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Reaction of lanthanum, cerium, or neodymium metals with 3/, equiv of iodine in 2-propanol leads to formation
of the alcohol adducts Lnlz(HO-i-Pr); (Ln = La (1), Ce (2), Nd (3)) in good yield. Reaction of thorium metal
turnings with 2 equiv of iodine in 2-propanol produces the dimeric halide—alkoxide complex Th,L4(O-i-Pr)4(HO-
i-Pr)> (4). The molecular structures of 1, 2, and 4 have been determined by means of single-crystal X-ray diffraction
studies. 1 and 2 are found to be isostructural, and consist of seven-coordinate metal centers best described as
capped trigonal prisms in which an iodide ligand caps a rectangular face defined by the four 2-propanol oxygen
atoms. Ln—I bond lengths lie in the ranges 3.180(1)—3.224(1) for 1 and 3.157(1)—3.191(1) A for 2, while
Ln—O distances to the 2-propanol ligands average 2.509(7) and 2.488(5) A for 1 and 2, respectively. 4 exhibits
an edge-shared bioctahedral geometry with 2-propoxide ligands occupying bridging positions. Bridging Th—O
distances in 4 are 2.327(6) and 2.399(6) A, while the Th—O distance to the terminal 2-propoxide ligand is extremely
short at 2.056(7) A. The Th—O bond length to the 2-propanol ligand is characteristically long at 2.437(6) A,
while Th—I distances are 3.094(1) and 3.104(1) A Crystal data for 1 (at —70 °C): orthorhombic space group
Pbea, a = 17.240(3) A, b = 13.944(2) A, ¢ = 19.178(2) A, V = 4610.3 A}, doye =2.190 gem ™3, Z=8,R =
0.0439, R,, = 0.0739. Crystal data for 2 (at ~70 °C): orthorhombic space group Pbca, a = 17.199(3) A, b =
13.884(3) A, ¢ = 19.153(4) A, V =4573.5 A3, deac = 2211 gem™3, Z = 8, R = 0.0352, Ry, = 0.0619. Crystal

data for 4 (at —48 °C): triclinic space group P1, a = 9.658(2) A, b = 9.754(2) A, ¢ = 11.563(2) A, a
109.41(3)°, B = 95.18(3)°, y = 117.33(3)°, V = 873.5 A3, doye = 2.521 gcm™3, Z = 1, R = 0.0319, R,

0.0506.

Introduction

The direct oxidation of reactive metals with alcohols (eq 1)
offers a straightforward synthetic route to a number of metal
alkoxide compounds.? It is not, however, a route that is

M + xROH — M(OR), + (x/2)H, 1)

generally applicable to oxophilic metals, including many of the
actinides and lanthanides where passivation of the metal surface
may occur. In the case of the lanthanide metals, a number of
methodologies have been employed to overcome the problem
of surface passivation including the use of catalytic>™> or
stoichiometric®’ quantities of mercuric salts, the electrolytic
dissolution of the metals in alcohol solvents in the presence of
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a tetraalkylammonium halide,® and the use of reactive chelating
alcohols such as 2-methoxyethanol.®® The reaction of lan-
thanide metals with gaseous hydrogen chloride in alcohol solvent
has been reported to lead to formation of the lanthanide
trichloride rather than an alkoxide species.'®

We recently reported the formation of the dimeric uranium
iodo-alkoxide complex Uls(O-i-Pr)s(HO-i-Pr), by direct reac-
tion of uranium metal with alcohol using iodine as the co-oxidant
{eq2).!" This reaction thus represents a facile, single-step route

U + I, 225 1/, U,1,(0-i-Pr), (HO-i-Pr), )

from uranium metal directly into uranium alkoxide chemistry.
Metathesis reactions of the halide ligands can now be envisioned
to provide a general route to bimetallic or heterobimetallic
actinide alkoxide complexes. Given the current high interest
in the use of such heterometallic alkoxide complexes as
precursors to molecular materials, we were interested in
determining whether similar metal/iodine/alcohol reactions
would provide a generally applicable single-step route into
mixed halide—alkoxide complexes of other reactive actinide and
lanthanide metals.
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Table 1. Summary of Crystallographic Data“
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1

Ci2HzI3La0y4
colorless plate
0.3 x0.18 x0.13

empirical formula
color; habit
crystal dimens, mm

space group Pbca
a, A 17.240(3)
b, A 13.944(2)
¢ A 19.178(2)
a, deg
p, deg
v, deg
v, Al 4610.3
Z (molecules/cell) 8
fw 760.0
dcalc’ g CITI_3 2190
abs coeff, cm™! 58.79
A(Mo Ko 0.71073
temp, °C —=70
20 range, deg 2.0-50.0
no. of measd reflns 5650
no. of unique intensities 4047
no. of obsd reflns 3447 (F > 4.00(F))
R(F)’ 0.044
Ru(FY 0.074
goodness-of-fit 2.30

