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A b s t r a c t  

In the investigated compounds, the tetrahydrated 
calcium chloride salt of lactobionic acid (Ca2+. - 
CI-.CI2H21OI2-.4H20), potassium lactobionate (K+. - 
CI2H2101~), sodium lactobionate monohydrate (Na+. - 
C12H21OI~.H20) and calcium galactonate hydrate 
(Ca2+.2C6HIIOT-.5H20), the cations and hydrogen- 
bonding systems have a strong influence on the geome- 
tries and conformations of the carbohydrate anions. 

C o m m e n t  

As a part of an extensive study of the influence of the 
cation on the conformation of the lactobionate or glu- 
conate anions in carbohydrate-cation complexes (Lis, 
1981, 1984; Jeffrey & Fasiska, 1972; Panagiotopoulos, 
Jeffrey, La Placa & Hamilton, 1974; Cook & Bugg, 
1973), we have determined the crystal and molec- 
ular structures of the tetrahydrated calcium chloride 
salt of lactobionic acid, (1), potassium lactobionate, 
(2), sodium lactobionate monohydrate, (3), and calcium 
galactonate hydrate, (4). They are of the type of car- 
bohydrate complex in which interactions between the 
cation and the carbohydrate anion play an important role 

structures containing a lactobionate or a galactonate an- 
ion have been available only for the bromide analogue 
of (1) (Cook & Bugg, 1973). 
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(1) Ca2+.CI-.L.4H20 
(2) K+.L 
(3) Na+.L.I-12 () 
(4) Ca2+.2G.5H20 

The asymmetric part of the unit cell of (1) comprises 
one lactobionate and one C1- anion, one Ca 2÷ cation 
and four water molecules. The Ca 2÷ ion binds to three 
water molecules (O2W, O3W and O4W) and to two 
lactobionate ions, by 08, 09  and O10 of the first anion 
and by 07 and O12 of the second symmetry-related 
anion (Fig. 1). Table 3 presents the intermolecular 
hydrogen bonding with H.- .O distances not greater than 
2.20A. The contacts of the CI- ion and O1W water 
molecule with the lactobionate moiety are depicted in 
Fig. 1. 
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Fig. 1. The environment of the Ca 2+ cation in (1) showing 50e~ 
probability displacement ellipsoids. 

Comparison of (1) with the bromide analogue (Cook 
& Bugg, 1973) shows that the structures are very 
similar. The bromide analogue crystallizes in the same 

in a number of physiological processes (Angyal, 1980; space group, with similar cell constants. The geometries 
Krestinger & Nelson, 1976; Bugg, 1973). X-ray data of about the Ca 2+ ion and the conformations of the 
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1194 C12H21012- AND C6HIIO7- SALTS 

lactobionate moieties are almost identical (Cambridge 
Structural Database, 1993). 

The environment of the K ÷ cation in (2) is shown in 
Fig. 2 and described in detail in Table 2. The asymmetric 
part of the unit cell of (2) contains one K ÷ cation and 
one lactobionate anion. The K ÷ cation binds to four 
lactobionate anions, by 05, 08 and O11 to the first 
anion, by O2a and O7a to the second, and by O1 l b 
and O12c to the next two symmetry-related anions. For 
clarity, Fig. 2 show only part of the environment around 
the K ÷ cation. 
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Fig. 2. The environment of the K ÷ cation in (2), with the intramolec- 
ular hydrogen-bonding system in the lactobionate moiety. Displace- 
ment ellipsoids are shown at the 50% probability level. 

The crystal lattice of (2) shows the characteris- 
tic intermolecular hydrogen-bonding system. Three in- 
tr'amolecular hydrogen contacts, O8--H8. . .O1,  0 9 - -  
H9 . - .O l l  and O3--H3. . .O2,  with distances smaller 
than 2.20 ,~,, are found (Fig. 2, Table 3). 

Fig. 3 shows the lactobionate (3). One lactobionate 
anion, one Na + cation and one water molecule constitute 
the asymmetric part of the unit cell. The Na ÷ cation 
binds to three lactobionate anions, by O1, 04, 06  and 
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Fig. 3. The environment of the Na + cation in (3). with one 
strong intramolecular hydrogen bond in the lactobionate moiety. 
Displacement ellipsoids are shown at the 50% probability level. 

09 to the first anion, and by O7a, O12a and O5b to two 
symmetry-related anions (Fig. 3). 

There is one hydrogen contact, O9--H9. . .O11,  with 
an H. . .O  distance shorter than 2.20 ,~, (Fig. 3, Table 3). 
The O IW water molecule binds to atom 08 of the lac- 
tobionate moiety (hydrogen contact O1W--H 1W...08, 
Table 3). 

The asymmetric part of the unit cell of (4) contains 
one galactonate anion, one Ca 2+ cation and three water 
molecules (atoms Ca and O3W are in special positions 
in the unit cell). The environment of the Ca 2÷ cation 
is depicted in Fig. 4. The Ca 2÷ ion binds to two 
symmetrical gluconate anions (by 02  and O12 in 
both molecules) and to three water molecules, O3W, 
O1W and symmetry-related O1Wa. The galactonate 
anion adopts an almost planar zigzag carbon-chain 
configuration. Torsion angles are given in Table 4. 
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Fig. 4. The environment of the Ca 2÷ cation in (41. Displacement 
ellipsoids are shown at the 50~. probability level. 

Analysis of hydrogen contacts shorter than 2.20 ,~, did 
not show any intramolecular hydrogen bonds. However, 
in the crystal lattice of (4), two strong intermolecular 
hydrogen contacts are seen: O4---H4..-O12 and O1W--  
H2W1. . .03  (Table 3). 

The present X-ray analyses of (1)-(4) show that 
both the nature and environment at the cation strongly 
influence the geometry and conformation of the carbo- 
hydrate anion. The different cations in the crystal lattices 
of (1)-(3) and their different binding to the carbohy- 
drate anions have a strong influence on conformation 
of the lactobionate anion (Table 4), in particular on the 
conformation of the six-membered rings, which are in 
differently deformed chair forms (Table 5). 

