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In our group we have developed a convenient method for
the preparation of iridabenzenes starting from the C5

synthetic equivalent Z-3-(2-iodovinyl)-1,2-diphenylcyclopro-
pene (1).[1] Using this precursor, iridabenzene synthesis can
also be carried out in a stepwise manner via an iridabenzva-
lene intermediate, which could be characterized and con-
verted into the corresponding iridabenzene by thermal treat-
ment.[2] In addition to varying the coordination pattern at the
iridium center and the substituents on the vinylcyclopropene
precursor,[3] we are currently trying to show this concept to be
generally applicable for the synthesis of metallabenzenes and
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5.25; found: C 48.42, H 5.35, N 5.32; 31P{1H} NMR: d¼ 9.5 ppm (s, 1J(P,Te)¼
1632 Hz); 125Te NMR: d¼�403.6 ppm (d, 1J(P,Te)¼ 1619 Hz).

4 : A mixture of [Li(thf)]2[tBuNP(m-NtBu)2NtBu][21] (0.200 g, 0.396 mmol),
tellurium powder (0.101 g, 0.79 mmol), and TMEDA (0.368 g, 3.17 mmol)
in toluene (5 mL) was heated at 80 8C for 3 h. The mixture was centrifuged
and the supernatant was decanted from unreacted tellurium. After removal
of solvent under vacuum, the product was redissolved in n-hexane (ca.
1 mL). Yellow crystals of 4 (0.062 g, 19%) were deposited after one day at
23 8C. Elemental analysis calcd for C28H68Li2N8P2Te2: C 39.66, H 8.08, N
13.22; found: C 38.06, H 8.23, N 12.25; 1H NMR ([D8]toluene, 235 K): d¼
1.62 (s, 9H; NtBu), 1.97 (s, 9H; NtBu), 2.18 (s, 18H; m-NtBu), 2.20 (s, 12H;
NMe2), 2.30 ppm (s(br), 8H; NCH2); 31P {1H} NMR: d¼�113.7 (s, 1JP,Te¼
1467 Hz), �75.3 ppm (s, 1JP,Te¼ 1309 Hz); 7Li NMR: d¼ 0.70 (s), 3.88 ppm
(s); 125Te NMR: d¼�289 (d, 1JTe,P¼ 1352 Hz), �87 ppm (d, 1JTe,P¼
1486 Hz). The values of 1JTe,P obtained from the 31P NMR spectrum are
more reliable than those obtained from the 125Te NMR spectrum owing to
the broad line widths (Du1/2 ~ 225 Hz) in the latter spectrum.
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their valence isomers containing metals other than iridium
and osmium, which is the limiting factor of previous metal-
labenzene syntheses. We report herein our initial studies using
platinum complexes, which resulted in the formation and
characterization of the first platinabenzene 2.

Platinum chemistry is an attractive field of study, as a vast
array of Pt compounds displaying a variety of metal±carbon
bonding modes can be found in the literature.[4] Complexes in
which the coordination sphere around the Pt center is made
up exclusively of hydrocarbon ligands are amply known for
the three principal oxidation states of Pt0,II,IV. The ligands
therein are bonded to the Pt center in s and/or p fashion.
Especially for PtII complexes, ligand sets with almost every
imaginable mixture of these donors are realized.[5,6]

Exchange of chloride ligands in [Pt(h4-1,5-cod)Cl2] (1,5-
cod¼ 1,5-cyclooctadiene) by use of organolithium reagents is
a well-known and commonly used method for the synthesis of
Pt-s-alkyl compounds.[6] By treating [Pt(cod)Cl2] with two
equivalents of 1 (Scheme 1a), which was converted into a

nucleophilic agent by lithium±iodine exchange,[1,2] we hoped
to obtain a [Pt(h4-1,5-cod){-CH¼CH-(cyclo-C3HPh2)}2] com-
plex (A ; Scheme 1b) with two s-bonded vinylcyclopropene
ligands. Intramolecular displacement of the 1,5-cycloocta-
diene ligand by the cyclopropene double bonds would give B.
Subsequent ring-opening of the strained cyclopropenes would
ideally lead to C or to other closely related platina-aromatics
(i.e. 2).

