
H-EROCYCLES, Vol. 43, No. 1, 1996 53 

A FRIEDLANDER APPROACH TO POLYCONDENSED 1,8- 

NAPHTHYRlDlNE DERIVATIVES 

Jose MY Quintela', Rosa Ma Arcas, Carmen Veiga, Carlos Peinador, 

Juan Vilar, and Vicente Ojea 

Departamento de Quimica Fundamental e Industrial, Facultad de 
Ciencias, Universidad de La Coruiia, Campus de A Zapateira, E- 

15071, La Coruiia, Spain 

Abstract- An efficient method is proposed for the preparation of a 

variety of polycondensed 1,8-naphthyridines from 2-amino-3-cyano- 

6-ethoxy-5- formyl -4-phenylpyr id ine ( 1 )  by Friedlander 

condensation with cyclic and heterocyclic ketones. 

Naphthyridines are an important class of pharmaceutically active compounds and their 

chemistry was recently reviewed.' Their anti-allergylanti-inflammatory properties have been 

reported2 and many 1,8-naphthyridine compounds have demonstrated important antibacterial 
a c t i ~ i t y . ~  Other 1,8-naphthyridines have shown antithrombic activity,4 and tranquilizer, muscle 

relaxant, and hypnotic properties, as well as anticonvulsant behaviour.5 Some other 

derivatives have antihypertensive effects,6 shown attracted interest as a platelet aggregation 

inhibitor drug,6b or have the properly of inhibiting secretion of acid stomach.' 

The actual resurgence of interest in quinolones, naphthyridones and related compounds has 

resulted in an enormous account of research on new structural modifications to improve the 

overall spectrum of antibacterial activity, bioavailability and safety. Detailed structure-activity 
relationships have been reviewed.8 A series of naphthyridine derivatives which possessed 

excellent broad-spectrum activity against Gram-positive and Gram-negative bacteria as well 

as good pharmacokinetic properties have been recently prepared and are used ~ l in ica l l y .~  

Nevertheless a number of these compounds have quite often exhibited other properties which 

caused toxicity and preclude their clinical use.Io Prompted by the important medicinal 

application of these compounds and in continuation of our work on the study of nitrogen- 

containing heterocyclic compounds~~  we report in this paper the preparation of various 

polycondensed 1 &naphthyridines with a potentially biological interest. 

Aromatic o-amino aldehydes are valuable starting materials for a wide variety of N- 
heterocyclic compounds. Annelation reactions with heterocyclic amino aldehydes provide 
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synthetic entry into heterocyclic systems fused to a pyridine or pyrimidine nucleus by 
condensation reactions involving activated methylene compounds.l2 Reactions of 
heterocyclic amino aldehydes with cyclic ketones are specially valuable for the construction of 
polycondensed heterocyclic systems. The direction of annelation and the position of the 
heteroatom(s) are in general uniquely defined by the participating functional groups. The 
availability and structural variety of cyclic ketones provide easy and direct access to a large 
number of fused heterocyclic systems for which in many cases alternate annelation methods 
are not readily available. Furthermore, the mild reaction conditions employed in the 

Friedlander condensation permit the unaltered transposition of functional groups from the 
starting ketone into the annelated heterocyclic ring. 

Scheme 1 

"acH0 + 0 -- Nm 3,4384 X 3,4,5a-d X 

EtO NH2 EtO 3 0 5b N-CH2-Ph 

2 4 S 5c N-COCH3 
1 3, 4,Sa-d 5a N-C07Et 5d N-COPh 

The starting material (1) for the preparation of the title polycondensed 1,8-naphthyridine 
derivatives was readily prepared by LiAIH4 reduction13 of 2-amino-3,5-dicyano-6-ethoxy-4- 

phenylpyridine, which is easily accessible from malononitrile and benzaldehyde.I4 Polycyclic 
systems containing a fused terminal l&naphthyridine moiety are easily obtained by 

Friedlander condensation of the heterocyclic aminoaldehyde (1) with cyclic ketones (2) 
(Scheme 1). Thus, a base-catalyzed reaction of 1 with tetrahydro-4H-pyran-4-one or 

tetrahydro-4H-thiopyran-4-one gave the pyrano[3,2-b]- or thiopyrano[3,2-b]-1 .8- 
naphthyridines (3) and (4), respectively. Besides, annelation reactions of 1 with piperidones 
provide entry into the reduced 1,7,10-anthyridine system.15 In effect, 6,7,8,9-tetrahydro- 
1,7,10-anthyridine derivatives (5a-d) result from the reaction of the aminonicotinaldehyde (1) 
with 4-substituted piperidones. When bicyclic ketones such as 1-indanone, 1 Sndanone, a- 
tetralone or keto-4,5,6,7-tetrahydrothianaphthene were employed in a similar sequence, 
fused polycondensed systems (6. 7 ,  8, and 9) were obtained. Condensation reactions with 

other ketones, such as 4-chromanone or flavanone, respectively resulted in the formation of 
the angularly-fused naphthyridine derivatives (10 and 11). 
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Base-catalyzed condensation of 1 with 1,3-cyclohexanedione gave tricyclic ketone (12) or 

pentacyclic derivative (13), depending on the molar ratio of the reactants. Treatment of the 
annelated ketone (12) with 1 likewise resulted in the formation of the bis-condensation 
product (13) in moderate yield. Similarly, aminoaldehyde (1) condenses with barbituric or 
1,3-dimethylbarbituric acids to form substituted pyrimido[4,5-b]-1 &naphthyridines (14 and 

15), respectively. 

