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Abstract

Base-free Yb [N(SlMe can be prepared by gently heating a solution of
Yb[N(S1Me ) Is [OE% éofuene while removing the volatile material under
reduced pressure e amlde is dimeric in gas phase, by mass spectroscopy, in
toluene solution, and in the solid phase by X-ray crystallography at -95 °C.
The space group is PT, a=8.868(1)4, b=12. 561(§)A €=21.560(3)&, a= 73.81 (1)°,

= 86.70(1)°, y = 71.26(1)°, and V = 2225(}) The averaged Yb-N (terminal)
distance is 2.305 + 0.003 & and the averaged Yb-N (bridge) distance is 2.502 :

e e st B B LGl LIS GE AR A ERTALM  n

asis of 'someé acid-base reactions the pK, of HN(SlMe3)2 is estimated to be
between 30 and 35.
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In an earlier paper,1

we outlined our interests in and strategies for
synthesis of divalent silylamides of the lanthanide elements of the type
M[N(SiMe3)2]2. We expected that these complexes with low coordination numbers
enforced by sterically bulky ligands to undergo intra- and perhaps intermo-
lecular reactions to remove the coordinative unsaturation at the large,
electropositive metal centers. In this paper we describe the preparation of
the base-free ytterbium complex, sz[u-N(SiMe3)2]2[N(SiMe3)2]2, its crystal
structure that shows four intra-molecular Yb...CH3Si bridge interactions, and
some of its reactions with protic acids.

The orange diethylether complex, Yb[N(SiMe3)2]2(OEt2)2,1a turns red on

dissolution in toluene. This suggested to us that the equilibrium shown in

equation 1 exists

in toluene solution, assuming that the base-free complex is red in color. If
this suggestion is correct, then removing the toluene-diethylether solvent
mixture at elevated temperature and reduced pressure should drive the equi-
librium to the right as diethyl ether is the most volatile component.
Exposing a warm (60-70°C) solution of Yb[N(SiMe3)2]2(OEt2)2 in toluene to a
dynamic vacuum yields a red solution that gives red needles of Yb[N(SiMe3)2]2
from pentane. The complex is dimeric in gas phase since it gives a molecular
ion in the mass spectrum at 986 amu.

The 'H NMR spectrum shows a siﬁgle resonance at 80.32 at room temperature
and two equal area resonances at §0.48 and 0.36 at -92°C. The low temperature
spectrum suggests that the stereochemically rigid structure consists of a

dimer with two terminal and two bridging N(SiMe3)2 groups so that each



ytterbium is three coordinate. This structure is similar to that found in the
solid state for the divalent transition metal complexes M2[u-
N(SiMe3),],[N(SiMes)5],, where M is Mn“@:P or Co?P. At -56°C the two singlets
in Yb2[u-N(SiMe3)2]z[N(SiMe3)2]zcoalesce. Using the simple two site exchange
approximation with Tc=217K and 4v = 8 Hz at coalescence gives AG*(Tc) = 11.3
kecal mol'1 for bridge-terminal exchange. The 13C{1H}NMR spectrum at 25°C
consists of a singlet at §6.47 and a pair of single resonances at §6.05 and
5.88 at -92°C.

The crystal structure at -95°C confirms the spectroscopic deductions.

An ORTEP diagram is shown in Figure I, positional and thermal parameters are
shown in Table I, bond lengths and bond angles are shown in Tables Il and III,
repsectively, and crystal data are shown in Table V. The complex crystallizes
in the triclinic space groups PT with one dimer in the asymmetric unit. The
molecule has no crystallographically imposed symmetry and the molecule has no
apparent symmetry. The ytterbium-ytterbium separation is 3.U475(1)A.