Experimental 

Synthesis of (1) was carried out by the reaction of calcium lac- 
tobionate and calcium chloride (molar ratio 1:1.2) in a water 
solution for 2 h at 333 K (Kr61, 1986). Recrystallization was 
from water. The sodium and potassium lactobionates, (2) and 
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(3), were obtained by the neutralization of  lactobionic acid by 
sod ium and potass ium carbonates,  respectively,  concentra t ion 
of  the obta ined solut ion to 65% mass fraction and crystal- 
lization f rom a water  solution for 12 h at 323 K. Synthesis  of  
the ca lc ium galactonate  (4) was carried out by e lect rochemical  
oxidat ion of  galactose in the presence of  ca lc ium carbonate.  
Recrystal l izat ion was f rom water for 24 h at 293 K (Frush & 
Isbell, 1963). 

Compound (1) 

Crystal data 

Ca2+.CI- .CI2H21OI~-.4H20 Cu Ka radiation 
Mr = 504.9 A = 1.54184 
Or thorhombic  Cell parameters  f rom 25 
P2~ 2~ 2, reflections 
a = 8.2498 (9) A 0 = 18 .5-25 .6  ° 
b = 15.046 (2) A /.t = 4.61 m m -  
c = 16.450 ( 1 ) .~, T = 293 K 
V = 2041.9 (4) ~3 Plate 
Z = 4 0.47 x 0.35 x 0.22 m m  
D, = 1.643 (2) Mg m -3 Colourless  

Data collection 

Enra f -Non ius  C A D - 4  
diff ractometer  

, ; /20 scans 
Absorp t ion  correction: 

g, scan (North,  Phill ips 
& Mathews,  1968; Frenz,  
1986) 
Tin,, = 0.676, Tm,~ = 
0.997 

2136 measured  reflections 
2024 independent  reflections 

Refinement 

Ref inement  on F 
R = 0.0515 
wR = 0.0595 
S = 0.788 
1861 reflections 
274 parameters  
H atoms: see below 
w = 1/[cr2(F) + 0 . 0 I F  2] 

(A/O')max = 0.002 
Apm.x = 0.639 e ]~-3 
Apm,. = - 0 . 4 0 1  e .~-3 

1861 observed  reflections 
[I > 30-(/)] 

Rim = 0.0331 
0m.~ = 75 ° 
h = 0 ----, 10 
k = 0 --~ 18 
l = 0 ~ 2 0  
3 standard reflections 

frequency:  60 min  
intensity decay: 0 .4% 

Extinct ion correction: 
SHELXTL/PC (Sheldrick,  
1991) 

Extinct ion coefficient: 
0.007 ( 1 ) 

Atomic  scattering factors 
f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Compound (2) 
Crystal data 

K+.CI2H2~OI£ 
Mr = 396.4 
Or thorhombic  
P21212t 
a = 8.7037 (9) ~, 
b = 8.7037 (9) ,g, 
c = 21.055 (2) ~, 
V = 1595.0 (5) g3 
Z = 4  
D, = 1.651 (2) Mg m -3 

Cu K a  radiation 
A =  1 . 5 4 1 8 4 A  
Cell parameters  f rom 25 

reflections 
0 = 20 .8 -29 .5"  
/z -- 3.56 m m -  
T--  293 K 
Bipyramidal  trigonal 
0.55 x 0.30 x 0.30 m m  
Colourless  

Data collection 
Enra f -Non ius  C A D - 4  

dif f ractometer  
w/20 scans 
Absorpt ion  correction: 

g, scan (North, Phil l ips 
& Mathews,  1968; Frenz, 
1986) 
Train = 0.896, Tm,,~ = 
0.999 

3613 measured  reflections 
3289 independent  reflections 

Refinement 

Ref inement  on F 
R = 0.0409 
wR = 0.0492 
S = 0.823 
3283 reflections 
248 parameters  
H atoms: see below 
w = 1/[0.2(F) + 0 .0073F  2] 

(m/0.)max = 0.016 
Apmax = 0.805 e ,~-3 
Apmi. = - 0 . 7 5 1  e ,i.-3 

Compound (3) 

Crystal data 

N a + . C i e H e I O I 2 . H 2 0  
Mr = 398.3 
Or thorhombic  
P212121 
a = 9.2358 (9) ,g, 
b = 10.4021 (6) ~, 
c = 16.7994 (5) ,g, 
V = 1613.9 (2) ,g3 
Z = 4  
D~ = 1.639 (2) Mg m -3 

Data collection 
Enra f -Non ius  C A D - 4  

dif f ractometer  
.~/20 scans 
Absorpt ion  correction: 

none 
1932 measured  reflections 
1857 independent  reflections 
1818 observed  reflections 

[I > 30.(/)] 

Refinement 

Ref inement  on F 
R = 0.0320 
wR = 0.0574 
S = 1.358 
1818 reflections 
237 parameters  
H atoms: see below 
w = 1/[0.2(F) + 0 .001627F  2] 
(A/0.)max = 0.034 
Ap,.,,,~ = 0.322 e ~ - 3  
Apm,,  = - 0 . 1 9 8  e ~ - 3  

3283 observed reflections 
[I > 30.(/)1 

Rint = 0.025 
0m,x = 75 ° 
h =  - 1 0  ---, 0 
k =  - 1 0 - - ,  10 
I = 0 ---, 26 
3 standard reflections 

frequency:  60 min  
intensity decay: 3.3% 

Extinct ion correction: 
SHELXTL/PC (Sheldrick,  
1991) 

Extinction coefficient:  
0.012 (2) 

Atomic  scattering factors 
f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Cu Ko~ radiation 
A =  1 . 5 4 1 8 4 A  
Cell parameters  f rom 25 

reflections 
0 = 21 .7 -28 .0  ° 
/.t = 1.49 m m - t  
T = 293 K 
Plate 
0.62 x 0.45 z 0.30 m m  
Colour less  

