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4-HYDROXY-2-QUINOLONES

150*. EFFICIENT SYNTHESIS, STRUCTURE,

AND BIOLOGICAL ACTIVITIES OF 4-METHYL-
2-0X0-1,2-DIHYDROQUINOLINE-3-CARBOXYLIC
ACID ALKYL AMIDES

I. V. Ukrainets, N. L. Bereznyakova, V. A. Parshikov, and O. V. Gorokhova

A simple and efficient method for preparing 4-methyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
alkyl amides is proposed. The results of a study of the diuretic activity of the compounds synthesized are
reported.

Keywords: diuretics, 4-methyl-2-oxo0-1,2-dihydroquinoline-3-carboxylic acid, amidation, X-ray
structural analysis.

Neither 4-methyl-2-o0x0-1,2-dihydroquinoline-3-carboxylic acid (1) nor its readily available lower alkyl
esters can unfortunately be directly amidated by primary and secondary amines. For this reason the synthesis of
the corresponding N-R-amides (which are of interest as potentially biologically active substances) is only
possible after additional activation of the carbonyl carbon atom of the carboxyl group. As is known, the most
obvious, convenient, and widely used practical method of achieving this is through conversion of the acids to
acid chlorides. None the less, treatment of acid 1 with thionyl chloride (phosphorus halides readily convert
1,2-dihydroquinolin-2-ones to aromatic 2-chloroquinolines [2] and are therefore unsuitable in this case) appears
at first glance to be a trivial synthesis but is complicated by the formation of brightly colored cyanine dyes
which can strongly contaminate the final products [3] even at low concentrations. With this in mind it was
proposed to carry out amidation of acid 1 not via the acid chloride but by its conversion to the intermediate
4-methyl-2-ox0-1,2-dihydroquinoline-3-carboxylic acid imidazolide (2) using N,N'-carbonyldiimidazole (CDI).
The use of this route suppresses the formation of the colored side products but a further synthetic problem arises.
The reactivity of imidazolide 2 proved unusually low for such a class of compound. Although prolonged
treatment with the anilines in anhydrous high boiling solvents gave the corresponding anilides [4], the scope of
the practical use of the method of preparing the amides is significantly limited overall by the need to use only
those amines which are thermally stable with quite high boiling points. Low boiling, and more so gaseous,
amines react very slowly under normal conditions with imidazolide 2. However, a method has long been known
for the simple and efficient preparation of even very unstable acid chlorides consisting of the passage of dry
hydrogen chloride into a solution of the imidazolide in an inert organic solvent [5]. The synthesis is carried out

* For communication 149 see [1].
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with cooling which reduces to zero virtually all side products. In fact, by applying this method to the
imidazolide 2 we were able to prepare the colorless 4-methyl-2-0x0-1,2-dihydroquinoline-3-carboxylic acid
chloride (3) which then gave the target alkyl amides 4a-h in high overall yield (Table 1).
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The 'H NMR spectra of the synthesized alkyl amides 4a-h were not complicated by superposition hence
the presence of all of the proton-containing functional groups were readily confirmed by the corresponding
chemical shifts, intensities, and multiplicities of the signals (Table 2).

Steric structural features were studied by X-ray analysis for the sec-butylamide 4h (see Figure 1 and
Tables 3 and 4). It was found that two molecules (A and B) were found in the independent part of the unit cell

TABLE 1. Characteristics of the 4-Methyl-2-0x0-1,2-dihydroquinoline-
3-carboxylic Acid Alkyl Amides 4a-h

o -

Com- Empirical % o Yield, igi/ritl:

pound formula Calculated, % mp, % o e

C H N % of control

4a C2H1oN>O, 66.76 5.68 13.03 297-299 96 -14
66.65 5.59 12.95

4b Ci3H1aN20; 67.90 6.23 12.12 274-276 93 +32
67.81 6.13

4c C14H16N>0, 68.74 6.67 . 220-222 92 21
68.83 6.60 11.47

4d Ci4H16N20, 68.89 6.71 11.58 283-285 87 +8
68.83 6.60 11.47

4e C14H14N>0, 69.35 5.72 11.47 308-310 79 +17
69.41 5.82 11.56

4f Ci5H1sN>0, 69.66 6.95 10.73 206-208 90 +20
69.74 7.02 10.84

4g CisHisN,0O» 69.70 7.05 10.88 259-261 93 +11
69.74 7.02 10.84

4h Ci5H1sN>0, 69.81 7.10 10.92 245-247 85 -35
69.74 7.02 10.84

Hypothiazide — — — — — +61

* Increase (+) or inhibition (-) of diuresis relative to the control taken as 100%.
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of the compound studied and that they differed in several geometrical parameters. The bicyclic quinolone
fragment and the atoms Oy, C10), and Cs lie in a single plane within 0.02 A for both molecules despite the
marked repulsion between the 4-methyl group, the neighboring substituent at Cs), and the aromatic ring atoms.

