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Researches on the Hydrodehalogenation of o-Triazole Aryl
Halides in the System of Pd/C and Et;N

Qiu, Huihua Lin, Baiyin

Zhou, Peng™

Zhang, Jiantao Liu, Weibing

(College of Chemistry, Guangdong University of Petrochemical Technology, Maoming, Guangdong 525000)

Abstract The hydrodehalogenation of halogenated organic compounds which have brought serious pollution to the
environment can not only transform them into other usefull chemicals, but also reduce their pollution in the field of
environment. A Pd-catalyzed hydrodehalogenation of o-triazole aryl halides is introduced, taking Pd/C as catalyst and Et;N as
base, reductant and hydrogen source. This strategy is highlighted by appealing features such as simple reaction condition, re-

cyclable catalyst, and good yield etc.

Keywords aryl halides; hydrodehalogenation; Pd catalyzed; triazole; triethylamine

VRIS 23770 WedssrARA IS5 T 1A
Mooy, A I NRI A 5 ARG R T2 E
A IR, HERYIRAE BRI R, IR R
TR G, W B SR = RN, 2 AR
ST HIR AR BRI, AT RS B L s AR R et
A O HUAL AR AL - U i e i 2

FIF BRI R A A SN, ME LRSIk 4
JR(Li, Ca, Mg 25)SZHil 75 5 5 (i s iR Ji, X LefL 451
D5k B R S, (RN S Lz, L
220 — LR M RN 13 R Buchwald 5 4H BIZE AT 55
AL 5 S IR AP i (A8 AR IR S iR, RSR R EL T 55
FLIRAE PA/BERCAR/BRIAR R IR IR SIS, BEE,
TR A R, —BeiE JE A 48 5 T 55 3 stk
YA s S AL R N, G FRERERM . S, DMFL, Al
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CEUENIE S L SNk R e/ Rar 1IN St e o)
fel 5, R IR B A R PR, (R
FofA s JE bk JC AL s tel S B v 1 S Lt RE . PRIk, &
JE& TC A AT AR R« i A 750 T A5 P 160 575 2 i A
B 3 JEU T ik B A AR PR e SCORSE B S A B
PEDR— R WL S R A AL 77D, PA/C 8 T s AU 1Y
PRIEAC SN AN A AR, BATHEACRCR s TR
A SRR . 2T HA A, A B e PA/C AL D5
L i F1 i i 3 SR 75 5

FEIF TR = MR R F AL S R T, R R
WITE Pd/= ZJE/DMF 4 2 2 e R Lt e i JR 2 A
BT MR, A SCRER % AT BON RGBT, I
RIE—FporF N =LA, = Z A il J& 55 RI 205 1
75 %2 B it B A U575 (Scheme 1).
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Previous work: Pd/ligand
base (KOH, t-BuOK, KF)
[H] = Hp, DMF, ROH, NH,NH, ete.

/\QH
~_

This work: Pd/C
[H] = Et3N

B 1 AR A T 5 ol 5 i SR A e
Scheme 1 Pd catalyzed hydrodehalogenation of aryl halides