Rint = 0.0173 
0m,x = 75 ° 
h = - l l  --- '0 
k = 0 ---, 13 
1 = - 2 1  ---,0 
3 s tandard reflections 

frequency:  60 min 
intensity decay: 1.7% 

Extinct ion correction: 
SHELXTL/PC (Sheldrick,  
1991) 

Extinct ion coefficient: 
0.007 (2) 

Atomic  scattering factors 
f rom International Tables 
for X-ray Crystallography 
( 1974, Vol. IV) 
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C o m p o u n d  (4) 

Crystal data 
C a  2+ . 2 C 6 H  l l O 7 -  . 5 H 2 0  

Mr = 5 2 0 . 4 5  

Monocl in ic  
C 2  

o 

a = 12.4263 (7)oA 
b = 7 .6563 (9) A 
c = 11.094 (1) ,~, 
/3 = 102.073 (6) ° 
V 1032 ( I )  ~3 
Z = 2  
Dx = 1.674 (2) Mg m -3 

Cu Kc~ radiation 
A = 1.54184 ,~, 
Cell parameters from 25 

reflections 
0 = 1 9 . 0 - 2 9 . 0  ° 
# = 3.49 m m - t  
T = 293 K 
Plate 
0.55 × 0.43 × 0.15 mm 
Colourless  

Data collection 
Enraf -Nonius  C A D - 4  

diffractometer 
w/20  scans 
Absorption correction: 

¢, scan (North, Phill ips 
& Mathews,  1968; Frenz, 
19861 
Train = 0 . 6 8 1 ,  Tmax = 

0.999 
1176 measured reflections 
1124 independent reflections 

Refinement 
Refinement on F 
R = 0 .0264  
wR = 0 .0425 
S = 1.765 
1123 reflections 
147 parameters 
H atoms: see be low 
w = l / [ o ' 2 ( F )  + 0 . 0 0 0 5 F  21 

1123 observed reflections 
[I > 3or(/)] 

Rint = 0 . 0 1 1 8  

0m~x = 75 ° 
h = 0 ---, 15 
k = 0 - + 9  
l = - 1 3  ~ 13 
3 standard reflections 

frequency: 60 min 
intensity decay: none 

(A/o')m,~,, = 0 .012 
Apm,,~ = 0 .226 e ~ - 3  
Apmin = - 0 . 2 6 7  e g - 3  
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray CD'stallography 
(1974,  Vol. IV) 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A: ) for (1)-(4) 

Ueq = ( 1 / 3 ) E ,  ~gUi)a;,¢ a i .a j .  

X V " Ueq 
(1) 
Ca 0.2237 ( 1 ) 0.6328 ( I ) 0.7718 ( I ) 0.0273 (3) 
CI 0.2707 (3) 0.5777 ( 1 ) 0.4833 ( I ) 0.0483 (4) 
Ol 0.6392 (5) 0.5445 (3) 0.5754 (21 0.0307 (8) 
02  0.7401 (6) 0.3412 (3) 0.4652 (3) 0.0380 (81 
03  0.8033 (5) 0.4767 (3) 0.3452 (21 0.035 (I) 
0 4  0.6392 (6) 0.6241 (3) 0.4154 (3) 0.0383 (8) 
05  0.7321 (6) 0.6975 (4) 0.6599 (3) 0.046 ( I ) 
0 6  0.5317 (5) 0.4061 (3) 0.5904 (2) 0.0283 (8) 
07  0.7053 (4) 0.2924 (3) 0.7010 (31 0.0327 (9) 
0 8  0.3028 (5) 0.5238 (31 0.6628 (21 0.0323 (8) 
0 9  0.3219 (4) 0.4842 (3) 0.8163 (2) 0.0290 (8) 
O10 0.0127 (5) 0.5189 (3) 0.7801 (3) (I.038 (I) 
Ol 1 -0 .0256  (5) 0.3860 (3) 0.7218 (4) 0.050 ( 1 ) 
O12 0.4891 (4) 0.1586 (3) 0.7107 (3) 0.033 ( I1 
Ol W 0.5314 (7) 0.1963 (4) 0.4540 (31 0.060 ( I 1 
O2W 0.2193 (101 0.7023 (4) 0.6379 (31 0.070 (21 
O3W -0 .0272  (5) 0.7102 (3) 0.7781 (31 0.047 ( I ) 
O4W 0.2245 (6) 0.6333 (3) 0.9217 (31 0.046 (11 
C1 0.6693 (6) 0.4531 (41 0.5634 (31 0.027 (11 
C2 0.6860 (6) 0.4300 (4) 0.4734 (31 0.029 ( 1 ) 
C3 0.8067 (7) 0.4914 (4) 0.4314 (3) 0.030 (I) 
C4 0.7807 (8) 0.5886 (4) 0.4530 (4) 0.035 ( 1 ) 
C5 0.7724 (8) 0.5968 (41 0.5465 (4) 0.035 11 ) 

C6 0.7408 ( 11 ) 0.6908 (51 0.5740 (4) 0.045 (2) 
C7 0.5006 (6) (I.4(172 (41 (I.6771 (31 (I.(126 ( 1 ) 
C8 0.3203 (6) 0.4322 (41 0.6816 (3) (I.(127 (I) 
C9 0.2417 (61 0.4229 (4) 0.7646 (3) 0.026 (I) 
C10 0.0609 (6) 0.4456 (4) 0.7557 (4) 0.030 ( 1 ) 
C l l  0.5380 (6) (I.3146 (4) 0.7123 (3) 0.026 (11 
C12 0.4433 (6) (1.2412 (4) 0.6731 (4) 0.029(11 

