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The chioroamide compounds

[U(NEt,)ClL,(thf)] and [U(NEt,),Cl,] were

isolated from the

comproportionation reactions of [U(NEt,),] and UCI, in tetrahydrofuran (thf) and were converted
respectively into the cationic derivatives [UCI (thf),]BPh, and [U(NEt,)Cl,(thf),]BPh, by treatment
with NHEt,BPh,. Protonolysis of [U(NEt,),] afforded the monocation [U(NEt,),]* which was itself
transformed into the dication [U(NEt,),(thf),]2"; the crystal structures of [U(NEt,),(thf),]BPh, and
[U(NEt,),(py)s]1[BPh,1,:1.6py (py = pyridine) have been determined.

Transition-metal amides have been widely employed as useful
intermediates in the synthesis of a great variety of inorganic and
organometallic complexes.! Two main reactions have been
exploited: (a) insertion of a dipolar double bond into the metal-
nitrogen bond [equation (1)] and (b) substitution of the amide

[{M}-NR,] + A=B—— [{M}-A-B-NR,] (1)
ligand by means of a protic molecule [equation (2)]. Thus were
[{M}-NR,] + HA — [{M}-A] + NR,H (2)

prepared from [U(NEt,),] a series of uranium(iv) carbamate,
alkoxide, thiolate and cyclopentadienyl compounds.?

As we planned to prepare some new uranium amide
complexes by using the metathesis reaction (3), we wished to

[CI-{U}-NR,] + MA — [A~{U}-NR,] + MCl (3)

have at our disposal the chloroamides [U(NEt,),_,Cl.] (n =
1-3). Here we describe the synthesis of these compounds that
have been obtained by comproportionation of [U(NEt,),] and
UCl,. However, it appeared that the synthetic route depicted by
equation (3) was often impeded by the easy formation of the
anionic product resulting from addition of A~ to the chloro-
amide precursor; moreover, elimination of the MCI salt from
the reaction mixture was not always straightforward. In order
to circumvent these difficulties, which are quite common in
actinide chemistry, we considered the addition of A~ to a
cationic amide species [equation (4)].

[{U}-NR,]BPh, + MA ——
[A-{U}-NR,] + MBPh, (4)

Such cations could not be prepared by chloride abstraction
from the above chloroamide complexes and we had to devise
another route. We found that protonolysis of a U-NR, bond
by means of NHEt,BPh, constitutes a new efficient synthesis of
cationic uranium derivatives.® Here we present some of those

t Supplementary data available: see Instructions for Authors, J. Chem.
Soc., Dalton Trans., 1995, Issue 1, pp. XXv—xxx.

which have been obtained from [U(NEt,),], [U(NEt,)Cl;-
(thf)] (thf = tetrahydrofuran) and [U(NEt,),Cl,]; we also
describe the X-ray crystal structures of {U(NEt,);(thf);]BPh,
and [U(NEt,),(py)s][BPh,],+1.5py (py = pyridine).

Results and Discussion

Synthesis of the Chloroamide Complexes [U(NEt,), _,Cl,]
(n = 1-3).—Halogenoamide compounds of the transition
metals, which contain two distinctly reactive functionalities, are
of major interest in inorganic and organometallic syntheses.
However, such complexes of the f elements are very rare, being
limited to the disilylamide derivatives [M{N(SiMe,),},Cl]
(M = Th or U),* the uranium(v) diphosphinoamide complex
[U{N(CH,CH,PPr,),},Cl,] and some other diphosphino-
amide compounds of the form [M{N(CH,CH,PR,),},-,Cl]
M =Th or U, R =Et or Pr'))® The mono- and bis-
diethylamide compounds [U(NEt,)Cl;(thf)] and
[U(NEt,),Cl,] could be obtained by treating [U(NEt,),] with
the stoichiometric amount of NHEt;Cl in tetrahydrofuran
(NMR experiments). It seemed more straightforward to
synthesize the chloroamide derivatives by stepwise chloride
replacement from UCI,, rather than substituting NEt, groups
from [U(NEt,),], which is itself prepared from the uranium
tetrachloride. However, treatment of UCIl, with LiNEt, did not
afford the desired compounds but gave some anionic species; in
particular, the reaction with 2 equivalents of LiNEt, in diethyl
ether led to the formation of LifU(NEt,),Cl,], isolated in 919,
yield as an ochre microcrystalline powder. This retention of the
alkali metal and formation of ‘ate’ complexes is a pervasive
problem in the chemistry of the f elements.®

The metathetical exchange reaction between halides and
amides represents another classical route to mixed-ligand
derivatives [equation (5)]. The titanium compounds

[U(NEt,),] + (n/4 — )UCl, —
(4/4 — m{UNEL,), ,Cl] (5)

[Ti(NR,),_,X,] (R = Me or Et, X = F or Cl) were thus
prepared from [Ti(NR,),] and TiX,.” The two complexes
[U(NEt,)Cl3(thf)] 1 and [U(NEt,),Cl,] 2 were easily
synthesized from 1:3 and 1:1 mixtures of [U(NEt,),] and
UC), in tetrahydrofuran (Scheme 1); after evaporation of the
solvent, they were isolated as green and yellow microcrystals, in
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92 and 83% yield respectively. The tris-diethylamide compound
[U(NEt,);Cl] was found to be in equilibrium with [U(NEt,),]
and [U(NEt,),Cl,], the three complexes being obtained in the
same proportions (60:20:20 in thf) when [U(NEt,),] was
mixed with UCl, (0.33 equivalents) or [U(NEt,),Cl,] (1
equivalent) or when it was treated with NHEt;Cl (1 equivalent).
The exact structure of these chloroamide compounds is
difficult to determine but it is likely that they are poly- or oligo-
merized in the solid state and in solution. The tetramide
[U(NEt,),], which is a dimer in its crystalline form, is partially
dissociated in toluene® whereas the titanium complexes
[Ti(NR,),_,X,] exist as halogen-bridged oligomers.’

