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Study on the Allylation of Benzol[e][1,2,3]oxathiazine-2,2-dioxides
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Abstract The allylation of benzol[e][1,2,3]oxathiazine-2,2-dioxides with allyl bromides promoted by tin powder was ex-
plored. The results showed that the allylation proceeded smoothly with high yields for a variety of substrates. When various
allyl bromides were used to perform the reaction, the y-addition products were obtained. These allylated products underwent
N-allylation reaction in the presence of base, and the diallylated products of benzol[e][1,2,3]oxathiazine-2,2-dioxides were
obtained in high yields. The diallylated products of benzol[e][1,2,3] oxathiazine-2,2-dioxides further underwent ring closing

metathesis reaction, and the cyclic derivatives of benzol[e][1,2,3] oxathiazine-2,2-dioxides were obtained in good yield.
Keywords tin powder; allyl bromides; benzol[e][1,2,3]oxathiazine-2,2-dioxides; allylation
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B, FKIHF[e][1,2,3]EmEE-2,2,- A e —
KEEPMMNEY, BAIURR. PUE. JURAH
R BAA SE RGP, o, 2RI [e][1,2,3] M MR R -
2,2- AN 0 P AT A W 25 R B ) R
ROARUOL B, BIH AT AL, EAMRERZRIEe][1,2,3]
W -2, 2 - — S AL R 0 TR B AT AR DI & T Vb,
XA K I [e][1,2,3]HEMERE-2,2- — A0 5 45 T Lk
Fjuota-td(Scheme la)al 1,3-J bR R SEAZ N B S R Te!
(Scheme 1b). Kk, FFRHT A E LI I [e][1,2,3]EmME
WE-2,2- S A D A TR AT AR 00 6 BT VR AR R
HE N TSy R IR SOSAE A HLE B )
RiFH, ASCHGE T 8RRk T 2R I [e][1,2,3] L8 HEE-2,2-
TR S IR T ESIRAT AR TS A R S, 153 TR
Flel[1,2,3]HEMERR-2,2- — AL VD MG A B AT AR . FEBR
R IE T, 1% B2 n] LS 0 T B IR AT A= itk — 28
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oS O"7°NH R?
THF, reflux
+Sn + BI”/\/LR“ ——
\/ I R Re
4 R6
K2CO3 BI'/\/\R7
MeCN, r.t. RS
o °
o.
e S=OR®
Grubbs Il (3 mol%) R U LR
CH,Cl, (dry), Ar, r.t. R3 R2 R7

(R®*=H,R*=H)

R'=H, Me, Br, COOEt, Ar; R? = H, Me; R® = H, Me, Ph
R*=H, Me, OMe, F, ClI, Br, naphthyl
R® = H, Me, Ph; R® =H, Me; R’ =H, Me, Ph

B 1 JRIf[e][1,2,3] WEMENE-2,2- A I I AL SR
Scheme 1 Allylation reaction of benzol[e][1,2,3]oxathiazine
2,2-dioxides

508 http://sioc-journal.cn/

SN, AR IR T e][1,2,3 ] MEgE R -2, 2- — S A A UK TR
BT, B5, BE R E 0 MER B, YA R T
7 I [e][1,2,3] Vi I8 15 -2,2- — S8 AL W 1 3R IR AT A= 4 12
(Scheme 1c).

1 ER5HIE

T, R T IR TR I e][1,2,3 ] HEE-2,2-
RN RIE N BN, KR I [e][1,2,3] M IR R -2,2-
EMI(1a, 1.0 equiv.). B2, 2.0 equiv.) R R FE IR
(3a, 1.5 equiv.)fEPYSMKIE(THF) 4 £ H1R 4 h f5, BL
88%[MIr= 215 2] T HA#~4) 4aa (Table 1, Entry 1). N T
BE— 0 HE i daa P75, BN R S IR T T %
%Z(Table 1, Entries 2~6). 450K W, 24 1a, 2 F1 3a 1)
JR BN 1.0/2.0/2.5 I}, 4aa (177 55 F] T 98%, I H.
SR A] 4555 3 h (Table 1, Entry 3). 285, RE T
L%, 1,4- 5N, K. ZE ZEDCE). 2l .
TR (DCM) S5 N 2 8L ) 52 (Table 1, Entries
7~13). 5K THF 2 RPN FIsAERT. 25 4
05 T A0 SO (R e R IR S SR R PR I [e][1,2,3 W e
WE-2,2- A (1a) Bk A TR 2RI (3a) A I P & EL
4 1.0/2.0/2.5, LA THF N7, [N THE B[R
B,

1 BRI K P A S 1 4 AL @

Table 1 Optimization of reaction conditions of tin powder-
promoted allylation

(0]
0 o\§~=o
O\SI o NH
©/\¢|{1 *Sn o+ Br solvent
1a 2 3a 4aa |
Entry Moiz;r/ zr?;: of Solvent Yield?/%
1 1/2/1.5 THF 88
2 1/2/2 THF 91
3¢ 1/2/2.5 THF 98
4 1/2/3 THF 96
5 1/1.5/2.5 THF 92
6 1/2.5/2.5 THF 93
7 1/2/2.5 CH;CH20H 57
8 1/2/2.5 1,4-Dioxane 91
9 1/2/2.5 H20 27
10 1/2/2.5 DCE 65
11 1/2/2.5 CH3;CN 62
12 1/2/2.5 Toluene 74
13 1/2/2.5 DCM 0

© 2022 Chinese Chemical Society & SIOC, CAS

@ All reactions were carried out by using 0.3 mmol of 1a, 0.45~0.75 mmol of
2, 0.45~0.9 mmol of 3a, 4 mL of solvent, under reflux for 4 h; ? Isolated
yields; ¢ Under reflux for 3 h.

£ B LR B2 AE T, BLE I [e][1,2,3] M 1 -
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2,2- AL (a) IR, TS T AN F Y R IRAT FIR 3 g R NER TR, BPSEA] 1-R-3-H3E-2-T
A 3 fERMNAE A SEEIER 3 i R, R A3 A0 AR R IR AT SO RIS, s BEMBUR) & A, 43 ] DA
BIRE R, BURHE R0 SR R SEmR i 2 A 89% 1 80%I1) ™ Z1F 2 | p- Nl #)(Table 2, 4al, 4am).
R2 Y FAEE . R AR BRI, f R 38 BB AR B = 2R 1K EAF—HRR, B X IR B, BIAE R p- 0™
F=9)(Table 2, 4ab~4ad). HUREE R Jy 75 HRI 25 SR, W5 AT 2 TRIE T R £ R IR T 14 . e P s 7R A e 1
I HIG 18 Atk B 05 B0 2 B BT O AR, RN R DA 1) 25 5 58 A — g 77131,

KL 72 26 A A B [ P2 ) (Table 2, dae~dak). 44 A B, BE T HRI[][1,2,3]EMEE-2,2- —AAT

2 UBIREE TR I e][1,2,3HEMERR-2,2- AL AR PIREAL SR @
Table 2 Allylation reaction of benzol[e][1,2,3] oxathiazine-2,2-dioxides promoted by tin powder

N 2
1 2 3
O (0] (0] (0]
o.n.0 o0 o0 o0
7 il il il
NH NH NH NH
Br
4aa 4ab 4ac 4ad
3 h, 98% 7 h, 75% 22 h, 71% 6 h, 74%

4ai 4aj 4ak 4al
8h, 81% 8 h, 70% 11 h, 88% 4 h, 89%
(ON “O O\(I)I/,O O\é(')\
i ; A
MeO MeO NH F
4ca 4cb 4da
4 h, 76% 6 h, 97% 5h, 95%
(o}
0.1.0 0\9/0 Br [ON ”O
S S~ Sz
NH NH NH
Br Br
4fb 4f1 4ga
6 h, 83% 8 h, 88% 5h, 91%

o o.f o P
=0 -0 7-0
NH NH NH
Br O
4ha dia 4jh 4jl
4h, 93% 6h,91% 4h, 85% 7h, 88% 24 h, 84%

4 Reaction conditions: 1 (0.3 mmol), tin (0.6 mmol), and 3 (0.75 mmol) were refluxed in THF (4 mL). Isolated yields.
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AW SHZRONE . BRI, M4AIEe][1,2,3]
WEEE-2,2- S0 1 U ZRIA bl A7 4 v 1 R A e
FRBF, RO E] DL AR B A S 0 R A5 R H bR )
(Table 2, 4ba~4ia). ZRKIF L HUARIE 7 B 6% s N 2R
ANBHE. BN, M4a 1 2R EEURIE N 6-1R. 7-
IR 81 6,8- R, HRRELL 90% /A A7 )77 AT 2 H b5
b5 Y)(Table 2, 4fa~4ia). Mok, PLZEHH[e][1,2,3]EENE
B2-2,2- S AP N RIS, e AR g DL B 7P 3R A5 3
AH N ) 72 )(Table 2, 4ja, 4jh, 4jl).

