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Abstract—2-Hydroxymethylfuran and 2-hydroxymethyltetrahydrofuran reacted with acetylene in the super-
basic catalytic system KOH-DMSO at 75-85°C under atmospheric pressure to give in 1.5-3 h the correspond-
ing 2-vinyloxymethyl derivatives in 88 and 91% yield, respectively.
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In the recent years continuously increasing atten-
tion is given worldwide to the preparation of practi-
cally important products from renewable raw materi-
als. In particular, this is the reason that in the past
decades furfural derivatives have found wide applica-
tion as universal solvents and precursors of biopoly-
mers and other biodegradable chemical substances.

At present, furfural (hydrolysis product of pentosan
materials) is used mainly to produce furfuryl alcohol
(Ia) and tetrahydrofurfuryl alcohol (Ib). The first of
these is a starting material for the manufacture of furan
resins, adhesives, and paints, and the second is gener-
ally recognized as “green” solvent for large-scale pre-
paration of acrylates and epoxy resins and is a compo-
nent of ecologically benign diesel fuel [2] and tech-
nical purifiers [3]. Due to low toxicity [4], biodegrad-
ability [5], and high solubility in organic and aqueous
media 2-hydroxymethyltetrahydrofuran and its deriva-
tives are successfully used in pharmaceutical industry
and cosmetics, in particular as synthetic aromatizers.

Selective modification of alcohols Ia and Ib could
considerably extend their synthetic and practical poten-
tials. Form this viewpoint, quite promising is their
vinylation with acetylene as a convenient atom-eco-
nomic and ecologically friendly method of synthesis of
new important monomers and intermediate products,
namely reactive but still difficultly accessible vinyl
ethers having a furan fragment. The known methods

* For communication XV, see [1].
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for the preparation of furfuryl vinyl ether (Ila, 2-vinyl-
oxymethylfuran) and tetrahydrofurfuryl vinyl ether
(ITb, 2-vinyloxymethyltetrahydrofuran) from alcohols
Ia and Ib and acetylene suffer from such disadvan-
tages as high acetylene pressure (initial pressure
16 atm at room temperature, which rises to 30-50 atm
at the required temperature) and elevated temperature
(up to 180°C) [6-9]. Patent [10] is the only publication
where the synthesis of 2-vinyloxymethyltetrahydro-
furan by vinylation of alcohol Ib under atmospheric
pressure at 170-190°C in the system potassium alkox-
ide—secondary or tertiary aromatic amine was report-
ed; however, the yield and purity of the product were
not given.

We previously reported [11-15] on the effective use
of superbasic systems for addition of various nucleo-
philes to compounds containing a triple carbon—carbon
bond, in particular for addition of oxygen-centered
nucleophiles for chemoselective preparation of vinyl
ethers. In continuation of these studies, in the present
work we examined vinylation of 2-hydroxymethyl-
furan (Ia) and 2-hydroxymethyltetrahydrofuran (Ib)
with acetylene according to the developed method-
ology [11-15].

In the preceding communication [1] we described
an efficient procedure for the synthesis of 2-vinyloxy-
methylfuran (Ila) from alcohol Ia and acetylene under
increased pressure in the system MOH-DMSO (M =
Na, K). By lowering the reaction temperature to 75—
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85°C we succeeded in minimizing side processes lead-
ing to tar formation and improving the yield of vinyl
ether Ila to 80% (previously, its yield did not exceed
68% [7]). We now made an attempt to develop even
simpler and more practical method for the vinylation
of furan alcohols Ia and Ib with acetylene under at-
mospheric pressure.

Our experiments showed that alcohols Ia and Ib
selectively react with acetylene (flow rate ~1-1.5 1/h)
in the superbasic catalytic system KOH-DMSO on
heating to 75-85°C (1.5-3 h); the products were vinyl
ethers Ila and IIb which were isolated in high yield
(88 and 91%; Scheme 1). The *C NMR spectra of
the reaction mixtures contained only signals assignable
to the final products, indicating high selectivity of
the process.

Scheme 1.

KOH-DMSO
_ 75-85°C, 1.5-3 h
R~ Non + HCECH ————— R/\O/\:H2

la, Ib lla, lib

R = 2-furyl (a), tetrahydrofuran-2-yl1 (b).

