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Synthesis of a Carbene Complex and Its Application in
Suzuki Reaction

Yang, Feifei” Nie, Shipeng"” Wang, Lin*
Luo, Zhibin** Lu, Hongfei**

(“ School of Envionmental and Chemical Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003)

Tang, Yan“

(® School of Chemical Engineering, Jiangsu University, Zhenjiang 212003)

Abstract A palladium N-heterocyclic (NHC) complex has been synthesized and successfully developed as an efficient cata-
lyst for the Suzuki coupling reaction of aryl bromides and 4-toluene sulfonic acid aromatic esters with aryl boronic acids. The
catalytic reaction proceeded smoothly in dioxane with potassium acetate as the additive at 80 ‘C in an air atmosphere, while

ARTICLE

the yield of the target product is excellent and the catalyst can be synthesized easily.
Keywords Suzuki coupling reaction; carbene; palladium complex; synthesis

Suzuki 5N 2 B T #5505 5 S AT B
HEMEY, FEEYE R FRAREI . KR
RBURAR 2555 A %) Z MR ek, sk
SN A 2 (R AR 48 DA R 2 IR B A K ) i 1R 55
J2 111 Suzuki RIS S OB FCEUE T — 2 kRN, Hx
OE 9 T A 22 R K FR R R 5 T 5 95 SE R 1Y) Suzuki 18
1B S S AF 92 85 /5, Monteiro 2574R3E T NiCly(Peys), i
PRI FR 2R IR 55 T 5 5 SEARR 1) Suzuki B SR

FLAE 20 28 90 4FAX, Herrmann Z5¥1 264038 T M-
EARES R AN R IR . N-Z43FF 5
FH T 23 ()AL BEAN B 7208 Z 35, 25 o FLT-4h TR,
AT AR O 4 B I L R, IR C R 2 Ek
H O &R IR BIOER, B R A R R A hE
g A Ra e A AEY), X & R I AW 2 N T
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TEAR R B, BT 25 SRR, N-Z230 R 525 % H B
Rk & @i G LA R 2 A s, Bihn: Sile%,
KL, KRR PRE, vehEd w51
A 2 06 5 [ 25 () R R - RS E AT A% Rk, Ak
ZHEFNAXS N-ZHRERAS T 7T RSN EMR, 7
B S B B 245 3 o N M2 40 Huang
SEBUGE ] N-Z38 R s A WAL SR TS B 5 55 21
FRFY Suzuki B, e UCRIAS] 95%. Wang i ]
N-ZIR R BRI, DA AR5 8 5% B 2RI g 5 156 A0 5
FE AR, AL Suzuki BB, H bR AP
ik 96%.

A TAER & T —F N-Z&3 R0 E AL &9
(Scheme )M FF F AR A S 46 AF T LTS R
By FE 2RI R 75 i -5 5 FE R 1Y) Suzuki AB I .
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BHLE MRt
NH; Ph NH, Ph Br
. /T? HCVzZnCl Ph__fEESEL__. [;:] Catalyst (1.0 mol%)
Ph” > Ph CH;Cl2, MgSO, + “KoCOs, dioxane H
1 & HO/B\OH 80°C, 2h
Ar HCUZnCly(CH,0), T\ PRI E] 61%~93%. HH Cat. 4 FIMEAIEEZ R, 2
/NWN/ Ar/ N \Ar i y N RN o
Ar CHCl4 or JRAZRIR LA e T RE I (452 R R, PR
2 3 H 61%, IR EA W T EEAFERN (4-THHR ), H
- PaS H o] | [}
- NaCl NN FrA G W B A N, Gk 2] 93%.
+N N K2003 Ar Ar
Ar” NN+ Pd(OAc), ———— Cl—Rd=Cl
cr Pyridine T
3 _N
Ph |
Ph X 2
4 S
Ar = —% R F_J
=
Ph
Ph

B 1 AT B 2

Scheme 1 Synthetic route of catalyst

1 ER5118
1.1 fEHFITFIE

W ERA dFUE, 2 PU0E R NECIAR R Z T,
7L LTI d B8 RE I AR TR, Ak, R SR
AR & & B S YIMEAL TR, 7R N H R
N2, LA R I A s L RN LR R R, &
=RV AR T —F N-Z38 R 52 Rt 40 i &
Y|

A TAE LA N-Z4 IR 52 R g AR e A4 . —fp R o=
it £ U1 Scheme  2) LA K 1 i & UL () 40 4 & 1)
Pd(PPhs), F1 Pd(dppNClL, 1ENMEAF, AR SR
K A-F2 BRI 4-fH2E R ORI Suzuki 8B M.(Eq.
1), JEIE SIS T A FMEAL N Suzuki OV FTFZE.

