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ABSTRACT 

The crystal and molecular structure of 2,5-anhydro-D-mannitol, a model for 

p-D-fructofuranoses, has been determined by X-ray diffraction and statistical-phas- 

ing procedures. The crystals are orthorhombic, space group P2,2,2,, a = 7.877(3), 

b = 8.553(l), c = 11.446(2) A, with four molecules per cell. In the crystal, the 

molecule does not have the expected C2 symmetry: the ring C-O bonds are un- 

equal in length, and the conformation deviates slightly from the ideal 4T3 structure 

by a pseudorotation angle of -11.7” (amplitude 39.9”). In contrast, the ‘H-n.m.r. 

spectrum indicated, on average, the 4T3 conformation in solution. A strong, inter- 

molecular, donor-acceptor, hydrogen-bonding network exists between hydroxyl 

groups on C-l, C-3, and C-4. The C-6 hydroxyl group participates in a much 

weaker, donor hydrogen-bond with a ring-oxygen atom. 

INTRODUCTION 

2,5-Anhydro-D-mannitol (1) has been utilized in studying the tautomeric and 

anomeric specificity of a number of glycolytic enzymes acting on p-D-frUC- 

tofuranose and its phosphates I-’ It is also a model for the /3-D-furanose form of a . 
number of D-fructosides of biological origin 9-10 The compound itself is of interest’ ’ . 

owing to its historical use as a characteristic product isolated from the deamina- 

tion-reduction of 2-amino-2-deoxy-D-glucose, which is a major monomeric unit in 

many animal polysaccharides. Furthermore, 2,5-anhydro-D-mannitol appears to 

have significant, pharmacological properties”. 

Bera et al. l3 first prepared 2,5-anhydro-D-mannitol through Raney nickel re- 

duction of deaminated 2-amino-2-deoxy-D-glucose. The material used in the pre- 

sent study was obtained through reduction of deaminated 2-amino-2-deoxy-D- 
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glucose with sodium horohydride’. A similar procedure was reported h! Horton 

and Philips”, who also used reduction with sodium borohydride. 

Structurally. 2.5anhydro-I,-mannitol has a rotational axis of symmetry (C,). 

For the compound and its substituted derivatives in solution, this propert\, has been 

demonstrated by classic methodsi and, more recently’.!’ I’. f)j usmg ‘H-. “(‘-. 

and “‘P-n.m.r. spectroscopy. ‘I‘hcse n.m.r. techniques usually show the average 

conformation of the molecule. The present work utilized X-ray diffraction in order 

to elucidate the conformation of 93,5-~tnhvdl-o-r)-mannitol in the crvstallinc state. 

EXPERIMENTAl 

The sample of 2.5anhydro-D-mannitol (1) was prepared by the method pre- 

viously reported’ from this laboranry. and was repeatedly recrystallized from abso- 

lute ethanol. 

A well-formed. colorless crystal was mounted on an Enraf--Konius CAD-l 

diffractometer equipped with a graphite monochromator. and Initial m\estigations 

indicated that the crystal belongs to orthorhomhic apace-group P7,7:2: I.east- 

squares refinement of 35 well-centered reflections (77” s 2H G 30‘) vrclcicti the Iat- 

tice constants shown in Table 1. All reflections in one octant of reciprocal space. 

with I” -C 70 < 3”. .- were mc,tsurcd \\ith the w.‘% scan technique &xcribcd elx>- 

where’“. Standard reflections were periodicallv measured during data coilrction. 

and one strong rellection nex 1 = W was measured after data collection using in- 

TAB1.F I 



CRYSTAL. STRI’CTURE OF 2.5-ANHYDRO-I>-~ANNITOL. 51 

bKACI‘lOUAI POSI’I’IO~AL. PAKAWP I t.RS AND I:Ol:IL’Al.t:‘. I lb0 I KOPI( I t~MPt.KAl’~‘RE-f.A(‘l ORS” OF ALL 

AfOMS IV ~.~-ANH~l~KO-V-~iA~~l 1‘01. (e S.d. IU PARI UftiLStS). VA1.C IS X 10’ (1()‘FOR H’rDROGhS AIOMS) 
_ ..-. . . 

