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Abstract

The reaction of (CjoHg) Yb(THF); with ‘BuN=CHCH=N'Bu (‘Budad) in tetrahydrofuran at
room temperature leads to Yb(‘Budad); (1), which is also obtained from the reaction of YbCl;
and three molar equivalents of K(‘Budad) in tetrahydroﬁlran or by metal vapor synthesis. 1 has
been characterized by X-ray diffraction. The crystals are monoclinic, space group C2, Z = 2
with @ = 1034.8(9), b = 1710.4(6), ¢ = 1020.4(8) pm, B = 113.28(2)°. The structure was
refined to R = 0.0274 for 1466 observed reflections (F, > 40(F,)). The structure shows that
the empirical composition is Yb(‘Budad); and that the coordination number of Yb is six, but

the X-ray data are not sufficiently accurate to judge if the oxidation state of ytterbium is zero,

* Correspondence to: M. Bochkarev, F. G. N. Cloke, R. A. Andersen or H Schumann



two or three. The magnetic susceptibility of solid 1, prepared by metal vapor synthesis, was
studied from S to 300K. Thevmagnetic results are explained by postulating that the bivalent
ytterbium species [Yb(II)(‘Budad=),("Budad)] predominates at low temperature and as the
temperature increases the trivalent ytterbium species [Yb(III)("Budad™);] predominates in the

solid state.

1. Introduction

The diazabutadiene ligands R-N=CH-CH=N-R (abbreviated as Rdad) have already
been shown to stabilize low formal oxidation states of d-transition metals [1]. The homoleptic
diazabutadiene complexes of Yttrium and the lanthanides Nd, Sm and Yb, Ln(*Budad); have
been obtained by metal vapour synthesis techniques and have been described as Ln(0) com-
plexes on .the base of NMR and IR spectroscopic investigations [2]. However the attempts to
obtain crystals of these complexes good enough for an X-ray crystal structure determination
did not succeed. Recently some of us reported the synthesis of Yb(‘Budad),, which was
characterized by elemental analyzes, ESR and IR spectra [3]. During the attempts to reproduce
these results and to get more detailed information about the structure of this compound,
Yb(‘Budad); (1) was isolated. The compounds isolated by each synthesis technique gave
identical analysis showing that they have identical empirical compositions. Here we describe
new syntheses, magnetic susceptibility studies, and the X-ray structural investigation of this

interesting compound.
2. Results and Discussion

The substitution of the naphthalene ligand in (C;oHg)Yb(THF); (2) [4] by ‘Budad and
the interaction of YbCl; with K*[/Budad]- were proposed as possible routes for the synthesis
of Yb(‘Budad); (1). The latter one is well known as the preparative route to numerous

diazabutadiene complexes of d-transition metals [5 - 11]. It was shown that both methods



proceed easily at room temperature to yield 1 in high yields (eq 1 and 2). A compound of
identical chemical and physical properties was obtained by allowing ytterbium vapor to interact

with the diazadiene at cryogenic temperatures (77K, eq. 3):

_ THF .
(C1oHg) YB(THF); + 3 (fBuN=CHCH=NBu/) —* Yb('BuNCHCHNBu"); +
2h 20°C (1)
2 1
+CjoHg
THF
YbCl; + 3 K[('BuNCHCHNBuY)] —‘—“’h " Yb('BuNCHCHNBUY); + 3 KCI 2)
10 h 20°
1
77K
Ybg + BuN=CHCH=NBu ~ —— > Yb(‘BuNCHCHNBu"), (3)
1

1 is a deep green, air- and moisture sensitive crystalline solid, which melts at 194 to
198°C with decomposition. It is paramagnetic in the solid state. The plot of x)4! as a function
of temperature is non-linear at 5 kgauss and at 40 kgauss, applied magnetic field (Fig. 1). The
curve at 5 kgauss is éssentially superimposable upon that at 40 kgauss. The curved line may be

