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Synthesis of pyridine and pyrimidine analogues 4 & 6-9 were achieved by Michael-addition of
compounds containing either active methylene groups like, malononitrile, ethyl cyanoacetate and 1-tetra-
lone or compounds containing active hydrogen atoms like, guanidine in the presence of an oxidizing agent
and thiourea to 2-arylmethylidine-1-tetralone and 2-arylmethylidine-6-methoxy-1-tetralone (2) (enones).
Addition of malononitrile in piperidine at room temperature to 2 gave 2-amino-3-cyano-naphthof!.2-
b]pyran derivatives 3 which were converted to 4 upon treatment with sodium methoxide. Addition of
malononitrile in sodium alkoxide or sodium hydroxide to 2 gave 4. Cyclization of 3a with acetic
anhydride in the presence of conc. H,SO, gave the naphtho-pyrano[2,3-d]pyrimidin-8-one (5).
Condensation of the pyrimidine thione derivatives 9 with chloroacetic acid gave the 3-oxo-
benzo[h]thiazolidino[2,3-b]quinazoline derivatives (10), which were reacted through their active
methylene groups with aromatic aldehydes to give the arylidine derivatives 11. These compoundes were
also prepared in one step by reacting 9 with chloroacetic acid and aromatic aldehydes. Condensation of 9
with 3-bromopropanoic acid gave 4-oxo-benzo[h]1,3-thiazino[2,3-b]quinazoline derivatives (12). The
structures of the prepared compounds were mainly confirmed on the basis of spectroscopic methods.

INTRODUCTION bifunctional site for 1,3-dinucleophiles affording

several heterocyclic ring-systems [1].
Chalcones have been very attractive It was found that chalcones have different
starting materials in combinatorial chemistry, they biological activities including anti-malarial [2-4],
are easy to prepare with large variability at the anticancer [5-8], antimicrobial [9] and anti-

two aromatic rings and the enone provides a inflammatory  [10-13] activities. In addition
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several pyridine and pyrimidine derivatives were
reported to possess significant activities, e.g.
antibacterial [14,15], antiviral [16-18], analgesic,
antitussive [19], anti-inflammatory [20], anti-
fungal [21], anticoagulant [22] and anticancer [23]
activities. This prompted our interest to synthesize
some novel pyridine and pyrimidine analogues
fused with naphthalene nucleus, a combination
which is expected to show high biological
activities.

EXPERIMENTAL

Melting points were determined on a Tottoli
capillary melting point apparatus and are
uncorrected. IR spectra were run for KBr discs on
Perkin Elmer FT spectrophotometer 1000. 'H and
C NMR spectra were recorded on a JEOL ECP
400 NMR spectrometer operating at 400 MHz in
CDCl; (or DMSO-d,) with TMS as internal
standard. Chemical shifts are given in & ppm and
coupling constants (J) are given in Hz. Electron
impact (EI) MS spectra were carried on Shimadzu
GCMSQP5050A  spectrometer, DB-1  glass
column 30 m, 0.25 mm, ionization energy 70 €V,
at Chemistry Department, College of Science,
King Saud University.

All prepared compounds were identified by
physical properties, IR, MS (Table 1), 'H NMR
(Table 2) and *C NMR (Table 3).

2-Arylmethylidene-1-tetralones (2a-h)
2-Arylmethylidene-6-methoxy-1-tetralones
(2i-1):

Method A:

A mixture of NaOH (2.2 g, 0.055 mol), water (20
ml), ethanol (12.25 ml), I-tetralone or 6-methoxy-
I-tetralone (1) (0.043 mol) and the appropriate
aromatic aldehyde (0.043 mol) was stirred at 15-
30°C for 48 h and left in the refrigerator overnight.
It was then filtered, washed with water, then
washed with the least amount of ethanol, dried,
refluxed with glacial acetic acid (15 ml) for 3 h.
The crystals separated after cooling were filtered
and washed with water. It did not need re-
crystallization since it was found pure.
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Method B: (for the preparation of 2a-d)

A mixture of 1-tetralone or 6-methoxy-1-tetralone
(1) (0.01 mol) and the appropriate aromatic
aldehyde (0.01 mol) in 10% NaOH (10 ml) was
placed in a conical flask covered with an inverted
funnel, then irradiated with microwaves (600 W)
for 30 sec, cooled to room temperature, treated
with ethanol and filtered. The solid obtained was
pure and did not need re-crystallization.

2-Amino-4-aryl-3-cyano-5,6-dihydro-4H-
naptho|1,2-b]pyran (3a-c)
2-Amino-4-aryl-3-cyano-8-methoxy-5,6-
dihydro-4H-naptho[1,2-b]pyran (3d, e):

These compounds were prepared following the
same procedure as in ref. [24].

2-Alkoxy-4-aryl-3-cyano-5,6-dihydrobenzo|h]-
quinolines (4a-g)
4-Aryl-3-cyano-2,8-dimethoxy-5,6-dihydro-
benzo[h|quinolines (4h, i):

Method A & B:
These compounds were prepared following the
same procedures as in ref. [24].

Method C:

To a freshly prepared sodium methoxide solution
(0.005 mol of sodium metal in 50 ml of
methanol), 3a-d (0.005 mol) was added with
stirring. The mixture was heated under reflux for 1
h, the solid product obtained after cooling was
collected by filtration, washed with alcohol and
re-crystallized.

Method D:

A mixture of 3a-d (0.005 mol), NaOH (20%, 25
ml) and methanol (25 ml) was stirred at room
temperature for 6 h; the solid formed was filtered,
washed with water and re-crystallized.

7-(4'-Bromophenyl)-10-methyl-5,6,8,9-
tetrahydro-7H-naphtho[1',2':5,6|pyrano|2,3,-
d|pyrimidin-8-one (5):

This compound was prepared following the same
procedure as in ref. [24].
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2-Amino-4-aryl-5,6-
dihydrobenzo[h]quinazoline (6a)
2-Amino-4-aryl-8-methoxy-5,6-
dihydrobenzo[h]quinazoline (6b-d):

A mixture of 2a, i, j, 1 (0.1 mol), guanidine.HCI
(0.14 mol), ethanol (200 ml) and 50% KOH
(40 ml) was heated under reflux for 1 h. Under the
same conitions, 30% H->0, (31 ml) was added to
the above mixture in small portions over a period
of 1 h. The ethanol was removed under reduced
pressure and water (200 ml) was added to the
residue. The precipitate was filtered, washed
thoroughly on the funnel with water. The slightly
still wet crude solid was re-crystallized and the
crystalline product was dried in a vacuum
desiccator over P,Os/KOH.

4-(4'-Bromophenyl)-3-cyano-1,2,5,6-tetra-
hydrobenzo[h|quinolin-2-one (7):

This compound was prepared following the same
procedure as in ref. [24].

9-(4'-Bromophenyl)-3:4,5:6-dibenzo-1,2,7,8-
tetrahydroacridine (8a)
9-(4'-Bromophenyl)-3:4(3''-methoxybenzo),5:6-
benzo-1,2,7,8-tetrahydro acridine (8b):

Method A:

A mixture of 2a, i (0.2 mol) I-tetralone (29.2 g,
0.2 mol), ammonium acetate (38.5 g, 0.5 mol) and
piperidine (0.1 ml)was fused at 160-170 °C for 10
h, cooled, then diluted with ice-cold water and
stirred for 10 min. 2 M HCI (1ml) was added and
the mixture was extracted with dichloromethane
(50 mlx3). The organic layer was separated,
washed with water, dried (Na,SO,) and
evaporated. The residue was treated with the least
amount of ethanol, filtered and re-crystallized.

Method B:

The same mixture was placed in a conical flask
covered with an inverted funnel and irradiated
with microwaves (600 W) for 4 min., then treated
as mentioned in method A.

4-Aryl-1,2,3,4,5,6-hexahydronaphtho[l,2-d|-
pyrimidine-2-thione (9a-c):

These compounds were prepared following the
same procedure as in ref. [24].
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5-Aryl-3-0x0-6,7-dihydro-SH-benzo[h|thia-
zolidino[2,3-b]quinazoline (10a-c)
5-Aryl-3-0x0-9-methoxy-6,7-dihydro-5H-
benzo|h]thiazolidino[2,3-b]quinazoline (10d, e):
These compounds were prepared following the
same procedure as in ref. [24].

5-Aryl-3-oxo0-2-arylmethylidene-6,7-dihydro-
5H-benzo|h|thiazolo|2,3-b]| quinazoline (11a, d)
5-Aryl-3-0x0-9-methoxy-2-arylmethylidene-6,7-
dihydro-5H-benzo|h|thiazolo[2,3-b]quinazoline
(11b,c):

Method A:

A mixture of 10a, c-e (0.01 mol), the appropriate
aromatic aldehyde (0.0l mol), fused sodium
acetate (2 g), glacial acetic acid (15 ml) and acetic
anhydride (10 ml) was heated under reflux for 4 h.
The mixture was cooled and poured onto ice-cold
water, then filtered. The separated solid was
washed with water and re-crystallized.

