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Pd Supported on Mesoporous ETS-10 Zeolite Catalyst with Superior
Catalytic Performances in Synthesizing 1,2-Diones from
the Oxidation of Internal Alkynes

Liu, Changjun® Hu, Huiling” Liu, Chenghong*® Zhu, Chaojie™? Tang, Tiandi**
(?School of Petrochemical Engineering, Changzhou University, Changzhou, Jiangsu 213164)
(> School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189)

Abstract The 1,2-dione compounds was synthesized under clean reaction conditions over PA/METS-10 catalyst. It has been
found that the key step of the protocol is forming an electron donor-acceptor complex (EDX), as the coordination of Pd(II) and
alkynyl. Then the nucleophilic addition and elimination reactions of dimethyl sulfoxide (DMSO) to the EDX were occurred,
affording the target product. PA/METS-10 catalyzed endo-acetylene oxidation possesses excellent product selectivity and good
substrate scope. It is compatible with both symmetric and asymmetric endo-acetylene and is insensitive to the electronic prop-
erties and stereoscopic effects of the substrate. In addition, PA/METS-10 catalyst showed excellent repetition performance in
the reaction, with no significant loss of activity after five cycles. Finally, according to the characterization and control experi-
ment results, the reaction mechanism of PA/METS-10 catalyzed acetylene oxidation to produce 1,2-dione was proposed.
Keywords Pd/METS-10; internal alkyne; 1,2-diketone compound; electron donor-acceptor complex; oxidation reaction
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Figure 1 Some important bioactive bases containing 1,2-di-
ketone structural units

R 7715 (Scheme 1d). {HiE&, 7EXEETrykd, 7FEff
MZfariEtEami. A, MUFBRRE R, ™~
ViR AN A, BEEEAE, MRS
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[TiO]/\ THI A o e ST SR AR R, LA R
(115 JOH 7 JCIART 12 JoIR = 4EfLIE 25, R S5

Scandione

2954 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Previous work

(a) Oxidation of methylene ketone derivatives

X , o
Ar1)\”/Ar2 Ni,Mn-LDH, I,, Ru(bpy)sCl,, CoFe Oy, etc. A 1%(/“2
50~120°C,2~12h r

o} O
X =H, halo, OH

(b) Oxidation cleavage of 1,3-diketones, a,3-epoxy ketones and
a,B-unsaturated ketones

o)
o O I, Rhy(OAc),, CuBr, Oxone, efc
2, 2 4, s ) - AI’2
1 +
Ar1J\/”\Ar2 100 ~ 150 °C, 12 ~48 h Ar JS(

O O
AHJS(AH . ArZJSTArz
o} o
o O
CuBr, Zn(OTf),, selectfluor, etc. 2
Arl ) Al Arc
Ar 0,,80°C,6h

ol o}
o o
1 2
Ar1JS(Ar * ArZJS(Ar
o} o o
0 Cu(NO3),-5H,0, Nal, etc 2
’ b Ar’ +
A SN 2 Air, 100 °C, 9 h A”JST
o}
o o)
A ASrAr . rZJSTArz
o} o

(c) Oxidation of stilbenes and 1,2-diarylethanes

Af1 (e}
[Ru(cymene)Cl,],, BusNI, TBHP, etc. HA@
\— 1
" rt ~35°C, 1h Ar
(e}
graphite oxide, oxomolybdenum (@]

complexes, efc.

50~120°C,24h

(d) Synthesis of 1,2-diketo compounds from alkynes
(1) Oxidants (KMnOy, I, RuQy4, NIS, oxone,
NBS, etc.) o
A (2) Metal-catalysts (Au, Hg, Ru, Cu, Pd, etc.) A 1HArQ

Arl—=
(3) photocatalytic (Eosin Y, 4-chloro-
. benzenetilete) 9
This work:
(e) Pd/METS-10-catalyzed oxidation of internal alkynes
O
Pd/METS-10
Ar'—=—Ar . Ar?
additive-free Ar
(e}
B 1 12- A S A R — 5T R
Scheme 1 Some protocols for synthesis of 1,2-dione com-
pounds
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W& Pd AE0E T /0 BUE ETS-10 R MR AJR R, &
S RIS ETS-10 WA BEEA 2% 51 Rk 1
PERE, BEOEXTREE 1R A & DL A AR, RIS
BA RILEFIMRR B B RO A7, (FH A R AT
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Bb, A 4 T AE A M A FL W A ETS-10
(METS-10)/E Ry Ak, i i S5 BUR Ik i) 46 i 5 7 40
9 1%0¥] PA/METS-10 fEAFRI, 7EAME 5@ 3 407
RT3 v 2 A T SEE T B 484k [ R (Scheme
le).

