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Cu-Catalyzed Aqueous Phase Ullmann-Type C—N Coupling
Reaction Promoted by Glycosyl Ligand
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Abstract A green and efficient catalytic system has been developed for the Cu-catalyzed Ullmann-type C—N coupling
reactions in water. With Cul as catalyst, N-(2-hydroxyethyl)-f-D-glucopyranosylamine as ligand, aryl iodides and aryl
bromides bearing various electron-withdrawing and electron-donating groups could be coupled with N-nucleophiles in water
with good yields (61%~96%). The catalytic system was expanded successfully to the reaction of indoles with 4-iodoanisole in
water.
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O3 S SV RVRD 55 B Ak B VA S A LA A L,
IKEA R, A, RS A i BOR S s
e, @ﬁﬂ%é‘%ﬁ:ﬁElﬁx%ﬂ’]iﬁﬁﬁ)ﬁ%ﬁi%ﬁﬁ
FOKAHA N BLBRAR. T X A al i, A2 AR
FNCEAEKIERR IR R TS TIRZ 5577, R
T HIMAR R “in-water” FIHERJFIA R “on-water”
S EMA. YA DMSO. DMF 28K A7 7K
TR S AR B AR R [, DK A TR IR 4l 7K )
SRR, T I AR B S A s AR RO Bkt
AN, AT AR 5 i A 70 M R e RS ) 2 T
TEVEF B AR MU S K R BEAT. Bt et
TXAE (P37 V2 [F) R R R dE 1 22 ME VA A WL A 7E 7K AR
H B AL R,

AL B WE R SR BTN ] AW FE AR I R IR,
AL B FHAEA FLAE (572 g BLE ) 32 R AR 4 ) (1L
TIPS 7 HH R TE A2, D 5 67 i R R SR AR AR (AL P
Ullmann C—N BB N H A 35 H B I BCAR SR, SR
558 75 B4 Bh A HLBIA T DMSO A BEAE KA PR it
FEEATR SRR, S AR MEALAI/KA Ullmann C—
N R TIRKMEE, &P N-JIRE J5 LA
P i 248 5 4% R S R L5 T 2 i A W 7 7K AH Hh S LA 1R
S5 JSE TS0 8 KR R AT SR 75 A BN doe 3
= WL B EZ(CTAB) DU T JEIR 4L 5 (TBAB) S5 AH 4 #
AT, EER BT SARI IR T A BETE L. NPT
15 FH B PC AR TG R B, X ATD IR 2 X BRI B — 0 52
Wl PRI, A TAR B TEIFE R T —Fhn] B 5 ik e
JERTH IR G YD, AFNBCAR P A Al 7K AR Hh <230 R
1k Ullmann C—N BB R B, LHREEMHEEN, HiE
BN, SR,

1 &R511R

1.1 Ullmann & N AYE ML

E Ullmann 81 B A, 638 B EC A4 B A8 %5 Fh 05 2k

X A5 5 B P DA R T IS0 A B L A 1B 7=
Y, DIECAR R Wit S50 ) BA8 2 e E PO, Do Ak
H D-S F 7 %0 R R SR E A WLIA R ) Ullmann (3¢
RN E P T RS AR R AT, 5 R 3 a5
Zk e, A] BEMREAKIEPERIRE 5, AR TAELL D &4 AN
2-F2 3 O NIRRT A R TR AT RENTAE R N-(2-
& £ HL)-B-D- Lk W ] 26 1 Mg (L) SR A 2 70 R A5 K B S (P&
1). AU 5 13 HAR 2 1) 4-TH R Tk R Ik P Sy A8l
JERA, SECARRI AT T HEEEER 1), SRKH, D
EIFE(LO)AT D-50 5578 %1 B 52 5 (L2) AN BE 7E 4 /K AH H
AR FFEAR P AL O A BBR S B (Entries 1, 2). 12 it O FC 44
4 BETEKH L 86% IS e (e kB B e B (13347, HUR
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Figure 1 Structures of ligands
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Table 1 Optimization of reaction conditions