OEt 

In the closely related condensation of 1 with p-tetralone, on the other hand, ring closure with 

the benzyl carbon adjacent to the ketone becomes the predominant reaction pathwayi6 and 
the fully aromatic heterocyclic compound (16) or the reduced derivative (17), as the major 
products, are generated depending on the reaction conditions employed for the Friedlander 
synthesis. Thus, heating p-tetralone and I in refluxing ethanol for 24 hours in the presence of 

a small amount of 10% ethanolic sodium hydroxide, predominantly gives the angularly-fused 

derivative (16)  and the polycondensed linearly compounds (18 and 1 9 )  as minor 
components. However, condensation reaction of 1 with p-tetralone (10% KOH as catalyst) in 

ethanol under reflux for 1 hour resulted in the formation of dihydro derivative (17) in 50% 

yield. The polycyclic linearly derivatives (18 and 19) were also isolated as minor products of 
the reaction mixture. Compound (17) could be oxidized to the fully aromatic derivative (16) 
with 2,3-dichloro-5,6-dicyano-l,4-benzoquinone (DDQ) in refluxing THF. 

The formation of a reduced annelation compound (18) can be interpreted in terms of an initial 
Claisen condensation with the formation of an a,p-unsaturated ketone. Double-bond 

transposition, ring closure with the amino group, and dehydration would lead to the tetracyclic 

derivative (1 8). 
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All analytical and spectral data are in accordance with the indicated structure. All I H  and 13C 

signals were attributed. The "angular" and "linear" nature of the compounds (16 and 19) 

were determined using I H  nOe difference spectroscopy: irradiation of 5-H of 16 produced 

3.8% nOe at H-4, conversely, irradiation of H-4 resulted in an enhancement of 8.8% at H-5; 

irradiation of H-12 of 16 give rises to a nOe of 25% at H-1,  irradiation of which yielded an 

enhancement of 28% at H-12. On the other hand, irradiation of H-5 in 19 affords 13% nOe at 

H-6, irradiation of which gives rise to a nOe of 13% at H-5 and 13.4% at H-7; irradiation of H-7 

resulted in an enhancement of 12% at H-6. 

25% 

DDO 
< 

EtO 
3.8% 

EtO 
8 7 6  

EXPERIMENTAL SECTION 

All reagents used were commercial grade chemicals from freshly opened containers. Melting polnts were 

determined on a Biichi 510 apparatus and are reported uncorrected. Ir spectra were recorded on potassium 

bromide disks on a Perkin-Elmer 383 spectrophotometer. 'H and I3C nmr spectra were obtained on a Bruker 

AC2OOF instrument at room temperature. Mass spectra were obtained at 70 eV by using a VG4 spectrometer. The 

Silica gel 60 HF,,,,, used for analytical thin layer chromatography and the Silica gel 60 (230-400 mesh) employed 

for medium-pressure chromatography (mplc) were purchased from Merck. Microanalyses for C, H, and N were 

pelformed by the Elemental Analyses General Service of the University of La Co~na.  

Friedlander condensation of amlnoaldehyde (1) wlth cycllc and heterocyclic ketones. General 

procedure: 

A few drops of KOH (ethanolic 10%) were added to a solution of 1 (0.26 g, 1 mmol) and the appropriate ketone (1.2 

mmol) in ethanol (10 ml) and the solution was refluxed until the starting material had disappeared as checked by tlc 

(0.5-3 h). The solvent was evaporated under reduced pressure and the residue was recrystallized or purified by 

mplc. 

3-Cyano-2-ethoxy-4-phenyl-8,9-dlhydro-6H-pyrano[4,3-0]-1,-naphthyrdlne (3). Purified by 

medium-pressure chromatography using CH2CIdEtOH (50:l vlv) as eluent; yield 65%; mp 219-221°C. Ir (KBr): v 
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2230(CN)cm-'. 'H-Nmr(CDC13): 61.51 (1, 3H, J=7.1 HZ, CH3);3.25 (t,2H, J=5.8 HZ, CH2); 4.11 (1, 2H, J = 5 8  Hz, 

CH2); 4.73 (q, 2H, J =  7.1 Hz. CH20); 4.78 (s, 2H, CH,); 7.38-7.59 (m, 5H, C6H5), 7.52 (s, IH,  H-5). '3C-Nmr (CDCI,): 

14.3 (CH3); 32.8 (CH2); 64.0 (CH20); 65.3, 67.1 (CH,); 98.8 (C-3); 114.3 (CN); 116.2 (C-4a); 129.0, 129.1, 130.1, 

131.5 (C6H5); 133.0 (C-5): 154.3; 158.1; 161.3; 162.1. Ms (DEI): m/z (%) 331 (M*, 49); 330 (100); 303 (67); 286 

(18); 272 (9). Anal. Calcdfor C20H,7N302: C, 72.49; H. 5.17; N, 12.68. Found: C, 72.55; H, 5.12; N, 12.73. 

