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Copper-Catalyzed Vicinal C(sp?)—H Selenylation of Benzoic Acid
Derivatives Using Air as Oxidant

Sun, Mingyang Xu, Kun Guo, Bingbing Zeng, Chengchu™
(Faculty of Enviroment and Life Science, Beijing University of Technology, Beijing 100124)

Abstract An efficient copper-catalyzed vicinal C(sp?)—H selenylation of benzoic acid dervatives is reported using diselenyl
ether as selenyl resource, 8-aminoquinoline as the directing group. The protocol need only air as the terminal oxidant, avoiding
the utilization of other external chemical oxidants, featuring good substrates generality and compatiblity of functional groups.
Keywords copper-catalyzed; C—H activation; selenylation reaction; diselenyl ether; 8-aminoquinoline
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AgCOs MENEAT, B 1 & 5 AL AL, (B4
7 IR AL S T B AT SE B R A B 3E. 2017
4, Ranjan PRGN S MR 2 o BRI E AL 1A R,
i S B AT DAAE 25 SR R SEBLEAE. 2R — T I
AL, SRIETZ B o TR AR AR
AR PRI H A 2 SR AT SR AR5 S il R, TSR
RIEH TARZ 5 T2 AR s, FE b at b, A
SC) P P A I AR 2 SR T AT DAL S B
Fi R HIE PR TEN AL, 8 S T A B A 22 A TR R I
faT4k 1 S NiAA & (Scheme 1).

(a) Previous works

O
Cu(OAc), (20 mol%)
R'—\ N | Ag,COj3 (1.0 equiv.), N
_ N 92003 (1.U equiv.), Np
+ — —
PhSeSePh
Cu(OAc), (40 mol%)
Mn(OAc), (20 mol%), air
PhSe (0]
RN |
P geph NS
(b) This work
RZ ©
Cu(OAc)s (20 mol%
i g |+ RSeSeR’ Cu(OA), (20 molte)
| P N air
RZ O
X
RH-i)fu\ N N
Z > geR? X

R3 = Ar, Me

B 1 FRHBRATEDRRLL C(sp?)—H ifL
Scheme 1 Vicinal C(sp?)—H selenylation of benzoic acid de-
rivatives

1 ZR5TR
1.1 RMFHHK

L 8- MM T ) L) 2- F IR R AT
AW 1a R A (2a) AR BRI FCRHY) T B
EEoA 1T 2) AT SR RAL, ROBAE A NaOAc ) — Fi 2k
W A(DMSO)E R HE4T. ZRWE 1 P, S
Ni(acac),« Co(acac), 3% Pd(OAc), NEALFIIT, BeA
2 H b= 3aa ITER(FE 1, Entries 1~3). 2 A &M%
A2, 4N 20 mol%HIEMTT] Cu(OAc), B, W7 E ]
67% =%/ 3aa, H4b, UL Cu(CH;CN)4PFs AfEALFITE
[FIFE 2 A R I B, T3 3] 66% 7= (1) 3aa(K 1,
Entries 4~5), T 4RI H & T FE 2 10 mol%Hhf, 7
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MR FEE 48%( 1, Entry 6). 45 52 WA AL A
TEXTAZ S N RN HEAT R AN T A ). ik — 25 [ st 5
REY, ZRMFESSHNERSE, HASRBAE
No A0 F AT I JERLR S 4, AW B =P i)
JERU(F 1, Entry 7), 124 MNAE Op U5 FHEATI, 773
A KGR 1, Entry 8).

R RBARAL o

Table 1 Optimization of reaction conditions

CH; O Catalyst (20 mol%)
Base (4.0 equiv.)
N + PhSeSePh -
H DMSO, air
N Temp, 6h
1a 2a
CH; O
N |
SePh NS
3aa
Entry Catalyst Base Temp./'C Yield/%

1 Ni(acac)z NaOAc 60 0
2 Co(acac)z NaOAc 60 0
3 Pd(OAc)2 NaOAc 60 0
4 Cu(OAc) NaOAc 60 67
5 Cu(CHCN)4PFs  NaOAc 60 66
6° Cu(OAc): NaOAc 60 48
74 Cu(OAc)2 NaOAc 60 0
8¢ Cu(OAc): NaOAc 60 70
9 Cu(OAc) NaOAc 25 Trace
10 Cu(OAc): NaOAc 40 30
11 Cu(OAc) NaOAc 80 77
12 Cu(OAc) CsOAc 80 65
13 Cu(OAc) NaOPiv 80 67
14 Cu(OAc) NaH2PO4 80 0
15 Cu(OAc) NaHPO4 80 Trace
16 Cu(OAc): NasPO4 80 35
17 Cu(OAc) t-BuONa 80 0
18 Cu(OAc): Cs2C03 80 0
19/ Cu(OAc) NaOAc 80 54

“Reaction conditions: 1a (0.5 mmol), 2a (1.0 mmol), catalyst (20 mol%), base
(4.0 equiv.) in DMSO (10 mL), 80 ‘C, 6 h. ® The yields were determined by 'H
NMR with 1,3,5-trimethoxybenzene as the internal standard. ¢ 10 mol%
Cu(OAc), was added. ¢ Under N, atmosphere. ¢ Under O, atmosphere. / 2.0
equiv. of NaOAc was added.

