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ABSTRACT

Treatment of E-3-(3-(dimethylamino)acryloyl)-1-ethyl-4-hydroxyquinolin-
2(1H)-one with glacial acetic acid and/or thionyl chloride afforded
pyrano[ 3,2-c]quinoline-4,5-diones while its a-electrophilic substitution
reactionswith allyl isothiocyanate and p-nitrobenezenediazonium chloride
furnished the N-allylthioamide and arylazo-enol derivatives. The latter
arylazo-enol derivative was subjected to heterocyclization some active
methylene esters affording new pyrazole and pyridazine derivatives. The
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reaction of thetitled enaminonewith some 1,2-, 1,3-, and 1,4-binucleophilic
reagentsled to formation of novel quinolinones bearing variousfive-, six,
and seven-membered heterocyclic substituents at position-3.
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INTRODUCTION

Quinalinesingenerd and quinolinonesin particular
represent afamily of themost active classes of hetero-
cycliccompoundspossessing awidevariety of sgnifi-
cant medicind, pharmacologica andindustrid applica
tiong. With more than 800 million patientstreated,
quinolinonesare currently one of themain classes of
agent intheantimicrobial armamentarium, withthera-
peuticindicationshaving evolved from urinary tract in-
fectionsintheearly 1970sto infectionsof amost all
body compartments at the present time”®. Onthe other
hand, B-enaminone derivativesof quinolinonewere
found aswidespread building blocksin heterocyclic
synthesisof interesting anti parasitic agents®9. Thus, the
versatilechemica propertiesof f-enaminonesysemto-
wards some el ectrophilic and nucl eophilic reagents'®

evoked our attention to utilize E-3-(3-
(dimethylamino)acryl oyl)-1-ethyl-4-hydroxyquinolin-
2(1H)-one asstarting material to exploreand synthe-
size somenew heterocyclic systems assubstituents at
position-3 of quinolinoneof expected antiparasitic ac-
tivity.

RESULTSAND DISCUSSION

(E)-3-(3-(Dimethylamino)acryloyl)-1-ethyl-4-
hydroxyquinolin-2(1H)-one (1) wasobtained viathe
condensation reaction of 3-acetyl-1-ethyl-4-
hydroxyquinolin-2(1H)-onewith dimethylformamide
dimethylacetal (DMF-DMA), as previously de-
scribed™. It was reported that when -enaminones
were treated with boiling acetic acid, electrophilic
trimerization took placeleadingto 1,3,5-triacylbenzene
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derivatives™. Hence, the enaminone (1) wasboiledin
glacial acetic acid. Characterization of the product
showed that an intramol ecular ring closure occurred to
give6-ethylpyrano| 3,2-c]quinoline-4,5(6H)-dione (2)
instead theexpected 1,3,5-triacyl benzene derivative (3)
(Schemel). IR spectrum of the pyranoquinolinedione
(2) showed absorption band at n 1670 cnr* (C=0)
due to pyranone, and 1640 cm? (C=0) due to
quinolone. *H NM R spectrum showed the presence of
characteristic aH-pyran-4-one proton, asdoubl et at &

=9.01. Treatment of the enaminone (1) with thionyl
chloride, indry benzene, afforded theangular tricyclic
system; 6-ethyl-4,5-dioxo-5,6-dihydro-4H-
pyrano[ 3,2-c|quindline-3-sulfinicacid (4), ingoodyidd.
H NMR spectrum of compound (4) confirmed the
existence of anacidic group (SO,H), which appeared
asabroad singlet at 6 14.82 and aH-pyarn-4-one pro-
ton that appeared as singlet at 6 9.20. These results
confirmed existenceof asmilar intramolecular cycliza
tion accompanied by sulfination (Scheme 1).
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Scheme 1 : Someelectrophilicreactionswith theenaminone (1)

Theelectrophilicreaction of alyl isothiocyanate
with the enaminone (1), in presenceof triethylamine,
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afforded the N-allyl propenethioamide (5) (Scheme 1).
Inadditionto elemental analysis, structure evidences
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of which were gained from the *H NMR spectrum
which revealed the specific signal setsof theN-allyl
and dimethylaminomethylenegroups(TABLE 1). The
enaminone (1) was smoothly coupled with 4-
nitrobenzenediazonium chloridetoyield the corre-
sponding arylazo-enol (6), ingoodyied (Scheme 1).
Analytical dataof the product (6) revealed the hy-
drolysisof dimethylamino group of theenaminonesys-
tem, during the course of reaction. *H NMR spec-
trum (DM SO-d,) indicated that in solution the prod-
uct (6) exisssmainly inthe a-arylazo-enol form. Thus,
two specific signalswereobserved at 6 6.35and 8.58

OEt

CICH,CO,Et / K,CO,

—= Pyl Peper

(exchangeablewith D,O) dueto enolic C=CH-OH.
Oppositdy, IR spectrum (K Br) showed the predomi-
nance of the a-hydrazone-aldehydeforminthe solid
state. Inaddition, IR spectrum confirmed the exist-
ence of characteristic band due to H-bonded N-H
and O-H groups at v 3285-3100 cm™* and stretching
band characteristic for formyl group (CH=0) gppeared
atv 1661 cnr!(TABLE 1). Thesefindingslead to con-
clude that the product (6) existsin tautomerismin
which azo-enolic form predominatesin solution state
while hydrazono-al dehydic form predominatesin solid
state.

~ ~

DMF/ A/ 3h
56 %
oi o N CNCH,CO,Et Ipiperidine 8
| dioxane/ A/ 4h
N 66 %
| OH ©
N“ Yo ToH
I\ X /N\N,Ar
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Scheme2 : Somecyclization reactionswith the hydrazonopropanal derivative (6)
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The arylazo-enol (6) reacted with ethyl
chloroacetate, in presence of potassium carbonate, to
givetheethyl 1,3-disubstituted pyrazole-5-carboxylate
(7) (Scheme2). TheH NM R spectrum of compound
(7) reved ed the presence of ninebenzo-protonsdueto
quinoline 1,4-disubstituted benzene, and 4-H of
pyrazole. In addition *H NMR spectrum showed the
presence of chemicd shift Signd sduetwo protons sets
of both N-ethyl and O-ethyl groups. IR spectrum forti-
fied the proposed orientation of heterocyclization show-
ing existence of strong absorption bands at v 1744,
1675, and 1636 cm* dueto carbonyl functions of es-
ter, ketone, and quinoline-2-one moieties, respectively.

