
an Mo,Co-triangle bridged by two p3-sulfur ligands and a 
new structural unit, an q2-AsS ligand as bridge between two 
Mo atoms. The Ass-ligand, the two S-bridges and the Co- 
atom lie in a plane bisecting the molecule. The carbonyl 
groups are located in the plane of the three-membered ring 
of metal atoms (Fig. 1). Hence, 3 constitutes the first ex- 
ample of a molecule containing complex-stabilized arsenic 
monosulfide, which, in the free state, is unstable. With the 
proviso that there is a 50% statistical distribution of arsenic 
and sulfur at the As and S! sites, the As-Sl distance in 3 
can be said to be 2.237(3) A, a value which corresponds to 
the average length of the As-S single bond in a-As4SP1. 
We conclude, therefore, that the new ligand has a bond or- 
der of 1 and functions as a 5e-donor. Furthermore, if we 
consider the p3-S atoms as 4e-donors and the remaining li- 
gands as 5e-donors (C,Me,-moieties) and 2e-donors (CO 
groups), then each metal atom acquires noble-gas configu- 
ration by formation of M-M single bonds. The experi- 
mentally determined metal-metal distances lend support to 
this conclusion. 

Remarkably, the Co(CO)z-fragment is incorporated ex- 
clusively in the q2-S2-group of 1 and 2, even though there 
are several sites open to attack in the ligand sphere of the 
starting complex. The S,-bridge over the Mo atoms is 
thereby enlarged to  an SCoS unit, while elimination of  X 
from the XSX-bridge leads to  formation of the bridging 
XS-ligand. This apparent lability of an Mo-X bond is 
confirmed by the sensitivity of 1 towards oxidation: Only 
the previously reported arsenic-free complexes 
[fCSMes)ZMo202SZ] and [(C5Me5)2M020S3] can be isolated 
from toluene solutions of 1 in presence of air. 
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121 a) A mixture of 0.60 mmol 1 or 2 and 0.64 mmol C O ~ ( C O ) ~  in 50 mL 
toluene is stirred for 1 h (1) or 2.5 h ( 2 )  at room temperature. Chromato- 
graphic purification o n  Si02  with toluene/petroleum ether (1 : I )  afforded 
the red-brown complexes 3 and 4 in 60 and 28% yield, respectively. The 
complexes can he recrystallized from toluene/pentane (5 : 2).-b) IR 
(KBr, [cm-’I): 3 :  v(CO)=1975 (vs), 1927 ( s ) ;  4 :  v(CO)= 1982 (vs), 1932 
(5). ‘H-NMR (S(CH,), CDC13): 3 :  1.88; 4 :  1.90. 

[3] P2,/n, a=11.529(7), b=15.348(9), c=l5.588(5)A,  f l=  107.28(3)”, 
V=2633.75 A’, 2 = 4 ,  Syntex P3 diffractometer (MoKa), 3 ” 5 2 9 5 5 ” ,  
2490 observed reflections with 122.50(1), Patterson (Co, Mo, As, S) and 
Fourier methods, anisotropic refinement to R ,  =0.04. Further details of 
the crystal structure investigation are available on request from the Fach- 
informationszentrum Energie Physik Mathematik, D-7514 Eggenstein- 
Leopoldshafen 2, on quoting the depository number CSD 51 104, the 
names of the authors, and the full citation of the journal. 

[4l D. J .  E. Mullen, W. Nowacki, Z.  Kristallogr. Kristallgeom. KristaKphys. 
Krislallchem. 136 (1972) 48. 