Method B:

A mixture of 9¢c-e (0.01 mol), chloroacetic acid
(0.94 g, 0.01 mol), the appropriate aromatic
aldehyde (0.01 mol), fused sodium acetate (2 g),
glacial acetic acid (20 ml) and acetic anhydride
(14 ml) was heated under reflux for 3 h and
treated as in method A.

6-Aryl-4-0x0-2,3,7,8-tetrahydro-6 H-benzo|h|-
1,3-thiazino|2,3-b]quinazoline (12a-c):
10-Methoxy-6-Aryl-4-0x0-2,3,7,8-tetrahydro-
6H-benzo|h]1,3-thiazino[2,3-b|quinazoline
(12d):

A mixture of 9a-c,e (0.01 mol), 3-bromopropanoic
acid (0.01 mol), fused sodium acetate (2 g),
glacial acetic acid (20 ml) and acetic anhydride (7
ml) was heated under reflux for 3 h. The mixture
was cooled and poured onto ice-cold water, then
filtered. The separated solid was washed with
water and re-crystallized.
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i = CICH,COOH, Ac,0, CH;COONa. ii = Ar,CHO, Ac,0, CH;COOH, CH;COONa. iii = CICH,COOH,
Ar,CHO, Ac,O, CH;COOH, CH;COONa. iv = BrCH,CH,COOH, Ac,0, CH;COOH, CH;COONa.

(Scheme 3)

RESULTS AND DISCUSSION

As a continuation of our previous work [24],
the starting chalcones (enones) derived from I-
tetralone  and  6-methoxy-1-tetralone  were
prepared by the conventional methods, but a
mixture of the a,B-unsaturated ketones as well as
the  corresponding  p-hydroxy-ketones — was
obtained as indicated by 'H and BC NMR.

Refluxing this mixture with glacial acetic acid for
3h led to dehydration of the B-hydroxy-ketones
and gave the desired ketones in a pure form.
Compounds 2a-d, i-k (Scheme 1) were also
prepared by irradiating the reaction mixture by
microwaves (600 W) for 30 sec. the products were
pure and the yields were higher. The identity of
compounds 2a-l is established by spectroscopic
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methods. Fig. 1 illustrates the chemical shifts of
“C NMR of 2j.

O

130 38 135 56 132.29

18591 158,35

127 00

// 11418

13405

16017 4
27.28 56.08

H;CO™ 16370 146.34 OCH;
28.79 h

11280

a = interchangeable assignment

Figure 1 (°C Chemical shifts of 2j)
Michael addition of malononitrile to 2-
arylmethylidene-1-tetralone or 2-arylmethylidene-
6-methoxy-1-tetralone (2a, b, e, i, j) in the
presence of piperidine and DMF at room
temperature gave the amino-cyanopyran deriva-
tives 3a-e. Carrying the same addition in the
presence of sodium alkoxide or sodium hydroxide
led to the formation of the alkoxy-cyanobenzo-
[h]quinoline  derivatives 4a-1, through the
intermediate 3 (Scheme 1). This was proved by
the conversion of 3a-d to 4a-d upon treatment
with sodium methoxide in methanol and refluxing
for 1 h. Fig. 2 illustrates the "*C NMR chemical

shifts of the heterocyclic pyridine ring in 4d.

55.49

OCH;

Figure 2 ("'C Chemical shifts of heterocyclic
pyridine ring in 4d)

The amino-cyanopyran derivative 3a was
cyclized to the methyl-pyrimidinone derivative 5
by treatment with acetic anhydride and a catalytic
amount of conc. H,SO, (Scheme 1). The structure
of 5 was confirmed by IR spectral data which
indicated the disappearance of CN and NH,
stretching bonds and the appearance of NH
stretching at 3151 em™ and C=O stretching at
1684 cm™. The 'H NMR illustrated a singlet for
the methyl protons at 6 2.32 ppm, a singlet for H-7
at § 4.47 ppm and a broad singlet at 5 12.97 ppm
for NH, beside other protons of the compound
(Table 2). The “C NMR spectrum showed a line
at 6 21.18 ppm for the methyl carbon while C-7

appeared at & 40.39 ppm and lactam carbonyl
carbon at & 165.32 ppm as well as the other lines
of sp’ and sp? carbons of the molecule (Table 3).
The MS spectrum showed the molecular radical
cation [M'] at m/z=420 (18%) (C»,H,,"’BrN,0,),
422 (19%) [M+2] (Cy,H,;*'BrN,0,). Loss of the
bromine radical offered the cation at m/z=341
(1%), while loss of the aryl group (C4H,Br) gave
the cation at m/z=265 (100%).

The desired target compounds, 2-amino-
benzo[h]quinazoline  derivatives  (6), were
prepared from the enones 2a, i, j, 1 and
guanidine.HCI by refluxing them together in basic
alcoholic media, by which time the dihydro-
pyrimidine (compound A) had been formed
(Scheme 2). At this point, hydrogen peroxide
(30% aqueous solution) was added to the hot
solution. By portion-wise addition of the oxidizing
agent in large excess, not only was the aroma-
tization completed, but also all the undesired tarry
side-products were oxidatively degraded, resulting
in a clean solution in each case [25]. This
procedure allowed easy product isolation of the
required amino-pyrimidine, mainly aminobenzo-
quinazoline products, in good yield, with no
difficulty in the purification process. The IR
spectra of 6¢ showed the disappearance of the
carbonyl stretching in the starting material and the
appearance of NH, stretching bonds at 3371 and
3210 em’'. The 'H NMR spectrum revealed the
disappearance of the olifinic proton of the starting
material and the appearance of a broad singlet at &
5.21 ppm for the NH, group as well as the other
protons of the molecule. Fig. 3 illustrates the "*C
NMR chemical shifts of heterocyclic pyrimidine
ring in 6c.

a
161.57

Figure 3 (""C Chemical shifts of heterocyclic
pyrimidine ring in 6¢)

The MS spectrum showed the molecular radical
cation [M '] at m/z=333 (88%) (CoH9sN;0,). Loss
of hydrogen radical gave the cation at m/z=332
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(100%) and subsequently loss of ammonia gave
the cation at 315 (2%).

Fusion of 2a with ethyl cyanoacetate and
ammonium acetate at 140°C gave 3-cyano-
1,2,5,6-tetrahydrobenzo[h]quinoline-2-one
derivative 7. The structure of 7 was confirmed by
IR spectral data which showed NH stretching peak
it 3437 cm”', C=N stretching peak at 2222 cm’
and CO stretching peak at 1638 cm”. The 'H
NMR spectrum showed a broad peak at & 7.26
ppm attributed to NH, beside the other aliphatic
and aromatic protons (Table 2). We were unable
to perform the BC NMR spectrum as the
compound was sparingly soluble in CDCI; and
DMSO. The MS spectrum of 7 showed the
molecular radical cation [M'] at m/":»7() (5%)
(CooH;3°BrN,O)  and 378  (8%)  [M+2]
(CoH,:*'BrN,0,). Loss of the hrominc radical

ave a peak at m/z=297 (3%).

Treatment of 2a, i with a mixture of |-
tetralone and ammonium acetate in the presence
of piperidine as a catalyst at a high temperature
yielded 9-(4'-Bromophenyl)-3:4,5:6-dibenzo-
1,2,7,8-tetrahydroacridine ~ (8a) and  9-(4-
Bmmophcnyl) :4(3"-methoxybenzo),5:6-benzo-
,2,7,8-tetrahydroacridine (8b). The reaction may
proceed through  the  formation of  the
corresponding «,f3-unsaturated imines (formed by
the reaction of 2a, i with ammonium acetate)
which behave like a,fB-unsaturated ketones in the
Michael addition to form 8a, b [26]. The IR
spectrum of 8a revealed the disappearance of both
CO and C=C stretching peaks of the parent
compound 2a. The structure of 8a seemed to be
symmetrical but the 'H NMR spectrum showed
that it is unsymmetrical. This may be attributed to
the ease of rotation of the aryl group
(p.bromopheny!l group) around the single bond
leading to the shielding effect by anisotropy to
one half of the dibenzoacridine nucleus than the
other. The '"H NMR of 8a showed a multiplet at &
2.70-2.73 for the mehylene group at position I,
muliplet at & 2.83-2.88 ppm for the two
methylene groups at positions 2 and 7 and a
multiplet at § 3.29-3.32 ppm for the methylene
group at posmon 8 besides the other aromatic
protons (Table 2). The BC NMR spectrum also
reveals the asymmetry of 8a, as indicated by the
appearance of four lines at & 27.46, 27.62, 28.69
and 29.71 ppm for C-1, C-2, C-7 and C-8

respectively, besides 21 lines in the range &
122.31-153.64 ppm for the aromatic carbons. The
MS spectrum of 8a showed the molecular radical
cation [M'] at m/z=437 (100%) (CyHa "BrN)
and 439 (97%) [M+2] (Cnl*l;,,)g'BlN). Loss of the
hydrogen radical gave a peak at m/z=436 (59%)
while the loss of a bromine radical gave a peak at
m/z=358 (7%). Compounds 8a, b were also
prepared by irradiating the reaction mixture with
microwaves (600 W) for 4 min and the yield was
relatively higher than that of the first method
Condensation of 2a, b, f, i, j with thiourea
was successful in boiling ethanolic potassium
hydroxide solution, yielding the corresponding
naphtho[1,2-d]pyrimidine-2-thione derivative 9a-e
[27, 28] (Scheme 2). The IR spectrum of 9e
displayed bands for NH stretching at 3198 cm’
and C=S stretching at 1204 cm™. The 'H NMR
spectrum displayed a singlet at 6 4.86 ppm for H-
4, two broad singlets for the two NH at 6 9.01 and
9.76 ppm respectively, beside the absorption of
aliphatic and aromatic protons (Table 2).
The"CNMR ﬂpu:trum of 9¢ showed absorption at
5 58.42 for C-4 and at 6 174.43 for C=S beside the
other lines of sp’ and sp” carbons of the molecule
(Table 3). Fig. 4 illustrates the chemical shifts of