- separated into three regions, based upon a temperature range, for the purposes of discussion.
At the high temperature range (80 - 300 K) %! is linear in temperature, satisfying the Curie-
Weiss La\;v, ! = (T - 8)(C)L. The slope of the plot of xp! as a function of tempefatu_re
gives C-1, from which the magnetic moment can be calculated since p = 2.828 CY2. The

~ magnetic moment over the high temperature range is 5.91 Bohr rﬁagnetons (B.M)) at 5 kgauss
and 5.78 B.M. at 40 kgauss. In each case O (the extrapolated intercept) is lﬁrge, -252 and -
231K, respectively. This large value shows that xps ! does not go to zero as the absolute
temperature approaches zero, and that compound does not behave as a simple isolated

paramagnet.

At low temperature (5 - 15K) the slope of %! is also linear in temperature with the

value of p =2.30 B.M. and 2.34 BM. at 5 and 40 kgauss, respectively. The value of 8 is -14



and -16K, respectively. Only five data points were measured at each mégnetic field so the error
associated with each datum is relatively large. However, there is no doubt that the magnetic
moment is substantially reduced from that measured at high temperature. The intermediate
temperature range (15 to 80K) gives a curve that is non-linear and probably reflects the
changing population of at least two species and their individual magnetic moments, i. e., the
observed curve reflects the weighted superposition of two or more curves due to two or more

magnetic species.

A microscopic explanation can be developed that accounts for the magnetic behaviour.
For simplicity, two species, A and B, will be postulated to be present in the solid state in
amounts that change with temperature. At high temperature, species A predominates with a
magnetic moment of ca. 6 B.M. At low temperature, B predominates with a magnetic moment
of ca. 2.3 B.M. In the intermediate temperature range varying amounts of A and B are present

and the weighted average of their magnetic susceptibility gives the non-linear behaviour.

In the case of ytterbium, Yb(II) is diamagnetic and Yb(III) is paramagnetic with an
electron configuration of 4f13. In the free ion the term symbol is 2F4,,. The ground state has J
= 7/2 and the first excited state has J = 5/2 which is about 1000 cm! above the ground state
(at 300K, kT = 208 cm1). At low temperature all of the molecules are in the J = 7/2 state and
as the temperature increases, there will be an admixture of the J = 5/2 state into the Ground
state [12]. Thus, for Yb(III) compounds that behave as isolated paramagnets, a plot of yp1 as
a function of the absolute temperature is linear at low temperature with a magnetic moment of
ca. 42 BM. and linear at high temperature with a magnetic moment of ca. 4.8 BM. At
intermediate temperatures the curve is non-linear, reflecting the weighted average of the J =
7/2 and T = 5/2 states. This explanation has been used qualitatively to rationalize the xp ! vs. T
plot for é variety of organometallic yttérbium(III) compounds [13]. This explanation cannot
explain the magnetic behaviour of the Yb('Budad); éompound, where A is the species with J =
5/2 and B is the species with J = 7/2 because the observed low temperature magnetic moment

of ca. 2.3 B.M. is far too low.



Another possible explanation is to postulate that A is a Yb(III) species and B is a
Yb(1I) species and that these species are in equilibrium in the solid state. If A is a Yb(III)
species, then there are two ways that the negative charge can be redistributed over the three
'BuNCHCHNBU! ligands; a) three radical anions, (‘Budad™), or b) a dianion and a radical
anion (‘Budad?-)('Budad-)(‘Budad). In a) the observed magnetic moment is expected to be the
root-mean-square sum of the individual magnetic moments, [(4.2)2 + (1.73)2 + 1.73)2 +
(1.73)2]172 or 5.5 B.M. If b), then the expected magnetic moment is [(4.2)2 + (1.73)2]1/2 or
4.8 B.M., this assumes that dad2- is diamagnetic. If B is Yb(II), then there are again two ways
to distribute the two negative charges among the three dad ligands; a) (‘Budad™),(‘Budad) or
b) (‘Budad?-)(‘Budad). In these cases the expected magnetic moment (assuming no interactions
between the spins) is [(1.73)2 + (1.73)2]1/2 or 2.4 B.M. in the case of a) and zero for the
diamagnetic case b). This last explanation qualitatively fits the experimental data. At low
temperature, the predominant species is bivalent ytterbium, Yb(II)("Budad-),(‘Budad), and at

high temperature the predominant species is trivalent ytterbium, Yb(III)(‘Budad-);.

