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Abstract - The first step of a new synthesis of pyrido[2,3-d]pyrimidines. 

the aubstitutlon of the enollc alkaxyl group of E-alkoxy-S-cyano-3.4- 

dihydro-2-pyridones ( ? I  by guanidine and cyanamrde is described. BY this 

procedure a series of 2.4-diamlno-5.6-dihydropyrido[2,3-c]pyrimidin- 

7(8H)-ones 16) and E-cyanamino-S-cyano-3,4-dihydro-2-pyridones 13) have 

been synthesized. Products 3 have been isolated in this work for t h e  

first time, and tautorneric equilibrium with the cyanimino farm has been 

detected in every case. 

Pyrldo[2,3-d]pyrimldines - have been normally obtained by two general ways: a )  formation 

of the ~ ~ r i d i n e  ring by cyclization of suitable aubstituents of a pyrimidine1 , and bl 

formation of the pyrimidine ring by cyclization of suitable substituents of a pyridinez. 

In the last years our group has been studying a new synthesis of pyr ido [2 ,3 -< ]pyr imid ines  

following a 'b' type methodologv as depicted in scheme I. In this way, any a ,  /) -unsatu- 
rated ester can be converted. I" a m a x i m u m  of four synthetic steps, into heterocycles 

having a large variety of substituents in carbons C-2, C-4, C-5 and C-6. 

Our synthesis begins with the preparation o f  6-alkoxy-5-cyano-3,4-dihydro-2-pyridones 

( ? i  by a Michael reaction between propanedinitrile and an a , p -unsaturated ester 

in an alcoholic solvent. Table 1 shows the products which have been obtained in 

thia work, inclusive of some others previously reported by our g r o ~ p ~ , ~  for comparison 

purposes. Yields are generally better with methanol than with ethanol, due to the 

lower thermic level or the reaction that is carried out at reflux. 

r he reaction o r  2 with some mines has been described in a previous papers. ~n particular 
the reaction with hydrazine and phenylhydrazine at low temperature leads to the hydrazino 

substituted pyridone. 

Nav we wish to report the results obtained in the reaction of with guanidine and 

cyanamide as nucleophile6. 
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maction of 21-h ( R = C H ~  I with guanidine r n  methanol at reflux provides 2,4-diamino- ---. 
5,6-dihydropyrido[2,3-g]pyrii1din-7(8H)o (c?:?) in good yields (Table 1 ) .  

Substitution of the methonyl group of ?ar? !R=CH3) by cyanamide carried out in dioxane 

at reflux, in the presence of a stolchiometrlc amount of sodium, affords +fi in quanti- 

tative yield for all the studied members of the family. Systems like 8 have usually been 

the starting material for the synthesis or ~yrirnidines~l' and we ourselves actually syn- 

thesized5 the corresponding 2-amina-5.6-dlhydro-4-aathoxypy~ido[2,3-~]p~rimldin-7(8H)-one 

by additmn of methanol to 83. 

Treatment of sodium salts 8ar? with the stoichiometric quantity of hydrogen chloride 

in either methanol or ethanol has allowed the isolation of 3?y? (Table I). 

Scheme 2 

~ h e  ir spectra of the whale family in the s a h d  state exhibit two c=O bands (1760- 

1700 m-1). two stretching N-H bands (3220-3100 cm-1  ) due to the associated arnide 

and four CGN bands more or less resolved (2260-2150 cm-1 ) .  Aa elemental analyses are 

correct for every product, the multiplicity of bands confirms the tautomeric equilibrium 

expected, whlch is clearly detected in some caaes (for example 3a) by lH-nmr thanks 

to the lucky chemical shift of the rnalonic proton o r  which appears as a 0.5 protons 

doublet ( 6 =4.7, J=11Hz) ,which collapses to a singlet upon irradiation at 2.64 ppm, 

and the aminic proton of ! as a 0.5 protons broad signal ( 6  =4.91). 
Potentimetric titratlon of 3a presents a unique inflexion point allowing the calculation .- 
of the p ~ ,  as 8.5 that would correapand to the more acidic tautomer, assuming a fast 

enough intercanversion rate. 

