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ONE STEP SYNTHESIS OF PYRIDO [2,3-d ] PYRIMIDINES 
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Abstract - Aone-step synthesis of new pyrido [2,3-4 pyrimidine derivatives (III) 

was achieved through the Hantzsch synthesis using &aminomcils (I) as enamine 

nucleophiles. 

Recently, various 4-aryl-1,4-dihydropyridine derivatives that operate as calcium antagonists or calcium 

channel blacken have been synthesized as potential cardiovascular drugs.3 In a search far new calnum 

antagonists, we aimed to synthesize novel bicyclic compounds which include the 4-aryl-1.4-dihydmpyridine 

skeleton as the key component. Thus the Hantlsch synthesis l awas  applied to h-aminouracil derivatives (I) 4 

which an: typical heterncyclic enamines, in order to synthesize pyrida[2,3-dlpyrimidines (111) inone step as 

shown in Scheme 1 .  

4 
h-Aminouracils (I) were refluxed with 2-qlmethyleneacetoacetates (1n6 in an appropriate soivent such as 

MeOH, EOH or iso-PrOH to afford the desired pyrido[2,3-4pyrimidines (111) in good to excellent yields 

(method A). The 2-arylmethyleneacetoacetates (11) were prep& from qlaldehydes (IV) and acetoacetates (V) 1 

by means of the Knoevenagel condensation. The pyridopyrimidines (111) were also prepared by the one-pot 

condensation of I, I V  and V (method B) under conditions similar to those used for method A. These methods 

were applicable mthe 3-unsubstituted uracils (I, h = H )  as exemplified by the synthesis of compounds (8). (9). 

(101, and (13), but not to the 1,3-unsubstituted aminouracils. It seems that the 1.3-unsubstimted aminouracils 

exist in the dihydroxypyrimidine form, lacking reactivity as enamines. The thia-analogues (11, 18) were 

similarly obtained from thiouracils (I, X=S) by method A or B. 
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Table I .  Pyridol2.3-BIpyrinidines(III) - 
Analysis(Z) 

Compd. R, R, R1 R d  X nerhoda Yield op Recrystn.  Formula Calcd.(Foundj 
1%) ( O C ~  so lventb  

0 A 87.4 273-274 A-D C,aH,8N,06 

0 A 74.8 256-258 D C,oH,aN,Oe 

O A 77.9 192-193 I CzzHzsNlOs 

0 B 19.8 160-161 ILL C*,HaoN406 

O A 60.7 170-171 I cz1Hz4N.0~ 

0 A 84.6 213-215 F-H C2&~3N30. 

O A 86.2 240-241 C-B C , , H 2 ~ N 3 0 4 F  

O A 66.6 290-291 F C,,H,,N,O, 

0 A 75.5 298-299 G-H C,,H,,N,O, 

O A 64.6 250-252 C-I C,,H,,N,O, 

S A 72.5 118-120 0-J C,,H,,N,OjS 

0 B 22.9 148-149 I CziHzeNsOs 

0 B 27.8 232-234 I C Z B H ~ I N I O B  

0 B 45.1 202-204 C-I C z i H z s N I O ~ C l  

0 B 29.3 224-226 A-J CiaHiiNsOaClz 
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Alkylation of 3 with methyl iodide in he presence of NaH in DMF gave the 8-methyl derivative (25) in 42.4 % 

yield. ALkylation of the 3-unsubstituted compound (10) with butyl iodide in the presence of two equivalents of 

NaH afforded both the 3-alkylated (4) and 3.8-dialkylated compounds (26) in 26.3% and 27.2% yield, 

respectively. Oxidation of 7 with nimc acid gave the corresponding pyridine derivative (27). while reduction of 

8 2 7  with NaBH, in fen-BuOWMeOH, the method reponed by Soai er a!. for reducing simple pyridine esters to 

rhe corresponding alcohols, led back to the dihydropyridine (7) in 46.4 % yield, rather than the expected 

alcohol(28). On the other hand, application of the same procedure to dicthyl2,6-dimethyl-4-phenyI-3,5-pyridine- 