Synthesis of the Cationic Complexes.—Cationic metal
complexes are generally prepared either by protonolysis of a
metal-carbon bond or by heterolytic cleavage of a metal-
halogen bond. The compounds [UCI;(EtCONEt,), J[UCI(Et-
CONEL,)],°> [UCl4(dcc)],UClg  (dec = dicyclohexano-18-
crown-6, hexadecahydrodibenzo[b,k][1,4,7,10,13,16]hexaoxa-
cyclooctadecine) !° and [UCI,(Me,SQ)s]JUCIg!! were thus
synthesized from UCl, and were crystallographically character-
ized. However, all attempts to abstract chloride ions from
the above chloroamide complexes in thf or MeCN were
unsuccessful. Unexpectedly, treatment of [U(NEt,),Cl,] with
AgBPh, led to the formation of the cation [U(NEt,)Cl,]1";
such reactions, which are likely to proceed via the oxidation of
the uranium(rv) precursor into the corresponding UY cation,
followed by homolytic cleavage of a U-NEt, bond, will be
discussed elsewhere.

We found that protonation of a NEt, ligand by means of
NHEt;BPh, in thf constitutes an efficient alternative route to
cationic metal complexes [equation (6)]; the liberated amines

[{U}-NEt,] + NHEt,BPh, ——
[{U}]BPh, + NHEt, + NEt, (6)

NHEt, and NEt; are easily eliminated from the reaction
mixture.

While the reactivity of the M-NR, bond towards acidic
proton substrates is well established [equation (2)], the
protonolysis reaction (6) is unprecedented. Treatment of
[U(NEt,),}, [U(NEt,),Cl,] or [U(NEt,)Cly(thf)] with 1
equivalent of NHEt;BPh, in thf gave, after evaporation of
the solvent, analytically pure microcrystalline powders of [U-
(NEt,);]BPh, 3 (pale green, 97%), [U(NEt,)Cl,(thf),]BPh,
5 (yellow, 93%) and [UCI;(thf),]BPh, 6 (green, 69%;). Dark
green crystals of [U(NEt,);(thf),]BPh, 4 were obtained by
crystallization from thf-pentane of the pale green powder of 3
and were transformed back into the thf-free compound 3 by
drying in vacuo. The '"H NMR spectrum of 3 in [2H]-
tetrahydrofuran exhibits a single signal at § 6.44, corresponding

[UNELICI(th)] — L [UCIy(thi)IBPh,
1 6

(i

()
[U(NEt;),] [U(NEt;)5]BPh, — [U(NEL),(thl)s][BPh,],

3 7
l (i)

[UNEL)Cl] — 2w [UNELYCL(th),JBPh, — e [UCL (i) JIBPh,J,

2 5 9

Scheme 1 Reagents and conditions: (i) UCl, (3 equivalents), 20 min,
20 °C; (ii) UCi, (1 equivalent), 90 min, 20 °C; (iii) NHEt;BPh,, 30
min, 20 °C; (iv) NHEt;BPh,, 30 min, 65 °C; (v) NHEt,BPh,, 30 min,
0 °C; (vi) NHEt;BPh,, 60 h, 20 °C. All reactions in thf
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to the BPh, anion, but the spectrum in [2Hg Jtoluene shows two
distinct phenyl resonances of equal intensity at 8 9.23 and 0.38.
These facts strongly suggest that 3 adopts a zwitterionic
structure in the solid state or in non-co-ordinating solvents,
with two phenyl groups of BPh, co-ordinated to the uranium
atom. Such n co-ordination of tetraphenylborate and related
anions to metal centres is now well documented;!? for example,
the lanthanum complex [R(n-CsMes)La(n-Ph),BPh,] [R =
CH(SiMe;),] was synthesized by protonation in toluene of
[La(n-CsMes)R,] by means of NHPhMe,BPh, and was
irreversibly transformed in tetrahydrofuran into [La(n®-
C;Me;)R(thf),]1BPh,.'3

The monocation [U(NEt,);]* could be further protonated
in refluxing thf and the yellow microcrystalline powder of the
dicationic compound [U(NEt,),(thf);][BPh,], 7 which
precipitated in this solvent (88% yield) was recrystallized
from pyridine~thf, giving green crystals of [U(NEt,),(py)s]-
[BPh,],-1.5py 8. Treatment of [U(NEt,),Cl,] with 2
equivalents of NHEt;BPh, afforded the dicationic derivative
[UCIL,(thf),][BPh,], 9, isolated as a pale green powder in 60%,
yield.

