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Abstract A Cul-catalyzed intramolecular dearomative arylation of naphthylamines is developed through a Ullmann-type
cross-coupling reaction, which led to a range of fused 3H-indole derivatives in good to excellent yields.
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b) This work: Cul-catalyzed dearomative arylation of naphthylamines

10 mol% Cul R
‘ 12 mol% 1,10-Phen 6
1.5 equiv. ‘BuOLi @ 4 O

N
DMSO, 120 °C

B ARG T N 55 AL R 2R G 2 55 Mk 55 Ak S

Figure 1 Cu-catalyzed intramolecular enamine arylation and
dearomative arylation of naphthylamines
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DL N-AR A L -1- 25 e (1a) AR TR WIWF 92 5 F N
EITRIM T HAL RN, S5 R 1. 76 Cul LT, LA
1,10-3E 2 WONERAA, BUT B NER, Y 1a 75 100 C
T PO R T RS 36 h, LA 20% KU 33545 2 T5 1
1E7F=) 2a(3R 1, Entry 1). SZSLE5E, 15 a5 @ it
17T %52, RIVEFIR =Y i Bigm. 2 R NAE
L4- ZENIIE R AT, 7R 22 IR RRA R
50%(F 1, Entry 2), 175 JERR M 7B R R fleR A
23%(% 1, Entry 3). & N2, e FiEm—
FH BRG] Js AT S 2 R EE L, P24 2a IR AT
1% 92%(K 1, Entry 4). FEJ5, 7£ R 75 o 0t il
HHAT T %% RNAEA N = LA AN B R AR, T
TETCHLIRBE R B A BRI AR 0 I BL 85%F1 89% Il
K15 H AR~ 1, Entries 5~7). BoiRseih £ 1,10-
LB AR AR, LR IMes K L-Fli 2 BR Jo e A4 i
FEMISCR A3 TN 27%H1 29%(3 1, Entries 8, 9), 1fi JohC
K% S5 P=Ue N 25%(F 1, Entry 10). 146, Sitfk
YRR, DAY EIRAYN IR YIRS B AR CR B 2
66%(# 1, Entry 11). 244f H &AL A A AT, R
RNy 72%(F 1, Entry 12), T ICHTEALFIR A & A2 &
Ni(F 1, Entry 13), Tt BARAL P AR (A0 7E SsOw7 ke e
BEAEA. T FRXHELA A ROk, BREiiE, R
i1 T BRI N 25 A LA 10 mol% Cul AL,

R PR

Table 1 Condition optimization

X Me
10 mol% Cul Me
12 mol% Ligand O
N base (1.5 equiv.) /s

N
1a, X =1 solvent, 120 °C 2a
1a', X =Br
Entry Solvent Base Ligand Yield”/%
1 THF ‘BuOLi 1,10-Phen 20
2 Dioxane ‘BuOLi 1,10-Phen 50
3 Toluene ‘BuOLi 1,10-Phen 23
4  DMSO ‘BuOLi 1,10-Phen 92
5 DMSO EtsN 1,10-Phen NR
6 DMSO K3PO4 1,10-Phen 85
7 DMSO KoCOs 1,10-Phen 89
8 DMSO ‘BuOLi IMes 27
9 DMSO ‘BuOLi L-Proline 29
10 DMSO ‘BuOLi — 25
11¢ DMSO ‘BuOLi 1,10-Phen 66
12¢  DMSO ‘BuOLi 1,10-Phen 72
13¢  DMSO ‘BuOLi 1,10-Phen NR

“4Reaction conditions: 1a (0.2 mmol), Cul (0.02 mmol), ligand (0.024 mmol),
and base (0.3 mmol) in solvent at 120 ‘C for 36 h. ?Isolated yield. ¢1a' (0.2
mmol) was used instead of 1a. ¢0.02 mmol CuCl was used instead of Cul.
¢ Without Cul.

4008 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

12 mol% 1,10-FEZ I ABLAA, 1.5 equiv. ‘BuOLi MK, 7E
THRELEAAE T 120 °C R [N 36 h.

