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Lists of structure factors, anisotropic thermal parameters, H-atom co- 
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all three Cr...Cr distances are identical within experi- 
mental error [3.289 (1),~]. The central O atom is 
within 0.012A of the Cr3 plane. The thiourea 
molecules are not coordinated but are linked to the 
coordinated water molecules by hydrogen bonds. 
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Abstract 
The title compound, hexakis(/~-acetato-KO:xO')-tri- 
aqua-l xO,2xO,3xO-/~ 3-oxo-trichromium chloride 
tris(thiourea) dihydrate, has an oxo-centred tri- 
nuclear structure with molecular symmetry m, the 
mirror plane relating two of the three Cr atoms, but 

Comment 
Oxo-centred trinuclear complexes of the general 
formula [M30(OOCR)6L3] n+ occur with various 
trivalent metals, with mixed metals and with mixed 
valencies, M~nM n. The chemistry and physical 
properties have been reviewed (Cannon & White, 
1988). X-ray and spectroscopic work on compounds 
of this class has shown that those with three identical 
metal ions rarely, if ever, show the full 6m2 sym- 
metry of the idealized molecular structure. The pro- 
totype salt [Cr30(OOCCH3)6(OH2)3]C1.5H20 has the 
most complicated of all structures, with the tri- 
nuclear units on general sites (Figgis & Robertson 
1965; Chang & Jeffrey, 1970), and below a phase- 
transition temperature of 211 K it has two sets of 
non-equivalent molecules in each unit cell (Sorai, 
Tachiki, Suga & Seki, 1971; Schenk & Giidel, 1982; 
Jayasooriya, Cannon, White & Kearley, 1989). For 
the interpretation of physical properties it is 
desirable to find a structure with fewer compli- 
cations. We report here the structure of a different 
salt of the same complex cation which has molecular 
symmetry m. 

When first reported the title compound was 
assigned the formula [Cr3(OOCCH3)6(OH)2- 
(H2NCSNH2)3]CI.xHzO, with x = 2 or 3 (Weinland 
& Hachenburg, 1923). In view of the later work on 
complexes of this type, cited above, this could be 
revised to the oxo-centred form, and by analogy with 
other known structures the three thiourea molecules 
could be expected to be bonded to the three Cr 
atoms, as [Cr3(OOCCH3)60(H2NCSNH2)3]C1.- 
(x+ 1)H20. However, all our attempts to detect 
inner-sphere coordination of thiourea were 
unsuccessful. Visible-UV spectra and kinetic 
behaviour in solution, and IR and Raman spectra of 
the solid, suggested the tris(aqua) formulation; this is 
now confirmed. 

The structure is remarkable for the regularity of 
the central Cr atom triangle. Two Cr atoms are 
related by the mirror plane of symmetry which 
passes through the third, and all three Cr--.Cr dis- 
tances are identical within experimental error 
[3.289 (1)A]. The three central O---Cr distances 
differ by only 0.005 A, [1.902 (3) and 1.897 (1) A,] and 
the central O atom is within 0.012A of the Cr3 
plane. This is a very small displacement and prob- 
ably not significant when compared with the prob- 
able positional e.s.d, of ca 0.004 A. As shown in Fig. 
2, each terminal H20 molecule is hydrogen bonded 
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Fig. 1. Structure of the complex ion in [ C r 3 0 ( O O C C H 3 )  6- 
(OH2)3]C1.3[SC(NH2)2].2H20. 
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Fig. 2. Hydrogen bonding in the crystal structure of the title 
compound. 

to two th iou rea  molecules,  a n d  each th iourea  is 
hyd rogen  b o n d e d  to two complex  molecules.  One  o f  
the H a t o m s  is involved in an  a lmos t  symmetr ica l ly  
b i furca ted  bond ,  f r o m  N(22)  to 0 ( 2 3 )  a n d  0(24) .  

O u r  interest  in these mater ia l s  is ma in ly  to do with 
their  magne to -op t i c  proper t ies  ar is ing f r o m  the int ra-  
and  in te rmolecular  electronic in te rac t ions  o f  the 
meta l  a toms  ( C a n n o n ,  J a y a s o o r i y a  & Whi te ,  1991). 
F r o m  this po in t  o f  view, the presen t  c o m p o u n d  is a 
p romis ing  test substance,  since no t  only are the 
complex  ions close to ideal geomet ry ,  they are  also 
convenient ly  al igned in the crystal .  As  shown in Figs. 
2 and  3, the molecules  are s tacked  in co lumns  and  all 
the Cr3 planes  are inclined at  _+6.1 ° to the {100} 
plane  o f  the crystal .  

