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jTableau 10. Paramétres d’agitation thermique du cycle benzénique supposé rigide
Coordonnées du centre de libration dans a, b, c*: 3,886, 4,656, 0,537.

0,17 -

3,34
T = ( 3,69

0,26
o(T)= (

0,27

3,36
0,16

0,16,

0,04) 10-2 A2

0,11) 10-2 A2

2,95 —0,18 0,88
L= ( 85,26 5,71) R
6,55
041 1,70 04l
o(L)= ( 6,14 0,90) )2
0,48

Tableau 11. Liaisons hydrogeénes et plus courtes distances intermoléculaires

0(2, D—N(@, V)
N@, )—0(2, V)
0@, H—0(@, VI)
0(3, D—0(2, VII)
N@, H—0Q@, 1V)
C(11, -C(11, IX)

1

I

I

1v

v 1—-

XX KX

2,89 A
2,89
3,07
3,07
3,24
3,42

itz
z

z
z
—2Z

3

02, D-0(2, V) 3,47 A
02, )-0G3, 1IV) 3,50
N@, D-0(3, VD) 3,57
02, D-C(13, V) 3,59
C(7, H)-CI(1, VIII) 3,60
A\ 1—x 1—y 1—z
VII 1—x -y 1—-z
VIII —Xx 1—y —z
IX —x y—13% -z

lons cristallins et Monsieur le Professeur Meinnel qui a
suscité et dirigé ce travail.
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Dibromodulcitol (DBD) and dichlorodulcitol (DCD) are isomorphous and crystallize in the mono-
clinic space group P2;/c with 2 molecules in unit cells of dimensions a=4'874, b=5269, c=19'812 A
and f=98'05° for DBD and a=4889, 6=5119, ¢=19043 A and $=96'8° for DCD. Both molecules
have T symmetry and form planar zigzag carbon chains. The halogen atoms at the end of the chain are
outside of the carbon plane in an almost equi-distant position to the two nearest oxygen atoms of the
molecule. The molecules form two-dimensional molecular networks parallel to the (001) plane. In the
- networks each molecule is linked to four neighbouring molecules by two hydrogen bonds, respectively,
forming in this way closed circuits with hydrogen bonds. The networks are held together by van der
Waals forces. All hydroxyl oxygens act both as donors and acceptors and in the closed circuits the
proton positions could be determined. The mean lengths of C-C, C-O and halogen—C bonds are 1°540,
1:413 and 1'975 A in DBD and 1:534, 1432 and 1:820 A in DCD. The C-C-C bond angles are on
average 1110 and 111-5° for DBD and DCD, respectively.

Introduction

Dibromodulcitol (1,6-dibromo-1,6-dideoxy-D-galacti-
tol) and dichlorodulcitol (1,6-dichloro-1,6-dideoxy-D-

galactitol) were produced for pharmacological pur-
poses (Institoris, 1967, Institoris, Horvdth & Csdnyi,
1967) by substituting OH at the two ends of the galac-
titol molecule by halogen atoms. The Fischer formula



of these derivatives is

CHX
|

H-C-OH

HO-C-H

HO-C-H

H-C-OH

where X represents the place of Br and Cl atoms.

On the basis of both pharmacological and clinical
investigations a selective and vigorous antitumoral ef-
fect of DBD was reported (Kellner, 1967). The same
effect, however, could not be proved for DCD (Insti-
toris, 1970). The present crystal structure determina-
tion, giving the molecular conformations, is part of
further investigations for detecting the origin of the
different behaviour of the two halogen derivatives of

dulcitol.

Experimental

The halogen derivatives of galactitol DBD and DCD
were dissolved in dimethylformamide. From this solu-
tion colourless transparent crystals could be gained by
recrystallization for DBD as well as for DCD, which
are always thin plates parallel to the (001) crystallo-
graphic plane. For DBD the plates are extremely thin
and their thickness has never exceeded 0-01 mm.
Therefore the other two dimensions could not be re-
duced sufficiently for avoiding unwanted absorption
and thus the reflexion intensities for DBD are less ac-
curate than for DCD.