The Yb(1)-N(4) and Yb(2)-N(1) terminal distances are 2.300(3)4 and
2.3i0(3)ﬂ, respectively, with an averaged value of 2.305 t 0.003X. The Yb(1)-
N(2,3) and Yb(2)-N(2,3) bridging distances are 2.492(3)&, 2.u445(3)4,
2.573(2)&, and 2.497(3)&, respectively, with an averaged value of 2.502
0.035&8. The ytterbium atoms appear to be three coordinate; however, close
expectation of the structure reveals that there are four rather short Yb...C
contacts, two for each ytterbium atom. Hence, the coordination number of each
ytterbium atom is greater than three and the Yb...C contacts are responsible
for the rather large differences in the Yb-N (bridging) distances and the the
lack of symmetry in the molecule. The Yb(1)...C(11,19) and Yb(2)...C(5,8)
distances are 2.823(4)A, 2.888(4)&, 2.785(4)&, and 2.820(4)&, respectively,

with an averaged value of 2.829 : 0.030A4.




Table IV lists some ytterbium and lutetium compounds that contain either
short intra-molecular M...C contacts or with two center-three electron bridge
bonds. The first two compounds have Yb...C distances and Yb-C-Si angles that
are similar to the corresponding values in Yb2[u—N(SiMe3)2]2[N(SiMe3)2]2°
These features are rem;niscent of the geometries found in compounds containing
electron-deficient alkyl bridges. The Yb...C contact distance in sz[u-
N(SiMe3)2]2[N(SiMe3)2]2 is ca. 0.34 longer and the Yb...C-Si angle is closed
by ca. 6° relative to these parameters in Yb,Cpy(u-Me),, a compound in which
the methyl group symmetrically bridges the two ytterbium centers in a three
center-two electron bond. The last compound in Table IV contains a nearly
linear Lu...C-Lu bridge, with a secondary Lu...C contact distance of 2.76(1)4,
which is only ca. 0.1 shorter than the the Yb...C contacts of Yoy [u-
N(SiMe3)2]2[N(SiMe3)2]2. It is clear that the Yb...C contacts in the title
compound fall well within the region expected for Yb-C bonding interac-
tions.! Based upon the comparisons in Table IV it may be useful to regard the
methyl group of Yb...C(Me)-Si linkages as semibridging, using the language
that has been developed in metal carbonyl chemistry to describe éarbonyl

groups that asymmetrically bridge two metals,5 However, the term secondary

bonding interaction may be more appropriate in cases where one M...C distance

is much longer than the Si-C distance, but still shorter than the van der

Waals contact distance.6

we 7

and others’ have suggested that these secondary interactions are by
way of a Yb...C interaction, rather than due to donation of C-H bond electron
density in the C-H bond to the metal (i.e., Yb...H-C.) In order to obtain
more data pertinent to this question, the X-ray diffraction data were
collected at -95°C. All hydrogen atoms were located but not refined, and

placed in calculated positions. Difference Fourier maps in the region of C(8)
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with H(81,82,83) missing indicated that the calculated hydrogen positions were
accurate. The shortest Yb...H distance (2.23&) is between Yb(2) and H(82) of
C(8). Other short Yb...H distances ranged from 2.52 to 2.96A. The
Yb(2)...H(82) distance is well within the sum of the van der Waals radius of
hydrogen and the metallic radius of ytterbium(II) in eight coordination which
is (1.2 + 1.8) = 3.08. However, since only one Yb...H separation in the dimer
is very short, and since the geometry about the methyl groups appear unper-
turbed, the Yb...C(Me) interactions appear to be primarily due to an attrac-
tion between the electropositive metal and the electronegative carbon atoms of
the Me3Si groups though a neutron diffraction structure would be helpful. The
room-temperature X-ray diffraction data for Y2Cpu(u-Me)2 was accurate enough
to allow location of the hydrogen atoms.ua Based on consideration of the.
hydrogen positions (Y...H distances ranged from 2.54 to 3.45&), the authors
described the methyl groups as bridging the two ytterbium centers by way of
their carbon atoms, in a classical three center-two electron bond as found in
Mey AL, (u-Me),.?

