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New Method for the Synthesis of 2,5-Diaryl Substituted Thiazoles

Zeng, Hongyun" Zhang, Jun'gan” Hong, Wei**’
(“ School of Chemistry and Chemical Engineering, North Minzu University, Yinchuan 750021)
(®Key Laboratory of Chemical Engineering and Technology, State Ethnic Affairs Commission, North Minzu
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Abstract Thiazole ring is an important five-membered aromatic heterocyclic ring, and its derivatives have various biological
activities and are widely used in medicine. The synthesis of 2,5-diarylthiazole derivatives by acylation, thiolation, cyclization
and Heck reaction using inexpensive and readily available substituted benzoic acid as raw materials was developed. The key
point was to optimize the Heck reaction conditions and explore the possible reaction mechanism. The method has mild reaction
conditions, simple operation, and good substrate universality, which provides a new direction for the synthesis of 2,5-diaryl

substituted thiazoles.

Keywords 2,5-diarylthiazole; Heck reaction; organic synthesis
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2, JEE DL CQ)N AR I B A2 e 56 AR 1) e e S ok
Heck MAFREMEP=Y), MBALL CQINMAZFRIEIUR
(P E AR SNy S B SR Il . L andE 2007 4, Priego
SEDARSE T DL 2-(GRUT SR FE BRI I WE ML -4- R 2. i
AR 2 0y JFURE, B R B, SRR AL N AL 7], 2-
TR OB 2-(V,N- - AR, N N- R
Tk H&(DMF) ¥ 71, DA RSO A5 3 C(5)r 75 4074,
AT DA H IR S N 1) SBE 26 A FE TR S I8 7R 1 i
. 1 2012 4E, Beladhria 25 WIS 7 DL 2- F JLmEmk4-
HER LB AN 2- 5 -4-Z MR N R k), BEER B 906, BEIR
HUOMEARF, NN-—H X 2 B2 (DMAC) NI, 75 C(5)
PEBHH TS AL NEERER T IEE, £ CO)frit
17 Heck [ Jw7 e Bk IR Bt RN T 6 Dl i LB, IN- FRJEE I g
FEEA(NMP)Y, DMAc H1 DMF 25 & f a7 9
(AT, AR PRI 22 s A IR SR R A4k

sie BRIk, BAINB—FE R 2,5- 55 FE
W-4-F R 2 B AT A W) 7 v (Scheme 1): PAHURZE H
2 1a~1g NFEHEBEL SN FIRRAR S NP2 115 B B
A B 2a~2g, FS5RMANEEKR LB K ERE KR
SRR 2 SRFLEME 4R 2. 3a~3g, fJasid
Heck %133 HARLEY) Sa~51 HHBEALL 2-
IRFEWEME-A-FR 2 FEATAEY) 3a~3g NIEEL TE C(S)LE
B AL, ZONERIR BAE T JRAE Y A R X
—I N, MEME CQ)NE I NIEE, BRIk
Suzuki NSRRI, HIRAE C(5)4 Heck
SBEFI NS, AH LG BRI E AR BT Suzuki B, 95
DR RGIR, $E R AR, S Ah, R A
CADIAERIE, Jagm X HEuE Al —la —e4
Vs AL 4.

0O S
(1) EDCI/HOBT
R1|—\ OH DIPEA/(NH,4),CO3/DMF R 1 X NH,
| T
= (2) Lawesson reagent/ THF Z

1a~1g

3a~3g
— (0}
1
S | N —\ R
2 EtO N -5
R \ \ 7/
Pd(OAc),/DPPENT/KOAc/DMF =
R
5a ~ 5l

B 1 2,5- 07 FEMEME-4-H R Z AT A B Ik
Scheme 1 Synthesis of 2,5-diarylthiazole-4-ethyl formate de-
rivatives
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1 HR5R

1.1 2-FEEM-4-FRE RS 4-REEMER B &M
B E

2,5- 05 FEEMEA-FR 2 BE R A I A i B AT
T S ST PR AR FR A R A S B AR
K& ST Heck ONAGE]. H T rp a4 2- 28 FEmgme-4-
R 2T 5 R 2 A2 1) Heck [ I A2 M I 2 1 S 0 0B
Rl A T g s A5 2) B ARt &4, FRATLL 2-2K e
Me-4-HR R (3a)Fl - 4-HI AR 2RI (4a) 4 S R STASAR
SR, I SRR R S R BRI RS, A
P R FH L I ()AL RE S DR 3R, e oA A IR S 4%,
SiRwE 1 Por. Bk, NTHEEE NI, 9 5%%
TR = R AR R A BC AR 1,4-X0( -2 5L 18%) T He(DPPH)-
1.5- B0 A FE ) IR BE(DPPENT) A 1,6- 30 ( A5 1) T
Kt (DPPB) (B 1), DAT R0 i 4b 7700, T 1R B0 O sl
NMP NV, MR EA 140 CH, K3 DPPENT AN
BoARES, A LLECIF IO 7= R (35%) 15 2 774 5a. A, i%
$% DPPENT N E:lC K (F 1, Entries 1~3). SR)5, %%
TR RN A, FEAR R R RIS T, K LR ER
Bl R B BRI 10 S ML AR, R I 9 bk 38) A RE A5 7= 4
5a. AL, #iE LBRET NIR(FK 1, Entries 2, 4, 5). 1EHiE
WAL S Ja, 258N R 1% R N IS, K
P I R R IR I S N ISCR 5 NMP A Y, H 2
N,N-—F I WG O I IS e SR A s, 1831 T
45%(3R 1, Entries 2, 6, 7).