/©/I . 2‘3 Copper, ligand l\/://\N
~o H Base, H,0 ~o /©/
1a 2a 3a
Entry Ligand Cat. Base 7/°C  Yield/%
1 L1 Cul K,CO4 100 0
2 L2 Cul K,CO4 100 0
3 L3 Cul K,CO4 100 54
4 L4 Cul K,CO4 100 86
5 L4 CuBr K,CO4 100 78
6 L4 CuCl K,CO, 100 82
7 L4 CuSO, K,COs 100 79
8 L4 Cu(CH;COO), K,CO; 100 68
9 L4 Cu(CF;S03), K,CO; 100 54
10 L4 Cul Cs,CO;s 100 91
11 L4 Cul Na,CO; 100 85
12 L4 Cul NaOH 100 55
13 L4 Cul KOH 100 46
14 L4 Cul Cs,CO4 90 61
15 L4 Cul Cs,CO;5 80 45
16 L4 Cul Cs,CO4 70 22
17 L4 Cul Cs,CO4 50 0

© 2018 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (1.0 mmol), 2a (1.2 mmol), copper catalyst (0.1
mmol), ligand (0.1 mmol), base (2.0 mmol), water (3 mL), 24 h. b Isolated
yield.

TEA AL Ullmann BRI, 8RN ESER
WLV 71 HR 2 MBI R B AT 1R KR RE M, 8% Cu(DfEAL
?JH: Cu(TT) AT o P AL 1k B 28, 0 7K e e

sER MR, — W 2E Cul. CuBr 1 CuCl [RfEAL 2K
R E LT =4 8 CuSO, . Cu(CH;COO), #l
Cu(CF;S0;), FIMEM AR, Horb Cul BIMEAL RO e tE, Uk
A 86% (Entries 4~9). B{E N M ISR, oot
F10 558 55 [ A5 % 5 il A BBk S B R 1 R 3 2 — P
K,CO;. Cs,CO5;. NaOH. KOH #1 Na,CO; HIfEF T, x
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IR AR, §58 Na,CO5 Al K,CO5 #fE LA BT
(ISR BRABIEE =2, (EJR 22 T Cs,CO;5 1) N AL
R (Entries 4, 10, 11). 24/ MA§ F 52 8% KOH F1 NaOH K,
R B AR (Entries 12, 13). XA AR 4-BILK H BEE
SO R T KM= T R T FRAR T RS,
THE R R A B R 2, F X T A
R R KA IR S B, 25 SRR B, BE S TR FE BRI,
TR AR AR B s B A R i 2 B (Entries 4, 14~17).
Itt, Z/KAH Ullmann J B (1) e A S5 AF 9 Cul AL
), L4 AT, Cs,CO; A, 100 C.
1.2 |R¥IIER

TERAER N ZAE T, AR SCRZ MR 2R N 24N )
FERRUY S SRS RER N, SR EiZ ML
KRRRYIE A 2). W R4S B3 Fr 5y
B A S KT B O S N, I HL DA S = R AR
FAH R BB = 4. 2R3 A T2 F. Cl. CFss
1 COCH; B, SR AR % =5 (Entries 2~5). X AT A& KN
RN R TR D T R P R, R T

BT, A 2SR FEAE SR ) NO,, R
SRMARAR i, X AT REAR R 4R SR 1) 75 14 K,
PR T IK AR FEAIS T S S WS (Entry 6). S5
EAR ) 4RI H 0 R A7 AR 3-OK FR TR AR LG, 4BA7
EAR ) 2-RI R ) S S WAC %6 1 (3R 2, Entries 1, 7, 8),
XA e & A ABAL I OCH; 23 5 R EL AL AR i2E 1 %4k
TR R, AR, BT HUARH 2- 48 Fr e i e R L
XA EUAR ) 4-f 2R PR W 26 24K 45 2 (Entries 9, 10), 31X
AT RE SR RN ST AT 66 77, A0 EUAR A A7 BH ANl
2 ff I B 2 BRAIC. A gt H & OCH,CH; F
OCF; MMURTEZMEA A R T, [ A DU m e A=
FRAF S B B P2 W (Entries 11, 12). X35 PR K 5
RR UL, Fo R TR IR o R
OCHj;. OCF; #l CH; FVR AR I S SIS A FE ARG, T
T M B 1) SR U AN R 5 K e 3 4T ) B (Entries 13~
18). ZEFFmEME. mErgbe. 2-FAFEmkme, ZRIANIE T e
N-SEAZRFA, W RETEKAH 5 4-THOK FH R R AT AR B
J32, Wi A B 57 (Entries 19~23).