HRAE 2 B A AR, KB daa A R FE 22724
RGP AREMEAE Y 9, WAHLEE ), %5
THA M. BRAOVEGELH KGN IRGa) =, %
BRI R I [e][1,2,3]HEMERR -2,2- A W(1a) 1)
BRI N, Rk, £ ERA R 4aa HIEL R
R, Sl TRE AR Ga) W E kR 2.5
equiv. g MA] 5.0 equiv.f BB SR1M, HE =IRi%K
I I A 49 20U S HE AL =) Sa, R 72 B 96% ~98%(1)
PR R IR NI Y daa. (B2, HJIEHEH KK
41510 51 4aa (1.0 equiv.) 5 A IR (3a, 2.0 equiv.)F
K>CO; (3.0 equiv.)fE MeCN FRE iR FE N 2 h, AELA
87% ) ™7 %45 B XU N HEAL 77 ) Sa (Table 3, 5a). 235,
TERLERAT TN, NIRRT HAWL A 4 RGN ERIRATAEDY
3IE NI L. A NS, OB DR R = 26
BB A I [e][1,2,3EMEME-2,2- — AL XU T 24T 2R
¥ 5 (Table 3, 5b~5l).

BJa, BE R E R, 2T I e][1,2,3]
WEMEE-2,2- S ALY RUA TN ZEAL =8 5 AL, ansk
4 fli7R, 1E Grubbs I HEAGFIEAL T, 78 SR AH,
KU R FAL =W 5a. Sb. 5§ A1 51#S AT LUBRF] A& 31k,
I3 A BIR I [e][1,2,3HEMERE-2,2- A FRAT AR
V) 6a~6d, =HKIE T4%~87% [H.

FESCHERIRAE -8 1 St 45 S ml b, X8R
BN, K IF[e][1,2,3 | HEMERE -2, 2- — S ALY P4 T 21k
NEEE T —/ N ERI N HLEE, 40 Scheme 2 Fias: B
%, Bk EMNER 3 BT EENGENESNEY
7050 SRIG, T SHIF[e][1,2,3]EMERR-2.2- 4k 1 &
ASERMBUR BE. AFTRVAL, IR RGN &R R 25
(10 TR A SR T P = ) (R 25 R X S £ 1) a-
BT p- B ). KEZHEDLT, LA - Hp™
YihE, — BTN RRE R T — A 7S e E A s EE
PR 3 A (T p- I s = ) e AR R B v, B
cis/trans FRJVR I ELBNBEAT U o101 21 7 [ 7 Bh 71 5%
% Ty R (i U 42 Jm £R)/E R BUK R T I, 2e R
o-MME=Y). RS FELCIR R 2%, ¥ R BIBhFIZ 5N
TS ES W ES. it DL H i
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R 3 WAL T 4 BGPTSR @
Table 3 Allylation reaction of products 4 in the presence of
base

K,CO3
B ——
MeCN, r.t.
RG
0 (0] 0
O. (O <
°&o
N N N
Ph ;\
| j\ ;\ Ph
5a 5b 5c
2h,87% 1.5 h, 86% 1h, 76%
0 (0] 0
N O\ '’ N
N N N
A gl | k( | A
5d 5e 5f
2h,73% 1.5h, 84% 1h, 83%
0} 0 o}
(O O. O. 7
N N N
MeO MeO F L
X = I X
Sg 5h 5i

Br

© 2022 Chinese Chemical Society & SIOC, CAS

4 Reaction conditions: 4 (0.3 mmol), 3' (0.6 mmol) and K,CO;5 (0.9 mmol)
were stirred at room temperature in MeCN (4 mL). Isolated yields.

Fllale 16725 - IR F RS iE, X BN F PR, 6T 5wk
I8 R B A I J A S B, R 2 B A8 31 p-lin ik
P lleleal 21 7 K fF nano-Sn/H,O!418] Sn/H,0O/Na-
BF/ILL K Sn-powder/H O V&4 R iEATHE, 2774 a-
IE=4. EFRAT R BAR R, BN INE 8 3E,
SN SGRAEA LIS AR AT, T BRI p- s
Vit 4al, 4am A1 4j1), KUK 75 1 RSEZ IR
ML —ANANTCIHRLERS 8, H T p-Ikr=a, Bk
[k 9,9 FHE I KL T A 4.
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R4 WS BIRIIEIRILI R RN @
Table 4 Ring closing metathesis of products 5

,
RS Grubbs I 3 mol%) R
_

CH,ClI, (dry), Ar, r.t.
24 h

6a 6b
74% 78% 84% 87%

@ Reaction conditions: 5 (0.3 mmol), Grubbs II (3 mol%) were room tempera-
ture in CH,Cl, (2 mL) and under argon atmosphere. Isolated yields.

R1
2
Br X R R’

3 R®  Brysn N R2

B2 Sk Rt 0 T Ak SRR R RE 14 e RLATL 3
Scheme 2 Proposed reaction mechanism of allylation promoted
by tin powder

2 #ig

R ERTR, ACEERR TR T, Rl
[1,2,3]WENE -2, 2- — A8 A ) 55 5 TR R VAT A ) ) A TR
eI B, 83T 3 [e][1,2,3 | mE R -2,2- — AL Y I
WEATAY). %70 ks 5 00 T R R A AR I
WERFNEES 5 RN, 8% T 5 A 206 N R 52t
Bk, HAEERR., PR m. RS SR
EA—HEMAE, &P EUR R I HIRAT AT =
IR, 3 EIHEAZ - IE=Y. R)a, ERMIEEHET,
NPT LS I N B IR AT ARt — 2 OB, AR R R
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FHlel[1,2,3]MEMENE-2,2- — A MM XA N FENTEY). B
o, BRI E R, AR B TR I 6]
[1,2,3|WERERR 2,2 — S AP AR AT A

3 XIEs
3.1 X5

W 3L AR 1 £ Varian Mercury 400 MHz 5% Agilent
DD2 600 MHz RUZ#EILIROGN €, ARG D 8N
A AF ¥R, TMS AW bR, & 20 HE)5 1% /8 A Bruker
APEX 1T & B0 46 55 - [m] fig JL 4% ot i Gl 5, EST I,
W& PRI X-4 BYSA06 S e E, EE AR IE. DY
SR, 14-TENH . IR R AR HERE T AL
H, AW H, ReRFaEE s e
1a~ 11020045 R8Ok 5 vE Il 4%, M R4 3a~3d
198 T3 2, 3e~3K2IHE 45 Sk 7 124145
32 ZWHE
3.2.1 Aubdh 4 098 ik

) S B HRAR U 2R 5T [e][1,2, 3] ME R -2,2- — 44
1k#(1a, 0.30 mmol, 1.0 equiv.) Z3#1(2, 2.0 equiv.). THF
(4 mL)FIE A E3a, 2.5 equiv.). KFITE SRR 3 h,
HEHEAE(TLO) MM R M E A, AHIZEER, B
HNH4Cl (6 mL)IMA E S B H F 34 10 min, 4%
TR AW EtOAc (10 mL X 3)AEHL. & 3FAHMHZ T K
MgSO, T, SR J5 Ik 781 PR 2575 70, BB YR A2
Wy B VR ) @ (LR CBR)=S5 © 1113317 4-J%
P 2E-3,4- AR I [e][1,2,3]REME R -2,2- — S 1L V) (4aa)
66 mg, HEEAE, % 98%. mp. 79~80 ‘C; 'H NMR
(400 MHz, CDCls) 8: 7.34~7.27 (m, 2H), 7.23~7.20 (m,
1H), 6.99 (d, J=8.0 Hz, 1H), 5.75~5.65 (m 1H), 5.32~
5.24 (m, 2H), 4.92~4.87 (m, 1H), 4.68 (br, 1H), 2.97~
2.90 (m, 1H), 2.80~2.73 (m, 1H); *C NMR (150 MHz,
CDCls) d: 151.53, 131.51, 129.67, 126.33, 125.56, 121.64,
121.23, 119.09, 55.98, 37.70; HRMS (ESI) caled for
C1oH1:NNaO;S [M+Na]" 248.0352, found 248.0362.