C-l -JXY7(4) -3431(1) X3X1( 3) 3X’(Y) 
<‘-2 -h‘w(3) - 1150(3) XY,l(l, 315(X) 
c-3 -X103(4) - 3hh4 3) X%(1(2) 302(X) 
c-4 -Y217(4) -5013(4) - X66X( 2) 307(X) 
<1-S -8076(l) -6419(3) - X554(3) 326(Y) 
C-6 -X461(5) m-777?(4) -0364(3) 31)3(Y) 
O-l - 3367( 3) ~_~3853(3) -X07(1(‘) 140( 7) 
O-3 X675(3) -7103(7_) -X8(12(2) 3X3(6) 
O-4 -106X6(3) -5IXh(3) -7Y30( 2) 395(h) 
O-5 63X3(3) -5X25(‘) _~X776(2) 1rlO(7) 
O-h -X553(4) -7155(i) -- 1051~1(2) 193(X) 
H-II -4X3(3) -3X3(4) -7-l’)(3) 56(Z) 
H-l:! -405(J) 130(3) X39( 3) 3Y( 3) 
H-2 -h-u(4) 3Y6(3) Yh7(3) 35(Z) 
II-3 -797(-1) 363(J) -752(i) 33(Z) 
FI-4 -05X(3) 4Y2(4) -941(Z) M(2) 
H-5 -~xll(J) --6X0(1) -777(Z) Z(3) 
H-61 -75X(4) -X6?(4) -Y77(3) M(2) 
H-h? - YhS(4) -X74(J) -‘)13(Z) 54(Z) 
H-01 -344(4) --360(3) --Y77( I) 741) 
H-03 --XY5(4) -lJY(3) -X10(‘) 57(3) 
H-03 --116X(2) -47X(3) -X17( I!) 77(Z) 
H-06 -02X(3) -7Y3(3) -lOYh(2) 50( 2) 

cremental values of IO”. Thus, both a linear-decay correction and an empirical, ab- 

sorption correction could be applied to the data. in addition to the standard Lp cor- 

rection. 

Direct-methods procedures (MULTAN”‘) revealed the positions of all ele- 

ven non-hydrogen atoms; hydrogen atoms were located from difference-electron- 

density, Fourier syntheses. The final model, refined by weighted. full-matrix least- 

squares. contained 139 variables and incorporated the following features: aniso- 

tropic thermal parameters for all non-hydrogen atoms. isotropic parameters for hy- 

drogen atoms, independent refinement of hydrogen-atom positions. an isotropic, 

extinction parameter (O.CE%), and a parameter which adjusts the weights for high- 

intensity effects (0.02). The atomic-scattering factors were those of Cromer and 

Mann”. Atomic coordinates are listed in Table II. The anisotropic thermal 

parameters. the obscrvcd and calculated structure-amplitudes. and the complete 

set of torsion angles are llsted in Tables III. IV. and V*. 

‘Tables III. IV. and V are depoxlted with. and can he ohtamed from, Elsevw Sctentific Pubhshmg 
Company. BBA Data Depovtcon, P 0. Box 1517. Amsterdam. The Netherlands. Reference should be 
made to No BBA/DDi?57/C‘urhoh~d~ Ke , 119 (19X.3) G-55. 



Bond lengths and angles are shown m Fig. 1. and selected torsion-mglw, in 

Fig. 2. The absolute configuration is assumed to be D, based on the synthetic route 

and the specific optical rotation of the starting material. All calculations related to 

the diffraction experiment conform to this assignment. A stereoscopic view of the 

molecule is shown in Fig. 3. The conformation is ‘Tq, with ‘.I F~eudorotation” 

amphtude (T,,,) of 34.0° and a phase angle (P) of - 1 I .?“. The molecules pack in the 

crystal in such a way as to form a network of intermolecular hydrogen-hc?nds (see 

Table VI). 

As reported previously”,“. the “C-n.m.r. spectrum ot 1 tn solution contains 

only three resonances, consistent with the D-PIU~~ZO stereochemi\tr!. The ‘F-I- 

n.m.r. spectrum showed a high degree of symmetry, and the coupling cclnstants IW- 

dicated ‘Ti as the average conformation tn solution’“. 

In contrast to the n.m.r. data, the X-ray data indicate that the conformation 

of the ?.&mhydro-u-mannitol molecule in the solid state is distorted from the per- 
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Fig. 2. Selected torsion-angles (in degrees; e.s d. values are 0. I”) m 2.5anhvdro-o-mannitol 

Fig. 3 Stereoscopic view of 2.5.anhydro+-mannitol. 

feet “T,. Noteworthy is the significantly unequal length of the two ring C-O bonds 

(1.450 and 1.435 A). The molecule formed by two further dehydrations of 1, i.e., 
1,4:2.5:3.6-trianhydro-D-mannitol, has the expected, perfect ‘T3 symmetry in the 

solid state24. The corresponding C-O bond length is 1.452 A, and thus is almost the 

same as the former value. On the other hand, the latter value (1.435 A) is close to 

the value for a true anomcric bond of a ketofuranose, e.g., the I .425 A reported 

for 6-deoxy-a-L-sorbofuranose2’. 
Strong, intermolecular forces are the apparent cause of the molecular distor- 

tion observed. These forces arise from two different types of hydrogen-bonding in- 
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