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Summary: Naphthalenide reduction of [Mn(n-CgHs)-
(CO)Apy)] (1) gives [Mn(n-CsH5)(CO),]* (2%°), which re-
acts with PhyPbCl to give [Mn(n-CsH5)(CO),PbPh,]~ (47,
from 1 equiv) or [Mn(n-C5H5)(CO),(PbPh,),] (8, from ex-
cess). Addition of H,0 (1 equiv) to 22~ gives [Mn(n-
CsHs)(CO),H]~ (57), and excess NH,PF, gives unstable
[Mn(7-CsHg)(CO):H,] (6).

Monoanionic cyclopentadienyl carbonylmetalates such
as [Fe(n-CsH;)(CO),]",>® [Cr(n-CsH;)(CO)4]7,2%8 [Mo(n-
CsH;)(CO)5],% % and [W (n-C;H;) (CO)4]~ 2356 are valuable
intermediates in organometallic synthesis, but the [M-
(n°-CzH;)(C0)3)% complexes of the group 5 metals (M =
V,’2b Nb,’ and Ta’™) are the sole examples of more highly
reduced dianionic cyclopentadienylcarbonylmetalates.
Reactions that might have produced others, such as
Na/HMPA or Na/Hg reduction of [Mn(55-C;H;)(CO),],2
[Co(7°-CsH;)(CO)),%* or [Rh(7P-CsHg)(CO),]," lead pri-
marily to products formed by C;H;™ loss (except for the
formation of [{Co(n’-CsH;5)(CO)},]~%). Our synthesis of the
benzene-substituted carbonylmetalate [Cr(y-C4Hg)(CO),)*
by naphthalenide reduction of a precursor containing a
donor ligand which is a poor r-acceptor!! suggested that
a similar strategy could provide access to dianionic car-
bonylmetalates with cyclopentadienyl ligands, and we now
wish to report the synthesis of [Mn(n-C;H;)(CO);]* and
the chemical characterization of this dianion as summa-
rized in Scheme I. With recent reports on the synthesis
of [Ti(n®-CsH)(CO),] ,*2 cyclopentadienylcarbonyl-
metalates are now known for all the 3d metals from Ti to
Fe.

The substrate for reduction was [Mn(n-C;H;)(CO),(py)]
(1), prepared by addition of pyridine (py) to [Mn(y-
C:H;)(CO),(THF)] in THF.® A solution of 1 (0.05 g, 0.20
mmol) was treated dropwise with 2.3 mL of a 0.17 M so-
lution of NaC,qHg (2 equiv) in THF (25 mL) at -78 °C to
give a dark brown-red solution. IR spectra revealed that
the carbonyl absorptions of 1 (1925 s, 1850 s cm™) had been
replaced by bands at 1685 s, 1600 s, and 1550 vs cm™,
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together with weak bands at 1870 and 1785 cm™ (see be-
low). Assignment of the three principal bands to Na,-
[Mn(y-C;H;)(CO),] (Nay2) was confirmed by addition of
excess PhyPbCI™ (0.23 g, 0.49 mmol) at -78 °C to give a
solution with bands at 1930 m and 1890 s cm™ from which
the bisadduct [Mn(y-C;H;)(CO)o(PbPhy),] (3)!2 could be
isolated as the dia isomer'®'7'in high yield—THF removal
gave an orange oil from which spectroscopically pure 3
(0.17 g, 0.16 mmol 83%) was obtained by addition of
pentane (25 mL) to concentrated (5 mL) toluene extracts.

An intermediate monoadduct could be prepared by ad-
dition of 1 equiv of PhyPbCl (0.14 g, 0.29 mmol) to a so-
lution of 22~ (from 0.075 g, 0.29 mmol, of 1) at -78 °C. IR
spectra indicated replacement of 22 with a species with
bands at 1885 s and 1795 s cm™!, consistent with formu-
lation as [Mn(7®-CsH;)(CO),PbPh,}~. The Na* counterion
was metathesized by room temperature addition of Et,NBr
(0.065 g, 0.31 mmol). After 1 h the THF was removed
under vacuum and the solid washed with Et,0 (2 X 20 mL)
and redissolved in THF (20 mL). Golden yellow needles
of pure Et,N[Mn(»-C;H;)(CO),PbPh,] ([NEt,]4)8 (0.12
g, 0.161 mmol, 55%) crystallized after addition of a layer
of Et,0 (20 mL) to the filtered, concentrated (10 mL)
solution. Excess PhyPbCl converts 4™ to 3 in THF in 65%
recrystallized yield.

