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Tris[bis(trimethylsilyl)amido]uranium:
Compounds with Tri-, Tetra-, and

Penta-valent Uranium
Joanne lee Stewart
Abstract

The trivalent uranium compound, tris(bis(trimethylsilyl)amido)-
uranium, serves as a precursor to new tri-, tetra-, and penta-valent
uranium species. The geometry about the uranium atom in the three-
coordinate bis(trimethylsilyl)amide compound is pyramidal. Lewis-base
coordination compounds of U[N(SiHe3)2]3 with a one-to-one ratio of
Lewis base to uranium were isolated with pyridine, 4-dimethylamino-
pyridine, 2,6-He2-csH3NC, and triphenylphosphineoxide. Two-to-one
coordination compounds were obtained with t-butylnitrile and
t-butylisocyanide. Compounds with more sterically demanding bases
could not be isolated, ptasdnlbly due to the steric requirements of the
bulky bis(trimethylsilyl)amide ligands.

Tris[bis(trimethylsilyl)amido]uranium reduces AgF and (CGHS)JCN3
to form FU[N(SLHe3)2]3 and N3U[N(SiHe3)2]3, respectively. The reaction

of U[N(SiMe with either trimethylaluminum or methyllithium

3'2l3

produces MeU{N(SiMe via a redox/ligand redistribution process.

2ly
Reactions of U[N(Sme;)z]3 with organcazides, RN3 (R = t-butyl,
p-tolyl), yield the pentavalent compounds U[N(SiHa3)2]3(NR). The

reaction of U[N(SiMe and U[N(SiMe ]3[N(p-coly1)] leads to

32)3 a2
formation of the metallocycls, [(Hoasi)zﬂlZUCHZ(He)zsiNSiHe3. and



U[N(SiHe3)2]3[NH(p-tolyl)], vwhich is isostructural with pentavalent
U[N(SiHe3)2]3[N(p~t01y1)]. The expected decrease in U-N(S£H=3)2 bond
length with increase in oxidation state is not observed; apparently
interligand repulsions limit the approach of the bulky ligands to the
metal.

The reaction of ClU[N(SiMe3)2]3 and Li[NH(p-tolyl)] ylelds the
uranium(IV) dimer, U2[N(SiHe3)2]a[p-N(p-tolyl)]2. The reaction of
U[N(SiHe3)2]3 with 2,4,6-trimethylaniline produces the uranfum(III)
dimer U2[N(Siﬂe3)2]a[p-N(H)(2.4,6-H2366H2)]2. Analogous substitution
products could not be obtained with aniline or p-toluidine; the dimer
appears isolable by virtue of its low hydrocarbon solubility and the
unique steric properties of the ligands employed.

The ligands t-su3co' (tritox), t-nuzcuo' (ditox), and c-5u3sm‘
(s1lox) are used to synthesize new tetravalent, mononuclear uranium
compounds. The reaction of ClU(tritox)3 with alkyllithium reagents
leads to isolation of RU(tritox)3. R = Me, Et, n-Bu, He3CCH2, He3SiCH2,
and benzyl. The reaction of U(ditox)a with MeLi affords the addition
product U(dicox)a(He)Li. whose crystal structure is described. The
preparation of the silox compounds U(silox)3612Li and U(silox)a is

reported.
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The use of sterically-demanding ligands to stablize the formation
of low-valent, monomeric metal compounds has developed into a general
synthetic theme in inorganic chemistry.l One example of such a ligand
that has been used in the synthesis of compounds contairing a wide
variety of metals is the bis(trimethylsilyl)amide iigand, (He351)2N'.2
Sodium or lithium salts of the ligand are easily prepared from the
parent amine, (HeJSi)zNH, and sodium amide or n-butyllithium,
rcspectively.3 Many (bis(trimethylsilyl)amido)metal compounds have
been synthesized by the metathetical reaction of a metal halide species
with sodium of lithium bis(trimethylsilyl)amide (Eq. 1). The metal may
be a main group elemenc,“ a d-transition mec.l,s or an f-transition
mecal.6

MX +m NaN(SiHe3)2 ceme> M[N(Si.l(ea)z]mxn_‘l + m NaX (1)
Bis(trimethylsilyl)amide complexes of the first-row transition metals,
Cr through Cu, were synthesized in 1963 and 1964 by Burger and
Wannagat.5 Since then, numerous other examples have been developed.
The syntheses and chemical properties of (bis(trimethylsilyl)amido)-
metal complexes were reviewed by Harris and Lappert in 1976.7

Tris(bis(trimethylsilyl)amido)metal(III) species comprise a
special class of these compounds. These three-coordinate molecules are
known for the Group 13(3B) metals, Al, Ga, In, and 'l.‘l;[‘d the
d-transition metals, Ti, V, Cr, and Fe;5 and most of the trivalent
lanthanide series, Cs through Lu, Iincluding lanthanide-like Sc, Y, and

La.s The geometry about the metal may be either planar or pyramidal.

Examples of each configuration have beesn observad in both the solid



s:at:e8 and gas phase.9 In the planar compounds, the metal atom lies in
the plane of the three amido-nitrogen atoms. The HN512 group also
forms a plane, and the dihedral angle bstween the two planes is
generally near 50°. Thus, the ligands surround the metal in a
"propeller"” fashion. The structure of the pyramidal species is very
similar. The ligand positions remain relatively unchanged, however, in
the solid state, the metal atom is disordered above and below the plane
of the amido-nitrogens. This phenomenon will be discussed in more
detail in Section 1.1.

There have been few reports on the reactivity of the trivalent
bis(trimethylsilyl)amide compounds. This may be due to the fact that
the bulky ligands so surround the metal atom, that reactivity at the
metal center is precluded. Some examples- of Lewis base adducts of the
tris(bis(trimethylsilyl)amido)lanthanide compounds with very non-

sterically demanding Lewis bases include trimethylphosphineoxide,10

:riphenyl-phosphineoxide.11 t-butylnitrile,lz and c-butylisocyanide.l2
The four-coordinate adducts demonstrate that it is possible for some of
the tris(bis(trimethylsilyl)amido)metal compounds to increase their
coordination number, albeit in a limited manner.

The bis(trimethylsilyl)amide ligand has also been used in the
synthesls of new actinide (5f) compounds.13 The synthetic chemistry of
the actinide elements has focused on the metals thorium and uranium,
due to difficulties caused by the availability and radioactivity of the
rest of the actinide series. The chamistry of thorium is limited in
scope becsuse .t has only one stable oxidation state, +4. Uranium, on
the other hand, has four stable oxidation states, +3 through +6. The

aqueous reduction potentials (in volts) .r°:14



UD§+(aq) J9:06.., uo;(aq) L0:38.5 4% gy -19:62.5 1P (aq).

According to the aqueous reduction potentials, the +4 oxidation atare

of uranium is the thermodynamically favored state. There are numerous

exanples of compounds containing uranium in the tetravalent stgte.15'17

The tetravalent cation is slowly oxided by air to the uranyl fon, UD§+.
The uranyl lon is the stable species in ses water, and i:s chemistry
has also been investigated extensively.17 There are fewer examples of

well-characterized compounds containing uranium in the +3 or +5

oxidation state.17

The instability of uranium(IlI) compounds toward oxidation and
ligand redistribution reactions, has hindered the development of
trivalent reagents of uranium. The synthesis of organometallic
compounds in the trivalent oxidation state has been limited mostly to

compounds of the type Cp',U, where Cp’ represents the cylopentadienyl
or substituted cyclopentadienyl lignnd.l8 The trivalent cyclo-
pentadienyl compounds are exceedingly versatile reagents, and have been

18,19

used to synthesize a large number of new uranium compounds. Some

examples of reactions the cyclopentadienyl compounds aay undergo are:

18a

(1) addition of a Lewis base (Eq.2), (2) one-electrorn oxidation to a

b

uranium(IV) compound (Eq. 3),18 and (3) twvo-electron oxidacion to a

uranium(V) compound (Eq. 4)'18c
(65H5)3U + thf ----- > (65H5)3U(thf) (2)

2 (HeCSH ),U(thf) + Ph,PS «--u-> (3)

473 3
[(HGCSHa)BU]Z(u-S) + Ph3P + 2 thf



(MeC U(thf) + Phll, ----- > Cp3U(NPh) + Nz + thf (4)

sM?3 3

In 1979, the bis(trimethylsilyl)amide ligand was used in the
preparation of a new, trivalent reagent, U[N(51K=3)213-12 The deep
purple-red crystalline compound is soluble in common hydrocarbon
solvents, volatile, and very sensitive to oxidation. The investigation
of the reactivity of this molecule is the main subject of this thesis.
The reections of the trivalent cyclopentadienyl reagents (Eqs. 5-7)
serve as & partial outline for the reactions of U[N(Siﬁe3)2]3 that will
be described. Compared to the cyclopentadienyl compounds, tris(bis-
(trimethylsilyl)amido)uranium exhibited both similarities and
differences in its reactivity. As this is only the second type of
trivalent uranium compound that has been examined in this manner, an
understanding of the complex interplay of steric and electronic factors
that contribute to the ability to isolate new uranium compounds is just
beginning to develop.

Prior to this study, many reactions of the tetravalent compound,
CIU[N(SIH93)2]3, had been investlgated.13 As this work is quite
relevent to the present studies, it will be reviewed briefly.

Tetravalent clorotris(bis(trimethylsilyl)amido)uranium was
;yntheslzcd by the reaction of Uc14 with three molar equivalents of
NaN(SlHe3)2 in diethyl ether solutlon.13 The reaction of
GlU[N(SiHe3)2]3 and MeLi led to formation of a uranium-carbon bond

(gq.2;. 13

CLU[N(SiMey),]); + MeLi ---> MeU[N(SiMe;),]; + LiCl (5)

Pyrolysis of the uranium-methyl compound results in isolation of a



1
four-merbered mstallocycle, [(HeBSI)ZN]ZUCHZ(He)ZSINSiHaa, fornmed by
20b

¥-hydride elimination (Eq. 6).

HeU[N(SiH53)2]3 (6)
1
[ (Me,S1) N1 UCH, (e) ,SINSIMe, + MeH
Another synthetic route to the metallocycle is shown in Eq. 4‘20e
UCL, + 4 Na[N(SiMe,),] .toluene, reflux %3]

[(He3Si)2N]2UCH2(He)ZS:lNS!.Me3 + 4 NaCl + (HeBSi)zNH

If the reaction in Eq. 7 was carried out in tetrahydrofuran instead of
toluene and not heated as extensively, conversion to a uranium-hydride
specles, HU[N(SiHe3)2]3, vas observed.21 The crystal structure of the
hydride was obtained21 and will be compared to the structure of;
tris(bistrimethylsilyl)amido)uranium(I1I) in Section 1.1.

While the study of the bis(trimethylsilyl)amide compounds of
uranium is the major focus of this work, attempts were also made to
extend these synthetic schemes to uranium compounds of the bulky
alkoxides and siloxide, (t-Bu),4CO", (t-Bu),CHO™, and (t-Bu),S10°.
Although no new stable uranium(IIl) reagents were obtained, a variety
of new tetravalent compounds were isolated and characterized. Ligand
redistribution reactions appeared to play a major role in these
studies, as attempts at the synthesis of uranium(Iil) compounds always

resulted in mixtures of products from which only uraniun(lV) species

could be isolated.
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The Chemiztry of [Bis(trigethylsilyllamidolyrsnium Compounds

Section 1.1. Lewils base coordination compounds of UIN(SiMe,),],.
Ih2_i!ﬂl!iﬂﬂ.lﬁin!;_!lﬂiﬁiﬂs31213

Stable, well-characterized compounds containing uranium in its
trivalent oxidation state are rire. Compounds of this type could
potentially serve as precursors to new uranium(III) species, via
substitution reactions, or to new uranium(IV) and (V) compounds,
through oxidative routes.

The study of metal complexes of the bis(trimethylsilyl)amido
ligand has resulted in the synthesis of a large number of trivalent,
homoleptic tris(bis(trimethylsilyl)amido)metal(Ill) compounds,

M[N(SiMe These species are known for main group metals (Al, Ga,

P2l
In, and Tl),1 3d transition metals (Ti, V, Cr, and Fe).z and for mest
of the lantharide(4f) metals, including lanthanide-like Sc, Y, and La.3
The compounds that have been characterized in the solid state all
crystallize in the space group P3lc and fall into two structural
classes. In the first class (M = Ti{, V, Cr, Fe, Al, Ga, In, and Tl),h
the metal atom is found in the plane formed by the three amido-nitrogen
atoms. In the sacond class (M = S¢, Nd, Eu, and Y‘b),“a'5 the metal
atom is disordered above and below the plane of the nitrogens. The
first group exhibits ctrigonal-planar geometry about the metal atom, and
the second group exhibits trigonal-pyramidal geometry.

The uranium analogue of the above compounds was successfully

synthesized in 1979.6 The geometry about the metal in this three.



coordinate compound was of interest, as low-coordinate uranium
compounds are very unusual., The metal generally exhibits coordination

6 It has been observed that the

numbers of nine, ten, or higher.
"as(N512) stretching frequencies for the planar bis(trimethylsilyl)-
amide compounds are found in the range of 899-913 cn'l. whereas the
frequencies for the pyramidal compounds are found at 950-995 cn-l.aa
The stretching frequency for the uranium compound is found at 990
cm.1,7 suggesting a pyramidal structure.

Crystais suicable for X-ray studies were obtained by cooling a
saturated cyclohexane solution slowly to -15°C. Earlier attempts at
growing crystals from either hexane or pentane also produced long
purple needles, however, the crystals from these solvents never ﬁroved
suitable for X-ray studies. The crystal structure of the uranium
compound showed it to be isostructural with other known pyramidal
compounds. As with the other pyramidal compounds, the uranium atom is
disordered above and below the plane of the three nitrogen atoms. The
distance from the plane to the metal atom is 0.456(1) A. An ORTEP
drawing of the molecule with only one of the metal sites occupied is
shown is Figure 1-1. Relevant bond lengths and angles are listed in
Tables 1-1 and 1-2.

The U-N bond length is approximately what one would predict from a
sinple ionic bonding model. The sum of the ionic radius for three
coordinate, trivalent uranium, 0.87 A.B and the effective icnic radius
of the silylamide ligand, 1.47(3) A, derived by Eigenbrot and Raymond
from the structural data for all the known tris(bis(trimethylsilyl)-
amido)metal conpoundl,9 predicts a bond length of 2.34{3) A. This is

close to the observed U-N bond length of 2.320(4) A.



Elgure 1-1.

ORTEP diagram of U[N(SLH‘3)2]3.

10



Elgure 1-2.

Packing diagram of U[N(Sﬂh:) ]3 showing the channel
containing the cyclohexane molecule.

11



12

Table 1-1. Bond lengths (i) for U[N(5iMe,),],.

U-N 2.320(4) §i-Cl 1.873(5)
§i-C2 1.875(4)
N-5i 1.713(1) §1-C3 1.869(4)

C4-C4’ 1.54(3)
C4'-ca™ 1.48(3)

Iable ]1-2. Intramolecular angles (°) for U[N(SiKe3)2]3.

N-U-N 116.24(7) C1-51-C2 107.3{2)

S4-N-51' 125.8(2) C1-51-C3 107.9¢2)
€2-51-€3 107.5(2)

U-N-S4 124.5(2)

U-N-Si 108.31(6) C4-Ch’ -C4" 118.2(1)

N-Si-C1 113.7(2)

N-S1-C2 107.7(2)

N-5i-C3 112.5(1)

The tris(bis(trimethylsilyl)amido)uranium molecules pack such that
a channel is formed along the z-axis. Slightly disordered cyclohexane
molecules are located in the channel, with approximately one
cyclohexane molecule per three "layers™ of uranium molecules. A
packing diagram {s shown in Figure 1-2. The orientation of the
cyclohexane ring is perpendicular to the crystallographic z-axis. The
carbon atom of the cyclohexane, C4, (all other carbon atoms in the
cyclohexane are generated by symmetry operations) was refined
anisotropically at 1/3 occupancy. It exhibits a large thermal
parameter in the z direction (B(3,3) = 19(1)), suggesting disorder in
this direction. Indeed, the bond lengths and angles for the
cyclohexane ring, listed in the above tables, also show the molecule to
be cither disordered or seversly distorted.

Three possible axplanations for the obaerved geometry in the

tris(bis(trimethylsilyl)amido)metal compounds include: (1) metal-
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nitrogen x-bonding, (2) crystal packing forces, or (3) the polarized-
ion model. Each will be discussed relative to physical studies that
have been carried out on this class of molecules,

Originally it was proposed that the main group metal compounds
have a strong pr-pr component in the M-N bond (dx-px for the transition
metals). This interaction favors the planar arrangement for the best
orbital overlap." The bonding in the lanthanide and actinide
compounds was said to be more ionic, consequently removing any strong
stereochemical requirements., This explanation was addressed in a
photoelectron spectroscopy study by Green and co-workers, in which the
He-I and He-II spectra of & large number of bis(trimethylsilyl)amide
compounds were exanined.lo Assuning a planar geometry for the HNSiz
fragment, the lone pairs on the amido-nitrogens break into two sets, o
and x. Under three-fold symmetry, both sets of lone palrs transform as
a + e, thus there is the possibility of four ionization bands due to
the nitrogen lone pairs. However, in Green's analysis, there is no
energy separation observed between the a and e bands of the lone pairs,
i.e,, only one band is observed for each of the o and » type lone
pairs. This phenomenon can be explained by a lack of significant lone
pair interaction with the metal, or in other words, minimal M-N
x-bonding.

Eigenbrot and Raymond also addrassed the question of M-N x-bonding
in their analysis of all the structurally characterized tris(bis-
(trimethylsilyl)amido)metal compounds.9 They refute earlier t:lai.ms‘.a
that the M-N bond lengths in the transition metal compounds are shorter
than would be predicted from the sum of the ionic radii. Eigenbrot and

Raymond's analysis of the metal-nitrogen bond lengths shows no
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shortening in the transition metal compounds relative to the lanthanide
compounds., They suggest a second explanation for the observed
geonetries about the metal, crystal packing forces. The
bis(trimethylsilyl)amide ligands Qdopc their most stable D3 symmetry,
forming a "pocket™ in which the metals with larger ionic radius do not
fit. This is supported by the fact that the ligands pack in a similar
manner in both the planar and pyramidal structures, and only the metal
atom position changes to determine planar versus pyramidal geometry.

The explanation of crystal packing forces was used earlier to

explain the pyramidal geometry of the Sc, Eu, and Yb z:ouu:aouncls."a

Evidence comes from the infrared spectrum of the Sc compound.48 The

planar compounds exhibit one band in the infrared near 380 cm'l,
assigned to the HN3 antisymmetric stretcking vibrations. In the solid,
the scandium compound exhibits two resonances in this area, at 385 and
370 cm'l. as would be predicted for pyramidal geometry. These two
bands collapse into one band in selution. Gas-phase electron
diffraction (GED) data on the Sc compound also support a nearly planar
structure, (NScN = 119.1(1.5)'.11

In contrast to the scandium compound, GED results on the Ce, Pr,
and La compounds show them to retain their pyramidal configuration in
the gas phase.12 with NMN angles of 112(3)°, 113(¢(3)°, and 110(3)°,
respectively. Fjeldberg and Andetunl2 suggest two important factors
affecting the geometry: 1) non-bonded carbon-carbon interligand
repulsions and 2) charge-induced dipole interactions. Large
polarizable cations, such as the lanthanide and actinide ions, may
favor non-planar geometry, which is observed for the Ce, Pr, and La

compounds. However, for the smaller scandium cation, repulsive
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interactions between methyl groups of the ligands prevent a non-planar
geometry. Table 1-3 summsrizes the GED results for the Sc, Ce, Pr, and
La compounds, along with their ionic radii (for coordination number =

3.8

Table 1-3. Gas-phase Iiectron diffraction of H[N(SiHe3)2]3

compounds.
¥*3 | tonic radius (A) | M-N (&) | 2N (*) | Shortest inter-ligand
€-C distance (&)
Sc 0.53 2.02(3) | 119.5(1.5) 3.20(10)
Ce 0.85 2.33¢4) | 112(3) 3.30(25)
Pr 0.83 2.31¢4) | 113¢3) 3.60(16)
La 0.87 2.36(3) | 110¢3) | -----
Levis base goordination coupounds of UIN(SiMe,),l1,

The tris(cyclopentadienyl) compounds of the lanthanide and
actinide elements form isolable Lewis base adducts with a wide variety
of Lewis bases. Complexes have been made with ligands containing many
different donor atoms, including nitrogen, oxygen, phosphorus, and

13 The coordination chemistry of tris(bis(trimethylsilyl)-

sulfur.
anido)metal compounds, on the other hand, is rather meager. Examples
in the literature include only H[N(SiHe3)2]3(0PR3) (M=La, Pr, Eu, Gd,

In and ReMe; or M=La, Eu, Lu and R-Ph),1A Nd[N(SiMe ]3(NCBut).7 and

3)2
Nd[N(SiHe3)2)3(CNBuc).7 The reason for the lack of coordination
chemistry is most likely due to the extreme steric congestion caused by
the bulky bis(trimethylsilyl)amide ligands. The coordination compounds
that have been described all have the bulk of the coordinating ligand

wall away from the metal center.



Reactions of Lewis bases with tris(bis(trimethylsilyl)amido)-
uranium follow the same trend, Coordination compounds may be isolated
only when the donor ligand is not very sterically demanding. Compounds
with a Lewls base to uranium rato of one-to-one may be obtained with
pyridine, 4-dimethylaminopyridire, 2,6-dimethylphenylisocyanidz, and
triphenyl-phesphineoxide, Two-to-one coordination compounds may be
obtained with t-butylnitrile and t-butylisocyanide.

When U[N(Siue3)2]3 wvas allowed to react with one molar equivalent
of pyridine in pentane solucion, the red-purple color of the solution
changed to blue-purple. Filtration of the solution, followed by
concentration and cooling produced dark purple block-like crystals.
The infrared spectrum of the compound showed an absorption at 1599
cm'l, corresponding to the ring stretches of a coordinated pyridine
molecule. The 1H NMR spectrum showed the resonance due to the
trimethylsilyl groups to be shifted from -11.38 ppm in the base-free
compound to -7.90 ppa.

The reaction of U[N(SiHa3)2]3 wicth the substituted pyridine,
4-dimethylaminopyridine, proceeded in a similar manner. The pyridine

ring breathing mode in the infrared spectrum is shifted to 1629 cm'l,

from its position in the free ligand at 1600 en’l,

The chemical shift
of the trimethylsilyl protons is at -5.64 ppm. Resonances due to the
ligand are also assignable and the incegration indicated a one-to-one
ligand to mecal ratio.

The reaction of U[N(Sixe3)2]3 with 2,6-dimethylphenylisocyanide in
pentane solution led to a dramatic color change from purple-red to deep

blue-green. A blue-green compound was crystallized by cooling the

solution to -15°C. All the resonances of the expected one-to-one

16



coordination compound were located in the 1H NMR spectrum, and the
integration confirmed the one-to-one stoichiometry. The C-N stretching
frequency shifts to slightly higher energy upon coordination, from a

1 for the coordinated

value of 2115 cn-l in the free ligand to 2200 cm”
ligand. This increase suggests the bond is primarily ¢-donor in
nature, with little to no x-backbonding conponent, which would be
expected to lower the frequency upon coordination.

The success of the reactions of the tris(bis(trimethylsilylamido)-
lanthanide compounds and trialkylphosphineoxide species suggested these
ligands as obvious candidates for the uranium amide. Dark purple
crystals were isolated from ;he reaction of U[N{Siﬂe3)2]3 with
triphenylphospﬁineoxide in pentane solution, though the crystals turned
brown on the surface and crumbled after drying at reduced pressure.
Crystals obtained from toluene solution were somewhat more robust,
however, toluene was always present in the 1H NMR spectrum in variable
amounts. Prolonged dryirg of the product removed all of the toluene,
but again the crystals discolored and crumbled. The infrered spectrum
indicated the presence of the coordinated ligend and elemental analyses
supported a one-to-one stoichiometry.

In order to better understand the extent of steric crowding in the
tris(bis(trimethylsilyl)amido)uranium coordination compounds, the X-ray
crystal structure of the triphenylphosphineoxide coordination compound
was obtained. The crystals were grown from a saturated toluene
solution cooled slowly to -25°C. They were isolated by filtration,
dried at reduced pressure for less than one minute, and immediately
loaded in quartz capillaries. An ORTEP drawing is shown in Figure 1-3.

Some bond lengths and angles are given in Tables 1-4 and 1-5,
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Table 1-4. Bond lengths (A) for U[N(SiMe,),],(OPPh,).

U-0 2.382(2) N1-§111 1.724(4)

y-N1 2.367(3) N1-s5112 1.720(4)

U-N2 2.343(4) N2-8i21 1.726(4)

U-N3 2.362(6) N2-5122 1.720(4)
N3-5i31 1.713(¢4)

0-P 1.512(2) N3.5132 1.720(3)

P-Cl1 1.790(5)

P-C7 1.786(5)

P-C13 1.787(4)

Iable 1-3. Intramolecular Angles (°) for U[N(SiHe3)2]3(OPPh3).

y-o-p 176.5(2) U-N1-5111 124.3(2)
U-N1-8112 116.9(2)
N1-U-N2 109.8(1) U-N2-5121 122.9(2)
N1-U-N3 115.6(1) U-N2-8122 117.6(2)
N2-U-N3 110.7(1) U-N3-51i31 117.7(2)
U-N3-5132 122.2(2)
0-U-N1 107.9(1)
0-U-N2 107.0(1) 0-P-Cl 111.4(2)
0-U-N3 105.3(1) 0-P-C7 111.8(2)
0-P-C13 111.5(2)

S$111-N1-5i12 118.8(2)
S121-N2-5122 119.4(2)
S131-N3-5432 120.2(3)

The compound {s isostructural with the analogous lanthanum

b The geometry about uranium is

specles, La[N(Sine3)2]3(oprh3).1“
pseudotetrahedral. The U-N bond lengths of 2.343(4), 2,.362(4), and
2.367(3) A, are slightly longer than the U-N bond in “(“(Si"‘a)zla'
2.320(3) A, as would be expected for a higher coordinate compound. The
U-0 distance, 2.382(2) A, is essentially the sane as that found in the
similar U(III) compound, (HeCSH“)SU(OPPhs). U-0 = 2.389(6) A. The fact
that this distance does not change on going from a 4-coordinate to a
10-coordinate compound suggests that interligand repulsions may play a
rols in deternining the U-O bond length. The U-0-P angls is nearly

linear (176.5(2)*) as it is in the isostructural lanthanum compound

(176.6(9)*y . 14®
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After refinement of all non-hydrogen atoms with anisotropic
thermal parameters, several large peaks (>2 e'l/Aa) were located near
the inversion center at (1/2, 1/2, 0). The map of electron density in
this region indicated the presence of a severely disordered toluene
molecule. The toluene was modeled by placing three carbon atoms at the
positions of the three largest peaks in the difference Fourier map and
allowing their positions and occupancies to refine.

Although the coordination sphere about U[N(SiHe3)2]3 appears to be
very sterically congested, it was possible to form two-to-one
coordination compounds with the ligands t-butylnitrile and
t-butylisocyanide. These reactions were the most difficult to
reproduce, possibly due to decomposition caused by adventitious oxygen.
The nitrile and isocyanide compounds could only be obtained if the
glassware used in the reaction was carefully flame-dried, while a
dynamic vacuum was applied. Recrystallization of reaction products was
never successful. )

Addition of one or two molar equivalents of t-butylnitrile to a
pentane solution of the uranium compound produced an immediate color
change to deep blue. The coordination compound crystallized as large
blue plates that turned to a blue flaky powder when isolated, probably
due to loss of occluded solvent. The integration of the 1H NMR
spectrum gave a t-BuCN to U[N(51H03)2]3 ratio of two-to-one.

When one or two molar equivalents of t-butylisocyanide was added
to a pentane solution of U[N(SiMeJ)zla, a similar blue compound was
isolated. However, thers appeared to be a few needle-shaped crystals

1

mixed in with the blue plates. The "H NMR spectrum suggests the

needles may be a one-to-one adduct, as the spectrum integrates to
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slightly less than two t-BuNC ligands to one molecule of U[N(SiHea)Z]s.
The C-N stretching frequencies of the t-butylnitrile and
t-butylisocyanide ligands increase slightly upon coordination. These
frequencies, as well as the location of the 1H NMR resonance for the

Me,Si groups, are listed in Table 1-6.

Table 1-6. Stretching frequencies (cm’l) and 1H NMR shifts (ppm)
for t-butylnitrile and t-butylisocyanide adducts of

U[N(SMey),] .
vy (free) vey(coord.) §(Me,51)
t-BuCN 2238 2253 -2.75
t-BuNC 2175 2248 -4.75
(2,6-H82C6H3)NC 2115 2200 -5.39

The structures of the two-to-one adducts are believed to be
trigonal bipyramidal. There are a several structurally characterized
compounds of the type CpJH(NCR)2 (M = early lanthanide metal) that
exhibit trigonal bipyranidal geo-etry.ls

Reactions of tris(bis(trimethylsilyl)amido)uranium with a variety
of other Lewis bases were carried out. No isolable coordination
compounds were obtained with trimethylamine, trimethylphosphine,
trimethylphosphite, tetrahydrofuran, and carbon monoxide. When
methylisocyanide was added to one molar equivalent of U[N(SiHeB)Z]S' in
pentane solution, the color changed immediately from purple-red to
blue, then after one minute a brown precipitate formed. The
precipitate may have been a ursnium(IV) cyanide compound, formed by the

reduction of methylisocyanide, howesver, the brown solid was not further

charscterized. The reaction with benzonitrile did appear to produce a



U-CN containing product, which will be discussed in greater detail in
the Section 1.2,

The product from the reaction of U[N(Slﬂes) with ammonia was

23
sonewhat unexpected, as the ammonia coordination compound of
tris(methylcyclopentadienyl)uranium, (Hecsﬂa)U(NHS). is a very stable,
crystalline apecies.ls When U[N(Smea)z]3 was allowed to react withk a
hexane solution saturated with ammonia, a grey precipitate formed
immediately. When isolated, the precipitate proved to be an an
exceedingly pyrophoric, free-flowing grey powder. The elemental
analysis showed the presence of some carbon (5.2%), nitrogen (7.2%),
and hydrogen (1.5%), from which no reasonable empirical formula may be
derived. The grey powder is insoluble in hydrocarbon solvents,
tetranydrofuran, methylene chloride and acetonitrile. Possibly,
substitution of the bis(trimethylsilyl)amido ligands by ammonia,
followed by condensation, may have led to the formation of a polymeric
product (Eq. 1-1). However, simple acld-base considerations would not

predict the initial substitution, as HN(SiMe
17

3)2 is deprotonated by

NaNH, to form NaN(SiHeg)z and ammonia.

2

UN{SiMeg)gls + NHy == UIN(SiMea)l2(NH) + HN(SiMes)z

(1-n)
idimerize

etc.
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In conclusion, the coordination chemistry of U[N(Siﬁes)zl3 is very
different from that of the cyclopentadienyl system. The coordination
compounds that may be isolated are not very stable, and difficulties
were encountered in the reproducibility of the reactions. 1In some
cases, it appears that the difficulty is due to the steric requirements
of the bulky bis(trimethylsilyl)amide ligands. In other cases,
complications arose due to unexpected redox chemistry or reactivity of

the bis(trimethylsilyl)amide ligands.

23
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One-electron redox reactions

An interesting aspect of the chemistry of uranium is the wide
range of stable oxidation states the metal exhibits (+3 through +6).
The only other f-elements with as many stable oxidation states are the
unstable synthetic elements, neptunium, plutonium, and americium. 1In
light of this, a U(III) compound could potentially act as a one, two,
or even three electron reducing agent., In this section, one electron
redox reactions will be discussed. The products fall into two different
classes. The first set of reactlons involves formation of new U(IV)
compounds, from the reaction of U[N(Siﬂe3)2]3 with reducible
substrates. These reactions were found to be particularly useful in
the synthesis of uranium(IV) species that could not be made by simple
metathesis reactions with uranium(IV) precursors. The second set of
reactions also start with U[N(Siﬂe3)2]3, but involve substrates not
normally considered to be reducible. The reactions appear to combine
the stability of uranium’s +4 oxidation state, rxelative to the +3
state, vith the extreme lability of its ligards, to form stable

uranium(IV) species via disproportionation reactions.

Studies of tris(cyclopentadienyl)uranium flouride have shown it to
be different from its chloride, bromide, and iodide unalogues.19 The
uranium flouride compound appears to auto-associate in benzene
solution, and magnetic measurements on solid samples suggest there may
be magnetic interaction between metal centers.19 Tris(cyclo-

pentadienyl)uraniua flouride displaces the tetrahydrofuran from

CpSU(:hf), to form a mixed-valence ldduct.zo The methylcyclo-



25
pentadienyl analogue of the adduct has also been uadn.lal
Unfortunately, the high insolubility of these interesting mixed-valence
compounds has hindered their purification, and further studies on the
compounds have not been reported. It was of interest to see whether
the flouride, FU[N(SiHea)z]a. could be made, and if it would exhibit
any of the same unusual phenomena.

Silver(l) salts, AgX, are a reducible source of X anions, where
X~ may be halide, azide, cyanide, or a variety of other anions. When
U[N(SiHea)zl3 was stirred with a pentane suspension of AgF, the dark
purple solution lightened slowly to a pink-yellow color. During the
reaction, a silvery-black precipitate of Ag metal was formed.
Filtering the reaction mixture and then cooling the filtrate slowly
(-78°), produced pale pink crystals. The reaction was very clean and
the product was obtained as crystals in good yield. The infrared
spectrum of the pink crystals showed a new, strong absorption in the
region of metal-flouride stretches (509 cn'l).21 The U-F stretch in
(Hecsﬂb)auf occurs at 467 cn'l.lal A molecular ion for F'U[N(SiHe3)2]3
was observed in the mass spectrum,

The 1H NMR spectrum of an equimolar mixture of FU[N(sme3)2]3 and

U[N(SiMe indicated no adduct formation. Resonances for each of

Pl
the compounds were observed, unchanged from their positions in the pure
compounds. Magnetic measurements on FU[N(SiHe3)2]3 did not indicate
any unusual behavior. A plot of 1/xH vs. T i3 shown in Figure 3-2.

Its qualitative appearance, and the calculated magnetic moment of the
compound, are similar to other X-U[N(51H03)2]3 compounds that have been

measured. Evidently, the bulky bis(trimethylsilyl)amide ligand, which

limited the chemistry of U[N(51H03)2]3 with Lewis bases, also hinders



the reactivity of the uranium flouride.
The triphenylmethyl, or trityl compounds, Ph3c-x, are another
class of readily reducible substrates. The relatively stable trityl

radical, Ph.Ce, may be isolated as the dimerized "bitrityl” compound

3

which has the structure,

H
nse X DW¥ten,

as determined by 1H and 130 NMR specl:roscopy.z2

When a hexane solution of U[N(SiHe3)2]3 was added to one molar
equivalent of trityl azide, the color of the solution changed from deep
purple to pale yellow. A mixture of brown and white solids were
crystallized from the reaction mixture (-15°C). Physical separation of
the two solids, followed by recrystallization from hexane, yielded two
pure products, The white solid was shown to be bitrityl by 1H NMR
spectrcscopy,22 The brown solid recrystallized as gold-colored
crystals, which had new, strong stretches in the infrared spectrum at
2120, 2106, and 2082 cm" ), indicative of an azide compound.’l The mass
spectrum contained a molecular ion for NJU[N(SIHe3)2]3.

Normal mode analyses of metal azides show the absorptions near

23

2000 cm'l to be due to the "as(N3) mode. The observation of more

than one band in this region {s attributed to the reduced symmetry of

23 A weak band is

-1 23

the compound, caused by a nonlinear M-N-N angle.
expected for the symmetric N3 stretch, near 1300 cm In the
uraniunm compound, this band may be obscured by Nujol absorptions.
There is a weak absorption ac 595 cm'l. attributed to the N, bend. 23
Reactions with other organic azides, in which the organic group

does not form a stable alkyl radical, did not yleld the uranium azide
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compound. These reactions will be discussed in Section 1.3.

As mentioned at the end of Section 1.1, the reaction of
U[N(S:I.Ke3)2]3 with benzonitrile (PhCN), did not result in isolation of
the simple coordinated nitrile species. Instead, the color of the
reaction mixture, which was initially blue when the benzonitrile was
added, slowly turned brown. Fine, brown needles were crystallized from
the reaction mixture (-25°C). The infrared spectrum of the product had
a strong absorption in the region of metal-cyanide stretches (2063
cm'l) and a weaker stretch indicative of coordinated benzonitrile (2252
cn'l).21 The product is proposed to be (NC)U[N(SiKe3)2]3(NCPh). This
formulation is supported by the mass spectrum, in which the highest
peak rorresponds to loss of HCN from the proposed product. Attempts to
isolate the uranium-cyanide compound, free of coordinated benzonitrile,
both by controlling the stoichiometry of the reaction carefully to 1:1,
and by sublimation of the product, were not successful.