3-Cyano-2-ethoxy-4-phenyl-8,9-dihydro-6H-thlopyrano[4,3-b]-l ,8-naphthyrldlne (4) .  

Recrystallized from ethanol: yield 60%; mp 130°C (decornp.). Ir (KBr): v2230 (CN) cm~'. 'H-Nmr (CDCI,): 61.52 (1, 

3H, J= 7.1 Hz, CHd; 3.07 (1,2H, J= 6.4 Hz, CH,); 3.46 (1, 2H, J =  6.4 Hz, CH,); 3.79 (s, 2H, CH,); 4.75 (q, 2H, J =  

7.1 Hz, CH20); 7.42-7.62 (m, 6H, Hd+C,H,). j3C-Nmr (CDCI,): 14.4 (CH,); 26.1, 29.5, 34.6 (CH,); 64.2 (CH,O); 

98.9 (C-3); 114.4 (CN); 116.3 (C-4a); 129.1, 129.2, 130.2, 133.0 (C6H5); 134.0 (C-5): 154.3: 158.2; 162.3; 164.0. 

Ms (FAB): m/z (%) 347 (M*, 1); 346 (4); 318 (7); 314 (4); 286 (8); 272 (4). Anal. Calcd for C,,H,,N,OS: C, 69.14; H, 

4.93: N, 12.09. Found: C, 69.21; H, 5.00; N, 11.99. 

3-Cyano-2-ethoxy-7-ethoxycarbonyl-4-phenyl-6,7,8,9-tetrahydro-l,7,10-anthyrldlne (5a). 

Recrystallized from ethanol; yield 45%; mp 298-300°C. Ir (KBr): v 2220 (CN); 1700 (CO) cm~'. 'H-Nmr (CDCI,): S 

1.27 (t,3H, J= 7.1 Hz, CH3); 1.52 (1, 3H, J =  7.1 Hz, CH3); 3.28 (t,2H, J =  6.1 Hz, CH2): 3.85 (1, 2H, J =  6.1 HZ, CH,); 

4.18 (q. 2H. J =  7.1 Hz. CH20); 4.70 (s. 2H. CH2); 4.76 (q, 2H. J =  7.1 HZ, CH20): 7.41-7.63 (m. 5H. C6H5); 7.66 (s, 

1H, H-5). ',C-Nmr (CDCI,): 14.3 (CH,); 14.6 (CH,); 33.1, 41.1, 44.9 &Hz); 61.8 (CH,O); 64.2 (CH,O); 99.0 (C-3); 

114.3 (CN); 116.4 (C-4a); 127.0; 129.1. 129.2, 130.2. 133.0 (C6H5); 133.4 (C-5); 154.3; 155.4; 158.2; 162.3. MS 

(FAB): m/z (%) 403 [(MH)+. 311; 376(26); 375 (100); 301 (16); 274 (21). Anal. Calcd for C23H22N103: C. 68.64; H, 

5.11; N, 13.92. Found: C, 68.53; H, 5.19; N, 14.00. 

7-Benzyl-3-cyano-2-ethoxy-4-phenyl-6,7,8,9-letrahydro-l,7,lO-anthyrldne (5b). Recrystallized 

from ethanol; yield 70%; mp 180-182°C. Ir (KBr): v2220 (CN) cm~'. 'H-Nmr (CDCI,): 61.50 (1, 3H, J =  7.1 Hz, CH,); 

2.91 (1, 2H, J =  6.0 Hz, CH,); 3.30 (1, 2H, J =  6.0 Hz, CH2); 3.62 (s, 2H, CH,); 3.69 (s, 2H, CH2)4.73 (q, 2H, J=  7.1 

HZ, CHzO); 7.25-7.57 (m, 5H. C6H5); 7.49 (s, 1H. H-5). I3C-Nmr (CDCI,): 14.4 (CH3); 33.7, 50.4, 54.9 (CH,); 62.6 

(CHzC&); 64.0 (CHZO); 98.5 (C-3); 114.5 (CN); 116.0 (C-4a); 127.3, 128.4, 128.7, 129.0, 129.2, 130.0, 137.6 

(C&); 133.2 (C-5); 154.3; 158.1: 162.0; 163.1. MS (DEI): m/z(%) 420 (Mt, 29); 419 (49); 329 (32); 301 (14); 272 

(5). Anal. Calcd for CZ7H2,N4O: C, 77.12; H, 5.75; N, 13.32. Found: C, 77.05; H, 5.80; N, 13.43. 

