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Visible-Light-Induced a-C(sp®)—H Amination Reactions of
Tertiary Amines
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(“ College of Chemical and Material Engineering, Quzhou University, Quzhou, Zhejiang 324000)
(* State Key Laboratory of Urban Water Resource and Environment, School of Science, Harbin Institute of
Technology [Shenzhen], Shenzhen, Guangdong 518055)

Abstract Herein, the visible-light-induced a-C(sp’)—H amination reactions of tertiary amines were reported. By using
readily available 1,3-dioxoisoindolin-2-yl benzoate as precursor of N-radical and blue LEDs as green and sustainable energy
source, the a-C(sp’)—H bonds of various N,N-dimethylaniline derivatives were aminated directly. Based on radical trapping
experiment and documented literature, a mechanism involving radicals coupling was proposed. This method featured in mild
reaction conditions and good functional group tolerance, which provides a simple and practical protocol to the modification of

tertiary amines.

Keywords photoredox catalysis; N-radical; amination reaction; C—H functionalization; radicals coupling
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N- T AR FE A0 R — BRI G AT A= W (RAEs) st — 2K
AR JFETETERE, T N-FRIR IR RS i SR IR
— A . AETT WOGIEAIE R A KA TR TR CO,,
FEr= A ek E 2 5 A0 K I P B [ 25 T (Scheme
la, path D). P=A ke 5k B B AT R A B i3I0k R
%, Pl RAEs 7] % FIAE Minisci J2 5 7 ) e 364k 18 711
5T, Shang/Ful'®. Jiang!'® Ll & Phipps! *HE fHZH 45 &
FHEBRMEA), 25 RAEs SEEL T AT WA TR
ASXFFR Minisci )MV 55— 7718, Sanford 25 #%% RAESs
FAEREAGRGR, 50T WG4 Rl & T — RFIZRIR LA
JeWRIR . WERy . MERESE R IR C—H BB LA =4
(Scheme 1b). JEiT 28] % RAEs FOFRFR BV IE Y HEL 1
PERR, WIf# RAEs fEGEUAMIE B IERE 7= AR IR TR AR 55
FRER 2K — % H FH & (Scheme 1, a, path 2). J53#
A5 55 F IR AE E BN ISR B C(sp”)—H HEf B
Heleth. Blth, wAE: BT UURA RAEs fEAEEA
EHAE AT, SEELRT OGRS AL S A 1 1) = ke
a-C(sp”)—H i) Bl ) Bi(Scheme 1, ¢). 1% M A
B IR PLEA T, AT =R T, A fEHIN A
Z 555K

(6]
(a) 0 O path 1 _
) — N +Co,+ R’
N-O
] (e}
(0] (0]
i O,
redox active esters path 2 .
(RAEs) N >\—R
(e}
(0]
(b) Sanford's work O
R : N RAEs RI X N
= visible light L O
(c) This work
O,
N RAE Me
N s
X N _— N N
Rz Me  ~Jisible light i e
= | _ e}

