
In order to study the kinetics of the dehydration of D-fructose, procedures for 
the qnantitation of fructose and its dehydration products, S-hydroxymethyI-2W 
furaldehyde (HMF), Ievu~inic acid, and a humin”, were developed. For many rcactioo 
conditions, these compounds, together with solublte polymers (up to 15%) that are 
humin precursors, account few nt least 98% of the amount of initial D-fructose. 
Fructose, MMF, and levu%ink acid were determined ty g.1.c. of their O-trimethylsilyl 
derivatives. U.V. absorption and titration could also he used for the detcrmiaation of 
HMF and levulinic acid. Humin was determitled gravimetricatiy. 

In a kinetic study of the dehydration of lo-fructose, convenient analytical 
procedures for ali the main components arti desirable. Paper chrumatogrgsaphy’*2, 
which is time-consuming, and thin-layer chromatography”?” have been used, a5 have 
methods based on U.V. absorption and reducing power’. Some procedures for the 
isolation of 5-hydro~m~y~,~~~f~ra~dehyde6-* (!&VW) and 4oxopentanoic acidgP ‘* 
@SUWC acid) have been described. We have used g.1.c. of O-trim&ylsiIyI (U@i) 
derivatives, which is a relatively quick and r&able method that has already been 
reported for the determiaation of fi-uctose’ ‘-” and HMF1b’6. 

Measurement of the U.V. absorption has been the method most used for the 
determination of WMFl 7-1Q, and bvulinic add can probably be determ&d by 
titW.ion1*20. However, it is possible that other compounds will interfere with these 
determ&ations and hence they were checked by tie g.1.c. gro&dure. 

4i.l.c. aimjJses. - For qwmtitative silylation. excess water must be removed 
from the samples. Althou& it was possible to silylate aqueous samples OF MMF and 
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lcvul~n~c acid, such a procedure gave results nlth poor reproduclbihty. In the presence 
of HhlF, al! concentrating lechmques resulted in polymerrsatlon Polymensatlon also 
oaurred 1~ hen 1 acuum evaporation and freeze-drying were camed out rwth samples 
conta~urung only D-fructose and acids However, these samples could be concentrated 
m 3 closed system \Wh air circulation. conslsung of a sample tube at IO”, a cold trap 
at O’, and an air pump 

Betler results for the fructose deterrrunaclons were obtained when the samples 
\\ermz diluted xlth p>Il&ne and dned wirh molecular steves Because th2 Me,% 

derlvatlvec of i-!h?IF and levuhmc acid are not stable In pyndine. an ektracilon 
prccedure was necessary HhlF and lrvul~ruc acid Here extracted from the sample 

wth rsobutyl methyl hetorx, \+hrch has a much better dlsmbutlon coeficrent ihsn 
benzene, butanone. or ethyl ether The extracts obtained \wth methyl. ethyl. or propyl 
acetart contslned too much water 

Xnalyscs wsre made Hlth a Pye PV #XXI gas chromatogaph fitted \clth a 
nydrogen f!nmc-lorusstion defector and called columns (2 m x 2 mm I d ) of starnless 
;tecl AISI 331 packed WI:!I (a) 3% or (6) -0 3 55 of PO-:7 (Pierce Chem Co ) on 

Chromosorb W (50-100 mesh) The carrier gas was mrrogen (dried over a molecular 
sieve) at 25 m!/tnm. and 0 2-I+! samples were InJected LnJecuon and detectlon 
temperatures were 150 and 3OO’, respectively Peak areas were determlned elec- 
trouxally Alhanes were used as Internal standards 

Sllylat~on was ef%cted with TRISlL-concentrate (Pierce Chem Co ), or a 9.1 
nurture of h:vamethyldlsllazane (HMDS) and trttiuoroacetlc acid” (TFA) 

(a) D-Frmosr Each sample (109 ~1) was added to pyrldrne (1 ml) containing 
0 2% of n-C,&! Jlr and the solution \cns dned for 10 mln with molecular sle\e A-3 