9 
dicarbaxylate which is a fully substituted pyridine ester without a fused ring was not successful in reducing it 

either to the dihydropyridine or the alcohol, only the starting material k i n g  recovered. Soai's method therefore, 

as well as k i n g  useful far reducing simple pyridine esters to alcohols, also seems to k useful for reducing 

pyridines to theirdihydmpyridine equivalents when another aromatic ring is fused to the pyridine skeleton, as in 

our 5-ql-pyridopyimidine-6-carboxylate case 

Antihypertensive activity of 111 was evaluated in conscious spontaneously hypertensive rats (SHR) after oral 

administration. l0 Some of the compounds which possess amincethyl ester groups had only moderate 

antihypertensive activity but the effects were longer-lasting compared with the case of nifedipine as shown in 

Table 11. 

Table 11. Effects of Pyrido[2,3-dlpynmidines (111) on Systolic Blwd 

1 I (mgikg, p a . )  I Maximum a (mmHg) ~ura t ion  (h) 1 

Pressure in Spontaneously Hypertensive Rats(SHR). 

b?he duration of action is shown in hours during which a statiscally significant reduction was observed 

Antihypertensive action Campd. 

Nifedipine 

Dose 

a Antihypertensive activity is shown as maximum reductions in blood pressure from the basal values. 

10 4 5  < 5 



EXPERIMENTAL 

Melting points were determined an Yanagimow micm melting point apparatus and aze uncorrected. InfraredO 

spectra were d e n  on a Hitachi IR-2M)-10 specnophotometer. Proton nuclear mapetic resonance('H-~mr) 

spectra were recorded on a Varian W1-390 (90 MHz) spectrometer in the solvent indicated Chemical shifts aze 

given in ppm relative to as the internal standard. ?he following abbreviations are used: s=singlet ; 

d=doublet ; t=mplet ; q=quanet ; m=multiplet ; br=broad. Column chromatography was performed on E. Merck 

70-230 mesh silica gel. 

Synthesis o f  Pyrido[2,3-dlpyrimidines (111, Table I )  

Typical examples are given w illustrate the general procedures for methods A and B. 

Method A 

Methyl 1,2,3,4,S,8-hexahydro-1,3,7-trimethyl-S-(3-nitrophenyl)-2,4-dioxopyrido[2,3-dl- 

pyrimidine-6-carboxylate (1) 

A mixture of methyl 2-(3-niuoknzylidcne)acetoacetate (4.65 g, 18.7 mmol), 6-amino-1.3-dimethyluracil(2.89 g, 

18.6 mmol) and EtOH (30 ml) was refluxed with stirring for 3 h. Thc m i x m  was concentrated in vacw and the 

crystals obtained were recrystallized from CHQ,-EtOH to give 1 (6.10 g, 87.4 %) as colorless crystals, mp 

273-274 T. lr(Nujo1): 3280, 1700 m.'. NmrPMSO-d,) S : 2.48 (3H, s), 3.10 (3H, s), 3.46 (3H, s), 3.58 

(3H, s), 5.04 ( lH ,  s), 7.37-8.07 (4H, m), 8.77 (lH, s). Am/. Calcd for C,,H,,N,O,: C, 55.96; H ,  4.70; N ,  

14.50. Found: C.55.94; H,4.65; N ,  14.77. 

Ethyl 1,2,3,4,5,8-hexahydro-1,7-dimethyl.5-(3-nitrophenyl)-2,4.dioxopyrido[2,3-d]pyrimi. 

dine-6-carboxylate (9 )  

A m i x m  of ethyl 2-(3-nioobenzyli&ne)aceUMcetate (8.14 g ,  30.9 mrnol), 6-aminel-merhyluracil (5.24 g,  37.1 

mmol) and EtOH (50 ml) was refluxed with stirring for 15 h. The precipitated crystals were collected by filmtian 

and recrystallized from DMF-H,O to give 9 (9.02 g, 75.5 %) as colorless prisms, mp 298-299 OC. Ir(Nujo1): 

3350,3185,1695 cm-'. Nmr(DMS0-d,)S: 1.14(3H, t, J=7 Hz), 2,46(3H, s), 3.40(3H, s),4.01 (2H.q. J=7 

Hz),5.00(1H, s),7.40-8.05 (4H,m), 8.73 ( lH ,  s). Aml. Calcdf~rC,~H,,N,O~: C, 55.96; H.4.70; N,  14.50. 

