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13C NMR spectrum in the cyclopentadienyl carbon signal
region shows signals for one 7°-C;RR’-type ring bound to
W and one #°-C;R,R’-type ring bound to Rh (Figure 1d).
The highest mass pattern in the FD mass spectrum of 6
is found around 744, the mass expected for 6 (**W) minus
one carbonyl ligand. The IR spectrum of 6 is a composite
of that of 1 and that of 5, suggesting that there is little or
no interaction between the two ends of the molecule.

No peralkylated cyclopentadienyl system linked by two
carbon atoms is known. The compounds reported here,
especially heterobimetallic 6, are not likely to be preparable
by traditional techniques. We will be attempting to pre-
pare other heterobimetallic linked cyclopentadienyl sys-
tems via approaches analogous to that shown in eq 5 and
will be exploring the fundamental chemistry of such
species.
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Summary: Ultraviolet irradiation of [Fe(p -xylene)(Cp)]-
[PFg] and tris(diphenylphosphino)methane (tppm) gives
[Fe{HC(PPh,).}(Cp)] [PFs] in 96% yield. Crystal structure
analysis (R = 6.2%) shows that all three phosphorus
atoms are coordinated to the iron atom, providing the first
example of 7° coordination of tppm on a single metal.
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There is considerable strain in the tricyclic system, with
all three P-C-P angles less than 90°. One Fe-P bond is
easily opened by refluxing acetonitrile, giving [Fe-
(MeCN)(n*-tppm)Cp)] [PF].

Tris(diphenylphosphino)methane (tppm)! has received
considerable attention as a ligand for transition metals.?
In particular, tppm has been shown to promote
“spontaneous self-assembly” of the metal cluster [Ni;,-
{(us-tppm)(CO)g] from Ni(CO),.22 In other studies, %, %
7%, and n®-u, coordination, and rearrangement, have been
demonstrated,? but in no case has tppm been found with
all three phosphorus atoms coordinated to a single tran-
sition-metal center. We report the first instance of tppm
acting as a »° ligand.

“Ultraviolet irradiation® of a mixture of [Fe(p-xylene)-
(Cp)][PFg)* (418 mg, 1.12 mmol) and tppm (671 mg, 1.18
mmol) in ~80 mL of dichloromethane for 8 h, followed
by filtration, evaporation to ~10 mL in vacuo, and slow
addition of ~15 mL of ethyl ether gives [Fe{HC-
(PPh,)3J(Cp)1[PFg]* (I, 903 mg, 96% yield) as orange
crystals. Spectroscopic characterization® suggested that
n® coordination of tppm had occurred, but the shift of the
cyclopentadienyl protons in the 'H NMR spectrum of I
was 6 5.60, at anomalously low field. Ordinarily, phosphine
substituents cause an upfield shift of the cyclopentadienyl
resonance in [FeL4(Cp)]*: e.g., [Fe(s*-dppm)(CO),(Cp)]*
(dppm = bis(diphenylphosphino)methane), § 5.52,% [Fe-
(n*-dppm)(CO)(Cp)]*, 6 5255 [Fe(n'-dppm)(n*-dppm)-
(Cp)]*, 6 4.76," Fefn3-MeC(CH,PPh,).}(Cp)]*, & 5.06,% and
[Fe{n®-PhP(CH,CH,PPh,),}(Cp)]*, § 4.23.3° In order to
confirm 7 coordination of tppm in I and to gain some
insight into this NMR anomaly, a crystal structure analysis
of I was carried out.®

Single crystals of I were obtained by slow evaporation
of a dichloromethane solution of I with a stream of ethyl
ether-saturated nitrogen. An oRTEP™ plot of the resulting
structure is shown in Figure 1, and selected bond lengths
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Table I. Selected Bond Lengths (A) and Angles (deg)
(with Esds) for [Fe(HC(PPh,), }(Cp)](PF,1-1/.CH,Cl,

Bond Lengths

Fe-P1 2.212(2) P1-C21  1.827(86)
Fe-P2 2.222(2) P2-Cl 1.874 (8)
Fe-P3 2.219(2) P2-C31  1.839(6)
Fe-CPO® 1.719(6) P2-C41  1.828(6)
Fe-CPOA®  1.706(6) P3-C1 1.875 (6)
P1-C1 1.885(6) P3-C51  1.821 (6)
P1-C11 1.814(6) P3-Cé1  1.822(6)
C1-H1Y  1.008(5)
P4-F¢ 1.563 (3)
Bond Angles
P1-Fe-P2 72.48 (6) P3-Fe-CPOA® 138.3(1)
P1-Fe-P3 71.90 (6) P1-C1-P2 88.4 (2)
P1-Fe-CPO® 136.2(1) P1-C1-P3 87.6 (2)
P1-Fe-CPOA® 137.8(1) P2-C1-P3 88.3 (2)
P2-Fe-P3 72.03 (6) Fe-P1-C1 83.8 (2)
P2-Fe-CPO® 137.2(1)  Fe-P2-C1 83.7(2)
P2-Fe-CPOA® 135.4 (1) Fe-P3-Ci 83.8 (2)
P3-Fe~-CPO? 138.0 (1)

