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Abstract
The tetravalent uranium complexes with bridging organoimide

ligands, (MeCSHU) 8] (u—NR)Z, have been prepared by the valence

y=2 -
conproportionation reaction of (MeCsHu)SU'thf and (MeCSHu)3UNR. X-Ray
crystallographic study of R=Ph and SiMe, shows that the NPh group e

3

asymmetrically bridges the two uranium fragments whereas the NSiMe3
group symmetrically bridges the two uranium fragments. Crystals of
(MeCSHH)MUZ(NPh)2 are monoclinic, P2,/n, with a = 14.738(3) &, b =
9.933(2) A, ¢ = 10.612(2) A, B8 = 102.11(2)° at 23°C. For Z = 2 (dimers)

the calculated density is 2.13 g/cm3. The structure was refined by

full-matrix least-squares to a conventional R factor of 0.029, [1600

2 2 .
data, F~ > 2 o(F7)]. erstals of (MeCSHu)uUZ(NSlMe3)2 also are

monoclinie, P2,/n, with a = 15.761(6) A, b = 9.389(4) &, ¢ = 11.052(4)
A, 8 =101.36(3)° at 23°C. For Z = 2, (dimers) the calculated density
is 2.00 g/cm3. The structure was refined by full-matrix least-squares
to a conventional R factor of 0.023, [2544 data, F2 > 2 o(FZ)]. Both

~complexes are dimers in which the two (MeCSHu)zu fragments are bridged

by the organoimide group so ‘that an inversion center is located in the

center of the U2N2 ring. The bridging U~-N distances are 2.156(8) & and

2.315(8) A& in the NPh complex and 2.217(4) and 2.230(4) & in the NSiMe3

complex.
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The trivalent uranium metallocenes, (RC5H4)3U’ have been found to

be versatile one and two electron-transfer reagents towards a variety of

. 1 . . .
. organic molecules. These reactions-are of general interest since they

yield new and unusual molecular structures and reaction types in.organo—
f-element chemistry. ‘In the course of our synthetic studies we
discovered that (RC5H4)3U reacts with dioxygen to give the unusual
valence disproportionation product (RCSHM)UU in gé; 15% yield.v This
reaction involves, in a phenomenological though not in a mechanistic
sense, oxidation of uranium by one unit and scavenging a
cyclopentadienide ligand from some sour‘ce.10 The reaction reflects the
thermodynamic stability of U(IV) and the small kinetic barriers to
ligand exchange in these paramagnetic 5f-metal centers. Since U(IV) is.
thermodynamically stable with respéct to U(III) or U(V) in aqueous
solution,2 it was -

u(rrr) 20:83Y yrv) $0:28¢ uv)

of interest to examine the reaction of a U(III) and a U(V) metallocene
to see if they would undergo irreversible electron and ligand exchange
to give U(IV) metallocenes. Extrapolation of aqueous solution redox
potentials to metallocenes in hydrocarbon solution is only a guide to
the important thermodynamic result that U(IV) is stable relative to
U(III) and U(V). Uranium(IV) metallocenes are thermodynamically stable
relative to their U(III) analogues since the reduction potential of
(Me_C_).,UCl, in MeCN and (MeCSH ),UCLl in thf is -1.30v and —1752v

5°5°2 2 4’3

relative to SCE, respectively, though no information is available on



pentavalent uranium metallocenes.3 In this paper we describe the
reaction of (MeCSHM)3UNR with (MeCSHu)3U(thf) to give (MeCSHM)MUZ(NR)Z’

i.e., U(V) + U(III) > 2U(IV).

Synthetic Studies

Stirring an equimolar mixture of (MeCSHu)3UNPh1a and
(MeCSHu)3U(thf) in tetrahydrofuran‘for 24h gives two uranium(IV)
containing products as judged by 1H NMR spectroscopy. The two red
products could be separated by fractional crystallization from diethyl
ether since one of the compounds is very soluble in that solvent and the
other compound crystall;zed on cooling a concentrated solution to -20°C.
The red crystals, mp 167~170°C, from diethyl ether have the molecular
(NPh),. The " and '3

formula (MeCSHu)uU C NMR spectrum (see

2

Experimental Section for details) shows that the MeC Hu—rings are

5
equivalent at all temperatures, and the narrow line widths, ca. 1-2 Hz
at half-height, are consistent with tetravalent ur‘anium.1b The precise
molecﬂlar structure is shown in Figure I.

