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The reaction of UH3 or U metal with triflic acid results in the formation of a mixture of species including U(OTf),
and leads to the reproducible isolation of the mononuclear U(IV) hydroxo complex [U(OTf)s(OH)(py)4] (1) and the
U(IV) dinuclear p-oxo-complex [{ U(OTf)(py)s} o #-O}{ u-OTf} 7] (2). The X-ray crystal structures of these complexes
have been determined. Analytically pure complex 1 can be prepared in a 17-27% yield providing a good precursor
for the synthesis and study of the reactivity of the hydroxo complexes with different coordination environments.
Two practical synthetic methods for the preparation of Lewis base adducts of U(OTf); are described. Analytically
pure [U(OTf)s(py)s] (4) was easily and reproducibly prepared (50-60% yield) by protonolysis of the amide
U{N(SiMe,).} 3 with pyridinium triflate in pyridine. Salt metathesis of Uls(thf); with potassium triflate in acetonitrile
resulted in the complete substitution of the iodide counterions by triflate producing the acetonitrile solvate [U(OTf)s-
(MeCN)3], (3). The solid-state structure of 3 shows the formation of a unique U(lll) coordination polymer in which
the metal ions are connected by three triflates acting as bidentate bridging ligands to form a 1D chain.

Introduction prepared using W(thf), as the starting material. Triflate salts
are an attractive alternative to halides in coordination and
organometallic chemistry and should lead to different
coordination, solubility, and reactivity properties of trivalent
uranium complexes. Indeed, uranium triflates have already
proven to be useful precursors for the synthesis of coordina-

A decade ago, the report of the efficient synthesis and
detailed characterization of kfthf), and U[N(SiM&),]s' 2
provided a convenient entry into trivalent uranium chemistry.
An increasing number of U(IIl) coordination complexes with
diverse ligands such as neutral N donbis,neutral S
donors? anionic N donorg® 7 and alkoxide®¥2! have been
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tion and organometallic uranium complexés: However, box equipped with a purifier unit. The water and oxygen levels
the synthetic procedure previously described for the prepara-were always kept at less than 1 ppm. The solvents were purchased
tion of U(OTf); involves the reaction of U(0) or UHwith from Aldrich in their anhydrous forms, conditioned under argon,

triflic acid, which is highly corrosive and difficult to obtain ~ @nd vacuum distilled from K (tetrahydrofuran, isopropyl ether,
in an anhydrous for® Moreover, while the reaction of pyridine) or CaH (acetonitrile). Depleted uranium turnings were
. S S purchased from the “Sociebedustrielle du Combustible Nucleaire”
%?;e&uesgﬂz::f) Z;fovggpn&E;?Bﬁég)r?g?;]w%svzs%t;: to of Annecy (France). Starting materials were purchased from
9 3

R . ) , Aldrich, and used without further purification unless otherwise
yield,*>in the case of uranium, this synthetic procedure Was gtateq. Triflic acid (99% purity) packaged in sealed ampules was

shown to be very sensitive to operating conditions (such aspyrchased from Aldrich. Wthf), and U[N(SiMe).]s were prepared
temperature and the presence of traces of water in the triflic as described by Clark and co-workérs.
acid). In our hands, it led to the reproducible isolation of  |solation of [U(OTF) 3(OH)(py)a] (1) and [{U(OTF)(py)a} -
the U(IV) oxo and hydroxo complexes which have been {u-O}{p-OTf};] (2). Triflic acid (4 x 1.2 mL ampules) was
structurally characterized. Herein, we describe an efficient carefully transferred into a flask equipped with a Youngs valve in
synthesis of U(OT# involving the protonation of U[N- the glovebox and then attached to a high vacuum ramp with airtight
(SIMQ’,)Z]S W|th pyr|d|n|um tnﬂate, a procedure Whlch had Teflon jOints. The acid was the-n dIS'[I||ed twice under reduced
already proven very efficient and selective in the preparation Pressure. Freshly prepared uranium turnings (0.40 g, £.68°
of U(IV) organometallic derivative® Moreover, the aceto- MMl were then heated to 7€ unde a 1 bar atmosphere of:H
-~ . for 1 h, followed by a further hour at 120C, or until all the U
nitrile solvate of U(OTf} can also be easily prepared from metal had been transformed into a black bowder of-EHThe
the iodide salt U(thf), by salt metathesi&. Triflate salts of b >

