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Scheme 1 Synthesis of substituted pyridin-4 (1H) -ones(4)
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Table 1 Synthesis of substituted pyridin-4 (1H ) -ones 4

Entry Compound 2 R! R? R? Time/h Compound 4 Yield/% “
1 2a H CH, CH, 14 4a 92
2 2b 4-CH, CH, CH,4 12 4b 93
3 2¢ 2-CH,4 CH; CH; 15 4c 89
4 2d 4-0OCH;4 CH,4 CH, 10 4d 94
5 2e 4-Cl CH,4 CH,4 10 4e 93
6 2f 2-Cl CH,4 CH,4 16 4f 91
7 2g 4-CH; CH, CH; CH; 25 4a 95
8 2h 4-CH; (CH,), CH; 15 4a 90
9 2a H CH,4 CH, CH; 24 4g 80

10 2b 4-CH, CH; (CH, ), 15 4h 94
11 2b 4-CH; CH, (CH,); 18 4i 92
12 2a H CH; (CH,);CH; 30 4j 755

a. Isolated yields; b. reaction temperature 65 °C.
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Table 2 Effect of temperature on the synthesis of compound 4

Entry Temperature/ C Time/h Yield/% *
1 0 50 60
2 20 24 80
3 40 18 82
4 60 15 85
5 80 4 _t

a. Isolated yields; b. complex mixture.
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Scheme 2 Proposed mechanism for the reaction

NI G 3 b N JRTFE Se 56 2 v 5 0 = W AR E ik & A= SR B BU R B, 28 v ()
AL B L WA B R AR &4 5, JF S hemi iR & A SR A U SO, I 25 BB 43 115 B WK B, 53
—0rF 3 2 55—kt ik A E U N R A E R A 4.

2.3 ARFTFMENRILE

A 4a: AL, mp 217 ~218 C,

"H NMR (300 MHz, CDCl,),8:2.99(d,J =5.0 Hz,3H,CH,),3.61(s,3H,CH,),6.25(d,J =
7.5 Hz,1H, CH=),7.00(d,J=7.5 Hz,1H, CH=),7.06 ~7. 10(m,1H,Ph—H) ,7.31 ~7.34(m,2H,
Ph—H),7.65(d,J =8.0 Hz,2H,Ph—H) ,10.63 (s, 1H,NH),13.68 (s, 1H, 0=C—NH ) ;" C NMR
(100 MHz,CDCI,) ,5:178.1,167.2,162.6,139. 1,138.7,128.7,123.6,121.1,115.7,102.8,42.0,34.0;
TCEMT ($% C,H N, 0, 115518) /% - C 65.35(65.63) ,H 5.88(5.92) ,N 16.33(16.24),

59 4b: A E A, mp 200 ~202 C,

"H NMR (300 MHz,CDCI,) ,5:2.32(s,3H,CH,),2.97(d,J =5.0 Hz,3H,CH,) ,3.61(s,3H,CH, ),
6.24(d,J=7.5 Hz,1H, CH=) ,6.99(d,J =7.5 Hz,1H, CH=),7.13(d,J =8.0 Hz,2H,CH,—Ph—H) ,
7.53(d,J =8.0 Hz,2H, CH,—Ph—H), 10.64 (s, 1H, NH), 13.59 (s, 1H, O=C—NH ) ;" C NMR
(100 MHz,CDCL,) ,5:178.0,167.0,162.4,139.0,136.0,133.1,129.2,121.0,115.6,102.8,42.0,34.0,
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20. 83 TCZ AN (#2 C, H, N, O, 1 BAH ) /% : C 66. 40(66. 62) ,H 6.32(6.28) ,N 15.49(15. 43) ,

EY) de . FAAEAR, mp 164 ~165 C .,

"H NMR (300 MHz,CDCL, ) ,8:2. 42(s,3H,CH,) ,2.98(d,J =5.0 Hz,3H,CH,),3.60(s,3H,CH,)
6.25(d,J=7.5 Hz,1H, CH=),7.01(d,J =7.5 Hz,1H, CH=),7.12 ~7.27(m,2H, CH,—Ph—H) ,
8.09 ~8.12(m,2H,CH,—Ph—H) ,10. 69 (s,1H,NH) ,13.48(s,1H, O=C—NH ) ;”C NMR (100 MHz,
CDCL,),8:177.8,167.0,162.2,139.0,137.0,130. 0, 128. 7, 125. 8, 123.5,122.0, 115. 0, 102. 4,41. 7,
33.6,18. 43 TEZMT (i C,oH,y N, 0,3 ) /% + C 6. 40(66.25) ,H 6.32(6.27) ,N 15.49(15.58) .

