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Several new imidazo[1,2-a}pyridine, pyrazolo[S,1-ajimidazole, quinazolino-
ne, 1,4-benzothiazine, and pyrazole derivatives were synthesized by the reac-
tion of 2-bromobenz-2-furylglyoxal-2-arylhydrazones with different re-
agents. The structures of the new heterocycles were based on elemental
analysis and spectral data.

Synthese kondensierter Heterocyclen aus 2-Brombenzofurylglyoxal-2-
arylhydrazonen

Einige neue Imidazo{l,2-aJpyridin-, Pyrazolo{5,1-alimidazof-, Quinazoli-
non-, 1,4-Benzothiazine- und Pyrazol-Derivate wurden synthetisiert durch
die Reaktionen von 2-Brombenzofurylglyoxal-2-arylhydrazonen mit ver-
schiedenen Reagenzien. Die Strukturen der neu synthetisierten Derivate wur-
den mittels Elementaranalyse und spektroskopischer Daten geklirt.

o-Ketohydrazidoyl halides have been widely employed as exceedingly
useful tools for the synthesis of fused heterocyclic compounds”). The
reactions take place through neucleophilic substitution or 1,3-dipolar cy-
cloaddition®1%),

'We now report on the use of 2-bromobenzofurylglyoxal-
2-arylhydrazones (1) in the synthesis of derivatives of five
types of bicyclic systems (Scheme 1). Many derivatives of
imidazo[1,2-a]pyridine!!'®,  pyrazolo[5,1-alimidazoles?,
quinazolinones'*!®, 1,4-benzothiazine, and pyrazole!’®
bave been previously prepared, because of their pharmaceu-
tical and microbiological efficacies.

Results and Discussion

Treatment of la-c with 1-2 equivalents of 2-aminopy-
ridine in ethanol at reflux temp. yielded a single product
(tlc) in each case. On the basis of spectroscopic data and
elemental analyses, the products were assigned to be 2-ben-
zofuryl-3-arylazoimidazo[1,2-a]pyridines 2 (Table 1). The
absence of carbonyl and imino absorption bands in the IR-
spectra indicated cyclization of 1 into 2. This was supported
by the absence of the NH signal in the 'H-NMR spectra of
2. Furthermore, coupling of 2-benzofurylimidazo[1,2-a]py-
ridine'” 9 with diazotized anilines (Scheme 2) gave pro-
ducts identical in all respects with 2 (Scheme 1).

o-Aminothiophenol condensed easily with 1 in the
presence of triethylamine as a HBr acceptor, to afford a
single product (tic). The Ir-spectrum showed a band at 3310
cm! (NH group), the 'H-NMR spectra revealed NH signals
at 9.5-11.2 ppm. The UV-vis spectra indicate A max = 426
nm (log € > 4). Therefore, the products were assigned the
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2-arylazo-3-benzofuryl-4(H)-1,4-benzothiazine structure 3.
The tautomeric structure 10 was readily ruled out on the
basis of UV-spectral data®.

Compound 1 behaved similarly towards o-aminophenol to
give the corresponding 2-arylazo-3-benzofuryl-1,4-benzox-
azine derivatives 4 (Table 1) in almost quantitative yields.

Reaction of 1 with o-phenylenediamine yielded the corre-
sponding  2-arylazo-3-benzofuryl-4(H)-1,4-benzopyrazine
derivatives 5 in good yields. IR-spectra of 5 revealed no
C=0-absorption but a week NH band near 3280 cm™.

Treatment of 1 with 3-amino-5-phenylpyrazole in ethanol
afforded 1-phenyl-5-benzofuryl-4-arylazo-1H-pyrazolo{5,1-
ajimidazoles 6 (Table 1). The infrared spectra of 6 ex-
hibited a weak band around 3100 (NH), a broad band at
1620 cm™ (C=N), but no C=0-band. On the other hand,
appearance of a broad singlet at 8 = 11.0-11.2 ppm (NH)
and a characteristic singlet at 8 = 6.5 (pyrazole H-4) in the
TH-NMR spectra established further the structure of 6. The
hydrazone structure was ruled out due to the fact that the
electron excitation spectra of 6 show a maximum in the
400-500 nm region. Molecular ion (M*) peaks at m/z = 403

' I ——-——>
-Ph I :
|
~-2H 'Chloranll

(6a), 417 (6b), and 437 (6¢) corresponded to their molecu-
lar weights.