The unit-cell dimensions were determined from
Buerger precession photographs around the crystal-
lographic axes with Cu Ko radiation. The crystal den-
sity was measured by pycnometer. The summarized
crystallographic data are as follows:

DBD

a=4874+0-004 A M.W. 307-994

Dy =205 g.cm™3
Dy =203
f=98-05+0-1° V4
#(Cu Ka)=112 ¢cm~!

b=5-269 +0-006
¢=19-812£0-007

F(000) =300

DCD

a= 4-889+0:003 A M.W. 219-076
Dp=1-58 g.cm—3
D;=1-54
Z=2
#(Cu Ka)=60 cm™!

b= 5119 +0-005
¢ =19-043 + 0-007
B=96:8+0-1°
F(000)=228

|
CH2X

=2
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Table 1. The final fractional coordinates of atoms in the asymmetric unit for DBD and DCD

The space group P2;/c has been determined from the
systematic absences, A0/ if / odd and 0kO if k odd.
From the crystallographic data it became obvious that

gnificant digits.

to which the hydrogen atoms are attached, are given.
rdinates corrected for libration of molecule as a rigid body.

In the notation of hydrogen atoms the C or O atoms,

After each atomic coordinate its estimated standard deviation is given in parentheses and refers to the least si
For the heavier atoms of DCD there are also given the coo
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Table 2. Anisotropic thermal parameters for DBD and DCD with the estimated standard deviations in parentheses

The by are defined by

T
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Table 3 (cont.)

the molecule itself has a centre of symmetry. Though
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The difference Fourier synthesis, removing the Br atom
revealed also the oxygen atom missing in the first Fou-
rier function. As the heavy atom positions of DBD and
DCD, deduced from the two-dimensional Patterson
functions agreed quite well, the isomorphy of the two
crystals was assumed and therefore the positions of
common atoms of the two crystals were taken from the
determination of DBD. With these atomic positions,
using all observed reflexions, agreement factors of
R=0-27 and R=0-28 could be attained for DBD and
DCD respectively. From this point on, the refinement
of the two structures was carried out separately by
full-matrix least-squares using Albano, Domenicano &
Vaciago’s (1966), program minimizing the function

D =>wh(Fon— IG |Fen|)?, where G is the scaling factor.
h

The weighting factor of Cruickshank (196la), wyp=
1/(a+b. F+c. F?) was used with a=4-0, b=1 and
¢=0-01. The refinement of coordinates and temper-
ature parameters was carried out only for the heavy
(halogen, O, C) atoms and no refinement was made for
hydrogen parameters. Three cycles with isotropic and
three cycles with anisotropic temperature parameters
resulted, with all observed reflexions, in agreement
factors of R=131% and R=11-0% for DBD and
DCD, respectively.

After least-squares refinement the atomic coordi-
nates of hydrogen atoms, except those of the hydroxyls,
have been generated geometrically for both crystals.
Including these generated hydrogen atoms into struc-
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ture factor calculation we found that the agreement
factors decreased to R(IDBD)=12-9% and R(DCD) =
10-8 %. At this stage of refinement the Fo—F difference
Fourier function was calculated only for DCD, re-
moving all atoms but the hydrogen. In this Fourier
function definite electron density peaks could be found
very well approximating all the generated hydrogen
positions and two further peaks at distances of 1-0 and
0-6 A from the two hydroxyl oxygens belonging to the
asymmetric part of the molecule. Including also these
hydrogen atoms of the hydroxyls, increasing the dis-
tance of 0-6 to 1:0 A and replacing the generated hy-
drogen atoms by those experimentally determined we
could achieve a further slight decrease of the R value,
which is significant if we take into consideration that
this decrease takes place in the presence of heavy Cl
atoms. Thus the hydrogen positions of the hydroxyls
in DCD can be considered as confirmed and on the
basis of isomorphy the same hydrogen positions can be
generated in DBD. The final atomic parameters are
summarized in Table 1 and Table 2.

Structure factors calculated from the final atomic
parameters are given in Table 3. The atomic scattering
factors of all atoms are taken from International Tables
for X-ray Crystallography (1962). For the hydrogen
atoms, the temperature factors of these nearest atoms
to which they are bonded are used. The final R values
for all observed reflexions are R=12-9% for DBD and
in the case of DCD, omitting 9 reflexions with high
extinction, R=9-9%.