1 &R511R

IR Z B0 TAED), & T METS-10 ¥4, KA
LARBUR AT T R E0N 1%1 PA/METS-10 1
. A XS ARATH(XRD) No B AT X 520t
LT BE T (XPS) FEGHERAE T B AIRE S IR d RCIRAS . 4K
ZH LS PA/METS-10 AT FFAR AN A5 (B 2). & ki)
METS-10 #hA 45 dnisimn, fE5M% Pd miRBbez 5, 45
FILREF SE 45 (B 2a). PRI A 1AW BF B 2 7 ARG
(P/po)>N 0.40~0.96 Ju il N HY L T B S5 9 [0 o 20, 58 0
RPAAAEN FLE R (B 2b)13, B R Rl A i) A FLFLAR SR
th ) AR AE 10.4 nm. A1 METS-10 AL, PA/METS-10 fL4%
WE W EARL, 38 Pd 7 METS-10 21 & 5 2 B (B
2¢). & 2d ATLAE 1, PA/METS-10 FEMG7E 337.18
342.58 eV AH AU A, &R PAO3ds, MRE
&5, UM Pd 3 EE DL PAO HITE R AEAE.

e IR S a)fE AR R 42 T AN R
AT S SE L s B 25 AT (FR 1), B LRI, 1a 1)
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Table 1 Reaction condition optimization

Pd/METS-10 (30 mg)

N\ 7/ — 7

T, 12 h, Air
1a
Entry Catalyst Solvent  Temp./C  Yield®/%
1 None DMSO 150 n.d.c
2 METS-10 DMSO 150 n.d.
3 PA(NO3)¢ DMSO 150 41
4 Pd(OAc)? DMSO 150 37
5 Pd/METS-10 DMSO 150 92
6 Pd/METS-10 DMSO 150 91¢
7 Pd/METS-10 Benzene 150 n.d.
8 Pd/METS-10  Cycloethane 150 n.d.
9 Pd/METS-10  1,4-Dioxane 150 n.d.
10 Pd/METS-10 DMF 150 n.d.
11 Pd/METS-10 NMP 150 n.d.
12 Pd/METS-10 DMSO 130 57
13 Pd/METS-10 DMSO 110 30

“Reaction conditions: diphenylacetylene (1a, 0.2 mmol), catalyst (30 mg), and
solvent (1 mL). ? Obtained by GC/MS analysis. “n.d.=no detected. ¢ The Pd
content equivalent to that of 30 mg of PA/HMZSM-5-IE. ¢ Under N, atmos-
phere.

AL SN ASBE KA (Entry 1); METS-10 % 1a AL N
Pd(OAc), (Entry 4, 37%)#AL7IAH L, PA/METS-10 {4k

(®)

Pd/METS-10

METS-10

Quantity adsorbed/(cm*.g™")

00 02 04 06 08 10
Relative pressure (p/p,)

(d) 337.18

342.58

Intensity

330 335 340 345 350
Binding energy/eV

B2 METS-10 fil PA/METS-10 # i f(a) XRD i, (b) No bzt (o) FLiz5Hm B FI(d)FF b PA/METS-10 [#) XPS #l &1

Pt £k

Figure 2 XRD spectra (a), N2 adsorption-desorption curves (b), pore size distribution (c) of METS-10 and PdA/METS-10 samples, and

XPS fitting spectrum of PA/METS-10 sample (d)
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FULEH A S B 264 R R BLH T 5 = 1 A AL TS 12 (Entries
5~6, 91%~92%). TEIEMPEAFIH, WA A HUHT
F=¥)(Entries 7~~8), MTEM T DMSO H3545 T %
= P 2R (Entry 5, 92%). HAMAREEFI[1,4- SN
(1,4-Dioxane), N,N-—_HEH & (DMF), N-HZEMEg ke
BI(NMP)IFR I 7 1a BI%Ak R Ri(Entries 9~11). B,
DMSO A[§e2 5 T M. B FERFRE] 110 C, 2a
()77 2 G PR 2 30% (Entries 12~13). tb4b, 1%k
TE Ny B, AR 3RAS T 4 N & 17 % (Entry 6,
91%), HET AL A B3 2 % (Entry 5, 92%).