Reaction of 1 with anthranilic acid in ethanol in the
presence of triethylamine readily afforded 3-arylamino-2-
benzofuryl-4-(3H)quinazolinones 7. The reaction takes
place through elimination of HBr to form the amidrazone 11
which readily cyclized by loss of H,O (Scheme 3). Treat-
ment of 1 with methyl anthranilate in ethanol with triethyl-
amine resulted in the formation of 11 (R’ = Me). The 'H-
NMR spectrum of 11c (R’ = CH,) revealed a singlet near &
= 3.6 ppm assignable to OCHj. The infrared spectra of 11
(R’ = CHj) showed two carbonyl absorption bands near
1690 and 1640 cm™ and NH absorption band in the 3100-
3300 cm! region. The electron excitation spectra were
found to be typical of amidrazones?®?V, exhibiting three
intense maxima (log € > 4) near 350-420, 310-340, and
240-275 nm. Saponification of 11 (R’ = CHj3) followed by
acidification resulted in the formation of products which
were found to be identical with 7 in all respects.

Reaction of 1 with N-phenylmaleimide in presence of tri-
ethylamine yielded the pyrrolidino[3,4-c]pyrazole deriva-

Scheme 4
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Table 1: Characterization data of the newly synthesized derivatives.

Analysis % Calcd.
Comp. Colour Solvent "vé Y’;'d %.zl;mu c Fosund
H N
2a deep EtOH 184.35 79 Cz1"'14”4° 74,55 4.14 16.56 -
orange 74,7 400 16.4 -
2b orange EtOH 183.4 83 C22H16N40 ;g.oo 4.53 1§.90 -
2 4,30 15.8 -
2c reddish AcOH 223.5 80 C21HuClN4O 67,65 3,48 15.03 -
brown 67.7 . 3.60 15.2 -
3a golden EtOH 174.5 93 ConSNsSO 71.54 4.06 11,38 8,67
yellow 71.6 4,20 11.5 8.8
3b yellowish EtOH 168-9 80 C23H17N350 72,06 4.43 11.96 8,35
orange 72,2 4.60 12.1 8.5
3¢  orange EtOH 295.7 82 C22HHC1N3$O 65.42 3.46 10,40 7.93
65,00 3,70 10.6 7.8
4a orange AcOH 231.2 86 CZZHISNBSOZ 74,78 4.26 11,89 -
749 440 12.0 -
4b  orange AcOH 225-6 86 C23H17N302 ;5.20 4,63 11.24 -
$.3 470 1it. -
4c  brownish DMF 2113 84 szl-l“CleOz 68,12 3.61 10.83 -
orange 68,0 3,50 10.7 -
Sa  yellowish EtOH 150 70 C22H16N40 75.00 4,54 15,90 -
brown 75.2. 4,60 15.8 -
Sb  golden EtOH 171.2 90 C23H18N40 75.40 4.91 15.30 -
brown 75.3 4.80 15.1 -
S5c  yellow AcOH 199 92 C22H15C1N40 gg.30 g.% 14.48' -
4. . 4.1 -
6a  reddish DMF 255-7 78 C25H17N5° 74,42 4,24 17.35 -
brown 74,5 4.30 17.4 -
6b  reddish DMF 257-8 80 C26H19N50 74,80 4,58 16,77 -
brown 74.77 4.60 16.8 -
6c  scarlet dioxan 2567 62 CstmCleO 68,57 3.68 15,99 -
red 68.4° 3,70 16,0 -
7a  orange BtOH 215.7 70 C,y3H sN30; ;3:23 3'98 }1.31 -
L1 1. -
7b  brown AcOH 199 64 cul-i”NsO3 y‘;g.go :.ig ig.g_z -
7¢  olive EtOH 202-4 74 CZSHI 4CIN303 66.37 3.3%9 10,10 -
green 66.2° 3.50 10,2 -
8a yellow AcOH 253.9 72 c26H17N3°4 ;1.;2 3.93 3.65 -
1. 4,1 .8 -
8b  yellowish DMF 250.2 78 C27H19N304 72,16 4,23 9.35 -
Ol‘lhg. 72.2 4.40 9.5 -
8c  faint DMF 2538 61 Czs”m°'”3°4 66.45 3.40 8,94 -
brown - 66.6 3.60 9.1 .
11a  ight EtOH 204 80 C,qH, N0 69.72 4.63 1016 -
otange 247197374 69.8 450 102 -
110 ljght EtOH 180-1 72 C25H21N3°4 70.24 4,95 9.83 -
70.4 5,00 9,9 -
orange .
e light EtOH 171-2 70 Cy4HgCIN3O, g:.ia :.g(s) g.ga -
orange 0 . 3 -
122 pale BtOH 248-9 72 C26'H15N30‘ 72,05 3.46 9,69 -
yellow DMF 721 3.50 9.5 -
12b  pale EtOH 226-8 70 Cy7H.9N30, 72,48 3,80 9.39 -
yellow 72,5 3.70 9.4 -
12¢ colourless DMF >300 88 Cmﬂ1 4ClN304 22;3 %.gg 8.28 -

