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Cobalt-Catalyzed [4+2] Annulation of Indole Carboxamide with
Diynes and Monoacetylene: Direct Access to y-Carbolinones
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Chemical Engineering, Shaoxing University, Shaoxing, Zhejiang 312000)

Abstract A cobalt-catalyzed annulation of the C(sp?)—H/N—H bond of 3-indolecarboxamides with alkynes assisted by
8-aminoquinoline is reported for the preparation of y-carbolinones. The research results indicated that under the optimal reac-
tion conditions, the isolated yield was up to 90% with Co(acac)2 (10 mol%) as catalyst, Mn(acac)s (1.0 equiv.) as oxidant,
NaOPiv (2.0 equiv.) as base, trifluoroethanol (2.0 mL) as solvent at 120 ‘C for 24 h. The protocol has a broad scope for al-
kynes. Both 1,4-diarylbuta-1,3-diynes and dialkyl diynes could react with N-(quinolin-8-yl)-1H-indole-3-carboxamide, giving
the desired products in moderate to good yield. It was noteworthy that terminal and internal alkynes were found to be applica-
ble to this transformation, affording the y-carbolinones in good yield and high selectivity. This method has the advantages of
applying cheap and commercially available cobalt and manganese salts as the catalytic system, requiring no additional ligands
and indole nitrogen protecting groups, providing a new method for the synthesis of y-carbolinone compounds with wide appli-
cation value.
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Figure 1 Examples for the application of y-carbolinone skeleton
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Scheme 1 Traditional synthetic methods for y-carbolinones
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Scheme 2 A summary of the synthetic methods for y-carbolinones via C—H activation
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Table 1 Optimization of reaction conditions

0 ;\ici catalyst (10 mol%)

H oxidant (2.0 equiv.)

@&H v base (2 equiv.)
H solvent, temp., air, time

1 2a Pttt CTTTTTT

| =

”\ /Ph ==—Ph

3a
Entry Catalyst Oxidant Base Solvent  Yield”/%

1 Co(OAc) Mn(OAc): NaOPiv TFE Trace
2 CoCl2 Mn(OAc): NaOPiv TFE Trace
3 CoF2 Mn(OAc): NaOPiv TFE 11
4 CoSO#7H:0 Mn(OAc)» NaOPiv  TFE 20
5 Co(acac): Mn(OAc): NaOPiv TFE 76
6 Co(acac): AgOAc NaOPiv TFE 10
7 Co(acac)z Ag0 NaOPiv TFE 17
8 Co(acac)z AgCOs NaOPiv TFE 27
9 Co(acac)z Mn(acac)s NaOPiv TFE 42
10 Co(acac)2 Mn(acac)s NaOPiv TFE 82¢
11 Co(acac): Mn(acac)s NaOPiv TFE 404
12 Co(acac)2 Mn(OAc): NaOPiv TFE 56°¢
13 Co(acac): Mn(acac)s NaH.POs TFE 35
14 Co(acac): Mn(acac)s K:HPOs TFE 38
15  Co(acac): Mn(acac)s NaxCOs TFE 56
16  Co(acac): Mn(acac)s NaHCOs  TFE 71
17 Co(acac)2 Mn(acac)s KHCO3; TFE 57
18  Co(acac)2 Mn(acac)s NaOAc TFE 75
19  Co(acac)2 Mn(acac)s NaOPiv. MeOH 18
20 Co(acac)2 Mn(acac)s NaOPiv  EtOH 16
21 Co(acac)2 Mn(acac)s NaOPiv HFIP 57
22 Co(acac)2 Mn(acac)s NaOPiv DCE Trace
23 Co(acac) Mn(acac)s NaOPiv  Toluene  Trace
24 Co(acac): Mn(acac); NaOPiv TFE 80/
25 Co(acac): Mn(acac); NaOPiv TFE 908

26 Co(acac)2 Mn(acac)s NaOPiv TFE 53"

4 Reaction conditions: 1a (0.1 mmol, 1.0 equiv.), 2a (0.2 mmol, 2.0 equiv.),
catalyst (10 mol%), oxidant (0.2 mmol, 2.0 equiv.), base (0.2 mmol, 2.0
equiv.), solvent (2.0 mL), air atmosphere, 24 h. ®Isolated yield. ¢ Mn(acac);
(1.0 equiv.) “Mn(acac); (0.5 equiv.). Mn(OAc), (1.0 equiv.)./ The temperature
was 80 C.¢The temperature was 120 °C. " The temperature was 140 C.

24); FHEGREE 120 CH B RIETHE] 90%(F 1,
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Entry 26). 5 I, i€ 12 M e WV 56449 Co(acac),
(10 mol%) A 1L77, Mn(acac); (1.0 equiv.) A& AL,
NaOPiv (2.0 equiv.) N, TFE (2.0 mL) A7), 120 T
5i R N 24 h.

TEAS B B A I LA E S, 6 4% b — bk i) S A3 P
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i Jo B B 1) g mT DL DL H S50 2R 45 21 H FR 70 (3h).
Jot s U IR A TE H AT IR LI R A (3. A
PRREERBURIE R 5, U 1,4- IR CREBUR A k]
DAL 55% U543 2UAH B = 90(3)). dhah, 2 p
Er AT RN AN Z R, ATTRT AL 53% i e 15 B bk
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2~7). ek bR ) PR S T 5 AR, AH A R
B X kB, R AT e 5 PR I BT RN AT
R, WA R, RPBERMA R, H2 RN
PE1R1(3K 3, Entries 8~10); AR, W pHEE LB, 3
LI CBRAERIRIIIT, SN =2 PEAIR, BB 4331
KT 20 1 F16 0 1(3 3, Entries 11~12). {H3 21
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BB P YI(EE 3, Entries 13). tAh, PR, o
1,2- K ey 1-2K - 1-T Bt T DLAEARHESSAF T LAk
WG HARLEYI(R 3, Entries 14~15).
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.
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Table 2 Evaluation of the scope of diynes

Q o)
0 N. Co(acac), (10 mol%) Q
H Mn(acac); (1.0 equiv.) N
N + R——=—R \ =
H NaOPIiv (2 equiv.) —R
N TFE (2.0 mL), 120 °C Nk
1 2 3
Entry Substrate 2 Yield?/%

1 O==< o0

2a
: we—{_)=—=—_)e o4

2b

Me

3 D=—=0Q .

2c Me
4 Q = O 86

2d
R ;

2e

=i

6 / - 75

2f
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Entry Substrate 2 Product 3 Yield”/%
7 58

8 71

9 68
10 55
11 53

3k

%A a
b TMS——=—=—TMS Q_ﬁ;\ 63
21 7/ =—1us
N
H 3

“@Reaction conditions: 1 (0.1 mmol), 2 (2 equiv.), Co(acac), (10 mol%), Mn(acac); (1 equiv.), NaOPiv (2 equiv.), TFE (2 mL), 120 ‘C, 24 h. ®Isolated yield.

