Title: Method for the synthesis of 5-al koxynethyl
furfural ethers and their use. The present invention
w0 200atiess14 0 a net hod for the preparati on of dePCWEPI00BE02145

of 5-hydroxymnet hyl furfural (HWF) , in particular ether

derivatives of HVF, nore in particular to

5-al koxynet hyl furfural ethers and to their

application as a fuel or fuel additive. The conversion

of sugars or sugar (hexoses) containing biomss into
TitlepDMetaodndor ctid wymsdbHi s COMBWEIMSxyBe Oyl RIfRZSLNGthers and

imt%%g ty ?C]ljrrent fuel activities are mainly directed

towards ethanol from sugar/ gl ucose. Typically, sucrose

and glucose are fernmented into ethanol. One gl ucose
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* c GheereloRIrIions @éasggem rprasubegc i bexosar)o chEaininddiomass

into ﬂéﬁé%o@uﬁcﬁ@l%%&ﬁﬁt ab¥pbuh@s heet & ﬁ@?éé@ﬂi fl‘?{terest
0250 tq Suedzucker or EPQ56

l.e in EPO
Curre’eEAg;Pe) acltﬁ"f‘ﬁ%%sc%f’see“ﬁwp ¥ sabhtchiate doyards hﬁf"g*rﬂrgPl from
sugar polweniseal Tspacﬁlh;g, maicebisal alfld)rgnhio&lentalﬁg béﬁnel&ﬂfe@d into
n rboxvli.c an i.nter
ethang? %%293%5 as %ﬁé&ﬁt e:i%a ?r\lléée ey erg Bh H%I“llo eé:é"ll 528f
ethangl mHwbwe metepel sty Code Tlelc%pmnvalrauentlyge drawbacks

especD@iN}eStnerviecll\/Qf elbrelecondhy; ke TR %%e!r& Cad Al s/ %f ethanol
- 30 and references Cited

(7.7 ]f‘gFé/ & '\bs%\h‘é‘%‘“/ﬁd@wdt I’rééer%]o?ltdﬁ‘ﬁ dRY¥ Lotk naint (78,4

degregs lﬁai$euwas used as a feed, no conversion to HW is

al SI Vol
OE’ﬁSEP{&d Jldiéql%%bgh af%l 1n\)orl].¥lgp1:]:|?e;eécgw L34 “68 fars
such af dipugtesa é%’él‘?/éﬁfFagé gheemreq@qeowfpancec:ahd:aé;@amaanhas
been BMEdtall l(EbY &farip1e ameransh e 3ie A% subRkYcikdy tdI€ EPoS61928 to

CEA))Srﬁiggée ?%ﬁe fgwébgggngﬁﬂgéléngig yyégﬂékifgiogkarting
material for obtaining bio-based monomer such as furandicarboxylic
acid which can inter alia be used as an alternative to terephthalic
acid as a monomer for polyethylene terephthalate type polyesters
(Moreau et. al. in Topics in Catalysis Vol 27, Nos. 1-4, 2004, 11 -
30 and references cited therein). When under these conditions sucrose
or glucose was used as a feed, no conversion to HMF is observed
(Moreau et. al. in Topics in Catalysis Vol 27, Nos. 1-4, 2004, pl3,
col 2. line 2-3), which is a distinct disadvantage given the low
price and abundant availability of sucrose and glucose. Only in the
presence of DMSO, DMF and DMA (low HMF yields from glucose: Ishida
et. al. Bull. Chem. Soc. Jpn 74 2001, 1145) or in a sub- and
supercritical mixture of acetone and water (fructose, glucose,
sucrose and inulin conversion to HMF in 77%, 48%, 56% and 78% yields
respectively: Vogel et. al. Green Chemistry 5, 2003, 280) reasonable
HMF yields from starting materials other than fructose were obtained.
In the current market situation, fructose as feed is

undesirable given the high price thereof, compared to glucose and/or
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et . al . Bull. Chem Soc . Jpn 74 2001, 1145) or in a
sub- and supercritical m xture of acetone and water
W@ 2003a0458€, gl ucose, sucrose and inulin converBCHEP2007/002145
HV in 77% 48% 56% and 78% yi el ds respectivel y:
sucroyegeThateforgl, soFaen rchewpsesy Hor, t@@ogyngaggis of HMF has

been &@@QP&?JH &nHYR Yﬁ@&&sﬂf rloghéié”' ng materials other
than fructose were obtained. In the current narket

sithgaevBhRReF i HPETd ShEY f &Ry arplifaeirramte HYFy 8pet feviewed
extenBi @bl prirca.civRewsef, mmv@cedobp gdlucqaesandiﬂr@axml@ﬁe Prog.

Thref e, fa 0 .pr the t hesi s. of H
Polymyaihied ’dé\?gfIOp{e%jO%n larlln?"ln rla SCaIE 8%1 & 7Moo,
65 andyhthedihemch8rest3y, mZap@lZBcaand)m'@r@hqu\/Fomces in

Catal%gyé ewefd exhensiyely in Lewkowski, ARKIVCC 2001, (i)
4:"i'n"Gndini, Prog. Polym Sci. 22, 1997, 1203;

i FORCAHEERT hather curemnt apgtials for ohpsyrimesig AEMF
most1¢hem riReEom3brudfdsde ahd Bypiaatl MiaLaibe FOPECHidH yield,

