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ABSTRACT

A microwave-promoted new easy, efficient, clean andronmentally benign method for the synthesi®,6f
naphthyridine and its derivatives from 4-cyano-3ighylacetonitrile has been developed. The desinedipcts were
isolated in excellent yields and high purity undso-friendly conditions. The synthesized compoumdee
characterized by the IR, UV-Visible altd-NMR spectral analyses along with elemental anslys
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INTRODUCTION

Among the nitrogen heterocycles, naphthyridines Hrer derivatives represent an importantclass mfaoic

molecules that attract the interest of both symtheatd medicinal chemists. Naphthyridines haventigdeen used
as pharmaceuticals, fungicides, bactericides, bields and insecticides as well as providing an itamb scaffold
for the preparation of several important alkaldii8]Furthermore, literature shows naphthyridims good DNA
intercalators thereby showing potential again$¥//AMIDS, malaria and tuberculosis [4].Many synthesef

naphthyridines are known, but due to theirimporgartbe development of new synthetic approaches insnzn

active research area. The biological and pharmgabimportance of naphthyridines led to the pnésynthetic
study of 2,6-naphthyridines from simple and readilgilable precursors using green chemistry metiogis.

Microwave dielectric heating uses the ability ofreoliquids and solids to transform electromagnetiergy into
heat and thereby drive chemical reactions. Thitu mode of energy conversion has many attractionsHemists,
[5-6] because its magnitude depends on the pregeofi the molecules. This allows some control efriaterial’s
properties and may lead to reaction selectivityer€hare a variety of methods for carrying out mi@ee assisted
organic reactions using domestic or commercial syéhis is basically known as microwave-inducedaaoig

reaction enhancement (MORE) chemistry [7].

Microwave irradiation is a clean, efficient, andosomical technology; safety is largelyincreasedskwop is
considerably simplified, cost is reduced, increagetbunts of reactants can be used in some equipamehthe
reactivities and sometimes selectivities are enbémdgthout dilution. Due to these advantages tiees increasing
interest in the use of environmentally-benign redgeand procedures. The absence of solvents coupthdthe
high yields and short reaction times often assediawith reactions of this type make these procedwery
attractive for synthesis [8]. Thus, microwave assi©rganic synthesis (MAOS) becomes a part ofrgobemistry.
Now-a-days it is also termed as e-chemistry becauseasy, economic, effective and eco-friendheTcyclization
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of o-cyanobenzylcyanides to naphthyridines is wellnmunicated [9]. However, no publications are lade for
the eco-friendly synthesis of 2,6-naphthyridinesnir cyclization of 4-cyano-3-pyridylacetonitrileshd present
study reports a microwave assisted synthesis ef@pbithyridines from easily available and cheaprébal namely
ethyl-4-cyano-3-pyridylacetate.

MATERIALSAND METHODS

2.1: Instruments and Technique

All the chemicals were purchased from Merck. Therowave irradiations were performed using a comiakrfc
kitchen microwave oven model BMO: 700T (BPL- makefie melting points were determined on a Gallenkamp
melting point apparatus and are uncorrected. Thargd spectra were recorded on a Perkin-Elmer giating
spectrophotometer. Solid compounds were sampkedKBr unless otherwise indicated, and liggachpounds
as a film supported between sodium chloride eglaffhe ultraviolet spectra were obtained on aiR&tkner
Model 350 spectrophotometer using absolute methasadolvent. Nuclear magnetic resonance speara
determined on a Varian High Resolution Nuclédagnetic Resonance Model A-60 spectrometer.vedind
used were deuteriochloroform (CREland dimethyl-tetramethylsilane was used #®xde-ds (DMSO-d;) an
internal reference (TMS =0 p.p.m.). The chelrétifts are expressed fscale downfield from TMS and proton
signals are indicated as= singlet,d = doublett = triplet,q = quartetm = multiplet. The TLC was run on silica gel
plates using acetone-benzene (1:3) as the irrigdintompounds were analysed satisfactorily foHCand N using
Carl-Ebra 1106 elemental analyser in micro anadji@boratory.

