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ABSTRACT

8,8-dimethyl-5-(aryl/heteroaryl)-7,8,9,10-tetrahpflo][1,8]naphthyridine-6(5H)-one$(a-f) were synthesized from
5,5-dimethyl-2-arylidinecyclohexane-1,3-dior%sa-f) on reaction with 2-amino pyrimidiné using Amberlyst 15
DRY as a catalyst in anhydrous ethanol. 5,5-dimMekgrylidinecyclohexane-1,3-dion@ga-f) were synthesized by
the reaction of aromatic aldehydeand dimedon@, using L- proline as a catalyst in aqueous medilee reactions
have the advantages of good vyield, easy separaiahof being environment friendly. The structurésewly
synthesized compounds have been established byraspedemental analysis and evaluated for theirtian
inflammatory, antibacterial, and antifungal activit

Keywords: 1,8-napthyridined, -Proline, Amberlyst 15 DRY, Anti-inflammatory, Aftacterial, Antifungal activity.

INTRODUCTION

Among the nitrogenous heterocycles, naphthyridered their derivatives represent an important ctdssrganic
molecules that attract the interest of both symtteatd medicinal chemists due to their exceptignatbad spectrum
of biological activities as well as their use agpartant binding units in the molecular design afitbetic receptors
[1]. Naphthyridine derivatives have attracted cdesable attention primarily due to the presencel-
naphthyridine skeleton in many compounds which Haeen isolated from natural substances and exvalibus
biological activities [2]. As a heterocyclic moiety,8-naphthyridine also deserves special intere$t its molecule,
the arrangement of the nitrogen atoms is optimakfelation of various metal cations, includingthemide ions

[3].

In parallel to the growing interest in the syntsesi 1,8-naphthyridines to provide biologically imetmolecules, a
large number of publications have reported thatessv of their derivatives possess antibacterial, [4]
antimycobacterial [5], antitumor [6], anti-inflamioay [7,8], analgesic [8], antiplatelet [9], gast@antisecretary
[10], local anaesthetic [11], anticonvulsant [1BHaantihypertensive activity [13,14], besides beasgociated with
B-adrenergic blocking properties [15]. Some 1,8-nlptidine compounds have been patented as fungicide
bactericides, insecticides, herbicides, anxiolyéistihypertensives, antiarrhythmics and also asunostimulants
[2,16-19].
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Recently, the use of ion exchange resins in orgsynthesis has received great attention [20]. Algbed5 DRY

[21-22] is a porous sulfonated polystyrene resit erves as an excellent source of strong acitbiraqueous
media. It has been used in various catalyzed @agtie.g., esterification, etherification, oxidatidwydration of
olefins, condensation, cyclization and electroghdromatic substitution. It is easy to measureg safuse, and
readily removed at the end of the reaction. An @altl advantage is that the catalyst can be ragése and used
several times. We report here using Amberlyst 15 @R catalyst to synthesize 1,8-napthyridine dérres.

With our continued interest in the synthesis ofidgically important heterocyclic systems [23-27Haepplication
of Amberlyst 15 DRY as a heterogeneous catalystrganic synthesis [28, 29] herein, we wish to repofacile
condensation of 5,5-dimethyl-2-arylidinecyclohesdn3-diones3(a-f) and 2-amino pyrimidine4 in the presence
of catalytic amount of Amberlyst 15 DRY to produeevariety of 8,8-dimethyl-5-(aryl/heteroaryl)-7,8,0-
tetrahydrop][1,8]naphthy ridine-6(Bl)-ones5(a-f).

MATERIALS AND METHODS

General

All the chemicals used were 8igma-AldrichandE. Merckmake and were used without further purificatiohin
layer chromatography was carried out on Merck paitenb silica gel 60 &, plates (thickness 0.25 mm). Spots were
visualized with UV light at 254 nm for fluorescenggenching spots and at 366 nm for fluorescentssaad with §
vapours. When necessary, solvents were distillet dried according to standard procedufésNMR and **C-
NMR analyses were carried out on a Bruker AM-400/lV400 spectrometer in CDgland/or DMSOds.
Chemical shift values are reported &gin ppm) relative to tetramethylsilane (TMS) asiaternal standard. IR
spectra were recorded on Perkin-Elmer IR spectrimpheter using KBr pellets. Mass spectra were resmah Joel
LCMS spectrophotometerAnti-inflammatory activity has been carried out linstitute of Pharmacy, Vikram
University, Ujjain.

