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Complexes with Bridging 1,2,4-Triphospholyl and
1-Arsa-3,4-Diphospholyl Anions
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Yellow-brown oils, characterized spectroscopically as [Cp*Ru(5-Ce-t-BusPs5)], 11, and
[Cp*Ru(n5-Ca-t-BusAsPy)], 12, were isolated from the reaction of [Cp*Ru(CH3CN);][PFg], 6,
with [Li(Co-t-BusP3)], 2, or [Li(Co-t-Bu2AsPs)], 4, respectively. Both 11 and 12 reacted further
with 8 to give the triple-decker complexes [Cp*Ru(u-n°:35-Cs-t-BuzP3)RuCp*1[PFs], 7, and
[Cp*Rulu-n3:75-Cqo-t-BusAsPs)RuCp*|[PF;], 8, in which the triphospholyl or arsadiphospholyl
anions bridge two ruthenium centers. Both 7 and 8 have been characterized by single-
crystal X-ray crystal structure determinations. Crystal data for C3HysFsPsRuy, 70 M =
848.7, P2:2:2;, a = 12.642(9) A, b = 15.151(10 A, ¢ = 18.176(10) A, V = 3481.4 A, Doyea =
1.62 gem™3 (Z = 4) u = 10.8 cm™! for Mo Ka radiation (1 = 0.7107 A), final R = 0.055, R,
= 0.057, from 2716 observed reflections (3437 measured). Data for C;o0HsAsFsP3Ruy, 8: M
= 892.7, P2:2:21, ¢ = 12.650(9) A, b = 15.147(8) A, ¢ = 18.111(10) A, V = 3470.1 A3, Dearq
=1.71gem3(Z=4)u = 19.9 em™! for Mo Ka radiation (1 = 0.7107 A), final R = 0.049, R,,
= 0.053, from 2760 observed reflections (3430 measured). Attempts to prepare mixed-metal
triple-decker complexes by reacting [Fe(n5-CsRs5)(5°-Co-t-BugP3)] (R = H, 14a; R = Me, 14b]
or [Fe(n5-CsRs)(n15-Co-t-BusAsPs)] (R = H, 15a; R = Me, 15b) with 6 were unsuccessful.
Likewise, when either 14a or 15a is treated with 6 the intermediate complexes [Fe(#5-
CsH5)(15-Ca-t-BugP3)RuCp*(CH3CN)J[PFel, 17, or [Fe(n°-CsHs)(55-Co-t-BuzAsPy)RuCp*(CHs-
CN):J[PF¢], 18, were isolated and spectroscopically characterized. When these were heated
in nitromethane, a ring transfer occurred and the triple-decker species 7 or 8 was observed.
Similar reactions involving 14b or 15b led directly to 7 or 8 without detection of any

intermediate complexes.

Introduction

The synthesis of phospholyl anions of the type
C.R.P5-. (n =0-5) and their complexation to transition
metals is a contemporary theme in the rapidly expand-
ing area of phosphorus—carbon multiple-bond chemis-
try.22 Many mono- and polymetallic systems, contain-
ing a variety of coordination modes of phospholyl anions,
have now been structurally characterized,? and the
particular focus on this work is the study of complexes
containing the di- and triphospholyl anions [(Cs-t-
BusPs)], 1, and [(Ca-£-BusPs) ), 2.3 Several polymetallic
complexes in which 2 behaves as a bridging ligand are
known,*~7 but so far no triple-decker complexes in which
2, or any other phospholyl anion, bridges two metals in
a u-n°n5 fashion have been isolated. There is one report
by Grimes and co-workers® of a triple-decker complex
containing a terminal phospholyl ligand. In contrast,
the triple-decker complexes [Cp*Fe(u-n%:75-E5)FeCp*]-
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[PFg] (E = P, As), in which the pentaphospholyl 3a or
pentaarsolyl 8b°® anions bridge two Fe atoms, are
known, as are homo- and heterobimetallic triple-decker
complexes containing group 8 metals in which either
Cp!0 of Cp*1! ligand bridge the metals. The stability of
30-valence electron complexes of this type was predicted
by Hoffman in 1976,'2 and calculations by Malar'? have
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shown the aromaticities of phosphorus-containing ana-
logues of cyclopentadienyl anions are no less than 86%
relative to [CsH;s™]; thus there seemed a strong likeli-
hood for the possible synthesis of triple-decker com-
plexes containing phospholyl anions by similar methods
to those previously reported.

In this paper we describe the synthesis, characteriza-
tion, and X-ray crystallographic studies of the diruthe-
nium triple-decker complexes [Cp*Ru(u-15:5-Ca-t-BugP3)-
RuCp*[PFg], 7, [Cp*Rulu-7%7>-Cs-t-BusAsP2)RuCp*l-
[PFe], 8, and [Cp*Ru(u-n5:7°-Cg-t-BugPAsP)RuCp*][PF¢),
9, in which 2 and the recently reported!415 1-arsa-3,4-
diphospholyl and 3-arsa-1,4-diphospholyl anions, 4 and
5, ligate in a u-%:7% mode. The attempted preparation
of mixed-metal triple-decker complexes is also reported.

Results and Discussion

The synthesis of several iron complexes containing the
anions 1 and 2 have been described,* 716 and we have
very recently reported the syntheses of several metal
complexes containing the anions 4 and 5.14!5 Despite
this, apart from a very recent paper by Mathey and co-
workers,!” there has been little attention paid to phos-
pholyl complexes of ruthenium. The CpRu derivatives
of the anions 1 and 2 have been synthesized and
characterized,'® and we now report the Cp*Ru deriva-
tives of 1, 2, 4, and 5. Treatment of a 1,2-dimethoxy-
ethane (DME) solution of [Cp*Ru(CH3CN);][PFsl, 6,
with an equimolar amount of the lithium salt of either
2 or 4 gave the complexes [Cp*Ru(5?-Ca-t-BugP3)], 11,
and [Cp*Ru(#5-Ca-t-BugAsPy)], 12, respectively (Scheme
1). Both compounds were characterized by NMR (*H,
SIP{1H}) and mass spectroscopy. The 'H NMR spec-
trum of 11 showed the expected two singlets due to Me
and ¢-Bu protons. In addition to these signals, a weak
singlet was observed, which was attributed to small
amounts of [Cp*Ru(#?-Cs-t-BusPs)], 10, which is formed
due the unavoidable cosynthesis of 1 with 2.1¢

The 3P{!H} spectrum of 11 showed a triplet and
doublet (J = 44 Hz), which is typical of 2Jpp coupling
in metal complexes of 247616 A weak singlet also
observed in this spectrum is attributed to 10. The !H
NMR spectrum of 12 showed two singlets due to Cp*
and ¢-Bu protons and several other signals in the Cp*
and ¢-Bu regions. The 3'P{1H}) spectrum of 12 exhibited
a singlet at 6 36.8 ppm, and several other resonances
were also observed. Previous work!* has shown that
the synthesis of pure 4 cannot be achieved and that
small amounts of 1, 2, and 5 are always present. Thus
the extra signals occurring in both the 'H and 3'P{H}
spectra are attributed to [Cp*Ru(#5-Cq-t-BugAsP)], 18,
an isomer of 12, and to 10 and 11. The NMR spectro-
scopic data of complexes 10—13 are summarized in
Table 1.
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Table 1. Selected 'H and 3P NMR Spectroscopic
Data® for New Mononuclear Phospholyl and
Arsadiphospholyl Compounds 10—13 and 15b—16b

H NMR 31P{IH} NMR
compd d (ppm) ¢ (ppm)
10 1.60 (s, 18H); 1.87 (s, 15H) 21.8
11 1.39 (s, 18H); 1.80 (s, 15H) 18.0 (t); 36.2 (d)
[2Jp,px = 43.0 Hz]
12 1.39 (s, 18H); 1.80 (s, 15H) 36.8
13 1.38 (s, 18H); 1.79 (s, 15H) 16.3 (t); 66.7 (d)

15b 1.49 (s, 18H); 1.70 (s, 15H)
16b 1.50 (s, 18H); 1.69 (s, 15H)

[2Jp,p, = 43.0 Hz
49.9
37.0 (t); 81.7 (d)

[2Jp,py) = 45.2 Hz]
e 1H NMR: Ce¢Dg, 250 MHz. 3'P{!H} NMR: CsDs, 101.3 MHz.

