Organometallics 1986, 5, 2567-2568 2567

metal faces as in Feg(CO)q(u3-NoCPhy),,? the multisite in-
teraction in 2 has not previously been observed.

In an effort to generate a diphenylalkylidene ligand from
the complexed PhyCN, molecule, complexes 2 were pho-
tolyzed in benzene, affording small amounts of 3. Much
higher yields (50-60%) were obtained by passing a stream
of CO into 2 (200 mg) in toluene (25 mL) for 3.5 h.
Crystals of 3 precipitated from concentrated solutions held
at —20 °C. An X-ray analysis of 3 (R = i-Pr) revealed the
structure shown in Figure 2.1 The molecule is derived
from 2 by insertion of a carbonyl group into the N(1)-N(2)
bond and cleavage of a metal-metal bond by addition of
an extra CO ligand. Thus the metal skeleton can be viewed
as an Ru(1), Ru(2), Ru(4), Ru(5) butterfly with four strong
Ru-Ru bonds and a long hinge edge (Ru(1)-Ru(5) = 3.3078
(7) A), attached to a “spiked” atom Ru(3). The acetylide
is bound to the Ru, butterfly fragment in a fashion rem-
iniscent of the u,-vinylidene in Ru,(CO),o(us-n*-C=CH-
i-Pr)(u;-OH)(u-PPh,)!! with C(14) interacting with all four
metals. The terminal nitrogen atom N(1) of the new
NC(O)NCPh, ligand caps the Ru(1), Ru(4), Ru(5) face
with the carbonyl oxygen atom O(19) coordinated via a
lone-pair interaction to Ru(3) (Ru(3)-0(19) = 2.142(4) A).
Bond distances within the urea-like ligand again emphasize
a relationship to the nitrene form of a diazoalkane. The
formation of an NC(O)N fragment in the conversion of 2
to 3 has an analogy in the synthesis of Fe,(CO)s(PhNC-
(O)NPh) from phenylazide and Fey(CO),,'2 but the
bonding mode in 3 is unique.

These results suggest that the availability of reaction
pathways and coordination modes in higher nuclearity
clusters which are not accessible in mono- or binuclear
systems may present new opportunities to trap and ex-
amine the chemistry of unsaturated nitrogen species.
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Summary: 2,4,6-(CHy,);CgH,CH=N(CH,),C¢Hs (n = 0, 1,
or 2) react with Pd(Ac0O), to give six-membered metalla-
cycles possessing an aliphatic carbon-metal bond, in
preference to four-, five-, or six-membered ring com-
pounds with an aromatic carbon-metal bond.

The activation of aliphatic C-H bonds is a most im-
portant topic in organometallic chemistry. Cyclo-
metalations are a way to reach the selective funtionaliza-
tion of these bonds, but in some cases they can be a com-
petitive process in the activation of alkanes.

The cyclometalation of N-donor ligands! shows a strong
tendency to form five-membered rings; furthermore the
aromatic carbons are activated more easily than the ali-
phatic carbons. To date, some cyclometalated complexes
containing a six-membered ring and a metal-C{sp?) bond
have been described,? but few six-membered metallacycles
containing an aliphatic carbon-metal bond have been
obtained by cyclometalation. For example, Hiraki et al.%

have prepared [Pd(CH,CMe,CH,C;H,N){AcO)],, from
2-neopentylpyridine and Pd(AcO),. Newkome et al. have
recently obtained six- and seven-membered cyclometalated
Pd(IT) complexes, which contain pyridine, phenanthroline,
or bipyridine moieties from the free ligands and PdCl,, in
the presence of K,CO; to produce the abstraction of acidic
hydrogens.®?¢ The metalation of aromatic carbons is not
possible in any case.

We herein report the cyclometalation of benzylidene-
amines 2,4,6-(CH;),C;H,CH=N(CH,),C;H; where, for the
first time, the metalation of an aliphatic carbon with a
six-membered ring takes place in preference to metalation
of an aromatic carbon with a five-membered metallacycle.

Murahashi* obtained the five-membered compound by
metalation of 2-(CH;)C¢H,CH=NCsH; and Pd(AcO),,
even when the formation of a six-membered ring is possible
by metalation of the ortho-methyl group. Rys et al.,Z when
studying 1-[(2,6-dimethyl-4-hydroxyphenyl)azo]-2-
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methylnaphthalene, only accomplish metalation of the
peri-carbon atom of the naphthyl group with formation
of a six-membered ring, even when a five- or six-membered
ring with Pd-C(sp?) bonds would have resulted if the
metalation had taken place at the methyl groups. These
results illustrate the easier cleavage of aromatic C-H bonds
as compared to aliphatic C-H bonds, as has been con-
firmed recently by Crabtree.?

The action of Pd(AcO), on the amines 2,4,6-
(CH,);CcH,CH=N(CH,),Cc¢H; (n = 0, 1, or 2) in anhyd-
rous acetic acid has been examined (see Scheme I).

These imines permit a simultaneous comparison of the
metalation tendency of the sp3- or sp?-carbon atoms and
the importance of the number of members of the ring
formed. Thus, metalation of the ortho-methyl groups gives
six-membered rings, while the metalation of the ortho-
phenyl carbons would give cyclometalated species with
four-, five-, or six-membered rings, for n = 0, 1, or 2, re-
spectively.

In the three cases, metalation of an ortho-methyl group
with formation of a six-membered metallacycle takes place
(ca. 70% yield). These results are specially remarkable
for n = 1, since the metalation of the aromatic ortho carbon
should yield a five-membered ring.

The novel cyclopalladated compounds 3 were unam-
biguously characterized by analytical and spectroscopic
data.® The structure of 3a” was confirmed by an X-ray
crystallographic study.

The crystal structure of 3a (Figure 1) consists of discrete
molecules linked by van der Waals’ forces. The Pd atom
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Figure 1. Molecular structure of 3a. Important bond lengths
(&) and angles (deg): Pd-Br, 2.553 (1); Pd-N(8), 2.138 (4); Pd-
C(21), 2.060 (5); Pd-P, 2.258 (1); C(21)—-C(2), 1.483 (9); C(2)-C(1),
1.422 (8); C(1)-C(7), 1.460 (8); C(7)-N(8), 1.275 (8) A; N(8)-Pd-Br,
90.8 (1); C(21)-Pd-N(8), 82.2 (2); P-Pd-Br, 93.1 (1); P-Pd-C(21),
93.9 (2); C(21)-Pd-Br, 172.9 (2); P-Pd-N(8) 169.6 (1); Pd-C-
(21)-C(2), 104.3 (4); C(21)~C(2)-C(1), 121.1 (5); C(2)-C(1)-C(7),
118.1 (5); C(1)-C(7)-N(8), 126.2 (5); C(7)-N(8)-Pd, 118.3 (4)°.

displays a distorted square-planar geometry but with usual
bond lengths and angles around the metal. The bonding
of C(21) and N(8) with the Pd atom causes the torsion of
the C(1)-C(7) (31.8 (6)°) and N(8)-C(9) (-37.1 (8)°) bonds,
which gives the C,NPd six-membered ring, a half-skew-
chair conformation with the Pd atom out of the plane
(-1.325 A).8

These results show that the original assumption, that
metal ions preferring square-planar geometry favor five-
membered ring, is unnecessarily limiting since a six-mem-
bered ring can also accommodate a central metal in a
square-planar geometry as has been reported before.3¢
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Summary: The disproportionation of trimethyisilyt formate
to methyl formate, carbon dioxide, and hexamethyl-
disiloxane is shown to be experimentally reversible and
has been investigated in both the forward and reverse
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