2370

References

ALBANO, V., BELLON, P. L., CHINI, P. & SCATTURIN, V.
(1969). J. Organometal. Chem. 16, 461.

BarrOw, M. J. & MiLts, O. S. (1971). Chem. Commun.
p. 220.

BARTELL, L. S. (1960). J. Chem. Phys. 32, 827.

BusiNg, W. D., MarrtiN, K. O. & Levy, H. A. (1962).
ORFLS. Oak Ridge National Laboratory, Oak Ridge,
Tennessee.

CasaLoONE, G. L., GavezzotTl, A., MugNoL1, A, & Si-
MONETTA, M. (1970). Angew. Chem. Int. Ed. 9, 519.

CASALONE, G. L., MaRIaNI, C., MUGNOLI, A. & SIMONETTA,
M. (1968). Mol. Phys. 15, 339.

CroMER, D. T. & WaBER, J. T. (1965). Acta Cryst. 18,
104.

CRUICKSHANK, D. W. J. & PiLLING, D. E. (1961). In Com-
puting Methods and the Phase Problem in X-ray Crystal
Analysis. Paper No. 6. Oxford: Pergamon Press.

DucHawmp, D. J. (1964). ACA Meeting, Bozeman, Mon-
tana, Paper B-14, p. 29.

GaNIs, P. & Dunitz, J. D. (1967). Helv. Chim. Acta, 50,
2369.

GAVEzZOTTI, A., MUGNoOLI, A., RaiMoNDI, M. & SIMONET-
TA, M. (1972). J. Chem. Soc. Perkin 11, p. 425.

Acta Cryst. (1972). B28, 2370

1,6:8,13-BUTANE-1,4-DIYLIDENE[14]ANNULENE

GramMaccioLl, C. M., MiIMUN, A., MugNoLl, A. & SiMo-
NETTA, M. (1971). Chem. Commun. p. 796.

GramaccioLi, C. M., MugnoLi, A., PiLaTi, T., RAIMONDI,
M. & SIMONETTA, M. (1971). Chem. Commun. p. 973.

HawmiLton, W. C., RoOLLETT, J. S. & SParksS, R. A. (1965).
Acta Cryst. 18, 129,

HuUBER, P. J. (1961). Helv. Chim. Acta, 44, 2032.

International Tables for X-ray Crystallography (1952). Vol. 1.
Birmingham: Kynoch Press.

KLYNE, W. & PRELOG, V. (1960). Experientia, 16, 521.

PETERSON, S. W. & LEvy, H. A. (1957). Acta Cryst. 10, 70.

SCHOMAKER, V. & TrRUEBLOOD, K. N. (1958). Acra Cryst.
B24, 63.

STEWART, R. F., DaviDsoN, E. R. & SiMpsoN, W, T. (1955).
J. Chem. Phys. 42, 3175.

VoGEL, E., Biskur, M., VOGEL, A., GUNTHER, H. (1966).
Angew. Chem. Int. Ed. 5, 734.

VoGEL, E., GONTHER, H. (1967). Angew. Chem. Int.Ed. 6, 385.

VogeL, E., VOoGEL, A., KUBBELER, H. K. & STURM, W.
(1970). Angew. Chem. Int. Ed. 9, 514.

VoGEeL, E., STURM, W. & CREMER, H. D. (1970). Angew.
Chem. Int. Ed. 9, 516.

WESTHEIMER, F. H. (1956). Steric Effects in Organic Chem-
istry, chap. 12. Edited by M. S. NEwMAN. New York:
Wiley.

The Crystal Structure of -p-Galactosamine Hydrochloride
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The crystal structure of §-p-galactosamine hydrochloride has been determined from three-dimensional
intensities obtained with Cu Ku radiation. The needle-shaped crystals are orthorhombic, space group
P2,2,2,, with eight molecules in a unit cell of dimensions a=9-794, b=19:686 c=9-385 A. The final R
index is 0-045 and the e.s.d.’s of the coordinates of C, N and O atoms are about 0-005 A. Bond lengths
and angles in galactosamine are very close to those of similar compounds already reported. The galacto-
samine ring has the normal Sachse rrans configuration with 1e2e3edaSe.

