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Intramolecular [4+2] Annulation of Ynamides
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Abstract A metal-free reaction of 4-siloxy-3,5-diene ynamides via an intramolecular [4+2] annulation has been developed.
In the presence of catalytic EtsN, this protocol leads to the facile formation of six-membered cycloadducts. This reaction can
proceed smoothly under mild condition without transition-metal-catalysts and its substrate scope is wide. This strategy pro-
vides a concise and practical protocol to synthesize natural product and bioactive compounds containing 4-hydroxyl hydroin-

dole skeletons.

Keywords annulation reaction; metal-free catalysis; ynamides; heterocycle synthesis
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Figure 1 4-Hydroxyhydrogenated indole derivatives with bio-
logical activity
BT IRE R, HBEIT fl— BN a £z, RIVHRBEIE 1 %
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WML . TR, AR T — 2 Te e m AL B
S RE, g dn, FRATTUR R A (1101l 5 3T F) AT 58 R I
FE WL AL AT A R, 38 3 A5 A A S i
[AIAA, 352 SRR R S BIAME =4, I i T g
SEUBEE AN K R X R g A L S R R
Bb, R RG] A BRI I R PR AL S, T ISR B
GG TR A A Y RE R (— RO IR EEAL S D),
REEERBERZ. i, 2019 4F, FRATMMHRE TR
TR R ) Cornia-Ene-Type S v, it i
BIRY, ZIRNAETVE ZRIEEACHREE G, BREER) o 7
AT E SRR RL 1) o B B AL 1% BESEIL T T g fe
PRI (0 737 G SURE, 22 AR A B Tk 25 U
IEED. VAR, ASCR e 1 bRt 5 e A A
W35 NI ISR, 7 TG 4 R A TR AAAE T AL
T 2,3,30,6-DU A MGIWERTAY). RN ZEAHRA, SR
EE N, N 4R A AT A A R A T —F
TR e R A2
1 GRS
1.1 REFHMK

DL 4-BUT 28 = H RS -3, 5- A Pk i (1a) A
RERY), 12- R LK, BRERE T —RIUEL
A WK1 PUR, TR, KE 1a 70 A#,
TVEAS BT A NS (K 1, Entry 1). B fEH—
B AN E AR, AT B T /b W A Tk kTS R
B o AL FEEIF=Y) 2aa (£ 1, Entries 2~3). % — &
T BRI FIWHEAT 124K, RILER TR S i =
MO, AMEFE 80 CHIEEARSIMAMNGE 1, Entry 6),
FHH AR BRI R 0 P AR . W =9 AR i . =3
HIRIR A E AL TR, AR R 1a 708, AU AS 23]
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W) 2a B4 (R 1, Entries 4~5, 7). B 5 #0228
15 FHA HUBE AL R A2 S i, & NS s A2, A
= QB AT, B R SR EF =R 80 C, 1a fE
5 DL LT 52 S 1 7= R AL BRI IS4 2a(3R 1, Entry 9).
FAb, A AR AU AL R, o DS, 7EAR R 2%
PEF LT B G =) 2aGGR 1, Entry 10). )5,
BEBEI AR I B 26 F N: EGN (10 mol%), 1,2- & 4%
(DCE), 80 C, 12 h.
F1 AL 2a AR B AERAL @

Table 1 Reaction conditions optimization for the synthesis of
compound 2a

TBSO | SN TBSO o /
0,
Ph Catalyst (10 mol%) . Ph
/ Conditions —

) N N
Ts Ts Ts
1a 2a 2aa
Yield”/%
Entry Catalyst Conditions EEE—
2a  2aa
1 — DCE, 80 ‘C, 12 h <5 <5
2 Cu(CH3CN)4PFs DCE,r.t,,2h <5 20
3 Cu(OTf): DCE,rt.,2h <5 15
4 MsOH DCE,rt.,0.5h <5 22
5 HNTf: DCE,r.t.,0.5h <5 <5
6° TFA DCE, 80 C, 12h <5 <5
7 TfOH DCE,r.t.,0.5h <5 <5
8¢ EtsN DCE, r.t., 24 h <5 <l
9 Et:N DCE, 80 C,12h 929 <1

10 Pyrrolidine DCE, 80 C,12h 99 <1

© 2022 Chinese Chemical Society & SIOC, CAS

@ Reaction conditions: [1a]=0.05 mol/L; DCE=1,2-dichloroethane. * Meas-
ured by 'H NMR using Ts group as the internal standard. ¢ Over 90% of 1a
remained unreacted.