7-ACetyi-3-Cyan0-2-ethoxy-4-phenyi-6,7,8,9-tetrahydro-l,7,lO-anthyrldine ( 5 c )  Recrystallized 

from ethanollacetone; yield 75%; mp 281-283'C. Ir (KBr): v 2220 (CN); 1690 (CO) cm~'. 'H-Nrnr (CDCI,): S 1.46 (1, 

3H, J=7.1 Hz,CH3):2.13 (s,3H,CH3):3.24(m, 2H,CH2);3.87(m,2H,CH2);4.68(q,2H, J =  7.1 Hz,CH,O);4.73 

(s, 2H. CHI); 7.35-7.61 (m, 5H, C6H& 7.64 (s, 1H, H-5). 13C-Nmr (CDCI,): 14.1 (CH,); 21.2 (CH3); 33.3, 42.8. 43.3 

(CH2); 63.9 (CH20); 98.8 (C-3); 114.0 (CN); 116.3 (C-4a); 126.9; 128.8, 128.9, 130.1, 132.6 (C6H5); 133.6 (C-5); 

154.0: 158.0; 161.4: 162.4; 169.3 (CO). Ms (DEI): m/z (%) 372 (M', 100); 371 (84); 344 (17); 329 (58); 314 (30); 

301 (82); 286 (78); 274 (20). Anal. Calcd for C22H20N,02: C, 70.95; H, 5.41; N, 15.04. Found: C, 71.08; H, 5.30; N, 

14.97. 

7-Benzoyl-3-cyano-2-ethoxy-4-phenyl-6,7,8,9-tetrahydro-l,7,lO-anthyridine (5d). Recrystallized 

from ethanollacetone; yield 85%; mp 269-271°C. Ir (KBr): v 2220 (CN); 1630 (CO) cm-'. 'H-Nmr (CDCb): 6 1.54 (t, 
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3H, J= 7.1 Hz, CH,); 3.31 (br s, 2H, CH,); 3.89 (br s, 2H, CH,); 4.77 (q, 2H, J =  7.1 Hz, CH,O); 4.91 (br s, 2H, CH,); 

7.45-7.60 (m, IOH, C6H5); 7.61 (5 ,  1H. H-5). 13C-Nmr (CDCI,): 14.3 (CH,); 33.6, 43.9,44.7 (CH,); 64.2 (CH20); 99.2 

(C-3); 114.2 (CN); 116.4 (C-4a); 126.6; 126.9, 128.7, 129.1, 129.2, 130.2, 130.3,132.8, 133.9, 135.2 (C6H5+C- 

5); 154.3; 158.2; 161.9;162.4; 171.2 (CO). Ms (DEI): rn/z (%) 434 (M+, 40); 433 (14); 301 (10); 286 (10). Anal. 

Calcdfor C27H22N402: C, 74.64; H, 5.10; N, 12.89. Found: C, 74.73; H, 5.01; N, 12.99. 

8-Cyan0-9-ethoxy-7-phenyl-5H-lndeno[l,2-b]-l,8-naphthyrldlne (6). Recrystallized from 

ethanollacetone; yield 90%; mp 290-292°C. Ir (KBr): v 2220 (CN) cm-l. 'H-Nmr (CDCI,): 61.57 (I, 3H, J= 7.1 HZ, 

CH,); 3.95 (s, 2H, CH2); 4.84 (q, 2H, J =  7.1 Hz, CH,O); 7.48-7.66 (m, 8H, C6H5); 7.97 (s, IH, H-6); 8.44 (m, 1H. H- 

1). I3C-Nmr (CDCI,): 14.4 (CH,); 34.0 (CH,); 64.0 (CH,O); 97.6 (C-8); 114.7 (CN); 116.4 (C-6a); 123.5, 125.4, 

127.8, 129.0, 129.3, 130.0, 131.0, 131.3, 134.5, 139.5, 146.1 (C ,,,, ); 133.7 (C-6); 156.2; 158.2; 162.2; 166.8. 

Ms (DEI): rn/z (%) 363 (M', 72); 362 (99); 348 (33); 335 (100); 318 (31); 307 (33); 293 (14). Anal. Calcd for 

C2,H1,N30: C, 79.32; H, 4.72; N, 11.56. Found: C, 79.38; H, 4.80; N, 11.68. 