(2) 
KI 0.4415(11 0.7126(11 
Ol (I.(1161 (2) (I.6538 (2) 
02 -0.4002 (21 0.7113 (21 
03 -0.3575 (2) 0.4414 (2) 
0 4  -0 .0396  (2) 0.4910 (2) 
05  (I.2836 (2) 0.4773 121 
0 6  - (1.12(16 (2) 0.8657 ( 2 I 
07  -(I.3165 (21 (I.9232 121 
08  (I.1984 (2) 0.8734 (21 
0 9  (I. 1288 (21 0.9805 121 
010  0.3609 (21 I. 1893 (21 
Ol  I (1.4142 (2) I.(1377 (2) 
O12 -0 .3350  (21 1.2559 (2) 
CI -0 .1323  (2) 0.7074 (21 
C2 -0.2496 (21 0.6655 (2) 
C3 -0.2502 (21 0.4913 (2) 
C4 -(I.(1898 (21 0.4340 (2) 
C5 (I.(1236 (2) 0.4889 (2) 
C6 0.1895 {3) 0.4456 (2) 
C7 -(I.(1675 (2) (1.9175 (2) 
C8 0.0907 ( 21 0.9904 ( 2 ) 
C9 0.153(I (21 1.0700 (2) 
C 10 0.3237 (21 I. 1(138 121 
CI1 -(I .1894 (2) 1.(12(13 (2) 
C I 2 -(I .2367 (2/ I. 1514 (2) 

(3) 
Na 0.1930 (I) 0.0463 (I) 
Ol -0 .0439  (2) -0 .0214  (2) 
02  0.1250 (31 -(I .2288 (2) 
03  0.1747 (21 0.0274 ( 21 
0 4  0.1284 (2) (I. 1643 (2) 
05  -0 .2368  (3) (I.2726 (2) 
06 0.0779 (2) -0.2046 (2) 
07 -0.08(M (2) -(1.5(164 (2) 
08  (1.1653 (2) -(1.2692 (2) 
09 (I.(1484 (21 -0.0197 (2) 
OI0 -0 .1353  (3) -(I .2144 (21 
O l I 0.0249 (21 -0 .0540  (2) 
O12 -0.1341 (2) -(I .4297 (21 
OIW -(I .2239(31 (I.1572(31 
C1 0.0044 (2) -0 .1373  (21 
C2 0.1114(21 - ( I . I 125 (2 /  
C3 0.0610 (3/ -0 .0034  (31 
C4 0.0122 (31 0.1137 (2) 
C5 - 0. I (156 (3) 0.0689 (2) 
C6 -0 .1704  (3) 0.1743 (3) 
C7 -0 .0123  (21 -0 .2839  (21 
C8 (I.(116(I (3) -0 .2547  (2) 
C9 -0.0411 (3) -0 .1251 (2) 
C10 -(I.(1523 (3/ -0 .1316  (2) 
C I1 0.0207 (31 -0 .4257  (2) 
C12 (I.0108 131 -(I .4583 (2) 

(4) 
C a I/2 
OI1 (I.1374 (11 
OI2 0.3150 (11 
0 2  0.3806 ( 1 ) 
03  0.3297 (2) 
04  (I.2516 (I) 
05  0.2102 (I) 
0 6  0.3947 (21 
O114,' 0.4680 ( I ) 
O214 I 0.0765 (2) 
O3W 1/2 
CI (I.2393 (2) 
C2 0.2722 (21 
C3 (I.2677 (2) 

0.7611 
(1.7559 (31 
(1.8323 (3) 
0.5094 (3) 
0.5759 (3) 
0.1696 (31 
0.1765 (31 
0.0202 (4) 
0.7295 (4) 

-0 .0818  (51 
I.(1723 (5) 
0.7213 (41 
0.5284 (41 
(I.4618 (4) 

0.6754, I ) 
0.5758 1 ) 
0.5629 1 ) 
0.4924 1 ) 
0.4611 I) 
0.6119 1) 
0.6011 I) 
0.7050 1 ) 
0.6365 1 ) 
0.7679 1 ) 
0.6568 1 ) 
0.7396 ( 1 ) 
0.6808 ( 1 ) 
0.5954 ( I ) 
0.5444 ( 1 ) 
0.5388 ( I ) 
0.5214 ( I 
0.5719 ( 1 
(I.5593 ( 1 
0.6625 ( I 
0.6533 ( I 
(I.7129 1 I 
0.7026 11 
0.6914 ( 1 
(I.6488 ( 1 

0.9810 
.0370 
.1839 
.2503 
.1025 
.0847 
.0135 

0.9418 I ) 
0.8558 1 ) 
(/.8662 I ) 
0.7239 11 
0.713811) 
1.0950 ( 1 ) 
0.8071 ( 1 ) 
1.0738 ( 1 ) 
1.1411 (I)  
1.1955(1) 
1.1486(11 
1.0913 ( 1 ) 
1.0392 ( 1 ) 
0.9633 ( I ) 
0.8752 ( I ) 
0.8443 ( I ) 
0.7524 ( I ) 
0.9818 ( I ) 
1.0699 ( I ) 

1/2 
0.3607 (2) 
0.4017 ( 21 
0.4586 ( 1 ) 
0.1926(11 
0.3200 (2) 
0.0554 (2) 
0.0179 (2) 
0.6992 (2) 
0.1127 (2) 

I/2 
0.3820 (21 
0.3845 (21 
0.2535 (2) 

0.0403 (21 
0.0283 (4) 
(/.0343 (4) 
0.0400 (4) 
0.0370 (4) 
0.0540 (5) 
0.0260 (4) 
0.0433 (5) 
0.0377 (4) 
0.0353 (4) 
0.0390 (4) 
0.0357 (4) 
0.0410 (5) 
(I.0253 (4) 
(I.(1253 14) 
O.0283 (4) 
0.031(/(4) 
0.(1287 141 
0.0390 (5) 
0.0243 (4) 
0.0253 14) 
0.0270 (41 
0.0273 (4) 
0.0260 (4) 
0.0337 (4) 

O.0257 (3) 
0.0210 (4) 
0.0337 (4) 
0.0310 (5) 
0.0293 (4) 
O.0377 (4) 
0.0193 (4) 
0.()260 (4) 
0.0250 (4) 
0.0277 (4) 
0.0387 (4) 
0.0337 (4) 
0.0250 (4) 
0.0520 (6) 
0.0180 (4) 
0.0207 (4) 
0.0233 (4) 
0.0237 (4) 
0.0213 141 
0.0263 (4) 
0.0180 (4) 
0.0187 (4) 
0.0200 (4) 
0.0237 (4) 
0.0193 (4) 
0.0213 (4) 