Introduction

D-Galactosamine (2-amino-2-desoxy-D-galactose or
chondrosamine) is one of the important amino-sugars.
It is a constituent of complex polysaccharides, gluco-
protein of mucoid, mucin and chondroitin sulphate. In
most of these compounds, D-galactosamine cccurs
together with glucosamine. The crystal structures of
a-D-glucosamine hydrochloride and hydrobromide
have been determined by Chu & Jeffrey (1965). In this
structure, the glucopyranose ring has the normal
Sachse trans configuration with lower energy confor-

mation la2e3ede5e. The preliminary studies on f-D-
galactosamine hydrochloride have been reported by
Werner (1952). The crystal structure, however, was still
undetermined. In view of its relation to other pyranose
sugars and biochemical interest, it was of interest
to determine the conformation of the galactopyranose
ring in this compound.

Experimental

The crystals of f-D-galactosamine hydrochloride were
recrystallized from aqueous acetone solution. They are
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colourless needles, elongated along the crystallographic
b axis, and can be cut with a scalpel blade. A crystal
with dimensions of 0-07x0-23x0-11 mm was used
throughout the experiment. Oscillation and Weissen-
berg photographs were taken for a preliminary X-ray
investigation of the crystal. The cell dimensions were
obtained with the use of a diffractometer and Cu K«
radiation. The Weissenberg photographs showed
absences #00, 0k0 and 00! for A, k£ and / odd
respectively. The density was measured by floating the
crystals in a chloroform—carbon tetrachloride mixture.

The three-dimensional intensity data were collected
on a Rigaku Denki automatic four-circle diffractometer,
using Ni-filtered Cu K« radiation operated in the w-26
scanning mode. The 1359 independent reflexions
within a sphere of radius 2sin §/A=1-123 (26 <120°)
were measured, of which 1248 reflexions had intensities
significantly above background. The usual Lorentz and
polarization corrections were applied, but no correc-
tions were made for absorption or extinction.

Crystal data

C¢H,,OsNH; CI-, F.W. 215-5.

Orthorhombic,

a=9-794 + 0-002,5=19-686 + 0-002,c=9-385 + 0-001 A,
U=1808-9 A3,

D,=1-591 g.cm™3, D, =1-583 g.cm™3,

Z=38.

Systematic absences,

h00 with h=2n+1, 0k0 with k=2n+1, 00/ with /=
2n+1.

Space group P2,2,2,.
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Determination of the structure

There are two kinds of galactosamine molecule in the
crystal which are not symmetrically equivalent.

The heavy atom vectors, CI-Cl, were identified on
the three-dimensional Patterson function. The heavy

Table 1. Final fractional atomic coordinates and their
standard deviations(A)

Values are x 104,

x a(x) y a(y) z a(z)
CI(1) 13733 19 1191 17 1186 17
Cl(2) 5466 19 3750 16 2272 15
C(1) 10229 71 460 56 4069 60
C(2) 11212 69 118 54 3037 57
Cc@3) 10525 67  —460 55 2248 58
C(4) 9223 70  —197 58 1540 60
C(5) 8335 68 120 56 2685 61
C(6) 7001 69 375 66 2041 65
NQ2) 12395 62  —142 51 3900 54
Oo(1) 10909 48 1036 41 4548 42
0(3) 11445 47 —723 38 1208 41
0(4) 9561 51 318 42 498 40
0o(5) 9027 46 689 38 3338 41
0O(6) 6067 47 573 43 3131 45
(7 12020 68 2992 60 2151 64
C(8) 10967 66 2662 55 1162 63
C(9) 10204 71 2090 57 1900 59
C(10) 9613 70 2345 55 3301 61
Cc(11) 10777 66 2638 58 4182 59
C(12) 10308 77 2867 64 5621 64
N(8) 11744 58 2374 54 —80 56
o 12463 50 3580 40 1455 47
0(9) 9164 45 1851 39 958 41
0(10) 8595 45 2867 37 3035 44
o(11) 11370 48 3206 37 3438 40
0(12) 11456 51 3002 41 6549 45

Fig.1. A composite drawing of the final electron density map, viewed along the b axis. Contours are drawn at 2,4,6, ... e.A-3

for light atoms and at 2,6,10 ... e.A~3 for the chlorine atom.

AC28B-5
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atom Fourier map obtained by using Cl phases could
reveal only a part of the structure. With the aid of the
minimum function, which was synthesized on the basis
of the coordinates of the Cl ions, several sites were
picked as possible locations of atoms. After several
cyclic procedures of least-squares refinement fol-
lowed by the synthesis of an electron density map. the
approximate locations of all the C, N and O atoms were
established, the R index being 0-079 at this stage.
Further refinement by the block-diagonal least-squares
method gave R=0-069 after three cycles with aniso-
tropic thermal factors for Cl, C, N and O atoms. The
final R index was 0-045, with all hydrogen atoms includ-
ed. The final parameters are given in Tables 1,2 and 3.
The observed and calculated structure factors are
listed in Table 4. The atomic scattering factors for the
chloride ion and neutral C, N, O and H atoms were
taken from International Tables for X-ray Crystallog-
raphy (1962). The anomalous dispersion terms were
ignored.