Treatment of the arylazo-enol (6) with ethyl
Cyanoacetate, in presenceof piperidine, produced ethyl
1,3-disubstituted 6-iminopyridazine-5-carboxylate (8)
(Scheme 2). Exclusion of formation of the possible 6-
oxopyridazine-5-carbonitrile (9) was based on the
presence of atypical carboxylate function was ob-
served at v = 1720 cm* and absence of specific C=N
stretching band in IR spectrum of the product. *H
NMR spectrum showed the existence of both N-ethyl
and O-ethyl set of protons. Moreover, the presence
of broad singlet proton at 6 = 9.21 dueto animino
(N-H) (TABLE 1).

Thereaction of the arylazo-enal (6) with diethyl
malonate furnished ethyl 1,3-disubstituted 6-
oxopyridazine-5-carboxylate (10) (Scheme 2). IR
spectrum of the pyridazinone (10) showed specificab-
sorption bondsat v 1748 and 1705, 1675, 1626 cn?
dueto carbonyl functions of ester, pyridazine-6-one,
ketone, and quinolin-2-onemoieties, respectively. *H
NM R spectrum of the pyridazinone (10) showed the
presence of chemicd shift Signd sduetwo protons sets
of both N-ethyl and O-ethyl groups(TABLE 1).

When the enaminone (1) was subjected to react
withmalononitrile, in presence of sodium ethoxide, the
adduct; 5-oxopentamide (11) was obtained (Scheme
3). Themass spectrum of theamide (11) showed peak
at m/z (I %): 370 (6.13) due to molecular ion (M*,
C,H,,N,O,e"). IR spectrum of theamide (11) exhib-
ited stretching vibrational bandsat v 4520, 3389, 3273
cm* dueto O-H and amide NH,,, and 2225 cm* due
to C=N. In addition to three different absorption bands
at v 1685, 1678, and 1644 cm* due to (C=0) func-
tions of amide, ketone, and quinolin-2-onemoieties,
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respectively (TABLE 1). Moreover, 'H NMR spec-
trum reveal ed the presence of thechemicd shiftsdigtin-
guishing thediphatic chain (COCH,CH (NMe,)CH
(CN)CONH.,), beside two singlets of N,N-dimethyl
group and NH,, protons. Building on theseresults, two
observations on the structure of the adduct (11) are
noted; (i) thedimethylamineisnot eliminated asusud,
(i) partid hydrolysisof oneof thetwo carbonitrilegroups
took place. In consequence of these results it was
thought that the reaction proceeded viaMichael addi-
tion and aconsequent acid hydrolysisof acarbonitrile
group to acarboxamide one might take place during
work-up. Furthermore preparative verification of struc-
ture of theamide (11) wasachieved through obtaining
the same product by the addition reaction of
cyanoacetamidewith theenaminone (1), under similar
reaction conditions (Scheme 3). Intramolecular
heterocyclization of the amide (11) was smoothly
achieved, inboiling glacial acetic acid, giving the 3-
(pyidin-2-yl)quinolinonederivetive (12) (Scheme3).H
NM R spectrum presented signa sspecific for chemical
shiftsof B- and y-protonsof pyridineexist withinthe
aromaticregionat 6 7.33-8.07 and the proton of (O=C—
N-H <> H-O—C=N) of a-pyridone moiety, as broad
singlet at 6 13.41 nearby chemical shift at 6 13.93 of
O-H of 4-hydroxyquinoline.

Interestingly, thereaction of theenaminone (1) with
thecommercialy available 3-amino-5-hydroxy-1H-
pyrazole or cyanoacetohydrazide gave the same prod-
uct (13) (Scheme 3). The structure of the product;
pyrazol o] 3,4-b]pyridinederivative (13) wasestablished,
on basisof anaytical and spectrd results. In*H NMR,
itisobserved that they-proton at of pyridine beinflu-
enced by anisotropic effect of C=0, causing the ob-
served more downfield shift to d 8.45. Besides, two
singlet peakswereseen at 6 9.99 and 10.29 owingto
two N-H groups (TABLE 1).

The enaminone (1) was subjected to react with hy-
drazinehydrate™?, to afford the 1H-pyrazolederiva
tive (14) (Scheme4). It was stated that thereisarapid
equilibriumin5-subgtituted 1H-pyrazoletoitstautomer;
3-substituted 1H-pyrazole*d. *H NMR spectrum
(DM SO-d,) of the product showed the appearance of
N-H signal at a relatively more downfield chemical shift
(6 13.42) than the normal chemical shift of similar
heteroaromatic N-H. This result suggest the presence
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of strong hydrogen-bonding (C=0--H-N) which leads
to structurefixation. Hence, asaresult, thisdiminishes

—= Pyl Peper

fast equilibration between thetwo tuatomersand the 5-
substituted 1H-pyrazole tautomer predominates.

0
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Scheme 3: Reaction of some active methylenenitrileswith the enaminone (1)

Theenaminone (1) wasreacted with hydroxylamine
hydrochloride, toyidd aproduct that may beformul ated
asdther 3-subdtitutedisoxazoleor 5-substitutedisoxazole
regioisomers (15) (Scheme 4). 'H NMR spectrum
showed the existence of 3'-H proton of theisoxazole
appeared at 6 8.61. Thislet usexcludethestructure of
3-substituted isoxazole, in which one expect amore
downfield chemical shift of 5-H proton of theisoxazole
dueto neighboring of whichto amoree ectronegative
oxygen. Thisfindingisinagreement withsmilar results
which have been reported by Chimichi et al .4,

The reaction of the enaminone (1) with S
methyli sothi oureaafforded the 2-(methylthio)pyrimidine
derivative (16) (Scheme4). The characterization of the
structure (16) showed that heterocyclizationisdirected

totake placeat the enaminone chain. Thus, IR spec-
trum confirmed the presence of astretching band, due
to phenolic OH function, appeared at v 3444 cm* and
H NM R spectrum reveal ed the disappearance of sig-
nals specificfor N (CH,),, in additionto presence of
two olefinic protons appeared at more down-field
chemical shiftsé 8.34 and 8.68 and with coupling con-
stant of J8.68 Hz specificfor 5-H and 6-H protons of
pyrimidinering (TABLE 1).