135 k i o e . .
C NMR of the heterocyclic pyrimidine ring in
9e.
ﬂ
PR
HN”™ N
|
121 111 | 58
S A
N B L
109 31

Figure 4 ("C Chemical shifts of heterocyzlic

pyrimidine ring in 9e)

The MS spectrum of the latter showed the
molecular radical cation [M'] at m/z=352 (100%)
(CooHN-0,S). Loss of the hydrogen radical gave
a peak at m/z=351 (62%). Loss of methyl radical
gave a peak at m/z=337
ethylene molecule gave a peak at .'n/: 2
loss of OCHj; radical gave a pmlf at m/z=32
and loss of methoxyphen i
m/z=245 (91%).
Compounds  9a-e  were reacted with
chloroacetic acid in acetic acid-acetic anhydride

(3%), wh h/ loss of

< at




Synthesis of Some Pyridine and Pyrimidine Derivatives Via Michael-Addition 583

mixture in the presence of fused sodium acetate to
give 10a-e. The chemical structures were proved
by IR, MS, 'H and *C NMR (Tables 1-3) thus,
the IR spectrum of 10b showed the disappearance
of NH and C=S stretching bands and the
appearance of C=0 stretching band at 1720 cm™.
The 'H NMR of 10b displayed two doublets
forming an AB system at & 4.03 and 4.09 ppm
(J=17.6 Hz) for the CH, group at position 2 (CH,
was close to a chiral carbon) and a singlet at &
5.59 ppm for H-5 beside the other aliphatic and
aromatic protons of the moecule (Table 2).
The? CNMR spectrum of 10b showed a line at &
32.14 ppm for C-2, and at & 58.79 ppm for C-5 as
well as the absorption of other sp’ and sp” carbons
of the molecule (Table 3). Fig. 5 illustrates the
chemical shifts of >C NMR of the heterocyclic
thiazolidinopyrimidine ring in 10b.

32.14

S/%

/k 171.59
155.42

) (@)
/

N N
126.94 58.79

Figure 5 (®C Chemical shifts of heterocyclic
thiazolidinopyrimidine ring in 10b)

The MS spectrum of 10b confirmed the structure
as it showed the molecular radical cation [M'] at
m/z=362  (57%) (C;H;sN,O,S). Loss of
methoxyphenyl radical gave a fragment at
m/z=255 (100%) which loses CO to give a
fragment at m/z=227 (39%).

Condensation of 10a, c-e via their active
methylene groups at position 2 with aromatic
aldehydes in presence of acetic anhydride, acetic
acid and sodium acetate yielded the corresponding
arylmethylidene derivatives 11a-d However, the
arylmethylidene derivatives 11b-d were prepared
directly from 9 by the action of chloroacetic acid,
aromatic aldehydes and at the same conditions
(Scheme  3)..  Compounds 11la-d  were
characterized by IR, MS, 'H NMR and *C NMR
(Tables 1-3). The IR spectrum of 11b exhibited a
shift of C=0 stretching peak to lower wave
number (1703 ¢cm™) due to conjugation with the
exocyclic double bond. The 'H NMR spectrum of

11b was characterized by the disappearance of the
AB pattern and the appearance of a singlet at 6
7.57 ppm attributed to the olefinic proton. The MS
spectrum of 11b showed the molecular radical
cation [M'] at m/z=498 (31%) (CyH,5" BrN,0S),
500 (33%) [M+2] (C7H;s"'BrN,OS). Loss of the
phenyl radical offered the cation at m/z=421
(100%) which in turn lost a molecule of CO to
give the cation at m/z=393 (23%). Loss of the
bromine radical from the molecular ion gave the
cation at m/z=419 (3%).

Compounds 9a-c, e were also reacted with 3-
bromopropanoic acid to give the thiazino[2,3 .-
b]quinoline derivatives 12a-d for which their
structures were confirmed by spectral data (Tables
1-3). Where the IR spectrum of 12d showed a
C=0 stretching peak at 1689 cm™. The 'H NMR
spectrum of 12d was characterized by a multiplet
at 6 2.92-3.10 ppm for the two methylene groups
at positions 2 and 3 beside the other aliphatic and
aromatic protons of the molecule (Table 2). The
C NMR spectrum of 12d showed a line at &
35.80 ppm for C-2, at 6 21.66 ppm for C-3 and at
8 169.30 ppm for C=0 in addition to absorption of
the other sp’ and sp carbons of the molecule
(Table 3). Fig. 6 illustrates the chemical shifts of
BC NMR of the heterocyclic pyrimidothiazine
ring in 12d.

35.80
21.66

N
S
N N 0

55.16

125.53

Figure 6 ('’C Chemical shifts of heterocyclic
pyrimidothiazine ring in 12d)

The MS spectrum of the latter showed the
molecular radical cation [M'] at m/z=406 (100%)
(C53HN-05S). Loss of the hydrogen radical gave
a peak at m/z=405 (83%) while loss of the
methoxyphenyl radical offered cation at m/z=299
(89%) which lost CO to give a cation at m/z=271
(2%). The last fragment looses ethylene molecule
and gains two hydrogen to give a cation at m/z=
245 (62%).
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Table 2: "H NMR data of Compounds (2-12) in CDCl; (* DMSO-dq), (8 in ppm, J in Hz)

F"“‘pdj 'H NMR

No. -

2a 3 91.2.94 (2H. m, CH, at C-3), 3.04-3.08 (2H, m, CH, at C-4), 7.23 (1H, d, J=7.3, H-5),
728 (2H, d, J=8.1, H-2' & H-6", AA" part of AA'XX" system), 7.35 (IH, t, J=7.4, H-7),
7.47 (1H, td, /=73, J'=1.4, H-6), 7.53 (2H, d, J=8.1, H-3" & H-5", XX" part of AA'XX'
| system), 7.76 (1H, s, C=CH), 8.12 (1H. d, /=8.1, H-8)

36 | 2.92-2.96 (2H, m, CH; at C-3), 3.12-3.16 (2H, m, CH, at C-4), 3.85 (3H, s, OCHy), 6.95
(2H, d, J=8.8, H-3" & H-5", AA" part of AA'XX" system), 7.24 (1H, d, J=8.1, H-5), 7.43
(2H, d, J=8.1, H-2' & H-6", XX part of AA'XX" system), 7.48 (1H, t, J=1.3, H-6), 7.84
(1H,'s, C=CH), 8.11 (1H, d, J=8.1, H-8)

2¢ 293 (4H, s, 2CH, at C-3 & C-4), 7.22-7.28 (3H, m, H-5, H-5" & H-6"), 7.35 (1H, t, J=7.3,
H-7), 7.45 (1H, d, J=2.2, H-3"), 7.48 (1H, td, J'=7.3, J'=1.5, H-6), 7.80 (1H, s, C=CH),
8.13 (1H, dd, /*=8.0, J'=1.5, H-8)

2d 2.95 (2H, t, J/=6.2, CH; at C-3), 3.09 (2H, td, J=6.2, 1.5, CH, at C-4), 7.24-7.39 (5H, m, H-
5.H-7, H-4", H-5" & H-6), 7.40 (1H, s, H-2"), 7.77 (1H, s, C=CH), 8.12 (1H.d, /=8.8, H-8)
2e 2.94 (2H, t, J=6.2, CH, at C-3), 3.13 (2H, td, J=6.4, 1.7, CH, at C-4), 3.85 (3H, s, OCHs),

6.90 (1H, dd, /=8.1, /=22, H-4"), 6.97 (1H, s, H-2"), 7.24 (1H, d, /=73, H-6'), 7.31-7.38
(2H, m, H-7 & H-5"), 7.48 (1H, td, P=73.J=1.5, H-6), 7.83 (1H, s, C=CH), 8.12 (1H, dd,
| S=13,J=15,H-8)

