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Polyoi-Metal Complexes. 26.t A Three- 
Dimensional Triply-Connected Alkoxo- 
Metal Net in a Carbohydrate-Bismuth(III) 
Complex 
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and structure of an alkoxo-bismuth(III) network, (I), 
which is supported by trianions derived from methyl-a- 
D-mannopyranoside by deprotonation of the hydroxyls 
at the C2, C3 and C4 positions. The trianionic ligands 
are depicted in the scheme below. 
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Crystals of (I) are grown from aqueous solutions of 
bismuth nitrate, the mannopyranoside and sodium hy- 
droxide in a molar ratio of about 1:3:6. The structure 
determination revealed the cubic crystal class 23. Ac- 
cordingly, neither the crystals nor small fragments were 
birefracting under crossed polarizers. 

The carbohydrate-supported alkoxo-metal framework 
of (I) (Fig. 1) may be classified topologically by taking 
into account only the Bi atoms at the branching points 
of the network. As a result, the three-dimensional triply- 
connected net shown in Fig. 2, which is Wells's (1984) 
cubic 10,3-net, is obtained. The net resembles the one 
found in the silicon partial structure of SrSi2 (Pringle, 
1972). Accordingly, the space group of (I) is a maximal 
subgroup of the SrSi2 space group P4332, which itself is 
a maximal subgroup of the space group of the idealized 
net 14132 (Wells, 1984). 

(Received 25 April 1997; accepted 11 August 1997) 

Abstract 
A sodium (methyl- a -  D- mannopyranosidato) bismuth- 
ate(Ill) hydroxide hydrate of formula Na2[Bis/3(Me- 
a-D-Manp2,3,4H_3)2](OH).12H20, (I) (where Me-a-D- 
Manp2,3,4H_3 is C7H1106), forms cubic crystals from 
alkaline aqueous solution. The carbohydrate-supported 
alkoxo-bismuth network of (I) resembles the silicon 
network in SrSi2 [Pringle (1972). Acta Cryst. B28, 
2326-2328], which is a 3,10-net according to Wells 
[Structural Inorganic Chemistry (1984), 5th ed., pp. 
110-111, Oxford: Clarendon Press]. The mannoside 
residues act as trianionic triolate ligands with the 02, 
03 and 04 atoms deprotonated. 

Comment 
Anionic carbohydrate ligands provide multidentate 
alkoxide patterns and may thus be used as convenient 
tools for the construction of alkoxo-metal clusters or 
networks. In this work, we report on the synthesis 

t Part 25: Burger & Kltifers (1997). 
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Fig. 1. The carbohydrate-supported alkoxt>-bismuth network in (I). 
Filled circles are Bi atoms and bold bonds are Bi--O bonds. Of 
the mannoside ligands, which are depicted in a wire-model style, 
only the three deprotonated and bismuth-bonded hydroxy functions 
are drawn as open circles. The projection direction is the same as 
in Fig. 2. 

Acta Crystallographica Section C 
ISSN 0108-2701 © 1998 



584 Na2 [Bi5/3 (C7H1 t O6)2 ](OH). 12H20 

Fig. 2. The 10,3-net as constructed from Fig. 1 by replacing the 
chemical entity shown in Fig. 3 by a straight line connecting Bi2 
and Bi3. 

