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Abstract A facile procedure is reported for the synthesis of various 1-aryl-2-tosyl-5,6-dihydrobenzo[b]pyrrolo[2,1-c][1,4]-
oxazin-3(7aH)-one via a radical arylsulfonylation-induced ipso-cyclization-ortho-cyclization sequence of N-hydroxylethyl-N-
arylpropiolamides in the presence of tetra-n-butylammonium iodide (TBAI) and oxone. The radical cyclization sequence in-
volves a sulfonyl radical a-addition into the alkyne, ipso-cyclization, and ortho-trapping of the spirocyclic intermediate.
Keywords spiro-tricyclization; arylsulfonylation; radical; ortho-capture

WG IR TT 2 ARAE TV 28 I3 AR 8 77
Pyl Bl phomoidrides A A1 B2 DL HIAR A= 4085
cocculine 1 erysotrinelPI#fs & B AT V2 A W) 2 45 1 1 2
BEZ AL EY). N T LB SRR - 2 LA WA R,
WEFAUTH T EREIE W, Hrh, 5L 02
FEAEREIA AN R O A R T B Bl B TS
JE AL TT T 05 KR K 25 05 M4, Larock VR BRZH 7 B
WIET L& JEW ipso-{b(Scheme 1a), 3% B
AT DU, HLERRE SR, R TEE R ispo-FRil 2
—Hf S-endo-dig SEHIMML, & 4-HEIEETT R RG]
R XU B HASE BRI ipso- MR B T
BREEMEM, AWML —ERE EIRE T ipso-F ik
SN TR . O T RIS H I O R ) ipso-Ek, )
AT SRR E AT 2 4 £ (oxone) b 2718, N-ZR 3 P Rk %

AR AR ipso-3AAk, A M A B8R — = 45 B (Scheme
b)) R IE LR ipso- ¥4 | B S H AT T K
JREUOL {H g R IR R (a4 A RT3 IR 724 A2 2 s BT
IR SR, AR IR =D B AL I, AR
LR R BT, BIZEN R 7 B 5 SeitE
3k, NURISEEL T RRER R (AA A 1) T N ABALE IR, &
BT R ANRAIE- =31 1L &) (Scheme 1c).
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BT R RAR- =& W) & BTV Bl B0, AR
B 7EARE —ME B RS N-FR CRE-N-J5 B P bRt
HEHIR-=IME B BRI, A A (a4 DLAB AL 3 (7
3, A R B IR R R - = A& YR T v
(Scheme 1d).

The previuos works:

© (0] Br
Y“=-pPn  TBAB Pho__
@N oxone _ o
- > i
HOJ spiro-tricyclization = N o: AN
ortho-trapping
(d) This work:
(0}
= N> = A TBAI, oxone
> + TsNHNH, ———— >
R/\ / */% 2 toluene, 80 °C
HO~)n 4 2
n=1or2
Ts
Ar. _
o
,,,,, N
R 63(;),7
3

B 1 N3- IR PTREEIL 1 ipso- PR LR
Scheme 1 ipso-Cyclization of N,3-diphenylpropiolamide

1 &HR510R

RIS 1a ME BRI, XoF FH R R It fri
BBV EAT PSS, AR SCHR[13], 1.Os P it
TsNHNH, /= AEREMERE | &, F, &8 LOs A
7\ oxone AFEALF 1,4- AN AEEFIF 80 CIER
IR LA, KILLL 26%[H1 7= 245 B8 - =31 7=Y) 3a
(Table 1, Entry 1). BEJ5, ik 7 JLIESAE AL, Bl
(NH4)28,05+ MG S K R I S84k — 2 F I 2 ash 4
BT Jk, R EE AR 3R 1S5 i (Table 1, Entries 2~
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5). BHAEXIMAN AT T HE, RO T IR
(TBAB) A L5 BLAE NS INFAeT, s 355 0745 21 T
7“4¥) 3a (Table 1, Entries 6, 8). 1fj LAPU T F&fft fk 4%
(TBADME USRI, 72242 %] 50% (Table 1, Entry
7). W FVEBEN N ISR, R T 1,2-
ZJ5E. NN-—-FEEH k% (DMF). H2ERN Z 5 1E 7).
K IW DMF BN I [ TGV & A (Table 1, Entry 10);
SR A IR FRIN 72 2 B N 53% (Table 1, Entry 11). 24
%A TBAI I 3 50 mol%Ht, 724 3a HICR B
i (Table 1, Entry 13). ttAh, & 22000 R BB, 3
KIFAF LT 45 R (Table 1, Entries 14~16). ¥ oxone
VBN EALT I R BTG 347 (Table 1, Entry 17). &),
SR T AR EAAFI PR R L BR T LA
N4 J8 26 2y W R 1) S LA 0, AH 2 35 R AT B B 4 1 25
R GEHE RN R, e RN REFMS: DL
DU T LML A TR 7). oxone NEALTT. FZEAE AT,
7£ 80 C T XM 6 h.

