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Summary: Reaction of the methyldiphenylcyclopropenyl 
cation (2) with bis(triphenylphosphine)(ethylene)platinum- 
(0) (3) affords the (1 -3-q-butadieny1)platinum complex 6, 
via an unprecedented ring-opening reaction coupled with 
a hydrogen shift. The crystal and molecular structure of 
6 has been determined. 

Reactions of cyclopropenyl cations with transition-metal 
complexes have afforded a diverse array of organometallic 
compounds. In addition to simple 3-q1- and q3-cyclo- 
propenyl complexes, a number of other interesting and 
useful ligands have been derived from ring-opening or ring 
expansion reactions of these versatile three-membered 
organic rings3 An unusual mode of coordination for the 
intact triphenylcyclopropenyl ligand is found in its cationic 
complexes 1 containing the ML2 fragment (M = Ni, Pd, 
Pt; L = PPh3).4i5 In these compounds the cyclopropenyl 
ring adopts a coordination mode perhaps best described 
as q2, as evidenced by crystallographic determinations on 
compounds of all three metals of the nickel triad. These 
q2-cyclopropenyl compounds are fluxional in solution, ex- 
hibiting a low-energy "ring-whizzing" of the ML2 fragment. 
The pathway by which the metal perambulates around the 
periphery of the ring has been examined theoretically, and 
various points along this pathway are defined by the dif- 
ferent conformational relationships between the ML2 
fragment and the cyclopropenyl ring which are observed 
in the solid-state structures of l.4 

We now report that this mode of coordination does not 
always result in isolable cyclopropenyl complexes and that 
when a methyl group is present on the three-membered 
ring, a novel skeletal rearrangement coupled with a hy- 
drogen shift can occur to give the 1-3-q-butadienyl ligand, 
further extending the range of ligand types available from 

(1) (a) Dartmouth College. (b) University of Delaware. 
(2) Alfred P. Sloan Research Fellow, 1980-1984. 
(3) For a discussion of known transition-metal cyclopropenyl com- 

plexes, and their ring-opening and ring-expansion reactions, we: Hughes, 
R. P.; Reisch, J. W.; Rheingold, A. L. Organometallics 1986,4,1754-1761. 
pres. Hughes, R. P.; Kkui, W.; Reisch, J. W.; MUer, A. Organometallics 
1985,4,1761-1766. For a theoretical treatment of ring-opening chemistry 
in these complexes, see: Jemmis, E. D.; Hoffmann, R. J. Am. Chem. SOC. 
1980, 102, 2570-2575. 

(4) Mealli, C.; Midollini, S.; Moretti, S.; Sacconi, L.; Silvestre, J.; Al- 
bright, T. A. J. Am. Chem. SOC. 1982,104,95-107. 

(5) McClure, M. D.; Weaver, D. L. J. Organomet. Chem. 1973, 54, 
C59-C61. 

0276-7333/S5/2304-2055$01.50/0 

1 

a c1141 

c1231 p 
Cl24l 

C1861 

2055 

Figure 1. The molecular geometry and labeling scheme for 6, 
drawn with 40% probability ellipsoids. Only the ipso carbon 
atoms of the phenyl groups of the triphenylphosphine ligands are 
shown. Selected bond lengths (A): Pt-P(1), 2.339 (4); Pt-P(2), 
2.289 (4); Pt-C(l), 2.291 (14); Pt-C(2), 2.201 (14); Pt-C(3), 2.075 

Selected bond angles (deg): P(l)-Pt-C(l), 97.3 (4); P(l)-Pt-C(S), 
(13); C(l)-C(2), 1.40 (2); C(2)-C(3), 1.46 (2); C(3)-C(4), 1.31 (2); 

120.3 (4); P(l)-Pt-C(3), 159.9 (4); P(2)-Pt-C(1), 155.0 (4); P- 
(2)-Pt-C(2), 134.3 (4); P(2)-Pt-C(3), 95.7 (4); C(l)-Pt-C(2), 36.2 
(5); C(l)-Pt-C(3), 66.9 (5); C(2)-Pt-C(3), 39.7 (6); C(l)C(2)-C(3), 
115 (1); C(2)-C(3)-C(4), 140 (1); P(1)-Pt-P(2), 103.0 (1). 

cyclopropenyl cation precursors. 
By analogy with the previously documented reaction of 

the triphenylcyclopropenyl cation? it was anticipated that 
reaction of 2 with the platinum(0) complex 3 should afford 
the q2-cyclopropenyl complex 4. I t  was envisaged that 
subsequent deprotonation of 4 would lead to the q2- 
methylenecyclopropene compound 5 ,  thus providing the 
first example of a transition-metal complex of this smallest 
cross-conjugated fulvene skeleton? Contrary to these 
expectations, addition of an equimolar amount of tetra- 
fluoroborate salt of 2 to a CHzClz solution of 3 resulted in 
a sudden color change from pale yellow to bright orange, 
with subsequent rapid fading to a golden yellow color. 
Workup afforded high yields of a bright yellow crystalline 
solid, 6.' While microanalysis results indicated that this 