When [Cp*Ru(CH3CN)31[PFs], 6, was treated with a
2-fold excess of either 2 or 4 or when complexes 10 or
11 were treated with 6, the novel triple-decker com-
plexes [Cp*Ru(u-n%:35-Ce-t-BusP3)RuCp*1[PFsl, 7, and
[Cp*Rulu-1%:15-Co-t-BusAsP2)RuCp*][PFg], 8, were formed
from the respective rections (Scheme 1). Prolonged
heating of the reaction mixtures led to decomposition
of the compexes. Both 7 and 8 were isolated as orange
air-stable powders, soluble in THF, acetone, and chlo-
roform but insoluble in ether and petroleum ether. The
'H NMR spectra of both 7 and 8 showed, as expected,
one resonance due to the Me protons and one resonance
due to the ¢-Bu protons. In addition, the spectrum of 8
showed two resonances (6 1.33 and 1.81) due the Me
and ¢-Bu protons, respectively, of [Cp*Ru(u-7%:15-Co-t-
BusPAsP)RuCp*][PF¢], 9, which was formed in addition
to 8. A small amount of 7 was also detected in the 'H
NMR spectrum of 8, but this could be easily separated
by fractional crystallization.

The 3'P{!H} NMR spectrum of 7 showed an AX;
pattern, (3Jpp = 36 Hz), shifted ca. 40 ppm upfield from
the value observed for 11, as well as a septet due to the
[PFg]™ anion. A similar upfield shift is observed when
the complex [Cp*Fe(#5-P5)] reacts with [CpFe(CeHg)l-
[PF¢] to form [Cp*Fe(u-1%:15-P5)FeCpl[PFs].? Interest-
ingly, no additional signals were observed in either the
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Table 2. Selected 'H and *'P NMR Spectroscopic Data® for New Dinuclear Phospholyl and
Arsadiphospholyl Compounds 7—9 and 17—-19

compd 'H NMR 6 (ppm) S1P{1H} NMR 6 (ppm)

7 1.35 (s, 18H); 1.82 (s, 15H) —2.37 (t); —34.2 (d) [2Jp, p, = 37.0 Hz]
8 1.35 (s, 18H); 1.81 (s, 15H) -28.2
9 1.33 (s, 18H); 1.82 (s, 15H) 13.5(d); —40.9 (d) [2Jp, p, = 36.9 Hz]

17 1.32 (s, 9H); 1.38 (s, 9H); 1.62 (s, 15H); 2.45 (s, 6H); 4.65 (s, 5H) —6.46 (Pa); 95.0 (Pp); 27.6 (P¢) [YJp, p, = 437 Hz,

2Jp, e = 47.0 Hz, 2Jp, p, = 48.3 Hz]
18 1.37 (s, 9H); 1.43 (s, 9H); 1.62 (s, 15H); 2.47 (s, 6H); 4.65 (s, 5H) —5.20; 93.4 [\Jp, p, = 447.0 Hz]
19 1.38 (s, 9H); 1.51 (s, 9H); 1.63 (s, 15H); 2.56 (s, 6H); 4.66 (s, 5H) 23.2; 114.5 [2Jp, p, = 50.1 Hz)

2 1H NMR: CDCls, 250 MHz. 3!P{!H} NMR: CDCls, 101.3 MHz.

Cc30

c26
Figure 1. Molecular structure of compound 7.

1H or 3!P{'H} NMR spectra of 7, indicating that complex
10 had not reacted any further with 6 to give the triple-
decker species in which 1 is ligated in a y-75:5% fashion.
This is probably due to the steric bulk of 1 since the
presence of three ¢-Bu groups on the middle ring would
inhibit coordination of two Cp*Ru fragments on either
side of the ring. The 3'P{!H} NMR spectrum of 8
showed a singlet together with AX pattern (?Jpp = 36
Hz) assigned to 9. In agreement with previous observa-
tions, both sets of signals are shifted ca. 60 ppm upfield
relative to their parent complexes. Selected NMR
spectroscopic data of complexes 7—9 are shown in Table
2.

The molecular structures of both 7 (Figure 1) and 8
(Figure 2) have been determined by single-crystal X-ray
crystallographic studies and confirm the conclusions
from the spectroscopic data. Interesting structural
features of these complexes are the large dihedral angles
between the Cp* rings and the middle ring (10.0°
average for 7) and (10.4° average for 8), which are
considerably bigger than those observed in the triple-
decker complexes containing Cp or Cp* rings (typically
about 2°)10:1! (see Tables 3—6). These larger values
could be attributed to the presence of bulky #-Bu
substituents in the middle ring which would push out
the Cp* rings on either side. A similarly high value
(8.1°) is observed in the structurally related complex

Cc28

c26
Figure 2. Molecular structure of compound 8.

[Ru(#5-Cs-t-BusPs)2] which has recently been synthe-
sized.!® The two capping Cp* ligands in both complexes
7 and 8 are mutually eclipsed, and this orientation is
consistent with other triple-decker species containing
group 8 metals whose middle deck is either a Cp or Cp*
ligand.1011® The bond lengths within the middle ring
of 7 are slightly longer than the bond lengths observed
in {Ru(n5-Cs-t-BusP;3):1,18 and interestingly Scherer et
al. report a similar small increase in the bond lengths
of both the P;~ and As;~ ligands when their ligation
mode changes from 75 to u-758° An additional
structural feature of 7 concerns the bond lengths
between the each Ru atom and the center of the middle
ring, (1.794 and 1.787 A), which are marginally shorter
than the bond length of 1.814 A observed [Ru(z75-Ca-t-
BuyP3)2].1%® No comparison of the bond distances in
complex 8 can be made due to the lack of structurally
characterized complexes containing arsadiphospholyl
anions. The average bond distances from each Ru atom
to the C atoms in the Cp* ligands is 2.20 A in 7 and
2.21 A in 8. These are slightly longer than those bond
lengths observed in both decamethylruthenocene (2.17
A)1? and ruthenocene (2.186 A).2° A high disorder of

(19) Albers, M. O.; Liles, D. C.; Robinson, D. J.; Shaver, A,
Singleton, E.; Wiege, M.; Boeyens, J. C. A.; Levendis, D. C. Organo-
metallics 1986, 5, 2321.