0 H Co(acac), (10 mol%) 2 Q
Q Mn(acac); (1.0 equiv.) N
+ Ph——=———=—Ph \ P
NaOPiv (2.0 equiv.) N ~~—Ph
H Ph

TFE, 120 °C, air, 24 h

¢Mn(OAc), (2 equiv.), 80 C, 3 h.

2a 3a
76% yield, 1482.3 mg

a IZ

4.0 mmol, 1149.2 mg

BR3 wgxm

Scheme 3 Gram reaction
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T, @ RERE IR C—Co B, /52| hEE B, H
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Table 3 Evaluation of the scope of monoacetylenes

ONN. Co(acac), (10 mol%) QA a
H . __ _, Mn(acac); (1.0 equiv.) N
N—q PRE=R NaOPiv (2.0 equiv.) \ _/—R?
N TFE (2.0 mL),120 °C N
H H R
1 2 4
Entry  Substrate 2 Product 4 Yield?/% [Entry Substrate 2 Product 4 Yield”/%
1 <:> - 60 | 9 _\_L Q_ﬁ)\/\/\ 88 (6:1)
2a'
4i + 4i'
0= Oty
2 2, 73 |10 83 (6:1)
2b'
H 4j + 45"
% a
/—< >—: N = < N
3 ._b\'\/ 65 11 - Q{/}\q 51 (>20:1)
2 2k N
4k + 4K
% q
4 4 62 12 \ 46 (6:1)
2r N
Hasar
N = @
CI—@—: =\ N -
2¢' 2m N
H 4m
% a
6 p 32 | 14 \ /—ph 71
2f 2n' N
H,, PP
% q
7 4 28 15 \ 78 (4:1)
2g' 20 H
40 + 40’
8 _\—\ Q_ﬁ)\/\/ 91 (2.5:1)
H o+ ane

“@Reaction conditions: 1 (0.1 mmol), 2 (2 equiv.), Co(acac), (10 mol%), Mn(acac); (1 equiv.), NaOPiv (2 equiv.), TFE (2 mL), 120 C, 24 h. *Isolated yield.

2 @ Wt 5 K O [ 4 2R DR . 0 B LT B I )
TEFIRE, e, Sbe A B T B L o LA

- . . NN bR 2
GREPTE, BEIL T A IR RIS TBE o iy a0 ELS R o T B SR
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Scheme 4 Plausible reaction mechanism
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T )5 T UMEH. "TH NMR Fil 13C NMR 1 FHAZ i 3L PRA
(Brucker Advance DMX (400 MHz 1 100 MHz) %) 47
RAE, WARATMS; 15 5 WRS-1C 7E45 8 rh kA7l
SE; PR U (HRMS) ) XEVO G2-XS QTOF/H-
CLASS (ESI JE)BEH T E; £LAM'%3E{d ] Nicolet-470 {#
B AT AN GRS SO AT RAE. 752 B3 (TLC) /0 4t
REFE A, {5 R A T AL R AR, R AT (ZF-1,
254 nm, 365 nm)KG AL AP, FHEENT BT R N
200~300 H. B A s GRIsa 00 B 2 i 1R 2,
NG DR E .
3.2 ZWHE

R THTIE 25 mL SiRmEE S, A
N-( WS Wk -8- 25 )-3- 5] Wk i %2 (1, 0.1 mmol), R %%(0.2
mmol, 2.0 equiv.), A EI% (1) (0.01 mmol, 10 mol%),
2Bk R R 55 (D) (0.1 mmol, 1.0 equiv.), 5 EREN(0.2
mmol, 2.0 equiv.), = LEEQR2 mL), T 120 CTHE TR
N 24 h. MR, AHIERE, N AT MR,
I A R, SR RS (S mL X 3). JRRIK
ARYEVR, VIRER A [ e AH, PR AN SRR e e i 7
B2 H AR ).
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4R FE 3 (O TR FE)-2-(8-ME MR L )-2,5- — A -1H-TH
WE 3 [4,3-b]W5| k- 1-B(3a): 44 mg, 90% yield. Yellow sol-
id, m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) o:
11.68 (s, 1H), 8.85~8.87 (m, 1H), 8.54~8.56 (m, 1H),
8.22~8.24 (m, 1H), 8.12 (d, J=8.0 Hz, 1H), 7.98~8.01
(m, 1H), 7.84 (t, J=8.0 Hz, 1H), 7.73~7.74 (m, 2H),
7.52~7.64 (m, 5H), 7.35~7.37 (m, 1H), 7.20~7.28 (m,
2H), 7.13~7.15 (m, 2H), 6.34 (d, J=8.0 Hz, 2H); '*C
NMR (100 MHz, DMSO-ds) J: 158.6, 151.0, 144.6, 142.3,
138.7, 137.7, 136.4, 133.6, 130.8, 130.5, 130.2, 129.3,
129.1, 128.7, 128.6, 128.4, 126.7, 126.2, 124.5, 124.4,
121.9, 121.2, 120.6, 120.5, 114.9, 112.1, 107.8, 97.8, 84.4;
HRMS (ESI") caled for C3HpuN;O [M+H]™ 488.1757,
found 488.1760.