Ph 
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(6) Low-temperature isolation of the highly reactive parent methyle- 
necyclopropene has been achieved only recently: Billups, W. E.; Lin, 
L.-J.; Casserly, E. W. J. Am. Chem. SOC. 1984, 106, 3698-3699. Staley, 
S. W.; Norden, T. D. Zbid. 1984, 106, 3699-3700. 
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Figure 2. Valence bond representations of the metal-carbon 
bonding in complex 6. 

material had the elemental composition expected for the 
ionic compound 4, both 'H and 13C NMR studies failed 
to show resonances characteristic of a methyl group. 
However the 'H NMR spectrum (CDC13 solution) did ex- 
hibit phenyl resonances (relative intensity = 10 protons) 
together with two unit intensity resonances at  low field (6 
6.03 and 6.12), characteristic of protons on an uncoordi- 
nated olefin, and a third, higher field resonance at  6 4.64, 
also of unit intensity; the 31P NMR spectrum demon- 
strated inequivalent phosphine ligands. These data 
seemed consistent with the illustrated structure 6, which 
contains an extremely rare example of a 1-3-q-butadienyl 
ligand. 

In view of the rarity of this class of ligand, compound 
6 was subjected to a single-crystal X-ray diffraction study. 
Figure 1 illustrates the molecular structure of 6, together 
with selected bond distances and angles.s Fractional 
atomic coordinates for 6 and complete listings of bond 
lengths, bond angles, temperature factors, and observed 
and calculated structure factors are provided as supple- 
mentary materialag 

The overall geometry of 6 clearly defines the structural 
features of the 1-3-q-butadienyl ligand. The two most 
reasonable valence bond representations for metal-carbon 
interactions in this compound are illustrated as A and B 
in Figure 2. The Pt-C(3) distance 12.075 (13) A] is sig- 
nificantly ahorter than the Pt distances to C(1) [2.291 (14) 
A] or C(2) [2.201 (14) A], and the Pt-P(l) distance [2.339 
(4) A] is significantly longer than the Pt-P(2) distance 
[2.289 (4) A]; both observations support the idea that the 
Pt-C(3) interaction is more of a a-bond in character, with 
a correspondingly higher trans influence. The C( 1)-C(2) 
distance [1.40 (2) A] is slightly shorter than the C(2)-C(3) 
distance [ 1.46 (2) A], though both are significantly longer 

(7) Compound 6: 85%, decomp pt 156-160 "C; 'H NMR (300 MHz, 
20 "C, CDClJ 6 6.92-7.66 (10 H, Ph), 6.12 [l H, J(P-H) = 20, 9 Hz, 
J(H-H) = 2.5 Hz, J(Pt-H) = 40 Hz, C=CH,], 6.03 [ l  H, J(P-H) = 5,2.5 
Hz, J(H-H) = 2.5 Hz, J(Pt-H) = 36 Hz, C=CHz], 4.64 [ l  H, J(P-H) 
= 10,2.5 Hz, J(Pt-H) = 20 Hz, CHPh]; 31P NMR (CDCI,; ppm upfield 
from H3P04) 6 13.8 [J(Pt-P) = 2118 Hz, J(P-P) = 9 Hz], 27.3 [J(Pt-P) 
= 1640 Hz, J(P-P) = 9 Hz]. Anal. Calcd for CS2H4,BF,PPPt C, 61.73; 
H, 4.28 P, 6.12. Found: C, 61.53; H, 4.20; P, 6.11. 

(8) Crystal data (22 OC): orthorhombic, space group Pbca, a = 21.840 
(4) A, b = 21.732 (5) A, c = 18.680 (2) A, V = 8866.2 (32) A3, 2 = 8. Of 
5563 unique reflections collected on a Nicolet R3 diffractometer, 3416 
were considered observed at  the F > 3 o(F) level. The structure was 
solved by heavy-atom methods and subsequent difference Fourier 
syntheses, using a crystal of dimensions 0.07 X 0.33 X 0.36 mm. An 
empirical absorption correction based upon a lamina model (major crystal 
face [OlO] with rejection of data with a glancing angle of <3O was applied 
to all data. This resulted in the elimination of 354 reflections strongly 
affected by knife-edge effects. All non-hydrogen atoms were refined with 
anisotropic thermal parameters. Phenyl rings were treated as rigid bodies 
(C-C = 1.395 A). Despite the BF4' anion's constraint to a rigid tetra- 
hedron with a refined B-F distance (1.29 (1) A), high thermal parameters 
associated with it suggest that some disorder exists; however, no peaks 
in the final difference map associated with the BF4- were found with an 
electron density greater than 0.4 e At  convergence RF = 0.63, RW.c 
= 0.058, and GOF = 1.255. All computer programs are contained in the 
SHELXTL (4.1) program library (G. Sheldrick as distributed by the 
Nicolet Corp., Madison, Wi). Fractional atomic coordinates, bond dis- 
tances and angles, and additional crystallographic data are available as 
supplementary materiaLg 