General procedure for the synthesis of 5,5-dimethy2-arylidinecyclohexane-1,3-dione 3(a-f)

A mixture of aryl/heteroaryl aldehydd) (1 mmol), dimedoné2) (1.2 mmol) and_-proline (3 mol%) in distilled
water was stirred for 30 minutes at room tempeeatlihe progress of the reaction was monitored b§.TAfter
completion of the reaction (as indicated by TLQ) #olid product was separated by filtration andhgdswith cold
water to obtain pure producd$a-f) in good yields.

General procedure for the synthesis of 8,8-dimethyd-(aryl/heteroaryl)-7,8,9,10-tetrahydro p][1,8]
naphthyridine-6(5H)-ones 5(a-f)

A mixture of 5,5-dimethyl-2-arylidinecyclohexane3idiones3(a-f) (1 mmol), 2-amino pyrimidin¢4) (1.5 mmol)
and Amberlyst 15 DRY (50 mg) in anhydrous etharZd) (L) was refluxed for an appropriate time. After
completion of the reaction as indicated by TLC, tlaalyst was filtered and washed with ethyl aeetattil free
from organic material. The solvent was evaporatectduced pressure and obtained solid was redligstilfrom
ethanol to afford pure napthyridinéga-f) in excellent yields. The physical data (M.p., IRMR) of known
compounds were found to be identical with thoseorteal in the literature [30]. Spectroscopic data gelected
compounds are shown below.

5,5-dimethyl-2-((1-methyl-H-pyrrol-2-yl)methylene-1,3-dione (3a)

M.p. >300;'H-NMR (CDCl) &: 8.38 (-CH=Cproton), 6.41-7.70 (pyrrole ring protons), 3.90 Q& protons), 2.42
(-CH, protons) and 0.98 (-GHprotons);"*C-NMR (CDCE) &: 190.1, 144.5, 135.6, 129.0, 128.2, 112.8, 105261,
34.8, 31.5, 27.3; IRVf1ax; KBr, cmi™): 3075, 2990, 1715, 1480; LCMS: m/z (%): 231 \M216, 201.

8,8-dimethyl-5-(1-methyl-H-pyrrol-2-yl)-7,8,9,10-tetrahydro[b][1,8]naphthyridine-6(5H)-one (5a)

M.p. >300;'H-NMR (CDCl) &: 10.9 (NH proton), 8.10 (pyridine ring proton af)C7.05-7.28 (Ar protons), 5.95-
6.10 (pyrrole ring protons), 5.59 (-CH proton), B.®-CH; protons), 2.39 and 1.89 (GHrotons), 1.24 and 1.16
(CHj; protons);**C-NMR (CDCE) &: 195.5, 159.4, 146.0, 138.0, 136.0, 128.2, 126186, 112.5, 110.6, 108.6,
106.0, 43.0, 36.4, 32.4, 29.6, 27.2; \R.; KBr, cn™): 3375, 3055, 2970, 1710, 1610, 1480; LCMS: m/¥: (306
(M), 261, 230, 216.
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8,8-dimethyl-5-(pyridine-3-yl)-7,8,9,10-tetrahydrop][1,8] naphthyridine-6(5H)-one (5b)

M.p. 196-198H-NMR (CDCl) &: 11.0 (NH proton), 7.19-8.43 (pyridine ring progyn4.77 (CH proton), 2.50 and
2.20 (CH protons), 1.18 and 1.05 (Ghprotons);**C-NMR (CDCEk) &: 196.2, 162.8, 149.0, 147.2, 139.7, 136.8,
132.8, 123.0, 114.5, 111.0, 50.5, 40.7, 32.1, 3800), 27.3; IR {nayx; KBr, cm?): 3365, 3095, 2965, 1705, 1620,
1515; LCMS: m/z (%): 305 (), 275, 213, 169.

