% 4”) {t« % DOI: 10.6023/cjoc202009020

Chinese Journal of Organic Chemistry

ARTICLE

~

BT B BRI R S R R R S AE A\ R R TS
}HJ H]&G %*,a ﬁIJ ﬁ b n_l— jE ﬂ *,b,c

BRI MARAR LR 223300)
CEITRAEA T 2B AREET 361005)
CHERBRERE LRGN SR AL EERE S SLRE B 200032)

TE E 1R A B SRR (PR L S 5 1 AT AR ) T 0. il B A 7)1 N B IR AL
S NEA RS - S HEAR A S AR AR, 8 i P 9359 A6 0 FR WG| R A4 e fl R A FSG A B2 FR) C—H AT N—H N 9. %05 ¥ 45k
PEMRIME . SN ARAEIRAN RS IETE, D9 A S MR- W A 7 W I~ i i R AR R SR 7 WU R P 1 (6 AR A T
— 2k TR AR R R A2

KB IO AL, R R

Copper-Catalyzed C—H Bond and N—H Bond Insertion Reaction
Based on Azide-Ynamide Cyclization
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Abstract A copper-catalyzed azide-ynamide cyclization to synthesize isoquinoline derivatives is reported. First, a-imino
copper carbene intermediate is generated via Cu(I)-catalyzed azide-ynamide cyclization, then this copper carbene can be cap-
tured by indoles and anilines to form C—H and N—H insertion products. The notable advantages of this method include a
simple procedure, mild reaction conditions and widespread availability of the substrates. Thus, this protocol provides a highly
convenient and efficient route for the preparation of natural products and active molecules which contain the isoquino-

line-indole or isoquinoline-aniline skeletons.

Keywords cyclization reaction; copper catalysis; copper carbenes; ynamides
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Figure 1 Biologically active isoquinolines

R — IR R T B & BT bR, 7R o RS
W, ZIMACIIE 542 — RAEAZ I v (X A
PEERET, A5 20 & R EARE A & F S 51 T,
S S RARIE. LR, BRIBERZAL R E] TR R
FEPL BATIRB A KRR T B 4 a8 10 A4 1) 28 2 e Tk
iz A e A S FR 1 72 AR - T e 5, R SEEL T 1%
I HIANIIRRAEAL, DA =l X g 426 P A v o ol 26 455
MESEIL T M R AR IR AL A A I v b O, DA A
fitth, ARSCHBARE T % o- WA R RN FHVER, &
J& 1 X 53 IRy g | e A A= P o S DA SO0 SR i AT A2
G AN R, = AR T — B 5 S -
IR G R A AW, 12T RRA, R E
PRI, 9 Sk 2 B SR R AR P A 2 Y 1
JRARBE T — 2% TR (A e R AR
1 ZER5E
1.1 REFHRL

PARIEE L) S R -bRIBE I 1a 55 1-F1 3050 (22)
R, VA 1,2- R ORENIET, £ 60 Tkt
NEEAT OB SR AL, FET ORI Cu(D)HE A ke it
Ji £ BB S (I F 78 T AR SR 0100100 S 258 T Cu(l)
AL SON IS, 1% 1 Fros, A Cu(CHs-
CN)4PF¢ Fil Cu(CH;CN),BF, 1EMEALTF], 1% 5 8 43 51 LA
52%FI1 58% )™= Z 45 I S M-3R AL 54 3a, RIS £
BE K E I EI =) 3a' (3 1, Entries 1~2). BN REBET
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HEH CuEALF], 4 Cu(OTHF CuCl, {HZE =K
H BT N F#%(3 1, Entries 3~4). f#i f} Cu(CH;CN),BF, /E/#
A, 3k — 22552 T R0 AN s S I K e IR R e (R
1, Entries 5~8), KIHRIREEF SR 80 C, fH A
1,2- S L HE(DCEY N, 2 VBT [ AT 4655 1 h,
L 83%[H it~ 13 774 3a(3K 1, Entry 8). feJa, X
1-FHJENg| M 2a [ EET 7% %2(3K 1, Entries 9~10),
M 1.5 equiv. 2a B, FEEE SRR FE(64%), 02414 H
3 equiv. 2a [, PRREEALRFFAAL (84%). e fE B 21
A: 1a (1 equiv.), 2a (2 equiv.), Cu(CH;CN),BF, (10
mol%), DCE, 80 °C, 1 h.
F1 AL 3a AR B ERAL @

Table 1 Reaction conditions optimization for the synthesis of
compound 3a

'I's
y N\Ph . @ catalyst (10 mol%)
N conditions
N3 Me
1a 2a (2 equiv.)
/Me
Wy T
" "ph ~N
i
3a 3a’
. Yield’/% Yield"/%

Entry Catalyst Condition 1a 3a"

1 Cu(CH3;CN)4PFs DCE, 60 C,2h 52 35

2 Cu(CH3;CN)4BF; DCE, 60 C,2h 58 28

3 Cu(OTY) DCE, 60 ‘C,2.5h 42 50

4 CuCl DCE, 60 ‘C,8h 40 46

5 Cu(CH;CN),BF, CHCI;, 60 C,2h 57 33

6 Cu(CH;CN),BF; Toluene, 60 C,6h 60 29

7 Cu(CH;CN),BF,; DCE,40 C,16h 64 32

8 Cu(CH3CN),BF, DCE,80 C,1h 83 <10

9¢ Cu(CH;CN),BF, DCE, 80 C,2h 64 18

10 Cu(CH;CN),BF, DCE, 80 ‘C,1h 84 <10

© 2021 Chinese Chemical Society & SIOC, CAS

“ Reaction run in vials; [1a]=0.05 mol-L '. ® Measured by 'H NMR using
diethyl phthalate as the internal standard. © 1.5 equiv. of 2a was used. 43 equiv.
of 2a was used.