2f 2.91-2.98 (2H, m, CH, at C-3), 5.12-3.18 (2H, m, CH, at C-4), 7.23-7.28 (1H, m, H-5),
7.32-7.58 (7H, m, H-6, H-7, H-2', H-3", H-4", H-5" & H-6"), 7.88 (1H, s, C=CH), 8.13
(1H,dd, /*=7.5, J'=1 .4, H-8)

2g 2.96-2.99 (2H, m, CH, at C-3), 3.08-3.11 (2H, m, CH, at C-4), 7.26 (1H, d, J=9.5, H-5),
7.38 (1H, t, J=7.3, H-7), 7.51 (1H, t, J=7.3, H-6), 7.56 (2H, d, J/=8.8, H-2" & H-6", AA" part
of AA' XX system), 7.83 (1H, s, C=CH), 8.13 (1H, d, J=7.3, H-8), 8.26 (2H, d, J=8.1, H-3’
& H-5", XX part of AA’XX" system)

2h 2.92-2.94 (4H, m, 2CH, at C-3 & C-4), 7.22 (1H, d, J=8.1, H-6"), 7.26-7.31 (3H, m, H-3",
H-4" & H-5"), 7.34 (1H, t,J=8.0, H-7), 7.41-7.44 (1H, m, H-5), 7.47 (1H, td, J'=7.3, J=15,
H-6), 7.90 (1H, s, C=CH), 8.15 (1H, d, J=8.1, H-8)

2i 291 (2H, t, J=5.8, CH, at C-3), 3.05 (2H, t, J=5.8, CH, at C-4), 3.86 (3H, s, OCHy), 6.70
(1H.,d, J=2.2, H-5),6.87 (1H, dd, J=8.8, J'=3.0, H-7), 7.27 (2H, d, J=8.1, H-2" & H-6",
i AA" part of AA'XX' system),7.52 (ZH, d, J=8.1, H-3" & H-5", XX part of AA'XX'
?v | system), 7.73 (1H, s, C=CH), 8.10 (1H, d, /=8.8, H-8)

‘ 2j 2.90 (2H, t, J=6.6, CH, at C-3), 3.06 (2H, t, J=5.5, CH, at C-4), 3.80 (3H, s, OCH3), 3.84
(3H. s, OCH,), 6.89 (1H, d, J=2.2, H-5) ,6.94 (1H, dd, J=8.8. J'=3.0, H-7), 7.01 (2H, d,
J=8.8. H-3' & H-5", AA" part of AA’XX" system),7.50 (2H, d, J=8.8, H-2' & H-6", XX’
| part of AA’XX" system), 7.64 (1H, s, C=CH), 7.91 (1H, d, J=8.8, H-8) -

2k 2.92-2.96 (2H, m, CH, at C-3), 3.05-3.10 (2H, m, CH at C-4),),3.88 (3H, s, OCH3), 6.72
\ (1H, d, J=2.5, H-5), 6.89 (1H, dd, £=88.J'=2.5, H-7), 7.55 (2H, d, J=8.5, H-2'& H-6",

| | AA" part of AA'XX system), 7.80 (1H, s, C=CH), 8.12 (1H, d, J=8.8, H-8), 8.26 (2H, d,
\)__ |85, B & H-5", XX part of AA' XX system)

1 21 2.87 (2H, t, J=5.9, CH, at C-3), 3.02 (2H, t, J=5.9, CH; at C-4),3.81 (3H, s, OCH;), 6.87

i

(1H, d, J=3.0, H-5), 6.93 (1H, dd, J/*=8.8, J'=2.2, H-7), 7.35-7.49 (SH, m, H-2", H-3", H-4",
| H-5 & H-6"), 7.63 (1H, s, C-CH), 7.91 (1H, d, /-8.8, H-8)
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3a

2.02-2.06 (1H, m, H,e-5), 2.12-2.18 (1H, m, Heg-5), 2.69-2.71 (1H, m, H,\-6), 2.73-2.81
(1H, m, He-6), 4.06 (1H, s, H-4), 4.62 (2H, br.s, NH,), 7.14 (1H, d, J=9.5, H-7), 7.16 (2H,
d,J=8.8, H-2' & H-6", AA" part of AA’XX" system), 7.22-7.25 (2H, m, H-8 & H-9),7.44-
7.47 3H, m, H-10, H-3' & H-5")

3b

2.01-2.09 (1H, m, Hy-5), 2.11-2.19 (1H, m, He-5), 2.65-2.72 (1H, m, Hy\-6), 2.74-2.82
(1H, m, He-6), 3.78 (3H, s, OCH3), 4.03 (1H, s, H-4), 4.62 (2H, br.s, NH,), 6.85 (2H, d,
J=8.8, H-3' & H-5", AA" part of AAXX" system), 7.12 (1H, d, J=8.4, H-7), 7.19 (2H, d,
J=8.8, H-2' & H-6", XX part of AA'XX" system), 7.20-7.26 (2H, m, H-8 & H-9), 7.46
(1H, d, J=7.3, H-10)

3¢

1.84-1.92 (1H, m, Hy\-5), 2.14-2.22 (1H, m, Heg-5), 2.57-2.65 (1H, m, Hyy-6), 2.70-2.78
(1H, m, Hg=6), 3.73 (3H, s, OCHj), 4.05 (1H, s, H-4), 6.79 (1H, d, J=2.2, H-2"), 6.80-6.84
(2H, m, H-4" & H-6"), 6.88 (2H, br.s, NH>), 7.15 (1H, d, J=7.3, H-7), 7.20-7.30 (3H, m, H-
8, H-9 & H-5"), 7.51 (1H, d, J=7.3, H-10)

3d

1.96-2.04 (TH, m, H,-5), 2.08-2.17 (1H, m, He,-5), 2.61-2.82 (2H, m, CH, at C-6), 3.81
(3H, s, OCH,), 4.04 (1H, s, H-4), 4.57 (2H, br.s, NH,), 6.68 (1H, d, J=2.5, H-7), 6.76 (1H,
dd, /=8.5, /'=2.5, H-9),7.16 (2H, d, J=8.3, H-2' & H-6", AA" part of AA'XX" system),

745 (2H, d, J=8.3, H-3" & H-5", XX part of AA’XX" system), 7.38 (1H, d, J=8.2, H-10)

e

2.00-2.21 (2H, m, CH, at C-5), 2.61-2.82 (2H, m, CH, at C-6), 3.80 (3H, s, OCH}), 3.81
(3H,s , OCH,), 4.03 (1H, s, H-4), 4.51 (2H, br.s, NH,), 6.69 (1H, d, J=2.5, H-7), 6.77 (1H,
dd, =8.8, J'=2.5, H-9), 6.87 (2H, d, J=8.5, H-3' & H-5", AA" part of AA'XX" system),

720 (2H, d, J=8.8, H-2" & H-6", XX part of AA'XX" system), 7.39 (1H, d, /=8.0, H-10)

2.64-2.68 (2H, m, CH, at C-6), 2.80-2.84 (2H, m, CH, at C-5),4.17 (3H, s, OCHy), 7.20
(2H, d, J=8.0, H-2" & H-6", AA" part of AA'XX" system), 7.22-7.24 (1H, m, H-7), 7.38-
7.40 (2H, m, H-8 & H-9), 7.56 (2H, d, J=8.8, H-3" & H-5", XX part of AA"XX" system),
8.33-8.34 (1H, m, H-10)

4b

2.70-2.73 (2H, m, CH, at C-6), 2.80-2.83 (2H, m, CH,; at C-5), 3.87 (3H, s, OCH3),4.17
(3H, s, OCH3), 7.02 (2H, d, J=8.8, H-3" & H-5", AA" part of AA"XX" system), 7.21-7.23
(1H, m, H-7), 7.27 (2H, d, J=8.8, H-2" & H-6", XX part of AA*XX" system), 7.35-7.39
(2H, m, H-8 & H-9), 8.33 (1H, d, /=8.8, H-10)

4c¢

2.67-2.71 (2H, m, CH, at C-6), 2.80-2.84 (2H, m, CH, at C-5), 3.84 (3H, s, OCH}), 4.18
(3H, s, OCH,), 6.84 (1H, d, J/=2.2, H-2"), 6.89 (1H, d, J=7.3, H-4"), 7.00 (1H, dd, J'=8.1,
J'=2.2,H-6"), 7.21-7.23 (1H, m, H-5"), 7.35-7.40 (3H, m, H-7, H-8 & H-9), 8.32-8.35 (1H,
m, H-10)

4d

2.62-2.65 (2H, m, CH, at C-6), 2.77-2.80 (2H, m, CH, at C-5), 3.86 (3H, s, OCHs), 4.15
(3H, s, OCH3), 6.73 (1H, d, J=2.2, H-7), 6.91 (1H, dd, /’=8.8, J'=2.2, H-9), 7.19 (2H, d,
J=8.0, H-2" & H-6", AA" part of AA'XX" system), 7.64 (2H, d, J/=8.1, H-3" & H-5", XX°
part of AA'XX" system), 8.27 (1H, d, /=8.8, H-10)

4e

2.55 (2H, t, J=7.3, CH, at C-6), 2.81 (2H, t, /=7.3, CH, at C-5), 3.85 (3H, s, OCHj3), 4.12
(3H, s, OCH3), 6.91 (1H, s, H-7), 6.99 (1H, dd, /*=8.8, J'=2.6, H-9), 7.76 (2H, d, J=8.8, H-
2" & H-6", AA" part of AA'XX' system), 8.23 (1H, d, /=8.8, H-10), 8.41 (2H, d, J=8.8, H-
3" & H-5", XX part of AA'XX" system)

4f

2.46-2.67 (2H, m, CH, at C-6), 2.79-2.92 (2H, m, CH, at C-5), 4.12 (3H, s, OCH;), 7.21-
727 (2H, m, H-7 & H-9), 7.35-7.40 (2H, m, H-8 & H-6"), 7.43 (1H, d, /=8.8, H-5"), 7.57
(1H, s, H-3"), 8.33-8.37 (1H, m, H-10)

4g

2.63-2.68 (2H, m, CH, at C-6), 2.81-2.85 (2H, m, CH, at C-5), 4.18 (3H, s, OCH;), 7.22-
725 (2H, m, H-5" & H-6"), 7.30 (1H, s, H-2), 7.38-7.40 (2H, m, H-7 & H-4"), 7.45-7.47
(2H, m, H-8 & H-9), 8.32-8.34 (1H, m, H-10)
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Table 2: Cont'd.

