% 4”) {t« % DOI: 10.6023/cjoc201401011 Rk

Chinese Journal of Organic Chemistry

NOTE

ZSM-5 LR B & R IEIREL &4

kT H =

TRk F R

(EABITE R A SRR A2 e HEDE 235000)

WE  DORBIFR ZSM-5 73 1 ii AT, AL B-— BRI S SRR Y, S - ISR 1. %7530

SR hf AR ORGSR .
REEE AL, ML ZSM-5 7310

Green Synthesis of Enaminones Catalyzed by ZSM-5

Wei, Zhenzhong Xiao, Lan Wang, Yongqiu Li, Pinhua™*
(School of Chemistry and Materials Science, Huaibei Normal University, Huaibei 235000)

Abstract It was found that ZSM-5 as a green catalyst could efficiently catalyze the reaction of various primary amines with
a,f-dicarboxyl compounds to afford f-enaminones in good yields at room temperature. The method provides a novel, simple
and convenient route to substitute f-enaminones from primary amines and a,f-dicarboxyl compounds. The catalyst could also

be recovered easily.
Keywords catalysis; f-enaminones; ZSM-5 zeolite

B9 B 2 A KM AR TRt i O 2 A A
PEATZA BEE PR B B e AR, i RE YIS R
B NATTFGT A 5 8 podds Bl (04 G2 5 RO 10 A
RS R PR N 13- L A WAL N, R
I AR TR K 8 R AR i R AR TR AEAE SN R
FERAR S V5 YIRS AR BRI A S . DRI, AT
K85 T FR) 5 1 7 4 R e B MR A AR AT T T V2 RN )
WF9Y, CIRE BT CuCl®), CeCly»7H,0M,
NaAuCL!"", Zn(Cl10,),*6H,0!"*" AcOH!"!, InBr;!"Y, BF;e
OEL!™,  Bi(TFA)'Y  ALOJ!',  NaHSO4Si0,!"*,
Yb(OTH);!", HiPW,04(PW)?, VO(acac),?", silica
chloride™™, HC10,+Si0,"**!, Fe(HSO,);+Si0,**!, Cu-nanop-
articles'®, Silver nanoparticles®®. & 5k EARIE A 1
e BTV 7 e P2 v A % B AR POV 4 O i B B
XSO TR IAT T B 2 . (NSO ik R Y
AEAE—2BHl S, W N RGPk, R N 4% A7 41,
AL RS IR B 5, A RS 1) AN R B, PRI,
TR BEMT AR, N TGS 1,3- 8k
WA G Y, HAEZRIR AR X, A
B ZSM-5 4311 N A 1 S A4S 31 T B A AR
IS
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ZSM-5 1B —FhG#E BRI AR 2 N I A
B R NP2 ZSM-5 43 F T plh A A2 H AT dsc L Tl
N FH IS AR R, 2 — b B AT Bl 1) = YESLIE 51
ey L 3 T RRURIT R 1R B TR P 1 A TR e Ak D, (] I
ZSM-5 731t BAT A IRV AFREME . KRR
EVE. JFH ZSM-5 73 T AL . B T, SREa IR
R, AR e A, fooe . BAERIE. & Rk
Eq. 1 FioR.
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7
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ZSM-5 M
R1)J\/IJ\R2 + R*—NH, R g2 (1)

C2H50H, r.t.
1 2 3

1 HR5WE

B9 B S AT E N B O IEATIR 2, HaEK
823 JR BRAE L AR, BRATTIE A RS A 8, 5 el 1
ZSM-5 5y AR AT, A T ARSI IR, LUK
IR RGN A S A BIERST T ZSM-5 731 i
EUAT 25 P P Xk B N2 R 50, ZSM-5 73 ik i Lt
BORMR IR, AFEEILLK ZSM-5 LG p-1 %
A (45 Rk 1.
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Table 1 Effect of Si/Al ratio on yield

F5  n(Si)n(Al) n(J1)/n( 2 Bk I i) FEE%
1 25 1:1 80
2 38 1:1 87
3 50 1:1 94
4 80 1:1 95
5 80 1.05: 1 95
6 80 1:1.05 96
7 80 1:1.1 97
8 80 1:1.15 97
9 100 1:1 95

Mk 415 7 WASREIR A BE (1A 3).