TERAE RN, 30T N ORE-N3- 255
PRI i 1 MR- =34 [ B T [l (Table 2). B EHE T
N-RI BRI AR 52 0. 2450 s B A Bl 2
i, [N PAR R 153 3b Al 3¢; 24 3,5 Ar - HISEEUR
I, P79 3d PR AL 51%. 24 iE A LB, RS
FIRE W [n3e)nBe)=1 : 1]. TRz 2 I8l 4R T
BRI, P2 R ARRHER (S, 20%; 3h, 30%). 44R107 %
HARES, JRBLASZ R0, XY 3g F=2 a3
39%. MR BHOANZEIRN, RNINATRA:, 28] 22%
1) 3i. BlJE, SRR E R EIAT T H . ARK
B, PREER AT R AT AR B 3 (33%). HH,
PRI TR IRAAE, 53] 7 U 3k (45%). T
AN 5 BB, RS BT () SRR A P i & IRE
T LA KB BE IS, AR REAS BIAH B =) (31~ 30), =243
N A40%- 26%- 22%F1 20%. 7= 31 RRYI 454 X H
s AT HE— A (CCDC 2078592). [EIRE, Z4IAEN; )
FINAAETTATH, 2RV 3p (47%). 163252
W, ORI 3p 1E 365 nm J& ST N BAT LTI G .
ZRER YR S G E I IR TG, BRI E SR
T 3p TER B TR A IR . 7E Aex=365 nm
BORF, A5 3p (50 umol/L) ) — & e A 1.0
equiv.f) Hg?', & R1E 450 nm /£ 476 £ 2 5 199 Y6158
(Figure 1). JFH, fE4MT (365 nm)RST R, AT AIARIN
W He? HIAAAE. Wb &9 3p B4 He? 58 eIl it b7
F AT .

NT DT RRZRBIRE, AT T 3 AR
3% (Eqs. 1~3). WEq. 1 fi7R, 4400 TsNHNH, B, R B
RABBAL =), XU RPRZE T A 3. i
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Table 1 Optimization of the reaction conditions
0 @ Ts
Additive Ph
= N Oxidant o]
H + TsNHNH, Solvent "N
AN
la  OH 2 3a

Entry Additive Oxidant Temp./C Solvent Yield?
1 1,Os Oxone 80 1,4-—F N 26%
2 1,05 (NH4)2820s 80 1,4-—E N 12%
3 1205 (7] S S8 R 80 14- 5% 15%
4 1,Os A TR R 80 1L4-—E N Trace
5 1205 A BT 5 80 14- 5% 18%
6 TBAB Oxone 80 1,4-—F N ND
7 TBAI Oxone 80 1,4- "N 50%
8 I Oxone 80 1,4-—F N NR
9 TBAI Oxone 80 12-— &kt 36%
10 TBAI Oxone 80 DMF NR
11 TBAI Oxone 80 LEES 53%
12 TBAI Oxone 80 % 40%
13 TBAI (50 mol%) Oxone 80 FoR 26%
14 TBAI Oxone r.t. A 2R Trace
15 TBAI Oxone 60 LEES 25%
16 TBAI Oxone 100 LEES 36%
17 TBAI — 80 GBS NR

“General conditions: 1a (0.2 mmol), 2 (0.6 mmol), additive (0.2 mmol), oxidant (0.6 mmol) in solvent (2 mL), stirred for 6 h. ?Isolated yield.
2 R @
Table 2 Reaction substrate scopes
] = g
NER

OH

2

Z
H +  TsNHNH,

TBAI, oxone

_—
toluene, 80 °C

Ph

=

A=

3a, R =H, 53%; 3b, R = 4-Me, 52%
3¢, R = 4-Et, 42%; 3f, R = 4-Ph, 20%
3g, R =2-Ph, 39%; 3h, R = 4-F, 30%

Ts

=

)

o

3i, 22%

3j, 33%

3k, 45%

3m,R'=

3l, R' = 4-Me, 40%

4-Cl, 26%
3n, R'=4-Br, 22%
30, R'=4-COOMe, 20%

3p, 47%

“The reaction was performed with 1 (0.2 mmol), 2 (0.6 mmol), TBAI (0.2 mmol), oxone (0.6 mmol) in toluene (2 mL) at 80 ‘C for 6 h. *Isolated yield.

MR S N R 2.0 equiv. 2,2,6,6- 1Y B FE IR IE
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&AM
(TEMPO)IS, il 21 5z 27 Z AR &, 722400 12%
(Eq. 2). XUtBZ R MR A W He s
SR DA R 24 T figh

VINEEEEE SuRis
FREA A TsSNHNH, 1E AT, SR

%

IRA] KA, ISR 27% MR (Eq. 3).
BT Bl e g5 IR LR AR DG SCERI A, FRATTEE T
AE M S HLEE (Scheme 2). B4 I 1E oxone AL T4
ﬁjz LH 2L, BE 5 TsSNHNH, 7ERE E i 220 oxone fEFH R
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Figure 1 Compound 3p used for fluorescence detection of Hg?"

o Ph
Standard conditions = o
= N M
Ph H
1a

Without TsNHNH, R N—l
o

3a', 0%

/J\ : Standard conditions
+ TsNHNH,

TEMPO (2.0 equiv.)

