
Russian Chemical Bulletin, International Edition, Vol. 56, No. 3, pp. 549—551, March, 2007 549

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya,  No. 3, pp. 528—530, March, 2007.

1066�5285/07/5603�0549 © 2007 Springer Science+Business Media, Inc.

Reactions of sodium pentaphosphacyclopentadienide
with half�sandwich iron complexes

V. A. Milyukov,a� E. Hey�Hawkins,b and O. G. Sinyashina

aA. E. Arbuzov Institute of Organic and Physical Chemistry,
Kazan Research Center of the Russian Academy of Sciences,
8 ul. Akad. Arbuzova, 420088 Kazan, Russian Federation.
Fax: +7 (843) 276 7424. E�mail: miluykov@iopc.knc.ru
bInstitute of Inorganic Chemistry, University of Leipzig,

29 Johannisallee, D�04103 Leipzig, Germany.*
Fax: +49 (0341) 973 9319. E�mail: hey@rz.uni�leipzig.de

Reactions of sodium pentaphosphacyclopentadienide NaP5 with half�sandwich iron phos�
phine complexes gave pentaphosphaferrocenes or ferrocenes, depending on the nature and
number of substituents in the cyclopentadienyl ring.
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Use of principles of coordination self�assembly for
construction of macromolecular compounds is a fast�de�
veloping line in coordination chemistry.1—4 In connec�
tion with this, pentaphosphaferrocenes have a particular
interest, due to presence of coplanar five P atoms creates
prerequisites for design of various polymetallic systems
and clusters. This has been clearly demonstrated with
reactions of pentaphosphaferrocenes with a number of
transition metal derivatives.5—9

However, the chemistry of pentaphosphaferrocenes
has been mainly concerned with only two representatives
of this class, namely, pentamethyl� and ethyl(tetra�
methyl)pentaphosphaferrocenes, owing to their accessi�
bility. So far pentaphosphaferrocenes are prepared only
by heating a mixture of iron cyclopentadienyl(carbonyl)
complexes with white phosphorus in boiling xylene10 or
decalin.7 However, this method fails to produce penta�
phosphaferrocenes with fewer alkyl groups.11 Other rel�
evant methods12,13 provide low yields of the target prod�
ucts and, consequently, have not found wide application.

Reactions of iron(II) derivatives with the penta�
phosphacyclopentadienide anion, which is isolobal to the
cyclopentadienide anion,14 seem to be the most promis�
ing route to pentaphosphaferrocenes because of mild re�
action conditions in this case, as illustrated with the prepa�
ration of pentamethylpentaphosphaferrocene.15 Earlier,
we have proposed a new, convenient method for the syn�
thesis of pentaphosphaferrocenes from half�sandwich

cyclopentadienyl complexes of iron and sodium penta�
phosphacyclopentadienide and obtained for the first time
1,3�di�tert�butylpentaphosphaferrocene in high yield.16

However, it still remains unclear how the yields of
pentaphosphaferrocenes are influenced by such factors as
the ligand bulkiness in the starting half�sandwich cyclo�
pentadienyl complexes of iron and the bulkiness and num�
ber of substituents in the cyclopentadienyl ring.

To elucidate the influence of the nature of the leaving
ligand on the formation of pentaphosphaferrocenes, we
carried out a reaction of sodium pentaphosphacyclo�
pentadienide (1) with half�sandwich iron complexes 2a—c
containing various phosphine ligands (Scheme 1). We
found that the reaction rate largely depends on the nature
of the phosphine ligand. For instance, heating to 70 °C is
required for a reaction with trimethylphosphine complex
2a to be completed, giving pentamethylpentaphospha�
ferrocene 6.16 At the same time, reactions with complexes
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Scheme 1

CpR = Me5C5 (2a—c, 6), Me4C5H (3, 7), 1,3�But
2C5H3 (4, 8),

 1,3�(Me3Si)2C5H3 (5, 9)
L = PMe3 (2a), PhPMe2 (2b, 3—5), Ph2PMe (2c)
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2b and 2c (containing dimethyl(phenyl)phosphine and
methyl(diphenyl)phosphine, respectively) occurred at
room temperature. Thus, using cyclopentadienyl com�
plexes of iron with Me2PPh as a ligand in reactions with
compound 1, one can obtain new pentaphosphaferro�
cenes.

