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Pyridine Bridged Organocatalyst for the Synthesis of
3-Aryl-2-oxazolidinones from Carbon Dioxide,
Terminal Epoxide, and Aryl Amine

Liu, Quanyao Shi, Lei Liu, Ning*
(Key Laboratory for Green Processing of Chemical Engineering of Xinjiang Bingtuan,
School of Chemistry and Chemical Engineering, Shihezi University, Shihezi 832003)

Abstract A series of carboxyl group or hydroxyl group functionalized organocatalysts were synthesized and applied in three
component reaction of carbon dioxide with epoxide, and aryl amines for the synthesis of 3-aryl-2-oxazolidinones. The method
allows the reaction to proceed smoothly in the mild reaction conditions, together with excellent substrates scope of epoxides
and aryl amines. The control experiments suggest that the cyclic carbonates are formed by the coupling of epoxides with
carbon dioxide, which further react with the amino alcohol generated from epoxides and aryl amines, finally resulting in the
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desired products.
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2 8 LAR AR08 1) BRI e & s 0, L 2,6-
TR AN SR IR el R AR GG IR, 7E Cul 4K
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— BRI P24 5 R R el B R R R S b, 158 T —
BURIESE =9, -5 s R RN, IARE T 124108
FEEFR I ReAL A ML AL TR Scheme 1).
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(1) Cul, K,CO3 imidazole or benzimidazole
Z B (2) PdCl,, Ko,CO3 arylboronic acid
e

B N n-Propyl”halide
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» P
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or
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n-F’r/ X n-Pr/ X
1aR=4-OH,X =1 1gR=4-OH, X =1
1b R =4-OH, X = Br 1hR=3-OH, X =1
1c R=4-OH, X =Cl 1iR=2-OH,X =1

1dR=3-0OH,X=1

1e R=2-OH, X =1

1f R=4-COOH, X = |

B 1 AP G RoP 3R

Scheme 1 Synthetic pathway of organocatalysts
1.2 TSR SRR

PAIASE A KE(PO) CO AR B MMt i ) 52 2
RN, 25 58 T (AT 45 ot EL A3 1 1 R i
(R D). & AT AT 73 D 28 - DK i AT DK A <56 o o
KA, T RIERMe L ERREE R, R 1
SRR, X TR T REAL MR, IR ER B A
[ e J 0 H AR AL PR A BOR s, & A B 1
(AR B AR A 5 A B S e T IR T AN SRS T M
LF(F 1, Entries 1~3). FRIEAEIRIE L) oL T RS0
WA RIS AT 1552, 45 RRBIFREAE XL AN A
L B TR T v T AR AL & A B R I EAL IR 1, En-
tries 1, 4, 5). FRILAVRIL I8 I 538 A i B,
M A BE B EATFA T H 1, I A
EA BRI AAEAL T 1f. S IR R) 1a A LF 0T BRI,
EHREILMMEAG 1a BAERELEE. TRRIET
Fe ek el A A, TR R B 5 R

1jR=4-COOH, X = |
1k R =4-COOH, X =Br
1R =4-COOH, X=ClI
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Table 1 Structure-activity relationship of catalysts

NH, o
)o> . cop + © Cat., DBU O)J\N/Q
2a 3a )_/4a
Entry Catalyst Co-catalyst Yield/%
1 la DBU 97
2 1b DBU 75
3 1c DBU 62
4 1d DBU 92
5 le DBU 67
6 1f DBU 89
7 1g DBU 94
8 1h DBU 71
9 1i DBU 96
10 1j DBU 99
11 1k DBU 81
12 11 DBU 67
13 1j — Trace
14 — DBU 37

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: propylene oxide (2 mL), aniline (2 mmol), catalyst (0.1
mmol, 5 mol%), DBU (0.4 mmol, 20 mol%), 100 ‘C, CO, (500 kPa). The
reactions were carried out in a 25 mL stainless steel autoclave for 6 h. isolated
yield.

Ik e R A WAL I 5 AP R e RBESR 1 R
PRER. 2 JEAE XS RN AR PR A 77035 1 I 8 v T TR 7
HZIEWMEILF(ER 1, Entries 7~9). FFFRIENEL
TP R S AR 7R R e R R AR R AT T B %R, SRR
B, S BRI AT AL 15 S T A RS R
3 1, Entries 7, 10). =1 61851 X F2 JE T BE Ak [ ke
R EAT T 5, SRRV, SHME T
ARSI T AR T I R (R
1, Entries 10~12). 2SRRI, (A BT 1f 716
FI261 T, MELUEBhSE5 (3 1, Entry 13). 15 DBU 47
TERIZAE T, R T 37% R =Y)(3E 1, Entry 14).
XU RA EAEAL ) 1f A1 DBU WhEMER R, ARk
BT AL CR.

1.3 RMNEHMK

% 1j/DBU AR KRBT A IE 1, X%
PR EEEAT T, S5 HR, MR BLREM 100 CFF
A 80 CH), BRI TH &S =Y (FE 2, Entries
1-3). {H24R RS R E 70 CHF, PRI &R %
(% 2, Entry 4). 7£ 80 CZ%&M T, MK HIZEEEN 4 h,
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PRV LT3 20K 2, Entry S), {H4kSE45 56 1 8]
N3 h, RBPEREYE NEGE 2, Entry 6). 75 RS
80 CHIBIINFA] 4 h 264 T, ¥ CO, HJ1F%4 300 kPa
B, PEMIRCR AN B.(3R 2, Entries 5, 7). T iR
(PR SERCR, fEAR 7] 1f FH A 0.1 mmol 44 0.05 mmol,
S Z B R (3 2, Entry 8), B S SR T
90 C, 1321 90%I1 MUl % (3 2, Entry 9). P4 AbE
(1) FH B AE R AR A S B 464 AT T 2. BRI b
M2 mL BN 1.5 mL i, PRI GLR B (3R 2, Entries
9, 10), (HMHERFZE 1 mL i, FEYCR IR 2,
Entry 11). 2% DBU [FJH &M 0.4 mmol F+% 0.6 mmol
i, BRI A e =N 1 mL B, 2T 96%
=R (3 2, Entry 12). % T EiR BIFHELETE,
I COy 5 R AR R AL RCR T T %2, 1
BE] T 10%M7 = PICR (R 2, Entry 13). K, &k
N AR REAYI(ImL) 75 FH(2 mmol). CO, (300
kPa). #EAL] 1j (0.05 mmol, 2.5 mol%). DBU (0.6 mmol,
30 mol%). 90 C. 4h.
2 PR

Table 2 Optimization of reaction condition

NH, 0
2a 3a 4a
1j/ DBU/ PO/ CO,/ Time/ Temp./ _, .