Fig. 3. Perspective view of the crystal structure of the title 
compound along the b axis, showing the inclination of the 
0 (00)3  units to the { 100} plane. 

Experimental 
Crystal data 

[Cr30(C2H302)6(H20)3]C1.- Mo Ka radiation 
3(CH4NES).2H20 A = 0.71069 ]k 

Mr = 880.13 Cell parameters from 25 
Orthorhombic reflections 
Pnma 0 -- 3.1-12.9 ° 
a = 15.156 (2) ,~ # = 1.20 mm -1 
b = 17.340 (3) A T--- 295 K 
c = 13.472 (2) ,~ Block 
V = 3540.4 (8) ]k 3 0.42 × 0.30 x 0.26 mm 
Z = 4 Dark green 
Dx = 1.65 Mg m -3 

Data collection 
Nicolet-Siemens P3/V 

diffractometer 
s c a n s  

Absorption correction: 
spherical (~b scan) 
Zmin = 0.225, Tmax -- 
0.265 

8705 measured reflections 
4209 independent reflections 
3482 observed reflections 

[Fo >_ 5(r(Fo)] 

Refinement 

Refinement on F 
Final R = 0.0513 
wR = 0.0447 
S = 2.62 
3482 reflections 
286 parameters 
w = l/[tr2(F) + 0.00005F 2] 

Rim = 0 . 0 2 0 5  

0max = 22 .5  ° 

h = - 1 8  ~ 18 
k = 0 ----~ 20 
l =0---*23 
2 standard reflections 

monitored every 50 
reflections 

intensity variation: not 
significant 

(A/tr)m~x = 0.504 [for y 
of H(42)] 

Apmax = 0.481 e ~ - 3  
Apmin = --0.524 e ~ - 3  
Atomic scattering factors 

from Cromer & Waber 
(1974) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (,~2) 

Ueq = (Ull  + /-]22 + U33)/3.  

x y z Ueq 
Cr(l) 0.10341 (5) 0.2500 -0 .01669 (5) 0.0255 
Cr(2) 0.08348 (3) 0.15517 (3) 0.19352 (3) 0.0227 
O(1) 0.0909 (2) 0.2500 0.1238 (2) 0.0226 
O(10) 0.1152 (2) 0.2500 -0 .1673 (2) 0.0527 
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O(11) 0.1970 (2) 0.1714 (1) -0.0191 (2) 0.0372 
O(12) 0.0113 (2) 0.1722 (1) -0.0384 (2) 0.0413 
0(20) 0.0788 (2) 0.0536 (2) 0.2740 (2) 0.0362 
O(21) 0.1808 (1) 0.1047 (1) 0.1215 (2) 0.0359 
0(22) 0.1700 (1) 0.1855 (1) 0.2959 (2) 0.0324 
0(23) -0.0188 (1) 0.1857 (1) 0.2741 (2) 0.0344 
0(24) -0.0034 (1) 0.1079 (1) 0.1039 (2) 0.0372 
C(1) 0.2185 (2) 0.1182 (2) 0.0392 (2) 0.0316 
C(2) 0.2928 (3) 0.0665 (3) 0.0103 (3) 0.0489 
C ( 3 )  -0.0239 (2) 0.1220 (2) 0.0141 (2) 0.0315 
C ( 4 )  -0.0948 (3) 0.0736 (2) -0.0311 (3) 0.0465 
C(5) 0.1953 (3) 0.2500 0.3291 (3) 0.0302 
C(6) 0.2618 (4) 0.2500 0.4113 (4) 0.0499 
C ( 7 )  -0.0509 (3) 0.2500 0.2971 (3) 0.0304 
C(8) -0.1350 (4) 0.2500 0.3548 (4) 0.0417 
CI 0.0441 (1) 0.2500 0.5303 (1) 0.0700 
0(9) 0.0588 (4) 0.0795 (2) 0.4672 (3) 0.1083 
S(I) 0.2799 (1) 0.2500 0.6900 (1) 0.0452 
C(I 1) 0.3656 (3) 0.2500 0.7730 (4) 0.0404 
N(I 1) 0.3563 (4) 0.2744 (5) 0.8649 (4) 0.0687 
N(12) 0.4426 (4) 0.2185 (4) 0.7488 (5) 0.0616 
S(2) 0.0782 (1) 0.4345 (1) 0.7407 (1) 0.0549 
C(21) 0.1744 (2) 0.4836 (2) 0.7528 (3) 0.0392 
N(21) 0.2513 (2) 0.4495 (2) 0.7371 (3) 0.0779 
N(22) 0.1756 (2) 0.5573 (2) 0.7784 (3) 0.0513 