HEE R TIREX RS, Y MAE 25 Cit
1TIF, 6 h JE BRI ASE] 3aa (. BEE SN IR FE T
w, BARFEY) 3aa WP RABEE 0, 76 80 CHYIAH]
77%(3& 1, Entries 9~11). HT&EM#EK C—H B/
A S5 FRRG D R X e N A AT S R, itk
B BRI R AT T . SRR RR
CsOAc Fl NaOPiv % e M54 B & et EH, 23l 0
BE] 65%F1 67%= KM 3aa, T HAh ) URFHR A SR 5
7%, AMERHE 3aa FITERESS B H] 35%77 K] 3aa
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(% 1, Entries 12~18). MK E S 2.0 equiv.h,
FERRER] 54% (3% 1, Entry 19). 25 ERTR, bz
&AM 0.5 mmol 2K HBERE 1, 2.0 equiv. — 75 F& il ik
2, 20 mol% Cu(OAc), #E4LFFF1 4.0 equiv. NaOAc 1F Mk,
7£ DMSO 71+ 80 'C T 6 h.

1.2 RYEZEMNER

TESRASRA B S B 26 JE it b, o JEE A A 3 kgt
T THRIC. BB 1 T T H52ER 2).
RIVHIA 54 CHs. CHoPh 254t B 73 [ ) 2% FH Bk e
AT B A e 1 & M (3aa~3ca), 11774 3da )
PN 26%, AT BEAE KA FE B A7 BH RS, B T 7= 2R
I REAR. AT B T 25 BT A9 e, V9>
BRI 59%/ =21 3ea, %W HUE T N BIRAR EEAL T [F)
I B 5 (1) ABAE T ANTE S R AR 24 F Bk R A 264
1 FPEEIEST AL & CLE, 193] 58%01) 3fa. 247 F F 5L CF;
SR T A R AE AR 2 ORI, BT DAAS 3
& P 1 H AR ) 3ga~3ka. HAFEE ML, 24 CF;
BT 2K IR P (R AL, B AL B IR KL B AR 3ka
Ry B3] 38% MU, (H ik Bk HAF 2 B HUAR =)
IR NS AR AT e 25 A W BE KR, DA 44% 0077 R
BB N ) B AL A 3la. XFFRY 1m, TR
AR BIAL R, TEARAE LA NI T 1531 24%7= 2 (1) HLEUR

PP 3ma Ab, BRI 4 B E] 30% 7 F KAL)
dma. WK RN IR E S E R 100 C B
Cu(OAc), [ FH & 2] 40 mol%Ft, T34 Hh AE Be SUA,
7= 4ma, FEES N 67%F 64%.

b J5, Eﬂﬁﬁnﬂ*}éﬁﬁﬁﬁ T RN A
WP, RN 3. g R RI TR0 B AT e A B
BAFEE R, flan 2 A0k R R R L ER
Me. #-Bu 8 OMe 25t A 7 [ 755 14 F I, 33
AT DA AR AR T 7= 2615 2 H A5 7=4) 3ab~3ah. Jh4h,
Tt A R A % SN 2 A, A R A ek S
la TEARAEZRAF T AT A3 2153 B 7= 58 45% 1) H AR 4) 3ai.

5B, 1% N,N-4 T A BRI 2 1 R S RS
2 2-Lr 77 AL A R 4 5 8-Z KK (Scheme 2).

1.3 FIRERIR RIALIE

T2 S MAATEXZ A #1401 C(sp?)—H B WAL
SN MR AT S A AN AT b J - b s s 58 JEAAH O (1)
SCHERARTE- N T AT AR SOSALEE. 40 Scheme 3 FTR,
15 Cu(OAc), 5JEY) 1a K AELS A RIS BB 722 1 1k
HEY 1, ZEEEVIERIER T KA C—H BAEL
ﬂ/ﬁiﬂiﬁﬂcﬂbl‘ﬁﬂﬁt I, flJEES S RS ok
AR A BOE AN I E Y T e 4T

®2 RIPBREDRE

Table 2 Substrate expansion of benzamides

R']
O)‘\ + PhSeSePh

1a~1m

Cu(OAc), (20 mol%)
NaOAc (4.0 equiv.)

