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Novel Inorganic Cage Structures Based on ASS Ligands and 
Cyclopentadienylruthenium Groups 

Henri Brunner, Bernhard Nuber, Ludwig Poll, Gaby Roidl, and Joachim Wachter" 

Abstract: The reaction of [Cpy)Ru,- 
(CO),] [a: Cp(*) = Cp* (q5-CsMes); b: 
Cp(*' = Cp ($-C,Me,Et)] with p-real- 
gar in boiling n-decane gives [Cp';*)Ru,- 
As,S,] (1 a,b) in good yields along with 
some [Cp~'Ru,As,S,] (2a,b). According 
to X-ray diffraction analyses of 1 b and 
2a, their structures belong to two differ- 
ent types of inorganic clusters. Whereas 

Introduction 

l b  has a cage structure in which the 
CpYIRu, unit is inserted into the As$, 
cradle, 2 a  has a sandwich structure in 
which two coplanar ?'-As,S ligands and 

the Cp* ligands are oriented parallel to 
one another. Analysis of the As-S con- 
nectivity in the core of 1 b reveals a struc- 
tural relationship to the extremely rare 
form of arsenic sulfide As,S,(II), and not 
to the metastable high-temperature form 
fi-As,S, used in the synthesis. At lower 
temperatures (60, 11 5 "C) formation of 
CO-containing products is observed. 

Keywords 
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(Cp = $-C,Me,Et, b). The influence of other sources for As-- 
S ligands (e.g., As,S, or As$,) on the nature of the products 

Transition metal complexes with mixed As/S ligands are of par- 
ticular interest because of their stoichiometric and structural 
diversity.['] A useful source for such ligands is the mineral real- 
gar As,S,['I and its metastable high-temperature form p- 
As,S,.[~] The products isolated thus far from the reactions of 
realgar with reactive transition metal complexes have contained 
ligands that are smaller than the original cage molecule em- 
ployed. This has led to the assumption that fragmentation reac- 
tions play a decisive role in the reaction  pathway^.^'.^] Only 
recently it has been shown that small fragments or  ligands (e.g.. 
As, S, and ASS) can recombine to  form larger 
(As,S,) or  even three-dimensional (As,$ ASS,) 
structural units.[5' 'I 

Insertion of realgar into the metal-metal bond 
of [CpL*),Fe,(CO),] under mild conditions gives 
complexes containing small As- S rings.['] Their 

molytic cleavage of the Fe-Fe bond.[71 Since 
a systematic investigation within one group of 
transition metals has not yet been carried out,  we 

related complexes of Ru, namely, [CpTRu,(CO),] 
(Cp* = $-C,Me,, a) and [Cp;Ru,(CO),] 

will also be reported. 

Results and Discussion 

Preparation of (CpylRu,As,S,j (1 a,b) and (CpY)Ru,As,S,j 
(2a,b): Reaction of [Cp~'Ru,(CO),] with one equivalent of /1- 
As,S413] in boiling n-decane gave the red-orange compounds 
la ,b in moderate (Cp") to good (Cp*) yields along with minor 
amounts of 2a,b (Scheme 1 a) .  

decane, I75"C, 24h 
CP('),RU~AS~S~ + C P ( * ) ~ R U ~ A S ~ S ~  (a) 

1 2 

Cpc*)2RuZ(C0)4 toluene, I l O T ,  1Od 
cpr, = c p  x C P ' ~ R U ~ A S ~ S ~  + CpX,Ru,(CO)As3S5 ( b) 

1 4 

toluene, 60T, 35d 
CP'~KU~(CO)~AS~S,  + I' \Cp"Ru(CO)z],As,S," (c) 

CpC? = c p  x +E 3 

nature seem to be directly affected by the ho- As,% 

now wish to report On the reaction Of with Scheme 1 .  Reaction of [Cp~'Ru,(CO),] (Cp'*' = C,Me5 (Cp*) or C,Me,Et (Cp")) with As&, 
( ~ 7  = 3% 4). 