NN N\_/N [
Ar A AN NN NN,
C'_'\{i_C' C'—'f“—Cl CI—FT’d—CI CI—?d—CI
[N\> N | [N\> N
N NS N S |
\ \
Cat. 1 Cat. 2 Cat. 3 Cat. 4

B2 S

Scheme 2  Structure of catalysts
HE 1 AR, X T 07 BIRA SRR S B,
“W(Cat. 3, Cat. HEEMTEVEIEAL THRBC S YI(Cat. 1,
Cat. 2). DMRECEMENMEAT], BAsLEPRIBeEN
10%~34%, VAR EYEAREALTIN, Hirb &P
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B ARG 5 57 2R A U8
Figure 1 Different catalysts catalyze the reactions of phenyl-
boronic acid with aryl bromides

[FIIF, FATTESE T =R S 11X R ) =
TR S AL 28 A DR 2SS (PR A TR IS PR A A 12
SEIG 4k BR B, PA(PPhs), 1 Pd(dppf)Cl, 75234 R iEfk
SR NAS R B B FR P CEERAE, R 2%~6%, Alhe
TAEA AR T ARG T30 7T A TE TEFRAG. Rt A
TAEIESE Cat. 4 VEMEALFIBEIT I Ah 2% BT 72
1.2 EEFIAENMK

DLRINTR 5 ¥ 28 S o, 7 I SR AR AR I
HRZK(0.80 mmol, 126 mg). AL (0.88 mmol, 107 mg),
KOAc (0.24 g)f1 — 4 /N3 Q2 mL), @it AR & 1)
Cat. 4, JZ 2 h, FHEHATI X H AR & PIRCR 1)
S 2).

HE 2 AL, AN Cat. 4 I, %A B
PR AR, A EARIE —E HEJEE N (<1.0 mol%),
B 5 i A P 2 0038 0, H AR A A 4 R IS0 26t e 2 3
i, AT & 1.0 mol% I ISR IEF] 90%; HEH #1k
ISRk EEgn, Hibr b & UCRICIH B8 m. ik,
TEAL T I P B 1.0 mol %l #5e AyidE H.

1.3 REFHHMIL

PAKHRZ H S A 2L N R R, Cat. 4 NfEALTRT
80 C NN 2h. Zrl B 8ER (M. 2R, U
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B2 A5 ES Suzuki f5EE RN EIRN
Figure 2 Effect of catalyst consumption on Suzuki cross- cou-
pling reaction

BRI —SENIA . HE) SRR . =K SRR AT
MEERTN. BERREN. BUT WRA. BERDA)X H br = lieR
Iszm, 250K 1 for.

1 BT

Table 1 Screening of reaction conditions

Br
. © catalyst 4 (1.0 mol%) CN
base, solvent
N po” Nou 80°C.2h 4a
2a 3a
Entry” Base Solvent Yield®/%

1 K,CO3 DMSO 18
2 K,CO; Toluene 7
3 K,CO3 THF 16
4 K,CO; Dioxane 37
5 K,CO3 DME 13
6 K;P0O,4+3H,0 Dioxane 23
7 NaOAc Dioxane 51
8 KOAc Dioxane 91
9 t-BuOK Dioxane 12
10 Na,CO; Dioxane 34

“ Reaction conditions: 2a (0.80 mmol), 3a (0.88 mmol), base (3 equiv.), sol-
vent (2 mL), 80 °C, Cat. 4 (1.0 mol%), 2 h, aerobic condition. ® Isolated
yields.

FHE 1 AT%n, AFEFS H b =R r s s
B (3 1, Entries 1~5), SLI0gh WERH ENIHERZ
SN RS B AR P S =N 37%(3% 1, Entry 4),
2T H TR B AT SRR ZE VA 77 (3R 1, Entries
1~3,5). Rk, AR TAEGEH NN 7.