¢ CPO and CPOA are the centroids of the cyclo-
pentadienyl groups CPO and CPA, respectively. ® H1
was located in a difference Fourier but was not refined.
¢ Average of six P~F distances.

and angles are presented in Table I. The [Fe{HC-
(PPh,)3H(Cp)]* cation indeed contains a #°-tppm ligand,
and there is evidence for considerable strain in this ferr-
atriphosphabicyclo[1.1.1]pentane system. The Fe-P bond
lengths are about the same as those found in the structure
of [Fe(CO){(dppm)(Cp)][BPh,] (II), 2.226 (6) and 2.198 (6)
Al The P-C1 bonds are barely longer than those in II,
1.84 (2) and 1.86 (2) A, and slightly longer than the P-
phenyl distances in I itself. The nonbonded Fe-C1 dis-
tance in I is 2.746 (5) A, which is ca. 0.6 A longer than a
typical Fe—~C bond (2.0-2.2 A)!2 but is about the same as
the fractional Fe-C2 bonds in [{Fe(CO)o(Cp)la(n®-u-
CH,CHCH,)]* (2.59 and 2.72 A).® The major distortions
in I are angular. The P-Fe-P angles are smaller than that
angle in II, 74.6 (2)°. The most remarkable distortion is
that all of the P-C1-P angles are less than 90°. Thus,
one can consider carbon C1 to be using primarily p orbitals
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refinement led to R = 6.2% and R, = 7.5%.
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Figure 1. An orRTEP! plot of the [Fe{fHC(PPhy)3}(Cp)]* cation,
showing 50% probability ellipsoids. Hydrogen atoms, except for
H1, are omitted for clarity. H1 is arbitrarily scaled. Only one
of the two half-occupied cyclopentadienyl groups is shown. Phenyl
carbons are numbered sequentially.

to form three bonds to phosphorus, leaving an orbital rich
in s character to bond to H1. The P1-P2-P3 plane is
parallel to the cyclopentadienyl plane (~1.8° angle). A
possible explanation of the anomalous cyclopentadienyl
NMR shift of I is found in the orientations of the six
phenyl rings. All six rings are “stacked” about the equator
of the cation, such that adjacent phenyl rings on different
phosphorus atoms are approximately parallel?® (the in-
terplanar angles are as follows: Ph1-Ph6 = 24.4°, Ph2-Ph4
= 19.4°, and Ph3-Ph5 = 25.0°, where PhN is the plane
consisting of atoms CN1-CNB6). The planes of the phenyl
rings are approximately perpendicular to the cyclo-
pentadienyl plane (angles range from 72.9° (Phé) to 114.7°
(Ph2), averaging 89.3°). The collective ring currents of the
stacked phenyl rings are probably responsible for the
anomalous deshielding of the cyclopentadienyl protons.*
Refluxing acetonitrile reacts rapidly with I, displacing
one arm of the tppm ligand to quantitatively produce
[Fe(MeCN)(5%-tppm)(Cp)][PFg] (III).1* The reaction is
stereospecific, producing only one of the two possible
isomers (exo or endo at C1). The acetonitrile ligand of II
exchanges with CD;CN at room temperature, with a
half-life of about 35 min as followed by proton NMR. The
photoreaction of [Fe(p-xylene)(Cp)}[PF,] with tppm in
acetonitrile® produces the same isomer of III. This result
confirms that the simultaneous availability of three co-
ordination sites, in the absence of any other potential
ligands, is essential for the formation of a 7°-tppm complex.
The sequential reaction of FeCl, with tppm, TiCp, and
NH,PF;, a method which successfully produces [Fe{n®-
PhP(CH,CH,PPh,),}(Cp)][PF¢],% does not give I. ~
Although the methinyl (H1) proton in I should be fairly
acidic, attempts to deprotonate I using Na[N(SiMe;),],
KOCMe;, KH, and n-BuLi have thus far led mainly to
recovered starting material, with some decomposition,
despite the facile deprotonation of [Fe(CO)(dppm)-
(Cp)][PF¢] to give a stable zwitterion,'® and the reported