[5l If a solution of 1 in toluene is stirred for 48 h in presence of air, subse- 
quent chromatographic work-up enables isolation of [(C5Me5)2M020S,] 
(green, 46% yield; IR (KBr, [cm-’I): v(Mo=O)=900 (vs), v(Mo=S)=482 
(s); ‘H-NMR (&(CHI), CDCI,): 2.03, 1.96) and [(C5Mes)2M0202S2] 
(orange, 39”/0 yield; IR (KBr, [cm-’I): v(Mo=O)=898 (vs), 

[61 H. Brunner, W. Meier, J. Wachter, E. Guggolz, T. Zahn, M. L. Ziegler, 
Organornetallies J (1982) 1107; M. Rakowski DuBois, D. 1. DuBois, M. 
C. VanDerveer, R. C. Haltiwanger, Inorg. Chem. 20 (1981) 3064. 

v(Mo=S)=451 (w); ‘H-NMR (S(CH,), CDCI,): 2.00. 

Novel MoFeS Clusters from [(C5Me5)2M~ZS4] and 
Fe(C0)5 or Fe2(CO), 
By Henri Brunner, Norbert Janietz, Joachim Wachter*, 
Thomas Zahn, and Manfred L. Ziegler 

Thio-transition-metal clusters containing various metal 
atoms serve as model compounds, both in the catalysis of 
industrially important desulfurization reactions as well as 
in the deciphering of bioinorganic reactions. Of particular 
importance is the coupling of Mo and Fe with sulfur to 
give “heterocubanes”, among which, compounds with a 
Mo2FeZS4 core are still very poorly represented in the liter- 
ature. The first such cluster to be prepared and spectro- 
scopically characterized was [(C5Me5)2M~ZFe2(N0)2S41[’~. 
But “mixed” trinuclear clusters with a trigonal pyramidal 
MZM’S2 core and a p2,q2-di-(main group element) ligand 
are also still relatively rare[’]. 
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The three new diamagnetic MoFeS clusters 2-4 are 
formed on reaction of the complex 1 with Fe2(C0)9 in te- 
trahydrofuran (THF) (molar ratio 1 : 1.3). 2 and 4 are also 
formed in the photochemical reaction of 1 with Fe(CO), 
(in the molar ratio 1 :2) in THFr3”I. The composition of 
each product has been confirmed by elemental analysis 
and mass spectra. The ‘H-NMR and IR spectra[3b1 are con- 
sistent with the results of the X-ray structure analysis. 

Characteristic of the structures of 2 and 3[41 (Figs. 1 and 
2) is a trigonal-bipyramidal MozFeSz core ; the 
Mo,Fe(CO), moiety is perpendicular to the plane of the 
sulfur ligands. As 48e-clusters, 2 and 3 each contain three 
metal-metal single bonds, consistent with the observed 

[*I Dr. J. Wachter, Prof. Dr. H. Brunner, N. Janietz 
institut fur Anorganische Chemie der Universitat 
Universitatsstrasse 31, D-8400 Regensburg (FRG) 
Dipl.-Chem. T. Zahn, Prof. Dr. M. L. Ziegler 
lnstitut fur Anorganische Chemie der Universitat 
Im Neuenheimer Feld 270, D-6900 Heidelberg (FRG) 
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Fig. I. Molecular structure of 2 (ORTEP diagram). Selected bond lengths [A] 
and angles [ “ I :  Mol-Mo2 2.592(0), Mol-Fe 2.778(1), Mol-SI 2.432(1), 
Mol-S2 2.437(1), Mol-S3 2.436(1), Mol-S4 2.440(1), Mo2-Fe 2.776(1), 
Fe-SI 2.153(1), S2-S4 2.071(1); Mo2-Mol-Fe 62.1(0), Fe-Mol-S1 

Mol-Fe-S1 57.4(0). 
48.3(0), SI-Mol-S4 76.5(0), S2-MoI-S4 50.3(0), SI -MOI-S~ 89.1(0), 

Fig. 2. Molecular structure of 3 (ORTEP diagram). Most important bond 
lengths [A] and angles [“I: Mol-Mo2 2.5740). Mol-Fe 2.830(1), Mol-SI 
2.467(1), Mol-S2 2.470(1), Mol-S3 2.448(1), Mol-S4 2.467(1), Mo2-Fe 
2.819(1), Fe-SI 2.130(1), S2-C3 1.800(4), S4-C3 1.817(4), C3-03 1.196(5); 
Mo2-Mol -Fe 62.7(0), Mo2-Mol-S1 58.1(0), SI-Mol -S2 69.8(0), 
S I - M O I - S ~  87.1(0), S2-Mol-S4 68.2(0), Mol-S4-C3 89.2(1), 
S2-C3-03 130.7(3). 