Entry mr;llol mmol mL kPa h °Cp e
1 0.1 04 2 500 6 100 99
2 0.1 04 2 500 6 90 99
3 0.1 04 2 500 6 80 97
4 0.1 04 2 500 6 70 35
5 0.1 04 2 500 4 80 96
6 0.1 04 2 500 3 80 65
7 0.1 04 2 300 4 80 91
8 0.05 04 2 300 4 80 45
9 0.05 04 2 300 4 90 90
10 0.05 04 1.5 300 4 90 86
11 0.05 04 1 300 4 90 71
12 0.05 0.6 1 300 4 90 96

13 0.05 0.6 1 100 4 90 10

“ Reaction conditions: propylene oxide, aniline (2 mmol), 1j, DBU. The reac-

tions involving a CO, pressure higher than 100 kPa were carried out in a 25
mL stainless steel autoclave. Isolated yield.

1.4 RMEEMHR

1E R SR E 90 “C. CO, (300 kPa)Al 2 Mkt [a] 4 h
SAFTR, RTINS A I SRS Y B AT T
8R(R3). MU E NG IRY), 58T 75 &M
B REHI M A . A W R AN v e R A 1 O A
J AR T8 A A B R A 0T BN T m IR
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RiiE (R 3, 4a, 4d—~4g vs 4b, 4¢). BN SA HhE T3
(4111 4-CH; F1 4-OCH; 11 75 & iz, 152 7 81%~85%MH ™
YIRS 3, 4b, 4¢). ST HWHTFHM] 4-F. 4-Cl. 4-Br
41 195 B, 193] TSR 90%~98% 1=
WA (3R 3, 4d~4g). AN F A T HL T2 F1 1 3-NO, 2R
e b A 4t T35 [ 1) 3-CH I 2R B AT o i 1 I NV
PE(EE 3, 4h vs 4i). 3,5- ZFURIE WA 5 CO,\ A Kt
AT, 1937 97% MR (K 3, 4j). B)E,
WE AL BRI R BB TR P A R R P b AT T 452
SRR, KR AR I T R N (R
3, 4k~4m), SR 5 HEI A 0 R BE PE IR (GR 3,
d0~4r), MMM 1f FHEFHE 0.1 mmol, %A E
YIEES COy ZRMIAN AT I S B, 43 By 1) 7=
YRR GER 3, do~4ar, F55 WIER). N-F05 I 1) |
TETERTE IR R AT TR, SRR, 2-F
e i S AR B CO, HEAT IR INE R NS E] 62%H
FEMIRGER 3, 4s). SRT, NRMTRGAE LA A0 A4 2 ot DA
TR V(R 3, 4¢).
1.5 REHIBIRE

FRYE SCHRIARE, —ZH AR CO, FZRZ I
VL% 2% W 2% (1)INE A Be AT CO, S N A= B R 7 475 T
(PC). AT ZRPE J DA R R LT, PC 52 LI
AT RS AF 5 B AR L B E A KR CO,
KM A R PC, PC 1 5 2K ik B f 24158 2] B b5 7~
uO 10l SR T RTERA TR B AR R TSR AT T
2k N2, BETE T 45 ) S

SEES I, Wi Scheme 2 7R, XA DBUAAERS, #i
AT CO, BRI R 2680 7. XA AL 1§ £71E
I, SRR 5L 1 A1 DBU 3£ 72 5 [ SN F 4.
R, HEMER AP BER CO, MR MX — 2, A
PEATR) 1 RIET0 2 S B 2% A

o
[¢]
Q ., co, 20°C oA
1mL 300 kPa
DBU (0.6 mmol) yield 7%
1j (0.05 mmol) yield 81%
DBU + 1j yield 84%

(0.6 mmol + 0.05 mmol)

R 2 HE LA CO, SR MR
Scheme 2  Study on the reaction of PO with CO,

DLIR S8 P e FH R i G B S I S AR, 8%
TA#EALF 1§ 1 DBU 7 M FEH I/ER. W1 Scheme 3
7R, 48%FH 60% (1=, R fEM#E1L 7 1j A1 DBU
LFEZ 5 RV, A ek BB R E . Rk, 7R
I fe AR I e S FE A, (467 1j A DBU 24
AT,
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Table 3 Scope of substrates

#£3 ML
NH,
X
6] + CO, + f)_ 2
R’ Z
2 3

90°C 4h

M@

R 4

Cat 1j, DBU

(6] O

O/[< OJ<
I I

4a yield 96% 4b yield 81%

oA
)\/N@*Br

4f yield 98%

oA oA
PO URSO W

4l yield 75%

oA
/‘\/N4©7I

4g yield 92%

4k yield 77%

w@w w

4r yield 28% (94%)°

4p yield 33% (97%)° 4q yield 35% (98%)P

£ B
LNOO/ )O\/N—@F
4c yield 85%

O (0]

oA
P

4h yield 63%

IO, T

4m yield 95%

o)

oA
)\/N@CI

4d yield 91% 4e yield 90%

O%N NO, ] /Z?N of
P /‘\/

4i yield 80%

)

4n yield 92%

4j yield 97%
£
©LN{ )
40 yield 45% (88%)°

0

)O\J(/N/\/\/

4t trace

joty,

4s yield 62%

¢ Reaction conditions: terminal epoxides (1 mL, 14.3 mmol), aryl amines (2 mmol), 1j (0.05 mmol, 2.5 mol%), DBU (0.6 mmol, 30 mol%), 90 ‘C, CO, (300 kPa).
the reaction carried out in a 25 mL stainless steel autoclave for 4 h; isolated yield. * 1j (0.1 mmol).