Similar treetment of theenaminone (1), with guani-
dine hydrochl oride and cyanoguanidine, furnished the
corresponding 2,3-disubstituted pyrimidines (17a) (R
=H) and (17b) (R = CN), respectively (Scheme 4).
The analytical and spectral data of both derivatives
(17a),(17b) werefound inuniformity with thesuggested
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formula. *H NMR spectrum of the aminopyrimidine
(17a) demonstrated two doubl et signalsat 6 8.09 and
8.42 (J = 8.1 Hz) characteristic for 5-H and 6-H of
pyrimidine. IR spectrum of the cyanoaminopyrimidine
(17b) indicated an absorption band at v 2197 cm* spe-
cificfor (HN—C=N <> N=C=NH). The 3-substituted
2-hydrazinopyrimidine(17c) isanother 2,3-disubgtituted

of the 2-(methyl thio)pyrimidine (16) with hydrazine hy-
drate, in80%yield (Scheme4). In additionto IR spec-
trum which exhibited stretching bandsat v 3427, 3336,
3272 due to NH, and N-H groups. *H NMR spec-
trum reveal ed the absence of the signa specificfor S-
CH, protons, besi dethe appearance of new two broad
signalsat 6 4.63 and 9.01 dueto NH, and N-H pro-

pyrimidinederivativethat wasobtained by thereaction  tons, respectively (TABLE 1).
OH HN-N  NH,NH,H,0 NH,OH.HCI OH  o-N
~ EtOH/A/3h ActOH/A/4h S
N 79 % 85 %
- S
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Scheme4: Reaction of some 1,2- and 1,3-binucleophileswith theenaminone (1)

Thereaction of theenaminone (1) with 4-amino-6-
methyl-3-thioxo-3,4-dihydro-1,2,4-triazin-5(2H)-one
(18)*%, in glacial acetic acid, furnished the B-
(triazinylamino)propenone (19) (Schemeb5). Surpris-
ingly, in contrary to the enaminone (1), which assumes
E-configuration, it was proved that theenaminone (19)
assumes Z-form. Thiswaseasily evidenced by its*H
NMR spectrum. Thus, *H NMR of theenaminone (19)
showed the appearance of two doublets at 6 7.01,

@Wu'c CHEMISTRY —

(COCH=CH-N), and 8.65 (COCH=CH-N). Both
doublet sgnashaveJ=85Hz, two broadsinglet which
ischaracteristic for Z-akenes. In addition appearance
of the chemical shift of the enamine N-H, at a more
down-field 6 10.91, indicated the presence of strong
intramol ecul ar hydrogen bonding which only possible
inZ-configuration. TheN-H signa of E-formwould
appear at much higher field (6 = 4-8) than those of the
Z-form (5 =9-13)19, Anyhow several attemptsto carry
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Scheme5: Reaction of some 1,4-binucleopileswith theenaminone (1)
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out ring-closureof the -(triazinylamino)propenone(19)
in order to obtain the corresponding
triazi nothiadiazepinone (20) are not success. Thismay
back to the previoudy discussed Z-formwhich steric
hindered intramol ecul ar attack and/or existence of the
S-atom asthioxo rather than thenucleophilicaly more
activethiol form.

The enaminone (1) was subjected to react with
semicarbazide hydrochl orideand thiosemicarbazide, as
1,4-binucleophiles(Scheme5). Theanticipated struc-
ture of the products; 5-substituted 1,2,4-triazepin-3-

one(21a) and 5-substituted 1,2,4-triazepine-3-thione
(21b), wasestablished on basis of elemental analyses
and spectra data. For instance, *H NM R spectrum of
compound (21a) showed the characteristic chemical
shifts of two protons, at 6 12.30 and 13.40, corre-
sponding to triazepinonering (N-H) protons, in addi-
tionto presence of 6 aromatic protonsat 6 7.33-8.07,
four benzo protonsand two triazepine protons (TABLE
1). Treatment of the enaminone (1) and o-
aminothiophenal, inglacid aceticacid, furnished the 2-
substituted 1,5-benzothiazepine (22) (Schemeb). IR

TABLE 1: Analytical and spectral data of the new compounds(2-25)

