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kcal/mol at 300 K). This change is small compared with the
calculated solvation enthalpy (-23 kcal/mol) at infinite dilution.'

Comparison of the internal entropy differences of the con-
formers in solution shows that the values are of the same mag-
nitude as those found in vacuum (see Table I). The solvated
polyproline conformation appears to have somewhat less freedom
than the a-helical conformer, which is very similar in entropy to
the C;* conformer.

This study of a peptide model system has demonstrated that
molecular dynamics simulations can be used to estimate the
configuration entropy differences in conformational transitions
and in solvation processes. Such internal entropy changes have
to be included in any calculations of the free energy differences
between conformers.!!3
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Dinuclear elimination of groups from two different metal atoms
involving the formation of metal-metal bonds or bridged metal
centers is an important step in many reactions that are catalyzed
by transition metals.! Although intermolecular dinuclear reductive
elimination mechanisms have been established for several reac-
tions,” only rarely have the corresponding intramolecular elimi-
nations been investigated.> We report herein the preparation,
isolation, and structure of a dinuclear palladium complex con-
taining methyl and hydride on adjacent palladium atoms and its
facile 1,1-dinuclear intramolecular elimination of methane.

Although a relatively large number of dinuclear platinum
complexes containing two bridging bis(diphenylphosphino)methane
ligands and alkyl groups o-bonded to platinum are known, there
are relatively few examples of similar dinuclear palladium com-
plexes.*® The reaction of an equimolar amount of trimethyl-
aluminum with the palladium(I) chloride dimer Pd,Cl,(u-dppm),
[dppm=Dbis(diphenylphosphino)methane] (1)’ at =78 °C in
methylene chloride gave an intermediate (2) which could not be
isolated (Scheme I) but was characterized by its *H and *!P{'H}
spectra. The *'P{H} spectrum of 2, analyzed as an AA’BB’ spin
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and Applications of Organotransition Metal Chemistry”; University Science
Books, Mill Valley, CA, 1980; Chapter 8.
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Figure 1. 3'P{'H} NMR (81.015 MHz) of 2. (a) Simulated spectrum:
(b) spectrum of 2 at =80 °C in CD,Cl,.

Figure 2. X-ray Structure of 3.

system, is shown (Figure 1) along with the calculated spectrum.

An ambient temperature, 2 disproportionated to a palladium(0)
complex (4) and 3. The X-ray structure of 3 (Figure 2) verified
a face-to-face dimer with methyl groups in the anti geometry. The
palladium(0Q) complex 4 reacted with methylene chloride to give
the A-frame methylene-bridged dimer 5. The reaction of meth-
ylene chloride with Pd,(dppm); to form 5 has been reported to
proceed very slowly.”® A faster reaction with 4 was observed,
apparently because it is a more coordinatively unsaturated pal-
ladium(0) species. Complex 3 is not available via the oxidative
addition of methyl chloride to Pd,(dppm);.

Intermediate complex 2 reacted with ethanol at —78 °C to give
the dinuclear palladium complex 6-H, containing methyl and

© 1985 American Chemical Society
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Figure 3. X-ray Structure of 6-H.

hydride on different palladium atoms. Complex 6-H, isolated as
its tetraphenylborate salt, was fully characterized?® including its
X-ray structure (Figure 3). When a solution of 6-H, as its
chloride salt, was warmed to =20 °C, methane was produced
quantitatively along with the palladium(I) chloride dimer 1. When
6-H, as its tetraphenylborate salt, was warmed (40 °C) in solution,
a quantitative evolution of methane (Toepler pump analysis, GC,
mass spectrum) occurred at 55 °C. However, addition of LiCl
to the solution of the tetraphenylborate salt allowed the reductive
elimination to take place at lower temperatures (-20 °C). In no
case was ethane or hydrogen evolved (NMR, GC, mass spectrum).

The corresponding deuterated complex (6-D), containing
deuteride on one palladium and trideuteriomethyl on the other,
was prepared with perdeuteriotrimethylaluminum?® and ethanol-d;.
Reductive elimination from 6-D gave a quantitative yield of CD,.
A solution containing equimolar amounts of 6-H and 6-D produced
only CH, and CD, (m/e 20, 16, but no 19). Thus, the reductive

(8) '"H NMR (CD,Cl,) 4 3.91 (qi, J = 4.0 Hz, 4 H), 0.65 (1, J = 6.0 Hz,
3 H), ~12.42 (1, J = 10.0 Hz, 1 H); *'P{*H} NMR (CD,Cl,) 8 20.79, 16.27
(AA’BB’, |JoaJe = 9, Jag = 50, Jap = 3 Hz).