BRI 1 N- O A IR AT A — G IE AT AEVI(RAEs)fE 3
B B A A 14 2 o

Scheme 1 RAESs as N-radical precursors in redox reactions
1 HR5E
1.1 RBEEHMRL

G, LANN-T O R R (1a) A V-8 R A

R BV Jfe (22) SRR, W BCAR A AT AT PR R AT
WEF S 5k, B A BUR Y 5 OG AL A In(ppy).-
(dtbbpy)PFg. B, K.HPO, LA K71 MeCN W&, BT 36
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W 5 LED 4TI AT 6, OV 24 h 5 B 42%(1) 45
BIRS R T Y 1a 18 a-C(sp®)—H B AL I T~
) 3a(3 1, Entry 1). 8 SF 625 UE (R 1, En-
tries 2, 3), AJ WLGYG R LRG0 )R PRAIE 12 5 N IR
AT AT BRI 22, B8 12N AR BT IG5 5 1 i
R B, T, ik T — R50E A IR, 25
SUEBIE A Ru(bpy)sCl, BFRELL 70% (1) 7 Bl 15 21 H
Frr=) 3a(# 1, Entry 6), M A VIEMAAT 2,4,6-=
% I g DU 48 R 2R (TPT) I 5045 R 2 F = 70 (6 1,
Entry 8). /5, LA Ru(bpy);Cl, NG, 5T HE
BB AN . 1,5- &2 —FR[5.4.0] -5 (DBU)&]
NP % I RE R R (1, Entries 9~13), 45 $4IFB] K,HPO,
VENREES BSOS RO R e . A, SR [RIA R 1% [ B
G2 IEAT T3R5 (3R 1, Entries 14~18). LA FIEH
B Ji (DMF) B — FU 3L IV B(DMSO) VA I, 724 3a (1)
S EICER R T, mA 1,2- =& L5 (DCE)I M
RORIHE, AEARIRITLL MeCN Ry [ NIE 71 ) 45 . 1
&, WA B Ru(bpy)sCl, G
7, KoaHPO, M, MeCN A ) B 7, 36 W i (4 LED T
AL L.

FLUR, I R A N-T AR A AR L 2 1
BURIE R LR R A H 5 AT AR RHZ SN 52 (R 2).
HIAREE Dy & A 4 v T B ook HY AR L 0] FE RS 1)
HIERS, P 3a 177 ] TR BE(FK 2, Entries 1~3); 24
EARZE A 25 W H 7 256 ] (o) = 360 8 U R 2L ), 3a
PR T 2, Entry 4). A4k, 4EURE N AERIE
RN 2t (2e) FHIEQ20D%E], VAR AR
2, Entries 5~8), JLHZMT EEQh, B~ 3a 1)
FEE R 6%. i, FRATHE N-2KH BRI
T TV e (2a) A2 £ 385 L 1A 280255 1 RS AT AR
12 RMEEMER

WAL T IR N AR, XGE T %7155 — R4
=REIRIRE . B, BH T HEAA R
TR S AR 2 B4 T & R (GR 3). MR
1 PRI EAES BREERS, HAFR = U S1%(3 3,
30). MM 1 HIZEIRRHALH A & Fhh i 3L,
L WEREEREGRUT SR, M HEEIAEAT, LA R 47
FERIRIFA NI B AR AL =PI (R 3, 3a, 3d, 3e). 1M H,
AR AR R 7 B0 S S W8 A B S 2T (3R 3, 3a~
3b, 3i~3j). (H2&, MR LEH 2 e T2,
HARF=ICRA T T B, 1X 0] 582 B TR et ik B 4
CRTEL(ER 3, 3¢). HAh, MR 1 PRI &R AN
FRIE(E R BEE) N, DL 2 H bx
fefb =k 3, 36~30). b, iR T HE S H K
B FEURIE 3L . R, =&, IS5 NEY,
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Table 1 Optimization of reaction conditions for visible-light-induced a-C(sp®)—H bonds amination of tertiary amines

Photocatalyst
—_—
base, solvent, r.t.

(0]
|\|/|e
NN
o
Me 3a

1a 0 2a 36 W blue LEDs

Entry Photocatalyst Solvent Base Yield®/%
1 Ir(ppy).(dtbbpy)PF¢ MeCN K,HPO, 42
2¢ Ir(ppy),(dtbbpy)PFg MeCN K,HPO, 0
34 Ir(ppy)a(dtbbpy)PFs MeCN K,HPO, 0
4 Sfac-Ir(ppy)s MeCN K,HPO, 45
5 Ir(dF(CF;)ppy)(dtbbpy),PFs MeCN K,HPO, 40
6 Ru(bpy);Cl, MeCN K,HPO, 70
7 Ru(bpy);(PFs), MeCN K,HPO, 62
8 TPT MeCN K,HPO, 0
9 Ru(bpy);Cl, MeCN DBU 65
10 Ru(bpy);Cl, MeCN 1,6-Lutidine 58
11 Ru(bpy);Cl, MeCN K,CO; 60
12 Ru(bpy);Cl, MeCN -BuOK 40
13 Ru(bpy);Cl, MeCN K,HPO, 47
14 Ru(bpy);Cl, DMF K,HPO, 28
15 Ru(bpy);Cl, DMSO K,HPO, 30
16 Ru(bpy);Cl, DCE K,HPO, 50
17 Ru(bpy);Cl, THF K,HPO, 45
18 Ru(bpy);Cl, MeOH K,HPO, 40

“ Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), base (0.4 mmol), photocatalyst (5 mol%), solvent (4 mL), 36 W blue LEDs, room temperature for 24 h; bIso-

lated yields; ¢ Without visible light; ¢ Without photocatalyst.
£2 W= a-C(sp”)—H 5 N-BRASEAR K — H
P AT AE M R B A S

Table 2 Visible-light-induced a-C(sp®)—H bonds amination of
tertiary amine with N-acyloxyphthalimide derivatives

ye 0
N
“Me >\—R Ru(bpy)sCl
/©/ . N-G (bpy)sCl,
Me KoHPO4, MeCN
1a 36 W blue LEDs, r.t.

O 2
(0}
I\I/Ie
N._N
e}
Me 3a

Entry R (2) Yield”/%
1 Ph (2a) 70
2 p-MeOPh (2b) 10
3 p-MePh (2¢) 10
4 p-CF3Ph (2d) 55
5 Cyclohexyl (2e) 31
6 Me (2f) 28
7 CF; (2g) 36
8 #-Bu (2h) 6

“ Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), K,HPO, (0.4 mmol),
Ru(bpy);Cl, (5 mol%), MeCN (4 mL), 36 W blue LEDs, room temperature for
24 h ; *TIsolated yields.
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JE Al [ VR AT AR (3% 3, 3k~3m). X LB SZEG 45 B i B HL
ARIE PR H RS X 12 s o B — S S

R T RET EEAEAFEBACER =K R
T& P (Scheme 2). & NI E, RA N-HIEE-N-2 5
R IE (D) TEARE SN 25 1F T LA 36% 7= A 1 T B Arfiz
=) 3p. T =R, Bl N-REEIRIE . N-
FROE R M. N-FR R SE(1b~1g), TEFRIEZAT Tk
M 24 h 5, RABA RATHARIRZR B 7T 5EF IR
Y5 AT AR IR AL AL L, 7T B8 s B
()43t VIR BT o)
1.3 REHIETL

N W% NI OB HLER, )P DY F IR e A Ak
YI(TEMPOYE N E H B IR FIHEAT T F e B4 3R 50 56
TEFRUESZIG 26T, AR R 1a T 2a (1) ) A&
ZHHHAMIIN 2 equiv. ) TEMPO R7, SR 5 HEAT G
N RN, RNAR R RAMER BARY) 3a 4
B, Hidid GC-MS il 216 54 4 A Hi(Scheme 3).
XU B AT WIS SR B AR T R o B E HREE, T EL
TEMPO W{FIFE L&A T 5% o Bk H HEL S 16
BAR TG 2a P2 A1 Eh 2L A A] 44
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Table 3 Scope of tertiary amines

RQNMe Cié @

36 W blue LEDs, r.t.

Ru( bpy)30|2
K2HP04 MeCN

(e}
Me
AN
R _ . o)

1
(0] (0]
I\I/Ie I\I/Ie
N.__N Me N.__N
(0] (0]
Me
3b, 65% yield

3a, 70% yield
3f 40% yleld

3e 65% yleld

3i, 46% vyield 3j, 35% vyield
3m 0% yleld 3n 0% yleld

(0]
I\I/Ie
Me N.__N
(0]
Me

(0]
I\I/Ie
N._N
(0]
eO

3d, 72% yield

P v

3g 55% yleld 3h 43% yleld

j@ Psss

3k 0% yleld

IQ

30 51% yleld

3¢, 50% yield

3I 0% yield

“Reaction conditions: 1 (0.2 mmol), 2a (0.4 mmol), K,HPO,4 (0.4 mmol), Ru(bpy);Cl, (5 mol%), MeCN (4 mL), 36 W blue LEDs, room temperature for 24 h.

bTsolated yields.