2 4
Ci2H3Cel;04 Ci8H421406Th;
pale yellow block clear block
0.325 x 0.40 x 0.425 0.15x 0.2 x 0.25
Pbca Pl
17.199(3) 9.658(2)
13.884(3) 9.754(2)
19.153(4) 11.563(2)

109.41(3)

95.18(3)

117.33(3)
4573.5 873.5
8 1
761.2 1326.2
2.211 2.521
60.48 123.25
0.71073 0.71073
=70 —48
4.0-50.0 2.0—50.0
4491 5809
4024 2661
3354 (F > 4.00(F)) 2467 (F > 4.00(F))
0.035 0.032
0.062 0.051
0.98 1.50

a1 = Lal3(HO-i-Pr)y, 2 = Cels(HO-i-Pr)4, 4 = Thyly(O-i-Pr)y(HO-i-Pr),. ® R(F) = 3| |Fo| — |FI/Z|Fol. € Ru(F) = [Iw(Fo| — [F )Y Ew|Fo| Y%

w = U/a¥(|F,)).

Results and Discussion

Lanthanide metal powders (Ln = La, Nd) or turnings (Ln =
Ce) were found to react smoothly with 3/, equiv of iodine in
2-propanol to yield the tetrakis(2-propanol) adducts of the
corresponding lanthanide triiodide (eq 3) in moderate to good

Ln + 1, 22 L nI,(HO-i-Pr), 3)
1-3

Ln=_La (1), Ce (2), Nd (3)

yields (La 86%, Ce 85%, Nd 58%). The presence of coordi-
nated 2-propanol ligands in 1—3 is indicated spectroscopically
by strong, broad IR absorptions in the 3200—3300 cm ™' region,
broad —OH resonances in the 'H NMR spectra, and also by
the relatively acute Ln—O-C angles in the X-ray crystal
structures of 1 and 2 (vide infra). The reaction proceeds equally
well for both lanthanide metal powders and turnings, and the
presence of oxide coatings on the metals does not appear to
interfere significantly with either the rate or yield of the reaction.
This behavior may be contrasted with that of uranium metal,
where carefully cleaned!? turnings have to be employed in order
to optimize the yield of the reaction.!! A cold water bath is
used to moderate the temperature of the mildly exothermic
reactions, and we have found that the reactions can be scaled-
up to give synthetically useful quantities of products (20 g of
LnI3(HO-i-Pr)s).

Thorium metal turnings are seen to be consumed within
several hours when allowed to react with 2 equiv of iodine in
2-propanol solvent. Crystallization from toluene results in the
isolation of Thol4(O-i-Pr)4(HO-i-Pr); (4) in moderate yield (eq
4). Room-temperature 'H NMR spectra of 4 in benzene-ds show

HO-i-Pr

Th -+ 21, '/, ThyI,(O-i-Pr),(HO-i-Pr),  (4)

only one 2-propyl resonance, indicating that a rapid fluxional
process is operating in solution. This process could involve

rapid scrambling of the —OH protons over all alkoxide sites,
rapid bridge—terminal alkoxide ligand exchange, or a combina-
tion of these two mechanisms. The fluxional behavior could
not be frozen out at temperatures down to ~80 °C. A similar
fluxional process has been observed previously in the thorium
alcoholate complex Thy(O-t-Bu)s(HO-£-Bu).!* It may be pro-
posed that the product which initially crystallizes directly from
the 2-propanol reaction medium (see Experimental Section) is
[ThI(O-i-Pr)2(HO-i-Pr)4]I, by analogy with the behavior previ-
ously observed for uranium,!!"'* but rapid loss of 2-propanol
from this complex precluded its full characterization. However,
dissolution of the initial reaction product in toluene followed
by removal of all solvent in vacuo resulted in smooth conversion
to the dimeric species ThyLy(O-i-Pr)4(HO-i-Pr), (4), as is
observed in the analogous uranium system.!'

Structural Studies. A summary of data collection and
processing parameters for 1, 2, and 4 is given in Table 1.

LnI;(HO-i-Pr)4 (Ln = La (1), Ce (2)). The two 2-propanol
adducts subjected to X-ray diffraction analysis, Lnl3(HO-i-Pr)4
(Ln = La (1), Ce (2)), are isostructural, and hence their solid-
state structures are discussed concurrently. Crystals of com-
pound 1 were grown by cooling a concentrated 2-propanol
solution to —40 °C, while crystals of 2 were grown by slow
evaporation of a 2-propanol solution in the drybox atmosphere,
and both structures were determined from diffraction data
collected at —70 °C. The compounds crystallize in the
orthorhombic space group Pbca as discrete molecules with no
unusual intermolecular contacts. An ORTEP plot of the
molecular structure, giving the atom-numbering scheme used
in the tables, is depicted in Figure 1. Fractional coordinates
and isotropic thermal parameters for 1 and 2 are given in Tables
2 and 3, respectively, while selected bond lengths and angles
are presented in Table 4.