The other product in the reaction, the compound that is very
soluble in diethyl ether and which may be crystéllized from hexane, mp
120-122°C, is the phenylamide, Cp3UN(H)(Ph). This>formulation is
consistent with the elemental analysis and the mass spectrum which shows
the highest mass peak at 567 and the 1H NMR spectrum which is given in
the Experimental Section, as well as independent synthesis. The

phenylamide is also isolated in the reaction of (MeCSHu)BU(thf) with

phenylazide. The origin of this substance is under investigation.

Y
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1a
3’
and (MeCSHu)3U(thf) also undergo the valence disproportionation and

Reaction of the trimethylsilylimido compound, (MeCSHu)3UNSiMe

ligand redistribution reaction in tetrahydrofuran. Again two U(IV)
products are formed, but in this case they cannoﬁ be separated by
fractional crystallization though the red polyfacial crystals and red
plates could bevseparated manually. The elemental analysis and mass
spectrum (M+ = 554) suggest that the polyfacial crystals are

5 The red plates which show a M+ in the mass spectrum at

(MeCSHu)uU.
983, are consistent with the composition (MeCSHu)uUz(NSiMe3)2. The
precise structure of the latter compound was determined by X-ray
crystallography and an ORTEP diagram is shown in Figure.III. The rather
complex nature of the reactions described above precludes any meaningful
discussion of reaction pathway. Studies directed towards synthesis of
larger quantities of these new materials in pure form is in progress so- -

that the reaction chemistry and physical properties of these bimetallic

complexes can be explored.u

Structural Studies

The positional parameters for (MeCSHu)MUZ(“-NPh)z and
(MeCSHu)uUZ(u-SiMe3)2 are in Tables I and II, respectively. Bond
lengths and bond angles are in Tables III and IV, and crystal data are
in Table V. The ORTEP diagrams for the bridging phenylimide are in
Figures I and II. Two views are shown so that the orientation of the N-
2N2 unit and the MeCSHu-rings is easily
seen. Figure III is an ORTEP view of the bridging trimethylsilylimide.

phenyl - group relativé to the U

The two complexes c¢rystallize in the monoclinic c¢crystal system in space



group P21/n, and the unit cell dimensions and volumes are nearly
identical. Both molecules have idealized C2h symmetry with the
inversion center located in the center of the U2N2 ring.
The substitutedfcyclopentadienyl uranium pbrtion of both molecules
is very similar. The averaged U-C(Cp) distance in the phenylimide is : N/
2.76 + 0.02 A, the U-ring centroid distance is 2.49 &, and the ring
centroid-U-ring centroid angle is 118°., In the trimethylsilylimide, the
averaged U-C(Cp) distance is 2.77 % 0.05 A; the U-ring centroid distance
is 2.50 R and the ring centroid-U-ring centroid angle is 120°. These
parameters are in the range found in cyclopentadienyl and substituted

1,6

cyclopentadienyl compounds of the type (RCSHH)3UX and

(RnCSHS_n)ZU(X)(Y)7 where X and Y are anionic ligands.
The nature of the bridging organoimido portion in the two molecules
is vastly differentf In the case of thé trimethylsilylimide, the NSiMe3
group nearly symmetrically pridges the two uranium centers whereas the
phenylimide group asymmetrically bridges the two (MeCSHu)zU fragments.

The most straightforward complex is (MeCSHu) U, (u-SiMe The two

472 3)2'
independent U-N distances of 2.217(4) A and 2.230(4) A, the averaged
value is 2.224 + 0.003 A, are equal to within 3o. The‘U2N2 unit is
planar and the UNU' and NUN' angles are 103.5(2)° and 76.5(4)°,
respectively. The two independent UNSi angles are 129.7(2)° and
126.4(2)°, so the N-Si vector is nearly a perpendicular bisector of the u
UN, ring plahef There are no structures of compounds in which two
uranium atoms are bridged by organoimide groups and only a few in which

two uraniums are bridged by dialkylamide groups. In4U2(NEt2)6(u—NEt2)2

the non-equivalent distances (one is axial and one is equitorial in an
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idealized trigonal bipyramid) are 2.46(1) and 2.57(1) A.8a In the

trimeric and tetrameric complexes [U(MeNCHZCHzNMe)2]3’u the bridging U~N
distances range from 2;37(2) to 2.60(2) A.Sb Detailed comparison among
these structures cannot be made other than to note that a U—N(spz—
hybridized) distance should be ca. 0.10 A& shorter than a U4N(sp3—
hybridized) distance.9