A portion (5O~lj of this solution was sllylated by using - 100~1 of TRISIL-con- 
centrzte for 10 h or HMDS/TFA for 10 mln 

Quanhlauon ~5s camed out by the conventional method using peak arcas A 

sci of c4lbrsuon curves was necessary due to shght adso@ron of fructose on the 
molecular sieves. The extent of the adsorptlon was dependent on the conceqtratlons 
c;f ac,d catalyst, and formic and le\utimc acids, and also on the concrntratlon of 
fructose, but Independent of the concenvauon of HhIF n-AlAanes >C,, were not 

adsorbed 

(h) HMF and k~wht~rc ucld (aqueous sumpks) Each sample (100 /A) was 
shahen WIGI lsobutyl methyl ketone (100 ,u!) contammg 0 306 of n-C,,H,O for 10 mm 
at 20’ A poruon (25 ~1) of the extract was sllylated wth T’RISlLconcentrate 
(- 53 ,uI) for !5 nun, and acetone (100 ~1) was added For samples contrumng c !O?/o 
of water, each sample (25 ~1, diluted Hhen necessq wtth 25 ,ui of I-propanol to 
ob=ln a ho:,logeneous rmxture) was added to acetooe (IO0 ~1) contalmng 0 2% of 

~-CISH~- The rmuture was sllylated with TRISIL-concentrate !.~O,U!) for 15 min a[ 
20’ 

The addition of acetone appeared to stab!lrse the Me,% denvative and reduced 
ralllng on tie chromatograms Correcuon factors were necessary for the extraction 
procedure, because the concentration ratlo for lsobutyl methyl ketone/water (- I 06 
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for HhlF and -0.39 for levuhn~c acid) IS dependent on the concentraUons of the 

components in the ml-xture 

A typlccil chromatogram for fructose analps IS gwn In FI,O I The use of a 

column temperature of 230’ allowed more-accurate snalysls. because the different 

forms of fructose were not separated The main peal\ should’ I-’ 3 be the @-pyranold 

form. and small quanuues of the other forms are lost m the tall. in samples contarnmg 

pol~ethglene~lycol-600 (which was used to decrease the water concentratron III a 

reactlon nuxturc) more of the furanotd form IS present22.‘3 (Fig 2) A chromato- 
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Ftg I Chromsrogrsm ior rruct0.e analysti, column b. $?OO 
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FIN 2 Chromatogram for ~ruc~osc an~l)xes (amole cortalolng 709b c f polyethyleneglvcol). 

column b. 130” 
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F!g 3 Chromatogram for HMF and Ie~uhmc ocld analyses. column 1, 1305. 

gram for HhlF and levuhnic acid analyses IS shown III Fig. 3. One peak for IevuliGc 

acid IS obtamed, which is most Rely to be the Me,SI dcrivaiive of the lactol form. 

A usefiJI quanrlty is the ratio of the peak-area ratio and the weight ratio for the 
compound and internid standard. Theoretical values could be calculated from 

reported, relatlvz, molar responses2”‘15 and are 1.44 for fructose, 0.8 1 for HM F, and 
0.78 for levuhmc acid. For D-fructose. eqxnmental vah.,es 111 the range 1.30-1.50 
(average, 1 26) were found Apparently, - 10% of the signal is lost due to mcomplcte 
4ylatioo or breakdown of Me,Sl derivative. The theoretical value of 1.44 is some- 

what low. Values close to theoremA for HMF and levuhn.~c acid were obramed when 
silylation WCS carried out in anhydrous solvents, but in the pr.zsence of even small 
amounts of water (2%), sllylation IS not quantitative and values m the range 0.55475 
for HMF and 0 6Q-O.75 for levuiimc acid were obtamed. According to Arono~c~~, 

one of the reaction intermediates, 3-deoxyglycosulose, should be detected as a Me,SI 
derivative. We drd not detect thus compound, and its concentration was therefore 
<2X of :he imbal concentratron of D-fructose 

U-0 absorption - For twice-recrystalked 27 HMF and wthin 15 mia after 
the preparabon of the &lute soluhon, the values zZaS 17.800 and .sz28 2,400 were 
obtained. Reported values are Ed*, _185 14,300”, 16,700’* (the most-used value), and 
17,900”. The vanatmn III value is probably due to the mstab:hty of HMF in very 
&lute soluhons”“. 