Found: C, 55.71; H.4.76; N ,  14.58. 

Method B 
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2-(N-Benzyl-N-methylamino]ethyl 5-(2-chloropheny1)-1,2,3,4,5,8-hexahydro-1,3,7- 

trimethyl-2,4-dioxopyridoI2,3-dlpyrimidine-6-carboxylate (22)  

Amixolre of 2-chIo~obenzaldehy& (2.36g. 16.8 mmol), 2-(N-benzyl-N-methy1amino)ethyl acemafetare (4.19 g, 

16.8 mmol), 6-amino-1,3-dimethylu~acil (2.86 g. 18.5 mmol) andiso-PrOH (20 ml) was refluxed with sumng 

for 8 h. 7he hot m i x m  was diluted with CHCI, (30 ml) and fdtered to remove the umeacted aminouracil. Ihe 

filtrate was concentrated in vocuo and the residue was chromatographed on silica gel (80 g) using CHCl,-MeOH 

(20:1, vlv) as eluant to give 2 2  as crystals. Recrystlllization from AcOEt gave colorless prisms (3.99 g ,  46.6 %), 

mp 175-176'C. Ir(Nujol): 3310, 1700 rn-'. Nmr(CDCI,)G : 2.16 (3H, s), 2.22 (3H, s), 2.60 (2H, t,J=6 Hz), 

3.25 (3H,s),3.34(3H, s),3.46(3H,s), 4.15 (2H, t,J=6Hz), 5.47(1H,s),6.87-7.35 (9H,m),7.43(1H, br 

s).  AM^. CalcdfarC,H,,N,O,CI: C, 63.71; H.5.74; N.  11.01. Found: C.63.51; H, 5.70; N ,  10.92. 

Methyl 1,2,3,4,5,8-hexahydro-7,8~dimethyl~5.(3-nitrophenyl)-l,3-dipropyl-2,4-dioxo- 

pyrido[2,3-d ]pyrimidine-6-carboxylate (25)  

To a stirred suspension of NaH (60 %dispersion in oil, 0.14 g, 3.5 mmol) in DMF(5 ml) was added 3 (1.33 g, 

3.0 mmol) in DMF(I0 ml). After being s t i d  at room temperauue for 30 min, methyl iodide (0.59 g, 4.2 mmol) 

was added. The mixture was stirred at room temperature for 20 h, diluted with water and exmted with CHCi,. 

The e x m t  was washed with brine, dried (anhydrous MgSOJ and concentrated in vacuo. The residue was 

chromatographed on silica gel (70 g) using hexane-AcQEt (1:1, vlv) as eluant to yield 2 5  (0.81 g ,  59.1 %I. 

Recrystallization from h0-hexane gave yellow prisms (0.58 g, 42.4 %), mp 97-98 T. Ir(Nujo1): 1725, 1675, 

1605 rn-'. Nmr(CDC1,)J : 0.53 (3H, t, J=7.2 Hz), 0.92 (3H, t, J=7.2 Hz), 1.19 (2H, m), 1.60 (3H, s), 

1.56-1.85 (2H, m), 2.54 (3H, s), 3.64 (ZH, I, J=7.2 Hz), 3.67 (3H, s), 4.08(2H, t, J=7.2 Hz), 4.40 ( IH,  s), 

7.35 (IH, t, k 1 7 . 6  Hz), 7.46-7.52 (lH, m), 7.93-7.96 ( lH,  m), 8.01-8.06 (IH, m). A d .  Calcd for 

G,H,N4O.:C,60.52;H,6.18; N ,  12.27. Found: C,61.02;H,6.22;N, 12.43. 