(20) Seiler, P.; Dunitz, J. D. Acta Crystallogr., Sect. B. 1980, B36,
2946.
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Table 3. Fractional Atomic Coordinates and
Equivalent Thermal Parameters for Compound 7
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Table 4. Fractional Atomic Coordinates and
Equivalent Thermal Parameters for Compound 8

x y z Uey®
Ru(l)  0.87452(8) 0.80285(7) 0.26508(6)  0.032(1)
Ru(2) 0.67531(8) 0.96270(7)  0.30711(5)  0.031(1)
P3) 0.6939(3) 0.7990(2) 0.3220(2) 0.039(2)
P 0.8674(3) 0.9503(2) 0.3174(2) 0.038(2)
P(2) 0.7963(3) 0.9308(2) 0.2068(2) 0.036(2)
P(4) 0.7985(4) 0.5045(4) 0.9744(2) 0.072(3)
F(1) 0.8643(11)  0.4210(8) 0.9546(7) 0.147(10)
F(2) 0.8935(12)  0.5584(10)  0.9588(9) 0.188(12)
F(3) 0.8258(14)  0.4986(11)  1.0531(6) 0.197(13)
F(4) 0.7747(12)  0.5090(15)  0.8933(7) 0.240(15)
F(5) 0.7361(12)  0.5865(9) 0.9970(10)  0.185(13)
F(6) 0.7021(11)  0.4511(12)  0.9840(10)  0.292(14)
C 0.7045(9) 0.8435(7) 0.2306(7) 0.033(6)
C2) 0.7902(9) 0.8682(9) 0.3652(7) 0.036(7)
C® 0.6309(11)  0.8033(9) 0.1713(7) 0.046(7)
C(4) 0.6550(12)  0.7059(10)  0.1619(9) 0.069(10)
C(5) 0.5145(11)  0.8108(11)  0.1944(9) 0.061(9)
C(6) 0.6429(12)  0.8494(11)  0.0968(8) 0.065(10)
() 0.8076(11)  0.8554(10)  0.4496(7) 0.046(8)
C(8) 0.8347(23)  0.9404(14)  0.4829(9) 0.126(17)
C9) 0.7076(16)  0.8240(18)  0.4859(9) 0.124(16)
C(10)  0.8852(22)  0.7923(16)  0.4662(9) 0.187(18)
C(11)  0.9851(9) 0.6917(9) 0.2958(8) 0.044(7)
C(12)  1.0423(10)  0.7752(8) 0.2824(7) 0.043(8)
C(13)  1.0250(10)  0.7956(8) 0.2076(7) 0.044(7)
C(14)  0.9547(10)  0.7343(8) 0.1744(7) 0.038(7)
C(15)  0.9300(11)  0.6707(9) 0.2293(8) 0.051(8)
C(16)  0.9966(12)  0.6329(10)  0.3628(8) 0.060(9)
C(17)  1.1214(11)  0.8215(9) 0.3337(9) 0.061(9)
C(18)  1.0809(12) 0.8715(10)  0.1647(8) 0.063(9)
C(19) 0.9318(13)  0.7248(11)  0.0926(8) 0.064(10)
C(20)  0.8714(12)  0.5829(8) 0.2187(9) 0.058(9)
C(21)  0.5106(9) 1.0085(9) 0.3276(8) 0.046(8)
C(22)  0.5505(11)  1.0493(9) 0.2614(7) 0.048(8)
C(23)  0.6403(11)  1.0997(8) 0.2808(7) 0.045(8)
C(24) 06530(11)  1.0911(9) 0.3592(8) 0.052(9)
C(25)  0.5727(12)  1.0360(10)  0.3844(8) 0.059(9)
C(26)  0.4079(10)  0.9571(11)  0.3344(10)  0.076(11)
C(27)  0.5002(13)  1.0542(12)  0.1844(8) 0.092(11)
C(28)  0.7042(12) 1.1586(10)  0.2319(10)  0.083(10)
C(29)  0.7300(13)  1.1493(12)  0.4031(10)  0.079(1D)
C(30)  0.5431(14)  1.0241(12)  0.4673(8) 0.080(10)

@ Ueq is defined as one-third of the trace of the orthogonalized
U, tensor.

occupancy between the P and As atoms in the middle
ring of 8 results from the cocrystallization of 8 and 9
from solution. This is not unexpected, as a similar
disorder of occupany in both arsaphospholyl and arsa-
diphospholyl rings is observed in the structurally char-
acterized complexes [Fe(5?-C3EtsHPAs)5]2! and [CpFe-
(775-02-t-Bu2ASP2)W(CO)5].14

Surprisingly, the analogous diiron triple-decker com-
plexes [Cp*Fe(u-n°:7%-Ca-t-BusP3)FeCp*l[PFs] and [Cp*-
Fe(u-n5:75-Co-t-BusAsP2)FeCp*1[PFg] could not be pre-
pared from the reaction of either [Cp*Fe(y5-Cz-t-BugPs)],
14b, or [Cp*Fe(73-Cao-t-BusAsPs)], 15b, with [(CsRs)Fe-
(Ce¢Hp)I[PFgl, (R = H, Me), even after prolonged reflux
of the rection mixtures. In such reactions the starting
materials were recovered quantitatively, and UV ir-
radiation of the reaction mixtures only resulted in
decomposition. In contrast, triple-decker complexes
containing Ass or P; rings as the bridging ligands are
readily synthesized by visible-light irradiation of [#5-
CpFe(CgHe)lPFs] and either (7°-CsMesR)Fe(75-Ass)] or
[(15-CsMesR)Fe(75-P5)] (R = Me, Et).89 It is unclear why
these types of diiron triple-decker complexes containing

(21) Sierra, M. L.; Charrier, C.; Mathey, F. Bull. Chim. Soc. Fr.
1993, 130, 521.

x Y 2 Ueg®
Ru(l) 0.87450(8)  0.79930(6) 0.26492(5) 0.032(1)
Ru(2) 0.67581(8)  0.95852(6) 0.30782(5)  0.031(1)
As 0.69172(13) 0.78976(11) 0.32575(8)  0.032(1)
P(1) 0.87005(21) 0.94954(17) 0.31694(15) 0.034(1)
P(2) 0.79574(21)  0.92827(17)  0.20397(15) 0.034(1)
P(3) 0.79730(33)  0.50138(34) 0.97332(24) 0.075(3)
F(1) 0.8626(10) 0.4194(7) 0.9513(6) 0.136(9)
F(2) 0.8936(11) 0.5572(8) 0.9597(7) 0.158(10)
F(3) 0.8304(15)  0.4973(9) 1.0521(6) 0.203(13)
F(4) 0.7720(12)  0.5060(15) 0.8914(7) 0.244(14)
F(5) 0.7353(11)  0.5838(9) 0.9971(9) 0.176(11)
F(6) 0.6983(11)  0.4476(11)  0.9850(10)  0.298(13)
C) 0.7035(9) 0.8386(7) 0.2311(6) 0.034(6)
C(2) 0.7944(6) 0.8685(8) 0.3665(6) 0.036(8)
C3®) 0.6291(10)  0.7998(8) 0.1705(6) 0.043(6)
C4) 0.6520(12)  0.7007(10)  0.1609(9) 0.072(10)
C(5) 0.5151(10)  0.8037(10)  0.1972(8) 0.063(8)
C(6) 0.6412(13)  0.854(11) 0.0953(7) 0.078(10)
C( 0.8128(10)  0.8573(9) 0.4508(7) 0.051(7)
C(8) 0.8425(20)  0.9448(13)  0.4847(9) 0.133(15)
C(® 0.7152(17)  0.8304(20)  0.4871(9) 0.162(20)
C(10)  0.9038(21)  0.7994(15)  0.4666(10)  0.178(18)
C(11)  0.9875(9) 0.6888(8) 0.2969(7) 0.045(7)
C(12)  1.0446(10) 0.7723(8) 0.2828(7) 0.044(7)
C(13)  1.0237(9) 0.7937(8) 0.2060(7) 0.048(7)
C(14) 0.9538(10)  0.7295(8) 0.1733(7) 0.049(8)
C(15)  0.9305(9) 0.6673(8) 0.2311(7) 0.042(7)
C(16) 0.9991(12)  0.6286(9) 0.3621(8) 0.063(9)
C(17) 1.1199(10)  0.8190(8) 0.3324(8) 0.056(8)
C(18) 1.0785(11)  0.8687(9) 0.1641(8) 0.070(9)
C(19) 0.9294(13)  0.7198(10) 0.0907(7) 0.067(10)
C(20) 0.8712(11)  0.5807(7) 0.2186(7) 0.051(7)
C(21)  0.5097(9) 1.0030(8) 0.3281(8) 0.049(8)
C(22)  0.5510(10) 1.0438(8) 0.2612(7) 0.045(7)
C(23) 0.6409(10) 1.0941(8) 0.2805(8) 0.050(8)
C(24) 0.6543(10) 1.0866(9) 0.3604(8) 0.055(8)
C(25)  0.5734(10) 1.0323(9) 0.3886(7) 0.049(7)
C(26) 0.4076(11)  0.9546(11)  0.3358(11)  0.088(11)
C(27) 0.5012(14) 1.0499(10)  0.1842(8) 0.095(10)
C(28) 0.7048(11) 1.1530(9) 0.2293(9) 0.077(9)
C(29) 0.7308(13) 1.1454(11)  0.4046(10) 0.095(11)
C(30)  0.5463(14) 1.0227(12)  0.4694(8) 0.097(11)