1 HFER5VHE
1.1 RMFEHHK

PLARA ¢ JE = MR IR A (1a) BRI, RRIK
VIt IR S A B R A, B 58 T ARMEAGGR . IR 0t
IR, R NER 1 FiR. B, BREAFEMHEL
FIXT SN FRIFEIA. LA PACL (5 mol%) L7, EtN (4
mmol) BE A B A ik S5 75 AR, N,N-— FF S Rk
ff(DMF) %7, F 100 ‘CKM 6 h, KIUEY) 1a AT LL
R RIE SR, DL 94% 7= R AT Y 2a(R
1, Entry 1). 4R H &5 WAL ER[PA(OAC),  PA(PPh;),Cl,~
Pd(PPhy) J/E AT, RBAKIR EA RS RAE, ™~
Z T 90%(F 1, Entries 2~4). 2% & 3| 74 LA 1k 7]
Pd/C [R5, TRER T &AM SUR, 4RERI R
= RIS F 93%(% 1, Entry 5). 1E AR 2 504
R, &Y 1a ARAEETRFL(FE 1, Entry 6). K,
PAPA/C RHEAT, 558 T AR R BLsEma. 4 LAA
fe kA p-H WERH NPhy BUX E6N B, SONAS KA (3
1, Entry 7); Ub4b, 2K REFIRGAER, RMAKAE
(F 1, Entry 10); SZIQUEHIRAEIXAN OB H 37 1 B2
M. JHEEH -H K DABCO A1 N@-
CsHyp)s HUR EGN B, P2 3R 50 BT T F# (3R 1, Entries 8,
9). HJa, HE TN R, I TR
e TV (W DMA A1 DMSO). % M i 1 v 7l
(PEG200) AR M 1) CF — B ), (HE AT R R AS
U1 DMF #(3 1, Entries 11~14). 433 A 5256, #iE
N ) % AE 2644 A PA/C (5 mol%) NEAL ], EtN (4
mmol) BE A B A it JR 75 AR, N,N-— FF S R
fZ(DMF) N7, #2100 C M 6 h.
1.2 RNEYERTEER

TESAE R L ZAF T, XA J = AR TR R R
TR SN RS F AT T AT, SEIRsE Rk 2
Fis. MRV IEEFRIN LIER 2 73 (0 4-CHs,,
4-t-Bu, 4-CF;0), XM [IEMEAR I, 723N 90%~94%(F&
2, 2b~2d). 4R EIRIN FIER R B A (an
4-F, 4-Cl, 4-NO,, 4-CFs, 4-COOCH,), IV [ 34 T B,
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Table 1 Screening of reaction conditions

N=N  Ph N=N_ Ph
“ N~ Pd salts (5 mol%) N~
amine (8 equiv.)
©\/:/1a DMF, 100 °C @\/ia
Entry I(JSdIil(z)L;‘r’/i; Amine Yield®/%
1 PdCl, Et;N 94
2 Pd(OAc), Et;N 92
3 Pd(PPh;),Cl, Et;N 90
4 Pd(PPh;), Et;N 91
5 Pd/C Et;N 93
6° — Et;N N.R.
7 Pd/C NPh; N.R.
8 Pd/C DABCO 89
9? Pd/C N(n-CsH,7)3 87
10° Pd/C — N.R.
1 Pd/C Et;N 89
128 Pd/C Et;N 41
13" Pd/C Et;N 63
14/ Pd/C Et;N Trace

© 2020 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1a (0.5 mmol), Pd source (5 mol%) and amine (8 equiv.)
in DMF (1.5 mL) at 100 °C for 6 h. ”Yield of isolated product after column
chromatography. ¢ Without Pd salts; N.R is no reaction. At 120 C for 36 h.
¢ Without amine. / Taking DMA as solvent. ¢ Taking DMSO as solvent. " Tak-
ing PEG-200 as solvent. ' Taking toluene as solvent.

{EP= ZRARIRIEL (R 2, 2e~2i). RIS REIEIR HI4RAL
A FHURIERS, B3R 84%(FK 2, 2j), ULEAR
FEORFR E AL B S B SEIA AN K. 247 R 2R A 25 A HL
AR, AF S ) Bt 95 S A S RN & 2B 5 LA 89% (17
(& 2, 2k). BEFR, HE T —MIRER TG HE TR
IR NG Y. MEETER 2-2K0E OB EE L EE R,
SR 2505 88% A1 86%(F 2, 21 Al 2m). 4% 5
T BRI DI, RV R AUEK E 12
h, [RIEF OB F= 20 BT N FE(GR 2, 2n). AL, FRATE
HEE TR b T RN S M IR SIEG AR, IR
RIR RN S BLTSZA B R, SRR AR
F R A T IR P RN = R R A, OB
RN 92%F1 83%(F 2, 20 Al 2q); 4IRFEIL_EAYHL
REE R? AW A T RE A UG, SR 77 3R] R (R
2,2p).