Table 4. Constants of least-squares plane (Ax+ By + Cz= D) formed by the carbon atoms of the molecule
and distances to this plane for all asymmetric atoms of the molecule, excluding H

The plane is referred to crystal axes and coordinates are considered in A.

Crystal A B

DBD C(1), C(2) C(3) —0-0738 0-9560
o(1), O(2), Br

DCD C(1), C(2), C(3) 0-0381 0-9626

o(D), 0(2), A1

C D Distance to plane (A)
0-3088 0-0 0-0004, —0-0004, —0-0007
—1-0450, —1-3066, 1:6522
0-2618 0-0 0-0105, —0-0107, —0-0206
-1-1915, —1-2313, 1-6111

H(oRY)

Fig. 1. Perspective view of the DBD molecule with ideatifications of the atoms. No significant difference arises with DCD.

AC2IB-7



810

The geometry of the molecule

The molecule of DBD as well as of DCD form zigzag
carbon chains with a centre of symmetry at the mid-
point of the central C(3)-C(3’) bond (Fig. 1). This meso
conformation is in accordance with the optical inacti-
vity of both molecules. The six carbon atoms of the
molecule form a plane with observed mean deviations
of 0-0005 and 0-014 A for DBD and DCD, respectively
(Table 4). All other atoms are outside the plane ac-
cording to the tetrahedral configuration. The terminal
tetrahedra of the molecule are twisted about the
C(2)-C(1) and its meso-related bond, compared to dul-
citol, so that the Br and Cl atoms, respectively, come
far from the plane and take positions at almost equal
distances farthest from O(1) and O(2) atoms of the
molecule. The bond lengths and bond angles and some
non-bonding interatomic distances of the molecule
were calculated from atomic positions given in Table 1
and are summarized in Table 5. For DCD the inter-
atomic distances were also corrected for thermal libra-
tion of the molecule as rigid body and are included in
Table 5. The symmetry of the molecules is 1.

Table 5. Bond lengths and bond angles and some non-

bonding intramolecular atomic distances with their esti-

mated standard deviations in parentheses applied to the
least significant digits

The distances of DCD have also been corrected for thermal

libration.
Distances
Atoms DBD DCD DCD
(corrected)
C(1)-C(2) 1-502 (32) A 1534 10) A 1537 A
C(2)-C(3) 1-567 (28) 1535 (9) 1-537
C(3)-C(3") 1-561 (28) 1-:531 (9) 1-536

STRUCTURE OF DIBROMODULCITOL AND DICHLORODULCITOL

Table 5 (cont.)

Distances
Atoms DBD DCD DCD
(corrected)
C(2)-0(1) 1-398 (24) 1-439 (8) 1-442
C(3)-0(2) 1-429 (24) 1-425 (8) 1-428
C(1)-Halogen 1:975 (25) 1-820 (8) 1-824
O(1)-Halogen 4-110 (14) 4-001 (5) 4011
0O(2)-Halogen 4-072 (14) 3-931 (5) 3-941
0O(1)-0(2) 2-812 (19) 2:799 (7) 2-805
0(2)-0(2") 3-514 (19) 3-610 (6) 3-619
- Angles
DBD DCD
C(1) -C(2)-C(3) 112:5 (17)° 112-2 (6)°
C(2) -C(3)-C(3") 109-4 (16) 110-8 (5)
C(1) -C(2)-0(1) 107-6 (17) 106-8 (5)
C(3) -C(2)-0(1) 115-5 (16) 110-7 (5)
C(2) -C(3)-0(2) 105-8 (15) 109-3 (5)
C(3)-C(3)-0(2) 101-3 (15) 107-2 (5)
C(2) —-C(1)-Halogen 1107 (16) 109-1 (5)

The thermal motion analysis

The root-mean-square amplitudes and vectors of the
principal axes of thermal vibration ellipsoids for the
individual atoms were calculated from their anisotropic
thermal parameters given in Table 2. The origin of the
vectors of principal axes is positioned at the site of the
corresponding atom. Thus the data of principal axes
given in Table 6 can directly be used to follow the
drawing of the thermal ellipsoids in Fig. 2 giving the
molecule in orthogonal projection on the plane (010).

