Mansoura Journal of Chemistry Vol. 40 (1) June, 2013.

SYNTHESIS OF NEW BENZOCHROMONES COMPOUNDS
WITH ANTICIPATED BIOLOGICALLY ACTIVITIES

S. L. El-Desoky, E. M. Keshk, A. A. El-Sawi and
A. H. Abdel-Rahman
Department of Chemistry, Faculty of Science,
Mansoura University, Mansoura, Egypt.

(Received: 29/ 5/2013)
ABSTRACT

A range of some biologically interesting heterocyclic
nuclei were synthesized via reaction of 4-allyl-2-cinnamoyl-1-
hydroxynaphthalene with different reagents. Also, allyl
benzoflavanones and flavones nuclei were constructed via
different routes. All the newly synthesized compounds were
established using elemental analyses as well as spectral
techniques.

Keywords: Chromones, benzoflavones, allyl benzopyranone, pyrazoles,
oxazoles.

INTRODUCTION

Chromones are one of the most widely distributed classes of
natural compounds occurring in plant kingdom (Ellis, et al., 1977 and
Harborne, 1994) Many naturally and synthetic derivatives perform a
variety of biological activities including antinflammatory and immune-
stimulatory activity (Bors, et al.,, 1996; Ristano, et al., 2001 and
Yahiaoui, et al., 2008). Flavonoids are a group of polyphenolic
phytochemical compounds that occur unbiqutously in foods of plant
origin. Several studies have addressed the ability of flavonoids to
interfere with the catalytic activity or expression of aromatase which is a
cytochrome p 450 enzyme (Sanderson, et al., 2004; Santen, 2003 and
Hackett, et al., 2005) this enzyme being responsible for the final step of
the estrogen biosynthesis. Benzopyranones possess potent clinical
application in the treatment of renal colic, anginal syndrones, whopping
cough peptic ulcer, lipid altering activity for example decreasing the
atherogenic cholesterol fraction, elevating antiatherogenic HDL
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cholesterol fraction and antiatherosclerotic activity (Yamashita, et al.,
1989; Gammil & Hyde, 1983 and Bourgery, et al., 1981).

Moreover, the 7,8-benzoflavone or a-naphthoflavone (ANF) has
been extensively studied with regard to its inhibition of chemical
carcinogenesis and of certain cytochrome p-450 mixed-function oxidase
(Pouget, et al., 2002).

In view of these facts and in continuation of our research program
in this field (Abdel-Rahman, et al., 1999, 2000, 2002 and 2005; El-
Desoky, et al., 1997, 2007, 2012; and El-Telbani, et al., 1998), we
present here the synthesis of some C-allyl benzoflavones as well as C-
allyl benzopyranone compounds that are considered as precursors to the
synthesis of antitumor benzopyranone acetic acid analogue compounds
(Atiken, et al., 2000)

RESULTS AND DISCUSSION

O-allylation of 2-acetyl-1-hydroxy naphthalene (1) afforded 2-
acetyl-1-allyloxynaphthalene (2) which gave no coloration with alcoholic
FeCls solution (Ammanamanchi & Balagopala, 1990). Compound 2
was underwent Claisen rearrangement yielded in quantitative yield, 2-
acetyl-4-allyl-1-hydroxynaphthalene (3) (Scheme 1). The assigned
structures of 2 and 3 were established on the basis of the analytical and
spectral data. The infrared spectrum of 3 showed the carbonyl stretching
band due to intermolecular H-bonding at v' 1623 cm™ if compared by the
carbonyl stretching of compound 2 at v' 1674 cm™. Melting point and 'H
NMR spectrum of the latter product 3 were completely identical as
reported in the literature (Ammanamanchi & Balagopala, 1990).

