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Abstract

In this paper, mesoporous siliceous material MCM-41 supported H;PW1,040 (PW) could act as an
efficient catalyst for the aza-Michael addition reaction of chalcone with benzotriazole. As can be
seen from a serial of reaction conditions, the ratio of PW and MCM-41 plays a critical role in the
reaction, and the best catalyzed result was achieved when using 50 wt% PW/MCM-41, and the
yield was up to 98%. All the products were confirmed by NMR techniques. Moreover, the catalyst
was also found to exhibit better recyclability.
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1. 3]

ERIINED AT 2 R T AENLE R BEZRED AR, S M &2 2
Vi LR EER B, i, ORI AL Carta I FU2H & Bl 3-75 38-2-(1H-28 9 = Me-1- ) G IS L &4
HAGEENGR . TU A PURB AT A2 EAE L] [2]: 65 o ik 7o (55 0 B OR AL R A I = e
BB A Y5 SARS 5 5545 R 58 (30 1 35 R (3] B A FOMBUE i C-N B EE k2 —, Hof,
IR A5 P24k S W0 S0 o 2B i C- N B AR U (9 B o B85 SCHR#RIE , A N-O-Sc [4]+ Salen-Al [5].
WRIEIBRAR 6] XU FERNR[7] TR RR [8] AN K 4 & [9] 55 2 ke A 771 BB AR 1 i Ak %I v Ik, {H
FHRERGE, RTE5 AN RAATIKA R ATIERE H iR,

B A SRR IR BRI T A R IR s, SRR O &SRS RR EER, I, [k
RUREAGT OO A ML 22— AN TSRS AR B2 A7 BRI o — R AL 70 MCM-41 [ 38 4 1k
FUEAA WS, BUAR T B0 A 45 5 [10] [11] [12] [13]. 7EIX HL, FRATWHFE T MCM-A1 [E 4 ik 55 e AL
A, EACEREE S 2R = E M R A 2 IR B, FERBR A e g, e AT IA 98% (I 1).

2. SCUGER4y
2.1, AHISYEE

Varian inova-400 R REILIRAC(TMS AR, CDCly NIEF], HA A ppm): RV10 HYjigsh 2 KA,
X-4 H 5 o B U S 2 A, BRUKER EQUINXS5 LT AR A (KB [5 )il 5E ; ZF-2 79 = BSR4
FEEHT I RERE (200-300 H, FSEEFEAL ) BT BRI AT Boiral, FR AL,

N
N \
O _ \
. N 50 Wi% PW/MCM-41 ‘@EN'N .
RlJ\/\RZ N’ THF1.0mL;rt:12h
H re A g

la-m 2 3a-m

][l

Scheme 1. The aza-Michael addition reaction
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2.2. BRRHEY 3a-3m &GRS

H s &R A (A 1a A BB : #25 KRB (0.1 mmol, 0.0208 g). #K 3 = %((0.11 mmol, 0.0131
) MCM-41 [l #8459 1% (0.005 g)¥& T THF (1.0 mL)H, SiEHHE 12 h, TLC KM N . RN 5EEE,
HENT (LR LB Bt = 15 Peif) 0 s 4t Hhs= . B b EMEIREW T

3a [4]: 3-3E-3-(1H-ZE H[1,2,3] =& ME-1-35)-2- K N, T iRy, 73R 85%, 'H NMR (400 MHz,
CDCly): 5 3.88 (dd, J = 12.8, 5.2 Hz, 1H), 4.90 (dd, J = 18.4, 5.2 Hz, 1H), 6.57 (dd, J = 8.8, 4.8 Hz, 1H),
7.32-7.60 (m, 11H), 7.98-8.04 (m, 3H).

3b [4]: 3-(1H-ZEJF[1,2,3] = & Me-1-3)-3- 4 3 -1-(4- 52K 35) A e -1-B , 3% (PR A, 92%, 'H NMR (400
MHz, CDCl): & 3.79 (dd, J = 5.2, 4.8 Hz, 1H), 4.81 (dd, J = 9.2, 8.8 Hz, 1H), 6.55 (d, J = 4.8 Hz, 1H),
7.30-7.51 (m, 10H), 7.93-8.04 (m, 3H).

3c: 3-(LH-#FF[1,2,3] = ZME-1-95)-3- 28 3E-1-(4- IR A 3E) I e-1-F, #& iRy, 85%, "H NMR (400
MHz, CDCly): 6 3.78 (dd, J = 8.0, 4.0 Hz, 1H), 4.08 (dd, J = 8.0, 8.0 Hz, 1H), 4.80 (dd, J = 8.0, 12.0 Hz, 1H),
6.52 (dd, J = 4.0, 8.0 Hz, 1H), 7.26-7.61 (m, 9H), 7.84-8.03 (m, 3H); *C NMR (400 MHz, CDCl,) &: 44.34,
58.32, 109.85, 119.83, 124.09, 126.64, 127.39, 128.55, 128.87, 129.09, 129.70, 131.99, 134.88, 138.81, 144,57,
146.11, 157.84, 194.95.

