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SYNTHESIS AND CONFIGURATION
OF 6-ARYLIDENE-2-FURFURYLIDENE-
CYCLOHEXANONES

A. P. Kriven'ko, A. A. Bugaev, and A. G. Golikov

6-Arylidene-2-furfurylidenecyclohexanones were obtained by the condensation of cyclohexanone with
aldehydes of the aromatic and furan series under conditions of base or acid catalysis. The effect of
substituents in the aromatic ring on the activity of the initial aldehyde was studied. According to data
from the IR spectra, the obtained ketones exist in the form of trans,trans isomers.

Keywords: 6-arylidene-2-furfurylidenecyclohexanones, aromatic aldehydes, o,f-unsaturated ketones,
S-nitrofurfural, furfural, crotonic condensation.

Diarylidene(dihetarylidene)cyclanones have various types of biological activity [1], are pesticides [2],
and are used in organic synthesis for the construction of practically important heterocyclic compounds [3]. The
possibility of using compounds of this type as antioxidant additives [2] and as components of rocket fuel [4] has
been reported. New polymers based on furfurylidenecyclohexanones are stable and resistant to the action of laser
radiation [5].

The literature contains fairly comprehensive data on the synthesis and properties of symmetrical
diarylidene- and difurfurylidenecyclohexanones (see, for example, [6]). The amount of information on
unsymmetrical arylidenecyclohexanones is significantly smaller [7]. Furfurylidenearylidenecyclohexanones have
hardly been studied at all.

In the present work we describe the synthesis of previously unknown 6-arylidene-2-
furfurylidenecyclohexanones 1a-h and discuss their stereochemistry. The ketones la-g were obtained by
crotonic condensation of 2-furfurylidenecyclohexanone (2) with aromatic aldehydes 3a-g in solution in
isopropyl alcohol under conditions of base catalysis (an aqueous solution of sodium hydroxide) at room
temperature.

3a-g

1,3aR=H; bR =4-OMe; ¢ R =4-NMe,; d R =4-Br; e R =3-NO,; fR=2-Cl; g R =2-F
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Here, it was found that the nature of the substituent R has a substantial effect on the reactivity of the
aldehyde and, consequently, on the yields of the products 1, which vary between 60 and 92%. The ketones
1a,d-g (R = H or R = electron-withdrawing groups 4-Br, 3-NO,, 2-Cl, and 2-F respectively) were obtained with
the highest yields (79-92%).

The yields of the ketones 1b,c (R is an electron-donating group, OMe and NMe, respectively) were
considerably lower (60-68%), while a more concentrated catalyst (a 40% solution of sodium hydroxide) was
used for the production of 1c.

In the case of the aldehyde 3h under the conditions of base catalysis strong resinification of the reaction
mass was observed. The synthesis of compound 1h from 2-benzylidenecyclohexanone (4) and 5-nitrofurfural
(3h) was therefore realized in acetic acid in the presence of sulfuric acid.

The yield of the product 1h amounted to 32%. The characteristics of the synthesized compounds 1a-h
are given in Table 1.

The composition and structure of the ketones 1a-h were confirmed by the results of elemental analysis
and also by data from the IR and '"H NMR spectra.

TABLE 1. The Characteristics of 6-Arylidene-2-furfurylidenecyclo-
hexanones 1a-h

Com: Empirical _Found, % _
pound formula Calculated, % mp, °C Yield, %
C H N

1a CisH160, 82.05 6.01 — 109-110 88
81.82 6.06

1b CioH 503 717.55 6.50 — 99-100 68
77.55 6.12

1c CyH,NO, 78.01 7.09 4.93 153-168 60
78.18 6.84 4.56 (dec.)