4h

1.51 (3H, t, J=7.1 OCH,CH3), 2.63-2.67 (2H, m, CH, at C-6), 2.80-2.84 (2H, m, CH, at C-
5), 4.65 (2H, q, J=7.1, OCH,CH3), 7.19-7.25 (3H, m, H-7, H-2" & H-6), 7.37-7.39 (2H, m,
H-8 & H-9), 7.65 (2H, d, J=8.1, H-3' & H-5", XX part of AA’XX" system) 8.28-8.30 (1H,
m, H-10)

4i

1.52 3H. t, /=7.1 OCH,CH,), 2.44-2.76 (2H, m, CH, at C-6), 2.77-2.94 (2H, m, CH; at C-
5. 4.66 (2H, q, J=7.1, OCH,CHj), 7.21-7.26 (2H, m, H-5" & H-6"), 7.36-7.44 (2H, m, H-7,
H-8 & H-9), 8.30-8.33 (1H, m, H-10)

2.07-2.15 (1H, m, H,-6), 2.20-2.28 (1H, m, Hy-6), 2.32 (3H, s, CH3), 2.66-2.76 (1H, m,
H,,-5), 2.77-2.86 (1H, m, H.-5), 447 (1H, s, H-7), 7.11 (1H, d, J=7.3, H-4), 7.20-7.28 (4H,
m, H-2, H-3, H-2" & H-6"), 7.37 (2H, d, J=8.8, H-3" & H-5", XX" part of AA'XX" system),
7.74 (1H, d, J=7.3, H-1), 13.00 (1H, br.s, NH)

6a

2.76 (4H, s, 2CH, at C-5 & C-6), 6.58 (2H, br.s, NH,), 7.28-7.31 (1H, m, H-7), 7.34-7.44
(2H, m, H-8 & H-9), 7.54 (2H, d, J=8.2, H-2' & H-6", AA" part of AA’XX" system), 7.69
(2H, d, J=8.3, H-3> & H-5", XX" part of AA'XX" system), 8.18 (1H, dd, F=1.1, /=19, H-
10)

6b

2.79 (4H, s, 2CH, at C-5 & C-6), 3.85 (3H,s, OCHa), 5.15 (2H, br.s, NH,), 6.73 (1H, d,
J=2.5, H-7), 6.88 (1H, dd, JS=8.8, J'=2.5, H-9), 7.42 (2H, d, J=8.5, H-2" & H-6", AA" part
of AA'XX' system), 7.59 (2H, d, J=8.5, H-3" & H-5", XX" part of AA"XX" system), 8.21
(1H, d, J=8.8, H-10)

6¢

2.75-2.79 (2H, m, CH, at C-6), 2.84-2.89 (2H, m, CH, at C-5), 3.84 (3H,s, OCH,), 3.85
(3H, s, OCHa), 5.21 (2H, br.s, NH,), 6.73 (1H, d,J=2.5, H-7), 6.8 (1H, dd, /'’=8.8, J'=2.5,
H-9), 6.98 (2H, d, /=8.5, H-3" & H-5, AA" part of AA’XX" system), 7.52 (2H, d, J=8.8,
H-2' & H-6", XX part of AA'XX' system), 8.20 (1H, d, /= 8.8, H-10)

6d

2.75-2.80 (2H, m, CH, at C-6), 2.82-2.87 (2H, m, CH, at C-5), 3.85 (3H, s, OCHj3), 5.10
(2H, br.s, NH,), 6.74 (1H, d, J/=2.2, H-7), 6.88 (1H, dd, /=8.8, J'=2.5, H-9), 7.42-7.56 (5H,
m, H-2", H-3", H-4", H-5" & H-6"), 8.22 (1H, d, J= 8.5, H-10)

1.76 (2H. 1, J/=7.3, CH, at C-6), 2.11 (2H, t, J=7.3, CH, at C-5), 6.62-6.63 (3H, m, H-7, H-
2 H-6"). 6.69-6.77 (2H, m, H-8 & H-9), 7.02 (2H, dd, /' = 7.3, J' = 1.5, H-3' & H-5'), 7.26
(1H, br.s, NH), 7.40 (1H, d, J = 8.5, H-10)

8a

2.70-2.73 (2H, m, CH, at C-1), 2.83-2.88 (4H, m, 2CH, at C-2 & C-7), 3.29-3.32 (2H, m,
CH, at C-8), 7.31(1H, dd, J'=7.4, J'=1.5, H-d"), 7.33-7.37 (SH, m, H-a', H-b", H-c’, H-2" &
H-6"). 7.54-7.61 (5H, m, H-b, H-c, H-d, H-3" & H-5"), 8.38 (1H, dd, /'=8.1, /'=1.4, H-a)

8b

2.68-2.73 (2H, m, CH, at C-1), 2.81-2.88 (4H, m,2CH, at C-2 & C-7),3.25-3.31 (2H, m,
CH, at C-8), 3.88 (3H, s, OCH;), 6.88-6.90 (2H, m, H-b" & H-d"), 7.30-7.36 (3H, m, H-b,
H-d & H-a), 7.48-7.56 (3H, m, H-c, H-2" & H-6), 7.60 (2H, d, /=8.0, H-3' & H-5", XX
part of AA’XX’ system), 8.36 (1H, dd, S=8.8,J=2.9, H-a)

9a

1.86-1.88 (1H, m, H,.-5), 2.06-2.08 (1H, m, He-5), 2.51-2.63 (1H, m, Hy-6), 2.65-2.75
(1H, m, He-6), 4.90 (1H, s, H-4), 7.06 (1H, d, J=6.6, H-7), 7.11-7.18 (2H, m, H-8 & H-
9).7.21 (2H, d, J=8.0, H-2' & H-6", AA" part of AA'XX" system), 7.41 (2H, d, J=8.0, H-3'
& H-5", XX part of AA'XX" system) 8.88 (1H, br.s, NH), 9.26 (1H, br.s, NH)

9b

1.88-1.97 (1H, m, H,,-5), 2.03-2.11 (1H, m, Heq-5), 2.63-2.71 (1H, m, Hy-6), 2.73-2.81
(1H, m, Heq-6), 3.77 (3H,s, OCHj,), 5.04 (1H, s, H-4), 6.86 (2H, d, J=8.1, H-3' & H-5", AA’
part of AA"XX" system) 7.01 (1H, br.s, NH),7.15 (1H, d, J=6.6, H-7), 7.20-7.29 (5SH, m, H-
8§  H-9, H-10, H-2" & H-6"), 7.80 (1H, br.s, NH)
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9d

1.78-1.82 (1H, m, Ho-5), 2.12-2.16 (1H, m, Heg-5), 2.53-2.59 (1H, m, Hy-6), 2.68-2.71
(1H, m, He-6),3.74 (3H, s, OCH3), 4.94 (1H, s, H-4), 6.76 (2H, s, H-7 & H-9), 7.26 (2H, d,
J=7.3,H-2" & H-6", AA" part of AA'XX" system), 7.58 (2H, d, J=8.0, H-3' & H-5", XX’

part of AA'XX' system), 7.65 (1H, d, J=8.8, H-10), 9.09 (1H, br.s, NH),9.77 (1H, br.s, NH)

9e¢

1.76-1.84 (1H, m, H,-5), 2.08-2.16 (1H, m, Heg-5), 2.52-2.60 (1H, m, H,-6), 2.65-2.73
(1H, m, Hey-6), 3.73 (3H,s, OCH3),3.74 (3H, s, OCH3), 4.86 (1H, s, H-4), 6.76-6.78 (2H, m,
H-7 & H-9), 6.93 (2H, d, J=8.8, H-3" & H-5", AA" part of AA'XX" system), 7.22 (2H, d,
J=8.1,H-2" & H-6", XX part of AAXX" system), 7.64 (1H, d, J=9.5, H-10), 9.00 (1H,
br.s, NH),9.67 (1H, br.s, NH)

