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Physical changes that precede pyrolytic reactions’, particularly the sohd-state 
transition of 1,6-anhydro-/3-D-glucopyranose (levoglucosan) and its stereoisomers to 
a plastic, crystallme form, have been reported m several commumcations from tins 
laboratory2-5 Compounds that show the plastic-phase transition are characterized 
by a low entropy of fusion (~21 J mol- ’ deg- ‘) preceded by a malor change of 
entropy durmg the first-order transition Wide-line, n m r studies of levoglucosan 
showed that the transition results m a randomization of the molecular onentation, 
whereas the crystal coherence IS mamtamed until meltmg occurs at a higher tem- 
perature5. At the transttion temperature, some of the hydrogen bonds mvolved m 

the polycrystalhe structure break, allowing the mdlvidual molecules the freedom 
to reorient about their center of gravity and to show the self-dtffusion phenomenon4- 5 
The transition affects the heat capacity, hardness, X-ray diffractron, vapor pressure, 
and infrared (I r.) spectrum of the matena14. 

Only 1,6-anhydro sugars have shown a plastic-crystal phase, because of their 
globular shape, which IS required for molecular reonentatlons without serious 
disruption of the crystalhne lattice6 The same type of transition has now been 
observed m an analog of levoglucosan, namely, 1,6-anhydro-l(or 6)-&IO-fi-D-ghco- 

pyranose (thiolevoglucosan), supportmg this conclusion 
A comparison of the drfFerentml thermal analysis (d t a ) curves of levoglucosan 

and thiolevoglucosan is shown m Fig 1 The throlevoglucosan curve, having a major 
endotherm at 89-99” followed by a weaker, melting endotherm at 174-x82”, closely 
resembles the curve for levoglucosan, which shows a strong transition at 111-120” 
as the latter IS transformed into a plastic, crystalline phase, and an endotherm due 
to meltmg at 181-184” 

The temperature (Z’), enthalples (AH), and entropies (LLS) obtained from 
Merential scanning calorimetry (d s c.) for the transition (r) and fusion (j) of the 
two compounds are Bven m Table I The heat capacity of tlnolevoglucosan was 
also measured, before and after the transition, m the same way. The results shown 
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Fig I D t a curves for levoglucosan (a) and thlolevoglucosan (b) 

TABLE I 

TRANSITIONS OF THIOLEVOGLUCGSAN AND LEVOGLUCOSAN 

Conrpomi -f-t AHt AS 
(kJ mol-‘) (J mol-’ deg -I) T& 

AHr ASI 
(IQ (kJ mol-‘) (J mol-’ &g.-‘) 

Thlolevoglucosan 366 19 g 54 1 454 2 9 63 
Levoglucosan4 385 250 65 1 454 3 3 75 
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FIN 2 Heat capacity of thlolevoglucosan (a, Before the plastwcrystal translhon, b, after the plastic- 
crystal tmnS1tl0n ) 
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III Frg 2 m&ate an mcrease of 0 54 J _deg- 1 g- 1 m the heat capacrty of thxo- 
levoglucosan after the transrhon. Thrs change IS smzlar to those reported for levo- 
glucosan and other anhydro sugars4. However, the enthalpy and entropy of transrtion 
are consrderably lower for the sulfur compound. 

The lower values could be explamed by Merences m the crystal structures 
of the analogs As the structure of levoglucosan contams molecules hnked by chams 
of hydrogen bonds, wrth the anhydro oxygen-atom hydrogen-bonded to the 4- 
hydroxyl group’, the substrtutlon of sulfur for the anhydro oxygen-atom could cause 
a change m the bondmg The breakage of hydrogen bonds should thus be much 
easrer m the thro derrvatrve than m levoglucosan, as the hydrogen-bond energy 1s 
expected to be - 5 kJ mol- ’ less for sulfur m tbrs srtuatron”. Thrs value is m agreement 
with the expenmental results grven m Table I, showing that transrhon of the thro 
compound occurs at a temperature 19” lower, and IS accompamed by 5 2 kJ mol- 1 
less change m the enthalpy. In view of these consideratrons, the close agreement of 
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Fxg. 3 The changes m the 1 r. spectrum of thxolevoglucosan over the range 40-92” and the reverse 
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the temperatures and entropres of fusron for the two compounds suggests that the 
structure of their plastrc-crystal phase should be very smnlar 

The changes m the I r. spectrum of th_lolevoglucosan with temperature are 
shown m Frg 3 Spectrum 2, recorded at 61”, does not srgmficantly doffer from the 
rmtral spectrum at room temperature Further heatmg to 92” (spectrum 3) produces 
notxceable changes m several regions of the spectrum The bands m the region of 
3400 cm- 1 become stronger and less differentiated, and shift slightly toward higher 
frequency The snme shrft also appears for the bands in the region near 2900 cm- ‘. 
Coohng of the sample does not necessarily reverse the spectral changes, as shown 
m spectra 4 and 5 These variations are sumlar to those reported earher for levo- 
glucosan4, and are mdicative of subtle, crystallme changes 

EXPERIMENTAL 

Sample preparatron - Thiolevoglucosan was prepared by the method of 
Akagi and co-workersg. 

Thermal analysrs - The d t a data (see Frg 1) were obtamed wnh a DuPont 
990 Thermal Analyzer equrpped with a d s c cell Samples (- 1 mg) were heated 
under nitrogen at the rate of 15’ nu11-~ IR a small, alummum pan The calonmetnc 
data were obtamed with a Perkm-Elmer DSC-1B instrument for lo-mg samples 
heated in sealed pans at the rate of 10” mm- ’ 

I r spectra - The I r spectra were recorded with a Beckman IR-33 instrument 
Each sample was slumed m the mimmal volume of ether, and deposited as a thm 
film on the surface of a NaCl plate Mlcroscoplc exammation showed that the samples 
retamed their crystalhmty. This method was adopted to avoid possible changes that 
nught be caused by the heat generated by the grmdmg and pressure mvolved m 
makmg KBr pellets 
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