Products 3 are of great lnterest because or thelr special 1,3-dicarbonitrile substructure 

which is completely unknown in the literature. On the other hand, 3 is one of the 

most complex 0,W-dicyano substituted systems ever employed in the synthesis of fused 

pyrimidinej and we will study the additlon of acids and bases onto it in order to 

compare the results with those that have been predicted889. 



EXPERIMENTAL 

 he ir s p e c t r a  were ob ta ined  on a Perkin E l m e r  683 spectrophotometer .    he k n m r  s p e c t r a  

were recorded on a Varian XL 200lF-19 and a Perk in  E l m e r  R-24 spectrophotometers  wi th  

TMS as an i n t e r n a l  s t andard  i n  t h e  s o l v e n t s  as i n d i c a t e d .  Mass s p e c t r a  -were obta ined  on 

a Hitachi-Perkin Elmer RM 50 and Hewlett-Packard 5930 A mass spec t romete rs .  Melt ing 

p o i n t s  w e r e  determined on a Biichi-Tottali a p p a r a t u s ,  and are uncor rec ted .  

5-Cyano-3,4-dihydro-6-methUxy-2-pyridanes 2a-h. ---- (General  procedure10). To a s o l u t i o n  o f  

~ o d i u m  i n  anhydrous methanol, t h e  s p e c i f i e d  q u a n t i t y  of p r o p a n e d i n i t r i l e  was added and 

t h e  mixture l e f t  t o  cool  down. The corresponding a ,  / l -unsa tu ra ted  ester ,was added s lowly  

and t h e  m x t u r e  re f luxed  f o r  the  s p e c i f i e d  t ime.  The s o l v e n t  was d i s t i l l e d  in m d  

the  r e s i d u e  d i s s o l v e d  i n  t h e  minrmum q u a n t i t y  o f  water .  Care fu l  n e u t r a l i z a t l a n  t o  

pH=7 allowed t h e  p r e c i p i t a t i o n  o f  a s o l i d  which was f i l t e r e d  and washed v i t h  co ld  water .  

The precipitate was d i s s o l v e d  i n  chloroform and t h e  s o l u t i o n  was d r i e d  with anhydrous 

magnesium s u l p h a t e .  D i s t i l l a t i o n  of the  s o l v e n t  in y i e l d e d  the  corresponding 

p y n d o n e s .  Proportion o f  reagen ts  i s  shown in each case lester:propanedinitrile:sodium. 

methanol ( l l m o l  of ester), r e a c t i o n  t ime (h)). 

5-Cyano-3,4-dihydro-6-methoxy-4methyl-2-pyridone ( ? a ) ;  y l e l d :  50%, (1:1.19:1.43,  1 .8,  

1 . 5 ) ;  mp 146-147°C (from benzene) ;  ir I K B r ) :  3180. 3095 I N H ) .  2195 ( C N I .  1685 I C O ) .  1635 

c r l ;  lH-nmr ( C D C 1 3 ) :  5 8 . 6 5  (br s ,  IH, N H ) ,  4.05 I s ,  3H, CH30), 2.90-2.15 i m ,  3H, CH 

and C H 2 ) ,  1.17 ppm ( d ,  J 6 Hz, 3H, CH3); ms: 166 (Mi, 321, 151 (100) .  &&. Calcd. f o r  

C8H11N202: C.  57.82; H, 6 .07 ;  N, 16.86. Found: C, 58.01; H, 6.09; N ,  16.56.  

5-Cyano-3,4-dihydro-6-methoxy-3-meChyl-2-pyidoe ( ? G I ;  y i e l d :  49%1l, l : l l : 1 . 4 3  1.8,  

1 . 5 1 ;  mp 146-147OC ( l i t . 3  mp 146-147°C). 

4 - C y a n o - 4 a . 5 . 6 . 7 , 8 , 8 a - h e e a h y d d 0 - 3 - m m t h 0 h y 0 1 - 1 2 H - 0  (EsI; y i e l d :  57%, (1 :1 .25 :  

1 .25 ,  1 . 4 ,  2 ) ;  mp 158-159*C (from s 1 : 5  mixture of hexane:bencene);  i r  I K B r ) :  3200. 3100 

(NH), 2200 I C N ) ,  1685 (C01, 1640 cn-I ;  lH-nmr ( C D C 1 3 ) :  6 8.6 (br s ,  l H ,  NH), 4 .0  ( s ,  3 H ,  

CH301, 2.75-2.50 l rn, 2H, C H I ,  1.50-1.30 pprn (rn, 8H, CH2); ms: 206 (M+ , 6 1 ) ,  165 ( 1 0 0 ) .  