Table 2. Geometric parameters (A, o) 

Primed atoms are generated by the symmetry operation (x, ½ - y, z). 

Cr(l)--Cr(2) 3.289 (1) Cr(2)--Cr(2)' 3.289 (1) 
Cr(1)--O(1) 1.902 (3) Cr(2)--O(l) 1.897 (1) 
Cr(l)--O(10) 2.037 (3) Cr(2)--O(20) 2.070 (3) 
Cr(1)--O(11) 1.968 (2) Cr(1)--O(12) 1.963 (2) 
Cr(2)--O(21) 1.970 (2) Cr(2)--O(22) 1.974 (2) 
Cr(2)--O(23) 1.965 (2) Cr(2)--O(24) 1.966 (2) 
C(l)--O(l 1) 1.255 (4) C(1)--O(21) 1.269 (4) 
C(3)--O(12) 1.242 (4) C(3)--O(24) 1.272 (4) 
C(5)--O(22) 1.264 (3) C(7)--O(23) 1.254 (3) 
C(1)--C(2) 1.492 (5) C(3)--C(4) 1.493 (5) 
C(5)--C(6) 1.498 (6) C(7)--C(8) 1.493 (7) 
S(1)--C(11) 1.715 (6) S(2)--C(21) 1.696 (4) 
C(I 1)--N(11) 1.315 (8) C(21)--N(21) 1.324 (5) 
C(11)--N(12) 1.328 (7) C(21)--N(22) 1.323 (5) 

Cr(1)--O(l)--Cr(2) 119.9 (1) Cr(2)--O(l)--Cr(2)' 120.2 (1) 
O(l)--Cr(l)--O(10) 179.3 (1) O(1)--Cr(2)--O(20) 177.6 (1) 
O(l)--Cr(l)--O(l 1) 95.1 (1) O(10)--Cr(l)--O(ll) 85.4 (1) 
O(1)--Cr(l)--O(12) 94.4 (1) O(10)--Cr(1)--O(12) 85.1 (1) 
O(1)--Cr(2)--O(21) 95.6 (1) O(20)--Cr(2)--O(21) 84.6 (1) 
O(1)--Cr(2)--O(22) 94.3 (1) O(20)--Cr(2)--O(22) 83.3 (1) 
O(1)--Cr(2)--O(23) 95.0 (1) O(20)--Cr(2)--O(23) 85.0 (1) 
O(1)--Cr(2)--O(24) 95.6 (1) O(20)--Cr(2)--O(24) 86.8 (1) 
O(11)--Cr(1)--O(12) 92.0 (1) O(11)--Cr(1)--O(11) t 87.7 (2) 
O(12)--Cr(1)--O(12) t 86.8 (2) O(21)--Cr(2)--O(22) 88.0 (1) 
O(22)--Cr(2)--O(23) 93.8 (1) O(23)--Cr(2)--O(24) 85.6 ( 1 ) 
O(21)--Cr(2)--O(24) 90.8 (1) O(21)--Cr(2)--O(23) 169.2 (1) 
O(22)--Cr(2)--O(24) 170.1 ( 1 ) Cr( 1 )--O(12)--C(3) 134.6 (2) 
Cr(1)--O(11)--C(1) 133.3 (2) Cr(2)--O(22)--C(5) 133.2 (2) 
Cr(2)--O(21)--C(1) 133.3 (2) Cr(2)--O(24)--C(3) 131.9 (2) 
Cr(2)--O(23)--C(7) 133.0 (2) O(12)--C(3)--O(24) 124.8 (3) 
O(11)--C(1)--O(12) 124.5 (3) O(23)--C(7)--O(23) 125.3 (4) 
O(22)--C(5)--O(22) ~ 124.4 (4) S(2)--C(21)--N(21) 121.3 (3) 
S(I)--C(11)--N(12) 120.4 (4) S(2)--C(21)--N(22) 121.4 (3) 
N(I I)--C(I I)--N(12) 117.2 (6) N(21)--C(21)--N(22) 117.4 (4) 

