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Abstract: Addition of 1 equiv of Li(Arznacnac) (Arznacnac = (2,6-Pr,CeHs) NC(Me)CHC(Me)N(2,6-Pr,CesHs))
to an Et,0 suspension of UO,Cl,(THF); generates the uranyl dimer [UO,(Arznacnac)Cl]; (1) in good yield.
A second species can be isolated in low yield from the reaction mixtures of 1, namely [Li(OEt;)2][UO2(Ar,-
nacnac)Cl] (2). The structures of both 1 and 2 have been confirmed by X-ray crystallography. Complex 1
reacts with PhzPO to generate UO,(Arznacnac)Cl(PhsPO) (3). In addition, 1 reacts with AgOTf and either
1 equiv of DPPMO; or 2 equiv of Ph,MePO to provide [UO,(Arznacnac)(DPPMO,)][OTf] (4) and [UO,(Arz-
nacnac)(Ph.MePO),][OTf] (5), respectively. Both 4 and 5 have been fully characterized, including analysis
by X-ray crystallography and cyclic voltammetry. Reduction of 4 with Cp,Co provides UO;(Ar;nacnac)-
(CH{Ph,PO},) (6), a uranyl(VI) complex that is generated by the formal loss of He from the DPPMO; ligand.
Labeling studies have been performed in an attempt to elucidate the mechanism of hydrogen loss. In
contrast, reduction of 5 with Cp,Co provides UO(Arznacnac)(Ph.-MePO), (7), a rare example of a uranyl-
(V) complex. As expected, the solid-state molecular structure of 7 reveals slightly longer U—O(oxo) bond
lengths relative to 5. Furthermore, complex 7 can be converted back into 5 by oxidation with AgQOTf in
toluene.

Introduction 2+

The actinyl ions, An@" (where An= U, Np, Pu;n = 1, HZO\”/OHz HZO})HZ
2), are ubiquitous chemical species, characterized by a linear Hzo//U\ vV
O=An=0 geometry, short ArO bonds, and substitutionally HO 0= U o
inert oxo ligands. Unlike neptunyl and plutonyl, which are
stable in multiple oxidation stat@gjranium is only fleetingly OH;
stable as U@". In aqueous solutions, this species rapidly |
disproportionates to U@" and U (aq) (eq 1 However, [UQ-
(aq)I" can be stabilized at low pH (pH-28)* or in concentrated
carbonate solutions? where in each environment it exhibits a
considerably longer half-life.

In anhydrous environments, UOhas been generated elec-
trochemically and observed spectroscopic&iff, but it has
never been isolated using this route. In contrast, a stable
crystalline UQ™ complex can be isolated by chemical oxidation
of Ul3(THF)4 with pyridine-N-oxide'! or by reduction of UGl »-
(THF)3 with cyclopentadienidé? where, in both cases, [U©
" — [UO,(aq)F" + U*"(ag)+ 2H,0 (1) (py)s]* is the product isolated. Uranyl(V) can also be efficiently
generated upon photolysis of uranyl(VI) in the presence of
alkanes or alcohols (eq 23715 In the solid state, U@ has
only been structurally characterized a few times, in crystals of

2[U0,aq)]" +

The disproportionation of U9 has been the subject of many
studies, and a recent theoretical investigation points to the
Intermedlacy of an oxo-brldged dimer (also known as a (8) Kim, S.-Y.; Asakura, T.; Morita, Y.; Ikeda, YJ. Alloys Compd2006

cation—cation complex) during the course of the reacfion. 408-412, 1291-1295.
(9) Mizuoka, K.; Ikeda, Y Radiochim. Act2004 92, 631—635.
(10) Shirasaki, K.; Yamamura, T.; Shiokawa, J.Alloys Compd2006 408—

(1) Denning, R. GStruct. Bondingl992 79, 215-276. 412, 1296-1301.
(2) Katz, J. J.; Seaborg, G. T.; Morss, L. Rae Chemistry of the Actinide (11) Natrajan, L.; Burdet, F.; Raut, J.; Mazzanti, MJ. Am. Chem. So2006
Elements2nd ed.; Chapman and Hall: New York, 1986; Vol. 1. 128 7152-7153.
(3) Ekstrom, A.Inorg. Chem.1974 13, 2237. (12) Berthet, J.-C.; Siffredi, G.; Thog P.; Ephritikhine, M.Chem. Commun.
(4) Selbin, J.; Ortego, J. CChem. Re. 1969 69, 657—-671. 2006 3184-3186.
(5) Docrat, T. I.; Mosselmans, J. F. W.; Charnock, J. M.; Whiteley, M. W.;  (13) Howes, K. R.; Bakac, A.; Espenson, J.IHorg. Chem.1988 27, 791—
Collison, D.; Livens, F. R.; Jones, C.; Edminston, Minhrg. Chem1999 794.
38, 1879-1822. (14) Nagaishi, R.; Katsumura, Y.; Ishigure, K.; Aoyagi, H.; Yoshida, Z.; Kimura,
(6) lkeda, A.; Hennig, C.; Tsushima, S.; Takao, K.; Ikeda, Y.; Scheinost, A. T.; Kato, Y. J. Photochem. Photobiol. 2002 146, 157—161.
C.; Bernhard, GInorg. Chem.2007, 46, 4212-4219. (15) Wang, W. D.; Bakac, A.; Espenson, J.IHorg. Chem.1995 34, 6034~
(7) Steele, H.; Taylor, R. dJnorg. Chem.2007, 46, 6311-6318. 6039.

10.1021/ja077538q CCC: $40.75 © 2008 American Chemical Society J. AM. CHEM. SOC. 2008, 130, 2005—2014 = 2005
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Figure 1. Solid-state molecular structure of [U@rz.nacnac)Cl (1).
Selected bond lengths (A) and angles (deg):—@1 = 1.760(8), U+02
= 1.745(7), U2-03 = 1.768(7), U2-04 = 1.748(7), UE-N1 = 2.39(1),
U1-N2 = 2.420(8), U2-N3 = 2.38(1), U2-N4 = 2.401(9), U+-CI1 =
2.780(3), UL-CI2 = 2.778(3), U2-CI1 = 2.797(3), U2-CI2 = 2.767(3),
01-U1-02 = 179.4(4), O3-U2—04 = 178.1(4), Nx-U1-N2 = 71.7-

Figure 2. Solid-state molecular structure of [Li(Of[UO2(Arznacnac)-
Cly] (2). Selected bond lengths (A) and angles (deg):—@1 = 1.743(6),
U1-02= 1.753(6), UE-N1 = 2.431(7), UEN2 = 2.414(7), UX-CI1 =

2.727(2), UECI2 = 2.743(2), Li1-CI1 = 2.39(2), Li1—CI2 = 2.35(2),
Li1—03 = 1.94(2), Lil-04 = 1.95(2), 0+ U1-02 = 179.1(3), N+

U1-N2 = 72.4(2), CIt-U1-CI2 = 81.13(8), N--U1—-CI1 = 100.0(2),
N2—U1—CI2 = 106.5(2).

(3), N3-U2—-N4 = 73.3(3), Cl+-U1—CI2 = 77.68(8), CI--U2—CI2 =
77.59(8).