Cat al is, .27, 2004, 11. h t
parc 1y Praitar i el O bbb Sk JRe PR aghatc
reactionctast tdodst ypi cebdty agd dnoatglyeedhivgiiey bosled pagadtyons,
the fﬁiﬁﬁé£ngé§@t§ohot$f%%ddﬁﬂﬁ%é'Lbia éHd'ﬂW%lﬂedﬁéstﬁE%n reported,

acidic reaction conditions. In nost acid-catal ysed
makingatlts Fad&Fsr aEEYF O CRECFIREHE reaction to
| el ppéserciithvandobsnhdise s baENts epRiicthe BRKEBY
dlsadvgﬁéaa | ess attractive alternative. The present
et or's have set out to overcome these
d|SSIa7@vameas t8er pniventpeptsy haviee fpune ntlorts they eofivemsiion of

hexos&h@énéiﬁ%fﬁgn¥€£§ﬁfﬁb(Hét%§§9§e 1ﬁxﬂg¥@1%h@grskfﬁéﬂdgé and/or
material, in particular fructose and/or glucose

glucos%on‘f%ﬂtﬁ‘l%ngt A NPIHRERF AR Anf e paFticutay glucose-
contaghicpseneitial ntig: matyebeabet ivadd Mxprb®idrasyeth falempresence

of a g%tg_ Sé %rt QSIE)pét Secriﬁ%m%(:r?c Cgrﬁ d,tlnx:t Io% gc1d in the &xesence

oechi ric anoun n the presence o
of anaplephdheiithi oh withguthsbe Ph@sem@s@ffcen@ @rdwereoraddltlonal

diluehBs € Al thoopal AilMeNbs beagdse tQ e baniny iy ofinbhein

good yféfc?s ond| Tgcﬂ\{\’Flte; her in good yield and selectivity.

Thus, the invention pertains to a method for the manufacture’
of 5-alkoxymethylfurfural ethers by reacting a fructose .and/or
glucose-containing starting material with an alcohol in the presence
of a catalytic or sub-stoechiometric amount of acid catalyst.

It was found that this in situ formation and derivatisation of
HMF prevents the oécurrence of the onward and undesired reaction
towards the above-mentioned levulinic acid and humins, thus leading
to an efficient procedure for the conversion of fructose and/or
glucose -containing material into HMF derivatives.

The energy density of 5-ethoxymethylfurfural (EMF), the ether
resulting from reaction of HMF with (bio)ethanol, can be calculated.
Taking into account stoeichiometry and a calculated enthalpy of
formation using increment tables of 502.32 kJ/mole, the reaction
enthalpy can be calculated as 3854.76 kJ/mol, leading to an energy
density of 7.0 kWh/kg or 8.7 kWh/L. This is as good as regular
gasoline (12.7 kWh/kg, 8.8 kWh/L) and diesel ((11.7 kWh/kg, 9.7
kWh/L) and significantly higher than ethanol (7.7 kWh/kg, 6.1 kWh/L).
This high energy density of EMF, the fact that these HMF derivatives
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Thus, the invention pertains to a nethod for the
manuf acture of 5-al koxynet hyl sfurfural ethers by
WO 200¢t0438¢ a fruct ose and/ or gl ucose -cont ai ni NBCT/EP2007/002145
starting material with an alcohol in the presence of a
can nowtle yititeioedsih-sigectieddst r ic @mowtepof fachdvery cheap

hexos@aéf"ﬁ/e%ose' Eo}é@é%ﬁﬂ#%tta%ﬁn@f; 4% Sl léuf:ﬂ@?téd%!}o%%d and

derivatisation o reven e occurrence of
GluconmyAth M SHATBSFFRRFS B56t G7 EOREHARE (RORNF, 1iquids at room

tempe?@ﬁ%%b}nﬁﬂweoﬁﬁé?$eWéHylﬂd%e@ésﬂlﬁﬁﬂﬁdﬁﬂg Bﬁ,fﬁémﬁhddltlves.
adl n to an.e I Cl ent ro e or the rsio
o FRers irenE it (i BlSehEl n iR SR AR E P he group
consibkbinglaerfi patimaes. (ﬂ'rh)éommgyl dbnishatt;acofalﬁobbh@xyﬁretdeyitain

, t
prefepied Kilodiithts, A6 AIRELLTES it it FILASAR huld)
consigeERaimt @tre@aém %%re% yuangranehed (i lamda téat ﬁlacrqigpglcﬁ

prefeigmrgﬁtm&mlauau Ndet REKENENL p-aphes] Of2 warsgwlﬁ%té}gp Sropanol,
Ct 1 oNn

| d
-y 25 0 EEL AR Y G008 68 S el SRAAEENAE. spouicing
(m) etBy¥V é(tWa’rL ( (?ﬁhEShoxymrgzdddrasrabglMI\a‘r oga8vF) nead k2 high

k and e 7 k .
energi%&% ﬁd M@ hilcant Ilq’l Eé k ]%san E?Egn%?d%%}?e as an
alterpgipi gy, foe; MTR ?{)aS. a‘rffy%lhu ’ijhx“éhreﬁsg}PfdéF@P]t“ylfome,lso be
employmh_fmiah nblllagsthl@éendﬂ\ﬁ:p(iéféyﬂéd Vaelﬁﬁﬂfdaln%ﬂ/ b@% itdiodedf the

| | | el ds 1IN Q e romver chea
presehl, Juhedshy A7 nF i CORPELEb A £ 1S SEBnabEe dio e ved
from hhohagcos gluanse asortttadsd ngt harerigle, (bip-ebhanalst. t o