The Yb...C or Yb...HC contacts appear to be responsible for the distor-
tions of the bond angles about the planar Yb(1,2)N(2,3) ring. Bonding between
Yb(2) and carbon atoms C(5) and C(8) is responsible for displacement of N(1)
from the Yb(1,2)N(2,3) least squares plane by 0.25A. Similarly, N(4) is
displaced by 1.07& above this plane to allow interaction of Yb(1) with C(11)
and C(19). The dihedral angle defined by Yb(1,2)N(2,3) and N(2)Si(3,4) is
118°, and that between Yb(1,2)N(2,3) and N(3)Si(5,6) is 79°. The twisting of
the bridging (Me3Si)2N(2) group towards Yb (1) and Yb(2) is undoubtedly
largely due to secondary Yb...C interactions. The Yb...C contacts also cause
distortions in the terminal silylamide ligands. The dihedral angle defined by

Yb(1,2)N(2,3) and Yb(2)Si(1,2) planes is 115° and that defined by




Yb(1,2)N(2,3) and Yb(1)Si(7,8) planes is 57°. The Yb...C interactions are
strong enough to distort the geometry of the terminal nitrogen atoms from
planarity, a feature that has not been observed pr‘eviously.‘g’10 The
Si-C(5,8,11,19) distances, which average to 1.888 + 0.007&, are not signifi-
cantly different from all of the other Si-C distances within the molecule
which average to 1.864 + 0.012A.

The degree to which a ytterbium atom will engage in secondary Yb...C
bonding to increase its coordination number appears to be determined largely
by steric factors. These interactions are probably quite weak since the low-
temperature solution NMR spectra (1H and 13C) show no evidence for them.

Also, no unusual features were observed in the C-H stretching region of the
infrared spectrum of a solid sample. Our view is that the Yb...C interactions
are worth less than 5 kecal mol”, which is on the order of crystal packing
forces and solvation energies. Studies designed to obtain more quantitative
information from solid state NMR spectroscopy are planned for the future.

The base-free ytterbium silylamide should undergo a wide variety of reac-
tions with protic acids.11a We could predict the thermodynamic feasibility of
these reactions if we knew the pK, of (Me3Si)2NH. Unfortunately, this value
was not known when we began these studies, but it must be less than NH3 (pKa =

35) since sodium amide deprotonates the silylamine,12

and greater than phenyl-
acetylene (pK, in dmso = 28.7)'3 since the acetylene reacts with the silyl-
amide to give the known complex Yb(CzCPh)E.M The pK, of (Me3Si)2NH has
recently been estimated to be 26 in tetrahydrof‘uran.15

As expected, sz[u-N(SiMe3)2]2[N(SiMe3)2]2 reacts with CpW(CO)3H (pK; in
MeCN is 16.1)16 to give Yb[CpW(CO)3]2[thf]3 after crystallization from thf.
The infrared spectrum in the CO-stretching frequency region, 1895s, 1755vs,

and 1675vs cm™" (Nujol) is identical to that found for Mg[CpMo(CO)3]2[thf]u in



which the magnesium atom is coordinated to four tetrahydrofuran groups and two

trans disposed carbonyl oxygen atoms of CpMo(CO)3.17 The low energy CO

1 18

stretching frequency at 1675 em™' is consistent with Yb-OC-W interactions,
though the precise structure is unknown. A related lanthanum complex,
La[CpMo(CO)3]3[thf]5, has one carbonyl ligand on each CpMo(CO)3 unit is acting

as an isocarbonyl link towards the lanthanum atom.19

Experimental Section. All operations were carried out under nitrogen.

Microanalyses were performed by the Microanalytical Laboratory of this depart-
ment. Infrared spectra were recorded on a Perkin-Elmer 597 instrument and 4
and 13C{1H}NMR were recorded on a JEOL-FX90Q instrument operating at 90 MHz
(1H) and 22.5 MHz (13C). The chemical shifts are expressed in §-values,

positive values are to high frequency of MeySi at § = 0.

