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Facile and efficient synthesis of 1,3,4-oxadiazolyl 1,8-naphthyridines under
microwave irradiation
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An efficient and convenient method for the synthesis of 1-(5-aryl-[1,3,4]-oxadiazol-2-yImethyl)-3-(3-trifluromethyl-
phenyl)-1H-[1,8]-naphthyridin-2-ones 5, by the oxidation of [2-ox0-3-(3-trifluoromethyl-phenyl)-2H-[1,8]naphthyridin-1-
yl]acetic acid arylidenehydrazides 4 with iodobenzene diacetate [Phl(OAc),] under microwave irradiation in solvent-free

conditions, is described. The products are obtained in good yields and in a state of high purity. The structures of the
synthesized compounds have been established on the basis of spectral and analytical data.

Keywords: 1,8-Naphthyridines, 1,3,4-oxadiazoles, iodobenzene diacetate [PhI(OAc),], microwave irradiation, solvent-free

conditions

Derivatives of 1,3,4-oxadiazole constitute an
important family of heterocyclic compounds™. There
are several methods available in the literature for the
synthesis of 1,3,4-oxadiazoles*®. However, some of
these methods suffer from disadvantages such as long
reaction times, lower yields, requirement of severe
conditions and using strong or toxic oxidants.
Therefore, a convenient and eco-friendly method for
the synthesis of 1,3,4-oxadiazoles is highly desirable.
1,8-Naphthyridines have attracted considerable atten-
tion owing to their effective biological activity”.
lodobenzene diacetate [Phl(OAC),] is a very versatile
oxidizing agent and is of much importance in its
synthetic utility****. Microwave irradiation has been
successfully applied in organic synthesis'™*°. Recently
reaction facilitated by microwaves under solvent-free
condition® have attracted more attention because of
their enhanced selectivity, reducing reaction time and
easier work-up procedure. In view of these and in
continuation of the interest in the microwave-assisted
organic transformations of 1,8-naphthyridine deri-
vatives'™ herein is reported an efficient method for
the synthesis of 1,3,4-oxadiazolyl-1,8-naphthyridines
using iodobenzene diacetate[PhI(OAc),] under micro-
wave irradiation in solvent-free conditions.

Alkylation of 1,2-dihydro-3-(3-trifluoromethyl-
phenyl)-1,8-naphthyridin-2-one 1 with ethyl chloro-
acetate in DMF in the presence of anhydrous K,CO;
under microwave irradiation resulted in the formation

of ethyl [2-ox0-3-(3-trifluoromethylphenyl)-2H-
[1,8]naphthyridin-1-yl]acetate 2 in excellent yield.
The ester 2 on hydrazinolysis with refluxing hydra-
zine hydrate in ethanol afforded [2-0x0-3-(3-trifluoro-
methylphenyl)-2H-[1,8]naphthyridin-1-yl]acetic acid
hydrazide 3. Condensation of 3 with various aromatic
aldehydes in the presence of catalytic amount of DMF
under microwave irradiation afforded the corres-
ponding hydrazones, [2-oxo-3-(3-trifluoromethyl-
phenyl)-2H-[1,8]naphthyridin-1-yl]acetic acid aryli-
denehydrazides 4 in excellent yields.

Oxidative cyclization of hydrazones 4 with
Phl(OAc), under microwave irradiation in solvent-
free conditions furnished the respective 1-(5-aryl-
[1,3,4]-oxadiazol-2-ylmethyl)-3-(3-trifluoromethyl-
phenyl)-1H-[1,8]naphthyridin-2-ones 5 in good
yields (Scheme 1). The oxidative transformation is
very clean and rapid. The reaction conditions and
work-up procedure are mild, simple and convenient.
The products were obtained with high purity by this
procedure. The process is environmentally benign. A
plausible mechanism for the conversion of 4 to 5 is
depicted in Scheme I1.

