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Abstract

Carboxyl functional ionic liquid with benzotriazole cation and trifluoroacetate anion can be used
as environmental-friendly catalyst for the efficient synthesis of 3,4-dihydropyrimidin-2(1H) ones
/thiones under solvent-free conditions. Moreover, the ionic liquid [C:0:BBTA][TFA] can be easily
recycled and reused for at least four cycles without obvious loss of catalytic activity.
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1. 5|

RFTRVAL, 3,4- A MEnE-2(1H)-F/mE L G B A OS B BEE. AW R PO EE[1]-[6] A3
Ly SR A [ 7] [8]&F E B 2B A MG . 100 Z4ERT, & KRS Biginelli 1k Tik:
FRAEALIR S . JR B LI LR 2.0 =415 I N4 i 3,4- S ms ng -2(LH)- B/ R 4 0549 o SR 1% 7 ¥
FEAESAEET . OB A K (18 h) HLP 31K (20%~500) 1k . PRI, 8% FhE Ab A4 22 9k 3% B BL kit
ZWMITVERA R, W 44554 1,4-DHP 1 3,4-DHPM [10]. 44K 3L44L 7] TiO,-Si0, [11]. Cu-EDTA
B % ) APTMS-Fe;0,@Si0; #%-7e ik & [12]. REERER ALY MxOy [13]. ik (e dk[14]%%.

BT RA ZASER. #FE . SR ST REREE 200, 75 Biginelli v 15 3]
T RFH[15] [16]. FTAUR R LE &5 1A R Ab B P AT BF 7 6k [17] [18], ASCHEH T —Ff
Bransted &P 2 I — W B8P MEAL A R 3,4- S g -2(1H)-BR/BRER 1) 7775 o 25 %% T AT R R &
SSLFE T IS ) 258 LR 3850 e I 72 SR R S, [ B 6] s 7 JEE M A S M HEAT T E AT AN, R T
BT AR A PR B T R

2. SCUGER4y
2.1, AHISYEE

2 ENTRER FH GF254 Tk, AEEMTRER: 300-400 H (7 etk ) ). 2E Varian inova-400 7Y
KRG FEARAX (400 MHz, TMS); 4 [ Bruker Equinox 55 ZLAMGIEAX(KBr [EA): 35 E HP 1100 yiAH (il i
WefSs it Buchi B-560 B4 S . FTHFIS AT o ral, HETR&E A,

22. BFRENER

BT 1-T -3 R 2R JF =M =5 AR R A Bcan =X 1 BT/R . 4% 0.20 mol 1 1- T B 2K I =W
0.24 mol 1) 1-5 ZFRAE 90°CHidk B 36 h, WEIZE =R, FH ABFIREH(V:V = 2:1, 3 x 20 mL)VR & 7
TPV AT RS A, I8, FTARE A TE 90°C F B 25 T4 10 h, BIAFEAE 1-T F5-3-0R H L R JF —mk[19],
A A, 15 148°C~149°C.

EERT, #0.012 mol = ZFRZEH N3 0.01 mol Gtk 1- T 3E-3- R LRI =merh, TR
% 80°C AL/ N 48 h, 13BN IRAE, JREIEMRIS &N =M LR, RARYE 90C N4 10 h, HIf5
BTUA 1- T E-3- R S 2R = = F 282 5 [C,0,BBTA][TFA].

BT WAK[C,0,BBTA][TFAIRIEH I : #iifk, [C,0,BBTA][TFA]: 'H NMR (400 MHz, DMSO) &:
8.79-8.24 (m, 3H), 8.06-7.96 (m, 2H), 5.93 (s, 2H), 5.08 (t, J = 7.1 Hz, 2H), 2.06-1.99 (m, 2H), 1.39-1.31 (m,
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Scheme 1. The synthesis of ionic liquid [C,O0,BBTA][TFA]
ER 1. BFRA[C,0,BBTAI[TFAIKIE

2H), 0.93 (t, J = 7.4 Hz, 3H), *C NMR (100 MHz, DMSO) 5: 166.26 134.99, 134.22, 131.13, 130.80, 120.96,
117.76, 114.22, 113.85, 52.66, 51.09, 30.27, 18.81, 13.09. IR (KBr, v/em-1): 3106, 2967, 2940, 2879, 2511,
1738, 1505, 1471, 1364, 1190, 1141, 1029, 754, 718, 643, 599. ESI-MS: m/z (%) = 234.1 (100%) [M + H] *.