Claisen-Schmidt  Condensation  of  5-allyl-2-hydroxy-3,4-
benzoacetophenone (3) with the appropriately different aromatic
aldehydes namely benzaldehyde, 4-methoxybenzaldehyde and 3-
hydroxy-4-methoxybenzaldehyde (vanillin) yielded in quantitative yield
the corresponding 4-allyl-2-cinnamoyl-1-hydroxynaphthalene (3',4'-
benzochalcones) derivatives 4a-c (Scheme 1).
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In order to provide additional evidence in favour of structure 4a-
¢, it was synthesized unambiguously by an alternate procedure involving
condensation of 2-acetyl-1-hydroxynaphthalene (1) with benzaldehyde or
(4-methyoxybenzaldehyde) to yield the expected 2-hydroxy-3-cinnamoyl
or (4-methoxycinnamoyl) naphthalene (5a) and (5b) as outlined in the
literature (Yahiaoui, et al., 2008). Reaction of Sa,b with allyl bromide
afforded 2-allyloxy-3-(4'-methoxycinnamoyl) naphthalene (6a,b) and
finally, the latter adducts were underwent Claisen thermal rearrangement
yielded the same products 4a,b.

Also, the assigned structures of 4a-c¢ were established on the basis
of the analytical and spectral analyses. the '"H NMR spectra of 4a-c
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showed lack a signal at J 2.78 ppm of acetyl protons, whereas the two
olefinic protons of cinnamoyl group appeared as two doublets in the
aromatic region ¢ 7.53-7.96 ppm in addition to the allyl protons (c.f.
experimental part).

The electron impact mass spectra of the latter chalcones 4a,b
showed the assigned molecular weights M~ at m/z 314 and 344
respectively and a base peak at m/z 210 via extrusion styrene moiety.

The cinnamoylnaphthalene 4a,b were allowed to react with
hydrazine hydrate or phenylhydrazine in ethanol to give only the
corresponding pyrazoline derivatives 7a-d . The formation of 7a-d takes
place as outlined in the literature (Aziz, et al., 1976; Moustafa, et al.,
1996 and Abdel Hafez, et al., 2001) via 1,2-addition of hydrazine group
to the carbonyl of chalcones derivatives 4a-¢ followed by dehydration
gave the corresponding pyrazolines 7a-d.

The structural elucidation of the above pyrazoline derivatives 7a-
d was inferred from the correct elemental analysis as well as the spectral
data. The infra-red spectra showed appearance a broad band of OH at V'
3443-3550 cm’ and one peak of NH at v'3326 cm™. Also,’H NMR
spectrum of compound 7a for example revealed disappearance of the
characteristic allyl protons and instead of it, a triplet methyl group at o
1.04 with coupling constant 3 Hz, multiplet CH, at 0 1.79 ppm and triplet
CH, at 0 2.99 ppm with coupling constant 3 Hz were observed.
Reduction of the olefinic allyl group under the reaction conditions to
provide the corresponding propyl adducts was previously reported in the
literature (Crockett, et al., 2011). Also, the pyrazoline C-H protons of
the latter compounds were clearly observed as three doublet doublets in
the regions o0 3.14, 3.68 and 4.86 ppm.

It is notable here , through strong heating the naphthylpyrazoline
derivative 7b , a new compound 5-(4-methoxyphenyl)-3-(4-allyl-1-
hydroxynaphth-2-yl)-/H-pyrazole (8) was separated. The spectral
analyses of 7b proved autoxidation of the pyrazoline to pyrazole. 'H
NMR spectrum of 8 showed lack the pyrazoline doublet doublet protons
and instead of it a singlet H-4 at 0 6.92 ppm.
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Also, compound 4a was allowed to react with hydroxylamine
hydrochloride to yield a quantitative yield of the corresponding 3-(4
allyl-1- hydroxynaphth-2-yl)-5- phenyl isoxazoline (9).