Mew Meﬁ 0
©/N\Me \ 2a Standard conditions N._N
1b : o

3p, 36% yield

Unsuccessful substrates

SIS0 e
N.
N ph N ph N N.p, EtN
I
1d 1e Me 1f 19

1c
B2 SR N-BAREER R
LTI
Scheme 2 Investigation on the scope of various N-substituted
anilines in reaction

>_<C:>TEMN)20emW)
/©/ @qé Standard conditions

j@ Qvﬁ

3a trace

FAEYE RIS S

B3 A hE IR

Scheme 3 Radical trapping experiment
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l% BT A SCHR R E DA R AR s 5 10 bl

T HR SRR R 2R (1a) AT V-2 R I SR R AT R T
&awm&fﬁw X1 SN A T B AT L5 3 = )
J% o £ C(sp®)—H 4 B S MR T — AN AT RERIAL
S FE(Scheme 4). 4G, JEHETT Ru(bpy)sCl, 7R
LED RS R ook, A B —EH RSt
AL RO =GR A BORAE R, Al
KA RETEER Rut, RN R = JIER T
HrafA 5. A4k 5 ALEIE B o A5 IR RE R o B
A3 6. B—4, BIREKN Ru ol 5EY) 2a KRAH
PR, A Ru™ CASE OGN, [R]i P~ 2E 2K F
FRRAE T 7 DO A E ik 8. ), fkE
FHJE 6 5% H it 8 KA H AEMEL, £k B AR7=9 3a.
TR FR R A 75 B ST BSR4 N (PRE) Ji
M, iz JE M B R R, BT BARATIA N, kb
P& H A0 E 2 AR DML B P A Sy B 266 F 7 A8 5 e
RS R —.

2 #ig

WA Wik SR T, BT Ru-
(bpy)sCL L =2 o 7. C(sp®)—H FE B 2 Ak I [

Chin. J. Org. Chem. 2020, 40, 133~139



Chinese Journal of Organic Chemistry

l\llle

N
IS i
|
1a Me N\.
" s
-H*
u2 Me

Ru?* Ru* 6
visible
light 2a 5
Ru?* ]
- N- -
OJ\© + radl(l:_al
coupling
7 8 O

B 4 WREMSBIHLER
Scheme 4 Proposed mechanism
L. A NAS R RRANY < AT A AT OGRSk L RE TR,
M FEY 17 B2 5 A5 ) - PP 4 258 400 4 — PPV I IV e g 2
H R HTA, BEhSEI T — RN N- IR EATEY)
(K] a8 C(sp”)—H BERE A, %N 5 AR, YRR B
RGeS R A7, ERYEHEE), =R amn
BREHMEMR AL T — MR 2 e RME R H R AR

3 IEES
3.1 UE5HF

i AR F A Bruker AV-400 ZUAZ EILIR G,
PA CDCl; i, TMS NABR. 7> H 5% ] Bruker
Esquire LC g, SEE& b i FVA R4 FEAR VRS 7 AL R fm
BH, o SO JFRF R S, 5 43 JEURHR 4 Sk
il %%
3.2 ZWHE
32.1 N,N-=F 33 ¥ R e (1a) ey 4] &

7E 50 mL [, AR I 2K 1(6.0 mmol).
20 mL P AT K,CO;5 (12.0 mmol, 1.66 g). FEHESA: R in
AL J5(18.0 mmol, 2.56 g)f5, ZEIKFEL 20 min, F
W SN R BRGSO (TLC) Wl e B 58 1%,
AEERE, N 50 mL ZEEFRE, WRIKFHK. M
NaHCO; LA R ER7K ek, Ik 28 08B LV 7, HH =ik
ITHERENVCIRBR) @ VR =1 @ 117> B2
¥y 1al'.
322 N-R B A KARR = F BE Ik (22) 89 %] &