The electrochemical reduction of benzonitrile in 75% dioxan shows
two waves at -2.26 and -2.37 V, relative to S.C.E.ZA The ability of
U[N(SiHe3)2]3 to reduce benzonitrile is consistent with the
observations made below, involving R3PE compounds (E - 0, S, Se, Te).
Electrochemical reduction of some substituted benzonitriles, in neutral
solution, has been shown to lead to formation of CN~ and an alkyl

radical.zl"25

Bridging Chalcogenides
Reactions of (Mecsﬂé)3v(thf) and (C5M°5)2Yb(05°2) with R3PE
compounds (E = S, Se, or Te) have identified the trialkylphosphine-

chalcogenides as another class of reducible substrates. The products
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obtained were the bridging compounds, (HeCSHA)su-E-U(HeCSHA)326 and
(Hescs)sz-E-Yb(Hescs)z.27 It was of interest to investigate whether
the analogous uranium bis(trimethylsilyl)amide conpoﬁnds could be made,

When a dark purple, pentane solution of U[N(SiHe3)2]3 was added to
one molar equivalent of PhsPS, the solution turned bright gold and
triphenylphosphine precipitated. An orange-gold crystalline solid was
isolated after filtering and cooling the reaction mixture (-78°C). The
compound appeared to crystallize with occluded solvent, as the gold
crystals turned opaque after they were isolated. A new absorption was
observed in the infrared spectrum at 322 cm'l, which has been assigned
to the U-S-U asymmetric stretch. This may be compared to the values of
358 and 379 cn'l observed for the cyclopentadienyl Yb and U compounds,
respectively, that are described above.

Reactions of tris(bis(trimethylsilyl)amido)uranium with Ph3PSe or

n-Bu,PTe gave the analogous bridging Se and Te compounds. The color of

3
the selenium compound is darker orange than that of the sulfur one, and
the tellurium compound is red. Both reactions proceeded rapidly at
room temperature. Like the sulfur compound, the selenium dimer
crystals turned opaque after they were isolated, whereas the tellurium
compound remained crystalline. The asymmetric U-E-U stretches for the
Se and Te compounds appear to be below the detection limits of the
spectrometer. Some comparative information on the bis(trimethyl-

silyl)amide and methylcyclopentadienyl uranium compounds is given in

Table 1-7,
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Table 1-7. Physical data for (UL3)2(u-E).

L= N(sile,), L= (ec, %
E | color m.p.(*C) VIXU(em™ L) color m.p.(*C) vUXU(cn'l)
s | gold 145 322 red 275 358
Se | orange 145 <250 red 240 216
Te | red 158 <250 green 200 <200

The bis(trimethylsilyl)amide species do not follow the same trends
in melting points and solubilities that the cyclopentadienyl compounds
do. The trends of decreasing melting point and increasing hydrocarbon
solubility, proceeding down the chalcogenide group, is also observed in
the ytterbium compounds. One explanation for the observed trends is
that steric repulsions of the two (HeCSH4)3U units force the U-S-U
angle to be nearly linear for the sulfur compound (as is confirmed by
its crystal structure, (USU = 164.9(5)')26, whereas the longer U-Se and
U-Te bonds move the uranium units further lparé. allowing the U-E-U
angle to bend. The identical melting point and solubility behavior of
the sulfur and selenium bis(trimethylsilyl)amide compounds suggest they
may be lsostructural. If, as the lack of coordination chemistry
inplies, the bis(trimethylsilyl)amide ligand is effectively bigger than
the methylcyclopentadienyl ligand, then both the sulfur and selenium
compounds may be forced by steric repulsions to have near linear U.E-U
geometries, whereas, the Te compound may be able to bend.

The X-ray structure of the bridging telluride was determined by
Dr, A, Zalkin, The trimethylsilyl groups on one half of the molecule
(specifically on N1, N2, and N3) are disordered in the following

manner. The plans defined by the UN512 portion of the bis(trimethyl-
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sily)amide ligand is tilted with respect to the axis defined by the U-
Te bond. This gives the [(Haasi)zﬂlau unit a “handedness". The two
positions for each of the trimethylsilyl groups in the disordered
portion of the molecule may be thought of as the two isomers of the
[(He351)2N13U unit. This means that in the crystal lattice, half of
the dinuclear species have [(He351)2N13U units with the same
handedness, and half with the opposite. An ORTEP of each molecule,
looking down the Ul-Te-U2 axis is shown in Figure 1-4. A packing
diagram shows no obvious reason for this disorder or for why the
disorder is observed on only one of the uranfum atoms in the molecule.
Some bond lengths and angles are given in Tables 1-8 and 1-9. An ORTEP
drawing of the molecule, including only one set of the disordered

sites, 1s shown in Figure 1-5.

ble 1-8. Bond lengths (A) in ([(He351)2N]30)2(p-Te).a
Ul-N1 2.22(2) U2-N4 2.25(2)
Ul-N2 2.25(1) U2-N5 2.22(L)
UL-N3 2.27(1) U2-N6 2,26(1)
Ul-Te 3.01(1) U2-Te 3.03(1)

u...u 6.05(1)

8Prellminary results.

Iable 1-9. Intramolecular angles (*) in ([(He351)2N13U)2(p-Te).a

Ul-Te-Ul 177.5

N1-U1-N2 113.86 N4-U2-N5 112.82
N1-U1-N3 109.27 N&4-U2-N6 107.42
N2-U1-N3 110.99 N5-U2-N6 109.94
Te-Ul-N1 106.39 Te-U2-N4 108.44
Te-Ul-N2 108.62 Te-U2-NS 104.83
Te-Ul-N3 107.41 Te-U2-N6 109.94

aPrelininary results, no esd’'s available.
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Figure 1-4. ORTEP diagrams of ([(Me,S1) N] U} (u-Te), looking down the
Ul-Te-U2 axis, showing Ehe %uo disordered positions for
the trimethylsilyl groups on Ul (carbon atoms omitted for

clarity).
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The U-Te-U angle is 177.45°, essentially linear. Electron
donation from lone-pair orbitals on the tellurium to orbitals of
appropriate symmetry on the uranium could cause the angle to be linear,
however this interaction should shorten the U-Te bond, whereas the U-Te
distances of 3.01(1) and 3.03 A are essentially the sum of the ifonic
radii (Tez' - 2,22 A, Ul‘+ - 0.83 A).s As described above for the
sulfur and selenium compounds, the angle about tellurium also may be
determined by interligand repulsions between [(He351)2N13U units,
There are a number of interligand contacts between the two units
(carbon-carbon distances), of 3.6-3.8 A.

As was noted earlier, the reaction of Ph3PD with U[N(SIH23)2]3 did
not result in formation of the bridging oxo compound, but gave the
U(I11) coordination compound described in Section 1.1. This is

consistent with the trend in bond strergths and reduction potentials of

the R3PE species shown in Table 1-10.

Table 1-10. Reduction potentinls‘ and E-0 bond strengths in PhSPE
compounds .

E | -€; /,‘,(V)28 E~0 bond strength (keal/mol)2®

0 l 2.5 137

s 2.4 91

Se 2.1 --

%Measured at a dropping mercury electrode relative to S5.C.E.

1t should also be noted that in the slectrochemical reduction of PhaPS

and Ph,PSe, formation of triphenylphosphine and s2° or se?” was
obsrrved, whereas the analogous reactivity was not observed in the

reduction of PhsPO.zsa
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Ligand gedistribution resctions

The second set of reactions that will be described in this section
also result in isolation of stable uranium(IV) products from
uranium(III) starting materials. However, instead of simple one-
electron redox reactions, the products appear to arise from a series of
steps involving uranium’s ability to redistribute its ligands in order
to reach the more stable +4 oxidation state. The first example of this
type of reaction came out of investigations into the reactivity of the
lone pair electrons on the bis(trimethylsilyl)amido nitrogens.
Boncella observed that the reaction of (Yb[N(SiHe3)2]2)2 with the Lewis
acid, trimethylaluminum, led to isolation of a coordination compound,
with trimethlyaluminum coordinated to the nitrogens of the amide
ligands.30 The reaction between U[N(SiHe3)2]3 and trimethylaluminum
proceeded in a very different manner. In hydrocarbon solvents, the

purple-red solution of U[R(SiMe turned black slowly, after

3213
addition of one to three equivalents of trimethylaluminum. After
stirring the reaction mixture overnight, removal of the solvent left a
black, oily solid. Several recrystallizations of the solid, from

lH NMR spectrum contained a

hexane, ylelded gold-colored blocks. The
large resonance for the silylamida protons at -1.76 ppm and a small
resonance at -224 ppm. This spectrum, along with the infrared spectrum
and melting point, showed the product to be the methyl compound,
HeU[N(SLHGJ)zls, which had been made earlier by the metathesis reaction

31

between CLU[N(SiMe and Meli.

32l3
The geometry about the uranium in HeU[N(SiHe3)2]3 and
U[N(SiHes)zls(OPPhs) should be similar, so the crystal structure of the

wethyl compound should allow a good comparison of bond lengths and
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angles in uranium(III) and (IV) compounds. The crystal structure was
solved by Dr. F. J. Hollander. Bond lengths and angles are given in
Tables 1-11 and 1-12, An ORTEP drawing of the methyl compound is shown

in Figure 1-4.

Table 1-11. Bond lengths (A) for HGUIN(51M93)2]3-

u-§ 2.252(4) sil1-c11 1.867(6)
u-c1 2.397(13) sil-c12 1.857(6)
511-C13 1.846(6)
N-Si1 1.752(5) s12-c21 1.861(7)
N-512 1.738(5) $12-C22 1.862(6)
$12-¢23 1.846(6)

Table 1-12. Intramolecular angles (*} for HeU[N(SiHe3)213.

Cl-u-8 99.37(11) U-N-811 121.5(2)
N-U-N 117.40(6) U-N-512 118.5(2)

Si1-N-512 120.1¢2)
N-Sil-Cll1 109.1(3) N-si2.c21 109.3(4)
N-511-C12 114,5(2) N-5£2-C22 113.1(2)
N-5{1-C13 112.1(3) R-512-C23 112.6(3)
Cl1-811-C12 104.5(3) C21-512-€22 106.3(4)
Cl1-511-C13 108.4(3) C21-512-C23 109.7(4)
C12-s{1-C13 107.8(30 C22-512-C23 106.6(3)

The compound crystallizes in the acentric space group R3c, with
the uranium on the crystallographic three-fold, defining the origin.
The unique methyl group is also on the three-fold, 2.397(13) A above
the uranium. The U-N bond distance is 2.252(4) A, which compares
nicely to the U-N bond length of 2.24(1) A in HU[N(SiM93)2]3.32 It is
0.11 A shorter than the average U-N bond length in the uranium(III)
compound, U[N(SiHe3)2]3(OPPh3). as would be expected for an increase in

oxidation state. The N-U-N angle, 117.40(6)°, is larger than in



Elgure 1-6.

ORTEP diagram of Hel][N(Si.Hea)2

13‘
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U[N(SiHea)z]a(OPEhs), (LN‘U'N)nve. = 112.1(1). The shorter U-N bond
length in the uranium(IV) compound may cause interligand repulsions to

push the ligands away from each other, increasing the N-U-N angle.

The reaction of the uranium(1V) alkyl compounds, Cp3UR (R = Me,
Pri. or Bun), with alkyl-lithium reagents, LiR’', leads to the formation

of very reactive uranium(111) alkyl anions, CpJUR".33

Another
possible route to these types of compounds is the addition of an alkyl-
lithium reagent to a uranium(IlI) starting material, It was of
interest to see if the uranium(IIIl) anion, HeU[N(SiHeJ)Z]J-, is
obtainable in an analogous set of reactions.

Addition of one molar equivalent of Meli to a pentane solution of
U[N(Sme_.’)z)3 at -78°C led to immediate formatiom of a blue-black
precipitate, presumably the addition species. Howeveé, as the solution
was allowed tc warm slowly to room temperature, the color of the
mixture changed to pale gold and a tan precipitate formed. Filtration
of the mixture, followed by concentration and cooling of the
filtrace(-15°C), led to the isolation of HeU[N(SiHes)z]s. in less than
50X yleld, The 1H KMR spectrum, IR, and melting point all confirm the
identity of the product. Equation 1-2 shows & possible route to the
uranium(IV) product.

U[N(SiMea)z]s + MeLi === MeU[N(SiMea)a)z + LiIN(SiMea)2

dimerize (1-2)

M
Nl / . ~N cedistribute
>u /’U“M RlasLs L
N7 TNy e

/\ jdecompose

MeU[N(SiMe3)2]a + "MeU[N(SiMes)]"
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Both of the routes to HeU[N(SiHe3)2]3 described above, appear to
be driven by the thermodynamic stability of the uranium(IV) product
formed. Although a variety of reaction pathways may be proposed, the
key factor appears to be uranium’s ability to move ligands around with
minimal orbital restrictions. This can be a positive factor in
developing a catalytic system, where ability to adopt different
coordination numbers and stereochemistries is impor:an:.3 However, it
can make isolation of a specific uranium compound difficult. Kinetic
barriers must be built in very precisely, through judicious choice of
ligands, in order to be able to control and predict which products will

be obtained.



Section 1.3. Iwo-electron redox reactions.
Uraniun(V) jmide compounds

The chemistry of the pentavalent oxidation state of uranium is
relatively unexplored. The only stable, well characterized class of

5

uranium(V) compounds are the alkoxides, [U(OR)S}n.3 In fact, the

U{IvV)/0(1IV) dimer, KUZ(DBut)g, decomposes readily (in hexane solution,
at 5°C) to a wmixed-valence U(IV)/U(V) dimer‘36 A balanced reaction for
the decomposition is shown in Eq. 1-3, although no products, other than
the mixed-valence dimer, have been isolated, and yields of the dimer
were not reported.

2 RU,(0Bu%) g «---> U,(OBu®)g + "K,U(0Bu") " -3
This suggests that for this compound, the tetravalent state may not be
the most stable, as it is for the uranium fon in aqueous solution.37
This stability of the pentavalent oxidation state is not observed in
the halide compounds of uranium. The {nstabilty of st or UOX3.
relative to redistribition to U(1V) and (VI), makes the synthesis of
compounds from these starting materials very difficult.6 Therefore,
oxidative or reductive pathways to kinetically stable U(V) compounds
seem like possible synthetic routes., Indeed, Brennan reacted a

uranium(III) cyclopentadienyl compound with an organocazide, RN3 and

obtained a uranium(V) compound (Eq. 1-&).13&

(Hecsﬂb)au(thf) + RN3 ------ > (HGCSHA)BU(NR) + N2 + thf (1-4)
He also synthesized U[N(SLMQ3)2]3(N51He3) from U[N(SiHe3)2]3 and
trimethlsilylnzide.la. There was interest in exploring the scope of

this reaction with other organoazide species,
The reaction of U(N(S!.MOB)Z]3 with p-tolylazide or t-butylazide,

in pentane solution, resulted in gas evolution and isolation of the

39
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black crystalline U(V) imido compounds, U[N(Sinea)zl3[N(p-:oly1)] and
U[N(Siﬂe3)2]3(NBut). The resonances in the 1H NMR spectruan of the
compounds have large peak widths; the peak widths at half-maximum for
the bis(trimethylsilyl)amide protons were 35 and 123 Hz, respectively,
for the p-tolyl and t-butyl compounds. Broad peak widths were also

observed in the 1H NMR spectrum of the uranium(V)cyclopentadienylimide

a Although the imido compounds are

compounds (ul/2 = 40-60 Hz).13
stable at room temperature, gentle heating caused them to decompose to
[(He351)2N]2UCH2(He)2SLNSLHe3 and the primary amine, RNHZ.

Very few crystal structures of U(V) compounds have been
determined. In order to investigate the geometry and bonding in the
imido compounds, the structures of U[N(SiHea)Z]B(NSiHe3), originally
synthesized by Brennan.13‘ and U[N(SiHe3)2]3[N(p-toly1)] were obtained.

The p-tolyl compound crystallizes in the triclinic space group PL.
An ORTEP drawing of the molecule is shown in Figure 1-7 and bond

lengths and angles are given in Tables 1-13 and 1l-1l4.

Table 1-13. Bond lengths (A) for U[N(SiMe,), )4 [N(p-tolyl)].
U-N1 2.244(6) N4-Cl 1.397¢9)
U-N2 2.229(S)
u-N3 2.253(6) cl-c2 1.40(1)
U-N4 1.940(6) cl-c6 1.40(1)
c2-c3 1.38(1)
N1-S111 1.746(6) C3-C4 1.39(1)
N1-5412 1,744(6) C4-C5 1.39(1)
N2-5121 1.751(6) c4-C7 1.51(1)
N2-5422 1.738(6) c5-C6 1.38(1)

N3-5131 1.734(6)
N3-5132 1.743(6)



Elgure 1-7.

ORTEP diagram of U[N(Smea)zla[ﬂ(p-colyl)].
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Table 1-14. Intramolecular Angles (*) for U[N(siHe3)2]3[N(p-toly1)].

N1-U-N2 109.5(2) 5111-N1-S112 118.9(3)
N1-U-N3 120.9(2) S$i21-N2.5i22 123.3(3
N2-U-N3 115.1(2) §131-N3.5132 120.4(3)
N1-U-N4 100.6(2)
N2-U-N4 102.6(2) U-N1-5111 129.6(3)
N3-U-N4 105.1(2) U-N1-5112 111.4(3)
U-N2-5121 118.4(3)
U-Na-Cl 171.4(5) U-N2-5122 118.1(2)
U-N3-5131 115.5(3)
S111-N1-5i12 118.9(3) U-N3-8132 124.0(3)
5121-N2-58122 123.3(3)
§131-N3-S132 120.4(3) N&4-Cl-C2 121.3(7)
N4-C1-Cé6 121.2(7)

The geometry about uranium is pseudo-tetrahedral, with large
angles between the bis(trimethlylsilyl)amide ligands, presumably due to
interligand steric repulsion, The amide nitrogens are N1, N2, and N3,
and the average N-U-N angle is 115.2°. The U-N bond length for the
imido-nitrogen 1s 1.940(6) A, whereas the equivalent bond length in

38
(HeCSHa)3U(NPh) is 2.019(6) A.

The average U-N amide bond length is
2.242(6) A, which is somewhat longer than expected, since bond lengths
monatonically decrease with increasing oxidation state. Changes in the
U-N bond length, relative to changes in oxidation state, will be
discussed at the end of this section. The U-N-C angle for the imido-
ligand is 171.4(5)°, similar to the 167.4(6)" angle observed in

(HeCSHa)3U(NPh).3 Linear, or near linear, angles for terminal imides,

have been taken to reflact triple bond character in the M-N bond,39 and
the U-N(imide) bond length in this compound is significantly shorter
than the U-N(amide) length. However, steric effects and crystal
packing forces may also play a role in the observed ligand geometry.

The trimethylsilyl imide compound crystallizes in the same

acentric space group as MeU[N(SiMe,),]., R3c. Some bond lengths and
372°3



angles are listed in Tables 1-15 and 1-16. An ORTEP diagram of the

molecule is shown in Figure 1-8.

Isble 1-15. Bond lengths (A) in U[N(SiMe,),],(NSiMe,).

U-N1 1.506(9) s121-6211 1.871(6)

U-N2 2.247(4) §121-C212 1.872(6)
5121-C213 1.863(4)

N1-541  1,754(9)

§i1-61  1.859(7) s122-c221 1.897(5)
5122-G222 1.865(5)

N2-5421 1,745(3) 5122-6223 1.843(6)

N2-5122 1.737(4)

Table 1-16. Intramolecular angles (*) for (HeasiN)U[N(31He3)2]3.

N1-U-N2 102.64(9) U-N2-5121 123.3(2)
N2-U-N2° 115.4(2) U-N2-5122 116.5(2)
N1-S{1-Cl 111.1(2)

a §121-N2-5122 119.9(2)
U-N1-541 180

.Angle 1s required to be linear by symmetry.

The uranium is found on the crystallographic chree-fold axis and
defines the origin. The imido nitrogen and silicon atoms are also
located on the three-fold axis. The U-N-Si angle is required by
symmetry to be linear. Both the amido and imido U-N bond lengths and
N.U-N angles are very similar to those in the p-tolyl compound, as is
shown in Table 1717.

Table 1-17. Bond lengths (A) and sngles (*) in U[N(SiHea)zla(NR)
compounds, R = p-tolyl or H'351N

R p-tolyl® Me,S1

U-N, iaide 1.940(6) 1.906(9)
U-N, amide 2.262(6) 2.247(4)
N-U-N, imide 102,8(2) 102.6(1)
N-U-N, aaide 115.2(2) 115.4(2)

Average bond lengchs and angles ars reported for the
p-tolyl compound,
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The crystal structure of this compound had been determined
earliet,ho and an anomolously long U-N(amide) bond length, 2.30(1) A,
was found. There are no obvious vreasons why the bond length should
vary greatly from the average U-N(amide) bond length in
U[N(SiHe3)2]3[N(p-:oly1)], U-N(ave.) = 2.242(6) A. Although the
differences are not enormous, the bond length in the trimethylsilyl-
imide compound is nat within 3¢ of that in the p:tolylimide species.
More disturbingly, the bond length is longer than the typical
U-N(amide) bond lengths in the four-coordinate uranium(IV) compounds
described in Section 1.2. This makes the U5+ cation appear larger than
Ua+, when the opposite would be predicted. However, there were several
factors that brought the aqomolous bond length in question. The
crystal data was collected at room temperature and the compound
exhibited significant thermal motion. The carbon of the
trimethylsilylimide group had the largest thermal parameter, with Beqv
= 12(2). No absorption correction had been applied to the data,
although the compound had a large absorption coefficient, u = 41.7
cm'l. For these reasons, it was of interest to determine whether the
bond length was anomolously long, or if it was a result of the problems
listed above., A data set was collected on a new crystal at -115°C, an
empirical absorption corrsction was applied to the data, and the
strucri:ve was redetermined. There wers no major changes in any of the
atomic positions and the U-N(imide) bond length remained unchanged; it
was 1.90(1) A in the room temperature structure and it i3 now 1.906(9)
A. The thermal parameter of Cl has a more reasonable value, Beqv -
5.8(2). Most 1mpottantiy, the new U-N(amide) bond length is 2.247(4)

A, which fits in perfectly with the sxpected value. This points out

45
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that care must be taken in over-interpreting crystal structure vesults
and that bond length arguments, in particular, sust be made
conservatively, with an eye toward the quality of the structure in

question.

Magnetic susceptibility studjes

The magnetic behavior of the uranium(V) imide compounds was quite
different, qualitatively, from that of the uranium(III) and (IV)
bis(trimethylsilyl)amide compounds. Plots of l/xH vs. T and calculated
magnetic moments are given in the Experimental Section for many of the
compounds reported here, The measurements were more investigative in
nature, than quantitative, due to the fact that there is no well-
defined coupling scheme for the actinide i.ons."l The major terms in
the Hamiltonian will be mentioned; however, without information from
EPR and optical spectra, quantitative interpretation of the magnetism
is not poss:l.ble."2

The first term to consider in the Hamiltonian is the electrostatic
Coulomb repulsion between pairs of electrons, or ez/r tern. This term
is smaller for the large actinide ions than it is for smaller elements,
and may be on the order of spin-orbit coupling. The second term is the
spin-orbit coupling term, which becomes increasingly more important as
Z, the atomic number, increases. Spin-orbit coupling is a magnetic
interaction between an electron’s spin, L t1/2, and the magnetic
moment due to the orbital motion of an electron., The spin-orbit
coupling for the actinide elements is on the order of 2000 cu.l.al For

the lanthanids ions, the interpretation may gensrally stop here, and

magnetic behavior can be predicted using the Van Vleck equations for
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free 1ons.41 However, for the actinide ions, the electric field term,
V, can not be ignored. The electric field, created by the ligands
surrounding the ion, has been treated theoretically in a number of
different xmmnm:s.l'2 As the identity of the ligands and the geometry
about the metal changes, the effect of the ligand field changes;
therefore, the electronic structure of each compound wust be developed
separately.

Plots of l/xH versus T, for U[N(SiHe3)2]3[N(p-tolyl)] and

U[N(SiMe ]J(NSiHeS), are shown in Figures 3-5 and 3-6. A linear

32
least squares fit to the 53 kG data gave magnetic moments of 1.49 B.M.
(5-40 K) and 2.26 B.M. (140-240 K) for the p-tolyl compound, and 1.61
B.M. (5-40 K) and 2.04 (140-280 K) for the trimethylsilyl compound.

The shape of the line and the very low moment are good evidence for the
pentavalent oxidation state. The uranium(III)} and (IV) bis(trimethyl-
silyl)amide compounds displayed a wide range of moments (2.90-3.41
B.M.), with no obvious distincti.n between the two oxidation states.
The uranium(V) moment, on the other hand, has a significantly lower
value. In this case, the magnetic behavicr provides useful informaton
about the oxidation state of uranium. Interestingly, the qualitative
trend in magnetic moments observed for the bis{trimethylsilyl)amide
compounds matches that predicted by the "free ion" moments, calculated
from the Van Vleck equation (Table 1-18). The free ion values for

uranfum(III) and (IV) are very similar, whereas uranium(V) is

significantly lower.
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Table 1-18. Calculated magnetic moments for fl, f2, and f3
configuration.

Oxidation State Configuration "free ion" moment

V(I £ 3.62

vy £2 3.58

uw) £l 2.56

Conproporcionation reactions.

In Section 1.2, redox routes to new uranium(IV) compounds were
investigated. According to the aqueous redox potentials, the
tetravalent oxidation state is thermodynamically favored relative to
the trivalent state. This was used as a driving force to synthesize
new uranium(IV) compounds from uranium(IIl) precursors. If the trend
observed i{n the aqueous potentials holds true, the reaction of a U(III)
compound with a U(V) compound could lead to U(IV) products, given a
kinetically feasible pathway. This type of reaction was observed for

the uranium cyclopentadienyl compounds as shown in Eq. l-h.na

(HeCSHA)zu(:hf) + (HeCSHQ)SU(NPh) . (1-4)

[(H955H4)2U(M'NPh)]2 + other products

When a similar reaction was carried out with bis(trimethylsilyl)-
amide compounds, different results were observed. The reaction of

U[N(SiMe and U[N(SiHe3)2]3[N(p-coly1)] led to formation of two

P23
gold-colored products that could be separated by fractional

crystallization, The more soluble product is

1,

[(HQSSL)ZN]ZUCHZ(He)zsiNSiHes. as ldentified by comparison of its "H



NMR spectrum with the reported vnlues.a3 The other product ls somewhat
less soluble than the metallocycle, and its 1H NMR spectrum also
indicated its identity. Aside from the resonances expected for the
bis(trimethylsilyl)amide and p-tolyl ligands, there was one new
resonance, far upfleld, at -213 ppm. Resonances in this region have
been observed before, for a hydrogen on an atom directly attached to
uranium, as in (HeCSHa)3U(NHPh).13a The second product in the "III +
V" reaction is U[N(SiHe3)2]3[NH(p-toly1)] and the balanced reaetion is
shown in Equation 1-5.

U[N(SiMe + U[N(Siﬁe3)2]3[N(p-toly1)] cmae> (1-5)

3213
[ (e ;S1) ,N] UCH, (e) ,SINS e, + U[N(SiNe,), ], [NH(p-tolyl)]

The structure of the new U(IV) compound was determined for
comparison with its uranium(V) analogue, U[N(SiHe3)2]3[N(p-toly1)], in
order to investigate the effect of change in oxidation state on bond
lengths and ligand geometry. The two compounds are isostructural; cell
constants for both compounds are listed in Table 1-18. Some bond
lengths and angles for the uranium(IV) compound are listed in Tables
1-19 and 1-20. An ORTEP drawing of the molecule is shown in Figure

1-9.
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Table 1-18. Unit cell dimensions for_isostructural U(IV) and (IV)
compounds, space group Pl.

UIN(Site,), ], [NH(p-tolyl)] | UIN(SiMe,),],[N(p-tolyl)]
a, A 11.506(2) 11.425(2)
b, A 12.035(2) 11.978(2)
c, A 13.987(3) 14.081(3)
a, deg 94.77(2) 94.69(2)
B, deg 30.09(1) 89.98(2)
v, deg 91.13(2) 90.50(2)
Volume A’ 1929(1) 1920¢1)

able 1-19. Bond lengths (A) for U[N(SiHe3)2]3[NH(p-toly1)].

U-N1 2,250(2) N4-Cl 1.400(4)
U-N2 2.257(2) N4-H 0.865(2)
U-N3 2.259(2)
U-N& 2.209(2) Cl-Cc2 1.392(4)
Cl-Cé 1.401(5)
N1-sil 1.745(3) Cc2-C3 1.371(5)
N1-si2 1.746(2) C3-C4 1.380(5)
N2-513 1.733(2) C4-C5 1.381(6)
N2-5i4  1.750(2) C4-C7 1.514(5)
N3-545 1.743(2) C5-C6 1.384(5)
N3-si6 1.733(2)

Iable 1-20. Intramolecular angles (*) for U[N(SiHe3)2]3[NH(p-tolyl)].

N1-U-N2 122.27(8) Sil-N1l-si2 117.9(1)
N1-U-N3 108.50¢8) S513-N2-s14 121.1(1)
N2-U-N3 117.98(8) $15-N3-816 122.4(1)
N1-U-N4 94.77(9) U-N1-811 130.1(1)
N2-U-N& 110.59(9) U-N1-542 111.9(1)
N3-U-N&4 97.16(9) U-N2-513 115.9(1)

U-N2-Si4 122.9(1)
U-N4-C1 149.4(2) U-N3-81i5 121.4(1)
U-N4-H 96,7(2) U-N3-816 116.1(1)

$11-N1-512 117.9¢1)
513-N2-514 121,11)
515-N3-516 122,4(1)



Elgure 1:9.

ORTEP diagram of U[N(S!.H-B)z]slNH(p-:olyl)].
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The structure is similar to that of U[N(Smea)zlalN(p-tolyl)],
which has already been described. The U-N-C angle of the p-tolyl
ligand is 149.4(2)°, compared to the nearly linear angle of 171.4(5)°,
in the uranium(V) compound. Bond lengths and angles of the two
compounds are compared in Table 1-21. The largest peak in the
difference Fourier map, calculated after all the trimethylsilyl-
hydrogen atoms were placed in their calculated positions, corresponded
to the expected position of the unique amido-hydrogen. Unfortunately,
attempts at refining the position of the hydrogen atom, with an
anisotropic thermal parameter, were unsuccessful. The hydrogen was

placed in its observed position, with the N-H bond length adjusted to

0.87 A.
ab -21. Isostructural U(IV) and (V) compounds.
U[N(SiHe3)2]3(NH(p-coly1)] U[N(Siﬁeg)zlle(p-tolyl)]

U-N, A 2.209(2) 1.940(6)

LUNC, deg 149.4(2) 171.4(5)

U-N (amide), A 2.259¢2) 2.253(6)
2.257(2) 2.244(6)
2,250(2) 2.229(5)

The reaction of U[N(Siﬂea)zla(Nstﬂea) and U[N(SiHe3)2]3 did not
result in isolation of a new amide species. As in the previous
reaction, the metallocycle was formed, but the second product proved to
be the methyl compound, HeU[N(SiHea)zla. A possible reaction scheme is

shown in Eq. 1-6.

(Mo, SIN)U[N(SiMa,), ], + U[N(SiMe,) o], ---> (1-6)

MeU[N(SiMe + [(HCJSI)ZN]ZUCHZ(HC)251N51H|3 + (HGZSINH)n

32l
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Cyclic silazanes are very stable, particularly for n = 3 or 4.44 The
primary amine, He3SiNH2, is unstable to condensnt::l.on,44 so the
inability to isolate the corresponding uranium-trimethylsilylamide

species is not entirely unanticipated,

The X-ray structures described up to this point, form the basis
for a comparison of structurally similar uranium compounds, in three
different oxidation states. There are very few examples of such
comparisons for any metals, for two reasons. First, the wide
variability of uranium’s stable oxidation sé-:es is unusual for the
lanthanide and actinide elements. Secondly, changes in oxidation state
in the d-transition metals generally cause changes in geometry about
the metal, due to the directionality requirements of the d-orbitals.

The changes in the U-N bond lengths in U[N(SiHe3)2]3(OPPh3),
U[N(Slﬂe3)2]3(NH(p-tolyl)]. and U(N(SiH03)2]3[N(p-:olyl)] will be
compared. Of course, the uranium(III) p-toluidine coordination
conpound would have been the ideal one to complete the series, instead
of the (triphenylphosphine)oxide compound. However, substituted
anilines react in a different, and interesting, manner with
tris(bis(trimethylsilyl)anido)uranium, as will be seen in the next
section. Table 1-22 contains the U-N(ave.) bond lengths for the three
compounds, and the Shannon-Prewitt ifonic radii for uranium in the
corresponding oxidation s:n:o.s The radii are adjusted to the four-
coordination observed in the conpound:.45 The change in the U-N bond
lengths of the uranium(III) and (IV) compounds, is predicted nearly
exactly by the change in the ionic radii of the metal. However, the

U-N bond length in the uranium(V) compound is nearly the same as in the
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4 The

Cyclic silazanes ars very stable, particularly for n = 3 or 4.“
primary amine, HcssiNHZ. is unstable to condensacion,bb 80 the
inability to isolate the corresponding uranium-trimethylsilylamide

species is not entirely unanticipated.

The X-ray structures described up to this point, form the basis
for a comparison of structurally similar uranium compounds, in three
different oxidation states. There are very few examples of such
comparisons for any metals, for two reasons. First, the wide
variability of uranium’s stable oxidation states is unusual for the
lanthanide and actinide elements. Secondly, changes in oxidation state
in the d-transition metals generally cause changes in geometry about
the metal, due to the directionality requirements of the d-orbitals.

The changes in the U-N bond lengths in U[N(SiHe3)2]3(OPPh3),
U[N(SLHe3)2]3[NH(p-CO1y1)], and U(N(Siﬁe3)2]3[N(p-tolyl)] will be
compared, Of course, the uranium(III) p-toluidine coordination
compound would have been the ideal one to complete the series, instead
of the (triphenylphosphine)oxide compound. However, substituted
anilines react in a different, and interesting, sanner with
tris(bis(trimethylsilyl)amido)uranium, as will be seen in the next
section. Table 1-22 contains the U-N{ave.) bond lengths for the three
compounds, and the Shannon-Prewitt ionic radii for uranium in the
corresponding oxidation :tgcc.s The radii are adjusted to the four-
coordination observed in the conpound:.45 The change in the U-N bond
lengths of the uranium(III) and (IV) compounds, is predicted nearly
exactly by tha change in the ionic radii of the metal. However, the

U-N bond length in the uranium(V) coampound is nearly the same as in the



isostructural uranium(IV) compound, showing little shrinkage. An
analogous trend is observed in the U-C bond lengths in (HeCSH“)BUL
conpounds.13‘ The bulky bis(trimethylsilyl)amide ligands appear to
have reached the limit of closest approach in compounds of this type.
The bond lengths can no longer be predicted by a simple radii
summation, ignoring the size of the ligands within the inner

coordination sphere,

ab -22. lonic radii of four-coordinate uranium in its tri-,
tetra-, and penta-valent oxidation state; and the
average U-N(bis(trimethylsilyl)amide) bond lengths
in U[N(SiHe ),1 (OPPh ), U[N(Sme3 2] [NH(p-tolyl)],
and U[N(SiHe ? } (N(p>tolyl)].

| S(IID) vy uv)

Metal ionic radius, A 0.95 0.83 0.74

U-N bond length (ave.), A 2.36 2.26 2.24
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Section 1.4. Uraniup dimers.

Both of the compounds described in this section arose from
attempts at finding another synthetic route to the uranium(IV)
p-tolylamide compound, U[N(SiHea)z]B[NH(p-:olyl)]. This compound was
one of two uranium(IV) products obtained from the U(III) + U(V)
reaction described in the previous section, The low yields, which
resulted from the fractional crystallization required in the isolation
of the compound, made finding & better synthetic route desirable., The
first compound described in this section, Uz[N(SiHe3)2]a[p-N(p-tolyl)]2,
has several analogues in both uranium and Group 4 transition metal
chemistry. The second compound, UZ[N(SiHe3)2]a[u-N(H)(2,&,6-He366H2)]2,
does not appear to have a precedent in either early transition metal or
f-metal chemistry. It nicely concludes the story of uranium
bis(trimethylsilyl)amide chemistry, by exemplifying the point made in
Section 1.2, viz., that kinetic barriers must be designed carefully to
allow isolation of specific uranium compounds. This new, fairly
unstable, compound appears to be on the borderline of kinetic
stability, and its isolation depends to an extent on the unique steric

~ properties of the bis(trimethylsilyl)amide ligand.

U, [N(Site,),, [u-N(p-tolyld],

A logical starting point for the synthesis of the p-tolylamido-
uranium compound is the metathesis reaction of ClU[N(S:LHe3)2]3 and
Li[NH(p-tolyl)]. However, reaction of the ur.. lum chloride with a
suspension of Li[NH(p-tolyl)] in h;xan. solution, yislded a red
solution, instead of the expected gold color of the amide compound.