[FI I, AN [FREOGE b 7= A0 8 11 5 i 1 55 A ) 5
(% 1, Entries 4, 6~10), S525 K] KOAc 1E BRI
H AR =GR i = N 91%(3E 1, Entry 8), B & & T kR
B BERR RN B FREN AR (K 1, Entries 4, 6, 7, 9, 10).

Chin. J. Org. Chem. 2015, 35, 705~711

I, AT ARIESE KOAc NS,

1.4 RIS Suzuki 188 R R RSN
DAZRBIIR 5 1R8N A, 1 s R AR N

TROR AR, 8 SO R R SR R B e (1 1,

1:1.0,1:12,1:1.3,1:1.5), RN 2h, R

H AR &I IR (R 2).

F2 BRI HEREICR
Table 2  Effect of feed ratio on the yield of target compounds

Entry BERLEL R
1 1:1.0 85
2 1:1.1 90
3 1:12 91
4 1:13 91
5 1:15 92

© 2015 Chinese Chemical Society & SIOC, CAS

&2 A5, SEeREE A L LI, T30 RS
Z5@eFMER, SBEELEWHIRERA
85%(F 2, Entry 1); MR 12 L1 B, HisEY
HIWCE A 90%(% 2, Entry 2); 4R&:Hin i &, H
FRALE IR HOR AR IR 2, Entries 3~5).
U, EPERCRIEE N 1 11 N E.

1.5 FERKRMEFSEMELEY Suzuki BELR N

DL IR 2 (0.80 mmol)A1Z5 FEHl R 3 (0.88
mmol) Ak, ZEHEAHAERQ mL), REMELES
YA 5 (Cat. 4, 1.0 mol%), KOAc JNEH71(2.40 mmol)
T 80 CFIM 2 h, 38— RF Hirb &, Eid 'H
NMR FIG 3= AT XA AT RALE.

W 3 s, HARYIUCER KMEE 73%~93%(% 3,
Entries 1~12). 75 3R EH W EFIHEHAI(EE 3, En-
tries 2, 3, 4) L & A ik A1 2 [4] (3R 3, Entries 5, 6, 12) [
TR, BN, AR T ARSI 20 OB R )
FEW 4e WFN 93%(F 3, Entry 2), SAELFEN) 2e SN
BRI K721 4e E N 86%(F 3, Entry 4). 1M &4 (L HF
BRI 2f JNAFEIIFH) 4f R HE 78%(F
3, Entry 5), &AM RAEEN 2g VSR FIF=H) 4g YA
R 73%(3 3, Entry 6).

FIRE, 75 FEINER K3 b i AR 2 X 48 & IR N AT 7Y
Wi, dn: S F AR DS FEI R (3e) 5 05 IR 2g 13
F| H AR 4m IR )9 79%(35 3, Entry 12), 171 4011
3a 5775 2g 152 AR 4g MR 73%(FR
3, Entry 6). [FIFE, 2 AH2EM 75 HME 3b 507 R
2e 15 E H AR 4k VL3R 78%(% 3, Entry 10), 12K
MR 3a 55ERAY 2¢ BB 4e HIEN
86%(% 3, Entry 4).

BbAh, A — e RURE e ik S RS B =
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BUKLE 3L
T3 BAELMT Cat. 4 LI IR 2 555 IR 3 K1 R4 BAEZMT Cat. 4 LT FRIERR Y 8 5 577 TR 3

& RS
Table 3 Coupling of arylbromides 2 with arylboronic acids 3
catalyzed by Cat. 4 under the optimal conditions

| X, IPr—Pd(Il)—Py
R (1.0 mol%) /@R1
+ _—
ArBr KOAC, dioxane Ar X

fAR & S

Table 4 Coupling of 4-toluene sulfonic acid aromatic esters 5
with arylboronic acids 3 catalyzed by Cat. 4 under the optimal
conditions

