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Abstract 

Hydrolysis of the title complexes [Cp*RuOMelZ (2a) and [Cp*RuOMe], (2b) (Cp’ = n’-C,Me5, Cp^ = 7’.C,Me,Et) in a two 
phase pentane/water system yields the tetrameric hydroxides [Cp’RuOH], (3a) and [Cp^RuOH], (3b), as rather inert, robust 
molecules; the tetrameric structure was established in the case of 3b by X-ray crystallography. Hydrolysis of the precursor 
complexes [Cp*RuCI,], (la) and [Cp^RuCI,], (lb) with H,O/K,CO, gave a trimeric RuRuRu complex, the hydroxo analogue 
of the known Ru,Cp’,(C,Me,~-CH?)?(~L3-0X~LZ-H)SO~. Reactions and electrochemical oxidation of the compounds are 
discussed. 

1. Introduction 

Our interest in the reactions of alkoxo complexes 
[Cp*M(OMe)],, M = Ru (2) or Rh [l], and in organo- 
metallic aqua ions [2] led us in the past to study the 
hydrolysis reaction of these compounds. We were, 
however, only able to characterize fully the hydrolysis 
product of a DPPM stabilized adduct of [Cp’Ru- 
(OMe)], (2a) i.e. [{Cp” ^Ru(~_L-OH)},DPPM] (4a) [l]. 
Hydrolysis experiments with 2a revealed rapid dis- 
placemenl of the bridging OMe groups with appear- 
ance of the signals of free methanol in the NMR 
spectra. The product of preparative hydrolysis, how- 
ever, was of limited solubility in all solvents except 
CH,Cl, and spectroscopy did not reveal the degree of 
oligomerization. Suitable variation in the Cp* ligand 
has now yielded a more tractable derivative, and in the 
following, we report on the tetrameric hydroxo clusters 
[Cp*/ARuOH], (3a,b) and on the products of hydroly- 
sis of [Cp’/* RuCl,], (la, lb) in alkaline solution. 

Correspondence to: Dr. U. Koelle. 
* For Part XIII. see ref. 1 and references therein. 
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2. Results and discussion 

2.1. Hydrolysis of [Cp*hd~hl, (2~, 2b) 
The hydrolysis of 2 can be conveniently monitored 

by ‘H NMR spectroscopy: addition of a slight stoichio- 
met;ic excess of water to a solution of, e.g., 2b 
(Cp = vs-C,Me,Et) in benzene-d,, causes the OMe 
signal to shift from 6 4.8 in 2 to the position for free 
methanol, and a shift of the Cp^ methyl singlets from 6 
1.61/1.63 to 1.66,‘1.70. 

Preparative hydrolysis was performed by vigorously 
stirring a pentane solution of 2 (either 2a or 2b) in the 
presence of a small amount of water for 1 h. In the 
case of 2b, the brown reaction product isolated after 
evaporation of the pentane solution and drying in 
vacua was insoluble in water, moderately soluble in 
pentane, benzene and methylene chloride and was 
characterized by the above mentioned methyl signals. 
The Cp’ derivative 2a yields a product soluble only in 
methylene chloride, but with otherwise similar proper- 
ties, characterized by a single Cp’ signal (1.61, 
CD,Cl,). Both compounds show a singlet hydroxo sig- 
nal at 6 - 0.14 in 2a and 6 - 0.04 in 2b. 

The hydroxo complexes 3 are insensitive to atmo- 
spheric oxygen as solids and only slightly sensitive in 
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solution. Along with the characteristic yellowish-brown 
colour, reminiscent of the tetrameric chlorides [Cp* 
RuC[] 4 (5a, 5b) [3], this behaviour points to coordina- 
tive saturation of Ru in a tctrameric slructurc (see 
below). 

The tetramers 3a, 3b were found to be inert towards 
most of the attempted cleavage and substitution reac- 
tions. The OH protons show no acidity whatsoever. 
Reactions with aqueous base failed, as well as at- 
tempted silylation v~ith Me~SiCI. The latter reaction 
gave, after workup, a mixture of the chloro-complexcs 
[Cp* RuCI2] e (1), [Cp* Rue1] 4 (5) and [(Cp* Ru)e(#-Cl) ~] 
[4], i.e, products of nucteophilic substituthm of Ok][ 
by CI ralher than electrophilic subslitution of pro- 
t o n s .  