The thermal motion of DBD and DCD molecules
have also been analysed as rigid body molecular vibra-
tion on the basis of Cruickshank’s (1961a) procedure
using the program of Schomaker & Trueblood (1967).
The U tensors of the individual atoms calculated from
rigid body thermal motion (Uecaic) and gained from the
structure analysis (Uops) are compared in Table 7. As
can be seen, the agreement is quite satisfying for DCD

Fig. 2. Perspective view of the DBD molecule. Atoms are represented by their thermal vibration ellipsoids.
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and supports the rigid body assumption of this deri-
vative.

The translational T and librational o tensors for
DCD are given in Table 8. The estimated standard
deviations referred to the least significant digits are in
parentheses. The principal axes of T and ® tensor ellip-
soids are given in Table 9 by their lengths and direction
cosines referred to the orthogonalized axial system.
The last two columns show the angles of the principal
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axes to the plane formed by the C atoms and to the
direction of the C(1)-Cl bond, respectively. From these
data it can be stated that the principal axis of greatest
libration has an inclination angle of 12-:3° to the plane
of the carbon atoms and is almost rectangular to the
C(1)-Cl bond (92-3°). The next greatest librational axis
is nearly parallel to the C(1)-Cl bond (167-4°).

The atomic coordinates of the DCD molecule were
corrected for rigid body thermal libration and are given

Table 6. Principal axes of the thermal vibration ellipsoids for the asymmetric atoms of the molecule
given by their lengths and coordinates of their end points (in fractions) referred to the crystal axes

The origins of principal axes are considered to be at the site of the corresponding atoms.

DBD DCD
i Us(A) x y z i Ui(A) x y z
Br 1 0-326 0-277 0112 0-201 cl o1 0275 0-345 0-068 0-196
2 0-270 0-309 0-160 0-187 2 0-264 0-383 0:120 0-186
3 0-226 0312 0-094 0-184 3 0-167 0-355 0-128 0-200
oQ) 1 0-285 0-180 —0-285 0-014 0oQ) 1 0-243 0-213 —0-310 0-019
2 0-213 0-226 —0-236 0-020 2 0-180 0-229 —0254 0-021
3 0169 0-210 —0-238 0-007 3 0-166 0-204 —0-264 0-010
o) 1 0-275 —0219 —0-317 0-064 o 1 0-240 —0-231 —0-360 0-082
2 0-214 ~0-215 —0-299 0-081 2 0212 —0-240 —0314 0-070
3 0-179 —0-233 —0-348 0-078 3 0171 —0-208 —0-307 0-083
c@3) 1 0279 0-077 —0-075 0-026 Cc3) 1 0-224 0-089 —0-083 0-032
2 0212 0-069 —0-028 0-038 2 0177 0-087 —0-038 0-041
3 0176 0-087 —0-013 0-026 3 0-164 0-068 —0-034 0-028
c) 1 0-288 —0-023 —0-106 0-083 Cc) 1 0-240 —0-065 —0-143 0-097
2 0-217 —0054 —0-081 0-097 2 0-197 —0-084 —0-089 0-103
3 0154 — 0044 —0-131 0-096 3 0-175 —0-085 —0-096 0-089
c() 1 0-335 0-073 —0-208 0-165 c) 1 0-256 0-157 —0-211 0159
2 0-237 0-104 —0-141 0-159 2 0-228 0172 —0-146 0-158
3 0-189 0-093 —0-182 0-148 3 0-178 0-155 —0-168 0171

Table 7. The observed and calculated components of U tensors of the individual atoms, in the asymmetric part of
the molecule, referred to the orthogonalized axial system as specified in International Tables for X-ray Crystallo-
graphy (1959) in 10-2 A2

