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for some mononuclear nonoxomolybdenum complexes. As shown in Table 4.10, the value of Vg
(average values in KBr discs were used) for a series of complex {Mo[HB(3,5-
Me,Pz);I(NO)XY } 19198487 shows that the NO stretching frequencies decrease in the following
order: X,Y (average frequency in cm‘l): ISR (1679) > I,OR (1675) > SR,SR (1667) > SR,0R
(1651) > OR,OR (1646). Although this correlation between the stretching frequency of Vg and
cis-ligands, XY, is of necessity rather unsophisticated, this result still reveals a trend which is
broadly consistent with the donor capacities of the various donor atoms in the ligands X and Y.
Therefore, it was proposed that the thiolato ligands are in general less powerful donors than the
corresponding alkoxo groups. However, in contrast to these previous reports, the result from the
present compound system cannot definitely confirm that alkylthiolato ligands are less powerful
donors than the corresponding alkoxo ligands.

The minor change of alkyl chain in bisalkoxo complexes (25)-(27) shows a relatively wider
range of the stretching freqency of the Mo=0 bond. However, as shown in Table 4.10, all
bisalkoxo complexes have identical NO stretching frequencies. This difference may arise from the
intrinsic nature of NO vs an oxo ligand, since NO is a m-acceptor but oxo is a n-donor ligand.
It can be rationalized that a small difference in the inductive effect of the alkyl chain in complexes
{Mo[HB(3,5-Me,Pz);J(NO)(OR),} may not be sufficient enough to significantly alter the ability
of back-bonding. Therefore, the stretching frequency of the NO bond is identical for these nitrosyl
complexes with different alkoxo groups. However, the high oxidation state of the molybdenum
atom in the bisalkoxo complexes (25)-(27) can generate an environment which may be more
sensitive to the ® competition between 2p electrons of the oxo and alkoxo ligands. Consequently,
the stretching frequency of a Mo=0 bond in the bisalkoxo complexes (25)-(27) is not the same

with different alkoxo ligands.



201

Table 4.10. Infrared Spectral Data of Some Molybdenum Complexes Containing Thiolato
or Alkoxo Ligands

Compound Vno €m) in KBr  Vyg (em™) in CHCl; Reference
LMo(NO)(F)(OEt) 1666 a
LMo(NO)(F)(S"Bu) 1655 a
LMo(NO)(CI)(SCH,Ph) 1671 1684 a
LMo(NO)(CI)(S"Bu) 1662 1680 a
LMo(NO)(Br)(S"Bu) 1665 1682 a
LMo(NO)(Br)(OMe) 1635 b
LMo(NO)(Br)(OEt) 1635 b
LMo(NO)(Br)(O'Pr) 1635 b
LMo(NO)(OMe), 1640 b
LMo(NO)(OEt), 1640 b
LMo(NO)(O'Pr), 1640 b
LMo(NO)(O'Bu), 1640 b
LMo(NO)(OEt)(O'Pr) 1640 b
LMo(NO)(O'Pr)(O'Bu) 1640 b
LMo(NO)(T)(SC;H33) 1685 1680 c
LMo(NO)(I)(SCgH; ;) 1672 1677 c
LMo(NO)(I)(OC4H, ) 1675 c
LMo(NO)(T)(SE9) 1677 1681 c
LMo(NO)(T)(SCH,Ph) 1672 1663 c
LMo(NO)(I)(S"Bu), 1653 1658 c
LMO(NO)(S"Bu)(OMe) 1649 1655 c
LMo(NOXS"Bu)(OEt) 1643 1650 c

® Drane, A. S.; McCleverty, J. A. polyhedron 1983, 2, 53-57.

b McCleverty, J. A,; Rae, A. E.; Wolochowicz, I.; Bailey, N. A.; Smith, J. M. A. J. Chem. Soc. Dalton
Trans, 1983, 951-965.

¢ McCleverty, J. A.; Drane, A. S.; Bailey, N. A.; Smith, J. M. A. J. Chem. Soc. Dalton Trans. 1983, 91-96.
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A vibrational spectroscopic investigation with Raman spectroscopy of the oxidized form
of rat-liver sulfite oxidase using argon ion excitation (514.5 nm) has been conducted. Although
strong background fluorescence was encountered, features at 925 and 904 cm™ have been
identified and this result can be considered to support the presence of a cis-{MoOz}2+ core in the
oxidized form of sulfite oxidase.*®® However, there is no vibrational spectroscopic study for
molybdoenzymes in the molybdenum(V) state or the fully-reduced form. Therefore, no direct
comparsion of the stretching frequency of the Mo=0 bond of these model complexes with that
of molybdoenzymes is possible.
4.3.2, Electron Absorption Spectra
Unlike the change of the size of chelate ring in the diolato complexes (8)-(10), the
bathochromic shifts are much smaller for the first electronic excitation transition band in the
monoalkoxo((22)-(24)) and bisalkoxo ((25)-(27)) complexes. For the monoalkoxo complexes (22)-
(24), a plot of the energy of the d — d transition versus the total number of methylene groups (n)
in the alkyl chain of the alkoxo ligand, as shown in equation (4.5), gives a line with a correlation
coefficient of 0.989.
 (cm™) = -93(n) + 13063 (4.5)
For the bsialkoxo complexes, the line with a correlation coefficient of 0.960 is shown in equation
4.6).
% (em') = -36(n) + 13593 (4.6)
Clearly, the energy of the ligand-field for the monoalkoxo complexes is relatively more sensitive
to the change of the electronic distribution than that of bisalkoxo complexes. The value of the
intercept suggests that alkoxo ligands exhibit a slightly stronger ligand-field splitting than the

chloride ligand.
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As shown in Table 4.3, the lowest-energy transition in the monoalkylthiolato complexes
(19)-(21) with extinction coefficients of 760-1050 (L-moll-.cm™) is ascribed to a sulfur-to-
molybdenum charge-transfer transition. Similar absorptions have been reported in other
mononuclear monooxomolybdenum(V) complex systems, for example, the vatues of A, (€) =
598 nm (660 L-mol'l-cm™)) and 610 nm (710 L:moll-cm™!) for Ar = phenyl and p-tolyl in
[Et,N][MoO(SAr),], respec:tively.91 However, these values are not as high as commonly observed
for charge-transfer transition bands in other mononuclear monooxomolybdenum(V) complexes,
like cis-MoOCI(CgH gN,S;) (A, = 526 nm, € = 2.65x10° Lmoll.cm?) and cis-
MoOCIK(C;gHyoN,S,) (Apax = 510 nm, € = 2.65x10° L-mol *.cm™?).%8

It is clear that ligands containing soft donor atoms can facilitate charge-transfer transition
character in these mononuclear monooxomolybdenum(V) complexes.489'49° This result can also
be found in some other compound systems. For instance, Table 4.11 lists electronic absorption
spectral data (> 300 nm) of several molybdenum complexes. It is clear that complexes containing
sulfur-donor atoms exhibit strong peaks between 26000-30000 cm’!, whereas there are no peaks
in this region for the alanine complexes.*8%49 This facilitation of charge-transfer by sulfur atoms
may arise from the lower ionization potential of the 3p electrons of sulfur compared with higher
ionization potentials of the 2p electrons of nitrogen or oxygen atoms,>®3 as shown in Table 4.12.
However, it remains unclear why complexes (20) and (21) can have values of £ about twice as
great as that of complex (19) since the coordination geometries of the monoalkylthiolato
complexes (19)-(21) are expected to be similar to one another. However, repeated attempts to
grow single crystals of suitable quality for X-ray structure determination of complexes (19)-(27)
have not been successful, and no quantitative information about the geometry of these complexes

has been obtained.



Table 4.11. Electronic Absorption Spectra of Some Oxomolybdenum Complexes

with Thiolato Ligands.

Compound P (x10% cm™h) A(@m) € (@Lmollcm™)
{Mo,0,[SCH,CH(NH,)CO,Me},}* 19.00 526 13500
30.30 330 7550
(Mo,0,[SCH,CH(NH,)CO,Me], }* 34.70 288 8900
{Mo,0,S,[SCH,CH(NH,)CO,Me], }® 34.50 299 5800
{Mo,0;[SCH,CH,0H],}" 13.30 (sh) 752 130
14.30 699 180
15.60 (sh) 641 140
16.70 (sh) 599 110
29.30 341 3870
{Mo,0,[SCH,CH,0H],}" 31.60 316
Na, {Mo,0,[SCH,CH(NH,)CO,Mel,}-5H,0°  32.70 306
Na, {Mo,0,S,[SCH,CH(NH,)CO,Mel,}-3H,0" 13.00 (sh) 769 160
23.20 (sh) 431 820
28.60 (sh) 350 2500
[MoO,(SCH,CH,NH,),1° 2830 353 6130
[Mo50,S(SCH,CH,NHL2),]® 29.20 342 1800
[Mo40,S¢(SCH,CH,NH,),]-2H,0" 23.00 345
27.70 361
3040 329
{MoO,[SCH,CH(NH,)CO,Me],’ 28.50 351 5320

® Melby, L. R. Inorg. Chem. 1969, 8, 349.
b Kay, A.; Mitchell, P. C. H. J. Chem. Soc. (A) 1970, 2421-2428.
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Table 4.12. The Ionization Potentials of the Lone-Pair Electrons of Sulfur, Oxygen,

and Nitrogen Atoms in Some Organic Compounds”

Compound

ng (eV)

ng (eV)

ny (eV)

CH,SH
CH,CH,SH
CH,CH,CH,SH
(CH,),CHSH
CH,OH
CH,CH,OH
CH,CH,CH,0H
(CH,),CHOH
CgHsOH
CH3NH,

CH,CH,CH,NH,

(CH3)2CHNHZ
CeHsNH,

9.46
9.36
9.21
9.19

10.94
10.64
10.49
10.36
14.21

9.64
9.50
944
10.80

* Kimura, K.; Katsumata, S.; Achiba, Y.; Tamazaki, T.; Iwata, S. In Handbook of He I

Photoelectron Spectra of Fundamental Organic Molecules; Japan Scientific Science Press: Tokyo,

1981.
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4.3.3. Electron Paramagnetic Resonance Spectra

For complexes (19)-(27), both g, and g, are more sensitive to the change of the nature of
donor atom of the ligands compared to that of g,. For each complex series, the g; values are
1.998+0.002, 1.968+0.002, and 1.965 for the monothiolato, monoalkoxo, and bisalkoxo complexes,
respectively. The analogous g, values are 1.926+0.001, 1.906+0.002, and 1.897+0.002 for the
corresponding complex series. However, the anisotropic values g, for complexes appear to be less
sensitive to the nature of donor atom of ligands. The average g, values are 1.949+0.01,
1.944+0.01, and 1.940+0.02 for monodithiolato, monoalkoxo, and bisalkoxo complex series,
individually. These values suggest that the g, component involves less mixing of higher-energy
excited states with the ground state, since the values of g, fall into a very small range from sulfur-
containing complexes to oxygen-containing complexes.

Since the monoalkoxo complexes (21)-(24) exhibit lower energy ligand-field transitions
than the bisalkoxo complexes (25)-(27), it is expected that the g;-values may be smaller for the
monoalkoxo complexes than for bisalkoxo complexes. However, the experimental results indicate
a reverse trend. This result may imply that the spin-orbit coupling contribution from the chloride
ligand is important, even though no superhyperfine structure of the chloride ligand can be
identified. The alkoxo complexes exhibit a lower transition energy for the ligand-field band than
the diolato complexes with a five- or six-membered chelate ring, but similar to that for the seven-
membered diolato chelate-ring containing complex. Therefore, as one would expect from equation
(3.16) (page 140), the <g> values of the bisalkoxo complexes (25)-(27) are similar to that of the
diolato complex (10) and smaller than those of complexes (8), (9), and (11)-(18). This result may
indicate that the unpaired electron in each case does not interact to any detectable extent with the

atom beyond the donor atoms of the ligands.
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The value of g obtained for each complex series shows no change with the change of the
backbone in alkyl chain. This result probably provides futher evidence for the absence of spin-
density for atoms beyond the donor atom as mentioned above.

The plot (Figure 4.4) of <g> versus <A> for complexes (19)-(27) also shows an inverse
correlation as observed in chelate complexes in Chapter 3. The correlation coefficient, 0.90, is
greater than that of chelate complexes (Figure 3.15). This is expected since the EPR parameters
are influenced not only by the nature of the donor atoms and the charge distribution but also the
electron delocalization and geometry of the ligands. The coordination geometries in complexes
(19)-(27) are more similar to one another than that in complexes (1)-(18). Therefore, the
correlation line between <g> and <A> for complexes (19)-(27) shows a better ordered trend
compared to that for complexes (1)-(18).

The point symmetry of a transition metal complex determines the allowed intermixing of
the metal d orbitals. Such intermixing of d orbitals can result in significant noncoincidence of the
principal axes of the g and metal atom A tensor. Complexes with no symmetry elements (C,) are
not required to have any of their g- or A-tensor axes coincident. For all of the complexes studied
in Chapters 3 and 4, the point symmetry at the molybdenum atom will not be higher than C;
therefore, complete anisotropy of the principal components of the g tensors is possible. However,
the absence of single-crystals of suitable quality precludes any possibility of detailed analysis of
the components of the spin Hamiltonian parameters. In most cases, the isotropic g values, <g>,
of complexes from fluid solution at room temperature are quite consistent with those of Zgy/3
from frozen glass state.

A comparison of the g parameters for the model complexes with those of sulfite oxidase

reveals that none of these complexes have all of the anisotropic g; values matched with those of
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Figure 44. Correlation diagram of <g> and <A> of complexes (19)-(27).
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the enzyme. All the anisotropic g; values of model complexes are lower than those of sulfite
oxidase, consistent with the proposed structure of Mo-co containing at least two thiolato ligands.

4.3.4. Electrochemistry

A plot of the half-wave reduction potentials (E; ) versus the total number of methylene
units (n) for monoalkoxo complex series (22)-(24) gives a line with a correlation coefficient 0.999,
as shown in equation (4.7):

E;p (V vs SCE) =-0.0175(n) - 0.910 4.7
Similarly, the correlation line for the bisalkoxo complex series (25)-(27) gives equation (4.8):
E,p (V vs SCE) = -0.0270(n) - 1.279 4.8

with a correlation coefficient of 0.994. Clearly, the bisalkoxo complexes are more sensitive to the
change of framework of the alkyl chain than are the monoalkoxo complexes. More interestingly,
the slopes for these two correlations indicate that the half-wave reduction potentials of the
bisalkoxo complexes exhibit a shift to more negative value about twice as large as that of
monoalkoxo complexes. This result suggests that the alkoxo ligands exhibit potential shifts with
an additive effect. However, the shift in the half-wave reduction potential in the alkyithiolato
complexes is smaller than that of both mono- or bis-alkoxo complex series. It is clear that the data
listed in Table 4.5 show that the shifts in the half-wave reduction potential for these three
complexes are smaller than those of the chelate complex series described in Chapter 3 (Table 3.5).

The reduction potential for the Mo(V)/Mo(IV) couple suggests that the ligands which are
coordinated to the [LMoO]2+ core enhance the stability of the Mo(IV) oxidation state in the order:
(19) > (20) > (21) > (22) > (23) > (24) > (25) > (26) > (27). This overall trend is consistent with
the common concept of hard-soft-acid-base since the sulfur donor-atom is softer than the oxygen

donor-atom, and the Mo(IV) oxidation state should be softer than the Mo(V) state. Quite
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similarily, the oxidation potential for the Mo(V)/Mo(VI) couple indicates that the stability of the
Mo(VI) oxidation state is in the order: (27) > (26) > (25). This result corresponds to the common
behavior of molybdenum(VI) complexes that the molybdenum(VI) center always attends to get
electron density from the coordinated ligands.

The plot of the half-wave oxidation potentials (E, ;) versus the total number of methylene
units (n) for the bisalkoxo complexes (25)-(27) gives a line with a correlation coefficient 0.992,
as shown in equation (4.9):
E;p (V vs SCE) = -0.0123(n) + 0.548 4.9)
In contrast to the detailed diolato complexes (9) and (10), the slope of this correlation is smaller
than that of the reduction process of the Mo(V)/Mo(IV) couple. Consequently, the potem:ial
change for the Mo(V)/Mo(IV) couple is more sensitive to the change of the alkyl chain in the
alkoxo ligand than that of the Mo(V)/Mo(VI) couple.
Complexes containing six- and seven-membered chelate rings ((9), (10), and (16)-(18)) and
bisalkoxo ligands ((25)-(27))show two one-electron processes separated by about 2.0 V:
MoM01%* + & = (Mo™0J?* (E, (1) vs SCE; aG,) (4.10)
[Mo™01%* = [Mo™PO1* + & (E,(2) vs SCE; aG,) 4.11)
A disproportionation reaction can be described between Mo(V) and its redox states, Mo(IV) and
Mo(VI]), by:
2 Moo » (Mo™012* + [Mo™POI* (Kyis aGyy) @.12)
The relationship between the disproportionation constant, K;;., and the Gibbs free-energy of

disproportionation reaction is shown in equation (4.13):
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RTIn(K;9) = -aGy;

= -[(aGy) + (aGy)]

= -FI(-E; p(1)) + (-E{(2))]

= -F(aE, p) 4.13)
The values of In(K;J) at 298.15 K are -18.0, -35.0, -24.6, -20.5 (and -21.4), -22.9, -28.2, -32.0,
and -34.3 for complexes (9), (10), (16), (17), (18), (25), (26), and (27), respectively, suggesting
the stability of the Mo(V) state for these complexes are in the order (10) > (27) > (26) > (25) >
(16) > (18) > (17) > (9). It is surprising that the disproportionation constant for the diolato
chelated complexes (9) and (16)-(18) is smaller than that of the bisalkoxo complexes (25)-(27).
This seems unreasonable because the cyclic voltammograms for the diolato complexes (9), (10),
and (16)-(i8) obtained after controlled-potential coulometry are similar to those of their parent
monooxomolybdenum(V) species. However, for the bisalkoxo complexes (25)-(27), the cyclic
voltammograms obtained after bulk electrolysis show loss of reversibility. Nevertlicless, the half-
wave potentials of an electrode process do not exactly represent the real thermodynamic
parameters. This may not necessarily be true in molybdenum enzymes where the Mo-co contains
a five-membered chelate ring. It has been pointed out that the Mo(V) oxidation state in enzymes
which is generated during the mmn-over period or by reducing agents appears to be sufficiently
long-lived to be an intermediate in the catalytic cycle.

In the bisalkoxo complexes (25)-(27), it is also interesting that the peak separation cf the
Mo(V)/Mo(VI) couple is slightly smaller than that of the Mo(V)/Mo(IV) couple. Although this
result does not really indicate a real thermodynamic phenomenon, it has been suggested that
mononuclear monooxomolybdenum(IV) species are usually quite sensitive to oxygen and water,

and predominantly have a coordination number of 5.
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Figure 4.5 displays a comparison of the electrochemical potential of complexes (19)-(27)
in acetonitrile solution and sulfite oxidase in buffered solution. It is clear that the potentials of
monoalkylthiolato complexes approach those of sulfite oxidase. However, as mentioned in the last
chapter, this comparsion is very crude due to the different solvent systems. In addition, the resulis
indicate that mononuclear monooxomolybdenum(IV) and (VI) oxidation states can be generated
from Mo(V) under quasi-reversible electrode processes. However, no dioxomolybdenum(VI)
species forms; such species are usually not electrochemically obtainable from either Mo(IV) or
Mo(V) complexes due to the necessity of addition of a second oxo group. Consequently, for a
model compound system like complexes (9), (10), (16)-(18), and (25)-(27), a simple electron
transfer process for three oxidation states (Mo(IV), Mo(V), and Mo(VI)) does not exactly duplicate
the proposed redox properties of Mo-co.

4.3.5. He 1 Valence Photoelectron Spectra,

Although the full-range PES spectra for the diolato ((8)-(10)) and bisalkoxo ({25)-(27))
complexes are similar to each other, some different features emerged upon detailed comparison
of the close-up spectra of these two compound series.

Firstly, in contrast to the diolato complex series, the lowest energy ionization (band 1) for
the bisalkoxo complexes has a small or no shift when the number of methylene units in the
alkoxide chain is changed. As in the case of the diolato complexes (8)-(10), this band is assigned
to the contribution from the unpaired electron which is mainly localized on the 4d orbital of the
molybdenum atom. The absence of such a low-energy ionization in the PES of alcohols*?1%4 and
tris(3,5-dimethyl-1-pyrazolyl)methane supports this assignment.

Bands 2, 3, 4, and 6 have similar features and positions as observed in the diolato complex

series; therefore, the assignments for these three bands are identical to those in the diolato
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complexes (19)-(27) and sulfite oxidase (SO).
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complex series as described in the last chapter. Band 2 is from the ionization of the electrons
originating from the bonding orbital of 2p, or 2py orbitals of the terminal oxo ligand. Bands 3 and
4 are photoionized electrons from the p, orbitals which are mainly located in the pyrazole rings.
The last band, band 6, is ascribed to a contribution from the lone-pair electrons of the nitrogen
atoms in the pyrazole rings.

Band 5 is a new ionization envelope which is probably not resolvable from other ionization
envelopes in the diolato complex series (8)-(10). This band is currently assigned to the
contribution from the electrons which are mainly located in the 2p, orbitals of the oxygen atoms
of the alkoxo ligands.

The ionization potentials of the lone-pair electrons of the oxygen atoms in methanol,
ethanol, and n-propanol which have been reported from different laboratories are given in Table
4.13.491-494 Erom Table 4.13, it is clear that the ionization potentials of the leading band decrease
from methanol to n-propanol. Two factors contribute to this phenomenon. The first factor is
associated with an increase of the inductive effect of the alkyl chain from amethyl to an n-propyl
group. It has been suggested that for a series of compounds, the covalent character of the M-O
bond increases with greater inductive effect (+1) of the alkyl group.495 For example, the value of
the molar conductivity of the sodium salt of methoxide, ethoxide, isopropoxide, and t-butoxide
in their parent alcohol is 92.0, 45.0, 2.5, and 0.01 mhos, respectively, reflecting the increase of
the inductive effect with the number of methylene units in the alkyl chain. This effect has been
used to explain why the ionization potentials of the lone pair electrons in alcohols are lower than
in water.*®! The second factor is a decrease of the oxygen 2p character in the HOMO from
methanol to n-propanol. It has been calculated that only 75% of the HOMO in methanol is

composed of an oxygen 2p atomic orbital. This percentage of 2p atomic character decreases



Table 4.13. The Vertical Ionization Energies of the Lone-Pair Electrons of The

Oxygen Atoms in Alcohols.

CH,;0H CH;CH,0H CH,;CH,CH,0H
10.94* 10.64* 10.49*
10.85P 10.65° 10.48°
10.96° 10.62° 10.51¢
10.954

® The vertical ionization potentials were obtained from photoelectron spectra with a JASCO PE-1
high-resolution photoelectron spectrometer using He 584 A resonance line. (Katsumata, S.; Iwai,
T.; Kimura, K. Bull. Chem. Soc. Japan 1973, 46, 3391-3395.

b The adiabatic ionization potentials were obtained on a Perkin-Elmer PS-15 photoelectron
spectrometer. (Baker, A. D.; Betteridge, D.; Kemp, N. R.; Kirby, P. E. Anal. Chem. 1971, 43,
375-381.

¢ The vertical ionization potentials were obtained on a high resolution instrument employing a 127°
cylindrical analyzer. (Robin, M. B.; Kuebler, N, A. J. Electron. Spectrosc. 1972, 1, 13-28.

9 The vertical ionization potentials were collected from a JASCO PE-1 photoelectron spectrometer
and He (584 A) was emmitted by means of DC glow discharge. (Bull. Chem. Soc. Japan 1973,
46, 3036-3040.

215



216
rapidly with increasing size of the alkyl group.496 As shown in Figure 4.6, the ionization energies
of these lone-pair electrons of oxygen atoms should decrease when alcohols are deprotonated to
form alkoxo anions due to the increase of the electron density on the oxygen atom in the alkoxo
anion. When this alkoxo anion coordinates to the molybdenum center, the ¢-bonding between the
oxygen atom in the alkoxo ligand and the molybdenum atom can slightly stabilize the p, orbitals
on the oxygen atom. However, unlike the case in the diolato complex series, there are probably
only minor n-bonding interactions between the alkoxo oxygen atoms and the molybdenum atom
in the bisalkoxo complexes. Therefore, no additional stabilization of this orbital occurs as in the
diolato complex series. This additional strong n-interaction explains why band 5 is not resolvable
in the diolato chelated complexes (8)-(10), but is appearing in the bisalkoxo complex series (25)-
(27). A possible molecular orbital diagram for the bisalkoxo complexes (25)-(27) is shown in
Figure 4.7.

The bisalkoxo complex series (25)-(27) and diolato complexes (9)-(10) are the only
compounds which exhibit quasi-reversible redox couples between the Mo(V)/Mo(IV) and
Mo(V)/Mo(VI]) states. Both the data from solution electrochemistry and gas-phase PES indicate
that the complexes become easier to oxidize with either increasing chelate ring sizes or with
extension of the alkyl chains in alkoxo ligands.

This complementary data between two different phases is not unusual because the same
orbital participates in the electrochemical oxidation in the solution phase and the photoionization
process in the gas-phase measurement. The half-wave oxidation potential for the Mo(V)/Mo(VI)

couple which is obtained from solution electrochemistry contains several energy terms:

Ei = Epovn - Emov)] + ZLEs Mov1) - Es-Mow)! (4.14)
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Figure 4.7. Possible molecular orbital of the bisalkoxo complexes (25)-(27) from

PES.
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where the first term in the equation is the energy difference between the positively charged
molecular ion (oxidized species) and the neutral molecules in their electronic ground states. The
second term includes contributions from the solvent reorganization process (a kinetic term) and
the solvation energy (a thermodynamic term). On the other hand, the ionization potential for the
HOMO of each complex which is obtained from PES is given in equation (4.15):

IP=hvge - KEg,) - [-¢ + @] 4.15)
where IP is the ionization potential of an electron from a specific orbital; hvy, 1) is the energy
of the ionization source; KE ) is the energy of the photoelectron; ¢ is the work function; @, is
the recoil energy. The last term (,) in equation (4.15) is proportional to the ratio of the mass of
the electron to the mass of the positively charged molecular ion; therefore, it is always very small
in the present compound system and can be neglected. Since the compounds have similar structure
and the same sample cell was used throughout the PES measurements, the work function term (¢)
in equation (4.14) is considered to be a constant. Therefore, the ionization potential is the energy
required to generate the positive molecular ion in its ground state in the gas phase. In addition,
this potential can be thought to be a difference of the heat of formation between the parent
molecule and its molecular ion if the vibrational energy is neglected. However, since the electron
removed comes from the HOMO in both the solution electrochemistry and gas-phase
photoionization process, it is reasonable to correlate the oxidation potential from electrochemistry
and ionization energy of the HOMO from the PES data. This is usually true whenever both data
are recorded from a series of geometrically related complexes under similar experimental
conditions. Therefore, for the diolato complexes (9), (10), and the bisalkoxo complexes (25)-(27),

the half-wave oxidation potential of the Mo(V)/Mo(VI) couple, E, 5, and ionization potential of
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HOMO from gas-phase, IP, are correlated as shown in Figure 4.8. A line with a correlation
coefficient of 0.919 can be obtained as expressed in equation (4.16):
IP (eV) = 0.685(E,,V) + 6.25 (4.16)
Clearly, the slope indicates that the more stable orbitals require greater energy for electron
removal and are responsible for the increased difficulty of oxidation. A similar correlation between
the ionization energy of the HOMO and the half-wave oxidation potential has been observed for
a wide range of compounds.‘“”’499 The correlation is one reason why the half-wave oxidation
potential obtained in the solution phase by electrochemical methods is sometimes thought of as
a "solution ionization potential” of the HOMO.*

It is interesting that the complexes become easier to oxidize with the order (27) > (26) >
(25) > (10) > (9) in the solution phase, whereas in the gas phase, the trend is slightly altered, (27)
= (26) > (10) > (25) > (9) > (8). This is not too surprising and can be rationalized as follows: the
redox process in the electrochemical measurement is not a Franck-Condon type instantaneous
electronic excitation. However, in the gas phase, the phoioionization of a molecule obeys the
Franck-Condon principle. Therefore, the difference between the trend of oxidation from two
different phases suggests that the contribution from the solvation mechanism to each molecular
ion is not exactly the same,.

On the basis of arguments described above, the ionizations 1 and 4 (for the diolato
complexes (8)-(10)), or 1 and 5 (of the bisalkoxo complexes (25)-(27)) contain some p character
from oxygen atoms in the diolato or alkoxo ligands. Therefore, the strength of the interaction
between d,; electron of the molybdenum atom and p;; electrons of the ligand group orbitals of
the diolato or alkoxo ligands primarily determines whether or not the HOMO will be destabilized.

The larger the interaction between the half-filled d,, and fully-filled oxygen p,; orbitals, the more
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Eyp
{mo(v) = MoVh + e )

Vvs SCE

Correlation diagram of the ionization potentials (IP) and the
quasireversible half-wave oxidation potentials (E, of the Mo(V)/Mo(VI)
couple) of the diolato complexes ((9) and (10)) and the bisalkoxo

complexes ((25)-(27)).
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the HOMO will be destabilized, and the easier it is to oxidize the complex. In the diolato
complexes (8)-(10), this interaction becomes significant in a compound with larger ring size
because better overlap is possible between 4dxy(Mo) and p,(0) with such a flexible ring
conformation. The ionization energy difference between band 4 and band 1 for each diolato
complex reflects this phenomenon (Table 3.9), where the value changes from 2.27 eV to 2.50 eV
from complex (8) to (10). However, the unconstrained bisalkoxo complexes show only minor or
no shift of the HOMO to lower ionization energy with longer alkyl chain in alkoxo ligands,
indicating that the interaction between 4dxy(Mo) and the alkoxo p,(O) orbitals is quite similar in
all bisalkoxo complexes, suggesting similar electronic and steric effects are operating among these
alkoxo ligands, For the diolato complexes (8)-(10), the steric constraints of the chelate ring will
alter the 4dxy(Mo) and p,(O) interaction from complex to complex. In other words, the main
source of the shifts of the ionization energies of the HOMO of the diolato complexes appears to
be the bonding interaction between the p,(O) and dr(Mo) orbitals which depends on the steric
constraints of the molybdenum-chelate ring. Such steric constraints are probably absent in the
bisalkoxo complexes and the slight destabilization of the HOMO is mainly due to electrostatic

repulsion between the p,(0) and d,(Mo) clectrons which varies little among the compounds.

§4.4. Summary of this Chapter.

The ligand-to-metal n-interaction in the present compound system is only slightly affected
by the inductive effects of the alkyl chain in monodentate thiolato or alkoxo ligands. This result
supports the suggestion that the perturbation of the molecular properties which was obsefved for

chelate complexes (1)-(18) is primarily due to geometric effects of the chelate rings.
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The electronic effect for the diolato and bisalkoxo complexes possessing the same number
of carbon atoms in their backbones should be similar to one another (as ethanediolato (8) and
butanediolato (10) are similar to bis-methoxo (25) and bis-ethoxo (26) complexes, respectively),
but their steric effects can be considerably different. However, the electrochemistry and
photoelectron spectroscopy show that the diolato complexes (8)-(10) exhibit significant shifts of
their half-wave potentials and ionization potentials with a change of chelate ring size; only small
shifts are found among the bisalkoxo complexes (25)-(27). The difference in molecular properties
between these two compound series can be ascribed to the geometric effects resulting from the
strain in the diolato chelate ring which causes a change of the strength of the ligand-to-
molybdenum n-interaction, |

‘The bisalkoxo complexes (25)-(27) and the diolato complexes (9), (10), and (16)-(18) with
six- or seven-membered chelate ring are the only complexes which exhibit one-electron quasi-
reversible electrode reaction of Mo(V)/Mo(IV) and Mo(V)/Mo(VI) couples. This result suggests
that the mononuclear monooxomolybdenum(VI) complexes may be stabilized by appropriate

ligands containing hard-base donor atoms and smail inherent strain.
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CHAPTER 5°

THE ROLE OF SUBSTITUENT EFFECTS
ON THE MOLECULAR PROPERTIES OF

MONONUCLEAR MONOOXOMOLYBDENUM(V) COMPLEXES

§5.1. Background

There are few reports conceming the chemistry of oxo-transition metal complexes
containing phenolatoso5 or t'niolphenolatozm'50‘5'516 ligands. To date, only one phenolato-
containing oxo-transition metal complex has been structurally characterized. Only fourteen
thiophenolato-containing oxo-transition metal complexes are structurally characterized. Early
research interest in thiophenolato ligands focussed on model compounds for the coordination of
molybdenum by sulfur ligands in various redox enzymes.sos's 11-315 1 addition, there has been an
upsurge of interest in technetium and rhenium complexes in the light of the apparent coordination
of technetium to sulfur ligands in certain Pmye radiopharmaceutical preparations.5 1o

The basic objective of this chapter is to probe the ligand-to-metal r-interaction with a
series of structurally related phenolato or thiophenolato complexes. The studies of a series of
complexes containing chelating and monodentate ligands in Chapters 3 and 4 showed that
molecular properties, especially the electrochemical potentials and the vertical ionization potentials,
are perturbed by chelate rings and by side chain substituents. However, the substituent effects may
be due to (i) steric effects, (ii) resonance effects, and (iii) polar effects (including inductive effects)

* Parts of this chapter have been presented at the 200th National ACS Meeting in Washington,

D. C. (August 26-31, 1990).5%0-504,
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Consequently, a new system was desired to distinguish among these effects which can perturb the
molecular properties of the [LMoOJ?* core.