2.3. RELAEY da-4s ISR RGBSR

&Y da-ar FIE BN UNE S 2 B 26 10 mL BE B AN 2 mmol 75 & & . 2 mmol g- —#ikIE
b &A1 3 mmol BREEE IR, 20 mol% AL 75I[C,0.BBTA]TFA], JR&¥ISIJGAE 90°C ICIaFIAAT FHE 14
FENE 40 mine RMNEEHE, FNEAYIHIINKE IR, SE 70 EE S mokmit, iy~
fh, G RN LAY da-dr Aigh . (LEMISEHZ THNMR, ®C NMR, IR il MS AiiE45#4 .

BRI RAE DT -

49: HfE R, "H NMR (400 MHz, DMSO-dg), 8: 9.30 (s, 1H), 7.74 (s, 1H), 7.36 (ddd, J = 15.0, 8.8, 4.4
Hz, 2H), 7.21 (d, J = 2.5 Hz, 1H), 5.60 (d, J = 2.8 Hz, 1H), 3.90 (q, J = 7.1 Hz, 2H), 2.30 (s, 3H), 1.00 (t, J = 7.1
Hz, 3H); *C NMR (100 MHz, DMSO-dg) &: 164.76, 162.01, 159,55, 151.10, 149.30, 138.29, 138.26, 132.28,
130.27, 130.17, 116.34, 116.09, 114.97, 97.63, 58.99, 50.91, 40.02, 17.56, 13.81; IR (KBr, v/cm™): 3346, 3225,
3112, 2976, 1697, 1644, 1223, 1093, 903, 805; ESI-MS: m/z (%) = 335.0 (100%) [M +Na] *.

4h: F{AE 4K 'H NMR (400 MHz, DMSO-dg), 8: 9.32 (s, 1H), 7.78 (s, 1H), 7.48 (dd, J = 8.8, 5.2 Hz, 1H),
7.23-6.92 (m, 2H), 5.59 (s, 1H), 3.91 (g, J = 7.1 Hz, 2H), 2.30 (s, 3H), 1.00 (t, J = 7.1 Hz, 3H); *C NMR (100
MHz, DMSO-dg), &: 164.71, 162.18, 159.75, 151.00, 149.73, 143.89, 143.83, 131.17, 131.09, 126.86, 116.28,
115.27, 115.03, 97.11, 59.04, 51.76, 17.60, 13.78; IR (KBr, v/em™): 3221, 3098, 2982, 1703, 1650, 1604, 1282,
1237, 1103, 881, 803; ESI-MS: m/z (%) = 335.0 (100%) [M + Na] *.

4i: AR, 'H NMR (400 MHz, DMSO) &: 9.30 (s, 1H), 7.79 (s, 1H), 7.49 (dd, J = 6.7, 2.2 Hz, 1H),
7.35 (t, J = 8.7 Hz, 1H), 7.27 (dd, J = 4.9, 2.2 Hz, 1H), 5.15 (d, J = 3.3 Hz, 1H), 4.18 — 3.86 (m, 2H), 2.26 (s,
3H), 1.10 (t, J = 7.1 Hz, 3H); *C NMR (100 MHz, DMSO-dg), &: 165.00, 158.49, 156.06, 151.66, 148.95,
142.90, 142.87, 131.19, 127.48, 127.40, 116.86, 116.64, 107.63, 107.42, 98.42, 59.21, 52.97, 17.72, 13.93, IR
(KBr, v/em™): 3342, 3203, 3100, 2984, 1702, 1658, 1232, 1099, 895, 804; ESI-MS: m/z (%) = 379.0 (100%) [M
+Na] ™.