FERAESIET, BT R RMEMERE, &
Pl PA/METS-10 4k (1) P bR HA — M, T2
LI )N ANERURR, B 88 A 25 2 PR T 2 [ R P -
BRI A BRATAED. g 2 FioR, TR Tib 24
HF AR I, 1,2- AT AR R R S S )T
BEAR, KA DA A 24 IR TR 470 AR BB UR) A= B AH B2 (1) H
PG 21~2n. 0T EREUR IR 20k, FHIA U
FE XA R S UL v T AR A AL, (2b~2g). it T H%h
FH - TR FL - A (A1 4 R 1) 5 P AR 2 23 mT
NG b e B2, DAHR S A RAT ) PR 2R B TR = 4.
B PA/METS-10 {40 FAITE N HEA 1,2- ZERAE 1) N
AT Z S R

2,3- 5 B IR MR A WITE AL S RN 25 Tl R R R
HE, ERGMPIREA, P SR 2 5 HUs
el R R — Tk A R 2,3- 9 AR IR AL A 4.

TERAE R B2 G, AHEER, IS
FUEMEHSEEER FHFE 1 h, kB 2,3-207 %
WRIRAL 54, 77 R ik 82% (£ 3). PA/METS-10 7E B
—HREA R 2,3- 05 FEMENR AL A R I H T LR 1 R
.

N WEFE A B AR AL SN SRR, 2T T AR X B S
36 (Scheme 2). WHREAL N AR =Ml g =
A A R R B B KR A AR
(DMSO)H R T, 3B “ AR -HUIMZE 22—k
M7 12 N R G o 2 S AE N R ORSE, AR, AT T
BB 9%, BEEER R, RNAR G/ T 2
equiv. ] — FF R AR E(DMS), 5 BH P bR S84k 2 N ) 280U
& DMSO. 7E N H AL FE d, DMSO 438 Ji i,
DMS. #R1fi, DMS & —FERMEYIR, TiESE. T2
81 FH = 2R T HR(DPSO)VE N B AR AL IR, ik i 7= )
TIRBER(DPS) 5 T B AT, Rk, BL DPSO NI
F, TIHEIEZIRAEY), DPS FIAAREL I B H 2
R 201, REWHEAN—A WS T FEMA DMSO 7
¥, 1,2-Z Witk &4 R AN R 7 # ok B DMSO.

BT Bl see g5 WA SRR E D), AT D 5 H
7 PA/METS-10 AN BEEAL 1) [ ST (Scheme 3).
Bk, A EAEME A METS-10 _E 48 PA"E Ak it
Huly, It 5 C=C EALE K Pd" F25E Rk R a4 AL
BEJ5, DMSO sEZ B HEE A, NS o T3 88
&8 pd" L, FEPA AR PAO. BfiE DMS 2,

R2 WS RBHEP)TE R «

Table 2 Substrate scope of oxidation of internal alkynes

— —R?  P4/METS-10 -

o= o §
R/ — N7/ 1s0cC 12nAr R | 7S
o) _

DMSO

(e}
I R2

1 2
o) 0 Me o ‘ o o c o
® ® o8 ® ® Cr
o] o} o} o Me o] o}

2a, 92% 2b, 87% 2c, 84%

2d, 82% 2e, 90% 2f, 88%

g Qg g
(0] O e}

(¢] O (0] O (e} O (0] O (0] O

I M Ph
C Br OMe | OMe

29, 89% 2h, 78% 2i, 83%

2j, 77% 2k, 82% 21, 67%

| M M
S
FrCOo T T QO I 0 e
Me (¢]] Me Me

2m, 82% 2n, 89% 20, 84%

2p, 88% 2q, 86% 2r, 80%

4 Reaction conditions: 1 (0.2 mmol), PA/METS-10 (30 mg) at 150 ‘C for 12 h. The yield of 2 was detected by GC-MS.
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Table 3 Synthesis of quinoxalines from o-phenylenediamines
and 1,2-diketones