It has been found that structural parameters of the first coordination sphere of complexes
[HB(3,5-Me,Pz);]MoO(SCN), and [HB(3,5-Me,Pz);]MoO(N;),>!7 are quite similar to one
another. Therefore, a "constant" structure of the [LMoO]2+ core is assumed for complexes (1)-
(49). The two crystal structures of complexes LMoO(O-CgH,-Me), (38) and LMoO(0-CgH,4-Cl),
(44) in this work also reflect this fact. This chapter presents a series of mononuclear
monooxomolybdenum(V) complexes containing para-substituted phenolato or thiophenolato
ligands. Some possible advantages of this system for probing the substituent effects are:

(i) the substituents are located in the para-position and a minimum change of the steric
requirements is expected for complexes (28)-(49);

(ii) the reported structures for LMoO(OPh),°%° and LMoO(SPh),?C! show that bond angle
£Mo-E-C (E = O or S) is much smaller than 180° and a resonance effect in complexes (28)-(49)
is not expected to be significant.

Since the compounds are expected to have similar geometry and the effect of the para-
substituents on the phenyl ring of the phenolato ligands transmitted to the molybdenum atom
through pure resonance pathway is minimized, the remaining substituent effect should be the polar
(inductive) effect which also has been suggested to be a factor in the perturbation of complexes
1)-(27).

A difficulty encountered in the preparation of bisthiophenolato complexes is a redox
reaction between the molybdenum and sulfur atoms that can generate a disulfide by a two-electron
reduction of the metal center as shown in equation (5.1):

[M"(SPh),] ~> [M™?] + PhSSPh (5.1)
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Another possible redox side reaction is the presence of an S--S interaction between the
coordinated ligands.517'5 19 Such partial electron transfer in Mo(SR), groups has been suggested
as an intriguing possibility for molybdoenzymes. As the redox state changes from formally
Mo(IV) to Mo(V) and from Mo(V) to Mo(VI) there may be concomitant formation of a partial
disulfide bond.

Most thiolato complexes exhibit electrochemically reversible redox process, but the
electrochemistry of complexes with monodentate thiolato ligands is very often complicated by
irreversible reactions, arising from dissociation of the thiolato ligand with the oxidation process.
It has been found that oxidation of [MoO(SPh),]" yields dimeric species as shown in equation
(5.2)3%0

2[MoO(SPh),]" = [Mo0,0,(SPh)s(MeCN)] + PhSSPh + 2¢” .2)
However, the complex [MoO(S-C¢H,-'Pr;),]" undergoes a reversible one-electron oxidation
process, reflecting the reluctance of the sterically demanding thiol to form the dinuclear thiolato-

bridged species.

§5.2. Results

5.2.1. Mass Spectra.

For complexes (28)-(47), the mass spectral data obtained by electron-impact or chemical
ionization are summarized in Table 5.1. In mono(para-substituted-phenolato) complexes (28)-(37),
both radical cations of [M - Cl]* and [M - (0-CgH,-X)]" are observable. The intensities of the
cation peaks of dissociated phenolato ligands and their further rearrangement fragments are very
strong, indicating their higher stability compared with that of alkoxo ligands in the gas phase. The

most probable reason is the resonance effect which can help to disperse the charge which resides
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Table 5.1. The Mass Spectral Data of Complexes (28)-(49).

Compound Mol. Peak Maximum of MultipletsT
wt.
28 552 553 (9), 520° (3), 446° (75), 407° (3), 107f (100),
958 (35)
20 566 567° (9), 532° (1), 446° (100), 407% (1), 107f 1),
968 (11)

30 568 569° (10), 446° (96), 123f (100), 958 (77)
31 582 583% (10), 446° (100), 137F (49), 958 (58)
32 554 554* (1), 519° (1), 446° (3), 111f (94), 978 (100)
33 556 557 (6), 520 (2), 446° (79), 111 (100) 958 (62)
34 572 573 (6), 446°(100), 409 (1), 128F (55), 958 (28)
35 617 617 (4), 583° (2), 446° (100), 4074 (1), 174f (29)
172f (29), 958 (21)
36* 664 665 (7), 630° (21), 446° (42), 4119 (2), 220f (100)

37 563 562* (6), 446°(100), 410° 119 (90), 968 (49)

38 623 623 (16), 516° (66), 4119 (19), 107' (55), 968 (23),
28 (100, CO)

39 651 652% (13), 567° (13), 4114 (17), 122f 968 (40)

40 655 655 (4), 534° (18), 4114 (10), 123f(100), 958 (57)
41 683 685° (11), 546° (85), 4119 (64), 138f (48), 968 (37)
2 627 4148 ), 11f @), 98, 93 (100)

43 631 633" (27), 520° (100), 4119 (36), 112f (22), 968 (9),
4 664 665° (21), 538° (92), 4119 (30), 96% (50)

45 753 753* (7). 582° (36), 410% (22), 968 (100)

46© 847 846" (2), 625° (12), 409 (2), 220f(100), 968 (57)
46" 847 849* (23), 628° (4), 219f (16)

47 645 647 (6), 526° (35), 409¢ (7, 119 (100), 968 (44)
48 588 589, 553, 444°, 144f, 968

49 785 786 (5), S97° (27), 410¢ (22),

T Numbers in parentheses are the relative intensities of the peak maxima of the multiplets.
* Data obtained from chemical ionization with methane,

@ Data obtained from chemical ionization with isobutane

Data obtained from negative-ion chemical ionization with isobutane
The molecular ion peak, M.

The ion peak of cation of [M - Ci].

The ion peak of [M - (monodentate ligand)].

The ion peak of [LMoO].

The ion peak of [M - (3,5-Me,Pz)].

The ion peak of monodentate ligand.

The ion peak of [3,5-Me,Pz].

0 6 o B oI

1]
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]2+

on the molecular fragment of the phenolato cation. The radical cation of [LM0QOJ]“" is very weak
or undetectable for most of these mono(para-substituted phenolato) complexes.

For the bis(para-substituted phenolato) complexes (38)-(47), the peaks which are assigned
to the cations of [M - (0-CgH,-X)]* and [M - 2(0-CgH,-X)]" (at m/z = 411) are quite intense.

In addition, for both the mono- and bis-(para-substituted phenolato) complex series, the
cation peak from dissociation of one pyrazole ring is apparent. For all of these complexes, the
mass spectra support a mononuclear formula for each complex.

5.2.2. Infrared Spectra.

The infrared spectral data, Vg p; and Vjg,, are summarized in Table 5.2. The Vg y for
the complexes (28)-(49) falls in the range of 2536-2554 cm’l. For mono(para-substituted
phenolato) complexes (28)-(37), the V.o span in a range of 943-958 cm’l. A similar range is
observed in the bis(para-substituted phenolato) complex series (38)-(47), about 933-945 cml,
However, for each corresponding mono- and bis-(para-substituted phenolato) complex with the
same para-substituent on the phenyl ring, the mono(para-substituted phenolato) complex is about
5-20 cm™! higher than the analogous bis(para-substituted phenolato) complex.

The stretching frequency of the thiophenolato complexes (48) and (49) is only 4-7 em!
lower than that of the anologous phenolato complexes (34) and (44), respectively. This small
difference in the stretching frequency is not sufficient to estimate the w-competition of the sulfur
vs oxygen donor atoms in the phenolato and thiophenolato ligands.

The mono(para-substituted phenolato) complex (37) and bis(para-substituted phenolato)

complex (47) also exhibit strong stretching peaks of the C=N bond at 2216 and 2215 cm’l,

respectively.
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Table 5.2. Infrared Spectral Data of Complexes (28)-(47).'

Compound Vi (cm VMo=0 (cm™)
28 2544 947
29 2550 953
30 2543 943
31 2546 941
32 2554 947
33 2554 949
34 2543 950
35 2542 949
36 2542 948
37 2545 958
38 2538 937
39 2537 933
40 2536 933
41 2537 936
42 2545 934
43 2541 938
44 2543 937
45 2538 939
46 2538 940
47 2546 945
48 2548 943
49 2547 933

* KBr pellets,
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5.2.3. X-ray Diffraction Analysis.

Single crystals of the phenolato compounds (38) and (44) which were suitable for x-ray
diffraction analysis were obtained from slow evaporation of saturated benzene solutions over a
period of 34 weeks at room temperature. For each compound, a single crystal with suitable size
was selected, and then mounted on a glass fiber with epoxy cement. The conditions used for
diffraction measurements are collected in Tables 5.3 and 5.4. Data such as bond lengths, bond
angles, structural factors, etc. are listed in Appendix (page 272-323). The basic data collection and
data reduction procedures for each complex are described below:

(A). LM0oO(0-C4H4-Me),:

(I) Data collectionn A dark ruby-red rhombic single crystal of bis(4-
methylphenolato)hydrotris(3,5-dimethyl-1-pyrazolyl)boratooxomolybdenum with approximate
dimensions 0.45 x 0.42 x 0.08 mm was mounted on a glass fiber in a random orientation.
Preliminary examination with rotation photography was performed with graphite-monochromatized
Mo K, radiation on a Syntex P2, autodiffractometer. The omega scans of several intense
reflections were measured to check the quality of the crystal; the peak-width at half-height was
about 0.25°, indicating good crystal quality.

Cell constants and an orientation matrix for data collection were derived by least-squares
refinement, using the optimized setting angles of 25 reflections in the range of 20° < 20 < 30°.
There were no systematic absences. The space group was determined to be PI (#2), and the
calculated triclinic cell parameters and volumes are: a = 10,703 3) A, b=12.133 3) A, c =
13.678 (4) A, o= 87.94 (2)°, P = 69.72 (2)°, 7 = 65.68 (2)°, and V = 1506.3 A>.

The intensity data were collected at 23+1° using the 6-20 technique with a scan rate

varying from 2 to 8°/min. This variable scan rate allows a fast scan rate for rapid data collection



Table 5.3. Crystallographic Data for LM0oO(0-C¢H,-Me), at 23+1°,

(A) Crystal Data
formula:
FW.
crystal color:
crystal shape:

crystal dimensions:

crystal system:
space group:

a (A):

b (A):

c (A):

o (°)

B

v O

v (A3

Z:

degea, (g/em’):
p (em™):

F (000):

(B) Intensity Measurements

Instrument:
Radiation:

Monochromator:;

Data collection method:

Scan rate:

Scan width (°):

Ca9H36BNgO;Mo
623.40

dark ruby-red
rhombic

0.45 x 0.42 x 0.08 mm
triclinic

P1

10.703 (3)
12.133 (3)

13.678 (4)

87.94 (2)

69.72 (2)

65.68 (2)

1506.3

2

1.37

4.6

646

Syntex P2, autodiffractometer

Mo Ko (A = 0.71073 A)

Graphite cyystal, incident beam

0-20 method

variable (2-8°/min) as a function

of reflection intensity

2.0 + (26Ka, - 20Ka;)
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Table 5.3. Crystallographic Data for LM0oO(0-C¢H4-Me), at 23+1° (Continued).

Maximum 20 (°):
Ratio of total background
time to peak scan time:

Standard reflections:

Number of reflections
measured:

Number of unique
reflections:

corrections:

(C) Structure solution and refinement

Solution method:
Refinement:
Minimization functions:
Least-squares weights:
Anomalous dispersion:
Reflections included:
Parameters refined:

Unweighted agreement factor:

Weighted agreement factor:
Esd of obs. of unit weight:
Convergence, largest shift:
High peak in final diff map.:
Low peak in final diff map.:

50.0

2.0
3 representative reflections

recollected every 97 reflections
5779

5355
Lorentz-polarization
Reflection averging (agreement on

I=12%)

Patterson heavy-atom
Full-matrix least-squares
Sw(F, - [Fl)?

4G )32E )

All non-hydrogen atoms
4300 with (F,)? > 3.00(F 2)
361

0.039

0.050

0.73

<0.005¢

0.65(6) e™/A3

-0.45(0) e'1/A3
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Table 5.4. Crystallographic Data for LMoO(0O-C¢H,-Cl), at 23+1°,

(A) Crystal Data
formula:
FW.
crystal color:
crystal shape:

crystal dimensions:

crystal system:
space group:

a (A

b (A):

¢ (A):

o (°)

BC)

YO

v (Al

VA

Aot (g/em™):
B (cm’l):

F (000):

(B) Intensity Measurements

Instrument;
Radiation:
Monochromator:

Data collection method:

Scan rate:

Scan width (°):
Maximum 20 (°):

Cy7H3oBCLNO;Mo
664.24

dark ruby-red
pyramidal

0.55 x 0.30 x 0.22 mm
triclinic

P1

10.585 (2)

12.068 (3)

13.728 (3)

88.01 (2)

69.94 (2)

65.78 (2)

1490.8

2

1.48

6.5

678

Syntex P2, autodiffractometer

Mo Ko (A = 0.71073 A)

Graphite cyystal, incident beam

0-26 method

variable (2-8°/min) as a function

of reflection intensity
2.0 + (26K, - 20K0y)
50.0

233
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Table 5.4. Crystallographic Data for LMoO(0-C4H,-Cl), at 23+1° (Continued).

Ratio of total background
time to peak scan time:
Standard reflections:

Number of reflections
measured:

Number of unique
reflections:

corrections:

(C) Structure solution and refinement
Solution method:
Refinement:
Minimization functions:
Least-squares weights:
Anomalous dispersion:
Reflections included:
Parameters refined:
Unweighted agreement factor:
Weighted agreement factor:
Esd of obs. of unit weight:
Convergence, largest shift:
High peak in final diff map.:
Low peak in final diff map.:

2.0
3 representative reflections

recollected every 97 reflections
5587

5278

Lorentz-polarization

Reflection averging (agreement on
I=12%)

Patterson heavy-atom
Full-matrix least-squares
Ew(F,| - IF)?

4(F PEHF )

All non-hydrogen atoms
4634 with (F.)* > 3.00(F,2)
361

0.034

0.049

0.49

<0.005¢

0.52(5) e//A3

-0.64(0) /A3
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of the intense reflections and assures good counting statistics for weak reflections where a slow
scan rate is used. The maximum 20 for data collection was 50.0°. The scan range (in deg.) was
determined as a function of 20 to correct for the separation of the K, doublet. The scan width
was calculated as follows:
scan width = RNG1 + RNG2 + (26Ka, - 26Ka,)*DISP
The values of the parameters were RNG1 = 1.0, RNG2 = 1.0, and DISP = 1.0. The diameter of
the incident beam collimator was 1.00 mm. The reflection intensity and standard deviations are
computed using equations (5.3) and (5.4):
2 background counts

I = total scan count - { }* scan rate (5.3)
background:scan ratio

2 background counts
o(I) = total scan count + { }m*(scan rate) 54
background:scan ratio

The ratio of peak counting time to background counting was 2.0 to 1.

(II) Data Reduction: A total of 5779 reflections were collected, of which 5355 were unique.
As a check on crystal and electronic stability 3 representative reflections were measured afier
every 97 reflections. The intensities of these standards remained constant within experimental error
throughout data collection. No decay correction was applied.

Lorentz and polarization corrections were applied to the data. The linear absorption
coefficient was 4.6 cm™ for Mo Ko radiation, and no absorption correction was made. Intensities
of equivalent reflections were averaged. The agreement factors for the averaging of the 728

observed and accepted reflections were 1.2% based on intensity and 1.0% based on F,,.
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(III) Structure Solution and Refinement: The structure was solved using the Patterson
heavy-atom method which revealed the position of the molybdenum atom. The remaining atoms
were located in succeeding difference Fourier syntheses. Hydrogen atoms were included in the
refinement but restrained to ride on the atom to which they are bonded.

The structure was refined by full-matrix least-squares where the function minimized was
Iw(F,| - IFl)%. The standard deviation on F2, o(F?), is defined by equation (5.5).

o(F?) = [¢*(D) + EFAY'? (5.5)

The weights for each reflection were calculated using the counter weighing scheme, as shown in
equation (5.6).

w = 4(F)%/o%(F,) (5.6)

The uncertainty factor, p, was set to the value 0.040. Scattering factors were taken from Cromer

and Waber.3! Anomalous dispersion effects were included in F, and the values for f* and f" were

those of Cromer.>22 Only the 4300 reflections having intensities greater than 3.0 times their

standard deviation were used in the refinements. The final cycle of refinement included 361

variable parameters and converged (largest parameter shift was 0.005 times its esd) with

unweighted and weighted agreement factors of:

Z[IF0 -Fl
Rl=—  _..=0039 CN))
2F,
2"W(Fo - Fc)z
R2 = SORT { —— } = 0.050 (5.8)

Iw(F,)?
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The standard deviation of an observation of unit was 0.73. There were 109 correlation coefficients
greater than 0.50. The highest peak in the final difference Fourier had a height of 0.65 e’l/A3 with
an estimated error based on F of 0.07; the minimum negative peak had a height of -0.45 e’l/A3
with an estimated error based on F of 0.07. Plots of Zw(IF,| - IF,l)? versus IF,|, reflection order
in data collection, sin6/A, and various classes of indices showed no unusual trends.

(B). LM0oO(0O-Cg¢H,-Cl),:

() Data Collectionn A dark ruby-red pyramidal crystal of Dbis(4-
chlorophenolato)hydrotris(3,5-dimethyl- 1-pyrazolyl)boratooxomolybdenum having approximate
dimensions 0.55 x 0.30 x 0.22 mm was mounted on a glass fiber in a random orientation.

Cell constants and an orientation matrix for data collection were obtained from least-
squares refinement, using the setting angles of 25 reflections in the range 20° < 20 < 30°. The
triclinic cell parameters and calculated volume are: a = 10.585 (2) A, b=12068 3) A, c=
13.728 (3) A, o = 88.01 (2)°, B = 69.94 (2)°, y = 65.78 (2)°, V = 1490.8 A>. For z = 2 and
M.W. = 664.24, the calculated density is 1.48 g/cm3. As a check on crystal quality, omega scans
of several intense reflections were measured; the band-width at haif-height was 0.25°, indicating
good crystal quality. No systematic absences could be found and the space group was determined
to be P-l-. The data collection method used for this complex is identical to that of complex (38).

(I1) Data Reduction: A total of 5587 reflections were collected, of which 5278 were unique.
The intensities of the standards remained constant within experimental error throughout data
collection. No decay correction was applied. Lorentz and polarization corrections were applied to
the data. The linear absorption coefficient was 6.5 cm! for Mo Ko radiation, and no absorption

correction was made. Intensities of equivalent reflections were averaged. The agreement factors
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for the averaging of the 544 observed and accepted reflections were 0.7% based on intensity and
0.7% based on F,,.

(II) Structure Solution and Refinement: The structure was solved using the Patterson
heavy-atom method as described for complex (38). For complex (44), only 4634 reflections having
intensities greater than 3.0 times their standard deviation were used in the refinements. The final
cycle of refinement included 361 variable parameters and converged (largest parameter shift was
smaller than 0.005 times its esd) with unweighted and weighted agreement factors of:

R1 = 0.034 and R2 = 0.049
The standard deviation of an observation of unit weight was 0.49. There were 99 correlation
coefficients greater than 0.50. The highest peak in the final difference Fourier had a height of
0.52 ¢1/A3 with an estimated error based on F of 0.06; the minimum negative peak had a height
of -0.64 ¢1/A3 with an estimated error based on F of 0.06. Plots of Sw(F,| - IFl)? versus IF,
reflection order in data collection, sinf/A, and various classes of indices showed no unusual
trends.

(C) Observations

The selective structural parameters for complexes LMoO(O-CgHy-X), (X = Me, Cl, and
H) are listed in Table 5.5. All of these three complexes possess a distorted octahedral coordination
geometry around the molybdenum atom, as shown for different bond angles Z02-Mo-Ol,
Z£02-Mo-03, and Z01-Mo-03 (02 = the terminal oxo ligand; O1 and O3 = the oxygen donor
atoms of phenolato ligands). The tridentate pyrazolylborate ligand occupies one face of the
octahedron and the opposite faces are occupied by the oxo and the two phenolato ligands.

The bond lengths and bond angles within the phenyl ring and pyrazolyl ring are normal

and need no more discussion,201-505.517
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Table 5.5. The Selective Bond Lengths and Bond Angles of LMoO(O-CgH 4-Me),

(38), LM0O(0-C4H,-Cl), (44), and LMoO(0-CgHy),.

LMo0O(0-C¢H4-Me),” LMoO(0-CgH,-C1),” LMoO(0-C¢Hy),”
Mo=02 (A) 1677 3) 1.673 (3) 1.680 (3)
Mo-O1 (A) 1.954 (3) 1.959 (3) 1.938 (3)
Mo-03 (A) 1.928 (3) 1.934 (3) 1.929 (3)
Mo-N11 (A) 2334 (4) 2324 (4) 2323 (4)
Mo-N21 (A) 2.169 (4) 2.170 (3) 2.169 (4)
Mo-N31 (A) 2.163 (3) 2.160 (3) 2.183 (4)
01-C41 (A) 1.360 (5) 1.354 (5) 1.357 (6)
03-C51 (A) 1.340 (6) 1.354 (6) 1.358 (6)
Mo-01-C41 (°) 1305 (3) 1315 (3) 134.7 (3)
Mo-02-C51 (°) 1459 (3) 1453 (3) 136.6 (3)
02-Mo-01 (°) 1002 (1) 99.6 (2) 1024 (2)
02-Mo-03 (°) 103.5 (2) 1033 (2) 103.7 (2)
02-Mo-N11 (°) 168.6 (1) 1689 (1) 167.3 (2)
02-Mo-N21 () 92.6 (2) 93.1 (1) 90.2 (2)
02-Mo-N31 (%) 914 (2) 91.7 (1) 91.5 (2)
01-Mo-03 (9 90.9 (1) 90.7 (2) 88.9 (2)

* This work.

# Kipke, C. A; Cleland, W. E. Jr.,; Roberts, S. A.; Enemark, J. H. Acta. Cryst. 1989, C45, 870-872.
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For each complex mentioned in this section, one phenyl ring projects into the pocket which
is formed by the 3-methyl groups of tridentate pyrazolylborate ligand, L. Another phenyl ring lies
between two pyrazole rings of L, as shown in Figures 5.1 and 5.2. However, the different
environments around the two phenolato ligands do not significantly change the bond angles
02-Mo-01 and 02-Mo-03, which are 99.6 (2)°-102.4 (2)° and 103.3 (2)°-103.7 (2)°, respectively.

The ligand-to-molybdenum bond lengths (Mo=0, Mo-0, and Mo-N) for the complexes (38)
and (44) are in the expected region. However, it is interesting that the bond length of Mo-03 is
1.928 (3) A, 1.934 (3) A, and 1.929 (3) A for X = Me, Cl, and H, respectively, whereas the bond
length of Mo-O1 is 1.954 (3) A, 1.959 (3) A, and 1.938 (3) A for X = Me, Cl, and H,
respectively.

The bond angles £Mo0-01-C41 (of phenolato) are quite similar to one another for these
three complexes, 130.5 (3)° for X = Me, 131.5 (3)° for X = Cl, and 134.7 (3)° for X = H. The
£Mo-02-C51 (of phenolato) bond angle for X = Me and Cl are similar to each other (145.9 (3)°
for X = Me and 145.3 (3)° for X = CI), but clearly different from that (136.6 (3)°) for
unsubstituted phenolato complex LMoO(0-CgHs),.

5.2.4. Electron Paramagnetic Resonance Spectra.

EPR solution spectra of complexes (28)-(49) contain a strong central line and six hyperfine
lines. No other paramagnetic species can be observed and no ligand superhyperfine splitting can
be identified. Table 5.6 lists the anisotropic and isotropic g values and isotropic hyperfine
constants, 95'97M°<A>, for complexes (28)-(49). The isotropic <g> and <A> values presented in
Table 5.6 are consistent with the unpaired electron being located in a molybdenum-centered orbital
that has almost constant composition for the entire series of compounds. The mono(para-

substituted phenolato) complexes (28)-(37) have their <g> and <A> values between 1.941-1.944
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Figure 5.1. ORTEP of the bis(4-methylphenolato) complex (38), LMoO(O-CgH,-
Me),. The numbering of the atoms in the pyrazole ring containing N11

and N21 parallel that shown for the ring containing N31.
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c37

Figure 5.2. ORTEP of the bis(4-chlorophenolato) complex (44), LMoO(O-Cg¢H,-Cl),.
The numbering of the atoms in the pyrazole ring containing N11 and

N21 parallel that shown for the ring containing N31.



Table 5.6. Electron Paramagnetic Resonance Data of Complexes (28)-(49).

Compound g g g 13zg! <g> <A>*
28 1.963 1.941 1.908 1.937 1.941 44.75
29 1.963 1.939 1.907 1.937 1.941 45.17
30 1.965 1.941 1.907 1938 1.941 46.95
31 1.966 1.942 1.908 1.939 1.943 4460
32 1.965 1.941 1.908 1938 1.942 45.50
33 1.963 1.941 1911 1.938 1.942 4448
34 1.964 1.941 1.912 1.939 1.943 45.21
35 1.963 1.942 1.912 1.939 1.944 45.14
36 1.964 1.941 1.909 1.938 1.944 45.15
37 1.963 1.941 1915 1.940 1.944 45.38
38 1.959 1939 1.900 1933 1.935 46.64
39 1.960 1.938 1.900 1933 1.935 41.77
40 1.961 1.940 1.899 1933 1.940 44.89
41 1.960 1.940 1.903 1.934 1.935 46.90
4?2 1.961 1.939 1.902 1.934 1.937 45.60
43 1.959 1.939 1.902 1.934 1.936 46.34
4 1.959 1.939 1.905 1934 1936 47.14
45 1.959 1.939 1.904 1.934 1.937 47.15
46 1.959 1939 1.902 1.933 1.936 46.95
47 1.957 1.939 1.897 1931 1.936 47.06
438 1.994 1.950 1.927 1.957 1.959 41.16
49 2.007 1.954 1.940 1.967 1.968 36.75

Y 135g, = 1/3(g, + &, + &)
* <A> is the value of %>9"Mo hyperfine constant (x10 cm™).
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and 44.48-46.95 (xlO“‘ cm'h, respectively. However, the values of <g> and <A> for analogous
bis(para-substituted phenolato) complexes (38)-(47) are in the range 1.935-1.940 and 44.89-47.77
(x10*cem™), respectively. This result shows that bis(para-substituted phenolato) complexes exhibit
a lower <g> but higher <A> value than their analogous mono(para-substituted phenolato)
complexes. Such a result is not unusual because the bisalkoxo complexes also show similar
properties compared to the monoalkoxo complex series (Table 3.3).

Thiophenolato complexes (48) and (49) show larger g;, <g>, and <A> values than those
of all the mono- and bis-(para-substituted phenolato) complexes (28)-(47). In addition, the
parameters for the bis(4-bromothiophenolato) complex (49) are very similar to those of dithiolato
complexes with six- or seven-membered chelate rings (complexes (2) and (3) in Table 3.4), but
the values are smaller than those of the dithiolato complexes with five-membered chelate rings
(complexes (1) and (4) in Table 3.4). It is also interesting that a similar result is observed between
the bis(para-substituted phenolato) complexes (28)-(37) and the diolato complexes (8)-(18). The
values of g;, <g>, and <A> for the complexes (28)-(37) are similar to those of diolato complexes
with six- or seven-membered chelate rings (complexes (9) and (10) in Table 3.4), whercas these
quantities are smaller than those of diolato complexes (8) and (11)-(15) with five-membered
chelate rings.

5.2.5. Electron Absorption Spectra,

The electronic absorption spectral data for complexes (28)-(49) in 1,2-dichloroethane and
acetonitrile solution are listed in Table 5.7. Complexes (28)-(49) exhibit a wide range of colors.
For mono(para-substituted phenolato) complexes (28)-(37), LMoO(C1)(O-CgH,-X), the color is
purple for X = Me and Et, dark blue for X = OMe and OEt, green-blue for X = OH, violet for

X =F, Cl, Br, and ], and pink for X = CN. For bis(para-substituted phenolato) complexes



Table 5.7. Electronic Absorption Spectra of Complexes (28)-(49).

Cpd. % (x10° cm) A (nm)

in CICH,CH,Cl

in CH,CN

€ (L-mol'l-cm’l)

9 (x10° cm™) A am) € L-moll.cml)

28

29

30

k) |

*

12.87
18.32
28.6
334"
375

12.79°
18.28"
28.33
376

16.81
26.80
33.60"
3720

16.75
26.77
330"
37.0

777
546
350
299
267

782
547
353
266

595
373
298
269

597
373
303
270

91
2443
8875

10393
15343

118
1776
5768

10368

2363
5260
7478
9911

1811
2952
4765
5754

18.6
386"
37.5°
444°
476

184

284"
37.5"
444"
476"

17.0
26.9"
33.9°
37.5"
448"
476"

539
350
267
225
210

544
352
267
225
210

588
372
295
267
223
210

591
37
297
268
223

1721
5462
8472
17030
23692

1750
5651
9484
19127
28538

2271
5685
7852
10396
20862
28316

245



Table 5.7. Electronic Absorption Spectra of Complexes (28)-(49). (Continued)

in CICH,CH,Cl in CH,CN

Cpd. o x10°cm™) A (m) e@mollem™) © x10°cm™) A (am) & @L-mollcm™)

32 17.18 584 1790

27.9 359 6415

33.6° 298 10203

38.3" 261 12690

33 13.07° 765 106

19.16 522 1691

29.4° 340 5803

329" 304 6763

34.1" 293 7785

37.3 268 9729

34 13.26° 754 119
19.08 524 1843 1927 519 1767
28.41° 352 6436 29.1° 344 6378
34.60° 289 8942 37.3* 268 9500
37.20 269 10277 453" 221 20461
474" 211 27080

35 13.30" 752 126
19.2 521 2109 19.7 507 2052
29.1° 344 6588 29.3" 341 6413
33.2" 301 7564 37.5" 267 9710
37.2" 269 10293 44.8° 223 20737



Table 5.7. Electronic Absorption Spectra of Complexes (28)-(49). (Continued)

in CICH,CH,CI

in CH;CN

Cpd. © (x10° cm!) A (nm)

€ (L-mol'l-cm")

9 (x10® cm™) A (am) € (L-molt.cm)

36 13.19° 758
19.61° 510
28.40° 352
37.00 270
37 13.93 718
20.20 495
28.10 356
34.00" 294
38.30" 261
40.20" 249
38 13.04" 767
19.38" 516
28.57" 350
32,05 312
34.84" 287
40.00° 250

137
2184
7848

11956

129
2215
8718

10649
16764
16318

119
1786
8016
9448
9743

16487

19.1
29.4°
37.2°
422°
48.1"

16.1°
19.5

28.3"
336"
38.6"
450°
419"

524
340
269
237
208

622
513
353
298
259
222
209

2169
7059
10470
17245
33216

1987

3013
11803
15025
22352
32561
55419

247



Table 5.7. Electronic Absorption Spectra of Complexes (28)-(49). (Continued)

in CICH,CH,CI in CH,CN

Cpd. (xlO3 cml) A (nm) ¢ @ -molt-cm) © x10° cm™) A (nm) & (L-moll.cm’l)

39 12.99" 770 130 13.1 764 75
19.12° 523 1785 21.1 475 2046

28.90° 346 7691 322" 311 10744

33.11° 302 8755 36.5" 274 13451

35.21" 284 10058 43.1" 232 28048

41.15° 243 20378 45.5° 220 32844

478" 209 44109

40 12.89" 776 114 12.8° 780 105
18.98" 527 2082 185" 540 1713

28.90" 346 8588 29.0" 345 7653

33.33 330 12125 33.7" 297 11739

426" 235 25326

45.0° 222 38254

478" 209 45532

41 12.77° 783 121 12.8" 780 131
19.01° 526 1937 18.8° 532 2273

28.90° 346 7044 29.9" 334 10221

33.56" 298 10554 33.7 297 15413

451 222 38254

478 209 45532



Table 5.7. Electronic Absorption Spectra of Complexes (28)-(49). (Continued)

in CICH,CH,CI in CHyCN

Cpd. © (xlO3 cm'l) A(nm) ¢ (L-mol'l-cm") v (xlO3 cml) A (nm) € (L-mol'l-cm'l)

42 12,67 789 119
18.80° 532 1920
25.51" 392 4844
29.07" 344 6269
33.90° 295 10353
43 13.07 762 114 13.4 749 63
20.04" 499 1759 20.8° 480 1630
2857 350 7952 308" 325 8900
31.55" 317 8857 3150 286 12856
34977 286 12098 429" 233 23187
452" 221
478 209
44 13.19 758 127 13.2 760 75
20.45 489 2105 20.8° 480 2113
2857 350 8636 308" 325 11221
3268° 306 10932 350 286 15649
3497 288 12401 426 235 32857
39.84 251 20924 446" 224

47.6 210



Table 5.7. Electronic Absorption Spectra of Complexes (28)-(49). (Continued)

in CICH,CH,Cl

in CH,CN

Cpd. ® (x10° cm’!) A (nm)

e (L-mol'l.cml)

® (x10° cm™!) A (nm) & (L-molt.cm™)

45 13.28
20.68
28.57"
32.68"
35.09°

46 13.25
2041
28.41"
32.57°
34.46"

47 13.41
21.19
28.65
33.22"
39.53"

753
484
350
306
285

756
490
352
307
291

746
472
349
301
253

104
2241
9874

12193
13715

120
2268
10237
12414
13487

106
2030
12500
18230

13.1
20.6
30.8
35.1"
426
45.1°
418"

Y

-

12.9
20.2"
30.8*
33.8"
42.2°
459*
476°

765
485
325
285
235
222
209

773
494
325
296
237
218
210

748
462
325
300
251
220
210

87
2238
10739
15857
17592
21050
29577

93
1600
5509
6501

16363
18232
24591

115
2349
13218
16547
32055
22344
42628

250



Table 5.7. Electronic Absorption Spectra of Complexes (28)-(49). (Continued)

in CICH,CH,Cl

in CH;CN

Cpd. © (x10°cm™) A (nm)

€ (L-mol'l-cm")

? (x10° cm™) A (nm) € @L-moll-cm™)

48 14.18
22.78"
24.88
37.59"

49 13.21
15.65"
22.83°
26.46
34.13"
3717

CIOPh® 13.12°
19.27
29.33"
34.13"

(OPh), b 133
19.76"
25.71°

129.33°
33.56

705
439
402
266

757
639
438
378
293
269

762
519
341
293

750
506
389
341
298

1568
4425
5916
17197

1427
1085
3240
4893
10810
19243

119
1941
6782
8372

88
976
2752
3836
5800

* shoulder

2 "CIOPR" = LMoO(C1)(O-C¢Hs)

b “(OPh)," = LM0oO(O-C¢4Hs),

251
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(38)-(47), LM0oO(0O-C¢H4-X),, the color is deep reddish for X = Me and Et, brownish for X =
OMe, OEt, and OH, red for X = F, Cl, Br, and I, and bright orange for X = CN. Mono(4-
bromothiophenolato) complex (48) and bis(4-bromothiophenolato) complex (49) are bright green
and yellowish-green, respectively.

