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C(5)-*f FHE X FEtEVX BY 3,4- — SIH0E (FL) Ml L &84
R T BT & B

(AN A T SHHRRIESE 37 250014)

E  Biginelli SN LA 120 41 FTRCCFI L Pietro Biginelli &I, FTi MINHAL LIELIR LI FRFAN D5 HEREN
AR BRI A SN KSR Biginelli S NHR ™ H)——— SUMEE M DSAL AT DA Dy AT 3 F 2 SR 24 5L
R LA S B R LA AR T Biginelli JMIROGHEERF S w1, VHE TAERGBOCHRIA R T, JEILRE, %)
PR IR R (BRIR) 70 SRR AL R EAT ) Biginelli SN HK A B S-(4-FFAE R A -3,4- — 0
We-2(1H)-F(BRI AT, AE 1 2 He

REEE  Biginelli [V; 3,4-SUENE-2(LH)-F(S B H); p- ;S

Synthesis of C(5)-(p-Toluoyl substituted)-3,4-dihydropyrimi-
dinones (or -thiones) via Biginelli Reaction Promoted with
Microwave Irradiation under Solvent-Free Conditions

Li, Li Liu, Qingjian™ Sui, Xueyan
(College of Chemistry, Chemical Engineering and Materials Science, Shandong Normal University, Jinan 250014)

Abstract The Biginelli reaction, which involves the one-pot acid catalyzed cyclocondensation of ethyl acetoacetate, urea,
and arylaldehyde, was first discovered by Italian chemist Pietro Biginelli about 120 years ago. A large number researchers
have shown persistent attention to the study of Biginelli reaction on account of its significant biological and pharmaceutical
activities and diversity of structural changes of dihydropyrimidines (DHPMs) and its derivatives. Herein, the synthesis of
C(5)-(p-toluoyl)-3,4-dihydropyrimidin-2(1H)-ones (or -thiones) via Biginelli reaction has been accomplished from aldehydes,
p-toluoylacetone, and urea or thiourea in the presence of TsOH promoted with microwave irradiation under solvent-free condi-

tions in good yields and high purity without chromatographic separation.
Keywords Biginelli reaction; 3,4-dihydropyrimidin-2(1H)-ones (or -thiones); f-diketone; microwave irradittion
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B 1 5-(4-FER R )-3,4- 50 MENE -2( 1LH)- B (B8 -fim ) 1)
A

Figure 1 The synthesis of 5-(4-toluoyl)-3,4-dihydropyrimidin-
2(1H)-ones (or -thiones)

1 ZR5WE

A TAE SN B RN, AR T AR (57 A e
(Wers 7 2EL o 7R LR OERE ) IRE(RER S R
JIR) L5 50 PR DR PR I I B3R AT 2830 i, S 4 R LR
1.

RN R
Table 1 The results of these DHPMs

Compd. Ar X  t/min Yield/% m.p./C

1 4-CIC¢H, o 25 90 265.9~278.3
2 3-BrC¢H, S 20 90 180.3~182.8
3 34-Cl,CiH; O 15 92 215.3~217.8
4 3,4-CLL,CH; S 15 95 221.4~223.8
5 3-BrC¢H, o 25 89 221.9~2243
6 4-MeOCgH,y S 30 85 191.3~195.1
7 CeHs S 20 92 262.8~266.7
8 4-CIC¢H, S 20 94 275.2~278.6
9 4-BrC¢H,4 S 20 92 274.3~276.6
10 4-1C¢Hy o 25 81 280.1~283.8
11 4-FCeH, S 20 94 264.5~267.1
12 3-O,NCH, O 20 93 217.1~220.3

SIS S5 T DU W, Bl Am . IR X
Tt 8 A S 11 B I 4 A5 1l H A = 0ok Bt i 44
B . &UF. ZERER, JEHAR RN =2 57 5
0P AR . AL TR P A R A o Tt R R I
] 4D s e A T et 2 v B B (1) B 7K A0 B b e A &2 O
BER. IF= R85 B b, e XA W 13 4]
1) 5 7 T (AR B2 m AR i A v A 11 0 A e

AR, BATVEF R TCH FIA B LTS5 5 A LR 711
R NI 2 AT R L, BOE TR AR, 4R
HIAE A AEAR R S D0, RGN 5 FH S
B I TEAF B P = L S — P 17%.

