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ABSTRACT 

1,6-Dibromo-l.6-clideoxygalactitol (2), 1-O-methanesulphonyl-D-mannitol (5), 
and $4di-O-methanesulphonyl-D-mannitol (s) were respectively converted at nearly 
neutral pH into 1,2:5,6_dianhydrogalactitol (4), 1,2-anhydro-D-mannitol (6), and 
2,3:4,9dianhydro+Gditol(9). Strongly alkaline conditions yielded 2,3:4,5_dianhydro- 
L-iditol (7) from 1,6-di-O-methanesulphonyl-D-mannitol (1). The structures of com- 
pounds 4,6, 7, and 9 were con&-rned by p.m.r. spectroscopy, and by their reactivity 
towards thiosulphate and iodide ions. 

The conversion of l&5,6-dianhydro-D-mannitol (3) into 1,6-dideoxy-1,6- 
diiodo-D-mannitol, 1,6-dibromo-1,6-dideoxy-D-mannitol, and 1,6-di-O-benzoyl-D- 
manmtol, and 1,2:5,6_dianhydrogalactitol into 1,6-dideoxy-l,6-diiodogalactitol is 
described. 

INTRODUCTION 

Until recently’, anhydrohexitols containing the oxirane ring have been isolated 
only as derivatives’. However, their intermediacy in the formation of larger anhydro 
rings3 and their existence in solution’ have been postulated. The principle of the 
preparative method leading to 1,2:5,6-dianhydro-D-mannitol’, namely very mild 
basic treatment of a suitably substituted hexitol, now promises to ‘be generally 
applicable. Three further epoxide derivatives of hexitols have been prepared by this 
method, and the utility of the terminal diepoxides in the synthesis of terminally 
substituted hexitol derivatives is indicated. 

RESULTS AND DLSCUSSION 

The general procedure applied to the synthesis from substituted hexitols of 
anhydrohexitols containing the oxirane ring consisted in continuously titrating the 
appropriate 0-methanesulphonyl, 0-toluene-p-sulphonyl, or bromo derivative in 
aqueous solution or suspension with N sodium hydroxide, keeping the solution close 
to pH 8. When no further alkali was consumed, the solution was added dropwise 
to a stirred suspension of anhydrous sodium carbonate in ethyl acetate. Water was thus 
removed, and the anhydrohexitol was crystallised from the concentrated ethyl acetate 
solution. Thus, l&ii-O-methanesuiphonyl-D-mannitol (l), and 1,6-dibromo-1,6- 
dideoxygalactitol’ (2) gave crystalhne 1,2:5,6-dianhydro-D-mannitol (3) and 1,2:5,6- 
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dianhydrogaIactito1 (4) in over 30% yield. These compounds had previously been 
obtained as their 3,4-O-isopropylidene derivatives6*‘, but the acid lability of the 
oxirane ring precluded seIective cleavage of the isopropylidene group. 

1 3 7 

2 4 a 

5 e e 

Simiiarly, I-U-toluene-p-sulphonyl-D-manuitol and I-O-methanesulphonyl-D- 
mannitol Q, prepared by acidic hydrolysis of their 3.4:5,6-di-O-isopropylidene 
derivatives, were converted into l,2-anhydro-n-mannitol (6). This compound, 
isolated in S-10% yield, was previously known only as its 3,4:5,6-di-O-isopropylidene 
derivative”. 

The nearly quantitative reactivity of terminal oxirane rings towards thiosul- 
phateg and iodide’ ions provided a method for estimating epoxide content. The 
Iiberated hydroxyl ion was continuously titrated with standard acid. The epoxide 
contents of the solutions obtained by the mild, basic treatment of compounds l', 2, 
and 5 were found to be much higher than implied by the isolated yield of epoxide. 
This Ioss was attributable to incomplete extraction into ethyl acetate, but was unavoid- 
able, since isolation procedures involving concentration of the aqueous solutions 
invariably caused extensive cleavage of the oxirane rings. 

