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Abstract A series of diaryl selenium compounds were synthetized from N-arylamide compounds and diphenyl diselenide,
using K2S>0s as oxidant without any transition metal catalyst. Mechanistic studies reveal that the reaction proceeds a sin-
gle-electron transfer radical process. The dominant products are o-substituted and p-substituted product, depending on the sta-
bility of intermediates. The synthetic reaction exhibits some outstanding advantages, such as substrate tolerance, high regiose-
lectivity, convenience and low-price.
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— A2 C(sp®)—H Sifilk 1) M.(Scheme 1c), &M
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Previous work:
Construction of C(sp?)-Se bond of aromatic amide catalyzed by
transition metal

@ RSeSeR X
L e R1©
cat. [Cu

X 7 SeR

Ref. [9a]
_ RSeSeR _ 0
10 cat. [Cu] N N
O\A S O W
SeR

Construction of C(sp®)-Se bond of aromatic amide catalyzed by

transition metal
(c) 0 0]
RSeSeR
X
R1@)L N cat. [Pd] R N
= by Ref.[14] Z SeR
(d) Construction of C(sp?)-Se bond of aromatic amide without

This work:
transition meta

R2 R2
Q cat. [O] 0
L + PhSeSePh ——————— ]
R" °N solvent, additive R1 H
H T

H SePh

R = pyridinyl, phenyl, cycloalkyl, alkyl

B 1 M2 C(sp?)—Se BRI T
Scheme 1 Method of constructing C(sp*)—Se bond
Be—{l, 7 fiie e — KL A B C(sp?)—Se S 44 2 S 451 A
XD AR T — MR R To G
SEAETR, A I S A R A S B A ik P g A — )
C(sp?)—Se H 144 7 A= B — 77 FE Al AL & W ) J7 ik
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(Scheme 1d). %7 iEE A 7555 Hﬁ:ﬁ&i&%mﬁﬂ‘]%
fiie, JRYIER M, &R, EREmA, 2 — RSz
[ 5 SR A B RO V.
1 ERSIR
1.1 REZFHHR

DL N-Chf B 2R EE )AL E Y BEA(0.3 mmol) Al — 2K —
Tifif£(0.3 mmol) AR BLEH), W RS AFHEAT T i Al
ifl. EwZI%E KoS:0s (0.6 mmol, 2.0 equiv. )fF A%
A, ZHEVENER, #ik570.15 mmol, 0.5 equiv.)fEN
IINF, 100 °C FAEZS S R 24 h 1E R,
HRAWRILT] 86%, N &ML ILE 1.

RS2 ], 356 HE Cu(OAc TENMEALF, SEIL T KA
1 C(sp?)—H ## 21| C(sp>)—Se # [11# 1L, F5 T RIFHI/~
K (56%). BJE A FeCls. Co(OAc), #1R Cu(OAc),
YE AT (% 1, Entries 2~3), FeCly )77 2L T
Cu(OAc) (79%), Co(OAc), 1= H (KT Cu(OAc): (53%).
T RZAA & B AT, (0EEE AT K.S,0s K
SERR L. A NNETIE, ZTEIE T 78% IR,
X EFRRATS AR AL AT iR I%E, /£ Entries 5~7

248 T PhI(OAc),. Oxone. Ag,CO; ZER[AISE LT, K

U SR A N K,S,0s, PhI(OAc), 1 Oxone £ 125k
2, M AgoCOs R REAF RIS & 4. B J5 X Rk T
th, BRI 1,2- "8 LK (DCE)A] L3R5 2 (63%),
MR — F 3 H(DMS0). N,N-—F 3 F EEi%(DMF)
TeiEAE e N AT (R 1, Entries 8~11). [ 5 X NI E
BHATEE, RMNVIREH 100 CHILE 80 CH, KRRBifk
AHJLFEB YA R(E 1, Entry 12). REH
100 ‘CH= 110 CHf, WFEJLFAZEK 1, Entry 13).
NT B R RN AR, AN INFIHAT T 5%, I
KF #1 Selectfluor )&, M=% A —EL4(K 1, Entries
14~15). KF {f Je MY BEH T FE, Selectfluor #2151
MR, XA FERKN Selectfluor B 1R = 1 B T8
A D), BEBE AL R Y I . BRAE E RE
5 KiS:0s =4 T W [FAEH, iaﬁfir“%ziimﬁ%ré.
Entry 16 Z/R7E Ar SHBEH RN, PR 5= SMETL
JU. fJE € feE OV SN KaS,0s (0.6 mmol, 2.0
equiv) E REALT, CIEME R, Selectfluor (0.15
mmol, 0.5 equiv.)/E UG, 100 CNEFSIELH %
N 24 h.

1.2 RYRR

B e LAREIE B AL S E N IRY), TRR BRI
PEORAE . 25 H). BURIEAZ B (RBL 18] X)X s Midiese s
SNIAE R IREIE, S5 R0 2 s,
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Table 1 Selection of optimum conditions for the construction of C—Se bond of arylamides

CH3
o CHs "
e SN TR ¥
| ” Se solvent, additive _N Se
_N H T @
1 4

Entry Catalyst Solvent Oxidant 7/C Additive Yield”/%

1 Cu(OAc):2 MeCN K2S208 100 56

2 FeCl3 MeCN K2S208 100 79
3 Co(OAc)2 MeCN K2S208 100 53

4 MeCN K2S208 100 78
5 MeCN Ag2CO; 100 0

6 MeCN PhI(OAc): 100 Trace
7 MeCN Oxone 100 42

8 DCE K2S208 100 63

9 PR K2S208 100 0
10 DMSO K2S208 100 0
11 DMF K2S208 100 0
12 MeCN K2S20s 80 Trace
13 MeCN K2S208 110 77
14 MeCN K2S208 100 KF 74
15 MeCN K2S20s 100 Selectfluor 86
16¢ MeCN K2S20s 100 Selectfluor 85

9Reaction conditions: under air, 1 (0.3 mmol), 2 (0.3 mmol), catalyst (0.03 mmol), oxidant (2.0 equiv.), additive (0.15 mmol) solvent (1.0 mL), reaction time (24 h).
bIsolated yields. ¢ The reaction was performed under an Ar atmosphere.

