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The thorium metallacycle [(Me3Si),N ]2”[r'h[N(SiMe3)(SiMe?CH2)] (1) reacts with 4 equiv of 2,4-dimethylpentan-
3-ol (diisopropylmethanol) in toluene at room temperature to produce dimeric Th(OR)s (2) (R = CH-i-Pr;). 'H
NMR spectra of 2 in noncoordinating solvents indicate a monomer—dimer equilibrium in solution at ambient
temperatures between 2 and its monomer Th(OR)4 (3). Thermodynamic parameters for the equilibrium process
are AH® = 17 kcal mol™!, AG® = 5 kcal mol~', AS® =40 cal mol~! K~!. Addition of Lewis bases such as DME
(DME = 1,2-dimethoxyethane), pyridine or quinuclidine to solutions of 2 results in the formation of the five- and
six-coordinate mononuclear adducts Th(OR)4(DME) (4), Th(OR)4(py): (5), and Th(OR)4(quin) (6), respectively.
Reaction of § with 1 equiv of MesSil produces the monoiodide derivative ThI(OR)3(py): (7). Compounds 2—7
have been characterized by 'H NMR and IR spectroscopy, by elemental analysis, and, in the case of 2, 6, and 7,
by single crystal X-ray diffraction studies. Th(OCH-i-Pr;)s (2) exhibits a dimeric structure in which the Th,Og
core can be viewed as two ThOs trigonal bipyramids joined along a common axial-equatorial edge. Terminal
Th—O distances average 2.154(11) A while bridging Th—O distances are significantly longer at 2.436(11) A
(average). Th(OCH-i-Pr2)4(quin) (6) displays a trigonal bipyramidal geometry with the quinuclidine ligand
occupying an axial site. Th—O distances average 2.165(17) A while the Th~N distance is 2.712(11) A. Thl-
(OCH-i-Pry)3(py) (7) exhibits a facial pseudooctahedral geometry in the solid state, with Th—O and Th—N distances
averaging 2.136(8) and 2.746(9) A, respectively, and a Th—I distance of 3.226(1) A. Crystal data for 2 at ~170
°C: monoclinic space group P2i/n, a = 12.115(2) A b= 20.820(3) A c= 13.002(2) A, g = 100.62(1)°, V =
3223.4 A3, dyyea = 1.428 g cm™3, Z = 2. Crystal data for 6 at —70 °C: monoclinic space group Cc, @ = 18.778-
(3 A, b=11391Q2) A, c =20.538(3) A, B = 113.51(2)°, V =4028.4 A%, d.yea = 1.356 gcm™3, Z= 4. Crystal
data for 7 at —70 °C: triclinic space group P1, a = 9.691(2) A, b = 11.739(2) A, ¢ = 17.006(3) A, a. = 77.63-

(3)°, B =175.34(3)°, y = 72.41(2)°, V = 1764.1 A%, doyoa = 1.624 gcm™, Z = 2.

Introduction

Oligomerization of homoleptic metal alkoxide species is a
common phenomenon? which is particularly prevalent in the
chemistry of the f-block metals where large ionic radii allow
for high coordination numbers about the metal center.* Thus
it has been shown that lanthanide and actinide complexes
containing less bulky alkoxide ligands such as methoxide,
neopentoxide or isopropoxide show a strong tendency toward
oligomerization, resulting in the isolation of dinuclear* or
tetranuclear® complexes and higher oligomers.® Some of the

structural types documented to date are shown schematically
in I-1.

Over the last several years, there have been numerous reports
of the use of sterically encumbered aryloxide and alkoxide
ligands to control both the coordination number of the lanthanide
or actinide metal center and the degree of oligomerization of
the complex.>’ It has become apparent during this time that
subtle changes in the steric demands of a ligand set can
significantly alter the structural characteristics of a metal
alkoxide complex. For example, the tris(aryloxide) complexes
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M(0-2,6-t-BuyCeH3); (M = La—Lu, U) exist both in the solid
state and in solution as discrete three-coordinate monomeric
species.’*® However, decreasing the steric bulk of the substit-
uents in the 2,6-positions of the aryloxide ligand from terz-butyl
to isopropyl allows the isolation of the dimeric complexes [M(O-
2,6-i-Pr2C¢H3)3]2, which are held together both in the solid state
and in solution by ;-arene interactions as shown schematically
in IV.708

ArQ
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IV (M =La, Nd, Sm, Er, U)
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triphenylmethoxide and -siloxide,'© di-!! and tri-tert-butylmeth-
oxide,!? and fluorinated derivatives thereof.!* In light of the
significant structural changes noted above upon changing from
tert-butyl to isopropyl substituents, we set out to investigate
the structural properties of f-element atkoxide complexes ligated
primarily by the diisopropylmethoxide ligand. We have previ-
ously reported the isolation and structural characterization of
discrete dimeric neodymium complexes of the type Nd,(OCH-
i-Pr2)sl2 (L = THF, pyridine), and also Nd,(OCH-i-Pr;)sL. (L
= DME) in which DME ligands bridge between adjacent
dimeric units thus producing an infinite chain structure.'*
Additionally, we have found that the homoleptic thorium
alkoxide complex Th2(OCH-i-Pr)s exists in the solid state as a
dimeric species with five-coordinate thorium metal centers, but
in ambient-temperature solution in noncoordinating solvents it
exists in a monomer—dimer equilibrium as shown in eq 1.3

Th,(OCH-i-Pr,); = 2Th(OCH-i-Pr,), (1)

We now report a2 more detailed investigation into the solution
properties of Thy(OCH-i-Pr)s together with the isolation and
structural characterization of five- and six-coordinate monomeric
Lewis base adducts.

Results and Discussion
Synthesis and Reactivity. Reaction of the metallacyclic

species [(Me3Si):N],Th[N(SiMe3)(SiMe:CHz)] (1) with 4 equiv
of diisopropylmethanol in toluene, followed by solvent removal
and low-temperature crystallization from hexane, leads to the
isolation of colorless crystals (2) in 67% yield (eq 2). Mi-

[ |
[(Me,Si),N],Th[N(SiMe,)(SiMe,CH,)] + 4HOR —

'/, Thy(OR); + 3HN(SiMe,), (2)
2

R = CH-i-Pr,
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croanalytical data were consistent with the formulation of 2 as
a homoleptic thorium alkoxide species. An X-ray crystal-
lographic study of 2 (vide infra) showed the presence of a
dimeric structure in the solid state, and this structural study
provides the first example of a crystallographically characterized
homoleptic thorium alkoxide complex. However, 'H NMR
spectra of 2 in benzene-ds or toluene-ds solution are consistent
with the presence of a monomer—dimer equilibrium between 2
and its monomer Th(OCH-i-Pry)4 (3) as shown in eq 1. A
detailed discussion of this equilibrium process is presented in
the Spectroscopic Characterization section. 2 is moderately
soluble in hexane, benzene, and toluene but reacts with donor
solvents to produce monomeric adducts as described below.

