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Abstract

In this paper, a series of 3,4-hydropyrimidine-2(1H)-ones/thiones was synthesized via the Bigi-
nelli three-component reaction using the Brgnsted acidic ionic liquid 1,3-dicarboxy methylimida-
zole p-toluenesulfonate as a green and environmentally friendly catalyst. The method has the ad-
vantages of mild conditions, high yield, and short reaction time. In addition, the catalyst ionic liq-
uid can be recycled five times without significant reduction in catalytic activity.
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1. 51§

3,4- A WENE-2(VH)-FH AT A B+ 0 EE AR 2B, EPURS. BFILE. RE. PUES
[1]-[6]Us LA T P R RT3, A 2 B AT 2 26 . AT A A, Biginelli V& A K 3,4-
A E - 2- BT A ) (DHPMs) O BB 73, BR[7] [8]s BR[9]. AL/ T[10184E Jo AL A S 1 T-1%
S

BT RAR(ILs) R LA 28 PRRAR B3 PR w96 PR R FH  $A0Re  RI A E F S5AE AU FH T Biigimelli
SONE[11] [12] [13] [14] [15] FETASURBILH AR & WA & AN A S H U AR SR & 5[ 16] [17], kAT
RIE T —FhAm B M B - IR [DC,0,IM][p-CH3PhSO; [ 4%, Biginelli SN & i 3,4- A ME0E-2(1H)-
Pl /A TR £ 54 0 9 2 552 1 AR TR P ol ST Y R o S YA 1) IS B T R 5 25 DR 38 %o S o 7 356 ) B4
[Fi IR 6 S5 LS (T VS AT TS o MR ES T-I AR 2D T LAOE R S IR AL TG M TE A 2 R R

2. LHHRH
2.1. (LEB/5E
it Biichi B-560 AYJ% s ; %% Bruker Equinox 55 £ZLAMEREAN(KBr JE /); Varian inova-400 B 5 3L

PRI (400 MHz), 3% [E HP1100 AR IS4 . BT 24580 SARFI N i b 2l, HRTREa s, 1,3-27T
KPR E AR A S BESCHR[ 18] 1-Z3E-3-FR LRI SR AN 1,3- 3R LR S R 1 & S IR 19]

2.2. BFHA IL1-IL3 &R

B URAR 1,3- 77 FEIBR T F SRR £ [DBIM][p-CH3PhSO;] (IL1)+ 1- 23 -3-3% F L Bk s ot F 2 il i
ER[C,0,EIM][p-CH5PhSO;] (IL2)A1 1,3- & FF JL Ik e o Y 2 A2 £ [DC,0,IM ] [p-CH5PhSO;] (IL3)HI A B
Wk 1 AR, 230K 0.05 moll,3- T FEBRMEE(EL . 1-ZFE-3-58 FH LR G Eh L 1,3- 5% F L kS 2R A
0.05 mol X FERRAFRRAE 90°C N HIAL 72 h, [RMESW G H LBkBES ), BERIERRE ClE, SRR
BT 90CHZ T8 E A B K IL1-IL3,

BT IL1-IL3 HIRAE T

B TAE 1,3- 2T ZEDK ST B R 2L [DBIM| [p-CH;PhSO;]: A7 (K 'H NMR (400 MHz,
D,0), J: 0.84 (t,J=7.2Hz 6 H,2 x CH;), 1.19~1.24 (m, 4 H, 2 x CH,), 1.71~1.79 (m, 4 H, 2 x CH,), 2.31
(s, 3 H, CH3), 4.09 (t, J=7.2 Hz, 4 H, 2 x CH,), 7.28 (d, J= 8.4 Hz, 2 H, ArH), 7.38 (d, /= 4.0 Hz, 2 H, ArH),
7.60 (d, J=6.4 Hz, 2 H, ArH), 8.68 (s, 1 H, ArH); C NMR (100 MHz, D,0), J: 142.98, 140.31, 135.65,
130.08, 126.03, 122.97, 49.96, 31.91, 21.18, 19.44, 13.32; IR (KBr, v/cm '): 3400, 3140, 3088, 2962,
2935, 2874, 1711, 1601, 1564, 463, 1301, 1239, 1165, 1122, 1031, 1006, 818, 754, 681, 565;
ESI-MS: m/z (%)= 181.2 (100) [M'], 171.0 (100) [M .
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BTFHAR 1-2,3-3-38 5 H KM X SRR 2 [C,0,EIM | [p-CH3PhSOs] : R #8 (aE /K m.p. 123°C
~127°C; 'HNMR (400 MHz, D,0), d: 1.44 (t,J=11.2 Hz, 3 H, CHj), 2.33 (s, 3 H, CH3), 4.16~4.22 (m, 2 H,
CH,), 5.00 (s, 2 H, CH,), 7.29~7.30 (m, 2 H, ArH), 7.41 (s, 1 H, ArH), 7.47 (s, 1 H, ArH), 7.62~7.64 (m, 2
H, ArH), 8.76 (s, 1 H, ArH); °C NMR (100 MHz, D,0), §: 170.76, 143.09, 140.24, 136.91, 130.12, 126.03,
12423, 122.61, 50.64, 45.77, 21.17, 14.99; IR (KBr, v/em '): 3144, 3109, 3059, 2985, 2953, 2863,
2797, 2712, 2617, 2524, 2134, 1891, 1735, 1570, 1494, 1454, 1415, 1332, 1229, 1162, 1119, 1034,
1007, 972, 895, 811, 779, 683, 652, 568, 433; ESI-MS: m/z (%)= 155.1(100) [M'], 171.0 (100) [M ]

