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Reactions of alkynes with polynuclear complexes remain an 
active field of investigation owing to the large variety of molecules 
characterized from these reactions.1 The metals frequently act 
as templates, promoting carbon-carbon bond formation with high 
specificity in many cases. In addition to bridging alkyne species,2 

complexes containing two,3 three,4 or four5 linked alkynes have 
been isolated. Cyclopentadienone,3^6 quinone,7 tropone,8 and 
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metallacyclic species formed by alkyne-carbonyl linkage reactions9 

have also been observed. The new organic ring or chain can exhibit 
diverse bonding modes to the metal framework, depending on the 
particular alkyne/metal combination and the reaction conditions. 

Our group has been investigating the chemistry of the complexes 
NiM(CO)4(7)5-C5H5)(775-C5H4R) [M = Mo, W; R = H, 
Me].2""9*'10,11 Dimetallatetrahedrane species are formed when 
these complexes are treated with alkynes; nickel-molybdenum 
complexes also yield nickelacyclobutenone species ir-coordinated 
to a molybdenum atom, resulting from alkyne-carbonyl linkage 
reactions.23'9" As pentamethylcyclopentadienyl (Cp*) complexes 
exhibit significant reactivity differences from their cyclopentadienyl 
(Cp) congeners, reactions of analogous Cp* species with alkynes 
were of interest. This communication presents a remarkable 
molecule containing eight new carbon-carbon bonds, isolated from 
the reaction of PhC2H simultaneously with a nickel and a tungsten 
species. 

Ni(CO)(^-C5Me5)I12 reacts with [W(CO)3(V-C5H5)]- af­
fording the thermally unstable, pyrophoric species NiW(CO)4-
(V-C5H5)(V-C5Me5) (I).13 The nickelacyclobutenone complex 
NiW(CO)2(M-V,V-C(0)C(H)C(Ph)KV-C5H5)(V-C5Me5)(2)14 

and the alkyne species NiW(CO)2OePhC2H)(V-C5H5)(V-C5Me5) 
(3)15 were isolated from the reaction of PhC2H with 1 (see Scheme 
I). 2 decarbonylates to 3 when heated.2a'9a 

Treatment of a suspension of Ni(CO)(V-C5Me5)I and [W-
(CO)3(V-C5H5)]- with PhC2H also afforded 2 and 3 but yielded 
small amounts (<5%) of a purple grey product (4). 1H NMR 
data indicated that 4 contained an V-Cp ligand and four PhC2H 
moieties.16 Five distinct methyl signals suggested that an V-Cp* 
ligand was present. MS of 4 exhibited a parent ion with an isotopic 
envelope consistent with a monotungsten species. As its structure 
could not be ascertained, an X-ray diffraction study was carried 
out on a crystal of 4 . n Figure 1 shows a plot of the structure.18 

4 contains a single tungsten atom embedded in a complex 
organic framework. Three PhC2H groups have linked in head-
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(10) Chetcuti, M. J.; Green, K. A. Organometallics 1988, 7, 2450. 
(11) Chetcuti, M. J.; McDonald, S. R.; Huffman, J. C. Inorg. Chem. 1989, 

28, 238. 
(12) Mise, T.; Yamazaki, H. J. Organomet. Chem. 1979, 164, 391. 
(13) In a representative experiment, 5 mL of a THF solution of K+[W-

(CO)3(D-C5H5)I- (372 mg, 1.00 mmol) was added to a slurry of Ni(CO)(T)-
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warmed to 0 °C, solvent was removed, and the residue was extracted with 
hexane and passed through an alumina pad. Elution with a 3:1 mixture of 
hexanes/ether and crystallization from hexane at -20 0C deposited crystals 
of 1 (438 mg, 79%). Spectroscopic data for 1: 1H NMR (300 MHz, benz­
ene-^, ppm), t 4.583 (5 H, C5ZZ5), 1.810 (15 H, C5Me5);

 13C NMR (benz-
ene-<4) 220.50 (CO), 104.45 (C5Me5), 90.48 (C5H5), 9.60 (C5Me5); IR [v-
(CO), THF] 1986 (m), 1922 (s), 1852 (br, s), 1805 (w), 1770 (w) cnT1. 