[UO(py)s][KI 2(py)2], 12 in [UO(OPPh),[OT], ¢ and in{-
[UO2(dbmy] 4K s(py)1a]} 2.1 These structural studies reveal
slightly longer U-O(oxo0) bonds but an overall geometry similar
to that of uranyl. Uranyl(V) is also a strong reducing agent in
anhydrous environments, and the U(VI)/U(V) couple has been
determined to be betweer1.2 and —1.7 V vs Fc/F¢,
depending on the ligand s&t%18 Similarly, in concentrated
carbonate solutions, where uranyl exists as §{(@s)3]*~, the
U(VD/U(V) redox potential is found at-1.1 V vs Fc/F¢.5 In
contrast, acidic or neutral solutions of uranyl exhibit a signifi-
cantly moderated U(VI)/U(V) redox potential (approximately
—0.34 V vs Fc/Ft).4

[UO,(aq)f" + RH—[UOy(aq)]" + Re + H™  (2)

The strongly reducing natgre of UQ along with its a_b'l'w . Figure 3. Solid-state molecular structure of Y@rznacnac)CI(P§¥PO)
to be generated phOtOChemlcally, makes Uranyl an Intrlgumg CeH14 (3:CsH14). Selected bond lengths (A) and angles (deg):—01 =
candidate in the search for a viable catalyst for solar fuel 1.740(8), Lle—(?2)= 1-7453(8),2 UlE?SOZ 2-347(g82), Ul—C|61(=) 2.661(3),

ionle-21 i _ UL1-N1=2.45(1), UE-N2 = 2.44(1), 0:-U1-02= 177.6(4), Nt-U1—
format|on.. However, for the uranyl ion to be gsed SUC- (2~ 75.3(3), 03-UI-CI1 = 87.1(2), N2-UI-CI1 = 100.3(2), Ni-
cessfully in the capture of solar energy, the properties 0tUO  j1_o3 = 97.4(3).
must be better defined. In particular, for uranyl to be an effective

photocatalyst the unproductive disproportionation reaction (eq Providing steric protection of the two uranyl oxo groups. An
1) must be controlled. excellent class of coligands for this purpose areftuiketimi-

nates (Agnacnac, ANC(Me)CHC(MeNAr). These bidentate,
monoanionic ligands are easy to make, and their steric profile
Given the current understanding of its disproportionation can be readily modified by changing the primary amine used
reaction, we reasoned that the stabilization of,U@quires a in their initial preparatiorf?23 Most importantly, the two aryl
ligand set that disfavors the formation of not only by groups would lie orthogonal to the equatorial plane of the uranyl
preventing dimerization along the equatorial plane but also by ion, allowing the substituents on the aryl ring to provide the
desired steric protection for the two uranyl oxo ligands. Given
these considerations we have endeavored to ligaipa®nac
(Ar = 2,64Pr,CgHs) to the uranyl moiety and study the redox
properties of the resulting complexes.

Results and Discussion

(16) Berthet, J.-C.; Nierlich, M.; Ephritikhine, Mingew. Chem., Int. E@003
42, 1952-1954.

(17) Burdet, F.; Pecaut, J.; Mazzanti, ¥.Am. Chem. So€006 128 16512~
16513.

(18) Mizuoka, K.; Tsushima, S.; Hasegawa, M.; Hoshi, T.; Ikeda)ndrg.
Chem.2005 44, 6211-6218.

(19) Jargensen, C. K.; Reisfeld, R.Electrochem. Sod.983 130, 681-684.

(20) Jargensen, C. K.; Reisfeld, Btruct. Bondingl982 50, 121-172. 3031-3065.

(21) Lewis, N. S.; Nocera, D. @roc. Natl. Acad. Sci. U.S.2006 103 15729 (23) Stender, M.; Wright, R. J.; Eichler, B. E.; Prust, J.; Olmstead, M. M.;
15735. Roesky, H. W.; Power, P. Palton Trans.2001, 3465-3469.

(22) Bourget-Merle, L.; Lappert, M. F.; Severn, J. &em. Re. 2002 102
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Addition of 1 equiv of Li(Arnacnac) (Ar= 2,69Pr,CgHs)
to a EpO suspension of UELIy(THF); results in a rapid color
change from pale-yellow to green-brown and the formation of
a white precipitate. Filtration, followed by removal of the solvent
in vacuo, provides a green-brown oil. Trituration with pentane,
followed by recrystallization from toluene, provides [k(@r,-
nacnac)Cl (1) as green-brown blocks in 81% yield (eq 3).

o
Li(Ar,nacnac) Af“?:g“——jim
UOLCH(THF), —————= 05 C'/(Hﬂ\/\m ®)
MQ\N
=

Ar = 2,6-Pr,CqHs
1

Interestingly, no evidence for the formation of k{@r;nacnac)

is ever observed, even upon addition of 2 equiv of Liffacnac)
to UO,CIy(THF);. Complexl is reasonably soluble in toluene
and very soluble in CkCl, and ethereal solvents. Itsi NMR
spectrum in @Dg exhibits two doublets at 0.65 and 0.89 ppm,

nating to one uranium center, a fact which nicely explains our
synthetic results.

If solutions of complexL are not triturated with pentane, then
the isolated product is contaminated with small amounts of a
second complex, emerald green [Li(QEfUO,(Arznacnac)-
Cl3] (2), the LiCl adduct of comples. Crystals of2 were grown
from solutions of EiO/hexanes, and its solid-state molecular
structure is shown in Figure 2. Compl@xexhibits a slightly
distorted octahedral geometry with similar@l and U-N bond
lengths as complex (U1—N1 = 2.431(7) A, UL-N2 = 2.414-

(7) A, Ul-Cl1 = 2.727(2) A, UE-CI2 = 2.743(2) A). The
metrical parameters of the uranyl moiety are also comparable
to those of complexX and other uranyl complexes (BD1 =
1.743(6) A, U+-02=1.753(6) A, Or-U1-02 = 179.1(3)).

The lithium cation coordinates to both chloride ligands (til
Cl1=2.39(2) A, Li1—CI2 = 2.35(2) A) and two molecules of
diethyl ether (Li+-03 = 1.94(2) A, Li1—04 = 1.95(2) A),
resulting in a tetrahedral geometry. The bond lengths and angles
of the lithium cation are as expectéd.

Complexl is readily derivatized and has proven to be a useful
starting material. For instance, addition of 1 equiv off®d to
a toluene solution ol generates a green solution containing

corresponding to the two sets of diastereotopic methyl groups UOs(Arsnacnac)CI(PEPO) @) (Scheme 1). Comples can be

of the isopropyl substituents. In addition, a single septet at 3.36 .

ppm, corresponding to the four isopropyl methine protons,
verifies the presence of a mirror plane relating both arms of
the 3-diketiminate ligand.

Crystals suitable for X-ray diffraction were grown from a
benzene/hexanes solution. Complearystallizes in the mono-
clinic space grouf2,/n, and its solid-state molecular structure
is shown in Figure 1. Complek exists as a chloride-bridged
dimer in the solid state. Each uranium atom Jnexhibits
octahedral coordination, while the geometry of the uranyl moiety
displays metrical parameters typical of that fragment (avQJ
=1.76 A, av. -U—0O = 178.8). The average UCl distance
is 2.78 A, while the average tN distance is 2.39 A. This
parameter is similar to the-tN distances in the other uranium
B-diketiminate complexe%.25 As anticipated, the aryl substit-
uents of thes-diketiminate ligand lie orthogonal to the uranyl
equatorial plane. In addition, each aryl group is tilted toward
the uranium center, resulting in an average@{ipso) distance
of 3.00 A. The result is a bulky steric profile along the equatorial
plane, effectively preventing twg-diketiminates from coordi-

isolated in moderate yields by crystallization from toluene/
hexanes. ItdH NMR spectrum contains two septets at 3.87 and
3.93 ppm, which correspond to the two sets of methine protons
of the isopropy! substituents. These data confirm the inequiva-
lence of the two arms of thg-diketiminate, generated upon
coordination of one PJ*O. The3'P{'H} NMR spectrum of3
consists of a singlet at 65.3 ppm, which is somewhat downfield
when compared to other phosphine oxide complexes of ufanyl.
Complex 3 crystallizes from toluene/hexanes as the hexane
solvate 3-CgH;4. Its solid-state molecular structure is shown in
Figure 3.