4ab~4jm [ 2% F7 1% A 4aa.

4-(2- FFY 05 T S )-3,4- L I [e][1,2,3] Vi I 5 -
2,2- AL W(4ab): 54 mg, AEEK, FEER 75%. mp.
97~99 °C; 'H NMR (400 MHz, CDCl;) 6: 7.33~7.29
(m, 1H), 7.27~7.25 (m, 1H), 7.21 (t, J=7.2 Hz,1H), 7.00
(d, J=5.2 Hz, 1H), 5.00 (s, 1H), 4.97~4.91 (m, 1H), 4.90
(s, 1H), 4.69 (br, 1H), 2.86 (dd, J=14.4, 4.0 Hz, 1H), 2.67
(dd, J=14.4, 9.2 Hz, 1H), 1.75 (s, 3H); '*C NMR (150
MHz, CDCls) 6: 151.08, 140.00, 129.55, 126.43, 125.50,
122.58, 119.13, 116.21, 54.55, 42.72; 22.11; HRMS (ESI)
caled for C;H;3NNaO;S [M + Na] *262.0508, found

http://sioc-journal.cn/ 511
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262.0504.

4-(2- R JA T 55 )-3,4- K H [e][1,2,3] MEMEIE-2,2-
A YI(4ac): 65 mg, TLEHIRIEAR, FEER 71%. 'H
NMR (400 MHz, CDCl;) d: 7.35~7.31 (m, 1H), 7.22~
7.21 (m, 2H), 7.01 (d, J=8.0 Hz, 1H), 5.82 (s, 1H), 5.65
(s, 1H), 5.08~5.02 (m, 2H), 3.32~3.26 (m, 1H), 2.99 (dd,
J=14.8, 3.6 Hz, 1H); '3C NMR (150 MHz, CDCls)
150.95, 129.78, 127.96, 126.98, 125.58, 122.11, 121.01,
119.16, 55.45, 46.77; HRMS (ESI) calcd for CioH;oBrN-
NaOsS [M+Na]" 325.9457, found 325.9445.

4-(3-(2-0 FH L) N R BB 48 )-3,4- R It [e][1,2,3]
WEBEE -2 2- — Sk ¥(4ad): 66 mg, TLEMPIRWBE P2
74%. 'H NMR (400 MHz, CDCls) d: 7.30 (t, J=8.4 Hz,
2H), 7.22~7.18 (m, 1H), 6.98 (d, J=8.0 Hz, 1H), 6.37 (s,
1H), 5.81 (s, 1H), 5.55 (d, J=7.6 Hz, 1H), 4.98~4.93 (m,
1H), 4.26~4.20 (m, 2H), 3.09 (d, J=14.0, 3.60 Hz, 1H),
2.98~2.92 (m, 1H), 1.32 (t, J=6.8 Hz, 3H); 3C NMR
(150 MHz, CDCly) d: 167.58, 151.03, 135.08, 130.45,
129.55, 127.02, 125.43, 121.97, 119.04, 61.58, 56.64,
37.54, 14.22; HRMS (ESI) calcd for C;3H;sNNaOsS [M+
Na]" 320.0563, found 320.0563.

4-(2- T FE 7 TH 35 )-3,4- K I [e][1,2,3] Vi 15 1R -
2,2- 54k (4ae): 84 mg, T EIHIARIEIK, F5F 93%. 'H
NMR (400 MHz, CDCl;) d: 7.49~7.40 (m, 2H), 7.38~
7.15 (m, 6H), 6.95 (d, J=8.0 Hz, 1H), 5.44 (s, 1H), 5.25
(s, 1H), 4.78~4.67 (m, 2H), 3.37~3.27 (m, 1H), 3.13~
3.06 (m, 1H); '*C NMR (150 MHz, CDCl) &: 150.91,
142.40, 138.66, 131.98, 129.61, 128.08, 126.66, 125.48,
122.25, 122.16, 119.10, 118.21, 55.36, 41.05; HRMS (ESI)
caled for Ci6H;sNNaO;S [M+Na]" 324.0665, found
324.0667.

4-(2-(4-FOEF) IR F5)-3,4- A K I [e][1,2,3] e
IB2-2,2- AP (4af): 55 mg, BRI, 7% 88%.
'H NMR (400 MHz, CDCl;) 6: 7.37~7.27 (m, 5H),
7.22~7.16 (m, 2H), 6.96 (d, J=8.0 Hz, 1H), 5.44 (s, 1H),
5.28 (s, 1H), 4.74~4.69 (m, 2H), 3.31 (dd, J=15.6, 4.0
Hz, 1H), 3.11 (dd, J=14.8, 9.2 Hz, 1H); 3C NMR (150
MHz, CDCls) 6: 150.92, 142.35, 138.18, 134.11, 129.61,
129.03, 127.77, 126.67, 125.49, 122.18, 119.11, 118.16,
55.36, 41.11; HRMS (ESI) calcd for C;6H4CIN- NaOs;S
[M+Na]" 358.0275, found 358.0289.

4-(2-(4-TR PRI I TR )3 4- — A 2R I [e][1,2,3] g
-2 2- "4 4k ¥ (4ag): 92 mg, FOMDIRWAK, 7R
81%. 'H NMR (400 MHz, CDCl;) 6: 7.48 (d, J=8.4 Hz,
2H), 7.29~7.27 (m, 3H), 7.21~7.15 (m, 2H), 6.94 (d, J=

512 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

6.8 Hz, 1H), 5.44 (s, 1H), 5.27 (s, 1H), 4.80~4.69 (m,
2H), 3.29 (dd, J=14.8, 2.8 Hz, 1H), 3.12~3.06 (m, 1H);
13C NMR (150 MHz, CDCls) &: 150.87, 142.37, 138.67,
131.95, 129.57, 128.07, 126.66, 125.46, 122.20, 122.15,
119.04, 118.16, 55.34, 40.98; HRMS (ESI) caled for
C16H14BrNNaO;S [M+Na]* 401.9770, found 401.9789.

4-(2-C F ORI A A 3 )-3,4- SRR [e][1,2,3] W8 ME
B5-2,2- 4 ALY (4ah): 87 mg, WRIEAEAR, F7E 92%.
m.p. 80~81 C; 'H NMR (600 MHz, CDCls) 6: 7.33 (s,
1H), 7.32 (s, 1H), 7.31~7.28 (m, 1H), 7.24 (d, J=7.2 Hz,
1H), 7.20~7.18 (m, 3H), 6.99 (d, J=8.4 Hz, 1H), 5.42 (s,
1H), 5.20 (d, J=0.6 Hz, 1H), 4.78~4.75 (m, 1H), 4.66
(dd, J=13.8, 7.2 Hz, 1H), 3.36 (dd, J=15.0, 4.2 Hz, 1H),
3.09 (dd, J=15.0, 9.6 Hz, 1H), 2.36 (s, 3H); '*C NMR
(150 MHz, CDCl3) &: 151.05, 143.28, 138.19, 136.82,
129.61, 129.46, 126.78, 126.33, 125.39, 122.61, 119.09,
116.83, 55.53, 41.38, 21.21; HRMS (ESI) calcd for
C17H7NNaO;S [M+Na]* 338.0821, found 338.0814.