Treatment with organomelallic bases (" BuLl) or hy- 
drides such as LiBHEt s resulted in reaclion at the 
methyl group of a Cp* (vide in.Ira) rather lhan deproto- 
nation of OH. No reaction was observed on prolonged 
stirring with PPh> but DPPM sh)wly cleaved the te- 
tramers to give lhe I)PPM bridged dimers 4. Finally, 
stirring 3 in MeOH in the presence of solid KeCO > 
slowly reconverted the tctramer into {he starting 
dimeric methoxo complex (Scheme tk 

2.2. Molecular s t tuc t t t re  o/" 3b 
For the Cp derivative 3b, crystals suitable to allow 

elucidation of the essential structural features were 
obtained from pentane solution. The compound crys- 
tallizes in the space group ( ' 2 / <  (No. I5). with a = 
18.152(6) b 15.97(4), c:= 15.99(1), [ 3 = t ) ~ ( w f  ° 
8/2.  Solution of the structure with a twofold crystallo- 
graphic axis in the molecule and refinement of 1256 
reflections with l :>3~r( l )  to R=7.gq~: ( R , , = 8 . 1 % )  
showed the presence of the expected tetrameric unit ^ 
[Cp RuOH] 4, as show.'n in Fig. 1. Bond distances and 
angles are listed in Table 1. 

Fig. 1. S~:,E.',K~I r ep resen ta t ion  of [ C p ' R u ( O t t ) ]  4 (3h). Label l ing 
scheme appl ied:  extension "A'" deno lc s  the synlmelry opera t ion  
accord ing  to lhc l~ol{/ld axis. 111 lhc (]p" l igand, inner  ring carbon 
a toms arc hlhcl lcd ('1!} e l 4  :rod ( '2( I  ( '24. mcfl~>l and methy lene  
carbon a toms arc ( ' i 5  ( '19 and ('2{! (724, p c r i p h c r i c c a d ~ o n s o f t l l e  
clhyl  g roup  arc ( ' i l l  Jnd ('i)2. 

Apart from dimerization through two additional 
R u - O  bonds, a major change in the geometry of 3 as 
compared to 2 is a flattening of the R u - O - R u - O  
rhombus, with concomitanl lengthening of the R u - O  
(2.055 ,~, in 2a, 2.12--2.22 .'~ in 3b) and thc R u - R u  
distance (2.95 /~ in 2a, 3.434(3) ,A in 3b), the latter 
excluding direct R u - R u  contact. As indicated by the 
dihedral angle between O - R u - O  planes, which is 126' 
in 2a bul ll~l ° in 3b, the R u - O - R u - - O  rhombus is 
somewhaf, flattened but not ye~ p l a n a r  a s  in the DPPM 

TABI . t i  1. / \ tomic  distance,,  (.,X) and bond angles ( )  ill 3b ~ 

R u l  Rul . . \  L434(3} ~ Ru2. t)2 2.22(1) 
"~ )'~ ~ 18(1) Ru l  - Ru2 ', 4(~9(3 ) R u . - (  _A _. 

R u l  R u l A  3.~5 ~}3) Ru2 ( ) t  2.20(1) 

Ru I  ( ) l  ~ ~ ! _.1=( ) Ru l  ( p  p lane  1.72 

i u l - ( ) l A  2.1(41) Ru2 ( 'p^ p lane  1.M) 
Ru l  O2 2 I7(2} 

( ) l - R u I - O I A  '71.( "~,~ Ru l  ( ) I - R u I A  10~.4(5) 
( ) l - R u l - 0 2  7'!.8(4} Ru l  ( ) I -  Ru2 1()(x4(5) 
()1 R u l - ( ) 2 A  7~.2(-i) R u l A  ()1 R ~ 1 2  104.h(4'* 
( ) l  Ru2 O2 7i .2(:} Rtxl . O 2  RtJ2 I(4 2U;) 
( ) l  Ru2-C)2A 72.2(3i Ru l  ()2 Ru2A L(L ,A4)  
0 2  Ru2 O2A "74.S(~) Ru2 ( ) 2 - R u 2 A  102.5(4) 