Addition of Lewis bases to hydrocarbon solutions of Thy-
(OCH-i-Pr3)s (2) leads to cleavage of the dimeric structure and
the formation of monomeric Lewis base adducts. Thus the
addition of an excess of DME (DME = 1,2-dimethoxyethane)
to a toluene solution of 2, followed by crystallization from
hexane, allows the isolation of colorless crystals of the adduct
Th(OCH-i-Pr;)4(DME) (4) in 73% yield (eq 3). Microanalytical
data support the proposed formulation.

Th,(OR); + 2DME — 2Th(OR),(DME) 3)
4

R = CH-i-Pr,

In a similar manner, the addition of an excess of pyridine to
2 allows the isolation, following low-temperature crystallization
from hexane, of the bis(pyridine) adduct Th(OCH-i-Pr3)4(py)2
(5) in 65% yield (eq 4). 'H NMR integration and microana-
lytical data are both in agreement with the formulation of §
with two molecules of coordinated pyridine.

Thy(OR); + 4py — 2Th(OR),(py), 4)
5

R = CH-i-Pr,

In an effort to produce a five-coordinate rather than a six-
coordinate monomeric complex, Thy(OR)g (2) was treated with
1 equiv per thorium atom of the bulky Lewis base quinuclidine
(quin). The mono(quinuclidine) adduct Th(OCH-i-Pr;)4(quin)
(6) was successfully isolated from the reaction mixture as
colorless crystals in 63% yield (eq 5). 6 is found to be soluble
in hexane, benzene, and toluene.

Th,(OR); + 2quin — 2Th(OR),(quin) (5)
6

R = CH-i-Pr,

To provide a site for future alkali-metal salt metathesis
reactions, attempts were made to derivatize the tetrakis(alkoxide)
framework by replacing one of the alkoxide ligands with a halide
moiety. Trimethylsilyl iodide was found to be a suitable reagent
for this purpose, and the room-temperature reaction between
Th(OR)4(py)2 (5) and 1 equiv of MesSil produced the monoio-
dide derivative ThI(OR)s(py)2 (7) in excellent yield (eq 6). 7 is
soluble in hexane, benzene, and toluene, and may be conve-
niently recrystallized from hexane at —40 °C.

Th(OR),(py), + Me,Sil — ThI(OR),(py), + Me,SiOR (6)
7

R = CH-i-Pr,

Barnhart et al.
Table 1. Summary of Crystallographic Data’

2 6 7
empirical formula Cs(,H]zoOgThz C35H73NO4Th C31H55[N203Th
color, habit colorless clear block clear block
crystdimens, mm’ 0.12x 032 x 02x02x 0.15x0.15x

0.32 0.3 _0.18
space group P2i/n Cc Pl
cell dimens
a, 12.115(2) 18.778(3) 9.691(2)
b A 20.820(3) 11.391(2) 11.739(2)
¢, A 13.002(2) 20.538(3) 17.006(3)
a, deg 77.63(3)
B, deg 100.62(1) 113.51(2) 75.34(3)
y, deg 72.41(3)
vol, A 3 32234 4028.4 1764.1
Z (molecules/cell) 2 4 2
fw 1385.66 822.4 862.7
dealed, g €M™ 1.428 1.356 1.624
abs coeff, cm™! 35.638 38.62 52.68
A(Mo Ko 0.710 69 0.71073 0.71073
temp, °C -170 =70 =70
26 range, deg 6.0—45.0 2.0—50.0 2.0-50.0
no. of measd reflns 7246 8201 6609
no. of unique intens 4212 3500 5790
no. of obsd reflns 2640 (F > 3247 (F > 5348 (F >
2.330(F)) 4.000(F)) 4.000(F))
R(F)? 0.0503 0.0400 0.0405
Ry (F) 0.0484 0.0482 0.0508
goodness-of-fit 1.217 1.51 2.96

“2 = [Th(OCH-i-Pr;)s)2, 6 = Th(OCH-i-Pr;)s(quin), and 7 =
ThI(OCH-i-Pro)s(py)2. * R(F) = X||Fo] = |Fell/ZIFol. € Ru(F) = [Zw(|Fo|
= FEwIFol) w = Vg (| Fl).
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Figure 1. Ball-and-stick view of the molecular structure of Tho(OCH-
i-Pry)s (2) emphasizing the fused trigonal bipyramidal coordination
geometry and showing the atom numbering scheme used in the tables.
Methyl carbons of the OCH-i-Pr; ligands are omitted for clarity.

Solid State and Molecular Structures. Three thorium
alkoxide complexes have been characterized by X-ray diffraction
studies during the course of this work, namely Thy,(OCH-i-Pr»)s
(2), Th(OCH-i-Pr2)4(quin) (6) and ThI(OCH-i-Pr2)s(py)2 (7).
Data collection and processing parameters for compounds 2, 6,
and 7 are listed in Table 1.

Thy(OCH-i-Pr3)s (2). Crystals of 2 were grown by slow
cooling of a concentrated hexane solution to —40 °C. A ball-
and-stick view of the molecular structure of 2 showing the
numbering scheme used in the tables is presented in Figure 1.
Selected fractional atomic coordinates and isotropic thermal
parameters are given in Table 2, while selected bond lengths
and angles are presented in Table 3. 2 crystallizes in the
monoclinic space group P2,/n with two molecules per unit cell
which reside on centers of inversion. Each thorium atom adopts
a distorted trigonal bipyramidal geometry, and the Th,Os core
can be viewed as two ThOs trigonal bipyramids joined along a
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Table 2. Selected Fractional Coordinates and Isotropic Thermal
Parameters? (A2) for Thy(OCH-i-Pry); (2)

10%x 10%y 104z 102B;,,
Th(l) 5967(1) 647.5(3) 5942.8(5) 15
0Q2) 7158(10) 1314(5) 5493(9) 26
C(3) 8059(16) 1706(8) 5313(15) 31
C4) 7878(17) 2421(8) 5616(19) 38
C(7) 9157(16) 1421(10) 5847(16) 36
0O(10) 4934(10) 1328(5) 6559(9) 24
C(11) 4388(30) 1880(14) 6873(18) 86
C(12) 3680(33) 2198(16) 6179(19) 102
C(15) 4506(17) 1915(9) 8030(16) 36
0(18) 7169(11) 198(6) 7165(9) 33
C(19) 8109(26) —41(13) 7821(21) 83
C(20) 8505(28) —600(18) 7719(24) 118
C(23) 8316(21) 343(12) 8898(17) 49
0(26) 5291(9) 290¢(5) 4178(8) 17
C(27) 5627(19) 390(9) 3203(14) 33
C(28) 6868(15) 336(9) 3329(14) 29
C(31) 5006(15) 968(9) 2648(12) 26

@ Isotropic values for those atoms refined anisotropically are
calculated by using the formula given by: Hamilton, W. C. Acta
Crystallogr. 1959, 12, 609.

