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The crystal structure of D,L-arabinitol, CsH7(OH)s, was derived from the three-dimensional E 2 - 1  
Patterson function by means of minimum functions. The structure was refined anisotropically by least 
squares to an R value of 0.037 for 557 reflections. The lattice parameters are a=  9.213(1), b=4.855(2) 
and c= 15-490(2)/~ (Z= 4). The D and L molecules are related by glide planes in the space group 
Pna21. The molecule has a planar zigzag carbon chain with oxygen atoms above and below the plane. 
All oxygen atoms are involved in a three-dimensional hydrogen-bonding scheme consisting of chains 
coiled around the screw axes. 

Introduction 

Arabinitol (lyxitol) is an acyclic polyalcohol formerly 
known as arabitol. Since D-arabinitol is 40-60% as 
sweet as sucrose, and experiments have shown that 
litde or none is assimilated in the body, this substance 
has been suggested as a sugar substitute in foods (Crick, 
1958). 

The D form occurs in lichens (Lindberg, Misiorny & 
Wachtmeister, 1953) as the free carbohydrate and also 
as the galactoside, umbilicin. Neither L- nor D,L- 
arabinitol is found naturally. The L form is prepared 
by the catalytic reduction (Prince & Reichstein, 1937) 
offl-L-arabinose, which is obtained from mesquite gum 
(Anderson & Sands, 1929), and crystallization of a 
solution of an equimolar mixture of the enantiomorphs 
yields D, L-arabinitol. 

As can be seen from the Fischer formulas below 
(with the terminal hydroxyls turned to the right by 
convention), arabinitol lies in a comfigurational se- 
quence of increasing chain length between erythritol 
(meso-erythritol) and mannitol and also between 
threitol and galactitol. The terminal hydroxyls in these 
polyols are found in two different staggered conforma- 
tions. The hydroxyl either continues the carbon chain 
to give an 'extended' conformation or it turns away 
from the chain in what might be called a 'flexed' con- 
formation. Erythritol and mannitol are flexed at both 
ends. Threitol has not been studied, but the hydroxyls 
at both ends of galactitol are extended, as is the ter- 
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Fig. 1. D-Arabinitol molecule, showing atomic identification 
and thermal ellipsoids. 
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minal hydroxyl in the arabonate ion (Fig.4). It seemed 
possible that arabinitol might be an example of a 
polyol in which the terminal hydroxyls differ in con- 
formation. 
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Crystal data 

Large transparent crystals were obtained by slow evap- 
oration of a 1:1 water-ethanol solution of the com- 
pound supplied by Nutritional Biochemicals Corpora- 
tion. The cell parameters were derived from general 
hkl reflections measured with Cu Kel radiation using 
a Picker 4-angle automatic diffractometer. The crystal 
density was measured by flotation in a mixture of car- 
bon tetrachloride and acetone. 

D, L-arabinitol, CsH7(OH)5, M = 152.15. 
Orthorhombic, probable space group Pna21, from 

systematic absences hOl for h = 2n + 1, Ok! for k + l=  
2n+ 1". 

a=9.213(1) A, b=4.855(2) A, c=  15.490(2) A. 
Z= 4, Dm= 1 "458 g.cm -3, Dz = 1"462 g.cm -3. 
/ZCu K,, = 11-55 cm -1. V= 692-8/~3. 

Experimental 

The data were collected on a Picker 4-angle automatic 
diffractometer using a 0/20 scanning mode and a scan 

* The non-cent rosymmetr ic  alternative, Pna21, rather than 
the centrosymmetr ic  space group Pnam, which has the same 
systematic absences, was chosen on the basis of the statistical 
distribution of the normalized structure factors as well as 
considerations of molecular symmetry. In Priam, with Z=4, 
each arabinitol molecule would occupy a special position with 
m symmetry, contrary to its known optical activity. 

of 2 °. The crystal used was pyramidal, 0.40 x 0.20 mm 
at the base and 0.54 mm in height. Of the 977 inde- 
pendent reflections in the limiting sphere for Cu Kc~ 
radiation, 600 in each octant with 20 values below 
130 ° were accessible to the diffractometer. 

