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Cascade Cyclization Reaction Initiated by Benzylic Carbocation of
Indole: Scope and Mechanistic Insights

Gao, Zhongrun’ Wang, Yuan® Song, Hang Xu, Zhengren™ Jia, Yanxing™
(State Key Laboratory of Natural and Biomimetic Drugs, School of Pharmaceutical Sciences,
Peking University, Beijing 100191)

Abstract During the course of the total synthesis of a-cyclopianic acid (a-CPA) and speradine C, our research group have
developed a biomimetic cascade cyclization reaction initiated by the benzylic carbocation of indole. In this paper, the scope
and the reaction mechanism of the cascade cyclization reaction were studied. The experimental results show that the cascade
cyclization reaction occurrs at the benzylic carbocation of indole, indicating that the conjugation effect of the indole nitrogen

atom plays a key role in the cascade cyclization of benzylic carbocations.
Keywords mechanism; cascade cyclization; benzylic carbocation; indole; conjugation effect
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IR S G 25 B A A B EAIE T FRAT AT HEDU ) 4508
B NHLEEH, path B i&42LE path A i&EE &3, A
HE| e 2 L 72 5] o A S Bk I B 51 R 1) B BRI AL S B
TR R T OHRAE .

2 ZLig

IR X AE a-CPA Fll speradine C & il & Ji& FE 5|k
A B I B 51 R 0477 AR R B e R AT 3 PR A
FORI, LA IE B 1 A SR AE 25 A 1| R ) i
Y BENR) A A=, WM R 265 ) 8 R AE Mg e
At IEFH &S 1 HR AL OB R 3 7 e E .

3 XIS
3.1 E5EH

B 7 B MR A = A5 9 B4 . S5 BT
WA SR E . HR, DUSRAR B v R4l il R g alifh
(Innovation 2\ ).

WE W BRI B 2 0 E KR AR (GF254) H
Merck AR FTF=;, SAFEHBEHER . & s
B RE L A SR L T AR 200~300 HfE
J; )% 8 T A FH O 58 VB A T PR A =] BT AR 7= 1)
2 TR (200 mm X 200 mm X 1 mm); BT A
fit. 2R Hg¥ A AL il R ik T A .

WwEYE P ESI-MS B Waters Xevo G2
Q-TOF BG4 5 ; 44 miAE X-4 $7 7w A sl
SEA EME (AL R A A R AR, IR E S H
Bruker Avance 111 400 M &} Bruker Avance 111 600 M %
FIRVEAGN 52, ZHEILIREEE B Bruker Avance 111 100
M &}, Bruker Avance ITT 150 M % #EFIR AN €, 20
b 2T R RRE BT 9575 CDCls (0 7.26 A1 77.0)3ET 5E
.

3.2 ZWHE
32,1 3-FH-3-(2-3-F A T -2-M-1-25) 3K H)-2-((4-
R ) AR 2L ) R B F S (10) 496 A%,

SRS, B 2-(4- IR IR R ) 2. S
(Tos-Gly-OMe, 838 mg, 3.45 mmol)¥& T T /&P & kIR
(THF)# (20 mL), PR 2% —78 ‘C, 2218 i LiIHMDS
YEW(1.30 mol/L in THF, 5.30 mL, 6.89 mmol). —78 C
N 10 min J&, KAEEP9 (600 mg, 3.49 mmol)ff]
THF #3010 mL)E A LR RBR, RIERET 2=
ARSI PE SN, 2 L (TLC) W B 7R JFURHE #E 52
LG, RN NHLCLER(10 mL). &N 28R
LBE(30 mL X 3)AEHL, & A HIAHH AN S K
W20 mL X 3)Peik, ToKIRBRAN T, k&R 2535
A5 BT A5 B 0 P R I A (S [ VCR ) - M(LTRE
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fE)=8 : 1]/ B 4aifb155) 647 mg JoEMIRBAE 10, 7~
# 45%. 'H NMR (CDCls, 400 MHz) 6: 7.63~7.61 (m,
2H), 7.29~7.28 (m, 1H), 7.23~7.20 (m, 3H), 7.16~7.14
(m, 2H), 5.68~5.65 (d, J=9.6 Hz, 1H), 5.22~5.20 (t, J=
4.8 Hz, 1H), 5.18~5.14 (m, 1H), 4.19~4.16 (dd, J=9.6,
5.2 Hz, 1H), 3.35 (s, 3H), 3.30~3.28 (d, J=6.8 Hz, 2H),
2.81~2.80 (m, 1H), 2.40 (s, 3H), 1.76 (s, 3H), 1.74 (s,
3H); '3C NMR (CDCls, 100 MHz) 6: 170.0, 143.6, 138.7,
136.5, 136.5, 133.4, 129.6, 129.5, 128.3, 127.2, 126.2,
125.7, 122.7, 712, 60.1, 52.1, 31.2, 25.7, 21.5, 17.9.
HRMS caled for CoHxsNOsS [M+H]" 418.1683, found
418.1682.