EXtiiIcbOtI5 awe measured at 2Lnm with a Hitachi-IO1 spectrophotometer 
and a 0 097-mm flow-through cuvette Dlluhoos of only 100 had to he made, and 
according to Beer’s law, using tzz8* 17,800, concentrauons cf HMF given by 
0 58 x czs4 here reproducible wltlu 0 5%. 

T~/rokq -- Rehydration of HMF gives forrmc and levulimc acids IQ equimolar 

amcunLs”O. For dehydration experiments Hith D-fructose carried out at 95” and high 
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acidity, the amount of acid formed was twice the amount of levuhic acid (as 
detemmed by g I c.) The rabo of levuhc and formic acids was checked by the 
separation of volable and less-volatile acids wirh the use of air circulation 111 3 closed 
system consisting of ;? sample tubz (at 20”). a cold trap (at 0”), and an air pump. 
Separaboo was only successful in the absence of D-fructose and HhfF. The non- 
volahle part conmoed as much acid as the amouot of levuhnic acid determined by 
g.1 c. The amount of acid in the distillate was the sum of the HCI used as the catalyst 

and the levul~n~c acrd. The total amount of acids was determined tif.nmetncally w1tl.1 
less than 1% denanon. Titration curves were recorded on a Tltngraph SBR-2c 
(RadIometer). Samples of I ml wtre titrated with 0 Wl ml of hi KO_H in 3 total 
volume of 20 ml of water. 

Hirmin analyses. - Humin was collected by filtranon and dned to coostant 
weight at 1 mmHg over silica gel (Found for hunuo from fructose: C, 61 5 f I 0; 
H, 4 3 _+0.2%; for bumin from HMF: C, 65.0 _+ 1.0; H, 4 0 +O 2%). The analytical 
values we in good agreement with hterature data”g-32. The temperature of drying IS 
very ~bnportantzg, because after 180” for 2 b all humm has an approximate con:- 
position: C, 66.4; H, 3.9%; lodlcating a maximum loss of 4 molecules of water per 
hevose residue. 

Coiour measur6wzenf - Mass balances made dunng a reactlon showed a 
maximum cleficlt of 159’0, decreasing to 2O/u at the end of the dehydrstioo rzactioo. 
This is probably due to the presence of soluble polymers, which are humlo precursors 
and @ve the reaction rmxture 3 brown co!our. The colour of the solutloo (aiter 
filuatloo of humto) was proportional to this deticlt The ratios of absorbaoces at 350, 
400, and 450 nm were 5:2-l. From the colour and thz deEclt, ao absorbaoce coefficleot 
for the un4oown colourant(s) of 3-10 I/g cm at a00 om (pH -z 1) was esumated 

DISCUSSION 

The aoa1ytxa.l procedures described here were used in the kioetx studies on the 
deh,dratlon of D-fructose described rn the followmg papers Several thousands of 
samples were aoalysed, and the following cooclusioos were drawn. (I) The g I c. 
procedures for fructose, HMF, and levubmc acid are relatively quick and rebable, as 
compared with previous procedures’-‘. (2) IO many cases, u v absorption can be 
used for the detemuoauoo of HMF, but high values are obtamed with non-aqueous 
solvents, due to the formation of furan ethers Samples from reactions camed out at 
pH z-4 showed a tigh absorptloo, whereas DO HMF was preseot accordlog Lo the 
g.l c procedure. (3) When only levuhaic and formtc acids are formeu in cqtimolsr 
amounts, titration can be used for tberr determmation. However, tbs con&bon was 
sattsfied only for reacllons al high acldlty (above 0 5x1 HCI) and < 100” (+-.I Deter- 
nuoauoo of the amount of hurmo and measurement of the colour of the soluuon 
presented a valuable check on the accuracy of the analyses 
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