1a Ts
Ph _
i1, N O (2)
= 025
3a, 12%
0 /@ SO,Na
/N . Standard conditions
Ph H
1a OH
Ts
Ph
~ =0 (3)
'UHN
=0\
3a, 27%

RAENFBE, F200E B, PUE R 1a b
HBEAT B B B A 1, B R A D5 R ipso-
G255 3 [ B3 A A4 1T oxone FKg A ]
PR RE B8 7 P AU T e R FR AR HE ORI, 3F
Jii 25 113 20 H bR =) 3a.

T DB R N R M, HEAT T ROR SE
5 TEFRERIZRAE T, AR RO LAy, P %
FERT LUIAH 50%, F£43 2774 3a 210 mg (Eq. 4).

2 Zhig

7E TBAI fil oxone f7-7E FF, TsSNHNH, 5 N-¥£ 2. 3&-N-
75 FE TR I ] R A - = IR B RN, SRS 1-
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TSNHNH, — <~

I* O 1a ) IpSO cyclization
Tol—S:
oxone S

Ts
< ;\/\ I HY
— 3a

Ho¢ © Hoy

HO

Ho¢ ©
]

B2 AREm R ML

Scheme 2 Proposed reaction mechanism

O Ts
Ph
i NH TBAI, oxone ~N—=0

4
+ TSNHNH, toluene, 80 °C == N& “

a
210 mg, 50%

Ph

OH
1a, 1 mmol

55 HE 2= YO Tl W L -5,6- & I [b] M % IE [2,1-
][ 1,A]MER-3(TaH)-Hi. 1248 = P11k 8 I 72 60 5 f ok
H BT HOIR I a- D% ipso-FRL FIBRER v 8] 44 141 A
73R, LSRR = IR H 4 & W (0 A W B I TE i —
A L

3 LIRS
31 B 5I

BRAR A AU, BT ARFIS e o pral, Rk
Halifh. {ERER(200~300 H ) b i Pk o ik vk w724
HEAT 44k, 7£ Bruker Avance III 400(400 MHz) Ll & T
K LR (NMR)i%. '"H NMR (400 MHz) A1 '3C NMR (100
MHz)ft Fl %75 CDCL, TMS AW AR, HRMS $iE1e
VG ZAB-HS 1%, Brucker Apex IV FTMS Ji4%
AT, X LR AT 0 BRI ER A R AL R A A
Gemini HL AR AT EIRTF. FOLIEIEAE F-4600 265
FEEEE T B,
3.2 XWHE

AR IO 1 (0.2 mmol). f#E®EHF0.6 mmol).
oxone (0.6 mmol). TBAI (0.2 mmol)f1FIZK(2 mL), sA/5
BN AYIINE 80 C, #itHk 6 h. AHEEER,
F/K(5 mL)M 2R Z.5(5 mLX3)AFRIR &Y. HHLR
IVVITE NaSOs bR 2SS, BFEENEE]
H x4 3.

1- 78 36 -2 6 PR il G 3 -5,6- — & 2K I [b] ML % IF:
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[2,1-c][1,4]%E%-3(7aH)- i (3a): [ EEK, 42.6 mg, 7~
Z 53%. m.p. 217~219 C; '"H NMR (400 MHz, CDCl;)
d: 7.87 (d, J=7.7 Hz, 2H), 7.39 (d, J=7.2 Hz, 1H), 7.30
(d, J=6.4 Hz, 4H), 7.08 (d, J=7.2 Hz, 2H), 6.25 (d, J=
8.4 Hz, 1H), 5.60 (s, 2H), 5.35 (d, J=9.2 Hz, 1H), 4.24~
421 (m, 1H), 3.86 (d, J=6.8 Hz, 1H), 3.73 (d, J=2.6 Hz,
1H), 3.35~3.32 (m, 1H), 3.15~3.09 (m, 1H), 2.42 (s,
3H); *C NMR (101 MHz, CDCl3) J: 163.6, 162.3, 145.2,
136.8, 135.2, 130.5, 129.9, 129.6, 129.1, 129.0, 127.6,
127.0, 126.5, 124.7, 123.01, 72.8, 67.4, 66.3, 39.2, 21.8; IR
(KBr) v: 3054, 2959, 2920, 2851, 1703, 1620, 1593, 1491,
1442, 1390, 1325, 1296, 1159, 1148, 1063, 962, 816, 767,
720, 703 cm!; HRMS (ESI-TOF) calcd for CaqHNO4-
NaS [M+Na]" 442.1086, found 442.1089.