@ Ueq is defined as one-third of the trace of the orthogonalized
U, tensor.

175-(Cg-t-BugPs) and #5-(Cqo-t-BusAsPs) rings do not also
form in this way, although diiron triple-decker species
with bridging Cp* ligands have previously been found
to be less stable than their Ru analogues.!!2 It is pos-
sible that the triple-decker species [Cp*Fe(u-5°:7%-Ca-t-
BugP3)FeCp*][PF¢] and [Cp*Fe(u-175:75-Co-t-BusAsPs)-
FeCp*][PFs] were formed in the abéve reactions, but the
presence of displaced benzene induced degradation of
the triple-decker species. A similar reaction in which
benzene degrades diruthenium triple-decker complexes
is known,10

The reaction of either [CpFe(#5-Co-t-BusPs)], 14a, or
[CpFe(5%-C2-BuzAsPs)], 15a, with [Cp*Ru(CH3;CN)sl-
[PFg], 6, did not lead to the expected mixed-metal triple-
decker species. Instead, displacement of one acetonitrile
ligand from 5 resulted in the formation of the new
mixed-metallic complexes [CpFe(75-Co-t-BusP3)Ru-
(Cp*)CH3CN):1{PF¢], 17, and [CpFe(75-Cs-t-BusP3)Ru-
(Cp*)CH3CN):1[PFg], 18, respectively (Scheme 2). The
compounds were identified on the basis of NMR spec-
troscopy (Table 2). The 'H NMR spectrum of 17 showed
two signals that can be assigned to z-Bu protons, one
signal from the CH3CN protons and one signal due to
Cp protons. Similar resonances were observed in the
IH NMR spectrum of 18, together with extra signals due
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Table 5. Intramolecular Distances (4) and Angles
(deg) for Compound 7 with ESD’s in Parentheses

Hitcheock et al.

Table 6. Intramolecular Distances (A) and Angles
(deg) for Compound 8 with ESD’s in Parentheses

(a) Bond Distances

Ru(1)-P(3) 2.508(4) Ru(1)-P(1)
Ru(1)-P(2) 2.421(3) Ru(1)-C(1)
Ru(1)-C(2) 2.330(12) Ru(1)-C(11)
Ru(1)-C(12) 2.185(13) Ru(1)-C(13)
Ru(1)-C(14) 2.196(12) Ru(1)-C(15)
Ru(1)-M1¢ 1.794 Ru(1)-M2?
Ru(2)-P(3) 2.506(4) Ru(2)-P(1)
Ru(2)-P(2) 2.429(4) Ru(2)-C(1)
Ru(2)—-C(2) 2.297(12) Ru(2)—-C(21)
Ru(2)-C(22) 2.2141(14) Ru(2)-C(23)
Ru(2)-C(24) 2.181(14) Ru(2)—-C(25)
Ru(2)-M1 1.787 Ru(2)-M3°
P(3)-C(1) 1.798(13) P(3)-C(2)
P(1)-P(2) 2.223(5) P(1)-C(2)
P(2)-C(1) 1.813(12) P(4)-F(1)
P(4)-F(2) 1.48(2) P(4)-F(3)
P(4)-F(4) 1.507(14) P(4)-F(5)
P(4)-F(6) 1.47(2) C(1)-C(3)
C(2)-C(7) 1.56(2) C(3)-C(4)
C(3)-C(5) 1.53(2) C(3)-C(6)
C(1H)—C(8) 1.46(3) C(7H-C(9)
C(7H—-C(10) 1.40(3) C(11)-C(12)
C(11)-C(15) 1.43(2) C(11)~-C(16)
C(12)-C(13) 1.41(2) C(12)-C7)
C(13)-C(14) 1.42(2) C(13)-C(18)
C(14)—-C(15) 1.42(2) C(14)-C(19)
C(15)~-C(20) 1.53(2) C(21)-C(22)
C(21)—-C(25) 1.36(2) C(21)—-C(286)
C(22)—-C(23) 1.41(2) C(22)-C(2T)
C(23)—-C(24) 1.44(2) C(23)-C(28)
C(24)—-C(25) 1.39(2) C(24)—-C(29)
C(25)-C(30) 1.56(2)
(b) Bond Angles
M1-Ru(1)-M2 175.1 M1-Ru(2)—M3
C(1)-P(3)-C(2) 97.8(6) P(2)-P(1)-C(2)
P(1)-P(2)-C(1) 98.04) F(1)-P4)-F(2)
F(1)—P(4)-F(3) 92.9(8) F(1)-P(4)-F4)
F(1)-P)-F(5) 177.6(9) F(1)-P4)-F(6)
F(2)-P(4)-F(3) 91.7(9) F(2)-P4)-F4)
F(2)-P(4)-F(5) 91.2(8) F(2)-P(4)-F(6)
F(3)-P(4)-F(4) 178(1) F(3)-P4)-F(5)
F(3)-P(4)-F(4) 178(1) F(3)—-P(4)-F(5)
F(3)-P4)-F(6) 93(1) F(4)—P(4)-F(5)
F(4)-P(4)-F(6) 89(1) F(5)—-P(4)—-F(6)
P(3)-C(1)-P(2) 122.9(7) P(3)-C(1)—C(3)
P(2)-C(1)-C(3) 120.3(9) P3)-C(2)-P(1)
P(3)-C(2)-C(7) 117.009) P(Q)-C(2)-C(7)
C(1)-C(3)-C(4) 110(1) C(1)-C(3)—-C(5)
C(1)—-C(3)—-C(6) 112(1) C(4)-C(3)-C(5)
C(4)-C(3)—C(8) 109(1) C(5)—C(3)-C(6)
C(2)-C(7)—C(8) 109(1) C(2)—-C(7)—-C(9)
C(2)—-C(7)—-C(10) 113(1) C(8)—-C(7)-C(9)
C(8)—-C(7)—-C(10) 110(2) C(9)-C(7)—-C(10)
C(12)-CA1~-C(15) 107(1) C(12)-C(11)—-C(16)
C(15)-C(11)-C(16) 126(1) C(11)-C(12)~C(13)
C1D~-C(12)-CAA7) 128(1) C(13)-C(12)~-Ccamn
C(12)-C(13)-C(14) 111D C(12)-C(13)—-C(18)
C(14)—-C(13)—-C(18) 124(1) C(13)—C(14)-C(15)
C(13)-C(14)—-C(19) 127(1) C(15)-C(14)—-C(19)
C(11)—-C(15)—-C(14) 110(1) C(11)—C(15)—C(20)
C(14)-C(15)-C(20) 127(1) C(22)—-C(21)-C(25)
C(22)-C(21)~C(26) 126(1) C(25)-C(21)—C(26)
C(21)-C(22)—-C(23) 108(1) C(21)—C(22)—-C(27)
C(23)—-C(22)=C(27) 122(1) C(22)~C(23)—-C(24)
C(22)-C(23)—-C(28) 127(1) C(24)—-C(28)-C(28)
C(23)-C(24)-C(25) 107(1) C(23)—C(24)—C(29)
C(25)-C(24)-C(29) 129(1) C(21)—-C(25)—-C(24)
C(21)—-C(25)—-C(30) 124(1) C(24)-C(25)—C(30)