&3 AR IO
Table 3 Results of catalyst recycle applied

TERRE 0 1 2 3 4 5

I % 98 97.5 97.5 96.5 97 96.5

“2 mmol X H KN, 2 mmol ZWEAHN, 0.2 g ZSM-5, 10 mL JE/K L, =
HBEFE 10 b

HH R 1] AR IR A 1k B0 B 1 189 0 e W Mg 2 3 T
i, AHE IR BIERR LE 50 LS X MR AN K, H )
JLRR LR AN X B MRS REOR, AHE IR PR N 1] — &
PP BIANAE 7 S 2 P 3 58 0 R 3%

70 SR AE A b RS L 80 (1) ZSM-5 23T 4k 2L LA
X IR AR NI 5¢ T ZSM-5 7310 T 0 i
PSRN S RN 2.

F2 AT HER R 5 ¢
Table 2 Effect of catalyst dosage on yield

hias AT H & /equiv. FER %
1 0.05 92
2 0.10 94
3 0.15 98
4 0.20 97
5 0.25 96
6 0.30 91

“2 mmol XJ KM, 2.2 mmol LWL, 0.15 g fik45 L 80 ZSM-5, 10 mL Jg
KO, WP 10 h

FH 2 i LUE LRI SR i 20 0.15 g LA B 5]
AE EH T A 00 12 1R 388 -5 O O B A AR R 1T
R, FRATE A TIPS 015 g TEARALIIR Y
ZAMEF, X 0.15 g fEERLL 80 1K) ZSM-5 {4k FIHEA T T 0]
WE SR L 3, B/ 5 R WAL T 5 R R,
FEXT (RIS f A7) 5 fre AL R SR AT L, LIS 2.
TEXFLE R IR, R T R A R N S R B A P AT A1
A FRVRIORE S T4 7N, ok AR AT 5 0k B ek 59, (FUE M
H R AR AT A B LT 2 58 4 — 301, Xyl A I7E
SANANEIERT B R TR

N PR AE R N AT AT PR, BRATTR K3 AT 0
J&, FERE ST IION 10 £ 55503 4). S 34,
3e, 3g, 3j, 3k, 30 N AR WIRELAY). WL 'HNMR w1 LA
T A8 Bb 23 Y 2T DA I RD 2 G TR I 5 i AR R
o, N—H W32 5+ N A B s et IR,
PR 1,3-FF LR 5,5- — F - 1,3-FF O il 5 % %
AR N—H W e mdg, nlREe TN
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“2 mmol XJ HIZK, 2.2 mmol ZWEAHA, 0.15 g fil45 1L 80 ZSM-5, 10 mL &
KW, =il i 10 h.

—— original sample
—— sample after reaction

Relative intensity

10 20 30 40 50 60 70 80
26/(°)

Bl 2 ZSM-5 11 PXRD ¥
Figure 2 PXRD patterns of ZSM-5

R2
]
O,_H\N/R2 o) NH
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Scheme 1

2 it

R UARIE ZSM-5 7 Pt 1,3- 8%
FAA G0 A R B-I R, TR RONART A B
VEJT i, SR AR B8 . N PR SRR B
AL BN 2013 HRERISCE . by B-Ia el 24k &4 1
B RHREN T — M RS A T
3 A4S
3.1 {UE5KFH

WPS-1 BHCF I A R TH AR AR IE); Bruker 4
JLHRA(TMS A N ¥%, 400 Hz); BRUKER D8 ADVANCE
B X AT @ B R A 40 kV, 40 mA,
2=0.15418 nm, FIHiEF 20=5°~80°). PE-2400 %!JG
= HAZN A BRI AR 24, ZSM-5 4> Fiii4h
5 B IR AT (120 H).

3.2 ZWHE
3.2.1 [-YEREmR 3 SR T R

7E 25 mL R MIEH A H 2R %2 mmol, 214
mg). ZBEAER(2.2 mmol, 220 mg). 0.15 g fiEEH L 80 1)
ZSM-5 4> T, Jo/K 20 10 mL, 353 FHidk, TLC W
JRVHERE, 10 h JEJEURHR N 584, A5k RN, A,
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Table 4 Catalytic synthesis of f-enaminones with ZSM-5

Compd. R! R R’ Time/h Yield/% m.p./C
Actual Reference

3a CH; CH; p-CH;3CeH, 10 98 66~67 65~67"
3b CH; CH; p-CIC¢H, 12 92 60~61 58~60!
3¢ CH; CH; CHs 12 90 48~49 48~490
3d CH; CH, 0-HOC-H, 7 96 193~194
3e CH; CH, CH;CH,CH, 6 94
3f CeHs CH; p-CH3CeHy 8 97 90~91 90~9214
3g CeHs CH, m-HOC¢H, 5 98 156~157
3h CH,CH,CH, CHs 12 91 178~180 179~180"
3i CH,CH,CH, p-CIC¢H, 13 92 191~192 191~1924
3j CH,CH,CH, 0-CH;0CgH, 9 9 127~128
3k CH,CH,CH, m-HOC¢H, 8 98 180~181
3l CH,C(CH;),CH, p-CH3CeHy 11 97 198~199 199~201124
3m CH,C(CH;),CH, p-CIC¢H, 14 94 208~209 208~209 24
3n CH,C(CH;),CH, CeHs 13 92 184~185 184~18514
30 CH,C(CH,),CH, m-HOC¢H, 7 97 240~241