HVF, liquids at roomtenperature, make these very
interesting fuels or fuel additives. In certain

efb§drftht @ talystalBoklae nalhagd eét bhe rRERRate igyeRpion can
be selofSddS tirdeh aﬁoﬂgémml(dgahabéamdsmhajd aba&sp inorganic

al ol ols, In certéu n pref erfled enbod thle.
acids 51 Lewis, ac 30 f(ﬁ ange res1ns an A=Te) tes or
al Tohol’ 'S 58| 8etet ' om oup consisting .o

combipaf irrsy a@g/Ch I(\Lmt)unﬂsartbhédom i Phatentadhcphefeyrred

embodP%éﬁé%*thﬁ get hanl 21184300k, hde HFRPRMRBLs catalyst. In
ydr'oxynet hyl - propanol ; 1-butanol”. Nore prefeérable

certah’? ee“i’ﬁ?cq’ra‘ﬁﬁf:san %racétdhgﬁﬁﬁlyq"hel§ @s@lof“Pﬂﬁn?‘l‘F) @Yqyyst. The
acid edindse (@ proebhbxy mBrdngtéiuot urdlterdEioelFMe @ssaacid. In

certaml %hbeéﬁ%g}ﬁtcopﬂgrg01%%aga¥e d&i:;aqllcy ol%elﬂglegarﬁ% a fnu%ertaln
embodlments, the organic acid can be selected from amongst oxalic
acid, levulinic acid, maleic acid or para-toluenesulphonic acid. In
certain embodiments, the inorganic acid can be selected from amongst
phosphoric acid, sulphuric acid, hydrochloric acid, hydrobromic acid,
nitric acid, hydroiodic acid, optionally generated in situ. In
certain embodiments, the inorganic acid is selected form the group of
sulphuric acid, phosphoric acid, hydrochloric acid, nitric acid. In
certain embodiments, the salt can be one of (NH4)2S04/S03, ammonium
phosphate, triethylamine phosphate, pyridinium salts, pyridinium
phosphate, pyridinium hydrochloride/hydrobromide/perbromate, DMAP,
aluminium salts, Th and Zr ions, zirconium phosphate, Cr-, Al-, Ti-,
Ca-, In-ions, Z2rO0Cl2, VO(S04)2, TiO2, V-porphyrine, Zr-, Cr-, Ti-
porphyrine. In certain embodiments, the Lewis acid can be one of
ZnCL2, AlCl3, BF3. In certain embodiments, the ion exchange resins
can be one of Amberlite, Diaion, levatit. In certain embodiments, it

is preferred that the acid catalyst is a solid catalyst that may be
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alternative for MIBE or as a fuel. M xtures of
al cohols may al so be enpl oyed4 Ethanol is the nost
W@ r@iap4sed al cohol in the method of the presenkPCI/EP2007/002145
i nvention as the ethanol that is used can al so be
selectiedi ¥eth fuhemabopasenoirstgingc o§eachtasingg materaklclay

mlnerg?lozégfﬁygg )sugég§téﬁné%1 %t§h¥ﬁcfér(fﬂ?%a”?&é?&bﬁgtéaq%lth

esent i nvént | can sel ecte m anon

mlnerehaw@%ath@@)t bFearrd Hareeali nvetgni Qeué}@ﬁdsme%%ﬂ tsulfides,

metall—g&&@s i i xe@NoRXELANGR En@&tﬁﬁe@ﬂﬂue?x%@)'fl tes @értaln
onbi nati.ons and/or m. xtures thereo

embOde%?%?T SHENB68i R TR IREL]BF 0° a%%%/&tlagyﬁts can be used.
he!ter cgepevarsugatadl yatchl the erdagichor nbo dereiirsedt hey vary,
but iﬁcbgngxaatlalﬂésgs 8¢ et@lggstﬁgtxaé&/&_l onTgS ?gi‘]glé.@)éut at a

aprotonlc rnste alternatlve
tempegaigre |frogeSata é%d%ﬁsmﬁﬂs Cehaivgi @rﬁéyraélbr@mw @25 to

250, Rbré n;%él@%a%lyl Br&Rr 1A rtoeabgda@és deheiqegam Cgeafélxdl
can be eI cted. from anongst oxali aci d, Ievullrﬁ1

tempegatyre TatPaR ot O &4 SFEeP]’é rd??élnr"‘é 5Re fedgptivity of
the reectihdm aerrbradyrrbmlsroddte;sl bor:ganlimaam chldancheamelisation of

the sﬁ?%PCt of%ghgngﬂgséelfoq%BhBEigw cle%% théﬁénggd}e is

roc oric a romc aci , I C acCl
also hogs o@l@ﬁe@a@éedbe@@e%m tpegahey a@te@d:tllﬁns Fpeed| n

C@hfealfﬂu@t*f@@éjlam%?"iﬁ ?&Esoém&@allﬁlﬁgl @Ithaz&ls.@l @etedial can
orm rou Su uri 0SS ori aci d

be seh SRRt ¢ Hifa, V1T oG FaeSt n WLEEARRRL 2y feed with a
suf fieivod| niryht f,rut:heseadnt glarcobe ooetexft (dEHdpe2G6Md SO is
prefeﬁﬂg@”éﬂﬂp Q%%Sﬁbéé&sé fad{%f/w ng[‘h&?s h%%éﬁﬁma? starting

ridiniumsa ni u osphate, pyridrnium
materh?%irb‘é:rﬁedlelctﬂéﬂh%@‘bb‘?hﬁn%@PBePBrwcél BVEbPOsal (FRlfcERse,
cellu$atd S, helfd @@d1Zr_os@nsglu?ddseoabﬂmmefgolaabacc@nde@ such as

suczogh o phite A A, THoBER phyRISTE o0 K EhpEasy containing
disacehdotidamnimeret peef_emkslyacsmdroaﬂ duegjneoefa ZnCL2