The mean values of the intensities recorded in two 
octants were used in the structure determination. The 
average value recorded for systematic absences indi- 
cated that 43 reflections with I<  1.5a(I) should be con- 
sidered unobserved. 

Determination of the structure 

A variation of the method used to solve the structure 
of p-D-glucurono-y-lactone (Kim, Jeffrey, Rosenstein 
& Corfield ,1967) was employed. The orientation of 
the molecule was found by inspection of the three- 
dimensional E 2 -1  Patterson function and confirmed 
by minimum functions. The location of the 21 screw 
axis relative to two atoms of the molecule was found 
from a vector shift assumed to be from O(1) to O(3), 
see Fig. 1. Subsequently, nine out of the ten independent 
carbon and oxygen atoms were located in an M4 mul- 
tiple minimum function (Buerger, 1959) with P21 sym- 
metry. In Pna21, locating the screw axis correctly rel- 
ative to any atomic position is sufficient to determine 
the location of the other symmetry elements. A dif- 
ference synthesis based on the structure factors of nine 
atoms supplied coordinates for the tenth atom and 
improved parameters for the other nine. This trial 
model gave an R value of 0.19 for all reflections. 

Refinement of the structure 

The refinement of the positional and thermal param- 
eters was carried out by full-matrix least squares on 
the 557 observed reflections weighted as follows: 

W = 
1 

(Cruickshank, 1961). 
(7.88 + 1.OFo+0.0095F2o) 

Two cycles of isotropic least-squares refinement re- 
duced the R value to 0.097, at which stage a difference 
synthesis clearly revealed the seven hydrogen atoms 
attached to carbon atoms. After another cycle of iso- 
tropic least squares, in which the contribution to the 
structure factors of these seven hydrogen atoms were 
included without varying their positions, the remain- 
ing five hydrogens were located from a second dif- 
ference map. After one cycle of anisotropic least 
squares, varying only the carbon and oxygen param- 
eters, the hydrogen atoms were assigned the aniso- 
tropic thermal parameters of the atoms to which they 
were bonded. Three more cycles were run, varying all 
positional parameters and thermal parameters for oxy- 
gen and carbon only. This reduced the disagreement 
index to 0.037 and produced no shift greater than a 
standard deviation, at which stage the refinement was 
terminated. 
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T a b l e  2. Observed and calculated structure factors 

Columns are: l index, 10[Fo~s[, 10[Fe~], 10Ae~, 10 Bca~. 
(* for unobserved reflections). 
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6 ~23 ~65 $33 1 | • -  3 173 167 8 7 -  118 16 20 22 t O -  20 8 37 37 ~6 9 2 88 11 10 -  5 -  
7 4 • 3  • • 9  2 ~ 8 -  352 • 9 •  92 3 9 -  8 3 -  H .  6 Km 2 9 23 26 23 6 -  H-  3 Ks 4 
U 87 9J  8 7 -  2 | -  5 72 67 6& I | - -  0 2 9 |  296  296 0 | 0  32 33 2 ~ -  23 J 161 |&2  1&2 o U 
g $1 8 f  8 5 -  2 0 -  6 225 2 3 |  2 2 5  5 7 -  1 162 151 | 2 9 -  79 l |  9 t  | 7  13 14 2 79 7 |  39 5 ~ -  
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Table 2 (cont.) 

