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Metal Alkoxycarboxylate Complexes. II.
Poly[diaquabis(3-hydroxypropionato)-
yttrium(IIT)] Bromide and catena-Poly-
[pentaaqua(3-hydroxypropionato)-
yttrium(III)] Bromide Chloride
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Abstract
Poly[diaquayytrium(IIT)bis(y-3-hydroxypropionato-O° -
0':0") bromide], {[Y(O,CCH,CH,0H),(H,0),]Br},,
forms a layer structure consisting of sheets of
cations in which the 3-hydroxypropionate ligands
chelate to one metal via the hydroxyl and one
carboxyl O atom, and bridge to adjacent met-
als via the second carboxyl O atom. The same
chelating/bridging coordination of the carboxylate
ligand occurs in catena-poly[[pentaaquayttrium(III)]-
pi-(3-hydroxypropionato-0°,0':0"") bromide chloride],
{[Y(O,CCH,CH,OH)(H,0)s1(Br)Cll},, to give cation
chains which are arranged in layers. In both structures,
the anions lie between the cation units and hold the
latter together via hydrogen bonding.

Comment

Metal carboxylates decomposing at low temperatures to
the corresponding oxide and volatile organic fragments
are promising candidates for ceramic preparation by

© 1998 International Union of Crystallography
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[VO(C44HgF20N4)].CHoCl,

metallo-organic deposition (Apblett & Georgieva, 1994,
Apblett er al., 1992, 1997). This is particularly true
if they melt below the decomposition point as this
permits processing into thin films without the need
for solvent. Such species could also be precursors
for ceramic foams if the pyrolysis produces copious
quantities of gas. In this context, metal 3-hydroxy-
propionates are of considerable interest since they tend
to have low melting points (the sodium and calcium
salts melt in the range 413-418K) and decompose
to ethylene, carbon dioxide and the metal oxide. In
addition, 3-hydroxypropionic acid and its salts are
important in biological and environmental systems. For
example, a novel autotrophic carbon dioxide fixation
pathway involving 3-hydroxypropionate was identified
in the phototrophic bacterium Chloroflexus aurantiacus
(Straus & Fuchs, 1993), while 3-hydroxypropionate
is a metabolite of the herbicide Magnacide (Smith
et al., 1995). Despite this interest, no structures of
3-hydroxypropionates appear to have been reported. We
chose to prepare yttrium 3-hydroxypropionates for our
entry into this area since we have used yttrium salts
as the benchmark for comparison of decomposition
temperatures and mechanisms in the investigations of
low-temperature precursors for ceramics (Georgieva,
1995).

.
‘ _HH 2+
o] oH i / R
=Y .nBr Y .nBr~.nCl
H- (\3\0 o~ Lot
© OH
H H H H "

(1)

2)

In poly[diaquabis(3-hydroxypropionato)yttrium(III)]
bromide, (1), the two carboxylate ligands in the cation
chelate to the metal via the hydroxyl and one of the
carboxyl O atoms. Pairwise association of these units
via coordination of the second carboxyl O atom of
one of these ligands to the other metal forms dinu-
clear units which further associate via coordination of
the second carboxyl O atom to adjacent metals to form
sheets running parallel to (101) (Fig. 1). A similar
chelating/bridging coordination mode has been found for
methoxyacetate in [Nd(O,CCH>OCH3):(NOz)(H>0)]
(Mague et al., 1998). The sheets are held together by
hydrogen bonding to the bromide ion. These involve the
two ligand hydroxyl groups and one H atom on each of
the two water molecules. In addition, the dinuclear units
are reinforced by hydrogen bonds between the other H
atom of each water ligand and the carboxyl O atom
attached to the other metal (Fig. 1).

The chelating/bridging mode of coordination of the
3-hydroxypropionate ligand is also seen in catena-
poly[pentaaqua(3-hydroxypropionato)yttrium(IlI)] bro-
mide chloride, (2), but with only one ligand per
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Fig. 1. Perspective view of a portion of the cation layer in (1). Ellipsoids are drawn at the 30% probability level with H atoms rePresented by

spheres of arbitrary radii. H atoms attached to carbon are omitted. Primed atoms are related to non-primed atoms by
while atoms in the unit based on Y’/ are related to the non-primed atoms by —x, —1 —y, | —z.