8-Cyan0-9-ethoxy-7-phenyl-5-oxo-inden0[3,2-bl-l,8-naphthyridlne (7). Recrystallized from 

e1hanoVCH2Cl2; yield 5%; mp 281-283°C. Ir (KBr): v2220 (CN); 1740 (CO) cm-'. 'H-Nmr (CDCI,): 6 1.57 (t,3H, J =  

7.1 HZ, CH3); 4.83 (q, 2H, J =  7.1 HZ, CH20); 7.43-7.84 (m, 8H, CsH5); 8.15 (s, IH, H-6); 8.24 (d, IH, J =  7.4 Hz, H- 

1). ',C-Nmr (CDCI,): 14.3 (CH,); 64.8 (CH20); 99.3 (C-8); 113.8 (CN); 117.4 (C-6a); 123.1; 124.3; 126.5; 129.1; 

129.3: 130.5; 132.1; 132.6; 132.9; 135.9: 137.3; 142.5; 159.4; 160.0; 163.8; 168.2; 189.5 (CO). Ms (DEI): rn/z 

(%) 377 (M+, 55): 376 (100); 362 (13); 349 (80); 332 (18); 321 (33). Anal. Calcd for C2,H15N,0,: C. 76.38; H, 4.01 ; 

N, 11.13. Found:C,76.46;H,4.10;N, 11.00. 

9-Cyan0-10-ethoxy-5,6-dihydro-8-phenylnaphto[l,2-bl-1,8-naphthyrldine (8). Recrystallized from 

ethanoVCH,CI,; yield 94%; mp 261 -263%. Ir (KBr): v 2220 (CN) cm-'. 'H-Nrnr (CDCI,): 6 1.56 (1,3H, J = 7.1 Hz, 

CHd; 2.99 (s, 4H, CHZCH~;  4.80 (q, 2H, J =  7.1 Hz, CH20); 7.24-7.63 (m, 8H, C,H,); 7.70 (s, IH, H-6); 8.66 (m, IH, 

H-1). 13C-Nmr (CDC13): 14.4 (CH,); 28.0, 28.2 pH2) ;  63.9 (CH20); 98.1 (C-9); 114.7 (CN); 117.0 (C-7a); 127.3; 

127.4; 127.9; 128.9; 129.3; 130.0; 130.4; 131.0; 133.4 (C-7); 134.1; 139.8; 155.2; 157.6; 158.4; 162.2. Ms 

(DEI): rn/z (%) 377 (Mf. 82); 376 (100); 362 (60); 349 (97): 332 (52); 320 (39); 307 (19); 303 (14); 292 (14). Anal. 

Calcdfor Cz5HlsN30: C, 79.55; H, 5.07; N, 11.13. Found: C, 79.40; H, 5.15; N, 11.24. 

8-Cyan0-9-ethoxy-4,5-dlhydro-7-phenylbenzothlopheno[4,5-b]l ,8-naphthyrldine (9). 

Recrystallized from ethanollacetone; yield 60%; mp 273.275%. Ir (KBr): v2220 (CN) cm~l .  'H-Nmr (CDCI,): 6 1.5 4 

(1,3H, J= 7.1 Hz, CH3); 3.04 (s, 4H, CHzCHz); 4.78 (q, 2H, J =  7.1 Hz, CH20); 7.24 (d, 1H, J =  5.3 Hz, CH); 7.44- 

7.62 (m, 5H, CsHd 7.65 (s, IH, H-6); 7.96 (d, IH, J =  5.3 Hz, H-1). ',C-Nmr (CDCI,): 14.4 (CH,); 23.3, 29.0 (CH,); 

63.9 (CH20); 97.6 (C-8); 114.8 (CN); 116.4 (C-6a); 123.3. 125.8 (C-I, '2-2); 128.3; 128.9, 129.3. 130.0 (C6H5); 

133.5; 133.7 ; 136.4; 146.1; 155.5; 156.2; 157.4; 162.3. Ms (DEI): rn/z (%) 383 (M*, 100); 382 (93); 368 (30); 355 

(91); 338 (17); 326 (23); 322 (20); 249 (9). Anal. Calcd for CZ3Hl7N30S: C, 72.04; H, 4.47; N, 10.96. Found: C, 

72.18; H, 4.67: N, 10.87. 

9-Cyano-lO-ethoxy-8-phenyl-l-benzopirano[4,3-b]-1,8-naphthyrldine (10). Purified by medium- 

pressure chromatography using hexandCH2C12 (1 :2 v/v)~? eluent; yield 58%; mp 242-244°C ir (KBr): v 2220 (CN) 
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cm' .  'H-Nmr (CDC13): 61.57 (1, 3H, J =  7.1 Hz, CH,); 4.81 (q, 2H, J =  7.1 Hz, CH20): 5.24 (s, 2H, CH2); 7.02-7.65 

(m. 8H, CsHd 8.58 (m, 1H, H-I). ',C-Nrnr (CDCI,): 14.3 (CH,); 64.1 (CH20): 67.7 (CH,); 98.4 (C-9); 114.4 (CN); 

117.0 (C-7a); 117.3; 122.0; 122.6; 124.7; 126.8; 129.0; 129.2; 130.1; 131.5; 133.1 ; 133.4 (C-7); 154.2; 156.0; 

157.9; 162.6. Ms (DEi): m/z (%) 379 (M*, 86); 378 (78); 350 (100); 334 (1 1); 322 (14); 294 (7). Anal Calcd for 

C24H17N302: C. 75.97; H, 4.52; N, 11.07. Found: C, 76.03; H, 4.60; N, 11.13. 