(9) See paragraph at end of text regarding supplementary material. 
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Ph 
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than the uncoordinated C(3)-C(4) separation of 1.31 (2) 
A, and the two phenyl rings occupy mutally trans positions 
with respect to the C(l)-C(2) bond. We conclude that the 
metal-carbon bonding in 6 is best represented as a hybrid 
of A and B, with A being the dominant contributor. 

This class of ligand is indeed rare. Although one report 
of two Fe and Mo complexes containing similar ligands has 
recently appeared,'O the only other structurally charac- 
terized complex containing a 1-3-q-butadienyl ligand ap- 
pears to be the iron-fluorocarbon derivative 7;l' none of 
these complexes was obtained from a three-membered ring 
precursor. 

7 

The mec.,anism of formation of 6 is unc-dar, but two 
possible pathways are illustrated in Scheme I. Initial 
formation of q2-cyclopropenyl species 8, isomeric with 4, 
accesses an intermediate which can undergo metal-assisted 
H transfer as shown to give the ql-allylic complex 9. This 
is a coordinately unsaturated cyclopropyl-Pt species which 
can undergo ring opening to afford the final product 6. 
Similar ring-opening reactions to give q3-allyl ligands have 
been observed for coordinatively unsaturated cationic cy- 
clopropyl-Pt compounds.12 Alternatively, q' to q3 to 
isomerization of 9 would afford 10, which might be ex- 
pected to undergo ring cleavage as shown to give 6. The 
C-C bond breaking step in this latter reaction is analogous 
to that previously postulated for coordinatively unsatu- 
rated cyclopropylcarbinyl palladium13 and p l a t in~m'~ . '~  
species. 

(10) Giulieri, F.; Benaim, J. J .  Organomet. Chem. 1984,276, 367-376. 
(11) Nesmeyanov, A. N.; Aleksandrov, G. G.; Eokii, N. G.; Zlotina, I. 

B.; Struchkov, Yu. T.; Kolobova, N. E. J .  Organomet. Chem. 1976,111, 
C9-Cl2. Nesmeyanov, A. N.; Kolobova, N. E.; Zlotina, I. B.; Lokshin, 
B. V.; Leshcheva, I. F.; Znobina, G. K.; Anisimov, K. N. Ibid. 1976,110, 
339-344. 

(12) Phillips, R. L.; Puddephatt, R. J. J. Chem. SOC., Dalton Trans. 
1978, 1736. 

(13) (a) Green, M.; Hughes, R. P. J. Chem. SOC., Dalton. Trans. 1976, 
1880. (b) Goddard, R.; Green, M.; Hughes, R. P.; Woodward, P. J .  Chem. 
SOC., Dalton Trans. 1976, 1890. 

(14) Attig, T. G. Inorg. Chem. 1978, 17, 3097. 
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Organometallics 1985, 4, 2057-2058 

Experiments are in progress to explore the scope of this 
reaction, the chemistry of 6 and its relatives, and to de- 
termine whether the ring-opening/hydrogen shift process 
is indeed intramolecular in nature. 
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I ndenylmolybdenum Trlcarbonyl Dimers: A 
Clarlflcatlon of Their Syntheses and Spectroscopic 
Characteristlcs, Including the Structure of the 
Previously Unrecognized Triply Bonded Species 

Mark A. Greaney,’ Joseph S. Merola,’ and 
Thomas R. Halbert 

Exxon Research and Engineering Company 
Corporate Research-Science Laboratories 
Clinton Township, Annandale, New Jersey 0880 1 

Received August 5, 1985 

Summary: The reaction of indene with molybdenum 
hexacarbonyl in diglymdoctane at 165 O C  generates in- 
denylmolybdenum dicarbonyl dimer directly rather than the 
tricarbonyl dimer as had been previously reported. 
Spectroscopic characteristics of the dicarbonyl dimer as 
well as its single-crystal X-ray structure are presented. 
The indenyl ligands are bound in v5 fashion, and the 
metal-metal distance is in the expected range for a Mo- 
Mo triple bond. The complex reacts readily with carbon 
monoxide to form the known tricarbonyl dimer. 