| N g1 IPr-Pd(Il)-Py
noTe + P (1.0 mol%) /@ "
rOTs S — R
KOACc, dioxane Ar X

B
2 HoO “oH  80°C,2h
4 5 B
3 HO  OH 80°C,2h
3aR'=H,3bR'=m-NO, 3 4
3¢ R'=p-OCH, 3aR'=H
3b R'=m-NO,
Entry” ArBr (2) 3 4 Yield/%
1 C¢H;sBr (2b) 3a 4b 90 Entry” ArOTs (5) 3 4 Yield”/%
2 p-NO,C¢HyBr (2¢) 3a 4c 93 1 p-CIC¢H4-OTs (5a) 3a 4n 86
3 p-FC¢H,Br (2d) 3a 4d 90 2 0,m-Me,C¢H;-OTs (5b) 3a 4o 80
4 m-CH30CC¢HyBr (2e) 3a 4e 86 3 p-NO,C¢H4OTs (5¢) 3a 4c 79
5 p-HOCH,C¢H,Br (2f) 3a 4f 78 4 C¢HsOTs (5d) 3a 4b 83
6 0-HOC¢H,Br (2g) 3a 4g 73 5 p-CHOC¢H,OTs (5e) 3a 4p 85
7 0-F-p-CH30C¢H;Br (2h) 3a 4h 81 6 1-TsO-Naphthalene (5f) 3a 4q 75
8 2d 3b 4i 93 7 5a 3b 4r 80
9 2-Br-Thiophene (2i) 3b 4j 79 8 5d 3b 41 78
10 2e 3b 4k 78 “ All reactions were carried out using 5 (0.80mmol), 3 (0.88 mmol), KOAc (3
11 2b 3b 41 85 equiv.), and Cat. 4 (1.0 mol%) in dioxane (2 mL) at 80 ‘C for 2 h under aero-
12 2 3¢ 4m 79 bic condition. ® Isolated yields.

“ All reactions were carried out using 2 (0.80 mmol), 3 (0.88 mmol), KOAc (3
equiv.), and Cat. 4 (1.0 mol%) in dioxane (2 mL) at 80 ‘C for 2 h under aero-
bic condition. * Isolated yields.

FEER W H bR, BlanE S YR 3, Entries 6, 12)F1E
(3% 3, Entry 5).
1.6 TERFRBEEATES S EMERAY Suzuki BELR K

DL H R 75 s 5 (0.80 mmol) A 75 KAl 8 3
(0.88 mmol) N5kl —HNHNER(2 mL), RERAE
Bt &0 AL (Cat. 4, 1.0mol%), KOAc (2.40 mmol) Ay
BT 80 ‘CTFRAL2h, 31— K5 HIMLEY), #id
"H NMR FIGE 5108 b S E T R AE.

MR 4 BTN, BT 5 RN, X HORTEIR 5 e S
[FURE AT LA 55 SR 3 7R 251 R AR A RN, 15
E e Ol =k T /I N e i S (L7 | 2 S w2
P H AR AR R 45 W TR, T LAY IR R 1
HARF=9. Bilan: JoHCR IR [ 5T 2R EIR 5 e 5d 5
TR SN 774 4b WS N 83% (% 4, Entry 4), BA T HL
THAN Sa 5RO 21) 4n WA 86%(K 4,
Entry 1), 1M 2A {73 H11 Sb 5380 SN =4) 4o
IS K 80%(F 4, Entry 2).

[FIRE, X FEORTE IR 75 BE AR EA B BRI X & B
R, S REFE A ZETRES 3b 5% IR REIR 5 TG Sa SN
P 4r W N 80%(FK 4, Entry 7), T JCEUR I 1 5
PR 3a 55XF FHORTEER 75 8 Sa [N 774 4n RN 86%(FK
4, Entry 1).
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1.7 ELFIeEAER

PLRIIIR 5 IR 2K [ oA, 2542 1 A5 3 2 4 H
YR BLIEEI(R 5). BN RE, ¥R BAR R
YE, VEVE I ZRIMK, CFEPRS TS R, FEAR R 4
R EZMH.

x5 AR ¢
Table 5 Reusability of the catalyst

Entry Run Time/h Yield’/%
1 1 2 90
2 2 2 90
3 3 2 89
4 4 2 88
5 5 25 89
6 6 3 87

© 2015 Chinese Chemical Society & SIOC, CAS

“ All reactions were carried out using bromobenzene (0.80 mmol, 126 mg),
phenylboronic acid (0.88 mmol, 107 mg), KOAc (2.40 mmol, 0.24 g) and Cat.
4 (1.0mol%) in dioxane (2 mL) at 80 °C under aerobic condition. * Isolated
yields.

HEE 5 AN, N-Z93F-F sEnbng AR ic &4 ml DLIE 3R
4 T AR A R KGR 5, Entries 1~4),
Ut B AL A AR e MRy, M E MM 5 ki, Ik
SN ] A BEAE R AL A AL R (GRS, Entry 5), 28
6 R, I S RE s TR AL R B0 B 2 R R (R S,
Entry 6). T BE/2 K A AL 5 & Rk 2 p = A4 74
ST BT R, T FEICR FEAIK.