1.2 RMNEYPTZEMHRR

FEAS B T IR B R 56 AF(3 1, Entry 9)J5, itk
DA RS, W& R B R S AT TR
Wk 2 for, BARY) 1a RERELL 99%M 4 B 7 A5 3|
M=) 2a(3R 2, Entry 1), XTRREEIZ EUR T LA 3%
BT S, RIS RS . R IR I LA X 4
L R T 3 A R R B 3k 28 AT DL R U BIAR S R R R
(84%~94%)15 2N R[4 2b~2d(5R 2, Entries
2~4). BfJ5, F bRl i R o B B 2RI B 3
1T 7552 IR 4 SALEEA W T HURIE(E,
Cl, Br)E4: LT EUIE(Me, OMe), ¥JREMS DL R 124
75 07 Z8(72%~97%) 4 ) 2e~2i(3k 2, Entries 5~
9). 7Y 2g MZEMIARE] T X 5 AT I Ak — DA e (K
2). A4k, 3-RBURHIEYD 1§ BEGELL 99%(K) 77 345 2 %
NHIFE) 2j (3R 2, Entry 10). E58 12K, 2-1REUR
JEY) 1k BEfE L 88% I A 1.2 1 1 I dr [HASEI™H)
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Table 2 Substrate scope investigation

R?0
| AN
R EtsN (10 mol%) (Q
— o,
N/ DCE, 80 °C, 12 h VR
|
PG
Entry Substrate Product Yield/%| Entry Substrate Product Yield/%
TBSO | N TBSO TBSO TBSQ
Ph
1 Z [ >>:\< 99 8 88
N/ N P
Ts Ts
1a 2a
TBsogl/\ TBSO
Ph \,/<: \>
2 =7 94 9 97
v N ey
SO,Ph SO,Ph
1b 2b
TBSO | N TBSO
3 =z o [ >>:\< 94 10 99
N ~ N Ph
) \ |
Bs Bs
1c 2c i
TBSO TBSO TBSO
| A TBSO | \/@
Ph \,/<: > C 88
4 =Z 84 11 P Br
“.'/ N e N b N (1.2 1dr)
Mbs Mbs Ts Ts Q
1d 2d 1k 2k
TBSO
TBSO TBSQ
TBSO | N . | N
5 = N 88 12 /@ 89
N l N Br N S
Ts I Ts /
Ts 1e Ts al =
2e = 21
TBSO TIPSO TIPSO
TBSO | N . | AN
C P
6 = N 72 13 Z . 99
N \ N \ Ph
Ts 15 Ts Ts Ts
2f i 1m 2m
TBSO
TBSO | N B
7 Z N 86
N \
Ts Ts
19 2g Br

4aReaction conditions: 1 (0.15 mmol), Et;N (0.015 mmol), DCE (3 mL), 80 ‘C, 12 h, in vials; isolated yields are reported.
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A AR AL AR IR IR TR 3R 5 1,4- I /N T AHEE
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B 203K 2, Bntry 12). fiJi, R R AL A ik 5 4
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Entry 13).
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e
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B2 2g I X HRENTH
Figure 2 X-ray single crystal diffraction of 2g

1.3 RNHIRFA

Xt % RN N HEAT T )BT
Scheme 1 fli7R, LAF=4 1a NJEA), AEfE DL 88% M=K 5
BRI AR Y22, = ZHEATFEE 5 mol%. 2afEA—2%
A-FRFEA I RATAE Y, g e S — s WG o T
BN 1), TEAHLA R HAT — 52 B TE S A AN A
R, 7ESEIL e S\ A R, Sxt 2a AT RTAEM R
L N, 2a 75 =KADY T B MAZIE T, A%
3L, DL 96% M7 HRAE OB RS G B =4 3a. A
Ah, A 2,3-50-5,6- i R ER(DDQ)E A AL,
A 2a (1) 1,4- IR N O SEACNZRER, DL 63% K= 245
FI| 05| RIRATAEY) da.