Anal. Calcd. f a r  C11H14N202: C .  64.06; H, 6.84;  N ,  13.58.  Found: C ,  64.16;  H, 6 .89 ;  - 
N. 13.36. 

~Cyana-4-dimethoxymethyl-3,4-dihydro-6-ethoxy-2-pyridne Is!); y i e l d :  72%. ( 1 : 1 : 1 . 7 ,  

1 .0 ,  2 . 5 ) :  mp 98-9Y'C (1it.12 mp 98-9Y°C). 

5-Cyano-3,4-dihydro-6-meth0xy-4-phenyl-2-pyrde ( 2 e ) ;  y i e l d :  85%, l l : I . l : 1 , 2 5 ,  1 . 6 ,  5 ) :  -" 
rnp 143-144°C (from a 1 : 5  mixture of hexane:benzene);  i r  IKBrI: 3200, 3120 ( N H I .  2200 

( C N I ,  1695 (COI, 1640 cm-l; IH-nnr ( C D C 1 3 ) :  6 8.82 ( b r  s ,  lH, NH), 7.13 ( s .  5H, H arom), 

4 .0  I s ,  3H, CH30), 3.8 (1, J 6 Hz, IH, CHI, 2.80 and 2.73 ppm ( A B X  system, .Igem 16 Hz, 

2H, CH2); m s :  228 (Mi, 801, 115 (1001. &&. Calcd. f o r  C l 3 H I 2 N 2 O 2 :  C, 68.41;  H, 5.30;  

N, 12.27.  Found: C, 68.24; H, 5.28;  N, 12.06. 

5-Cyano-4-(2-furyl)-3,4-dihydr0-6-methox~-2-~yridone ( 2 f ) ;  -- y i e l d :  87%. 1 : 1 3 : l  2.2, 

5 ) ;  mp 116-117sC (from d i e t h y 1  e t h e r ) ;  i r  (KBr):  3200, 3110 INH), 2200 (CNl, 1695 (CO), 

1640 cm-I; l ~ - n r n r  ( C D C 1 3 ) :  5 8.7 lbr  s, l H ,  NH), 7.2 (m, IH, fu ran  r i n g ) ,  6.2-6.0 (m,  

2H, fu ran  r i n g ) ,  4 . 0  I s ,  3H, CH30), 3 . 8  I t ,  J 5 Hz, lH, CHI, 2 . 8  pprn ( d ,  2H. CH2);  me: 

218 (M+, 511, 122 ( 1 0 0 ) .  N. Calcd. f o r  CIlHl0N2O3: C, 60.55; H. 4 .62;  N ,  12.84. Found: 

C, 60.54; H, 4.58;  N, 12.98. 
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5-Cyana-3.4-dihydro-6-meth0xy-4-12-thitny1-2-pyd ( 3 1 ;  yield: 90%. 11:1.25:1.25, 

2.3, 5); mp 135-136'C (from 1:5 mixture of hexane:benzenel; ir IKBrI: 3200, 3100 (NH), 

2200 ICNI, 1700 (COI, 1635 cmrl; IH-nmr (CDCI3): 5 9.0 lbr s ,  lH, NHI, 7.75 lm, IH, thio- 

phene rlngl, 6.9 Im, 2H, thlophene ring), 4.25 Is, 3H, CH301, 4.25 (m, lH, CHI, 2.9 ppm 

im, 2H, CH21; ms: 234 (Mi, 851, 191 (100). Anal. Calcd. for Cl1Hl0N2O2S: C, 56.41; H, 

4.30; N, 11.96; S, 13.66. Found: C, 56.48; H, 4.29; N, 11.75; S. 13.90. 