1.2 RNERYEEMHR

FE IR s ) I N S6 A T (3R 1, Entry 8), % OB
JRYEEVERAT T, Wk 2 R, XA FEER RIS
Wk 2 HEATEEE, RINZE NIRRT, LRSS
BRI 1) 7 28 (45% ~ 82%) 43 31| Xof I8 [ S5 g Wk — Mg I A, 5
. MW S AT TR CL AT Br i, OB ER
B, 439N 66%F1 71%. 1M 5 A0 A% T HEHF] Me A
OMe If(2d~2h), =FNAE 7 HEHEFA, L 75%~82%
HI 5 B P2 R A B H bR 4. Tk 1 A7 A R A BUAR
FEAAT T L. 2l R AR ER G R, 12 s N A
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REARUF BT, (H7=3RALAT 45%; 415 4 3 S B
IR HEAT RIS, DL 77%0) R U= 243 2724 3, Rl
Wz N B A RIFIFRAE. B T R R 1 1 i
Ab, FEIURMRDHAEFEZ, DL 64%[1177 243 2 AH B
P 3k AN, KT 2 AT HUR IR Y, 1% M AR EE
PL S1%M 7= KA MR 31 AE A, & Fh T
e A R P IR P A 30 R S T M P I S R, R
HU A3 ).

BRI, B 7RI 2 48R =R
FXF C—H BTN BAE, W A] U N—H i T
TN B4n, FIH 2 equiv. R EAR 2R I R AT 44
4, {E Cu(CH3;CN),BF, (10 mol%), DCE, 60 C, 2 h ]}z
RESEAF T AR a- T HZH R 5, 159 2X0 B 1) S R IR — 2
B a5 IRV E AT THRE, Wk 3 PR,
PBREERZ 1 _EASF R4 5 Ts Bs f1 Ms, Lh 68%~76%
= A8 5 H b &) 5a~5c. HLAh, ASFBUR IR
KIKPIA 1% AR R A RIFIIFRAE. 2 4 fONANH
I BT H(F. Cl A1 BryfIZh B 72 H(Me F1 OMe)
I, DA SRR (56%~71%) 15 25 N 724 5d~S5h.

PR, XPEYEAT TR AT AR AL, W 2
Fiox. LAP29) 3k NJEY), 7E Pd/C. HCO,NH, fil MeOH
A R AL 75% 0077 KA R R =9 3ka. BEEFIA 1,
H1 Cs,CO3 MR BRFA, 7 MeCN, 60 C 44T AT LU

R T A
¥) 3kb.

ST B N A5 BT N AR AL &

Me Me
/ /
oo cr
e 2 15 PdIC (10 mol%) MeO Y
N [lj HCO,;NH, (10 equiv.) NHTs
“Bn MeOH, 80 °C, 12 h |
_N N
3k O 3ka, 75%
I (2 equiv.)

B —— e
Cs,CO3 (2 equiv.)
MeCN, 60 °C, 6 h

3kb, 78%

B2 it

Figure 2 Synthetic transformations
B, BT JRnn M T AR SRR, SR T %k
SV HTFTRENLEE, Wl 3 Fron. B4, T NEBEEER
BEBURIS AR, A2 LBt E k. B, S84 E
BT IR, B — 01 Ny, AR (AA o- VA R
N OR ) E: i S D s R D LG S 3 2
A C—H S0 N—H BRI SN, 15X B [l
D IR AR, n, 18 O fEH Rk D R A

AT BB 2L R EMR R AL 51 3 A0 5.

xR2 JRWTEEFELE
Table 2 Substrate scope

R2
1 /
1 T N
R Cu(CHZCN),BF N -
(10 mol%) yZ
| —» Ts
DCE, 80°C, 1h N
X “R
N
1 2 (2 equiv.) Z
3
Me /Me /Me /Me /Me Me /Me
r e e
Y -I-s Y -I-S Y .I_S ¥4 .Irs Z .I.S Y .I.s
\N N N< \N N. \N
Ny ph N Ny ph Ny ph O Ny ph Ny ph
~-N _N _N _N _N _N
3a, 81% 3b, 66% 3¢, 71% 3d, 81% 3e, 75% 3f, 75%
Me B Y M M
MeO Me Vo . n /J . e y e
O N O N O N MeO Ph
7 P 7 Ts 2 Ts 7 Ts 7 Ts
\ 5 4 | ! !
! Xy N Xy X
_N _N Z
3g, 82%"P 3h, 76% 3i, 45% 3, 77% 3k, 64% 31, 51%
“ Reactions run in vials; [1a]=0.05 mol-Lﬂ; isolated yields are reported. b2 h.
Chin. J. Org. Chem. 2021, 41, 1207~1215 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1209
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Table 3 Substrate scope”

@( rE

u(CH3CN),BF (10 mol%)

DCE, 60 °C, 2 h
4 (2 equ1v )
R
\©\ _Me
N Fl’h
A N\PG
N
5
_Me _Me _Me
Ph‘N F;’h Ph. I?h Ph. oh
N_ N_ N
= Ts = Bs = Ms
N N _N
5a, 76% 5b, 68% 5c, 74%
F Cl Br
N l?h N I?h N I?h
N. N
A N\TS A Ts N Ts
5d, 68% 5e, 70% 5f, 71%
Me MeO
e U
N Ph N F;’h
N. N
X Ts ~ Ts
N ~.N
5g, 63% 5h, 56%

“Reactions run in vials; [1]=0.05 molsL " ; isolated yields are reported.
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Figure 3 Plausible mechanism
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I RS - UG 5, 32 T4 73 0 g e A K oty
AR, A5 B D S 1 k- g e SIS M1 S P R — S e 58 7 ).
i‘?ﬁ&ﬁ%f’ﬁﬁﬁ@\ S REEEAHRAN HLE RE BB VL, A

S W AR R DR SR TR AR DM A 701 1) A A
T*%lm@ﬁ%‘?&ﬁ@ﬁ%.ﬁﬁﬁ, BT - R A
I HABSI () S S IEFERT T2 .