b1 ETHRY), 6T 28 1-2-1RFR 5E)-4-(HY
)R EE-1H-1,2,3- =W, FH E2IX LL ) (1 iR S R
RLEPE. RIS (1 S5 L 375 P AN T T P A A7 2
SRR, R SR TSR 110 °C, K B[]
WEKZE 24 h, FHRLAI IR S R B A 4k 5E 4% (Scheme
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Table 2 Triazole-directed hydrodehalogenation of aryl halides

N 1 _
N= " PdIC (5 mol%) NN
X Et;N (8 equiv.) N
— >
, DMF, 100°C
R Br RZ H

R1

N=N R!

©ﬁ\/N\/
H

2a, R'=Ph, 93%

2b, R'=4-CH,CH,, 94% NN~
2¢, R'=4-t-BuCgH,, 93%
2d, R'=4-CF;0C¢H,, 90%
2e, R'=4-FCqH., 88%

2f, R'=4-CIC¢H., 89% 2m, 86%
2g, R'=4-NO,C¢H., 85% N=N
2h, R'=4-CF5CgHs, 87% <N
2i, R'=4-CO,CH;C¢Hs, 85%
2j, R'=2-F-C¢H,, 84% :

2n, 67%°

O o
(O !
N=N

H

2k, 89%

20, R?=CHs, 92%
2p, R?’=F, 78%
2q, R?=0CF;, 83%

“ Reaction conditions: 1 (0.5 mmol), Pd/C (5 mol%) and Et;N (8 equiv.) in
DMF (1.5 mL) at 100 ‘C for 6 h. ® Yield of isolated product after column
chromatography. At 100 ‘C for 12 h.

2).

N=N Pd/C (5 mol%) N=N

N_)—R _EtN (8 equiv) N /R
©i DMF, 110 °C @[
Br 24 H
3a, R = 4-CH3CgHa, 90%
3b, R = 4-CH30CgH,, 89%
3¢, R = n-C4Hg, 84%
B2 1-Q-IRFFE)-4- AR I - 1H-1,2,3- =M IR AL I
WA
Scheme 2 Hydrodehalogenation of 1-(2-bromophenyl)-4-sub-
stituedphenyl-1H-1,2,3-triazole
LI s AT I B AR SR AR T A2,
A L X AN ] i AR e = R A i 4 R i 95 A e o
17 1 BB (Scheme 3). X FACEY), F g AL
SRR ZEAKR. 3T RAVRY), HIRBE 2R
TR, S EERART 5%, X T RAVRY, TEARHER N 5%
PER e A A R
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N=N \/Ph Pd/C (5 mol%) N=N \/Ph
N mol% N
©\/§/ Et;N (8 equiv.) ©\/§/
_— =
X DMF, 100 °C H
1 PX=1,92% | 2a
| X =Br, 93% !
'+ X =Cl, trace ;
' X=F,NR. |

B3 AT =PI % 1 i S S v 1 B
Scheme 3 Comparison of hydrodehalogenation activities of
o-triazole substituted halobenzenes

1.3 MASRREAFES ERKE

% FEH| PA/C AT PTG RF A1, LA 2 mmol (1] 1a
IR, BEAT T RS9 R S 56 A4 14 770 478 34 1) FH S
5. BRI MNEERE, AR RImIE, KR O
LG ZIERZRIRK PR, ARG TR, FEEAR
SN 25 AT A RIS A7), 28 S5 e AR PR A0 2 44
TRPERE. ALFIFESE — I, B AR o s ileR
N 83%. TEHE URFIEE = IRIGHE FIT, FEA0 Rk
FRAR, 23 BIP7 0N 67%M 51%. fEALIE I T B AT g
ST 22 IR AE F i i AR R I R
1.4 KRR