Yahiaoui, S. et al (2008) was observed that the introduction of a
phenyl ring at position C-7 and C-8 on flavanone skeleton led to a new
potent aromatase inhibitors more potent than amino gluthetimide (the
first aromatase inhibitor used clinically). Therefore, in our research
program, we planned to construct the allylbenzoflavone via cyclization of
the above 2-hydroxybenzochalcones 4a,b at refluxing in basic medium
such as triethylamine, the expected 6-allyl-7,8-benzoflavanones 11a,b
were separated in quantitavely yields. The elemental and spectral
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analyses were in agreement with the suggested structures.Oxidation of
benzoflavanones 11a,b using different oxidizing agents such as selenium
dioxide in butanol or dichlorodicyanoquinone (DDQ) in dry benzene
yielded the desired goal 6-allylbenzo[7,8]flavones 13a,b (Scheme 2). The
compounds 13a,b were directly prepared in quantitative yields at
treatment cinnamoylnaphthalene 4a,b with iodine (I;) in dimethyl
sulfoxide . The elemental and spectral data of 13a,b were completely in
agreement with the assigned structure .'H NMR spectra showed
disappearance all doublet doublet signals of dihydropyran protons,
meanwhile a new H-3 singlet was appeared at 0 8.06 ppm .

Also, when 4a,b was allowed to react with urea or thiourea in
presence a catalytic amount of triethylamine, as attempt to form the
biologically interest pyrimidine or thiopyrimidine moieties 12a-d, the
latter compounds could not obtained but instead of it, the same
previously prepared 7,8-benzoflavanone derivatives. 1l1a,b were
separated in good yields. All the spectral data, m.p and R¢ (TLC) of them
are the same.

EXPERIMENTAL

General

All melting points are uncorrected and were recorded using a
Gallenkamp apparatus. Infrared spectra (IR) were recorded (KBr), (v cm
") on a Mattson 5000 FTIR Spectrophotometer at faculty of science,
Mansoura university. The "H NMR spectra were run on Bruker AC 300
MHz (Department of chemistry, Faculty of science, Cairo university) or
Joel ECA 500 MHz spectrophotometer (National research center) using
TMS as an internal reference and CDCl; or DMSO-dg as solvents and
chemical shift (8) values are recorded in ppm. Mass spectra (MS) were
recorded on (Kratos, 70 eV) MS equipment and/or a Varian MAT 311 a
spectrometer, at Microanalytical Center, Faculty of Science, and Cairo
University. Elemental analyses (C, H and N) were carried out at the
Microanalytical Center at Cairo University, Egypt.

Synthesis

2-Acetyl-1-allyloxynaphthalene (2): A mixture of (1) (1.86 g, 10
mmol), allyl bromide (1.17 ml, 12.5 mmol), and freshly ignited K,COs (5
g) was refluxed in dry acetone (20 ml) for 3hrs. The solvent was
evaporated under reduced pressure and the resulting product was treated
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with crushed ice and extracted with CHCl; (3%x50 ml). The combined
extracts were dried and evaporated to give a pale yellow oil 2 (1.82 g,
98%) this gave no colouration with alcoholic FeCls. The spectral data
were completely in agreement with the published data (Ammanamanchi

& Balagopala, 1990).

Synthesis of 2-acetyl-4-allyl-1-naphthol (3)

Procedure (a): Compound (2) (1.13 g, 5 mmol) was refluxed in freshly
distilled N, N-dimethylaniline (b.p. 193°C) (10 ml) for 7 hrs. the reaction
mixture was poured into crushed ice. The reaction mixture was acidified
by diluted HCl and the resulting pale green solid was filtered off,
repeatedly washed with water and dried. The crude product was
recrystallised from ethanol to yield greenish yellow needles of 2-acetyl-
4-allyl-1-naphthol (3) (0.7 g, 62%). It gave a bright green colour with
alcoholic FeCls.

Procedure (b): Compound (2) (1.13 g, 5 mmol) was heated at 185°C for
3 hrs under nitrogen atmosphere, the resulting yellowish brown material
was crystallized from ethanol to give fluorescent yellow needles,
characterized as 3 (1.05 g, 93 %). Melting point and spectral data were in
complete agreement with the published data (Ammanamanchi &
Balagopala, 1990).