10a

2.01-2.07 (1H, m, Hy-6), 2.15-2.23 (1H, m, Hq-6), 2.67-2.73 (1H, m, H,-7), 2.76-2.82
(1H, m, He-7), 3.74 (1H, d, J=17.6), 3.86 (1H, d, /=17.6) (CH, at C-2, AB system)], 5.56
(1H, s, H-5), 7.10-7.11 (1H, m, H-8), 7.22 (1H, t, J=7.0, H-10), 7.28-7.32 (3H, m, H-9, H-
2° & H-6"),7.47 (2H, d, J=8.0, H-3" & H-5" XX  part of AA*XX" system), 7.99-8.01 (1 H,
m, H-11)

10b

1.83-1.91 (1H, m, Hy-6), 2.18-2.26 (1H, m, Heg-6), 2.54-2.64 (1H, m, Ho-7), 2.69-2.77
(1H, m, Hey-7), [3.72 (3H, s, OCH3), [4.03 (1H, d, J=17.6), 4.09 (1H, d, J=17.6) (CH, at C-
2, AB system)], 5.59 (1H, s, H-5), 6.91 (2H, d, J=8.1, H-3" & H-5" AA" part of AA'XX’
system), 7.11 (1H, d, J=7.3, H-8), 7.18 (1H, t, J=7.3, H-10), 7.22-7.26 (3H, m, H-9, H-2' &
H-6"), 7.78 (1H, d, J=7.4, H-11)

10c

1.82-1.88 (1H, m, H,\-6), 2.15-2.25 (1H, m, H-6), 2.54-2.62 (1H, m, H,-7), 2.70-2.76
(1H, m, He-7), [4.03 (1H, d, J=17.6), 4.10 (1H, d, J=17.6) (CH, at C-2, AB system)], 5.65
(1H, s, H-5), 7.10-7.24 (3H, m, H-2", H-4* & H-6"), 7.28-7.40 (5H, m, H-8, H-9, H-10, H-
3' & H-5"), 7.70 (1H, dd, /=7.7, J*=2.2, H-11)

10d

1.81-1.87 (1H, m, Hy\-6), 2.18-2.26 (1H, m, Heg-6), 2.54-2.62 (1H, m, Hy-7), 2.67-2.73
(1H, m, He-7), 3.73 (3H, s, OCHy), [4.02 (1H, d, J=16.9), 4.09 (1H, d, J=17.6) (CH, at C-2,
AB system)], 5.64 (1H, s, H-5), 6.73 (1H, d, J=2.2 H-8), 6.79 (1H, dd, /’=8.4, J'=2.5, H-
10, 7.29 (2H, d, J=8.1, H-2" & H-6' AA" part of AA'XX' system), 7.57 (2H, d, J=8.0, H-
3' & H-5' XX part of AA'XX' system), 7.69 (1H, d, J=8.1, H-11)

10e

1.83-1.89 (1H, m, H,,-6), 2.15-2.23 (1H, m, H-6), 2.54-2.61 (1H, m, H,,-7), 2.67-2.75
(1H, m, H.,-7), 3.81 (3H, s, OCH3), 3.85 (3H, s, OCH3), [4.00 (1H, d, J=15.9), 4.08 (1H, d,
J=15.9) (CH, at C-2, AB system)], 5.56 (1H, s, H-5), 6.72 (1H, d, J=2.2 H-8), 6.79 (1H, dd,
S=8.4, =25, H-10), 6.90 (2H, d, J=8.8, H-3" & H-5" AA" part of AA’XX" system), 7.24

(2H, d, J=8.8, H-2" & H-6" XX part of AA'XX" system), 7.69 (1H, d, J=8.8, H-11)

11a

2.042.12 (1H, m, Hy-6), 2.21-2.29 (1H, m, He-6), 2.70-2.76 (1H, m, Hy-7), 2.79-2.87
(1H, m, He,-7), 3.85 (3H, s, OCH3), 5.68 (1H, s, H-5), 6.95 (1H, dd, J*=6.0, J'=2.2, H-4"),
7.00 (1H, s, H-2""), 7.07-7.12 (2H, m, H-5"* & H-6"), 7.20-7.38 (5H, m, H-8, H-9, H-10,
H-2' & H-6"), 7.47 (2H, d, J=8.0, H-3" & H-5" XX part of AA' XX system), 7.64 (1H, s,
C=CH), 7.98 (1H, d, J=7.3, H-11)

11b

2.06-2.14 (1H, m, Hy-6), 2.22-2.30 (1H, m, H-6), 2.68-2.75 (1H, m, H,-7), 2.79-2.87
(1H, m, He,-7), 5.70 (1H, s, H-5), 7.11 (1H, d, J=6.6, H-8), 7.22 (1H, td, /’=7.7, J*=1 .4, H-
10), 7.28-7.36 (7H, m, H-2", H-3", H-4’, H-5", H-6", H-2"" & H-6""), 7.43-7.46 (1H, m, H-
9),7.57 (1H, s, C=CH), 7.58 (2H, d, J=8.8, H-3"" & H-5"" XX part of AA'XX" system),
7.97 (1H, d, J/=7.3, H-11)
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11c 1.86-1.91 (1H, m, Hy-6), 2.24-2.31 (1H, m, H.y-6), 2.57-2.64 (1H, m, H,\-7), 2.71-2.79
(1H, m, Heq-7), 3.75 (3H, s, OCH,), 3.81 (3H, s, OCHs), 5.83 (1H, s, H-5), 6.74 (1H, d,
J=2.2. H-8), 6.82 (1H, dd, /’=8.8, J*=2.2, H-10), 7.05 (1H, dd, /'=8.0, J'=2.2, H-4""), 7.14-
7.18 (2H, m, H-2" & H-6""), 7.35 (2H, d, J=8.8, H-2' & H-6" AA" part of AA’XX"
system), 7.45 (1H, t, J=8.1, H-5""), 7.57 (2H, d, J=8.8, H-3* & H-5" XX part of AA’XX"
system), 7.65 (1H, s, C=CH), 7.72 (1H, d, /=8.8, H-11)

11d 2.04-2.12 (1H, m, Hy-6), 2.17-2.26 (1H, m, Hey=6), 2.65-2.73 (1H, m, H,,-7), 2.75-2.83
(1H, m, He-7), 3.67 (3H, s, OCH3), 3.81 (3H, s, OCH3), 5.64 (1H, s, H-5), 6.67 (1H, d,
J=2.2, H-8), 6.81 (1H, dd, /'=8.4, /'=2.5, H-10), 6.84 (2H, d, J=8.8, H-3" & H-5" AA" part
of AA'XX" system), 7.31 (2H, d, /=8.8, H-2" & H-6" XX part of AA’XX" system), 7.36
(2H, d, J=8.8, H-2" & H-6"" AA" part of AA'XX" system), 7.55 (2H, d, /=8.8, H-3"* & H-
5 XX part of AA'XX system), 7.56 (1H, s, C=CH), 7.89 (1H, d, J=8.8, H-11)

12a 2.11-2.20 (1H, m, Hy-7), 2.24-2.33 (1H, m, Hey-7), 2.73-2.86 (3H, m, H,,-3 & CH, at C-8),
2.98-3.12 (3H, m, CH, at C-2 & H,-3), 6.11 (1H, s, H-6), 7.09 (1H, d, /=7.3, H-9), 7.19
(1H, td, /=73, /'=1.5, H-11), 7.26 (2H, td, J’=7.3, J'=2.9, H-10 & H-12), 7.31 (2H, d,
J=8.1, H-2' & H-6" AA" part of AA’ XX system), 7.45 (2H, d, J=8.8, H-3" & H-5" XX
part of AA'XX" system)

12b° 2.04-2.13 (1H, m, Ha-7), 2.28-2.36 (1H, m, Heq-7), 2.63-2.71 (1H, m, H,,-8), 2.73-2.82
(1H, m, He-8), 2.94-3.09 (4H, m, 2CH; at C-2 & C-3), 3.72 (3H, s, OCHs), 6.08 (1H, s, H-
6),6.91 (2H, d, J=8.1, H-3" & H-5" AA" part of AA’XX" system), 7.12 (1H, d, J=7.3, H-9),
7.17 (1H, t, J=7.0, H-11), 7.20-7.26 (3H, m, H-10, H-2" & H-6"), 7.69 (1H, d, /=7.4, H-12)
12¢ 2.18-2.24 (1H, m, Hy-7), 2.29-2.37 (1H, m, Heg-7), 2.73-2.86 (3H, m, Hy-3 & CH, at C-8),
3.04-3.15 (3H, m, CH, at C-2 & H,-3), 6.21 (1H, s, H-6), 7.10 (1H, d, J=7.3, H-9), 7.18-
7.44 (7TH, m, H-10, H-11, H-2", H-3", H-4", H-5" & H-6"), 8.02 (1H, d, J=7.3, H-12)