2.2: Experimental Methods

(a) Preparation of 3-Amino-1-bromo-2,6-naphthyridfhe)

4-Cyano-3-pyridylacetonitrile (I1) (6.2 g; 0.043 tes) was suspended in 100 ml of dry ether and dote5 to

0°C in a dry ice-methanol bath. Anhydrous hydrogemniide was bubbled through the mixture for two hcams
the resulting mixture was poured slowly into a fiolu of excess sodium bicarbonate. The yellow |mitatie was
filtered and washed with several small portionsvafer yielding 7.8 g of 3-amino-l-bromo-2,6-naphttiyne (1)

(80.3%) . Recrystallization from methanol gave geiineedles, m.p. 199G (with dec.).

Analytical Data
Calculated for gHgNsBr: C, 42.88: H, 2.68: N, 18.76: Br, 35.6
Found: C, 42.82: H, 2.82: N, 18.66: Br, 35.59

(b)Preparation of 1,3-Dibromo-2,6-naphthyridir{€V)

3-Amino-1-bromo-2,6-naphthyridine (lll) (1.42 g ;46mmoles) was suspended in 48% fuming hydrobramnid

(25 ml). Solid sodium nitrite (0.7 g; 0.010 moless added in small portions over a period of 30. mwith constant
stirring: the temperature of the mixture was keptdato -2C.When the addition was completed, the mixture was
stirred at 6C for 30 min. and allowed to stand at room tempeeabvernight. It was poured slowly onto 200 g of
crushed ice and made strongly alkaline with 20%wuadhydroxide. The solution was extracted threeeinwith
150 ml portions of ether and the combined etheestidact was evaporated to dryness leaving 1.08 gethdw
substance. Chromatography and recrystallizatiom frexane gave 0.4 g of 1,3-dibromo-2,6-naphthyeditv)
(82.0% yield) as colorless needles, m.p.136-186.5

Analytical Data
Calculated for gH4N,Br,: C, 33.36; H, 1.39; N, 9.73; Br, 55.56
Found: C, 33.50; H, 1.51; N, 9.66; Br, 55.41

(c) Preparation of 1,3-Dihydrazino-2,6-naphthyridi(ié)

One gram of 3-amino-l-bromo-2,6-naphthyridine ((#)45 mmoles) was dissolved in 10 ml of dioxané &ml of
85% hydrazine hydrate was added drop wise. Theumgixtas heated at 1%5for 6 minutes in the microwave oven
and allowed to cool to room temperature. The yeltpecipitate was filtered to give 0.74 g of 1,3ndirazino-2,6-
naphthyridine (V) (86.0% vyield) m.p. 214-205. A small sample was sent for elemental anahtisout further
purification.

Analytical Data
Calculated for gH1oNs: C, 50.51; H, 5.30; N, 44.19
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Found: C, 50.67; H, 5.49; N, 43.95

(d) Preparation of 2,6-Naphthyriding)

One gram of 1,3-dihydrazino-2,6-naphthyridine (V3@ mmoles) was dissolved in 15 ml of acetic acid a0 m.
of water. The mixture was poured slowly into 100ahiL0% hot cupric sulfate solution. The resultmgture was
boiled for 15 min., made alkaline with 20% sodiugdioxide solution and extracted several times witier (ca.
600 ml). The ethereal solution was dried over antwsl sodium sulfate and the solvent was evapotatedng 0.35
g of pale yellow solid (93.0% yield). Chromatogrg@nd recrystallization from hexane gave 2,6-napfdme (V)
as white crystals, m.p.118-1°09; lit. [10]; 114-115C.