Description of the structure and discussion

A composite drawing of the final electron density map
viewed along the b axis is shown in Fig. 1. The inter-
atomic distances and angles are illustrated in Fig. 2.
The estimated standard deviations of the bond lengths
and angles are 0-009 A and 0-6 respectively.

Geometry of galactosamine

The two galactosamine molecules have almost the
same size and conformation. Each galactopyranose

THE CRYSTAL STRUCTURE OF B-b-GALACTOSAMINE HYDROCHLORIDE

ring has the normal Sachse frans configuration as
expected by analogy with a-D-glucose (M~Donald &
Beevers, 1952) and f-p-glucose (Ferrier, 1963; Chu &

Table 3. Hydrogen atom parameters

x y z
H(C1) 1-004 0-015 0-507
H(C2) 1-168 0-049 0-233
H(C3) 1-023 —0-080 0-303
H(C4) 0-868 —-0-066 0-103
H(C5) 0-806 —0-022 0-348
H(Cs61) 0:650 —0-003 0-142
H(C62) 0-731 0-074 0-130
H(N21) 1-287 0-014 0-450
H(N22) 1-209 —0-042 0-467
H(N23) 1305 —0-038 0-342
H(O1) 1-057 0-103 0-553
H(03) 1-156 —0-116 0-131
H(0O4) 0-939 0-006 —0-025
H(O6) 0-528 0-071 0-275
H(C7) 1-298 0-269 0-226
H(C8) 1-027 0-303 0-073
H(C9) 1-091 0-172 0-217
H(C10) 0-915 0-192 0-389
H(C11) 1-157 0-223 0-417
H(CI121) 0-964 0-328 0-549
H(C122) 0-983 0-246 0-606
H(NS8I) 1-240 0-205 0-021
H(N82) 1-122 0-220 —0-078
H(NS83) 1-224 0-272 —0-042
H(O07) 1-331 0-363 0-174
H(O9) 0916 0-146 0-096
H(O10) 0-784 0-256 0-312
H(O12) 1-156 0-345 0-651

{o(x))=0073 A {(o(»))=0-066 A {o(2))=0071 A

Table 2. Thermal parameters and their standard deviations (x 10%)
Temperature factor =exp [ —(By1h2+ B2k2+ B33l2+ Byohk + By3hl+ Baskl)].

B c By o Bj;
CI(1) 80 3 22 0 90
Cl(2) 81 3 23 0 62
C() 70 10 13 2 62
C(2) 54 9 13 1 51
C@3) 48 9 14 2 58
C(4) 76 10 15 2 55
C(5) 66 10 13 2 66
C(6) 51 10 23 2 74
N(2) 55 7 21 2 82
o(l) 91 7 18 1 71
0(3) 83 7 14 1 67
0O(4) 102 7 20 1 54
O(5) 74 6 14 1 68
0O(6) 62 7 23 1 85
(&) 64 10 17 2 71
C(®) 60 9 13 -1 67
C 70 10 14 2 61
C(10) 67 9 12 1 73
C(11) 59 9 16 2 58
C(12) 78 10 20 2 73
N(8) 71 8 22 2 65
o 77 7 17 1 110
(o/()] 69 6 15 1 72
0(10) 53 6 13 1 96
o(11) 89 7 12 1 66
0(12) 88 7 19 1 85

o By a B3 ] B3 g
2 0 2 -20 4 -1 2
2 17 2 -2 4 -5 2
7 5 6 —-10 14 -13 6
7 —4 6 13 13 8 6
7 0 6 -8 14 -3 6
7 6 6 20 14 5 6
7 -10 6 -11 14 3 6
8 8 7 -6 15 —-16 7
7 9 6 -13 13 -3 6
5 -1 5 -11 10 -5 4
5 8 5 34 11 -7 4
5 -2 5 7 11 15 4
5 8 4 —-28 10 -12 4
6 16 5 14 10 3 5
8 10 6 -18 15 —15 6
8 —4 6 20 14 -10 6
7 -7 6 43 14 —10 6
8 6 7 11 15 11 6
8 3 6 -5 13 6 6
8 —10 7 10 16 -3 7
6 17 6 —11 12 -17 6
6 13 5 —-22 12 0 5
5 9 4 29 10 -4 4
6 -9 4 —4 10 0 4
5 8 5 —25 10 —15 4
6 —16 5 38 11 -6 5
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Jeffrey, 1968). There are two stable anomeric isomers
for galactosamine, ¢-D and f-p. In this crystal the
rings have the C1 chair form with lower energy con-
formation le2e3edaSe; therefore, the molecule is the
[ isomer. Least-squares planes of a pyranose ring are