The reality of oxirane ring formation from terminally substituted hexitol 
derivatives was disputed bjr Institoris et al. lo . In cases where the formation of the less 
strained five- or six-membered rings was possible, they claimed that these would 
form preferentially. Hence, the 67% conversion in solution of the methanesulphonate 5 
into the epoxide 6 appears remarkable, since five ring-sizes (three- to seven-membered) 
could theoretically result. A closer examination of the problem of hydroxyl-ion 
eatalysed anhydro-ring formation reveals the importance of distinguishing between 
the rate of formation of the ring and its stability to the reaction conditions. Thus, 
the rate constants k (I . mole-‘. min- ‘) for the formation in aqueous sodium hydroxide 
at 30” of ethylene oxide, tetrahydrofuran, and tetrahydropyran from the appropriate, 
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terminally substituted halohydrins were’l, respectively, 1.13, 0.172, and 0.0007, 
indicating that oxirane ring formation was kinetically preferred. Owing to the relatively 
greater degree of ionisation of the hydroxyl group adjacent to the electron-with- 
drawing leaving group, this preference for hydroxyl-ion catalysed oxirane ring 
formation would be enhanced at a less alkaline pH. The direct competition of oxirane 
ring formation with both tetrahydrofuran and tetrahydropyran ring formation has 
been investigated by studying the products of hydroxyl-ion catalysed ring-closure in 
various mono-O-toluene-p-sulphonyIpentanetriolslz_ The products, where cyclic, 
were invariably derivatives of tetrahydrofuran and tetrahydropyran, but their 
stereochemistry was often consistent with the initial formation of an oxirane derivative, 
followed by a rearrangement involving attack of the oxirane ring by the remaining 
hydroxyl group. Again, tetrahydropyran ring formation was kinetically least favoured. 
It is clear from these studies that the present use of a nearly neutral pH for oxirane 
ring formation is the major factor permitting the isolation of the epoxides, rather than 
their rearrangement products. 

The lability of the terminal oxirane ring was further indicated by the isoIation 
of a different type of rearrangement product. When the dimethanesulphonate 1 

reacted with hydroxyl ion at a higher pH (not less than 12.6) than was employed for 
the preparation of the terminal diepoxide 3, a new dianhydrohexitol was isolated. 
Its reaction with sodium thiosulphate gave 74% of the theoretical yield of hydroxyl 
ion from a diepoxide. The corresponding yield from the terminal diepoxide 3 was 
93.5%. Comparison with the hydroxyl-ion yields i3 from 1,2:5,6-diepoxyhexa (98%) 
and its non-terminal analogue 2,3:4,5_diepoxyhexane (75%) strongly implied that the 
new product was a non-terminal diepoxide, an interpretation consistent with the 
finding of only four oxirane-ring CH protons in its p.m.r. spectrum. The initial 
production of the terminal diepoxide 3, followed by hydroxyl-ion catalysed migration 
of the oxirane rings to the non-terminal position, would involve inversion of con- 
figuration at C-2 and C-5, and the formation of a non-terminal diepoxide, viz., 
2,3:4,5-dianhydro-L-iditol(7). Base-catalysed oxirane nng migration has been invoked 
to explain the formation in aqueous sodium hydroxide from I-O-toluene-p-sulphonyl- 
myo-inositol of 1,2-anhydro-myo-inositol, whereas apparently milder basic treatment 
gives 1,2-anhydro-( +)-inositol’4. 