5-Cyano-3,4-dihydro-6-methoxy3,4-dipheey1-2-yid I??); yleld: 88%, (1:1.3:19 4.5, 

51; mp 174-175°C (from a 1:s mixture of hexane:benzene): ir (KBFI: 3220. 3170 (NH), 2200 

ICNI, I710 (COI, 1630 c r l ;  lH-nmr (CDCl31: 5 8.4 lbr s ,  1H, NH), 7.2 Is, 10H. H arm). 

4.05 Is, 3H, CH301, 3.9 ppm Is, 2H, CHI: m s :  304 (Mi, 121, 118 (1001. s. Calcd. for 

C19H16N202: C, 74.98; H, 5.30; N, 9.20. Found: C, 74.98; H, 5.30; N, 9.58. 

2,4-Diamino-5,6-dihyd~0py~idoj2.3-d]pyrimidin-78~- ?ay?. (General pracedurel. To 

a solution of sodlun (0.011 g-atoms) in anhydrous methanol (30 mll. 5.5 mmol of guanldine 

carbonate were added and the mixture was refluxed for 15 m n .  The mixture was filtered and 

5 mmol of the desired 5-cyano-3,4-dihydro-6-methoxy-2-pyridone (2) were added to the fil- 

trate. The solution was refluxed for 20 h. The desired product was obtained as a precipi- 

tate from the mixture by filtration and washed with methanol and diethyl ether. Recrystal- 

Ilzation from ethanol gave the following pyrido[2,3-g]pyrimidlnes 6: 

2,4-~~amino-5,6-dihrdro5-methy1~y~ido[e.]iid-78~1- (6aI; .- yield: 97%; rnp 287- 

288°C; ir (KRrl: 3460, 3340, 3230, 3120 INHI, 1670 c r l  (C01; m s :  193 lM+, 381, 178 1100). 

c. Calcd. for C8HllN50: C, 49.73; H, 5.74; N, 36.25. Found: C, 49.38; H. 6.01; N, 

36.05. 

2,4-Diamlno-5,6-dihydro-6-methy1py~ido[2.3-~]pyrlmidin-7(8~)-one (651; yield: 87%; mp 

>300°C; ir IKBrI: 3460, 3410, 3380, 3340, 3220, 3090 INHI, 1695 cm-1 (CO); ms: 193 (Mi, 

1001. @J. Calcd. for C8HllN50: C, 49.73; H, 5.74; N, 36.25. Found: C, 49.60; H, 5.92; 

N,  36.10. 

2.4-~iamino-4b,5.6,7,8,8a-hexahydropyrimida[4,5-~]isoquinolln-9(10~l-one (6cI .. ; yield: 80%; 

mp > 300°C; ir IKBrI: 3495, 3470, 3390, 3200, 3090 INHI, 1670 cm-I ICO); ms: 233 (M+ . 
801, 191 (100). s. Calcd. for CllHI5N50: C, 56.64; H, 6.48; N, 30.02. Found: C, 56.66; 
H, 6.70; N, 29.69. 

2.4-Diamlno-5,6-dihydro-5-phenylpyrido[2,3-~]pyrimidin-718~l-one (6e); yield: 89%; mp 

303-304°C 1dec.l; ir (KBr): 3500, 3490, 3320, 3180 INHI, 1690 cm-1 (CO); m s :  255 (Mi. 

1001. m. Calcd. far C13H13N50: C.  61.12; H. 5.13: N. 27.43. Found: C, 61.03; H, 5.14; 

N, 27.43. 

2,4-Diamina-5-l2-furyl)-5,6-dihydropyrida[2,3-~]pyrimidin-7(8~)-one (?_El; yield: 82%; mp 

302-303'C; ir IKBrI: 3495, 3320, 3220, 3110 (NHI, 1680 cm-l (COI; ms: 245 (M+, 100). &mJ. 

Calcd. for CIIHl1N5O2: C, 53.87; H, 4.52; N. 28.56. Found: C, 54.16; H, 4.64: N, 28.93. 

2,4-Diamino-5,6-dihydro5-12-thienylipyrido [2,3-d] - pyrimidin-718Hl-one 16gI; yield: 88%; 

rnp >300°C; ir IKBrI: 3540, 3460. 3330, 3220, 3110 (NH). 1680 cm-1 (CO); ms: 261 (Mi, 

100). s. Calcd. for C 11H11N50S: C, 50.57; H, 4.24: N, 26.81; S, 12.25. Found: C, 

50.41; H, 4.23; N, 26.52: S, 12.09. 



