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Michael Addition Reaction of Malononitrile and a,B-Unsaturated
Ketones Catalyzed by Amine Functionalized MCM-41

Wang, Changchun Xie, Shaolei Xie, Zhengfeng Hui, Yonghai*
(Key Laboratory of Oil & Gas Fine Chemicals, Ministry of Education & Xinjiang Uyghur Autonomous Region,
College of Chemistry and Chemical Engineering, Xinjiang University, Urumgqi 830046)

Abstract Michael addition reaction of a,f-unsaturated ketones and malononitrile that catalyzed by amine functionalized
MCM-41 in methanol afforded a series of cyano derivatives with high yield (up to 99%). The products were afforded at room
temperature. Moreover, the catalyst was also found to easiness to handle up, friendly environment, and excellent recyclability.

Keywords amine functionalized MCM-41; a,f-unsaturated ketones; malononitrile; catalysis; Michael addition
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& Knoevenagel 455 [ NV, N 3RTS 70%[K1772%; Hu
SN B PE MCM-41 R G itk T4 2 ik e fk;
Mahdavinia 2074 SU R 5 MCM-41 45 4 I £6 12, 1951
[T, ORISR LA BT kMR A
W, AT MCM-41 347 S0k 8 e fie A 700,
T4k Friedel-Crafts 52 W™ & 2% Michael i s it
Knoevenagel 45 22 F1 o, B~ AN R ) PR S8 A 2145 S
RIAREF AR, I, 21X BTN MCM-41
SERYREAT IR, A B T RE AL IR AR S AR A Ak 5,
HHTHA IS o ANUFIETELL 5911 Michael
JNES WY (Scheme 1), HUfF T ARG 45 R (Rik 99%[H1 7=
), B WA I Ay 3T T 4.

1 SR5it1E
1.1 R &FEE
BATE TG LR T AR RN SATR =2 5% m . N

1 AT LA, R IIREAL I MCM-41 77 R B oA ek vk
] MCM-41 [ fEAL SR (Table 1, Entries 1, 2). 4 A /R
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Table 1 Different condition effect on the reaction

n(chalcone) :
Entry n(malono- Catalyst Solvent  Yield/%”
nitrile)
1 1:1.2 MCM-41 CH,Cl, 20
2 1:12 L CH,Cl, 4
3 1:1 L CH,Cl, 17
4 1:15 L CH,Cl, 65
5 1:2 L CH,Cl, 34
6 1:15 L AcOEt 41
7 1215 L THF —
8§ 1:15 L CH;CN 30
9 1:15 L CH,CH; 25
10 1:1.5 L H,0 62
11 1215 L CH;0H 93
12 1715 L EtOH 80
. (CH;),CH-
13 1:1.5 L CH,OH 88
14 1215 L CH;0H 92°¢
15 1:15 L CH;O0H 944
16 1:1.5 L CH;0H 83
17 1:15 L (0.003g) CH;OH 99
18 1:15 L (0.002g) CH;0OH 98
19 1:15 L (0.001g) CH;OH 91

RN A, R LR R 0.1 mmol, M 0.15 mmol, ¥ 0.5 mL,
MEALFIE: 0.004 g, HIRRS 24 h. o= R IAEEN %, © CH;0H (1
mL). “ CH;0H (2 mL).

L0 ISR 10 1.5 B, SOV =3 AT Fi i (Table
1, Entries 2~5). ARG RVEAIEAT T 0k, MR PATLL
B VR D P A AR, T 2K T R Be AT B A
K, e 2 mL FERESY 24 h (75K e mi(Table 1,
Entry 11). IR RD N 0.002 g B =205 F] 98%
(Table 1, Entries 18, 19).
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A IERR R 2 R BRI AR S REm I, =%
A 99%; MR 953 EUR IR A X FE A L A, P
R (>90%); 24 R IR 5 FEHB A BUACEL N, [ v
VRS E L sRiollie
1.3 EUFIBELRFA

BADHEATI I A AT 72552, DRI R
K OTR G A, e N 4 N T, W 1
s, MAGKIZ 5 IS, PR 2 PR, &
TP GRS A FIEEAT T 04SN (B 2), £04ME
i 3600~3400 cm ' JEFl L2 (R IETIEAR S, 2981
em ' kb C—H WEHA BRTY, DRk, FATHERAE IR S A
gy 3-B NI = LSRG, X T RE R TR T
B — N JEIR S Ab, (AR [ i Fr 458 2 A A2 Al
SRR 25 A