3d: 3-(1H-# I [1,2,3] = ZME-1-3)-3- K K- 1-(4- F LR B P e -1-F, 35 E3HPIRY, 92%, "H NMR (400
MHz, CDCl,): & 2.38 (s, 3H), 3.85 (dd, J = 4.0, 4.0 Hz, 1H), 4.79 (dd, J = 8.0, 8.0 Hz, 1H), 6.57 (dd, J = 4.0, 4.0
Hz, 1H), 7.22-7.54 (m, 10H), 7.88-8.03 (m, 3H) ; *C NMR (400 MHz, CDCl;) §: 21.54, 44.15, 58.25, 109.83,
119.67, 123.90, 126.64, 127.19, 128.21, 128.31, 128.90, 129.23, 133.61, 139.02, 144.38, 145.99, 195.32.

3e [4]: 3-(1H-ZEJF[1,2,3] =& Me-1-3E)-3-F H-1-(4- FF R FE 2R 30 R be-1-F, SR, 84%, 'H NMR
(400 MHz, CDCly): & 3.81 (dd, 5.2, 2.4 Hz, 1H), 3.87 (s, 3H), 4.76 (dd, J = 8.8, 8.8 Hz, 1H), 6.56 (dd, J = 4.8,
4.8 Hz, 1H), 6.91-6.93 (m, 2H), 7.26-7.54 (m, 8H), 7.96-8.03 (m, 3H).

3f [4]: 3-(AH-ZEH[1,2,3] = ME-1-38)-3- 8 3 -1- (WK IR -2-38) (R e - 1- B, B iR, 73%, 'H NMR
(400 MHz, CDCls): 6 3.76 (dd, J = 5.2, 5.2 Hz, 1H), 4.66 (dd, J = 9.2, 9.2 Hz, 1H), 6.53-6.55 (m. 2H), 7.27-7.40
(m, 5H), 7.41-7.42 (m, 3H), 7.49-7.52 (m, 1H), 7.59-7.60 (m, 1H), 8.02-8.04 (m, 1H).

39 [4]: 3-(1H-25I[1,2,3] = ZUM:-1-56)-3-(4- A JE)- 1- 2 BE TR g1 35 €4 IR, 96%, "H NMR (400
MHz, CDCly): & 3.90 (dd, J = 4.0, 4.0 Hz, 1H), 4.76 (dd, J = 8.0, 8.0 Hz, 1H), 6.54 (dd, J = 8.0, 8.0 Hz, 1H),
7.01 (m, 1H), 7.43-7.57 (m, 8H), 7.98-8.04 (m, 3H).

3h [4]: 3-(1H-#FF[1,2,3] = ZME-1-35)-3-(4- AR 3E)-1- R FE P e-1-F, 35 E 3R 4, 77%, 'H NMIR (400
MHz, CDCly): & 3.86 (dd, J = 4.0, 4.0 Hz, 1H), 4.83 (dd, J = 8.0, 8.0 Hz, 1H), 6.56 (dd, J = 4.0, 4.0 Hz, 1H),
7.26-7.58 (m, 10H), 7.98-8.04 (m, 3H).

3i [4]: 3-(1H-ZKI[1,2,3] = FMe-1-35)-3-(4-TR H3E)-1- 8 R e-1-FH, 3% IR Y, 80%, *H NMR (400
MHz, CDCly): & 3.85 (dd, J = 4.0, 4.0 Hz, 1H), 4.79 (dd, J = 8.0, 5.2 Hz, 1H), 6.55 (dd, J = 8.0, 8.0 Hz, 1H),
7.26-7.54 (m, 10H), 7.88-7.95 (m, 2H), 8.00-8.03 (m, 1H).

3j [4]: 3-(1H-ZFF[1,2,3] = ZME-1-5E)-3-(4- FH A BE IR 5E)- 1K L R e -1-F, 36 CaiiiR4, 90%, 'H NMR
(400 MHz, CDCly): & 3.75 (s, 3H), 3.79 (dd, J = 4.0, 4.0 Hz, 1H), 4.75 (dd, J = 8.0, 8.0 Hz, 1H), 6.47 (dd, J =
4.0, 4.0 Hz, 1H), 6.83 (d, J = 8.0 Hz, 2H), 7.31-7.51 (m, 8H), 7.92-8.03 (m, 3H).