The topological frame of  the 10,3-net is filled by the 
chemical  entities shown in Fig. 3. The Bi atoms are 
bound solely to the mannoside,  thus forming a homo- 
leptic polyolato-bismuthate .  Two branching Bi atoms 
of  site symmetry 3 (Bi2 and Bi3) are connected by a 
bis(triolato)bismuthate(III) entity centred around a Bi l  
atom. Bi l  is coordinated pseudo-trigonal bipyramidally,  
the lone pair occupying one of  the equatorial posi- 
tions. Both Bi2 and Bi3 adopt a 3+ 3 coordination, the 
lone pairs also being of  marked stereochemical activity. 
The two symmetrical ly independent mannoside residues 
act as trianionic triolato ligands by forming two puck- 
ered five-ring chelates each [puckering parameters of  
the f ive-membered chelate rings according to Cremer 
& Pople ~(1975); B i l - - O 2 1 - - C 2 1 - - C 3 1 - - O 3 1 "  Q2 = 
0 . 4 0 7 ( 5 ) A  and ~2 = 76.7(6)° ;  B i l - - O 2 2 i - - C 2 2  i -  
c 3 2 i - - o 3 2 i :  Q2 = 0.389 (5) A and qo2 = 81.3 (6)°; B i 3 - -  
O 3 2 - - C 3 2 - - C 4 2 - - O 4 2 : Q 2  = 0 . 4 8 0 ( 4 ) A  and ~2 = 
115.2(5)°; symmetry code: (i) ½ - x ,  l - y ,  ½ +z].  The 
puckering parameters of  the pyranose rings [ O 5 1 - -  
C 1 1 - - - C 2 1 - - C 3 1 - - C 4 1 - - C 5 1 :  Q = 0 .552(6 )A ,  0 = 
10.6(6) and qa = 2 5 7 ( 3 ) ° ; o O 5 2 - - - C 1 2 - - C 2 2 - - C 3 2  - 
C42- -C52 :  Q = 0 .569 (5 )A ,  0 - 12.8(5) and ~o - 
267 (2) °] resemble a slightly distorted 4CI conforma- 
tion, as is usually found with the pyranose forms of  
the common aldohexoses. The typically smaller O - - C - -  
C - - O  torsion angle of  an axial-equatorial-configured 
diol group of  a pyranose as opposed to an equator ia l -  
equatorial one, is retained in (I) [cf. the structure of  a 
cuprate(II) with deprotonated methyl  a-D-mannopyrano- 
sidato ligands; Habermann et al., 1992]. 

The 091 and 0 9 2  atoms are hydroxide O atoms. They 
are triple acceptors in short hydrogen bonds, the donors 
being the primary O 6 - - H  alcohol functions of  the two 
independent  mannos ide  residues. The H atoms of  both 
O H -  ions point towards the lone pair of  one of  the Bi 

C72 

Na2 0,2 Bi2¢' 

i  jo6 
7 Bi3 C71 ~" (~  

Nal 

Fig. 3. The molecular structure of an Na2Bis/~(Me-o-D-Manp2,3,4- 
H_3)2(OH)2/3 entity (60% probability displacement ellipsoids). 
Empty ellipsoids are sodium and O6--H hydrogen-bonded hydrox- 
ide ions. The hydroxide ions, Bi2 and Bi3 exhibit site symmetry 
3 (the threefold axes run through Bi2/O91 and Bi3/O92). The pro- 
ton of the hydroxide ion points towards the bismuth lone pair. Bil 
coordination is pseudo-trigonal-bipyramidal. The arrows denote the 
ends of a linear segment of the 10,3-net (cf Fig. 2). 

atoms located on the threefold axis each (Fig. 3). The 
Na atoms, together with six O-ligator atoms each, are 
assembled into pairs of  edge-shared octahedra, which 
fill gaps between pairs of mannose entities. The larger 
channels of the structure are filled with disordered water 
molecules. 

Experimental 
Bismuth(III) nitrate pentahydrate (0.93 g, 1.9 mmol), methyl- 
~-D-mannopyranoside (1.12 g, 5.8 mmol) and NaOH (0.47 g, 
11.7 mmol) were stirred in 8 ml water. After addition of 
ethanol and ether, crystals of (I) formed within two weeks. 

