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One-Pot Three-Component Synthesis of Novel Carbamate
Compounds Mediated by Zinc Powder

Meng, Tuanjie Liu, Lantao™ Ren, Lifeng Liu, Xinming

Wang, Xiaojuan  Zhao, Wenxian™
(Key Laboratory of New Organic Materials Synthesis, College of Chemistry and Chemical Engineering,

Shangqiu Normal University, Shangqiu 476000)

Abstract A series of novel carbamate compounds were obtained from one pot three component reaction of aldehydes, bro-
mohydrocarbons and isocyanates mediated by zinc powder under room temperature. This protocol has advantages of mild
conditions, simple work-up, high yield, easily available starting materials and fast reaction rate. The structures of all products

were characterized by '"H NMR, "*C NMR, IR, HRMS and elemental analysis.
Keywords carbamate compounds; zinc powder; one-pot; three-component; synthesis

R REERAC S RATR IR PR BRE ALY
WEE, R RA T Z N Y. e e R
ALY DU PLait%. PULLmp. X LI s
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S A Tz R Y,

W2 i FIREER L SRz, A ik
ORI, ARG AR LS 2 R AU ERID), E A
By iR, HAROR. A R b e AR K s i e
AR, 0 AR P TR BRI J P e SR AR e, B
BEABENIGIN, iy FLAR AR SOAE Loy 2, S 7 e i
AT ERX R A, R R ILVE 2 Sk,
SCTRRER | BRI IEED R SRR R AP L (XL
JriE AR AR, PSRRI RS R AT, &
AR, HLSON i 2R B A ML . B
CO el COMIRI eIty S th B 5 Pk PP R I, {HLE
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BTk, T s DA B IR SEER L AR SCHRTELE O A A B HL
PR R I 1 B IAE FHR, R . AR AR
PRI — 2 5y —BRiE 7o il— RN L R B AT A=) (Eq.
D). SO EA NS ATFMELR Pk, 7

1 HR5HE
11 REFHER
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X SR SRR ER(S mmol) [ S N ok, 258 T AN 4 )8
(1.2 equiv. )0 [ BTG P R2 M, SEEG 4 R WER 1. 7E=
AN LAV SRR (THF) 7, @Rk, B Bdlaefd
TSN EAT . B8 s NG P A v 2 A e I 7 R
%, ¥ BRI RE S = R M 2 H AR =4, (HF A = H 3
SRELEIER PRV A ES IR, HEGE R, MHEEAK
U, BER B 518 ToEE, HROVPGE. PR PREE.
R%__O._ NHR®

YU (1)

rt., THF R'" ©
4a ~4u

R'CHO + R%Br + R®NCO
1 2 3

R AFEGER S SR ¢

Table 1 Comparation of reaction activity among different metal

Metal Mg Zn Sn’ Al Fe Pb
Time/h 0.5 1.0 1.0 6.0 6.0 6.0
Yield/% 35 82 80 0 0 0

“ All reactions were carried out in THF (3 mL) at room temperature. Reaction
condition: benzaldehyde (5 mmol), allyl bromide (5 mmol), 4-chlorophenyl
isocyanate (5 mmol), metal (6 mmol); ?10% TMSCL

Betq, TAILLA (S mmol) 45 74 3£ 72(5 mmol)
FIXH G K SRR (S mmol) K K2 N A, %52 T i
THF J Zn R S0 S N 5%, N2 I DL,
SR 2 mL B W (3 2, Entries 1, 2), A%
TRE YL, ToVE R, OV A5 Z A G 7R 4 TR
A, I RN A AT 2, PR RAC. MR
EEKH (3R 2, Entries 4, 5), RNAS 51K, AR
INFAS A BEREAT. MR a2 3 mL N N 5 R AE
AN SCRE B = 22 A3 B H bR =) (3R 2, Entry 3). 4 Zn
AT 1.0 equiv.if (3 2, Entries 6, 7), F=41 & SUH
FEAS, =T 1.2 equiv N =28 AT W IG 0. Atk Zn 1)
M 1.2 equiv. iR FE

2 Zn FI THF [0 N 520 ¢
Table 2 Influence of Zn and THF amount on the reaction

Entry THF/mL Zn/equiv. Yield/%
1 0 1.2 5
2 2 1.2 40
3 3 1.2 82
4° 5 1.2 80
5 10 1.2 80
6 3 1.0 70
7 3 0.8 30
8 3 1.5 82
9 3 2.0 82

“All reactions were carried out at room temperature, benzaldehyde (5 mmol),
allyl bromide (5 mmol), 4-chlorophenyl isocyanate (5 mmol). ® A hot air gun
was used to triggered the reactions.
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1.2 Znfe#tpig. RRE. REBREEM=HS KX