Interestingly, this reaction proceeds only to a minor
extent (5-8% in 3.5-4.5 min) when conducted under
conventional conditions in an oil-bath preheated to
120°C (temperature measured at the end of exposure
during microwave experiment) which confirms the
rate increase during microwave heating.
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Table I — IR and *H NMR spectral data of compounds 4 and 5
Compd Ar IR (KBr) 'H NMR (200 MHz, CDCI3) (8, ppm)
Vimax in cm™
4a CeHs 3428 (NH), 1658 (ring C=0), 5.80 (s, 2H, CH,), 8.30 (m, 1H, C¢-H), 8.38 (s, 1H, C4-H), 8.27 (m, 1H,
1625 (CONH), 1614 (C=N) Cs-H), 8.58 (m, 1H, C;-H), 7.10-7.93 (m, 9H, Ar-H), 9.01 (s, 1H, N=CH),
10.18 (s, 1H, CONH)
4b p-CH3CgH, 3430 (NH), 1657 (ring C=0), 2.15 (s, 3H, CHg), 5.70 (s, 2H, CHy), 7.95 (m, 2H, C4-H, C¢-H), 8.35 (m,
1624 (CONH), 1585 (C=N) 1H, Cs-H), 8.55 (m, 1H, C;-H), 6.98-7.70 (m, 8H, Ar-H), 9.05 (s, 1H,
N=CH), 10.20 (s, 1H, CONH).
4c p-CH30C¢H, 3356 (NH), 1657 (ring C=0), 3.80 (s, 3H, CHy), 5.72 (s, 2H, CH,), 7.90 (m, 2H, C,-H, Cs-H), 8.25 (m,
1622 (CONH), 1580 (C=N) 1H, Cs-H), 8.48 (m, 1H, C;-H), 6.80-7.60 (m, 8H, Ar-H), 8.80 (s, 1H,
N=CH), 10.15 (s, 1H, CONH).
4d 0-CICsH, 3402 (NH), 1660 (ring C=0), 5.82 (s, 2H, CHy), 8.00 (m, 2H, C4-H, Cs-H), 8.20 (m, 1H, Cs-H), 8.50
1624 (CONH), 1591 (C=N) (m, 1H, Cs-H), 7.00-7.65 (m, 8H, Ar-H), 9.00 (s, 1H, N=CH), 10.20 (s,
1H, CONH).
4e p-CIC¢H, 3349 (NH), 1663 (ring C=0), 5.84 (s, 2H, CHy), 7.85 (m, 2H, C4-H, C4-H), 8.45 (m, 1H, Cs-H), 8.65
1625 (CONH), 1585 (C=N) (m, 1H, Cs-H), 7.00-7.80 (m, 8H, Ar-H), 8.85 (s, 1H, N=CH), 10.18 (s,
1H, CONH).
Af p-FCg¢H,4 3435 (NH), 1657 (ring C=0), 5.83 (s, 2H, CHy), 7.87 (m, 2H, C4-H, Cs-H), 8.32 (m, 1H, Cs-H), 8.60
1625 (CONH), 1597 (C=N) (m, 1H, Cs-H), 7.00-7.82 (m, 8H, Ar-H), 8.88 (s, 1H, N=CH), 10.20 (s,
1H, CONH).
49 m-NO,CsH,4 3430 (NH), 1647 (ring C=0), 5.82 (s, 2H, CHy), 7.98 (m, 2H, C,;-H, Cs-H), 8.20 (m, 1H, Cs-H), 8.60
1626 (CONH), 1591 (C=N) (m, 1H, Cs-H), 7.00-7.72 (m, 8H, Ar-H), 8.82 (s, 1H, N=CH), 10.22 (s,
1H, CONH).
4h p-NO,CgH, 3415 (NH), 1656 (ring C=0), 5.85 (s, 2H, CHy), 8.00 (m, 2H, C,;-H, Cs-H), 8.34 (m, 1H, Cs-H), 8.64
1625 (CONH), 1595 (C=N) (m, 1H, Cs-H), 7.15-7.84 (m, 8H, Ar-H), 8.92 (s, 1H, N=CH), 10.25 (s,
1H, CONH).
5a CeHs 1639 (C=0), 1600 (C=N) 6.00 (s, 2H, CH), 8.10 (m, 2H, C4-H, Cg-H), 8.30 (m, 1H, Cs-H), 8.50
(m, 1H, C4-H), 7.15-7.85 (m, 9H, Ar-H).
5b p-CH3CgH, 1642 (C=0), 1602 (C=N) 2.40 (s, 3H, CHj), 6.05 (s, 2H, CH,), 7.90 (m, 2H, C4-H, Cs-H), 8.25 (m,
1H, Cs-H), 8.48 (m, 1H, C;-H), 7.20-7.80 (m, 8H, Ar-H).
5¢ p-CH30C¢H, 1640 (C=0), 1605 (C=N) 3.85 (s, 3H, OCHg), 6.02 (s, 2H, CH,), 7.97 (m, 2H, C4,-H, Cs-H), 8.20
(m, 1H, Cs-H), 8.52 (m, 1H, C;-H), 7.12-7.75 (m, 8H, Ar-H).
5d 0-CICgH, 1639 (C=0), 1600 (C=N) 6.05 (s, 2H, CHy), 8.15 (m, 2H, C,4-H, Cs-H), 8.32 (m, 1H, Cs-H), 8.55
(m, 1H, C;-H), 7.20-7.82 (m, 8H, Ar-H).
5e p-CIC¢H, 1644 (C=0), 1602 (C=N) 6.08 (s, 2H, CHy), 7.98 (m, 2H, C4-H, Cs-H), 8.40 (m, 1H, Cs-H), 8.58
(m, 1H, C;-H), 7.20-7.83 (m, 8H, Ar-H).
5f p-FCg¢H,4 1650 (C=0), 1600 (C=N) 6.08 (s, 2H, CH,), 8.00 (m, 2H, C,;-H, Cs-H), 8.35 (m, 1H, Cs-H), 8.62
(m, 1H, C;-H), 7.22-7.86 (m, 8H, Ar-H).
59 m-NO,CsH,4 1646 (C=0), 1603 (C=N) 6.10 (s, 2H, CHy), 8.08 (m, 2H, C,;-H, Cs-H), 8.31 (m, 1H, Cs-H), 8.64
(m, 1H, Cs-H), 7.18-7.83 (m, 8H, Ar-H).
5h p-NO,CgH,4 1648 (C=0), 1605 (C=N) 6.12 (s, 2H, CHy), 8.13 (m, 2H, C,;-H, Cs-H), 8.38 (m, 1H, Cs-H), 8.70