TBSO | N TBSO
0,
o _EtaN (5 mol%)
= DCE, 80°C, 12h
N N

\ " Ph
Ts Ts
1a,1.11 g 2a, 0.98 g, 88%
o)
TBAF-3H,0 (1.2 equiv.) (Q
rt, 0.5h
TBSO N Ph

Ts
] 3a, 96%
" TBSO
s DDQ (1.5 equiv.) (Q
2a
DCE, 80 °C, 1 h

N Ph
Ts
4a, 63%
BR 1 wEg A= — a4 4L

Scheme 1 Gram-scale reaction and product elaboration
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1.4 REHIBHR

SHZ S N AL EEEAT T #EM. 20 Scheme 2 FToR, 1%
JNARF AT BB T — AN R kY Diels-Alder M. AT
R = CHEHIVER, 430K 1a F1 2a BT 80 C RN
ENNF 2 h JFMEEE] 1a Fl 2a BT MR, G R EV =
LRIV AR T B8 A2 & A I BERERESS 1 1a 7 2a,
PLFAIE Diels-Alder 52N FA]FEAT.

TBSO TBSO TBSO
| = standard | \,
" |
Ph condition v L Ph
N / %

l}l "{ Ph
|
Ts Ts Ts
1a 2a
80 °C | without without [ 80 °C
DCE, 2 hy Et3N Et3N yDCE, 2 h
decomposed decomposed

B2 ML

Scheme 2 Mechanistic studies
2 &g

IE T —FhJC e JE AL B BERZ 7 1 A (421380
RN, ERCT 2,3,3,6- WU ATAEY). 2 RB AT
WA, BRAERE, s m A, R E L.
THERGRER A- R A 28 1 25 W) A A0
Peor IR AL T — kMmN R4, BT, TSR
FEACHRILIZ (1 Fe A SR A 7y 7 A A SO IEE B FE 2 .

3 SRS
31 MBS

'H NMR 1 BC NMR(H¥5A4 TMS, #7°8 CDCL)
1% Fi Bruker AV-400 5%, Bruker AV-500 %A% f L 4R A0 52 .
MS 8 ESI-QTOF 2Y 545 # o i A I 5. i i1 77 A
Ko L JERMAI N [ 22 i . AR, Bk TR AN ], P
A2 AL 9 o 4t
32 FWHE
3.2.1 é4s 2a~2m 895 %

2,3,3a,6- VUS| M=) 1A B 7E 10 mL ¥ ) SO
RO 0.15 mmol Btz 1 13 mL 6K 1,2- =& &
Ft 0.015 mmol — L fi%, BJEZIRA KR 80 CoH&MF
TRBL 12 he RFGERESE, W B RRE AR, 19 21
REYIATFEEENT VR MER) @ M(LBR LER)=25 1 1~
20 : 1] Esde4t, 153 HA5=4) 2a~2m.

AT O R AR -7 2R - 1) S T -
2,3,3a,6- VU & -1H- 15| Bk (2a): [ 0 [ 4K, mp. 165~
166 “C; 'H NMR (400 MHz, CDCL) &: 7.51~7.49 (m,
2H), 7.42~7.40 (m, 2H), 7.32~7.28 (m, 2H), 7.25~7.18
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(m, 3H), 4.81~4.80 (m, 1H), 3.57~3.51 (m, 2H), 3.49~
3.43 (m, 1H), 2.83~2.75 (m, 1H), 2.38 (s, 3H), 2.29~
223 (m, 1H), 2.18~2.11 (m, 1H), 1.69~1.58 (m, 1H),
0.88 (s, 9H), 0.10 (d, J=6.8 Hz, 6H); 3C NMR (100 MHz,
CDCly) d: 148.8, 143.4, 140.6, 134.7, 133.0, 129.3, 127.9,
127.6, 127.5, 126.6, 125.5, 100.3, 47.6, 41.2, 33.2, 27.9,
25.6, 21.5, 18.0, —4.5, —4.6; IR (neat) v: 2930, 2860,
1650, 1541, 1489, 1457, 1263, 1163, 1088, 1058, 764, 751
cm”!; HRESIMS caled for Cy7H3sNNaOsSSi (M+Na+)
504.1999, found 504.1993.