15 EIRAGFRIRBAE SOV AR, BATHEE T IR
TEHIVE . T DU He o5 A e A g iy e, RACKE T B
SEHNFRIR . BRFRIRANRA 212 L1, SRS T LA
e T7 A S NG RR RN IR D7 S S R . MR 3 WTLUEH, K
P73 SO SR e AR HARAT H bR 4. X T 07 AR
PE, RIR_FE A SO 7 BRI B R A TR A T
IR T RN AR T SOV AT, TSR R
IBCARRE b ) AR 5 W) A7 N 22 B A 1 &0 7 I A7 ) 1 e S
FIHEAT. AH 2 R3A EIE R WO T I AR EE I, S Y
ANeR A, BATIHED AT B8 f AR TR AL L iR R
R, AT AE RS ANRE 5 i B A AR S A N
SR AE A HUVBER. R R AR R & T T v, 7
HEGTGFEA . X TIRACV ORI N FEIR . BRI IR AN
BARLIR QBEHRRE A AL SN, e e M3 3] H b ™ 4,
X T o-IR IR SRR AR I 7 e AN T2 S AR
BTSSR EE AU, 57 HE S IR I8 0 I M7 S i R M
L TR AA R, J7 3 EIARIE T B 7 RO X e

3 Zn BRIEIORE . BLICKA I RRAR =415 R ©
Table 3 Three-component reaction of aldehyde, bromoalkane,
and isocyanate mediated by zinc powder

Product R! R? R*  Yield/% m.p./C
4a Ph Allyl 4-CIC¢H, 82 64~66
4b  2-MeOC¢H, Allyl 4-CIC¢H, 70  66~67
4c  3-MeOCg¢H, Allyl 4-CIC¢H, 75  63~65
4d 4-MeC¢H, Allyl 4-CIC¢H, 74 58~60
4e  1-Naphthyl Allyl 4-CIC¢H, 80 94~96
4f 4-CICiHy  Allyl 4-CIC¢H, 90 61~63
4g 2-CICH,  Allyl 4-CIC¢H, 82 63~64
4h Ph Allyl Cyclohexyl 80 44~46
4 4-CICHy Allyl Ph 88 53~55
4j 4-CICHy  Allyl 4-MeC¢H,4 90 62~64
4k PhCH=CH Allyl 4-CIC¢H, 85 69~71
41  i-Pr Allyl 4-CIC¢H, 80 35~37
4m n-Bu Allyl 4-CIC¢H, 82 46~48
4n  2-MeOC¢H, Propargyl 4-CIC¢H,4 65 112~114
40 2-CIC¢Hy  Propargyl 4-CIC¢H,4 80 113~115
4p 4-CICHy  Propargyl 4-CIC¢H,4 86 105~106
4q 4-MeOC¢H, Propargyl 4-CIC¢H,4 72 87~88
4r Ph Propargyl 4-CIC¢H, 76 T7~T79
4s  1-Naphthyl Propargyl 4-CIC¢H,4 75  109~111
4t 4-CIC(Hy CH,CO,Et 4-CIC¢H,4 88  99~100
4u 2-CIC(Hy CH,CO,Et 4-CIC¢H,4 80 111~112
4v  2-MeOC¢H, CH,CO,Et 4-CIC¢H,4 68 97~99
4w  3-MeOC¢H, CH,CO,Et 4-CIC¢H,4 79 85~86
4x 4-MeOC¢H, CH,CO,Et 4-CIC¢H,4 73 93~94
4y 4-MeC¢Hy; CH,CO,Et 4-CIC¢H,4 75  91~93
4z Ph CH,CO,Et 4-CIC¢H, 84 119~120

© 2014 Chinese Chemical Society & SIOC, CAS

“ All reactions were carried out in THF (3 mL) at room temperature. Reaction
condition: benzaldehyde (5 mmol), allyl bromide (5 mmol), 4-chlorophenyl
isocyanate (5 mmol), zinc powder (6 mmol).
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AL SEARZ N b R AR B, T AMA B AR R SR S
TN B VA B R C, 7KL 2] H AR =& 2 H IR
fig(4), nHEM R NI FEU Scheme 1 Fi7s.

mc:o

R'CHO
R2Br 2, R2ZnBr ! RA-OZnBr S
2 A R!
‘ZnBr B
R OYNR3 H R? OWNHR3
R' O R' O
C 4
Scheme 1
2 4%#%ig

W T ANE SRR . AR S R TS — 414y
BT A R PRGN &5 R W IR BT A U
(FVEERD BEAR L M 3E S N HEAT . I T THF ¥
T ORI, L YRR B 1.7 moleL ! I H A
FEMI R L A R T RISt T —
FlBTE, ZINERA RIGARRFL . HAER R, =%
B RIS RN AR
3 ZEHEH
3.1 UEHIKF

MR A% "H NMR (400 MHz)#1 '*C NMR (100
MHz)K ] Bruker AV 400 #% #4302, BT FHE7N
CDCl;, TMS A WAR; 44 sl SCR I T A2 A
BR DR A A= XT 5 B9 5T S L R Z6A% 1E);
2L AMG1EH 22 [E VARIAN A #] Scimitar 2000 245654
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esquire-3000 5 73 FF 5T 1% AT 5E 5 oo E o B T A
Elementar A7) Vario EL I JGZE T4, =256 BT 5
B i AR A, B THF AN T 25 alifh oh,
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3.2 A E
32.1 HHresiEi

