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Abstract

A new series of substituted 8-fluoro-4H-pyrimido[2, 1-b]f1,3] benzo-
thiazole-4-ones (24) and (25), substituted 7-methyl-4H-isoxazolo[2, 3-a]
pyrimidin-4-ones (26-28), and substituted 2-methyl-5,6,7,8-tetrahydro-9H-
isoxazolo[2, 3-a] pyridopyrimidin-9-ones (29) and (30), have been prepared via
condensation of - keto esters with 2-aminopyridine derivatives. Furthermore

diazipine Compounds (31-33) have been prepared via condensation of a y-keto

ester with 2-aminopyridine derivatives. The reactions were conducted in the
presence of poly phosphoric acid (PPA). The details of the synthesis procedures
are described.

The new compounds have been characterized using elemental analysis,

GC MS, FT IR and NMR spectrometry.

Compounds 24, 27 and 28 were tested against Staphylococcus aureus,
proteus vulgaris, and candida albicans bacteria. None of the three compounds
showed antibacterial activity. The same compounds were tested against
Microsporum canis, fusiarium tricincutum, pythium ultimum, pythium
aphanidermatum, and pythium middletonii fungi types. All of them showed
antifungal activity.

Compounds 27, 32 and 33 were tested for anticancer activity by the MTT

assay. They all showed significant anticancer activity.
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Chapter One
INTRODUCTION



1.1 SOME MEDICALLY VALUABLE ORGANIC
COMPOUNDS: '

Many heterocyclic compounds are medically valuable, such as anticancer,
antiallergic, and antimalarial agents. Therefore, we are looking for an efficient
method for the synthesis of new polycyclic hetero frameworks that might have

important bioactivities.

1.1.1 Antitumor agents:

Microtubules are cylindrical organelles found in almost all cell types in
eukaryotes. They are involved in many cellular processes, including mitosis, cell
signaling, and motility and consequently are an important target for
development of compounds potentially useful as anticancer chemo-therapeutics.

Microtubule dynamics play an important role in cell proliferation.
Inhibition of microtubule dynamics now appears to be the mechanistic basis

underlying the antitumor effects of most antimitotic compounds.'

1.1.1.1 Natural products as antitumor agents:

Numerous chemically diverse antimitotic agents, many of which are
derived from natural products, have been found to interact specifically with
tubulin rather than with other components of microtubules or other proteins
involved in mitosis.> An example of antimitotic agents is colchicine (1). Other
natural products that play the role of colchicin are cornigerine (2),
podophyllotoxin (3), steganacin (4) and combretastatin A-4 (5). These

compounds share homology with A and C rings of colchicin.'
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1.1.1.2 Chalcones as antimitotic agents:
Appropriately substituted chalcones, as typified by compound (6), were

found to be potent antimitotic agents.’

CH;0

0
I
CH;0 —Dc ~CH=CH {3*1%{(:001{J

CH;0 6

1.1.1.3 2-Aryl-1,8-naphthyridin-4-ones :

A series of substituted 2-aryl-1,8-naphthyridin-4-one compounds were
synthesized as potential anticancer drug candidates .2
Most compounds showed significant cytotoxic effect. It was found that: log Clso
<-4. Clso: molar drug concentration required to cause 50% growth inhibition,
against a variety of human tumor cell lines including cells derived from solid
tumors such as non-small-cell lung, colon, central nervous system, melanoma,

ovarian, prostate and breasi cancers.
The most potent inhibitor of polymerization is 3-benzo [b] thienyl-7-

methyl-1,8-naphthyridin-4-one (7), which has effects comparable to those of

podophyllotoxin and combrestatin A-4.
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1.1.1.4 Dibenzo[1,4]dioxin-1-carboxamides :
In the general study of the antitumor properties of linear tricyclic
carboxamides, it was noted that dibenzo[1,4]dioxin-1-carboxamide (8) is a DNA

intercalating agent.*

0O

I
c— NH_(CH?)E“N(CHJ)z

94

8

1.1.1.5 Acridone alkaloids:

The anticancer properties of glyfoline (9) focused attention on the

acridone all-.(:clloids.5

0 OH
] l OCH;
HO r|~1 OCH;
OCH; CH; OCH;

9

Other members of the class; most highly oxygenated derivatives of the
acridone skeleton, have shown a range of physiological activities including
antimalarial, antiviral, and antibiotic activities.® Pyrrolo[1,2-a]quinoline-1,5-

diones (10) are intercalating heterocycles ’.
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1.1.2 Anti-inflammatory agents:
A series of substituted 5-phenylimidazo[4,5-c}[1,8]naphthyridin-4(5H)-

ones (11) were synthesized as anti-inflammatory agents.

% | N
- 4
N N 0

11
In this series of compounds, anti-inflammatory activities were greatly

influenced by the position and nature of substituents on imidazole. 3-Alkyl or 3-
benzyl substitution resulted in potent acti\}ity, but the substitution at N-1 did
not.*Malonamic acid, malonamate, and malonamide derivatives of some
heterocyclic compounds showed anti-inflammatory activity, an example is N-[2-

(6-methoxy)benzothiazolylJmalonamic acid ’(12).
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CH;0

1.1.3 Cardiotonic activity of some heterocyclic compounds:
A series of substituted 4-alkyl-2-(1H)-quinazolinones (13) were observed

- . s e 10
to have cardiotonic activity.

1.1.4 Anti-allergic agents:
5-Oxo-SH-[1]benzopyrano|2,3-b]pyridine-3-carboxylic acids (14) and
their tetrazole analogues 15 exhibit anti-allergic activity .In the carboxylic acid
series, the activity was influenced by the substituents at the 2- position (X,), and
increased substantially in the following order: Me, OMe < NH: < OH, H
<NHOMe. On the other hand, in the tetrazole series the 2-unsubstituted

derivative (X,=H) showed the highest activity."'
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1.1.5 Antimalarial agents:
A series of l-amino derivatives of 7-chloro-3-substituted-3,4-dihydro-

1,9(2H,10H)-acridinediones (16) showed antimalarial properties.'?

1.1.6 2-Pyridones as potent DNA Gyrase inhibitors and

antibacterial agents :
2-Pyridones (17) are active against Staphylococcus aureus which is
resistant to the Ciprofloxacin, and are active against Streptococcus Preumonia

which is resistant to Penicillin and it is a DNA gyrase inhibitor."

0 ‘ '
28§ oy
\N . . N
17 18

2-(1-Piperazinyl}-4H-pyrido[1, 2a] pyrimidine-4-one (18) is a recently

described in vitro inhibition of human platelet aggregation.'4"5 16
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12 SOME SYNTHETIC METHODS FOR SOME RELATED
HETEROCYCLIC COMPOUNDS:

1.2.1 Cyclization through the reaction of amino-heterocycles with

acetylenic compounds:
In this reaction the nucleophilic addition to the carbon-carbon triple bond

is used. Synthesis of the tricyclic compounds is shown in equation (1).

@N\>’NH1+RC =C-COOEt —i=
X @: >,, ........ M

X=0,NH, 5. R=H,COOMe,CgHs.

In these cases only 2-oxo derivatives were obtained, without any other

isomeric 4-o0xo compounds.A mechanism has been proposed for this reaction as

shown in Scheme (1).

H
R ' R
\ R = N coor -
N\>/_—’NH " —lR—/OI-H— N ©
: ——
¥ | '(‘ ’ —nn @: >_—;:~
H X
COOR! X
Scheme (1)
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In the reaction of
of 2H-pyrimido[1,2—b]be

isomer 4-0X0 compound (21

TR 'l‘\‘o/ o/
19 20
The reacti

gives mainly 7H

RIC——

methyl propiolate with 3-aminobenzisoxaz

nzisoxazole-2-one (20) and 8

) were obtained, equation(Z).

ion of 2-aminothiazole (22) with propioli

-thiazolo[3,2-2] pyrimidine-7-one (23), equatt

ole (19), 15%

o5 of the alternative

ic acid and its esters

ion (3). 18

i\>/w, =T E >~ .....