0.0202 (4) 
0.0276 (4) 
0.0218 (4) 
0.0213 (4) 
0.0266 (4) 
0.0241 14) 
0.0280 (4) 
0.0336 (4) 
0.0327 14) 
0.0616 (6) 
0.0383 (71 
0.0185 (4) 
0.0171 (4) 
0.0176 (4) 
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C4 0.3158 (2) 0.2759 (4) 0.2566 (2) 0.0183 (4) 
C5 0.3189 (2) 0.2054 (4) O. 1285 (2) 0.0202 (4) 
C6 0.3831 (2) 0.0364 (4) O. 1376 (2) 0.0263 (4) 

T a b l e  2 .  Se lec ted  bond  lengths (A) and  angles  ( ° ) f o r  

(1) - (4)  

(1) 
Ca- -O7 '  2.512 (5) O 8 ~ a - - O 2 W  68.9 (2) 
C a ~ 8  2.516 (4) O 8 - - C a - - O 3 W  125.2 (2) 
C a - - O 9  2.488 (5) O S - - C a - - O 4 W  135.6 (2) 
Ca---OI0 2.447 (5) O 9 ~ a - - O 1 0  65.5 (1) 
Ca---OI 2' 2.418(3) O9-- -Ca- -O 12' 77 .9( I )  
Ca - -O2W 2.438 (5) O9--Ca-- -O2W 131.0 (2) 
Ca - -O3W 2.377 (4) O 9 ~ a - - O 3  W 135.3 (2) 
Ca - -O4W 2.466 (5) o g - - C a - - O 4 W  73.0 ( I ) 
O7 ' - - -Ca--O8 133.6 ( I ) O 1 0 ~ a - - - O  12 ~ 143.4 (2) 
O7 ' - - -Ca- -O9 136.9 ( I ) O I 0 - - C a ~ 2  W 109.9 (2) 
O7' - -Z2a--O10 145.7 (2) OI0---Ca---O3 W 73.8 (2) 
O 7 ' ~ a - - O  12' 66.2 (I) O I 0 - - C a - - O 4 W  87.0 (2) 
O7'----Ca----O2W 75.8 (2) OI 2'--Ca----O2W 93.1 (2) 
O7 ' - - -Ca--O3 W 74.2 (2) OI 2 ' ~ a - - O 3 W  140.3 (2) 
O 7 ' ~ a - - O 4 W  79.5 (2) OI 2 ' - - C a - - O 4 W  83.0 (2) 
O 8 - - C a - - O 9  62.6 ( 1 ) O2 W ~ a - - O 3  W 79.4 (2) 
O 8 ~ a ~ 1 0  76.6 ( 1 ) O2 W ~ a - - 0 4 W  154.4 (2) 
O8---Ca---O 12' 86.3 (1) O3 W---Ca--O4W 87.6 (21 

(2) 
K I - - O 2 "  2.740(2) O 5 - - K I - - O 8  81.3(I  
K I - - O 5  2.806(2) O 5 - - K I - - O l l  145.6(I 
K I - - O 7  i' 2.861 (2) O 5 - - K  1--O1 I"' 97.7(I  
K I - - O 8  2.666 (2) O 5 - - K  I----O12" 113.4 ( 1 
K I - - O l l  3.145(2) O 7 " - - K  1--O8 108.4(I 
K I - - O I  1'" 2.664(2) O 7 " - - K I ~ l  I 52.1 (I 
K I - - O 1 2 "  3.189 (2) O 7 " - - K  1--O1 I'" 82.7 (I 
O2"--K1---O5 80.3 (I) O 7 " - - K I - - O I 2 "  86.1 (I 
O 2 " - - K  1--O7" 79 .7( I )  O 8 - - K I - - O l l  66.4(I  
O 2 " - - K I - - O 8  97 .8( I )  O 8 - - K  1--OI  I"' 151.7(I 
O 2 " - - K  1---OI I 114.4(I) O 8 - - K  I - - O I  2" 89.9 (I 
O 2 " - - K l ~ I  I'" 110.0(I) OI I - - K I - - O I  1"' 1(15.1 (I 
O 2 " - - K  1--O12" 165.3(I)  OI I - - K I ~ I 2 "  57.6(I  
O 5 - - K  I - -O7"  158.8(I)  OI I " ' - - K I - - O I 2 "  64.3(I  

(3) 
N a - - O l  2.484 (2) O4--Na- - -O5"  93.4 (I 
Na- -O4  2.455 (2) O 4 - - N a ~ 6  101.9 (1 
Na - -O5"  2.278 (2) O 5 " - - N a - - O 6  161.7 (1 
Na- -O6  2.871 (2) O 5 " - - N a - - O 9  90.3 (1 
N a ~ 7 '  2.498 (2) O5" - -Na- - -O  12' 88.3 (1 
Na - -O9  2.444 (2) O 6 - - N a - - O 9  72. I ( 1 
Na - -O12 '  2.377 (2) O 6 - - N a - - O 1 2 '  83.5 (1 
O 4 - - - N a ~ 9  131.6(I)  O 9 - - N a ~ 1 2 '  78.5(1 
O4-- -Na--O 12' 149.9 ( I ) O I - - N a - - O 7 '  119.6 ( I 
O I - - N a - - O 4  67.2 ( I ) O , - 1 - - N a ~ 7 '  81.6 ( 1 
O l - - N a - - O 5  '~ 132.0 ( I ) O 5 - - N a - - O 7 '  98.7 ( 1 
O I - - N a ~ ) 6  49.0 ( I ) O 6 - - N a - - O 7 '  93.5 ( 1 
O I - - N a - - O 9  74.8 (I) O7 ' - -Na - - -O9  145.2 (1 
O I - - N a - - - O l  2' 130.6(I)  O 7 ' - - N a - - O I  2' 68.4(1 