410 g BB AT 100 mL 7K TN 7 A B #4519 150 mL
Feirp. B AE 1 min AN 1 mL RERIR. BiHki%
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WHBN A TEFEHAE 100 CA&AF N1 3 h AR
B2 =G B Bk . st b it e & B s A T k1R
k.
322 RATERESATA M 696K,
£ 50 mL MVIEH A 6 mmol JEAkJE KEEHK:, 5
mmol % 1, 3 mL THF, A5 5 mmol yRf8)E 2 F1 5
mmol S IEBREE 3, KM 1 h & [ RSN 20 mL 4
Fik A AT NH,C KV 20 mL, #8E 2 min, 70 AL
FH, KA 2Bk (15 mL X 2)ZHUS, &I PIAH, MgSO,
T, KA VAIEZE a5, FRYE i AE 2 aifh,
A RN 18 CBRAE SRR, 15 B AR~ 4a~4z.
N-(4-F R ) & 58 R (1- 2R3 ) TN ) B (4a): 18
44, "H NMR (400 MHz, CDCL3) 6: 7.41~7.27 (m, 9H),
6.78 (s, 1H), 5.86~5.74 (m, 2H), 5.16 (dd, J=23.2, 5.9
Hz, 2H), 2.80~2.62 (m, 2H); “C NMR (100 MHz,
CDClLy) d: 152.7, 139.9, 136.4, 133.2, 129.0, 128.5, 128.4,
128.1, 126.5, 119.8, 118.2, 76.5, 40.7; IR (KBr) v: 3281,
3061, 1704, 1601, 1541, 1489, 1229, 1049, 822 cm ';
HRMS caled for C;;H;,CINO,Na [M+Na]" 324.0762,
found 324.0758. Anal. calcd for C;H;sCINO,: C 67.66, H
5.34, N 4.64; found C 67.32, H 5.28, N 4.60.
N-(4-5IR 5L ) B R [1-(2- WY A R ) i 44 O 1 TR
(4b): AfLE{A. '"H NMR (400 MHz, CDCl3) J: 7.28~
7.15 (m, 6H), 6.91~6.80 (m, 3H), 6.19 (dd, J=7.0, 5.7
Hz, 1H), 5.75 (ddt, J=17.1, 10.2, 6.9 Hz, 1H), 5.03 (dd,
J=24.4, 6.0 Hz, 2H), 3.77 (s, 3H), 2.59~2.53 (m, 2H);
3C NMR (100 MHz, CDCls) d: 156.0, 152.8, 136.7, 133.8,
128.9, 128.8, 128.7, 128.2, 126.3, 120.5, 119.8, 117.6,
110.6, 71.1, 55.5, 39.7; IR (KBr) v: 3279, 3066, 2932,
1702, 1599, 1531, 1494, 1233, 1045, 819 cm '; HRMS
caled for C;sH;sCINOsNa [M+Na]" 354.0867, found
354.0872. Anal. caled for CgH;sCINOs: C 65.16, H 5.47,
N 4.22; found C 65.07, H 5.51, N 4.15.
N-(4- A I ) I PR [ 1-(3- Y 48 25 30 ) v 4 T4 ] i
(4c): AfLE{A. "H NMR (400 MHz, CDCl;) d: 7.38~
7.27 (m, 5H), 7.00~6.81 (m, 3H), 6.81 (s, 1H), 5.82~
5.70 (m, 2H), 5.19~5.11 (m, 2H), 3.85 (s, 3H), 2.77~
2.62 (m, 2H); “C NMR (100 MHz, CDCl;) d: 159.7,
152.6, 141.6, 136.4, 133.2, 129.6, 129.0, 128.4, 119.8,
118.7, 118.2, 113.2, 112.3, 76.3, 55.2, 40.8; IR (KBr) v:
3284, 3062, 1701, 1602, 1534, 1497, 1238, 1050, 820, 765
cm~'; HRMS caled for C;sH;sCINO;Na [M + Na]*
354.0867, found 354.0874. Anal. calcd for C;sH;gCINOs:
C 65.16, H 5.47, N 4.22; found C 65.04, H 5.58, N 4.01.
N-(4- SR ZUHE TR 1-(4- VAL ) sy 6 7T 1156 (4dD):
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4. "TH NMR (400 MHz, CDCl3) 6: 7.36~7.21 (m,
8H), 6.80 (s, 1H), 5.83~5.74 (m, 2H), 5.19~5.11 (m,
2H), 2.80~2.73 (m, 1H), 2.68~2.63 (m, 1H), 2.39 (s,
3H); *C NMR (100 MHz, CDCl3) §: 152.7, 137.9, 136.9,
136.5, 133.4, 129.2, 129.0, 128.3, 126.5, 119.8, 118.1,
76.4, 40.6, 21.2; IR (KBr) v: 3283, 3068, 2933, 1701,
1600, 1539, 1497, 1232, 1054, 820 cm ™ '; HRMS calcd for
CisH;sCINO,Na [M+Na] " 338.0918, found 338.0914.
Anal. caled for CigH;sCINO,: C 68.46, H 5.75, N 4.44;
found C 68.65, H 5.62, N 4.56.