. L freshly distilled triflic acid was then slowly added to a flask
trivalent f-elements have found large applications as CataIyStScontaining the UK, cooled to—78°C, by vacuum transfer over a

in organic synthest8 or as precursors in the preparation of period of 2 6 3 h (we found that an excess of triflic acid was
coordination complexe®¥.While the solid-state structures of necessary to enable the reaction to be stirred and thgtdJk¢act).
hydrated lanthanide triflates have been established, crystal-Upon completion of the addition of the triflic acid, the reaction
lographic information on the solid-state structures of anhy- was left to warm slowly to room temperature under addbbler
drous triflates remains scarétHere, we report the crystal — and stirred at room temperature for a further 12 h (or overnight).
structure of the neutral acetonitrile solvate of U(QTif) The olive green suspension thaF formed was stirred at ambient
which all three triflates are bound to the U(lIl) ion in a temperature until there were no visible traces of;Udft (~20 h).

bridging fashion resulting in the construction of an unique fﬂg{)?gsf' argirﬁetn-brl]ue f‘ufﬁetntshionr he}g fo:n&i:i.(ljt\r/vasth%a}t;d gr;]ently
coordination polymer. 0 0 oensure that the residual Had reacted; then,

all of volatiles were removed under reduced pressure, and the solid
was dried under vacuum at 8Q for approximately 18 h. The flask
containing the green-blue solid was subsequently taken into the
General Details. % NMR spectra were recorded on Varian 9lovebox and added carefully in solid portions to 60 mL of pyridine
Mercury-400 spectrometer in deuterated N (distilled from to remove traces of triflic acid as pyridinium triflate (note that this
Cahb) at 298 K, calibrated againstsEs and externally referenced 1S @n exothermic reaction). After the green suspension was heated
to CFCk. Elemental analyses were performed under argon by t© 60 °C for 1 h, a green-grey powder was isolated by filtration
Analytische Laboratorien GMBH at Lindlar, Germany. and washed with a further 10 mL of pyridine (1.28 g). The
Magnetization of the crystalline complex [U(OTIOH)(py)]-py green filtrate that resulted was reduced to approximately one-quarter

was recorded with a SQUID magnetometer (Quantum Design) at of the original volume and C_°°|Ed 018 °C; afte_r se\_/gral days,
10 kOe at 300 K. The value of the magnetic susceptibility was emerald green crystals were isolated, washed with minimal volumes

corrected for the underlying diamagnetic incremegh & 517 x of cold pyridine, and dried in vacuo to yield [U(O3@PH)(py)]

106 cm® mol-Y) by using tabulated Pascal constafts. (1) in a17% yield, 285 mgq. (The yield of this compound increases
. . . . to between 23 and 27% if the triflic acid is transferred outside of
All manipulations were carried out under an inert argon

atmosphere using standard Schlenk techniques and a Braun gIovet-he glovebox under a Niush prior to distillation).
NMR/CD;CN/298 Kog-{H}: —85.66. Anal. Calcd for [U(OT#

(OH)(py)]+4.75py Ga.2dH22.249N4 78010Ss: C, 29.77; H, 2.29; N,

Experimental Section

(22) Berthet, J.-C.; Nierlich, M.; Ephritikhine, MEur. J. Inorg. Chem.

2002 850-858. 6.16; S, 8.90. Found: C, 29.68; H, 2.14; N, 6.46; S, 8.81.

(23) Berthet, J.-C.; Nierlich, M.; Miquel, Y.; Madic, C.; Ephritikhine, M. A portion of the isolated green-grey powder was then extracted
Dalton Trans.2005 369-379. i idi i i

(24) Berthet, J.-C.; Lance, M.; Nierlich, M.; Ephritikhine, Eur. J. Inorg. nto hof py”dkme (ZfO mg_ Inls mL) and laye:ed W"thhexlanea_Afte;(
Chem.1999 2005-2007. several weeks, a few single green crystals were isolated; an X-ray

(25) Matonic, J. H.; Scott, B. L.; Neu, M. Faorg. Chem2001, 40, 2638~ diffraction analysis confirmed the product to H&J{OTf)2(py)s} -
2639. - _— {u-OH{u-OTf}7] (2).