9- HH - 1- IR L -2 o) HH Rt e 45 -5,6- — SR FE[b]HE
1% FE[2,1-c][1,41MEH:-3(7aH)-FH(3b): I ELLE {4, 45.1 mg,
FEE 52%. mp. 237~239 C; 'H NMR (400 MHz,
CDCl;) d: 7.86 (d, J=8.0 Hz, 2H), 7.36~~7.34 (m, 1H),
7.30~7.28 (m, 4H), 7.07 (d, J=7.2 Hz, 2H), 6.11 (d, J=
9.5 Hz, 1H), 5.35 (d, J=9.4 Hz, 1H), 5.29 (d, J=4.7 Hz,
1H), 4.22~4.19 (m, 1H), 3.84~3.82 (m, 1H), 3.63 (s,
1H), 3.33~3.30 (m, 1H), 3.12~3.07 (m, 1H), 2.41 (s,
3H), 1.30 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 163.7,
162.3, 145.1, 136.7, 136.4, 135.1, 134.6, 130.0, 129.6,
129.0, 128.9, 127.6, 126.9, 122.6, 119.2, 73.8, 67.5, 66.2,
39.2, 21.75, 20.7; IR (KBr) v: 3047, 3032, 2971, 2919,
2862, 1694, 1622, 1593, 1492, 1443, 1391, 1327, 1290,
1196, 1178, 1160, 1148, 1089, 1056, 958, 820, 768, 743;
HRMS (ESI-TOF) caled for CasHasNOsNaS [M-+Na]"
456.1246, found 456.1245.

9- 7, FE-1- 2K L 256 HH 2R it Ik -5,6- — R [b]HE
1% FE[2,1-c][1,41MEWE-3(7aH)-F(3c): FELE {4, 37.6 mg,
FEE 42%. mp. 243~245 ‘C; 'H NMR (400 MHz,
CDCl;) 6: 7.86 (d, J=7.2 Hz, 2H), 7.35 (d, J=6.9 Hz,
1H), 7.30 (d, J=6.7 Hz, 4H), 7.06 (d, J=6.7 Hz, 2H), 6.13
(d, J=9.3 Hz, 1H), 5.36 (d, J=9.7 Hz, 1H), 5.32 (d, J=
3.6 Hz, 1H), 422 (d, J=13.1 Hz, 1H), 3.84 (d, J=10.5
Hz, 1H), 3.70 (d, J=4.6 Hz, 1H), 3.34~3.28 (m, 1H),
3.13~3.07 (m, 1H), 2.42 (s, 3H), 1.73~1.59 (m, 2H),
0.51 (t, J=6.8 Hz, 3H); 3C NMR (101 MHz, CDCl;) ¢:
163.9, 162.3, 145.1, 141.7, 136.7, 135.2, 133.8, 130.0,
129.6, 129.0, 128.9, 127.6, 126.9, 122.7, 117.7, 73.7, 67.7,
66.2,39.2,27.7, 21.8, 11.3; IR (KBr) v: 3047, 3032, 2971,
2919, 2862, 1692, 1622, 1593, 1492, 1443, 1391, 1327,
120, 1196, 1178, 1160, 1148, 1089, 1056, 958, 820; HRMS
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(ESI-TOF) calcd for CasHsNOsNaS [M+Na]* 470.1397,
found 470.1402.

8,10~ FF J-1- 2R J -2 of FH 2R Pt i -5,6- — S 2RI
[b] ML 15 I [2,1-c][1,4] W& & -3(7aH)- B (3d): 1 £ [F] 14,
49.1 mg, F=% 55%. m.p. 227~229 ‘C; 'H NMR (400
MHz, CDCl;) d: 7.84 (d, J=8.2 Hz, 2H), 7.34 (d, J=17.3
Hz, 1H), 7.29~7.25 (m, 4H), 7.00~6.96 (m, 2H), 5.05 (s,
1H), 4.85 (s, 1H), 4.16~4.13 (m, 1H), 3.85~3.81 (m,
1H), 3.27 (s, 1H), 3.21~3.27 (m, 1H), 3.11~3.04 (m,
1H), 2.38 (s, 3H), 1.73 (s, 3H), 1.53 (s, 3H); 3C NMR
(101 MHz, CDCls) §: 164.5, 162.1, 145.0, 140.1, 136.8,
134.4, 134.4, 130.2, 129.6, 129.1, 128.9, 126.9, 126.6,
125.9, 113.4, 77.43, 68.7, 66.4, 39.1, 21.8, 21.2, 20.5; IR
(KBr) v: 3441, 2928, 2861, 1702, 1631, 1593, 1440, 1399,
1331, 1293, 1185, 1160, 1087, 1072, 1057, 968, 769, 703,
657, 587, 543; HRMS (ESI-TOF) calcd for C,6H2sNO4NaS
[M+Na]™ 470.1399, found 470.1402.