M-M distances. Thus, in both cases the relatively short 
Mo-Mo distance is ascribable to a “bracketing effect” of 
the bridge ligands. 2 can be regarded as an Fe(CO),-ad- 
duct of 1l5I, whereas 3 unexpectedly contains a dithiocar- 
bonato-ligand as structural element bridging the two M o  
atoms. 

The X-ray structure analysis of 414’ confirms the pres- 
ence of a M~,Fe,?~-cubane with relatively small differ- 
ences (up to 0.09 A) between the Mo-S and Fe-S bond 
lengths. In 2 and 3, however, these differences are up to 
0.44 A. There are five metal-metal bonds of equal length 
(on average 2.803 A) as opposed to one Fe-Fe distance of 
3.334 A (Fig. 3). A qualitative confirmation of this finding 
is obtained from the distribution of the 62 valence elec- 
trons over the cluster. A similar situation is found in the 

0 n 

b 
Fig. 3. Molecular structure of 4 (ORTEP diagram). Selected bond lengths [A] 
and angles [“I: Mol-Mo2 2.761(1), Mol-Fel 2.832(4), Mol-Fe2 2.792(3), 
Mol-SI 2.357(2), Mol-S2 2.333(2), Mol-S4 2.320(2), Mo2-Fel 2.813(3), 
Mo2-Fe2 2.815(4), Mo2-SI 2.342(2), Mo2-S3 2.282(2), Mo2-S4 2.303(2), 
Fel-S1 2.214(3), Fel-S2 2.271(5), Fel-S3 2.330(4), F e l . .  ‘Fe2 3.334; 
Mo2-Mol - Fel 60.4( l) ,  Mo2-Mol -Fe2 60.9( 1). Fel -Mol -Fe2 72.7( 1). 

complex 5 ,  which is isoelectronic with 4 and is accessible 
from 6 and Ni(C0)4161. However, in contrast to 1, 5 is only 
able to incorporate Fe(CO), or Fe2(C0)9 in a 66e-cluster 7 
with planar metal The 62e-complex 8 ob- 
tainable from 1 and Mo(CO), in boiling toluene should, 
on the other hand, be isostructural with 4. 

The clusters 2 - 4 are formed in different ways: 2 and 3 
can be synthesized by stepwise substitution of CO in the 
carbonyliron complexes by the two p S  bridges in 1, 
whereas transformation of the q2-S2-ligand into two k3-S- 
bridges requires a redox reaction with participation of the 
carbonyliron compounds. This reaction behavior essen- 
tially conforms with that of the vanadium complex 9, 
which gives a similar reaction sequence with the iron com- 
plex 10, resulting in a 58e-cluster with a V2Fe2S4 core[2b1. 
However, the extraordinarily mild carbonyl transfer from 
Fe2(C0)9 to the q2-S,-ligand warrants further investiga- 
tion. 

Received: October 10, 1984; 
revised: November 26, 1984 [Z 1035 IE] 

German version: Angew. Chem. 97 (1985) 122 

CAS Registry numbers: 
1, 82167-40-6; 2, 94598-08-0; 3, 94598-09-1 ; 4, 94619-63-3; Fet(CO)9, 15321- 
51-4; Fe(C0)5, 13463-40-6; Mo, 7439-98-7; Fe, 7439-89-6. 

(11 H. Brunner, H. Kauermann, J. Wachter,Angew. Chem. 95 (1983) 567;  An- 
gew. Chem. Inl. Ed. Engl. 22 (1983) 549. 

