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Metallacycloalkanes are an important class of compounds
which have been known for many years to be key intermedi-
ates in useful catalytic reactions.!! For example, metallacy-
clobutanes are known to be present in the alkene metathesis
reaction.’! More recently, metallacycloheptanes were first
implicated,”) then proven® to be involved in ethylene
trimerization. There has been interesting discussion®” and
a belief that the formation of nine-membered and other larger
metallacycloalkane rings is unlikely.

In 2005, selective tetramerization of ethylene was discov-
ered, which implicated metallacyclononanes as intermedi-
ates,™! and Gibson and co-workers showed that larger metal-
lacycloalkanes were involved in the catalytic formation of
higher ethylene oligomers.”! In spite of the demonstrated
importance of medium to large metallacycloalkanes as
intermediates, very little is known about such compounds.[w]
The elegant synthesis of “molecular gyroscopes” through
intramolecular alkene metathesis reactions using the Grubbs
catalyst has been described by Gladysz and co-workers.!"!
Recently, we introduced a new approach for the synthesis of
small metallacycloalkane complexes using ring-closing meta-
thesis (RCM) with the Grubbs catalyst.'”! Herein, we use this
route to synthesize new medium to large ring metallacycloal-
kanes (Scheme 1), that is, exactly the ones that appear
difficult to make by conventional methods.

The bis(alkenyl)platinum(II) complexes 2a-d were
obtained by the transmetalation reaction of 1-alkenyl
Grignard reagents with the corresponding dichloroplat-
inum(II) precursors 1. Complexes 2 were then readily
converted into the platinacycloalkenes 3 using the RCM
reaction with the Grubbs catalyst in CH,Cl,, and were
obtained as colorless solids in high yield after recrystallization
from CH,Cl,/diethyl ether. The hydrogenation of these
compounds yielded the platinacycloalkanes 4 in high yield.
The *'P{'"H} NMR spectra of 4 in C;D; displayed a singlet at
0 =3.4 ppm with Pt satellites ('Jp.p = 1620 Hz), which is quite
similar to the precursor compounds 2 and 3.I"¥ These and all
new compounds described in Scheme 1 were fully character-
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Scheme 1. Preparation of platinacycloalkanes.

ized. Crystals of 2¢ and 3d (L,=dppp =1,3-bis(diphenyl-
phosphino)propane) suitable for X-ray diffraction were
obtained by recrystallization from CH,Cl,/hexane at T=
0°C. To our knowledge, this is the first example of a
structurally characterized larger metallacycloalkene com-
pound reported in the literature.

The molecular structures of 2¢ and 3d are illustrated in
Figures 1 and 2, respectively. The structural analysis confirms
that 3d is the RCM product. The most striking structural
features of complexes 2¢ and 3d are the differences in some
of the bond angles and bond lengths. The Pt—C and Pt—P bond
lengths in the two compounds are almost identical and
comparable to the literature values' (2.118(3)-2.110(3) A
and 2.263(9)-2.293(7) A, respectively), while the C=C dis-
tances range from 1.229(7) to 1.341(7) A. The C=C distance in
3d is comparatively long. The P-Pt-P, P-Pt-C, and C-Pt-C
bond angles in 2¢ and 3d vary from 92.53(3) to 96.72(3),
92.52(8) to 89.49(8), and 85.44(11) to 84.45(11)° respectively.
These differences may indicate that the variance in the
structural features depends on the degree of strain on the
bridging C=C bonds, which is necessary to stabilize the ring.

The above RCM reactions were found to depend on the
concentration, temperature, solvent, length of alkenyl chains,
tertiary phosphine ligand, and catalyst used. The concentra-
tion of 2 had a noticeable effect on the RCM rate, thus at high
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monomer to dimer, or it could be due to one of the fragments
of the dimeric species. The same trends were obtained when
the RCM was carried out with 2d in a concentrated solution;
the mass spectra showed a mixture of monomer 3d and its
corresponding dimeric species. Owing to the steric, electronic,
and chelating effects of ligands, the donor-ligand system in 2
plays an important role in the RCM reactions. PPh; enhances
the rate of reaction with the Grubbs catalyst compared to the
diphosphine ligands. There was no RCM observed with the
first-generation Grubbs catalyst when PfBu; was used as
ligand. However, the reaction proceeds smoothly with the
second-generation Grubbs catalyst. The thermal stability of 2
increases along the series: PPh; < PrBu; < diphosphine. Using
10 mol % rather than 5 mol % of the Grubbs catalyst causes a
dramatic enhancement (ca. 10-fold) of the rate of conversion
2—3 (Scheme 1). It is interesting to note that the length of
alkenyl chain also has a substantial effect on the rate of the
RCM reaction. When the bis(butenyl) complex with PPh; was
used, the catalyzed reaction was completed in 90 minutes. The
same reaction with the bis(heptenyl) complex 2¢, however,
took 9 h to go to completion.