1.2.2 Base-cataly

The rearrangement of
dihydroisoxazole-4-carboxy1ates b

(5) illustrate two examples of such

zed rearrangement of isoxazolinyl hete

a number of ethyl 2-(heterocyclic)-5-ox

rocycles:

0-2,5-

y mild base was reported. Equations (4) and

rearrangement.'”
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SN 0O e
L H | i #
N o
o \’,,‘7/‘” \f COLE
} __4 OH
o COsEL
ozN\/\\\
AN - '
ON~_ 27 () OH [
I i! H i *\ A eeeee (3)
- @H NTTIN
._~M_/“\h N .
MO, COaEt X |
i 4 T . N
O oo - TOH
N\
5 C0;E

The synthesis of the starting materials has generally involved the

nucleophilic displacement of an activated halide in a heterocyclic system by the

. . 20
21H-isoxazoline.”

Schemes (2) and (3) illustrate the proposed mechanism for this rearrangement.2 :
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13

1.2.3 Intramolecular nucleophilic acyl substitution:

This is the most common method for the synthesis of heterocyclic
compounds, and is achieved by several different routes.
1.2.3.1 The reaction of amino heterocycles with ethyl-2-polyhalogen alkyl-2-

enoate:
The reaction is illustrated in equations (6), (7) and (8).

O
R Ry
72N l
F H +
7
| | e ASS AWy L (©)
Ry C=——=C ——CO,Et + EzN R N Re
I S S~
N NH R N O

R; = CFaCl(CFy)z, CF3(CFa)z, CRCI(CF),
CF3(CF)s, R=Me,H.

F H N Wr
| l \>'NH2 N =
RfC——=C—CO:EL + - =N * O
5 TN eeeaens 7
R=NOs, Me,H. ¢ >" ()
s

R
) y
Foooo . N
L ( it r~>\\>\+ Ni ...... (8)
R = — -Et -— R
" o S)\NHl s)\ N f ()Qh N °
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Formation of the isomeric 2- and 4-oxo compounds was the result of
Michael addition of the ring nitrogen atom or the amine nitrogen atom on the

fluorinated ester, followed by intramolecular cyclization. as shown in Scheme

(4).

22

H

Eok
|1
R;C==Com==C (0t

[ o
.

R

Scheme (4)
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1.2.3.2 Reaction.of haloketenes with 1,3-diaza-1,3-butadienes:

Hetero-Diels-Alder reaction -of some 1,3-diaza-1,3-butadienes with
ketenes leads to the synthesis of some [2+4] cycloadducts in the form of fused
pyrimidones, equations (9), (10) and (11).2*

The starting material is prepared by condensation of 2-amino-heterocycles with

aromatic aldehydes.”
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1.2.3.3 Reaction of trichloroacetic anhydride with 2-arylidine

amino-heterocycles:
Trichloroacetic anhydride reacts with 2-arylidine amino-heterocycle to

give fused pyrimidones, equations (12), (13) and (14).

AN
N N Ar

Ar = CgHs ,CsHyCl-p, CeHOCH; -p

= H xylene =
| _ |C + CCECORO —m | | 1 el (13)
-~
N N NS

Ar

= N
[ xylene
N + (CCLCORO N (s (14)
/u |
\

Ar
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A mechanism has been proposed for this reaction, as shown in Scheme (5).%¢

/ e /’ H
! | |+ (CClCOnO — LL [
N ~C
. AN T o
\N N/ \Ar T N Ar
TO (CCI5COx)
ccts | - CO
Y
: S
1 /\\E -na = ccl | = T
I - k ————— -
! 2 /?l -
\N/\ N N 3 N N N
yl\ H |
O/‘\‘%‘A o ~ar ?0 v
r
i C Z cl /T\/'/\C(‘Is
¢ a q

Scheme (5)
1.2.3.4 Reaction of 2-aminopyridine with 3-ketoesters:

2-Aminopyridine reacts with B-ketoesters in the presence of poly
phosphoric acid (PPA) to give a good yield of fused pyrimidones in only one

step, equations (1l5) 7 and (16).28’29

o] 0 RSN
PPA I -
| . ———— || L (15)
I R’ TOR ™~
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COEt N
= PPA i
| + (CH-)n —_— | (CHan . {16)
2 or POCI,-PPA Xy N
N NH; 0
0

1.2.3.5 Ring cleavage of isoxazoles with heterocyclic amines:

The reactions were performed very easily by heating the two reactants in

the absence of a solvent to give the reaction products in fair yields, equations

(17),(18) and (19).%°
\ or \ \
COzEt I | |
= _ AL { -EOH
| +RN —p N N N NH E_t-.. NT SN L. 17)
S ~ o EtO; CO4Et
N NH; © o © o / OH
H CONHR H  CONHR CONHR
CO,Et ——
f R ! : o
/ »\ + - N,
g NH: RN o » \ ..... (18)
0 N &7
CONHR
OH
CO,Lt
N = S
\>’»NH1 + — | >—’—N
RN \\ N N e (19)
S \0 o) /
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1.3 PURPOSE OF THE PRESENT WORK :

As discussed in the previous sections, we are planning to synthesize a new

series of polycyclic heterocycles that may mimic the biological activity of the

previously mentioned heterocycles. The present work aims at the synthesis and

characterization of the following classes of fused heterocyclic compounds:

I- 2-Substituted and 2,3-disubstituted 8-fluoro-4H-pyrimido[2,
1-b] [1,3]benzothiazol-4-ones:

9
9 10 F3 g
F 8
S >_\1\1]
>:I\l] 7 N 2
’ N CH 6 4 /
6 4 / ? 3
o

0

8-Fluoro-2,3-trimethylene-4H-pyrimido

8-Fluoro-2-methyl-4H-pyrimido[2, 1b][1,3]
(2, 1b}{1,3]benzothiazol-4-one (25)

benzothiazol-4-one (24)

II-  2-Substituted and 2,3- disubstituted 7-methyl-4H-isoxazolo[2, 3-aj

pyrimidin-4-ones:

t CHy !
N~} N—2
8/ \ 8/ \
1/ N ? 7/ N 3
CH, o5 CH, o 5 T
6 0 6 0
2,7-Dimethyl-4H-isoxazolo- 7-Methyl-2,3-trimethylene-4H-isoxazolo-

(2, 3-a)pyrimidin-4-one. 26) [2, 3-a]pyrimidin-4- one.  (27)
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7

8
7 / N 3

O

6

7-Methyl-2,3-tetramethylene-4H-isoxazolo-

[2, 3-a]pyrimidin-4- one.

II1-
[2, 3-a] pyridopyrimidin-9-ones:

4
3 N 26
/ = N-CHj;
CH; | )
o~ T
i z 3

6-Benzyl-2-methyl-5 6,7,8-tetrahydro-9H-isoxazolo

[2, 3-a]pyrido[3, 4-d]pyrimidin-9-one.(29)

IV- Diazipine compounds:

F\g/\ 5 i
% —N
e 2
6N
7 A
0 4

(28)

6- And 7- substituted 2-methyl-5,6,7,8-tetrahydro-9H-isoxazolo-

4
Za 6
CHL{T l Ve @
P !
0\9](.)( < 2

7-Benzy1-2-methyl-5,6,7,8-tetrahydro-QH-isoxazolo
[2, 3-a]pyrido[4, 3-d]pyrimidin-9-one. 30

\L..l

—Q

1 2
N
9__ /7 .
/ I
CHJQ 4
7 0

9-Fluoro-2,3-tetramethylene[1,3]diazipino 8-Methyl-2,3-tetramethyleneisoxazolo

(2, 1-b]benzot'hiazol-S('lH)-one. 3

(2, 3-a][1.3]diazipin-5(2H)-one. 32
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2.3-Tetramethylene[1 ,3]diazipino
(1, 2-a)isoquinolin-5(2H)-one. 33

The biological activities of some of these compounds against some kinds of

bacteria and fungi will be studied. The anti-cancer activities of some of these

compounds will also be investigated.
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RESULTS AND
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» 1 SYNTHESIS AND CHARACTERIZATION OF THE
PREPARED COMPOUNDS:

The compounds 24-30 were prepared by reaction of the corresponding

amino-heterocycle derivatives with B-keto ester in the presence of PPA, with

continuously stirring for 2 hours at 120 °C. o

The diazipine compounds, 31-33, were prepared by the reaction of the
amino-heterocycle with y-keto ester, ethyl-2-cyclohexanone acetate, in the

presence of PPA, with continuous stirring for 1 hour at 70°C, then for 2 hours at

120°C.>

21.1  8-Fluoro-2-methyl-4H-pyrimidof2, 1-b]{1,3] benzo-

thiazole-4-one (24):

Ethylacetoacetate was reacted with 2-amino-6-fluorobenzothiazole (34) to

give compound 24, in a yield 86%, according to equation 20.