R2 DHMLEMI RSG5 T IR TR SN S5 R ¢
Table 2 Results of the reaction of various pyridine amides with diphenyl diselenethers
R2
o

R? \ RS
R
e} ~ 3 R4 5.0
Se A K2S,0g (2 equiv.) X N
NJ\N + R4 ‘ RS sé R+ N
g e

Selectfluor (0.5 equiv.

H R! > . iv.) ~ Se© »
o =1
1 MeCN , 100 °C 4 =

R®  4p, R®= CHs, 86%
o) (e} 3 o
Se Q 4c,R3= CHZCH3, 76/0
RV o» R o
_N Se X N 2 Se de, R3 = C6H5, 45%
| n H @ 4f, R®= COOC,H5, 33%
4a, 15% 4a', 85% 49, 15%

HIC @xﬁ}Q Lo, GAQ

g
4g', 85% o “i) J:h 3 pogiati 82%
h (CCDC 1969153), 48% ¢ 4j, R? = CI, 70%

2 -
4by, R* = p-F, 86% 4k, R? = CHj, 48%

o CHj |
/\)LNQ 41, R = 3-CHg3, 42% O)L /Q/ 4b,, R* = p-Cl, 44%
R1— H 4m, R = 3-Br, 0 4bs, R* = m-Cl, 83%
\ 4b,, R* = 0-CF3, 58%

N Se 4n, R=58r, 0 , 4by, R* = 0CFy,
/ R 4bg, R4 = p-C(CHy)s, 63%

“Isolated yield.
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ZHIET, K2 HOnE BT ARV Re IR 1S R 47 7=
RO MZEIR E C—Se BRI I I NAL K
L, TEYIR R SO YIRS, A R R
Y, FREER S b B A B A R X (4a, 85%), /DRy
i&%ﬁ#%@mw%xﬁﬁ%n¥tﬁlmm.é&

— 2RI AR — U (0-, m-, p-)BT, X C—Se
&m&ﬁuﬁﬁﬁﬁ%m.mmﬁ%E%%%ﬁﬁﬁﬁ
i, C—Se BERIFYER K AAELR AL (4b~4f), RIIIET R
UF IS (86% ~33%). A TE IR AT AL o A7 iy AR 2 A4 AR
BRI, W Ph, COOC,Hs, F=3 &A%, 25 S IR A1 4
G AL(CYBY, RN A B B B =4, R &L 7= 1)
(4Q)7= 2R 26%, MOLHUR=H)(4g) =2 48%, Wi
WERIE B 74%. FHIRINEBALYE 5 AL (OCH;)I, VA
R HUR (4N, FEZRIR N R A7 & A2 C—Se B
Pz, Bk AL R IL D] 96%. I L. Koy
HE LR, C—Se MR E R AETE IR AR A (4i~
4k), W RAUF. RIS AL 5 AL(CHa) B, RN — )
RAEAE N-FEIEI A4 (4b1~4bs). HIILTT %0, fEUE 464t
T, C—Se HH IR ERR 5 A 5 il e — () 2R BA 1) 21 %F

£i.
BEROR, I — ik g PR AR I X S 8L 5 ]
(41~4n), MMEF A CHs BUREE, SRl iAl & A4
SNE(41, 42%). 24iEnE A Br R FEURI, SN ek
FIHEAT (4m, dn), FEINZF VSRR 7 BRI S EE Y
W) C(sp?)—Br #HCNTE IR, 2 KAEIRFEAE S C—H .
HEM AR %R B2 T, RSeMt Br, Tk Az oAt = R,
FE AR 2k, DA %A T AR BRI
2 B8 B AR SCH RN A 4 e A Ak T 45 3
R, HEMIMERE PR N 754 S B A S e 5 PR T,
Kﬁhﬁw%%ﬁmﬁﬁkﬁwA%ﬁﬁ&ﬁﬁéb
gL IEIRATRAE AR, TR H R HI(NO,, FYEUR)
K HBEZ(Sb, Se), 24 H T A F(OCHs, CHa)HUAR )
R M5, Se), HI3kAT RIFE
TEMERBIENN T, 08 T iR IURBE . PRtk
HURBE AT AE AR ISR T R B, RIS IR
TP R, A AT BH A 4 W 226 AR 1T 5 iz (6e) H B
37 85%MitEe, Wk 4 Firk.

R3I ZREFBIA AT S AT BRI S B g R @

Table 3 Results of the reaction of various benzoyl amine with diphenyl diselenethers

o : CH,
N +
H

R5
2

Selectfluor (0.5 equiv.)

@ R Kk,s,0 (2
e ! equiv.
©/S \Se X 222 8 q )

O)LQ

MeCN, 100 °C

H
(e} /@/C 3 o) /@/CH3 (o) /@/(:H3 O /@/CHB o) CH3
N N N N N
H H H H H
Se y I ﬁ ﬁ d
\©02N e\© - Se\@ e Se\@ e SE\©

5a, 68% 5b, 68%

5¢, 72%

5d, 55% 5e, 66%

4 Isolated yield.

R4 ZMONFIEBIZ A S — IR R SR @
Table 4 Reaction of various (cyclic) alkyl amides with diphenyl diselenethers

CH =
Q ’ Se \%R4
J]\N + R4@/ ~Se

KzSzOg (2 eqUiV.)

Selectfluor (0.5 equiv.)

j)L CHjy
R® H
Se
A
@ w

MeCN, 100 °C

6a, 77% :

6b, 75%

6¢c, 86%

6d, 77% 6e, 85%

4 Isolated yield.
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5 AE J N RE S OR, HAEE Y 1b (5.4 mmol,
1.1448 )F1 — 2K 3 —fififik(5.4 mmol, 1.6848 g)fE 5
AT RN, 3RAF T 72%H7= % (Scheme 2).