Yby[u-N(SiMe3),15[N(SiMe3)oly  The diethyl ether complex, *

Yb[N(SiMe3),1[0Et,15'@ (1.0 g, 0.0016 mol) was dissolved in toluene (20 mL)
and the red solution was heated to 80° for 2 hours then the toluene was slowly
removed under reduced pressure while keeping the solution at ca. 80°C. The
orange-red residue was dissolved in pentane (40 mL), filtered, and the
filtrate was concentrated to ca. 10 mL. Cooling to -20°C gave orange-red
needles which were collected and dried under reduced pressure. Concentration
of the mother liquor to ca. 1 mL and cooling to -20°C gave a second crop of
product in ,a combined yield of 0.60 g (76%), mp 150 - 153°C. [IR: 1250s,
1175w, 1020s, 930s, 875s, B20s, 755s, 660s, 605msh, 595s, 410s, 390msh, 375s,
362ssh, 285w, 245w, em™!. Anal. Caled for CqoHggN,SiyYb: C, 29.2; H, 7.35; N,
5.67. Found: C, 27.4; H, 7.19; N, 4.85. As explained earlier'? the combus-
tion analysis results on lanthanide silylamides are frequently poor, presum-

ably due to formation of lanthanide carbides, silicides and nitrides. The



spectroscopy and crystallography of this compound leaves no doubt as to the

identity and purity of the product, however.

¥b(thf)3[CPW(CO)3]y  the diethyl ether complex, Yb[N(SiMes),],[OEt,]
3)212[0Et, 15

(0.34 g. 0.00053 mol) in toluene (10 mL) was added to CpW(CO)3H (0.35 g,
0.0010 mol) in toluene (30 mL). The yellow precipitate was stirred for 1 hour
then the toluene was removed under reduced pressure. The yellow residue was
dissolved in tetrahydrofuran (20 mL) and the solution was concentrated to ca.
2 mL. Cooling afforded yellow prisms in 73% (0.41 g) yield. Anal. Caled for

Cogh3yOgWoYb: C, 31.9; H, 3.25. Found: C, 31.6; H, 3.25.

Yb(C=CPh), Phenylacetylene (0.16 mL, 1.5 mmol) in toluene (10 mL) was

added to Yb[N(SiMe3)2]2[OEt2]2 (0.48 g, 0.00075 mol) in toluene (20 mL) at
0°C. After stirring for 1 hour, a dark purple solid was deposited from
solution. The solid was isolated by filtration and then crystallized from
tetrahydrofuran (8 mL, -70°C). The acetylide was identified by its infrared
spectrum, v,, = 2040, 2010 cm'1 and analysis.“4 Anal. Caled for C16H10Yb: C,

51.2; H, 2.69. Found: C, 51.6; H, 2.83.

X-ray Crystallography. Red-orange platelets of YbZ[N(SiMe3)2]u were
grown by slowly cooling a saturated pentane solution to -25°C. A plate of
approximate dimensions 0.4 mm x 0.32 mm x 0.10 mm was lodged into a thin
walled quartz capillary in an argon filled dry box. The capillary was then
flame sealed. Examination of the crystals with preliminary precession
photography indicated triclinic Laue symmetry. The crystal was then mounted
on an Enraf-Nonius CAD4 automated diffractometer,20 cooled to -95°C and
centered in the beam. Automatic peak search and indexing confirmed the Laue
symmetry and yielded cell parameters. The space group PI was confirmed by

successful solution and refinement of the structure.
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Accurate cell parameters were determined by a least-squares fit to the
setting éngles of the unresolved MoKa components of 24 symmetry related
reflections having 20 between 25 and 30°. The cell parameters are given in
Table V along with the data collection parameters.

The 6005 raw intensity data were converted to structure factor amplitudes
and their esd's by correction for scan speed, background, and Lorentz-
polarization effects. Analysis of the azimuthal scan daﬁa showed a signifi-
/1

cant variation, I = 0.478 for the average relative intensity curve.

min’ “max
An analytical absorption correction using the measured size of the crystal,
its indexed faces, and a 6 x 10 x 14 gaussian grid of internal points was
performed. The maximum and minimum transmission factors were 0.492 and 0.232,
respectively.

Rejection of redundant data gave a unique set of 5821 data which were
used to solve and refine the structure. The Yb atom positions were determined
by analysis of a three-dimensional Patterson map. The remaining atoms were
found by conventional Fourier and difference Fourier techniques. The non-
hydrogen atoms were refined anisotropically, while the hydrogen atoms were
placed in calculated positions with fixed thermal parameters, and were
included in structure factor calculation, but were not refined. The large
thermal motion on C(16,17,18) is due to a rotational disorder which could not
be resolved.