Both of the metrical parameters of the two oxo ligands{U1
01=1.740(8) A, U+-02=1.745(8) A, 0+ U1-02=177.6-

(24) Hitchcock, P. B.; Lappert, M. F.; Liu, D. S. Organomet. Chenl995
488 241-248.

(25) Wright, R. J.; Power, P. P.; Scott, B. L.; Kiplinger, J.Qrganometallics
2004 23, 4801-4803.

(26) Hitchcock, P. B.; Lappert, M. F.; Layh, MDalton Trans.2001 2409~
2416.

(27) Kannan, S.; Moody, M. A,; Barnes, C. L.; Duval, P.IBorg. Chem2006
45, 9206-9212.
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Figure 4. Solid-state molecular structure of the cation portion of PAD.-
nacnac)(DPPM@][OTf] -2C/Hg-CsH14 (4:2C7Hg-CesH14). Selected bond
lengths (A) and angles (deg): BD1 = 1.738(6), UL+-02 = 1.736(5),
U1—N1 = 2.397(7), UEN2 = 2.397(7), UL03 = 2.401(6), U+ 04 =
2.405(5), 0+U1-02 = 179.2(3), N}-U1-N2 = 70.3(2), 03-U1—-04
= 76.8(2), N-U1-03 = 105.9(2), N2U1-04 = 107.1(2).

(4)°) and thes-diketiminate ligand (U+N1 = 2.45(1) A, U1~
N2 = 2.44(1) A) are similar to those observedliand2, while
the U-0O bond formed upon phosphine oxide coordination is
2.347(8) A, comparable to that observed for 0RPhPO),]2* 16

Coordination of a bidentate phosphine oxide ligand to the
UOy(Arznacnac) framework is also possible. For instance,
addition of AgOTf to a toluene solution dfresults in a color
change to deep red. Subsequent addition of DPRBEPMQO;
PhP(O)CHP(O)Ph) generates a green-brown solution
containing [UQ(Arznacnac)(DPPM@][OTTf] (4) (Scheme 1),
which can be isolated as green-brown blocks in good yield.

Complex4 is somewhat soluble in arene solvents and quite
soluble in THF and CkLCl,. Its IH NMR spectrum is consistent
with the presence of thg-diketiminate ligand, while the
incorporation of DPPM@is confirmed by the appearance of a
triplet at 4.54 ppmJpn = 12.8 Hz), assignable to the methylene
protons of the DPPM@backbone. Furthermore, tH#éP{1H}
NMR spectrum of} consists of a single peak at 63.2 ppm, while
the 1%F{1H} NMR spectrum of4 also consists of a single peak
at—15.1 ppm. The IR spectrum dfas a KBr pellet exhibits a
strong peak at 917 cm, which we have assigned to the®
asymmetric stretch. This is in the range of many other uranyl
complexes, including U,(THF); (928 cntl) and UGQ(OTf)2-
(py)s (943 cnr1).28:29

Complex4 crystallizes in the orthorhombic space grdipcn
as a toluene and hexane solvat€,C;Hg-CgHa4. Its solid-state
molecular structure is shown in Figure 4. Complerxhibits
octahedral geometry with ay?-DPPMQ; ligand and a nonco-
ordinating triflate anion. It exhibits similar metrical parameters
for its uranyl oxo ligands (U$01 = 1.738(6) A, UL-02 =
1.736(5) A, 0+U1-02 = 179.2(3}) as those observed for
complex3. In addition, the U-N distances of thg-diketiminate

(28) Berthet, J.-C.; Nierlich, M.; Ephritikhine, MDalton Trans.2004 2814
2821.

(29) Berthet, J.-C.; Nierlich, M.; Ephritikhine, MChem. Commur2004 870~
871.
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Figure 5. Solid-state molecular structure of the cation portion of PD--
nacnac)(PsMePOY][OTf] -%/,C;Hs (5-1/,C7Hsg). Selected bond lengths (A)
and angles (deg): U101 = 1.756(4), U+-02 = 1.748(4), U+-03 =
2.347(5), UL04 = 2.321(5), UE-N1 = 2.394(6), UEN2 = 2.440(6),
01-U1-02 = 177.8(2), Nt-U1-N2 = 72.4(2), O3-U1-04 = 84.3-
(2), NI-U1-03 = 104.5(2), N2-U1-04 = 98.9(2).

ligand (U1-N1 = 2.397(7) A, UL-N2 = 2.397(7) A) are also
comparable to those @, while the U-O(phosphine oxide)
distances are similar to those observed in J(RDsPO),]2+.16:30

The reaction of complek with AgOTHf, followed by addition
of 2 equiv of PRPO, does not generate [U@rnacnac)(Ph
PO)][OTf], as hoped. Instead, the product formed appears to
be UQy(Arznacnac)(PPO)(OTf), based on the intensities and
pattern of peaks in thtH NMR spectrum of the crude reaction
mixture. However, substitution of BRO with a less bulky
analogue, namely BWePO, provides the desired product,
[UO,(Arznacnac)(PsMePO)][OTf] (5), in reasonable yield as
dark green-brown needles (Scheme 1). Comgeis only
slightly soluble in arene solvents but quite soluble in THF and
CH,Cl,. It exhibits a single peak in it#P{H} NMR spectrum
at 73.6 ppm, while the methyl resonance of the phosphine oxide
ligands appears as a doublet at 1.35 pgpp € 13.2 Hz) in its
IH NMR spectrum. Its'F{*H} NMR spectrum consists of a
singlet at—13.6 ppm.

Complex5 crystallizes in the triclinic space growpl as a
toluene solvate5-1/,C;Hg. Like complex 4, it exhibits an
octahedral geometry and an uncoordinated triflate ligand (Figure
5). It also exhibits similar uraniumligand bond distances. For
instance, its U-N (U1—N1 = 2.394(6) A, UL-N2 = 2.440(6)

A) and U-O(phosphine oxide) (U303 = 2.347(5) A, UL
04 = 2.321(5) A) bond lengths are similar to thosedofvhile
the parameters of the uranyl moiety are normal (@il =
1.756(4) A, U-02=1.748(4) A, OF-U1-02 = 177.8(2)).

In contrast to the majority of uranyl complexes, which are
bright yellow in color, the uranyB-diketiminate complexes are
an intense green-brown. For compléxthis difference is
attributable to the absorption bands at 495 nim=( 1611
L-mol~tcm™) and 657 nm = 993 L-mol~t-cm™1) (Figure
6). Complexl also exhibits an absorption band at 403 rrm=(

(30) Arnaz, F. J.; Miranda, M. J.; Aguado, R.; Mahi J.; Maestro, M. A.
Polyhedron2002 21, 2755-2760.
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Figure 6. Room temperature absorption spectrald®.50 mM, toluene)4 (0.96 mM, CHCIl,), and5 (0.62 mM, CHCly).

1596 L'mol~%:cm™1) which may be due to the UQaqy" 15
chromophore absorption (typically seen at 415 AinJhe
absorption spectra for complexdsand 5 are similar (Figure
6), while the room-temperature emission spectrd mveals a
peak centered at 368 nrh{ = 300 nm). Interestingly, excitation
at 415 nm does not result in any observed emission, and the 5
emission peak normally associated with uranyl (usually found
at 500 to 515 nm) is never observ&dDuval and co-workers
have observed similar results, which they attribute to a ligand- 0
based photochemical pathway that circumvents the usual uranyl
excited staté?

