PF 59361 1 Method for the one-step synthesis of 2-nethyltetrahydrofuran
from.furfural and a catalyst Description 5 The present invention relates
to a procepgsbggq one-stage preparation of 2- nethyltetrahydrofuran from
furfural over a catalyst. 2-Methyltetrahydrofuran (referred to hereinafter
as 2-Me-THF) is an organic solvent 10 with high dissolution power. 2-M-THF
is used as a replacenent solvent for ch&nical syntheses for tetrahydrofuran
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While the preparation of furfural from plant wastes, especially agricultural wastes, is

known and has achieved a high level of development, the conversion of furfural to 2-

Me-THF, in contrast, is yet to be solved in a technically satisfactory manner.

25  The elementary reactions of the hydrogenating conversion of furfural are known and
have been described in detail by Zheng et al., Journal of Molecular Catalysis A:
Chemical (2006), 246 (1-2), 18-23. The authors consider 2-methylfuran to be
necessary asa precursor in the preparation of 2-Me-THF and describe main reactions
and side reactions of the hydrogenation, including the formation of carbon monoxide by

30  decarbonylation. |

Even though 2-Me-THF frequently forms in small amounts in hydrogenating
conversions of furfural, there are only few publications in which the direct conversion of
furfural to 2-Me-THF is described.
35 '
Kyosuke et al., J. Pharm. Scc. Jpn 66 (1946}, 58 show that the direct conversion of
furfural to 2-methyl-THF over Raney nickel catalysts at 260°C affords only small
amounts of the product of value. Instead, Kyosuke et al. recommend as édvantageous :
a two-stage process via methylfuran as an isolated intermediate and the use of various
40  catalysts for the two stages. For instance, copper chromite according to Adkins is used
in the first stage and Raney nickel in the second stage.



40 catalysts for the two stages. For instance, copper chromte according to
Adkins is psed3gin the first stage and Raney nickel in the second stage. PF
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separation of the individual reactors. The addition of hydrogen is required separately
for each hydrogenation step, and the formation of carbon monoxide, which always
proceeds in smail amounts from furfural under thermal stress, leads to deactivation of
the nickel catalyst and to the formation of highly toxic, volatile Ni(CO)4. As a result of

~30 the accumulation of critical impurities such as carbon monoxide, the economically
desirable cycle gas method becomes impossible.

It was therefore an object of the present invention to provide a process for one-stage
preparation of 2-methyitetrahydrofuran from furfural using specific catalysts without

35 isolation or purification of intermediates, with whose aid 2-methyltetrahydrofuran can be
obtained especially by conversion in a reactor and in circulation mode in good yield and

purity.

Accordingly, the present invention relates fo a process for one-stage hydrogenation of
40  furfural with a hydrogen-comprising gas in the presence of a supported catalyst which

comprises at least one noble metal from groups 8, 9 .and/or 10 of the pericdic table,

especially ruthenium, rhodium, iridium, gold, palladium and/or platinum, preferably
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salts, for, £xaPhetatkiifsdlitdhal 8P exdMiple aqueous palladium salt solutions, by
spraying corresponding metal salt solutions onto the support or by other suitable
- 25 processes, such as impregnation.

The catalytically active metals can be applied to the support material, for example, by
impregnation with solutions or suspensions of the salts or oxides of the elements in
question, drying and subsequent reduction of the metal compounds to give the metals

30 or compounds of lower oxidation state in question by means of a reducing agent,
preferably with hydrogen or complex hydrides. Another means of applying the
catalytically active metals to these supports consists in impregnating the supports with
solutions of thermally readily decomposable salts, for example with nitrates, or
thermally readily decomposable complexes, for example carbonyl or hydride

35 complexes of the catalyticaily active metals, and heating the impregnated supports thus
obtained to temperatures of from 300 to 600°C for the purpose of thermal
decomposition of the adsorbed metal compounds. This thermal decomposition is
preferably undertaken under a protective gas atmosphere. Suitable protective gases
are, for example, nitrogen, carbon dioxide, hydrogen or the noble gases. In addition,

40 the catalytically active metals can be deposited on the catalyst support by vapor
deposition or by flame-spraying. The content in these supported catalysts of the
catalytically active metals is in principle not critical for the success of the process



thermal ly readily deconposabl e conpl exes, for exanple carbonyl or hydride 35
conpl exes pfF gohgicatal ytically active netals, and heating the inpregnated
supports thus obtained to tenperatures of from 300 to 600' C for the purpose
of thermal deconposition of the adsorbed metal conpounds. This therma
deconposition is preferably undertaken4under a protective gas atnosphere.
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25 The metal salt solution or solutions is/are applied to the support or supports in such an
amount that the total content of active metal, based in each case of the tofal weight of
the catalyst, is from about 0.1 to about 30% by weight, preferably from about 0.1 to
about 10%. by weight, more preferably from about 0.25 to about 5% by weight, and
especially from about 0.5 to about 2.5% by weight.