2.429(3)
2.322(12)
2.258(13)
2.173(13)
2.219(14)
1.840
2.443(4)
2.309(12)
2.226(12)
2.176(12)
2.211(15)
1.846
1.789(183)
1.804(13)
1.556(14)
1.473(12)
1.53(2)
1.55(2)
1.52(2)
1.53(2)
1.50(2)
1.48(2)
1.52(2)
1.54(2)
1.56(2)
1.52(2)
1.44(2)
1.52(2)
1.54(2)
1.50(2)
1.54(2)

174.9
97.2(4)
88.3(8)
85.3(9)
91.3(9)
87.0(9)

176(1)
84.8(9)
84.8(9)
97(1)
89.3(9)

116.8(8)

124.1(7)

118.9(9)

111(1)

107(1)

108(1)

111(1)

107(2)

106(2)

126(1)

106(1)

126(1)

125(1)

106(1)

125(1)

122(1)

107(1)

126(1)

129(1)

107(1)

126(1)

122(1)

111(1)

124(1)

@ M1 is the centroid of the P(1)—P(2)—P(3)—C(1)~C(2) ring. ® M2
is the centroid of the C(11)—C(15) ring. ¢ M3 is the centroid of the

C(21)—-C(25) ring.

to the isomer of 18, [CpFe(n5-Cq-t-BugPAsP)Ru(Cp*)-
(CH3CN):][PF¢], 19. The 3'P{1H} NMR spectrum of 17
showed, as expected, an ABC pattern (1Jpa pp = 437 Hz,

(a) Bond Distances

Ru(1)-As 2.565(2) Ru(1)-P(1) 2.464(3)
Ru(1)-P(2) 2.455(3) Ru(1)—-C(1) 2.325(11)
Ru(1)-C(2) 2.347(11) Ru(1)-C(11) 2.276(12)
Ru(1)-C(12) 2.215(12) Ru(1)-C(13) 2.170(12)
Ru(1)-C(14) 2.209(13) Ru(1)-C(15) 2.208(12)
Ru(2)-As 2.584(2) Ru(2)-P(1) 2.466(3)
Ru(2)-P(2) 2.460(3) Ru(2)-C(1) 2.313(11)
Ru(2)-C(2) 2.288(11) Ru(2)-C(21) 2.236(12)
Ru(2)~C(22) 2.207(12) Ru(2)-C(23) 2.158(12)
Ru(2)-C(24) 2.179(14) Ru(2)—C(25) 2.250(13)
Ru(1)-M1¢ 1.841 Ru(1)-M3¢ 1.792
Ru(2)-M2? 1.839 Ru(2)-M3 1.782
As—-C(1) 1.873(11) As~C(2) 1.911(11)
P(1)-P(2) 2.275(4) P(1)-C(2) 1.796(12)
P(2)-C(1) 1.856(11) P(3)-F(1) 1.543(12)
P(3)-F(2) 1.503(14) P(3)-F(3) 1.489(12)
P(3)-F(4) 1.520(14) P(3)-F(5) 1.536(14)
P(3)-F(6) 1.51(2) C(1)—-C(3) 1.56(2)
C@2)-C(7) 1.55(2) C(3)-C4) 1.54(2)
C(7)—-C(8) 1.51(2) C(1H)—-C(9) 1.46(2)
C(7)~-C(10) 1.47(3) C(11)-C(12) 1.48(2)
C(11)-C(15) 1.43(2) C(11)-Ci16) 1.50(2)
C(12)-C(13) 1.45(2) C(12)-C7) 1.49(2)
C(13)-C(14) 1.44(2) C(13)-C(18) 1.53(2)
C(14)-C(15) 1.44(2) C(14)-C(19) 1.53(2)
C(15)-C(20) 1.53(2) C(21)-C(22) 1.46(2)
C(21)-C(25) 1.43(2) C(21)-C(26) 1.49(2)
C(22)—-C(23) 1.41(2) C(22)-C27) 1.53(2)
C(23)-C(24) 1.46(2) C(23)-C(28) 1.52(2)
C(24)-C(25) 1.41(2) C(24)-C(29) 1.54(2)
C(25)—-C(30) 1.51(2)
(b) Bond Angles
M1-Ru(1)-M3 174.9 M2-Ru(2)-M3 174.9
C(1)-As—C(2) 93.0(3) P(2)-P(1)-C(2) 97.6(4)
P(1)-P(2)-C(1) 97.2(4) F(1)-P(3)-F(2) 88.6(7)
F(1)—-P(3)-F(3) 93.7(8) F(1)-P(3)-F(4) 84.1(9)
F(1)-P(3)-F(5) 178.0(8) F(1)-P(3)-F(6) 92.7(8)
F(2)-P(3)-F(3) 87.3(9) F(2)-P(3)-F(4) 89.1(8)
F(2)-P(3)-F(5) 90.2(7) F(2)-P(3)-F(6) 177.8(9)
F(3)-P(3)-F4) 176(1) F(3)-P(3)—-F(5) 84.7(9)
F(3)-P(3)-F(6) 94(1) F(4)-P(3)-F(5) 97(1)
F(4)-P(3)-F(6) 89(1) F(5)—-P(3)-F(6) 88.6(8)
As—C(1)-P(2) 125.6(6) As—-C(1)-C(3) 116.5(8)
P(2)-C(1)-C(3) 117.9(8) As—-C(2)-P(1) 126.6(6)
As—C(2)-C(7) 114.4(8) P(1)-C(2)-C(7T) 119.0(8)
C(1)-C(3)-C(4) 109(1) C(1)-C(3)-C(5) 109(1)
C(1)-C(3)-C(6) 113(1) C(4)-C(3)-C(5) 105(1)
C(4)—C(3)~-C(6) 109(1) C(5)-C(3)—-C(6) 111(1)
C2)-C(1—-C(8) 110(1) C2)-C(N-C9) 110(1)
C(2)-C(7)~C(10) 112(1) C(8)-C(7)-C(9) 106(2)
C(8)~C(7)—C(10) 104(1) C(9)—-C(T)-C(10) 114(2)

C(12)-C(11)~-C(15) 107(1) C(12)-C(11)-C(16) 127(1)
C(15)-C(11)-C(16) 125(1) C(11)-C(12)-C(13) 105(1)
C(11)-C(12)-C(17) 128(1) C(13)-C(12)-C(17) 126(1)
C(12)-C(13)-C(14) 111(1) C(12)-C(13)-C(18) 124(1)
C(14)-C(13)—-C(18) 125(1) C(13)-C(14)-C(15) 106(1)
C(13)-C(14)-C(19) 126(1) C(15)-C(14)-C(19) 127(1)
C(11)-C(15)-C(14) 111(1) C(11)-C(15)-C(20) 124(1)
C(14)-C(15)-C(20) 124(1) C(22)-C(21)-C(25) 108(1)
C(22)—-C(21)-C(26) 127(1) C(25)—-C(21)—-C(26) 125(1)
C(21)-C(22)-C(23) 108(1) C(21)-C(22)-C27) 129(1)
C(23)—-C(22)~-C(27) 122(1) C(22)—C(23)-C(24) 107(1)
C(22)-C(23)-C(28) 126(1) C(24)-C(23)-C(28) 126(1)
C(23)-C(24)—-C(25) 109(1) C(23)-C(24)-C(29) 123(1)
C(25)-C(24)-C(29) 127(1) C(21)-C(25)—-C(24) 108(1)
C(21)-C(25)-C(30) 126(1) C(24)-C(25)—-C(30) 125(1)

@ M1 is the centroid of the C(11)—C(15) ring. ® M2 is the centroid
of the C(21)—C(25) ring. < M3 is the centroid of the As—P(1)—P(2)—
C(1)—C(2) ring.

