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fl-D-Glucoheptose (D-glycero-fl-o-gulo-heptopyranose), C7H 1407, is orthorhombic, space group P2~212 p with 
a = 6-959 (5), b = 8.526 (5), c = 15.280 (5)/k, Z = 4. The structure was solved by direct methods and 
refined to a final R of 0-029 for 855 counter reflexions. The gulo-pyranose ring is a distorted 4C~ chair. The 
conformations of the C(6)-O(6) and C(7)-O(7) bonds of the glycolic side chain are trans-gauche and 
gauche-gauche respectively. All six hydroxyl groups are involved as donor and acceptor in intermolecular 
hydrogen bonding which consists of an infinite coil winding in the a direction. Two runs of this coil are needed 
for the identity to be shifted one period along a. 

Introduction 

In connexion with X-ray diffraction studies of selected 
carbohydrates in this laboratory, the crystal and 
molecular structure of fl-D-glucoheptose (D-glycero-fl- 
D-gulo-heptopyranose) has been determined, fl-D- 
Glucoheptose belongs to the class of aldoheptoses and 
differs from the common aldohexoses by having a 
glycolic side chain ( - - C H O H - C H 2 O H ) .  The primary 
objective of this study was to examine the conformation 
of this side chain and the hydrogen-bonding scheme. 

Experimental 

Crystals were grown by slow evaporation from an 
aqueous ethanolic solution of commercially available fl- 
D-glucoheptose (Sigma Corporation). Preliminary unit- 
cell dimensions and space-group information were 

Table 1. Crystal data for  fl-D-glucoheptose 

Molecular formula C7H~407 
Formula weight 210.19 
Crystal system Orthorhombic 
a (A) 6.959 (5) 
b (/k) 8.526 (5) 
c (A) 15.280 (5) 
v (A 3) 906.60 
z 4 
Space group P2~2~2 ! 
Systematic absences h00, h = 2n + 1 

0k0, k = 2 n +  1 
00l, l = 2 n +  1 

D x (gcm -3) 1- 540 
~.(Mo K~0 (]k) 0.71069 
/t(Mo Ktt) (cm -~) 1.50 
Crystal dimensions (mm) 0.5 x 0.5 x 0.06 

obtained from photographs. Accurate cell dimensions 
and intensities were measured on an automatic Nonius 
CAD-4 diffractometer with Zr-filtered Mo Ktt radiation 
(2 = 0-71069 A,) and the o9/20 scan mode. Crystal data 
are summarized in Table 1. 

Integrated intensities of 951 independent reflexions, 
of which 855 had 1 > 2.5tr(/), were collected up to 
sin 0/2 = 0.60 A -~. Lorentz and polarization correc- 
tions were applied, but absorption was neglected. 

Determination and refinement of the structure 

The observed structure factors were scaled and 
normalized to E values with a Wilson (1942) plot. The 
structure was solved with the M U L T A N  system (Main, 
Woolfson, Lessinger, Germain & Declercq, 1974) using 
100 IEI values with IEI > 1.55. The positions of all 
non-hydrogen atoms could be deduced from the E map 
calculated with the phase set with the highest combined 
figure of merit. Block-diagonal least-squares refine- 
ment of positional and isotropic thermal parameters 
followed by anisotropic refinement reduced R to 0.067. 
A difference synthesis revealed the positions of all H 
atoms (peak heights ranging from 0.25 to 0.49 e A-3), 
which were included in the refinement with constant 
isotropic thermal parameters equal to those of the 
carrier atoms. Full-matrix refinement resulted in a final 
g = ~[IFol -- IFcl[/~ IFol = 0.029 and R w = 
[~ w(IFol -- IF~)2/Z wE2] ~/2 = 0.018. The quantity 
minimized was )__. w(IFol -- IFcl) 2, with w = a--2(Fo) 
determined by counting statistics. All shifts in the last 
cycle were less than 0.15o for O and C and 0 .4o for H; 
the goodness-of-fit {[~ w(Fo -- Fc)2 / (m-  n)] 1/2, where 
m is the number of observations and n the number of 
parameters refined} was 3-06. A final difference 
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synthesis showed no peak above 0.20 e /~-3. The 
scattering factors of Cromer & Mann (1968)were used 
for O and C, and of Stewart, Davidson & Simpson 
(1965) for H. The final positional parameters are listed 
in Table 2.* Refinement and subsequent calculations 
were performed with the XRAY system (Stewart. 
1976). 