3K [4]: 3-(1H-#F[1,2,3] = BME-1-FE)-3-(4- K 5E)-1-(2- 25 38) R be-1-F, 3% ClIRY, 87%, 'H NMR
(400 MHz, CDCls): 6 3.98 (dd, J = 5.2, 5.2 Hz, 1H), 4.94 (dd, J = 8.8, 8.8 Hz, 1H), 6.73-6.79 (m, 1H), 7.28-7.36
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(m, 1H), 7.37-7.57 (m, 8H), 7.77-7.81 (m, 3H), 7.86-7.87 (d, J = 1.2 Hz, 1H), 8.00-8.05 (m, 3H).

3l 3-(TH-ZEI1,2,3] = FME-1-95)-3-(4- G IR 3E)-1-(4- A L 3L R e -1-B, s oIk, 87%, 'H
NMR(400 MHz, CDCl,): & 3.85 (s, 3H), 3.85 (dd, J = 4.0, 4.0 Hz, 1H), 4.88 (dd, J = 8.0, 8.0 Hz, 1H), 6.53 (dd,
J=4.0, 4.0 Hz, 1H), 6.90-6.93 (m, 2H), 7.26-7.53 (m, 7H), 7.94-8.04 (m, 3H); *C NMR (400 MHz, CDCl,) &:
43.95, 55.50, 57.76, 109.70, 113.87, 119.91, 124.17, 127.51, 128.22, 129.13, 129.19, 130.55, 132.91, 134.34,
137.66, 163.97, 194.02.

3m: 3-(LH-ZKF[1,2,3] = ZME-1-5E)-3-(4- A LR 5E)-1-(4- SR B6) A e - 1-, B8 itilR 4, 83%, 'H
NMR (400 MHz, CDCls): 5 3.85 (s, 3H), 3.86 (dd, J = 8.0, 4.0 Hz, 1H), 4.68 (dd, J = 8.0, 8.0 Hz, 1H), 6.53 (dd,
J = 4.0, 4.0 Hz, 1H), 6.90-6.93 (m, 2H), 7.26-7.52 (m, 7H), 7.94-8.03 (m, 3H); *C NMR (400 MHz, CDCl,) &:
43.90, 55.46, 57.72, 109.68, 113.83, 119.86, 124.13, 127.47, 128.19, 129.08, 129.15, 130.51, 132.87, 134.29
137.64, 146.05, 163.92, 193.98.

3. &R5118
3.1. RRIFERHL

DAV R 2R 2 R 2 5 = UM PR S SR SR B2 A, IR BEKAE I T, 28 SN IR A 7R 0t S R
FISEIA (2 1). FRATRILTHEALFIFIANFL2 T-9% MCM-41 fEAL S BN ERAS AR B AR 9 24 DLBEES R (PW)
FBEHBR(PM) A, S EEIRIZEAT, (H2 RN A G . K MCM-41 [H AN R & 1) 2% 2 BRI,
HAEACRA R KR ZEN . Y ER/E MCM-41(PW/MCM-41) i i3k 8 h 50 Wil o7/ 241 e )
36%, IMi4kEE MBS IR R, A TIRIIFLE 2SN, AR IRET, =24 B R %
[FEFF 1) 50 wt% (1) PMA/MCM-41 L SRy, S BEFS 325%™ 5. SRJE, %L 7 AENVE I OB
M(% 1, Entries 11-16). HEE. HIRF LR CBEAIERINT, BIAFA B N4 BV 770 R T S BE ik
17, HPfE THF R Hfm, 79%. EPTT MRV T, 2 n(E/RE):n(RIF =% = 1:1.1
B, 722 n] LAk E 82%, 3% I BRI 2 /R I 1) B A0 AN RE e mn SOBE = 3R o T o503 S AR RV FE(THF &2 1
mL)E, OB E b o B ST SOSIN [ADS SN R A, S I T 2 A P ZR B A, 1T R K s B
IR F A PR B P2 2R . I A M OV 2R . AJRIA(0.1 mmol). ZRIf =% £(0.11 mmol)
J% 50 wt% PW/MCM-41 (0.005 g)7E THF (1.0 mL) =i ) 5 12 h.

3.2. RIZJRMIEIH R

TERAAFAT FHEIT T 50 wt% PW/MCM-41 {4 AN [R5 7R B -5 28 5 = 20 )30 5 0 R BE (55 2) o %
TAURE, 63K F R A1 R AN Rt IR 2 W U3, S B8R f5 2148 =1 97 % (Entries 1-13). 4
R'Ek R? EMEURIE AR — g TEM, W F. CLAI Br, BEERTHRAMEMRL, JEERm L, &
I3 SR AR (Entries 2-3, 7-9); 24 RUZZIFHURIERT, [B AT AT £ 73%17 % (Entry 6); 24 2-Z5 %
il 2% I AR 2 5 0 SRR, SRS A] AR BIARBF (7= 28, 87% (Entry 11). &), BATHAT T RBOR
BESIOHEA, BT RMADBIROREI SR,  [RNE E B B AR L (entry14) .