BT WA 1,3- 58 B B Dk B KRR £k [D C,0,IM | [p-CHPhS O3] : A7 35 ([ 4 : m.p. 158°C~162C;
'"H NMR (400 MHz, D,0), d: 2.32 (s, 3 H, CH3), 5.08 (s, 4 H, 2 x CH,), 7.28 (d, J = 8 Hz, 2 H, ArH), 7.49~7.50
(m, 2 H, ArH), 7.62(d,J=28.4 Hz, 2 H, ArH), 8.86 (s, 1 H, ArH); ""C NMR (100 MHz, D,0), J: 170.32,
143.10, 14020, 138.84, 130.11, 126.01, 124.15, 50.77, 21.15; IR (KBr, v/em"): 3164, 3137, 2965,
2625, 1734, 1591, 1565, 1500, 1449, 1414, 1347, 1244, 1220, 1177, 1142, 1032, 1006, 974, 899,
821, 768, 737, 680, 644, 566, 496, 443; ESI-MS: m/z (%)= 185.1 (100) [M'], 171.0 (100) [M 1.

2.3. BAFLEHD 4a-4n ISR

WEY) 4a-4n & AN 2 Pios. # 0.2 mmol 75 FEE. 0.2 mmol 1,3- - HRFEAESY). 0.3 mmol
JIRBARE R AT 20 mol %ol BS T 1,3- 12 F FE IR F 2R BHR #5[DC,0,IM][p-CH3PhSO; 17 Z 1 [l 3 2
Fi1he RMZEWE, FRNAEZFMANKERIK, ZiRTNRSHEE, I8, PYERKEIOKER, e
2L )77 4a-4n.

3. ER51H8
3.1. REEEW

IR . OBt OIR B RIR =H o N RN, 558 18 TR L &L VAT OB
(8] LR E ST SN RIS o 5, BT AN R BKIE B VBN SO (RS, B TL3 AR D9 AL
P4 2 AT UL £ 93%, RSB MELFICE 1, entries 1-3). IR, FHE T AR ST 5N

RUGSHRE _TsOH,90°C, 72h  RU AR
\—/ cr \—=/  TsO
IL1-1L3
IL1: R", R?=Bu
IL2: R" = Et, R? = CH,COOH
IL3: R', R? = CH,COOH

Scheme 1. The synthesis of ionic liquid

X 1. BFRIFHEK

0 R
J(i . U , j\ [DC202IM][p-CH5PhSOg] (20 mol%) RZOTNH
1 >
R" °H Me OR? ~ HoN" "NH, EtOH, reflux, 1 h A
Me” "N X
X=0,8 H
1 2 3 4a-4n

Scheme 2. Synthesis of 3,4-dihydropyrimidin-2(1H)-ones/thiones(4a-4n)
3 2. 3,4-ZSELE-2(1 H)-BR/ R (4a-4n) K & 7
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Table 1. Optimization of reaction conditions”

=1 REFHHL

0 Ph
? @ 0 0 IL E@ijWH
oot FbC/ﬂ\V/M\OEt * HzN/M\NHz Temp., Solvent HeG | H/Lso
1a 2a 3a 4a
AN A~NSN"ScooH HOoC NS CcooH
\=/ TsO =/ 1o =/ 1o
IL1 IL2 IL3
Entry Cat. (mol%) Solvent Time (h) Yield®
1 IL1 (20) EtOH 1 80
2 1L2 (20) EtOH 1 88
3 IL3 (20) EtOH 1 93
4 IL3 (10) EtOH 1 87
5 1L3 (30) EtOH 1 94
6 IL3 (20) EtOH 0.5 89
7 IL3 (20) EtOH 15 94
8 1L3 (20) EtOH 2 94
9° IL3 (20) EtOH 1 45
10 1L3 (20) CH;CN 1 70
11 IL3 (20) CH,Cl, 1 40
12 IL3 (20) EtOAc 1 75
13 IL3 (20) H,0 1 58