Reaction of [Cp(;C'Ru,(CO),] with As,& under analogous 
conditions gave similar results, although there was a slight sul- 
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[Cp;Ru2(CO),] with As,& (Table 1 ) .  
The mass spectra of the products allowed the assignment of 

the compositions as [Cp(;C)Ru,As,S,] for 1 a,b and [CpY'Ru,- 
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Table 1. Yields ["A,] of the reaction of [Cp',*'Ru,(COj,] with As,S, ( 1 1  = 3.  4) and 
As2SJ (decauc. reflux) 

[Cp:Ru,As,S,] ( I  a) 62 41 19 
(Cpr Ru,As,S,] ( I  h) 23 54 
[C'p:Ru2As,S,] (2a) 6 9 la1 
lrp; Ru2As,SJ (2b) 5 7 

[a] hiot ohscrved 

As,S2] for 2a,b, which were confirmcd by elemental analyses 
( 1  a,b, 2b) and X-ray crystallographic studies (1 b. 2a ) .  Isolation 
of analytically and spectroscopically pure 2a,b was hampered 
by the difficult separation from the starting material 
[Cp:*)Ru,(CO),], because of very similar adsorption properties 
of the two compounds on SO,.  Surprisingly. the v(C0) IR 
absorptions of [Cp:*'Ru,(CO),] in the isolated mixture are 
significantly lower than the CO frequencies of pure trans- 
[Cp:Ru,(CO),]18J (Table 2a) .  

Pahlc 2. Spectroscopic datci of 1-4 and [Cp~Rul(CO),] .  
i i )  IR data (KBr. cm I) 

i.(CO) i fC0)  

trrrn.s-[Cp: Ku,(CO),1 1935. 1750 3 1945 
2 a .  [CpfRu,(CO),] 1920. 1745 4 1938 

h j  'H  NMR data (CDCI,. I-TMS, 250 U H Z )  [ n ]  

l a  

1 h I 05 (111. h H )  1.73(s. 3H) ,  1.74(s. 3H).  2.16 (m. 4!1) 

1.76(s. 1SH).  1.78 (s. 15Hj  

1.752 (L, 313). 1.756 (s, 3Hj .  
1.76 (5. 3H) ,  1.77 (s. 3H).  
1.78 (s. 3H) .  1.83 (s, 3 H )  

2 a  1.54 (s. 3 0 H )  

2b  1.18 (1. 6 H )  1.Y9 (s, 12H) .  2.01 ( 5 .  12H) 2.29 (4, 4 H )  

3 1.07 ( t ~  6H) 1.7s (s. 6H) .  1.77 (s. 6 H ) .  2.23 (9, 4 H )  

4 1.05 (m. 9H)  [c] 1.64 (s. 3 H ) ,  1.69 (s. 3H) .  2.19 (m. 6 H )  [d] 

1.80 (s, 6 H ) .  1.82 (s. 6 H )  

1.73 (s. 3H). 1 .75(s ,  3H).  
1 7 7  (s3H).  1.78 (s. 3 H ) .  
1.79 (s, 3H). 1.82 (s. 3H) .  
1.83 (s, 6H) .  1.84 ( s .  3H). 
I .X5 (s, 3 H )  

[a] Bruker WM250 instrument (24 'C) .  [h] 'J(H H )  =7.5 HI [c] Three supcr- 
posed trrpieta. [d\ Three superposed quartets. 

The 'HNMR spectra of the dinuclear complexes l a ,b  
(Table 2 b) are characteristic of nonequivalent metal centers. 
The existence of eight ring methyl resonances in the spectrum of 
l b  is in agreement with the asymmetric environment of each 
metal, which follows from the X-ray structure analysis (Fig- 
ure 1 ,  Table 3). In contrast the spectra for 2a,b do not contain 
as many resonances. 

Cage (1 b) and sandwich (2a) structure: The crystal structure of 
I b consists of a Ru,As,S, cage, which is shielded on one side by 
the sterically demanding C,Me,Et ligands (Figure 1 ) .  The 

AS 

Fig I .  Structure of [Cp;Ru,As,S,] ( Ib j  111 the crystal (Schakal plot). 