[:i~LLHC~ iI~ ~)LiI~[ItIlC~C5 il]C C~tiI11~t[Cd ~[;trldtIId dc\iLHiOn% i[I [hc  I~N[ 
di~iL 
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adduct 4 [l]. Distortion of the Ru,O, cube is such as to 
produce acute angles at Ru (71-75”) and obtuse angles 
at 0 (104-106”) in the same direction as found for the 
tetrameric chloride 5 (Cl-Ru-Cl 81-83” and Ru-Cl- 
Ru 96-98.7” in 5b [3,5]). 

Comparison of the extent of flattening of the Ru- 
0-Ru-0 (or Ru-X-Ru-X) rhombus in various te- 
tramers and addition products, i.e. along with those in 
3, 4 and 5, those in the complexes [Cp*Ru&- 
OEt)(CO)IZ (6) [6], a r-coordinated butenol derivative 
[C~*RL&-~~-O(CH~)&H=CH~)]~ (7) (internally co- 
ordinated through the olefinic double bond) [7] and 
those in the Cl-bridged ethylene complex [Cp’Ru(p- 
Cl)(C,H,)], (8) [8], reveals that this flattening parallels 
the ability of the complexing or bridging ligand to act 
as a soft donor towards Ru. Thus, whereas 4, 7 and 8 
show an almost planar Ru-X-Ru-X arrangement, the 
angle between Ru-X-Ru planes deviates from 180” in 
6 (dihedral angle 162.5”) and also in 3 and 5. 

Of all the complexes [Cp*RuOR], (R = H, Me, Et, 
Pr, “Bu, a-allyl, CF,CH2) and similarly [Cp’ RuSRl,, 
the hydroxo complex is the only one that is tetrameric. 
Since the ligands R span a wide range of acidities, we 
conclude that the factors that determine the nuclearity 
of the complexes, whether dimeric or tetrameric, are 
solely steric in nature. To confirm this assumption, a 
tetrameric model molecule with the same geometry as 
3 but withoOMe insteadoof OH groups was generated 
(C-O 1.4 A, C-H 0.98 A) and the non-bonding inter- 
action with adjacent Cp’ ligands investigated by a 
molecular modelling program. Severe steric congestion 
due to short non-bonding contacts between OMe and 
Cp*-Me hydrogen atoms in any rotational conforma- 
tion was immediately obvious. 

The molecule had some freedom to relax by further 
flattening of the Ru-0-Ru-0 rhombus or lengthen- 
ing of the Ru-0 bonds, but the latter are determined 
by the donor-acceptor properties of the bridging atom 
lone pairs (in the dimer), as discussed above, and 
optimization of the molecular geometry to minimize 
steric interactions would lead to less favorable elec- 
tronic situations. Therefore the dimeric structure for 
all OR with R > H appears to be the best energetic 
compromise. 

Tetrameric [CpRuX], clusters are known for X = S 
with the metal in different oxidation states [9], but 
analogous oxygen-bridged oligomers are common only 
for early transition elements [lo]. A tetrameric hydroxo 
complex of Ru, [Ru(benzene)OH],(SO,), (9) was crys- 
tallized in medium yield from sulphate saturated aque- 
ous solutions containing the ion [Rucbenzene) 
(H20),12’ Ill]. In the Ru(arene)aq”+ system, the 
monomeric aqua ion is the species in acidic solution 
[12] and the p-hydroxo cation [(arene)Ru(p-(OH)),- 

-50. 
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Fig. 2. Cyclic voltammogram of [Cp^Ru(OH)], (3b) in CH,CI,. 
Conduction electrolyte Bu,NPF,, I’ = 100 mV SC’. 

