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fragment becomes joined to another unsaturated ligand in the
coordination sphere of a transition-metal atom.
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The insertion of small molecules into transition-metal-carbon
bonds plays a prominent role in a number of important stoi-
chiometric and catalytic processes. Among these reactions, those
involving carbon monoxide have been extensively studied! both
from a synthetic and a mechanistic point of view. Less well-
studied, although of increasing interest,? are the insertions of
carbon dioxide, while only a few examples of formaldehyde in-
sertion® have been reported to date. In this paper we wish to report
our findings on the insertion chemistry and related reactions of
these molecules with the nickelacyclopentene* complex

ey
(Me;P),Ni(CH,CMe,-0-C¢Hy) (1). The reactions studied are
summarized in Scheme I.
Complex 1 is formed in good yields® by the reaction of
NiCl,(PMe;), with 2 equiv of Mg(CH,CMe,Ph)Cl, in the
presence of traces of I" (eq 1).

NiCla(PMeg); + 2Mg(CH,CMeaPhICI —em

CH,
7 “ScMep + 2MgClp (1
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Figure 1. ORTEP diagram for 3 and atom labeling scheme. Important
bond distances and angles: Ni-Pl = 2.291 (4), Ni-P2 = 2.143 (4),
Ni-Ol = 1.877 (9), Ni-C9 = 1,96 (1) A; C1-O1-Ni = 137.4 (9)°.
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A number of experimental observations made during the
progress of this work indicate® a catalytic role for I~, but no
mechanistic information on this intringuing reaction is yet
available. Although 1 does not react with water under normal
conditions, a fast protolytic cleavage of the Ni-aryl carbon bond
takes places in the presence of wet CO,, with quantitative for-
mation® of the dimetallic carbonate 2, which contains a u,-
7',n?-CO, bridge (eq 2). This coordination mode of the bridging
carbonate ligand has some precedents in the literature.!! If the
reaction with carbon dioxide is carried out under very strict an-
hydrous conditions, the yellow nickelalactone 3, i.e., the normal
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2Ni(CH,CMe, - 0-CgHy)(PMeg)y + COp + Hp 0 —

PMeg o a
! N'—‘O—‘C{- \Ni/ (2)
! XA N
0 PMeg
PMe;.]

2,R:= CHQCMGQPh

CO, insertion product into the Ni-aryl carbon bond, is obtained.
Complex 3 exhibits a strong IR absorption!? at ca. 1610 cm™ for
the uncoordinated C==0O group. The existence of the seven-
member nickelalactone unit in the molecule of this compound has
been confirmed by X-ray crystaliography.!> A perspective view
of the molecular geometry, giving the atom-labeling scheme, is
presented in Figure 1, which also includes some important bonding
parameters.

The reaction of formaldehyde with transition-metal complexes,
and in particular formaldehyde insertion into M-L bonds, is
receiving increasing attention in view of the intermediary role
played by this molecule in CO reduction.!® Both the insertion
of the CH,O unit into M-H bonds!® and the related insertion into
M-C bonds, which has been suggested’ as a possible propagation
step in Fischer-Tropsch chemistry, are still rather uncommon
reactions. Addition of aqueous formaldehyde, or preferably pa-
raformaldehyde, to tetrahydrofuran solutions of 1 causes insertion
of the CH,O unit into the nickel-carbon alkyl bond, with for-
mation of the oxynickelacycloheptene complex 4.1

Several organic materials can be derived, in virtually quanti-
tative yields (by NMR spectroscopy), from complexes 1-4 by
carbonylation. Thus, 1 produces the cyclic ketone 5, while 3 and
4 afford anhydride 6 and lactone 7, respectively. Interestingly,
the reaction of the carbonate 2 with carbon monoxide takes place
with reduction to Ni(0) (Ni(CO),(PMe;), plus Ni(CO);(PMe;)),
formation of anhydride 8, and evolution of carbon dioxide (eq 3).

o} R
11 7N - 2C0
R~ Ni o] C§0/N' -

2"Ni(0Y + *c0, + R—C—0—C—R (3)

Isotopic labeling studies using complex 2, 3C enriched in the
carbonate ligand, clearly demonstrate that the evolved CO, derives
exclusively from the carbonate group. In a formal sense, eq 3
represents a metal-promoted oxidative conproportionation of
carbonate and carbony! ligands to produce two molecules of carbon
dioxide (eq 4). One of these is evolved as free CO, while the
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(8) A%, Z =4, Doyeq = 1.29 g cm?, F(000) = 824, u (Mo Ka) = 11.4 cm™.
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CO,> + CO - 2¢ = 2CO, (4)

second is “functionalized” into the anhydride functionality.
Although the opposite reaction, namely, reductive dispropor-
tionation of carbon dioxide, is a commonly observed process in
transition-metal-carbon dioxide chemistry, to the best of our
knowledge eq 3 represents the first example of a carbonate and
a carbon monoxide conproportionation induced by a transition-
metal complex.!®* Moreover, the simultaneous consideration of
eq 2 and 3 reveals that the overall process is a CO,-mediated
hydrocarbonylation of 1 to produce anhydride 8, as in eq 5.

2Ni + 2CO0 + H,0 —

I
—O
O—0
I

(e

+ 2"Nio)Y" (5

Further studies on this and related carbonate complexes are
in progress to ascertain the generality of this reaction and its
potential synthetic applicability.
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We have reported that the intramolecular photoaddition of

dioxolenones to alkenes, i.e., 1 — 3, leads to the formation of six-,
seven- and eight-membered rings in good yield.> We describe
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