Analytical Data

Calculated for gHgNy: C, 74.07; H, 4.81; N, 21.46

Found: C, 73.83; H, 4.65; N, 21.53

The i.r. spectrum (G 3055s, 3020m, 2980vw chi.r. (KBr): 1665w, 1562s, 1481s, 1380s, 1298W73<, 1247s,
1204m, 1128sh, 1115s, 1015s, 940s, 842vs, 804vs, 860s + 650s (doublet), 447mtm

RESULTSAND DISCUSSION

The synthesis of 2,6-naphthyridine (1) from 4-cy&ipyridylacetonitrile (1) is outlined irscheme-1.3-Amino-I-
bromo-2,6-naphthyridine (Ill) was prepared in 80e8 cent yield by the action of anhydrous hydrogesmide on
4-cyano-3-pyridylacetonitrile under microwave inatbn for few minutes. Diazotization of compoundl)(with

sodium nitrite and hydrobromic acid gave |,3-dibm&6-naphthyridine (IV) in 72 percent yield. Tne&nt of
compound (IV) with 85 per cent hydrazine hydrateega quantitative yield of1,3-dihydrazino-2,6-ndphidine
(V). Reaction of (V) with 10 percent cupric sulfatelution in acetic acid under microwave irradiatifor few
minutes gave 2,6-naphthyridine (1) in 83 perceetdii

Br
NP CH5CN Hf"ﬂ NHz NZ L l B
+
I l N:;Ifz ] =N . ~=N
N
¢ 15r:1 - Br _ Br
IV Va

I

.g?"” MWI, 160 w
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= N MWL X F
v NHNHz 160 w I

Scheme-1: Microwave assisted synthesis of 2,6-naphthyridines

The infrared spectrum of the product obtained nwgés showed cyano-group absorptions but a primarine
group was shown by bands at 3310 and 3175 (@&h,asym andsym.stretch respectively) and 1652 tifNH,
deformation). The cyclization of 4-cyano-3-pyridg#onitrile (1) could yield two isomers, 3-amindstomo-2,6-
naphthyridine (IlI) or I-amino-3-bromo-2,6-naphtidine (llla).The NMR spectrum of the cyclizationogiuct and
of its catalytic reduction product supported stuoet(l11).

Ila
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The NMR spectrum of the cyclization product showed singlets at 8.89 and 6.65 p.p.m. for the twalaited
protons, H and H, respectively. The assignment of the lower fidlihket to H; is analogous to the assignment
made for H of isoquinoline [11]. The two doublets at 8.09 ahdl ppm were assigned tg Bnd H;, respectively
(J;&= 6.0 cps). The Hdoublet occurs at lower field because of its proty to the ring nitrogen atom. The
remaining broad band at 4.72 ppm is due to thegmramino group protons.

In this spectrum, both Hand H, are situated in positiomaetato the ring nitrogen atom and the difference igirth
chemical shifts is 0.76 ppm. The up field displaeatmof the chemical shift of fHelative to that of H8 shows that
the amino group must be in the ortho position §d346] that the amino group must be in positionr8compound

llla, the difference in chemical shift ofghielative to that of Hshould be approximately 0.4 ppm because the amino
group would be para toH12-13] that the NMR evidence is not consisterthwgtructure Illa. This evidence shows
that structure 11l is the correct one.

Another piece of evidence was showing that the breratom is in position | and the amino group isipon 3 is
the NMR spectrum of the catalytic reduction. Tspectrum displays a broad band at 6.13 ppm foiptheary
amino group protons, two singlets at 6.63 and @& for H, and H, respectively, and two doublets at 8.03 and
7.47 ppm for Hand H respectively (dg= 5.5 cps).

Another singlet at 8.78 ppm, not present in thespe of lll, is due to the proton that replaced tiromine atom.
This band occurs very close to that gfo that it must be produced by the proton intposil and not by the one
in position 3. If the reduction product were |-am2,6-naphthyridine, its NMR spectrum would contanly one
singlet for the isolated protonsHand two sets of quartets fog Hnd H, and for H and H' respectively. Since the
NMR spectrum of the reduction product obtained care interpreted this way, the NMR evidence isscstent
with structure Il but inconsistent with structuial for the product of the cyclization of 4-cyane-3
pyridylacetonitrile (l1).