8- FH - 1- 2R L -2 o) R R g 9 5 -5,6- — R I []NiL
I [2,1-c][1,4]%60:-3(7aH)-Fid(3e) 1 10-FH J-1-2K %L -2-
FH R it P 2 -5,6- — & 2K I [b] Mk 1 I [2,1-c][1,4] W& s -
3(7aH)-fi (3e"): E @A, 47.0 mg, 77% 44%. m.p.
178~179 °C; 'H NMR (400 MHz, CDCL3) §: 7.85 (d, J=
8.2, 1.1 Hz, 4H), 7.39~7.35 (m, 2H), 7.32~7.26 (m, 8H),
7.06~7.00 (m, 4H), 6.19~6.15 (m, 1H), 5.57~5.53 (m,
1H), 5.40~5.38 (m, 1H), 5.24 (d, J=4.2 Hz, 1H), 5.18 (d,
J=9.4 Hz, 1H), 5.01 (s, 1H), 4.20~4.17 (m, 2H), 3.88~
3.81 (m, 2H), 3.65 (s, 1H), 3.40 (s, 1H), 3.32~3.25 (m,
2H), 3.13~3.06 (m, 2H), 2.40 (s, 6H), 1.79 (s, 3H), 1.56
(s, 3H); *C NMR (101 MHz, CDCl;) J: 164.3, 163.7,
162.3, 162.1, 162.1, 145.1, 145.1, 145.1, 145.1, 139.2,
139.2, 136.8, 136.8, 136.7, 136.7, 134.9, 134.8, 134.7,
134.7, 131.3, 131.3, 130.7, 130.7, 130.2, 130.2, 129.9,
129.9, 129.6, 129.6, 129.2, 129.2, 129.0, 129.0, 129.0,
127.4, 127.4, 126.9, 126.9, 126.9, 126.8, 124.3, 124.3,
121.7, 121.7, 119.4, 119.4, 116.8, 116.8, 77.8, 77.8, 77.4,
77.1, 76.8, 72.4, 72.4, 68.2, 68.2, 67.8, 67.8, 66.5, 66.5,
66.2, 66.2, 39.2, 39.2, 39.1, 39.1, 21.8, 21.8, 21.2, 21.2,
20.7, 20.7; TR (KBr) v: 3447, 2925, 1702, 1631, 1594,
1490, 1441, 1385, 1329, 1289, 1156, 1073, 967, 928, 894,
815, 767, 735, 703, 694, 660, 584, 541; HRMS (ESI-TOF)
caled for CpsH;NO4NaS [M+ Na]' 456.1253, found
456.1245.

1,9- 2R Bk -2- X0 R il gt 6 -5,6- — S K IF: [b] Atk
I [2,1-c][1,4] N8R -3(TaH)- B (3f): H E[E 4, 19.8 mg,
FEE 20%. mp. 238~240 C; 'H NMR (400 MHz,

Chin. J. Org. Chem. 2021, 41, 3652~3659
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CDCl;) 6: 7.86 (d, J=7.0 Hz, 2H), 7.29 (d, J=7.6 Hz,
2H), 7.24~7.18 (m, 7H), 7.10 (d, J=5.0 Hz, 2H), 6.83 (d,
J=17.2 Hz, 2H), 6.58 (d, J=9.6 Hz, 1H), 5.69 (d, J=5.7
Hz, 1H), 5.52 (d, J=9.6 Hz, 1H), 4.26~4.23 (m, 1H),
3.90~3.85 (m, 2H), 3.38~3.32 (m, 1H), 3.19~3.13 (m,
1H), 2.41 (s, 3H); 3C NMR (101 MHz, CDCl3) §: 163.6,
162.4, 145.2, 139.5, 138.1, 136.7, 135.3, 132.9, 129.9,
129.6, 129.1, 129.0, 128.2, 128.1, 127.4, 127.2, 125.9,
123.8, 120.1, 73.7, 67.3, 66.3, 39.2, 21.8; HRMS
(ESI-TOF) calcd for C30H2sNO4NaS [M+Na]" 518.1408,
found 518.1402.

1,11- 2R 5L -2 06 R OR Rk o 52 -5,6- — R FE[p] ik i
IF[2,1-c][1,4]%EE -3(TaH)- 1 (3g): H ({4, 38.6 mg,
FEE 39%. m.p. 243~244 C; 'H NMR (400 MHz,
CDCl) d: 7.90 (d, J=7.3 Hz, 2H), 7.42~7.36 (m, 3H),
7.31~7.21 (m, 2H), 7.24~7.20 (m, 1H), 7.11 (d, J=7.1
Hz, 2H), 7.04~7.01 (m, 2H), 6.86 (d, J=8.2 Hz, 2H),
6.32 (d, J=4.9 Hz, 1H), 5.68~5.63 (m, 2H), 5.27 (s, 1H),
3.91~3.87 (m, 1H), 3.82~3.78 (m, 1H), 3.68~3.67 (m,
1H), 3.37~3.32 (m, 1H), 2.48 (s, 3H); *C NMR (101
MHz, CDCl:) 0: 164.7, 162.6, 145.2, 137.2, 136.6, 135.4,
132.4, 129.8, 129.5, 129.5, 129.4, 128.9, 128.9, 128.4,
128.3, 127.7, 127.1, 126.3, 124.1, 76.0, 69.3, 66.6, 39.9,
21.8; IR (KBr) v: 3400, 3053, 2924, 2873, 1700, 1618,
1593, 1490, 1442, 1398, 1386, 1331, 1290, 1162, 1088,
1066, 975, 811, 722, 695, 663 cm '; HRMS (ESI-TOF)
caled for CiHysNO4NaS [M+Na]' 518.1407, found
518.1402.