This postulate is resonable since at low temperature bivalent ytterbium is the ground -
state and the compound is stabilized by the Coulombic attraction between the metal center and
the radical anions. Oxidation of Yb(II) to Yb(III) is an endothermic process that must be
compensated by the Coulombic attraction between the trivalent metal center and the radical

anions which is favorable only at temperatures greater than ca. 80K.

The magnetic susceptibility data also rule out the formation Yb(0)(dad); since Yb(0)
has an electronic configuration of 4fl46s2 which presumably is diamagnetic, thus the
compound should be diamagnetic in the ground state. The magnetic data do not, however, rule

out the possibility that some Yb(0) species are present, through this seems unlikely to us.

The X-ray crystal structure of the green crystals of 1 shows two molecules in the unit
cell (Fig. 2) with molecules in a distorted tetragonal bipyramid formed by six nitrogen atoms of

the (‘Budad) ligands around the six coordinate Yb atom in the center (Fig. 3). The interplanar



angle between the planes [N(1)-N(1#)-N(3)-N(3*)] and [N(2)-N(1¥)-N(2#)-N(3%)] is
72.21(51)°, where the Ytterbium atom is directly located in the both (deviation 0.0 and 4.3 pm,
respectively). The bite angles N(1)-Yb-N(2) and N(3)-Yb-N(3¥) are 83(2)° and 84(3)°,
respectively. The Yb - N distances, 243(4) pm for Yb-N(1), 240.3(14) pm for Yb-N(2) and
240(5) pm for Yb-N(3) are in between the bond lengths in coordinative N-Ln bonds like in
Lu(C¢H,;CH,NMe;); (246.8 to 258.8) [16] and in Ln-N bonds like in (CsMes), Y-N(SiMe3),
(225.3 and 227.4) [17] or [Li(THF)4]J[(CsHs);Lu(NPh;),] (229.0 and 229.3) [18]. The
dista.nces correspond very well with the Yb-N bond lengths in Na[Yb{N(SiMe;), }3] (246 pm)
[19] and [Yb{N(SiMe3),},][AlMes], (251.0 and 257.3 pm [20]) with bridging bis(trimethyl-
sily)amido groups. The chelating (‘Budad) ligands coordinate to the Yb atom forming three
five-membered metallacycles with the central Yb atom in the [N(3)-C(15)-C( 15#)-N(3#)] plane
(deviation 0.0 pm), but not exactly in the [N(1)-C(6)-C(5)-N(2)] plane (deviation 5.1(14) pm).

The most remarkable feature of the structure is the bonding lengths within the (‘Budad)
ligands. All three ligands should be radical anions after accepting one electron each from
ytterbium with delocalized double bonds in the N-C-C-N skeleton {1, 21]. Indeed the bonds
C(5)-C(6) (139 pm) and C(15)-C(15%) (135 pm) show double bond character with the shortest
contact within the planar metallacycle Yb-N(3)-C15-C(15%)-N(3#). But astonishingly there is a
distortion in this NCCN skeleton for both ligands of -12.6° and -12.9°. The N-C distances (151
pm for N(2)-C(15) up to 161 pm for N(1)-C(6)) are significantly longer than the N=C double
bonds in the free ligand (1283 pm [22]) and as the N-C single bonds in
Li[Ho(NMe(CH,),NMe,)4] (144.4 to 148.3 pm [23]). They come close to fhe sum of the
covalent radii of carbon and nitrogen (151 pm [24]). A comparable fixation of the double bond
in the center of the (Rdad) ligand is found in complexes with (Rdad)?", eg. in
Ta(OAr);[ArNC(CH,Ph)=C(CH,Ph)NAr] (d(C=C): 135 pm, d(N-C) 1.43 pm [25] and in
Ga("Budad), (d(C=C) 135.0 pm, d(N-C) 139.5 pm [26]).