Table 3 .  Selected bond lcngths [A] and angles [ ] for [Cp; Ru,As,S,] ( I  h) 

Rul-Ru2 
R u l  -As2 
R u i  -As4 
R u l  S4 
R u ?  As2  
Ru2-  S 1  
Ru2 S 4  
A s 1  S I  

R u2-Ru I-As 2 
Ru2-Ru  1-Ay4 
A.s2-Ru I-As4 
R u 2-Ru I -S4 
As2-Kul-S4 
As4-Rul-S4 
F.u I-Ru2-As2 
Ru I - K u  2-S 1 
A ~ 2 - K u 2 - S l  
Ru 1 -Ru 2-S4 
/\sZ-Ru2-S4 
S 1-Ru2-S4 
S 1 -As 1 -S 2 
S I-Asl-S4 
S 2-As 1-S 4 
I<u I -As2-Ru2  

2 856(3) 

2.428 (4) 
2.281 (6) 
2.421 ( 3 )  
2.363 (6) 
2.323(6) 
2 325 (6) 

54 0(1 j 
100.8(1 j 
91.6 (1) 
52.3 (2) 

Y4.9(2) 

2.397(3) 

I 06.0 (2) 

53.3(1) 
93.9(2) 
94.4(2) 
51 .0 (2)  

103.9 ( 2 )  
84.2(2) 

101.213) 
85.3(2) 

72.7(1) 
99.2(3) 

AslGS2 
AslGS4 
As2-S3 
a53- a54 
A53- S 1  
As3-S3 
As4-S2 

Ru 1-As2-S3 
Ru2-As2-S3 
As4-As 3-S 1 
As4-As3-S3 
S I-As3-S 3 
Ru 1-As4-As3 
Rul-As4-S2 
As3-As442 
Ru2-SI-As1 
Ru2-S 1-As3 
As 1-S l-As3 
Asl-SZ-As4 

Ru 1-S4-RuZ 
Rul-S4-Asl 
R u X 4 - A s  1 

Ah 2-5 3-a5 3 

2.181 ( 7 )  
2.31 l(6) 
2.313(6) 
2413(4) 
2.330(6) 
2.188 (7) 
2.282(8) 

l13.X(2j 
106.9(?) 
94.7(2) 
95.7(2) 
96.1 (3) 

109.1(1) 
108.5 (2) 

8 7 . 2 ( 2 )  
92.9 (2) 

111.4(2) 
102.1 (2) 
101.6(3j 
102.8(3) 
76 .7 (2 )  

113.7(2) 
94.3(2) 

structure may formally be derived from that of realgar(rr)['] by 
insertion of two Cp" Ku  fragments into the As2-As4 and As 2- 
S 4  bonds (Figure 2).  This means that 1 b is only the second 
complex with an As,S, framework, after [Cp (CO)Co(g2- 

sf, AS 

As I 

IS, 

2 

big. 2. Comparison 0 1  the structures of [I-As,S, [31 (top left) and As4S4(u) [9] (top 
right) with the core of [Cp~Ru2As,S,] ( 1  h. bottom) in Schakal view. 
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As,S,)] .['"I The latter was obtained in traces from the reaction 
of [{Cp (CO)Co},] with B-As,S,. Compared to the As- As dis- 
tance (2.519(6) 8,) in the Co complex the distance As3-As4 
(2.413 (4) A) in 1 b is remarkably short (Table 3). It is also short- 
er than the As-As distances in a-As,S, (2.566(1) A),[*' B-As,S, 
(2.593(6) A),L31 and As,S,(II) (2.519(3) A).['] The As-S dis- 
tances vary between 2.181(7) and 2.330(6)A. In the valence 
electron count the inorganic ligand serves as an eight-electron 
donor. Together with the Ru-Ru bond (2.856(3) 8,) a closed 
valence shell is achieved for each metal center. 