N-(4- 50253 ) B 0 W IR [ 1-(1- 25 38 ) v 46 TA T 1 (de):
{4 & 44, "TH NMR (400 MHz, CDCl3) 6: 8.21 (d, J=8.4
Hz, 1H), 7.92~7.85 (m, 2H), 7.61~7.52 (m, 4H), 7.35~
7.26 (m, 4H), 6.85 (s, 1H), 6.65 (t, J=6.6 Hz, 1H), 5.94~
5.83 (m, 1H), 5.17 (dd, J=24.0, 13.6 Hz, 2H), 2.90~2.84
(m, 2H); *C NMR (100 MHz, CDCly) d: 152.7, 136.4,
135.8, 133.9, 133.5, 130.3, 129.0, 128.7, 128.4, 127.7,
126.5, 125.8, 125.2, 123.8, 123.1, 119.8, 118.1, 73.6, 40.4;
IR (KBr) v: 3287, 3068, 1699, 1599, 1542, 1498, 1234,
1054, 827, 782 cm '; HRMS calcd for CyH;sCINO,Na
[M + Na] " 374.0918, found 374.0922. Anal. caled for
C,H,5CINO,: C 71.69, H 5.16, N 3.98; found C 71.93, H
5.30, N 3.65.

N-(A- R ) B L TR [1-(4- U AR ) s i I 1T (4):
4. "TH NMR (400 MHz, CDCl3) 6: 7.38~7.27 (m,
8H), 6.75 (s, 1H), 5.81~5.70 (m, 2H), 5.17~5.125 (m,
2H), 2.76~2.58 (m, 2H); *C NMR (100 MHz, CDCl,) ¢:
152.5, 138.4, 136.2, 133.9, 132.7, 129.0, 128.7, 128.6,
127.9, 119.8, 118.6, 75.7, 40.6; IR (KBr) v: 3275, 3077,
2944, 1702, 1601, 1542, 1493, 1236, 1051, 827 cm™';
HRMS caled for C;,H;sCLNO,Na [M+Na]" 358.0372,
found 358.0370. Anal. calcd for C;;H;sC1,NO,: C 60.73, H
4.50, N 4.17; found C 60.66, H 4.34, N 4.23.

N-(4-F I T L IR [1-(2- S K3 =y I T 1B (4g):
4. "TH NMR (400 MHz, CDCl3) 0: 7.46~7.25 (m,
8H), 6.80 (s, 1H), 6.26 (dd, J=7.5, 5.3 Hz, 1H), 5.85 (ddt,
J=17.1, 10.2, 6.9 Hz, 1H), 5.18~5.13 (m, 2H), 2.74~
2.62 (m, 2H); “C NMR (100 MHz, CDCly) §: 152.3,
138.0, 136.3, 132.9, 132.1, 129.7, 129.0, 129.0, 128.5,
127.0, 119.8, 118.3, 73.1, 39.6; IR (KBr) v: 3280, 3066,
2933, 1703, 1602, 1536, 1492, 1234, 1048, 821, 765 cm ';
HRMS caled for Cy;H;sCILNO,Na [M+Na]" 358.0372,
found 358.0368. Anal. calcd for C;;H;sC1,NO,: C 60.73, H
4.50, N 4.17; found C 60.63, H 4.37, N 4.21.

N-FA AR ZU AR H R (1- 4K v 44 A ) I (4h): 11 (L]
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. '"H NMR (400 MHz, CDCl;) §: 7.38~7.27 (m, 5H),
5.78~5.68 (m, 2H), 5.11~5.04 (m, 2H), 4.66 (s, 1H),
3.48~3.46 (m, 1H), 2.70~2.55 (m, 2H), 1.92 (dd, J=
36.3, 10.0 Hz, 2H), 1.74~1.59 (m, 3H), 1.37~1.30 (m,
2H), 1.19~1.09 (m, 3H); *C NMR (100 MHz, CDCl5) ¢:
155.0, 140.7, 133.6, 128.3, 127.7, 126.4, 117.7, 75.3, 49.8,
40.9, 33.4,25.5, 24.8; IR (KBr) v: 3313, 3074, 2932, 1686,
1538, 1445, 1239, 1054, 694 cm™'; HRMS calcd for
C7H»sNO,Na [M + Na] © 296.1621, found 296.1629.
Anal. calcd for C;7H»;3NO;: C 74.69, H 8.48, N 5.12; found
C 74.81,H8.51,N 5.01.