WA 4d: 1K, mp 171 ~173 C.,

'"H NMR (300 MHz, CDCL, ), 8:2.98 (d,J =5.5 Hz,3H, CH,),3.62 (s,3H, CH,),3.80 (s,3H,
0—CH,),6.26(d,J =7.5 Hz,1H, CH=) ,6.86 ~6.89 (m,2H, CH= + CH,0—Ph—H),7.01(d,J =
7.5 Hz, 1H, CH, 0—Ph—H) ,7. 54 ~7.57 (m,2H, CH, 0—Ph—H) , 10.66 (s, 1H,NH) , 13.51 (s, 1H,
0=C—NH);13C NMR (100 MHz, CDCl;),6:178.0,166.9,162.4,155.8,139.0,131.8,122.5,115.6,
113.9,102. 8,55.3,41.9,34. 0; 5 E /04 (% C,sH N, O, 3188 H ) /% : C 62.71(63.02) ,H 5.96(5.91) ,
N 14.63(14.54)

B de: FHEREIA,mp 171 ~173 C,

"H NMR (300 MHz, CDCL, ), 6:3.00(d,J =5.5 Hz,3H,CH,),3.63(s,3H,CH;),6.26 (d, J =
7.5 Hz,1H, CH=),7.02(d,J =7.5 Hz,1H, CH=),7.27 ~7.29(m ,2H, Cl—Ph—H) ,7. 60 ~7. 63 (m,
2H,Cl—Ph—H) ,10. 58(s,1H,NH) ,13.80 (s, 1H, 0=C—NH ) ;*C NMR (100 MHz,CDCL, ) ,5:178.0,
167.2,162.4,139.2,137.3,129.2,128.6,122.0,115. 5,102. 5,42. 0,34. 0; J&.2 4307 (3 €, H,,CIN, 0,3}
YE(H) /% :C 57. 64(57.43) ,H 4.84(4.90) N 14.40(14.24)

&1 4 A EAR , mp 179 ~ 180 C

"H NMR (300 MHz, CDCL, ), 6:2.99(d,J =5.5 Hz,3H,CH,),3.60(s,3H,CH;),6.26 (d, J =
7.5 Hz,1H, CH=) ,6.99 ~7. 04(m,2H, CH=),7.26(d,J =7.5 Hz,1H,Cl—Ph—H) ,7.39 ~7. 42(m,
1H,Cl—Ph—H) ,8.38 ~8.41 (m, [H, Cl—Ph—H), 10.55 (s, TH, NH), 14.03 (s, 1H, O=C—NH ) ;
3¢ NMR(100 MHz, CDCL, ), 8:178.0,167.6,162.5,139.3,136.2,129.2,126.9,124.5,124.0,123. 0,
115.6,102.5,42. 1,34. 05 T Z 40 B (4 C,, H,, CIN, O, HHE A ) /% - C 57. 64 (57.35) ,H 4. 84 (4.77),
N 14.40(14.31),

G dg: AR, mp 120 ~121 C,

"H NMR (300 MHz,CDCl,) ,5:1.31 ~1.42(m,6H,2(CH,;) ) ,3.23 ~3.28(m,2H,CH, ) ,3.89 ~3.94
(m,2H,CH,),6.28(dd,J, =2.0 Hz,/J, =7.5 Hz,1H, CH= ),7.03 ~7.10(m,2H, CH= +Ph—H),
7.27~7.35(m,2H,Ph—H),7.66 (d,J =8.0 Hz,2H, Ph—H ), 10.41 (s, 1H,NH ), 13.73 (s, 1H,
0=C—NH ) ;"”C NMR ( 100 MHz,CDCl;) ,5:178.2,167.1,161.2,138.6,137.4,128.6,123.4,120.5,
116.0,103.5,48.2,43.4,15.6,14. 4; JGE 3 #r (#% C, H, N, O, 1B H) /% : C 67.35(67.06) ,H 6.71
(6.76) ,N 14.73(14.81) ,

G4 4h: A A, mp 252 ~253 C,

'H NMR (300 MHz,CDCl, ) ,8:2.31(s,3H,CH,),3.90 ~3.94(m,2H,CH,) ,4. 11 ~4.15(m,2H,
CH,),6.09(d,J =8.0 Hz,1H, CH=),7.04(d,J =7.5 Hz,1H, CH=),7.12(d,J =8.0 Hz,2H,
CH,—Ph—H) ,7.54 ~7.57 (m,2H, CH,—Ph—H),8.62 (s, IH,NH),12.69 (s, IH, O=C—NH ) ;
“C NMR (100 MHz, CDCl;),56:178.4,165.8,157.8,136.3,132.8,132.6,129.3,120.3,114.0,97. 6,
47.9 ,43.3,20.8; 76 Z 400 (3% Cs Hys Ny O, FH 8 {E) /% : C 66.90 (67.38) , H 5.61 (5.67) ,N 15.60
(15.51) .

