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SUMMARY 

Reactions of xylitol with concentrated hydrochloric acid or difuted sulfuric 
acid were studied under various conditions. Complete separation of reaction 
products was achieved by means of gas-liquid chromatography OIL a capillary 
cohmm coated with SE-30. The chemical structures of the compounds obtained were 
assigned using mass spectrometry. The major components of reaction mixtures were 
separated by high-performance liquid chromatography. 

The analytical methods so developed were applied to estimate the usefulness 
of preparative methods. 

INTRODUCFiON 

Anhydroalditools and their derivatives are widely used in chemical industry- 
Some of them are pharmacologicaUy active ls2. Anhydroalditols are present in the 
cerebrospinal fluid3 and in some pIarM. It is therefore advisable to develop eflkient 
methods for the separation of isomeric anhydroaklitol for the analysis of reaction 
products from which these compounds are obtained. 

Developing new synthetic methods on a preparative scale necessitates ana- 
Iytical studies of reaction products and efIicient methods for the separation of 
products and ffie identication of their chemical structures. 

A fundamental method for obtaining anhy&oaMitols is the acid-catalyzed 
aMtot dehydration reaction, which gives rise to a series of isomeric products. It is 
known from the chemical literature that pentitols treated with concentrated 
hydrochloric acid yield soIeIy l,4-anhydroalditofs, and the reaction of xyllitol is 
considerably slower than that of D,L-ribitok In investigating the reaction products 
of D-man&o1 with concentrated hydrochloric acid we used gas chromatography- 
mass spectrometry (K-MS) with good resuItss_ The results of a similar chromato- 
graphic analysis of the action of hydrochloric and sulfkic acids on xylitol are 
presented here. 



A 2OO-mg anount of xyritol (Fluha, Buchs, ZGtzerhGdj and 1 ml of con- 
centrated hydrochloric acid were heated under reflnx at 100” for 3, 12 or 24 h. 
Identical mixtums were heated simuhaneously in sealed glass ampoules at 100” for 
3,6, 12 or 72 & 

The samples so obtained were evaporated under reduced pressure_ To the 
residue was gradually added 1 ml of anhydrous ethanol, and the residue was again 
evaporated in a nitrogen stream. The sampks were kept for 24 h in a desiccator 
over potassium hydrotide, tben diied, pur&d from hydrochloride residue, and 
acetyiated as fOllOWS. 2 mg of the Oily produCt was dissokd in 20 @ Of kshly 
distilled acetic anhydride containing ca. 1 mg of anhydrous sodium acetate, and 
heated at 100” for 1 h. The resulting solutions were subjected to chromatographic 
anaIysis_ 

The dehydration reaction with sulfuric acid was pefiormed for ZOO mg of 
xyhtol dissoIved in 1 ml of 5 % sulfuric acid and heAted at IGO” in a se&d ampotie 
for 14 3O or 60 min. The reaction products were purified by the action of excess 
barium carbonate. Ihe solution was separated from *he residue, concentrated in a 
nitrogen stream, and comxted into the acetyi derivative as described above_ 

Gas chronmtography 
Chromatogra@ic separations were performed using a capihary column coated 

with SE-30 with Silanox6. CoIumn e&iency determined for rr-tetracosan at 250” 
was lSO,OOO theoretical plates (cohnnn 60 m x 0.025 cm I.D.). Other analysis 
conditions had been described in a previous report’. 

Mass spectrometry 
Mass spectra were measured using an LKB 2091 mass spectrometer coupled 

with a PDP-11 miniccmputer_ The mass spptrometer ;vas linked with a gas chro- 
matograph equipped with a capillary column coated with SE-30. 

The ion so*urce had a temperature of 26O”, the molecular sepnmtor a 
temperature of 250”. Ionization energy was 70 eV. The scari was from m/z 10 to 
680 in 2 set_ 

The products of the xylitol dehydration reaction were transformed into acetyl 
derivatives and sepated by means of a Siemens S IOO high-performance liquid 
chromatograph equipped with a 25 x 0.8 cm column packed with 5 q Partisii and 
a refractometrie detecztor. Elution was performed using ethyl acetate-heme (15). 
2OO ,uE of solution cortaining 20 mg of reaction mkture were injected each time into 
the column. The qow-rate through the cohnnn was 3 ml/mm, and the pressnre 
60 kg/cm*. 

Nudeur mqgmtic resonance (NMR) qrecra 
The f&&ions cdkcted fro= the liquid cbromatograph were concentrated under 

reduced pressure at BY, then dissokd in deuterochloroform. The solutions 
obtained, each containing 20 mg of the compound, were used to measure NMR 
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spectra with an in&ml tetramethyUane standard, using a Jeol Model JNM-4k 
NMR spectrometer. 