5-(1H-indol-3-yl)-8,8-dimethyl-7,8,9,10-tetrahydrop][1,8] naphthyridine-6(5H)-one (5c)

M.p. 240-242;'H-NMR (CDCL) &: 10.91 (NH proton), 9.60 (indole ring NH protoid)80-7.33 (Ar protons), 5.18 (-
CH), 2.61 and 2.15 (CHprotons), 1.16 (CkHprotons);**C-NMR (CDC}k) &: 197.9, 158.1, 142.4, 138.1, 136.3,
130.0, 125.0, 124.2, 123.0, 118.9, 113.8, 112.3,,58.2, 40.7, 30.2, 28.6; IR.{; KBr, cn™): 3335, 3095, 2960,
1720, 1625, 1515; LCMS: m/z (%): 343 )M268, 238, 212, 194.

8,8-dimethyl-5-phenyl-7,8,9,10-tetrahydra][1,8] naphthyridine-6(5H)-one (5d)

M.p. 209-211;'H-NMR (CDCL) &: 11.9 (NH proton), 8.19-7.15 (Ar-protons), 5.50H@roton), 2.60 and 2.05
(2CH, protons), 1.21 and 1.05 (Glgrotons):"*C-NMR (CDCk) &: 190.5, 156.8, 146.0, 138.0, 136.4, 128.2, 126.8,
125.8, 115.6, 111.6, 109.1, 47.0, 46.4, 32.7, 2BI64; IR {max; KBr, cmi): 3355, 3075, 2990, 1715, 1615, 1485;
LCMS: m/z (%): 304 (M), 228.

Pharmacology

Colony bred healthy rats of Wistar strain and albinice procured from local market of Ujjain wereeddor the
study. They were housed in standard polypropyleages under room temperature (24°€EY relative humidity
(60%-70%) and exposed to 12:12 hours light: dadtecyThe rats were fed nutrilab rodent feed andkiing water
filtered through an aquaguard water filter systadlibitum. They were allowed to acclimatize for 5 days prior t
commencement of dosing. Indomethacin was usedstanaard drug for comparing the anti-inflammatdifea.
The protocol was ethically approved by IAEC of th&titute.

Anti-inflamatory activity

The anti-inflammatory activity was determingdvivo [31] using the carrageenan-induced rat paw edestg32,
33]. A solution of 0.1 ml of 1% carrageenan (Sigaidrich, Dorset, UK) in saline was injected subrgkly in the
right hind paw of the rats 1 h after IP administnatof compounds. The paw thickness was measuwed fhe
ventral to the dorsal surfaces using a dial calipgnediately prior to carrageenan injection anchtheeach hour,
up to 4 h after the sub planar injection. The edemas calculated as the thickness variation betweecarrageenan
and saline treated paw. Anti-inflammatory activitgs expressed as the percent of inhibition of den&a when
compared with the control group. The results aggreéssed as the mean + SEMro&nimals per group. The data
was statistically analyzed by one way analysis afiance (ANOVA) followed by Tukey multicomparisoast.
Differences with P<0.05 between experimental grompse considered statistically significant.

A ring was marked on the left paw of each animathsd constant length of paw could be dipped emb.tThe
initial paw volume (of left leg) of each rat was asared using plethysmometer. One hour after omlrgdtration

of aqueous suspension of Indomethacin and testaltube rats were challenged by an injection @50ml of 1%
w/v solution of carrageenan prepared by dissolvingaggen (1 g) in 0.9% saline into the planter sid¢éhefleft
hind paw. The maximum volume administrated was Kegt mL. The paw volume was measured by using
plethysmometer immediately after injection, 1hrr2i8hrs, 4hrs, after challenge with carrageenahtla@ percent
increase in the paw volume before and after suttgianjection of carrageenan was calculated [34].

Antibacterial activity

The sensitivity test of the test compounds to Hutated bacteria was done by agar-diffusion tealan[§5]. Stock
solution of a concentration Iig/mLof each compound was prepared in dimethyl sulgde(MSO). 2QuL of
each of the solution was adsorbed on sterilend6Whattmann filter paper (#4) discs and kept for fesurs under
vacuum to remove the solvent.

