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Summary: &Ketoesters and pdiesters react with @-enaminonitriles in the presence of stoichiometric 
amounts of tin (IV) chloride to give 4-aminopyridines and pyridones while they react with aromatic ortho- 
amitwnimIes to give I-aminoquinolines and quinolones. 

, 

The metal-promoted formation of a carbon-carbon bond between the cyan0 group of nitriles and the 

intercarbonylic methylene group of p-dicarbonyls affords P-enaminodione derivativesl. which, in particular 

cases, dimerise to pyrimidines2 or cyclise to pyrrolines3. 

In order to explore further the role of metals in promoting the formation of heterocycles, we undertook the 

synthesis of 4-aminopyridines and of 4-aminoquinolines, mainly because of the importance of these rings in 

medicinal chemist@. 

The synthesis of pyridines was carried out according to scheme 1. Two different approaches were 

investigated. In the first, we allowed cyclic p-enaminonitriles to react with p-ketoesters and P&esters in the 

presence of stoichiometric amounts of tin (lV) chloride. ln a typical reaction, p-enaminonitrile, P-dicsrbonyl 

and tin (Iv) chloride, in 1: 1:2 molar ratio, were heated under reflux in toluene for 3- 12 h. After the removal of 

the solvent, the residue was stirred with an aqueous solution of sodium carbonate. The resulting suspension 

was extracted with ethyl acetate and the extracts were dried and concentrated to give the desired heterocycles. 

The 4-aminopyridine derivatives (2sb)sa were obtained in cu. 60% yield in the reaction of l-amino- 

Zcyano-cyclopentene (la) and of 1-amino-2-cyano-cyclohexene (lb) with methyl acetoacetate. Lower yields 

(32%) of the 4-amino2-pyridone (958were obtained in the reaction of niuile (lb) with diethyl malonate. 

In an alternative approach, the N-acetoacetylation of enaminonitrile (lb) with diketene afforded the 

N-acetoacetamide (4, yield 92%). Attempts to cyclise compound (4), heating it under reflux in toluene in the 

presence of tin (IV) chloride, failed to yield the desired pyridone ring, the only isolated compound being the 

amid0 N-acetoacetamide (5) (yield 62%). 
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SCHEME 1 

The synthesis of 4-aminoquinolines was carried out according to scheme 2. In the first type of approach. 

2-aminobenxoniuile (6a) and its 5-nitro derivative (6b) were allowed to react with methyl acetoacetate to give 

the Caminoquinobnes (7a-b)s in good yield (6040%). Lower yields (20-30%) of the 4-amino-2-quinolones 

@a-c)5b were obtained in the reaction of the nitriles (6a,b) with dialkyl malonates. 

In the alternative approach, treatment of 2-aminobenxoniuile (6a) with ethyl malonyl chloride yielded the 

malonyl ester amide (9) while reaction of (6a) with diketene a@nded the N-acetoacetamide (10). Attempts to 

cyclise compound (9). under mflux in toluene in the presence of tin 0 chloride, gave the quinolone (Sb) in 

very low yield (5%). while the N-acetoacetamide (10) was cyclised under the same experimental conditions to 

the quinolone (8d) in moderate yield (35%). 

The obtained results show that tin (IV) chloride is efficient in promoting the cyclisation reactions of 

~naminonitriles and aromatic orrk+uuinonitriles with p-dicarbonyls. The desired hetemcycles were recovered 

in good yield in the reactions of niuiles with p-ketoesters, whilst lower yields were obtained in the reactions 

with P_diesters. 
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SCHEME 2 

According to our previous results1 the heterocycles obtained in the reactions between amino&riles and 

p-dicarbonyls are formed via the intermediate B-enaminodiones (11). These intermediates have never been 

isolated possibly due to their fast intramolecular cyclisation to heterocyclic rings. 

The promotion of these syntheses by tin (IV) chloride may be related to its well known ability to coordinate 

both the ~csrbonyls6 and the niMes7. enhancing their nucleuphilic and electrophilic chamcter respectively. 
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The failure to cyclise of the N-acetoacetamide (4) and the low yields obtained in the cyclisation of the malonyl 

ester amide (9) and acetoacetamide (10) could be explained by a difficulty in coordinating both the 

pdicarbonyl moiety and the cyan0 group of the same molecule, possibly due to steric and geometric reasons. 