Condensation of 3 with aromatic aldehydes: Synthesis of chalcones
4a-c "General procedure': To a stirred solution of 3 (1.13 g, 5 mmol)
and sodium hydroxide (1 g) in ethanol (50 ml) was added dropwise, at 0-
5°C during 30 min, a solution of the appropriate aldehyde (benzaldehyde,
p-anisaldehyde and 3-hydroxy-4-methoxybenzaldehyde (vanillin)) (0.8
mmol) in ethanol (10 ml). The stirring was continued overnight at room
temperature then diluted with cold water (100 ml) and neutralized with
diluted hydrochloric acid. The precipitate was collected by filtration,
washed with water, dried and crystallized from ethanol to give the
corresponding chalcones:

N.B. Compounds 4a,b were prepared also from O-allylation of the
previously prepared chalcones (5a,b) (Yahiaoui, et al., 2008) by the
same procedure outlined in the synthesis of compound 2 to give the
compounds 6a,b which directly underwent thermal Claisen
rearrangement by the same procedures [a,b]. Melting points, R¢ (TLC)
and spectral analyses were completely identical.
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Reaction of cinnamoylbenzofuran derivatives 4a-b with hydrazine
hydrate or phenyl hydrazine (Synthesis pyrazolines derivatives 7a-d
and 8) "General procedure': A mixture of the appropriate chalcones
4ab (5 mmol) and hydrazine hydrate (0.2 ml; 2 mmol) or
phenylhydrazine (0.54 ml, 5 mmol) was refluxed in absolute ethanol (20
ml) for 1-3 hrs (controlled using TLC). The precipitate which was
formed after cooling, filtered, washed with ethanol, dried and crystallized
from ethanol to give the corresponding pyrazoline 7a-d (Table 1).

5-(4-Methoxyphenyl)-3-(4-allyl-1-hydroxynaphth-2-yl)-1H-pyrazole
®)

N.B. Compound 8 was formed when the same procedure of
synthesis 7b is carried out under strong and long time refluxing (12 hrs).

General procedure for the synthesis of 5-(4-Phenyl) and (4-
methoxyphenyl)-3-(4-allyl-1-hydroxynaphth-2-yl)-4,5-dihydroisoxaz-
ole (9a,b): A solution of hydroxylamine hydrochloride ( 0.198 g, 6
mmol) and sodium acetate (0.3 g) in least amount of water (2 ml) was
added to suspension of 4a,b (5 mmol) in ethanol (20 ml). The reaction
mixture was refluxed for 3 hrs. On cooling and addition of cold water (30
ml), the solid that separated was filtered off, washed with water, dried
and recrystallized from ethanol to give the corresponding isoxazoline 9a
and 9b (c.f- Table 1).

General procedure for the synthesis of 6-allyl-2-phenyl and (4-
methoxyphenyl)-7,8-benzo-2,3-dihydrobenzopyran-4-one (11a,b)
Procedure (a): Refluxing of chalcones 4a,b (5 mmol) and triethylamine
(0.5 ml) in absolute ethanol (20 ml) for 8 hrs (TLC controlling). After
cooling, pour the reaction mixture in crushed ice (100 g) add few drops
of diluted HCI until change the reaction mixture to just neutral. The
precipitate was formed, filtered off, washed with water, dried and
recrystallized from ethanol to give the corresponding flavanones 11a,b
(c.f. Table 1,2).

Procedure (b): The same products 11a,b were formed at refluxing 4a,b
(0.5 mmol) and urea (or thiourea) (5 mmol) in ethanol (20 ml) for 5 hrs.
The reaction mixture was worked up as previously mentioned in method
A, give benzoflavanones 11a,b. Melting point, R¢ (TLC) and the spectral
data are completly identical with the above authentic sample.
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Synthesis of 6-allyl-2-phenyl and (4-methoxyphenyl)-7,8-benzobenzo-
pyran-4-one ""Benzoflavone" (13a,b).