DMSO, air
80°C, 6h

o Qj
SePh

3aa ~ 3am

cagel @%% [Fasafeagshoage

3aa 77% 3ba 75%

3ca71%

CH3 3da 26% 3ea 59%

Boes &\QJ S &Y S
SePh SePh SePh SePh

3fa 71% 3ga 45%

3ka 38% 3la 44%

3ha 41%

\d PhSe
SePh SePh d %
SePh NS

3ma 24%

3ia 62%

SePh %

4ma 30% ( 67%°, 64%)

3ja 54%

@ Reaction conditions: 1 (0.5 mmol), 2a (1.0 mmol), Cu(OAc), (20 mol%), NaOAc (4.0 equiv.) in DMSO (10 mL), 80 ‘C, 6 h. ? Isolated yield. ¢ 100 ‘C, ¢ 40 mol%

Cu(OAc),.
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K3 R ANENR R o

Table 3 Substrate expansion of diaryl diselendies

Cu(OAc), (20 mol%

CH; O ) CH; O CH; O
ArSeSeAr NaOAc (4.0 equiv.)
N + 2b~2h N or N
N | DMSO, air Hooyo Hoo\
Nx " sors " 80°C, 6h SeAr N SeMe
1a eceselle 3ab ~ 3ah 3ai
CH; O CH; O CH; O CH3; O
N
N N N
H N | dLH N dLH N l ©f:H Nx |
Se S Se Se e
HaC” t “CH, i
CHs Bu-t OCHjg
3ab 72% 3ac 66% 3ad 74% 3ae 47%
CHs O 9 CHs O
N
N N | N CH; O
H Na Se Nx H N | N
Se Se S H |

A, Q

F

3af 73% 3ag 62%

N
@\ SeCH;
F

3ah 80% 3ai 45%

@ Reaction conditions: 1a (0.5 mmol), 2 (1.0 mmol), Cu(OAc), (20 mol%), NaOAc (4.0 equiv.) in DMSO (10 mL), 80 ‘C, 6 h. ? Isolated yield.

CH; O CH; O

(1) NaOH, EtOH, 130 °C
N OH
Ho ol @HelHo
SePh X SePh
3aa 4

15%

B2 FRERBER
Scheme 2 Removal of the directing group

R BREAL IV, FEiE— P R B il 4 3aa FERETL
H—il, — e T e RS S 5T
—EALTE R,
2 #Hig

DL 8-S Mkl Sk, BRI 243 1) Cu(OAc), N
PEAGTR, AR AR AL TR, SEB T R X A
P R 7 A TS A A TR R R R AT A A 1) R0 S Al 4K S
B, ZTTE LN SO AT, G T H AR A A A
FIAEH, BIFFE “srtfh s E. 1A, &5k
HA Ja PR fa o, A IE M) P A
3 EES
31 X5

'HNMR. C NMR. ""F NMR [#Jili{1% #% A Bruker
TM400 (AVANCE HD III) 400MHz kZi3t4R1%, KH
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CDCls N5iARIRF, TMS NP R, 57 HF 5 3E  Thermo
scientific Q Exactive i il e, 44 w5 FH B AU Sl e
G E, AR, SEIe A B R34 R = o A 4k
Rt A, REdt—Pratb EEAH. JRY 1
R 2 AR O 0 SCHR A1),

3.2 XWHE

AR AR R RRAT AR AR AL C—H Al ik
NSRBI R E 25 mL BR B K IR
1 (0.5 mmol), J&# 2 (1.0 mmol), Cu(OAc), (0.1 mmol)Fll
NaOAc (2.0 mmol), f/EI0A 10 mL DMSO. Jn# %
80 CNRML 6 h. JRJ7L4sHJE I ZKFA — S0 B B HY,
HIFANUAHE TOKIRBREA T8, TERAE ZE 7 15 2 H
FRPEW 3[BT VCAER) @ (LR 4B8)=20 1~
10 : 1].

2- F I 6- Al J - N-(HE IpR-8- 358 ) 2K FF [ 1% (3aa): 160
mg, FEE 77%. AEEMAE, mp. 159~160 C (Lit.!)
169~170 ‘C); 'H NMR (400 MHz, CDCl;) 6: 9.97 (s,
1H), 9.01 (dd, J=7.6, 1.2 Hz, 1H), 8.72 (dd, J=5.2, 1.6
Hz, 1H), 8.19 (dd, J=8.4, 1.6 Hz, 1H), 7.65~7.57 (m,
2H), 7.53~7.51 (m, 2H), 7.47~7.44 (m, 1H), 7.32~7.30
(m, 1H), 7.24~7.19 (m, 5H), 2.52 (s, 3H); 3C NMR (100
MHz, CDCl;) d: 167.6, 148.2, 140.6, 138.5, 136.3, 135.9,
134.3, 134.0, 131.7, 130.9, 129.9, 129.6, 129.5, 129.3,