9-Cyano-lO-ethoxy-6,8-diphenyI-1-benzopyrano[4,3-b]-1,8-naphthyrldine (I?). Recrystallized 

from ethanollacetone; yield 40%; mp 183-185°C. Ir (KBr): v2220 (CN) cm-'. 'H-Nmr (CDCl,): 61.57 (1, 3H, J =  7.1 

Hz, CH,); 4.82 (q, 2H, J =  7.1 Hz, CH20); 6.30 (s, 1H, H-6); 7.00-7.54 (m, 13H, C6H5); 8.58 (m, 1H, H-I). 13C-Nmr 

(CDCl,): 14.4 (CH,); 64.2 (CH20); 79.3 (C-6); 98.1 (C-9); 114.4 (CN); 116.9 (C-7a); 117.8, 122.0, 122.6, 126.8, 

127.7, 128.4, 128.7. 128.9, 129.3. 130.1, 132.7 (CsH5); 133.4. 133.6, 133.7 (C-7+C6H5); 138.1; 154.0; 155.9; 

156.7; 158.0; 162.9. Ms (DEI): m/z (%) 455 (M', 94); 454 (54); 426 (34); 378 (71); 367 (13); 350 (100); 338 (10); 

321 (12). Anal. Calcdfor C30H21N,02:C, 79.10; H. 4.65; N.9.23. Found:C, 79.21; H. 4.56; N, 9.30. 

3-Cyano-2-ethoxy-4-phenyI-6-oxo-6,7,8,9-tetrahydrobenzo[b]-1,8-naphthyridine (12). 

Recrystallized from ethanollacetone; yield 66%; mp 282-284°C. Ir (KBr): v 2230 (CN); 1680 (CO) cm-'. 'H-Nmr 

(CDC13): 61.56(t, 3H, J =  7.1 Hz, CH3); 2.26(m, 2H, H-8);2.76(t,2H, J = 6 2  Hz,CH2);3.38 (1, 2H, J =  6.2 Hz, CH?); 

4.81 (q, 2H, J =  7.1 Hz, CH20): 7.42-7.64 (m, 5H, C6H5); 8.61 (s, IH, H-5). j3C-Nmr (CDCI,): 14.3 (CH,); 21.3 (C-8); 

33.5, 38.7 (CH2); 64.8 (CH20): 79.3: 99.8 (C-3); 113.9 (CN); 116.7 (C-4a); 126.1; 129.2, 130.7, 132.4 (C,H,); 

1375 (C-5); 157.0; 160.2; 163.8; 168.7: 196.5 (CO) Anal. Calcd tor C2!Ht7NSO?: C; 73.45: H. 4.99: N. 12.23. 

Found: C, 73.55; H, 4.59; N, 11.17. 

7-Cyano-8-ethoxy-6-phenyl-2,4-dloxo-l,2,3,4-tetrahydropyrlmldo[4,5-b]-l,8-naphthyridine 

(14). Recrystallized from ethanollCH2Ci2; yield 97%; mp >300°C. lr (KBr): v 3180 (NH); 2230 (CN); 1700 (CO) cm-'. 

'H-Nmr (DMSOds): 61.42 (1, 3H, J =  7.1 HZ, CH3); 4.59 (q, 2H, J =  7.1 Hz, CH20); 7.56-7.70 (m, 5H, CBH5); 8.19 (5, 

1H, H-5); 11.82 (br s, 2H, NH). 13C-Nmr (DMSO-d,): 14.1 (CH,); 64.1 (CH20); 96.8 (C-7); 110.3; 114.1 (CN); 114.3; 

129.1, 129.3, 130.4. 132.7 (C6H5); 138.1 (C-5); 150.4; 154.8; 157.4: 159.3: 161.5; 163.5. Ms (DEi): m/z (%) 359 

(M'. 30); 358 (77); 331 (70); 287 (16). Anal. Calcd lor C19H13N503: C, 63.51: H, 3.65; N, 19.49.Found: C,63.63; H, 

3.77; N, 19.38. 

7-Cyano-8-ethoxy-l,3-dimethyl-6-phenyl-2,4-dioxo-1,2,3,4-tetrahydropyrlmldo[4,5-b]-1,8- 

naphthyrldlne (15). Recrystallized from ethanollacetone; yield 62 %; mp >300°C. lr (KBr): v 2220 (CN); 1725 

(CO); 1675 (CO) cm1. 'H-Nmr (CDCI,): 6 1.57 (t, 3H, J =  7.1 Hz, CH,); 3.49 (s, 3H, NMe); 3.86 (s, 3H, NMe); 4.80 (q, 

2H, J  = 7.1 Hz, CH20); 7.44-7.65 (m, 5H, C,H,); 8.76 (5, IH, H-5). j3C-Nmr (CDCI,): 14.3 (CH,); 28.6 (NMe): 30.3 

(NMe); 64.8 (CH20); 98.7 (C-7); 110.1; 114.2 (CN); 114.5; 129.3, 130.8, 132.4 (C,H,); 140.7 (C-5); 151.7; 153.0; 

158.0; 159.6; 160.4; 164.2. Ms (DEI): m/z (%) 387 (M', 59); 386 (100); 372 (19); 359 (71): 331 (20). Anal. Calcd for 

C2,H,,N,03:C,65.11;H,4.42;N, 18.08. Found:C,65.01;H,4.49; N, 18.17. 