P EIRBMAFA I, SRR E AT T %
R 2 FoR, B ZRIAILIEARAT R JE A
BONHEAT TIRZ. HHURES N I CHREUREER, &
N UL R B AR S e 3RS B AR 2a~2¢, HiOR
FEIURII ) 2¢ IR IR IG(83%). BEEH%E T — RS
55 B BRI S NI, F S R BT 4 T
(2d, 2e)il &M LTI (2f, 2g), AR SN HR 3RS B i
AR RIS, thAh, B — g A B KON (1 48 H 5L (2h)
H13,5-Z HER QN RIS RIFpWeR. it—4, Z3F
i AR 1 2 0 FE MR S PR 2-Z5 D B8 R A7 Hh 7Y,
3L 68%FN 89% IS SRAFHH B 1 2 75 #1675 Ak
PR 25 A2k, BEJE R EEIAGEE 4-AL BB AT T
KGRI R BT HE U AR RS | PRI
BIhe RUFHh 3%, DLRAF 20 57 I (85% ~96%) 3k
AN HAR = 21~20. fie)m, SHACTS FE3A L EL
PREAT T IR AR R, 735 LA 74%H1 48%3K A5 HHIRL )
HARr=4) 2p Hl 2q.

SER LRI TR, AT BT T R A
B, W 2 Fos, eGSR B 3.0 mmol (R
HEIRH) 1a TEER B2 1F R AT L 89% I 3115 7= 4
2a. W) 2¢ 5 N-IRAR T G 2 (NBS) 78 U SR I AT K
MIVRA T I T N, 7T LL 86% IS A ik J 1R
AL 3. ALY 3 QAT WA AT, £ERUT B
Y SR IR TR A TR R A T SRR R, B

NYU IR IREIREAED) 4.
Me,
()

2a, 89% yield

a(1.08 g, 30mm0|

Ph
1Sequw NBS Ph .
THF/H,0, rt. O
3, 86% yield
BuOK Ph .
'BUOH/THF, rt. O ) O
N

4, 92% yield

B2 SRR & A
Figure 2 Gram-scale reaction and synthetic transformation of
the product
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Table 2  Substrate scope of naphthylamine dearomatization

R
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R

10 mol% Cul

R
O 12 mol% 1,10-Phen R 6

H fBuOLi (1.5 equiv.) @ /4 Q

, DMSO, 120 °C N

2

SOHDED &

2a, 92% 2b, 90% 2c, 83%

2d 90% 2e 85% 2f, 84%

M&M&%w

2h, 85%

2g, 88% 2i, 83%

2j, 68% 2k, 89% 21, 91%

éo LD TR0

2n, 94% 20 96%

2m, 85%

2p, 74% 2q, 48%

4@ Reaction condition: 1 (0.2 mmol), Cul (0.02 mmol), 1,10-phen (0.024 mmol), and ‘BuOLi (0.3 mmol) in DMSO at 120 ‘C for 36 h.
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Figure 3 Proposed mechanism of naphthylamine dearomatiza-
tion
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(0.2 mmol). 10 mol%f#AL V4. 12 mol% 1,10-FEM& A
1.5 equivfUT B4R, BB =5, @ikEFamA
2.0 mL Jo/K = HUIEBRIA ). [RBAE 120 CJ 36 h.
SN SE R E 2, RN IRE KK G UL TR T
REUR, WA KU =k, B UG HLM, oK
TR BR AN T8 5 e i 28 R AN B 230 77, I A 24 7 B 45
BIF=PNARTEIR: VCREE) @ V(4R LFE)=20 : 1].