B P~ 26 NMR ('H, C)F1 HRMS AL
Horh, fb&9 12 1SR Ol i d X ST Y,
UESE T H AR 2). =4 r AR Bk HT, & 2 M
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Figure 2 Crystal stucture of 12

2 it

ER EPTIR, R SEOR BB 07 A TR SRR,
FERRBTCH ) SO0 HEORBE IR AL AF N, — B 5e s
I N, A T C(5)-%T R HT B A 3,4-
AENE SRS, %S TR TR LIRSS B
[P ST TR S 78 T (S

3 IGERS

5 mmol 75 &8, 5 mmol N FF LS L P i, 6 mmol
IR 2B IR LA A 1 mmol (AL TsOH fEfe i
(XH-200A, 500 W) I, £l 55 ‘C ]V 10~30 min, 5&/%,
JEREY), FIH QRS 5, 115 C(5)-%f FIEE 2R
WEEARIY 3,4- 2 MEnE -2-H (BL-m ). LA A2 12 AMb
B o Py A T B 5 R AT

5-(4- FFRE R PR G )-6- F Rk -4-(4- U R 3 )-3,4- =&
WEE-2(LH)-Bi(1): 722 90%, % ¥t 4K, m.p. 265.9~
278.3 °C; "H NMR (300 MHz, DMSO-dj) 0: 9.14 (s, 1H),
7.78 (s, 1H), 7.38 (d, J=3.0 Hz, 2H), 7.36 (d, J=6.0 Hz,
2H), 7.24 (d, J=3.0 Hz, 2H), 7.22 (d, J=6.0 Hz, 2H), 5.28
(s, 1H), 2.32 (s, 3H), 1.65 (s, 3H); *C NMR (75 MHz,
DMSO-dg) d: 194.09, 152.07, 145.19, 142.49, 140.39,
138.29, 133.11, 131.14, 129.57, 128.54, 128.21, 108.09,
53.50, 21.49, 18.93. HRMS calcd for C;oH;¢CIN,0, ([M—
H]") 339.0894, found 339.0834.

5-(4- FFRE R PR S )-6- F R -4-(3- R R J)-3,4- &
WEIE-2(LH)-fEd(2): 7% 90%, #ith k. m.p. 180.3~
182.8 °C; 'H NMR (300 MHz, DMSO-dj) d: 9.19 (s, 1H),
7.82 (s, 1H), 7.65~7.43 (m, J=15.0 Hz, 3H), 7.30 (s,
1H), 7.27 (d, J=6.0 Hz, 2 H), 7.22 (d, J=9.0 Hz, 2H),
5.26 (s, 1H), 2.33 (s, 3H), 1.66 (s, 3H); *C NMR (75
MHz, DMSO-ds) 0: 194.54, 174.93, 145.94, 142.88,
141.90, 137.61, 131.38, 130.99, 129.70, 129.60, 128.71,
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125.82, 122.21, 110.10, 55.39, 21.54, 18.44. HRMS calcd
for C1oH,(BrN,OS ([M—H] ") 399.0161, found 399.0126.