2,4-~iamina-5,6-dih~dro-5,6-diphen~lpyrido[2,3-~]pyrimidin-7(8~!-one ! 6 ? )  ; yield: 75%; mp 

>300°C (lit.14 mp 313-314'C). 

6-Cyanamino-5-cyana-3,4-dihydra-2-eyridones 3a-h. ---- (General procedure). A mixture of 60 ml 

freshly distilled dioxane. 8.8 mmal of cyanamide, 0.0088 g-atoms of sodium and 8.8 mmal 

of the corresponding 5-cyano-3,4-dihydro-6-methoxy2-pyridone ! t )  was refluxed for 8 to 

20 h.   he mixture was filtered at 8O0C and the precipitate washed wlth diethyl ether and 

dried over  phosphorous pentoxide to yield the sodium salts gay?. These were dissolved in 

45 m1 of anhydrous ethanol (or methanol for Mr?), and 2.4 ml (8.8 rnrnal! of a 3.7N 

ethanolic solution of hydrogen chloride, freshly titrated with sodium hydroxide, were 

added With stirring, and ice/water cooling. After addition, the solution was stirred for 

15 to 30 mi" at room temperature. The mixture was filtered and the precipitate stirred 

with 50 ml of water for 15 mln. The resulting crystalline solid was filtered and dried 

in vacua over  phosphorous pentoxide. Recrystallization for analysxs was performed from 

a mixture of ethyl acetate and hexane. 

6-Cyanamino-5-cy~~~~3~4-dihydro-4-methyl-2-py~idone (351; yield: 90%; mp 168-C (dec.1; 

ir iKBr!: 3220, 3120 (NH!. 2240, 2205, 2175, 2150 (CN!. 1755, 1740 (CO), 1615 ~ r n - 1 ;  1~-nmr 

(DMSO-d6): 6 4.91 (br s, 0.5H. NH), 4.71 id, J 11 Hz, 0.5H. C5H!, 2.72-2.50 ( m ,  3H, CH 

and CH2), 1.16 ppn id, J 5.5 Hz, 3H, CH3!; ms: 176 iM*, 761. s. Calcd. for C8H8N40: 

C, 54.54: H, 4.58; N, 31.8. Found: C, 54.53; H, 4.58; N, 31.63. 

6-Cyanamino-5-cyano-3,4-dihydro-3-methyl-2-pyridone (& ! ;  yield: 74%; mp 145OC (dec.!; 

ir iKBr): 3195, 3140 (NH!, 2260, 2220-2190 (CN), 1740-1720 (CO), 1625 ~rn-1; H (DMSO- 

d,): 6 12.2 lbr a ,  IH, NH!, 4.6 ibr a ,  IH, NH and C5H!, 2.9-2.7 (m, IH, CH!, 2.3-2.1 im, 

2H, CH2!, 1.1 ppm (2xd, J 6 Hz, 3H, CH3!; ms: 176 (Mi, 100). m. Calcd. for C8H8N40: 
C, 54.54: H. 4.58; N, 31.8. Found: C, 54.71; H, 4.54: N, 31.96. 

3-Cyanamin0-4-cy~~~-44,5,6,7,8,8a-hexahydroisoquinolinli2H!-one ( 3 5 ) ;  yield: 74%; mp 183 

'C (dec.!; ir (KBr): 3180, 3120 (NH!, 2245, 2210-2195 (CN), 1735-1715 (CO), 1620 cml; 

1~-nmr (DMSO-d6): 5 5.1-4.5 (m,  IH, NH and c5 HI, 3.0-2.8 (m, ZH, CHI, 2.0-1.0 ppm im, 

8H, CH2!; ms: 216 (Mi, 27). 136 (100). 5. Calcd. for CIIH12 N40: C. 61.10; H, 5.59; 

N, 25.91. Found: C, 61.38; H, 5.55; N. 25.91. 