6a- FF 3E-6aH- 2K H: [a]H M (2a): FEEHDIRYD, 7P
92%. '"H NMR (500 MHz, CDCls) J: 8.04 (d, J=6.5 Hz,
1H), 7.73 (d, J=7.5 Hz, 1H), 7.43~7.40 (m, 2H), 7.37 (t,
J=17.0 Hz, 2H), 7.23 (t, J=8.0 Hz, 1H), 7.19 (d, J=7.5
Hz, 1H), 6.51 (d, J=9.5 Hz, 1H), 6.41 (d, J=9.5 Hz, 1H),
1.44 (s, 3H); 3C NMR (125 MHz, CDCls) 6: 185.3, 154 .4,
141.7, 136.4, 133.7, 131.5, 128.9, 128.3, 127.9, 127.4,
126.6, 125.5, 125.1, 121.4, 121.3, 57.0, 27.9; HRMS (ESI)
caled for C7H i N [M+H]" 232.1121, found 232.1128.

6a- 7. F-6aH-75 H- [a] M (2b): & IR Y, PR
90%. '"H NMR (500 MHz, CDCl3) 6: 8.01~8.00 (m, 1H),
7.70 (d, J=8 Hz ,1H), 7.46~7.42 (m, 2H), 7.41~7.36 (m,
2H), 7.28~7.25 (m, 1H), 7.24 (d, J=15 Hz ,1H), 6.57 (d,
J=9.5 Hz ,1H), 6.49 (d, J=9 Hz, 1H), 2.14~2.10 (m,
1H), 1.71~1.67 (m, 1H), 0.56 (t, J=7.5 Hz, 3H); 1*C
NMR (125 MHz, CDCL) J: 184.6, 155.5, 140.0, 136.7,
133.7, 131.6, 129.5, 128.4, 128.1, 127.5, 127.2, 125.4,
124.9,121.9, 121.2, 61.9, 35.1, 9.8; HRMS (ESI) calcd for
CisHiN [M+H]" 246.1277, found 246.1285.

6a- % Kk -6aH- 7K I [a] R M (2¢): 35 € [ 44, ;= 2R
83%. m.p. 214~215 ‘C; '"H NMR (500 MHz, CDCl;) ¢:
7.86 (d, J=8.0 Hz, 1H), 7.71 (d, J=8.0 Hz, 1H), 7.37 (t,
J=17.5 Hz, 2H), 7.33~7.28 (m, 2H), 7.22~7.10 (m, 7H),
6.76 (d, J=9.5 Hz, 1H), 6.72 (d, J=9.0 Hz, 1H); '3C
NMR (125 MHz, CDCLy) o: 184.2, 155.7, 142.5, 139.2,
136.5, 131.7, 131.5, 130.4, 129.8, 128.8, 128.5, 127.5,
1273, 126.4, 126.1, 125.3, 123.1, 121.6, 64.2; HRMS
(ESI) caled for CnpHigN [M+H]" 294.1277, found
294.1284.

6a-(Xf H 2K JE)-6aH- R I [a]HEME(2d): B4, =
Z 90%. m.p. 136~137 “C; '"H NMR (500 MHz, CDCl;)
5:7.87 (d, J=17.5 Hz, 1H), 7.72 (d, J=8.0 Hz, 1H), 7.39~
7.28 (m, 4H), 7.22~7.16 (m, 2H), 7.02 (d, J=8.5 Hz,
2H), 6.96 (d, J=8.0 Hz, 2H), 6.75 (d, J=9.5 Hz, 1H), 6.70
(d, J=9.5 Hz, 1H), 2.21 (s, 3H); 3C NMR (125 MHz,
CDCly) d: 184.3, 155.6, 142.6, 136.9, 136.5, 136.0, 131.8,
131.4, 130.3, 129.5, 129.5, 128.7, 128.3, 127.5, 126.3,
126.0, 125.2, 123.0, 121.5, 65.0, 20.9; HRMS (ESI) calcd
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for Co3H 1N [M+H]" 308.1434, found 308.1447.
6a-(4- A B IR KL )-6aH- R I [a] i ME(2e): B (A yHPIR