References 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

A.C. Vaone~e. V. Gar~dolfi, M. Baaato. and B. Corain, J. Chem. Research (S). 1988,246; J.Chem. Research @I), 1988, 

1843. 

M. Bawto, B. Corain, A.C. Veronese, F. D’Angeli, G. Valle and G. Zanotti, J. Org. Chem., 1984, fi, 4696. 

M. Basato, R. Campostsbk B. Corain. B. Longato, S. Sktsan, A.C. Vemneae and G. Valle, J.Chem.Soc., Perk& Trans. 2. 

1985, 2019. 

The 4-amin0qui~lb1es are importaat antimalarial arugS and show analgesic and antipblogistic activity: a) A.K.Saxena and 

M.Saxena, “Advances in Cbemotksapy of Malaria”, in “Progress in Drug Reseaxh”, E. Jucker ed., Birkbaose Verlag , 

1986.B. 221; b) F.S. Yates, “pyridines and their Benzo Desivative-a: Applications” in Cowrehensive Heterocyclic 

Chemisfry, A.J. Boulton and A. McKillop eda.. F%rgamon Press. 1984.2.517; c) A.A. Santilli, U.S. 4,248,768, 

Chem. Afwrr., 1981. x, 203774q; d) P.E. Mare&i, and R.E. Bambury. J. Phurm. Sci., 1984, u, 1141. 

Spectral data for key compounds aw given below. lH and 13C NMR spectra wese mat 200 and 50 MHZ respectively: 

a) pyridine derivatives: @a), IR (Nujol): v 3425,3340-3260,3220-3160.16PO. 1610.1250 cm-l; 6~ (CDCl3): 2.2 

(m. 2H, CH2), 2.65 (a, 3H, Me). 2.70 (t, J=6.1 Hz, 2H, CHZ), 2.95 (t, J=6.1 Hz, 2H. CHZ), 3.89 (s. 3H, Me). 5.7 

(bs, 1H. NH), 7.3 @a, lH, NH): 

(3). IR (KBr): v 3410.3290, 1660,1620, 1530, 1270, 1190, 1090 cm-l; 8~ (CDC13): 1.40 (t, Jz7.1 Hz, 3H, Me), 1.79 

(m. 4H, 2 CHZ), 2.30 (m. W, CHZ). 2.60 (m. 2H, CHZ), 4.34 (q, J=7.1 Hz, GCHi), S-10 (vb, 2H, NHZ), 11.7 

(bs, lH, NH); 8~ (CDC13): 14.38 (q. J=l25 Hz, Me), 20.77 (t, J=123 Hz. CHZ), 21.19 (t, J=123 Hz, CHZ), 21.54 

(t. J=129 Hz, CHd, 26.37 (t. J=126 Hz, CH2), 58.82 (t, J=146 Hz. GCH2 ), 91.61 (s. C-5). 101.66 (s, C-3). 145.58 

(s, C-6). 160.24 (s. C-4 and C-2). 169.38 (s, COO). 

b) quinoline derivatives: (%), IR (KBr): v 3360.3160, 1670, 1615, 1550, 1260 cm”; 6B (CDC13): 2.80 (s. 3H, Me), 3.90 

(s, 3H,Me), 7.08 (bs, 2H, NHZ). 7.4 - 7.9 (m. 4H. Ph); 8~ (CDC13): 27.9 (q. J=128 Hz. Me), 51.6 (q, J-148 Hz, OMe), 

102.1 (s, C-3). 116.9 (s, Ar), 120.6 (d. J=158 Hz, Ar), 124.9 (d. J=161 Hz, Ar). 129.0 (d, J=163 Hz, Ar), 131.3 

(d. J=162 Hz, Ar), 147.5 (s, AI), 153.7 (s, CA)), 159.5 (s, C-2). 169.9 (s. COO); 

(Se), IR (KBr): v 3380-3200,1670,1640,1620,1280.740 cm-l; 8~ (DMSO-d6): two tautomers are present, the main one 

(80%) corresponding to structure (88): 3.74 (s, 3H, Me), 7.09-7.21 (m. 2H, Ar), 7.49-7.57 (m, lH, Ar), 8.11 

(d. J=9 Hz. lH, Ar). 8.43 (bs, 2H, NHz), 10.92 (bs, 1H. NH). 
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