The geometry about the bridging phenylimide group is much more
asymmetric than that found in the isomorphous trimethylsilylimide
complex. The two independent U-N distances of 2.156(8)A and 2.315(8)A
are clearly unequal, though the averaged distance of 2,236 + 0.04018 is
close to that found for the equivalent distance in the bridging
silylimide. The U2N2 unit is planar and the UNU' "and NUN' angles are
104.7(4)° and 75.2(M)°,_respectively, within.1° of those found in the
bridging silylimide} The two independent U-N-C(13) angles of 97.6(6)°
and 157.1(7)° are unequal, though the averaged U-N-C angle of 127° is
again similar to the UNSi angle found in the silylimide. Accordingly
the phenyl group is displaced from the perpendicular bisectof of the
U.N, ring plane by 37°. Therphenyl group is neither perpendicular to

2°2

nor coplanar with the U2N ring plane; the dihedral angle formed by

intersection of the U2N2 and NC(13,14,18) planes is 58°. The structural

result of the opened U-N-C(Ph) angle is that C(18) and C(13) of the
phenyl ring are close to the uranium atom. The U-++C(18) and U-+:C(13)
contact distances are 3.09(1)& and 3.49(1)A, respectively. These

distances are longer than the uranium-aryl distance in Cp3U(p—tolyl) of

2.51(2)A,10a but they are similar to some of the uranium or thorium to

benzyl contact distances found in (MeSCS)Th(CHzPh)3,1Ob



(PhCHZ)uTh(dmpe), (PhCH2)3MeU(dmpe);1oc and in the n64arene complexes

10d 10e
(Me6C6) U.Cl (AlClu), (Me6C6) Uu.Cl.., and

(PhH)U(ALCL oUCLy 2U3Cly;
10f

W3
(Me6C6)3U3C15(AlClu)u.

The geometrical effects of terminal alkyl or aryl imides, RN=, and
the isoelectronic 0 and N= compoéunds of the d-block transition series
have been rationalized in terms of a structural Er_g_qg—inf‘luence.11 In
mononuclear compounds the bond length of the group trans to the
organoimide group is usually long relative to equivalent bonds trans to
other ligands of lesser trans-influence. A similar trans-influence has
been observed in binuclear compounds in which bridging anionic ligands
are trans or nearly trans to terminal organoimide gr’oupse12 The
structural data are useful for éonstructing a trans-influence series
since two types of M-X bond lengths can be compared within one molecule.
The data show that.organoimide groups can lengthen trans-bonds by up to
0.24.

A substantial number of compounds with bridging organoimides is

12¢,d,1,13 1. the majority of these structures, in which the

known.
coordination about the metal is not tetrahedral norvpseudo—tetrahedral,
.the metal to bridging organoimide bond lengths are symmetric unless the
identity of the ligands ﬁhat are trans or nearly trans to the bridging
organoimide are not identical. In molecules in which the metals are in
pseudo-tetrahedral coordination the metal-bridging imide distances are
symmetrical unless the terminal ligands are not identical.1u The

geometrical differences have been rationalized in terms of second-order

Jahn-Teller ef‘f‘ects13c or the competition for population of metal w-

orbitals by the ligands that surround the metal atoms.‘_3a These



&

explanations are not applicable in the case of the two uranium complexes
described in this paper since the ligand environment around each uranium
atom is identical in each case. This requires that the identity of the
organic group on the bridging imide ligand plays the dominant role in
the origin of the distortion. In the rationalization that follows we
assume that steric and packing effeéts do not play a dominant role.

With this cautionary note we offer thé following as a reasonable
rationalization of the molecular distortion.