@K SES: 3a, Time: 11.5 h, Yield: 98.5%; 3f, Time: 8.5 h, Yield: 97%; 3j, Time: 9 h, Yield: 97.5%; 31, Time: 11.5 h, Yield: 97%.

WG RS A g DU A ), DR SRR AT, &
VB, R DB VR A 45 J5 S A SE AT 23 B [V Cf )
LR LER)=5 1], fHEREI &) 3a.

43 R 3 -3- [ -2 (3a): "H NMR (400 MHz,
CDCl3) 6: 12.40 (s, 1H), 7.05~7.23 (m, 4H), 5.17 (s, 1H),
2.34 (s, 3H), 2.08 (s, 3H), 1.96 (s, 3H); >C NMR (100
MHz, CDCls) 6: 195.75, 160.50, 135.99, 129.53, 124.74,
97.08, 28.96, 20.75, 19.59.

435 SR HE-3- I H5-2-(3b): 'TH NMR (400 MHz,
CDCl3) 6: 12.42 (s, 1H), 7.32~7.16 (m, 4H), 5.20 (s, 1H),
2.09 (s, 3H), 1.97 (s, 3H); *C NMR (100 MHz, CDCl;) ¢
189.11, 159.55, 137.27, 130.85, 129.09, 125.73, 98.00,
79.89,29.11, 19.65.

4- F 3 -3- 1 45 -2- W 3¢): 'H NMR (400 MHz,
CDCl3) 6: 12.49 (s, 1H), 7.45~7.03 (m, 5H), 5.20 (s, 1H),
2.08 (s, 3H), 2.00 (s, 3H); *C NMR (100 MHz, CDCl5) ¢:
196.05, 160.13, 138.63, 128.98, 125.45, 124.66, 97.49,
29.08, 19.74.

A-[) FE LIP3 -2 T(3d): Bt 4 ']
NMR (400 MHz, DMSO-dg) 6: 12.12 (s, 1H), 9.86 (s, 1H),
7.23~6.66 (m, 4H), 5.13 (s, 1H), 1.95 (s, 6H); '*C NMR
(100 MHz, DMSO-dg) d: 194.57, 160.36, 150.75, 126.50,
119.41, 97.51, 40.13, 39.84, 29.20, 19.80. Anal. calcd for
C H;3NO,: C 69.09, H 6.85, N 7.32; found C 69.02, H
6.80, N 7.35.

4-1F A L -3- [ 075 -2- T (3e): B (44, "H NMR
(400 MHz, CDCly) 6: 10.78 (s, 1H), 5.07~4.70 (m, 1H),
3.25~2.93 (m, 2H), 2.01~1.80 (m, 6H), 1.40~1.60 (m,
2H), 1.01~0.77 (m, 3H); *C NMR (101 MHz, CDCl;) §:
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194.30, 163.02, 94.80, 23.17, 11.15. Anal. calcd for CgHs-
NO: C 68.04, H 10.71, N 9.92; found C 68.02, H 10.70, N
9.96.

4N} F O g 3 -4- 2R FE 3= T 05 -2- 1 (30): 'H NMR
(400 MHz, CDCl5) 0: 13.04 (s, 1H), 7.87~7.41 (m, 5H),
7.21~7.05 (m, 4H), 5.89 (s, 1H), 2.37 (s, 3H), 2.13 (s,
3H); “C NMR (100 MHz, CDCl;) J: 188.38, 162.45,
140.03, 129.62, 93.78, 20.81, 20.22.

A-[A] PR FE R - 4- 2RI -3- T 45 -2- T (3g): ¥4k 7 (6 [t
4; "H NMR (400 MHz, CDCl;) : 13.00 (s, 1H), 8.76 (s,
1H), 7.90~7.32 (m, 5H), 7.32~6.60 (m, 4H), 5.89 (s,
1H), 2.16 (s, 3H); *C NMR (100 MHz, CDCl;) J: 188.95,
131.03, 116.54, 111.78, 94.36, 20.31. Anal. calcd for
CHsNO,: C 75.87, H 5.97, N 5.53; found C 75.82, H
5.98, N 5.52.