1.8 TFIRERYIEILALIE

FER NIRRT, AL Cat. 4 it A8 1 et 0y
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FEMIRIE SR S EAN S 1, 15 A5 sl Y 2 R 75 i
A S N A B PAD & 10, 55 FE 0 8 76 B
IVE R T AE A B BRAR AL &9, 285 5 IHE
H, MR ECE B AR R AR B I, & AT R
F 4 AR BE = P2 A PA(0), PA(0)4k4E 3 5 g NAEE.

/Ar'
N ¢ =
[0
\ Cl
Ar'
R'B(OH),
N
| A /K 1_p
_ R'-R
RI—Ar AN _ Nop Ar—X
r
L
1
L Ar |
Ar' [, L) I ?r
\ llpg _Pd__N
N—( "R! X U
K/N\Ar' ArI/N
I
n
Base
XB(OH), R'B(OH),

B 3 Cat. 4 14k Suziki 25 A] AEAIHLIE

Scheme 3 Proposed mechanism for Suzuki reactions catalyzed
by Cat. 4

2 #ig

R =L A9 Cat. 4 AL TS BRI AEY S
Xof FE R R O il 2 0 B VRAR A 1 Suzuki BRI N, 75
F— R B, A EM%4d 'HNMR fcE s
M e LA R, 3 R TR 3% S0 A e R e B 4R A 1
equiv. [FIXF F 2R IR 75 I 5l 77 2 AR 1.1 equiv. (1)
FFEGIEE . 3 equiv.il KOAc, 2 mL 4 /NFFAF1 1 mol%
1 Cat. 4. ZMNAKRREGMHATIES %, HEs =9

3 XIS
3.1 UES5HF

Yansco & UG SAC (KRBT oA, M5
RY-51), i@ F iR 1E; Bruker Avance 11 (400 MHz)#
Bruker DRX500 (500 MHz)BA%REIEARAX, SEE0EfE
Fr FH B3 0 R S 2 o B 4 e 1, #EJE TR A 200~
300 H AR EHTRER.
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32 HEHFIMERK
3.2.1 N-ZIHFREEGE R

FE = H R IMA Z X 3L FHEE(15.00 g, 81.4 mmol)
FIN F L 2K % (4.36 g, 40.7 mmol), T 160 ‘C Rk, I
] N AA AR B L 1) Lucas {71 n(HCI) -
n(ZnClL)=2 : 1 [36% HCIl 3.4 mL (40.7 mmol), J/K
ZnCl, 2.71 g (20.4 mmol)], TLC MREES N 2T AL &S
[(M(ZFRZH8) - VOECKE)=S5 : 95], LM 2 h, FEA
HEZE. A CH.CL (20 mL)¥&f#)E, 2 mol/L (10
mL) NaOH AW pH=14, 2> A HLAH, KHH
CH,Cl, H1(15 mLX3), &IFENAM, BVMHEHEME
ERAKYE oK AN T8, R ZEBRVE ), RRHR, i
JE, 3 CH;OH ¥EVR(10 mL X 3), 753 [k AR Fl 44 1,
FEH 93%.

FER MBI T (8.8 g, 20.0 mmol). CH,CI,
(200 mL). Z /(1.1 mL, 10.0 mmol) 1T /K i FREE(5.00
g), SRJE M) IS AR 5% A 47 18 i I 50 R R fe AL B, T
25 C N, TLC BB R N[N LBK LBE) -
VOECKE)=5 : 95], LI 4 d. HEDZ, diEiFH
CH,Cl, WP SN A, WERR 2R 2R, I+
IR 2.8 2B TR 45 (50 mL X 3), i A5 i (koK 11,
T 90%.