The reactivity of the triple bond in [ C ~ M O ( C O ) ~ ] ~  has 
been widely studied since this fascinating complex was first 
prepared.’ It’s high reactivity makes the dimer a useful 
starting material in the preparation of a variety of clusters. 
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Figure 1. X-ray crystal structure of [Mo(C,H7)(C0)2]2, 1. Se- 
lected interatomic distances (A) and bond angles (deg): Mo-Mo’ 
= 2.500 (l), M d ,  = 1.953 (7), MC&, = 2.098 (91, M d , ’  = 2.753 
(7), M@C{ = 2.692 (g), o,-ca = 1.155 (g), Ob-Cb = 1.107 (lo), 
Mo+ = 2.401 (6), Mo-CZ = 2.332 (7), MoC3 = 2.336 (7), M A 4  
7 2.348 (7), M A S  = 2.396 (7); C,-MO-MO’ = 75.3 (2), Cb-Mo-Mo’ 
= 71.1 (3), Mo-Ca-O = 173.6 (5), MO-Cb-0 = 171.2 (8). 

Table I. Infrared Carbonyl Stretching Frequencies and 
UV-Vis Band Maxima for [Mo(C,H,)(CO),]~, 1, 

[Mo(C,H,)(CO)~]~, 2, and Their Cyclopentadienyl 
Analogues” 

compound IR, cm-’ UV-vis, nm 
[Mo(C,H~)(CO)~I~, 1 1893 (s), 1858 (s) 349 
[MO(C~H~)(CO)ZI~ 1895 (SI, 1855 (SI 322, 380 (sh) 
[Mo(C,H~)(CO)~]~, 2 2020 (w), 1958 (s), 1910 (5) 410, 510 
[MO(C~H~)(CO),]~ 2020 (w), 1959 (s), 1913 (s) 382, 507 

“All spectra run in CHzClz solvent under inert atmosphere. 

Synthesis of the indenyl analogue would be particularly 
interesting, because of possible heightened reactivity a t  
the molybdenum centers due to the “indenyl effect”2 and 
because of the use of the indenyl complex as a precursor 
to other clusters in which the “indenyl effect” might be 
studied. 

A logical approach to the synthesis of the previously 
unreported triply bonded dimer [1ndM0(CO)~l~, 1, ap- 
peared to be through the singly bonded dimer [IndMo- 
(CO)3]2, 2, which had been reported by several authors to 
be accessible via the direct reaction of Mo(CO), with 
indene in high boiling  solvent^.^-^ We have found that 
under one such set of conditions the triply bonded dimer 
1 is produced directly and in fact suspect that the material 
previously characterized as the singly bonded dimer 2 was, 

(1) (a) Job, R. C.; Curtis, M. D. Inorg. Chem. 1973, 12, 2510. (b) 
Ginley, D. S.; Wrighton, M. S. J. Am. Chem. SOC. 1975, 97, 3533. (c )  
Klingler, R. J.; Butler, W.; Curtis, M. D. J. Am. Chem. Soc. 19’75,97,3535. 
(d) Williams, P. D.; Curtis, M. D.; Duffy, D. N.; Butler, W. M. Organo- 
metallics 1983, 2, 165. 

(2) (a) HarbDavis, A. J.; Mawby, R. J. J. Chem. SOC. A 1969,2403. (b) 
Hart-Davis, A. J.; White, C.; Mawby, R. J. Inorg. Chim. Acta 1970,4,441. 
(e) White, C.; Mawby, R. J. Inorg. Chim. Acta 1970, 4, 261. (d) Jones, 
D. J.; Mawby, R. J. Inorg. Chim. Acta 1975,6,157. (e) Eshtiagh-Hosseini, 
H.; Nixon, J. F. J. Less-Common Met. 1978, 61, 107. (f) Rerek, M. E.; 
Ji, L.-N.; Basolo, F. J. Chem. SOC., Chem. Commun. 1983, 1208. (g) Ji, 
L-N.; Rerek, M. E.; Basolp, F. Organometallics 1984, 3, 740. 

(3) King, R. B.; Stone, F. G. A. J. Am. Chem. SOC. 1960, 82, 4557. 
(4) King, R. B.; Bisnette, M. B. Inorg. Chem. 1965, 4, 475. 
(5) Nesmayanov, A. N.; Ustynyuk, N. A,; Makarova, L. G.; andre, S.; 

Ustynyuk, Yu. A.; Novokova, L. N.; Luzikov, Yu. N. J.  Organomet. Chem. 
1978, 154, 45. 
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