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In numerous studies of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides it has been convincingly shown that ami-
dation of quinoline-3-carboxylic acids esters with alkyl-, aryl- and hetarylamines is the best way to obtain these com-
pounds. As a rule, syntheses proceed smoothly and efficiently under rather mild conditions. However, in those cases
when for formation of amides the temperature of 120-150°C and above is applied, partial destruction of the ester frag-
ment may occur and, as a result, it pollutes the target products with specific impurities — the corresponding 4-hydroxy-1,2-
dihydroquinolin-2-ones or their analogues. Application of "H NMR spectroscopy allows to prove that the cause of ester
fragments destruction, which sometimes can be observed when alkyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carbox-
ylates react with amines under harsh conditions, is water presented in the reagents or in the solvents. It becomes
clear from this study that at the temperature of 95°C and higher the sensitivity of 4-hydroxy-2-oxo-1,2-dihydroquinoline-
3-carboxylic acids esters in a solution or a melt to hydrolysis increases significantly. Simple methods to minimize this
undesirable process have been proposed — if the synthesis of N-substituted amides based on them requires such severe
condlitions, water should be removed from the reagents and solvents in order to avoid contamination of the final products
with 4-hydroxy-1,2-dihydroquinolin-2-ones. The results of the diuretic properties study of new substituted anilides of
6-hydroxy-2-methyl-4-oxo-2,4-dihydro-1H-pyrrolo[3, 2, 1-ijjquinoline-5-carboxylic acid are discussed.

CUHTE3 TA 4IYPETUYHI BJTACTUBOCTI N-APUI1-6-I'IJPOKCU-2-METUI1-4-OKCO-2,4-OUIN4PO-1H-MIPOJ10[3,2,1-ij]
XIHOJMIH-5-KAPEOKCAMIAIB 3 EJIEKTPOHO-AKLIETTTOPHUMU 3AMICHUKAMU B AHITTIQHOMY ®PAIMEHTI
1.B.Ykpaineub, M.FO.lMonik, O.J1.LLlem4yk, B.M.KpaeyeHko

Krnroyoei cniosa: aHinidu; 4-2i0pokcu-2-okco-1,2-0uziopoxiHoniH-3-kapbokcamiou, miponoxiHomiHu, amidyeaHHs;
2idponis; diypemuyHa akmueHicmb

Y npoueci yucneHHux 0ocidXeHb, MPUCBSHEHUX 4-2i0poKcu-2-okco-1,2-0uzidpoxiHoniH-3-kapbokcamioam, byrio ne-
[PEKOHIIUBO OKa3aHo, WO Kpawum memoOoM 00epxaHHs MmaKuX CriofyK € amilyeaHHs ecmepig XiHOMiH-3-kapboHo8UX
Kucriom arkin-, apus- Yu eemapuniamMiHamu. 5K npasusio, cuHme3u rnpoxodsme 2nadko ma egheKmusHo 8 Oocumb
m’sikux ymoeax. O0Hak y mux sunadkax, Kornu 01151 hopMyeaHHs1 amidie mompibHa memnepamypa 120-150°C i suuye,
MOXIIUge Yacmkose po3kriadaHHs eCmMepHo20 ghpazMeHmy i SiK pe3yribmam 3abpyOHeHHs Uinbogux rnpodykmie crie-
uugbivHUMU domilukamu — 8idrnoeiOHUMU 4-2idpokcu-1,2-0ueidpoxiHoriH-2-oHamu abo ix aHano2amu. 3a Go0roMOo20r0
crnekmpockonii IMP 'H dogedeHo, wio npu4uHo0 decmpykuii ecmepHUx gopaemMeHmis, sika iHKouU criocmepizaemi-
cs npu e3aemodii arnkin 4-2idpokcu-2-okco-1,2-0ueidpoxiHonin-3-kapbokcunamie 3 amiHamu 8 XXOPCMKUX yMosax, €
MPUCYMHST 8 peaceHmax Yu po34UHHUKY eoda. 3 rposedeHoz20 AocridxeHHsT 8UOHO, wo rpu memnepamypi 95°C i
suwe Yymrusicme 0o 2idpornidy ecmepig 4-2i0pokcu-2-okco-1,2-0ueiOpoxiHorniH-3-kapboHosux Kuciom, siki nepeby-
8armb y PO34UHI YU po3riiasi, cymmeso 3pocmae. 3arnporoHos8aHi Mpocmi crnocobu MiHimizayii ybo2o HebaxxaHo20
rpouecy — sKW0 cuHmMe3 Ha ix ocHoei N-3amiuieHux amidie mompebye XopcmKux ymos, mo 0551 3arobieaHHs 3a-
6pyOHEHHIO KiHUesUX rPodykmig 4-2idpokcu-1,2-0ugiOpoxiHoriH-2-oHamu HeobxiOHO sudansmu 800y 3 peazeHmig
ma po34uHHuUKig. Ob2080PHOHMBLCS Pe3yribmamu 8usHeHHs1 OiypemuyHUX erracmueocmel HO8UX 3aMilieHUX aHirnidig
6-2idpokcu-2-memur-4-okco-2,4-0ue2iopo-1H-niporno[3, 2, 1-if]xiHorniH-5-kap6oHo8oI Kucriomu.