Y, P7E 85%. '"H NMR (500 MHz, CDCls) §: 7.87 (d, J=
7.0 Hz, 1H), 7.73 (d, J=7.5 Hz, 1H), 7.40~7.36 (m, 2H),
7.34~7.30 (m, 2H), 7.22 (t, J=7.5 Hz, 1H), 7.19 (d, J=
7.0 Hz, 1H), 7.04 (d, J=9.0 Hz, 2H), 6.72~6.67 (m, 4H),
3.68 (s, 3H); 3C NMR (125 MHz, CDCls) 6: 184.4, 158.7,
155.5, 142.6, 136.5, 131.8, 131.4, 130.52, 130.2, 129.5,
128.7, 128.4, 127.5, 127.3, 126.3, 125.3, 123.0, 121.5,
114.1, 63.7, 55.1; HRMS (ESI) calcd for C;sH;sNO [M—+
H]" 324.1383, found 324.1395.

6a-(4- T 75 Ik )-6aH- 7K FE [a] H L (2f): T E AR, 77
F 84%. mp. 172~173 ‘C; 'H NMR (500 MHz,
CDCl3) d: 7.85 (d, J=7.5 Hz, 1H), 7.73 (d, J=17.5 Hz,
1H), 7.40 (t, J=7.5 Hz, 2H), 7.32 (t, J=7.5 Hz, 2H),
7.25~7.20 (m, 2H), 7.10~7.07 (m, 2H), 6.84 (t, J=8.5
Hz, 2H), 6.75 (d, J=9.5 Hz, 1H), 6.72 (d, J=9.5 Hz,
1H); '3C NMR (125 MHz, CDCls) §: 184.1, 161.9 (d,
J=2449 Hz), 155.6, 142.4, 136.4, 134.48, 134.46,
131.6, 131.3, 130.1, 130.0, 128.9, 128.6, 127.9 (d, J=
8.1 Hz), 127.6, 126.5, 125.3, 123.1, 121.6, 115.7 (d, J=
20.9 Hz), 115.5; HRMS (ESI) calcd for C2H;sFN [M+
H]" 312.1183, found 312.1203. '°F NMR (376 MHz,
CDCl3) 6: —115.24.

6a-(4- 5k )-6aH- 7 I [a] Wk (2g): T A, =
K 88%. m.p. 112~113 ‘C; 'H NMR (500 MHz,
CDCls) 6: 7.84 (d, J=7.0 Hz, 1H), 7.72 (d, J=17.5 Hz,
1H), 7.39~7.36 (m, 2H), 7.31~7.28 (m, 2H), 7.22~
7.17 (m, 2H), 7.10 (d, J=9.0 Hz, 2H), 7.03 (d, J=8.5
Hz, 2H), 6.72 (d, J=9.0 Hz, 1H), 6.69 (d, J=9.5 Hz,
1H); '3C NMR (125 MHz, CDCl;) 6 183.8, 155.6,
142.1, 137.5, 136.3, 133.2, 131.7, 131.0, 130.2, 130.0,
128.9, 128.9, 128.7, 127.6, 127.6, 126.6, 125.3, 123.0,
121.7, 63.6; HRMS (ESI) caled for CpH;sCIN [M+
H]" 328.0888.1183, found 328.0903.

6a-(38 FH AR IE )-6aH- 2K I [a]H M (2h): 35 (L E A, 7=
F 85%. m.p. 142~143 ‘C; 'H NMR (600 MHz,
CDCl3) d: 7.83 (d, J=7.2 Hz, 1H), 7.75 (d, J=7.8 Hz,
1H), 7.64 (d, J=7.8 Hz, 1H), 7.38 (t, J=7.2 Hz, 1H),
7.36~7.27 (m, 3H), 7.21 (t, J=7.2 Hz, 1H), 7.16~
7.13 (m, 2H), 7.09 (t, J=7.2 Hz, 1H), 6.94 (d, J=7.2
Hz, 1H), 6.76 (d, J=9.6 Hz, 1H), 6.67 (d, J=9.6 Hz,
1H), 1.91 (s, 3H); 3C NMR (150 MHz, CDCl) o:
184.6, 156.3, 140.7, 138.2, 136.7, 136.3, 134.4, 132.3,
131.9, 131.0, 129.9, 128.7, 128.3, 128.3, 127.4, 127.2,
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126.7, 126.2, 125.0, 123.4, 121.3, 64.1, 20.0; HRMS
(ESI) calcd for CysHisN [M+H]" 308.1434, found
308.1454.