The molecular geometry about the lanthanide metal center
is somewhat distorted but is best described as a capped trigonal
prism in which I(3) caps the rectangular face defined by the
four 2-propanol oxygen atoms. In this respect, the geometry

(12) Clark, D. L.; Bott, S. G.; Sattelberger, A. P. Inorg. Chem. 1989, 28,
1771,

(13) Clark, D, L.; Watkin, J. G. Inorg. Chem. 1993, 32, 1766.
(14) Burns, C. J.; Gordon, P. L.; Sauer, N. N. Manuscript in preparation.
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Figure 1. ORTEP plot (50% probability ellipsoids) of the solid-state
structure of Lnl;(HO-i-Pr)s (Ln = La (1), Ce (2)) giving the atom-
numbering scheme used in the tables.

Table 2. Fractional Coordinates and Equivalent Isotropic
Displacement Coefficients (A2 x 10 for Lal;(HO-i-Pr)s (1)

10%x 10%y 104z Uleq)”
La(l) 2182(1) 1044(1) 38(1) 15(1)
I(1) 3384(1) —342(1) 830(1) 26(1)
1(2) 981(1) —394(1) 738(1) 23(1)
1(3) 2673(1) 2850(1) —914(1) 20(1)
o(l) 2820(4) 2256(6) 816(4) 26(3)
C(l) 2898(7) 2380(10) 1587(6) 35(4)
C(2) 2275(7) 1775(12) 1930(8) 51(5)
C(3) 3678(6) 2162(9) 1828(7) 33(4)
02) 1175(4) 774(5) —897(3) 16(2)
C@4) 1255(6) 855(7) —1651(6) 24(3)
C(5) 748(6) 1707(8) ~1903(6) 31(4)
C(6) 1034(8) -64(9) —2001(6) 38(4)
0(@3) 1154(4) 2205(5) 388(4) 26(2)
C(7) 302(5) 2177(7) 467(6) 18(3)
C(8) 85(7) 2338(8) 1229(6) 32(4)
C(9) —58(7) 2872(9) -3(7) 33(4)
0O4) 2905(4) 253(5) —938(4) 22(2)
C(10) 3622(6) 442(7) —1338(6) 25(3)
C(1 3412711 461(16) —-2101(8) 78(8)
C(12) 4235(8) -262(11) —1163(8) 50(5)

@ Equivalent isotropic U defined as one-third of the trace of the
orthogonalized Uj; tensor.

differs considerably from that of a number of structurally
characterized adducts of the type MX3(THF)y X =ClL M =
Sm,' Eu,'¢ Nd;'” X =1, M = U'2) and also the closely related
2-propanol adduct SmBr3(HO-i-Pr)s,'® which all exhibit pen-
tagonal bipyramidal geometry with halide ligands occupying
axial sites. La—I distances of 3.216(1), 3.180(1), and 3.224(1)
A in 1 are directly comparable to that of 3.206(3) A found in
(MeOCH,CH,CsH;),Lal,'® while Ce—I distances of 3.191(1),
3.157(1), and 3.187(1) Ain 2 are slightly shorter than those of
3.299(1), 3.231(2), and 3.200(9) (average) A found in the

(15) Guanyang, L.; Gechen, W.; Zhongsheng, J.; Wenqi, C. Jiegou Huaxue
1992, 77, 200.

(16) Lin, S-H.; Dong, Z-C.; Huang, J-S.; Zhang, Q-E.; Lu, J-X. Acta
Crystallogr. 1991, 47C, 426.

(17) Wenqi, C.; Zhongsheng, J.; Yan, X.; Yuguo, F.; Guangdi, Y. /norg.
Chim. Acta 1987, 130, 125.

(18) Depero, L. E.; Arienti, M. T.; Zocchi, M.; Gallazzi, M. C. Struct.
Chem. 1991, 2, 595.