Filtration of the reaction mixture, followed by slow cooling of the
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filtrate(-15°C), yielded large, dark-red crystals.

Space-group determination and density calculations suggested a
compound with a ratio of bis(trimethylsilyl)amide ligand to p-tolyl-
amide ligand of two-to-one instead of three-to-one, Elemental analysis
and the integration of the 1H NMR spectrum also supported this
formulation, although no amido-hydrogen resonance was observed in the
spectrum. In a strange twist of reactivity, the product appeared
reminiscent of the bridging imido dimer, U2(HeCSH4)4(u-NPh)2, which
Brennan obtained from the U(III) + U(V) reaction of (HeCSHA)au(:hf) and

2 In other words, it appeared that in trying to make

(HeCSH4)3U(NPh).13
the product obtained from the bis(trimethylsilvlidagide III + V
reaction, an analogue of the product from the gcyclopentadienyl III + V
reaction was obtained instead. Subsequent solution of the orystal
structure showed this formulation to be correct; the product is the
bridging imido dimer, U2[N(51H03)2]a[n-N(p-tolyl)]2. Some bond lengths
and angles are given in Tables 1-23 and 1-24. An ORTEP diagram of the

dimer i{s shown in Figure 1-10.

Table 1-23. Bond lengths (A) for U, [N(5iNe,), ], [u-N(p-tolyl)],.

U-N1 2.293(3) Cc1-C2 1.389(5)

U-N2 2.274(2) Cl1:C6 1.385(5)

U-N3 2,172(3) c2-C3 1.388(4)

U-N2* 2.278(3) C3-C4 1.370(5)
C4-C5 1.379(5)

Nl-Cl 1.415(4) C4-C7 1.515¢(4)
C5-Cé6 1.389%(5)

N1-Si11 1.721(3)

N1-S112 1.738(3)

N2-s121 1.715(3)

N2.5122 1.732(3)
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Eiguxe 1-10.

ORTEP diagram of Uz[N(SiHoa)z]“[u-N(p-tolyl)]2.
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Table 1-24. Intramolecular angles (°) for
U, [N(Silte;) ], [u-N(p-tolyl)],.

N1-U-N2 109.12(9) S§i11-N1-81i12 118.5(2)
N1-U-N3 114.83(9) §121-N2-5122 123.6(2)
N1.U-N3 107.13(9)

N2-U-N3 100.93(9) U-N3-U’ 105.8(1)
N2-U-N3 141.70L(9 U-N3-Cl 138.2(2)
N3-U-N3' 74.2(1) U’-N3-C1 113.9(2)
U-N1-8ill 109.9(1) N3-Cl-C2 122.6(3)
U-N1-5i12 131.3(1) N3-Cl-C6 121.1(3)
U-N2-5i21 113.2(1)

U-N2-5122 123.1(1)

The X-ray structure shows the dimer to be bridged in a slightly
asymmetric fashion by the imido nitrogens. The difference between the
long and short U.N(imide) bond lengths is approximately 0.11 A.
Molecular orbital studies have beer carried out on bridging imido
compounds to explain the observation of symmetric and asymmetric
bridging modes.{‘6 The M-N(bridge) bonds in the tungsten and molybdenum
compounds, Hz(He)A(NBuc)z(p-NBut)z. exl.ibit a large asymmetry in the
solid state; the difference between the M-N(bridge) bonds for the
tungsten compound is 0.45 A.“ﬁ The other compounds in the molecular
orbital study, HZ(NHez)a(p-NBut)z. M = Ti or 2r, are symmetrically
bridged, within expcrimental c;n:ot:.h6 The geometry about the metal in
the tungsten and molybdenum compounds is distorted trigonal
bipyramidal, and the molecular orbital calculations suggested the
asymmetry is due to a second-order Jahn-Teller disl:o':r_!.c.m.{‘6 The
geonetry in the titanium and zirconium compounds is che same as in the
uraniun dimer, distorted tetrahedral, and they do not experience the
distortion. Other examples of bridging imides in uranium chemistry

include UZ(HGCSHS)A(”'N31H'3)2'13. which is bridged more symmetrically
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than the bis(trimethylsilyl)anide dimer, and U,(MeC Hc), (u-NPh),, 1%
which is slightly more asymmetric. The U-N(imide) bond lengths in the
latter compound are 2.156(8) and 2.315(8) A, however each phenyl group
is "leaning” toward a uranium atom and there is a close interaction
between the uranium and the ipso-carbon of the phenyl group

(2.86(1) A). This may contribute to the slightly greater distortion.

The bis(trimethylsilyl)amide dimer has a crystallographic center of
inversion, which makes the UZN2 core planar. The U-N(silylamide) bond
lengths are slightly longer than those in uranium(IV) compounds of the
type LU[N(SiHe3)2]3. however, they are still reasonable for
uraniun(IV).

The reaction is qualitatively similar to the formation of the
[(Hessl)ZNJZUCHZ(He)ZSINSiHe3. The reaction of ClU[N(SiHe3)2]3 with
one molar equivalent of Na[N(SiHé3)2] produces the metallocycle and
(HeBSi)ZNH, instead of a fourth substicu:ion.AB To show this
qualitative similarity, the balanced reactions are given in Equations

1-7 and 1-8.

LL[NH(p-tolyl)] + ClU[N(SiNe;),]  =---- > 1-7)
U, [N(SiMe,), ], [s-N(p-tolyl)], + L1C1 + HN(SiMe,),

LIN(SiMe,), + CLU{N(S1Me,) ], ----- > ' (1-8)

3’2
{ (8e,51) ,N] ,UCH, (Me),,SINSLHe, + LICL + HN(SLNe,),

Earlier, the point was made that redox reactions with uranium(III)
precursors could be useful in making compounds that could not be made

by metathetical reactions of uranium(IV) compounds. The inability to
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isclate the desired amide compound in this metathetical reaction

illustrates that statement.

U, INCSiMe,) 1, Lu-N(H(2.6,6-He G o)1,
There are two routes to the methyleyclopentadienyl analogue of the
desired amide compound, tris(methylcyclopentadienyl)(p-tolylamido)-
uranium(IV). Melting the uranium(I1I) p-toluidine coordination
compound, (Hecsﬂa)su[Nﬂz(p-tolyl)], results in evolution of hydrogen
and formation of the Amide.l6 The second route was discovered while
investigating the reactions of (Hecsﬂa)su(thf) with organocazides. The
synthesis of (Hegsﬂa)BU(NPh). from (Hecsﬂa)su(thf) and phenylazide, was
always plagued by the presence of some of the amide,
(HeCSHA)3U(NHPh).13a It was found that contamination of the

phenylazide, used in the reaction, with a small amount of aniline,

PhNH,, led to the formation of the uranium(IV) compound, by the series

97
of reactions shown in Egqs. 1-9 through 1-11.16
(HeCSHa)BU(thf) + PhN3 s> (Hecsﬂa)3U(NPh) + N2 + thf (1-9
(HeCSHA)BU(:hf) + PhNH2 --> (HeCSHA)BU(HZNPh) + thf (1-10)

(HeCSHA)3U(NPh) + (Hecsﬂa)su(HZNPh) > 2 (HeCSHA)BU(NHPh) (1-11)
For the bis(trimethylsilyl)amide system, both of these synthetic routes
to the amide would involve starting with the unknown uranium(III)
coordination compound, U[N(SiMe3)2]3[NH2(p-toly1)]. The U(IV)
p-tolylamide and the U(V) p-tolylimide have already been described. To
complete the series, the p-toluidine coordination compound of

U[N(SiMe was needed.

32]3
The reaction of U[N(SLM93)2]3 with p-toluidine led to the formation

of a brown, olily solid, that could not be purified by either
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crystallization or sublimation, and was not further characterized. The
reaction with unsubstituted aniline led to isolation of a tan-colored
powder that was insoluble in hydrocarbon solvents. The powder was
soluble in tetrahydrofuran, but in solution slowly deposited a black
solid that would not redissolve.

It was hoped that further alkyl-substitution of the aniline ring
would increase the stability of the desired product, since a bulkier
ligand may block decomposition routes. The reaction of one molar
equivalent of 2,4,6-trimethylaniline with U[N(Sil(e3)2]3 in pentane, led
to the immediate precipitation of thin, turquoise plates.
Unfortunately, the crystals were insoluble in hexane and toluene, They
were soluble in tetrahydrofuran, but the product appeared to decompose
slowly in solution and could not be recrystallized.

The infrared spectrum showed absorptions due to the bis(trimethyl-
silyl)amide ligand, and the p-tolyl group. However, no N-H stretches
were observed, although they may be very weak and difficult to observe.
Because the compound was not stable in solution, its composition in the
solid state was determined by X-ray crystallography. Dark-blue
crystals were obtained by slow diffusion of a pentane solution of
2,4,6-trimethylaniline with a pentane solution of U[N(SiHe3)2]3. As
with the above uranium(IV) dimer, the space-group determination of this
species gave a unit cell too small for UlN(SiHG3)2]3(H2NA!). whereas it
was a perfect match for a compound with two bis(trimethylsilyl)amide
ligands and one aniline-type ligand. The solution of the crystal
structure showed this to be the case. Instead of simply coordinating,
the 2,4,6-trimethylaniline substituted a bis(trimethylsilyl)amide

ligand, and the resulting uranium(III) compound was i{solated as a
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dimer.

As with the compound, U[N(SiHe3)2]3[NH£p-:oly1)], the unique amido-
hydrogen atom was the largest peak in the difference Fourier map after
all the other hydrogens were placed in their calculated positions.
Attempts at refinement of the position of the amido-hydrogen were again
unsuccessful, and it was placed in its observed position with the N-H
bond length adjusted to 0.87 A. Selected bond lengths and angles are
listed in Tables 1-25 and 1-26. An ORTEP drawing of the molecule is
shown in Figure 1-11. Table 1-27 shows a comparison of bond lengths
and angles for the uranium(IIl) and uranium(IV) dimers.

Table 1-25. Bond lengths (A) for
U2[N(51He3)2] [s-N(H)(2,4,6- He3 6“2)]2'

U-N1 2.354(3) Cl-C2 1.414(5)
U-N2 2.324(3) Cl-cé 1.416(5)
U-N3 2.453(3) c2-c2a 1.507(5)
U-N3' 2.646(3) c2-C3 1.389(5)
C3-C4 1.372(6)
N3-C1 1.427(4) C4-C4A 1.515(6)
N3-H 0.872(3) C4-C5 1.377(5)
C5-C6 1.398(5)
N1-Si1l 1.715(3) C6-C6A 1.504(5)
N1.5412 1.722(3)
N2-5121 1.715(3)
N2-S122 1.728(3)

Table 1-26. Intramolecular Angles (°) for

U, [N(SiMe,), ], [u-N(H)(2,4,6-MesCHy) .
N1-U-N2 107.02(9) S111-N1-Si12 132.2(1)
N1-U-N3 112.90(9) 5121-N2-5422 121.4(2)
N1-U.N3' 124.61(8)
N2-U-N3 103.52(9) U-N3-U’ 102.85(9)
N2-U-N3’ 123.88(9) U-N3-C1 135.8(2)
N3-U-N3' 77.15(9) U-N3-H 103.0(2)
U’ -N3-C1 94.3(2)
U-N1-5111 132.2(1) U’ -N3-H 105.4(2)
U-N1-5112 108.0(1) C1-N3-H 111.3(3)
U-N2-5121 118.8(1)
U-N2-5122 119,8(1) N3-Cl-C2 122.4(3)

N3-C1-C6 118.8(3)
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Table 1-27. Comparison of bond lengths and angles in

U, [N(SiMe,), ], [4-N(H) (2,4,6-Me,C H,) ], and
vl 2 [N(SiNe3) f tu- -N(p-tolyl)],. 376722
U(I1I) U

U-N1, A 2.354(3) 2.293(3)
U-N2, A 2.324(3) 2.274(2)
U-N3 (short), A 2.453(3) 2,172(3)
U-N3' (long), A 2.646(3) 2.278(3)
N3-Cl, A 1.427(4) 1.415(4)
LU-N3-U’, deg 102.85(¢9) 105.82(10)
LU-N3-C1, deg 94.3(2) 113.9(2)
LU’ -N3-Cl, deg 135.8(2) 138.2(2)

The diner is bridged asymmetrically by the arylamide ligands, with
U-N(bridge) bond lengths of 2,453(3) and 2.646(3) A, Structures of
this type have not been invqsciglcad to the extent that the bridging
imido compounds have been. There are few crystal structures of
compounds with R(H)N' 1igands, and even fewer of these contain the
amide in a bridging position. A list of M-N(bridge) bond lengths for
compounds of this type is given in Table 1.28, Both chemically and
structurally, the compounds have very little in common, so comparisons
of the bridging mode of the amide have little meaning. The uranium
compound i3 the most asymmetric of the examples. The crystal structure
shows that the U-N3-Cl angle is bent such that the aryl ring and one of
its methyl substituents are brought close to a uranium atom. This
interaction, which may contribute to the asymmetry of the bridge, is

shown in Figure 1.10.



Iable 1-28.

M-N(bridge) bond lengths (A) in the compounds

Fe, (C0) ; (ONCHe.,) (u-NHpe"), %7 Au e, (u-Nitte) 5,8
Ir,(u-p-CHyC H SCHN-p-CsHaCHs)(ﬂ-Ng-p-CsHaCHs)(coggz,
(COD = CgH,,),"” Li,(u-NH(2,4,6-Bu,C,H,),(0Et,),,”" and
U, [N(SiMeq),), [4-N(H)(2,4,6-He Ccly) ] .

M H-N M’ -N I
Fe 1.959(4) 1.975(4) 0.016
Au 2,137(5) 2,140(5) 0.003
Ir 2.128(7) 2.,140(6) 0.012
L 1.987¢5) 2.041(6) 0.054
v 2.453(3) 2.646(3) 0.193

35 = (M-N) - (M-N%)

Elgyre 1-12.

3 ‘—X"t B
=T
\ /

Close contacts (A) in
U, [N(SiMey) ], [m-N(H)(2,4,6-He ,CHy) ] o

The bond lengths and angles of the bis(trimethylsilyl)amide ligands

in the uranium(1I11) dimer are normal. The bond lengths are similar to
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the other uranium(III) bis(trimethylsilyl)amide species described in

this thesis.

The pKa values of the ligands involved in this reaction suggest

that substitution should be the thermodynamically favored process.

51 52

Values of 29.5"" and 25.8"" have bsen suggested for the pKa of

HN(SiHea)z. as determined by NMR studies, Substituted anilines have

3 Using the relative acidities of the

pKa values ranging from 18-25.5
ligands involved to drive substitution reactions is a common route to

metal-alkoxide compounds, from metal-amide species and alcohols (Eq. 1l-
12).%4

H(HR2)n +n ROH ---> H(OR)n +n HNRZ (1-12)
Surprisingly, prior to this, no characterizable substitution products
had ever been obtained from reactions of U[N(Siﬂe3)2]3 with a variety
of protic sources, such as PhCCH, HeSCSH, CpH(CO)3H, But3COH, and
BucasLOH. The 2,4,6-trimethylaniline substitution product may only be
isolable by virtue of its insolubility. Its instability in solution

supports this suggestion.
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Introduction
Many of the homoleptic uranium(IV), (V), and (VI) alkoxide

compounds, U(OR)n, were synthesized by Gllman and co-workers in 1956.1
The compounds were generally purified by either vacuum distillation or
crystallization from alcohol solvents. The degree of polymerization in
a large number of the uranium(V) compounds was determined
ebullioscopically in benzene by Bradley and co-vorkers.2 The
methoxide, U(OHe)S, vas determined to be a trimer in benzene, whereas
compounds with larger R groups showed lesser degrees of association.
Similar measurements could not be carried out on the uranium(IV)
compounds due to their low solubility, and the compounds are believed

to be polyneric.Z.

Little is known about their structure and
reactivity.

The propensity of metal-(OR) compounds to bridge through the
alkoxide-oxygen may be hindered by very bulky R groups. Bochmann and
co-workers used the ligand (t-BuZCHD') (ditox) to synthesize a number
of monomeric first-rov transition mstal conpounds.3 However, this
ligand has also besn shown to be very capable of bridging, as in the
dimer lCr(u-OCHBu;)(OClug)]z.ab Power and co-workers have used the
bulkisr alkoxide, (:-uu3co') (tritox), to synthesize a number of low-
coordinate, first-row transition metal compounds, including some of the
first examples of three-coordinate Co, Mn, and Cr conpoundl.a

In the last few years, many new mononuclear Group 4 and 5 metal-

alkoxide compounds have been synthwsized. Wolczanski and co-workers



have used the tritox ligand to make specles such as H(tricox)2012 M=
Ti, Zr).s Another class of alkoxida ligands that has been investigated
is the 2,67d1a1ky1phenoxidel.6 These ligands are synthetically quite
useful because the substituents in the 2 and 6 positions block
polymerization and may be varied to change the steric properties of the

ligand. The must frequent choice is the 2,6-di-t-butylphenoxo ligand

a 6b

(OAr’), and the compounds H(DA!')301 M = 2r, Hf),s and Ta(OAr’)2013
have been synthesized.

Lappert and éo-workers have also used the t-butyl substituted
aryloxide ligand to synthesize some mononuclear uranium and thorium
compounds.7 They obtained the crystal structure of U(NEtz)(OAr')3.
This 1s one of the few uranium(IV)-alkoxide compounds that has been
structurally characterized. Some others include Q(Ol’h)l‘(dmpe)2 (dmpe =
Me,P(CH,) PHe,),® KU, (0CMe,) ;.7 and [U(n-C,H,), 0Pty 1, .10
£6=Bu),CO” (tritox) Chem{stry

The successful synthesis of the unusual, lov-coordinate transition
metal alkoxide compounds, mentioned above, warranted investigation into
the synthesis of uranium compounds containing alkoxides derived from
the sterically bulky alcohols (t-lu)acOH (tritoxH) and (t-Bu)ZCHOH
(ditoxH). These larger ligands should allow isolation of monomeric
compounds with reasonable solubility properties. The bulky tritox
ligand has been referred to as a “"steric cyclopentadienyl equiv-lenc'5
and its cone angle (125°), as determined by space-filling models,
approaches that of cyclopentadienyl (136').11 The t-butyl substituents
on the ligand should hinder formation of alkoxide bridges.

The reaction of uc1a with three molar equivalents of Li(tritox) in
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diethyl ether yielded the pink compound Clu(tritox)a. The desired
product could not be obtained when tetrahydrofuran was use¢ instead of
diethyl ether. Attempts to substitute the fourth chloride with another
equivalent of tritox ligand were unsuccessful, probably due to steric
crowding.

The compound (:IU(:r:l.t:ox)3 was reacted with a variety of alkyl-
lithium reagents to nake new uranium-alkyl compounds.
ClU(tricox)a + RLL ----> RU(tricox), + LiCl (2-1)
e

R = Me, Et, n-Bu, He3CCH SiCHz, benzyl

2* "3
The new compounds are all easily crystallized from hydrocarbon solvents

with the exception of the He3Si.CH2 compound, which is extremely

soluble. The 'l'H NMR shifts for the alkyl-specles are given in Table
2-1.
Table 2-1. 1H NMR shifts for RU(tritox)3 compounds (CSDG’ 20°C).
R tritox 2 b [ d
CH3 6.73 -226

a
CH,CH 6.51 <220 -33.42

2°.3

a“ b
(:I'IZGI'IZCHZCI'I.3 6.15 -220.4 -46.77 -30.19 -16.94
a“ b" c® a br(2H) m(2H) t(3H)
CHZG(CH3)3 5.85 -191.9 -27.95

a b
Cl‘lzsi(cgs)3 6.16 -209.9 -20.22
o, a 5.93 .212.2  -32.52  -2.20  -4.35
a"be d(2H) t(2H) t(1H)

In all of the compounds, tha tritox protons appear as a singlse
resonance between 5.8 and 6,8 ppm, The protons on the carbon directly

attached to uranium ars found far up field, near -200 ppm. A similar



CH,CH_CH,_CH,-U{OC]C(CH,).].)
a3 c2 b2 ‘2 337373
a8
i |
T T nd T ¥ L] T T ’ T T G T ' T v 1
-100 -150 ~-200 PPM

H NHR of n-Bub(critox), (*Csbs- 20°C).

7l



shift is observed in the compound HoU[N(SiHe3)2]3, in which the
methylprotons are found at -224 ppn.12 In the tritox-alkyl compounds,
ligand protons located further away from the paramagnetic center are
less drastically shifted. The spectrum of the n-Bu compound (Fig. 2-1)
illustrates the chemical shifts observed in these compounds.

To investigate the solid state structure of these uranium-alkoxide
compounds, the methyl compound was chosen for study. The amber-colored
HeU(critox)3 crystallized in the monoclinic space group P21/c. An
ORTEP drawing of the molecule is given in Figure 2-2. Relevant bond
lengths and angles are given in Tables 2-2 and 2-3. The geometry about
the metal is distorted-tetrahedral with large 0-U-0O angles, probably
due to the steric requirements of the large tritox ligands. The
geometry 1s very similar to that of the analogous silylamide compound,

MeU{N(SiMe in which the N-U-N angle is 117.40(6)° and the C-U-N

ERPYEY
argle is 99.4(1)*. The metal-carbon distances are also very similar,
2.397(13) A for the silylamide compound versus 2.422(8)A for the tritox
coppound. The U-0O bond lengths are slightly shorter than those in the
t
four-coordinate aryloxide U(NEcz)(OCGHZ-Z,G-Bu )3, U-Oave -
7 9

2,143¢4) A, and the dimer KUZ(OCHG3)9. U-D.v‘ - 2,12(2) 4,7 in which
uranium is six-coordinate. The U-0-C angles are large, which is often
taken to imply a significant amount of metal-oxygen s-bonding; however,

steric and ligand packing effects probably play a more influential

role.
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Table 2-2. Bond lengths (A) for HeU(tritox)s.

Uu-0l 2.086(4) Cl-Cll 1.612(8)
u-02 2.092(4) Cl-C12 1.615(10)
U-03 2.092(5) Cl1-C13 1.616(10)
c2-c21 1.608(9)
U-c4 2.422(8) c2-C22 1.623(10)
C2-C23 1.615(9)
0l-Cl 1.456(7) C3-c31 1.633(10)
02-C2 1.433(7) C3-C32 1.634(8)
03-¢3 1.455(8) C3-C33 1.587(10)

Iable 2-3. Intramolecular Angles (°) for HoU(tritox)3.

U-01-C1 166.9(4) C4-U-01 99.2(2)
U-02-C2 165.5(4) C4.U-02 98.5(2)
U-03-C3 162.8(3) C4-U-03 100.7(2)
01-U-02 116.5(2)

01-U-03 121.0(2)

02-U-03 114.5(2)

The investigation of the reactivity of the alkyl compounds proved
dissappointing. When dissolved in hexane or toluene and pressurized
with CO, a red-orange product was formed. For the Me and Et cases, the
product was very slightly soluble in toluene but could not be
crystallized. The He3ccH2 and He3SICH2 reactions with CO produced red
oils. The elemental analyses suggested addition of approximately one
or two equivalents of CO to the starting alkyl species, but the
compounds were never obtained completely purs.

The reactions with H2 or D2 led to formation of a small amount of
pink powder that was insoluble in all common solvents. The infrared
spectrun of the pink powder did not contain any bands that were
assignable to U-H or U.D strstches. The alkyl compounds did not react
with ethylens.

Attempts to reduce the chloride, ClU(Cricox)a, with sodium-

naphthalene, Na/Hg, or t-BuLi, to form the trivalest U(tricox)3



compound resulted in the isolation of dark-brown oily solids which
could not be crystallized or sublimed and were not further

characterized.

{e-Bu) CHO™ (ditox) Chemistry

The reaction of Ucla with three molar equivalents of Li{ditox) in
a variety of solvents did not yield any isolable products. Using four
molar equivalents in diethyl cther solution allowed isolation of the
tetrakis(alkoxide), U(ditox)a. The pinkish-purple compound is
extremely soluble in hydrocarbon solvents and may be purified by
sublimation (90-95°C, 10'3 torr) or crystallization from a minimal
amount of pentane {(-78°C).

In the crystal structure of the analogous chromium species,
C:(ditox)a, the compound exists as discrete molecules with C2
symnetry.3 The Q-Cr-0 angles are clogse to tetrahedral [108.8-
112.4¢2)"). The strong similarities in the infrared apectra of the
chromiun and uranium compounds suggest the uranium compound has a
sinflar structure in the solid state. The Cr-O atretch at 718 cm' L is
shifted to 660 em ! In the uranium compound,

The infrared spectrum of the uraniua compound has an absorption at

a
1. which is in the ragion of “agostic" C-H strntches.1 A

2618 cm’
similar peak is not reported for the chromium compound and the crystal
structure doas not show any unusual close metal-carbon contacts. It is
possibls that the much larger uranium atom is less coordinatively

saturatad and attempts to fill in its coordination sphere with close

interactions to methyl groups on the ligs.ds, Shannon-Prewitt fonic
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1 4+

4 for the tetravalent ions, coordination nuaber = 6, are U

0.96A and Cr*= 0.55A. These types of agostic interactions have been

radii

noted in some manganese-tritox conpoundl.a.
Reaction of metal alkoxides with organolithium or other main-group
metal alkyls gives either substitution (Eq. 2-2) or addition (Eq. 2-3).
MOR + M'R’ ----> MR’ + M'OR (2-2)
MOR + M'R’ <---> MM’ (OR)(R’) (2-3)
In d-transition metal chemistry, ligand substitution has been
observed,15 whercas with p-block metals, addition reactions are
generally the cnse.16 In uranium chemistry, both reaction patterns
have been observed as deduced by spectroscopic atudies (Eq. 2-4 and
2-5.17
L'(OE:)5 + 8MeLll ----> L13UHea + 8LiOEc (2-4)
U(OPr') g + IMeLt ----> L1,U(0PT1)) gle, (2-5)
The addition compounds of the p-block metals are of considerable
utilicy in organic synthesis. They have been called "super-bases™ due
to their ability to deprotonate hydrocisrbons whose pKa's are in the

l6a

range of 35-50. Addition compounds derived from metal alkyls and

lanthanide amides or alkoxides have found use in the stereospecific
alkylation of opoxidu.lB They show promiss as useful reagents because
their regioselectivity is complementary to that of organocuprates.
Even though addition compounds have demonstrated synthetic utilicy, no
crystal structural information is available and their constitutlon in
the solid state is unknown.

The reaction of one molar equivalent of MelLi with U(ditox), in

hexane gave a pale gresn solution from which purple crystals were

obtained. The compound gave a positive flame-test for lithiuam,



suggesting that addition of MeLi, rather than substitution, had
occurred, Subsequent solution of the crystal structure showed this to
be true, An ORTEP drawing of the moclecule is shown in Figure 2-3,

Tables 2-4 and 2.5 give bond lengths and angles for the compound.

Elgure 2-3. ORTE! Diagram of HoutU(ditox)a (ellipsoids shown at 30%
probabilicy).
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Table 2-4. Bond lengths (A) for MeLi-U(ditox),.

U-0l 2.268(4) Li-01 1.84(1)
U-02 2.256(4) Li.02 1.82(2)
U-03 2.101(4) 1...U 3.07(1)

U-04 2.104(¢5)
U-c5 2.465(7)

Table 2-5. Intramolecular angles (*) for HoLi-U(di:ox)h.

0l1-U-02 72.72(1) U-0l-C1 143.0¢3)
02-U-04 92.5(2) U-02-¢2 141.6(4)
03-U-04 97.8(2) U-03-c3 169.0(6)
01-U-03 92,0(2) U-04-C4 175.0(¢5)
01-U-04 159.9(2)

C2-U-03 157.9¢2) 01-L1-02 94.2(6)
Li-ol-cl 120.8(56) Li-01-v 96.0(5)
Li-02-C2 121.3(5) Li.02-U 97.1(4)

The geometry about uranium is pseudo-square-pyramidal, with the uethyl
occupying the apical site and the oxygen atoms in the basal sites. The
lithium is two coordinate, bridging two of the alkoxide oxygens. This
type of coordination has been observed in the compounds

43 1he u-0

LiHn{N(SiHe3)2](:r1:ox)2 and LiHn(tritox)zsrz[Li(thf)zl.
distances arc normal for tetravalent uranium compounds. The U-C
distance, 2.465(7) A, of this five-coordinate compound is slightly
longer than the U-C distances in the four-coordinate compounds
HeU[N(SiHl3)2]3, 2.397(13) A, and HcU(tritox)a. 2.422(8) A.

The solution properties of the addition compound suggest that the
compound dissociates as shown in Eq. 2-6,

LiU(Ho)(di:ox)a ceved> MeLi + U(ditox)a (2-6)

A frashly prepared sample in CGDG or C DB shows resonances in the 1H
NMR spectrum at 32,2 and 0.12 ppm, each with "1/2 of gca. 10 Hz, due to
the methyns and methyl protons of U(ditox), and resonances at 38.2

("1/2 = 112 Hz), -2.52 ("1/2 = 28 Hz), and -204 ("1/2 = 120 Hz) ppm, In
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the area ratio of 2:36:1.5. The latter resonance i{s in the region of

U-c a-bond16 and ths other two r are pr bly due to methyme
and methyl protons of the alkoxide in LiU(He)(dicox)h. The two large
resonances due to tire t-butyl protons in U(dicox)A and LiU(He)(ditox)A
are in an area ratio of 1:1.8, This suggests that in hydrocarbon
solvents che rcaction shiown in Eq. 2-6 exists, assuming that methyl-
lithium is not detected due to its insolubilicy. The spectrum changes
irreversibly on heating, and on cooling the resonances that are

identified as being due to U(ditox), do not change shnpe, though their
4

chemical shift is temperature dependent as expscted for a paramagnetic
compound. Those resonances due to the addition compound broaden into
the base-line by -40°C. Clearly the solution constitution is not
identical with the solid state sonstitution, and inferenmces made on the
basis of spectroscopic study in a single phase pust be treated
conservatively,

Addition Q.rsus substi a in these reactions appears to be
driven by the solubility propercies of the possible products. Under
the reaction conditions, Eq. 2-2 leads to substitution, due to the
formation of insoluble LiOEt, whereas Eq. 2-3 leads to addition,
because LlOPr1 does not pracipitate. The lithiun salt of the ditox
ligand is also soluble, 30 there is no driving force for substitution.
This insolbility of one of the rsagents can be quite useful
synthetically. For example, the extreas insolubility of some lithium
thiolates has been used to make new Ccfnlkyl compounds that were not
accessible by other !Outll.lg

[(c-BuCSHA)ZC|(F-SPr1)2 + 2 Mell ---> (2-6)

i
[(c-BuCSH“)ZC.(u-HQ)]z + 2 LiSPr



(6:Bu),$10" (ailow) Chemistry

When Wolczanski and co-workers tried to extend their work with the
tritox ligand from the Group 4 to the Group 5 metals, they had
difficulty isolating stable Group S-tritox conpoundl.20 They believe
their difficulties ware elus;d by facile hetarolysis of the tritox C-0O
bond to form the stable tri-t-butyl carbonium ion. Substitution of Si
for C, i.e., using (t-BussiO') (silox), should help alleviate this
problen. The stability should be enhanced by both the stronger Si-0
bond, and the instability of the silcon analogue of the carbonium ion.
This was indeed found to be the true, and a variety of Group 5-silox
compounds were prepnrcd.zo There was precedence for this enhanced
stability in the work of Weidenbruch and co-workers, who synthesized
silox complexes of several different transition notnls.21

There are a variety of procedures in the literature for »reparing
slloxﬂ.zz The synthesis is not as straight-forward as would be
expected because of the difficulty in putting thre2 t-butyl groups on
silicon. The compound t-Bu251612 is easily prepared from SiCla and two
molar squivalents of t-Buli. Howsver, successful routes to
substitution of a third chloride by a t-butyl group have not been
found. Fortunately, if flouride is substituted for chloride, the
substitution can be carried out. The simplest route to produce gram
quantitiss of the ligand involves starting with SiF4.22b The SiFA is
bubbled through a solutfion of t-BuLi at 0°C to put on the first two t-
butyl groups. Refluxing the :-Bu251F2 with two more equivalents of t-
BuLi in cyclohexane produces t-lussiﬂ which may be hydrolyzed to the
silanel, t-BuBSIOH. The Li or Na salts of the ligand are sasily

prepared from the reaction of the silanol with n-Buli or NaH,
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respectively.

The preparation of uranium compounds containing the silox ligand
was not straight forward, and a varisty of conditions were investigated
before any product could bs made reproducibly. The reaction of U614
with three molar equivalents of Li(silox; in thf, produces a green
solution from which a pink powder may be isolated by removal of the
thf. Crystallizing the pink powder from E:zo yields the pink
crystelline compound U(silox)aclzLi(Eczo)n. The crystals turn opaque
when isolated and dried under vacuum. Appltontly all of the
coordinated Etzo is removed, as the compound gives a good elemental
analysis for the unsolvated species.

As with the tritox compounds, difficulties were encountered in the
reaction chemistry. The reaction of the pink compound with a variety
of methylating agents, including Meli, Hezng, and MeMgBr did not yield
any isolable products. Attempts at reducing the compound with
Na)naphch-leno gave the redisctribution product U(silox)a. This
compound may also be obtained from the reaction of uc1a with four molar
equivalents of Li(silox) in diethyl ether solution. It is interesting
that in this case the tetrakis(silox) compound could be made, whereas
only three tritox ligands could be put on uranium. This suggests that
the longer Si-0 bond (1.66 A), ‘rersus €-0 (1.43 A), moves the bulk of
the ligand further away from the metal center, making silox effectively
"smaller” than tritox.

The tetrakis(silox) gonpound is poten:ially of interast for
investigations into the electronic structure of tetravalent uranium, as
ic lhouid possess close to ideal tetrahsdral symmetry. Howavar,

crystals of U(lllox)a obtained from saturated pentene solutions occlude
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solvent. The occluded solvent is lost upon isolation of ths compound,
making single-crystal work difficult. The magnetic behavior of
U(:ilox)b (Fig., 3-11) is different from that of tetrskis(methyl-
borohydride)uranium, reported by Rajnack et |1.24 The magnetic
susceptibility of the methylborohydride compound shows temperature
independent paramagnetism below ca. 50 K, wheress the silox compound
exhibit temperature dependent paramagnetism throughout thr examined
temperature region (5-200 K). If the uraniua ion in each compound is
assummed to occupy a4 site of Td symmetry, then these specles serve as a
good example of the role that ligands play in changing the electronic
structure of the actinide ion. As was mentioned in Section 1.3, the
electronic structure of lanthanide (4f) species remains relatively

unperturbed by the ligand environment, whereas ligand field effects may

not be ignored in actinide(5f) compounds.
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All manipulations involving air-sensitive compounds were carried
cut using scnnd;rd Schlenk techniques or in & Vacuum Atmospheres inert
atmosphere dry box. All reactions requiring elevated pressures were
carried out in thick-walled, glass, pressure bottles. all solvents
were dried and deoxygenated by distillation under nitrogen from sodium
benzophenone ketyl. Deuterated solvents for NMR studies were distilled
from potassium under nitrogen and stored over sodium. Other chemicals
were of reagent grade, unless otherwise specified.

Infrared spectra vere recorded on a Nicolet 3DX FTIR as Nujol
muils Se:ween Csl plates., Melting points were measured on a Thomas-
Hoover melting point apparatus in capillaries sealed under N2' and are
uncorrected, 1H NMR spectra were recorded either at 90 MHz on a JEOL
FX-90Q spectrometer, or at 200 MHz on a departmental machine at the
University of California, Berkelely, and are referenced to
tetramethylsilane at § = 0. Elemental ;nllyses were performed by the
analytical laboratories at the University of California, Berkeley.
Several compounds did not give satisfactory elemental analyses, and
only those that gave satisfactory agreement with theory are recorded in
this thesis. Electron impact mass spectra were recorded on either an
AEI-MS-12 or KRATOS MS-50 at the University of California, Berkeley.

Magnetic susceptibility measurements were made using an S.H.E.
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model 905 superconducting magnetometer (SQUID). Sample preparation
involving air-sensitive compounds was carried out in an argon dry box.
In a typical experiment, 70-100 mg of the compound was carefully ground
with mortar and pestle and weighed in the bottom half of a Kel-F sample
container. The two halves of the container were sealed with a small
amount of silicone grease and removed from the dry box. The container
was tied closed with nylon monofilament thread and suspended in the
sample chamber with cotton thread. The chamber was evacuated to S50
microns and refilled with high purity helium three times. Sample
measurements were taken automatically at 5 and 40 kG at the following
temperatures: from 5-21 K, every 3 K; from 25-50 K, every 5 K; from 50-
100 K, every 10 K; and from 100-280 K, every 20 K. All data were
corrected for container and sample diamagnetism. Samples exhibiting
Curie-Weliss behavior were fit to the Curie-Weiss law 1l/x = (T - 8)/C
using a linear least-squares program written by Dr. E. Gamp. Effective

magnetic moments were calculated as u = 2,828 01/2.