Ru(arene)]+ [13] is formed in alkaline solution. Facile 
cleavage of 9 into monomers and dimers under a 
variety of conditions [II] suggests that [Ru(benzene)- 
(H,O),(OH)]+, the precursor to the tetramer 9, is 
probably formed during crystallization, and may be 
present in solution in low concentration at intermedi- 
ate values of pH. In contrast, the tetramers 3 are stable 
over the whole pH range, and are the only species 
formed under the conditions described. 

2.3. Cyclic coltammetry 
The cyclic voltammogram of 3b in methylene chlo- 

ride shows four reversible oxidation waves with mean 
potentials and peak potential separations as indicated 
in Fig. 2. The waves of about equal height and nearly 
equally spaced on the potential scale are attributed to 
the stepwise oxidation of Run to Run’, leading finally 
to the tetracation [Cp* Ru(OH)]i+ : 

As can be seen from Fig. 2, there is further destruc- 
tive, oxidation at a potential slightly positive with re- 
spect to the Ruy’ complex, indicating that this latter 
may not be stable on a preparative timescale. Accord- 
ingly, attempts to carry out chemical oxidation with 
various oxidants (H,O,, Agf, S,Oi-) led either to 
recovery of the starting material or to complicated 
mixtures of products. 
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It was to be expected that deprotonation would 
accompany oxidation of the tetramcr. Thus, the wave 
seen above 1.0 V in Fig. :! can bc assigned to the 
oxidation of partially deprotonaled \pccics. However. 
addition of pyridine to the mcthylcnc chloride solution 
of 3, as well as leading to an enhancement of this 
oxidation wave also caused the four step cyclic voltam- 
mogram to collapse into two new peaks :tt -- 0.1 and 
0.3 V in the oxidative scan and ;I numhcr of Icss 
distinct peaks in the reductive scan. possibly due 10 
reduction of partially deprotonated spccics. 

Oxidationjdepro~on3tion can bc more distinctly de- 
vised in the DPPM-bridged dimcr 4b [I]. As previously 
found for the analogous chloro-bridged complex 
Cp*Ru(~-Ci)z(~-dppm)RuCp* [ 141. the cyclic voltam- 
mogram consists of two rcversiblc waves artrihutcd to 
the stepwisc oxidation/reduction to the mixed valence 
Ru”/Ru”’ and the Ku”‘/Ru”’ complcu. Figure 1 
shows the cyclic voltatnmogram of 4h before clectroly- 
sis and after partial and exhaustive electrolysis at 0.5 
V. i.e. anodic of the second oxidation LV~VC’. Aftet- 
electrolysis, the double step cyclic ~,oltammogt-am has 
shifted as a whole towards tnorc’ positive potential by 
270 mV. The observation is consistent with the forma- 
tion of a deprotonated Ku”‘/Ru” complex [{Cp %- 
Ru(w-O)),dppm] (10). In 10, the p-0 bridge is a wcakcr 
donor than k-OH. leading to a stabilization of RII” 1~. 
Ru”’ and a posit& shift of the Ru”jRu” potentials. 
Attempts to isolate 10 in preparative oxidations. how- 
ever, were unsuccessful. 

Cp*Ku( p-OH):( p-dppm)RuCp^ 
&.‘tf 

m 

Cp^Ru( p-O)?( p-dppm)KuCp” 