12d 2.02-2.12 (1H, m, Hy-7), 2.25-2.33 (1H, m, Heq-7), 2.62-2.70 (1H, m, H,-8), 2.72-2.80
(1H, m, He-8), 2.92-3.10 (4H, m, 2CH; at C-2 & C-3), 3.72 (6H, s, 20CH), 6.05 (1H, s,
H-6), 6.73 (1H, d, J=2.2, H-9), 6.78 (1H, td, /'=8.4, J'=2.6, H-11), 691 (2H, d, J=8.8, H-3’
& H-5" AA" part of AA'XX" system), 7.23 (2H, d, J=8.0, H-2" & H-6" XX~ part of
AA XX system), 7.59 (1H, d, J=8.8, H-12)

Table 3: *C NMR data of Compounds (2-6, 8-12) in CDCl; (* DMSO-dy) (6 in ppm)

Compd. BC NMR
No.
2a 27.28 (C-3), 28.85(C-4), 122.81, 127.20, 128.30, 128.35, 131.45, 131.76, 133.40, 133.52,

134.78, 135.38, 136.14, 143.22 (Olefinic and Aromatic Carbons), 187.74 (C=0)
2b 27.32 (C-3), 28.88 (C-4), 55.44 (OCHj,), 114.02, 127.06, 128.17,128.23, 128.47, 131.84,
133.19, 133.60, 133.72, 136.78, 143.14, 160.03 (Olefinic and Aromatic Carbons), 187.96

(C=0) |
2¢ 27.50 (C-3), 29.00 (C-4), 126.90, 127.22, 128.39, 128.43, 129.76, 131.20, 132.25, 133.04,
133.20, 133.66, 134.83, 135.67, 137.78, 143.40 (Olefinic and Aromatic Carbons), 187.36
(C=0)
2d 27.26 (C-3), 28.87 (C-4), 127.20, 128.07, 128.33, 128.36, 128.58, 129.59, 129.82, 133.35,

133.56, 134.45, 135.00, 136.71, 137.72, 143.27 (Olefinic and Aromatic Carbons), 187.67
(C=0)
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2e 27.36 (C-3),28.95 (C-4), 55.39 (OCH,), 114.16, 115.43, 122.38, 127.11, 128.10, 128.31,
129.55, 133.40, 133.53, 135.80, 136.61, 137.26, 143.36, 159.58 (Olefinic and Aromatic
Carbons), 187.97 (C=0)

2f 28.96 (C-3), 29.05 (C-4), 126.05, 127.11, 127.34, 128.30, 128.56, 128.66, 129.99, 133.39,
133.57, 135.57, 135.93, 136.73 (Olefinic and Aromatic Carbons), 187.94 (C=0)

2g 27.38 (C-3),28.77 (C-4), 123.81, 127.38, 128.43, 128.48, 130.50, 133.10, 133.77, 133.87,
138.63, 142.56, 143.21, 147.35 (Olefinic and Aromatic Carbons), 187.35 (C=0)

2h 27.47 (C-3),29.08 (C-4), 126.54, 127.15, 128.33, 128.46, 129.74, 129.85, 130.52, 133.33,
133.45, 133.58, 134.47, 134.89, 137.27, 143.52 (Olefinic and Aromatic Carbons), 187.61
(C=0)

2i 27.30 (C-3),29.27 (C-4), 55.56 (OCH5), 112.38, 113.51, 122.58, 126.96, 130.90, 131.38,
131.70, 134.68, 134.97, 136.30, 145.72, 163.76 (Olefinic and Aromatic Carbons), 187.55
(C=0)

2j* 27.28 (C-3),28.79 (C-4), 55.82 (OCH;), 56.08 (OCH3), 112.80, 114.18, 114.63, 127.00,
128.33, 130.38, 132.29, 134.05, 135.56, 146.34, 160.17, 163.70 (Olefinic and Aromatic
Carbons), 185.91 (C=0)

2k 27.40 (C-3),29.19 (C-4), 55.61 (OCH;), 112.46, 113.75,123.77, 126.68, 130.43, 131.07,
113.11,138.84, 142.82, 145.74, 147.40, 164.03 (Olefinic and Aromatic Carbons), 186.12
(C=0)

21* 27.23 (C-3), 28.80 (C-4), 56.08 (OCH;), 112.83, 114.31, 126.70, 129.16, 129.25, 130.34,
130.54, 135.58, 135.77, 136.16, 146.68, 163.90 (Olefinic and Aromatic Carbons), 186.31
(C=0)

3a 25.03 (C-5),27.51 (C-6), 42.44 (C-4), 60.54 (C-3), 111.13 (CN), 119.75,120.94, 121.51,
126.63, 127.62, 128.28, 128.48, 129.86, 132.01, 135.59, 141.14, 141.88, 159.18 (Other
Olefinic and Aromatic Carbons)

3b 25.07 (C-5),27.59 (C-6), 42.08 (C-4), 55.35 (OCH;), 61.37 (C-3), 112.09 (CN), 114.22,
120.05, 120.83, 126.54, 127.55, 128.22, 128.57, 129.15, 134.99, 135.63, 140.73, 158.97,
159.01 (Other Olefinic and Aromatic Carbons)

3c* 24.90 (C-5),27.29 (C-6), 42.60 (C-4), 55.53 (OCHs), 56.74 (C-3), 112.21 (CN), 112.55,
114.33, 120.52, 121.15, 126.93, 128.03, 128.65, 128.82, 130.31, 133.40, 135.73, 140.35,
146.10, 159.94, 160.49 (Other Olefinic and Aromatic Carbons)

3d 25.00 (C-5),27.96 (C-6), 42.32 (C-4), 55.42 (OCHs;), 60.51 (C-3), 108.43 (CN), 111.29,
113.79, 119.79, 121.24,121.42, 122.29, 129.85, 131.97, 137.63, 141.11, 142.05, 159.13,
159.82 (Other Olefinic and Aromatic Carbons)

3e 25.05 (C-5), 28.05 (C-6), 41.93 (C-4), 55.41 (20CH;), 61.59 (C-3), 109.40 (CN), 111.21,
113.76, 114.18, 120.16, 122.17, 125.75, 127.74, 129.16, 135.16, 137.68, 145.36, 158.95,
159.64 (Other Olefinic and Aromatic Carbons)

4a 24.64 (C-6),27.82 (C-5), 54.45 (OCH;), 115.44 (CN), 94.59, 122.69, 123.77, 126.37,
127.32,127.89, 130.28, 130.80, 132.16, 133.49, 134.21, 138.91, 153.96, 154.01, 163.19
(Aromatic Carbons)

4b 24.71 (C-6), 27.97 (C-5), 54.33 (OCHj;), 55.44 (OCHs), 115.94 (CN), 94.98, 114.23,
123.10, 126.29, 127.23,127.44,127.82, 130.12, 130.55, 133.77, 138.97, 153.62, 155.13,
160.30, 163.23 (Aromatic Carbons)

4¢ 24.63 (C-6),27.91 (C-5), 54.37 (OCH;), 54.46 (OCH3;), 115.54 (CN), 94.82, 114.29,
114.66, 120.81, 122.90, 126.30, 127.24, 127.86, 130.02, 130.63, 133.65, 136.65, 139.01,
153.70, 155.14, 159.72, 163.12 (Aromatic Carbons)
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Table 3: Cont'd.

4d 24.65 (C-6), 28.24 (C-5), 55.32 (OCH3), 55.49 (OCH,), 115.70 (CN), 93.37, 112.88,
113.07, 121.47, 123.64, 126.54, 128.26, 130.28, 132.10, 134.39, 141.02, 153.54, 154.14,
161.82, 163.23 (Aromatic Carbons)

4e* 24.49 (C-6), 27.60 (C-5), 54.82 (OCH,), 55.95 (OCHj3), 115.65 (CN), 92.80, 113.33,
113.89, 122.12, 124.40, 126.08, 128.45, 130.87, 141.83, 142.32, 148.49, 152.97, 154.14,
162.17,162.92 (Aromatic Carbons)

4f 24.21 (C-6), 27.51 (C-5), 54.49 (OCH;,), 114.88 (CN), 94.90, 123.45, 126.35, 127.35,
127.95, 127.98, 128.42, 130.09, 130.89, 133.35, 133.55, 133.66, 136.17, 139.05, 151.44,
154.06, 163.07 (Aromatic Carbons)

4g 24.60 (C-6), 27.80 (C-5), 54.49 (OCHj3), 115.30 (CN), 94.64, 122.75, 126.36, 126.85,
127.32,127.92, 128.57, 129.50, 130.31, 130.84, 133.45, 134.82, 137.10, 138.93, 153.60,
154.03, 163.15 (Aromatic Carbons)

4h 14.62 (CHs), 24.63 (C-6), 27.85 (C-5), 63.19 (OCH,), 115.05 (CN), 94.67, 122.42, 123.72,
126.31, 127.29, 127.87, 130.25, 130.50, 130.71, 132.14, 133.59, 134.31, 138.90, 153.94,
162.92 (Aromatic Carbons)