For compounds listed in Table 5.7, except for mono(para-substituted phenolato) complexes
(30)-(32), where X = OMe, OEt, and OH, the electronic absorption spectra in the range of
900400 nm show two bands. The first one with lower energy is relatively weak in intensity and
always partially overlapped by the second transition band with higher energy which is quite broad
and intense. The former one is ascribed to a ligand-field transition band and the later one is
assigned as a ligand-to-molybdenum (probably oxygen-to-molybdenum) charge transfer band. In
1,2-dichloroethane solution, the energy range of the ligand-to-molybdenum charge-transfer
transition for the mono- and bis-(para-substituted phenolato) complex series is 16750-19610 cm’!
(597-510 nm) and 18800-21190 cm! (532-472 nm), respectively. The analogous energy range of
the ligand-field transition for the mono- and bis-(para-substituted phenolato) complex series is
12790-13300 cm™! (782-752 nm) and 12670-13410 cm™* (789-746 nm), respectively.

The lowest-energy charge-transfer transition band for each phenolato compound, except for
(36), (37), (40), and (41), exhibits a red-shift from acetonitrile to 1,2-dichloroethane solution.

5.2.6. Electrochemistry

Table 5.8 summarizes the electrochemical data for complexes (28)-(37) and LMoO(O-
CsHs5)(CD. All of the mono(para-substituted phenolato) complexes exhibit a quasi-reversible
reduction wave, which is ascribed to a molybdenum-centered redox process encompassing the
Mo(V) and Mo(IV) oxidation states. The EPR and electronic absorption spectra support the

hypothesis that this redox couple is almost totally a molybdenum-centered electron transfer. On



Table 5.8. Electrochemical Data of the Mo(V)/Mo(IV) Couple of Complexes (28)-(37)

and LMoO(C1)(0-C¢H5)*
Mo(V) + ¢ = Mo(1V)

Compound Epc (V) Ep, (V) E;p (V) aE, (mV) ipa/ine
28 -0.742 -0.606 -0.674 135 095
29 -0.737 -0.624 -0.669 106 0.95
30 -0.739 -0.645 -0.692 94 0.98
31 -0.730 -0.634 -0.682 96 0.96
32 -0.725 -0.661 -0.693 64 097
33 -0.691 -0.559 -0.659 132 0.96
34 -0.611 -0.518 -0.574 93 098
35 -0.632 -0.566 -0.599 66 096
36 -0.622 -0.520 -0.571 103 0.97
37 -0.506 -0.424 -0.466 81 1.00

(oph)(Cnf -0.701 -0.584 -0.643 117 098

* Data were obtained from CH;CN solution containing 0.1-2 mM of complex and 0.1 M of tetra-n-
butylammonium tetrafluoroborate as supporting electrolyte. The scan rate was 0.1 V-sec'). The
elctrochemical cell employed a platinum-disk electrode as the working electrode, a platinum-wire
electrode as the auxiliary electrode, and a KCl-saturated Hg/HgCl, reference electrode (SCE).

t (OPh)(CI) = LMoO(O-C¢Hs)(CI).

253
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the basis of the cyclic voltammetry anodic-to-cathodic peak current ratios (ip,fi,c) and cathodic-to-
anodic peak separations (AEp), this electrode process is judged to be a one-electron process. The
reversibility of this electrode process suggests fast electron transfer and probably little structural
change for the Mo(V)/Mo(IV) redox couple.

Repeated scans show that there is no change in the peak current, indicating that the
phenolato ligand does not dissociate from these compounds.

The order of the decrease of the half-wave reduction potential is (37) > (36) > (34) > (35)
> LMoO(CI)(0-CgHs) > (33) > (29) > (28) > (31) > (30) = (32). However, the half-wave
reduction potentials of the Mo(V)/Mo(IV) couple span a relatively narrow range (about 0.57-0.69
V vs SCE) as a function of the seemingly large changes in the nature of the remote para-

substituents on the phenyl ring of the phenolato ligands.

§5.3. Discussions

5.3.1. Infrared Spectra.

The values of V), decrease in the order of (37) > (29) > (34) > (33) = (35) > (36) >
(28) > (47) > (30) > (31) > (46) > (45) > (43) > (38) = (44) > (41) > (39) = (40). Clearly, in both
the mono- and bis-(para-substituted phenolato) compound series, the compound with the para-
cyano substituted phenolato ligand has the highest stretching frequency of the Mo=0 bond. Such
a result may reflect that (i) the oxygen donor atom in phenolato ligands has better n-bonding
ability than that of chloro ligand. (ii) a strong electron withdrawing group, like the cyano group,
which is attached to the para-position can effectively reduce the electron density of the oxygen
atom and thereby reduce the m-interaction of the p,, orbitals of the oxygen atoms of the phenolato

ligand and the d,(y orbital of the molybdenum atom.
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Similar results are also observed in many other compound systems. For example, in the
complex series of [MoO(SR),]" (R = CgHjs, C,oH7, 4-CH;C¢H,, 3-CICgH,, 2,6-Cl,CgHj, or CgFs),
the V.o shifts to higher frequencies as the electron-withdrawing nature of the substituents
increases.’ In addition, the Mo=0 stretch of [MoO(SR),] is lower than that of [MoOX,]™ (X
= (I, Br, or I), corresponding to the poorer nt-donor ability of halides versus thiolato ligands.523

5.3.2. X-ray Crystallography.

The bond lengths between the terminal oxo group and the molybdenum atom are not
unusual and fall in the normal range for monooxomolybdenum(V) complexes, 1.677+0.048 A4
This bond can be described as a triple bond, involving o-bonding between the empty d,, of the
molybdenum atom and the filled p, orbitals of oxygen atom, and n-bonding between the empty
d,, and d, orbitals and the filled p, and p, orbitals of the oxo ligand. This leaves the d,, orbital
to accommodate the nonbonding 4d electron of molybdenum(V) (Figure 1.2). The observed Mo-O
distances for these two complexes suggest an empirical bond order of 2.5, as suggested by Cotton
et al.>%4

The bond lengths Mo-N21 and Mo-N31 are in the normal region for a single bond.
However, the Mo-N11 is about 0.15 A longer than that of Mo-N21 and Mo-N31. This result is
consistent with the strong trans-effect of a terminal oxo ligand.

The pyrazolyl rings are each planar and the inter-ring angles do not vary markedly,
suggesting that the steric effects of the two para-substituted phenolato ligands are not significantly
different.

It is expected that aryloxo ligands have poorer m-donation ability than their aliphatic
counterparts; however, structural studies show that ZM-O-Ar angles are characteristically larger

than £ZM-O-R angles, even in the absence of steric effects. Angles of 160°-180° are common for
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these ligands, although M-OAr distances are slightly longer than M-OR distances in related
molecules.’>>~?6 The ability of aryloxo to readily increase the angle at oxygen can be
accommodated into a resonance form of the type MSO=Ar. A comparison of the bonding of
alkoxo and aryloxo ligands to the same metal centers has been reponed.525 Basically, such a
structural change can be traced directly to the ligand-to-metal wt-interactions. In most cases, a fine
gradation of M-O distances and ZM-0-C angles has been noted in the chemistry of molybdenum
alkoxo ligand as a function of the number of alkoxo ligands competing for one or two vacant d-
orbital sites. When there are no vacant d-orbitals, then bonds approaching those anticipated for
single M-O bond distances are seen with ZM-O-C angles close to 120°,

For the complexes LM0oO(0O-CgH,-X),, X = Me, Cl, and H, the Mo-O3 bond lengths are
identical to one another; however, the bond length Mo-O1 for X = Me and Cl is longer than that
in complex LMoO(0O-C¢Hs),. In addition, the bond angles £Mo-O1-C41 for complexes LMoO(O-
CsHy-X), (X = Me, Cl, and H) are also similar to one another, but £ZMo-03-C51 for X = Me and
Cl are greater than that in LMoO(O-C¢Hjs),. These two results are unexpected. In many reported
structures of complexes containing aryloxo (or alkoxo) ligands, the shorter terminal M-O distances
are usually found to be associated with larger ZM-O-C angles which may even be close to 180°.
On the other hand, relatively long terminal M-O distances are observed with small ZM-O-C
angles. Table 5.9 lists molecular parameters of some compound systems which have been
structurally characterized.’27-53% For the metal centers which are electron deficient, the oxygen
(py to metal (d;) bonding can relieve this deficiency, and this argument is normally used to
account for the short M-O distances.>’

As shown in Table 5.10, several niobium(V) and tantalum(V) complexes have been

reported that show no correlation between the two paramc:ters;536'542 i.e. the ZM-0O-C (aryloxo)
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Table 5.9. The Selective Bond Lengths and Bond Angles of Some Compounds Containing
Alkoxo or Aryloxo Ligands.

Compound M-O@A) O0-C(A) M-0-C() 0-CC ()
{[HB(3,5-Me,Pz);1M0oO,(0OC¢H, )}, 1.920 (4) 133.5 (4)
[Mo,(O'Pr),(OArMe,),I° 1883 4)" 1446 (8)" 1266 4)°

1904 @ 1967 (7 1458 @)
1.896 ¢ 1374 (7 1554 @)

[HB(3,5-Me,Pz);1Mo(NO)(O'Pr),* 1908 (4) 1412 (9) 1334 (4) 1122 (8)
1900 (4) 1439 (7) 1334(4) 1086 (6)
[HB(3,5-Me,-4-CIPz);]Mo(NO)(O'Pr)4 1.863 (7)  1445(13) 1324(6)  109.0 (10)
107.7 (9)
[MoO,(OEt),(dmso)],* 1912 (2) 1415 (4) 1280 (3)
Na,[Mog(p-C)g(OMe),lf 2051 126.0
Na, [Mog(n-OMe)g(OMe)g1f 2.130 119.9
{[(CH;),C];CO)Zr,Cl, Li(OEt),8 1900 (6) 142 (2) 1660 (8)
1899 (8) 146 (3) 1719 (8)
Zr(OAr-2,6-'Bu)(CH,C¢H,F);" 1.934 (3) 169.4 (3)
Zr(OAr-2,6-'Bu)(CH,Ph)," 1.942 (9) 165.7 (9)
Zr(OAr-2,6-*Bu-4-OMe)(CH,Ph)," 1.936 (4) 175.7 (4)
1.903 (4) 1754 4)
trans-Ir(OC4Fs)(CO)(PPhy),! 2058 (3) 1302 (6) 1354(3) 1196 (5)
126.5 (5)

® Roberts, S. A.; Darsey, G. P.; Cleland, W. E. Jr.,; Enemark, J. H. Inorg. Chim. Acta. 1988, 154, 95-97.
b Coffindaffer, T. W.; Rothwell, 1. P.; Huffman, J. C. Inorg. Chem. 1983, 22, 2906-2910. ¢ McCleverty,
J. A,; Rae, A. E. Wolochowicz, L; Bailey, N. A,; Smith, J. M. A. J. Chem.Soc. Dalton Trans. 1982, 951-
965. 4 McCleverty, J. A.; Seddon, D.; Bailey, N. A.; Walker, N. W. J. J. Chem. Soc. Dalton Trans. 1976,
898-908. € McKee, V.; Wilkins, C. I. J. Chem. Soc. Dalton Trans. 1987, 523-527. f Chisholm, M. H.;
Heppert, J. A.; Huffman, J. C. Polyhedron 1984, 3, 475-478. € Lubben, T. V.; Wolczanski, P. T.; Van
Duyne, G. D. Organometallics, 1984, 3, 977-983. | Churchill, M. R; Fettinger, J. C.; Rees, W. M.; Atwood,
J. D.J. Organomet. Chem. 1988, 154, 95-97. * M-O (alkoxo) bond distance. #*M-0 (aryloxo) bond distance.
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Table 5.10. The Reported M-O (Aryloxo) Bond Distances and M-O-C (Aryloxo) Bond Angles
of Some Niobium(V) and Tatalum(V) Complexes.

Compound Oxidation State M-0 (4) M-0-C ()
Nb(0-2,6-Me,CgHs)s* ") 1910 (2) 157.0 (2)
1.893 (2) 166.5 (2)
1.890 (2) 144.8 (2)
1910 2) 1438 (2)
Nb(O-2,6-Ph,C¢Hs),(CH,Ph-4-Me),® V) 1917 2) 167.7 (2)
1915 (2) 178.1 (2)
Ta(0-2,6-PhyC¢Hy),(CH,Ph-4-Me);" V) 1.906 (4) 167.1 (4)
1.903 (4) 177.5 @)
Ta(0-2,6-Me,CgH3);(Ph),° V) 1.879 4) 175.5 (4)
1.848 (5) 180
Ta(0-2,6-Pr,CgHs)3(Ph),° ) 1.881 (3) 165.0 (4)
1.880 (3) 166.4 (4)
1.852 (3) 152.5 (4)
Ta(OCgH;Ph-CgH,),(0-2,6-Ph,CcHy)? V) 1.905 (2) 136.8 (2)
1.897 2)
1.903 (3) 147.1 (3)
Ta(OCgH;Ph-CgH,)(OCgH;-2,6-Phy),(Me)*f v) 1.909 (4) 1414 (4)
1.899 (4) 169.5 (4)
1.883 (4) 146.6 (4)
Ta(OCgH;Ph-CgH,)(OCgH;-2,6-Phy),("Bu)*! ) 1.913 (3) 136.5 (3)
1.890 (3) 160.7 (3)
1.910 (3) 1369 (3)
Ta(OCgH;-2,6-Me,),(CH,Ph),8 v) 1917 (2) 150.6 (4)
1915 (2) 1589 (4)

8 Coffindaffer, T. W.; Steffey, B. D.; Rothwell, 1. P.; Huffman, J. C. J. Am. Chem. Soc. 1989, 111, 4742-.
b yu, J. S.; Chesnut, P. W.; Fanwick, P. E.; Rothwell, I. P. unpublished data. € Steffey, B. D.; Fanwick,
P. E.; Rothwell, 1. P. Polyhedron 1990, 9, 963-968. d Steffey, A. D.; Chamberlin, L. R.; Chesnut, R. W.;
Chebi, P. E.; Fanwick, P. E.; Rothwell, 1. P. Organometallics, 1989, 9, 1419, € Chesnut, R, W.; Steffey, B.
D.; Rothwell, L. P.; Huffman, J. C. Polyhedron, 1988, 7, 753. f Chesnut, R. W.; Yu, J. S.; Fanwick, P. E.;
Rothwell, 1. P.; Huffman, J. C. Polyhedron 1990, 9, 1051-1058. & Chamberlin, L. R.; Rothwell, I. P.;
Folting, K.; Huffman, J, C. J. Chem. Soc. Dalton Trans. 1987, 155.
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angle does not open up as-the M-O (aryloxo) distance falls. For compounds listed in Table 5.9,
the M-O distance lies in a range 1.848-1.917 A, whereas the ZM-O-C bond angle varies from
136.5-180°. Consequently, the ZM-O-C bond angle, which theoretically could be a measure of
the amount of ®-donation to the metal center, appears not to correlate with the electron deficiency
of the metal atom.>36°%? Therefore, based upon data in this study as well as previous studies, it
may be concluded that the ZM-O-C bond angle in early d-block transition metal aryloxo
complexes is probably a flexible parameter which gives little insight about M-O bonding.

5.3.3. Electron Paramagnetic Resonance Spectra.

The corresponding parameters (anisotropic g; and isotropic <g> and <A>) of complexes
(28)-(47) are very similar to one another. This result supports the previous suggestion given in
Chapters 3 and 4 that the [LMoOJ?* core which is coordinated with two other ligands that are
hard-base donor atoms offers an environment that puts the unpaired electron in an orbital with
mainly molybdenum 4d character. Consequently, the unpaired electron is not affected by other
nuclei beyond the first coordination sphere.

The average values of <g> and <A> for the mono(para-substituted phenolato) complexes
(28)-(37) are slightly greater than those in bis(para-substituted phenolato) complexes (38)-(47).
As suggested in section 4.3.3, the possible contribution from the single electron spin-orbit
coupling constant of donor atoms (Cl vs O) of the ligand may be different. Therefore, the g-value
for the monophenolato complexes (28)-(37) is generally higher than that of analogous bisphenolato
complexes (38)-(47).

5.3.4. Electron Absorption Spectra.

Some phenolato compounds do not completely dissolve in acetonitrile; therefore, only data

which were obtained from 1,2-dichloroethane solution are discussed here.
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For the mono(para-substituted phenolato) complexes (28), (29), (33)-(37), and
LMoO(CI)(O-CgHy-X) and LMoO(CI)(O-C¢Hs), a plot of the ligand-field transition band (¥ in
units of cm'l) versus the substituent constant (c>'p)544 of the para-substituent on the phenyl ring
gives a correlation coefficient of 0.961 (Figure 5.3), as shown in equation (5.9):

§ (cm™) = 1278(c,) + 13015 (5.9)
A plot of the lowest-energy charge-transfer transition band (D) versus the substituent constant (c,,)
of para-substituents on phenolato ligands of the mono(para-substituted phenolato) complexes (28)-
(37) gives a correlation coefficient of 0.889 (Figure 5.4), as shown in equation (5.10):

P emh) = 3473(c,) + 18238 (5.10)
The correlation coefficient for this line is not very good. However, the trend is consistent with the
electronic nature of the para-substituents on the phenolato ligands. The electron-withdrawing
substituent causes compounds to exhibit oxygen-to-molybdenum charge-transfer transitions of
higher energy than those with electron-donating substituents. The slopes for these two correlation
lines indicate that the ligand-field transition is less sensitive to the change of the nature of the
para-substituent on the phenyl ring of the phenolato ligands.

For the bis(para-substituent phenolato) complexes (38)-(47), LMoO(O-C¢H,-X),, and
LMoO(0-CgHs),, a plot of the ligand-field transition band () versus the substituent constant (op)
of the para-substituents on the phenyl ring of the phenolato ligands gives a correlation coefficient
of 0.943 (Figure 5.5), as shown in equation (5.11):

B (cm™) = 699(c,) + 13044 (5.11)
Similarly, for the bis(para-substituent phenolato) complexes (38)-(47), a plot of the lowest-energy
charge-transfer transition band (0) versus the substituent constant (cp) gives a correlation

coefficient of 0.980 (Figure 5.6), as shown in equation (5.12):
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Figure 53. Correlation plot of the energy () of the first intra d-shell transition band
with the substituent constant (o,) of the para-substituents on the
phenolato ligands of the mono(para-substituted phenolato) complexes
LMoO(C1)(O-CgH,-X) (X = Me, Et, F, Cl, Br, I, and CN for (28), (29),
(33), (34), (35), (36), and (37), respectively) and nonsubstituted phenolato

complex LMoO(Cl)(O-C¢Hs) (X = H).
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Figure 54. Correlation plot of the energy (U) of the lowest-energy ligand-to-
molybdenum charge-transfer transition band with the substituent constant
(cp) of the para-substituents on the phenolato ligands of the mono(para-
substituted phenolato) complexes ((28)-(37)) LMoO(C1)(O-C¢H4-X) (X
= Me, Et, OMe, OEt, OH, F, Cl, Br, I, and CN) and LMoO{(C1)(O-CgHs)

(X =H).
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Figure §.5. Correlation plot of the energy (V) of the first intra d-shell transition band

with the substituent constant (op) of the para-substituents on the
phenolato ligands of the bis(para-substituted phenolato) complexes ((38)-
(47)) LMoO(0-CgH,4-X), (X = Me, Et, OMe, OEt, OH, F, Cl, Br, I, and

CN) and LMoO(O-C4Hy), (X = H).
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© (cm!) = 2652(c,) + 19746 (5.12)

It is clear now that the nature of the para-substituent on the phenyl ring of the phenolato
ligands affects the energy of the ligand-to-molybdenum charge-transfer transition more than the
ligand-field transition.

The slopes of these correlation lines also indicate that two phenolato ligands do not
additively affect the energy of the transition band since the slope of the mono(para-substituted
phenolato) complex series is greater than that of the analogous bis(para-substituted phenolato)
complex series. In addition, the correlation coefficient of the corresponding line of the mono(para-
substituted phenolato) complex series is better than that of the bis(para-substituted phenolato)
complex series. The detailed reason is not clear; however, one possible reason is that the phenyl
ring of the phenolato ligand in the mono-(para-substituted phenolato) complex series can nrobably
have greater degree of freedom in rotation in solution than that of the analogous bDis(para-
substituted phenolato) complex series. Therefore, the ligand-to-molybdenum r-interaction is
probably disturbed and causes a poorer correlation than that in the bis(para-substituted phenolato)
complex series.

Except for complexes (36), (37), (40), and (41), the shift to longer wavelength for the
lowest-energy charge-transfer transition band in other para-substituted phenolato complexes from
acetonitrile to 1,2-dichloroethane is consistent with the nature of an — 7 transition.

5.3.6. Electrochemistry

A plot of the half-wave reduction potentials of the Mo(V)/Mo(IV) couple of the
mono(para-substituted phenolato) complexes (28)-(37) and LMoO(Cl)(O-CgHs) versus the
substituent constant (Gp) gives a line with a correlation coefficient of 0.968 (Figure 5.7), as shown

in equation (5.13):
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Figure 5.6.

Correlation plot of the energy (U) of the lowest-energy ligand-to-
molybdenum charge-transfer transition band with the substituent constant
(o'p) of the para-substituents on the phenolato ligands of the bis(para-
su.bstituted phenolato) complexes ((38)-(47)) LMoO(O-CgHy-X), (X =
Me, Et, OMe, OEt, OH, F, Cl, Br, I, and CN) and LMoO(O-C4Hy), (X

= H).
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Ejp (V vs SCE) = 0.228(c,,) - 0.633 (5.13)
The shifts in the half-wave reduction potentials are consistent with the expectation that
electron-withdrawing groups favor reduction and electron-donating groups retard reduction of the
complexes. It may be concluded that the molybdenum-centered electrochemical potential displays
some extent of sensitivity to the remote substituents on the phenyl ring of the phenolato ligand
framework. Since the HOMO (mainly 4dxy orbital) is located in the nodal plane of the ligand-to-
molybdenum o-bonding, the properties of this orbital are expected to be more effectively
perturbed by the ligand-to-molybdenum r-interaction. Chapters 3 and 4 have shown that the p,
orbitals of the pyrazolyl rings do not participate in the ligand-to-molybdenum z-interaction.
Consequently, the in-plane ligand-to-molybdenum =n-interaction is mainly contributed from the p,,
orbitals of the oxygen atoms in the phenolato ligands. The electronic nature of the para-
substituents with electron-donating ability strengthens this n-interaction, whereas the electron-
withdrawing para-substituents on the phenyl ring of the phenolato ligands weaken this n-
interaction.
The lowest-energy charge-transfer transition of the mono(para-substituted phenolato)
complexes (28)-(37) and LMoO(Cl)(O-CgH;) exhibit a shift to higher energy as reduction of the
complex becomes more difficult, indicating that this charge-transfer is consistent with the behavior

of the ligand-to-molybdenum charge-transfer.

§5.4. Summary
Compounds (28)-(49), studied in this chapter, demonstrate that a remote substituent on an

aromatic ring can still affect the molecular properties of the molybdenum center. In addition, the

structural studies in this work support an assumed concept that [LMoO]2+ core has a nearly
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Figure 5.7. Correlation plot of the half-wave reduction potential (E,p;) of the
Mo(V)/Mo(IV) couple with the substituent constant (o) of the para-
substituents on the phenolato ligands of the mono(para-substituted
phénolato) complexes ((28)-(37)) LMoO(O-C¢H,-X) (X = Me, Et, OMe,
OEt, OH, F, C}, Br, I, and CN) and nonsubstituted phenolato complex

LMoO(Cl)(0-CgHs) (X = H).
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constant environment and that the molecular properties are primarily perturbed by the nature of
the donor atoms and geometry of the two remaining ligands.

Correlations were attempted with several different types of substituents (cp, o;;, o;, opn o,
CR)545 in an effort to determine whether inductive or resonance factors could be considered to
predominate in the transmission of the substituent group effects. The phenolato complexes (28)-
(47) show satisfactory correlation with Opr but not with other parameters. This result may indicate
that neither pure inductive nor resonance effects can solely be responsible for the perturbation of
the molecular properties. However, this successful correlation of the energy of the ligand-field and
the lowest-energy ligand-to-molybdenum charge-transfer transitions and the half-wave reduction
potentials with G, suggests that the substituent effect is transmitted to the molybdenum atom

through the phenyl ring and finally through the oxygen-to-molybdenum r-interaction.
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CHAPTER 6

GENERAL SUMMARY AND FUTURE GUIDELINES

It is instructive to relate the studies discussed in detail in each individual chapter to one
another to put them into more general perspective and to develop guidelines for possible future
studies.

The successful demonstration of the relationship between chelate ring size and molecular
properties implies that the observed electrochemical potentials for molybdoenzymes demand a
specific ring size. However, the five-membered dithiolato chelated rings prepared here are not
consistent with the dithiolene chelate ring originally proposed for the structure of Mo-co. Some
possible synthetic routes for coordinating a dithiolene group to the [LMoOJ?* core are:

(i) [MoO(S ),1*:3!® Reaction with tridentate hydrotris(3,5-dialkyl-1-pyrazolyl)borato ligand
can be used to prepare LMoO(S,). This compound can then be expected to form LMoO(S-
CR’=CR"-S] upon reaction with an active acetylene, like MeO,C-C=C-CO,Me,2"2:317:318.329,546

(i) Cp,Ti(S,) (x = 4 or 5):324 This compound has been used to transmetallate other
complexes containing M-X (X = halide 1igand).318'319'329'334 Therefore, the reaction between
LMoOCl, and Cp,Ti(S,) may afford complex LMoO(S,), and this can be converted to dithiolene
complex with an active acetylene.

(iii) LMoOCl,: I have performed the reaction between LMoOCl, and Na,[S-
C(CN)=C(CN)-S] in toluene/EtOH. However, no dithiolene-chelated complex could be obtained.
Nevertheless, adjusting the substituent at the 3-position in the pyrazole ring may facilitate this

substitution.
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The novel mononuclear monooxomolybdenum(VI) species generated by electrochemistry
of several diolato and bisalkoxo complexes in this work should stimulate isolation and structural
characterizations of these species. Repeated attempts to grow single crystals of suitable quality for
X-ray crystallography were not successful, but molybdenum-NMR and/or 2D-NMR techniques
may be useful for studying such Mo(VI) species. Chemical oxidation of the present Mo(V)
complexes with NOPF, may offer a route for obtaining Mo(VI) species in deuterated solvent.
Another approach is using LMoNCl, as a starting material to synthesize substituted complexes.
It is expected that LMoO(XY) and LMoN(XY) complexes will be isostructural.

The accumulation of data for a broad range of compounds coordinated by sulfur and/or
oxygen containing ligands should also stimulate the isolation of the complex LMoO[S-CH,-CH,-
S-CH,0H] for further studies. Phosphorylation of the terminal hydroxyl group should offer
complementary information of the role of phosphorus group in Mo-co.

The complexes MOO(NN)Cl; (NN = 2,2’-bipyridine or 1,10-phenanthroline) do not have
suitable solubility in organic solvents and retard further substitution. However, using suitable
bidentate [H,B(3-R,4-R’,5-R"-Pz),]" (L’) ligand should give {trans-L’'MoOCI,]" (three chloro
ligands occupy a meridional position) with suitable solubility in some organic solvent. This
geometry can offer an approach to obtaining complexes containing a cis-[MoO(EH)1?* core (E =
S or O), and mimic the similar core structure of the Mo(V) oxidation state in Mo-co. Dithiolato
or dithiolene ligands can be introduced later to generate complexes having both EH (E = S or O)
and two thiolato groups occupying the cis-positions of terminal oxo group. Regeneration of such
a cis-[MoO(EH)}** core containing complex has been attempted from a synthetic pathway using

LMoO(CO;). The carbonato group can be hydrolyzed to form aquo- and/or hydroxo-coordinated

species. However, the poor hydrophilic ability of LMoOCI, frustrated this approach. The adjusting
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of substituents in the pyrazole ring to improve the hydrophilic capability may make this approach
possible.

In addition, it would be desirable to prepare compounds with a terminal sulfido ligand, and
such studies should give more profound information about the role of both the terminal oxo and
sulfido ligands in model complex system. However, it is unlikely that the gas-phase He I
photdelectmn spectroscopy will be useful for probing the molecular properties of such a
compound system. I have observed that LMoS(Cl), has a very narrow temperature range (181-
183 °C) for data collection and decomposition occurs during the data collection.

Tungsten does not function in enzymes. However, additional information would be gained
through compousnds containing this metal center. The study of such a compound series will also
help determine whether or not the low molar extinction coefficients of the assigned charge-transfer

transitions in complexes (1)-(7) and (19)-(21) are reasonable.
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Table Al.1. General Di'splacement Parameter Expressions - U’s -
of LMoO(0O-C;H Me), (38).