<
3
-

The solution redox properties dfand5 have been investi- S
gated by cyclic voltammmetry. The cyclic voltammogram of
complex4 reveals an irreversible reduction wave-at.14 V 10

(vs Fc/Fc) at a scan rate of 10 mV/s (in MeCN) which we 0.8 P 42 14 16
attribute to the UG"/UO,™ redox couple. Interestingly, this E IV (. FelFc?)
feature approaches reversibility as the scan rate increases (Figure o )

7). In contrast,_ the cyclic_vo_ltammo_gram of the same feature ,\F/fg[trijrgui][PFla:z]o?sts&%%rr?itr?g;eeIcgcctlrlgl)\//toel;émmogram forn Mectt 04

for complex5 (in CH,Cly) is irreversible at all scan rates. Its

potential is—1.45 V at a scan rate of 200 mV/s (vs Fcffrc provides a new uranium-containing species in modest yield,
(see Supporting Information). The difference in reduction which we have identified as UArznacnac)(CKIPhPO} ) (6)
potential between these two species is remarkable, given their(eq 4). Comple6 is a uranyl(VI) species that results from the
chemical similarity. Both complexekand5 exhibit irreversible

oxidation features at 0.63 and 0.64 V, respectively (vs FQ/Fc Ar\\,_—_ﬁ:__\”/—l* . Ar~\nfﬁfW:A
at a scan rate of 200 mV/s, which we attribute to oxidation of ON/\U\/ON‘Ar ot P2 05 /9/‘|f\/p " @
the Arnacnac ligand. P“;#'\L;’,ph Ph?"\uﬁﬁ’—ph
The observed Ug*/UO,* redox potentials fod and5 are Ph . A H e
in-line with previously reported findings. For instance, the uranyl [Cp2Co][OTH] + "H- 6

Schiff base complex Ugpsaloph)(dmso) (salopkh= N,N'- . 1
disalicylidenee-phenylenediaminate) exhibits a U(VI)/U(V) formal loss O_f H frqm the _DhPEMQ ligand. Tfhe HkNMR
couple at—1.55 V (vs Fc/F¢),3 while UO,(dbm)(dmf) (dbm spectrum o is consistent with the presence of theliketimi-

= dibenzoylmethanate) exhibits a U(VI)/U(V) couple-at.46 nate I|g§nd in an gnwronment where both gryl substituents are
V (vs Fc/F¢)8 magnetically equivalent. However, the triplet at 4.54 ppm

normally associated with the methylene bridge of DPRNED
not observed; instead a broad singlet at 2.37 ppm, which
integrates for only one proton, is found. This peak sharpens
considerably in théH{31P} NMR spectrum of6. Consistent
with the proposed formulation, tHéP{*H} NMR spectrum of

(31) Baird, C. P.; Kemp, T. Prog. React. Kinet1997 22, 87—139. 6 reveals a single peak at 64.1 ppm, while tHg{*H} NMR

(32) Vaughn, A. E.; Bassil, D. B.; Barnes, C. L.; Tucker, S. A.; Duval, PJ.B. spectrum is devoid of any resonances. Bh}ﬁphosphine oxide

Am. Chem. So®006 128 10656-10657. : . . . .
(33) Mizuoka, K.; Ikeda, Ylnorg. Chem 2003 42, 3396-3398. anion ligand has precedent in the chemical literature. For

We have attempted the chemical reduction of both complexes
4 and5in an attempt to understand the reactivity they undergo
upon electron transfer. Thus addition of 1 equiv of cobaltocene
to 4 in toluene results in the precipitation of [@po][OTf] and
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instance, it is formed by deprotonation of DPPMKY either
n-BuLi or AlMe3.343% Furthermore, the nitrogen analogue of
the 5-diphosphine oxide anion, [CH(EP—NSiMe;)] ~, has been
ligated to uranyB® This ligand coordinates to the uranyl
fragment in a tridentate fashion, through both nitrogen donors
and the bridging methine carbon. Unfortunately, we have been
unable to grow single crystals of compléx and we cannot
confirm the binding mode of thg-diphosphine oxide anion,
which may also coordinate to uranyl through its methine carbon.

mechanism of this exchange is unclear. Furthermore, the fate
of the other 0.5 equiv of uranium and the other 0.5 equiv of
DPPMQ, remains unknown, but it is possible that these
components precipitate out with the [{Cw][OTf] or are NMR
silent38

Not surprisingly, comple® can also be generated by addition
of a strong base, such as NaN(S#yeor KH, to a solution of
4 (eq 6). In the case of these two reagents, the only observed
product in the reaction mixture &, and there is no evidence

In an attempt to understand the fate of the lost hydrogen atom for the formation of the8-diimine tautomer of th@-diketiminate

we have monitored this reaction by NMR spectroscopy. Upon
addition of 1 equiv of CgCo to a GDg solution of4 a color
change from green-brown to red is observed, and a yellow
precipitate is formed. ThéH NMR spectrum of this solution
exhibits two septets at 2.98 and 3.87 ppm, in a 1:1 ratio,
attributable to the methine protons of the isopropyl substituents
of the Arnacnac ligand, indicating the presence of two different
Arznacnac environments. The latter signal, along with the
anticipated singlet at 2.37 ppm, is assignable to comgldr

addition, a new singlet is observed at 3.29 ppm, which integrates
for two protons. We have assigned this peak to the methyleneAf\N\

group of theps-diimine tautomer of thes-diketiminate ligand
(eq 5)37 which appears to be formed by hydrogen addition to
the y carbon of the Amacnac ligand. This molecule was
selectively extracted from the reaction mixture with pentane,
and its identity was confirmed by El mass spectrometry.

To establish that the source of the extra hydrogen on the
f-diimine is the hydrogen lost from the DPPM@Ggand upon
reduction of4, we have synthesized [U@\rznacnac)(DPPM@
d)][OTH] (4-dy), which has been selectively deuterated at the
methylene position of DPPM©OThe 'H NMR spectrum of a
mixture of 4-d, and 1 equiv of CgCo in GDg also exhibits
two septets at 3.87 and 2.98 ppm, in a 1:1 ratio. However, the
singlet at 2.38 ppm, while present, exhibits a very small

intensity, and the peak at 3.30 ppm, assigned to the methylene

bridge of thes-diimine, is roughly half the relative intensity of
the same peak in the nondeuterated reaction mixture. In addition
the2H NMR spectrum of this sample ingHs exhibits two broad
singlets at 3.26 and 2.39 ppm of approximately equal intensity.

This unmistakably demonstrates that the hydrogen atom lost

by DPPMQ upon reduction ot is incorporated into a molecule
of Argnacnac, generating thdiimine. It is likely that, upon
reduction of 4, UVOy(Arznacnac)(DPPMg) is transiently
formed but quickly undergoes hydrogen loss to form complex
6 and a molecule of thg-diimine (eq 5). Several questions

V/N\Ar

(l-l,
\/P’Ph
/ \
Ph

Ar ﬁN\

Ph

ligand.
4 + NaN{SiMej}, — 6 + NaOTf+ HN{SiMe;}, (6)

We have also investigated the chemical reduction of complex
5 on a preparative scale. For instance, the reaction of complex
5 with cobaltocene in toluene generates A& ,nacnac)(Pk
MePO) (7) along with [CpCo][OTf] (eq 7). Complex7 can