5-(4- H 25 O H Bk 3 )-6- Y 6 -4-(3,4- AR 3E)-3.4-
AR RE-2(1H)-T (3): FEER 92%, IR A A, mop.
215.3~217.8 C; 'H NMR (300 MHz, DMSO-dg) J: 9.19
(s, 1H), 7.73 (s, 1H), 7.51 (s, 1H), 7.40 (d, J=3.0 Hz, 4H),
7.24 (d, J=9.0 Hz, 2H), 5.70 (s, 1H), 2.32 (s, 3H), 1.67 (s,
3H); “C NMR (75 MHz, DMSO-dy) §: 194.07, 152.05,
145.22, 142.43, 140.43, 138.30, 133.10, 131.14, 129.37,
129.34, 128.55, 128.23, 108.08, 53.48, 21.49, 18.95.
HRMS caled for CjoH;sCLN,O, (M —H]") 373.0505,
found 373.0492.

5-(4- FH L R R 3 )-6- HY 36 -4-(3,4- UK 3E)-3,4-
TEAERE-2(1H)-TREA(4): TRR 95%, IRIE (E K. mop.
221.4~223.8 ‘C; 'H NMR (300 MHz, DMSO-dy) §:
10.33 (s, 1H), 9.54 (s, 1H), 7.52 (s, 1H), 7.46 (d, J=9.0
Hz, 2H), 7.38 (d, J=6.0 Hz, 2H), 7.25 (d, J/=9.0 Hz, 2H),
2.32 (s, 3H), 1.67 (s, 3H); °C NMR (75 MHz, DMSO-dy)
9: 194.16, 174.72, 143.14, 140.64, 139.41, 137.29, 133.55,
132.96, 131.96, 129.71, 129.46, 128.76, 128.38, 109.28,
53.55, 21.55, 18.19. HRMS caled for CjoH;sCI,N,0S
(IM—H]") 389.0276, found 389.0271.

5-(4- R4 0k )-6- ik -4-(3- R R 0k )-3,4- &
BEIE-2(1LH)-B(5): =3 89%, A [E A, mp. 221.9~
2243 °C; 'H NMR (300 MHz, DMSO-dg) d: 10.37 (s,
1H), 9.66 (s, 1H), 7.47 (s, 1H), 7.44 (d, J=4.0 Hz, 1H),
7.42 (t, J=9.0 Hz, 1H), 7.33 (d, J=9.0 Hz, 1H), 7.27 (d,
J=9.0 Hz, 2H), 7.19 (d, J=6.0 Hz, 2H), 2.34 (s, 3 H),
1.71 (s, 3 H); °C NMR (75 MHz, DMSO-d) J: 194.44,
152.54, 147.32, 145.65, 142.28, 138.48, 131.22, 130.58,
129.59, 129.50, 128.51, 125.71, 122.06, 109.29, 55.37,
21.49, 19.01. HRMS caled for C,oH;(BrN,O, ((M—H]")
383.0372, found 383.0372.

5-(4- LR T Sk )-6- PP ik -4-(4- P2l BE R O )-3 4
T EAWERE-2(1H)-B(6): FRE 85%, WAl K. m.p.
1913~195.1 “C; '"H NMR (300 MHz, DMSO-d,) §:
10.22 (s, 1H), 9.76 (s, 1H), 7.42 (d, J=6.0 Hz, 2H), 7.18
(d, J=9.0 Hz, 2H), 7.09 (d, J=9.0 Hz, 2H), 6.88 (d, J=
9.0 Hz, 2H), 5.22 (s, 1H), 2.33 (s, 3H), 1.71 (s, 3H); "*C
NMR (75 MHz, DMSO-dy) d: 194.80, 172.31, 152.75,
145.67, 144.70, 141.48, 131.86, 128.99, 128.90, 128.15,
127.74, 126.61, 110.02, 55.75, 21.46, 18.89. HRMS calcd
for CoH;oN,0,S ((IM—H]") 351.1161, found 351.1139.