(6]
+ PhSeSePh
N N

| H Selectfluor (0.5 equiv.)
=N MeCN , 100 °C

Kzszog (2 eqUiV.)

4b
72%

B2 wgxp

Scheme 2 Gram grade reaction

1.3 MR

FIRNRFZL R KT C(sp?)—H # B F ek
FIRLER, it 70 Fseie. EMmA R B &R A 2
equiv. ) B F & 40 1) 75 2,2,6,6- VU F L IR i SR AL
(TEMPO)EY 2,6- LT H:-4-F EK By (BHT), KA
H RIS A E, =MIGE1T(Scheme 3), R iZ &
AT REIEI H IR, AR ET RN ).

o CHs;
/©/ TEMPO or BHT (2.0 equiv.)
©)‘\N + PhSeSePh

H Standard conditions
2a
o CHj;3
M
SePh

5a
0%

B3 LA A 96
Scheme 3 Design experiment of free radical inhibitor additive

N T BRI I B A S L R s B, KSR 2a
o TG Ji e 4] e BRI A Bk R S A AN g R AR
(Scheme 4), X3 B I i 2 A 1 S 87 R b AN T /D

PN ORISR 5 P P i IR S e B, SR &
P 11 B AR N-Cf R 2828 ) 28 PR B 5 — 2 Al O A S
B2, RNABEREAT(Scheme 5), UiHIBEMGIE I H IR
TAE AL AR S 7R

eR D 2 T N B 3 i o R VA
HUELZEAT T HENI (Scheme 6). BEIEALAEY) 1 7EF 7N
K,S,0s B R I T 284 2k 2 — AN B A 7, AR
ol E I A, FOER T B R AR H H 2 B.
AR ST KoS:0s 1T 742 SePh H i3, H iR
%£ B 55 SePh H HiEm LM A C, &id HAFHY
FENRLETY) 4. ZHLFN, RIS H 2R IL
FR, MNITRERE T N-FR B WAL 1 C— Se Hi g 2 1Ao7 B i
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0]
/©/ optimized conditions
o + PhSeSePh

7
O

SePh
8
0%
N
©/\H

/©/ optimized conditions
+ PhSeSePh

9
(0]
N
H Sepn
10
trace

B 4 MRS ] EEE IR S

Scheme 4 Validation experiment of amide group necessity

CHj3

(0]
/©/ optimized conditions
N + PhSeSePh

1"
o

N
CH; SePh

12
0%

B 5 N _Eifik H 22k

Scheme 5 Necessity experiment of active H on N
M.
2 g

R SCIFR T —Fh L2 P N-HUA T frie AT ik > i
Y, i RN EA R, ORI, S
BT O HEA. ZOT iR s, AL E IR R, R
VGRS, & T B 5 e g T e S
ZMEEE C—Se BEMIMIEE. 1ZI7 EAE AT,
SREIMR, ([FREmA, A M SE R AHE .
3 ZHERST
3.1 UE5EHF

¥ W SL R % % ('"H NMR, C NMR) ] Mercury
AV-600 MHz BESEARACIE . 4 mi I _EIRERE B RHEAX
BNF X4 FE LI E . BEE A A DR 4 STk
2061 A il BT RERE (200~300  H ) Kz HAth 3751 S
FAE AR AR A A,
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C'\/N\) CI\/N\X) 2BF, S "
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K28203 T
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H Se Se
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Scheme 6 Inferred reaction mechanism of constructing C (sp?)—Se bond without transition metal is

3.2 ZLWHE

7t Schlenk B HHAK I N B FI 9 A4%(0.3 mmol), —
2K Al E#(0.3 mmol, 1.0 equiv.), K»S,05 (0.6 mmol, 2.0
equiv.), FRF(0.15 mmol, 0.5 equiv.)fIZE(1.5 mL),
76100 CIR FInFA 24 h. [ 58 B ¥ FT iR & v
HERER, RIFHKKGE0 mLIMARRNIEEYT. 2
IR 2 BR (5.0 mL X 3)ZEHL, FF% A N2 B A oK
Na,SO, T, TEREZE08 T ik4s, HEEIEx it 17 5>
BRAl, B/ 2R ZER(V D V=301 1~15: DIF N
GelisRl, 1920405 1 Hbrb &) 4a~41, 4bi~4bs, Sa~
Se, 6a—6e.

[2-(ZRFEAM 3L ) 2 JE I e P BE % (d4a): €0 4K, 77
% 15%. m.p. 115~116 ‘C; 'H NMR (600 MHz, CDCl;)
5: 11.07 (s, 1H), 8.62~8.56 (m, 2H), 8.21 (dt, J=7.9, 1.1
Hz, 1H), 7.91 (d, J=2.0 Hz, 1H), 7.86 (td, J=7.7, 1.7 Hz,
1H), 7.57 (dd, J=8.5, 2.0 Hz, 1H), 7.45 (ddd, J=7.6, 4.8,
1.3 Hz, 1H), 7.43~7.41 (m, 2H), 7.39~7.36 (m, 2H),
7.18~7.10 (m, 3H); 3C NMR (151 MHz, CDCl) ¢:
162.25, 149.70, 148.11, 142.09, 139.02, 137.47, 135.79,
132.29, 131.50, 130.43, 129.34, 129.26, 127.23, 127.21,
126.45, 125.78, 122.35, 121.32, 121.16; HRMS calcd for
C1sH14N,OSe 355.0344, found 355.0342.