Table 3. Selected Bond Distances (A) and Angles (deg) for
Thz(OCH-i-PI‘z)g (2)

Th(1)—Th(la) 4.081(3) Th(1)—0(2) 2.160(11)
Th(1)—0(10) 2.141(11) Th(1)—0(18) 2.161(11)
Th(1)—0(26) 2.408(10) Th(1)—0(26a) 2.463(11)
0(2)—C(3) 1.416(21) o0y —C(11) 1.424(25)
O(18)—C(19) 1.383(26) 0(26)—C(27) 1.417(21)
0(2)—Th(1)—0(10) 98.2(4) O(2)—Th(1)—0(18) 94.8(5)
0O(2)—Th(1)—0(26a) 158.2(4) O(2)—Th(1)—0(26) 93.9(4)

O(10)—Th(1)~0O(18) 111.8(4) O(10)—Th(1)—0O(26a) 98.7(4)
O(10)—Th(1)-0(26) 116.2(4) O(18)—Th(1)—0O(26a) 91.7(4)
O(18)—Th(1)—0(26) 129.2(4) 0O26)—Th(1)—0(26a) 66.2(4)
Th(1)—02)—C(3) 171.5(11) Th(1)—-O(10)—C(11) 167.5(17)
Th(1)—0(18)—C(19) 167.4(19) Th(1)—0(26)—Th(la) 113.8(4)
Th(1a)—0(26)—-C(27) 109.7(10) Th(1)—0(26)—C(27) 134.7(11)

common axial—equatorial edge. This fused trigonal bipyramidal
geometry shows a striking similarity to structures previously
observed in some transition metal,'® lanthanide,'* and actinide!”
alkoxide and amido complexes. The three equatorial bonds are
distorted from the ideal (120°) trigonal angles, the actual values
being 129.2(4), 111.8(4) and 116.2(4)°, yet the trigonal ThO;
unit is nearly planar. The axial O—Th—O unit is distorted
(158.2°) from the idealized 180°, and this distortion may be
due to steric demands in the bridge. Terminal Th—O distances
average 2.154(11) A, and are comparable to the terminal Th—O
distances of 2.154(8), 2.183(8), 2.155(8), 2.172(10), and 2.170-
(9) A observed in [(17-CsMes),Th(u-0,C2Me)]s,'® Th(O-2-Bu),-
(py)2,”™ Na[Thy(O-#-Bu)g],”™ Ths(O-i-Pr)is(py)2,>¢ and Ths-
(OCHEt,)s(py)»,*? respectively. The corresponding Th—O—C
angles are large, and range from 167.4 to 171.5°. Th—O
distances for the bridging ligands (2.436(11) A average) are,
as expected, longer than those for terminal ligands, and are
comparable to the distances of 2.464(7), 2.420(10), and 2.427-
5) A found for the bridging alkoxide ligands in Na[Th;(O-#-
Bu)g]," Tha(O-i-Pr)15(py)2,>® and Thy(OCHEt,)s(py)2,> respec-

(16) (a) [Mo(0O-i-Pr)4]2: Chisholm, M. H.; Cotton, F. A.; Extine, M, W_;

Reichert, W. W. lnorg. Chem. 1978, 17, 2944. (b) [Mo(O-i-Pr);(NO).:

Chisholm, M. H.; Cotton, F. A.; Extine, M. W; Kelly, R. L. J. Am.
Chem. Soc. 1978, 100, 3354.

(17) (a) UxNEt)s: Reynolds, J. G.; Zalkin, A.; Templeton, D. H.;
Edelstein, N. M.; Templeton, L. K. Inorg. Chem. 1976, 15, 2498. (b)
Uz(0-i-Pr)¢[N(SiMes)a]: Barnhart, D. M.; Sauer, N. N.; Watkin, J.
G. Manuscript in preparation.

(18) Manriquez, J. M.; Fagan, P. J.; Marks, T. J.; Day, C. S.; Day, V. W.
J. Am. Chem. Soc. 1978, 100, 7112.
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Figure 2. Ball-and-stick view of the molecular structure of Th(OCH-
i-Pr2)4(quin) (6), showing the atom numbering scheme used in the tables.
Methyl carbons of the OCH-i-Pr; ligands are omitted for clarity.

Table 4. Selected Fractional Coordinates and Equivalent Isotropic
Displacement Coefficients (A2) for Th(OCH-i-Pr2)4(quin) (6)

10%x 10y 10%z 10°U(eq)”
Th(l) —124(4) 8492(1) —847(4) 28(1)
N(1) —493(7) 10404(9) —1705(6) 37(2)
C(IN) —1041(10) 10160(13) —2474(9) 63(2)
C(2N) —1239(11) 11235(13) —2931(10) 67(2)
C(3N) —826(8) 12242(11) —2498(7) 42(2)
CN) 37(8) 12017(12) —2193(8) 45(2)
C(5N) 209(8) 10938(11) —1718(7) 39(2)
C(6N) —87710) 11303(11) —1428(9) 54(2)
C(7N) ~1092(10) 12410(13) =1911(9) 61(2)
o(1) 221(7) 7068(8) =97(7) 58(2)
C( 627(11) 6289(13) 465(10) 70(2)
C(2) 23(9) 5438(12) 552(9) 54(2)
C(3) 1284(10) 5767(14) 346(10) 73(2)
0(2) 516(6) 9849(8) —102(6) 39(2)
C(8) 977(9) 10704(11) 413(9) 53(2)
c® 686(10) 10901(12) 1015(%9) 53(2)
C(10) 1835(9) 10159(13) 724(9) 64(2)
0(3) —1372(7) 8288(8) —1223(7) 54(2)
C(15) ~2139(11) 8239(16) —1255(12) 89(2)
C(16) —2631(10) 7378(15) —1857(10) 79(2)
can —2207(12) 8313(16) —629(11) 88(2)
0O(4) 327(7) 7885(7) —1609(6) 50(2)
C(22) 490(10) 7370(13) =2176(9) 66(2)
C(23) —36(15) 6360(16) —2563(15) 99(2)
C(24) 1320(10) 7048(13) —1893(10) 68(2)

@ Equivalent isotropic U defined as one third of the trace of the
orthogonalized Uy tensor.

tively. A Th~Th distance of 4.081(3) A and the lack of valence
electrons precludes any metal—metal bonding interaction.
Th(OCH-i-Pry)4(quin) (6). Crystals of Th(OCH-i-Pr;)s-
(quin) (6) were grown from a concentrated hexane solution at
—40 °C. A ball-and-stick representation of the solid state
structure of 6 is shown in Figure 2. Selected fractional atomic
coordinates and isotropic thermal parameters are listed in Table
4, while selected bond lengths and angles are presented in Table
5. The overall molecular structure of 6 consists of a central
thorium atom coordinated in a trigonal bipyramidal fashion by
four alkoxide and one quinuclidine ligand, with the nitrogen-
containing base occupying an axial site. Th—O bond lengths
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Table 5. Selected Bond Distances (A) and Angles (deg) for
Th(OCH-i-Pr2)4(quin) (6)

Barnhart et al.