Molecular geometry 

The conformation of the molecule and the numbering 
of the atoms are shown in Fig. 1. Bond distances and 
angles involving C and O atoms are shown in Table 3. 
The C - C  bonds range from 1.509 (4) to 1.529 (4) A 
(mean 1.518 A). The exocyclic C - O  distances range 
from 1.401 (3) to 1.437 (3) A (mean 1.418 A), where 
the shortest distance relates to the anofneric C (1 ) -O( I )  
bond. The endocyclic C(1)-O(5)  and C(5)-O(5)  
bonds are 1.429 (3) and 1.440 (3) A respectively. The 

* Lists of structure factors and thermal parameters have been 
deposited with the British Library Lending Division as Supplemen- 
tary Publication No. SUP 33783 (8 pp.). Copies may be obtained 
through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

C - O  distances in the hemiacetal sequence C ( 5 ) -  
O ( 5 ) - C ( 1 ) - O ( 1 ) - H  agree well with observations on 
a- and fl-pyranosides (Jeffrey & Takagi, 1977; Arnott 
& Scott, 1972) and with theory (Jeffrey, Pople & 
Radom, 1972, 1974), in that the anomeric C(1)-O(1)  
is shortened and the difference in endocyclic C - O  
bond lengths in fl-pyranosides is smaller than in a- 
pyranosides. Though the bond angles have a wide 
range (105.4 to 114.0 °, mean 109.9°), the majority 
are within 2 ° of the ideal tetrahedral value. Notable 
exceptions are C ( 4 ) - C ( 5 ) - C ( 6 )  114.0, O ( 5 ) - C ( 5 ) -  
C(6) 105.4, C ( 1 ) - O ( 5 ) - C ( 5 )  112.0 and O ( 5 ) - C ( 1 ) -  
O(1) 106.1 °. As in many pyranosides, C ( 4 ) - C ( 5 ) -  
C(6) is enlarged at the expense of O(5)-C(5)--C(6)  
(Arnott & Scott, 19.72; Gress & Jeffrey, 1977). The 
bond angles in the hemiacetal group, C ( 1 ) - O ( 5 ) - C ( 5 )  
and O(1) -C(1) -O(5) ,  agree with the average values of 
eight fl-pyranosides: 111.6 and 107.3 ° respectively 
(Arnott & Scott, 1972). The C - H  and O - H  distances 
have mean values of 0.99 and 0.82 A respectively. The 
bond angles involving H atoms have mean values 
distributed as follows over the different classes: 
H--C--C 109, H - - C - O  109, H - O - C  109 and 
H--C--H 106 °. 

Table 2. Fractional atomic coordinates (x 104 for C 
and O; x 10 a for H) 

]'he estimated standard deviations are given in parentheses and refer 
to the last decimal positions of respective values. 