33 EUFINESREA

4Lt R T ARG, o RS iR RE R A . £EXT PMIMCM-41 AL AT
AR LI E L, A 3 GERPIR, AT RT =R 3R SL36 rh AL s VR R FFIR A, (E D3R 25 1Y
UCSEI AT WS IO R JEIA BN IR, SR BEAS 1) 34% 1077 R o S EU™ A SR T B ) J5 R T e A2 H
TANEG THF BES IR — 38 0 BEASIR, (8L 00 70 (K FLIE 23 A1 42K, AR B3 PR o7 s bl 36 R
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Table 1. Different condition effect on the reaction

#= 1 TRIRREFHRIMAL

Entry
1

© 00 N o O B~ W DN

e e o o
o U M~ W N 2 O

17°
18¢
19
20

Cat.
None
MCM-41

PW

PM
20 wt% PW/MCM-41
50 wt% PW/MCM-41
60 wt% PW/MCM-41
70 wt% PW/MCM-41
80 wt% PW/MCM-41
50 wt% PM/MCM-41
50 wt% PW/MCM-41
50 wt% PW/MCM-41
50 wt% PW/MCM-41
50 wt% PW/MCM-41
50 wt% PW/MCM-41
50 wt% PW/MCM-41
50 wt% PW/MCM-41
50 wt% PW/MCM-41
50 wt% PW/MCM-41
50 wt% PW/MCM-41

Solvent
H.O
H.O
H,O
H,O
H,O
H.0
H.0
H,O
H,O
H.0

CHCl,

CH;OH
THF
Et,0

toluene

AcOEt
THF
THF
THF
THF

t/h
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
6
24

Yield®/%

15
10
25
36
36
29
30
25
10
trace
79
76

RIS FEKER 1(0.10 mmol), 3 =% 2a (0.10 mmol), 0.005 g HEALFILE 0.5 mL A7 F &I RL. “HEENT= . n(&/KER):n(GEH

=) =1:1.1. “THF (1 mL).

Table 2. Aza-Michael addition reaction by PWA/MCM-41

%= 2. PWA/MCM-41 &1t

= F2

RIB IR R ®

Entry
1

© 00 N o o B~ W N

=
w N P O

14°

Rl
Ph
p-Cl-CeH,
p-Br-CsHs4
p-CH3-CeHy
p-CH30-CeH,
2-furyl
Ph
Ph
Ph
Ph
Ph
p-CH50-CgH,
p-Cl-CoH,
Ph

RZ
Ph
Ph
Ph
Ph
Ph
Ph
p-F-CeHa
p-Cl-CoH,
p-Br-CsH,4
p-CH30-CeH,
2-naphthyl
p-Cl-CoH,
p-CH0-CgH,
Ph

Product
3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3l

3m
3a

Yield®/%
86
94
9%
94
86
73
98
92
89
85
87
79
82
85

R RiZ s #/KEA 1(0.10 mmol), I =% 2a (0.11 mmol), 0.005 g EALFIZEE A THF fhs ik V. "REEH =5, © OB K 100

f&o

()
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Table 3. The reusability of PW/MCM-41
%= 3. PMA/MCM-41 W E S fE A4

Reuse 1st 2nd 3rd 4th 5th 6th
Yield®/% 86 80 78 63 44 34

Wi g A /R 1(0.10 mmol), #E3E =% 2a (0.11 mmol), 0.005 g AL FIZER THF drasif g B, AR =%,

Scheme 2. Proposed reaction mechanism for the reaction

B 2. RNATREMLIE

33. REIHIE

FATH MCM-41 [ 805 2 IREAT WL ML AW o AL [12], FRATHR I 1 T RE S RIHLER, LI 2. A
L TIRN R IR )G, TR T — DU ES, A B REIBE AR BN S5, TERRB A& S[14], #IF =
ZUEIT NH S 7 R 206 5 2R I B A SR AR B, T AT U e s 10 o iZ S BB H , MCM-41
Hh i B ) 2 22 IR AR AR AR A Tt 2P0 AT, H ATSRALIE TRt AR s A DL B B S5 IR A
BEATRATT S, DU SIT R I TR,

4, g5ig

AR A AL 507 MCM-41 [ 38075 2 TR AR, A R 1R F = e A0 /R ) %0 50
IS B e s R, L MCM-41 [E1 4 50 wide i 8 B BB IR I, RERS 153 R AF RIS, &
Ik 98%. feJa, BATEE VLIRS R, KIUELFRA —E RE BHELRCR .

B oW

2% H 2R FL 7 5 42 (Nos. 21362036, 21161026) .
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