-3~ 1- 2R -2 56 FF R Pt i -5,6- — SR I [b] AL
F[2,1-c][1,4]%88:-3(7aH)- i (3h): H A EH £, 26.2 mg,
FEE 30%. mp. 225~227 ‘C; 'H NMR (400 MHz,
CDCl;) 6: 7.84 (d, J=7.7 Hz, 2H), 7.40 (d, J=7.1 Hz,
1H), 7.35~7.28 (m, 4H), 7.06 (d, J=7.2 Hz, 2H), 6.20~
6.09 (m, 1H), 5.50 (s, 1H), 5.12~4.98 (m, 1H), 4.21 (d,
J=13.3 Hz, 1H), 3.84 (d, J=10.2 Hz, 2H), 3.33~3.27 (m,
1H), 3.11~3.05 (m, 1H), 2.40 (s, 3H); *C NMR (101
MHz, CDCl;) 6: 162.5 (d, J=45.6 Hz), 160.8, 158.2,
1453, 136.5, 135.8, 129.7, 129.4, 129.3, 129.0, 127.5,
127.4, 127.3, 127.0, 100.8 (d, J=19.0 Hz), 74.5 (d, J=
12.7 Hz), 67.3, 66.2, 39.3, 21.8; IR (KBr) v: 3429, 2982,
2924, 2864, 1708, 1673, 1631, 1595, 1492, 1442, 1401,
1319, 1292, 1199, 1159, 1179, 1147, 1121, 1085, 1041,
961, 933, 901, 817, 783, 767, 748, 695 cm™'; HRMS (ESI-
TOF) caled for CpHxNO4NaSF [M+Na]' 460.0999,
found 460.0995.
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7- I HE-6-%F F IR IR 3E-2,3- A ZEIF[1,2-b] L IF
[2,1-c][1,4]%EBE-5(13bH)-B(3i): A alE Ak, 20.6 mg, 7=
£ 22%. m.p. 255~256 ‘C; 'H NMR (400 MHz, CDCl;)
J: 7.86 (d, J=8.0 Hz, 2H), 7.29 (d, J=8.0 Hz, 2H), 7.03~
6.96 (m, 6H), 6.87~6.85 (m, 2H), 6.73~6.69 (m, 2H),
5.38 (d, J=9.2 Hz, 1H), 4.26~4.23 (m, 1H), 4.10 (s, 1H),
3.92~3.88 (m, 1H), 3.50~3.45 (m, 1H), 3.21~3.15 (m,
1H), 2.41 (s, 3H); '3C NMR (101 MHz, CDCl3) J: 163.8,
162.3, 145.2, 136.7, 135.1, 134.6, 131.5, 131.3, 129.7,
129.6, 129.1, 129.1, 128.8, 128.8, 128.5, 127.3, 127.0,
126.6, 121.7, 78.6, 68.3, 66.4, 38.8, 21.8; IR (KBr) v:
3435, 3051, 2977, 2928, 2860, 1695, 1620, 1596, 1490,
1455, 1440, 1397, 1328, 1287, 1186, 1161, 1147, 1089,
1061, 969, 952, 899, 809, 778, 766, 731 cm '; HRMS
(ESI-TOF) caled for CosH23NO4NaS [M+Na]" 492.1246,
found 492.1245.

6- F L - 1- 2R k-2 B ARt I 3L -5,6- & 2K - [p] L
1% FE[2,1-c][1,41MEME-3(7aH)-Fr(3j): A EE {4, 28.6 mg,
PE# 33%. mp. 191~192 ‘C; 'H NMR (400 MHz,
CDCly) d: 7.87 (d, J=8.2 Hz, 2H), 7.42~7.36 (m, 2H),
7.30 (t, J=8.3 Hz, 4H), 7.12 (d, J=7.4 Hz, 2H), 6.23 (dd,
J=9.4, 5.4 Hz, 1H), 5.66~5.62 (m, 1H), 5.56~5.52 (m,
1H), 5.27 (d, J=9.9 Hz, 1H), 4.11 (s, 1H), 3.95~3.91 (m,
1H), 3.26~3.21 (m, 1H), 2.41 (s, 3H), 1.16 (d, J=6.6 Hz,
3H); '3C NMR (101 MHz, CDCls) 6: 164.5, 163.3, 145.1,
136.8, 134.7, 130.1, 129.7, 129.6, 129.2, 128.9, 127.6,
127.1, 126.3, 124.8, 122.5, 67.8, 66.4, 65.4, 42.9, 21.8,
15.6; IR (KBr) v: 3431, 3085, 3056, 2986, 2984, 2915,
1694, 1615, 1596, 1439, 1394, 1335, 1321, 1309, 1282,
1167, 1152, 1091, 1070, 1017, 985, 912, 815, 732, 693
cm !'; HRMS (ESI-TOF) calcd for CpsHp;NOsNaS [M+
Na]" 456.1244, found 456.1245.