322 2-(3,3-= W A-1,34,5-19 8K FHF[c] ALK T-1-
H)-2-((4-F E R ) sRBR A R ) TR F BE (11)89 6 A%

AT, LAY 10 (100 mg, 0.240 mmol)¥
FI/K CHLCL (10 mL)H, =& F I THNH (15.0
mg, 0.0534 mmol). HiFE &M AE TLC W RE FE7E 4,
HIHIFI NaHCO; ¥ W(10 mL), ] & H 5810 mL X 3)
WG, &AM GBS /KIER(10 mLX3)
Ve, TKBRERANT 1. D e 28 bk A7), Frf3 ik
W) 2 S [ VORI © (LR L) =2 © 11554k
A2 76 mg FEMPRBMAE 11, 7% 75%. 'H NMR
(CDCls, 400 MHz) 8: 7.77~7.75 (m, 2H), 7.31~7.27 (m,
3H), 7.16~7.14 (m, 2H), 7.09~7.07 (m, 1H), 5.33~5.30
(d, J=10.0 Hz, 1H), 4.99~4.97 (d, J=6.4 Hz, 1H),
4.55~4.51 (dd, J=10.0, 6.4 Hz, 1H), 3.36 (s, 3H), 2.90~
2.75 (m, 2H), 2.43 (s, 3H), 1.70~1.67 (dd, J=6.0, 5.2 Hz,
2H), 1.21 (s, 3H), 1.11 (s, 3H); *C NMR (CDCls, 100
MHz) 6: 170.6, 143.8, 142.2, 137.4, 136.5, 129.6, 129.5,
127.6, 127.5, 126.1, 125.8, 76.3, 74.0, 59.1, 52.0, 39.8,
30.9, 30.1, 23.7, 21.5. HRMS calcd for CoHasNOsS [M+
H]" 418.1683, found 418.1686.

323 (E)-3-(5,5-=F #-5,6,7,8-19 S -1- ) A M BL
B B5 (15) 894 %,

SR, KA 13 (300 mg, 1.59 mmol)ia T
Ji7K PhMe ¥R (20 mL)H, IO = 2R b 5 2. 18 H Bis
(1.07 g, 3.19 mmol), HIFE 120 CHEFERM 10 h, IR)E
WY, B RBR BN, 13358 EOHPRIE AR =
Y14, HIEHAT N RPL

AT, B AY 14 T 8K CHLCLy
W (B0 mLyH, #EH: A TENH (71.7 mg, 0.255
mmol). FI& F &M 30 min, JIAMEF NaHCO; ¥ (15
mL), 7 EAHUAH, KA & H 20 mL X 3)AEH, &
HAHUAHJE F R S ALK IS (10 mL X 3)Peig, oK
TRERAA T 1. IR e 28R 5571, BTk M= &
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WEVCHEME) ¢ MR LB =10 © 115 H 2tk 15 2
249 mg FWOMCRBAE 15, BB IR 64%. 'H NMR
(CDCls;, 400 MHz) 6: 8.04~8.00 (d, J=15.6 Hz, 1H),
7.42~7.40 (d, J=7.6 Hz, 1H), 7.36~7.34 (d, J=7.2 Hz,
1H), 7.20~7.16 (t, J=7.6 Hz, 1H), 6.33~6.29 (d, J=
15.6 Hz, 1H), 3.81 (s, 3H), 2.86~2.83 (t, J=6.4 Hz, 2H),
1.88~1.82 (m, 2H), 1.68~1.65 (m, 2H), 1.30 (s, 6H); 1*C
NMR (CDCls, 100 MHz) o: 167.4, 146.6, 143.3, 135.4,
133.5, 128.7, 125.8, 123.9, 119.2, 51.6, 38.4, 34.0, 31.9,
27.7,19.2. HRMS calcd for C6H0, [M+H]™ 245,1536,
found 245.1537).