) group can be described by the three

3

resonance structures A, B, and C (R = SiMe.,). These resonances forms

3

The bonding in the U2(u—NSiMe

account for

(see illustration, next page)

the planarity at nitrogen since the lone pair can w-bond to eiﬁher
silicon or uraniumf The trimethylsilyl énd (MeCSHu)ZU fragments have
empty m-symmetry orbitals available for bonding. It is impossible to
get information about the extent of U-N m-bonding on the basis of
comparative X-ray crystallography since these molecules are unique. It
is easier to get some qualitative information on the extent of N—Si.w;
bonding. The N-Si distances vary from ff6NA in K(dioxane)zN(SiMe3)2 in

which N-Si w-bonding is thought to be extensive1_Sa to 1.8148 in

(Me3Si)2N2 in which m-bonding is thought to be minimal.15b The N-Si

bond distance in the uranium compound of 1.725(6)& is consistent with
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some degree of w-bonding and resonance structure A appears‘to be
important. The_importance of resonance forms B and C, which show
uranium-nitrogen w-bonds, is controversial; the primary issue being what
is a short bond.1’16

The unsymmetrical U-N-C bond anglés and U-N bond lengths in the
phenylimide may be rationalized in the following way. As in.the
trimethylsilylimide, resonance structures B and C (R = Ph) are used to
illustrate U-N single and double bonds. In addition, the phenyl group

can delocaiize negative charge to the ring ortho- and para- positions,

symbolized by resonance structures D and E (only one given).
[(See illustrations, next page]

The resonance structure E can be written with a direct U-C bond which
makes the U-N-C angles and U-N bond lengths unequal, as shown in F.
These resonance structures (D and E) show the similarity of the
phenylimide dianion tb the isoelebtronic benzyl anion and the former may
be called the azabenzyl dianion in recognition of this similarity. Ther
are several examples of a benzyl group acting as a terminal n3—benzyl,

10b,c, 17

G and it is our contention that the bond angles and bond

lengths in the bridging phenylimide portion of (MeCSHu)MUZ(“-NPh)z may
be rationalized by postﬁlating-that the imide is acting as a bridéing,
n3—azabenzyl group, u, n3-NPh as shown in H.

]It is difficult to get bond length data to justify C-N ﬁ—bonding in
the phenylimide bridge, since the bond lengths in azobenzenes range from
1.423(3) A to 1.464(7) A and from 1.392(6) & to 1.360(5) A in

anilines.19 In the anionic complexes, Li(OEtZ)NPhC(CMe3)(=CH2)20a and



12



13

(1M—crown—4)LiNPh2,2Ob the C-i distance is 1.380(1) & and 1.389(5) &,
respectively. 1In the phenylimide, the C-N distance is 1.&0(1) & which

is not significantly different from the other C-N bond lengths.

Experimental.

All operations were done undervnitrbgen. Microanalyses were
performed by the microanalyticalblaborafory of this department. The 1H
and 13C NMR spéctra were measured at 89.56 MHz and 22.50 MHz,
respeétively, on a JEOL-FX90Q instrument; Chemical shifts are reported
in 6~-units relative to tetramethylsilane with positive values to high
frequency. Infrared spectfa were recorded as Nujol mulls on a Perkin-

Elmer 580 instrument. Mass spectra were obtained on a AEI-MS-12 machine

equipped with a direct inlet using electron ionization.

(MeC5ﬂu13UNSiMe3. Trimethylsilylazide (0.20 mL, 1.4 mmol) was added to

1b
(MeCSHu)3U thf

evolution was evident though the color of the solution stayed deep red.

(0.79g, 1.4 mmol) in diethyl ether (20 mL). Gas

The solution was stirred for 12h and the diethyl ether was removed under:
reduced pressure. The red solid was dissolved in hexane (30 mL), the
solution filtered, and the filtrate was cooled to ~80°C. Red crystals
(0.26g, 32%), mp 132-140°C were collected and dried under reduced

pressure. Anal. Calcd for 021H30N81U: C, 44.8; H, 5.38; N. 2.49, Found:

C, 45.2; H, 5.39; N, 2.30. The mass spectrum contained a M+ at 562.

IR: 1238m, 1035w, 979s, 830m, 763m, TUSw, 720w cm~1. 1H NMR

(C +36°C): 6f72 (v 1/2 = 11Hz, 9H), 3.03 (v 1/2 = 10Hz, 9H), -1.96

13

626

(v 1/2 = 37Hz, 6H), -10.4 (v 1/2 = 29Hz, 6H). '3C { H} NMR
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(C6D6,+36°C): 121, 117, 101, 73.3, -2.28. The first three and last
resonance are due to the MeC5H)4 resonances.

