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The synthesis of novel 1,6-naphthyridines 6 with potential activity against tuberculosis is described using
the reaction sequence 2 — 4 — 6. Depending on the ring N-substitution of the 4-alkylamino-6-methyl-
2(1H)-pyridones 1 and 2 the electrophilic attack of the Vilsmeier reagent gives rise to the formation of the
exocyclic N-formyl derivatives 3 from 1 and the corresponding 3-carbaldehydes 4 from 2. 1,2-Dihydro-2-
imino-7-methyl-1,6(6H)-naphthyridin-5-ones 6a-j are prepared by the Knoevenagel reaction of 4 with CH-
acidic nitriles 5. These reactions are carried out using a comparative study of conventional conditions (room

temperature or reflux) versus microwave irradiation.

J. Heterocyclic Chem., 37, 871 (2000).

In a recent paper [1] one of us described the synthesis of
substituted 2-imino-1,6-naphthyridin-5-ones from 4-alky-
lamino-2(1 H)-pyridone-3-carbaldehydes. Some of the naph-
thyridines were found to cause inhibition of H37Rv tubercu-
losis strain in a minimal inhibitory concentration (MIC) from
3to 12.5 pg/ml [2]. As to the best of our knowledge, antibac-
terial activity of 1,6-naphthyridines has not been previously
described in the literature. In order to gain more insight in
structure activity relationships we had to use a time saving
method for the preparation of novel 1,6-naphthyridines 6 with
varying substituents via the reaction sequence 2 — 4 — 6.
Microwave irradiation has been used to enhance a great num-
ber of classical organic reactions [3-8]. Since we applied suc-
cessfully this modern method to transform 4-hydroxy-2(1H)-
pyridones into the corresponding 4-alkylamino compounds
1,2 [9], we now tried the same approach to the synthesis of
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substituted 1,6-naphthyridines 6 comparing the results with
those achieved under normal conditions.

The Vilsmeier-Haack formylation of the pyridones 1 and
2 was carried out by a method described in the literature [1]
(Scheme 1) and gave surprisingly different new reaction
products, namely the 4-N-formyl derivatives 3 exclusively
from 1 and the corresponding 3-carbaldehydes 4 exclusively
from 2 with very good yields (Table 1). An explanation for
the formation of different products may be due to the
blocking of the N-1 position with methyl group changing
automatically the properties of the lactam group. The elec-
trophilic attack of the Vilsmeier reagent preferentially occurs
then at the C-3 carbon atom in the pyridone molecule.
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The spontaneous cyclization to the final 1,6-naph-
thyridines 6 was achieved under Knoevenagel conditions
by treatment of 4 with the CH-acidic nitriles 5 in the pres-
ence of a catalytic amount of piperidine. As described
above we wanted to compare two procedures. First, we
applied normal conditions (Method A) and found the best
results for the preparation of: 6a-c and 6f-h using room
temperature and a molar ratio of 1:3 equivalents for 4 to 5,
respectively without any solvent, 6d,e and 6i,j using reflux
in ethanol and equimolar amounts of 4 and 5.
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Table 1
4-Alkylamino-6-methyl-2(1 H)-pyridone 3-carbaldehydes 3 and 4.

Compound R! R2 m.p. °C Yield (%) Solvent for recrystallization
3a H CH,Cg¢Hjs 225-226 (dec.) 78 MeOH
3b H CH,CH,CgHjs 200-203 (dec.) 70 MeOH
4a CH, CH,Cg¢Hj; 116-118 78 MeOH
4b CH; CH,CH,CgH;s 130-131 89 MeOH
Table 2

Compound

6a
6b
6¢
6d
Ge
6f
6g
6h
6i

6j

Reaction Conditions, Yields, and Some Physical Data for Novel 1,6-Naphthyridines 6a-j.

