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Synthesis of triple-decker iron and cobalt complexes
with a central tetramethylphosphelyl ligand
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30-Electron tripte-decker complexes [(n-CsHs)Fe(p-nin-CyMesPYFe(n-CsMen|PF, and
[{(n-CyMeg)Colu-nn-CoMeyPYFe(n-CsMes)]PF with a central tetramethylphospholyl ligand
were synthesized by stacking reactions of cationic fragments [(n-CsHs)Fel™ and
{(n-C Me )Col™ with nonamethylphosphaferrocene (n-CyMe P)Fe(n-CsMes).
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Previously.! we have synthesized triple-deckear
complexes with central (bridging) cyclopentadienyl
and pentaphospholyl ligands. The syntheses of re-
lated iron-ruthenium complexes [{n-CsMes)Rulu-nm-
CyMe,P)Fe(n-CsMe4R)|™ (R = Me, cyelo-CgH (| CH)?
with a central phospholyl ligand C;Me,P. as well as
triple-decker complexes containing a central carborane
ligand Et,C,B;H; and one or two terminal phospholyl
ligands,3 have also been reported.

In this work, we found that the stacking reaction
of phosphaferrocene 1 with a cationic fragment
{(n-CsHs)Fe]™ generated in situ upon irradiation of a
benzene complex 2 by visible light results in the forma-
tion of a 30-electron triple-decker diiron complex 3 with
a bridging tetramethyiphospholyl ligand (Scheme 1).

Previously,%5 we have used stacking reactions of
[(n-C5Hs)Fe]™ with ferrocene and decamethylmetallo-

cenes M(CsMes); (M = Fe. Ru, Os) for the synthesis of
triple-decker complexes with central CsHs and C3Meg
ligands.

Using a stacking reaction between compound 1 and a
cationic fragment {(n-C4Me,)Co]* generated in situ upon
irradiation of a benzene complex 4 by visible light, in
this work we also synthesized a 30-clectron triple-decker
iron-cobalt complex 5 with a central C;Me P ligand
{Scheme 2).

Stacking reactions of cationic  fragments
{(n-C5Hg)Fe]™ and [(n-C4Mey)Co]™ with phosphaferro-
cene 1 proceed regioselectively at the CyMe P ring,
which is iikely due to the higher ¢lectron density in this
ligand as compared to the CsMe; ring.

The structures of compounds 3 and § were confirmed
by elemental analysis and by 'H and *'P NMR spectros-
copy (Table 1). For comparison, reference data? for the
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Scheme 2

related compound [(n-CsMes)Ruf(u-n:n-CyMe P)Fe(n-
CsMc;)]CF;50; (6) with known structure established by
X-ray analysis are also listed in Table 1.

Compounds 3 and 3 are brightly colored crystalline

substances, which are stable in air over a period of

several hours both in the solid state and in CH,Cl,
solution. In solvents of higher polarity (Me,CO, MeCN,
efc.) they undergo rapid destruction, the decomposition
rate for compound 3 being higher than for 5. Complexes
3 and 5 are more stable to solvolysis than corresponding
triple-decker complexes with a central CsMes ligand,
but less stable than compounds with a central Py ligand.

Experimental

The reactions were carried out in argon atmosphere. The
isolation of reaction products was performed in air. Initial
compounds 1,5 2.7 and 48 were synthesized following known

procedures. Irradiation of complexes was carried in a Schlenk
tube of diameter 13 mm using a 400 W high-pressure discharge
lamp (a sodium or mercury luminescent lamp). The Schlenk
tube and the lamp were placed in an appropriate vessel coated
on the inside with aluminum foil and cooled using running
water. 'H and 3'P NMR spectra were recorded on a Bruker
AMX-400 spectrometer.
(n-n:n-Tetramethylphospholyl){(n-cyclopentadienyl) (1~
pentamethylcycliopentadienyt)diiron] hexafluorophosphate,
[(T\-C:;Hs)Fe(p.*l]:T]-C4MEJP)F€(H-C51\"C5)]PF(, (3). To a mix-
ture of compounds 1 (49 mg, 0.148 mmol) and 2 (50 mg,
0.145 mmol), 13 mL of CH,Cl, was added. and the reaction
mixture was irradiated for ~3 h. After the beginning of irradia-
tion the reaction mixture turned red and then gradually turned
green. The solvent was removed in vacwo. The residue was
reprecipitated twice with ether from CH,Cl; to give 3 as a
green solid (56 mg, 63%). Found (%) C, 45.0. H, 3.5
CyHj3aFFe P, - 0.25CH,C,. Calculated (%): C, 45.2; H, 5.3.
(p-n:n-Tetramethylphospholyl){ (n-tetramethylcyclobuta-
diene)cobalt }{(n-pentamethylcyclopentadienyl)iron} hexafluoro-
phosphate, [(n-CyMe )Co(p-n:in-CMeyP)Fe(n-CsMes)]PFy

Table 1. Parameters of 'H and 3'P NMR spectra of compounds 3, 3, and [(n-CsMeg)Ru(p-nin-CoMe)Fe(n-CsMeg)|JCF;SO; (6)

Com- Solvent 5, J/Hz

pound H ip

3 CD,C, 1.60 (s, 1S H, C, ’vleﬁ) —45.4 (s, C ,Me,P);
2.03 (d. 6 H. a-Me, Jp = T8N —143.9 (sept. PFq. Jp g = 722)
2.95 (s, 6 H, B-Me);
4.1t (s, 5 H, CiHy)

5 DA, 115 (s, 12 H, C, Me4) ~49.8 (5. C,Me,P),
.71 (s, 15 H, C\/le\ —l421(sept PF,. Jpe =711
1.84 (d, 6 H, a- Me PH=7.4);
2.50 (s, 6 H, B-Me)

61 (CD;,C0 1.67 (s, 13 H, Ru(n-C Meg). ~39.5

181 (s, 15 H, Fe(n- C<Mes))

1.94 (d, 6 H, a-Me,
2.66 (s, 6 H, p-Me)

J pn = 33
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(5). To a mixture of compounds 1 (41 mg, 0.124 mmol) and 4
(40 mg. 0.103 mmol), I5mL of CH,Cl, was added, and the
reaction mixture was irradiated for 8 h. The solvent was re-
moved in vacuo. The residue was reprecipitated twice with ether
from CH,Cl, to give 5 as a red solid (50 mg, 76%). Found (%):
C.46.2, H, 6.1. CyH;yCoF FeP, - 0.5CH,Cls. Calculated (%)
C,46.5. H, 59.
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