The plots of l/xH
vs. T show the data points with a line that 1s either drawn through the
points or is derived from a least-squares fit of the data to a third-

order polynonial, using a fitting program written by W. Polik.
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CHAPIER ONE

UIN(Side ) 1,

Naphthalene (1.35 g, 10.5 mmol) and excess sodium metal were
transferred to a 150 mlL round-bottom flask to which approximately 100
nL of tetrahydrofuran was added. The solution turned deep green
immediately, This wmixture was stirred for two hours, then the green
sodium-naphithalene solution was added to a green solution of UCla (4.00
g, 10.5 mmol) in 30 mL tetrahydrofuran. The color turned dark purple
and a dark purple precipitate formed. The mi:xture was stirred 12 h.
The 'UCIB' prepared in this manner was not isolated. A solution of
NaN(SiHe3)2 (5.78 g, 31.5 mmol) in 50 mL of tetrahydrofuran was added
to the dark purple uranium mixture. The color remained very intense,
but appeared more red-purple. After stirring two h, the
tetrahydrofuran was removed at reduced pressure and the naphthalene was
sublimed (60°C, 10'1 torr). The mixture was extracted twice with 200
nl of pentane. The volume was reduced to ca. 30 mL and the solution
was cooled slowly to -15°C. Llong, dark purple needles were isolated
(4.83 g, 63.9% yield). A second crop of needles usually may be
’obtnlned. However after the solution has been filtered several times,
it begins to show signs of oxidation, and slowly turns brown and oily.
The 1H NMR (C6D6, 20°C) was slightly different than the reported

vnluel: §-11.38, » = 15 Hz, The infrared spectrum and the melting

172
point were the same as tcported.1 Hognetic sysceptibility: A plot of

l/xH vs. T is shown in Figure 3-1. A fit of the data, as described in
the general experimental section, gave the following values for

p.ff(lvn.): 5 kG; 35-280K, 3.354(4) B.M. (8=~-12.9(4)K), and 40 kG;



35-280K, 3.385(3) B.M. (8=-11.1(3)K).

ﬂlﬂlﬁiﬂ£31213lﬂsﬂsﬁl

To a solution of U[N(SiH83)2}3 (0.88 g, 1.2 pmol) in 20 nL of
pentane was added 0.10 nL of pyridine (d-0.98 g/mL, 1.2 mmol). The
purple-red solution deepened to & darker purple upon addition. The
mixture was filtered, the volume of the filtrate was reduced to gg. 5
oL and the solution was cooled slowly to -15°C. Purple blocks were
isolated (0.29 g, 30X yield), m.p. 98-100°C. Attempts at
recrystallization always ylelded a mixture of the pyridine adduct and
the base-free starting material. The highest peak in the mass spectrum
(e/m = 718 amu) corresponds to the pyridine-free starting material. 1H
NMR (CGDG, 32*¢C): -7.90 (He3si). The pyridine ring protons were not
observed, possibly due to an equilibrium in solution between free and
coordinated ligand. JR: 1599 w, 1242 s, 1150 w, 1063 w, 1034 w, 985 m,

950 s, 855 s, 838 8, 824 3, 762 m, 698 w, 660 m, 598 m, 373 n en’l.

UIN(SiMe ) )], (NC B, MHe,)

A solution of p-dimethylaminopyridine (0.05 g, 0.41 mmol) in 15 ml
of pentane was added to a solution of U[N(Sﬂ(e3)2]3 (0.28 g, 0.39 mmol)
in 20 mL pantana. The red-purple solution turned blue-purple. The
mixture was filtered, the filtrate was concentrated to ga. 3 aL and

cooled to -78°C. Dark purple crystals were isolated (0.19 g, 58%

1

yield), m.p. 125-128°C. "H NMR (C 32°C): -5.09(6H), -5.34(54H),

g
-8.77(2H), -20.26(2H). Anal. Caled. for CpgH, N,S1.U: C, 35.7; H,

91
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7.67; N, 8.32. Found: C, 35.7; H, 7.59; N, 8.35. ]IR: 1621 s, 1550 m,
1244 s, 1114 w, 1060 w, 1004 m, 952 s, B61l s, B42 s, 832 s, 770 m, 757

w, 666 m, 612 m, 601 m, 532 w, 377 m em L.

UIN(SiMe ),1,(CN-2,6-He CH,)

A solution of 2,6-dimethylphenylisocyanide, sublimed prior to use,
(0.06 g, 0.42 mmol) in 10 al. of pentane was added to a solution of
U[N(SiHe3)2]3 (0.30 g, 0.42 mmol) in 25 nl of pentane. The color
changed immediately to deep blue-green. The solution was filtered, the
filtrate was concentrated to 3 mL and cooled to -15°C. Blue-green
plates were isolated, (0.17 g, 66.6% yleld). 'H NMR (C,Hg, 32°C):
8.25(1H, t, J=8.5 Hz), 0.71(d, 2H, J=7.3 Hz), -5.39(54H), -9.39(6H).
IR: 2200 s (VCN for free ligand; 2115 cn'l). 1240 s, 1163 w, 957 s, 855

s, 838 s, 825 s, 767 s, 720 w, 660 m, S50 m, 465 w, 379 m cu’ L.

ULN(SiMe,) )1, (Ph,PO)
To a suspension of Ph3P0 (0.12 g, 0.42 mmol) in 10 mL of toluene
was added a solution of U[N(Si}(e3)2]3 (0.30 g, 0.42 mmol) in 25 mlL
toluene. No color change was observed. The solution was filtered, the
volume of the solution was reduced to 3 mL and the solution was cooled
to -25°C. Llarge dark purple crystals were isolated (0.18 g, 43%
yield), m.p. 143-150°C. Apal. Calcd. for C36H69N30PSiSU: C, 43.3; H,
6.97; N, 4.21. Found: C, 39.1; H, 7.19; N, 3.35. JIR: 1439 m, 1246 m
1136 m, 1120 m, 952 8, 887 m, 863 m, 839 s, 772 m, 723 @, 693 m, €65 m,

575 m, 541 %, 378 m cm’ L,



ULN(SiNe,) )1 (5-BUCN) ,
To a solution of U[N(Siﬂe3)2]3 (0.90 g, 1.3 mmol) in 20 oL of
pentane was added by syringe 0.14 oL t-BuCN (d=0.75, 1.3 mmol). The
color changed immediately from dark purple to dark blue. The mixture
was filtered, the volume of the filtrate was reduced to ga. 3 oL and
the solution was cooled slowly to -15°C. Dark blue plates were
isolated (0.32 g, 57% yleld, calculated from t-BuCN), m.p. 128-133°C.

1

H NMR (C7H 25°C): -2.75 (54 H); -10.10 (18 H). Mass Spectrum: H+-

884. Anal. Caled. for 628H72N5516U: C, 38.0; H, 8.21; N, 7.91. Found:

C, 34.7; H, 8.24; N, 7.28, ]IR: 2253 m, 1243 s, 1205 w, 960 s, 860 s,

835 s, 825 s, 768 m, 732 w, 720 w, 682 w, 660 m, 600 m cm.l.

UIN(SiMe ), 1 (c-BuNC),
To a solution of U[N(SiHe3)2]3 (0.46 g, 0.64 mmol) in 20 mL of
pentane was added t-BuNC (0.05 g, 0.60 mmol) in 10 mL pentane. The
color changed immediately to deep blue. The mixture was filtered, the
volume of the filtrate was reduced to ca. 3 ol and the solution vas
cooled to -15°C. The solid that was isolated was a mixture of mostly
blue plates and some blue needles, (0.09 g, 34X yield, calculated from
t-BuNC), o,p. 122-128°C. Great care had to be taken to exclude oxygen
from the reaction mixture. The product could only be obtained if the
glasaware was carefully flame-dryed under vacuum before the reaction
was carried out, otherwise, decomposition to a brown product could be
observed occuring on the walls of the Schlenk tube. 1H NMR (CGDG'

32°C): -4.75 (Hussi), -7.88 (Meac). The integration of the silylamide

to t-BuNC resonances was 3.5:1, as opposed to ths expected 3:1 ratio.

This suggests the presencs of the 1l:1 coordination compound, which is
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rapidly exchanging with the 2:1 compound, so that the averaged spectrum
was observed. This could explain why two different crystal-types were
isolated. Anal. Caled. for 628H72N5516U: c, 38.0; H, 8.21; N, 7.91.
Found: G, 36.6; H, 8.33; N, 7.44. ]R: 2248 w, 2175 m (this absorption
corresponds to Von for free t-BuNC), 1255 w, 1242 s, 1205 w, 946 s, 858

s, 836 s, 767 m, 719 w, 680 w, 660 m, 599 m, 520 w, 375 m cm-l.

ONE-ELECTRON OXIPATION/REDISTRIBUTION REACTIONS

E!lﬂi§1H§3lzl3

A solution of U[N(Siﬂe3)2]3 (0.47 g, 0.65 mmol) in 30 mL of
pentane was added to a suspension of AgF (0.27 g, 2.1 mmol) in 10 al of
pentane. After stirring for 3 h, the solution turned from deep purple
to pale yellow-pink and a silvery-black precipitate formed. The
mixture was filtered, the filtrate was concentrated to ga. 5 mL and
cooled to -78°C. Pale purple-pink needles were isolated (0.25 g, 52X
yield), m.p. l43-145°C. 1H NMR (C.D., 20°C): -4.63 (v1/2-150 Hz).
Mass spectrum: H+- 737. Anal. Calcd. for CIBHSAN3F316U: C, 29.3; H,
7.37; N, 5.69. Found: G, 29.1; H, 7.49; N, 5.84. ]IR: 1250 s, 931 s,
850 s, 839 3, 817 s, 758 m, 734 m, 681l u, 671 m, 655 m, 610 s, 509 m,

385 m, 376 m cm-l.

The U-F stretching frequency in the infrared
spectrum is asaigned to the absorption at 509 cm'l. Maguetic
susceptibility: The plot of l/xH vs. T (Fig. 3-2) was essentially
linear over the cnnp-r‘cure range measured. The magnetism did not

beacome temperaturs independent down to 5 K. A fit of the data as
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described in the general experimental section gave the following values
for “eff('“‘): 5 kG; 5-280K, 2.91(1) B.M. (8=-13(1)K), and 40 kG;

7-2B0K, 2.92(3) B.M. (8=~-7(2)K).

N,UIN(SiMe )1
To a solution of U[N(Sﬂha)z]:’ (1.355 g, 1.B8 mmol) in 50 mL of
hexane, cooled to -7B°C, was added a solution of Ph36N3 (0.54 g, 1.9
amel) in 20 nl hexane. The color changed from deep purple to brown.
After the addition was complete, the mixture was allowed to warm to
room temperature, with stirring. As it varmed, the color of the
solution acquired a greenish tinge. The mixture was filtered, the
volume of the filtrate was reduced to ¢a. 10 mL and the solution was
cooled slowly to -15°C. A mixture of the brown uranium product and
off-white bitrityl crystals (identified by 1H MR) were isolated. The
two compounds were physically separated and the uranium compound was
recrystallized from toluene (-15°C). Light brown blocks were isolated

1

(0.13 g, 23X yleld), m.p. 165-168°C. "H NMR (C 34°C): -3.65

7“3-
(v1/2-15 Hz). Mass spectrum: H+- 760. Anal. Calcd. for clBHSANGSiGU:
C, 28.4; H, 7.15; N, 11.0. Found: C, 25.9; H, 7.14; N, 11.4. IR: 2120
s, 2106 s, 2082 m, 1395 w, 1299 w, 1249 s, 1185 w, 1170 w, 1154 w, 907
s, B86 s, 847 8, 774 s, 737 w, 724 w, 677 w, 661 s, 615 5, 595 w, 386 m
Cl-l.
(NCYJIN(S1He ), 1, CPRCN)

To a solution of u(N(SMe3)2]3 0.51 g, 0.71 mmol) in 30 oL of
pantana was addad 0.07 aL of benzonitrile (d=1.0l1 g/mL, 0.69 mmol),.
The color changed immed_ately from purple-red to deep blues. After 15

minutes, the color appesred to change to dark green, then after two



hours to red-brown. The pentane was removed, the remaining brown solid
was redissolved in warm hexane and the mixture was filtered. The
filtrate was concentrated to ¢g. 5 mL and cooled to -15°C. Very fine,
tan needles were isolated, m.p. 148-150°C. Mass spectrum: [H+-(HCN)] -
820, The next peak in the spectrum corresponded to the metallocycle,
e/m = 717 amu. Apnal. Caled. for C26H59N581SU: ¢, 36.8; H, 7.01; N,
8.26. Found: C, 35.1; H, 6.94; N, 6.59. IR: 2252 w, 2235 w, 2063 s,
1640 w, 1605 w, 1594 w, 1586 w, 1571 w, 1279 w, 1249 m, 1178 w, 969 w,
913 s, 900 s, 844 s, 773 m, 757 w, 734 w, 728 w, 719 w, 695 w, 661 m,

615 m, 590 w, 555 w, 386 m cm L.

Hsﬂlﬂi&iﬁs31213_f19n_ulﬂliiﬂg31213_§n§_H£L1

A solution of U[N(Siﬂea)z]3 (0.45 g, 0.63 mmol) in 30 nL of
pentane was cooled to -78°C. To this solution was added 3.0 mL of Meli
(0.21 M in diethyl ether, 0.563 mmol). The color changed from deep
purple-red to dark blue-black lﬁd a fine, very dark blue-black
precipitate formed. As the mixture was allowed to warm to room
temperature, the color changed slowly to pale tan and a fine brown
precipitate formed. The mixture was stirred 30 minutes at room
temperature, The pentane was removed and 50 mlL of hexane was added.
The mixture was filtered, and the volume of the filtrate was re&uced
until some precipitate began to form. The solution was warmed slightly
to redissolve all of the solid, then cooled slowly to -15°C. Large,
tan blocks formed (0.21 g, 46% yield) m.p. 132-135°C. The product was
identified by comparison of the melting point and infrared spectrum

that of the known c°llP°und-2 Magnetic susceptibility: The plot of

l/xH vs. T (Fig. 3-3) was separated into two temperature regimes for
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determining values for Bagg® As with the flouride, FU[N(SiHe3)2]3, the
megnetism did not appear to become tempsrature independent at low
temperature, although the plot of l/xH vs, T does start to level off
below 20K. A good match was not achieved between the 5 kG and 40 kG
data. This may be due to the fact that the compound crystallizes in an
acentric space group (R3c), which may cause its magnetism to be highly
anisotropic. The microcrystalline material may physically interact
with the magnetic field in such a way as to destroy the anisotropy
sought by finely grinding the compound. The 40 kG data is collected
after the 5 kG data, making it more likely to exhibit problems due to
magnetic anisotropy. The values determined for peff(ave.) were: 5 kG;
25-100 K, 2.99(1) B.M. (8=-13.5(3)K); 120-280K, 3.18(1) B.M. (8=-
32(2)K); 40 kG; 25-100K, 3.50(1) B.M. (8=-12.2(3)K); 120-280K, 2.89(3)

B.M. (8=-60(4)K).

KeU[N(SiMe,),], fron UIN(SiMe,),]1, and Me.Al

To a solution of U(N(S:I.He3)2]3 (0.27 g, 0.38 mmol) in 20 mL of
pentane was added 0.45 oL of AlHe3 (0.84 M in pentane, 0.33 mmol).
After stirring 6 h the solution had turned black with a black
precipitate. The mixturs was filtered and the volume of the filtrate
was reduced to ¢ca. 5 nL. Slow cooling of the solution to -15°C yielded
long needles that looked black on the outside, but gave a pale tan
powder when ground (0.07 g, 25% yield), m.p. 132-135°C.
Recrystallization of the nsedles from pentane yielded tan needles. The
identity of the compound was confirmad by comparison of the IR, melting

point, and 1H NMR with the regurted vnlucs.z
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AUIN(SIMe ), 1,0, Cuo§)

To a solution of U[N(SiHe3)2]3 (0.17 g, 0.246 mmol) in 50 mL of
pentane was added a suspension of Ph3PS (0.070 g, 0.24 msol) in 10 =L
of pentane., The solution turned from deep purple to yellow-gold. A
small amount of white precipitate formed. After stirring for 30
minutes, the mixture was filtered, the volume of the filtrate was
reduced to 5 mL and the solution was cooled to -15°C. The white
triphenylphospine formed in the reaction was iaolated and the volume of
the remaining solution was reduced to 2 mL. Slow cooling of the
solution to -78°C produced orange blocks (0.12 g, 69% yield), m.p.

1

145-147°C. H NMR (CSD 32°C): . Under the conditions used to obtain

6’
the mass spectrum, the compound appears to decompose to

+ [ ] +
M = 750 and [(He351)2N]2UGH2(HG)251N51HG., M= 717.

HSU[N(S1Me,), ],
Anal. Caled. for CycH, oN.SS1,,U,: C, 29.4; H, 7.40; K, 5.72. Found:
C, 32.0; H, 7.28; N, 5.19. IR: 1249 m, 888 s, 850 s, 775 m, 760 w, 742

w, 722 w, 695 w, 661 m, 616 m, 388 m, 322 m cm’ L.

LUIN(SiMe,) 1,0, (usSe)
A solution of U[N(Siue3)2]3 (0.43 g, 0,60 pmol) in 30 mL of
pentane vas added to a suspension of Ph3PSe in 10 mL of pentane. The
color changed immediately from dark purple to orange. The mixture was
stirred 30 minutes, then the volume was reduced to 10 mL. The reaction
mixture was cooled to -15°C to precipitate the triphenylphosphine.
After 12 h, the mixture was filtered again and the volume of the orange

solution was reduced to 2 mL. Slow cooling to -78°C yielded orange-red

crystals (0.31 g, 68% yield), a.p. 145-149°C. 1H NMR (G6D6. 32°C):

-6.35 (v, ,,~8.3 Hz). Under the conditions used to obtain the mass
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spsctrun, the compound appeared to decompose to HSeU[N(SiH33)2]3,

H+- 797 and [(Hessi)zN]ZUCHz(He)2$1N51Ha3, H+- 717. When heated for

5 h at 85°C in toluene, the compound did decompose to the metallocycle,
however, no HSeU[N(SiHe3)2]3 wasz observed. Anal. Calcd. for
C36H108N65e511202: C, 28.5; H, 7.17; N, 5.54. Found: C, 28.2; H, 7.29;
N, 5.89., IR: 1301 w, 1250 s, 1174 w, 1096 w, 1028 w, 887 s, 851 s, 775

‘m, 762 w, 741 w, 723 w, 695 w, 660 m, 616 m, 511 w, 504 v, 388 m cm .

LUINCS{Ne ), 150, (u-Te)

A solution of U[N(SiHe3)2]3 (1.35 g, 1.88 mmol) in 30 mL of
pentane was added to & solution of n-BuBPTe €¢0.10 g, 0.26 mmol) in 10
nL of pentane at 0°C. The color of the solution changed immediately
fron‘deep purple to red. The mixture was filtered and the volume of
the filtrate was reduced to g¢a. 5 mL. Slow cooling to -25°C yielded
large red crystals (0.58 g). A second crop of smaller red crystals was
obtained (0.35 g, 63% total yleld), m.p. 158-159%c. 'H MMR (c,D,

32°C): -5.94 (v, ,,~9.0 Hz). Under the conditions used to obtain the
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mass spectrum, the compound appeared to decompose to HTeU[N(SiHe3)2]3.
3'

CssﬂloaNssilzreUZ: c, 27.6: H, 6.95; N, 5.37, Found: C, 27.5; H, 7.12;

N, 5.62. IR: 1251 s, 1170 w, 1153 w, 886 s, 850 s, 839 sh, 774 m, 738

w, 723 w, 703 w, 659 m, 614 m, 391 cn"l. Magnetic susceptibility:
The plot of l/xH vs. T is shown in Figure 3-4, The magnetism did not

1
M= 847 and [(Me,51) ,N] UCH, (Me) ,SINS1Me M'= 717. Anal. caled. for

become temperature independent down to 5 K, although the plot of l/xH
vs. T doas start to curve in that direction below 25K. Low and high
temperaturs regions were selected for fitting the data and the values

obtained (calculated for the dinuclear compound, with the values per
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uranium in brackets) for p.ff(lvc.) were: 5 kG; 5-140K, 4.38(1) {3.10]

B.M. (6=-19.4(4)K); 140-280K, 4.64 [3.2B] B.M. (6=-40(3)K).

Reaction of U[N(SiMe,) 1, and N,0
Tris[bis(trimethylsilyl)amido]uranium (0.45 g, 0.63 mmol) was
dissolved in 20 oL toluene and transferred to a thick-walled glass
pressure bottle. The solution was pressurized to 5 atm. with N20. The
color changed immediately from dark purple to pale gold. The solution
was transferred to a small Schlenk flask and the volume was reduced to
ca. 10 mL. Slow cooling to -15°C yielded gold needles (0.26 g, 73X
yield, calculated for (OU[N(SiHea)zlz)n), m.p. 171-172°C. The needles
appeared to lcse solvent slowly and turned opaque after several days
under nitrogen. The sanple used for elemental analysis was dried under
vacuum for 12 h at 60°C. Anpal. Calcd. for 012H36N20U: c, 25.1; H,
6.31; N, 4,87. Found: C, 25.4; H, 6.58; N, 4,98. The highest peaks in
the mass spectrum correspond to, (OU[N(SiHe3)2]2)3. H+- 1722, and [H+ -
HN(SiHe3)2] = 1561. JR: 1264 w, 1248 s, B85 s br, 851 s br, 816 sh,
776 m, 761 w, 732 w, 723 w, 692 w, 680 sh, 669 sh, 660 m, 632 w, 616 m,

469 s br, 386 m el

JWO-ELECTRON OXIDATION REACTIONS

UINGSIe ) 1, (N(p-tolyl)]
To a solution of U[N(SiHe3)2]3 (0.40 g, 0.56 mmol) in pentane (30
ol) was added 0.24 nL p-telylazide® (2.4 M in toluens, 0.58 mmol). The

color changed immediately from deep purple-red to dark black-green and
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gas was evolved, After stirring five minutes, the pentane was removed
under reduced pressure, leaving a black solid. The solid was
redissolved in 30 mL hexane, filtered and the filtrate was cooled

(-15°C), yielding black, chunky crystals (0.20 g, 43X), m.p. 145-148°C.

1 H - -

H NMR (CoDg, 20°C): 23.89 (3, vy ,»=9 Hz), 21.32 (2H, vy ,,=13 Hz),
2.75 (2M, vy ;=33 Hz), -2.12 (54H, v, ,=35 Hz). Mass spectrum: M-
823. Anal. Caled. for CocH (N S1.U: C, 36.4; H, 7.46; N, 6.80. Found:

C, 31.3; H, 7.63; N, 5.80. JIR: 1491 m, 1249 s, 1104 w, 90° s, 842 s,
816 s, 770 s, 760 s, 736 m, 693 w, 676 m, 655 s, 607 s, 519 m, 475 m
br, 389 m br enl. Magnetic susceptibility: The plot of 1/x, vs. T
(Fig. 3-5) is slightly curved throughout the whole temperature range.
The data was separated into two temperature regimes to determine values

for u (ave.), although a strajight-line fit to the data may not be

eff
appropriate due to the curvature. At 5kG; 5-40K, 1.49(1) B.M.
(8=-1.3(3)K); 140-280K, 2.26(2) B.M. (6=-98(8)K). At 40kG, 7-40K,

1.56(1) B.M. (8=0.0(4)K); 140-280K, 2.21(1) B.M. (8=-86(4)K).

UIN(SiMe,) 1, [NCE-Bu)]

To a solution of U[N(Siﬂa3)2]3 (0.52 g, 0.72 mmol) in pentane (20
oL) was added 0,80 mL t-bu:yluzidch (0.90 M in cyclohexane as
determined by 1H NMR, (.72 mmol). The color changed immediately from
deep purple-red to black-gresen and gas was svolved. The solution
volume was reduced to 2 mlL and the solution was cooled to -78°C,
producing black crystals (0.18 g, 32%), m.p. 113-119°C. A second crop
of crystals could not be obtained, as removal of the remaining solvent
left a black oil. Difficulties ware encountered in the reproducibility

of this preparation. Several times no crystalline product could be



obtained, only a black oil remained after the solvent was removed. lﬁ

NMR (C 20°C): 25.06 (SH, v1/2-229 Hz); -3.95 (544, v, ,=123 Hz).

606" 172
« +_ . .

Mass spectrum: M = 789. Anal. Calcd. for 622H63N4516 ;s C, 33.4; H,

8.03; N, 7.09. Found; C, 33.3; H, 8.11; N, 7.14. IR: 1356 m, 1249 s,

1206 m, 1195 m, 1008 m, 993 m, 907 s, 900 s, B4B s, 837 s, 772 s, 698

w, 673 m, 660 s, 607 5, 493 = br, 389 s br ca™ L.

Mlki_e:,lzl:,.(mal
The compound was synthesized by the procedure of Brennan.

Magnetic susceptibility: The plot of 1/~xH vs. T is shown in Figure 3-6.
As with U[N(SiMe

5

3)2]3[N(p-coly1)], the plot is curved throughout the

experimental temperature range, and a straight-line fit to the observed

curve may not be a good way to treat the data. Fitting low and high
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cemperat&re regions gave the following values for peff(nve.): At 35 kG;

5-40K, 1.61(2) B.M. (6=-3.6(7)K); 140-240K, 2.04(1) B.M. (8=-54(4)K).
At 40 kG; 5-40K, 1.63(1) B.M. (8=-4.1(6)K); 140-280K, 2.04 B.M.

(8=-54(3)K).

ULN(S1Me,) ) 1, (NH(p-tolyl)]

A solution of U(N(51H93)2]3 (0.58 g, 0.81 mmol) in pentane (25 mL)
was added to a solution of U[N(51H03)2]3[N(p-;01y1)] (0.67 g, 0.81
mmol) in pentane (25 alL). The mixture was lcipred for 2 h and the
color changed from black to dark brown. The volume of the solution was
reduced to ¢a. 5 mL and an orange-brown precipitate formed. The
mixture was cooled to -25°C for 24 h to precipitate all of the less

soluble product. The mixture was filtered, the precipitate redissolved
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in hexane and the solution was concentrated and cooled (-15°C). Brown
crystals of U[N(Siﬂea)zl3[Nﬂ(p-toly1)] wverse isolated by filtration

1H NMR (CGDG' 20°C): -1.83 (54 H),

(0.20 g, 30%), m.p. 132-135°C,
-2.11 (3 H), -2.14 (2H, d, J=12 Hz), -27.89 (2H, 4, J=8 Hz), -213.1
(1H). Mass spectrum: [M'-1] = 823. Anal. Caled. for Cogly N SLU:
IR: 1609 m, 1507 s, 1268 s, 1261 s, 1247 s, 1180 w, 1109 w, 915 s, 851
s, 836 s, 8l4 s, 770 5, 735 m, 696 w, 677 m, 657 8, 608 s, 527 m, 463 m
br, 381 m br en’l,

The first filtrate was concentrated to ga. 2 mL and cooled to
-15°C, yielding yellow needles of [(He3si)2N]2UCH2(He)251NSIHe3.
(0.41 g, 71%). The metallocycle was identified by comparison of the

melting point and infrared apectrum with that of the known compound.6

U, [N(SiMe,),), Ju-N(p-tolyl)),
To a solution of p-toluidine (0.10 g, 0.93 mmol) in 30 nL of
hexane was added 0.24 oL of n-Buli (3.98 M in hexane, 0.96 mmol). A
white precipitate formed immediately. This mixture was added to a
suspension of CIU[N(31H¢3)2]3 (0.70 g, 0.93 mmol) in 20 mL of hexane.
The color changed from pinkish-orange to bright gold and then slowly
darkened to red-brown. The mixture was stirred six hours, filtered and
the volume of the filtrate was reduced to 4 mL. Slow cooling to -15°C
ylelded red bricks (0.40 g, 65X yi.id), m.p. 230-233°C. 1H NMR (C.D,,
20°C): 12.66 (2H), 6.20 (2H), 1.21 (3H), -12.40 (36H). Mass spectrum:

The highest peak observed was due to ths metallocycle,
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[(He351)2N]ZUCHZ(He)ZSINSiHes. e/m = 717 amu. Anal. Calcd. for
c38H85N651suz: C, 34.4; H, 6.53; N, 6.33, Found: C, 33.1; H, 6.34; N,
5.96. IR: 1603 w, 1491 m, 1250 s, 1216 s, 1174 m, 955 s, 931 s, B44 s,
816 s, 772 m», 756 m, 727m, 677 w, 657 m, 507 m, 525 m, 480 m, 385 m
eml, Hagnetic susceptibility: The plot of 1/x, vs. T is shown in
Figure 3-7. Low and high temperature regions were chosen for
determining Bogg® however, it should be noted that there is a
significant amount of curvature in the l/xH vs. T plot, making a
straight line fit to the data of questionable validity. The values
obtained for ueff(lve.) (calculated for the dimer, with monomer values
in brackets) were: 5 kG; 5-40K, 6.18(7) [4.37] B.M. (8=0.4(5)K); 160-
280K, 4.72(4) [3.34] B.M. (0=44(4)K). AT 40 kG; 5-40K, 6.94(15) [4.91)]

B.M. (8=-3(1)K); 160-280K, 4.80(8) [3.39] B.M. (8=49(7)K).

U,LN(SiMe ), 1, [u=NCH) (2.4, 6-Me G H Y1,

A solution of 2,4,6-trimethylaniline (0.09 mL, d=1.0 g/mL, 0.67
mmol) in 20 mL of pentane was carefully layered on top of a solution
of U[N(SiHe3)2]3 (0.50 g, 0.70 mmol) in 30 nL of pentane. The two
solutions were allowed to stand undisturbed for 24 h. The mixture was
then carefully filtered, and the dark blue-green crystals were isolated
(0.12 g, 24.8%), m.p 191-195°C. A smzll amount of brown solid was
always present on the sides of the glasaware after the two solutions
had mixed, The product was not soluble in hydrocarbon or aromatic
solvents and attempts at recrystallization from tetrahydrofuran led to
deposition of a brown, oily substance. Tha 1H NMR spectrum could not
be obtained due to insolubility of the compound. Anal. Caled. for

CyoHouNgS1gUy: C, 36.5; H, 6.85; N, 6.07. Found: C, 35.6; H, 6.95; N,
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5.69. JR: 1300 w, 1292 w, 1250 m, 1242 m, 1215 w, 1207 w, 1154 w, 964
s, 931w, 872 m, 855 8, 845 8, 817 m, 771 @, 7?55 w, 737 w, 731 w, 720
w, 654 m, 606 m el Magnetic susceptibility: A plot of 1/x, vs. T is
shown in Figure 3-8. 4 fit of the data to low and high temperature
reglons gave the following values (calculated for the dimer, with
monomer values in brackets) for p.ff(ave.): At 5 kG; 9-60K, 4.06(3)
[2.87] B.M. (©8=-22.5(7)K); B0-2B0K, 4.99(3) (3.53] B.M. (8=-71(2)K).
At 40 kG; 9-60K, 4.01(3) [2.84) B.M. (6=-21,6(7)K); B80-280K, 4.92(2)

[3.48] B.M. (8=-66(2)K).
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IRITOX. COMPOUNDS
Synthes{s of t-Bu,COH (tritoxH)

The alcohol was prepared by a modification of the procedure of
Syper.7 The reaction was carried out in a 1 L, 3-neck, round-bottom
flask fitted with a 200 nlL pressure-equalized dropping funnel, water-
cooled condenser with argon inlet, and large egg-shaped magnetic
stirbar. The reaction temperature was kept between -70 and -80°C. A
solution of t-Buli (366 mL, 1.74 M in pentane, 0.640 mmol) was
transferred to the flask along with 100 aL Etzo. Ethyl
trimethylacetate (t-BuCOOEt, 48.7 mL, d = 0.856 g/mL, 0.320 mol) was
transferred to the dropping funnel along with 100 mL Etzo. The ethyl
trimethylacetate was added to the t-BuLi solution over 45 minutes.
During the initial part of the addition, the color of the reactlon was
bright reddish-orange. This faded to a paler yellow-orange by the time
the addition was complete, The mixture was stirred 30 minutes, then
allowed to warm to -35°C. The mixture was poured into a 2 L Erlenmeyer
flask containing 800 g of crushed ice. The orange color disappeared
and a small amount of white solid formed on the sides of the flask.
When most of the ice melted, the mixture was transferred to a large
separatory funnel, the aqueous layer was separated, and the organic
layer was washed with enother 200 oL of water. The combined organic
layers were dried over HgSOA and the Et20 and pentane were removed by
rotary svaporation. Lower boiling components wers removed by vacuum
distillacion (maximum c;npcraCurc 50°C, 10 torr). It was important to

use a large round-bottom flask as the stillpot (in this case, a 250 oL
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round-bottom flask and a 10 cm Vigrsaux column were used), in order to
minimize problems due to foaming. The residue in the stillpot
solidified on cooling to « aticky, off-white solid which was
racrystallized from a HeOH/Hzo (50/50 v/v) mixture, yielding white,
slightly sticky crystals which were isolated by filtration and dried
under vacuum (47.4 g, 73.9% yield), m.p. 113-115°C. 1H NMR (CGDG'

20°C): 1.22(27H), 3.52(1H).

Litepitox)

The lithium salt of tritoxH was prepared by the procedure of
Lubben, Wolczanski, and Van Duyne.8 White, crystalline tritoxH (3.84
g, 19.2 mmol) was dissolved in 50 nL of pentane and coolzd to 0°C. A
solution of n-Buli (9.1 mL, 2.1 M in pentane, 1% mmol) was added to the
alcohol over 10 minutes. The white product began to precipitate after
the addition was approximately 2/3 complete. The mixture was allowed
to warm to room temperature with stirring. The volume of the solution
was reduced to 20 ml, and the mixture was cooled to -78°C for two days.
The white product was isolated by filtration and dried under reduced
pressure (3.88 g, 98.0% yield), m.p. 138-140°C. 1H NMR (66D6, 20°C):
1.10. IR: 1378 m, 1362 m, 1352 m, 1201 w, 1180 m, 1115 s, 1032 =, 1019

m, 925 m, B77 s, 710 s, 647 w, 604w, 578 w, 532 m, 487 m cn'l.

Cluceritox),
3
To UCla (5.30 g, 14.0 mmol) suspended in diethyl sther (50 mlL) was
added a solution of Li(tritox) (8.64 g, 41.9 mmol) dissolved in ether
(100 mL), Wicthin ga. 15 minutes the color changed from green to pink-

tan. The mixturs was stirred for 3 h, filtered, and the pink filtrate



was cooled to -15°C. Pink crystals were isolated and dried under
vacuum (3.21 g). The remaining solid from the initial filtration was
extracted with toluene (2x100 mL) and cooled to -15°C ylelding 4.62 g

of the same product (total yield 64%), m.p. 204-206°C. 1

H NMR (06D6.
32°C): 6.39. Mass spectrum: The highest peak corresponded to [H+ -
(t-Bu)] = 8l4. Anal. Caled. for c39H810301U: G, 53.8; H, 9.37; c1,
4.07. Found: G, 52.5; H, 9.31; €1, 3.77. IR: 1458 s, 1396 s, 1207

w,1189 w, 1044 m, 950 s br, 891 m, 722 m, 697 s, 483 w, 406 w cn'l.

MeU(tritox),

To clU(tritox)3 (0.63 g, 0.72 amol) dissolved in hexane (50 mL)
was added 1.6 mL of MeLi (0.52 M in ether, 0.79 mmol). The color
changed immediately from pale pink to gold and LiCl precipitated.
After stirring one hour, the mixture was filtered and the filtrace was
concentrated to 5 mlL and cooled (-15°C), yielding large amber crystals

(1.51 g, 89.6%), m.p. 199-200°C. I

R MMR (CGDS' 20°C): 6.73(81H), -226
(3H). Mass spectrum: [M' - 14] = 836. Apal. Caled for €, oHga03U: C.
56.5; H, 9.95. Found: C, 56.7; H, 10.1. JR: 1394 s, 1370 s, 1206 w,
1189 w, 1047 m, 965 s, 890 m, 693 s, 411 m cn”l. Msgnetic
sysceptibility: The plot of l/xH vs. T (Fig. 3-9) became temperature
independent below ga. 40K. A straight line fit of the high temperature
region gave the following values for paff(ave.): At 5 kG, 80-280K,
3.154(4) B.M. (8=-54(1)K). At 40 kG, 80-280K, 3.24(1) B.M.

(6=-41(2)K).

