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which is a Fe14 ring. As shown in Figure 15, the three clusters 
can be formally constructed from this cyclic fragment. Addition 
of two Fe2(M2-S) fragments gives rise to the two isomers of 
[Na2Fe18S30]

8"". When the two Fe atoms each bind/we consecutive 
S atoms of the inner S14 ring in the bridging modes 4M3-S + M4-S, 
the a-isomer is produced. When the binding interactions en­
compass six consecutive S atoms and the modes 6M3-S, the /3-
isomer is generated. The two isomers can be interconverted by 
the indicated intramolecular sulfide atom attacks on the elec-
trophilic iron centers with consequent topological rearrangement. 
From isolated yield data based on iron (Figure 3), we infer, but 
cannot prove, that two isomers exist in equilibrium in alcoholic 
solution, possibly also with [ FeS2] „"", and that the equilibrium 
is shifted by selective precipitation of one isomer as dependent 
on solvent and cation. 

In a similar manner, the expulsion of two Se anions at diagonally 
opposite ends of the ring generates two edge-shared Fe2Se2 rhombs 
and two three-coordinate iron sites. Addition of a Fe6(M2-Se)10Se2 

chain fragment and formation of one Fe-(M2-Se) and one 
Fe-Gu4-Se) bond at each end of the ring builds the three edge-fused 
bridgehead rhombs and recovers the bicyclic structure of 
[Na9Fe20Se38]

9". 
While the foregoing manipulations are purely conceptual and 

may not resemble the true assembly mechanisms of the clusters, 
they do point to a common precursor, [Fe in

14Q28]'4-, stabilized 
by sodium ions. This species is in turn derivable by cyclization 
of the polymer [ FeQ2] „"", known in linear form in solid-state 
compounds.38de We prefer an all-Fe(IH) formulation of the 
precursor because, as noted, vertex-shared Fe2Q2 rhombs nearly 
always occur in the Fe(III) state. We observe that, collectively, 
[a-Na2Fe18S30]

8~, I1S-Na2Fe18S30]
8-, and [Na9Fe20Se38]9-contain 

the majority of FexQ^ cores known in molecular Fe-Q clusters. 
These include linear Fe2Q2, linear and cuboidal Fe3Q4, linear 

Fe4Q6, and Fe6Q9. We note that [/3-Na2Fe18S30]
8- is the first 

synthetic molecular cluster to contain cuboidal Fe3Q4 not as part 
of Fe6Q9. A similar cuboidal Fe3Se4 unit with three terminal 
selenide bridges occurs in the phase Ba3Fe3Se7 prepared at high 
temperatures.51 Lastly, there is perhaps no better example of 
the apparent assembly of clusters from recognized fragments than 
that provided by this set of three nanometer-sized clusters, which 
includes a unique example of cluster isomerism. Given the 
possibilities provided by the topological analysis, it appears that 
an extensive family of chalcogenometalates should exist based on 
metals with a tetrahedral stereochemical preference. The cluster 
set [a-Na2Fe,8S30]8-, [,3-Na2Fe18S30]

8-, and [Na9Fe20Se38]9" 
demonstrates the (conceptual) principle that in the presence of 
an appropriate promotor (here Na(PhNCOMe)) high-nuclearity 
clusters can be assembled by the termination of a unidimensional 
polymeric fragment via mono- or bicyclization. This approach 
may lead to the discovery of new regimes of nanometer-sized 
clusters. 
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Pertinent to the development of any reagent for organic syn­
thesis is a knowledge of its scope, limitations, reaction mechanism, 
and competing side reactions. We are investigating the use of 
ditungsten hexaalkoxides for the reductive coupling of aldehydes 
and ketones to olefins.1 This reaction proceeds in two stages: (1) 
the reductive cleavage of the carbonyl group of the aldehyde or 
ketone to yield a M-alkylidene oxo ditungsten compound (eq 1 )2 

and (2) formation of the olefinic C-C bond and rupture of the 
carbonyl C-O bond of the second aldehyde or ketone. We report 
here observations that provide insight into the nature of the initial 
C-O bond cleavage and subsequent C-C bond formation. 