Table 6. Selected Fractional Coordinates and Equivalent Isotropic
Displacement Coefficients (/38) for ThI(OCH-i-Pr2)3(py)2 (7)

Th(1)—N(1) 2712(11) Th(1)—0(1) 2.152(12)
Th(1)—0(2) 2.169(10) Th(1)—0(3) 2.169(14)
Th(1)—0(4) 2.168(17) N(1)=C(IN) 1.528(19)
N(1)=C(5N) 1.461(21) N(1)=C(6N) 1.490(22)
N(1)-Th(D)=0(1)  175.4(4) Th(1)-O(1)~C(1)  165.5(10)
N(D-Th(D=0@2)  79.2(3) Th(1)-0(Q2)—C(8)  176.6(8)
N()-Th()-0(3)  84.0(4) Th(1)-O(3)—C(15) 162.8(13)
O()-Th(1)-0(2)  96.2(5) Th(1)-0(4)—C(22)  169.3(10)
O()-Th(D)-0(3)  98.5(5) O@)-Th()-0(3)  122.9(6)
N(1)-Th(1)-04)  81.9(5) O(1)-Th(1)-O(4)  100.6(5)
0Q2)-Th()—0(4) 118.1(6) O3)—Th(1)=0@)  112.7(5)

c(10)
—~ un

C(4)

Figure 3. Ball-and-stick view of the molecular structure of ThI(OCH-
i-Pr2)3(py)2 (7), showing the atom numbering scheme used in the tables.

average 2.165(17) A, with no significant differences between
Th—Oayial and Th~Oequarorial bond lengths. This average Th—O
distance is directly comparable to those listed above for 2 and
related complexes. The Th—N distance of 2.712(11) A is
similar to the average Th—N distances of 2.679(8), 2.752(7),
2.740(14), and 2.730(6) A seen in Th(0-2,6-Me,CsH3)a(py)2,"*
Th(O-t-Bu)a(py)2,®* Tha(O-i-Pr)i6(py)2,>® and Thy(OCHE,)s-
(py)2,d respectively, while being slightly longer than the 2.61-
(1) A observed for the chelating 2-(6-methylpyridylymethyl
ligand in Th(O-2,6-t-Bu,C¢H3)2(CH,-py-6-Me)2.2° The axial
N(1)-Th(1)-0O(1) angle is almost linear (175.4(4)°), while the
three O—Th—O angles in the equatorial plane sum to 353.7°,
indicating near-planarity of the thorium atom and equatorial
oxygen atoms. As is the case with virtually all terminal thorium
alkoxide ligands, Th—O—C angles are very obtuse at 168.6°
(average). Examples of structurally characterized mononuclear
actinide complexes exhibiting a five-coordinate geometry are
rare, being limited to the salt complexes [Li(THF)4][An(O-2,6-
i-PrsC¢H3)s] (An = U, Th),2! [Ky(THF)4][U(NH-2,6-i-
Pr,C¢Hj)s],% and [Li]J[UMe(OCH-£-Buy)a].!'¢
ThI(OCH-i-Pr,)s(py): (7). Crystals of ThI(OCH-i-Pr2)3(py)2
(7) were grown from hexane solution at —40 °C. A ball-and-
stick view of the solid state structure of 7 is shown in Figure 3.
Selected fractional atomic coordinates are given in Table 6,
while selected bond lengths and angles are presented in Table
7. 7 exhibits a facial pseudooctahedral geometry in the solid

10%x 10% 10%; 10°U(eq)”

Th(l) 22792(3) —23267(3) —26155(2) 179(1)

(1) 1282(7) 3231(5) -30326(4) 349(2)

o) 42466(64) —37756(52) —26136(35) 249(21)
0(3) 9804(63) —31521(52) —30477(34) 269(21)
0) 14370(67) ~24550(55) -13227(37) 240(24)
N(1) 39805(72) —10197(63) —23438(44) 228(25)
NQ)  3823291)  —17575(69)  —41773(45)  312(31)
C(l) 53972(90) -48843(77) ~-25810(53) 234(31)
CQ2) 51324(96) —57669(83) —30258(58) 291(33)
C(5) 55991(94) —53658(85) —16935(58) 293(34)
C(8) 8762(97) --26445(78) —4580(53) 263(32)
C(9) —8023(103) —25360(91) ~2865(53) 329(36)
C(12) 13142(97) —18185(81) —358(52) 272(32)
C(15) 1597(103) —38224(87) —32486(59) 331(35)
C(16) —1028(101) —33257(84) —41321(58) 319(35)
C(19) 8847(108) —51644(87) —30945(65) 375(37)
C(22) 54035(110)  —14296(95) —24388(63) 356(39)
C(23) 63249(128) —9167(106) —22182(64) 448(46)
C(24) 56732(146) 1569(109) —18880(70) 499(53)
C(25) 41685(148) 6015(105) —17778(69) 506(50)
C(26) 33284(130) 317(89) —20215(59) 370(41)
C(27) 52432(107) —22304(96) —43893(61) 359(39)
C(28) 60923(133) ~20507(116) —51579(64) 493(48)
C(29) 54242(153) —13505(111) —57643(67) 536(55)
C(30) 38968(159) —8152(105 —55788(69) 578(54)
C(@31 31214(132) —10328(90) —47945(62) 405(42)

@ Equivalent isotropic U defined as one third of the trace of the
orthogonalized Uy tensor.