324 (E)-3-(4-F &4 -5,5-— % 3£-5.6,7,8-19 5 A-1-
F) R M ER T BE(19)49 4R

AT, BAA Y 17 (300 mg, 1.37 mmol)ia T
JE7K PhMe ¥ (20 mL)H, IO\ = 2R L b 5L 2 1 H g
(920 mg, 2.75 mmol), HIFAE 120 CHEFE M 10 h, JE
Wi e, HEEE MR AR, 15205 R A
FEVIA8, BT N L

BARYE, B EY 18 T /K CHCl,
W (B0 mLyH, #EFE T THENH (49.5 mg, 0.176
mmol). Z & M 30 min, JIAEF NaHCOs %7K (15
mL), 7 EANUAH. KA & H 5620 mL X 3)AH, &
FHA MU E FA R S ALK IE(10 mL X 3)Peidk, Tk
TR AN T 1. IR e 28 Bk 253870, PTfS sk R 2
WEVCAME) ¢ MR LB =10 @ 115> B 2aifeig 2
144 mg EEMHARBAA 19, HPRE 38%. 'H NMR
(CDCls;, 400 MHz) 6: 8.00~7.96 (d, J=15.6 Hz, 1H),
7.40~7.38 (d, J=8.4 Hz, 1H), 6.75~6.73 (d, J=8.4 Hz,
1H), 6.23~6.19 (d, J=15.6 Hz, 1H), 3.84 (s, 3H), 3.79 (s,
3H), 2.83~2.79 (t, J=6.4 Hz, 2H), 1.79~1.73 (m, 2H),
1.63~1.60 (m, 2H), 1.37 (s, 6H); 3C NMR (CDCl;, 100
MHz) 6: 167.8, 160.7, 143.3, 138.3, 134.3, 126.4, 125.3,
116.9, 109.2, 55.0, 51.5, 41.9, 34.2, 29.1, 28.3, 19.1.
HRMS caled for C;7H230; [M+H]" 275.1642, found
275.1645.

325 3-FA-3-(2-(4-F HOR-3-M0-1- ) KK )-2-((4-
ORI L) R B T BS(21) 496 A%,

RS, B 2-(4- IR IR R ) 2. S
(Tos-Gly-OMe, 1.27 g, 5.23 mmol)i& T T-#§ THF 7% (15
mL), P A2 —78 C, L2123 N LiHMDS ¥ (1.30
moleL ! in THF, 4.43 mL, 5.75 mmol). —78 C < 10
min J&, KA 13 (492 mg, 2.62 mmol)[] THF ¥ ¥(5
mL)E A R R B, SR 5 A8 T 2 = iR Ak S R
i, TLC M ERNEFEE 4, 2218 I AR AT NHLCl R TR
(10 mL). [N 4R LHER(30 mL X 3)AEHL, &AL
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FAFE R AN SEACAN K20 mL X 3) e, To/KBR RN
MR U e A B VA T, P AT AR B A A IR R i
V(R M) @ MR AER) =2 115 525 2] 635 mg
WHEOMPIRBAE 21, 773 56%. 'H NMR (CDCls, 400
MHz) d: 7.68~7.66 (d, J=8.0 Hz 3H), 7.45~7.43 (d, J=
8.0 Hz 3H), 7.29~7.27 (m, 2H), 7.25~7.20 (m, 4H),
7.19~7.15 (m, 4H), 7.13~7.10 (m, 4H), 5.76 (brs, 1H),
5.63 (brs, 1H), 5.35~5.33 (t, J=3.2 Hz, 1H), 5.26~5.23
(t, J=4.8 Hz, 1H), 5.16~5.13 (m, 2H), 4.20~4.16 (dd, J
=9.6, 4.4 Hz, 1H), 4.09~4.05 (dd, J=10.0, 3.6 Hz, 1H),
3.56 (s, 3H), 3.33 (s, 3H), 2.89~2.84 (m, 1H), 2.64~2.59
(m, 3H), 2.54~2.49 (m, 3H), 2.40 (s, 3H), 2.36 (s, 3H),
2.26~2.19 (m, 5H), 1.69 (s, 6H), 1.53 (s, 6H); 3C NMR
(CDCls, 100 MHz) 6: 170.7, 169.8, 143.7, 143.2, 139.0,
138.6, 136.5, 136.2, 132.8, 132.6, 129.6, 129.5, 129.3,
129.2, 128.1, 128.1, 127.2, 126.9, 126.6, 126.1, 126.0,
125.5,123.2, 123.1, 71.3, 70.3, 60.8, 60.2, 52.7, 52.1, 31.9,
31.8,29.7,29.6, 25.6, 21.5, 21.4, 17.6, 17.5. HRMS calcd
for Co3H20NNaOsS [M+Na] "454.1659, found 454.1657.
3.2.6 (E)-3-(2-(4-F F/%-3-Mi-1-2) K 4)-2-((4-F &
FIR)FR B IR R M B T B5 (22) 49 AR