An analogous reaction of sodium pentaphospha�
cyclopentadienide 1 with iron complex 3 yielded earlier
unknown tetramethylpentaphosphaferrocene 7 (see
Scheme 1). The reaction pathway was different in the
case of half�sandwich complexes 10 and 11 containing
only three methyl groups (in positions 1, 2, and 3 and 1, 2,
and 4 of the cyclopentadienyl ring, respectively). The sole
products were the corresponding hexamethylferrocenes
12 and 13 (Scheme 2), probably due to transfer of the
pentaphosphacyclopentadienyl ring.13

Scheme 2

CpR = 1,2,3�Me3C5H2 (10, 12), 1,2,4�Me3C5H2 (11, 13)
L = PhPMe2 (10, 11)

The decisive influence of the bulkiness of the substitu�
ents on the formation of pentaphosphaferrocenes was
proved through a reaction of sodium pentaphosphacyclo�
pentadienide 1 with half�sandwich iron complexes 4 and 5
containing only two bulky substituents in the cyclo�
pentadienyl ring. 1,3�Bis(trimethylsilyl)pentaphospha�
ferrocene 9, a new representative of the pentaphospha�
ferrocene series, was obtained in high yield.

Thus, we demonstrated that in the reactions of half�
sandwich phosphine complexes of iron with sodium
pentaphosphacyclopentadienide, the rate is determined
by the nature of the phosphine ligand. The formation of
pentaphosphaferrocenes is possible only when the start�
ing half�sandwich iron complexes contain four methyl or
two tert�butyl (trimethylsilyl) groups.

Experimental

All manipulations for the preparation of the starting re�
agents, the synthesis and the isolation of products were carried

out in an inert atmosphere in standard Schlenk flasks. Solvents
were distilled from Na/benzophenone immediately before use.
1H, 13C, and 31P NMR spectra were recorded on a Bruker
MSL�400 instrument (400 (1H), 100.6 (13C), and
161.978 MHz (31P)) in C6D6 with Me4Si as the internal stan�
dard (1H and 13C) or with 85% H3PO4 as the external stan�
dard (31P). The starting half�sandwich iron complexes 2—5, 10,
and 11 were prepared according to a known procedure.17

Reactions of half�sandwich phosphine complexes 2—5 with
sodium pentaphosphacyclopentadienide (1). A solution of bromo�
bis[dimethyl(phenyl)phosphine](pentamethylcyclopentadi�
enyl)iron (2b) (1.09 g, 0.002 mol) in THF was added to a 0.05 M
solution of compound 1 in diglyme18,19 (40 mL, 0.002 mol). The
reaction mixture was stirred at ~20 °C. After 5 h, compound 1
was completely consumed (disappearance of the signal at δ 490
from the 31P NMR spectrum). The mixture was evaporated to
dryness in high vacuum and the residue was chromatographed
on silica gel with light petroleum as an eluent. The green frac�
tion was collected and concentrated to give pentamethylpenta�
phosphaferrocene (6) (0.51 g, 74%), m.p. 193 °C (cf. Ref. 10:
m.p. 196 °C). Found (%): C, 34.24; H, 4.16; P, 44.23.
C10H15FeP5. Calculated (%): C, 34.72; H, 4.37; P, 44.77.
1H NMR, δ: 1.08. 31P NMR, δ: 153.