Since only one of the two possible isomers wasinétain the reaction of the dinitrile 1l with anhyais hydrogen
bromide, it may be concluded that the mechanisth@tyclization is a nucleophilic attack of the mganitrogen in
position 4 of the pyridine ring on the carbon atofmthe cyano group in the side chain. It is probathlat by
resonance and inductive effects the electron-wétwiirg ring nitrogen atom renders the cyano nitrogeposition 4
less susceptible to protonation than that on te-shain, the latter being separated from the binghe methylene
group. After protonation, the lone pair electrofigh® cyano nitrogen at position 4 are availablerfocleophilic
attack on the carbon atom of the protonated cyaoopgattached to the methylene group (Scheme-2).

CN CN L et
HsCN CHsCN CHxC=NH "
X Z x N\ /CHzC=NH
o +
N : =
H H b
+ /N WH Br -
—— Br
i = R i NS
o
N i
H H

Scheme-2: Mechanism of the cyclization

In the NMR spectrum of IV(Fig. 9), the low fieldngjlet at 9.21 ppm was assigned to the isolatedopr(it)
because of its proximity to the ring nitrogen ata@ngd the high field singlet at 8.05 ppm to the rieing isolated
metaproton (F.I4). This signal occurs at higher fidlecause Kis not influenced by the resonance effect of the
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electron-withdrawing ring nitrogen atom. The twoubtets at 8.86 and 8.01 ppm & 6.0 cps) were produced by

H; and H. The doublet at 8.01 ppm was assigned tontie¢a proton (H) on the basis of the fact that it was

superimposed upon the singlet at 8.05 for the attetaproton (H). The remaining doublet at 8.86 ppm was then
assigned to the remaining proton;YH

In the diazotization of 3-amino-l-bromo-2,6-naphitdine (111) with sodium nitrite and hydrobromic idg the major
product was |,3-dibromo-2,6-naphthyridine (IV). ddldition, a minor product, which was identified ity NMR
spectrum as |,3,4-tribromo-2,6-naphthyridine(IMags obtained in 22 percent yield.

The NMR spectrum of IVa (Fig. 10) showed a lowdialinglet at 9.70 ppm which was assigned toakid two
doublets at 8.99 and 8.04 ppm due toardd H' respectively (ds= 6,0 cps). The singlet at 8.05 ppm due toirH
compound IV was absent in the spectrum of 1Va,datiing that the proton in position 4 had been galaby a
bromine atom. The formation of the tribromo compbuihva) in the diazotization of 3-amino-I-bromo-2,6
naphthyridine (IV) was unexpected. It was presumdbimed by an electrophilic substitution at C-4daih is
believed that this reaction occurred before thezatiaation of the amine group to give [,3-dibrom®;6-
naphthyridine took place.In the diazotization cdrBino-I-bromo-2,6-naphthyridine (IIl), though broreiwas not
used, the reaction of nitrous acid and hydrobrcaawid could have liberated bromine to brominatg1i4i].

2HNG, + 2HBr— Br, + 2NO + 2HO
It is known that nitrosation, which involves nugbdic attack of amine nitrogen on the nitrous aaml ion (the

addition product of nitrous acid and a proton)this first step in diazotization [15], as is shownthe following
scheme-3:

H
.“H + H l+
N7 = 4 Ar -N-N=0
'MN“*H + 0 N-K(R —_— r I_l_l

~H
H*
+ Ht Y
Ar—N=N <+—-w—— ArrN=NQH ~—— Ar-N-N=0

|
H
Scheme-3: Mechanism of nucleophilic attack of amine nitrogen

Therefore, a decrease in electron density on thaeamitrogen would hinder the reaction. It is proleathat, in 3-
amino-l-bromo - 2, 6-naphthyridine, the lone palec&ons on the amino nitrogen are involved in neswe
interaction with the adjacent electron-attractimmggrnitrogen atom and are thus not so readily atl for the
nucleophilic attack. This causes the diazotizatmproceed very slowly and therefore the competirgmination
reaction sometimes occurs first. In the case inclwvibromination occurred first, followed by diazation, the
triboromo derivative (IVa) was obtained, while inetltase in which diazotization occurred first, thbramo
derivative (V) was formed.

The next step in the synthesis of 2,6-naphthyridilas to replace both bromine atoms in IV by hydrnsgen the
naphthyridine series, the catalytic reduction oflobanated naphthyridines is not a suitable method f
dehalogenation because a partial reduction ofitlgeaiso occurs [16].

1,3-Dibromo-2,6-naphthyridine (IV) was treated wBb percent hydrazine hydrate in dioxane solutibmoam
temperature, and 1,3-dihydrazino-2,6-naphthyrig\iewas obtained in quantitative yield.

Compound V was also obtained, although in loweldyiby refluxing 3-amino-I-bromo-2,6-naphthyridii) and
85 per cent hydrazine hydrate in dioxane solution.
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The replacement of the amine group in compoundylithe hydrazino group could probably be due toltve
electron density at C-3 caused by the inductive msdnance effects of the ring nitrogen atom. TGt& was
readily attacked by hydrazine as is shown in thieieng scheme-4:

8t NH
NF N2 NE /NH;
+ NHaNHz |\ Al
= =N -HBr X T/;N
Br

NHNHz

- NHaNHp H+ NH,NHa

NH2
«=NH3 NHNH2
N =N AN N-H
NHNHz NHNHz
Scheme-4: M echanism of conversion of 111 into V
The dihydrazino derivative, V, was converted to dhsubstituted 2,6-naphthyridine by oxidation watlpric sulfate

in acetic acid.The oxidation of compound V with dagsulfate probably involves the formation of amermediate
diimide which immediately decomposes to give 2,fhihyridine and molecular nitrogen through a fradical

mechanism [17].
NF S NHNHg NE | X N=NH
++ + +
- _N + 4 Cuw’" —» A _N +4Cw+4H

NHNHz l N=NH

N ~
| + 2N,
A =N

Scheme-5: Freeradical Mechanism

The results are compared to the conventional metfibable-1).

Table-1: Comparison of % yield of synthesized compounds

Compound| m.p.(in K) % Yield
Conventional methc | Green mef
| 391 28% 93%
11} 472 36% 80%
\Y 409 39% 82%
\% 488 37% 86%
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Table-2: NMR spectra of 2,6-naphhyridineand itsderivatives

Hs R,
H'Ir — ..---"‘"llN
Ha R
Compound (A) Chemical shist(in ppm)
Ry Rs R4 H, Hs H, Hs H; Hg other
1P H| H [H[93¢[877[7.8]93¢]8.7i]7.8C
e Br | NH, | H 6.65| 8.89] 8.09 7.41 4.72(MH
IvP Br| Br [ H 8.05] 9.21] 8.86 8.0l
IVaP Br| Br | Br 9.70| 8.99] 8.04
(B) Spin-spin coupling constant J (in cps)
Ja | Je J4 Je e Jre
1P H] H [H 6.C 6.C
e Br | NH, | H 1.0 6.0
IvP Br| Br [ H 6.0
IVa® Br| Br [ Br 5.6
(a) In DMSO —d solution (b) In CDGl solution

_J .