A- BT R WO e A B -7 K R 1 R -
2,3,3a,6-TUA -1 H-M5|W(2b): TotaipiRY). 'H NMR (400
MHz, CDCls) d: 7.62~7.59 (m, 2H), 7.54~7.50 (m, 1H),
7.43~17.39 (m, 4H), 7.31~7.28 (m, 2H), 7.23~7.19 (m,
1H), 4.81~4.79 (m, 1H), 3.57~3.53 (m, 2H), 3.52~3.44
(m, 1H), 2.84~2.76 (m, 1H), 2.33~2.12 (m, 2H), 1.70~
1.59 (m, 1H), 0.87 (s, 9H), 0.10 (d, J=6.8 Hz, 6H); 1*C
NMR (100 MHz, CDCl;) J: 148.8, 140.5, 137.7, 132.9,
132.6, 128.7, 128.0, 127.4(9), 127.4(5), 126.7, 125.5,
100.2, 47.8, 41.3, 33.2, 27.9, 25.6, 18.0, —4.5, —4.6; IR
(neat) v: 2954, 2930, 2857, 1662, 1541, 1472, 1446, 1361,
1260, 1168, 1091, 1058, 758, 693 cm '; HRESIMS calcd
for CaH33NNaO3SSi (M + Na ") 490.1843, found
490.1848.

1-(4- VR 5 ) Tk T 5 -4 0T — PP R R A -7 R
$#£-2,3,3a,6- WU A -1H-F5| Wk (2¢): TEMRY). '"H NMR
(400 MHz, CDCls) 6: 7.51~7.49 (m, 2H), 7.41~7.39 (m,
2H), 7.32~7.19 (m, 5H), 4.82~4.79 (m, 1H), 3.64~3.51
(m, 2H), 3.49~3.41 (m, 1H), 2.82~2.73 (m, 1H), 2.48~
239 (m, 1H), 2.26~2.19 (m, 1H), 1.73~1.63 (m, 1H),
0.90 (s, 9H), 0.13 (s, 6H); 3C NMR (100 MHz, CDCl) &:
148.8, 140.3, 137.0, 132.8, 131.9, 128.9, 128.0, 127.7,
127.5, 126.8, 125.9, 100.0, 47.6, 41.4, 33.3, 27.9, 25.6,
18.0, —4.5, —4.6; IR (neat) v: 2930, 2851, 1647, 1540,
1507, 1397, 1166, 1087, 1058, 827, 746 cm™'; HRESIMS
caled for CasH3BrNNaOs;SSi (M+Na') 568.0948, found
568.0952.

AT B LT AR - 1 (4 P AR R R R T -7 -
KH-2,3.3a,6-VUE-1H-F5|Wk(2d): TLEMPIRY). 'TH NMR
(400 MHz, CDCL3) 6: 7.57~7.53 (m, 2H), 7.42~7.40 (m,
2H), 7.32~7.28 (m, 2H), 7.23~7.19 (m, 1H), 6.88~6.84
(m, 2H), 4.81~4.79 (m, 1H), 3.84 (s, 3H), 3.55~3.51 (m,
2H), 3.49~3.43 (m, 1H), 2.83~2.75 (m, 1H), 2.37~2.13
(m, 2H), 1.69~1.59 (m, 1H), 0.88 (s, 9H), 0.11 (d, J=4.0
Hz, 6H); 3C NMR (100 MHz, CDCls) &: 162.9, 148.9,

Chin. J. Org. Chem. 2022, 42, 1501~1508
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140.6, 133.2, 129.7, 129.4, 127.9, 127.5, 126.6, 125.5,
113.9, 100.2, 55.5, 47.6, 41.3, 33.2, 27.9, 25.6, 18.0,
—4.5, —4.6; IR (neat) v: 2954, 2930, 2857, 1647, 1595,
1497, 1361, 1260, 1163, 1091, 838, 766 cm '; HRESIMS
caled for Cp7H3sNNaO4SSi (M+Na') 520.1948, found
520.1950.