Microanalysis M ass
No. M. Formula - caied /Found IR, v (cm™) IH NMR, & M*
(M. Wt) | %
C% H% N% (1%)
1670 (C=Oyy ), 1640 (DM SO-dg): 1.23 (t, 3H, NCH,CHs), 4.26 (q, 2H,
5 CuHuNO; 69.70 4.60 581 (C=0yy e)pyﬂié (C.O NCH,CHa), 7.13 (t, 1H, 9-H), 7.35(d, 1H, 7-H), 7.58 (t, 241
(241.25) 69.63 455 580 ‘ q“'“O'mC') 1H, 8-H), 8.01 (d, 1H, 10-H), 8.65 (d, 1H, 3-H), 9.01 (d, (36.94)
1H, 2-H)
CHANOS 5508 363 dgo o eo (O-H), 1667 cpcly): 1.21 (1, 3H, NCH,CHs), 4.25 (g, 2H, NCH,CHs),
4 UILIT-S ' . ' (C=Opyrone). 1640 7.26-8.16 (M, 4H, Haom), 9.20 (s, 1H, 2-H), 14.82 (s, 1H 305
(305.31) 55.00 3.62 4.55 (C=Ogunoione), 1372-1189 "<~ » S Haom)s = ' il ' (7.85)
a SO,-H)
(S0,
(CDClg): 1.35 (t, 3H, NCH,CHs), 3.06 (s, 3H, N(CH3),),
3427 (O-H), 3189 (N-H). 35575 31, N(CHa),), 4.28 (0, 2H, NCH,CHs), 5.25 (d.
5 CaHzN3O;S 62.32 6.01 10.90 1679 (C=Ogone), 1634 NCH,-CH=CH,). 5.80 (m, 1, NCH,-CH=CH,). 6.40 385
(385.49) 62.31 5.69 10.80 (C=Ogyinoione), 1337, 1218, ’( d 24 NCHZ_CH’:CHZ) 712895 (m, 5H o (2.17)
1170 (NHC=S) N(CHs), + Haom), 9.52 (s, 1H, N-H), 13.45 (s, 1H, O-H)
3285-3100 (N-H, O-H), Y
6 CawHiNOs 58.82 3.95 13.72 1675 (C=0), 1661 (C=0), N(g_':gcsﬁa)d% ;ézfs(tinéi\lliisc?Ss)éfé2§4(?r'n2gh 408
(408.37) 58.63 3.83 13.70 1630 (C=Oginolone), 1620 e ' e "N (5.56)
(C=N). 1603 Harom), 8.58 (S, 1H, O—Henl), 13.73 (s, 1H, O-H)
3450-2800 (O-H) 1744 (DM SO-dg): 1.22 (t, 3H, NCH,CH5), 1.92 (t, 3H,
2 CaHzNO; 6050 4.23 11.76 (C=Oegq), 1705 OCH,CHg), 4.27 (g, 2H, NCH,CHa), 4.48 (q, 2H, 476
(476.45)  60.23 4.03 11.02 (C=0),1675(C=0), 1636  OCH,CHy3), 7.21-8.58 (M, 9H, Harom + 4-Hpyrazole), 13.58  (22.40)
(C:Oquinolone) (s, 1H, O-H)
341252(&;)6317)0 fg‘;ﬁ)' (CDCly): 1.17 (t, 3H, NCH,CH), 1.73 (t, 3H, OCH,CH3),
g CaxHaNsO; 59.64 4.20 13.91 (C=0), 1638 (E:ﬂ:d o) 4.20 (g, 2H, NCH,CHg), 4.41 (g, 2H, OCH,CHy), 7.28- 503
(503.48) 59.51 4.00 13.65 T quinolonels 8 48 (m, 9H, Haom + 4-Hpyridazine), 9-21 (S, 1H, N-H), 13.34 (28.62)
1620 (C=N), 1205 (C-O- (s 1H O H)
C) S! y
3428 (O-H), 1748
(C=Oeger), 1705 (CDCl3): 1.24 (t, 3H, NCH,CHs), 1.82 (t, 3H, OCH,CHg),
CasHxNOg 59.52 4.00 11.11 504
10 25505{) 48) 8 c938 392 1089 . (C=Oprdainone) 1675 4.26 (0, 2H, NCH,CH3), 4.43 (g, 2H, OCH,CHj), 7.21- 28.73)
' : ' "®7 (C=0), 1626 (C=Oginoione), ~ 8-39 (M, 9H, C-Haom+ 4-Hpyridazine), 13.46 (s, 1H, O-H) "
1610 (C=N)
(DM SO-dg): 1.21 (t, 3H, NCH,CH3), 3.02 (s, 3H,
4520, 3389, 3273 (O-H,  N(CHj3),), 3.22 (s, 3H, N(CH3),), 4.25 (q, 2H, NCH,CH3),
17 CuHz2NO; 6161 599 1513 NH,), 2225(C?N), 1685 551 (d, 2H, NCHCH,C=0), 5.93 (d, 2H, CONH_), 6.40 370
(370.41) 61.60 5.90 15.08 (C=Oanics), 1678 (C=0), (d, 1H, NCHCH(CN)CO), 6.92 (m, 1H, (6.13)
1644 (C=Oginolone) NCHCH(CN)CO), 7.28 (t, 1H, 6-H), 7.36 (d, 1H, 8-H),
7.68 (t, 1H, 7-H), 8.14 (d, 1H, 5-H), 13.70 (s, 1H, O-H)
3440, 3355, 3181(0-H, N-
' ' ' DM SO-dg): 1.23 (t, 3H, NCH,CH3), 4.32 (g, 2H,
1o CuHuN4O; 6644 426 13.67  H), 2216 (C?N), 1660 NC(H CHy) 76)3&8 0(7 (m. 6H H2 )3)13 a1 ((g o 307
(307.31) 66.39 4.21 13.65 (C=Opyridone), 1634 A o oMl S S (36.42)
py

(Czoquinolone) ’ 1606

prridinol)v 13.93 (S, 1H, C%Hquinnlinc:)l)
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Microanalyss