4-(2-(IF) FR ) s T 0)-3. 4- R I [e][1,2,3 )0
B2-2,2- Ak W(4ai): 77 mg, TCEIIRIE, 75K 81%.
'H NMR (400 MHz, CDCly) &: 7.28~7.23 (m, 2H),
7.23~7.15 (m, 4H), 7.12 (d, J=7.2 Hz, 1H), 6.94 (d, J=
8.0 Hz, 1H), 5.41 (s, 1H), 5.21 (s, 1H), 4.77~4.70 (m,
2H), 3.32 (dd, J=14.4, 4.4 Hz, 1H), 3.08 (dd, J=14.8, 9.2
Hz, 1H), 2.36 (s, 3H); '3C NMR (150 MHz, CDCls) §:
150.90, 143.45, 139.65, 138.52, 129.43, 129.03, 128.74,
127.22, 126.77, 125.37, 123.44, 122.41, 119.00, 117.40,
55.38, 41.31, 21.61; HRMS (ESI) calcd for Ci7H;7NNaOsS
[M+Na]" 338.0821, found 338.0813.

4-(2-(AB H 2 FE) I T 3E)-3,4- A K I [e][1,2,3] e
IB2-2,2- Ak P(4aj): 66 mg, HERME, =F 70%. 'H
NMR (400 MHz, CDCly) d: 7.27~7.22 (m, 1H), 7.21~
7.17 (m, 2H), 7.16~7.13 (m, 1H), 7.12~7.07 (m, 3H),
6.93 (d, J=8.0 Hz, 1H), 5.41 (s, 1H), 5.13 (s, 1H), 4.74~
4.64 (m, 2H), 3.16 (d, J=14.8 Hz, 1H), 3.07~3.01 (m,
1H), 2.34 (s, 3H); 3C NMR (150 MHz, CDCls) J: 151.10,
144.03, 140.46, 135.08, 130.73, 129.45, 128.45, 127.77,
126.54, 126.04, 125.32, 122.08, 119.57, 118.96, 55.30,
42.70, 19.95; HRMS (ESI) caled for C7H;sNNaO;S [M+
Na]™ 338.0821, found 338.0828.

4-(2-(1- 25 3 ) M T 21k )-3,4- — S IF [e][1,2,3] W
5-22- A ALY (4aKk): 93 mg, HOEE, PPE 88%.
m.p. 34~35 °C; 'H NMR (400 MHz, CDCl3) §: 7.84~
7.81 (m, 4H), 7.56 (d, J=8.8 Hz, 1H), 7.50~7.45 (m,
2H), 7.27~7.25 (m, 2H), 7.20~7.15 (m, 1H), 6.96 (d, J=
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8.0 Hz, 1H), 5.58 (s, 1H), 5.34 (s, 1H), 4.79~4.68 (m,
2H), 3.45 (dd, J=14.8, 4.0 Hz, 1H), 3.21 (dd, J=14.8, 9.6
Hz, 1H); 3C NMR (150 MHz, CDCls) §: 151.06, 143.41,
137.14, 133.53, 133.22, 129.51, 128.66, 128.29, 127.77,
126.79, 126.65, 126.45, 125.40, 125.31, 124.57, 122.54,
119.11, 118.04, 55.65, 41.37; HRMS (ESI) caled for
Ca0H7NNaO;S [M+Na]" 374.0821, found 374.0811.

4-[2-(2- I HE-3- T 35)1-3,4- A A IF[e][1,2,3] 0k mE
IB2-2,2- A LW (4al): 68 mg, FEFELE, 723 89%. m.p.
80~81 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.37~7.33
(m, 2H), 7.20 (t, J=7.2 Hz, 1H), 7.09 (d, J=8.0 Hz, 1H),
5.85(dd, J=17.2, 10.4 Hz, 1H), 5.27 (d, J=10.8 Hz, 1H),
5.22 (d, J=17.6 Hz, 1H), 4.82 (m, 1H), 449 (d, J=4.4
Hz, 1H), 1.14 (s, 3H), 1.09 (s, 3H); *C NMR (150 MHz,
CDCI3) 6: 151.74, 143.72, 129.79, 129.22, 125.24, 121.60,
119.89, 115.78, 64.86, 43.14, 23.76, 22.17; HRMS (ESI)
caled for C;oHi;sNNaOsS [M+Na]* 276.0665, found
276.0672.

A-(1- B0 TH 25)-3,4- 5K I [e][1,2,3] Wi 1 15 -
2,2- MW (4am): 72 mg, ABREE, FF 80%. m.p.
109~110 °C; 'H NMR (400 MHz, CDCls) §: 7.40~7.36
(m, 2H), 7.33~7.29 (m, 4H), 7.11 (t, J=7.6 Hz, 1H), 7.04
(d, J=8.0 Hz, 2H), 6.07~5.98 (m, 1H), 5.32 (d, J=10.4
Hz, 1H) 5.14~5.07 (m, 2H), 4.81 (br, 1H), 423 (t, J=6.4
Hz, 1H); 3C NMR (150 MHz, CDCls) §: 151.57, 138.86,
134.94, 129.76, 129.15, 128.70, 127.84, 127.11, 125.36,
121.63, 121.09, 119.29, 60.42, 52.63; HRMS (ESI) calcd
for C16H;sNNaO;3S [M+Na]*324.0665, found 324.0657.

44 T Bk -6- F -3, 4- — R I [e][1,2,3]HEME IR -2,2-
ZEAH)(4ba): 53 mg, FIEEE, 73 60%. m.p. 66~
68 ‘C; 'H NMR (400 MHz, CDCl3) 6: 7.11 (d, J=8.4 Hz,
1H), 7.06 (s, 1H), 6.89 (d, J=8.4 Hz, 1H), 5.75~5.64 (m,
1H), 5.32~5.25 (m, 2H), 4.89~4.84 (m, 1H), 4.59 (d, J=
8.8 Hz, 1H), 2.97~2.90 (m, 1H), 2.78~2.72 (m, 1H), 2.34
(s, 3H); °C NMR (150 MHz, CDCLs) &: 149.49, 135.35,
131.62, 130.29, 126.52, 121.22, 121.19, 118.86, 55.98,
37.78, 21.00; HRMS (ESI) caled for C;;Hi;3NNaOsS [M+
Na]" 262.0508, found 262.0508.

495 TR F -6- 480 3 -3,4- AR T [e][1,2,3] W HE s -
2,2- MW (4ca): 58 mg, AMEAE, FF 76%. m.p.
62~63 °C; '"H NMR (400 MHz, CDCl:) d: 6.95 (d, J=8.8
Hz, 1H), 6.85 (dd, J=8.8, 2.8 Hz, 1H), 6.76 (d, J=2.8 Hz,
1H), 5.76~5.65 (m, 1H), 5.32~5.26 (m, 2H), 4.88~4.84
(m, 1H), 4.58 (d, J=8.8 Hz, 1H), 3.80 (s, 3H), 2.96~2.89
(m, 1H), 2.78 ~2.71 (m, 1H); *C NMR (150 MHz,
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CDCls) d: 156.89, 145.26, 131.54, 122.53, 121.27, 119.94,
114.48, 111.43, 56.05, 55.89, 37.81; HRMS (ESI) calcd for
C11Hi3NNaO,S [M+Na]" 278.0457, found 278.0452.

4-(2- F I TR 5 )-6- F AU 2R -3 4- AR I [e][1,2,3]
W I W -2 2- — S ALY (4cb): 78 mg, [k, 2R
97%. m.p. 79~80 °‘C; 'H NMR (400 MHz, CDCl;) o:
6.95 (d, J=9.2 Hz, 1H), 6.84 (dd, J=9.2, 2.8 Hz, 1H),
6.74 (d, J=2.8 Hz, 1H), 5.00 (s, 1H), 4.92~4.86 (m, 2H),
4.60 (s, 1H), 3.79 (s, 3H), 2.83 (dd, J=14.4, 4.4 Hz, 1H),
2.65 (dd, J=14.4, 9.2 Hz, 1H), 1.75 (s, 3H); 3C NMR
(150 MHz, CDCly) &: 156.86, 144.82, 140.03, 123.49,
119.99, 116.25, 114.68, 111.57, 55.90, 54.62, 42.83, 22.11;
HRMS (ESI) caled for C;H;sNNaOsS [M + Na] *
292.0614, found 292.0604.