tives 8 (Scheme 4). The IR-spectra of 8 revealed bands at
1790-1720 and 1710-1690 cm! attributed to (-CO-NR-CO-)
and CO groups. Compounds 8 were converted into 12 on
prolonged heating with equimolar amounts of chloranil. The
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'H-NMR spectrum of 12b revealed signals (8 ppm) at 2.3
(CH3Ar) and 6.8-8.2 (m, 14H, ArH'’s and furan H-3). Si-
gnals which may be assignable to pyrazoline H-4 and H-5

were absent.
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Table 2: 'H-NMR data of some newly synthesized derivatives

Abdelhamid and coworkers

Coapd. W owR (8 ppm)

2b 2.2 (s, 3H, CHgAr-p) and 6.8-8.1 (m, 13H, furan H-3, ArH's
and pyridines protons).

3b 2.3 (s, 3H, CHyAr-p), 6.8-7.9 {m, 13H, furan H-3, and Ari's)
and 10.1 (s, br, 1H, NH).

4b 2.3 (s, 3H, CHaAr-p), 6.8-7.8 (m, 13H, furan H-3, and ArH's)
and 9.7 (s, br, 1H, NH).

5 2.3 (s, 3H, CHyAr-p), 6.8-7.8 {m, 13H, furan H-3, and ArH's)
and 9.3 (s, br, 24, two NH).

6b 2.2 (s, 34, CHéAr-p). 6.5 (s, 1H, pyrazole H-4) 6.8-7.7 (m,
14H, furan H-3 and ArH's) and 11.2 (s, br, 1H, NH).

7 2.3 (s, 3H, CHyAr-p) and 6.9-8.3 (m, 14H, furan H-3, ArH's
and NH).

8 2.3 s, 3H, CHsAr-p). 8.2 (d, J=10 Hz, 1H, pyrazoline H-4),
5.4 {d, J=10 Hz, 1H, pyrazoline H-5) and 6,8-8.2 (m, 14H,
furan H-3 and ArH's}.

11b 3.6 (s, 34, OCH3), 2.3 (s, 3H, CH3AY‘—D). 6.9-8.4 (m, 15H,
ArH's, furan H=3 and two NH).
12b 2.3 (s, 3H, CHaAr-p) and 6.9-7.8 (m, 14H, furen H-3 and

Ari's).