Fig. 1. Structure of the sec-butylamide molecule 4h with atomic numbering.

This is shown in molecule A by the shortened intramolecular contacts Hisa)*C(sa) 0f 2.79 (sum of van der Waal
radii 2.87 A) [6], HusaHs) 2.30 (2.34), and Hsp)Cii) 2.47 A (2.87 A) and in molecule B the shortened
intramolecular contact H;sp*Cio) of 2.53 A (2.87 A). The carbamide fragment is twisted relative to the plane
of bicycle (torsional angle C7—Cs—~C(109~O() -74.1(4)° in A and 69.0(4)° in B). The sec-butyl substituent is
found in an ap-conformation relative to the C(3—Ci0) bond (torsional angle C;1~N—C0—Hs) 167.8(3)° in A

TABLE 3. Bond Lengths (/) in the sec-Butylamide 4h Structure

Bond 1A Bond LA
O(IA)_C(9A) 1 ~244(4) O(ZA)_C(IOA) 1.245 (3)
Naa=Copa 1.346(4) Naa—Caa 1.362(4)
NeayCooa 1.334(4) Neay—Caia 1.463(4)
Cun=—Cean 1.396(5) CaaCea) 1.413(5)
Can=—Can 1.353(5) Cia—Cua) 1.384(6)
Cuay—Cesa) 1.362(5) Cisa—Ciea) 1.398(5)
Cen—Can 1.449(4) Caa-Cesa) 1.359(4)
Con=—Casa L.517(5) Cisa—Con 1.455(4)
Cisa—Cuioa) 1.487(4) Caia—Csa 1.493(4)
Caia=Caza 1.563(4) Ca3ay—Caa 1.488(5)
Oup—Cop 1.268(4) Oee~Coiom) 1.227(3)
Nap=Cos) 1.348(4) Nas—Cas) 1.396(4)
Nes~Coos) 1.325(4) Nesy—Cais) 1.443(4)
Cupy=Ces) 1.390(5) Capy—Con) 1.428(5)
Cer—Cos) 1.406(6) Ci—Cus) 1.401(6)
Cun——Cen) 1.354(5) Cisy—Ceop) 1.425(5)
Cier=Can) 1.453(5) Camy—Cesn) 1.380(5)
Comy=Casp) 1.535(5) Cse~Com) 1.479(5)
Csey=Caon) 1.503(4) Caip—Casp 1.504(4)
Cais=Cuzp 1.532(4) Cas—Cap) 1.498(4)
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and -174.6(3)° in B) and is twisted in such a way that the methyl group occurs in a -ac-conformation relative to the
Cuo—Niz) bond (torsional angle Cjo—-N@—~Ci1y~C12) -115.8(5)° in molecule A and -119.0(4)° in B). The ethyl group
occurs in an ac-conformation relative to the bond C 0N, and is twisted relative to the N»~C1y bond (torsional
angle C(lo)*N(z)*C(“)*C(B) 1226(5)0 in A and 1 182(5)0 n B), N(z)*C(ll)*C(B)*C(M) -673(6)0 in A and -526(7)0 in B)
Such an orientation of the sec-butyl substituent leads to the shortened intramolecular contacts: in molecule A
H(lla)'“H(Mc) 2.30 (234) and H(14b)“‘N(23) 2.53 (267) and in molecule B H(llb)"'0(2b) 241 A (246 A)

The crystals of the sec-butylamide molecule 4h form dimers via the intermolecular hydrogen bonds Nij.—
H(lNa)- . -Ol(b') (l-x, 0.5+y, 0.5-2, H--O 1.95 A, N-H--O 1700) and N(lb)*H(le) '"O(la)' (l-x, -0.5+y, 0,5-2, H--O 2.05 A,
N-H---O 174°). In turn, thanks to the intermolecular hydrogen bonds Nga—Honay*Op) (H+-O 2.09 A, N-H--0 158°)
and Now—Henwy*Oa) (14, , z, H+0 2.11 A, N-H--O 160°) these dimers are grouped in infinite chains along the
crystallographic (1 0 0) direction. In addition, formation of the intermolecular hydrogen bonds likely leads to
lengthening of the O(;~C ) bond to 1.244(4) in molecule A and to 1.268(4) A in molecule B and the Opy—C10) bond
to 1.245(3) in A and to 1.227(3) A in B when compared with their mean value of 1.210 A [7].