121 Examples known to us are a) [(MeCsH4)2V2Fe(CO),S4] (C. M. Bolinger. 
T. B. Rauchfuss, S. R. Wilson, J.  Am. Chem. SOC. 104 (1982) 7313); b) 
[(MeCsH,)zVzFe(NO),S4] (T. B. Rauchfuss, T. D. Weatherhill, S. R. Wil- 
son, J. P. Zebrowski, ibid. I05 (1983) 6508; c) [(CsMes)2MozCo(C0)~AsS3] 
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(H. Brunner, H. Kauermann, U. Klement, J. Wachter, T. Zahn, M. L. 
Ziegler, Angew. Chem. 97 (1985) 122; Angew. Chem. Int. Ed. Engl. 24 
(1985) 132. 

[3] a) The blue solution of 1 (290 mg, 0.50 mmol) and Fe2(CO), (240 mg, 0.66 
mmol) in THF (100 mL) was stirred for 17 h at room temperature. COI- 
umn chromatographic separation of the greenish-brown mixture (SO2, 
toluenelpentane 2 : 1) afforded green 4, then brown 3, followed by 
brown 2 (in yields of 33, 11 and 21%. respectively). The photolytic reac- 
tion with Fe(CO)s (THF, 125W Hg-lamp) afforded 4 in 10% yield and 3 

[Rh(cod)(NH,),][PF,] 2I6l and 1. Elemental analysis['] indi- 
cated the formation of a 2 : 1 covalent complex with loss of 
2 NH3[']. X-Ray analysisc8] not only confirmed the constitu- 
tion Of the Complex 3 but ak0  revealed several interesting 
conformational features (Fig. 1). The complex contains a 

A 
in 38% yield. All the compounds can be recrystallized from CH2C12.-b) 
IR (KBr, [cm-I]): 2 :  v(CO)=1918, 1855; 3: v(CO)=1937 (vs), I883 (s), 
1872 (s) (CH2CIZ 1943, 1879), v(S,C=O)= 1734 (s); 4 :  1995 (s), 1962 (vs), 
1934 (s), 'H-NMR (&(CH3), CDCI,): 2:  1.89; 3: 1.80; 4: 1.80. 
The structures of 2-4 were determined on a Syntex diffractometer 
(Mo& 3"12.!7560°, Patterson (Mo, Fe, S) and *Fourier methods. 
P2,/n, u =  11.476(3), b=15.259(4), c=15.589(4)A, 8=107.39(2)", 
Y=2605.05 AS, 2 = 4 .  4854 observed reflections, anisotropic refinemevt 

8=99.14(4)", V=2656.29 A', Z=4. 5877 reflections, anisotropic refine- 
ment to R,=0.028. 4 :  Cc, u=21.338(5), b=8.795(2), c=20.431(4)A, 
@ =  130.75(1)0, Y=2904.68 AS, Z=4. 3319 observed reflections, aniso- 
tropic refinement to R,=  0.025. Further details of the crystal structure in- 
vestigation are available on request from the Fachinformationszentrum 
Energie Physik Mathematik, D-7514 Eggenstein-Leopoldshafen 2, on 
quoting the depository number CSD 51 103, the names of the authors, 
and full citation of the journal. 
H. Brunner, W. Meier, J. Wachter, E. Guggolz, T. Zahn, M. L. Ziegler, 
OrgnnometuIIics I (1982) 1107. 
M. D. Curtis, P. D. Williams, Inorg. Chem. 22 (1983) 2661. 

to R,=0.026. 3: P~ , / c , .  ~=11.540(5), b =  15.235(5), C =  15.303(7) A, 

[7] B. Cowans, J .  Noordik, M. Rakowski DuBois, Orgunometuflics 2 (1983) 

[8] IR (KBr, [cm-'I): v(C0)=2000, 1975, 1932, 1883, 1870; 'H-NMR 
931. 

(S(CH,), CDCI,): 1.88. 