BI S = Z AT SN TR 1 €, HEAT T — sega
PESEES (Scheme 4). ARiERBLAET, BL DMF-d; BURE
I DMF 1ERER, NS BI85 A=,
Uil DMF JEAEEIR. N T HEBRIE R K e, TEbR
HER L2, BATERBAEZFMA 0.1 mL DO
(DMF Al Et;N 85 To/KACEE), [ MNAS 2=t seh
AR, W DO HIFAESIE. R sEI6 T LB
EtN S SR AR, HRAE 5206 45 R ScfdoE!™, 42
T AT RER RSIHLFE (Scheme 5). %%, MRS ALK
PR A EAI RN, 3 EIF A A A 5=k
N 2 — o FIRALE IS 2 P A B. B 236408 p-H
TH B I S PAT - U A AL - B P T 2, 15 B Ak C.
B, C Gt ik J5iH bR 15 2 BLRE AL =

2 i

B T — P A AR AL = IR ol R i AL IE
JEE, IS U 55 ik o A AR BR SR A T — Rl 75
. RN, = ZREBRAE IO ik B AT .
(YA R N /L =X A ST E g b
Pd/C.

3 SCIOERSY
31 UBE5EHF
185 [E Bruker /A F) 400 MHz DRX-400 #%HEFLHRAX,
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NOTE

N=N " Ph pg/c (5 mol% N=N Ph
_/ ) )
<N Et;N (4 mmol) N
e @ mmoh
DMF (1.5 mL)
H D,0, 100 °C Br
2a 1a
PAIC (5 mol%) N=N ph
EtzN (4 mmol) g N—/
_ >
DMF-d, @
1.5 mL
( ) "
2a

B4 s

Scheme 4 Control experiments

A
B

B 5 AR R MALEE

Scheme 5 Possible reaction mechanism

R

Wi CDCl;, Whr TMS; £ E Thermo A F TSQ
Quantum Ultra JFHE{X(EST); VMR E T A A IR A #
X-5 BYEAE SAL, TR IE. TR N T
oYM, Rtk
3.2 ZWHE

JiRHRI A — AR, 1 2 FH 42 8L 1) CuAAc R B A k.
AT = PR HAR 1 2 R b S s N — D IR TR 2 A
T 15 mL Z) AR o N AT A = M ELAR BT 22(0.5
mmol). PdCI, (5 mol%). = Z.i%(4 mmol)Ffl N,N-—FI &
HBEf(DMF) (1.5 mL), S5 4530 5 I E T s
TN, 22 J NPT 2K S [ FH 2 (Ui (TLO) BRER), 4
BAMBIN 15 mL WMEhKd, H &P A0S
mLX3)FERIEE AN, 7 H IR ST L
FH, IUE, BETVEFISA Y. BT R Pl E R A
JEAT Iy B A (DA Tk 288 2B N, v v =
15 0 1~5 : D)3 Hbr™4.

1-C R4 2R 31 H-1,2,3- = 2a) " Ak, 7=
#93%. m.p. 124~126 ‘C (m.p. 128~130 C); '"HNMR
(CDCls, 400 MHz) 6: 7.81~7.79 (m, 2H), 7.66 (s, 1H),

Chin. J. Org. Chem. 2020, 40, 1372~1377

© 2020 Chinese Chemical Society & SIOC, CAS

7.45~7.36 (m, 5H), 7.35~7.29 (m, 3H), 5.58 (s, 2H); "°C
NMR (100 MHz, CDCly) &: 148.16, 134.61, 130.39,
129.18, 128.82, 128.23, 128.08, 125.75, 125.74, 119.52,
54.31; MS (ESI) m/z: 236 [M+H]".