http://sioc-journal.cn/ 2305
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Cu(OAc),

air

e
?e Cu(l)
Ph v
reduction
elimination
CH; O
N
_N&
C':u(lll)
SePh
1]
B3

1a
NOAC

CH; O \

\
Cu(II

1 OAC

C-H actvato%Base
HOAc

c:H3

',“ |
| c@
air

PhSeSePh

R i A A R R (AL C-H AL AT B ) S AL ER

Scheme 3 A plausible mechanism for the Cu(II)-catalyzed C-H selenylation using air as the terminal oxidant

128.0, 127.6, 127.5, 122.1, 121.7, 116.9, 19.9.

2,4~ FA JE - 6- AT i - V-1 WK - 8- 35 ) 2 H 15k fi4 (3ba):
161 mg, =% 75%. AAEEAE, mp. 171~172 C; !
NMR (400 MHz, CDCl;) 6: 9.94 (s, 1H), 8.99 (dd, J=7.2,
1.2 Hz, 1H), 8.70 (dd, J=4.0, 1.6 Hz, 1H), 8.18 (dd, J=
8.0, 1.6 Hz, 1H), 7.64~7.56 (m, 2H), 7.51~7.48 (m, 2H),
7.46~7.43 (m, 1H), 7.22~7.19 (m, 3H), 7.17 (s, 1H),
7.04 (s, 1H), 2.48 (s, 3H), 2.30 (s, 3H); *C NMR (100
MHz, CDCl) 0: 167.8, 148.2, 139.9, 138.5, 138.3, 136.3,
135.8, 134.4, 133.6, 132.5, 131.2, 130.7, 129.2, 128.9,
128.0, 127.5, 127.4, 1219, 121.6, 116.8, 212, 19.9;
HRMS (APCI) caled for CyH,N,OSe [M + H] '
433.0814, found 433.0811.

27 - 6- AT - V- (W WK -8- 25 ) K FH Bt i (3ca): 176
mg, FPH 71%. HAEFEE, mp. 82~83 C; 'H NMR
(400 MHz, CDCl3) 6: 991 (s, 1H), 8.99 (d, J=7.2 Hz,
1H), 8.66 (d, J=3.2 Hz, 1H), 8.18 (d, J=8.0 Hz, 1H),
7.64~7.06 (m, 16H), 4.19 (s, 2H); '*C NMR (100 MHz,
CDCls) : 167.3, 148.1, 140.3, 140.0, 139.2, 138.5, 136.2,
134.2, 1342, 131.9, 130.6, 130.0, 129.9, 129.4, 129.3,
129.2, 128.5, 127.9, 127.8, 127.4, 126.2, 122.1, 121.6,
116.9, 39.3; HRMS (APCI) calcd for CaoHy3sN,0Se [M]+
H* 495.0970, found 495.0969.

3,6- . F L 2 JRA JE - N-(WE IR -8- FE ) 7% FFY 5 1% (3 dla):
56 mg, FEE 26%. HEGFEE, mp. 172~173 C; !
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NMR (400 MHz, CDCls) J: 9.84 (s, 1H), 8.98 (d, J=7.4
Hz, 1H), 8.61 (dd, J=4.4, 1.6 Hz, 1H), 8.15 (dd, J=8.4,
1.2 Hz, 1H), 7.62~7.53 (m, 2H), 7.52~7.38 (m, 1H),
7.43~7.05 (m, 7H), 2.49 (s, 3H), 2.44 (s, 3H); '3C NMR
(100 MHz, CDCl3) 0: 168.2, 148.1, 144.8, 1412, 138.4,
136.2, 134.4, 133.2, 132.6, 131.6, 131.0, 130.0, 129.1,
127.9, 127.4, 126.1, 126.1, 121.9, 121.5, 116.8, 23.1, 19.5;
HRMS (APCI) caled for CxHyN,0Se [M + H] '
433.0814, found 433.0812.

2-ZRA J - N- (WA B -8 -3 )-1-25 Bt iz (3ea): 134 mg,
FEE 59%. AR, mp. 146~147 °C; 'H NMR (400
MHz, CDCls) d: 10.25 (s, 1H), 9.15 (d, J=7.2 Hz, 1H),
8.68~8.67 (m, 1H), 8.20 (dd, J=8.0, 0.8 Hz, 1H), 8.10
(dd, J=7.0, 3.2 Hz, 1H), 7.89~7.86 (m, 1H), 7.79~7.25
(m, 13H); 3C NMR (100 MHz, CDCL3) &: 167.2, 148.3,
138.5, 137.8, 136.4, 134.4, 134.2, 132.5, 130.7, 130.7,
130.5, 130.0, 129.4, 128.2, 128.0, 127.9, 127.7, 127.5,
126.7, 125.2, 122.3, 121.7, 117.1; HRMS (APCI) calcd for
Ca6H19N,0Se [M+H]" 455.0657, found 455.0658.