Un U2 Us;s Uiz Uys Uz
Crystal obs calc obs calc obs calc obs calc obs calc obs calc
DBD Br 968 966 661 709 674 440 -0-10 0-20 —-1-90 —-2:71 —-1-09 —0-13
0(2) 685 600 463 506 402 543 2:03 1-39 —0-89 —-1-29 0-41 0-41
o(1) 560 624 351 461 626 577 049 1-16 —1-61 —-099 032 0-02
C@3) 4-82 5-72 6:11 4-86 4-43 512 1-29 1-04 0-23 —-1-75 1:82 0-06
C(2) 623 624 422 464 492 519 1-21 1-28 —2-50 —1-43 0-38 0-08
(1) 811 742 657 538 569 514 1-73 1-59 -3-12 —1-62 —-1-20 0-21
DCD Cl 624 629 725 718 378 363 —0-49 —0-42 —-1-49 —1-50 —1-03 —067
0Q) 3-48 319 4-89 4-92 3-53 4-07 1-11 0-73 —0-67 —0-57 —-0-76 —0-45
o(l) 3-11 371 5:61 5-84 443 4-:07 —-0-62 —0-35 —-0-24 —028 —-0-09 0-17
C@3) 288 279 491 470 304 3-30 048 0-34 —-017 —0-50 008 —0-46
C(2) 3-58 348 566 546 347 334 032 017 —044 —-0-27 —-0-20 —-0-33
C(1) 511 495 625 647 358 344 —0-47 0-14 —-0-89 079 0-32 0-07

Table 8. The translational T (10-2 A2) and librational  (10-2 rad?) tensors of the DCD molecule as rigid
body referred to the orthogonalized axial system

The e.s.d.’s referred to the least significant digits are given in parentheses.

2:70 (13) 0-36 (11) —0-43 (09) 0-21 (2) 0-04 (2) 006 (2)
= ( 4-61 (13) —0-50 (09)) 0= ( 0-25 (2) —0-05 (2))
3-24 (09) 0-26 (5)

AC22B-T7*
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in Table 1. The corrections were calculated on the
basis of Cruickshank’s (19615) procedure with the
peak shape parameter ¢2=0-13. All calculations of The DBD and DCD molecules are formed by the
distances and angles are based on the uncorrected halogenization of dulcitol (galactitol) and therefore it
coordinates. seems reasonable to discuss the structures in compar-

Discussion of the structure

Table 9. The r.m.s. amplitudes (principal axes) of the translational T and librational o tensor ellipsoids of the
DCD molecule as rigid body and the directional cosines of the amplitudes referred to the orthogonalized axial system

In the last two columns the angles of the principal axes to the plane of carbon atoms of the molecule and to the C(1)-Cl bond

are listed.
Tensor i (u2)12 x y z Angle Angle
to plane to bond
T 1 0-221 A —0218 A —0915 A 0-338 A 127-2° - 137-8°
2 0-179 —0-411 0-401 0-819 36-2 68-2
3 0-157 —0-885 0-040 —0-464 173-1 123-7
© 1 0-056 (rad) —0-313 0-465 —0-828 123 92-3
2 0-052 —0-643 —0-745 —0-175 1279 167-4
3 0-037 —0-699 0-478 0-533 352 78-4
C(1)~C(2) C(2)~C(3) C(3)—-C(3)
" puLCITOL
o) HCM]
0(2)
DBD
H[C(3
H2[C(1)] [C(3)]
1236 X . . 1185
c@3)
DCD

Fig. 3. Newman projections of the three C-C bonds in the asymmetric part of DBD and DCD molecules compared with the
corresponding ones in dulcitol. For the comparison one has to consider that the atoms.O(2), O(3) and O(4) of dulcitol corre-
spond to the atoms O(1), O(2) and O(3), respectively, in the halogen derivatives.
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ison with galactitol, the structure of which has been
determined by Berman & Rosenstein (1968).