Single crystals of "impure" [CpTRu,(CO),J turned out to be 
a 1 : 1 mixture of truns-[CpTRu,(CO),], which has already been 
structurally characterized,[' and [Cp~Ru,As,S,J (2 a). Inter- 
estingly, crystallization of pure 2a  alone did not result in crys- 
tals of X-ray quality. Taking into account only the centers of 
each molecule the unit cell is composed of two P lattices: the 
origin of the [CpfRu,(CO),] lattice is at  O,O,  0, and that of 2a at 
1/2,1/2,1/2 (Figure 3). There are no intermolecular contacts 
that could explain the anomalous shift in the CO frequencies in 
the IR spectrum of [Cp;Ru,(CO),] (see above). 

Fig. 3. View of the  unit cell of[Cp;Ru,(CO),]-[Cp:Ru,As,S,I down the u axis. At 
the corners of the P lattice are [Cp:Ru,(CO),] molecules. 

The bond parameters of trans-[Cp;Ru,(CO),] are identical 
with those of the previously determined structure.["] The core 
of 2a  consists of a Ru,As, octahedron in which two edges are 
bridged by sulfur (Figure 4). The coplanar As,S ligands are 
oriented parallel to the Cp* ligands, and a sandwich-like struc- 

ture thus results. Obviously, 
there is a structural relation- 
ship between 2a and the s I' 

complex of type [CpTM,(,u- 
 AS,)^], which has been syn- 
thesized for M = CO.[ '~] 
However, sulfur insertion in- 
to the As-As bonds has not 
yet been described. 

Although a similar As$ 
SI  bridge has been claimed 

plexes with As,S ligands are 
Fig. 4. Structure of [Cp;Ru,As,S,] for [Cp:Mo2AsZS3] 
(2a) in the crystal (Schakal plot). 

still rare.[131 Extrusion of As,S units from As,S,, (N = 3, 4) by 
means of Co" salts in the presence of triphos yields the (ryclo-)- 
As,S ligand.['41 The As-S distances in 2a (mean 2.26 A) are 
comparable to those in As,S,.['. 31 It is not yet clear whether the 
order of the relatively close As-As distances (2.824(2) and 
3.065(3) A) (Table 4) simply is a consequence of steric con- 

Table 4. Selected bond lengths [A] and angles [ ] for [CpfRu,Ar,SJ (Za). 

R u l - R u l '  2.679 (2) As1'-SI 2.274(4) 
Ru 1 -As 1 '  2.479(2) As2 ~ S 1  ?.286(4) 
Ru1'--As1 2.419 (2) Asl...As2' ?.X24(2) 
R u l '  As2' 2.467 (2) As I . . .  As2 3.065 (4) 
Rul ' -As2  2.482 (2) As 1 ' .  . . As2 2.824 (2) 

Ru 1 - Ru 1 '-As 1 57.4(1) As 1'-Ru 1'-Ru 1 57.3(1) 
Rul '-As 1'-Rul 65.4(1) As 1'-Ru 1'-As 1 1 l4.6(1) 
R u l - A s  I'-As2 55.0(1) As2'-RuI'-As2 114.4(1) 
Rul'-As2'-S 1' 9X.2(1) Rul-As2'-S 1 '  96.9 ( I )  
S 1-As 1'-Ru 1 98.2(1) A s l - A s 2 - S l '  51.5(1) 
Ru I -As Y-As 1 55.3(1) As 1'-S 1 -As2 76 5(1) 
R u  1'-As 1 ' 6  1 97.2(1) 

straints imposed by the bridging ligands or whether it expresses 
some bonding interactions between all the As atoms. The latter 
cannot be excluded, because As-As bond lengths can vary 
widely, from 2.225(1) 8, in [ ( C ~ * ( C O ) , M ~ ) , A S ~ J [ ' ~ ~  to 
2.593(6) 8, in /I'-As,S,.~~~~ The Ru-Ru distance decreases from 
2.856(3) 8, in 1 b to 2.752(1) 8, in rrans-[Cp~Ru,(CO),] and 
2.679(2) A in 2a. 

