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C—N Coupling Reactions between Benzophenone Hydrazone and
Aryl Chlorides and Boronic Acids

Yao, Dandan Zhang, Jinli* Xu, Liang™
(Key Laboratory for Green Processing of Chemical Engineering of Xinjiang Bingtuan, School of Chemistry and Chemical
Engineering, Shihezi University, Shihezi, Xinjiang 832003)

Abstract Palladium catalyzed Buchwald-Hartwig reactions between aryl halides and N-nucleophiles, and the copper
catalyzed Chan-Evans-Lam reactions between aryl boronic acids and N-nucleophiles are all effective methods for constructing
C—N bonds. Herein, under palladium acetate/fert-butanol system or copper acetate/dichloromethane system, benzophenone
hydrazone can react with aryl chlorides and aryl boronic acids to afford corresponding aryl hydrazones, respectively. The
obtained products are easily hydrolyzed to form aryl hydrazines, thus providing an indirect pathway to access aryl hydrazines
from relatively less toxic reagents.

Keywords Buchwald-Hartwig reaction; Chan-Evans-Lam reaction; aryl boronic acid; benzophenone hydrazone

75 H JF DA 95 HEfh At BB A HLA R R,
W2 T A s et g s = eI A g gy
THE LSRR s, ZREs TheSa
55 3 PR EE R BT, VAT TR I P R AT 28 2 R
FA%E. DRI, 32 e ) A 1] 2% 0 3% RO T B R ik — B 2
AHLE B A BN 2 —

PG 1075 K RO 4% 5 72 h, 4G SR A BRE B
FRH, P EEEEFE AR5 5, H A R R
AFEG D AT BRIR 24 . 1205 102 RS0 S AH 8 87 2,
BREMIm 22, S KR ETIES R
A2 SRR A R, G L 35 b b U AF BB S A T R
CABHET R, — R B G 05 B AR T R R
Sk, FEAHE: (DFEMHEILH Buchwald-Hartwig Bz K1),
TR A 1 (R0 B A 2 0 5 2% O il o e P

() N-75 B0 MR AR AL TR () s AR 5 8 S R B
PR AR S BB () AEAL Y Ullmann 52 N©1, G4
AL A () s A0S B SR O 2 K A kL ) 55 3
I B Fodr, DABEE BN sk, R4 E, 733
(PR BRI = R 05 B AT 2B W), R B AR A5 2
AORIF () 757 I, IXARE T DAk S0 5 FH 25 R ORI 7K A B
VERR s kL, 32 s N RE Y 22 A k.

TE R W IR0 N-75 B4 OB, S A s B
T MR B R R AR Y fp LaAcanon.106. 100,121 g 55 B8 g 10 1 5y
LA ERE, DLEE N BRAN I ST I R JEORHI I RAY R &
BB 5T, LSS SRR 1 & B R
Chan-Evans-Lam 5 5 " A] DL Sz BB 2 e 110 4201 19 B,
Z IR N K 22 X6 IR 45 A B K RSB ANBBUER, e N 2% A TR
L BAETTE, TR TR KR, 2R 2R
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1) N-2E 12 # 0T 5 75 B0 % & 4= Chan-Evans-Lam %
JE LRSSk Ve, {H E AT R K R e R A TR
SSLARTE . G R S RV AT, LI R
DL K 75 B R 5 2 AR g el s R R, K B
TR DA R 05 R YR, PR R B I AR, 38 hn L s
FAOME. 2T AEBAE AT TR, AT /%A
T K 55 FEAIR 5 2 P A I P o B A 1K B 8L 43 31
T4 JR AR A N 52/, 152 — R FIAH R 1) 05 B iR
tEY).

1 &R511R

1.1 SRFREEZFREERNR M
£ Buchwald-Hartwig S5 1, KA BH -4 B BEAA )

5 AT AR i S ML AR, (e fil S0 12 SRR
BESML BRATTIRAR, FEAL AL I SRS e 5 o

i ) B 8L EPfiﬁﬁﬁMﬂﬁuﬂﬁﬁaﬂt A AT REAS 2 U
PR BT UL AR, EOE A T AL R AR
K (1a) 5 2K B R 2a) FIAB K S B, DA 20T R i 71,
DLESE AL IR, PR R SITE 0.5 mol %4 fiE 1L 71 A0 1
mol% MePhos {23 T 90 C N %M. 5h, PL67%[r=%15
2 HF57=9) 3a(3 1, Entry 1).