I
A i
—N——ar Cp,Co Ar N\ ——N—p
o 0~ ot T'\ @
Ph~ // ﬁ Ph. ?
% R—Ph A Ph
Ph Me Me” \Ph Ph Me Me P\
Ph
5 [Cp,Co][OTf] 7

be isolated in good yield as an orange powder. THeNMR
spectrum of7 is consistent with a paramagnetic uranyl(V) ion;
the two signals for the diastereotopic methyl groups of the
isopropyl substituents are attributed to the broad singlets at
—0.31 and 11.28 ppm, while the signal for the methyl groups
bound to the phosphorus atom is attributed to the broad singlet
at —2.47. In addition, thé'P{*H} NMR spectrum of7 reveals
a single broad peak at28.7 ppm (fwhm= 80 Hz), while the
19E1H} NMR spectrum is devoid of any resonances.
Complex7 crystallizes from a 1:1 solution of toluene and
hexanes in the triclinic space grofi as a toluene solvate,

'7-1,C;Hg, and its solid-state molecular structure is shown in

Figure 8. Like comple)s, 7 possesses a distorted octahedral
geometry. The B-O(oxo) bond lengths (U101 = 1.810(4)

A, U1-02 = 1.828(4) A) are slightly longer than those Sif
however the two oxo ligands are still infansdisposition (Ot
U1l-02=178.4(2)). In addition, the U-N (U1—N1 = 2.530-

(5) A, U1-N2 = 2.524(5) A) and U-O(phosphine oxide) (U4

03 = 2.457(4) A, UL-04 = 2.462(4) A) bond lengths are
slightly elongated, as compared to those observesl iFhese
results are completely consistent with the previously determined
structures of uranyl(V§? For instance, the uranyl moiety in the
solid-state structure of [UPhPO)] ™ exhibits U-O distances

of 1.821(6) and 1.817(6) A, nearly identical metrical parameters
to those observed for.16 The U-O bond lengths of7 also
closely match those reported for [U@y)s] ™ (U—O = 1.836-

remain, however. For instance, the appearance of a small peak2) A and 1.834(2) A} however in this example a dative
at 2.38 ppm indicates that some hydrogen exchange with theinteraction with a potassium cation may help to lengthen the

DPPMQ, methylene bridge is somehow occurring, but the

(34) Nassar, R.; Noll, B. C.; Henderson, K. Wcta Crystallogr., Sect. 2004
60, m1023-m1024.

(35) Nassar, R.; Noll, B. C.; Henderson, K. \Wolyhedron2004 23, 2499-
2506

(36) Sarsfield, M. J.; Steele, H.; Helliwell, M.; Teat, S.Dhlton Trans.2003
3443-3449.

(37) Feldman, J.; McLain, S. J.; Parthasarathy, A.; Marshall, W. J.; Calabrese,
J. C.; Arthur, S. DOrganometallics1997 16, 1514-1516.
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U—O bond. Similarly, the calculated -tO(oxo) bond length
for [UO5(H20)s]* was determined to be 1.810 A, about 0.04 A
longer than that of the uranyl(V1) congerféri

(38) We have also screened the reactivity of DPRNMM@h Cp,Co, with and
without H(nacnac) present, and have observed no reactivity.

(39) Denning, R. GJ. Phys. Chem. R007, 111, 4125-4143.

(40) Hay, P. J.; Martin, R. L.; Schreckenbach,J5Phys. Chem. 200Q 104,
6259-6270.
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ring over the course of a week. The only identifiable signals
after 7 days are those of H(&racnac), identified by the
characteristic chemical shift of the amine proton at 12.48 ppm
in the 'H NMR spectrun?® and uncoordinated BklePO,
identified as a sharp singlet at 42.1 ppm in #@{1H} NMR
spectrum. Solutions of in THF-dg degrade much faster, with
complete decomposition occurring after 20 h. Again, the only
identifiable peaks in these solutions are those of HtAcnac)

03
P1
%&@

Figure 8. Solid-state molecular structure of Y@rznacnac)(PsMePO)+ and PaMePO. Interestingly, both théH and 3'P{*H} NMR
1/,C7Hg (7+4,C7Hs). Selected bond lengths (A) and angles (deg)—QL spectra of freshly prepared solutions @fin THF-dg are
=1.810(4), U-02= 1.828(4), UL-N1 = 2.530(5), UE-N2 = 2.524(5), i : i -
U1-03 = 2.457(4), UL-04 = 2.462(4), O+U1-02 = 178.4(2), N+ Ck? nsysten} W}th thr? presence o:‘_uncgordmathe_ﬁwzwfo, wh|rl1e
U1-N2 = 72.9(2), 03-U1-04 = 84.5(2), N:-U1—04 = 100.7(2), N2- the signals for the Anacnac ligand are shifted from those
U1-03 = 102.0(2). observed in @e. This may indicate the formation of a THF

complex, such as UfQArznacnac)(P¥MePO)(THF). The for-

The room-temperature absorption spectrum of comlex mation of this species may explain the decreased stabili#y of
quite different from that observed fér(Figure 9). In particular, in this solvent, as its coordination sphere would be less capable
the absorption at 671 nm in the UV/vis spectrunbdg missing of protecting the uranyl(V) center. However, attempted isolation
in the UV/vis spectrum of7, which accounts for the striking  of the new complex only results in the recovery7fFinally,
color change between the two species. However, a new band issolutions of7 in equimolar solutions of §Dg/CD,Cl, completely
observed at 755 nne & 56 L-mol~1-cm™1), which is consistent ~ decompose over the course of 2 h, also generatingdié&nac)
with an f— f transition that is anticipated for a 5électronic and PhMePO as the only identifiable products, a fact which
structure. Interestingly, a similar spectrum has been observedprobably explains the irreversibility of the Y&/UO," couple
for UO,™ in perchloric acid'! We also observe a significant observed in the cyclic voltammogram of compin CH,Cl,.
difference between the IR spectrabodind?. In the IR spectrum Unfortunately, we have not yet been able to determine the fate
of complex5 the asymmetric stretch of the uranyl group is of the uranium in these solutions.
assigned to the peak at 918 thUpon formation of7, this
peak disappears and a strong band at 800ds) observed.
This value is consistent with the previously reporigg(U= The isolation of complex demonstrates that uranyl(V) can
0) for UO;™. For instance, [Ug(py)s]* exhibits avas(U=0) be sufficiently stabilized by using a ligand set which provides
of 797 cnt1,*1 while UO,(OTf)(THF)x exhibits avas(U=0) steric bulk in the uranyl equatorial plamedalong the G=U=
of 853 cnl.!2 Moreover, a shift of similar magnitude is O axis. The Agnacnac ligand set most likely blocks the

Summary

observed for [U@(saloph)(DMSO)}~, which exhibitsyas(U= formation of the “cation-cation” complex, thereby slowing the
0) values of 895 and 770 crhfor the uranyl(V1) and uranyl- disproportionation reaction. Furthermore, the facile loss of a
(V) derivatives, respectivel§? hydrogen atom from the DPPMUigand in complex4 upon
Complex 7 has proven to be quite reactive. As expected, reduction indicates how important ligand choice is for stabilizing
complex 5 is cleanly regenerated upon oxidation Bfwith UO;", as even the seemingly robust DPPM@yand can

AgOTf, as assayed b{H and3P{IH} NMR spectroscopy. In undergo decomposition. Removal of the methylene bridge in
addition, 7 reacts quickly with DPPM@to provide complex6 DPPMGQ; by switching to two PEMePO ligands, probably the
and the p-diimine tautomer of theg-diketiminate ligand,  closest steric match to DPPMQemoves the acidic hydrogen
according to!H and 3P{*H} NMR spectroscopy (eq 8). and results in a ligand platform capable of stabilizing uranyl-
Presumably, the reaction proceeds by substitution of the two (V). While complex7 is stable enough to be isolable as a
PhMePO ligands with DPPM@ and the outcome provides  crystalline solid, it is still quite reactive. Future studies will focus
strong evidence in favor of the intermediacy of a U(V) complex ©on modifying our ligand set to generate even more robust uranyl-
during the formation o6 from complex4. (V) derivatives. We will also continue to study the reaction
When stored at-25 °C as a crystalline solid appears to be chemistry of cqmplex?,. in par'ticular the reactivity of the
indefinitely stable, but in the solution phagexhibits a finite ~ Weakened uraniumoxo interactions.
lifetime. For instance, solutions &f in CeDes exhibit partial Experimental Section

decomposition after 24 h, with complete decomposition occur- ) ) )
General. All reactions and subsequent manipulations were performed