4= -2- -6~ T B - N-( s IR -8- 355 ) 2K FE G i
(3fa): 129 mg, /=% 57%. HEAMRE A, mp. 164~165 C;
'H NMR (400 MHz, CDCls) 6: 10.01 (s, 1H), 8.99 (dd, J=
7.2, 1.6 Hz, 1H), 8.75 (dd, J=4.0, 1.6 Hz, 1H), 8.20 (dd,
J=8.4, 1.6 Hz, 1H), 7.66~7.18 (m, 10H), 2.49 (s, 3H);
13C NMR (100 MHz, CDCl3) J: 166.6, 148.4, 138.5, 138.2,

Chin. J. Org. Chem. 2021, 41, 2302~2309
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137.6, 136.4, 135.4, 134.7, 134.1, 132.1, 130.2, 129.6,
129.6, 129.3, 128.4, 128.0, 127.4, 122.3, 121.8, 117.0,
19.9; HRMS (APCI) caled for Cp3H sCIN,OSe [M+H]"
453.0267, found 453.0263.

3- 956~ I -2 - F 1l - N- (W -8 - 55 ) 2 FH it i (3 ga):
99 mg, FE 45%. HEAEFEAE, mp. 176~177 C; 'H
NMR (400 MHz, CDCl;) 6: 9.89 (s, 1H), 8.98 (dd, J=7.2,
1.6 Hz, 1H), 8.67 (dd, J=4.0, 1.6 Hz, 1H), 8.18 (dd, J=
8.8, 1.6 Hz, 1H), 7.65~7.09 (m, 10H), 2.48 (s, 3H); 1*C
NMR (100 MHz, CDCly) 0: 166.6, 161.2 (\Jer=244 Hz),
159.9, 148.2, 144.6, 138.4, 136.3, 134.1, 133.1 (Jer=7.8
Hz), 1322, 131.4 (“Jor=4.0 Hz), 130.8, 128.0, 127.3,
127.2, 121.7, 117.0, 116.4 (3Jcp=24.4 Hz), 114.3, 114.0
(3Jer=24 Hz), 19.2; YF NMR (376 MHz, CDCL) o:
—102.4; HRMS (APCI) calcd for Cy3H;sFN2OSe [M—+
H]" 437.0563, found 437.0561.

258 -6- AT 3 - N-(EIpR-8-35) 2K FE % (3ha): 85 meg,
FEE 41%. AMEE, mp. 155~156 C (Lit.[" 158~
159 “C); 'H NMR (400 MHz, CDCls) &: 10.82 (d, J=7.0
Hz, 1H), 9.05 (dd, J=7.2, 1.2 Hz, 1H), 8.86 (dd, J=44,
1.6 Hz, 1H), 8.21 (dd, J=8.4, 1.2 Hz, 1H), 7.72~6.93 (m,
11H); 3C NMR (100 MHz, CDCL3) 6: 162.5, 162.0, 159.5
("Jer=249 Hz), 148.4, 139.9, 138.7, 136.7, 136.4, 134.5,
131.7 CJer=9.5 Hz), 129.9, 129.7, 129.0, 128.0, 127.5,
126.7 (“Jcr=3 Hz), 122.7, 122.5 (Jer=15 Hz), 122.3,
121.7, 117.3, 113.2 (*Jcr=24 Hz); '°F NMR (376 MHz,
CDCl3) §: —118.4.

6- = 9, FF 35 -2~ S 5 - V- (W K - 8- 368 ) 25 F gk fit (3ia):
146 mg, 7% 62%. HEEA, mp. 108~109 C; 'H
NMR (400 MHz, CDCl3) d: 10.12 (s, 1 H), 9.00 (dd, J=
7.2, 1.6 Hz, 1H), 8.76 (d, J=4.0 Hz, 1H), 8.21 (d, J=8.0
Hz, 1H), 7.67~7.27 (m, 11H); C NMR (100 MHz,
CDCls) 6: 164.8, 148.3, 138.5, 137.1, 136.4, 136.4, 135.2,
134.1, 133.7, 129.9, 129.7, 129.2, 128.6, 128.0, 127.5,
124.8 CJer=5 Hz), 123.4 (\Jer=264 Hz), 122.5, 121.7,
117.2; F NMR (376 MHz, CDCl3) 5: —58.9; HRMS
(APCI) caled for CyHi6FsN,OSe [M + H] ' 473.0374,
found 473.0376.