Ru-mediated skeletal isomerization of realgar or recombination of 
fragments? As has already been discussed above, the structure of 
1 b may be derived from As,S,(II) (Figure 2). However, this 
form of arsenic sulfide is not available on a preparative scale.['] 
The material employed consists mainly of P-As,S, along with 
small quantities of other unidentified ASS phases as determined 
by X-ray powder diffraction. A phase transformation between 
As,S,(II) and the metastable high-temperature form P-As,S, is 
not known.r3b1 

The formation of 1 b starting from P-As,S, formally requires 
breaking of the Asl-As2, As2-S4, and As4-S4 bonds and 
formation of the As 1 -S4 bond (Figure 2). These steps would 
lead to a slightly different As-S connectivity between the inor- 
ganic core of 1 b and the starting material. In addition the inser- 
tion of both Cp Ru fragments into the cradle would also re- 
quire a severe distortion of its skeletal conformation. 

As an alternative pathway to the Ru-mediated skeletal iso- 
nierization one might imagine that the inorganic cluster is 
formed by recombination of small fragments, provided a rapid 
fragmentation of realgar takes place. 

In order to detect possible intermediates the reaction temper- 
ature was lowered. Therefore, reaction of [Cp; Ru2(C0),] (em- 
ployed because of the better solubility of its products) with 
As,S, in toluene at 60 "C was monitored by IR spectroscopy. 
After 14 d there was evidence that several products bearing the 
17-electron Cp Ru(CO), unit had been formed, but chromato- 
graphic separation into distinct products was impossible. After 
35 d enrichment was observed of a red complex 3 in up to 15% 
yield (Scheme 1 c). The composition [Cp," Ru,(CO),As,S,] was 
assigned by means of C,H analyses and mass spectrometry. The 
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IR spectrum exhibits only one absorption in the range of a 
terminal CO ligand ( i ( C 0 )  = 1945 cm- ' ) ;  this may indicate the 
presence of two equivalent R u  centers. The 'H  N M R  spectrum 
of 3 reveals four signals for the ring methyls (Table 2). A pos- 
sible structure that is consistent with spectroscopic data can be 

derived from the fl-As,S, cage by 
substitution of two As atoms by 
two Ru centers (Figure 5). 

Reaction of [Cp; Ru,(CO),] 
with As,S, in toluene at 1 1 0 ' C  
gave two red products after 10d ,  
which were identified (C,H analy- 

CP" ses, mass spectra) as l b  (14% 
yield) and [Cp; Ru,(CO)As,S,] (4) 

take place in the dark. The IR 
spectrum of 4 exhibits one strong terminal v(C0) frequency at 
1938 em- ' .  The 'HNMRspectrum(Tab1e 2)israthercomplex; 
it contains eleven singlets, which may indicate three inequivalent 
Ru centers. The ethyl resonances overlap and form broad mul- 
tiplets. Single crystals of 3 and 4 are not yet available. Because 
various isomers are possible, thc structures remain unclear. 

The fact that 3 and 4 disappear at higher temperatures means 
that they are likely intermediates in the formation of 1 and 
probably 2. However, the direct conversion of 3 or 4 into I or 
2 has not yet been attempted. 

S 
/ \  

As As 

4qgS 11 
C p X I R U  ~ \'c0 Ru 

1 
C 

0 

F i g .  5. Possible StructulK Of 3. (Scheme 1 b). The reaction did not 

Conclusion 

The reaction of [Cp~)Ru,(CO),] with equimolar amounts of 
As,S, results in the formation of novel inorganic cage structures 
based on ASS ligands and peripheral organometallic groups. 
With increasing temperature, the content of CO ligands in the 
products decreases and selectivity increases: in boiling n-decane 
the formation of [Cp~'Ru,As,S,] (I a,b) and [Cp~)Ru,As,S,] 
(2a,b) is observed. From X-ray structure analysis of 1 b one 
might assume an isomerization of the fl-As,S, cage into that of 
As,S,(n), with concomittant insertion of CpRu fragments. 
However, the fact that 1 a,b are also formed from structurally 
and stoichiometrically different As-S compounds (e.g., As,S, 
and As,S,) provides evidence for reaction pathways in which 
fragmentation into small units plays a n  important role. The 
rcconibination of the latter into new inorganic clusters seeins to 
be typical for Ru chemistry; in the corresponding Fe system, 
fragmentation into relatively sinall fragments (e.g., Fe,As,S, 
and Fe,As,S,) is the only reaction to be observed.[6, 