AlL3 ca BBy st 1dhn! %%t Q!i&e&"@@ct'ﬂée%éctl&? rdl%u%cbﬁnzgr? amount

resins can be one of ite, Dialon, levatit
varyipgr{zem Oe%oBPné?lt‘E"lq t% |d§a}3Pe?%rtr}é?d ftrHSFOFﬁeO%cﬁ]dlcose
contefiit & Wiie ifFuatsed i shd/alralgystosbatcomuihengl sedatidpmacterial
prefer?gl réng% %OQS£St$§g%ﬁT @CIQOrgSIJE%e a%&acﬁrom q 20 mole

neral, zeol i suppor Facia: as si

~%.  inpregnated with

In certain embodiments, one or more solvents or diluents may
be added, in general to aid the dissolution of the glucose containing
material or as a diluent. The solvent may be selected form the group
consisting of water, sulfoxides, preferably DMSO, ketones, preferably
methyl ethylketone, methylisobutylketone and acetone or mixtures of
two or more of the above solvents.

In certain embodiments, the ratio of alcohol/solvent is from
50 to 0.1, preferably from 20 to 1, more preferably from 10 to 2.

Higher amounts of alcohol may have the result that the
reaction is too slow due to the limited solubility (hence
availability of the starting material), whereas too much solvent in
the system may lead to a too high dilution, which in both cases are
less preferred results. One of the possible solvents is water.

In certain embodiments, the method can be performed in a

continuous flow process. In such method, homogenous catalysts may be
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m neral acids, heat treated charcoal, netal oxides,
metal sulfides, netal salts ard_m xed oxides and
WOorRo0ra94%4 t hereof . I n certain enbodi nents, m xPCF/EB20§7/002145
conmbi nations of acid catal ysts can be used. The
used kedpehat treidenoehtdhet b theackerohantss par frtenédowayrocess is

betwekdl ¥: 1 0Mc d&r{h genen gl hb&ré S éﬂ{?%? g% £,08 1t RECLRACL A hours,

I'S carrle out at a tenper 50 to 300 degrees
more pap§pHabLlyprisgiasy ébF‘ynPF%n‘iQLZShPHrZSO more preferably

fromcki®atif dbodie@Res thel §d>rl1»t51nddihsgem6{73{.|>rocess is a fixed
eratur her than 300 are _pre er

te s hi . as. the .
bed coBRRRROUS (ELost PRRECP Rt it SRe E vty (R s a6t &t et et 1on
proceisst eithlpzae@a:raaﬂyl ash¢terpgenebhe sugarcatlaéyhor nTfoginiteiate or

regenre§‘§ gxg? QFelbeca%QﬁeE?&’e% id %@Q?gét‘r@r =3 %'mggolzﬁéerformance,

se 0 slow reaction s
an lnPP—‘EIétlb@eO%tmi—’l%Fllgl aedd dvzbcairAfAg &2 drhe ﬁ@eﬁa%rmﬁ fixed

bed oQaBeQEt:S\?é QﬁtsQQIfLé@m)@ é’&r&%n‘(x@ﬁbefYo@fpr&%@% tA a fixed bed
ener al f eed suffl ci ent fructpose_or
procelfnchie Dk Poukh e ProTE IHERa) PG Prat-ihd to
1000,f puefessbndiramn §l tio05&0 - cetapre figrailar thirog Mattes i 2d0 and
nost pReRELEEI e AP Bg goup of Starch. amylose,
ala ce

ctos ose, hem -cel | ul ose,
gl ucose-cont ai ni ng di sacchari des such as sucrose,

n'?ié @S@,laﬁﬁ%aom&%‘%a thach Elcdaﬂfﬁfnebabl:hie p]grodubclts of the
ose- cont ai ni ng di sacchari de refera
methog gF (28 &R ARy TR baraly SERR an I P a8 b ot Rheise a5 a
fuel peattebrediittivecand ay mrezunisovafyr nthd mamu@abiute < 2, 5-
di (hy?? Yn(%tg{}g. uq%nt hfuiéﬁ'q %Sﬁlgérggwpfte QR ent of the

| ucose -‘contal ni ng starting material
hﬂr%&/@%@%ﬁ%ﬁ%&nﬁ@f&%ﬂ% afdde 92;°nore preferably
(dlhyfirreﬁyraem@la(wmbaya@ofdfhrpewhabn @&@mﬂ rHé%HSasQﬁ}ﬁ'l&iers in a

|l vents or ma d ed i.n eral
P°1ym§ra8%3e°ra.%rs°oﬁe&ﬁ oﬂ%i“’%%&y ryaﬁg8§ rﬁlﬁPna n%l't‘eerci [ oto @
diamipe. aSea fhd @erneym'helvks:cﬂamntronaySbms:@lt@dVede 02094 he7, 11-
39. 9roup consisting of water, sulfoxides, preferably '
DMSO, ket ones, preferably nethyl ethyl ketone,
met hyl i sobutyl ket one and acetone or m xtures of

Figures:
Figure 1. Plot of a) conversion, b) selectivity to furan derivatives

versus space velocity. 180C, heterogeneous catalysts, reaction medium
water. Catalyst 1:00; Catalyst 2: B Catalyst 3: * Catalyst 4: @.