RESULTS AND DJCXUSSION 

First we identiGed the chemical structures of the products of the hydro- 
chloric acid reaction with xylitol. The mixture formed after heating for 3 h at 100” 
in a sealed ampoule was chosen as the most typical sample. Cbromatographic analysis 
showed that this contained a31 impounds (Fig. 1) formed under different con- 
ditions of the dehydration reaction. 

Fig. 1. Gzs chromatogram of product mixture formed after heating xylitol with hydrochloric acid 
in sealed ampauk at 100” for 3 h. For peaks, see Table I. 

The substance with the shortest retention time (peak 1) was characterized by 
a mass spectrum containing a small number of ions (Fig. 2). The ion with an odd 
number of m/z 201 has the largest mass; however, it is an ion derived from 
fragmentation. The next in the spectrum was the m/z 187 ion which, in the standard 
sample of l&anhydropentitol obtained on a preparative scale, corresponds to the 
ion with the structure 

H,CCOO -OOCCH, 

The mass difference of the two ions corresponds to the CH, group. During 
formation of the m/z 201 ion there must have been a splitting of the GX bond. Simi- 
lar splitting was observed in the fragmentation of the acetyl-f&nhydro&chloro- 
6-deoxy--D-mannitois. By using the coinjection method, we found that the reaction 
nnxture contained, 1,4-anhydroxylitol appearing as peak 4 in the chromatogram. 
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The retention time xni&t have been shorter because of the substitution of the 
hydroxyl group with the chlorine atom. Ali this led us to ascribe the structure of the 
acetyl l,~~y0ro_5_chloro_5_deoxyxyIitol derivative to substance 1. 

The chemical identities of peaks 2, 4 and 10 has been established as 
1,5-anhyd?o (peak 2), I,4-anhydro (peak 4), and xylitol (peak 10). 1,5Auhydro- and 
1&anhydrctxyiitols were obtained by preparative methods as described in the 
chemicaI literature8~p. 

Peaks 3 and 4 (l&mhydro) whose mutual 1: 22 intensity is constant, in- 
dwndent of the coadkiom of dehydration by hydrochloric acid are characferized 
b~identical mass spectra (Figs. 3 aud 4). On this basis the two compounds have been 
ascribed the structure of Qknhydropentitol. When subjected to chromatographic 
analysis as its acetyl derivative, the initial xyiitol did not reveai the presence of any 
other pentitoP” or of any other contaminants, despite considerable “overload” of 
the colunut 
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MW =260 

Fig. 4. &!&lss spe-w ofGCpak4inFig. 1. 

The appearance of two 1,4-anhydroxylitol isomers is of interest. Results from 
mod& experiments show that I&anhydro-D-xylito1 and 2,5-anhydro-L-xylito1 are 
identical. On the other hand, t,4-anhydro-L-xylitol is identical with 2,lanhydro- 
~-xyfitoP~. As the two pairs are optical antipodes, they cannot undergo separation 
on the optically inactive phase. It seems therefore rational to assume that epimeriza- 
tion had occurred during the dehydration reaction. Our next report will deal with 
these processes. 

Dichloro derivatives shouId eIute between anhydropentitols and monochloro 
derivatives; and indeed, ko peaks (nu-mbers 5 and 6) are observed in that range, 
with peak 5 being of greater intensity- The mass spectra (Figs. 5 and 6) of the 

CH=CH-CH 
zwo components are simifar, apart from ion 112/z 115 
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duting as peak 5. That ion arises from the part of a molecule with three carbon 
atoms iu the chain and three acetoxy groups. The ion common to the two compounds 
is m/z 193/195 (M-121) which loses keteue to give ion mJz 151/153, whose 
intensity is greater in peak 5. Ion m/z 163/L65 also occurs in the specuum of the 
monocbloro derivative, but here it arises via the following sequence 

-49 

M N m/z 2651267 w --IO’ m/z 163/165 

The difEerence.s found in the spectra however do not allow the determination of 
the isomers of the derivatives examined. 

The chromatographic peaks 7, 8 and 9 have identical mass spectra (Figs. 7, 
8 and 9), where the most intense ions are m/z 217 (M--121), m/z 193/195 (M-145), 
m/z 163/165 (M-73 -102) and m/z 115 (CsH,O& The characteristic ions -m/z 
163/156 and 193/195 led us to assign the monochloropentitol derivative structure to 
the three compounds. At the same time, tie presence of ion m/z 217 rules out the 
chloro derivative in position 3. 