4-5-6- = 55 FF Ik -2 A - -V BR -8 - J5 ) 2 F F e
(3ja): 132 mg, 7% 54%. AEREMA, mp. 155~156 C;
'H NMR (400 MHz, CDCls) d: 10.17 (s, 1H), 9.00 (dd,
J=6.8, 2.4 Hz, 1H), 8.80 (dd, /=4.0, 1.2 Hz, 1H), 8.21
(dd, J=8.0, 1.2 Hz, 1H), 7.67~7.06 (m, 10H); '*C NMR
(100 MHz, CDCL3) 0: 163.9, 162.3 (‘Jer=253 Hz), 148.4,
138.5, 137.9 CJer=6.9 Hz), 136.4, 136.1, 134.0, 132.5,
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130.1 CJer=8 Hz), 130.0, 129.9 CJer=8 Hz), 129.4,
128.0, 127.8, 127.4, 122.7 ("Je.cr3=277 Hz), 122.6, 121.8,
121.3, 117.2, 112.1 (Jer=25 Hz, *Jer=>5 Hz); '°F NMR
(376 MHz, CDCls) 6: —59.2, 108.2; HRMS (APCI) calcd
for Co3H1sFaN,OSe [M+H]" 491.0280, found 491.0279.

2- R FE - 5- = G5 F Fk - V- (P K-8 - 35 ) 2 F it i (3Kka):
90 mg, F7H 38%. HEEA, mp. 132~133 C (Lit.['!
134~136 C); 'H NMR (400 MHz, CDCl;) J: 10.68 (s,
1H), 8.96 (dd, J=6.8, 2.0 Hz, 1H), 8.88 (d, J=4.0 Hz,
1H), 8.24 (d, J=8.0 Hz, 1H), 8.10 (s, 1H), 7.74~7.20 (m,
10H); *C NMR (100 MHz, CDCl3) 0: 165.3, 148.6, 143.2,
138.7, 137.1, 136.5, 134.1, 134.0, 130.9, 130.0, 129.4,
128.8, 128.0 (q, 2Jer=233 Hz), 127.6 (q, *Jer=4 Hz),
127.4, 124.1 (q, Jer=4 Hz), 123.9 (‘Jer=270 Hz), 122.5
122.4, 1219, 117.0; “F NMR (376 MHz, CDCls) o:
—113.7.

3-ZA - N-(EIpR-8 - 25 ) P -2 - FE B i (3la): 91 mg,
PR 44%. AMER, mp. 163~164 C (Lit.'" 121~
123 C); '"H NMR (400 MHz, CDCl3) d: 10.82 (s, 1H),
8.92 (dd, J=7.2, 1.2 Hz, 1H), 8.85 (dd, /=4.0, 1.2 Hz,
1H), 8.18 (dd, J=8.4, 1.6 Hz, 1H), 7.74 (dd, J=7.2, 1.6
Hz, 2H), 7.61 ~6.64 (m, 8H); 3C NMR (100 MHz,
CDCl;) J: 160.6, 148.3, 138.6, 136.3, 135.6, 135.3, 134.5,
131.7, 129.8, 129.7, 129.6, 128.7, 128.5, 128.0, 127.4,
121.8,121.7, 116.8.

2,6- A B - N-( W Ik -8- 3% ) 2 FF I i (4ma): 187
mg, FEHE 67%. FH@E K, mp. 138~140 C (Lit.”
156 “C); 'H NMR (400 MHz, CDCls) d: 10.15 (s, 1H),
9.01 (dd, J=7.2, 1.2 Hz, 1H), 8.73 (dd, J=4.0, 1.2 Hz,
1H), 8.19 (dd, J=8.4, 1.2 Hz, 1H), 7.65~7.00 (m, 16H);
3C NMR (100 MHz, CDCls) J: 166.4, 148.2, 148.23,
141.0, 139.6, 136.3, 134.8, 134.1, 131.7, 130.5, 130.0,
129.5, 128.2, 128.0, 127.5, 122.2, 121.7, 117.1.

2- FH Bk -6- X} F SR F5k - V- (P MK -8 - 35 ) 2 F it i (3ab):
155 mg, /=% 72%. HGEE, mp. 147~148 C; 'H
NMR (400 MHz, CDCls) 6: 9.97 (s, 1H), 9.02 (dd, J=7.2,
0.8 Hz, 1H), 8.74 (dd, J=4.0, 1.2 Hz, 1H), 8.20 (dd, J=
8.4, 1.2 Hz, 1H), 7.65~7.58 (m, 2H), 7.48~7.01 (m, 8H),
2.50 (s, 3H), 2.28 (s, 3H); 3C NMR (100 MHz, CDCl;) ¢:
167.6, 148.2, 140.0, 138.5, 138.0, 136.3, 135.8, 134.7,
134.3, 130.8, 130.5, 130.2, 129.8, 129.2, 128.0, 127.5,
126.7, 122.1, 121.7, 116.9, 21.2, 19.9; HRMS (APCI)
caled for CyH2N,OSe [M + H] " 433.0814, found
433.0815.