5-(4- P HE 2R P )-6- F M -4- 2 -3, 4- — UM W -
2(1H)-Brifil(7): 722 92%, H A, m.p. 262.8~266.7
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“C; '"H NMR (300 MHz, DMSO-d;) 6: 10.28 (s, 1H), 9.63
(s, 1H), 7.42 (d, J=9.0 Hz, 2H), 7.34 (d, J=6.0 Hz, 2H),
7.29 (t, J=6.0 Hz, 2 H), 7.27~7.23 (m, 1H), 7.17 (d, J=
9.0 Hz, 2H), 2.33 (s, 3H), 1.70 (s, 3H); °*C NMR (75 MHz,
DMSO-dg) d: 194.75, 174.81, 143.43, 142.83, 140.75,
137.61, 129.68, 129.07, 128.68, 129.07, 128.68, 128.12,
126.67, 110.86, 56.05, 21.53, 18.18. HRMS calcd for
C1oH7N,0S (IM—H] ") 321.1056, found 321.1033.

5-(4- F LR I L )-6- FH R -4-(4- UK R )-3,4- &
WEIE-2(1H) - (8): 7= 94%, Fta [k, m.p. 275.2~
278.6 ‘C; '"H NMR (300 MHz, DMSO-dy) 6: 10.34 (s,
1H), 9.66 (s, 1H), 7.43 (d, J=9.0 Hz, 2H), 7.38 (d, J=6.0
Hz, 2H), 7.26 (d, J=9.0 Hz, 2H), 7.20 (d, J=9.0 Hz, 2H),
5.25 (s, 1H), 2.33 (s, 3H), 1.70 (s, 1H); *C NMR (75
MHz, DMSO-ds) 6: 194.58, 174.84, 142.85, 142.32,
141.46, 137.63, 132.70, 130.04, 129.42, 129.06, 128.68,
55.35, 21.53, 18.35. HRMS caled for C,oH;cCIN,OS
(IM—H]") 355.0666, found 355.0644.

5-(4- LR F I )-6- FHT R -4-(4-TR R L )-3,4- &
W e -2(LH)- it 1 (9): 7= 2 92%, & B (4 [ 44 . m.p.
2743~276.6 C; '"H NMR (300 MHz, DMSO-d;) o
10.34 (s, 1H), 9.65 (s, 1H), 7.54 (d, J=9.0 Hz, 2H), 7.43
(d, J=9.0 Hz, 2H), 7.26 (d, J=6.0 Hz, 2H), 7.14 (d, J=
9.0 Hz, 2H), 5.25 (s, 1H), 2.33 (s, 3H), 1.70 (s, 1H); "*C
NMR (75 MHz, DMSO-dg) J: 194.58, 174.81, 142.87,
142.72, 141.51, 137.62, 131.99, 129.70, 129.03, 128.70,
121.25, 110.29, 55.41, 21.54, 18.36. HRMS calcd for
C1oH,6BrN,OS ([M—H] ") 401.0049, found 401.0049.

5-(4- LR F I L )-6- FHY R -4-(4- TR G )-3,4- — 5
5 -2(1H)- B (10): 7% % 81%, ¥ ¥ {0 [H 44 . m.p.
280.1~283.8 ‘C; '"H NMR (300 MHz, DMSO-d;) o:
10.30 (s, 1H), 9.62 (s, 1H), 7.43 (d, J=9.0 Hz, 2H), 7.26
(d, J=9.0 Hz), 7.20 (d, J=6.0 Hz, 2H), 7.15 (d, J=9.0
Hz, 2H), 5.27 (s, 1H), 2.33 (s, 3H), 1.71 (s, 1H); *C NMR
(75 MHz, DMSO-dy) d: 194.48, 152.58, 145.14, 143.84,
142.29, 138.00, 137.65, 129.85, 129.16, 128.51, 109.50,
93.59, 55.47, 21.49. HRMS calcd for C1oH 6IN,O, ([M—
H]") 431.0250, found 431.0214.