(26) Berthet, J.-C.; Lance, M.; Nierlich, M.; Ephritikhine, 84 Chem. Soc., A d . f th d 50 ded i
Chem. Commuri998 1373-1374. second portion of the powder (50 mg) was suspended in

(27) The synthesis of the dimethoxyethane adduct [U(gldifye)] by salt pyridine (10 mL), and an excess of /O (3-4 equiv based on
metathesis was reported during the preparation of this manuscript in U(OTf),, ~50 mg) was added. A mint green solution immediately

(28) rf;g;yashi S.. Sugiura, M.; Kitagawa, H. Lam, W. W.dhem. Re formed; afte 2 h of agitation, all volatiles were removed under
2002 102, 2227-2302. e o reduced pressure, and 2 mL of thf was added. Slow vapor diffusion
(29) Lawrance, G. AChem. Re. 1986 86, 17—33. of 'Pr,O into this solution over several weeks resulted in mint green

(30) Harrowfield, J. M.The lanthanides and their interrelation with ;
biosystemsFontisMedia S. A.: Lausanne, Switzerland, 2003; Vol. crystals of the previously report&tompound [U(OTf)(PhPO)]

40.
(31) O’Connor, C. JProg. Inorg. Chem1982 26, 203—283. (32) Rundle, R. EJ. Am. Chem. S0d.95], 73, 4172.
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Table 1. Crystallographic Data fot, 2 and3

[U(OTH)3(OH)(py)l-py (1) [{U(OT)2Apy)s} of u-O}{u-OTf} 2] (2) [U(OT)3(MeCN)] (3)
fw 1097.75 1009.64 808.40
cryst syst monoclinic monoclinic triclinic
space group P2(1/ P2/c P1
a(A) 20.3563(17) 14.055(4) 5.868(2)
b (R) 11.6181(10) 13.973(4) 10.587(3)
c(A) 16.2844(14) 18.653(6) 19.064(5)
o (deg) 90 90 97.498(4)
p (deg) 94.580(2) 110.751(5) 94.104(4)
y (deg) 90 90 91.772(5)
V (A3), Z 3839.0(6), 4 3425.7(18), 4 1170.2(6), 2
A 0.71073 0.71073 0.71073
Dcaic (g cn3) 1.899 1.958 2.294
u(Mo Ka) (mm™2) 4.493 5.024 7.318
temp (K) 193(2) 223(2) 193(2)
Ri, RA 0.0285, 0.0440 0.0583, 0.1402 0.0175,0.0436

a Structure was refined ofg? using all dataR, = [ [W(Fo?2 — FA)?)/SW(Fe?)? Y2, wherew ! = [ (Fo?) + (aP)? + bP] and P = [max(Fo?, 0) + 2F2)/3.

(30—40%). NMR/CD;CN/298 K dg-{H}: “U(OTf)4py” —82.9 Derivatization of 4 with Ph3PO. PhsPO ( 4 equiv, 56 mg, 0.20
(major product); {U(OT)(py)s} o #-O}{ u-OTH} 2] (2) —73.5 (mi- mmol) as a solid in 3 portions was added to a pyridine solution of
nor product). U(OTfH3(py)s (50 mg, 0.05 mmol, 3 mL); the solution immediately
Similar mixtures of species were obtained from the reaction of changed color from green to dark red. All volatiles were then
uranium metal and triflic acid. removed under reduced pressure, and the red oil was recrystallized

Preparation of [U(OTf) s(MeCN)g], (3) from Ulg(thf)a. An from thffPr,O (1:_3) and washed with minimal volumes of cold thf
acetonitrile solution of potassium triflate (1.0 g, 5.29 mmol, 25 o Yield the previously described compJ(OTf)s(PhsPO), as
mL) was added dropwise to a stirred acetonitrile solution of Ul @nalytically pure dark red single crystals in a 72% yield (65 mg).
(thf); at ambient temperature (1.5 g, 1.65 mmol, 30 mL) over a  Anal. Calcd for GsHeoO13P4SsFoU: C, 50.08; H, 3.36. Found:
period of 90 min. The green solution was then stirred at this C, 50.01; H, 3.39.
temperature for a further 18 h, after which time a green solid had  The structure was confirmed by X-ray analysis.
precipitated from the reaction mixture. The precipitated material  x_ray Crystallography. All diffraction data were taken using
was subsequently isolated, washed with MeCNx(310 mL), a Bruker SMART CCD area detector three-circle diffractometer
recrystallized twice from hot MeCN, and washed .W'iBTZO to (Mo Ka radiation, graphite monochromatdr= 0.71073 A). To
produces as a turquoise-green powder after drying in vacuo (60% prevent oxidation, the crystals were coated with a light hydrocarbon

yield, 802 mg). Single crystals suitable for X-ray diffraction studies | and quickly transferred to a stream of cold nitrogen on the
were grown by slow diffusion dPr,O into a 1.5x 1072M MeCN diffractometer.

solution of the complex. NMR/CECN/298 K de-{H}: —80.06.