7E 250 mL SN, RIRIIN N-F23E40 2% — F ik
¥ f#(4.29 mmol, 700 mg.). 125 mL 28 Z.f&. N,N- "3k
O W #(4.29 mmol, 885 mg)fl M2 (4.29 mmol),
PR AR RTERSAE T ZRBFERBL 3 h, RV
J&, UERR B EUTHE, R TR, 152 ) A
NG BT L2 115 2a 45T,
323 TR EE =40 a 42 C(sp’)—H 4L B2

£ 10 mL B, #KIKIIA 1a (0.2 mmol). 2a
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(0.4 mmol). K,HPO, (0.4 mmol)F1%: 4k 5 Ru(bpy)sCl,
(5 mol%), RMIEEAEIHHEIESR =k, HiENSRM
ANZ @4 mL), T 36 W #5 (0 LED X W5 441 R = IR 4
FER R 24 h. R E, =T EN MR
HiE) © VORI =1 © 15170 B45 BI205F 806 [N 1),

2-((FFBECOnf F 2R R ) B 26 ) AR 3 ) e Mg - 1,3 - — i
(3a)": 39 mg, FEE 70%. #EFE A, mp. 106~108 C;
'H NMR (400 MHz, CDCl;) &: 7.83 (dd, J=5.5, 3.1 Hz,
2H), 7.70 (dd, J=5.5, 3.1 Hz, 2H), 7.07 (s, 2H), 6.99 (d,
J=8.7 Hz, 2H), 5.26 (s, 2H), 5.26 (s, 2H), 3.13 (s, 3H),
3.13 (s, 3H), 2.25 (s, 3H), 2.25 (s, 3H). °C NMR (151
MHz, CDCl;) 0: 168.92, 145.24, 134.23, 132.14, 129.75,
127.79, 123.54, 114.07, 56.86, 39.17, 20.41. HRMS (ESI)
caled for C;;H;;N,O, [M + H] * 281.1285, found
281.1288.

2-(( PP () P A R ) S ) PP 3 ) e g Wk -1,3- —
(3b)!": 36 mg, F=H 65%. K EGE A, mp. 92~93 C;
'H NMR (400 MHz, CDCls) 6: 7.85 (s, 2H), 7.72 (s, 2H),
7.16 (t, J=17.69 Hz, 1H), 6.90 (s, 2H), 6.64 (d, J=7.36 Hz,
1H), 5.28 (s, 2H), 3.17 (s, 3H), 2.34 (s, 3H); *C NMR (151
MHz, CDCl;) 0: 168.91, 147.43, 139.00, 134.26, 132.16,
129.12, 123.55, 119.34, 114.45, 110.87, 56.66, 39.26,
22.00. HRMS (ESI) caled for C;H;;N,O, [M+H]"
281.1285, found 281.1282.

2-((3,4- I R I ) (Y 2 ) B 2 ) P ) S Mg k- 1,3
“HA(3e): 29 mg, FEER 50%. Wi GEA, mp. 112~
114 “C; "H NMR (400 MHz, CDCly) d: 7.83 (dd, J=>5.44,
3.07 Hz, 2H), 7.70 (dd, J=5.49, 3.03 Hz, 2H), 7.03 (d, J=
8.26 Hz, 1H), 6.90 (d, J=2.80 Hz, 1H), 6.84 (dd, J=8.26,
2.83 Hz, 1H), 5.26 (s, 2H), 3.13 (s, 3H), 2.25 (s, 3H), 2.17
(s, 3H); *C NMR (151 MHz, CDCl;) d: 167.69, 143.91,
137.03, 134.19, 131.00, 129.68, 123.38, 115.54, 112.44,
59.27, 37.64, 19.48. HRMS (ESI) calcd for CisH;oN,O,
[M+H]" 295.1441, found 295.1448.