Table 7. Selected Bond lengths (A) and Angles (deg) for
ThI(OCH-i-Pr2)s(py)2 (7)

Th(1)=I(1) 3.226(1) Th(1)—0(1) 2.137(5)
Th(1)-0(3) 2.139(8) Th(1)~0(2) 2.132(5)
Th(1)=N(1) 2.739(9) Th(1)-N(2) 2.752(7)
o(1)—C(1) 1.437(9) 0(3)-C(15) 1.414(14)
0(2)-C(8) 1.427(10)
1(1)=Th(1)-0(1) 160.2(2)  I(1)=Th(1)=0@3) 91.4(1)
O(1)=Th(1)—-0(3) 99.5(2)  I(1)-Th(1)—0(2) 94.4(1)
O(1)-Th(1)~-0(2) 98.8(2) O@B)-Th()-0(2)  104.3(2)
I(1)=Th(1)=N(1) 827(1) O()-Th(1)-N(1)  83.8(2)
0(3)-Th()-N(1)  169.4(2) O@2)=Th(1) -N(1)  84.9(2)
I(1)~Th(1)-N(2) 829(1) O()-Th()-N@2)  80.12)
03)—Th(1)-N(2) 92.53) O(2)-Th(1)-N(2)  163.03)
N(1)=Th(1)=N(2) 78.1(3) Th(1)-O()—-C(1)  169.9(6)
Th(1)-0(3)=C(15)  172.5(5) Th(1)-0(2)-C(@8)  175.1(6)

state. The three Th—O bond lengths are virtually identical
(2.136(8) A (average)), with no significant differences being
seen for the alkoxide ligands trans to pyridine compared with
the alkoxide trans to iodine. These Th—O distances are again
very similar to those observed for 2 and 6 and the related
thorium alkoxide complexes referenced above. Th—N bond
distances of 2.746(9) A (average) are directly comparable to
the Th—N distance found in Th(OR)4(quin) (6) (vide supra).
The Th—I distance of 3.226(1) A is, as expected, somewhat
longer than typical U(IV)—I distances (e.g. 3.041(1) A in (-
CoH7);UI? and 2.996(3) and 3.027(3) A in Uly(tmu),, tmu =
tetramethylurea ), but is also significantly longer than the Th—I
distances of 3.045 and 3.099(2) A observed in (n-CsMes), Thl-
Ru(C0),Cp?® and Thol4(O-i-Pr)s(HO-i-Pr);,6 which would

(19) Berg, J. M.; Clark, D. L.; Huffman, J. C.; Morris, D. E.; Sattelberger,
A. P, Streib, W. E.; Van der Sluys, W. G.; Watkin, J. G. J. Am Chem.
Soc. 1992, 114, 10811.

(20) Beshouri, S. M.; Fanwick, P. E.; Rothwell, I. P.; Huffman, J. C,
Organometallics 1987, 6, 2498,

(21) Blake, P. C.; Lappert, M. F.; Taylor, R. G.; Atwood, J. L.; Zhang, H.
Inorg. Chim. Acta 1987, 139, 13.

(22) Nelson, J. E.; Clark, D. L.; Burns, C. J.; Sattelberger, A. P. /norg.
Chem. 1992, 31, 1973.

(23) Rebizant, J.; Spirlet, M. R.; Van den Bossche, G.; Goffart, J. Acta
Crystallogr. 1988, 44C, 1710.

(24) DuPreez, J. G. H.; Zeelie, B.; Casellato, U.; Graziani, R. /norg. Chim.
Acta 1987, 129, 289.

(25) Sternal, R. S.; Brock, C. P.; Marks, T. J. J. Am. Chem. Soc. 1985,
107, 8270.

(26) Bamnhart, D. M.; Burns, C. I.; Frankcom, T. M.; Gordon, P. L.; Sauer,
N. N.; Thompson, J. A.; Watkin, J. G. Inorg. Chem. 1995, 34, 4862.
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Figure 4. "H NMR spectrum of the methine region of an equilibrium
mixture of Tho(OCH-i-Pr;)s (2) and monomeric Th(OCH-i-Pr,)4 (3) at
temperatures from 0 to 80 °C. The resonance marked with an asterisk
denotes the 'H impurity in toluene-ds.

appear to be the only other examples of structurally characterized
molecular complexes containing thorium—iodide bonds. Th—
O—C angles are almost linear, averaging 172.5°. Angles about
the thorium atom are somewhat distorted from ideal octahedral
values, the I(1)-Th(1)~O(1) angle having a value of 160.2-
(2)° and the N(1)—Th(1)—N(2) angle between the two pyridine
ligands being reduced from 90° down to 78.1(3)°.
Spectroscopic Characterization. (a) Monomer—Dimer
Equilibrium. Ambient temperature (293K) '"H NMR spectra
of Thy(OCH-i-Pr2)s (2) in benzene-dgs or toluene-dg solution
reveal the presence of two different alkoxide environments.
Figure 4 shows a stack plot of the 'H NMR spectrum of 2 in
toluene-ds solution at temperatures from 0 to 80 °C, in which
the methine regions of the spectrum are expanded. At room
temperature (20 °C spectrum) one set of broadened methine
resonances is seen at 2.0 and 3.72 ppm and a smaller, sharp set
of resonances at 1.75 and 3.38 ppm. Similarly, two overlapping
sets of diastereotopic methyl group resonances are seen in the
region 1.0—1.2 ppm. Integrated intensities of ca. 9:1 for the
ratio of these two alkoxide environments precludes any assign-
ment of these resonances to terminal and bridging groups within
the dimeric species Tho(OCH-i-Pry)s. The relative intensities
of the resonances, together with the observation that one set of
resonances is broad (presumably due to bridge—terminal
exchange) and the other is sharp, is indicative of two separate
species in solution at room temperature. The data are consistent
with an equilibrium between dimeric Tha(OR)z (2) and its
monomer Th(OR)s (3) taking place in solution at ambient
temperatures (eq 1). The broadened set of methine resonances
is assigned to the dimeric species 2 and is due to the rapid
exchange between bridging and terminal alkoxide ligands. The
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set of sharp resonances is assigned to monomeric Th(OR)4 (3),
in which all alkoxide ligands are equivalent at all temperatures.

Further evidence in support of this assignment is obtained
from variable temperature NMR experiments. When the sample
is heated, the resonances assigned to the dimer (2) are seen to
decrease, while those assigned to monomeric 3 increase in
intensity, consistent with an equilibrium between 2 and 3 in
solution (Figure 4). At 80 °C the monomeric complex 3 is the
predominant species in solution. When cooled to room tem-
perature, the resonances of the dimer 2 grow back in rapidly,
implying a low barrier to dimerization.

When the temperature is lowered, the opposite effect is
observed. Resonances due to the monomer 3 decrease in
intensity, and at temperatures below 0 °C the dimer is by far
the major species present in solution. As the temperature is
lowered further, the resonances assigned to the dimer Thy,(OCH-
i-Pry)s (2) are seen to broaden significantly, and eventually each
methine resonance can be seen to decoalesce into two separate
peaks which integrate in the approximate ratio of 3:1. This
observation is explained by the exchange process between
terminal and bridging alkoxide ligands being effectively frozen
out, resulting in a structure approximating that seen in the solid
state (in which terminal and bridging alkoxide ligands are in a
3:1 ratio). .