CUHTE3 U INYPETUYECKUE CBOUCTBA N-APUJI-6-rMPOKCU-2-METWUI-4-OKCO-2,4-OUIrNaPO-1H-ITNP-
POIJ10([3,2,1-ij]XMHOJINH-5-KAPEOKCAMUL4OB C SJIEKTPOHOAKLIENNTOPHbLIMU 3AMECTUTEJISIMUA B
AHUINTUQHOM ®PArMEHTE

U.B.Ykpauneu, H.FO.MNonuk, A Jl.LLlem4yyk, B.H.KpagyeHko

Knroveenle cnoea: aHunudbi; 4-2udpokcu-2-okco-1,2-0uaudpoxXuHonuH-3-kapbokcamudbl, MUPPOIOXUHOUHBI;
amuduposaHue; 2udponus; OuypemudecKkasi akKmugHOCMb

B nipouecce MHo204UCIeHHbIX UCCIe008aHUL, NOCBSUEHHbIX 4-2UGPOKCU-2-0Kco-1, 2-0uaulpoXuHOUH-3-Kapbokcamu-
Oam, 66110 y6edumeribHO MoKasaHo, Ymo Jly4uwumM MemodoM MoryYeHUs makux coeQuHeHuUl sensemcsi amudupo-
8aHuUe CII0XKHbIX 3QhUpO8 XUHOMUH-3-KapboHO8bIX KUCIOmM alikur-, apur- u eemapunamuHamu. Kak rnpasurno, cuH-
me3bi npoxodsm anadko U aghghekmusHo 8 A080rILHO MsieKux ycrosusix. OOHaKo 8 mex criydasix, koeda Onsi hop-
muposaHusi amudos mpebyemcsi memnepamypa 120-150°C u ebiwie, 803MOXHO Yacmu4yHOe pa3pyuieHUe CrioXHO-
3¢hupHO20 chpaeMeHmMa U KaK pe3ynbmarm 3agpsi3HeHuUe Uenesbix npodyKmos crneyuguyecKuMu npumMecsimu — co-
omeemcmeyrouumu 4-eudpokcu-1,2-0u2udpOXUHONUH-2-0HaMmu unu ux aHanoaamu. C noMouwbro CrieKmpocKonuu
SMP "H dokazaHo, 4mo rpu4uHol OecmpyKuuU CHOXHO3GUPHbBIX hpazmeHmos, uHoz20a Habndatowelics pu e3a-
umodelicmeuu ankus 4-2udpoKcu-2-okco- 1, 2-0uaudpOXuHONUH-3-kapboKcuIamos ¢ aMuHamu 8 XXECMKUX yCII08USIX,
se/1silemcs npucymemaeyroujasl 8 peazeHmax usu pacmeopumere 8oda. M3 nposedeHHO20 uccriedosaHus credyem,
uymo ripu memnepamype 95°C u ebiwie Hy8cmeaumessHOCMb K 2udporu3y Haxo0sWUXCS 8 pacmeope Uru pacrinase
CIIOXHbIX 3¢hupo8 4-2udpoKcu-2-0KCco-1,2-0u2udpPOXUHONUH-3-KapbOHOBbIX KUCIOM CyWecme8eHHO go3pacmaem.
lNpednoxeHb Mpocmele crnocobbl MUHUMU3AUUU 3IM020 HEXernamesibHO20 Mpoyecca — ec/iu CUHMEe3 Ha UX OCHO-
8e N-3amewéHHbIX amudos mpebyem cmorib XeCmKUX ycriosuli, mo 60 udbexaHue 3a2psA3HEHUS] KOHEYHbIX PO-
Oykmoe 4-2udpokcu-1,2-0ucudpOoXUHONUH-2-0Hamu HeobxoOuMo ydarnsimb 800y U3 peazeHmos U pacmeopumered.
O6cyx0aromces pesyribmamal U3yYeHusi OUypPemuYecKux ceolicma HOB8bIX 3aMelUEHHbIX aHUMU008 6-2udpoKcu-2-
memur-4-okco-2,4-0uaudpo-1H-nuppornof3, 2, 1-ijjxuHonuH-5-kapboHoeol Kuciomesil.
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In numerous studies of 4-hydroxy-2-oxo-1,2-di-
hydroquinoline-3-carboxamides it has been convin-
cingly shown that amidation of quinoline-3-carboxy-
lic acids esters with alkyl-, aryl- and hetarylamines
is the best way to obtain these compounds [2-6]. As
a rule, syntheses proceed smoothly and efficiently
under rather mild conditions. However, in those cas-
es when for formation of amides the temperature of
120-150°C and above is applied, partial destruction
of the ester fragment may occur and, as a result, it
pollutes the target products with specific impurities -
the corresponding 4-hydroxy-1,2-dihydroquinolin-2-
ones or their analogues [7-10]. This effect is the most
significant for amines with low nucleophilicity, for
example, anilines with electron-accepting substitu-
ents in the aromatic ring.

