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the range cited as typical for agostic hydrogen interactions
by Brookhart and Green.! These samarium-hydrogen
distances are the shortest “nonbonding” lanthanide hy-
dride distances reported and are the most definitive ex-
amples of agostic hydrogen interactions in lanthanide
complexes.®

This samarium azobenzene complex is significantly
different from any other azobenzene complex in the lit-
erature®?-% including early transition-metal metallocene
complexes such as (C;H;),TiNy(CeH;)o?® and [(CzHj)-
CITi][u-No(CeHj)o] (u-NCgH,].** The samarium structure
demonstrates that the azobenzene framework can be dis-
torted simultaneously in several different ways by metal
coordination. The observed interaction of the ortho phenyl
hydrogen atoms with samarium in this complex is con-
sistent with the ortho-metalation reactivity observed in
several azobenzene metal systems.®?” However, this sa-
marium system is unique in that it allows us to stop the
ortho hydrogen metal interaction at the intermediate
agostic stage because the samarium center cannot readily
undergo oxidative addition to complete the metalation.
The head-on, as opposed to sideways, approach of the
samarium to the ortho hydrogen and the fact that both
metals interact simultaneously with a single phenyl ring
raise interesting possibilities for ortho-metalation path-
ways. The consequences in reactivity of the unusual
structure of [(CsMes),Sm](CsHz)NN(CeHj) [Sm(CsMes),]
are under investigation.
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Summary: In contrast to previous reports, the thermal
reaction of Mn,(CO),, with neat pentamethylcyclo-

pentadiene affords an approximately 77:23 mixture of
Mn(7°-CsMe;)(CO); (1a) and Mn(n3-C;Me HXCO), (2), via
competitive activation of the doubly allylic C-H and C-CH,
bonds of the diene.

The direct thermal reaction of pentamethylcyclo-
pentadiene (Cp*H) with Mn,(CO),,, using the diene as
solvent, has been employed for the preparation of large
quantities of Mn(n-C;Me;){(CO); (1a).! Purification was
carried out by column chromatography or filtration
through silica, and further recrystallization was deemed
unnecessary.! Similar conditions have been used for the
synthesis of the Re analogue 1b.2 These compounds are
precursors for a variety of important organometallic com-
pounds of manganese and rhenium.? In this cautionary
communication we report that while this methodology
appears to be a good selective route to 1b, reaction of Cp*H
with Mn,(CO),, under these reaction and workup condi-
tions affords a product mixture containing, in addition to
la, appreciable amounts of the tetramethylcyclo-
pentadienyl complex 2.
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The reaction of Mn,(CO),o with neat Cp*H (97% pure
by GC)? was initially carried out at 155 °C (0.5 h) followed
by raising the temperature to 205 °C over 3 h and con-
tinued heating at this temperature (0.5 h), at which time
gas evolution had ceased. Removal of excess Cp*H under
reduced pressure vielded an oily red-yellow solid which was
extracted with hexane, filtered through Celite, and evap-
orated to give a yellow crystalline solid, in >70% yield.
Gas chromatographic/mass spectral (GC/MS) analysis*
of this crude material revealed the presence of two com-
ponents (Table I, entry a). The reaction was repeated four
times under these conditions, and a small (£3%) variation
in relative product yields was observed by GC/MS anal-
ysis.

The major component (77 + 3%) exhibited a molecular
ion peak at m/e 274 as expected for la, while the minor
fraction (23 & 3%) was characterized by a molecular ion
peak at m/e 260, suggestive of the tetramethylcyclo-
pentadienyl complex 2. Additional resonances in the 'H
and 3C NMR spectra of the mixture also suggested the
presence of 2. Confirmation was obtained by the unam-
biguous synthesis of pure 2 from the reaction of lithium
tetramethylcyclopentadienide® and MnBr(CO); and com-

(1) Bernal, L; Korp, J. D.; Herrmann, W. A.; Serrano, R. Chem. Ber.
1984, 117, 434-444.

(2) Merrifield, J. H.; Lin, G.-Y,; Kiel, W. A; Gladysz, J. A. J. Am.
Chem. Soc. 1983, 105, 5811-5819.

(3) Manriquez, J.; Fagan, P. J.; Schertz, L. D.; Marks, T. J. Inorg.
Synth. 1982, 21, 181.