Since the equilibrium process (eq 1) occurs at temperatures
close to ambient, this system seemed ideally suited to the
application of detailed '"H NMR investigations to determine both
the kinetic and thermodynamic parameters for the equilibrium.
Initial investigations aimed to determine thermodynamic pa-
rameters by measuring relative concentrations of monomer and
dimer at a range of temperatures. Since equilibrium is rapidly
established even at ambient temperatures and since 2 does not
exhibit visible decomposition when heated to 80 °C, we were
able to measure the relative concentrations of 2 and 3 at 13
temperatures between 20 and 80 °C. The OCH-i-Pr; methine
protons provided a convenient resonance for integration pur-
poses, since this resonance was well-resolved in both monomer
and dimer, and existed in a region of the spectrum well away
from residual solvent resonances. A plot of In(K.q) vs 1/T
produced the following parameters: AH° = 17 kcal mol™,
AG®98 = 5 kcal mol™!, and AS° = 40 cal mol~! K~!. These
values may be compared with those found by Chisholm et al.
for the dimer—tetramer equilibrium process shown in eq 7,
in which AH® = 21 kcal mol™!, AG®°9s = 4 kcal mol~!, and
AS° = 56 cal mol™! K™,

W ,(0-i-Pr),, = 2W,(0-i-Pr), %

A subsequent attempt was made to obtain activation param-
eters for the equilibrium process by studying the approach to
equilibrium at a range of temperatures. Unfortunately, it was
found that equilibrium is established too rapidly in this system
for any meaningful solution 'H NMR data to be collected. In a
typical experiment, an NMR sample was allowed to equilibrate
for a prolonged period in a —78 °C bath and was then introduced
as rapidly as possible into the NMR instrument. All of the
spectra collected subsequently, however, showed a constant ratio
of 2:3, indicating that equilibrium had been reached even before
the first spectrum had been acquired.

(b) Mononuclear Adducts. Ambient temperature '"H NMR
spectra of the DME adduct Th(OR)4(DME) (4) and of the bis-
(pyridine) adduct Th(OR)s(py). (5) reveal only one type of
alkoxide ligand environment, suggesting the presence of a rapid

(27) Chisholm, M. H.; Clark, D. L.; Hampden-Smith, M. I. J. Am. Chem.
Soc. 1989, 111, 574.
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fluxional process which equivalences all alkoxide ligands on
the NMR time scale. This is entirely consistent with the
behavior we have previously observed in related Th(OR)4L;
systems, in which we have been unable to freeze out a limiting
structure even at —80 °C. Although solid-state structural data
for Th(OR)4(DME) (4) could not be obtained, we propose an
octahedral solid state geometry by analogy with several structur-
ally characterized six-coordinate thorium alkoxide and aryloxide
complexes of the type Th(OR)sL,.*»!° Taking into account the
inability of a DME ligand to span trans sites in an octahedral
complex, we propose the geometry shown schematically in V
in which the DME ligand occupies two adjacent sites in a cis
configuration.

OR OR
RO., | _.OR RO., | _.OR
" Th Th R = CH-i-Pr,
R0” | \o\M py/l ok
0 ¢ Py
/
Me'
\% Vi

Similarly, consideration of the structures of the crystallo-
graphically characterized complexes Th(O-2,6-Me,CsH3)s-
(pY)2,'® Th(O--Bu)4(py)2,*" and ThI(OCH-i-Pr2)3(py)2 (7) (vide
supra) allows us to propose an analogous structure for Th(OR),-
(py)2 (5) in which two pyridine ligands occupy cis coordination
sites within a pseudooctahedral geometry (as shown schemati-
cally in VI).

Similar fluxional processes are also present in the room-
temperature 'H NMR spectra of the five-coordinate quinuclidine
adduct Th(OR)4(quin) (6) and the monoiodide derivative Thi-
(OR)3(py)2 (7), which each show a single type of alkoxide ligand
environment. Static structures, similar to that observed in the
solid state, would result in the observation of two alkoxide
environments in a 3:1 ratio for 6 and two alkoxide environments
in a 2:1 ratio for 7. Thus we once again propose that rapid
fluxional processes are operating in solution at ambient tem-
perature, resulting in equivalence of all alkoxide ligands on the
NMR time scale.

Concluding Remarks

We have shown, both in this work and in previous publica-
tions,'#!3 that the sterically demanding diisopropylmethoxide
ligand can be used successfully in f-element alkoxide chemistry
to prepare discrete low-nuclearity complexes which are not
susceptible to the progressive oligomerization which has been
observed previously in f-element alkoxide complexes containing
smaller alkoxide ligands such as methoxide and isopropoxide.*
We have prepared and structurally characterized a number of
new thorium alkoxide complexes containing diisopropylmethox-
ide ligation, including Tho(OCH-i-Pr2)g (2) which provides the
first example of a crystallographically characterized homoleptic
thorium alkoxide species. We have shown that the dimeric
species Tho(OCH-i-Pr;)s exists in solution at ambient temper-
atures in an equilibrium with the monomer Th(OCH-i-Pr2)4 (3),
and that the relative concentrations of 2 and 3 in solution are
highly temperature dependent. We have used this temperature
dependence to obtain thermodynamic parameters for the equi-
librium process, but unfortunately the very rapid approach to
equilibrium, even at low temperatures, has prevented activation
parameters from being obtained. Reaction of 2 with a variety
of Lewis bases has been shown to produce either trigonal
bipyramidal five-coordinate or pseudooctahedral six-coordinate
environments around the thorium metal center in the solid state,
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depending upon the steric requirement of the Lewis base present
in the complex.

Experimental Section

General Procedures and Techniques. All manipulations were
carried out under an inert atmosphere of oxygen-free UHP grade argon
using standard Schlenk techniques, or under oxygen-free helium in a

—
Vacuum Atmospheres glovebox. [(MesSi):N].Th{N(SiMe3)(SiMe>-

1CHz)] was prepared following literature procedures.”® Diisopropyl-
methanol and quinuclidine were purchased from Aldrich and used
without further purification. Trimethylsilyl iodide (Aldrich) was trap-
to-trap distilled and stored in the freezer. Solvents, except for pyridine,
were degassed and distilled from Na/K alloy under nitrogen. Pyridine
was distilled from CaH; under argon. Benzene-ds and toluene-ds were
degassed, dried over Na/K alloy and then trap-to-trap distilled before
use. Solvents were taken into the glovebox and a small amount tested
with a solution of sodium benzophenone in THF. Solvents that failed
to maintain a purple coloration from this test were not used.