Anal. Calcd for [U(OTf(MeCNY]-0.0.3KI CsHeFeNsOoSsUKo 5 The cell parameters were obtained with intensities detected on

. . . . ) > . three batches of 15 frames Wit 5 sexposure time fof, 60 s for
:331%61ZNSi gl)—|1,.15051,1Né;1..8l9;580,911.21, 1, 4.43. Found: C,12.30; 2, and 120 s ford. The crystal-detector distance was 5 cm. For
PomT T m e o e ) three settings o and &, narrow data frames were collected with
Preparation of U(OTf)s(py)s (4) from U{N(SiMes)}s. In a 0.3 increments inw and with a 5 sexposure time fofl, 60 s for
typical preparation, 670 mg pyridinium triflate in pyridine (2.92 5 anq 120 s for3. A full hemisphere of data was collected for
mmol, 10 mL) was added dropwise to a stirred solution of gach complex. At the end of data collection, the first 50 frames
U{N(SiMe;)z}s in pyridine at room temperature (700 mg, 0.97 \yere recollected to establish that crystal decay had not taken place
mmol, 15 mL) over a period of an hour. After the addition was qring the collection. Unique intensities with 100(1) detected
complete, the solution was stirred for a further 16 h at this g, ail frames using the Bruker SMART progréhwere used to
temperature, and then cooled d.8 °C. After several days, the  i¢fing the values of the cell parameters. The substantial redundancy
green powder that precipitated was isolated, washed With& i, the data allows empirical absorption corrections to be applied
mL pyridine, recrystallized from_hot pyridine (_12 mL), and dried using multiple measurements of equivalent reflections with the
under reduced pressured h toyield 4 as an olive green powder  gapaARS Bruker progrand Space groups were determined from
in a 55% yield (745 mg). The number of pyridine molecules in the  y giematic absences, and they were confirmed by the successful

?“'k compound were determined to be four in several samples by g tion of the structure (Table 1). Complete information on crystal
H NMR spectroscopy by addition of a known concentration of ya4a and data collection parameters is given in the Supporting
the neutral chelating ligantll,N,N,N'-tetrakis(2-pyrazylmethyl)- Information.

1,3.-tr.imethylenediamine (tpztand integration of the liberated The structures were solved by direct methods using the SHELX-

pyridine resonances. . TL 5.03 packagé® For the three complexes, all atoms, including
NMR/CD;CN/298 K‘S_F'{ H}: —79.95 hydrogen atoms for compleX were found by difference Fourier

~ The elemental analysis correspond to the formula U(603¥)s s syntheses. All non-hydrogen atoms were anisotropically refined on

is probably the result of the prolonged drying period. Anal. Calcd F2 gng hydrogen atoms were isotropically refined. All hydrogens

for Coo8H17.800N35SFeU: C, 25.60; H, 1.82; N, 5.10; S, 9.99.  in complex2 and hydrogen atoms of the cocrystallized pyridine
Found: C, 25.30; H, 1.79; N, 5.20; S, 9.81.

(34) SMART Bruker: Madison, WI, 1995.
(33) Karmazin, L.; Mazzanti, M.; Bezombes, J.-P.; Gateau, Ccaie J. (35) Sheldrick, G. M.;SHELXTL,version 5.03 5; University of Gtin-
Inorg. Chem 2004 40, 5147-5158. gen: Gidtingen, Germany, 1994.
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Table 2. Selected Bond Lengths (A) and Angles (deg) for

F(3S1)