2-(8- W bk Ik )-4-(4- H Jk DR 05 )-3-(4- B R 2 o B )-
2,5- & -1H-MEiE I [4,3-b] 1] Wk-1-F (3b): 31 mg, 64%
yield. Yellow solid, m.p.>>300 C; 'H NMR (400 MHz,
DMSO-ds) 6: 11.61 (s, 1H), 8.84 8.86 (m, 1H), 8.53~8.55
(m, 1H), 8.20~8.23 (m, 1H), 8.11 (d, J=8.0 Hz, 1H),
7.96~7.98 (m, 1H), 7.82 (t, J=8.0 Hz, 1H), 7.57~7.62
(m, 4H), 7.42 (d, J=8.0 Hz, 2H), 7.33~7.37 (m, 1H),
7.23~7.27 (m, 1H), 6.96 (d, J=8.0 Hz, 2H), 6.25 (d, J=
8.0 Hz, 2H), 2.44 (s, 3H), 2.17 (s, 3H); 3C NMR (100
MHz, DMSO-ds) 6: 158.6, 150.9, 144.6, 143.0, 142.4,
139.2, 138.6, 137.8, 137.6, 136.3, 130.7, 130.6, 130.2,
130.1, 129.6, 129.2, 129.0, 128.7, 126.7, 126.2, 124.4,
121.9, 121.1, 120.4, 117.6, 114.4, 112.1, 107.6, 98.1, 84.0,
20.9 (2C); HRMS (ESI") caled for C3sHa6N3O [M+H]"
516.2070, found 516.2072.

2-(8- M Whk R )-4-(3- HH B IR 2K )-3-(3- R R L 4
F)-2,5- & -1H-MEIE 7 [4,3-b] 15| Bk -1-f (3¢): 39 mg,
75% yield. Yellow solid, m.p.>300 C; 'H NMR (400
MHz, DMSO-ds) J: 11.68 (s, 1H), 8.86 (d, J=4.0 Hz, 1H),
8.56 (d, J=12.0 Hz, 1H), 8.23 (d, J=8.0 Hz, 1H), 8.14 (d,
J=8.0 Hz, 1H), 7.99 (d, J=8.0 Hz, 1H), 7.83 (t, J=8.0
Hz, 1H), 7.58~7.62 (m, 2H), 7.48~7.55 (m, 3H), 7.34~
7.39 (m, 2H), 7.26 (t, J=8.0 Hz, 1H), 7.03 (d, J=8.0 Hz,
2H), 6.17 (t, J=4.0 Hz, 1H), 6.10 (s, 1H), 2.44 (s, 3H),
2.09 (s, 3H); *C NMR (100 MHz, DMSO-ds) J: 158.7,
151.0, 144.7, 142.3, 138.7, 137.9, 137.8 (2C), 136.4,
133.5, 131.0, 130.8, 130.7, 130.0, 129.1, 129.0, 128.8,
128.5 (2C), 127.5, 127.3, 126.7, 126.3, 124.5, 124.4,
122.0, 121.2, 120.5 (2C), 114.8, 112.1, 107.8, 98.2, 84.3,
21.2, 20.6; HRMS (ESI") calcd for CssHaN3O [M+H]"
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516.2070, found 516.2065.

4-(4- L BRI )-3-((4- LR IR B ) £ e FE )-2-(8- WA I
F)-2,5- A -1H-WEIE I [4,3-b] 95| Wk -1- (3d): 46 mg,
86% yield. Yellow solid, m.p.>300 ‘C; 'H NMR (400
MHz, DMSO-ds) J: 11.68 (s, 1H), 8.84~8.85 (m, 1H),
8.54 (dd, J=8.0, 4.0 Hz, 1H), 8.20~8.22 (m, 1H), 8.13 (d,
J=8.0 Hz, 1H), 7.95~7.97 (m, 1H), 7.79~7.83 (m, 1H),
7.56~7.65 (m, 4H), 7.43 (d, J=8.0 Hz, 2H), 7.33~7.38
(m, 1H), 7.23~7.27 (m, 1H), 6.97 (d, J=8.3 Hz, 2H),
6.26 (d, J=8.0 Hz, 2H), 2.72 (q, J=16.0 Hz, 8.0 Hz, 2H),
2.44 (q, J=16.0 Hz, 8.0 Hz, 2H), 1.26 (t, J=8.0 Hz, 3H),
1.01 (t, J=8.0 Hz, 3H); *C NMR (100 MHz, DMSO-ds)
5: 158.7, 151.0, 145.5, 144.7, 143.9, 142.5, 138.7, 137.9,
136.4, 130.9, 130.8, 130.4, 130.3, 129.1, 128.7, 128.1,
128.0, 126.9, 126.3, 124.5, 124.4, 122.0, 121.2, 120.5,
118.0, 114.6, 112.2, 107.7, 98.2, 84.1, 28.1, 28.0, 15.6,
15.1; HRMS (ESI ") caled for CssH3N;O [M+H]"
544.2383, found 544.2390.

4-(4-T BRI )-3-((4- T BRI ) £ e Jk )-2-(8- P b
F)-2,5- & -1H-MLBE :[4,3-b] 5] Wk-1-TH (3e): 53 mg,
88% vyield. Yellow solid, m.p.>300 ‘C; 'H NMR (400
MHz, DMSO-ds) d: 11.66 (s, 1H), 8.84~8.86 (m, 1H),
8.52~8.54 (m, 1H), 8.21 (d, J=8.0 Hz, 1H), 8.14 (d, J=
8.0 Hz, 1H), 7.95~7.96 (m, 1H), 7.80 (t, J/=8.0 Hz, 1H),
7.56~7.64 (m, 4H), 7.34~7.41 (m, 3H), 7.25 (t, J=8.0
Hz, 1H), 6.94 (d, J=8.0 Hz, 2H), 6.26 (d, J=8.0 Hz, 2H),
2.69 (t, J=8.0 Hz, 2H), 2.41 (t, J=8.0 Hz, 2H), 1.60~
1.67 (m, 2H), 1.31~1.41 (m, 4H), 1.12~1.18 (m, 2H),
0.92 (t, J=8.0 Hz, 3H), 0.79 (t, J=8.0 Hz, 3H); '3C NMR
(100 MHz, DMSO-ds) d: 158.7, 151.0, 144.7, 144.0, 142.5,
142.4, 138.7, 137.9, 136.4, 130.9, 130.7, 130.3, 130.2,
129.1, 128.7, 128.5, 126.9, 126.2, 124.4, 121.9, 121.2,
120.5, 118.0, 114.7, 112.1, 107.7, 98.2, 84.1, 34.7, 34.6,
33.1, 32.6, 21.7, 21.5, 13.8, 13.7; HRMS (ESI") calcd for
C42H3sN3;0 [M+H]™ 600.3009, found 600.3027.

