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The aza-Wittig reaction between ArfsNdPPh3 [Arf ) 3,5-
(CF3)2C6H3] and 1,1,1,5,5,5-hexafluoro-2,4-pentanedione affords a
new, highly fluorinated â-diketimine, 1. Metalation by mesitylcopper-
(I) in benzene gives rise to the Cu(I) â-diketiminate as its η2-
benzene adduct, 2a. Copper(I) carbonyl complexes of 1, and of
three less-fluorinated analogues, have been generated in situ and
compared by IR spectroscopy; the two backbone CF3 groups exert
a stronger electronic influence than the four N-aryl CF3 groups.
Dinuclear adduct 2b reacts readily with O2, leading to ortho-
hydroxylation of a ligand N-Arf group.

The aerobic oxidation of organic substrates represents an
ongoing goal in synthetic catalysis.1 Copper(I) complexes,
which can react with dioxygen to form strong oxidants,2,3

some of them capable of C-H bond hydroxylation,3 are
interesting candidates for catalyst precursors. Recently, the

reactivity of copper(I)â-diketiminate complexes with di-
oxygen has been studied in detail.4

We have now prepared a heavily fluorinatedâ-diketimi-
nate ligand,5,6 1, by a convenient aza-Wittig reaction,7 and
synthesized several copper(I) complexes from it. This ligand
is quite electron-poor, as judged by an infrared study of
several related (â-diketiminate)copper(I) carbonyl complexes.
Despite its electron-poor metal center, a copper(I)â-diketim-
inate complex reacts readily with dioxygen, with cleanortho-
hydroxylation of a ligandN-aryl group.8 The ligand backbone
remains unaffected.

Ligand 1 is synthesized in good yield by the aza-Wittig
reaction of 2 equiv of [3,5-bis (trifluoromethyl)-phenylimino]-
triphenylphosphorane with 1,1,1,5,5,5-hexafluoro-2,4-pen-
tanedione in toluene at 90°C. We have been unable to
prepare this ligand by traditional routes.9 Reaction of1 with
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mesitylcopper(I) in benzene solution produces benzene
adduct2a in high yield. The coordinated benzene is labile,
and upon concentration in vacuo,2a is converted to the
dinuclear benzene adduct2b (Scheme 1).

Crystals suitable for X-ray crystallography were grown
by slow cooling of a hot hexane/benzene solution of2a
(Figure 1). The X-ray structure10 shows2a to be a monomeric
η2-benzene adduct. The benzene ring remains essentially
planar, and the C(22)-C(23) bond length (1.385(6) Å) is
equivalent within error to that of free benzene (1.39 Å),11

indicating little π-back-bonding from copper.12 Benzene
complexes of copper(I) with poorly donating anions have
been structurally characterized;13 to our knowledge, this is
the first such adduct supported by aâ-diketiminate ligand.

We have found analogues without the backbone CF3 groups
to be unstable and have been unable to isolate them.

To assess the electron-withdrawing nature of ligand1, less-
fluorinated analogues4-6 were synthesized, and theνCO of
the copper carbonyl complexes derived from them were
measured (Table 1).14,15 The all-methyl analogue of1 gives
rise to the lowest carbonyl stretching frequency, resulting
from the most electron-rich metal center, as expected. Two
CF3 groups at the ligand backbone exert a larger electron-
withdrawing effect than four at themetapositions of the
N-aryl groups: νCO increases by 24 versus 17 cm-1.
Replacement of all methyl groups with CF3 groups results
in an increase inνCO of 37 cm-1, a substantial effect given
the modest metal-to-ligand back-bonding from Cu(I).16

Despite the electron-poor nature of ligand1, the copper-
(I) complex2b reacts readily with dioxygen. Exposure of a
hexane solution of2b to dry air leads to the rapid formation
of a brown precipitate; the oxidation proceeds in near-
quantitative yield after 30 min at room temperature. The1H
and 19F NMR of the product indicate the formation of an
asymmetric, paramagnetic species.