Experimental Section 

The eeneral methods and instruments that were used have been described 
elsewhcre [lo]. [Cpy'Ru,(CO),] was prepared from RLI,(CO),, [17] and 
C5Mc,RH ( K  = Me, Et) [l0,18], p-As,S, was prepared by fusing arsenic and 
sulfur powder in a molar ratio of 1.03.1 under vacuum (3 d ,  440 "C) [3]. I t  was 
characterized by X-ray powdci- diffraction. Ficld desorption inass spectra 
were obtained from toluene solutions on a Fiiinigan MAT95 spectrometer. 

Reaction of [Cp~Ru,(CO),I with As,S, to give l a  and 2 a :  An orange 
cuspension of [CpTRu,(CO),] (220 mg. 0.377 mniol) and As,S, (161 mg. 
0.377 ininol) in decanc (30 m L )  was rcfluxed for 24 h. The mixture turned 

slightly to brown. After distiilation of the solvent, the brown residue was 
cxtracted with toluene (2 x 10 mL). The remaining residue was treated with 
CH ,CI, (40 mL) giving 190 mg (56%) of crudc 1 a in  the soluble fraction 
Crystals were obtained froin toluene solutions at -20 C. [Cp:Ru,As,S,] 
( I  at). C,,H,3,,As,Ru,S, (900.5): calcd C 26.62, H 3.35; found C 26.07. H 4.27 
FD-MS: m:: 902.0 (Io2Ru).  
The filtrate of thc extraction was concentratcd and then chromatographed on 
silifx gel (column 20 x 5 cm). With toluene/pentane (1 : 1) an orange hand was 
eluted containing 2 a  in 6% yield. A second, yellow hand (starting material) 
was not well separated and a following red band contained small amounts of 
I a Crystallization of the first band from toluene/pentane mixtures gave 
crqstalline [Cp;Ru,(CO),] along with single crystals of [CpZRu,As,S2](2a). 
[Cp;Ru,(CO),] which were separated manually. C,oH,,As,Ru,S, (836.4): 
FD-MS: ni/; 837.7 ('**Ru). 

Reaction of [Cp; Ru,(CO),I with As,S,: 
175°C: An orange suspension of [Cp; Ru2(C0),] (649 mg, 1.06 mmol) and 
Aa,S, (454 ing, 1.06 mmol) in n-decane (50 mL) was refluxed for 18 h. After 
distillation of  the solvciit the dark orange residue was extracted with toluene 
(2 x 10 mL).  The combined extracts were chromatographed on silica gel 
(column 15 x 3 cni). With toluene/pentanc (1 : 1) a red band containing 2b was 
eluted followed by orange starting material. With toluene a red band contain- 
ing 220 mg (23 % yield) of 1 b was eluted. Recrystallization of 1 b from 
toluene/pentane gave dark brown prisms. 1 b: C,,H,,As,Ru,S, (928.0) calcd 
C 28.46. H 3.69, S 13.81: found C 28.57, H 3.65, S 12.81. FD-MS: m z 928.5 
(""Ru). 2b:  C,,H,,As,Ru,SZ (864.4): FD-MS: ~ i ; z  865.7 ("'Ru). 
6U°C: The w n c  reaction inixture as in the prcvious experiment was stirred 
at 60 'C  for 35 d.  After cvaporation of thc solvent. the dark orange residue 
wiis cxtractcd with toluene (3 x IOmL). The combined extracts werc chro- 
matographed on silica %el (column 10 x 3 cm). With toluene. orange starting 
miterial w:is recovcred, and with toluene,ether (50:l) a red band eluted. 
Repcared chromatography of the latter on SiO' (column 7 x 3 cm. tolucne) 
gave [Cp;Ru,(CO),As,S,] (3) in 13% yield. C,,H,,As,O,Ru,S, (867.2): 
calcd C 33.32. H 3.91: found C 33.25, H 3.95. FD-MS: IIZ ; 867.1 
("'ZRu). 
1IO"C: After 10 d i n  boiling toluene (stoichiometry and workup analogous to 
the 175'C reaction) 1 b was isolated in 14% yield. With tolucne.ether (10:l) 
[Cp" ,Ru,~(CO)AS,S,] (4) was eluted in 4% yield. C3,H,,As,0Ru,S5 
(1 164.1): cnlcd C 35.08. H 4.42: found C 34.92, €3 4 40. FD-MS: m : 1165.0 
(center) 