L
9.39 877 .80

Figure-1: NMR Spectrum of 2,6-Naphthyridine(l) in CDCl3

pl M

[R=i= 809 7ar €65 ATz

Figure-2:2NMR Spectrum of 3-Amino-I-bromo-2,6-Naphthyridine (111) in DM SO-ds
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EX)

Ex-r=y

R

|

Figure-3: NMR Spectrum of 1,3-Dibrorno-2,6-naphthyridine (1V) in CDCl3

Table-3:Infrared absor ption bands of 2, 8-naphthyridine and its derivativesin the 1600 - 1350 cm™ region

Compound Band-1 | Band-II | Band-111 | Band-1V | Band-V
2,6-Naphthyridine (1) 1564 1555 1492 1430 137p
3-Amino-1-bromo-2,6- Naphthyridine (lll 1610 1564 1481 1424 1355
1, 3-Dibrorno- 2,6- Naphthyridine (V) 1553 1536 B 1431 1375
1,3,4-Tribrorno-2,6- Naphthyridine (1Va) 1532 1525 1469 1435 1375
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Figure-4: Infrared Spectrum of 2,6-Naphthyridine (1)

Table-4: Ultraviolet absor ption maxima and their corresponding log € values of 2, 6-naphthyridine and its derivativesin methanol

Compound a-band p-band B-band
log g mp | loge | mp log ¢ mp
331 3.61| 263 | 3.60
- 326(sh) | 3.57 | 254 | 3.69
2,6-Naphthyridine (1) 317 361 | 246 | 362 207 4.79
305 (sh)| 3.42 | 238 | 348
3-Amino-1-bromo-2,6- Naphthyridine (llI 397 | 3.56 | 286 | 4.12 227 4.33
. . 345 3.70 | 276 | 3.99 218 4.53
I, 3-Dibromo- 2,6- Naphthyridine (V) 334 370 | 268 | 3.98 | 256.4(sh)| 3.81
) - 355 3.82| 286 | 3.93 226 4.49
1,3,4-Tribromo-2,6- Naphthyridine (IVa) 342 3.80 | 276 | 3.93| 265 (sh) | 3.77
1,3-Dihydrazino-2,6- Naphthyridine (v) | oov® 312 | 304| 223 | 408

* No a-band was found in the ultraviolet region. The ir#te yellow color of the compound indicated thatitiend had shifted to the visible
region of the spectrum.
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Figure-5: Ultraviolet Spectra of 2,6-Naphthyridine(l) in Methanol

The a - andp-bands of 2, 6-naphthyridine and its derivatives assigned to the electronic transitions polarized
parallel to the x- and y-axes, respectively, bylegyawith the assignment of the bands of substitutaphthalenes
[18] and isoquinolines [19]. These assignmentshased on the effects shown by electron-donatingtguénts at
C-3 and C-l on the positions of the bands.

It is seen that compound with electron-donatingugeoat C-3, such as Ill have much greater bathoaiershifts of
thea-band than of the-band. This indicates that tikeband must be due to electronic transitions altwegktaxis.

CONCLUSION

A new method for the synthesis of 2,6-naphthyridieen 4-cyano-3-pyridylacetonitrile was developédnvolved

the cyclization of 4-cyano-3-pyridylacetonitrile 8amino-1-bromo-2,6-naphthyridine by the actionhgtirogen
bromide, diazotization of 3-amino-I-bromo-2,6-ndphitdine with sodium nitrite and hydrobromic acid 1,3-

dibromo-2,6-naphthyridine,conversion of the produot 1,3-dihydrazino-2,6-naphthyridine by reactiorithw
hydrazine hydrate and oxidation of the latter coomubwith copper sulfate to unsubstituted 2,6-nayfdineunder
microwave irradiation which is simple, mild, efféeit and ecofriendly from green chemistry point efw: This

simple method provides a convenient synthesis &haphthyridine and its derivatives which otherwigauld be
difficult using conventional synthetic methodolagjie

In conclusion, we observed better yields in a €rgperiod compared to the conventional methodsinpitesent
protocol. We describe here an efficient and envitentally benign synthesis of 2,6-naphthyridine ated
derivatives.
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