o
= = PA/METS-10
<\ /> — <\ /> 150 °C, 12 h, Air O
1a

DMSO ©
2a

A~ NH;

|
T
R! 3a : = N\

rt., 1 h, Air -

DMSO R1/\| ’ O
4a

Sveiscoilses

4a, 82% 4b, 74% 4c, 77%

4 All reactions were performed in sealed tubes using 0.2 mmol of 2a, Pd/
METS-10 (30 mg), 1 mL of DMSO at 150 ‘C for 12 h. Cooling to room
temperature after reaction, and adding 0.3 mmol of 3a at room temperature for
1 h. The yield of 4 was detected by GC-MS.

a) Standard reaction

Q <:>Pd/METS10 ‘/H/‘ ‘)\/‘
150 °C, 12 h

0.5 mmol DMSO (1 mL) 92%

(b) Reaction under N, atmosphere

@ = ®Pd/ME'ilI'ZS—10

150 °C, 12 h
DMSO (1 mL)

0.5 mmol

(c) Reaction using DMSO and DPSO as solvents

Q

.S< o
7/ \ — - HsC CHgy +HC/S‘CH
C/f \C/ PAIMETS-10 O 3 3

150 °C, 12 h, Air %

0.5 mmol 0.45 mmol 0.91 mmol

Q)
S.
+ >

Q /\:> Pd/METS-10 O Ph Ph
150 °C, 12 h, Air ©

0.5 mmol 0.41 mmol 0.81 mmol

B2 R BN 1,2- R SR 42 i) S5

Scheme 2 The control experiments of the oxidization of diphe-
nylacetylene to 1,2-diketone
B AL SR 1E 5 1 P RLA B 35— DMSO 73 1
FRIBGEA R A B, AR PO AR E I R B OE B
T ik C. BEE S N DMS 2 FAER, B4 n T
Pd" R BIRIEE T, S8 P HPASH P &5, A&
JH I8, TR PR (A 77 < e rho P R E AR,
wla, B8 T AT EE G SR, ¥
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/O‘Ti'o_\Si'o\
DMS A
+
A__O \\s/
\ Ar! ,x(lj
80¢ (/)w g~ =
Fi’d ; i PO Ar?
.0._..0 10 !
O Qg 2 Ae 0._.0._.0
c >_/< SNTITSTTON
\ f a2
P
o o o) DMS
SIS
B

B3 PA/ETS-10 AL 1,2- 755 = A RRAEAL SRR AT BE AL EE
Scheme 3 Possible mechanism of Pd/ETS-10 catalyzed oxida-
tion of 1,2-diaryl alkynes

AL UE 7 B, FH QIR BB AN CEGE SR, 120 CT 4
12 h, BT ER SR, 458K, 2l
FIPTESEAEA 5 K RiEESUR (B 3), &Y P/
METS-10 A FIFE S B 72 o BAT R 1 45 1 R 1.

1004

80 1

60 1

40

Benzil conversion/%

201

1 2 3 4 5
Cycle index (time)

B3 PA/METS-10 fEALFIAE 3 LB SR A A SE 6
Figure 3 Cyclic experiment of PA/METS-10 catalyst in diphe-
nylacetylene oxidation reaction

2 i

PL PA/METS-10 NEAF, TEANTE EASMAS IR
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YRR RIFMaEN. &, RIELas By bRt T
PA/METS-10 4k P B A4 1 s S ATLEE.

3 SRy
31 X5

X S 26K RATH & AE H AR Rigaku 2 5 4277 1] D'max
2500 PC BUATHAY F3RTF, & E Cu Ko, EHEN
40 kV, EHAE 40 mA, HFEAEIEEE 5°~50°. N,
W Bf— 5t B Sz 36 F 35 [ Micromeritics A &4 771X ASAP
2020M A F B A EEAT, MEAHETREMZE 200 C i
SACEE. A BY RERURAS TR SRR B A
N, Thermo Scientific ESCALAB 250Xi Y347 X &
LR T RERE(XPS) IR AL, MR Al #E Ko 48
S (hv=1486.6 eV), Cls Y HLTIE(Z5 5 R 284.6 eV).