The room temperature X-ray crystalloéraphic result and the higher temperature

magnetic susceptibility result are consistent with the formulation Yb(III}("Budad-);. The



susceptibility results are best interpreted by assuming that the Yb(III) center (4f13 electron
configuration) and the three dad radical anions spins do not couple. At low temperature the
magnetic result suggests that the bivalent formulation [Yb(II)(‘Budad-),(‘Budad)] is more

stable, and this is the ground electronic state of this molecule.

3. Experimental

All operations were carried out under vacuo or dry argon using standard Schlenk
techniques. Solvents were dried and deoxygenated by refluxing over sodium ketyl. The IR

spectra were recorded on a Perkin-Elmer 577 spectrophotometer.

3. 1. Tris(di-tert-butyl diazadiene)ytterbium(1ll) (1)

Method 1: 1.31 g (2.53 mmol) of (C;oHg)Yb(THF); (2) was added slowly to a
solution of 1.28 g (7.61 mmol) of (‘Budad) in 30 ml of THF at room temperature. The reaction
mixture was stirred for 2 h. A green solution is formed after dissolution of 2. Evaporation of
THF in vacuo and recrystallization of the residue from toluene yields 1.37 g (80%) 1; m. p.:
194 - 198°C (with decomp.). In the mother liquor 0.29 g (92%) of naphthalene was found by
GLC. IR (Nujol): 2970, 1635, 1475, 1360, 1310, 1240, 1210, 1155, 985, 750 cm"l. Analyses:
found: C, 53.12; H, 8.75; N, 12.09; Yb, 25.54. C3oHgoNgYD (1) calculated: C, 53.19; H, 8.92;
N, 12.40; Yb, 25.53%. |

Method 2: 30 ml of a solution of [K*]{(‘Budad)-] in THF, obtained by the reaction of
1.96 g (11.60 mmol) of (‘Budad) with 0.46 g (11.67 mmol) of K was added slowly to a
suspension of 1.09 g (3.89 mmol) of YbCl; in 30 ml of THF. The reaction mixture was stirred
for 10 h at room temperature, the solution was decanted and filtered from solid precipitates,
THF was evaporated in vacuo and the residue recrystallized from a toluene-hexane 1:1
mixture. The green crystals of 1 were washed with cold hexane and dried in vacuo. Yield:

1.89 g (72%).



Method 3: Cocondensation of ytterbium vapour (1.70 g, 10 mmo!) generated from a
resistively heated alumina crucible with an excess of ‘Budad (29.42 g, 175 mmol) at 77K over
a period of 3 hours yielded a deep green matrix. After warm-up under dinitrogen, the product
was extracted from the reactor with toluene (750 ml) and immediately filtered on Celite on a
glass frit to remove unreacted metal. The resultant deep green solution was stripped to dryness
'~ in vacuo and the excess Budad removed by sublimation (50°C/104 mbar). The residue was
extracted with hexane (3 x 150 ‘ ml), filtered on Celite on a glass frit, aﬁd the filtrate
concentrated in vacuo to ca. 150 ml. Slow cooling to -20°C afforded deep green microcrystals
of the product, yield 2.90 g (43% based on Yb). IR (Nujol): 1460 cm! (VCN); 'H NMR
(CgDg, 500 MHz): & 9.48 (s, Me3C). Analyses: found: C, 53.36; H, 8.61; N, 12.24.
C30HgoNg YD (1) calculated: C, 53.19; H, 8.92; N, 12.40%. '

