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Abstract

5-Ethoxycarbonyl-4-(4-hydroxyphenyl)-6-methyl-3,4-dihydropy-rimidine-2(1H)-one was synthe-
sized from 4-hydroxybenzaldehyde, ethyl acetoacetate and urea using HsSiW12040/Si0; as a novel
eco-friendly catalyst prepared by a sol-gel technique. The influences of molar ratio of reactant,
reaction temperature, catalyst dosage and reaction time were discussed. The optimum conditions
are: molar ratio of 4-hydroxybenzaldehyde to ethyl acetoacetate to urea is 1:1.5:1.5; reaction tem-
perature is 70°C; catalyst dosage is equal to 2.0% of feed stocks and the reaction time is 60 min;
the yield of the product is 93.1%. And the synthesis of other kinds of 3,4-dihydropyrimidine-
2(1H)-one was also tested, and the yield of the products could reach 57.6% - 95.1%. Experimental
results reveal that HsSiW12040/SiO; is an excellent catalyst for synthesis of 3,4-dihydropy-rimi-
dine-2(1H)-one and has good prospects. The catalyst and synthesis products were characterized
by IR, XRD and SEM, and *H NMR and MS, respectively.
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R B B R 12 1] B HaSTW 12040 /Si0 /4L T, UINBRERFBRE ZBIZRZE. REANER, #i4E
RS- R -4-(4- B R FER)-6-FH-3,4- ~EWEE-2(1H)-B. H8ET RNYE/RLE. RMEE. #1k
FIAE. RANEEEN = RIRA M. LRERH, f£n HREXFE) (ZBZRZE)n (RR) =
1:1.5:1.5, KRFEIA60 min, EALFIHEN KNS FRER2.0 %, KSERFEA70CHRRAEET,
5-ZERE-4-(4-RERE)-6-FE-3,4- —E e -2 (1H)-FA R 1£93.1%, HXFHARJLM3,4- =5
B g -2 (1H)- BH AL & R R 72 57.6%~95.1% 2 8], Tt BA H4SiW12040/Si02 & & % 3,4- — & B I -
2(1H)-ERf R F AT, BFRFHMARR. BRI~ REH2HZIR, XRD, SEMfIH NMR,
MSFAE .

XA
BB, H4SiW12040/Si02, 11k, &R 3,4-:%%%'2(11'[)'%
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1. 3]

T B A0 W S AT A AR D 2 e )R R A R R K IE T P RO 2 BRIEAE (1], R DA s e I 5] »
o TETUVIEE, FINETURAEY . JURTE. DU, RE. RESIUSEA RIS, By E T
AP TR Z (1] BEE NI EAPAER H 2t AL, BRI i TEN R A LS
FRIBIF I B AR R A5 e D 2R 0 5 1, 2 BREEDSR A G R rh R I TE B A0 ) VA 7 B AR A 77
SRR RS Qe (2], I ZRU G YRR RN T LB LR OlG . F7H ARG 515
B, R G EITEERRON Biginelli B[2]. (HIZRMIE R, 3R 0%, {548, AR . N
TR, AATHEAT 7 ORE R TAR3]-(8]. EEA el A G, sl F 3T B A7) o
FACER. =S, =R OmESE, RIS T B ROt

H,SiW 15040 72 H1 20 J5 A1 2% i 1308 1o S 3 O A2 ATRIBR 14— 58 S5 M LI — SR EG M i R A s AL
PEMBRIE )2 &R ARER(0] [10]. MMM RA MALEER, EFEhm, XMRRREmmERmg, &
JS2EAF IR AN A0 A, X LA LR R A SRR AE Tl B S R T AT 5. (HRX R AR AR D, 2>
BRI, AR A AR TS G, S BR H rR R L BB . Si0, BT IALE . R
PRI AL R AR E Ve, I HLG 2% 22 IR S 1 PE AL BN B 2 IR R AT 38R 1]

AVRGR P I - B 12] 1% 18 R AR A S BT AL [ 13] HySIW 15040/Si0,, 8§ K H ELR i
M, RmE AR BRI, W HIEREIRRFA: 2RI Keggin BUE5H) . Kz fiEfL
I TS 3,4- e -2(1H)-8, IS 1 REFFEARCR . HRBSEA W Scheme 1 fias.