Procedure (a): From chalcones "General procedure" A mixture of
equimolar amounts of cinnamoylbenzofuran derivative 4a,b (5 mmol)
and iodine ( 1.26 g, 5 mmol) in dimethyl sulfoxide (15 ml) was heated at
a temperature 100-110 °C for 45 min. After completion the reaction, the
mixture was poured into crushed ice and the product was extracted by
using ethyl acetate (3x25 ml) then the organic layer was washed with
sodium thiosulphate solution, water and brine. The organic layer was
dried over anhydrous magnesium sulphate and the solvent was
evaporated under reduced pressure. The solid syrup was purified
chromatographically (pet. ether/ ethyl acetate 7/3 as eluent) to afford the
corresponding products 13a,b (Table 1).

Procedure (b): From oxidation of the corresponding flavanones.
Oxidation of 11a,b by using a; selenium dioxide or b; 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ) (Chauncey, M. A. and Grundon, M.
F. 1990).

N.B. All the products were completely identical with the authentic
sample (procedure a) whatever in melting point, Ry (TLC) and the
spectral analyses.

Table (1): Spectral data of the newly prepared compounds.

Cpd.

Spectral data
No. P

IR (KBr): viem'= 3250-3600 (OH, broad), 1628 (C=0), 1573(C=C), 1506

'"H NMR (CDCly) 6 (ppm): 2.78 (s, 3H, COCHs), 3.73 ( d, 2H, -
CH,CH=CH,, J = 6.1 Hz), 5.08 (dd, 1H, -CH,-CH=CH,, J.;; = 9.9 Hz), 5.13
3 | (dd, 1H, -CH,-CH=CHy, Jyun;s = 15.3 Hz), 6.09 (m, 1H, -CH,-CH=CH,), 7.46
(s, 1H, H-3), 7.54 (1H, dd, H-7, J = 7.65 Hz and J= 7.64 Hz), 7.66 (dd, 1H,
H-6, J = 7.65 Hz and J = 7.64 Hz), 7.92 (d, 1H, H-5, J,,.,,= 8.4 Hz), 8.5 (d,
1H, H-8, J,..,,= 8.4 Hz), 13.9 (s, 1H, OH).

IR (KBr): v/em'= 3300-3550 (OH, broad), 1633 (C=0), 1621, 1573 (C=C),

1504 (Ar).

4a | MS m/z (%) = 314 [M+] (64.16), 210 (100.00; base peak), 226 (57.89), 102
(42.29), 181 (45.31), 165 (28.06), 152 (82.22), 139 (10.79), 127 (55.58), 115

(30.87), 76 (36.78).

IR (KBr): v/em'= 3250-3650 (OH, broad), 1632 (C=0), 1629, 1605 (C=C),
1569 (Ar).

4b
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MS m/z (%) =344 [M'] (25.22), 134 (100.00; base peak), 273 (0.45), 210
(51.8), 181 (62.84), 165 (21.54), 152 (93.79), 127 (50.62), 118 (62.84), 115
(23.36), 102 (21.5), 90 (56.82), 76 (32.98).

"H NMR (CDCl;) é (ppm):3.78 (d, 2H, -CH,-CH=CH,, J = 6 Hz), 3.89 (s,
3H,-OCH,), 5.13 (dd, 1H, -CH,-CH=CH,, J.;; = 9.6 Hz), 5.17 (dd, 1H, -CH,-
CH=CH,, J;4»s = 15.9 Hz), 6.15 (m, 1H, -CH,-CH=CH,), 6.99 (d, 2H, H-3",5'
AB system, J = 8.7 Hz), 7.56-7.67 (m, 4H, H-6,7,2), 8.003 (s ,1H ,H-3), 8.2
(d, 1H, H-5, J,.4,,= 8.1 Hz), 8.56 (d, 1H, H-8, J,,.s= 8.1 Hz), 14.87 (s, broad,
1H, OH, exchangeable with D,0).

4c

IR (KBr): v/em’=3350-3550 (OH, broad), 3063 (CH Aromatic), 1628
(C=0), 1573 (C=C), 1505 (Ar).

Ta

IR (KBr): viem'= 3370-3540 (OH, broad), 3045(CH), 1622 (C=N), 1576
(C=C), 1502 (Ar).