The new complexes have been characterized by elemental
analyses and 'H NMR spectroscopy (Table 1); the crystal
structures of [U(NEt;);(thf);JBPh, and [U(NE,),(py)s]-
[BPh,],:1.5py have been determined.

Crystal Structures.—The crystals of [U(NEt,);(thf);]BPh, 4
and [U(NEt,),(py)s1[BPh,],-1.5py 8 are composed of discrete
cations and anions. The BPh, anions display the expected
structural parameters; ORTEP drawings ' of the cations of 4
and 8 are shown in Fig. 1 and 2 respectively, and selected bond
distances and angles are listed in Table 2. In the monocation of
4, the uranium atom is in a distorted facial octahedral
environment, each amide group being trans to a thf ligand. The
angles N(1)-U-O(1), N(2)-U-0(2) and N(3)-U-O(3) deviate
from linearity by 14.4, 13.0 and 16.8°; the N-U-N angles, which
average 99(3)°, are >90°, the ideal value in the octahedron,
whereas the O-U-O angles are smaller, with a mean value of
79.2(5)°. Similar distortions were observed in the uranium(iir)
compound [U(BH,),(thf);].*> However, it is noteworthy that
the oxygen and nitrogen atoms are at the corners of a regular
octahedron. The two equilateral triangles defined by O(1), O(2),
0O(3) and N(1), N(2), N(3) are equal and parallel in a quite
perfectly staggered conformation. The ratio of the side of the

Fig. 1

Perspective view of the monocation [U(NEt,);(thf);]*
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Table 1 Analytical and '"H NMR data for the complexes

Analyses® (%)
C18.85(19.4)
H 3.95(4.05)
N 5.45 (5.65)

Compound
LifU(NE,),Cl;]

1 [U(NEt,)Cl,(thf)] C 19.4(19.65)
H3.63.7)

N 2.85 (2.85)
C20.95 (21.2)
H 4.3 (4.45)
N 6.0 (6.2)

C 55.8(55.9)
H 6.45 (6.5)
B1.3(1.4)

2 [U(NEt,),Cl,]

3 [U(NEt,),]BPh,

5 [U(NEt,)Cl,(thf),]BPh,  C51.0(51.2)
H 5.35 (5.5)
N 1.75 (1.65)
C 47.45 (47.6)
H 4.55 (4.5)
C112.9(13.15)
C 65.7 (66.0)
H 6.65 (6.85)
B 2.25(2.25)
C62.1(62.2)
H 6.0 (5.9)

U 19.1(19.25)

6 [UCl4(thf),]BPh,

7 [U(NEt,),(thf);][BPh, ],

9 [UCI,(thf),][BPh,],

NMR data®

53.90 (2 H, s, w, 580, CH,),
15.44 (3 H, s, w; 120, Me)
€383 (2 H, s, w, 310, CH,),
8.24 (3 H, s, w, 65, Me)
117.71 2 H, s, w, 34, CH,),
42.52 (3 H, Me)

40.22 2 H, CH,), 9.86 3 H, t, J 6, Me)

18.46 (12H, q,/7,CH,), 2.11 (18 H, t, J 7,
Me), 6.44 (20 H, Ph)
©24.65(12H,q,J7,CH,), 1.09 (18 H, , J 7,
Me), 9.23 and 0.38 (2 x 10 H, Ph)

143.5 (4 H, s, w, 70, CH)),

52.81 (6 H, Me), 6.3 and 6.8 (20 H, Ph)

8.52,7.55 and 7.34 (m, Ph)

4182.9 (8 H, s, w, 200, CH,),

68.1 (12 H, s, w, 55, Me), 6.64 (40 H, Ph),
3.55and 1.65 (2 x 12 H, thf)

8.6 and 7.4 (m, Ph)

4 Analytical data given as: found (required) in %. * At 30 °C; data given as chemical shift (3) (relative integral, multiplicity, coupling constant
or half-height width in Hz, assignment); when not specified, the signal is a singlet with w, = 10-30 Hz. Solvent is [?Hg]tetrahydrofuran unless

otherwise specified. ¢ In [?Hg]toluene ¢ In [2H s ]pyridine.

Fig. 2 Perspective view of the dication [U(NEt,),(py)s]**

triangle [3.29(6) A] to the distance between the triangles [2.76(2)
Alisequalto 1.19, ¢f. 1.22 in the ideal octahedron. The uranium
atom lies on the pseudo-Cj axis but is displaced from the central
position by 0.38 A towards the plane of the nitrogen atoms. The
uranium-nitrogen bond lengths average 2.18(1) A and are at the
lower limit of the range of U-N bond distances for terminally
co-ordinated amide groups, which vary from 2.162(5) A in
[U(OC¢H;Bu',-2,6);(NEt,)]*¢ to 2.35(2) A in [U(NPh,),].""
As previously reported for transition-metal and uranium
terminal amides, each nitrogen atom lies in the plane (within
+0.02 A) defined by the metal and the two « carbons; these
structural parameters suggest the presence of a n interaction

Table 2 Selected bond distances (A) and angles (°) with estimated
standard deviations (e.s.d.s) in parentheses