Table 4. Calculated and observed structure factors (x2)

¥oFC FC K PO FC & PO FC K 20 FC K K0 KC K FO FC K FO FC K FO FE Kk £0 IC
Mk 80 2 3 2 ac e g 7 37 38 13 7 8 was 4 0 12 47 10 2 3 3
3 31413 13 29 30 8 46 a3 g6 10 12 o %9 v as 7 e 3 30 8 3 a3 4
4080 87 4 33 37 14 21 9 s 3 17 8 mle 4 8 & 30 3 2 19 19
6 20 2 3 11 g 0 10 32 52 1 & 8 2 11 11 9 10 12 5 2019 3 s ¢
S 20 0 6 4 0 1012 12 11 22 2 19 1w 9 3 IS ST 1 14 15 e 2 20 4 16 33
3022 <2 7 31 S0 17 18 0 212 16 34 20 10 14 4 2 2 235 23 1 18 41 5 '3 s
1276 73 8 51 osa 18 10 1y 13 14 14 2 1 13 3 22 23 3 17 17 8 28 70 4 1 1
10043 41 9 11 A0 19 17 11 ds 27 22 mee $ 3233 43230 v e [
1 6 3 10 1 3 wmae 3 15 19 18 9 sc 22 7 e4 63 3 % 10 18 10 19 & 4 4
20020 a1 12 1 2 v 28 28 16 20 20 1 b4 >e 8 46 B o 11 v 11 21 22 9 13 11
< 8 7 13 8 7 1 30 29 17 16 15 2 % sy 9 ¢5 I3 7 11 30 14 1
Wle 001 14 43 2 20 2> 19 11 9 3 38 37 10 33§28 12 12 13 9 11 13 8 7
o & mus o f 0 5 14 ge H 402373 21 43 28 9 11 11 wie 38 wue s 8
2010 11 1 49 49 4 38 39 mis 2 4 5 40 a4 12 13 1% 30 13 16 G2 27 A a2 ap
$Mle 232 01 5 18 19 g 8 28 5 03 82 18 12 12 a1 3 4 4 6 4 3 14 3
PR ARt A 6 6 20 2 1 41 41 7 27 235 s 4 Wote 4 9 2 28 g3 3 23 2¢
208383 8 18 18 S 28 21 2 39 37 8 5 5 1% 1> 13 6 7 7 3 13 17 3 is e
839 80 8 13 12 8 41 41 3 72 7 o za 2 36 30 39 1 13 13 4 18 15 5 oL
713 33 7 26 25 9 319 19 4 57 %6 3, 19 20 17 214013 32 7 o122
3,0 81618 an 11 aw 8 33 30 a3 s $1 18 16 13 3 6 7 8 7 B wmuay 'y
S 7 70 9 4 4 a1 & 3 8 2 20 32 18 17 19 a3 Pty 7 10 17 8
10 24 3 10 & 3 7 . s as 7 %2 %
103 3 11 19 e . 7 [ 3 24 24
1017 37 we 610 s s n
[N N B Y . s 2 2
[ S S HE
1% 19 e 2 2 7 18 10
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Table 5. Least-squares planes in the galactosamine

molecule
Equation of plane: AX+BY+CZ+D=0, where X, Y, Z
are in A.
Given
Atoms in plane Distance from best plane constant

0022 A A= 0052
—0-032 B= 0-867

0-025 C=—0-495
—0-011 D= 0605
—0-687

0691

0-801
—0-815
—0-604

1-404

0-654

0-438

0-015
—0-018
0-042
—0-036
—0-649
0-666
0-825
—0-859
—0-535
1-433

1 c)
C(2)
C4)
C(5)

C(1)
C(2)
C4)
C(5)
C(3)
O(5)
o)
N(2)
0O(3)
04)
C(6)
0(6)

C(7)
C(8)
C(10)
C(11)
C(9)
o(11)
o(7)
N(8)
0(9)
0(10)
C(12) 0-549
0(12) 0-206

Dihedral angle between the planes 1 and 2 is 42-2°.