1- 2% F 2S5 R S il Tk 9k -6,7- — &~ 2K JF [b] P 1 I
[2,1-c][1,4]%E8E-3(5H, 8aH)- B (3k): F [ A, 38.4 mg,
FEHR 44%. mp. 245~247 ‘C; 'H NMR (400 MHz,
CDCly) 6: 7.87 (d, J=7.9 Hz, 2H), 7.38 (d, J=7.2 Hz,
1H), 7.31 (dd, J=17.5, 7.8 Hz, 4H), 7.17 (d, J=7.5 Hz,
2H), 6.29~6.25 (m, 1H), 5.76~5.71 (m, 1H), 5.58~5.55
(m, 1H), 5.21 (d, J=9.3 Hz, 1H), 4.19 (d, J=4.0 Hz, 1H),
4.10~4.05 (m, 1H), 3.95~3.89 (m, 1H), 3.61~3.55 (m,
1H), 3.06~3.00 (m, 1H), 2.41 (s, 3H), 2.07~2.00 (m,
1H), 1.76~1.70 (m, 1H); 3C NMR (101 MHz, CDCl;) §:
165.0, 163.4, 1450.0, 136.9, 134.2, 129.9, 129.6, 129.5,
129.4, 129.0, 128.0, 127.5, 125.8, 124.7, 122.6, 75.9, 71.7,
68.5, 38.4, 28.3, 21.8; IR (KBr) v: 3442, 3054, 2933, 1693,
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1621, 1594, 1442, 1397, 1357, 1332, 1308, 1187, 1162,
1146, 1099, 1073, 1029, 1010, 948, 813, 775, 772, 690,
663 cm !; HRMS (ESI-TOF) caled for CpsHasNO4NaS
[M+Na]" 456.1250, found 456.1245.

1-(0F 2R )-2- 0] FE ORI 56-5,6- — SR I [h]HE %
I [2,1-c][1,4]ME R -3(TaH)- i (31): H A E 7, 34.7 mg,
PP 40%. mp. 225~226 ‘C; 'H NMR (400 MHz,
CDCl;) 6: 7.84 (d, J=7.6 Hz, 2H), 7.28 (d, J=7.5 Hz,
2H), 7.08 (d, J=7.1 Hz, 2H), 6.95 (d, J=7.2 Hz, 2H), 6.23
(d, J=8.3 Hz, 1H), 5.57~5.61 (m, 2H), 5.33~5.30 (m,
1H), 421~4.17 (m, 1H), 3.84~3.82 (m, 1H), 3.69 (s,
1H), 3.31~3.25 (m, 1H), 3.11~3.05 (m, 1H), 2.39 (s,
3H), 2.34 (s, 3H); '*C NMR (101 MHz, CDCls) d: 164.1,
162.4, 145.1, 139.0, 136.8, 134.9, 130.4, 129.6, 129.0,
127.7, 127.4, 126.8, 126.6, 124.6, 123.0, 72.8, 67.4, 66.2,
39.2, 21.8, 21.5; IR (KBr) v: 3377, 3052, 2966, 2918,
2854, 1697, 1621, 1596, 1505, 1435, 1387, 1331, 1307,
1289, 1193, 1162, 1087, 1062, 1047, 1019, 966, 892, 823,
814, 768, 746, 703, 685 cm™'; HRMS (ESI-TOF) calcd for
CasH;NONaS [M+Na]" 456.1245, found 456.1245.

1-(4- SR 35 )-2-%of F DRl B 26, 7- — - 2R IR (]t
1 FE[2,1-c][1,4]%EWE-3(7TaH)-Bi(3m): 14K, 24 mg,
PP 26%. mp. 241 ~243 ‘C; 'H NMR (400 MHz,
CDCl;) d: 7.85 (d, J=8.0 Hz, 2H), 7.32~7.26 (m, 4H),
7.05~7.01 (m, 2H), 6.28~6.25 (m, 1H), 5.67~5.63 (m,
2H), 5.34 (d, J=9.4 Hz, 1H), 4.23~4.20 (m, 1H), 3.87~
3.69 (m, 1H), 3.69 (s, 1H), 3.33~3.28 (m, 1H), 3.14~
3.08 (m, 1H), 2.42 (s, 3H); '*C NMR (101 MHz, CDCl;) ¢:
1622, 162.0, 145.4, 136.5, 135.8, 135.4, 130.6, 129.7,
129.0, 129.0, 128.3, 127.4, 126.8, 124.7, 122.98, 72.77,
67.28, 66.26, 39.22, 21.75; IR (KBr) v: 3380, 3084, 3053,
2971, 2867, 1698, 1617, 1597, 1488, 1387, 1330, 1308,
1288, 1185, 1161, 1088, 1072, 1061, 1015, 963, 844, 815,
767, 703, 680, 664, 649, 588 cm !; HRMS (ESI-TOF)
caled for CaHyNOsNaSCl [M+Na]”™ 520.0198, found
520.0194.