Methyl 1,3,8-tribntyl-1,2,3,4,5,S-hexahydro'l-methyl-5-(3-nitrophenyl)-2,4-dioxopyrido- 

[2,3-dlpyrimidine-6-carboxylate(26) and methyl 1,3-dibutyl-1,2,3,4,5,8-hexahydro-7- 

methyl-5-(3-nitrophenyl)-2,4-dioxopyrido2,3-dlpyrimidine-6-carboxylate (4) 

The pyidopyrimidine (10) (1.04 g, 2.5 mmol) in DMF (10 ml) was added dropwise to a stirred suspension of 

NaH (60 % dispersion in oil. 0.22 g, 5.5 mmol) in DMF (10 ml). After stirring at room tempemolre for 40 min, 

butyl iodide (0.68 ml, 6.0 mmol) was added. The mixture was stirred at rmm temperature for 6 h ,  diluted with 



water and exnacted with CHCI,. 7 % ~  extract was washed with brine, dried (anhydraus MgSOJ and concenuated 

in vacua. The residue was subjected to column chromatography on silica gel (60 g). The eluate with 

hexane-AcOEt (4:1, vlv) gave 26  (0.36 g, 27.2 %) as an oil. Nmr (CDCI, ) 6 : 0.73 (3H. t, J=7.4 Hz), 0.84 

(3H, t, J=7.2 Hz), 0.98 (3H, t, J=7.2 Hz), 1.05-2.21 (14H, m), 2.55 (3H. s), 3.66 (2H, t, J=7.2 Hz), 3.66 

(3H, s),4.11 (2H, t, J=7.2Hz), 4.39 (IH, s), 7.35 (IH, t, J=7.8 Hz), 7.42-7.49 (IH, m), 7.89-8.08 (2H, m). 

The eluate with herane-AcOEt(l:2, vlv) gave4 (0.31g. 26.3 %), mp 162-163 'C. Aml. Calcd for GH,N,O,: 

C,61.26;H,6.43;N, 11.91. Found:C,61.33;H,6.66; N, 11.64. 

Ethyl 5-(4-fluorophenyl)-l,2,3,4-tetrahydro-l.3,7-trimethyl-2,4.dioxopyrido[2,3-d] . 

pyrimidine-6-carboxylate (27)  

Amixtwe of 7 (3.73 g ,  10 mrnal), HNO, (d=1.38, 15 ml) and water (100 ml) was stirredat 95-100 " C  for 3 h 

and cwled. The resulting precipitate was filtered and washed with water to yield 2 7  (3.58 g ,  96.5 %). 

Recrystallizadon from acetone-MeOH gave colorless prisms (2.96 g ,  79.7 %), mp 184~185 ' C. Ir(Nuja1): 1710, 

1665, 1640 ad. NmOMSO-d,)6 : 0.88 (3H, t, J=7.2 Hz), 2.55 (3H, s), 3.14 (3H, s), 3.61 (3H, s), 3.95 

(2H,q, J=7.2Hz),7.16-7.22 (4H, m). Aml. Wcdfor  C,p,,N,O,F: C ,  61.45: H.4.89; N, 11.31. Found: C, 

61.52; H.4.93; N, 11.32. 

Reduction of 2 7  with NaBH, 

MeOH (5 ml) was added dropwise to a refluxing mixtm of 27  (1.11 g, 3.0 mmol), NaBH,(0.28 g, 7.4 mmol) 

and ten-BuOH (25 ml) over a period of 10 min. After the addition was complete, the mixture was refluxed for 

another 3.5 h and then cooled. After 6 N HCI (2 ml) was added, the mixture was extracted with CHpCI ,  and 

worked up to give an oil. ?he oil was subjected to column chmmatography on silica gel (50 g). The eluate with 

hexane-AcOEt(2:l. vlv)  gave the starting ma ted  (0.33 g, 29.7 %) as crystals and the eluate with heme-AcOEt 

(I:], vlv) gave 7.  Recrystallization of 7 from MeOH-CHCI, gave colorless prisms (0.52 g, 46.4 %), mp 

239-240 "C. Ir(Nujo1): 3300, 3240, 1705, 1660 ad. NmrtDMSO-4) 6 : 1.13 (3H, t, k 7 . 2  Hz), 2.42 (3H, s), 

3.10(3H, s), 3.43 (3H, s) ,4 .01 (2H.q. J=7.2Hz),4.92(1H, s), 6.94-7.09 (2H, mL7.16-7.29 (2H,m), 8.69 

(1H.brs). Aml. WcdforC,,H,$I,O$:C,61.12;H,5.40;N, 11.25.Found:C,61.14:H,5.46;N, 11.12. 
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