It remains onIy to difYerentiate the l-chioro and 2-chloro derivatives. What is 
surprisiug, however, is the occurrence of three components, while, theoretically, 
there can be only two. This can be accounted for in a similar mauuer as for 1,4- 
anhydropentitol (peaks 3 and 4) by epimerization at the second carbon atom during 
formation of the halogen derivative. Unfortunately, neither mass spectra nor chro- 
matographic properties (lack of standards) allowed as to difEerentiate between 
the isomers. 

The structure of the main prcduct arising from an interaction of hydrochloric 
acid and IEylitol under drastic conditions (peak I, Fig. 1) was co-ed by HPLC 
(Fig. lo), which revealed two components, as had CC analysis. The structure of the 
main fraction was confirmed from its mass spectrum (peak 1, Fig. 10). Thus, the 
doublet observed in the NMR spectrum at t = 6.28 (Fig. 11) was assigned to 
protons of the chloromethyl group which are outside the chain. This was done 
after comparing the spectrum of the compound investigated with the spectrum of 
the per-O-acetyl-L,4-anhydroxylitol derivative. In the compound examined, the 
acetyl group causes a considerabIy greater deshielding effect, manifesting itself by a 
shift of the proton signals H; and H: from t = 6.28 to t = 5.5. We assigned the 
resonance for proton & to the quartet at t = 6.0, because irradiation of protons 
Hi and H; simpli&d the signal of proton Hd and produced a doublet. We assigned 
the multiplet at t = 5.35-5.65 to protons H, and Hf,, in agreement with the integral 
curve (two protons). This assignment of these signals was supported by simplification 
of that muhiplet irradiation of protons Hc and HI_ The resolving power of the 
apparatus did not allow detailed analysis of that muhiplet. The signals at t = 4.65 
came from protons Hi and Hi. Irradiation of the muhiplet at t = 5.35-5.65 sim- 
pIi& the signal of protons H; and H,, producing a doublet, and also irradiation 
at t = 4.65 simplifies the complex muhiplet. The 5chloro-5-deoxy-l,4_anhydroxylifoI 
structure for peak 1 in Fig. I is further supported by the fact that the NMR 
spectrum of that compound (Fig. 11) shows only signals of the two methyl groups 
derived from acetyl substituents. One cannot assume that the signals of these 
groups are superposed, because the NMR spectrum of the per-C-acetyl-L+anhydro- 
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Fig. 10. HPLC separation of product mixture. formed after fusing xylitol with hydrochlork acid 
in se&d arnpode a& LOO” for 72 h. 

xylitol derivative shows separate signals for the three methyl groups derived from 
acetyl substituents. 

In discussing the structure of the cornpounds we use the term pentitol without 
defining the configuration. CoaiQurational assignment will be dealt with in a later 
study. 

Heating under reibx with comxmtrated hydrochloric acid at 100” for 3 h 

. 1 I I I L I 
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Fs 11. NMR ~ofGCpeak1 inF=. 1. 
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leads to ea. 87% reaction, giving rise mainly to two l,Canhydropentitol compounds, 
whereas heating under identical conditions for 24 h makes xylitol dis&ppea~, giving 
rise to a large number of S~~oro-§-deoxy-l,4-anhydropentltols. Within 3 h the 
hydroxyl groups are substituted by halogec both in the initial x$&o1 and in the 
cyclktion product. Heating for 72 h undo similar conditions gives rise to only two 
products (98 % in all), namely 5-chloro-5&oxy-l,4-anhydropentitol and dichloro-di- 
deoxypentitol @able I). 

As 5-chlor~5-deoxy-l,&mhydropentitol is 2 substrate for obtaining diaohy- 
dropentito1=, it must be pure. Attempts were made (according to the Literature) to 
puriQ the product of the concentrated hydrochloric acid action on xylitol at 100” 
during 72 h by distillation under reduced pressure, both in the form of an acetyl 
derivative and with free hydroxyl groups. In neither case did GC analysis show 
enrichment of the distillate with the required product. PuScation was possible by 
using the HPLC method. 

‘Then= are reports in the literature9 of some dehyd.ration methods in which 
5% sulfuric acid is used at 160”. Chrornatographic analysis of such a mixture (the 
reaction product was isolated by using barium carbonate to remove sulfuric acid) 
showed after 10, 30 and 60 min a markedly simpler composition. Apart from the 
ii&ial xylitoJ_ the mixture contained only various amounts of two 1,~anhydm- 
pent&ok These results suggest that the best way to obtain l,&.nhydropcntitols 
alone is to heat xylitol under reflux at 1CW for 6 h in concentrated hydrochloric 
acid, or at 160” for 2 h in a sealed ampmle with 5% sulfuric acid. 
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