2-(3,5- 2 FBE DR A 25 )-6- HH - V(1 IR - 8- 355 ) 2 HH i
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% (3ac): 146 mg, f=% 66%. H A, mp. 169~
170 “C; '"H NMR (400 MHz, CDCls) d: 9.91 (s, 1H), 9.02
(dd, J=6.8, 1.2 Hz, 1H), 8.72 (dd, J=4.0, 1.6 Hz, 1H),
8.19 (dd, J=8.4, 1.6 Hz, 1H), 7.66~7.57 (m, 2H), 7.47~
6.80 (m, 7H), 2.51 (s, 3H), 2.17 (s, 6H); 3C NMR (100
MHz, CDCly) 0: 167.6, 148.1, 140.4, 138.9, 138.5, 136.3,
135.8, 134.3, 132.0, 131.5, 130.1, 129.9, 129.7, 129.6,
129.4, 128.0, 127.5, 122.0, 121.6, 116.9, 21.1, 19.9;
HRMS (APCI) caled for CpsH»FN,OSe [M + H] '
447.0970, found 447.0970.

2-(CRF BT 256 2R A 55 )-6- FF 356 - N-( P Ik -8- 28 ) 2K FY
i (3ad): 175 mg, P23 74%. AGEK, mp. 166~
167 °C; 'H NMR (400 MHz, CDCl;) 0: 10.01 (s, 1H), 9.03
(d, J=7.6 Hz, 1H), 8.74 (dd, J=4.0, 2.0 Hz, 1H), 8.19 (d,
J=8.4 Hz, 1H), 7.66~7.18 (m, 10H), 2.51 (s, 3H), 1.29
(s, 9H); 3C NMR (100 MHz, CDCls) &: 167.6, 151.0,
148.2, 140.1, 138.6, 136.4, 135.8, 134.3, 134.2, 131.0,
130.2, 129.8, 129.3, 128.0, 127.5, 126.9, 126.5, 122.1,
121.7, 117.0, 34.6, 31.3, 19.9; HRMS (APCI) calcd for
Ca7H26FN,OSe [M+H]" 475.1283, found 475.1282.

2-(4- F B L AT 255 ) -6~ FF k- V- (W K- 8- 256 ) 25 FY gk fri
(3ae): 104 mg, F=% 47%. A, mp. 139~140 C
(Lit.l®! 153 °C); '"H NMR (400 MHz, CDCl3) d: 10.01 (s,
1H), 9.04 (dd, J=7.6, 1.2 Hz, 1H), 8.76 (dd, J=4.0, 1.6
Hz, 1H), 8.21 (dd, J=8.4, 1.6 Hz, 1H), 7.67~6.76 (m,
10H), 3.76 (s, 3H), 2.50 (s, 3H); '*C NMR (100 MHz,
CDCl;) d: 167.6, 159.8, 148.2, 139.4, 138.5, 137.0, 136.4,
135.7, 134.3, 131.4, 130.1, 129.7, 128.9, 128.0, 127.5,
122.0, 121.6, 120.2, 117.1, 115.1, 55.2, 19.8.

2-(3- AR A 22 )-6- F k- - (W -8 - 35 ) 2 F i
(3af): 163 mg, =% 73%. HMGE K, mp. 113~114 C;
'H NMR (400 MHz, CDCl3) 6: 9.93 (s, 1H), 9.02~9.00
(m, 1H), 8.70 (dd, J=4.4, 1.6 Hz, 1H), 8.19 (dd, J=8.4,
1.6 Hz, 1H), 7.65~6.72 (m, 10H) 3.67 (s, 3H), 2.51 (s,
3H); 3C NMR (100 MHz, CDCl3) §: 167.5, 159.9, 148.2,
140.8, 138.5, 136.3, 136.0, 134.3, 131.9, 131.8, 130.0,
129.9, 129.8, 129.2, 128.0, 127.4, 126.0, 122.1, 121.6,
118.7, 116.9, 113.7, 55.2, 19.9; HRMS (APCI) calcd for
Ca3H2N>05Se [M+H]" 449.0763, found 449.0761.