We estimated the relative reactivity of alcohols Ia
and Ib toward acetylene by the competing reaction
technique. For this purpose acetylene was bubbled
through an equimolar mixture of alcohols Ia and Ib in
a suspension of KOH in DMSO, heated to 80—82°C,
and samples were withdrawn from the mixture every
30 min. The concentrations of alcohols Ia and Ib and
vinyl ethers Ila and IIb in the reaction mixtures were
determined by 'H NMR spectroscopy, following the
intensity of signals from the exocyclic CH,O methyl-
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Plots of the concentrations of (/) 2-vinyloxymethylfuran
(ITa), (2) 2-vinyloxymethyltetrahydrofuran (IIb), (3) 2-hy-
droxymethylfuran (Ia), and (4) 2-hydroxymethyltetrahydro-
furan (Ib) versus time in the vinylation of an equimolar mix-
ture of compounds Ia and Ib with acetylene in the superbasic
system KOH-DMSO at 80-82°C (atmospheric pressure).

ene protons, 6 4.72 (Ila), 3.62 (IIb), 4.36 (1a), 3.21
and 3.28 ppm (Ib). The results showed that 2-hydroxy-
methylfuran (Ia) reacts with acetylene at a higher rate
than does 2-hydroxymethyltetrahydrofuran (Ib) (see
figure). As followed from the intensities of signals
from the trans-protons in the vinyloxy groups
(6 4.32 and 4.16 ppm for Ila and IIb, respectively), the
concentration of vinyl ether Ila was twice as large as
the concentration of IIb in 0.5 h. After 1 h, the ratio
IIa/IIb fell down to 1.4, and after 2 h, the reaction
mixture contained no initial alcohol, while the ratio
Ia/IIb became 1:1.

The lower reactivity of 2-hydroxymethyltetrahydro-
furan compared to 2-hydroxymethylfuran in nucleo-
philic addition to acetylene seems to be surprising,
taking into account that 2-furyl group is a stronger
electron acceptor than tetrahydrofuryl fragment. This
follows from appreciable downfield shift of the CH,O
and vinyl proton signals of vinyl ether Ila relative to
the corresponding signals in the "H NMR spectrum of
2-vinyloxymethyltetrahydrofuran (see Experimental).
Presumably, the observed pattern originates from steric
factor: unlike furan ring, tetrahydrofuran ring is non-
planar; therefore, the hydroxy group in some con-
formers of tetrahydrofurfuryl alcohols is turned toward
the ring and is shielded by the neighboring CH
protons.

With a view to obtain additional information on the
reaction of 2-hydroxymethylfuran (Ia) with acetylene
and elucidate main factors determining the selectivity
of this reaction, we examined the possibility for vinyl
ether Ila to undergo intramolecular rearrangements
typical of aliphatic, alicyclic, and aromatic systems
having multiple bonds at positions / and 5 [16]. It is
known that vinyl ether Ila as structural analog of
allyl vinyl ether is capable of undergoing [1,3]- and
[3,3]-sigmatropic (Claisen) rearrangements leading to
3-(2-furyl)propanal and 2-(2-methyl-3-furyl)ethanal,
respectively [16, 17] (Scheme 2). Aldolization of the
latter in the presence of alkali metal hydroxides could
give polymeric products, and just strong tarring was

Scheme 2.
CHO
= O/%CHZ o Me
\_J ]
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the main factor responsible for the low yield of
2-vinyloxymethylfuran under classical vinylation con-
ditions [6, 7].

We found that heating (80-82°C, 5 h) of an equi-
molar mixture of vinyl ethers Ila and IlIb (the latter
was taken for comparison) in the system KOH-DMSO
resulted in insignificant reduction of the concentration
of compound I1a ('"H NMR data). After appropriate
treatment, we isolated a mixture of vinyl ethers Ila and
IIb at a ratio of 1:1.07 (GLC). These findings provide
an additional support to the assumption that the con-
tribution of Claisen rearrangement in vinyl ether Ila is
insignificant under the given conditions.