A-(4-H AR L DR )-3-((4- AR B R 3L ) 2 e R )-2-(8-
W Wbk 2 )-2,5- - Z -1 H- WL BE I [4,3-b] M3l W -1- i (36): 41
mg, 75% yield. Yellow solid, m.p.>300 ‘C; 'H NMR
(400 MHz, DMSO-d) d: 11.63 (s, 1H), 8.86 (d, J=4.0 Hz,
1H), 8.53 (d, J=8.0 Hz, 1H), 8.21 (d, J=8.0 Hz, 1H), 8.15
(d, J=4.0 Hz, 1H), 7.97 (d, J=8.0 Hz, 1H), 7.81 (t, J=
8.0 Hz, 1H), 7.67 (d, J=8.0 Hz, 2H), 7.56~7.62 (m, 2H),
7.36 (t, J=8.0 Hz, 1H), 7.26 (t, J=8.0 Hz, 1H), 7.17 (d,
J=8.0 Hz, 2H), 6.73 (d, J=8.0 Hz, 2H), 6.34 (d, J=8.0
Hz, 2H), 3.85 (s, 3H), 3.65 (s, 3H); '3C NMR (100 MHz,
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DMSO-de) 0: 159.9, 159.2, 158.7, 151.0, 144.7, 142.8,
138.7, 138.0, 136.4, 132.0, 131.7, 130.8, 129.0, 128.7,
127.0, 126.2, 125.7, 124.5, 124.4, 121.9, 121.1, 120.5,
114.4, 114.1, 113.9, 112.6, 112.1, 107.5, 98.4, 83.4, 55.3
(2C); HRMS (ESI") caled for Cs3sHaN3O; [M+H]"
548.1969, found 548.1971.

4-(4- TR T )-3-((4- SR AR i ) £ o Fk )-2-(8- P b i ) -
2,5- &~ 1H-MLWE I [4,3-b]%| Wk-1-F (3g): 30 mg, 58%
yield. Yellow solid, m.p.>>300 C; 'H NMR (400 MHz,
DMSO-ds) d: 11.71 (s, 1H), 8.85~8.87 (m, 1H), 8.53~
8.56 (m, 1H), 8.22 (dd, J=8.0, 4.0 Hz, 1H), 8.12 (d, J=
8.0 Hz, 1H), 7.98~8.00 (m, 1H), 7.83 (d, J/=8.0 Hz, 1H),
7.75~7.79 (m, 2H), 7.57~7.61 (m, 2H), 7.42~7.47 (m,
2H), 7.35~7.39 (m, 1H), 7.24~7.28 (m, 1H), 7.02~7.07
(m, 2H), 6.39~6.42 (m, 2H); '3C NMR (100 MHz,
DMSO-ds) J: 163.4, 160.9, 158.6, 151.1, 144.6, 142.3,
138.7, 137.7, 136.4, 132.7, 132.6, 132.5, 130.8, 129.9,
129.6, 129.2, 128.7, 126.7, 126.2, 124.6, 124.4, 122.0,
121.3, 120.5, 117.0, 116.3, 116.0, 115.7, 115.5, 113.9,
112.1, 107.8, 97.0, 83.9; '°F NMR (376 MHz, DMSO) ¢:
—108.8, —113.4; HRMS (ESI") calcd for CasHaoF2N30
[M+H]" 524.1569, found 524.1577.

4-T FE-3- (-1 1-38)-2-(8- MMk At )-2,5- & -1H-
MEIE 31[4,3-6191W%-1-F (3h): 32 mg, 71% yield. Yellow
solid, m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) o:
11.96 (s, 1H), 8.78~8.79 (m, 1H), 8.47~8.49 (m, 1H),
8.11~8.13 (m, 1H), 8.05 (d, J=8.0 Hz, 1H), 7.71~7.79
(m, 2H), 7.54~7.60 (m, 2H), 7.35 (t, J=8.0 Hz, 1H), 7.21
(t, J=8.0 Hz, 1H), 2.89 (t, J=8.0 Hz, 2H), 1.94 (t, J=8.0
Hz, 2H), 1.61~1.69 (m, 2H), 1.40~1.49 (m, 2H), 0.93 (t,
J=8.0 Hz, 3H), 0.71~0.84 (m, 2H), 0.52~0.67 (m, 5H);
3C NMR (100 MHz, DMSO-ds) d: 158.8, 150.7, 144.7,
143.7, 138.3, 138.1, 136.3, 130.6, 128.8, 127.3, 126.1,
124.6, 124.1, 121.8, 120.9, 120.5, 112.8, 111.6, 107.1,
100.9, 74.6, 31.6, 29.3, 27.7, 22.1, 20.6, 18.1, 13.9, 13.3.
HRMS (ESI") caled for CsH3N;O [M+H]" 448.2383,
found 448.2390.

4-(4-5 T 2)-3-(6-F -1-F-1 2)-2-(8-M&mp i) -2,5-
- LH-MENE S [4,3-b]% ] PR-1-BH(31): 35 mg, 68% yield.
Yellow solid, m.p. >300 °C; 'H NMR (400 MHz,
DMSO-ds) 6: 12.01 (s, 1H), 8.78~8.79 (m, 1H), 8.48~
8.51 (m, 1H), 8.14 (dd, J=8.0, 4.0 Hz, 1H), 8.05 (d, J=
8.0 Hz, 1H), 7.72~7.81 (m, 2H), 7.56~7.61 (m, 2H),
7.34~7.40 (m, 1H), 7.22 (t, J=8.0 Hz, 1H), 3.69 (t, J=
4.0 Hz, 2H), 3.27~3.29 (m, 2H), 2.93 (t, J=8.0 Hz, 2H),
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2.00~2.01 (m, 2H), 1.77~1.90 (m, 4H), 1.22~1.25 (m,
2H), 0.98~1.04 (m, 2H); '*C NMR (100 MHz, DMSO-ds)
5: 158.8, 150.8, 144.6, 143.5, 138.3, 138.0, 136.4, 130.6,
128.9, 128.8, 127.3, 126.2, 124.5, 124.3, 121.9, 121.0,
120.5, 112.4, 111.6, 107.2, 100.5, 74.8, 45.3, 44.6, 31.8,
30.3, 27.2, 26.6, 24.6, 17.7; HRMS (ESI") calcd for
C30H2CLN;O [M+H]" 516.1604, found 516.1600.