NHz  ggoc H\/LOH
AT -0

1mL 2 mmol

DBU (0.6 mmol) yield 60%
1j (0.05 mmol) yield 48%
DBU + 1j yield 98%

(0.6 mmol + 0.05 mmol)

B3 RGN 10 5 R 2R PR R AL

Scheme 3  Study on the reaction of PO with aniline

FEACA AT 1j 58 DBU ARAES6M T, 20 nlf5 3] 1
DA T T 4 P (PC) AP 0 I 5 U P e T ) S5 82 g A
M, 8T A 15 R DBU 72 BGEFE .
Scheme 4 iz, A AT 1j FFESAET, MELURBIR
B TG 1j 25, UG DBUAGIER T, BIfS3] T
SN B AEALTR 1§ A1 DBU L[R2 5 B [ J B
BOR, DI, f£ PC MR R VR, {UFF DBU &
DA A2 S5 L A

ok IR A3 s T R R v ) B L i e B BEAT T 2.
Scheme 5 iR, FEBMLHISS S AT T, BRIR PR R A4
HE I SIAME LR Bl BRIk, 7R RATT M A SR 264
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H\)\OH OJ2) 90°C OJZ)
@ * P Tan )VN@

2 mmol 1mL pBU (0.6 mmol) yield 90%
1j (0.05 mmol) yield trace
DBU + 1j yield 96%

(0.6 mmol + 0.05 mmol)

B 4 TR PR T A B 1 S LB 2 R AR 5

Scheme 4 Study on the reaction of PC with amino alcohol

IR PR s P R 8 i ) 2 7 6 24 T AR

0 . O
1j (0.05 mmol)
oA M2 pgy@6mmo) o4 @
O + —_— N
/‘\/ 90°C,4h /‘\/
10 mmol 2 mmol trace

B S BRI M TR A AR Jhe 1) s I 2 (R4 7
Scheme 5 Study on the reaction of PC with aniline
N TEAE DBU 1£ Cycle 2 HEL/EM, H 'H
NMR 53l 7 DBU AHA KRG A TR A4, Wk 1 Fs.
SRR, K B EFESAE DBU MM FMERIS R A
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B 1 LLCD;CN (0.5 mL)ARAMRIEF(2)ZKNZ(0.5 mmol)Fi(b)
DBU (0.5 mmol) Il A ZKf#%(0.5 mmol) iy "H NMR &

Figure 1 'H NMR spectra of only aniline (0.5 mmol) (a), and
the mixture of aniline (0.5 mmol) and DBU (0.5 mmol) (b) in
CD;CN (0.5 mL)

e, AN S 4.08F8 5 6 4.28, IXFIHEILEA AT HE
5 DBU EIRJE T RA TEEIER. 8T %iIE DBU /£
Cycle 3 HHIMEILVER, FFEAH "H NMR Y3 7 DBU i
AR IR AT 2. ik 2 B, 4550 K EI,
AW EEEMBEREEN AN B RIS RET
B3, BESIFMNBIN 4425 64.67, FESY
RiFEM 6 2.15 B2 & 0 4.14, HpHILANL AR R
BAATONITE. bk, AN EA MR ESS S
DBU MR FRA T E8IEH. BRI

B N

Cycle 1 R

o A
3o

AGE R m E A HE A — B0

H?  OH?

;:
4.42 H?
215 H®

B 2 Ll CD;CN (0.5 mL)JiiR¥a(a) & FHEEE(0.5 mmol)FH
(b) DBU (0.5 mmol) I A Z 3£ (0.5 mmol)ff) 'H NMR i
Figure 2 'H NMR spectra of only amino alcohol (0.5 mmol) (a)
and the mixture of amino alcohol (0.5 mmol) and DBU (0.5
mmol) (b) in CD;CN (0.5 mL)

BT B SRS AR, FATA A S B A
TN BL(E 3, Cycles 1~3). fEREALYIA CO, &
FHAIRBKIRER ) Cycle 1 71, R FREAH B 15 BIF]
SR SR EAT . AU BRI SR L
YA AE R, Tk 2SR S B H . R,
AN bR i SO F e B IR 1, 3 1)
P IEEFSEBL T M SEAI TR, IR R R TF IR 7

—H

o z

O [ 0

VANG \'Q \
R R

ArNH,

1] Cycle 2

A H""DBU

OH2 -Ar
HO N
/Y { Cycle 3 \

B3 HHEAFIF DBU P E AL 8 & ST R

Figure 3 Cooperative catalytic mechanism between organocatalyst and DBU
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A FIRFFE =), FE T NSRRI B, 2%
33T IOIRBRERER. 753 AR 75 75 A R FE I (1)
RN EA RN CO, MBS B[ HRIE PR, CO, T
Cycle 2 1, FEH YU DBU WhIR1EH A REIAF]
SIRIEAT B H B AU AILE Cycle 2 H L
. DBU i@ S E I 7 N—H Mtk (21
FL A7 1 N -3 SO R =P B R 1, AN T R T & 2
EFY Cycle 1 HERARE, MR EMYKLE TR
FEF=4). Cycle 1 A RPRIKERBE 5 Cycle 2 A R
FIEAE DBU SBEER TR, RASEZIUR O AE K
THIRL, SR RS T R R B, 2%
B2 T BERrnEME AL A .

2 ZEig

HRT — RIVUIhRe A HUEH, 75 5 b,
A AN T M — R v ] 4 R M I T SR Ak A D T B R
rh R I B AL VST, 7E 90 “C Al CO, K /7 300 kPa
SAET, IR i AN 5T R E AL A N H bR
FER). PSR B, BEAS I RS FE AT 4y S = AN B
(HIENIF CO, S il 4 PR R B, 1t & B 72
HA TR A LA A 7R B AT SR B ER B PO T 1 (2)
BN 5 7 i) 2% R, S N R v T A ML
fEAL TR DBU (1 W R ALAE F A i S IR S I 1 TR i
(3)_LIRTE B FRIR B FR R AR 2L BE, 7E DBU b1
T RIATAR 2] H bR nEne b E L A ).

