
C36 

Journal of Organometailic Chemistry 390 (1990) C36-C38 
Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

JOM 20947PC 

Preliminary communication 

Synthesis and molecular structure 
of Ir15~~,~,~~~~~~,l,~~,~2-~~,~. 

Formation of an Sb=Sb double bond from. metallic antimony 

James R. Harper and Arnold L. Rhemgold * 

Department of Chemistry, University of Delaware, Newark, DE 19716 (U.S.A.) 

(Received March 22nd, 1990) 

The complex {[v$-C,H,M~(CO),],(~,~~-S~~)} (l), synthesized from the thermo- 
lytic reaction of [ T$-C,H,Mo(CO),], and elemental antimony, is the first example 
of p,q2 coordination of a four-electron diantimony fragment to a transition metal 
dimer. As determined by X-ray crystallography, .l is a tetrahedral cluster char- 
acterized by a very short Sb-Sb bond of 2.678(l) A bound side-on to form a plane 
nearly perpendicular to an elongated MO-MO bond of 3.114(l) A. 

The interactions of the Group-15 metalloids (E = P, As) with isoelectronic 
1%electron transition-metal centers have generated a number of novel complexes 
[l]. For example, the thermolytic reactions of [v~-C,H~M~(CO),], and the cyclu- 
organopolyarsines [@Us), where R = Me, n = 5; R = Ph, n = 61, have resulted in 
the sequential replacement of As by CpMo(CO), (Cp = $-C,H5) in the tetra- 
hedrane framework and the formation of CpMo(CO),($-As,) [2], {[CpMo- 
@W,I(PPI~-A~~)) (2) ]3,41 and {]CPMO(CO)~I&~-A~)] [51 (realgar As,% as 
the arsenic source). More recently yellow arsenic, Asq, has been used in the 
synthesis of arsenic-containing clusters [6]. 

We have now extended this mode of reactivity to antimony and report the 
synthesis and molecular structure of { [ CpMo(C0) 2) 2]}( p, q2-Sb,)} (l), which repre- 
sents the first example of a four-electron donor diantimony fragment coordinating 
in a side-on, p,q2 fashion to a transition-metal dimer. Complex 1 is synthesized 
from the reaction of [q5-C,HSMo(CO),], (0.752 g, 1.535 mmol) and elemental 
(metallic) antimony (1.871 g, 15.37 mmol) in 15 ml of toluene in a sealed Carius 
tube heated in a sand bath (180 o C, 5 d). The filtrate of the cooled reaction mixture 
was chromatographed on an alumina column and 1 was isolated (Et,O, 10% 
CH,CI,) in low yield (4.3%) [7*]. Recrystallization in toluene produced red, nearly 
isometric crystals suitable for X-ray diffraction [8*]. 
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Fig. 1. Molecular structure and labelling scheme for 1. (CNT-MO, 2.027(3); Mo-Ma(a), 3.114(l); 
Mo-Sb, 2.762(l); Mo-Sb(a), 2.854(l); Sb-%(a), 2.678(l) A; Mo-C(l)-O(l), 176.1(4); Mo-C(2)-O(2), 
172.5(4)O. CNT(l)-Mo-MO(a)-CNT(2), - 78.2O. Mo-Sb-Sb(a)-Ma(a), 86.5 O. 

The molecular structure of 1 as determined by X-ray crystallography is shown in 
Fig. 1. The midpoints of the MO-MO and Sb-Sb vectors lie on a crystallographic 
two-fold axis. This distorted tetrahedral cluster framework is structurally analogous 
to the previously reported diarsenic complex (2) [3]. The side-on diantimony (and 
diarsenic) fragments form a plane which is nearly perpendicular with the MO-MO 
(a) bond (deviation = 3.5O). The cyclopentadienyl ligands are arranged in a 
staggered, cis-gauche arrangement (torsioq angle = - 78.2”). Complex 1 possesses 
an extremely short Sb-Sb bond (2.678(l) A). Previous examples of multiple Sb-Sb 
bonds include:_the triangular pinwheel complex {[W(CO),],(ps,q2-Sb2)2 } (3), Sb- 
Sb = 2.663(3) A [9] (the shortest Sb-Sb we are aware of), where the diantimony 
fragment acts as a six-electron donor; the stibir$dene complexes {[M(CO),]&~,q2- 
RSb2)*} jM = W, R = Ph, Sb-Sb = 2.706(4) A) [9]; M = Cr, R = t-Bu, Sb-Sb = 
2.720(3) A) [lo]; the metallocyclopropane analogue {Fe(CO),[q2-(SiMe,),CHSb],}, 
Sb-Sb = 2.774(l) A [ll]; the tetraphenyltristibine anion Ph,Sb,, Sb-Sb = 
2.761(1# [12]; and interspersed short distances in the Zintl anions Sb;- (Sb-Sb 
range = 2.717(2) to 2.906(2) and 2.692(4) to 2.880(4) A, respectively) [13,14] and 
Sbi- (Sb-Sb ave = 2.750(l) A) [13]. In comparison, representative distances for an 
Sb-Sb single bond are 0.15-0.20 A longer as demonstrated in: cyclo(t-BuSb),, 
2.818(2) [15]; cycZo(PhSb)6, 2.837(3)[16]; and {[(CH,),Si],Sb},, 2.867(l) A [17]. 

The nature of the bonding of the “naked” diantimony fragments in 1 and in 3 
can be assessed through a comparison of Sb-Sb and M-Sb distances in the two 
complexes. The Sb-Sb distance is 0.015 A longer in 1, in which the Sb, group is a 

* Reference number with asterisk indicates a note in the list of references. 
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four-electron donor, compared to 3 where the group is an apparent six-electron 
donor; corresponding Mo-Sb distances (2.762(l) and 2.854(l) A) are skewed to 
accommodate the Cp rings (cf. 3.5” deviation from perpendicular$y) and consider- 
ably shorter than the nearly equivalent W-Sb distances (3.016(3) A) found in 3. The 
MO-MO distance, 3.114(l) A, is longer in 1 than in its As, analogue, 3.039(2) A, 
reflecting the approximately 0.5 A increase in the pnictogen-pnictogen bond. 

Several other products accompany the formation of 1. We find mass spectromet- 
ric evidence for [CpMo(CO)]2(~,qZ-Sbz)z (for which the As analogue is known) 
[16], and crystallographic evidence for the formation of various fulvalene-sub- 
stituted products, i.e., {r1’ : r15-%J%[Mo2WV61~ and K~I’-GH,CI~ : T?- 
C,,,Hs)Mo~(CO),(~3-Sb)]. In the presence of Mo(CO),, an Mo(CO), group caps Sb 
in the Mo$b tetrahedral complex {(~5-C5H,Mo(CO),),(~~-Sb)[Mo(CO)5]}. The 
formation of the fulvalene products is particularily intriguing, and a more complete 
study of reaction conditions and pathways leading to its formation is currently 
underway. 
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