Simple experiments carried out directly in the am-
poule of the NMR spectrometer were used to deter-
mine the cause of this undesirable reaction. At first,
to solve the problem the H NMR spectra of the sub-
stances most readily undergoing destruction, namely
methyl esters of 4-hydroxy-2-oxo0-1,2,5,6,7,8-hexa-
hydro- [7] and 4-hydroxy-6,7-dimethoxy-2-oxo-1,2-
dihydro- [10] quinoline-3-carboxylic acids, as well
as ethyl ester of 6-hydroxy-2-methyl-4-oxo-2,4-di-
hydro-1H-pyrrolo[3,2,1-jj]quinoline-5-carboxylic acid
[8] and its 2-methyl-substituted analogue 1 [9], were
registered in DMSO-d, at the room temperature. These
data served as the initial control.

Then temperatures of the samples were increased,
kept at the same range for a certain period of time,
and a new 'H NMR spectrum was registered. After-
wards the next measurement at higher temperature

OH O

was performed. The experiment lasted until the evi-
dence of the ester fragments destruction appeared in
the 'H NMR spectrum.

The behaviour of all esters tested is similar - they
are quite stable in DMSO-d, at 80°C. However, at 95°C
during 5-25 minutes of heating the first signs of the
ester groups decomposition are detected: along with
the initial esters, methyl or ethyl alcohols and relat-
ed quinolinecarboxylic acids type 2 are registered
in the reaction mixture. It is a well-known fact [11]
that they are extremely unstable and rapidly decarb-
oxylize to 4-hydroxy-1,2-dihydroquinolin-2-ones in
solution as evidenced by instant appearance of H-3
protons characteristic singlets in the 'H NMR spec-
tra at 5.40-5.80 ppm. With the further increase of the
temperature the process of esters decomposition
accelerates significantly, and it is almost complete in
20-30 seconds at 150°C.

The fact that the intermediate quinolinecarboxy-
lic acids are formed at relatively low temperatures
indicates that most likely the real cause for appear-
ance of the undesirable 4-hydroxy-1,2-dihydroquin-
olin-2-ones as by-products in the reaction between
alkyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carb-
oxylate with aromatic amines is hydrolysis of the ester
groups, but not their pyrolytic decomposition as pre-
viously supposed. The repetitive experiment carried
out with ethyl 6-hydroxy-2-methyl-4-oxo-2,4-dihyd-
ro-1H-pyrrolo[3,2,1-ij]quinoline-5-carboxylate (1) has
confirmed this conclusion. The only difference from
the previous experiment is that instead of the hygro-
scopic DMSO-d,, toluene-d, - the solvent with delib-
erately much lower water content is used. According
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4: aR =2-C=N; bR = 2-COMe; c R = 2-COOH; d R = 3-COOH; e R = 4-COOH; f R = 2-COOMg;
g R = 4-COOMe; h R = 4-COOEt; i R = 4-COOPr; j R = 4-COOBu; k R = 2-CONH,; I R = 2-CONHMe;
m R = 2-SO,NH,; n R = 5-CI-2,4-(SO,NH,),; 0 R = 4-NO,; p R = 4-NH,.

Scheme. The synthesis of pyrroloquinoline-5-carboxanilides 4.
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Table 1
Physicochemical Characteristics of Anilides 4a-p
Empirical C W‘V o . Diuretic
Compound formula - alcu I::te , % N Mp, °C Yield, % activity, %**

4a C,H, N, Bl | 22 | 122 | 167169 78 4
4b C,H.N,O, % % ;:—%‘ 158-160 76 +26
4c C,H. N0, % % % 232-234 80 +152
Ad CooHioN;0; 8001 | 222 | I | as52s7 85 +95
4e C,H, N0, 0385 | 235 | 280 | 281283 88 +110
af C,H, N0, So/3 | 288 1 332 1 488190+ 79 1
49 C,H,N.O, % % ;:—;‘g 187-199% 87 110
ah C,H, N0, 8723 | 202 1 200 | 476178 90 167
ai CH,NO, eyl R B IR E VR E 89 10
4j C,H,NO, 80> | 283 83 | yp5qap 83 +27
4k C,H.N,O, % i% % 259-261 77 43
4l C,H N0, gg% % % 203-205 75 +37
4m CH N,0.S % % % 227-229 78 114
an C,H, CIN,O.S, M| 2 2| 3537 72 £17
40 C,H..N.O, % ﬁ % 231-233 85 +20
4p C,oH N0, % ;’:% % 210-212 91 +5