The molecular conformation of the halogen deriva-
tives differs from that of galactitol. In the latter the ter-
minal oxygen atoms, substituted by halogen atoms in
DBD and DCD, conform fairly well to the plane of
carbon atoms. After substitution of these oxygen atoms
by halogen atoms the terminal tetrahedra of the chain
molecules are twisted about the C(1)-C(2) and its
meso-related bond so that the halogen atoms turn out
of the plane and at equilibrium of intramolecular
forces the halogen atoms are in positions nearly equi-
distant from the nearest oxygen atoms of the molecule
as can be seen in Table 5. At the same time the C(1)-
halogen bond and its meso-related one are almost per-
pendicular to the plane. The distortion of the carbon
plane is considerably reduced after halogen substitu-
tion, especially in the case of DBD. Consequently the
0O(2)-0O(2’) intramolecular distance of the halogen deri-
vatives approximates more the ideal 3-5 A with its val-
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ues of 3-51 A and 3-61 A for DBD and DCD, respec-
tively, than for galactitol, where the corresponding
O(3)-0(4) distance is 3-68 A. (The distance of 2-8 A,
reported in Berman and Rosenstein’s (1968) paper is a
clerical error.*) The other intramolecular non-bonding
0-0 distances are 2-81 and 2-80 A for the two halogen
derivatives, being slightly shorter than in galactitol
which are 2-83 and 2-84 A. The alterations of the mol-
ecular conformation caused by halogen substitution
are expressed quite well by the conformational angles
which can be seen in the Newman projections of DBD
and DCD compared with those of galactitol (Fig. 3).

* With the authorization of H. Berman and R. D. Rosen-
stein we are giving here the correction of the clerical error. In
the article cited (Berman & Rosenstein, 1968) the next to last
sentence on p. 439 is incorrectly written as, ‘The distortion is
enough that the O(3)-O(4) contact which is ideally 3-5 A re-
duces to 2+8 A’. The correct sentence is as follows: ‘The dis-
tortion is enough that the O(3)-0O(4) contact which is ideally
3-5 A increases to 3-7 A.

Table 10. Hydrogen bond distances and angles in the closed circuit of hydrogen bonding
The estimated standard deviations are in parentheses.

From In position To
atom atom
0Q2) X, v, z o(l)
o(1) 1+x, ¥, z 0(2)
02" 1—x, —1—y, —z o(1")
o) —-x, —l-y, —z o2

0(1)-0(2)-0(1)
0(2) ~0(1)-0(2)

In position Distances for
DBD DCD
1+x, Y, oz 2694 (19) A 2733 (7) A
l—x, =1-y, —z 2-824 (19) 2-783 (7)
-x, —1-y, —=z 2:694 (19) 2733 (7)
X, Y,z 2:824 (19) 2-783 (7)
Angles
94-7 (6)° 99-3 (2)°
853 (6) 80-7 (2)

& 5F T FRE T F T

Fig. 4. The structure of DBD in two orthogonal projections, (@) on the (010), () on the (100) plane. The spatial packing of the
molecules and arrangement of hydrogen bonds is visualized,
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The most significant difference can be found in projec-
tion of the C(1)-C(2) bond. After substituting in galac-
titol the O(1) and O(6) atoms by halogen atoms the
CH;X group belonging to C(1) atom turned around
the C(2)-C(1) bond by about 120° resulting in a trans
position for X and O(1) atoms and a gauche position
for X and C(3) atoms. The same is true for the other
CH,X group at the other end of the molecule. Another
remarkable phenomenon can be found in projection of
the C(2)-C(3) bond. The conformational angle O(1)-
O(2) is 60-1° for galactitol but decreases rapidly in the
direction: galactitol — DCD — DBD.

The C-C and C-O bond lengths are on average
1-540 and 1-413 A for DBD, and 1-534 A and 1-432 A
for DCD respectively, and are more reliable for DCD.
In latter case the e.s.d. are about the third of those of

STRUCTURE OF DIBROMODULCITOL AND DICHLORODULCITOL

DBD as can be seen in Table 5. The C-C and C-O
bond lengths of DCD are in good agreement with those
reported for galactitol (1-527 and 1-432 A) if we dis-
regard the shorter terminal C-C bonds of galactitol.
The discrepancy found for the bond lengths in DBD
can be attributed to the fact that in spite of high ab-
sorption and unfavorable crystal size, no absorption
correction was used. Taking the more reliable data of
DCD, there could not be found any sign that the ter-
minal C-C bonds of the molecule were shorter than
the internal ones as had been found for galactitol.
The C-Br and C-Cl bond lengths are found to be
1-975 and 1-820 A, respectively. In the literature several
numerical data of these bond lengths, originating from
different determinations, can be found. These vary be-
tween 191 A (Griffiths, 1969) and 2:01 A (Gopala-

Table 11. The shortest intermolecular distances of the extreme H and halogen atoms between the two-dimen-
sional molecular networks

The sums of the van der Waals radii are given in parentheses.