(4) 
C a - - O I 2  2.392(1) Ol 2 ' " ~ a - - O 2 ' "  66.5(1 
C a ~ 1 2 ' "  2.392(1) O I 2 " ~ a - - O I  W 86.0(1 
Ca - -O2  2.417 (2) OI 2 ' " - - -Ca- -O  I IV'" 96.7 (1 
Ca---O2'" 2.417 (2) O I 2 ' " - - C a - - O 3 W  76.8 (I 
C a - - O 1 W  2.338 (2) O2-- -Ca- -O2 '"  74.3 ( I 
Ca--O1 IV'" 2.338 (2) O 2 - - C a - - O l  W 83.0 ( I 
Ca - -O3W 2.383 (4) O2---Ca----OI IV'" 87.5 (I 
OI 2- -Ca- - -Ol  2'" 153.7(I)  O2--Ca---O3 W 142.9(I 
012- - -Ca-~02  66 .5( I )  O2"~---Ca--O I W 87.5(I  
Ol 2 - - C a - - O 2 ' "  139.6 ( I ) O2 ' " - - -Ca - -O  I IV'" 83.0 ( I 
OI2 - - -Ca - -Ol  W 96.7(1) O 2 ' " - - C a - - O 3  W 142.9(I 
O 1 2 - - C a - - O  1W'" 86.0(I )  O I W---Ca--O 1W'" 168.1 (I 
O12--Ca-- -O3W 76.8(I )  O1W---Ca--O3 W 95.9(I  
O 12'"--Ca----O2 139.6(I) O1W'"- - -Ca--O3 W 95.9(I  

S y m m e t r y  codes:  (i) I - x ,  4+y,  4 - z ; ( i i ) x +  l , y , -  (iii) l - x ,  y -  ½, ~ - z ;  

( i v ) - x , y -  4 , ~ - z : ( v ) ~ + x , - 4 - y ,  2 - z ; ( v i ) ' + x ,  4 - y ,  2 - z ;  
(vii) l - x , y , l  - z .  

D - - H .  • .A 

(1) 
O I 2 - - H I 2 .  • .OY 
O7- -H7 .  • -OI I" 
O2- -H2 .  • .OI W 
O3- -H3 .  • .OI0"' 
O2 W----H I W2- • .04"  
O9- -H9 .  • .CI' 
O5- -H5 .  • .O12" 
O 8 - - H 8 . . C I  

(2; 
O8- -H8 .  .OI 
O5- -H5 .  .O I 0 '" 
O7--H7-  .O11'"' 
O9- -H9 .  .OI2 '~ 
O2- -H2 .  -04"  
O9--H9-  -O11 
O3--H3-  - -02 

(3) 
O5--H5-  • -010  x 
O 7 - - H 7 -  - -011 ~ 
O 1 2 - - H  12. - - 0 3  x' 

O 4 - - [ t 4 -  - -O 1 W v'  
O 2 - - H 2 -  • -O 1 ()x"' 
O1 W---HI W. • . 08  ' ' '  
O 9 - - H 9 -  - -011 
O8--H8-  • .O 12 ~''' 
O3- -H3 .  - -OI I ~' 

(4) 
O4- -H4 .  • .O 12'" 
OI W--H2W1 - • -03 ~'' 

T a b l e  3 .  Hydrogen -bond ing  geome t ry  (A, ° ) f o r  (1 ) - (4 )  

D--H H. • .A D. • .A D--H. . .A 

0.97 (2) 1.74 (2) 2.709 (6) 
0.96 (2) 1.80 (2) 2.651 (6) 
0.96 (2) 1.86 (2) 2.784 (8) 
0 .94 (2 )  1.89(2) 2 .819(6)  
0.96 (2) 1.98 (2) 2.833 (8) 
0.97 (2) 2.05 (2) 2.999 (4) 
0.95 (2) 2.13 (2) 2.864 (7) 
0.99 (2) 2.16 (2) 3.073 (4) 

179.3 (15) 
145.8 (15) 
60.0 (15) 
71.7(15) 
46.6 (15) 
64.7 (15) 
33.2(15) 
53.8(15) 

1.(12 ( 1 
0.92 ( I 
0.88 ( 1 
0.97 ( I 
O.95 ( I 
0.97 ( I 
O.93 t I 

1.78 ( I ) 2.794 (3) 
1.86 ( I ) 2.762 (3) 
1.86 ( 1 ) 2.649 (3) 
1.97 ( I ) 2.865 (3) 
2.04 ( I ) 2.905 (3) 
2 .10(I )  2.603(3) 
2 .15(I )  2.804(3) 

74.7 (8) 
66.3 (8) 
49.1 (8) 
51.9 (8) 
51.2 (8) 
I0.5 (8) 
26.2 (8) 

1.00 (I 
0.95 ( I 
0.88 ( I 
0.95 ( I 
0.93 ( I 
0.96 t l 
O.85 ( I 
0.93 ( I 
0.86 ( 1 

.75(I )  

.78 / I )  

.80 ( I ) 

.81 (1) 

.87(I)  

.98 ( I ) 

.99 ( 1 ) 
2.00 ( 1 ) 
2.07 ( l ) 

2.689 (3) 
2.7O9 (2) 
2.663 (2) 
2.760 (3) 
2.766 (3) 
2.893 (3) 
2.594 (2) 
2.898 (3) 
2.855 (3) 

53.9 (8 
65.3 (8 
69.6 (8 
76.2 (8 
60.5 (8 
58.2 (8 
27.6(8 
63.3 (8 
50.8 (8 

0 .95(I )  1.88(1) 2.795(3/  163.0(8) 
0.96 (I) 1.99(1) 2.807(3) 141.2(8) 

S y m m e t r y  codes:  ( i )x -  ", 4 - y ,  1 - z : ( i i )  l+x,y,z: (iii) ½-x, I - y , z -  
' ; ( i v ) x  - j  ~ . l - z ; ( v ) ' - x , l  . 4+z:(vi) l - x ,  4+y,~ ~, ,~-x ' ,  ~ - v ,  _ ~ - z ; ( v i i )  

x , y -  I , z ; (v i i i )x-  l , y , z ; ( i - x ) - x , y -  ½: ~-_ - z : ( x )  - ( - x , - y ,  ½ + z ;  
(xi) - x , y -  4, ~ - -" (xii)  ' + x ,  4 - y ,  2 -  - '  (xi i i )4  + x , - ~  - y ,  2 - z ;  
( x i v ) - x ,  4 + y , , ~  - z ; ( x v ) - 4  - x , - y ,  4 + z ; ( x v i )  1 - x , y , l  - -  