4-Jfi T JE-6-9-3,4- —E R I [e][1,2,3]VEMERR-2,2-
AbI(4da): 69 mg, AMEMA, 23 95%. mp. 72~
73 ‘C; '"H NMR (400 MHz, CDCls) 6: 7.06~6.97 (m,
3H), 5.74~5.64 (m, 1H), 5.34~5.28 (m, 2H), 4.90~4.85
(m, 1H), 4.69 (d, J=8.8 Hz, 1H), 2.94~2.87 (m, 1H),
2.78~2.72 (m, 1H); *C NMR (150 MHz, CDCL) o:
159.49 (d, Jo-r=244.2 Hz), 147.39 (d, Jo-r=2.7 Hz),
131.05, 123.29 (d, Jec-r=6.9 Hz), 121.64, 120.65 (d,
Je-r=8.3 Hz), 116.72 (d, Je-r=23.6 Hz), 113.00 (d,
Je-r=24.8 Hz), 55.86 (d, Jo-r=1.5 Hz), 37.62; '°F NMR
(376 MHz, CDCly) §: —115.96 (m); HRMS (ESI) calcd
for CjoH;o)FNNaOsS [M + Na] = 266.0258, found
266.0260.

A4 Y -6-5-3,4- AR I [e][1,2, 3] MEHE R -2,2- —
A A (4ea): 70 mg, MK, f“Z 90%. mp. 66~
67 ‘C; '"H NMR (400 MHz, CDCL) &: 7.31~7.27 (m,
2H), 6.97 (d, J=8.8 Hz, 1H), 5.74~5.63 (m, 1H), 5.35~
5.29 (m, 2H), 4.91~4.86 (m, 1H), 4.66 (d, J=8.8 Hz,
1H), 2.97~2.89 (m, 1H), 2.80~2.73 (m, 1H); '*C NMR
(150 MHz, CDCls) d: 150.08, 130.99, 130.85, 129.83,
126.32, 123.22, 121.78, 120.58, 55.76, 37.57; HRMS (ESI)
caled for C;oH;¢CINNaO;S [M+Na]" 281.9962, found
281.9956.

4-J7 TR HE-6-1-3,4- SR I [e][1,2,3]HEMERR-2,2-—
AW (4fa): 88 mg, HT[EE, 73 96%. mp. 66~
67 ‘C; '"H NMR (400 MHz, CDCL) &: 7.44~7.41 (m,
2H), 6.88 (d, J=8.0 Hz, 1H), 5.75~5.64 (m, 1H), 5.34~
527 (m, 2H), 4.89~4.84 (m, 1H), 4.74 (d, J=8.4 Hz,
1H), 2.94~2.87 (m, 1H), 2.79~2.73 (m, 1H); '*C NMR
(150 MHz, CDCl) d: 150.57, 132.71, 131.03, 129.26,
123.64, 121.64, 120.83, 118.23, 55.69, 37.58; HRMS (ESI)
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caled for CioH;oBrNNaOs;S [M+Na]* 325.9457, found
325.9460.

4-(2- TP LI 75 3)-6-TR -3,4- A A I [e][1,2,3]E e
IB2-2,2- A ALH(4fb): 79 mg, HEEE, 7% 83%. m.p.
112~113 “C; 'H NMR (400 MHz, CDCly) 6: 7.41 (dd,
J=8.8, 2.4 Hz, 1H), 7.39~7.38 (m, 1H), 6.88 (d, J=8.4
Hz, 1H), 5.00 (s, 1H), 4.92~4.87 (m, 2H), 4.75 (s, 1H),
2.83 (dd, J=14.4, 4.8 Hz, 1H), 2.64 (dd, J=14.4, 9.2 Hz,
1H), 1.76 (s, 3H); 3C NMR (150 MHz, CDCls) d: 150.13,
139.53, 132.57, 129.37, 124.58, 120.82, 118.17, 116.46,
54.23, 42.59, 22.01; HRMS (ESI) calcd for C;;H;,Br-
NNaO;S [M+Na]" 339.9613, found 339.9606.

4-[2-(2- H 3L 3- T M 52 )]-6- ¥R -3,4- A K IF [e]
[1,2,3]MEmERR-2,2- A L W(4fl): 88 mg, M, /=
# 88%. m.p. 100~101 “C; 'H NMR (400 MHz, CDCls)
9: 7.51 (s, 1H), 7.46 (d, J=8.8 Hz, 1H), 6.97 (d, J=8.8
Hz, 1H), 5.84 (dd, J=17.6, 10.4 Hz, 1H), 530 (d, J=
10.4 Hz, 1H), 5.22 (d, J=17.6 Hz, 1H), 4.82 (d, J=3.6
Hz, 1H), 4.46 (d, J=4.8 Hz, 1H), 1.15 (s, 3H), 1.10 (s,
3H); 3C NMR (150 MHz, CDCly) §: 150.82, 143.36,
132.76, 131.86, 123.67, 121.34, 118.05, 116.14, 64.37,
43.06, 23.39, 22.65; HRMS (ESI) calcd for Ci,H 4BrN-
NaOsS [M+Na]" 353.9770, found 353.9755.

AW FE-T-1R-3,4- ZE R I [e][1,2,3] 08 MER-2,2-
A I(4ga): 83 mg, HEEIE, 7% 91%. mp. 100~
101 “C; 'H NMR (400 MHz, CDCLy) 6: 7.36 (dd, J=8.4,
2.0 Hz, 1H), 7.18~7.15 (m, 2H), 5.72~5.61 (m, 1H),
5.33~5.27 (m, 2H), 4.88~4.83 (m, 1H), 4.68 (d, J=9.2
Hz, 1H), 2.96~2.89 (m, 1H), 2.79~2.72 (m, 1H); '3C
NMR (150 MHz, CDCly) &: 151.88, 131.02, 128.76,
127.57, 122.49, 12230, 121.75, 120.65, 55.75, 37.56;
HRMS (ESI) caled for CjoH;(BrNNaOsS [M + Na] *
325.9457, found 325.9444.

4-JE I HE-8-1R-3,4- R I [e][1,2,3] 08 MEMR-2,2-
A (4ha): 85 mg, HEME K, 2 93%. mp. 70~
72 °C; '"H NMR (400 MHz, CDCl;) d: 7.55 (d, J=7.6 Hz,
1H), 7.23 (d, J=7.6 Hz, 1H), 7.09 (t, J=8.0 Hz, 1H),
5.74~5.64 (m, 1H), 5.33~5.26 (m, 2H), 4.92~4.87 (m,
1H), 4.82 (d, J=8.8 Hz, 1H), 3.97~2.90 (m, 1H), 2.80~
2.74 (m, 1H); *C NMR (150 MHz, CDCls) §: 148.22,
133.52, 131.16, 126.05, 125.49, 123.69, 121.52, 112.80,
56.19, 37.79; HRMS (ESI) calcd for C;oH;0BrNNaO;S
[M+Na]" 325.9457, found 325.9443.

4075 TR 3 -6,8- —-3,4- A IK I [e][1,2,3] Vi E s -
2,2- ALY (4ia): 105 mg, WK EE K, P7ER 91%.
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m.p. 46~47 C; '"H NMR (400 MHz, CDCl;) d: 7.70 (s,
1H), 7.36 (d, J=2.0 Hz, 1H), 5.73~5.63 (m, 1H), 5.3~
530 (m, 2H), 4.88~4.80 (m, 2H), 2.99~2.88 (m, 1H),
2.80~2.73 (m, 1H); *C NMR (150 MHz, CDCL) ¢:
147.70, 135.90, 130.70, 128.38, 125.09, 122.06, 118.15,
113.96, 55.94, 37.68; HRMS (ESI) calcd for C,oHoBrN-
NaOsS [M+Na]" 403.8562, found 403.8551.