K2 Cul/L4 1EK AL I5 HE s A AN R AR AR AR 16 S R ¢
Table 2 Cul/L4-catalyzed coupling of aryl halides and nitrogen nucleophiles in water

2
R cul, L4 R
Ar—X + HN_ Ar—N\
1 R!' Cs,CO3, H,0, 100 °C R!
2 3
Entry Aryl halide N-Nucleophile Product 3 Yield”/%
| N I\QN
1 Q/ 4} /©/ 91
~o H ~o
3a
\
z : o) "
F H
F 3b
| N l\ll/\ N
~7
Cl H
Cl 3c
—
| N N
N
4 o) » .
FsC N FaC
3 3d
: N r\/i\ N
~
: el 8 I -
N
o 0 3e
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Entry Aryl halide N-Nucleophile Product 3 Yield®/%
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9 /©/ () /©/ 82
N
H .
3i
N r\/f/\ N
| <
10 ©i P @ 61
N
H
3j
| N gjnN
~7
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Entry Aryl halide N-Nucleophile Product 3 Yield®/%
D Saxe
17 § FC =N 66
FsC. N 3
O H 3l
Br N /=
F C—QN
: o ) e o
N
FsC H 3d

19

/=N
/®/N
0 94
/
3n
o )3
(e} N
78
3o

20

I
I
I
I

= N
ZVZI

=z

22

p

H

| NH, N
Cy JO U 7

3q

| N\/\/
" NH, /©/ 91
~o

3r

23

“Reaction conditions: aryl halide (1.0 mmol), N-nucleophile (1.2 mmol), copper catalyst (0.1 mmol), L4 (0.1 mmol), Cs,CO; (2.0 mmol), water (3 mL), 100 C, 24
h; ?isolated yield.

N T 5L Cul/L4 BRI ZRAE AR S TS 4-HOE R RE RO IBC SN, DA S5 BB 4F AU R
ORGP L, R HE AL A 2R N 218 R s T A= 4 1 (61%~85%) 4= B B (A I 4. W5 | ey A7 W L 1
A (R 3). FEZKAR, Cul/L4 Befidl K 2 Hmm| it S:P(LHE CL, Br, CN Ml NOyRF, 5 fit B 7 B AE

K3 4-BOK FRERS A5 Al 5 M R R I R S

Table 3 Reaction of various indoles with 4-lodoanisole

I ~N
N Cul, L4 . &) N
< + R—./ > RN
0 N Cs,COs, Hy0, 100 °C
1a 4 H —
5 O
< cl ~
N N D B
Fo Bln g =P
0 - o~ o— o~
5a 78% 5b 85% 5¢c 79% 5d 80%
X
SN ~
N
oZN{ﬁ‘Q N@ tp@
5e 71% o~ 5f 65% O 59 61%

“Reaction conditions: 4-lodoanisole (1.0 mmol), indole (1.2 mmol), Cul (0.1 mmol), L4 (0.1 mmol), Cs,CO; (2.0 mmol), water (3 mL), 100 °C, 24 h. ®Isolated
yield.
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R

