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ABSTRACT 

Xylan, xylotnose, and xyloblose were heated for 3 set at 386 and 423” m 
hehum as tamer gas The maJor, \olatlle decomposltlon-products of the foregomg 
compounds were 3-hydroxy-2-penteno-1 ,Elactone and 2-furaldehyde Lactone 
formation also occurred on pyrolysis of methyl a- and /3-D-xylopyranosldes. although 

the yelds of volatile products were very low, except for methanol, which was derived 
from the aglycon The relative yield of the lactone decreased as the number of non- 
reducmg xylopyranosyl residues m the molecule decreased None of the lactone could 
be found In the pyiolyzate of D-Xybe, whereas 2-furaldetiyde was formed from all 
of the samples These results suggest that 3-hydroxy-2-penteno-1,5-lactone IS formed 
Independent from the formatlon of 2-furaldehyde, and that the lactone arises from 

the non-reducmg xylopyranosyl residues m the molecule The results of dynamic 
thermal analyses of xylan, xylo-ollgosaccharldes, D-xylose, and methy! p-D-xylo- 
pyranoslde are also reported 

INTRODUCTION 

3-Hydroxy-Zpenteno-1,5-lactone (4-hydroxy-5,6-dlhydro-2H-pyran-2-onej was 

first isolated by Mlyazakr m 1975 from a vacuum pyrolyzate of beech x>lan as very 
hygroscoplc and labile, white crystals’ In our previous paper2, it was shown that a 
tobacco-stalk xylan, consrstmg almost exclusrvely of /?-( 1+4)-hnked D-xylopyranosyl 

resldues3, also gave 3-hydroxy-2-penteno-1,5-lactone as one of the major, volatile 
decomposltxon-products, as determined by a c p p -g 1 c (Curie-point pyrolysis, 
gas-lrqmd chromatography) techmque 

In the present mvestlgatlon, m order to obtain more mformatlon on formation 
of the lactone durmg the pyrolysis process, c p p-g 1 c and dynamic thermal- 
analyses of beech xylan, tobacco-stalk xylan, xylotnose, xyloblose, D-xylose, and 
methyl a- and /?-D-xylopyranosides have been performed 
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RESULTS AND DISXJSSION 

Dynamzc tZzeimaZ malyszs. - The results of dynamic thermal analyses, m 
hehum tamer-gas, of tobacco-stalk xylan, xylotrios e, xylobrose, D-xylose, and methyl 
j?-D-xylopyranoslde are shown m Ags l-5, respechvely, and are summarized m 
Table I 

As may be seen m Fig l- the t g. (thermogra~etrrc) curve of the tobacco- 
stalk xylan shows a werght loss over the temperature range from 200-330”, folIowed 
by a slow, constaut weight-loss (350-500”), Ieavmg 27% of the resrdue at 400” Thrs 
result IS almost the same as that for cottonwood xylan (4-U-methylglucuronoxylan) 
as reported by Sh&zadeh and McGmms 4 The d t g (denvatrve thermogravrmetnc) 
curve (Frg 1) shows a peak at 299”, correspondmg to the major thermal decomposr- 
tron and subsequent volatrhzatron In contrast, the d s c. (differential-scannmg 
calornnetrrc) curve (Frg 1) does not show such a remarkable change m the temper- 
ature range from 130 to 500” The exotherm of the decomposrhon reactron and the 
endotherm of volatrhzatron of the decomposrtron products probably overlap and 
cancel each other 

The d t g curve of xylotnose (Frg 2) shows that the werght-loss starts at 191°, 
however, the curve IS rather comphcated The d s c curve (Fig 2) shows a sqpuhant 
endotherm peak in the temperature range 192-224” wrth a maxMum at 219” 
However, thrs endotherm peak IS not so sharp that It could not be explamed by mere 
meltmg of the sample These facts suggest that not only the physical transrtron, but 
also chemmal transformatrons of the molten matenal and further degradations, occur 
concurrently in thrs temperature regron 

Exo 
oo- 

Temperature (degrees) 

Fig 1 Thermogram of tobacco-stalk xyh 
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TABLE I 

THERhfAL ANALYSIS FEATURES OF THE SAMPLES 

Sample D tg peak 
temperature 

(“) 

Tg Dsc peak 
redue temperature 
at 400” (“) 

(%) 

AH 
tmcdmg) 