3 X
3.1 U5

'H NMR, "*C NMR #1 “F NMR 7£ Bruker Avance
11-400 AZBEILARA I, B fieAnss) DU — FE 2k T
BRI, TMS A bR; FrAREMbe il &4 LR
TiVE¥E 7, TMS AW HR. i1 B Bruker ultrafleXtreme
%€, MALDI Ji. HSEM). 77 &SR8 o Hrati sk
ez, REAERATH; — A ARAEE A 99.99%.
3.2 LWHE
3.2.1 A HIEALT 69 S A

B2,6- BMEEE(S mmol) ZE JF K M Bl bk e (10
mmol). Cul (1 mmol). PYH & Z =% (2 mmol)Fl K,COs
(15 mmol) I AF B IEBeiiH, SR/FMA 20 mL —HIJ
TR, FERSPRY =W N HiRE 30 min, FHEE 90 CHi
PEIN 24 h, 193] 2-HUREE-6-IR—IERE. TR 2-HUR2E-6-
TRIEE (5 mmol). 75 FEMER(7.5 mmol). PACl, (0.2 mmol)
Fl K,CO;5 (10 mmol) II A F [F Jpeifi h, KA 10
mL 7KFl 10 mL N,N-— FEERIEERZ, 90 C &4 F iR
i 12 h, 53] ZHREENERE . TRk R S e (S
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mmol). KRPHLE(10 mL)IA B[R H, 100 CTH
PERON 8 hy RN EEHEA IR R, BT Ak
JEAT o3 B (R b R R A 2R) 45 21 B bR AR
la~111""),

AU 12 sk EE A, 1.09 g, 725 80%.
m.p. 229.8~230.7 ‘C; '"H NMR (400 MHz, DMSO-d) 9:
10.55 (s, 1H), 9.99 (s, 1H), 8.51 (d, J=8.0 Hz, 1H), 8.27
(t, J=8.0 Hz, 2H), 8.15 (d, J=8.0, 1H), 8.10 (d, J=8.0
Hz, 2H), 7.90 (d, J=8.0 Hz, 1H), 7.85~7.78 (m, 2H),
6.95 (d, J=8.0 Hz, 2H), 4.60 (t, J=8.0 Hz, 2H), 2.06 (hex,
J=17.2 Hz, 2H), 1.02 (t, J=8.0 Hz, 3H); *C NMR (100
MHz, DMSO-ds) 6: 159.55, 156.54, 146.95, 142.33,
141.27, 131.72, 129.52, 128.54, 127.85, 127.72, 127.10,
119.92, 115.87, 115.65, 114.16, 114.08, 48.70, 22.09,
10.80. HRMS (MALDI) caled for CyHyN;O [M—I]"
330.1601, found 330.1607.

A AL 1) JR B A, 1.09 g, 725 89%.
m.p. 246.5~247.3 °C; '"H NMR (400 MHz, DMSO-d) J:
10.58 (s, 1H), 9.99 (s, 1H), 8.51 (d, J=8.0 Hz, 1H), 8.27
(t, J=8.0 Hz, 2H), 8.16~8.09 (m, 3H), 7.91 (d, J=8.0
Hz, 1H), 7.85~7.78 (m, 2H), 6.96 (d, J=8.0 Hz, 2H),
4.61 (t, J=17.2 Hz, 2H), 2.06 (hex, J=7.2 Hz, 2H), 1.02 (t,
J=28.0 Hz, 3H); *C NMR (100 MHz, DMSO-d;) o:
159.56, 156.53, 146.97, 142.36, 141.26, 131.72, 129.51,
128.52, 127.84, 127.71, 127.09, 119.90, 115.86, 115.66,
114.15, 114.07, 48.67, 22.09, 10.79. HRMS (MALDI)
caled for C,HyN;O [M — Br] ©  330.1601, found
330.1609.

AHUEALT 1) SRR A, 864 mg, 725 77%.
m.p. 226.5~227.2 °C; '"H NMR (400 MHz, DMSO-d) 9:
10.70 (s, 1H), 10.00 (s, 1H), 8.51~7.81 (m, 9H), 6.97 (s,
2H), 4.63 (s, 2H), 2.06 (s, 2H), 1.02 (s, 3H); “C NMR
(100 MHz, DMSO-d) J: 159.55, 156.47, 147.00, 142.33,
141.22, 131.70, 129.46, 128.49, 127.81, 127.69, 127.06,
119.84, 115.86, 115.69, 114.15, 114.03, 48.64, 22.10,
10.78. HRMS (MALDI) calcd for CpHyN;O [M—CI]*
330.1601, found 330.1598.

AHLEA ) 17 R B AR, 1.16 g, 725 84%.
m.p. 236.2~237.0 “C; '"H NMR (400 MHz, DMSO-dj) J:
10.57 (s, 1H), 9.75 (s, 1H), 8.54 (d, J=8.0 Hz, 1H), 8.34
(t, J=8.0 Hz, 1H), 8.27 (d, J=8.0 Hz, 1H), 8.20 (d, J/=8.0
Hz, 1H), 8.00 (d, J=8.0 Hz, 1H), 7.85~7.79 (m, 2H),
7.63 (t, J=8.0 Hz, 2H), 7.39 (t, J=8.0 Hz, 1H), 6.95 (d,
J=8.0 Hz, 1H), 4.61 (t, J=7.2 Hz, 2H), 2.06 (hex, J=7.2
Hz, 2H), 1.02 (t, J=7.2 Hz, 3H); C NMR (100 MHz,

http://sioc-journal.cn/ 2887
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DMSO-d) 6: 158.00, 156.30, 147.15, 142.38, 141.50,
138.25, 131.70, 130.18, 129.51, 127.83, 127.12, 121.10,
117.68, 117.17, 115.77, 115.43, 114.16, 113.55, 48.72,
22.06, 10.79. HRMS (MALDI) caled for C,;H,0N;0 [M—
11" 330.1601, found 330.1606.

