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Abstract

The title compounds, catena-poly[diaquacalcium-bis-u-
(9,10-dihydro-9-oxo- 10-acridineacetato-0,0":0)], [Ca-
(CMA);,(H,0);], and the analogous lead(II) compound,
[Pb(CMA),(H,0),] (CMA = C;5H|(NO3), are carboxyl-
ate-bridged linear polymers in the solid state. Each
ligand chelates one metal ion and bridges to the next
metal ion. Two water molecules complete eightfold
coordination around the Ca and Pb atoms. Adjacent
polymer chains show stacking interactions of parallel
acridone groups and there are hydrogen bonds linking
aqua ligands to carboxylate and ketone O atoms.

Comment

This investigation is a continuation of our earlier stud-
ies on the ligating properties of the 9,10-dihydro-
9-oxo-10-acridineacetate anion, a powerful interferon
inducer (Inglot, Mtochowski, Szulc, Inglot & Albin,
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1985). We have found that the CMA™ anion in its
metal complexes exhibits a variety of carboxylate bond-
ing modes. Bridges through a single O atom have
been observed in [Cu(CMA),;(H,0),] (Miernik, Lis,
Palus & Reedijk, 1993), whereas both p3 single-atom
bridging and syn-syn bridging by the OCO group are
present in [Na;Zn(CMA)4(EtOH);(H,0);] (Miemik &
Lis, 1994). In this article we describe the prepara-
tion and crystal structure of two isomorphous com-
plexes of CMA ™, namely [Ca(CMA),(H;0);], (I) and
[Pb(CMA),(H,0),], (II), in which the CMA™ anions
act as both chelating and single-atom bridging ligands.

c'oo— (ljoo-
CH, \ CHy
N N

Ca?+ 2 1 j 2(Hy0) Pb2+.2 ; | 2(H70)
Il I
0 0
0] I

The atomic numbering scheme for the repeating
unit of the Ca compound is shown in Fig. 1. The
Pb complex is essentially the same, except for a
twofold disorder of one aqua ligand. A packing diagram
is shown in Fig. 2. The crystal structures consist
of [Ca(CMA),(H,0),] or [Pb(CMA),(H,0);] repeating
units. The Ca and Pb atoms are eight-coordinate, being
bonded to six O atoms from carboxylate groups and
two water O atoms. Each carboxylate group forms a
chelate ring with one metal ion and is also coordinated
to a centrosymmetrically related neighbouring metal ion
in a monodentate manner. Thus, the repeating units
are linked by monatomic carboxylate bridges to form
polymer chains. The van der Waals interactions between
ring systems of CMA™ result in interleaving of adjacent
polymer chains, with stacks of ligands along the a axis,
separated by about 3.5 A.

The main features of coordination around the metal
ions observed in compounds (I) and (II), namely a co-

Fig. 1. Molecular geometry around the Ca atom in (I). Displacement
ellipsoids are plotied at the 50% probability level.
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Fig. 2. The crystal packing of the Ca complex.

ordination number of eight as well as the chelate and
bridging mode of the carboxylate ligands, are typical for
calcium and are known for lead(II) complexes. Further-
more, a polymeric structure is commonly observed for
Ca®* and Pb** carboxylates. The bond lengths and bond
angles for the metal coordination in {Ca(CMA).(H,0),]
are in agreement with the average values found for a
series of calcium bidendate carboxylates (Einspahr &
Bugg, 1980). The distances found in the PbOg polyhe-
dron are characteristic for lead(II) carboxylates (Ben-
sch & Gunter, 1987; Blake, Gould, Grant, Milne, Reed
& Winpenny, 1994; Bryant, Chacko & Etter, 1984;
Chandler, Hampden-Smith & Duesler, 1992; Glowiak,
Koztowski, Erre, Micera & Gulianti, 1992; Jones, Schel-
bach, Shwarzmann, Thone & Vielmader, 1988; Lis,
1984; Mak, Yip, O’Reilly, Smith & Kennard, 1985).

The succesive MOg polyhedra share a common edge,
which is defined by atoms O2A’ and O2B. The de-
viations of the metal cations from the carboxylate
group planes are not significant: 0.41(1) (ligand A)
and 0.190(])A (ligand B), and 0.31(1) (ligand A) and
0.35 (1) A (ligand B) for the calcium and lead complex,
respectively.