Hydrochlorothiazide +53

* Recrystallized from ethyl acetate, the remaining material is the mixture of DMF and ethanol.
** «+» Indicates increase and «—» inhibition of diuresis when compared with the control taken as 100%.

to the 'H NMR spectral data boiling of tricyclic ester
1 in toluene-d, (~110°C) for 10 minutes does not
cause any significant changes in its structure. But af-
ter adding D0 to the test solution decomposition of
the initial ester 1 to 6-hydroxy-2-methyl-4-oxo-2,4-
dihydro-1H-pyrrolo[3,2,1-ij]quinolin-4-ones (3) has
been observed by approximately 50% after boiling
for 3 minutes (Scheme).

It becomes clear from this study that at the tem-
perature of 95°C and higher the sensitivity of 4-hy-
droxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids
esters in solution or a melt to hydrolysis increases
significantly. Therefore, if the synthesis of N-substi-
tuted amides based on them requires such severe

18

conditions, water should be removed from the rea-
gents and solvents in order to avoid contamination
of the final products with 4-hydroxy-1,2-dihydro-
quinolin-2-ones. This fact is of particular relevance
while working with amines of the low reactivity when
hydrolysis can be a significant competitive process
for amidation or even become the main direction of
the reaction.

Practically, it is sufficient to dry 4-hydroxy-2-oxo-
1,2-dihydroquinoline-3-carboxylic acids esters to the
constant weight at 50°C before amidation. Sometimes
it must be done in a vacuum desiccator over P,0,,
because some of them might form crystal hydrates
[12]. Water is removed from amines by various con-
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ventional methods depending on their structures
and physical conditions. According to our observa-
tions xylenes (or their mixtures), and bromobenzene
are the most suitable solvents: they are stable, have
a good solvent ability, have relatively high boiling
points, can be easily dried and regenerated.

According to these easy-to-implement recommen-
dations we have obtained a series of new N-aryl-6-
hydroxy-2-methyl-4-oxo-2,4-dihydro-1H-pyrrolo
[3,2,1-ij]quinoline-5-carboxamides 4a-p with elec-
tron-accepting substituents in the anilide fragment of
the molecule (Table 1 and Table 2) with good yields.
4-Amino derivative 4p in this series, of course, is not
included, but to identify its structural and biologi-
cal regularities we decided to consider it together
with 4-nitroanilide 40. In the 'H NMR spectra of the
crude anilides 4a-p obtained in compliance with the
conditions offered the impurity of pyrrolo|[3,2,1-ij]
quinolin-4-ones 3 has not been detected. Therefore,
if the undesirable hydrolysis of ester 1 takes place,
it is very insignificant. For comparison, an attempt
to use the commercial anthranilonitrile (i.e. the one
which does not require additional drying) in the syn-
thesis while all the other conditions were equal led
to formation of a mixture of the target 2-cyananilide
4a and pyrrolo[3,2,1-ij]quinolin-4-one 3 in the ratio
of ~ 2:3 according to the 'H NMR spectral data.

The screening of the diuretic properties of all ani-
lides 4a-p synthesized was conducted in white rats
weighing 180-200 g according to the standard method
[13]. The compounds tested were introduced orally
in a fine aqueous suspension stabilized with Tween-
80. The dose was 10 mg/kg. One of the most famous
diuretic - Hydrochlorothiazide [14] in its effective
dose of 40 mg/kg was used as a reference drug.

The analysis of the results of biological screen-
ing given in Table 1 shows that N-acyl derivatives of
amino-benzoic acid 4c-e deserve special attention
among all the tested compounds. Though their dose
is much lower, their diuretic activity is 2-3 times
higher than that of the reference drug. Moreover,
there is a well-defined relationship between the level
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oxyl group in the anilide ring: 2 > 4 > 3. The trans-
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trometer (400 MHz) in DMSO-d,. Investigation of sta-
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obtained according to our previous procedure [9].

6-Hydroxy-2-methyl-4-o0xo0-2,4-dihydro-1H-pyr-
rolo[3,2,1-ijf]quinoline-5-carboxylic Acid Anilides
4a-p (General Method). Mix a pre-dried mixture of
2.73 g (0.01 mol) of ethyl ester 1, the corresponding
aniline (0.01 mol) and 2 ml of xylene and allow to
stand on a metal bath at 130°C for 20-30 minutes.
Cool the reaction mixture, add10 ml of ethanol and
triturate thoroughly. Filter the precipitated anilide
4a-p, wash with alcohol, dry, and recrystallize from
the suitable solvent (see Table 1).
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