Reaction time & Yield (%)

R? R3 m.p. °C/solvent Method A Method B

CH,C¢Hj5 COOCH; 207-209 48 hours [a] (74) 3 minutes [a) (77)
MeOH

CH,CgHs COOC;H; 186-188 48 hours {a] (29) 3 minutes [a] (80)
MeOH

CH,C¢H; COOCH(CH;), 185-186 48 hours [a] (67) 3 minutes [a] (82)
MeOH

CH,CgHjs p-CcHy-NO, 201-202 20 hours [b] (40) 6 minutes [c] (65)
EtOH

CH,Cg¢Hs CONH, > 250 13 hours {b] (59) 6 minutes [c] (75)
EtOH

CH,CH,C¢Hs COOCH; 175-177 48 hours [a] (72) 3 minutes [a] (76)
MeOH

CH,CH,C¢Hjs COOC,Hs 168-170 48 hours [a] (59) 3 minutes [a] (71)
MeOH

CH,CH,CgHjs COOCH(CH3); 178-179 48 hours [a)] (68) 3 minutes [a) (79)
MeOH

CH,CH,Cg¢Hj5 p-CeHy-NO;, 191-192 20 hours {b] (24) 6 minutes [c] (56)
EtOH

CH,CH,C¢Hjs CONH, > 250 13 hours [b] (51) 6 minutes [c] (59)
EtOH

[a] At room temperature without any solvent. [b] Reflux in ethanol (normal conditions). [c] Ethanol was used as solvent in this cases.

Compound
3a [b]
3b
4a
4b
6a
6b
6¢
6d
6e [b]
6f

6g

Table 3
TH-NMR Data (300 mz in CDCls) of 3, 4, and 6 Prepared {a]

Chemical Shifts (8), J (Hz)

2.13 (s, 3H, 6-CH3), 4.96 (s, 2H, CH,C¢Hs), 5.85 (s, 1H, H-3), 6.30 (s, 1H, H-5), 7.18-7.34 (m, 5H arom.), 8.67 (s, 1H, CHO),

11.29 (br.s, I1H, 1-NH)

2.38 (s, 3H, 6-CH3), 2.87 (t, 2H, I = 7.8 Hz, CH,C¢Hs), 3.98 (t, 2H, J = 7.9 Hz, N-CH,), 5.88 (s, IH, H-3), 6.34 (s, 1H, H-5), 7.20-7.37
(m, SH arom.), 8.68 (s, LH, CHO), 13.28 (br.s, 1H, 1-NH)

2.19 (s, 3H, 6-CHy), 3.40 (s, 3H, N-CH3), 4.48 (d, 2H, J = 6.0 Hz, CH,C¢H5), 5.63 (s, 1H, H-5), 7.25-7.38 (m, 5H arom.), 10.22 (s, 1H,
CHO), 10.52 (br.t., 1H, 4-NH)

2.27 (s, 3H, 6-CH3), 2.93 (1, 2H, J = 7.2 Hz, CH,CgHs), 3.39 (s, 3H, N-CH3), 3.48 (1, 2H, J = 7.1 Hz, N-CH,), 5.58 (s, 1H, H-5), 7.21-
7.35 (m, 5H arom.), 10.14 (br.t., 1H, 4-NH), 10.20 (s, 1H, CHO)

2.25 (s, 3H, 7-CH3), 3.48 (s, 3H, N-CH3), 3.87 (s, 3H, COOCH}3), 5.52 (s, 2H, CH,CgH;), 5.88 (s, 1H, H-8), 7.19-7.34 (m, 5H arom.),
8.70 (s, 1H, H-4), 9.35 (br.s., 1H, 2-NH)

1.38 (t, 3H, ] = 7.1 Hz, COOCH,CHj3), 2.29 (s, 3H, 7-CH3), 3.48 (s, 3H, N-CH3), 4.33 (g, 2H, ] = 7.2 Hz, COOCH,CHj,), 5.52 (s, 2H,
CH,C¢Hs), 5.88 (s, 1H, H-8), 7.19-7.34 (m, 5H arom.), 8.71 (s, 1H, H-4), 9.35 (brs., 1H, 2-NH)

1.33 (d, 6H, I = 6.3 Hz, 2xCH; CH(CH}),), 2.26 (s, 3H, 7-CHy), 3.49 (s, 3H, N-CH3), 5.24 (septet, 1H, J = 6.3 Hz, CH(CHz),), 5.52 (s,
2H, CH,CgHs), 5.88 (s, 1H, H-8), 7.19-7.34 (m, 5H arom.), 8.67 (s, 1H, H-4), 9.34 (brs., 1H, 2-NH)

2.25 (s, 3H, 7-CHy), 3.41 (s, 3H, N-CH3), 5.54 (s, 2H, CH,C¢Hs), 5.96 (s, 1H, H-8), 7.23-7.38 (m, 5H arom.), 7.65 (d, 2H,, J = 8.7 Hz),
7.77 (s, 1H, H-4), 8.30 (d, 2Hy, J=8.7 Hz)