3 s
31 B 5IE

B AL TR DL R S S JE R B 221 7 . R4S BTIA
RSN, BT 20 ARFIA N T4l "H NMR
BC NMR(M #x N TMS, #7~ CDCly)f# il Bruker
AV-400 5%, Bruker AV-500 ZYAZHIEAROCGN 2. MS {8 H
ESI-QTOF 2 /& 73 # Joi A3l 2 .

3.2 XWHE
3.2.1 b4k 3a~3k 494

SEWEIR-TS WA= A ik B, 78 10 mL
() S R R AR I 0.2 mmol SRR 1, 0.4 mmol M|
2, 0.02 mmol Cu(CH;CN),BF, 14 mL 1,2- 5 2. %%, B
JEIRERRIE 80 CHRM TR 1 h. RMFTEHRE, KM
TR TR 4615 2 VR S AT A E AT V(A ) - (&
R M) =20 : 1~10 : 115> B 401E H br =4 53 -
M5k 3a~3k.

N-2R JE-N-(3-(4-(1- FF B 1] Mo 5 ) e e b I ))-4-
25T Ik i (3a): ¥k B LR Y. 'TH NMR (400 MHz,
CDCLy) &: 7.50~7.45 (m, 3H), 7.32~7.25 (m, 5H), 7.14
(dd, J=1.6, 7.6 Hz, 2H), 7.07 (dd, J=5.2, 15.2 Hz, 1H),
5.79 (dd, J=1.6, 15.2 Hz, 1H), 4.76 (d, J=5.2 Hz, 1H),
3.45 (s, 3H), 3.25~3.26 (m, 2H), 1.04 (t, J=6.8 Hz, 3H);
C NMR (100 MHz, CDCl;) d: 166.1, 149.4, 138.7, 135.1,
130.0, 129.9, 129.8, 128.6, 126.9, 120.2, 80.5, 64.4, 41.8,
15.0; IR (neat) v: 3450, 2974, 2928, 1687, 1640, 1593,
1490, 1454, 1320, 1279, 1155, 964 cm™'. HRESIMS calcd
for C1oH, NNaO,S [M+Na]": 382.1083, found 382.1089.

N-TRHE -N-(3-(4-(5-5-1- FF R M| W 35 ) e mpf A ) )-4-
L R (3b): MR Bk, "H NMR (500 MHz,
CDCly) 6: 9.18 (s, 1H), 8.03 (d, J=8.5 Hz, 1H), 7.75 (d,
J=8.0 Hz, 2H), 7.65~7.58 (m, 2H), 7.55~7.52 (m, 1H),
7.41 (s, 1H), 7.30 (d, J=9.0 Hz, 1H), 7.22 (d, J=8.5 Hz,
2H), 7.14~7.12 (m, 1H), 6.95~6.91 (m, 1H), 6.88~6.82
(m, 2H), 6.71 (d, J=7.5 Hz, 2H), 6.63 (d, J=1.5 Hz, 1H),
3.95 (s, 3H), 2.41 (s, 3H); °C NMR (125 MHz, CDCL) ¢:
151.0, 148.8, 143.0, 140.2, 138.3, 137.2, 1349, 131.2,
130.5, 129.3, 128.8 (8), 128.8 (6), 128.1, 127.9, 127.8,
127.5, 127.4, 126.7, 126.3, 125.3, 125.2, 121.9, 119.1,

Chin. J. Org. Chem. 2021, 41, 1207~1215
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110.2, 107.6, 33.3, 21.6; IR (neat) v: 2920, 2849, 1619,
1596, 1567, 1489, 1405, 1349, 1162, 1090, 1002, 757, 694
cm . HRESIMS caled for C31H,4CIN3NaO,S [M+Na]+:
560.1170, found 560.1165.

N-ZEFE-N-(3-(4-(1,6- - F FE 5] L ) S I IR L ))-4-
LM 3e): KRB EHCRY). '"H NMR (500 MHz,
CDCl3) &: 9.18 (s, 1H), 8.03 (d, J=8.0 Hz, 1H), 7.75 (d,
J=8.0 Hz, 2H), 7.62~7.58 (m, 2H), 7.55~7.52 (m, 1H),
7.38 (s, 1H), 7.26 (s, 2H), 7.22 (d, J=8.0 Hz, 2H), 6.96~
6.91 (m, 1H), 6.88~6.82 (m, 2H), 6.76 (s, 1H), 6.71 (d,
J=8.0 Hz, 2H), 3.94 (s, 3H), 2.41 (s, 3H); °C NMR (125
MHz, CDCl;) 6: 151.0, 148.8, 143.0, 140.2, 138.3, 137.2,
135.2, 131.0, 130.5, 129.9, 128.8(8), 128.8 (6), 128.1,
127.9, 127.8, 127.5 (2), 127.4 (5), 126.7, 126.2, 125.2,
124.4, 122.1, 112.9, 110.7, 107.6, 33.2, 21.6; IR (neat) v:
2920, 2849, 2096, 1619, 1598, 1567, 1491, 1445, 1393,
1348, 1276, 1160, 1090, 756, 693 cm '. HRESIMS calcd
for C;;HpsBrN3NaO,S [M + Na] " 604.0665, found
604.0661.