AT R S R - 7-(4- R I )- 16 FE R
3-2,3,3a,6- VU & -1 H-W5| Wk (2e): L EHARY). 'TH NMR
(400 MHz, CDCls) 8: 7.50 (d, J=8.0 Hz, 2H), 7.39~7.36
(m, 2H), 7.22 (d, J=8.0 Hz, 2H), 6.99~6.93 (m, 2H),
4.81~4.78 (m, 1H), 3.58~3.51 (m, 2H), 3.49~3.40 (m,
1H), 2.80~2.72 (m, 1H), 2.40 (s, 3H), 2.31~2.11 (m,
2H), 1.68~1.57 (m, 1H), 0.88 (s, 9H), 0.10 (d, J=6.8 Hz,
6H); 3C NMR (100 MHz, CDCl3) 6: 161.5 (d, J=245.4
Hz), 148.8, 143.6, 136.4 (d, J=3.4 Hz), 134.7, 133.3,
129.4, 129.1 (d, J=7.9 Hz), 127.5, 124.4, 114.8 (d, J=
21.3 Hz), 100.1, 47.7, 41.2, 33.2, 27.9, 25.6, 21.5, 18.0,
—4.5, —4.6; '°F NMR (376 MHz, CDCls) §: —73.7 (s);
IR (neat) v: 2958, 2930, 2858, 1646, 1602, 1507, 1488,
1360, 1257, 1166, 1090, 1021, 839, 750, 676 cm !;
HRESIMS caled for Cy7H34FNNaOsSSi (M + Na +)
522.1905, found 522.1911.

A-FUT HE R R - 7-(4- R I )- 16 R
3£-2,3,3a,6- VU & -1H-M| Wk (2): TC iRy, 'TH NMR
(400 MHz, CDCls) 8: 7.48 (d, J=8.0 Hz, 2H), 7.34~7.30
(m, 2H), 7.23~7.20 (m, 4H), 4.80~4.78 (m, 1H), 3.58~
3.54 (m, 2H), 3.48~3.40 (m, 1H), 2.78~2.70 (m, 1H),
2.41 (s, 3H), 2.33~2.29 (m, 1H), 2.20~2.13 (m, 1H),
1.69~1.58 (m, 1H), 0.88 (s, 9H), 0.10 (d, J=5.2 Hz, 6H);
13C NMR (100 MHz, CDCl3) J: 148.8, 143.6, 138.9, 134.8,
133.8, 132.2, 129.4, 128.9, 128.1, 127.4, 124.0, 100.0,
47.8, 413, 33.1, 27.8, 25.6, 21.5, 18.0, —4.5, —4.6; IR
(neat) v: 2955, 2927, 2857, 1646, 1541, 1481, 1361, 1260,
1164, 1091, 1012, 839, 764, 672 cm '; HRESIMS calcd
for CpH34CINNaO;SSi (M + Na *) 538.1609, found
538.1605.

T-(4-JR AL )-4- 0T i R R AR - 10 R R
3-2,3,3a,6- VU & -1 H-W5| Wk (2g): €& {4, m.p. 182~
184 ‘C; '"H NMR (400 MHz, CDCls) &: 7.47 (d, J=8.0
Hz, 2H), 7.37~7.35 (m, 2H), 7.25~7.20 (m, 4H), 4.80~
478 (m, 1H), 3.62~3.52 (m, 2H), 3.47~3.39 (m, 1H),
2.77~2.70 (m, 1H), 2.41 (s, 3H), 2.35~2.28 (m, 1H),
2.20~2.13 (m, 1H), 1.69~1.58 (m, 1H), 0.88 (s, 9H),
0.10 (d, J=5.6 Hz, 6H); 3C NMR (100 MHz, CDCl;) ¢:
148.8, 143.6, 139.4, 134.8, 133.8, 131.0, 129.4, 129.3,
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127.4, 124.0, 120.4, 100.0, 47.8, 41.3, 33.0, 27.8, 25.6,
21.5, 18.0, —4.5, —4.6; IR (neat) v: 2954, 2930, 2856,
1646, 1540, 1481, 1361, 1260, 1164, 1089, 1009, 839, 765,
681 cm '; HRESIMS calcd for C7H34BrNNaO;SSi (M—+
Na') 582.1104, found 582.1107.