25 7 348 2 T I G FRURHB R S B 72 AR R ORI
S, 24 LU FFEA(DMSO). VUSRI (THE). — %N
N (1,4-dioxane) fEVE 7N, JoikAF 3 H br =4, i H
AT BT 15 3 b £ B 5E 4T 14 2 SIS #6(82%, Entry 2). 4
ff ] PA(PPhs), 1E N AT AT RS, [N 7= FAL A
19%. PRI REZHT PPhy 5 Ly e HCA2 5142
(. X Buchwald %! e A& (e &< B, f# F tBuDavePhos
(L) 7] 45 3 5 &5 (U K (Entry 9). BB S MR 1 55—
EERE R, LR NaOH 53] 87% MUK, f#
FATEALE508, NayCOs BT UL B2 R B (Entry  14), 114 A
H WL = 2 (TEA) AT 1,8- & 44 3+ —Br-7-45
(DBU) (Entries 12, 13)i SRR U1 L AU ZE . %
Ja, RSB FEARET OB = 2T FR(Entry 15). B, &%
TN [N 214 PA(OAC), AHEALT], L, AR,
NaOH Afk, P ERTF 90 CHRIAUT B M 5 h.

X IR e A S IR DIE F Mg AT T 5 5%, SRR
[F 05 F @A 5 R I s B, g5 SRR 2. AR
MRAER, LWERI R LA 73 A 20 f
FHM, 5 2R PR BB R R A, HORZ
AELL 60%~90% 7= 26453 B AH B H AR =4, F 4
(3b, 88%; 3¢, 90%). = HIH3e, 65%; 3m, 55%; 3o,
69%) FERIE3E, 79%; 3g, 85%). EEILEAL, 41%). ik
(3h, 78%) N SR MR R M. WAIBHRIAEE, 2-
HEREERE 3-FHEEEARM 4-=mHPEEARS 2-
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Table 1 Optimization of reactions between aryl chlorides and
benzophenone hydrazones

Catalyst (0.5 mol%) O
ngand (1.0 mol%) H
\“\@

Base (1.4 equiv.)
OMe
PCy t Bu)2 MeO PCy2
Me,N Cy,P. i-Pr. i-Pr

Solvent Ny, 5h

L, MePhos L, tBuDavePhos L3 CyJohnPhos L, BrettPhos
Entry Ligand Base  Catalyst Solvent  7/°C Yield"/%
1 L; NaOH Pd(OAc), EtOH 90 67
2 L; NaOH Pd(OAc), +-BuOH 90 82
3 L; NaOH Pd(OAc), DMSO 90 N.RS
4 L; NaOH Pd(OAc), THF 90 N.RS
5 L; NaOH Pd(OAc), 1,4-Dioxane 90 N.R.C
6 L; NaOH Pd(acac), -BuOH 90 81
7 L; NaOH Pd(dba), +-BuOH 90 74
8 L; NaOH Pd(PPh;3), +-BuOH 90 19
9 L, NaOH Pd(OAc), --BuOH 920 87
10 L; NaOH Pd(OAc), +-BuOH 90 72
11 Ly NaOH Pd(OAc), +-BuOH 90 66
12 L, TEA  Pd(OAc), -BuOH 90 NRS
13 L, DBU Pd(OAc), +BuOH 9 14
14 L, Na,CO; Pd(OAc), +-BuOH 90 50

15 L, NaOH Pd(OAc), +-BuOH 70 75

© 2020 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1a (0.30 mmol, 1.0 equiv.), 2a (0.45 mmol, 1.5 equiv.),
catalyst (0.0015 mmol, 0.5 mol%), ligand (0.003 mmol, 1 mol%), base (0.42
mmol, 1.4 equiv.), solvent (0.30 mL), 5 h. ®Isolated yields. “ No reaction.