M. Formula Mass
No. i W) Calcd./Found IR, v (cm?) IH NMR, & VE
T C% H% N% (1%)
(DMSO-de): 1.20 (t, 3H, NCH,CHz), 4.26 (q, 2H,
3441-2750 (br, N-H, O-H),  NCH,CHs), 7.24 t, 1H, 6-H), 7.45 (d, 1H, 8-H),
13 C%éggg‘g%‘ gg'% 3'2? g'gg 1600 (C=Opyraoond), 1650 7.66 (t, 1H, 7-H), 7.99 (d, 1H, 5-H), 8.24 (d, 1H, (63;2%1)
: 30 431 1128 (C=Opungon, 1631 (C=N)  5-H), 8.45 (d, 1H, 4-H), 999 (s, 1H, 7-N-H), &+
10.29 (s 1H, 2-N-H), 13.93(s 1H, O-H)
1w CuHiN:O, 6587 513 1646 34262850 (O-H, N-H), 1633 ([lzl'\é'%‘:f)): 17'2391(%1"'([’:‘10;;0:3)’ ;"ﬁ(‘g %s 255
- . — 2 3)y 12 L70. h » larom/y d d
(25528 6567 511 1645  (C=Ogingond. 1610 (C=N) T or at0 e Sy (100)
CuHpN,O; 6562 472 1093 3450 2800 (O-H), 1642 (DMSOG)L25 (L, 3H, NCH,CHy), 4.26(q, 2H, - 5o
15 e et 467 1006 (o0 o 1610 (Coy  NCHACHD, 7.02(d, 1H, 47H), 7.28-824(m 4H, oo
' 61 467 10. kuinolone): Huxon), 861 (d, 1H, 32H), 1356 (5, 1H, O-H). (0
(DMSO-ck): 1.23 (t, 3H, NCH,CHz), 2.64 (s, 3H,
CiHisNsO,S 6132 4.82 1341 3444 (O-H), 1635 (C=0), 1620 S 18): 4:22(G 2H, NCH,CHg), 725 (1 1H, 6-H), 54
16 O elat 41 139 o) 751(d, 1H, 8H), 770 (L 1H, 7H), 80L@ 1H. 1250
: 3147l 13 5-H), 8.34 (d, 1H, 5-H), 868 (d, 1H, 6-H), 1381 18
(s 1H, O-H)
(DMSO-ck): 1.28 (t, 3H, NCH,CHs), 4.25 (g, 2H,
CiHuNO, 6382 500 19.85 3459, 3272, 3151 (O-H, NHy), ' \CHeCHs), 663 (b, 2H, NH,), 669 (d, IH, 5-H), - 0,
178 “ogr30) 6353 477 1961  1634(C=0), 1620(C=N) 27 (LA, 6H), 7.55 (d, 1H, 8H), 779 (L M, - 17 o
: 53 477 19. : 7-H), 8.15 (d, 1H, 5-H), 8.42 (d, 1H, 6-H), 14.18 "
(s 1H, O-H)
(DMSO-dk): 1.2 (t, 3H, NCH,CHs), 4.21 (, 2H,
3451, 3340, 3228, 3170(O-H, NCH,CHs), 7.15 (d, 1H, 5-H), 7.28 (t, LH, 6-H),
17b C%§H0;3’§‘§2 gg'g j‘ﬁ gg'g N-H), 2197 (C?N), 1632 (C=0), 7.46 (d, 1H, 8-H), 7.91 (t, 1H, 7-H), 8.06 (d, 1H, (1%015)
: 36 411 22. 1614 (C=N) 5.H), 861 (d, 1H, 6-H), 901 (s, 1H, N-H), 13.85 1%
(s 1H, O-H)
(DMSO-ck): 1.21 (t, 3H, NCH,CHs), 4.25 (g, 2H,
3427, 3336, 3272 (NH,, N-H,  NCH,CHs), 4.63 (br, 2H, NHy), 7.28 (t, 1H, 6-H),
17¢ 0%523;5';'5;32 %28 i'gg 52451? O-H,), 1630 (C=Oquinoions), 1616 7.36 (d, 1H, 8-H), 7.68 (t, 1H, 7-H), 7.93 (d, 1H, (12272)
: 39 483 23. (C=N) 5-H), 842 (d, 1H, 6-H), 901 (br, 1H, N-H), 1393 (-
(s 1H, O-H)
g (CDCly): 1.24 (t, 3H, NCH,CHy), 2.62 (s, 3H, 6-
34,‘3%42)8(1)27(82; go”‘i)ed'lg;? CHs), 429 (q, 2H, NCH,CHy), 7.01 (d, 1H, J= 85
1o CsHuN:O,S 5413 429 1753 lomop oS Hz, COCH=CH_N), 7.15-8.27 (m, 4H, Hyom), 399
(3943 5412 422 1748 (o | 5NN 1547 BE5(d, 1H,J=85Hz COCH=CH-N), 1091 (s (569)
qmnofEZ:S (S:CfN) ' ' 1H, N—Henanine)v 12.09 (Sv 1H, N_Htriazine): 1358 (S:
1H, O-H)
3435, 3159 (O-H, N—H), 1668 (DMSO-de): 1.23 (t, 3H, NCH,CHs), 4.32 (g, 2H,
CiHuNO;  60.40 4.73 18.78 208
2la %;95‘33) 3 60.36 465 18.82 (C=Okiczepinone), 1628 NCH,CH), 7.33-8.07 (m, 6H, Haom), 12.30, 13.40 (2871)
: 30 465 18. (C=Oquiroione) (br, 2H, 2 N-H), 1396 (5, 1H, O-H) :
oy CisHuNiO,S 5731 449 17.82 3393 3197 (O-H, N-H), 1647 ,\(lgmsc%‘;@:?lz'él&gmN&HfH3))' ‘;'f‘(‘)éqﬁg'z 314
— = 2 3)s - d s » Farom)s . y .
(31437)  57.22 443 17.63 (C=0), 1321, 1274 (S=CN) e A (32.24)
ConleNzozs 68.95 4.63 8.04 3429 (O—H), 1632 (C:Oquinolone)v (DMS(}ds)Z 1.28 (t, 3H, ’\!CHZCH;:,), 4.25 (q, 2H, 348
2 R o 48 79 17 (o) NCH,CHy), 653 (d. 1H, 3H), 7.14 817 (m, OH. 300
: 37 48L 7. Huom + 4-H), 13.74 (5, 1H, O-H)
o (DMSO-dg): 1.23 (t, 3H, NCH,CHy), 2.92 (s 1H,
3420, 3226, 3174 (O-H, N-H), - oy 99/ 2H, NCH,CHS), 6.88 (d, J= 7.1 Hz
CrHuFNOSS 4800 332 1646 1660 (C=Ogord), 1630 : 425
2 T 42539)  47.85 320 16.26 (C=Oingony), 1623 (C=N), 1357, i COCH=CHN), 7.12-7.99 (M, 4H, Haom), 5 gq
: 85 320 16. ey T 841(d, 9= 7.0 Hz, 1H, COCH=CH N), 11.02(s
1H, N-H), 13.81 (s, 1H, O-H)
o5 CuHuFsNsOS 50.12 297 17.19 3445 (O-H), 1628 (C=Ogircion) (EIACA,_S'%E,G)): %gﬁtéﬂ'(mcgﬁcg ) ;1'21%(??55 ?? a7
(407.38) 5012 2.88 17.75 1606 (C=N) 2CHg), 6.87-8.14 (M, 6H, Haom), 13.39(S, 19 45

1H, O-H)
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spectrum of the benzothiazepine (22) showed an ab-
sorption band at v 3429 cm™ due to H-bonded OH
(S-H-0). *H NMR spectrumillustrated the di sappear-
ance of the N,N-dimethylamino group and arelative
integration of aromatic protonsat 6 7.14-8.17, equiva-
lent to ten protons; eight benzo protons and two
thiazepineprotons.