From atom
in Distances for
X,V Z To atom In position DBD DCD
Halogen Halogen 1-x, —3+y, 31—z 3-703 (3-90) A 3-616 (3:60) A
Halogen 1—-x, ++y,%-2 3-703 (3:90) 3-616 (3-60)
HI[C(1)] —-x, ¥+y,3-z 3:029 (3:12) 2:961 (2-97)
H2[C(1)] 1—x, 34y, i-z 3-530 (3-12) 3-346 (2-97)

. 1
Fig. 5. Perspective view of the front part of the unit cell of DBD visualizing the closed circuits of hydrogen bonds.
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krishna, 1969) for C-Br and between 1-73 A (Schaefer,
1970) and 1-81 A (Dejace, 1955) for C-Cl, taking only
one example of the extreme cases. The present deter-
minations seem to confirm the higher values.

The C—C—C bond angles with a mean value of 111-0
and 111-5° for DBD and DCD, respectively (Table 5),
are in fairly good agreement with the mean value of
111-5° found for galactitol, verifying earlier observa-
tions of the widening of C—-C—C bond angles in chain
carbon molecules. The C-~C-O bond angles, however,
average 107-6 and 108-5° for DBD and DCD, respec-
tively, being less than the tetrahedral angle as well as
those reported for galactitol.

All oxygen atoms have two intermolecular oxygen
neighbours in two directions nearly parallel to plane
(001) and in hydrogen bond distances as it can be
realized from Fig. 4 and Table 10. In this scheme of
hydrogen bonding all oxygen atoms are involved as
donors as well as acceptors resulting in closed circuits
of hydrogen bondings. These closed circuits are all
congruent and have their oxygen atoms at the corners
of a parallelogram with an angle of 99-3° (Fig. 5, Table
10). From Figs. 4 and 5 it can be made clear that every
molecule is always linked to four neighbouring mol-
ecules by two-two hydrogen bonds. In this way the
closed circuits of hydrogen bondings result in two-di-
mensional networks of molecules. These networks are
parallel to the (001) plane and are held together only
by van der Waals forces.

The packing of the two-dimensional molecular net-
works is visualized in Fig. 4, from which it can also be
realized that the neighbouring networks are contacted
by the terminal halogen and hydrogen atoms of the
chain molecules. The shortest intermolecular distances
of these atoms are summarized for the two derivatives
in Table 11. From these data it can be ascertained that

Acta Cryst. (1971). B27, 815
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between two neighbouring networks every molecule
contacts three molecules of the neighbouring network.
Two of these contacts are halogen-halogen and the
third is halogen-hydrogen. The distances of these con-
tacting atoms agree very well with the sum of the van
der Waals radii in the case of DCD and are little
shorter in DBD.
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Structure Determination of Mg3TeOg
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The structure of MgsTeOg has been determined by X-ray methods. Single crystals could be grown from
NaCl or Na,SOs.MgsTeOg represents a new pseudocubic structure type; it is rhombohedral with
ap=605 A, 2, =90°50", Z=2, D, =446 g.cm~3, space group R3. The final R value was equal to 48 %.
Tellurium has a regular octahedral oxygen surrounding with Te-O =191 A. The coordination of Mg
is a distorted octahedron with Mg—O distances varying between 2:02 and 228 A. The thermal expansion

characteristics were measured up to 820°C.

Introduction

Previous investigations on the crystal chemistry of tel-
lurium oxides (Bayer, 1969) proved the existence of

compounds M3}+TeS*O4 which can be derived from
orthotelluric acid HgTeOg. Among these Ni;TeOg has
a corundum-type structure (Bayer, 1967; Newnham &
Meagher, 1967; Kasper, 1968) and Cu3TeOs crystal-