Notee 

Tobacco- 
stalk xyIan 200-[299J=330 

Xylotrlose 

Xylobtose 

D-Xylose 

Methyl 
j%D-XylOpy- 
ranoslde 

191-[227*, 241, 
269,28fil-325 

1731193,226, 
288*]-330 

162~[2 IO]-246 
246-[284]--339 

135-[219]-237 

269 

20 2 192-[219&224 80 1 
224+235J-268 342 

17 1 170-[195]-200 902 

2Oo_E220]-242 61 9 
2424297-3 18 67 3 

I67 133_1153]-162 101 1 
162~[202]-258 198 0 
258_E290]-321 78 2 

OS 13341573-160 1106 
160-(2193-231 266 2 

melt , trans 
decomp , vol 

melt , trans 
trans , decomp , vol 
decomp , vol 

melt , trans 
tram , decomp , vol 
decomp , vol 

melt 
decomp , vol 

‘The bracket [ ] denotes the maximum temperature bathe largest peak ‘All of the d s c peaks were 
endothermic melt = meltmg, trans = chemical transmon such as lsomenzatlon, dccomp = decom- 
posxtlon, vol = volatilization of the decomposttton products 
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Fig 2. Thermogram of xylotnose 
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The profiles of thermograms of xyIoblose (Fig 3) and D-xylose (Fig 4) 
resembled that of xyiomose (Rg 2), but the endotherm peak-temperatures (maxima 
at I95 and 153”, respectively) were lower than those of xylotiose (219’), and the t g 
and the d s c curves appear to be more comphcated 
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Frg 3 Thermogram of xyloblose 
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Fig 4 Thermogram of D-XylOSe 
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The d.s c curve of methyl j?-isxylopyranostde (Fig 5) shows two endotherm 

peaks The Crst peak, centred at 157” (hL6 159’), 1s very sharp and corresponds to 
meltmg of the glycoslde, whereas the secondpeak, havmg its mammum at 219”, IS not 
so sharp It appears to correspond to \olat.dzation of methanol evolved by the known 
thermal, mtermolccular transglycosylatxon5 l 6 

60- 

200 300 

Temperature (degrees) 

Fig 5 Thermogram of methyl b-D-xylopyranos~de 

TABLE II 

COMPOSITION OF PYROLYZATES FROM THE CURIE-PCINT PYROLYSIS OF SAMPLES 

Sample Temperature (“) Cumponent (%) 

Vofatrle Tar4 Resrdue 

Tobacco-stalk xylan 386 18 8 262 43 3 
423 23 2 545 108 

Xylotnose 386 114 45 9 34 7 
423 14 6 55 5 126 

Xyloblose 386 13 4 36 7 47 7 
423 20 7 61 7 11 8 

D-XyiOSe 386 12 5 564 310 
423 17 7 643 12 1 

Methyl /?-D-xylo- 386 14 58 4 34 0 
pyranos1de 423 16 87 9 65 

‘The tar component contamed water produced by the thermal decomposltlon 
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Composztzon cf tlze pyrolyzate - The composltIon of the Cune-pomt pyrolysis 
product of each sample was analyzed m a prehmmary manner, and the results are 
summarized m Table II 

The heatmg temperatures were 386 and 423” When the samples were heated at 
358’, they showed no apparent change, no volatde product and no tarry substance 
were produced Under these low-temperature conditions, It IS consldered that the 
heatmg penod IS too short (3 set) to decompose the samples mto volatde and tarry 
Tubstances, probably because of msufficlent heat transfer 

Table Ii suggests that the yields of volatile and tarry products are lugher m the 
pyrolysis at 423” than at 386”, and that methyl j&D-xy!opyranoslde produced more 
tarry matenal than the other compounds did However, it should be noted that the 
net thermal events occurrmg m the Cune-pomt pyrolysis process and m the dynamic 
thermal analysis process are conslderably different In the Cune-pomt pyrolysis of 
methyl D-D-xylopyranoslde at 386”, the weight-loss was l-8% (Table II), whereas II-I 
the dynamic thermal analysis process, the weight-loss was over 99% at 386” (Fig 5) 
The Information sven by the Curie-pomt pyrolysis procedure reflects the events 
occurrmg m the very mrtial stage of a high-temperature, thermal decomposltlon, 
whereas the d t a procedure gves mformatlon concermng the gradual thermal 
decompontion 

Cp p -g I c - The c p p -g 1 c chromatograms of tobacco-stalk xylan and 
D-xylose have been shown already rn the previous paper2 The xylan showed a very 
charactenstlc profile, dlsplaymg two pnnclpal peaks correspondmg to 3-hydroxy-2- 
penteno-1,Slactone and 2-furaldehyde, whereas the latter showed only one dommant 
peak correspondmg to 2-furaldehyde and mdlcated no 3-hydroxy-2-penteno-i,5- 
lactone The c p p -g I c chromatogram of beech xylan was almost the same as that 
of the tobacco-stalk xylan 

Figures 6-8 show c p p-g1 c chromatograms obtamed from xylotnose, 
xyloblose, and methyl j?-D-xylopyranoade, respecfiveIy In these expenments, each 
sample was heated for 3 set at 423” When the sample was heated at 386”, essentially 
the same c p p -g 1 c chromatogram was obtained as that at 423” 