N-[4-CRATEL) 2R L IE e F e fie (4a): B 44, 7=
# 85%. m.p. 116~117 ‘C; 'H NMR (600 MHz, CDCl;)
5: 10.09 (s, 1H), 8.66~8.57 (m, 1H), 8.30 (d, J=7.8 Hz,
1H), 7.92 (td, J=7.8, 1.7 Hz, 1H), 7.78~7.70 (m, 2H),
7.56~7.52 (m, 2H), 7.49 (ddd, J=7.6, 4.7, 1.1 Hz, 1H),
7.44~7.39 (m, 2H), 7.26 (dd, J=3.0, 1.7 Hz, 1H), 7.24~
7.20 (m, 2H); '*C NMR (151 MHz, CDCL) &: 165.54,

4256
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148.31, 139.20, 137.34, 137.2, 135.88, 134.85, 132.35,
132.01, 130.31, 129.80, 129.29, 128.82, 127.34, 126.55,
122.51, 121.16, 116.87; HRMS caled for CsH1sN,OSe
355.9954, found 355.9945.

N-[4- F JE-2- (A 225 ) 2R L 10k we P I i (4b): 1 £
A, 772% 86%. m.p. 130~131 ‘C; 'H NMR (600 MHz,
CDCls) d: 10.97 (s, 1H), 8.58 (ddd, J=4.7, 1.7, 0.9 Hz,
1H), 8.54 (d, J=8.4 Hz, 1H), 8.21 (dt, J=7.9, 1.1 Hz,
1H), 7.84 (td, J=7.7, 1.7 Hz, 1H), 7.59 (d, J=2.1 Hz,
1H), 7.42 (ddd, J=7.6, 4.7, 1.2 Hz, 1H), 7.39~7.34 (m,
2H), 7.27 (dd, J=8.3, 2.1 Hz, 1H), 7.18~7.08 (m, 3H);
13C NMR (151 MHz, CDCls) &: 162.09, 150.01, 148.06,
137.98, 137.35, 137.14, 134.41, 131.22, 131.15, 130.96,
129.15, 126.81, 126.21, 122.22, 120.46, 119.72, 20.67;
7Se NMR (76 MHz, CDCls) 6: 319.61; HRMS caled for
C19H1sN,0Se 369.0506, found 369.0497.

N-[4- 2 F5-2-(CRBLAN J) A B E e A e (4e):
B, 723 76%. m.p. 108~109 C; 'H NMR (600 MHz,
CDCls) d: 10.97 (s, 1H), 8.58 (ddd, J=4.7, 1.8, 0.9 Hz,
1H), 8.56 (d, J=8.4 Hz, 1H), 8.21 (dt, J=7.9, 1.0 Hz,
1H), 7.84 (td, J=7.7, 1.7 Hz, 1H), 7.61 (d, J=2.1 Hz,
1H), 7.42 (ddd, J=7.6, 4.8, 1.1 Hz, 1H), 7.39~7.34 (m,
2H), 7.30 (dd, J=8.4, 2.1 Hz, 1H), 7.20~7.04 (m, 3H),
2.64 (q, J=7.6 Hz, 2H), 1.24 (t, J=7.5 Hz, 3H); *C NMR
(151 MHz, CDCly) d: 162.09, 150.01, 148.06, 140.81,
137.35, 137.30, 136.87, 131.17, 130.89, 130.04, 129.15,
126.79, 126.21, 122.22, 120.60, 119.76, 28.10, 15.49;
HRMS calcd for C,0H;sN>OSe 383.0657, found 383.0645.

N-[4- 50T 35 -2 B A 255 ) 2% 6 10t we P I i (4d):
HEEAR, 722 77%. mp. 123~124 C; 'H NMR (600

Chin. J. Org. Chem. 2023, 43, 4251~4260
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MHz, CDCL3) d: 10.93 (s, 1H), 8.63~8.56 (m, 1H), 8.53
(d, J=8.6 Hz, 1H), 8.21 (d, J=7.8 Hz, 1H), 7.84 (td, J=
7.7, 1.6 Hz, 1H), 7.77 (d, J=2.3 Hz, 1H), 7.48 (dd, J=38.6,
2.4 Hz, 1H), 7.45~7.39 (m, 1H), 7.39~7.33 (m, 2H),
7.18~7.02 (m, 3H), 1.32 (s, 9H); '*C NMR (151 MHz,
CDCls) d: 162.07, 149.95, 148.01, 147.77, 137.38, 137.02,
134.52, 131.18, 130.80, 129.13, 127.56, 126.74, 126.21,
122.25, 120.34, 119.56, 34.46, 31.29; HRMS calcd for
C2oH2N,0Se 411.0970, found 411.0966.

N-[4-TR 2R FEA 58 R L Ik e FR I i (de): I £
AR, 7223 45%. m.p. 143~144 C; 'H NMR (600 MHz,
CDCly) o: 11.13 (s, 1H), 8.76 (d, J=8.6 Hz, 1H), 8.62
(ddd, J=4.8, 1.7, 0.9 Hz, 1H), 8.24 (dt, J=7.7, 1.1, 1.1
Hz, 1H), 8.05 (d, J=2.3 Hz, 1H), 7.87 (td, J=7.7, 7.7, 1.7
Hz, 1H), 7.72 (dd, J=8.5, 2.3 Hz, 1H), 7.64~7.58 (m,
2H), 7.44 (tt, J=8.1, 8.1, 1.6, 1.6 Hz, 5H), 7.38~7.31 (m,
1H), 7.21~7.10 (m, 3H); 3C NMR (151 MHz, CDCl;) §:
162.24, 149.87, 148.13, 139.67, 138.82, 137.46, 136.05,
131.16, 130.86, 129.24, 129.13, 128.83, 127.35, 127.02,
126.81, 126.38, 122.34, 120.71, 120.40; HRMS calcd for
Ca4H sN,OSe 427.0037, found 427.0009.