The structure of the new diepoxide was confirmed by comparison with its 
supposed enantiomer. 3,4-Di-O-methanesulphonyl-D-mannitol (8) was prepared 
in two stages from 1,2:5,6-di-O-isopropylidene-D-mannitol Hydroxyl-ion catalysed 
ring-closure at nearly neutral pH gave 2,3:4,5-dianhydro-D-iditoI* (9). The n-iditol 
cor&guration arose from the general observation that the direct formation of anhydro 
rings from sulphonic esters proceeds with inversion of configuration at the carbon 
atoms carrying the leaving groupsl’, in this case C-3 and C-4. That the compound 

*Since this paper was submitted, a preparation of 3,4-di-0-methanesulphonyl-D-mannitol and its 
conversion into 2,3:4,5-dianhydro-D-iditol have been described [R. S. TIPSON AND A. COHEN, Curbo- 
hyd. Res., 7 (1968) 2401. 
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assigned the structure 7 was an enantiomer of compound 9 was shown by the 
coincidence of their physical properties (m-p., i-r. and p.m.r. spectra, and paper- 
chromatographic characteristics), with the exception that their specific rotations, 
though almost equal in magnitude, were opposite in sign. 

The p.m.r. spectra (Table I) of the new anhydrohexitois were consistent with the 
structures assigned. Oxirane ring protons characteristicaUy resonate at higher field 
(T 6.5-7.3) than those adjacent to the oxygen atom of five- or six-membered anhydro 
rings, for which the characteristic rangel is o 6.3-6.7. In addition, the presence of 
five- or six-membered rings is excluded by their unreactivity towards thiosulphate 
ions. Qxetane rings react with thiosulphate ion17, but are kxcluded by the absence 
in the p.m.r. spectrum of 1,3-anhydro-D-glucit01’8 of signaIs above 7 6.5. 

TABLE I 

THE 60-MHZ P.M.R.DATAFOR HEXITOL FPOXIDES 

Compound Soloent 
Chemical shi/t (t) 

fW,6) ff(Ul H(3,4) 

I ,2:5,6-Dianhydro-D-mannitol(3) D20 6.94-7.22 6.60-6.92 6.20-6.43 
I ,2:5,6-Dianhydrogalactitol (4) DzO 6.92-7.23 6.58-6.85 6.26-6.50 
1,2-Anhydro-D-mannitol (6) D2O 7.00-7.16 6.60-6.90 6.20-6.43 
2,3:4,5-Dianhydro-r-iditola (7) Acetone-de 6.06-6.69b 6.78-7.00 7.04-7.19 

+10% De0 

nThe spectrum of 2,3:4,5-dianhydro-D-iditol (9) was identical. Q-he OH signal at t 6.20 was distin- 
guished from others in this region by its downfield shift relative to those of ca. 0.2 p_p.m. on raising 
the Da0 content to 20%. The spectrum (ia DaO) of 1,3-anhydro-D-glucitol prepared18 from 1,3- 
anhydro-6-O-benzyl-2,4-0-benzylidene-D-glucitol showed no signals at higher field than t 6.5. 

The 60 MHz p.m.r. spectrum of the anhydrohexitols showed the required 
signal intensities in the oxirane ring-proton region, equivalent to six protons for the 
terminal diepoxides 3 and 4, three protons for the monoepoxide 6, and four protons 
for the non-terminai diepoxides 7 and 9. In each case, three distinct absorption regions 
were present (Table I). The lowest field signals were attributed to CH protons in the 
acyclic portion of the molecules, and the two higher field regions to oxirane ring 
protons. In the spectra of the terminal epoxides 3, 4, and 6, the oxirane ring-proton 
signals at higher and lower field (intensity ratio, 21) were respectively assigned to the 
methylene and to the methine protons. The higher and the lower field signals for the 
non-terminal diepoxides 7 and 9 could not be assigned on the basis of their intensity 
ratio, since the signal intensities were equal. However, a similar assignment of the 
lower field signals to H-2 and H-5 was favoured, since a similar chemical shift was 
observed in the spectrum of compound 3 in the same solvent for the environmentally 
similar methine protons’. 