'H NMR, '3C NMR #&7E Bruker AVANCE III 300
MHz. Bruker AVANCE III 400 MHz B4 g 3L 4R A% 5k
1%, FTREFIZ CDCl, WHRMTE TMS; Bt F s sl
WA A Sy BiichiMelting Point B-545; < B¢ (GC-
MS)#-5 4 Agilent 5977B; it H 5 2 # i it A (HRMS)
-E & Micromass GCT CA055.

FEEMTE A 200~300 HEER, &IFFIA A i
(90~120 C)FI TR L. BT A SLie 2y dh 3 o i & o #r
Ak w5 AR DMSO, FI Bl 75347 T
TikR7K: 75 25 mL FEKERH A+ A 15 mL DMSO Fi4H
22, F 2R FEEERAE A FE7R I, 7E 100~150 CHAEE 4~
7 h, FRETREEA RIRE S, IEETEK DMSO, %}
17
3.2 ZWHE

1E [ M2 B, f#FH Micromeritics TriStar II 3020 %
BRI BB OO AT T K AR EE: 7E 150 Ch
B 5h, WG AT, RGO IR A7

— R SEESIRAE: AT J8CA #ET 1) Schlenk (10 mL)
M 30 mg Bi/KARER AT, 782 SR BRI
I 2. 410.2 mmol). 1 mL DMSO, 7£ 150 C N 12 h.
NG R JE v 2 a0, I B0 i SRR AL AR L
FHA B, USRI HUARLE IR 28 AN BB R, 7=
WA RN E S B AR Y, BT SRBC Via
MR @ V(LR 408)=100 : 1.

AAREE a) 4l B O E AR, 7 F 92%. mp. 89~
92 °C; 'H NMR (300 MHz, CDCl) &: 7.98 (dd, J=8.4,
1.4 Hz, 4H), 7.65 (d, J=7.5 Hz, 2H), 7.51 (dd, J=8.2, 6.9
Hz, 4H); 3C NMR (75 MHz, CDCl3) &: 193.58, 133.89,
131.91, 128.87, 128.00; MS (70 eV) m/z (%): 210 (M ", 4),
105 (100), 77 (46).

1-(2- FA I 2R 58 )-2- 2K 3 2, %56-1,2- il (2b)*e): 35 1
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[E4A, 772% 87%. m.p. 55~58 ‘C; 'H NMR (300 MHz,
CDCl) o: 7.97 (dq, J=7.1, 1.6 Hz, 2H), 7.80~7.74 (m,
2H), 7.67~7.62 (m, 1H), 7.55~7.47 (m, 3H), 7.43~7.36
(m, 1H), 2.40 (s, 3H); '*C NMR (75 MHz, CDCls) ¢:
195.78, 193.85, 140.39, 133.70, 132.78, 132.09, 132.06,
131.56, 130.74, 128.92, 128.00, 125.01, 20.92; MS (70 eV)
m/z (%): 224 (M, 2), 119 (100), 91 (79).

1-(3- F 3L 2R 5L )-2- K 3 7, BE-1,2- i (20)4) #Ef0
A, 772 84%. m.p. 55~58 ‘C; 'H NMR (300 MHz,
CDCI3) &: 8.02~7.92 (m, 2H), 7.91~7.81 (m, 2H),
7.70~7.58 (m, 1H), 7.55~7.44 (m, 2H), 7.35~7.26 (m,
2H), 2.42 (s, 3H); '3C NMR (75 MHz, CDCl;) 6: 193.85,
193.70, 137.98, 134.75, 133.83, 131.93, 129.17, 128.86,
128.00, 127.98, 127.89, 126.19, 20.23; MS (70 eV) m/z
(%): 224 (M*, 3), 119 (100), 91 (45).

1-(4- F L 2R 36)-2- 28 3 2 58-1,2- R (2d)1*: 5 f
A, 722% 82%. m.p. 90~94 ‘C; 'H NMR (300 MHz,
CDCl;) d: 8.02~7.92 (m, 2H), 7.91~7.81 (m, 2H),
7.70~7.58 (m, 1H), 7.55~7.44 (m, 2H), 7.35~7.26 (m,
2H), 2.42 (s, 3H); '3C NMR (75 MHz, CDCl;) 6: 193.77,
193.31, 145.22, 133.78, 132.02, 129.52, 128.98, 128.84,
128.72, 127.95, 20.89; MS (70 eV) m/z (%): 224 (M", 3),
119 (100), 91 (32).