x y z 

C(1) -155 (4) 3012 (3) 5632 (2) 
C(2) 995 (4) 3737 (3) 6374 (2) 
C(3) 918 (4) 5518 (3) 6341 (2) 
C(4) 1397 (4) 6121 (3) 5433 (2) 
C(5) 177 (4) 5302 (3) 4757 (2) 
C(6) 671 (4) 5740(3) 3813 (2) 
C(7) -742 (5) 5069 (4) 3157 (2) 
O(1) 278 (3) 1407 (2) 5612 (1) 
0(2) 372 (3) 3174 (2) 7197 (1) 
0(3) -982 (3) 6009 (2) 6580 (1) 
0(4) 3344 (3) 5838 (2) 5232 (1) 
0(5) 479 (3) 3635 (2) 4813 (1) 
0(6) 623 (3) 7418 (2) 3730 (1) 
0(7) -2646 (3) 5584 (2) 3304 (1) 
n (Ol )  -78  (4) 91 (4) 526 (2) 
H(O2) -56 (5) 360 (4) 739 (2) 
H(O3) -100 (4) 654 (3) 695 (2) 
H(O4) 397 (4) 626 (3) 556 (2) 
H(O6) 181 (4) 775 (3) 373 (2) 
H(O7) --310 (5) 500 (4) 359 (2) 
H(CI) -183 (4) 328 (3) 576 (2) 
H(C2) 229 (4) 345 (3) 631 (2) 
H(C3) 192 (4) 586 (3) 675 (2) 
H(C4) 120 (4) 721 (3) 542 (2) 
H(C5) - 114 (4) 549 (3) 486 (2) 
H(C6) 207 (4) 541 (3) 370 (2) 
H(C7) -44 (4) 540 (3) 260 (2) 
H(C7)' -63 (4) 394 (3) 315 (2) 

Molecular conformation 

The pyranose ring is distorted from the ideal 4C 1 chair 
as follows from the ring torsion angles (range 49-9 to 
64.3 ° , Table 4) and the displacements of the atoms 
from the least-squares planes through opposite bonds. 
The distortion is in the direction of a twist-boat form as 
follows from the Cremer & Pople (1975) puckering 
parameters: q2 = 0.061 A, qa = 0.564 A, q~2 = 39"2°, 
0 = 6.2 °, Q = 0.568 A. The exocyclic torsion angles 
(Table 4) are close to the angles for the ideal gauche 
(60 °) or trans (180 °) arrangements. The configuration 
of the O atoms at C atoms in the chain C ( 3 ) - C ( 4 ) -  
C ( 5 ) - C ( 6 ) - C ( 7 )  is identical to that of D-arabinitol. 
The conformation of this pentitol fragment and the 

~ 0(1) 

/ ~ 0{23 

~ 0161 

Fig. 1. Molecular conformation and atomic numbering of fl-D- 
glucoheptose. Non-hydrogen thermal ellipsoids enclose 50% 
probability. 
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planarity of the C atom chain compare well with the 
conformation and planarity of D-arabinitol in the 
structure of DL-arabinitol (Hunter & Rosenstein, 1968). 

The conformations of C(6)--O(6) and C(7) -O(7)  of 
the side chain are trans-gauche and gauche-gauche 
respectively. The tg conformation of C(6) -O(6)  sel- 
dom occurs in pyranoses (Longchambon, Ohanes- 
sian, Avenel & Neuman, 1975), where the gg and gt 
conformations are predominant in nearly equal propor- 
tions. However, in galactosides, with axially oriented 
O(4), the gg conformation is unfavoured because of the 
peri interaction between synaxial O atoms. Accor- 
dingly, the distribution over the possible gg, gt and tg 
conformations in the structures of 15 known galac- 
tosides is 2, 8 and 5, indicating that there is a slight 
preference for the gt conformation. The two gg forms 
are exceptional because of the presence of an intra- 
molecular 0 ( 4 ) . . .  0 (6 )  bond. In D-glucoheptose the gt 
conformation is ruled out because it would result in a 
short O(4 ) . . .C (7 )  contact. The conformation around 
C(6) -C(7 )  is gg with torsion angles of 59.4 and 60.5 °. 

Table 3. Bond distances (A) and bond angles (o) 

The estimated standard deviations are given in parentheses and 
refer to the last decimal positions of  respective values. 

The H atoms on adjacent C atoms of the pyranose 
ring have the common trans or gauche orientation 
(Table 5). As is usual in saccharide structures (Jeffrey, 
McMullan & Takagi, 1977; Kanters, Gaykema & 
Roelofsen, 1978; Fries, Rao & Sundaralingam, 1971; 
Kanters, Batenburg, Gaykema & Roelofsen, 1978)the 
H - - C - - O - H  torsion angles of the ring (Table 5) show 
large deviations from the ideal value of 60 ° , which 
would be favoured in the isolated molecule (Sun- 
daralingam, 1968; Takagi & Jeffrey, 1977). The 
resulting increase in repulsion by the eclipsing of vicinal 
H atoms is balanced by the gain of hydrogen-bond 
energy through participation of the hydroxyl groups in 
intermolecular hydrogen bonding. 