3. 2. X-Ray crystal structure determination

Suitable crystals of 1 were obtained by recrystallization from toluene. A small amount
of the toluene solution, containing some crystals of 1 was dropped into a device similar to that
reported by Veith and Birninghausen [27]. A green crystal of dimensions 0.325 x 0.200 x
0.050 mm was selected, glued on the top of a glass fiber and transferred onto a goniometer
head mounted on a Syntex P2, diffractometer equipped with a low-temperature device. Lattice
parameters were determined initially from the angular settings of 25 reflections and refined by a
least-squared fit of 19 accurately centred reflections with 4° <20 < 19° . All intensity profiles
were measured at 138(5)K and stored. The crystal data and some data collection parameters
are given in Table 1. Three intensity control monitors were measured every 2 h of X-ray
exposure time. The net intensities were corrected for decay and Lorentz and polarization
effects. Analysis of the Patterson map revealed the location of the heavy atom. The positions of
all non-hydrogen at/oms were located on difference Fourier maps. Hydrogen atoms were
introduced in calculated positions (d(C-H) = 96 pm [28], and refined with constant isotropic
thermal parameter U = 800 pm2. An empirical absorption correction (DIFABS [29] correction
factor: min 0.901, max 1.194) was applied to the structure factors, and refinement proceeded

with anisotropical thermal parameters for all non-hydrogen atoms by using blocked matrix



least-squares methods. The final difference Fourier map showed no electron density greater
than 1.1 or less than -0.602 e/(109pm3). X-ray scattering factors were taken from Cromer and
Mann [30] and were corrected for anomalous dispersion [31]. Data reductions and all

corrections were performed by using SHELX-93 [32].

The final atomic parameters are given in Table 2. Bond distances and angles are
summarized in Tables 3 and 4.. Further details of the structure investigation is available on
request from the Fachinformationszentrum Karlsruhe, Gesellschaft fir wissenschaftlich-
technische Information mbH D-76344 Eggenstein-Leopoldshafen, Germany, upon quoting the

depository number (CSD XX XXX), the authors names, and the full citation of the journal.
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Fig. 1 Magnetic suscéptibility of solid 1 as a function of temperature {K].

Fig. 2. PLUTON plot [14] of the unit cell of 1.

Fig. 3. ORTEP drawing [15] of 1, with the numbering scheme. Thermal ellipsoids scaled at

50% probability level. The symmetry operation to produce the missing positions is -X, y, -z.



TABLE 1

Crystal and data collection parameters for (‘Budad);Yb?

Empirical formula C1oH N YD
Formula weight 677.88
Temperature 139(2) K
‘Wavelength 71069A
Crystél system monoklin
Space group C2

Unit cell dimensions

a=1034.8(9)pm,
b=1710.4(6)pm,
¢ =1020.(8)pm.
B=113.28(2)°,

Volume 1659(2)A3
z 2

‘| Density (calculated) 1.357 g/cm3
Absorption coefficient 2.845 mm!
F(000) 704
Crystal size 0.33 x 0.20 x 0.05 mm
Theta range for data collection 2.17 to 25.00

Index ranges

-12<=h<=1 1, 0<=k<=20, Oo<=I<=1 2

Reflections collected

1606

Independent reflections

1516 [R(int) = 0.0192]

Refinement method

Full-matrix least-squares on F2

Data / restraints / parameters

1466/1/168

Goodness-of-fit on F2

1.142

Final R indices [I>4c(1)]

R1=0.0274, wR2 = 0.0688

R indices (alldata 1516)

R1=0.0306, wR2 = 0.0816

Absolute structure parameter

.06(7)

Largest diff. peak and hole

1.100 and -.602

a Estimated standard deviations of the last significant digit are given in parantheses.




TABLE 2. Atomic coordinates ( x 10) and displacement parameters (A2 x 103) for 1. U(eq)
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as one third of the trace of the orthogonalized Uj; tensor.

