CHAPTER 4

RESULTS AND DISCUSSION
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Scheme 2 Mechanism of the formation of diethyl
ethoxymethylenemalonate
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The IR spectrum of diethyl ethoxymethylenemalonate(XXVII)
(Figure 1) showed a strong C=0 stretching absorption peak at 1731 cm-!
, a peak between 1250-1290 cm-1 assigned for C-C-O stretching and a
peak of C-O stretching vibration appeared at 1090 cm-1. A peak at 1635

cm-! represented C=C stretchi r’,;/tion.

otﬁ- ethoxymethylenemalonate

- 45 ppm (multiplet, 9H)

The lH-
(XXVI) (Figure 2)
assigned for 3 meth f »-4.38 ppm (multiplet,6H)
assigned for 3 meth ae .t xygen and methyl group.
fee 1Y presented the olefinic methine

proton.

Ethyl anilino-3- chloro mgm e (XXVIII-a)

7 3
The reaction of enemalonate and aniline to
form ethyl amhnome}hzhenemalonate took place readily even at room

temperature. ﬂﬂl&}%ﬁmwg ﬂ;ﬁ ‘§>r further reaction

without purlﬁ&tlon The mechanism of this reaction yvas nucleophﬂlc
s ) V) 3 HAVIY EIOR Bt aet
ethoxymethylenemalonate resulted in the loss of ethoxy group to form
ethanol and the corresponding ethyl anilinomethylenemalonate was

obtained as shown:
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reaction was the same as above.

The IR spectrum of ethyl anilino-3-chloro-methylenemalonate
(XX VIII-a)(Figure 3) 'exhibited characteristic peak of ester carbonyl

group at 1682 cm-1 and a strong peak in the region 1253 cm-! assignable
to stretching vibration of C-O (ester). The peak at 1642 cm-! could be
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interpreted as C=C stretching vibration. The N-H stretching peak was
found at 3282 cm-l and N-H bending peak was found at 1615 cm-1.

The IH-NMR spectrum  of ethyl anilino-3-chloro-
methylenemalonate (XXVIII-a
chemical shift 1.34, 1.38

jgure 4-5) exhibited the peaks at

@ H, J=7.2 Hz) for two methyl

protons, the peaks at 4: ' , ésts, 4H, J=7.2 Hz) for two
methylene protons a e 1 este “The peak at 6.99-7.32 ppm
represented four aro \\‘
‘aayacen 0 @

N\

of secondary amin€ pgotor red, \~. oton doublet at 11.00

-proton doublet at 8.46

ppm represented me no group and the peak

~ Ethyl anilino 3-nitro-met :"_-- ate (XXVIII-b)

3-Nitroamfline ( o xymethylenemalonate

under refluxing condition with similar mechanism of reaction as that of

the synthesisﬂ; ﬁﬁxﬂﬂwi’wmﬂ?w
AT TRGATDR $i9, @iag g g encmsionsc

(XXVII-b) (Figure 6) exhibited characteristic peak of ester carbonyl
group at 1696 cm-l and another strong peak at region 1261 cm-!

assignable to stretching vibration of C-O (ester). The peak at 1646 cm-1
could be interpreted as C=C stretching vibration while the N-H stretching
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was found at 3310 cm-! and N-H bending peak at 1608 cm™. The peak at
1536 and 1350 cm™ represented N-O stretching vibration.

The IH-NMR spectrum of ethyl anilino-3-nitro-
methylenemalonate (XXVIII-b) , (Figure 7-8) exhibited the peaks at
chemical shift of 1.35, 1.39 ppm (2 6H, J=7.2 Hz) for two methyl

-4 : artets, 4H, J=7.2 Hz) for

jaccninth ,\\?a he peaks between 7.43-
8.00 ppm represente ATOI \\‘\l e the peak at 8.50 ppm

N
\)

s proto \o upled to the one-proton

doublet of secondaty 3 e fa I; T

Ring ¢ Teaclicam e ﬁ anilino-3-chloro-

methylenemalonated o : : atue. Heating of this

compound in boiling diphenyl ether readily aﬁkml the cyclization.

me R TTT SRV 173 71 87 &) g >

carboetloxy-7-chloro-4-hydroxyquinoline by the loosing of ethanol since
ethoxyl was better leaving group than hydroxyl group. The cyclization
mechanism  of ethyl anilino-3-chloro-methylenemalonate was as

followed.
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malonate”

The IR pgc | of 3-carbo chloro-4-hydroxyquinoline

(XXIX-a) (Figure 9§ s B 2k at 1698 om-] and
T
!