1-(4- FH B 3 )4- 2K -1 H-1,2,3- = (2b): (0[]
&, 7% 94%, mp. 91~92 C (lit.") m.p. 93~95 C);
'H NMR (400 MHz, CDCly) 6: 7.80~7.78 (m, 2H), 7.63
(s, 1H), 7.40~7.37 (m, 2H), 7.32~7.28 (m, 1H), 7.23~
7.17 (m, 4H), 5.52 (s, 2H), 2.35 (s, 3H); *C NMR (100
MHz, CDCl;) o: 148.11, 138.75, 131.63, 130.55, 129.81,
128.79, 128.78, 128.14, 128.13, 125.73, 125.72, 125.71,
125.69, 119.42, 54.07, 21.16; MS (ESI) m/z: 250 [M+H]".

1-(4-F0 ] FE T F)-4-FK F-1H-1,2,3- =M (2¢):
B, P2 93%. mp. 162~164 C (lit" mp. 164~
165 “C); '"H NMR (400 MHz, CDCl3) 6: 7.81~7.78 (m,
2H), 7.66 (s, 1H), 7.41~7.37 (m, 4H), 7.32~7.28 (m,
1H), 7.25~7.24 (m, 2H), 5.53 (s, 2H), 1.31 (s, 9H); "*C
NMR (100 MHz, CDCly) &: 151.95, 148.12, 131.64,
130.57, 128.81, 128.80, 128.79, 128.14, 127.92, 127.91,
127.90, 127.89, 126.09, 125.71, 119.53, 53.97, 34.67,
31.27; MS (ESI) m/z: 292 [M+H] .

4-TRHE1-(4- =P A -1H-1,2,3- = #(24d):
HE A, F2% 90%. m.p. 130~132 C (it." m.p.
133~136 ‘C);'H NMR (400 MHz, CDCl5) 6: 7.84~7.77
(m, 2H), 7.70 (s, 1H), 7.41 (t, J=7.4 Hz, 2H), 7.37~7.30
(m, 3H), 7.24 (d, J=8.2 Hz, 2H), 5.58 (s, 2H); *C NMR
(100 MHz, CDCl;) d: 149.48, 149.46, 133.38, 130.26,
129.50, 128.86, 128.85, 128.35, 125.75, 121.65, 121.58,
121.56, 119.48, 119.09, 53.39; MS (ESI) m/z: 320 [M+
H]".

1-(4-F T 58 )-4- K B -1 H-1,2,3-= M (2e): 1 €00 14,
P73 88%. m.p. 132~134 C (lit.") m.p. 136~138 C);
'H NMR (400 MHz, CDCl3) §: 7.82 (dd, J=5.2, 3.3 Hz,
2H), 7.69 (s, 1H), 7.42 (dd, J=10.3, 4.7 Hz, 2H), 7.34~
7.28 (m, 2H), 7.12~7.06 (m, 3H), 5.55 (s, 2H); °C NMR
(100 MHz, CDCly) d: 164.12, 161.65, 130.56, 130.53,
130.38, 129.99, 129.98, 129.97, 129.90, 129.89, 128.86,
128.85, 128.84, 128.83, 128.82, 128.81, 128.27, 125.73,
125.72, 125.70, 119.43, 116.26, 116.05, 116.04, 53.48; MS
(ESI) m/z: 254 [M+H]".

1-(4- SRR -4- K FE 1 H-1,2,3- = M (21): [ ([ 4,
P23 89%. m.p. 152~154 C (lit.") m.p. 155~157 C);
'H NMR (400 MHz, CDCl5) d: 7.80~7.78 (m, 2H), 7.67
(s, 1H), 7.41~7.29 (m, 5H), 7.24~7.22 (m, 2H), 5.53 (s,
2H); *C NMR (100 MHz, CDCLy) J: 148.34, 134.85,

http://sioc-journal.cn/ 1375
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133.19, 129.40, 129.39, 129.38, 129.37, 129.36, 129.35,
129.34, 129.33, 128.85, 128.30, 125.74, 119.49, 53.49; MS
(ESI) m/z: 270 [M+H]".