FE R EBERAUOIMA T (5.40 g, 6 mmol)Fl =4
FE(40 mL), T 60 C R+, EWMMA aHCI) :
n(ZnCl) : n[(CH,0),]=2 : 1 : 1 [36% HCI 1.2 mL (14.4
mmol), JG7K ZnCl, 958 mg (7.2 mmol), (CH,0), 216 mg
(7.2 mmol)]IIEEY, T 60°C FHiHE, TLC BRER N F
TIEE SN &) - V(REH)=97 © 3], &% 1.5
h. FFEAE, I, mIEE PN =& 5E(G0 mL)MRE,
H 2 mol/L (20 mL)#RERMYE, 43 HAMIAH, KAHH =5
A5 mLX3), &3FANMHE. AHMHLEMaEH
KBV FTGK B BR B T0, v, Z&RR¥s 7 =ik, M
TR AT =& 5 (9 mL)A Z (90 mL)FE 45, 10 min
FREAVOENTH, o8, FFH>E LBE(10 mL)#fEEs K
HERR I, 723 70%.

322 N-FIHFREBES4 Cat. 4 6946 5%

TE B FR AR I T (559 mg, 0.589 mmol),
Pd(OAc), (159 mg, 0.707 mmol), K,CO; (407 mg, 2.94
mmol), NaCl (688 mg, 11.8 mmol)LL /% 6 mL AInnE T
80 CR#iPE& M, TLC RSN 2T FER S [N LR 4
Big) @ VCAMER)=1 : 2], £ 16 h; KN EEH JFiHE A A
ZER, HKESE, LROBEFER(15 mLX3), AHLHE
G I 5 AT B E K BRI IR, TG7K NapSO, T, 18E
IR ZELVETS BRI, KA P A K A
1R AL ) 4, TEE 73%.

http://sioc-journal.cn/ 709
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R

3.3 B EIRNERK

DA H IR YDA B R 98, IR REE N AR i
N5 IR H(0.80 mmol). 7 ZE M2 (0.88 mol). Cat. 4 (1
mol%)- KOAc (2.40 mmol)fll 2 mL —% /N3, 80 'C R4t
PR, TLC BRER R M BTSN CRR CB8) - V(iR
M) =1:50], Z12h. RNERFEAHNEZE, HKE
RIINL, LR CEEREEL(1S mL X 3), A LA F A £ £
IKBEBRIE IR, TG7K Nap SO 1, U8 J5 ik 28 218 7115
=8, WA ZEZ S 2 B &Y. BisaY 4
% "H NMR F1ICE S i,

N-Z AR =g AR &9 iPre-Pd(1l)-py (4): &
@l K, 773 72.6%; 'H NMR (CDCl;, 400 MHz) 6:
9.14~9.09 (m, 2H), 7.85~7.77 (m, 1H), 7.49~7.41 (m,
8H), 7.37 (ddd, J=7.6, 5.1, 1.4 Hz, 2H), 7.25~7.15 (m,
12H), 7.12~6.98 (m, 12H), 6.82~6.71 (m, 12H), 6.39 (s,
4H), 4.90 (s, 2H), 2.20 (s, 6H); *C NMR (CDCl;, 100
MHz) 0: 151.96 (CH, Py), 144.66 (Cay), 143.99 (Ca,),
141.62 (Ca,), 13823 (Ca,), 13547 (CH, Py), 130.94
(CHyy), 130.56 (CHa,), 128.16 (CHy,), 127.80 (CHy,),
126.05 (d, J=3.4 Hz, C-Pd), 124.16 (d, J=17.9 Hz, CH,
Im), 50.89 (CHPh,), 21.83 (CHj). Anal. calcd for
C74Hg CLN;Pd: C 75.99, H 5.26, N 3.59; found C 76.29, H
5.11,N 3.79.

(LB 2K)-4-i(da): FIEEAR, 7% 91%; m.p.
85~86 ‘C; 'H NMR (CDCls;, 500 MHz) J: 7.68 (dd, J=
21.6, 8.4 Hz, 4H), 7.56 (d, J=7.5 Hz, 2H), 7.46 (t, J=1.5
Hz, 2H), 7.40 (d, J="7.3 Hz, 1H). Anal. calcd for C;3HoN:
C 87.12, H 5.06, N 7.82; found C 87.24, H 4.85, N 7.91.

LB (4b): A B AR, 722 90%; m.p. 65~
66 ‘C; '"H NMR (CDCl;, 400 MHz) J: 7.65~7.58 (m,
4H), 7.46 (t, J=7.4 Hz, 4H), 7.36 (dd, J=10.8, 3.9 Hz,
2H). Anal. caled for CpH;o: C 93.46, H 6.54; found C
93.63, H 6.37.