The final residuals for 344 variables refined against the 4844 data for
which F° > 30(F2) were R = 2.19%, wR = 2.72%, and GOF = 1.669. The R value
for all 5821 data was 3.44%.

The quantity minimized by the least-squares program was Zw(|F°|-|FC|2,

20

where w is the weight of a given observation. The p-factor, used to reduce

the weight of intense reflections, was set to 0.02 throughout the refine-

Lo

Py
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ment. The analytical forms for the scattering factor tables for the neutral
atoms were used and all non-hydrogen scattering factors were corrected for
both the real and imaginary components of anomalous dispersion.

Inspection of the residuals ordered in ranges of sine/x, |F |, and parity
and value of the individual indexes showed no unusual features or trends.
There was evidence of secondary extinction in the low-angle, high-intensity
data, and a secondary extinction correction was applied.

The largest peak in the final difference Fourier map had an electron

density of 0.97 e~1/83 and was associated with Yb(1).
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Figure Captions

Figure I. ORTEP Diagram of sz[u-N(SiMe3)2]2[N(SiMe3)2]2




Atom

Y81
Y82
SIt
si2
S13
SI14
s15
S16
S17
S8
N1
N2
N3
N4
c1
c2
c3
c4
cs5
cé
c7
cs
c9
cig
c11
c12
c13
c14
c15
C16
c17
cis
c19
c20
c21
c22
c23
c24

HI1
H12
H13
H21
H22
H23
H31
H32
H33
H41
H42
H43
HS1
HS2
H53
H61
H62
H63
H71
H72
H73
H81
H82
H83
H91
H92
H93

-14-

Table 1.

Positional and Thermal Parameters

%X

g.14117¢2)
2.305092(2)

2.5813(1)
2.3242(1)
B.4738(1)
B.1400(1)
-2.20881(1)
2.2631(1)
-9.8357(2)
2.2925(2)
#.4333(4)
#.2754(4)
9.1597(4)
#.1518(4)
#.7156(6)
9.7141(7)
2.5007(6)
£.2263(5)
7.1568(5)
9.4300(6)
#.5164(6)
#.5952(5)
#.5633(6)
#.2159(6)
-F.9321(6)
7.8493(6)
-9.1183(5)
2.9478(6)
-@.1537(6)
#.1541(7)
2.33906(9)
§.4318(7)
-@.1488(6)
-g.1516(7)
-0.9548(6)
B.2746(8)
#.4985(6)
9.2852(7)

#.7979
9.6563
9.7634
9.7929
2.7640
#.6522
2.5861
#.4334
f.4498
2.1691
2.1561
2.30689
2.9915
2.20084
2.8942
8.36087
9.5205
2.4651
#.6269
#.4563
#.4882
g.7945
g.5608
#.5816
g.6719
#.5559
#.5871

y

#.45535
#.24259

#.1628¢
7.2062¢
B.4548¢
7.5491¢
#.6961(
7.5973¢
7.1178¢
g.24092¢
2.4571

7.3809¢(
2.3677¢
2.5973¢(
2.7953¢(
7.5214¢
2.5398¢
g.6519¢
2.6955¢(,
2.8523¢
B.7427(
B.5436¢(
#.4965¢

#.1923
8.2729
#.1541
-J.9245
-2.9717
-2.8735
9.1949
#.1584
B.2747
-9.0279
2.10823
2.9943
2.8276
8.8725
#.1558
-9.1747
-@.1595
-9.1381
-9.4379
-9.9218
-9.9286
Z.1496
2.1675
9.2731
#.1523
8.2794
g.1841

z

9.29997(1)
#.21182{(1)
#.99814(6)
#.16153(8)
#.34924(6)
2.38473(6)
#.14431(6)
#.13953(6)
#.32175(6)
2.38376(7)
#.1516(2)
9.3293(2)
B.1793(2)
#.3332(2)
#.1158(3)
2.9971(3)
#.9152(2)
2.0888(2)
2.2153(2)
B.2049(3)
#.3713(3)
#.2771(3)
2.4125(3)
B.4692(2)
8.38448(2)
#.3725(2)
2.2885(2)
2.09849(2)
£.1021(2)
9.1234(5)
7.8639(3)
f.19081(4)
#.2685(3)
£.3943(3)
9.2801(3)
#.3959(3)
#.3532(3)
9.4637(3)