(m, 1H, C;-H), 7.20-7.85 (m, 8H, Ar-H).

The structural assignments of the compounds 2-5  mentally benign procedure and non-toxicity of the
were based on their elemental analyses and spectral ~ reagent are noteworthy advantages of this method.
(IR and *H NMR) data (Tables I and I1).

In conclusion, an efficient and convenient pro-  Experimental Section
cedure for the synthesis of 1,3,4-oxadiazoles using Melting points were recorded by means of a Cintex
Phl(OAc), under microwave irradiation in solvent-  melting point apparatus and are uncorrected. The
free conditions has been demonstrated. The opera-  homogeneity of the compounds was checked using
tional simplicity, good yields of the products, short  precoated TLC plates (Merck, 60F-254). IR spectra
reaction times, high purity of the products environ-  were recorded in KBr on a Perkin-Elmer spectrum
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Table 11 — Physical and analytical data of compounds 4 and 5
Compd  Ar Reaction m.p. Yield Mol. formula Found (%) (Calcd)
time °C (%) C H N
(min)

4a CeHs 15 198 94 CyH17N4OxF; 64.16 3.84 1250
(64.00 3.80 12.44)

4b p-CH3CgH, 1.0 220 98  CysHygN4OxF; 64.80 4.15 1211
(64.65 4.12 12.06)

4c p-CH;0C¢H, 15 210 96  CysH1gN4OsF3 62.67 4.04 11.72
(62.50 3.99 11.66)

4d 0-CICgH, 15 240 94 CyHieN4OFCl 59.60 3.37 11.42
(59.45 3.33 11.36)

4e p-CIC¢H, 1.0 190 97  CyHieN4,OFClI 59.61 3.36 11.43
(59.45 3.33 11.36)

4f p-FCeH,4 15 180 95  CyHieN4OzF, 61.71 349 1203
(61.54 3.44 11.96)

49 m-NO,CsH,4 1.0 270 93  CyyHigNsO4F3 58.38 330 1421
(58.19 326 14.14)

4h p-NO,CgH,4 1.0 252 95  CyH1eNsO4F3 53.37 329 14.20
(58.19 3.26 14.14)

5a CeHs 45 >300 85  CyHisN4O,F; 64.44 340 13.05
(64.29 3.37 12.49)

5b p-CH3CgH, 35 >300 92 CysHi7N4O,F; 65.08 3.75 12.20
(6493 371 12.12)

5¢ p-CH;0C¢H, 4.5 >300 87  CyHi7N4OzF; 6292 362 11.80
(62.76 358 11.71)

5d 0-CICgH, 4.0 >300 86  CyHisN4OFCl  59.16 295 11.66
(59.70 2.92 11.60)

5e p-CIC¢H, 35 >300 90  CyHisN4O,FCl  59.77 296 11.65
(59.70 2.92 11.60)

5f p-FCeH,4 4.0 >300 88  CyHisN,OsF, 6198 3.08 1210
(61.81 3.03 12.01)

59 m-NO,CsH,4 4.5 >300 85  CyHisNsO4F; 58.60 290 14.25
(58.42 2.86 14.19)

5h p-NO,CgH,4 45 >300 86  CyHisNsO4F; 58.58 291 14.26
(58.42 2.86 14.19)

BX series FT-IR spectrophotometer and 'H NMR
spectra on a Varian Gemini 200 MHz spectrometer
using TMS as internal standard. Microwave
irradiation was carried out in LG MG-556p domestic
microwave oven.