4i 14.62 (CH,), 24.20 (C-6), 27.66 (C-5), 63.31 (OCH,), 114.97 (CN), 94.92, 123.18, 126.31,
127.33, 127.93, 127.97, 130.09, 130.83, 130.90, 133.10, 133.44, 133.55, 136.13, 139.06,
151.43, 154.00, 162.82 (Aromatic Carbons)

5 21.18 (CH;), 25.15 (C-6), 27.46 (C-5), 40.39 (C-7), 100.10, 112.28, 120.99, 121.75, 126.65,
127.42, 128.33, 128.69, 130.59, 131.38, 135.45, 142.16, 142.25, 158.12, 162.30 (Olefinic
and Aromatic Carbons), 165.32 (C=0)

6a* 24.03 (C-6), 28.13 (C-5), 114.64, 122.87, 125.57, 127.29, 128.41, 131.00, 131.43, 131. 58
133.47, 138.00, 139.95, 160.58, 162.72, 164.14 (Aromatic Carbons)

6b 24.19 (C-6), 28.70 (C-5), 55.44 (OCH,), 112.74,112.97, 115.14, 123.30, 126.03, 127.61,
130.42, 131.54, 137.46, 141.62, 161.43, 161.70, 161.78, 163.86 (Aromatic Carbons)

6¢ 24.42 (C-6), 28.84 (C-5), 55.42, 55.46 (OCH3), 112.61, 112.93, 113.71, 115.07, 126.34,
127.50, 130.25, 131.00, 141.61, 160.23, 161.04, 161.57, 161.71, 164.71 (Aromatic
Carbons)

6d 24.22 (C-6), 28.78 (C-5), 55.42 (OCH3), 112.68, 112.95, 115.29, 126.22, 127.55, 128.35,
128.66, 128.92, 138.61, 141.68, 161.18, 161.67, 161.68, 165.16 (Aromatic Carbons)

8a 27.46 (C-1), 27.62 (C-2), 28.69 (C-7), 29.71 (C-8), 122.31, 125.64, 126.11, 126.93, 127.12,
127.25. 127.71, 128.59, 128.79, 128.84, 130.27, 131.26, 131.40, 132.70, 135.35, 137.86,
139.77, 140.52, 142.33, 151.40, 153.64 (Aromatic Carbons)

8b 27.39 (C-1), 27.66 (C-2), 28.73 (C-7), 30.17 (C-8), 55.45 (OCH), 111.35, 1 13.21, 122.21,
125.40, 125.64, 126.42, 127.09, 127.21, 128.70, 129.64, 130.22, 131.23, 131.39, 135.49,
137.81, 139.92, 142.22, 142.44, 151.29, 153.52, 159.68 (Aromatic Carbons)

9a 23.98 (C-5), 27.97 (C-6), 59.07 (C-4), 110.27, 171 49, 121.94 126.70, 127.33, 127.87,
127.94, 128.12, 129.45, 131.89, 135.77, 141.97 (Olefinic and Aromatic Carbons), 174.55
(C=S)

9b* 23.62 (C-5), 27.84 (C-6), 55.41 (OCHj3), 60.17 (C-4), 110.78, 114.47, 119 .46, 125.94,
126.93, 127.36, 128.32, 128.52, 128.84, 133.40, 135.83, 160.02 (Olefinic and Aromatic
Carbons), 174.50 (C=S)

9d 24.02 (C-5), 28.27 (C-6), 55.69 (OCHj;), 58.30 (C-4), 108.49, 111.36, 114.46,121.02,

121.56, 123.72, 127.30, 129.75, 132.16, 138.07, 142.89, 159.47 (Olefinic and Aromatic
Carbons), 174.77 (C=S)
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Table 3: Cont'd.

9e 24.13 (C-5), 28.32 (C-6), 55.67 (20CH;), 58.42 (C-4), 109.31, 111.33, 114.46, 114.55,
121.19, 123.59, 126.91, 128.79, 135.70, 138.01, 159.36, 159.47 (Olefinic and Aromatic
Carbons), 174.43 (C=S)

10a* 24.94 (C-6), 27.53 (C-7), 31.97 (C-2), 59.49 (C-5), 114.20, 123.16, 123.50, 126.86, 127.39,
127.80, 127.91, 128.10, 130.07, 132.10, 134.01, 135.29, 138.11 (Olefinic and Aromatic
Carbons), 170.71 (C=0)

10b 24.83 (C-6),27.36 (C-7), 32.14 (C-2), 55.65 (OCH35), 58.79 (C-5), 114.58, 116.09, 123.22,
126.94, 127.84, 128.02, 129.40, 132.62, 133.04, 133.10, 135.60, 155.42, 159.76 (Olefinic
and Aromatic Carbons), 171.59 (C=0)

10¢ 24.18 (C-6), 27.89 (C-7), 32.15 (C-2), 59.06 (C-5), 111.73, 122.24, 126.88, 127.22, 127.53,
127.87,128.14, 128.30, 128.47, 128.92, 129.25, 135.97, 143.44 (Olefinic and Aromatic
Carbons), 174.86 (C=0)

10d 24.57 (C-6), 27.66 (C-7), 32.10 (C-2), 55.63 (OCH,), 58.71 (C-5), 111.78, 112.44, 113.87,
122.08,124.72,125.76, 130.21, 132.21, 133.07, 137.48, 140.11, 155.43, 159.46 (Olefinic
and Aromatic Carbons), 171.64 (C=0)

10e 24.79 (C-6), 27.75 (C-7), 32.10 (C-2), 55.62 (OCHs;), 55.64 (OCH5), 58.76 (C-5), 111.73,
113.30, 113.87, 114.54, 124.62, 125.93, 129.37, 132.78, 132.90, 137.44, 155.23, 159.35,
159.71 (Olefinic and Aromatic Carbons), 171.58 (C=0)

11a 25.07 (C-6), 27.51 (C-7), 55.45 (OCHs;), 59.45 (C-5), 114.55, 115.55, 116.29, 121.03,
122.69, 123.13, 123.44, 126.86, 127.43, 128.11, 130.06, 130.23, 131.48, 132.10, 132.45,
134.71, 134.95, 135.30, 138.10, 150.99, 160.04 (Olefinic and Aromatic Carbons), 165.73
(C=0)

11b 25.10 (C-6), 27.52 (C-7), 60.17 (C-5), 116.51, 121.68, 123.39, 124.40, 126.86, 127.41,
128.02, 128.29, 128.94, 129.02, 129.88, 131.25, 132.41, 132.44, 132.47, 132.56, 132.61,
135.31, 138.98 (Olefinic and Aromatic Carbons), 165.53 (C=0)

11c 24.62 (C-6), 27.52 (C-7), 55.64 (OCHs;), 55.83 (OCHj;), 58.95 (C-5), 111.89, 113.94,
114.31, 115.47,116.80, 121.05, 122.25, 122.37, 124.72, 125.49, 130.28, 130.99, 131.16,
132.29, 133.31, 135.10, 137.44, 139.64, 150.82, 159.60, 160.18 (Olefinic and Aromatic
Carbons), 165.06 (C=0)

11d 25.05 (C-6), 27.98 (C-7), 55.35 (OCHj;), 55.39 (OCHj3), 59.54 (C-5), 111.30, 113.78,
114.01, 114.19, 121.64, 124.44, 124.76, 125.00, 129.76, 130.10, 131.09, 131.27, 132.47,
132.56, 133.60, 136.02, 137.18, 159.55, 160.02 (Olefinic and Aromatic Carbons), 165.55
(C=0)

12a 21.85(C-3),25.18 (C-7),27.58 (C-8), 36.10 (C-2), 55.59 (C-6), 117.09, 112.82, 123.21,
126.78, 127.43, 127.50, 127.85, 129.95, 131.94, 132.18, 134.08, 135.18, 138.65 (Olefinic
and Aromatic Carbons), 168.77 (C=0)

12b* 21.80 (C-3), 25.63 (C-7), 27.39 (C-8), 36.00 (C-2), 55.23 (C-6), 55.62 (OCH,), 114.76,
118.52,122.90, 126.93, 127.90, 127.95, 129.01, 132.55, 132.73, 133.18, 135.50, 151.13,
159.68 (Olefinic and Aromatic Carbons), 169.30 (C=0)

12¢ 21.93 (C-3),25.16 (C-7), 27.58 (C-8), 35.94 (C-2), 56.34 (C-6), 118.27, 123.41, 126.90,
127.46,127.99, 128.09, 128.93, 129.14, 131.10, 135.15, 138.70, 139.11, 139.28 (Olefinic
and Aromatic Carbons), 168.48 (C=0)

12d 21.66 (C-3),25.21 (C-7),27.78 (C-8), 35.80 (C-2), 55.16 (C-6), 55.62 (20CH5), 111.76,
113.97,114.74, 115.76, 124.26, 125.53, 128.96, 132.90, 133.07, 137.35, 150.89, 159.27,
159.64 (Olefinic and Aromatic Carbons), 169.30 (C=0)
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