2. SRS
2.1. SRR ER R
HaSiW 15000 F1], IERERR 2B, 1ETEE, XHRIEARAEE, SRARE, X AR RS, f IR I,
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Scheme 1. The synthetic route of 3,4-dihydropyrimidin-2(1H)-one derivatives
Scheme 1. 34-Z SUMENE-2(1H)-BRATE YR & AR B 2%

WPEOR RS, XTRSEERFRE, OBt AR, JRE, ZIREWMK, TKOE, HER;

% [ Bruker A ®]4E7” D8 ADVANCE & X-Sf AT (XRD)X, FHHIHE Kal @54, A8 P masisil,
CuKa, HHENA0KV, EHIY 40 mA, HRTEEY 20=5"-70"; 3EE Nicolet 5700 AU B AR 2T
AR I (FT-IR)X, KBr R i XT4 WA sl 4, B R PAL R 2 R RAE G R A A);
B AVEIR BT B AT E BT S IR A 7)), ArdkE Db EA LA & 852 RUEIRML I HtHE
%, Finnigan LCQ Advantage MAX J5i ¥4 (1 5 ESI Y5, 3% [ Thermo Finnigan A #]); '"H NMR ] ADVANCE
1™ 300 MHz # LRI (31 Bruker 2 7).

2.2. AT HSiW,040/Si0, B &

TEALFIR VAL - BRI 14] [15]8F 2 g HySiW 1,040 AR T 26 mL 7K HH 1145 HySiW 1,040 TR,
¥o— w2 B IERERR OB 5 1E T RE(ARRLLZIR 2.5:1)IR A, SRR INE] HySiW 04 T . TERFEITE
BLR, ARIRTEZ IR 45°C R AR % 1 h, 80°C FARE 2.5 ho FrfHBELRTE 45°CH 90°C 73 5l .25 )
16 h #1 3 ho PR FHE AR/K e E e RS — @ IR, Krbe—BNa], B3 HySiW ,040/Si0;0

2.3. HEHE R 3,4-ZSIEE-2(1H)-5d

£ 50 mL BB RAICHE RS, AR BURCE R, 4Bt AR OB JREM—E T
BN, FTRSRER B i IR SN — BN E], B 58 e A g 7 | H AL ), U
BAEVOK TR EN S, FE, Mg, PrsE YR A BRGS0k s Tk CRERET B A5, 18,
TRRAGL A, ARETECR

3. ER5¥1He
3.1. EEFIRRIE

3.1.1. IR RIEER

X HySiW 15040, HySiW 15040/Si0, Fll HySiW 1,040/Si0; (recycled)#HAT IR FAE AT 15 : HySiW 1,040 [KIHFAE
Iy 982.9, 928.4, 783.8 cm™', 78R M H HA Keggin £5#). H4k, 7 1625.5 e H B 55 (WU,
AR ARSI, 158 B Z A 5T 5 — 52 45 fh 7K« HySiW,040/S10, FIHRFEIE Y 1390.1,1082.1 ecm ™,
MAE 1082.1 em™ ' A— FEIE Ky HySiW 040 7E 982.9 F1928.4 em ' 2 8] (LIS 5 SiO, HI4FEIE E &
IR HySiW 12040 HIRFEMR IS IS R AL T 208, 1B HySiW 1,040 5TRFF | Keggin 4544, ] DLHEN,
HySiW 1,040 58A Si0, Z AIAFAER R ZL AR, 17 JE 67 5 AR B VR FH o 177 HySiW 12040/Si0s(recycled)
IRy 1390.1, 1091.1 cm™, 5 HySiW,040/SiO»(b) FIHRFIFIEFE A —F. 7F 3100~3500 cm ' . [A] Jy

H;O"F-OH I 4a 1R 514,
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3.1.2. XRD RIFLER

X HySiW 12040, HySiW 15040/Si0, 1 HySiW1,0.4/Si0, (recycled)#E4T XRD FAEAI45: HiSiW 1,04 HIHF
fEIE )y 8.027°, 9.267°, 10.309°, 20.729°, 23.160°, 25.443°, 29.462°, 34.672°F1137.847°, XM Fri| %
(] H4SiW 1,040 N Keggin £5#4. Si0, T3 HySiW 2040 7, FEASBRAIRFAEIE T, I HH 30— o i) 58 06
(20 = 24.15%), L HySiW,04/Si0; NI BI T ERIZS, HEES RIS S 0 A fE A RER R . HE
SHRHARG, HAERARRAELL, B HiSiW 1,040/Si0, FIFRE P R 4T

3.1.3. SEM RIE&ER

Si0, (a), H,SiW,04 (b)F1 HySiW ,04/Si0, (c)HJ SEM Bl T4 1.