(MeQBHu)DUNPh. Phenylazide (0.30g, 2.5 mmol) was added to
=D

(MeCSHN)

3U~thf.(j.40g, 2.53 mmol) in diethyl ether (30 mL). Gas
evolution was immediate, and the color of the solution turned from red
to violet. The solution was stirred for 2h and the diethyl ether was
removed under reduced pressure. The solid residue was extracted with
hexane (50 mL); the extract was filtered, and the filtrate was cooled to
-20°C. The red needles were recrystallized repeatedly, usually three to

five times to free the phenylimide from (MeCsHu)3UN(H)(Ph), see below.

The final yield of (MeCSHu)3UNPh, mp 108-110°C, was 0.22 g, 15%. Anal.

Caled for CZMHZGNU: C, 50.9; H. 4.63; N, 2.47. Found: C, 50.0; H, 4.72;

N, 2.13. The mass spectrum gave a M+ at 566; IR: 1580w, 1571w, 1555w,
1259s, 1157w, 1149w, 1062w, 1045w, 1030w, 1018w, 990w, 970w, 925w, 90im,
890w, 860w, 845m, 777s, 757s, 720m, 689m, 600w, 531w, 330m, 230m cm .

"H NMR (C.D,,+32°C): 18.5 (v 1/2 = 15Hz, 2H), 4.20 (v 1/2 = 2Hz, t, J =

626’
7Hz, 1H), 3.67 (v 1/2 = 19Hz, 9H), -2.40 (v 1/2 = 8Hz, 2H), -3.39 (v 1/2
- USHz, 6H), -10.8 (v 1/2 = USHz, 6H). '3C ('H} NMR (CgDg,+32°C): The

MeCSHM carbons appear at 118,.99.3, 82.0, and -3.9 and the phenyl

carbons appear at 123, 97.6 and 108, and the ipso-carbon resonance is

not observed. The (MeCSHu)3UN(H)(Ph) was isolated from the mother

liquor in ca. 10% yield, mp 120-122°C. Anal. Calcd for C23H27NU: c,

50.8, H, 4.79; N, 2.46. Found: C, 50.9; H, 4.63; N, 2.01. The mass

1

spectrum contained a M+ at 567. H NMR (C6D6, 31°C): 4.13 (9H, MEC5HQ)=

‘EJ/
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-1.03 (6H, Mecsg ), -1.92 (1H, t, p-NPh), -3.04 (2H, o-or m~ of NPh), -

18.16 (6H, MeC.H)), -32.81 (2H, o-or m- of NPh), -158.1 (1H, NHPh). The
linewidth of the resonances is ca. 1-2 Hz consistent with the
tetravalent formulatioh. An authentic sample of the phenylamide has

been prepared by reaction of (MeC Hu)3UMe and an_iline_.u

5

(Mecsgulugz(u—NSiM¢3lz. A mixture of (MeCSHu)3U-thf (0.50.g, 0.91 mmol)
and (MeCSHu)3UNSiMe3 (0.50 g, 0.92 mmol) was dissolved in

tetrahydrofuran (20 mL) and the solution was stirred for 2i4h. The
tetrahydrofuran was removed and the red residue was extracted with
vdiethyl ether (20 mL). Cooling the extract to -80°C yielded crystals in
two distinct habitats, thin plates and polyfaced cubes. The plates gave
a M+ at’983 in the mass spectrum and were shown to be the bridging
silylimide by X-ray crystallography. The other crystals gave a mass
peak at 554 in the mass spectrum, consistent with formulation

(MeCSHu)uU.. Better synthetic methods are under studytu

U (u—Ph)Z. A mixture of (MeCSHu)3U-thf (0.51 g, 0.93 mmol) and

(MeC,H,) U, (u=Ph)
(MeCSHu)3UNPh (0.52 g, 0.92 mmol) was dissolved in tetrahydrofuran

(20 mL) and the solution was stirred for 24h. The tetrahydrofuran was .
removed under reduced.pressure and the red residue was dissolved in

diethyl ether (25 mL) and cooled (-20°C). Thévred solid was collected
and dried under reduced pressure. Yiéld was 0.17 g, 38%, mp 167-170°C.