4 66 64 3 1 -  5 5 -  $ 106 104 i 04  : 3 | 8  18 1 -  11 S 38 36 6 -  36 -  H- 2 K- S 
6 | 4 7  | b ~  | ~1  5Z-  6 69 7~ 6 9 -  | 4 44 43 b -  4 3 -  6 40 39 38 | ~ -  ~ 134 13~ 130-  
8 76 ?5 l l -  ?4 7 ! 1 6  L I b  UT- 77 S 41 t 0  3 9 -  1 0 -  7 IT 23 S-  2 3 -  1 37 4~ ~S 3 1 -  

I 0  63 6~ 60 23 8 83 84 1 8 -  32 6 86 87 8 6 -  8 H-  T K-  4 2 34 3~ IT ZS-  
l Z  5Z 58 S l -  29 9 31 33 32 5 -  ~ 38 36 31 l q -  0 9e 8 8 -  ~ 3 32 35 2$  Z~ 

H -  I K "  4 l d  88 a6 I e6 ° 8 28 28 12 25 1 8~ 1~ ? -  t Z3 21 1 1 -  1 8 -  
0 t t  38 3 8 -  0 11 5~ 37 3 17 9 14 ~ 8 3 -  2 28 32 I -  32 5 | 2 e  14 1 0 -  10 
1 30 26 2 2 -  1 4 -  12 3Z 3~ 3 3 -  10 I v  19 | 15 8 3 8 *  2 2 1- 6 29 34 34 o 
Z 3T 31 ¥ -  3 0 -  H-  3 K -  4 H-  "5 K-  4 4 18 16 1 | -  11 -  7 | 4  16 l b  - 
$ 103 | 0 ~  38 95 ~ 35 32 32 0 v l b 5  155 1 5 5 -  ~ H-  3 K"  5 Hn 3 K -  S 

S6 $4 43 37 158 l ~  | 4 4 -  63 1 28 28 3 2 S -  1 IS0 t * 6  t 2 6 -  ~3 0 58 ~9 5 q -  
S9 38 $0 31 2 83 8Z t O -  80 2 57 55 35 ~ 3 -  3 18 13 6 -  12 1 29 3~, 2 8 -  I - 

6 93 93 9 3 -  10 3 31 33 • 33 3 66 63 24 58 5 21 23 | 9  S ~ 8e 9 4 8 
? 49 47 3 0 -  36 4 46 46 4 2 -  t 7 -  4 42 4Z 1 1 -  ~ 1 -  7 27 32 3 1 -  2 -  3 75 7U 54 5 7 -  
8 S~ $~ 26 4 ~ -  S 41 4~ 3 3 -  2 3 -  5 |S~ | 4  1 3 -  4 -  Hu I K -  5 4 27 35 30 1 7 -  
9 7b 13 Z 0 -  1 |  6 36 33 3 2 -  9 6 44 40 35 1 9 -  0 l l e  9 9 0 5 29 32 I t  • 30 

| 0  26 26 4 26 7 t 5  47 16 4 t -  ? 8e 13 8 | 0 -  I 38 34 1 7 -  29 6 58 6Z 6 2 -  9 
1 |  80 I 0  | 0  | -  8 48 49  4 3 -  23 U 3q 39 0 39 : 71 75 5 8 -  ~U H -  4 K - 3 0 5  
| 2  | 3  13 1 2 -  b 9 31 31 ? -  31 9 ~b 4~ I Z -  45 Y6 7~ b e -  48 0 3~ 3~ " O 

H-  ~ g ' 2  ~ 10 50 ~0 19-  ~6 -  H-  6 K-  t 3 t 6  46 3 0 -  3~ 1 39 4~ 33 Z ]  o 
0 ~& • 0 | i  89 89 89 S ~ 31 33 33 0 • 55 53 38 3~-  2 11 18 ~-  16 
1 71 70 4 Z -  56  H -  4 K-  ~ 42 43  3S 20 5 | 1 5  114 1 3 1 -  5 3 -  -3 "Be 12 3- 1 1 -  
2 136 13~ 8Z 110 0 22? Z~q 2 2 9 -  C Z Sb 53 Z2 48 6 102 ~02 101"  1~ 4 8e 10 I O -  3 
3 4 t  4$ 4 5 -  3 | 121 125 l t ~  5Z-  ~ 80 79 6 8 -  4 2 -  7 80 101 56 8 4 -  "5 8a 9 9 -  1 

