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ABSTRACT

Synthesis of 1,8-Naphthyridine derivatives via Friedlander condensation
method from 2-amino-Pyridine-3-Carboxa dehyde in the presence of acata-
lytic amount of silicasulfuric acid (SSA) under solvent-free condition and
microwave irradiation was described. A good range of simple ketones such

as ethylacetoacetate and acetophenones.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Naphthyridines are animportant class of pharma
ceutically active compounds as they have excellent
biologi cal activities, antibacteriall*?,
antimycobacterid!®, antitumor!, antiinflam matory®®,
antiplat el etl®, gastric antisecretary!”, antidlergic®, lo-
cal anaestheti c® and benzodia zepine receptor activ-
iyl Ndlidixicacid, for example, possessesstrong an-
tibacterid activity and used mainly for the treatment of
urinary tract infectionswith gram negative pathogeng™.
Inaddition, Gemifloxacinisantimicrobia and antibac-
terial*?. For thesereasonstheir synthesishasaways
attracted the attention of synthetic organic chemists.
Amongthevariety of strategiesfor the construction of
1,8-naphthyridine moiety, oneof the most important
methods is Friedlander condensation of 2-
aminonicotina dehydewith carbonyl compounds con-
tai ning a-methylene group in the presence of an acid*®
or basd™ catdyst. Thismethod haslimitationssuch as
harsh reaction conditions, longer reaction time period
and tediouswork-up. Therefore, it isimportant to de-
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velop asmpleand environmentally safe solvent free
method to synthesize 1,8-naphthyridinederivatives. In
recent years, considerableinterest hasemerged in mi-
crowaveinduced reactiond*>*% and solvent-freeorganic
synthesismediated by microwaveirradiation* 8 offers
significant advantages. Inview of thisandin continua
tion of our ongoing programme to devel op synthetic
protocolsutilizinginorganic reagentsunder microwave
irradiation®*?1, herein, wereport anove solvent-free
synthesisof 1,8-naphthyridineswhich utilizestherela
tively benign reagent such assilicasulfuricacid (SSA)
and aclean energy source, microwaveirradiation.

RESULTSAND DISCUSSION

The Friedlander condensation of 2-
aminonicotina dehydewith carbonyl compounds con-
taining a-methylene group in the presence of silica sul-
furicacid (SSA) under solvent-free condition and mi-
crowaveirradiation afforded 1,8-ngphthyridinesingood
yields (75-98%) in ashort reactiontime period (4-10
min). Thepresent highyielding protocol for the prepa-
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ration of 1,8-naphthyridinesprovidesabetter aterna-
tiveto the existing methods duetoits shorter reaction
time period, smpler reaction procedure and theforma-
tion of cleaner productsthat can beused for synthetic
applicationswithout further purification. All thecom-
pounds prepared were characterized by IR and H
NMR spectroscopy and finally by comparison with
authentic sampl eg42+24:
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Scheme 1

All reagents used were commercia grade; melting
pointswere determined in open capillariesand areun-
corrected. *H NMR spectrawere obtained on avarian
500 MHz instrument with TM S asinternal Standard
and chemical shiftsare expressed 6 ppm solvent used
id CDCI, & DMSOd, and Mass spectrum on a
Hewel ett Packard mass spectrometer operating at 70ev,
purity of thecompoundswere checked by TLC, which
isperformed with.E.Merch precoated silicagel plates
(60F-254) with iodine as a developing agent.
Acme,Indiasilicagel, 60-120 and 230-400 mesh for
column chromatography isused. All compoundsare
recrystalised in ethanol and methanol.

Silicasulfuricacid waseasily prepared by reaction
of silicage with chlorosulfonicacid®!. Thereactionis
very clean and not requiring any work-up procedure
because the evolved HCI gas can beremoved fromthe

reaction vessd immediately.
—0503H + HCI T

Rt
Neat

Scheme 2 : Preparation of silica sulfuricacid

For the optimization of reaction conditions, 2-
aminoni cotinal dehyde and pentane-2,4-dionewas se-
lected asmodd substrate. It wasfound that, in the ab-
sence of solvent, thereactioniscompletedinthe pres-
enceof 0.1 equivalentsof SSA ascatalyst andirradia
tion by microwave for 5 min. 1-(2-Methyl-
[1,8] naphthyridin-3-yl)-ethanone (1a) wasobtainedin
94%yield. Todemongratethegenerdity of themethod,
we next extended the scope of thisreaction to other
model compounds, the results of which are summa-
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rizedin TABLE 1. Thismethod isequally effectivefor
both cyclicand acyclic ketones.

EXPERIMENTAL

General experimental procedurefor theprepara-
tion of 1,8-naphthyridines

2-aminoni cotina dehyde (500 mg, 4.09 mmoal), pen-
tane-2,4-dione (451 mg, 4.50 mmol) and silicasulfuric
acid (57 mg, 0.04 mmol) were mixed together and ir-
radiated under microwave condition (Black & Desker,
900 W, 80%) for 5min (5 x 1 min). The mixture was
washed with ethanol (2 x10 ml) and filtered. After
evaporation of the solvent, the desired product was
recrystallized in hot ethanol and acetonetogive(3a)in
A%yied.

The other 1,8-naphthyridineswere characterized
by comparison of their spectral (mp, *H-NMR, IR),
TLC and physica datawith theauthentic samples.