Anal. Calcd for C36H38N2U2: c, MM.R; H, 3.92; N, 2'87f Found: C, 44.0;

H, 3.84; N, 2.42. The mass spectrum gave a M* at 974. 1H NMR (C6D6,

31°C): 3.16 (MH, MeCH,), -1.32 (MH, MeC.H,), -10.55 (6H, MeC.H)), -4.46
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(2H, O-or m- NPh), -57.99 (2H, O-or m-NPh), -5.89 (1H, t, p-NPh).
3¢ NMR (CDg, 31°C): 214.9(d), 207.3(s), 203.5(d), 156.1(d), 130.1(s),
86.7(d), -38.53(q). IR: 1590w, 1575m, 1550w, 1260s, 1163w, 1148w,
106éw, 1030m, 1017w, §90w, 970w, 925w, 865m, 820m, 7505,_613m, 600s,
538m, 498m, 383m, 330m, 235m cm”1. The mother liqﬁor contained

resonances in the 1H NMR due to (MeCSHu)BUN(H)(Ph);

X-Ray Crystallography. Crystals were sealed inside quartz capillaries

because of their sensitivity to the atmosphere. The structures were
solved by Patterson and Fourier methods. Anisotropic thermal parameters
were assigned to all the non-hydrogen atoms. In (MeCSHu)uUZ(NPh)Z the
non—-methyl hydrogen atoms were included in the full-matrix least4squares
refinements; the methyl hydrogen atoms were omitted. 1In
(MeC5H4)uU2(NSiMe3)2 all of the hydrogen atoms were included, but
refingd with distance r'estr'aints.z1 Atomic scattering factors for all
atoms were derived from values in International Table.22 Experimental

details of the data collection and the least-squares refinements are

tabulated in Table V.

l_/
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Table I. Positional and Parameters with Estimated

Standard Dev1atlon§ for (MeC5Hu)uU2(NPh)2

Atom X y Z

U 0.46931(3)  0.43589(4)  0.64111(4)
N 0.5116(6) 0.6289(8) 0.5455(8)
c(1) 0.5687(9)  0.2532(14)  0.8130(12)
c(2) 0.5650(10) 0.3717(15) 0.8866(11)
c(3) 0.6171(10) 0.4693(13) 0.8447(12)
c(w) 0.6550(8) 0.4143(13) 0.7447(12)
c(5) 0.6248(8)  0.2791(13)  0.7234(12)
C(6) 0.6522(10)  0.1820(15)  0.6315(13)
c(7) 0.3442(9)  0.3000(18)  0.7573(13)
c(8) 0.3155(9)  0.4321(20)  0.7502(14)
c(9) 0.2812(8)  0.4647(16)  0.6216(13)
c(10) 0.2909(8)  0.3u475(14) - 0.5480(12)
c(11) 0.3298(9) 0.2446(13)  0.6346(13)
c(12) 0.3559(10)  0.1022(12)  0.5975(15)
c(13) 0.5169(8)  0.7156(12)  0.6512(10)
c(14) 0.5978(8)  0.7832(12)  0.7109(11)
c(15) 0.6022(11)  0.8552(13)  0.8253(13)
c(16) 0.5232(12)  0.8614(13)  0.8799(13)
cO7) 0.4433(11)  0.7994(14)  0.8219(14)

c(18) 0.4376(8) 0.7323(12) 0.7086(11)



H(1)
H(2)
H(3)
H(4)
H(5)
H(6)
H(T)
H(8)
H(9)
H(10)

H(11)

H(12).

H(13)
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Table I (continued)

.530(6)
.532(9)
.623(8)
.695(6)
.370(12)
.317(8)
.259(6)
.273(6)
.667(6)
.676(11)
.508(8)
.391(6)

0.359(10)

0.

O.

0

0

0.

193(10)
382(13)

.551(12)
L476(9) -

236(19)

.481(12)
.553(11)
.334(9)

.783(10)
.924(17)
L914(11)
.819(9)

.691(14)

.809(8)
.945(13)
.873(11)
.712(8)
.807(16)
.815(11)
.590(9)
-449(9)
.675(8)
.852(16)
.954(11)
.848(8)

.o46(12)
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Table II. Positional and Parameters with Estimated