N-ZR B -N-(3-(4-(1,5- = F B Mg I Ik ) S gk s ) -4 FHY
LA (3d): % ARY. '"H NMR (500 MHz,
CDCLy) d: 9.17 (s, 1H), 8.02 (d, J=8.0 Hz, 1H), 7.75~
7.72 (m, 3H), 7.61~7.55 (m, 1H), 7.54~7.48 (m, 1H),
7.28 (d, J=8.5 Hz, 1H), 7.23~7.20 (m, 3H), 7.03 (d, J=
8.5 Hz, 1H), 6.95~6.90 (m, 1H), 6.87~6.81 (m, 2H), 6.71
(d, J=8.0 Hz, 2H), 6.58 (s, 1H), 3.90 (s, 3H), 2.41 (s, 3H),
2.20 (s, 3H); C NMR (125 MHz, CDCl3) 6: 150.5, 148.6,
142.9, 140.4, 138.5, 137.4, 135.0, 130.2, 129.9, 128.9,
128.8, 128.6 (4), 128.6 (0), 128.0, 127.9, 127.3 (4), 127.2
9), 126.7, 126.4, 123.2, 119.6, 108.7, 107.2, 33.1, 21.6,
21.2; IR (neat) v: 2919, 2849, 1619, 1566, 1489, 1349,
1272, 1162, 1090, 756, 694 cm '. HRESIMS calcd for
C3,H,7N3NaO,S [M+Na]™ 540.1716, found 540.1715.

N- 2R 5 -N-(3-(4-(5- H 40 2 - 1- P 2 g I A ) St W ik
$6))-4-HIHE IR (3e): ¥R B EIHPIRY. 'H NMR (500
MHz, CDCl;) 6: 9.17 (s, 1H), 8.02 (d, J=8.0 Hz, 1H),
7.78~7.74 (m, 3H), 7.60~7.56 (m, 1H), 7.54~7.51 (m,
1H), 7.28 (d, J=9.0 Hz, 1H), 7.21 (d, J=8.0 Hz, 2H), 7.08
(s, 1H), 6.95~6.83 (m, 4H), 6.64 (d, J=8.0 Hz, 2H), 6.45
(s, 1H), 3.85 (s, 3H), 3.58 (s, 3H), 2.40 (s, 3H); *C NMR
(125 MHz, CDCly) §: 154.2, 150.4, 142.9, 140.4, 138.4,
137.5, 131.9, 130.2, 130.1, 128.9, 128.8, 128.7, 128.1,
127.9 (2), 127.9 (0), 127.4, 127.3, 126.5 (0), 126.4 (5),
112.5, 109.9, 107.4, 101.4, 55.7, 33.1, 21.6; IR (neat) v:
2919, 2849, 1644, 1619, 1567, 1489, 1403, 1348, 1220,

Chin. J. Org. Chem. 2021, 41, 1207~1215
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1162, 1090, 756, 695 cm™'. HRESIMS calcd for C3,H,7Ns-
NaO;S [M+Na]" 56.1665, found 556.1661.

N-ZKE-N-(3-(4-(1,6-— F JE 5| W I ) 53 s I A ))-4- F
FEIMEE AL (30): R kY. 'H NMR (500 MHz,
CDCLy) d: 9.15 (s, 1H), 8.00 (d, J=8.0 Hz, 1H), 7.76~
7.72 (m, 3H), 7.58~7.54 (m, 1H), 7.50~7.47 (m, 1H),
7.22~7.19 (m, 4H), 6.94~6.91 (m, 1H), 6.88~6.84 (m,
2H), 6.80~6.72 (m, 4H), 3.88 (s, 3H), 2.50 (s, 3H), 2.40
(s, 3H); *C NMR (125 MHz, CDCly) §: 150.4, 142.9,
140.4, 138.3, 137.4, 137.0, 131.3, 130.1, 129.4, 128.9,
128.8, 128.0 (1), 127.9 (5), 127.9, 127.3 (3), 127.2 (9),
126.7, 126.5, 126.3, 121.3, 119.7, 109.1, 107.5, 32.9, 21.9,
21.6; IR (neat) v: 2919, 1632, 1490, 1404, 1347, 1162,
1090, 756, 694, 571 cm™'. HRESIMS caled for C3,Hy7N;-
Na0,S [M+Na]" 540.1716, found 540.1711.

N- 2 JE - N-(3-(4-(6- FF 48 = -1 - 66 M| Wi 6 ) e 2 ik
56))-4-HULRETE R (3g): R FEAMRY). "H NMR (500
MHz, CDCLy) 6: 9.15 (s, 1H), 8.01 (d, J=8.0 Hz, 1H),
7.76~7.72 (m, 3H), 7.59~7.55 (m, 1H), 7.52~7.48 (m,
1H), 7.22 (d, J=8.0 Hz, 2H), 7.17 (s, 1H), 6.95~6.91 (m,
1H), 6.88~6.86 (m, 3H), 6.76~6.72 (m, 3H), 6.59 (d, J=
8.5 Hz, 1H), 3.90 (s, 3H), 3.87 (s, 3H), 2.41 (s, 3H); "*C
NMR (125 MHz, CDCly) d: 156.3, 150.5, 148.5, 142.9,
140.4, 138.4, 137.4, 137.3, 130.2, 128.9, 128.8, 128.0 (1),
127.9 (5), 127.3 (3), 127.3 (0), 126.6, 126.5, 126.1, 122.9,
120.7, 109.2, 107.8, 92.7, 55.7, 33.0, 21.6; IR (neat) v:
2920, 2849, 2098, 1620, 1597, 1567, 1491, 1444, 1348,
1251, 1161, 1090, 1001, 965, 757, 694 cm '. HRESIMS
caled for CyH,N3NaOsS [M+Na]® 556.1665, found
556.1664.