88 92 9 0 -  20 2 50 40 1 4 0 -  4? 47 4 T -  1 "8  37 37 33 16 

Table 3. Principal axes o f  thermal ellipsoids m u m  functions by Corfield (1965), structure factor, 
The root mean square displacement Ui corresponds to the ith Fourier  synthesis and distances and angles by Shiono 
principal axis of the ellipsoid and 0~,, 0~b, 0~c are angles between (1963), dihedral angles by Chu (1965), and s tandard 
the ith axis and the crystallographic axes a,b, c. deviations and thermal  corrections by Craven (1965). 

i ui O~a Oi~ O~c 
O(1) 1 0"1488 A 95"6 ° 98.6 ° 10"3 o 

2 0"1921 149"9 60"0 90.6 
3 0"2952 60"6 31"4 79"7 

0(2) 1 0"1634 55'4 140,1 107.4 
2 0.1715 58.8 52.1 126.6 
3 0.2176 50.1 79.4 41 '8 

0(3) 1 0"1604 42.2 48"3 84.2 
2 0"1855 115"5 54.4 133.6 
3 0.2230 121.1 62.1 44.1 

0(4) 1 0"1562 99.1 145.6 57.1 
2 0.1952 149.7 
3 0.2085 118.6 

0(5) 1 0.1518 115.3 
2 0.1841 110.7 
3 0-2349 33.6 

C(l) 1 0.1535 102.4 
2 0.1857 146.4 
3 0.2324 59.4 

c(2) 1 0.1513 125.6 
2 0.1710 124.2 
3 0.1903 54.1 

98.7 118.8 
57.0 46.5 
75.9 29.4 
32.7 114.1 
61.2 74.2 
93.6 13.0 
57-8 98.6 
32.4 80.3 
60.9 . 49.4 
70.3 139.0 
36.3 94.4 

c(3) 1 0.1569 23.5 100.1 68.9 
2 0.1656 83.9 139.5 129.8 
3 0.1762 112.6 128.7 47.2 

c(4) 1 0.1686 61.9 117.6 41.3 
2 0.1753 44-5 107.6 129.2 
3 0.1972 58.7 33.5 79.1 

c(5) 1 0.1622 77.] 91.9 13.0 
2 0.1959 129.4 71.0 80.2 
3 0.2248 42.2 49-0 98.4 

For the IBM 7090: least-squares refinement by Busing, 
Mart in  & Levy (1964), modified by Shiono (1966a), 
Fourier  synthesis by Zalkin,  modified by Shiono 
(1966b), and thermal  ellipsoid plotter by Johnson 
(1965). 

Description 
Arabini tol  has a zigzag carbon skeleton l inked to a 
series of  hydroxyls,  all of  which are above or below 
the plane of the carbon atoms. The D-enantiomer in 
this D,L-structure is depicted in Fig. 1, as can be seen 
by comparison with the Fischer projection in the Intro- 
duction.* The carbon chain lies almost  parallel to the 
(100) crystallographic plane, as shown by the equation 
of the plane given in Table 4, and is quite fiat, the 
mean deviation being 0.016 A. The a tom in the chain 
farthest f rom the plane is C(3), with a distance of  
0-036 A. The conformat ion angles are given in Fig.2. 