AR R R A I 15 R L 1 R 1 7R A
i BH AR A QI 14 57 BELYSS 2 7 2 76 B S8 FA)
1.2 FEWRS ZFKPERIFNR L

1E 58 AR HE A O AR TS 8 5 2 R IR 1) S 22
J&i, AR T 05 RN ER 5 2 R B 0 A R B (3R
3). & 1.0 equiv.[IZHNER (4a). 1.5 equiv. EI’J#%SEF'EHH?
1.5 equiv.[IESERAIAT 2.0 equiv.FIMLIE R EALIIE &
ZEMM BRI, IR 24 h, U63%Eﬁ#${aﬂiua
PRFE. G AR £, SR Zek B ST B (Entries 2,
3). MR R HIIANAS [F] R B A, 738 50%~
T6%7= 2R, HA UL 2, [ (TMEDA, Entry 5)PLJ
FIEFR B A (Entries 6, 7)HK FRAK SN 77 5., 1 Bk
THERIAR Ly (Entry 8)UE FRAE FIETHE 76%.
FEULEERE b, RN RFIIN 0.1 g4 A 5370, KR
N PE O NERTEE 80% (Entry 10). I R[] % 36
5L 48 h HASIRE R MR, MR R =2
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Table 2 Substrate scope of the reactions between aryl chlorides and benzophenone hydrazones

"
MeO

3b 88%

Ph H
e

3a 87% 3¢ 90%

Ph 0 Phoy

Ph
Ph)\\N/N\EJ)LMe Ph/l\\N/N\©\ PN
Ph” N
NO

2

39 85% 3h 78%

B
N
H
Ph N @\ PN S
COOMe O Ph N @\
3141%

3m 55%

\©/OM6 Ph

ey why }J@

3d 62% 0
° 3¢ 65% 3f 79%

Ph Ph  H
H
N N F
OQ Ph)\\N/ Ph)\\N/
F

3i 74% 3j 59% Ph 3k 82% F
N “ “Ph
\ /
; a (3.5 equiv., 1.05 mmol)
30 69%
Ph Ph
3n61%

R3OTENIRS IR HEE R R R ¢
Table 3 Optimization of reactions between aryl boronic acids
and benzophenone hydrazones

Pyr|d|ne-N-OX|de HN
(2.0 equiv.)
DCM, r.t.

B~ OH Copper (1.5 equiv.)
T ngand (10 mol%) \N
3a

Me Me
H Q B Me H O
N\H)J\ en N\[HK
M N
©/ 0 o M Me
Me Me

La N'-benzyl-N2-phenyloxalamide  Lg N',N?-dimesityloxalamide

Entry Copper Ligand Time/h  Yield®/%

1 Cu(OAc), — 24 63

2 CuTC — 24 53

3 Cu(OTY), — 24 32
4 Cu(OAc), Salicylamide 24 52

5 Cu(OAc), TMEDA 24 50

6 Cu(OAc), [-Alanine 24 51

7 Cu(OAc), L-Alanine 24 64

8 Cu(OAc), Ly 24 76

9 Cu(OAc), Lg 24 70
10 Cu(OAc), Ly 24 80°
11 Cu(OAc), Ly 36 75°¢
12 Cu(OAc), Ly 48 77°¢
13 Cu(OAc), L, 24 71 ¢

“Reaction conditions: 4a (0.15 mmol, 1.0 equiv.), 2a (0.225 mmol, 1.5 equiv.),
Cu salts (0.225 mmol, 1.5 equiv.), ligand (0.015 mmol, 10 mol%), oxidant
(0.30 mmol, 2.0 equiv.), solvent (1.0 mL), 24 h. ®Isolated yield. 4 A MS (100
mg). dCatalyst (0.0225 mmol, 15 mol%), ligand (0.045 mmol, 30 mol%).

4a [ 0.15 equiv.Bf, P23 T FEZ 71% (Entry 13). 1R
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P LB S5 R, A& E T R OB A, B
PA= SR e i 0, A R A 11 D B E (R (2 3t 711, DA