¢ RESA: EFEE0.2 mmol), ZMEZERZHEE(0.2 mmol), (0.3 mmol), BT, 80°C; PAEPE, R 50T,

M, AT RN 10 mol%HT, [N EBEEEC, MR RN 30 mol%I N, RN EEA
SEIEAN, BRI A ) B TN 20 mol% (7 1, entries 3-5). SRJE LT ORI A] S SN, 24
SEEFIEA 0.5 h B, RN F= KR 89%, MM A 1.5 h fl 2 h B, RN 7F=2REE B, Fibx
HER VBT 1T h (2 1, entries 3, 6-8)0 [l B0 s RS2 M 7B, 4 ROBLIR FE % 2 50°C B R RELL
45%HIFE RAF RN B ARMEAYI(EE 1, entries 3,9). g, DRIHEE T IRNFEFNCEE. LK. 1,2-—
KLt LT CTRFN KN S S (5200, 25 B3R BH 22 S B R B I S BUR e i (52 1, entries 3, 10-13).
25 b, BRI BT 1,3- 5 F DR B R £ [DC,0,IM] [p-CH;PhSO5 ] FH B
20 mol%, MIEAIACEE, AR 1 ho

3.2. [ROIEEMHR
TERE AR S A JG S JRAIH & PR AT 1 EgE, RGERIARIRDT &R, AR 13-
EV SRS 5 R, 193] T — RIVHPN 3,4- —SME0E-2(1H)-BA SR, 458 W% 2. A ATLLE

P S NHR LA R B8 75 107 AT BRI R B AR S UK F i A B T e R W e 2k [ 2 2-
Fv 39 4T 2-F 2-URSR A TR 4-F Sk L 3-F SR AR AR LAOL S5 I RAF BUAR R, AR
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Table 2. Research of substratescope”
= 2. R EE MR

o R
% o 0 X [DC,0,IM][p-CH3PhSO3] (20 mol%)  p2
l]\ + M + J]\ 22 3 3 °/ RO | NH
1 2 -
RTH  Me OR®  HN" 'NH, EtOH, reflux, 1 h Me N/KX
H
1 2 3 4a-4n
1 2 RN m.p. (C)
Entry R R X Yields” (%)
Found Reported [lit.]

4a CoHs Et 0 93 201~202 200~202 [20]
4b 2-F-CeH, Et 0 95 234-235 236~237 [13]
4c 3-F-CeHy Et 0 94 209-211 209211 [21]
4d 4-F-CeH, Et 0 95 175~177 175~177 [22]
4e 2-Cl-CeH, Et 0 92 211213 211213 [23]
4f 2-Br-CH, Et 0 93 202204 205207 [13]
4g 4-Me-CeH, Et 0 94 210~211 209~212 [24]
4h 3-MeO-CoH, Et 0 92 219221 219-220 [25]
4i CoHs Et S 86 201~204 202204 [26]
4j 4-F-CeH, Et S 87 192~193 191~192 [27]
4k 4-Me-CeH, Et S 89 184~186 185~186 [28]
41 4-F-CeH, Me 0 96 188~189 188~190 [29]
4m 4-Me-CeH, Me 0 93 202204 202204 [30]
4n 3-MeO-CoHy Me 0 92 206~207 204~206 [20]

“RPIFAE: F5ERE0.2 mmol), 1,3-ERFEA(0.2 mmol), FR/EINR(0.3 mmol), HELFI[DC,0,IM][p-CH;PhSO;] 20 mol%, ZEE, [l
Bi1h; P4pES™ R,

FE A7 B P B P R AN K (3 2, entries 4b-4h). FET 3,4- A WENE-2(1H)-BRBA B WS, B
FIRAR % R4 FH T Biginelli =200 [, BRI LA 86%~89% 7= A il T 724 di-4k, T R IR-5 MR 1R
PERFHEARRL . 2Bk R R ARE CBE R BRI —Fh 13- 3RS INFI 25 T R ML 2,
entries 41-4n). K, B FIR 1,3- 58 U RRDR T B R BB R 0 16 Ak & il — S0 M e -2 1LH)- i/t B A4 5 )
AR B R &

3.3. BT RSB R

BB TR 1,3- 5k P LK e I 2R A R 2R [DC,0,IM ] [p-CH;PhSOs I T HEAL 2K FR S . 2188 2.8 2. 15
FRR =53 RN 5 AT B AL FH R 78 . Bk iy WiAH S, KA OB CERZEI R 5
AR Y, AR RBK, FRAYIME 90°C B 4 T 15 500 5 5 RIAE M i B 7ok, B8R
BN T =0 0658 BT, g8l 1 . aTVEH, S FRAESR KRG, His & 3.4-
TEAMENE-2(LH)-F (1) 7 ZATY AR L 88%

4., B4

ICN=A

WATRE 7 —FhAns B TR FR VBT B B8 T URAKR 1,3- 3R P L R e xh FY AR RS R ik AR A7) B Dh AL
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Figure 1. Recycling research of ionic liquid [DC,0,IM][p-CH3;PhSOs]
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