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Summary: The major iron-containing species present
during and after the [Cp*Fe(CO);],-catalyzed allylic
amination of olefins by nitrobenzene is a novel cyclic
carbamoyl complex 2. Complex 2 is found to be a resting
state in the catalytic reaction.

As part of our ongoing efforts to develop metal-
catalyzed processes for the direct nitrogenation of
hydrocarbons,'2 we recently reported that [CpFe(CO),]»
(Fp2) catalyzes the regioselective allylic amination of
olefins via the reductive carbonylation of nitroarenes.?
In this initial study the active involvement of a metal-
bound organonitrogen species as the ArN-transfer agent
was suggested by the results of trapping experiments.
The practical importance of several metal-catalyzed
reductive carbonylation reactions* and the limited un-
derstanding of their mechanisms® prompted us to probe
further the scope and mechanistic features of these
novel Fp-catalyzed reactions. We report herein the
isolation, structural elucidation, and preliminary reac-
tivity studies of a novel complex produced during allylic
aminations by PhNO,/CO promoted by [Cp*Fe(CO);].
(Fp*2).

Seeking catalyst structure/activity relationships and
the identification of iron-containing intermediates or
products of the Fp-catalyzed PhNO,/CO/olefin reactions,
we turned our attention to [Cp*Fe(C0O)2]2 (1).6 Indeed,
1 was found to effectively catalyze the reaction of
nitrobenzene with several olefins (dioxane, 160 °C, 50
atm CO, 24 h), affording the corresponding allylamines
in moderate to excellent yield (eq 1, Table).” These
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reactions, like those catalyzed by Fp,,2 proceed with
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a Conditions; olefin:phNO,:Fp*, = 2:1:0.05; dioxane, 160 °C, 750
psi CO. b GC, with naphthalene as internal reference. ° Yield with
4 A molecular sieves present.

high regioselectivity wherein the —NPh unit adds to the
less substituted carbon of the original vinyl unit.

To probe whether established reactive organonitrogen
species are intermediates in the aminations catalyzed
by 1, a Diels—Alder trapping test for the intermediacy
of free PANO was found to be negative,® with only allylic
amines detected as products (eq 2). Likewise, the
intervention of free aryl nitrene was excluded based on
the absence of carbazole® in the amination of AMS by
o-nitrobiphenyl (eq 3).

The results of the above trapping experiments suggest
that aminations catalyzed by 1 (and by Fp,) involve the
transfer of a coordinated nitrogen species. IR analysis
of aliquots taken during the catalytic reaction or after
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its completion revealed the absence of dimer 1 (vco 1923,
1748 cm™1) and the predominant formation of a new
metal carbonyl species, 2, with terminal Fe—CO absorp-
tions at 2016 and 1961 cm~1. The same compound is
produced in the reaction of 1 with nitrobenzene/CO in
the absence of olefin. Careful flash chromatography
(silica gel, 1:1 petroleum ether/ethyl acetate) provided
reasonably pure 2 as a dark red solid. The NMR data
for 210 clearly indicate the incorporation of a —NPh unit
and the presence of two different Cp—Me groups. Since
the MS data for 2 were inconclusive, its structure was
finally established by X-ray diffraction.1?

The structure of 2 (Figure 1, Scheme 1) was thus
found to be a monometallic cyclic carbamoyl complex
which has incorporated a Cp*-derived methylene group,
a carbon monoxide molecule, and a PhN— unit from
nitrobenzene. The molecule has approximate Cs sym-
metry with the Fe—C(O)—NPh—CH,— chain included
in the symmetry plane, indicating sp? hybridization at
both N(1) and C(13). The Fe—C(13), C(13)—0(3), and
C(13)—N(1) distances and the position of the C=0 IR
absorption (1580 cm~1) indicate significantly delocalized,
multiple-bond character in these linkages.*?

While the pathway leading to the formation of 2
remains to be established, the intervention of coordi-
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Figure 1. ORTEP diagram for 2 showing thermal el-
lipsoids at the 40% level; hydrogen atoms except H6a and
H6b are omitted for clarity. Selected bond lengths (A) and
angles (deg): Fe(1)—C(11) 1.762(2), Fe(1)—C(12) 1.757(2),
Fe(1)—C(13) 1.971(2), C(13)—0O(3) 1.220(3), C(13)—N(1)
1.406(3), N(1)—C(14) 1.424(3), N(1)—C(6) 1.467(3), C(11)—
O(1) 1.141(3), C(12)—0(2) 1.151(3); O(1)—C(11)—Fe(1) 178.0-
(2), 0(2)—C(12)—Fe(1) 177.5(2), C(11)—Fe(1)—C(12) 96.6(1),
Fe(1)—C(13)—0(3) 125.2(2), N(1)—C(13)—0(3) 119.7(2),
C(13)—N(1)—C(14) 123.6(2), C(13)—N(1)—C(6) 117.2(2),
C(14)—N(1)—C(6) 118.6(2), N(1)—C(6)—C(1) 108.4(2).
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nated phenyl imido and phenyl isocyanate precursors
appears likely. Homologous Re—carbamoyl derivatives
have been reported via carbonylation of cyclic imido
precursors.’® Other examples of the activation of coor-
dinated Cp—methyl C—H bonds without the assistance
of strong external reagents are rare, especially among
the later transition metals.'* Furthermore, although a
number of four- and five-membered metallacycles which
incorporate partially deoxygenated ArNO, and CO or
CO, fragments have been implicated as intermediates
in metal-catalyzed reductive carbonylations of nitroor-
ganics,’® the cyclic carbamoyl function of 2 is the first
of its type to be identified from such a reaction.
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An important question is whether 2 plays a role in
the catalytic amination mechanism or rather is an
unreactive, “dead-end” product. The following observa-
tions bear on this question. When 2 was heated with
excess a-methylstyrene under typical catalytic condi-
tions (160 °C, 50 atm CO, dioxane), none of the corre-
sponding allylamine was detected and 2 was largely
recovered. However, allylamine was slowly produced
when nitrobenzene and AMS were heated under the
same conditions with 2 as catalyst (5 mol %, turnover
= 6 in 5 days); the AMS amination activity of 1:2 is
approximately 15:1 (Scheme 1). Finally, when 2 and
CeDsNO; (1:6) were allowed to react with excess AMS
(30 equiv) under CO (50 atm, 160 ° C, 36 h), the
resulting allylamine was exclusively that derived from
CeDsNOo, i.e., C6D5NHCH2CPh:CH2 (>97%), and the
recovered 2 was undeuterated (>97%), as established
by EI GC—MS. Thus, although 2 can serve as a catalyst
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for amination, it does not transfer its own —NPh unit.
The lesser catalytic activity of 2 relative to that of Fp*,
indicates that the former is a minor, but significant
contributor to the overall catalysis. Experiments that
probe further the mechanism of formation of 2 and that
of the catalytic amination of olefins by this and other
Fp-derived catalysts are in progress.
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