(FINS| AR b, R s i m. SEER I, WIS 4-pioR
FH Tk P 7K AR AR IR s AR A A A R R A5 3 T T A .
1.3 ATHERIHNIE

HAl, D&E TIF£2 KT N-N. N-O f1 0-0 K
WA IR AL C—N B IBE S B LR >30T 7 4/
C A 8 A, 75 25 o 1 42 AR S AZ AR 1) L T R 1) e v i
e, ZHHE RN NN IEE R 2 Cu/Cu™ ALTEER.
[RIEST, AN )V ol P — A T AR 2 0 L AR TR S 7 B A2 A TR
RISEmC R, 454 DL Esead, ASCHEN T %R N
BT RERI LR 72 (Scheme 1) & %%, 7EBRIEZMET,
N-O ZikFiAk L4 5 Cul #HATHECAL, TR T LA Cu At
AR SR A, B, BABENEENSEY A 555
S AT SR, A RV B = A A B
HREA B X 52 A% AT FO A A B L BE A7 1 HR ()
C. SRJEH Mk ¢ X5 MR T H, ABGdJES D.
e Je REPEAS D IR JR I R AR AR, TR RE A R 4%
G A G A AT LA N — AN OB, AT
SEHL T A Cul/Cu™ AL IERR.

glucose
ArNu ,11 ArX
[ cu'
(6]
glucose A
’ glucose
EN\Cu/Ar |1] A
N r
o 'NuH [;Cu/\
D o X
B
BH+ X~ /\ NuH
glucose
|
N, Ar
_ LCul
B ol X
NuH
Cc

B 1 TR L Ullmann SR HLER
Scheme 1 Possible copper-catalyzed Ullmann reaction mecha-
nism

2 Zhig

AT I8 T —FRB A S (R B R X
Fetk L4, £E5A R PR SE A i 40 B T e /K
R AL Ullmann C—N RIS, HIEFEES
REORIP. FEZMEAR R, BRT RS N-2R
BT BEAE K o SEBUBIE SR, AR B Tis . 96%. It
b, IZAEAAR R R R RN R 5 4T FE K A £ 1
SNz R B AR 275 et A

1708 http://sioc-journal.cn/

© 2018 Chinese Chemical Society & SIOC, CAS

3 SERSY
3.1 UHF5EH

'H NMR (400 MHz)f1 “C NMR (100 MHz)*}
Bruker AVANCE DRX-400 MHz ¥ RESLIRACGI 52, # )2
M Sl T/ 200~300 HEER, SE3HTH
WA AT & Al s, T2 E2 AR
3.2 MEEEMA L4 ERK

£ 50 mL L RE R MHF, IMAHEREA.8 g, 10
mmol). 2-¥3E Z1%(0.6 g, 10 mmol). Z.F2(0.02 g, 0.33
mmol) Al Z.§7(48 mL), £ 30 ‘C NEIEIN#HZ N 8 h. %
N2 o5 S B TE A, S IR bR 2 R A A 3
Gt T VA o S R G S EZIRE Sl S RN R N S
90%. ZMEWIAEW] 5 Sk — 3%, N N-Q-$ 2.3E)-p-D-
WL it 76 26 R 22 (IL4). mLp. 114.9~115.2 C (1it.PY 114.8~
115 °C); "H NMR (400 MHz, D,0) d: 3.99 (d, J=8.8 Hz,
1H), 3.86 (d, J=12.3 Hz, 1H), 3.69 (d, J=4.8 Hz, 1H),
3.64 (s, 2H), 3.45 (t, J=8.6 Hz, 1H), 3.39~3.30 (m, 2H),
3.18 (t, J=8.9 Hz, 1H), 3.03~2.80 (m, 2H); *C NMR
(100 MHz, D,0) : 89.89, 76.83, 76.77, 73.04, 69.98,
61.22, 60.98, 46.99; MS (EI) m/z: 224 [M]".

3.3 Ullmann {88f &

TE SN, AR AL 77)(0.1 mmol). Acf4(0.1
mmol). 753 X 4E#7(1.0 mmol). & &AM AH(1.2 mmol).
(2.0 mmol)Fl 3 mL f] H,O, 7E—EiJE F M 24 h,
AR ER. FRSEEZ SR, I 20 mL &
g 2. B8 A1 20 mL /K EATZE . R 73 BSA5 201 B2 A WA
FTE/K Na,SO, 1. i UE)E, FrfIEUie 285k L1871 &
R 2T, 19208 . DA R LR 208 IR A 1 R
VR, AR ST kR AL, 2 A (TLC)
R BE ML ERE, & IR WCER IR T e 28 B 25355 i 771145 1 AH B
M4k fh, THEE.