2.34 (s, 3H, 7-CH3), 2.51 (s, 3H, N-CH3), 5.44 (s, 2H, CH,C¢Hs), 6.22 (s, 1H, H-8), 7.19-7.35 (m, SH arom.), 8.07 (s, 1H, H-4), 9.03
(br.s., 1H, 2-NH)

2.27 (s, 3H, 7-CHj), 2.94 (t, 2H, J=7.4 Hz, CH,C¢Hs) 3.39 (s, 3H, N-CH3), 3.87 (s, 3H, COOCHj5), 4.41 (br.t., 2H, N-CHj), 5.96 (s, LH,
H-8), 7.22-7.33 (m, 5H arom.), 8.65 (s, 1H, H-4), 9.32 (br. s., 1H, 2-N-H)

1.36 (t, 3H, J = 7.2 Hz, COOCH,CH}), 2.34 (s, 3H, 7-CH3), 3.01 (t, 2H, J=7.7 Hz, CH,C¢Hs), 3.44 (s, 3H, N-CHj), 4.27 (q,2H,J =
7.1 Hz, COOCH,CHj), 4.42 ( br. 1., 2H, N-CH,), 5.83 (s, 1H, H-8), 7.21-7.34 (m, 5H arom.), 8.67 (s, 1H, H-4), 9.36 (br.s., 1H, 2-NH)
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Table 3 (continued)

Compound Chemical Shifts (8), J (Hz)
6h 1.35 (d, 6H, J = 6.3 Hz, 2xCH; CH(CH3),), 2.37 (s, 3H, 7-CHy), 3.03 (t, 2H, J=8.0 Hz, CH,C¢Hs), 3.48 (s, 3H, N-CH,), 442 (br. t,,
2H, N-CH,), 5.22 (septet, 1H, J = 6.3 Hz, CH(CH3),), 5.84 (s, 1H, H-8), 7.20-7.34 (m, 5H arom.), 8.64 (s, 1H, H-4), 9.39 (br.s., 1H,
2-NH)
6i 2.39 (s, 3H, 7-CH3), 3.04 (1, 2H, J=7.8 Hz, CH,C¢Hs), 3.49 (s, 3H, N-CH3), 4.42 (br. t., 2H, N-CH,), 5.98 (s, 1H, H-8), 7.26-7.33 (m,

5H arom.), 7.61 (d, 2H,, J=8.7 Hz), 7.69 (s, 1H, H-4), 8.31 (d, 2H,, J=8.7 Hz)
6j [b] 2.44 (s, 3H, 7-CHjy), 2.89 (t, 2H, J=7.9 Hz, CH,C¢Hs), 3.39 (s, 3H, N-CHj), 4.33 (br. t., 2H, N-CH, ), 6.36 (s, 1H, H-8), 7.23-7.38 (m,

SH arom.), 7.99 (s, 1H, H-4), 9.02 (br.s., 1H, 2-NH)

[a] All new compounds afforded elemental analysis within £ 0.4 % for C, H, and N. [b] The DMSO-dg was used in these cases as a solvent

Table 4
Analytical Data of 3, 4, and 6 Prepared

Compound Molecular Formula Analysis
(Molecular Weight) Calcd./Found
C H N
3a C|4H|4N202 69.41 5.82 11.56
2423 69.23 5.71 11.41
3b CysH; N0y 70.29 6.29 10.93
256.3 69.95 6.36 10.80
4a C5H;¢N2O5 70.29 6.29 10.93
256.3 70.05 6.18 10.84
4b Ci16H18N20; 71.09 6.71 10.36
270.3 70.88 6.63 10.49
6a C1gH N304 67.64 5.68 12.46
337.4 67.55 5.59 12.35
6b CyoHz N304 68.36 6.02 11.96
3514 68.07 6.11 11.82
6¢ Cy1Hy3N;04 69.02 6.34 11.50
365.4 68.82 6.22 11.58
6d Cy3HoN404 68.99 5.03 13.99
400.4 68.77 5.11 13.87
6e CigH gN4O, 67.07 5.63 17.38
3223 66.89 5.54 17.24
6f CyoH, N304 68.36 6.02 11.96
3514 68.19 5.91 11.79
6g C2|H23N303 69.02 6.34 11.50
365.4 68.82 6.23 11.41
6h CyoHy5N304 69.64 6.64 11.07
379.4 69.41 6.56 1115
6i Cy4H5oN4O4 69.55 5.35 13.52
4144 69.29 5.25 13.42
6j C1gHyoN4O, 67.84 5.99 16.66
336.3 67.59 5.88 16.57