(9) Pasynkiewicz, S.; Boleslawski, M. J. Organomet. Chem. 1970, 25, 29.

elimination is strictly intramolecular.!®

Several observations on the decomposition of 6-H are consistent
with a I,1-reductive elimination of methane. A dinuclear 1,2
elimination is theoretically symmetry forbidden; extended Huckel
calculations predict a minimum activation energy of approximately
65 kcal/mol for the elimination of dihydrogen from adjacent
metals, even when the hydrogen atoms undergo a prior bending
toward each other to establish the final dihydrogen geometry.!
In addition, the two methylene protons on dppm in the A-frame
dimer § have different chemical shifts, (6 2.83 and 2.58) but the
methylene protons on dimers 6~-H and 6-D are identical'? (§ 4.57),
even at —100 °C (200 MHz). The fluxionality of these complexes
provides a pathway for the reductive elimination of methane
whereby methyl and hydride become attached to the same pal-
ladium. Of the number of mechanisms for the A-frame inversion
of platinum complexes of the type [Pty(u-dppm),(u-Y)X,] that
have been considered, inversion of hydride through the plati-
num-—platinum center is that most consistent with the available
data.’> A rapid equilibrium (Scheme II) involving an exchange

(10) Attempts to establish a kinetic isotope effect proved ambiguous.

(11) Trinquier, G.; Hoffmann, R. Organometallics 1984, 3, 370.

(12) This equivalence of the methylene proton resource is observed in
CD,Cl, for the chloride and tetraphenylborate salts of 6-H and 6-D and in
THF-d; for the borate salts of 6-H and 6-D.
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of the chloride bridge with a hydride bridge followed by inversion
of hydride (6-Hy, = 6-H.)—or the formation of a linear hydride
bridge—and reformation of the chloride bridge would account
for the equivalence of the methylene hydrogens on dppm. The
palladium—-palladium distance in 6-H, 3.01 A, is sufficient to
accommodate this process (Pd-H = 1.56 + 0.04 A). This not
only would lead to the observed equivalence but also provides a
mechanism by which hydride and methyl become bonded to the
same palladium. In fact, an intermediate consistent with a methyl
and a hydride ligand on the same palladium center is observed
for the chloride salt of 6-H during the reductive elimination.'*
The role of the LiCl is not completely understood, but apparently
the terminal bonding of chloride is effective in shifting the
equilibrium to the complex with both methyl and hydride on one
palladium. The hydride and methyl ligands in complexes 6-H,,
and 6-H_, however, are trans, and an isomerization to a cis complex
would be required prior to reductive elimination,'* probably by
dissociation of one phospt. * of dppm.'¢ The observation of two
new 'P NMR signals at § 3 and +16 during the course of the
reaction is consistent with : h a species.

The reductive elimination re ‘ions of other dinuclear palladium
complexes containing hydride ai  »rganic ligands and the reaction
of 6-H with carbon monoxide anu other small molecules will be
reported in the future.
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Catalytic transalkylation of tertiary amines is a new and po-
tentially valuable method for the synthesis of unsymmetrical
tertiary amines (eq 1, R, R’ = alkyl). C-H activations in the

NR; + NR’; = NR,;R’ + NRR/, (1)

alkyl groups occur in conjunction with the transalkylation, and
this has led to the proposal that iminium ion complexes are im-
portant intermediates.!”* We now wish to report on the prepa-
ration and characterization of an unusual amino—carbene cluster
complex that is also a very effective catalyst for the transalkylation
reaction.
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Figure 1. ORTEP drawing of one of the two symmetry independent
molecules found in the crystal of Os;(CO)s[C(H)NMe,](u-H),(3-S)
.

Under an atmosphere of NMe, at 125 °C in octane solvent the
sulfido cluster Os;(CO)g(u3-CO)(u5-S)* adds one formula
equivalent of NMej; to yield the new compound Os;(CO)g[C-
(H)NMe,](u-H),(13-S) (1) (31% yield). Compound 1 has been
characterized by IR and 'H NMR spectroscopies and by a sin-
gle-crystal X-ray diffraction analysis.® The compound crystallizes
in the triclinic space group P with two independent molecules
in the asymmetric crystal unit. Both molecules are very similar
structurally and an ORTEP drawing of one of these is shown in
Figure 1.” The molecule consists of a triangular cluster of three
osmium atoms bridged by a triply bridging sulfido ligand. The
presence of two inequivalent hydride ligands was established by
TH NMR spectroscopy, 6 —20.38, —21.18. They were not observed
in the crystallographic analysis, but the significant elongation of
two of the three metal-metal bonds (e.g., Os(1)-Os(3) = 2.911
(1) A, and Os(2)-0s(3) = 2.922 (1) A vs. Os(1)-0s(2) = 2.768
(1) A) indicates that they are bridging these two bonds. This
portion of the molecule is very similar to that of Os;(CO)g(uy-
H),(13-S).! The most interesting and unusual feature of com-
pound 1 is the presence of a (dimethylamino)carbene ligand,
C(H)NMe,. Although not unprecedented, secondary amino-
carbene ligands are not commonly occurring.®'® The molecular
dimensions of this ligand are not exceptional and the nitrogen atom

(5) Adams, R. D.; Horvath, I. T.; Kim, H. S. Organometallics 1984, 3,
548.

(6) IR spectra were taken on a Nicolet 5-DXB FT-IR spectrometer in
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CAD-4 automatic diffractometer using Mo K, radiation and the w-scan
technique.  Structure-solving calculations were performed on a Digital
Equipment Corp. PDP 11/60 computer by using the Enraf-Nonius program
library SDP-Plus. The structure was solved by a combination of Patterson
and difference Fourier techniques. The data were corrected for absorption
(s, = 203 cm™!), and the structure was refined by using 3554 reflections (F?
= 3.00(F?)) to yield the final residuals R = 0.043 and R, = 0.052.
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