30
Useable support metals include, for example, activated carbon, for example in the form
of the commercial product Supersorbon carbon from Donau Carbon GmbH, 60388
Frankfurt am Main, aluminum oxide, silicon dioxide, silicon éarbide, calcium oxide,
titanium dioxide and/or zirconium dioxide or mixtures thereof, preference being given to

35 using activated carbon.

The process

The process according to the invention is notable in that the conversion is brought
40  about in one stage and with only one catalyst.

The inventive one-stage hydrogenation can be performed in one or more, especially in




‘Useabl e support netals include, for exanple, activated carbon, for exanple
in the forpFsehet he commercial product Supersorbon carbon from Donau Carbon
GrbH, 60388 Frankfurt am Main, alum num oxide, silicon dioxide, silicon
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m xtures thereof, preference being giveR to 35 using activated carbon. The
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The hydrogenatidn gases used may be any gases which comprise free hydrogen and

do not comprise harmful amounts of catalyst poisons, for example CO. For example, it

is possible to use reformer offgases. Preference is given to using pure hydrogen as the

25 hydrogenation gas. However, it is also possible additionally to use inert carrier gases
such as steam or nitrogen. '

In the liquid phase, the inventive hydrogenation can be performed in the absence or
presence of a solvent or diluent, i.e. it is not necessary to perform the hydrogenation in
30  solution. '

However, it is possible to use a solvent or diluent. The solvent or diluent used may be
any suitabie solvent or diluent. The selection is not critical provided that the solvent or
diluent used is capable of forming a homogeneous solution with the furfural to be

35 hydrogenated.

Examples of suitable solvents or diluents include the following: straight-chain or cyclic

ethers, for example tetrahydrofuran or dioxane, and aliphatic alcohols in which the alkyl

radical preferably has from 1 to 10 carbon atoms, especially from 3 to 6 carbon atoms.
40 | |

The amount of the solvent or diluent used is not particularly restricted and may be

selected freely as required, although preference is given to those amounts which lead
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effected a‘%’g%r%‘g?@\éfe %gﬁ%@%%ﬁlé&%@&ggéﬂﬁ%% Sew?a @g_%ﬁ}eocﬂgﬁg?? ﬁ\Eegrqu] t_ar e
pr ef er abl yredfdcioswdisas 0By emal pmeenisias biripsedusts) whigh ean e fstayed reaqilyand
water is pardriyaubssduent pwifdhg tilstimtibepRettylsteahydrofuran (2-Me-THF) is

obtained by the process according to the invention in very good purity and yield. The

25 phase separation can be effected at ambient temperature. However, the reaction
effluents are preferably condensed at 60°C. since the miscibility of 2-methyl-THF and

water is particularly low at this temperature.

The process according to the invention will now be illustrated in detail hereinafter with
30 reference to a few working examples.

¥

Examples

Catalyst preparation example
35 , L
4 kg of Supersorbon carbon (4 mm extrudates, manufacturer: Donau Carbon GmbH)
were initially charged in an impregnating drum and sprayed with 2.8 kg of a 7.2% by
weight aqueous solution of palladium(ll) nitrate, based on palladium, at room
temperature with the aid of a fine nozzle (1 mm). The liquid was absorbed completely
40  into the pores of the carbon support. The material was subsequently dried in a drying

cabinet at 100°C for 40 hours.

Subsequently, the dried catalyst was activated (reduced) in a water stream at 200°C.



The process according to the invention will now be illustrated in detail
her ei naf t eppwoilh1 30 reference to a few worki ng exanpl es. Exanples Catal yst
preparation exanple 35 4 kg of Supersorbon carbon (4 mm extrudates,

manuf acturer: Donau Carbon GrbH) were initially charged in an inpregnating
drum and sprayed with 2.8 kg of a 7.2% By wei ght aqueous sol ution of
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pores of tﬂet 'E&F‘%‘ R-support. The material was subsequently dried in a drying
cabi net at 100C for 40 hours. Subsequently, the dried catal yst was activated
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si gnal s of 9! )-cedvabyouradtermERedpy @tegrqfswglthe §|9§9|§toéihefc(5'f0rﬁ%iﬁ9raﬁhous
hydrogenatl on conS| sting of an evaporator, an oil-heated 3.8 | jacketed

t ubul ar gnd a separator and a cycle gas conpressor, furfural was

hydrogenate contl nuous|y over fixed bed catalysts in the gas phase. The
t ubul at® r G EtRRRLT LPMREQUSHNYFTOgaNtied cPRUITIHE I AR SVPOIAS0 a@)o”d’feaéﬁ%
cat al yst (580 ja2Reted hbuize remtdramd sdsaparatut andcatyes) gasidvengredsior urfurepebodr was