Single crystals of the oxidation product,3, were grown
by slow diffusion of hexane into a saturated solution of the
product complex in C6F6. The 1H and 19F NMR, IR, and
UV-vis spectra obtained from the crystals match those of
the bulk material. Analysis of a single crystal by X-ray
diffraction reveals a dinuclear structure for3, in which one
of the ligandN-aryl groups has been hydroxylated to give a
bridging phenolate (Figure 2).17 The hydroxyl hydrogen atom
was detected on the Fourier difference map in the X-ray
study, and its presence is further corroborated by the stretch
at 3671 cm-1 in the IR spectrum of3, consistent with other
knownµ-hydroxocopper complexes.4a The structure displays
considerable tetragonal distortion at the copper centers; the
dihedral angle between the two (â-diketiminate)copper planes
is 53.68°.
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Figure 1. Representation of2a, shown as 50% elipsoids. For clarity, all
hydrogen atoms were omitted, and only one orientation of each of the aryl
CF3 groups, which were modeled with six fluorines at half occupancy, is
shown. Selected bond distances (Å) and angles (deg): Cu(1)-C(22)
2.117(4), Cu(1)-C(23) 2.102(4), C(22)-C(23) 1.385(6), N(1)-Cu(1)-N(1)
99.62(12), C(22)-Cu(1)-C(23) 38.35(17), Cu(1)-C(22)-C(27) 108.1(3),
Cu(1)-C(23)-C(24) 106.1(3).

Scheme 1. Synthesis and Autoxidation of Cu(I) Complexes of1

Table 1. νCO for Inter-Related (â-Diketiminate)Cu(CO) Complexes
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in Figure 3. The starting material spectrum shows a single
absorption at 379 nm (ε ) 26 900 M-1 cm-1). The spectrum
of dinuclear Cu(II,II) complex3 displays an absorption
maximum at 376 nm (ε ) 22 300 M-1 cm-1), with new
bands at 320 nm (ε ) 13 300 M-1 cm-1) and at 430 nm
(ε ) 14 700 M-1 cm-1). This pattern is reminiscent of that
observed upon oxygenation of other copper(I)â-diketimi-
nates,4c even though the oxidation state obtained in this case
is different.

The magnetic susceptibility of3 been measured for a
powder sample using a SQUID magnetometer. The effective
magnetic momentµeff, at ambient temperature and a field
strength of 0.5 T, is 1.95µB; the magnetic behavior is
consistent with weak antiferromagnetic coupling between the
two copper(II) centers.18 For comparison, the square planar
bis[(â-diketiminate) copper(II)µ-hydroxide] reported by Dai
and Warren has a smaller effective magnetic moment, 1.39
µB.4a

Intramolecular aerobic hydroxylation of an aryl group is
well-precedented;2b,3a,bin this case, the aryl group is oxidized
cleanly and rapidly despite the presence of two electronically
deactivating CF3 groups. Reaction of other (â-diketiminate)-
copper(I) species with O2 generally gives rise to dimeric
Cu(III) µ-oxo complexes, or to monomeric Cu(III)η2-peroxo
complexes, depending on the ligand.4 Aerobic oxidation of
theâ-diketiminate ligand backbone, which has been reported
for Cu(II) and Zn(II) complexes,19 was not observed in the
oxidation of2.

In conclusion, an aza-Wittig reaction, using 1,1,1,5,5,5-
hexafluoro-2,4-pentanedione, affords the new, heavily flu-
orinatedâ-diketimine ligand1 in good yield. This ligand is
quite electron-poor, as reflected by the infrared stretching
frequencies for four inter-related copper(I) carbonyl com-
plexes. Nonetheless, a benzene adduct of its copper(I)
complex reacts rapidly with dry air under ambient conditions,
generating an oxidizing intermediate sufficiently powerful
to hydroxylate a ligand-based 3,5-bis(trifluoromethyl)phenyl
group, while leaving the diketiminate backbone unchanged.
The chemistry of related complexes, protected againstN-aryl
group oxidation, is currently under investigation.
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Figure 2. Representation of3, shown as 50% elipsoids. For clarity, the
following were omitted: the fluorine atoms of all aryl CF3 groups, all
hydrogen atoms except for the hydroxyl proton, and a cocrystallized C6F6

molecule. Selected interatomic distances (Å) and angles (deg): Cu(1)-
Cu(2) 2.9345(12), Cu(1)-O(1) 1.935(3), Cu(2)-O(1) 2.028(3), Cu(1)-
O(2) 1.908(3), Cu(2)-O(2) 1.911(3), O(1)-C(7) 1.325(4), N(1)-Cu(1)-
N(2) 97.05(12), N(3)-Cu(2)-N(4) 97.31(13), O(1)-Cu(1)-O(2) 78.92(11),
O(1)-Cu(2)-O(2) 76.57(10), Cu(1)-O(1)-Cu(2) 95.51(11), Cu(1)-O(2)-
Cu(2) 100.41(12).

Figure 3. UV-vis spectra of2b (s) and3 (- - -) in CH2Cl2.
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