N'-RFE-NP IR IR R AT AR, IEnE EE LR R

A7, 4A F3FIm U INGR, SEEL S BEIER 5 K AR R
PRI S A B S

TEGT G I BRI R B2, % 2K e R 5
FEMN R S AT T IRYIa R, W T S A A FREUR
BT EN R 5 K AR RN, SRR 4 FiR.
FEXT T SAR TS IR I SN, S I 11 S I 7 26 3 3 45
I, 8 AT DA LA A A5 B RAF IR 2E.(42% ~ 75%) 15 21 B
FRP=4. 240 HE RO i SRR S X1 225 T 1S (Se,
5, 3d), M A IEH ST, ULIZ RN TS IR A
1 2R [ i R AR BCAH FLAb 78, AR T BTS2 H bR 7
TG BB A B e 4L
1.3 R ERK R & KB

PR N BI KRR RS O IAR T
AT KRR NL(Eq. 1), #IRTHP: 24 h, RMNEIEFHE
TREEM 5, A s & F R T 3~4 RIS,
RIAT 15 2 3 G 07 S ERRR EL P2 W, RS 2R 56%.

EtOH/HCI (V: V = 10:1) @
M
rt,24h H

“NH,HCI

3aa 56%

RIE 7 PR IR AR N-D5 B BN, DL
TORWE-TT R R G Y. WA IR R A T
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Table 4 Substrate scope of reactions between aryl boronic acids
and benzophenone hydrazones

Ph 4 Phoy
N N Me
Ph)\\N/ \© Ph/k\N/ \©/
3a 80% 5b 42%
Ph N Ph §

N OMe
PNy \I:::l\ oSN \[:::T/
5¢ 51% OCFs 3¢ 45%
Ph
Ph Ph H
H H PP F
N _N N
Ph)\\N/ \©\ph/k\N \©\Ph N \Ej
Cl Br

5e 71% 5f 75% 3d 50%

HEARI5 1R Buchwald-Hartwig SN (NP2 41%~
90%) LA K Hil g 3E 1) 5 55 FE R i) Chan-Evans-Lam M
(BIF=F 45%~T75%). [T 55 S &9l Ji
KRN 75 BBk, S T K ETE D5 BE A B A
H, NZEEDIRIE BRI HE T — A% 24 KEm
PEAZ.

3 SEEESs

3.1 NBES5RHF

'H NMR (400 MHz)#1 “C NMR (101 MHz)*H]
Bruker Ascend-400 MHz AZREFEARACIE; 24N
F Thermo Fisher Nicolet 6700 FT-IR ZI4M%iE 4% H
ATR (Attenuated Total Reflectance)/7iEMIR. #£EHr{H
I ST AR 200~300 HEER, SZU6AT %
FIFRFNCEIE FRL 22) R 2 5 2L kb FE4fifk,.

32 WK
3.2.1 RARFIRG R E

VR ) 25 mL 19 BB H I 0.30 mmol 75 FE &AL
Y, 0.45 mmol —ZK HIfFE, 0.0015 mmol FEER4, 0.003
mmol FCLAAFT 0.42 mmol &AM, AR E ) B
AR FERARP A TN 0.30 mLAUT B, 790 C
WG 5 h, AHEFR. KMREEHmIE. 2R
e, MEREEFEE] 50 mL AN O, ZERRIEA. H
PR ZAE RN AR BRI A R R V=
100 © 1)Jf3 2R 1724,

TORFERZEE(3a): 71 mg, WA, R 87%.
m.p. 135~136 C (lit!"* mp. 134~135 C); 'H NMR
(400 MHz, CDCls) &: 7.63~7.54 (m, 4H), 7.54~7.45 (m,
2H), 7.35~7.29 (m, 4H), 7.28~7.21 (m, 3H), 7.08 (dd,
J=8.5, 0.9 Hz, 2H), 6.84 (t, J=7.3 Hz, 1H); °C NMR

1676 http://sioc-journal.cn/
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(101 MHz, CDCly) §: 144.6, 144.2, 138.4, 132.8, 129.7,
129.3,129.2, 129.2, 128.2, 128.0, 126.5, 120.1, 113.0.

ORI -2-H A 2K (3b): 80 mg, ([ 4k, £
# 88%. m.p. 154~156 C (lit.!"*) mp. 155~156 C);
'H NMR (400 MHz, CDCl;) d: 7.99 (s, 1H), 7.68 (d, J=
8.0 Hz, 1H), 7.62~7.49 (m, 5H), 7.37~7.27 (m, 5H), 6.98
(t, J=8.0 Hz, 1H), 6.82~6.75 (m, 2H), 3.68 (s, 3H); "°C
NMR (101 MHz, CDCly) o: 145.4, 144.8, 138.6, 134.3,
133.1, 129.6, 129.1, 128.2, 127.9, 126.6, 121.6, 119.2,
112.4,110.1, 55.6.

