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For the past 150 years, studies of uranium(VI) have been
generally directed toward understanding the chemical behavior and
unique bonding in the uranyl ion (U®). This ion possesses+D
bonds which have high thermodynamic stability and extreme kinetic
inertness. As a result, the majority of WO reaction chemistry
involves substitution of equatorially coordinated ligands while
leaving the U-O bond unaffected.Recently, we have reported
the syntheses of isoelectronic bis(imido) [U(NR) and oxo-imido
[U(NR)(O)]J?" ions which possess many of the bonding features
found in UG2".2 Our recent isolation of these ions has stimulated
us to investigate their reactivity to elucidate a more complete Figure 1. Solid-state molecular structure of [U(NPhJBU)(I)2(OPPh),]
understanding of uranium(VI) chemistry. (1) and [U(NMes)(1)2(OPPh)] (6) (Mes= 2,4,6-MeCsHy). Selected bond

In this communication, we report our investigations of the I(%r)lfgjttjhls_(é)la:ng.gggl(e;i(gcfz)gxr:g.l&)lg(l; Lljf_:’;f(i)S%ggz(g:) ti‘lé
reactivity of the [U(NBu),]** ion toward aryl isocyanates. Given  Z3 ggg(9), 0O+P1 = 1.493(7), 02-P2 = 1.497(7), N-U1-N2 =
the strength and stability of the-xO multiple bond, these reactions  177.4(4), Nt-U1-01= 92.6(4), 0+-U1-02 = 178.2(3). Selected bond
were anticipated to produce the oxo-imido framework. Instead, we lengths and angles f@& U1—-N1=1.867(5), Ut-O1=2.313(4), UL-I1

observe an unexpected reaction that does not invoks®Ubond (:)13-3%%89(23 O%P1= 1.513(5), NFU1-N1A = 180.0(5), NI-Ul-
formation but rather an imido exchange reaction in which aryl- DA
imido for alkyl-imido substitution occurs. Scheme 1

Organic isocyanates have often been used in transition metal By
chemistry to effect transformations of #N imido functional r[  ANC=O a
groups For instance, the reactions of R*NCO with=WNR imido PhsPO,,, || ol PHPO., || ol
compounds have been reported to produce either (1) carbodiimides I/F\"‘OF'Pns_ R |/E\Oppha
(R*NCNR) and metal oxo complexes or (2) a new isocyanate rl, _E!u
(RNCO) and M=NR* metal imido compound. The latter transfor- 1 2
mation is unusual, although there are several reports in which high . .
oxidation state titanium, vanadium, and molybdenum complexes | |
can accomplish this conversiérf The isolation ofN,O- or N,N-  ANC=O Ph;PO.,‘N_WJ,I . At Ph;F'O.mlilr_..nl
bound ureate complexes during these reactions suggests that the “TBUN=C=0 N Noppn, ~BE0T A Noppn,
reaction proceeds by the formal{22] cycloaddition of either the Ve ! f
C=0 or C=N bond of the isocyanate across the=M imido Mes=—§:>-m1e o A

Me Ar = Ph (3); Mes (4) Ar = Ph (5); Mes (8)

functional group. Given the strength of &0 bonds, it was
anticipated that the reaction of the bis(imido) complex BiN,-
(N2(OPPR), (1) with aryl isocyanates would yield the oxo-imido
complex2 (Scheme 1) or possibly a4,0-bound ureate.

Stirring orange-red solutions dfwith ArNCO (Ar=Ph, 2,4,6-
MesCgHy) in CH,CI, generates dark red-brown solutions. In the
reaction with PhNCO, the mixed bis(imido) complex, U(NPH)(N
Bu)(1)2(OPPHh); (3), can be isolated from this reaction as a dark
red powder in 74% yield. ThéH NMR spectrum of3 displays
phenyl resonances at 5.35, 5.82, 6.92 ppm atettebutyl imido
resonance at 0.19 ppm (Scheme 1).