N-[4- R £, 196 -2~ S 355 ) 2R 56 Ttk e FHY I iz (4):
HEEAER, 7% 13%. mp. 215~216 C; 'H NMR (600
MHz, CDCls) 0: 11.33 (s, 1H), 8.79 (d, J=8.6 Hz, 1H),
8.62 (d, J=4.3 Hz, 1H), 8.49 (d, J=2.1 Hz, 1H), 8.23 (d,
J=7.7Hz, 1H), 8.13 (dd, J=8.6, 2.1 Hz, 1H), 7.88 (t, J=
7.5 Hz, 1H), 7.47 (dd, J=17.5, 4.4 Hz, 1H), 7.42~7.36 (m,
2H), 7.19~7.11 (m, 3H), 4.37 (q, J=7.1 Hz, 2H), 1.39 (t,
J=7.1 Hz, 3H); 3C NMR (151 MHz, CDCl;) J: 165.56,
162.49, 149.52, 148.17, 143.53, 139.22, 137.55, 132.26,
131.29, 130.32, 129.29, 127.24, 126.66, 126.16, 122.49,
119.55, 119.36, 61.05, 14.34; HRMS calcd for CyH sNo-
0sSe 427.0555, found 427.0550.

N-[5-50-2-(ZR FEA 25 ) BE | b g FR Ik i (4g): 1 (o]
1, P2E 26%. m.p. 103~104 ‘C; '"H NMR (600 MHz,
CDCly) o: 11.11 (s, 1H), 8.79 (d, J=2.3 Hz, 1H), 8.61
(ddd, J=4.8, 1.7, 0.9 Hz, 1H), 8.23 (dt, J=7.8, 1.1, 1.1
Hz, 1H), 7.88 (td, J=7.7, 7.7, 1.7 Hz, 1H), 7.70 (d, J=8.2
Hz, 1H), 7.47 (ddd, J=7.6, 4.8, 1.2 Hz, 1H), 7.41~7.36
(m, 2H), 7.19~7.13 (m, 3H), 7.08 (dd, J=8.2, 2.3 Hz,
1H); BC NMR (151 MHz, CDCly) &: 162.30, 149.52,
148.13, 140.55, 138.37, 137.52, 136.59, 131.19, 130.52,
129.30, 127.21, 126.57, 124.63, 122.41, 120.43, 117.97;
HRMS caled for CigH;3CIN,OSe 388.9954, found
388.9945.
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N-[3-5-4-(FR FE A 35 ) 7 BL 10tk g HH B fic (4g): E B
[, 723 48%. m.p. 104~105 ‘C; '"H NMR (600 MHz,
CDCls) 6: 10.01 (s, 1H), 8.67~8.54 (m, 1H), 8.31~8.22
(m, 1H), 7.99 (d, J=2.3 Hz, 1H), 7.92 (td, J=7.6, 7.6, 1.6
Hz, 1H), 7.61~7.54 (m, 2H), 7.52~7.42 (m, 2H), 7.39~
731 (m, 3H), 7.07 (d, J=8.6 Hz, 1H); '3C NMR (151
MHz, CDCls) 6: 161.71, 149.14, 147.71, 138.05, 137.44,
134.97, 132.40, 129.66, 128.78, 128.41, 127.74, 126.72,
122.67, 120.52, 118.70; HRMS calcd for C;sH;3CIN,OSe
388.9954, found 388.9945.

N-[2- H B8 B -4,5- — (O B 0 56 ) % 2 Tk g Y Bk e
(4h): A, P75 61%. mp. 168~169 C; 'H NMR
(600 MHz, CDCl3) d: 10.42 (s, 1H), 8.78 (s, 1H), 8.59 (d,
J=4.7 Hz, 1H), 8.21 (d, J=7.8 Hz, 1H), 7.85 (t, J=7.7
Hz, 1H), 7.60~7.53 (m, 2H), 7.47 (d, J=7.6 Hz, 2H),
7.45~7.40 (m, 1H), 7.37~7.31 (m, 3H), 7.27 (t, J=7.4
Hz, 2H), 7.23 (d, J=7.2 Hz, 1H), 6.65 (s, 1H), 3.68 (s,
3H); 3C NMR (151 MHz, CDCL) &: 161.74, 149.98,
149.36, 148.08, 137.48, 134.67, 134.07, 132.06, 131.91,
130.95, 129.52, 129.25, 128.10, 127.02, 126.96, 126.38,
126.27, 123.89, 122.37, 113.43, 55.74; HRMS calcd for
CasH20N20,Se, 540.9928, found 540.9927.

N-[5-58-4- H JE-2- (R LA 255 ) 2R S b v Y T e (4i):
@A, 722 82%. m.p. 135~136 C; 'H NMR (600
MHz, CDCls) 6: 11.10 (s, 1H), 8.59 (ddd, J=4.8, 1.7, 0.9
Hz, 1H), 8.49 (d, J=12.0 Hz, 1H), 8.21 (dd, J=7.8, 1.1
Hz, 1H), 7.85 (td, J=7.7, 1.7 Hz, 1H), 7.70~7.58 (m,
1H), 7.44 (ddd, J=17.6, 4.8, 1.2 Hz, 1H), 7.38~7.31 (m,
2H), 7.23~7.03 (m, 3H), 2.26 (d, J=1.9 Hz, 3H); 1*C
NMR (151 MHz, CDCly) &: 163.12, 162.20, 161.49,
149.69, 148.13, 140.21(d, J=6.5 Hz), 139.06, 138.98,
137.44, 130.66, 129.21, 126.88, 126.43, 122.32, 121.22,
121.10, 113.75, 107.72, 107.53, 14.06(d, J=3.0 Hz);
HRMS caled for CjoHsFN,OSe 387.0412,
387.0390.

N-[5-50-4- FF B -2 - A 55 ) 2R B THLt g P9 1 e (4j):
H @ EAR, 723 70%. mp. 131~132 °C; 'H NMR (600
MHz, CDCl3) d: 11.00 (s, 1H), 8.76 (s, 1H), 8.59 (d, J=
4.7 Hz, 1H), 8.21 (d, J=7.8 Hz, 1H), 7.86 (td, J=7.7, 1.6
Hz, 1H), 7.64 (s, 1H), 7.44 (ddd, J=17.6, 4.7, 1.0 Hz, 1H),
7.39~7.32 (m, 2H), 7.19~7.07 (m, 3H), 2.35 (s, 3H); 1*C
NMR (151 MHz, CDCl;) o: 162.13, 149.66, 148.11,
139.20, 138.31, 137.46, 136.56, 132.27, 131.01, 130.74,
129.26, 127.07, 126.44, 12232, 120.76, 117.77, 19.44;
HRMS caled for C;9H;sCIN,OSe 403.0111, found

found
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403.0099.