2-((4- WA R R ) (PP ) U ik ) B ) e Mg k- 1,3-
THIGD!: 43 mg, FAE 72%. tEEOE A, mp. 96~
97 ‘C; 'H NMR (400 MHz, CDCl;) ¢: 7.83 (dd, J=5.32,
3.07 Hz, 2H), 7.70 (dd, J=5.35, 3.05 Hz, 2H), 7.07~6.99
(m, 2H), 6.89~6.82 (m, 2H), 5.21 (s, 2H), 3.75 (s, 3H),
3.07 (s, 3H); °C NMR (151 MHz, CDCl;) o: 168.96,
153.01, 143.65, 134.26, 132.15, 123.58, 115.98, 114.64,
57.62, 55.74, 39.29. HRMS (ESI) caled for C;7H;,N,O;
[M-+H]" 297.1234, found 297.1238.

2-((4-ORUT F) R B8 (R B ) 20 3k ) R ) — S Mg k- 1,3-
i (3e): 42 mg, FFE 65%. REEEA, mp. 105~

http://sioc-journal.cn/ 137
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106 ‘C; "H NMR (400 MHz, CDCL;) J: 7.84 (dd, J=5.43,
3.07 Hz, 2H), 7.71 (dd, J=5.47, 3.04 Hz, 2H), 7.31 (d, J=
8.92 Hz, 2H), 7.04 (d, J=8.92 Hz, 2H), 5.28 (s, 2H), 3.18
(s, 3H), 1.29 (s, 9H); *C NMR (151 MHz, CDCl;) o:
168.95, 144.98, 140.89, 134.25, 132.20, 126.11, 123.53,
113.07, 56.64, 39.29, 31.60. HRMS (ESI) calcd for
C0H23N,0, [M+H]" 323.1754, found 323.1760.

2-((4- SR Jk ) (PP ik ) S k) PR ) S g e -1,3- il
@O 24 mg, FEFE 40%. W FEOE K, mp. 163~
165 “C; '"H NMR (400 MHz, CDCl;) 6: 7.83 (dd, J=5.32,
3.07 Hz, 2H), 7.70 (dd, J=5.35, 3.05 Hz, 2H), 7.07~6.99
(m, 2H), 6.89~6.82 (m, 2H), 5.21 (s, 2H), 3.75 (s, 3H),
3.07 (s, 3H); °C NMR (151 MHz, CDCL) §&: 168.96,
153.01, 143.65, 134.26, 132.15, 123.58, 115.98, 114.64,
57.62, 55.74, 39.29. HRMS (ESI) calcd for CigH;3N,0,-
CINa [M+Na]" 323.0558, found 323.0539.

2-((4-TR IR B ) (R 2 ) 26k ) HA % ) S 1| e b - 1,3- 8l
B 38 mg, FFE 55%. EEFEA, mp. 167~168 C;
'H NMR (400 MHz, CDCl;) 0: 7.84 (dd, J=5.48, 3.04 Hz,
2H), 7.72 (dd, J=5.45, 3.06 Hz, 2H), 7.33 (d, J=9.12 Hz,
2H), 6.94 (d, J=9.12 Hz, 2H), 5.24 (s, 2H), 3.14 (s, 3H);
C NMR (151 MHz, CDCly) &: 168.83, 146.45, 134.42,
131.95, 123.68, 115.39, 110.78, 56.21, 39.28. HRMS (ESI)
caled for C;¢H3N,O,Br [M—i—H]+ 345.0233, found
345.0236.

2- (4TI ) (PP ) S ) P B ) 5 M5 - 1,3
(3h): 34 mg, F=H 43%. AR K, mp. 158~160 C;
'"H NMR (400 MHz, CDCl3) 6: 7.86 (dd,
J=5.64, 3.30 Hz, 2H), 7.80~7.70 (m, 5H), 7.05~6.97
(m, 2H), 5.49 (d, J=14.79 Hz, 1H), 5.39 (d, J=14.79 Hz,
1H), 3.05 (s, 3H); >°C NMR (151 MHz, CDCl;) 6: 167.69,
147.12, 138.55, 134.16, 131.02, 123.52, 117.09, 89.00,
59.35, 37.47. HRMS (ESI) caled for C6H4N,O,I [M+
H]" 393.0094, found 393.0096.