Yo Qg
C o d O

DPPH DPPENT

¢

P\/\/\/\P
DPPB :

B 1 itk DPPH. DPPENT Hl DPPB (145 # 3%
Figure 1 Structures of ligands DPPH, DPPENT and DPPB

B R, BARR IR W Ia) . 5B DA e A
FHEX 2-ZKFEMEME-4-FR R 2.k 5 4-F S JE I s N 1)
S, AR ST DMF S8 2 mL, 38005 s 4 1)
WG, RSN 31%, 22 B3804 5 I i A
SR FEAR(FK 2, Entries 7, 8). 240548 [ NI A], Kb a]
iR ZE 12 h, MR A 38%, i W44 s M I a) 4 i
KGR 2, Entries 7, 9). Bl 5, MR MIEESE 120
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R AR, BRFIAFRIN 2- 2K 4- R LR 4-F A
TR s 7 2 ] @

Table 1 Effects of ligand, base and solvent on reaction of 2-
phenylthiazole-4-ethylformate with 4-methoxy-iodobenzene

Pd(OAC),

)K[ ngand
EtO + H3CO—< >—
>_© Base, slovent
heat
e}
EtO N
s
S
H3;CO
5a
Entry Ligand Base Solvent Yield”/%
1 DPPH KOAc NMP 27
2 DPPENT KOAc NMP 35
3 DPPB KOAc NMP 24
4 DPPENT CS,CO;3 NMP —
5 DPPENT K,CO;4 NMP —
6 DPPENT KOAc DMA 31
7 DPPENT KOAc DMF 45

“Reaction conditions: 3a (1 mmol), 4-methoxy-iodobenzene (3 mmol), base (3
mmol), ligand (0.01 mmol), Pd(OAc), (0.05 mmol) in solvent (4 mL) at
140 “C, 24 h; *Isolated yield.

K2 IR A EEERIECAR A SR 2- SR SR -4 R
LTS 4- WA ST [ B 2

Table 2 Concentration, time, temperature and ligand equivalent
effects on reaction of 2-phenylthiazole-4-ethylformate with 4-me-
thoxy-iodobenzene

Entry Ligand  Solvent Temp./C Time/h Yield®/%

7 DPPENT DMF 140 24 45
8 DPPENT DMF¢ 140 24 31
9 DPPENT DMF 140 12 38
10 DPPENT DMF 120 24 48
11 DPPENT? DMF 120 24 45
12 DPPENT® DMF 120 24 31

“ Reaction conditions: 3a (I mmol), 4-methoxy-iodobenzene (3 mmol), KOAc
(3 mmol), DPPENT (0.01 mmol), Pd(OAc), (0.05 mmol) in DMF (4 mL) at
140 °C, 24 h; ® Isolated yield;  DMF (2 mL); ¢ DPPENT (0.02 mmol);
¢ DPPENT (0.04 mmol).

C, SN AIRIRER 24 h, WERN 48%, (HIEHFESL
IR, EEELLRIE 120 CoARMIREHAEE 2,
Entries 7, 10). f&J&, 434 INECAAR 905 1 5 55 73 22 0.02
F10.04 mmol, KIWTEANA 45%5 31%, HHRCIAE
VIR B L3, e ISR S T B (R 2, Entries 7,
11, 12). F&HHE 2- KL HEM-4- R 2,15 (3a) Fl 4-F 4
TR (da) SRR S B 2% A1 2- 2R B R -4- FR IR 2. s
(1 mmol). 4-H 4 FEMLZK (3 mmol). FFFREE(0.05 mmol).
1.5-R0( A FE ) IR BE(0.01 mmol). BRFREH(3 mmol), ¥4

FJ9 NN-—FH B F iz (4 mL), ¥ 120 °C, BFIA)K
24 h.
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1.2 2,5-ZF5EIEM-A-FEL BT IR & AR