EEHLS:iSﬂXl;
To clU(cricox)3 (1.65 g, 1.89 mmol) dissolved in toluene (50 nlL)
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was added a solution of EtLi (0.07 g, 1.94 mmol) in toluene (10 mL).
The mixture was stirred for 3 h then the LiCl was allowed to settle.
The mixture was filtered, the volume of the filtrate was reduced to 5
oL and the solution was cooled slowly to -15°C. Brown crystals were

1H NMR (C

isolated by filtration (0.95 g, 58%) m.p. 194-196°C. 606'

20°C): 6.51(8lH), -33.42(3H), -220.0(2H). Angi. Calcd. for c41H8603U:
C, 56.9; H, 10.0. Found: C, 56.8; H, 10.0. IR: 1407 w, 1393 s, 1376
@, 1370 m, 1359 w, 1206 m, 1188 m, 111l m, 1047 m, 1003 w, 965 s, 931

m, 926 m, 922 m, 890 m, 693 s, 4Bl w br, 451 w br, 408 m br cm'l.

n-Rul(erivon)

To a solution of ClU(t:rit:ox)3 (1.45 g, 1.66 omol) in toluene (30
nl) was added 0.8 mL of n-BulLl (2.3 M in pentane, 1.8 mmol). The
mixture was stirred for 3 h, The color changed from pink to gold, then
to slightly darker brown. The LiCl was &llowed to settle out
overnight. The mixture was filtered, the volume of the filtrate was
reduced to 3 mL and the solution cooled slowly to -15°C. Chunky brown
crystals were isolated (0.98 g, 66%), m.p. 171-174°C. 1H NMR (C6D6'
20°C): 6.15(81H); :16.94 (3H, t, J=7.14 Hz); -30.19 (2H, d, J=6.84 Hz);
«46.77 (24, d, J=3.63 Hz); -220.4 (2H, br). Apal. Calcd. for
caaugooau: C, 57.8; H, 10.2, Found: C, 58.0; H, 10.3., IR: 1408 w,
1395 m, 1208 w, 1187 w, 1045 m, 961 8, 929 w, 890 m, 721 m, 691 s, 504

w, 481 w, 404 cn.l.

{Me,CCH,IU(Lxitox)
To a suspsnsion of ClU(tritox)3 (1.13 g, 1.30 smol) in hexane (50

ml) was added a solution of LiCHZCHo3 in hexane (20 mL). The color
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changed from pink to gold and the reaction appeared complete in 1.5 h.
Most of the LiCl was allowzd to rettle (some of it remained suspended
in solution, even after 24 h) The mixture was filtered and the hexane
was removed. Pentane (20 mlL) was added to the residue and the
remaining LiCl was allowed to settle. The mixture was filtered and the
volume of the filtrate was reduced to 5 mL. The solution was cooled
slowly to -15°C yielding yellow-brown.crystals (0.34 g, 29%) nm.p.
192-197°C. L om (€eDg: 32°C): 5.85 (81H); -27.,95 (9H); -191.9 (2H).
Apal. Caled. for C, H.,0,U: C, 58.3; H, 10.2. Found: C, 58.8; H, 10.4.

449273
IR: 1395 m, 1207 w, 1188 w, 1044 m, 950 s, 891 o, 721 m, 695 m cm'l.

{Me,5iCH,)U(tritox),

To a suspension of ClU(tritox)3 (0.84 g, 9.96 mmol) in hexane (50
nlL) was added a solution of LiCH231He3 (0.09 g, 0.96 mmol) in hexane
(30 mL)., The mixture was stirred for 2 h and the color changed slowly
from pink to yellow. The hexane was removed and 20 mL of pentane was
added. The LiCl was allowed to settle, the mixture was filtered and
the volume of the filtrate was reduced to 2 mL. The solution was
cooled to -78°C for 24 h yielding yellow crystals (0.22 g, 25%) m.p.
1B84-186"C. No sacond ctop wWas obtained due to high solubility of the
product. 1H NMR (C.D,, 20°C): 6.16 (B1H); -20.22 (9H); -209.9 (2H).
Anal. Cnlcd.‘for 663H9203U: C, 55.9; H, 10.0. Found: C, 57.9; H, 10.6.

IR: 1396 s, 1377 m, 1370 m, 1243 m, 1207 w, 1187 w, 1044 m, 955 s, 925

m 901l o, 849 m, 820 m, 690 s, 510 w, 408 m br cm'l.

{EPhCH,UCcricox)
To a suspension of ClU(crit:ox)3 (1.86 g, 2.13 mmol) in diethyl
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ether (50 mL) was added a solution of LiCHZPh(OEtz) (0.37 g, 2.2 mmol)
dissolved in diethyl ether (20 mL) The color changed from pink to gold
and a white precipitate formed. The mixture was stirred for 3 h, the
diethyl ether was removed and hexane (100 mL) was added to the residue.
The LiCl was allowed to settle overnight. The mixture was filtered,
the volume of tha filtrate was reduced to 5 mlL and the solution cooled
slowly to -15°C ylelding small, gold-brown necedles (0.95 g, 48%), m.p.

188-190°¢C. 1

H NMR (C.D., 32°C): 5.93 (81H); -2.20 t J=7.3 Hz (2H);
-4.35 t J=7.3 Hz (1H); -32.52 d J=7.3 Hz (2H); -212.2 (2H). Anal.
Caled. for cbsﬂaaosu: C, 59.6; H, 9.57. Found:—c, 58.8; H, 9.70. IR:
1595 m, 1490 », 1394 m, 1377 m, 1369 m, 1212 m, 1186 w, 1044 m, 953 s,

890 m, 800 m, 739 m, 692 s, 594 w, 504 w, 405 m br cm'l.

DITOX COMPQUNDS
Synthesis of t-By,CHOH (ditoxi)

The alcohol was synthesized by a modification of the procedure of
Syper.7 The reaction was carried out in a 500 mlL, 3-neck, round-bottom
flask with a 250 nlL pressure-equalized dropping funnel, argon inlet,
and large egg-shaped magnetic stirbar. The reaction temperature was
kept at -4533°C. A solution of t-Bull (500 mlL, 1.76 M in pentane,
0.850 mol) was transferred to the flask. Ethyl acetate (HCOOEt, 34.3
oL, d = 0.917 g/wlL, 0,43 mol) and 75 mL of die.hyl ether wers placed in
the dropping funnel and the contents were added over 1 h. The color
changed from clear to bright yellow. Toward the end of the reaction
some white precipitats began to form. After the addition was complete,

tha mixture was stirred for 1 h and the temperaturs was not allowad to
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warm above -30°C. The mixture wis poured over 500 g of crushed ice.
The yellow color disappeared, but there was still some white solid
present in the organic layer. Approximately 300 mL of diethyl ether
was added, which dlesolved most of the solid. The mixture was
separated and the organic layer was washed with 150 nL of water, then
dried over ugsoa. The volatile material was removed by rotary
evaporation.

The lower boiling components were removed by vacuum distillation
(maximum temperature 50°C, 10 torr). The distillation was carried out
wsing a 250 mL round-bottom flask as the stillpot and a 10 cm Vigreaux
column. Using a large flask to- distill from helped avoid the problem
of fohning. The remaining thick, clear liquid in the distillation pot
cooled to a sticky, crystalline solid, which was used without further

purification,

Li{ditox)
To a solution of ditoxH (6.51 g, 45.1 mmol), dissclved in 50 mlL

pentane and cooled to 0°C, wgs added 20.7 nlL of n-Buli (2.18 M in
pentane, 45.1 mmol). The solution was stirred for 1 h, then allowed to
come to room temperature. The volume was reduced to 20 mL, the mixture
was warmed to redissolve all of the product that had precipitated, then
the clear solution was cooled slowly to -15°C. Large, white crystals
were isolated (5.45 g, 80.52), m.p. 155-160°C. 1H NMR (GGDG' 20°C):
3.29 (1n), 1.11 (18H). JR: 2727 w, 2683 w, 2622 m, 2546 w, 2494 w,
1387 m, 1364 m, 1353 m, 1237 w, 1213 v, 1198 w, 1164 m, 1086 s, 1028 m,
1011 s, 948 m, 919 m, 856 w, 770 m, 723 w, 619 s, 554 w, 529 8, 450 s

br, 419 sh cn'l.



Uddivox)

To UCII‘ (5.84 g, 15.4 mmol) suspended in diethyl sther (25 mL) was
added a solution of Li(ditox) (9.24 g, 61.5 mmol) in dlethyl ether (50
mL). The color of the mixture turned from pale green to a more intense
green, then to green-grey and eventually to grey. The mixture was
stirred three hours and the ether removed by vacuum. The solid was
extracted with pentane (100 mlL) and the solution cooled to -78°C. A
pink-purple crystalline solid was isolated (4.87 g). A second crop

1

yielded 1.62 g (total yleld, 52.0%), m.p. 105-107°C. 'H NMR (CqD,

5°
20°C): 32.12(1H), 0.14(18H). Mass spectrum: H+- 810. Anal. Calcd. for
CygHyg0,Us €, 53.3; H, 9.44. Found; C, 53.2; H, 9.49. IR: 2619 w,
1392 s, 1365 s, 1321 w, 1241 w, 1213 w, 1164 m, 1059 s, 1034 m, 1009 s,
980 s, 957 m, 932 m, 919 m, 856 w, 801 w, 762 m, 723 w, 660 s, 618 w,
556 m, 520 w, 450 w, 404 m ca"}. Magnetic susceptibility: The plot of
1/)(H vs. T is shown in Figure 3-10. At low temperature, the magnetism
does not become temperature independent, although it is tapering off
slightly. A fit of the data for the low and high temperature .egimes
gave the following values for u_,.(ave.): At 5 kG; 5-120K, 2.59(1) B.N.
(8=-16.8(4)K); 140-280K, 2.71(1) B.M. (8=-33(2)K). At 40 kG; 7-120K,

2.52(1) B.M. (6~-5.,1(6)K); 140-280K, 2.76(2) B.M. (6=-30(3)K).

HeU(ditox) 1d
To a solution of U(du:ox)4 (0.65 g, 0.80 mmol) in hexane (50 ml)
vas ndded. 0.90 aL of MeLi (0.90 M in diethyl ether, 1.0 mmol). The
color changed immediately from lavander to pale graen. The solution
was stirred for five minutes, then the hexans was removed under reduced

prassure. As the volume was raduced, a purple solid formed. The solid
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was washed with a small amount of pentane (ga. 2 mlL) then dissolved in
toluene (10 mL). The solution was filtered and the filtrate was cooled
(-15°C). Purple crystals (0.21 g, 35.0X) were collected and dried,

m.p. 160-165°C. Mass spectrum: [H+- Li]) = 825. Apal. Calcd. for
037H7904L1U: €, 53.4; H, 9.56. Found: G, 52.8; H, 9.51. IR data
(Nujol, CsI): 1390 s, 1365 s, 1320 w, 1241 w, 1214 w, 1164 w, 1090 w,
1057 s, 1035 w, 1003 s, 956 m, 933 w, 919 w, 959 w, 963 m, 660 m, 646

m, 629 m, 556 w, 518 w, 398 m cm’ L,

SILOX COMPOUNDS
Synthesis of t-Bu.SIOH (silexld
The preparation of siloxH was a modification of the procedure of

Dexheimer and Spialter.9 The reaction sequence was:

1) siF, + 2 e-Bult -POOERRSLs (eopu) siF, + 2 LAF
2) (t-Bu),SIF, + 2 t-Buld .Syclohexane €-Bu,SiH + 2 LLF + C/H
3)  (t-Bu),SiH + NaoH/Eron -2ELU¥.. (t-Bu) ;5100

The first step of the reaction was carried out in a 2 L, 3-neck,
round-bottom flask fitted with water-cooled condenser, N2 inlet,
mechanical stirrer and inlet for the SiFZ. The SiF4 inlet was an
extended 24/40 ground glass joint curved slightly at the end so it
could be pointed with the flow of the stirring solution, so as not to
become clogged with the LiF formed during the reaction.

A solution of t-BulLf (371 aL, 1.75 M in pentane, 0.650 mol) and an
additional 500 mL pentane were transfarred into the flask. The
solution was cooled to 0°C. The Sil-‘4 was slowly bubbled into the

t-BulLi solution for 1.5 h. The reaction proceeded at a very moderate,



easily controlled rate. The mixture was filtered, the LiF washed with
200 nL pentane and the pentane removed by rotary evaportation.
Distillation of the product (50°CG, 10 torr) yielded 36.62 g of
(t-Bu)zsiF , 61.5% yleld.

For the second step of the reaction, (t-Bu)zsin (36.6 g, 0,200
mol) and 150 nL cyclohexane were transferred to a 250 aL round-bottom

flask with N, inlet, water-coolad condenser, and magnetic stirbar. A

2
pentane solution of t-BuLi (173 aL, 1.75 M, 0.303 mol) was added, then
the pentane was removed under reduced pressure, The resulting mixture
was heated to reflux for 2 d. After cooling to room temperature, the
mixture was filtered, and the product was purified by distillation (50-
52°C, 5 torr), ylelding 33.2 g of (t-Bu)asIH, 81.5%.

For the hydrolysis, a mixture of (:-Bu)ssiﬂ (32.7 g, 0.163 mol),
150 mL of 95% EtOH, and 17.3 g KOH pellets was refluxed for 36 h. The
solution was placed in a separatory funnel with 150 mL of water and 150
oL of diethyl ether. The organic layer was separated and another 200
al. of diethyl ether was added to the aqueous layer. The two organic
layers vere combined and dried over Hgsoa. The mixture was filtered
and the diethyl ether was removed by rotary svaportation. The
remaining solution was transfsrred to a round-bottom flask with side-

1 torr) .

arm and the sthanol was removed under reduced pressure (10"
Crude yield was 33.9 g, 95.6%X. The solid was recrystallized from

pentane before conversion to the lithium salt.

LiCsaloxn)
To a solution of siloxH (8.80 g, 0.0410 mol) in 75 mlL pentane was

added 19.5 nL of n-Buli (2.1 M in pentane, 0.041 mol). The mixture was
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stirred for lh, then the volume was reduced to 20 mL and the solution
was cooled to -15°C. A white crystalline solid was iszolated, that was
1 20°¢):

dried to give a white powder (6.55 g, 71.9%). H NMR (CGD

6
1.16 ppm.

Ulsilox) €l LL
To solution of UCI4 (0.45 g, 1.2 mmol} dissolved in 30 mL
tetrahydrofuran was added a solution of Li(silox) (0.79 g, 3.6 mmol)
dissolved in 20 mL of tetrahydrofuran. The color stayed green,
although it became less emerald-green and more grey-green. No
precipitate formed. The tetrahydrofuran was removed under vacuum
reduced pressure, leavihg a pale pink-purple solid. The solid was
stirred with 100 oL of diethyl aether for 2 h, which gave a green
colored solution and a white precipitate (LiCl). The mixture was
filtered and the volume of the filtrate was reduced. Immediately after
applying a vacuum to the solution, pink crystals began to form on the
sides of the glassware. The filtrate was warmed to redissolve all of
the solid, then the solution was cooled slowly to -15°C. Pale pink
needles were isolated (0.56 g, 49X), m.p. 320-325"C. The clear pink
crystals became opaque when dried under vacuum. The product gave a
positive flame test for lithium. Mass spectrum: The highest peak in
the spectrum was [H+ - (t-Bu)] = 903, Anal. Calcd. for
C36H8103SI3L1612U: C, 44,9; H, B.48; C1, 7.37. Found: C, 44.5; H,
8.37; ¢l, 6.91. ]IR: 1305 w, 1196 w, 1170 w, 1153 w, 1122 w, 1093 w,
1049 m, 1014 w, 1006 w, 32 m, 910 m, 860 s, 845 s, 821 s, BOL s, 723

m, 625 8, 573 w, 508 w, 473 &, 414 w, 386 w, 374 w cm™ >,



Utsilox),
A solution of Li(silox) (0.82 g, 3.7 mmol) in 20 aL of
tetrahydrofuran was added to a solution of UCIA (0.35 g, 3.3 mmol) in
10 ol of tetrahydrofuran. The color of the solution changed from green
to grey. The solvent was removed, leaving a pink solid. The solid was
extracted with 50 nL pentane and crystallized by cooling (-25°C). Pink
crystals, that dried to a pink powder, were isolated (0.42 g, 42%).

1

The material did not melt or appear to decompose up to 320°C, “H NMR

(CgDg. 20°C): 0.36 ppm. Mass spectrum: M" = 1098. IR: 1386 m, 1364 m,

1012 w, 1005 w, 933 m, 828 s, 722 m, 626 s, 473 5, 290 m cm’ L.

Magnetic susceptibilicy: The plot of l/xH vs. T (Fig. 3-11) did not
become temperature independent at low temperature. Fitting the low and
high temperature regions of the data gave the following values for
ueff(lve.): At 5 kG; 5-90K, 2.690(6) B.M. (8=-11.1(2)K); 100-200K,
2.82(3) B.M. (8=--22(3)K). At 40 kG; 7-100K, 2.699(8) B.M.

(6=-10.1(4)K); 100-280K, 2.985(6) B.M. (8=-34.5(9)K).
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X-BAY CRYSTALLOGRAPHY EXPERIMENTAL SECTION
ULN(SiMe 1,1 ,21/3(C H) 52

Deep purple crystals of the compound were obtained by slow cooling
of a saturated cyclohexane solution to -15°C. Crystals of appropriate
size were mounted in 0.3 mm thin-walled quartz capillaries in an
inert-atmosphere glove box. The capillaries ware removed from the box
and flame sealed. Preliminary precession photographs indicated
trigonel Laue symmetry and yielded preliminary cell dimensions.

The crystal used for data collection was of approximate dimensions
0,39 mm x 0.20 mm x 0,20 mm. It was transferred to an Enraf-Nonius
CAD-4 diffractometerlo and cooled to -110°C by a cold flow apparatus
previously calibrated by a thermocouple placed at the sample position.
The crystai wa3 centered in the beam. Accurate cell dimensions and
orientation matrix were determined by a least-squares fit to the
setting angles of the unresolved MoKa components of 24 symmetry related
reflections with 20 between 24 and 30°. The search &ielded the same
Laue symmetry as the precession photographs and systematic absences
indicated the space group to be either P3lc or P3lc. The normalized
structure factor statistics suggested the choice of the acentric space
group, however, a successful solution in the acentric group could not
be achieved. A successful solution was found using the space group
P3lc. The final cell parameters and specific data collection
parameters are given in Table I.

The 1886 raw intensity data were converted to structure factor
amplitudes and their esds by correction for scan speed, background and
Lorentz-polarization offcct:s.n'l3 Inspection of the intensity

standards showed no appreciable decay in intensity (1.4X) during data
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collection. Inspection of the azimuthal scan dnul4 showed a variation
Inin/Inax = 0,90 for the average curve. An smpirical correction for
absorption, based on the azimuthal scan data, was applied to the
i.nt:onsities.l4 Removal of systematically absent data and averaging of
redundant data left 505 unique data. The redundant data were averaged
with an agreement factor, based on Fobs' of 1.5% for observed and
accepted data and 3.9% for all data.

The structure was solved by Patterson methods and refined via
standard least-squares and Fourier techniques. In a difference Fourier
map calculated following refinement of all non-hydrogen atoms with
anisotropic thermal parameters, peaks corresponding to the expected
positions of all of the hydrogen atoms were found, as well as a large
peak near the origin, vide infra. All hydrogens were included in the
structure factor calculations in their expected positions based on
idealized bnnding geometry. All hydrogens were assigned isotropic
thermal parameters 1.15 Az larger than the equivalent Biso of the atom.
to which they were bonded. None of the hydrogens were refined in least
squares.

After the hydrogen atoms were included in the structure, a model
for the electron density near the origin was developed. Hursthouse and

Rodesiler fourid that Fe[N(SiHe3)2]3 crystallized with a channel running

down the z-axis that is large snough to accomodate a benzene

noloculo.19b s ful refi of solvent molecules in the channel
of any of the tris(bis(trimethylsilyl)amido)metal structures has not
bean lchiavud.19 In this case, the large peak near the origin in the
difference Fourier map was able to be refined with anisotropic thermal

parameters as & carbon atom with 1/3 occupancy. The symmetry generated



126
positions gave reasonable bond lengths and angles that showed the atom
to be part of a disordered cyclohexane ring. The hydrogen atoms of the
cyclohexi..e molecule were not included. The thermal parameters showed
the carbon atom to be severely anisotropic: B(1l,l) = 4,7(6), B(2,2) =
3.7(5), B(3,3) = 19(1), with the motion (or disorder) in the z-
direction. This model accounted nicely for the electron density found
in the channel and the largest peaks in the final difference Fourier
map are now associated with the uranium and are not found in the
channel.

The final residuals for 55 variables refined against the €51 data
for which F 2 > 3o(F %) vere R = 2.17X, R = 2.90% and GOF = 1.267.
The R value for all data was 4.95X%.

The guantity minimized by the least squares was Ew(|F°|-]Fc|)2.
where w is the weight of a given observation. The p-factorls, used to
reduce the weight of intense reflections, was set to 0.03 throughout
the refinement. The analytical forms of the scnécering factor tables
for the neutral at:oms16 were used and all non-hydrogen scattering
factors were corrected for both the real and imaginary components of
anomalous dispersion.17

Inspection of the residuals ordered in ranges of sin(8/1), |F°|,
and parity and value of the individual indices showed no unusual
features or trends. A secondary extinction parameter was refined in
the final cycles of least square:.18 Seven reflections were rejected
as "bad" data in the final refinement, based on their high values of
w X Az. The highest and lowest peaks in the final difference Fourier
map had electron densitlies of 0.364 and -0.215 e'l/As, respectively,

and ware associated with the uranium atom.



Table I Crystal Data for U[N(SiMe;),]3°1/3(CgH,,) (-11014°C)

Space Group P3lc

a, b, A 16.370(2)

c, A 8.302(1)

a, deg 920

A, deg 90

'S dsg 120

v, A 1926.7(1)

z 2

fw 3 719.20

d (calc.) g/cm 1.26

u (calc.) i/cm 41.88

radiation MoKa (A = 0.710734)
monochrometer highly oriented graphite
scan range, type 3° < 28 < 45°, ©-20
scan speed, deg/min 0.84-6.7, variable
scan width, deg 46 = 0,60 + 0.35 tan®
reflections collected 1886; +h, +k, *1
unique reflectigns 2 845

reflections, Fo >3¢7(F° ) 654

R, X 2.17

R, z 2.90

R .., X 4,95

GBH’, ‘ 1.267 .

g, @ 1.7(3) = 10

Largest A/c in final 0.02

least square cycle

Intensity Standards: &4, 4, -4; 11, -5, -1; -5, 11, 1; measured every
hour of x-rhy exposure time. Over the period of data collection there

was a 1.4% decay in intensity.

Orientation Standards: ! reflections were checked after every 100
measurements. Crystal orientation was redetermined if any of the
reflections wers offset from their predicted rositions by more than
0.1*, Reorientation was required once throughout the data collection.
The cell constants listed wers determined at the end of data

collection,
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UINCSiMe,),1,(0PPh,Y +1/2(C Hg).

Deep purple crystals of the compound were obtained by slow cooling
of a saturated toluene solution to -25°C. Crystals of appropriate size
were mounted in 0.3 mm thin-walled quartz capillaries in an
inert-atmosphere glove box. The capillaries were removed from the box
and flame sealed. Preliminary precession photographs indicated
triclinic Laue symmetry and yielded preliminary cell dimensions.

The crystal used for data collection was of approximate dimensions
0.346 mm x 0.28 mm x 0.25 mm. It was transferred to an Enraf-Nonius
CAD-4 dit‘fractomet:er10 and cooled to -116°C by a cold flow apparatus
previously calibrated by a thermocouple placed at the sample position.
The crystal was centered in the beam. Accurate cell dimensions and
orientation matrix were determined by a least-squares f£fit to the
setting angles of the unresolved MoKax components of 24 symmetry related
reflections with 26 between 24 and 30°. The search ylelded a different
triclinic cell than the precession photographs, but did confirm the
Laue symmetry. The final cell parameters and specific data collection
parameters are given in the Table II.

The 6749 raw intensity data were converted to structure factor
amplitudes and their esds by correction for scan speed, background and
Lorentz-polarization eft‘eccs.n'l3 Inspection of the intensity
standards showed no appreciable decay in intensity (1.3%) during data
collection. Inspection of the azimuthal scan dlcalh showed a variation
Loin’loax ™ 0.91 for the average curve. An empirical correction for

absorption, based on the azimuthal scan data, was applied to the

1n:ensic10l.1h The data collected was 2 unique set,
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The structure was solved by Patterson methods and refined yia
standard least-squares and Fourler techniques. In a differerce Fourier
map calculated following refinement of all non-hydrogen atoms with
anisotropic thermal parameters, peaks corresponding to the expected
positions of all of the hydrogen atoms were found, as well as several
large peaks near the origin., All hydrogens were included in the
structure factor calculations in their sxpected positions based on
idealized bonding geometry. All hydrogens were assigned isotropic
thermal parameters 1.3 Az larger than the equivalent 'iso of the atom
to which they were bonded. None of the hydrogens were refined in least
squares. A secondary extinction parameter was refined in the final
cycles of least squares.18

A Fourier map of the electron density near the origin indicated
the presence of a severely disordered toluene molecule. The best model
that was found entailed placing three carbon atoms (Cl9, C20, and C21)
vhere the three largest peaks in éhe map were located and allowing
their position and occupancy to refine. The isotropic thermal
parapeters of C20 and C21 were constrained to that of C19. The
occupancy of each carbon refined to a value greater than one, which was
expected due to the fact that the methyl carbon and all of the hydrogen
atoms were not able to be included in the model. The largest pea#s in
the final difference Fourier are still found in the vicinity of the
toluene.

The final residuals for 447 variables refined against the 5971
data for which F 2 > 30(F_ %) were R = 2.28%, R, = 3.06% and GOF =
1.942. The R value for all data was 4.01X.

The quantity minimized by ths least squares was 2w(|F°|-|Fc])2.



vhere w 1s the weight of a given observation. The p-facCDrIS, used to
reduce the weight of intense reflections, was set to 0.02 in the final
stages of refinement. The analytical forms of the scattering factor
tables for the neutral Itonsl6 were used and all non-hydrogen
scattering factors were corrected for both the real and imaginary
components of anomalous dispersion.17

Inspection of the residuals ordered in ranges of sin(8/1), |F°|,
and parity and value of the individual indices showed no unusual
features or trends. Several reflections showed anomalously high values
of wx A2, possibly due to multiple reflections. Twenty reflections
were rejected prior to the final refinement for this reason. The
largest peaks in the final difference Fourier map had electron density
of 1.203 and 1.096 ¢~ /A3 and were associated with the disordered

toluene molecule.
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Table II Crystal Data for U[N(SIH03)2]3(OPPh3)-1/2(C7H8) (-116x4°C)

Space Group
a,
b, A
c, &
«, deg
8, ges
v B
v, Ag
z
fw 3
d (calc.) g/cm
p (calc.) l/cm
radiation
monochrometer
scan range, type
scan speed, deg/min
scan width, deg
reflections collected
unique reflectigns 2
reflections, F “>3q(F °)
R, 2 o o
R, %
R

1
coF .2
g, e
Largest A/o in final
least square cycle

Intensity Standards: 1, -3, -11; 2, -8, 3; -8, 3, 4; measured every

hour of X-ray exposure time.

Pl

12,340(2)

12.424(2)

19.824(3)

100.12(1)

93.00(1)

118.91(1)

258L7 )

2

997.49

1.28

31.69

MoKa (A = 0.710734)
highly oriented graphite
3* 5 20 < 45°, ©-20
0.84-6.7, variable
A8 = 0.60 + 0.35 tan®
6749, +h, tk, %l
6749

5991

2.28

3.06

4.01

1.942 .

9.4(9) x 10

0.16

Over the period of data collection there

was a 1.3% decay in intensity.

Orientation Standards: 3 reflections were checked after every 100
maasurements, Crystal orientation was redetermined if any of the
reflections weres offset from their predicted positions by more than
0.1°. Reorientation was required three times throughout the data

collection, The cell constants listed were determined at the end of

data collection,
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YLN(SiNe,), 1, [N(p-tolvl) ]

Black crystals of the compound were obtained by slow cooling of a
pentane solution from room temperature to -15°C. Crystals of
appropriate size were mounted in 0.3 ma thin-walled quartz capillaries
in an inert-atmosphers glove box. The capillaries were removed from
the box and flame sealed. Preliminary precession photographs indicated
triclinic Laue symmetry, and the space group Pl was confirmed by
subsequent solution and refinement of the structure.

The crystal used for data collection was of approximate dimensions
0.38 mm x 0.30 mm x 0.21 mm. It was transferred to an Enraf-Nonius
CAD-4 diffractometerlo and cooled to -82°C by a cold flow apparatus
previously calibrated by a thermocouple placed at the sample position.
The crystal was centered in the beam. Accurate cell dimensions and
orientation matrix were determined by a least-squares fit to the
setting angles of the unresolved MoKz components of 24 symmetry related
reflections with 28 between 24 and 30°, The search yielded the same
unit cell as the precession photographs and confirmed the Laue
symmetry, The final cell parameters and specific data collection
parameters are given in Table III.

The 5210 raw intensity data were converted to structure factor
amplitudes and their esds by correction for scan speed, background and
Lorentz-polarization effectl.11'13 Inspection of the intensity
standards showed no appreciable decay in intensity during data
collection. Inspsction of the azimuthal scan datall0 showed a variation
Ilin/Ilax - 0,58 for th; average curve. An smpirical correction for

absorption, trsed on the azimuthal scan data, was applied to the
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1nt|mitiel.14 Removal of redundant data left 4994 unique data.

The structure was solved by Patterson methods and refined via
standard least-squares and Fourier techniques. In a difference Fourier
map calculated following refinement of all non-hydrogen atoms with
anisotropic thermal parameters, peaks corresponding to the axpected
positions of all of the hydrogen atoms were found. All hydrogens were
included in the structure factor calculations in their expected
positions based on idealized bonding geometry. All hydrogens were
assigned isotropic thermal parameters 1.3 Az larger than the equivalent

B of the atom to which they wers bonded. None of the hydrogens were

iso
refined in least squares. A secondary extinction parameter was refined
in the final cycles of least :qulres.ls Some of the data that was
collected juct prior to a reorientation appeared to be too low in
intensity as evidenced by a large negative A. The weights of the worst
91 reflections as determined by a large negative A were set to zero.

The final residuals for 326 variables refined against the 4412
data for vhich F % > 30(F°2) vera R = 3.20%, R = 4.52% and GOF -
2.296. The R value for all data was 6.57%.

The quantity minimized by the least squares was Ev(lFol-[Fcl)z,
where w is the weight of a given observation. The p-fnccorls. used to
reduce the weight of intense reflections, was set to 0.03 throughout
the refinement. The analytical forms of the scattering factor tables
for the neutral nton|16 ware used and all non-hydrogen scattering
factors were corrected for both ths real and imaginary components of
anomalous dilpcrlion.17
Inspection of the residuals ordered in ranges of sin(8/1), lFol.

and parity and valus of the individual indices showed no unusual
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features or trends. The highest and lowest peaks in the final
difference Fourier map had electron densities of 1.44 and -1.00 0'1/A3,

respectively, and were associated with the uranium atom,



Table III Crystal Data for U[N(SiHe3)2]3[N(p-toly1)] (-82+4°C)

Space Group

fw 3

d (calec.) g/cm

u (cale.) 1l/cm

radiation

monochrometer

scan range, type

scan speed, deg/min

scan width, deg

reflections collected

unique reflec:igns 2

reflections, F “>30(F °)
o o

R, 2

k.

o8k,

g, ¢

Largest A/¢ in final

least square cycle

H

Intensity Standards: 7, -2, -3; 4, 6, -5; 0, 5, -8; measured every

hour of X-ray exposure time,

Pl

11,425(2)

11,978(2)

14.081(3)

94.69(2)

89,98(2)

90.50¢2)

1920(1)

2

824,34

1.425

42.10

MoKa (A = 0,71073A)
highly oriented graphite
3's 28 s 45°, ©-20
0.84-6,7, variable
48 = 0.65 + 0.35 tan®
5210; th, +k, +1
4994

4502

3.20

4,52

6.57

2.296

1.5¢2) x 10°

0.01

Over the period of data collection there

was a 1.5% decay in intensity.

Orientation Standards: 3 reflections were checked after every 100
measurenents. Crystal orientation was redeterained if any of the
raflections were offset from their predicted positions by more than
0.1". Reorisntation was required sixteen times during data collection

and the cell constants listed were deternined at the end of data

collection.
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UIN(SiMe,), 1, (NSIHe )

Black crystals of the compound were obtained by slow cooling of a
saturated pentane solution. Crystals of appropriate size were mounted
in 0.3 mm thin-walled quartz capillaries in an inert-atmosphere glove
box. The capillaries were removed from the box and flame sealed.
Preliminary precession photographs indicated rhombohedral Laue symmetry
and yielded preliminary cell dimensions.

The crystal used for data collection was of approximate dimensions
0.30 mm x 0.20 mm x 0.18 mm, It was transferred to an Enraf-Nonius
CAD-4 diffraccometerlo and cooled to -117°C by a cold flow apparatus
previously calibrated by a thermocouple placed at the sample position.
The crystal was centered in the beam. Accurate cell dimensions and
orientation matrix were determined by a least-squares fit to the
setting angles of the unresolved MoKa components of 24 symmetry related
reflections with 26 between 24 and 30°. The search ylelded the
rhombohedral reduced primitive cell. This was converted to the
coventional hexagonal for ease of data collection, and all resulrs are
reported with respect to the hexagonal cell. The final cell parameters
and specific data collection parameters are given in Table IV.

The 1837 raw intensity data were converted to structure factor
amplitudes and their ssds by correction for acan speed, background and
Lorentz-polarization nEfects.n'l3 Inspection of the intensity
standards showed no decay in intensity during data collection.

/1

Inspection of the azimuthal scan datnla showed a variation Imin

max

0.91 for the average curve, An empirical correction for absorption,

based on the azimuthal scan data, was applied to the 1nt-nsicic-.1“
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Removal of the systematically absent data left 1639 unique data.

The structure was solved by Patterson methods and refined via
standard least-squares and Fourier techniques. The assumption that the
space group was acentric was confirmed by the successful solution and
refinement of the structurs. The test for the correct enantiomer of
this crystal resulted in a change in the R-value from 1.9 to 5.8
percent. The original enantiomer was used for the rest of the

~analysis. In a difference Fourier map calculated following refinement
of all non-hydrogen atoms with anisotropic thermal parameters, peaks
corresponding to the expected positions of all of the hydrogen atoms
were found. All hydrogens wers included in the structure factor
calculations in their expected positions based on idealized bonding
geometry. All hydrogens were assigned isotropic thermal parameters
1.3 Az larger than the equivalent Biso of the atom to which they were
bonded. None of the hydrogens were refined in least squares. A
secondary extinction parameter was refined in the final cycles of least
squarel.la

The final residuals for 100 variables refined against the 1639
data for which F°2 > Jc(Foz) were R = 1.80X, wR = 2,38% and GOF =
1.284, The R value for all data was 3.46%.

The quantity minimized by the least squares was 2"(|F°|'|Fc|)2-
where w is the weight of a given observation. The p-fnccorls, used to
reduce the waight of intense reflections, was set to 0.03 throughout
the refinement. The analytical forms of the scattering factor tables
for che neutral ntonllﬁ were used and all non-hydrogen scattering
factors wers corrected for both the real and imaginary componants of

anomsalous dilpornlon.17
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Inspection of the residusls orderad in ranges of sin(6/1), IF;I.
and parity and value of the individual indexes showed no unusual
features or trends, One reflection showed an anomalously high value of
wx Az, and was rejected prior to the final refinement, Two low-angle
reflections appeared to be "over-corrected" for extinction, based on an

anomalously high ratio of F b

to F
obs. ca

le.* and also were rejected prior
to the final refinement. The highest and lowest peaks in the final
difference Fourier map had electron densities of 0.581 and -0.218

e-l/A3. respectively, and were on the three-fold axis near uranium.



Table IV. Crystal Data for U[N(Sinca)zla(N81Hea) (117£3°¢)

Space Group
a, b,
c, A
@, deg
8. :‘5
‘1'
v, A!g
Z
fw 3
d (calc.) g/cm
p (cale.,) l/cm
radiation
monochrometer
scan range, type
scan speed, deg/min
scan width, deg
reflectiors collected
unique reflectians 2
reflections, F ">3o0(F ")
R, 1 o )
R“, b3
R

1°
Gk 2
g, ©
Largest A/o in final
least square cycle

X

Rie
17.464(2)
21.467(2)
90

90

120
5670(2)

6

806.40

1.42

43,06

MoKa (A = 0.71073A)
highly oriented graphite
3°s 26 5 45°, 6-28
0.84-6.7, variable

40 = 0.65 + 0.35 tan®
1837; +h, +k, %l

1639

1359

1.80

2.38

3.46

1,284

4.5(2) = 107
2.09

7

Intensity Standards: 5, 2, 12; 11, -9, 2; -2, 11, 2; measured every
hour of x-ray exposure time, There was no decay in intensity over the

period of data collection.