100

80

[*2]
o
1 1

Yield/%

40 -

20 4

0 T T T T T T T T T
1 2 3 4 5
The cycle of catalyst

B 1 ZIhAR MCM-41 (AL IEER
Figure 1 Catalytic cycle of amine functionalized MCM-41
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Y.
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Table 2 Reaction of malononitrile with various a,f-unsaturated ketones catalyzed by L

R'" o
0 L
+ NC~CN NC 2
R1/\)LR2 MeOH, r.t. R
1a~1m CN
2a~2m
Entry R! R’ Product Yield®/% Yield/%
1 Ph Ph 2a 98 7622
2 Ph p-CIC¢H, 2b 99 9013
3 Ph p-BrC¢H, 2¢ 68 88>l
4  Ph p-CH;3CeH, 2d 98 95124
5 Ph p-CH;0CgH, 2e 96 601
CH,
6  Ph H5CO SN 2f 99 CAh 78 5T
7 p-FCH, Ph 2g 91 92122
8  p-CICeH,4 Ph 2h 98 833
9  p-BrC¢H, Ph 2i 94 9113
10 p-CH;0C¢H,4 Ph 2j 99 6812
11 p-CH;0C¢H,4 p-CH;0CgH, 2k 79 861!
12 p-CH;0C¢H, p-CIC¢H, 21 79 UM 7R R
13 p-CH;0C¢H,4 p-BrC¢H, 2m 64 69126

¢ NG a f-ANEANEI(0.1 mmol), T

Po! e
VOOQ/\/\NH2 /C\
R' O Ooo H CN
NCNRz )
CN
™

Scheme 3
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X-4 7 oo B GsE A g {; BRUKER
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(015 mmol), fEAL71(0.002 g), FIEE(0.5 mL), SR 24 h. P30 LT 5. ¢ SCHRAL.

Inova-400 B RIILIRIL(CDCL 1R H), TMS 7E M FR);
ZF-2 7 = H R AMX.

MEEB(TLC): FEIR GF254(F5 Bl vEAL T A7),
0.6% 1) 32 1 HL 4T 4 254 (CMO) Fli i, N2 ih 4k B Af
T, BN ENT R (300~400 H), WiikdEss, BIT
7. TR LHR) © V(AR =1:30,1:20,1:10,1:
Sy AHERY S 60~90 CHESF 3 HTaiik Al BRI
I PR 0 K5 R A HE A, e T R R34 Ok T 4 A
all, FHARZALHE.

32 XWAHE
3.2.1  BAHaG R

oL B- AT R 4K A5 4 2 B8 SCHR[27) 65 k.
322 BARFH] 696,

MCM-41 [FetE: 2 BOCHR[28] 4 R, PRI & 4F
] MCM-41 (1.00 g)InAZE] 100 mL =%, fiir=s,
N, 57 R I TG /K L8550 mL), #H8iEE R 3-&
- = 2R (6 mL), 78 CIHI 12 h, W HIE it
JE, BRI AR A, F SRR S e 5k
8 5 3 2 = Dh Re AL A 7).

3.2.3  fEALF) 89 RAE

L1, L 1 L2 fE£0AM% B 3576 1071 1802 cm ' H

BT MCM-41 4 Si—O—Si BN MH4EiRahE, 962

http://sioc-journal.cn/ 2393
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em ' BT HIXTELES I Si—OH HEEhIE. xfH L 5 L1,
7 3400~3600 cm ' kbR A BALk, [AIHF 2981 cm !
UL B 3-E A = LRI RE I A I CH,
() C—H BERUE. S48, [ E0T 5 2R AT T
Kl 3), WA LUE HH, MCM-41 [ ELR R 1057
meg !, UG LR TR Bk, L. LA K
AN, X R 3G N AL = 2 T b Ak T 4 B
MCM-41 fLiEN.