TEMfE BAE R BT 2 G, TR T — RIIAFEUAR
FEXPIZ BRI, [ Mg RInR 3 FioR. REEET
2,5- 55 FEEME AR L BRI 2R L ER3E R AT R X
BRI, B, R R ONMEE TP 4-H4
5, RVAANFBRER SR T F3E, FERE. =K
FRACES . SURIE0) B X G R R 52, DL 4- AR R ROR
(42) 5ANFEHURHY 2-2KJEMEME-4-F R 2B 3a~3g NJE
Bl EM RN & FAREIHARMEEY) Sa~5g. 4 R' A
TCHURIERS, bR N 48%(5K 3, Entry 1); R'A
A-FAE 4-FRAEEL  3-F A 3L L 4- = U AR AT 4-5U,
N BRI R B SR AR R A 50%~54%(F 3, Entries 2~6); R'
N 4-EE, R BRI B R E 38%(3E 3, Entry 7).
SRIG e R? N L3 [ 1 4R 38, R ONAS[RI B3 [
(WEJE 7. AR IE A G80) I o b S S PRI . DA 4 3k
TR (4b) 73 ) 5 A [ HUAR ) 2- 8 S 1gE -4 FH RS 2, B (3a.
3c .30 MEER, TEIL RN 264 T 153 B AL A9 Sh~S5j,
WA 51%~54%(F 3, Entries 8~10). )5, #%E#% R
N 4-FEEFER 3¢ 4095 R it o 7 2L 1 ) 4- N A
3-HEA MUK (4¢ A1 4d) N J5RL, 33 HARLEY) Sk
51, W 52%(F 3, Entries 11, 12). T HErb &4
5a~51 1453454 "H NMR, *C NMR A1 HRMS {3
fiE.
1.3 RZHLIBERT

T S E6 25 R b, BATHED DL 2SR S 4
R 2. (3a)fl 4-H 5 LMK (da) N N YD, ARk B
Frr=4) 5a o] e [ LI (Scheme 2). B5E, BERRAEAN
1,5- B0 (2R I3 ) I ot 28 6 i s Js o A, A Hd
IS IR S A N E da R C—T 4 [ gl Ak
ORI A BT R 3a ) C(5)—C(4) 5 BREERI
WIS af-ANEFIEE I H, CO)LIHHE T = % FAK,
AT DA R R A S AR A AT iR, (R B OUBE T
TF, CA@RBL AT N =9 B; SR JE k=41 B
238 pIE AR B AR Sa; fea AR I SRR A )
R BRAE, 15 RN

2 i

T — R EE S R 2,5- 95 HEMEME-4- F R 2 g
AR ITE. %I, B S U F R &2 15t
1 AR AR R B A5 BB AL AL &4, A& R
P33 2R BLMEME-4-F R 2 WA A, SCELTEMEMEER C2
PLEINFHIE, IJE4 Heck [N EIBETE C5 A5 NIREE,
T3 2,5- 55 FEWEME_4- R Z BERTA 4 Sa~51. 1%
JIER R PR IR AN, BAER R, aifl PR D, Ak
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3 2,5- T HEBEMATAEY) Sa~S1 AR ¢
Table 3 Synthesis of 2,5-diarylthiazole-4-ethyl formate derivatives Sa~51

0
7 Pd(OAC),, DPPENT N =R
—\ R C)2 EtO
EtOJ\EN\ >R Qﬂ \ s\>_@
Ly N\ 7 R2 = KOAc, DMF ~
R2\C
3a~3g 4a~4d ~7 5a ~ 51
Entry R'(3) R? (4) Product Yield”/%
1 4-H (3a) 4-OCH; (4a) 5a 48
2 4-CH; (3b) 4-OCH; (4a) 5b 54
3 4-OCH; (3¢) 4-OCH; (4a) 5¢ 50
4 3-OCH; (3d) 4-OCH; (4a) 5d 50
5 4-OCF; (3e) 4-OCH; (4a) Se 55
6 4-F (3f) 4-OCH; (4a) sf 53
7 4-Cl 3g) 4-OCH; (4a) 5g 38
8 4-H (3a) 4-NO, (4b) 5h 54
9 4-OCH; (3¢) 4-NO, (4b) 5i 51
10 4-F (3f) 4-NO, (4b) 5§ 51
11 4-OCH; (3¢) 4-N(CH,CH,),0 (4¢) 5k 52
12 4-OCH; (3¢) 3-OCHj; (4d) 51 52

¢ Reaction conditions: 3a~3g (1 mmol), iodobenzene derivatives (3 mmol), KOAc (3 mmol), DPPENT (0.01 mmol), Pd(OAc), (0.05 mmol) in DMF (4 mL) at
120 °C, 24 h; * Isolated yield.

0 . KOAG
BT (S K DPPENT DPPENT HsCO@I
s
4a

-

: !
H—Pd—I Pd°
Ba i U :
DPPENT DPPENT DPPENT
H3CO H3004©7P:d”—l
1

A DPPENT

\ T

3a

DPPENT

A
| L‘H S
DPPENT

EtO._O \
DPPENT| N DPPENT
! S OCHj

I/éd” @,

OCHj
B

B2 RN
Scheme 2 Proposed reaction mechanism
3 SCIEE4y 7)), LA CDCl; 85— L WA (DMSO) A¥E 7, TMS AW
) . F7; Waters Delta 600 B 0BAH BT A% (% 2K == Waters
31 MBS ’ SRR e

‘ ATl); Agilent 6545 Q-TOF w4y MR (% (3 H Agilent
Bruker Avance 111 400 B #Z 53 9RAX Gti £ Bruker 2 NHE); SGWX-4 BHUE A (LIRS %R AU F IR A
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al); {2 A% T (TLC) 7E Rk AR b i3k AT (R AR I T
1% [l MACHEREY-NAGEL A ).