Orientation Standards: 3 reflections were checked after every 100
measurements., Crystal orientation was redetermined if any of the
reflections were offset from their predicted positions by more than
0.1 . Reorientation was required once throughout the data collection.
The cell constants listed were determined at the end of data

collection.
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UIN(SINe ), 1, [NH(p-Colyl) ]

Pale gold cxrystals of the compound wers obtained by slow cooling
of a hexane solution from room temperature to -15°C. Crystals of
appropriate size were mounted in 0.3 mm thin-walled quartz capillaries
in an inert-atmosphere glove box. The capillaries were removed from
the box and flame sealed. Preliminary precession photographs indicated
triclinic Laue symmetry, and the space group Pl was confirmed by
subsezquent solution and refinement of the structure.

The crystal used for data collection was of approximate dimensions
0.34 zm x 0.2] mm x 0.12 mm. It was transferred to an Enraf-Nonius

CAD-4 diffracCometerlo

and cooled to -75°C by a cold flow apparatus
previously calibrated by a thermocouple placed at the sample position.
The crystal was centered in the beam. Accurate cell dimensions and
orientation matrix were determined by a least-squares fit to the
setting angles of the unresolved MoKa components of 24 symmetry related
reflectons with 28 between 24 and 30°. The search yielded the same
unit cell as the precession photographs and confirmed the Laue
symmetry. The final cell parameters and specific data collection
parameters iie given in Table V,

The 5150 raw intensity data were converted to structure factor
amplitudes and their esds by correction for scan speed, background and

11-13

Lorentz-polarization effects. Inspection of the {ntensitcy

standards showed no appreciable decay in intensity (<1.0%) during data

collection. Inspection of the azimuthal scan datala showed a variation

Inin/Inax = 0,71 for the average curve., An analytical corresction for

absorption using the measured size and indexed faces of the crystal and
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a 12 x 24 x 6 gaussian grid of internal points was performed after the
solution of the structure had confirmed the stoichiometry of the

14 The saximum and minimum transmission factors were 0.623

molecule.
and 0.442, respectively. Removal of redundant data left 5020 unique
data.

The structure wvas solved by Patterson methods and refined via
standard least-squares and Fourier tschniques. In a difference Fourier
map calculated following vefinement of all non-hydrogen atoms with
anisotropic thermal parameters, peaks corresponding to the expected
positions of all of the hydrogen atoms were found. All hydrogens,
except the unique amido-hydrogen, were included in the structure factor
calculations in their expected positions based on idealized bonding
geometry. Aall hydrogens were assigned isotropic thermal parameters
1.3 Az larger than the equivalent Biso of the atom to which they were
bonded. None of the hydrogens were refined in least squares. The
amido-hydrogen was placed in its observed position and the N-H bond
length was adjusted to 0.85 A. Attempts to refine the amido-hydrogen
with an anisotropic thermal parameter were unsuccsssful.

The final residuals for 326 variables refined against the 4649
data for which l-'o2 > 30(?02) wvere R = 1,55X, Rv ~ 2.13% and GOF =
1.482. The R valus for all data was 2.17X.

The quantity minimized by the least squares was Ev(lFol-chl)z.
vhers w is the weight of a given observation. The p-fnc:orls. used to
reduce the weight of intense reflections, was set to 0.02 in the final
refinement. The analytical forms of the scattering factor tables for
the neutral lcoll16 were used and all non-hydrogen scattering factors

vare corrected for both the real and imaginary components of anomalous
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o.'li.spex'si.on.17
Inspection of the residuals ordered in ranges of sin(9/)), |I-‘°|,

and parity and value of the individual indices showed no unusual
features or trends. A secondary extinction parameter was refined in
the final cycles of least lqures.ls The highest and lowest peaks in
the final difference Fourier map had electron densities of 0.632 and

-0.375 e'l/A3. respectively, and were associated with the uraniun atom.



Table V Crystal Data for U[N(Siﬂea)zl3[NH(p-toly1)] (-10814°C)

Space Group

a,

b, A

c, A

a, deg

8, deg

7, d

v, ASS

Z

fw 3

d (calc.) g/cm

b (cale.) l/cem
radiation
monochrometer

scan range, type

scan speed, deg/min
scan width, deg
reflections collected
unique reflectigns 2
reflections, F_">30(F ")
R, % 3 [

R, X
\J

Roaqs
66}1_2
g, ©
Largest A/c in final
least square cycle

z

Intensity Standards: 2, 3, -9; 0, 8, 0; 8, -1, -2; measured every one

hour of X-ray exposure time.

Pl

11.506(2)

12,035(2)

13.987(3)

94.77(2)

91.13(2)

90.09(1)

1929(1)

2

825.35

1.4

41.%0

MoKa (A = 0.71073A)
highly oriented graphite
3°s 20 5 45°, 6-26
0.84-6.7, variable

a8 = 0.65 + 0,35 tan®
5150; th, +k, 11

5020

4649

1.55

2.13

2.17

1.48 R
8.8(8) x 10
0.02

8

Over the period of data collection there

was a negligible decay in intensity (<1Z).

Orientation Standards: 3 reflections weres checked after every 100
seasurements. Crystal orientation was redeternined if any of the
reflections were offset from their predicted positions by more than
0.1°. Reorientation was required once during data collection anu the

cell constants listed wers those determined at the snd of daca

collection,
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UpIN(Sie ), [u-NCHY(2.6.6:He C H,)1,

Deep blue crystals of the compound were obtained by slow diffusion
of a pentane solution of 2,4,6-trimethylaniline with a pentane solution
of ”[N(Si"ea)zla' Crystals of appropriate size were mounted in 0.3 mm
thin-walled quartz capillaries in an inert-atmosphere glove box. The
capillaries were removed from the box and flame sealed. Preliminary
precession photographs indicated monoclinic Laue symmetry and ylelded
preliminary cell dimensions. Systematic absences were consistent with
the space group PZl/n.

The crystal used for data collection was of approximate dimensions
0.39 mm x 0.34 mm x 0.16 mm. It was transferred to an Enraf-Nonius
CAD-4 diffractoneterlo and cooled to -75°C by a cold flow apparatus
previously calibrated by a thermocouple placed at the sample position.
The crystal was centered in the beam. Accurate cell dimensions and
orientation matrix were determined by a least-squares fit to the
setting.angles of the unresolved MoKa components of 24 symmetry related
reflections with 206 between 24 and 30°, The search ylelded the same
unit cell as the precession photographs and confirmed the Laue
symmetry. The final cell parameters and specific data collection
parameters are given in Table VI.

The 4351 raw intensity data were converted to structure factor
amplitudes and their esds by correction for scan speed, background and
Lorentz-polarization effccts.n'l3 Inspection of the intensity
standards showed no appreciable decay in intensity (1.7%) during data
collectior, Inspection of the azimuthal scan dntnla showed a variation

Inin/Inlx = 0.48 for the average curve. An analytical absorption
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correction using the measured size and indexed faces of the crystal and
a 12 x 14 x 12 gaussian grid of internal points was performed after the
solution of the structure had confirmed the stoichiometry of the

14 The maximum and minimum transmission factora were 0.244

molecule.
and 0.497 respectively. Removal of redundant and systematically absent
data left 3932 unique data.

The structure was solved by Patterson methods and refined via
standard least-squares and Fourier techniques. In a difference Fourier
map calculated following refinement of all non-hydrogen atoms with
anisotropic thermal parameters, peaks corresponding to the expected
positions of all of the hydrogen atoms were found. All hydrogens,
except the unique amido-hydrogen, were included in the structure factor
calculacions in thelr expected positions based on idealized bonding
geometry. All hydrogens were assigned isotropic thermal parameters
1.3 Az larger than the equivalent Biso of the atom to which they were
bonded. None of the hydrogens were refined in least squares. The
amido-hydrogen was placed in its observed position and the N-H bond
length was adjusted to 0.87 A, Attempts to refine the amido-hydrogen
with an isotropic thermal parameter were unsuccessful.

The final residuals for 263 variables refined against the 3353
data for which F°2 > 3u(F°2) were R = 1.98%, Rw = 2,55% and GOF =
1.695. The R value for all data was 3.48X.

The quantity minimized by the least squares vas 2v(|F°|-|Fc|)2.
whers w is the weight of a given obssrvation. The p-fnctorls. used to
reduce the waight of intenss reflections, was set to 0.02 in the final
refinement. Ths analytical forms of the scattering factor tables for

tha neutral nton316 wvere usad and all non-hydrogen scattering factors



were corrected for both the real and imaginary components of anomalous
dispersion.17

Inspection of the residuals ordered in ranges of sin(8/1), |F°|,
and parity and value of the individual indexes showed no unusual
features or trends. A secondary extinction parameter was refined in

18 The weight of one reflection was

the final cycles of least squares.
set to zero for the final refinement based on its anomalously high
value of w x Az. The highest and lowest peaks in the final difference
Fourier map had electron densities of 0.630 and -0,922 e'1/53,

respectively, and were associated with the uranium atom.
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Iable VI Crystal Data for U2[N(51H03)2]4[P'N(H)(2.4-6'H03C

(-75%4°C)

Space Group

a,

b, A

c, A

a, deg

B, ges

T 3

v, As

2

fw 3

d (calc.) g/cm

p (calc.) l/cm
radiation
monochrometer

scan range, type

scan speed, deg/min
scan width, deg
reflections collected
unique reflectigns 2
reflections, F_“>30(F ")
R, 1 o o

R, X
w

R

1’
bk 2
B. ©
Largest 4/¢ in final
least square cycle

z

le/n
16.997(1)
11.854(1)
15.121(1)
90
99.10(1)
90
3008(4)

2

1386.02

1.53

52.85

MoKa (A = 0.71073A)
highly oriented graphite
3°< 28 < 45°, 8-28
0.84-6.7, variable

40 = 0.65 + 0.35 tang
4351; th, +k, +1

3932

3352

1.98

2.55

3.48

1.695 .7
1.30(3) x 10

0.01

i) 1y
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Intensity Standards: -1, 8, -1; &4, 4, -9; -12, 1, -1; measured hour of

X-ray exposure time, Over the period of data collection there was a

1.7X% decay in intensity.

Orientation Standards: 3 reflections wers checked after every 100

msasursments. Crystal orientation was redetermined if any of the

reflactions were offset from their predicted positions by more than

0.1°. Reorientation was required seven times throughout the data

collsction, The cell constants listed wers determined at the end of

data collection,
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U, [N(site,) 1, Lu-N(p-tolyl)],

Red crystals of the compound were obtained by slow cooling of a
saturated hexane solution from room temperature to -25°C. Crystals of
appropriate size were mounted in 0.3 mm thin-walled quartz capillaries
in an inert-atmosphere glove box. The capillaries were removed from
the box and flame sealed. Preliminary precession photographs indicated
triclinic Laue symmetry, and the space group Pl was confirmed by
subsequent solution and refinement of the structure.

The crystal used for data collection was of approximate dimensions
0.45 mm x 0.32 mm x 0.21 mm. It was transferred to an Enraf-Nonius
CAD-4 diffractometerlo and cooled to -118°C by u.cold flow apparatus
previously calibrated by a thermocouple placed at the sample position.
The crystal was centered in the beam. Accurate cell dimensions and
orientation matrix were determined by a least-squares fit to the
setting angles of the unresolved MoKa components of 24 symmetry related
reflections with 28 between 24 and 30°. The search yielded the same
unit cell as the precession photographs and confirmed the Laue
symmetry. The final cell parameters and specific data collection
parameters are given in Table VII.

The 2896 rav intensity data were converted to structure factor
amplitudes and their esds by correction for scan speed, background and
Lorentz-polarization effect:s.u'l3 Inspection of the intensity
standards showed no appreciable decay in intensity (<1,0%) during data
collection. Inspection of the azimuthal scan datala showed a variation
Inin/l = 0,62 for the averags curve. An empirical corrsction for

max
absorption, based on the azimuthal scan data, was applied to the



149
intonsitios.la Removal of redundant data left 3696 unique data.

The structure was solved by Patterson methods and refined via
standard least-squares and Fourier techniques. In a difference Fourier
map calculated following refinement of all non-hydrogen atoms with
anisotropic thermal parameters, pesaks corresponding to cho'expected
positions of all of the hydrogen atoms were found. All hydrogens were
included in the structure factor calculations in their expected
positions based on idealized bonding geometry. All hydrogens were
assigned isotropic thermal parameters 1.3 Az larger than the equivalent

B of the atom to which they were bonded. None of the hydrogens were

iso
refined in least squares.

The final residuals for 245 variables refined against the 3451
data for which Foz > 3a(F°2) were R = 1.83%, Rw = 2.77% and GOF =
1.580. The R value for all data was 2.24%,

The quantity minimized by the least squares was 2u(|F°|-|Fc|)2,
where w is the weight of a given observation. The p-fncCorls, used to
reduce the weight of intense reflections, was set to 0.03 throughout
the refinement. The analytical forms of the scattering factor tables
for the neutral ntonals were used and all non-hydrogen scattering
factors were corrected for both the real and imaginary components of
anomalous diapcrlion.17

Inspaction of the residuals ordered in ranges of sin(e/A), |F°|.
and parity and value of the individual indexes showed no unusual
features or trends. A secondary extinction paranster was refined in
the final cycles of least -qunr.-.la The highest and lowest peaks in
the final differenca Fourier map had elactron densities of 0.771 and

-0.632 o'l/Aa. respectively, and wers associated with the uranium atom.



Table VI Crystal Data for Uz[N(Siﬂea)zlh[n-N(p-tolyl)}2

(-118+4°C)

Space Group
a,
b, A
c, A
a, deg
B, deg
7, deg
v, As
Z
fw 3
d (calc.) g/cm
4 (eale.) l/cm
radiation
monochrometer
scan range, type
scan speed, deg/min
scan width, deg
reflections collected
unique reflectigns 2
reflections, F_">30(F_°)
[ [

R, %
Ru' Z
R 4

1
o8} 2
g, €
Largest /¢ in final
least square cycle

Pl

9.792(1)

12.212(1)

14.,580(3)

62.00(1)

65.86(1)

80.80(1)

1403.5(2)

2

1327.90

1.571

56.61

MoKa (A = 0.71073A)
highly oriented graphite
3*s 20 s 45°, ©-20
0.84-6.7, variable
A8 = 0.65 + 0.35 tan®
3896; zh, +k, %l
3696

3451

1.83

2.77

2.2

1.580 "
4.6(1) x 10

©0.01
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Intensity Standards: <6, «2, «7; +2, 7, -9; -2, -8, -3; measured hour

of X-ray exposure time.

negligible decay in intensity (<1.0%).

Orientation Standards: 3 reflections were checked after every 100
measurements, Crystal orientation was redetermined if any of the
reflections wers offset from their predicted positions by more than
0.1 . Reorientation was required three times during data collection.

The cell constants listed wers determined at the end of data

collsction.

Over the period of data collection there was a
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UelOC(s-Bu).1,

Pale pinkish-yellow crystals of the compound were obtained by slow
crystallization from toluens. Crystals of appropriate size were
mounted in 0.3 mm thin-walled quartz capillaries in an inert-atmosphere
glove box. The capillaries were removed from the box and flame sealed,
Prelininary precession photographs indicated primitive Laue symmetry
and ylelded preliminary cell dimensions.

The crystal used for data collection was of approximate dimensions
0.35 om x 0.25 mm x 0.22 mm. It was transferred to an Enraf-Nonius
CAD-4 diffrncconucerlo and cooled to -85°C by a cold flow apparatus
previocusly calibrated by a thermocouple placed at the sample position.
The crystal was centered in the beam. Automatic peak search and
indexing procedures yielded the same unit cell as the precession
photographs and confirmed the Laue symmetry. The final cell parameters
and specific data collection parameters are given in Table VIII.

The 5874 raw intensity data were converted to structure factor
amplitudes and their esds by correction for scan speed, background and

11-13 Inspection of the intensity

Lorentz-polarization effects.
standards showed a slow isotropic decrease of 6.8% of the original
intenaity. The data were corrected for this decay. Inspection of the

/1 = 0.90 for the

14
azimuthal scan data™ showed a variation Inin max

average curve. An empirical correction for absorption, based on the
azimuthal scan data, was applied to the 1nconliciol.1a Removal of
redundant and systematically absent data left 5339 unique data.

The structure was solved by Pattaraon msthoda and refined yia

standard least-squares and Fourier techniques. In a difference Fourier
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map calculated following refinement of all non-hydrogen atoms with
anisotropic thermal parameters, peaks corresponding to the expected
positions of most of the hydrogen atoms were found. All hydrogens were
{ncluded in the structure factor calculations in their expected
positions based on idealized bonding geometry. All hydrogens were
assigned {sotropic thermai parameters 1.3 Az larger than the equivalent
Biso of the atom to which they were bonded. None of the hydrogens were
refined in least squares. A secondary extinction parameter was refined
in the final cycles of least lqu-res.ls Some reflections were affected
by a small amount of twinning and the weights of the worst 300
reflections, as determined by the quantity w x A2. were set to zero.

The final residuals for 398 variables refined against the 4222
data for vhich F 2 > 30(F %) were R = 3.19%, R_ = 4.22% and GOF -
2.130. The R value for all data was 5.60%.

The quantity minimized by the least squares was 2"<|F°|'|Fc|)2-
vhere w is the weight of a given observation. The p-factorls. used to
reduce the weight of intense reflections, was set to 0.03 throughout
the refinement. The analytical forms of the scattering factor tables
for the neutral nton-16 were used and all non-hydrogen scattering
factors wers corrected for both the real and imaginary components of
anomalous dispctsion.17

Inspection of the residuals ordered in ranges of sin(8/)), |F°|.
and parity and value of the individual indexes showed no unusual
features or trends. The largest peak in the final difference Fourier

map had electron density of 2.362 -'1/53 and was associated with the

uranium atom,



Isble VIII Crystal Data for UH.[OC(t-Bu)3]3 (-8514°C)

Space Group

a,

b, &

c, &

7, deg

8, deg

v, dsg

v, As

z

fw 3

d (calc.) g/cm

s (cale.) 1/cm
radiation
monochrometer

scan range, type
scan speed, deg/min
scan width, deg
reflections collected

P21/c
217077(2)
12.368(1)
16.634(2)
2
109.11(1)
90
4097(1)

4

851.14

1,380

37.87

MoKa (A = 0.71073A)
highly oriented graphite
3*< 20 £ 45°*, 9-20
0.84-6.7, variable

40 = 0.65 + 0.35 tan®
5874; th, +k, +1

unique reflectiEns 2 5339
reflections, F “>30(F ) 4706

R, 1 ° e 3.19

Rw' z 4,22

R 1 x 5.60

cot .2 1.70 .8
g, @ 6.2(6) x 10
Largest A/o in final 0.01

least-squares cycle

Intensity Standards: 14, 1, -5; 4, 8, 2; 7, 2, -l1; measured every two
hours of X-ray exposure time. Over the period of data collection there
was a 6.8X decay in intensity. A linear decay correction was applied

to the raw data.

Orientation Standards: 3 reflections were checked after every 250
measurements. Crystal orientation was redetermined 1f any of the
reflections wers offset from their predicted positions by more than
0.1, Reorientation was required once during data collection. The

cell constants and errors are given as their final values.
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{UMe{QCH(g=Bu),1, ILL

Purple crystals of the compound were obtained by slow
crystallization from toluene. Crystals of appropriate size were
mounted in 0.3 mm thin-walled quartz capillaries in an inerc-atmosphere
glove box. The capililaries were removed from the box and flame sealed.
Preliminary precession photographs indicated primitive Laue symmetry
and yilelded preliminary cell dimensions.

The crystal used for data collection was of approximate dimensions
0.20 mm x 0.20 mm x 0.30 mm., It was transferred to an Enraf-Nonius
CAD-4 diffracconecerlo and cooled to -75°C by a cold flow apparatus
previously calibrated by a thermocouple placed at the sample position.
The crystal was centered in the beam. Automatic peak search and
indexing procuidures yielded the same unit cell as the precession
photographs and confirmed the Laue symmetry. The final cell parameters
and specific data collection parameters are given in Table IV.

The 5989 raw intensity data were converted to structure factor
amplitudes and their esds by correction for scan speed, background and
Lorentz-polarization effects.11'13 Inspection of the intensity
standards showed a slow isotropic decrease of 8.4% of the original
intensity, The data were corrected for this decay. Inspection of the

1

azimuthal scan data 4 showed a variation I /Imnx = 0.85 for the

min
average curve. An empirical correction for absorption, based on the
azinuthal scan data, was applied to the intensities.lA Removal of
systematically absent data left 5438 unique data.

The structure was solved by Patterson methods and refined wia

standard least-squares and Fourier techniquea. In a difference Fourier

map calculated following refinement of all non-hydrogen atoms with
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anisotropic thermsl parameters, peaks corresponding to thes expected
positions of most of the hydrogen atoms ware found. All hydrogens were
included in the structure factor calculations in their expected
positions based on idealized bonding geometry. All hydrogens were
agssigned isotropic thermal parameters 1.3 Az larger than the equivalent
Bieo of the atom to which they were bonded. None of the hydrogens were
refined in least squares. The final difference Fourier map suggests
possible alternate positions for atoms C3, C4, and the carbon atoms
attached to them. The disorder was not able to be modeled.

The final residuals for 383 variables refined against the 4352

2, 3a(x-°2) vere R = 3.05%, R =~ 4.08% and GOF -

data for which Fo
1.998. The R value for all data was 6.40%.

The quantity minimized by the least squares was v(IFol-ch])z,
where w is the weight of a given observation. The p-factorls. used to
reduce the weight of intense eflections, was seu to 0.03 throughout
the refinement. The analytical forms of the scattering factor tables
for the neutral lt°l816 were used and all non-hydrogen scattering
factors were corrected for both the real and imaginary cozponents of
anomalous dispersion.l’

Inspection of the residuals ordered in ranges of sin(6/1), |F°|,
and parity and value of the individual indexes showed no unusual
features or trends. There was no evidence of secondary extinction in
the low-angle, high-intensity reflections. The weights of two
reflections were sat to zero for the final rsfinsment, based of their
anomalously high values of w x Az. The largasst two peaks in the final

difference Fourier map had electron densities of 1.144 and 0.990 0'1/13

and were associated with the disordered iigands.
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Table IV Crystal Data for (UHe[OCH(t-Bu)Z]A)Li (-85¢4°C)

Space Group P21/c

a, A 11.654(2)

b, A 15.874(2)

c, A 23,406(3)

a, deg 90

B, deg 105.28(1)

7. deg 90

v, A 4177(2)

F4 4

fu 3 833.01

d (calec.) g/cm 1,325

s (calc.) l/ca 37.15

radiation MoKa (i = 0.710734)
monochrometer highly oriented graphite
scan range, type : 3°s 28 < 45°, 9-28
scan speed, deg/min 0.84-6.7, variable
scan width, deg A8 = 0.65 + 0.35 tan®
reflections collected 5989; +h, +k, %l
unique reflectigns 2 5438

reflections, Fo >3u(!-‘° ) 4354

R, % 3.05

R.. X 4.08

R 1 X 6.40

Gk 2.00

Largest A/¢ in final 1.40

least square cycle

Intensity Standards: 1, 1, -16; 1, 10, S; 7, 4, -8; measured every hour
of X-ray exposure time. Over the period of data collection there was a
8.4X decay in intensity. A linear decay correction was applied to the

raw data.

Orientation Standards: 3 reflections vere checked after every 250
aecasurenents. Crystal orientation was redetermined if any of the
reflections were offset from their predicted positions by more than
0.1°. Reorientation was required twice toward the end of data
collection. The cell constants and srrors are listed as their final

values,
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1 sin 20 (1 + cos’26))
Lp 1+ co.zzen - s:l.n229

is the correction for Lorentz and polarization effects for a
reflection with scattering angle 26 and radiation monochromatized
with a 50% perfect single-crystal monochrometer with scattering
angle 23n.

Reflections used for azimuthal scans were located near x = 90° and
the intensities were measursd at 10° increments of rotation of the
crystal about the diffiraction vector.

24172
z||F | - |F_|| m(|F,| - |F_%M
R= —3[F T R e m—
o ZwF
[+]
ma(|F | - |F H?M2
GDF- T‘—‘S—
[+] l"v
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Appendixz I: Tables of Positional and Thermal Parameters

UIN(SiNe 3, 1,+1/3(CeH, )

v

51
L]

ci
c2
c3
ca

le!o of Positional nr.u-urs und Thelir Estimated Standard D.vl-tlonl

:tgn x y 2 BEA2)

v 8,333 2.667 8.19511(5) 2.402¢8)
s1 #.5489516) §.83491(6) #.3896¢(1} 2.47(2)
L] #.4330¢2) 2.747 #.258 2.28(9)
(4] ¥.6452(3) #.02%(3) 5.5825(6) 4.611)
ce2 §.4580{2) 9.8220¢3) B.548914) 3.8(1)
[ #.5999(3) #.9551(3) 5.290815) 4.0
c4 9.5%111) 5.992¢41) #.23913) 2.1(5})
Hla 9.6325 ».0359 #.4291 6.3
Hib .67t 2.87%4 5.579% 5.3
Hle 2.619 0.7787 #.5567 5.3
H2a 85.4397 #.7614 5.5892 4.3%
HZh §.4873 5.8691 5.6214 4.3
H2c s.418 s.820% 5.4004 4.3
Hls #.55213 5.959%5 8.2497 4.6
H3b ¥.6237 1.0012 5.3000 4.6*
Hic 5.6497 #.965¢6 5.2276 4.6

Starred atoms were Included with isotropic therms) parameters.
The thermal parameter gtven for snisotropically refined atoms 19
the 1sotropic aquivalent therma) parameter defined as:

(4731 * (a2°BL1, L) » ©2°8{2.2) +» c2 3.3) ¢ apicos ganmal®gil,2)

* acicos betal®Bi1,3) ¢ bclcos alpha?*Bt2,3}1

whers a,b.c are r.-l cell paramsters, and B(4i.1) are antsotroplic betas.

Tla'lc of Antsotropic Thermal Paramaters - l [

", n 82,2y 83,3 1, 2) 81,3 !Sf::_!-) !:S:
1.9241) B, 1) 3.60(2) Bl ) s s 2.402t0)
2.4083) 2.25(3) 2.35t4) 2.24(2) -§.3643) -5.23(0N 2.47242)
2.2(2) 2.4¢(1) 2.8¢1) [ IPFS S} LR ERE) 2.289)
4.440) a.n2) 4.802) 2.5t «2.51) ~l. 410 4.64L)
.12 3.411) 3.n2 1.2¢1) g2t 1.1t 3.801)
4.1t2) 2.5t 4.3 2.4 -g.101} -8.183} 4.5(1)
4,706} 3. U 1920)) 2.004) 2.t 5.9¢( 9.1(%)

The form of the anisotropic t!n.rltur.
oxp{-8.28(h2a2811.1) » W2b2

s
2,2) ¢ 12¢2842,3) + 2N

x

11,20 » 2ntacs(l,3)

* 2klbcBt2.31) where a.b, and ¢ are ractprecsl lattice constants.
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ULN(SiMe,),1,(OPPh ) +1/2(C,Hs)

Table of Ponitional Parsmeters and Their Estimated Stapderd Deviations

ton : y R
[} §.2428111) S.995972(1) #.2615611) 1.812¢(3)
L4 =0.83750(9) -§.23128{9) §.26097(6) 2.2212)
s111 #.5417¢1) §.2276(1) #.37163t7) 2.880{3)
SHi2 #.3184¢(1) F. 156)10) 8.4417716) 3.4
$121 F.379511% £.1509{(1) 8.18786(6) 3.1
$122 #.3631¢1) -8.8617(1) 8.1557917) 2.82{%)
$131 §.0298(1) 5.1582{1) 81778610 3.82{0)
$132 g.283401) #.3676(1) §.295%117) 3.83(})
0 §.8696(2) -85.1853(2) 9.2632¢1) 2.43(7)
Nl #.3826¢3) 5.16%1(3) #.3666¢2) 2.36(m)
N2 .3395(3) 5.8655(3) #.16875¢2) 2.43(8)
N3 5.1522(3) 5.220%() #.2434¢2) 2.79(9)
2] -8.10F5(4) <=8.217614) 8.2713(2) 2.601)
c2 ~8.1268(4) -5.119%04) 5.3865(3) 4.801)
c3 ~5.205904) ~-8.114008) #.3132(3) 4.711)
ca -£.3987(4} ~-§.219415) 5.203403} 4.7(12
c5 ~8.4849(5) -8§.3276(5) 8.2470¢04) 5.412)
41 ~5.294014) -8.3314(4) §.241403) 4.1
c? -5.8079(4) =0.2758¢(3) 5.346112) 2.5
ce -5.8918(8) -85.3893¢5) 2.3927¢) 4.4
cs ~8.8637(5) =8.33%4(%) 85.4827(3) 5.2t2)
c1s . 418) -8.3362¢0) 5.4668(3) 4.5t1)
(43 ] §.13164%) -8.3827(5) 5.421213) 4.7
c12 8.104714) -8.27344) 5.368% N 4.211)
ci3 -5.8648(4) -8§.3551(4) 5.1972¢2) 2.7¢1)
cla -8.1056(4) ~-8.476314) 5.203%¢(3) 3.9
€15 =#.1309(5} =5.571%(4) 9.14595(3) §.2(2)
Cclé -5.11 $) =8.5436(5) s 2603} §.612)
c1? -8, 0600(S) ~8.4238(5) 2.8752(0 5.2t2)
(31 ] ~§.044618) -9.3207(4) s.1320() 3.941)
cle £.309%5L0) 5.4295(8) F.974515) 16.042)"
cz2s 5.30%¢1) 5.%34610) 1.837346}) 16.8"
c2t 5.534¢1) 5,629 1) 1.8628(7) 16.0"
c1 5.5858(8)  £.181600) #.3675¢3) 4.7t
c112 .6056(5) 5.3876(8%) 5.389213) 4.7t

c113 2.6302¢%) F.34894(5) 8.4536t2) 4.770
ci121 #.1438¢4) 5.8772(%) 5.4213( 4.8



161

Table of Positiona’ Parametors and Their Estimeted Standard Deviations {cont.}

Atca

ci122
cl123
c211
c212
c212
[+14]
c222
c223
c3n
€12
€3l
¢l
caz2
c321
H111A
HIll8
N13iC
H112A
Hlizs
Hl12C
H113A
Hi132
H113C
HI21A
Hi2i0
H121C
H122A
w1229
w122¢
H122A
H1228
H123¢C
H211A
L2981 ]

:
F.3538(%)
F.36481%)
F.A806(4)

£.29561(%)
F.5208(%)
5.)828(4)
5.2758(5)
£.5385¢4)
-8.9163(8)
-§.1129(%)
s 14t8)
5.10%617)
5.2895(%)
5.3633(6)
5.5839
5.5492
5.6736
5.5%686
5.5960
£.6937
5.6286
5.617%
85,7245
F.3204
5,311
5.18%?
£.3012
£.43%9
5.3866
5.492%
5.3274
2.3251
J.4218
£.4363

b4
2.0585(5)
5.3880(5)
».31%71 47
5.998%(8)
5.1852(6)>
. 18871 48)

5.154518)
£.2428(5)
£.3639(6)
5.40%2(0)
f.4362(%)

5.8585
5.8435
5.1393
9.2511
5.3883
5.3328
5.4168
5.3180

5.4919()
5.5843(3)
. 1481¢3)
5.8298(3)
5.8736¢3)
§.22%2¢3)
5.8718¢(3)
5.159%4¢3)
5.1269(3}
5.2076¢4)
5.1842(3)
5.3658(3)
§.24%2(3)
£.3488(2)

81A2)

6.1t2)
4.701)
3.7
5.3t2)
$.%12)
3.511)
4.5¢1)
4.7¢1)
.22}
7.6¢2)
4.%¢1)
5.3(2)
4.4¢1)
6.2¢2)
6.1
6.4"
6.1
6.1
6.1*
6.1
6.1
6.1
6.1
5.2
5,.2°
§.2
7.00
7.00
7.8
6.1*
6.t
6.1
a“"»
4.0
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Table of Posstsona) Parameters snd Their Estisated Stundard Deviations {(cont.)

aton

HZ11C
H212A
w212%
H212C
H213A
H2138
H213C
H221A
H2219
Hzzic
H222A
H2228
H222¢C
H223A
H2238
H223C
H311A
H3118
H3lic
#3124
H3128
H312¢
H313A
HI138
H313C
HI21A
H3zie
[R1314
H322A

2.3331
§.1779
320
§.2475
.51
§.5434
5.5964
#.3431%
§.23144
$.2172
#1892
§.3835
5.20818
#.%683
5.5761
5.5344
5.8536
-8.8431
~8.0829
-§.133%

§.127%
-5. 5110
..180%
$.1433
5.8233%
5.1260

-8.1415
-§.251%
5.8236
§.9284
-5.897%
=-5.8115
-8.0586
-§.84828
5.1127
2.23%
£.1116
5.3288
$.23%1
5.2848
5.310%4
¥.4448
#.3480
5.4682

5,2841
».1511
5.1286
5.179%
.89
5.2440
5.2238
5.1797
5.1224
5.9939
.70
9.3%2
5.336%
§.34%6
§.2254

pdacad
4.8
6.%°
6.9"
6.9
7.7
7.7
7.7
4.6"
4.6
4.6%
5.9
5.9
5.9
§.1"
6.1"
6.1
6.9
6.9
6.9*
9.9*
9.9
9.9*
6.4
6.4°
6.4"
5.8
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Table ef Pn-luonn P-r-nﬂnrl snd Thelir Estimated Standard Deviatfons {cont.}

Ater : H : siaz
H3228 8.2368 .2016 .7
H322C §.2646 5.2164 $.7*
HIZ2IA 84217 2.3858 a.8*
H3238 5.3985 §.3667 2.8
H323C 8.3722 5.369%4 9.8
H2 -5.0988 5.3263 5.3*
H3 -5,2824 #.3302 6.2°
H4 -85.47241 £.2970 6.1*
HS -8.4035 5.2257 7.8"
Ré -§.2986 5.2166 5.2*
HB ~8,1695 -5.3118 .3034 S.8*
" -8.1212 -5.3629 5.4000 6.7
H1N g.8674 ~-5.3501 5.5866 5.8"
H1l 5.289%% =5.290% §.4217 6.1
Hi2 5.1633 -5.2518 5.3293 5.3e
Hid ~8.1178 ~85.4%62 5.2483 $.9
HiS ~§.1628 -8.6562 5.1583 6.7
Hl6 -5.6008 £2.85432 7.3*
H1? -8.4042 6.8
L1} ] -§.2447 L

St-rrui u.an wore inclyded with fsotropic thermal paramaters.

ho t l p.unur gfven for sntsotropically refined atoms is
wivalent therma) parameter defined as:

lllll ' IlZ'l(l l) & p2°R(2,2) » c2° +3) » shlcos gammai®Bil, 2}

* sclcon b.\l)'lll 3) ¢ belcos alpha 12,1

whare a,b,¢ are rnl cel} paramaters, and Qi{i,J} are anisatropic betas.

Tadle of Anluotrop': Thermal Parameters < 8°s

!::: BE1, 1) 82,2) [ 1% %3} a2 81,3} 82,2 !:::

v 1.08804) 1.762t4) 1.722818) #.819(3) 5.)8%(4)  £.3218(8) 1.01242)
L 2.1610) 1.%402) 2. 6444} 1.82¢2) £.9603} 5.4743) 2.22t)
s 2.78(8) 3.8344) 2,798} 1.64t3) 5. 408 £2.17¢4) 2.80(3)
sz 3.98(8) 2,92(4) 2.4t [ BY2 1% 1 £.27¢42 B.48(8) .0y
$121 3.17¢(4) 3.85¢4) 2,356} 1.38t0) 2.73t48) £2.92(8) 1.1343)
12t 2:.3944) 2.02(8) 3.04t0) 1.32¢7) 2.9814) £2.231(4) 2.02¢0
310 2.58(4) 3.95t4) B.16t6) 1.42(3) -5.8744) 2.26(4) .9t

$132 .10 340142 3.20(%) 33243 1.17¢(%) 1.0%04} 3.97(3
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s {Continued)

LIA T 8} Bt2,2) 83,3} 81,21 201,31 "Mz Seqv
+] 2.52tM 2.15(8) 2.611) 1.16(6) 5.54¢9) 8.61(8) 2.43¢7)
Nl 2.5t 2.811) 2.411) 1.1808) -#.181) 8.0 2.36tm)
N2 2.1 2.611) 2.0¢1) 5.9%8(8) 5.8t .31 2.43(8)
LE] 3.0 2.9 3.8 1.67¢8) 8.5(1) 1.3t 2.75%¢(?)
c1 2.7 2.611) 3.142) 1.71¢9} .80 f.8(1) 2.611)
c2 3.212) 3.912) $.02) 2.1n 2.6(2) ~5.242) 4.80))
c3 4.012) 5.142) 5.9 3,041 1.142) 8.9(2) 4.741)
Ca .412) .M .44 3.2t 1.442) 2.3(2) 4.7¢4))
[} 3.0 2? 4.8(2) B.2(4) 1.9(1) 8.612) 8.9(2) 5.4(2)
cé 2.2t2) 3.212» 6.5() t.un 5.742) 5.7¢2) 4.1010)
c? 2.0¢1) 1. 2.842) 1.1 2.8(1) F.8010 2.5¢1)
cs 4.002) &.082) 3.02) z.801) 1.442) 1.7(2} 4,401
cs $.412) 7.812) 3.912) 3.8t2) 1.6(2) 3.2{2) $.2(2)
cis $.92) 4,.712) 3.912) 3.1t 5.92) 2.4 4.541)
(23] $.8(2) €.2(2) $.2¢2) 3.9 Tt 3.5¢2) $,7¢1}
cl2 3.%21 5.2 4.7(21 3.4t 1.92) 2.912) 4.1¢13
€13 1.7¢1) 2.2(1) 3.7t2) 5.%01) £.3013 -8,111) 2.7t1)
cl4 .92 2.741) 4.7¢23 1.8 -5.5(2) 5.1 .91
[$1] 5.2(2) 2.7 6.5(2) 2.2(1) -1.6(2) =1.3¢2) 5.2¢(2)
(41 4.9(2) $.8(2) $.6(3) 2.901) -8.7(2) =2.,3(2) §.6(2)
c? $.5(2) 4.9(2) 4.1¢2) 1.5(2) 5.%302) -1.8(2) §.2(2)

cis 3,72} 3.2ty 3.3t22 .0t 5.012) .82 3.9



ci
cii2
c1a
cl2i
€122
€123
c211
€212
c213
c221
c222
c223
can
€2
€31l
<
€322
€323

Tabie of Antsotropic Tharmal Parsmeters - 8's

[ IR NS B

§.8(2)
2.8(2)
3.4¢2)
3.9
9.843)
4,642)
4.02)
6.6t
5.712)
3.412)
4.212)
3.312)
4.1y
2.8:2)
4.412)
14.0(2)
5.3¢2)
.24

sz,

4.912)
$.212)
4.712)
3.5628
7.2t2)
4,742}
3.3(2)
5.5(2)
7.512)
3.8

4.3t12)

5.912)
3.402)
2.612)
4,612)
7.842)
U
3.32)

Thermal {Continued)

lll:g: 81,21 21,3 sz, !:S!