3- K HE IR 2 -2- 4% i (3h): 'H NMR (400 MHz,
CDCly) 6: 7.38~7.15 (m, 5H), 6.93 (s, 1H), 5.56 (s, 1H),
2.51 (t, J=6.1 Hz, 2H), 2.34 (t, J=6.4 Hz, 2H), 2.06~
1.96 (m, 2H); *C NMR (100 MHz, CDCl;) §: 198.22,
162.34, 138.05, 129.19, 125.39, 99.55, 36.39, 29.59, 21.74.

3K ER IR CL-2-4 8 (31): 'H NMR (400 MHz,
CDCly) 6: 7.36~7.07 (m, 4H), 5.48 (s, 1H), 2.50 (t, J=6.0
Hz, 2H), 2.33 (t, J=6.4 Hz, 2H), 1.95~2.05 (m, 2H); °C
NMR (100 MHz, CDCly) J: 19828, 162.24, 136.68,
129.29, 99.72, 36.38, 29.48, 21.68.

340 FHAR L IR I L IR CL-2- 05 I (3j): Bt 44 'H
NMR (400 MHz, CDCl;) d: 7.38~6.80 (m, 4H), 6.39 (s,
1H), 5.70 (s, 1H), 3.83 (s, 3H), 2.52 (t, J=6.0 Hz, 2H),
2.35 (t, J=6.3 Hz, 2H), 1.96~2.06 (m, 2H); “C NMR

http://sioc-journal.cn/ 987
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(100 MHz, CDCl;) d: 198.25, 160.92, 127.32, 110.91,
100.25, 55.51, 36.39, 30.01, 21.74. Anal. calcd for
Ci3HsNO,: C 71.87, H 6.96, N 6.45; found C 71.84, H
6.98, N 6.42.

3- 7] 0 5 O i R IR O -2- 4 I (3k): B (A A 'H
NMR (400 MHz, Acetone-dy) o: 7.15 (t, J=8.0 Hz, 1H),
6.76 (s, 1H), 6.64 (m, 2H), 5.60 (s, 1H), 2.57 (t, J=6.1 Hz,
2H), 2.25 (t, J=6.4 Hz, 2H), 2.03~1.89 (m, 2H); "C
NMR (100 MHz, Acetone-dg) o: 202.30, 167.37, 163.31,
145.32, 134.97, 118.91, 103.88, 41.36, 26.86, 4.25. Anal.
calcd for C,H;3NO,: C 7092, H 6.45, N 6.89; found C
70.94, H 6.48, N 6.84.

3%} F ORI 55,5 IR C-2-0 R (31): '"H NMR
(400 MHz, CDCl3) 6: 7.19~7.08 (m, 4H), 6.50 (s, 1H),
5.51 (s, 1H), 2.33 (s, 5H), 2.19 (s, 2H), 1.09 (s, 6H); "*C
NMR (100MHz, CDCly) &: 197.60, 160.70, 135.44,
129.73, 98.21, 50.25, 43.39, 32.70, 28.20, 20.79.

350 G0 i K -5,5- L F IR 2L -2- 04 i 3m): 'H
NMR (400 MHz, CDCL3) §: 7.37~7.04 (m, 4H), 6.44 (s,
1H), 5.52 (s, 1H), 2.34 (s, 2H), 2.22 (s, 2H), 1.11 (s, 6H);
C NMR (100 MHz, CDCly) d: 198.01, 136.69, 129.35,
124.94, 98.96, 50.24, 43.43, 32.72, 28.19.

3- K i %5-5,5- - H L IR L -2- 45 i (3n): 'H NMR
(400 MHz, CDCly) 6: 7.38~7.04 (m, 5H), 6.90 (s, 1H),
5.57 (s, 1H), 2.35 (s, 2H), 2.20 (s, 2H), 1.08 (s, 6H); "*C
NMR (100 MHz, CDCly) &: 197.87, 138.17, 129.18,
125.34, 98.29, 50.25, 43.37, 32.70, 28.19.

3-R R R L He-5,5- — L IR O -2-Ji 1 (30): B
i fA; "H NMR (400 MHz, DMSO-dg) d: 9.54 (s, 1H), 8.69
(s, 1H), 7.27~6.77 (m, 4H), 5.37 (s, 1H), 2.35 (s, 2H),
2.04 (s, 2H), 1.00 (s, 6H); *C NMR (100 MHz, DMSO-d;)
5: 195.81, 160.22, 158.30, 140.62, 130.20, 113.72, 97.41,
42.47, 32.58, 28.29. Anal. calcd for C4;H;NO,: C 72.70,
H 7.41, N 6.06; found C 72.68, H 7.44, N 6.04.
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