(19) Qian, C.; Zheng, X.; Wang, B.; Deng, D.; Sun, I. J. Organomet. Chem.
1994, 466, 101.
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Table 3. Fractional Coordinates and Equivalent Isotropic
Displacement Coefficients (A2 x 10°) for Cel;(HO-i-Pr), (2)

10%x 10%y 104z Uleq)
Ce(1) 7819(1) 1043(1) 4977(1) 21(1)
I(1) 6605(1) -327(1) 4201(1) 33(1)
I(2) 9005(1) —387(1) 4265(1) 28(1)
I(3) 7321(1) 2839(1) 5911(1) 25(1)
o) 7195(3) 2218(5) 4172(3) 3002)
C(l) 7147(6) 2255(12) 3400(5) 66(5)
C(2) 7752(6) 1843(14) 3088(6) 92(6)
C(3) 6322(5) 2166(6) 3185(4) 43(3)
0(2) 8821(3) 759(4) 5891(3) 27(2)
C4) 8775(5) 884(5) 6659(4) 28(2)
c(5) 9291(5) 1702(6) 6881(5) 41(3)
C(6) 8963(5) =51(7) 7012(4) 42(3)
03) 8838(3) 2203(4) 4618(3) 30(2)
C(7 9681(4) 2158(5) 4528(4) 27(2)
C(8) 9895(5) 2327(7) 3783(4) 37(3)
C(9) 10067(5) 2870(6) 5022(4) 34(3)
04) 7106(3) 251(4) 5956(3) 26(2)
C(10) 6407(5) 468(6) 6385(5) 44(3)
C(11) 6624(7) 368(13) 7127(6) 103(7)
C(12) 5749(5) —211(8) 6172(6) 53(4)

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

Table 4. Selected Bond Lengths (A) and Angles (deg) for
Lnl3(HO-i-Pr)s (Ln = La (1), Ce (2))

Ln=La Ln=Ce
Ln(1)-I(1) 3.216(1) 3.191(1)
Ln(1)—-I(2) 3.179%(1) 3.157(1)
Ln(1)—I(3) 3.224(1) 3.187(1)
Ln(1)—0(1) 2.508(8) 2.488(6)
Ln(1)—-0(2) 2.525(6) 2.489(5)
Ln(1)—0(@3) 2.492(7) 2.479(5)
Ln(1)—0(4) 2.506(7) 2.495(5)
o(hH—-C(1) 1.495(13) 1.480(11)
0(2)—C(4) 1.457(12) 1.484(9)
03)-C(7) 1.478(11) 1.462(8)
04)—-C(10) 1.478(13) 1.487(11)
I(1)—Ln(1)—I(2) 80.9(1) 81.2(1)
I(1)—Ln(1)—I(3) 124.6(1) 123.5(1)
I(2)—Ln(1)—-1(3) 154.6(1) 155.3(1)
I(1)—Ln(1)—0(1) 80.9(2) 79.7(1)
I(2)—Ln(1)=-0(1) 117.42) 115.1(1)
I(3)—Ln(1)-0(1) 72.2(2) 73.7(1)
I(1)=Ln(1)—0(2) 133.6(2) 133.4(1)
I(2)~Ln(1)-0(2) 76.0(1) 75.9(1)
I(3)—Ln(1)—0(2) 84.0(2) 85.1(1)
O(1)—Ln(1)—0(2) 145.5(2) 147.0(2)
I(1)~Ln(1)-0(3) 136.2(2) 136.2(1)
I(2)—Ln(1)—0(@3) 80.4(2) 80.3(1)
I(3)=~Ln(1)—0(3) 80.3(2) 80.6(1)
O(1)-Ln(1)—0(3) 73.4(2) 72.9(2)
0(2)~Ln(1)—0(3) 78.4(2) 78.9(2)
I(1)—Ln(1)—0(4) 76.6(2) 76.5(1)
I(2)—Ln(1)—0(4) 111.2(2) 111.4(1)
I(3)~Ln(1)—0(4) 77.92) 77.9(1)
O(1)—Ln(1)—04) 121.5(2) 122.9(2)
0O(2)—Ln(1)—0(4) 75.3(2) 75.0(2)
0(3)—Ln(1)-04) 147.3(2) 147.3(2)
Ln(1)=-0O(1)-C(1) 134.8(7) 131.7(7)
Ln(1)—0(2)—C(4) 128.9(6) 130.0(4)
Ln(1)—03)—C(7) 135.9(6) 134.9(4)
Ln(1)—0(4)~C(10) 136.5(6) 136.3(5)

organometallic complexes (7-CsHg)Cel(THF);,20 (7-CsMes)»-
Cel(NCCHj3),,2! and (5-CsMes)Celo(THF)3,? respectively. An
average La—O distance of 2.509(7) A to the four 2-propanot

(20) Mashima, K.; Takaya, H. Tetrahedron Lett. 1989, 30, 3697.

(21) Hazin, P. N.; Lakshminarayan, C.; Brinen, L. S.; Knee, J. L.; Bruno.
J. W.; Streib, W. E.; Folting, K. /norg. Chem. 1988, 27, 1393.