L2

-

4000 35IOO I 3OIOO I 25I00 I 20IOO I 15‘00 ‘ 10!00 '
Wavenumber/cm”

B2 MCM-41 (L1). ZIIfEft MCM-41 (L)AL K

FINHE MCM-41 (L2)I L4 it el

Figure 2 IR patterns of MCM-41 (L1), amine functionalized

MCM-41 (L) and recyclable amine functionalized MCM-41 (L2)

#3 MCM-41 M Dfgt MCM-41 KR HIE 5T
Table 3 Surface properties of MCM-41 and amine functional-
ized MCM-41

BET surface Pore diameter/ Pore volume/
Entry Sample code

earea/(m’sg ') nm (cm’sg ™!
1 MCM-41 1057 3.32 0.73
Amine
2 functionalized 471 2.82 0.52
MCM-41

3.2.4  HARGAEM 9L R

DLIRAY FHRE IR 0 55 9 I 49, A7) & 50
FEHK T 0.1 mmol, N —Ji5 0.15 mmol, 0.002 g f#E4L71] L
F RN H, BN 0.5 mL CHOH VR, T, #ih
P4 24 h, TLC BRER, RMNEW G, TeZ8mas, itz
AL LR) - VR mEE)=1 : 30~1 : 5]1132| H b
=), R RV E =) —FE.

2-(3-PFE-1,3- KN E) N i 2a): (I, 7=
% 99%. m.p. 127~130 C; 'H NMR (CDCls;, 400 MHz)
5: 7.98 (dd, J=8.4, 1.2 Hz, 2H), 7.65~7.60 (m, 1H),
7.52~7.39 (m, 7H), 4.65 (d, J=5.2 Hz, 1H), 3.98~3.93
(m, 1H), 3.75~3.61 (m, 2H); IR (KBr) v: 3030, 2901,
2256, 1681, 1451, 1312, 1235, 750, 700 cm .

2-(3-(4- R H)-3- P - 1 - RN ) N ZJi5(2b): AR

2394 http://sioc-journal.cn/
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WA, 773 99%. m.p. 125~130 ‘C; 'H NMR (CDCl;,
400 MHz) 6: 7.92 (dd, J=6.8, 1.6 Hz, 2H), 7.48~7.41 (m,
7H), 4.61 (d, J=4.8 Hz, 1H), 3.97~3.93 (m, 1H), 3.71~
3.58 (m, 2H); IR (KBr) v: 3035, 2910, 2259, 1682, 1588,
1454, 1322, 1212, 817, 750 cm ™.

2-[3-(4- PR I)-3-FHE-1- 2K N LN i (2¢): (IR
WA, 774 68%. m.p. 145~147 ‘C; 1H NMR (CDCls,
400 MHz) 6: 7.95 (dd, J=7.0, 1.8 Hz, 2H), 7.66~7.63 (m,
2H), 7.45~7.40 (m, 4H), 4.62 (d, J=5.2 Hz, 1H), 3.97~
3.93 (m, 1H), 3.70~3.59 (m, 2H); IR (KBr) v: 3065, 2903,
2257, 1676, 1582, 1407, 1258, 1213, 837, 752 cm .

2-[3- P H- 1- R HE-3-(4-%) AR - I 618 I (24):
WA, 775 98%. 'H NMR (CDCl;, 400 MHz) o:
7.88~7.85 (m, 2H), 7.48~7.33 (m, 5H), 7.28 (d, J=8.0
Hz, 2H), 5.10 (d, J=6.4 Hz, 1H), 4.04~3.99 (m, 1H),
3.77~3.58 (m, 2H), 2.42 (s, 3H); IR (KBr) v: 2910, 2256,
1672, 1605, 1454, 1376, 1268, 1025, 825, 763 cm .

2-[3-(4- AL IR0 )-3- B - 1- 2R I 2R TN i (2e):
{0 A, 77 96%. mp. 128 ~131 C; 'H NMR
(CDCls, 400 MHz) 6: 7.97~7.93 (m, 2H), 7.47~7.26 (m,
5H), 6.97~6.93 (m, 2H), 4.69 (d, J=4.8 Hz, 1H), 3.96~
3.91 (m, 1H), 3.88 (s, 3H), 3.69~3.54 (m, 2H); IR (KBr)
v: 3023, 2906, 2260, 1672, 1598, 1455, 1376, 1264, 1028,
855,764 cm .

2-[3-(3-(3- AR JE PR I )-5- S S 4556 ) - 3- ik I -
LRI G2 AR, 7% 99%. mp. 103~
105 ‘C; '"H NMR (CDCl;, 400 MHz) §: 7.39~7.32 (m,
5H), 7.13~7.01 (m, 4H), 4.36 (d, J=8.4 Hz, 1H), 3.86 (s,
3H), 3.76~3.71 (m, 1H), 3.08~2.89 (m, 2H), 2.64 (s,
3H); IR (KBr) v: 3039, 2915, 2258, 1677, 1496, 1356,
1252, 950, 832, 758, 700 cm™'; MS (60 V) m/z (%): 385
(M", 30), 384 (M"—1, 100).