Table 5 Crystd structure data for coniplexes 1 b and 2a.[Cp:Ru2(CO),] 

I h  2a [CpfRuZ(CO),] 

formula 
inol inass 
cryrt size [inni] 
cryst. system 
space group 

h [A,] 
1 4  

'X I I 
l j  [ 1 

0 

7 1  I 
I [A] 
Z 

radiation 
j i  [inin ~ '1 
scaii niode 
28 (inax) [ '1 
ahsorption con. ($ scans) 
traiisiiii~~ion (niinjmax) 
total rctlcctions 
ohxrved refl [ 1 > ? . 5 ~ ( / ) ]  
pariirncrel-a rclined 
R 
R I< 

resid electron density [ e A  

L,, k c m  '1 

F(non) 

C,,H,,As,Ru,S, C,oH,,As,Ru,S,.C,,H,,O,Ru, 
92x n 1421 -04 
0.08 x 0.45 0.65 0.15 0.15 0.50 

Phoz (no. 60) 
orthorhombic triclinic 

I Y .70 (1) 8.473(4) 
16.473 (6) 11.679 (5) 
17 84(1j 12.714(8) 
90 x t .04 (4) 
90 82 25(4) 
90 14 on ( 3 )  
57x9.3 iix9(1) 

Pi (no.  2) 

X I 
2 13 1.99 
Mo,, Mo,, 
5.x4 4.14 

51.5 52.5 
5.0<20<43.0 (7 refl) 5.0<21)<40.0 (7 refl.) 

7883 4855 
2415 3183 
1 x0 263 
0 ox5 0.058 
0.064 0 048 

3600 696 

(0 (0 

0.29,'l .OO 0.76~ i .no 

-31 +2.00:-1.42 + 0.94. - i .15 
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X-ray structure determination of complexes 1 b and 2a.[Cp~Ru,(CO),] [19]: 
Crystal da ta  were collected on a Syntex R 3 diffractorncter a t  room tcnipera- 
ture. Relevant cry\tal and  da ta  collection parameters a rc  summarized I n  
Table 5. T h e  structures wcrc solved by using standard Pattcrson nicthods, 
least-squares rclinement, and Fourier techniqucs. All criic~ilatioiis were per- 
formed with the SHELXTL Plus program packagc [20]. 

Acknowledgement: Wc are grateful lo Professor G. Hut tner  for support  of the 
X-ray crystallographic work 

Received: August 9, 1996 [F439] 

[I] M .  Di Vaira. P. Stoppioni. C ~ n r d .  Chnn. Rci,. 1992, 120, 269: '3. W. Drake. 
1. W. Kolis. ihid 1994. i37, 131. 

[2] T. Ito, N. Morimoto. R. Sadanaga, Actii Cri :s / r r / /o~v.  1952, 5. 775; 11. J. I;. 
Mullen, W. Nowackl. Z Kri,srol/ogr. 1972. 1.36, 4X. 

[i] a )  C. 8 .  Street, Z. A. Munir, .I h r g .  Niirl. Chem. 1970. 32, 3769; b) E. J. 
Porter, G. M .  Shcldrick. J. C'hern. Sol. Drrlron Trans 1972. 1347. 