SR, B A Y 21 (300 mg, 0.695 mmol)iE
T 10 mL Jo7K MeCN 7, FiaH i\ DMAP (8.50
mg, 0.0695 mmol)F1 Boc,O (0.162 ml, 0.695 mmol). i
RRLE TLC W RLE FE5E 4, Pl RS A i A Y
FEAT(TMG, 0.200 mL, 2% in volume). 4k%E % N £
TLC Ml JFRHEHETE 4, SR M R BRI KHSO4
(1 molsL™!, 5 mL), H 4R 4BE(10 mL X 3)2HL, &
FHANUAE, KIKH KHSO4 % (5 mL). 71 NaHCO; ¥
(5 mL). WEAEAARAKIEIR(S mL)BEE, ToKEEREA
TR DR e R AR, TRk Y A= s v Ca
WER) © MR ZER) =2 : 117 B 4itb155) 209 mg It
PR 22, 723 73%. 'H NMR (CDCls, 400 MHz) 6:
7.66~7.64 (d, J=8.0 Hz, 1H), 7.61 (s, 1H), 7.59~7.57
(d, J=8.0 Hz, 2H), 7.25~7.21 (td, J=7.6, 1.6 Hz, 1H),
7.18~7.16 (m, 3H), 7.12~7.08 (td, J=7.6, 1.2 Hz, 1H),
6.20 (s, 1H), 5.20~5.17 (tt, J=7.2, 1.2 Hz, 1H), 3.67 (s,
3H), 2.64~2.60 (dd, J=9.6, 7.6 Hz, 2H), 2.38 (s, 3H),
2.28~2.22 (dd, J=15.6, 7.6 Hz, 2H), 1.70 (s, 3H), 1.58 (s,
3H); '3C NMR (CDCls, 100 MHz) o: 165.3, 143.6, 142.0,
136.8, 133.1, 132.6, 131.4, 129.5, 129.3, 129.3, 129.2,
127.3, 126.0, 124.7, 123.3, 52.6, 33.9, 29.5, 25.7, 21.5,
17.5. HRMS caled for CasHasNO4S [M+H]" 414.1734,
found 414.1735.