2-[1-(4-Fi R I )-3- ] BE-3- K N R i (2g): I8
B4R, 7% 91%, m.p. 106~109 ‘C; '"H NMR (CDCl;,
400 MHz) 6: 7.99~7.96 (m, 2H), 7.64~7.59 (m, 1H),
7.52~7.48 (m, 4H), 7.14~7.09 (m, 2H), 5.12 (d, J=6.4
Hz, 1H), 4.09~4.04 (m, 1H), 3.80~3.63 (m, 2H); IR
(KBr) v: 2935, 2257, 1674, 1497, 1345, 1213, 830, 756
-1

2-[1-(4-FRH)-3- B L -3- KN LT i (2h): I
4K, % 98%. m.p. 131~134 C; 'H NMR (CDCls,
400 MHz) 6: 7.97 (dd, J=8.8, 0.8 Hz, 2H), 7.64~7.37 (m,
7H), 4.96 (d, J=6.0 Hz, 1H), 4.04~3.99 (m, 1H), 3.75~
3.62 (m, 2H); IR (KBr) v: 2930, 2255, 1672, 1593, 1490,
1347, 1015, 828, 763 cm .

cm
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2-[1-(4-TR A HE)-3- AL -3- 2K N T i 2i): A
B4R, 773 94%. m.p. 127~129 ‘C; 'H NMR (CDCls,
400 MHz) 6: 7.96 (dd, J=8.8, 1.2 Hz, 2H), 7.65~7.48 (m,
5H), 7.35~7.32 (m, 2H), 4.62 (d, J=5.2 Hz, 1H), 4.12~
3.91 (m, 1H), 3.71~3.58 (m, 2H); IR (KBr) v: 2819, 2256,
1670, 1453, 1375, 1212, 826, 756 cm .

2-[1-(4- F A8 3 DR 366 )-3- R I -3- R TR L 1T 11 (29):
WK, P72 99%. 'H NMR (CDCl;, 400 MHz) 6
7.98~7.95 (m, 2H), 7.64~7.25 (m, 5H), 6.96~6.92 (m,
2H), 4.60 (d, J=5.2 Hz, 1H), 3.94~3.89 (m, 1H), 3.81 (s,
3H), 3.66~3.57 (m, 2H); IR (KBr) v: 3063, 2912, 2253,
1677, 1514, 1447, 1369, 1252, 837, 766 cm .

2-[1,3- 22 (4- AR 3 2R R )-3- 3 2R JE TN I (2K):
AR, 77Z 79%. 'TH NMR (CDCly, 400 MHz) J: 7.95
(dd, J=7.2, 2.4 Hz, 2H), 7.38~7.36 (m, 2H), 6.96~6.93
(m, 4H), 4.65 (d, J=4.8 Hz, 1H), 3.92~3.90 (m, 1H), 3.88
(s, 3H), 3.82 (s, 3H), 3.66~3.51 (m, 2H); IR (KBr) v:
2911, 2255, 1672, 1601, 1462, 1367, 1259, 1030, 834, 806

-1

2-[3-(4-F R HE)-1-(4- A LRI )-3- AL N BE N
i 2N): FAOWAE, 2% 79%. '"H NMR (CDCl;, 400
MHz) J: 7.93~7.91 (m, 2H), 7.48~7.45 (m, 2H), 7.38~
7.36 (m, 2H), 6.91~6.90 (m, 2H), 4.87 (d, J=6.0 Hz, 1H),
3.98~3.93 (m, 1H), 3.80 (s, 3H), 3.71~3.57 (m, 2H); IR
(KBr) v: 2963, 2256, 1689, 1586, 1462, 1378, 1074, 828
em '3 MS (60 eV) m/z (%): 339 (M™+1, 38), 338 (M",
26),337 (M' —1, 100).

2-[3-(4-TR I )-1-(4- H A R L) -3- B FE N JE A —
ii(2m): FOWAR, 7% 64%. '"H NMR (CDCls, 400
MHz) J: 7.83~7.81 (m, 2H), 7.65~7.63 (m, 2H), 7.37~
7.32 (m, 2H), 6.95~6.91 (m, 2H), 4.57 (d, J=4.8 Hz, 2H),
3.93~3.88 (m, 1H), 3.80 (s, 3H), 3.67~3.54 (m, 2H); IR
(KBr) v: 2913, 2255, 1684, 1584, 1442, 1367, 1255, 1031,
827 cm L.

cm
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