The angles between the planes through the carboxyl-
ate groups and the average acridone ring planes are
922 (A) and 76.3° (B) in [Ca(CMA),(H.O):], and
97.4 (A) and 79.9° (B) in [Pb(CMA)»(H>0):], so that
each carboxylate is approximately perpendicular to the
corresponding acridone moiety.

The greater steric freedom in the lead complex due
to the longer M—O distances as compared with the Ca
complex, is reflected by the presence of a disordered
water molecule, O7/070 (site occupancy 50/50%) in
[Pb(CMA),(H,0),].

[Ca(C;sHoNO3):(H20),2] AND [Pb(Ci5H;oNO3)2(H20):]

The water molecules are involved in hydrogen bond-
ing within and between the polymer chains. The
08---01A hydrogen bond is formed between the ad-
jacent coordination polyhedra in one polymer chain,
whereas the O8.--034, O7---03A and O7.--0O3B
hydrogen bonds are to the 9-oxo O atoms of CMA~
in neighbouring polymer chains (see Tables 3 and 5).

The geometries of the acridone part of the ligands in
(I) and (II) as well as in previously studied CMA™ com-
plexes (Miernik, Lis, Palus & Reedijk 1993; Miernik &
Lis, 1994) are very similar. In all the compounds the
N atom lies out of the mean plane of the three coupled
rings. The distortion from planarity is largest in the cal-
cium and lead complexes (maximum deviation 0.20 A).

Experimental

[Ca(CMA)-(H-0)»] and [Pb(CMA)>(H-0),] were obtained
from aqueous solutions (150 cm’), after Na(CMA) (1.0 mmol)
and the metal salt [Ca(NOs)> or Pb(NO3)-] (0.05 mmol) were
mixed. After 2 days yellow crystals appeared.

Compound (I)
Crystal data

[Ca(CisH,0NO;3):(H:0):]
M, = 580.59

Triclinic

Pl

a=7402(5) A
b=13.172(6) A

¢ = 13.686(6) A

o = 82.90(4)°
3=77.85(4)°

v = 86.53(4)°
V=1293.7(12) A’
Z=2

D, = 1.490(2) Mg m™*
D, =150 Mgm™*

D,, measured by flotation in

aqueous KI solution

Data collection

Kuma KM4 automated four-
circle x-axis diffractom-
eter

w/26 scans

Absorption correction:
refined from AF
(DIFABS; Walker &
Stuart, 1983)

Toin = 0.73, Th = 0.89

6809 measured reflections

5456 independent reflections

Refinement

Refinement on F-
R(F) = 0.0307
wR(F*) = 0.0847
S5 = 1.066

Cu Ko radiation

A= 15418 A

Cell parameters from 25
reflections

6 =10-21°

=260 mm™’

T=2872)K

Needle like

0.15 x 0.10 x 0.04 mm

Yellow

4130 observed reflections

[/ > 30(D)]
R = 0.0152
0m3\=750
h=-8 —2
k=-16 — 16
I=—-16 — 17

3 standard reflections
monitored every 100
reflections
intensity decay: 1%

(A/0)mn = —0.177

Apmar =039 ¢ A:‘
Apmin = =031 e A7}
Extinction correction: none



4130 reflections
387 parameters

w = 1/[a*(F}) + (0.05P)°

+ 0.38P]

DANUTA MIERNIK AND TADEUSZ LIS

Atomic scattering factors

where P = (F} + 2F))/3

Table 1. Fractional atomic coordinates and equivalent

from International Tables

for Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)

isotropic displacement parameters (A2) for (1)

Uey = (l/S)E,ZjU,-,a,‘aj'ai.a,.

.
Ca 0.22300 (4)
014 0.2062 (2)
024 0.4834 (2)
034 0.1549 (2)
018 0.0236 (2)
028 —0.1343 (2)
038 —0.3339 (2)
07t 0.2956 (3)
070t 0.392(3)
08 0.1043 (2)
NIA 0.3412(2)
NiB —0.2861 (2)
ClA 0.3749 (2)
C2A 0.4644 (2)
C3A 0.3733(3)
C4A 0.3622 (3)
C5A 0.2983(3)
C6A 0.2438(3)
C74 0.1222(3)
C8A 0.1143 (4)
CYA 0.1823 (4)
Cl0A 0.2562 (3)
CllA 0.2653(3)
Cl2A 0.1951 (3)
Cl3A 0.1991 (3)
Claa 0.2545(2)
CI5A 0.3230(2)
CiB —0.1233(3)
Cc2B —0.3050 (3)
C3B —0.2002 (3)
C4B —0.1634 (3)
C5B —0.1728 (3)
coB —0.2209 (3)
c7B —(.3447 (3)
C8B —0.3449 (4)
C9B —0.3194 (4)
Cc108 —0.2994 (3)
cHB —0.3026 (3)
C12B —0.3203 (3)
Cl13B —0.3087 (3)
Cl4B —0.2616 (3)
Cl158 —0.2508 (2)

 Occupancy factors for O7 and O70 are 0.941(6) and 0.059(6), respec-

tively.