—X 5+ 5-1,

Fig. 2. Perspective view of a portion of the cation chain in (2). Ellipsoids are drawn at the 30% probability level with H atoms represented

by spheres of arbitrary radii. H atoms attached to carbon are omitted. aned aloms are related to non-primed atoms by —x. y — 1
while doubly primed atoms are related to the non-primed atoms by 1 —

metal, the [Y(O,CCH,CH,OH)(H;0)s]** cations form-
ing chains running parallel to the b axis (Fig. 2). This
association is reinforced by a hydrogen bond between
the carboxylate O2 atom and the water molecule con-
taining O4 at —x, § +y, 3+ — 2 (04" in Fig. 2). The halide
counter-ions are arranged in an apparently ordered fash-
ion between the chains and serve to tie the chains to-
gether via hydrogen bonding to the ligand hydroxyl
group (O8—HS8) and four of the five water molecules.
Although only one H atom each on O3 and O7 could be
located, it is likely that each of these water molecules
forms two hydrogen bonds to anions. Thus, O3 makes a
contact of 3.348 (6) A with the bromide at 1 — X, 2 +y,
— —z, which is comparable with the bromine—oxygen

30534

,2+y,——z.

separations listed in Table 4 and, similarly, O7 makes a
contact of 3.072(6) A with the chloride at x — L=y
—z. As a result, the chloride is involved in five hydro-
gen bonds while the bromide participates in four plus
the weak interaction with H4A. In both complexes, the
metal is eight-coordinate and the coordination spheres
are similar.

Experimental

3-Hydroxypropionic acid was generated in situ by the hydroly-
sis of 3-bromopropionic acid in the presence of basic anions
(Read, 1932). Thus, a mixture of yttrium(III) carbonate (4.11 g,
10 mmol) and 3-bromopropionic acid (9.18 g, 60 mmol) in



1786

100 ml of water was refluxed until the yttrium carbonate
had dissolved. Removal of the solvent in vacuo followed
by washing with acetone left a viscous yellow liquid which,
over a period of six months, afforded colourless crystals of
(1). Analysis calculated for C¢H,4BrOgY: C 18.82, H 3.68,
Y 23.21%; found: C 18.89, H 3.73, Y 23.16%; 'H NMR
(de-DMSO): 6 (p.p.m.) 2.28 (¢, 2H, CH.COO), 3.59 (¢, 2H,
CH,OH), 4.58 (br, OH); "*C {'H} NMR (D:0): é (p.p.m.)
39.2 (s, CH,COO), 585 (s, CHOH), 1829 (s, COO):
IR (cm™") (KBr): 3400 (s), 2970 (w), 2904 (w), 1618 (w, sh),
1558 (s), 1442 (s), 1377 (m, sh), 1329 (m), 1195 (w), 1035 (s),
879 (m), 684 (m, sh), 623 (m, sh). In a similar fashion,
a mixture of YOCI (0.7 g, 5mmol) and 3-bromopropionic
acid (1.14 g, 7.5 mmol) in 20 m] of water was refluxed until
clear. Solvent removal in vacuo and recrystallization of the
residue from acetone/methanol afforded colourless crystals of
(2). Analysis calculated for C3H,sBrCl0OgY: C 9.40, H3.94, Y
23.18, C1 9.25%; found: C 9.53, H 3.95, Y 21.23, CI 9.19%;
'"H NMR (D,0): 6 (p.p.m.) 2.40 (¢, 2H, CH.COO), 3.74 (t,
2H, CH,OH); “C {'H} NMR (D:O): § (p.p.m.) 389 (s,
CH,COO), 58.4 (s, CH,OH), 183.3 (s, COO).

Compound (1)

Crystal data

[Y(C3Hs03)2(H,0),]Br Mo K« radiation

M, = 38299 2 =0.71073 A
Monoclinic Cell parameters from 25
P2, /n reflections
a=10258(2) A 6 =14-18°
b=69198(9) A u = 7.862 mm™"
c=17.660(4) A T=29312)K

B =90.65(2)° Plate

V=12536(4) A’ 0.40 x 0.30 x 0.16 mm
Z=4 Colourless

D, =2.029 Mg m~™

D, =21Mg m‘3
D,, measured by flotation

Data collection

Enraf-Nonius CAD-4
diffractometer
6/20 scans
Absorption correction:
1 scan (North et al.,
1968)
Tmin = 0095, Tmax = 0284
2840 measured reflections
2466 independent reflections

Refinement

Refinement on F?
R{F? > 20(F})] =
wR(F?) = 0.136
S =1.086
2466 reflections
145 parameters
H atoms riding
w = U[o*(F?) + (0.0954P)°
+ 6.3305P]
where P = (F& + 2FD)/I3

0.050

1891 reflections with
1> 20()

Rine = 0.031

Omax = 25.95°

h=0— 12

k=0— 8

I=-21 — 21

2 standard reflections
frequency: 120 min
intensity decay: —2.4%

(A/0)ma < 0.001

Apmax = 0.62 € A’

Apmin = —0.71 ¢ A}

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

[Y(C3H503)2(H20)21Br AND [Y(C3H50;)(H20)5](Br)Cl

Table 1. Selected bond lengths (A) for (1)