1086 TR 2-1,2- R ZE 1 [1,2-€][1,2,3] i g R -3 3-
AN dja): 70 mg, K, 73 85%. mp. 79~
81 “C;'H NMR (400 MHz, CDCl;) o: 7.87 (d, J=8.0 Hz,
1H), 7.80 (d, J=9.2 Hz, 1H), 7.74 (d, J=8.4 Hz, 1H), 7.61
(t, J=7.2 Hz, 1H), 7.52 (t, J=7.6 Hz, 1H), 7.10 (d, J=8.8
Hz, 1H), 6.00~5.90 (m, 1H), 5.34~5.26 (m, 2H), 5.20~
5.15 (m, 1H), 5.00 (s, 1H), 3.17~3.09 (m, 1H), 2.80~
2.75 (m, 1H); '3C NMR (150 MHz, CDCls) o: 148.98,
133.17, 131.43, 130.76, 129.69, 129.37, 127.88, 125.86,
122.48, 119.62, 118.55, 115.74, 56.42, 38.00; HRMS (ESI)
caled for Ci14H;3NNaO;S [M+Na] "™ 298.0508, found
298.0511.

1-(2-OfF B A 3 075 A 36 )-1,2- & ZE9F[1,2-¢][1,2,3]
M3, 3- S Ak YI(4jh): 96 mg, HIEIER, 773 88%.
m.p. 115~116 °C; '"H NMR (400 MHz, CDCl;) 6: 7.85 (d,
J=8.0 Hz, 1H), 7.77 (d, J=9.2 Hz, 1H), 7.63 (d, J=8.4
Hz, 1H), 7.57 (t, J=6.8 Hz, 1H), 7.50 (t, J=8.0 Hz, 1H),
7.37 (d, J=8.0 Hz, 2H), 7.26~7.22 (m, 2H), 7.10 (d, J=
9.2 Hz, 1H), 5.40 (s, 1H), 5.31 (s, 1H), 5.08~5.03 (m,
1H), 4.82 (d, J=5.6 Hz, 1H), 3.41~3.35 (m, 1H), 3.28
(dd, J=15.2, 3.6 Hz, 1H), 2.40 (s, 3H); '*C NMR (150
MHz, CDCls) 6: 148.03, 143.16, 137.13, 136.52, 130.42,
129.67, 128.77, 128.54, 128.36, 126.73, 125.74, 124.81,
121.50, 117.62, 116.53, 115.17, 53.76, 39.09, 20.32;
HRMS (ESI) caled for CHjoNNaOsS [M + Na] *
388.0978, found 388.0966.

1-[2-2-F 3E-3- T4 36)]-1,2- ~&E ZEIHH[1,2-€][1,2,3]
I3, 3- S Ak YI(4jl): 76 mg, AT, F2EK 84%.
m.p. 150~152 °C; 'H NMR (400 MHz, CDCls) 6: 7.95~
7.87 (m, 3H), 7.59~7.49 (m, 2H), 7.30 (d, J=8.8 Hz,
1H), 5.93 (dd, J=17.2, 10.4 Hz, 1H), 5.23~5.18 (m, 2H),
5.13 (s, 1H), 5.08 (s, 1H), 1.14 (s, 3H), 1.04 (s, 3H); 1*C
NMR (150 MHz, CDCls) d: 149.84, 143.95, 131.98,
131.63, 131.32, 129.14, 127.23, 126.04, 124.13, 118.94,
117.84, 115.65, 62.30, 45.41, 25.75, 21.29; HRMS (ESI)
caled for C;H;7NNaO;S [M+Na]™ 326.0821, found
326.0822.
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) [ B AR IO 4- 4 TH 3 3,4 AR 5
[e][1,2,3] W& W 92 -2,2- — % 1L ¥ (4aa, 0.3 mmol, 1.0
equiv.)~ K2CO; (3 equiv.) MeCN (4 mL)A 77 (3a,
2 equiv.), WILRAAREER U 2 h, HEH
JE O (TLO) W e B 5e 4. M 5E4 5 EtOAc (5
mL)FBAR R, JE /K10 mL X 3)Feik, WERAHLAHE
FATG7K NapSO4 -1, WA A MR T 2510 B K5 77,
TR A AL R AT B VCR THEE) V(LR L) =
20 D 1S 3,4-ZIR N EE-3,4- AR €][1,2,3]08
WEE-2 2- A AL WI(5a) 69 mg, VR CIRAK, 77K 87%.
'H NMR (400 MHz, CDCl;) §: 7.32~7.26 (m, 1H),
7.23~7.16 (m, 2H), 7.00 (d, J=8.0 Hz, 1H), 5.98~5.75
(m, 2H), 5.27~5.18 (m, 4H), 4.53 (dd, J=10.4, 4.8 Hz,
1H), 4.07 (dd, J=14.8, 5.6 Hz, 1H), 3.66 (dd, J=14.8, 7.6
Hz, 1H), 3.17~3.09 (m, 1H), 2.65~2.59 (m, 1H); '3C
NMR (150 MHz, CDCls) §: 150.38, 134.00, 131.67,
129.22, 127.90, 125.31, 121.41, 120.92, 118.70, 118.85,
62.59, 55.43, 40.25; HRMS (ESI) calcd for C;3H;sNNaOsS
[M+Na]" 288.0665, found 288.0656.

Sb~5h [P %% 7% A Sa.

3,4- X0 (2- H L 005 TR 3E)-3,4- &K 3 [e][1,2,3] M i
IB2-2,2- A MHI(5b): 76 mg, AMGEIA, 723K 86%. m.p.
88~89 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.33~7.26
(m, 1H), 7.19 (s, 1H), 7.18 (s, 1H), 7.01 (d, J=8.0 Hz,
1H), 5.02 (s, 1H), 4.95 (t, J=1.6 Hz, 1H), 4.93~4.91 (m,
2H), 4.62 (dd, J=9.6, 5.6 Hz, 1H), 4.10 (d, J=13.6 Hz,
1H), 3.35 (d, J=14.0 Hz, 1H), 3.13 (dd, J=14.0, 9.2 Hz,
1H), 2.54 (dd, J=14.0, 5.6 Hz, 1H), 1.83 (s, 3H), 1.81 (s,
3H); '3C NMR (150 MHz, CDCly) d: 150.45, 140.94,
140.12, 129.19, 128.43, 125.23, 121.12, 118.69, 116.85,
115.68, 60.99, 58.70, 44.71, 22.43, 20.03; HRMS (ESI)
caled for C;sH;oNNaO;S [M+Na]® 316.0978, found
316.0968.

3,4- W (2- 24 H M6 T )3 4- T AL R I [e][1,2,3] M I
B2-2,2- S AL (5e): 95 mg, HEEA, P2 76%. m.p.
86~88 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.38~7.31
(m, 5H), 7.26~7.20 (m, 6H), 7.09 (t, J=7.2 Hz, 1H), 6.99
(d, J=7.6 Hz, 1H), 6.90 (d, J=8.4 Hz, 1H), 5.33 (s, 1H),
5.28 (s, 1H), 5.11 (s, 1H), 4.92 (s, 1H), 4.59 (t, J=6.8
Hz,1H), 4.42 (d, J=14.8 Hz, 1H), 3.86 (d, J=14.4 Hz,
1H), 3.39 (dd, J=14.8, 8.0 Hz, 1H), 3.14 (dd, J=14 .4, 6.4
Hz, 1H); 3C NMR (150 MHz, CDCly) J: 150.40, 143.38,
141.38, 139.53, 137.55, 129.05, 128.79, 128.32, 128.23,
128.19, 127.97, 126.43, 124.85, 120.98, 118.77, 118.50,
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117.76, 60.14, 56.03, 42.28; HRMS (ESI) calcd for
CasH23NNaO;S [M+Na]" 440.1291, found 440.1280.