(41) Bell, J. T.; Friedman, H. A.; Billings, M. RJ. Inorg. Nucl. Chem1974 under anaerobic and anhydrous conditions under either high vacuum
36, 2563-2567. or an atmosphere of nitrogen or argon. THF, hexanes, diethyl ether,
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Figure 9. Room temperature absorption spectra’q®.9 mM, toluene). Dashed line shows an expansion ofythgis.

and toluene were dried by passage over activated molecular sieves usingd, 5.71; N, 3.87. Found: C, 48.69; H, 5.67; N, 3.28.NMR (CgDe,
a Vacuum Atmospheres solvent purification systegd=CD.Cl,, and 25°C, 400 MHz): 6 0.65 (d, 24H,Juu = 6.8 Hz, CHVe,), 0.89 (d,
THF-ds were dried over activate4 A molecular sieves for 24 h before  24H, Juy = 6.8 Hz, CHVley), 1.08 (s, 12H, Me), 3.36 (septet, 8Bl

use. UQCIy(THF)z,*2 Li(Ar znacnacy® and DPPMG* were synthesized = 6.4 Hz, HMe,), 4.59 (s, 2H), 6.94 (br s, 4H, para CH), 7.15 (br s,
according to published procedures. All other reagents were purchased8H, meta CH, coincident with solvent resonané&{ *H} NMR (CsDs,
from commercial suppliers and used as received. 25 °C, 125 MHz) 6 24.2 (Me), 27.1 (Cey), 27.8 (CHVe,), 28.5

NMR spectra were recorded on either a Varian INOVA 400 or a (CHMey), 97.7 (-C), 126.2, 131.2, 131.8, 150.8 (C ipso), 16638 (
Varian INOVA 500 spectrometetH and 3C{*H} NMR spectra are C). UVNvis (toluene, 5.0< 107 M): 403 nm ¢ = 1596 L-mol~*-cm™3),
referenced to external SiMesing the residual protio solvent peaks as 495 nm ¢ = 1611 L-mol~*-cm™t), 657 nm € = 993 L-mol~t-cm™).
internal standards'ti NMR experiments) or the characteristic reso- Green crystals of [Li(ED),][UO2(Arznacnac)Cl (2) were grown from

nances of the solvent nucléi®C NMR experiments)3'P{H} NMR the filtered reaction mixture, before the,Btwas removed in vacuo
spectra were referenced to external 85%&,, while 1°F{*H} NMR and the solid was triturated with pentane.

spectra were referenced to externad,a-trifluorotoluene. Elemental Synthesis of UQ(Ar-nacnac)CI(PhPO) (3). To a solution of
analyses were performed by Desert Analytics of Tuscon, AZ-i¢ complex1 (0.0287 g, 0.04 mmol) in toluene (2 mL) was addedh
spectra were recorded on a JASCO V-570-UNs—NIR spectrometer,  (0.0121 g, 0.05 mmol), resulting in a color change from green-brown

fluorescence spectra were recorded on a PTI QuantaMaster fluorimeter o green-red. This solution was layered with an equal volume of hexanes
and IR spectra were recorded on a Mattson Genesis FTIR spectrometerand stored at-25 °C for 12 h, resulting in the precipitation of green
Cyclic Voltammetry Measurements. CV experiments were per- needles. 0.0132 g, 34% vyield. Anal. Calcd fosis6CIN,OsPU: C,
formed using a CH Instruments 600c Potentiostat, and the data weres6.37; H, 5.64; N, 2.80. Found: C, 56.25; H, 5.18; N, 254 NMR
processed using CHI software (version 6.29). All experiments were (CgDg, 25 °C, 400 MHz): 6 0.90 (d, 6H,Ju = 6.6 Hz, CHVley), 1.18
performed in a glovebox using a 20 mL glass vial as the cell. The (d, 6H, Juy = 6.8 Hz, CHMey), 1.24 (d, 6H,Jun = 6.7 Hz, CHViey),
working electrode consisted of a platinum disk embedded in glass (2 1.35 (d, 6H,Juy = 6.6 Hz, CHVley), 1.93 (s, 3H, Me), 2.05 (s, 3H,
mm diameter), the counter electrode was a platinum wire, and the Me), 3.87 (septet, 2Hluy = 6.7 Hz, (HMey), 3.93 (septet, 2H]uy =
reference electrode consisted of AgCI plated on Ag wire. Solutions 6.7 Hz, HMey), 4.95 (s, 1H), 6.93 (m, 6H, meta CH of §®#0D), 7.02
employed during CV studies were typically 3 mM in the uranium (m, 3H, para CH of PP0), 7.06 (t, 1HJ.y = 7.7 Hz, para CH), 7.17
complex and 0.1 M in [BsN][PFe]. All potentials are reported versus  (d, 2H, J.y = 7.6 Hz, meta CH), 7.25 (t, 1Hy = 7.2 Hz, para CH),
the [CpFeP™* couple. For all trialsy, i, = 1 for the [CpFef™" couple, 7.35 (d, 2H Jun = 7.6 Hz, meta CH), 7.62 (d of d, 6Hp = 12.6 Hz,

while iy c increased linearly with the square root of the scan rate (i.e., J,, = 7.4 Hz, ortho CH on P#P0O).3P{'H} NMR (CsDs, 25 °C, 162
V/v). Redox couples which exhibited behavior similar to that of the MHz): & 65.3.

; . .
[CpaFeP couple were thus considered reversible. , Synthesis of [UQ(Ar ;nacnac)(DPPMQY)][OTT] (4). To a solution
Synthesis _of_[UQ(Arznacnac)Cl]g (1). To a stirring E£O suspension of complex1 (0.0621 g, 0.043 mmol) in toluene (5 mL) was added
(5 mL) containing UQCIx(THF)s (0.392 g, 0.71 mmol) was added Li- g0 (0.0220 g, 0.086 mmol). The resulting red-brown solution was
(Arznacnac) (0.298 g, 0.71 mmol). This resulted in the immediate giraq for 20 min, at which point DPPMQ0.038 g, 0.091 mmol)
formation of a deep green-brown solution. After stirring for 2 h, this a5 aqded to the reaction mixture. This green-brown solution was
solution was filtered through a Celite column su_pported on glass wool filtered through a Celite column supported on glass wool (0.5t
(0.5 cmx 2 cm), and the volatiles were removed in vacuo. The resulting cm), and the volume of the solution was reduced to 2 mL in vacuo.
green oil was triturated with pentane to provide a brown powder which 1.4 fiitrate was then stored at25 °C for 12 h resulting in the
was subsequently dissolved in tolue_ne anq filtered through a Celite precipitation of brown needles. 0.0693 g, 60% yield. Anal. Calcd for
column supported on glass wool. This solution was stored2& °C CssHesUFsN,0,P,S-C/Hg: C, 55.36: H 5.32: N 2.08. Found: C, 54.78:
for 12 h, resulting in the precipitation of green-brown blocks (0.414 9, |, 5 35- N 2.201H NMR (CeDs, 25 °C, 400 MHz):  0.95 (d, 12H
0.29 mmol). 81% yield. Anal. Calcd for GH4UCIN,Oz: C, 48.17; i = 6.8 Hz, ChVe,), 1.16 (d, 12HJu4 = 6.8 Hz, CHMey), 192 (s:

o T ———————— 6H, Me), 3.69 (septet, 4Hky = 6.4 Hz, GHMey), 4.54 (t, 2H,Jpn =
) o, e Faigarms: C - Paine, R.T.; Scott, Bltorg. Chem. 15 g 47, CH), 4.80 (s, 1H), 6.87 (t, 4Hluw = 7.6 Hz, para CH on
(43) Lees, A. M. J.; Platt, A. W. GInorg. Chem.2003 42, 4673-4679. DPPMQ,), 6.70 (m, 10H, meta CH on DPPM@nd para CH), 7.21
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Table 1. X-ray Crystallographic Data for Complexes 1, 2, 3:CgH14, 4:2C7Hg*CgH14, 5-1/2C7Hs, and 7-1/,C;Hs
1 2 3:CeHa
empirical formula G8H82C|2N404U2 C37H51(:|2LiN 202U C53H59C|N203PU
crystal habit, color plate, green-brown block, green needle, green
crystal size (mr) 0.13x 0.13x 0.04 0.13x 0.13x 0.09 0.30x 0.10x 0.05
crystal system monoclinic monoclinic monoclinic
space group P2i/n P2:/n P2i/c
volume (&%) 5954(2) 4132(2) 5103(1)
a(Ah) 17.803(3) 17.775(4) 23.370(3)
b (A) 14.124(2) 12.932(3) 9.610(1)
c(A) 24.465(4) 19.438(5) 25.184(3)
o (deg) 90 90 90
p (deg) 104.570(3) 112.366(4) 115.539(3)
y (deg) 90 90 90
z 4 4 4
formula wt (g/mol) 1446.24 913.75 1086.55
density (calcd) (Mg/r®) 1.613 1.469 1.414
absorption coefficient (mmt) 5.568 4.094 3.306
Fooo 2832 1832 2196
total no. reflections 40 348 32685 39962
unique reflections 11818 8505 10 341
final Rindices | > 20(1)] Ri1 = 0.053, R = 0.054, Ri1 = 0.083,
wR,=0.111 wR, =0.125 wR, =0.167
largest diff. peak and 3.67 and—1.94 3.34 and-0.66 2.68 and-2.15
hole (€A—3)

GOF 0.884 0.921 1.070

4:2C;Hg*CeHys 5-1/,C;Hg 7-4,C7Hg
empirical formula G5H93F3N207P23U Cg,g_d‘|71F3N207P28U Q,g_5H71N204P2U
crystal habit, color rod, brown irregular, green-brown block, orange

crystal size (mr#)

0.53x 0.16x 0.16

0.25x 0.20x 0.20

0.20x 0.20x 0.08

crystal system orthorhombic _triclinic _triclinic

space group Pbcn PL P1

volume (&) 14 020(3) 2906.3(8) 2897.8(9)

a(A) 33.114(5) 13.076(2) 20.737(4)

b (A) 20.457(3) 13.660(2) 10.882(2)

c(A) 20.698(3) 17.378(3) 14.340(3)

o (deg) 90 100.768(2) 109.824(3)

f (deg) 90 107.258(2) 106.438(3)

y (deg) 90 90.241(2) 90.834(3)

z 8 2 2

formula wt (g/mol) 1523.54 1315.21 1166.14

density (calcd) (Mg/r#) 1.444 1.503 1.336

absorption coefficient (mn) 2.453 2.945 2.899

Fooo 6224 1326 1180

total no. reflections 111 954 23251 23687

unique reflections 14 303 11 205 11457

final Rindices | > 20(1)] R: = 0.058, R = 0.055, R: = 0.047,
wR, =0.128 wR, = 0.120 wR, =0.112

largest diff. peak and 2.12 and-0.79 3.48 and-1.27 4.36 and-0.77

hole (e A-3)
GOF 0.869 0.938 0.929

(d, 4H,J4n = 7.6 Hz, meta CH), 7.88 (m, 8H, ortho CH on DPPMO subsequently washed with THF until the washings were colorless. The

SIP{IH} NMR (CgDs, 25°C, 162 MHZz): 6 63.2.1%F{*H} NMR (C¢Ds, filtrate was layered with hexanes (5 mL) and stored-a6 °C for 12
25 °C, 376 MHz): 6 —15.1. 13C{'H} NMR (CDCl,, 25 °C, 125 h, resulting in the precipitation of green oil. Over the course of several
MHz): 6 24.6 (Me), 26.4 (Ciey), 27.9 (CHVIe), 28.7 (HMey), days this oil assembled into brown needles. 0.0375 g, 43% yield. Anal.

125.9, 128.9, 129.6, 129.7 (multiplet, phosphine oxide aryl), 131.9 Calcd for GeHes7/F3N.O;P.SU: C, 53.00; H, 5.32; N, 2.21. Found: C,
(multiplet, phosphine oxide aryl), 134.1 (s, phosphine oxide aryl), 136.3, 53.75; H, 5.37; N, 2.61*H NMR (CD,Cl,, 25°C, 400 MHz): 6 0.82
149.6 (C ipso), 168.33C). UV/vis (CHCly, 9.6 x 1074 M): 435 nm (d, 12H,344 = 6.4 Hz, CHMe,), 1.16 (d, 12HJun = 6.8 Hz, CHVIe,),
(e =962 L'mol~*-cm™), 474 nm € = 966 L-mol~*-cm™1), 658 nm € 1.35 (d, 6H,Jp = 13.2 Hz, PMe), 1.90 (s, 6H, Me), 3.52 (septet, 4H,
= 568 L-mol~*-cm™). IR (KBr pellet): 1440(s), 1388(s), 1317(m), Jun = 6.6 Hz, GHMe,), 4.80 (s, 1H,y-CH), 7.15 (m, 14H, aryl CH),
1287(s), 1254(s), 1224(m), 1147 (vs), 1093(s), 1031(s), 932(m), 917- 7.26, (br s, 8H, ortho CH), 7.53 (t, 4R,y = 6.5 Hz, para CH)3'P-
(s), 848(w), 793(m), 735(m), 694(m), 637(s), 570(m), 507(m). Complex {*H} NMR (CD.Cl,, 25°C, 162 MHz): ¢ 73.6.2°F{*H} NMR (CgDs,
4-d, was synthesized in a similar mann&i NMR (CgHs, 25 °C, 77 25 °C, 376 MHz): 6 —13.6. °C{*H} NMR (CD.Cl,, 25 °C, 125
MHz): ¢ 4.41 (fwhm= 40 Hz). MHz): 6 16.1 (d,Jec = 74 Hz, PMe), 24.6 (Me), 25.6 (OHe,), 27.7
Synthesis of [UQ(Ar ;nacnac)(PhMePO),][OTf] (5). To a solution (CHMey), 28.3 (HMey), 100.4 §-C), 125.6, 128.2, 129.0, 129.6 (d,
of complex1 (0.0501 g, 0.07 mmol) in toluene (5 mL) was added Jec = 12.5 Hz, phosphine oxide aryl), 131.8 (dc = 10.9 Hz,
AgOTf (0.0184 g, 0.07 mmol). The resulting red-brown solution was phosphine oxide aryl), 134.0 (dpc = 2.6 Hz, phosphine oxide aryl),
stirred for 20 min, at which point BMePO (0.0535 g, 0.24 mmol) 140.1, 148.1 (C ipso), 168.%$4C). UV/vis (CH.Cl,, 6.2 x 10°* M):
was added. This green-brown solution was filtered through Celite 406 nm ¢ = 871 L-mol*-cm™?), 485 nm € = 936 L-molt-cm™),
supported on glass wool (0.5 cm 2 cm), and the Celite was 671 nm € = 491 L'mol~t-cm™). IR (KBr pellet): 1392(s), 1368(m),
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1320(m), 1298(w), 1274(s), 1224(m), 1139(vs), 1091(m), 1067(m),
1032(s), 1000(w), 932(m), 918(s), 890(m), 852(w), 799(m), 780(m),
745(s), 733(w), 718(w), 695(m), 669(w), 637(s), 573(w), 512(s).
Synthesis of UQ(Ar z;nacnac)(CH Ph,PO} ;) (6). To a solution of
complexl (0.1039 g, 0.08 mmol) in toluene (2 mL) was added@p
(0.0161 g, 0.08 mmol). The color quickly changed from green-brown
to orange-brown, and a yellow solid precipitated. This solution was
stirred for 30 min and was then filtered through a column of Celite
supported on glass wool (0.5 cr12 cm). The volatiles of the filtrate