Atom X y z U(eq)
Yb 0 2454(2) 0 21(1)
Cc() -3093(45) 4020(20) -3718(31) 81(11)
C(2) -1647(41) 4904(15) -1839(36) 83(10)
C(3) -527(36) 3935(23) -2873(38) 87(11)
C4) -1699(25) | 4086(13) -2427(24) 45(5)
N(1) -1337(58) 3576(26) -1298(53) 44(11)
C(5) -2725(20) 3104(14) 260(22) 45(5)
C(6) -2670(22) 3550(13) -854(21) 43(5)
N(2) -1715(16) 2465(38) 1043(14) 50(5)
C(7) -2012(19) | 2176(12) 2182(21) 36(4)
C(8) -2433(39) 2723(19) 3102(32) 89(12)
C(9) -3118(37) 1565(21) 1564(35) 88(11)
C(10) -639(28) 1784(18) 3106(28) 65(7)
c11 3183(27) 1955(14) 3249(26) 57(6)
C(12) 3676(23) 792(19) 2084(27) 63(7)
C(13) 2390(37) 642(18) 3638(28) 63(7)
C(14) 2603(22) 1189(13) 2552(23) 44(5)
N(3) 1524(59) 1416(29) 1296(43) 44(11)
C(15) 612(20) '699(10) 584(19) 32(4)




TABLE 3. Bond lengths [A]. Symmetry transformations used to generate equivalent atoms:
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*: -x.y.-2)
Bond Distance Atom Distance
Yb-N(3#) 2.40(5) Yb-N(3) 2.40(5)

1 Yb-N(2%) 2.403(14) Yb-N(2) 2.403(14)
Yb-N(1%) 2.43(4) Yb-N(1) 2.43(4)
Yb-C(15%) 3.08(2) Yb-C(15) 3.08(2)
Yb-C(5) 3.14(2) Yb-C(5%) 3.14(2)
Yb-C(6%) 3.16(2) Yb-C(6) 3.16(2)
C(1)-C(4) 1.53(4) C(2)-C(4) 1.51(3)
C(3)-C(4) 1.48(4) C(4)-N(1) 1.37(5)
N(1)-C(6) 1.61(6) C(5)-C(6) 1.39(3)
C(5)-N(2) 1.51(6) N(2)-C(7) 1.40(3)
C(7)-C(9) 1.49(3) C(7)-C(8) 1.51(3)
C(7)-C(10) 1.52(3) C(11)-C(14) 1.50(3)
C(12)-C(14) 1.53(3) C(13)-C(14) 1.53(3)
C(14)-N(3) 1.38(5) N(3)-C(15) 1.54(6)
C(15)-C(15%) 1.35(4).
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TABLE 4. Bond angles [°]. Symmetry transformations used to generate equivalent atoms:
(#' -x’ y: -Z)