4-3F CLBE-3-(FF U5 OB )-2-(8- W IR 48 )-2,5- & -
1 H- Wk g FF [4,3-b] 5] Wk -1- 1 (3j): 28 mg, 55% yield.
Yellow solid, m.p. 285~286 C; 'H NMR (400 MHz,
DMSO-ds) J: 11.67 (s, 1H), 8.79~8.80 (m, 1H), 8.48 (d,
J=8.0 Hz, 1H), 8.09 (dd, J=24.0, 8.0 Hz, 2H), 7.70~
7.77 (m, 2H), 7.65 (d, J=8.0 Hz, 1H), 7.56 (dd, J=8.0,
4.0 Hz, 1H), 7.35 (t, J=8.0 Hz, 1H), 7.21 (t, J=8.0 Hz,
1H), 2.18~2.24 (m, 3H), 1.86~1.91 (m, 2H), 1.72~1.75
(m, 3H), 0.78~1.25 (m, 14H); 3C NMR (100 MHz,
DMSO-ds) 0: 158.7, 150.7, 144.8, 142.6, 138.3, 136.2,
130.6, 128.8, 128.7, 126.4, 126.1, 124.3, 1242, 121.7,
120.9, 120.4, 117.0, 111.7, 107.7, 105.2, 79.2, 75.5, 30.7,
29.9, 29.0, 28.1, 26.9, 25.1, 23.2, 23.1; HRMS (ESI")
caled for C34H34N3O [M+H]" 500.2696, found 500.2698.

4-(COR BB R )-3-(CR A B TR - 1- e - 1- B )-2- (8- W e
F)-2,5- A -1H-MEE I [4,3-b] 95| WE-1-FF (3Kk): 29 mg,
53% yield. Yellow solid, m.p. 274~275 °C; 'H NMR (400
MHz, DMSO-ds) 0: 12.21 (s, 1H), 8.75~8.77 (m, 1H),
8.47~8.49 (m, 1H), 8.10~8.13 (m, 1H), 8.07 (d, J=8.0
Hz, 1H), 7.82~7.84 (m, 1H), 7.70 (t, J=8.0 Hz, 1H),
7.55~7.62 (m, 2H), 7.31~7.40 (m, 3H), 7.25 (t, J=8.0
Hz, 1H), 7.05~7.10 (m, 4H), 7.00 (t, J=8.0 Hz, 1H), 6.88
(t, J=8.0 Hz, 1H), 6.45 (d, J=8.0 Hz, 2H), 5.33 (s, 2H),
4.50 (s, 2H); 3C NMR (100 MHz, DMSO-ds) J: 158.7,
158.5, 156.7, 150.9, 1443, 142.6, 138.5, 137.1, 136.4,
130.5, 129.5, 129.3, 128.6, 128.4, 126.1, 124.7, 124.1,
121.9, 1212, 121.1, 120.9, 120.5, 114.9, 114.3, 111.9,
109.0, 107.8, 95.9, 78.8, 64.0, 55.0 (2C); HRMS (ESI")
caled for C3HyN3O; [M + H] ©  548.1969, found
548.1971.

2-(8-MEMRIE)-3-((= F FEhE L) 2 e dh)-2,5- & -1H-
nEIE £ [4,3-b]05] - 1-F (31): 26 mg, 63% yield. Yellow
solid, m.p.>300 °C; 'H NMR (400 MHz, DMSO-ds) &:
12.02 (s, 1H), 8.80~8.82 (m, 1H), 8.51 (d, J=8.0 Hz,
1H), 8.16 (d, J=8.0 Hz, 1H), 8.04 (d, J=8.0 Hz, 1H),
7.82~7.85 (m, 1H), 7.76 (t, J=8.0 Hz, 1H), 7.58~61 (m,
2H), 7.36 (t, J=8.0 Hz, 1H), 7.23 (t, J=8.0 Hz, 1H), 7.03
(s, 1H), —0.35 (s, 9H); *C NMR (100 MHz, DMSO-ds)
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d: 159.0, 150.7, 144.7, 142.7, 138.2, 137.2, 136.2, 130.6,
129.0, 128.7, 128.5, 126.0, 124.4, 124.1, 121.8, 121.0,
120.4, 111.7, 108.1, 101.4, 100.7, 99.3, —1.1; HRMS
(ESI") caled for CpsH»N3OsI [M+H]" 408.1527, found
408.1530.
3-FFE-2-(8-ME MRS )-2,5- & - 1L H-ML e H[4,3-b]W]
Wk-1-Fi (4a): 23 mg, 60% yield. Yellow solid, m.p.>
300 C; 'H NMR (400 MHz, DMSO-dg) 6: 11.97 (s, 1H),
8.84 (d, J=4.0 Hz, 1H), 8.30 (d, J=8.0 Hz, 1H), 8.14
(d, J=8.0 Hz, 1H), 7.87 (d, J=8.0 Hz, 1H), 7.74 (d, J=
8.0 Hz, 1H), 7.60 (d, /=8.0 Hz, 1H), 7.46~7.52 (m, 2H),
7.36 (t, J=8.0 Hz, 1H), 7.25 (t, J=8.0 Hz, 1H), 7.16 (d,
J=8.0 Hz, 2H), 6.97~7.06 (m, 3H), 6.66 (s, 1H); *C
NMR (100 MHz, DMSO-ds) d: 159.6, 150.6, 147.8, 144.6,
144.1, 137.9, 137.1, 136.5, 136.2, 131.6, 128.6 (2C) ,
128.3, 128.1, 127.2, 125.7, 124.4, 123.8, 121.7, 120.8,
120.3, 111.5, 105.8, 96.3; HRMS (ESI ") caled for
CasHisN;O  [M+H]" 388.1444, found 388.1448.

3-(4- F A DR R )-2-(8- W b 2 )-2,5- & -1H-IE g I
[4,3-b]W5| - 1-H(4b): 29 mg, 73% yield. White solid, m.p.
>300 ‘C; 'H NMR (400 MHz, DMSO-ds) o: 11.90 (s,
1H), 8.82~8.84 (m, 1H), 8.33~8.35 (m, 1H), 8.04 (d, J=
8.0 Hz, 1H), 7.89~7.91 (m, 1H), 7.68~7.70 (m, 1H),
7.50~7.58 (m, 3H), 7.33 (t, J=8.0 Hz, 1H), 7.20~7.23
(m, 1H), 7.02 (d, J=8.0 Hz, 2H), 6.80 (d, J=8.0 Hz, 2H),
6.58 (s, 1H), 2.07 (s, 3H); '3C NMR (100 MHz, DMSO-d5)
d: 159.6, 150.6, 147.8, 144.6, 144.1, 137.9, 137.4, 137.2,
136.2, 133.8, 131.6, 128.6, 128.4, 128.3, 127.9, 125.8,
124.4,123.7, 121.7, 120.7, 120.2, 111.4, 105.6, 96.2, 20.6;
HRMS (ESI") caled for Co7HaN;O [M+H]" 402.1601,
found 402.1605.