5-(4- LR F I L )-6- FHT R -4-(4- i R K )-3,4- &
W WE -2(1H)-Bit B (11): 7= 2% 94%, & ¥ ¢4 i /K. m.p.
222.5~223.9 °C; 'H NMR (300 MHz, DMSO-dj) d: 9.13
(s, 1H), 7.77 (s, 1H), 7.38 (d, J=9.0 Hz, 2H), 7.25 (d, J=
9.0 Hz, 2H), 7.22 (d, J=3.0 Hz, 2H), 7.15 (d, J=6.0 Hz,
2H), 5.28 (s, 1H), 2.32 (s, 3H), 1.65 (s, 1H); °C NMR (75
MHz, DMSO-ds) 6: 194.56, 163.37, 160.15, 152.63,
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144.85, 142.24, 140.96, 138.52, 129.55, 128.60, 115.73,
109.85, 55.25, 21.47, 18.97. HRMS calcd for CjoH,sF-
N,OS (IM+H]") 341.1118, found 341.1119.

5-(4- FRE IR TR R )-6- Y ik -4-(3- T A )-3,4-
S WE -2(1H)- 1 (12): 7= % 93%, ¥R 3 (4 [i /£, m.p.
217.1~220.3 ‘C; 'H NMR (300 MHz, DMSO-d) J: 9.31
(s, 1H), 8.12 (s, 1H), 8.09 (s, 1H), 8.05 (d, J=18.0 Hz,
1H), 7.70 (d, J=9.0 Hz, 1H), 7.65 (t, J=15.0 Hz, 1H),
7.41 (d, J=9.0 Hz, 2H), 7.25 (d, J=9.0 Hz, 2H), 5.40 (s,
1H), 2.33 (s, 3H), 1.67 (s, 1H); *C NMR (75 MHz,
DMSO-dg) d: 194.40, 152.46, 14824, 146.81, 146.58,
14232, 138.49, 133.49, 130.62, 129.60, 128.51, 122.76,
121.42, 109.00, 55.21, 21.47, 19.18. HRMS calcd for
C1oH sN;04 (IM+H] ") 352.1291, found 352.1292.

B &L (Supporting Information) Hifb 54 1~12 11
'H NMR, *C NMR fil HRMS i, iXE6hhpla] Lo 2k
AFIM 5 (http://sioc-journal.cn/) b F 2.

References and note

[1] Kappe, C. O. OSAR Comb. Sci. 2003, 22, 630.

[2] Kaan, H. Y. K.; Ulaganathan, V. R. O.; Prokopcov, H.; Dallinger,
D.; Kappe, C. O.; Kozielski, J. F. J. Med. Chem. 2010, 5, 1560.

[3]1 Kappe, C. O. Eur. J. Med. Chem. 2000, 35, 1043.

[4] Kappe, C. O.; Stadler, A. Microwaves in Organic and Medicinal
Chemistry, Wiley-VCH, Weinheim, 2005, p. 410.

[5] Nagarathnam, D.; Miao, S. W.; Lagu, B.; Chiu, G.; Fang, J.; Mu-
rali, D. T. G.; Zhang, J. J. Med. Chem. 1999, 42, 4764.

[6] Murali, D. T. G.; Nagarathnam, D.; Marzabadi, M. R.; Wong, W.
C.; Miao, S. W.; Zhang, F. Q. J. Med. Chem. 1999, 42, 4778.

[7] Lagu, B.; Tian, D.; Nagarathnam, D.; Marzabadi, M. R.; Dhar, T.
G.M.; Jeon, Y. T. J. Med. Chem. 1999, 42, 4794.

[8] Wong, W. C.; Sun, W.; Lagu, B.; Tian D.; Marzabadi, M. R.;
Zhang, F.; Nagarathnam, D.; Miao, S. W.; Wetzel, J. M.; Peng, J. J.
Med. Chem. 1999, 42, 4804.

[9] Lagu, B.; Tian, D.; Chiu, G.; Nagarathnam, D.; Fang, J.; Shen, Q.;
Forray, C.; Ransom, R. W.; Chang, R. S. L.; Vyas, K. P. Bioorg.
Med. Chem. Lett. 2000, 10, 175.