(14) PhC2H (102 mg, 1 mmol) was added to a toluene/THF solution of 
1 (277 mg, 0.5 mmol). After stirring for 3 h, the solvent was removed, and 
the residue was extracted with toluene and filtered through a short alumina 
pad. Radial chromatography [Stahl, E.; Miiller, J. Chromatographia 1982, 
15, 493] on a silica gel plate under nitrogen, using toluene as the eluting 
solvent, followed by crystallization afforded 2 (66 mg, 21%) and 3 (150 mg, 
50%). Spectroscopic data for 2: 1H NMR (benzene-d6), 5 7.00-7.29 (m, 5 
H, Ph), 6.987 (1 H, CH), 5322 (5 H, C5ZZ5), 1.690 (15 H, C5Me5);

 13C NMR 
(benzene-</6) S 219.28 [W-CO], 219.21 [W-CO], 176.90 [C=O], 137.98 
[C(I), Ph], 127.89 [2 C, C(3), C(5) or C(2), C(6), Ph], 125.72 [C(4), Ph], 
124.54 [2C, C(2), C(6) or C(3), C(5), Ph], 112.98 [C(H)], 101.73 (5C, 
C5Me5), 89.74 (5C, C5H5), 53.41 [C(Ph)], 9.01 (5C, C5Me5); IR, [*(CO), 
Nujol] 1933 (s), 1831 (s), 1671 (m, C=O) cm"1. 

(15) Spectroscopic data for 3: 1H NMR (benzene-^), £ 7.15-7.35 (m, 5 
H, Ph), 5.147 (5 H, C5ZZ5), 1.515 (15 H, C5Me5); IR WCO), hexanes] 1948 
(s), 1913 (w), 1876 (w), 1816 (s) cm"1. 
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Figure 1. Plot showing the structure of 4. Only the ipso carbon atoms 
of the four phenyl groups (C301, C501, C701, and C611) are shown, for 
clarity. Pertinent bond lengths (A) and angles (deg) are as follows: 
W-0(8) = 1.957 (5); W-O(20) = 1.975 (5); W-C(6) = 2.199 (8); 
W-C(7) = 2.170 (8); W-C(8) = 2.090 (8); C(8)-0(8) = 1.395 (9); 
C(20)-O(20) = 1.363 (9); C(6)-C(7) = 1.46 (1); O(8)-W-O(20) = 
95.1 (2); 0(8)-W-C(6) = 107.7 (3); 0(8)-W-C(7) = 87.7 (3); O-
(8)-W-C(8) = 40.2 (2); W-C(8)-0(8) = 64.8 (5); O(20)-W-C(6) = 
101.9 (3); O(20)-W-C(7) = 138.3 (3); O(20)-W-C(8) = 78.7 (3); 
C(8)-W-C(6) = 75.6 (3); C(8)-W-C(7) = 77.1 (3). 

to-tail fashion with a CO ligand, forming a triphenyltropone ring 
that binds in its enol form to the metal, via the oxygen atom. An 
adjacent carbon in this ring is attached to a CO ligand which is 
side-bound to the tungsten atom. The carbon atom is also bonded 
to the 7-carbon of a substituted norbornadiene ligand, derived from 
a Diels-Alder 4ir + 2ir cycloaddition of a fourth PhC2H group 
to a pentamethylcyclopentadiene group. The PhC2H derived 
C = C bond in this ligand is ?j2-bonded to the tungsten atom, which 
is also linked to a r;5-Cp ligand. 

The short W-O bonds in 4 [W-0(8) = 1.957 (5) A; W-O(20) 
= 1.975 (5) A] indicate partial oxygen to metal 7r-bonding19 and 
are substantially shorter than the side-bound carbonyl tungsten-
carbon bond fW-C(8) = 2.090 (8) A].20 C-O distances of 1.395 
(9) and 1.363 (9) A for C(8)-0(8) and C(20)-O(20), respectively, 
are indicative of single bonds. Carbon-carbon bonds in the 
seven-membered ring are not delocalized but are single [C-C-
(mean) = 1.49 A] or double [C=C (mean) = 1.35 A]. The C-C 
bond of the tungsten-coordinated PhC2H moiety [C(6)-C(7) = 
1.46 (1) A] lies in the range found for coordinated alkenes. 
Tungsten-carbon bond lengths are 2.199 (8) A [to C(6)] and 2.170 
(8) A[ toC(7) ] . 