C-O ester stretchmg bratlon peak at 1197 and 1354 cm-1. The peak at

1621 cm-1 wﬁ Wﬁ%ﬁtﬂﬁlﬂ@ltwn the region at

2906-3150 cm 1 represented €-H stretching vibratiomy peak and C-H

bendmafﬂ:lﬁm ‘i EIJJJM '}Q lLELﬂl asﬂnl can be

assigned for O-H bending vibration.

The IH-NMR spectrum of 3-carboethoxy-7-chloro-4-
hydroxyquinoline (XXIX-a) (Figure 10-11) showed a peak at chemical
shift of 1.28 ppm (triplet, 3H) assigned for methyl protons and another
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peak at 4.22 ppm (quartet, 2H) assigned for methylene protons of the
ester. The peak at 7.42 ppm was identified as the aromatic proton at
position d (doublet of doublets, 1H, J=8.7, 2.1 Hz). The peak at 7.66
ppm could be assigned for the aromatic proton at position e (doublet,1H,
J=2.1 Hz) and at 8.14 ppm (doublet, 1H, J=8.5 Hz) assigned for the

\ fy/ -proton singlet at 8.56 ppm
;:; en &n atom and the broad peak

of hydroxy proton appearcd-at-12.24 p }.’ ;

aromatic proton at positio

represented methine proto
—

X-b)

Ring closur ' ethyl anilir itromethylenemalonate
ompound in high boiling

~ point solvent, especially diph&nyl-ethe ilitate the cyclization.

eI ';-

""-_:'.- . {'
The "g—;— - ne reaction was 5' to that of the

7 ox@uinoline.
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preparation of 3-car@e OXY

The IR spectrum of 3-carboethoxy-7-nitro-4-hydroxyquinoline
(XXIX-b) (Figure 12) showed carbonyl absorption peak at 1694 cm-!
and C-O ester stretching vibration peaks at 1198 and 1297 cm-!. The
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peak at 1635 cm~! was from C=N stretching vibration. In addition, the
region at 2890-3150 cm-1 represented C-H stretching vibration whereas

C-H bending peak was found at 1468 cm-1. The peak at 1381 cm-! was
ascribed to O-H bending vibration. Two peaks at 1567 and 1356 cm™

were assigned for N-O stretching \7

?ratlon
The 1H—’\T§W4’ 3-carboethoxy-7-nitro-4-

at 1.29 ppm assig e ester moiety, whereas
the two-proton qu ssigned to the adjacent
methylene protons doublet of doublets, 1H
J=8.8, 2.1 Hz) was idey proton at position d. The
doublet at 8.36 ppm ( oried to the aromatic proton
at position ¢ and another a} J=2.1 Hz) to the proton at
position e. The ofig-pi ' esented the aromatic

methine proton adjacent to nif ‘i ly the broad peak of
hydroxy proton appgred at 12.57 ppm

3- Carboethoxﬂ-u %ch’qoroquuﬂnz M:])ﬂ ‘j
ammﬂm Wk ERGE

B8-Carboethoxy-4,7-dichloroquinoline ~ was  prepared from
chlorination of 3-carboethoxy-7-chloro-4-hydroxyquinoline using thionyl
chloride as chlorinating agent. The phenolic hydroxy group was replaced
with chlorine atom to produce 3-carboethoxy-4,7-dichloroquinoline. This
synthetic procedure was performed according to the method by Kaslow

and Clark (1953).
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The possible mechanism of this chlorinaion involves the attack
of the hydroxy group of 3-carboethoxy-7-chloro-4-hydroxyquinoline on
the thionyl chloride to give an intermediate and a molecule of hydrogen
chloride, which then combine to give the hydrochloride salt. This
intermediate then undergoes nucleophilic aromatic substitution by

chlorine atom. The process. of ubstitution is facilitated by the

presence of the positive charge at n m and the final stage was

the lost of sulfur dioxide..#he mec 7 own as followed:

AN MBI Hhe

The IR spectrum of 3-carboethoxy-4,7-dichloroquinoline (XXX-

a) (Figure 15) showed peaks in the region 2869-3074 cm-! assigned for

aromatic and aliphatic C-H stertching. The strong peak at 1728 cm-1 was
C=0 stretching vibration peak of ester carbonyl whereas peaks at 1197
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and 1228 cm-! represented C-O (ester) stretching. In addition, the peak
at 1582 cm-1 was identiﬁed' as C=C stretching vibration and the one at

1472 cm-1 as aliphatic C-H bending peak.