The theoretical reason for studying the diuretic properties of the alkyl amides 4a-h is the clear ability to
increase the urinary function of the kidneys in several of the closely structurally related 1-hydroxy-3-oxo-
5,6-dihydro-3H-pyrrolo[3,2,1-ij]quinoline-2-carboxylic acid alkyl amides discovered by us before [8].
Biological studies were carried out on white, non-pedigree male mice of weight 180-200 g by a known method
[9] in comparison with hypothiazide. The synthesized compounds 4a-h were introduced orally in a dose of
40 mg/kg (the effective dose for hypothiazide), after which the experimental animals were placed in a
"metabolic cage". The volume of urea was recorded over 4 h, taking the control as 100%. The experimental data

TABLE 4. Valence Angles (®) in the sec-Butylamide 4h Structure

Valence angle o, deg Valence angle o, deg
Coa—Naa—Caa) 124.2(3) CaoayNea——Caiay 125.1(3)
Naa—Caa—Cea) 119.2(3) Naay=CaayCsa) 119.2(3)
Con-Caa-Con 121.63) Con-Con-Con 118.2(4)
Con-Con-Can 121.2(4) Coar-CunCon 121.5(4)
Cean-Cosar-Coon 119.7(4) Coa-CanCon 117.73)
Cesar-Cisar-Con 12323 Caa-Cioar-Con 119.03)
CsaCaar—Ceea) 118.8(3) Csay-Caa—Casa) 121.8(3)
Ca—Ca——Csa) 119.4(3) Ca—Csa—Coa) 121.2(3)
CaaCear—Caoa 121.1(3) Coa—Ca—Cuion) 117.7(3)
014)=Coa—Naa) 120.0(3) 0Oaa-Coa—Cea 122.5(3)
Naa=CoaCea 117.5(3) 0O@a~Caoa—Nea) 124.4(3)
Neay—Caia—Casza) 110.6(4) Neay-Caia——Caza) 108.6(3)
Casa—Caia—Caza) 110.6(5) Ca4a—Casa—Cuia) 106.6(5)
Com~Nas—Cap 123.4(3) Cos~Nes~Cuis 124.2(3)
Ces~Cas—Ns) 119.0(3) Ces—Cas—Cisn) 120.6(4)
Nas—Cas—Ceop) 120.4(3) Cue—Ces—Cas) 118.7(4)
Cus—Cpr—Ces) 120.9(4) CsBy~Cun—Cap) 120.8(4)
Cus)—Cs—Cien) 120.3(4) CsB—Cs—Cain) 118.7(3)
CsBy—Cs—C7B) 122.7(3) Cus—Cn—Cn) 118.7(3)
Cs—C—Ceon) 118.0(3) Cis—Ca—Cuss) 122.6(3)
Cs—Cer—Cass) 119.4(3) Ce—Css—Con) 122.6(3)
C—CsB—C108) 121.9(3) Cp—Cs—Cio) 115.4(3)
Ous~Coony-Narp, 119.6(3) Ouun-Coom—Cesny 123.6(3)
Nos-Coon~Casn) 116.833) Os~Corom-Nan, 1232(3)
Os~CoronCesn) 120.03) Nesy-Coion—Cisy 116.7(3)
Ne—Caie—Css) 111.5(3) Ney~Caip—Cazp) 110.2(3)
Case—Cais—Cuzs) 110.3(4) Caap—Caze—Cuip) 120.4(5)
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given in Table 1 shows that the investigated compounds demonstrate approximately the same structure-activity
relationship as do the corresponding 1-hydroxy-3-oxo-5,6-dihydro-3H-pyrrolo[3,2,1-ij]quinoline-2-carboxylic
acid alkyl amides [8] and, depending of the structure of the amide fragment, can either increase or inhibit
diuresis in the experimental animals. However, the strength of the experimental effects proved small and, on this
basis, our search for potentially diuretic medicinal substances amongst 4-methyl-2-oxo0-1,2-dihydro-quinoline-
3-carboxylic acid alkyl amides shows little promise.

EXPERIMENTAL

'H NMR spectra for the synthesized compounds were recorded on a Varian Mercury VX-200 (200
MHz) instrument using DMSO-dg as solvent and TMS as internal standard. The imidazolide 2 was prepared by a
known method [4].