N-ZRE-N-(3-(4-(1,7-— F JE 05| W I ) S s I A ))-4- F
FEIBEWE L (3h): R AR, 'H NMR (500 MHz,
CDCLy) : 9.16 (s, 1H), 8.01 (d, J=8.5 Hz, 1H), 7.75 (d,
J=8.5 Hz, 2H), 7.69 (d, J=8.5 Hz, 1H), 7.59~7.55 (m,
1H), 7.51~7.48 (m, 1H), 7.22~7.20 (m, 3H), 6.93~6.86
(m, 4H), 6.76~6.74 (m, 3H), 6.63 (d, J=8.0 Hz, 1H),
4.18 (s, 3H), 2.86 (s, 3H), 2.40 (s, 3H); >C NMR (125
MHz, CDCL3) 0: 150.6, 148.4, 142.9, 140.4, 138.4, 137.4,
135.2, 131.5, 130.1, 129.5, 128.9, 128.8, 128.0 (1), 127.9
(5), 127.9, 127.4, 127.3, 126.7, 126.5, 126.3, 124.2, 120.9,
119.6, 118.2, 107.6, 37.0, 21.6, 19.8; IR (neat) v: 2920,
2849, 1619, 1597, 1567, 1489, 1407, 1348, 1271, 1251,
1161, 1090, 1033, 757, 694 cm '. HRESIMS calcd for
C3,H,;N3NaO,S [M+Na]" 540.1716, found 540.1714.

N-2R JE-N-(3-(4-(1-7 J ] P 5k ) e e b I ))-4-

http://sioc-journal.cn/ 1211
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IR B % (3i): W BBk Y). '"H NMR (500 MHz,
CDCly) d: 9.18 (s, 1H), 8.02 (d, J=8.0 Hz, 1H), 7.74~
7.71 (m, 3H), 7.60~7.57 (m, 1H), 7.53~7.50 (m, 1H),
7.43 (s, 1H), 7.38~7.35 (m, 3H), 7.32~7.30 (m, 3H),
7.21~7.15 (m, 3H), 6.92~6.89 (m, 3H), 6.83~6.79 (m,
2H), 6.75~6.73 (m, 2H), 5.44 (s, 2H), 2.40 (s, 3H); °C
NMR (125 MHz, CDCLy) d: 150.7, 148.4, 142.9, 140.4,
1383, 137.3, 136.1, 130.2, 129.4, 1289, 128.8 (1),
128.8(0), 128.7, 128.1, 128.0, 127.7, 127.4(1), 127.3 (5),
1272, 126.6, 126.5, 126.1, 121.8, 120.2, 119.7, 109.7,
108.4, 50.5, 21.6; IR (neat) v: 2919, 2849, 2360, 1616,
1597, 1567, 1489, 1404, 1348, 1272, 1162, 1090, 1001,
694, 571 cm”'. HRESIMS calcd for C3;HyN;NaO,S [M+
Na]" 602.1873, found 602.1870.

N-2R FE-N-(3-(4-(1- 45 T4 25 M| e 5t ) S e g i ) )-4- H
FEIREE L (3)): R R, 'TH NMR (500 MHz,
CDCly) d: 9.18 (s, 1H), 8.02 (d, J=8.5 Hz, 1H), 7.75~
7.70 (m, 3H), 7.60~7.56 (m, 1H), 7.53~7.49 (m, 1H),
7.40 (d, J=8.5 Hz, 1H), 7.35 (s, 1H), 7.21~7.18 (m, 3H),
6.93~6.89 (m, 3H), 6.87~6.83 (m, 2H), 6.74 (d, J=8.0
Hz, 2H), 6.14~6.07 (m, 1H), 5.30~5.24 (m, 2H), 4.90~
4.82 (m, 2H), 2.40 (s, 3H); *C NMR (125 MHz, CDCl5) §:
150.6, 148.5, 142.9, 140.4, 138.3, 137.4, 135.9, 133.4,
130.2, 129.0, 128.9, 128.8, 128.6, 128.1, 128.0, 127.8,
127.3 (8), 127.3 (5), 126.6, 126.5, 126.1, 121.6, 120.2,
119.6, 117.6, 109.6, 108.2, 49.1, 21.6; IR (neat) v: 2920,
2849, 1619, 1597, 1567, 1490, 1406, 1349, 1272, 1250,
1162, 1090, 1000, 694, 571 cm '. HRESIMS calcd for
C33H,,N3NaO,S [M+Na]* 552.1716, found 552.1713.