(2)-3-G-FRIFHE)-4-(1-F R HF)-34- —F K
FHle][1,2,3]hEmEmE-2,2- A4 (5d): 91 mg, Jotlfk,
P& 73%. 'H NMR (400 MHz, CDCls) d: 7.36~7.26 (m,
8H), 7.21~7.16 (m, 1H), 7.08~7.06 (m, 2H), 6.99 (d, J=
8.4 Hz, 1H), 6.70 (d, J=8.4 Hz, 1H), 6.58 (d, J=16.0 Hz,
1H), 6.27~6.13 (m, 2H), 5.93 (d, J=6.8 Hz, 1H), 5.24 (d,
J=10.4 Hz, 1H), 5.18 (d, J=16.8 Hz, 1H), 4.71 (d, J=
10.8 Hz, 1H), 4.35~4.25 (m, 2H), 3.77 (dd, J=14.4, 8.0
Hz, 1H); 3C NMR (150 MHz, CDCls) 6: 150.80, 141.07,
137.85, 136.02, 135.98, 129.32, 129.25, 129.24, 129.02,
128.88, 128.50, 127.50, 126.68, 124.12, 122.83, 119.76,
118.38, 118.14, 66.20, 55.27, 54.85; HRMS (ESI) calcd for
CasH23NNaO;S [M+Na] "440.1291, found 440.1286.

3-[1-(3- FH 3 2- T M 2 )-4-[2-2- B -3- T U
F)]-3,4- ZE KT [e][1,2,3]REMEIE-2,2- S W (Se): 81
mg, FIEREAE, F2%E 84%. mp. 64~65 C; 'H NMR
(400 MHz, CDCLy) 8: 7.34 (td, J=7.6, 1.6 Hz, 1H), 7.21~
7.18 (m, 1H), 7.16~7.11 (m, 2H), 5.94 (dd, J=17.6, 10.8
Hz, 1H), 5.18~5.14 (m, 1H), 5.05 (d, J=10.8 Hz, 1H),
4.97 (d, J=17.2 Hz, 1H), 4.01 (s, 1H), 3.96 (dd, J=15.2,
8.4 Hz, 1H), 3.87 (dd, J=15.2, 5.6 Hz, 1H), 1.69 (s, 3H),
1.67 (s, 3H), 1.14 (s, 3H), 1.10 (s, 3H); *C NMR (150
MHz, CDCl;) 6: 150.13, 144.74, 138.99, 129.60, 128.88,
125.57, 125.47, 119.19, 118.36, 113.57, 71.54, 50.31,
43.57, 25.87, 24.17, 23.62, 18.06; HRMS (ESI) calcd for
C17H3NNaO;S [M+Na]" 344.1291, found 344.1280.

3-(2- H LI T 3L )-4-[2-(2- F 96 -3- T 4 98)]-3.4- — &
HIE[e][1,2,3 M mEE-2,2- — AL W(5F): 77 mg, {0
&, P& 83%. m.p. 83~85 C; 'H NMR (400 MHz,
CD;COCDs) d: 7.36 (dt, J=8.0, 1.6 Hz, 1H), 7.22~7.14
(m, 3H), 5.95 (dd, J=17.2, 10.4 Hz, 1H), 5.06 (d, J=10.8
Hz, 1H), 5.01 (s, 1H), 4.98 (d, J=17.6 Hz, 1H), 4.89 (s,
1H), 4.12 (s, 1H), 3.92 (d, J=15.2 Hz, 1H), 3.85 (d, J=
15.2 Hz, 1H), 1.62 (s, 3H), 1.17 (s, 3H), 1.12 (s, 3H); 13C
NMR (150 MHz, CDCOCDs) 6: 151.24, 145.83, 140.98,
130.68, 130.33, 126.60, 126.53, 119.63, 117.29, 113.81,
72.27, 59.31, 44.29, 24.59, 24.39, 20.35; HRMS (ESI)
caled for Ci;sH2NNaO;S [M+Na]" 330.1134, found
330.1133.

3,4- IR A FH-6- A FE-3,4- A IR e][1,2,3] 1 E
B2-2,2- A MH(5g): 71 mg, LEBIE, F2K 80%. 'H
NMR (400 MHz, CDCL3) : 6.93 (d, J=8.8 Hz, 1H), 6.82
(dd, J=9.2, 2.8 Hz, 1H), 6.67 (d, J=2.8 Hz, 1H), 5.97~
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5.75 (m, 2H), 5.27~5.17 (m, 4H), 4.48 (dd, J=10.4, 5.2
Hz, 1H), 4.05 (dd, J=14.8, 5.6 Hz, 1H), 3.78 (s, 3H), 3.64
(dd, J=14.8, 7.6 Hz, 1H), 3.15~3.07 (m, 1H), 2.64~2.57
(m, 1H); 3C NMR (150 MHz, CDCls) d: 156.70, 144.17,
134.10, 131.81, 122.26, 120.91, 119.56, 118.74, 114.70,
112.58, 62.66, 55.84, 55.46, 40.27; HRMS (ESI) calcd for
C1sH7NNaO,S [M+Na]" 318.0770, found 318.0763.

345 TR 2 -4-(2- R I T 4k )-6- R A -3, 4- R I
[e][1,2,3 & mERE 2 2- 44k ¥ (Sh): 77 mg, TCELRAE,
F% % 83%. '"H NMR (400 MHz, CDCls) d: 6.93 (d, J=8.4
Hz, 1H), 6.82 (dd, J=9.2, 2.8 Hz, 1H), 6.66 (d, J=2.8 Hz,
1H), 5.85~5.75 (m, 1H), 5.28~5.22 (m, 2H), 4.97 (s,
1H), 4.91 (s, 1H), 4.58 (dd, J=9.6, 4.8 Hz, 1H), 4.03 (dd,
J=14.8, 5.6 Hz, 1H), 3.78 (s, 3H), 3.65 (dd, J=14.4, 7.6
Hz, 1H), 3.09 (dd, J=14.0, 10.0 Hz, 1H), 2.53 (dd, J=
14.0, 4.8 Hz, 1H), 1.85 (s, 3H); '3C NMR (150 MHz,
CDCls) d: 156.66, 144.28, 140.91, 131.98, 122.57, 120.75,
119.50, 115.34, 114.53, 112.73, 61.24, 55.84, 55.43, 44.14,
22.72; HRMS (ESI) calcd for CisHisNNaO4S [M—l—Na]+
332.0927, found 332.0914.

3,4- W5 A B -6- T -3,4- K I [e][1,2,3] P 1 s -
2,2- EAI(5I): 77 mg, AR, FE 91%. mp.
83~85 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.05~7.00
(m, 2H), 6.92 (d, J=7.6 Hz, 1H), 5.97~5.75 (m, 2H),
5.30~5.21 (m, 4H), 4.49 (dd, J=10.0, 4.8 Hz, 1H), 4.05
(dd, J=14.4, 5.6 Hz, 1H), 3.67 (dd, J=14.8, 7.6 Hz, 1H),
3.16~3.09 (m, 1H), 2.64~2.57 (m, 1H); *C NMR (150
MHz, CDCls) d: 159.35 (d, Jo-r=244.1 Hz), 146.36 (d,
Je-r=2.7 Hz), 133.63, 131.50, 123.09 (d, Je-r=6.9 Hz),
121.28, 120.30 (d, Jc-r=8.3 Hz), 119.17, 116.38 (d, Jc ¢
=23.6 Hz), 114.31 (d, Jc-r=24.5 Hz), 62.39, 55.57,
40.14; "F NMR (376 MHz, CDCl3) §: —116.58 (m);
HRMS (ESI) caled for Cj;3H;;FNNaO;S [M + Na] *
306.0571, found 306.0578.