A-FUT I A SR R A B -7 ) B R S - 16 R R
fE2E-2,3,3a,6-VUE -1 H-F5|W&(2h): TEEHPIRY). 'TH NMR
(400 MHz, CDCl3) 6: 7.52~7.50 (m, 2H), 7.32~7.30 (m,
2H), 7.19 (d, J=8.0 Hz, 2H), 7.10 (d, J=8.0 Hz, 2H),
4.81~4.79 (m, 1H), 3.58~3.51 (m, 2H), 3.50~3.42 (m,
1H), 2.81~2.74 (m, 1H), 2.39 (s, 3H), 2.33 (s, 3H), 2.28~
2.19 (m, 1H), 2.17~2.10 (m, 1H), 1.68~1.57 (m, 1H),
0.87 (s, 9H), 0.09 (d, J=7.6 Hz, 6H); *C NMR (100 MHz,
CDCly) 6: 148.8, 143.3, 137.6, 136.1, 134.8, 132.7, 129.3,
128.6, 127.6, 127.3, 125.4, 100.3, 47.7, 41.2, 33.2, 27.9,
25.6, 21.5, 21.3, 18.0, —4.5, —4.6; IR (neat) v: 2958,
2929, 2857, 1661, 1646, 1488, 1471, 1361, 1258, 1165,
1090, 1058, 840, 814, 750, 676 cm '; HRESIMS calcd for
CasH37NNaO;SSi (M+Na™) 518.2156, found 518.2161.

A-RT B T B A -7 (4- R AR R RS ) - 10 R R
ik Bk %% -2,3,3a,6- VU & -1 H-P5] Bk (2i): TRy, 'H
NMR (400 MHz, CDCl3) 6: 7.52 (d, J=8.0 Hz, 2H),
7.39~7.35 (m, 2H), 7.20 (d, J=8.0 Hz, 2H), 6.84~6.81
(m, 2H), 4.81~4.78 (m, 1H), 3.80 (s, 3H), 3.56~3.52 (m,
2H), 3.49~3.41 (m, 1H), 2.81~2.73 (m, 1H), 2.39 (s,
3H), 2.29~2.18 (m, 1H), 2.16~2.09 (m, 1H), 1.67~1.56
(m, 1H), 0.87 (s, 9H), 0.09 (d, J=7.2 Hz, 6H); 3C NMR
(100 MHz, CDCls) J: 158.2, 148.8, 143.4, 134.7, 132.8,
132.4, 129.3, 128.6, 127.6, 125.0, 113.2, 100.3, 55.0, 47.6,
412,332,279, 25.6, 21.5, 18.0, —4.5, —4.6; IR (neat)
v: 2956, 2927, 2857, 1651, 1609, 1508, 1488, 1360, 1292,
1248, 1162, 1089, 1034, 838, 767, 668 cm '; HRESIMS
caled for CosH3;NNaO4SSi (M+Na') 534.2105, found
534.2108.

T-(3-JR IR IE)-4- T F — LR AR - -0 HE R
%-2,3,30,6- VU & -1H-M5| Wk (2§): iRy, 'TH NMR
(400 MHz, CDCls) §: 7.50~7.46 (m, 3H), 7.37~7.30 (m,
2H), 7.22~7.14 (m, 3H), 4.80~4.78 (m, 1H), 3.61~3.50
(m, 2H), 3.47~3.38 (m, 1H), 2.80~2.71 (m, 1H), 2.43~
2.34 (m, 1H), 2.39 (s, 3H), 2.23~2.15 (m, 1H), 1.69~
1.58 (m, 1H), 0.88 (s, 9H), 0.11 (d, J=4.0 Hz, 6H); *C
NMR (100 MHz, CDCls) J: 148.8, 143.6, 142.7, 134.7,
134.1, 130.4, 129.5, 129.4(5), 129.4(2), 127.4, 126.4,
123.7, 121.9, 99.9, 47.7, 41.4, 33.0, 27.8, 25.5, 21.5, 17.9,
—4.5, —4.6; IR (neat) v: 2951, 2928, 2858, 1646, 1608,
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1472, 1395, 1362, 1258, 1164, 1089, 835, 752, 671 cm ™ !;
HRESIMS caled for CpH3BrNNaOs;SSi (M + Na ')
582.1104, found 582.1088.