1-(4- FAR L 2R ) - | H-PK M (3a): VR 35 (0 [E K. mup.
60~61C (it 60~62 ‘C); '"H NMR (400 MHz,
CDCly) 6: 7.79 (s, 1H), 7.30 (d, J=8.9 Hz, 2H), 7.20 (d,
J=6.7 Hz, 2H), 6.99 (d, J=8.9 Hz, 2H), 3.85 (s, 3H); C
NMR (100 MHz, CDCly) d: 159.00, 135.84, 130.67,
129.86, 123.25, 118.82, 114.93, 55.62.

1-(4- B, 25 35)-1H- 1wk M 3b)C: 3 (B ik 4. 'H
NMR (400 MHz, CDCly) d: 7.77 (d, J=15.0 Hz, 1H),
7.42~7.32 (m, 2H), 7.26~7.11 (m, 4H); *C NMR (100
MHz, CDCl;) 0: 162.92, 160.46, 135.78, 133.61, 130.44,
123.51 (J=8.5 Hz), 118.61, 116.76 (J=23.0 Hz).

1-(4- 50 K F2)-1H- K W (3¢)2*™): (o ik . 'H
NMR (400 MHz, CDCl3) §: 7.84 (s, 1H), 7.52~7.42 (m,

Chin. J. Org. Chem. 2018, 38, 1703~1711
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2H), 7.35 (d, J=8.7 Hz, 2H), 7.27 (s, 1H), 7.21 (s, 1H);
C NMR (100 MHz, CDCls) d: 135.89, 135.53, 133.22,
130.67, 130.04, 122.72, 118.19.

1-(4-(Z 50 ) 2R 35)- L H-mR e (3d)BY: et iRy,
'H NMR (400 MHz, CDCl;) 8: 7.97 (s, 1H), 7.43 (d, J=
7.4 Hz, 2H), 7.35 (d, J=17.9 Hz, 2H), 7.25 (s, 1H), 7.20 (s,
1H); *C NMR (100 MHz, CDCl;) d: 137.48, 135.62,
134.99, 130.26 (d, J=21.4 Hz), 121.45, 118.37.

1-(4-( LR 3) 2K FE)- LH-DK W (3e): 92 3 0 [l 44, m.p.
116~118 C (lit.**! 118~120 C); '"H NMR (400 MHz,
CDCl;) d: 8.09 (d, J=8.5 Hz, 2H), 8.01 (s, 1H), 7.51 (d, J
=8.6 Hz, 2H), 7.36 (s, 1H), 7.25 (s, 1H), 2.65 (s, 3H); °C
NMR (100 MHz, CDCl) &: 196.54, 140.63, 135.86,
135.38, 130.77, 130.33, 120.77, 117.76, 26.60.

1-(4-( i 58 ) 2K 2 )-1H- Wk Wk (36): [ ¢ [ 44, m.p.
201~202 C (1it.*¥ 203~205 C); '"H NMR (400 MHz,
CDCl;) 6: 8.41 (d, J=9.0 Hz, 2H), 8.01 (s, 1H), 7.60 (d,
J=9.1 Hz, 2H), 7.40 (s, 1H), 7.31 (s, 1H); *C NMR (100
MHz, CDCls) 6: 146.34, 142.00, 135.44, 131.77, 125.79,
121.10, 117.66.

1-(2- H R 2 R 8 )- 1 H- K e (3g): [ £ [ 44, mup.
53~55 C (lit.?*! 52~54 C); '"H NMR (400 MHz,
CDCly) 0: 7.77 (s, 1H), 7.39~7.28 (m, 1H), 7.22 (ddd, J=
7.6, 3.2, 1.6 Hz, 1H), 7.18~7.09 (m, 2H), 7.07~6.90 (m,
2H), 3.78 (d, J=3.5 Hz, 3H); *C NMR (100 MHz, CDCl,)
9: 152.54, 137.71, 129.03, 128.46, 126.37, 125.47, 121.00,
120.29, 112.39, 55.79.