The bond lengths and valence angles are given in 
Tables 4 and 5. The C - C  distances are equivalent within 
experimental error, with a mean  value of 1.523 A. The 
C - O  distances have a mean  value of 1.434 ~ ,  with the 
C(1)-O(1) distance being significantly shorter than  the 
mean value by 3.5a. The shortness of  this bond length 
can p r o b a b l y  be attr ibuted to thermal  motion,  since 
correcting for this effect, assuming a ' r iding'  mode 
(Busing & Levy, 1964), increased the value to 1.423/~, 

The final posit ional  and thermal  parameters are which differs from the mean  of  all the corrected (2-0  
listed in Table 1 and the corresponding structure fac- distances by less than 20-. 
tors are given in Table 2. The principal  axes of the The hydrogen-bond distances in D,L-arabinitol vary 
thermal  ellipsoids are given in Table 3 and illustrated from 2.692 to 2.768 /~, O(3)-O(4a) being the 
in Fig. 1. The scattering factors for C and O were taken shortest (Table 6). Each molecule in the structure is 
f rom International Tables (1962) and the Stewart, 

Davidson & Simpson (1965) values were used for H. * Each carbon atom in the Fischer projection is assumed to 
The programs used were as follows: have its vertical bonds pointed away from the viewer and hence 
For  the IBM 1620: lattice parameter  refinement by its horizontal bonds out of the page. Since the hydroxyl 

Schwarzenbach (1967), diffractometer settings by Chu attached to the highest-numbered 'asymmetric' carbon atom, 
C(4), points to the right (as well as out) this is the D-form. The 

& Craven (1965), data reduction by Chu (1967), struc- Fischer projection of D-arabitol differs from the view in Fig. 1 
ture factor normalizat ion by Beurskens (1963), mini-  at C(3), which has its vertica} bonds pointing out of the page. 
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surrounded by six other molecules. The enantiomers 
are related by an a-glide to form D, L pairs which are 
connected by two hydrogen bonds, O(2a)-O(1) and 
O(4)-O(3a'),  according to the symmetry code given in 
Table 6. The D molecule is joined to two other O- 
enantiomers at a distance of a unit-cell translation 
along the short axis by hydrogen bonds from 0 (3 ) -  
0(2 ' )  and 0 (5 ) -0 (4 ' )  in the positive y direction and 
f rom 0(3 ' )  to 0(2)  and 0 (5 ' ) -0 (4 )  in the negative y 
direction. This molecule is also joined to two others 

related to it by a twofold screw axis along the long 
axis by hydrogen bonds from O(1) to O(5c') in the 
negative z direction and O(lc)  to 0(5)  in the positive 
z direction. Finally, this D-enantiomer is hydrogen- 
bonded to a second L-enantiomer by bonds from 0(2) 
to O(lb)  and O(4b) to 0(3)  in the positive x direction. 
Symmetrically, the same type of hydrogen bonding is 
formed by the L-enantiomer. 

Because of this sequence of bonding, each oxygen 
has two hydrogen bonds, one donor and one acceptor, 

Table 4. Bond lengths and least squares plane in D, L-arabinitol 

The equation used was AX+BY+ CZ=D, where X, Y, Z are in/~ and A =0.9996, B=0-0200, C= -0-0167 and D= 5.956. The 
estimated standard deviations given in parentheses refer to the last decimal position. 

i j D~ i j D~s 
C(1) C(2) 1"520 (7) A C(3) H(C3) 1.00 (4)/~ 
C(2) C(3) 1"525 (5) C(4) H(C4) 1-05 (5) 
C(3) C(4) 1"527 (5) C(5) H(CS) 1"01 (5) 
C(4) C(5) 1.520 (8) C(5) H'(C5) 1"12 (5) 

C(1) O(1) 1.413 (6) O(1) H(O1) 0.80 (6) 
C(2) 0(2) 1-437 (5) 0(2) H(O2) 0.90 (4) 
C(3) 0(3) 1-432 (4) 0(3) H(O3) 1.00 (5) 
C(4) 0(4) 1.447 (5) 0(4) H(O4) 0.81 (5) 
C(5) 0(5) 1.440 (6) 0(5) H(O5) 0.90 (5) 

C(1) H(C1) 1.00 (5) 
C(1) H'(C1) 0.95 (5) 
C(2) H(C2) 0.89 (5) 