7b

IR (KBr): viem™’= 3320-3550 (OH, broad), 3326 (NH), 2959-2930 (CH
Aliphatic), 1631 (C=N), 1608, 1586(C=C of naphthalene ring), 1509 (Ar).
MS m/z (%) = 360 [M+] (92.07), 330 (75.37), 315 (29.34), 285 (33.72), 252
(38.95), 243 (25.72), 210 (31.80), 182 (38.10), 165 (71.06), 152 (46.48), 139
(35.06), 127 (34.40), 103 (48.97), 90 (69.14), 76 (100.00; base peak).

"H NMR (CDCl) é (ppm): 0.96 (t, 3H, -CH,-CH,-CH3), 1.66 (m, 2H, -CH,-
CH,-CHs), 2.93 (t, 2H, -CH,-CH,-CHj3), 3.13 (dd, 1H, H-4'b), 3.73 (dd, 1H,
H- 4'a), 3.74 (s, 3H , -OCHs;), 4.86 (dd, 1H, H-5"), 6.93 (d, 2H , H-2",6", /=9
Hz), 7.24 (s, 1H, H-3), 7.35 (d, 2H, H-3",5", /= 8.7 Hz), 7.74 (S, Broad, 1H,
NH, exchangeable with D,0), 7.97 (d, 1H, H-5, J= 7.8 Hz), 8.24 (d, 1H, H-8,
J=17.8 Hz), 12.07 (S, Broad, 1H, OH, exchangeable with D,0).

Tc

IR (KBr): v/iem™’= 3300-3550 (OH, broad), 3060 (CH), 1629 (C=N) , 1595
(C=0C), 1499(Ar).

MS m/z (%) = 404 [M'] (100.00; base peak), 388 (3.56), 376 (5.54), 363
(4.37), 327 (24.36), 310 (4.75), 286 (17.34), 258 (6.20), 221 (2.08), 208
(8.20), 192 (13.80), 181 (33.7), 165 (6.97), 152 (12.61), 103 (13.43), 90
(12.93), 77 (21.38).

'"H NMR (CDCL) & (ppm): 3.37 (dd, 1H, N-CH(Ph)-CH,, J.;s = 7.5 Hz and
Jeemina= 17.4 Hz), 3.73 (d, 2H, , -CH,CH=CH,, J = 6 Hz ), 4.19 (dd,1H, N-
CH(Ph)-CHy, Jyans = 12.3 Hz and  Jgemina= 17.4 Hz), 5.05 (dd, 1H, -CH,-
CH=CH, ), 5.1 (dd, 1H, -CH,-CH=CHy), 5.27 (dd, 1H, N-CH(Ph)-CH,, J.;; =
7.5 Hz and J0= 12.3 Hz), 6.08 (m, 1H, -CH,-CH=CH,), 11.65 (s, broad, 1H,
OH, exchangeable with D,0).

7d

IR (KBr): v/em'=3200-3650 (OH, broad), 1630 (C=N), 1597(C=C), 1500
(Ar).

IR (KBr): v/em'=3250-3600 (OH, broad), 3410 (NH), 1615 (C=N), 1518
(C=C), 1507 (Ar).

MS m/z (%) = 359 [M'+1] (59.58), 345 (16.25), 329 (100.00; base peak),
315 (14.88), 301 (16.08), 286 (17.14), 218 (25.6), 202 (41.67), 164 (44.36),
152 (35.58), 90 (40.62), 76 (67.72).

'H NMR (CDCLy) 6 (ppm): 1.07 (t, 3H, -CH,-CH,-CH), 1.6 (s, broad, 1H,
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OH, exchangeable with D,0), 1.80 (m, 2H, -CH,-CH,-CH3), 3.03 (t, 2H, -
CH,-CH,-CH3), 3.89 (s, 3H , -OCHj; ), 6.92 (s, 1H, CH pyrazole), 7.03 (d,
2H, H-3",5", J = 8.7 Hz), 7.96 (s, 1H, H-3), 7.99 (d, 1H, H-5, J = 8.3 Hz),
8.47 (d, 1H, H-8, J= 8.4 Hz).