T4 40 1B mp 230 ~231 .,

'H NMR (300 MHz,CDCL,),8:2. 11 ~2.15(m,2H,CH, ) ,2.31 (s,3H, CH,),3.45 ~3.49 (m,2H,
CH,),3.85 ~3.89(m,2H,CH,) ,6.05(d,J =7.5 Hz,1H, CH=),6.79(d,J =7.5 Hz,1H, CH=),7. 12
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(d,J=8.5 Hz,2H,CH,—Ph—H) ,7.53(d,J =8.5 Hz,2H,CH,—Ph—H) ,11.44(s,1H,NH) ,13.60 (s,
1H, 0=C—NH ) ;" C NMR (100 MHz, CDCl,),8:177.5,167.8,154.1,136.6,136.34,132.7,129.2,
120.7,113.0,96.7,65.4,49.1,37.8,20.8,19.7; 76 % /3 1 (4% C,, H,;N,0, 7+ 2. {& ) /% : C 67.83
(67.59) ,H 6.05(5.98) ,N 14.83(14.91) ,

AW 4): AEAEA, mp 117 ~119 C,

"H NMR (300 MHz,CDCl,) ,5:0.92 ~0.97(m,6H,2(CH,)),1.25 ~1.49(m,4H,2(CH,) ) ,1. 65 ~
1.79(m,4H,2(CH,)),3.20(dd,J, =9.0 Hz,d,J, =12.0 Hz,2H,CH,) ,3.86(t,J/ =9.0 Hz,2H,CH,)
6.27(d,J=9.0 Hz,1H, CH=),7.03 ~7. 10(m,2H, CH= + Ph—H) ,7.30(t,J =9.0 Hz,2H,Ph—H) ,
7.66(d,J=9.0 Hz,2H,Ph—H) ,10.47 (s, 1H,NH) ,13.72(s,1H, O=C—NH ) ;°C NMR (100 MHz,
CDCL,) ,8:178.3,167.2,161.8,138.8,137.9,128.7,123.5,121.1,115.9,103.5,53.5,48.7,32.6,31. 5,
20.0,19.5,13.6,13. 5; JTE M (#2 CooH,, N, O, 3818 ) /% - C 70.35(69.95) ,H 7.97(8.03) ,N 12. 31
(12.42),

AW 5): B EARER,mp 192 ~194 C

"H NMR (400 MHz,CDCI,) ,5:0.93(t,J=8.0 Hz,3H,CH,),1.33 ~1.42(m,2H,CH,) ,1. 53 ~ 1. 61
(m,2H,CH,) ,2.41(s,6H,2(S—CH,) ) ,3.22 ~3.27(q,J =7.0 Hz,2H,CH,) ,5.29(d,J =7.0 Hz,1H,
CH=),6.85(dd,J, =7.0 Hz,d,J, =13.0 Hz,1H, CH=) ,7.08(t,/ =7.0 Hz,1H,Ph—H) ,7.31(t,J =
8.0 Hz,2H,Ph—H) ,7.60(t,J =8.0 Hz,2H,Ph—H) ,8.51 (s,1H,NH),10.02(s,1H, 0=C—NH );
“C NMR (100 MHz, CDCl,),8:187.6,163.4,154.5,148.6,139.7,138.2,128.7,123.9,119.6,94. 1,
49.0,32.7,19.5,18.4,17.8,13.5; ST ZE 437 (4% C s H,, N, 0,8, 88 ) /% : C 59.31(59.53) ,H 6. 64
(6.60) ,N7.68(7.75)
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[ 5C +1N | Annulation: A Facile Synthetic Strategy
Toward Substituted Pyridin-4 (1H ) -ones

OUYANG Yan“, ZHANG Rui’, HE Xiaoyan’, HUANG Jie’, ZHANG Yuemei’, DONG Dewen"**
(“College of Chemistry and Biological Sciences ,Yili Normal University ,Yining 835000, China ;
*Green Chemistry and Process Laboratory , Changchun Institute of Applied Chemistry
Chinese Academy of Sciences ,Changchun 130022 , China ;

‘Changzhou Institute of Energy Storage Materials & Devices ,

Chinese Academy of Sciences , Changzhou 213000 , China)

Abstract A facile synthesis of substituted pyridin-4 ( 1H )-ones from readily available o-( N, N-
dimethylamino ) -alkenoyl ketene-S, S-acetals and aliphatic amines has been developed. Substituted pyridin-
4(1H)-ones were synthesized via a formal [ 5C + 1N ] annulation of a-( N, N-dimethylamino ) -alkenoyl ketene-
S, S-acetals in N, N-dimethylformamide at 60 C. An intramolecular aza-nucleophilic vinyl substitution reaction
occurs to give the corresponding pyridin-4( 1H) -ones in high yields(75% ~95% ).

Keywords aza-heterocycles, a-( N, N-dimethylamino ) -alkenoyl ketene-S, S-acetals, [5C + 1N ] annulation,
pyridin4 ( 1H) -ones