Atoms in plane Deviation in/~ from plane 
C(1) -0.017 
C(2) -0-002 
C(3) 0.036 
C(4) 0.003 
C(5) -0.020 

Table 5. Bond angles in D, L-arabinitol 

The estimated standard deviations given in parentheses refer to the last decimal position. 

i j k L(ijk) 
C(I) C(2) C(3) 113.3 (3) ° 
C(2) C(3) C(4) 112.3 (3) 
C(3) C(4) C(5) 112-9 (4) 

O(1) C(1) C(2) 109.1 (4) 
0(2) C(2) C(1) 108.4 (4) 
0(2) C(2) C(3) 111-2 (3) 
0(3) C(3) C(2) 110.9 (3) 
0(3) C(3) C(4) 106-0 (3) 
0(4) C(4) C(3) 109.5 (3) 
0(4) C(4) C(5) 110.2 (4) 
0(5) C(5) C(4) 112.4 (4) 

C(2) C(1) H(CI) 116 (3) 
O(1) C(1) H(CI) 106 (3) 
H'(CI) C(1) H(CI) 102 (4) 
C(2) C(l) H'(CI) 109 (3) 
O(1) C(1) H'(CI) 115 (3) 
0(2) C(2) H(C2) 101 (3) 
C(1) C(2) H(C2) 112 (3) 
C(3) C(2) H(C2) 109 (3) 
C(2) C(3) H(C3) 111 (3) 
C(4) C(3) H(C3) 108 (3) 
0(3) C(3) H(C3) 109 (3) 

i j k L(ijk) 
C(3) C(4) H(C4) 110 (3)o 
C(5) C(4) H(C4) 104 (3) 
0(4) C(4) H(C4) 110 (3) 
C(4) C(5) H(C5) 100 (3) 
0(5) C(5) H(C5) 105 (3) 
H'(C5) C(5) H(CS) 121 (4) 
C(4) C(5) H'(C5) 108 (3) 
0(5) C(5) H'(C5) 110 (3) 

C(1) O(1) H(O1) 110 (4) 
C(2) 0(2) H(O2) 117 (3) 
C(3) 0(3) H(O3) 110 (3) 
C(4) 0(4) H(O4) 100 (4) 
C(5) 0(5) H(O5) l l0 (3) 
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and there are infinite hydrogen-bonding chains having 
the donor sequence 0(lc ' ) -0(5)-0(4 ')-0(3a')-0(2a')-  
O(1) extending in the negative z direction. The chain 
develops around a twofold screw axis to form a helical- 
type scheme with each molecule participating in four 
of these schemes; see Fig. 3. Each of these chains in- 
volves both terminal hydroxyls from one of the four 
molecules per unit cell. None of the other chains in- 
volves more than one hydroxyl from that molecule. 
There are four helices per unit cell, and by symmetry, 
two are left-handed and two right-handed. 

1968; Berman & Rosenstein, 1968) that the valence 
angles in the carbon chain in acyclic polyols are gen- 
erally greater than the ideal tetrahedral angles. 

It is noteworthy that the conformation of arabinitol 
is not the same as that of the arabonate ion. The con- 
formation angles of this ion in calcium arabonate 
pentahydrate (Furberg & Helland, 1962) are given in 
Fig. 5. Since the arabonate ion has a carboxyl group 
at one end and a hydroxyl in the extended conforma- 
tion at the other end, only the two inner C-C bonds 
in these two compounds can be similar. Even here, 

D i s c u s s i o n  

As shown in Fig. 4, the corresponding segments of D- 
arabinitol and D-mannitol (Berman, Jeffrey & Rosen- 
stein, 1968; Kim, Jeffrey & Rosenstein, 1968)have the 
same conformation as the meso-erythritol molecule. 
(Bekoe & Powell, 1959; Shimada, 1959). In general, the 
conformation angles in these compounds show differeQ- 
ces of less than 5 o which can be attributed to hydrogen 
bonding and packing. It may be fortuitous that for the 
bond labelled 'a' in the three molecules, the hydroxyls 
form dihedral angles of 59.0 ° with each other. The 
other angles involved in this projection are 59.4 ° and 
63.6 ° in arabitol and 62.8 ° and 62.4 ° in the B-form 
of mannitol. 