B AR F B Jiz (2a) B ML 3K, & 8 98%(Jiit & 47
#0); DMF &8 99.9%(Fi &7 £0), PIAM. KL
i LR AN ) T 8 A i, A Ath b 2,
B
3.2 EWHE
3.2.1 Auhdh 2b~2g &9 A mal ik

] EUAR 2K H #2(6.57 mmol, 1.0 equiv.)f) DMF (5 mL)
WA 5y WM N,N-— 5 T4 2 2, 2 (DIPEA) (26.28
mmol, 4.0 equiv.). 1-F2FEIR I =M(HOBT) (9.86 mmol,
1.5 equiv.)fl 1-Z5E-(3- FI BE G R 7 2 ) B T — WP fig 26
FRE(EDCI) (9.86 mmol, 1.5 equiv.), EiRHEFES N 10
min J&, FIMABRERS%(39.42 mmol, 6.0 equiv.), 4k&:/%
I 24 h. RMGEER, B OB A2 50 mL &K,
ke, WEINTH AR, HhE, JEDFAATE. I 2
% BEREEN (30 mL X 3), & A HIAH I A& 2k vk
¥(50 mL X 3), JE/KBREREN T, JkIEH4E, & FuEpt
HIRAGFVAE BN BACK F Ik Z, AR EEENT —
VL.

i) BAR 2K B R B2 (1 mmol, 1 equiv.) Y DY &5 WK TR
(THF) (15 mL)&EW I Lawesson iR77(1.2 mmol, 1.2
equiv.), TEIRXMN 4 h. JRMSEEE, KR NRAHE
0 C, InA 20 mL HFIRRER A BIKIEREE K, LR L
FHL(25 mLX3), &IFEHAHE, ToKBERINTE, o,
TR IR AGIER, IRAAVEAE ENT (LR LT/ A EE )73 3
PR AR H L% 2b~2g.

4- P BB AR O B BE 2 (2b): 3 O [EAR, PR 89%.
m.p. 114~116 C (1it?” myp. 113~115 C); 'H NMR
(400 MHz, DMSO-dy) d: 9.79 (s, 1H, NH), 9.43 (s, 1H,
NH), 7.83 (d, J=8.2 Hz, 2H, ArH), 7.22 (d, J=8.0 Hz,
2H, ArH), 2.34 (s, 3H, CH3); LC-MS m/z: 152.1 [M+H]".

4- A LA R BE R (20): BEOO IR, 2% 86%.
m.p. 144~146 C (1it"?” m.p. 145~147 C); '"H NMR
(400 MHz, DMSO-ds) 0: 9.64 (s, 1H, NH), 9.32 (s, 1H,
NH), 7.96 (d, J=8.9 Hz, 2H, ArH), 6.96 (d, J=8.9 Hz,
2H, ArH), 3.82 (s, 3H, OCH;); LC-MS m/z: 168.0 [M+
H]".

3-HEIERAE B Q): B, 2R 77%.
m.p. 96~98 C (lit.*” m.p. 98~99.5 C); '"H NMR (400
MHz, DMSO-dg) 6: 9.91 (s, 1H, NH), 9.50 (s, 1H, NH),
7.47 (dd, J=17.9, 1.6 Hz, 1H, ArH), 7.43 (s, 1H, ArH), 7.33
(t, J=8.0 Hz, 1H, ArH), 7.08 (dd, J=8.1, 2.6 Hz, 1H,
ArH), 3.79 (s, 3H, OCH,); LC-MS m/z: 168.0 [M+H]".

4- = HUHF SR RRAR SR B A (2e)1 Y B L 4K, 72
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K 98%. m.p. 124~126 C; 'H NMR (400 MHz,
DMSO-d) 6: 10.03 (s, 1H, NH), 9.62 (s, 1H, NH), 7.98 (d,
J=8.8 Hz, 2H, ArH), 7.42 (d, J=7.8 Hz, 2H, ArH);
LC-MS m/z: 222.0 [M+H]".

4-FREACOR F L iz (2): B (a1, 722 82%. m.p.
146~148 C (1it.*” m.p. 143~145 “C); '"H NMR (400
MHz, DMSO-ds) 0: 9.92 (s, 1H, NH), 9.53 (s, 1H, NH),
8.01~7.95 (m, 2H, ArH), 7.30~7.23 (m, 2H, ArH);
LC-MS m/z: 156.0 [M+H]".