AHLEEA T 1) P FE 1k, 1.206 g, 725 88%.
m.p. 254.5~255.1 ‘C; '"H NMR (400 MHz, DMSO-d;) :
10.59 (s, 1H), 10.55 (s, 1H), 8.49~8.47 (m, 1H), 8.33 (d,
J=5.2 Hz, 2H), 8.28~8.26 (m, 1H), 8.01~7.96 (m, 2H),
7.81~7.76 (m, 2H), 7.35 (t, J=6.0 Hz, 1H), 7.06~6.99
(m, 2H), 4.62 (t, J=8.0 Hz, 2H), 2.06 (hex, J=7.2 Hz,
2H), 1.02 (t, J=7.2 Hz, 3H); “C NMR (100 MHz,
DMSO-ds) 0: 156.04, 155.80, 146.28, 142.27, 140.71,
131.64, 131.17, 129.94, 129.53, 127.72, 127.07, 124.53,
123.13, 119.60, 116.94, 115.52, 114.95, 114.14, 48.71,
22.03, 10.78. HRMS (MALDI) caled for C,;H,0N;0 [M—
11" 330.1601, found 330.1597.

AHLEA ) 1) vk A, 1.321 g, IR 91%.
m.p. 236.3~236.7 ‘C;'H NMR (400 MHz, DMSO-dj) :
13.18 (s, 1H), 10.61 (s, 1H), 8.54 (d, J=8.0 Hz, 1H),
8.44~8.35 (m, 4H), 8.28 (d, J=8.0 Hz, 1H), 8.15~8.09
(m, 3H), 7.86~7.79 (m, 2H), 4.62 (t, J=8.0 Hz, 2H), 2.07
(hex, J=7.2 Hz, 2H), 1.03 (t, J=7.2 Hz, 3H); °C NMR
(100 MHz, DMSO-d) d: 166.91, 155.16, 147.29, 142.51,
141.85, 140.73, 132.00, 131.72, 130.03, 129.51, 127.96,
127.15, 121.87, 116.38, 115.69, 114.19, 48.75, 22.09,
10.80. HRMS (MALDI) caled for CyHy N30, [M—I]"
358.1550, found 358.1544.

AU 18" s A, 1.014 g, K 83%.
m.p. 192.0~192.8 C;'H NMR (400 MHz, DMSO-d;) :
10.20 (s, 1H), 9.96 (s, 1H), 8.65 (s, 1H), 8.20~8.14 (m,
3H), 8.08 (t, J=8.0 Hz, 2H), 7.85 (d, /=8.0 Hz, 1H), 6.92
(d, J=8.0 Hz, 2H), 4.30 (t, J=8.0 Hz, 2H), 1.94 (hex, J=
7.2 Hz, 2H), 0.94 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
DMSO-d) 6: 159.61, 155.98, 146.00, 141.26, 134.93,
128.66, 127.38, 123.55, 119.71, 119.32, 115.69, 110.85,
51.02, 22.78, 10.50. HRMS (MALDI) calcd for C,7H;sN;0
[M—I]" 280.1444, found 280.1441.

A HUEATR IR R B A gk, 1.007 g R
80%. m.p. 1904 ~191.0 C; 'H NMR (400 MHz,
DMSO-dg) 6: 10.19 (s, 1H), 9.67 (s, 1H), 8.63 (s, 1H), 8.26
(t, J=8.0 Hz, 1H), 8.12 (d, J=8.0 Hz, 2H), 7.95 (d, J=8.0
Hz, 1H), 7.69 (d, J=8.0 Hz, 1H), 7.62 (s, 1H), 7.35 (t, J=
8.0 Hz, 1H), 6.94 (d, J=8.0 Hz, 1H), 4.30 (t, J=7.2 Hz,
2H), 1.94 (hex, J=7.2 Hz, 2H), 0.94 (t, J=8.0 Hz, 3H);

2888 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

BC NMR (100 MHz, DMSO-ds) o6: 157.92, 155.89,
146.11, 141.49, 137.94, 135.02, 129.96, 123.55, 121.02,
119.35, 117.80, 117.16, 113.75, 112.42, 51.00, 22.75,
10.47. HRMS (MALDI) caled for C;7H;sN;O [M—1]"
280.1444, found 280.1445.

AHLEA ) 1) R, 1102 g, YR 90%.
m.p. 154.1~154.9 “C;'H NMR (400 MHz, DMSO-d;) ¢:
10.40 (s, 1H), 10.14 (s, 1H), 8.61 (t, J=2.0 Hz, 1H), 8.31
(d, J=8.0 Hz, 1H), 8.22 (t, J=8.0 Hz, 1H), 8.10~8.06
(m, 2H), 7.91 (d, J=8.0 Hz, 1H), 7.33 (t, J=8.0 Hz, 1H),
7.04~6.97 (m, 2H), 4.30 (t, J=8.0 Hz, 2H), 1.93 (hex,
J=7.2 Hz, 2H), 0.93 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, DMSO-ds) d: 156.01, 155.16, 145.72, 140.59,
134.96, 131.17, 130.41, 124.86, 123.52, 123.11, 119.48,
119.42, 116.78, 111.78, 50.96, 22.74, 10.46. HRMS
(MALDI) caled for C;7H;sN;O [M—I]" 280.1444, found
280.1439.

AHLEEA ) 1) s A, 873 me, IR 67%.
m.p. 213.7~214.4 “C;'H NMR (400 MHz, DMSO-d;) J:
10.42 (s, 1H), 8.72 (s, 1H), 8.45 (s, 1H), 8.32~8.23 (m,
4H), 8.13 (s, 1H), 8.06 (d, J=8.0 Hz, 3H), 4.32 (t, J=7.2
Hz, 2H), 1.94 (hex, J=7.2 Hz, 2H), 0.94 (t, J=7.2 Hz,
3H); *C NMR (100 MHz, DMSO-d;) §: 167.10, 154.50,
146.26, 141.80, 140.13, 135.07, 132.40, 129.76, 127.14,
123.61, 121.58, 119.39, 113.21, 51.04, 22.78, 10.49.
HRMS (MALDI) caled for Ci;sH;gN;O, [M — 1] ©
308.1394, found 308.1390.