1-(4- T FE N FE)-4- K F -1 H-1,2,3- =M (2g): 4 {00 ]
7, PRE 85%. mp. 155~157 C (it mp. 156~
158 “C); '"H NMR (400 MHz, CDCl;) 6: 8.26~8.21 (m,
2H), 7.82 (dd, J=5.2, 3.3 Hz, 2H), 7.78 (s, 1H), 7.46~
7.40 (m, 4H), 7.36~7.32 (m, 1H), 5.70 (s, 2H); *C NMR
(100 MHz, CDCly) 6: 148.61, 148.11, 141.68, 129.94,
128.93, 128.92, 128.59, 128.58, 128.56, 125.78, 124.33,
119.82, 77.24, 53.24; MS (ESI) m/z: 281 [M~+H]".

4-RF-1-(4- =3 F LN HE)-1H-1,2,3- =M (2h): H
O E Ak, 72 E 87%. mp. 130~132 C (it m.p.
131.9~132.3 ‘C); '"H NMR (400 MHz, CDCl;) §: 7.82~
7.80 (m, 2H), 7.73 (s, 1H), 7.63 (d, J=8.1 Hz, 2H), 7.42~
7.38 (m, 4H), 7.35~7.31 (m, 1H), 5.63 (s, 2H); *C NMR
(100 MHz, CDCl;) o: 148.47, 138.65, 138.64, 130.89,
130.17, 128.88, 128.87, 128.86, 128.41, 128.21, 128.20,
128.19, 128.18, 128.17, 126.19, 126.15, 126.11, 126.07,
125.78, 125.77, 125.76, 125.75, 125.74, 125.13, 122.42,
119.70, 53.56; MS (ESI) m/z: 304 [M+H]".

4-ZKFE1-(4- TR G R 2E)-1H-1,2,3- = M (20): [
EAER, 773 85%. m.p. 170~172 C (1it."* m.p. 167~
169 C); '"H NMR (400 MHz, CDCly) §: 8.04 (d, J=8.4
Hz, 2H), 7.82~7.80 (m, 2H), 7.72 (s, 1H), 7.42~7.38 (m,
2H), 7.36~7.30 (m, 3H), 5.63 (s, 2H), 3.91 (s, 3H); °C
NMR (100 MHz, CDCl;) d: 166.38, 148.36, 139.49,
130.62, 130.39, 130.18, 128.87, 128.86, 128.85, 128.37,
127.81, 125.76, 119.74, 77.25, 53.79, 52.28; MS (ESI) m/z:
294 [M+H]".

1-Q2-F W HE)-4- TR -1 H-1,2,3- = (2j): 1 ([ 1,
FEE 84%. m.p.92~94 C (it mp. 91~92 C); 'H
NMR (400 MHz, CDCl;) d: 7.82~7.80 (m, 2H), 7.76 (s,
1H), 7.41~7.27 (m, 5H), 7.13 (dd, J=16.2, 8.0 Hz, 2H),
5.62 (s, 2H); °C NMR (100 MHz, CDCL) 6: 161.77,
159.31, 130.96, 130.88, 130.59, 130.56, 130.43, 128.81,
128.80, 128.21, 125.76, 125.75, 125.74, 125.73, 124.90,
124.87, 122.06, 121.91, 119.69, 115.94, 115.73, 47.76; MS
(ESI) m/z: 254 [M~+H] .