6a-(3,5- — F FE I )-6aH- 7K I [a] MM (21): (A [H]
1, PEE 83%. mp 172~173 C; 'H NMR (500 MHz,
CDCls) o: 7.88 (d, J=7.5 Hz, 1H), 7.70 (d, J=7.5 Hz,
1H), 7.37~7.28 (m, 4H), 7.19 (d, J=8.0 Hz, 1H), 7.16 (d,
J=17.0 Hz, 1H), 6.77~6.73 (m, 4H), 6.67 (d, J=9.0 Hz,
1H), 2.15 (s, 6H); '*C NMR (125 MHz, CDCls) J: 184.5,
155.5, 142.8, 139.3, 138.2, 136.6, 131.9, 131.4, 130.5,
129.4, 129.1, 128.7, 128.3, 127.5, 126.3, 125.2, 123.8,
123.0, 121.5, 64.0, 21.4; HRMS (ESI) calcd for CasHaoN
[M-++H]" 322.1590, found 322.1600.

6a-(Wk IR -2- 3% )-6aH- 7K I [a] M ME(2)): 35 (o IR A,

FEE 68%. m.p. 148~149 C; 'H NMR (500 MHz,
CDCl3) 6: 7.93 (d, J=7.5 Hz, 1H), 7.71 (d, J=7.5 Hz,
1H), 7.51 (d, J=7.5 Hz, 1H), 7.42~7.38 (m, 2H), 7.34
(t, J=7.5 Hz, 1H), 7.25 (t, J=8.0 Hz, 1H), 7.21~7.18
(m, 2H), 6.64~6.59 (m, 2H), 6.12~6.11 (m, 1H), 5.96
(d, J=3.0 Hz, 1H); *C NMR (125 MHz, CDCl;) ¢:
180.5, 155.6, 151.0, 142.7, 138.6, 136.5, 131.6, 130.0,
129.7, 129.4, 128.9, 128.8, 127.7, 126.2, 125.2, 123.3,
121.6, 110.1, 106.0, 60.5; HRMS (ESI) caled for
C20H1sNO [M+H]" 284.1070, found 284.1087.

6a-( 25 -2- 3L )-6aH- 7K 3 [a] HE ML (2K): 35 (O DR W,
7% % 89%. '"H NMR (500 MHz, CDCl3) d: 7.87 (d, J=7.5
Hz, 1H), 7.77~7.76 (m, 2H), 7.71~7.67 (m, 2H), 7.58 (d,
J=9.0 Hz, 1H), 7.41~7.36 (m, 3H), 7.35~7.32 (m, 2H),
7.28 (d, J=7.5 Hz, 1H), 7.19 (t, J=8.0 Hz, 2H), 7.00~
7.98 (m, 1H), 6.86 (d, J=9.5 Hz, 1H), 6.80 (d, J=9.5 Hz,
1H); 3C NMR (125 MHz, CDCls) 6 184.3, 155.7, 142.5,
136.6, 136.4, 133.4, 132.4, 131.5, 131.4, 130.1, 12828,
128.6, 128.5, 127.9, 127.6, 127.4, 126.5, 126.1, 126.0,
125.2,125.1, 124.2, 123.2, 121.6, 64.2; HRMS (ESI) calcd
for CaHisN [M+H]" 344.1434, found 344.1450.