Crystal data 

Na2 [Bis/3(C7HI l O6)2](OH).- 
12H20 

Mr = 1009.792 
Cubic 
P213 
a = 21.2245 (11) ,~, 
V = 9561.2 (9) ,~3 
Z=  12 
Dx = 2.1045 (2) Mg m -3 
Dm not measured 

Data collection 
Stoe IPDS diffractometer 

scans 
Absorption correction: 

numerical (IPDS software) 
Tmi, = 0.209, Tmax -- 0.536 

44 099 measured reflections 
6096 independent reflections 

(includes Friedel pairs) 

Mo K& radiation 
A = 0.71073 ,~, 
Cell parameters from 4816 

reflections 
0 = 5-20 ° 
t t  = 9 . 3 1 6  m m  -~  

T = 250 (2) K 
Brick shaped 
0.30 × 0.22 × 0.13 mm 
Colourless 

5657 reflections with 
I > 2cr(/) 

Rint = 0.049 
0max = 25.81 ° 
h = -25  ~ 25 
k = -23  ~ 25 
/ = -21 ---, 25 
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R e f i n e m e n t  

Refinement on F 2 

R [ F  2 > 2~r(F2)]  = 0 . 0 2 2  

w R ( F  2) = 0 . 0 4 3  

S - -  0 . 9 8 3  

6 0 9 6  reflections 
4 0 7  parameters 
H atoms constrained 
w = 1/[o-2(F 2 )  + ( 0 . 0 2 4 8 P )  z] 

where P = (Fo 2 + 2F ,? ) /3  

(m/o')max " -  - 0 . 0 0 3  

Apmax = 0.618 e ,~-3 
Z ~ P m i n  = -0 .487  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Absolute structure: Flack 
(1983) 

Hack parameter = 
-0 .033  (5), 2786 Friedel 
pairs 

Table 1. Fractional atomic coordinates and equivalent 

Bil 
Bi2 
Bi3 
Nal 
Na2 
OII  
O12 
O21 
022 
O31 
032 
O41 
042 
05 I 
052 
O61 
062 
CII  
C12 
C21 
C22 
C31 
C32 
C41 
C42 
C51 
C52 
C61 
C62 
C7 I 
C72 
O91 
O92 
093 
094 
O95 
096 
097 
098 
099 
O910 
O911 
O912 
O913 
O914 
O915 
O917 
O918 
O919 
0920 
092 I 
0922 
0923 
0924 
0925 
0926 

isotropic displacement parameters  (t~ 2 ) 

Ueq = ( 1 / 3 ) E i ~ j U i J a i a i a i . a j .  

Occupancy x y z Ucq 
0.277708 (9) 0.422579 (9) 0.527744 (9) 0.01520(5) 
0.131815 (9) I / 2 - x  l/2+x 0.01454 (7) 
0.093569 (9) l/2+x - x  0.01290 (7) 
0.08647 (15) 0.44965 (13) 0.32479 (13) 0.0457 (7) 
0.00812 (13) 0.54555 (13) 0.21420 (12) 0.0425 (7) 
0.1768 (2) 0.2582 (2) 0.3615 (2) 0.0293 (9) 
0.0763 (2) 0.7420 (2) 0.1623 (2) 0.0315 (10) 
0.2427 (2) 0.3984 (2) 0.4325 (2) 0.0209 (8) 
0.1734 (2) 0.6088 (2) 0.1184 (2) 0.0219 (9) 
0.2182 (2) 0.3401 (2) 0.5451 (2) 0.0167 (8) 
0.1540 (2) 0.6462 (2) -0 .0024 (2) 0.0149 (8) 
0.0856 (2) 0.3404 (2) 0.5452 (2) 0.0190 (8) 
0.0267 (2) 0.6228 (2) -0 .0196 (2) 0.0164 (7) 
0.1190 (2) 0.3503 (2) 0.3753 (2) 0.02t 3 (8) 
0.0351 (2) 0.6404 (2) 0.1532 (2) 0.0224 (8) 
0.0205 (2) 0.4275 (2) 0.4138 (2) 0.0382 ( 11 ) 