4m: FAEEA; 'H NMR (400 MHz, DMSO-dg), 8: 9.15 (s, 1H), 7.70 (s, 1H), 7.24 (t, H), 6.76-6.83 (m,
3H), 5.10 (s, 1H), 4.82 (m, 1H), 3.72 (s, 3H), 2.23 (s, 3H), 1.16 (d, J = 8.0 Hz, 3H), 1.01 (d, J = 8.0, 3H); **C
NMR (100 MHz, DMSO-dg), 5: 164.73, 159.07, 152.07, 148.05, 146.35, 129.37, 118.20, 112.33, 112.00, 99.34,
66.25, 54.86, 53.73, 21.69, 21.40, 17.60, IR (KBr, v/em™): 3234, 3106, 2981, 2948, 1721, 1652, 1599, 1463,
1431, 1374, 1282, 1232, 1092, 1073, 788; ESI-MS: m/z (%) = 327.1 (100%) [M + Na] *.
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Scheme 2. Synthesis of 3,4-dihydropyrimidin-2(1H)-ones/thiones (4a-4r)
B 2. 3,4-Z SNE0EER/ARER (4a-41) B9 & B

4n: HBEER; 'H NMR (400 MHz, DMSO-dg), 8: 9.32 (s, 1H), 9.07 (s, 1H), 7.59 (s, 1H), 7.02 (d, J = 4.0
Hz, 2H), 6.68 (d, J = 4.0 Hz, 2H), 5.02 (s, 1H), 4.82-4.78 (m, 1H), 2.22 (s, 3H), 1.15 (d, J = 6.4 Hz, 3H), 1.00
(d, J = 6.4 Hz, 3H); *C NMR (100 MHz, DMSO-dg), &: 164.79, 156.39, 152.03, 147.35, 135.47, 127.35,
114.80, 99.92, 66.10, 53.44, 21.69, 21.39, 17.56; IR (KBr, v/em™): 3289, 3227, 3109, 2979, 2808, 1706, 1686,
1651, 1511, 1448, 1371, 1282, 1226, 1173, 1086, 783, 680; ESI-MS: m/z (%) = 313.1 (100%) [M + Na] *.

4o: F[E; 'H NMR (400 MHz, DMSO-dg), 8: 9.05 (s, 1H), 7.56 (s, 1H), 7.03 (d, J = 4.0 Hz, 2H), 6.65
(d, J = 4.0 Hz, 2H), 5.01 (s, 1H), 4.82-4.80 (m, 1H), 2.84 (s, 6H), 2.22(s, 3H), 1.17 (d, J = 6.0 Hz, 3H), 1.03 (d,
J = 6.0 Hz, 3H); *C NMR (100 MHz, DMSO-dg), &: 164.87, 152.17, 149.62, 147.15, 132.80, 126.80, 112.04,
100.12, 66.08, 53.25, 21.72, 21.47, 17.56; IR (KBr, v/cm™): 3243, 3116, 2980, 2937, 1719, 1648, 1526, 1457,
1363, 1290, 1231, 1090, 789; ESI-MS: m/z (%) = 340.1 (100%) [M + Na] *.

4p: WG 'H NMR (400 MHz, DMSO-dg), &: 9.10 (s, 1H), 7.67 (s, 1H), 7.22-7.26 (m, 2H),
7.13-7.14 (m, 2H), 5.08 (s, 1H), 2.21 (s, 3H), 1.28 (s, 9H); *C NMR (100 MHz, DMSO-dg), &: 164.61, 162.38,
159.97, 151.81, 147.44, 141.16, 141.13, 128.20, 128.13, 115.03, 114.82, 100.25, 79.10, 53.60, 27.72, 17.56; IR
(KBr, v/em™): 3230, 3107, 2975, 2930, 1697, 1644, 1507, 1452, 1366, 1292, 1230, 1164, 1090, 1035, 837, 798,
759, 658; ESI-MS: m/z (%) = 329.1 (100%) [M + Na] *.

4q: WO EMA; 'H NMR (400 MHz, DMSO-dg) &: 9.05 (d, J = 1.6 Hz, 1H), 7.64 — 7.63 (m, 1H),
7.23-7.21 (m, 1H), 7.06 — 7.02 (m, 3H), 5.07 (d, J = 3.2 Hz, 1H), 2.28 (s, 3H), 2.21 (s, 3H), 1.29 (s, 9H); °C
NMR (100 MHz, DMSO-dg), &: 164.73, 152.06, 147.05, 144.89, 137.07, 128.13, 127.68, 126.80, 123.23,
100.50, 78.99, 54.20, 27.73, 21.01, 17.56; IR (KBr, v/em™): 3226, 3099, 2977, 2935, 1699, 1647, 1489, 1438,
1366, 1294, 1232, 1165, 1087, 859, 813, 774, 745, 697,670,599; ESI-MS: m/z (%) = 325.1 (100%) [M + Na] *.