4-EIRAK FBEIZ(2g): MK, F2% 79%. m.p.
124~126 C (1it® mp. 127~129 C); '"H NMR (400
MHz, DMSO-dg) 6: 9.97 (s, 1H, NH), 9.57 (s, 1H, NH),
7.90 (d, J=8.6 Hz, 2H, ArH), 7.49 (d, J=8.6 Hz, 2H,
ArH); LC-MS m/z: 172.0 [M+H]".

322 tuhdh 3a~3g 094 kGB A

B HARBRAR IR H W% 2a~2¢g (1 mmol, 1 equiv. )% fi#
T K ZBEG mL)H, FF AN IRA A B R 216 (1.2
mmol, 1.2 equiv.), TEEKMN 0.5h )5, FHRE 78 Ck
N2 h. RPSEEE, ff RMNBA I EERG, IALKS
Bs(15 mL)#RE, 433 B AR IR 8N /K W (30 mL X
3R AN GALAN KA W30 mL X 3)¥eik, ANHL T K
RN T, U8, EURIRAEIER, IRFMERZ(L
g .15/ 43 274 3a~3g.

2-ZRFLIEME_4- FER 7,16 (32)1 ) B iR, iR
78%. "H NMR (400 MHz, DMSO-d;) d: 8.59 (s, 1H, ArH),
8.00 (dd, J=6.7, 3.0 Hz, 2H, ArH), 7.57~7.53 (m, 3H,
ArH), 4.35 (q, J=7.1 Hz, 2H, OCH,), 1.34 (t, J=7.1 Hz,
3H, CH,CH3); LC-MS m/z: 234.1 [M+H]".

2-(4- F JE 2 3 ) e e 4 TG 2,15 (3b)1 2 P € IR
1, W 67%. "H NMR (400 MHz, DMSO-d;) J: 8.55 (s,
1H, ArH), 7.88 (d, J=8.2 Hz, 2H, ArH), 7.35 (d, J=7.7
Hz, 2H, ArH), 4.34 (g, J=7.1 Hz, 2H, OCH,), 2.38 (s, 3H,
CH,), 1.33 (t, J=7.1 Hz, 3H, CH,CH3); LC-MS m/z: 248.1
[M+H]".

2-(4- H AR IR I ) E -4 HH R 2, T8 (Be): 1 0 [ 44K
PR 65%. mp. 92~94 C (lit* m.p. 91~93 C); 'H
NMR (400 MHz, DMSO-d;) J: 8.49 (s, 1H, ArH), 7.92 (d,
J=8.9 Hz, 2H, ArH), 7.08 (d, J=8.8 Hz, 2H, ArH), 4.33
(q, J=7.1 Hz, 2H, OCH,), 3.84 (s, 3H, OCH3), 1.33 (t, J=
7.1 Hz, 3H, CH,CHs); LC-MS m/z: 264.1 [M+H]".

2-(3- F AR L L e e -4- H R 2B (3d): A B [ELA,
FEE 74%. m.p. 58~60 C (lit.**! m.p. 58 C); '"H NMR
(400 MHz, CDCL3) 6: 8.18 (s, 1H, ArH), 7.61 (dd, J=2.6,
1.6 Hz, 1H, ArH), 7.57 (ddd, J=7.7, 1.7, 1.0 Hz, 1H,
ArH), 7.38 (t,J=7.9 Hz, 1H, ArH), 7.03 (ddd, J=8.3, 2.6,
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1.0 Hz, 1H, ArH), 4.47 (q, J=7.1 Hz, 2H, OCHy,), 3.92 (s,
3H, OCHj3), 1.46 (t, J=7.1 Hz, 3H, CH,CH;); LC-MS m/z:
264.1 [M+H]".

2-(4- =G TP AR L DR ) EME-5- R Z TR Be) ™
O E AR, R 92%. m.p. 88~90 °C; 'H NMR (400 MHz,
DMSO-d,) : 8.62 (s, 1H, ArH), 8.13 (d, J=8.8 Hz, 2H,
ArH), 7.54 (dd, J=8.9, 1.1 Hz, 2H, ArH), 4.35 (q, J=7.1
Hz, 2H, OCH,), 1.34 (t, J=7.1 Hz, 3H, CH,CHz); LC-MS
m/z: 318.0 [M+H]".

2-(4-F R IE ) EME-4-FI R 2L BR(36): A Ak, IR
75%. m.p. 69~71 C (lit.* m.p. 70~72 C); '"H NMR
(400 MHz, DMSO-d;) 6: 8.59 (s, 1H, ArH), 8.05 (dd, J=
8.9, 5.3 Hz, 2H, ArH), 7.39 (t, J=8.8 Hz, 2H, ArH), 4.34
(q, J=7.1 Hz, 2H, OCH,), 1.34 (t, J=7.1 Hz, 3H,
CH,CH;); LC-MS m/z: 252.0 [M+H]".