The detection c>f cluster 11 iindci thcsc conditions 
tnakes it clear th;tt this Irimer dock not contain ;‘n 
oxygen donor but insti%acl cttntainY i‘p*Ru ntoicties in 
both oxidation st;ttc*a. In lhc present C;IW. this is the 
result of partial r~duclion ijt’ the starting Rut” con- 
plex: in the reaction of (‘haudrct (‘1 <rl. partial oxicia- 
tion of RII” to Ku”” b) pcrsulfatc obviou41~ Icnds to 
the sanic‘ restill. The outline of ;i posciblc incch;tnism 
for the J‘orination 01‘ the compc~unti is prcscnted in 
Scheme 3. l‘hc kc! features .irc the tornration of ;I 
trinuclcar unit from ii dimer and ;I nionomcr. which 
may he prcccdcd 13~ partial (I’- complctc hydrolysis ot 
Cl iigands. Fi preccdcnt for such ;i “one plus two 
addition” ii prokid& by the forination oi‘ the clustet 
cation [((‘P’R~I~;(~~.;-OMI:),]- in high yield by the 
action of weak acid cjn 2 flh]. in \+hich a <‘p’Ru unit 
reacts with [(‘p* Ru(OMc)J,, ‘The second step is dcprc,- 
tonation of ot’c c.‘p* ntcthyl group and internal oxida- 
ticc addition to :L x icin,‘l uns:rtur:tt<d Ru ccntrc uf ;I 
sCc0tlcl enc. I-c~tmittiiJl1 Of fulwnic ligands i‘rcm C’p* i\; 
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10 
Scheme 2. 

quite common, and has been observed in many differ- 
ent systems under a wide variety of conditions [17,18]. 
(In Chaudrets reaction, a superoxide O;, formed from 
KHSO,, could abstract a methyl hydrogen, paralleling 
the well studied hydrogen abstraction from methyl 
groups of electron rich CpFe(hexamethylbenzene) or 
Fe(hexamethylbenzene), by molecular oxygen [ 191). 

3. Experimental details 

All preparations were conducted under pure nitro- 
gen by conventional Schlenk techniques, NMR spectra 
are from Bruker SY 80 and Varian Unity 300 instru- 
ments. Elemental analyses are from Analytische Labo- 
ratorien, 5203 Engelskirchen, Germany. 

3.1. Tetrakis[~pentamethylcyclopentadienyl)(~~,-hy- 
droxo)ruthenium] (3a) 

A solution of 170 mg (0.318 mmol) of [Cp’Ru(p- 
OMe)], (2a) in 25 ml of pentane was stirred with 3 ml 
of air-free water for 30 min, during which the cherry 
red solution turned yellowish brown. The pentane layer 
was separated, filtered, and cooled to -78°C. Brown 
crystals separated after a few days, and were isolated 
and dried in L‘UCUO. Yield was 105 mg (65%). ‘H NMR 
(CD,Cl,): 6 1.61 (s, 15H, Cp*); -0.14 (s, lH, OH). 
Anal. Found: C, 47.37; H, 6.36. C,,,H,,RuO calcd. (M, 
253.3): C, 47.42; H, 6.37%. 

3.2. Tetrakis~(tetramethylethylcyclopentadienyl)(~,-hy- 
droxo)rutheniuml (3b) 

This compound was prepared in an analogous man- 
ner to 3a. After separation of the pentane solution, the 

water layer was extracted twice with 20-ml portions of 
pentane. The residue that remained after evaporation 
of the combined pentane solutions was dried in uucuo 
and found to be spectroscopically pure. Yield 79%. 
Crystals for X-ray analysis were grown from pentane at 
-78°C. ‘H NMR (C,D,): 6 1.68, 1.71 (2s 12H, CpA); 
1.10 (3H, t, ‘.I = 7.4 Hz, Cp^), 2.25 (2H, q, Cpfi); -0.04 
(lH, s, OH). 

3.3. Reaction of 3b with MeOH /K,CO, 
A solution of 160 mg (0.15 mmol) of 3b in 20 ml of 

MeOH was stirred with 2 g of dried (200°C) K,CO, for 
4 h during which the mixture took on the cherry red 
colour of 2b. After evaporation of methanol, the residue 
was dried in IYICUO and extracted with several portions 
of pentane. Evaporation of the pentane left 120 mg 
(71%) of 2b, identified from its ‘H NMR spectrum. 

3.4. Reaction of 3b with DPPM 
A solution of 120 mg (0.112 mmol) of 3b in 10 ml of 

THF was stirred with 86 mg (0.225 mmol) of DPPM for 
1 week at ambient temperature. (The reaction was 
taken to completion as indicated by NMR monitoring). 
THF was evaporated off and the residue extracted with 
pentane. Evaporation of the pentane left [Cp^- 
Ru(OH)],DPPM (Sb) (identified by spectroscopy) in 
quantitative yield. 