Whenthereaction of theenaminone (1) and 4-amino-
5-(trifluoromethyl)-4H-1,2,4-triazole-3-thiol (23) was
carried out, inwarm (50-60 °C) glacid aceticacid, the
Z-B~(1,2,4-triazol-4-yl)amino)propenonederivative (24)
wasobtained, in51%yied (Schemeb5). IR spectrum of
the product reveal ed the presence of N-H group at v
3174 cm™. *H NMR spectrum confirmed that (NH,)
group wasinvolved inthe nucleophileattack whereno
indicationfor itsspecificsgnd, whereasasnglet signa
at 6 2.92 dueto S-H group was observed. In addition a
broad singlet appeared at 6 11.02 dueto the proton of
hydrogen-bonded N-H. This enaminone (24) aswell as
theenaminone 19 assumes Z-configuration by meansof
presence of two doubletsat d 6.88 and 8.41which have
J=7.1Hz(TABLEL).

Intramolecular cydization of theenaminone (24) was
achieved, viabailing of whichin glacid aceticacid, giv-
ingthe 3,8-disubgtituted triazol of 3, 4-b thiadiazepine(25),
in68% yield (Schemes5). IR spectrum showed an ab-
sorption band at v 3445 cmrt dueto O-H group which is
not extended as usua (N--H-0). *H NMR spectrum
reveded achemicd shift a ardaivey higher fidd$ 13.39
singlet wasattributed to hydrogen-bonded O-H of the
type(S-H-0). Affirming the type of H-bonding is based
onrecdlingthat chemica shift of hydrogen-bonded O-
H of thetype (N-~H-O) usually appears at 6 14.00+0.25.

EXPERIMENTAL

Mélting pointsareuncorrected and weredetermined
in open capillary tubeson adigital Stuart SMP3. IR
spectraweretaken on Perkin-Elmer FT-IR 1650 spec-
trophotometer, using samplesin KBr disks. *H NMR
spectra were recorded on Varian Gemini-200 (200
MH2z) or JEOL ECA (500 MHZz) NMR spectrometers,
using DMSO-d, or CDCI, asthesolventand TMSas
internal reference. Mass spectraweredeterminedon a
Shimadzu GC-MS-QP 1000 EX or NRC-GC/MS
spectrometersby direct inlet, operating at 70 eV. El-
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emental microanalyses were performed on aPerkin
Elmer CHN-2400 Analyzer at Cairo University and
Microanaytical Center.

(E)-3-(3-(Dimethylamino)acryloyl)-1-ethyl-4-
hydr oxyquinolin-2(1H)-one(1)

(E)-3-(3-(Dimethylamino)acryl oyl)-1-ethyl-4-
hydroxyquinolin-2(1H)-one (1) was prepared accord-
ing to thereported literature method™.
6-Ethyl-4H-pyrano[3,2-c]quinoline-4,5(6H)-dione
@)

Theenaminone (1) (2.86 g, 10 mmoal), inglacial
aceticacid (20mL) wasrefluxed for 2 h, and then | ft
to cool to room temperature. The solid product so
formed was collected by filtration, air dried and crys-
tallized from DMFwater (1:1) to givedark brown crys-
talsof the pyranoquinolinedione (2). Yield 1.65g (77
%), m.p. 137 °C (decomp.).

6-Ethyl-4,5-dioxo-5,6-dihydro-4H-pyrano[3,2-
c]quinaline-3-aulfinicacid (4)

To astirred solution of theenaminone 1 (2.86 g,
10 mmol), indry benzene (25 mL ), thionyl chloride
(1.18 g, 10 mmol) was added portion-wisewithin 1
h. The reaction mixture was|eft under stirring over-
night. The solvent was evaporated in vacuum and the
resulting oil was solidified using petroleum ether. The
solid wasfiltrated, washed with cold ethanol and crys-
talized from dioxane-water (3:2) to givebrown crys-
talsof thesulfinicacid (4). Yield 1.98 g (65 %), m.p.
129-130 °C.

Z-N-allyl-3-(dimethylamino)-2-(1-ethyl-4-hydr oxy-
2-0x0-1,2-dihydr oquinoline-3-car bonyl)-prop-2-
enethioamide (5)

To a solution of the enaminone (1) (2.86 g, 10
mmol),inDMF (20 mL), alyl isothi ocyanate (0.99 g,
10.5mmol), afew dropsof triethylaminewere added.
Themixturewasrefluxed for 2 h, the solid obtained
after coolingwasfiltrated of and crystalized from ben-
zeneto giveorangecrystalsof thethioamide (5). Yied
2.78 9 (72 %), m.p. 112114 °C.

1-Ethyl-4-hydroxy-3-(Z-3-hydr oxy-2-[ E-(4-
nitrophenyldiazo)acryloyl]quinolin-2(1H)-one(6)

A cold (0-5 °C) solution of 4-
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nitrobenzenediazonium chloride(1.85g, 10 mmol) was
added with continuous stirring to acold solution of the
enaminone (1) (2.86 g, 10 mmoal), in ethanol (50 mL
95%) containing sodium acetate (1.64 g, 20 mmol).
The mixturewasstirred at room temperaturefor 1 h
and the solid product so formed was collected by fil-
tration, dried and crystallized from DM Fto give deep
orange crystalsof thediazo-enol derivative (6). Yield
3.51g (86 %), m.p. 239-241 °C.