We already noted general character of vinylation of
both alcohols Ia and Ib with acetylene under atmos-
pheric pressure. The reaction occurs at unusually low
temperature (75-85°C) and ensures high yields of the
corresponding vinyl ethers. The optimal temperature
matches the conditions for vinylation of oligoethylene
glycols [18] and is lower that the temperature required
for the vinylation of methyl [19] or allyl alcohol [20].
The most probable reason is intrinsic superbasicity of
the reaction mixture, i.e., binding of alkali metal cation
by either alcohol molecules Ia or Ib or vinyl ether
molecules Ila or IIb according to the chelation pattern
typical of polyethers [13, 14, 21].

~A
~
-0,
-

b OR
e
707 L TOTN
— \ ~—
O
R/
R = H, CH,=CH.

Thus we have found conditions for almost quanti-
tative vinylation of large-scale furfural derivatives,
2-hydroxymethylfuran and 2-hydroxymethyltetrahy-
drofuran. The reaction is performed in the superbasic
system KOH-DMSO under atmospheric pressure at
75-85°C. The products, 2-vinyloxymethylfuran and
2-vinyloxymethyltetrahydrofuran are promising mono-
mers and key starting materials for the synthesis of
new furan derivatives.

EXPERIMENTAL

The IR spectra (400-4000 cm ") were recorded
from samples prepared as thin films on a Bruker
JFS-25 spectrometer. The 'H and ’C NMR spectra

were measured at room temperature on a Bruker DPX-
400 instrument at 400.13 and 100.62 MHz, respec-
tively, using DMSO-d; as solvent and reference. GLC
analysis was performed on an Agilent 6890N chromat-
ograph.

Vinylation of furan alcohols Ia and Ib with ace-
tylene under atmospheric pressure (general proce-
dure). A mixture of 100 ml of DMSO, 100 mmol of
alcohol Ia or Ib, and 2.8 g (50 mmol) of potassium
hydroxide was heated to 75-85°C, and acetylene was
passed through the mixture at a flow rate of ~1-1.5 1/h
over a period of 1.5-3 h under stirring (until signals of
the initial alcohol disappeared from the '*C NMR spec-
trum of the reaction mixture). When the reaction was
complete, the mixture was diluted with 100 ml of
water and extracted with diethyl ether (6 x30 ml), the
extracts were combined, washed with water (3%
20 ml), and dried over potassium carbonate, the sol-
vent was removed on a rotary evaporator, and the
residue was distilled under reduced pressure.

2-Vinyloxymethylfuran (IIa). Yield 10.90 g (88%),
colorless liquid which turned yellow on storage,
bp 45°C (12 mm), np = 1.4741. IR spectrum, v, cm '
1503 (furan ring); 1618, 1638 (C=C). '"H NMR spec-
trum, 8, ppm: 4.05 d.d (1H, cis-H, *J = 6.7, °J =
1.8 Hz), 4.32 d.d (1H, trans-H,*J = 14.2, >J = 1.8 Hz),
4.72 s (2H, CH,0), 6.45d.d (1H, 4-H, °J = 3.2, °J =
1.7 Hz), 6.53 m (2H, 3-H, =CHO), 7.66 br.s (1H, 5-H).
BC NMR spectrum, 8¢, ppm: 62.5 (OCH,), 88.4
(CH,=), 110.7 (CY), 111.1 (C?), 144.0 (C%), 150.7 (C?),
151.8 (OCH=). Found, %: C 67.67; H 6.47. C;H30,.
Calculated, %: C 67.73; H 6.50.

2-Vinyloxymethyltetrahydrofuran (IIb). Yield
11.65 g (91%), colorless liquid, bp 62°C (15 mm),
nd = 1.4492; published data: bp 163°C (750 mm),
np = 1.4500 [8]; bp 55.5°C (14 mm), nd = 1.4489 [9].
IR spectrum, v, cm ' 1618, 1638, 1653 (C=C).
'H NMR spectrum, &, ppm: 1.56 m (1H, 3-H), 1.80 m
(2H, 4-H), 1.91 m (1H, 3-H), 3.62 m (3H, 5-H, OCH,),
3.72 m (1H, 5-H), 3.95 d.d (1H, cis-H, *°J = 6.7, %J =
1.4 Hz), 3.99 m (1H, 2-H), 4.16 d.d (1H, trans-H, *J =
142,%]=1.4 Hz). BC NMR spectrum, dc, ppm: 25.5
(CY, 27.9 (C?), 68.2 (C°), 70.2 (OCH,), 76.8 (C?), 86.3
(CH,=), 151.8 (OCH=). Found, %: C 65.56; H 9.47.
C;H,,0,. Calculated, %: C 65.60; H 9.44.