3-(4- L HE IR HL)-2-(8- W MHh 52 )-2,5- — & -1 H-ME g FF
[4,3-b]M5|Wk-1-T (4¢): 27 mg, 65% yield. Yellow solid,
m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) 6: 11.91
(s, 1H), 8.82~8.84 (m, 1H), 8.33~8.36 (m, 1H), 8.03 (d,
J=8.0 Hz, 1H), 7.89~7.92 (m, 1H), 7.67~7.69 (m, 1H),
7.50~7.58 (m, 3H), 7.30~7.35 (m, 1H), 7.21 (t, J=8.0
Hz, 1H), 7.04 (d, J=8.0 Hz, 2H), 6.84 (d, J=8.0 Hz, 2H),
6.60 (s, 1H), 2.38 (q, J=16.0 Hz, 8.0 Hz, 2H), 0.99 (t, J=
8.0 Hz, 3H); '*C NMR (100 MHz, DMSO-ds) J: 159.6,
150.7, 147.8, 144.6, 144.1, 143.6, 137.9, 137.2, 136.3,
134.0, 131.5, 128.6, 128.5, 128.3, 126.7, 125.8, 124.4,
123.7, 121.7, 120.8, 120.2, 111.5, 105.6, 96.2, 27.6, 15.1;
HRMS (ESI") caled for CosH»N3;O [M+H]" 416.1757,
found 416.1750.
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3-(4-FH AR LR O )-2 (8- MMk AR ) -2, 5- — - 1 H-MEE g 5
[4,3-b]"5|Wk-1-MiF(4d): 25.8 mg, 62% yield. White solid,
m.p.>300 C; 'H NMR (400 MHz, DMSO-dy) 6: 11.87
(s, 1H), 8.81~8.83 (m, 1H), 8.34~8.37 (m, 1H), 8.01~
8.03 (m, 1H), 7.91~7.93 (m, 1H), 7.68~7.70 (m, 1H),
7.51~7.58 (m, 3H), 7.30~7.35 (m, 1H), 7.18~7.23 (m,
1H), 7.03~7.07 (m, 2H), 6.53~6.58 (m, 3H), 3.57 (s,
3H); *C NMR (100 MHz, DMSO-ds) J: 159.6, 158.7,
150.6, 147.6, 144.1, 137.8, 136.2, 131.6, 129.9, 128.9,
128.5, 128.3, 125.8, 124.4, 123.7, 121.7, 120.7, 120.2,
112.7, 111.4, 105.5, 96.2, 54.9; HRMS (ESI") calcd for
Ca7H2oN30, [M+H]" 418.1550, found 418.1557.

3-(4- FK Fk )-2-(8- M M 5 )-2,5- — & -1H- WL iE IF
[4,3-b]W5|Wk-1- (4e): 17 mg, 41% yield. Yellow solid,
m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) o: 11.95
(s, 1H), 8.81~8.83 (m, 1H), 8.34~8.37 (m, 1H), 8.04 (d,
J=8.0 Hz, 1H), 7.93 (dd, J=8.0, 4.0 Hz, 1H), 7.75~7.77
(m, 1H), 7.56~7.59 (m, 2H), 7.51~7.54 (m, 1H), 7.32~
7.36 (m, 1H), 7.20~7.24 (m, 1H), 7.14~7.18 (m, 2H),
7.05~7.09 (m, 2H), 6.64 (s, 1H); 3C NMR (100 MHz,
DMSO-ds) 6: 159.4, 150.7, 146.4, 144.3, 143.8, 137.9,
136.7, 136.2, 135.3, 132.8, 131.7, 130.4, 128.7, 128.3,
127.3, 125.8, 124.3, 123.8, 121.8, 120.8, 120.3, 111.5,
105.8, 96.4; HRMS (ESI") caled for Ca6H7CIN;O [M+
H]" 422.1055, found 422.1048.

A-(1-58-2(8- W MR 3 )-2,5- — & - 1L H- N g FF:[4,3-b] W6
Wie-3-35) 4% F S (4): 13 mg, 32% yield. Yellow solid, m.p.
>300 ‘C; 'H NMR (400 MHz, DMSO-ds) 6: 12.35 (s,
1H), 8.81~8.83 (m, 1H), 8.34~8.36 (m, 1H), 8.05 (d, J=
8.0 Hz, 1H), 7.92~7.95 (m, 1H), 7.81~7.83 (m, 1H),
7.48~7.61 (m, SH), 7.32~7.36 (m, 3H), 7.20~7.24 (m,
1H), 6.72 (s, 1H); *C NMR (100 MHz, DMSO-ds) o:
159.4, 150.9, 145.8, 144.2, 143.7, 141.0, 138.0, 136.4,
136.3, 131.9, 131.2, 129.6, 128.9, 128.3, 125.8, 124.2,
124.0, 121.9, 120.9, 120.4, 1182, 111.7, 110.7, 106.0,
96.9; HRMS (ESI") caled for CpH;7N,O [M+H] "
413.1397, found 413.1402.

3-(4- i FE FR 5 )-2-(8- W bk 3 )-2,5- -1 H-TE g I
[4,3-b]"5|Wk-1-fi (4g): 12 mg, 28% yield. Yellow solid,
m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) : 12.04
(s, 1H), 8.82~8.84 (m, 1H), 8.33~8.35 (m, 1H), 8.07 (d,
J=8.0 Hz, 1H), 7.93~7.95 (m, 1H), 7.85~7.87 (m, 3H),
7.56~7.61 (m, 2H), 7.52 (dd, J=8.0, 4.0 Hz, 1H), 7.45~
7.47 (m, 2H), 7.34~7.38 (m, 1H), 7.24 (t, J=8.0 Hz, 1H),
6.74 (s, 1H); *C NMR (100 MHz, DMSO) ¢: 159.3, 150.9,

3236 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

146.7, 145.5, 144.1, 143.5, 142.8, 137.9, 136.3, 131.9,
130.0, 129.0, 128.3, 125.8, 124.2, 124.1, 1223, 121.8,
121.0, 120.4, 111.6, 106.2, 97.0; HRMS (ESI") calcd for
CaH17N4O3 [M+H]" 433.1295, found 433.1305.