(14) Aromatic ring current effects often cause unusual shifts in cyclic
systems. For cyclophane examples, see: Mitchell, R. H. “Cyclophanes”;
Keehn, P. M.; Rosenfeld, S. M., Eds.; Academic Press: New York, 1983;
Volume 1, Chapter 4, pp 239-310.
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stable crystals; 79% yield; IR (Nujol) »(CN) 2249, 2271 cm™; 'H NMR
(CD,4CN, 90 MHz) 5 7.6-6.9 (30 H, m, Ph), 5.88 (1 H, dt, 2Jp_y = 8 Hz,
ZJE_H = 10 Hz, 6 H), 4.47 (5 H, dist t, *Jp_y4 = 1.5 Hz, Cp), 1.3 (3 H, dist
t, °Jp_ = 1.3, CHy); *'P NMR (CH,CN, 80.96 MHz) 65 58.3 (3 P, d, %Jpp
= 15 Hz, Fe-P), -20.6 (1 P, t, free P), -143.0 (1 P, sept, J = 706 Hz, PFy).
Anal. Found (Caled): C, 60.17 (60.35); H, 4.54 (4.50); P, 14.27 (14.15).
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Soc., Chem. Commun. 1982, 220-221.
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deprotonations of tppm?®-7 and its sulfides.!®* Perhaps
the deprotonation of tppm in I would produce a planar P,C
ligand™® which could not be accommodated by a single iron
atom. Studies of tppm complexes with other metals are
in progress to address this point.
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Summary: Bis(cyclopentadienyl)samarium chloride and
bis(cyclopentadienyl)iutetium chloride react with (tri-
methylsilyllithium in 1,2-dimethoxyethane (dme) to give
complexes of the type [Li{dme);] [(CsHs),Ln(SKCH;)s).] (Ln
= Sm, Lu). The molecular structure of [Li{dme),]-
[(CsHs),SM(SIHCH;),),] has been elucidated through com-
plete X-ray analysis. The crystals are monoclinic, space
group P2/n (nonstandard setting of P2/c, No. 13), with
a= 14.460 (4) A, b =9.018 (3) A, c = 14.558 (7) A, 8
= 103.96 (3)°, V = 1842.3 A%, p_, = 1.269 g/cm?, and
Z = 2. The structure was solved by Patterson and
Fourier techniques from 2621 unique reflections (I =
3a(I)) corrected for Lorentz and polarization effects but
not for absorption (u = 15.89 cm™"). The final R value
is 0.062 (R,, = 0.078). Principal dimensions are as fol-
lows: Sm-Cp = 2.316 (7) A, Sm-Si = 2.880 (2) A, Cp-
Sm-Cp' = 131.6 (2)°, Si-Sm-Si' = 90.07 (7)°.

(1) Part 23: Schumann, H.; Albrecht, 1.; Pickardt, J.; Hahn, E. J.
Organomet. Chem. 1984, 276, C5.
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Figure 1. ORTEP plot of the [(CsH;),Sm(Si(CHj)s),]™ anion.

Lanthanides are generally thought to be hard Lewis
acids.? Thus the most thermodynamically stable com-
pounds are formed between carbon, halogen, or oxygen
donors and lanthanide acceptors.? Only few examples of
organometallic compounds of the lanthanides with bonds
to soft donors such as P,*® As,® and S!° are known. We
reported the synthesis of the first bis(cyclopentadienyl)-
lanthanide triphenylgermyl and triphenylstannyl com-
plexes.!! Organometallic compounds of the lanthanides
with bonds to silicon have not been described as yet. The
lanthanide-silicon bond might possess a high degree of
“covalency” because of the good donor properties of the
trimethylsilyl ligand, although the bonding in organo-
actinides and organolanthanides is considered to be ionic.!?

Reaction of (C;H;);SmCl-NaCl-2dme (dme = 1,2-di-
methoxyethane) or (Cz;H;),LuCLNaCl:2dme with an
equimolar amount of LiSi(CHy); in dme at -78 °C does
not yield the hoped for bis(cyclopentadienyl)lanthanide
trimethylsilyl compiexes (CsH;),L.n-Si(CH;); (Ln = Sm,
Lu) but instead the cation-anion pairs [Li{(dme);]-
[(C5H5)2Ln(Si(CH3)3)2] (Ln = Sm, Lu) (eq 1).13

penione

(CsHs)zLnCl+NaCl-2dme + 2LiSi(CH3)s — == NaCl + LiCI +
Si(CH3)3

[Li(dme)3IL(CsHgl L 1)
Si(CHa)z

Ln=Sm,Lu

The yellow complexes are extremely sensitive toward
moisture and air. They decompose slowly at room tem-
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(13) Na(CsH;) (0.84 g, 9.4 mmol) was added to a suspension of SmCly
(1.2 g, 4.7 mmol) in 70 mL of dme. After 3 h of stirring, the reaction
mixture was cooled to ~78 °C. Formation of (C;H;),SmCl.-NaCl-2dme in
80% yield was assumed and an equimolar amount of LiSi(CHg); (3.76
mmol, 18.8 mL of a 0.2 M pentane solution) was added slowly. After the
mixture was warmed to room temperature, stirred for an additional 14
h, decanted from the LiCl formed, and concentrated to 20 mL, pentane
(20 mL) was added. After the mixture was cooled to ~23 °C for 1 week,
yellow crystals of [Li(dme);]{(CsH;),Sm(Si(CHjy);),] were collected in 20%
yield, based on SmCl,.
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