Fisi Uu—0(1) 2.040(2)
. U—0(1S3) 2.340(2)
U—0(1S2) 2.343(3)
U—0(1S1) 2.372(2)
Fiest U—N(4) 2.579(3)
U—N(2) 2.604(3)
U—N(1) 2.607(3)
U—N(@3) 2.616(3)
\§ : by \ O(1)-U—0(1S3) 85.59(9)
F1353) ! ,\\}‘5‘ [is2 O(1)-U—0(1S2) 103.67(9)
- X 0O(1S3)-U—-0(1S2) 147.29(9)
(352 0O(1)-U—0(1S1) 144.79(8)
03s3) 0(1S3y-U—-0(1S1) 108.66(9)
0(1S2-U—0(151) 81.85(9)
O(1)-U—N(4) 79.58(9)
O(1S3y-U—N(4) 72.36(9)
0(1S2)-U—N(4) 139.78(9)
O(1S1)-U—N(4) 74.80(9)
O(1)-U—N(2) 143.83(9)
0O(1S3-U—N(2) 74.16(9)
Figure 1. Side_view of the c_ryst_al structure of the _c;omplex 8](e32))] 8823:8_“22 ??Egg;
(OH)(py)] (1) with thermal ellipsoids at 30% probability. N(4)—U—N(2) 120.31(10)
O(1)-U—N(1) 72.72(9)
molecule in complexe$ were included in calculated positions with O(1S3»-U—N(1) 79.30(9)
isotropical thermal coefficients. 882?}:8‘”8 11322((%)?)
: : N(4)—U—N(1) 141.55(10)
Results and Discussion N(2)—U—N(1) 74.23(10)
; O(1)~U—N(3) 72.17(9)
Sevgral attempts to prepare pure U(.Q'I's‘:)l'gs following . O(153)-U-N(3) 140.70(9)
a previously reported synthetic method involving the reaction O(1S2)-U—-N(3) 71.12(9)
of U metal or UH with anhydrous triflic acid under O(1S1)-U-N(3) 77.15(9)
rigorously anhydrous con_dltlons and even at temp_eratures Hgg_ﬂ_“g; 11?)2831((?0)
lower than 60 C resulted in our hands in the formation of N(1)~U—-N(3) 121.70(9)

a mixture of species. The green-blue solid obtained from
this reaction was treated with anhydrous pyridine in order
to eliminate traces of triflic acid resulting in the partial
dissolution of the solid. Subsequent slow cooling of the green
solution to—18 °C led to the reproducible isolation of the
mononuclear hydroxo complex [U(OEDH)(py)] (1) in

However, the U-O(1) distance is longer than those usually
found for terminal oxo species (ca. 1.8%} The assignment
as a U(IV)-OH species was confirmed by the determination
of the magnetic moment ol. The measured magnetic
moment ofues = 3.35ug at 300 K although smaller than

. the theoretically determined free ion moment @f =
7 0, - @!
a 17-27% yield as emerald-green crystals. The crystal g(J(J + 1))2 = 3.58.5 rules out the presence of a UEAD

structure of {) is shown in Figure 1 and selected interatomic species (theoretically determinedsy = 2.54 ug). The

distan_ces and angles are given in Table 2. The mgtal s eight1‘ormation of complext could be explained By the p')resence
coo_r(_jlnatg by three oxygens of the monodentate trlflat_e, fpur of residual water traces in the triflic acid even after several
pyridine nitrogens, and one h.ydroxo_ group. _The coordination distillations. Indeed, the yield of the hydroxo complex varied
geqmgtry O.f the U(IV) on is a slightly distorted square significantly depending on the quality of the triflic acid used
antiprism with N(4), N(2), O(151), and O(1S3) forming one and on the manipulation. We expect that the yield of the

square base (deviation from the mean plan@.042 A) and h SO
. ydroxo complex could be easily increased even further by
N(1), O(1), N(3) and O(1S2) forming the next square plane using undistilled triflic acid. Although the formation of

l()deet\\//vlgggr':hfer?vr\?o tshqeu;?:?)?ar?éir:j";?ﬁ?s%—ﬁ\()). ( 11;2;3; ?]%ls hydroxo complexes of U(IV) is probably often involved in

of 2.040(2) A is short when comparéd to the distances found the hydrolysis of uranium(ll) complexes, very few examples

. ) of these species have been reported in the literature. Several

|r(1):_r|1e Imotnonﬂc:e_ar ; |s-h_3(/jdr|oxo tl;(I|V) Qomplgxiz[gét%f;) U(IV) metallocene hydroxides of the type [(GPYOH)] have

;n d )Z] 12 4(62?1;) R;g(in'%g &' ()|$)e tri;r]r%gggaiée. comp()lez been preparetf,but their solid-state structures have not been

[U(NN.')(OH)(CHZP,M )1 (NN = N(CH),CHNSiMe- determined. Accidental oxidation has led to the structural
3 S 3 =2 € determination of two complexes containing terminal hydroxo

BuY)s) (2.145(6) A§7 or in terminal phenoxides in U(IV - .
cor?wsp))I((exeés’Sg granyging from 2 132p(8) 0 2 146(4)(,&; groups: a mononuclear tr|am|dofam|ne U(IV) mono-hydroxo
' ' * compleX” and a mononuclear bis-hydroxo U(IV) complex

(36) Karmazin, L.; Mazzanti, M.; Reawt, JInorg. Chem2003 42, 5900~ of tris[(2-pyridyl)methyllamine (tpaﬁ? However, it was
5908.