The 1H-NMR spec arboethoxy-4,7-dichloroquinoline
(XXX-a) (Figure 16-17) aeteristic peaks of ethyl ester group
at 1.47 ppm (triplet a5 1 ppm (quartet, 2H) for
methylene protons. Thesbedk a \ ucal shift 7.65 ppm (doublet of

doublets, 1H, J=9.1, 18 ited the aromatic proton at position
d which also coupled#to £h proton-at position e at 8.15 ppm
(doublet, 1H, J=1.8 Hz) afidl Position’c at 8,35, ppm (doublet, 1H, J=8.9
Hz). The methine protgh adjac ." en atom appeared as a singlet
at 921 ppm. dvi

3-Carboethoxy-4 hlore-7-

i '
3 Carboethgsy 4- chloro-7—mtroqu1nolme was synthesized by the

chlorination ﬂ ﬂaﬂc@hﬂyﬁ MW@SZ}MIme The method

and mechanist! were the sameas in the &reparatlon 0&3-carboethoxy-

+7-aSpHPARN U NN1INE1AE

The IR spectrum of 3-carboethoxy 4-chloro-7-nitroquinoline

(XXX-b) (Figure 18) showed peaks at region 2865-3102 cm-! which
accounted for aromatic and aliphhatic C-H stretching. The strong peak at

1737 cm~ was C=0 stretching vibration peak of the ester carbonyl ,while
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two peaks at 1210 and 1235 cm-1 represented C-O (ester) stretching. In
addition, the peak at 1587 cm-! was identified as C=C stretching

vibration and the peak at 1471 cm~! could be assigned to aliphatic C-H
bending. Two peaks at 1533 and 1350 cm™ represented N-O stretching

vibration.

arboethoxy-4-chloro-7-
nitroquinoline (XXX=0) (F ' haractenstlc ethyl ester
peaks at chemical s : -’ or methyl protons and
4.54 ppm (quartet,

(doublet of doublets,

he peak at 8.46 ppm
ented the aromatic proton

at position d, ortho-cotipl proton doublet at 8.59 ppm of the

-J'.a',f

o

aromatic proton at position e-£J=9.4 H7), whereas the broad singlet at

m-ﬂ “." o

9.03 ppm could be yrofon at position e. The

- methine proton adj ared as a singlet at 9.33

ppm. m

L

Synthesis of mrazoﬂqunnﬂone ?;'rgameﬂ f] ﬂ ‘j

¢

q w’] aq ﬂim uw’lq ﬂ EIfll‘@roqumohne and

@The reaction between 3-carboethoxy-4,7-dic

phenylhydrazine gave the desired pyrazoloquinolone derivatives.

This reaction involves nucleophilic aromatic substitution, with
hydrazine serving as the nucleophile. Initially, the attack by amine group

of hydrazine on 3-carboethoxy-4-chloroquinoline gives the intermediate



47

precursor (B). The carbonyl carbon of the ester is then attacked by the
second nitrogen lone pair electrons to give pyrazoloquinolin-3-one

intermediate (BI). The intermediate (BI) successively loses ethanol to
form pyrazoloquinolin-3-one (BII) which can be tautomerized to give the

target compound (BIII). The mechanism was shown as followed:

OCH,CHj

ﬁﬁaqwﬁnﬁwawni
QAT TR

1 =i C' “NOZ
H

(BIID)

Scheme 6 Mechanism of the formation of pyrazoloquinolone

derivatives
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7-Chloro-2-phenylpyrazolo-[4,3—c]-quinolin-3-onel (CU-736-09-01)

The synthesis of 7-chloro-2-phenylpyrazolo-[4,3-c]-quinolin-3-
one (CU-736-09-01) was readily accomplished by heating a mixture of 3-
carboethoxy-4,7-dichloroquinoline with phenylhydrazine at 130-150°C in
| ’ -09-01) precipitated in xylene and

The mechani 1 was as above.