- 0.0482 (2) 0.5468 (2) 0.1158 (2) 0.0322 ( 11 ) 
0.1803(3) 0.3238(3) 0.3714(3) 0.0213(12) 
0.0910(3) 0.6770(3) 0.1611 (2) 0.0219(12) 
0.2214(3) 0.3349(3) 0.4298(2) 0.0191 (11) 
0.1408 (3) 0.6661 (3) 0.1092 (2) 0.0203 (12) 
0.1838(2) 0.3208(3) 0.4900(2) 0.0173(11) 
0.1099(2) 0.6656(2) 0.0443(2) 0.0166(11) 
0.1196(2) 0.3542(2) 0.4891 (2) 0.0147(11) 
0.0523 (2) 0.6228 (2) 0.0427 (2) 0.0144 (10) 
0.0835 (3) 0.3332 (3) 0.4310 (3) 0.0232 (12) 
0.0054 (2) 0.6465 (2) 0.0916 (2) 0.0169 (11) 
0.0184 (3) 0.3624 (3) 0.4242 (3) 0.0324 (15) 

-0.0557 (3) 0.6097 (3) 0.0954 (3) 0.0293 (14) 
O. 1484 (4) 0.2423 (4) 0.3029 (3) 0.044 (2) 
0.0432 (4) 0.7598 (4) 0.2176 (4) 0.054 (2) 
0.0215 (2) 0.4785 (2) 0.5215 (2) 0.031 (2) 

-0 .0200 (2) 1/2+x - x  0.030 (2) 
0.1549 (4) 0.1549 (4) 0.1549 (4) 0.138 f6) 
0.1894 (3) 0.4804 (3) 0.3502 (4) 0.088 (2) 
0.1059(3) 0.5160(3) 0.1788(3) 0.079(2) 
0.0591 (4) 0.5607 (3) 0.3142 (3) 0.090 (2) 

--0.0020 (3) 0.4357 (3) 0.2513 (2) 0.0494 (13) 
0.2526 (9) l / 2 - x  l/2+x 0.251 (13) 
0.3340(8) 0.1660(8) 0.8340(8) 0.215(11) 

0.48 (3) 0.5946 (9) 0.2375 (6) 0.2175 (7) 0.062 (6) 
0.60 (3) 0.6251 (5) 0.2266 (4) 0.2368 (4) 0.036 (3) 
0.67 (3) 0.3396 (5) 0.1671 (5) 0.0365 (7) 0.074 (5) 
0.45 (3) 0.3388 (8) 0.1536 (8) -0.0055 (12) 0.088 (9) 
0.68 (2) 0.0074 (4) 0. I 122 (4) 0.0777 (4) 0.068 (4) 
0.38 (2) -0.0542 (9) 0.1475 (9) 0.0961 (9) 0.085 (9) 
0.50(4) -0.0774(10)  0.6032(13) 0.2690(8) 0.102(10) 
0.47 (3) --0.0936 (8) 0.5645 (10) 0.2690 (7) 0.076 (8) 
0.25 (4) 0.761 (3) 0.3694 (15) 0.0978 (16) 0.085 (16) 
0.51 (4) 0.7261 (14) 0.3717 (8) 0.0843 (9) 0.099 (9) 
0.40(3) 0.1630(12) 0.4250(13) 0.2401 (9) 0.086(9) 
0.62 (3) 0.1374 (5) 0.3988 (5) 0.2289 (4) 0.047 (4) 
0.44(5) 0.6455(16) 0.3286(8) 0.1620(8) 0.064(8) 
0.44(5) 0.6176(15) 0.3376(8) 0.1677(8) 0.060(7) 
0.18(2) -0.1275(11) 0.6078 (1 l) 0.2979(11) 0.027(9) 
0.31 (2) -0 .1580(13)  0.5593(14) 0.2924(13) 0.103(13) 