2-((4- T 2R 3 (3 ) B0 ) R ) e g - 1,3-
3" 26 mg, FFE 46%. AGFEK, mp. 153~154 C;
'H NMR (400 MHz, CDCl;) d: 7.90~7.81 (m, 1H), 7.77
(dd, J=5.73, 3.27 Hz, 1H), 7.08~7.00 (m, 1H), 6.89~
6.82 (m, 1H), 5.47 (s, 1H), 3.05 (s, 1H); >C NMR (151
MHz, CDCl3) 6: 167.39, 158.99, 145.70, 134.22, 131.03,
123.51, 119.33, 115.72, 59.27, 37.59. HRMS (ESI) calcd
for C,¢H;3N,O,F [M+H]" 285.1034, found 285.1025.

2-((3-FAARHL ) (P Az 5 ) ) e g Pok- 1, 3- 8 (3j):
20 mg, 7 35%. REOE A, mp. 162~163 C; 2 'H
NMR (400 MHz, CDCls) &: 7.86 (dd, J=5.44, 3.04 Hz,
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2H), 7.73 (dd, J=5.41, 3.09 Hz, 2H), 7.19 (q, J=8.23 Hz,
1H), 6.86 (dd, J=8.45, 2.35 Hz, 1H), 6.76 (dt, J=12.60,
2.29 Hz, 1H), 6.48 (td, J=8.20, 2.24 Hz, 1H), 5.26 (s, 2H),
3.17 (s, 3H); °C NMR (151 MHz, CDCly) o: 167.39,
162.40, 146.74, 134.29, 131.03, 129.97, 123.51, 112.22,
103.42, 59.21, 37.64. HRMS (ESI) calcd for CiH;3N,O,F
[M+H]" 285.1034, found 285.1025.

2-((FBE (R 3 3 ) F 35 ) S | W - 1,3- — i (30): ")
27 mg, FEFE 51%. REEEA, mp. 92~93 C; 'H
NMR (400 MHz, CDCl3) o: 7.94~7.87 (m, 2H), 7.78 (q,
J=2.58 Hz, 2H), 7.35~7.30 (m, 2H), 7.15 (d, J=8.06 Hz,
2H), 6.88 (d, J=7.36 Hz, 1H), 5.36 (d, J=2.00 Hz, 2H),
3.24 (d, J=1.98 Hz, 3H); °C NMR (151 MHz, CDCl;) ¢:
168.91, 147.41, 134.30, 132.14, 129.28, 123.59, 118.47,
113.69, 56.62, 39.20. HRMS (ESI) calcd for CigH;sN,0,
[M+H]" 267.1128, found 267.1135.

2-((CEECRFk ) ) 1 8 S  We-1,3- il (3p): 20
mg, FFHE 36%. [AEEA, mp. 80~82 C; 'H NMR
(400 MHz, CDCls) d: 7.99~7.92 (m, 2H), 7.81 (d, J=
3.47 Hz, 2H), 7.37~7.32 (m, 2H), 7.18 (d, J=8.00 Hz,
2H), 6.87 (t, J=7.35 Hz, 1H), 5.35 (s, 2H), 3.78 (q, J=
6.95 Hz, 2H), 1.31 (t, J=6.93 Hz, 3H); *C NMR (151
MHz, CDCl;) 6: 168.80, 146.17, 134.18, 132.03, 129.27,
123.46, 118.05, 113.84, 77.25, 55.02, 44.84, 12.53. HRMS
(ESI) caled for C;;H7N,0, [M+H]" 281.1285, found
281.1286.

HBh A4 &l (Supporting Information) Y6 {iE i3k & AL [ B
P 3a~3p 19 'H NMR LA 3C NMR #E K. ixseht
REAT DL G 2 WA F1) 9335 (http://sioc-journal.cn/)_F R %K.
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