1-(3- A AU DR B8 )-1H- K M (3h): 1 2 8] 44, m.p.
126~128 C (lit.* 127~129 ‘C); '"H NMR (400 MHz,
CDCly) o: 7.87 (s, 1H), 7.42~7.30 (s, 1H), 7.24 (s, 1H),
7.17 (s, 1H), 6.99~6.91 (m, 1H), 6.90~6.81 (m, 2H),
3.82 (s, 3H); *C NMR (100 MHz, CDCls) d: 196.54,
140.63, 135.86, 135.38, 130.77, 130.33, 120.77, 117.76,
26.60.

1-C4f B 2R 3E)-1H -k 3P Lk, 'H
NMR (400 MHz, CDCl;) d: 7.67 (s, 1H), 7.10 (dd, J=
15.9, 9.0 Hz, 6H), 2.42~2.09 (m, 3H); “C NMR (100
MHz, CDCl3) 6: 137.31, 137.27, 135.41, 134.80, 130.25,
129.88, 121.18, 121.13, 118.19, 20.80.

1-(48 2R 3E)-1H-BK M (3j): A [E 4K, mp. 64~
65 C (1it.*" 64~66 C); "H NMR (400 MHz, CDCl;) o:
7.54 (d, J=2.5 Hz, 1H), 7.33~7.18 (m, 3H), 7.15 (d, J=
2.6 Hz, 2H), 7.08~6.87 (m, 1H), 2.13 (d, J=3.7 Hz, 3H);
C NMR (100 MHz, CDCLy) d: 137.42, 136.56, 133.80 ,
131.27,129.15 , 128.81, 126.86 , 126.48 , 120.48, 17.56.

Chin. J. Org. Chem. 2018, 38, 1703~1711
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3-(4- L5 FE IR B8 )-3H-K M (3K): [ 8 [ A4, mup.
101~102 C (1it.** 100~102 C); "H NMR (400 MHz,
CDCly) 6: 7.83 (s, 1H), 7.30 (d, J=8.9 Hz, 2H), 7.20 (d,
J=5.6 Hz, 2H), 6.98 (d, J=8.9 Hz, 2H), 4.08 (q, J=7.0
Hz, 2H), 1.45 (t, J=7.0 Hz, 3H); C NMR (100 MHz,
CDCly) d: 158.42, 135.80, 129.48, 123.23, 118.83, 115.45,
63.90, 14.74.

1-(4-( = 30 PP ) 2R 58 )- LR 3D 6 (IR
¥). '"H NMR (400 MHz, CDCl;) 6: 7.84 (s, 1H), 7.44 (d,
J=8.9 Hz, 2H), 7.35 (d, J=8.6 Hz, 2H), 7.27 (s, 1H), 7.22
(s, 1H); *C NMR (100 MHz, CDCl;) J: 148.10, 135.90,
135.63, 130.79, 122.92, 122.54, 121.67, 119.10, 118.30.

1- 2R3 LH-BR I 3m)>*): k3 kY. 'TH NMR
(400 MHz, CDCL3) 8: 7.87 (s, 1H), 7.49 (t, J=7.7 Hz, 2H),
7.42~7.35 (m, 3H), 7.29 (s, 1H), 7.21 (s, 1H); *C NMR
(100 MHz, CDCl;) d: 137.40, 135.60, 130.41, 129.89,
127.50, 121.51, 118.25.

1-(4- A BE 2R B8 )- 1 H- R FF [d] WK M (3m): 38 €[] 44,
m.p. 96~97 C (lit.** 98~99 C); '"H NMR (400 MHz,
CDCly) &: 7.98 (s, 1H), 7.87~7.73 (m, 1H), 7.43~7.36
(m, 1H), 7.33 (d, J=8.8 Hz, 2H), 7.24 (p, J=7.2 Hz, 2H),
7.00 (d, J=8.8 Hz, 2H), 3.81 (s, 3H); >C NMR (100 MHz,
CDCly) d: 159.37, 142.55, 129.12, 125.74, 123.56, 122.63,
120.43, 115.13, 110.36, 55.64.