AHUEAT 1k REAREAER, 745 mg, ITE 64%.
m.p. 263.4~263.9 ‘C; "H NMR (400 MHz, DMSO-dj) J:
10.46 (s, 1H), 8.75 (s, 1H), 8.43 (d, J=12.0 Hz, 2H),
8.33~8.27 (m, 2H), 8.17 (s, 1H), 8.12 (d, J=4.0 Hz, 1H),
8.06 (d, J=8.0 Hz, 2H), 4.34 (t, J=6.0 Hz, 2H), 1.94 (hex,
J=17.2 Hz, 2H), 0.92 (t, J=6.0 Hz, 3H); *C NMR (100
MHz, DMSO-ds) J: 167.20, 154.51, 146.30, 141.81,
140.08, 135.22, 132.59, 129.76, 127.17, 123.64, 121.56,
119.38, 113.27, 50.95, 22.81, 10.48. HRMS (MALDI)
caled for C;sH;sN;O, [M — Br] © 308.1386, found
308.1390.

AHEAT] 11 R AR, 547 mg, FE 53%.
m.p. 298.2~298.8 “C; 'H NMR (400 MHz, DMSO-dj) o:
10.55 (s, 1H), 8.77 (s, 1H), 8.42 (d, J=8.0 Hz, 2H), 8.33~
8.27 (m, 2H), 8.16 (t, J=6.0 Hz, 2H), 8.07 (d, J=8.0 Hz,
3H), 4.34 (t, J=8.0 Hz, 2H), 1.95 (hex, J=8 Hz, 2H), 0.93
(t, J=8.0 Hz, 3H); °C NMR (100 MHz, DMSO-d;) o:
167.00, 154.47, 146.31, 141.77, 140.15, 135.35, 132.42,
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129.74, 127.14, 123.61, 121.52, 119.37, 113.29, 50.94,
22.78, 10.48. HRMS (MALDI) calcd for C;sH sN;O, [M—
CI]" 308.1395, found 308.1390.

322 EeIRERAL A4 69 A Ak

W EAA(1 mL) J5 & H%(2.0 mmol) A HLHEAF]
0.05 mmol)f1 DBU (0.6 mmol)iI A% 25 mL k5,
SRJE =4 CO, (99.99%) 1A 300 kPa, 285 Nz
90 CJPi 4 h. RMNERFEAEHEER, HRPAARF
I 10 mL WAIE LN, S8 )5 F & AL (10
mL X 3), JREBR VA, B mad EZ e s
S BEAN F R AR 2R) 13 2] H A5 1) 4a~4r.

5-FF 33O L e 2- i (4a)' Y 3 ([ 44, 341
mg, YWHR 96%. m.p. 85~86 C; 'H NMR (400 MHz,
CDCly) 6: 7.52 (d, J=7.6 Hz, 2H), 7.36 (t, J=8.8 Hz, 2H),
7.12 (t, J=7.6 Hz, 1H), 4.81~4.72 (m, 1H), 4.10 (t, J=
8.6 Hz, 1H), 3.60 (dd, J=8.0, 7.2 Hz, 1H), 1.51 (d, J=6.6
Hz, 3H); C NMR (100 MHz, CDCl;) §: 154.98, 138.50,
129.12, 124.02, 118.27, 69.63, 51.97, 20.80; IR (KBr) v:
1754 (C=0)cm .

5- FF 3L -3 (4- F 2 35 )RRk -2 i (4) O 0 [ £
311 mg, Y 81%. m.p. 63~64 C; "HNMR (400 MHz,
CDCly) 0: 7.40 (d, J=8.8 Hz, 2 H), 7.16 (d, J=8.4 Hz
2H), 4.78~4.70 (m, 1H), 4.08 (t, J=7.6 Hz, 1H), 3.58
(dd, J=8.8, 7.2 Hz, 1H), 2.30 (s, 3H) 1.50 (d, J=6.4 Hz,
3H); “C NMR (100 MHz, CDCls) §: 155.35, 136.28,
133.92, 129.90, 118.64, 69.88, 52.39, 21.07; IR (KBr) v:
1745 (C=0) cm .

3-(4- F B 3 35 )-S-IE M ot -2 - il (40)>7): TE R A4,
309 mg, Y 85%. 'H NMR (400 MHz, CDCls) J: 7.39
(d, J=8.8 Hz, 2) 6.87 (d, J=9.2 Hz, 2H), 4.75~4.70 (m,
1H), 4.04 (t, J=8.4 Hz, 1H), 3.77 (s, 3H), 3.55 (dd, J=
12.4, 7.2 Hz, 1H), 1.49 (d, J=6.0 Hz, 3H); *C NMR (100
MHz, CDCls) 0: 156.24, 155.19, 131.62, 120.15, 114.23,
69.53, 55.50, 52.36, 20.68; IR (CH,Cl,) v: 1741 (C=0)
-1

3-(4-FR IR I )-5-EME B -2- [ (4d) 2 (3 B A, 357
mg, B 91%. m.p. 111~112 ‘C; 'H NMR (400 MHz,
CDCLy) 0: 7.49~7.44 (m, 2H), 7.07~7.01 (m, 2H),
4.80~4.72 (m, 1H), 4.07 (t, J=8.4, 1H), 3.58 (dd, J=8.8,
3.2 Hz, 1H), 1.50 (d, J=6.0 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 160.49, 158.07, 155.09, 134.65, 120.10, 120.02,
115.90, 115.68, 69.69, 52.23, 20.76; '°F NMR (376 MHz,
CDCly) 0: —118.75; IR (KBr) v: 1741 (C=0) cm .