Figure 2. Plot of a) conversion, b) selectivity to furan derivatives

versus space velocity. 180C, heterogeneous catalysts, reaction medium
88.7% ethanol. Catalyst 1:0[J; Catalyst 2: B Catalyst 3: * Catalyst 4:
0.

Examples

Example 1:

In a continuous flow reactor, sucrose 10 mmol/l, dissolved in
water/ethanol/10% H2S04, was reacted at a temperature of 195 degrees
Celsius with a residence time between 6 and 60 seconds and a flow
rate of 10 ml/min, i.e. 3.33 ml/min/reactor. At 6 seconds, mainly
conversion into fructose and glucose was observed, but at prolonged

residence times, 2 main furan peaks were observed in the UV spectrum.
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two or nore of the above solvents . In certain
enbodi ments, the ratio of alcghal/solvent is from50
W@ 2000/104519r ef erably from 20 to 1 , nore prefere@l/EPInoom2145
10 to 2 . Higher anmpbunts of al cohol may have the
Mass m@euttomémnytﬂaenteatédcuhdse pboodsttow aueMFoahBeEMF with a
seleddiPLESLEIPY) LLYa (BGIAE GUAl LOiad 1y of the starting
ar wheréas too much solvent in the system nay
lead to a too high dilution, which in both cases are
Exam51@35 preferred results. One of the possible solvents
iIs water. In certain enbadi nents, the Hgd Cﬂn ge_
In a ﬁ@PFbPH%S i EEAET Ao PSR PdE%%]s’Tfl 1§gEnHveES 11
watervethadallunﬁnyaﬁous aa&zﬁew&tsdnay beuémybramdrbhef 195 degrees
ce1iyBShUENCE LIIRAL T N8 CARLANLS T Lhd 6y [RUHRL LSS, o
hours, prefe Iy rom
rate s;éca;ﬁdmlbnlsl hdues, 3@?6“1dmﬁérab¢90#fd’rh BOnspgeRds 0 21 main

furanh@HEks|ﬁbﬁ§&ﬁ%b?v@5bﬁgHﬁﬁnb@ EB@C@QB&'m@@%ssﬁggwkometry
process is a fixed bed continuous f|ow process, or

1dentﬂ§é‘é?| VReST RRAYEFR) 2% eRgt YR “b]rtdrté’s§e\}xﬁcﬁ”1ty of >90 %
at a pepeferabdy &£ heter ogeneous acid catalyst. To initiate

or regenerate the heterogeneous acid catalyst or to

i nprove performance, an inorganic or organic acid may

be added to the feed of the fixed bed or reactive

distillation continuous flow process. In a fixed bed
ApparBit@sess, the liquid hourly space velocity (LHSV) can

be from1 to 1000, preferably from5 to 500, nore
Contigngps baxal keloflel Terasy éﬁatﬁ‘ﬂs?orbgr‘&téflabf’? FromPpErt?
reactboslfiseAt el exphashbdenieae inghelal itecabeeatote tdred flow

c e e t_jnventi [ N

reguiff Pk DndiOuBER I, 18 BECER L UEALi ey o 3icuia
to th&naeagtw%@ndséhir@rortmeismmaigm@r@ o¥ilpts. the reaction
produch¥ dp xRN ol 1E8E 86y . furan-2, 5-dicarboxylic acid, 2

- hydr oxynet hyl f uran-5-carboxylic acid, 2,5-

(di hydr oxymet hyl ) tetrahydrofuran, whi ch can be used
Analy&ScHDrMHﬁﬂdﬂi n a polymerisation process optionally

after conversion of the

the +B5tELo Mo o ueTe i tate el B ATa,5F qEE- dhalysis

with an internal standard (saccharine, Slgma Aldrlch) A Merck-
Hitachi L7000 chromatograph, equipped UV and RI detectors, was used.
Stationary phase were reverse phase C18 (Sunfire 3.5 pum, 4.6x100mm,
Waters) and cation exchange (SupelcogelH, 4.6x300mm, SigmaAldrich)

columns connected in series. A gradient elution at a constant flow

0.6 ml/min and temperature 60 °C was used according to the following

scheme.

Time (min) 0.2% TFA (aq) Methanol Acetonitrile
0 90.0 7.0 3.0

10 90.0 7.0 3.0

11 80.0 0.0 20.0

15 80.0 0.0 20.0

16 90.0 7.0 3.0

21 . 90.0 7.0 3.0
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30. Figures: Figure 1 . Plot of a ) conversion, b))
selectivity to furan derivatiwes versus space
W@ 2000804594 180C, heterogeneous catal ysts, reacRPCDEP2007/002145
medi um water. Catalyst 1:D; Catalyst 2 : Catalyst 3 :
GeneralCat&dedired ¢ # . Figure 2 . Plot of a ) conversion,
elect|V|tytofurandr| afi yes versus ace
Al zée?“’Bilf?/lu% hat ‘é?%@eene@l?s\écét %’r%&l §ldfé§c j by water or
88.7 BEdi S8 .wEt% ehbBasal thfsigl vStite®, bdat @owSulP of a
Catalyst 3 : * Catalyst 4 : Exanples Exanple 1 : In a

heteroganepi® R taAlowtr abct 89 ,°CsuER o8 erat®snivglr e 1Cheg s dilugdd to
chlelv@ Waé é@”@%%lllcgo% i’?%@o wagiheacted aloftact time 2 or 4

tenmperature of ggées Celsius'with a resi dence
min. ¢ LAgubetSRIERIE O3RdOB PR CHRIS AR dWas 4w tes BYof Tprture of

waterThh8i &thdndl. (30380M L& pdveatt @ubind\bibckaeesds,
mai nl y conversion into fructose and gl ucose was
observed, but at prolonged residence tines, 2 main

