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Abstract 
In the centrosymmetric tetrameric [(UO2)4(O)2- 
(C2H302)4(C4HIoNO)2] 2- anion {systematic name: 
bis ( # - acetato ) - 1 gO : 2,cO' ; 3gO : 4,;O' - bis ( acetato ) - 
2g 2 O, O I ;4g 2 O, O' - bis (/z - 2-di methylami noethanolato ) - 
1 ~2N, 0:4~0;2~0:3~2N, O-di-/z3-oxo- 1:2:3~ 3 O; 1:3:4~ 30- 
tetrakis[dioxouranate(IV)]}, the U atoms are seven- 
coordinate, the shortest U . - .U  distances being 3.681 (2), 
3.775 (2) and 4.214 (2) ~,, and the longest 7 .017(2)A.  
Four UO 2+ ions are connected by two carboxylate 
groups, two ethanolato O atoms and two triply bridging 
O atoms. A (2-hydroxyethyl)dimethylammonium cation, 
C4HI2NO +, links adjacent complex anions by N - -  
H. . .O(uranyl)  and O--H. . .O(ace ta te )  hydrogen bonds. 

Comment 
Several uranium complexes have been found to be 
dimers, trimers, tetramers or polymers. Many of these 
compounds are connected by O-containing bridging 
units such as carboxylates, water molecules or hy- 
droxy groups. For example, uranyl acetate dihydrate 
is a dimer with both bridging and terminal acetate 
groups (Howatson, Grew & Morosin, 1975), the ura- 
nium trifluoroacetato complex (Charpin et al., 1990) 
is tetrameric, while the uranyl benzoato complex is 
polymeric (Nierlich, Iroulart, Vigner, Keller & Lance, 
1990). Hydrogen bonding also plays an important role 
in the crystallization and stabilization of uranyl com- 
plexes, as in the present compound, (I), or in a recently 
prepared water-bridged dimeric uranyl nitrate complex 
with 2-dimethylaminoethanol (H~im~il~inen, Turpeinen 
& Mutikainen, 1996). 

The present structure consists of centrosymmetric 
[ ( U O 2 ) 4 0 2 ( C 2 H 3 0 2 ) 4 ( C 4 H I o N O ) 2 ]  2-  anions. The four 
U atoms, with distances of 3.681 (2)-7.017 (2) ,~, be- 
tween them, are bridged by two /_t3-oxo atoms, two 
carboxylate groups and two ethanolato O atoms. The 
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complex anions are hydrogen bonded by (2-hydroxy- 
ethyl)dimethylammonium cations with distances N 2 - -  

1 1 H-. .O9(~  - x, ~_ + y, ~ - z) 2.870(3) and O11- -  
H. . .O4(½ - x, y ~, ~ z) 2 .82(5)A.  The U atoms 
are seven-coordinate. The coordination polyhedron is a 
pentagonal bipyramid with an almost linear uranyl group 
perpendicular to five atoms (five O atoms for U1, one N 
and four O atoms for U2) at the corners of an irregular 
pentagonal base. The average bond lengths are: U - -  
O(uranyl) 1.762 (9), U--O(#3-oxo)  2.262 (8), U- -O(# -  
ethanolato) 2.349 (8), U--O(/_z-carboxylato) 2.382 (11), 
U--O(carboxylato) 2.513 (9) and U2- -N  1 2.706 (11 ) A. 
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Fig. 1. View of the title structure (SHELXTL/PC; Sheldrick, 1990;. 
Displacement ellipsoids are drawn at the 30~2~ probability level. 
Only one set of occupied positions of the disordered ammonium 
cation is shown. 