Grown cultures were stored in TSB (Tripticase SBy@th) oxide maintaining the pH 7.3 in 0.5% agad’a in the
screw capped tubes. Trypticase soya agar (DIFC&Eplwere inoculated with standard suspension fegrelint
bacterial cultures containing 16.f.u/mLusing sterile cotton swabs to obtain a confluamm. The prepared discs
were placed on the surface at different positioms plates were incubated at°@7for 24 hrs. The results were
recorded by measuring the zones of inhibitiomimagainst each compound and are reported in Taable
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Antifungal activity
The antifungal activity of the synthesized compaimehs studied against three fungal cultutres [S@boraud’s

dextrose-agar was seeded with? ©0f.u./mL (colony forming units) fungal spore suspension #mahsferred to
petriplates. 2Q.L (10 mg/mL of all compound solutions were impregnated ohi discs of Gnm diameter. The
discs were then kept under vacuum for few hoursuaporate solvent. Then the discs were placedftarelit
positions on agar surface. The plates were incdbate3?C for 7 days. The results were recorded as zones of

inhibition in mmand reported in Table.

RESULTS AND DISCUSSION
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o N NH,
(@)
1 2 3(a-f) 4
Step-1 Amberlyst 15 DRY
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Ethanol, Reflux
Ar (0]
g |
™
N N
H
Scheme-1 5(a-f)

Aryl/heteroaryl substituted naphthyridine&-f) were synthesized by the reaction of 2-amino pyting (4) with
5,5-dimethyl-2-arylidinecyclohexane-1,3-diong&a-f) (Step Il, Schemel) the latter were synthesized by
Knoevenagel condensation of aryl/heteroaryl aldebywlith dimedone as shown in Step-

Table 1: Physical data of 5,5-dimethyl-2-arylidinecyclohexae-1,3-diones3(a-f)

) ) a  viaib (o M.P.(°C)

Entry Ar Time (min.)  Product Yield® (%) Found _ Reported
1 1- CH-C4H3N 15 3a 98 >300 -
2 GH4N 30 3b 92 195-197  196-198
3 GeHsN 30 3c 95 162-164  161-163
4 CeHs 3C 3d 96 265267  264-26€
5 4-OCH-CgH,4 30 3e 90 127-129  126-128
6 4-NO,-CgH4 2C 3f 94 143145 144-14¢

®Aryl/heteroaryl aldehydél) (1 mmol), dimedong) (1.2 mmol) and L-proline (3 mol%) in distilled wastirred for 30 minutes at room
temperature®lsolated Yields.
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Table 2: Physical data of 8,8-dimethyl-5-(aryl/hetearyl)-7,8,9,10-tetrahydro [b][1,8]naphthyridine-6(5H)-ones 5(a-f)

Elemental Analysis

a + + b (g 0
Product Ar Time (Hrs.) Yield® (%) M.P.(°C) Calculated Observed

5a 1- CH;:-C4HsN 2 93 >300 C,74.24;H,6.89; N, 13.67 C, 73.95; H, 618813.08
5b CsHiN 2 85 19€-19¢ C,74.73;H,6.27; N, 13." C,74.26;H,6.11; N, 13.
5c CgHgN 25 90 240-242  C,76.94;H,6.16; N, 12.24 C, 76.54; 835N, 12.02
5d CsHs 2 91 209-211 C,78.92;H,6.62;N,9.20 C, 78.34; H26N, 8.85
5€¢ 4-OCHz-CsHa 2 94 19319t C, 75.42H, 6.63; N, 8.3 C,75.21H,6.26; N, 8.1
5f 4-NO,-CeH4 25 92 220-222  C,68.75;H,5.48; N, 12.03 C, 68.43; 35N, 11.79

#5,5-dimethyl-2-arylidinecyclohexane-1,3-dioi3a-f) (1 mmol), 2-aminopyrimiding!) (1.5 mmol) and Amberlyst 15 DRY (50 mg) in
anhydrous ethanol (20 mL) was refluxed for an appede time "lsolated Yields.