N-ZRBE S5 R [ 1-(4- 2R ) | I TR (4): (1
[#4&. "H NMR (400 MHz, CDCly) 8: 7.52~7.25 (m, 8H),
7.09 (t, J=7.3 Hz, 1H), 6.85 (s, 1H), 5.86~5.66 (m, 2H),
5.21~5.04 (m, 2H), 2.81~2.66 (m, 1H), 2.66~2.52 (m,
1H); *C NMR (100 MHz, CDCly) d: 153.9, 139.9, 138.9,
135.1, 134.1, 130.3, 130.0, 129.2, 124.8, 119.9, 119.8,
76.8, 41.9; IR (KBr) v: 3280, 3060, 1702, 1600, 1539,
1484, 1227, 1043, 822 cm”'; HRMS caled for Ci,H;¢Cl-
NO,Na [M+Na]" 324.0762, found 324.0759. Anal. calcd
for C,7H;cCINO,: C 67.66, H 5.34, N 4.64; found C 67.41,
H 5.60, N 4.41.

N-(4- R ) B8 5 F IR [ 1-(4- S0 38 ) 04 TN 1B (4)):
F {4 i 44, "TH NMR (400 MHz, CDCl;) d: 7.36~7.28 (m,
6H), 7.12 (d, J=9.1 Hz, 2H), 6.79 (s, 1H), 5.80~5.72 (m,
2H), 5.15~5.10 (m, 2H), 2.75~2.58 (m, 2H), 2.33 (s,
3H); *C NMR (100 MHz, CDCl;) 6: 152.8, 138.7, 135.1,
133.7, 133.1, 132.9, 129.5, 128.6, 127.9, 118.8, 118.4,
75.4, 40.7, 20.7; IR (KBr) v: 3282, 3061, 1703, 1601,
1540, 1487, 1228, 1047, 820 cm '; HRMS calcd for
CisH;sCINO,Na [M+Na]™ 338.0918, found 338.0922.
Anal. calcd for C;sH;3CINO,: C 68.46, H 5.75, N 4.44;
found C 68.40, H 5.80, N 4.46.

N-(4- 50 ) B HE R [1-(2- 7K 20 58 ) e s 7 1 i
(4k): AfaE{A. '"H NMR (400 MHz, CDCl3) §: 7.42~
7.27 (m, 9H), 6.72~6.69 (m, 2H), 6.21 (dd, J=15.9, 7.2
Hz, 1H), 5.86 (ddt, J=17.2, 10.2, 7.0 Hz, 1H), 5.51 (q, J=
6.4 Hz, 1H), 5.22~5.14 (m, 2H), 2.61~2.54 (m, 2H); "*C
NMR (100 MHz, CDCly) o: 152.7, 136.5, 136.2, 133.0,
132.9, 129.0, 128.6, 128.4, 128.0, 126.9, 126.6, 119.9,
118.3, 75.0, 39.2; IR (KBr) v: 3332, 1701, 1592, 1519,
1398, 1227, 1050, 966, 822 c¢cm !; HRMS caled for
C1oH;sCINO,Na [M+Na]™ 350.0918, found 350.0924.
Anal. calcd for CoH;3CINO,: C 69.62, H 5.53, N 4.27;
found C 69.27, H 5.40, N 4.11.
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N-(4-G R I I IR (1-57 TR 22 w05 T s (4D): 1
G E 4K, "TH NMR (400 MHz, CDCl3) ¢6: 7.36 (d, J=8.3
Hz, 2H), 7.26 (t, J=9.1 Hz, 2H), 6.89 (s, 1H), 5.84~5.77
(m, 1H), 5.14~5.06 (m, 2H), 4.77 (dd, J=12.5, 5.4 Hz,
1H), 2.36 (ddd, J=20.9, 10.5, 6.1 Hz, 2H), 1.91 (dd, J=
13.0, 6.6 Hz, 1H), 0.96 (d, J=6.9 Hz, 6H); *C NMR (100
MHz, CDCl;) 0: 153.5, 136.8, 134.0, 128.9, 128.2, 119.9,
117.5,78.9, 36.0, 31.1, 18.5, 17.5; IR (KBr) v: 3320, 2965,
1700, 1642, 1597, 1532, 1401, 1226, 1052, 1012, 917, 828
em '; HRMS caled for C4H;sCINO,Na [M + Na]
290.0918, found 290.0906. Anal. calcd for C;4H ;gCINO,:
C 62.80, H 6.78, N 5.23; found C 69.67, H 6.60, N 5.28.

N-(4-F R HEEHIR(-1E T R =6 ) EE(4m): [
O E 4K, "H NMR (400 MHz, CDCl3) ¢6: 7.36 (d, J=8.3
Hz, 2H), 7.27 (t, J=9.1 Hz, 2H), 6.66 (s, 1H), 5.86~5.78
(m, 1H), 5.14~5.09 (m, 2H), 4.94~4.89 (m, 1H), 2.40~
2.35 (m, 2H), 1.62~1.61 (m, 2H), 1.38~1.32 (m, 4H),
0.93~0.91 (m, 3H); °C NMR (100 MHz, CDCly) ¢:
153.2, 136.7, 133.6, 129.0, 128.2, 119.8, 117.7, 74.8, 38.7,
33.4,27.4,22.5,13.9; IR (KBr) v: 3316, 2955, 1697, 1644,
1593, 1532, 1401, 1235, 1058, 1012, 918, 826 cm .
HRMS caled for C;sH,CINO,Na [M+Na]" 304.1075,
found 304.1083. Anal. calcd for CsH,,CINO,: C 63.94, H
7.15,N 4.97; found C 63.77, H 7.32, N 4.73.

