i -
3,4,5,6,7,8-/NA-2H- (1) -2- WA (3m): VR B CE AR, A
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71%. m.p. 95.3~95.9 °C; '"H NMR (400 MHz, CDCL) ¢:
7.26 (t, J=8.6 Hz, 5H), 6.82 (d, J=8.2 Hz, 2H), 6.51 (d,
J=38.1 Hz, 2H), 4.61 (d, J=6.3 Hz, 1H), 3.78 (s, 3H), 3.02
(dd, J=15.9, 7.4 Hz, 1H), 2.94 (d, J=15.8 Hz, 1H), 2.45
(d, J=17.8 Hz, 1H), 2.36 (d, J=17.7 Hz, 1H), 2.22 (d, J=
15.4 Hz, 1H), 2.13 (d, J=15.4 Hz, 1H), 1.04 (s, 3H), 0.99
(s, 3H); *C NMR (100 MHz, CDCl;) d: 166.75, 163.85,
159.04, 157.44, 143.61, 141.10, 128.99, 127.35, 126.79,
125.07, 119.58, 115.29, 41.80, 40.82, 36.75, 34.98, 31.89,
28.28, 28.13; IR (KBr) v: 1735, 1670, 1633, 1500, 1481,
1460, 1385, 1256, 1228, 1180, 1105, 871, 669 cm .
HRMS (ESI) caled for CpHsOsN [M+H]" 376.1907,
found 376.1910.

(E)-4-(4-VR 2K 5E)-5-((4-F R B W= 42 )-7,7- — H 2k
3,4,5,6,7,8- 7N A -2H- 0 )% -2-B 3n): Wk B (O [E4E, 77
65%. m.p.142.9~143.2 °C; '"H NMR (400 MHz, CDCl5)
8: 7.42 (d, J=8.4 Hz, 2H), 7.23 (d, J=8.6 Hz, 2H), 7.11
(d, J=8.5 Hz, 2H), 6.48 (d, J=6.7 Hz, 2H), 4.53 (d, J=
7.5 Hz, 1H), 3.03 (dd, J=16.1, 7.7 Hz, 1H), 2.90 (d, J=
16.1 Hz, 1H), 2.45 (d, J=17.9 Hz, 1H), 2.39 (d, J=18.0
Hz, 1H), 2.15 (d, J=15.6 Hz, 1H), 2.08 (d, J=15.6 Hz,
1H), 1.05 (s, 3H), 0.99 (s, 3H); “C NMR (100 MHz,
CDCLy) d: 167.1, 162.7, 157.6, 151.0, 140.6, 131.9, 128.9,
128.7, 123.2, 120.9, 119.2, 115.5, 41.1, 40.8, 36.4, 34.3,
31.6, 28.3, 28.1; IR (KBr) v: 1785, 1632, 1585, 1402,
1210, 1108, 1036, 981, 864, 819 cm™'. HRMS (ESI) calcd
for CypH, 0,BrCINNa [M + Na] = 480.0342, found
480.0340.

(E)-5-((4-F 2K 25 W& 5L )-7,7- — H -4 (M wy -2-
%£)-3,4,5,6,7,8- /N A -2 H- (4075 -2- B (30): 3t [E 44, 22
72%. m.p. 120.5~120.9 “C; 'H NMR (400 MHz, CDCl5)
8: 7.26~7.28 (m, 2H), 7.15 (dd, J=5.2, 1.2 Hz, 1H),
6.89~6.92 (m, 2H), 6.63~6.66 (m, 2H), 4.81 (d, J=
6.8Hz, 1H), 3.18 (d, J=16.4, 1H), 3.01 (dd, J=16.4, 7.2
Hz, 1H), 2.34 (s, 2H), 2.15 (s, 2H), 1.03 (s, 3H), 0.98 (s,
3H); *C NMR (100 MHz, CDCly) d: 167.0, 163.7, 157.7,
149.6, 144.2, 129.0, 128.6, 126.6, 124.5, 123.4, 120.8,
116.3, 41.1, 40.7, 36.0, 31.7, 30.0, 28.3, 28.0; IR (KBr) v:
1768, 1654, 1627, 1503, 1375, 1141, 1103, 1030, 957, 846,
825, 744 cm '. HRMS (ESI) calcd for CpHy,0,CINNaS
[M-+Na]™ 408.0801, found 408.0812.

(E)-4- 7K FE-5-CR 2 2 3 )-3,4,5,6,7,8- /N & -2 H- 4
15 -2- T 3p): KB AE AR, 2% 76%. mp. 903~
90.7 °‘C; '"H NMR (400 MHz, CDCl;) d: 7.20~7.31 (m,
7H), 7.01 (t, J=7.6 Hz, 1H), 6.57~6.59 (m, 2H), 4.64 (d,
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J=7.2 Hz, 1H), 3.04 (dd, J=16.4, 7.6 Hz, 1H), 2.95 (d,
J=16.4, 1H), 2.50~2.55 (m, 2H), 2.23~2.41 (m, 2H),
1.87~1.94 (m, 2H); "C NMR (100 MHz, CDCls) §:
167.3, 163.2, 159.0, 151.2, 141.4, 128.8, 128.8, 127.1,
126.9, 123.1, 119.4, 117.0, 36.6, 34.6, 27.7, 27.1, 21.0;
IR (KBr) v: 1782, 1659, 1608, 1591, 1484, 1380, 1219,
1169, 1115, 1013, 967, 926, 850, 785, 703 cm '. HRMS
(ESI) calcd for C,H;40,NNa [M+Na]" 340.1313, found
340.1332.

(E)-5-(FE 0 38 )-4-(Ohf 2K 36)-3,4,5,6,7,8- 75 A -
2H-(475-2-F(3q): IR FE CEE, 772 85%. m.p. 92.7~
93.1 C; 'H NMR (400 MHz, CDCl3) d: 7.23 (m, 2H),
7.09~7.15 (m, 4H), 6.99~7.03 (m, 1H), 6.58~6.60
(m, 2H), 4.60 (d, J=7.2 Hz, 1H), 3.02 (dd, J=16.0, 7.6
Hz, 1H), 2.92 (d, J=16.0, 1H), 2.45~2.62 (m, 2H),
2.22~2.40 (m, 5H), 1.86~1.93 (m, 2H); *C NMR (100
MHz, CDCl;) J: 167.5, 163.3, 158.8, 151.2, 138.4,
136.6, 129.4, 128.8, 126.8, 123.1, 119.4, 117.2, 36.7,
34.1, 27.8, 27.1, 21.0; IR (KBr) v: 1781, 1659, 1616,
1592, 1512, 1485, 1377, 1217, 1169, 729, 697 cm .
HRMS (ESI) caled for C;H;O,NNa [M + Na] -
354.1470, found 354.1468.

4 BT KL (Supporting Information) L&) 3a~3q [
"HNMR 1 °C NMR #% &, X2kl L4 2 A AT 9
¥ (http://sioc-journal.cn/) . %K.
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