Although the individual signals were too complex to permit further unequivocal 
elucidation, the foregoing examination of the p.m.r. spectra of the epoxides, con- 
sidered with their chemical reactions, sufficed to prove their structures. 
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The high reactivity of the terminal diepoxides 3 and 4 towards anions was 
exploited in the preparation of various terminally d&substituted hexitol derivatives. 
Thus, treatment of aqueous solutions of compounds 3 or 4 with sodium iodide and 
acidic titration of the liberated hydroxyl ion gave 1,6-dideoxy-1.6~diiodo-D-mannitol 
and its galactitol analogue. The analogous reaction of compound 3 with lithium 
bromide, the solubility of which permitted an optimal concentration of the less 
nucleophilic bromide ion, gave 1,6-dibromo-1,6-dideoxy-II-mannitol, an interesting 
reversal of the conversion’ of the latter compound into the diepoxide 3. The reaction 
of compound 3 with sodium benzoate and benzoic acid gave 1,6-di-O-benzoyl-D- 
mannitol. 

This reactivity towards anions may be highly relevant to the toxic and tumour- 
inhibitory properties of terminally substituted diepoxides. Preliminary results on the 
biological activity of the mannitol derivative 3 have been reported elsewhere’. 

EXPERIMENTAL 

P.m.r. spectra were measured on ca. 10% w/v solutions with a Perlcin-Elmer 
RlO spectrometer, operating at 60 MHz. rert-Butyl alcohol (in D,O solutions) and 
tetramethylsilane (in acetone-d, solutions) were used as internal standards; CCL 
10% v/v of D20 was added to acetone-d, solutions to exchange hydroxyl protons. 

Ascending paper chromatography was conducted on Whatman No. 1 paper 
in butyl alcohol-water (86:14). Spots were detected by three spray tests: periodate- 
benzidine for cis-diol groups; aqueous sodium iodide-phenolphthalein, with which 
epoxides gave pink spots owing to the libera tion of hydroxyl ion in the presence 
of iodide ion; and potassium permanganate in acetone, which gave yellow spots 
against a purple background. The last reagent gave a positive reaction with 1,4:3,6- 
dianhydro-D-mannitol (I&0.35) which lacks both epoxide and cis-diol groupings, 
as well as with all compounds having such groupings. 

Thin-layer chromatography (t-1-c.) was conducted on microscope slides coated 
with Merck Kieselgel G. Spots were detected by spraying with sulphuric acid, followed 
by heating at 150”. 

All melting points are corrected. 
1,2:5,6_Dianhydrogaiaactitol. - A stirred suspension of 1,6-dibromo-1,6- 

dideoxygalactitol’ (1.23 g, 0.004 mole) in water (5 ml) at 3UIO” was continuously 
titrated with N sodium hydroxide, with phenolphthalein as internal indicator, keeping 
the solution just pink, until no more acidity had developed; 6.4 ml of alkali was 
added*, corresponding to a development of 80% of the theoretical acidity. The 

*Addition of potassium iodide (2 g) at this stage, and titration of the liberated alkali at 35-40” with 
N hydrochloric acid, using phenolphthalein as internal indi‘cator, and keeping the solution just pink, 
allowed an estimate of the epoxlde content of the solution. The hydroxyl ion liberated corresponded 
to 5.6 ml of acid. Hence, 70% of the starting material was converted into epoxide. Simultaneous 
separation of crude 1,6-dideoxy-1,ddiiodogalactitol (1.02 g) occurred (Found: I, 58.30. CeH12IaO4 
talc.: I, 63.14%). Owing to its insolubility in common crystallisation solvents, the pure compound 
was best prepared from crystalline 1,2:5,6-dianhydrogalactitol. 
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solution was added dropwise to a stirred suspension of anhydrous sodium carbonate 
(30 g) in ethyl acetate (150 ml). The fltered solution was concentrated under diminished 
pressure below 30” to 25 ml, redried over anhydrous magnesium sulphate, and con- 
centrated to 5 ml. The title compound separated as colour!ess pIates (0.21 g, 36%), 
m-p. 96.5-98.5”, [a]E +2” (c 1.25, water) (Found: C, 49.19; H, 6.75. CbHt004 talc.: 
C, 49.28, H, 6.89%). 