Catalfystanteetaks were observed in the UV spectrum Mass

Catal%‘ggcirﬂmtlﬂé bgegtéziﬁz%d &%@seemw&cts as HWF and EMF

selectivit % at a conversion of 25%

CatalgghnplZectite| ¥ ]al%rﬁﬁﬁﬂd(?@é’ Eeetv$tPact or, gl ucose 10
catalfael élaox@e&sebvgdsm QImt(eJBK/eizlaanyaédﬂO% H2SO4, was

Catallrygg zge g ge%g?rsatlu; Qb 195 rees Celsius with a

WEeEn and 81%8 onds and a fl ow
rate of 10 n1/mn i.e. 3.33 M/mn/reactor . At 30

Conta3ECPMES artd 'E:ﬂa%ef UE%CW@%EQIQ@?@J&?%S‘ Bol NewdlV

spectrum MasSs spectronetry identified these products
as HW and EMF with a selectivity of >90 % at a

sv= FeRRyer si.Qn of 10% Apparatus Continuous parallel flow
reactor consi sting of four quartz reactors

ste
Sv |nsertse°d'“9y nggH%r(s%?)l ng bl ock; tenperature and
Freeeaf | oW ridgul aboesfeed toilr/@enHPLC punps. Two of the punps

Veat del i Vecrattarfl?slci ggi&’me {(ml)

t. =1/ Sv

te contact time (min)

Conversion of substrate, selectivity and yield of furan derivatives
were calculated according to the following formulae:

X=100*M, gupstrate /Mo substrate

X conversion (%)

My substrate amount of reacted substrate {(mg)

My substrate amount of substrate in feed (mg)

Scompound =100*nr substrate /no substrate
S compound selectivity to compound (%)
N, substrate MoOles of substrate reacted

Ny gubstrate moles of substrate in feed

Yield =100*nproduct /no substrate
Yield vield (%)

Nproduct moles of product formed
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to the reactors and third one is enployed to dilute
the reaction products prior tg collection. Analytical
WORWAAMSThe reacti on products were quantified RMET/EP20AE002145

aid of HPLC-analysis with an internal standard

Catalgzsagciéﬁﬂerale Sigma Aldrich) . A Merck- Hitachi L7000
r. 0 d d Rl .detectors, was used.

Catal%f tf%ﬁgr 1%ghh%1%% \l/\glez%%%r é\%rse CONEH 18 (sunfire 3.5
Catalgmt, 2 Ze®tioOn hiyit &AR) (GRH %%le)exchange
Cata1§z§9p?|1vf?>‘%%h'i'¥:e4ﬂ @ﬁ{)@@n(cﬁgf@ﬁﬂd ch) col ums

¢onnected in series. radi ent_ el ut| on at a const ant
Catalyppwt Fe@litenY AP tlg EBYt TR )0C was used

according to the foll ow ng schene. General Procedure A

React1. 25 w %9 golruti on of glucose (99.7 % Sigma Aldrich) in
—F % et hanol was fl owed through a fixed bed
Figurg200aniand &f shbet srdyenconyeraion yathigvetigfodhe Rlagwlysts
testega&gsc‘ YE € 7eRe5E0 ﬁéﬁf&b t%haghb§¥§11?st§%% \77€| g&iddtivity to
.25 0r 0.5 mn 1, i.e. contact tine or tnin.
HMF apggff%- comi ng out of the reactors was d| | ut ed by a '

ZeollﬁEXYUW£t%)HHgWaS§R ﬁ&&kéﬁdﬁﬂﬂ@b £60e &)v ity mbeﬂﬁﬁ&nslat 20%
0 te t t 1
conveggian A Aseians sl yary ek AFSEE TP Gadl teve RELR ARy of

% at( CBYWY Zeot mye@imyﬁ0®dmmdepre@eM@R®0 @@B\wed activity
and sé§8L¥§$)t§}@%akM§£n7dé¥¥véﬂ¥%e¥ SAR 5.17 (CBV Zeol yst)

Contact tinme and space velocity were calculated a s
HVMF wpg| f oigtn vrapy F@wad/lwséie sGashige WettoEEry (min 1)
Frfeed flowrate feed (m/mn) / Vcat catalyst volume
Reactggkg {f é%Héngﬁ.tC contact time (mn)
With the use of Zeolite beta about 4 % selectivity to HMF and EMF was

achieved at 17% conversion at a low space velocity. For the other
catalysts tested, the conversion developed initially to more than 20%
and the selectivity was in the range between 1 and 3 %.

The predominant furan derivative was the desired EMF.