N-(4- 5 AR F5) B K TP R [1-(2- PP A R 66 ) v e T 1 i
(4n): A{L[E{A. "H NMR (400 MHz, CDCl3) J: 7.42~
7.25 (m, 6H), 6.98 (t, J=7.5 Hz, 1H), 6.91~6.89 (m, 2H),
6.31 (dd, J=6.8, 4.8 Hz, 1H), 3.87 (s, 3H), 2.82 (dddd, J=
17.1, 9.6, 5.8, 2.6 Hz, 2H), 2.01 (t, J=2.6 Hz, 1H); "*C
NMR (100 MHz, CDCLy) d: 155.9, 152.3, 136.4, 129.2,
129.0, 128.4, 127.2, 126.4, 120.4, 119.7, 110.5, 80.1, 70.4,
69.6, 55.4, 25.1; IR (KBr) v: 3260, 3080, 1706, 1604,
1548, 1492, 1239, 1076, 825, 748 cm '; HRMS caled for
C1sHCINO;Na [M+Na]" 352.0711, found 352.0716.
Anal. caled for CsHcCINO;: C 65.56, H 4.89, N 4.25;
found C 65.34, H 4.99, N 4.23.

N-(4-5AFE ) 2 H TR [ 1-(2- 5 R 55 iRy F I 1B (do):
{4 & 44, "TH NMR (400 MHz, CDCl3) 6: 7.52 (d, J=6.9
Hz, 1H), 7.41~7.26 (m, 7H), 6.90 (s, 1H), 6.31 (dd, J=
6.4, 5.1 Hz, 1H), 2.86 (dddd, J=17.2, 9.3, 5.8, 2.7 Hz,
2H), 2.04 (t, J=2.6 Hz, 1H); C NMR (100 MHz, CDCl5)
9: 152.0, 136.5, 136.1, 132.0, 129.7, 129.4, 129.0, 128.6,
127.3, 127.0, 119.8, 79.0, 71.2, 71.0, 25.0; IR (KBr) v:
3278, 3069, 1703, 1600, 1537, 1496, 1235, 1066, 827, 757
em'; HRMS caled for C,;H;3CLNO,Na [M + Na]*
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356.0216, found 356.0214. Anal. calcd for C;;H3C1,NO,:
C 61.10, H 3.92, N 4.19; found C 61.01, H 3.80, N 4.21.

N-(4- 5 AT 2 FE TP IR [ 1-(4- S AT ) ey e 7 1156 (4p):
F {4 i 44, "TH NMR (400 MHz, CDCl;) d: 7.39~7.29 (m,
8H), 6.82 (s, 1H), 5.89 (t, J=6.4 Hz, 1H), 2.89~2.76 (m,
2H), 2.06 (t, J=2.6 Hz, 1H); *C NMR (100 MHz, CDCl5)
0: 152.1, 137.3, 136.1, 134.4, 129.1, 128.8, 127.9, 119.9,
79.0, 74.0, 71.3, 26.5; IR (KBr) v: 3287, 3071, 1704, 1602,
1541, 1490, 1229, 1078, 822 cm™'; HRMS caled for
CisH;5CLNO,Na [M + Na] ©356.0216, found 356.0212.
Anal. caled for Ci7H;;CLNO,: C 61.10, H 3.92, N 4.19;
found C 61.13, H 3.79, N 4.02.

N-(4- 5 7K 3 ) & 3 R [ 1-(4- H 480 2R 3 ) e b 1A 1T
(4q): AfLE{A. '"H NMR (400 MHz, CDCl3) J: 7.40~
7.27 (m, 6H), 6.94 (d, J=8.6 Hz, 2H), 6.81 (s, 1H), 5.89 (t,
J=6.6 Hz, 1H), 3.85 (s, 3H), 2.84 (qdd, J=16.9, 6.5, 2.5
Hz, 2H), 2.05 (t, J=2.5 Hz, 1H); C NMR (100 MHz,
CDCly) d: 159.7, 152.4, 136.3, 130.9, 129.0, 128.5, 127.9,
119.8, 113.9, 79.6, 74.4, 70.8, 55.3, 26.4; IR (KBr) v:
3348, 3267, 3013, 1703, 1600, 1522, 1222, 1031, 824
cm'; HRMS caled for C;sH;(CINO;Na [M + Na]*
352.0711, found 352.0716. Anal. calcd for C;sH;cCINOs:
C 65.56, H 4.89, N 4.25; found C 65.34, H 4.73, N 4.40.

