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SYNTHESIS OF 1-2-ETHOXYETHYL)-4-HYDROXY-
4-[12-1-HYDROXYCYCLOHEXYL)ETHYNYL]-
PIPERIDINE AND HETEROCYCLIZATION

UNDER THE CONDITIONS OF HYDRATION

K. B. Bazhykova, 1. A. Poplavskaya, and K. D. Praliev

The reaction of 1-(2-ethoxyethyl)piperidin-4-one with ethynylcyclohexanol led to the synthesis of a
glycol, the hydration of which gave a mixture of spirocyclic compounds with a carbonyl group at various
positions in the furan ring.

Keywords: 1-ethynyl-1-hydroxycyclohexane, 3-(2'-ethoxyethyl)-14(15)-0x0-7-oxa-3-azadispiro-
[5,1,5,2]pentadecane, 1-(2-ethoxyethyl)piperidin-4-one, hydration, Favorsky reaction.

Spirocyclic compounds can be obtained during the hydration of acetylenic glycols [1]. Substances
capable of exhibiting high pharmacological activity have been found among the substituted spirocyclic
compounds [2, 3].

1-(2-Ethoxyethyl)-4-hydroxy-4-[2-(1-hydroxycyclohexyl)ethynyl]piperidine (3) was obtained by the
reaction of 1-(2-ethoxyethyl)piperidin-4-one (1) with 1-ethynylcyclohexanol (2) under the conditions of the
Favorsky reaction. The reaction is complicated by a simultaneous reverse Favorsky reaction, leading to the
formation of an appreciable amount of the glycol 4.

After the usual treatment of the reaction mixture and distillation of the solvent the obtained glycol 3
crystallized and was characterized in the form of the base and the hydrochloride 3a.

The hydration of the glycol 3 was conducted in 10% sulfuric acid in the presence of a catalytic amount
of HgSO, at 90-95°C. The reaction can take place both at the first and at the second carbon atom of the acetylene
bridge with the formation of the keto glycols 5 and 6 and their cyclization products 7 and 8. After treatment of
the reaction mixture the hydration product was isolated in the form of an oil, which according to the IR spectrum
contained an uncyclized product (1720 cm™) as well as the spirocyclic products (1752 and 1720 cm™). After
distillation twice under vacuum an oily product boiling at 170°C (1 mm Hg) was obtained. Its IR spectrum
contained a strong absorption band for the spirocyclic carbonyl (1752 ¢cm™) and a weaker band (1736 cm™),
which can also be assigned to the spirocyclic structure.

In the 'H NMR spectra of the hydration products there are two triplet signals for CH; of the ethoxyethyl
substituent (1.18 and 1.19 ppm, J = 7.6 Hz) and also two singlets for the methylene protons of the
tetrahydrofuran ring (2.44 and 2.43 ppm). In intensity the first of these signals is approximately twice as strong
as the second, and together they correspond accordingly to three protons for the methyl group and two protons
for the methylene group. The methylene protons of the ethoxyl fragment give one quartet (3.48 ppm. J = 7 Hz).
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The protons of the cyclohexane ring appear as a multiplet in the region of 1.30-1.70 ppm, and the protons of the
piperidine ring (H,, He) give multiplets in the region of 1.70-1.85 (H-3,5) and 2.27-2.84 ppm (H-2,6).

In the ?C NMR spectra there are signals for the two carbonyl groups (217.5 and 217.8 ppm). The shifts
of the signals are consistent with data for tetrahydrofuranones [4].

The spirocyclic atoms C-2 and C-10 each give three signals, and it could therefore be supposed that there
is a third product in the mixture of spiroketones 7 and 8.

By recording the mass spectrum on a chromatomass spectrometer it was shown that the mixture of
spiroketones contained three products in ratios of 9:4:6.5. All the substances had a molecular mass of 295. The
strongest peaks (100%) with mass m/z 236 corresponded to the ion formed during B dissociation with
elimination of the MeCH,OCH,; radical (in relation to the nitrogen atom).

For the isomer present in the mixture of spiroketones in the largest amount the second in intensity was
the peak with m/z 110. The same peak was second in intensity (if the peaks with m/z 42, 44, etc. are disregarded)
in the spectrum of the second isomer to emerge from the column, present in the mixture in the smallest amount.

The fragmentation of this isomer is similar to the fragmentation of the first isomer. In the third isomer
the second in intensity was the peak with m/z 112, i.e., the fragmentation of the third isomer differed from the
fragmentation of the first two. If the peak with m/z 110 corresponds to the C¢H,(CH(O) fragment, formed during
B-dissociation in relation to the carbonyl oxygen atom of structure 7, the peak with m/z 112 may correspond to
the C¢H,;(CH,O fragment formed during B-dissociation in relation to the carbonyl oxygen of structure 8. The
isomers 7 with identical fragmentation obviously differ in the orientation of the oxygen atom of the
tetrahydrofuran ring. In view of the large size of the substituent in the intermediate ketoglycols 5 and 6 we can
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assume that its equatorial position and the axial position for the hydroxyl in relation to the piperidine ring will
be more favorable. During heterocyclization this will lead to preferential formation of the products with the
axial orientation of the C—O bond in relation to the piperidine ring. The mixture of isomers contains twice as
much of the isomer 7 as of 8, which can be explained by the stronger donating effect of the cyclohexyl
substituent.