4-Methyl-2-o0x0-1,2-dihydroquinoline-3-carboxylic Acid Methylamide (4a). A stream of dry HCI gas
was passed for 15 min through a suspension of finely powdered imidazolide 2 (2.53 g, 0.01 mol) in anhydrous
CCly (70 ml) cooled to -20°C. The product was tightly sealed and left at about 5°C for 3 days. The main amount
of excessive HCl was removed from the reaction mixture by bubbling through dry argon, after which the
reaction vessel with the acid chloride 3 obtained was placed in an ice bath and saturated with gaseous
methylamine. After 3-4 h the solvent was evaporated to dryness in vacuo. The residue was treated with cold
water and acidified with dilute (1:1) HCI to pH 5. The precipitated methylamide 4a was filtered off, washed with
cold water, dried, and crystallized from ethanol.

The ethyl amide 4b was prepared similarly.

Two variants of the amidation of the acid chloride 3 as obtained in the preceding example are possible to
yield the amides 4c-h. The cheap and available alkylamine are added with cooling and stirring to the acid
chloride in a 3-fold molar excess. In the case of the expensive amines a 1:2 mixture of the amine with
triethylamine is used. Subsequent separation of the reaction products is the same in all cases (see the example of
the synthesis of methyl amide 4a).

X-ray Structural Investigation. Crystals of sec-butylamide 4h are monoclinic (ethanol), at 20°C:
a=9.477(2), b = 14.898(2), c = 20.949(6) A, B = 101.98(2)°, ¥ = 2893(1) A’, M, = 258.31, Z = 8, space group
P2i/c, de. = 1.186 g/cm3, w(MoKa)) = 0.080 mm™, F(000) = 1104. The unit cell parameters and intensities of
17467 reflections (5017 independent, R;,; = 0.067) were measured on an Xcalibur-3 diffractometer (MoKa
radiation, CCD detector, graphite monochromator, m scanning to 26,,.x = 50°).

The structure was solved by a direct method using the SHELXTL program package [10]. In refinement
of the structure limits were imposed on the bond lengths in the sec-butyl fragment Cg3~Cispz) = 1.53 A. The
positions of the hydrogen atoms were revealed in electron density difference synthesis and refined using the
“riding” model with Ui, = nU,q for the non-hydrogen atom bound with the given hydrogen (n = 1.5 for methyl
groups and n = 1.2 for remaining hydrogen atoms). The structure was refined in F° full-matrix least-squares
analysis for non-hydrogen atoms to wR, = 0.179 for 4881 reflections (R; = 0.069 for 2174 reflections with
F>4c (F), S = 0.845). The full crystallographic information has been placed in the Cambridge structural data
bank as CCDC 672204. Interatomic distances and valence angles are given in Tables 3 and 4.

REFERENCES

1. I. V. Ukrainets, A. A. Tkach, and Liu Yang Yang, Khim. Geterotsikl. Soedin., 1655 (2008). [Chem.
Heterocycl. Comp., 44, 1347 (2008)].

1498



10.

L. V. Ukrainets, O. V. Gorokhova, and L. V. Sidorenko, Khim. Geterotsikl. Soedin., 1195 (2005). [Chem.
Heterocycl. Comp., 41, 1019 (2005)].

I. V. Ukrainets, N. L. Bereznyakova, V. A. Parshikov, and V. N. Kravchenko, Khim. Geterotsikl.
Soedin., 78 (2008). [Chem. Heterocycl. Comp., 44, 64 (2008)].

I. V. Ukrainets, N. L. Bereznyakova, V. A. Parshikov, and O. 1. Naboka, Khim. Geterotsikl. Soedin., 239
(2008). [Chem. Heterocycl. Comp., 44, 178 (2008)].

L. F. Fieser and M. Fieser, Reagents for Organic Synthesis [Russian translation], Vol. 2, Mir, Moscow
(1970), p. 120.

Yu. V. Zefirov, Kristallografiya, 42, 936 (1997).

H. -B. Burgi and J. D. Dunitz, Structural Correlation, Vol. 2, VCH, Weinheim (1994), p. 741.

I. V. Ukrainets, N. L. Bereznyakova, and E. V. Mospanova, Khim. Geterotsikl. Soedin., 1015 (2007).
[Chem. Heterocycl. Comp., 43, 856 (2007)].

L. N. Sernov and V. V. Gatsura, Elements of Experimental Pharmacology [in Russian], Moscow (2000),
p- 103.

G. M. Sheldrick, SHELXTL PLUS. PC Version. A System of Computer Programs for the Determination
of Crystal Structure from X-ray Diffraction Data, Rev. 5.1 (1998).

1499



	Chemistry of Heterocyclic Compounds, Vol. 44, No. 12, 2008
	I. V. Ukrainets, N. L. Bereznyakova, V. A. Parshikov, and O.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