3-71 e -2-(8-ME MK I )-2,5- A -1 H-ILIE 5 [4,3-b] W]
We-1-Ff(4h)F1 4- T 3E-2-(8-MEkE)-2,5- & - 1 H-FL g I
[4,3-b]"5|Wk-1-H(4h"): 33 mg, 91% yield. Yellow solid,
m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) J: 11.74
(s, 1H), 8.79~8.81 (m, 1H), 8.50~8.53 (m, 1H), 8.13~
8.17 (m, 1H), 7.95 (d, J=8.0 Hz, 1H), 7.74~7.87 (m, 3H,
4h-+4h"), 7.57~7.62 (m, 2H, 4h~+4h"), 7.52 (d, J=12.0
Hz, 1H), 7.14~7.23 (m, 4H, 4h+4h"), 6.57 (s, 1H),
2.25~221 (m, 2H, 4h—+4h'), 1.22~1.45 (m, 3H, 4h+
4h"), 0.96~1.05 (m, 2H), 0.54 (t, J=8.0 Hz, 3H); '3C
NMR (100 MHz, DMSO-ds) d: 160.1, 158.9, 151.0, 150.9,
1482, 144.7, 144.5, 144.4, 143.9, 138.8, 137.8, 137.6,
136.6, 136.4, 136.4, 134.4, 131.0, 129.5, 129.1, 128.8
(20), 1263, 124.6, 124.5, 123.6, 123.4, 122.0, 120.7,
120.5, 120.4, 120.0, 111.5, 111.2, 107.5, 106.3, 104.9,
93.5, 33.0, 31.3, 30.0, 27.2, 21.8, 21.4, 13.8, 13.3. HRMS
(ESI") caled for CpuHpN3;O [M~+H]" 368.1757, found
368.1764.

3- 13 3 -2-(8- M Mk 3 )-2, 5- — (- 1 H-ML I 5 [4,3-b] W]
W-1-JR (4i) F1 - 4- 7 3 -2-(8- Mk -2, 5- -1 H-ntk g IF
[4,3-b]"5] P~ 1 (4i'): 33 mg, 88% yield. Yellow solid,
m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) d: 11.74
(s, 1H), 8.79~81 (m, 1H), 8.50~8.52 (m, 1H), 8.14~
8.17 (m, 1H), 7.96 (d, J=8.0 Hz, 1H), 7.74~7.87 (m,
2H), 7.57~7.62 (m, 1H), 7.51 (d, J=8.0 Hz, 1H), 7.14~
7.35 (m, 3H, 4i+4i"), 6.58 (s, 1H), 2.05~2.21 (m, 2H),
1.22~1.40 (m, 3H), 0.84~0.99 (m, 4H), 0.61~0.64 (m,
3H); 3C NMR (100 MHz, DMSO-ds) d: 160.1, 151.0,
148.2, 144.7, 144.5, 144.4, 1439, 137.7, 136.6, 136.4,
134.5, 131.0, 129.1, 128.8, 126.3, 124.5, 123.4, 122.0,
120.5, 120.0, 111.2, 105.0, 93.6, 33.4, 30.5, 27.5, 21.5,
13.6; HRMS (ESI") caled for CpsHxN3O [M+H] "
382.1914, found 382.1916.

3-PEFE-2-(8-ME MRS )-2,5- & - 1 H-ML g H[4,3-b]W]
W 1- i (4§) A1 4-F 3E-2-(8-ME IR I )-2,5- — -1 H-NL e JF:
[4,3-b]1M|Wk-1-fi (4j'): 34 mg, 83% yield. Yellow solid,
m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) 6: 11.74
(s, 1H), 8.79~8.81 (m, 1H), 8.50~8.52 (m, 1H), 8.13~
8.16 (m, 1H), 7.95 (d, J=8.0 Hz, 1H), 7.74~7.87 (m, 3H,
4j+4j"), 7.57~7.62 (m, 1H), 7.51 (d, J=8.0 Hz, 1H),
7.14~7.35 (m, 2H, 4j+4j"), 6.57 (s, 1H), 2.06~2.21 (m,
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2H), 1.21~1.35 (m, 3H), 1.03~1.10 (m, 2H), 0.80~1.00
(m, 7H, 4j+4j"), 0.74 (t, J=8.0 Hz, 3H); 3C NMR (100
MHz, DMSO-ds) J: 160.0, 151.0, 148.2, 144.7, 144.5,
137.6, 136.5, 136.4, 131.0, 129.1, 128.8, 126.3, 124.5,
123.4, 122.0, 120.5, 120.0, 111.2, 104.9, 93.6, 33.4, 30.8,
28.2, 27.9, 27.8, 21.9, 13.8; HRMS (ESI") calcd for
Co7H2sN;0 [M+H]™ 410.2227, found 410.2222.

3-IR T FE-2-(8-ME MR 3L )-2,5- & -1 H-ME g 3 [4,3-b]
M5 Wk-1-1 (4k): 18 mg, 51% yield. Yellow solid, m.p.>
300 C; '"H NMR (400 MHz, DMSO-de) 6: 11.94 (s, 1H),
8.79~8.80 (m, 1H), 8.48~8.50 (m, 1H), 8.12~8.14 (m,
1H), 7.98 (d, J=8.0 Hz, 1H), 7.83~7.85 (m, 1H), 7.75~
7.78 (m, 1H), 7.57 (dd, J=8.0, 4.0 Hz, 1H), 7.52 (d, J=
8.0 Hz, 1H), 7.25~7.29 (m, 1H), 7.14~7.18 (m, 1H), 6.46
(s, 1H), 1.12~1.18 (m, 1H), 0.53~0.66 (m, 2H), 0.42~
0.49 (m, 1H), 0.23~0.30 (m, 1H); *C NMR (100 MHz,
DMSO-ds) 0: 160.1, 150.9, 149.0, 144.8, 144.6, 137.8,
137.0, 136.5, 130.9, 128.9, 128.8, 126.4, 124.4, 123.4,
121.9, 120.5, 120.0, 111.3, 105.2, 92.0, 15.2, 8.1, 6.7;
HRMS (ESI") caled for Cp3H;sN3O [M+H]" 352.1444,
found 352.1447.