1-(2- S R JE)-2- 2K 3t 2, e -1,2- T (2e): 9% 5 (0[]
&, F5E 90%. m.p. 68~73 C; 'H NMR (300 MHz,
CDCl;) d: 8.06~8.03 (m, 2H), 7.93~7.90 (m, 2H),
7.70~7.58 (m, 1H), 7.57~7.54 (m, 3H), 7.48~7.42 (m,
2H); *C NMR (75 MHz, CDCl;) d: 192.68, 191.05,
133.59, 133.52, 132.99, 132.84, 131.40, 131.12, 129.50,
129.22, 127.89, 126.36; MS (70 eV) m/z (%): 244 (M ", 3),
105 (100), 138 (38).

1-(3- A I )-2- R FE 2 bE-1,2- i (26): 9% 75 (00 [&]
&, P& 89%. m.p. 88~91 C; 'H NMR (400 MHz,
CDCls) 0: 7.98 (tt, J=5.4, 1.3 Hz, 3H), 7.85 (dt, J=7.8,
1.4 Hz, 1H), 7.73~7.60 (m, 2H), 7.57~7.51 (m, 2H), 7.46
(t, J=7.9 Hz, 1H); 3C NMR (CDCls, 101 MHz) §: 192.60,
191.96, 134.43, 134.13, 133.78, 133.47, 131.65, 129.34,
128.97, 128.57, 128.10, 127.11; MS (70 eV) m/z (%): 244
(M", 2), 105 (100), 77 (32).

1-(4-F AR HE)-2- K 2 2 e -1,2- i (2g)*: 3% 3 (1
A, 772 88%. m.p. 67~72 ‘C; 'H NMR (300 MHz,
CDCly) d: 8.08~7.85 (m, 4H), 7.74~7.62 (m, 1H),
7.60~7.45 (m, 4H); 3C NMR (75 MHz, CDCl;) o:
192.88, 192.06, 140.59, 134.06, 131.72, 130.30, 130.21,
128.93, 128.42, 128.06; MS (70 eV) m/z (%): 244 (M ", 2),
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105 (100), 138 (30).

1-(4-VR R HE)-2- TR 3 2, b8 -1,2- i (2h): 3% (] 44,
FEE 78%. m.p. 78~82 C; '"H NMR (300 MHz, CDCl;)
5: 7.96 (dq, J=7.0, 1.5 Hz, 2H), 7.93~7.79 (m, 2H),
7.73~7.61 (m, 3H), 7.58~7.46 (m, 2H); '3C NMR (75
MHz, CDCls) 6: 192.83, 192.26, 137.39, 134.07, 131.71,
131.41, 130.22, 129.96, 128.92, 128.06; MS (70 eV) m/z
(%): 287 (M", 2), 105 (100), 182 (25).

1-(4-F R BE 2RI )- 028 0 2, 95-1,2- 2D 356
[k, 723 83%. m.p. 53~58 ‘C; 'H NMR (400 MHz,
CDCls) 8: 7.95 (tq, J=8.6, 1.5 Hz, 4H), 7.64 (ddt, J=7.7,
6.9, 1.3 Hz, 1H), 7.50 (tt, J=7.3, 1.5 Hz, 2H), 7.01~6.93
(m, 2H), 3.88 (d, J=1.1 Hz, 3H); '3C NMR(CDCl;, 101
MHz) 6: 194.83, 193.13, 164.93, 134.67, 133.07, 132.30,
129.81, 128.88, 125.96, 114.30, 55.57; MS (70 eV) m/z
(%): 240 (M", 2), 135 (100), 77 (33).

1-(4- Tl I 2 R )-2- 8 3 2, %58 -1,2- i (2j): 75 £ [
&, PR 77%. m.p. 75~78 ‘C; 'H NMR (300 MHz,
CDCl;) d: 8.01~7.93 (m, 2H), 7.93~7.84 (m, 2H),
7.73~7.61 (m, 3H), 7.58~7.46 (m, 2H); *C NMR (75
MHz, CDCls) 6: 192.83, 192.63, 137.39, 134.06, 131.71,
131.19, 129.96, 128.92, 128.06, 102.67; MS (70 eV) m/z
(%): 335 (M", 6), 105 (100), 230 (59).