Upon addition of the vinyl lithiate, the colorless ethereal
[Pt(cod)Cl2] suspension immediately turned into a dark
brown slurry containing an appreciable amount of light
brown precipitate. Investigation of the crude reaction solution
by 1H NMR spectroscopy showed neither signals attributable
to coordinated 1,5-cod as expected for A, nor for chelating
vinylcyclopropene ligands coordinated in s-alkenyl and p-
fashions (i.e. B). The NMR spectrum was dominated by a
broad shapeless absorption at d� 6.7±7.3, which indicates
degradation of the carbon skeleton of 1. Pt-promoted
decomposition[7] of cyclopropene 1, presumably through
opening of the cyclopropene ring followed by oligomerization

or polymerization, appears to be the main process. In the
downfield region of the spectrum, however, two signal groups
at approximately d¼ 12.8 and 8.2 ppm were observed. The
compound responsible for these resonances is (cyclopenta-
dienyl)platinabenzene (2), which was isolated as a red solid
after column chromatography.

1H NMR spectra of orange±red C6D6 solutions of 2 show
characteristically downfield-shifted signals. The multiplet at
d¼ 12.76 ppm is clearly assignable to the metallaaromatic
proton in the ortho position to Pt, because of its splitting
pattern and the value for 2JPtH¼ 65 Hz.[8] The para-proton
signal is well visible at d¼ 8.20 ppm, while the meta-proton
gives rise to a pseudotriplet at d¼ 7.42 ppm (3JPtH¼ 150 Hz).
Irida- and osmabenzenes exhibit signals with similar chemical
shifts (o-H: d¼ 9.0±14.0; m-H: d¼ 6.6-8.0; p-H: d¼ 7.0-8.6).[9]

The protons of the h5-coordinated[5,10,11] 1,2-diphenylcyclo-
pentadienyl ligand[12] of 2 appear as a doublet and triplet at
d¼ 5.36 and 5.09 ppm, respectively.

In the 13C NMR spectrum of 2, the two signals at d¼ 195
and 204 ppm are attributable to the metallaaromatic carbon
atoms directly bonded to the Pt; these d values are again
comparable to 13C NMR d values in irida- and osmaben-
zenes.[9] Pt±C couplings of 1JPtC� 1330 and 1400 Hz are in the
range of values reported for PtII±carbene and s-alkenyl
complexes.[8,13, 14] Signals for the carbon atoms of the 1,2-
diphenylcyclopentadienyl ligand are found at d¼ 96, 98, and
115 ppm.

The structure of 2 was confirmed by X-ray crystallography
(Figure 1).[15] Selected bond lengths and angles are given in
Table 1. Red blocks of 2, which were obtained by cooling a
saturated hexanes/EtOAc solution to 0 8C, crystallize in the
triclinic space group P≈1 without inclusion of solvent mole-
cules. The PtII center is part of a six-ring metallacycle, formed
by cyclopropene±vinylalkylidene rearrangement[7,16] of the
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Scheme 1. a) The formation of the first platinabenzene 2 ; b) possible
intermediates A±C in the formation of 2.

Figure 1. Molecular structure of platinabenzene 2 ; ellipsoids drawn at the
30% probability level.



strained precursor. Hughes and co-workers have reported the
synthesis of a platinacyclohexadiene by a similar vinylcyclo-
propene rearrangement.[14] In contrast to the puckered six-
membered ring in that compound, the metallacycle in 2 is
strictly planar (deviations from mean plane � 0.02 ä, sum of
angles¼ 7208). The two Pt�C bond distances in this ring are
approximately equal (1.929, 1.959 ä), comparable to Pt�C
bond lengths in PtII±carbene complexes.[8] The C�C bonds in
the aromatic ring are nonalternating and range between C�C
single and double bonds (average 1.382 ä). The three C-C-C
angles are about 1248, while C-Pt-C is close to 908, and the Pt-
C-C angles are around 1308. As with the NMR spectroscopic
data, these structural observations are in good agreement with
the values for reported metallabenzene structures[9] and
together corroborate the aromatic character of this ring. Pt�
CCp distances around 2.30� 0.05 ä confirm h5-coordination of
the 1,2-diphenylcyclopentadienyl ligand in the solid state.[11,17]

