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Abstract

The lone-pair electrons of onc or two directly bonded phosphorus
atoms of the C,'Bu,P; ring in the triphospha-ferrocene complex
[FE(T}S-C;MCS)(T]S--C:IBlllp})] can coordinate to one or three ruth-
enium atoms to afford the novel triruthenium carbony! cluster com-
plexes [Fe(n™-C:MeXn > -C,'Bu-P)Ru(COY,, ] and [Feln™
CsMe)7n7-C ' Bu, PORUL(CON ). respectively. The structures of the
triruthenium carbonyl cluster fragments were determined by single
crystal X-ray diffraction studies.

Syntheses and structures of penta- and hexaphos-
phorus analogues of ferrocene, hexaphosphorus ana-
logues of chromocene and n'-transition metal com-
plexes of the C;'Bu;P, ring system have been de-
scribed previously [1-7). Unlike their simple metal-
locene analogues, these complexes have further coordi-
nating potential towards other transition metal centres
by virtue of the availability of the ring phosphorus
lone-pair electrons that are not involved in the 5~ or
ns—mctal coordination. The recently [8] described com-
plex [Fe(C,'Bu, P;),Ru,y(CO),, 1, L is of special interest
since it represents the first example of attachment of a
transition metal carbonyl cluster to another n°-
C,'Bu,P; metal complex and interfinkage of both 7°-
C,'Bu,Py-coordinated ring systems in a hexaphospha-
ferrocene complex.

We now describe the first example of a phosphorus
sandwich compound in which the two adjacent phos-
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phorus atoms of a n-C,' Bu- Py ring are interlinked by
a ruthenium carbonvi cluster. In this case the nnxed
cyclopentadienvi-phosphacvclopentadienyl  complex
[Fe(n™-CMe Ky -C L Bu, POL L was used as starting
material; interfinkage via the two phospha-cvelopenta-
dienvl rings as described for 1 can thus be rvuled out,
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Complex Il which is easily accessible from [Li-
(dme), ] [C.'Bu.P.] [9]. LiC:Me. and FeCl, (DME
= [.2-dimethoxyethanc). reacted with Ru (CO), at
65°C in DME during 4 h to afford the novel brown
trirutheniumn nonacarbonyt complex [Fel 77‘{“(";Mc\)_
(17°-C Bus PORU(CO) L V. in 7370 vield.

Only traces of the red by-product [Feln™-C Meo)-
(n™-C5'BuL PORULCO), L HL were obtained *. and
so this could not be characterized by NMR spec-
troscopy. Under mitder conditions (453°C tor 2 h) the
yield of T was higher, bur at 90°C no TH was detected.
Obviously complex IV is more thermodynamically sta-
ble than complex HI. and this leads to exclusive torma-
tion of IV from 1 under vigorous conditions.

The molecular structure of NI 15 shown in Fig. 1.
The Rul-P2 hond [2.391(1) Al is somewhat longer
than the corresponding phosphorus-ruthenium bond
in 1{2.341(4) and 23364 A [8].

The simplicity ot the "P{'H} NMR spectrum of
complex IV, which shows an AN, pattern, indicates

* Preparations of WL I and IV, FeCl, {150 mg. 118 mmob) was
added to 6 ml of u solution of L(C Me U7 me. 110 mmeD and
[Litdme) ] 1C- Bu . Pyl (305 mg, 0.99 mmol) in monoglyime. The
HxtuUre Was st

tat room temperature for 1o b the solvent was
removed, and the residue was extracted with p-hexane, The ox-
tract was subecied o column chromatography (kieseleel, -
hexane) to give red ervatals of 11 (vield 32970

A solution contining I 28 mg, 078 mmol) and Ru (COY -
(576 mg. 0.90 svmol) in 2 ml monoglyme was heated 1o 65°C with
stirring for 4 b Work-up as above gave fraces of HY as ved crvstals
tvield not determned) snd brown crvstals of TV (vield 73¢9
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that the two adjacent phosphorus atoms of the original
triphospha-ferrocene II must have become linked by
n'-coordination to two or three of the ruthenium atoms
of the cluster carbonyl **. This was subsequently con-
firmed by a single crystal X-ray diffraction study (see
Fig. 2) which reveals, in addition to the n!-coordina-
tion of the ruthenium atoms Rul and Ru3, a direct
interaction between Ru2 and the two phosphorus atoms
P1 and P2.

This mode of attachment can be regarded as w,-n-
ligation of a PP and PC multiple-bonded system to
three metal centres. A similar side-on and end-on
coordination was observed by Huttner [10] in
[Cr4(CO),,(‘BuP)(*Bu,P,)], in which a Z-diphosphene
unit RP=PR is incorporated into a cluster and two
metal centres are more strongly bonded than the third.
A similar pattern is observed in 1V; the weaker interac-
tions Ru2-P1 and Ru2-P2 are indicated by dotted
lines in Scheme 1. The bonds of the C,'Bu,P, ring in
IV are, as expected, longer than the corresponding
bonds in IIL. The PP bond length in IV [2.131(2) A is
in good agreement with the corresponding bond length
[2.112(3) Al in [Cr;(CO),('BuPX'Bu,P,)] [10].