M 24 0
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The pale yellow crystals melted in the range 193-195°C. The elemental

analysis data are shown in Table (1).-

Table (1): elemental analysis data of compounds (24-32).

Compound Elemental analysis data (%ow/w)
number Found (calculated) values
%C %H %N
24 56.56 (56.40) 3.54 (3.02) 11.66 (11.96)
25 60.42 (59.98) 4.63 (3,49) 11.22 (10.77)
26 57.54 (58.52) 5.12 (4.88) 17.35 (17.07)
27 51.01 (63.14) 7.08 (5.31) 12.51 (14.73)
28 61.71 (64.68) 6.39 (5.93) 15.17 (13.72)
29 68.01 (69.12) 6.44 (5.81) 16.62 (14.23)
30 68.55 (69.12) 6.46 (5.81) 15.87 (14.23)
31 53.89 (62.47) 3.81 (4.55) 14.52 (9.72)
32 65.42 (66.03) 6.83 (6.48) 14.54 (12.84)

A plausible mechanism has been proposed for the reaction, as shown in

Scheme (6).
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H
+ F
F S>NH2+M —’Q[}WOE‘
¢ ny Y ok N ) O
<—IiL©:S> CHy O
OEt

‘ Ene-imine
tautomer:zatlon

F@j @[ -EtOH 24
Y

CH; CH
s 3

OEt

Scheme (6)

The mechanism involves a condensation of the free amine with the
protonated keto group. This is followed by a protonation of the hydroxyl group
and hydronium ion elimination. Ene-imine tautomerization, followed by a
nucleophilic acy! substitution leads to 24.

Exact structure elucidation was achieved spectroscopically. The mass
spectrum of 24, (Fig. 1), has a parent molecular ion at m/z 234 and a base peak
at m/z 28. The fragment at m/z 206 is due to the expulsion of the carbonyl

group that could be best described as shown in Scheme (7).
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Scheme (7)

The IR spectrum, (Fig. 2), showed a strong absorption at 1681.8 cm™, due
to the (C=0) stretching vibration. The band at 1365.5 cm” is characteristic for
the CH,. The bands at 1600.8, 1577.7 and 1506.3 cm’ are for the (C=C)
stretching frequency.

The reacted ethylacetoacetate is known to have two (C=0) stretching
bands. The first at 1725 cm™ for the keto group, and the second at 1800 cm™ for
the ester group’-. The formation of 24 was accompanied by the disappearance of
the two stretching bands. These observations are consistert with the proposed
structure for 24.

The 300 MHz 'H-NMR spectrum of 24, (Fig. 3), indicated the presence of

five different types of protons, a-e.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



27

Type (a) includes three protons at 2.38 ppm (s). The signal at 2.62 ppm could
not be explained. Type (b) includes one proton at 6.26 ppm (s). Type (c)
includes one proton at 7.22 ppm shielded with respect to the other two aromatic
protons. This is due to the presence of the nitrogen atom in the ortho- position,
which donates electrons. The splitting of this proton is (dd, J ye-ne =8.3 Hz, J ne-
¢ =7.9 Hz), as shown in Figure (4). The high value of J j .5 is due to the meta-
position of F with respect to H., which has special high J value.”® Type (d)
includes one proton at 9.05 ppm which is highly deshielded due to the presence
of the F atom in the ortho- position. It is also away from S and N atoms.

The splitting of this proton is (dd, J yq-nc =8.8 Hz, J ha ¢ =4.7 Hz). Type (e)
includes one proton at 7.39 ppm that is shielded with respect to proton (d). This
is due to the presence of the S atom, which donates electrons. The tfype (e)
proton is deshielded with respect to proton (¢) due to its ortho- position to the F
atom. The splitting of this proton is (d, J e .5 =3.8 Hz). The '"H-NMR spectral
data were thus conclusive in determining the structure of 24.

The “C-NMR spectrum, (Fig. 5), reflected the presence of eleven carbon

atoms. The observed chemical shift values are listed in Table (2) together with

the calculated values.**

Table (2): 3BC_NMR observed and calculated chemical shift values of compound 24.

Cabo- 1 2 3 4 5 6 7 8 9 10 1l
number
Chemical 23.7 1501 107.3 1629 1257 1214 1089 1617 1145 1324 1608
Shift(ppm)

Calculated 224 1532 1141 163.0 1270 1223 1125 1580 116.0 137.0 163.0

value(ppm)
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Fss 10 -5
11
=N
! 5N 1
6 // "CH;
4
o H
24

Coupling between C and F atoms was not completely eliminated. Carbons
6, 7, 8, and 9 appeared as doublets. The J ;¢ coupling constant values for

these carbons are listed in Table (3). For C atoms closer to F atom, the J sc.r

value is considerably higher.

Table (3): The J j3c.r coupling constant value for carbons 6-9 in compound 24.

Carbon 6 7 8 9
number
Position with F meta ortho epso ortho
J se-r(Hz) 8.6 27.3 106.2 23.3

DEPT spectra of compound 24, (Figs. 6 and 7), show one methyl carbon

and four methine carbons. These data are another evidence for the proposed

structure of 24.

2.1.2 8-Fluoro-2,3-trimethylene-4H-pyrimido  [2, 1-b]

[1,3]benzothiazole-4-one (25):

Ethyl-2-cyclopentanone carboxylate was reacted with compound 34 to give

compound 25, in a yield 52%, according to equation 21.
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The brown crystals melt in the range 150-152°C. The elemental analysis
data are shown in Table (1). The proposed mechanism is similar to that shown
in Scheme (6). The mass spectrum of compound 25, (Fig. 8), has a parent
molecular ion at m/z 260 and a base peak at m/z 28. The fragment at m/z 232 is
due to the expulsion of the carbonyl group.

The IR spectrum, (Fig. 9), showed a strong absorption at 1678.0 cm’, due
to the (C=0) stretching vibration. The band at 1463.4 cm’ is for the methylene
groups (C-H bending). The bands at 1579.1 and 1501.5 cm’' are for the (C=C)
stretching of the benzene ring. These observations are consistent with the

proposed structure for compound 25.

The 300 MHz '"H-NMR spectrum of 25, (Fig. 10), indicated the presence

of six different types of protons, a-f.

25

Type (a) includes two protons at 2.17 ppm (tt, J oo = J pra-t1c = 7.4 Hz),
the splitting appears as quintet, (Fig. 11).
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Type (b) includes two protons at 2.93 ppm (t, J i —na = 7.2 H2). Type (¢)
includes two protons at 2.96 ppm (t, J y -, = 7.0 Hz). The two triplets overlap
together. Type (d) includes one proton at 7.00 ppm (dd, J pa e = 8.5 Hz, J pig ¢
= 7.8 Hz). Type (e) includes one proton at 9.12 ppm (dd, J y._na = 9.0 Hz, J pe ¢
= 4.7 Hz). Type (/) includes one proton at 7.36 ppm (d, J yr_r = 5.6 Hz).

The 'H-NMR spectral data were thus conclusive in determining the
structure of 25. The 13C-NMR spectrum, (Fig. 12), reflected the presence of
thirteen carbon atoms. The observed chemical shift values are listed in Table (4)

together with the calculated values.

F 11-$
12
g —N
6 N 13
7 5 / |
0 3 2
25

Table (4): *C-NMR observed and calculated chemical shift values of compound 25.

Carben 1 2 3 4 3 6 7 8 9 10 11 12 13
number
Chemical 34.3 21.7 273 1326 1681 1326 1214 1089 1617 1144 1260 1593 1590
Shift(ppm)

Calculated 335 15.0 29.5 127.4  163.0 1345 1223 1125 1580 1164 1260 163.0 1497
value{ppm)

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Coupling between C and F atoms was not completely eliminated. Carbons
6,7, 8,9,10 and 11 appeared as doublets. The J ,,c _r coupling constant values
for these carbons are listed in Table (5). For C atoms closer to F atom, the J ;¢

value is considerably higher.