5,6a- - F 2R FE-6aH- R I [a] PRI (21): 3 €[ K,
P 91%. mp. 187~188 ‘C; 'H NMR (500 MHz,
CDCls) 6: 7.92~7.89 (m, 1H), 7.75 (d, J=7.5 Hz, 1H),
737 (t, J=17.5 Hz, 1H), 7.33~7.31 (m, 5H), 7.25 (d, J=
7.5 Hz, 2H), 7.19 (t, J=7.5 Hz, 1H), 7.09 ~7.07 (m, 3H),
7.01 (d, J=8.0 Hz, 1H), 6.67 (s, 1H), 2.43 (s, 3H), 2.24 (s,
3H); 3C NMR (125 MHz, CDCly) 0: 184.2, 155.8, 143.0,
141.7, 137.7, 1372, 136.9, 136.5, 136.4, 131.1, 130.5,
129.6, 129.6, 129.1, 128.7, 128.7, 128.3, 127.4, 126.4,
126.0, 125.38, 123.1, 121.4, 63.8, 21.3, 20.9; HRMS (ESI)
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caled for C3oHa4N [M+H]" 398.1903, found 398.1918.

5,6a- —-(4-F A )-6aH- 7R I [a] M (2m): 35 E
RY, 773 85%. 'TH NMR (500 MHz, CDCL3) 6: 7.92~
7.90 (m, 1H), 7.77 (d, J=8.0 Hz, 1H), 7.42~7.35 (m,
5H), 7.32 (d, J=7.5 Hz, 1H), 7.23 (t, J=7.0 Hz, 1H),
7.16~7.13 (m, 4H), 7.05~7.03 (m, 1H), 6.89 (t, J=8.5
Hz, 2H), 6.65 (s, 1H); 3C NMR (125 MHz, CDCls) §:
183.6, 155.7, 142.5, 141.4, 136.8, 131.3, 130.5, 130.4,
130.3, 129.7, 129.1, 128.7, 127.8, 127.8, 127.3, 126.6,
125.5, 123.2, 121.7, 1159, 115.7, 115.6, 115.4, 63.3;
HRMS (ESI) caled for CosH;sCLN [M+H]438.0811,
found 438.0825.

6a-H 3-5-KFE-6aH- 7R I [a]He M (2n): B EHPIRY,
P72 94%. "H NMR (600 MHz, CDCls) 6: 8.10~8.08 (m,
1H), 7.75 (d, J=7.8 Hz, 1H), 7.47 (d, J=7.2 Hz, 1H),
7.44~7.39 (m, 6H), 7.34 (d, J=6.6 Hz, 2H), 7.28~7.25
(m, 1H), 7.14 (d, J=7.2 Hz, 1H), 6.50 (s, 1H), 1.57 (s,
3H); *C NMR (150 MHz, CDCls) d: 185.3, 154.8, 142.1,
139.5, 139.1, 137.1, 132.2, 131.3, 129.3, 129.0, 128.5,
128.4, 128.2, 127.7, 127.3, 125.8, 125.4, 121.7, 121.5,
56.9, 27.5; HRMS (ESI) calcd for CpsHigN [M+H]"
308.1434, found 308.1449.

5-(4-F FK 5 )-6a- F ik -6aH- 7K I [a] H 4 (20): BE
HURY, 723 96%. 'H NMR (600 MHz, CDCl;) J: 8.09~
8.08 (m, 1H), 7.74 (d, J=7.8 Hz, 1H), 7.48~7.39 (m,
6H), 7.28~7.26 (m, 3H), 7.09~7.08 (m, 1H), 6.49 (s,
1H), 1.55 (s, 3H); *C NMR (150 MHz, CDCL;) ¢: 184.9,
154.8, 141.9, 138.1, 138.0, 136.7, 133.7, 132.6, 131.4,
130.3, 129.3, 128.7, 128.6, 128.3, 127.1, 125.9, 125.5,
121.7, 121.6, 56.9, 27.4; HRMS (ESI) calcd for Co3H;,CIN
[M-+H]" 342.1044, found 342.1062.