Atom  U(1,1) U(2,2) U(@3,3) U(1,2) U(1,3) U@2,3)
Mo 0.0501 (1) 0.0414 (1) 0.0429 (1) -0.01942 (8) -0.02595 (7) 0.00384 (9)
01 0.0572 (9) 0.044 (1) 0.059 (1) -0.0210 (7) -0.0337 (7) 0.0040 (9)
02 0.053 (1) 0.061 (1) 0.062 (1) -0.0230 (8) -0.0248 (9) 0.001 (1)
03 0.077 (1) 0.065 (1) 0.049 (1) -0.0389 (8) -0.0390 (7) 0.016 (1)
N11 0.051 (1) 0.051 (1) 0.042 (1) -0.0201 (9) -0.0212 (8) -0.004 (1)
N1i2 0.050 (1) 0.048 (1) 0.046 (1) -0.0231 (8) -0.0254 (8) 0.004 (1)
N21 0.053 (1) 0.041 (1) 0.047 (1) -0.0173 (9) -0.0253 (9) 0.003 (1)
N22 0.053 (1) 0.042 (1) 0.047 (1) -0.0205 (8) -0.0220 (9) -0.000 (1)
N31 0.056 (1) 0.048 (1) 0.044 (1) -0.0252 (9) -0.0262 (9) 0.008 (1)
N32 0.053 (1) 0.047 (1) 0.041 (1) -0.0190 (9) -0.0265 (8 0.003 (D)
C13 0.048 (1) 0.053 (2) 0.059 (2) -0.020 (1) -0.024 (1) 0.010 (1)
Ci4 0.047 (2) 0.075 (2) 0.051 (2) -0.017 (1) -0.015 (1) 0.000 (2)
C15 0.055 (2) 0.061 (2) 0.045 (2) -0.015 (1) -0.022 (1) -0.002 (2)
C16 0.069 (2) 0.092 (3) 0.062 (2) -0.017 (2) -0.020 (2) -0.031 (2
C17 0.063 (2) 0.079 (2) 0.078 (2) -0.038 (1) -0.034 (1) 0.011 (2)
C23 0.060 (2) 0.041 (2) 0.056 (2) -0.020 (1) -0.017 (1) -0.006 (1) .
C24 0.070 (2) 0.037 (2) 0.065 (2) -0.014 (1) -0.0256 (1) 0.001 (2
C25 0.057 (2) 0.044 (2) 0.048 (2) -0.013 (1) -0.022 (1) 0.003 (1)
C26 0.063 (2) 0.054 (2) 0.073 (2) -0.012 (2) -0.034 (1) 0.009 (2
C27 0.080 (2) 0.055 (2) 0.095 (3) -0.031 (1) -0.035 (2) -0.008 (2)
C33 0.063 (2) 0.054 (2) 0.044 (1) -0.016 (1) -0.030 (1) 0.004 (1)
C34 0.082 (2) 0.064 (2) 0.047 (2) -0.029 (1) -0.033 (1) 0.019 (2)
C35 0.067 (2) 0.055 (2) 0.049 (2) -0.029 (1) -0.027 (1) 0.014 (1)
C36 0.095 (2) 0.082 (2) 0.072 (2) -0.057 (1) -0.038 (2) 0.031 (2)
C37 0.093 (2) 0.086 (3) 0.064 (2) -0.03¢ (2) -0.055 (1) 0.014 (2)
C41 0.050 (1) 0.048 (1) 0.047 (2) -0.022 (1) -0.021 (1) -0.001 (1)
C42 0.109 (2) 0.049 (2) 0.126 (3) -0.026 (1) -0.083 (1) 0.006 (2)
C43 0.116 (2) 0.047 (2) 0.142 (3) -0.029 (2) -0.072 (2) -0.004 (2)
C44 0.075 (2) 0.075 (2) 0.078 (2) -0.040 (1) -0.028 (1) -0.013 (2)
C45 0.071 (2) 0.073 (2) 0.108 (2) -0.026 (1) -0.056 (1) -0.007 (2)
C46 0.064 (2) 0.051 (2) 0.090 (2) -0.020 (1) -0.041 (1) -0.004 (2)
C47 0.123 (2) 0.100 (3) 0.142 (4) -0.059 (2) -0.063 (2) -0.021 (2)
C51 0.061 (2) 0.049 (2) 0.045 (2) -0.017 (1) -0.024 (1) 0.004 (1)
C52 0.090 (2) 0.079 (2) 0.078 (2) -0.047 (2) -0.044 (2) 0.028 (2)
C53 0.108 (3) 0.095 (2) 0.099 (4) -0.065 (2) -0.028 (3) 0.031 (3)
C54 0.132 (4) 0.066 (2) 0.055 (2) -0.029 (2) -0.031 (2) 0.016 (2)
C55 0.135 (3) 0.077 (3) 0.065 (2) -0.036 (2) -0.061 (2) 0.025 (2)
C56 0.090 (2) 0.076 (2) 0.062 (2) -0.033 (2) -0.044 (1) 0.015 (2)
C57 0.241 (7) 0.101 (4) 0.078 (3) -0.070 (4) -0.037 (4) 0.042 (3)
B1 0.056 (2) 0.048 (2) 0.046 (2) -0.021 (1) -0.027 (1) -0.000 (1)

* The form of the anisotropic displacement parameter is:
exp{-2PI2(h2a2U(1,1) + k2b2U(2,2) + 12c2U(3,3) + 2hkabU(1,2) + 2hlacU(1,3) + 2klbcU(2,3)}] where a,b,
and c are reciprocal lattice constants.
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Table A1.2. Bond Distances (in Angstroms) of LMoO(0-C¢H, Me),” (38).

Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
Mo 01 1.954 (3) C15 C16 1.501 (7)
Mo 02 1.677 (3) C23 C24 1.377 (7)
Mo 03 1.928 (3) C23 Cc27 1.499 (7)
Mo N11 2.334 (4) C24 C25 1.381 (7)
Mo N21 2.169 (4) C25 C26 1.491 (7)
Mo N31 2.163 (3) C33 C34 1.368 (7)
01 C41 1.360 (5) C33 C37 1.490 (7)
03 C51 1.340 (6) C34 C35 1.376 (7)
N11 N12 1.378 (5) C35 C36 1.491 (7)
N11 C15 1.334 (6) C41 C42 1.369 (7)
N12 Ci13 1.340 (6) C41 C46 1.370 (7)
N12 Bl 1.528 (6) C42 C43 1.385 (8)
N21 N22 1.380 (5) C43 Cd4 1.365 (9)
N21 C25 1.348 (6) C44 C45 1.355 (8)
N22 C23 1.342 (6) C44 C47 1.513 (8)
N22 Bl 1.547 (6) C45 C46 1.386 (7)
N31 N32 1.379 (5) C51 C52 1.373 (8)
N31 C35 1.346 (6) C51 C56 1.381 (7)
N32 C33 1.355 (6) C52 C53 1.404 (9)
N32 B1 1.540 (7) C53 C54 1.36 (1)
C13 Cl4 1.372 (7) C54 C55 1.35 (1)
C13 C17 1.495 (7) C54 C57 1.514 (9)
Cl4 C15 1.383 (7) C55 C56 1.382 (8)

* Numbers in parentheses are estimated standard deviations in the least
significant digits.
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Table AL.3. Bond Angles (in Degrees) of LMoO(0-C¢H,-Me)," (38).

Atom 1 Atom 2 Atom3  Angle Atom 1 Atom 2 Atom 3  Angle

01 Mo 02 100.2 (1) Ni1 Ci15 C16 122.3 (5)
01 Mo 03 90.9 (1) Ci4 C15 C16 127.9 (5)
01 Mo N11 84.9 (1) N22 C23 C24 108.2 (4)
01 Mo N21 166.2 (1) N22  C23 Cc27 123.1 (5)
01 Mo N31 89.8 (1) C24 Cc23 c27 128.8 (5)
02 Mo 03 103.5 (2) C23 C24 C25 106.7 (4)
02 Mo N11 168.6 (1) N21 C25 C24 109.0 (4)
02 Mo N21 92.6 (2) N21 C25 C26 122.7 (4)
02 Mo N31 914 (2) C24 C25 C26 128.2 (4)
03 Mo N11 86.5 (1) N32  C33 C34 108.1 (4)
03 Mo N21 90.9 (1) N32 Ca3 C37 122.5 (5)
03 Mo N31 164.7 (1 C34 C33 C37 129.4 (5)
Ni11 Mo N21 81.6 (1) C33 C34 C35 1074 (4)
N11 Mo N31 78.4 (1) N31 C35 C34 108.7 (4)
N21 Mo N31 84.9 (1) N31 C35 C36 121.9 (4)
Mo 01 C41 130.5 (3) C34 C35 C36 129.3 (5)
Mo 03 C51 145.9 (3) 01 C41 C42 118.6 (4)

Mo N1i1 N12 119.8 (3) 01 C41 C46 123.6 (4)
Mo Ni1 C15 133.1 (3) Cc42 C41 C46 117.8 (4)

N12 N11 Ci15 106.1 (4) C41 C42 C43 120.9 (6)
N11 N12 C13 110.1 (4) C42 C43 C44 121.7 (6)
Ni11 N12 B1 118.2 (4) C43 C44 C45 116.7 (5)
C13 N12 Bl 131.7 (4) C43 C44 C47 121.8 (6)

Mo N21 N22 121.9 (3) C45 C44 C47 121.4 (6)
Mo N21 C25 131.1 (3) C44 C45 C46 122.8 (5)
N22 N21 C25 107.0 (4) C41 C46 C45 120.0 (5)
N21 N22 C23 109.1 (4) 03 C51 C52 123.1 (4)
N21 N22 B1 120.0 (3) 03 C51 C56 118.2 (5)
C23 N22 Bi 1309 4) C52 C51 C56 118.7 (5)
Mo N31 N32 121.8 (3) Cs1 C52 C53 118.9 (6)
Mo N31 C35 130.6 (3) C52 C53 C54 122.0 (7)
N32 N31 C35 107.5 (3) C53 C54 C55 118.4 (6)
N31 N32 C33 108.3 (4) C53 C54 C57 119.3 (8)
N31 N32 B1 1204 (3) C55 C54 C57 122.3 (8)
C33 N32 B1 131.2 (4) C54 C55 C56 121.1 (6)
Ni2 C13 Ci4 1074 (4) C51 C56 C55 120.9 (6)
Ni2 C13 C17 122.5 (4) Ni12 B1 N22 108.3 (4)
C14 C13 C17 130.1 (5) Ni12 Bl N32 108.4 (4)
C13 Cl4 C15 106.6 (4) N22 B1 N32 110.3 (4)
N11 C15 Cl4 109.8 (4)

* Numbers in parentheses are estimated standard deviations in the least
significant digits.



Table Al.4. Torsional Angles (in Degrees) of LMoO(0O-C,H Me), (38).

Atom

Angle

50.94 (0.29)

-52.96 (0.28)
-139.33 (0.28)
-150.51 (0.39)

142.29 (0.28)
-145.87 (0.46)
113.38 (0.46)

-61.09 (0.46)

20.46 (0.46)

-563.50 (0.66)
-140.20 (0.23)

52.82 (0.33)

-22.99 (0.69)
170.02 (0.52)
128.61 (0.23)

-38.38 (0.33)

37.13 (0.22)
-129.86 (0.34)

-49.36 (0.22)
143.65 (0.34)

-30.83 (0.55)
152.00 (0.39)
128.05 (0.24)

-49.11 (0.32)
-128.38 (0.24)

54.46 (0.31)

-42.09 (0.23)
140.75 (0.31)

36.91 (0.24)
-140.26 (0.32)

129.46 (0.24)

-49.77 (0.32)
-130.30 (0.25)

50.47 (0.33)

36.95 (0.52)
-142.29 (0.40)

44.67 (0.23)

Atom

Angle

-179.14 (0.40)
-179.00 (0.42)
0.51 (0.77)
-0.09 (0.59)
120.26 (0.47)
-119.87 (0.46)
-179.55 (0.41)
-59.19 (0.66)
60.67 (0.60)
-0.94 (0.45)
179.31 (0.42)
178.02 (0.41)
-1.74 (0.76)
-1.46 (0.62)
118.46 (0.42)
-121.51 (0.42)
179.73 (0.42)
-60.36 (0.61)
59.67 (0.60)
-0.07 (0.43)
179.14 (0.38)
179.69 (0.42)
-1.10 (0.75)
-0.95 (0.56)
118.97 (0.41)
-121.16 (0.41)
179.94 (0.42)
-60.13 (0.57)
59.74 (0.57)
0.90 (0.46)
-179.09 (0.42)
-178.17 (0.40)
1.85 (0.77)
0.93 (0.60)
120.85 (0.42)
-119.12 (0.42)
179.87 (0.41)
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Table Al.4. Torsional Angles (in Degrees) of LMoO(O-C H Me), (38). (Continued)

Atom Atom
1 2 3 4 Angle 1 2 3 4 Angle
N11 Mo N31 C35 -134.56 (0.33) C34 C33 (€37 H372 -60.20 (0.63)
N21 Mo N31 N32 -37.80 (0.24) C34 (C33 C(C37 H373 59.83 (0.58)
N21 Mo N31 C35 142.97 (0.33) C33 (C34 C35 N31 -0.47 (0.46)
Mo O1 C41 C42 -172.26 (0.29) C33 C34 C(C35 (35 -178.29 (0.40)
Mo O1 C41 C46 7.37 (0.51) H34 C34 C35 N31 179.51 (0.42)
Mo 03 Cb1 (52 31.25 (0.68) H34 C34 C356 C36 1.69 (0.77)
Mo 03 Cb51 C56 -150.41 (0.37) N31 C35 (36 H361 2.57 (0.58)
Mo N11 N12 C13 -169.38 (0.22) N31 C35 C36 H362 122.69 (0.43)
Mo N11 Ni12 B1 8.10 (0.36) N31 C35 C36 H363 -117.15 (0.43)
C15 N11 Ni12 Ci3 0.76 (0.37) C34 C35 C36 H361 -179.87 (0.43)
C15 N11 Ni2 B1 178.25 (0.30) C34 C35 C36 H362 -59.74 (0.61)
Mo Ni11 C15 C14 166.97 (0.27) C34 C35 C36 H363 60.42 (0.60)
Mo N11 C15 C16 -12.57 (0.56) 01 C41 C42 C43 176.98 (0.42)
N12 Nil1 C15 Ci4 -1.29 (0.41) Ol C41 C42 H42 _ -2.39 (0.67)
N1i2 N11 C15 Cl16 179.16 (0.35) Ci6 C41 C42 C43 -2.66 (0.67)
N1l N12 Ci13 Ci4d 0.07 (0.36) Ci6 C41 C42 H42 177.96 (0.43)
N11 Ni12 Ci13 C17 -178.96 (0.33) 01 C41 C46 C45 -177.09 (0.37)
Bl Ni12 C13 Ci14 -176.96 (0.35) 01 C41 C46 H46 2.84 (0.65)
Bl Ni2 Ci3 C17 4.01 (0.59) C42 C41 C46 C45 2.53 (0.62)
N11 N12 B1 N22 .-65.14 (0.38) C42 C41 C46 H46 -177.53 (0.42)
N1l Ni12 Bl N32 54.55 (0.40) C41 C42 C43 C44 1.16 (0.80)
N11 N12 B1 H1 175.15 (0.30) C41 C42 C43 H43 -179.38 (0.49)
C13 N12 Bl N22 111.70 (0.42) H42 C42 C43 C44 -179.47 (0.50)
C13 N12 Bl N32 -128.62 (0.38) H42 C42 (C43 H43 0.00 (0.95)
Ci3 N12 B1 H1 -8.02 (0.56) C42 (C43 C44 C45 0.52 (0.7
Mo N21 N22 C23 -179.38 (0.23) C42 (43 C44 C4a7 -177.79 (0.50)
Mo N21 N22 Bl 2.80 (0.38) H43 C43 C44 C45 -178.94 (0.51)
C25 N21 N22 C23 -1.61 (0.37) H43 C43 C44 C47 2.75 (0.84)
C25 N21 N22 Bl -179.43 (0.29) C43 C44 C45 C46 -0.63 (0.72)
Mo N21 C25 C24 178.49 (0.26) C43 C44 C45 H45 179.15 (0.47)
Mo N21 C25 C26 -0.77 (0.52) C47 C44 C45 C46 177.68 (0.46)
N22 N21 C25 C24 1.01 (0.39) C47 C44 C45 H45 -2.53 (0.75)
N22 N21 C25 C26 -178.25 (0.33) C43 C44 C47 H471  -1.53 (0.78)
N21 N22 C23 C24 1.58 (0.41) C43 C44 C47 H472 118.80 (0.56)
N21 N22 C23 C27 -177.45 (0.35) C43 C44 C47 H473 -121.45 (0.56)
Bl N22 C23 C24 179.09 (0.34) C45 C44 C47 H471 -179.75 (0.48)

Bl N22 C23 C27 0.06 (0.62) C45 C44 C47 H472 -59.43 (0.67)
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Table Al.4. Torsional Angles (in Degrees) of LM0oO(0O-C4H Me), (38). (Continued)

Atom Atom
1 2 3 4 Angle 1 2 3 4 Angle
N21 N22 Bl Ni2 61.32 (0.40) C45 C44 C47 H473 60.33 (0.68)
N21 N22 Bl N32 -57.19 (0.38) C4 C45 C46 C41 -0.92 (0.70)
N21 N22 Bl H1 -177.64 (0.30) C44 C45 C46 H46 179.15 (0.45)
C23 N22 B1 Ni12 -115.96 (0.40) H45 C45 C46 C41  179.29 (0.42)
C23 N22 Bl N32 125.53 (0.39) H45 C45 C46 H46 -0.64 (0.75)
C23 N22 Bl H1 5.08 (0.56) 03 Cbl Cs52 CbB3 17791 (0.40)
Mo N31 N32 C33 -178.70 (0.23) 03 C51 C52 H52 -1.31 (0.69)
Mo N31 N32 B1 -1.20 (0.39) C56 C51 C52 (53 -0.42 (0.64)
C35 N31 N32 C33 0.69 (0.37) C56 C51 C52 H52 -179.65 (0.42)
C35 N31 N32 B1 178.19 (0.30) 03 C51 Cbh6 C55 -178.15 (0.39)
Mo N31 C35 C34 179.19 (0.26) 03 C51 Cs6 H56 1.94 (0.64)
Mo N31 C35 C36 -2.79 (0.54) Cs52 C51 Cb6 C55 0.27 (0.65)
N32 N31 C35 C34 -0.13 (0.41) C52 C51 C56 Hb56 -179.64 (0.42)
N32 N31 C35 C36 177.89 (0.34) C51 C52 (b3 Cbs4 -0.07 (0.77)
N31 N32 C33 C34 -0.98 (0.41) Cs51 (€52 (53 H53 178.48 (0.48)
N31 N32 C33 C37 178.16 (0.34) H52 C52 €53 C54 179.15 (0.49)
Bl N32 C33 C34 -178.12 (0.35) H52 (52 C53 HS53 -2.30 (0.84)
Bl N32 C33 C37 1.03 (0.60) C52 C53 Ch54 C(Cb5 0.73 (0.79)
N31 N32 Bl1 N12 -62.07 (0.41) C52 €53 Cb4 C57 -179.68 (0.49)
N31 N32 B1 N22 56.38 (0.38) H53 C53 Cb4 C55 -177.84 (0.51)
N31 N32 B1 H1 176.43 (0.31) H53 C53 Cs54 C57 1.75 (0.83)
C33 N32 B1 Ni12 114.77 (0.39) C53 C54 Cb5 Cb56 -0.89 (0.77)
C33 N32 Bl N22 -126.77 (0.38) C53 C54 Cb5 H55 179.16 (0.49)
C33 N32 B1 H1i -6.72 (0.57) C57 Cb4 C55 (66 179.53 (0.49)
N12 C13 Ci4 Ci5 -0.84 (0.44) Cs57 Ch4 C55 H55 -0.42 (0.82)
N12 C13 Cl4 H14 179.51 (0.43) C53 Cbh4 C5H7 H571 179.32 (0.54)
C17 C13 Cl4 Ci5 178.09 (0.39) Cb3 C54 C57 H572 -60.41 (1.00)
C17 C13 Ci4 Hi14 -1.57 (0.77) C53 C54 Cb7 H573 59.60 (0.81)
N12 C13 C17 H171 -1.48 (0.56) C55 Cbh4a Ch7 Hb571 -1.11 (0.83)
N12 C13 Cl17 H172 118.48 (0.42) C55 Cb4 CB7T H5E72 119.16 (0.82)
N12 C13 C17 H173 -121.66 (0.42) C56 Cb54 C57 HBE73 -120.82 (0.78)
Ci4 C13 C17 H171 179.73 (0.40) C54 C55 CbB6 OC51 0.41 (0.73)
Ci4 C13 C17 H172 -60.30 (0.60) C54 C55 Cs6 H56 -179.69 (0.47)
C14 C13 C17 H173 59.56 (0.60) H55 C55 C56 C51 -179.64 (0.44)

Ci3 Ci4 C15 Nl11 1.35 (0.46) H55 C55 Cb56 HS56 0.26 (0.79)




Table Al.5. Least-Squares Planes of LM0oO(0O-C.H,-Me), (38).

Plane A B C D
1 0.2800 -0.7671 -0.5772 -1.8200
2 0.4381 0.0366 -0.8982 -1.2163
3 -0.1922 0.8777 -0.4390 -1.6666
4 0.3834 0.0779 -0.9203 -1.7854
5 0.4448 -0.7339 -0.5133 -1.2081
6 -0.1044 0.8724 -0.4775 -1.0674
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Chi Squared = 3.

Chi Squared =  30.

Chi Squared = 11.

Chi Squared = 21.

Chi Squared = 6.

Atom X y z Distance Esd
ceemeeeneae-Atoms in Plane-----e-------

C51 4.5820 3.0546 1.3104 0.003 0.004
C52 5.8092 3.6432 1.1326 -0.002 0.005
Cb53 5.9906 4.5221 0.0623 -0.002 0.006
Cb4 4.9846 4.8059 -0.8244 0.006 0.005
C55 3.7794 4.2291 -0.6277 -0.004 0.005
C56 3.5677 3.3567 0.4232 0.000 0.005
weeme—aea-Atoms in Plane---------m---

C41 3.4230 -0.8721 3.0046 -0.015 0.003
C42 3.4248 -2.2387 2.9224 0.010 0.006
C43 2.3486 -2.9199 2.3789 0.002 0.006
C44 1.2589 -2.2632 1.8844 -0.008 0.005
C4b6 1.2862 -0.9095 1.94156 0.003 0.006
C46 2.3488 -0.2024 2.4819 0.009 0.004
ceeeeemmeee-Atoms in Plane-------------

N11 6.9249 1.2869 3.3248 0.006 0.003
Ni2 7.9818 1.8505 4.0062 -0.002 0.003
C13 9.1065 1.7358 3.2863 -0.003 0.004
C14 8.7822 1.0909 2.1192 0.006 0.004
C15 7.4296 0.8125 2.1853 -0.007 0.004
—eeeememeee-Atoms in Plane--------—--

N21 5.56415 3.5842 4.5444 0.007 0.003
N22 6.7945 3.7506 b5.0980 -0.009 0.003
Cc23 7.0212 5.0695 b5.2859 0.007 0.004
C24 5.8994 5.7509 4.8873 -0.002 0.004
C26 49947 4.8116 4.4316 -0.003 0.004
------------- Atoms in Plane----m-mv=s---

N31 5.7476 1.0009 5.8991 0.002 0.003
N32 6.9795 1.5066 6.2672 -0.006 0.003
C33 7.3628 0.9160 7.4144 0.006 0.004
C34 6.3709 0.05671 7.8008 -0.004 0.004
C36 5.3809 0.1176 6.84692 0.001 0.004
-emeereeeuee-Atoms in Plane-------------

02 3.3232 1.9161 4.9261 0.040 0.003
Mo 4.7438 1.6196 4.0862 0.034 0.000
N11 6.9249 1.2869 3.3248 -0.120 0.003
N12 7.9818 1.8506 4.0062 -0.064 0.003
C13 9.10656 1.7368 3.2863 0.062 0.004
Cl4 8.7822 1.0909 2.1192 0.091 0.004
C16 7.4296 0.81256 2.1853 -0.043 0.004

Chi Squared = 17742,




Table Al.5. Least-Squares Planes of LMoO(0-C¢H,4-Me), (38). (Continued)

(1): Dihedral Angles Between Planes:

Plane No. Dihedral Angle
1 2 52.19 +- 0.17
1 3 118.27 +- 0.12
1 4 54.63 +- 0.16
1 5 10.32 +- 0.67
1 6 115.01 +- 0.11
2 3 69.98 +- 0.16
2 4 412 +-1.14
2 5 51.02 +- 0.18
2 6 65.47 +- 0.15
3 4 66.50 +- 0.16
3 5 120.29 +- 0.13
3 6 5.50 +- 0.96
4 5 54.14 +- 0.17
4 6 62.14 +- 0.15
5 6 116.21 +- Q.11
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Table A1.6. Calculated H-Atom Coordinates of Complex LM0oO(O-CH-Me), " (38).

Atom b4 y z B(A%)
Hi 0.445 0.320 0.453 5.0*
H14 0.782 0.095 0.110 5.0*
H24 0.060 0.661 0.386 5.0*
H34 0.271 0.054 0.674 5.0*
H42 0.374 -0.209 0.256 5.0*
H43 0.291 -0.323 0.184 5.0*%
H45 0.005 -0.021 0.125 5.0*
H46 0.087 0.096 0.196 5.0*
H52 0.395 0.331 0.136 5.0*
H53 0.432 0.447 -0.005 5.0*
H55 0.149 0.387 -0.096 5.0*
H56 0.107 0.274 0.043 5.0*
H161 0.470 0.022 0.116 £.0*
H162 0.580 0.055 0.027 5.0*
H163 0.637 -0.058 0.083 5.0*
H171 0.667 0.292 0.363 5.0*
H172 0.813 0.180 0.302 5.0*
H173 0.759 0.296 0.248 5.0*
H261 -0.023 0.422 0.288 5.0*
H262 -0.125 0.545 0.360 5.0*
H263 -0.021 0.542 0.247 5.0*
H271 0.384 0.510 0.472 5.0*
H272 0.346 0.617 0.406 5.0*
H273 0.239 0.626 0.520 5.0*
H361 0.110 0.038 0.472 5.0*
H362 0.185 -0.061 0.534 5.0*%
H363 0.043 0.055 0.594 5.0*
H371 0.473 0.253 0.593 5.0*
H372 0.372 0.241 0.702 5.0*
H373 0.515 0.129 0.638 5.0*
H471 0.131 -0.341 0.108 5.0%
HA472 -0.023 -0.231 0.145 5.0*
H473 0.092 -0.243 0.034 5.0*
H571 0.270 0.500 -0.196 5.0*
H572 0.301 0.579 -0.128 5.0*
H573 0.428 0.460 -0.197 5.0*

* Starred atoms were refined isotropically.



Table AL.7. Bond Distances (in ;X) of Calculated H-Atom of

LMoO(0-CgH,-Me),™ (38).
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Atom 1 Atom 2 Distance
C14 H14 0.950 (5)
C16 H161 0.950 (6)
C16 H162 0.950 (7)
C16 H163 0.950 (6)
C17 H171 0.950 (6)
C17 H172 0.950 (6)
C17 H173 0.950 (6)
C24 H24 0.950 (5)
r26 H261 0.950 (6)
L26 H262 0.950 (6)
C26 H263 0.950 (6)
Cc27 H271 0.950 (6)
C27 H272 0.950 (6)
C27 H273 0.950 (6)
C34 H34 0.950 (5)
C36 H361 0.950 (6)
C36 H362 0.950 (6)
C36 H363 0.950 (6)

0.950 (6)
0.950 (6)
0.950 (6)
0.950 (6)
0.950 (6)
0.950 (6)
0.950 (5)
0.950 (9)
0.950 (9)
0.950 (9)
0.950 (6)
0.950 (7)
0.950 (7)
0.950 (6)

0.95 (1)

0.950 (9)
095 (1)
0.950 (5)

* Numbers in parentheses are estimated standard deviations in the least

significant digits.
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Table A1.8. Bond Angles (in °) of Calculated H-Atom of LMoO(O-C6H4Me)2' (38).

Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3  Angle

C13 Cl4 H14 126.9 (5) Ca3 C317 H372 109.4 (5)
C15 Cl4 H14 126.5 (5) C33 C317 H373 109.6 (5)
C15 C16 H161 109.7 (6) H371 C37 H372 109.5 (6)
C15 C16 H162 109.8 (6) H371 C37 H373 109.5 (6)
C15 C16 H163 108.9 (5) H372 C37 H373 109.5 (5)
H161 C16 H162 109.5 (6) C41 C42 H42 119.1 (5)
H161 Ci16 H163 109.5 (7) C43 C42 H42 120.0 (6)
H162 C16 H163 109.5 (5) C42 C43 H43 119.6 (7)
C13 C17 H171 109.7 (5) C44 C43 H43 118.6 (6)
C13 C17 H172 109.2 (5) C44 C45 H45 118.4 (5)
C13 C17 H173 108.5 (5) C46 C45 H45 118.9 (6)
H171 C17 H172 109.5 (6) C41 C46 H46 119.7 (5)
H171 C17 H173 109.5 (6) C45 C46 H46 120.3 (5)
H172 C17 H173 109.5 (5) C44 C47 H471 109.9 (7
C23 C24 H24 126.4 (5) C44 Ca7 H472 109.6 (6)
C25 C24 H24 126.9 (5) C44 C47 H473 108.9 (7)
C25 C26 H261 109.7 (4) H471 C47 H472 109.5 (8)
C25 C26 H262 109.1 (5) H471 C47 H473 109.5 (8)
C25 C26 H263 109.6 (5) H472 C47 H473 109.5 (8)
H261 C26 H262 109.5 (6) C51 C52 Hb52 120.1 (6)
H261 C26 H263 109.5 (5) C53 C52 H52 121.0 (6)
H262 C26 H263 109.5 (56) Cc52 C53 H53 119.5 (8)
Cc23 C217 H271 109.4 (5) Cb4 C53 H53 118.5 (7)
Cc23 C27 H272 109.4 (5) C54 C55 H55 119.0 (1)
Cc23 c27 H273 109.6 (5) C56 C55 H55 119.8 (8)
H271 C27 H272 109.5 (6) C51 C56 Hb56 119.1 (6)
H271 C27 H273 109.5 (6) C56 C66 H56 119.9 (6)
H272 C27 H273 109.5 (5) C54 C57 H571 109.4 (9)
C33 C34 H34 126.3 (5) C54 C57 H572 109.9 (D)
C35 C34 H34 126.4 (6) C54 C57 H573 109.0 (8)
C35 C36 H361 109.2 (5) H571 C57 H572 109 (D
C36 C36 H362 109.9 (5) H571 C57 H573 109.5 (9)
C35 C36 H363 109.3 (5) H572 C57 H573 109. (D)

H361 C36 H362 109.5 (6) Ni12 B1 H1 111.1 (5)
H361 C36 H363 109.5 (6) N22 B1 H1 109.0 (4)
H362 C36 H363 109.5 (5) N32 B1 H1 109.7 (4)

C33 C37 H371 1094 (5)

* Numbers in parentheses are estimated standard deviations in the least
significant digits.
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Table A1.9. Observed Structural Factors of LMoO{0-C,H,Me), (38).