3,11-Di~yan0-2,10-dlethoxy-4,12-diphenyl-6,7-dihydrobenz0[1,2-b:3,4-b~-1,8- 

dlnaphthyridlne (13): 

Method A: 

A few drops of KOH (ethanolic 10%) were added to a solution of 1 (0.53 g, 2 mmol) and a-tetralone (0.1 7 g. 1.2 

mmol) in ethanol (10 ml) and the solution was refluxed for 3 h. The solid was filtered off and recrystallized from 
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ethanoVacetone to obtain 13 (0.38 g, 50 %); mp >300°C. Ir (KBr): v 2220 (CN) cml. 'H-Nmr (CDCg): 6 1.52 (1,3H, J 

=7.1 Hz,CH3);1.54(1,3H, J=7.1 Hz,CH3);3.14(t,2H.J=6.9Hz,CH2);3.43(t,2H,J=6.9Hz,CH2);4.69(q,2H, J 

= 7.1 Hz, CH20); 4.78 (q, 2H, J =  7.1 Hz, CH20); 7.44-7.68 (m, IOH, C,H5); 7.78 (s, 1H, H-4); 9.1 1 (s, IH, H-13). 

13C-Nmr (CDCld: 14.3, 14.4 (CH3); 27.1.31.8 (CH2); 64.1,64.4 (CH20); 99.2,99.5 (C-2, C-11); 114.2, 114.3 (CN); 

117.1, 117.5 (C-4a, C-12a); 127.1: 129.1, 129.2, 129.6, 129.7, 130.2, 130.5, 132.9 (C6H5); 135.1 (C-13); 155.0; 

155.8; 156.2; 157.8; 159.5; 162.4: 163.1: 165.8. Anal. Calcd for C3BH2sNS06: C, 75.25: H, 4.56; N, 14.62. Found: 

C, 75.38; H, 4.67; N, 14.78. 

Method B: 

Compound (13) was also prepared from 1 and 12 following the General Procedure of Friedlander condensation of 

aminoaldehyde 1 wah ketones in 53 %yield. 

Reaction of amlnoaldehyde (1) wlth P-tetralone: 

A few drops of KOH (ethanolic 10%) were added to a solution of 1 (0.56 g, 2 mmol) and p-tetralone ( 0.32 g, 2.2 

mmOl) and the solution was refluxed 1 h. The solid formed was fiitered off and recrystallized from EtOHlacetone to 

yielded 17 (0.30 g. 50%). The filtrate was evaporated under reduced pressure and the residue was purified by 

medium-pressure chromatography using CH2C12 as eluent to obtain 19 (0.03 g. 8%) and CH2CYE10H (503 vlv) to 

obtain 18 (0.07 g, 17%). 

When the reaction time was 24 h the solid formed was filtered off and recrystallized from EtOHlacetone to yield 16 

(0.37 g, 60%). The filtrate was evaporated under reduced pressure and the residue was purified by medium- 

pressure chromatography using CH2C12 as eluent to obtain 19 (0.03 g, 7%) and CH,CIdEtOH (50:l vlv) to obtain 

18 (0.07 g, 16%). 

lO-Cyano-9-ethoxy-l1-phenylanthra[2,1-b)-1,&naphthyrldlne (16). The solid was recrystallized from 

ethanollacetone; mp >300°C. Ir (KBr): v 2220 (CN) cm~'. 'H-Nmr (CDCI,): 61.58 (1, 3H, J =  7.1 Hz, CH,); 4.85 (q, 

2H, J =  7.1 Hz, CH20); 7.55-7.75 (m, 7H, H-2, H-3, C6H,); 8.05, 8.12 (AB system, 2H, J =  9.4 Hz, H-5, H-6); 8.27- 

8.35 (m, IH,  H-I); 9.21 (5, 1H, H-12). I3C-Nmr (CDCI,): 14.4 (CH,); 64.4 (CH20); 99.5 (C-10); 114.5 (CN); 116.5 (C- 

I l a ) ;  122.6; 123.6; 127.9; 128.0; 129.2; 129.4; 129.6; 130.5; 131.1; 132.0 ; 133.2; 135.3 (C-12); 152.5; 154.0; 

159.2; 162.3. Ms (DEI): m/z (%) 375 (M', 80); 374 (100); 347 (93); 330 (34); 319 (51). Anal. Calcd for CZ5Hl7N30: 

C, 79.98; H, 4.56; N, 11.19. Found: C, 80.08; H, 4.67; N. 11.31. 