¥
0.53862 (2)
0.34694 (9)
0.40790 (8)
—0.14123 (9)
0.50888 (14)
0.51843(10)
0.34502 (12)
0.66123 (11)
0.6100 (16)
0.70143 (9)
0.14437 (10)
0.46434 (11)
0.33508 (11)
0.22811 (12)
0.17812(14)
0.1454 (2)
0.0487 (2)
—0.01374 (14)
—0.06393 (14)
—0.0242 (2)
0.0729(2)
0.12863 (15)
0.08905 (12)
—0.00829 (12)
—0.05172 (12)
0.01647 (12)
0.11346 (12)
0.51077 (13)
0.50828 (15)
0.6280 (2)
0.6877 (2)
0.6490 (2)
0.5501 (2)
0.2124(2)
0.1496 (2)
0.1919(2)
0.2942(2)
0.36041 (14)
0.31732(14)
0.38129 (15)
0.48672 (14)
0.52638 (14)

0.54372(2)
0.58703 (11)
0.56774 (9)
0.58053 (10)
0.71135 (10)
0.59204 (9)
1.15529 (9)
0.64875 (10)
0.6410(13)
0.47085 (11)
0.58174 (11)
0.86077 (10)
0.57817(11)
0.58008 (13)
0.40095 (14)
0.31096 (15)
0.30745 (15)
0.39462 (15)
0.7662 (2)
0.8548 (2)
0.8524(2)
0.76364 (15)
0.67186 (13)
0.67352(13)
0.58050 (14)
0.48845 (13)
0.49139 (13)
0.68280(12)
0.75973(12)
0.8982 (2)
0.9671 (2)
1.0672 (2)
1.09813 (15)
1.0120(2)
0.9397(2)
0.8394 (2)
0.81237(15)
0.88646 (12)
0.98716 (13)
1.06548 (12)
1.03067 (13)
0.92904 (12)

Ueq
0.02236 (9)
0.0398(3)
0.0325(3)
0.0414 (3)
0.0528 (4)
0.0375(3)
0.0491 (4)
0.0432(6)
0.027 (6)
0.0397 (3)
0.0290(3)
0.0312(3)
0.0253(3)
0.0291 (4)
0.0377 (4)
0.0435(5)
0.0433(5)
0.0373(4)
0.0417(5)
0.0511(5)
0.0526 (6)
0.0427 (5)
0.0299 (4)
0.0307 (3
0.0313(4)
0.0294 (3)
0.0290(3)
0.0309 (4)
0.0337 4)
0.0420 (4)
0.0502(5)
0.0507 (5)
0.0417(5)
0.0486 (5)
0.0622 (7)
0.0591 (6)
0.0450 (5)
0.03224)
0.0339 (4)
0.0339 (4)
0.0327 (4)
0.0308 (4)

Table 2. Selected geometric parameters (/i ) for (1)

Ca—028'
Ca—070
Ca—07
Ca—O08
Ca—OI8
Ca—02A"

2.316(2) Ca—O01A
232 Ca—024
2.443(2) Ca—Q028
2.445(2) Ca- - -Ca'
2.453(2) Ca- - -Ca"
2.464(2)

2.526(2)
2.552(2)
2.609(2)
3.967(2)
4.125(3)

Symmetry codes: (1) —x,1 —y, | — (i) [ —x, 1 —y, 1 — 2.

Table 3. Hydrogen-bonding geometry (A °) for (1)

D—H. - -A
07—H7...034'
O7—H71- - -03B"
O8—HS- - -014™

O8—H8§1--.034"

Symmetry codes: (i) x, I +¥,2; (i) —x, | =¥, 2 —z:(iii) —x, | —y, | — 2.

