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4-HYDROXY-2-QUINOLONES

147*. SYNTHESIS AND TAUTO-
MERISM OF 2-METHYL-9H-FURO-
[2,3-5]QUINOLIN-4-ONE

I. V. Ukrainets', N. L. Bereznyakova', and A. V. Turov’

In the presence of aqueous solutions of alkali, 2-bromomethyl-3,9-dihydro-2H-furo[2,3-b]quinolin-
4-one is subjected to dehydrobromination and converted to 2-methyl-9H-furo[2,3-b]quinolin-4-one
which exists in acid solution in the 4-oxo- and in base in the 4-hydroxy tautomeric forms.
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Furo[2,3-b]quinoline alkaloids are widely found in nature. They are most often discovered and separated
from numerous forms of the Rutaceae plant family [2-7]. Complex preparations based on furoquinoline-
containing plant materials have been used for a long time in natural and state medicines as anti-spasmodic [8],
antiHIV [9], antifungal [10], cytotoxic [11], and antimicrobial [12] agents. Medicines of this type are generally
standardized through the content of one or two basic components but sometimes through the overall content of
all of the alkaloids. At the same time, the effect on man of each component individually is far from well known
and, in the end, this negatively effects the efficiency and safety of the medical treatment. Hence more complete
investigations have often appeared in recent times directed to a study of the biological properties not of natural
mixtures but specifically towards a particular furoquinoline alkaloid. As a result, y-fagarine has proved to be a
powerful inhibitor of human phosphodiesterase V [13], skimmianine a 5-hydroxy-tryptamine (5-HT) receptor
inhibitor in animals [14], and confusameline a trombocite aggregation ihibitor [15], dictamnine a powerful
mutagen towards Salmonella typhimurium [16]. Acronidine has revealed antimalarial [17] and HA-7 (N-benzyl-
7-methoxy-2,3,4,9-tetrahydrofuro[2,3-b]quinoline-3,4-dione) anti-arrhythmic [18] effects.

At the same time the separation of individual alkaloids from plants is frequently a rather labor intensive
process. Hence in this case it is particularly timely to use organic synthesis which allows the preparation not
only of natural compounds but of their modified analogs. Two principally different schemes are known for
building up a furo[2,3-b]quinoline system. The first includes the initial preparation of furan intermediates after
which the quinoline fragment is added on [19, 20]. The second is more frequently used and involves the
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formation of a furan ring from 3-substituted quinol-2-ones [21, 22]. Such a route was, in fact, used by us in the
synthesis of 2-bromomethyl-2,3-dihydro-9H-furo[2,3-b]quinolin-4-one (1) in high yield via bromination of
3-allyl-4-hydroxy-2-oxo0-1,2-dihydroquinoline using molecular bromine [23].

Treatment of similarly structured 2-bromomethyl-5-oxo0-1,2-dihydro-5H-oxazolo[3,2-a]quinolines with
aqueous solutions of alkali metal hydroxides results in hydrolysis of the oxazole ring and occurs via
intermediate 2-methylene derivatives which can be separated and characterized as needed [24]. By contrast the
furan ring in 2-bromomethylfuroquinoline 1 is not opened under analogous conditions. According to chromato-
mass spectrometric data it only affects the side bromomethyl group undergoing dehydrobromination and forms a
single substance with molecular mass 199 amu in the final step. The absence of a peak characteristic of the ion
[M-CH;]" in the methyl-substituted compounds allows us to suggest that the sample studied is the
2-methylenefuroquinoline 2. However, the '"H NMR spectrum unambiguously shows the presence of a methyl
and not methylene group. Hence the compound obtained exists as the aromatic 2-methyl-substituted tautomer 3.
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In order to make a more detailed proof of the structure of the compound synthesized we have recorded
its 'H and *C NMR spectra and also carried out heteronuclear '"H-""C correlation experiments. It was found that
the signals for the proton spectrum measured in DMSO were mostly strongly broadened and this is likely a
result of the presence of a tautomeric equilibrium 3 < 3a in the ratio ~ 1:1 in the molecule and in which the
4-OH group partially migrates to the heterocyclic nitrogen atom. This feature does not permit a heteronuclear
correlation study in DMSO.