1-(4- RE WL 28 38 )-2- 2K 5 2, e -1,2- i (2k): #E (1
AR, 722 82%. m.p. 86~92 ‘C; 'H NMR (300 MHz,
CDCl;) d: 8.22~8.12 (m, 2H), 8.09~7.93 (m, 4H),
7.74~7.62 (m, 1H), 7.53 (dd, J=8.5, 7.1 Hz, 2H), 3.96 (s,
3H); C NMR (75 MHz, CDCly) d: 192.77, 192.64,
164.84, 135.00, 134.28, 134.13, 131.65, 129.07, 128.94,
128.76, 128.09, 51.61; MS (70 V) m/z (%): 268 (M", 2),
105 (100), 77 (36).

1-(4-FFEHL IR I)-2- T8 2 BE-1,2- 21 B fa
B, 2% 67%. m.p. 132~136 °C; 'H NMR (300 MHz,
CDCl;) d: 8.09~7.96 (m, 4H), 7.76~7.59 (m, 5H),
7.56~7.37 (m, 5H); 3C NMR (75 MHz, CDCl;) o:
193.55, 193.14, 146.58, 138.42, 133.88, 131.97, 130.62,
129.46, 128.92, 128.01, 127.62, 126.62, 126.32; MS (70
eV) m/z (%): 286 (M™, 2), 105 (100), 77 (45).

1-(2-Z53E)-2- 2 2 8 -1,2- i (2m)): 3 (0 [ 44,
FEER 82%. m.p. 79~83 “C; 'H NMR (300 MHz, CDCls)
5: 9.31 (dt, J=8.7, 1.0 Hz, 1H), 8.12 (dt, J=8.3, 1.1 Hz,
1H), 8.06~8.00 (m, 2H), 7.93 (ddd, J=8.6, 7.7, 1.4 Hz,
2H), 7.75 (ddd, J=8.6, 6.9, 1.5 Hz, 1H), 7.69~7.60 (m,
2H), 7.57~7.47 (m, 3H); 3C NMR (75 MHz, CDCl;) ¢:
196.14, 193.56, 134.95, 134.06, 133.72, 133.05, 132.33,

Chin. J. Org. Chem. 2023, 43,2953~2960

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

129.91, 129.00, 128.44, 128.01, 127.77, 127.57, 126.10,
124.92, 123.40; MS (70 eV) m/z (%): 260 (M*, 4), 105
(100), 77 (28).

1-(2-ME Wy J)-2- TR HE 2, e -1,2- -l (2m): R L] 44,
72 89%. m.p. 60~64 C; '"H NMR (400 MHz, CDCl;)
J: 8.04 (dd, J=8.3, 1.4 Hz, 2H), 7.84 (dd, /=49, 1.1 Hz,
1H), 7.79 (dd, J=3.9, 1.2 Hz, 1H), 7.70~7.61 (m, 1H),
751 (t, J=7.8 Hz, 2H), 7.21~7.14 (m, 1H); 3C NMR
(101 MHz, CDCl5) &: 191.07, 184.61, 138.78, 135.92,
135.76, 133.87, 131.52, 129.17, 127.90, 127.82; MS (70
eV) m/z (%): 216 (M", 2), 105 (100), 77 (32).

1-(4- SR JE)-2-(4- F FE ORIk ) 2 %52 -1,2- i (20) 140
B E K, P 84%. mp. 117~121 ‘C; 'H NMR (300
MHz, CDCl;) d: 7.96~7.81 (m, 4H), 7.53~7.44 (m, 2H),
7.32 (d, J=8.0 Hz, 2H), 2.44 (s, 3H); '*C NMR (75 MHz,
CDCls) d: 192.61, 192.27, 145.45, 140.46, 130.42, 130.20,
129.34, 129.05, 128.79, 128.38, 20.94; MS (70 eV) m/z
(%): 258 (M", 1), 119 (100), 91 (36).