Paper chromatography showed a single spot, R, 0.39, which gave a positive 
reaction with cz&diol reagents and with epoxide reagents. 

I,2:5,6-Dianhydro-D-mannitol’ (3). - By essentially the above procedure, 
1,6-di-0-methanesulphonyl-D-mannitol was converted into diepoxide 3 (31%), 
m.p. 64-66’, [a]o t40” (c 1.25, water) (Found: C, 49.45; H, 6.97. C6H1,,04 talc.: 
C, 49.28; H, 6.89%). 

I-O-Toluene-p-sulphonyl-D-mannitol. - To an ice-cooled solution of 1,2:3,4-di- 
O-isopropylidene-D-mannito12’ (5 g, 0.019 mole) in dry benzene (7 ml) was added 
dropwise a solution of toluene-p-sulphonyl chloride (3.8 g, 0.020 moie) in dry pyridine 
(7 ml) with stirring during 1 h. After 16 h at 5”, the solution was evaporated below 
30’ under diminished pressure. The residue was partitioned between chloroform 
(25 ml) and water (25 ml). The organic phase was washed (dilute hydrochloric acid, 
water, and saturated, aqueous sodium hydrogen carbonate) and evaporated. The 
residue was dissolved in 1:5 water-acetic acid (50 ml). After 18 h at room temperature, 
the solution was evaporated below 30” under diminished pressure. Co-evaporation 
with toluene, followed by crystallisation of the solid residue from ethanol (50 ml), 
yielded the title compound (3.0 g, 47%) as colourless prisms, m.p. 130-131” (Found: 
C, 46.22; H, 5.98; S, 9.69. C,,H,,O,S talc.: C, 46.37; H, 5.99; S, 9.53%). 

I-O-Methanesu/phonyl-D-mannitol. - 1,2:3,4-Di- O-isopropylidene-D-mannitol 
(5 g, 0.019 mole) was treated with methanesulphonyl chloride (2.29 g, 0.020 mole) 
by the foregoing procedure. Identical treatment of the intermediate gave the title 
compound (1.75 g, 35%) as colourless needles from ethanol (50 ml), m.p. 133-135’, 

r&l 2s -!- 3” (c 2.5, water) (Found: C, 32.57; H, 6.01; S, 12.00. C7H160sS talc.: C, 32.45; 
H, 6.20; S, 12.31%). 

l,&Anhydro-D-mannitol. - A stirred suspension of 1-O-toluene-p-sulphonyl-D- 
mannitol (1.01 g, 0.003 mole) in water (4 ml) at 3540” was continuously titrated 
with N sodium hydroxide, with phenolphthalein as internal indicator, keeping the 
solution just pink, until no more acidity had developed; 2.65 ml of alkali was added*, 
corresponding to development of 88% of the theoretical acidity. The solution was 

*Addition of potassium iodide (2 g) at this stage, and titration of the liberated alkali at 3540” with 
N hydrochloric acid, using phenolphthalein as internal indicator and keeping the solution just pink, 
allowed an estimate of the epoxide content of the solution. The liberated hydroxyl ion corresponded 
to 1.30 ml of acid. Hence 43% of the starting material was converted into epoxide. The titlecompound 
was similarly isolated (0.026 g, 8%) from a titrated solution of 1-U-methanesulphonyl-n-mannitol 
(0.52 g, 0.002 mole) in water (1 ml); 1.8 ml of alkali was consumed, corresponding to development of 
90% of the theoretical acidity. Addition of potassium iodide at this stage, as above, showed 67% 
conversion of the starting material into epoxide. 
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added dropwise to a stirred suspension of anhydrous sodium carbonate (20 g) in 
ethyl acetate (100 ml). After further drying over anhydrous calcium sulphate (“Drie- 
rite”), the filtered solution was concentrated under diminished pressure below 30” 
to 5 ml. The title compound separated as colourless needles (a.050 g, lo%), m.p. 
102-104”, [a]; - 16” (c 2.5, water) (Found: C, 43.83; H, 7.19. CBH, *OS talc.: C, 43.89; 
H, 7.37%). 