p.9859
f.1144

#.1574

P.9666

#.1379
7.9866

-2.9125

g2.9941
a.9133
2.8997
2.8701
2.8596
g.2222
§.2545
#.1955
2.2078
#.18082

F.2447

7.3816
g.4067
2.3364
2.2879
2.2448
9.2628
2.42491
#.3996
B.45406

- oo - -

NN
oN
[N

NN = N = NP () 0ttt gt oot b i Pt Pt ot fud st Dt et N\ I~ o~

a o o o o s »

LROBWNOONOUNORNRWN D U &YW -

-
OANMUNWR = DWWWWWEs&ELELWWWAO

P i e T e I T T N e . e . I
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Table I - continued

’ .2
Atom X - y z B(A )
H181 g.1344 F.1328 g.4961 §5.3%*
H1@82 2.3043 g.8792 F.4739 5.3**
H193 g.2594 g.2958 #.4803 5.,3%*
H111l -9.1069 4.3237 g.4144 S5.9%*
H112 g.8871 2.3983 #.3938 B, g**
H113 -9.49826 9.3747 g.3429 5.0%*
H121 -9.9228 J.98589 9.4952 B %>
H122 -2.9853 g.1277 #.3326 5. %%
H123 g.1314 g.9265 9.3749 S.g**
Hi31l -F.2122 g.3786 B.1997 5.g**
H132 -@.8527 g.3939 g.2288 B.A**
H133 -9.1476 J.4239 #4.2392 S.g**
H141 -g.9466 #.3675 9.9663 5.9%*
H142 2.1879 F.4016 9.0528 5.G%*
H143 4.1891 7.2895 2.1055 5.G%*
H151 -9.24908 #.5835 g.9854 S.g**
H152 -9.1928 #.6426 #.1313 B.g**
Hi153 -2.1831 g.6376 #.9689 S5.9%*
H161 g.2172 g.7512 g.1014 9. 5%*
H162 2 .9588 #.7253 g.9981 g, 5»w
H163 #.1221 F.7258 g.1623 9, 5%*
Hi71 #.3956 #.5736 7.9432 12.1**
H172 2.4999 F.4427 g.9799 12.1**
H173 #.2530 #.5311 2.8362 12.1%>
H181 #.4925 #.5887 2.1793 1.9**
H182 #.3953 #.5493 9.2297 17.9%*
H183 #4.5022 #.4515 2.2813 17,.9**
H191 -9.2549 2.7943 2.2616 5.0%*
H192 ~g.9981 7.6538 g.2294 S.@%*
H193 -#.1513 #.5747 2.2884 S.g%x*
H241 -9.2555 #.7511 2.3834 6.2"%
H202 -F.1614 #.6199 #.4119 6.2**
H243 -g9.19008 7.7154 7.4236 B.2%*
H211 -F.1656 7#.8982 g.2763 5.3%*
H212 -9 .9901 2.8819 g.3043 5,.3%*
H213 -g.91382 #.8576 g.2394 5.3**
H221 #.3569 9.7332 g.4248 8.4%>
H222 g.2836 2.7952 @.3567 8. 4%*
H223 Z.1738 g.7727 7.4131 8.4%*
H231 #.5761 9.5422 g.3829 7.1%*
H232 #.5186 #.4669 2.3492 7.1%*
H233 B.5070 #.5945 #.3129 7.1%%
H241 #.3652 7.4968 g.4913 7.4**
H242 #.1838 7.5225 7.4899 7.4*%%
H243 7.3049 9.4197 g.4602 7.4%>

a0 = > o o = . . - - " - - - o - W = M D = e MR em S e e S

=% .- Atoms included but not refined.