Interestingly, this ligand must also be derived from rearrange-
ment of the vinylcyclopropene starting material, probably
through a platinabenzene intermediate such as C (see
Scheme 1b), which isomerizes into the h5-cyclopentadienyl
ligand by extrusion of the metal fragment.[9] Such a conversion
involving an iridabenzene rearranging cleanly to an iridium(i)
cyclopentadienyl complex has recently been observed.[3]

Metallacycle 2 is the first example of a platinabenzene. The
formation of 2, which contains two different rearrangement
products of the vinylcyclopropene precursor, as a stable
compound in this complicated reaction can be rationalized by
mutual stabilization of the h5-bonded cyclopentadienyl ligand
and the platinabenzene moiety. The synthesis and character-
ization of this compound show that the existence of isolable
metallabenzenes, which are not stabilized by h6-coordination
to a second transition-metal fragment, is no longer confined to
the classical cases of osmium and iridium.[18] Experiments to
extend our methodology to additional metals are underway.

Experimental Section

Cyclopropene 1 (688 mg, 2.0 mmol) was dissolved in dry Et2O (20 mL)
under Ar and cooled to �78 8C. Butyllithium (0.8 mL, 2.5m in hexanes,
2.0 mmol) was added dropwise and the resulting yellow solution was stirred
at �78 8C for 15 min. This solution was added dropwise to a stirred, ice-
cooled suspension of [Pt(cod)Cl2] (374 mg, 1.0 mmol) in Et2O (5 mL). The
resulting dark brown suspension was allowed to warm to room temperature
and stirred for 12 h before filtration. The filtrate was evaporated to give a
dark brown solid which was chromatographed twice on silica (25 î 1.5 cm)
using hexanes/EtOAc (30:1) as the eluent. After evaporation, the red band
afforded 2 (45 mg, 7%) as a red solid. M.p. 168 8C (decomp.); 1H NMR
(500 MHz, C6D6, 25 8C): d¼ 5.09 (t, 3J(H,H)¼ 2.7 Hz, 1H; CpH), 5.36 (d,

3J(H,H)¼ 2.7 Hz, 2H; CpH), 6.74 (br t, 3J(H,H)¼ 7.5 Hz, 1H; C6H5), 6.85±
6.94 (m, 3H; C6H5), 6.94±6.98 (m, 6H; C6H5), 6.99 (t, 3J(H,H)¼ 7.7 Hz, 2H;
C6H5), 7.07 (d, 3J(H,H)¼ 7.3 Hz, 2H; C6H5), 7.13 (d, 3J(H,H)¼ 7.3 Hz, 2H;
C6H5), 7.25±7.30 (m, 4H; C6H5), 7.42 (t, 3J(H,H)¼ 7.7 Hz, 3J(Pt,H)¼ 150 Hz,
1H; CHmeta), 8.20 (dd, 3J(H,H)¼ 8.1 Hz, 4J(H,H)¼ 1.7 Hz, 1H; CHpara),
12.76 ppm (dd, 3J(H,H)¼ 7.7 Hz, 4J(H,H)¼ 1.7 Hz, 2J(Pt,H)¼ 65 Hz, 1H;
CHortho); 13C NMR (125 MHz, C6D6, 25 8C): d¼ 96.09 (s; CHCp’), 97.83 (s;
CHCp’), 114.97 (s; CPhCp’), 124.51, 125.00, 125.46, 125.72, 126.19, 128.51,
130.54, 130.92, 132.22 (all s; C6H5 and CHmeta), 135.73 (s; Cipso), 140.99 (s,
3J(Pt,C)� 150 Hz; CHpara), 144.17 (s; Cipso), 161.74 (s; CPhmeta), 194.96 (s,
1J(Pt,C)¼ 1330 Hz;CHortho), 204.01 ppm (s, 1J(Pt,C)¼ 1400 Hz;CPhortho) (2
signals obscured by solvent peaks); 195Pt{1H} (107 MHz, C6D6, 25 8C): d¼
�5059 ppm (s);[19] UV/Vis (CH2Cl2, lmax, (e, m

�1 cm�1): 258 (120000),
443 nm (43000); elemental analysis calcd (%) for C34H26Pt: C 64.86, H 4.16;
found: C 64.95, H 4.29.
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Table 1. Selected bond lengths [ä] and angles [8] in 2.