Table (5):The J;3c _¢ coupling constant values for carbons 6-11 in compound 25.

Carbon- 6 7 8 9 10 11
number

Position withF para meta ortho epso ortho meta
J eoF (HZ) 23 8.6 273 96.5 233 10.2

DEPT spectra of compound 25, (Figs. 13 and 14), show three methine
carbons and three methylene carbons. These data are another evidence for the

proposed spectrum of 25.

2.1.3 2,7-Dimethyl-4H-isoxazolo[2, 3-a] pyrimidin-4-one
(26):

Ethylacetoacetate was reacted with 3-amino-5-methylisoxazole (35) to give

compound 26, in a yield 36%, according to equation 22.

242649
CH CH; =
N o O PPA Y>:N
. M e 0 TN 2)
OFt &

o
SN N //~CH;

33 0 26
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The white crystals melt in the' range 176-178°C. The elemental analysis
data are shown in Table (1). The proposed mechanism is similar to that shown
in Scheme (6).

The mass spectrum of compound 26, (Fig. 15), has a parent molecular ion
at m/z 164 and a base peak at m/z 28. The fragment at m/z 121 is due to the

expulsion of the carbonyl and the methyl groups as shown in Scheme (8).

. T

N CHTI . CH; '
7\ o, N oo CH;

M* =164 m/z =149 m/z =121

Scheme (8)

The IR spectrum, (Fig. 16), showed a strong absorption at 1689.5 cm’, due
to the (C=0) stretching vibration. The band at 1371.3 cm’’ is characteristic for
the methyl groups. The band at 1625.9 cm’ is for the (C=C) stretching
vibration. These observations are consistent with the proposed structure for 26.
The 300 MHz 'H-NMR spectrum of 26, (Fig.17), indicated the presence of four

different types of protons, a-d.

CH;j
H ¢ N
" 7\ 4
CE[;; /N H
O
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Type (a) includes three protons at 2.38 (s). Type (b) includes three protons
at 2.57 ppm (s). Type (c) includes one proton at 6.15 ppm (s). Type (d) includes
one proton at 6.29 ppm (s). The 'H-NMR spectral data were thus conclusive in
determining the structure of compound 26. The BC-NMR spectrum, (Fig. 18),

reflected the presence of eight carbon atoms. The observed chemical shift

values are listed in Table (6) together with the calculated values.

du,
/N
Tl
(§H3 /N 4
0
O
26

Table (6): >C-NMR observed and calculated chemical shift values of compound 26.

L
LI

Carb:n 1 2 3 4 5 6 7 8
Chemical 242 1534 1053 1655 153.6 99.5 1665 128
Shift(ppm)

Calculated 232 1532 1141 1610 160.0 81.0 164.0 20.7
value(ppm)

DEPT spectrum, (Fig. 19), shows two methyl carbons and two methine

carbons. These data are another evidence for the proposed spectrum of

compound 26.
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2.1.4 7-Methyl-2,3-trimethylene-4H-isoxazolo[2, 3-a]

pyrimidin-4-one (27):

Ethyl-2-cyclopentanone carboxylate was reacted with compound 35 to give

compound 27, in a yield 87%, according to equation 23.

CH,
—
CH3 i O 0 PPA D:N
+ » —~ ... (23
4 OEt A N / e (23)
\N NH,
0

27

The brown crystals melt in the range 147-150°C. The elemental analysis
data are shown in Table (1). The proposed mechanism is similar to that shown
in Scheme (6). The mass spectrum of 27, (Fig. 20), has a parent molecular ion at
m/z 190 and a base peak at m/z 28. The fragment at m/z 147 is due to the
expulsion of the carbonyl and the methyl groups.

The IR spectrum (Fig. 21), showed a strong absorption at 1676.0 em’, due
to the (C=0) stretching vibration. The band at 1355.9 em’ is for the methyl
group (C-H bending). The bands at 1421.4 and 1438.8 cm’ are for the
methylene groups (C-H bending). The band at 1622.0 em’ is for the (C=C)
stretching. These observations are consistent with the proposed structure for
compound 27. The 300 MHz 'H-NMR spectrum of 27, (Fig.22), indicated the

presence of four different types of protons, a-d.
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Hd N a

4

27 ©

Type (a) includes two protons at 2,16 (quintet, J yy .o = 7.5 Hz). Type (b)
includes four protons at 2.92  (t, J ub -.a = 7.5 Hz). Type (c) includes three
protons at 2.57 ppm (s). Type (d) includes one proton at 6.31ppm (s). The 'H-
NMR spectral data were thus conclusive in determining the structure of
compound 27.

The C-NMR spectrum, (Fig. 23), reflected the presence of ten carbon
atoms. The observed chemical shift values are listed in Table (7) together with

the calculated values.

Table (7): >C-NMR observed and calculated chemical shift values of compound 27.

Carbon 1 2 3 4 5 6 7 8 9 10
number

Chemical 350 224 274 1176 1540 166.1 994 1704 152.1 129
Shift(ppm) .

Calculated 36.3 150 299 1274 161.0 160.0 81.0 164.0 149.7 20.7

value(ppm)
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DEPT spectra, (Figs. 24 and 25), show one methyl carbon, one methine

carbon and three methylene carbons. These data are another evidence for the

proposed spectrum of 27.

2.1.5 7-Methyl-2,3-tetramethylene-4H-isoxazolo[2, 3-a]

pyrimidin-4-one (28):

Ethyl-2-cyclohexanone carboxylate was reacted with compound 35 to give

compound 28, in a yield 83%, according to equation 24.

D (Y e % ......

35 28

The pale yellow crystals melt in the range 98-100°C. The elemental
analysis data are shown in Table (1). The proposed mechanism is similar to that
shown in Scheme (6).

The mass spectrum of 28, (Fig. 26), has a parent molecular ion at m/z 204
and a base peak at m/z 28. The fragment at m/z 189 is due to the expulsion of
the methyl group. The fragment at m/z 176 is due to the expulsion of the
carbonyl group, and that at m/z 161 is due to the expulsion of the methyl group

from the 176 fragment, as shown in Scheme (9).
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Scheme (9)

The IR spectrum, (Fig. 27), showed a strong absorption at 1670.2 cm’,
due to the (C=0) stretching vibration. The band at 1384.8 em’ is characteristic
for the CH;.

The band at 1637.5 cm™ is for the (C=C) stretching. These

observations are consistent with the proposed structure of 27.
The 300 MHz '"H-NMR spectrum of 28, (Fig.28), indicated the presence of

five different types of protons, a-e.

C
a

He

N
72 \ a
: I( 4
CH; o

0
28
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Type (a) includes four protons at 1.81 ppm (multiplet, which is not clear).
Type (b) includes two protons at 2.65 ppm (distorted triplet, J = 5.8). Type (c)
includes two protons at 2.71 ppm (distorted triplet, J = 5.9). Type (d) includes
three proton at 2.54 ppm (br. s). Type (e) includes one proton at 6.23 ppm (s).

The 'H-NMR spectral data were thus conclusive in determining the
structure of compound 28. The “C-NMR spectrum, (Fig. 29), reflected the
presence of eleven carbon atoms. The observed chemical shift values are listed

in Table (8) together with the calculated values.

Table (8): >C-NMR observed and calculated chemical shift values of compound 28.

Carbon 1 2 3 4 5 6 7 8 9 10 11
number

Chemical 232 225 218 223 1151 1613 1538 992 1653 1508 127
Shift(ppm) '

Calculated 338

)
=
[N}

290 27.0 1299 1610 1600 B81.0 1640 1522 20.7
value(ppm) ’

DEPT spectra, (Figs. 30 and 31), show one methyl carbon, one methine
carbon, and four methylene carbons. These data are another evidence for the

proposed spectrum of 28.
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2.1.6 6-Benzyl-2-methyl-5,6,7,8-tetrahydro-9H-isoxazolo
[2, 3-a] pyrido[3, 4-d] pyrimidin-9-one (29):

Ethyl-1-benzyl-3-oxo-4-pipyridinecarboxylate was reacted with compound

35 to give compound 29, in a yield 53%, according to equation 25.