N-7 F -N-(3-(4-(5- FH 4 Bk -1- FH kMg W ) S e ik
$6))-4-HIHEZRREIE AL (3k): ¥R B EHPIRY). "H NMR (500
MHz, CDCls) 6: 9.06 (s, 1H), 7.98 (d, J=8.0 Hz, 1H),
7.78 (d, J=8.0 Hz, 2H), 7.67 (d, J=8.5 Hz, 1H), 7.59~
7.55 (m, 1H), 7.50~7.46 (m, 1H), 7.32 (d, J=8.0 Hz,
2H), 7.28~7.25 (m, 2H), 6.87~6.84 (m, 1H), 6.80~6.77
(m, 1H), 6.63~6.59 (m, 4H), 5.87 (s, 1H), 4.66 (d, J=
14.0 Hz, 1H), 4.35 (d, J=14.0 Hz, 1H), 3.91 (s, 3H), 3.48
(s, 3H), 2.47 (s, 3H); *C NMR (125 MHz, CDCl;) ¢:
153.8, 150.3, 145.2, 143.3, 137.3, 136.6, 134.7, 131.8,
131.5, 129.9, 129.3, 129.2, 128.9, 128.7, 128.4, 128.1,
127.6, 127.5, 127.4, 127.3, 126.9, 111.6, 109.8, 107.2,
102.0, 55.6, 54.2, 33.2, 21.6; IR (neat) v: 2921, 2232,
2096, 1644, 1597, 1494, 1449, 1365, 1245, 1169, 1089,
966, 758 cm . HRESIMS calcd for C33H,0N3NaO5S [M+
Na]" 570.1822, found 570.1818.
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N-"F 2 -N-(3-(4-(2- 7K JE -1- FF 2 1) ik 5% ) S v gk
B))-4-FHEZRREEERZ (31): R G IRY). 'H NMR (400
MHz, CDCl3) d: 9.10 (s, 1H), 7.97 (d, J=7.6 Hz, 1H),
7.74~7.64 (m, 3H), 7.59~7.46 (m, 3H), 7.37~7.29 (m,
1H), 7.22~7.11 (m, 5H), 7.09~6.98 (m, 4H), 6.96~6.89
(m, 1H), 6.86~6.77 (m, 2H), 6.48 (d, J=7.2 Hz, 2H),
4.28 (dd, J=95.2, 16.4 Hz, 2H), 3.85 (s, 3H), 2.33 (s, 3H);
3C NMR (100 MHz, CDCls) d: 150.7, 148.7, 142.4, 139.7,
139.2, 138.6, 137.7, 135.8, 130.8, 130.5, 130.3, 128.8,
128.5(4), 128.4 (6), 128.2 (4), 128.1 (6), 128.1, 127.5,
127.3, 127.0, 126.6, 126.3, 123.8, 122.3, 120.5, 120.2,
109.6, 107.0, 53.5, 31.6, 21.4; IR (neat) v: 3058, 2924,
1570, 1467, 1349, 1159, 1090, 742, 699, 553 cm™'. HR-
ESIMS caled for C;gH;N;3;NaO,S [M—}—Na]+ 616.2029,
found 616.2022.

3.22 &4 5a~5h 494

SEEWR-FE I A R EIRAMFR, £ 10 mL
{2 R R A RN 0.2 mmol BRE% 1, 0.4 mmol ZE %
4, 0.02 mmol Cu(CH;CN),BF, 1 4 mL 1,2- -5 %%, B
JRIREARRIE 60 CHAM N2 h. RMTEFESE, KM
TR TR 4615 2 VR S AT A E AT V(A ) - (&
TR Z.EE)=20 : 1~10 : 115 B 24015 B bR =9 5 Ve k-
% 5a~5h.

N-ZR - N-(3-(4-(N- 2K -N- F FE ) 7 W Ik 3 ) )-4-
L R IE A (Sa): ¥k s iR, "H NMR (400 MHz,
CDCLy) ¢: 9.13 (d, J=0.8 Hz, 1H), 8.05~8.03 (m, 1H),
7.73 (d, J=8.4 Hz, 2H), 7.67~7.65 (m, 1H), 7.60~7.55
(m, 2H), 7.21 (d, J=8.4 Hz, 2H), 7.06~6.92 (m, 7H),
6.61~6.57 (m, 1H), 6.20 (s, 2H), 3.27 (s, 3H), 2.40 (s,
3H); *C NMR (125 MHz, CDCl;) J: 149.6, 148.6, 147.7,
143.1, 139.7, 137.0, 136.9, 134.8, 130.9, 129.6, 129.2,
128.7, 128.6, 128.3 (4), 128.2 (7), 127.9, 127.7, 127.0,
123.7, 117.1, 112.3, 38.5, 21.6; IR (neat) v: 2919, 2849,
1618, 1598, 1566, 1500, 1444, 1392, 1352, 1275, 1163,
1090, 747, 694 cm ™', HRESIMS caled for CpoH,sN;NaO,S
[M+Na]™ 502.1560, found 502.1557.

N-ZR - N-(3-(4-(N- 7K -N- F FE 5 58 ) 7 W Ik 3 ) )-4-
IRIETEBEZ (5b): T EHCIRY). '"H NMR (400 MHz,
CDCLy) ¢: 9.11 (d, J=0.8 Hz, 1H), 8.06~8.04 (m, 1H),
7.72 (d, J=8.8 Hz, 2H), 7.68~7.65 (m, 1H), 7.62~7.55
(m, 4H), 7.04~6.93 (m, 7H), 6.62~6.58 (m, 1H), 6.20 (s,
2H), 3.23 (s, 3H); *C NMR (125 MHz, CDCl;) 6: 149.6,
148.3, 147.6, 139.4, 138.9, 136.9, 134.8, 131.4, 131.1,
130.7, 129.7, 128.7, 128.5, 128.3, 128.0, 127.8, 127.5,
127.3, 123.7, 117.2, 112.3, 38.5; IR (neat) v: 2920, 2096,

Chin. J. Org. Chem. 2021, 41, 1207~1215
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1619, 1598, 1573, 1494, 1445, 1390, 1356, 1274, 1165,
1089, 1053, 1000, 741, 693 cm '. HRESIMS calcd for
C,3H2,BrN;3NaO,S [M+Na]" 566.0508, found 566.0511.

N-ZR B -N-(3-(4-(N- K Fk - N- F BL 0 58 ) e W Mk s ) ) P
FE R B i (5e): W RY. 'TH NMR (500 MHz,
CDCLy) ¢: 9.18 (s, 1H), 8.06 (d, J=7.0 Hz, 1H), 7.65~
7.55 (m, 3H), 7.20~7.18 (m, 2H), 7.10~7.04 (m, 3H),
6.94~6.90 (m, 2H), 6.60~6.56 (m, 1H), 6.17 (s, 2H),
3.43 (s, 3H), 3.14 (s, 3H); °C NMR (125 MHz, CDCl5) ¢:
149.6, 148.5, 147.2, 139.9, 136.9, 131.1, 129.5, 128.7,
128.6, 128.0, 127.9, 127.7, 127.3, 123.6, 117.1, 112.1,
40.2, 38.2; IR (neat) v: 2920, 2849, 2096, 1619, 1598,
1568, 1500, 1445, 1392, 1348, 1254, 1157, 1053, 1006,
965, 751, 692 cm™ . HRESIMS caled for Cp;H,N;NaO,S
[M+Na]™ 426.1247, found 426.1240.