Pt-C1 2.327(3) C1-C2 1.439(5)
Pt-C2 2.342(3) C2-C3 1.425(5)
Pt-C3 2.299(4) C3-C4 1.399(6)
Pt-C4 2.270(4) C4-C5 1.415(5)
Pt-C5 2.289(4) C5-C1 1.414(5)
Pt-C6 1.959(3) Pt-C10 1.929(4)
C6-C7 1.387(5) C8-C9 1.381(6)
C7-C8 1.395(5) C9-C10 1.364(6)
C6-Pt-C10 89.3(2) C7-C8-C9 124.8(4)
Pt-C6-C7 129.2(3) Pt-C10-C9 130.0(3)
C6-C7-C8 122.6(3) C8-C9-C10 124.1(4)



A Modular Approach to C1 and C3 Chiral N-
Tripodal Ligands for Asymmetric Catalysis**

Stÿphane Bellemin-Laponnaz and Lutz H. Gade*
In memoriam John Osborn

In the development of nitrogen ligand based
homogeneous catalysis,[1] oxazoline derivatives
have emerged as a paradigmatic class of ligands
in asymmetric catalysis.[2,3] Most attention has
been centered on mono- or bisoxazoline ligands
many of which proved to be highly efficient in a
large variety of stereoselective transforma-
tions.[4] In contrast, the combination of three
oxazolines to form ligands of podand topology,
possessing C1 or C3 symmetry, has received
much less attention. There are several reports of
trisoxazoline ligands,[5,6] the most notable exam-
ple being the N(CH2-ox)3 and CH(CH2-ox)3

(ox¼ 2-oxazolinyl) systems (I) developed by
Katsuki×s group, the copper complexes of which
have been employed in asymmetric allylic
oxidations.[7] The way these conformationally
very flexible trisoxazolines coordinate to the
metal centers in the active catalysts remains an

open question. However, the access to 1,1,1-tris(oxazolinyl)-
methane or -ethane ligands (II), which provide a geometry of
the metal binding site that is most adapted to tripodal
coordination of the metal center and would lead to a relatively
rigid and well-defined coordination geometry, proved to be
elusive for a long time.[8]

Attempts to synthesize these tripodal ligands by sequential
formation of the three oxazoline rings failed due to decar-
boxylation and related decomposition of the precursors
during the formation of the third oxazoline ring. Very
recently, we discovered that 1,1,1-tris(oxazolinyl)ethane de-
rivatives may be synthesized by coupling lithiated bisoxazo-
lines with 2-bromooxazolines and reported the achiral 1,1,1-
tris[2-(4,4-dimethyl)oxazolinyl]ethane (™trisox-Me2∫, II).[9]

This strategy, which is formally based on a [1þ2] condensation
scheme of a metalated bisoxazoline[10] with a 2-bromooxazo-
line[11] has now been used for the synthesis of the first chiral
tripods and it establishes 2-bromooxazolines as potentially
powerful tools in ligand design (Scheme 1).

Our synthetic method allows the high-yield access to
symmetrically substituted derivatives, such as 1,1,1-tris[2-
{(S)-4-isopropyl}oxazolinyl]ethane (1a) or 1,1,1-tris[2-{(S)-4-
tert-butyl}oxazolinyl]ethane (1d). Additionally, the synthesis
of tripods with mixed substitution patterns, such as 1b and 1c,
is achieved in excellent yields. This opens up the possibility to
approach the synthesis of such polydentate oxazolines in a
modular way, as displayed in Scheme 1 for the isopropyl/tert-
butyl couple. From the point of view of ligand design these
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Scheme 1. Modular assembly of the trisoxazoline ligands 1a±1d by reaction of the
metalated bisoxazolines with 2-bromooxazoline derivatives.
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