(1) Chisholm, M. H.; Klang, J. A. J. Am. Chem. Soc. 1989, 111, 2324. 
(2) For examples of C=O cleavage by mononuclear W" compounds and 

mechanistic studies thereof, see: Bryan, J. C; Mayer, J. M. J. Am. Chem. 
Soc. 1990, 112, 2298. 
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The addition of cyclopropanecarboxaldehyde (1 equiv) to 
W2(ONp)6(py)2, where Np = neopentyl and py = pyridine, in 
hexane at 0 0C gives the cyclopropylmethylidene complex W2-
(ONp)6(/j-CH(C3H5))(0)(py) as dark red crystals in ca. 70% 
yield.3 The structure of this complex is shown in Figure I4 and 
resembles the previously characterized related complexes W2-
(ONp)6(M-CHAr)(O)(py).5 To our knowledge, this is the first 
structurally characterized cyclopropylmethylidene complex,6 and 

(3) All reactions were carried out under dry and oxygen-free atmospheres 
(N2) and employed purified, deoxygenated solvents. Satisfactory elemental 
analyses were obtained. 

(4) Crystal data for W2(0)(OCH2-«-Bu)6(/i-C4H6)(py) at -170 "C: a = 
12.606 (2) A, b = 19.923 (4) A, c = 10.583 (2) A, a = 104.52 (1)°, /3 = 
112.21 (I)0, 7 = 95.16 (I)0, Z = 2, daM = 1.48 g cm-3, and space group Pl. 
For W2(O)(OCH2-I-Bu)6(M-OC12H16) at -169 0C: a = 11.227 (2) A, b = 
20.634 (3) A, C= 10.730 (2) A, a = 104.73 (1)°, 0 = 98.31 (1)°, y = 75.56 
(I)0, Z = 2, daM = 1.55 g cm"1, and space group Pl. 

(5) Chisholm, M. H.; Lucas, E. A.; Sousa, A. C; Huffman, J. C. J. Chem. 
Soc, Chem. Commun. 1991, 847. 

(6) (a) Brookhart, M.; Studabaker, W. B.; Husk, G. R. Organometallics 
1985, 4, 943. (b) One (trinuclear) cyclopropylmethylidyne complex has been 
structurally characterized. See: Seidler, P. F.; McKenna, S. T.; Kulzick, M. 
A.; Gilbert, T. M, Acta Crystallogr. 1985, C41, 352. 
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Figure 1. Ball-and-stick drawing of W 2 ( O ) O J - C H - C - C 3 H 5 ) ( O C H 2 - * -
Bu)6(py). Selected distances (angstroms) and angles (degrees) are as 
follows: W-W = 2.6586 (6), W(l)-0(43) = 1.713 (5) A, W(l)-C(3) 
= 2.171 (8), W(2)-C(3) = 2.156 (8), W-C-W = 75.8 (2). 
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the retention of the cyclopropyl ring in the deoxygenation reaction 
suggests that the cleavage of the C=O bond proceeds in an 
effectively concerted manner. In other words, any intermediate 
in which large amounts of electron spin density or charge are built 
up on the a-carbon must be very short-lived. Anions, cations, 
radicals, and carbenes adjacent to a cyclopropyl ring are known 
to undergo rapid ring opening to a homoallyl or cyclobutyl system.7 

Thus, the fact that the 3-membered ring remains intact throughout 
the reaction strongly suggests both a high degree of covalent W—C 
(T-bonding in the product and the effectively concerted nature of 
C=O bond rupture and C—W/0—W bond formation. 