Y—03' 2.309(5) Y—O05 2.344(5)
Y—04 2.313(5) Y—07" 2.359(5)
Y—Ol 2.342¢4) Y—06 2.395(5)
Y—02 2.343(5) Y—O08 2.412(5)
Symmetry codes: (i) § —x, vy — L 3 =zl —x =y 1 =2

Table 2. Hydrogen-bonding geometry (A, °)for(])

D—H---A D—H H--A D--.A D—H . .A
02—H2wt. - -0l 091 1.80 2693 (8) 164
02—H2w2- - -Br' 1.01 228 3.223(8) 155
05—H5w1- --04" 0.95 1.82 2.729(8) 160
O5—H5u2. - -Br" 0.99 236 3291 (8) 157
06—H60- - -Br" 0.95 2.50 3.296 (8) 141
08—HRO- - -Br 0.94 2.47 3.320(8) 150
Symmetry codes: (i) 1 — x, =y, 1 — 20 (1) § — &y — Li-x
(i) 4 —wvy— 5 —xiv)yx— 4, —yo— 4.
Compound (2)
Crystal data
[Y(CxHﬁOl)(H:O);](Br)Cl Mo Ko radiation
M, = 383.42 A=071073 A
Orthorhombic Cell parameters from 23
P2,2,2, . reflections
a=7564(2) A f=13-17°
b=11619 (2) A p=8.013 mm™'
c— 14.361 (3) A T=2932)K
1262.1 (4) A’ Plate

4
D, =2018 Mgm™}
D,, not measured

Data collection

Enraf-Nonius CAD-4
diffractometer
0/26 scans
Absorption correction:
v scan (North er al.,
1968)
Tmin = 0052, Tmax = 0154
1305 measured reflections
1305 independent reflections

Refinement

Refinement on F-
R[F? > 20(F)] =
wR(F?) = 0.090
$=1.118
1299 reflections
127 parameters
H atoms riding
w = 1/[o*(F}) + (0.0602P)*
+ 1.1250P]
where P = (F7 + 2F2)/3

0.031

0.50 x 0.37 x 0.23 mm
Colourless

1120 reflections with
I>20(])

Omax = 25.06°

h=0—9

k=0—13

1=0—17

2 standard reflections
frequency: 120 min
intensity decay: —2.47%

(A/O')max < 000]

Apmax = 0.687 ¢ A“

Apmn = —0404 ¢ A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Absolute structure: Flack
(1983)

Flack parameter = —0.03 (2)

Table 3. Selected bond lengths (A) for (2)

Y—Ol' 2.318(5)
Y—06 2.318(N)
Y—-07 2.330(6)
Y—08 2.332(6)

Symmetry code: (i) —x,y — 1, { —

Y—02 2332(5)
Y—05 2353 (6)
Y—04 2407 (6)
Y—03 2.308 (6)
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Table 4. Hydrogen-bonding geometry (A, °) for (2)

D—H-.-A D—H H-..A D-..A D—H-- A
03—H3A. - .Cl 1.02 2.27 3.127(6) 140
O4—H4A- - -Br 0.85 2,70 3.451(6) 148
04—H48B- - .02 1.04 1.74 2.754(6) 164
OS—HsA- - -CI" 0.92 2.24 3.142(6) 152
O5—HSB- - -Br" 1.05 241 3.367(6) 163
O6—H6A- - -Br" 1.07 232 3.321(7) 163
06—H68- - -CI" L1l 201 3.057 (6) 157
O7—H74- - -Cl 1.05 2.11 3.093(7) 146
O8—HS- - -Br 1.11 2.1 3.219(6) 173

Symmetry codes: (i) —x, y— 4, L =z (i) x— 1, ¥, z: (ji1) 3—x 1=y, 2= 1
(iv)i—xl—yl+z

For both structures, H atoms attached to carbon were placed
in calculated positions (SHELXL HFIX 23 instruction; C—
H = 0.97 A) and allowed to ride with isotropic displacement
parameters 20% larger than those of the attached C atom.
Locations of H atoms bound to oxygen were obtained from
difference maps. For (1), reasonable locations for all H atoms
could be found but, for (2), one H atom each on O3 and
O7 could not be located with confidence. Attempts to refine
H atoms attached to oxygen were unsuccessful so they were
positioned in the locations indicated by the difference maps
and allowed to ride with isotropic displacement parameters
20% larger than those of the attached O atoms.