The apparent shortness of the terminal C-C bonds 
in D, g-arabinitol, which could be brought significantly 
closer to the average value by applying corrections for 
thermal motion, is also found in the structure of meso- 
erythritol, D-mannitol and galactitol, and could be 
corrected in the same way. The range of the C-C-C 
valence angles, from 112-3 to 113.3 ° , agrees with the 
trend noted before (Berman, Jeffrey & Rosenstein, 

CI C4 $ 

H ' H c ~ . ~  / ~ O i  
J"" Y )?o 

yl.l , I 
' Cl 63.6 

U _ .  

,,~;~I~.~o o,# I \.c, o, 
"t )"" i )"= 

Fig. 2. Conformation angles (in degrees) for the D-arabinitol 
molecule in D,L-arabinitol. The Newman projections are 
of the C(I)-C(2), C(2)-C(3), C(3)-C(4) and C(4)-C(5) bonds 
from left to right and top to bottom, respectively. 

Table 6. Hydrogen bond distances and angles 
Symmetry code 

- x y z 
a ½ + x  ½ - - y  z 
b ½-x ½+y ½+z 
c )? 37 ½+z 

(A prime denotes a unit cell translation) 

The estimated standard deviations are given in parentheses. 
i j k 

c(1) o(1) O(5c') 
C(2) 0(2) O(la) 
C(3) 0(3) O(2') 
C(4) 0(4) O(3a') 
c(5) 0(5) 0(4') 
0(5#) O(1) O(2a') 
O(la) 0(2) O(3') 
O(2') 0(3) O(4a) 
O(3a') 0(4) O(5') 
O(4') 0(5) O(lc') 

0(1) H(O1) O(5c') 
0(2) H(O2) O(la) 
0(3) H(O3) O(2') 
0(4) H(O4) O(3a') 
0(5) H(O5) 0(4') 

D(q) DUk) 
2"732 (8) A 
2.753 (6) 
2"692 (5) 
2"768 (5) 
2"720 (5) 

2.732 (8) A 2.753 (6) 
2.753 (6) 2.692 (5) 
2.692 (5) 2.768 (5) 
2.768 (5) 2.720 (5) 
2.720 (5) 2.732 (8) 

L(Uk) 
105.9 (3) ° 
117.3 (3) 
115-4 (2) 
115-5 (3) 
112-5 (3) 
lOO.9 (2) 
119-3 (2) 
87.5 (2) 

119"6 (2) 
102-4 (2) 

172 (6) 
161 (4) 
170 (4) 
157 (5) 
176 (5) 
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however, the values listed in Figs.2 and 5 show that 
there are large dissimilarities. Moreover, the C(5)-O(5) 
bond in the anion is displaced 15.5 ° out of the plane 
of the carbon chain, in contrast to the planarity of the 
extended zigzag in galactitol. 

b j  c 

Fig. 3. Perspective view of the structure along the b axis show- 
ing the hydrogen bonding (solid white lines represent 
hydrogen bonding). 

H OH HO H 

H OH HO H 

Meso- Erythritol 

H OH HO H 

HO H H OH HO H 

d-Arabini to l  

HO H H OH HO H 

HO H H OH HO H 

d-Manni to l  

H OH HO H H .,H 

H H H OH HO H 

Galactitol 

H OH HO H x - 

0 - - _  d-Arabonate Ion 

H 
O 

Fig.4. Acyclic carbohydrate conformations. 