ORI -3-F A PRI (Be): 82 mg, A4k, £
# 90%. m.p. 102~103 C (lit."* mp. 102~103 C);
'H NMR (400 MHz, CDCl;y) d: 7.59~7.48 (m, 6H),
7.33~7.27 (m, 5H), 7.12 (t, J=8.0 Hz, 1H), 6.78 (s, 1H),
6.55 (d, J=8.0 Hz, 1H), 6.41 (d, J=8.0 Hz, 1H), 3.80 (s,
3H); *C NMR (101 MHz, CDCls) 6: 160.9, 146.0, 144.3,
138.3, 132.8, 130.0, 129.7, 129.3, 129.2, 128.2, 128.1,
126.5,105.7, 105.7, 98.8, 55.3.

TRHE-3-E R (3d): 54 mg, EOMPRY, PR
62%. "H NMR (400 MHz, CDCL3) 6: 7.61~7.51 (m, 6H),
7.33 (d, J=8.0 Hz, 5H), 7.14 (q, J=12.0 Hz, 1H), 6.94 (d,
J=12.0 Hz, 1H), 6.69 (d, J=8.0 Hz, 1H), 6.52 (t, J=8.0
Hz, 1H); *C NMR (101 MHz, CDCl;) §: 164.0 (d, J=243
Hz), 146.4 (d, J=11 Hz), 145.2, 138.1, 132.6, 130.3 (d,
J=10 Hz), 129.8, 129.5, 129.1, 128.4, 128.3, 126.7, 108.6
(d, J=2.0 Hz), 106.5 (d, J=22 Hz), 100.2 (d, J=26 Hz);
YF NMR (376 MHz, CDCly) §: —112.32; IR (ATR) v:
3451, 1611, 1274, 1258, 1074, 759, 698 cm '; HRMS
(ESI) caled for CjoH¢FN, [M—f—H]+ 291.1292, found
291.1295.

TR -2- = 5 R R R (3e): 66 mg, LR
), P23 65%. 'H NMR (400 MHz, CDCl;) d: 8.07 (s,
1H), 7.93 (d, J=8.0 Hz, 1H), 7.65~7.47 (m, 6H), 7.40 (d,
J=8.0 Hz, 1H), 7.35~7.32 (m, 5H), 6.86 (d, J=8.0 Hz,
1H); “C NMR (101 MHz, DMSO-dy) J: 148.2, 141.9,
137.5, 134.5, 132.1, 130.4, 130.3, 129.4, 129.0, 128.9,
126.9, 126.6 (q, J=6 Hz), 124.9 (q, J=270 Hz), 119.8,
114.6, 111.4 (q, J=29 Hz); ’F NMR (376 MHz, DMSO-
ds) 0: —60.70; IR (ATR) v: 3374, 1516, 1321, 1303, 1166,
788, 754 cm'; HRMS (ESI) caled for CaoH 6F3N, [M+
H]" 341.1260, found 341.1263.

TR H-2- L BEFE AR (3): 74 mg, B EIHIRY,
P& 79%. '"H NMR (400 MHz, CDCl;) §: 7.73 (d, J=8.0
Hz, 2H), 7.40 (q, J=8.0 Hz, 6H), 7.34~7.27 (m, 4H),
7.23~7.12 (m, 3H), 2.33 (s, 3H); °C NMR (101 MHz,

Chin. J. Org. Chem. 2020, 40, 1673~1679
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CDCly) d: 158.8, 158.5, 139.2, 137.9, 135.2, 132.1, 130.0,
129.9, 129.7, 129.6, 129.0, 128.9, 128.6, 128.2, 128.1,
126.8, 19.9; IR (ATR) v: 3431, 1701, 1612, 1359, 1301,
1099, 792, 735 cm '; HRMS (ESI) calcd for C,H;oN,O
(M+ H)" 315.1492, found 315.1495.