1-(4- 1R R HE)-2- 508 FE R Bl 1 2k -6,7- — &- 2R I [D]HiE
1% FE[2,1-c][1,41MEW:-3(7aH)-F(3n): FEE A, 21.9 mg,
FEE 22%. mp. 226~228 ‘C; 'H NMR (400 MHz,
CDCly) 6: 7.85 (d, J=7.3 Hz, 2H), 7.44 (d, J=7.4 Hz,
2H), 7.31 (d, J=7.4 Hz, 2H), 6.96 (d, J=7.1 Hz, 2H), 6.26
(d, J=8.5 Hz, 1H), 5.73~5.62 (m, 2H), 5.34 (d, J=9.2
Hz, 1H), 4.23~4.20 (m, 1H), 3.87~3.84 (m, 1H), 3.69 (s,
1H), 3.33~3.28 (m, 1H), 3.14~3.07 (m, 1H), 2.42 (s,
3H); 3C NMR (101 MHz, CDCL3) 8: 162.1, 162.0, 145.4,
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136.5, 135.8, 130.6, 130.3, 129.7, 129.2, 129.0, 128.7,
126.8, 124.7, 123.7, 122.9, 72.8, 67.3, 66.3, 39.3, 21.8; IR
(KBr) v: 3428, 3050, 2991, 2914, 2868, 1699, 1616, 1596,
1387, 1330, 1287, 1330, 1287, 1161, 1074, 1010, 962, 842,
814, 705, 663, 640, cm '; HRMS (ESI- TOF) calcd for
C24H20NO4NaSCl [M+Na]" 476.0701, found 476.0699.

4-(3-FAAR-2-50F H 2R At 19 5 -3,5,6, 7a- DU S 2K FE[b] L
M [2,1-c][1,4] M8 W - 1- 355 ) 2% F R 6 (30): 11 20 ] 4,
19.1 mg, F2% 20%. m.p. 238~239 ‘C; 'H NMR (400
MHz, CDCl;) d: 7.98 (d, J=8.0 Hz, 2H), 7.85 (d, J=8.0
Hz, 2H), 7.30 (d, J=7.9 Hz, 2H), 7.16 (d, J=8.1 Hz, 2H),
6.24 (d, J=8.9 1H), 5.60~5.56 (m, 2H), 5.36 (d, J=9.3
Hz, 1H), 4.23~4.19 (m, 1H), 3.92 (s, 3H), 3.87~3.84 (m,
1H), 3.71 (d, J=4.1 Hz, 1H), 3.33~3.27 (m, 1H), 3.15~
3.08 (m, 1H), 2.41 (s, 3H); '*C NMR (101 MHz, CDCl;) §:
166.5, 162.2, 161.9, 145.4, 136.4, 135.8, 134.6, 130.7,
130.6, 129.7, 129.0, 128.2, 127.8, 126.8, 124.7, 122.9,
72.7, 67.3, 66.3, 52.4, 39.3, 21.8; IR (KBr) v: 3427, 2926,
2852, 1725, 1687, 1631, 1599, 1435, 1396, 1332, 1285,
1160, 1149, 1108, 1090, 588 cm™!; HRMS (ESI-TOF)
caled for CrsHxsNOgNaSBr [M+Na]" 500.1147, found
500.1144.

1-(MEE Wy -2- 5 )-2- 5% HH R il Ik k- 5,6- — & 2K FF: [b] L
% FE[2,1-c][1,4)MEME-3(7aH)-Fr(3p): H ELE {4, 30.6 mg,
FEH 36%. mp. 245~246 ‘C; 'H NMR (400 MHz,
CDCLs) 6: 7.91 (d, J=8.3 Hz, 2H), 7.45 (dd, J=4.0, 2.2
Hz, 1H), 7.31 (d, J=8.4 Hz, 2H), 7.03~7.00 (m, 2H),
6.40~6.36 (m, 1H), 5.78 (dd, J=9.6, 5.4 Hz, 1H), 5.64
(dd, J=9.6, 5.5 Hz, 1H), 5.33~5.28 (m, 1H), 4.22~4.18
(m, 1H), 3.86~3.83 (m, 1H), 3.70~3.68 (m, 1H), 3.33~
3.26 (m, 1H), 3.13~3.06 (m, 1H), 2.42 (s, 3H); 3C NMR
(101 MHz, CDCls) §: 162.0, 156.8, 145.3, 136.5, 136.4,
131.3, 130.2, 129.6, 129.2, 128.2, 127.3, 126.5, 126.4,
1243, 122.2, 73.1, 66.9, 66.0, 39.2, 21.8; IR (KBr) v:
3447, 3119, 2966, 2852, 1702, 1612, 1594, 1387, 1327,
1308, 1160, 1085, 1069, 962, 917, 891, 824, 764, 742, 717,
688, 664, 649, 584 cm '; HRMS (ESI-TOF) calcd for
C2H19NO4NaS, [M+Na]" 448.0654, found 448.0653.
3.3 WHNIEMESE

i & 7 50 pmol/L 3p 1) & FHEiEl, iz
W5 e RSO E; BEE W R NN Hg? (50
umol/L), 0.5 h JiF Wl s& Fea ek, LA FH BB &K
4 365 nm, BREETEREN 10 nm/20 nm.

HHBhA 8L (Supporting Information) {L&4) 31 54
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