1,2- X0 (4-5 A IE) ZbE-1,2- B 2p)*): 2 (0 & 44,
P 88%. m.p. 189~192 ‘C; 'H NMR (300 MHz,
CDCls) &: 7.97~7.88 (m, 4H), 7.54~7.47 (m, 4H); 13C
NMR (75 MHz, CDCl3) 6: 191.37, 140.82, 130.26, 130.10,
128.50; MS (70 eV) m/z (%): 278 (M, 1), 138 (100), 110
(32).

1-(4- FF AR 3 O 3 )-2-(4- FH L DR L) 2 de-1,2- T
Qq)*: M E K, 7R 86%. mp. 99~102 C; 'H
NMR (300 MHz, CDCls) §: 7.90 (dd, J=22.5, 8.6 Hz,
4H), 7.33~7.27 (m, 2H), 6.97 (d, J=8.9 Hz, 2H), 3.88 (s,
3H), 2.43 (s, 3H); '*C NMR (75 MHz, CDCl;) 6: 193.61,
192.38, 163.88, 145.00, 131.34, 129.74, 129.00, 128.66,
125.15, 113.29, 54.62, 20.90; MS (70 eV) m/z (%): 254
(M™, 3), 135 (100), 119 (29).

1,2-X0(4- FH L L FE) 252 -1,2- B (2r)): #4044,
FE % 80%. m.p. 105~108 ‘C; 'H NMR (300 MHz,
CDCls) 0: 8.02~7.93 (m, 2H), 7.71~7.62 (m, 1H), 7.59
(d, J=4.2 Hz, 2H), 7.55~7.46 (m, 2H), 7.30 (d, J=4.0
Hz, 1H), 2.36 (s, 6H); 3C NMR (75 MHz, CDCl;) ¢
194.10, 193.83, 137.83, 135.73, 133.79, 132.02, 131.97,
128.88, 127.97, 126.56, 20.12; MS (70 eV) m/z (%): 238
(M™, 1), 135 (100), 119 (29).

2,3- TR TR IR (4a)): O E K, A ER 82%.
m.p. 124~127 °C; 'H NMR (400 MHz, CDCls) 6: 8.23~
8.14 (m, 2H), 7.81~7.72 (m, 2H), 7.56~7.47 (m, 4H),
7.40~728 (m, 6H); 3C NMR (101 MHz, CDCL) o:
76.72, 64.47, 62.31, 53.23, 53.10, 52.45, 52.07, 51.53; MS
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(70 eV) m/z (%): 282 (M, 100), 179 (34), 76 (20).

6- FF FE-2,3- IR FLE R 1Bk (4b)): {5 fa [l A, R
74%. m.p. 117~120 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
8.07 (d, J=8.5 Hz, 1H), 7.96 (d, J=1.9 Hz, 1H), 7.60 (dd,
J=8.6, 1.9 Hz, 1H), 7.55~7.47 (m, 4H), 7.39~7.28 (m,
6H), 2.61 (s, 3H); 3C NMR(101 MHz, CDCly) 0: 152.28,
151.54, 140.23, 139.49, 138.67, 138.16, 131.29, 128.82,
128.80, 127.67, 127.61, 127.20, 126.98, 20.90; MS (70 V)
miz (%): 296 (M™, 100), 179 (29), 76 (17).

6- 5 -2,3- K L R DR Tk (40)0) [ 8 [ A, R
77%. m.p. 114~118 °C; 'H NMR (400 MHz, CDCls) o:
8.17 (d, J=2.3 Hz, 1H), 8.10 (d, J=8.9 Hz, 1H), 7.70 (dd,
J=9.0, 2.3 Hz, 1H), 7.51 (dd, J=7.4, 1.8 Hz, 4H), 7.42~
7.29 (m, 6H); 3C NMR(101 MHz, CDCly) d: 153.24,
152.57, 140.43, 138.66, 137.66, 137.59, 134.62, 129.92,
129.38, 128.80, 128.75, 128.07, 127.99, 127.29, 127.28,
127.03; MS (70 eV) m/z (%): 316 (M™, 100), 315 (78), 178
(26).

4 BT RL(Supporting Information) L\ METS-10 A
P Ar g H At 4 R E AL AL Pt RE S EG 25 SR, DL RAL &
¥ 2a~2r Fl 4a~4c [ 'H NMR Al 3C NMR JR 453 &,
X e L AT BA A 3% AT ) 355 (http://sioc-journal.cn/) _E
T#.
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