http://sioc-journal.cn/ 3131



BIKE

MRILX

327 (E)-3-(5,5-=% #-5,6,7.8-w9 & A-1-3)-2-((4-
A RN ) s Bl ) R BR F 85 (23) 896 A%,
AT, LAY 22 (100 mg, 0.236 mmol)#
TIE/K CHCL ¥ #(10 mL)H, = A THNH (13.3
mg, 0.0472 mmol). $5+HE R A TLC Wil RkE #E 76 4,
IONHLF] NaHCO; (10 mL), F =& F %£(10 mL X 3)
FUE, G IFA VG- BAMEAEKIER (10 mLX3)
ek, To/KBRBREN 1%, J0E e 28 Br 2208 71, Prfs bk
VI B &2 OIS VCRE) ¢ W(GRE BB)=2 1]
B F ] 90 mg AR 23, 77% 90%. 'H
NMR (CDCl;, 400 MHz) 6: 7.53~7.53 (d, J=8.4 Hz,
2H), 7.45 (s, 1H), 7.29~7.27 (d, J=8.8 Hz, 1H), 7.20~
7.18 (d, J=7.6 Hz, 1H), 7.16~7.14 (d, J=8.0 Hz, 2H),
7.01~6.97 (dd, J=8.0, 7.6 Hz, 1H), 6.26 (s, 1H), 3.72 (s,
3H), 2.62~2.59 (t, J=6.4 Hz, 1H), 2.38 (s, 3H), 1.81~
1.78 (m, 2H), 1.64~1.61 (m, 2H), 1.28 (s, 6H); 3C NMR
(CDCls, 100 MHz) &: 165.4, 146.2, 143.4, 137.1, 135.5,
1332, 131.7, 129.2, 127.8, 127.2, 126.0, 125.6, 1252,
52.7, 38.5, 34.0, 31.8, 28.2, 21.6, 19.2. HRMS calcd for
Ca3HsNO4S [M+H]" 414.1734, found 414.1732.
32.8 3-(55-= W #-56,78- W A FA-1-3)-3- 5 -
2-((4-F E R F) A B 2L ) 7 BR T B (24) 596~ A%,
ST, LAY 21 (100 mg, 0.232 mmol)¥
FI/K CHCL (10 mL)H, =35 F A THNH (13.0
mg, 0.0463 mmol). #Hi$k M4 TLC Wil JFRkH FESE 42,
IAEAT NaHCOs ¥3(10 mL), FH =% H4E(10 mL X 3)
KI5, G A VMG REAEAE KR (10 mLX3)
ek, To/KBRBREN T8, 80T e 28 Br 0 7, ATfs ik
PGSR SV CAmE) - MO  BB)=2 1]
SrEAEE] 67 mg ARG 24, 775 67%. 'H
NMR (CDCl;, 400 MHz) J: 7.70~7.68 (d, J=8.0 Hz,
2H), 7.39~7.37 (d, J=8.4 Hz, 2H), 7.30~7.24 (m, 5H),
7.11~7.06 (m, 5H), 5.71 (brs, 1H), 5.53 (brs, 1H), 5.31
(m, 1H), 5.19~5.17 (t, J=4.8 Hz, 1H), 4.18~4.15 (dd,
J=10.0, 4.8 Hz, 1H), 4.09~4.06 (dd, J=10.0, 2.8 Hz,
1H), 3.63 (s, 3H), 3.32 (s, 3H), 2.73~2.64 (m, 3H), 2.47~
2.43 (m, 3H), 2.40 (s, 3H), 2.34 (s, 3H), 1.80~1.75 (m,
4H), 1.64~1.63 (m, 4H), 1.29 (s, 3H), 1.26~1.25 (m,
9H); *C NMR (CDCls;, 100 MHz) d: 170.9, 169.7, 146.2,
145.9, 143.7, 143.1, 136.7, 136.6, 136.4, 136.4, 132.9,
132.3, 129.6, 129.3, 127.3, 127.0, 126.9, 126.7, 125.8,
125.6, 123.6, 122.5, 71.4,70.2, 59.8, 59.3, 52.7, 52.0, 38.5,
34.1, 34.0, 32.1, 32.1, 26.7, 26.6, 21.5, 21.5, 19.4, 19.3.
HRMS calcd for Cy3HoNNaOsS [M+Na]' 454.1659,
found 454.1670.
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329 (E)-3-(1-F A -4-3-F & T -2-H-1-28)-1H-73|
-3 AR F B5(26)49 5k