Experimental 

Crystals of the title compound were obtained by slow evapo- 
ration at room temperature of  an ethanol solution containing 
uranyl acetate and 2-dimethylaminoethanol in a molar ratio of  
1:1. 
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1 1 7 0  ( C 4 H  12 N O ) 2  [ U 4 0 1 0 ( C 2  H3 O 2 ) 4 ( C 4 H  10NO)2 ] 

Crystal data 

(C4HI2NO)z-  

[U4OI0(C2H302)4-  

(CgH10NO)2] 
Mr = 1704.85 

M o n o c l i n i c  

P2,/n 
a -- 9 .242  (7) ]~ 

b = 12.304 (8) * 

c = 18.954 (9) ,~ 

/3 = 92 .74  (6) ° 
V = 2152 .9  ( 2 4 ) / k  3 

Z = 2  
Dx = 2 .630  M g  m -3  

C5 0.3845(15) 0.3887(11) (I.2171 (8) 0.050(4) 
C6 0.3871 (17) 0.4746(11) 0.2732(7) 0.061 (4) 

M o  K a  radia t ion  c7 0.3687(17) I).3364111) -0.0527(8) 0.049(4) 
X = 0 .71069  A c8 0.3532(19) 0.4446(11) -0.0890(8) 0.069(5) 
Cell parameters from 20 011~-  0.244(3) o.lol (2) 0.4118(14) 0.099(9) 

C9]" (I.395(3) 0.160(2) 0.5034(15) 0.064(9) 
re f lec t ions  c t o t  0.369 (6) 0.074 (3) I).452 (3) 0.14 (3) 

0 = 10--25 ° C ~ t  0.389(3) 0.349(2) 0.5401 (14) 0.063(9) 
# = 15.078 m m  - j  C12t 0.507(3) 11.30213) 0.4302115) 0.070(10} 
T = 293 (2) K o~ lOt 0.355 (4) 0.044 (3) 0.438 {2} 0.109 (13) 

C901" 0.424 (4} 0.221 (3} 0.4186 (16) 0.094 {12) 
B i p y r a r n i d  c ]00 t  0.316 (4) 0.130 (2) 0.3931 (17) 0.074(11) 
0.15 x 0.15 x 0 .12 m m  CllOt 0.401 (5) 0.225(3) 0.5489(17) 0.121 (16} 
Yel low CI20t 0.460 (5) (I.388 (2) 0.487 (2) 0.113 (15) 

t Occupancy = 0.5: Ui~o (see below). 

Data collection 
Nico le t  P3  d i f f r a c t o m e t e r  

scans  
A b s o r p t i o n  co r rec t ion :  ~p 

scans  (Nor th ,  Phi l l ips  & 

M a t h e w s ,  1968) 

Train = 0.52,  Tmax = 1.00 
4736  m e a s u r e d  re f lec t ions  

4 4 6 9  i n d e p e n d e n t  re f lec t ions  

2966  o b s e r v e d  re f lec t ions  

[I > 2o-(/)1 

Refinement 

R e f i n e m e n t  on  F 2 
R[F 2 > 2o-(F2)] = 0.0501 

wR(F 2) = 0.0871 

S = 1.170 

4469  re f lec t ions  

240  pa r ame te r s  
H a toms  re f ined  us ing  r id ing 

mode l  
w = 1/[o'2(F~) + ( 0 . 0 1 0 0 P )  2 

+ 10.0P]  

w h e r e  P = ( F,~; + 2F,?)/3 
(/X/o-)m.x = -0.003 

Table 2. Selected geometric parameters (fi, °) 
U I--OI 1.743 (9) U2--O10 1.764 (8) 
U I--O2 1.762 (9) U2--O3 ~ 2.270 (8) 
U 1--O3 2.233 (8) U2--O3 2.284 (8) 

Rint = 0 .0454  U1---O8 2.313 (8) U2---O8 2.384 (8) 
0max = 26 .53  ° U I--O6 2.365 ( I I) U2---OT 2.398 (9) 
h = 0 ---, 11 u I ---05 2.511 (9) U2--N 1 2.706 ( I 1 ) 
k = 0 ~ 15 Ul - -04  2.514 (9) u2--u2 '  3.681 (2) 

u l--U2 3.775 (2) 03--u2 '  2.270 (8) 
l = - 2 3  --~ 23 u2- -09  1.779 (8) 
2 s tandard  ref lec t ions  o I - - U  1--02 175.5 (41 010---u2--03' 92.4 (3) 