(22) Hazin, P. N.; Huffman, J. C.; Bruno, J. W. Organometallics 1987, 6.
23,
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Figure 2. ORTEP plot (40% probability ellipsoids) of the solid-state
structure of Thol4(O-i-Pr)s(HO-i-Pr), (4) giving the atom-numbering
scheme used in the tables.

Table 5. Atomic Coordinates and Equivalent Isotropic
Displacement Coefficients (A% x 10%) for Thyly(O-i-Pr)s(HO-i-Pr),
@

105« 10y 103z U(eq)?
Th(1) 9823(4) 6165(3) 17924(3) 262(2)
I(1) —8604(8) —32237(7) 12097(6) 417(3)
1(2) 43171(8) 16201(9) 33899(7) 468(3)
o) —11661(62) 2194(57) 3604(49) 312(11)
(1)  —25621(82) 4239(85) 4709(75)  386(12)
C(2) ~37143(84) —9368(91) 8749(85) 515(13)
C(3) —19791(93) 22095(85) 13652(82) 513(12)
0(2) 3083(71) 14579(68) 33946(56) 506(12)
C4) 389(110) 21539(103)  45764(88)  1098(13)
C(5) 11829(104) 38725(100)  53691(83) 758(13)
C(6) —14623(97) 11716(104)  47053(82) 695(13)
0o3) 23521(66) 34291(60) 17940(55) 411(12)
C(7) 35512(90) 51094(87) 27223(77) 431(13)
C(8) 51294(94) 57096(98) 23214(88) 675(13)
C) 29544(98) 63034(93) 28228(87) 660(13)

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

ligands in 1 is comparable to the La—Q distances found for the
alcoholic end groups in the complexes [LaCI{OH,)(EO3),]CL,,2
[LaCly(OH,)2(E03)],Cl,,2 and [LaCl;(EO4)]** (EO3 = tri-
ethylene glycol, EO4 = tetraethylene glycol), which are 2.59(1),
2.556(5), and 2.57(1) A, respectively. Ce—O distances to
2-propanol ligands in 2 average 2.488(5) A. The differences
in average Ln—I and Ln—O distances between 1 and 2 are
directly in line with those expected for the decrease in atomic
radius upon moving from lanthanum to cerium.?s
Thyl4(0-i-Pr)4(HO-i-Pr); (4). Crystals suitable for an X-ray
diffraction study were grown by cooling a concentrated toluene
solution to —40 °C, and the structure determined from diffraction
data collected at —48 °C. An ORTEP plot of the molecular
structure of 4, giving the atom-numbering scheme used in the
tables, is depicted in Figure 2. Selected fractional coordinates
and isotropic thermal parameters are given in Table 5, while
selected bond lengths and angles are presented in Table 6. The
overall molecular geometry of 4 is best described as an edge-
shared bioctahedron with 2-propoxide ligands occupying bridg-
ing positions. The molecule is isostructural with the previously-
described uranium analog'! and is structurally very similar to a

(23) Rogers, R. D.; Etzenhouser, R. D.; Murdoch, J. 8. Inorg. Chim. Acta
1992, 196, 73.

(24) Rogers, R. D.; Etzenhouser, R. D.; Murdoch, J. S.; Reyes, E. Inorg.
Chem. 1991, 30, 1445.

(25) Shannon, R. D. Acta Crystallogr. 1976, 32A, 751.
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Table 6. Selected Bond Lengths (A) and Angles (deg) for
Tl'lzI4(O-i-Pl')4(Ho-i-Pl')2 (4)

Th(1)=I(1) 3.104(1)  Th(1)=12) 3.094(1)

Th(1)-0(1) 2.327(6)  Th(1)—0(2) 2.056(7)

Th(1)—0(3) 2.437(6) Th(1)—Th(1A) 3.924(1)

Th(1)-O(1A) 2.399(6) o(1)—C(1) 1.461(11)
O(1)~Th(1A) 2.399(6) 0(2)—C(4) 1.416(12)
0(3)-C(7) 1.429(7)

I(1)-Th(1)-1(2) 97.7(1) K1)=Th(1)=0(1) 91.3(1)
12)~Th(1)=0(1) 166.9(1) I(1)=Th(1)—0(2) 97.8(2)
1(2)—Th(1)-0(2) 93.0(2) O(1)-Th(1)-0(2) 95.1(3)
I(1)-Th(1)—0(3) 168.6(1) I(2)—Th(1)-0@3) 87.0(2)
O(1)-Th(1)-0(3) 82.4(2) 0O(2)-Th(1)-0(3) 92.2(2)
I(1)=Th(1)-~Th(1A) 89.0(1) I(2)—Th(1)-Th(1A) 135.8(1)

O(1)—Th(1)—Th(1A) 34.5(1) O(2)—Th(1)—Th(1A) 129.5(2)