Trifluoroacetic acid proved to be a more suitable solvent for this task. Even though the NH and OH
group proton signals were absent due to rapid deuterium exchange the tautomerism mentioned above did not
occur since the strongly acidic medium shifted the equilibrium to the more basic NH form 3a. The spectrum
showed two doublets and two triplets for the aromatic system of the 1,2-disubstituted benzene ring as well as
singlets for the methyl group and for another aromatic proton. All of this forms the basis that the compound
studied in trifluoroacetic acid solution is 2-methyl-9H-furo[2,3-b]quinolin-4-one (3a). Table 1 gives the
heteronuclear correlations found through one (HMQC spectra) or through 2 or 3 (HMBC) chemical bonds. The
data obtained also allows the assignment of all of the signals in the carbon spectrum which confirms the
conclusion made. The assignment of the signals of the proton-bearing carbon atoms is made from the HMQC
spectrum and the signals for the quaternary carbon atoms can be assigned from the presence of further
correlations in the HMBC spectrum. It was interesting to note that correlations through four chemical bonds
were seen for several protons in the HMQC spectrum. In particular there is a W-type correlation interaction
between the 2-methyl group and the C-3a atom absorbing at 108.9 ppm and also between the H-8 proton with a
chemical shift of 8.04 ppm and the carbonyl C-4 atom seen at 163.5 ppm. Weak correlations are also seen for a

834



series of protons in the aromatic ring with the corresponding carbon atoms. The scheme below gives the

assignments of signals in the proton and carbon spectra of the structure studied with the important HMBC
correlations which served as the basis for these assignments.

8.63

TABLE 1. Heteronuclear 'H-">C Correlations for the 2-Methylfuro-
quinoline 3a

5, ppm HMQC HMBC

8.63 125.0 163.5; 135.9; 119.2 (w); 117.9
8.10 1359 135.9; 125.0; 117.9

8.04 119.2 127.8; 117.9; 163.5 (w)

7.85 127.8 135.9; 125.0; 119.2; 117.9
7.07 100.6 158.8; 108.9; 163.5

2.64 12.8

158.8; 108.9 (w); 100.6

As is seen in the scheme the signals for all of the carbon atoms have a chemical shift which agrees with
their positioning in the molecule. Fusion of the furan ring with the 4-quinolone fragment follows from the
presence in the HMBC spectrum of a correlation for the carbonyl C-4 atom absorbing at 163.5 ppm with the
furan H-3 proton at 7.07 ppm on the one side and with the quinolone H-5 proton signal at 8.63 ppm on the other.
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Fig. 1. Correlated UV spectra of 2-methylfuroquinoline 3: / - in ethanol;

2 — with addition of HCI; 3 — with addition of KOH
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The existence of the synthesized 2-methyl-9H-furo[2,3-b]quinolin-4-one in neutral solvents as two
tautomers is graphically illustrated by UV spectrophotometry (Fig. 1). The spectrum recorded in ethanol is
shown superimposed on those recorded separately in acid (4-oxo form 3a) and basic (4-hydroxy form 3) media.

EXPERIMENTAL

The 'H and *C NMR spectra of the 2-methylfuroquinoline 3, the 2D COSY 'H NMR experiments, and
the HMQC and HMBC heteronuclear correlation spectra were recorded on a Varian Mercury-400 spectrometer
(400 and 100 MHz respectively). All of the 2D experiments were carried out with gradient selection of useful
signals. The mixing times in the pulse sequences were respectively 'Jey = 140 and **Jcyy = 8 Hz. The numbers of
increments in the COSY and HMQC spectra were 128 and in the HMBC spectra 400. In all cases CF;CO,D was
used as solvent and TMS as internal standard. The chromato-mass spectrum was recorded in full scanning mode
in the range m/z 35-700 on a Hewlett Packard 5890/5972 instrument with 70 eV electron impact ionization. The
Hewlett Packard-5MS chromatographic column was of length 25 m, internal diameter 0.2 mm, polysiloxane
stationary phase (5% diphenylpolysiloxane, 95% dimethylpolysiloxane) of thickness 0.33 pum, and the gas
carrier was helium. UV spectra were taken on a Specord M-40 spectrometer.

2-Methyl-9H-furo[2,3-b]quinolin-4-one (3a). A mixture of 2-bromomethyl-2,3-dihydro-9H-furo-
[2,3-b]quinolin-4-one (1) (2.80 g, 0.01 mol) (or the corresponding amount of its hydrobromide [23]) and a 10%
aqueous solution of KOH (20 ml) was refluxed for 2 h. The reaction mixture was cooled and acidified to pH 6
with HCL. The precipitate was filtered off, washed with cold water, and dried. Yield 1.69 g (85%). Mp 282-
284°C (ethanol). "H NMR spectrum, 8, ppm (J, Hz): 8.63 (1H, d, J = 8.0, H-5); 8.10 (1H, t, J = 7.6, H-7); 8.04
(1H, d, J = 7.8, H-8); 7.85 (1H, t, J = 7.7, H-6); 7.07 (1H, s, H-3); 2.64 (3H, s, CH3). >C NMR spectrum, &,
ppm: 165.5 (C-9a), 163.5 (C=0), 158.8 (C-2), 135.9 (C-7 + C-8a), 127.8 (C-6), 125.0 (C-5), 119.2 (C-8), 117.9
(C-4a), 108.9 (C-3a), 100.6 (C-3), 12.8 (CH3). Mass spectrum, m/z (I, %): 199 [M]" (100), 198 [M-H]" (46),
170 [M-HCO]" (21), 128 (63). Found, %: C 72.42; H 4.63; N 7.10. C;;HoNO,. Calculated, %: C 72.35; H 4.55;
N 7.03.