N-ZRJ -N-(3-(4-(N-(4-F 2K Jik )-N- F B 2 6 ) S R
$6))-4-HIHEZRBEIE AL (5d): ¥R B EHPIRY). "H NMR (500
MHz, CDCly) 6: 9.13 (s, 1H), 8.05~8.04 (m, 1H), 7.73 (d,
J=8.5 Hz, 2H), 7.66~7.64 (m, 1H), 7.60~7.58 (m, 2H),
7.22 (d, J=8.5 Hz, 2H), 7.06~6.98 (m, 5H), 6.66~6.61
(m, 2H), 6.11 (s, 2H), 3.26 (s, 3H), 2.41 (s, 3H); °C NMR
(125 MHz, CDCly) d: 155.6 (d, J=233.8 Hz), 149.7,
148.5, 144.2 (d, J=1.3 Hz), 143.2, 139.7, 136.8, 134.8,
131.0, 129.6, 129.1, 128.8, 128.3, 128.1, 128.0, 127.8,
127.1, 123.5, 115.0 (d, J=22.5 Hz), 112.9 (d, J=7.5 Hz),
38.9, 21.6; IR (neat) v: 2920, 2849, 2233, 2096, 1619,
1597, 1567, 1507, 1445, 1389, 1353, 1223, 1164, 1089,
999, 757, 693 cm '. HRESIMS calcd for C,oH,,FN3;NaO,S
[M-+Na]" 520.1465, found 520.1467.

N-ZRKJ -N-(3-(4-(N-(4-F 2R Ik )-N- F 2 5k ) e R Mk
$6))-4-HIHEIREIE % (Se): ¥R B EHPIRY. 'H NMR (500
MHz, CDCly) 6: 9.14 (s, 1H), 8.06~8.04 (m, 1H), 7.73 (d,
J=8.0 Hz, 2H), 7.63~7.59 (m, 3H), 7.22 (d, J=8.0 Hz,
2H), 7.06~6.98 (m, 5H), 6.86 (d, J=7.0 Hz, 2H), 6.10 (s,
2H), 3.27 (s, 3H), 2.41 (s, 3H); “C NMR (125 MHz,
CDCly) d: 150.0, 148.5, 146.3, 143.2, 139.6, 136.7, 136.6,
134.3, 131.1, 129.6, 129.1, 128.8, 128.4 (2), 128.3 (9),
128.1 (4), 128.0 (6), 127.8, 127.1, 123.4, 122.0, 113.3,
38.7, 21.6; IR (neat) v: 2920, 2233, 2096, 1619, 1597,
1567, 1493, 1446, 1388, 1352, 1275, 1163, 1090, 757, 694
cm . HRESIMS caled for C,9H,4CIN;NaO,S [M—l—Na]+
536.1170, found 536.1175.

N-ZRFE -N-(3-(4-(N-(4-TR AR F )-N- H B 2 58 ) W ok
55))-4- I ZRRETERE (S): 3R FEOMPIRY. "H NMR (500
MHz, CDCLy) 6: 9.14 (s, 1H), 8.06~8.04 (m, 1H), 7.73 (d,

Chin. J. Org. Chem. 2021, 41, 1207~1215
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J=8.5 Hz, 2H), 7.62~7.59 (m, 3H), 7.22 (d, J=8.5 Hz,
2H), 7.05~6.98 (m, 7H), 6.05 (s, 2H), 3.26 (s, 3H), 2.41
(s, 3H); *C NMR (125 MHz, CDCl;) §: 150.0, 148.4,
146.8, 143.2, 139.6, 136.7, 136.5, 134.2, 131.3, 131.2,
129.6, 129.1, 128.8, 128.4, 128.1 (3), 128.0 (6), 127.9,
127.1, 123.3, 113.8, 109.2, 38.7, 21.6; IR (neat) v: 2920,
2233, 2096, 1620, 1513, 1491, 1446, 1358, 1254, 1165,
1089, 757, 571 c¢cm ', HRESIMS caled for ChyH,,BrN;-
Na0,S] [M+Na]" 580.0665, found 580.0668.

N-ZR B -N-(3-(4-(N-(4- Fi B2 DR 0k )-N- R L 5 06 ) S v
WK 3 ))-4- F 35 2 Bl 5 e (S): vk 3 (IR Y. '"H NMIR
(500 MHz, CDCl3) d: 9.11 (s, 1H), 8.03~8.02 (m, 1H),
7.73 (d, J=8.5 Hz, 2H), 7.67~7.66 (m, 1H), 7.58~7.54
(m, 2H), 7.21 (d, J=8.5 Hz, 2H), 7.06~6.97 (m, 5H),
6.75 (d, J=8.0 Hz, 2H), 6.14 (d, J=6.0 Hz, 2H), 3.21 (s,
3H), 2.40 (s, 3H), 2.16 (s, 3H); *C NMR (125 MHz,
CDCLy) d: 149.4, 148.6, 145.6, 143.0, 139.9, 137.1, 135.1,
130.8, 129.7, 129.1 (6), 129.1 (5), 128.7, 128.3, 128.2,
127.9, 127.6, 126.9, 126.1, 123.8, 112.4, 38.6, 21.6, 20.2;
IR (neat) v: 2920, 2233, 2096, 1619, 1567, 1515, 1491,
1445, 1389, 1352, 1274, 1164, 1090, 757, 694 cm™'. HR-
ESIMS caled for C;yH,;N3;NaO,S [M—}—Na]+ 516.1716,
found 516.1713.