A sample of [Cp’RuCl,], (350 mg, 0.572 mmol) was 
stirred with a 10: 1 mixture of methanol/water in the 
presence of 2 g of K,CO, overnight. The solvent was 
evaporated from the ensuing red-brown air-sensitive 
solution and the residue extracted with THF. The 
extract was chromatographed on 30 cm Al,O, (5% 
H,O); THF eluted 60 mg of an unidentified species, 
then THF/MeOH (10: 1) eluted 1Oa as an orange 
species. After evaporation of the solvent in cacuo, the 
residue was redissolved in the minimum amount of 
THF by addition of a few drops of MeOH and crystal- 
lized by diffusion of pentane into this mixture. The 
yield was 120 mg (30%) of dark-brown, cube-shaped 
crystals. ‘H NMR (C,D,): 6 1.47 (30H, s, Cp*); 0.70 (s, 
6H); 2.18 (s, 3H); C,Me,(CH,),, AB-q: 6, 1.94, 6, 
0.34, ‘JAB = 5.6 Hz, 3JA.,,ydr,= 0.7 Hz; C,Me,(CN,),, 
-24.08 (s, lH, pCLZ-H). Anal. Found: C, 47.37; H, 5.96. 
C,,,H,,ORRu, calcd. (M, 757.9): C, 47.54; H, 6.12%. 

The analogous reaction starting from 220 mg (0.344 
mmol) [Cp^ RuCl 2]2 gave after nearly identical work-up 
(but with pentane/ether/THF for cystallization) 50 
mg (27%) of red crystals of [(Cp RuJz(wCL-HXpCL- 
0){(~‘-C5Me,Et-~’ : ~l-(CH,),)Ru}(OH),] as a mix- 
ture of isomers which could not be separated. Selected 
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TABLE 2. Positional parameters and their estimated sttindard devia- 
tions 

Atom x ~ z B :' (A 2 ) 

Rul  0.5226(1) 0.2008(1) 0.1469(1) 4.17(5) 
Ru2 0.4078( 1 ) 0.3555( I ) 1).22() 1 ( 1 ) 4, Q(<) 
O1 0.4336(8) 0.2206(8) 0,2264(9) ?,,7(4) 
0 2  0.5187(8) 0.3347(8) (I. 1701i(,<';) 3,4(4) 
C01 (1.515(3) 0.230£3) -0.134(3) 23(2) ' 
C02 0,227(4) 0.418(5t (i.346(5) ,~.5(6} ~ 
CI() 0.521(2) 0.194(2) 0.020(2) ~,.9(8) * 
( 7 1 1  0.593(2) (t.177(2) 0.051(2) 8.5i9) :~ 
C12 0.595(2) 0.109(2) (i.104(21 7.S(~) :: 
C13 0.513(1) ()./183(2) (!.1)9h(2) 5.1(7) :" 
C14 0.476(1) 0.136(2) 0.f)48(2) A3t7) ~ 
C15 0.509(2) 0.269(2) (1.039(2) 15(2t ~ 
C16 0,665(2) 0.222(3) t).027(3) 1~(2) * 
(717 0.640(2) 0.(i53(3) 0.157(3) 15(2) " 
(718 0.482(2) 0.002(2) 0.133(2) 12(1) ~ 
C19 (}.399(2) 0,134(2) 0.(i16(2) 13(I~ :~ 
(720 1).316(2) li.412(2) 0.267(2) fi.4(8) +: 
( 7 2 1  0.293(2) I)359(2) 0.198(2) 8.7(9) ~ 
C22 0.329(2) 0.389(2) t).125(2) 5.S(7~ +~ 
C23 I).367(2) lL460(2) ILL51(2) 5.8(7} :~ 
C24 0.360(2) 0.472(2) 11.241(2) 6.t~(S~ +: 
C25 0.302(2) 0.42l(3) 0.363(3) 15(2) ~ 
C26 0.240(2) {),288(2) 0.209(2) 15(2) * 
(727 ft.317(2) (t.35~(2) l).039(2) I(t( 1 )*  
C28 fl.415(2) II.508(2) (L092(2) I 1( 1 ) :~: 
(?29 (1.392(2) 0550(2) IL282(2) !3( ! ) ~ 

:'Starred atoms were refined isotropically. Anisotrol~ically refined 
atoms are given in the form of the isotropic cqui\,alcnt displacemeut 
parameter defined is ( 4 '  ~,) a:zfi, heft + c:[3, . + ,,.-(c<~ [7)B<..}. 