2JpA,pc = 44.7 Hz, 2Jp]g,,pc = 50.1 Hz), the magnitude of
the coupling constants being similar to those previously
reported for n%l-ligated (Ce-2-BusP3) rings.t~7 Two
resonances were observed in the 3!P{1H} NMR spectrum
of 18 (*Jpaps = 447 Hz), the large coupling constant
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clearly showing that the two adjacent P atoms of Co-¢-
BuyP; ring are both coordinated. Also observed in this
spectrum was a set of signals showing an AX pattern
(%Jpapx = 50.1 Hz) which arise from complex 19. A
similar attempt to prepare mixed-metal triple-decker
complexes from the reaction of [Cp*Fe(55-Co-¢-BuyPs)],
14b, or [Cp*Fe(75-Ca-t-BuzAsP»)], 15b, with 6 led to the
direct formation of the triple-decker species 7 and 8,
respectively (Scheme 2), as evidenced by their typical
SIP{1H} NMR spectra. Also present in the reaction
mixtures was the ruthenium species [Cp*Ru(73-Co-t-
BuyP)], 11, or [Cp*Ru(n®-Co-t-BugAsPy)], 12, respectively,
both of which were easily separated from the triple-
decker complexes. Both 7 and 8 were also formed by
heating nitromethane solutions of either 17 or 18.
Monitoring these reactions by 3!P{!H} NMR spectros-
copy showed complexes 7 or 8 and 11 or 12 to be present.
Thus from these detailed studies it is apparent that a
ring-transfer reaction of the phospholyl or arsadiphos-
pholyl ligands from the Fe atom to the Ru atom is taking
place in each case.

These types of ring-transfer reactions were first
identified by Maitlis ef al.22 and are particularly useful
for the preparation of a variety of new metal cyclobuta-
diene complexes.?>2¢ The mechanism of these reactions
was first thought to proceed via monofacially bridged
bimetallic species,?® and the structural characterization
of the monofacially-bridged Pdy complex, [Pda(AleCly)e-
(u-n%-CeHe)2],%5 strengthened this theory. However,

18, E=As, E'=P
19, E=P, E'=As

Cp*Ru(CHsCN)3PFe
BUY 6

Ru
BU
’EO

Fe

0

R=H, Me

—

reflux

— —_
BU

4

P .,

Unknown Fe
products

similar cyclobutadiene species remained uncharacter-
ized, and thus the mechanism is unproven. A second
proposed mechanism, particularly for the ring transfer
of #%-borole ligands, has been suggested by Herberich
et al.?6?" This involves the formation of bifacially
bridged (triple-decker) species by electrophilic stacking
and subsequent decomposition by nucleophilic degrada-
tion with the ring being transferred from one metal to
the other.

In a very recent paper, Herberich and Jansen2® have
established the intermediacy of this type of triple-decker
complex in cyclopentadienyl ring-transfer reactions, in
particular in the stereospecific transfer of isodicyclo-
pentadienyl ligands from ruthenium to rhodium. Inthe
case of the present study involving the transfer of
phospholyl or arsadiphospholyl ligands, the Herberich
mechanism also appears to be applicable. Thus the
dinuclear complexes 17 or 18 might lose acetonitrile in
refluxing nitromethane to give either [Cp*Fe(u-75:%°-
Co-t-BugP3)RuCp*][PFg] or [Cp*Fe(u-n°:1?-Co-t-BusAsPs)-
RuCp*1[PFgl. Alternatively the direct reaction of either
[Cp*Fe(n5-Ca-t-BugP3)], 14b, or [Cp*Fe(7°Co-t-BusAsPs)],
15b, with [Cp*Ru(CH3CN);3I[PF¢], 6, would lead to the
same products. These unstable species can then readily
undergo nucleophilic degradation induced by displaced
acetonitrile to give either [Cp*Ru(#°-Ca-t-BusPs)], 11, or
[Cp*Ru(?-Ca-t-Bu2AsPs)], 12, and [Cp*Fe(CH3CN)3]*.
The presence of the triple-decker species 7 and 8 in
these reactions is explained by an excess of 6 reacting

(22) Maitlis, P. M.; Games, M. L. J. Am. Chem. Soc. 19683, 85, 1887.

(23) Maitlis, P. M. Adv. Organomet. Chem. 1968, 4, 95.

(24) Garrou, P. Adv. Organomet. Chem. 1984, 23, 95.

(25) Allegra, G.; Immirzi, A.; Porri, L. J. Am. Chem. Soc. 1965, 87,
1394.

(28) Herberich, G. E.; Dunne, B. J.; Hessner B. Angew. Chem., Int.
Ed. Engl. 1989, 28, 7317.

(27) Herberich, G. E.; Biischges, U.; Dunne, B. J.; Hessner B.; Klaff,
N.; Koffer, D. P. J.; Peters, K. J. Organomet. Chem. 1989, 372, 53.

(28) Herberich, G. E.; Jansen, U. J. Organometallics 1995, 14, 834.
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with either 10 or 11 (Scheme 2). No iron-containing
products were detected in the reaction mixture even
though the unstable [CpFe(CH3;CN)sl* cation is known
to readily decompose to ferrocene at room tempera-
ture.?® Likewise, neither pentamethyl- nor decameth-
ylferrocenes were detected in similar solvent-induced
nucleophilic degradation reactions previously reported
for iron/ruthenium mixed-metal triple-decker complexes
containing bridging cyclopentadienyl ligands,!? and in
this case a similar decomposition is believed to have
occurred.

Conclusions

The formation of the diruthenium triple-decker com-
plexes [Cp*Ru(u-75:3%-Co-t-BusP3)RuCp*1[PFs], 7, and
[Cp*Rulu-7%:75-Ca-t-BusAsPy)RuCp*l[PF¢], 8, by an elec-
trophilic stacking mechanism is similar to the syntheses
of other triple-decker systems of group 8 metals con-
taining a variety of non-phosphorus containing bridging
ligands. The occurrence of a ring-transfer reaction in
the attempted formation of mixed-metal triple-decker
complexes containing bridging phospholyl and arsadi-
phospholyl ligands suggests that these complexes prob-
ably have also been formed; however, their instability
has prevented any characterization. The lack of stabil-
ity of such intermediates is probably due to the presence
of donor solvents in the reaction mixture which enhance
the rate of nucleophilic degradation. Alternative syn-
thetic routes to mixed-metal species are currently under
investigation, as is the ligating potential of the phos-
phorus atoms in the middle decks of the novel cationic
diruthenium complexes 7 and 8 described in this paper.