2-(4-FOR ) HEE-4-FIR 2.l (3g): Al ik, 723
73%. m.p. 88~90 C (lit.*" m.p. 88~89 C); '"H NMR
(400 MHz, DMSO-d) 6: 8.61 (s, 1H, ArH), 8.01 (d, J=8.6
Hz, 2H, ArH), 7.61 (d, J=8.6 Hz, 2H, ArH), 4.34 (q, J=
7.1 Hz, 2H, OCH,), 1.33 (t, J=7.1 Hz, 3H, CH,CH>);
LC-MS m/z: 268.0 [M+H]".

3.2.3 b4k Sa~51 694 Gl ik

SRR, MAEAY 3a~3g (1 mmol, 1 equiv.)f
DMF (4 mL)# AR OB IR 4a~4d (3 mmol,
3 equiv.). DPPENT (0.01 mmol, 0.01 equiv.). B&FER4E
(0.05 mmol, 0.05 equiv.)FIEFFRHH(3 mmol, 3 equiv.), T
120 ‘C R 24 h. RMSEEE, £ R BIEAE 2 =,
AW 21625 mL)MiFE, FHEAE Eh/KPEE (50 mL
X3), AHAHAETOKBERIN T TUE. IR A7 I8,
WRAEINENE EHT( LR LT/ k) 15 2724 Sa~S51L

2- TR FH-5-(4- FAE Fk ZR L E 4 F R 2.6 (5a): H
A, IE 48%. m.p. 125~127 C (1it"* m.p. 126~
127 “C); "H NMR (400 MHz, CDCl;) ¢: 8.01 (dd, J=6.6,
2.9 Hz, 2H, ArH), 7.51 (d, J=8.6 Hz, 2H, ArH), 7.49~
7.46 (m, 3H, ArH), 6.98 (d, J=8.6 Hz, 2H, ArH), 4.36 (q,
J=17.1 Hz, 2H, OCH,), 3.89 (s, 3H, OCH,), 1.31 (t, J=7.2
Hz, 3H, CH,CH3); *C NMR (101 MHz, CDCl3) §: 164.47,
161.36, 159.35, 145.16, 139.65, 131.71, 130.28, 129.50,
12791, 125.73, 121.47, 112.60, 60.30, 54.34, 13.11;
HRMS (ESI) caled for CoH;gNOsS [M+H]" 340.1007,
found 340.0995.

2-(4- LR 0 )-5-(4- W AR B DR B e 4- FH R 2 s
(5b): A, I 54%. mp. 106~108 C; '"H NMR
(400 MHz, DMSO-ds) d: 7.85 (d, J=8.1 Hz, 2H, ArH),
7.50 (d, J=8.7 Hz, 2H, ArH), 7.35 (d, J=8.1 Hz, 2H,
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ArH), 7.03 (d, J=8.8 Hz, 2H, ArH), 4.22 (q, J=7.1 Hz,
2H, OCHS,), 3.82 (s, 3H, OCH3), 2.38 (s, 3H, CH3), 1.18 (t,
J=17.1 Hz, 3H, CH,CHs); "C NMR (101 MHz, CDCl;) :
165.74, 162.46, 160.35, 145.75, 140.92, 140.55, 131.32,
130.13, 129.64, 126.70, 122.64, 113.63, 61.32, 55.39,
21.52, 14.17; HRMS (ESI) calcd for C,oH,)NOsS [M—+
H]" 354.1164, found 354.1149.

2-(4- F AR L ORI )-5-(4- AR R R L Mg o -4- R iR 2
fig(5c): AT, W 51%. mp. 94~96 C; 'H NMR
(400 MHz, DMSO-dg) d: 7.90 (d, J=8.8 Hz, 2H, ArH),
7.49 (d, J=8.8 Hz, 2H, ArH), 7.09 (d, J=8.9 Hz, 2H,
ArH), 7.03 (d, J=8.8 Hz, 2H, ArH), 4.21 (q, J=7.1 Hz,
2H, OCH,), 3.84 (s, 3H, OCHj), 3.82 (s, 3H, OCHj3), 1.17
(t, J=7.1 Hz, 3H, CH,CH:); *C NMR (101 MHz, CDCl5)
J: 165.60, 162.33, 161.64, 160.36, 145.29, 140.19, 131.32,
128.43, 125.44, 122.56, 114.30, 113.64, 61.37, 55.47,
55.40, 14.16; HRMS (ESI) calcd for ChHyNO,S [M+
H]" 370.1113, found 370.1099.