~H NMR absorptions (C~ D,,): 6 Cp" 1.56, 1.57 (two s, 
24H); 0.77 (s, 6H): 2(i).82 (s, 3H); 2.23 (s, 31t): 
CsMezEt(CH:)_,, #~-H -23.98,  --24.15 (tv~o s, IH). 

3.6. X-Ray structure determination q/" /CI /  RuOtt/4 
Single crystals were grown from pcntatle. (;eometri- 

cal and intcnsity data were collected on an Enraf-Non- 
ius CAD4 diffractometer using Me Ka' radiation (gra- 
phite monoehromator) at room temperature. The com- 
pound crystallizes in the monoclinic space group C 2 / c  
(No. 15) with a = 18.152(6), b = 15.969(4), c - 15.992(l) 
A. /3=92.63(1)  ° , Z = 8 / 2 ,  D,,~,I~= 1 . 5 3 4 g c m  ~ ,#(Mo 
K a ) =  12.9 cm i A total of 7186 reflections wcre 
collected in the +h + k ± l  quadrant of @c Ewald 
sphere; only 1240 independent intensities had I>  
2.5o-(1). To maintain a reasonable ratio between ob- 
servations and variables, only the metal and oxygen 
atoms were refined anisotropically. The structure was 
solved and rcfined with the SDP packagc [20]. An 
empirical absorption correction was applied. With hy- 
drogen atoms in calculated positions, refinement con- 
verged at R = 0 . 0 7 9 ,  R, ,  = 0 .081  ( w  i .... ~r::(t~],)) w i t h  
1240  o b s e r v a t i o n s  for  126 p a r a m e t e r s .  A f ina l  d i f f er -  
e n c e  F o u r i e r  s y n t h c s i s  s h o w c d  a l o c a l  m a x i m u m  o f  0 . 8 2  

c A ' c lose  to a r i l l g  c a r b o n  a t o m .  ( ' o o r d i n a t c s  l~.)r 
non-hydrogen a t o m s  arc  listed in Table 2. 

T h e  t e r m i n a l  a toms  C01  and  ('(12 in the r i n g - e t h y l  
g r o u p s  s h o w  ve~3, h i g h  t h c r i n a [  p '<tlal l lCtelS.  T h i s  is not  
s u r p r i s i n g  in vicv~ o f  I lk '  f a c t  t h a i  t h e s e  a t o n l s  a r e  l h c  

most  p e r i p h e r a l  one.-, and w i l l  sufl:er nlost  f ron l  l i b ra -  
t i o n  inovcn lOnls .  'Fhcrc  ~ a s .  ho~vcvci-, no i n d i c a t i o n  (el" 

a l t e r n a t i v e  o r  d i s o r d e r e d  pos i t i ons  for thcsc atoms,  and 
so i io  a t t e m p t  ~,as made  tt) d e v e l o p  a !nore soph is t i -  
casted model. 

Further deiails of ihc crys la l  structure investigation 
arc  ava ih ib l c  on reques t  l r o n l  the l : a c h i n f o r m a t i o n -  
s z c n t r u m  K a r l s r u h c ,  ( i c s e l l s c h a f t  ( f i r  w i s s e n s c h a f t l i c h -  

i e c h n i s c h e  I n f o r m a i h m  m b t l ,  W - 7 5 1 7  K g g e n s t c i n -  

i . e o p o l d s h a f e n  2, o n  q u o t i n g  t h e  d e p o s i t o r y  n u n l b c r  

C S D  5{)818. t i le muncs o f  the  au lhors ,  and the j o u r n a l  
citation. 
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