3-(4-F AR HE)-5-ME M e -2 - ()12 3 (fE A, 381
mg, B 90%. m.p. 111~112 ‘C; 'H NMR (400 MHz,

cm
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CDCLy) d: 7.47 (d, J=9.2 Hz,2H), 7.32 (d, J=8.8 Hz, 2H),
4.82~4.72 (m, 1H), 4.08 (t, J=8.4 Hz, 1H), 3.58 (dd, J=
6.8, 8.4 Hz, 1H), 1.52 (d, J=6.8 Hz, 3H); *C NMR(100
MHz, CDCly) o: 154.81, 137.12, 129.22, 129.13, 119.40,
69.70, 51.90, 20.79; IR (KBr) v: 1741 (C=0) cm .

3-(4- PR IEIE)-5-NE M e 2- i (4620 4 (L fE 44, 503
mg, Y& 98%. m.p. 123~124 ‘C; 'H NMR (400 MHz,
CDCly) 0: 7.48~7.40 (m, 4H), 4.82~4.74 (m, 1H), 4.07
(d, J=4.4 Hz, 1H), 3.58 (dd, J=8.4, 6.8 Hz, 1H), 1.53 (d,
J=6.4 Hz, 3H); *C NMR (100 MHz, CDCl;) J: 154.72,
137.60, 132.02, 119.69, 116.76, 69.70, 51.79, 20.76; IR
(KBr) v: 1737 (C=0) cm .

3-(4-TOR I )-5-WEML ke -2 (4g) ™ (3 8 44, 560
mg, N 92%. m.p. 139~140 ‘C; 'H NMR (400 MHz,
CDCl) J: 7.64 (d, J=8.4 Hz, 2H) 7.30 (d, J=8.8 Hz, 2H),
4.80~4.75 (m, 1H), 4.08 (t, J=8.6 Hz, 1H), 3.57 (d, J=
8.0 Hz, 1H), 1.52 (d, J=6.4 Hz, 3H); *C NMR (100 MHz,
CDCly) 6: 154.66, 138.31, 137.96, 119.99, 87.34, 69.70,
51.68,20.78; IR (KBr) v: 1745 (C=0) cm™".

5- FF1 33 (3- PP 3 S 35 e e 0 - i (4h)! 7 vk B £
WifAk, 242 mg, WE 63%. 'H NMR (400 MHz, CDCL,) o:
7.38 (s, 1H), 7.31~7.23 (m, 2H), 6.96 (d, J=7.6 Hz, 1H),
4.81~4.73 (m, 1H), 4.10 (t, J=8.4 Hz, 1H), 3.63~3.59
(m, 1H), 2.37 (s, 3H), 1.53 (d, J=6.0 Hz, 3H); *C NMR
(100 MHz, CDCly) d: 155.02, 139.11, 138.47, 128.96,
124.93, 119.10, 115.44, 69.61, 52.15, 21.75, 20.83; IR
(CH,CL,) v: 1750 (C=0) cm .

5- 1 35 -3-(3- i 2 7 i ) Mt s - 2- T () 7 YR B £
[E14, 356 mg, U 80%. '"H NMR (400 MHz, CDCl;) 4t
8.20 (t, J=2.2 Hz, 1H), 8.13~8.10 (m, 1H), 7.98~7.95
(m, 1H), 7.55 (t, J=8.4 Hz, 1H), 4.90~4.82 (m, 1H), 4.20
(t, J=8.4 Hz,1H), 3.70 (dd, J=8.4, 6.8Hz, 1H), 1.58 (d,
J=6.4 Hz, 3H); >C NMR (101 MHz, CDCl;) J: 154.60,
148.73, 139.71, 130.10, 123.97, 118.51, 112.33, 70.04,
51.77,20.80; IR (KBr) v: 1754 (C=0) cm™".

3-(3,5- KAL) -5-WEM b 2 - (4): I A, 478
mg, BE 97%. m.p. 93~93 C; 'H NMR (400 MHz,
CDCly) d: 7.48 (d, J=2.0 Hz, 2H), 7.11 (t, J=1.8Hz, 1H),
4.85~4.77 (m, 1H), 4.10 (t, J=8.4 Hz 1H), 3.61 (dd, J=
7.2, 1.6 Hz, 1H), 1.55 (d, J=6.4 Hz, 3H); *C NMR (100
MHz, CDCly) d: 154.34, 140.33, 135.56, 123.87, 116.34,
69.89, 51.73, 20.79; IR (KBr) v: 1758 (C=0) cm ';
HRMS (ESI) caled for C;oHyCLLNO,Na [M + Na] *
267.9908, found 267.9898.

5- 2 KL -3- R FEE I e -2- i (4k) 0T TEBBAA, 298

http://sioc-journal.cn/ 2889



BIKE

MR

mg, JF 77%. '"H NMR (400 MHz, CDCly) d: 7.53 (d,
J=8.0 Hz, 2H ), 7.34 (t, J=7.2 Hz, 2H), 7.10 (t, J=8.0
Hz, 1H), 4.59~4.52 (m, 1H), 4.04 (t, J=8.8 Hz, 1H), 3.62
(t, J=8.0 Hz, 1H), 1.90~1.72 (m, 2H), 1.05 (t, J=7.6 Hz,
3H); *C NMR (100 MHz, CDCl;) J: 154.93, 138.38,
128.96, 123.82, 118.10, 74.13, 49.99, 27.95 8.72; IR
(CH,CL,) v: 1754 (C=0) cm .

5- T HE-3- L RE b -2-FE 4D 3 E AR, 330
mg, WH 75%. mp. 56~59 C; 'H NMR (400 MHz,
CDCly) 6: 7.54 (d, J=6.8 Hz, 2H), 7.38 (t, J=8.0 Hz, 2H),
7.12 (t, J=7.2 Hz, 1H), 4.66~4.59 (m, 1H), 4.07 (t, J=
8.8 Hz, 1H), 3.65 (d, J=7.2 Hz, 1H), 1.89~1.81 (m, 1H),
1.77~1.68 (m, 1H), 1.55~1.49 (m, 1H), 1.43~1.38 (m,
3H), 0.94 (t, J=8.0 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 155.13, 138.61, 129.21, 124.09, 118.34, 73.27, 50.69,
34.92,26.83,22.57, 14.10; IR (KBr) v: 1745 (C=0) cm .