2-(3- A B DR i )-5-(4- HR AR i R Ok ) R A -4 L R
LFE(B): wE AR A, % 50%. mp. 105~107 C,;
'H NMR (400 MHz, CDCl3) d: 7.58 (dd, J=2.6, 1.6 Hz,
1H, ArH), 7.55 (ddd, J=7.7, 1.7, 1.0 Hz, 1H, ArH), 7.51
(d, J=8.8 Hz, 2H, ArH), 7.38 (t, J=7.9 Hz, 1H, ArH),
7.02 (ddd, J=8.3, 2.6, 0.9 Hz, 1H, ArH), 6.98 (d, J=8.9
Hz, 2H, ArH), 4.35 (q, J=7.1 Hz, 2H, OCH,), 3.92 (s, 3H,
OCH,), 3.89 (s, 3H, OCHj), 1.31 (t, J=7.1 Hz, 3H,
CH,CH;); ®C NMR (101 MHz, CDCl;) d: 165.40, 162.43,
160.42, 160.00, 146.28, 140.67, 134.04, 131.34, 130.00,
122.51, 119.42, 116.87, 113.66, 111.36, 61.37, 55.55,
55.40, 14.16; HRMS (ESI) calcd for CyHNO,S [M—+
H]" 370.1113, found 370.1100.

2-(4-( = F TP AR JE ) T 68 )-5-(4- PP 4 ik 8 0k ) e 1 -4
HFR ZBE(Se): AT, 725 55%. mp. 97~99 C;'H
NMR (400 MHz, DMSO-d;) J: 8.09 (d, J=8.8 Hz, 2H,
ArH), 7.57~7.49 (m, 4H, ArH), 7.04 (d, J/=8.8 Hz, 2H,
ArH), 4.23 (q, J=7.1 Hz, 2H, OCH,), 3.82 (s, 3H, OCH,),
1.18 (t, J=7.1 Hz, 3H, CH,CH3); C NMR (101 MHz,
CDCly) d: 162.63, 161.28, 159.46, 149.62, 145.60, 139.94,
130.38, 130.29, 127.25, 121.23, 120.61, 120.17, 112.65,
60.36, 54.35, 13.09; HRMS (ESI) calcd for CyH;;NO4S
[M-+H]" 424.0830, found 424.0814.

2-(4- F 7R FE )-5-(4- PP Sk DR k) I W 4 F R 2 T
(5f): A, B 54%. mp. 162~164 C; 'H NMR
(400 MHz, DMSO-dy) d: 8.03 (dd, J=8.8, 5.3 Hz, 2H,
ArH), 7.52 (d, J=8.8 Hz, 2H, ArH), 7.40 (t, J=8.8 Hz,

Chin. J. Org. Chem. 2020, 40, 2535~2542



Chinese Journal of Organic Chemistry

2H, ArH), 7.04 (d, J=8.8 Hz, 2H, ArH), 4.23 (q, J=7.1
Hz, 2H, OCH,), 3.83 (s, 3H, OCH;), 1.18 (t, J=7.1 Hz,
3H, CH,CHs); “C NMR (101 MHz, CDCly) 6: 164.24,
164.14 (d, J=252.5 Hz), 162.38, 160.44, 146.24, 140.78,
131.33, 129.20 (d, J=3.0 Hz), 128.74 (d, J=9.1 Hz),
122.40, 116.10 (d, J=22.2 Hz), 113.67, 61.37, 55.40,
14.16; HRMS (ESI) calcd for C;oH;;FNNaO;S [M+Na]"
380.0733, found 380.0718.

2-(4- TR HE)-5-(4- H A B O Ok ) e 2 -4~ HH iR 2 s
(5g): FEAER, UE 39%. m.p. 134~136 C; 'H NMR
(400 MHz, DMSO-ds) d: 7.99 (d, J=8.6 Hz, 2H, ArH),
7.62 (d, J=8.5 Hz, 2H, ArH), 7.52 (d, J=8.8 Hz, 2H,
ArH), 7.05 (d, J=8.8 Hz, 2H, ArH), 4.23 (q, J=7.1 Hz,
2H, OCH,), 3.83 (s, 3H, OCH,), 1.18 (t, J=7.1 Hz, 3H,
CH,CH3); *C NMR (101 MHz, CDCl;) d: 163.00, 161.28,
159.43, 145.42, 139.84, 135.47, 130.27, 130.26, 128.16,
126.88, 121.27, 112.63, 60.35, 54.35, 13.10; HRMS (ESI)
caled for C;oH;;CINO;S [M—|—H]+ 374.0618, found
374.0605.

2- IR FE-5-(4- T FE FR I ) BE M 4- FF R 2, T (Sh): Tk
O E K, IR 54%. mp. 145~147 “C; 'H NMR (400
MHz, CDCLy) 6: 8.24 (d, J=8.7 Hz, 2H, ArH), 7.96~7.91
(m, 2H, ArH), 7.66 (d, J=8.7 Hz, 2H, ArH), 7.43~7.40
(m, 3H, ArH), 4.27 (q, J=7.1 Hz, 2H, OCH,), 1.22 (t, J=
7.1 Hz, 3H, CH,CH;); *C NMR (101 MHz, CDCl;) o:
166.44, 160.79, 146.95, 141.56, 141.42, 136.24, 131.24,
130.11, 130.00, 128.09, 127.31, 125.86, 123.36, 122.35,
60.73, 13.06; HRMS (ESI) calcd for CoH;,CINO;S [M-+
H]" 355.0753, found 355.0738.