The second step in the olefination reaction involves the addition 
of an aldehyde or ketone to the alkylidene-bridged complex. The 
initially formed alkylidene moiety is efficiently transformed to 
olefin (as determined by using labeled compounds incorporating 
M-13CMe2 and Jt-13CHPh), but the added aldehyde or ketone may 
participate in the nonproductive formation of pinacolate complexes 
W(ONp)4(pinacolate). The latter compounds are formed to a 

Figure 2. Ball-and-stick drawing of the W 2 ( O K M - O C 1 2 H 1 6 ) ( O C H 2 - * -
Bu)6 molecule. Selected bond distances (angstroms) and angles (degrees) 
are as follows: W-W = 2.8247 (5), W(I) -C(I l ) = 2.106 (5), W(2)-
0(3) = 1.705 (4), W(2)-C(l l ) = 2.106 (5), W(2)-C(16) = 2.309 (5), 
W(2)-0(4) = 1.949 (4), C(ll)-C(16) = 1.394 (8). The bridging hy­
drocarbon fragment can be viewed as a M-lW-vinyl ligand and the 
W(2)-0(4) bond as typical of a W-OR bond. 

greater extent for aryl-substituted aldehydes and ketones. We 
have previously characterized the compound W(ONp)4(Tj2-
OCPh2)

8 and shown that this reacts with added aldehydes and 
ketones to give W(ONp)4(pinacolates).8 We propose that this 
nonproductive reaction proceeds by way of a reaction as shown 
in Scheme I. 

The mononuclear W (6+) oxo alkylidene complex 1 formed in 
Scheme I may participate in olefin formation in a manner 
well-documented for Schrock-type carbene complexes.9 That 
intermediate 1 forms for aromatic-substituted alkylidenes and not 
for aliphatics could be explained by conjugation between the M=C 
bond of 1 and the aromatic ir-system. The proposed dinuclear 
pathway shown in Scheme I involving a dimetallaoxacyclopentane 
2 has to our knowledge no precedent. A dinuclear pathway is, 
however, implicated by reactions wherein pinacolate formation 
is very minor and also by the finding that cyclohexenone (2 equiv) 
and W2(ONp)6(py)2 yield the novel compound of formula W2-
(ONp)6(O)(OC12H16), whose structure is shown in Figure 2.4 The 
latter compound is the product of the vinylogous coupling of a 
M-cyclohexenylidene ligand with cyclohexenone as shown in eq 
2. 
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This reaction is analogous to the coupling of an ordinary di­
nuclear alkylidene complex with a ketone (to give complex 2 in 
Scheme I), which in the olefination reaction is followed by me-
tallacycle cleavage to yield alkene, a reaction which cannot readily 
occur for 3. 

Further studies are in progress.10 

(7) (a) Lowry, T. H.; Richardson, K. S. Mechanism and Theory in Organic 
Chemistry; Harper and Row: New York, 1981; p 403. (b) Cram, D. J. 
Fundamentals of Carbanion Chemistry; Organic Chemistry Monograph Se­
ries, Blomquist, A. T., Ed.; Academic Press: New York, 1965; p 218. (c) 
Breslow, R. In Molecular Rearrangements; de Mayo, P., Ed.; Wiley: New 
York, 1963; Part 1, Chapter 4. 

(8) Chisholm, M. H.; Folting, K.; Klang, J. A. Organometallics 1990, 9, 
607. 

(9) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Principles 
and Applications in Organotransition Metal Chemistry; University Science 
Books: Mill Valley, CA, 1987; pp 811-812. 

(10) We thank the National Science Foundation for support. 
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Metallacyclopentadiene complexes have attracted considerable 
interest, because they are considered important intermediates in 
alkyne cyclization.2 However, very few metallacyclopentatriene 
complexes which, as shown, are resonance forms of metalla-
cyclopentadienes have been prepared and characterized.3'4 

: M ^ 1 < » M O I 

(1) (a) Stanford University, (b) University of California at Davis. 
(2) (a) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Prin­

ciples and Applications of Organotransition Metal Chemistry, 2nd ed.; 
University Science Books: Mill Valley, CA, 1987; Chapters 9 and 18. (b) 
Vollhardt, K. P. C. Angew. Chem., Int. Ed. Engl. 1984, 23, 539. (c) Maitlis, 
P. M. Pure Appl. Chem. 1972, 30, 427. (d) For a theoretical study of 
metallacyclopentadienes, see: Thorn, D. L.; Hoffmann, R. Nouv. J. Chim. 
1979, 3, 39. 