T a b l e  4 .  Se lec ted  torsion angles  (O ) f o r  (1) - (4)  

(1) (2) 
OI - - -CI - -O6- - -C7  - 6 8 . 3  (5) -87 .1  (2) 
O 1 ~ 1 ~ 2 ~ 2  171.2 (4) 177.8 (2) 
O I---C I---C2---C3 50.8 (6) 61.0 (2) 
O I ~ 5 - - - C 4 - - - O 4  63.3 (6) 64.9 (2) 
O I - -C5 - -C4- - -C3  - 6 0 . 4  (6) - 57.3 (2) 
O I - -C5- -C6- - -O5  60.6 (7) 68.5 (2) 
O 2 - - C 2 ~  I - - O 6  - 7 2 . 2  (5) - 6 5 . 9  (2) 
O2--C2---C3---O3 67.3 (6) 60.5 (2) 
O2- -C2- - -C3- -C4  - 166.9 (5) - 177.9 (2) 
O 3 ~ 3 - - - C 2 - - C  1 - 171.9 (4) 179.6 (2) 
O 3 ~ 3 - - - C 4 - - O 4  52.1 (6) 60.4 (2) 
O 3 ~ ' 3 ~ ' , g - - C 5  175.5 (5) - 180.0 (2) 
O4---C4--C3---C2 - 7 2 . 6  (6) - 6 2 .  I (2) 
O4--C4---C5----C6 - 5 4 . 3  (7) - 5 5 . 5  (2) 
O 5 - - - C 6 - - - - C 5 ~ 4  179.5 (5) - 170.5 (2) 
O 6 ~  I - - O 1 - - C 5  - 178.0 (4) 176.3 (2 
0 6 - ~ C  I - ~ C 2 - ~ C 3  167.5 (4) 177.3 (2 
O6---C7---C8---O8 - 7 3 . 8  (5) - 6 8 . 3  (2 
O 6 ~ ' 7 ~ 8 ~ 9  169.5 (4) 172.4 ( 2 
O 6 - - - - C 7 ~  I 1 ~ 7  61.9 (5) 68.0 (2 
O ~ 7 ~ 1 1 - - C 1 2  - 5 7 . 2  (6) - 5 4 . 0  (2 
O7---CI 1---C7--C8 175.7 (4) - 170.7 (2 
O7---C11--CI  2 ~ 1 2  57.9 (5) 68.8 (2 
O 8 ~ 8 - - C 7 - - C l  l 168.8 (4) 169.9 (2 
O 8 ~ ' 8 - - - C 9 - - - O 9  - 5 6 . 0  (5) - 7 7 . 0  (2 
O 8 ~ 8 ~ 9 - - - C  10 63.7 (5) 46.3 (2 
O 9 ~ 9 - - - C 8 - - - - C 7  63.5 (6) 43.6 (2 
0 9 ~ 7 9 - - C 1 0 - - - 0 1 0  12.6 (7) - 176.6 (2 
0 9 - - C 9 - - C 1 0 - - 0 1 1  - 168.6 (5) 6.2 (2 
O I 0 - - C  1(~-C9---C8 - 103.8 (6) 60.1 (2) 
OI I ~ 1 0 - - C 9 - - - C 8  75.1 (6) -117.1 (2) 
O I 2 ~ 1 2 ~ 1 1 - - - C 7  179.8 (4) - 172.1 (2) 
C I --01 --C5---C4 67.6 (6) 62.6 ( 2 ) 

(3)  
- 8 6 . 0  (2) 

166.8 (2) 
45.2 (2) 
56.1 (2) 

- 6 3 . 2  (2) 
18o.o (2)  

-77.9 (2) 
68.9 (2) 

- 166.8 (2) 
- 171.9 (2) 

61.3 (3) 
178.7 (2) 

- 6 1 . 5  (2) 
- 6 1 . 5  (2) 
-60.5 (3) 

- ]72.3 (2) 
160.5 (2) 
55.6(2) 

- 7 1 . 9  (2) 
171.8 (2) 
52.3 (2) 

- 6 6 . 8  (2) 
- 6 1 . 5  (2) 
- 6 4 . 5  (2) 
- 4 9 . 8  (2) 

71.7 (2) 
78.2 (2) 

- 175.4 (2) 
5.6 (3) 

60.9 (3) 
-118.1  (2) 

59.7 (2) 
64.9 (2) 
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C 1--OI--C5--C6 -171. I (5) -172.8 (2) - 171.5 
C1--O6--C7--C8 131.1 (4) 113.2 (2) 128.7 
CI---O6--C7--C11 - 108.3 (5) - 120.5 (2) - 110.0 
C 1 - - C 2 - - C 3 ~ 4  -46.1 (6) -58.8 (2) -47.5 
C 2 - - C 1 - - O 1 ~ 5  -62.7 (6) -64.9 (2) -55.4 
C2---C 1 --O6---C7 172.2 (4) 155.1 (2) 154.0 
C2--C3--C4--C5 50.8 (6) 57.5 (2) 55.9 
C 3 - - C ~ 5 - - - C 6  - 178.0 (5) - 177.7 (2) 179.2 
C7--C8---C9--C 10 -176,8 (4) 166.8 (2) - 160.4 
C8~7- - -C  I 1--C12 56,6 (6) 67.4 (2) 173.7 
C 9 ~ 8 - - C 7 - - C I  I 52.0 (6) 50.5 (2) 168.0 

