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Abstract- The nucleophilic substitution of the enol methoxy group of 

pyridones (1) by methyl cyanoacetate led to (a-5-cyano-6- 

cyanomethoxycarbonylmethylenepiperidones (6), which underwent 

cyclization in acid medium to 1,2,3,4-tetrahydro-7H-pyrano[4,3-blpyridine- 

2.7-diones 17). Surprisingly, the treatment of 7 with ammonia yielded the 5- 
cyano-6-cyanomethyl substituted pyridones (11) which were not accessible 
by reaction of 1 with NaCH2CN. 

INTRODUCTION 

In a recent paper our group has reported a new synthesis of 3,4-dihydro-1.6-naphthyridine- 

2IlH)-ones by cyclization of dinitriles both in acid and basic medium1. Thus, the treatment of 

the pyridones 1 with malononitrile (2) yielded the corresponding substitution products 3 which 

underwent cyclization in acid medium (HCI or HBr in dioxanelbenzene) to afford the 7-amino-5- 

halo-8-cyano-1.2,3,4-tetrahydro-1,6-naphthyridin-2-ones (4) (Nu = CI. Br). The direction of the 

cyclization is independent of the thermal level employed and the nature and position of the 

substituents R1 and R2. On the other hand, when the cyclization was carried out in basic 

medium (NaOMe/MeOHI, the two possible isomers 4 and 5 (Nu = MeO) were obtained but the 

proportion of 4 to 5 decreased when R2 is not H. 

Scheme 1 
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RESULTS AND DISCUSSION 

These results prompted us to assay the substitution of the enol methyl ether of 1 by carbon 

nucleophiles such as these corresponding to phenylacetonitrile, malonamide, dimethyl 

malonate, ethyl acetoacetate, acetonitrile, ethyl acetate, cyanoacetic acid, monomethyi malonic 

acid, and nitromethane, but no reaction took place. Only when la-e were treated with methyl 

cyanoacetate in NaOMelMeOH, the corresponding substitution products 6a-e were obtained2 

which exhibit a strong intramolecular hydrogen bond between the ester carbonyl group and the 

cyclic N-H group. 

Now we wish to report some singular and even unexpected results obtained in the study of 

the reactivity of 6a-e. Thus, while the treatment of 6a-e in basic medium (aqueous KOH. 

NaOMelMeOH) gave complex crude materials, the treatment in acid media (HCI, HBr, 

CF3CO2HI yielded3 the corresponding 5-amino-8-cyano-l,2,3,4-tetrahydro-7H-pyrano[4,3- 

blpyridine-2.7-diones (7a-el by cyclization of the ester group and the cyan0 group linked to the 

ring4, independently of the nature and position of the substituents RI and R2 (Scheme 2). 
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Scheme 2 

Although the reaction was mainly independent of the nature of the hydrogen halide and the 

reaction temperature employed, a mixture of 7 and the 1.6-naphthyridines 8 and 9 was 

obtained when it was carried out using HBr at low temperature. However, if the temperature or 

the polarity of the solvent were increased, the formation of 7 was favored. 

As for the direction of the cyclization that leads to the 1.6-naphthyridines 8 and 9, it strongly 

depends on the nature of the substituents  land ~ 2 .  Thus, 6b and 6d (R =Ph) afforded the 7- 
amino-5-bromo substituted isomers 8b and 8d, while 6a and 6c IR =Me) yielded the 5-amino- 

7-bromo-1.6-naphthyridines 9a5 and 9c. However, when ~1 = ~2 = H (6e) both isomers 8e 

and 9e were obtained, what has been of great value for the spectroscopic assignment6 of the 
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cyclization products, once the position of the halogen in structures 9 was established7. Studies 

are being carried out in order to cast light on the substituents effect. 

On the other hand, in order to confirm chemically their structure, the treatment of the 

pyranopyridines 7 with NH3 was assayed* to obtain the previously describedl 1.6- 

naphthyridines 10. Surprisingly, the pyridones l l a - d  were obtained instead of 10a-d. These 

compounds formally correspond to the substitution product of the enol methyl ether of la-d by 
NaCH2CN and were not directly accessible. Their formation could be rationalized as follows: (i) 

Nucleophilic attack at C-5 which opens the pyrane ring9, (iil decarboxylation, (iii) 
tautomerization (amidine formationl, and (ivl elimination of NH3 from the unstable amidinel0 

which is converted into the nitrile linked to C-51 1. 
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Scheme 3 