2-(N6F Fol, A Al JE )-6- FFY 35 - N-( 1B Ipf -8- 35 ) 2 P %
(3ag): 132 mg, /% 62%. HEFEE, mp. 146~147 C;
'H NMR (400 MHz, CDCl;) J: 9.94 (s, 1H), 9.01 (dd, J=
8.9, 1.2 Hz, 1H), 8.73 (dd, J=5.8, 1.6 Hz, 1H), 8.20 (dd,
J=8.4, 1.6 Hz, 1H), 7.66~6.87 (m, 10H), 2.51 (s, 3H);
3C NMR (100 MHz, CDCL3) J: 167.5, 162.7 ("Jcr=246
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Hz), 148.3, 140.4, 138.5, 136.4, 136.3, 136.0, 134.2, 131.4,
129.9, 129.8, 129.7 (MJcr=17 Hz), 128.0, 127.5, 125.3
(“Jer=3.4 Hz), 122.1, 121.7, 116.9, 116.5 (Jcr=21.5 Hz),
19.9; F NMR (376 MHz, CDCl;) §: —113.7; HRMS
(APCI) caled for C,3H;sFN,OSe [M+H]" 437.0563,
found 437.0562.

2-(3- B, A< G FE )-6- FT I - N-( g bk -8- 3k ) % F G i
(3ah): 173 mg, 773 80%. F[EAE, mp. 114~115 C;
'H NMR (400 MHz, CDCl3) 6: 9.92 (s, 1H), 8.99 (dd, J=
7.2, 1.2 Hz, 1H), 8.69 (dd, J=4.4, 1.6 Hz, 1H), 8.18 (dd,
J=8.0, 1.2 Hz, 1H), 7.64~6.83 (m, 10H), 2.53 (s, 3H);
3C NMR (100 MHz, CDCl3) d: 167.4, 162.8 ("Jcr=248
Hz), 148.2, 141.6, 1384, 136.3, 136.2, 1342, 1333
(Jer=6.7 Hz), 132.9, 130.5, 130.4 (*Jcr=8 Hz), 130.0,
128.5 (“Jer=3 Hz), 128.0, 127.8, 127.4, 122.1, 121.7,
119.7 (3Jer=22 Hz), 116.9, 114.3 (AJcr=21 Hz), 19.9; 'F
NMR (376 MHz, CDCl;) 6: —111.8; HRMS (APCI) calcd
for Co3H sFN,OSe [M+H]" 437.0563, found 437.0563.

2- H1 Jk -6~ FF A Jo - V- WA K -8- 2 ) 2K FH 7B Ji (3ai): 80
mg, FEF 45%. AERE K, mp. 112~113 C (Lit.”
119~120 C); 'H NMR (400 MHz, CDCls) d: 10.01 (s,
1H), 9.03 (dd, J=7.6, 1.2 Hz, 1H), 8.77 (dd, J=4.4, 1.6
Hz, 1H), 8.19 (dd, J=8.4, 1.6 Hz, 1H), 7.65~7.58 (m,
2H), 7.47~7.18 (m, 4H), 2.49 (s, 3H), 2.35 (s, 3H); 13C
NMR (100 MHz, CDCly) d: 167.7, 148.3, 140.3, 138.6,
136.4, 135.6, 134.4, 129.7, 129.4, 129.3, 128.8, 128.1,
127.5,122.1,121.7, 116.9, 19.8, 8.7.

S r) SRR S () SR B SR AN R 7E 10 mL i R
RN 3aa (0.3 mmol), NaOH (6.0 mmol), [t )50
A 2 mL ¥ 55 EtOH, % M5 M#ZE 130 ‘C N 72 h.
RN EEFRJE I 20 mL 1 mol/L £ FR 7K Vi HHofn Bz o 4
Z, B JEIAKA &R AEE, & IR B JEK
TREREN T8, RERAE BT/ SRR B AR 4l Beik:
V(& H kD) - V(FEE)=20 : 1].

2- -6 TR RE 2 R (4): 13 mg, 77 15%. A
[E £, mp. 117~120 °C; '"H NMR (400 MHz, CDCl) §:
7.53~7.50 (m, 2H), 7.31~7.24 (m, 3H), 7.08~7.01 (m,
3H); '3C NMR (100 MHz, CDCls) 6: 173.7, 137.7, 134.9,
132.7, 131.0, 130.3, 130.0, 129.9, 129.0, 127.9, 21.0.

HBhA 8L (Supporting Information) 3aa~3la. 4ma.

3ab~3ai. 4 ) 'H NMR. '3C NMR, 3ga~3ka. 3ag~
3ah 1] 'F NMR Pl }% 3ba~3ga. 3ia~3ja. 3ab~—3ad.
3af~3ah [1) HRMS. X264k} nl DL G 2 A AS T ) 35
(http://sioc-journal.cn/)_E T %K.
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