O(3)—Th(1)-Th(1A) 80.5(1) I(1)—Th(1)—O(1A) 87.0(1)
[(2)—Th(1)—O(1A) 103.2(1) O(1)—-Th(1)—O(1A) 67.7(3)
0(2)—Th(1)—O(1A) 162.4(3) O(3)—Th(1)—O(1A) 81.8(2)
Th(1A)—Th(1)-O(1A)  33.3(2) Th(1)—O(1)—C(1) 135.1(5)
Th(1)-O(1)-Th(1A)  112.3(3) C(1)—O(1)-Th(1A) 112.6(5)
Th(1)—0(2)—C4) 173.4(5) Th(1)—O(3)—C(7) 135.1(6)

number of early transition metal and lanthanide alkoxide and
halide—alkoxide species such as M;(O-i-Pr)s(HO-i-Pr); (M =
Zr, Ce)® and Ti;CL4(OR)4(HOR); (R = CH,CH,C1).?” The
2-propoxide bridging ligands are somewhat asymmetric, with
the Th(1)—O(1) distance of 2.327(6) A being significantly
shorter than the Th(1A)—O(1) distance of 2.399(6) A. The short
Th—O bond is trans to an iodide ligand while the longer Th—O
bond is trans to a terminal alkoxide. An analogous asymmetric
bridging unit was observed in the closely related titanium system
TiCL(OR)4(HOR), (R = CH,CH,Cl1).?’ The longer of these
two Th—O bridging distances is comparable to those observed
in other thorium alkoxide systems containing bridging alkoxide
ligands, such as Tho(OCH-i-Pry)z (2.436(11) A (average)),?®
Tha(O-i-Pr) 6(py); (2.420(10) A (average)),? and Thy(OCHE)s-
(py)2 (2.427(5) A (average)) (py = pyridine).®® The Th—O
distance to the terminal 2-propoxide ligand, however, appears
to be the shortest yet documented for a thorium alkoxide at
2.056(7) A. In the other reported examples of structurally
characterized thorium alkoxide complexes,'32#~% terminal
Th—O distances have been in the range 2.132(5)—2.204(6) A,
with an average value of 2.163 A. There are two types of
terminal iodide ligands, one set being trans to the bridging
2-propoxide ligands (Th(1)—I(2) = 3.094(1) A) and the other
set trans to the 2-propanol ligand (Th(1)—I(1) = 3.104(1) A).
These Th—I distances are similar to that found in (7-CsMes),-
ThI-Ru(CO)(n-CsHs) (3.045 A)*! but significantly shorter than
the 3.226(1) observed in the thorium iodide—alkoxide
complex ThI(OCH-i-Pry)3(py)2.3° The proton of the 2-propanol
ligand could not be located, but its presence is inferred by the
long Th(1)—0(3) distance of 2.437(6) A and the clear presence
of hydrogen bonding across the dinuclear unit with a I(1)—
Th(1)—0(3) angle of 168.6(1)°. The Th(1)—0O(3)—C(7) angle
of 135.1(6)° is also identical to the bridging alkoxide Th(1)—
O(1)—C(1) angle of 135.1(5)°.
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Concluding Remarks

We have found that the direct oxidation of lanthanide metals
(Ln = La, Ce, Nd) with iodine in 2-propanol solution provides
a convenient synthetic route to tetrakis(2-propanol) adducts of
the metal triiodides. In the case of uranium and thorium,
however, an analogous reaction leads to the isolation of mixed
iodide—alkoxide complexes [UL(O-i-Pr)y(HO-i-Pr);]I** and M,L-
(O-i-Pr)y(HO-i-Pr); (M = Th, U'"). We are currently extending
this synthetic methodology to include the reaction of lanthanide
and actinide metals with bromine and chlorine in an alcohol
solvent and exploring the reactivity of the halide—alkoxide
species toward halide metathesis reagents such as alkali-metal
amides, alkoxides, and alkyls.*

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. Thorium metal turnings were obtained
from Los Alamos National Laboratory stock, while lanthanum, cerium,
and neodymium metals were purchased from Strem and used as
received. 2-Propanol was distilled under nitrogen from sodium metal.
Solvents were degassed and distilled from Na/K alloy under nitrogen.
Dichloromethane-d> was degassed, dried over CaH; and then trap-to-
trap distilled before use. Benzene-ds was degassed, dried over Na/K
alloy, and then trap-to-trap distilled before use. Solvents were taken
into a Vacuum Atmospheres glovebox, and small amounts were 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 on Briker WM 300 and AF 250
spectrometers in benzene-dg and dichloromethane-d;. All 'TH NMR
chemical shifts are reported in ppm relative to the 'H impurity in
benzene-d, and dichloromethane-d; set at § 7.15 and 5.32, respectively.
Infrared spectra were recorded on a Perkin-Elmer 1500 spectropho-
tometer interfaced with a 1502 Central Processor or on a BioRad FTS-
40 spectrophotometer as Nujol mulls between KBr salt plates.
Elemental analyses were performed in-house on a Perkin-Elmer 2400
CHN analyzer. Elemental analysis samples were prepared and sealed
in tin capsules in the glovebox prior to combustion.