B 1 aT%n, Sio, MRS REIR, BRI BN, BRIEIHS] . HySiW 1,040 FIZMBIER 2R/
—MIZEERRG N . I HySiW 1,040 71EF Si0, £, HySiW 1,040 BIZI 0 HUAE Si0, Hkd, 1l 1(c).

3.2. REISFRERIML

FEE &0 AR R &9 0.04 mol BIIHHL T, 12 B (I REIA K 3% 32 BEE OB JERHI BEOR EE A, R
MR E B, AL A AT A R R 2 e C FUOBERTR] D, ASCRAPU R &K (A, B, C, D)=7K
F(1, 2, IMIERZSELRIE Ly (3%, HE TR EN A 5- A RIE-4-(4-FRIEIIE)-6- FF 5E-3,4- S -
2(1H)-BR 20, 45 585 5 WAk 1 F1EE 2,

HI 72 2 TN, DYANDR b DA R B JR LU e B 52 B 9 IR 2, HLR/MIBF 8 A> C>B >D. H
DL AT R K, BRI AL AsBCoDy s 7N BV B 1) 5 5 1 A2 [ i of 4 58 2 R R 1) FH 4 0.04 mol
DL R, n CFRREZE RS (LB LR ) (JRE) = 1:1.5:1.5, AL & 5 RN R 21

Spm

Figure 1. SEM imagines of SIOZ (a), H4SiW12040 (b) and H4SiW12040/Si02 (C)
1. SIOZ (a), H4S1W12040 (b)%l] H4SIW12040/SIOZ (C)E"J SEM ,E.‘E‘H-

Table 1. The four factors and three levels of the orthogonal experiments

= 1. EXRIE L, GHIEZFI =K T

Factor
Level
A B C D
1 1:1.0:1.5 70 1.5 60
2 1:1.2:1.5 80 2.0 75
3 1:1.5:1.5 90 2.5 90

A: n GHRIERFE) (LB AR B JRE); B: KMRE(C): C: m () (%); D: M A](min).
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2.0%, MNIRERN 70°C, RN EA 60 min. 7ESLSEMH T, “FAT M= AR5 IR 5455008 93.1%, 93.1%,
93.2%, “FIJREMTIE 93.1%.

33. F@BSthEE

PRl 5- LB IR -4-(4- 52 TR FE)-6- H HE 3 4- A E-2(1H)-B Y IR BR8] 2.
B 2 mrgn, ARTTERIAS 5- AR IR -4-(4-FR B OR BE)-6- FE 2L -3,4- S g -2 (1 H) - 1) 2 E 40 4k
Bedi )9 viem™ (IR): 3500.4 cm ' Jy O-H MZEHRFNIE, 3222.6 cm 'y N-H {H454RE0&, 3115.6 cm ' AAEI

Table 2. Results analysis of the orthogonal experiments

72 2. 3RS Ly GHERS S

Factor
Entry Yield (%)
A B C D
1 1 1 1 1 84.5
2 1 2 2 2 85.0
3 1 3 3 3 79.0
4 2 1 2 3 91.8
5 2 2 3 1 90.1
6 2 3 1 2 89.4
7 3 1 3 2 90.7
8 3 2 1 3 90.8
9 3 3 2 1 92.7
K1 248.5 267.0 264.7 267.3
K2 271.3 265.9 269.5 265.1
K3 274.2 261.1 259.8 261.6
k1 82.8 89.0 88.2 89.1
k2 90.4 88.6 89.8 88.4
k3 91.4 87.0 86.6 87.2
R 8.6 2.0 3.2 1.9

‘Iransmuttance

4000 3500 3000 2500 2000 1500 1000 500
‘Wavenumbers/cni

Figure 2. FT-IR spectra of 5-ethoxycarbonyl-4-(4-hydroxyphenyl)-6-methyl-3,4-dihydro-pyrimidine-2(1H)-one
2. 5-ZEHRE-4-(A- B R E)-6-FE-3 4-ZSIRE-2(1H)-EIRY IR [

&
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k- C-H W45HR5hIE, 2974.6 cm™ MR C-H MZEHRENIE, 1693.5 cm™' 4§ C=0 {H45IR511%, 1648.1 cm™
il C=0 KB, 1457.7, 1377.6 cm ' AR EHIRS), 1229.0, 1097.8, 1021.5 cm ' Ny C-O-C {14
PRshik, 782.5, 672.7 cm ' NHEIF C-H MM BhIR S .