Anisotropically refined atoms are given in the form of the
isotropic ;quiva1ent thermal parameter defined as:

2 2
(4/3) * [a *B{1,1) + b *B(2,2) + ¢ *B(3,3) + ab(cos gamma)*B(1,2)

+ ac({cos beta)*B(1,3) + bcl(cos alphal)*B(2,3)]
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Table II,

Bond Lengths

Intramolecular Distances

ATOM 1 ATOM 2 DISTANCE

Y81 N2 2.492(3)
¥B1 N3 2.445(3)
Y81 N4 2.3808(3)
YB2 N1 2.319(3)
Y82 N2 2.573(3)
YB2 N3 2.497(3)
SI1 N1 1.719(3)
SI1 Cl 1.879(5)
SI1 c2 1.868(5)
SI1 c3 1.878(4)
Si2 N1 1.691(3)
siz C4 1.862(4)
SI2 (o 1.898(4)
Siz2 Cé 1.875(4)
SI3 N2 1.728(3)
Si3 c7 1.873(5)
SI3 cs 1.881(4)
SI3 . C9 1.872(4)
Si4 N2 1.726(3)
S14 Clg 1.872(4)
SI4 Cll 1.891(4)
SI4 ci2 1.866(4)
SIS N3 1.726(3)
SIS c13 1.871(4)
SIS Cl4 1.876(4)
SIS C1s 1.869(4)
SI6 N3 1.721(3)
SI6 clé 1.829(6)
SI6 Ci7 1.837(5)
SI6 cis 1.831(8)
S17 N4 1.691(3)
S17 Ccis 1.881(4)
S17 c2g 1.845(4)
SI7 c21 1.876(4)
SIs N4 1.699(3)
SI8 c22 1.873(58)
SI8 ca3 1.887(5)
SI8 c24 _.1.869(5)
YB1 cl1 2.823(4)
Y81 cis 3.492(7)
Y81 ci1s 2.888(4)
Y82 CS 2.785(4)
YB2 cs 2.820(4)
YBs2 Cl4 3.387(4)



ol

Intramolecular Angles

ATOM 1
Ysl
YB1
ve2
Y82
SI3

N2
N2
N2
c7
c7
cs

N2
N2
N2

.C19

clg
Cl1

Y81
YB1l
YB2
Y82
SIS

N3
N3
N3
ci3
c13
Cl4

N3
N3
N3
Cl6
Clé
c17

N2
N2
N2
N3
N3
N3
N4
N4
N4
cl1
Ci1
c18

N1
N1
N1
N2
N2
N2
N3
N3
N3
CS
Cs
cs

ATOM 2 ATOM 3

N2
N2
N2
N2
N2

si3

"~ SI3

Si3
Si3
Si3
SI3

SI4
Si4
S14
S14
SI4
SIa

N3
N3
N3
N3
N3

SIS
SIS
SIS
S1S§
SIS
SIS

Si6
Si6
Si6
SI6
SI6
slé

Y81
Y81
Y8l
Y81
Y¥B1
Y81
¥g1l
YB1
YB1
Y81
¥B1
¥B1

YB2
YB2
Y82
yB2
Y82
Y2
yB2
Y82
Y82
Y82
Yg2
Y82

SI3

S14 |

SI3
SI4
Si4

c7
cs
c9
cs
cs
c9

Clg
cil
cl2
Cli
ci2
c12

S15
SI6
SIS
SI6
SI6

ci13
Ci4
Ci5
Ci4
C1§6
Cis

Cl6
Ci7
cis
Cl17
Cis
cls

il
cis
c19
Cii
cis
c19
c1l
c18
c19
cis
Ci9
c19

cS
cs
Cl4
C5
cs
Cl4
Ccs
cs
Cla
cs
Cl4
Cl4
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Table III.