Syntheses. Lals(HO-i-Pr)4 (1). Lanthanum powder (40 mesh, 2.32
g, 16.7 mmol) was washed with hexanes and placed in a Schlenk vessel.
Residual hexanes were removed from the metal powder in vacuo, and
the vessel was refilled with argon before adding 125 mL of dry
2-propanol and a stir bar. Elemental iodine (6.36 g, 25.1 mmol) was
added to the flask under an argon purge with stirring, and a cold water
bath was used to maintain the reaction mixture at or below room
temperature. The reaction vessel was then stoppered, and the mixture
was left to stir at room temperature until metal powder could no longer
be observed (typically 1—2 days), after which time it was taken into a
drybox and filtered through Celite on a coarse frit. All solvent was
removed from the filtrate under reduced pressure. The solid residue
was washed with toluene to remove unreacted iodine, and the resulting
oft-white solids were dried in vacuo. Yield: 10.96 g (86%). Crystal-
line material was obtained by recrystallization at —40 °C from a
minimum volume of 2-propanol. 'H NMR (250 MHz, dichloro-
methane-d): & 4.75 (septet, *Jyy = 6 Hz, 1 H, CHMe»), 4.36 (s, 1 H,
OH), 1.44 (d, 6 H, CHMe;). IR (cm™'): 3440 (sh, br), 3318 (br, s),
1394 (sh, s), 1287 (m), 1267 (m), 1156 (m), 1140 (m), 1119 (m), 1081
(s). 921 (s), 873 (sh, w), 819 (sh, m), 803 (s), 725 (m), 692 (w), 669
(w), 509 (m), 444 (m). Anal. Calcd for C;;H3:I:La0O4: C, 18.96; H,
4.25. Found: C, 19.27; H, 4.19.

Cela(HO-i-Pr), (2). Cerium chips (1.00 g, 7.14 mmol) were allowed
to react with elemental iodine (2.70 g, 10.6 mmol) in 50 mL of dry
2-propanol in an analogous manner to that described above for the
preparation of Lal;(HO-i-Pr),. Filtration of the reaction mixture through
a medium-porosity frit yielded a pale yellow solution. The volume of
the filtrate was reduced to ca. 20 mL in vacuo, and it was then placed

(32) Bryan, J. C.; Gordon, P. L.; Sauer, N. N.; Thompson, J. A. Manuscript
in preparation.
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in the freezer at —40 °C. Cream-colored crystals were isolated by
removal of the mother liquor and drying under reduced pressure (10~
Torr, 24 h). Yield: 4.6 g (85%). 'H NMR (250 MHz, dichlo-
romethane-d,): § 8.46 (br, | H, OH), 7.05 (br, 1 H, CHMe,), 2.93 (s,
6 H, CHMe;). IR (cm™!): 3307 (br, m), 1082 (m), 947 (w), 808 (w).
Anal. Caled for Cj;H3:Cel04: C, 18.93; H, 4.24. Found: C, 18.75;
H, 3.42.

NdI3(HO-i-Pr)4 (3). Neodymium powder (4.60 g, 31.9 mmol) was
allowed to react with elemental iodine (12.14 g, 47.8 mmol) in 125
mL of dry 2-propanol in a manner analogous to that described above
for the preparation of Lal3(HO-i-Pr)s. Filtration of the reaction mixture
through a medium-porosity frit yielded a burgundy-colored solution.
2-Propanol was removed from the filtrate in vacuo, and the residue
was washed with toluene to remove unreacted iodine. The resulting
pale blue solids were dried under reduced pressure. Yield: 14.14 g
(58%). 'H NMR (250 MHz, dichloromethane-d2): & 9.18 (br, 1 H,
CHMe;), 7.58 (v br, 1 H, OH), 448 (s, 6 H, CHMe;). IR (cm™'):
3435 (sh, br), 3228 (br, m), 1286 (m), 1265 (m), 1139 (m), 1082 (s),
915 (s), 795 (s), 727 (m), 690 (w). Anal. Calcd for Ci,H3I;NdO,:
C, 18.83; H, 4.21. Found: C, 19.18; H, 4.41.