Microwave irradiation was carried out in an ordinary
domestic microwave oven at 800 Watt reducing the reac-
tion time dramatically (Method B, Table 2). The formation
of 6 was monitored by TLC in preliminary tests the
microwave oven being stopped at | minute intervals to get
the reaction times indicated in Table 2. The experimental
results showed that the rate of reaction depended on the
Watt recorded. In order to find the best conditions for
Method B, we performed experiments at 100, 250, 440,
and 600 Watt settings and found mixtures of the starting
compound and the product. On the other hand, longer irra-
diation time caused decomposition products.

The 1,6-naphthyridines 6 are relatively stable towards
hydrolysis. For example, no change of the starting com-
pounds was registered after heating 6i with conc.
hydrochloric acid or with 10% sulphuric acid at 100 °C or
refluxing it with KOH in EtOH for 1 hour.

In conclusion, the present procedure for the preparation
of 2-imino-1,6(6H)-naphthyridin-5-ones 6 has high advan-
tages over the existing methods and will make a useful and
important addition to present methodologies. The main
advantage of this new method is the dramatical reduction
of the reaction time.

EXPERIMENTAL

All reactions were performed using starting material and sol-
vents as obtained without further purification. The 'H nmr spectra
were recorded on a Bruker instrument ARX 300 at 300 K.
Chemical shifts are reported in parts per million (8) downfield
from an internal TMS reference. Coupling constants (J) are
reported in Hertz (Hz), and spin multiplicities are indicated by the
following symbols s(singlet), d(doublet), t(triplet), q(quartet),
quint(quintet), m(multiplet), br (broad signal). IR spectra were
recorded as KBr pellets on a Perkin Elmer PC1600 FT IR instru-
ment; IR absorption bands are given as wavenumbers in cm-l,
Elemental analyses were performed with a Heraeus CHN-analyzer
at the Institute of Inorganic Chemistry at the University of Kiel.
TLC monitoring was carried out by using precoated aluminium
sheets, 0.2 mm of silica gel Merck GF,sy4, eluted by hexane/chloro-
form/acetic acid (5:5:2, v:v) for compounds 3, 4 and chloroform/
acetone/methanol (3:3:1, v/v) for compounds 6.

Formyl Derivatives 3 and 4 of 4-Alkylamino-6-methyl-2(1H)-
pyridones 1 and 2.

The Vilsmeier formylation was performed using a procedure
described in the literature [1]. The physical data are given in
Table 1, the spectral data in Table 3 and the analytical cata in
Table 4.

1,6-Dialkyl-1,2-dihydro-2-imino-1,6(6H)-naphthyridin-5-ones
6a-j.

General Procedure.

Method A.

A mixture of the corresponding 3-carbaldehyde 4 (1 mmol),
the CH-acidic nitrile 5§ (3 mmol) and 1 drop of piperidine was
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allowed to stay at 20 °C for 48 hours (TLC monitoring). Using
p-nitrobenzylcyanide (5d) or cyanacetic acid amide (Se),
equimolar amounts of the reactants (! mmol) were solved in
ethanol (3 ml). After addition of 1 drop of piperidine the reaction
mixture was refluxed for 13-20 hours under stirring. The sepa-
rated crystals were filtered and washed with 50% methanol.
Yields and solvents for recrystallisation are shown in Table 2.

Method B.

The reaction mixtures were prepared as described above and
placed into a 15 ml pressure tube (ALDRICH, with threaded type
A plug, length 10.2 cm and additionally provided with a teflon
ring). Then the reaction tube was placed in the center of an 800 ml
beaker which was filled with vermiculite, a polymeric material for
covering hazardous compounds in packages. After irradiation in an
ordinary domestic microwave oven (Panasonic NN-5206 with
rotating plate) for the period shown in Table 2, the reaction mixture
was cooled. In preliminary tests the microwave oven was stopped
at 1 minute intervals to get the reaction time for the production of
6. The exact temperature of the reaction mixture was not measured
because the beaker was filled with vermiculite so that the ther-
mometer could not be seen. Work-up, isolation, and purification of
6 was performed identically to the procedure given above. Yields,
melting points, and solvents for recrystallisation are given in Table
2, the spectral data in Table 3, and the analytical data in Table 4.
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