1-(2-Z5 I JE)-4- A F- 1 H-1,2,3- =M (2k): 13 (0[] 4,
P2 89%. m.p. 140~142 C (lit." mp. 142~144C);
'H NMR (400 MHz, CDCLy) d: 7.84~7.76 (m, 6H), 7.67
(s, 1H), 7.52~7.48 (m, 2H), 7.38~7.35 (m, 3H), 7.31~
7.24(m, 1H), 5.70 (s, 2H); *C NMR (100 MHz, CDCl;) 6:
148.27, 133.24, 133.21, 132.04, 130.52, 129.22, 128.82,

1376 http://sioc-journal.cn/
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128.81, 128.19, 127.98, 127.97, 127.95, 127.82, 127.39,
126.78, 126.76, 125.72, 125.34, 119.65, 54.42; MS (ESI)
m/z: 286 [M+H]".

1-H 234 R 1 H-1,2,3- =M 2)): A ik, 7~
K 88%. m.p. 141~143 C (lit."" m.p. 140 C); '"H NMR
(400 MHz, CDCly) &: 7.77~7.75 (m, 2H), 7.47 (s, 1H),
7.42~7.38 (m, 2H), 7.33~7.23 (m, 4H), 7.14~7.12 (m,
2H), 4.62 (t, J=7.2 Hz, 2H), 3.24 (t, J=7.2 Hz, 2H); °C
NMR (100 MHz, CDCly) §: 147.45, 137.06, 130.59,
128.89, 128.88, 128.87, 128.86, 128.85, 128.84, 128.82,
128.75, 128.11, 127.15, 125.72, 125.70, 119.97, 51.78,
36.80; MS (ESI) m/z: 250 [M+H]";

1- R e -4- R -1 H-1,2,3- = 2m): ATk, =%
86%. m.p. 63~65 C (lit"”! m.p. 61~62°C); '"H NMR
(400 MHz, CDCl;) J: 7.85~7.82 (m, 2H), 7.75 (s, 1H),
7.44~7.40 (m, 2H), 7.35~7.30(m, 1H), 438 (t, J=7.2
Hz, 2H), 1.98~1.91 (m, 2H), 1.41~1.29 (m, 4H), 0.90 (t,
J=7.0 Hz, 3H); *C NMR (100 MHz, CDCl;) J: 147.69,
130.73, 128.82, 128.07, 125.70, 125.69, 125.68, 125.67,
125.66, 119.43, 50.43, 30.05, 28.62, 28.61, 28.60, 22.11,
13.85; MS (ESI) m/z: 216 [M+H]".

-3 O 4R - 1-H-1,2,3- =M (2n): = F 67%.
m.p. 103~105 C (1it? 104~105 C); '"H NMR (400
MHz, CDCl;) §: 7.87~7.84 (m, 2H), 7.79 (s, 1H), 7.48~
7.41 (m, 2H), 7.38~7.32 (m, 1H), 4.52 (tt, J=11.8, 3.9
Hz, 1H), 2.31~2.27 (m, 2H), 2.01~1.94 (m, 2H), 1.87~
1.77 (m, 3H), 1.56~1.45 (m, 2H), 1.39~1.30 (m, 1H);
C NMR (100 MHz, CDCls) &: 147.22, 130.72, 128.82,
128.81, 128.05, 125.68, 117.34, 60.24, 33.62, 25.20, 25.16;
MS (ESI) m/z: 228 [M+H]".

1- 56 3 406 P B 2R -1 H-1,2,3- = (20): 75 (0[]
&, PRE92%. mp. 155~157 C (lit" 152~154 C);
'H NMR (400 MHz, CDCLy) 6: 7.69~7.67 (m, 2H), 7.62
(s, 1H), 7.40~7.35 (m, 3H), 7.31~7.29 (m, 2H), 7.20 (d,
J=17.9 Hz, 2H), 5.55 (s, 2H), 2.36 (s, 3H); >C NMR (100
MHz, CDCl;) o: 148.29, 138.03, 134.73, 129.50, 129.14,
128.76, 128.08, 128.07, 128.06, 128.05, 127.68, 125.61,
119.18, 77.25, 54.21, 21.29; MS (ESI) m/z: 250 [M~+H]".