3-3F L FE-2-(8-ME MR 3L )-2,5- & -1 - IE 3 [4,3-b]
N[ - 1 -l (4 AT 3-F O 3 -2-(8-ME b 3i)-2,5- — & -1H-MtE
WE F[4,3-b]M5| W -1-FH (41'): 18 mg, 46% yield. Yellow
solid, m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) o:
11.72 (s, 1H), 8.79~8.80 (m, 1H), 8.50~8.53 (m, 1H),
8.12~8.17 (m, 1H), 7.95 (d, J=8.0 Hz, 1H), 7.73~7.86
(m, 2H), 7.58~7.62 (m, 1H), 7.52 (d, J=8.0 Hz, 1H),
7.14~7.35 (m, 2H), 6.58 (s, 1H), 1.70~1.97 (m, 3H, 41+
41'), 1.22~1.61 (m, 8H, 41+4I'), 1.04~1.15 (m, 1H),
0.61~0.72 (m, 1H), 0.43~0.54 (m, 1H); *C NMR (100
MHz, DMSO-ds) 6: 159.8, 153.6, 151.0, 144.9, 144.6,
137.8, 136.6, 136.4, 130.8, 129.0, 128.7, 126.3, 124.5,
123.4, 122.0, 120.5, 120.0, 111.2, 105.0, 91.5, 41.6, 33.8,
32.2, 26.1, 26.0, 25.1; HRMS (ESI") caled for CasHasN30
[M+H]" 394.1914, found 394.1918.

3-( 2 G B R O )-2-(8- M bR 2 )-2,5- A -1 H- T B
[4,3-b]"5|Wk-1-fiF(4m): 20 mg, 48% yield. Yellow solid,
m.p.>300 C; 'H NMR (400 MHz, DMSO-ds) 6: 11.94
(s, 1H), 8.85~8.87 (m, 1H), 8.47~8.49 (m, 1H), 8.07~
8.09 (m, 1H), 8.03 (d, J=8.0 Hz, 1H), 7.91~7.93 (m,
1H), 7.70 (t, J=8.0 Hz, 1H), 7.54~7.62 (m, 2H), 7.31~
735 (m, 1H), 7.12~7.23 (m, 3H), 6.83~6.90 (m, 2H),
6.64 (d, J=12.0 Hz, 2H), 4.56 (q, J =20.0 Hz, 12 Hz, 2H);
3C NMR (100 MHz, DMSO-ds) 6: 159.9, 157.4, 151.1,
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144.3, 143.9, 142.2, 137.8, 136.6, 135.2, 131.1, 129.4,
129.3, 128.8, 126.3, 124.3, 123.9, 122.1, 121.1, 120.8,
120.3, 114.5, 111.5, 106.1, 95.1, 66.5; HRMS (ESI") calcd
for C27H2 N30, [M+H]" 418.1550, found 418.1553.

3,4- T ORFE-2-(8- WKL )-2,5- & - LH-MLIE FE[4,3-b]
WG| k-1-fil(4n): 33 mg, 71% yield. Yellow solid, m.p.>
300 C; 'H NMR (400 MHz, DMSO-ds) 6: 11.37 (s, 1H),
8.88~8.90 (m, 1H), 8.28~30 (m, 1H), 8.17 (d, J=8.0 Hz,
1H), 7.82~7.84 (m, 1H), 7.67~7.70 (m, 1H), 7.60 (d, J=
8.0 Hz, 1H), 7.44~7.52 (m, 2H), 7.32~7.36 (m, 1H),
7.19~7.26 (m, 7H), 6.90 (t, J=8.0 Hz, 1H), 6.77~6.80
(m, 1H), 6.68 (d, J=8.0 Hz, 1H), 6.54 (t, J=8.0 Hz, 1H);
3C NMR (100 MHz, DMSO-ds) : 159.1, 150.5, 144.8,
144.6, 144.0, 138.3, 137.4, 136.1, 134.5, 134.4, 131.6,
131.1, 130.9, 129.2, 128.4, 1282, 127.4, 127.1, 126.7,
126.2, 125.7, 124.6, 123.8, 121.6, 120.9, 120.4, 112.0,
109.4, 106.0; HRMS (ESI") calcd for C3,H»N;0 [M+H]"
464.1757, found 464.1766.

3- 40 HE 4- K B 2 (8- M Bk O )-2,5- A -1H- T e
[4,3-b]W5| - 1- i (40) Fl 4- £, -5 FE-2-(8-MEMp3E)-2,5-
- 1H-MEWE[4,3-b] 15| Wk-1-Hid(40'): 32 mg, 78% yield.
Yellow solid, m.p. >300 °C; 'H NMR (400 MHz,
DMSO-ds) 5: 11.95 (s, 1H), 8.83~8.87 (m, 1H), 8.28 (d,
J=8.0 Hz, 1H), 8.08 (d, J=8.0 Hz, 1H), 7.77~7.81 (m,
1H), 7.57~7.63 (m, 3H, 40+40"), 7.41~7.54 (m, 3H, 40
+40"), 7.33~7.37 (m, 2H), 7.15~7.28 (m, 3H, 40+40"),
6.98~7.03 (m, 1H), 6.76~6.78 (m, 2H), 2.40~2.46 (m,
2H), 1.08 (t, J=8.0 Hz, 3H); '*C NMR (100 MHz,
DMSO) d: 159.6, 158.9, 151.1, 150.4, 146.2, 144.5, 144.5,
144.3, 143.8, 138.1, 138.0, 137.6, 137.6, 136.6, 136.5,
136.1, 134.7, 134.5, 131.6, 131.1, 130.7, 130.6, 130.2,
129.6, 129.2, 129.1, 128.8, 128.3, 128.2, 128.0, 127.9,
127.4, 126.8, 126.2, 125.6, 124.6, 124.6, 124.5, 123.7,
123.4, 122.0, 121.6, 120.7, 120.3, 120.0, 111.7, 111.5,
108.4, 108.1, 106.1, 106.1, 104.9, 24.0, 20.5, 14.7, 13.8;
HRMS (ESI") caled for CosH»N3;O [M+H]" 416.1757,
found:416.1750.

4 B A1 B (Supporting Information) {L&4%) 3a~31,
da~4do MIRREILIRE S G AR &, X Ee bR a] DL 4 2
AT 354 (http://sioc-journal.cn/)_E %k,
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