H---A
1.93(2)
1.82(2)
1.76 (2)
1.88(2)

D---A
2.865(2)
2.746 (3)
2.718(3)
2.791(2)

D—H-- A
160 (2)
158 (2)
170(2)
156 (2)

Compound (II)
Crystal data

[Pb(C5sH;oNO3)2(H20),]

M, =747.17

Triclinic

Pl .

a=1637(5 A

b=13.174(7) A

c=13.749 (5) A

= 82.35 (4)°

= 78.00 (4)°

85.04 (5)° |

= 1338.5 (12) A’

2

D, = 1855 (3) Mg m~*

D, =190 Mg m~*

D,, measured by flotation in
CH:Br,/CCl, solution

N<? ®R
1

Data collection

Kuma KM4 automated four-
circle k-axis diffractom-
eter

w/20 scans

Absorption correction:
refined from AF
(DIFABS;, Walker &
Stuart, 1983)

Trin = 0402, Trux =
0.461
3727 measured reflections
3697 independent reflections

Refinement

Refinement on F?
R(F) = 0.0284
wR(F?) = 0.0724
S = 1.063
3007 reflections
369 parameters
w = U[c*(F}) + (0.035P)’
+5.2P)
where P = (F} + 2F))/3
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Mo Ka radiation

A =0.71069 A

Cell parameters from 25
reflections

f=9-12°
p =636 mm™'
T =300 (2) K

Irregular polyhedron
0.15 x 0.15 x 0.1 mm
Yellow

3007 observed reflections

[ > 3o(])]
Rin = 0.018
emax = 230
h=-8-0
k=—14 - 14
[=-14 15

3 standard reflections
monitored every 50
reflections
intensity decay: 10%

(A/U)mux = 01 12

Apmax =084 e A3

Apmin = —0.5T ¢ A3

Extinction correction: none

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)

Table 4. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A’) for (1)

Ueq = (I/S)Z,Z/U,,a,'uj'a;.aj.

- Ue

x v z
Pb 0.21218 (4) 0.54208 (2) .54888 (2) ().()2723 (1)
014 0.2281(9) 0.3485 (5) 0.5722 (6) 0.048 (2)
024 0.4759 (9) 0.4036 (5) 0.6004 (5) 0.046 (2)
034 0.1482 (9) —(0.1254 (5) 0.5680 (5) 0.049 (2)
[62F:] 0.0233(9) 0.4804 (6) 0.7214(5) 0.054 (2)
028 —0.1189 (8) 0.5237(5) 0.5969 (4) 0.037(2)
[0X):] —(0.3349 (1) 0.3406 (6) 1.1567 (5) 0.060 (2)
NIA 0.3541 (9) 0).1461 (5) 0.5832 (6) 0.034(2)
N1B —0.2897 (10) .4535 (6) 0.8607 (5) 0.035(2)
ClA 0.3837(12) 0.3343 (6) 0.5880 (6) 0.032(2)
C2A 0.4715(11) 0.2265 (7) 0.5879(7) 0.037(2)
C3A 0.4012(13) 0.1854 (7) 0.4013(7) 0.042 (3)
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C4A 0.3961 (14) 0.1581(8) 0.3109 (8) 0.049 (3)
C5A 0.3243 (14) 0.0673 (8) 0.3030(7 0.052(3)
CoA 0.2622 (13) 0.0041 (D 0.3866 (7) 0.043 (3)
C7A 0.1060 (13) ~0.0531 (7) 0.7562 (7) 0.047(3)
C8a 0.0932(17) —0.0163 (8) 0.8454 (9) 0.064 (3)
C94 0.1668 (17) 0.0724 (9) 0.8482(8) 0.067 (4)
Cl10A 0.2532(14) 0.1275 (8) 0.7629 (7) 0.048 (3)
Cl1A 0.2667 (11) 0.0925 (6) 0.6695 (6) 0.033(2)
Cl24 0.1899 (11) 0.0005 (6) 0.6666 (7) 0.037(2)
CI3A 0.1977 (11) ~0.0388 (6) 0.5716 () 0.033(2)
Cl4A 0.2663 (11) 0.0294 (6) 0.4820 (7) 0.034 (2)
CI5A 0.3422 (11) 0.1206 (7) 0.4901 (7) 0.034 (2)
CIB —0.1166 (12) 0.4978 (6) 0.6888 (6) 0.030(2)
C2B —-0.2993 (11) 0.4958 (7) 0.7591 (6) 0.035(2)
C3B —-0.2077 (13) 0.6174 (7) 0.8953 (1) 0.045 (3)
C4B —0.1724 (15) 0.6775 (9) 0.9633 (9) 0.058 (3)
CSB —0.1854 (15) 0.6404 (10) 1.0617 (9) 0.062 (3)
C6B —-0.2310 (14) 0.5424 (9) 1.0956 (8) 0.051 (3y
C78 —0.3432 (15) 0.2035 (8) 1.0174 (8) 0.057 (3)
C8B ~0.3474 (18) 0.1398 (9) 0.9462 (9) 0.070 (4)
Co98 ~0.3197 (18) 0.1803 (9) 0.8449 (10) 0.070 (4)
Cl0B —0.3016 (14) 0.2815(8) 0.8172(7 0.048 (3)
CliB —0.3033 (11) 0.3498 (7) 0.8886 (6) 0.036 (2)
cl2s ~0.3221 (12) 0.3092 (7) 0.9903 (6) 0.038 (3)
Cl13B —-0.3120(12) 0.3729 (8) 1.0656 (7) 0.043 (3)
Cl4B ~0.2678 (11) 0.4796 (7) 1.0301 (7) 0.037(3)
Cl1sB —0.2583 (11) 0.5177(7) 0.9269 (7) 0.036 (2)
08 0.0841(9) 0.7262 (5) 0.4496 (6) 0.055(2)
o7t 0.163 (3) 0.6875 (11) 0.6801 (11) 0.052 (4)
o711t 0.249 (2) 0.6800 (10) 0.6620 (10) 0.041 (h)