9a

IR (KBr): v/em™”= 3600-3200 (OH, broad), 1572 (C=C), 1637 (C=N), 1509
(Ar).

MS m/z (%) = 329 [M'] (86.58), 313 (21.24), 311 (100.00; base peak), 294
(17.29), 285 (49.11), 270 (15.10), 223 (41.33), 209 (37.74), 193 (13.15), 182
(24.06), 152 (54.75), 127 (34.78), 114 (17.27), 102 (49.86), 89 (21.85), 76
(52.61).

9b

IR (KBr): v/iem”= 3520-3230 (OH, broad), 1615 (C=N), 1575(C=C),
1516(Ar).

'"H NMR (CDCl;) é (ppm): 2.88 (dd, 1H, CH,-C=0, J.,= 11.4 Hz and
Jeemina= 16.5 Hz), 3.40 ( dd, CH,-C=0, 1H, J,u= 3.5 Hz and Jgemina= 16.8
Hz), 3.74 (d, 2H, -CH,CH=CH,, J = 6.6 Hz), 3.78 (s, 3H , -OCH,), 5.09 (dd,
1H, -CH,-CH=CHy), 5.13 (dd, 1H, -CH,-CH=CH,), 5.7 (dd, 1H, H-2
isoxazoline, Jins= 3.3 Hz and J= 11.1 Hz), 6.06 (m, 1H, -CH,-CH=CH,),
6.99 (d, 2H, H-3',5' AB system, J,,;,,= 8.7 Hz), 7.73 (s, 1H, H-3), 7.99 (d, 1H,
H-5, J,m0= 8.1 Hz), 8.14 (d, 1H, H-8, J,;,,= 8.4 Hz), 11.28 (s, 1H, OH,
exchangeable with D,0).

11a

IR (KBr): v/em’=1680 (C=0), 1620 (C=C), 1510 (Ar).

MS m/z (%) = 314 [M+] (80.33), 238 (3.25), 210 (100.00; base peak), 181
(33.53), 153 (63.8), 139 (3.65), 127 (24.61), 103 (25.17), 77 (14.12), 57
(17.92).

'"H NMR (CDCL) ¢ (ppm): 3.01(dd, 1H, CH,-C=0, J,u,s= 3.3 Hz and
Jeemina= 16.8 Hz), 3.19 (dd, 1H, CH,-C=0, J.= 13.5 Hz and Jgemima—= 16.8
Hz), 3.78 (d, 2H, -CH,CH=CH,, J = 6.3 Hz), 5.11 (dd, 1H, -CH,-CH=CH,,
Jwans = 17.8 Hz), 5.13 (dd, 1H, -CH,-CH=CH,, J.;; = 9.6 Hz), 5.70 (dd, 1H, H-
2, Jyans= 3 Hz and J,;= 13.5 Hz), 6.11 (m, 1H, -CH,-CH=CH,), 7.4 -7.7 (m,
7H, Ar-H), 7.78 (s, 1H, H-5), 8.01 (d, 1H, H-7, J,,.»= 8.4 Hz), 8.41 (d, 1H,
H-10, J,.,= 8.4 Hz).

11b

IR (KBr): v/em™’= 1670 (C=0), 1619 (C=C), 1514 (Ar).

'"H NMR (CDCL) 6 (ppm): 2.93 (dd, 1H, CH, pyranone, Jgemina =16.8 Hzand
Juans = 3.3 Hz), 3.12 (dd, 1H, CH,, pyranone, Jgemima =16.2 Hz and J;; = 13.2
Hz), 3.77 (d, 2H, -CH,CH=CH,, J = 6.6 Hz), 3.87 (s, 3H, OCH3), 5.09 (dd,
1H, -CH,-CH=CH,, J.;; = 9.6 Hz), 5.12 (dd, 1H, -CH,-CH=CHy, J;4»s = 16.5
Hz), 5.63 (dd, 1H, CH pyranone, J;; = 13.5 Hz and J,,; = 3 Hz), 6.07 (m,
1H, -CH,-CH=CH,), 7.01 (d, 2H, H-2' and H-6' (AB system), J = 7.8 Hz),
7.51 (d, 2H, H-3' and H-5' (AB system), J = 8.1 Hz), 7.55- 7.66 (m, 2H, H-
6,7,J="72Hz and J = 7.8 Hz), 7.78 (s, 1H, H-3), 7.99 (d, 1H, H-5, J,sp, =
8.4 Hz), 8.38 (d, 1H, H-8, J,,.;, = 8.4 Hz).