COOEt
CH; o N
— PPA / = N-CH,Ph
/ . A cny | | I 25)
N N A o~
N
| 0

The brown crystals melt in the range 142-144°C. The elemental analysis
data are shown in Table (1). The proposed mechanism is similar to that shown
in Scheme (6).

The mass spectrum of 29, (Fig. 32), has a parent molecular ion at m/z 295
and a base peak at m/z 28. The fragment at m/z 176 is due to the expulsion of
the benzyl and the carbonyl groups. The fragment at m/z 91 is the benzyl ion,

The fragmentation pattern is shown in Scheme (10).
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<\r —CHyPh \
N
CHZPh

m/z =295

o (Tﬂ / co
o

m/z =176 Scheme (10)

The IR spectrum, (Fig. 33), showed a strong absorption at 1679.9 cm’’, due
to the (C=0) stretching vibration. The band at 1382.9 cm’ is characteristic
for the CH;. The band at 1624.0 cm™ is for the (C=C) stretching. The bands at
1587.3 and 1541.0 em’" are for the (C=C) stretching of the phenyl group.These
observations are consistent with the proposed structure of 29.

The 300 MHz 'H-NMR spectrum of 29, (Fig.34), indicated the presence of

six different types of protons, a-f.

f(5H)
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Type (a) includes three protons at 2.5 ppm (s). Type (b) includes four
protons at 2.75 ppm (br.s). Type (c) includes two protons at 3.50 ppm (s). Type
(d) includes two proton at 3.70 ppm (s). Type (e) includes one proton at 6.19
ppm (br.s). Type (f) includes five aromatic protons at 7.23 ppm (m). The 'H-
NMR spectral data were thus conclusive in determining the structure of 29.

The C-NMR spectrum, (Fig. 35), reflected the presence of seventeen
carbon atoms. The observed chemical shift values are listed in Table (9)

together with the calculated values.

Table (9): >C-NMR observed and calculated chemical shift values of compound 29.

Carbon 1 2 3 4 5 6 7 8 9 10 I1 12 13 14 15
number

Chemical 12.7 1534 992 165.6 1515 572 493 227 1129 1590 622 1375 129.t 1283 1273
Shift{ppm)

Calculated  20.7 160.0 810 1640 1466 573 52.5 26.7 127.1 1610 3595 1363 1290 1282 1270

value(ppm})

DEPT spectra of compound 29, (Figs. 36 and 37), show one methyl carbon,

four methine carbons and four methylene carbons. These data are another

evidence for the proposed spectrum of 29.
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2.1.7  7-Benzyl-2-methyl-5,6,7,8-tetrahydro-9H-isoxazolo
2, 3-a] pyrido[4, 3-d} pyrimidin-9-one (30):

Methyl-1-benzyl-4-oxo0-3-pipyridinecarboxylate ~ was  reacted  with

compound 35 to give compound 30, in a yield 35%, according to equation 26,

The yellow crystals melt at 176-177°C, the elemental analysis data are
shown in Table (1). The proposed mechanism is similar to that shown in
Scheme (6). The mass spectrum of 30, (Fig. 38), has a parent molecular ion at
m/z 295 and a base peak at m/z 28. The same fragmentation pattern as of
compound 29 with one exception that the fragment at m/z 204 is more intense in

compound 30.

The IR spectrum, (Fig. 39), showed a strong absorption at 1666.4 cm', due
to the (C=0) stretching vibration. The band at 1359.7 cm’' is characteristic for
the CH;. The band at 1620.1 cm™ is for the (C=C) stretching. The bands at
1581.5 and 1529.4 cm™' are for the (C=C) stretching of the phenyl group.These

observations are consistent with the proposed structure of 30.
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The 300 MHz 'H-NMR spectrum of 30, (Fig.40), indicated the presence of

seven different types of protons, a-g.

Hf "
N c
a
&~/ O
o ~CH

g(53H)
30

Type (a) includes three protons at 2.52 ppm (s). Type (&) includes two
protons at 2.75 ppm (t, J ypne = 5.2 Hz). Type (¢) includes two protons at 2.82
ppm (t, J e = 5.0 Hz). Type (d) includes two proton at 3.61 ppm (s). Type (e)
includes two protons at 3.74 ppm (s). Type (f) includes one proton at 6.22 ppm
(s). Type (g) includes five aromatic protons at 7.35 ppm (m).

The four prbtons that appeared as singlet in compound 29, split into two peaks
in compound 30. The 'H-NMR spectral data were thus conclusive in
determining the structure of 30.

The “C-NMR spectrum, (Fig. 41), reflected the presence of seventeen

carbon atoms. The observed chemical shift values are listed in Table (10)

together with the calculated values.
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The pale yellow crystals melt in the range 158-160°C. The elemental
analysis data are shown in Table (1). Scheme (6) explains the proposed
mechanism of the formation of compound (36), which rearranges to compound

(31) as shown in Scheme (11).

U UJ\%

36
Scheme(11)

The mass spectrum of 31, (Fig. 44), has a parent molecular ion at m/z 288
and a base peak at m/z 28. The fragment at m/z 260 is due to the expulsion of
the carbonyl group.

The IR spectrum, (Fig. 45), showed a strong absorption at 1687.6 em’, due
to the (C=0) stretching vibration. The band at 1458.1 cm’ is for the methylene
groups (C-H bending). The band at 1635.5 em™ is for the (C=C) stretching of
the seven membered ring. The bands at 1606.6 and 1541.0 em’ are for the
(C=C) stretching of the benzene ring. These observations are consistent with
the proposed structure of 31.

The 300 MHz 'H-NMR spectrum of 31, (Fig.46), indicated the presence of

six different kinds of protons, a-f.
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Type (a) includes eight protons in the range 1.15-3.35 ppm (m). Type (b)
includes one proton at 4.70 ppm (dd, J =5.70, 11.0 Hz). Type (c) includes one
proton at 5.92 ppm (br.s). Type (d) includes one proton at 7.13 ppm (dd, J uq.ur
= 8.2 Hz, J yq.r = 8.9 Hz). Type (e) includes one proton at 7.4% ppm (d, J yr.r =
5.8 Hz). Type (f) includes one proton at 7.72 ppm (dd, J ye.ne = 8.6 Hz, J yr ¢ =
4.6 Hz).

The 'H-NMR spectral data were thus conclusive in determining the
structure of 31. The "C-NMR spectrum, (Fig. 47), reflected the presence of
fifteen carbon atoms. The observed chemical shift values are listed in Table (11)

together with the calculated values.
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Table (11): *C-NMR observed and calculated chemical shift values of compound 31.

Carbon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 {5
number )

Chemical 310 231 280 291 1456 1169 1697 1330 1217 1075 1569 1141 1197 1669 639
Shifi(ppm)

Calculated 351 280 297 338 1626 1198 1695 1372 1141 1127 1507 1144 1210 1637 560

value{ppm)

Coupling between C and F atoms was not completely eliminated. Carbons
8,9, 10, 11, 12 and 13 appeared as doublets. The J ;¢ .r coupling constant
values for these carbons are listed in Table (12). For C atoms closer to F atom,

the J ;c.r value is considerably higher, carbon (13) being an exception.

Table (12): The J 13c .r coupling constant values for carbons 8-13 in compound 31.

Carbon- 8 9 10 11 12 E
number

Position with F para meta ortho epso ortho meta

J hep(Hz) 109 8.3 26.6 135.7 24.5 7.5

DEPT spectrum, (Fig. 48), shows five methine carbons and four methylene
carbons. These data are another evidence for the proposed spectrum of

compound 31.

2.1.9 8-Methyl-2,3- tetramethyleneisoxazolo[2, 3-a]{I,3]
diazipin-5(2H)-one (32):

Ethyl-2-cyclohexanone acetate was reacted with compound 35 to give

compound 32, in a yield 54.5%, according to equation (28).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



48

CHy 0 CHyy =
— s OFt 5 —N
; \ PPA ~N
SN NH; O —3x ™ )\D ...... (28)
N _

O
32

The brown crystals melt in the range 87-90°C. The elemental analysis data
are shown in Table (1). Scheme (6) and (11) above illustrate the proposed
mechanism of the reaction.