NMR spectra were recorded at 22 °C on Briiker AF 250 or WM
300 spectrometers in benzene-ds or toluene-ds. All 'H NMR chemical
shifts are reported in ppm relative to the 'H impurity in benzene-ds or
toluene-ds set at & 7.15 or 2.09, respectively. Infrared spectra were
recorded on a Perkin-Elmer 1500 spectrophotometer interfaced with a
Model 1502 central processor. Elemental analyses were performed on
a Perkin-Elmer 2400 CHN analyzer. Elemental analysis samples were
prepared and sealed in tin capsules in the glovebox prior to combustion.

—
Th2(OCH-i-Pry)s (2). To a solution of [(Me3Si);N],Th[N(SiMe:)-

—

(SiMe,CHy)] (1.00 g, 1.40 mmol) in toluene (100 mL) was added
dropwise a solution of diisopropylmethanol (0.66 g, 5.7 mmol) in
toluene (10 mL), and the resulting solution stirred at room temperature
for 24 h before being stripped to dryness. The off-white solid residue
was taken up in 100 mL of hexane and filtered through a Celite pad.
The volume of the filtrate was reduced to 25 mL and the solution placed
at -40 °C. Colorless crystals were deposited overnight, decanted free
from solvent, and allowed to dry. Yield: 0.66 g (67%). 'H NMR
(250 MHz, toluene-dg): for 2, & 3.72 (t, *Jyy = 6 Hz, 1 H, CH-i-Pr3),
2.02 (octet, *Juy = 6 Hz, 2 H, CHMe), 1.20 (d, *Juy = 7 Hz, 6 H,
CHMe;), 1.07 (d, Yy = 7 Hz, 6 H, CHMe;); for 3 & 3.39 (t, Juy =
6 Hz, | H, CH-i-Pr»), 1.72 (octet, *Jyy = 7 Hz, 2 H, CHMe,), 1.10 (d,
3Jun = 7 Hz, 6 H, CHMe;), 0.99 (d, 3Juy = 7 Hz, 6 H, CHMe;). Anal.
Caled for C3HeoO4Th: C, 48.54; H, 8.73. Found: C, 47.76; H, 8.75.

Th(OCH-i-Pr;)¢(DME) (4), In the drybox, 1.00 g (0.72 mmol) of
Thy(OCH-i-Pry)s (2) was dissolved in 50 mL of toluene and 10 mL of
DME added. After the mixture was stirred at room temperature for 6
h, all solvent was removed in vacuo to leave a colorless oil. The oil
was dissolved in 50 mL of hexane and the volume of the solution
reduced to 5 mL. The solution was cooled to -40 °C. producing
colorless crystals overnight. These were collected by decantation and
pumped dry. Yield: 0.82 g (73%). 'H NMR (300 MHz, benzene-ds):
0 3.44 (1, *Juy = S Hz, 2 H, CH-i-Pry), 3.25 (s, 3 H, OMe), 3.06 (s, 2
H, OCH-CH,0), 1.84 (octet, Juy = 6 Hz, 4 H, CHMe,), 1.20 (d, *Jun
= 6 Hz, 12 H, CHMe>). 1.10 (d, *Jug = 6 Hz, 12 H, CHMe;). Anal.
Caled for C3oH7OsTh: C, 49.09; H, 9.01. Found: C, 49.63, 49.51;
H, 8.89, 9.29.

Th(OCH-i-Pr2)4(py)z (5). To a solution of 0.41g (0.30 mmol) of
Th2(OCH-i-Pr»)g (2) in 30 mL of hexane was added 95 yL (1.17 mmol)
of pyridine. The solution was stirred for 1 h at room temperature and
then concentrated to ca. 5 mL and placed at —40 °C overnight, after
which time a waxy white solid was collected by removal of the mother
liquor and pumping to dryness. A second crop was obtained by
concentration of the mother liquor, placing it at —40 °C, and repeating
the above procedure. Total yield: 0.32 g (65%). 'H NMR (250 MHz,
benzene-ds): & 8.71 (m, 2 H, ortho py), 6.93 (m, 1 H, para py), 6.68
(m, 2 H, meta py), 3.48 (t, *Juy = 5 Hz, 2 H, CH-i-Pr»). 1.78 (octet,
3Jun = 4 Hz, 4 H, CHMe;), 1.20 (d, 3Jun = 6 Hz, 12 H, CHMe>), 1.02
(d. ¥Jyg = 6 Hz. 12 H. CHMe). IR (cm™'):. 1630 (w), 1598 (m),

(28) Dormond, A., El Bouadili, A., Aaliti, A., Moise, C. J. Organomet.
Chem. 1985, 288. C1.
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1575 (w), 1446 (s), 1366 (s), 1353 (m), 1343 (m), 1312 (w), 1300 (w),
1271 (w), 1216 (w), 1180 (m), 1154 (m), 1139 (s), 1107 (s), 1069 (w),
1047 (w), 1035 (m), 984 (m), 954 (w), 919 (w), 909 (w), 851 (w), 798
(w), 750 (m), 723 (w), 702 (s), 672 (s), 621 (m), 516 (m), 475 (m).
Anal. Caled for CisHioN204Th: C, 53.63; H, 8.29; N, 3.29. Found:
C, 51.79; H, 7.20; N, 2.57.

Th(OCH-i-Pr;)4(quin) (6). To a solution of 0.70 g (0.51 mmol) of
Thy(OCH-i-Pra)s (2) in 50 mL of toluene was added dropwise a solution
of 0.118 g (1.06 mmol) of quinuclidine in 10 mL of toluene. The
mixture was stirred at room temperature for 6 h before being stripped
to dryness. The solid was dissolved in 50 mL of hexane and filtered
through a Celite pad. The volume of the filtrate was reduced to 10
mL and placed at —40 °C. Colorless crystals were deposited overnight,
collected on a frit, and pumped dry. Yield: 0.51 g (63%). 'H NMR
(300 MHz, benzene-ds): & 3.47 (t, *Jun = 4 Hz, 4 H, CH-i-Pry), 3.14
(m, 6 H, NCH,), 1.80 (octet, *Juy = 6 Hz, 8 H, CHMe,), 1.35 (m, 7 H,
CH,CH and CH,CH), 1.18 (d, ¥/uy = 6 Hz, 24 H, CHMe;), 1.04 (d,
3Juy = 6 Hz, 24 H, CHMe;). IR (cm™'): 1401 (w), 1362 (m), 1343
(w), 1317 (w), 1267 (w), 1200 (w), 1178 (m), 1156 (m), 1138 (s), 1103
(s), 1069 (m), 1050 (sh, m), 1016 (s), 987 (s), 952 (m), 918 (w), 908
(w), 853 (w), 799 (m), 782 (m), 721 (w), 670 (s), 638 (m), 624 (m),
510 (m), 475 (m). Anal. Calcd for C3sH;3NO.Th: C, 52.29; H, 9.15;
N, 1.74. Found: C, 53.28; H, 9.02; N, 1.63.