S-S P -3 2R B BE -2 - B (4m)!' T TE B
1, 475 mg, W 95%. '"H NMR (400 MHz, CDCl;) o:
7.52 (d, J=8.4 Hz, 2H), 7.32 (t, J=8.8 Hz, 2H), 7.08 (t,
J=6.4 Hz, 1H), 4.71~4.65 (m, 1H), 3.99 (t, J=8.8 Hz,
1H), 3.87 (t, J=8.8 Hz, 1H), 3.62 (d, J=3.2Hz, 2H), 3.48
(t, J=6.4Hz, 2H), 1.55~1.48 (m, 2H), 1.34~1.29 (m,
2H), 0.87 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 154.65, 13831, 128.94, 123.83, 118.12, 71.74, 71.41,
70.75, 47.12, 31.55, 19.13, 13.81; IR (CH,Cl,) v: 1741
(C=0)cm .

S-[( PR A ) FR R )-3- 2% B I e -2 i (4m)>°):
IR, 430 mg, YR 92%. '"H NMR (400 MHz, CDCl;)
J:7.55 (d, J=8.8 Hz, 2H), 7.36 (t, J=8.0 Hz, 2H), 7.12 (t,
J=7.2 Hz, 1H), 5.93~5.82 (m, 1H), 5.30~5.18 (m, 2H),
4.78~4.72 (m, 1H), 4.07~4.03 (m, 3H), 3.94 (dd, J=6.0,
8.8 Hz, 1H), 3.69 (d, J=7.2 Hz, 2H); *C NMR (100 MHz,
CDCl3) 0: 154.70, 138.37, 134.03, 129.13, 124.08, 118.28,
117.87, 72.75, 71.36, 70.14, 47.34; IR (CH,Cl,) v: 1750
(C=0)cm™.

3,5- "R IENEME bR -2-F (40) ) 44, 338 mg,
% 88%. m.p. 85~86 ‘C; 'H NMR (400 MHz, CDCls)
5: 7.56 (d, J=8.8 Hz, 2H), 7.44~7.36 (m, 7H), 7.15 (t,
J=17.6 Hz, 1H), 5.65~5.60 (m, 1H), 4.40~4.35 (m, 1H),
3.98~3.93 (m, 1H); *C NMR (100 MHz, CDCly) ¢:
154.81, 138.26, 138.23, 129.23, 129.16, 125.80, 124.30,
118.42, 74.15, 52.82; IR (KBr) v: 1750 (C=0) cm .

5-(4- TR K )-3- 7% W e e 2 ] (4p)! ) P9 €L 44
501 mg, WE 97%. m.p. 111~112 ‘C; 'H NMR (400
MHz, CDCl;) 0: 7.55 (d, J=8.4 Hz, 2H), 7.44~7.37 (m,
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4H), 7.18~7.10 (m, 3H), 5.62 (t, J=8.0 Hz, 1H), 4.38 (t, J
=8.4 Hz, 1H), 3.96~3.92 (m, 1H); >C NMR (100 MHz,
CDCly) J: 164.44, 161.97, 154.64, 138.17, 134.05, 134.01,
129.29, 127.89, 127.81, 124.44, 118.46, 116.35, 116.13,
76.63, 52.86; IR (KBr) v: 1745 (C=0) cm .

5-(4- G H)-3- 2 I IE M 5t 2 (4q)" ") A L 1,
538 mg, BFE 98%. m.p. 120~121 ‘C; 'H NMR (400
MHz, CDCLy) d: 7.53 (d, J=8.8 Hz, 2H), 7.43~7.36 (m,
6H), 7.18~7.14 (m, 1H), 5.62 (t, J=8.0 Hz, 1H), 4.39 (t,
J=8.4 Hz, 1H), 3.95~3.91 (m, 1H); *C NMR (100 MHz,
CDCly) d: 154.59, 138.11, 136.75, 135.23, 129.44, 129.30,
127.23, 124.49, 118.47, 73.48, 52.75; IR (KBr) v: 1762 (C
=0) cm .

5-(4- YR A )-3- 2% HE W e 5 2 (4) ) 3 £ [ A
516 mg, BFE 94%. m.p. 135~136 ‘C; 'H NMR (400
MHz, CDCl3) §: 7.58~7.53 (m, 4H), 7.39 (t, J=8.0 Hz,
2H), 7.31 (d, J=8.0 Hz, 2H), 7.16 (t, J=8.0 Hz, 1H), 5.61
(t, J=8.0 Hz, 1H), 4.39 (t, J=8.8 Hz, 1H), 3.92 (m, 1H);
C NMR (100 MHz, CDCl;) d: 154.45, 137.96, 137.16,
13225, 129.17, 127.36, 124.37, 123.19, 118.35, 73.37,
52.56.

5- 1 3 -3 (L e -2- 35 ) e o -2 R ()0 38 €3
&, 110 mg, Y& 62%. 'H NMR (400 MHz, CDCl;) o:
8.27~8.26 (m, 1H), 8.17 (d, J=8.0 Hz, 1H), 7.67~7.63
(m, 1H), 7.00~6.97 (m, 1H), 4.81~4.72 (m, 1H), 4.32 (t,
J=10.0 Hz, 1H), 3.78 (dd, J=12.0, 12.0 Hz, 1H), 1.49 (d,
J=8.0 Hz, 3H); >C NMR (100 MHz, CDCl;) J: 154.74,
151.09, 147.54, 137.87, 119.07, 113.14, 70.45, 50.83,
20.79; Anal. caled for CoH;(N,O, C 60.66, H 5.66, N
15.72; found C 60.87, H 5.72, N 15.98.

HBh#1 Kl (Supporting Information) 75 L 14 71 A1
W JGE PR A0 S 0 1 SR AR AR G . X ek mT DL A B AR
F1 X 3k (http://sioc-journal.cn/)_F %k,
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