T-(2-VR IR HE)-4- BT H PR A A - 1 - ) R il
F#-2.3,3a,6- VU A -1H-15| W (2Kk): T eRY). 'TH NMR
(400 MHz, CDCls) d: 7.78 (d, J=8.4 Hz, 1H), 7.62 (dd,
J=28.0, 0.8 Hz, 1H), 7.45 (dd, J=8.0, 0.8 Hz, 1H), 7.42~
7.38 (m, 3H), 7.34~7.26 (m, 4H), 7.20~7.07 (m, 5H),
4.87~4.85 (m, 1H), 4.83~4.81 (m, 1H), 3.98~3.90 (m,
1H), 3.68~3.57 (m, 3H), 3.43~3.36 (m, 1H), 3.29~3.21
(m, 1H), 2.81~2.73 (m, 1H), 2.71~2.63 (m, 1H), 2.57~
2.46 (m, 1H), 2.43 (s, 3H), 2.41 (s, 3H), 2.27~2.19 (m,
1H), 2.17~2.07 (m, 2H), 1.84~1.73 (m, 1H), 1.69~1.59
(m, 1H), 0.93 (s, 9H), 0.90 (s, 9H), 0.15 (d, J=8.8 Hz,
6H), 0.12 (d, J=11.2 Hz, 6H); 3C NMR (100 MHz,
CDClL3) d: 149.0, 148.1, 143.5, 143.0, 141.8, 140.7, 135.9,
134.6, 134.3, 132.6, 132.2, 131.7, 130.1, 129.5, 129.3,
128.1(7), 128.1(5), 127.7, 127.3, 126.9, 126.7, 126.1,
124.4, 124.2, 121.7, 100.3, 100.2, 48.4, 47.7, 41.6, 40.9,
33.9, 32.2, 27.9, 27.8, 25.5(8), 25.5(6), 21.5, 21.4(5),
17.9(8), 17.9(5), —4.5(1), —4.5(3), —4.6, —4.7; IR
(neat) v: 2954, 2929, 2858, 1697, 1669, 1597, 1541, 1472,
1361, 1259, 1167, 1060, 840, 750 cm™'; HRESIMS calcd
for C,7H34BrNNaO3;SSi (M + Na ") 582.1104, found
582.1109.

40T e PR R A - 7-(2- WA Wy )- 1Ko R R i Tk
F-2.3 3a,6- VIS -1H-M|ME(21): % B AHPIRY). 'H NMR
(400 MHz, CDCls) 6: 7.70~7.68 (m, 2H), 7.29~7.25 (m,
3H), 7.22 (dd, J=3.6, 1.2 Hz, 1H), 6.96 (dd, J=5.2, 3.6
Hz, 1H), 4.81~4.79 (m, 1H), 3.61~3.52 (m, 2H), 3.50~
3.45 (m, 1H), 3.10~3.02 (m, 1H), 2.42 (s, 3H), 2.26~
2.17 (m, 1H), 2.05~1.98 (m, 1H), 1.60~1.50 (m, 1H),
0.85 (s, 9H), 0.07 (d, J=8.8 Hz, 6H); *C NMR (100 MHz,
CDCly) d: 148.6, 143.9, 141.3, 134.5, 133.0, 129.6, 128.1,
126.0, 125.8, 124.9, 121.0, 99.9, 47.5, 40.9, 32.6, 27.6,
25.6, 21.5, 18.0, —4.5, —4.6; IR (neat) v: 2953, 2932,
2854, 1716, 1647, 1541, 1472, 1361, 1259, 1165, 1089,
833, 750 cm !; HRESIMS calcd for C,sH33NNaO3S,Si
(M+Na") 510.1563, found 510.1570.

7- 2R Kk -1- 0 FOOR Gl T B -4- = S TR R TR AR O -
2,3,3a,6-VUE-1H-M5|(2m): TCEHPIRY). 'H NMR (400
MHz, CDCl) §: 7.52~7.50 (m, 2H), 7.43~7.41 (m, 2H),
7.33~7.29 (m, 2H), 7.24~7.18 (m, 3H), 4.80~4.78
(m, 1H), 3.58~3.52 (m, 2H), 3.51~3.43 (m, 1H),
2.83~2.75 (m, 1H), 2.38 (s, 3H), 2.31~2.14 (m, 2H),
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1.74~1.63 (m, 1H), 1.17~1.08 (m, 3H), 1.07~1.00
(m, 18H); 3C NMR (100 MHz, CDCls) &: 149.0, 143 4,
140.6, 134.6, 133.1, 129.3, 127.9, 127.6, 127.5, 126.6,
125.5, 99.1, 47.7, 41.3, 33.2, 27.9, 21.5, 17.9, 12.5; IR
(neat) v: 2944, 2866, 1607, 1507, 1483, 1361, 1293,
1168, 1091, 1059, 884, 816, 750 cm'; HRESIMS caled
for CsH4NNaO3SSi (M + Na ') 546.2469, found
546.2463.