As may be seen m Figs 6 and 7, the profiIes of both xylotriose and xyloblose 
are very slm~lar to those of the xylans reported before2 However, the relative yield 
of 3-hydroxy-2-penteno-1,5-lactone decreased as the number of non-reducing xylo- 
pyranosyl residues m the molecule decreased None of the lactone was produced 
at all from D-xylose2 Table III shows thrs tendency more clearly The peak area 
correspondmg to 3-hydroxy-2-penteno-1,5-lactone decreases m the order xylan, 
xylotnose, xyloblosc, and D-XylOSe, whereas that correspondmg to 2-furaldehyde 
remams almost constant throughout the senes of compounds The ratio of peak area 

of the lactone to that of 2-furaldehyde at 423” IS 1 3-l 9 WI& xylans, 0 8 with xylo- 

tnose, 0 2 with xyloblose, and 0 0 mth D-xylose 
Methyl /3-D-xylopyranoslde provided only a very small propotion of volatile 

products, as shown m Table II Figure 8 shows that the major volatile product 1s 
methanol, which 1s the aglycon of thus pyranoside. Therefore, mtermolecular trans- 
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L 1 I 1 I I 0 5 10 15 20 25 3c 

Retentmn time (mlnl 

Fig 6 C p p -g 1 c chromatogram of xylotnose, A Zfulaldehyde, B, 3-hydroxy-2-penteno-1,5- 
lactone 

Fig 7 C p p -g 1 c chromatogram of xyloblose 

TABLE III 

YIELDSa OF 3-HVDROXY-h=ENTrNO-I,5-LACTONE AND 2-FURALDEHYDE FROM 

THE CURIE-POIm PYROLYSIS OF SAMPLES 

Sample Temperature (“) Peak-area (mm2/pg) Ratlo 
A/B 

3-H>drouy-2-penteno- 2-Furaldeh>de (B) 
I,5Iactone (A) 

Tobacco- 386 2 09 3 14 07 
stalk xyIan 423 2 20 1 67 13 

Beech xylan 386 2 55 2 73 09 
423 2 84 1 53 19 

Xylotnose 386 1 29 3 09 04 
423 1 22 1 63 07 

Xyloblose 386 0 70 3 48 02 
423 0 54 2 53 02 

D-Xylose 386 000 2 35 00 
423 0 00 2 08 00 

Methyl B-D- 
xylo- 386 0 41 0 39 11 
pyranoslde 423 0 09 008 11 

“Yield IS mdtcated as peak-area of each component on the c p p -g 1 c cbromatogram 
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glycosylatlon appears to be the pnnclpal process occumng dunng pyrolysis of the 
glycoslde Nevertheless, the fot?natlon of some 3-hydroxy-2-pecteno-I .Uactone, 
together with Z-furaldehyde, frolm methyl /?-D-XylOpJZInOSlde was clearIy recogmzed, 
as may be seen m Fig 8 and Tabie III. The peak-area rat10 of these two products IS 
almost the same as that observed for xylans (Table Ill) 

--Methanol 

I I I I I I 
0 5 10 15 20 25 

Retenfson t8me (mtn) 

Fig 8 C p p -g 1 c chromatogram of methyl j-D-Xy~opyTaTioslde 

Methyl a-nxylopyranoslde showed the same c p p -g 1 c chromatogram as 
methyl /?-D-xylopyranoslde (Fig 8) No slgmficant difference was observed between 

the two anomers m this regara 
These results suggest that 3-hydrcxy-2-penteno-l$lactone 1s produced from 

the non-reducmg xylopyranosyl resxdues of the carbohydrate molecule, whereas 
Z-furaldehyde IS denved from every xylopyranosyl resrdue These two reactlons seem 
to be essentially mdependent of each other 

EXPERIMENTAL 

Marerzais - Tobacco-stalk xylan, contammg no hexuromc acid, was isolated 
from stalks of Akotzana tabacum (var BY) and punfied by the procedure already I 
reported’ 3 Beech xylan (Lot K-lot-I7), donated by Sanyo-Kokusaku Pulp Co 
Ltd (Tokyo, Japan), was desalted before use by the method already described’’ 
Xylotnose and xyloblose, prepared by enzymic hydrolysis of hardwood xylan with a 

i 

xylanase of Streptom_wes’, were kmdly donated by Dr Kusakabe D-Xyfose of reagent / 
grade, purchased from Wake Pure Chemical Industries Ltd. (Osaka, Japan), was ’ 
recrystalhzed from ethanol before use Methyl p-D-xylopyranoside was prepared and 
punfied by Hudson’s method’ Methyl c+D-xyiopyranoade was prepared by way of / 
Its 2,4-phenylboronate’ I 
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Dynamic thermal analysts - The t g , d t g , and d s c curves were recorded 
simultaneously wrth a Rrgaku Thermoflex TG-DTG-DSC system, programmed at the 
rate of lO”/mm The expenments were conducted wrth hehum as the carrrer gas (flow 
rate 40 ml/mm) by usmg alummum oxrde as the reference and 5 mg of powdered 
samples For cahbratron of dH values, mdmm (99 999%) was used as the standard 

Analysts of the pyroiytate composttron - The pyrolyzates were analyzed 
according to the procedure descrrbed m the prevrous paper’ 

CPP--9lC - The c p p -g 1 c was performed as described m the prevrous 
paper ’ ’ Three kmds of for1 made of ferromagnetrc alloys, whose Cune-pomt 
temperatures were 358, 386, and 423”, were used as the sample heater 

The peak components A and B were Identified as 2-furaldehyde and 3-hydroxy- 
2-penteno-1,5-lactone, respectrvely, m the manner described m the prevrous paper’ 9 
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