The mass spectrum of 32, (Fig. 49), has a parent molecular ion at m/z 218
and a base peak at m/z 28. The fragment at m/z 190 is due to the expulsion of
the carbonyl group. The fragment at m/z 175 is due to the expulsion of the
methyl group from the 190 fragment.

The IR spectrum, (Fig. 50), showed a strong absorption at 1697.2 cm’, due
to the (C=0) stretching vibration. The band at 1456.2 cm’! is for the methylene
groups (C-H bending). The bands at 1654.8 and 1635.5 cm’ are for the (C=C)
stretching. These observations are consistent with the proposed structure of 32.

The 300 MHz 'H-NMR spectrum of 32, (Fig.51), indicated the presence of

five different types of protons, a-e.

a(8H)
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Type (a) includes eight protons in the range 1.12-3.25 ppm (m). Type (b)
includes three protons at 2.40 ppm (s). Type (¢) includes one proton at 4.39 ppm
(dd, J = 3.4, 10.7 Hz). Type (d) includes one proton at 5.83 ppm (s). Tipe (e)
includes one proton at 6.84 ppm (s).

The 'H-NMR spectral data were thus conclusive in determining the
structure of 32. The "C-NMR spectrum, (Fig. 52), reflected the presence of
twelve carbon atoms. The observed chemical shift values are listed in Table

(13) together with the calculated values.

2
Nl ’
9 10/ ) 4
2/
CH;— g\~ ~1"6
)
0
32

Table (13): >C-NMR observed and calculated chemical shift values of compound 32.

1 2 3 4 5 6 7 8 9 10 11 12

number

Chemical 33.8 28.0  23.1 28.8 1574 117.6 1655 1695 952 169.8 62.2 12.6
Shift(ppm)

Calculated 35.1 28.0 293 343 1637 113.0 160.0 160.0 81.0 164.0 55.7 20.7

value(ppm)

DEPT spectra of compound 32, (Figs. 53 and 54), show one methyl carbon,

three methine carbons and four methylene carbons.These data are another

evidence for the proposed spectrum of 32.
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2.1.10 2,3-Tetramethylene[1,3]diazipino[1,2-a]isoquinolin —

5(2H)-one (33):

Ethyl-2-cyclohexanone acetate was reacted with I-aminoisoquinoline (37)

to give compound 33, in a yield 97.8%, according to equation (29).

NH,

37 33

The brown crystals melt in the range 190-192°C. The proposed mechanism
of the reaction is similar to that shown in Schemes (6) and (11) above. No
sufficient elemental analysis data, GC MS, or FT IR spectra were obtained.

The 250 MHz 'H-NMR spectrum of 33, (Fig.55), indicated the presence of

four different types of protons, a-d.

a (8H)

33
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Type (a) includes eight protons in the range 0.78-2.31 ppm (m). Type (b)
includes one proton at 4.98 ppm (dd, J = 5.0, 10.0 Hz). Type (¢) includes one
proton at 5.82 ppm (s). Type (d) includes six protons in the range 7.19-8.38 ppm
(m). The 'H-NMR spectral data were thus conclusive in determining the
structure of 33.

GASPE spectrum, (Fig. 56), shows eight methine carbons and four
methylene carbons. The observed chemical shift values for PC-NMR spectrum

are shown below.

126.8 1175

141 \\126.5
127:
130.5 [

These data are another evidence for the proposed spectrum of compound 33.
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2.2 BIOLOGICAL ACTIVITY

Some of the prepared compounds were tested as antibacterial, antifungal

and anticancer compounds.

2.2.1 Antibacterial and antifungal activity:

Three of the prepared compounds were tested against some types of
bacteria and fungi.’> The compounds tested were : 8-fluoro-2-methyl-4H-
pyrimido[2, 1-b] benzothiazol-4-one (24), 7-methyl-2,3-trimethylene-4H-
isoxazolo[2, 3-a] pyrimidin-4-one (27) and 7-methyl-2,3-tetramethylene-4H-
isoxazolo- [2,3a] pyrimidin-4-one (28).

The antibacterial activity was evaluated by the Disk Diffusion Method %,
the compounds were tested against Staphylococcus aureus, proteus vulgaris,
and candida albicans. None of the tested compounds showed antibacterial
activity.

The antifungal activity of the same three compounds was evaluated by the
Poisoned Food Technique *’; the compounds were tested against Microsporum
canis, Fusiarium tricincutum, Pythium ultimum, Pythium aphanidermatum, and

Pythium middletonii. The results in the form of % inhibition are listed in Table

(14).
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Table (14): Antifungal activity results of compounds 24, 27 and 28 against different fungi

types.
% Inhibition against different fungi types.
Compound
M. canis * F. tricincutum ° P. ultimum © P. aphanider-  P. middletonii®
number
matum
24 100 67 81 95 45
27 92 42 100 100 80
28 100 50 92 100 80

The % inhibition for different reference antibiotics used for different fungi types were:
a) griseofulvin 77%, b) nystatin 67%, c) hymexazole 81%, d) hymexazole 70 %,
e) hymexazole 25%.

Hymexazole antibiotic ¥ is the compound 3-hydroxy-5-methylisoxazole

38. Its structure resembles the structure of the starting material of compounds

27 and 28.
OH
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Unfortunately, we could not find any relationship between the % inhibition

of the compound and its structure.

2.2.2 Anticancer activity:

Three of the prepared compounds were tested as anticancer compounds by
using the MTT assay.*® The MTT is a tetrazolium salt; for which the general
formula is (39), which can be transformed into the blue colored formazan (40)
through the mitochondria enzyme dehydrogenase®.

The greater the number of mitochondria the more MTT will be transformed

into formazan, according to equation {30).

+

N=N"Re R—cl 30)
Rr—C = —- —Cx=> . (
N—N-R; N—N-R;

39 4 H

The formazans are blue crystals that are difficult to be dissolved. Prior to
measurement, they are dissolved in isopropanol. The solubilized formazan
reagents are measured spectrophotometrically. Since reduction of MTT can only
occur in metabolically active cells the level of activity is a measure of the
viability of the cells. The compounds tested are: 7-methyl-2,3-trimethylene-4H-
isoxazolo[2,3-a] pyrimidin-4-one (27), 8-methyl-2,3-tetramethyleneisoxazolo[2,
3-a][1,3] diazipin-5(2H)-one (32) and 2,3- tetramethylene [1,3] diazipino[1, 2-a]
isoquinolin—5(2H)-one (33).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



35

The results of the MTT experiments are shown in Table (15). From the
Table below, it is found that compound 33 has the most anticancer effect (96%)
at concentration 3.00x107 M.

Compound 27 has the most anticancer effect (41.2%) at concentration
2.90x10” M. Finally, compound 32 has the most anticancer effect (39.2%) at

concentrations 3.13x10™ and 6.25x10* M.

Table (15): MTT assay results of compounds 27, 32 and 33.

Compound Molarity of stock Final Absorbance %
number solution concentration (M)  at A ma (630  Mortality

nm) of cells

27 6.10x107 2.90x107 0.030 41.20
1.50x107 0.039 23.50

7.30x10™ 0.043 15.70

3.60x10™ 0.050 1.96

32 5.25%x107 1.25x107 0.040 12.60
6.25x10™ 0.031 39.20

3.13x10% 0.031 39.20

33 6.30x107 3.00x107 0.002 96.00
1.50x107 0.003 94.10

7.50x10% 0.009 82.40

3.70x107 0.028 45.10

1.90x10™ 0.039 22.90

Absorbance for the reference was 0.051 at 550 nm.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



56

2.3 CONCLUSIONS AND SUGGESTIONS FOR
FURTHER WORK

1- Compounds 24-33 have been prepared. Compounds 26 and 30 have been
synthesized with low yield (36 and 35% respectively). The other eight

compounds have been prepared with a yield reaching 97.8% for compound 33.

2- The new compounds have been characterized using elemental analysis, GC
MS, FT IR and NMR spectrometry. The spectral data confirm the proposed

structures of the compounds.