Hydrogen bonding 

All hydrogen bonds are intermolecular (Table 6). The 
six O - H  groups each function once as donor and 
acceptor; the ring O atom does not accept a hydrogen 
bond. The H . . . O  distances, adjusted so as to nor- 
malize the covalent O--H distance to 0-97 A, estab- 
lished by neutron diffraction, are in the narrow range 
1 .73-1.85 A. Although generally the anomeric O atom 

C(l)--C(2) 1.519 (4) C(2) -0 (2 )  1.414 (3) 
C(2)-C(3)  1.520 (4) C(3)--0(3) 1.434 (3) 
C(3)-C(4)  1.517 (4) C(4)--0(4) 1.410 (3) 
C(4)-C(5)  1.509 (4) C(5) -0 (5 )  1.440 (3) 
C(5)-C(6)  1.529 (4) C(6) -0 (6 )  1.437 (3) 
C(6)-C(7)  1.516 (4) C(7) -0 (7 )  1.414 (4) 
C ( l ) - O ( l )  1.401 (3) C(1) -0 (5 )  1.429 (3) 

0 (1 ) -C(1 ) -C(2 )  107.5 (2) C(4)-C(5)-C(6)  114.0 
C(1) -C(2) -C(3)  111.3 (2) C(4 ) -C(5 ) -0 (5 )  109.5 
C(1 ) -C(2 ) -0 (2 )  111.3 (2) C(6 ) -C(5 ) -0 (5 )  105.4 
C(3 ) -C(2 ) -0 (2 )  110.9 (2) C(2 ) -C(1 ) -0 (5 )  109.8 
C(2) -C(3) -C(4)  111.2 (2) C(5 ) -0 (5 ) -C(1 )  112.0 
C(2 ) -C(3 ) -0 (3 )  108.4 (2) O(5)-C(1)-O(1)  106.1 
C(4 ) -C(3 ) -0 (3 )  109.7 (2) C(5) -C(6) -C(7)  112.7 
C(3) -C(4) -C(5)  110.2 (2) C(5 ) -C(6 ) -0 (6 )  108.7 
C(3 ) -C(4 ) -0 (4 )  110.6 (2) C(7 ) -C(6 ) -0 (6 )  107.6 
C(5 ) -C(4 ) -0 (4 )  108.2 (2) C(6 ) -C(7 ) -0 (7 )  112.7 

(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 

Table 4. Endocyclic and exocyclic torsion angles (°) 

The torsion angle A(I)-A(2)-A(3)-A(4) is viewed along A(2)-A(3), 
with a clockwise rotation of A (1) to A (4) taken to be positive. 

Endocyclic 
O(5)-C(1)-C(2)-C(3) 54.2 
C(1)-C(2)-C(3)-C(4) -49-9 
C(2)-C(3)-C(4)-C(5) 51.5 

Exocyclic 
O(I)-C(I)-C(2)-C(3) 169-2 
O(1)-C(1)-C(2)-O(2) -66.4 
C(1)-C(2)-C(3)-O(3) 70.8 
O(2)-C(2)-C(3)-C(4) - 174.5 
O(2)-C(2)-C(3)-O(3) -53.8 
C(2)-C(3)-C(4)-O(4) -68.1 
O(3)-C(3)-C(4)-C(5) -68-4 
O(3)-C(3)-C(4)-O(4) 171.9 