8.,9- — F1 48 J:-6a- F L -6aH- 2K I [a] M ME(2p): #E{h
HARY, 773 74%. "H NMR (500 MHz, CDCly) J: 7.96
(d, J=7.5 Hz, 1H), 7.42 (t, J=6.0 Hz, 1H), 7.37 (t, J=6.5
Hz, 1H), 7.31 (s, 1H), 7.21 (d, J=7.0 Hz, 1H), 6.98 (s,
1H), 6.51 (d, J=9.5 Hz, 1H), 6.44 (d, J=9.5 Hz, 1H), 3.96
(s, 3H), 3.94 (s, 3H), 1.45 (s, 3H); '3C NMR (125 MHz,
CDCls) J: 184.3, 149.2, 147.8, 147.7, 136.4, 133.9, 133.6,
131.2, 129.2, 128.4, 127.5, 126.9, 124.9, 105.4, 105.1,
57.5, 56.5, 56.2, 28.4; HRMS (ESI) calcd for C9H;sNO>
[M-+H]" 292.1332, found 292.1345.

6a- F 5 -6aH- 7K I [a][1,3] — S 44 3R IR I I [4,5-h]
He(2q): FEHCRY), 5% 48%. 'H NMR (500 MHz,
CDCls) 0: 7.94 (d, J=8.0 Hz, 1H), 7.42 (t, J=7.5 Hz, 1H),
7.36 (t, J=6.0 Hz, 1H), 7.21~7.19 (m, 2H), 6.91 (s, 1H),

http://sioc-journal.cn/ 4011
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6.47 (d, J=9.0 Hz, 1H), 6.43 (d, J=9.5 Hz, 1H), 6.00 (s,
2H), 1.43 (s, 3H); 3C NMR (125 MHz, CDCL3) ¢: 184.6,
148.9, 147.5, 146.1, 136.4, 135.5, 133.8, 131.3, 129.2,
128.5, 127.5, 127.0, 124.9, 103.3, 102.6, 101.5, 57.2, 28.3;
HRMS (ESI) caled for CisHisNO, [M+H]" 276.1019,
found 276.1032.

6--6a- 7K -6,6a- A -SH-TK I [a] HME-5-FE (3):
HAAEE, P75 86%, m.p. 162~163 ‘C. 'H NMR (500
MHz, CDCL3) 6: 8.39~8.37 (m, 1H), 7.69 (d, J=8.0 Hz,
1H), 7.58~7.49 (m, 4H), 7.36 (t, J=7.0 Hz, 3H), 7.26~
7.19 (m, 4H), 5.53 (d, J=2.0 Hz, 1H), 5.29 (d, J=8.5 Hz,
1H); '3C NMR (125 MHz, CDCls) d: 176.7, 154. 6, 143.2,
138.8, 137.4, 132.5, 131.1, 129.8, 129.6, 129.1, 128.8,
128.4, 126.9, 126.5, 125.4, 122.6, 121.6, 74.4, 63.7, 53.7.
LCMS (ESI) caled for CooH7BINO [M+H]" 390.0488,
found 390.0505.

10b- Z 3£ -10b,10c- — & -laH- % I [a) A & 205 IF
[2,3-c]HEME (4): FElEl4A, =2 92%; m.p. 163~164 C.
'H NMR (500 MHz, CDCL) §: 8.08 (d, J=7.0 Hz, 1H),
7.70 (d, J=8.0 Hz, 1H), 7.61~7.48 (m, 4H), 7.36 (t, J=
6.5 Hz, 1H), 7.26~7.17 (m, 5H), 7.11 (t, J=7.0 Hz, 1H),
433 (d, J=3.5 Hz, 1H), 4.05 (d, J=3.5 Hz, 1H); B3C
NMR (125 MHz, CDCL) d: 181.5, 154.8, 143.1, 139.8,
133.9, 131.6, 131.4, 131.0, 130.2, 128.8, 128.8, 127.1,
126.6, 126.5, 125.7, 122.8, 121.7, 63.2, 59.6, 52.6. LCMS
(ESI) caled for C»pH;sNO 310.1226 [M+H] ", found
310.1226.

HBh# #L(Supporting Information) {L&%) 2a~2q, 3
A4 1) '"H NMR 1 3C NMR JF 4635 . xSkl n] B4
i A F] W 335 (http://sioc-journal.cn/)_E T %K.
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