1d* C3H;5sBrO, 63.11 4.67 — 134-136 87
62.97 437

1le Ci5sHsNOy 70.26 4.94 4.48 129-130 92
69.90 4.85 4.53

1% C,3H,5C10, 72.54 5.35 — 85-86 86
72.36 5.03

1g C5H;5FO, 76.50 5.54 — 86-87 79
76.60 5.32

1h CisHsNOy 70.17 5.57 4.32 175-176 32
69.90 4.85 4.53

* Found, %: Br 23.08. Calculated, %: Br 23.32.
*2 Found, %: Cl 11.76. Calculated, %: C111.89.
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In the IR spectra (Table 2) there is a band for the stretching vibrations of the carbonyl group, which
undergoes a bathochromic shift as a result of conjugation and appears in the region of 1652-1664 cm™. The
bands of the stretching vibrations of the olefinic C=C bonds are observed in the region of 1526-1610 cm'".

Their high intensity compared with the intensity of the bands for the vibrations of the carbonyl C=0
bond, which in compounds 1 is determined by the cyclohexanone fragment, provides an analytical indication for
the s-cis arrangement of the carbonyl and vinylene groups [8]. The presence of bands for the out-of-plane
deformation vibrations of the C=C bond at 972-984 cm” of the ketones la-h indicates the trans,trans
configuration for the latter (see [9, 10]), in which both the furyl and the aryl substituents are located with the
carbonyl group on different sides of the C=C bond.

Strong conjugation in a system of n-bonds can be traced in the 'H NMR spectra of the ketones (Table 3),
and this shows up in the almost identical screening of the protons of the CH groups of the arylidene and
furfurylidene fragments. The chemical shifts of these protons have close values (7.48-7.70 ppm), and their
signals frequently overlap with the signals of the aromatic protons, which are in the region of 6.50-8.30 ppm.

The proximity of the chemical shifts of the signals of =CHAr and =CHHet indicates that of various
types of substituents in Ar have a weak effect on the conjugated system. It is only possible to note a small
upfield shift of these signals in the presence of electron-donating groups OMe and NMe, in Ar (see compounds
1b,c).

Thus, we have synthesized previously unknown 6-arylidene-2-furfurylidenecyclohexanones and
investigated their stereochemistry. It should be noted that the alternative transformations that arise during
investigation of the reactions of the obtained compounds with the conjugated C=C—C=0 system will form the
subject of future investigations.

EXPERIMENTAL

The IR spectra were recorded on a Specord M-80 instrument. The '"H NMR spectra were obtained on
Bruker AC-300 (300 MHz) and Varian FT-80A (80 MHz) spectrometers. The reactions and the purity of the
products were monitored by TLC on Silufol UV-254 plates with a 3:1:1 mixture of hexane, diisopropyl! ether,
and chloroform as eluent, iodine as developer, and UV irradiation.

TABLE 2. The IR Spectra of the Ketones 1a-h*

Com- v, cm’!
—C-H —CH —O—

pound C=0 CC:CC— Aert ’ (ncilp(ljanar) ((:fu?an(): Other vibrations

1a 1660 1580, 1568 984 1036 —

1b 1656 1596, 1526 982 1030 1258 (=C-0-C),
1460, 1388 (Me)

1c 1652 1570, 1552 980 1028 1460, 1364 (Me)

1d 1664 1610, 1574 980 1028 628 (C-Br)

le 1656 1584, 1562 974 1020 1524, 1346 (NO,)

1f 1656 1580, 1556 982 1036 762 (C-CI)

1g 1662 1582, 1570 972 1026 1105 (C-F)

1h 1662 1575,1554 974 1020 1508, 1348 (NO,)

* Recorded in a thin layer of vaseline oil and hexachlorobutadiene.
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TABLE 3. The '"H NMR Spectra of the Ketones 1a-h