EXPERIMENTAL

The IR spectra of the compounds were recorded on a Specord M-80 spectrometer in thin layers (for the
liquids) and in tablets with potassium bromide (for the crystalline samples). The 'H and *C NMR spectra were
recorded in deuterochloroform on a Mercury-300 spectrometer (300 and 75 MHz respectively) with HMDS as
internal and external standard (6 0.05 ppm). Thin-layer chromatography was conducted on Silufol UV-254 plates
with a mixture of 2-propanol and 20% ammonia solution (9.9:0.7) as eluant and with development in iodine
vapor. The mass spectra were recorded on a Hewlett Packard gas chromatograph with an MSD HP-5972 mass-
selective detector at 70 eV ionization energy.*

1-(2-Ethoxyethyl)-4-hydroxy-4-|2-(1-hydroxycyclohexyl)ethynyl|piperidine (3). To a flask
containing powdered potassium hydroxide (12.09 g, 0.216 mol) and anhydrous ether (50 ml) with cooling to
-4°C and vigorous stirring we added dropwise a mixture of 1-(2-ethoxyethyl)piperidin-4-one (1) (13.30 g,
0.07 mol) and ethynylcyclohexanol (2) (8.94 g, 0.07 mol). The mixture was stirred with cooling in iced water,
left overnight, and stirred the next day at room temperature for a further 7 h. The reaction was monitored by
TLC. At the end of the reaction the mixture was cooled to -4°C and decomposed with water. The ether layer was
separated, and the aqueous layer was extracted with ethyl acetate. The extracts were dried with anhydrous
magnesium sulfate. After distillation of the greater part of the solvent the precipitate that separated was removed
and washed with petroleum ether. We obtained 13.0 g (53%) of the glycol 3; mp 109-111°C. Found %: C 69.01;
H 9.90; N 4.98. C17H9NOs5. Calculated %: C 69.11; H 9.89; N 4.73.

Hydrochloride 3a. Compound 3a (mp 130-132°C, ethanol—ether) was obtained by treating a solution of
the base 3 in ether with a solution of HCI in propanol. IR spectrum (in potassium bromide), v, cm™: 3336 (OH),
2700-2580 (NH"), 2144 (C=C), 1120 (C-O-C), 1072 (C-O). Found %: C 66.66; H 9.36; Cl 10.72; N 3.43.
C17H,9CINO;. Calculated %: C 61.52; H9.11; C1 10.68; N 3.21.

After evaporation of the mother solutions and washing (the acidic solutions were first neutralized) and
distillation of the unreacted ketone 1 3.5 g of the glycol 4 was isolated. It did not differ in melting point
(106-107°C) and spectral data from an authentic sample [5].

3-(2'-Ethoxyethyl)-14(15)-ox0-7-0xa-3-azadispiro[5,1,5,2|pentadecane (7) and (8). A mixture of the
glycol 3 (4.95 g, 0.016 mol) and HgSO, (1.0 g) in 10% sulfuric acid (50 ml) was stirred at 90°C for 10 h. At the
end of the reaction the precipitate was filtered off, and the solution was neutralized with potassium carbonate and
extracted with ethyl acetate. The extract was dried with anhydrous sodium sulfate. The ethyl acetate was
distilled, the residue was distilled under vacuum, the fraction boiling at 164-172°C (1 mm Hg) was collected,
and 3 g (65.7%) of an oily substance was obtained. After redistillation it boiled at 170°C (1 mm Hg).
IR spectrum (in potassium bromide), v, cm™: 3336 (OH), 1720 (C=0), 1120 (C—O—C). Found %: C 69.20;
H 9.90; N 7.41. C;7H29NO;. Calculated %: C 69.11; H 9.89; N 4.73.

* The authors express their gratitude to A. E. Lyuts for recording the mass spectra.

1388



REFERENCES

1. N. N. Nazarov and L. N. Ivanova, Zh. Obshch. Khim., 26, 186 (1956).

2. P. W. Smith and A. W. J. Cooper, J. Med. Chem., 38, 3772 (1995); Ref. Zh. Khim., 6Zh179 (1997).

3. A. Fisher, J. Segal, E. Shirin, Y. Konton, and H. Meshulam, US Patent 5407938; Ref. Zh. Khim., 507611
(1998).

4. R. Gordon and R. Ford, The Chemist's Companion, Wiley-Interscience (1973).

5. V. D. Yasnopol'skii, Physicochemical Constants of Organic Compounds with an Acetylene Bond

[in Russian], Izd. Akad. Nauk AzSSR, Baku (1966).

1389



	Chemistry of Heterocyclic Compounds, Vol. 41, No. 11, 2005
	SYNTHESIS OF 1-(2-ETHOXYETHYL)-4-HYDROXY-
	4-[2-(1-HYDROXYCYCLOHEXYL)ETHYNYL]-
	PIPERIDINE AND HETEROCYCLIZATION
	UNDER THE CONDITIONS OF HYDRATION
	K. B. Bazhykova, I. A. Poplavskaya, and K. D. Praliev




<<
  /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 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 0.76
    /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 /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