Spectral datafor selected compounds

2-Cyclopropyl-[1,8]naphthyridine-3-carboxylic
acid ethyl ester (39)

Whitesolid; '*H NMR (300 MHz, DMSOd,): 9.12
(d, 1H, J=6.5Hz), 8.83 (s, 1H), 8.58 (d, 1H, J=6.2
Hz), 7.59, (t, 1H, J=7.2 Hz), 4.41 (g, 2H, J= 8.0),
2.91(m, 1H), 1.39(t, 3H, J=6.8 Hz, CH,), 1.23, (q,
2H, J= 6.8 Hz, CH,), 1.12 (q, 2H, J =6.8Hz, CH,),
13C NMR (300 MHz, DMSOd,): 171.5 (CO),
162.2,151.2, 148.3, 135.6, 134.8, 125.2, 124.6,
119.3, 58.3 (OCH,), 14.6 (CH,), 9.4 (CH), 7.2
(2CH,) ; IR (vilem™); 1724 (CO); MS(El): m/z (M+1)
243.3. Andysis(% Cd/fou) for C_H. N.O,, C: 69.41/

14" 14 272!

69.38, H: 5.82/5.53, N: 11.56/ 11.48.
2-Phenyl-[1,8]naphthyridine(3h)

Light yellow solid, *H NMR (300 MHz, DMSOd,):
§ 7.42-7.56 (m, 5H, 5CH), 8.21,(d, 1H, J= 15 Hz,
CH), 8.39-8.42(m, 3H, 3CH), 8.91 (d, 1H, CH). **C-
NMR (300 MHz, DMSOd,/ TMS) 6: 121.3, 123.8,
124.4, 126.9, 129.3, 139.2, 149.2, 150.1, 158.3.
(Mass(m/z): 207.2[M+1].

6,7,8,9-Tetrahydro-benzo[b][1,8]naphthyridine(3l)

Cream colour solid; *H NMR (300 MHz,
DMSOd,) : § 9.18 (d, 1H, J=6.4 Hz), 8.56, (d, 1H,
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TABLE 1: Friedlandler condensation of 2-aminonicotinaldehydeand ethylacetoacetatesin presence of SSA

SNo Subsrate Ketone Product Isolated Yidds (%) Time(min) M.p.°C (Found/Lit)
o
o o
1 3a A, Y e 94 5 146/146-147 (ref. 18)
N N CHs
o
o
N He
2 3 S, Q& 97 4 125/125 (ref. 14)
N N SQHS
(o) (o)
3 3c oA [ Lo 95 6 86/85-86 (ref. 14)
N N CH3
o
o o
N -
4 3d HgCMOCHQ | Py Ot 93 6 85/82-84 (ref.14)
N N CHg
o
5 3e " @ o0 95 7 129/128-129 (ref.14)
N~ N7 “CH3
(0] o i
6 3f NN ocsHs 95 4 125/125 (ref.24
Fgc/u\)l\qus | (ref.24)
N N CF3
o
(0] (0]
98 8 168 (ref.25)
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8 3h dCH3 S 75 6 122
N N
(o] o
9 3 ch)‘\/ﬁ\© 85 5 142/143 (ref.22)
0] o]
10 3 9 5 161/160 (ref.22)
N
1n |:>:o (D 85 8 164
N N
XX
12 3 (o CC) % 8 178
N N
0 0
13 3m NS 01 10 122
1e) N/ N/
(o) (o) i
14 3n o 90 104/104 (ref.23)

$
A/
A/

»

Products wer e characterized by comparison of their spectroscopic data (*H NMR and IR) and M.p’s with those reported in the
literature

J=6.5Hz), 8.11 (s, 1H), 7.51 (t, 1H, J=7.4 Hz), DMSOd, / TMS) &: 161.2, 147.3, 146.4,133 .4,
3.19(t, 2H, J=8.2Hz,CH,), 2.81 (t,2H, J=8.0Hz, 132.3,1235, 121.2,35.8(2CH,), 31.2(CH,), 28.3
CH,), 1.62 (m, 4H, 2CH,); NMR (300 MHz, (CH,); IR(KBr pellet): 2210 (aiph. CH,) cm%; MS
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(ED): m/z (M+1) 185.4; Analysis (% Cal/fou) for
C,_H.N_ C:78.23/78.18,H: 6.57/ 6.53, N: 15.21/

12" '12° 727

14.48.

8,8-Dimethyl-8,9-dihydro-7H-benzo[b][1,8]
naphthyridin-6-one(3m)

Off-whitesolid; *H NMR (300 MHz, DMSOd,):
§9.21 (d, 1H, J=6.2 Hz), 8.62, (d, 1H, J = 6.6 Hz),
8.21(s,1H), 7.41(t,1H, =7.4Hz),3.12(s,2H,CH,),
2.55(s,2H,CH,), 1.19(s, 6H, 2CH,); *CNMR (300
MHz, DMSOd6): 198.4 (CO), 171.2, 151.6, 150.2,
136.7, 135.1, 125.3, 124.6, 53.2, 47.5, 25.2, 23.5;
IR (KBr pellet): 1735 (CO, keto); MS(EI): m/z (M+1)
227; Analysis (% Cal/fou) for C. H, N.O, C: 74.31/

14" "14° "2

74.18, H: 6.24/ 6.14, N: 12.38/ 12.05.
CONCLUSION

In conclusion, the SSA-promoted reaction reported
hereisanovel extenson of 1,8-naphthyridinesynthesis
via condensation of different ketones and 2-amino-
pyridine-3-carbo xal dehyde (Friedlander condensa-
tion). Thisisthevery good, eco-friendly and economi-
cally very cheap for preparing the various 1,8-
naphthyridines.
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