Ethyl 3 - (1-ethyl-4-hydroxy-2-0xo0-1,2-
dihydroquinoline-3-car bonyl)-1-(4-nitrophenyl)-
1H-pyrazole-5-carboxylate (7)

Toasolution of thediazo-enol derivative(6) (2.04
g, 5mmol), inDMF (20 mL ), finedivided potassium
carbonate (2.07 g, 15 mmol) was added followed by
addition of ethyl chloroacetate (1.22 g, 10mmol), then
thereaction mixturewasrefluxed for 3h. Thesolid prod-
uct, soformed, wasisolated by filtration, washed with
ether, dried and crystallized from benzeneto giveyel -
lowish crystals of the pyrazole (7). Yield 1.33 g (56
%), m.p. 165-167 °C.

Ethyl 6 - (1-ethyl-4-hydroxy-2-0xo0-1,2-
dihydroquinoline-3-carbonyl)-3-imino-2-(4-
nitrophenyl)-2,3-dihydr opyridazine-4-car boxylate
€S)

A mixtureof thediazo-enol derivative (6) (2.04 g,
5mmol) and ethyl cyanoacetate (1.13g, 10 mmol), in
dioxane (30 mL) containing few drops of piperidine,
wasrefluxed for 4h. The solid obtai ned after cooling
wascollected by filtration, air dried and crystallized from
DMF to give pale yellowish crystals of the
iminopyridazinederivative (8). Yield 1.66 g (66 %),
m.p. 193-195 °C.

Ethyl 6 - (1-ethyl-4-hydroxy-2-0xo0-1,2-
dihydroquinoline-3-car bonyl)-2-(4-nitrophenyl)-3-
oxo-2,3-dihydr opyridazine-4-car boxylate (10)

To asuspension of the diazo-enol derivative (6)
(2.04 g, 5mmal), indioxane (30 mL ) diethyl malonate
(1.60g, 10mmoal), and afew dropsof piperidinewere
added. The mixturewas heated under reflux for 4h left
to cool to room temperature, and then poured into
water. And the solid product, so formed, was collected
by filtration, dried and crystallized from DMFto give
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paeydlow crystasof the pyridazinonederivative (10).
Yield 1.87 g (74 %), m.p. 170-172 °C.

2-Cyano-3-(dimethylamino)-5-(1-ethyl-4-hydr oxy-
2-0x0-1,2-dihydroquinalin-3-yl)-5-oxopentanamide
(11)

Toasolution of theenaminone(1) (2.86g, 10mmoal)
and 10 mmol of either malononitrile (0.66 g) or
cyanoacetamide (0.84 g), in absol ute ethanol (25mL),
sodium ethoxide (0.68 g, 15 mmol) wasadded. There-
action mixturewasrefluxed on aboiling water—bath for
1 h. Then thereaction mixturewas|eft to cool to room
temperature, and addifiedwith diluted hydrochloricacid.
Thesolid product so formed wasfiltered and crystdlized
from DMFto giveyelowish crystalsof theamidede-
rivative (11). Yield 2.859 (77 %), m.p. 202-203 °C.

6-(1-Ethyl-4-hydroxy-2-oxo-1,2-dihydroquinolin-3-
yl)-2-oxo-1,2-dihydropyridine-3-carbonitrile (12)

Theamidederivative(11) (1.85g, 5mmol),ingla-
cid aceticacid (25 mL), was heated under reflux for 2
h. Thesolid precipitatethat obtained after coolingwas
filtered and crystallized from dioxaneto give colorless
plateletsof the pyridine-3-carbonitrile(12). Yield 1.12
g (73 %), m.p. 241-1243 °C.

1-Ethyl-4-hydroxy-3-(3-0x0-3,7-dihydro-2H-
pyr azolo[ 3,4-b]pyridin-6-yl)quinolin-2(1H)-one(13)

Toamixtureof theenaminone(1) (2.869, 10mmoal)
and 10 mmol of either 5-amino-1H-pyrazol-3(2H)-one
(0.99 g) or cyanoacetohydrazide (0.99 g), in glacial
aceticacid (30 mL), fused sodium acetate (1.64 g, 20
mmol) was added. The reaction mixture was heated
under reflux for 3 h, then left to cool at room tempera
ture. The precipitate so obtai ned wasfiltered, washed
with cold methanol and crystallized from DMFto give
colorlesscrystalsof the pyrazolopyridine (13). Yield
2.77 g (86 %), m.p. 225-226 °C.

1-Ethyl-4-hydroxy-3-(1H-pyrazol-5-yl)quinolin-
2(1H)-one(14)

Toasolution of theenaminone(1) (1.42g, 5mmoal),
inethanol (30 ML), hydrazinehydrate(0.5g, 10 mmol)
was added. The reaction mixture wasrefluxed for 3h,
and then cooled. The solid that deposited wasfiltered,
and then crystalized from ethanal togivecolorlesscrys-
talsof the pyrazole derivative (14). Yield 1.01 g (79
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%), m.p. 243-245 °C.

1-Ethyl-4-hydr oxy-3-(isoxazol-5-yl)quinolin-2(1H)-
one (15)

A mixtureof theenaminone (1) (1.42g, 5mmal),
and hydroxylaminehydrochloride (0.35g, 5mmal), in
aceticacid (20 mL), was heated under reflux for 4 h.
Thereaction mixturewas|eft to cool to room tempera-
ture and diluted with cold water (20 mL). The solid
product, so formed, was collected by filtration, dried
and crystalized from ethanol to givecolorlesscrystas
of theisoxazolederivative (15). Yield 1.09 g (85 %),
m.p. 178-180 °C.

1-Ethyl-4-hydroxy-3-(2-(methylthio)pyrimidin-4-
yl)quinolin-2(1H)-one(16)

A mixtureof theenaminone (1) (1.42g, 5mmal),
and S'methylisothiourea(0.45g, 5mmol), inDMF (15
mL ), was refluxed for 3 h. Afterwards, the reaction
mixturewasl|eft to cool at room temperature. Theob-
tained thesolid product wascollected by filtration, dried
and crystallized from dioxane-water (2:1) togiveyel -
low crystdsof themethylthiopyrimidine(16). Yidd 1.08
g (69 %), m.p. 176-177 °C.