In order to optimize the reaction conditions, tggteesis of compounBle was used as a model reaction. A mixture
of 2-(4-methoxybenzylidine)-5,5-dimethylcyclohexah8-dione(3e) (1 mmol), 2-amino pyrimidiné4) (1.5 mmol)
and different amounts of Amberlyst 15 DRY was tak€able 3). The efficiency of the reaction is affected mginl
by the amount of Amberlyst 15 DRY. No products wereduced in the absence of the catalyst (ebtrincreasing
the amount of the catalyst increased the yieldeffdroduct. The optimal amount of Amberlyst 15 DR&s 0.05 g
(entry4), increasing the amount of the catalyst beyonsl¥hlue did not increase the yield noticeably (es, 6).

Table 3: Reaction of 2-(4-methoxybenzylidine)-5,54thethylcyclohexane-1,3-dione and 2-amino pyrimidinén presence of different
amounts of Amberlyst 15 DRY

Entry Catalyst Loading (g) Time (h)  Yield® (%)
1 Nil 10.0 Nil
2 0.01 8.0 63
3 0.03 5.0 82
4 0.05 2.0 94
5 0.07 2C 94
6 0.09 3.0 95

Reaction Conditions: 2-(4-methoxybenzylidine)-SrBedhylcyclo hexane-1,3-dione (1 mmol) and 2-arpyramidine (1.5 mmol) in ethanol
under reflux?Isolated yields

Furthermore, to investigate the effect of solvér@ same model reaction was carried out in diffesahtents. As
shown in Tablel, ethanol was found to be the best choice amongdivents screened.

Table 4: Synthesis of naphthyridines using differensolvents$

Entry Catalyst Solvent  Time (h)  Yield (%)
1 Amberlyst 15 DRY RO 3 85
2 Amberlyst 15 DR  CH;OH 4 79
3 Amberlyst 15 DRY  gHsOH 2 94
4 Amberlyst 15 DRY  CHCN 3 90
5 Amberlyst 15 DRY CHGI 5 71
6 Amberlyst 15 DRY  ChCl, 6 63

2All reactions were carried out at reflux temperatur

The synthetic route for obtaining the final produit presented in Scherie-The cyclocondensation of 2-amino
pyrimidine with dimedone and substituted aromatidelhydes vyielded 5-(4-substitutedphenyl)-8,8-dirgeth
7,8,9,10-tetrahydrdi[1,8]naphthyridine-6(bl)-ones. The structures of the compoub(s-f) were assigned on the
basis of spectral and analytical data. The reaatias found to be tolerating a range of aryl anetoetryl groups
with different electronic demands including aroroatings having electron donating and electron wilkadng
groups (Table).

In the first step, aryl aldehydes were treated vdimedone in presence df-proline to get 5,5-dimethyl-2-
arylidinecyclohexane-1,3-dion&¢a-f) by Knoevenagel condensation. In the second 8(egf) were treated with 2-
amino pyrimidine in presence of Amberlyst 15 DRYheT 5,5-dimethyl-2-arylidinecyclohexane-1,3-diones
undergoes condensation with 2-amino pyrimidineofeltd by cyclisation with 1,4-elimination of,8 to form the
desired product as per the mechanism proposed rf&2)e
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Scheme-2: Plausible mechanismm for the formation of naphthyridine derivative

The reusability of the catalyst was also investdat-or this purpose, the same model reaction ithegize the
compoundse was again studied under the optimized conditiétiter completion of the reaction, the catalyst was
separated by simple filtration due to its heteregers nature and washed with ethyl acetate to fima brganic
material and dried at 180 under vacuum for 2 h and reused for the saméioegurocess. As shown in Fif, the
catalyst could be reused for four times with origtg reduction in its catalytic activity.
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Fig.1: Reusability of Amberlyst 15 DRY for thesynthesis of 5e

Anti-inflammatory results of the synthesized compdsi3a, 5(a-d)with respect to Indomethacin are reported in
Table5. It is clear from the results that the inhibitiparcentage is more for compourtsand5b showed good
anti-inflammatory activity. The inhibition percegi of compound&c and5d is low and showed moderate anti-
inflammatory activity while the inhibition percegia of compound3a is very low and showed poor anti-
inflammatory activity.