3.4. WIS H B R BEA R RIRR R

HSiW 1,0,40/Si0, X — FR A HURH AL & R 3,4- — U NE A ) S 30 45 3R 146 3.

M 3 T LLE HAZAEAL T HySTW 150.0/S10, it B FH B il % 3,4 S0E E Al 14 S 560 A0 Ll e F) 1
PR, HUCRAE 57.6%~95.1% 1]

4-phenyl-6-methyl-5-ethoxycarbonyl-3,4-dihydro-pyrimidine-2(1H)-one(2a): white solid, M.P.: 205°C -
206°C (lit. [16] 202°C - 204°C); IR [17] (KBr) v: 1714, 1639, 1295, 1220, 1090 cm '; '"H NMR (CDCls, 300 MHz)
o: 1.17 (t, J=17.1 Hz, 3H, CH3), 2.35 (s, 3H, CHj3), 4.06 (q, /= 7.1 Hz, 2H, CH,), 5.40 (s, 1H, CH), 5.65 (s, 1H,
NH), 7.26 - 7.33 (m, 5H, ArH), 7.95 (s, IH, NH); °C NMR (CDCls, 75 MHz) ¢: 14.14, 18.75, 55.78, 60.06,
101.41, 126.61, 127.99, 128.73, 143.67, 146.20, 153.11, 165.62; MS (ESI) m/z: 261.10 (M + 1]"), 521.10 ([2M
+179.

5-ethoxycarbonyl-4-(4-methoxyphenyl)-6-methyl-3,4-dihydro-pyrimidine-2(1H)-one(2b): white solid, M.P.:
201°C - 203°C (lit. [16] 201°C - 203°C); IR (KBr) v: 1711.9, 1648.2, 1223.6, 1176.3, 1090.3, 1029.3; '"H NMR
(CDCl;, 300 MHz) ¢: 1.17 (t, J = 7.1 Hz, 3H, CHj3), 2.32 (s, 3H, OCHs;), 3.78 (s, 3H, CHj3), 4.05 (q, J = 7.1 Hz,
2H, CH,), 5.34 (s, 1H, CH), 5.96 (s, 1H, NH), 6.81 - 6.84 (d, 2H, ArH), 7.21 - 7.24 (d, 2H, ArH), 8.51 (s, 1H,
NH); C NMR (CDCls, 75 MHz) J: 14.18, 18.60, 55.17, 59.99, 101.57, 113.96, 127.82, 136.14, 146.07, 153.61,
159.21, 165.73; MS (ESI) m/z: 291.02 ([M + 1], 581.08 (2M + 1]).

5-ethoxycarbonyl-4-(4-chlorophenyl)-6-methyl-3,4-dihydro-pyrimidine-2(1H)-one(2c): white solid, M.P.:
214°C - 215°C (lit. [16] 215°C - 216°C); IR (KBr) v: 1710.1, 1646.1, 1290.3, 1221.5, 1099.4; "H NMR(CDCl;,
300 MHz) ¢: 1.17 (t, J = 7.1 Hz, 3H, CH3), 2.35 (s, 3H, CHj3), 4.07 (q, J = 7.1 Hz, 2H, CH,), 5.38 (s, 1H, CH),
5.77 (s, 1H, NH), 7.24 - 7.31 (m, 4H, ArH), 7.96 (s, 1H, NH); MS (ESI) m/z: 294.75 (IM + 11", 588.17 ([2M +
119

5-ethoxycarbonyl-4-(4-methylphenyl)-6-methyl-3,4-dihydro-pyrimidine-2(1H)-one(2d): white solid, M.P.:
215°C - 217°C (lit. [16] 215°C - 216°C); IR (KBr) v: 1709.6, 1646.3, 1287.2, 1223.3, 1096.3; '"H NMR (CDCls,
300 MHz) ¢: 1.17 (t, J = 7.1Hz, 3H, CHs), 2.31 (s, 3H, CH3), 2.33 (s, 3H, CHj3), 4.07 (q, J = 7.1 Hz, 2H, CH,),
5.35 (s, 1H, CH), 5.96 (s, 1H, NH), 7.07 - 7.26 (m, 4H, ArH), 8.49 (s, 1H, NH); MS (ESI) m/z: 275.22 ((M +
11, 548.77 ([2M + 1]°).