c Chemical shifts, J, ppm *
oM et | SOy _epar | —CH-Het
pound | - ) g‘;{l:f) (1H,s) | (1H,s) Har Hiio*
1a 185 | 2503.00 | 762 7.68 7.40 (SH, m) 6.55; 6.75;
7.40%
1b 185 | 2.503.00 | 758 768 | 690(H,d,J=10); | 655:6.70;
7.42 (2H, d, J = 10) 7.40 %
Ie 185 | 250295 | 748 770 | 675QH,d,J=10); | 655:6.70;
7.50 (2H, d, J = 10) 7.40
1d 185 | 2.503.00 | 758 768 | 738QH,d,J=10); | 655;6.70;
7.55 (2H, d, J = 10) 7.40
le 185 | 2.50-3.10 7.70 7.85 (IH, d,J=10); | 6.60;6.80;
7.70 (1H, s); 7.45
820 (1H, d, J = 10);
8.30 (1H, s)
1f 185 | 2.50-3.10 7.70 7.30 (4H, m) 6.60; 6.80;
7.45
1g 175 | 2.30-3.05 7.70 7.35 (4H, m) 6.60; 6.80;
7.40%
1h 181 | 2.793.16 7.68 7.42 (SH, m) 6.80; 7.42%

* The '"H NMR spectra were recorded in DMSO-ds (compounds 1a,b,d-f)
and deuterochloroform (compounds 1e¢,g,h).

*2 The chemical shifts of the one-proton broad signals are given.

*3 The Hye signals overlap with the Hy, signals.

6-Benzylidene-2-furfurylidenecyclohexanone (1a). To a solution of 2-furfurylidenecyclohexanone (2)
(40 g, 0.23 mol) and benzaldehyde (35 g, 0.33 mol) in isopropyl alcohol (40 ml) at room temperature and with
stirring we added a 20% aqueous solution of sodium hydroxide (45 ml). The mixture was kept at the same
temperature for 2 h and neutralized with a 3% aqueous solution of hydrochloric acid. The crystals of the product
1a that separated were washed with water and isopropyl alcohol and recrystallized from isopropyl alcohol.

The ketones 1b-g were obtained similarly. During the synthesis of the ketone 1¢ a 40% aqueous solution
of sodium hydroxide was used.

6-Benzylidene-2-(5-nitrofurfurylidene)cyclohexanone (1h). To a solution of 2-benzylidenecyclo-
hexanone (4) (6.33 g, 0.03 mol) and 5-nitrofurfural (4.25 g, 0.03 mol) in glacial acetic acid (25 ml) we added
one drop of concentrated sulfuric acid. The mixture was stirred at room temperature for 2 h and was then kept at
the same temperature for 22 h. The crystals of the product 1h that separated were filtered off, washed with acetic
acid, and recrystallized from acetic acid and then from isopropyl alcohol.

The work was carried out with financial support from the Science Program of the Ministry of Education
of the Russian Federation "Universities of Russia" (UP.05.01.019).
REFERENCES
1. W. B. Scanlon, US Patent 3857953; Ref. Zh. Khim., 20022P (1975).
2. D. N. Dhar, The Chemistry of Chalcones and Related Compounds, Wiley Interscience, New York

(1981), p. 285.
3. A. Amal Raj and R. Raghunathan, Tetrahedron, 52, 10293 (2001).

166



e A

10.

S. P. Panda and S. G. Kulkanni, Combust. and Flame, 28, 25 (1977).

J. Kawamata, K. Jhoue, and T. Jnabe, Bull. Chem. Soc. Jpn., 71, 2777 (1998).

J. V. Sinisterra, A. Garcia-Raso, J. A. Gabello, and J. M. Marinas, Synthesis, 502 (1984).

V. D. Orlov, V. N. Tishchenko, and V. F. Lavrushin, Ukr. Khim. Zh., 8, 862 (1974).

L. J. Bellamy, Infrared Spectra of Complex Molecules, Wiley, New York (1958).

N. T. Komyagin, A. N. Yanovskii, Yu. T. Struchkov, and A. P. Kriven'ko, Zh. Org. Khim., 27, 551
(1991).

K. Nakanishi, Infrared Spectra and Structure of Organic Compounds [Russian translation], Mir,
Moscow (1965), 216 pp.

167



	Chemistry of Heterocyclic Compounds, Vol. 41, No. 2, 2005
	SYNTHESIS AND CONFIGURATION
	OF 6-ARYLIDENE-2-FURFURYLIDENE-
	CYCLOHEXANONES
	A. P. Kriven'ko, A. A. Bugaev, and A. G. Golikov




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /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 300
  /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 72
  /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 300
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