Although the torsional barrier to rotation around 
the C-C bond is presumably small and comparable 
to the energy of the hydrogen bond, the persistence 
of the planar zigzag carbon chain throughout this 
series of structures suggests that this rotomer is ener- 
getically favored even outside a crystal environment. 
This has recently been demonstrated by E1 Khadem, 
Horton & Page (1968) with nuclear magnetic resonance 
spectroscopy in methyl sulfoxide-d6 solutions of a 
series of osotriazoles of the sugars. While the errors 
arising from the approximations involved in quantum 
mechanical energy calculations are probably too seri- 
ous to justify acceptance of the numerical values ob- 
tained, an estimate of the dipole moment may be ob- 
tained from calculations using self-consistent molecular 
orbitals with complete neglect of differential overlap 
(Pople, Santry & Segal, 1965 and Pople & Segal, 1965). 
Using this CNDO procedure, Stewart (1967) has found 
a value of 6.5 debye units for the arabinitol molecule, 
with the parameters reported in this paper. The general 
direction of the dipole moment is from the center of 
gravity of the molecule towards H'(CI), inclined 5.8 ° 
to the plane of the zigzag and 78.2 o from the C(2)-C(3) 
bond. The direction cosines for/z are 0.07556, 0-68691 
and - 0.72281, corresponding to angles of 85.7 °, 46.6 o 
and 43.7 o to a, b and c. This direction evidently cannot 
be rationalized as resulting exclusively from cancella- 
tion between pairs of anti-parallel C-O bond moments, 
but must include the CH and OH contributions as well. 
The high value of the molecular moment may provide 
some clue to the conformation of the terminal hy- 
droxyls in the acyclic polyols, since the only example 
of the extended conformation found so far is galactitol, 
where the moment is zero by T symmetry. 

Since in contrast to D,L-arabinose (Kim & Jeffrey, 
1967) which is centrosymmetric, D, L-arabinitol has a 
polar space group, the dipole stacking results in an 
estimated net dipole moment of 4 x 0.7228 x 6.5 = 18.8 
debye units per unit cell, in the negative z direction. 
Another example of a racemate with the same polar 
space group is aminomaleic acid (Kanters, Kroon, 
Beurskens & Vliegenthort, 1966). 

Chu & Jeffrey (1967) observed that the helical 
hydrogen bonding scheme in methyl fl-maltopyran- 
oside was polar, as is the finite hydrogen bond- 
ing scheme in fl-D-glucurono-7-1actone (Kim, Jef- 
frey, Rosenstein & Corfield, 1967). Hydrogen bond- 
ing schemes winding around screw axes have been 
found in crystal structures of erythritol and mannitol, 
and also occur in o-galactono-7-1actone (Jeffrey, Ro- 
senstein & Vlasse, 1967). In these compounds, how- 
ever, each helix involves only one oxygen from each 
molecule. D, L-arabinitol has a single helical hydrogen 
bonding scheme only, in contrast for example, to the 
B and K forms of mannitol and meso-erythritol ,  where 
there are closed-circuit quadrilaterals as well as helices. 
As Bekoe & Powell (1959) have pointed out, no neces- 
sary resemblance need be expected between molecular 
arrangements in crystals of either the meso or active 
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forms and that of the racemate. Hence, the difference 
in hydrogen-bonding schemes might be attributed to 
the fact that D,L-arabinitol is racemic, with the enan- 
tiomers glide-related, whereas D- or L-arabinitol alone 
might have a hydrogen-bonding scheme more similar 
to its configurational relatives. 

This research was supported by the U.S. Public 
Health Service, National Institutes of Health, under 
grant number GM-11293. 

We are greatly indebted to Professor G.A.Jeffrey 
for his critical reading and discussion of the manu- 
script, and to Dr R.F.Stewart of Carnegie-Mellon 
University for the CNDO self-consistent molecular 
orbital calculation of the molecular dipole moment. 
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