The preliminary assays of cyclization with HBr of l lb ,c,  which contrary to 3 present an 

endocyclic double bond, have solely yielded the 7-amino-5-bromo-l,&naphthyridines 12b.c 
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independent ly  of t h e  thermal  level  employed.  The  st ructura l  ass ignment  has  been carr ied o u t  b y  

dehalogenat ion to 13b.c w h e r e  no coupl ing be tween  t h e  pyr id ine r ing  p ro tons  has  been 

observed in H nmr.  Exper iments are currently being under taken t o  exp lode t h e  syn the t ic  ut i l i ty  

o f  t h e  7 t o  11 convers ion  procedure.  
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2. In a typical experiment: A mixture of 0.050 mol of the pyridone la1. 0.050 mol of methyl cyanoacetate and 

0.050 mol of sodium in 300 ml of anhydrous dioxane and 5 drops of methanol, was heated under reflux for 22 

h. The dark solid obtained was filtered off, suspended in 60 ml of ethanol and neutralized with an equimolar 

amount of ethanolic HCI. The solid obtained was filtered and the mother liquor was concentrated in vacuo to 

give an extra crop of solid. The combined solids were washed with water, ethanol, and ether, and dried in 
vacua over P205. The crude material was recrystallized from AcOEtiEtOH or AcOEtIhexane to give la-5-cyano- 

6-cyanomethoxycarbonylmethy!ene-4-methylpiperidone 16a1, yield: 74%. mp 158-159 OC. Ir v: 3225, and 3190 
(NHI, 2250, and 2225 ICNI, 1750, and 1735 lC=01. 1690, and 1615 cm-l IC=CI. l ~ N m r  (d6-OMS01 6: 

1.20-1.40 13H, m, Me), 2.30-3.00 13H. m. H-3 and H-41, 3.80 OH. s, C02Me1, 4.70-4.90 I1 H, m. CY-CN, 

exchangeable with D20). and 11.00 ( lH ,  bs, NH, exchangeable with D201. 13c Nmr Ids-DMSOI 8: 167.5 

(C-21, 35.1 IC-31, 27.1 IC-41. 34.4 IC-51, 158.3 IC-61, 81.2 ICCNC02Mel. 113.8. and 112.7 (CNI. 164.6 

(CO2Me1, 52.9 IC02Me1, and 17.1 IMel. Ms, mlz (relative intensity): 233 IM', 81, 69 1100). Anal. Calcd for 

C11HllN303: C ,  56.65; H, 4.75; N, 18.02. Found: C, 56.66; H, 4.68; N, 18.10. 

3. In a typical experiment: A stream of anhydrous hydrogen bromide was bubbled through a suspension of 0.01 

mol of the piperidone 6b in 150 ml of dioxane at reflux temperature until saturation 11-2 h). The stream was 

maintained for 0.5-1 h, then was stopped and the mixture was stirred at room temp. for 1 h and for 24 h in a 

closed vessel. The hydrobromide of the cyclization product was filtered and the solution was concentrated in 

vacua to give a crude solid. Both solids were treated separately as follows. The solid is suspended in methanol 

and neutralized with methanolic ammonia solution. The solid obtained was filtered, washed with water, cold 

ethanol, and ether, and dried in vacuo over P2O5. The crude material was recrystallized from ethanollacetone to 

give 5-amino-8-cyano-1,2,3.4-tetrahydro-4-~henyl-7H-~yranol4,3-bl~yridine-2,7-dione (7b1, yield: 94%. mp 

247-249 OC. Ir v :  3400, 3310, 3200. and 3140 INHI, 2220 ICNI, 1705, and 1680 lC=O), 1635 cm-l.  lHNmr 
ldg-DMSO1 8 2.70-4.24 13H, m, H-3 and H-41, 7.20 15H. m, Phl, and 8.90 13H. bs, NH, exchangeable with 

0201. 1 3 c ~ m r  ld6-OMS01 S: 169.5 (C-21, 38.7 IC-31, 33.3 IC-41, 83.0 IC-4a1, 157.0 IC-51, 162.2 IC-7). 65.5 

IC-81. 159.5 IC-8aI. 115.3 ICNI. 140.5, 128.7, 127.1, and 126.7 IPhl. Uv IEtOHI: 244 nm (log 8. 4.301, 350 

14.001. Ms. mlz (relative intensity): 281 IM+, 161. 237 1301. 44 1100). Anal. Calcd for Cl5H1 1N303: C , 

64.05; H, 3.94; N, 14.94. Found: C. 63.86; H, 4.03; N. 15.00. When the reaction was carried out at room 

temperature using benzene as solvent, a mixture of 7b 110%) and the naphthyridine Bb 157%) was obtained. 