Experimental Section

All reactions were performed under an atmosphere of dry
nitrogen gas using standard Schlenk techniques. The solvents
1,2-dimethoxyethane (DME), tetrahydrofuran (THF), petro-
leum ether 60—80° fraction (hereafter referred to as petroleum
ether), and diethyl ether (ether) were distilled from Na/K alloy
before use. Acetone and dichloromethane were distilled from
CaSO0, and CaH,, respectively, before use. All NMR spectra
were recorded on a Bruker AC-P250 spectrometer at the
following frequencies: 'H, 250.1 MHz, C¢Ds or CDCl; internal
reference; 3'P{1H}, 101.3 MHz, 85% H3PO, external reference,
recorded in CDCl; unless otherwise stated. Mass spectra (EI)
were recorded on a Kratos MS80RF instrument, and melting
points were measured on an Electrothermal melting point
apparatus and are uncorrected. All microanalyses were car-
ried out by Miss Mita Patel at the University of Sussex. The
starting materials {Li(Cz-¢-BugPs3)], 2,16 [Li(Co-t-BusAsPy)], 4,14
[Cp*Ru(CH3CN)3][PFs), 6,% [Cp*Fe(CeHe)I[PFl,%! [Cp*Fe(y>-
Cy-t-BugP3)], 14b, [CpFe(5®-Co-t-BusPs)), 144, and [CpFe(y®-
Cs-t-BusAsPy)], 15a,'* were prepared by published procedures.
The complex [Cp*Fe(55-Co-t-BuzAsPs)], 15b, was prepared in
a similar manner to [Cp*Fe(5-Cs-t-BuzPs)], 14b.° as described
below. All other reagents were used as received.

(Pentamethylcyclopentadienyl)(1-arsa-3,4-diphospha-
2,5-di-tert-butylcyclopentadienyl)iron (15b). To a 10 cm?®
DME solution of [FeCls] (0.26 g, 2.0 mmol) were added a
solution of [Li(CsMes)] (2 mmol in 10 cm?® of THF) and a 5 cm?
DME solution of [Li(Ca-t-BugAsPs)], 4 (2 mmol). The reaction
mixture was stirred for 5 h, during which time a deep-red
solution formed. Removal of solvent in vacuo gave a brown

(29) Gill, T. P.; Mann, K. R. Inorg. Chem. 1983, 22, 1986.

(30) Gill, T. P.; Mann, K. R. Organometallics 1982, 1, 485.

(31) Hamon, J.-R.; Astruc, D.; Michaud, P. J. Am. Chem. Soc. 1981,
103, 758.
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oil, which was extracted twice with petroleum ether. The
combined extracts were eluted down a kieselgel column with
petroleum ether, and two bands were collected. The orange
first band was identified by !H NMR spectroscopy as [Fe(Cs-
Mes):1.32 The major red band was identified spectroscopically
as a mixture of four complexes, namely, [Cp*Fe(n5-Co-¢-Bus-
AsPy)], 15b {*H NMR (CsDy), 6 1.49 (s, t-Bu) 1.70 (s, CsMes);
31P{1H} NMR (CDCly), 6 49.9; MS (70 eV, EI) m/z 466 [M*,
40%], 328 [M* — (t-BuC)s, 40%]}, as the predominant product,
its isomer [Cp*Fe(55-Cp-t-BuzPAsP)}, 16b {*H NMR (CgDe), 6
1.50 (s, t-Bu), 1.69 (s, CsMes); 3'P{'H} NMR (CsDg), (AX) 6 37.0
Py, 81.7 Py, 2Jpapx = 45.2 Hz}, and the previously reported®
complexes [Cp*Fe(5-Ca-t-BuzPs)], 14b, and [Cp*Fe(n5-Cs-t-
BusP;)]. Attempts to separate the individual components by
fractional crystallization or sublimation were unsuccessful.
(Pentamethylcyclopentadienyl)(1,3,4-triphospha-2,5-
di-tert-butylcyclopentadienyl)ruthenium (11). A 10 cm?
DME solution of [Li(Ce-t-BugPs)], 2 (1.0 mmol), was added
slowly to 6 (0.45 g, 0.90 mmol) in DME (10 cm?), and the
resulting brown solution was stirred for 3 h. All volatile
components were removed in vacuo, and the residual oil was
extracted twice with petroleum ether. The yellow oil obtained
after removal of solvent could not be purified by column
chromatography because of decomposition but was identified
spectroscopically as [Cp*Ru(#°-Cs-t-BugPs)], 11 {{H NMR
(CsDe) 6 1.39 (s, t-Bu), 1.80 (s, CsMes); *'P{*H} NMR (CDCls)
(AX5) 6 18.0 P4, 36.2 Py, 2Jpapx = 43.0 Hz; MS (70 eV, EI) m/z
468 [M*, 25%], 411 [M* — ¢-Bu, 10%], 330 [M* — (¢-BuC)s,
35%]}, together with a small amount of {Cp*Ru(#5-Cs-t-BusPs)],
10 {*H NMR (Cq¢Dg) 6 1.80 (s, t-Bu), 1.87 (s, CsMes); 3 P{*H}
NMR (CDCl3) 6 21.8}. The two products could not be sepa-
rated by either fractional crystallization or sublimation.
(Pentamethylcyclopentadienyl)(1-arsa-3,4-diphospha-
2,5-di-tert-butylcyclopentadienyl)ruthenium (12) was pre-
pared in a similar manner from 6 (0.24 g, 0.48 mmol) and a
0.6 mmol solution of [Li(Cz-t-BuzAsP;)], 4 {{H NMR (C¢Hg) o
1.39 (s, t-Bu), 1.80 (s, CsMes); 31P{*H} NMR (C¢Ds) 6 36.8; MS
(70 eV, ED) m/z 511 [M*, 40%], 373 [M* ~ (¢-BuC),, 40%]1}.
(Pentamethylcyclopentadienyl)(3-arsa-1,4-diphospha-
2,5-di-tert-butyleyclopentadienyl)ruthenium (13), an iso-
mer of 12, was also identified in the reaction products {'H
NMR (CsDs) 6 1.38 (s, t-Bu), 1.79 (s, CsMes); *'P{*H} NMR
(CsDg) (AX) 6 16.3 Py, 66.7 Px, 2Jpapx = 43.0 Hz, as were 10
and 11, but these complexes could not be separated by
sublimation or fractional crystallization.
(¢-1,3,4-Triphospha-2,5-di-tert-butylcyclopentadienyl)-
bis[(pentamethylcyclopentadienyl)ruthenium] Hexaflu-
orophosphate (7). Both 6 (0.82 g, 1.60 mmol) and [Li(Ca-¢-
BuyPs)], 2 (0.80 mmol), were stirred for 6 h in DME (20 cm?).
All volatile components were then removed in vacuo, and the
residual oil was washed with ether. The oil was taken up in
THF and filtered through a 5 cm?® pad of alumina (neutral,
activity I), and the resulting orange solution was evaporated
to dryness. Treatment of the oil obtained with ether afforded
7 (0.15 g, 22%) as an orange powder, mp = 234 °C (decomp).
Anal. Caled for C3oH4sFePsRus: C, 42.4; H, 5.60. Found: C,
42.1; H, 4.90. 'H NMR (CDCl3) ¢ 1.35 (s, t-Bu), 1.81 (s, CsMes);
SIP{IH} NMR (CDCla) (AXz) d —2.37 PA, —34.2 Px, 2JPA,PX =
37.0 Hz, PFs —142.6 (sept, Jpr = 708 Hz).
(u-1-Arsa-3,4-diphospha-2,5-di-tert-butylcyclopenta-
dienyl)bis[(pentamethylcyclopentadienyl)ruthenium]
hexafluorophosphate (8) was prepared in a similar manner
from 6 (0.82 g, 1.60 mmol) and [Li(Cy-t-BusAsP;)], 4 (0.80
mmol), and isolated (0.08 g, 12%) as an orange powder, mp =
239 °C (decomp). Anal. Caled for C3oHysAsFsPsRus: C. 40.5;
H, 5.30. Found: C, 41.1; H, 4.90. *H NMR (CDCl;) é 1.35 (s,
t-Bu), 1.81 (s, CsMes); ¥'P{*H} NMR (CDCls) 6 —28.2, PFs
—142.6 (sept, Jpr = 708 Hz).
(u-3-Arsa-1,4-diphospha-2,5-di-tert-butylcyclopenta-
dienyDbis{(pentamethylcyclopentadienyl)ruthenium]