(3) (a) One planar metallacycle of the formula (^-C5H5)Ru(C4Ph2H2)Br 
has been isolated: Albers, M. 0.; deWaal, P. J. A.; Liles, D. C; Robinson, 
D. J.; Singleton, E.; Wiege, M. B. J. Chem. Soc., Chem. Commun. 1986, 1680. 
The authors named this compound as metallacyclopentatriene. However, the 

structural evidence suggests that it may be better described as a five-membered 
aromatic metallacycle, a resonance structure between metallacyclopentadiene 
and metallacyclopentatriene for the following reasons: (i) The bond distances 
of C(l)-C(2) [1.403 (8) A] and C(2)-C'(2) [1.377 (12) A] are almost 
identical. In other metallacyclopentadiene compounds, the difference between 
the carbon-carbon single bond and double bond is ca. 0.10-0.15 A: Mague, 
J. T. Inorg. Chem. 1970, 9, 1610. Gastinger, R. G.; Rausch, M. D.; Sullivan, 
D. A.; Palenik, G. J. J. Am. Chem. Soc. 1976, 98, 719. Gastinger, R. G.; 
Rausch, M. D.; Sullivan, D. A.; Palenik, G. J. J. Organomet. Chem. 1976, 
117, 355. Suzuki, H.; Itoh, K.; Ishii, Y.; Simon, K.; Ibers, J. A. J. Am. Chem. 
Soc. 1976, 98, 8494. Atwood, J. L.; Hunter, W. E.; Alt, H.; Rausch, M. D. 
/ . Am. Chem. Soc. 1976, 98, 2454. O'Connor, J. M.; Pu, L.; Rheingold, A. 
L. J. Am. Chem. Soc. 1990, 112, 6232. (ii) The 1.942 (6) A Ru-C(I) bond 
distance is in the range of the longest bond lengths of the previously reported 
Ru-C double bond length, 1.83-1.91 A; Clark, G. R. J. Organomet. Chem. 
1977, 134, 51. Hitchcock, P. B.; Lappert, M. F.; Pye, P. L.; Thomas, S. J. 
Chem. Soc., Dalton Trans. 1979, 1929. Selegue, J. P. Organometallics 1982, 
1, 217. Bruce, M. I.; Wong, F. S.; Skelton, B. W.; White, A. H. J. Chem. 
Soc., Dalton Trans. 1982, 2203. Selegue, J. P. J. Am. Chem. Soc. 1983,105, 
5921. Crocker, M.; Green, M.; Orpen, A. G.; Neumann, H.-P.; Schaverien, 
C. J. J. Chem. Soc, Chem. Commun. 1984, 1351. (iii) The chemical shift 
of the two hydrogens on the metallacycle at 6 7.82 is significantly downfield 
of the vinyl proton signal at S 6.8 in l,l,4,4-tetraphenyl-l,3-butadiene: Weast, 
R. C ; Grasselli, J. G. Handbook of Data on Organic Compounds, 2nd ed.; 
CRC Press: Boca Raton, FL, 1989; Vol. 1, p 464. (b) For examples of 
delocalization in the metallacyclopentadiene structure, see: Mague, J. T. 
Inorg. Chem. 1970, 9, 1610. Pierpont, C. G.; Downs, H. H.; Itoh, K.; Ni-
shiyama, H.; Ishii, Y. J. Organomet. Chem. 1976, 124, 93. 