6-Cy~n~mino-5-~~~~~-4-dimeth~~~~~thy1-3,4-dihydro-2-pyridone (?<I; yield: 80%; rnp 153OC 

ldec.); ir iKBr): 3180, 3120 (NH), 2250, 2205-2180 (CN), 1735-1710 (CO), 1635 ~rn-1; l~-nrnr 

(DMSO-d6): 5 4.8-4.2 ibr s ,  2d, NH and CH!, 3.4 ( s ,  6H, CH3 01, 3.0-2.5 ppm (m, 3H, CH 

and CH2); ma: 236 (Mt. 21, 75 (100). $&. Calcd. for C10H12N403 : C, 50.84; H, 5.12; N, 

23.72. Found: C, 51.09; H, 5.10; N, 23.60. 

6-Cyan~mino-5-cy~~~-3,4-dihydro4-pheny1-2-pridone 1 3 ~ ) ;  yield: 95%; mp 197°C (dec.); 

ir (KBr): 3180. 3120 iNH). 2260, 2210 iCN). 1740-1710 (CO). 1620 cK1; l~-nmr IDMSO-d6 1 :  

5 7.4 im, 5H, H arm), 5.1-4.8 lbr s ,  IH, NH and C5H), 3.9-3.8 ( m ,  IH, CHI, 3.1-2.7 ppm 

(rn, 2H, CHZ!; ms: 238 iM+. 3). 131 (100). $&. Calcd. for c ~ ~ H ~ ~  ~ ~ 0 :  C, 65.5; H, 4.2; 

N, 23.5. Found: C, 65.6; H, 4.35; N, 23.2. 

6-Cyanamino-5-cyan0-4-(2-furyl)-3,4-dihydro-2-~yridone (3f); -- yield: 63%; mp 1 6 8 0 ~  (dec.): 

ir iKBr!: 3180, 3120 (NH), 2260, 2220-2185 (CN!, 1750-1710 (CO!, 1620 crn-l; 1H-nmr (DMSO- 

a,!: 6 7.7 (m, IH, f u r a n  ring!, 6.45 im, ZH, furan ring!, 5.1-4.9 ibr s ,  IH, NH and c ~ H ) ,  

4.2-4.0 (m,  IH, CH!, 3.2-2.7 ppm ( m ,  2H, CH2): me: 228 !Mi, 81, 121 (100). &&. Calcd. 

for C11H8Nq02: C, 57.89: H, 3.53; N, 24.55. Found: C, 57.98; H, 3.53; N, 24.50. 
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6 - C y a n a m i n o - 5 - c y a n o - 3 . 4 - d i h y d r o - 4 - ~ 2 - t h i 1 1 - 2 - i d  l 3 g l ;  y i e l d :  91%; mp 165°C 

1 d e c . l ;  ir (KBr):  3160, 3120 INHI, 2250, 2220-2180 ICNI, 1750-1715 (COI, 1620 ~rn-1; 1H-nmr 

lDMS0-d6 1 :  6 7.5-7.4 ( m ,  1 H .  thiophene r i n g ) ,  7.2-6.9 ( m ,  2H, thiophene r i n g ) ,  5.1- 

4 . 7  l b r  s ,  lH, NH and C5H), 4.3-4.1 ! m ,  IH, CH), 3.2-2.8 ppm ( m ,  2H, CH21; ma: 244 l M + .  

21, 137 (100) .  s. Calcd. for Cl1H8NqOS: C, 54.09;  H ,  3.30; N ,  22.94; S ,  13.13. Found: 

C, 54.39: H, 3.28; N .  23.05; S. 12.99. 

6-Cyanamlno-5-cyano-3.a-dihydro-3.4-dipheny1-2-pyid (3:); y i e l d :  94%; mp 203°C 1dec.I ;  

i r  (KBr):  3200, 3100 INHI, 2250, 2220-2180 !CN), 1750-1710 ( C O I ,  1625 ~rn-1: 1H-nmr 1DMSO- 

d61: 6 7.2-7.0 !m, IOH, H a r m ) ,  5.1-5.0 ( m ,  IH, NH and C5H1, 4.3-4.2 ~prn  1 m .  2H, CHI; 

ms: 90 1100). s. Calcd.  f o r  C19H14N40: C, 72.60;  H ,  4 .49;  N .  17.82. Found: C, 72.92; 

H .  4 .70;  N .  17.49. 
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