1- N 4-(4- K 3E)-1H-1,2,3- = (2p): A ([ 44,
FEE 78%. mp. 112~114 C (1it.?" 113~115 C); 'H
NMR (400 MHz, CDCl;) d: 7.83~7.74 (m, 2H), 7.66 (s,
1H), 7.44~7.37 (m, 3H), 7.36~7.29 (m, 2H), 7.13~7.08
(m, 2H), 5.58 (s, 2H); *C NMR (100 MHz, CDCl;) o:
163.90, 161.44, 147.32, 134.57, 129.21, 129.20, 129.19,
129.18, 129.16, 128.85, 128.09, 127.50, 127.43, 126.72,
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119.31, 115.90, 115.68, 54.30; MS (ESI) m/z: 254 [M+
H]".

15 4-(4- = P R R R 0 )- 1 H-1,2,3- = M (2q) )
FEE 83%. KiFA. 'TH NMR (400 MHz, CDCl;) o:
7.86~7.80 (m, 2H), 7.67 (s, 1H), 7.42~7.35 (m, 3H),
7.34~7.30 (m, 2H), 7.24 (dd, J=8.8, 0.8 Hz, 2H), 5.57 (s,
2H); *C NMR (100 MHz, CDCl;) J: 148.98, 134.49,
129.31, 129.21, 128.89, 128.11, 128.10, 128.08, 127.09,
121.33, 119.69, 119.18, 77.24, 54.33; MS (ESI) m/z: 320
[M+H]".

1-ZR 540 B L 2R - 1H-1,2,3- = 1 (3a): [ 8 [H]
i, P25 90%. mp. 160~162 C (lit? 160~162 C);
'H NMR (400 MHz, CDCl) d: 8.15 (s, 1H), 7.79 (t, J=7.6
Hz, 4H), 7.54 (dd, J=14.3, 6.8 Hz, 2H), 7.47~7.39 (m,
1H), 7.30~7.24 (m, 2H), 2.39 (s, 3H); “C NMR (100
MHz, CDCl3) 6: 148.49, 138.31, 137.12, 129.79, 129.60,
128.69, 127.43, 125.77, 120.58, 120.49, 117.26, 99.98,
21.33; MS (ESI) m/z: 236 [M+H]".

4-(4-H R FE IR HE)-1- 2K FE-1H-1,2,3- = (3b): [ (T
Bk, 77 % 89%. m.p. 149~152 C (lit* 150~
152 °C); '"H NMR (400 MHz, CDCl;) d: 8.11 (s, 1H), 7.84
(d, J=8.7 Hz, 2H), 7.79 (d, J=7.8 Hz, 2H), 7.54 (t, J=7.8
Hz, 2H), 7.45 (t, J=7.4 Hz, 1H), 6.99 (d, J=8.7 Hz, 2H),
3.86 (s, 3H); *C NMR (100 MHz, CDCls) d: 159.83,
129.76, 128.68, 127.19, 122.93, 120.50, 114.35, 55.36,
29.71; MS (ESI) m/z: 252 [M+H]".

4T 1R H-1,2,3- = M (30) P R (0F B
1, F=Z 84%. "H NMR (400 MHz, CDCl;) J: 7.74~7.71
(m, 3H), 7.53~7.49 (m, 2H), 7.41 (t, J=7.4 Hz, 1H), 2.81
(t, J=7.6 Hz, 2H), 1.77~1.69 (m, 2H), 1.48~1.39 (m,
2H), 0.96 (t, J=7.4 Hz, 3H); >C NMR (100 MHz, CDCl5)
5: 149.16, 137.31, 129.67, 129.65, 128.41, 120.41, 31.50,
25.35,22.32, 13.82; MS (ESI) m/z: 202 [M+H]".

HBh# &L (Supporting Information) {454 2a~2q Al
3a~3c MIMZREILPREE AR . X S8 h4 kL AT DL G 3% A
AT /A 3k (http: //sioc-journal.cn/)_E %K.
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