Ar: WA E A 'H NMR (400 MHz, DMSO-dg), 8: 9.08 (s, 1H,); 7.68 — 7.67 (m, 1H), 7.25 (t, J = 8.0 Hz,
1H), 6.83 — 6.78 (m, 3H), 5.08 (d, J = 3.2 Hz, 1H), 3.73 (s, 3H), 2.22 (s, 3H), 1.31 (s, 9H); **C NMR (100 MHz,
DMSO-dg), : 164.74, 159.07, 152.14, 147.29, 146.36, 129.35, 118.14, 112.26, 111.98, 100.35, 79.05, 54.85,
53.95, 27.74, 17.57; IR (KBr, v/em™): 3392, 3247, 3111, 2972, 2937, 1707, 1672, 1519, 1463, 1366, 1282, 1240,
1165, 1094, 1038, 849, 801; ESI-MS: m/z (%) = 341.1 (100%) [M + Na] *.

3. BR 5118
3.1. Bt MEYERTHE

DL, 28 20 Z B RUIR =410 RO B, 588 T AR SR B, IR IR, RS ]
SR SRS . SR T 2 RO IEI I B T - T E-3-5 B SEHE I = MBS TV B Bronsted
W IR 2 Bt S S BRI (2 1, entries 1-3)e WEHTTLAB i, 55 TK[C,0,BBTAITFA]HIfEALIE IR,

T BT HAAR[C,0,BBTAICI Fl =F LR . FLik, 5% T AT H 80 SR R P52 (55 1, entries 4, 5),
RIEALFIFBA 20 mol%Iit, P/ % ik mN 96%. 5 *%%2 7 H,0. CH;OH. C,HsOH. i-PrOH.
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Table 1. Optimization of reaction conditions®

=1 REFHHRMT

(0] Ph
o O O o at.
TS HZN)LNHZ W EtOMe | Hro
1 2 3 4a
Entry Catalyst Solvent Time Yield (%)°

1 [C,0,BBTA]CI (20% mol) - 40 min 85
2 [C,0BBTA][TFA] (20% mol) - 40 min 9
3 CF;COOH (20% mol) - 40 min 96
4 [C:0.BBTA][TFA] (10% mol) - 40 min 85
5 [C,0.BBTA][TFA] (30% mol) - 40 min 95
6 [C:0.BBTA][TFA] (20% mol) H.0 40 min 5
7 [C,0.BBTA][TFA] (20% mol) MeOH 40 min 6
8 [C:0.BBTA][TFA] (20% mol) EtOH 40 min 10
9 [C,0.BBTA][TFA] (20% mol) i-PrOH 40 min 48
10 [C:0.BBTA][TFA] (20% mol) CH.Cl, 40 min 16
11 [C,0.BBTA][TFA] (20% mol) CH:CN 40 min 19
12 [C:0.BBTA][TFA] (20% mol) DMF 40 min 0
13 [C,0,BBTA][TFA] (20% mol) Toluene 40 min 5
14 [C:0.BBTA][TFA] (20% mol) - 50 min 91
15 [C,0.BBTA][TFA] (20% mol) - 60 min 93
16 [C:0.BBTA][TFA] (20% mol) - 30 min 94
17 [C,0.BBTA][TFA] (20% mol) - 20 min 91

AR RIZAE: FKFEEQ mmol), ZBEZE B2 mmol), (3 mmol) %, 90°C; " /rEiTEK,

CH,Cly. CH3;CN. DMF. H & )\ FhiE 5 K Tois 7 264 B IR TR, RITCIE A N OS8R it
(# 1, entries 6-13) o 5 Ji7 FA XS R BB [A]EAT T 016 (55 1, entries 14-17), 45 53¢ BH A4 R RZ [H] 2 40 min.
B, BN RN TEFZEE T, & T RAK[C,0,BBTA][TFA](20 mol%) N1k, 90°C j N 40

min.