t The assumed occupancy factor for atoms O7 and 071 is 0.5.

Table 5. Selected geometric parameters (A) for (11)

Pb—028 2.501 (6) Pb- - -Pb' 4.046 (3)
Pb—O1A4 2.523(6) Pb. - -Pb" 44113
Pb—0O28' 2.538 (6) 08. - .0lA' 2,743 (9)
Pb—OI1B 2.576 (6) 08--.034" 2.838(9)
Pb—0O71 2.611(13) 07---018 2.957 (16)
Pb—024 2.739 (6) 07---034" 2.735(15)
Pb—0O7 2.753 (14) 07-..038" 2.795 (16}
Pb—08 2.824 (6) 071]--.03a" 2.832(14)
Pb—024" 2.878 (6) 0o71.-.038" 2.682 (14)

Symmetry codes: (i) —x, | —y, 1 —z; (ii) 1 —=x, | =y, | =z (iii) x, 1 +¥, ;
(iv) —x,1 —y,2—2z

Data collection, cell refinement and data reduction were
performed using Kuma KM4 diffractometer software. In the
case of (II), the standard reflections decreased in intensity by
approximately 10% over the period of data collection; the data
were therefore rescaled using the intensities of the standards.
The structure of [Ca(CMA),(H.O).] was solved by direct
methods. The refinement of [Pb(CMA).(H.O).] was initiated
using the heavy-atom coordinates of [Ca(CMA)2(H.0)-]. In
both structures the C-bonded H atoms were included in
geometrically calculated positions. The water H atoms in the
Ca salt were found in a difference map and were refined
with the restraint O—H = 0.97 A. In the case of the Ca
crystal, after refinement an additional significant peak was
found on a difference Fourier map near the O(7) water
molecule. It was admitted as a partially disordered O7 atom
and assigned as O70. In the case of the Pb crystal, one
water molecule was found to be disordered over two positions
with occupancy factors of 0.5; the water H atoms were
not resolvable. Refinement was performed using SHELXL93
(Sheldrick, 1993).

Financial support from the State Committee for
Science Research, Poland (project No. 20883 91 01)
is gratefully acknowledged.
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[Ca(C;5HoNO3)2(H;0);] AND [Pb(C,5H;oNO3)2(H,0);]

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the TUCr (Reference: CF1027). Copies may be obtained through The
Managing Editor. International Union of Crystallography. 5 Abbey
Square, Chester CHI 2HU, England.
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Tris(1,10-phenanthroline)ruthenium(II)
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Abstract

[Ru(phen):](PFs)> (phen = 1,10-phenanthroline),
[Ru(C;>HgN2)3](PFg), is homostructural with the per-
chlorate monohydrates of the Cu', Co!, Os" and
Fe!' analogues. This homomorphism is notable in
view of the widely differing metal-atom environ-
ments and counterion sizes, and suggests that the
packing arrangement is a general and accommodat-
ing one among tris(1,10-phenanthroline)metal(Il) com-
plexes. While [Ru(bpy):J(PF¢)> is built up from
homochiral layers, [Ru(phen);](PFs)> is composed of
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