The IR spe / J-phenylpyrazolo-[4,3-c]-quinolin-
he peak at 1616 cm™ for
C=0 stretching vibrati 158 “: m =N stretching vibration, the

xylene. The desired product

could be easily separate

The 'H-NMR It enylpyrazolo-[4,3-c]-
quinolin-3-one (CU=736-09-01) (Figure 22-23) sﬂ)wed peaks at chemical

shifts of at 7ﬁ Q7 4Ej % 1 &7 ' pﬁotons at position a
(triplet, 1H), by Hip et, Zﬂ %mﬁm respectively, of the
o QAR B PTCLEAI Y A TV Bp o208

represenfed the aromatic proton at position d which was meta-coupled to
the proton at position ¢ (doublet, 1H, J=2.1 Hz) at 7.72 ppm and ortho-
coupled to the proton at position e at 8.20 ppm (doublet, 1H, J=8.6 Hz).
The one-proton singlet at 8.75 ppm represented the proton adjacent to

nitrogen atom of the pyridine system.
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The 500 MHz HH COSY spectrum of CU-736-09-01 (Figure
25-26) showed the peak at 7.17 ppm, assignable to the proton at position
a of the phenyl ring, vicinal coupled (J=7.3 Hz) to both protons at
position b and also long range coupled (J=1.0 Hz) to another two protons
at position f. The peak at 7.56 ppm, assigned to the proton at position d
(Hy), exhibited cross peak wi proton (J=8.5 Hz) and long
range coupled (J=2.1 Hz —

The 125 -736-09-01 (Figure 24)
showed fourteen s Hence, there were two
signals of represent ie phenyl ring. From the
125 Mhz CH-COSY ig : e signal at 118.66 ppm
could be assigned to E * .' AR ot 12868 ppm to C-13

and C-15. The carbon ) 8 404, 124.10, 126.52, 139.96
and 161.43 ppm yﬁere__m@ gnéd to' CI5E-14, C-8, C-7, C-3 and C-1,

and C-6 should bejss1 e
136.52, 139.93 and 142,33 ppm.

ﬂ‘uﬂ’ﬂ NYNTNYING
The EIMS spectrumi of 7-chlero-2-phenylpyrazolo-[4,3-c]-
rina B BT 0 SR DL B g
m/e 295 represented the molecular ion. The fragments at m/e 77, 105,
127,162, 176, 190, 266 and 267 were proposed in Scheme 7.

ﬂﬂ!os 68, 117.46, 134.24,
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Scheme 7  Fragmentation pattern of 7-chloro-2-phenyl-pyrazolo-[4,3-

c]-quinolin-3-one
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7-Nitro-2-phenylpyrazolo-[4,3-c]-quinolin-3-one (CU 736-09-02)

The desired product (CU 736-09-02) was obtained by heating a
mixture of 3-carboethoxy-4-chloro-7-nitroquinoline  with phenyl-

hydrazine at 130-150°C in xyler 7-Nitro-2-phenylpyrazolo-[4,3-c]-

quinolin-3-one precipitat was then easily for separated

Iy
The 'H-NMR. spectrum of , 7-nitro-2-phenylpyrazolo-[4,3-c]-

quinolin-3- orﬂ&é&h%%ﬂﬂ@‘ﬂ 5) shbiwell peaks at chemical

shifts of at 7. 2 , 7.45 and 8.18 ppm representing 'g]omm at position a

(it ), 8 QE) 28 b iobiab b} Webekhvety, of e

phenyl m01ety The doublet of doublets at 8.28 ppm (1H, J=8.8, 2.1 Hz),
represented the aromatic proton at position d which was meta-coupled to
the proton at position ¢ (doublet, 1H, J=2.4 Hz) at 8.53 ppm and ortho-
coupled to the proton at position e at 8.20 ppm (doublet, 1H, J=8.8 Hz).
The one-proton singlet at 8.89 ppm represented the proton adjacent to

nitrogen atom of the pyridine system.
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The 500 MHz HH COSY spectrum of CU-736-09-02 (Figure
34-35) showed the peak at 7.20 ppm, assignable to the proton at position
a of the phenyl ring, vicinal coupled (J=7.3 Hz) to both protons at
position b and also long range coupled (J=1.2 Hz) to another two protons

at position f. The peak at 8.28 ppm, assigned to the proton at position d

signals of representi oF: I on atoms, of phenyl ring. From the

125 Mhz CH-COS

and C-15. The carbon Sigiafs-af 1153420 4, 123.6, 124.4, 141.1, and

161.3 ppm were. assigh -8,,C-14, C-3 and C-1,
respectively. Frofr/calculation; the carbe C-9, C-4, C-11, C-10
and C-6 should be gbignot® jeal shift 106.9, 123.4, 135.6, 139.7,

e T Ananinenns

1SN i (e

m/e 306 represented the molecular ion. The fragments at m/e 77, 105,
231, 260, 276 and 277 were proposed in Scheme 8.
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Scheme 8  Fragmentation pattern of 7-nitro-2-phenyl-pyrazolo-[4,3-

c]-quinolin-3-one
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