323 fuddh 3a AR

FIRAMR, /£ 10 mL RN KO 0.15
mmol JIEY) 2a, 1 mL PUEMENE, BE/E I 0.18 mL 4T
B e =K S VY SRR (1 mol/L), TREISJE
R THPERR 0.5 h, &N EEHE A BRI E
IRV K BL, 5y B A NUAE, KA 28 B A E
(10 mLX3), & AN I i Jie % 78 R AR Z8 T bR
A, BRREYESEENVCE ) @ (LR
LBE)=5 1 1~3 D 153 [ AR =) 7- 28515 2R
Tk 3E-1,2,3,5,6,7- 75 A -4 H-M5| W -4- i (3a): m.p. 125~
127 °C; '"H NMR (400 MHz, CDCl3) 6: 7.31~7.24 (m,
3H), 7.12~7.10 (m, 4H), 7.04~7.02 (m, 2H), 4.72 (d, J=
4.0 Hz, 1H), 4.09~4.02 (m, 1H), 3.82~3.74 (m, 1H),
2.82~2.77 (m, 2H), 2.49~2.40 (m, 1H), 2.34 (s, 3H),
2.27~2.16 (m, 2H), 2.07~2.02 (m, 1H); *C NMR (100
MHz, CDCls) 6: 195.8, 159.7, 144.2, 138.2, 134.4, 129.5,
128.7, 127.9, 127.1, 127.0, 120.6, 49.9, 38.8, 31.8, 31.6,
24.0, 21.4; IR (neat) v: 2946, 2924, 2872, 1647, 1614,
1454, 1397, 1362, 1239, 1165, 1089, 749, 704, 666 cm ';
HRESIMS caled for CyH»NO:S (M+H') 368.1315,
found 368.1318.

3.2.4 b4k da 694 %

FIRFMR, /£ 10 mL RN KON 0.15
mmol JEY) 2a A1 3 mL 12- =52k, BEEIMA 0.23
mmol DDQ, {R&HIEIEINIE 80 C, WA FE M 1
h, SN GE TR I R B i i R AR R B, B
T I e e 75 R AN 2K TR R KA, IRE VIR AR E T
(VA ER) @ MR TR =15 11155k 8 iR =4
A-FUT F W SR e A B -7 2R R - 1) Y R T i 5 P | A bk
(4a): '"H NMR (400 MHz, CDCls) d: 7.64 (d, J=7.4 Hz,
2H), 7.43~7.39 (m, 2H), 7.32~7.27 (m, 3H), 7.19 (d, J=
8.4 Hz, 1H), 7.10 (d, J=8.0 Hz, 2H), 6.68 (d, J=8.4 Hz,
1H), 4.03 (t, J=7.6 Hz, 2H), 2.34 (s, 3H), 2.20 (t, J=7.6
Hz, 2H), 0.91 (s, 9H), 0.09 (s, 6H); 3C NMR (100 MHz,
CDCls) 6: 151.0, 143.7, 141.2, 140.4, 134.6, 130.6, 129.3,
129.1, 128.5, 128.2, 128.2, 127.6, 126.5, 118.0, 52.2, 26.6,
25.5, 21.4, 18.0, —4.3; IR (neat) v: 2949, 2931, 2856,
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1609, 1470, 1394, 1362, 1256, 1164, 1090 838, 750 cm ';
HRESIMS caled for C7H33NNaOsSSi (M + Na )
502.1843, found 502.1839.

4 Bh A1 %) (Supporting Information) L&) 2a~2m,
3a fll 4a MIRZHEILIR S G AIBRIL, X bR AT DL % 28 A
A F] W 3k (http://sioc-journal.cn/) b F %K.
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