N-(4-FURBE) 2 F IR (1- R L S ) i (4r): (£
[#4&. "H NMR (400 MHz, CDCls) 8: 7.34~7.15 (m, 9H),
6.71 (s, 1H), 5.82 (t, J=6.5 Hz, 1H), 2.80~2.66 (m, 2H),
1.93 (t, J=2.6 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
152.3, 138.8, 136.3, 129.0, 128.6, 128.5, 126.4, 119.9,
79.4,74.7,70.9, 26.6; IR (KBr) v: 3285, 3072, 1703, 1601,
1541, 1487, 1228, 1077, 820 cm '; HRMS calcd for
CysH4,CINO,Na [M+Na]™ 322.0605, found 322.0610.
Anal. calcd for C;H;sCINO,: C 68.12, H 4.71, N 4.67;
found C 68.34, H 4.89, N 4.39.

N-(4- 0 R ) S TR [1-(1- 28 58 ) /i B T 1 1B (4s):
{44, "TH NMR (400 MHz, CDCl3) d: 8.18 (d, J=8.4
Hz, 1H), 7.91 (dd, J=19.2, 8.0 Hz, 2H), 7.76~7.51 (m,
4H), 7.39~7.28 (m, 4H), 6.90 (s, 1H), 6.75 (t, J=6.3 Hz,
1H), 3.04~3.02 (m, 2H), 2.09 (t, J=2.6 Hz, 1H); "°C
NMR (100 MHz, CDCly) 0: 152.4, 136.2, 134.5, 133.8,
130.2, 129.1, 129.0, 128.6, 126.7, 125.9, 125.2, 124.0,
122.7, 119.8, 79.6, 71.8, 71.1, 26.1; IR (KBr) v: 3291,
3067, 1703, 1601, 1541, 1503, 1231, 1060, 782 cm ';
HRMS caled for C,H;sCINO,Na [M+Na]" 372.0762,
found 372.0766. Anal. calcd for C,;H;(CINO,: C 72.10, H
4.61, N 4.00; found C 72.45, H 4.88, N 3.85.
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3-(4- A ARHE)-3-(4- SR 2 LA 55 ) IN TR & 1 (4¢):
F {4 & 44, 'TH NMR (400 MHz, CDCl5) 6: 7.38~7.26 (m,
8H), 6.78 (s, 1H), 6.17 (dd, J=8.9, 5.3 Hz, 1H), 4.18 (qd,
J=7.1, 1.4 Hz, 2H), 2.92 (ddd, J=21.1, 15.7, 7.1 Hz, 2H),
1.26 (t, J=7.1 Hz, 3H); >C NMR (100 MHz, CDCl;) ¢:
169.4, 152.0, 137.6, 136.1, 134.4, 129.0, 128.9, 128.6,
127.9, 119.8, 72.7, 61.0, 41.4, 14.1; IR (KBr) v: 3319,
3055, 2982, 1728, 1706, 1596, 1536, 1494, 1227, 1042,
822 cmfl; HRMS caled for CigH;7;Cl,NO4Na [M—I-Na]+
404.0427, found 404.0432. Anal. caled for C;gH;7CI,NOy:
C 56.56, H 4.48, N 3.66; found C 56.45, H 4.65, N 3.57.

3-(3- A I )-3-(4-FR T WA ) N IR 4 1 (4u):
4. "TH NMR (400 MHz, CDCl3) 0: 7.48~7.26 (m,
8H), 6.91 (s, 1H), 6.56 (dd, J=9.1, 4.4 Hz, 1H), 426~
4.17 (m, 2H), 2.93 (qd, J=15.8, 6.7 Hz, 2H), 1.28 (t, J=
7.1 Hz, 3H); >C NMR (100 MHz, CDCl;) J: 169.6, 151.8,
137.1, 136.2, 131.9, 129.9, 129.4, 129.0, 128.6, 127.2,
126.8, 119.8, 70.5, 61.0, 40.2, 14.1; IR (KBr) v: 3333,
3067, 2981, 1735, 1707, 1602, 1538, 1493, 1231, 1185,
1092, 1035, 824 cm '; HRMS calcd for C;H;,C1LNO,Na
[M+Na]" 404.0427, found 404.0430. Anal. calcd for
CisH7CLNO,: C 56.56, H 4.48, N 3.66; found C 56.46, H
4.57,N 3.76.

3-(2- F A R i )-3-(4- SR 2 Y IR 40 ) N 1% & T
(4v): AfaE44. "H NMR (400 MHz, CDCly) 6: 7.38~
7.25 (m, 6H), 6.98~6.91 (m, 3H), 6.55 (dd, J=8.9, 4.5
Hz, 1H), 4.24~4.15 (m, 2H), 3.90 (s, 3H), 2.97~2.86 (m,
2H), 1.27 (t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 169.7, 159.8, 152.1, 140.7, 136.3, 129.8, 129.0, 128.5,
119.8, 118.5, 113.7, 112.1, 73.2, 60.9, 55.2, 41.7, 14.1; IR
(KBr) v: 3311, 3066, 2988, 1734, 1702, 1598, 1538, 1493,
1229, 1026, 832 cm '; HRMS caled for C;oH,0CINOsNa
[M+Na]® 400.0922, found 400.0924. Anal. calcd for
C1oHCINOs: C 60.40, H 5.34, N 3.71; found C 60.26, H
5.23,N 3.78.