A-FHFE-1, 1B (de): IRFHAER, P2 93%; m.p.
111~113 °C; '"H NMR (CDCl;, 400 MHz) J: 8.37~8.29
(m, 2H), 7.81~7.72 (m, 2H), 7.69~7.61 (m, 2H), 7.57~
7.43 (m, 3H). Anal. caled for C;,HoNO,: C 72.35, H 4.55,
N 7.03; found C 72.14, H 4.67, N 7.22.

451,150 (4d): FEAFEE, 723 90%; m.p. 72~
73 °C; '"H NMR (CDCls;, 500 MHz) d: 7.55 (dd, J=8.0,
4.4 Hz, 4H), 7.44 (dd, J=10.2, 5.0 Hz, 2H), 7.35 (t, J=7.3
Hz, 1H), 7.13 (t, J=8.6 Hz, 2H). Anal. calcd for C,HyF:
C 83.70, H 5.27; found C 83.35, H 5.17.

3- 2T 1,1-BE K (de): IR BTERAA, 725 86%:; 'H
NMR (CDCls, 400 MHz) 6: 8.18 (t, J=1.7 Hz, 1H), 7.93

710 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

(ddd, J=17.7, 1.6, 1.2 Hz, 1H), 7.78 (ddd, J=7.7, 1.8, 1.1
Hz, 1H), 7.61 (dq, J=2.6, 1.8 Hz, 2H), 7.56~7.34 (m,
4H), 2.65 (s, 3H). Anal. calcd for C;4H,,0: C 85.68, H
6.16; found C 85.80, H 6.24.

11-BA 2K -4- Al (4f): AR, 725 78%; m.p.
98~99 °C; 'H NMR (CDCls, 400 MHz) d: 7.59 (ddd, J=
44, 3.8, 2.4 Hz, 4H), 7.44 (ddd, J=17.8, 4.3, 2.1 Hz, 4H),
7.35 (ddd, J=174, 3.9, 1.2 Hz, 1H), 4.75 (s, 2H), 1.78~
1.55 (m, 1H). Anal. caled for C;3H,0: C 84.75, H 6.57,
found C 84.51, H 6.72.

LU-BEZR-2-Th(4g): BRI, =% 73%; 'H NMR
(CDCls, 400 MHz) 6: 7.51~7.43 (m, 4H), 7.41~7.35 (m,
1H), 7.28~7.21 (m, 2H), 7.02~6.94 (m, 2H), 4.92 (s,
1H); MS m/z: 169.1 (M™ —1). Anal. calcd for C;,H;¢(O: C
84.68, H 5.92; found C 84.91, H 6.07.

2- 9 -4- AU - 1L 1-BE 2R (4h): K B E MK, P
81%; m.p. 90~91 ‘C; 'H NMR (CDCl;, 400 MHz) o:
7.53 (d, J=7.4 Hz, 2H), 7.42 (t, J=17.6 Hz, 2H), 7.36~
7.28 (m, 3H), 7.02 (t, J=8.6 Hz, 1H), 3.93 (s, 3H). Anal.
calcd for C3H;;FO: C 77.21, H 5.48; found C 77.01, H
5.59.

A3 FE- 1, 1B (4i): R E R, 77K 93%;
m.p. 82~83 C; 'H NMR (CDCls, 400 MHz) o: 8.43 (t,
J=2.0 Hz, 1H), 8.23 (ddd, J=38.2, 2.2, 0.9 Hz, 1H), 7.89
(ddd, J=17.8, 1.7, 1.1 Hz, 1H), 7.62 (ddd, J=8.7, 6.7, 5.0
Hz, 3H), 7.26~7.16 (m, 2H). Anal. calcd for C;,HgFNO,:
C 66.36,H3.71, N 6.45; found C 66.57, H 3.83, N 6.37.

2-(3-THH ORI HEWY (4)): BEEAEE, 722 79%; m.p.
71~72 °C; '"H NMR (CDCl;, 400 MHz) ¢: 8.44 (s, 1H),
8.11 (d, J=8.2 Hz, 1H), 7.90 (d, J/=7.8 Hz, 1H), 7.54 (t,
J=8.0 Hz, 1H), 7.45~7.33 (m, 2H), 7.17~7.08 (m, 1H).
Anal. calcd for C,(H,NO,S: C 58.52, H 3.44, N 6.82, S
15.62; found C 58.31, H 3.56, N 6.69, S 15.72.