ThI(OCH-i-Pr3)3(py)2 (7). A 0.11 g (0.13 mmol) sample of Th-
(OCH-i-Pr2)s(py)2 (5) was dissolved in 20 mL of hexanes, and 0.027 g
(0.14 mmol) of Me;Sil in 5 mL hexanes was added. The mixture was
allowed to stir for 2 h at room temperature, and then all of the solvent
was removed in vacuo, leaving a white solid. Yield: 0.10 g (92%).
Crystalline material was obtained by recrystallization of this solid from
hexane at —40 °C. 'H NMR (250 MHz, benzene-ds): 6 9.09 (m, 4 H,
ortho py), 6.89 (m, 2 H, para py), 6.63 (m, 4 H, meta py), 3.63 (t, *Jun
= 6 Hz, 3 H, CH-i-Pry), 1.87 (octet, *Juq = 6 Hz, 6 H, CHMey), 1.17
(d, *Jun = 8 Hz, 18 H, CHMe>), 1.03 (d, *Jus = 8 Hz, 18 H, CHMe,).
IR (cm™'):; 1628 (m), 1598 (s), 1569 (m}), 1486 (sh, s), 1444 (s), 1367
(s), 1342 (m), 1313 (w), 1268 (w), 1221 (sh, m), 1213 (s), 1180 (s),
1159 (sh, m), 1138 (s), 1107 (s), 1069 (m), 1037 (s), 1011 (s), 983 (s),
951 (m), 922 (m), 853 (w), 800 (m), 753 (s), 697 (s}, 677 (s), 670 (sh,
s), 622 (s), 515 (s), 476 (m). Anal. Caled for C3;HssIN2OsTh: C,
43.16; H, 6.43; N, 3.25. Found: C, 42.25; H, 5.96; N, 3.27.

Crystallographic Studies. A summary of crystallographic data can
be found in Table 1.

Thy(OCH-i-Pr3)3 (2). General operating procedures have been
described elsewhere.”® The diffractometer was designed and constructed
locally. A Picker four-circle goniostat equipped with a Furnas
monochromator (HOG crystal) and Picker X-ray generator is interfaced
to a Z80 microprocessor which is controlled by an RS232 serial port
on an IBM PC microcomputer. Motors are Slo-Syn stepping motors,
and a special top/bottom—left right slit assembly is used to align the
crystal. All computations were performed on IBM compatible micro-
computer systems. The transparent, air sensitive crystals were ma-
nipulated using standard inert atmosphere handling techniques. A
suitable crystal was affixed to a goniometer using silicone grease and
transferred to the goniostat where it was cooled to —170 °C for
characterization and data collection.

A systematic search of a limited hemisphere of reciprocal space
located a set of diffraction maxima with symmetry and systematic
absences corresponding to the unique monoclinic space group P2i/n
(alternate setting of P2,/c). Subsequent solution and refinement
confirmed this choice. Data were collected using standard moving
crystal/moving detector techniques with stationary backgrounds at each
extreme of the scan. After correction for Lorentz, polarization, and
absorption effects, redundant data were averaged to yield a set of unique
intensities. The structure was solved by Patterson and Fourier
techniques, and refined by full-matrix least-squares methods. All
hydrogen atoms were placed in fixed, idealized positions in the final

(29) Chisholm, M. H.; Folting, K. Huffman, J. C.; Kirkpatrick, C. C. Inorg.
Chem. 1984, 23, 1021.
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cycle of refinement. A final difference Fourier was featureless, with
one large peak (1.54 e/A3) at the metal site.

Th(OCH-i-Pr3)4(quin) (6). The clear, well-formed crystals were
examined in mineral oil under an argon stream. The chosen crystal
was affixed to the goniometer head of a CAD4 diffractometer using
Apiezon grease and cooled to —70 °C in a nitrogen coldstream. Unit
cell parameters were determined from the least-squares refinement of
((sin 6)/4)* values for 24 accurately centered reflections with a 26 range
between 27 and 32°. Three reflections were chosen as intensity
standards and were measured every 3600 s of X-ray exposure time,
and three orientation controls were measured every 250 reflections.

The data were reduced using the Structure Determination Package
provided by Enraf-Nonius, and corrected for absorption empirically
using high-y y-scans. The solution was from a Patterson map, and
refinement was on structure factors. Disorder in the molecule was
treated by locating disorder peaks for the terminal isopropyl carbons
and refining on the pair of peaks for occupancy. All carbon atoms
were treated anisotropically with generated hydrogen atoms used in a
riding model. The refinement was limited in that the isotropic
temperature factors were fixed before conversion to anisotropic form.
An attempt to fix the second set of carbon atoms isotropically and
without hydrogens provided a much worse (>6%) refinement. All data
refinement calculations were performed using the SHELXTL PLUS
suite of computer programs (Siemens Analytical X-ray Instruments,
Inc., 1990).

ThI(OCH-i-Pr;)x(py): (7). A small, colorless crystal measuring 0.15
x 0.15 x 0.18 mm was selected under the microscope, with the crystals
immersed in mineral oil under an argon purge. The chosen crystal
was affixed to the end of a glass fiber using Apiezon grease and
transferred to the goniometer head of an Enraf-Nonius CAD-4
diffractometer with graphite monochromated Mo Ko radiation, where
it was cooled in a nitrogen stream to —70 °C. Unit cell parameters
were determined from the least-squares refinement of ((sin 8)/1)? values
for 25 accurately centered reflections having a 26 range of 28—32°,
Three reflections were chosen as intensity standards and were measured
every 3600 s of X-ray exposure time, and three orientation controls
were measured every 250 reflections.

The data were reduced using the Structure Determination Package
provided by Enraf-Nonius and corrected for Lorentz and polarization
effects, and an empirical absorption correction based on azimuthal scans
was applied. The structure was readily solved by direct methods and
subsequent difference Fourier maps and refined using full-matrix least-
squares methods. After inclusion of anisotropic thermal parameters
for all non-hydrogen atoms and geometrical generation of hydrogen
atoms which were constrained to “ride” upon the appropriate carbon
atoms, final refinement using 5348 unique observed [F > 40(F)]
reflections converged at R = 0.0405, R, = 0.0508. A final difference
Fourier contained some residual electron density around the thorium
and iodine atoms, the largest peak being 1.47 /A3, All data refinement
calculations were performed using the SHELXTL PLUS suite of
computer programs (Siemens Analytical X-ray Instruments, Inc., 1990).
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