m o n i t o r e d  e v e r y  98 o ~ - - u  1--03 89.8 (4) 0 9 - - u 2 - - 0 3  91.5 (31 
ref lec t ions  0 2 - - u  1--03 93.7 (3) 010 - -u2 - -03  95.0 (4) 

in tens i ty  decay :  2% o ~ - - U l - - 0 8  92.8 (41 03 ' - - u2 - -03  72.2 (3) 
0 2 - - u 1 ~ 8  90.9 (4) 09 - - [ J2~08  91.2 (3) 
0 3 - - u  1--08 70.7 (3) 010 - -u2 - -08  88.0 (3) 
Ol--U 1--06 89.7 (5) 0 3 ' - - u 2 - - 0 8  140.6 (3) 
0 2 - - u 1 - - 0 6  87.7(5) 03 u2 08 68.6(3) 

/~pmax = 1.823 e ,~-3  O3--U1--O6 87.1 (3) O9--U2---O7' 86.5 (4) 
O8--UI--O6 157.7 (3) OI0--U2--O7' 89.1 (4) 

(in the v ic in i ty  o f  U) 0~ - -u1 - -05  87.3 (4) 0 3 ' - - u 2 ~ 7 '  81.513) 
Apm~n = - 1 . 4 0 0  e • - 3  O2--u~--O5 9~.~ (4) 03--u2--O7'  153.4(3) 
Ex t inc t ion  cor rec t ion :  O3--U~--O5 149.1 (3) O8--U2~O7' 137.9 (3) 

SHELXL93 (She ldr ick ,  0 8 - - u  1--05 78.7 (3) O9--U2--N I 87.7 (4) 
O6--U I--O5 123.613) Ol0--U2--Nl 85.2 (4) 

1993) O~--U I--O4 86.9 14) O3'--U2--N I 152.3 (3) 
Ex t inc t ion  coeff ic ien t :  0 2 - - u  1 - -04  88.8 (4) O3--U2--N 1 135.6 (3) 

0 .00018  (2) 0 3 - - u  1--04 159.3 (31 OS--U2--NI 67.0 (3) 
A t o m i c  sca t te r ing  fac tors  0 8 - - u  1--04 129.9 (3) O7'--U2--N 1 70.9 (3) 

O6--U I--O4 72.4 (3) U 1--433--U2' 138.8 141 
f r o m  International Tables 0 5 - - u 1 - - 0 4  51.2 (31 U l - - 0 3 - - u 2  113.4 (3) 
for Crystallography (1992,  O9--U2--O10 172.5 (41 UY--O3--U2 107.8 (3) 
Vol. C, Tables  4 .2 .6 .8  and o 9 - - u 2 - - o y  93.0(3) uI--OS--U2 107.0(3) 

6 .1 .1 .4)  Symmetry code: (i) 1 - a, - y ,  - z .  

T h e  d i m e t h y l ( 2 - h y d r o x y e t h y l ) a m m o n i u m  ca t ion  tu rned  out  to 

be d i sordered .  T w o  pos i t ions  were  ass igned  to the C, H and 
O a toms  o f  this ca t ion  wi th  site o c c u p a n c i e s  o f  0.5. T h e s e  

d i so rde red  a toms  were  ref ined isot ropica l ly .  The  o ther  n o n - H  
a toms  were  ref ined aniso t ropica l ly .  H a toms  were  i n t roduced  

in ca lcu la ted  pos i t ions  and ref ined wi th  f ixed g e o m e t r y  wi th  

respec t  to thei r  car r ie r  a toms.  
Data  co l lec t ion:  Nico le t  P3  so f tware  (Nico le t  X R D  Corpo ra -  

t ion,  1980). Cel l  re f inement :  Nico le t  P3  sof tware .  Data  reduc-  

t ion: Nico le t  P3  sof tware .  P rog ram(s )  used  to so lve  s t ructure:  

SHELXTLIPC (She ldr ick ,  1990). P rog ram(s )  used  to ref ine  
s t ructure:  SHELXL93 (She ldr ick ,  1993). M o l e c u l a r  graphics :  

SHELXTL/PC. Sof twa re  used  to p repare  mater ia l  fo r  publ ica-  

t ion: SHELXL93. 