Thzly(0-i-Pr)4(HO-i-Pr); (4). In the drybox, 150 mL of dry
2-propanol was placed into a 250 mL Schlenk vessel. The flask was
sealed, removed from the drybox, and attached to a Schienk line. Under
an argon purge, 12.56 g (54.13 mmol) of thorium turnings were placed
into the flask and a stir bar was added. To the stirring thorium turnings
was then added 13.74 g (54.14 mmol) of iodine in one batch. The
flask was cooled in a water bath while the reaction took place. The
deep brown/purple color of the iodine was slowly discharged to leave
a gray suspension in the flask after 12 h of stirring. The flask was
returned to the drybox, and the contents were filtered through a Celite
pad to give a clear, pale yellow filtrate. The volume of the filtrate
was reduced to 100 mL, and it was placed in the freezer at —40 °C.
Overnight, a mass of white crystalline solid was deposited. This was
filtered off onto a frit and allowed to dry in the box atmosphere.
Yield: 19.5 g (50%). The solid was dissolved in 200 mL of toluene
and the solution stirred for 30 min. All of the solvent was then removed
in vacuo to leave an off-white solid. This solid was recrystallized from
a minimum quantity of toluene at —40 °C to give a white microcrys-
talline solid. 'H NMR (300 MHz, benzene-ds): & 5.03 (s, OH), 4.65
(br, CHMe,), 1.21 (br, CHMe;). Anal. Caled. for CsHyslsOsThy: C,
16.28; H, 3.34. Found: C, 16.42; H, 3.40.

Crystallographic Studies. Lal3(HO-i-Pr)s. The crystals were
examined in mineral oil under an argon stream. The chosen crystal,
0.3 x 0.18 x 0.13 mm, was affixed to a glass fiber using Apiezon
grease and transferred to the goniometer head of an Enraf-Nonius CAD4
diffractometer with graphite-monochromated Mo Ka radiation, where
it was cooled to —70 °C in a nitrogen cold-stream. Unit cell parameters
were determined from the least-squares refinement of [(sin 8)/1]? values
for 24 accurately centered reflections. 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 w-scans. The intensities were corrected for Lorentz and
polarization effects, equivalent reflections were merged (R;,, = 0.016),
and systematically absent reflections were rejected. The structure was
solved by routine Patterson and Fourier methods, using full-matrix least-
squares refinement. 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 3447 unique observed [F > 4g(F)]
reflections converged at R = 0.044, R,, = 0.074 {where w = [0*(F) +
0.001F*~'}. The alcohol O-H protons were not located. All data
refinement calculations were performed using the SHELXTL PLUS
suite of computer programs (Siemens Analytical X-ray Instruments,
Inc, 1990).

Cel3(HO-i-Pr)4. The transparent, pale yellow crystals were exam-
ined in mineral oil under an argon stream, and a crystal measuring
0.325 x 0.40 x 0.425 mm was affixed to a glass fiber using Apiezon
grease and transferred to the —70 °C nitrogen cold-stream of an Enraf-
Nonius CAD4 diffractometer, with graphite-monochromated Mo Ko
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radiation. Unit cell parameters were determined from the least-squares
refinement of [(sin )/2]? values for 24 accurately centered reflections.
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 corrected for absorption empirically using high-y
yw-scans. The intensities were corrected for Lorentz and polarization
effects, equivalent reflections were merged, and systematically absent
reflections were rejected. The metal atom was located by direct
methods, and the structure was solved by routine Fourier methods using
full-matrix least-squares refinement. 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 3354 unique
observed [F > 40(F)] reflections converged at R = 0.035, R = 0.062
{where w = [¢*%F) + 0.003F?1'}. All calculations were performed
using the SHELXTL PLUS suite of computer programs.

Thol4y(0-i-Pr)4(HO-i-Pr);. The clear, well-formed crystals were
examined in mineral oil under an argon stream. The chosen crystal,
0.15 x 0.2 x 0.25 mm, was affixed to a glass fiber using Apiezon
grease and transferred to the goniometer head of an Enraf-Nonius CAD4
diffractometer, with graphite-monochromated Mo Ka. radiation, where
it was cooled to —48 °C in a nitrogen cold-stream. Unit cell parameters
were determined from the least-squares refinement of [(sin 8)/A} values
for 24 accurately centered reflections (26 range 27—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.
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The data were reduced using the Structure Determination Package
provided by Enraf-Nonius and corrected for absorption empirically using
high-y w-scans. The intensities were corrected for Lorentz and
polarization effects, equivalent reflections were merged (Ri,x = 0.015),
and systematically absent reflections were rejected. The structure was
solved by routine Patterson and Fourier methods, using full-matrix least-
squares refinement. 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 2467 unique observed [F > 40(F)]
reflections converged at R = 0,032, R,, = 0.051 {where w = [¢%(F) +
0.0008F2}7'}. The alcohol O-H protons were not located. All data
refinement calculations were performed using the SHELXTL PLUS
suite of computer programs.
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