Bond Angles

ANGLE
129.69(14)
98.57(12)
94.086(12)
132.60(14)
116.24(16)

6
112.95(17
198.94(16
115.82(18
193.61(22
198.55(21
1906.085(29)

)
)
)
)
)

116.56(17)
199.80(16)
115.47(16?
193.55(19)
195.49(29)
195.91(19)

115.96(1
119.24(1

98.81(1
117.93(1
127.16(1

115.35(19)
113.13(28)
198.88(22)
187.4(4)
182.7(3)
198.7(4)

67.36(198)

99.089(14)
149.17(18)
127.28¢(11)

54.91(13)

93.44(11)
199.48(11)

84.95(15)

66.78(11)
165.88(14)

84.82(12)
199.28(14)

67.92(11)
89.98(12)
82.88(19)
97.27(11)
65.84(11)
132.65(9)
122.54(19)
111.43(12)
58.31(9)
123.63(13
76.25(11
2

)
)
154.28(12)

Intramolecular Angles

- ATOM 1
N2
N2
N3
Nl
N1
N2
Y8l
Y81

¥YB2
YB2
SI1

N1
N1
N1
C4
C4
(o4

N1
N1
N1
C1
cl
c2

Y81
Y81 '
s17

N4
N4
N4
cl19
Cl9
c2g

N4
N4
N4
c22
c22
ca3

ATOM 2
YB1
Y81
Y81l
vB2
Y82
YB2

N2

N3

N1
N1
N1

siz2
S12
S12
SI2
SI2
SI2

SIl
S11
SI1
s1l
SI1
SI1

N4
N4
N4

SI17
SI7
S17
Si7
Si7
S17

Sis8
Sis
sIis
SIs
SIs
SIs

ATOM 3
N3

N4

N4

N2

N3

N3

YB2
YB2

SIl
SI2
SI2

(oF
(o]
cé
Ccs
Ccé6
cé

c1
cz
Cc3
c2
c3
c3

S17
Si8
SI8

c19
c2g
c21
c2o
ca21
c21

c22
ca3
c24
c23
c24
c24

ANGLE
93.54(9)
129.37(19)
126.87(14)
138.81(18)
139.48(19)
94.37(9)
86.64(9)
89.38(9)

133.45(16)
193.27¢13)
122.59(17)
116.44(18)
196.26(16)
115.51(17)
196.84(19)
196.89(2%)
194.66¢(29)

111.98(18)
114.19(19)
112.17017)
195.66(25)
196.34(23)
196.87(22)

194.082(14)
128.31(16)
125.28(19)

198.13(17)
114.66(20)
115.94(18)
195.21(22)
194.51(28)
197 .449(21)

114.44(22)
119.74(22)
119.87(19)
195.6(3)
197 .9(3)
197.8(3)
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Table IV.
Me
X  Y¥b(Lu)  Me-Yb(Lu)  Ref.
Compound X in deg. in &

Yb[N(SiMe3)2]2dmpe Si 80 3.04 ib
NaYb[N(SiMe3), 13 Si 78.6(3) 2.88(3) 1a
Yb[N(SiMe3), 1, (u-Me) Al Me, Al 73.8(1) 2.767(6) 3

al 65.9(7) 3.12(8)

Si 83.5(3) 3.05(2)
Yb,[u-N(SiMe3),]5[N(SiMes),) Si 82(1) 2.83(l) this work
Yb,Cpy (u-Me) 5 Yb 87.7(3) 2.55(1) ha
YbCp,(u-Me),A1Me, Al 98.9(6) 2.59(3) Ub
Lu,(MegCs) y(u-Me)(Me) Lu  170(4) 2.76(1) he



Table V.

Crystal Data (-95°C) for Yb2[N(SiMe3)2]4

Space Group

a, &

b, 4

c, &

a, deg

8, deg

Y, deg

v, &3

z

fw

d(caled), g em™3

u(caled), cm™!
size, mm
reflens, collected
reflcns, unique
reflens, F2 > 30(F2)
R, %
R, %
GOF
monochromator
radiation
scan range, type
scan speed, deg min~
scan width, deg
decay

1

P

8.868(1)

12.561(2)
21.560(3)

73.84(1)

86.70(1)

71.26(1)

2225

2

987.64

1,474

43.97

0.45 x 0.32 x 0.10
6005 '

5821

484y

2.19

2.72

1.669

highly oriented graphite
MoKa (A = 7.10734)
3° < 28 < U5°

0.69 - 6.7

48 = 0.55 + 0.347 tan o
4.7%, corrected
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