[U(NEt,),(thf);]BPh, 4

U-N(1) 2.20(1) U-0(2) 2.562(9)
U-0(1) 2.54(1) U-N(3) 2.18(1)
U-N(2) 2.17(1) U-0(3) 2.560(9)
O(1)-U-N(1)  165.6(4) N(1)-U-N(3)  101.34)
O(2)-U-N(2)  167.0(4) N(1)-U-0(2) 88.1(4)
O(3)-U-N(3)  163.2(4) N(1)-U-0(3) 91.1(4)
0(1)-U-N(2) 94.4(4) N@2)»-U-N@3)  100.9(4)
O(1)-U-N(3) 86.4(4) N(2)-U-0(3) 88.9(4)
O(1)-U-0(2) 79.7(3) 0(2)-U-N(3) 90.3(4)
O(1)-U-0(3) 79.2(3) 0(2)-U-0(3) 78.7(3)
N(1)-U-N(2) 96.0(4)

[U(NEt,),(py)s][BPh,],-1.5py 8

U-N(1) 2.214(8) U-N(5) 2.655(9)
U-N(2) 2.189(9) U-N(6) 2.636(9)
U-N(3) 2.63(3) U-N(7) 2.621(9)
U-N(4) 2.661(9)

N(1)-U-N(2)  167.93) N@2)-U-N(5) 89.3(3)
N(1)-U-N(3) 90.2(5) N(2)-U~-N(6) 87.4(3)
N(1)-U-N(4) 79.3(3) N@2)-U-N(7)  102.03)
N(1)-U-N(5) 89.0(3) NG3)-U-N@4) 71.9(5)
N(1)-U-N(6)  103.6(3) N(3)-U-N(7) 66.6(5)
N(1)-U-N(7) 86.4(3) N(4)-U-N(5) 78.2(3)
N(2)-U-N(3) 85.2(5) N(5)-U-N(6) 74.0(3)
N(2)-U-N(4) 88.6(3) N(6)-U-N(7) 72.0(3)

between the uranium and nitrogen atoms. The U-N-C angles
vary from 120(1) to 133(1)° whereas the C-N-C angles range
from 107(1) to 113(2)°; similar deviations from the idealized
value of 120° for a trigonal-planar nitrogen atom have been
encountered in many dialkyl and diaryl amides of the actinides
and transition metals. The co-ordination of thf is unexceptional,
with an average value of 2.55(1) A for the U-O distances.

In the dication of 8, the uranium atom is seven-co-ordinate in
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a distorted pentagonal-bipyramidal arrangement. The metal
and the five nitrogen atoms of the pyridine ligands are out of
their mean plane by *0.33 A; the N(py)-U-N(py) angles range
from 66.6(5) to 78.2(3)° and their sum is equal to 362.7°. The
N(1)-U-N(2) axis deviates from linearity by 12.1°; the
N(amide)-U-N(py) angles vary from 79.3(3) to 103.6(3)° and
average 90°. The U-N(1) and U-N(2) distances, 2.214(8) and
2.189(9) A, are similar to those found in the monocation of 4 and
the geometry of the UNC, fragment is planar. The U-N(py)
distancesrangefrom2.621(9)t02.661(9) A and average 2.64(2) K;
this value compares with those of 2.64(1) A in [U(CgH)Cl,-
(py).]'® and 2.56(9) A in [U(SPr),I(py),]."°

Conclusion

The protonolysis reaction of a U-NR, bond by means of
NHEt,BPh, constitutes a novel and efficient synthesis of
cationic uranium compounds. Thus the cations [UNEt,;);]*
and [U(NEt,),(thf),]** have been prepared from the uranium
tetramide [U(NEt,),] and [U(NEt,)Cl,(thf),]1*, [UCI;-
(thf),1* and [UC1,(thf),]** from the chloroamide complexes
[U(NEt,),C1,] and [U(NEt,)C1,(thf)]. The protonolysis
reaction (6) has also been useful for the preparation of
organometallic cations.?® These cations are themselves inter-
esting precursors for the synthesis of various derivatives
since they are likely to undergo the insertion, substitution and
addition reactions depicted by equations (1), (2) and (4); some
examples are given in the following paper.2°

Experimental

All preparations and reactions were carried out under argon
(<5 ppm oxygen or water) using standard Schlenk-vessel and
vacuum-line techniques or in a glove-box. Solvents were
thoroughly dried and deoxygenated by standard methods and
distilled immediately before use. Deuteriated solvents were
dried over Na—K alloy (thf, benzene and toluene) or molecular
sieves (pyridine).

Elemental analyses were performed by Analytische Laborato-
rien at Gummersbach (Germany). The 'H NMR spectra were
recorded on a Bruker WP 60 (FT) instrument and were
referenced internally using the residual protio solvent
resonances relative to tetramethylsilane (& 0). The salt
NHEt;BPh, precipitated by mixing NHEt,Cl and NaBPh, in
water, [U(NEt,),]® and UCl,2! were prepared by published
methods.

Reactions of [U(NEt,),] with NHEt;Cl.—An NMR tube
was charged with [U(NEt,),] (10 mg, 19 pmol) and NHEt,Cl
(5.2 mg, 38 pmol) in [2Hg]tetrahydrofuran (0.3 cm?). After 10
min, the spectrum of the yellow solution showed the
quantitative formation of [U(NEt,),Cl,], with liberation of
NHEt, and NEt; (2 equivalents each). The compound
[U(NEt,),] was similarly treated with 3 equivalents of
NHEt,Cl and was transformed into [U(NEt,)Cl,(thf)].