Table 1. Fractional atomic coordinates and isotropic or 
equivalent isotropic displacement parameters (fi e) 

Ueq = (1 /3 ) E ,  EjUoa~aTa,.a:. 

x v 2. Ucq]Ui,o 
UI 0.41602 (6) 0.22350 (4) 0.10942 (21 0.03542 (15) 
U2 0.53168 (6) -0.06798 (4) 0.08584 (2) 0.03184 (14) 
O1 0.5906 (10) 0.2750 (8) 0.1032 (5) 0.060 (3) 
02 0.2347 (9) 0.1820 (7) 0.1160 (5) 0.053 (3) 
03 0.4663 (9) 0.0925 (6) 0.0328 (4) 0.036 (2) 
04 0.3468 (12) 0.4076 (7) 0.1544 (5) 0.062 (3) 
05 0.4248 ( I I ) 0.2925 (7) 0.2342 (4) 0.050 (3) 
06 0.3377 (16) 0.3297 (9) 0.0108 (6) 0.093 (4) 
07 0.4101 (13) 0.2579 (8) -0.0851 (5) 0.067 (3) 
08 0.4973 (10) 0.0712 (7) 0.1709 (4) 0.044 (2) 
09 0.3475 (9) -0.1089 (7) 0.0893 (4) 0.043 (2) 
O10 0.7185 (9) -0.0381 (7) 0.0923 (4) 0.046 (2) 
N1 0.5707(13) -0.1387(8) 0.2206(6) 0.046(3) 
N2 0.3897 (13) 0.2758 (10) 0.4798 (6) 0.059 (3) 
CI 0.5697(18) 0.0591 (11) 0.2381 (7) 0.056(4) 
C2 0.537(2) -0.0485 (11) 0.2691 (7) 0.066(5) 
C3 0.7247(18) -0.1687(15) 0.2359(8) 0.084(6) 
C4 0.476 (2) -0.2319 (12) 0.2383 (8) 0.080 (6) 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the 1UCr (Reference: AB 1337). Copies may be obtained through The 
Managing Editor, International Union of Crystallography. 5 Abbey 
Square, Chester CHI 2HU. England. 
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Abstract 
The title compounds, catena-poly[diaquacalcium-bis-#- 
(9,10-dihydro-9-oxo- 10-acridineacetato-O,O':O)], [Ca- 
(CMA)2(H20)2], and the analogous lead(II) compound, 
[Pb(CMA)2(H20)2] (CMA = CisHloNO3), 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)2(H20)2] (Miernik, Lis, 
Palus & Reedijk, 1993), whereas both #3 single-atom 
bridging and syn-syn bridging by the OCO group are 
present in [Na2Zn(CMA)4(EtOH)2(H20)7] (Miernik & 
Lis, 1994). In this article we describe the prepara- 
tion and crystal structure of two isomorphous com- 
plexes of CMA-,  namely [Ca(CMA)2(H20)2], (I) and 
[Pb(CMA)2(H20)2], (II), in which the CMA- anions 
act as both chelating and single-atom bridging ligands. 

C O O -  
l 

Ca 2 + . 2 [ ~ ) . 2 ( H 2 0 )  pb2+.2 

\ o / 

(I) 

CO0- 
1 

~H2 

H 
o 

(n) 

.2(H20) 

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)z(H20)2] or [Pb(CMA)2(H20)2] 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- 

O2A' X O g ~  
\ /  oH 

O2Bo~'~'~2A¢~/,. \ o 

/ ~  C I A~ / /O2B~I  ~ '~O  1B \k. ~ .  C'4 B 

COA' , ~ ".. ~t. 

O3Aqg" ' ~ ~ L . . C  8 B ~ . . . .  O3B~ 

Fig. 1. Molecular geometry around the Ca atom in (I). Displacement 
ellipsoids are plotted at the 50c~ probability level. 
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