Paper chromatography showed a single spot, RF 0.20, which gave a positive 
reaction with cis-diol reagents and with epoxide reagents_ 

2,3:4,5-Dianhydro-L-iditol. - A solution of 1,6-di-U-methanesulphonyl-D- 
mannitol (6.65 g, 0.0197 mole) in N sodium hydroxide (35 ml) was added dropwise 
after 15 mm (PH 12.6) to a stirred suspension of anhydrous sodium carbonate (100 g) 
in erhyl acetate (500 ml). The filtered solution was concentrated below 30” under 
diminished pressure to 100 ml, re-dried with anhydrous magnesium sulphate, and 
evaporated to 5 ml. The title compound separated as colourless, rectangular prisms 
(0.678 g, 24%), m.p. 98-99”, [a]:’ -72” (c 1.25, water) (Found: C, 49.06; H, 6.74. 
C,H,,O, talc.: C, 49.28; H, 6.89). 

Paper chromatography showed a single spot, RF 0.39, which gave no reaction 
with cis-diol reagents, but a positive reaction with epoxide reagents. 

Treatment with sodium thiosuiphate. - (a) 2,3:4,5-Dianhydro-L-idirol. To a 
solution of the diepoxide (0.073 g, 0.0005 mole) in water (10 ml) at 50-W was added 
sodium thiosulphate (5 g). The liberated alkali was continuously titrated with 0.1~ 
hydrochlonc acid, using phenolphthalein as internal indicator and keeping the solution 
just pink. The total hydroxyl ion liberated (in 3 h) consumed 7.40 ml of acid, corre- 
sponding to development of 74% of the theoretical alkalinity for a diepoxide. 

(b) 1,2:5,6-Dianhydro-D-mannitol. - To a solution of the diepoxide (0.146 g, 
0.001 mole) in water (20 ml) at 35-W was added sodium thiosulphate (5 g)_ Titration 
of the liberated alkali was conducted as in (a>; 18.7 ml of acid was required in 30 -mm, 
corresponding to a development of 93.5% of the theoretical alkalinity for a diepoxide. 

(c) Larger ring anhydrohexitols. - 1,4-Anhydro-D-mannitolzz, l,Ianhydro-D- 
glucitol, and 1,4:3,6-dianhydro-D-mannitol failed to react with thiosulphate ions 
under either of the above conditions. 

3,4-Di-O-methanesulphonyi-D-mannitol. - 1,2:5,6-Di-0-isopropylidene-3,4di- 
0-methanesulphonyl-D-mannitol 23 (0.25 g, 0.006 mole) was dissolved at room tempe- 
rature in a mixture of chloroform (1 ml) and 5M HCl in methanol (1 ml). The reaction, 
monitored by t.1.c. (methanol-chloroform, 3:25), was complete within 5 min. The 
solution was evaporated below 30” under diminished pressure, and the residue, after 
standing in vacua overnight over potassium hydroxide, was crystallised from hot 
ethanol (1.5 ml) to give the title compound (0.13 g, 64%) as colourless needles, m-p. 
110-112°, [o;]i5 +27’ (c 1.3, water) (Found: C, 28.28; H, 5.35; S, 18.89. CsH1aO10S2 
talc.: C, 28.40; H, 5.36; S, 18.95%). 

2,3:4,5-Dianhydro-D-iditol. - A stirred solution of 3,4-di-O-methanesulphonyl- 
D-mannitol (0.13 g, 0.39 mole) in water (0.5 ml) at 35-40” was continuously titrated 
with N sodium hydroxide, with phenolphthalein as internal indicator. and keeping 
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