X L Fobs Fcalec SigF B XK L foba Fealc 91gF a X L Fobs Fcale 8igfF I K L Ffobs Feale 3igF
01 759 113 1 0 2-9 293 292 5 o 1 6 607 501 4 0 5 1 19 179 4
0 2 576 544 3 0 2-8 177 173 4 ¢ 3 7 111 107 5 0 5 2 39 179 15
0 3 492 449 3 0o 2.7 5386 516 [ 0 1 8 173 178 10 0 5 3 5T 543 6
0 4 467 451 5 0 2-6 586 585 4 o 3 9 187 197 4 0 5 5 54 155 9
0o 4 468 451 5 0 2 -5 299 279 4 0 316 116 122 10 o 5 & 198 204 4
0 5 37 323 6 0 2 -4 82 563 5 0 311 235 232 4 [ - 271 237 4
o 6 430 429 4 0 2 -4 530 561 5 0 312 270 2 4 ¢ 5 9 181 17 4
0 7 59 59 [ 0 2-3 945 88?7 4 0 314 121 1 6 e 510 77 85 [
Q 8 349 J28 8 0 2-] 938 87 3 0 4-1% 120 13 6 6 511 191 193 7
0 9 50 42 7 0 2-2 337 320 1 0 4-13 191 192 4 ¢ 513 87 1 2] K
010 50 94 5 9 2-1 612 587 13 0 4-12 225 217 4 0 6-13 93 90 6
011 162 158 4 0 2 0 622 610 5 0 4-9 102 126 5 ¢ 6-11 93 1.1 5
o 12 163 15% 4 0 2 1 241 244 3 0 4 -8 n 62 5 ¢ 610 (X} 70 S
013 99 102 6 0 2 2 470 449 4 0 4-7 405 366 4 0 6-0 212 220 1
014 196 195 5 0 2 2 71 443 8 0 4 -6 462 461 4 0 6 -7 262 266 5
1-1% 99 97 6 0 2 4 296 274 4 0 4 -5 19 n 4 0 6 -5 SE9 569 [
1-13 304 293 9 [ 2} 363 358 4 0 4 -4 415 424 9 0 6 -4 467 46) L]
1-12 60 67 8 0 2 s 17 7 5 6 4 -3 479 457 13 0 6 107 9 4
1-10 194 187 4 [ 3193 416 9 0 4-2 252 258 7 g 6 -2 el 821 11
1 -9 202 194 3 0o 2 229 237 7 ¢ 4 -1 577 365 7 9 6 -1 278 179 4
1 -0 1¢8 194 5 0 210 1 138 4 0 4 -1 S84 565 3 0 6 0 292 276 L}
1 -7 578 359 4 0 21 3% 238 4 0 ¢ 0 462 451 6 0 6 1 504 490 4
1 -6 130 179 5 o 213 124 121 1 0 4 0 450 451 5 0 6 2 241 21s 4
1 -5 612 502 5 0 214 1258 121 5 0 41 461 444 3 0 6 13 273 263 4
1 -4 1004 1024 3 0 3-i4 126 118 1] 0 4 2 1000 972 4 c & 4 266 153 3
1 -4 1081 1024 9 0 3-13 168 164 E) 0 4 3 352 342 4 c 6 5 14 kil 3
1-] 23 749 3 o 3-11 183 193 4 0 4 4 m 37 4 ¢ 6 6 189 192 4
1 -2 1490 1405 8 0 3-10 109 100 5 0 4 5 471 454 4 o 6 7 u? 155 5
1 -1 963 s 4 o 3-8 334 336 4 0 4 6 165 151 4 0 6 9 31 304 4
1 0 537 516 6 [ 3164 132 4 o 4 7 403 393 4 o 610 112 io8 7
11 1309 1249 2 e 3 -6 428 439 4 0 4 2 7 288 7 0 611 9 105 6
1 3 207 134 3 0 3-5 a7 114 4 0 410 285 293 s 0 612 164 166 s
13 204 194 7 ¢ 3 -4 167 179 4 0 41 56 64 L] 0 1-12 141 141 5
1 4 400 420 3 o 3 -3 557 562 6 0 412 147 154 4 o 17-11 117 120 5
1 4 398 420 7 0 3 -3 557 562 L] 0 413 130 130 ? 0 7-10 36 L1J 5
1 6 463 44 [ 0 3-2 1273 1235 6 0 5-14 118 116 § o 7-9 143 130 4
17 300 392 4 0 3-2 1267 12338 20 0 5-12 137 130 3 o 77 320 307 10
1 9 250 259 6 0 3-1 262 264 6 0 5-11 142 141 4 Q 7-6 512 508 18]
110 151 153 4 0 3-1 271 264 9 0 5-10 101 105 5 Qo 7-5 119 127 7
112 138 132 ] 03 0 " 958 11 o 5 -8 60 64 9 g 7 -4 599 604 12
113 162 159 3 [} 9 939 4 o 3-7 162 149 5 9 7-] 305 95 4
114 97 9 6 0 31 1263 1243 4 0 5 -6 415 404 4 9 7 -2 107 i 9
2-15 13 115 6 031 1269 1243 4 0 5-5 378 i 4 0 7-1 351 3169 4
2-14 1 121 5 0 3 2 127 12% [ 0 5 -4 98 %0 7 o 7 320 31 7
2-13 108 105 [3 o 3 2 122 129 7 o $-3 463 466 10 o 72 374 368 L)
2-12 227 222 4 0 3 23 213 221 7 o S -2 358 346 4 o 72 127 140 4
2-11 118 126 4 0 1 4 s 07 4 ¢ 5 -1 529 549 9 0o 7 4 279 269 4
2-10 12 67 6 [ I} 343 107 1 o 5 0 951 520 ’ o7 s m 156 4
A X L Fobs Fcalc Sigr B K SigF H K L TFobs Fcalc SigF

010 1 [ 33 9" 6 1-11 L] 1-812 1735 171 5

7 010 2 210 200 4 1-11 E) 1 -7-10 1] 62 9

51 23 [ 010 23 204 192 4 1-10 6 1-7-9 170 159 4

114 102 3 010 5 159 151 1) 1-10 7 1-7 -8 95 3 6

i 103 5 010 & 151 147 S 1-10 [ 1-7 -7 201 207 4

3 96 12 010 7 62 59 9 1-10 4 1-7 -6 214 210 4

220 200 4 010 8 194 184 5 1-10 4 1 -7 -4 149 145 q

73 74 7 011 -8 97 96 ] 1-10 $ 17 -3 167 167 4

128 119 4 011 -7 19 a6 7 1-10 7 1-7-1 216 220 4

194 185 10 011 -3 206 207 7 1-10 5 1-7 0 107 121 4

115 115 s 011 -4 100 2 6 1-10 4 1 -7 1 126 112 3

171 164 4 011 -3 9 " 9 1-10 4 1-71 2 242 238 4

347 340 7 011 -2 174 1 4 1-10 4 1-7 3 65 (1] 5

114 115 4 011 -1 159 165 7 1-10 4 1-7 ¢ 220 227 4

162 173 4 01l 0 92 "2 6 1-10 6 1-7 8 581 383 4

(L] 9 4 01l ! 258 256 4 1-10 s 1-7 6 302 308 4

266 253 4 o1 3 a7 [ 2] (] 1-9 6 1-1 7 270 278 4

223 217 4 011 4 129 116 5 1 4 1-7 8 29 293 4

(2} 1] L3 011 6 104 k1) L] 1 4 1-710 239 238 4

266 162 3 012 -7 112 119 6 1 s 1-711 174 in 4

12% 119 4 0 12 -6 132 137 5 1 4 1-713 122 132 5

i 13 100 [ 012 -4 46 141 5 1 4 1 -6-11 119 119 6

(3] 3 s 012 -3 136 147 L} 1 4 1 -6-10 91 92 ¢

153 141 ] 012 -1 n9 121 3 1 s 1-6-3 59 56 )

90 (1] [ 0112 1 87 99 7 1 4 1 -6 -9 m s 4

163 166 12 012 2 735 4 ? 1 4 1-6-7 143 146 4

36 52 s 013 4 s 0 13 1 4 1-6-6 259 138 4

240 230 12 013 -4 (1] 49 L] 1 7 1-6-5 123 134 4

162 160 4 013 -3 140 14% 5 1 4 1 -6 -4 166 176 4

L1} 2 [] 013 -2 9 k2 7 1 ? 1-6- 226 247 4

196 203 T 013 0 107 105 6 1 7 1-6-2 179 191 4

11% 120 4 1-12 -1 112 113 6 1 E) 1 -6 © 410 419 4

137 136 4 1-12 © 118 116 $ 1 7 1-6 1 476 463 4

202 24 7 1-12 2 144 142 5 1 1] 1-6 2 138 161 4

121 125 4 1-12 3 104 M 6 1 4 1 -6 3 450 452 4

133 127 4 1-12 4 0 60 9 1 4 1-6 4 419 423 4

158 195 4 1-12 8 149 149 5 1 4 1-6 5 s 329 4

L x} 83 5 1-11 -% 117 134 3 1 7 1-6 6 742 142 4

144 123 5 1-11 -4 kil 72 7 1 4 1-6 1 232 230 4

61 60 ] 1-11 23 17 3 7 1 4 1-6 08 210 236 4

174 169 3 1-11 <2 135 120 5 1 4 1-6 9 149 144 4

19 131 [] 1-11 0 mn 174 4 1 [} 1-611 192 196 4

222 22 4 1-11 1 106 7 3 1 4 1-612 171 172 3

62 (1] ki 1-11 3 167 172 4 1 4 1-614 89 " 7

104 196 7 1-11 4 121 122 3 1 4 1 -5-12 129 129 6

233 215 12 1-11 35 79 1% 7 1 4 1 -5-10 123 m 5

158 158 4 1-11 6 237 228 4 1 4 1-5-9 209 200 4

3o 103 4 =11 7 112 108 & 1 4 1-5-0 97 L) 5
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Table A1.9. Observed Structural Factors of LM0oO(0-CgH Me), (38). (Continued)

B X L Fobe Fcalc Sig X L Fobs Fecalc 3igF B X L Foba Fealc 3igF B X L Foba Fcalc SigF
1 -5 -7 354 342 ¢ 1-3-8 421 421 4 1-1-8 297 281 4 1 013 165 162 4
1 -5 -6 79 7 5 1-3 -7 369 m 4 1-1-7 119 100 4 1 015 13 106 ]
1-5-5 193 180 5 1-3-5 329 306 4 1-1-6 10 104 4 1 1-14 123 127 6
1 -5 -4 54 75 6 1 -3 -4 69 59 4 1 -1-% 111 128 4 1 t-12 206 194 4
1 -5 -3 292 291 4 13 -2 526 543 4 1«14 193 170 4 1 1-11 124 118 L}
1-5-2 429 aa 4 1-3 1 96 90 8 1-1-3 394 310 5 1 1-9 197 202 4
1 -5 -1 714 711 4 1-3 2 27 229 6 1-1-2 1361 13150 4 1 1-8 191 171 4
1-5 0 3¢ 2138 4 1-3 13 304 31 11 1-10 930 929 2 1 1-7 426 409 L)
1-% 1 493 544 4 1-3 4 726 698 4 1-11 205 793 2 1 1-6 190 178 4
1-5 2 3e 359 4 1-3 8 233 238 4 1-1 2 323 3l 3 1 1-5 240 245 4
1-5 23 92 95 4 1-3 6 697 658 4 1-1 3 12 1186 3 1 1-4 756 719 5
1-5 4 253 250 4 1 -3 17 508 45 4 1 -1 4 524 492 9 1 1-3 1707 166 5
1 -5 5 614 624 4 1-3 8 63 78 5 1-1 8 443 408 4 1 1-2 119 130 4
1-5 6 316 294 4 1-3 9 406 166 4 1 -1 6 857 75 4 1 1-1 1o 743 2
1-5 7 452 435 4 1-310 154 133 4 1-1 17 283 58 4 1 1 0 1361 1432 2
1 -5 8 55 61 7 1 -1 121 123 4 1-1 28 442 442 5 1 11 576 $34 2
1-5 9 82 60 5 1-312 331 321 4 1-1 9 309 304 4 1 1 2 91 97 4
1 150 150 4 1-31 65 72 7 1-110 87 71 $ 113 468 460 3
1 213 207 4 1-318 7 54 6 1-111 162 157 4 11 4 139 122 9
1 136 140 5 1 -2-13 8 9" 7 1-112 166 170 4 1 1 5 655 641 3
1 120 110 L) 1 -2-12 138 131 5 1-11 62 66 ] 11 6 423 413 4
1 134 137 $ 1 -2-11 n1 115 5 1-114 160 157 s 1 1 7 94 108 s
1 303 250 4 1 -2-10 150 139 4 1-118 102 101 6 1 180 167 62 3
1 226 224 4 1-2-9 28 321 4 1 0-12 189 182 5 119 50 @ [
1 229 222 4 1-2-7 2194 208 4 1 0-12 150 148 4 1 110 272 266 4
1 322 319 4 1 -2 -6 307 274 4 1 0-11 62 34 7 1 111 166 159 4
1 224 210 4 1 -2 -4 16 109 5 1 0-10 246 238 4 1 114 150 146 5
1 261 252 4 1-2-3 220 212 4 1 0-9 105 101 4 1 2-14 108 114 7
1 209 238 4 1 -2 - 154 154 7 1 0-9 237 232 4 1 2-13 230 222 4
1 562 ST 4 1-2-1 1684 1699 9 1 0-7 212 213 4 1 2-12 59 59 )
1 122 157 4 1-2 0 296 294 5 1 0 -6 a0 16 4 1 2-11 160 157 4
1 220 190 4 1-2 1 1099 1078 3 1 0-5 224 36 4 1 2-10 131 139 5
1 115 132 4 1-2 2 m 280 ] 1 0 -4 (1] 43 4 1 2-9 137 133 s
1 €09 624 4 1-2 12 149 11 5 1 ¢-31 51 39 7 1 2-8 393 360 4
1 136 110 3 1-2 4 572 533 s 1 0-2 $78 602 3 1 27 508 560 4
1 496 a7 4 1-2 5 102 750 4 i 0-1 1097 1119 2 1 1-6 47 56 (]
1 331 516 4 1-2 6 313 313 4 1 00 43 3 1 23 515 $13 4
1 129 116 4 1-2 7 525 482 4 1 ¢ 1 1489 1402 2 1 2-4 63 56 5
1 315 299 4 1-2 9 508 486 4 i 02 521 4%0 2 1 2-3 210 107 6
1 107 100 4 1-2 9 59 55 6 1 0 3 261 252 3 1 2-2 LL13 756 3
1 322 316 4 1-210 107 89 4 10 4 618 603 5 1 2-1 70 71 4
1 140 142 4 1-21 (13 n 6 1 0 3 352 35 £ 1 20 11s 111 3
1 120 17 s 1-212 169 161 4 1 06 411 19 4 1 2 1 1219 1181 2
1 96 91 [ 1-213 223 212 4 107 480 459 4 1 2 2 48 475 3
1 as 102 7 1 -1-14 131 122 6 1o 102 170 L} 1 23 65 a5 [ ]
1 149 153 s 1 11 sy 249 4 1 0 9 296 24 4 1 2 4 86 302 5
1 20l 24 4 1 -1-10 125 130 4 1 010 307 317 4 1 2 38 70 69 5
1 (1) 3 7 1-1-9 193 196 4 101l 94 101 $ 1 2 6 543 353 4
B X L Trobs Fcale SigF A K L Trchs Fcalc Sigr i X L Tcbs Fealc 3igT A X L Fobs Fcalc 3igF
1 2 7 458 478 4 1 4 293 300 .3 1 6 -2 196 193 L) 1 8 2 255 244 4
1 20 0 kil 5 1 4 2 693 6t8 3 1 6-1 124 633 4 1 8 4 kil 279 4
1 2 9 198 209 4 1 42 100 669 4 1 6 0 547 329 L) 1 & 5 16% 166 4
1 210 76 3 3 1 4 4 T4 69 5 1 6 1 m” 98 s 1 8 6 (13 10 6
1 21 65 54 6 1 4 3 267 80 4 I 6 2 494 s516 4 1 810 133 123 ]
1 212 102 9 5 1 4 ¢ 414 419 4 i1 63 160 158 [ 1 912 16 112 6
1 214 154 168 5 1 47 91 98 4 1 6 4 97 109 3 1 %11 149 146 3
1 215 161 162 L) 1 4 429 424 4 1 65 166 260 3 1 9-l0 35 N L)
1 3-13 167 161 s 1 4 3 163 165 5 1 6 6 T4 T 5 1 9-9 94 S0 [
1 3~-12 259 246 4 1 410 79 18 H 1 6 7 190 118 4 1 9-6 153 151 4
1 3-10 167 161 4 1 41 219 215 4 1 6 8 102 171 4 1 9-5 62 n 7
1 3-9 115 108 4 1 412 146 154 3 it 69 1 1] [x} L) 1 9-4 155 153 4
1 1-9 17 129 4 1 41 56 51 L] i 6§10 170 163 4 1 93 169 100 5
1 17 4359 413 4 1 414 106 106 6 1 611 110 106 k) 1 9-1 213 202 4
1t 3 -6 326 315 4 1 5-1 16% 163 5 1 613 €5 66 7 1 90 2718 262 4
1 3 -5 234 258 4 1 s5-12 17 112 5 1 7-11 157 156 4 1 9 2 140 137 4
1 34 b1 45 4 1 5-11 90 85 5 1 a0 1 6 1 93 e 237 4
1 3 454 423 7 1 5-8 169 159 4 1 a0 76 6 1 910 19% 150 4
1 3 -2 40 341 S 1 57 351 33 4 1 340 339 4 1 9 9 104 98 6
13-l 530 312 4 1 5 -6 ki) 60 4 1 153 148 4 1 910 146 140 L)
1 30 106 206 5 1 5 -8 346 335 4 1 256 257 4 1 10-11 (13 64 ]
1 31 238 N 5 1 5 -4 162 121 4 1 451 479 4 1 j0-10 104 111 [
1 3 2 m2 753 4 1 5-3 293 266 4 1 92 02 4 110 -8 a2 n 6
133 mn 357 5 1 5 -2 M 475 4 1 292 96 4 110 -7 " " [
13 4 346 333 4 1 35 -1 570 573 4 1 269 284 4 110 -5 112 194 4
133 263 263 4 1 50 296 276 4 1 409 430 4 110 -4 101 99 5
1 3 6 139 137 4 1 51 931 896 4 1 268 204 4 110 -3 166 172 L]
1 37 481 430 4 1 5 2 451 428 4 1 181 151 4 110 -2 200 209 4
1 3 8 184 194 4 1 35 3 E Y 310 4 1 352 kL] 4 110 0 142 132 4
1 3 9 [}3 63 4 1 5 4 326 304 4 1 160 174 4 110 1 244 236 5
1 310 13 127 L) 1 5 5 425 19 4 1 157 153 4 110 2 7 [} $
1 311 16 L 1) 1] 1 5 6 157 156 L) 1 270 262 4 110 23 173 166 5
1 312 91 96 5 1 8 7 146 343 4 1 219 215 4 110 4 192 150 5
1 31 126 134 5 1 5 76 10 5 1 200 130 4 110 6 143 139 4
1 414 130 1338 € 1 5 9 149 149 5 1 131 132 1) 110 7 142 135 4
1 4-11 15 [ 2% . 1 510 55 sl 7 1 105 (1] 6 110 80 108 105 5
1 4-12 191 179 4 1 51 02 8o 6 1 114 113 6 110 9 203 199 5
1 4-1 179 1€8 4 1 512 169 14 4 1 162 155 5 111 -7 121 120 5
1 4-10 59 41 7 1 512 67 (1] 7 1 59 $0 7 111 -6 151 145 4
1 4-9 118 132 4 1 614 (1) €7 9 1 76 76 1] 111 -5 114 110 3
1 4-8 139 185 E) 1 ¢12 140 134 5 1 m 169 4 111 -4 M 267 4
1 4-§ 564 sdd 4 1 &1 " € 7 1 174 186 4 111 -3 203 196 4
T 45 72 Ll 4 1 6-39 LE] .2 5 1 146 141 4 111 -1 232 220 4
1 4-4 7 13% 4 1 6-7 200 206 4 1 268 263 4 111 0 229 218 4
1 4 187 205 4 1 6 -8 272 260 4 1 165 164 4 111 2 176 1717 4
1 42 k2 98 s 1 6-5 (1) 53 5 1 395 30 4 111 4 151 153 L)
1 4-1 161 168 7 1 6 -4 459 473 5 1 53 59 6 111 5 103 194 4
1 4 0 812 805 1 1 6-2 k114 2 5 1 259 54 4 1117 73 L 1] 7
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Table A1.9. Observed Structural Factors of LMoO(0-C,H Me), (38). (Continued)
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Table A1.9. Observed Structural Factors of LMoO(0-CcH Me), (38). (Continued)

A X L Fobs Fcale $igF g X L fobs Feale SigF i K L ): | Feale 3igF
2 6 -4 77 87 4 2 8 0 421 407 4 211 -8 181 183 S 3 (13 7
2 6-) 308 296 5 2 9 2 427 413 4 211 -3 241 241 4 k) 123 (3
2 6 -2 524 529 4 2 8 3 484 491 4 211 -2 154 154 4 3 11 6
2 6 -1 115 103 L} 2 8 4 55 4u 6 231 0 290 97 4 3 113 5
2 6 0 366 376 4 2 8 5 52 256 4 111 167 177 4 3 $0 [}
2 6 513 526 4 2 8 6 109 9 4 211 2 105 107 5 3 145 s
2 6 3 541 502 4 2 8 7 86 "% 5 111 3 299 301 4 3 207 4
2 6 4 an 281 ) 2 8 8 (1] 75 K 211 4 160 156 4 3 119 5
26 5 54 43 5 2 @ 9 151 145 4 211 S 170 166 4 3 2 6
2 6 6 206 201 4 2 810 (1] 43 6 211 6 134 128 5 3 19 1]
2 6 7 56 4 [] 2 @11 103 " S 211 8 92 92 6 3 185 4
2 6 ¢ 262 264 5 2 %11 104 102 6 212 -2 97 93 6 3 140 5
2 6 9 290 291 5 2 510 132 120 5 212 -7 126 129 6 3 48 L]
2 610 77 20 6 2 9-9 100 91 5 212 -6 68 5 L} 3 84 L1
2 611 148 162 4 2 97 131 129 4 1212 -5 7 90 7 3 111 6
2 612 136 136 5 2 9-5 205 11 4 212 -4 255 250 4 3 kg 7
2 1-1 10) 97 6 2 9 -4 157 160 4 112 -3 134 148 5 3 103 §
2 1-12 133 124 5 2 9-3 97 89 S 212 -2 126 129 L] 3 " 7
2 1-10 141 126 4 2 9 -2 268 272 4 212 -} 13 130 4 3 L1 7
2 71-8 $2 4?2 L] 2 9 -1 158 164 4 212 1 222 223 4 3 91 ]
2 17 302 292 4 2 9 0 103 126 5 112 2 156 152 4 3 207 4
2 7-6 220 218 4 2 91 N5 ile 4 112 13 ki) " ? 3 59 6
2 13 200 259 4 2 93 257 258 4 212 4 165 162 4 3 133 H
2 7 -4 353 362 4 2 9 4 71 17 4 212 5 9% 80 6 k) 144 4
2 1-3 53 48 6 2 9 6 61 53 [ 212 6 T4 60 7 3 120 3
2 7 -2 202 8 4 2 97 1 1) 10 £ 212 7 90 74 6 3 190 4
2 7 -1 au? 426 4 2 98 60 49 ? 213 -6 9 2 6 3 120 L)
2 710 30 62 4 2 3 9 270 264 4 213 -5 64 70 [} 3 100 6
2 71 3 400 4 2 910 1208 118 5 113 -4 121 116 5 3 224 4
2 7 2 so0 491 5 2 %11 93 1 2} 6 113 -3 190 190 4 3 61 7
2 12 228 243 4 2 10 -7 € 42 7 213 -1 93 (1] 5 3 112 5
2 7 4 254 254 4 210 -6 6 92 6 213 © 96 92 6 3 " 7
2 18 188 174 s 210 -% 93 103 6 213 2 163 152 5 3 99 L]
21 6 141 136 4 2 10 -4 275 276 4 213 1 94 97 (4 3 121 6
2 1 404 395 5 210 -3 79 63 5 213 4 70 74 7 3 95 (3
2170 [ 2] 9" 5 210 <2 9 101 s 1-11 0 121 124 [ 3 11} €
2 71 9 118 17 5 210 -1 275 21 L} 3-11 2 67 (13 9 3 132 4
2 7110 97 100 5 210 0 196 193 4 3-11 3 122 127 [ 3 200 4
2 11 6] [1] 7 210 1 135 146 4 1-11 5 129 140 ] 3 292 4
2 s-12 150 141 5 210 2 154 149 4 I-11 6 135 130 5 3 234 4
2 -1 194 107 4 210 4 117 121 4 3-10 -2 133 11 5 3 66 7
2 9 - 184 117 4 210 5 231 206 4 3-10 -1 147 133 3 3 243 4
2 98-8 196 202 4 210 7 244 239 4 3-10 1 179 174 4 3 308 4
2 8 -6 232 228 4 210 9 206 199 4 310 2 104 103 6 3 @0 5
2 8-S 171 169 4 21010 121 124 6 3-10 3 22 110 7 3 265 4
2 8 -4 132 132 5 211 -9 97 (13 6 1-10 4 212 218 4 3 204 4
2 3] 217 232 5 211 -0 106 9 6 3-10 5 126 116 S 3 200 4
2 8- 259 253 4 211 -6 138 126 5 3-10 6 (24 (1] 6 k] [+ 7
8 K L Foba Fcale 3i1qF a X L Fobs Tcalc SigF 1 X L Fobs Fcalc SigF 8 X L Toba Fcalc Sigr
3 -7 12 119 113 5 3 -4 -6 amn 2713 4 1-2-4 280 262 4 3 0-9 274 284 4
3-711 143 138 3 3 -4 -5 129 137 4 3I-2-3 174 173 4 3 0-7 159 154 4
3 -6 -9 94 ” 7 3 -4 -4 232 m 4 3 -2-2 440 413 4 3 0-6 110 129 4
3 -6 -8 9 100 7 3 -4 -3 400 400 4 3 -2-1 (18] 628 4 3 0-% 257 264 4
3 -6 -6 113 108 5 3 -4 -1 534 557 4 31-2 1 31 262 4 3 04 9 9 4
3 -6 -4 L1} 72 6 3-4 0 199 199 4 3-2 2 49 10 5 3 0-) 181 201 4
3 -6 -3 a 326 4 3-4 1 157 164 4 1-2 13 540 $20 4 3 0-2 $60 569 4
3 -6 -2 157 164 4 3 -4 2 329 3166 4 1-2 4 49 438 4 3 0-1 489 48 9
3 -6 -1 127 124 4 3 -4 3 153 157 4 3 -2 8 4“9 445 4 360 164 174 (]
3-60 323 341 4 3 -4 4 379 350 4 1-2 6 [ 33 61 4 3 01 560 572 s
3 -6 1 113 106 4 I -4 3 290 301 4 1-2 1 414 414 4 3 03 801 770 3
3-6 2 101 117 5 -4 6 19 75 5 1-2 ¢ 179 175 4 3 0 4 kIl 369 E}
3 -6 3 211 231 4 3 -4 7 296 303 4 3-2 9 am 2862 4 310 % 137 133 4
3 -6 4 ” 110 H] 3 -4 9 291 296 4 1-210 330 e 4 3 0 6 780 742 4
J -6 5 413 427 4 I-4 9 201 199 4 3 -2 12 125 134 H] 3 0 7 540 528 4
3-6 6 325 18 4 3 -410 150 144 4 3-213 232 229 4 3 0 @ 122 142 4
3-6 1 102 107 4 3 -4 11 27 273 4 31-213 160 163 4 3 ¢ 93 587 503 4
3-6 8 e 303 4 3 -4 12 (> n [ 3 -2 16 92 " 7 3 o010 301 302 4
3-610 101 108 5 3~413 165 164 4 3 -1-12 80 73 7 3 o1l 131 120 L)
3 -6l 300 J02 4 3 -415 e 17 7 3 -1-11 92 s € 3 o012 125 116 4
3 -6 12 162 169 4 3 ~3-11 1331 107 6 3 -1-10 1 1% [ 3 013 170 179 5
3 -613 (13 6t 7 3 -3-10 5 57 L 31-1-9 252 281 4 3 014 204 212 4
1-6 14 123 112 L) 3 -3 -9 139 149 5 3-1-0 236 48 4 3 015 139 140 3
3 -5-10 9 100 € 3-3-9 19 188 4 3 -1 -7 133 139 4 1 1-12 [3} 10 9
3 -5 -8 152 150 3 3 -3-7 141 139 4 3-1-6 336 346 4 3 1-10 146 153 4
3 -5 -7 102 9. 6 3 -3 -6 199 19 4 3-1-3 32 244 4 1 1-9 142 147 5
3 -5 -6 64 (1) ? 3-3-% 358 345 4 3 -1 -4 210 190 4 3 1-8 10 7. [
3 -5 -3 200 204 4 3-1-1 364 sl 4 3 -1-3 203 241 4 3112 348 0 4
3-5-1 "” 7 3 3 -1 -2 518 542 4 3 -1-2 [ 1] 101 3 3 1-6 253 a3 4
3 -5 -2 @4 €75 4 3-1-1 144 153 4 3-1-1 12 135 4 3 1 -4 134 789 4
3-5-1 455 468 < 3-3 2 202 1714 L] jJ-1 0 106 141 3 3 1-3 LE2Y 476 4
3-5 0 152 149 3 3-3 13 312 1% 4 31-1 1 172 16% 6 3 1-2 F{33 275 4
3-5 1 30 32 4 3-3 4 16 70 S 1-1 2 % 403 12 3 1~ 589 609 $
3 -5 2 246 26 4 3-1 5 486 465 4 1-1 4 110 108 4 3 10 159 167 13
3.5 243 261 4 3-1 6 s 16 4 1-1 8 (11 [ k5] 4 311 €25 628 4
3-5 4 44s 455 4 3-3 7 45 49 L] J-1 6 462 452 4 312 434 431 5
I-5 6 53 346 4 3-8 251 230 4 -1 7 k1% 200 5 313 100 9 7
3-5 7 160 176 4 3-3 9 510 489 4 3-1 &8 471 459 4 3 1 4 433 415 5
3-5 18 120 11 4 31-31 126 129 4 1-1 9 123 134 4 31 5 EL}) 34 4
3-5 9 17 11% 4 3 -3 12 203 277 4 3-110 332 338 4 31 6 96 9 3
3 -510 123 132 3 3 -3 14 132 138 £ 1-111 204 188 4 317 555 535 4
3-512 102 176 4 3 -3 15 100 91 6 3 -112 7 4 6 3 1 a7 410 5
3-513 61 k13 7 3 -2-12 9 12 L] 3J-112 264 270 L 319 1s 207 4
3 -4 (1} 10 T 3 -2-10 156 145 4 3 -1 14 27 283 4 3 110 352 360 L
3 -5 15 15 (3] 7 3-2-9 146 151 s 31-116 126 135 (3 311 242 32 4
3 -4-10 97 104 L3 3 -2 -2 118 129 s 3 0-13 118 114 7 3113 160 163 5
3 -4 -9 159 161 3 3-1-7 250 258 4 3 o-11 3 1l 7 314 11 114 5
3 -4 7 174 110 4 3 -2-5 298 312 4 3 o-10 "2 90 6 3 118 109 112 L
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Table A1.9. Observed Structural Factors of LMoO(0O-CH Me), (38). (Continued)
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Table A1.9. Observed Structural Factors of LMoO(O-C,HMe), (38). (Continued)
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Table A1.9. Observed Structural Factors of LMoO(0-CzH Me), (38). (Continued)