1-(4-F AR 0 L s ot (30): #& (44, m.p. 45~
46 °C (lit.** 46~48 “C); 'H NMR (400 MHz, CDCl;)
5: 6.76 (d, J=8.9 Hz, 2H), 6.45 (d, J=8.9 Hz, 2H), 3.67
(s, 3H), 3.14 (t, J=6.4 Hz, 4H), 1.99~1.79 (m, 4H); °C
NMR (100 MHz, CDCly) 6: 149.75, 142.23, 114.00,
111.58, 54.98, 47.20, 24.35.

1-(4- H AR L 2R 3 )-4- F L L H-BK M 3p): 1 [T 44,
m.p. 79~80 C (1it.?* 78~80 °C); 'H NMR (400 MHz,
CDCly) d: 7.58 (s, 1H), 7.19 (d, J=8.4 Hz, 2H), 6.94~
6.80 (m, 3H), 3.76 (s, 3H), 2.21 (s, 3H); *C NMR (100
MHz, CDCl;) 6: 158.68, 139.06, 134.81, 130.90, 122.84,
115.20, 114.85, 55.59, 13.65.

4-FEFE-NREE IR FZ 3q): R34 (044, m.p. 100~
103 C (1it™ 102~103 ‘C); ' H NMR (400 MHz,
CDCly) 6: 7.14 (m, 2H), 6.99 (d, J=8.8 Hz, 2H), 6.87~
6.68 (m, 5H), 5.40 (s, 1H), 3.71 (s, 3H); *C NMR (100
MHz, CDCls) 6: 154.24, 144.14, 134.71, 128.27, 121.17,
118.53, 114.62, 113.64, 54.55.

N-T R4 RZ GNP LY. "H NMR
(400 MHz, CDCL) d: 6.80 (d, J=8.9 Hz, 2H), 6.60 (d, J=
8.9 Hz, 2H), 3.76 (s, 3H), 3.19~2.97 (m, 2H), 1.67~1.49
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(m, 1H), 1.50~1.37 (m, 1H), 0.98 (s, 3H); *C NMR (100
MHz, CDCLy) d: 151.96, 142.92, 114.91, 114.03, 55.82,
44.72,20.35,13.95.

1-(4- B R L )- 1 H-W5] W (Sa): [ B [ 44, mup.
56~58 C (lit.”" 57~59 C); '"H NMR (400 MHz,
CDCly) 6: 7.70 (d, J=7.7 Hz, 1H), 7.48 (d, J=8.1 Hz,
1H), 7.44~7.40 (m, 2H), 7.30 (d, J=3.2 Hz, 1H), 7.24~
7.14 (m, 2H), 7.05 (d, J=8.9 Hz, 2H), 6.67 (d, J=3.2 Hz,
1H), 3.89 (s, 3H); *C NMR (100 MHz, CDCl;) d: 158.27,
136.36, 132.87, 128.97, 128.28, 126.00, 121.01, 120.08,
114.75, 110.37, 102.89, 55.60.

4- G -1-(4- H R 3 2K 3)-1H-15] Wk (5b): (9 0 [l 4,
m.p. 98~100 C (lit.*® 99~101 C); '"H NMR (400
MHz, CDCL3) &: 7.40 (s, 1H), 7.38 (s, 1H), 7.35 (s, 1H),
7.33~7.30 (m, 1H), 7.19~7.11 (m, 2H), 7.06 (s, 1H),
7.04 (s, 1H), 6.77 (d, J=3.2 Hz, 1H), 3.89 (s, 3H); "*C
NMR (100 MHz, CDCly) 6: 159.15, 137.69, 132.92,
129.43, 126.69, 123.24, 120.33, 115.35, 109.60, 101.96,
56.14.