AR T, BIAEY 48 FEE0.780 mL, 9.69
mmol)¥% T J5/K THF W (50 mL)H, FFiE%E—78 C,
212§ N LIHMDS #(1.30 molsL ™" in THF, 8.13 mL,
10.6 mmol). —78 C F#if: 10 min J5, Kt &40 25 1)
THF 7% #(0.881 mol-L "' in THF, 10 mL, 8.81 mmol)ii il
AN PR, SRIGEASTE 2 SR ksl N, TLC il
JRRNEFETE 4, SR IN 4 molsL ™! HCl /KA, EIF
WP A ESTETE RN IE. RN R ZFR(50 mL X 3)
R, EHA PG R EAsKER(G0 mL X 3)¥k
v, TCKBREREAT 1. DR e 28 BR 250A 7, FTiR iR
R A EIE [ VCH B @ V(R ER)=15 @ 114tk
25 1.88 g A AIRE A 26, 7% 76%. m.p. 93.7~
942 °‘C; '"H NMR (CDCl;, 400 MHz) J: 8.23~8.19 (d,
J=16.0 Hz, 1H), 7.47 (s, 1H), 7.20~7.19 (d, J=4.0 Hz,
2H), 7.02~7.00 (t, J=4.0 Hz, 1H), 6.20~6.16 (d, J=
16.0 Hz, 1H), 5.37~5.34 (t, J=6.8 Hz, 1H), 3.80 (s, 3H),
3.79 (m, 5H), 1.81 (s, 3H), 1.77 (s, 3H); *C NMR (CDCl;,
100 MHz) d: 168.1, 139.7, 137.8, 135.2, 133.3, 128.5,
125.1, 122.6, 122.5, 121.4, 112.7, 112.5, 107.9, 51.3, 33.3,
32.9, 25.7, 18.1. HRMS caled for C;sH,,NO, [M+H]"
284.1645, found 284.1650.
3.2.10 4t&4h 27a. 27b. 28. 29 494K,

SR, KA 26 (100 mg, 0.353 mmol)i&
TIIK CHLClL (10 mL)H, 8 F I THENH (19.9
mg, 0.0706 mmol). Fif NXM 30 min J&, DAL
NaHCOs (5 mL), RMIFEH = H (10 mLX3)%
B, & AN S A S AL KA (10 mL X 3) P,
TC/KBR R AN T, ol i 25 B 25070, PR ok B Y
EETE[VCAE) - LR LR =4 115 B aifkig 2]
(6aS,10a5)-2,7,7- = H 3£-2,6,6a,7,10,10a- 7~ A -9H- 7 1 &
[5,6,7-cd]"|Wk-9-E(27a), %3 EE A 21 mg, 723 22%.
m.p. 179.6~180.2 ‘C; 'H NMR (CDCls, 400 MHz) ¢:
7.22~7.18 (dd, J=8.0, 6.8 Hz, 1H), 7.15~7.12 (d, J=8.0
Hz, 1H), 6.91~6.89 (d, J=6.8 Hz, 1H), 3.86~3.80 (m,
1H), 3.78 (s, 1H), 3.17~3.12 (dd, J=16.4, 4.4 Hz, 1H),
3.01~2.94 (dd, J=16.4, 12.4 Hz, 1H), 2.82~2.76 (dd,
J=18.8, 6.4 Hz, 1H), 2.45~2.37 (dd, J=18.8, 12.0 Hz,
1H), 2.25~2.20 (dt, J=12.4, 44 Hz, 1H), 1.61 (s, 3H),
1.57 (s, 3H); '3C NMR (CDCls, 100 MHz) 8: 170.6, 134.9,
129.0, 125.6, 123.0, 122.2, 116.2, 114.5, 106.9, 84.0, 41.5,
34.5,32.8,29.7,27.2, 26.9, 24.2. HRMS calcd for C,7Hao-
NO; [M+H]" 270.1489, found 270.1487.

(6aS,10aR)-2,7,7- = F13£-2,6,6a,7,10,10a- /N & -9H- 5+
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i K[5,6,7-cd]MI%E-9-HH(27b): WEHE G A 11 mg, %
11%. m.p. 199.8~200.6 “C; 'H NMR (CDCls;, 400 MHz)
5:7.20~7.16 (dd, J=8.4, 6.8 Hz, 1H), 7.15~7.13 (d, J=
8.4 Hz, 1H), 6.87~6.86 (d, J=6.8 Hz, 1H), 6.75 (s, 1H),
3.78 (s, 3H), 3.44~3.37 (m, 1H), 3.30~3.24 (dd, J=18.0,
5.6 Hz, 1H), 3.09~3.04 (dd, J=15.2, 4.0 Hz, 1H), 2.90~
2.83 (dd, J=15.2, 12.0 Hz, 1H), 2.57~2.50 (dd, J=18.0,
12.0 Hz, 1H), 2.11~2.04 (m, 1H), 1.60 (s, 3H), 1.50 (s,
3H); 3C NMR (CDCls, 100 MHz) 6: 170.3, 134.6, 129.5,
126.2, 122.9, 122.0, 115.6, 114.7, 107.0, 85.8, 46.8, 36.3,
32.9, 29.5, 29.3, 29.1, 23.6. HRMS calcd for Ci7H,0NO,
[M+H]" 270.1489, found 270.1487.