i X L B X L TFobs Fcale SigF B X L TFobs Fealc 34gF 8 R L TFocbs Fealc SigF
5 -612 11 136 3 5 -3 2 269 262 4 5-1 6 172 176 4 5 112 241 4 4
5 -5 -6 L1} 6 7 5-3 3 222 222 4 5-1 7 126 138 5 5 113 211 214 4
§ -5 -5 [ 2} n 6 $-31 4 100 111 4 5-1 8 186 183 4 5 115 1% 118 5
5 -5 -) 99 9 ] 5-3 3 252 265 4 5-110 175 168 4 5 16 a6 97 7
5 -5 -2 224 213 4 5-3 6 174 200 4 5-111 80 Lk} 6 5 2-10 92 97 6
5 -5 -1 (1) 91 5 5-3 1 134 127 4 5 -113 300 298 4 5 2-9 100 97 6
5-5 1 192 204 4 5-3 9 56 255 4 5 -1 14 221 217 4 5 2-0 111 120 5
§-5 2 30 a5 L) 5-3 9 150 144 4 5 -116 136 142 6 $ 27 62 51 7
5$-5 13 428 458 4 $ -3 10 100 160 4 5 o-1 94 9 7 5 2-6 208 by il 4
5-5 4 375 m 4 5-111 " " 6 5 0-9 108 103 6 5 2 -4 192 198 4
5~-% 5 Lk 5 3 5 -3 12 92 a0 3 5 0-8 115 123 5 5 23 392 409 4
5-3 6 258 310 4 $-31 118 106 5 5 0 -6 100 105 L] 5 2-2 147 16 4
5-5 17 26 225 4 5 -3 14 167 162 4 5 0 -4 (13 70 5 5 2-1 199 214 L}
5-5 @ 113 119 5 5 -2-10 100 9% 7 5 0-3 247 260 4 5 20 706 702 4
5-5 9 206 208 4 5 -2 -3 T2 76 a 5 0 -2 265 274 4 5 21 225 225 s
5-510 104 110 5 5 -2 -0 97 108 6 5 0 -1 167 144 4 5 22 419 442 4
5-511 106 106 3 5 -2 -7 15 12 ? 5 00 208 216 4 $ 23 426 412 4
5 =512 188 101 4 5 -2 -5 17 118 5 5 01 370 375 4 s 2 4 90 87 4
5-%513 69 61 7 5 =2 ~4 52 54 7 5 0 2 83 (1] 4 5 2 5 320 128 4
5-5 14 99 99 6 5 -2 -3 64 5 6 5 03 507 520 4 5 2 6 409 179 4
$ -4 -7 122 124 5 5 -2 -2 154 179 4 $ 005 254 225 4 s 271 127 135 4
5 -4 -6 42 [ k] ? 5 -2 -1 166 187 4 5 0 6 451 464 4 5 2 3 109 196 4
5«4 -5 57 52 [ 5-2 0 176 183 4 5 09 387 J88 4 5 29 a6 92 L]
5 -4 -4 123 122 $ 5-2 1 412 434 4 5 09 370 156 4 5 210 123 129 4
5 ~4 -3 103 114 5 5 -2 13 177 180 4 5 010 70 75 5 5 11 103 106 5
S -4 -1 213 219 4 3 -2 4 411 431 4 5 01l 156 153 5 5 212 12% 134 3
5-4 0 us 162 4 5-2 8 88 275 4 5 01z 211 207 4 5 213 103 108 5
5-4 1 292 298 4 5-2 6 206 194 4 5 013 110 113 5 5 214 193 197 4
5 -4 2 308 kr3} 4 5 -2 1 216 09 4 5 014 12% 133 3 5 215 93 106 6
5-4 3 7 €0 5 5-2 0 128 120 4 5 013 86 86 [ 5 216 1 90 7
3 -4 4 256 270 4 $ -2 9 329 322 4 5 1-10 110 110 L] 3 J-11 121 125 [
$-4 3 291 238 4 5-210 111 129 4 5 1-8 76 9 7 5 J-10 133 149 5
5-4 6 59 61 6 5 -2 11 116 133 5 s 1 -7 93 93 5 5 3-8 144 150 4
5-4 7 198 1%0 3 5 -2 12 239 41 4 5 1-% 134 133 4 $ 3 -7 143 161 L]
5-4 8 201 201 4 5-21) 240 240 4 5 1 -4 250 262 4 S 3-6 78 10 5
5-4 9 91 95 5 5 -215 2117 221 4 s 1) 110 103 4 5 3-8 185 208 4
5 -412 151 149 4 5 -1-10 73 [} L] 5 1-2 101 130 5 $ 3 -4 105 125 5
5-413 128 137 5 5-1-9 138 14 5 s 1 -1 437 552 4 5 3 -3 184 193 5
5 -418% 113 1i¢ 6 5 -1 =7 125 119 4 5 1 0 199 187 4 5 31-2 a8l 310 4
5 -3 -3 " [ 2] ? 5-1-3 101 109 L] 5 11 490 494 4 3 31- (1] kL) 5
5-3-8 107 111 € 5 -1 -4 199 21 4 s 1 2 531 560 4 5 3 o 149 152 4
5 -3 -6 134 137 5 5 -1 -1 396 399 4 5 13 119 112 4 5 31 735 49 4
5-3-5 n 17 L] 5-1 0 n ke 4 5 1 4 420 %N 4 5 13 209 214 4
5 -3 -4 86 T4 3 5-1 1 4 52 6 5 19 a7 as S 5 1 5 444 404 4
5 -3 -1 2130 236 4 5 -1 2 2717 306 4 5 1 6 216 209 ¢ 5 3 6 210 242 4
5 -3 -2 221 240 4 5-1 3 s 406 4 3 17 512 316 4 5 3 7 6 65 4
5-3 0 262 28 4 5-1 4 122 129 4 519 249 246 4 5 39 314 303 4
5-3 1 80 " 5 $-1 3 526 4% 4 5 110 221 4 H] 5 39 121 322 L}
B K L TFobs Fealc SigF 8 X L TFobs Fcale SigF B XK 1L Tabs Fcalc Sigr 8 K L TFoba Fcale 3igT
s 31 n 12 6 5 514 178 179 4 5 8 -0 122 120 5 $10 2 103 102 4
5 312 63 54 6 5 515 152 152 5 5 8 -7 87 [ 1] 6 510 5 321 320 4
s 313 167 175 4 5 6-11 106 (1} 6 5 8 -6 LE] a3 s 510 6 103 102 4
5 318 199 209 4 5 6-i0 (1] 9 7 5 9 -3 293 30 4 510 7 65 67 6
5 4-10 109 9 E) 5 6-8 105 " 5 3 8- 114 126 4 $10 8 202 207 4
s 4 -9 L1} 13 ] 5 6 -7 153 165 4 5 8-2 247 263 4 $10 9 236 228 4
5 47 117 179 4 5 6 -6 11 128 4 5 8-l a4 82 5 51011 115 130 6
5 4 -6 108 106 4 5 6 -3 262 M 4 $s 00 254 266 4 311 -8 96 95 7
5 4 -5 ne 110 4 5 6 -4 131 134 4 5 ¢ 1 281 288 4 $ 11 -7 2 30 [
5 4 -4 351 m 4 s 6 -2 259 m 4 5 8 2 121 119 4 $11 -5 129 127 S
5 4-3 211 23 L) 5 6 -1 273 269 4 5 8 3 454 452 4 511 ~4 201 203 4
5 4 -1 204 300 4 5 6 0 134 141 4 5 0 4 117 180 3 511 -2 19 96 €
5 40 3%0 415 4 5 & 1 422 423 4 5 8 5 224 21 4 511 -1 2 L 23 5
5 4 1 U5 251 4 5 & 2 625 606 4 5 0 6 251 251 4 511 ¢ 102 103 S
5 4 2 606 609 4 5 613 216 223 4 5 ¢ 8 191 154 4 $11 1 183 100 5
5 4 3 308 304 4 S 6 4 263 278 4 5 89 236 243 4 5§11 2 178 179 5
5 4 4 24€ 252 4 5 6 3 94 85 4 5 1) 112 121 3 5112 147 148 4
5 4 5 150 126 4 S 6 & i 308 4 5 s 12 131 16! 5 511 4 262 261 4
S 46 26 232 4 5 6 1 492 476 5 5 813 7. (13 7 511 6 217 147 4
s 47 3% 39 4 5 68 106 104 4 5 910 94 93 7 511 7 150 190 4
5 4 8 266 261 4 s 69 157 174 5 5 9-9 98 99 [ $11 9 153 150 5
S 4 9 196 193 4 5 610 101 102 6 5 97 11% 17 5 51110 200 192 4
5 410 189 16 4 5 612 156 159 4 5 9 -6 kil b 6 $ 12 -7 " 10 ?
5 411 125 123 L) 5 613 115 113 3 5 9 -5 57 n 7 %12 -8 € 3 7
5 412 13 35 L) 5 7-10 1 21 1] 7 S 9 -4 253 260 4 512 -4 113 110 $
5 413 kil au 4 5 1 -9 "% 91 7 s 9 -2 104 102 L] $12 -3 114 112 3
5 414 100 180 4 5 1-» 51 45 ] 5 9 -1 371 e 4 $ 12 -2 €9 n 7
§ 415 100 n 6 5 17 110 127 s 5 90 137 132 4 512 -1 132 134 5
5 5-11 (3] [1] . 5 7 -4 337 359 4 s 91 396 405 3 512 0 190 106 4
5 5-9 18 100 7 5 1-5 173 101 4 $ 9 2 320 317 4 $12 1 64 n [
5 3 -6 254 261 4 5 7 -4 187 163 4 s 33 54 €0 [ 312 2 09 19 4
3 5 -% " 106 L) 3 7-3 213 210 4 5 % 4 83 (2] 3 512 3 193 m 4
5 5 -4 20 100 3 5 1 -2 175 161 4 5 % 6 130 144 4 512 4 69 n 7
5 53 309 m 4 3 7 -1 137 220 4 5 9 17 174 178 4 312 5 1% 118 5
3 5 -2 353 166 4 s 70 431 455 4 $ 9 8 65 39 6 512 1 108 107 5
5 5 -1 73 10 4 s 11 69 (1] S s 3 9 10 (13 [ 512 8 139 137 5
5 50 364 292 4 5 7 2 486 51% 4 s %10 186 194 4 513 -3 110 1%} 6
5 51 109 105 4 5 13 260 260 4 5 %11 70 67 6 513 -4 63 50 8
5 5 2 395 m 4 35 7 4 208 k1l 4 5 912 9 96 L3 513 -3 102 102 6
5 5 2 164 194 S 5 75 29 289 4 $ 10 -9 100 97 7 513 -2 171 170 4
5 5 4 59 47 5 5 71 225 245 5 510 -8 90 9% € 513 -1 55 32 [}
5 5 5 418 474 $ 5 7 8 329 332 4 510 -6 161 167 4 513 o [} (13 [
5 5 & 500 489 4 5 709 (1] 6 6 510 -5 152 164 4 513 1 139 141 L]
5 5 7 19 146 4 5 710 10% 106 4 $ 10 -3 231 241 4 513 13 173 176 4
5 5 0 m 369 5 3 112 120 129 5 5 10 -2 53 64 s $13 5 115 112 3
5 5 9 320 32 4 5 113 162 164 4 510 -1 141 144 4 313 ¢ 148 140 s
5 s 11 163 m 5 5 T4 121 124 3 510 0 291 291 4 S 142 [ ] [3] 1]
5 512 207 216 ] 5 s-10 5 " a $10 1 [1] 72 s S 14 -1 101 "9 6
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Table A1.9. Observed Structural Factors of LMoO(0-C4H Me), (38). (Continued)

B X L B K L Tochs Fcale AigT 2 X L Fobs Fcalec SigF 8 K L Fobs Fecale Sigf
514 1 6 6 -4 -4 1 2] [ 6 -2 5 342 354 4 6 013 250 263 4
514 2 41 130 5 6 -4 <) 123 5 6-2 ¢ 134 121 4 6 015 130 138 5
514 4 103 9 6 6 -4 -2 92 6 6 -2 7 85 204 4 6 1 -9 76 75 8
6 -9 0 €9 L33 1 6 -4 -1 92 s 6-2 8 332 336 4 6 1 -8 97 112 &
6 -8 1 101 91 6 6-4 0 219 4 6-210 214 22% 5 6 1-6 167 173 4
6-3 3 101 104 6 6-4 2 54 4 6 -2 11 66 5 7 6 1 -5 60 a 7
6§ -8 4 129 117 5 6 -4 3 298 4 6 -2 12 55 51 8 6 1 -4 179 185 4
6 -0 7 139 142 5 6-4 4 127 4 6-213 182 19% 4 6 1-3 180 106 4
6-8 9 19 65 7 6-4 5 109 5 6 -2 14 119 113 s 6 1 -2 7 39 s
6 -7 -3 6 100 L} 6-4 ¢ 213 4 6-21% 9t $0 6 6 1 -1 164 146 4
6§ -7 -1 103 109 6 6 -4 7 67 ? §-1-8 128 124 [ § 10 571 374 4
6 -7 1 97 90 6 6-4 8 216 4 6 -1 -7 64 n 1 6 1 1 19 (1] 4
6 -7 2 40 142 b} 6-4 9 171 4 6 -1 -6 121 119 5 6 1 2 375 B 4
6 -7 8 8 74 L] 6 -4 10 23 L] 6-1-5 127 120 5 6 1123 291 306 4
6 -7 6 126 124 $ 6 -411 156 4 6 -1 -4 102 104 5 6 1 4 13 74 5
6 -1 8 114 113 5 6 -4 12 93 6 6 -1 -1 259 249 4 6 1 5 514 507 4
6 =-710 67 58 s 6 -4 11 73 1 6 -1 =2 1 181 4 6 1 6 626 605 4
6 -7 11 117 132 5 6 -4 14 124 5 6 -1 -1 124 110 4 6 1 7 134 133 4
6§ -6 -3 19 119 6 6 -3 -7 125 6 6-1 0 30 347 4 6 1 9 522 516 4
6 -6 -2 116 n7r 5 6 -3 -5 164 4 6-1 1 253 242 4 6 1 9 72 263 4
6-6 0 150 14% 5 6 -3 -4 105 5 6-1 1 205 222 4 6 110 95 90 5
6-6 3 94 11 3 6 -3 -2 231 4 6 -1 4 230 235 4 6 11 179 100 4
6 -6 4 145 151 5 6 -3 -1 115 4 6 -1 6 439 445 4 6 113 252 262 4
6 -6 6 165 173 4 6-3 0 178 4 6-1 17 127 134 4 6 114 125 128 H
6 -6 7 121 128 3 6-3 1 247 4 -1 8 312 06 4 6 113 99 107 [
6-6 8 100 118 6 €-3 13 111 4 6-1 9 363 361 4 6 116 106 118 6
6-6 9 112 122 6 6-3 4 236 4 6-111 295 236 4 § 2-10 17 I ]
6 -6 11 132 134 5 6-31 5 130 4 6 -1 12 312 ED B 4 6 2-2 12% 125 3
6 -6 12 141 155 S 6-3 & 61 6 6 -113 as (L} 6 6 2-7 178 166 4
6 -5 -6 €2 (1] 9 6-3 7 156 4 6-1 14 166 174 5 6 2-6 57 72 s
6 -5 -5 " (1} 7 6-1 8 (3] [ 6 ~-115% 137 142 5 6 2-5 236 226 4
6 -5 -4 192 104 1 6-3 9 199 4 6 0 -9 113 104 6 6 2 -4 127 1 4
6 -5 -3 [ L] 75 7 6 -3 11 181 4 6 0 -7 142 141 E) 6 2-3 15 (1] &
€ -5 -2 €2 €0 7 € -3112 228 4 6 0 -5 204 214 4 ¢ 2 -2 70 374 4
6 -5 1 159 15% 4 6-313 55 L] 6 0 -4 263 253 4 & 2 -1 186 152 4
6 -5 2 199 197 4 6-3 14 19 ? ¢ 0 72 66 5 6 2 0 290 291 4
6-% 4 3l 19 4 6 -3 15 122 6 6 0 -2 158 153 4 6 2 1 543 557 4
6-% 9 201 204 4 6 -2 -8 9% 7 6§ 0 -1 273 266 s 6 2 2 206 205 q
6-% 6 55 62 [} 6 -2 -7 69 [ § 0 0 129 127 4 ¢ 23 210 215 4
6 -5 7 47 248 4 6 -2 -6 155 5 6§ 0 1 256 273 4 § 2 4 sn 49y L}
6-5 9 58 264 4 6 -2 -4 187 4 6§ 0 2 a1 321 4 6§ 2 3 s s 4
6-% 9 9 17 6 6 -2 -3 110 5 ¢ 0 4 193 221 4 § 2 ¢ n 367 4
6 -5 10 134 132 5 6 -2 -2 L1 5 6 0 8 76 378 4 ¢ 21 443 441 4
6 -5 11 108 107 3 6 ~2 -1 257 4 6 0 17 413 410 4 6 2 8 158 153 4
6 -5 12 €6 . [} $6-2 0 64 6 ¢ 08 220 224 4 6 2 9 395 n L]
6 -5 13 142 139 5 6 -2 1 254 4 6 0 9 207 205 4 6 210 66 66 6
6 -4 -6 121 108 5 6-2 2 357 4 6 010 273 259 4 6 211 405 400 4
6 -4 -5 108 95 € 6-2 4 119 4 ¢ 012 197 100 4 6 212 9 210 4
H K L Foha Fcale $8igF H K L TFobs Fecale SigF R X L Fobs Fcale 34gTF 8 X 1 TFobs Fecalc 3igF
6 214 120 124 5 6 412 189 18 4 § 1-10 n 83 9 6 9 2 162 162 4
6 2138 148 15¢ 3 6 413 140 17 4 ¢ 7 -0 10% 119 6 6 9 3 126 125 4
6 216 62 41 L] 6 414 226 23 3 6 1 -7 59 64 1] ¢ 9 4 110 13 4
6 3 -9 1us 120 5 6 413 40 146 3 § 7 -3 kL) 31is 4 6§ %95 47 228 4
6§ 3-8 67 72 7 6 3-10 " 93 7 § 1) 182 179 4 § 3 6 161 162 4
§ 37 198 202 4 6 5 -8 140 138 5 $ 7 -2 23 299 4 6 % 7 144 140 4
6 3-6 107 106 3 6 5 -7 179 102 4 6 7 -1 201 208 5 6 3 8 251 259 4
6 3 -5 11 11 E] 6 5 -6 55 57 ] 6 7 0 153 143 4 6 3% 9 294 Fil] 4
€ 3 -4 05 207 s 6 5 -5 168 177 4 & 71 460 453 4 6 %1 101 105 4
6 3 -3 266 243 4 65 5 -4 193 192 4 6 7 2 22 236 4 6 %12 137 m S
6 1 -2 100 114 4 6 5 -2 252 260 4 § 1 06 27 L} 610 -8 67 (1] [ )
6 3 -1 156 380 4 6 5 -1 190 190 4 6 7 4 297 an 4 610 -7 99 108 6
6 3 0 255 261 4 € 50 218 219 4 6§ 1 5 127 132 L) 610 -5 202 206 4
€ 3 1 113 " 4 6 5 1 k) e 319 4 ¢ 7 6 191 178 4 610 -4 242 145 4
6 3 2 422 430 4 ¢ 5 2 332 N 4 6 1 7 21] 216 4 6 10 -2 m 2ne q
6 3 3 303 190 4 6 5 4 Bl L] mn 4 6 1 9 306 326 3 610 -1 159 167 4
6 3 4 184 201 4 6 5 3 154 172 s 6 710 106 108 5 610 0 3 100 5
¢ 3 3 356 143 4 6 5 6 293 2176 4 6 711 207 2898 4 610 1 202 208 4
6 3 6 s 193 4 6 5 1 S0l 43 4 ¢ 712 172 174 4 610 2 "% 11 L)
& 3 7 404 64 4 6 5 8 72 239 4 6 74 107 110 6 610 4 13 10 (]
6 31 8 136 299 4 ¢ 5 9 61 238 4 6 ¢-10 2 9 ) 610 6 117 188 s
6 3 9 13 230 4 6 510 17 321 $ 6 8 -9 107 104 3 610 7 27 218 4
¢ 110 24 220 4 é 511 107 114 s 6§ 8 -7 135 142 5 610 9 103 19 s
¢ 312 142 143 4 $ 512 329 339 4 « 8 -6 170 170 4 61010 23 229 4
6 313 195 203 ] ¢ 51 222 216 4 6 0 -4 245 251 4 €10 12 110 113 6
€ 3114 167 163 4 6 515 160 159 $ (] -2 103 101 5 $11 -7 66 9 9
6 315 “ 121 1] ¢ 6 -3 S0 102 ? 6 -1 302 1S 4 611 -6 157 158 5
6 318 126 14 § § 6 -7 106 103 5 13 ¢ 172 170 4 €11 -4 140 132 5
6 4-10 3 14 9 6 6 -6 2¢ 231 4 (] 1 210 214 4 611 -3 144 146 4
6 4-9 5 (3] 7 6 6 -3 ”n " [ [ 2 469 a6 4 611 -2 131 135 $
6 4-8 122 126 S 6 6 -4 112 166 4 [ 3 9 [ 2] L) 611 -1 64 65 7
¢ 4 -7 36 52 L} § 6 -3 224 241 4 1] 4 30 131 4 611 0 0 0 L]
6 4-6 209 24 4 § 6 -2 as " 5 s 5 147 154 H 611 2 288 84 4
6 4 -5 1 12 [} 6 & -1 213 218 4 6 (] 40 33 7 611 3 133 130 4
§ 4 -4 12 10 (3 6 6 0 178 1%0 4 6 ki 249 264 4 611 4 121 134 3
6 4 -2 10 312 L] ¢ 6 1 122 128 4 s [} 00 196 4 611 5 24 254 4
6 4 -2 243 244 4 6 6 2 41 361 4 [ N I 24 253 4 611 6 108 106 )
6 4 -1 165 165 4 § 6 1 580 563 4 6 010 179 197 4 611 7 149 150 5
6§ 4 0 m 30 4 6 & 4 54 (] € 6 812 152 156 s 6§11 8 203 209 4
¢ 4 1 459 457 4 € 6 & 439 416 4 ¢ 813 214 s 4 611 9 79 70 1
6 4 2 9 103 5 6 6 6 222 224 4 €« 9-3 [ 2} 72 7 61110 130 125 L)
6 4 3 n 100 4 6 6 7 T4 % [ 6 9 -0 79 67 7 § 12 -6 (1] €5 ]
6 4 4 172 153 4 6 6 8 515 529 4 & 9 -¢ 153 154 4 612 -5 105 124 6
6 4 3 370 EEL] 4 6 6 8 234 24 4 & 9-3 188 200 4 612 -3 7 34 6
6 4 6 546 536 4 6 610 175 172 5 6 9 199 1%0 4 612 -2 128 126 5
6 4 8 278 263 4 § 611 229 231 4 6 9 -1 102 110 1) 612 0 163 168 4
6 4 9 116 139 4 6 611 167 174 4 6 30 424 429 4 612 1 270 1 4
6 411 321 332 4 6 614 102 118 6 6 9 1 29 293 4 612 3 168 mn 4
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Table A1.9. Observed Structural Factors of LMoO(0-CH Me), (38). (Continued)
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Table A1.9. Observed Structural Factors of LM0oO(0-C,H Me), (38). (Continued)

B K L Fobs Fecalc SigF B K Tcalc Sigr 84 K L TFohs Fcalc SigF 8 K L
8 -4 6 117 124 5 8 -1 150 5 8 214 143 150 5 8 5 0 164 160 4
8 -4 7 109 110 6 (] 119 S 8 215 124 115 5 a 5 1 149 152 5
B -4 8 195 195 4 [ ] 103 5 9 37 104 102 1] 8 5 3 281 276 4
10 132 138 5 [ ] 109 4 8 3 -4 173 170 4 4 5 4 259 254 4
11 167 171 5 0 106 4  3-3 97 b 5 8 5 5 150 145 4
-3 -2 170 166 5 9 0 199 4 9 3 -2 167 169 4 8 5 7 379 369 4
8 -3 -1 103 110 13 9 0 196 4 9 3-1 176 191 4 e 5 2 209 218 L)
8-3 0 115 123 5 0 328 4 $ 30 56 67 7 e 5 9 245 231 4
-3 1 209 214 4 L] 147 4 4 31 166 148 4 B 510 163 16} 4
-3 3 126 132 5 9 0 249 4 ¢ 3 2 260 251 4 ¢ 511 120 128 5
4 190 192 4 8 0 345 4 ¢ 3 3 52 51 7 8 512 217 21% 4
6 198 202 4 8 0 104 S 83 4 249 243 4 8 513 132 131 5
7 165 165 5 e 0 170 4 9 3 5 12 204 4 e 518 141 143 3
-3 8 n . 1 [] 31 4 3 6 53 50 L] B 6 -6 134 134 5
8 -3 9 153 159 4 s 0 185 4 3 7 441 45% 4 8 6 -4 153 146 4
8 -3 11 n 118 5 L] 1%0 4 3 9 262 267 4 8 6 -2 186 100 s
4 -3 12 123 12 5 [ 114 6 310 269 262 4 8 6-1 168 172 4
8 -2 -4 114 100 s L B "% 6 3 15 87 6 9 6 0 123 119 4
9 -2-) 84 ki [ sl 104 5 312 136 41 5 9 6 1 74 67 s
0 -2 -1 1137 139 5 1 50 . 3 175 176 [} ¢ 6 2 197 199 5
-2 0 102 11 6 1 162 4 I 94 9" s o 6 4 108 104 4
¢ -2 1 91 9l 6 1 168 4 315 100 120 6 9 6 5 227 219 4
8 -2 2 36 56 ? ¢ 1 1m 4 4 -0 10 1 3 2 6 6 " 84 5
8 -2 4 128 138 4 [ Y 166 4 4 -6 102 97 6 8 6 7 15 151 4
-2 5 167 170 4 1 441 4 4 -5 59 55 ] 8 69 499 512 4
8 -2 6 9 104 s 8 1 316 4 4 -3 m 179 4 s 610 240 239 4
? 296 310 4 LI 120 4 4 -2 75 [13 6 1 611 163 176 5
1] 161 164 4 1 254 4 4 -1 99 108 5 8 613 165 167 s
9 140 144 4 | I 167 4 4 0 203 199 L) 8 614 9 9% 6
8 -2 10 133 133 L s 1 130 5 4 1 106 97 4 9 7 -6 9 86 7
¢ -211 [1) 6 [ 222 4 4 2 116 113 4 7 -5 122 117 L]
¢ -213 146 152 5 [ Y 197 4 4 3 220 220 4 7 -4 114 124 5
B -214 (1] 12 7 s 1 117 5 4 4 7 0 4 7 - 160 150 4
4 -1 -6 103 (13 6 s 1 55 1, 4 3 403 401 4 7 -2 67 66 7
8 -1-5 9 7% 7 . 2 [+] 1] 4 6 263 245 4 T 0 217 236 4
-3 5 s 2 102 S 4 9 54 53 7 71 269 259 4
-2 € 2 58 7 4 9 134 128 4 73 205 291 4
[} 4 ¢ 2 13¢ 5 4 10 9 100 5 T 4 202 202 4
2 4 "2 111 5 411 304 i 4 7 6 226 226 4
3 4 2 17 4 412 150 150 4 8 77 301 J00 4
3 4 e 21 214 201 4 413 L L] " 6 s 7 8 93 [ [} 5
[ 3 s 213 32 3 4 414 145 147 5 s 79 265 270 4
K 7 " 24 2113 210 4 5 -0 91 an 7 ¢ 710 n L3 s
) 4 1 6 313 309 4 5 -7 .0 30 7 s 71 1m 181 4
9 5 3 240 240 4 5 -6 65 n (] 8 712 116 119 5
10 S5 2 9 211 206 4 s -5 o4 26 6 9 7T U4 129 11 L)
4 21 321 315 4 53 9 9 [ e 8-7 100 90 (]
4 212 133 132 4 5 -2 131 14 q s 8- 12 10¢ 5
SiqgF 8 X L TFube TFcalc 3igr 8 X L Focbs Fcalc 3igT 8 X L TFobs Fcalc SigF
. ] 1 9 101 5 9 -2 5 109 109 S 9 114 125 122 5
3 [ 2 150 136 4 9-2 ¢ 130 130 5 9 2 -4 102 L] 5
3 . 4 1is 117 5 9-2 & 130 133 5 9 2-2 71 i 6
7 1] 3 199 190 4 9-210 126 128 -] 9 21 194 180 4
4 ] 6 " 13 1] s -2 11 145 118 5 9 2 0 5 64 ]
4 ] K 133 128 3 -2 12 e 93 7 s 2 156 162 4
6 [ [ 146 146 5 9 -1 -4 [ > 76 1 9 2 2 183 176 5
4 s 10 102 104 13 9 -1 -2 13 73 [ 9 21 5 [ 2 5
4 1] -4 75 3 7 9-11 94 96 s 9 2 4 100 17% 4
6 1] -3 113 2 7 9~-1 3 191 147 4 9 2 5 151 137 4
4 : -1 " 30 6 9-1 4 161 162 4 3 2 6 103 113 3
5 ] 0 147 150 5 9-1 6 152 160 4 9 27 156 149 4
4 9 1 0 6 [ 9-1 7 13 112 5 9 2 19 60 3 7
S 1) 3 165 163 4 9-1 9 153 147 4 9 2 9 2717 7 4
8 . 4 0 51 8 9-110 139 130 3 9 210 220 222 4
5 ) 9" 9 5 9-112 " 113 1 9 21 60 59 7
5 6 151 139 L) 9~-113 148 156 S 9 212 9" 95 6
3 L] " % [ 9 0 -4 ”"n 90 ] 9 21 184 174 4
7 -2 109 114 6 3 0-1 9 " 6 9 3-6 108 90 6
3 -1 [ 1] 5 7 9 00 150 147 ) 9 3 -4 a2 k3 7
3 1 1 124 6 9 0 2 235 231 4 9 3-3 132 110 5
4 2 95 106 6 9 0 4 161 161 4 9 3 -2 96 99 6
7 4 154 152 L] 9 0 3 176 1 4 9 3-1 126 116 3
3 (] [ 2} ” & 9 0 6 57 50 ) 9 3 0 268 266 4
4 13 7 " 92 L] 3 0 7 35 (1] 5 9 3 1 70 19 6
4 -5 5§ 103 101 6 3 0 8 175 100 4 9 1 2 162 161 4
s -5 € 90 82 7 9 o010 203 194 4 ’ 31 15 118 £}
4 9 -4 12 7 9 7 $ 011 131 17 5 9 3 ¢ 148 146 4
4 9 -4 4 130 128 5 $ 012 (1) 10 1] 9 1 5 166 169 5
4 -4 6 12¢ 128 s 4 012 " (5] 7 3 3 6 2% 293 4
4 9 -4 7 116 114 [} 9 o 143 140 S 9 17 164 159 4
3 $-4 9 106 102 & 3 1-5 103 104 13 9 3 301 230 4
: 9 -4 10 97 113 [ 9 1-3 59 a9 ] 92 9 9 (1] L)
[J $-1-1 130 133 5 9 1-2 9 96 5 9 310 155 139 4
5 $-3 0 11 38 7 % 1-1 56 65 L) 3 31 191 194 4
5 $-3 2 113 119 [] $ 10 136 132 5 % 312 149 146 4
5 9-3 4 104 105 5 9 11 169 162 4 9 I M 97 111 6
4 -1 5 107 (2] 5 12 136 137 4 9 4-5 106 109 6
4 9-3 7 96 % [ s 1 255 263 4 9 4 -2 191 178 4
5 -1 9 101 107 L] 9 1 4 90 (3] 6 9 4 -1 117 in2 4
4 9-3 9 97 9 7 9 1 6 247 250 4 9 4 0 133 9l 6
4 9 -310 161 178 s 9 17 192 194 4 9 41 158 160 4
¢ 9 -3 11 95 a3 6 9 1 8 69 (3] 7 9 43 280 202 4
L) 9 -1-3 116 108 6 9 1 9 204 200 4 9 4 4 110 296 4
1] -2 -2 .0 30 7 9 110 85 46 L] 9 4 3 220 mm 4
6 9-20 63 66 (] 9 111 111 11% L] 9 4 6 408 390 4
5 9-21 4 " 6 9 112 142 135 3 9 4 7 m 223 4
6 9-2 1uz? 118 s 9 113 104 10% 6 9 4 9 124 11% 4
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Table A1.9. Observed Structural Factors of LMoO(C-CcHMe), (38). (Continued)
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Table A1.9. Observed Structural Factors of LM0oO(O-C4H Me), (38). (Continued)

a1 X L fobs Fcalc SigF A K L fobs Fecalc SigF 8 K L Fobs Fcalc sSigr 1 K L Fobs TFcalc SigF
i1 8 6 64 43 ? 12 5 6 97 90 6
11 e 7 104 116 6 12 5 8 93 (1} 6
1 8 @ 172 166 4 12 5 9 62 64 9
11 810 170 176 5 12 6 1 104 118 7
1 1 135 135 5 12 6 4 100 90 6
11 9-1 62 51 8 12 6 7 (1] 67 7
1 91 108 100 6 12 6 9 112 119 6
PRI B | 145 144 3 12 610 133 117 3
11 9 4 9 74 6 12 1 2 86 9 7
11 % s (13 1 7 12 73 1 3 K
11 9 6 142 136 5 12 15 [ 1] ” 7
1 9 8 129 110 5 12 17 60 63 9
11 9% 9 113 170 4 12 70 129 123 5
11 10 -1 29 72 7 12 ¢ 1 79 1 L]
1110 1 9 9 7 12 ¢ 3 95 97 1
1110 2 33 88 [ 12 8 4 5 13 ?
1110 3 62 [1] ) 12 0 5 62 48 L]
11 10 4 122 120 6 12 0 6 (11 9 7
i1 10 5 [1) 65 1] 12 8 7 15 (1] 7
1110 6 19 82 7 12 ¢ 0 62 59 ]
1110 7 158 152 s 12 & 9 123 116 s
110 8 107 105 6 12 9 2 101 9% 6
1110 9 46 " 7 12 9 4 95 94 6
112 T4 76 [ 12 9 6 9 18 6
113 4 (1] L] 12 9 7 113 116 1]
111 s 111 109 6 12 9 # 16 64 [}
11 11 6 "% 81 6 12 10 4 61 46 [}
111 7 69 (1] L] 1210 5 107 L 13 L]
12 23 101 (13 [3

12 2 s kL) 19 [}

12 2 6 113 78 6

12 2 & 97 104 6

12 3 2 1 2] k3 7

12 1 4 106 9 [

12 3 6 8 19 ?

12 3 7 64 ka ]

12 3 9 149 13e S

12 4 1 J0 53 ]

12 4 2 124 123 6

12 4 4 139 136 5

12 4 5 91 (34 [

12 4 7 101 9 13

12 4 8 " (1) 7

12 4 9 “” (L] 7

12 410 120 134 [

12 5 2 145 144 3

12 % 2 138 130 5

12 5 5 [¥] 72 9
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Table A1.10. Unobserved Structural Factors of LMoO(0O-CH,-Me), (38).