DATA Fructose + Ethanol with solid acid catalyst 1
fructose conc 55.5 mmol/L; 90% EtOH

Res fructose Y Y (EMF)|S (HMF) S (EMF)
time (HMF)
conversion
/ s % % % % %
10 42 2 S 5 21
30 76 3 24 4 32
60 93 1 35 1 38
120 98 1 37 1 38
DATA Glucose + Ethanol with solid acid catalyst 1
glucose conc 55.5 mmol/L; 90% EtOH
Res glucose Y Y (EMF)|S (HMF) S (EMF)
time (HMF)
" {conversion
/ s % % % % %
60 73 2 23 3 32
180 92 1 23 1 25
300 97 1 24 1 25
600 98 1 22 1 22
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Conversion of substrate, selectivity and yield of
furan derivatives were cal cul ated according to the
WO 200705y fornmulae: X =1 O O *!'! substrate /P@i/BP2007/002145

substrate X conversion (% r substrate anmount of

reacted substrate (ng) nD substrate anpunt of

substrate i n feed (ng) Sconmpound =10 0 *n r substrate
DATA Suqresést rEiftmnsSdowpohnsseidercidi ¢ytalystcdnpound (% r
sucrose stnatz’ /oleoldl $5Hst mated /beGeiRRPNC SQGsEEQHe

Res NOl@bu Of tswbsirat e 1|y n(meeds Y(HI] =]90teMRr oduct / |n 0
time s $ rate Yieldymel d (% ri{produc npl es of product
f oftredatsdlopst|s t estled: Catlal yst 1 Zeolite beta SAR?5

/ s (CBY Zeolyst) |€atal {8t 2 Zg®lite Y hEgh SAR (CBV

Pl yst) Catsd|yst 3i|Mordemite H SAR[90 (CBV Zeol yz])
1Gafal yst 4 Zmylite ¥ SAR |17 (CBV 3deol yst) React3ns
joo|water. Figgjre 1 3 ) amB|b ) show|that a converzd|on
eofi eved foroglhe catfal ystz7jt ested vias 76% (Zeol i tZ&7

beta) . Tms catalyst gave /% seleciivity to AVF and
EMF. Zeolite Y with high SAR presented 9% sel ectivity
.to furans at 20% conversion. Y zeolite with | ow SAR
engine- be8Fyst 4 ) shows selectivity of 4%at very |ow
In a GAALEFStale rﬂ\dnrededhbeeprea@mteedcbmpdttrateidmee@ksa¢ngvisy
perf a%%dsﬁlgﬁtﬁ\gégﬁ %ngQL af“Hiéé%&'¥§s 1 @%ﬁ @hgagghe
Flran"tound in the reaction m xture. Reactions In
Commee‘lChaﬂaoﬂleSQ/thW whéchseamplere@fi Lewhbeta BButs 4304t. %, 5 wts,

and 19€WeChI MUk Yort eMBEVE randa&dd, %%pé@hi@é!ﬁﬂ athel é¥esel samples

conversion at a | ow sgace vel o For. the otlhgr
with HMF are less homogenous on visua 1 spection (so particles

remain visible, flocculation) and above 5 wt.% HMF, a solid deposit
is sometimes observed. EMF is added as a liquid and does not yield
any mixing or flocculation problems. The engine is run stationary
with a set volume (100 mL) of fuel until empty. HMF containing fuels
run less regular, whereas EMF containing fuels run at a regular pace
and for a longer period (up to 15%). On visual inspection of the

engine, EMF provides less visual contamination.
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catal ysts tested, the conversion developed initially
to nore than 20% and the selLegjivity was in the range

Whioigets14d and 3 % . The predom nant furan derPUBEP2087/002145

was the desired EMF. DATA d ucose + Ethanol with solid
acid catalyst 1 glucose ceheids.5 nmol /L; 90% Et CHATA
Sucrose + Ethanol wth solid acid catalyst 1 engine
test In a small-scal e nodel diesel engine, conparative
tafihody frg  ple framd@aliue R pbrefdierGorireP chydray@eshyagurfural
ao; %@ac@&ﬁgtgefﬁ&fﬁ%s%omysf Béldi-lo%%ehoh@aMHr@ s%%ﬂﬁh%

1 %?1 vvf:L h and 10_wt. % IY\I)ZO‘
éi\ﬁie&rlé‘ aHa‘é an e?ﬁé’&‘ﬂ vé]Pyt eri?ged" 8581 oE i d Wit R or sub-
H\ﬂ‘eewtﬁohlesslhcatm:gmmow anh&t stegjenengpeatidroatedlyisd .
particles remain visible, flocculation) and above 5
wt.% HVF, a solid deposit is sonetines observed. EMF
iMetdwdedcasraing dis ¢lasn éloefsherminyr:éﬁdaMthqﬁ Risngedected

f Q&€ ¢hat geauﬁpr&mseﬂ&lnghsf Suﬁvsr&t&{écpr&qr hatic
with a_set vo

100 f til
e P P T S e Gl B8 pelaes; (i wadha 11 Bt ic

cadrdoaionisngmémlprdﬂerabﬂyameﬂ@p.ﬂcar pabenahd f-@rropanocl, iso-

t]‘:ﬁ:Q:%engl(r‘le rlfj\?lméé?@ reg}a\ﬂlg'aﬁgthgégfm ' ¥n8h, more

Pess Vis
cmntamuﬁan@ﬁe@@ih%@ ethanet od Migturhe whetdofct ure of
et hers of 5- hydroxyrre thy 1furfural by reacting a

fructase and/ or ucqQse-contai ning start mat.er
et Safatntts e Bletnr Laean ahestfh: ¥ b taiyst i
Mwedhfmttrhec gaonpntond i st imet elfogehEdJuS‘lad.@gténated)

%ﬁgﬁ\r%icoﬁc%dl o L tgg ?E%é‘g o6l al ik QL] E‘?n

rom'the grobup consisting
FHOPRAge( G it arreedd tari %a‘ﬂlt’@ua”leéo%@éor mqgﬂoemaﬁrlyns
GChdopri mary (un) branched aliphatic al cohols, nore
pref erably nethanol, ethanol, 1-propanol, isopropanol
, 1l-butanol, nost preferably nethanol, ethanol, nore
peathiodukaeroptigietablcé aéhhbnothegeim gherasid her eofol8d.