N-[5- 5k -4 R 5 2O R 5t ) 2 ik b g PR 5 i
(4k): AEFEE, 773 48%. mp. 150~151 ‘C; '"H NMR
(600 MHz, CDCl3) 8: 10.95 (s, 1H), 8.57 (ddd, J=4.7, 1.8,
0.9 Hz, 1H), 8.48 (s, 1H), 8.20 (dt, J=7.8, 1.1 Hz, 1H),
7.84 (td, J=17.7, 1.7 Hz, 1H), 7.54 (s, 1H), 7.41 (ddd, J=
7.5,4.7, 1.2 Hz, 1H), 7.36~7.30 (m, 2H), 7.16~7.04 (m,
3H), 2.33 (s, 3H), 2.24 (s, 3H); 3C NMR (151 MHz,
CDCl3) 6: 162.01, 150.06, 148.04, 139.60, 138.53, 137.47,
137.37, 133.28, 131.60, 130.60, 129.09, 126.60, 126.17,
122.19, 121.70, 116.42, 20.09, 19.10; HRMS calcd for
CaoH sN,OSe 383.0657, found 383.0657.

3- F 3k - N-[4- P2 -2 (O i 5 ) 248 Ja Tk g P G i
4)): AR, 723 42%. mp. 127~128 C; 'H NMR
(600 MHz, CDCls) 6: 11.07 (s, 1H), 8.48 (d, J=8.3 Hz,
1H), 8.40 (d, J=4.5 Hz, 1H), 7.56 (d, J=7.7 Hz, 2H), 7.35
(d, J=6.7 Hz, 2H), 7.31~7.27 (m, 1H), 7.26 (s, 1H), 7.24
(s, 1H), 7.17~7.09 (m, 3H), 2.32 (s, 3H); 3C NMR (151
MHz, CDCls) 6: 163.71, 146.98, 145.40, 140.97, 137.89,
137.46, 135.88, 134.11, 131.30, 131.06, 130.92, 129.12,
126.74, 125.78, 120.42, 119.78, 20.75, 20.66; HRMS calcd
for CaoH sN,OSe 382.0700, found 382.0699.

N-(2-((4- TR J5 )G 25 ) 2 56 ML e FE Tk i (b ): 1 B
AR, 723 86%. m.p. 128~129 ‘C; '"H NMR (600 MHz,
CDCl3) 6:10.92 (s, 1H), 8.60 (d, J=4.7 Hz, 1H), 8.50 (d,
J=8.3 Hz, 1H), 8.22 (d, J=7.8 Hz, 1H), 7.86 (td, J=7.7,
1.7 Hz, 1H), 7.56 (s, 1H), 7.44 (ddd, J=7.5, 4.7, 1.1 Hz,
1H), 7.41~7.36 (m, 2H), 7.26 (s, 1H), 6.90~6.80 (m,
2H), 2.33 (s, 3H); 3C NMR (151 MHz, CDCls) d: 163.00,
162.03, 161.36, 149.95, 148.03, 148.02, 137.57, 137.45,
136.83, 134.50, 133.45, 133.40, 131.23, 126.32, 125.35(d,
J=3.3 Hz), 122.31, 120.62, 120.25, 116.40, 116.26, 20.67;
HRMS caled for CjoH;sFN,OSe 387.0406,
387.0390.

N-(2-((4- R )G 255 ) 2 58 ML e Bk i (4b2): 1 B
AR, 723 44%. m.p. 165~166 ‘C; 'H NMR (600 MHz,
CDCl3) 6:10.89 (s, 1H), 8.60 (d, J=4.7 Hz, 1H), 8.53 (d,
J=8.3 Hz, 1H), 8.21 (d, J=7.8 Hz, 1H), 7.85 (td, J=7.7,
1.7 Hz, 1H), 7.59 (d, J=1.7 Hz, 1H), 7.47~7.40 (m, 2H),
7.29 (dd, J=8.5, 1.7 Hz, 1H), 7.17 (dt, J=7.5, 1.5 Hz,
1H), 7.12~6.97 (m, 2H), 2.35 (s, 3H); *C NMR (151
MHz, CDCls) 6: 162.08, 149.92, 148.06, 137.92, 137.47,
137.07, 134.59, 133.00, 132.22, 131.52, 129.36, 129.30,
126.35, 122.32, 120.68, 119.41, 20.68; HRMS calcd for
C19H5CIN,OSe 403.0111, found 403.0098.

found

4258 http://sioc-journal.cn/

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

N-(2-((4-(BUT 2 2 F )P 528 ) R 58 L g FY Pk i (4ba):
@A, 772 83%. mp. 135~136 C; 'H NMR (600
MHz, CDCls) &: 10.99 (s, 1H), 8.61 (ddd, J=4.9, 1.7, 0.9
Hz, 1H), 8.50 (d, J=8.3 Hz, 1H), 8.22 (dt, J=7.8, 1.0 Hz,
1H), 7.85 (td, J=7.7, 1.7 Hz, 1H), 7.59~7.57 (m, 1H),
7.43 (ddd, J=7.6, 4.8, 1.2 Hz, 1H), 7.36~7.29 (m, 2H),
7.26~7.25 (m, 1H), 7.19~7.12 (m, 2H), 2.32 (s, 3H),
1.21 (s, 9H); BC NMR (151 MHz, CDCls) d: 162.05,
150.12, 150.05, 148.03, 137.84, 137.39, 137.02, 134.37,
131.14, 130.99, 127.42, 126.26, 126.18, 122.26, 120.49,
120.27, 34.40, 31.15, 20.68; HRMS calcd for Cp3HasNo-
OSe 425.1127, found 425.1118.