3-fiF 3 -3 -1, 1RO (4K): IR B A, R
78%; m.p. 85~86 C;'H NMR (CDCl;, 400 MHz) 6: 8.47
(d, J=1.4 Hz, 1H), 8.29~8.17 (m, 2H), 8.01 (d, J=7.8
Hz, 1H), 7.95 (d, J=7.8 Hz, 1H), 7.83 (dd, J/="7.7, 0.7 Hz,
1H), 7.63 (dt, J=15.8, 7.8 Hz, 2H), 2.68 (s, 3H). Anal.
caled for C4H;;NO;: C 69.70, H 4.60, N 5.81; found C
69.52, H4.71, N 5.61.

3-HHFE-1,1-BOR (4i): SR IEAE R, =% 78%; m.p.
58~59 ‘C; '"H NMR (CDCls, 400 MHz) J: 8.45 (t, J=2.0
Hz, 1H), 8.19 (ddd, /=38.2, 2.3, 1.0 Hz, 1H), 7.91 (ddd,
J=1.7,1.7, 1.1 Hz, 1H), 7.61 (ddd, J=12.8, 7.0, 4.7 Hz,
3H), 7.53~7.46 (m, 2H), 7.43 (ddd, /=73, 3.7, 1.3
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Hz,1H). Anal. caled for C,HoNO,: C 72.35, H 4.55, N
7.03; found C 72.18, H 4.72, N 7.23.

4-HUR B (L1 )-2- 9 (4m): (B 8 4, 7= %
79%; m.p. 59~61 ‘C; '"H NMR (CDCl;, 400 MHz) o:
7.43~7.36 (m, 2H), 7.26~7.19 (m, 2H), 7.04~6.94 (m,
4H), 5.27 (s, 1H), 3.89~3.81 (m, 3H). Anal. calcd for
C3H,0,: C 77.89, H 6.04; found C 78.15, H 6.27.

4-F-1L,1-B0K (4n): FAFEE, 723 86%; m.p. 76~
77 ‘C; '"H NMR (CDCl;, 400 MHz) 6: 7.62~7.49 (m,
4H), 7.47~7.31 (m, 5H). Anal. calecd for C;,HoCl: C
76.40, H 4.81; found C 76.23, H 4.92.

2,3- IS 1L1-BE2E(do): LTI, P2 80%; 'H
NMR (CDCl;, 400 MHz) ¢: 7.47~7.40 (m, 2H), 7.39~
7.30 (m, 3H), 7.22~7.14 (m, 2H), 7.12 (dd, J=6.9, 2.3
Hz, 1H), 2.38 (s, 3H), 2.19 (s, 3H). Anal. calcd for C;4H 4:
C92.26,H 7.74; found C 92.13, H 7.87.

(L1-BE2R)-4- H i (4p): s EA[EAA, 722 85%; m.p.
56~57 °‘C; '"H NMR (CDCls, 400 MHz) 6: 10.05 (s, 1H),
7.98~7.90 (m, 2H), 7.79~7.70 (m, 2H), 7.63 (ddd, J=
44,3.4,1.9 Hz, 2H), 7.51~7.38 (m, 3H); MS m/z: 183.0
(M"+1). Anal. calcd for C,3H,,0: C 85.69, H 5.53; found
C 85.86, H 5.64.

1- 2R HE 28 (4q): TBMAE, =% 75%; 'H NMR
(CDCl;, 400 MHz) d: 7.93 (dd, J=18.5, 8.3 Hz, 3H),
7.61~7.44 (m, 9H). Anal. caled for C;sHjp: C 94.08, H
5.92; found C 94.21, H 5.79.

4-G-3-TFE- 1, 1B IR (dr): VR B R, P25 80%;
m.p. 90~91 C; 'H NMR (CDCls, 400 MHz) 6: 8.44 (s,
1H), 8.28~8.20 (m, 1H), 7.90 (ddd, J=7.7, 1.6, 1.1 Hz,
1H), 7.68~7.55 (m, 3H), 7.50 (d, J=8.3 Hz, 2H). Anal.
caled for C;,HgCINO,: C 61.69, H 3.45, N 5.99; found C
61.54, H3.57, N 6.13.

45 Bh#1 B} (Supporting Information) 14 &) &L A1
[ R R IS e = vl - T DN 0N N R
(http://sioc-journal.cn/) I N %K.
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