Iﬁ%gqeacgg{cgl ng toclaiml or 2, wherein the acid
catalyst Is

Method according to claim 1, wherein the acid is a solid Lewis

acid.

Method according to any one of the claims 1 to 5, wherein the
reaction is performed at a temperature from 50 to 300 degrees
Celsius, preferably from 125 to 250, more preferably from 175

to 225 degrees Celsius.

Method according to any one of the claims 1 to 6, wherein the
fructose and/or glucose-containing starting material is
selected from the group of starch, amylose, galactose,
cellulose, hemi-cellulose, glucose-containing disaccharides
such as sucrose, maltose, cellobiose, lactose, preferably
glucose-containing disaccharides, more preferably sucrose or

glucose.
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10.

11.

12.

13.

14.

15.

l6.

17.

selected fromthe group consisting of solid
(hal ogenat ed) organic acids, iporganic acids, salts,

wo.emi7a04et4 ds, i on exchange resins, zeolites orPCi/EKP20E802145

and/ or conbi nations thereof . 4 . Method according to
Medihwdlaccodima Fot hay aeiel ofs thesoladmBrhsted abedei’ one or

maYel E@Qvé‘&t@@r&‘ ﬁglh@n% aéf@ bresthier ehnaddi& 125 4ol end
solid Lewi s acid . Met hod "according to any one of

4}€°BPAims 1 to 5, wherein the reaction is performned
at a tenperature fromb50 to 300 degrees Cel sius,

er,abl 25 to, 25 r era from17
E%%Q ae ?lées Jﬁ sfzuglmfg ﬁetrﬁog g Tot? gll‘ye & Sraﬁo:lévents
@nr@ géleheectlﬁﬂms thet gréup avmerisitanghet fwmroseuaﬁdxocies,
qulé%%sbfpr\s@dﬂ &gtshégt 'ﬁlgef@a%ﬁyalnetﬁyf eét%%%@téﬁgm

he group of starch ny ose, gal actose, I"ul ose,
H@thééFPWaQéet@Pecegé %rﬁ%ﬁtmnﬁgaaﬁiswrei%é@%a%
as sucrose, maltose, cellobiose, |actose, preferably

e- cont ai ni ng di saccharides, refer ny
ngTLcéf‘Sé as7r° Jﬁlgo§§ cgam ’t%’&rgéggﬁé?n’ga y one of
{eieobbai selvertto 1B Vieme$® wne .ar, pneéemmberftrsmoeo to 1,

q{olrgeﬁgéf@gapplg; %srggtlbnt@dgltl on to the alcohol . 59
. Method according to claim8 , wherein the solvent or

sol vents are selected formthe group consisting of
wMatthbd sedkddindeso phef@ialdsy cb¥BOLaket ones, 10, wherein the

%reg}l erably enetlo%e et hyI ket Jtnhmugo?w‘fég%eylﬁget one

or Aehone and m xtures t hod
according to claim9 , wherein the ratio of

@Je%aael Aé&&xvcﬁ@ltg ks Eiom50 %Q-rémp{ﬁé exre%kl@ént:eom@ in the
1 nmore préferably from 10 to 2

5&8& BFATE TS Jﬁnyesw@%fo théeaogﬁnéni' %% %‘rS\AhBF%F%rably

tthem 1 second to 5 hours, more preferably from 1 minute to 1

hour.

Method according to claim 12, wherein the continuous flow

process is a fixed bed continuous flow process.

Method according to claim 13, wherein the fixed bed comprises a

heterogeneous acid catalyst.

Method according to claim 13, wherein the continuous flow
process is a reactive distillation or a catalytic distillation

process.

Method according to claim 15, wherein in addition to a
heterogenecus acid catalyst, an inorganic or organic acid
catalyst is added to the feed of the fixed bed or catalytic

distillation continuous flow process.

Method according to claim 13-16, wherein the LHSV is from 1 to
1000, preferably from 5 to 500, more preferably from 10 to 250
and most preferably from 25 to 100.



15 nmethod is performed in a continuous fl ow process.
12. Method according to clarm4l, wherein the

WO eeirdetst€ tinme in the fl ow process i s bet weenPQI/EP2007/002145
second and 10 hours, preferably from1 second to 5
Hiae of Aoatkprofetallifyrfnoal 1 priefetrebly 9-dHooyr . 13
-mel@fyl'i(fqrf‘ﬁfé)f %N%-%‘Eh%k?'-‘ﬁé I Eu Qk !lnaéha? fuel or as a
conti'nuous fl ow process s a f’ixed bed continuous Fi oW
prtsde$8ditive:. Met hod according to claim 13, wherein
the fixed bed conprises a heterogeneous acid catal yst.
15. Method according to claim 13, wherein the
conti nuous flow process is a reactive distillation or
a catalytic distillation O process. 16. Mthod
according to claim15, wherein in addition to a
het er ogeneous aci d catal yst, an inorganic or organic
acid catalyst is added to the feed of the fixed bed or
catalytic 5 distillation continuous flow process. 17.
Met hod according to claim13-16, wherein the LHSV is
from1l to 1000, preferably from5 to 500, nore
preferably from 10 to 250 and nost preferably from 25
to 100. 08 . Use of 5-al koxynethylfurfural, preferably
5- met hoxynet hyl furfural or 5-ethoxy-nethyl furfura
as a fuel or as a fuel additive.