10-Cyano-9-elhoxy-ll-phenyl-5,6-dlhydroanlhra[2,1-b]-l,8-naphthyrldlne (17). The solid was 

recrystallized from ethanollacetone; mp >300°C. Ir (KBr): v2220 (CN) cm~'. 'H-Nmr (CDCI3): 6 1.53 (1, 3H, J = 7.1 

Hz, CH,); 3.05 (m, 2H, CH2); 3.31 (m, 2H, CH,); 4.76 (q, 2H, J =  7.1 Hz, CH20); 7.17-7.28 (m, 4H, H-1, H-2, H-3, H- 

4); 7.41-7.60 (m, 5H, C6H& 8.14 (S, IH,  H-12). I3C-Nmr (CDCb): 14.4 (CH3); 28.1, 32.9 (C-5, C-6): 64.1 (CH2O); 

98.5 (C-10); 114.5 (CN); 117.1 (C-1 la); 124.1; 127.3; 128.5; 128.8; 129.0; 129.3; 130.2; 133.2; 131.7; 132.0; 

135.3;137.1 (C-12); 154.6; 158.3; 162.3; 165.7. Ms (DEI): m/z (%) 377 (M+, 100); 375 (48); 349 (46); 315 (40); 

287 (85): 216 (49). Anal; Calcdfor Cz5H19N30: C, 79.55; H, 5.07: N, 11.13. Found: C, 79.47; H, 4.95; N, 11.25. 

3-Cyano-2-ethoxy-4-phenyl-5,12-dlhydroanthra[2,3-b]-1,8-naphthyrldlne (18). Purified by 

medium-pressure chromatography using CH2CY EtOH (50:1 vlv) as eluent; mp 220-222°C. Ir (KBr): v 3300 (NH); 
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2220 (CN) cm~'.  'H-Nrnr (CDCI,): 61.44 (1. 3H, J =  7.1 Hz, CH,); 3.95 (s, 2H, H-5): 4.45 (q, 2H, J =  7.1 Hz, CH20); 

7.06-7.65 (rn, I IH. H,,,,). I3C-Nmr (CDCI,): 14.5 (CH,); 28.6 (C-5): 62.9 (cH,o); 104.6; 109.2 (c-I 1); I I 6.2 (cN); 

121.4; 124.2, 126.2, 126.4, 127.3, 127.6,(C-6, C-7, C-8, C-9, C-10): 128.1, 128.9, 129.1, 133.1 (CBH,); 130.2; 

135.3; 135.6: 152.5; 155.1: 163.7. MS (DEI): rn/z(%) 377 (M', 91); 376 (59); 375 (55); 348 (100); 319 (34); 174 

(54). Anal. Calcdfor CZ5H1~N30: C, 79.55; H, 5.07: N, 11.13. Found: C. 79.68; H, 5.13: N, 10.98. 

3-Cyan0-2-ethoxy-4-phenylanthra[2,3-b]-l,8-naphthyrldlne (19). Purified by medium-pressure 

chromatography using CH2CI, as eluent; mp >300°C. Ir (KBr): v2225 (CN) crn~'. 'H-Nmr (CDCI3): 6 1.60 (1. 3H, J =  

7.1 Hz, CH,); 4.87(q, 2H, J=7.1 Hz, CHzO); 7.45-7.70 (m, 7H, H ,,,, ); 7.98 (d, 1H, J = 6 5  Hz, H-7);8.10 (d, IH, J =  

8.4 Hz, H-10); 8.53 (s, IH,  H-6); 8.78 (5, 1H, H-5); 8.89 (s, IH, H-11). 13C-Nmr (CDCI,): 14.4 (CH,); 64.5 (CH20); 

100.5 (C-3); 114.4 (CN); 117.8 (C-4a)124.4 (C-5a); 126.2, 126.6. 127.7, 128.4, 128.5, 128.6 (C-6, C-7, C-8, C-9, 

C-10, C-11): 129.2, 129.4. 130.5, 133.1 (C,H,); 131.6. 136.3 (C-6a, C-IOa); 140.7 (C-5); 146.5; 153.3; 160.2: 

162.1. Ms (DEI): m/z (%) 375 (Mt, 100); 374 (54); 347 (67); 319 (59); 288(22). Anal. Calcd for C25H17N30: C, 79.98; 

H. 4.56;N, 11.19. Found:C,79.87:H,4.63;N, 11.03. 

Oxidation of  naphthyridlne (17) with DDQ. 

A solution of 17 (0.133 g, 0.35 mmol) and DDQ (0.09 g, 0.39 rnrnol) in THF (20 ml) was refluxed for 4 h. The solid 

formed was filtered off and recrystallized from EtOHIacetone to obtain 16 (0.065 g, 65%). 
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