3-(3- H AL R i )-3-(4- SR 20 T IR 40 ) N 1% & T
(4w): EfARE4E. "H NMR (400 MHz, CDCls) d: 7.36~
7.26 (m, 5H), 7.03~6.97 (m, 2H), 6.89 (dd, J=8.2, 2.1
Hz, 1H), 6.81 (s, 1H), 6.19 (dd, J=9.3, 4.8 Hz, 1H), 4.19
(qd, J=7.1, 2.7 Hz, 2H), 3.84 (s, 3H), 2.93 (ddd, J=20.5,
15.7, 7.1 Hz, 2H), 1.27 (t, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCl;) 6: 169.7, 159.8, 152.1, 140.7, 136.3, 129.8,
129.0, 128.5, 119.8, 118.5, 113.8, 112.1, 73.2, 60.9, 55.2,
41.7, 14.1; IR (KBr) v: 3311, 3061, 2989, 1727, 1700,
1599, 1538, 1494, 1286, 1224, 1041, 825 cm™'; HRMS
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caled for CioH,CINOsNa [M+Na]® 400.0922, found
400.0926. Anal. caled for C;oH,,CINOs: C 60.40, H 5.34,
N 3.71; found C 60.49, H 5.45, N 3.63.

3-(4- FRAE R O )-3-(4- SR 2 T e 4808 ) IN IR & IR
(4x): AL "H NMR (400 MHz, CDCls) 6: 7.36~
7.22 (m, 6H), 6.91~6.88 (m, 2H), 6.15 (dd, J=9.0, 5.3
Hz, 1H), 4.15 (qd, J=7.1, 1.8 Hz, 2H), 3.80 (s, 3H), 2.91
(ddd, J=20.9, 15.6, 7.2 Hz, 2H), 1.23 (t, J=7.1 Hz, 3H);
C NMR (100 MHz, CDCly) d: 169.7, 159.7, 152.1, 136.3,
131.1), 128.9, 128.4, 128.0, 119.7, 114.0, 73.1, 60.8, 55.2,
41.4, 14.1; IR (KBr) v: 3368, 3060, 2982, 1739, 1702,
1596, 1530, 1218, 1161, 1087, 829 cm '; HRMS calcd for
C1oH0CINOsNa [M+Na]® 400.0922, found 400.0926.
Anal. calcd for CoH,,CINOs: C 60.40, H 5.34, N 3.71;
found C 60.65, H 5.43, N 3.62.

3-(4- T AR R )-3-(4- SR 2 It 4605 ) I IR & T (dy):
{44, "TH NMR (400 MHz, CDCLy) 6: 7.32~7.17 (m,
8H), 6.70 (s, 1H), 6.16 (dd, J=9.1, 5.1 Hz, 1H), 4.16 (qd,
J=17.1, 1.8 Hz, 2H), 2.91 (ddd, J=20.7, 15.6, 7.1 Hz, 2H),
2.35 (s, 3H), 1.24 (t, J=7.1 Hz, 3H); °C NMR (100 MHz,
CDCly) 6: 169.7, 152.1, 138.4, 136.3, 136.1, 129.3, 128.9,
128.4, 126.4, 119.7, 73.3, 60.8, 41.5, 21.1, 14.1; IR (KBr)
v: 3309, 3062, 2980, 1739, 1704, 1601, 1539, 1218, 1171,
1093, 820 cm '; HRMS caled for CioH,0CINO,Na [M+
Na]" 384.0973, found 384.0976. Anal. calcd for C,oH,,Cl-
NO4: C 63.07, H 5.57, N 3.87; found C 63.23, H 5.43, N
3.67.

3-IRHE-3-(4- SR F AU ) IN R R (dz): 1R
[#4&. "H NMR (400 MHz, CDCly) 8: 7.43~7.23 (m, 9H),
6.73 (s, 1H), 6.19 (dd, J=9.1, 5.1 Hz, 1H), 4.16 (qd, J=
7.1, 2.3 Hz, 2H), 2.92 (ddd, J=20.7, 15.6, 7.1 Hz, 2H),
1.23 (t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCL) §:
169.7, 152.1, 139.1, 136.2, 129.0, 128.7, 128.5, 126.4,
119.8, 73.3, 60.9, 41.6, 14.1; IR (KBr) v: 3363, 2985,
1732, 1714, 1597, 1533, 1497, 1317, 1218, 1046, 841, 703
em '; HRMS caled for C;sH;sCINOyNa [M + Na]*
370.0817, found 370.0821. Anal. calcd for C;sHgCINOy:
C 62.16, H 5.22, N 4.03; found C 62.38, H 5.28, N 3.85.

%4 Bl # ¥} (Supporting Information) & E =¥ 'H
NMR % PCNMR #%&. xSkl ] LA 2l AT 93l
(http://sioc-journal.cn/) I~ %%
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