IR HIR-4- LS PE B (3g): 80 mg, FELIHIIRY,
=% 85%. '"H NMR (400 MHz, CDCl3) d: 7.89 (d, J=8.0
Hz, 2H), 7.74 (s, 1H), 7.63~7.55 (m, 5H), 7.34 (d, J=8.0
Hz, 5H), 7.09 (d, J=8.0 Hz, 2H), 2.54 (s, 3H); *C NMR
(101 MHz, CDCl3) d: 196.6, 148.3, 146.9, 130.6, 130.1,
129.8, 129.6, 129.3, 129.0, 128.7, 128.3, 128.3, 126.8,
112.2, 26.2; IR (ATR) v: 3445, 1705, 1609, 1347, 1297,
1099, 847, 789 cm™'; HRMS (ESI) caled for CpHsN,O
[M+H]" 315.1492, found 315.1495.

IR EH-4-W IR EE(3h): 74 mg, TEEFEA, PR
78%. m.p. 154~155 °C; '"H NMR (400 MHz, CDCL;) o:
8.16 (d, J=8.0 Hz, 2H), 7.87 (s, 1H), 7.64~7.57 (m, 5H),
7.37~7.33 (m, 5H), 7.10 (d, J=12.0 Hz, 2H); *C NMR
(101 MHz, CDCly) J: 149.4, 148.7, 140.4, 137.4, 131.8,
129.9, 129.9, 129.2, 128.9, 128.4, 127.1, 126.1, 112.0; IR
(ATR) v: 3318, 1597, 1612, 1499, 1311, 1265, 1092, 835,
773 e¢cm '; HRMS (ESI) caled for CoH;sN3O, [M+H]"
318.1237, found 318.1239.

TRHIER-1-25 7 30): 72 mg, A, PR 74%.
m.p. 155~107 C (lit"* mp. 155~156 C). 'H NMR
(400 MHz, CDCl;) §: 8.19 (s, 1H), 7.78 (d, J=8.0 Hz,
2H), 7.67 (dd, J=8.0, 8.0 Hz, 4H) 7.59 (t, J=8.0 Hz, 1H),
7.47 (dd, J=8.0, 8.0 Hz, 3H), 7.42~7.28 (m, 6H), 7.24 (d,
J=12.0 Hz, 1H); *C NMR (101 MHz, CDCl;) J: 146.4,
139.3, 138.2, 134.2, 1329, 129.9, 129.5, 129.1, 128.8,
128.3, 128.3, 126.8, 126.7, 125.6, 125.0, 121.9, 119.9,
119.0, 108.1.

TRWEA-2- K E3)): 51 mg, FORY, oK
59%. '"H NMR (400 MHz, CDCly) 6: 7.73 (t, J=8.0 Hz,
1H), 7.66 (s, 1H), 7.59 (t, J=8.0 Hz, 4H), 7.52 (t, J=8.0
Hz, 1H), 7.33 (t, J=8.0 Hz, 5H), 7.12 (t, J=4.0 Hz, 1H),
6.94 (q, J=8.0 Hz, 1H), 6.75 (d, J=8.0 Hz, 1H); "*C
NMR (101 MHz, CDCL3) o: 149.8 (d, J=238 Hz), 146.3,
138.2, 133.1 (d, J=9 Hz), 132.4, 129.8, 129.5, 128.9,
128.3, 128.2, 126.7, 124.8 (d, J=3 Hz), 119.4 (d, J=6
Hz), 114.7 (d, J=17 Hz), 114.5 (d, J=2 Hz); '’F NMR
(376 MHz, CDCl;) §: —137.69; IR (ATR) v: 3351, 1622,
1288, 1256, 1190, 815, 746 cm™'; HRMS (ESI) calcd for
C1oH FN, [M+H]" 291.1292, found 291.1293.

TOEHIER-3,5- KR (K): 76 mg, EOHRY,

Chin. J. Org. Chem. 2020, 40, 1673~1679
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P& 82%. 'H NMR (400 MHz, CDCl3) d: 7.61~7.52 (m,
6H), 7.32 (s, 1H), 6.60 (d, J=12 Hz, 2H), 6.26 (t, J=8 Hz,
1H); “C NMR (101 MHz, CDCl;) J: 163.9 (dd, J=243,
15 Hz), 146.9 (t, J=13 Hz), 146.2, 137.7, 132.3, 129.8,
129.6, 128.9, 128.7, 128.3, 126.8, 96.0 (d, J=29 Hz), 94.9
(t, J=26 Hz); F NMR (376 MHz, CDCl;) 6: —109.72;
IR (ATR) v: 3398, 1635, 1475, 1269, 1247, 1058, 786 cm™~
' HRMS (ESI) calcd for CoH;sF,N, [M+H]" 309.1197,
found 309.1195.