$,2t(3) 3.641) ”.24(2) 5,802} 4.72¢1)
4.2 1.112) 0.4(2) 1.6(2) 4.7¢1)
4.72( 1.9(1) -1.412) -1.8t2) 4.7¢0)
3.3¢t21 1.51) 1.2123 5.202) 4.81))
.52 5.202) 1.6(2) 3.6(2) 6.1{2)
3.7t2) 23000 5.802) -1.502) 4.7
3.642) 1,481 .52} 1,411} 3.4
2.8(2) 2.24(2) -8.4(2) 1.112) $. N
6.142) 3.8:2) 4.82) 3.6(2) §.9(2)
4.912) 1.941) 1.72) 14400 3.5(1)
a2 1.8 5.912) -9.5(2) 4.5t
i.i(l; 2,71t 1.742» 1.842) 4.7241)
$,112) .My -2.512) 1.1¢2) $.312)
12.3(4) 3.992) 2.7ty 7.2¢2) 7.6¢2)
4.9 1.412) -5.9(2) 2.1(2) 4.5(1)
7.2¢3)» 8.82) 7.0(2» 3.6t2) $.3(2)
5.40 2.6¢1) 5.942) 1.5(2) 4.401)
4.813) 2.612) «3.1€2) -8.642} §.2¢2)

Yn: form of the anisotropic temperature factor

1
25{h2a28¢1,1) » k2b2812,2) + 12¢2812.2) » Zhllbl(l 2) ¢ 2hlach(l, D)

pl=8.
o Illb:llz ann

whers b, and ¢ are u:lpreul Tattice constents.
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UIN(SiMe,) )1, [N(p-tolyl)]

Table of Positional Parsmeters and The!r Estimated Standard Oeviations

Atom " y : I(As)
L] B.176901(2) §.244%3(2) 9.21483(2} 1.714(5)
s111 #.3569(2) B.B68F(2) §.3486(2) 2.5%¢4)
$t12 8.258112) <~8.9192(2) 5.1615(2) 2.4104)
s12} 8.219312) #.4665¢2) 5.381611) 2.22t4}
$122 £.3975{2) 5.439282) 8.210212? 2.,4804)
5131 -8.879612) #.3683(2}  #.1608(2! 2.2004)
5132 -8.1895(2) #.16L8(2)  #,2752(2) 2.47¢4)
L1} #.2684(5) S.808%(5)  #.2511{4) 2.8(1)
N2 £.274615)  #.3943(5)  s.278044) 2.8(D)
N3 -§.8195(5) §.2574(5} 8.2225¢(4) 2.1¢1)
L] 5.2142(5) $.2447(5) 1} S4(4) 2,400
3} 5.223 §.283016) 06(S) 2.4t
t2 8.3322¢7» .245917) ~8.883% &) 3.1¢2)
[+ £.3335(0) 8.2418(7) -8.1619¢6} 3.5¢21
ce §.2483(8)  #.2352(6) ~-8.2193(6} 3.4(2)
cs §.1321¢8)  £.23331(6) -8.1742¢6) 3.2c2)
ce §.1234¢7)  B.230246) -8.8761(5} 2.812)
c? 8.24%(3) £.2218(7) =-8.3265(6} 4.5(2)
cn §.3958¢0 8.1933(7) s.4200(8) 3.9(2)
cl12 8.204819) -9.8232(0) .43 5.82)
€113 2.5891(L0) 8.0028(8} 2.3118(7) 4.5(2)
ci21 5.2351(9) ~8.16803(7) 5.200247) 4,642}
ci122 8.3715(8) -8§.0243(7) 8.8732(6) 3.0t2)
€123 2.198447) 5.8824(0) 2.8%74(6) .2y
cen 8.3264¢7) S.496817) S.4016¢6) 3.412)
c212 F.1007(7) 8.373%(7)  £.4300t6) 3.812)
€213 8.150500) 8.6820L7) 5.3564(6) 3.5t2»
c221 £.4009(7) £.3155(0}  S.1732(7) 3.9}
c222 5.3588( 7 8.5144(6) £.1122¢(5) 2.6(2)

€223 8.4933(7) 8.5376t0) 8.2938¢6) 4.2
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Table of Positional Parameters and Thetr Estimated Standard Deviations (cont.)

Atom

can

ca2

(=) k]

€azy

cl22

€322

Hl1lA
LIBR] 3
HlliC
H112A
H1i28
H1t2C
H113A
w1138
H113C
Hi21a
LEY-2E ]
Hi21C
H1224
H1228
Hiz2¢
H123a
H1238
W123C
H2)1A
W28
N211C
H212A
H2128
N212¢C

B.0486(7)
~#.1760(7)
-2.1683(m)
~8.8162¢7)
~8.2132¢7}
-8.2085(8)

9.4433

§.4366

5,3259

2,335

8.2148

8.2659

8.5455

B.4868

2. 5405

5.2259

4.3823

5.168%

5.38%4

2.378)

5.4422

5.1898
5.28%
5.3%5)
5.3897

5.8440
5.1282

4
B.4561(6)
8.3211¢(9)
8.4634(7)
0.8695(7)
2.220716)
2.87471 7
5.1824
§.2463
#.2342
~9.832%
5.5133

-8.8%42
H]

-8.8608

».0504
-5.2153
-8.1744

5.8813
9.6723
5.5344
9.4267
5.9)99
s.an
5.389%
2.388)

H
5.12184(5)
8.9658(7)
8.25261(6)
#.344316)
£.366116°
s.106017)
5.4715
8.3082
.4424
2,404
§.4661
5.4m18
8.365%
8.2764
2,271
8.150%
5.2448
8,2506
5.8259
9.8430
» 4%
5.849]
5.1422
5.8711
5.5328
85.499%5
B.ab88
9.4065
8.3048
#.,4442

BLA2}

2.7¢2)
4.4¢21)
3.912}
J.482)
3,402}
3.8¢2}
5.9
5.0
5.9
6.2*
6.2°
6.2
5.7
5.7
5.7
6.9
6.0
6.
4.9
4.9
4.9
4.5"
[
4.5%
4.4
44"
4.4
a.nr
..
4.8



Table of Positiuna) Param

ars and Thetr Estim

9.12:7
8.2879
5.0082
8.555%
8.5121
5.4439
8.4279
8.3145
8.2129
2.5586
8.458¢
.5207
..007%
1.9
2.58)
~-8.2880
-§.1138
~§.23%

~8.,1971°

~8.229}

H
8.63%1
$5.6486
».5880
5.3383
5.2778
B.2648
§.5372
5.4655
£.5782
£.5500
5.6026
.5828
$.5177
f.404]
£.4123
#.3043
£.2775
5.2766
5.5233
§.4224

9.4129
s.32880
#.3117
#.1463
5.2331
5.1375
§.0814
5.8602
5.1389
8.2557
l.:lﬁ;
9.346)

o.9927
81738
5.8763
#.0289
y.0192

B(A2)

4.8*
4,.5%
4,5%
4.9"
4.9
4.9
3.5"
3.5
3.5
5.2
5.2*
S.2*
3.5
3.5
3.5
5.7
5.7
5.7
5.8
5.0
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Table of Positiana) Parameters and Their Estimated Standsrd Deviations

".69

(conr..)

Ator

K213
H321A
H3218
H321C
H32zA
H3228
H322C
H3Z23A
H3Z38
R323C

x

~8.112%
~§. 8643
5.8373
5.8262
5.2586
~8.16%1
~5.2628
~8.2479
~§.24%3
-~8.1518
81714
£.2069
5.2985%
5.40)5
£.4145
7.86))
g.8485

4
&.4%34%
.16
5.4295
5.1129
5.1714
5.2678
5.278}
5.9248
5.121%
£.5328
8.2277
5.2968
N.1678
5.2495
§.2413
§.2296

§.2354

”.3827
2.372]
22018
#.3915
5,392
a.4142
5.3357
5.2135
5.1534
§.1432
-§.352%
~8.3438
-8.34%3
5266
-§.1988
-5.2186
-§.547%

BiA2?

S.8"
4.5°
4.5
4.5

4.5
4.5°
4.5*

Starre
The thersal
the

oms were included with isotropic

pical

(1.3 (
where a.b.c arse r-al cel) ;.r.-otorl. sng Ill J} are anisotropic bstas.


http://ta2MU.Lt

Nawme

St
sz
s121
$122
$131
$132
L1
N2
H3
L1}
c1
cz
c3
ce
1]
cé
c?
ciis
ci12

Table of Anisotropic Thermal Parameter

Bt1. 1)

150409
2.6048)
2.45181}
2.25(81
1.98¢8)
1.06¢7)
2.58(8)
1.9(2)
1.7t2)
2.3t
2.3t2)
3.2t
3.442)
4.6t d)
5.614)
5.114)
3.3
7.515)
5,904}
§.2t5)

82,2y

1.905(9)
2.95¢%)
2,30¢0)
2,430
2.92¢1)
2.4%¢0)
2.32¢m1)
2.6(2)
1.6(2)
2.012)
2,142}
1.543})
3,113
3.83)
2.3
1.5¢3)
2.5(3)
3.3t4y
J.2(4}
5.3t41}

B8¢3.3}

1.816(9}
2.34(9)
2.3818)
2.8819)
2.3518)
2.5518)
2.98(9)
1.7¢21
2.7¢21
2.8t2)
2.7t(3
2.5¢t3)
2.003)
2.913)
2.6t
3.113)
2.5t
2.514)
2,713
4.814)

B¢1,2)

5.168(8)

55117
£.51(7)
~8.8417)
-F.12t7
a7
.8517)
#.3¢21
~F.142)
-F.3¢2}
£.3(2)
-f.2(2:
8.5(31
5.8¢3)
£.3431
~£.2¢(3)
§5.4(3)

-§.204})

-5.004)

1.3

5.005(8)
-8.22t7
5.5847}
.2t
.87
.87
5.56(7)
-5.2¢2)
-8.3(2)
-8.212)
g.2t2)
5.6
2.5
1.6t
5.91
~8.613)
-§.213)
85.914)
=1.613)
=1.014}

8t2.3

§.02248)
B.41t?7)
»
-5.80(7)
§.55(7)
8.45¢7)
-8.93(7)

?)

9.612)
2.212)
~9.1(2)
-5.212)
-8.312)

g.413)
3.03)

Saqv

1.714(5)
2.59t4)
2.4114)
2.27t8)
2.4800)
2.28104)
2.471a)
2.001)
2.1
2.0
2.4
2.4
3.142)
3.5¢2)
3.402)
3.2¢21
2.8(2)
4.512)
3.2
5.8t2)

170



c113
ci
claz
c123
c2n
tz12
€213
c221
c222
€223
€31
€312
€313
cl21
cazz2
£323

Table of Anisotroptc Thermal Parameters - 8's t(Lontinued)
::l.l) Bz, 2) l(3.31 st1.2y ::1;3) ::E:J)
3.904) 5.2¢4) 4.3c4) 2.1(3) =1.1{1 -8.3(4)
5.4(5) 2.0¢4) 5.415) =8.3(4) -9.8(4) -2.6(4)
4.0148) 3.714) 3.3¢41 .18} LU ~£.6(3)
3.0t 3.213) 3.844) -8.2(3} 2.8(3) -8.9(3)
3.2i3 4,144 2.7t -8.3¢3) 4t3) -1.8(3)
2.913) J.614) 2.513}) ~5.417) &8.1131 -5.2t)
4.504} 2.9t3) 2.3t 5.3(3) F.243% ~-5.2(3)
2.3t3) 5.1t4) 4.3t8) 9.913 9.8(3) 9.344)
2.8 2.6t 2.1 2.8(3) 9.34(3) 5.9(3)
3.204) S.414) 3.544) =1.243% -5.643) 5.943)
2.0 3.2¢3) 2,343 5.5(3) -8.1¢3) 1.3}
2.4(3) 5.7(5) 5.2¢(4) 5.803) -1.2(3} 1.504)
4.6¢4) J.a04} 4.804) 1.6t 1.5t 1.1t
J.4¢3) J.6ca 3.1t .43 5.813) 1.8(3)
3.9¢8) 2.5 4,518 2.8 1.0 1.3
3.7(42 3.1 4.614) ~8.7{(3 5.4(3) £.343)

4.542)
4.64(2)
3.8¢2)
3.4¢2)
3.402)
3.52>
3.5¢2)
3.9¢2)
2.6¢2)
4.8¢2)
2.7t2)
4.402)
3.902)
3.412)
3.412)
3.8(2)

The form of the anisotropic temperature factor is

oxp[-#.25(h2a28¢1,1) ¢ k2b2B12,2) + 12c2813,3) + 2nkabB(1,2) ¢ 2nlachil,3)
whare a,b. and c are reclproca) Yattice constsnts.

* ZhibcBi2, 1]
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UIN(SiMe ), 1, (NSMe )

Table of fositt

Y Parsmeters and Thelr £stimated Standard Devistions

Atom x y { BiA2}

u 5.008 2.888 5.008 1.72843)
St y.¥88 .59 5.1785(1) 4.1
Si121 #.18655(0) §.28324(0) ~-5.87908(7) 2.42¢(])
s122 -8 .01447(7) H.18454(0) §.N24%4{8) 2.78B(3)
L} y.598 2.048 5.888B(3) 3.111)
N2 2.84322¢2) 8.1305(2) -8 .H229(2) 2.8
(3} ¥.1114¢5) 5.¥7%4¢4) .28 5.812)
c211 2.1495(3} 8.1354(3) «§.1285(2) 3.211)
c212 5.8616(3) B.2418(3) ~§.143313) 3.5
€213 ¥.2836t3) 5.384383} -5.046212) 3.3t1)
c22¢ -8.1283t4) 8.893%04) §.84%412) 4.801)
c222 2.8569¢3) 8.2396¢3) 2.8%413) 3.911)
€223 ~8.83291) 5.2608(3) -5.814313) 4.0
HiA F.10% 2.978} 5.2453 7.5
Hi8 8.1528 ».8632 7.5
HiC 8.120 8.1372 7.5
H211A 8.1748 £.1139 4.1°
HZ118 8.100 s.7 X3
n211¢ 5.1926 21711 4.1
H212A 2.2761 ~9.1268 4,6*
H2128 8.2748 -5.1720 4.6
H212¢€ 8.1988 1635 4.6
H213A 8. 5.3302 -8.8257 4.3
H2138 §.,2229 5.2076 4.3

H213¢C 2.243) 2.3 -5.0707 4.3



Stl
5121
5122

le!c of Positsonal

Atom

H221A
H2218
H221C
H222A
H2228
HZ222C
R223A
H2238
H221C

-#.1629
-£.1228
¥.1588
¥.1123
5.928¢
.86
2.8221
-5.8782
~8.8597

4
5.0664
£.8506
£.118)
.2047
$.2645
5.1978
5.3156
2.2410
.29

§.8132
2.8732
§.B738
s.8812
5.119
£.1103
-8.827%
~8.8491
5.8140

8LA2)

5.2¢
5.2*
5.2*
5.1*
5.1
5.1¢
5.3
5.3
5.3

Starred stoms were included with fsotropic
The thermal parameter given for antsotropically refined
the lsotropic equivalent therma!
C473) * La2*B{).1) & b2v8(2,2) + 2%
« sclcos betal)*B(1,3) ¢ belcos alp
where a,b.¢c sre resl cell paramesters, and B,

JTable of Anisotronic Thermat P.rannu - b's

eter defined as:
3) + ablcos gamma’}®B(1.2)
(2.3

therss! parameters.
stoms 19

Bl s(2.2) 83,3 81,2y
1.871t8) 1.0 1.pa3(M) [ LR ¥R R
s.1tn sl 2.1 M1t}
2.22¢4) 1.8404) 21446} £.9713)
2.38¢4) 2.4804) a.p2ts) 1.38¢3)
2.912) [ IS PR B} 31.314) L IR DS B]
1,.841) 1.7¢1) 2.9y 5.03¢8)
7.2(3 .12} 3.2 2.812)
J.442} 2,602} 3.42) 1.%41)
2.2¢2) 3.112) 4.212) 1.8
2,142} 2.512) 4.9} .00
2.u2) .42 4.4 1.802)
4.0 22 3,92} 24800
J.au 2.212) 6.3(3} .20}

[ IR 2%-3)

L]

1]
-8.13t5)
-85.59%(5)

1]
=8.501)
=1.4{3)

[ Y A% 3]
~5.812)
5.8
f.7t2)
~1.882)
“1.3t21

l(Z N

B3.31E)

~§.9815)
’

~8.301)
-8.312)

5.512)

1.2(2)
-8.212)
=1.412)
~2.142Y
=1.2¢2)

173

l'rl and Their Ellil ted Standard D-u!.t!eul tcont.)

J) sre antsotropic betes.

1.7201
4.1805)
2.42t1
2.781))
3501
z.am
5.802)
J.2¢1)
3.5t
3.3
4.0
3.941»
a3t

* 21bed(2,3))

uh.rt s,

repic temperat Is
W202B(2.2) IZ:Z I Ji . !hkahl(l 2) « 2hlachtl. M)
. Bnd ¢ are reciprocal lsttice constants.




ULN(SiMe,d, 1, INH(p-colvld]

Table of Posttional Parameters and Their Estimsted Standard Devistions

Atom

v
su
$12
$i3
Si4
$18
S16
L3}
Lk
N3
N4
(4}
c2
[+ ]
cé
cs
cé
c?
(23]
cie
€13
c21
€22
c23
LN
ciz
[+ &
cal
caz

F. 1792611
£.38643183}
5.25536(8)
~5.87382(7}
-5.1873647)
5.48388(7)
8.22227(")
8.272812)
-8.0165(2)
g.2a812)
fF.250(2)
5.2328(21
£.1212¢(0)
8.1828¢0)
5.1932t8)
5.384403)
#.32551)
f.17201%,
£.2717714)
5.497283)
£.336312)
£.23113)
5.3781t2)
£.11761)
~8.171243)
5.8618{3}

!
5.25618¢01}
&,4387748}
#.52008(7)
8.1299%¢7)
£.325588(7)
#.95933(8)
#.93696(7)
§.411642}
§.2433(2)
8.1067¢21}
5.2684(2)
85.263802)
5.2687(D)
8.271213)
#.2694(3)
£.264913)
§.2688(3)
§.272504)
§.5280(3)
5.506504)
5.3838¢3)
5.6598(3)
5.8322¢)
5.508203)
s8N
L11%H
5.8080
§.204413)
§.427202)

5.28047(1)
£.14323(6)
5.3366816)
5.23871t6)
8.2278916)
.2912616)
g.1187216)
§.247712)
5.283412)
§.2223t2>
£.431312)
5.538212)
5.5669(2)
£.6636c2)
£.7290(2)
£.63431)
5.696%1())
#.026612)
5.5620(0)
5.1856¢3)
5.8734(2)
E.2888(3)
5.6264¢3)
&.48331(2}
5.4376¢2)
8332182
§.2581¢t)
5.1360C(3)
#.15631

Ba2)

1.864(2)
2.88(2)
2.66(2}
2.14¢2)
2.2%(2)
2.64(€2)
2.35(2)
2.31t8)
1.905)
2128
z.80t8)
2.4415)
2.6416)
J.4%0)
3.93¢0)
4.14(0)
3.3
6.2(11
4.85(9)
5.3¢(1)
4.1t
4,2919)
4.23tm
2.93N
.31
2.53¢6)
3.36¢7)
3.38(7)
36107
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Table of Positiona] Parameters and The!r Estimsted Stendard Deviations {cent.)

Atom

ca3
cs1
cs2
c52
(13
ce2
(4 ¥
HN4
M2
k]
HS
He
W73
H2C
H7A
H1lC
LRV Y
LRR] }
H12C
R12A
K128
H13C
K1Ja
H138
K210
H214
H218
H22¢C
H22A
H22p
H23C

-8.198313)
5.5848123)
5.498413)
8.366103)
5.158412)
§.32%20)
5.8t
5.3228
$.858)
».5237
8.1724
§.4048
5.1%28
5.8%2)
5.2183
#.3244
5.2064
#.2632
#.4821
2.53%
2,543
§.4434
5.329)
5.4412
5.389)
§.1773
5.222%
2.3
£.3092
8.4477
a.1082

4
§.424210)
s.17900)

=¥ .842004)
112t3)
-5.9%90(0)
2.8193¢(0)
8.1277¢3)
§.2785
8.2729
5.2734
5.2644
§.2563
#.3448
2.2573
2,217
2.527
5.4077
5.%%44
5.579%
B.4540
5.51%8
5,269
5.2629
2.1192
5.679%
#.6681
5.7182
5.507¢%
#,452%
5.3522
8,.562%

H
2,313
#.3172143)
5.2057243)
$.3982(2)
2,141
§.517342)
2.8727(2)
B.4124
5.5248
5.6856
5.7378
85.5744
5.9667
5.9472
5.0648
.80%0
5.8409
5.59%45
5.2167
5.229
£.1312
85.11%8
5.8932
5.8258
5.258%
8.2017
#.3399
5.4787
B.4529
§.3964
8.4498

B{AZ)

3.52¢m)
4.23(3)
4.66(9)
3.43(7)
3.50t9)
3.3
3.28(7)
1.8
.4
4.4
5.2
4.4
.2
9.2
B2
6.2*
6.2
6.2
6.6°
5.6
6.6°
6.5°
5.5
6.5
6.5"
§.5¢
6.5
$.6°
5.6
.6
3.7



Yable of Positions! Parameters and Their Estimstad Standard.Deviations lcont.)

Atom

H23A
H23B
Hi1C
HIlA
LERY |
HI2¢
HI2A
HI28
H33C
H33A
H338
HalC
HelA
Hald
Ha2C
Heza
HeZ
H43C
HAJA
Hid

*
5.8526
8.222!
=5.1387
~5.2368
-5.208%

5.8204

7.1832

5.8922
-5.1834
-5.2209
-5.1872
~8.1788
~£.262)
-8.2874
-8.8827

5.8548%

5.8247
=§.2484
-§.2420
~-0.1463

t
#.4945
#.4343
2,215
s.2122
5.19%9

=9.5183
5.8272
5.8
-5.8286
5.5676
5.5932
5.2285
5.2157
§.3176
5.4784
#.4657
2,204
5.4722
5.378%
§. 4098

2
§.3594
5.4369
£.4965
5.4182
F. 4648
g.458%
5.3328
$.4314
5.2028
2,222
8.1938
2.85886
8.1677
5.1859
5.1259
.19
2.187?
2.2
5.358%
£.387)

$(A2)

3,7
2.7
4
4.4
4.
3.2¢
3.2¢
3.2
4.2
4.2
4.2
LY &4
4.4°
4
a8
4.8
4.5
4.8
4.8¢
6.5
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Table of Postitiona)l Parametars and Thelr Estimsted Standard Devistions (cont.

)

Atom

H51C
RS1A
H518
H§2C
H52A
HS28
HSIC
HS3IA
H538
H$1C
HE2A
LU )
HE2C
HE2A
HE2D
L{T14
HE3A
HE3D

5.5317
f.46584
1.5708
5.5583
5.4433
5.8178
5.4368
5.3224
5.323%
£2.2134
£.1818
£.1144
5.2068
£.3626
5.3958
8.8664
5.9482
£.137)

4
s.2113
5,235
§.1845

-§.0675
-5.1871
-8.5187
-5.82%
5.0308
-§.8767
-8.1513
-5.8%84
-~8.1318
-5.8288
.57
-8.5483
~.8918
£.1481
5.1968

5.2631
#,3559
§.3522
g.2410
£.1183
8.1587
§.4232
§.4225
£.3732
g.1508
5.1928
g.8046
-8.83856
5.8848
5.8345
¥.017%
§.1218
5.855)

$(A2)

$.3°
5.3"
6.3
6.
6.8
6.8
4.5
4.5
4.8°
4.6
4.6
4.6
4.4
4,80
4.8°
4.8
‘.
4.

Starred atoms wers iIncliuded with (sotropic
The tharmal parsmeter gtiven fer ant

{473) *

th.rnll

thermal paramsters.

tropically reftned atoms t»

l-r def ined as:
L (¥ 7% £ (1] * abi{cos gamma)vB(], 2)

+ acicos beta)®B(1,3) « wcices nlpn-)'llz 3

where 8,b,¢ are r..l cel) paraseters, and B(§,3J) are anisotropic betas.
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$11
$12
S13
S
S18
Si6
L2
N2
N3
LT}
(3]
c2
€3

(1]
(4]
c?
cn
€12

Table of Anisotropic Thermal Parameters - B°s

L IR RS R na,2) 3. a2 81,32
1.85414) 1.9972¢4) 2.0%114) -B.18684) 512014
Z.6804) J.2804) 2.9244) -£.6113) §,34¢3)
2.68(3) 2.48510) 2.92{4) =£.4002) ~¥.2243)
1.83(3) 2.2%t2) 2.35(3) -5.22t13) ¥.86(3)
1.96(2) 2.2000) 2.7 -5.05¢()) ~5.26(0)
1.93(3) 3.460(4) 2.6210) 8.4%(3) £.211
2.0t 2.7 2.0813) 5.15¢(3) 5.1912)
2.81¢9} 2.8t 2.8¢1) -5.22t81} .05(8)
1.08¢(9) 2.81t9) 2,141 ~F. 1) -£.5n
2.00c9) 2.8t 1.93(%) .13t 5.55()
2.511) 2.8 2.%¢1) ~5.8%(9) 8.2
2.9t 1.51)) 2.8 8.1t 5.8
2.9t 2.811) 2.501) - -84
5.2ty 2.4 2.9 - g.541)
. 1.9 2,51 «5.2(1) -8.5¢(1)
6.4(2) 2.3t 3.1n -2.501) =3.3M1
3.511) 2,411 4.2y -§.2¢1) =1.2t1)
12.3t3) 3.9 2.8(2) -§.2¢2) ~8.3{2)
$.312) .02y 3.9y 5.¢) 8.7
3.512) ».22) $.612) “1.%2) 1.3

82,1

§.3%4)
1.04¢3)
.36t
85.58(3)
¥.55(
5.64(3)
5.2112)
5.2819)
F.i2wmn
.42¢H)
5.37¢9)
.24
| BRERES
g£.2¢(1)
5.3t0
5.6t
#.50))
£.41))
2.5t1)
.32)
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1.06412)
2.88{2)
2.66(2)
2.1412)
2.2912)
2.6412)
2.35(2)
2.31(5)
1.90(5)
2215
2.5015)
2.44(6)
2.6418)
J.49(8)
3.%3(8)
4.14¢8)
3.31t7)
6.2(1)
4.85(9)
5.3t



http://Far.mat.art

cnl
c21
c22
€23
i
-+
€33
c4:

c43
cs
cs2
cs3
cs)
ce2
ce3

Table of Anisotropic Thermal Paramaters - 0°s (Continued)

8t 1) sz.2) 83N 8{1,2} 01,3} "z, !.:!

5.02) 4.5(2) 3.6t2) -£.3(1) 1.001) 5.911) 4.3148)
5.5(2) 2.811) 4.812) -8.5¢(1) 5.812) 2.801) 4.2949)
1.642) 4.8(2) 4.2¢2) =1.1t1) ~1.841) -8.212) 4.2%(m}
3.1} 2,901 .81 £.101) 2,200 2.501) 2.93(7)
2.6t11 4,312} 3.4t} £.1L0 £.811) 1.241) 3.3
2,841} 2,71} 2.6L1) it .24 2.74(1) 2.83(6)
3.8¢1) 2.6¢1) 4.8¢2) -£.9(1) =1.1t1) 5.7t 3.3687)
2.9¢1) 3.3¢1) 3.912) -8.2(1) -1.141) 5.7¢1) 3.3887)
2.9 3.3¢1: .2t -F.3(1) -F.6(1) 1.661) 3.41073
3.1t 2.72¢1) 4.012) 5.711) F.108) 2,311} 3.s82wm)
2.4L1) §.0(2) 4,8(2) -5.811) ~8.401) L.8¢2) 4.23(Y)
3.512» 68.3(2) 4. 12) 2.8 2.501) £.3(2) 4.6619)
3.0 .00 .31 5.611) ~§.4tl) 1.2015 3.43(7)
3.8(2) 3.9 3.5 ~5.811} 5.201) ~8.1L1) J.68(8)
.84 4.312) 2.8(1) .40 5.601) -5.201) .38
3. 4.202) 2.1¢1) f.6cl) -5.2{1) 8.411) J.¢0(7)

The fare ef the snisotropic temperature facter 13t

2,33))

{h2a28¢1,1)

k2b28(2,2) « 1262802

J) + 2hkabB{1,2) * Zhlach(l,3}
vhoro LN and ¢ are reciprecal lettice constants.
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U, INCSiMe )1 JusNOD (2.4 6:Me G o) 1,

Tabla of Positiona] Paramsters and Their Estimated Standard Deviations

Aton

St
Si12
S12)
s122
L}}
N2
N3
c1
c2a
t2z
c3
s
Caa
cs
cé
Cia
cit
cln12
€113
ci2
ci22
€123
c2l
c212
€213
cz21
c222
caz3

x
£.a0487¢ 1)
B.449%6(8)
§.36915(7)
5.53370(8)
£.64536¢7}
5.431712)
5.561412)
£.579312)
5.6509(2)
B.784412)
g.718:12)
§.792213)
£.81221
£.39304 )
5.7540¢()
5.6707¢(2}
B.8241¢3)
8.3613¢3)
5.4855¢4)
§.9291¢3)
8.274643)
§.3301(3}
§,.4198¢3)

f.6167t2

.4595tL])
g.6508( D)
F.644513)
5.74841 )

!
§.Ba242011}
5.3585¢1)
8.1781¢1)

~5.1661(1)
.80t
201D
~7.837083)
5.873202)
8,834t
5.248200)
B.114604)
s.872814)
39514
~8.802316)
-8.112214)
~8.877214)
~8.1608(4}
§.427445)
§.4335¢4)
£.3645(4)
£.260%(%)
5.827804)
5.1003(8)
~-8,1952¢(8)
~8.26%400
-8.2312t4)
g (% 3]
£.1773%84)
-8.832314)

k]
§.12356¢))
5.1498519)
F.24657(8)
£.20583( 8}
5.30854¢0)
£.171312)
8.2482(2)
1.41%312)

~5.81701(5)
g.8158(3)
.8266¢3)
5.0609¢3)
.
§.2549¢4)
5.8777(3}
5.234404)
§.2388¢3)
8.3568031
5.300404)
heE! L EIT ]
§.195213)
F.42431 3
5.258%1 0>
.27

alca)

BiA2})

1.005(3)
2.92(3)
2.66()
2,993
2.48(3}
2,187}
2.15(7)
2.158¢?7)
2,11¢9})
3.8
2.48¢9)
3.3
ERRARR
6.3(2}
3.2t
2.38(9)
2.7(1)
4.8¢C1)
5.4(2)
3.601)
s.2t1)
J.001)
4.2(1)
§.6(1)
$.31)
3.3
4.401)
4.811)
LYRRRE
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Table of Pozitional Parameters and Their Estimsted Standerd Devistions {cont.!}

Atom

H)

HS
1
H22
H23
LT
H42
Hi3
HE1
HE2
HE3
HillC
HI11A
Hi1llB
HilZe
Hl12C
H112A
H138
H113C
H113A
H1210
Hi21C
Hi21A
H1228
Hi22C
H122A
®12328
Hi123C
H123A
H2118
WIS

$.8322
5.767S
5.7500
5.6686
§.6929
5.0957
£.9833
£.9332
. 8747
¥.615¢
5.647%
§.3767
#4104
£.3218
5.4938
[
£.5384
.98
5.8779
5.5139
§.245)
85,2448
7.2067
7.3868
5.3877
.304)
54382
5.3087
5.4673
1.4602
2.8232

§.1248
~5.1986
5.2768
9.2566
5.2662
-8.1610
=5.0648
-5.8479
-8.1282
-8.2226
-5.1078
.50
.80
s.4019
a.507¢
g.4308
5.3972
5,4820
3382
§.323%
g.2408
5.2378
5.3308
5.8069%
5.8107
5. 010
§.268)
5.1%0)
§.1486
=-5.2278
-8.1382

71249
02381
£.2093
5.2073
5.9542
01808
0.0237
8.1782
s.2703
52422
8.2729
51728
5.2354

B{A2)

4.3
4.2°
3.9
2.9
3.9
9.2
8.2*
».2*
3.5*
3.5*
3.8
6.2°
6.2"
6.2"
7.8°
7.8
7.8°
4.7
4.7
£.7"
&0t
6.9
6.9
4.9
4.9
4,9
§.8"
§.6"
8.4
7.3
7.3
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Table of Positional Paremeters and Thetr Estimatad Stendard Deviations (cont.)

Aton z Y : saz)
H211A 5.4425 -5.1827 5.3708 7.3
w2128 6541 -5.2438 3506 6o
H212e L5961 -5.3486 3238 S0
H212A 5.6423 .2763 L2508 6.0
H2130 5.4038 5.3437 4.0
H213¢C s.4015 9.2157 a1
H212A 5415 .00 4“1
Hz218 9.6981 9.44% 5.7¢
H221¢ 7.6850 5.8798 8.4308 5.7
Hzzia 0.6513 -8.5248 8.4483 3.70
n2228 5.5995 9.2171 52784 5.2°
n222¢ 0.5918 5.2187 s.2810 5.2°
H2224 5.6417 5.1754 5.1926 5.20
H2230 5.7929 o448

n223¢ 8.7458 £.3847

H223A 5.73% 0.2160

(L] s.5728" 5.1429 0.99%8

Starred stoms were fncluded with isotrosic thermsl parsmeters.

The thermal parsseter given for antsotropically refinead atoms I3

the {sotropic equivatent therma! parasater defined ast

18423) % (327°8C1,1) » dD2"8(2,2) + c2°8(3,3) * ablcos gamma1*8{1,2)

+ scicos betal®Bi1,3} » belcos alphal*h(2.31)

whare a.b.c ara resl ce)l parsmeters, and B(1,J) sre anisotropic betas.