REFERENCES

1. Oparina, L.A., Vysotskaya, O.V., Stepanov, A.V., Rodio-
nova, L.V., Myachina, GF., Gusarova, N.K., and Trofi-
mov, B.A., Russ. J. Org. Chem., 2008, vol. 44, p. 120.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 45 No. 1 2009



134

10.

OPARINA et al.

. Lacome, Th., Montagne, X., Delfort, B., and Paille, F.,

EVP Patent no. 1188812, 2002; Chem. Abstr., 2003,
vol. 136, no. 250119.

. Bohnert, G., Carter, W., Hand, R.D., and Powers, Th.E.,

US Patent no. 5679631, 1997; Chem. Abstr., 1998,
vol. 127, p. 320246.

. Lewis, R.J., Sr., Sax’s Dangerous Properties of Indus-

trial Materials, New York: Van Nostrand Reinhold,
1996, 9th ed., vol. 3, p. 2196.

. Zarnt, G., Schriader, Th., and Andreesen, J.R., Appl.

Environ. Microbiol., 1997, vol. 63, p. 4891.

. Rychkova, A.G. and Keller, R.E., Zh. Obshch. Khim.,

1961, vol. 31, p. 1849.

. Uvarova, N.I., Izv. Sib. Otd. Akad. Nauk SSSR, Ser.

Khim., 1962, p. 78.

. Glukhovtsev, V.G., Nikishin, G.I., Spektor, S.S., Zakha-

rova, S.V., Mamatov, Yu.M., and Popspirova, N.M., Izv.
Akad. Nauk SSSR, Ser: Khim., 1968, p. 1382.

. An, V.V,, Skvortsova, G.G., An, L.M., Mansurov, Yu. A.,

Frolov, Yu.L., and Ratovskii, G.V., Trudy III vsesoyuznoi
konferentsii “Khimiya atsetilena” (Proc. 11Ird All-Union
Conf. “Chemistry of Acetylene”), Moscow: Nauka,
1972, p. 208.

Jom, M. and Evans, R., UK Patent no. 580748, 1946;
Chem. Abstr., 1947, vol. 41, p. 2067 g.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Trofimov, B.A., Russ. J. Org. Chem., 1995, vol. 31,
p. 1233.

Trofimov, B.A., Curr. Org. Chem., 2002, vol. 6, p. 1121.
Trofimov, B.A., Sovremennye problemy organicheskoi
khimii (Current Problems of Organic Chemistry), Pote-
khin, A.A., Kostikov, R.R., and Bred, M.S., St. Peters-
burg: VVM, 2004, vol. 14, p. 131.

Trofimov, B.A. and Gusarova, N.K., Usp. Khim., 2007,
vol. 76, p. 550.

Mikhaleva, A.I. and Gusarova, N.K., Atsetilen: reaktsii
i proizvodnye (Acetylene: Reactions and Derivatives),
Irkutsk: Ottisk, 2006.

Ichikawa, H. and Maruoka, K., The Claisen Rearrange-
ment: Methods and Applications, Hiersemann, M. and
Nubbemeyer, U., Eds., Weinheim: Wiley, 2007.

Thomas, A.F., Helv. Chim. Acta, 1970, vol. 53, p. 605.
Parshina, L.N., Sokolyanskaya, L.V., Nosyreva, V.V,
Scotheim, T., Zefirov, N.S., and Trofimov, B.A., Russ. J.
Org. Chem., 1999, vol. 35, p. 202.

Trofimov, B.A., Oparina, L.A., Lavrov, V.I., and
Parshina, L.N., Russ. J. Org. Chem., 1995, vol. 31, 597.
Trofimov, B.A., Oparina, L.A., Lavrov, V.., and
Parshina, L.N., Zh. Org. Khim., 1990, vol. 26, p. 725.
Trofimov, B.A., Geteroatomnye proizvodnye atsetilena

(Heteroatom Acetylene Derivatives), Moscow: Nauka,
1981.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 45 No. 1 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