Li[U(NEt,),Cl;].—A round-bottom flask (50 cm?®) was
charged with UCl, (1000 mg, 2.63 mmol) and LiNEt, (417 mg,
5.27 mmol) and diethy! ether (20 cm?) was condensed into it
under vacuum at — 78 °C. The dark red solution became green
after stirring for 48 h at 20°C; it was then filtered and
evaporated to dryness, leaving an ochre microcrystalline
powder which was washed with pentane (2 x 20 cm?®) and dried
under vacuum (1190 mg, 91 %).

[U(NEt,)Cl,(thf)] 1.—A round-bottom flask (50 cm?®) was
charged with UCl, (433 mg, 1.14 mmol) and [U(NEt,),] (200
mg, 0.38 mmol) and thf (15 cm?) was condensed into it under
vacuum at — 78 °C. The reaction mixture was stirred for 20 min
at 20 °C and the orange solution was filtered and evaporated to
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dryness, leaving a green microcrystalline powder which was
washed with diethyl ether (2 x 20 cm?®) and dried under vacuum
(682 mg, 92%)

[U(NEt,),Cl,] 2.—A round-bottom flask (50 cm?®) was
charged with UCl, (1080 mg, 2.84 mmol) and [U(NEt,),]
(1500 mg, 2.85 mmol) and thf (25 cm?) was condensed into it
under vacuum at —78 °C. After 90 min at 20 °C, the green
solution was evaporated to dryness and the residue was
extracted into diethyl ether (25 cm?®). The yellow microcrystal-
line powder obtained after evaporation was washed with
pentane (2 x 15cm?) and dried under vacuum (2140 mg, 83%).

Equilibrium between [U(NEt,),Cl], [U(NEt,),Cl,] and
[U(NEt,),].—An NMR tube was charged with [U(NEt,),] (10
mg, 19 pmol) and UCl, (24 mg, 6.3 pmol) in [*Hg]-
tetrahydrofuran (0.3 cm?). After 10 min at 20 °C, the spectrum
showed the signals corresponding to [U(NEt,),],
[U(NEt,),Cl,] and other resonances attributed to
[U(NELt,);Cl]. 8, (30 °C): 12.32 (2 H) and 0.51 (3 H). The three
compounds were in the relative proportions 20:20:60 (8:8:84
in pyridine). The same mixture was obtained from equimolar
quantities of [U(NEt,),Cl,] and [U(NEt,),] or by treating the
uranium tetramide with 1 equivalent of NHEt;Cl with, in this
case, liberation of NEt; and NHE, (1 equivalent of each).

[U(NEt,);]BPh, 3.—A round-bottom flask (100 cm?) was
charged with [U(NEt,),] (2700 mg, 5.13 mmol) and
NHEt,BPh, (2100 mg, 5.0 mmol) and thf (50 cm?®) was
condensed into it under vacuum at —78 °C. After 30 min at
20 °C, a green precipitate in a green solution was obtained. The
solution was filtered and the precipitate was extracted into thf
(20 cm?); the combined solutions were evaporated to dryness,
leaving a pale green microcrystalline powder which was washed
with pentane (25 em?) and dried under vacuum (3740 mg, 97%).
Recrystallization from thf gave dark green crystals of
[U(NEt,);(thf);]BPh, 4 which were suitable for X-ray
diffraction studies; under vacuum, these crystals were
transformed back into the pale green powder of 3.

[U(NEt,)Cl,(thf),]1BPh, 5.—A round-bottom flask (50 cm?)
was charged with [U(NEt,),Cl,] 2 (192 mg, 0.42 mmol) and
NHEt,BPh, (144 mg, 0.34 mmol) and thf (20 cm?®) was
condensed into it under vacuum at — 78 °C. After stirring for 30
min at 0 °C, the solution was filtered and evaporated to dryness,
leaving a yellow microcrystalline powder which was washed
with diethyl ether (30 cm?®) and dried under vacuum (268 mg,

93%).

[UCI,(thf),]1BPh, 6.—A round-bottom flask (50 cm?®) was
charged with [U(NEt,)Cl,(thf)] 1 (120 mg, 0.245 mmol) and
NHEt,BPh, (100 mg, 0.24 mmol) and thf (20 cm®) was
condensed into it under vacuum- at —78°C. The reaction
mixture was stirred for 30 min at 20 °C and the volume of the
solution was reduced to 5 cm?®. The brown oily material
obtained after addition of diethyl ether (10 cm?) was filtered off
and became a green powder when dried under vacuum (132 mg,

69%).

[U(NEt,),(thf);][BPh,], 7.—A round-bottom flask (50
cm?®) was charged with [U(NEt,);]BPh, 3 (1000 mg, 1.29
mmol) and NHEt;BPh, (545 mg, 1.29 mmol) and thf (30 cm?®)
was condensed into it under vacuum at — 78 °C. The reaction
mixture was heated at 65°C for 30 min and the yellow
microcrystalline powder was filtered off, washed with thf
(2 x 20 cm®) and dried under vacuum (1400 mg, 88%).
Recrystallization from pyridine gave green crystals of
[U(NEt,),(py)s1[BPh,],-1.5py 8 which were suitable for X-ray
diffraction studies.