Highly unusual features about this molecule include the com­
plex's formation at low to ambient temperatures, the transfer of 
a Cp* ligand from nickel to tungsten, and the formally 16-electron 

(16) PhC2H (204 mg, 2 mmol) was added to an in situ solution of 1 (0.5 
mmol, ref 13) at -78 0C. After warming to room temperature and stirring 
for 12 h, the solvent was removed, and the residue was dissolved in ether and 
passed through a short alumina pad. After solvent removal, the residue was 
dissolved in toluene and subjected to radial silica gel chromatography. Elution 
with a toluene-ether mixture afforded 2, 3, and a purple-grey band containing 
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troscopic data for 4: 1H NMR (benzene-</6), 5 7.75-6.90, (m, 20 H, APh), 
7.039 (br, 1 H, CZZ), 6.238 (br, 1 H, CZZ), 5.856 (5 H, C5ZZ5), 3.386 (br, 1 
H, CZZ), 3.089 (br, 1 H, CZZ), 1.520 [q, 3 H, MeC=CMe, JH_H = 1.6 Hz], 
1.312 (3 H, AZe), 1.101 (br, 3 H, AZe), 1.029 [q, 3 H, MeC=CAZe, JH-H = 
1.6 Hz], 0.537 (3 H, AZe); MS, m/e 849 (M+). 

(17) X-ray data at 20 0C: crystals of 4, WC49H44O2 belong to space group 
PlxJn with a = 14.852 (2) A, b = 16.968 (2) A, c = 15.491 (2) A, /? = 102.54 
(1)°, V = 3810 (2) A3, Z = 4, d^M = 1.479 g cm"3. Non-hydrogen atoms 
were independently refined with anisotropic thermal parameters; all hydrogen 
atoms were located, but they were moved to their idealized locations and 
constrained to ride on their corresponding carbon atoms in the final cycle, with 
fixed isotropic thermal parameters and C-H distances set at 0.95 A. Of the 
5153 unique data, 3297 reflections with F2 > loF2 were used in refining the 
469 parameters, giving R = 0.031, Rw = 0.036. 

(18) Molecular Editor, Drexel University, 1987. 
(19) Chisholm, M. H. Polyhedron 1983, 2, 681. 

tungsten at its core. Side-bound ketonic ligands are recognized 
but are uncommon.20,21 While tropone derivatives have been 
observed8 and Diels-Alder cycloaddition reactions of alkynes with 
77'-Cp ligands have been noted,22 the simultaneous combination 
of these reactions in the formation of a single molecule is un­
precedented. 

Our understanding of how 4 forms is primitive. 4 is not formed 
when 1 is isolated and reacted with PhC2H. Activation of the 
Cp* ligand and transfer to the tungsten atom may occur from 
the complex Ni(CO)(^-C5Me5)I or from an intermediate species 
formed in situ. Excess PhC2H does not increase the yields of 4. 
Thermal or photochemical reactions of 1 with PhC2H afford new 
species that are currently under investigation; 4 is not formed under 
these conditions. 

A transient rj'-Cp* species may eventually afford 4. Stable 
V-Cp* complexes are virtually unknown, reflecting the steric 
demands of such species.23 Carbonyl insertion into an ?/-Cp*-W 
bond may well be facile. In an attempt to form a W-acyl species, 
W(CO)3(?)5-C5H5)I was reacted with Cp*Li under a CO atmo­
sphere. IR evidence suggested that an acyl species was obtained, 
but the product resisted isolation and was unreactive to PhC2H. 
As experiments to date with tungsten species have not generated 
4, the presence of nickel appears necessary to form the tropone 
unit.24 

Reactions of NiM(CO)4(r,
5-C5H5)(r,

5-C5H4Me) [M = Mo, W] 
with various alkynes do not afford mononuclear species,93-10 and 
other alkynes do not form species analogous to 4 when reacted 
with 1. However small amounts of the Mo analogue of 4 were 
isolated and characterized by 1H NMR spectroscopy, following 
parallel synthetic procedures. Further studies aimed at increasing 
the yield of 4 and understanding the mechanism of its formation 
are in progress. 
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