N-(2-((2-( = 9 P ) 2 5 ) G 66 ) 2R R ) bt we HY T i
(4bs): AHEEE, 725 58%. m.p. 123~124 C; 'H NMR
(600 MHz, CDCls) d: 10.93 (s, 1H), 8.62 (d, J=8.4 Hz,
1H), 8.45 (d, J=4.5 Hz, 1H), 8.15 (d, J=7.8 Hz, 1H), 7.79
(dd, J=7.7, 1.6 Hz, 1H), 7.61 (s, 1H), 7.58 (s, 1H), 7.41~
731 (m, 2H), 7.18~7.07 (m, 2H), 6.99~6.91 (m, 1H),
2.37 (s, 3H); BC NMR (151 MHz, CDCl) d: 162.20,
149.64, 148.02, 139.19, 137.74, 137.32, 134.74, 132.26,
131.12, 130.30, 129.18 (q, J=75 Hz), 126.77 (q, J=5.4
Hz), 126.28, 12593, 125.10, 123.28, 122.01, 120.67,
117.32, 20.67; HRMS calcd for CaoH;sFsN2OSe 437.0374,
found 437.0362.

N-(2-((4-(BUT 25 2R 58 ) il 56 )-4- FF 36 2R 25y ik e Y ik
[l (4bs): AR, P25 58%. mp. 135~136 C; 'H
NMR (600 MHz, CDCl3) 6:11.00 (s, 1H), 8.65~8.58 (m,
1H), 8.51 (d, J=8.3 Hz, 1H), 8.23 (d, J=7.8 Hz, 1H), 7.86
(td, J=7.7, 1.7 Hz, 1H), 7.59 (d, J=1.7 Hz, 1H), 7.44
(ddd, J=7.5, 4.8, 1.1 Hz, 1H), 7.36~7.31 (m, 1H), 7.27~
7.24 (m, 2H), 7.20~7.14 (m, 2H), 2.33 (s, 3H), 1.21 (s,
9H);'3C NMR (151 MHz, CDCLy) o: 162.05, 150.12,
150.05, 148.03, 137.84, 137.39, 137.02, 134.37, 131.14,
130.99, 127.42, 126.26, 126.18, 122.26, 120.49, 120.27,
34.40, 31.15, 20.68; HRMS calcd for CaHN,OSe
425.1127, found 425.1118.

N-[4- H 2 (ORI 2 ) 2R 2K H B Jiz (Sa): 1 £ [
&, 773 68%. m.p. 123~124 ‘C; 'H NMR (600 MHz,
CDCls) &: 8.96 (s, 1H), 8.54 (d, J=8.4 Hz, 1H), 7.64 (dd,
J=8.3, 1.1 Hz, 2H), 7.59 (d, J=1.6 Hz, 1H), 7.49 (t, J=
7.4 Hz, 1H), 7.39 (t, J=7.7 Hz, 2H), 7.31 (dd, J=8.3, 1.6
Hz, 1H), 7.24 (d, J=1.3 Hz, 2H), 7.22~7.13 (m, 3H),
2.35 (s, 3H); *C NMR (151 MHz, CDCl;) §: 165.11,
138.14, 137.39, 134.87, 134.46, 131.73, 130.71, 129.62,
129.60, 128.68, 126.92, 126.90, 120.42, 118.20, 20.65;
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HRMS calcd for Co0H7NOSe 368.0548, found 368.0542.

N-[4- FF L -2-( R P 2k ) 2 5k 1-4- i 25 8% P 3t 2 (Sb):
HOEAE, 7% 68%. mp. 160~161 C; 'H NMR (600
MHz, CDCl;) d: 8.91 (s, 1H), 8.48 (s, 1H), 8.22 (dd, J=
9.0, 2.1 Hz, 2H), 7.83~7.66 (m, 2H), 7.62 (d, J=1.7 Hz,
1H), 7.33 (dd, J=8.4, 1.8 Hz, 1H), 7.25~7.14 (m, 5H),
237 (s, 3H); BC NMR (151 MHz, CDCl) J: 162.94,
149.65, 140.36, 138.19, 136.63, 135.34, 131.85, 130.34,
129.79, 129.41, 128.04, 127.12, 123.90, 120.58, 20.72;
HRMS calcd for Co0H16N203Se 413.0399, found 413.0395.

N-[4-F -2 (R A 356 ) 2 56 1-4- 30K H BBk & (Se): 1
tEK, 77 72%. mp. 104~105 C; 'H NMR (600
MHz, CDCls) 6: 8.86 (s, 1H), 8.49 (d, J=8.4 Hz, 1H),
7.62 (ddd, J=8.0, 5.0, 2.4 Hz, 2H), 7.59 (d, J=1.6 Hz,
1H), 7.33~7.27 (m, 1H), 7.25~7.14 (m, 5H), 7.11~6.97
(m, 2H), 2.35 (s, 3H); 3C NMR (151 MHz, CDCl;) ¢:
165.69, 164.02 (d, J=4.2 Hz), 138.12, 137.22, 134.61,
131.76, 131.05 (d, J=3.1 Hz), 130.61, 129.66, 129.52,
129.27 (d, J=8.9 Hz), 126.95, 120.43, 118.18, 115.81,
115.67, 20.66; HRMS calcd for CyoH sFNOSe 386.0454,
found 386.0441.

N-[4-F -2 (AR A 5 ) R Bk ]-4- R A0 B K Bk e (Sa):
HEEAR, 7% 55%. mp. 119~120 “C; 'H NMR (600
MHz, CDCl;) 6: 8.90 (s, 1H), 8.52 (d, J=8.4 Hz, 1H),
7.62 (d, J=8.8 Hz, 2H), 7.58 (d, J=1.6 Hz, 1H), 7.28 (s,
1H), 7.25~7.15 (m, 5H), 6.88 (d, J=8.8 Hz, 2H), 3.84 (s,
3H), 2.34 (s, 3H); 3C NMR (151 MHz, CDCl;) d: 164.66,
162.41, 138.13, 137.60, 134.17, 131.74, 130.80, 129.60,
129.56, 128.80, 127.14, 126.86, 120.31, 118.01, 113.88,
55.42, 20.63; HRMS calcd for C>1H19NO,Se 398.0654,
found 398.0646.