A number of pentaphosphaferrocenes were synthesized
analogously. 1,2,3,4�Tetramethylpentaphosphaferrocene (7) was
obtained as a light green powder from a 0.05 M solution of
compound 1 (40 mL, 0.002 mol) in diglyme and bromobis[di�
methyl(phenyl)phosphine](1,2,3,4�tetramethylcyclopentadi�
enyl)iron (3) (1.07 g, 0.002 mol). The yield was 0.51 g (77%),
m.p. 124 °C (decomp.). Found (%): C, 32.14; H, 3.49; P, 46.12.
C9H13FeP5. Calculated (%): C, 32.57; H, 3.95; P, 46.66.
1H NMR, δ: 1.06 (s); 3.71 (br.s). 31P NMR, δ: 151 (s).

1,3�Di�tert�butylpentaphosphaferrocene (8) was obtained
as a light green powder from a 0.05 M solution of com�
pound 1 (40 mL, 0.002 mol) in diglyme and bromo(1,3�di�tert�
butylcyclopentadienyl)bis[dimethyl(phenyl)phosphine]iron (4)
(1.18 g, 0.002 mol). The yield was 0.52 g (67%), m.p. 112 °C
(decomp.). Found (%): C, 40.06; H, 5.32; P, 39.66. C13H21FeP5.
Calculated (%): C, 40.24; H, 5.45; P, 39.91. 1H NMR, δ: 1.06 (s);
3.71 (br.s). 31P NMR, δ: 167 (s).

1,3�Bis(trimethylsilyl)pentaphosphaferrocene (9) was ob�
tained as a light green powder from a 0.05 M solution of com�
pound 1 (40 mL, 0.002 mol) in diglyme and [1,3�bis(tri�
methylsilyl)cyclopentadienyl](bromo)bis[dimethyl(phe�
nyl)phosphine]iron (5) (1.24 g, 0.002 mol). The yield was 0.6 g
(72%), m.p. 84 °C (decomp.). Found (%): C, 31.23; H, 4.88;
P, 36.12. C11H21FeP5Si2. Calculated (%): C, 31.44; H, 5.04;
P, 36.86. 1H NMR, δ: 0.29 (s, 18 H); 4.37 (br.s, 3 H). 13C NMR,
δ: 2.053 (Me—Si); 87.5, 88.2, 88.7 (CCp). 31P NMR, δ: 167.8 (s).

Reactions of half�sandwich phosphine complexes 10 and 11
with compound 1. A solution of bromobis[dimethyl(phenyl)phos�
phine](1,2,3�trimethylcyclopentadienyl)iron (10) (1.04 g,
0.002 mol) in THF was added to a 0.05 M solution of com�
pound 1 (40 mL, 0.002 mol) in diglyme.18,19 The reaction mix�
ture was stirred at ~20 °C. After 5 h, compound 1 was com�
pletely consumed (disappearance of the signal at δ 490 from the
31P NMR spectrum). The mixture was evaporated to dryness in
high vacuum and the residue was chromatographed on silica gel
with light petroleum as an eluent. The yellow fraction was col�
lected and concentrated to give 1,2,3,1´,2´,3´�hexamethyl�
ferrocene (12) (0.36 g, 67%), m.p. 164 °C. Found (%): C, 71.03;
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H, 8.13. C16H22Fe. Calculated (%): C, 71.12; H, 8.21. 1H NMR,
δ: 1.24 (s, 6 H); 1.36 (s, 3 H); 3.71 (br.s, 2 H).

An analogous reaction of bromobis[dimethyl(phenyl)phos�
phine](1,2,4�trimethylcyclopentadienyl)iron (11) with com�
pound 1 gave 1,2,4,1´,2´,4´�hexamethylferrocene (13) (0.33 g,
61%), m.p. 134 °C. Found (%): C, 70.98; H, 8.26. C16H22Fe.
Calculated (%): C, 71.12; H, 8.21. 1H NMR, δ: 1.29 (s, 6 H);
1.16 (s, 3 H); 3.71 (br.s, 2 H).
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