Diamminebis(l,5-cyclooctadiene~p-l1,4,10,l3-tetra- 
oxa-7, 16-diazacyclooctadecane-~,N16)dirhodiumbis- 
(hexafluorophosphate) : An Example of Simultaneous 
First and Second Sphere Coordination** 

By Howard M. Colquhoun, Simon M.  Doughty, 
Alexandra M .  Z .  Slawin, J. Fraser Stoddart*, and 
Dauid J. Williams 

of sec- 
ond sphere coordinationc2] of transition-metal complexes 
by crown ethers. Although numerous cases of first sphere 
coordination of transition metals to macrocyclic polyether 
ligands containing nitrogen atoms have been describedc3], 
we now report a remarkable example of simultaneous first 
and second sphere coordination of rhodium by 1,4,10,13- 
tetraoxa-7,16-diazacyclooctadecane 1l4]. 

Previously, we have observed several 

The fortuitous discovery"] of [(Rh(cod)(NH,)}, . l][PF& 
(cod = 1,5-cyclooctadiene) 3 followed an unsuccessful at- 
tempt to isolate a crystalline adduct between 

['I Dr. J. F. Stoddart, S. M. Doughty 
Department of Chemistry, The University 
Sheffeld S3 7HF (England) 
Dr. H. M. Colquhoun 
New Science Group, Imperial Chemical Industries PLC 
The Heath, Runcorn WA7 4QE (England) 
Dr. D. J. Williams, A. M. 2. Slawin 
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London SW7 2AY (England) 
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Fig. I .  Structure of 3 in the crystal. 3 is monoclinic, u= 11.445(3), 
b =  11.329(3), c =  15.192(5) A, 8=90.45(2)", V=1970 A3, space group P2,/n, 
Z = 2 , p =  1.71 g pCu~,==86 cm-', 2213 independent reflections with 
[IFol>3u(lFol), 8$55"] ,  R=0.101. Torsional angles ["I associated with the 18- 
membered ring are shown beside the relevant bonds. Selected bond lengths 
[A]: Rh-N(1) 2.17(1); R b N ( 2 )  2.14(1). Selected bond angles ["I: 
RI-N(l)-C(2) 117(1); Rh-N(l)-C(9') 116(1); C(2)-N(I)-C(9') l I l ( 1 ) .  In- 
tramolecular contact distances from Nj2) to 0(4), 0(4'), 0(7), 0(7'), F(I), 
F(3): 3.22, 3.50, 3.45, 3.45, 3.22, 3.1:A. Distance of N(2) from the*mean 
plane of the ring heteroatoms: 1.92 A. N(2). . . "2') distance: 3.97 A. The 
PF; ions have two orientations of estimated occupancies 0.65 and 0.35. Only 
the orientation of the major occupancy is illustrated. 

crystallographic center of symmetry at the center of the 18- 
membered ring[']. Despite the torsional freedom around 
the N(1)-Rh bonds, the ammine ligands [N(2)] are 
oriented directly over the faces of the macrocycle. There is 
also an appreciable flattening of the expected tetrahedral ge- 
ometry at N(1), which is confined to the Rh-N-C angles 
(117 and 116"), enabling a closer approach of the am- 
mine ligands to the faces of the macrocycle. However, the 
resulting N(2). . . Oodistances are still rather long with only 
N(2). . -0(4) (3.22 A) lying within what would convention- 
ally be considered a hydrogen bonding distance. In this in- 
stance, the contact is to an oxygen atom [0(4)] on the op- 
posite face of the macrocycle, i.e., a nesting arrangement["] 
analogous to that observed in [(Ph3PMe)2 .[18]crown- 
6][PF6I2[l 'I. The associated H,. . . O(4) distance and 
N(2)-Hb. . .0(4) angle are 2.41 A and 142", respectively. 
The other H -  . 0 distances are 2.60 A for Hb.  . eO(7) and 
2.59 A for H,. . . O(4'). The associated N(2). . .O distances 
are given in the Figure caption['']. 
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