57 -1 -(4- F A 4 3 )- 1 -5 1 (50) 81 3k 3 (7 i
R, 'H NMR (400 MHz, CDCls) o: 7.88~7.79 (m, 1H),
7.40 (s, 1H), 7.38 (s, 1H), 7.33 (s, 1H), 7.31 (d, J=1.7 Hz,
1H), 7.30 (d, J=3.2 Hz, 1H), 7.06 (d, J=8.9 Hz, 2H), 6.62
(d, J=3.2 Hz, 1H), 3.91 (s, 3H); “C NMR (100 MHz,
CDCl3) 0: 159.04, 135.59, 132.81, 131.12, 126.47, 125.47,
123.95, 115.34, 112.36, 102.86, 56.11.

1-(4- VA8 31k 28 38 )-5- S - L W5 Wik (Sdl): 9% 3% £ 3
R¥). '"H NMR (400 MHz, CDCL3) d: 8.04 (s, 1H), 7.50~
7.40 (m, 2H), 7.41~7.31 (m, 3H), 7.12~6.96 (m, 2H),
6.73 (d, J=3.2 Hz, 1H), 3.90 (s, 3H); *C NMR (100 MHz,
CDCly) 0: 159.02, 137.96, 131.55, 130.74, 128.60, 126.61,
126.27, 125.07, 120.65, 114.99, 111.28, 103.61, 103.20,
55.65; Anal. caled for C;4H;)N,O: C 77.40, H 4.87, N
11.28, O 6.44; found C 77.36, H4.92, N 11.29, O 6.43.

1-(4- FF 8R035 2 36 )- 5 3k - 1 H- M 1 (5e) %) 3 (1 31
R¥). "H NMR (400 MHz, CDCl;) 6: 8.63 (d, J=1.8 Hz,
1H), 8.09 (dd, J=09.1, 2.0 Hz, 1H), 7.51~7.33 (m, 4H),
7.07 (d, J=8.9 Hz, 2H), 6.82 (d, J=3.2 Hz, 1H), 3.90 (s,
3H); *C NMR (100 MHz, CDCl3) d: 159.14, 142.02,
139.17, 131.69, 131.45, 128.13, 126.23, 118.25, 117.76,
115.05, 110.38, 105.12, 55.67.

1-(4-F AR FE 2R 3 )-3- FR - L M| W (5P 3k 3 (it
R¥Y). "H NMR (400 MHz, CDCly) 6: 7.64 (d, J=7.2 Hz,
1H), 7.50~7.43 (m, 1H), 7.40 (d, J=8.9 Hz, 2H), 7.23 (d,
J=17.0 Hz, 1H), 7.17 (d, J=7.2 Hz, 1H), 7.09 (s, 1H), 7.03
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(d, J=8.8 Hz, 2H), 3.89 (s, 3H), 2.41 (s, 3H); *C NMR
(100 MHz, CDCly) d: 158.44, 136.97, 133.61, 129.88,
126.19, 122.65, 119.79, 115.22, 112.63, 110.73, 56.11,
10.09.

1-(4- F AR JE 25 35 )-4- B - 1 H- | W (S): 9% o € il
JR¥. '"H NMR (400 MHz, CDCl3) 6: 7.48~7.38 (m, 2H),
7.39~7.28 (m, 2H), 7.16 (td, J=8.1, 5.0 Hz, 1H), 7.09~
7.03 (m, 2H), 7.03~6.93 (m, 1H), 6.71 (dd, J=4.2, 3.3
Hz, 1H), 3.90 (d, J=5.1 Hz, 3H), 2.64 (d, J=4.6 Hz, 3H);
BC NMR (100 MHz, CDCly) 6: 158.27, 136.11, 133.08,
130.49, 127.70, 126.02, 122.33, 120.29, 114.74, 108.05,
101.38, 55.61, 18.77; Anal. calcd for C;cH;sNO: C 80.98,
H 6.37, N 5.90, O 6.74; found C 80.93, H 6.40, N 5.95, O
6.72

#HBh#1 Bl (Supporting Information) & % it /4 A1 {5 Bk
PR RZ R L I SRR AT DL A B A T ) 3
(http://sioc-journal.cn/) I N #k.
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