O(10)-.-N(12!) 2.889 CI...N(llV) 3.205 
0(20).. .  N(21~).) 3.184 CI.-. N( 12 v ) 3.393 
O( 11).. .  N(11'~') 3.026 0(9).... 0(20) 2.659 
O(12). • -N(12'.) 3.125 S(1~'). • .O(10) 3.150 
0(24)...N(22 '~) 3.181 S(2~). • .0(20.) 3.156 
CI...0(9) 3.084 0(23)...N(221~) 3.333 

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

Chromium trioxide was finely ground and dried over P205 for 
a few hours. Anhydrous AnalaR acetic acid and thiourea were 

used without further purification. Chromium trioxide (5.1 g, 
0.051 mol) was heated under reflux with acetic acid (12 g, 
0.2 mol) on a steam bath with stirring. Ethanol was added drop- 
wize wi th  constant  stirring, the v igorous  react ion being a l lowed 
to subs ide  fully after each drop  before  adding  the next.  A total 
o f  15 ml  of  e thanol  was  used  over  a per iod of  ca 90 min  before  
finally a th ick  pure  green solu t ion  remained.  Th iourea  (3.9 g, 
0 .050 mol)  was  added  and heat ing and stirring were  con t inued  
under  reflux on a s team bath for 1 h. Concen t ra ted  aqueous  HCI 
(4 ml)  was  added  s lowly  with stirring and heat ing was  cont in-  
ued  for  10 min.  The  filtrate was  a l lowed to cool  in open  air. 
After  2 4 - 4 8  h, sh iny green crystals were  filtered off, washed  
wi th  ether and dr ied in air. Yield 6.4 g. Fur ther  evapora t ion  
of  the filtrate gave a further  2.8 g of  product .  E lementa l  anal- 
ysis: calculated for C15H4oClCr3N3OlTS3 C 20.42,  H 4.54, CI 
4.03, N 9.53, S 10.89%; found  C 20.47, H 4.51, C1 4.08, N 
9.21, S 10.49%. Th iourea  was  also de t e rmined  spec t rophoto-  
metr ical ly  us ing the ye l low colour  deve loped  on react ion with p-  
d ime thy l aminobenza ldehyde  in aqueous  ethanol  acidif ied with 
0.4 M HC1. In two  determinat ions ,  the th iourea/ t r inuclear  com-  
plex ratio was obta ined  as 3.01 and 3.02. 

Sys temat ic  absences  indicated poss ible  space  groups  Pna21 or 
Pnma and the s tructure was  successful ly  so lved  in the latter. The  
Cr a toms  were  located f rom a Pat terson synthesis .  The  remain-  
ing non -H  a toms  were  located f rom success ive  least-squares re- 
f inements  and di f ference Fourier  maps .  It was  found  that one 
o f  the th iourea  molecu les  was  si tuated on a mir ror  plane,  the 
C - - S  bond  lying in the plane,  but  the N a toms  were  d isordered  
above  and be low the p lane  and were  ref ined as two  pairs of  
hal f  a toms.  Further  cycles  of  ref inement  and di f ference Fourier  
m a p s  located all the H atoms.  An  H a tom in one  of  the aqua 
l igands was  also d isordered  on either side of  the mir ror  plane.  

All methy l  C - - H  dis tances  were  const ra ined to 0.96 (1) A and 

the b o n d  dis tance O( 10) - -H(101)  was  cons t ra ined to 0.85 (2) ,~,. 
The  H(102),  H ( l l l ) ,  H( l12) ,  H(121) and H(122)  a toms  were  
located but  their  pos i t ions  were  not  refined. Posi t ional  parame-  
ters o f  all other  H a toms  were  ref ined freely. All H a toms  were  
ass igned isotropic thermal  parameters  U -- 1.2 x Uiso, where  
the values  of  U ~  relate to the a toms  to which  the H a toms  are 
bonded.  All non-H a toms  were  then ass igned anisotropic  tem-  
perature  factors. The  funct ion  min imized  was  E(wIAF[% 
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ing Research Council and the Bauchi State Government 
(Nigeria). 