For both compounds, data collection: CAD-4 Software
(Enraf-Nonius, 1989); cell refinement: CAD-4 Software. Data
reduction: PROCESS in MolEN (Fair, 1990) for (1); XCAD4
(Harms & Wocadlo, 1987) for (2). Program(s) used to solve
structures: S/R88 (Burla et al.,, 1989) for (1); SHELXS86
(Sheldrick, 1990) for (2). Program(s) used to refine structures:
LSFM in MolEN for (1); SHELXL93 (Sheldrick, 1993) for
(2). For both compounds, molecular graphics: SHELXTL-
Plus (Sheldrick, 1994); software used to prepare material for
publication: SHELXTL-Plus.

We thank the Chemistry Department of Tulane Uni-
versity for support of the X-ray laboratory.

Supplementary data for this paper are available from the [UCr
clectronic archives (Reference: FG1475). Services for accessing these
data are described at the back of the journal.

References

Apblett, A. W. & Georgieva, G. D. (1994). Phosphorus Sulfur Silicon,
93/94, 479-480.

Apblett, A. W., Georgieva, G. D., Mague, J. T., Maua, E. J. &
Reinhardt, L. E. (1997). Ceram. Trans. 73, 105-112.

Apblett, A. W, Lei, J. & Georgieva, G. D. (1992). Mater. Res. Soc.
Symp. Proc. 271, 77-82.

Burla, M. C., Camalli, M., Cascarano, G., Giacovazzo, C., Polidori,
G., Spagna, R. & Viterbo, D. (1989). J. Appl. Cryst. 22, 389-393.

Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius,
Delft, The Netherlands.

Fair, C. K. (1990). MolEN. An Interactive Intelligent System for
Crystal Structure Analysis. Enraf-Nonius, Delft, The Netherlands.

Flack, H. D. (1983). Acta Crysti. A39, 876-881.

Georgieva, G. D. (1995). PhD thesis, Tulane University, New Orleans.
USA.

Harms, K. & Wocadlo. S. (1987). XCAD4. Program 1o Exiract
Intensity Data from Enraf-Nonius CAD-4 Files. University of
Marburg, Germany.

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

1787

Mague, J. T., Apblett. A. W. & Walker, E. W. (1998). Acta Cryst.
C54, 1588-1590.

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

Read. R. R. (1932). Organic Syntheses Collective, Vol. 1, 2nd ed..
edited by A. H. Blaut, pp. 321-322. New York: John Wiley &
Sons.

Sheldrick, G. M. (1990). Acta Crysi. Ad6, 467-473.

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of
Crystal Structures. University of Géttingen, Germany.

Sheldrick, G. M. (1994). SHELXTL-Plus. Release 5.0. Siemens
Analytical X-ray Instruments Inc., Madison, Wisconsin, USA.

Smith, A. M., Mao, J., Doane, R. A. & Kovacs, M. F. (1995). J.
Agric. Food Chem. 43, 2497-2503.

Straus, G. & Fuchs, G. (1993). Eur. J. Biochem. 215, 633-643.

Acta Cryst. (1998). C54, 1787-1790

Bis{(u-acetato)[ u-bis(salicylidene)-1,3-
propanediaminato]copper(II) }cadmium(II)
Dioxane Solvatet

FiLiz ERCAN,“* DINGER ULKU,Y ORHAN ATAKOL? AND
F. NazL1 DINGER?

“Hacettepe University, Department of Engineering Physics,
Beytepe, 06532 Ankara, Turkey, and ®Ankara University,
Department of Chemistry, Tandogan, 06100 Ankara, Turkey.
E-mail: dulku@eti.cc.hun.edu.tr

(Received 26 February 1998; accepted 15 June 1998)

Abstract

The title compound, [Cd{Cu(CH3COZ)(C17H]6N202)}2].—
C4H30;, is a linear hetero-trinuclear complex with a
central Cd'" ion and lies on an inversion centre. This
central Cd" ion has an irregular octahedral coordination.
The coordination around the Cd" ion involves four
O atoms from two N,N'-bis(salicylidene)-1,3-propane-
diaminato (SALPD?~) and two acetate ligands. The
terminal Cu'" ions have an irregular square-pyramidal
coordination. The coordination of the terminal Cu'' atom
is provided by the two O and two N atoms from an
SALPD?~ ligand and one O atom from an acetate
ligand. The Cd. - -Cu bridging distance is 3.244 (3) A.

Comment

Syntheses and structures of oxygen-bridged trimeric lin-
ear homometal and heterometal complexes based on
Schiff base ligands, such as [Cd{Ni(SALPD)(CH;CO,)-

f Alternative name: bis(p-acetato)-1:2x20:0";1:3x20:0" -bis{ pu-2,2'-
[l,3-propanediylbis(niln'lomelhylidyne)]diphenolalo}-anO,O’:ZK“N.-
N'.0.0";1k%0,0":3x*N N, 0,0' - cadmium(I)dicopper(Il) dioxane
solvate.
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