3- Compounds 24, 27 and 28 were tested against Staphylococcus aureus,
proteus vulgaris, and candida albicans bacteria. None of the three compounds
showed antibacterial activity. The same compounds were tested against
Microsporum canis, Fusiarium tricincutum, Pythium ultimum, Pythium
aphanidermatum, and Pythium middletonii fungi types. All of them showed

antifungal activity.

4- Compounds 27, 32 and 33 were tested for anticancer activity by the MTT
assay. They all showed significant anticancer activity. Compound 33 being the

most efficient (96%).

5- Testing the other compounds for antibacterial, antifungal and anticancer

activities is suggested for further work.
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3.1 INSTRUMENTS:

3.1.1 Electrothermal Melting Temperature Apparatus was used for
measuring the melting points.
3.1.2 Elemental analysis data were measured on Perkin Elmer PE 2400
series II , CHNS/O analyzer.
3.1.3 FT-IR spectra were measured on a Shimadzu 820 PC FT-IR
Spectrometer.
3.14 Mass spectra and gas chromatography results were recorded on a
Shimadzu GC MS-QP5000, using chloroform and methanol as solvents.
The GC runs were conducted using a J&W Scientific DB-5MS (5% phenyl
methyl polysilane, stationary phase) 30.00 m long and was 0.25 mm in
diameter, capillary column. Helium carrier gas was used at flow rate of 28.2
ml/min.

The injector was kept at 250°C, and the interface temperature was 230°C.
The oven temperature was initially set at 120 °C, the ram rate was 5°C/min
reaching a final temperature of 300°C, with a 0.5 min waiting time interval at
each stage.
3.1.5 C-NMR spectra were recorded on a Bruker 75.48 MHz, using
CDCl, as a solvent. Its characteristic signal was observed as triplet at 77.1 ppm.
3.1.6 '"H-NMR  spectra were recorded on a Bruker 300 MHz, using

CDCl; as a solvent.
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3.2 CHEMICALS:

Starting materials, 2-amino-6-fluorobenzothiazole, 1-aminoisoquinoline,
3-amino-5-methylisoxazole, ethylacetoacetate, ethyl-2-oxocyclopentane
carboxylate, ethyl-2-oxocyclohexanecarboxylate, ethyl-2-cyclohexanone
acetate, methyl-1-benzyl-4-oxo-3-pipyridinecarboxylate hydrochloride, ethyl-1-
benzyl-3-oxo0-4-pipyridine carboxylate hydrochloride, and PPA were purchased
from Aldrich Chemical Company Ltd., and were used as received.

Solvents, such as chloroform, petroleum ether, diethylether, ethylacetate
and ethanol, were purchased from Aldrich Chemical Company Ltd., and were

used as received.

3.3 EXPERIMENTS:

3.3.1 Preparation of compounds 24-33:

The general experimental procedure for the preparation of compounds 24
to 33 was as follows: Polyphosphoric acid (PPA), 3-6 gm, was weighed in a 50-
mL conical flask. The aminopyridine derivative (0.5 gm) was added. The -, or
v- keto ester was then added as excess (the molar ratio of the keto ester / amino
heterocycle was 1.1 /1 respectively). The mixture was heated, while manually
mixing, in an oil bath for 20 minutes until a 120°C final temperature was
reached. The mixture was kept at this temperature for 2 more hours while
mixing. The reaction was monitored periodically by thin layer chromatography

(TLC) using 5% ethylacetate chloroform developing solvent. After completion,

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



60

the reaction was cooled in an ice bath. Ice water was added to the mixture. The
solution was then neutralized by NaOH (4N) solution. The precipitate product
was filtered on a sintered funnel and washed with distilled water. Non-

precipitate products were alternatively extracted.

3.3.1.1  Preparation of 8-fluoro-2-methyl-4H-pyrimido-
[2, 1-b][1,3]benzothiazol-4-one, (24):

As described in the general procedure, 2-amino-6-fluorobenzothiazole
(0.5 gm, 2.97 mmole) was mixed with ethylacetoacetate (0.4 gm, 3.08 mmole)

and 3 gm PPA. The yellow precipitate was recrystalized from ethanol (m.p.
range was 193-195).The yield was 0.6 gm, 86%.

3.3.1.2 Preparation of 8-fluoro-2,3-trimethylene-4H-pyrimido-
[2, 1- b][1,3]benzothiazol-4-one, (25):

As described in the general procedure, 2-amino-6-fiuorobenzothiazole
(0.5 gm, 2.97 mmole) was mixed with ethyl-2-oxocyclopentane carboxylate
(0.51 gm, 3.27 mmole) and 3 gm PPA, the brown precipitate was recrystalized
from ethanol (m.p. range was 150-152). The yield was 0.4 gm, 52%.

3.3.1.3 Preparation of 2,7-dimethyl-4H-isoxazolo[2, 3-a]

pyrimidin-4-one, (26):
As described in the general procedure, 3-amino-5-methylisoxazole (0.5

gm, 5.10 mmole) was mixed with ethylacetoacetate (0.73 gm, 5.6 mmole) and 3
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gm PPA. After neutralization, the product did not precipitated. It was isolated
by extraction with chloroform.
The solvent was then evaporated off by a rotary evaporator. The brown
_precipitate was collected by washing with diethyl ether and petroleum ether.
The suspension was filtered and the solid product was recrystalized from

ethanol (m.p. range was 176-178). The yield was 0.3 gm, 36%.

3.3.1.4  Preparation of  7-methyl-2,3-trimethylene-4H-

isoxazolo[2, 3- a] pyrimidin-4-one, (27):
As described in the general procedure, 3-amino-5-methylisoxazole (0.5
gm, 5.10 mmole) was mixed with ethyl-2-oxocyclopentane carboxylate (0.87

gm, 5.6 mmole) and 3 gm PPA. The brown precipitate was recrystalized from

ethanol (m.p. range was 1147-150). The yield was 0.84 gm, 87%.

3.3.1.5 Preparation of 7-methyl-2,3-tetramethylene-4H-

isoxazolo[2, 3- a] pyrimidin-4-one, (28):

As described in the general procedure, 3-amino-5-methylisoxazole (0.5
gm, 5.10 mmole) was mixed with ethyl-2-oxocyclohexane carboxylate (0.95
gm, 5.6 mmole) and 3 gm PPA. The pale yellow precipitate was recrystalized

from ethanol (m.p. range was 98-100). The yield was 0.86 gm, 83%.
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3.3.1.6 Preparation of 6-Benzyl-2-methyl-5,6,7,8-tetrahydro-
9H-isoxazolo[2, 3-a]pyrido[3, 4-d] pyrimidin-9-one, (29):

As described in the general procedure, 3-amino-5-methylisoxazole (0.5
gm, 5.1 mmole) was mixed with ethyl-1-benzyl-3-oxo-4-pipyridine carboxylate
hydrochloride (1.67 gm, 5.6 mmole) and 6 gm PPA.

After neutralization, the product did not precipitated. It was isolated by
extraction with ethyl acetate. The solvent was then evaporated off by a rotary
evaporator. The brown precipitate was collected by washing with diethyl ether
and petroleum ether. The suspension was filtered and the solid product was

recrystalized from ethanol (m.p. range was 142-144). The yield was 0.8 gm,
53%.

3.3.1.7 Preparation of 7-Benzyl-2-methyl-5,6,7,8-tetra-hydro-
9H-isoxazolo [2, 3-a] pyrido [4, 3-d] pyrimidin-9-one, (30):

As described in the general procedure, 3-amino-5-methylisoxazole (0.5
gm, 5.1 mmole) was mixed with methyl-1-benzyl-4-oxo-3-pipyridine
carboxylate hydrochloride (1.67 gm, 5.6 mmole) and 6 gm PPA. After
neutralization, the product did not precipitated. It was isolated by extraction
with ethyl acetate. The solvent was then evaporated off by a rotary evaporator.
The yellow precipitate was collected by washing with diethyl ether and
petroleum ether. The suspension was filtered and the solid product was

recrystalized from ethanol (m.p. range was 176-177). The yield was 0.53 gm,
35%.
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3.3.1.8 Preparation of 9-fluoro-2,3-tetramethylene [1,3]
diazipino[2, 1- b][1,3] benzothiazol-5(2H)-one, (31):

As described in the general procedure, 2-amino-6-fluorobenzothiazole
(0.5 gm, 2.97 mmole) was mixed with ethyl-2-cyclohexanone acetate (0.6 gm,
3.27 mmole) and 3 gm PPA. The flask contents were mixed for one hour at
60°C, then at 120°C for two hours. The pale yellow precipitate was
recrystalized from ethanol (m.p. range was 158-160). The yield was 0.68 gm,
79%.