Single crystals of3 were grown from a mixture of C}Cl,/
hexanes and analyzed by X-ray crystallography. The solid-state
molecular structure dd is shown in Figure 1. CompleXpossesses
a pseudo-octahedral geometry at the uranium center watis
oriented bis(imido) ligands. The tN(imido) bond lengths (&
N(alkyl) = 1.832 A, U-N(Ph) = 1.841(8) A) are comparable to
bond lengths found in U(1Bu),()2(OPPh), (U—N avg= 1.840-

(3) A) and U(NPh)(1)»(THF)3 (U—N avg= 1.863(2) A) complexes

as is the N-U1—N2 bond angle (177.4(%).2> The U-I and
U—O(phosphine oxide) bond lengths are also similar to those of
other previously described uraniutrans-bis(imido) complexes.

The reactions betweehand 2 equiv of ArNCO (Ar= Ph, 2,4,6-
MesCeHy) yield symmetric bis(imido) complexdsand6 (Scheme
1).31P NMR spectroscopy confirms the formationGds observed
by a singlet at 48.5 ppm. Thi#d NMR spectrum indicates only
one set of aryl-imido resonances, with two methyl groups located
at 2.41 and 2.45 ppm. In the casefthe'H NMR spectrum of
the product matches the compound U(NRIWOPPHR), which has
been previously described. Interestingly, there are no reverse
reactions betweetert-butyl isocyanate and aryl imido complexes
3—6 as indicated by!P NMR spectroscopy.

Single crystals 06 suitable for an X-ray diffraction study were
grown from CHCl,/hexanes, and the solid-state molecular structure
is shown in Figure 1. Comple& was found to crystallize in the
 Materials, Physics and Applications Division, triclinic space grougP1, with an inversion center at the uranium
* Theoretical Division. metal atom. The molecule possesses shetrtNlbonds (UE-N1
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Scheme 2 Relative Free Energies of the Products and (*>N-5), respectively?>N-3 and!®N-5 display single®N resonances
Intermediates in the Potential Pathways for the Formation of 2 at 390.5 and 393.3 ppm in th&N{ 2H} NMR spectra, respectively
d 32 o : . : i '
an . While the 1N{*H} NMR chemical shifts of U(VI) imido com-
N - ! pounds have yet to be reported, the resonances exhibitéeNi
mmi'r—l\h —_— mlr- —_— ”‘”}l'u(m and 5N-5 are similar to those of previously characterizéN-
_ y ) i) labeled tungsten(VI) imido complexés.
¥ — 7 8 3 Given the evidence from DFT calculations and the results from
”"’”“;#(M ysiiion Rt R ey 15N-labeling studies, it appears the mechanism for the formation
ki Prvc=0 (221 of 3involves the [2+ 2] cycloaddition of the aryl isocyanate=€
oo N bond across the £N imido moiety. These results are quite
Path 2 o o, i surprising given the thermodynamic and kinetic stability 6O
| "l—("' . M>T<m bonds. We are currently investigating the relative energies of the
o ProFaiy—5 I transition states in Paths 1 and 2 to determine if the selectivity for
' the formation of the mixed imido specié&over the oxo-imido
}?E'E"f ,{%"E,? ,-:{..ZEEH complex2 is kinetic in origin. Preliminary experiments show that,
. iy - 1

at higher temperatures (5C), the initially formed mixed imido
complex, 3, reacts further with théBuNCO that is produced to
give the mixed oxo-imido comple which is consistent with the
relative energies determined by DFT calculations. While alkyl
substituted carbodiimides do not react witlat room temperature

or at 50°C for 15 h, we are actively investigating the reactions of
these and other unsaturated electrophiles to determine the generality
of this unexpected imido reactivity.

aEnergies reported at the hybrid DFT level of theory relative to the
energy ofl are provided in parentheses in kcal mol

=1.867(5) A) and a linear NU—N bond angle. The BO(OPPh)
bond lengths in6 (U1—01 = 2.313(4) A) are comparable with
those in3 and the uranyl analogue Y(OPPR),.20:8
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