[UCl,(thf),]J[BPh,], 9.—A round-bottom flask (50 cm?)
was charged with [U(NEt,),Cl,1 2 (122 mg, 0.27 mmol) and


http://dx.doi.org/10.1039/dt9950003019

View Artigja?gline

J. CHEM. SOC. DALTON TRANS. 1995

Table 3 Crystallographic data and experimental details for [U(NE?t,),(thf),]1BPh, 4 and [U(NEt,),(py)s][BPh,],-1.5py 8*
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Formula C,sH,,BN,0,U Cgg.sHgs sB,Ng sU
M 989.98 1534.93
Crystal size/mm 0.50 x 0.35 x 0.20 0.45 x 0.45 x 0.30
Colour Dark green Green
Crystal system Monoclinic Triclinic
Space group P2,/n P
a/A 10.720(3) 14.519(2)
b/A 15.020(5) 15.067(8)
c/A 30.43(2) 17.869(3)
af° 90 87.24(3)
B/° 98.46(3) 80.69(1)
v/° 90 82.65(4)
U/A3 4847(7) 3824(4)
z 4 2
D /g cm™ 1.357 1.333
u(Mo-Ka)/cm™ 32.127 20.60
F(000) 2016 1570
Range of absolute transmission 0.800-0.998 0.871-0.999
Range h k.l 0-10,0-14, —28 to 28 0-14, —14to 14, —17to 17
Reflections collected

Total 5089 8047

Unique 4513 6880

with I > 3o(l) 2842 5203
No. of parameters 305 406
R = Z||F,| — IF||/ZIF,| 0.038 0.043
R = [Zw||F) — |FJ|*/Ew(F, )1 0.044 0.051
Max. residual electron density/e A3 0.775 0.682

* Details in common: T = 294 K, 1 < 8 < 20°, ©-20 scan type, scan width 0.8 + 0.35 tan 0; weighting scheme w™! = o(F)%.

Table 4 Fractional atomic coordinates with e.s.d.s in parentheses for [U(NEt,),(thf);]BPh, 4

Atom x y z

U 0.204 06(5) 0.155 66(4) 0.385 10(2)
o(1) —0.002 7(9) 0.200 8(7) 0.338 8(3)
0(2) 0.255 7(9) 0.316 2(6) 0.365 6(3)
03) 0.101 1(9) 0.243 2(6) 0.442 4(3)
N(1) 0.384 6(9) 0.152 0(8) 0.429 9(3)
N(2) 0.129(1) 0.033 8(8) 0.409 5(4)
N(3) 0.261(1) 0.109 0(8) 0.323 3(4)
C(1) —0.040(2) 0.186(2) 0.292 8(5)
C(2) —0.174(2) 0.175(1) 0.282 5(6)
C(3) —0.226(1) 0.203(2) 0.323 0(6)
C4) —0.115(2) 0.233(2) 0.356 5(7)
C(5) 0.382(1) 0.358(1) 0.381 7(6)
C(6) 0.365(2) 0.453(1) 0.375 %(6)
C(7) 0.264(2) 0.462(1) 0.334 1(5)
C(8) 0.177(2) 0.380(1) 0.335 3(6)
C9) 0.043(2) 0.201(1) 0.478 5(5)
C(10) 0.038(2) 0.270(1) 0.511 4(5)
Cc(11) 0.047(1) 0.359(1) 0.490 4(5)
C(12) 0.107(2) 0.339(1) 0.449 3(5)
Cc(13) 0.399(2) 0.153(2) 0.479 6(8)
C(14) 0.447(2) 0.221(2) 0.503 2(8)
C(15) 0.519(2) 0.135(2) 0.415 6(9)
C(16) 0.581(2) 0.064(2) 0.420 8(8)
Cc(17) 0.829(2) 0.027(2) 0.546 9(8)
C(18) 0.774(3) 0.099(2) 0.555 8(9)
C(19) 0.985(2) 0.015(2) 0.618 9(8)
C(20) 0.089(2) 0.030(2) 0.599 5(8)
C@2n 0.313(2) 0.018(2) 0.320 3(9)

Atom x y z

C(22) 0.767(2) 0.045(1) 0.708 9(7)
C(23) 0.276(2) 0.168(2) 0.282 6(8)
C(24) 0.400(2) 0.185(2) 0.2729(7)
C(25) 0.739(1) 0.0137(9) 0.189 9(4)
C(26) 0.850(1) —0.038(1) 0.204 2(5)
C(27) 0.859(2) —0.091(1) 0.243 9(5)
C(28) 0.758(2) —0.094(1) 0.267 9(5)
C(29) 0.650(1) —0.047(1) 0.253 3(5)
C(30) 0.637(1) 0.008(1) 0.214 9(5)
C@31) 0.825(1) 0.165(1) 0.15 22(4)
C(32) 0.792(1) 0.244(1) 0.129 5(4)
C(33) 0.881(2) 0.315(1) 0.128 8(5)
C(34) 1.000(2) 0.306(1) 0.152 9(5)
C(35) 1.037(2) 0.231(1) 0.176 6(6)
C(36) 0.947(1) 0.156(1) 0.176 4(5)
C(37) 0.583(1) 0.109 4(9) 0.129 7(4)
C(38) 0.505(1) 0.069 9(9) 0.094 6(4)
C(39) 0.376(1) 0.096(1) 0.081 7(5)
C(40) 0.330(1) 0.165(1) 0.106 2(5)
C(41) 0.402(1) 0.206(1) 0.141 8(5)
C(42) 0.532(1) 0.178(1) 0.154 6(5)
C(43) 0.777(1) 0.020 5(9) 0.103 4(4)
C(44) 0.830(1) 0.061 3(9) 0.069 1(4)
C(45) 0.864(1) 0.012(1) 0.032 1(5)
C(46) 0.843(1) —0.080(1) 0.030 2(5)
C(47) 0.794(1) —0.122(1) 0.063 6(5)
C(48) 0.760(1) —0.073(1) 0.100 4(5)
B 0.728(1) 0.076(1) 0.144 6(5)