10 M): 471 nm € = 688 L'mol*:cm™), 615 nm € = 74
L-mol~t-cm™), 717 (shoulder¢ = 27 L-mol~*-cm™?), 755 € = 56
L-molt-cm™). IR (KBr pellet): 1368(m), 1320(s), 1264(w), 1228-
(w), 1168(s), 1147(m), 1125(m), 1100(m), 1072(w), 1028(w), 998(w),
929(w), 922(w), 891(s), 840(w), 808(s), 800(s), 776(m), 745(s), 715-
(m), 695(s), 512(m).

X-ray Crystallography. The crystal structures of complex&s2,
3’C6H14, 4’2C7H3'C5H14, 5'1/2C7H3, and 7'1/2C7H3 were determined
similarly with exceptions noted in the Supporting Information. Crystals

were removed in vacuo, and the remaining material was rinsed with were mounted on a glass fiber under Paratone-N oil. Data collection

hexanes (2 mL) to provide a green-brown solid. 0.0334 g, 37% yield.
Anal. Calcd for GsHg2UN2O4P,: C, 58.80; H, 5.67; N, 2.54. Found:
C, 58.98; H, 5.78; N, 2.90H NMR (CsDs, 25°C, 400 MHz): 6 1.03
(d, 12H,J4n = 6.6 Hz, CHMe,), 1.24 (d, 12H )4y = 6.8 Hz, CHVle,),
2.07 (s, 6H, Me), 2.37 (s, 1H, CH), 3.87 (septet, 4dly = 6.8 Hz,
CHMey), 5.02 (s, 1H), 6.99 (m, 12H, meta and para CH on DPRMO
7.18 (m, 2H, para CH), 7.28 (d, 4B, = 7.6 Hz, meta CH), 7.62 (m,
8H, ortho CH on DPPMg). *H{3P} NMR (CsDs, 25 °C, 400 MHz):

0 1.03 (d, 12HJun = 6.6 Hz, CHVey), 1.24 (d, 12HJun = 6.7 Hz,
CHMe,), 2.07 (s, 6H, Me), 2.38 (s, 1H, CH), 3.87 (septet, 4k =
6.5 Hz, tHMe,), 5.02 (s, 1H), 6.98 (br s, 4H, para CH on on DPPHO
7.00 (br s, 8H, meta CH on DPPMJ 7.18 (m, 2H, para CH), 7.28
(d, 4H,Jyn = 7.6 Hz, meta CH), 7.62 (d, 8Hun = 5.2 Hz, ortho CH
on DPPMQ). 31P{H} NMR (CeDs, 25 °C, 162 MHz): 6 64.1.13C-
{*H} NMR (C¢Dg, 25 °C, 125 MHz): 6 24.8 (Me), 26.5 (CiVe,),
27.5 (CHVey), 28.5 (GHMey), 98.3 (-C), 125.2, 128.6, 130.9, 132.4
(m, phosphine oxide aryl), 137.5 (& = 110 Hz, phosphine oxide
ipso), 139.5, 148.4 (C ipso), 167.3-C).

Synthesis of DPPMQ-d,. Under an Ar atmosphere Na (0.010 g)
was added to BD (1.5 mL). After the Na was consumed, DPPMO
(0.25 g) dissolved in CDGI(1.5 mL) was added, and the biphasic
mixture was allowed to stir. After 24 h the organic fraction was isolated,
dried with MgSQ, and diluted with hexanes (1 mL). This solution
was stored at-20 °C for 24 h to provide white crystals. 0.085 g, 34%
yield. 'H NMR (CDCls, 25°C, 400 MHz): 6 7.34 (m, 8H, meta CH),
7.43 (t of d, 4H,Juy = 7.2 Hz,Jpy = 1.6 Hz, para CH), 7.74 (m, 8H,
ortho CH).31P{*H} NMR (CsDs, 25°C, 162 MHz): 6 43.8.2H NMR
(CeHe, 25°C, 77 MHz): ¢ 3.36 (fwhm= 25 Hz).

Synthesis of UQ(Ar ;nacnac)(PhMePO), (7). To a green-brown
solution of complexs (0.0506 g, 0.04 mmol) in toluene (3 mL) was
added CpCo (0.0080 g, 0.04 mmol). This resulted in a color change
to orange and the formation of a fine yellow precipitate. After 20 min
of stirring, the solution was filtered through a Celite column supported
on glass wool (0.5 cnx 2 cm). The volatiles were removed in vacuo,
and the resulting oil was rinsed with pentane (2 mL) to provide an
orange powder. 0.0331 g, 74% yield. Anal. Calcd fggHs/NoO4P,U:

C, 58.98; H, 6.03; N, 2.50. Found: C, 59.12; H, 5.96; N, 2.53.
NMR (CgDs, 25 °C, 400 MHz): 6 —8.10 (s, 6H, Me)~3.89 (s, 1H,
y-CH), —2.47 (br s, 6H, PMe);-0.31 (s, 12H, CiVey), 1.35 (d,Jun

= 6.4 Hz, 4H, meta CH), 3.14 (br s, 2H, para CH), 6.17 (br s, 8H,
ortho CH), 6.40 (br s, 4H, para CH), 6.79 (br s, 8H, meta CH), 11.28
(br s, 12H, CHey), 11.86 (br s, 4H, EIMey). 31P{*H} NMR (CgsDs,
25°C, 162 MHz): 6 —28.7 (fwhm= 80 Hz). UV/vis (toluene, 2.9%
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was carried out a Bruker 3-axis platform diffractometer with SMART-
1000 CCD detector. The instrument was equipped with graphite
monochromatized Mo & X-ray source { = 0.710 73 A). All data
were collected at 150(2) K using Oxford nitrogen gas cryostream
system. A hemisphere of data was collected usingcans, using 10-

to 20-s frame exposures and DfBame widths. SMART was used to
determine the cell parameters and data collection. The raw frame data
were processed using SAINT.The empirical absorption correction
was applied based on Psi-scan. Subsequent calculations were carried
out using SHELXTL#® The structures were solved using Direct methods
and difference Fourier techniques. All hydrogen atom positions were
idealized and rode on the atom of attachment. The final refinement
included anisotropic temperature factors on all non-hydrogen atoms.
Structure solution, refinement, graphics, and creation of publication
materials were performed using SHELXTL or WinGX.

Solvent molecules of hexane and/or toluene were found to cocrys-
tallize into the crystals oB, 4, 5, and 7, and most of the solvent
molecules had large thermal displacements or positional disorder. The
atoms of the disorder solvent molecules were refined isotropically, while
the C—C distances were fixed at 1.52 A. The hydrogens attached to
the disordered atoms were not added. X-ray crystallographic data for
l, 2, 3'CBH14, 4‘2C7Hg‘CeH14, 5‘1/2C7H3, and 7'1/ZC7H8 can be found
in Table 1.
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