[10] Barrow, J. C.; Glass, K. L.; Selnick, H. G.; Freidinger, R. M.;

1672

http://sioc-journal.cn/

[11]

(12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

© 2014 Chinese Chemical Society & SIOC, CAS

Chang, R. S .L.; O'Malley, S. S.; Woyden, C. Bioorg. Med. Chem.
Lett. 2000, 10, 1917.

Mayer, T. U.; Kapoor, T. M.; Haggarty, S. J.; King, R. W.; Schrei-
ber, S. L.; Mitchison, T. J. Science 1999, 286, 971.

Deres, K.; Schrider, C. H.; Paessens, A.; Goldmann, S.; Hacker, H.
J.; Weber, O.; Kraemer, T.; Niewoehner, U.; Pleiss, U. Science
2003, 299, 893.

Heys, L.; Moore, C. G.; Murphy, P. J. Chem. Soc. Rev. 2000, 29,
57.

Barluenga, J.; Tomas, M.; Rubio, V.; Gotor, V. J. Chem. Soc. 1995,
16, 1369.

Aron, Z. D.; Overman, L. E. Chem. Commun. 2004, 34, 253.

Wang, D.-C.; Yuan, T.-F.; Yang, X.-N.; Qu, G.-R. Chin. J. Org.
Chem. 2007, 27, 1034 (in Chinese).

(CERME, =5 My, BHSE, AHbE, 2007, 27, 1034.)
Sun, S.-Q.; Li, Y.-J.; Zhang, Z.-G.; Yu, S.-J.; Sun, P.; Zhou, X.-X.
J. Liaoning Normal Univ. 2011, 34, 4 (in Chinese).

(INBCE, 2295k, sRIaT™, THEE, MG, FEBERE, TT7IRE X
IR, 2011, 34, 4.)

Stadler, A.; Kappe, C. O. J. Chem. Soc., Perkin. Trans. 2 2000,
1363.

Fu, N.-Y.; Yuan, Y.-F.; Pang, M.-L.; Wei, B.; Guo, J. Chem. J.
Chin. Univ. 2003, 24, 79 (in Chinese).

(HrIE, SR, RIEm, Pit, ¥, &5hF 3R, 2003,
24,79.)

Shutalev, A. D.; Sivova, N. V. Chem. Heterocycl. Compd. 1988,
34, 848.

Liu, Y.; Liu, X.-L.; Huang, G.-W.; Wang, Q. J. Jiangxi Univ. 2010,
34, 4 (in Chinese).

CallE, XIBeEs, BESC, T, &R R F F4R, 2010, 34, 4.)
Peng, J.; Deng, Y. Chin. J. Org. Chem. 2002, 22, 71 (in Chinese).
G, AT, AL, 2002, 22,71)

Ma, J.-G.; Zhang, J.-M.; Zhou, J.-H. Shandong Sci. 2011, 24, 22 (in
Chinese).

(&, ke, A, L ARAFE, 2011, 24,22)

Crystal data for 6-Methyl-5-(4-methylbenzoyl)-4-(3-nitrophenyl)-
3,4-dihydropyrimidin-2(1H)-one (12). m.p. 217.1 ~ 2203 C.
C1oH7N304, M, =351.36, triclinic, P-1, a=17.381(3) A, a=
65.390(5)°, b=11.938(4) A, p=179.186(5)°, c=13.176(5) A, y=
81.968(5)°, V=1034.4(6) A®, Z=21, Deea=1270 mg/m >, T=
298(2) K, radiation=0.71073 A, final R indices [/>20()], R,=
0.0755, wR,=0.1728, R indices (all data), R, =0.1428, wR,=
0.2038, for all data reflections collected/unique 5422/3792
[R(int)=0.0278], GOF=1.016. Diffraction data were measured on
a Siemens 4 Circle single-crystal X-ray diffractometer.

(Cheng, F.)
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