NHEt;BPh, (214 mg, 0.51 mmol) and thf (20 cm®) was
condensed into it under vacuum at —78°C. The reaction
mixture was stirred for 60 h at 20 °C, filtered, and the volume of
the yellow solution was reduced to 10 cm®. The yellow oily
material obtained after addition of diethyl ether (25 cm?®) was
filtered off and became a green powder when dried under
vacuum. The product was recrystallized from thf-diethyl ether
(187 mg, 60%).

Crystal Structure Determinations of [U(NEt,);(thf);]BPh, 4
and [U(NEt,),(py)s]1[BPh,],-1.5py 8.—Selected single crystals
were introduced into thin-walled Lindeman glass tubes in a
glove-box. Data were collected on an Enraf-Nonius diffrac-
tometer equipped with a graphite-monochromator [A(Mo-
Ko) = 0.700 73 A]. The cell parameters were obtained by a
least-squares refinement of the setting angles of 25 reflections
with 8 < 8 < 12°. Three standard reflections were measured
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Table 5 Fractional atomic coordinates with e.s.d.s in parentheses for [U(NEt,),(py)s][BPh,],-1.5py 8

Atom x y z

8 0.739 65(3) 0.283 34(3) 0.756 52(2)
N(1) 0.683 4(5) 0.271 8(5) 0.878 9(4)
N(2) 0.816 1(6) 0.311 3(6) 0.643 6(5)
N4) 0.861 0(6) 0.366 5(6) 0.815 6(5)
N(5) 0.872 7(6) 0.149 8(6) 0.775 4(5)
N(6) 0.690 3(6) 0.141 7(6) 0.699 5(5)
N(7) 0.564 2(6) 0.320 3(6) 0.735 4(5)
N(8) 0.238(1) 0.677(1) 0.708(1)
N(3) 0.680 2(6) 0.456 0(6) 0.756 9(5)
C(1) 0.680 5(7) 0.320 0(8) 0.950 2(6)
C(2) 0.579 0(8) 0.343 2(8) 0.993 4(7)
C(3) 0.642 9(8) 0.187 4(8) 0.890 1(7)
C4) 0.686(1) 0.122(1) 0.950 2(8)
C(5) 0.912 4(8) 0.334 4(8) 0.625 5(6)
C(6) 0.921 5(8) 0.424 3(8) 0.582 6(7)
(oQ)) 0.770 6(9) 0.309 1(9) 0.5759(7)
C(8) 0.834(1) 0.253(1) 0.508 5(8)
C(9) 0.691 5(8) 0.504 9(8) 0.691 7(6)
C(10) 0.679 1(9) 0.599(1) 0.689 5(8)
C(11) 0.652(1) 0.646(1) 0.7557(9)
C(12) 0.629(1) 0.593(1) 0.824 7(9)
C(13) 0.648(1) 0.498(1) 0.821 2(8)
C(14) 0.878 8(8) 0.448 5(8) 0.791 6(6)
C(15) 0.920 6(8) 0.504 6(8) 0.834 6(7)
C(16) 0.943 5(9) 0.470 5(9) 0.904 2(7)
C(17) 0.931 3(8) 0.384 1(9) 0.926 9(7)
C(18) 0.889 4(7) 0.330 2(8) 0.881 8(6)
C(19) 0.963 2(8) 0.167 3(8) 0.763 5(6)
C(20) 1.037 3(8) 0.104 1(8) 0.783 2(7)
C(21) 1.016 1(9) 0.021 4(9) 0.814 3(7)
C(22) 0.923 9(8) 0.002 3(8) 0.824 7(7)
C(23) 0.853 5(8) 0.068 4(8) 0.804 4(6)
C(24) 0.755 2(8) 0.104 0(8) 0.6429(7)
C(25) 0.733 0(9) 0.045 8(9) 0.590 7(7)
C(26) 0.644 1(9) 0.025 0(9) 0.599 9(7)
c@27n 0.575 8(9) 0.057 2(9) 0.659 5(7)
C(28) 0.602 9(8) 0.116 7(8) 0.708 6(7)
C(29) 0.499 6(8) 0.333 6(8) 0.797 2(6)
C(30) 0.403 5(9) 0.3579(9) 0.793 3(7)
C(31) 0.3752(9) 0.367 4(9) 0.722 K(7)
C(32) 0.440 6(9) 0.353 7(9) 0.657 9(7)
C(33) 0.535 3(9) 0.330 0(9) 0.666 5(7)
C(34) 0.2358(7) 0.309 1(7) 0.968 9(6)
C(35) 0.178 2(8) 0.363 7(8) 0.923 8(6)
C(36) 0.188 0(8) 0.454 9(8) 0.906 9(7)
C(37) 0.257 0(9) 0.495 1(9) 0.934 9(7)
C(38) 0.3154(9) 0.441 5(9) 0.980 1(8)
C(39) 0.305 3(8) 0.350 3(8) 0.995 9(7)
C(40) 0.108 4(8) 0.201 6(8) 1.019 7(6)
C(41) 0.063 6(8) 0.260 0(8) 1.076 8(6)