Table 2. Selected geometric parameters (A, °) 
Bil--O32'  2.154 (3) O22---C22 1.412 (7) 
Bi1-4331 2.191 (4) O31~-C31 1.438 (6) 
Bil--O21 2.213 (4) O32--C32 1.424 (6) 
Bil---O22' 2.286 (4) O41--C41 1.421 [6) 
Bil---O42" 2.701 (3) O42---C42 1.431 (6) 
Bi2---O41 2.165 (3) O51----CII 1.419 (7) 
Bi2--O41 'i' 2.165 (3) O51---C51 1.448 (7) 
Bi2~O41 i~ 2.165 (3) O52---CI2 1.428 (7) 
Bi2---O31" 2.665 (3) O52--C52 1.457 (6) 
Bi2--O31 2.665 (3) O61---C61 1.400 (8) 
Bi2---O31"' 2.665 (3) O62---C62 1.412 (8) 
Bi3~-O42' 2.206 (3) CI I--C21 1.533 (7) 
Bi3--O42 2.206 (3) CI2--C22 1.544 (7) 
Bi3--O42 'i 2.206 (3) C21--C31 1.535 (7) 
Bi3---O32 "~ 2.577 (4) C22--C32 1.526 (7) 
Bi3----O32 2.577 (4) C31---C41 1.536 (7) 
Bi3--O32' 2.577 (4) C32~C42 1.524 (7) 
OII- - -CII  1.409 (7) C41--C51 1.519 (7) 
OII---C71 1.423 (7) C42--C52 1.524 (7) 
O I 2 - - C I 2  1.413 (7) C51--C61 1.521 (8) 
O12---C72 1.421 (8) C52--C62 1.515 (8) 
021 ~C21 1.424 (6) 

O21----4221---C31---O31 -49 .4  (6) 
O22--C22--C32--O32 -48 .3  (6) 

O31----4231---C41---O41 -57 .4  (5) 
O32--C32--C42---O42 -55 .4  (5) 

Symmetry codes: (i) ½ - x, i - y, ½ + z; (ii) 1 - y, ½ + z, ½ - x; (iii) 
½ - Y , l - z ,  ½ + x : ( i v )  z -  ½ , ½ - x , l - y ; ( v ) - z ,  ½ + x ,  ½ - Y ; ( v i )  
y -  ½ , ½ - z , - x .  

Table 3. Hydrogen-bonding geometry (,4, °) 
D - - H .  • .A D - - H  H. . .A D. • .A D - - H .  • .A 

O61--H861---O91 0.75 (5) 1.76 (5) 2.530 (6) 178 (5) 
O62- -H862 . . . 092  0.74 (4) 1.83 (5) 2.550 (6) 166 (7) 

Water and hydroxide O atoms are encoded as O9n. Atoms O91 
and 092  (both in special positions on 3) were identified as 
hydroxide O atoms since they are threefold acceptors in short 
hydrogen bonds; of the O-bonded H atoms, only those of the 
hydrogen bonds of Table 2, and those bound to the hydroxide 
O atoms O91 and 092  (four H-atom positions in total) were 
located in difference Fourier maps and refined with one 
common O--H distance. One common isotropic displacement 
parameter was applied to all H atoms. The assignment of a 
further site of deprotonation is ambiguous. Probably a further 
one of the O9-type O atoms on 3 is a hydroxide ion. The 
water content was derived from the sum of O9-type O atoms 
minus one (for the hydroxide), taking disordered positions 
into account with the respective population parameter from 
the refinement. This resulted in 12.1 (5) water molecules per 
formula unit. The value was rounded off to 12 for subsequent 
calculations. 

Data collection: Stoe IPDS software. Cell refinement: Stoe 
IPDS software. Data reduction: Stoe IPDS software. Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1985). 
Program(s) used to refine structure: SHEI~L92 (Sheldrick, 
1992). Molecular graphics: ORTEPIII (Burnett & Johnson, 
1996) and SCHAKAL (Keller, 1995). Software used to pre- 
pare material for publication: PLATON (Spek, 1990). 