** I1I: NMR spectra: 'H (CDCl;): 8 1.39 (s, 18H, ‘Bu); 1.85 (s, 15H,
CsMes). PC (CDCL3): 8 1279 (s, CsMes); 36.71 (m, CMe,);
38.87 (m, CMe,); 86.39 (s, CsMes). *'P{*H} (CDCl5): (AB,), &
38.10 (PA), 48.24 (P®), 2J(PP) 44.9 Hz. MS (70 eV, El): m /z
422 (M ™, 100%). 365 (M™ —'Bu, 4), 284 (M~ —'Bu,C,, 73), 253
(M* —'Bu,C,P, 11).

III: MS (FAB, m-nitrobenzene as matrix): m /z 980 (M* —2
CO, 3%). 952 (M~ =3 CO, 2), 924 (M* -4 CO, 2), 868 M * —6
CO, 5), 136 (CsMes + H™, 100). TR (n-hexane): v(CO) 2095 (m),
2060 (vs), 2035 (s), 2028 (vs), 2012 (s) cm ™ L.

IV: NMR spectra: 'H (CDCl5): 8 1.50 (s, 18H, 'Bu); 1.79 (s, 15H,
CsMes). PC (CDCly): 12.15 (s, CsMes); 35.63 (m, CMe,); 39.91
(m, CMe,); 91.48 (s, CsMey); 199.44 (m, CO). ¥'P{'H} (CDCl,):
(AB,), & 1474 (P™), 9.77 (P®), ZJ(PP) 43.2 Hz. MS (FAB,
m-nitrobenzene as matrix): m /z 980 (M, 1%), 136 (CsMes +
H™, 83) and fragments caused by subsequent loss of CO; IR
(n-hexane): v(CQO) 2066 (vs), 2025 (vs), 2016 (vs), 1998 (s), 1981
(s), 1977 (s) em ™~ L.
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Fig. 1. The molecular structure of III showing the atom numbering
scheme. Selected bond lengths are: P1-P2 2.107(2), P1-C12 1.763(4),
P3-Cl12 1.756(4), P3-Ci1 1.764(4), P2-Cl11 1.761(4), Rul-P2
2.391(1), Rul-Ru2 2.882(1), Rul-Ru3 2.836(1), Ru2~Ru3 2.835(1),
Fe-P1 2338(1), Fe-P2 2.330(1), Fe-P3 2.319(2), Fe-C11 2.18%(4),
Fe~C12 2.205(4) A.

The coordination of two adjacent phosphorus atoms
to three transition metal centres involving side-on and
end-on coordination represents an unusual bonding
mode for phosphorus sandwich compounds. The syn-
thesis of related polymetallic compounds is the subject
of present studies.

Diffraction data were determined with a Siemens-
Nicolet R3 diffractometer fitted with a LT-2 low tem-
perature unit using monochromated Mo-K« radiation.
The structure was solved by direct methods and refined
anisotropically on F with rigid methyl groups.

1

Fig. 2. The molecular structure of IV showing the atom numbering
scheme. The weak interactions Ru2-P1 and Ru2-P2 are indicated
by dotted lines. Selected bond lengths are: P1-P2 2.131(2), P1-C12
1.772(5), P3-C12 1.775(5), P3~C11 1.772(6), P2-C11 1.776(6), Fe-P1
2.358(2), Fe—P2 2.336(2), Fe—P3 2.305(2), Fe—-C11 2.142(5), Fe-C12
2.163(6), Rul-P1 2.377(2), Ru3-P2 2.333(2), Ru2-P1 2.541(2), Ru2-
P2 2.508(2) A.



C18 C. Miiller et al. / Triphospha-ferrocenes as ligands

IIT: Crystal data: C;;H;,FeO, P;Ru,. M = 1033.5,
triclinic, space group P1. a =9.035(3), b = 12.609(5).
c = 17.173(6) A, « = 9882(3). B = 94.36(3), y =
97.24(3°, U = 1908.0(9) A*, Z =2, D_,. = 1.799 g cm 3
F(000) = 1020, R =10.029 for 3379 unique rcflections
with F > 40(F).

IV: Crystal data: C,gH FeOyP,Ru,, M = 9775,
monoclinic, space group P2, /n, a=104192), b=
20.821(7). ¢ = 11.738(3) A. B = 108932y, U =
3450.0011) A’ Z =4, D, = 1.882 g em ™", F000) =
1928, R = 0.034 for 4182 unique reflections with F >
dalF) ***,
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