Figure 1. Molecular structure and labeling scheme for 1: Os-N(I) 2.101 
(7), Os-N(2) 2.239 (7), Os-N(3) 2.274 (8), Os-N(4) 2.120 (7), Os-C-
(5) 1.940 (8), Os-C(8) 1.931 (8), C(5)-C(6) 1.461 (13), C(6)-C(7) 
1.357 (12), C(7)-C(8) 1.448 (12) A; N(l)-Os-N(2) 78.3 (3), N(I)-
Os-N(3) 92.8 (3), N(2)-Os-N(3) 84.2 (3), N(l)-Os-N(4) 168.0 (3), 
N(l)-Os-C(5) 94.9 (3), N(2)-Os-C(5) 172.9 (3), N(3)-Os-C(5) 98.5 
(3), N(4)-Os-C(5) 95.4 (3), N(l)-Os-C(8) 94.9 (3), N(2)-Os-C(8) 
96.9 (3), N(3)-Os-C(8) 172.2 (3), N(4)-Os-C(8) 92.6 (3), C(5)-Os-
C(8) 81.3 (4), Os-C(5)-C(6) 116.1 (6), C(5)-C(6)-C(7) 111.9 (7), 
C(6)-C(7)-C(8) 115.3 (8), Os-C(8)-C(7) 115.1 (6)°. 

In this communication, we wish to report the synthesis and 
characterization of two novel metallacyclopentatrienes, ci>[Os-
(C4Me4)(en)2]2+ (1) and m-[Os(C10H14)(en)2]2+ (2), prepared 
as the bis(trifluoromethanesulfonate) salts (en = ethylenediamine). 
The method of preparation which depends on the reaction of 
alkynes with an ?j2-dihydrogen complex of bis(ethylenedi-
amine)osmiurn(II) merits special mention. In earlier work in this 
laboratory,52 it was shown that a compound prepared over two 
decades ago,5b and then described as dihydridobis(ethylenedi-
amine)osmium(IV), has a trans arrangement of the en ligands 
and that the purported two hydrides actually constitute an rj2-H2 

unit occupying one face of the plane. The opposite face is occupied 
by a ligand which, in the absence of a more nucleophilic candidate, 
is a molecule of the solvent. It was also shown that the dihydrogen 
is readily replaced by strong iz acid ligands. 

When an acetone solution of //•a/w-[Os(en)2(j)
2-H2)(H20)]-

(CF3SOj)2 (3) (0.53 mmol, 0.13 M) and 2-butyne (7.2 mmol) 
is heated at 59 0C for 21 h, the yellow green solution turns dark 
green. A new compound, [Os(C4Me4)(en)2](CF3S03)2 (1), is 
isolated in 95% yield by precipitation with ether. The 1H NMR 
spectrum of 1 in acetone-rf6 shows four broad peaks for amine 
protons at 5 7.74, 6.55, 6.27, 6.11 and four multiplets for the 
methylene protons at S 3.12, 3.96, 2.75, 2.57, which indicates that 
the original planar symmetry has been reduced to C2, the two 
rrans-ethylenediamine ligands of 3 having rearranged to the cis 
position. Two singlets at S 2.22 and 0.60, each corresponding to 
six protons, are observed for the methyl groups; that is, 2 equiv 
of the alkyne molecules have coupled on the metal center to form 
a metallacycle. The strong TT back-bonding tendency of osmi-
um(II) amine moieties50 suggests that the conventional metalla­
cyclopentadiene structure, which has two M-C single bonds, would 
be disfavored in comparison to the metallacyclopentatriene 
structure with two Os-C double bonds. The 13C(1H) NMR 
spectrum of 1 does show a singlet at 8 266.6, which is consistent 
with the existence of carbene carbons in the proposed osma­
cyclopentatriene structure. An intramolecular alkyne cyclization 
also occurs to generate complex 2, CW-[Os(C10H,4)(en)2]-
(CF3SO3J2, when 3 (0.206 mmol, 51.5 mM) is treated with 2,8-

(4) Two nonplanar metallacyclopentatriene complexes of early transition 
elements were reported: Hirpo, W.; Curtis, M. D. J. Am. Chem. Soc. 1988, 
110, 5218. Kerschner, J. L.; Fanwick, P. E.; Rothwell, I. P. J. Am. Chem. 
Soc. 1988, 110, 8235. 

(5) (a) Li, Z.; Taube, H. J. Am. Chem. Soc. 1991,113, 8946. (b) Malin, 
J.; Taube, H. Inorg. Chem. 1971, 10, 2403. (c) Taube, H. Pure Appl. Chem. 
1991,65,651. 
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