Standard Deviations for (MeCSHu)uUZ(NSiMe3)2
Atom X | y 2
U ©0.L42876(1)  0.42371(2)  0.58416(2)
N 0.55124(26) 0.5461(4)  0.6084(kL)
Si 0.61269(10) 0.62019(18) 0.74075(15)
c(n) 0.3775(4) 0.1575(7) 0.6607(7)
c(2) 0.4031(5)  0.1360(7)  0.5493(8)
C(3) ~0.4899(5) 0.1584(6) 0.5675(7)
c(4) 0.5208(4)  0.1946(7) 0.6910(7)
c(5) 0.4502(4) 0.1934(6) 0.7517(6)
c(6) 0.4520(7) 0.2115(12) 0.8856(8)
c(7) f 0.3539(4) 0.6727(7) 0.6418(7)
c(8) 0.3656(4) 0.5935(8) 0.7509(7)
c(9) 0.3056(4) 0.4795(8) 0.7286(7)
c(10) 0.2571(3) 0.4883(7) 0.6088(6)
c(11) 0.2888(4) 0.6083(7) 0.5530(7)
c(12) 0.1834(5)  0.3954(9)  0.5552(8)
C(13) 0.5730(5) 0.7988(7) 0.7789(7)
c(1y) 0.7276(5) 0.6419(11)  0.7264(9)

c(15) 0.6164(6) 0.5079(10) 0.8810(7)



1Y

H(1)
H(2)
H(3)
H(4)
H(5)
H(6)
H(7)
H(8)

“H(9)

H(10)
H(11)

H(12)

H(13)

H(14)

H(15)

H(16)

CHO1T)

H(18)
H(19)
H(20)
H(21)
H(22)

H(23)

Table II (continued)
.3185(16)
.3580(24)
.5331(23)
.5815(14)
L374(W)
.399(5)
.297(4)
.272(4)
L477(6)
.3901(22)
.495(5)
.133(3)
.195(5)
162(4)
.5128(21)
.572(4)
6§ 1(4)
.734(6)
.750(4)
L761(4)
.654(5)
647(5)

.5594(24)

0.

0.

0

0

25

153(7)
101(6)

L140(7)
.203(6)
.780(8)
.610(9)
L412(6)
.649(7)
126(6)
.216(11)
.283(8)
.408(7)
.292(3)
435(7)
.793(8)
.866(5)
.838(7)A
.705(6)
.545(3)
.683(7)
.560(9)
.422(6)

-485(9)

.680(4)
1377(3)
S14(8)
.735(3)
.619(6)
.833(8)
.783(6)
L472(6)
.936(8)
.896(8)
.928(9)
.597(5)
.546(7)
.469(3)
.798(6)
.709(4)
.854(3)
657 (4)
.716(6)
.805(4)
.950(6)
.860(10)

.900(7)
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Table III. Selected Distances (A) in

(MeCSHu)uUZ(NPh)Z (MeCSHu)uUZ(NSiMe3)2

Atoms dist Atoms dist
u =-c() 2.765(12) u -c(1) 2.808(6)
u =~ c(2 2.764(11) u - c(2) 2.747(7)
u -c(3) 2.747(13) u - c(3) 2.690(6)
U - Cc(u) 2.736(11) u - c(4 2.729(6)
u - c(5) 2.756(12) u - c(5) 2.823(6)
u -c(m 2.775(12) u -cn 2.749(6)
u - c(8) 2.754(11) u - C(8) 2.765(7)
u - C(9) 2.751(11) u -c(9 2.795(6)
U -c(10) 2.752(11) U - cC(10) 2.838(5)
U - cCc(11)  2.790(11) U - c(1)  2.772(6)
u =-c(13) 2.862(12f
u -N 2.315(8) Uu =-N 2.217(4)
v -n2 2.156(8) u o - N 2.230(4)
N = C(13)  1.408(13) N - Si 1.733(4)
u =y 3.542(1) u -u 3.493(1)
N - N 2.733017) N - N' 2.753(8)
Cp2 - U 2.1481 Cp, - U 2.493
Cp, - U 2.495 - Cp, - U 2.513
U - C(ave) 2.759 + 0.015 U - C(ave) 2.77 £ 0.05

a The primes are related to the non-primes by inversion.

Cp, and Cp2 represent the centers of the cyclopentadienyl rings consisting

1

of C(1)-C(5) and C(7)-C(11) respectively.
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Table IV. Selected Angles (&) in

(MeCSHu)uUz(NPh)Z (MeCSHu)uUZ(NSiMeB)z
Atoms ’ Angle Atoms Angle
N -U- N2 75.2(4) - N -U-N' 76.48(12)
U = N= U 104.7(4) U -N- U 103.52(16)
U =-N-¢C(13)  97.6(6) U - N - Si 129.71(23)
Ur - N - C(13)  157.1(7) Ur - N - Si 126.42(22)
b
Cp=- U - Cp, 118.4 Cp,= U = Cp,  119.7
Cp,- U - N 108.0 Cp,= U - N 114.1
Cp,- U - N'  107.2 ’ Cp,= U - N 110.0
Cpym U - N 129.6 Cpy= U = N 110.1
Cp,~ U - N 107.0 Copm U - N 18T

2 The primes are related to the non-primes by‘inversion.

b Cp, and Cpé represent the centers of the cyclopentadienyl rings consisting

1

of C(1)-C(5) and C(7)-C(11) respectively.