The RCM reaction discussed here is not general for all
metal systems, since the terminal alkenyl groups in metal-
alkenyl complexes are reactive and may undergo a variety of
reactions, depending on the nature of metal center, such as
conversion to n',n’*-alkenyl complexes. *P NMR examination
of products derived from RCM reactions to form 3 indicates
the presence of different conformations of platinacycloal-
kenes in solution. Each spectrum shows a multiplet, which
displays only one coupling constant (“/p.p = 1620 Hz). It was
found that the *P NMR spectra of solutions of platinacy-
cloalkenes 3 changed after aging and showed sharp singlets.
This aging could be due to the conversion of possible isomers
to the most stable conformation. The aging also indicates that
Figure 2. ORTEP diagram of the molecular structure of 3d such structural changes are sensitive to light and temperature.
(L,=dppp); thermal ellipsoids set at 30%. The alkene protons in 3d were observed to be mutually trans.

The same results were observed with the other platinacy-
cloalkene compounds (3a-c).
concentrations dimeric products such as 5 were observed Thermal decomposition of the platinacycloalkanes in the
[Eq. (1)]. solid state generated a mixture of alkenes, which consisted
mainly of 1-alkene derived from the metallacyclic moiety
through B-hydride elimination [Eq. (2)], which is consistent
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Pt — [(PtLy),] + 65% (2)
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P/ \/V\ L 4 +other products
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Figure 1. ORTEP diagram of the molecular structure of 2c (L,=dppp);
thermal ellipsoids set at 30%.

th th with the literature data for small ring compounds."” This

\ /\k(\/\ result suggests that these compounds can be useful models for

/ \/\)W metallacyclic intermediates in ethylene oligomerization reac-
tions.

In conclusion, we have demonstrated that it is possible, at
least with platinum, to prepare medium to large ring metal-
lacycloalkanes in high yield through a ring-closing metathesis

The mass spectrum of compound § also displayed a peak  reaction, and that such compounds are quite thermally stable.
corresponding to the molecular ion of monomeric platina-  Currently, we are exploring the interesting properties and
cycle 3. This peak could be a result of interconversion of reactivity of these compounds to determine the reaction

o

Iw
<

3542 www.angewandte.org © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2007, 46, 35413543


http://www.angewandte.org

pathways that are available to metallacycloalkanes. We are
also investigating similar compounds with other metals as well
as even-membered ring metallacycloalkanes and cross ring-
closing metathesis reactions to prepare larger metallacycloal-
kanes.

Experimental Section
2 ¢ (L,=dppp): A solution of 1-heptenyl Grignard reagent (2.3 mL,
1.22m, 2.806 mmol) in diethyl ether was added to a solution of
[(cod)PtCl,] (296 mg, 0.791 mmol, cod=1,5-cyclooctadiene) in
diethyl ether (25 mL) cooled to —78°C. The solution was brought
to 0°C and stirred until the solution became clear. Solid dppp
(327 mg, 0.793 mmol) was added and the resulting mixture was stirred
for 36 h until a clear solution was formed. The excess Grignard
reagent was removed by hydrolyzing the reaction mixture with
saturated aqueous NH,Cl (5 mL) at —78°C. The aqueous layer was
washed with dichloromethane (2 x5 mL) and the organic layer was
separated. The solvent was removed under reduced pressure, and the
residue was recrystallized from a CH,Cl,/hexane mixture
(3mL:5mL) at —10°C for 48 h. The colorless crystalline solid was
isolated by decanting the mother liquor and dried under vacuum.
Yield: 95%; m.p. 80-82°C (decomp); 'H NMR (300 MHz, CDCl,):
0="7.61-7.23 (m, 20H; Ph), 5.77-5.57 (m, 2H; =CH), 4.91-4.69 (m,
4H; =CH,), 2.66-2.41 (m, 6H; P—CH,), 2.12-0.84 ppm (m, 20H; —
CH,); *'P{'H} NMR (300 MHz, CDCL): 6= 3.32ppm (s, Jpp=
1612 Hz). Elemental analysis (%) calcd for C,Hs,P,Pt: C61.41,
H 6.54; found: C 61.53, H 6.58.

3d (L=dppp): Compound 2d (L =dppp; 366 mg, 0.441 mmol)
and the first generation Grubbs catalyst (9 mg, 0.0109 mmol,
2.5mol %) were added to dichloromethane (30 mL). The solution
was heated at reflux at 50°C. After 3 h, additional catalyst (9 mg,
0.0109 mmol, 2.5 mol %) was added. After another 3 h, the solvent
was removed in vacuo. The residue was recrystallized from a CH,Cl,/
hexane mixture (3 mL:5 mL) to give 3d (L =dppp) as a white solid.
Yield: 91 %; m.p. 163-166°C (decomp); 'H NMR (300 MHz, CDCl,):
0="7.81-7.28 (m, 20H; Ph), 5.40-5.21 (m, 2H; =CH), 2.64-2.34 (m,
6H; P-CH,), 2.12-0.70ppm (m, 12H; —CH,); *'P{'H} NMR
(300 MHz, CDCL;): 6 =3.08 (m, Jp.p=1610Hz; a mixture of iso-
mers). Elemental analysis (%) calcd for Cy,Hs,P,Pt: C 61.41, H 6.54;
found: C 61.23, H 6.69. MS: m/z =802.1 [M]*, 606.8 [(dppp)Pt]*. The
experimental procedures as well as the characterization data of the
remaining compounds 2a,b,d, 3a—¢, 4a-d, and S are given in the
Supporting Information.
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