This work was supported by the Deutsche For- 
schungsgemeinschaft  (grant K1624/4-1) and the Fonds of  
the Chemische Industrie, Frankfurt am Main, Germany. 

Supplementary data for this paper are available from the IUCr  
electronic archives (Reference: JZ!224). Services for accessing these 
data are described at the back of the journal.  
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Abstract 
Hexalds( N,N-dimethyl f  ormanude-O )alumJnium(III) tri- 
perchlorate, [AI{(CHs)2NCHO}6](C104)3, has an octa- 
hedral coordination structure with the center of sym- 
metry at the A13+ ion. One of the anions is disordered 
and the other centers on the twofold axis. Each N,N- 
dimethylformamide (DMF) ligand coordinates via its O 
atom in the sp 2 lone-pair direction. Although the vicin- 
ity of the A1 atom is crowded with six planar ligands, 
no serious steric hindrance is found in the coordination 
structure. The intramol~cular bond lengths of the coor- 
dinated DMF show clear variations from those of non- 
coordinated DMF and are in accord with the sequence 
of metal-DMF interactions: Sb v > Si TM > A1 HI > Ca u. 

Comment 
Interaction of A1 ions with peptides is of crucial 
importance in understanding the cause and process of 
Alzheimer's disease (AD), and the possible role played 
by aluminium (Fasman, 1996; Savory et al., 1996). 
A1, Fe and Zn ions bind to 13-amyloid peptide, which 
is the main component of AD plaques, and enhance 

© 1998 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

aggregation (Mantyh et al., 1993). Although the precise 
site of interaction is not known, carboxyl and hydroxyl 
residues in the peptide are primary candidates for 
metal coordination (Fasman, 1996). It is also possible 
that interaction with the backbone amide carbonyl O 
atoms promotes the /3-sheet conformation of an amyl- 
oid fragment (Laczk6 et al., 1996). 

Binding of metal ions to amides is of special rele- 
vance to conformation transitions of polypeptides and 
proteins. N-Methylacetamide has been used for model 
investigations (Chakrabarti et al., 1981), but it was sub- 
ject to the limitation that the secondary amide could 
be affected by anions strongly hydrogen bonded to the 
N- -H site. Therefore, a tertiary amide, N,N-dimethyl- 
formamide (DMF), was proposed as the simplest model 
ligand to investigate the metal-peptide backbone inter- 
actions, and the systematic variation in structures of co- 
ordinated DMF molecules to alkali and alkaline earth 
metal ions was reported (Rao et al., 1984). 

Detailed structural knowledge of an aluminium-DMF 
complex would help to clarify the strength of the 
interaction of the A13+ ion with the peptide backbone 
and possible steric hindrance in the metal environment. 
In view of this, we have isolated a single crystal of the 
title compound, (I), and performed an X-ray diffraction 
analysis. 

\/ 
N = 

<) IF~ o 
o 

N---~x [ ..," 
-" o ~ A I  - - 0  ~ 

f xXL_N" 
0 % 

/ \  

(1) 

(C104) 3 

The A13+ ion is located at an inversion center and is 
surrounded by the DMF molecules in a regular octa- 
hedral arrangement (Fig. 1). One of the anions is at a 
general position and its O atoms (O131-O142) are dis- 
ordered; the other anion (C12-O22) centers on a twofold 
axis, with four O atoms (two crystallographically 
independent ones and their equivalents) forming a 
tetrahedron. 

The A1--O bond distances [1.875(2)-1.882(2)A,] 
fall within the range expected for octahedral aluminium 
complexes with neutral O-atom donors (Taylor, 1987). 
The DMF molecules are essentially planar. The A im 
O--C angles [126.5(2)-130.2(2) °] and the A1----O-- 
C- -N  torsion angles [magnitude 160.9 (2)-177.6 (2) °] 
show that the metal is approximately coplanar with 
each amide plane and in the lone-pair direction of each 
carbonyl group (trans to the N atom). A slight deviation 
of these angles from the idealized values (120 and 180 °) 
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