3-(2-Aminopyrimidin-4-yl)-1-ethyl-4-
hydroxyquinolin-2(1H)-one (17a) and N-(4-(1-
ethyl-4-hydroxy-2-oxo-1,2-dihydroquinolin-3-
yh)pyrimidin-2-yl)cyanamide (17b)

To a solution of the enaminone (1) (2.86 g, 10
mmol),inDMF (25mL), 10 mmol of guanidinehydro-
chloride (0.95 g) or cyanoguanidine (0.83 g), was
added. Then the reaction mixture was heated under
reflux for 3 h and afterwards|eft to cool at room tem-
perature. Thesolid crystdline product that obtained was
filtered and recrystalized to giveyellowish crystal s of
theaminopyrimidine (17a) (Yield 2.159 (76 %), m.p.
173-175 °C) and cyanocaminopyrimidine (17b) (Yield
2.06 g (67 %), m.p. 182—184 °C), respectively.
1-Ethyl-3-(2-hydrazinopyrimidin-4-yl)-4-
hydr oxyquinolin-2(1H)-one(17c)

A mixtureof themethylthiopyrimidine (16) (1.57g,
5 mmol) and hydrazine hydrate (15 mmoal), in dioxane
(20mL), washeated under reflux for 2 h. The precipi-

tate so formed on hot wasfiltered and recrystallized
from acetic acidto giveyellowish green crystalsof the
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hydrazinopyrimidine(17c). Yield 1.40 g (81 %), m.p.
> 300 °C.

Z-1-Ethyl-4-hydroxy-3-(3-(6-methyl-5-ox0-3-
thioxo-2,3-dihydro-1,2,4-triazin-4(5H)-ylamino)-
acryloyl)quinolin-2(1H)-one (19)

A mixture of theenaminone(1) (1.43g, 5mmoal)
and the4-aminotriazinone (18)1*® (0.80g, 5mmol), in
glacial acetic acid (20 mL), was stirred at room tem-
perature for 2 h. The resulting precipitate which was
formed during the course of reaction was collected by
filtration, washed with cold methanol, and recrystdlized
from dioxane/ water to give ydlow crystas of the
enaminone(19). Yield 1.59 g (80 %), m.p. 221223 °C.

1-Ethyl-4-hydroxy-3-(3-oxo-3,4-dihydro-2H-1,2,4-
triazepin-5-yl)quinolin-2(1H)-one (21a) and 1-
Ethyl-4-hydr oxy-3-(3-thioxo-3,4-dihydro-2H-1,2,4-
triazepin-5-yl)quinolin-2(1H)-one(21b)

A mixtureof theenaminone(1) (1.43g, 5mmoal)
and 5 mmol of semicarbazide hydrochloride (0.38 g)
and/or thiosemicarbazide (0.46 g), inglacid aceticacid
(20mL), washeated under reflux for 4 h. Thereaction
mixtureleft to cool to room temperature and diluted
with cold water (20 mL), and the solid product, so
formed, was collected by filtration, dried and crystal-
lized from DMF to give pale yellow crystals of the
triazepinone (21a) (Yield 0.84 g (56 %), m.p. 281—
283°C) andydlow crystasof thetriazepinethione (21b)
(Yiddd 0.97 g (62 %), m.p. 267-269 °C), respectively.

3-(1,5-Benzothiazepin-2-yl)-1-ethyl-4-
hydroxyquinolin-2(1H)-one(22)

A mixtureof theenaminone(1) (1.43g, 5mmoal)
and o-aminothiophenal (0.60mL,5.5mmoal), inglacia
acetic acid (20 mL), was heated under reflux for 4 h.
Thereaction mixturewasleft to cool at room tempera-
tureand diluted with cold water (20mL), andthe solid
product, so formed, was collected by filtration, dried
and crystdlized from DMFto giveye lowish crysta sof
the benzothiazepine (22). Yield 0.96 g (55 %), m.p.
200-202 °C.

Z-1-Ethyl-4-hydroxy-3-(3-(5-thioxo-3-
(trifluoromethyl)-1H-1,2,4-triazol-4(5H)-ylamino)-
acryloyl)quinolin-2(1H)-one (24)

A mixturetheenaminone (1) (1.43g,5mmol) and
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4-amino-5-(trifluoromethyl)-4H-1,2,4-triazole-3-thiol
(23)111(0.92g,5mmol), inglacial aceticacid (25 mL)
wasstirred at 50-60°C for 1 h. The precipitated crys-
tallinemateria that formed during thereaction course
wasfiltered, washed with cold ethanol, and recrystal-
lized from DMF to give yellowish crystals of the
enaminone (24). Yield 1.08 g (51 %), m.p. 162—163
°C.

1-Ethyl-4-hydroxy-3-(3-(trifluoromethyl)-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazepin-8-yl)-
quinolin-2(1H)-one(25)

A solution of theenaminone (24) (0.85g, 2mmoal),
inglacia aceticacid (10 mL), wasboiled under reflux
for 2h. Theacetic acid solution wasleft to cool at room
temperature. The precipitated material wasfiltered,
washed with methanol and recrystallized from DM Fto
givepaeydlow crystd sof thetriazol othiadiazepine (25).
Yield 0.55 g (68 %), m.p. 191-193 °C.

CONCLUSIONS

Inconclusion, E-3-(3-(dimethylamino)acryloyl)-1-
ethyl-4-hydroxyquinolin-2(1H)-one is beneficial
synthone, for obtaining versatilenove quinolinonesbear-
ing variousfive-, Sx-, and seven-membered heterocy-
clicsubstituentsat position-3, viaitsreaction with dif-
ferent binucleophilic reagents. Treatment of this b-
enaminone with glacial acetic gives pyrano[ 3,2-
c]quinoline-4,5-diones instead of the 1,3,5-
triacyl benzene derivative. Coupling of the p-enaminone
with p-nitrobenezenediazonium chlorideaffordsarylazo-
enol derivative, inwhich hydrolysistakesplaceduring
the course of reaction. Thearylazo-enol derivativeis
useful substrateto obtain biheterocyclic ketones, con-
talning quinolinone, pyrazoleand pyridazinederivatives.

—= Pyl Peper
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