3.3.1.9  Preparation of  8-methyl-2,3-tetramethylene-
isoxazolo[2, 3-a] [1,3] diazipin-5(2H)-one, (32):

As described in the general procedure, 3-amino-5-methylisoxazole (0.5
gm, 5.1 mmole) was mixed with ethyl-2-cyclohexanone acetate (1.03 gm,5.6
mmole) and 3 gm PPA. The flask contents were mixed for one hour at 60°C,

then at 120° for two hours. The brown precipitate was recrystalized from

ethanol (m.p. range was 87-90). The yield was 0.6 gm, 54.5%.

3.3.1.10 Preparation of 2,3-tetramethylene[1,3]diazipino-
[1, 2- a]isoquinolin-5(2H)-one, (33):

As described in the general procedure, 1-aminoisoquinoline (0.5 gm, 3.47
mmole) was mixed with ethyl-2-cyclohexanone acetate (0.7 gm, 5.6 mmole) and

3 gm PPA. The flask contents were mixed for one hour at 60°C, then at 120°C
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for two hours.The brown precipitate was recrystalized from ethanol (m.p. range
was 190-192).The yield was 0.9 gm, 97.8 %.
3.3.2 MTT Assay: >

3.3.2.1 Culture of neuroblastoma cells:

Adherently growing SK-N-SH were detached from the culture flasks as
follows:

1- the cell culture medium was removed completely by adding trypsin (~2.5
mL) of were added to each culture flask (150 cm?). The cells were incubated
with trypsin at room temperature for 5 minutes.

2- the cells were detached from the bottom of the flask by shaking.

3- the effect of trypsin was blocked by the addition of 10 mL of cell culture

medium.

4- the cell suspension was then centrifuged (10 minutes, 400g X). Supernatant
was removed and the cells were resuspended in 10 mL of cell culture
medium. The cell count was determined with a Neubauer cell chamber in the
presence of trypan blue. Fore this purpose 20 uL of cell suspension were
mixed with 20 L of trypan blue. The cells were counted in 4 large squares of
cell chamber, whereby only the nonstained cells were used to adjust the cell
concentration. A definite number of cells was used for further culturing of the

cells, whereas the rest of the cells was used for the experiments.

3.3.2.2 Preparation of MTT solution:
The MTT solution was prepared by dissolving 5 mg of MTT in 1 mL of

PBS (Phosphate Buffered Saline). The solution was filtered through a 0.2 pm
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filter, wrapped in an aluminum foil (MTT is a light sensitive substance) and

stored at 4°C. )
3.3.23 Preparation of isopropanol-triton X-100 solution:

In order to get this solution 0.1 M HCI was mixed with Isopropanol and

10 % triton X-100. This solution was stored at room temperature.

3.3.24 MTT Assay with neuroblastoma cells:

1- Cell suspension (200 pL, 2 x10 5 cells/mL of cell culture medium) were
placed with a dispenser multipipette (Eppendorf) into each well microtiter
plate. Three wells were filled with cell culture medium only and were used
as BLANK. The plate was incubated overnight at 37°C, 5% COs.

2. After 24 hours, the compounds 27, 32 and 33 were separately added to the
plate. Each compound was added in the form of solution of known
concentration in ethanol. The concentrations are listed earlier in Table (15).
10 pL aliquot of each solution concentration for each compound was added
to a different well. In the control wells the same volumes of PBS were added
instead of the compounds. The 96 wells microtiter plate is further incubated
for 48 hours at 37°C, 5% COa.

3. After 48 hours of incubation, the cell culture medium was removed
completely by a Pasteur pipette that is installed on a vacuum pump. Further,

100 pL of MTT solution are added to each well.

4- The microtiter plate was further incubated for 3 hours. During this time MTT
was changed into formazan. The formazan microscopically appeared as blue

crystals between the cells at the bottom of the wells.
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5- Isopropanol solution (100 nL) was then added into each well. The plate was

shaken horizontally overnight at room temperature. During this time,

formazan crystals were dissolved.

Finally the absorbance of the color in each well was measured by a
Microplate reader (MR 700) in a dual mode with a reference wavelength of

550 nm (filter number 5) and a test wavelength of 630 nm (filter number 4).
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Figure (1): Mass spectrum of compound 24,
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Figure (3): TH-NMR (1) spectrum of compound 24.
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Figure (5): "C-NMR spectrum of compound 24.
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Figure (8): Mass spectrum of compound 25.
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Figure (11): "TH-NMR (2) spectrum of compound 25.
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Figure (12): BC-NMR spectrum of compound 25.
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Figure (16): FT-IR spectrum of compound 26.
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Figure (18): BC-NMR spectrum of compound 26.
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Figure (20): Mass spectrum of compound 27.
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Figure (21): FT-IR spectrum of compound 27.
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Figure (23): BC-NMR spectrum of compound 27.
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Figure (24): DEPT 135 spectrum of compound 27.
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Figure (26): Mass spectrum of compound 28.
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Figure (27): FT-IR spectrum of compound 28.
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Figure (29): >C-NMR spectrum of compound 28.
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Figure (30): DEPT 135 spectrum of compound 28.
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Figure (31): DEPT 90 spectrum of compound 28.
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Figure (32): Mass spectrum of compound 29.
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Figure (33): FT-IR spectrum of compound 29.
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Figure (34): "H-NMR spectrum of compound 29.
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Figure (35): "C-NMR spectrum of compound 29.
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Figure (36): DEPT 135 spectrum of compound 29.
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Figure (37): DEPT 90 spectrum of compound 29.
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Figure (38): Mass spectrum of compound 30.



Hsoded sisayL Jo L) - Uepior Jo AJISIBAIUN JO AReiqiT - peARSaY SIYDIY ||V

woy| $518S 0008 HiLd NZPEWIYS UEOSISSL —
2 » - -
= 0'00% 00001 Q0051 0°0002 00052 0°000% 0'00S¢E 0'000F%
T I S A L T T EEN T DU B Voo e e R , 00
| '999% ﬁ
m t'6est i
“ S'L8GL t’ 05z
, ga9cs # _ I
: _‘_owm b “ Hr
L88H ey | -
; LEVL
- 9990k b-geey .. }
P 69 ‘ i Jos
— f—
_H. __ N ,vm,ﬂ _ & -
_m R | i
m i | ‘
_ 1 ﬁ _k_ w ﬁ : B
m M '} “
1 | : i W e
Sl . I
. b |
,_(,; \.\ﬁ ?‘% _m ) —— /,; -
m ‘ 7 { ﬁ xL o r\: _ h /.
_ ﬂ ‘ | (\l‘ /\. \ {r/( ‘W
AN | s “
‘ s ,,_ Furerprre - oo
Bk \
_“_ ._.._;., A J ﬁ
.r __ _ ﬁ 1%
H L i
i - i
. m
— 06zl
]

Figure (39): FT-IR spectrum of compound 30.
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Figure (40): 'H-NMR spectrum of compound 30.
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Figure (41); C-NMR spectrum of compound 30.
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Figure (43): DEPT 90 spectrum of compound 30.
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Figure (44): Mass spectrum of compound 31.
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Figure (45): FT-IR spectrum of compound 31.
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Figure (46): "H-NMR spectrum of compound 31.
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Figure (47): BC-NMR spectrum of compound 31.
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Figure (48): DEPT 135 spectrum of compound 31.
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Figure (49): Mass spectrum of compound 32.
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Figure (51): '"H-NMR spectrum of compound 32.
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Figure (52): BC.NMR spectrum of compound 32.
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Figure (53): DEPT 135 spectrum of compound 32.
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Figure (55): 'H-NMR spectrum of compound 33.
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Figure (56): GASPE spectrum of compound 33.
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