5-ethoxycarbonyl-4-(4-nitrophenyl)-6-methyl-3,4-dihydro-pyrimidine-2(1H)-one(2¢): white solid, M.P.:
209°C - 210°C (lit. [16] 207°C - 209°C); IR (KBr) v: 1701.9, 1642.5, 1522.0, 1300.4, 12157, 1100.1; 1H NMR
(CDCl3, 300 MHz) ¢: 1.19 (t, J = 7.1 Hz, 3H, CHj3), 2.39 (s, 3H, CH3), 4.11 (q, J = 7.1 Hz, 2H, CH,), 5.55 (s, 1H,
CH), 5.68(s, 1H, NH), 7.42 - 7.55(m, 4H, ArH), 8.20 (s, 1H, NH); MS (ESI) m/z: 306.67 (M + 1]"), 611.76
([2M + 179

5-ethoxycarbonyl-4-(4-hydroxyphenyl)-6-methyl-3,4-dihydro-pyrimidine-2(1H)-one(2f): white solid, M.P.:
238°C - 239°C (lit. [16] 237°C - 238°C); IR (KBr) v: 1693.5, 1648.1, 1229.0, 1097.8, 1021.5; '"H NMR
(DMSO-dg, 300 MHz) 6: 1.08 (t, J= 7.1 Hz, 3H, CH3), 2.23 (s, 3H, CH3;), 3.97 (q, /= 7.1 Hz, 2H, CH,), 5.02 (s,
1H, CH), 6.67 - 7.01 (m, 4H, ArH), 7.63 (s, 1H, NH), 9.12 (s, 1H, OH), 9.34 (s, 1 H, NH); MS (ESI) m/z: 276.89
(M + 17, 552.95 ([2M + 119).
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Table 3. Synthesize of title compounds
7 3. BAEYIME R

Compd Yield/%
2a 70.0
2b 95.1
2¢ 78.2
2d 57.6
2e 86.2

Table 4. Reusability of the catalyst
T4 EUFINESERLEER

Reaction times 1 2 3 4 5

Yield/% 93.1 89.7 88.8 87.8 84.8

3.5. ENFINESFA

TERACEAE T, B8 THRAFIRFRE . RYSERLE, B hIE TR, HEEeRR h 2 1R
T PR AR, R I AL FRUFE 110°C % 3 h 22 A TG RMT SRS, 455 4 FioR.

M 4 RETLLE H, AT E SR S UG IR RIFTE 84.8% L I, Ui BAMLFIEA R
SEME. IR BRI, B 5 UG HiSiW 1,040/Si0; HIRFAEIE 58] 25 1) HySiW1,040/Si0; FI%F
HEIEFA —5, M XRD BRI FIE LM 5 UG HySiW ,040/Si0; i XRD 5 3#1 1 45 1 HySiW 1,040/Si0,
WLORFF— 2, Ui I AR 25 R FE 8 T R R AR B3R s HaSIW 1004/S10, 7 IR OSSR A N BAT REFIRR E M.

4. &5ip

H,SiW ,040/Si0, AL Al 5- £ AR IE-4-(4-FRFE AT )-6- F -3, 4- — S mg -2 (1 H)- il (138 B 2k 1R 42
[i] 5 o} R HE K H S B 0.04 mol, n(Xf 32K H )i ZBE 21 4B8):n(JR K) = 1:1.5:1.5, AFHEN
JRRHE R ER 2.0%, KMNIEEAN 70°C, JMEEA 60 min, 5-Z8FRIE-4-(4-F25E2KIE)-6-F -3 ,4- K
WA NE -2(1H)-BR ORI IE 93.1%. AR4E IR A1 XRD 4Tl &1, HPW,04/Si0, B RIFHIFE M, EE
T 5 UG HAFEVEATY AR 5 3 1 4 AR DR FF — 2K

HaSiW ,040/Si0; X i 5- 25 -4-(4-F2 FE IR TR ) -6- H JE-3 4 — AW -2 (1T H)- B LA R 4 LT
P, AU BT [EH, A&, T SRR e, LERARERE R B A LR 3,4- M e
2(1H)-FH AL A RIS AE 57.6%~95.1% 2 8], i8] HySiW ,040/Si0, & A K 3,4- - FMENE-2(1H)-i i) K
G, A R R AT

E£mWH
WAL B ARRL R 4 E A5 H (2014CFAL3 1)1 2013 4EH 5wk [ 5 2R 22 A4 B 6L I 25 1 %) 33
H(201313256001).
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