2-(4-F AR J IR 05 )- 5-(4- i 25 DR 2k ) W Wk -4 R R 2, T
(51): FOMEAER, 77 52%. mp. 144~146 C; 'H NMR
(400 MHz, DMSO-ds) J: 8.32 (d, J=8.7 Hz, 2H, ArH),
7.95 (d, J=8.8 Hz, 2H, ArH), 7.86 (d, J=8.8 Hz, 2H,
ArH), 7.12 (d, J=8.8 Hz, 2H, ArH), 4.22 (q, J=7.1 Hz,
2H, OCH,), 3.85 (s, 3H, OCH,), 1.15 (t, J=7.1 Hz, 3H,
CH,CHs); *C NMR (101 MHz, CDCl;) d: 166.38, 160.95,
160.87, 146.85, 141.15, 140.61, 136.42, 129.96, 127.47,
124.08, 122.32, 113.38, 60.69, 54.46, 13.05; HRMS (ESI)
caled for CoH;7N,OsS [M + H] * 385.0858, found
385.0842.

2-(4- T AR F )-5-(4- i 255 2 5 ) Mk 4- HH iR 2, T (53)):
WE AR, P75 51%. mp. 162~164 C; 'H NMR
(400 MHz, CDCl;) : 8.24 (d, J=8.8 Hz, 2H, ArH), 7.93
(dd, J=8.8, 5.2 Hz, 2H, ArH), 7.65 (d, J=8.8 Hz, 2H,
ArH), 7.11 (t, J=8.6 Hz, 2H, ArH), 427 (q, J=7.1 Hz,
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2H, OCH,), 1.21 (t, J=7.1 Hz, 3H, CH,CHz); *C NMR
(101 MHz, CDCly) d: 165.17, 163.44 (d, J=253.5 Hz),
160.70, 147.00, 141.55, 141.44, 136.07, 130.00, 127.92 (d,
J=9.1 Hz), 127.61 (d, J=3.0 Hz), 122.37, 115.29 (d, J=
22.2 Hz), 60.77, 13.05; HRMS (ESI) caled for C,gH;4F-
NO,S [M+H]" 373.0658, found 373.0644.

2-(4- F ARk R Ik )-5-(4- P b 24 e Y R e -4- FR R 2
g (5Kk): RO E K, P2 F 52%. mp. 96~98 C; 'H
NMR (400 MHz, DMSO-d;) d: 7.89 (d, J=8.4 Hz, 2H,
ArH), 7.42 (d, J=8.3 Hz, 2H, ArH), 7.08 (d, J=8.3 Hz,
2H, ArH), 7.01 (d, J=8.4 Hz, 2H, ArH), 423 (q, J=7.1
Hz, 2H, OCH,), 3.84 (s, 3H, OCHj3), 3.78~3.74 [m, 4H,
N(CH,),], 3.21~3.19 [m, 4H, O(CH,),], 1.20 (t, J=7.1
Hz, 3H, CH,CH5); °C NMR (101 MHz, CDCl;) : 164.16,
161.55, 160.87, 160.41, 139.17, 130.05, 127.52, 127.21,
124.71, 124.16, 113.31, 113.18, 65.43, 60.23, 54.40, 48.03,
13.17; HRMS (ESI) calcd for CyHpN,NaO4S [M—I—Na]+
447.1354, found 447.1341.

2-(4- F R IR I )-5-(3- F AR R R 0 ) W e 4 - HH iR 2,
fig(51): A @E A&, 77 F 51%. mp. 107~109 C; 'H
NMR (400 MHz, CDCl5) 6: 7.95 (d, J=8.8 Hz, 2H, ArH),
7.35 (t, J=7.9 Hz, 1H, ArH), 7.12 (dt, J=7.8, 1.2 Hz, 1H,
ArH), 7.09 (dd, J=2.5, 1.6 Hz, 1H, ArH), 7.01~6.96 (m,
3H, ArH), 4.33 (q, J=7.1 Hz, 2H, OCH,), 3.89 (s, 3H,
OCH3), 3.87 (s, 3H, OCH,), 1.28 (d, J=7.1 Hz, 3H,
CH,CHs); C NMR (101 MHz, CDCl5) d: 166.15, 162.31,
161.67, 159.21, 144.47, 141.12, 131.73, 129.24, 128.44,
125.47, 122.35, 115.53, 114.67, 114.30, 61.38, 55.47,
55.37, 14.05, 1.06; HRMS (ESI) caled for CyHyNO,S
[M+H]" 370.1113, found 370.1099.)

HBh# Rl (Supporting Information) Hirfb &%) Sa~
51717 "H NMR #1 °C NMR #5 8], iX 2epp Rl af LA 3 A
F1 X 3k (http://sioc-journal.cn/)_F T #k.
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