3.4- IR TN HE-6,8- IR-3.4- A E I [e][1,2,3] EnE
1822, 2- S ALH(5)): 109 mg, FIEE R, 773 86%. m.p.
93~94 °C; '"H NMR (400 MHz, CDCl;) 6: 7.69 (d, J=2.4
Hz, 1H), 7.28 (d, J=2.0 Hz, 1H), 5.92~5.72 (m, 2H),
5.29~5.21 (m, 4H), 4.49 (dd, J=10.4, 4.8 Hz, 1H), 4.07
(dd, J=14.8, 6.0 Hz, 1H), 3.65 (dd, J=14.4, 7.6 Hz, 1H),
3.15~3.08 (m, 1H), 2.61~2.55 (m, 1H); '*C NMR (150
MHz, CDCls) 0: 146.68, 135.46, 133.23, 131.10, 129.73,
124.81, 121.78, 119.50, 117.76, 113.50, 62.28, 55.75,
40.17; HRMS (ESI) caled for CisHi3Br,NNaOsS [M—+
Na]' 443.8875, found 443.8891.
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3-[1-(3-H FE-2- T i ) ]-4-[2-(2- H FE-3- T i ) ]-6-
IR-3,4- A K I [e][1,2,3]MEMERE-2,2- —E L(5Kk): 103
mg, FIEEE, 775 86%. mp. 105~106 ‘C; 'H NMR
(400 MHz, CDCl3) d: 7.47 (dd, J=8.8, 2.4 Hz, 1H), 7.27
(d, J=2.0 Hz, 1H), 7.04 (d, J=8.4 Hz, 1H), 5.92 (dd, J=
17.2, 10.8 Hz, 1H), 5.17~5.14 (m, 1H), 5.09 (d, J=10.8
Hz, 1H), 5.00 (d, J=17.6 Hz, 1H), 4.00~3.86 (m, 3H),
1.72 (s, 3H), 1.68 (s, 3H), 1.16 (s, 3H), 1.11 (s, 3H); 13C
NMR (150 MHz, CDCly) &: 149.18, 144.37, 139.54,
132.56, 131.51, 127.39, 120.83, 118.42, 117.94, 114.01,
70.94, 50.52, 43.57, 25.90, 24.35, 23.44, 18.08; HRMS
(ESI) caled for C;7H»,BrNNaOs;S [M+Na]' 422.0396,
found 422.0391.

1,2- M AE-1,2- A FEIE1,2-€][ 1,2, 3] MR R -3,3-
TEAISD): 84 mg, LA, 7% 89%. 'H NMR
(400 MHz, CDCL3) d: 7.86 (d, J=8.0 Hz, 1H), 7.81 (d, J=
8.8 Hz, 1H), 7.73 (d, J=8.4 Hz, 1H), 7.61 (t, J=7.2 Hz,
1H), 7.51 (t, J=8.0 Hz, 1H), 7.15 (d, J=9.2 Hz, 1H),
6.14~6.02 (m, 1H), 5.89~5.77 (m, 1H), 5.30 (d, J=17.2
Hz, 1H), 5.25~5.19 (m, 3H), 5.04 (dd, J=11.6, 3.2 Hz,
1H), 421 (dd, J=14.8, 5.6 Hz, 1H), 3.62~3.57 (m, 1H),
3.38~3.28 (m, 1H), 2.82~2.74 (m, 1H); *C NMR (150
MHz, CDCls) 0: 148.52, 134.23, 131.79, 131.37, 130.62,
130.26, 129.35, 127.88, 125.70, 122.42, 121.17, 118.40,
118.26, 114.27, 61.18, 55.88, 38.06; HRMS (ESI) calcd for
C17H;7NNaO;S [M+Na]" 338.0821, found 338.0821.
323 A6 ey e R ik

SRR A SR T HOINN Grubbs 1T (3 mol%), [F] {4
AP RWEA)E, KA 5a (0.3 mmol, 1 equiv.)ff]
CHoClLy (4 mL)EBIIAAR Z 1, K TR 614 3R 4k 2R AE
SAEF . FRAM T RN 24 h. HERE)E O
(TLC) ¥ J52 87 56 A% [ 8725 IR J s 708 TR ok 25 1 571,
TR A AL RN B VCREE) D V(LR LHE) =
20 @ 11153728 11,11a- — & -4H- 5 I [1,2-€] M 0 I
[1,2-c][1,2,3]%EMERR-6,6- A L¥)(6a) 53 mg, ¥ A4,
FEER 74%. m.p. 64~65 C; '"H NMR (400 MHz, CDCl;)
8: 7.35~7.30 (m, 1H), 7.23~7.18 (m, 2H), 7.04 (d, J=
8.4 Hz, 1H), 5.88~5.83 (m, 1H), 5.69~5.66 (m, 1H), 5.08
(t, J=52 Hz, 1H), 3.86~3.81 (m, 1H), 3.72~3.66 (m,
1H), 2.81~2.77 (m, 2H); 3C NMR (100 MHz, CDCl;) ¢:
151.02, 129.67, 126.26, 125.60, 122.60, 122.10, 121.21,
118.32, 55.19, 43.75, 27.81; HRMS (ESI) caled for
CHiNNaOsS [M+Na]" 260.0352, found 260.0359.

6b~6d (1)1 %% 7747 6a.

9,10- — F J:-11,11a- — 5 -8H- 7K FF [e] ML & FF[1,2-
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c][1,2,3]EMERE-6,6- S AkHI(6b): 62 mg, TLtailifk, =
# 78%. 'H NMR (400 MHz, CDCls) d: 7.34~7.29 (m,
1H), 7.19 (d, J=8.0 Hz, 2H), 7.02 (d, J=8.4 Hz, 1H), 5.00
(t, J=5.6 Hz, 1H), 3.65 (d, J=15.6 Hz, 1H), 3.54 (d, J=
16.0 Hz, 1H), 2.72 (d, J=17.2 Hz, 1H), 2.63 (d, J=17.2
Hz, 1H), 1.73 (s, 3H), 1.58 (s, 3H); *C NMR (150 MHz,
CDCls) d: 150.99, 129.55, 126.19, 125.58, 122.45, 121.60,
121.15, 118.40, 55.84, 47.79, 34.05, 18.68, 16.26; HRMS
(ESI) caled for C;3Hi;sNNaOsS [M +Na] ™ 288.0665,
found 288.0652.

2,4- " -11,11a- — & -8H- 7K FF [e] Mt mE H [1,2-c]
[1,2,3]EELEE-6,6- — A fbMI(6c): 100 mg, HEFEA, =
% 84%, m.p. 113~114 ‘C; 'H NMR (400 MHz, CDCl;)
§: 7.73~7.72 (m, 1H), 7.28~7.27 (m, 1H), 5.90~5.84
(m, 1H), 5.70~5.67 (m, 1H), 5.14 (t, J=4.8 Hz, 1H),
3.91~3.85 (m, 1H), 3.66~3.59 (m, 1H), 2.89~2.74 (m,
2H); 3C NMR (150 MHz, CDCls) §: 147.53, 135.93,
128.34, 124.45, 122.24, 122.11, 118.09, 113.11, 54.83,
43.85, 27.24; HRMS (ESI) caled for C;;HoBr,NNaOsS
[M+Na]" 415.8562, found 415.8577.

1,13¢- & -4H-Z5 3 [1,2-e] ML e 37 [1,2-¢][1,2,3 ] g
IB2-6,6- A LA(6d): 75 mg, FRELREK, 723 87%. m.p.
143~145 °C; '"H NMR (400 MHz, CDCls) d: 7.89~7.86
(m, 1H), 7.84~7.78 (m, 2H), 7.60~7.56 (m, 1H), 7.53~
7.49 (m, 1H), 7.18 (d, J=9.2 Hz, 1H), 5.98~5.93 (m,
1H), 5.88~5.83 (m, 1H), 5.20 (dd, J=11.2, 4.0 Hz, 1H),
4.56~4.39 (m, 1H), 3.99~3.92 (m, 1H), 2.94~2.87 (m,
1H), 2.78~2.68 (m, 1H); *C NMR (150 MHz, CDCl;) §:
147.17, 131.61, 130.75, 129.77, 129.35, 127.60, 125.87,
125.62, 122.89, 122.67, 118.26, 116.94, 57.23, 45.00,
30.92; HRMS (ESI) caled for CisH;3NNaO;S [M+Na]"
310.0508, found 310.0510.

%4 Bh A1 #l (Supporting Information) =% 4aa~ 4aj,
5a~5l, 6a~6d [¥] '"H NMR. 3C NMR. F NMR PA K &
Gy PTG L X SRR AT DA 9 AR T IR 35 (http:/
sioc-journal.cn/) . F %K.
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