(4) 
O11~1---C2--O2 - 155.3 (2) O4---C4--C3--C2 58.8 
OI I---CI--C2--C3 82.9 (3) O4--C4--C5--O5 53.5 
OI 2--C I--C2--O2 24.4 (3) O4---C4--C5--C6 -68.5 
OI 2--C1--C2--C3 -97.5 (3) O5--C5--C4--C3 -67.2 
O2--C2--C3--O3 -68.8 (3) O5---C5--C6--O6 61.8 
O 2 - - C 2 ~ 3 - - C 4  51.6 (3) O 6 - - C 6 - - C 5 ~ 4  - 174.5 
O3--C3--C2--C 1 51.9 (3) C1 --C2--C3---C4 172.2 
O3--C3--C4--O4 179.1 (2) C 2 - - C 3 ~ 5  - 177.1 
O3~3--C4---C5 -56.9 (3) C3--C4~C5--C6 170.8 

Table 5. Asymmetry parameters (Duax & Norton, 1975) 
of six-membered rings in (1)-(3) 

(1) (2) (3) 
ACs(O l ) 6.8 (3) 2.6 (2) 12.7 (2) 
,ACAC 1 ) 15.2 (3) 3. I (2) 12.4 (2) 
,ACs(C2) 8.5 (3) 5.4 (2) 1.7 (2) 
....~C2 (O1--C I ) 15.6 (3) 1.6 (2) 17.8 (2) 
AC2(CI---C2) 16.7 (3) 5.6 (2) 8.5 (2J 
AC2(C2---C3) 1.6 (3) 5.9 (2) 9.4 (2) 

(2) Cambridge Structural Database (1993). Cambridge Crystallographic 
(2) Data Centre, 12 Union Road, Cambridge, England. 
(2) Cook, W. J. & Bugg, C. E. (1973). Acta Crvst. B29, 215-222. 
(2) Duax, W. L. & Norton, D. A. (1975). Atlas of Steroid Structures. New 
I2) 
(2) York: Plenum. 
(2) Flack, H. D. (1983). Acta Cost. A39, 876-881. 
(2) Frenz, B. A. (1986). Enraf-Nonius Structure Determination Package: 
(21 SDP User's Guide. Version of 17 December 1986. Enraf-Nonius. 
(2~ Delft, The Netherlands. 
(2) Frush, H. L. & lsbcll, H. S. (1963). Methods in Carbohydrate 

Chemistry. Vol. 2, edited by R. L. Whistler. pp. 14-15. New York: 
(3) Academic Press. 
(3) Hamilton, W. C. (1965). Acta Crvst. 18. 502-510. 
13) Jeffrey, G. A. & Fasiska, E. J. (1972). Carbohvdr. Res. 21. 187-192. 
(3) Krestinger, R. H. & Nelson, D. J. (1976). Coord. Chem. Rev. 18, 
(3) 

38-41. t2) 
(2) Kr61, B. W. (1986). Przem. Chem. 65, 249-251. 
(2) Lis, T. (1981). Acta Crvst. B37, 1957-1959. 
121 Lis, T. (1984). Acta Crvst. C40, 376-378. 

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Crvst. 
A24, 351-359. 

Panagiotopoulos, N. C., Jeffrey, G. A., La Placa, S. J. & Hamilton, 
W. C. (1974). Acta Crvst. B30, 1421-1430. 

Rogers, D. (1981). Acta Crxst. A37, 734-741. 
Schagen, J. D., Strayer, L., van Meurs, F. & Williams, G. (1989). 

CAD-4 Manual. Version 5.0. Enraf-Nonius, Delft, The Netherlands. 
Sheldrick, G. M. (1991). SHELXTL/PC. Release 4.1. Siemens Analyt- 

ical X-ray Instruments Inc., Madison, Wisconsin. USA. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of G6ttingen, Germany. 
Data collection and cell refinement were performed using 
CAD-4 software (Schagen, Straver, van Meurs & Williams, 
1989; Frenz, 1986). For all compounds, anisotropic displace- 
ment parameters  were  appl ied  for all non-H atoms.  H a toms  
were  found  in a d i f fe rence  Four ie r  map  and ref ined as riding: 
i sot ropical ly  for  (2) and  (4), and wi th  fixed isotropic displace-  
men t  parameters  for  (1) and (3). The  absolute  s tructures o f  
(1) - (4)  were  de te rmined  by three methods :  the Hami l ton  test 
(Hami l ton ,  1965), the Rogers  r/-test (Rogers ,  1981), both us- 
ing SHELXTL/PC (Sheldr ick,  1991), and ca lcula t ion  o f  the 
F lack  paramete r  x (Hack ,  1983) using SHELXL93 (Sheldrick,  
1993). Resul ts  for (1): r/ = 1 .04(4) ,  r/m, = - 1 . 0 3  (4); N = 
1587, Rratio = 1.006, c~ < 10-6;  x = 0.06 (4). For  (2): 77 = 
1.01 (2), r/inv = - -1 .00 (2 ) ;  N =  3035, Rratio = 1.688, a < 10-9;  
x = 0.02 (1). For  (3): r/ = 1 .4(3) ,  r/i,v = 1.4 (3); N = 1581, 
Rratio = 1.0015, a = 2.5 x 10-2;  x = 0.08 (16). For  (4): r/ = 
1.23 (4), r/inv = - 1 . 1 9  (4); N = 976, Rvatio = 1.398, c~ < 10-~;  

x = 0.01 (1). St ructure  solut ion and re f inement  were  pe r fo rmed  
us ing  SHELXTL/PC. 
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Abstract 

In the structure of (1,3-CH30-C6H4-NH3)+.H2AsO4 - ,  
the H2AsO4- and (1,3-CH30-C6H4-NH3) + entities alter- 
nate in layers perpendicular to the a axis. These organic 
and inorganic layers are held together in the crystal by 
N - - H . . . O  hydrogen bonds. The H2AsO4- groups are 
connected by hydrogen bonds to form pairs, with inter- 
nal short As- . .As distances of 4.5 A,. 

Comment 
The structure and numbering scheme of the ti- 
tle compound, (I), are shown in Figs. 1 and 
2. The As . . .As  distance of 4 .5A between pairs 
of H2AsO4- tetrahedra is significantly shorter than 
that observed in ethylenediammonium monohydro- 
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