REFERENCES

1. I. V. Ukrainets, A. A. Tkach, and S. V. Shishkina, Khim. Geterotsikl. Soedin., 1033 (2008). [Chem.
Heterocycl. Comp., 44, 828 (2008)].

2. P. K. Tarus, P. H. Coombes, N. R. Crouch, D. A. Mulholland, and B. Moodley, Phytochemistry, 66, 703
(2005).

3. C. W. Halstead, P. I. Forster, and P. G. Waterman, Natur. Prod. Res., 20, 940 (2006).

4, I. Komala, M. Rahmani, M. A. Sukari, H. B. Mohd Ismail, G. E. Cheng Lian, and A. Rahmat, Natur.
Prod. Res., 20, 355 (2006).

5. C. Wattanapiromsakul, P. I. Forster, and P. G. Waterman, Phytochemistry, 64, 609 (2003).

6. C. Ito, M. Itogawa, A. Sato, C. M. Hasan, M. A. Rashid, H. Tokuda, T. Mukainaka, H. Nishino, and H.
Furukawa. J. Natur. Prod., 67, 1488 (2004).

7. J.J. Chen, C. Y. Duh, H. Y. Huang, and I. S. Chen, Planta Med., 69, 542 (2003).

8. P. B. Terentiev and A. P. Stankevicius, Mass Spectrometric Analysis of Biologically Active Nitrogen
Compounds [in Russian], Mokslas, Vilnyus (1987), p. 226.

9. J. L. McCormick, T. C. McKee, J. H. Cardellina, and M. R. Boyd, J. Natur. Prod., 59, 469 (1996).

10. W. Zhao, J. L. Wolfender, K. Hostettmann, R. Xu, and G. Qin, Phytochemistry, 47, 8 (1998).

836



11.

12.
13.
14.
15.
16.
17.

18.
19.
20.
21.

22.
23.

24.

V. S. Prakash Chaturvedula, J. K. Schilling, J. S. Miller, R. Andriantsiferana, V. E. Rasamison, and
D. G. Kingston, J. Natur. Prod., 66, 532 (2003).

F. Hanawa, N. Fokialakis, and A. L. Skaltsounis, Planta Med., 70, 531 (2004).

K. W. Nam, K. H. Je, Y. J. Shin, S. S. Kang, and W. Mar, Arch. Pharm. Res., 28, 675 (2005).

J. T. Cheng, T. K. Chang, and I. S. Chen, J. Auton. Pharmacol., 14, 365 (1994).

K. S. Chen, Y. L. Chang, C. M. Teng, C. F. Chen, and Y. C. Wu, Planta Med., 66, 80 (2000).

F. Hafele and O. Schimmer, Mutagenesis, 3, 349 (1988).

L. K. Basko, S. Mitaku, A. Skaltsounis, N. Ravelomanantsoa, F. Tillequin, M. Koch, and J. Bras,
Antimicrob. Agents Chemother., 38, 1169 (1994).

G. J. Chang, M. J. Su, S. C. Kuo, T. P. Lin, and Y. S. Lee, J. Pharmacol. Exp. Ther., 316, 380 (2006).
H. Tuppy and F. Bohm, Monatsh. Chem., 87, 720 (1956).

H. Tuppy, US Pat. 2895956 (1959). http://ep.espacenet.com

W. Friedrichsen in A. R. Katritzky and C. W. Rees (editors), Comprehensive Heterocyclic Chemistry on
CD-ROM: 7 Volume Set, Vol. 4, Elsevier Sci. Ltd., Oxford (1997), p. 988.

F. M. el-Taweel, D. A. Ibrahim, and M. A. Hanna, Boll. Chim. Farm., 140, 287 (2001).

I. V. Ukrainets, N. L. Bereznyakova, O. V. Gorokhova, and A. V. Turov, Khim. Geterotsikl. Soedin.,
1677 (2007). [Chem. Heterocycl. Comp., 43, 1426 (2007)].

I. V. Ukrainets, L. V. Sidorenko, O. V. Gorokhova, S. V. Shishkina, and A. V. Turov, Khim.
Geterotsikl. Soedin., 736 (2007). [Chem. Heterocycl. Comp., 43, 617 (2007)].

837



	Chemistry of Heterocyclic Compounds, Vol. 44, No. 7, 2008
	I. V. Ukrainets1, N. L. Bereznyakova1, and A. V. Turov2



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