(4) GC/MS were run on a Finnigan 4000 spectrometer with an INCOS
data system, using a 25-m Hewlett-Packard column of 0.20 mm i.d. con-
taining a 0.33 um film of cross-linked 5% phenylmethylsilicate. GC
conditions: initial 1-uL injection of a 1 mg/mL solution of crude reaction
product in CH,Cl, using He carrier gas; separator at 200 °C; column at
50 °C for 1 min and then heated at 10 °C/min to 230 °C and held at this
temperature for 10 min. MS conditions: ionizer mode El/direct; emission
current, 0.30 mA, electron muitiplier, 1870 V; electron energy, 70 eV;
calibration standard, perfluorotributylamine; scans of 45-450 amu were
made every 1.05 s.

0276-7333/86/2305-2391$01.50/0 © 1986 American Chemical Society



2392 Organometallics 1986, 5, 2392-2395

Table I. Relative Yields of 1a and 2

% ratio of
1a/2 (by
conditions GC/MS)*
(a) see text for conditions 77:23
(b) sample a recrystallized from hexane (-20 °C) 80:20
(c) sample b recrystallized from hexane (-20 °C) 94:6
(d) sample ¢ recrystallized from hexane (-20 °C) 97:3
(e) conditions reported in ref 1 82:18

parison of its spectral properties with those of the minor
product.®

Varying the reaction temperature has little effect on the
relative yields of 1a and 2. Carrying out the reaction under
the conditions originally used by Herrmann! (180 °C, 13
h) resulted in an 82:18 (£3) mixture of 1a/2 (Table I, entry
e). This reaction was repeated twice in our laboratories,
and analogous GC/MS results were obtained on material
prepared by using this methodology by the research group
of Professor J. L. Hubbard (University of Vermont).

GC/MS analysis of a pure sample of 1a under identical
conditions? confirmed that 2 was not formed by degrada-
tion of la during the analysis. Compound la was also
shown to be stable under the synthetic reaction conditions.
When the reaction with Mny(CO),, was carried out in a
sealed system and the product gases were subjected to
FT-IR analysis, the presence of substantial quantities of
methane was confirmed by comparison with an authentic
sample. No IR evidence was obtained for significant
quantities of other organic materials including ethane.”
Finally heating Cp*H in the absence of metal carbonyl (180
°C, 13 h) showed no evidence for formation of degradation
products. It seems clear that the mixture of la and 2 is
the result of competitive activation of the doubly allylic
C-H and C-CH; bonds of Cp*H during the reaction with
MHQ(CO)I().

In contrast the reaction of Re,(CO),, with Cp*H af-
forded 1b as the only organometallic product by GC/MS
and NMR analysis of the crude reaction mixture, in
agreement with the literature report.? Curiously, while no
tetramethylcyclopentadienyl ligand was detected in this
reaction, small traces of methane were formed as identified
by FT-IR.

It is not surprising that the formation of mixtures of la
and 2 under these conditions was not previously noted. We
have been unable to separate mixtures of 1la and 2 effi-
ciently by conventional column or thin-layer chromato-
graphic methods. While successive crystallizations from
hexane afforded samples increasingly enriched in 1a, even
after three such crystallizations traces of 2 were still
present as revealed by GC/MS (Table I, entries b-d).
Moreover, the IR spectrum (hexane solution) of the crude
and recrystallized material in the CO stretching region
exhibited only a single set of peaks characteristic of a

tricarbonylmetal fragment of effective C;, symmetry and
is therefore not a good criterion of purity. Thus, the
presence of 2 as a reaction product can only be detected
in the 'H or *C{!H} NMR spectra of the crude reaction
product or by GC/MS analysis.

While carbon-carbon bond activation in 5,5-disubsti-
tuted cyclopentadienes has been observed previously, af-
fording compounds such as 3,%° our results clearly indicate
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that competition between C-H and C-C activation can
occur under suitable circumstances. Although the mech-
anisms of the reactions reported here and the reasons for
the differing reactivity of the Mn and Re carbonyls are not
yet clearly defined, the significance of these results seems
clear; it should not always be assumed that the »-C;Me;
ligand is the only product possible from reactions of pen-
tamethylcyclopentadiene with metal carbonyl derivatives.
Further studies of the mechanism(s) of these reactions are
in progress.
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Summary: The single site oxidative addition reactions of
Pt(PPh;), and a series of vinyl triflates are described. The
products obtained are stable, crystalline 76-electron Pt{II)
complexes containing a o-vinyl ligand and the noncoor-
dinating triflate anion.
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