13a

IR (KBr): viem'= 1645 (C=0), 1607, 1571 (C=C), 1511 (Ar).

13b

IR (KBr): v/em’=1636 (C=0), 1599 ( C=C), 1510 (Ar).
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MS m/z (%) =342 (68.65), 327 (10.32), 313 (6.00), 302 (2.22), 294 (6.62),
228 (28.65), 210 (100.00; base peak), 181 (39.9), 164 (10.85), 152 (78.26),
127 (27.91), 76 (24.86).
"H NMR (CDCls) (ppm): 3.89 ( d, 2H, -CH,CH=CH,, J = 6.3 Hz), 3.91 (s,
3H, OCH3), 5.14 (dd, 1H, -CH,-CH=CH,, J,, = 8.4 Hz), 5.19 (dd, 1H, -CH,-
CH=CH,, J,u= 16.2 Hz), 6.14 (m, 1H, -CH,-CH=CH,), 7.10 (d, 2H, H-
2.6"), 7.80 (m, 3H, H-3 and H-8,9), 8.13 (m, 3H, H-3',5' and H-7), 8.15 (d,
1H, H-5, J, 4= 6.3 Hz), 8.67 (d, 1H, H-8, J,, = 6.9 Hz).

Table (2): Elemental Analysis of the Newly Prepared Compounds.

Mol Expremental analysis
o .
Cpd. | oy | Vield (%) Formla Calc.
No. (Colour) Mol. Wt (Found)
(Mol. Wt) ™ C% | H% | N%
3 o O 7962 | 624
92-94 Ve 33637 (79.58) | (6.41)
4a 84 _ 85 78 N szH[gOz 84.05 5.77 _
Red (314.38) (84.29) | (5.64)
86, CasHanO5 8021 | 585
4b 20 -92 Orange ( 344.40) (80.39) | (5.68) | ——
97, CoyHaOs 7665 | 5.59
de | 102-104 Yellow (360.40) (76.62) | (5.61) | ——
83, CooHooN,0 7997 | 671 | 848
7a 85-86 Green (330.42) (7979) | (6.85) | (8.42)
78, ColLiN,0, | 7664 | 671 | 7.77
7o | 108-110 Green (360.45) (76.86) | (6.92) | (1.54)
84, CosHoaN,0 83.14 | 598 | 693
Te 146-148 Yellow (404.50) 8337 | (575 | 6.77)
86, ColaN,0s | 80.16 | 603 | 645
7d | 150-152 Buff (434.53) 80.11) | (6.12) | (6:39)
9, ColN,0, | 7707 | 619 | 7.82
8 180 - 182 Brown (358.43) (77.15) | (605 | (7.78)
85, CyoH sNO, 8022 | 581 | 425
9a | 184-185 colourless (3298.39) (80.02) | (5.69) | (4.09)
87, CooH sN;0 7751 | 509 | 393
b 124-126 colourless (356.39) (77.42) (5.15) (3.85)
85, CyoH 1505 8405 | 577
11a 107 - 109 colourless (314.38) (84.21) (5.58)
85, CasHanO5 8021 | 5585
11b | 120-122 Yellow (344.4) 8035) | (575 | ——
73, CooH1c0 8459 | 5.16
13a 136-137 Brown (312.12) (8431) | (5.40) | —
78, CosH 1505 80.68 | 530
13b | 90-92 Buff (342.39) 80.74) | (5.15) | ——
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