Table of Antsotropic Thermal Puramaters - I°s

l_‘::: . siz. ) 863,31 8ct.2) 81,3} a3 !:::

u 2.830¢6) 1.002(8) 1.563(6) 5.298(6} §.248(8) 2.861(6) 1.88813)
sin .21t 1.938) 3.21t%) F.4415) 5.3t F.54LS) 2.82t3)
5112 2.64(5) 2.0%5) 2.6145) F.44(5) 5.8714) -§.1618%) 2.66(1)
st21 3.7848} 2.57(8%) 2.271%) -£.791%) -§.56(5) .83(%) 2.9903)
s122 2.38(5) 2.36(51 2.4715) ~F.1714) -8.32t) F.l6i4d) 2.49¢()
L}} 2.3t 1.9 2.1¢11 £.401} 2,101y -5.801) 2.1
N2 2.8¢) 2.8 L.ecl) -F.2¢1L) -5.801) F.5c1) 2.15(7
LE] 1,641 2.5 2.%(2) £.8011) 5.2t1) 5.3 2.18(7)
[ L.8¢2} 2.612) 1.%¢2) ~§.401) 5.141) 5.1t 2.114m
C2A 2.6¢2) 3.5 3.3¢2) ~8.8(2} 5.3(2) £.1(2) 3.801)
c2 2,312} 2.9 1.802) ~g.4(2) -5.801) -F.402) 2.454%)
cl 2.4¢2}) U2 3.4(2) -£.902) 5.9(2) -8.5(2) 3.3¢1)
csa 2.3(21 4.9 4.802) g.402) 5.942) -5.512) J.7¢1)
CaA 3.802) 7.3t42 5.204) .92y 2.6(2) -£.3t1) 6.3(2)
cs 3.142) 3.3 .2t £.7t2) #.5(2) -£.6(2) 3.2¢1)
cé 2.2¢21 2.5(2 2.2c2: 5.2¢2) g4} -8.3¢2; 2.38(9%)
C6A 2.7¢2} 2.6(22 2.7t £.2t2) g.4¢2) £.4(2) 2.7¢L)
cit 4.7€21 3.912) 5.0 1.8¢2) 1.2¢23 1.5t2) a.mcl)
cl12 L% (3] 2.012) 5.1t -5.4(2) §.2¢2) -1.2t2) 5.4(2)
c11l 3.5t2) 2.6 4.0 -§.85(2) 9.682) 1.1(2). 3.6C1L)
ciai 3.1 6.8 6.5( 1.712) 2.2t2) 5.9(3) 5.2t
ci22 3.702) 4.2%3}) 3.8t2) 1.602) 5.2102) 3.8
c123 4.9(2) 4.9(7) 2.812) 1.802) -8.612) s.2t1
c211 7.8t} 6.6(3) 1.802) 5.5(2) 2.912) S.6(1)
c212 5.7¢(3) 3.002) .50 -2.202) 1.542) $.3¢1)
c213 3.5¢21 2.4t2) 1.3 ~£.7(2) -8.8121 -8.82) .14
caz21 4.3t 5. U 2.612) ~£.002) ~F.802) -£.4(2) 4.4
c222 3.5¢2) 3.1¢42? 5.4 -8.602) -£.502) .82y 4.8
€223 2.9¢2) 4.6(3 4.60]) -5 -§.2t2) .52 4108

" of the lnuotru-e temperature factor Is:
2%4h2a28t1. 1) b2012,2) ¢ 12c28(3.3) + 2hkabBl1,2) ¢ 2hiachil. D)
o Zlebel(z )] whers l b. and c are reciprocal lsttice constants.




UpIN(SiMe ), ], LusN(p-tolyl)],

Table of Positional Par

ers and Thetir Estimated Standard Deviations

Atom

v
St
S$112
$121
si122
Nl
LT
N3
ct
c2
c3
€4
[+
<6
c?
cis1
€12
cii3
aa
ci22
ciza
€211
€212
€213
[32-H]
c222
cz23

5.0238)01)
¥.03%101)
§.282411)
n3n
§.23261 1)

B8.1354(3)
5.8506(3)
8.1268(3)
8.2311¢4}
£.272504)
¥.474B600)
s.4a2114)
5.3012(5)
8.197214)
9.5578(S)
-8.1415¢4)
8.1415(6)
~B.8183(5)
8.2180t5)
5.395815)
8.420010)
5. 00%1(5)
=F.24721 )
~F.3172445)
0.374215)
5.2892(6)
8.2484¢7)

H
5.1130311)
§.4194119)
#.3352119)
§.8320819)
9.8973¢1)
§.2995(2)

-8.13681(3)
-8.141313)
-8.226943)
-8.31813}
-9.3874¢4)
-8.2236(3)
-5.3991¢3)
8.363004)
8.497615)
5.53%414)
5.356804)
5.470204}
0.2093¢4)
-8.1195¢4)
s.812203}
8.145504)
s.341700)
~8.982715)
5.2174017)

T
5.3613101)
5.23009¢8)
£.3189%¢8)
85.21068(7)
§.185)15(8}
5.29861(2)
5.2118(2)
8.4536(2)
8.432213)
§.4342¢3)
§.418%¢3)
5.3036()
5.,383804)
8.4088(3)
§.3541(3)
5.2562¢ )
§.976414)
5.28380Q)
8.4492(3)
5.1%7614)
8,338
8.215813)
#.38954)
2.1993(3)
8.1372¢{0)
.9%0¢S)

~8.534814)

BLA2}

1.74813)
2.68¢0)
2.41t2)
2.38(2)
3.7t
2.9817)
2.1517)
28747}
1.06i8)
2.47¢9:
2.54¢M
2,511
4,440
3.5¢1)
3.6¢t1)
3.3
5.6(2)
4.1
3.5(1)
4.3(1)
3.2¢1
4.2¢1)
2.6819)
3.8¢))
4,308
k2
8212}



Table of fositiona! Parameters and Their Estimated Standard Deviations (cont.}

Atom

Hil1A
HIll8
LERRI
H112A
H112B
H112C
113A
H1138
H113C
H121A
Hl218
N12lC
H122A
ni2z2s
H}22C
H123A
H1238
H123C
H2114a
H211D
H211C
H212A
H2128
H212¢C
HZ13A
H2138
H213C

-9.1956
-&.1200
-5.1997
§.8836
#.2349
2.1588
-0 .5604
~5.9735
5.5786
».2923
8.1432
5.16m
8.4736
B.435%
8.3322
.4982
5.378%
£.461:
1824
-8.5:28
-5.8671
-#.339%
-§.2168
-9.2897
~85.2687
~8.1946
~5.0903

4
84199
§.2%47
#.3145
8.5627
8.5311
#.4393
0.6521
5.5815
#.5751
5.3768
8.422%
5.2823
8.4322
B.4667
5.5472
5.232)
#.1344
5.1978

-5.1402
-5.1139
-5.1823
-5.5156
-9.8460
,.889
01114
s.2200
§.1624

».219)
2.2273
8.3346
8.8435
59591
».8474
9.2426
2.3613
g.2743
5259
§.442%
8.5122
8.2138
21314
5.1865
9.3453
.3986
5.2696
8.2195
2.1466
..2767
5.3689
54172
8.3618
01186
5.1168
9.9368

BIA)

4.3°
4.3
4.3
7.3
7.3
7-3°
§.1*
6.1
1"
4.6"
4.6"
4.6"
§5.7"
5.7
5.7%
4.1
4.1*
4.1
6.5
5.5*
5.5
3.5*
31.5°
3.5
4.9
4.9%
4.9"
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H7B

ositional Parsmete

5.4782
§.3492
5.2758
8.3848
§.2935
8.2176
8.3373
2.1683
5.2104
8.4a888
5.5697
§.2744
5.1884
5.5164
5.6434
5.5863

Thelr Estimatad Standard D

fons {cont.)

5.1582
5.2102
5.57%8
-f.5411
~5.1158
-§.8702
£.2223
8.1967
5.2957
-5.9846
~5.2278
-8.3641
-8.2268
~§.4495
-#.3833
-5.4502

5.5883
8.1418
5.2879
¥.8363

5.9795
-5.8537
-5.8538
-5.8335
5.a518
5.4139
5.3658
s.am
5.3374
5.2993
5.4159

BLA2}

5.6°
5.6
5.6%
11.1"
1.1"
11.10
15.7*
18,7
18.7*
3.2°
3.3
5.7
4.6
4.7
4,7*
4.7

Starred

OmE we!
The thermal per
the isotropie

included with {sotropic
eter given for an 1
squivaient thersal

€473) ® 1a2%B11,1) & B2%BL2,2) * ¢
* acicos beta)*8(],3} « belcos alpha)
whera a,b.c are resl cell paramaters,

the

ters.
atoms s

1"R(1,2)

and B(1,J! sre anisotropic betas.
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St11
S112
5521
S122
N
N2
LE]
c1
c2
€3
Csa
(1]
cé
c?
cnt
cliz
€113
cizi
c122
cl23
€211
c212
€212
c221
€222
€223

Table of Anisotropic Tharmal Parameters - 3's

[ SRR N}

2.16815)
2.7204)
2.3813)
2.5904)
2.45t4)
2.
2.
1.
1.
801
2.
2.
3.
2.
L2y
Y (2%}
.2)
5.
3.
.BC2)
801
W2
2.
762
402

1

3
3
4

3
H

1en
a1
6l
Bl

Bt1)
“an
“2

581

<2y
82}

4l

)
5t

8(2.2) 813,32 81,21 B(1.3) 2.1
1.5661(5) 1.71214) 5. 888¢4) ~5.574(3) ~§.664(7)
1.7403) 3.20¢3} 2.15(3) =1.62¢(3) -5.614(2)
2.250) 2.913) L FRY 153 =1.1942» ~1.1642)
2.69(3) 2.35¢3} -5.8513 -1.83(2) =1.3%(2}
6.39(5) 2.92(3) ~§.5613) ~&.3243) ~3.83(2}
1.581(9) 2.1519) .9318) ~F.0447) -§.65¢6}
2.401) 2.82¢8) 8.1718) -1.85(7) -1.15(6}
2,301} 2.58¢0) £.38(8) -5.04(7) =1.23(6)
l.!;ll 1.641) 2.8 =-§.33t8) -5.87¢7)
2.6¢11 3.6t 5.3(1) ~1.82¢9} “1.91(8)
2.7(1) 3.541) Al =~1.15(9) =-1.8%(0)
2.2t 2.5} B01) -5.7241) ~1.80%)
4.411) 7.8L2) l.201) -2.611) ~4.601)
3.7t1) 6.3t11 1.201) -2.5(1} =3.33(9
3.1 4.6¢11 1.3t 1.4 ~2.6319)
2.8(3) 4.1¢1) 5.411) =2.2¢1) ~1.8(1)
5,813} 4.1¢2) -8.512) =2.1¢1} 5.702)
2,01 7.9¢2) 1.611> -3.8(1) -3.811)
3.7¢tt 47002 .5411} ~2.4011) -2.561(9}
N2 4.912) =1.441) -1.6¢1} -1.8t1)
4,112} 3.511) 5.541) -1.661(9) -1.95(9)
3.7 4.600) -5.9(1) -5.601) -3.50(9)
2.701) 3.411) -8.2¢(1) ELIR D] «1.65(9)
§.2¢2} 3.210 .30 ”nn -1.811)
7.2} 4.3(20) 5,241 -85.8¢1) =3.711)
12,512} 12.212) -5 82} 5.7¢2) wewe(]}
14.2t51) 2.72:12) ~3.0N -5.9¢2) 1.1

feav

1.74813)
2.60(3)
2.4ty
2.38(2)
3.67(3)
2.88(7)
2.1517)
2.87(7)
1.8618)
2,471
2,549
2,501)
4.4ty
3.501)
3.6t
3.3
5.612)
4,741
38D
aun
.24
4,201
2.60(9)
3.841)
4.301)
8.5(2)
8.2¢2)

The form of Lhe anisotropic temperature factor is:

oxpl{=-9.26(h2a2P(1,1) + k2b20(2.2) *» 12¢28(3.3) » 2hkabB(1.2) « 2hlach(i,.3}
where a.b. and ¢ are reciprocal

* 2k3IbcBi2,3)))

lattice constants.


http://k2E.2lt2.21
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cn

8.2349411)
#.1538821
#.3175¢2)
§.25%3()
£.184503)
£,3827103)
5.2568(3)
5.1906()
7.0368(3)
5.5959{3)
£.1337(])
£.3719(3)
§.425%3)
8.489%7¢4)
£.2673¢2)
£.318403)
5.184714)
F.042804)
.821%14)
~8.826314}
N.0507204)
2.867204)
fF.610¢4)
5.892804)
£.198914)
2.1749403)
5.2188¢))
2.354500)
.4216¢3)

L3

8.25417(2)

B.1447¢4)
8.1412¢3}
=5.0935¢4)
§.2285(5}
£.1767¢§}
1526¢5)
”072¢7)

#.1663¢6).

§.29%2(6)
$.29%45(%)
§.28951(8)
. 186715}
.982015)
-8.152416)
=8.2668¢5)
-§.2433(6)
#.1112¢7)
§.EEINLE)
£.2381t7)
B.2dam
2.413%(7)
§.3995(7)
5.3660(6)
¥.3665%(6)
2,217318)
5.206915)
5.304516)
£.329846)

$.04199¢1)

~B.U315(3)
.119442)
-5.0810(3)
~B.871%14)
8.172384)
-9 .0582(4)
5.1512(4)
-#.1262¢4)
§.8855048)
-8.1298¢4)
§.2123(4)
.187004)
§.243508)
~5.138814)
2879%14)

-§.8757216)
~#.1556¢5)
2.051415)
-§.0195(5)
8.U793(5)
~§.198615}
-8.0788(5)
~§.1?75214)
§.244608)
f.142815)
5.280714)

d Davistions

1.481(5)
2.2t
1.9749)
2.2t
2.2(
2.3t
2.4(2)
2.912)
2.912)
2.812)
2.3(1)
1.9¢1}
2.5(2)
2.6(2)
2.7(2)
2.401)
3.312)
4.312)
412
4.¢82)
S,
£.3C2)
4.612)
3.542)
3. N2y
.
2.5¢21
3.1t2)
2.


http://Poiltlor.il

Tabls of Positicnal Parsmeters and Thair Estimated Standerd Devistions lcont.!

£.3084300)
#.49121)
§. 487200
. 40840 4)
£.3797t )
£.309102)
£.319704)
§.2062t5)
£.207304)
5.318 )
85.321%8)
f.1294)
2.179%4)
§.1682(4)
5.2028(8)

y

8.238t7
g.2529¢ 7
£.077146)
£.092616)
5.E9A74T)
-8.430616}
-5.05%816)
~§.2422¢T)
-8.225717)
~8.3887(6)
-F.2609(6)
-9.1545¢(7)
-8.3000(7)
-§.3208(7)
-5.5978¢7)
5.85761
9,164}
5.4593
5.8382
8.3195
5.8955
8.1947
8.2677
9.2%4)
95,2093
8.2317
5.1769
§.449)

B.D20% 4}
8.1410¢4)
8.079%¢5)
85.2898(5)
8.3147(5)
8.2057¢(5)
~-8.1241(5)
-8.1896(5}
§.H112(S)
-5 .9204(5)
5.1828¢8)
~8.0760(5)
.921415)
-#.1315¢8)
-5,2005(5)
-5.2362

-§.2430

=-§.192%

=5.1860
-8.1984
5.995%
s.7115
.9741
s.2N

BA2)

3.3¢2)
A.6L21
3.6¢21
3.3
3.7¢21
3,342}
3.8¢2}
4.6¢2)
3.5¢2)
3.41L2)
3.112)
4.7
.02
4.312)
4.3t
S.2"
5.2=
s.2*
S.9
5.0
S.9
4.9
4.9
4.9
6.2*
6.2°
6.2
§.3¢
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Table of Positional Paremeters and Their Estimsted Standard Daviattons {(cont.}

Atom

H1228
H122¢C
H123A
H1238
H123C
H13A
Hi318
HIJC

‘H132A

H1328
®132C
K133A
HI33D
H133C
HZ11A
H2118
H211C
H212A
H212B

5.9972
¥.9247
8.1549
5.1776
§.1%45
g.1166
§.9580
1.8719
£.2178
g.1048
5.2329
5.1949
5.2083
5.1227
5.305%
8.2785
2.2162
5.3496
5.3985

H
§.4525
§.4598
£.3524
§.2485
5.3486
5.4923
5.3229
§.4192
§.4025
s.4188
¥,3224
£.2597
51777
§.1782
¥,3851
£.271
5.2325
5. 4408
5.393%

8.8596
-¥.2287
~§.2359
~5.1710
-5.11687
-8 . 8456
-8.L489
-§.2003
-§.1348
-¥.2111

5.267%

£.1977
£.208%

. 1762

5.1253
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Table of Posttiona) Parameaters and Their Estimated Stendard Deviations (cont.)

Atom

HZ12C
H213JA
H2138
H213C
H221A
HZ218
H221C
H222A
H2228
H222¢
H223A
H2238
H223C
K231A
H2310
H231C
H232A
H2328
H232¢C

x
5.3147
§.2283

B.4085
8.5195
§.4722
5.470
f.4501

5.5082
5.49%
£.3%6
5.3973
2,318

4
£.36R%
5.357)
£.2703
5.3379
§.2412
¥.1915
¥.3862
§.2542
».3237
8.2197
”.909?

364

£.8263
5.8716
5.1583

2.1933
§.3508
£.3332
8.2722

§.5424
r.1292
,.0589
5.32%
5.2¢75
#.3159
#3837
§.3429
1.2903

B{A2}

3.6
3.6
3.6"
3.6
4.0
4.0
4.0
4.3
4.3
4.3"
4.2
4.2°
4.2°
3.9*
3.9
3.9
4.6°
4.6
4.6
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1sble of Positions) Parameters and Their Estimsted Standsrd Deviations {(cont

fter : y : el
H233A g.4549 ~§.9937 .2487 2.9
H2238 £.3410 ~8.8346 g.1834 3.9
H233C 5.a063 -8.8432 ¥.16812 3.9
K311a 5.3229 ~-5.83%¢ -§.1767 4.5%
H3118 £.300 5.8886 ~§.0985 4.5%
H3INC ¥.3696 -8.8033 ~-5.5063 4.6
H3124 5.2911 «8,2135 ~-5.2396 §.5°
HI12B §.3267 ~#.2785 -5.1559 5.5
H312¢C #.2512 -5.2959 -p.2847 5.5%
H313A £.2195 ~#.¥8754 -8.2587 5.3
H3138 B. 1660 ~8.1477 -£8.2146 $.3"
H313C 1.1987 -8.8382 -8.1735 5.3
H321A s.4228 -8,2716 .9459 4,1"
3218 5,399 -5.2232 ~J.8444 4.1*
H321C 5.3937 ~F. 1542 5.8347 4.1°
H322A £.3537 -8.4248 .07 4.1*
H3228 £.2759 -5.4197 -2.0178 4.1
H322¢C .17 -8.3987 -8.0765 4.1
H323A 5.3504 -8.3138 5.1342 3.7
H3238 5.3202 -8.1975 8,1243 3.7
H323C 5.2812 -85.2976% 8.1@/n8 3.7
H331A .. ] -5.1059% -5.0793 S.4°
H3313 8.1424 -5,185% -5.827¢ S.4°
H3IJIC 5.1278 ~F.11%4 -8.1251 G.a*
#1324 51082 ~§.258) 5.8684 46"
H3328 5,163 ~8.2341 5.8305 4.6
H332C s.am ~3.1195 -8.8337 4.6
H333A 511277 -5.3547 -5.1333 S.1"
H3330 5.1566 =-§.2841 -5.1043 $.1°
H333C 5.1916 -5.3852 ~§.1214 6.1*"
H41 £.222) -5.8%18 8.1985 3.6
Ha2 2,179 5.8536 5.1792 2.6*
W42 ».1583 -5.8478 £.1281 3.6
Toa horaey paraoater given Tor antectronically
the f 1
14::(. o3 o’-hle




c11
c1z
€13
c21
c22
[+4]
[+ 3]
c32
€33
cit
2

Table of Antsotropic Tharma) Farameters - B’»

st 82,2} 313, 1, 2) B(1.3)
.22t 1.645(9} 1.434(8) =9.845¢8) £.24316)
1.4 2.7¢2y 2.212) #.5(2) £.44%)
.24 2.58¢2) 1.9(2) -5.901 .80}
2.002) 2.8:2) 1.812) -5.1t21 .641)
1.942) 2.6(3) 1.6122 #.3(2} 5,142}
2.5t2) 2.4¢3) 2,212} 8.1¢(2) §.422)
3.5(3) 1.9¢3) 1.7¢2) -85.3(2) 5.812]
3.443) q.43) 2.4 ~-8.3¢3) 1.02)
1.9¢(3) 3.4 2.0 -F.6(3) 5.5(2)
2.3t 4.804) 2.3t 1.1

2.8¢2) 2.3( 2.6¢2) -5.102)

5.9t2) .10 2,443} ~5.1t2)

2.3ty 2.0 2,412} ~5.8(2) £.3¢2)
3.1t3) z.2t1 1.8¢3) £.603) -8.1(2)
3.6t 2.403) 2.5(2) ~5.%02) 1.802)
3.8t 2.1 1.8¢2) 5.212) 5.502)
3.50) 2.512» 4.9¢3) -5.513) 5.7t
.3.5L4) 4,.5(4) J.804) ~5.303) =-5.300)
2.6t 4,.2{8) 6.2(4) -5, 2.003)

Bt2.3

48¢(9)
§.9¢2}
-8.5(2}
~5.5{2)
1.802)
-§.3¢2)
-5.3€2)
B.4C)
2,303
8.3t
5.912)
-5.1L2)
~5.502)
-9.012)
-8.2125
-8.1(2)
5.5
-8.213)
1.5t

1.481(5)
2.201)
1.9749)
2.2
2.2t
2.3(1)
2.42)
2.9t2)
2.9y
2.02»
2.341)
1.9(1)
2.5¢(2)
2.6(2)
2.1y
2.4¢1)
3.312)
4,342}
4.142)
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otropsc Therms) Parasetess = B's (Continuaa)

!ll. !:l;il !(2.2: 8(5:3) 01,2 1 B2, Segv
(%% 1.6t &8> 4.504; g.4t0) £.113) RS 153 4.8¢(2)
(4T3 3.4(3) .B(E) 3.%135 L.6¢4) 1.94¢2) £.604) 5.2¢21
c122 I 4.6¢4) 4.600) 2.1¢31 1.4 ~5.213} 4.3¢(2)
€123 4.214) 5.8¢(5) 3.3t 5.8¢3) £.6(3) -1.7¢3} 4.68(2)
€131 3.413) 1.6¢4) E3 F.6(3) 1.642) 1.4¢3) 3.5(2)
c132 2.4 3. 200 5.7¢4) ~§.4(3) 1.213) ~F.H#3) I.82»
€132 3.313) 3.5t 3.6t3) 2.313) 1. ¥.313) 3.312)
cz11 j.ey 3.4¢3) 2.743} ~8.342) 5.2 -9.642) 2.8%(2)
c212 3.8 2.113) 4.1t3) ~8.8(3) 1,212y .83 3. D)
€213 2.1t 2.843) 3.4t32 ~8.713) .4t -1.1¢(3) 2.8(2)
cz21 3.5 4,244} 2.3 .11 1.2 -F.002) 3.1y
cz22 2.3t0 4.9(4) 4.8(3) ~5.31(3 1.0 ~§.5433 3.612)
c223 3.3t 4,144} 3.4 .41 1.3 ~1.132 3.51(2)
€231 3.1t 3.8} 3. 5.1 -8.113) -5.5(3) 3.3t
€232 3.0t .04} 3.8t 5.0(3) .71 3.7272)
€233 3.014) 2.5 3. £.1t .813) 3.3c21
calt 4.604) 3.444) 3.813) ~8.313) 2.1ty #.4(3) J.0c21
€312 7.904) 3.514) 2.9 5.21(8) 2.6 -2.9(0 £.6¢21
[+ F 3] 2.7 3.%918) 3.712) £.71) .82 8.4132 J.5121)
cizz 4.804) 1.9t 3. 2.84 1.8¢3) 5.8 3.4(2)
[ F&] 3.8(3) 3.3t 1.9t .50} ~8.2(2) 2.1} 3.4y
€331 3.2t 4.2¢4) 6.1t4) 8.7¢3} £.9(3} 5.004} .74y
€z 4.004) 3.9¢8) 3.7t ~8.643} 1.943) 2.3t 4.802)
€313 4,304} 3.4 4.404) ~1.7¢3} ~F.4(3} -8.9¢3) 4.3421
€313 S.410) 3.M3) 3.5¢3) ~-£.5(3) -5, 2.7¢3 l.J(Z).
The rm of thy anlsotropic tempersture factor im:

expl=0.26(h2e2R(1.1) R2b2R12,2) = 12c28(3,5) « Zhkat$i1.2) * 2hlacB(l,.d)
+ 2kIbcBi2,3))] where a.b., nd ¢ are reciprocs]l lattice constants.
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UMe[OCH(5-Bu) ], 1k

Table of Positiona® Parumeters and Their Estimated Standard Deviattons

Atom

u

ol
02
03
[-2]
c1
cz
c3
c4
cs
cil
ci12
c21
c22
[ 34
c32
cat
c42
cn
ci12
€113
c121
ci1zz
@23
c2t
c212
c213
ca21
c222
c2231
c3t1
€312

0.24062(2)
£.137704)
5.1319¢4)
5.358115)
5.3571t4)
5.1282(6)
5.1806(6)
£.4316(%)
s.4219(0)
5.1241L6)
-1.8509(6)
£.1789(8)
-8.925617)
£.164116)
5.3508¢(9)
5.5508¢7)
5.3724¢7)
5.546715)
-0.8378(9)
~0.1838(9)
~5.529610)
5.16301)

2.3013()
81 139

-8.8487(8)
-8.18985(9)
-8.86211)

8.2%4317)
s.18%4(9)
£.173¢1)

5.2570(9)
g.48601)

H

£.27887¢1)

£.3682¢(3)
5.3682¢3)
§.24931)
85.2437(3)
5.301004)
£.3797(4)
£.231%(6)
#.2231t&)
5.1598(5)
5.3688(5)
£.4721(8)
5.36261 %)
§.4668¢4)
§.1463¢S)
§.2614(6)
£.1393(5)
85.2407(6)
5.26%16)
5.414409)
5.3783(9)
9.588747)
8.4607{ &)
5.53%0 7
5.2672(%)
5.0873(7)
5.308800)
546681 5)
5.%3418(6)
§.4792(7)
5.1568(7)
£.1284(7)

£.28126(1)

§.3258¢(2)
5.2184(2)
£.3628(2)
5.2282(2)
5301001
g.1480t)
5.423614)
#.1051(%)
5.2678(3)
5.3017(3)
5.39054(3)
5.11%4¢2)
5.1421400
5.4423¢4)
8.4349(2)
£.182704)
5.20491)
0.36291%)
5.338147)
5.4433(4)
5.4581{4)
5.4832(5)
9.3539%¢6)
5.124804)
s
5.8%546(4;
5.179%{ 4}
g 16246
5.8702¢4)
§.4481(5)
£.586414)

BLA2)

1.820¢4)
2.04(9)
2.76¢9}
3.911)
3.7¢1)
2.801)
2.9¢1)
6.3(2)
f.1(2)
4.802)
4.5(2)
3.5
4.5t
J.482)
6.6(2)
$.3(2)
7.2¢2)
4.402)
L7t
li.l(l)
15.5(3)
18.5t)
0.4(3)
11.8¢(8)
$.7¢2)
18.4¢4)
2.8t
5.002)
1.5
15.8¢(3)
8.1¢3)
i8.3¢4)
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Table of Postittonal Parametary and Thetr Estimsted Stundare Oevisttons {cont.!}

Atom

€313
€321
€322
€33
can
Cal2
C41d
cazi
c422
€423
[N}

H1

H2

H3

He
W59
H5C
HSA
HI1IC
Hil1A
K111
H1312C
H1l12a
Hiizg
H113C
HIJ3A
H1130
Hi121C
H1Z1A
H1218
H122¢

8.4902(9)
5.629¢1)
#.62500)
5.5716¢7)
8.387¢1)
f.246010)
8.438(1)
F.5646(7)
5.681¢1)
l.‘é’(l)
8.857()
8.18658
f.1406
5.4114
#.4842
B.85%%
#1306
85.1306
5.8182
-F.1121
~5.82?79
~5.8%956
-5.1798

-5.31182
2.8214
¥.2845
5.1937
v.5082
.312)

¥

2.8743(5)
8.2672800)
5.191719;
$.3422¢6
$.5688(6)
5.158316)
5.112419)
5,3324¢06)
£.19%¢1)
5.2374¢%)
B.4161(8)
5.349]
5.3438
8.2685
5.2684
®.1679
,18%
8.1258
5.2326
5.2576
5.2617
5059
0.21998
5.4724
8.4264
5.3567
8.3328
§.4637
5.5562
s.500
5.4%22

:
5.397514)
5.4999(5)
5.4865(86)
5.4019¢4)
$.19%%18)
5.1253142
5.1863(6)
5.2361(8)
2.258318)
5.1665¢6)
5.2581(6)
5.415)
5.1261
#.4535
5.1477
5.2636
§.2343
5.3845
2.3%08
5.2632
5.3244
a.2909
#.3402
5.24%2
5.4560°
8.4416
2.4282

5.4598
5.3683

sia2)

7.842
9.404)
12.744)
5.8¢2}
19.514)
7.3
21146
5.72(3)
13.4(5)
11.804}
4.4
3.7+
e

[ ISL]
1.1
5.8
5.8
S.o
15,9
18.9
5.9
15.5*
15,5
15.5*
13.6*
1a.6°
13.6=
12.9*
12,9
12.9°
18.7=
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Table of Posittonal Parameters end Thetr Estt

ted Standsrd Deviations (cont.!}

: y S L
H122A #.2383 5.5228 .4128 15.7°
Hi22s ”.3387 §.4298 8.4219 185.7*
H123C §.2343 5.5438 2.2468 14.1°
H123A F.1528 5.5918 #.3644 143
H1238 ».13%3 §.5238 #.3154 14.1°
H21)C 8.2532 §. 1646 7.5*
HZ11A 8.257% 5.1861 7.8*"
H2118 5.237% g.1048 7.5
H212C ¥.4657 5.1536 13.8°
H212a 5.3%43 5.1336 13.0°
H2128 5.3861 5.1927 13.8*
H213C 5.35%0 ».8332 15.1°
HZ13A 5.3783 15.1"
H2138 5.4456 1.1
H221C §.3376 4223 g. 1668 7.2°
H221a 5.3317 8.1785 7.2%
H2210 5,29 5.2282 7.2
H222¢C 5.18%8 1.8
H2224A 5,145)

2228 9.8244 8.1486

H223C 8.0%34

H223A 5.288) 5.533Y 13.2~
H2230 2.219 5.4376 13.2°
H313C 8.2148 m.1721

H311a .2202 5.185¢

LEDR] S £.25N 8.2084

H312¢C 5.439:4 §.1622 5.5 12.6"
LERY LY 5.4230 5.9579 8.515) 12.6"
H3128 5.5363 9.31163 8.5189 12,6

H313C 5.4084 5.856%) 5.3959 9.0



Table of Fositions) Parameters and Their Esttmated Stendard Devistions (cont.}

Atom

H313A
H313»
RIZ21C
H321A
Haze
rizzc
Hl22A
HIZ228
H323C
H323A
H3238
HeL1A
Hal18
HaliC
Hay2¢
HéL124
Ha12D
He13C
Ha13A
HA13B
Ha21C
HeZIA
He218
Ha22C
HAZ2A
Ha228
H423A
H4228
H423C

#.3732
.3522
#.6354
.7892
.5951
g.5918
8.7578
8.6228
g.529!
§.6535
8.5423
9.3529
g.4641
#.3303
#.2323
s.2117
5.20¢3
f.%5167
g5.459
8.4226
5,533%
B.6a9)
5.5264
§.5954
5.605]
0.3637
8.7879
8.634
B.b5as

¥
9.8226
50807
§.213)
£.2064
#.3855
#.1873
9.2009
§.1454
5.3952
£.3579
£.3322
5.8156
g.8508
5.8733
¥.1952
§.1883
N.1653
5.1871
§.¥621
#£.1562
§.3388
5.3438
8.3748
§.1325
5.2022
§.1968
§.2961
5.179%
5.269%

] [ 1]
£.3582
g.5149
5.4991
g£.51M
8.3678
B.4144
§.4273
5.4118
g.8113
£.3611
§.1784
£.219%
§.2262
5.8%62
#1855
5.1539
§.122%
5.5969
5.0758
8.260%
§.2482
5.2099
§.2435%
5.271
5.2073
5.1879
5.1%72
£.1216

B{A2)

3.0+

Sterred
The ¢

the
cars3}

3) » be s 1842,
B.c are roal cel) parametern, and Bi!,3) are sntaotropic betax.



o1
oz
03
1]
(2]
c2
(]
C4
cs
cn
ci12
c21
cz2
€3l
€32
(23]

i1
€112
c113

Table of Anlsotropic Therma! Peramaters ~ €'s

21,1

1.817¢0)
.m2}
3.82)
4.4(2)
4.112)
.3.2(3)
3.5t
6.2(5)
7.514)
5.3}
4.3t
4.3(3)
s 54
4.5
18.218)
3.413)
7.914)
3.5t
0.2(8)

T 3.7(8)

7.304)

stz nn s$0,2
2.01419) 1.685¢(8) .14
.5 2.1¢21 . 4820
ERY 133 2.1¢2) .42
3. 202 2.8t2) 8.1(2)
3.2t 4.612) 5.2¢23
.80 2.5t2) s.82)
2.7t 2.M2) £.2(2)
5.8(4) 5.3¢4} ~#.5¢4)
9.8¢(5) 13.6tS) -3.614)
3.3 3.6() -8.7(3})
5.0(4) 5.8 -#.7(3)
.U 3.3 ~#.2(3)
3.8 3.5t3) -8.5(3)
2.7t 3.3y -8.2(3)
3.443) 3.7 84}
9.3¢(6) 2.9t B.404)
3.8¢4) 12.7t%) =1.413)
6.604) 3.9t I Y 1% 1]
7.64(5) 12.616) ~4.314)
11.74{% HLIB R} 5206
[L ISR 0.204) =5.71(5)

B1.3)

#.36317)

1.8(02
.411)
=1.4{2)
2.511)
.92
8.2t
~1.5(4)
U
1.2t
2.512)
1.412)
~1.813)
5.7(2)
-2.504)
§.3(3)
7.3¢3}
1.0¢02)
6.7¢4)
~5.1t6)
5.8(3)

5.127t%)

-8.5¢27
5.7 2
.21
-8.9¢2)

-§.5¢21)
2.5(2)
1.004}

=7.4¢041)

-0.8¢2)
e1.7¢3}
-6t3}
1.803)

[ ¥ 1% 3
1.9
8,514
4.0

-5.013)

-4.215)
3.2t
~6.5(5)
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Seav

1.828¢4)
2.841%;
2.7610)
3.9
3.7
2.4
2.9¢1)
6.3(2)
9.1(2)
4.8(2)
4.5(2)
3.5(2)
4.512)
3.42)
6.6(2)
5.3(2)
7.2(2)
4.4102)
0.7t
11.98¢(5)
15.5(3)



ci21
c122
c123
cz211
c212
c243
cz21
c222
c223
€3l
c12
€313
cazt
c322
€323
calt
ca12
c413
cal
€422
ca23

Table of Antsotropic Thermal Paramaters - B's (Continued)

[ ISP R 8(2.2) 83,3 81,2y BC1.33 Ha.n

16.8(7 .96 7.0¢4) =6.9(5) 7.4 -S.808) 15.5t3)
8.2(4) 6.1(3) 14.0¢7) -2.3(4) 4.214) “4.21%) 4.413)
15¢1) 4. 1S} 12.5¢m 8.4(6) “1.7n 1.8(%) 11.804)
5.444) .90 5.7¢&) ~1.404) -8.5t48) 2.5(8) §.7202)
3.7¢4) 6.3t6) 21(1) 5.804) 1.916) ~1.8(7) 15.408)
19.5(6) 15.6¢(8) 5.715) =7.5¢(6) -5.1tS) $.7(S) 2.0
3.6¢3) 4.9¢8) 8.71%) ~-#.7(3) 1.4 2.514) S.8(2)
6.715) 4.5(5) 16,7219 -5.1t 4.9(85) “1.7t6 9.8(3)
16.9¢7) 12.317) 4.3t ~7.415) 2.404) 1.8¢a3 1£.5(
8.4(6) 7.7215) 7.8(5) ~1.7(5) .95} 2.0¢%) 013
14,19 8.916) $.2(8) -2.8t7) L [} J.4¢5) 15.3¢4)
7.7t%) 4.8(4) 7.9¢61 .84 @Sy 5.%04) 7.00)
.7 11.5(8) 5.2¢(%) =1.74(8) -Z.015) 5.3t5) 9.408)
13.107) 1. 17.1(8) 2,746} 9.5(5) -2.517) 12.7148)
. 7.3¢(5) §.302) ~5.604) 2.51 1.808) 5.92)
7.7(6} 4.085) 15.009 2.1(5) -2.518) =3.846) 18.5t4)
18.9¢6) 5.5(0 &.004) ~2.6¢4) 4.3(8) =~2.71(4) 7.4
18.64(6) 10.7(8} 4.0 ewetg) 21.3t 8 eenu(s) 21.104)
4.104) 6.3(S) 15.816) ~1.8¢4) 2.2t4) -2.3(5) .U
14y 1411 8.5(7) 2.8(%) =3.5(m) 3.7¢7) 13.4¢5}
0.115) 1401 16.419) =3.4(6) 9.5¢4) ~4.6(7} 1t.8¢a}

The fore of the anlisotroplic temserature factor

expl~F.25¢(h2a20(1, :l o k2b2B¢
w

e 2x1bcB(2.3)))

0
2.2) * 12c2843,3) » ZhkabB(1.2} +» 2hlacB(l,3}
a.b, and ¢ arae riclpro:ll lattice constants.
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