TR F -4 AR B R TR G R D): 41 mg, B
EIHIRY), 7% 41%. "H NMR (400 MHz, CDCl;) 6: 7.94
(d, J=28.0 Hz, 2H), 7.71 (s, 1H), 7.60~7.54 (m, 5H),
7.33 (s, 5H), 7.08 (d, J=8.0 Hz, 2H), 3.87 (s, 3H); "°C
NMR (101 MHz, CDCly) o: 167.1, 148.1, 146.5, 137.8,
132.3, 131.4, 129.8, 129.6, 129.0, 128.6, 128.3, 126.8,
121.3, 112.1, 51.7; IR (ATR) v: 3259, 1698, 1599, 1277,
1261, 1173, 842, 822 cm '; HRMS (ESI) caled for
CoH1oN,O, [M+H]" 331.1441, found 331.1445.

TR H-3- =5 R KR (3m): 56 mg, B ELHRR
), P23 55%. '"H NMR (400 MHz, CDCl3) 6: 7.62~7.48
(m, 6H), 7.34~7.30 (m, 7H), 7.23 (d, J=8.0 Hz, 1H),
7.08 (d, J=8.0 Hz, 1H); *C NMR (101 MHz, DMSO-d;)
0: 146.6, 145.2, 139.0, 133.5, 130.4, 130.1 (q, J=31 Hz),
129.9, 129.6, 129.5, 128.8, 128.6, 126.7, 124.9 (q, J=270
Hz), 116.9, 115.5 (q, J=4 Hz), 109.9 (q, J=4 Hz); "F
NMR (376 MHz, CDCl;) §: —62.73; IR(ATR) v: 3336,
1615, 1332, 1278, 1126, 805, 764, 701 cm™'; HRMS (ESI)
caled for Cy0H 6F5N, [M+H]" 341.1260, found 341.1265.

= AR HEE-1,3,5- =K F(3n): 121 mg, B AR
), P23 61%. '"H NMR (400 MHz, CDCL3) 6: 7.60~7.50
(m, 5H), 7.46 (s, 3H), 7.35~7.29 (m, 4H), 6.62 (s, 3H);
C NMR (101 MHz, CDCl) d: 146.3, 145.1, 138.1, 132.6,
129.8, 129.4, 129.1, 128.2, 126.6, 105.0, 95.4; IR (ATR) v:
3455, 1604, 1228, 827 cm '; HRMS (ESI) caled for
C4sH37Ng [M+H]" 661.3074, found 661.3072.

UK A -4- =R SRR (30) 2T 70 mg, #EA
B, 7223 69%. m.p. 93~95 C(it."* m.p. 85~86); 'H
NMR (400 MHz, CDCLy) o: 7.81 (d, J=8.0 Hz, 1H),
7.64~7.46 (m, 8H), 7.33 (d, J=8.0 Hz, 4H), 7.12 (d, J=
8.0 Hz, 2H); *C NMR (101 MHz, CDCl;) d: 147.1, 146.2,
137.9, 137.6, 132.4, 132.3, 130.1, 129.8, 129.6, 129.0,
128.6, 128.3, 126.8, 126.6 (q, J=4 Hz), 121.6 (q, J=33
Hz), 112.4; "°F NMR (376 MHz, DMSO-d) 9: —59.37.
322 FEORMNER A9 R L

] 25 mL I RMNE I 0.15 mmol 75 3
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0.225 mmol 7 F %« 0.225 mmol B FER %« 0.30 mmol
g -N-SE ALY F1 100 mg 700, BB 1.0 mL
TERE RNE SR ER D, EERTHEE 24 h,
RMEEE G, IR MIREY), HH OIR CERTRERIEDE,
WEZEPE R L. M= A E M ai b Be iR
B R BBV 0 V=100 : 1)]15Z2AH M7=

TR -2 R (3a) ) 33 mg, FEAEA, UER
80%.