N-ZR B -N-(3-(4-(N-(4- FH A L 2R 60 )-N-FR BL 00 ¢
W IR 3 ))-4- F L R R e (Sh): v (bR, '"H NMR
(500 MHz, CDCLy) 6: 9.13 (s, 1H), 8.06~8.05 (m, 1H),
7.76 (d, J=8.0 Hz, 2H), 7.61~7.58 (m, 2H), 7.36~7.34
(m, 1H), 7.24 (d, J=8.0 Hz, 2H), 7.11~7.09 (m, 2H),
7.05~7.03 (m, 3H), 6.57 (d, J=9.0 Hz, 2H), 6.19 (d, J=
8.5 Hz, 2H), 3.71 (s, 3H), 3.27 (s, 3H), 2.43 (s, 3H); “C
NMR (125 MHz, CDCly) o: 151.7, 149.3, 148.5, 143.1,
142.3, 139.8, 136.9, 135.3, 130.8, 129.7, 129.1, 128.7,
128.3, 128.2, 127.9, 127.6, 127.0, 123.8, 114.3, 113.3,
55.7, 38.8, 21.6; IR (neat) v: 2919, 2233, 2096, 1614,
1597, 1567, 1511, 1492, 1445, 1390, 1351, 1243, 1164,
1089, 1033, 756, 693 cm ! HRESIMS calcd for
C30H27N3NaO;S [M+Na]" 532.1665, found 532.1663.
3.2.3 &4 3ka 694 A%

FiFMT, /£ 10 mL R MEHFRIKMA 0.2
mmol JE#) 3k, 0.02 mmol Pd/C, 2 mmol FIZ% A1 4 mL
I, JRAEWSEIEHE, AR 12 h, &N
28 o R P DS SR e 8 R 2Bk, A LA
WEXRVEF, IBEV LT VCHME) @ RO
BE)=5 1 1~3 | 115 2R & PR ™) N-(3-(4-(5-H 4
Be- 1 - PR BRI W ) - 1,4 5 W R L ) )-4- PP DR i
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(3ka)!'"!: 'TH NMR (500 MHz, CDCl;) J: 8.89 (d, J=3.5
Hz, 1H), 7.71 (d, J=8.5 Hz, 2H), 7.37~7.34 (m, 2H),
7.30~7.28 (m, 2H), 7.16~7.13 (m, 3H), 7.10 (d, J=9.0
Hz, 1H), 6.84~6.81 (m, 1H), 6.17 (s, 1H), 5.08 (s, 1H),
4.58 (d, J=16.0 Hz, 1H), 4.40 (dd, J=16.0, 5.0 Hz, 1H),
3.57 (s, 3H), 3.55 (s, 3H), 2.37 (s, 3H); *C NMR (125
MHz, CDCl;) 0: 166.2, 154.0, 142.6, 139.6, 134.7, 132.6,
131.8, 129.1, 128.4, 127.6, 127.5, 127.1, 126.3, 125.3,
112.9, 109.8, 109.6, 101.9, 55.5, 45.9, 45.1, 32.9, 21.4; IR
(neat) v: 3314 (br), 2921, 2849, 2233, 2096, 1609, 1491,
1453, 1423, 1365, 1267, 1169, 1140, 1089, 756, 546 cm™ .
HRESIMS caled for ChHsN3NaO;S [M + Na] *
482.1509, found 482.1503.

3.2.4 ft44h 3kb 894 A%

FIAMT, /£ 10 mL R ME RN 0.15
mmol JE4 3ka, 0.3 mmol i, 0.3 mmol B4 4 mL
I, IBEYSEIMIE 60 C, HEHHERN 6 h,
R85 TR i ) FH R 8 e P 3 0 [ A 5% SR ), A HLAH
I JiE 225, IR A AR BT VOB @ (4R
LBE)=20 : 1~10 : 1115 23k & R 11-H 48 2E-
8- FF JE 27— P L DR R I 3 -7,8- — NG| W [3',2"4, 5THHL g 5
[2,3-c] MMk (3kb)": 'H NMR (400 MHz, CDCls) o:
8.87 (s, 1H), 8.52 (d, J=8.4 Hz, 1H), 8.02 (d, J=8.4 Hz,
1H), 7.79~7.76 (m, 1H), 7.70 (d, J=2.4 Hz, 1H), 7.64 (d,
J=8.4 Hz, 2H), 7.59~7.57 (m, 1H), 7.48 (d, J=8.8 Hz,
1H), 7.09~7.06 (m, 1H), 6.99 (d, J=8.4 Hz, 2H), 4.25 (s,
3H), 4.00 (s, 3H), 2.19 (s, 3H); “C NMR (125 MHz,
CDClLy) d: 154.9, 146.5, 144.9, 144.0, 141.9, 136.6, 134.0,
129.5, 129.2, 128.3, 127.6, 127.5, 127.0, 125.9, 1252,
120.8, 115.1, 111.6, 110.3, 105.5, 104.8, 56.3, 34.9, 21.5;
IR (neat) v: 2921, 2233, 2096, 1613, 1493, 1452, 1365,
1267, 1169, 1089, 1034, 757, 545 cm'. HRESIMS calcd
for CoH,N3NaO;S [M+Na]™ 478.1196, found 478.1198.

HBh 1K) (Supporting Information) {L &%) 1b, 1d,
3a~3k, 5a~5h, 3ka 1 3kb FIZRILIRAEFIBRE. 1X
LA L AT LA B 2 AR T 19 32t (http://sioc-journal.cn/) | R
.
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