(32) King, R. B.; Bisnette, M. B. J. Organomet. Chem. 1967, 8, 287.
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hexafluorophosphate (9), an isomer of 7, was also identified
as a product from the above reaction {{H NMR (CDCl;) 6 1.33
(s, t-Bu), 1.81 (s, CsMe;); 3'P{'H} NMR (CDCl;) (AX) 6 13.5
Pa, —40.9 Py, 2Jpapx = 36.9 Hz, PFs —142.6 (sept, XJpr = 708
Hz)}, together with 7 which was separated by fractional
crystallization.

Complexes 7—9 could also be prepared from the reactions
of appropriate Cp*Fe precursors with [Cp*Ru(CH3;CN);1[PFs],
6, in either DME or CH,Cl,, followed by workup as described
above. In this way 7 was formed from [Cp*Fe(#5-Cq-t-Bu,Ps)],
14b, in 30% yield, and 8 and its isomer 9 were formed in 27%
yield from [Cp*Fe(1%-Co-t-BusAsPy)], 15b, [Cp*Ru(n5-Cs-t-
Bu;P»)), and [Cp*Fe(y°-Co-t-BusPAsP)], 16b.

(Cyclopentadienyliron)(1,3,4-triphospha-2,5-di-tert-
butylcyclopentadienyl)(pentamethylcyclopentadienyl)-
bis(acetonitrile)ruthenium Hexafluorophosphate (17).
A 30 cm? CH.Cl; solution of [CpFe(y5-Csz-t-Bu,Ps)], 14a (0.11
g, 0.30 mmol), and [Cp*Ru(CH3CN);1[PFs], 6, was stirred for
5 h while being irradiated with a 100 W light. Removal of
solvent in vacuo left an orange oily residue, which was
redissolved in acetone and filtered through alumina (neutral,
activity I). The solvent was again removed to leave an oily
solid, which was identified spectroscopically as [CpFe(#5-C,-
t-BugP3)RuCp*(CH3CN):][PF¢], 17 {*"H NMR (CDCl3) 6 1.32 (s,
¢t-Bu), 1.38 (s, t-Bu), 1.62 (s, CsMes), 2.45 (CH3CN), 4.65 (s,
CsHs); 3'P{'H} NMR (CDCl;) (ABC) 6pa 95.0, Spp 27.6, dpc
—6.46, Jpaps = 437 Hz, Jpapc = 47.0 Hz, Jpgpc = 48.3 Hz,
PFs —142.9 (sept, Jpr = 712 Hz)}. The solid also contained
a small, but inseparable, amount of 6, as identified by 'H NMR
spectroscopy; thus satisfactory microanalytical data could not
be obtained.

(Cyclopentadienyliron)(1-arsa-3,4-diphospha-2,5-di-
tert-butylcyclopentadienyl)(pentamethylcyclopentadi-
enyl)bis(acetonitrile)ruthenium hexafluorophosphate
(18) was synthesized, as an oily solid, in a similar manner
from 6 and [CpFe(75-Cy-t-BusPs)], 14a. *H NMR (CDCls) 6 1.37
(s, t-Bu), 1.43 (s, t-Bu), 1.62 (s, CsMes), 2.47 (CH3CN), 4.65 (s,
Cs;Hjs); 31P{1H} NMR (CDCl3) (AB) 6pa —5.20, 6pp 93.4, JpapB
447 Hz, PFs —145.4 (sept, 1Jpr = 712 Hz).

(Cyclopentadienyliron)(3-arsa-1,4-diphospha-2,5-di-
tert-butylcyclopentadienyl)(pentamethylcyclopentadi-
enyl)bis(acetonitrile)ruthenium hexafluorophosphate
(19), an isomer of 18, was also found to be present in the
resulting solid. 'H NMR (CDCls) 6 1.38 (s, t-Bu), 1.51 (s, -Bu),
1.63 (s, CsMes), 2.56 (CH3CN), 4.66 (s, C;H;); *'P{'H} NMR
(CDCl3) (AX) dpa 28.2, 6px 114.5, Jpaps = 50.1 Hz, PFg —145.4
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(sept, Jpr = 712 Hz). Again 6 was found to be present, and
thus a satisfactory microanalysis could not be obtained.

Crystallography for Complex 7. Crystal data for
CsoHysFePsRug; M = 848.7; space group P2:2,2; (No. 19); cell
parameters a = 12.642(9) A, b = 15.151(10) A, ¢ = 18.176(10)
A V=23481.4 A% Z = 4; Degrea = 1.62 g cm~3; F(000) = 1720;
u = 10.8 cm™! for Mo Ka radiation (1 = 0.7107 A), T = 293 K.

Structure Determination for 7. Single crystals of [Cp*Ru-
(u-1P:15-Co-t-BusP3s)RuCp*1[PFg], 7, were grown from chloroform/
pentane. The 3437 unique reflections were collected from an
air-stable red crystal of dimensions ca. 0.2 x 0.2 x 0.1 mm?
on an Enraf-Nonius CAD4 in §—28 mode for 2° < 20 < 25°, of
which 2716 reflections had |[F?| > 20(F?). Structure solution
was by heavy atom methods (SHELXS-86). A DIFABS ab-
sorption correction (max 1.15, min 0.88) was made; refinement
by full-matrix least-squares with all heavy atoms anisotropic
converged at R = 0.055, R’ = 0.057.

Crystallography for Complex 8. Crystal data: CsoHgs-
AsFgP3Ruy; M = 892.7; space group P2:2:2; (No. 19); a =
12.6509) A, b = 15.147(8) A, ¢ = 18.111(10) A, V = 3470.1 A3;
Z = 4; Deareqg = 1.71 g em™3; F(000) = 1792; 4 = 19.9 cm™! for
Mo Ko radiation (A = 0.7107 A), T = 293 K.

Structure Determination for 8. Single crystals of [Cp*Ru-
(-17%:375-Co-t-BusAsP2)RuCp*][PFs), 8, were grown from chlo-
roform/pentane. The 3430 unique reflections were collected
from an air-stable red crystal of dimensions ca. 0.25 x 0.25 x
0.05 mm? on an Enraf-Nonius CAD4 in #—26 mode for 2° <
20 < 25°, of which 2760 had |F? > 20(F?). Structure solution
was by heavy atom methods (SHELXS-86). A DIFABS ab-
sorption correction (max 1.15, min 0.91) was made; refinement
by full-matrix least-squares with all heavy atoms anisotropic
converged at R = 0.049, R’ = 0.053. There is disorder between
the P and As atoms such that the site labeled “As” has
occupancy 0.5As + 0.5P and both P1 and P2 have occupancy
0.75P + 0.25As; appropriate averaged scattering factors were
used.

Acknowledgment. We are grateful for financial
support from the Science and Engineering Research
Council (SERC).

Supporting Information Available: Tables of anisotro-
pic temperature factors for 7 and 8 (4 pages). Ordering
information is given on any current masthead page.

OM9502143