Atom x y z

C(42) —0.034 1(9) 0.261 3(9) 1.077 1(7)
C(43) —0.085 3(9) 0.202(1) 1.077 9(3)
C(44) —0.043 8(9) 0.143 0(9) 1.023 0(8)
C(45) 0.054 0(8) 0.142 8(8) 0.992 2(7)
C(46) 0.251 3(T) 0.144 3(8) 0.910 6(6)
C(47) 0.270 9(8) 0.182 7(8) 0.836 1(7)
C(48) 0.301(1) 0.126(1) 0.771 7(8)
C(49) 0.313(1) 0.034(1) 0.780 7(8)
C(50) 0.290(1) —0.006(1) 0.8529(9)
C(s1) 0.259 8(9) 0.050(1) 0.917 8(8)
C(52) 0.288 6(7) 0.160 4(7) 1.049 4(6)
C(53) 0.382 9(8) 0.131 1(%9) 1.025 6(7)
C(54) 0.445 3(9) 0.095 1(9) 1.077 3(8)
C(55) 0.410 2(9) 0.088 0(9) 1.154 9(7)
C(56) 0.31599) 0.117 5(9) 1.180 3(7)
C(57 0.254 7(8) 0.154 1(8) 1.128 7(7)
C(58) 0.174 6(7) 0.123 0(7) 0.546 0(6)
C(59) 0.236 1(8) 0.061 2(8) 0.579 5(6)
C(60) 0.206 2(9) —0.019 8(9) 0.614 1(7)
C(61) 0.1155(9) —0.039 8(9) 0.614 47)
C(62) 0.051 2(9) 0.025 2(9) 0.583 3(7)
C(63) 0.082 1(8) 0.103 5(8) 0.548 5(6)
C(64) 0.145 3(7) 0.246 1(7) 0.435 6(6)
C(65) 0.093 4(7) 0.329 1(8) 0.426 2(6)
C(66) 0.040 6(9) 0.348 6(9) 0.364 3(7)
C(67) 0.039 7(9) 0.283 1(9) 0.3132(7)
C(68) 0.090 2(9) 0.198 2(9) 0.320 3(7)
C(69) 0.142 3(8) 0.180 5(8) 0.382 1(7)
C(70) 0.186 4(7) 0.297 6(7) 0.568 7(6)
C(71) 0.145 4(7) 0.281 6(7) 0.645 2(6)
C(72) 0.125 6(8) 0.351 9(8) 0.699 2(7)
C(73) 0.145 6(8) 0.437 1(8) 0.676 6(6)
C(74) 0.188 6(8) 0.455 4(8) 0.602 1(6)
C(75) 0.208 6(7) 0.384 4(8) 0.550 0(6)
C(76) 0.320 3(7) 0.206 8(7) 0.473 1(6)
C(77) 0.358 1(8) 0.195 9(8) 0.396 0(6)
C(78) 0.456 7(9) 0.181 3(9) 0.370 5(7)
C(79) 0.518(1) 0.179(1) 0.421 8(8)
C(80) 0.484(1) 0.191¢1) 0.500 2(8)
C(81) 0.384 1(8) 0.204 7(8) 0.524 5(7)
C(82) 0.479(1) 0.437(1) 0.456(1)
C(83) 0.412(1) 0.503(1H) 0.482 9(8)
C(84) 0.429(1) 0.566(1) 0.526(1)
C(85) 0.247(2) 0.768(2) 0.733(1)
C(86) 0.316(1) 0.773(1) 0.771(1)
C(87) 0.379(2) 0.708(2) 0.789(1)
C(88) 0.375(h) 0.628(2) 0.762(1)
C(89) 0.308(2) 0.609(2) 0.723(1)
B(1) 0.220 6(9) 0.204 0(9) 0.986 8(7)
B(2) 0.206 7(8) 0.2190(9) 0.505 4(7)

after every hour; a decay was observed (23% in 63 h for 4 and
23% in 116 h for 8) and linearly corrected. The data were
collected only to 8 < 20° owing to decomposition and poor
diffraction of the crystals. The data were corrected for
Lorentz-polarization effects and absorption.?? The structure
was solved by the heavy-atom method and refined by full-
matrix least squares on F with anisotropic thermal parameters
for the uranium and thf atoms in 4 and for the uranium atom
in 8. The hydrogen atoms were not introduced. There is a
disordered pyridine molecule in the unit cell of 8 and the
three peaks, close to an inversion centre, were assigned to C
atoms. All calculations were performed on a Vax 4000-200
computer with the Enraf-Nonius MolEN system.2? Analytical
scattering factors were corrected for both Af" and Af”
components of anomalous dispersion.2* Crystallographic
data are given in Table 3, final positional parameters in
Tables 4 and S.

Additional material available from the Cambridge Crystallo-

graphic Data Centre comprises thermal parameters and
remaining bond lengths and angles.
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