Nl 1 ogen! Tprosa R R A R e A b oo e it hod  known
to those skilled in the art such that the content of hydrogen in the m xed
gas 25 wasThanwbelasedcsr oak filldd with 8 | (qurreepd@fiphto SGBS ghofenPd yatatyhe(58y st em was
Ipr (e;_sl_u%d Zelﬁhﬁsgper%&—beﬁ‘rzl ngtpuﬂg{eggen fresh hydrogen gas was adjusted to _150 |
The tubular reactor was flowed through from the top downward. The catalyst was
activated with nitrogen/hydrogen mixtures at 200°C at ambient pressure by the method
known to those skilled in the art such that the content of hydrogen in the mixed gaé
25 was increased slowly from 0 up to 100%. Subsequently, the system was pressurized to
10 bar with hydrogen, fresh hydrogen gas was adjusted to 150 | (STP)/h, the
evaporator was heated to 290°C, the reactor to 260°C, and the cycle gas was put into
operation. 100 g/h of furfural which had been distilled in one stage were conveyed into
the evaporator. During the hydrogenation, the cycle gas was adjusted to 1200 g/h, 951
30 (STP)/h of offgas were sent to incineration. Under these conditions, over 260 h, furfural
was converted to an extent of >99%; the selectivity for 2-MeTHF was 50%. The upper
phase of the biphasic effluent had the following composition: furan 2.4% by weight, 2-
methylfuran 2% by weight, THF 20% by weight, 2-MeTHF 49% by weight, 2-pentanone
9.2% by weight, 2-pentanol 0.5% by weight, 1-pentanci 0.9% by weight, remainder to
35  100% unidentified by-products. The by-products couid be removed by means of
distillation according to the prior art, such that the desired 2-MeTHF product was
obtained in a purity of >99%.

Example 2

40 7
In a system for continuous hydrogenation consisting of an evaporator, an oil-heated
0.375 | jacketed tubular reactor and a separator and a cycle gas compressor, furfural
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cont ai ned: 2- }F%%Hfur an 59% by wei ght, THE 31% by wei ght, 2-MeTHF 49% by
wei ght, 2-penta 0. 5% by wei ght, n-butanol 0.5% by wei ght, remainder to
100% unidentified by-products. The by-products could be renoved by neans of
distillation, such that the desired 2-MglHF product was obtained in a
purity of >99% PF 59361 9 Cains 1. A process for preparing

2- met hyltetré:r\@'ﬂi‘lsofuran by one-stage hydrogenation of furfural with a

hydr ogen- conprising gas in the presence of a supported 5 catal yst which
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The process aCCO&fQﬁé‘Eeﬁd&!i&ﬂaBiegaf%heoéle':%ent\éf“er ein the catalyst additionally has
metals fromgroups 1, 2, 4 and 7 to 12 of the periodic table of the

el ements. 15 4. The process according to any of clains 1 to 3, wherein the
cat al yst conpri sBe patésdonuprepartgot-methgttétrahydafidanby loeastagene el enent from

groups 1 and 2 ofygtdiRnafis brddhnGral fRbRIIMRS toldimal ARERISthe ZataRe cOMBGRSS
accor di nq to an wherei n activated carbon, 20 al um num

y “of cl ali 1 to 4,
oxi de, siPicon Oqa@;gila@’arg?qripéaélﬂu%war bi de, cal ci um oxide, titanium dioxide
and/ or zirconi um dioxide or mxtures thereof are used as the support. 6. The
process accondi Nthel Roddt¥ REodirditdBlakn 4 r 2, whbNefhthk SaRfit ddiRshaliynadie |iquid

R
phase at a tenperature of fro 50 t 50C from 20,10.200 bar absol ute.
D57 The' br ocedbeRBdEPIPRYPEd. 2rketiT 5 ltnridhe PERHl Rl HofReBor esence
or absence of a solvent. 8. The process according to any of clains 1 to 5,
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periodic table of the elements.

5. The process according to any of claims 1 to 4, wherein activated carbon,
20 aluminum oxide, silicon dioxide, silicon carbide, calcium oxide, titanium dioxide
and/or zirconium dioxide or mixtures thereof are used as the support.

6. The process according to any of claims 1 to 5, which is performed in the liquid
phase at a temperature of from 150 to 250°C at from 20 to 200 bar absolute.

25
7. The process according to claim 6, which is performed in the presence or
absence of a solvent. '
8.  The process according to any of claims 1 to 5, which is performed in the gas
30 phase at a temperature of from 150 to 300°C at from 1 to 15 bar absolute.

9. The process according to any of claims 1 to 7, which is performed in cycle gas
mode or circulation mode.