Table V.
a, & 3
b, A
c, A
beta, deg
cryst syst

space group

equivalent positions

reflection rules
AB

volume,

d(calcd),g/cm3

Z
temp (°C)

empirical formula

£(000)

fw

- . color

diffractometer
scan type

X-ray

wave-length (Ka1,Ka2), A

crystal size (mm)

u, cm-1

abs corr range

(MeCSH U
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Crystallographic Summary and Data Processing for

u)u 2(NPh)2 (MeCSHu)uUZ(NSiMe3)2
14.738(3) 15.761(6)
9.933(2) 9.389(4)
10.612(2) 11.052(4)
102.11(2) 101.36(3)
monoclinic
P2]/n
+(x,y,2); x(1/2+x,1/2-y,1/2+2)
h0%: h+% = 2n. 0OkO: k = 2n.
1518.9 1603.4
2.131 2.003
2 2
23 23
C36HgNoU, C3oHygNoSt,U5
904 90l
974.79 966.95
red red

0.0u4x0.

101.2

1.71-2.

modified Picker FACS-1
8-286
MoKa (graphite monochromated)

0.70930,0.71359

2Ux0.14 0.08x0.10x0.32
96.6
17 , 1.94-2.90
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Table V (continued)

crySt decay corr.range 0.99-1.01 . _ 0.98-1.02
two-theta limiﬁs, ° 4-50 | 4-55
hk limits h-17,17;k-2;11;1—12,2 "h-20,19;k0,12;2-14,14
scan width, ° 1.8+0.693xtan(8) 1.8+0.693xtan(8)
no. of standards 3 ' 3
interval of stds : 250 : 250
no. scan data 5375 T410
no. unique reflections 2689 : . 3709
R, .0 0.051 ~0.029
int
no. non-zero wtd data 1600 (F2> 20) ' 2544 (F2> 2¢)
p= o 0.035 0.030
extinction kg 5.2><10-7 9.3x10_8
max % extinction corr 10.0 4.8
no. parameters - 233 | 255.
R(non-zero wtd dat)= 0.029 0.023
R o 0.029 0.024
R(all data) 0.082  0.051
Goodness-of -fit8 : 0.98 ‘. 1.00
max shift/esd in least-square 0.04 0.03

max/min in diff map (e/A3) 1.9,-2.2 1.2,-0.9
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Table V (continued)

Unit cell parameters were derived by a least-squares fit to the

setting angles of the unresolved MoKa components of

18 reflections (1), 20 reflections (2) for 20< 26 <30.
Rint= agreement factor between equivalent or multiply

measured reflections.

2 2 2
= ZiZj[F (hkl)j— <Fo(hk1)>, 1/ Zi<F (hk1)>,

In the least-squares, the assigned weights to the data are

1.0/[0(?)]2 were derived from o(F)2 = [52 + (pF2)2],

where 82 is the variance due to counting statistics and p is assigned
a value that adjusts the weights of the stronger reflections such that

their weighted residuals are comparable to those of the weak ones.

imple extinction correction has the form

(FObS)corr=(1 + kI )Fobs, where I is the uncorrected. intensity

and Fobs is the observed scattering amplitude.

= I(|Fobs| - |Fcal|) / tf|Fobs|
2 2
., = Y[zw(|Fobs|-|Fcal|)"/ £ wFobs".]
1= error in observation of unit weight =
V[ £( w ( |Fobs| - |Fecall )2) / (no - nv) ],

where no is the number of observations and nv is the

number of variables.
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Figure 1. ORTEP drawing of (MeCSHu)uUZ(NPh)Z;' thermal ellipsoids at 50%

probability level.




32

Figure 2. ORTEP drawing of (MeCSH“)uUZ(NPh)2 down a line connecting the

cyclopentadienyl centers.
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Figure 3. ORTEP drawing of (MeCSHu)uUZ(NSiMes)z; thermal ellipsoids at

50% probability level.
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