(4) C(3)-C(4)-C(5)-O(5) -57.6 
C(4)-C(5)-O(5)-C(1) 64.3 
C(5)-O(5)-C(1)-C(2) -62.2 

O(4)-C(4)-C(5)-C(6) -54.3 
O(4)--C(4)-C(5)-O(5) 63.5 
C(4)-C(5)-C(6)-O(6) -53.2 
C(5)-O(5)-C(1)-O(1) - 178.1 
C(5)-C(6)-C(7)-O(7) 59.4 
O(5)-C(5)-C(6)-O(6) -173.3 
O(6)-C(6)-C(7)-O(7) -60.5 

(4) 

Table 5. Torsion angles (o) involving the hydrogen 
atoms 

H(C 1) . . .  H(C2)* 
H(C2). • H(C3) 
H ( C 3 ) . . H ( C 4 )  
H(C4). • H(C5) 
H(C5). • H(C6) 
H(C6)- .H(C7) 
n ( c 6 ) .  • H(C7)' 

174 H(O1). 
- 4 8  H(O2)- 
-71  H(O3)- 
- 6 0  H(O4). 

- 174  H(O6). 
- 6 0  H(O7). 

56 H(O7). 

• H(C l ) t  43 
• H(C2) 159 
- H(C3) 7 
• H(C4) 58 
• H(C6) - 1 3  
• H(C7) 148 
• H(C7)' 32 

* Refers to the torsion angle H(C I ) -C(1) -C(2) -H(C2) .  
t Refers to the torsion angle H(O 1) -O(1) -C(1) -H(C I). 

t r 

i " 5 5 5  i.  - ~ ~ ~ 2 . 4 .  0171 

Fig. 2. A view of  the molecular packing and hydrogen bonds of  fl- 
v-glucoheptose seen along a. Hydrogen bonds, related to 
molecule 555.1, are numbered according to Table 6. The 
repeating sequence, originating from molecule 555.4, is indicated 
at the left-hand side. 
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Table  6. Hydrogen-bondgeometry 

Symmetry 
O--H H . . .  O H. .  • O* O. -. O O-H.  -. O operationt 

1 O(1)--H(OI)... O(4') 1.01 (3) A 1.78 (3) A 1.82 A 2.672 (3) A 146 (3) ° 456.3 
2 O(2)-H(O2)...  O(7') 0-80 1.99 1.85 2.754 158 465.2 
3 O(3)-H(O3). • • O(2') 0-73 1.96 1.73 2.662 164 556.4 
4 O(4)-H(O4). . .0(6')  0-76 1.94 1.74 2.691 171 566.3 
5 O(6)--H(O6)... O(Y) 0.87 1.93 1.84 2.758 159 566.3 
6 O(7)-H(O7)... O(1') 0-73 2.05 1.83 2.776 171 456.3 

* Corrected by expanding the covalent O-H bond distances to the neutron diffraction value of 0.97 A in the direction of the bond. 
t The symmetry operation is performed on the O' atoms. The first three digits specify the lattice translations. The last digit indicates one 

of the following symmetry operations. (1) x,y,z; (2) ½ - x, -y,  ½ + z; (3) ½ + x, ½ - y, -z;  (4) -x, ½ + y, ½ - z. 

should be a relatively weak acceptor  as concluded 
from theoretical  calculations on methanediol  (Tse & 
Newton,  1977) and from available experimental  data  
(Jeffrey & Lewis, 1978) the relevant H . . - O  distance in 
fl-D-glucoheptose is 1.83 /~, which is in the range 
normal ly  found for - . - O - - H . . . O - - H  chains. Each 
molecule is bonded to eight neighbours by twelve 
hydrogen bonds to form a closely knit three-dimen- 
sional network (Fig. 2). The hydrogen bonds form an 
uninterrupted coiled chain with the following repeating 
sequence: 

. . . O ( 1 ) - H . . . O ( 4 ) - H . . . O ( 6 ) - - H . . . O ( 3 ) - H . . .  
555.4 564.2 545.4 464.2 

O ( 2 ) - - n . . . O ( 7 ) - n . . - O ( 1 ) - - n - - . .  
456.3 445.4 454.2 

When  two sequences are completed the chain continues 
at the same equivalent position, t ranslated one period in 
the a direction. 
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