A=~—-0492
B= 0870
C=-0-023
D= 0732

2 M
C(8)
C(10)
C(11)

formed by the four carbon atoms: C(1), C(2), C(4),
C(5) and C(7), C(8), C(10), C(11). The deviations of
these atoms from their respective planes are within
0-04 A (Table 5).

The mean C-C bond length is 1-520 A (¢=0-010 A),
and that of the C-O bond 1-431 A (6=0-008 A). The
C(2)-N(2) and C(8)-N(8) bond lengths are 1-503 A
(6=0-009 A). The bond lengths for equatorial bonds,
C(1)-0(1) and C(7)-O(7) are shortened by about 0-03 A,
relative to the other C-O bonds. Similar observations
for the anomeric C-O bond have been recorded in
many previous investigations of sugars (Chu & Jefrey,
1967; Kim & Jeffrey, 1967; Berman, Chu & Jeffrey,
1967; Fries, Rao & Sundaralingam, 1971; Beevers &
Hansen, 1971). These authors suggest that it is a
property of free sugars.

Fig. 3 shows a composite drawing of the final dif-
ference map viewed along the b axis. The mean values
of the C-H, N-H and O-H bond lengths are 1-08, 0-92
and 0-91 A respectively.

Hydrogen bonds

The hydrogen-bonds are seen in Figs. 4 and 5, and
listed in Table 6. There are thirteen hydrogen bonds in
anasymmetricunit:NH. . .C[,4;0H. - -Cl,3;0H---O,
4; and NH. - .0,2, Among the hydrogen atoms which
belong to the functional groups, only one, H(O9)
bonded to O(9), does not participate in hydrogen
bonding. The hydrogen bonds directly linking
the sugar ions are: O(12)-H(O12)..-0(6), O(3)-
H(03)---0(10) and O(10)-H(010)---0O(12). These
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Donor

N(2)
N(2)
N(2)
N(8)
N(8)
N(8)
o(1)
0(3)
o4
0o(6)
o(7)
0O(10)
0(12)

The asymmetric units are denoted as follows:

Coordinates
x y z i

14+x y z ii
—1+x y z iii

i+x -y -z iv

3+x —y 3+z v

H Acceptor
H(N21) 0(2,ix)
H(N22) ClI(1,ix)
H(N23) Cl(2, viii)
H(N8I) Cl(1,i)
H(N82) Cl(2,iv)
H(N83) 0(9,iv)
H(O1) Cl(2,vi)
H(03) 0O(10, viii)
H(04) O(6,v)
H(06) Cl(1,iii)
H(O07) Cl(2,ii)
H(010) O(12,vii)
H(012) 0O(6, vii)

Notation

Coordinates
I+x 1-y 1-z
—3+x -y 1—2z
2—x —%+y %-—z
23 —x -y 3+z
d(D...A) d(H...A)
2:980 A 2:07A
3177 2:23
3-218 233
3-260 2:32
3271 2:46
2-936 2-11
3-012 210
2-867 2:00
2-896 2:02
3-168 2-31
3-058 217
2-733 1-78
2-847 2:00
(6)=0006 A {o)=007 A

Table 6. Hydrogen bonding distances, angles and their standard deviations

Notation
vi
vii
viii
ix

(D-H...4)
166°
170
162
170
150
150
159
162
175
161
175
175
156

{o)=6°

(C-D...A)
119-4°
108:4
1232
106-8
1233
1154
112:5

999

92:6

98-8

1057

93-3

980
{6)=03°

Fig.2. Interatomic distances and angles in the galactosamine molecule.
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hydrogen bonds dominate the intermolecular packing Kyoto University and the HITAC 5020E of the Comput-

in this crystal. ing Centre of the University of Tokyo. The computer

programs were written by one of the authors (T.A.)

The computations were carried out on the NEAC The authors are obliged to Dr T. Ueki for his kind
2200-500 of Osaka University, the FACOM 230-60 of cooperation.

H(04)|

Fig.3. A composite drawing of the final difference map, viewed algng the b axis. Contours are at intervals of 0-1 e.A-3, starting
at 0-3 e.A3.

Fig.4. The structure viewed along the a axis. Hydrogen bonds are indicated by broken lines.
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Fig.5. The structure viewed along the ¢ axis.
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