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A new indene-based ligand featuring pendant phosphine
sulfide and amine donor fragments has been developed; Rh(I)
coordinates to the neutral form of the ligand in a k2-[N,S]
fashion, while the anionic form of the ligand binds Rh(I) and
Mn(I) in k2-[C,S] and g5 modes, respectively.

The design and synthesis of new ancillary ligands represent a
persistent goal in transition metal chemistry. Such ligands provide a
direct means of influencing the steric and electronic topology of the
metal coordination sphere.1 Ambidentate ligands that combine
multiple chemically diverse donor fragments are particularly
attractive in this regard, since they can be designed to bind a
range of metal fragments, and can allow for the rational
preparation of polynuclear complexes.2 Our group is exploring
the coordination chemistry of new donor-functionalized indene
ligands that feature a pendant bidentate chelation site and an
unsaturated carbocyclic framework for metal binding. Recently we
introduced the P,N-functionalized indene 1 (Scheme 1) and
demonstrated that this ligand can be used in the preparation of
cationic and zwitterionic k2-[P,N]Rh(I) complexes that are active
catalysts for C–H/Si–H dehydrogenative cross-coupling.3 In the
case of the unusual zwitterionic Rh(I) species derived from 1, the
carbocyclic backbone of the ligand functions as a sequestered,
uncoordinated 10p indenide counter anion, rather than as a locale
for metal binding.

Intrigued by the coordination behavior exhibited by 1, we have
initiated a study of other donor-substituted indenes, including those
bearing phosphine sulfide donors. From a practical perspective,
such ligands are appealing targets for use in catalytic applications
since phosphine sulfides commonly exhibit increased oxygen
stability relative to phosphines, while at the same time presenting
a soft sulfur donor atom for binding to late transition metals.4

Herein we report the synthesis and characterization of the new

P(S),N-functionalized indene, 2, and some preliminary coordina-
tion chemistry of this ligand with Rh(I) and Mn(I) fragments.

Addition of S8 to a solution of 1 resulted in the clean conversion
to 2 (31P NMR); following workup, 2 was isolated as an
analytically pure yellow solid in 87% yield. The structural
formulation provided for 2 is supported by both NMR and
X-ray diffraction data.{ The crystal structure of 2 is shown in
Fig. 1.5 Notably, the P–S and P–C1 distances in 2 are lengthened
relative to other 1-indenylphosphine sulfides.6,7 Treatment of 2 with
[CODRh(THF)2]

1BF4
2 (prepared in situ) provided [(k2-N,S-

2)RhCOD]1BF4
2 (3) as an analytically pure orange-red solid in

76% isolated yield (COD ~ g4-(1,5-cyclooctadiene)). 1H and 13C
NMR data indicate that the connectivity in 2 is retained upon
coordination to Rh in 3. While the NMe2 fragment in 3 gives rise to
a single broad 1H NMR signal at 298 K, two distinct NMe
resonances are observed at 223 K, in keeping with the C1 symmetry
of 3. These observations are consistent with a dynamic process
involving Rh–N dissociation, rotation about the N–C2 bond,
inversion at N, and re-coordination to Rh. Analysis of variable-
temperature 1H NMR data yielded a value forDG{

279 of ca. 14 kcal
mol21 for this process. The 31P{1H} NMR spectrum of 3 is also
temperature-dependent; at 298 K, the spectrum is comprised of a
broad resonance centered at 103 ppm, while at 223 K a sharp
doublet (2JRhP ~ 5 Hz) at 107 ppm is observed. The shift to high
frequency of the 31P NMR signal on going from 2 (73 ppm) to 3,
along with the magnitude of the Rh–P coupling constant, provides
strong evidence for a Rh–S linkage in 3.8