(37) Roussel, P.; Boaretto, R.; Kingsley, A. J.; Alcock, N. W.; Scott].P. (39) Cotton, SLanthanides and ActinideMacMillan Education: London,
Chem. Soc., Dalton Tran2002 1423-1428. 1991.

(38) Hitchcock, P. B.; Lappert, M. F.; Singh, A.; Taylor, R. G.; Brown, D.  (40) Berthet, J.-C.; Ephritikhine, M.; Lance, M.; Nierlich, M.; Vigner, J.
J. Chem. Soc., Chem. Commad®883 561-563. J. Organomet. Chen1993 460, 47—53.
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%’l{ Table 3. Selected Bond Lengths (A) and Angles (deg) 28r
B U-0(1) 2.0987(17)

\, U-0(152) 2.325(7)

Q) no U—0(1S3) 2.335(6)

R e U—0(2S1)#1 2.413(6)

Vol U-N@3) 2.563(9)

U—N(2) 2.594(8)

U-N(1) 2.659(8)

O(1)-U#1 2.0987(17)

O(1)-U-0(1S2) 83.3(3)
O(1)-U—0(1S3) 154.0(3)
0(1S2)-U—0(1S3) 78.9(2)
L s ; O(1)-U-0(2S1)#1 80.7(2)
N S2A O(152)-U—0(2S1)#1 145.6(2)
7 O(1S3)-U—0(2S1)#1 103.8(2)
S ) 0(1)-U—0(1S1) 73.9(2)
O(152)-U—0(1S1) 125.0(2)
& & 0(1S3)-U-0(151) 132.1(2)
Figure 2. Side view of the crystal structure of the complg}XJ[OTf),- O(2S1)#+U—-0(1S1) 79.1(2)
(py)s} o{ u-O} {u-OTT} 5] (2) with thermal ellipsoids at 30% probability. O(1)-U—N(3) 110.7(2)
0O(152-U—N(3) 71.7(2)
reported impossible to reproduce the syntheses of these 8&2?;%@'\1(%)(3) 13;'.2((2))
species. Conversely, compléxan be prepared in reasonable O(1S1)-U—N(3) 70.9(3)
amounts providing a good precursor for the synthesis and O(1)-U-N(2) 83.6(2)
study of the reactivity of hydroxo complexes with different 882?;8:%2 ;ggg;
coordination environments. 0(2S1)#+U—N(2) 72.6(2)
The'%F NMR of the products of the reaction of iith 3(31,571&“},\]_’2\'(2) 12“15-3(5)
triflic acid showed the presence of two additional species. O((lg_u_,\élg 133:1533
Further extraction of these products in hot pyridine (after O(1S2)-U—N(1) 140.6(2)
preliminary separation of) resulted in the isolation of a 8&2%;‘;;'\1%)(1) gg-g%
small amount of crystals of the dimeric complgXJ[OTf),- O(1S1)-U—N(1) 66.7(2)
(Py)s} o{ u-O}{u-OTf} 5] (2). The crystal structure o, in N(3)—U—-N(1) 79.8(3)
which two identical moieties are joined by opeoxo group 5;21)—78(71;\‘—%) iéSZES}

and two bridging triflate groups to form a centrosymmetric
dimer is shown in Figure 2, and selected interatomic alSym?[netry transformations used to generate equivalent atoms:x#1
distances and angles are given in Table 3. The U(IV) ion in V.2t
2 is eight coordinate by two oxygens of two monodentate corrosive and difficult to obtain anhydrous and the concomi-
triflates, three pyridine nitrogens, two oxygens of the bridging tant formation of oxidized species, we have explored
triflates, and one bridging oxo group. The value of the alternative synthetic procedures in order to obtain a practical
U—0(1) distance (2.098(2) A), the +D triflate distances  preparation of U(OTH Salt metathes of Ul(thf), with
(2.325(7) — 2.506(6) A), and the U#tO(1)-U angle potassium triflate in acetonitrile (equation 1) resulted in the
(159.2(5)) are similar to the values found in the recently complete substitution of the iodide counterions by triflate to
described trinuclear and tetranuclear U(#pxo complexes yield the acetonitrile solvate [U(OTfMeCN)], (3). Crys-
containing triflate bridges and displaying a linear arrangement tallization of U(OTfl from acetonitrile resulted in the
of the metal iong? isolation of an unique coordination polymer of trivalent