Lists of structure factors, anisotropic thermal parameters, H-atom co- 
ordinates and bond distances and angles including H-atom geometry 
have been deposited with the British Library Document Supply Centre 
as Supplementary Publication No. SUP 71308 (32 pp.). Copies may be 
obtained through The Technical Editor, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. [CIF reference: 
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Abstract 
Reaction of the parent aqua[(S)-N-salicylidene- 
alaninato]copper(II) dihydrate with an excess of 
pyrazole gives the title compound in which only one 
of the two pyrazole molecules is coordinated to Cu n 
(the other is doubly hydrogen bonded to the complex 
molecule). The Cu n coordination can be described as 
square pyramidal (4 + 1), the basal plane being 
formed by the heteroatoms of the tridentate Schiff 
base ligand and the N atom of the pyrazole mol- 
ecule. A neighbouring chelate provides a semi- 
coordinating 0(3) atom in the axial direction 
[Cu...O(3) = 2.595 (3)/~], thus forming polymeric 
chains along the a axis in the crystal. The title 
complex serves as a model to study the mechanism of 
a racemization reaction of amino acids catalyzed by 
vitamin B 6 (or salicylaldehyde) and metal ions. The 
results, combined with those obtained previously 
for potassium isocyanato[(R,S)-N-salicylidene- 
alaninato]cuprate(II), do not support the general 

© !993 International Union of Crystallography 
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mechanism proposed earlier for the racemization 
reaction but instead suggest an active role for the 
nucleophilic solvent in the catalytic reaction. 

Comment 
This work is part of a more general study on the 
structural and chemical properties of copper com- 
plexes of Schiff bases derived from salicylaldehyde 
and amino acids. These complexes attract much 
attention owing to their biological importance since 
they serve as models for the more complicated key 
intermediates in the enzymatically catalyzed metabo- 
lic reactions of amino acids (Guirard & Snell, 1964; 
Bkouche-Waksman, Barbe & Kvick, 1988, and refer- 
ences therein). Recently, we reported (Kr/itsm~ir- 
~mogrovit, B1/~hov/l & Kettmann, 1991; Kettmann, 
Kr~itsm~r-~mogrovi6 & ~vajlenov~, 1990) that treat- 
ment of [Cu({sal-(S)-Ala}(HEO)].2H20 [sal-(S)-Ala 
--N-salicyfidene-(S)-alaninato] with an excess of 
KOCN in hot dilute methanol led to a racemic 
product of composition K[Cu({sal-(RS)- 
Ala}(NCO))] (I). Although the title compound (II) 
was prepared under identical conditions, except for 
using pyrazole in place of KOCN, the racemization 
of the Schiff base ligand was not observed. To obtain 
a structural basis for understanding this difference in 
kinetic behaviour between (I) and (II), an X-ray 
analysis of (II) was undertaken. 

The title complex was prepared by treatment of 
3.1 g (10 mmol) of [Cu{sal-(S)-Ala}(H20)].2H20 
with 2.7 g (40 mmol) of pyrazole in dilute (65%) 
methanol at 233 K. After filtration and slow cooling 
to room temperature, dark-green single crystals 
appeared. 

The numbering scheme is shown in Fig. 1, which 
also displays the overall conformation of the mol- 
ecule and corresponds to the correct S enantiomer. 

As generally found for this type of complex, the 
coordination geometry around CuII is axially dis- 
torted square pyramidal (4 + 1), the four basal atoms 
being O(1), N(1) and 0(2) of the Schiff base ligand 
and the N(2) atom of one of the pyrazole molecules. 
The second, uncoordinated, pyrazole molecule 
associates with the complex through two hydrogen 
bonds. A neighbouring chelate provides the semi- 
coordinating 0(3) atom in the axial direction 
[Cu...O(3)(x - 1, y, z) = 2.595 (3)/~] to complete the 
coordination. There is another contact shorter than 
the sum of the van der Waals radii, namely 
N(3)..-O(2), so that the H atom on N(3) may be 
regarded as being involved in a bifurcated hydrogen 
bond. 

The mean plane through the four basal atoms 
shows a slight tetrahedral distortion from planarity 
and the Cu atom is displaced from this plane by 
0.145(1)/~ toward the apex of the pyramid. The 
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