but if a mixture of benzeneldloxane I 1 : l I  was used the vields were 25% of 7b and 47% of 7-amino-5-bromo- 
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1.2.3.4-tetrahydr0-8-methoxycarbonyl-4-phenyl-1.6-naphthyridin-2-one l8bl. mp 254-256 OC. Ir v: 3440. 3385, 

3280, and 3170 (NH), 1715, and 1695 IC=O), 1615 cm-l .  1~ Nmr Ide-DMSOI 6: 2.60-3.40 12H. m, H-31, 

3.90 (3H, s, OMel, 4.50 ( lH,  d, J = 5 Hz, H-41, 7.30 l5H, m, Ph), 7.40 l2H, bs, NH2, exchangeable with 

D201 and 10.50 I lH,  bs. NH, exchangeable with D201. 13c Nmr ld6-DMSOI see Table 1. Ms, mi2 (relative 

intensity): 375 (Mi. 491, 377 I M t  +2. 501, 298 1100). 300 (951. Anal. Calcd for ClgH14N3038r: C , 51.08; 

H. 3.75; N, 11.17; Br. 21.24. Found: C, 50.98; H, 3.77; N. 11.03; Br, 21.05. The use of a mixture of 

CF3C02H and ethanol at room temperature afforded 7b in 94% yield. 

4. This kind of cyclization has been previously reported by H. Kristinsson, T. Winkler, G. Rihs. and H. Fritz, Helv. 

Chirn. Acta. 1985, 68, 1155. 

5. Trace levels of 8a have been detected in the reaction crudes. 

I ( 126.5 1 127.0 1 1 1 I 
Table 1: 13c nmr spectral data of naphthyrldines 8 and 9 

7. The position of the halogen in structures 9 has been confirmed chemically by reaction with hydrazine, which 

afforded a dihydropyrazole ring by substitution of the bromine in C-7 and cyclization with the ester group in C-8. 

8. The treatment of pyranes with RNH2 is a common method for the synthesis of pyridines. In particular, V. K. 

Jhalani. L. P. Ghalsasi, S. P. Acharya, and R .  N. Usgaonkar, lndian J. Chern. Sect. 8.. 1989, 173, describe the 

synthesis of 1.6-naphthyridines using this procedure. 

9. The nucleophilic attack at C-5 instead of at C-7 is easily understandable according to the principle of vinylology 

IC-5 is linked to two heteroatoms and to two electron withdrawing groups. CN and COI. In other words, this 

reaction is a vinylogous extension of the nucleophilic substiturions carried on 1. 
10. Unsubstituted amidines can be prepared in the form of hydrochlorides by treatment of nitriles with NH3/NH4CI 

under pressure. However, amidines are usually unstable and regenerate the original nitrile (For a review of 

amidines, see J. Gautier, M. Miocque, and C. C. Farnoux, in: The Chemistry o f  Arnidines and lmidates; S. Patai 

(Ed.); New York: John Wiley and Sons. 1975; pp 283-3481, 

11. In a typical axperiment: 0.01 mol of 7b and 30 ml of aqueous ammonia were stirred at room temperature for 2- 

3 h. The solvent was eliminated in vacuo,the residue was neutralized with 6 M HCI, extracted with 3x30 ml of 
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CH2C12 and dried with MgS04. After solvent elimination, the crude material was recrystallized from 

CH2C121hexane 11 :I01 to give 5-cyano-6-cyanomethyI-4-phenyl-1.2.3.4-tetrahydro-2-pyridone I1 1 bl, yield: 

74%. mp 117-118 OC. Ir v: 3240, and 3185 (NHI, 2265, and 2215 (CNI, 1715 fC=Ol, 1650 crn-l fC=Cl. IH 
Nmr lCDCl$ 6:  2.40-3.75 13H. m, H-3 and H-41, 3.50 l2H. s. CY2-CNI. 7.10 15H, m. Phl. and 8.90 I lH, bs. 

NH, exchangeable with D201. 13cNmr ICDCl31 S: 169.0 IC-21, 39.2 IC-31. 36.9 IC-41. 92.1 IC-51. 141.5 IC-61. 

20.8 ICH2CNI. 116.5, and 113.7 ICNI, 138.7, 129.2. 128.1, and 126.6 IPhl. Uv IEtOHI: 275 nrn (log E, 4.08). 

Ms. rnlz (relative intensity): 237 IM+, 971, 77 11001. Anal. Calcd for Cl4H1 1N30: C , 70.87; H, 4.67; N, 

17.71. Found: C, 70.82; H. 4.56; N. 17.85. 
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