To further characterize the species formed in the reaction uranium. The crystal structure of the polymeric complex
of UHs with triflic acid, an excess of BRO was addedtoa  [U(OTf),(MeCN)], (3) is shown in Figure 3. The coordina-
suspension of the raw reaction mixture resulting in the tion environment around the U(1) ion is shown in Figure 4,
isolation of X-ray quality crystals of the previously repoffed  and selected interatomic distances and angles are listed in
complex [U(OT(PhPO)] as a major reaction product. Table 4. The U(lll) ion in3 is nine coordinate by six oxygen

In conclusion, in our hands, treatment of U metal or:8fH  atoms from the triflate and three nitrogens from the
with triflic acid always resulted in a mixture of U(IV) coordinated acetonitrile molecules. The coordination geom-
products. Traces of water in the triflic acid are probably etry around U(lll) is a slightly distorted tricapped trigonal
responsible for the formation of oxo and hydroxo uranium- prism with the three capping positions occupied by the
(IV) species. Conversely, the reaction of Pu metal with acetonitrile nitrogens. All three triflate anions are bound in
aqueous triflic acid only results in formation of the Pu(lll) a bidentate bridging fashion resulting in the construction of
aquo-complex, [Pu(kD)o][OTf] s, and oxidation to Pu(IV) a 1D chain (along tha axis of the unit cell); the separation
is not observed. This is in agreement with the difference in between neighboring U(lll) ions is 5.868 A. Each triflate
redox potentials for the two trivalent actinides (0.98 V for ion forms an interchain hydrogen bond through the noncoor-
the Pu(IV)/Pu (lll) couple and-0.63 V for the U(IV)/U(l11) dinating oxygen atom with the acetonitrile hydrogens of an
coupleé?). To avoid the use of triflic acid, which is highly  adjacent chain as indicated by the© distances (G2:02S2
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o ".i R o ,; o o ,; o Table 4. Selected Bond Lengths (A) and Angles (deg) 38r
2D 5 R 2 U-0(2S3)#1 2.480(3)
& a ¥ U—0(2S1)#2 2.494(3)
U-0(3S2)#1 2.498(3)
QN2 | U-0(1S3) 2.505(3)
O12SALS_ U-0(1S2) 2.506(3)
Y < U-0(1S1) 2.516(2)
U-N(2) 2.635(4)
U-N(@3) 2.654(4)
U—N(1) 2.663(4)
» 2 @ N 0(2S3)#1-U—0(2S1)#2 139.13(10)
7 NI OS2 0(253)#1-U—0(352)#1 75.54(10)
1 1 7 0(2S1)#2-U—0(3S2)#1 139.42(9)
(B B—o 0(2S3)#1-U-0(1S3) 89.13(10)
r 7 0(2S1)#2-U—0(1S3) 75.04(9)
_ o 0O(3S2)#+U—0(1S3) 137.64(9)
Figure 3. Side view of the crystal structure of [U(OEfMeCN], (3) 0(2S3)#1-U—0(1S2) 137.13(9)
with thermal ellipsoids at 30% probability. 0(2S1)#2-U—0(1S2) 75.91(10)
0(3S2)#+U—0(1S2) 88.50(10)
0O(1S3)-U—0(152) 76.29(10)
0(2S3)#1-U—0(1S1) 77.34(9)
0(2S1)#2-U—0(1S1) 88.71(9)
0O(3S2)#+U—0(1S1) 78.69(9)
0(1S3)-U—0(1S1) 136.67(9)
0O(1S2)-U—0(1S1) 138.72(9)
0(2S3)#1-U—N(2) 70.87(10)
O(2S1)#2-U-N(2) 68.28(10)
0(3S2)#E-U—N(2) 136.76(10)
O(1S3)-U—N(2) 68.57(10)
0(1S2)-U—N(2) 134.74(10)
O(1S1)-U—N(2) 68.11(9)
0(2S3)#1-U—N(3) 69.83(10)
0(2S1)#2-U—N(3) 132.31(10)
0(3S2)#EU—N(3) 69.94(10)
O(1S3)-U—N(3) 67.71(10)
0O(1S2)-U—N(3) 67.33(10)
O(1S1)-U—N(3) 138.97(10)
N(2)—U—N(3) 120.26(11)
0O(2S3)#1E-U—N(1) 136.77(10)
0(2S1)#2-U—N(1) 68.17(10)
0(3S2)#1-U—N(1) 71.27(10)
P O(1S3)-U—N(1) 134.10(10)
? O(1S2)-U—N(1) 69.01(10)
Figure 4. The hydrogen-bonded 2D network of [U(O3iyeCN)j]n (3). O(1S1)}-U—N(1) 69.71(10)
N(2)-U—N(1) 118.53(11)
2.64(7) A, C4--03S3 2.38(7) A, and G&03S1, 2.45(7) NE)-U-NQ@) 121.02(11)
A) and corresponding CHO angles (148(6)65(5), 175- a Symmetry transformations used to generate equivalent atoms:+#1