32. RMIBEMHAR

BT, BATZR SR & AT T 9T, 2R IE 20 WRRTRLEH, REEERR
W EAE R A bl IR AC 2 W R [, #RR IR 2 5 R B, B 82%~98% HIWL A5 ZIAH R (1) 3,4-
A WERE-2(LH)-BR P (% 2, entries 4a-4)). TRARACE IR T Biginelli =450 N, IhHLA R T A
FLFIF=H)( 2, entries 4K, 4l). (EH ZBECFR R PIBE. LM CBRBUT RS 1,3- M6 S 5 )k Ml
REfF 34 NI 45 5, MR 72 208 89%~99% (7 2, entries 4m-4r). PRI, B1FifA 1-7 %-3-
PRV IETR I = = 5 SRR ERME AL 5 B — S g -2 (1H) - B A 5 47 B A AR e s

3.3. BFRIEEIAERAY

BT HAR R — RIEIE, ASCUCREE, OBt 1R CEE AR =273 [ RONRERY, R &A%
PN BT B T IRAEALT 1- T 3E-3- R R R I = = S SRR AR R IME I RBOR . BARTT 008 KRS
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SR FEE Sy B K AR iERR /K, BRRE B TR EE, A RIS 7R AK[C,0,.BBTA][TFA],
ATEZHT N — AR . M L mT o, BT 1- 1 3E-3-42 B 3 25 5 = = 3 £ R Eh 11 PR fi

FIL 4 YOS SR R (A, W2 T LA 00 S S TR

Table 2. Investigation of substrate scope®

=2 RYMEEMHR

o R?!
j\ . JOI\/IL JXL [C20,BBTA|[TFA] (20 Mol%) RZJ‘]\/kNH
RH R2 Me HoN™ “NH, 90 °C = Me: N/&X
X=0,S H
1 3 4a-4r
Entry R! R? X Yields® (%) M (Y

Found Reported (lit.)
4a CeHs EtO (6] 96 201-202 200-202 [20]
4b 4-Me-CgH,4 EtO (6] 97 209-211 209-212 [21]
4c 3-MeO-CqH,4 EtO 0 93 219-221 219-220 [20]
4d 4-F-CgH4 EtO (6] 98 175-176 175-177 [22]
4e 2-CI-CeH, EtO 0 93 211-213 211-213 [23]
4f 2-Br-CgH, EtO (6] 93 202-204 205-207 [24]
4g 2-Cl-4-F-CH3 EtO 0 88 195-197
4h 2-CI-5-F-CgHs EtO (6] 82 219-221
4i 3-Br-4-F-CgHs EtO 0 85 193-195
4j 3,4-(HO),-C¢Hs EtO (6] 89 232-234 233-235 [20]
4k CeHs EtO S 83 201-204 202-204 [25]
4 4-Me-C¢H, EtO S 90 184-186 185-186 [26]
4m 3-MeO-Cg¢H,4 i-Pro (6] 94 196-198
4n 4-HO-C¢H, i-Pro 0 98 192-194
40 4-N(CHa3)2-CeH4 i-Pro (6] 89 260-263
4p 4-F-C¢H, t-BuO 0 99 147-149
4q 3-Me-CgH, t-BuO (6] 93 217-219
4r 3-MeO-CgH,4 t-BuO 0 95 212-214

ARESAE: SR mmol), 1,3- "I A2 mmol), JRELEIIR(3 mmol), [C,0.BBTA][TFA] (20 mol%), 90°C, 40 min; °43Bi/=#%,

Figure 1. Recycling research of ionic liquid [C,0,BBTA][TFA]
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KR T — M FHAR 1-T 5-3- IR =M = sl QMR A D7 &R . 1,3- T RREL S AR

B AR SR . A R 3,4- S E -2(1H)-F SRR 10 759 . IZOTE R B A SN (A 7
REF A, BB E ] 4 JOF Bs ks B 2 .

EHEWH

E K B AR5 4 (No. 21572195, 21262035, 21162025) .
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