2-(1-F 4= (TH e -2- 0t 26 )-1,3,4,5- DU S 2K I [ed]
05| Wk-3-J%) £ 12 F I (28): R B R 13 mg, 7= 2
13%. '"H NMR (CDCls, 600 MHz) 6: 7.15~7.13 (dd, J=
8.4, 7.2 Hz, 1H), 7.07~7.05 (d, J=8.4 Hz, 1H), 6.84~
6.83 (d, J=7.2 Hz, 1H), 6.76 (s, 1H), 4.65~4.62 (dd, J=
9.0, 6.6 Hz, 1H), 3.94~3.91 (d, J=18.0 Hz, 1H), 3.73 (s,
3H), 3.67 (s, 3H), 3.53~3.50 (d, J=17.4 Hz, 1H), 2.62~
2.55 (m, 2H), 1.84~1.83 (d, J=1.8 Hz, 3H), 1.80~1.80
(d, J=0.6 Hz, 3H); *C NMR (CDCls, 150 MHz) : 172.9,
134.6, 130.8, 129.6, 126.7, 125.9, 123.0, 122.6, 115.0,
114.9, 106.2, 51.3, 41.8, 32.8, 32.5, 28.0, 21.1, 20.8.
HRMS caled for CisH2,NO, [M+H]" 284.1645, found
284.1649.

2-(1-F e -4-( -1-475-2-F5)-1,3,4,5- DU &K - [ed ] W
Wk-3-25) AR HEE(29): AR 13 mg, 2% 13%.
'H NMR (CDCls, 600 MHz) 6: 7.16~7.12 (dd, J=8.4, 6.6
Hz, 1H), 7.09~7.07 (d, J=8.4 Hz, 1H), 6.85~6.84 (d,
J=6.6 Hz, 1H), 6.81~6.80 (d, J/=7.2 Hz, 1H), 6.77 (s,
1H), 6.71 (s, 1H), 5.00 (s, 1H), 4.91 (s, 1H), 4.90 (s, 1H),
4.83 (s, 1H), 3.78~3.76 (m, 1H), 3.75 (s, 3H), 3.74 (s,
3H), 3.65 (s, 3H), 3.51~3.47 (m, 1H), 3.15~3.10 (dd, J=
11.4, 10.2 Hz, 1H), 3.09~3.04 (dd, J=15.6, 12.0 Hz, 1H),
2.95~2.90 (m, 1H), 2.83~2.80 (dd, J=15.6, 3.6 Hz, 1H),
2.77~2.74 (dt, J=12.0, 3.6 Hz, 1H), 2.58~2.55 (dd, J=
16.2, 3.6 Hz, 1H), 2.51~2.47 (td, J=11.4, 3.6 Hz, 1H),
2.46~2.20 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H); '*C NMR
(CDCls, 150 MHz) d: 174.1, 173.9, 147.1, 146.7, 134.7,
134.5, 131.1, 131.0, 126.6, 126.4, 123.5, 122.6, 122.4,
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122.3, 115.7, 115.6, 115.5, 115.1, 113.0, 111.4, 106.5,
106.4, 51.6, 51.3, 50.0, 46.2, 38.6, 35.8, 33.3, 33.2, 32.8,
30.8, 29.7, 28.2, 23.1, 19.5. HRMS caled for C;sH»NO,
[M+H]" 284.1645, found 284.1650).

$#H BI#1 kL (Supporting Information) 1t &4 10,11, 15,
19, 21. 22. 23. 24. 26. 27a. 27b. 28. 29 [¥] 'H NMR
WG AT 3C NMR 35 1&], BLEALE ) 27a F1 27b 58T
SPEGE. (B 27a F 27b 1 b A A7 T 5 1 S
Py, &) 27a 1) CCDC 54 2036649, 1444 27b
ff] CDCC ‘54 2036650. X LetkL ) LA 3 AT W il
(http://sioc-journal.cn/) I N %K.
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