[4] a) I. Uernal. l i .  Brunner. W. Meier, H. Pfiyterer. J. W d i t e r ,  M. L. Ziegler, 
Angcw. Chein. 1984, Y6. 428; hgeil . .  Chcm In/ .  E d  Engl 1984, 23. 438; h) H. 
Brunner, H .  Kauermann. B. Nuber. J. Wachter, M. L. Zicgler. .4ngr14-. Chenr. 
1986, 98, 551 ; Angew. Cheni. Ifif. Ed. Eiigl. 1986, 2.5 557; c)  M. Di Vaira, P. 
Stoppioni, M. Peruzrini, h ~ r g .  Chim. Acta 1987. (32, 37. 

(51 H Rrunner, L. Poll, J. Wachter. B Nubcr, Angeii'. Chcm. 1993, I0.3, 1699; 
A n g e ~ . .  Chrm. b l r .  Ed. Bigl. 1993, 32, 1627. 

[6] €€. Brunner, L. Poll, J. Wachtcr, Po/j.hrdrlron 1996. 1.5. 573. 
[7] E Pradella. M. Scoponi, S. Sostero. J O r g ~ i z ~ ~ i n ~ i  ( 'h rn i  1991. 412. 1 3 7  
[XI M. Z. Iqhal, A. D King. R.  B. King. J .  Orgationwf. C/witi. 1979. 1 7 / ,  53. 
[Y] A. Kutoglu. Z. Aniirg.  A& Chcvi. 1976. 4 i 9 ,  176 

[ lo]  H. Brunner. H. Kauermann. L. Poll. B. Nuber, J. Wachrer. Chciir. LIw 1996, 

[Il l  A.  Steiner, 14. Gornitika, D. Stalke. F. T Edeliiinnn, J Orgoiioinct C'hiwt. 

[I?] 0. J. Scherer. K. Preiffer, G. Heckmann. G. Wolnici-shiuscr. J .  Orgomiitri,r, 

[I31 C. Emiuerich. G. Huttner, A. Asam, ./. OrpmJnrcr. C ' h c ~ i r .  1993. 447. 71 
[I41 M. Di Vaira, P. Innocenti, S. Moneti, M. Perurrini, P. Stoppioni. ltiorg. Chiiti. 

A<,tu 1984,83,1hl ; M. Di Vnira, P. Stoppioni. M. Peruzzini, ihid 1987. 132.37. 
[I51 W. A. Herrmann, B. Koumbouris, T. Zahn, M.  L. Ziegler, Aiigcw. Chon. 1984, 

96,802: A r i g w .  Chern. In t .  Ed. Engl. 1984.23. X I ? ;  W. A. Hori-mann. R.  Koun- 
bonris, A. Schifer, T. Zahn. M. L. Zieglci. Clinn. Biv 1985, i l 8 ,  2472. 

[I61 H Brunner, L .  Poll, J. Wachter, B. Nuber, J Orgutiotwt. Chcni.  1994. 471. I17 
[I 71 W. P. Fehlhamnier, W. A. Hcrrmann. K. dfele in Hoirdhiri~h ikv Prupurcitileii 

Anorggoni.wheit Chcmic, Voi. II/ (Ed.:  G Brauer). Enke. Stuttgart. 1981, 
p. 1831. 

[IX] N. A. Bailcy. S. L. Kadtord, J. A. Sandcrson. K Tabatahaian, C. Whito. J. M.  
Worthington, J 0rgunoint.r. Chcm. 1978, /54,  343 

[I91 Further detail5 ofthe crystal structure investigation ma) be obtained from the 
Fachinfor~nationszentrum Karlsruhe, 76344 Eggenstcin-Leopoldshafeii (Ger- 
many), on quoting the depository numbers CSD-4055SX ( I  b) and 405559 

129. 657. 

1992. 431, f l l .  

Chf~in.  1992. 425, 141. 

(2a.[Cp%u,(C0),1). 
[20] SHELXTL Plus. Siemem Analytical X-ray Instruments. 

61 