Atoms, Angle Atoms Angle

N(3#)-Yb-N(3) 84(3) N(3#)-Yb-N(2)#1 102(2)
N(3)-Yb-N(2%) 79(2) N(3¥)-Yb-N(2) 79(2)
N(3)-Yb-N(2) 102(2) N(2#)-Yb-N(2) 179(3)
N(3#)-Yb-N(1%) 174(3) N(3)-Yb-N(1%) 100.1(7)
N(2#)-Yb-N(1¥) 83(2) N(2)-Yb-N(1¥) 96(2)
N(G#)-Yb-N(1) 100.1(7) N(3)-Yb-N(1) 174(3)
N(2¥)-Yb-N(1) 96(2) N(2)-Yb-N(1) 83(2)
N(1%)-Yb-N(1) 76(3) NGH-Yb-C(15%)  |29.5(13)
N(3)-Yb-C(15%) 54.8(13) N(2¥)-Yb-C(15%) 93(2)
N(2)-Yb-C(15%) 88(2) N(1%)-Yb-C(15%) | 154.9(14)
N(1)-Yb-C(15%) 129.5(14) N(3#)-Yb-C(15) 54.9(13)
IN@3)-Yb-C(15) 29.5(13) N(2%)-Yb-C(15) 88(2)
N(2)-Yb-C(15) 93(2) N(1%)-Yb-C(15) 129.5(14)
N(1)-Yb-C(15) “1154.914) C(15%)-Yb-C(15) 25.4(7)
N(3#%)-Yb-C(5) 83.8(14) N(3)-Yb-C(5) 129.3(13)
N(2#)-Yb-C(5) 151.7(12) N(2)-Yb-C(5) 27.7(13)
N(1%)-Yb-C(5) 90.6(14) N(1)-Yb-C(5) 55.2(14)
C(15%)-Yb-C(5) 103.8(5) C(15)-Yb-C(5) 116.9(5)
NG#-Yb-C(5%)  |129.3(13) N(3)-Yb-C(5%) 83.8(14)
N(2#)-Yb-C(5%) 27.7(13) |N@)-Yb-C(5%) 151.7(12)
N(1¥)-Yb-C(5%) 55.2(14) N(1)-Yb-C(5%) 90.6(14)
C(15%)-Yb-C(5%) 116.9(5) C(15)-Yb-C(5%) 103.8(5)
C(5)-Yb-C(5% 138.5(9) N(3#)-Yb-C(6%) 154.7(13)
N(3)-Yb-C(6%) 88.5(14) N(2¥)-Yb-C(6%) 53.1(13)
N(2)-Yb-C(6%) 126.2(12) N(1#)-Yb-C(6%) 30.1(14)
N(1)-Yb-C(6¥) 85.9(14) C(15%)-Yb-C(6¥) 136.2(5)
C(15)-Yb-C(6¥) 115.8(5) C(5)-Yb-C(6%) 118.9(6)
C(5%)-Yb-C(6%) 25.5(6) N(3#%-Yb-C(6) 88.5(14)
N(3)-Yb-C(6) 154.7(13) N(2%)-Yb-C(6) 126.2(12)
N(2)-Yb-C(6) 53.1(13) N(1¥)-Yb-C(6) 85.9(14)
N(1)-Yb-C(6) 30.1(14) C(15%)-Yb-C(6) 115.8(5)
C(15)-Yb-C(6) 136.2(5) C(5)-Yb-C(6)  |25.5(6)
C(5%)-Yb-C(6) 118.9(6) C(6*)-Yb-C(6) 107.3(8)

N(1)-C(4)-C(3) 99(3) N(D-C(4)-C(2) 107(3)
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CR3)-C(H)-C2)

N(1)-C(4)-C(1)

122(3) |

112(3)
C(3)-C(4)-C(1) 109(3) C(2)-C(4)-C(1) 106(2)
C(4)-N(1)-C(6) 106(3) C(4)-N(1)-Yb 150(3)
C(6)-N(1)-Yb 101(2) C(6)-C(5)-N(2) 126(2)
C(6)-C(5)-Yb 78.3(12) N(2)-C(5)-Yb 47.9(7)
C(5)-C(6)-N(1) 124(2) C(5)-C(6)-Yb 76.3(11)
N(1)-C(6)-Yb 49(2) C(1)-N(2)-C(5) 111(2)
C(7)-N(2)-Yb 144(3) C(5)-N(2)-Yb 104(2)
N(2)-C(7)-C(9) 106(2) N(2)-C(7)-C(8) 1213)
C(9)-C(7)-C(8) 110(2) N(2)-C(7)-C(10) 102(2)
C(9)-C(7)-C(10) 109(2) C(8)-C(7)-C(10) 109(2)
N(3)-C(14)-c(11)  |103(3) N@3)-C(14)-C(13)  |123(3)
C(11)-C(14)-C(13) | 110(2) N@)-C(14)-C(12) | 105(3)
C(11)-C4)-c(12) |109(2) C(13)-C(14)-C(12)  {107(2)
C(14)-N(3)-C(15) _ |109(4) C(14)-N(3)-Yb 147(3)
C(15)-N(3)-Yb 100(3) C(15%-C(15)-N3)  |127(2)
C(15%)-C(15)-Yb N(3)-C(15)-Yb 50(2)

Interplanetary angles

77.3(4)

N1-C6-C5-N2

-12.60 ( 4.54)

N3 -Cl15 - C15% - N3#

-12.91 ( 5.58)
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