N-[4- FF B -2- (R Al 25 ) 2R ik 1-4- FF 25 O R K 2 (Se):
HEEAER, 7% 66%. mp. 113~114 ‘C; '"H NMR (600
MHz, CDCl;) o: 8.94 (s, 1H), 8.54 (d, J=8.4 Hz, 1H),
7.59 (d, J=1.9 Hz, 1H), 7.54 (d, J=8.2 Hz, 2H), 7.30 (dd,
J=8.3, 1.8 Hz, 1H), 7.25~7.13 (m, 6H), 2.38 (s, 3H),
2.34 (s, 3H); BC NMR (151 MHz, CDCl) d: 165.09,
142.26, 138.15, 137.53, 134.27, 133.84, 132.05, 131.73,
130.76, 129.60, 129.59 (d, J=3.8 Hz), 129.34, 126.94,
126.87, 120.34, 118.06, 21.45, 20.64; HRMS calcd for
C21H19NOSe 382.0705, found 382.0694.

N-[4-F JE-2-(CHR A 38 ) R IR ) £ Bk i (6): (1 (L[ 4,
FEE 77%. mp. 79~80 C; '"H NMR (600 MHz, CDCl;)
5: 8.23 (d, J=8.3 Hz, 1H), 8.02 (s, 1H), 7.51 (s, 1H), 7.21
(s, 6H), 2.30 (s, 3H), 1.99 (s, 3H); 3C NMR (151 MHz,
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CDCLy) 0: 168.14, 137.74, 137.09, 134.37, 131.42, 130.83,
129.75, 129.54, 126.86, 120.89, 118.12, 24.55, 20.59;
HRMS caled for CsH;sNOSe 306.0392, found 306.0397.

N-[4-F 25 2Rl 228 ) A 2L T T BE iz (6b): 1 00 ] 4k
FEER 75%. m.p. 85~86 C; '"H NMR (600 MHz, CDCl;)
5: 8.29 (d, J=8.3 Hz, 1H), 8.08 (s, 1H), 7.52 (s, 1H), 7.23
(d, J=9.9 Hz, 1H), 7.20 (s, 5H), 2.30 (s, 3H), 2.22 (q, J=
7.6 Hz, 2H), 1.06 (t, J=7.6 Hz, 3H); 3C NMR (151 MHz,
CDCly) 6: 171.82, 137.89, 137.19, 134.18, 131.53, 130.86,
129.54, 126.79, 120.73, 117.87, 30.92, 20.60, 9.45; HRMS
calcd for CisH17NOSe 320.0548, found 320.0540.

N-[4-FR - 2-CORAM ) AR L T I E i (6¢): e 3 €t
IR, 77% 86%. 'H NMR (600 MHz, CDCl;) J: 8.45 (s,
1H), 8.36 (d, J=8.4 Hz, 1H), 7.55 (s, 1H), 7.26 (s, 1H),
7.24 (s, 1H), 7.22~7.09 (m, 5H), 2.31 (s, 3H), 1.09 (s,
9H); 3C NMR (151 MHz, CDCly) §: 176.54, 138.14,
137.44, 133.97, 131.67, 130.78, 129.49, 128.91, 126.58,
120.40, 117.58, 39.93, 27.28, 20.56; ""Se NMR (76 MHz,
CDCls) §: 305.71; HRMS calcd for Ci7H12N4O 348.0861,
found 348.0867.

2-34 L -N-[4- F R 2- R 0 ) 2R B ] 2 8 i (6d)):
TotatR, 722 77%. '"H NMR (600 MHz, CDCls) 6: 8.33
(d, J=8.3 Hz, 1H), 8.10 (s, 1H), 7.52 (s, 1H), 7.23 (d, J=
9.3 Hz, 1H), 7.20 (s, 5H), 2.30 (s, 3H), 2.06 (d, J=7.0 Hz,
2H), 1.60 (tt, J=12.1, 3.0 Hz, 6H), 1.16 (qt, J=12.6, 3.1
Hz, 2H), 1.11~1.01 (m, 1H), 0.86~0.78 (m, 2H); '3C
NMR (151 MHz, CDCly) d: 176.54, 138.14, 137.44,
133.97, 131.67, 130.78, 129.49, 128.91, 126.58, 120.40,
117.58, 39.93, 27.28, 20.56; HRMS calcd for C,;HasNOSe
388.1174, found 388.1169.

N-[4-H JE-2-CR B Al 26 R R ) 5 M e BB e (6e): - 1 £
[, 723 85%. m.p. 151~152 ‘C; '"H NMR (600 MHz,
CDCLy) ¢ 8.46~8.30 (m, 2H), 7.54 (d, J=2.1 Hz, 1H),
7.25~7.22 (m, 1H), 7.22~7.14 (m, 5H), 2.33~2.28 (m,
3H), 1.96 (s, 3H), 1.69 (s, 6H), 1.67 (s, 2H), 1.59 (d, J=
12.6 Hz, 4H); 3C NMR (151 MHz, CDCL) §: 175.01,
137.02, 136.34, 132.87, 131.68, 130.60, 129.83, 128.50,
128.06 , 125.59, 119.50, 116.63, 40.80, 37.86, 35.34,
27.05, 19.56; HRMS caled for CaHyNOSe 426.1331,
found 426.1333.

B KL (Supporting Information) L&Y 4~6 [
'H NMR A1 BC NMR #, PLEALEY) 415 . X
LG RL AT LA B 2 AR T 199 328 (http://sioc-journal.cn/) | R
.
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