Table 5: Effects of compounds 3a & 5(a-d) and indomethacimithe inhibition of carrageenan-induced rat paw edma

Paw volume response in milliliters at different tine interval in Mean + SEM

S. No Drug Dose 1 hour 2 hour 3 hour 4 hour
05912% 05930+ 0.6102% 0.6303%

1 Control 10 mikg 0,005+ 0.002%+ 0,002+ 0.002%
Indomethacin 0.2700+ 03124+ 03133+ 0.3500+

2 Sanciace 100 mg/kg 0.005** 0.005** 0.008** 0.005**
(54.33%) (47.31%) (48.65%) (44.47%)

0.4035 + 0.4309 + 05143+ 0.5159+

3 3a 40 mglkg 0.005** 0.003** 0008+ 0,005
(31.78%) (27.48%) (15.88%) (18.02%)

0.3500 0.3014 + 0.3243 + 0.3507+

4 5a 20 mg/kg +0.005** 0.005** 0.003** 0.005**
(40.24%) (49.17%) (46.85%) (44.47%)

0.3900+ 0.3254 0.3015 0.3792

5 5b 20 mg/kg 0.008** 0.003** 0.008** 0.005**
(34.03%) (45.12%) (50.58%) (39.83%)

0.4109+ 0.4076+ 0.3876+ 03512+

6 5¢ 20 mg/kg 0.005** 0.005** 0.005** 0.008**
(30.49%) (31.26%) (36.47%) (44.28%)

0.3367+ 0.3950 0.4058 0.3623

7 5d 20 mg/kg 0.005** 0.003** 0.005** 0.003**
(40.04%) (33.38%) (33.49%) (42.51%)

Values are expressed as mean + SEM; n=6 in eachgro
***P < 0.001, **P < 0.01, Compared to control.
Data was analyses by one way ANOVA followed by Eisitest.

The newly synthesized compoungi&-d) & 3a were tested against two Gram +aed twoGram -ve bacteria and
the results indicated that the compoublds5dand3a are highly active against all Gram +ve and Grambacteria
while 5a and5c¢ showed moderate activity (Tab# The compoun@®a is highly active against Gram +ve bacteria
Bacillus subtilisbut moderate active against Gram -ve bactgalmonella typhandEscherichia coli.
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Table 6: Antibacterial activity (in vitro) of compounds 5(a-d) & 3a (zone of inhibition inmm)

Culture Compound
Standard
(Ciprofloxacin)

5a 5b 5¢c 5d 3a

Gram +ve bacterie

Basillus subtilis 34 26 25 24 22 28
Micrococcus 25 18 22 20 24 20
Gram +ve bacterie

Salmonella typhi 16 10 20 12 10 10
Escherichia coli 18 14 18 15 12 12
DMSO - - - - - -

The newly synthesized compounsi&-d) & 3a have also been screened for antifungal activityrejahree fungi
Aspergillus nigar, Aspergillus flaviend Alternaria. Almost all the compounds showed antifungal agtivhmong
these compound$b and5c showed good antifungal activity against all thagubut compoundb was inactive
againstAlternaria. The remaining compound®, 5dand3a had found to be milder active against all fungtée.

Table 7: Antifungal activity (in vitro) of compounds 5(a-d) & 3a (zone of inhibition in rm)

Compound
Culture Standarq 52 50 5c 5d 3a
(Griseofulvin)
Aspergillus Niger 14 14 20 22 18 10
Aspergillus Flavus 12 10 25 16 10 08
Alternaria 26 22 - 20 20 24
DMSO - - - -
CONCLUSION

We have synthesized a series of functionalized d8y&thyl-5-(aryl/heteroaryl)-7,8,9,10-tetrahydop[
[1,8]naphthyridine-6(bl)-ones in good yields by simple and efficient rematt usingL-proline and Amberlyst-15
DRY as a catalysts respectively. All the proposedctions allowed the preparation of products withfouther

purification. The newly synthesized 1,8-naphthyreti were well characterized by spectroscopic mearts
compounds have shown good antiinflammatory, ant#ed, and antifungal activities.
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