(6)°). Each chain is hydrogen bonded to four adjacent chains1 ¥: z #2x - 1y, z
resulting in a 2D hydrogen-bonded network (Figure 4).The
mean value of the BO distances (2.49(1) A) is similar to
values reported for monodentate triflates in the few examples
of crystallographically characterized uranium(lll) triflate
complexeg? Isomorphous hydrate lanthanide triflates [Ln-

(Hzo)g][OTﬂ3 have been prep_ared and crystgllographically potassium iodide which can be minimized by successive
characterized for all of the trivalent lanthanide i#hand recrystallizations.

][norg relcentl?/ an .arr]:zLOIgOUHS ?trﬁcture has tljeen det.(falrmmed We therefore also explored an alternative synthetic route
ortnva.ent plutoniun: nalo t €S€ exampies, no triflate which led to the analytically pure pyridine solvate adduct
counterions are bound_ in the primary coordlnauop sphere [U(OTH(py)d] (4). Complexd was easily and reproducibly
of the metal in the solid state. Conversely, there is Scarceprepared in a 5860% yield by protonolysis of the amide

information on the solid-state structure of solvates of trivalent . . S . . . :
f-metal anhydrous triflates. [U(OTfMeCN)], thus repre- lZJ){N(SIMeQZ}SWIth pyridinium triflate in pyridine (equation

sents a rare example of crystallographically characterized
solvate in which all the triflate anions are coordinated to the
metal center in the solid state.

Although salt metathesis is often nonselective, elemental
analyses performed on bulk samples3dadire in agreement
with the observed crystal structure and confirm the complete
substitution of the iodide counterions by the triflate. The

selectivity of this reaction is probably a result of the higher
affinity of trivalent uranium for the triflate group associated
with the lower solubility of the reaction products with respect
to the starting materials. However, the bulk sample can
contain small amounts (0-10.3 equiv) of coprecipitated

[U1(thf)] + 3 KOTf ——-
[U(OTfH,(MeCN)],,+ 3KI (1)

[U{N(SiMey),} 3] + 3 [Hpyl[OTf] 2
[U(OTN4(py)s] + 3 NH(SiMey), (2)
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The formulation of compled was confirmed by substitution
of the labile pyridine molecules with BRO to produce the
known compound [U(OT§PhPO)]?* as dark red X-ray
quality crystals. Protonolysis reactions of complex [U-
{N(SiMe;),} sJhave successfully been employed in the past
for the synthesis of homoleptic U(lll) aryloxide complexés.
The pyridinium salt [Hpy][OTf] previously used in the
preparation of tetravalent triflate derivati¢éhas also been
proven to be an effective protonolysis reagent for the
U(lll) —N bond.

difficult to purify providing convenient alternatives routes
into U(lll) coordination chemistry. The X-ray crystal struc-
ture of the acetonitrile solvate shows the formation of a
unique U(IIl) coordination polymer in which the metal ions
are connected by three triflate anions acting as bidentate
bridging ligands in a 1D chain. This is a rare example of a
crystallographically characterized M(OF§olvate complex
of a trivalent f-element where all three triflates are bound to
the metal ion. The versatility of these solvates to act as
precursors of U(lll) complexes was confirmed by their use
in the preparation of the previously reported phosphineoxide
adduct [U(OTf(PhPO)]?*and by preliminary work on the
The reaction of UK with triflic acid in the presence of  preparation of triflate complexes of tetrapodal N-donor
traces of water resulted in the reproducible isolation of a ligands?
rare mononuclear hydroxo complex of tetravalent uranium  Acknowledgment. This work was supported by the
which has been crystallographically characterized. This commissariat #Energie Atomique, Direction de I'Energie
complex is an interesting precursor for reactivity studies. The Nucleaire. We thank Pierre-Alain Bayle for help with the

Conclusion

versatile acetonitrile solvate [U(OE{MeCN)g], was easily
prepared from Ufthf), by salt metathesis with potassium
triflate while the pyridine solvate [U(OTfjpy)d was
obtained by protonolysis of f{IN(SiMes),} 5] with pyridinium
triflate. These two practical methods allow the preparation
of soluble derivatives of the versatile precursor U(QTf)
avoiding the use of triflic acid which is highly corrosive and

NMR measurements.
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