Experimental Part

Mp. uncorr.- IR spectra (KBr): SP-1100 spectrophotometer.- TH-NMR
spectra; Varian EM 390 90 MHz. TMS int. stand., CDCl3 or (CD3),80;
Chemical shifts in 8 ppm.- Electronic excitation spectra: Cary 118 Spectro-
photometer.- Mass spectra: Kratos 30 and 50 spectrometers.- Microana-
Iyses: Microanalytical Center at Cairo University.- 2-Bromo-benzofu-
rylglyoxal-2-arylhydrazone (1) were prepared following Lit?.

2-Benzofuryl-3-arylazoimidazo[1,2-a]pyridines2a-c
Method A

A mixwre of the appropriate hydrazidoyl bromide 1 (0.005 mole) and
2-aminopyridine (0.006 mole) in ethanol (50 ml) was refluxed for 3-4 h and
then cooled. The precipitated solid was washed with water and crystallized
from ethanol to give 2 in 65-75% yield (Table 1).

Method B

To a cooled solution of 2-benzofurylimidazo[1,2-a]pyridine (2.33 g, 0.01
mole) and 1.3 g sodium acetate in ethanol (30 ml) at 0°C was added the
appropriate diazotized primary aromatic amines. The mixture was stirred at
0-5°C for 3 h. The precipitated products were crystallized from ethanol.
The products obtained were identical with the corresponding products pre-
pared by Method A.

Preparation of 3-5

Equivalent amounts of a hydrazidoyl halide (0.005 mole), an appropriate
amine (0.005 mole) and triethylamine (0.005 mole) in ethanol (50 ml)
were refluxed for 3-4 h and then cooled. The precipitated solid was washed
with water. Products 3-5 were obtained in almost quantitative yields
(Table 1).

1H-Pyrazolo[1,5-blimidazoles 6

Equivalent amounts of 3-phenyl-5-aminopyrazole and the appropriate
hydrazidoyl bromide 1 were refluxed in ethanol for 3 h and then cooled.
The crude product, usually colored, was crystallized from ethanol 1o give 6
in almost quantitative yield (Table 1).

3-Arylamino-2-benzofuroyl-4-(3H)quinazolinones7

Anthranilic acid (1.37 g, 0.01 mole) was dissolved in ethanol (50 ml)
together with the appropriate hydrazidoyl bromide 1 (0.01 mole) and trie-
thylamine (1 g, 0.01 mole) was then added. The mixture was refluxed for
3-4 h and cooled. The crude product was crystallized from ethanol to give
7 in 75-83% yield (Table 1).

2-Anilino-(2' -methylcarboxylate)benzofurylglyoxal-2-arylhydrazones 11

A suspension of 1 (0.005 mole) and methyl anthranilate (0.005 mole) in
ethanol (50 ml) was refluxed for 2 h and the cooled. The solid formed was
washed with water and crystallized from ethanol to give 11 in 70-72%
yield (Table 1).

Conversion of 11 into3-arylamino-2-benzofuroyl-4(3H )quinazolinones 7

KOH (0.5 g) was dissolved in ethanol (10 mi), 11 (0.5 g) was added, and
the mixture was stirred for 1 h. The mixture was diluted with water (10
ml), acidified with conc. HCI, heated on a water bath for 1 h, and cooled.
The crude materials were crystallized from ethanol. The obtained products
were identical with 7.

Synthesis of Pyrrolidino[3 4-c]pyrazoles 8

A solution of 1, N-phenylmaleimide (0.005 mole), and triethylamine
(0.5 g, 0.005 mole) in benzene (50 ml) was refluxed for 2 h. The mixture
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was filtered while hot. The filtrate was evaporated in vacuo and the solid
so formed was crystallized from acetic acid to give 8 in 80-85% yield
(Table 1).

Dehydrogenation of 8 to 12

A solution of 8 (0.005 mole) in xylene (30 ml) and chloranil (1.36 g,

0.005 mole) was heated under reflux for48 h. The mixture was cooled,
washed with N NaOH three times (100 ml), then with water and dried
(NayS0y). The solvent was removed in vacuo. The crude solid was crystal-
lized from DMF to give 12 in 72-88% yields (Table 1).
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