The three-band IR spectrum of Na,2 in THF is con-
sistent with perturbation of the local symmetry by ion-
pairing effects.!® This is supported by IR spectra of
precipitates obtained by addition of dibenzo-18-crown-6
or the cryptand Kryptofix 222 to a THF solution of
Na,2—these contained only two peaks attributable to 2%,
at 1735 s and 1600 s cm™.2° Solid samples of Na,2,%
obtained as brown powders by solvent removal at room
temperature and washed with pentane, also had two band
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Scheme II trated (5 mL) solution. The independent characterization
of 5" confirms the identification of 22~ and demonstrates
@ that this preparation is not subject to the ambiguities
Mn PhsPbCI o which clouded early reports of [Re(n-CsHs(CQ),]1%.22
ocl Ny oC7f="H Dianion 2% could be diprotonated by addition of excess
& 5 é: PbPhy NH,PF; (0.144 g, 0.883 mmol) to a solution of Nay2 (from
0.075 g, 0.294 mmol, of 1). This gave a solution with
carbonyl absorptions at 1972 s and 1910 s cm™ assigned
to [Mn(5-C;H;)(CO),H,] (6) on the basis of 'H NMR
p A N spectra.? Complex 6 is much less stable than the Re
analogue?*?” and could not be isolated. Solutions in
@ @ — @ THF-dg decomposed in 5 h to mixtures of several species
o - - i ™ including [Mn(n-C;H;)(CO);] (:H NMR). In CD,CN 6
oC”f=H o ¢l Neopn PhaPb” % ~PbPhy gives a single (y-C5Hj;) containing species, presumed to be
g H 6 & . ? (53 Co 3 [Mn(n-C5H;)(CO)o(NCCDy)].

IR spectra with carbonyl absorptions at 1680 vs (br) and
1580 s (br) cm™. Ion-pairing effects have been observed
with the isoelectronic monoanion [Fe(y-C;H;)(CO),]~,2 and
dianionic 2% should be even more prone to such effects.

The similarity of the weak 1870 and 1785 cm™ absorp-
tions in solutions of Nay2 to those of [Re(n®-C;H;)-
(CO),H] % suggested contamination of the 22~ by small
quantities of [Mn(5-CsH;)(CO),H]~ (57). This was con-
firmed by the protonation of 22~ (from 0.075 g, 0.29 mmol,
of 1) with 1 equiv of H,0* (5 uL, 0.29 mmol) at —78 °C
to give a yellow solution with an IR spectrum identical with
that assigned to 5°. After addition of Et,NBr (0.061 g, 0.29
mmol) the solution was stirred at room temperature for
1 h and then filtered to give a yellow solution from which
pure crystalline NEt,[Mn(»-C;H;)(CO),H] ([NEt,]5)% was
obtained by addition of pentane (15 mL) to the concen-
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Bergman has reported that [Re(s-C;H;) (CO),H]™ reacts
with Mel to give a mixture of [Re(y-CsH;)(CO)o(Me),] and
[Re(n-CzH;)(CO),H,],%** and 5~ reacts analogously with
PhyPbCl in THF (IR), presumably by the mechanism
shown in Scheme II, to give a 1.5:1 mixture of 3 and 6 (*H
NMR in THF-dg). This is in reasonable agreement with
the suggested stoichiometry and the instability of 6.

Attempts to prepare [Re(n-C;H;)(CO),]%, the Re ana-
logue of 22, by deprotonation of [Re(y-CsH;)(CO),H,] have
been unsuccessful,?®® and it has been suggested that this
reflects the inherent electronic instability of d® two-legged
piano stools.® Although 2% is very basic, our results do
indicate that, at least with 3d metals, d® two-legged piano
stools are accessible on a synthetically useful scale and that
alternate approaches to [Re(n-CsHj) (CO),)% may be suc-
cessful.
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