TR 3-SR 2R (S 18 mg, AR,
P 42%. "H NMR (400 MHz, CDCls) d: 7.80 (d, J=8.0
Hz, 1H), 7.57 (t, J=8.0 Hz, 4H), 7.49 (q, J=8.0 Hz, 2H),
7.33~7.29 (m, 4H), 7.12 (t, J=8.0 Hz, 1H), 6.89 (t, J=
8.0 Hz, 2H), 6.66 (d, J=8.0 Hz, 1H), 2.31(s, 3H); “*C
NMR (101 MHz, CDCLy) d: 144.6, 144.0, 139.1, 138.5,
129.7, 129.2, 129.2, 128.2, 126.5, 121.0, 113.5, 110.2,
21.6.

TR HIH-4- =5 AR B R TR (Se): 27 mg, BEEIHIR
Y, P=# 51%. '"H NMR (400 MHz, CDCl;) ¢: 7.80 (d,
J=8.0 Hz, 2H), 7.59 (t, J=8.0 Hz, 3H), 7.54 (d, J=8.0
Hz, 1H), 7.48 (t, J=8.0 Hz, 3H), 7.34~7.31 (m, 4H), 7.08
(q, J=8.0 Hz, 2H); *C NMR (101 MHz, CDCl;) §: 143 .4,
137.6, 132.4, 130.1, 129.8, 129.4, 129.0, 128.3, 128.2,
126.6, 122.3, 116.2, 113.5; F NMR (376 MHz,
DMSO-dg) : —57.28; IR (ATR) v: 3339, 1620, 1318,
1254, 1209, 827, 786 cm '; HRMS (ESI) caled for
CaoH 6F3N,O [M+H]" 357.1254, found 357.1256.

TR -3- AR R AR Be) ) 20 mg, € EAA,
FEE 45%.

TR I -4- S K B (Be): 33 mg, FEOEAR, PEER
71%. m.p. 115~117 C (it mp. 116~117 C). 'H
NMR (400 MHz, CDCls) 0: 7.58~7.46 (m, 6H), 7.32 (q,
J=8.0 Hz, 5H), 7.19 (d, J=8.0 Hz, 2H), 7.00 (t, J=12.0
Hz, 2H); “C NMR (101 MHz, CDCl;) J: 144.9, 143.3,
137.6, 132.5, 130.1, 129.8, 129.1, 129.1, 128.3, 128.2,
126.6, 124.6, 114.1.

TR -4 IR RGO 39 mg, EAIRY, 77
# 75%. '"H NMR (400 MHz, CDCl;) §: 7.60~7.52 (m,
5H), 7.46 (s, 1H), 7.32 (d, J=8.0 Hz, 7H), 6.96 (d, J/=8.0
Hz, 2H); “C NMR (101 MHz, CDCl;) J: 145.0, 143.7,
138.1, 132.5, 132.0, 130.1, 129.8, 129.1, 128.3, 128.2,
126.6, 114.5, 111.8.

TR FE-3-E IR EG3): 22 mg, FEORY, PR
50%.

3.2.3 RV ER-RAR K AR H) &R BE
] 25 mL N EHFHIA 0.2 mmol 3a, 2.0 mL ZE%/
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WERIBEW( - V=10 : 1), IBEWIEEIR T HHE 24
h, N 5E G IS AR B, AR bR e T S E
AL R PR E(3aa), FIEEK, P23 56%. m.p. 223~
224 °C (1it!"*! m.p. 222~224 C).'H NMR (400 MHz,
DMSO-dg) 0: 10.32 (d, J=32.0 Hz, 3H), 7.28 (t, J=8.0
Hz, 2H), 7.01 (d, J=8.0 Hz, 2H), 6.94 (d, J=8.0 Hz, 1H);
C NMR (101 MHz, DMSO-d;) o: 146.1, 129.4, 121.8,
115.0.

4#H Bh#1 %} (Supporting Information) 1t &%) 3a~3o,
5b, Sc, Se, 5f, 3aa ffJ '"H NMR 1 °C NMR % /. iX2u4f
AT PL A B MAS T W4 33t (http://sioc-journal.cn/) | N %K.
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