In an attempt to generate a neutral k2-[N,S]Rh(I) complex, the
cation 3 was treated with NaN(SiMe3)2 and the progress of the
reaction was monitored (31P NMR); clean conversion to a new
complex was observed (83 ppm, doublet, 2JRhP ~ 14 Hz).
However, analysis of NMR and X-ray diffraction data revealed
this product to be the k2-[C,S]Rh(I) complex, 4, which was isolated
as an analytically pure yellow solid in 70% yield. The crystal
structure of 4 is shown in Fig. 1,5 and represents what appears to be
the first reported Rh–C–P–S ring system,9 as well as the first g1-
coordinated indenylrhodium10 fragment to be crystallographically
characterized. The Rh(I) center in 4 possess a square planar
geometry and bonds in a nearly symmetrical fashion to the olefinic
groups of the COD ligand. The Rh–C–P–S ring in 4 is nearly
planar (mean deviation v0.2 Å), and the Rh–C1,11 Rh–S,8 and
P–S8 distances are similar to those found in other complexes.
Interestingly, the P–C1 distance in 4 is contracted relative to 2,
whereas the P–S distance is elongated, suggesting partial
delocalization of the anionic charge along the C–P–S unit. In the
pursuit of the g5-isomer of 4, the ligand 2 was treated with n-BuLi
and subsequently 0.5 equivalents of [CODRhCl]2. However, 4 was
again formed as the major product, along with varying amounts
(¡20%) of a new product which gave rise to a singlet at 61 ppm
(31P NMR). We have thus far been unable to isolate this
minor product and so we cannot confirm its identity as an g5-
indenylrhodium species; however, the 31P NMR shift is consistent
with such a formulation (vide infra).

So as to explore further the possibility of 2 serving as a precursor
to g5-coordinated complexes, and given our interest in developing

{ Electronic supplementary information (ESI) available: full experimental
details and crystallographic data for 2, 4, and 5. See http://www.rsc.org/
suppdata/cc/b4/b410328a/

Scheme 1 (i) 0.125 S8; (ii) 0.5 [CODRhCl]2, AgBF4; (iii) NaN(SiMe3)2; (iv)
n-BuLi, then BrMn(CO)5. Only one enantiomer of 5 is depicted.
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planar-chiral, benzocymantrenyl-based ligands for use in asym-
metric catalysis,12 we turned our focus to reactions involving Mn.
Lithiation of 2 followed by treatment with BrMn(CO)5 led to the
quantitative formation of a new phosphorus-containing product, 5
(d 31P ~ 64 ppm), which was isolated as an analytically pure
orange solid in 96% yield. The crystallographically determined
structure of 5 is given in Fig. 1,5 and supports the solution NMR
identification of this species as a half-sandwich g5-Mn(CO)3

complex lacking a Mn–S contact.6 The Mn(CO)3 fragment in 5 is
distorted only modestly from ideal pentahapto coordination, unlike
some other NR2-substituted g5-indenylmanganese complexes.13

Particularly striking is the availability of the P(S),N chelate site in 5
to bind a reactive metal fragment. We are developing protocols for
the resolution of 5, and reports pertaining to the use of this and
related complexes as chiral metalloligands in metal-mediated
asymmetric transformations are forthcoming.

In summary, a new P(S),N-functionalized indene has been
prepared, and preliminary reactivity studies indicate that this
versatile ligand is capable of coordinating neutral and cationic
metal fragments via k2-[N,S], k2-[C,S], and g5 bonding modes. The
synthesis and reactivity of various metal complexes supported by
this and related ambidentate ligands will be the subject of future
reports.
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Fig. 1 ORTEP diagrams for 2, 4, and 5, shown with 50% displacement ellipsoids (only one enantiomeric form is shown). Selected hydrogen atoms have been
omitted for clarity. Bond lengths (Å) for 2: P–S 1.9665(6); P–C1 1.873(2); N–C2 1.392(2); C1–C2 1.533(2); C2–C3 1.351(2). Bond lengths (Å) and angles (u)
for 4: Rh–S 2.3811(7); Rh–C1 2.233(2); Rh–C11 2.116(2); Rh–C12 2.137(3); Rh–C15 2.135(2); Rh–C16 2.153(3); P–S 2.0127(8); P–C1 1.783(2); N–C2
1.407(3); C1–C2 1.504(3); C2–C3 1.364(4); S–Rh–C1 81.07(6); Rh–C1–P 90.9(1); C1–P–S 104.30(8); P–S–Rh 81.41(3). Bond lengths (Å) for 5: Mn–C1
2.138(2); Mn–C2 2.158(1); Mn–C3 2.131(2); Mn–C3a 2.203(2); Mn–C7a 2.190(2); P–S 1.9575(6); P–C3 1.828(1); N–C2 1.417(2).
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