Ethyl  [2-0x0-3-(3-trifluoromethylphenyl)-2H-
[1,8]naphthyridin-1-yl] acetate 2: A mixture of 1,2-
dihydro-3-(3-trifluoromethylphenyl)-1,8-naphthyri-
din-2-one 1 (0.01 mole), ethyl chloroacetate (0.01
mole), anhydrous K,CO; (0.01 mole) and DMF (10
mL) was subjected to microwave irradiation at 400 W
intermittently at 30 sec intervals for 4.5 min. On
completion of reaction, as monitored by TLC, the
reaction mixture was cooled and poured onto crushed
ice. The precipitates thus obtained were filtered,

washed with water and purified by recrystallization
from ethanol to afford 2, m.p. 130°C, yield 95%.
Anal. Calcd for C19H15N203F3: C, 60.64; H, 4.02; N,
7.44. Found: 60.70; H, 4.06; N, 7.52%. IR (KBr):
1752 (C=0 ester), 1664 (ring C=0), 1589 cm™
(C=N); 1H NMR (CDCls): 6 1.55 (t, J = 7.0 Hz, 3H,
CHs), 4.50 (g, J = 7.0 Hz, 2H, CH,), 5.60 (s, 2H, N-
CHy), 8.50 (m, 2H, C4-H, C6-H), 8.82 (m, 1H, C5-H),
9.45 (m, 1H, C7-H), 7.42-8.22 (m, 4H, Ar-H).
[2-Oxo0-3-(3-trifluoromethylphenyl)-2H-[1,8]na-
phthyridin-1-yl]acetic acid hydrazide 3: A mixture
of 2 (0.01 mole) and hydrazine hydrate (0.015 mole)
in ethanol (25 mL) was refluxed on a water-bath for 4
hr. The reaction mixture was cooled and poured in
ice-cold water with stirring. The separated solid was
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filtered, washed with water and purified by
recrystallization from ethanol to give 3, m.p. 120°C,
yleld 92%. Anal. Calcd for C17H13N402F3: C, 56.36;
H, 3.62; N, 15.46. Found: C, 56.54; H, 3.65; N,
17.22%. IR (KBr): 3475, 3306, 3100 (-NHNH,), 1664
(ring C=0), 1613 (CONH), 1565 cm™ (C=N); 'H
NMR (CDCly): 6 3.45 (brs, 2H, NH,), 5.30 (s, 2H,
CHy), 8.58 (m, 1H, C¢-H), 8.70 (m, 2H, C4-H, Cs-H),
9.18 (m, 1H, Cs-H), 7.20-8.02 (m, 4H, Ar-H), 11.80
(s, 1H, CONH).

General procedure for the synthesis of [2-0x0-3-
(3-trifluoromethyl-phenyl)-2H-[1,8]naphthyridin-
1-yl]acetic acid arylidenehydrazides 4: A mixture of
3 (0.01 mole), aromatic aldehyde (0.01 mole) and
DMF (5 drops) was subjected to microwave
irradiation at 200 W intermittently at 30 sec intervals
for specified time (Table I1). On completion of
reaction, as monitored by TLC, the reaction-mixture
was cooled and treated with ice-cold water. The
resulting solid product was filtered, washed with
water and purified by recrystallization from ethanol to
furnish 4 (Table I1).

General procedure for the synthesis of 1-(5-
Aryl-[1,3,4]oxadiazol-2-ylmethyl)-3-(3-trifluoro-
methylphenyl)-1H-[1,8]naphthyridin-2-ones 5: The
appropriate hydrazone 4 (0.01 mole) and Phl(OAc),
are mixed thoroughly and exposed to microwaves at
400 W intermittently at 30 sec intervals for specified
time (Table 11). After complete conversion as
indicated by TLC, the reaction-mixture was cooled
treated with methanol and digested with cold water.
The solid thus obtained was filtered, washed with
water and purified by recrystallization from methanol
to give 5 (Table I1).
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