X L TFobs Fcalc Sigr H X L B X L Ffobs Fcalc S5igF
015 -24 29 s 1 -3-12 kL) 17 12 1 97 -3) 21 11
1-14 Lk} 92 15 1 -3 -§ 19 4 12 1 9-2 38 24 9
1-11 -24 14 14 1 -3 -3 34 9 6 1 91 29 28 11
1 2 27 i 6 1-3-1 42 53 16 1 9 4 49 39 [
15 -0 4 8 1-3 0 =27 15 16 1 9 5 a2 29 [
1 8 12 4 22 1-3 14 20 44 18 1 9 & 19 ? 14
11 -3 6 25 1 -2-14 kX (1 16 1 97 -29 10 n
23 60 0 9 1-2-8 -19 35 4 110 -9 21 11 16
23 $6 a0 10 1-2-% -8 14 18 110 -6 a8 46 L]
2 9 9 9 9 1 -2 14 52 61 9 110 -1 -1 21 2
212 ~15 6 19 1-215 27 64 17 110 5§ -36 3 10
3-13% 49 39 27 1 -1-13 50 85 10 1 11-10 47 43 1
3-12 11 Y] 23 1 ~1-12 28 25 14 111 -9 50 67 9
3 -9 34 26 9 1-1-1 -i8 5 ] 111 -9 50 6 10
In 9 3 23 1 o-14 s 41 14 111 -2 -5 4 kL)
4-14 -20 ? 17 1 012 37 20 9 1111 28 33 13
4-11 4 43 11 1 014 -26 29 15 111 3 49 46 9
4-10 60 1 4 1 1-1 217 10 15 111 6 43 29 10
4 9 -21 17 19 1 1-10 a4 4 8 112 -7 35 21 12
5-13 29 22 bY ) 1 112 -15 15 16 112 -4 32 19 13
5 -3 38 29 9 1 113 ~19 17 16 112 -1 33 L] 11
5 4 23 16 9 1 115 40 46 12 112 4 49 44 L]
5 7 -14 4 15 1 21n 3 52 12 113 -3 46 31 11
512 “® 35 12 1 3-14 57 56 10 113 -1 27 27 14
6-14 46 3 " 1 3-11 47 52 9 113 0 -15 22 20
6-12 49 43 9 1 34 49 58 10 113 2 45 55 1
6 -9 35 39 9 1 4-7 36 M . 2-12 2 19 0 19
6 -6 0 17 14 1 5-14 33 7 14 2-11 0 28 10 1%
6 9 40 27 11 1 5-10 37 20 10 2-11 2 -33 10 12
7-13 -5 7 15 1 5-9 27 19 11 2-11 6 -16 0 19
7 -8 =21 5 14 1 &1 a7 29 10 1-10 -4 26 0 17
71 22 s 11 1 &0 b1} 21 10 2-10 1 3a b g 10
7 9 4 20 27 1 6-8 24 24 10 2-310 4 4 ss 10
9-12 40 35 12 1 612 -8 [ 2 2-10 17 4 19 12
s -1 15 22 20 1 7-13 49 61 1 2-10 9 [} 17 kL)
8 4 63 56 11 1 1-12 45 27 10 K 10 is
8 5 (1) 16 12 1 7-1 -13 3 14 21 11 17
8 10 37 40 12 1 77 15 32 16 40 34 1
9-12 11 n 17 1 710 21 22 14 25 4 13
9 -8 s 5 13 1 11 31 20 12 32 15 1
9 -3 -1 12 27 1 8-11 -29 s ¥} -7 ] 2
9 0 9 54 L} 1 8-3 34 s2 ] 40 21 10
9 & 5 6 1L 1 93 9 18 10 41 as 12
10-10 6 1t 16 1 07 41 26 9 57 46

10 -9 55 47 9 1 09 42 3 9 -23 5 14
10 -9 32 13 11 1 8 9 -17 6 16 -38 18 9
10 -7 kL) 30 15 1 811 17 20 13 29 11 12
10 -2 19 14 15 1 9-8 46 5 9 3e 25 12
X L TFobs Fcalc SigF ) Tobs Fcalc 3igF 4 X L fobs Fcalc SigF
-7 10 36 3 12 3 31 a1 9 3 4-8 18 23 13
-1 1 19 1] 18 3 s 25 12 3 412 38 53 10
-6 -8 4" 40 9 3 57 36 9 3 415 30 13 14
-6 -3 45 22 L] ) -2 7 1% 3 5-12 20 28 15
-6 0 7 15 20 3 35 36 12 3 $-10 51 52 k4
-6 6 27 11 12 3 24 13 14 3 55 38 [] 7
-6 8 17 22 9 3 21 30 " 3 513 29 20 12
-6 12 7 45 11 ) 4 k1 i 3 611 54 44 9
-6 14 46 s 10 ] s 40 1 3 6-9 -19 a3 16
-5-10 27 32 15 ) 17 9 10 3 17-10 31 3 13
-5 =7 ] 18 30 3 -15 5 17 3 17 49 43 ]
-5 1 5 18 7 b} 22 1 16 3 71 -1 24 34 10
-5 9 19 49 16 3 46 4 9 3 7 4 27 25 10
-3 15 8 1 11 k) 30 “ 10 1 8-9 44 43 10
-4 -9 37 k1 11 3 7 47 1 3 8-6 27 15 13
-4 -6 -21 10 14 3 55 51 10 318 5 25 16 11
-4 -1 9 11 13 1 -21 6 16 3 813 26 21 14
-4 0 ~14 12 12 3 9 37 0 1 9-% 8 Ex] 23
-4 3 13 10 11 ] 31 57 E] 3 9 -2 33 k1) 10
-3-11 -5 3 35 3 27 42 11 3 9 5 34 23 3
-3 -5 42 4 L) 3 =27 23 1 3 %9 -27 26 1
-3 9 41 k3 [} 3 -16 s3 1n 3 %12 52 63 10
-3 12 0 3 16 3 22 7 13 310 -7 51 435 [
-2-13 52 55 11 3 52 21 [} 310 -1 37 3 9
-2 4 -6 9 16 3 49 43 9 3 1010 47 53 1n
-2 1 47 3 7 3 Ex) i 10 311 -9 57 [} 9
-2 15 35 24 12 3 29 13 7 3 1l -6 22 ] 14
-1-11 0 1 16 3 39 18 L] 311 o0 32 12 1
-1 -2 46 34 22 3 - 22 16 311 3 1 15 12
-1 0 24 12 21 3 23 12 k] 28 34 15
-1 1 -20 L 13 3 a3 20 12 42 45 10
0-13 -33 0 1 3 26 34 16 40 40 12
0-10 -1 20 2 3 -23 25 13 as 26 14
0 -3 10 11 10 3 (1) 52 10 -18 22 18
0 -2 5 121 16 3 29 37 14 3 40 12
015 -5 13 25 3 19 58 a1 16 2 20
1-12 22 3 16 3 -26 16 14 -44 16 11
1-10 48 (2] 9 3 29 9 9 24 30 16
15 Fi 19 7 3 42 59 9 37 29 12
11 41 s 9 k) 47 37 b4 -30 23 13
11 28 n 12 k) -27 17 17 58 56 3
2-14 k2 2 4 3 54 43 3 56 45 9
2-11 32 32 12 3 54 51 3 19 23 18
2 -8 32 37 10 k] 5t 67 10 ~34 kL) 12
2 6 -3 2 18 k) 36 37 7 26 9 1%
2 9 1s 2] 12 3 20 7 1n -10 29 23
21 27 29 13 3 -21 30 14 22 4" 17
214 35 29 12 k] Lk 27 12 0o 0 n
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Table A1.10. Unobserved Structural Factors of LMoO(0-Cg4H -Me), (38). (Continued)

A K L robs Tecalc SigF ] fobs Fcalc 3igF E K L Focbs Fcalc 3iqF A K L Tobs Fcale 8igF
4 -8 8 35 47 12 4 31 42 11 5-7 8 28 37 14 5 316 39 29 12
4 -8 12 a7 56 11 4 3 31 13 5 -7 11 27 9 " 5 411 30 s 15
4 -7 -1 46 48 11 4 43 18 L] § -6 -6 19 41 12 5 4 -8 21 20 15
4 -7 -5 -12 16 22 4 k1) 37 9 5 -6 -2 51 55 ¢ 5 4-2 16 45 13
4 -7 -4 56 65 b 4 23 7 12 $-6 1 -28 6 13 5 5-10 55 55 9
4 -7 5 -19 17 16 4 -24 5 17 5-6 4 27 4 13 5 5 -8 46 42 9
4 -1 7 40 24 11 4 -15 17 19 5$-6 9 40 L) 9 5 5-7 9 9 21
4 -6 -0 26 17 16 4 3 29 9 5 -6 12 0 14 31 5 slo 25 16 12
4 -6 -6 20 9 16 4 27 46 11 5 -5 -7 7 21 12 5 513 15 13 19
4 -6 -4 s 12 14 4 31 42 15 5 -5 -4 41 19 9 5 6-9 -25 a0 15
4 -6 11 -24 9 1% 4 -46 17 8% §-5 0 50 69 L] s 6-3 -14 19 15
4 -6 14 44 3 12 4 46 52 10 § -4 -2 34 48 14 5 611 18 30 13
4 -5 -8 31 3 14 4 kXl 54 9 5 -4 -2 -19 36 16 5 614 16 29 19
4-512 50 43 9 4 42 41 L] 5 -4 10 17 7 16 s 7-11 2 24 14
4 -4-10 43 58 1 4 49 54 1 5 -4 11 24 18 14 5 1 6 42 51 7
4-4 7 30 L) 10 4 a8 [ L] §-414 -34 1 12 5 711 ERY 17 11
4 -4 1] 32 26 12 4 13 24 20 §-3 -7 35 2 12 5 8 -9 -29 1 14
4 -4 13 40 32 12 4 49 45 10 § -3 -1 25 38 12 5 8-3 28 7 10
4 -1 -9 -45 6 10 4 47 3 L] 5-31% 9 21 24 5 & 7 29 s 11
4-3 14 23 17 16 4 -20 ki 12 5 -2 -6 L] 27 23 5 810 27 23 12
4 -2-11 47 51 11 4 14 17 15 5-2 2 29 9 9 5 9-8 40 [ 11
4 -2-10 26 10 1% 4 30 6 13 5-2 14 =31 3 13 5 8 -3 n 0 1n
4 -2 -7 11 17 20 4 -26 37 13 5=-1-0 -18 S 14 5 95 4 1 9
4 -2 1 9 9 1% 4 -19 14 13 5-1-6 s 25 10 5 -7 19 25 17
4-215 55 53 9 4 13 26 17 5-1-3 45 37 ] 5 -4 18 32 18
4 -1 -9 -35 20 12 4 37 [ 12 5 -1 -2 -3 n n 5 3 46 45 L]
4 -1 -6 a5 6 10 4 =26 20 13 5-1 9 44 43 7 5 4 =27 s 11
4 0-12 49 58 11 4 46 27 10 5-112 1n 23 20 ) 10 33 n 12
4 0-11 52 3 3 4 -22 2 16 5-118 21 3 17 L) -6 -19 1 17
4 0-5 45 15 7 4 41 44 10 5 0-10 52 59 10 $ -3 -7 16 23
4 0 -2 31 80 14 4 ~22 20 15 5 0-7 ~20 28 15 5 $ 21 10 16
4 0 6 16 2 12 L) 45 51 9 $ 03 39 71 9 1) s 23 Ed 13
4 1-12 3 10 14 4 -19 16 17 5 0 4 bl K 16 5 -5 -23 16 16
4 1-11 14 2 21 4 =14 10 20 5 0 17 40 11 6 5 6 1 14 9
4 1-10 43 3 2 4 30 19 1 5 016 56 53 9 5 9 41 2) 10
4 112 3 52 10 4 a7 2 11 5 1-11 57 53 9 3 2 54 4 [}
4 2-12 17 is 21 4 4 1 12 $ 1 -9 15 15 20 5 4 22 35 16
4 2 - 51 56 9 4 50 45 9 5 1 -6 21 42 13 5 7 47 40 9
4 25 30 13 7 5 -31 22 14 5 1 -25 36 10 5 -3 s 47 1
4 21 n 49 10 5 13 22 23 5 111 34 3 9 S [ -16 25 19
4 3-10 -15 28 19 s 4“4 1% 10 53 114 34 2 n s 3 40 40 11
4 31 36 2t 10 5 -19 2 13 $ 2-11 -33 0 14 6 2 -13 k2 21
4 3 4 15 3t 11 5 s Lt 9 5 25 22 41 13 6 5 42 51 12
4 31 6 -14 9 12 5 35 39 9 5 3-9 -7 42 4 6 6 33 59 15
4 312 4 43 L] b 33 34 13 5 31 2 20 34 L] [ [ 40 n 12
4 315 43 37 9 5 7 61 9 5 3 4 27 7 [ [ -2 k1 16 12
4 4-12 52 [1] 11 S -39 7 1 5 310 13 28 1€ 6 [ 4“4 46 10
4 4-3 42 36 9 5 20 5 16 5 314 28 " 15 (] 3 a7 57 10
B X L TFobe Fcalc Sigf B Tabs Fcalc 3igF a X L B L Fobs TFcalc 3igf
6 -7 4 29 15 12 6 -11 4 19 7 -5 10 7 -9 45 k1) 12
6 -1 1 @ 40 9 6 39 25 1 7 -4 -5 7 -7 -13 16 2
6 -7 9 52 50 9 6 41 1 11 7-4- 7 -4 $1 54 .
6 -6 -4 -39 L] 13 6 14 i) 20 7-411 7 -1 1 31 12
6 -6 -1 51 51 9 6 3 19 1 7 -3 -6 ? 2 10 4 11
6 -6 1 34 13 11 6 13 13 17 7-3 4 7 -a 9 29 25
6 -6 2 22 24 14 [ -3 4 )t} 7 -312 ? -6 37 25 1l
6 -6 5 43 ki) 9 6 ~-29 10 13 7-2 -6 7 -3 24 35 15
6 -% 10 29 4 15 [] 46 44 10 7 -2 -1 7 o 23 15 14
6 -5 -1 s 50 133 6 25 9 13 7-2 7 ? 3 14 25 19
6-5 0 13 27 19 6 20 26 16 7 =-210 7 5 46 41 L}
6 -5 3 -24 18 14 6 ~10 3 22 T~1 -6 7 L] 37 217 10
6 -4 -7 13 ki) a3 6 4 18 12 7T-1-3 7 11 Js 3 1n
6 -4 1 LL) 46 9 6 40 15 9 7T-1 9 ki ~2 19 17 16
6 -3 -8 46 “" 12 ¢ 50 (13 L] 1 0-7 7 b 48 €0 k]
6 -3 -6 -22 16 17 (] 18 31 1e 7 0 -2 7 12 -19 7 17
6 -3 - 34 25 11 1) 23 ki) 16 7T 0 7 7 -6 -37 19 9
6-3 2 7 (3 N [} -20 7 17 7 010 7 -1 49 a8 [
6 -3 10 -29 9 11 6 s 2 10 7T 01 7 -3 -34 26 13
6 -2 -5 48 7 : & 15 44 19 7 013 7 -3 47 5 L]
6-2 121 k30 13 13 (] -10 11 16 7 1-6 7 -2 46 12 10
6-2 9 -~23 ] 13 [ 4 50 9 7T 12 7 3 46 61 10
¢ -1 -9 23 2 18 (] a3 53 83 T 2-7 7 6 20 1 17
6 -1 2 29 30 10 [] 56 51 9 7 2-5 7 -4 =58 16 10
6-1 3 13 [ 13 ¢ 41 €0 ) T 209 7 -1 30 12 1
€ -110 23 15 13 6 -27 € 14 721 19 36 16 7 2 17 85 20
6 0 -8 46 4 10 1] 29 12 12 7 31-9 31 23 15 7 4 ~-18 16 17
6 0 -6 -34 19 11 L] 2 35 12 1 7 3 -4 12 21 13 7 7 31 3 13
¢ 0 3 26 17 bl (3 4 5 67 9 13 4 -31 7 3 7 o 42 2 11
6 0 ¢ 46 s 7 L] 5 56 €0 ] 7 4-3 57 41 b4 2 2 33 3 1
6 ol -4 13 u 6 0 53 a2 8 7 4-8 22 15 17 9 4 36 54 13
6 0 14 23 14 13 13 3 k1) 9 10 1T 4-3 7 40 22 ] 5 4 39 10
6 01§ 3 40 12 s 1 11 7 2 740 30 15 10 L] -1 4" 41 12
6 1-10 -3 7 15 6 4 3 k1 12 7T 49 43 26 8 1) [ -6 4 27
6 1 -7 48 42 10 7 2 36 12 13 T 414 42 29 10 ] 3 54 52 E]
6 112 6 31 11 7 E) -1 28 18 7 8 -7 31 3 1 ) 5 17 29 19
6 2-9 44 55 12 7 8 4 37 12 7 5 -5 29 19 12 ? ] 46 56 n
6 213 -17 22 17 7 -6 -2 16 N 12 15 17 -9 15 19 ] 1 50 49 11
¢ J-10 54 46 10 7-6 0 -29 [} 14 7 518 32 40 13 ] -3 53 41 10
6 311 21 4 15 71-6 3 6 53 12 7 6 -9 -34 10 1 s -2 4 45 16
6 4 -14 15 14 7 -6 6 40 29 1n 7 6-6 16 49 12 [ 1 33 14 12
6 410 21 k1] 13 7-6 9 “” 49 10 7 6-4 27 37 12 L] 4 a4 50 10
6 5-9 E3) 12 17 7 -5 -4 19 12 0 7T 6 8 14 6 13 [ d 9 =40 2 10
6 5 -3 -11 48 19 T -5 -2 47 62 1 7 7-8 20 12 17 ] 12 4% 49 10
6 5 3 12 0 15 7 -5 -1 29 30 14 7 1-5 31 10 12 ] -4 49 (39 1
6 5 14 21 1 17 7-5 1 37 4 12 7T 1-3 24 11 k) ) -3 34 32 9
$ 610 43 43 12 7 -5 4 9 9 1 77T 9 28 26 12 1) 2 28 10 13
6 6 -8 43 15 9 7.5 1 17 2 19 T 26 19 13 ] s 19 30 13
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Table A1.10. Unobserved Structural Factors of LMoO(0-C¢H -Me), (38). (Continued)

X L 8 X L Fobs Fecalc 8 X L Fchs Fcalc SigP # X L Fobs Fcalc 3igF
-3 10 e 6 9 1 21 9-1 0 19 12 17 9 10 -5 45 40 i1
-3 13 8 612 a4 29 9 -1 2 -11 24 1 910 0 -12 2t 20
-2 -5 s 7-0 56 48 9-1 5§ 36 16 10 910 § 35 14 10
-2 -2 77 29 20 9-1 & 42 L4 9 910 9 41 27 10
-2 13 8 7 -1 5 35 9 -111 26 12 14 911 -4 -6 4 27
-2 12 8 7 2 -6 12 9 0-3 19 18 20 911 -2 -12 29 22
-1 -4 ¢ 7 5 -27 9 9 0-) 35 57 13 911 4 46 38 10
-1 -1 6 713 -17 20 9 0-2 53 55 L} 91110 -24 2 1%
-1 8 8 -6 k1) 40 9 0 1 10 42 22 912 -3 as 4 14
-1 4 8 8 -5 52 [3d 9 0 3 as 21 10 912 0 22 33 17
-1 13 e 9 -7 43 28 ? 0 9 49 4o 9 912 n 5 11
Q-6 27 29 16 6 9-5 34 40 s 14 50 43 10 912 8 -14 29 20
¢ -3 -18 4 17 ¢ 9-2 32 39 9 1 8 -42 20 10 913 1 9 4 24
[} 48 49 9 g 9 3 31 10 9 2 -6 57 2 10 913 4 48 51 10
0 2 1 35 1 8 912 -20 14 3 2-5 42 37 11 91 6 37 43 12
011 -17 20 18 010 -4 4] a3 $ 2 -20 38 17 10 -3 7 43 3 11
014 46 4“4 10 8 10 -1 2 5 9 214 4 30 10 10 -2 0 -21 16 16
1-7 35 68 10 10 2 e 30 9 3 -5 30 37 14 10 -2 2 46 45 10
1-5 19 35 19 910 5 12 0 $ 313 41 39 10 10 -2 2 6 12 27
1 -4 -15 4 19 910 8 41 16 9 4 -6 15 17 21 10-2 ¢ 56 52 9
11 29 as 12 811 -3 -8 21 9 4 -4 59 81 9 10 -1 1 -20 12 17
13 3 a8 10 211 -2 43 28 9 4-3 28 12 L] 10 -1 4 -13 12 12
112 1e 3 17 11 0 22 20 9 4 2 51 53 . 10-1 9 13 2 21
2-7 52 58 1n s11 3 27 17 9 411 -25 13 13 10 -1 12 15 22 22
2 -6 45 39 10 1l 9 32 20 9 414 33 31 12 10 0 -1 -17 12 19
2 2 19 19 13 812 -2 3 3 $ 5-5 20 k1) 18 10 0 2 -11 10 21
28 40 32 9 812 2 -18 35 9 5 -2 16 27 19 10 0 5 47 27 9
21 -9 26 20 812 7 -9 25 $ 53 -22 23 14 10 1 3 -20 4 16
210 7 35 10 s 12 9 45 34 9 5 & 42 57 10 10 2 -4 41 10 12
21 -0 3 22 913 0 47 19 $ s 9 -19 17 16 10 2 -1 34 41 13
3 - 53 k) 10 13 2 1 24 9 512 -20 12 15 10 2 2 34 b3} 13
3 -6 55 33 * 813 5 43 3 9 6 -6 33 16 13 1 2 7 36 31 10
3 -5 21 19 16 9-5 4 a1 10 9 6 -4 9 29 25 10 3 -3 6 35 9
kI 49 57 ] 9-%5 7 13 24 9 6 -1 51 4“ 9 10 3 3 19 7 16
4 -7 43 s 11 9 -4 1 48 81 9 610 22 7 14 10 3 5% -42 16 10
4 -4 50 58 s 9 -4 2 3 [} 9 613 22 22 15 10 4 1 24 15 1
a7 20 1 15 9-4 5 42 3y 9 T -6 52 a7 10 10 4 6 -14 13 19
415 40 16 1 9-4 0 -37 2 9 7-5 50 6 10 10 4 9 42 40 10

¢ 5 -4 25 2 14 9-3 1 46 49 $ 7-3 20 2 17 10 41 25 27 13

¢ 5~ 34 27 10 9-3 3 47 61 s 70 -18 13 17 10 5§ -5 57 7 11

$ 5 2 27 30 12 9-3 6 -29 2 9 7111 -10 25 21 10 5 -4 -24 13 17

e 5 6 21 10 13 9 -2 -1 -10 4 9 0 -4 53 n 9 10 510 40 6 10

" 5 u 37 40 1 9-2 2 51 L) 9 8 -2 51 52 9 10 513 -12 E1) 22

$ 6-8 -22 L] 17 9-2 4 ] 15 9 812 6 13 25 10 6 -5 45 44 12

s 6-7 33 54 15 9-2 1 15 ] 5 9-3 46 n 10 10 6-3 ~21 7 17

s 6 -5 37 20 12 9 -2 9 54 (3] 9 9 -1 49 56 3 10 & 6 48 33 9

s 63 39 45 10 9-1- (1] 37 9 9 2 -32 7 12 10 72 23 22 16

63 -37 6 ] 9 -1 -1 52 ki 9 98 -12 39 20 100 7-1 55 54 L}

a8 X L Fobs Fecalc sSigr 8 K L Fobs Fcalc SigF 4 K L Fobs Fcalc 3igT 8 X L Fobs TFcalec 3igF

10 7 1 49 49 9 n s-2 48 €0 11

10 7 4 -14 29 19 11 5 0 43 435 11

10 7 7 32 18 12 n s 3 7 49 12

10 713 23 4“4 17 11 5 6 6 5 24

10 & -4 57 54 10 11 s 1 6 38 15

10 8 -3 17 29 10 11 & -1 4 45 10

10 8 0 32 15 12 11 6 1 11 17 13

10 8 3 5% 59 9 11 6 4 26 52 15

10 8 & -11 23 20 1 67 40 1 10

10 9-2 -22 9 17 11 612 57 &6 9

10 9 1 42 18 10 o7 a1 39 11

10 % 3 50 4?2 9 1 7 0 =31 17 "

10 % 6 23 23 15 11 7 2 19 19 11

10 9% 9 -20 12 16 11 7 9 Eh) 21 11

10 10 -3 58 58 9 1 s -2 49 20 10

10 10 -1 a0 19 13 181 =30 17 12

10 10 4 28 22 14 11 8 9 -13 0 20

10 10 7 14 20 0 11 % 0 4 b 1

10 10 10 - 7 16 11 9 2 -10 2 Fi)

1011 0 29 3 15 nm 9 7 -25 23 1

1011 § 53 41 ] 11 910 -10 9 22

1012 1 44 26 1 110 0 34 20 13

10 12 4 16 n a1 1 -31 2 12

-1 3 36 19 12 111 4 16 i ] 20

-1 7 3 31 13 12 2 4 45 9 1n

11 0 3 17 6 20 12 2 7 55 n 9

1n o 4 57 74 10 12 3 2 42 33 12

1 o 6 57 39 9 12 .3 5 4 2 10

11 0 9 -41 22 12 12 3 8 4 45 10

1 11 n 18 3 12 4 13 13 22

11 4 € 10 26 12 4 6 6 3 26

1 1 5 14 7 20 12 5 1 -25 22 17

11 110 23 18 16 12 5 4 =23 1 16

1 20 17 19 n 12 5 17 14 1n 20

i 213 46 19 9 12 510 85 435 9

11 2 6 25 23 15 12 6 2 7 19 0

1 2 -30 20 13 12 6 3 43 48 10

1n 21 44 55 1 12 6 5 25 3 15

1 32 214 34 1 12 6 6 48 55 10

1n 31 13 3 a1 12 6 8 -3l 3 12

11 3 4 35 10 12 12 7 1 b1} 214 12

1nmn 39 s kL) 15 12 .1 4 21 26 16

11 312 35 17 12 12 1 6 -21 11 16

1 4 -1 o (1) 10 12 71 3 -14 1 21

1 4 0 2% 19 15 12 8 2 =16 1 13

11 41 47 6 9 12 %3 -29 22 15

11 4 2 -23 29 16 12 9% 3 39 3 1

11 410 41 39 1n
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Table A2.1. General Displacement Parameter Expressions - U’s - of Complex
LMoO(0-CgH,Cl),” (44).

Atom U(1,1) U(2,2) U@3,3) U(1,2) U(1,3) U(2,3)

Mo 0.04764 (8) 0.04139 (9) 0.04218 (9) -0.01743 (6) -0.02396 (6) 0.00312 (8)
01 0.0613 (7) 0.0439 (8) 0.0603 (9) -0.0199 (6) -0.0360 (6) 0.0030 (7)
02 0.0507 (8) 0.063 (1) 0.063 (1) -0.0228 (7) -0.0238 (7) 0.0030 (9)
03 0.0742 (8) 0.0632 (9) 0.0482 (8) -0.0338 (7) -0.0351 (6) 0.0133 (8)
N11 0.0486 (9) 0.051 (1) 0.043 (1) -0.0166 (7) -0.0201 (7) -0.0045 (9)
Ni2 0.0461 (8) 0.046 (1) 0.045 (1) -0.0176 (7) -0.0207 (7) 0.0014 (8)
N21 0.0513 (9) 0.042 (1) 0.046 (1) -0.0150 (7) -0.0236 (7) 0.0025 (9)
N22 0.0490 (9) 0.0419 (9) 0.045 (1) -0.0190 (7) -0.0177 (7) 0.0002 (8)
N31 0.0536 (8) 0.0465 (9) 0.0423 (9) -0.0232 (7) -0.0236 (7) 0.0060 (8)
N32 0.0505 (8) 0.045 (1) 0.0409 (9) -0.0178 (7) -0.0244 (6) 0.0011 (8)
Ci3 0.047 (1) 0.060 (1) 0.059 (1) -0.019 (1) -0.0242 (9) 0.013 (D)
C14 0.042 (1) 0.088 (2) 0.052 (2) -0.015 (1) -0.010 (1) -0.004 (2)
C15 0.057 (1) 0.068 (2) 0.046 (1) -0.012 (1) -0.020 (1) -0.006 (1)
C16 0.069 (2) 0.105 (2) 0.062 (2) -0.017 (2) -0.016 (1) -0.034 (2)
C17 0.057 (1) 0.082 (2) 0.087 (2) -0.036 (1) -0.031 (1) 0.014 (2
C23 0.059 (1) 0.041 (1) 0.055 (1) -0.0209 (9) -0.014 (1) -0.002 (1)
C24 0.066 (1) 0.036 (1) 0.069 (2) -0.013 (1) -0.022 (1) 0.005 (1)
C25 0.053 (1) 0.044 (1) 0.049 (1) -0.011 (1) -0.019 (1) 0.005 (1)
C26 0.060 (1) 0.056 (2) 0.073 (2) -0.005 (1) -0.034 (1) 0.007 (1)
c27 0.076 (1) 0.054 (1) 0.096 (2) -0.032 (1) -0.027 (1) -0.009 (1)
C33 0.060 (1) 0.055 (1) 0.043 (1) -0.014 (1) -0.0284 (8) 0.005 (1)
C34 0.074 (1) 0.065 (2) 0.048 (1) -0.024 (1) -0.029 (1) 0.016 (1)
C35 0.062 (1) 0.051 (1) 0.048 (1) -0.0241 (9) -0.0241 (9) 0.011 (1)
C36 0.089 (2) 0.084 (2) 0.073 (2) -0.058 (1) -0.034 (1) 0.035 (1)
C37 0.091 (1) 0.094 (2) 0.063 (1) -0.040 (1) -0.0542 (9) 0.016 (1)
C41 0.048 (1) 0.049 (1) 0.047 (1) -0.0201 (8) -0.0177 (9) -0.001 (1)
C42 0.096 (2) 0.056 (2) 0.099 (2) -0.030 (1) -0.063 (1) 0.010 (1)
C43 0.109 (2) 0.053 (1) 0.118 (2) -0.035 (1) -0.060 (1) -0.003 (2)
C44 0.077 (1) 0.081 (2) 0.081 (2) -0.041 (1) -0.031 (1) -0.015 (1)
C45 0.073 (1) 0.074 (2) 0.109 (2) -0.021 (1) -0.056 (1) -0.011 (2)
C46 0.061 (1) 0.054 (1) 0.088 (2) -0.017 (1) -0.043 (1) -0.003 (1)
c1i 0.1527 (5) 0.1242 (5) 0.1790 (7) -0.0765 (3) -0.0902 (4) -0.0244 (4)
C51 0.065 (1) 0.049 (1) 0.047 (1) -0.015 (1) -0.0261 (9) 0.004 (1)
C52 0.099 (2) 0.077 (2) 0.078 (2) -0.047 (1) -0.040 (1) 0.022 (2)
C53 0.126 (2) 0.094 (2) 0.093 (3) -0.068 (2) -0.023 (2) 0.023 (2)
Cb54 0.151 (4) 0.065 (2) 0.057 (2) -0.027 (2) -0.021 (2) 0.022 (2
C55 0.140 (3) 0.087 (3) 0.064 (2) -0.024 (2) -0.054 (2) 0.024 (2)
C56 0.093 (2) 0.080 (2) 0.060 (1) -0.029 (1) -0.045 (1) 0.018 (1)
Ci2 0.281 (2) 0.1192 (8) 0.0981 (8) -0.0726 (9) -0.031 (1) 0.0631 (6)
B1 0.050 (1) 0.045 (1) 0.044 (1) -0.0198 (9) -0.0220 (9) 0.002 (1)

* The form of the anisotropic displacement parameter ia:
expl-2PI2{(h2a2U(1,1) + k2b2U(2,2) + 12c¢2U(3,3) + 2hkabU(1,2) + 2hlacU(1,3) + 2klbcU(2,3)}]
where a,b, and c are reciprocal lattice constants.
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Table A2.2. Bond Distances (in Angstroms) of Complex LMoO(0-C¢H-Cl), (44).

Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
Mo 01 1.959 (3) C15 Cle 1.479 (7)
Mo 02 1.673 (3) C23 C24 1.369 (7)
Mo 03 1.934 (3) C23 C27 1.499 (7)
Mo N11 2.324 (4) C24 C25 1.379 (7)
Mo N21 2.170 (3) C25 C26 1.496 (7)
Mo N31 2.160 (3) C33 C34 1.368 (7)
01 C41 1.354 (5) C33 C37 1.495 (7)
03 C51 1.330 (6) C34 C35 1.387 (7)
N11 N12 1.376 (5) C35 C36 1.488 (7)
N11 C15 1.345 (6) C41 C42 1.378 (7)
Ni12 C13 1.339 (6) C41 C46 1.379 (6)
Ni2 B1 1.534 (6) C42 C43 1.383 (8)
N21 N22 1.373 (5) C43 C44 1.352 (9)
N21 C25 1.344 (5) C44 C45 1.348 (9)
N22 C23 1.351 (6) C44 Cl1 1.750 (5)
N22 B1 1.540 (6) C45 C46 1.385 (7)
N31 N32 1.377 (5) C51 C52 1.370 (8)
N31 C35 1.335 (6) C51 C56 1.402 (7)
N32 C33 1.345 (5) C52 C53 1.409 (9)
N32 B1 1.542 (6) C53 C54 138 (1)
C13 Cl4 1.368 (7) C54 C55 1.35 (1)
C13 C17 1.502 (7) C54 Ci2 1.743 (7)
Cl4 C15 1.387 (1) C55 Cb56 1.351 (9)

* Numbers in parentheses are estimated standard deviations in the least
significant digits.



Table A2.3. Bond Angles (in Degrees) of Complex LMoO(0O-C4H,-C1), (44).

Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3  Angle

01 Mo 02 99.6 (2) Ni1 Ci15 C16 123.2 (5)
01 Mo 03 90.7 (1) C14 C15 C16 127.6 (5)
01 Mo N11 84.6 (1) N22 c23 C24 108.0 (4)
01 Mo N21 166.6 (1) N22  C23 Cc27 1229 (5)
o1 Mo N31 90.1 (1) C24 C23 C27 129.1 (4)
02 Mo 03 103.3 (2) C23 C24 C25 107.0 (4)
02 Mo N11 168.9 (1 N21 C25 C24 108.9 (4)
02 Mo N21 93.1 (1) N21 C25 C26 123.2 (4)
02 Mo N31 91.7 (1) C24 C25 C26 127.9 (4)
03 Mo N11 86.8 (1) N32 C33 C34 108.7 (4)
03 Mo N21 90.5 (1) N32 C33 C37 123.5 (8
03 Mo N31 164.6 (1) C34 C33 C37 127.8 (5)
N1i1 Mo N21 82.0 (1) C33 C34 C35 106.2 (4)
N11 Mo N31 78.0 (1) N31 C35 C34 109.1 (4)
N21 Mo N31 85.3 (1) N31 C35 C36 122.3 (4)
Mo 01 C41 131.5 (3) C34 C35 C36 128.6 (5)

Mo 03 C51 145.3 (3) 01 C41 C42 118.5 (4)
Mo N1i1 Ni2 119.8 (3) 01 C41 C46 123.0 (4)
Mo N11 C15 132.5 (3) C42 C41 C46 1185 (4)

Ni2 N11 C15 106.3 (4) C41 C42 C43 120.9 (5)
N11 N12 C13 110.1 (4) C42 C43 C44 119.5 (6)
N11 Ni2 Bl 118.1 (3) C43 C44 C45 120.8 (5)
C13 N12 B1 131.8 (4) C43 C44 cll 119.9 (8)
Mo N21 N22 121.7 (3) C45 C44 Cl1 119.3 (5)
Mo N21 C25 130.9 (3) C44 C45 C46 120.6 (5)
N22 N21 C25 107.4 (3) C41 C46 C45 119.8 (5)
N21 N22 C23 108.8 (4 03 C51 C52 122.7 (5)
N21 N22 Bl 120.4 (3) 03 C51 C56 118.3 (5)
c23 N22 B1 130.8 (4) C52 C51 C56 119.0 (5)

Mo N31 N32 1214 (3) Cs1 C52 C53 119.6 (6)
Mo N31 C35 131.0 (3) C52 C53 C54 118.6 (7)
N32 N31 C35 107.5 (3) C53 C54 C55 121.7 (6)

N31 N32 C33 108.4 (4) C53 C54 C12 117.5 (8)
N31 N32 B1 120.8 (3) C55 C54 C12 120.7 (7)
C33 N32 Bl 130.7 (4) C54 Cb5 C56 119.8 (7)

N12 C13 Ci4 107.7 (4 C51 C56 C55 121.2 (7)
N12 C13 C117 122.6 (6) Ni12 Bl N22 108.1 (4)
Ci4 C13 C17 129.7 (5) Ni12 B1 N32 108.0 (3)
C13 C14 C15 106.8 (4) N22 Bl N32 110.1 (4)
N11 C15 Ci14 109.1 (4)

" Numbers in parentheses are estimated standard deviations in the least
significant digits.
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Table A2.4. Torsional Angles (in Degrees) of Complex LMoO(0O-C H4-Cl), (44).

Atom Atom

1 2 3 4 Angle 1 2 3 4 Angle

02 Mo 01 C41 52.77 (0.24) Ni2 Ci13 C17 H172 118.97 (0.35)
03 Mo O1 C41 -50.90 (0.24) Ni2 Ci13 C17 H173 -121.09 (0.35)
Nil1 Mo O1 C41 -137.60 (0.23) Cl4 C13 C17 H171 179.88 (0.35)
N21 Mo O1 C41 -145.95 (0.33) Cil4 C13 C17 H172 -60.19 (0.50)
N31 Mo O1 C41 144.51 (0.23) Cil4 C13 C17 HI173 59.75 (0.49)
01 Mo O3 Cbl1 -142.68 (0.37) Ci13 Cl4 Ci15 Ni1 0.88 (0.39)
02 Mo 03 (51 117.22 (0.37) Cil3 Ci14 Ci5 C16 -179.19 (0.34)
N11 Mo 03 €51 -58.09 (0.37) Hi4 Cl14 C15 N11 -179.19 (0.36)
N21 Mo 03 C51  23.92 (0.37) Hi4 Cl14 Ci5 Cl6 0.74 (0.66)
N31 Mo 03 C51 -49.69 (0.53) N1l Ci5 Ci6 Hiel 0.00 (0.77)
01 Mo N11 N12 -142.63 (0.18) Ni1 Ci15 C16 H162 120.05 (0.40)
01 Mo NI11 C15 5292 (0.27) Ni1 Ci15 Ci16 H163 -119.81 (0.39)
02 Mo NI11 Ni12 -29.36 (0.56) Cl4 Ci15 Ci16 Hie6l -179.90 (0.35)
02 Mo N11 C15 166.20 (0.44) Cl4 Ci15 Ci16 HI162 -59.86 (0.56)
03 Mo N11 Ni12 126.32 (0.18) Cil4 Ci15 C16 H163 60.27 (0.51)
03 Mo N11 C15 -38.12 (0.27) N22 (C23 C24 C25 -0.84 (0.36)
N21 Mo N11 N12 35.41 (0.18) N22 (C23 C24 H24 179.91 (0.35)
N21 Mo NI11 C15 -129.03 (0.28) C27 C23 C24 C25 177.82 (0.33)
N31 Mo NI11 N12 -51.40 (0.18) C27 C23 C24 H24 -1.43 (0.63)
N31 Mo Ni11 C15 144.15 (0.28) N22 (C23 C27 H271 -1.91 (0.50)
01 Mo N21 N22 .33.48 (0.45) N22 C23 C27 H272 117.97 (0.33)
01 Mo N21 C25 149.37 (0.32) N22 (C23 C27 H273-122.07 (0.33)
02 Mo N21 N22 128.05 (0.20) C24 (C23 (C27 H271 179.61 (0.34)
02 Mo N21 C25 -49.11 (0.25) C24 C23 (C27 H272 -60.51 (0.49)
03 Mo N21 N22 -128.56 (0.19) C24 C23 C27 H273 59.45 (0.49)
03 Mo N21 C25 54.29 (0.25) C23 (C24 C25 N21 -0.14 (0.38)
N1l Mo N21 N22 -41.88 (0.19) C23 C24 C25 C26 -179.90 (0.30)
N11 Mo N21 C25 140.97 (0.25) H24 C24 C25 N21 179.11 (0.34)
N31 Mo N21 N22 36.60 (0.19) H24 C24 C25 C26 -0.65 (0.60)
N31 Mo N21 C25 -140.55 (0.25) N21 C25 C26 H261 0.91 (0.46)
01 Mo N31 N32 130.36 (0.19) N21 C25 C26 H262 120.82 (0.33)
O1 Mo N31 C35 -51.19 (0.25) N21 (C25 C26 H263-118.98 (0.34)
02 Mo N31 N32 -129.99 (0.19) C24 (C25 (C26 H261-179.36 (0.31)
02 Mo N31 C35 48.46 (0.26) C24 (€25 C26 H262 -59.45 (0.47)

03 Mo N31 N32 37.28 (0.41) C24 C25 C26 H263 60.75 (0.46)
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Table A2.4. Torsional Angles (in Degrees) of Complex LM0oO(0-C¢H,-Cl), (44).
(Continued)

Atom Atom
1 2 3 4 Angle 1 2 3 4 Angle
03 Mo N31 C35 -144.27 (0.31) N32 C33 C34 C35 0.76 (0.36)
N1l Mo N31 N32 45.85 (0.18) N32 C33 C34 H34 -179.04 (0.34)
N1l Mo N31 C35 -135.70 (0.26) C37 C33 C34 C35 -179.03 (0.31)
N21 Mo N31 N32 -37.01 (0.19) C37 C33 C34 H34 1.17 (0.61)
N21 Mo N31 C35 141.44 (0.26) N32 C33 (€37 H371 -0.41 (0.48)
Mo O1 C41 C42 -171.36 (0.23) N32 C33 (€37 H372 119.31 (0.34)
Mo O1 C41 C46 7.91 (0.42) N32 C33 (C37 H373-120.90 (0.33)
Mo 03 C51 (Cs52 27.91 (0.55) C34 C33 C37 H371 179.35 (0.33)
Mo 03 Cb51 C56 -152.85 (0.29) C34 C33 (€37 H372 -60.93 (0.49)
Mo N11 N12 Ci13 -167.62 (0.18) C34 C33 C37 H373 58.86 (0.46)
Mo N11 Ni2 B1 10.20 (0.28) C33 C34 (€35 N31 0.10 (0.38)
C15 N11 Ni12 Ci3 0.50 (0.30) C33 C34 C35 C36 -178.99 (0.31)
C15 N11 Ni12 Bi 178.32 (0.24) H34 C34 C35 N31 179.90 (0.33)
Mo N11 Ci15 Cl4 165.13 (0.22) H34 C34 C35 C36 0.81 (0.61)
Mo N11 C15 C16 -14.80 (0.48) N31 C35 C36 H361 0.90 (0.46)
N12 Ni1 Ci15 Ci4 -0.84 (0.34) N31 C35 C36 H362 120.89 (0.34)
Ni12 N11 C15 C16 179.23 (0.30) N31 C35 C36 H363-119.10 (0.34)
N1l Ni12 C13 Cil4 0.04 (0.42) C34 C35 (C36 H361 179.88 (0.34)
N11 Ni2 Ci13 C17 -179.28 (0.27) C34 C35 C36 H362 -60.13 (0.48)
Bl1 N12 C13 C14 -177.37 (0.28) C34 C35 C36 H363 59.88 (0.47)
Bl Ni12 Ci3 C17 3.30 (0.48) 01 C41 C42 C43 177.50 (0.33)
N11 N12 Bl N22 -66.23 (0.29) 01 C41 (C42 H42 -1.35 (0.53)
N1l Ni12 B1 N32 52.94 (0.31) C46 C41 C42 C43 -1.81 (0.53)
N11 N12 B1 Hi  173.55 (0.24) C46 C41 C42 H42 179.34 (0.34)
C13 N12 B1 N22 11.03 (0.33) 01 C41 C46 C45 -177.87 (0.30)
C13 N12 Bt N32 -129.81 (0.31) 01 C41 C46 H46 1.86 (0.52)
Cl13 Ni12 B1 H1 -9.20 (0.45) C42 C41 C46 C45 1.40 (0.50)
Mo N21 N22 C23 -179.33 (0.19) C42 C41 C46 H46 -178.86 (0.33)
Mo N21 N22 Bl 3.09 (0.31) C41 C42 C43 C44 1.46 (0.60)
C25 N21 N22 C23 -1.58 (0.30) C41 C42 C43 H43 -179.81 (0.38)
C25 N21 N22 Bl -179.17 (0.24) H42 C42 (C43 C44 -179.71 (0.38)
Mo N21 C25 C24 178.51 (0.21) H42 C42 C43 HA43 -0.98 (0.68)

Mo N21 C25 C26 -1.71 (0.42) C42 C43 C44 C45 -0.66 (0.61)



Table A2.4. Torsional Angles (in Degrees) of Complex LMoO(0O-CgH,-Cl), (44).

(Continued)
Atom Atom

1 2 3 4 Angle 1 2 3 4 Angle
N22 N21 C25 C24 1.05 (0.32) C42 (C43 C44 Cl1  -179.54 (0.31)
N22 N21 C25 C26 -179.18 (0.26) H43 C43 C44 C45 -179.41 (0.40)
N21 N22 C23 C24 1.50 (0.33) H43 C43 C44 Cl1 1.72 (0.60)
N21 N22 C23 C27 -177.26 (0.28) C43 C44 C45 C46 0.27 (0.60)
Bl N22 C23 C24 178.75 (0.28) C43 C44 C45 H45 -179.76 (0.39)
Bl N22 C23 C27 -0.02 (0.71) Cli C44 C45 C46 179.16 (0.30)
N21 N22 Bl N12 60.80 (0.32) Cll1 C44 C45 H45 -0.88 (0.56)
N21 N22 Bl N32 -57.02 (0.30) C44 C45 C46 C41 -0.65 (0.56)
N21 N22 B1 H1l -177.65 (0.24) C44 C45 C46 H46 179.61 (0.36)
C23 N22 B1 Ni12 -116.17 (0.31) H45 C45 C46 C41 179.38 (0.35)
C23 N22 B1 N32 126,00 (0.30) H45 C45 C46 H46  -0.35 (0.62)
C23 N22 Bi1 H1 5.38 (0.44) 03 C51 C52 C53 176.99 (0.33)
Mo N31 N32 C33 -179.85 (0.18) 03 Cs51 Cb52 H52 -3.91 (0.56)
Mo N31 N32 B1 -1.93 (0.30) C56 Cb1 C52 (53 -2.24 (0.53)
C35 N31 N32 C33 1.37 (0.29) Cs6 Cb1 Cb2 H52 176.85 (0.35)
C35 N31 N32 Bl  179.29 (0.24) 03 Cb1 C56 C55 -177.00 (0.34)
Mo N31 C35 C34 -179.51 (0.21) 03 C51 C56 HS56 3.52 (0.52)
Mo N31 C35 C36 -0.35 (0.43) Cs52 €51 C56 C55 2.27 (0.54)
N32 N31 C35 C34 -0.90 (0.32) C52 C51 C56 H56 -177.22 (0.35)
N32 N31 C35 C36 178.26 (0.27) C51 C52 Cb3 Cb4 0.42 (0.61)
N31 N32 C33 C34 -1.32 (0.33) C51 (52 C53 H53 -177.34 (0.40)
N31 N32 C33 C37 178.48 (0.28) H52 C52 C53 Cb54 -178.66 (0.40)
Bl N32 C33 C34 -178.96 (0.27) H52 C52 C53 HbG3 3.57 (0.71)
Bl N32 C33 Ca7 0.84 (0.48) Cs52 C53 (b4 C55 1.53 (0.67)
N31 N32 B1 Ni12 -61.32 (0.32) C52 €3 Cbh4 Cl2 -178.87 (0.33)
N31 N32 Bl N22 56.57 (0.30) H53 C53 C54 C55 179.31 (0.44)
N31 N32 Bl H1l 176.98 (0.24) H53 C53 Cs4 ClI2 -1.09 (0.64)
C33 N32 Bl Ni12 116.07 (0.31) C53 C54 C55 C56 -1.55 (0.68)
C33 N32 B1 N22 -126.04 (0.30) C53 C54 C55 H55 178.05 (0.43)
C33 N32 B1 H1 -5.63 (0.44) Cl2 Cs54 C55 C56 178.86 (0.33)
Ni12 C13 Ci14 Ci5 -0.56 (0.38) Cl2 C54 Cb5 H55  -1.54 (0.65)
N12 C13 Cl4 Hi4 179.51 (0.37) C54 C55 C56 Cb1 -0.37 (0.63)
C17 C13 Ci4 Ci15 178.70 (0.33) C54 C55 C56 HB56 179.11 (0.40)
C17 C13 Cl4 Hi4  -1.23 (0.65) H55 €55 C56 CB51 -179.97 (0.47)
N12 C13 C17 H171 -0.96 (0.46) H55 C55 €56 H56 -0.49 (0.68)
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Table A2.5. Least-Squares Planes of Complex LMoO(0-CgH,-Cl), (44).

Plane A B C D Atom X y z Distance Esd

1 0.2686 -0.7906 -0.5503 -1.9147 = -meeeeoemeee Atoms in Plane--------ame--
Ch1 4.5449 3.0065 1.3520 0.014 0.003
C52 578756 3.5625 1.2004 -0.008 0.004
Cb3 6.0432 4.4091 0.1034 -0.006 0.005
C54 5.0226 4.6614 -0.7879 0.012 0.004
C56 3.7862 4.1441 -0.6172 -0.0056 0.004
CB6 3.56378 3.3322 0.4332 -0.008 0.004
Chi Squared =  42.
2 0.4796 0.0197 -0.8773 -1.0497 = ---coreemeeme Atoms in Plane-------------
C4l 3.3676 -0.9014 3.0261 -0.008 0.003
C42 3.3642 -2.2785 2.9759 0.008 0.004
C43 2.3120 -2.9645 2.3982 -0.004 0.004
C44 1.2873 -2.2741 1.8498 0.000 0.004
Cd4b 1.2738 -0.9267 1.8717 0.000 0.004
C46 2.3146 -0.2205 2.4529 0.004 0.003
Chi Squared = 13.
3 -0.2166 0.8677 -0.4479 -1.9127 = «---mmeeeeee- Atoms in Plane----------—-
N1i1 6.8464 1.2425 3.3734 0.004 0.002
Ni2 7.9062 1.8350 4.0229 -0.001 0.002
C13 9.0161 1.7284 3.2828 -0.002 0.003
Cl4 8.6876 1.0606 2,1343 0.004 0.004
C15 7.3362 0.7578 2.2181 -0.006 0.003
Chi Squared = 7.
4 0.3798 0.0702 -0.9224 -1.8938 -sseee-me-ee-Atoms in Plane-------------
N21 5.4777 3.6670 4.5718 0.007 0.002
N22 6.7269 3.7347 6.1161  -0.009 0.002
C23 6.9506 65.0566 5.2922 0.007 0.003
C24 5.8294 5.7312 4.8913 -0.002 0.003
C26 4.9266 4.7866 4.4491 -0.003 0.003
Chi Squared = 32.
5 0.4459 -0.7428 -0.4994 -1.1616 -mmemame-—e-Atoms in Plane----------—-
N31 5.6948 0.9818 b5.9379 0.006 0.002
N32 6.9208 1.5032 6.2846 -0.007 0.002
C33 7.3089 0.9401 7.4422 0.006 0.003
C34 6.3309 0.0809 7.8622 -0.002 0.003
C3b 5.3329 0.1297 6.9003 -0.003 0.003
Chi Squared = 24,
6 -0.1280 0.8659 -0.4836 -1.3070 emememmmenen, Atoms in Plane-----—-—----
Mo 46794 15977 4.1340 0.092 0.000
Ni1 6.8464 1.2426 3.3734 - -0.1256 0.002
Ni2 7.9062 1.8360 4.0229 -0.061 0.002
C13 9.0161 1.7284 3.2828 0.062 0.003
Cl4 8.6876 1.0606 2.1343 0.081 0.004
C16 7.3362 0.7678 2.2181 -0.049 0.003
Chi Squared = 192216,



Table A2.5. Least-Squares Planes of LMoQ(0O-CgH,-Cl), (44). (Continued)

Dihedral Angles Between Planes:

Plane No. Dihedral Angle
1 2 53.42 +- 0.14
1 3 119.83 +- 0.10
1 4 56.35 +- 0.13
1 5 10.94 +- 0.52
1 6 116.93 +- 0.10
2 3 72.14 +- 0.13
2 4 6.92 +- 0.58
2 5 50.40 +- 0.14
2 6 67.67 +- 0.12
3 4 66.91 +- 0.13
3 5 121.13 +- 0.11
3 6 5.42 +- 0.86
4 5 54.70 +- 0.13
4 6 62.73 +- 0.12
5 6 117.31 +- 0.10
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Table A2.6. Calculated H-Atom Coordinates of Complex LM0oO(0-CgH,-Cl), (44).

Atom X y z B(A%)
H1 0.447 0.321 0.452 5.0*
Hi4 0.783 0.093 0.111 5.0*
H24 0.059 0.662 0.383 5.0*
H34 0.270 0.058 0.676 5.0*
H42 0.369 -0.212 0.263 5.0*
H43 0.290 -0.329 0.185 5.0*
H45 0.011 -0.025 0.116 5.0*
H46 0.088 0.094 0.192 5.0*
H52 0.393 0.328 0.144 5.0*%
H53 0.451 0.433 -0.003 5.0*
HS55 0.157 0.382 -0.096 5.0*
H56 0.103 0.277 0.044 5.0*
H161 0.470 0.015 0.121 5.0*
H162 0.5679 0.049 0.031 5.0*
H163 0.640 -0.064 0.087 5.0*
H171 0.670 0.296 0.358 5.0*
H172 0.818 0.184 0.297 5.0
H173 0.759 0.299 0.243 5.0*
H261 -0.027 0421 0.288 5.0*
H262 -0.129 0.547 0.356 5.0*
H263 -0.021 0.540 0.244 5.0*
H271 0.386 0.512 0.470 5.0*
H272 0.348 0.618 0.403 5.0*
H273 0.240 0.630 0.516 5.0*
H361 0.107 0.036 0.476 5.0*
H362 0.186 -0.061 0.537 5.0*
H363 0.042 0.054 0.597 5.0*
H371 0.476 0.256 0.593 5.0*
H372 0.370 0.248 0.701 5.0*
H373 0.514 0.133 0.641 5.0*

" Starred atoms were refined isotropically.



Table A2.7. Bond Distances (in A) of Calculated H-Atom of Complex
LMoO(0-CH4-Cl), (44).

307

Atom 1 Atom 2 Distance
C14 H14 0.950 (5)
C16 H161 0.950 (7)
C16 H162 0.950 (7)
C16 H163 0.950 (7)
C17 H171 0.950 (6)
C17 H172 0.950 (6)
C17 H173 0.950 (6)
C24 H24 0.950 (5)
C26 H261 0.950 (6)
C26 H262 0.950 (5)
C26 H263 0.950 (6)
C27 H271 0.950 (6)
C27 H272 0.950 (6)
C27 H273 0.950 (6)
C34 H34 0.950 (5)

Distance

0.950 (6)
0.950 (6)
0.950 (6)
0.950 (6)
0.950 (6)
0.950 (6)
0.950 (6)
0.950 (6)
0.950 (6)
0.950 (5)
0.950 (7)
0.950 (8)
0.950 (7)
0.950 (7)
0.950 (5)

* Numbers in parentheses are estimated standard deviations

in the least significant digits.
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Table A2.8. Bond Angles (in °) of Calculated H-Atom of Complex
LMoO(0-CgH,-C1),” (44).

Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom3  Angle

C13 Ci4 H14 126.6 (5) C35 C36 H362 109.5 (5)
C15 Cl4 H14 126.6 (5) C35 C36 H363 109.5 (5)
C15 Cl6 H161 109.3 (5) H361 C36 H362 109.5 (6)
C15 C16 H162 109.7 (6) H361 C36 H363 109.5 (6)
C15 C16 H163 109.4 (5) H362 C36 H363 109.5 (5)
H161 C16 H162 109.5 (6) C33 C317 H371 109.8 (4)
H161 C16 H163 109.5 (7) C33 C37 H372 108.7 (5)
Hi162 C16 H163 109.5 (5) C33 C37 H373 109.9 (5)
C13 C17 H171 109.6 (5) H371 C37 H372 109.5 (6)
C13 C17 H172 109.3 (5) H371 C37 H373 109.5 (6)
C13 C17 H173 109.6 (5) H372 C37 H373 109.5 (5)
H171 C17 H172 109.5 (6) C41 C4a2 H42 119.0 (5)
H171 C17 H173 109.5 (6) C43 C42 H42 120.1 (6)
H172 C17 H173 109.5 (5) C42 C43 H43 1204 (7)
Cc23 C24 H24 126.6 (5) C44 C43 H43 120.1 (6)
C25 C24 H24 126.4 (5) C44 C45 H45 119.6 (6)
C25 C26 H261 109.1 (4) C46 C45 H45 119.8 {6)
C25 C26 H262 109.6 (5) C41 C46 H46 119.9 (5)
Cc25 C26 H263 109.6 (5) C45 C46 H46 120.4 (5)
H261 C26 H262 109.5 (6) Cs51 C52 H52 119.4 (6)
H261 C26 H263 109.5 (5) C53 C52 H52 1209 (7)
H262 C26 H263 109.5 (5) C52 C53 H53 121.1 (8)
Cc23 C27 H271 109.5 (5) C54 C53 H53 120.2 (8)
C23 C27 H272 109.2 (5) C54 C55 H55 119.7 (8)
C23 C27 H273 109.7 (5) C56 C55 H55 120.5 (9)
H271 C27 H272 109.5 (6) C51 C56 H56 119.0 (6)
H271 C27 H273 109.5 (6) C55 C56 H56 119.9 (6)

H272 C27 H273 109.5 (5) . Ni12 Bl H1 1115 (4)
C33 C34 H34 126.9 (5) N22 B1 H1 1094 (4)
C35 C34 H34 126.8 (6) N32 B1 H1 109.7 (4)

C35 C36 H36 109.4 (4)

* Numbers in parentheses are estimated standard deviations in
the least significant digits.
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Table A2.9. ObservedStructural Factors of LMoO(O-C¢H4Cl), (44).

Fobs Fecalc SigF ):4 F B X L Fob i B Fcale SigF

526 501 1 [} 4 0 4-10 3 [ 114 3

557 553 1 [ 2 0 4 -8 2 [ 24 5

356 333 2 [ 2 o 4 -7 4 o L2 4

613 591 2 0 2 ¢ 4 -6 4 ] ¢ 3

10 306 2 0 2 0 4-% 2 [} 259 2

461 460 2 [ 2 0 4 -4 2 0 319 2

an 315 2 [ 1 0 4 -1 3 0 14¢ 2

47 30 4 0 1 0 4 -2 4 ] 561 2

62 € 4 4 2 g 4 -1 2 0 3n 3

126 117 2 0 2 6 4 0 2 0 % 2

193 191 2 0 2 0 4 1 2 3 792 2

62 66 s 0 2 0 4 2 2 [] 307 2

220 216 13 0 2 0 423 2 [} 310 2

(1) 70 4 ] 3 o 4 4 2 0 931 4

117 117 3 [ 2 [ 2 -] 2 [} 115 5

294 298 2 a 2 0 4 6 2 [} 187 3

(1) €9 3 ] 2 0 4 7 2 ] 265 3

44 4 4 [} 3 0 4 8 2 ] 222 2

219 2]8 2 ] 3 0 410 2 [} 14% 2

61 45 3 ] ] 0 411 5 [} 307 2

130 138 2 o 2 0 412 3 [ 107 3

552 549 3 0 2 0 413 3 0 " 3

254 254 2 [ 3 0 5-14 3 Q 162 2

741 756 2 [} 2 0 5-12 3 0 187 7

953 921 2 [} 3 0 5-11 1 0 14 7

182 738 2 ] 2 0 5-10 2 [:] 141 2

739 608 5 [} 6 0 5-9 [ 4 76 3

1 0 359 334 2 [} 2 0o 35 -7 2 [:] 0 4
1 2 268 215 1 0 3 0 5 -8 2 ] 290 4
1 3 77 24 4 [} 2 0 5 -3 2 [ 534 4
1 4 216 259 2 [ 2 [ -] 7 [} 6315 4
1 6 171 375 3 [ s [ ] 2 0 101 4
1 17 429 a 3 0 2 0 3~ k] Q 102 2
18 30 31 4 0 3 0 5 -1 2 0 313 2
1 9 214 277 2 0 2 0 5 0 2 0 302 2
110 176 181 2 0 2 0 5 1 4 Q 397 3
112 103 102 ] [ 3 0o 5 2 2 0 129 2
11 191 184 4 [ 2 L T | 2 Q 304 3
114 51 50 3 [ 4 0 5 4 4 Q 109 2
118 120 119 3 0 2 ¢ 8 S J [} 178 2
2-15 147 146 6 0 2 [ I 1 2 [} 165 2
1-14 10 7 6 0 2 o 50 2 0 2% 2
2-13 146 142 2 ] 2 o 5 9 6 0 113 s
2-12 202 20% 4 0 2 0 510 4 [] 124 3
2-11 115 128 2 ] 3 ¢ 511 s 0 53 [3
2-10 (3} kid 3 o 4 0 512 S 0 218 2
2 -3 m 378 2 0 4 o 513 4 [] [33 4
2 - 2 0 6 o 3 ¢ 6-14 4 ] 192 3
X L TFobs Fcale SigF i X L Tfoba TFcalc 8igF i X L TFobs Fcalc 3Sigr | fobe Fcale SigF
- 101 176 2 010 6 150 152 2 1-11 7 125 122 k) 1 265 amn 2
-6 129 132 3 010 7 (1] [ 4 1-11 & 48 51 $ 1 " L3 3
-5 I 313 2 010 8 192 179 S 1-11 9 123 126 3 1 338 343 2
" -4 123 125 2 011 -9 63 59 » 1-10 -7 122 119 k) 1 k11 365 2
-3 224 244 6 011 -8 99 Ll 1 i~10 -6 9 16 ] 1 54 6 4
" -2 46 50 7 011 -7 (2] [+ 4 1-10 -5 116 118 1 ] 114 115 3
-1 59 (1] 3 011 -6 €0 35 4 1-10 -4 2145 e 2 1 198 196 2
80 221 208 2 011 -$ 2 207 2 1-10 -3 36 52 4 1 193 166 2
.1 270 24) 2 011 -4 (L3 (1] b} 1-10 -2 1s 2 2 1 (3] 72 4
"2 113 109 3 011 -3 106 106 3 1-10 -1 229 223 2 1 [ 29 bk 3
[ ) 210 231 4 011 -2 184 103 2 i-10 0 " 15 3 1 144 150 2
[ | 101 2 2 011 «1 135 139 2 1-10 1} 103 9 3 1 100 9" 3
[ 2} . 92 2 011 9 106 100 3 1-10 2 195 197 2 1 215 214 2
s € 1258 14 2 011 223 229 3 1-10 4 157 149 2 1 215 1 2
8 7 (1] (1 3 011 2 46 3 5 1-10 s 136 138 2 1 102 176 2
[ 2} 191 192 2 011 3 k1 9" 3 1-10 7 141 139 2 1 150 1 2
& 10 49 4 6 011 4 129 129 3 1-10 8 92 "% 3 1 k1) 29 4
9-11 9% 12 3 01l ¢ 9 k2] L] i-10 9 3 9 3 1 148 152 3
9-10 138 13¢ 3 012 -7 134 120 3 1-10 10 138 141 3 1 187 191 2
9 -3 7 11 5 012 -6 107 108 3 1 8 126 131 3 1 135 110 2
9 -8 (13 L3 4 012 -4 145 139 3 1 -7 €7 (3] 4 1 303 288 2
9 -7 n 271 2 012 -3 13% 140 € 1 -6 193 109 2 1 193 116 2
9 -6 80 "% 3 012 -2 319 30 € 1 -5 226 223 2 1 538 527 2
-3 121 124 2 012 -1 115 121 3 1 -4 120 129 3 1 n2 303 2
9 -4 149 152 4 012 1 93 90 3 1 -3 57 258 2 1 226 225 2
9 -2 112 11§ 3 012 2 n 14 4 1 -2 124 129 2 1 360 364 2
9 -1 197 189 2 012 4 91 94 4 1 [} 2 264 2 1 42 54 s
30 113 119 3 013 -3 137 145 k) 1 1 100 100 2 1 251 240 2
s 1 174 181 2 0 13 -2 1 1] [} k) 1 3 195 193 2 1 130 13% 2
* 2 116 121 3 2131 0 109 107 3 i 4 42 % 4 1 112 115 3
$ 3 115 112 3 1-12 -1 128 124 3 i 3 227 224 2 1 130 124 3
? 4 204 207 ] 1-12 0 103 108 3 1 13 170 167 2 1 117 114 J
95 L] [ 3] [ 1-12 2 132 131 3 1 1 42 s 3 1 [ 1] 93 3
7 150 146 2 1-12 3 117 111 3 1 [ 112 121 2 1 [ 2] [ 1) b
LN ] 56 6 5 1-12 4 49 45 5 1 9 109 108 3 1 s 314 2
99 177 176 3 1-12 5 149 142 3 1 10 51 443 4 1 137 13% 2
10-11 k1) 62 4 1-12 6 53 44 L) 1 11 196 184 2 1 2351 250 2
51 47 4 1-11 -8 128 134 3 1 12 19 a 4 1 152 134 2

221 231 2 1-11 -4 I 78 4 1 -0 " a1l 3 1 146 157 2

221 223 2 1-11 -2 ” [ 2} 3 i -7 176 180 2 1 223 241 2

193 192 3 1-11 -2 113 116 3 1 -5 150 150 2 1 239 247 3

4 51 [ 1-11 © 190 192 3 i -4 138 136 2 1 115 130 3

140 140 3 1-11 1 108 9 3 1 -3 5% 33 3 1 ELL) mn 3

3136 329 2 1-11 2 5 50 4 1 -2 159 156 2 1 441 410 3

il 3 3 1-11 2 154 187 2 1 -1 01 101 2 1 595 S0 3

239 232 2 1-11 4 138 143 3 1 1 137 148 2 1 416 406 2

174 171 2 1-11 5 L 50 s 3 2 1 (1] 3 1 06 06 2

164 167 3 1-11 6 m m 2 1 3 " 97 2 1 699 (1 }] 2
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Table A2.9. Observed Structural Factors of LMoO(0-C4H4CI), (44). (Continued)

] Fobs Fcalc 3igl H X L Fobs Fecale SigF B Fobas Fcalec SigF E K L Fobs Fecalc SigF
1 299 283 2 1 -4 & 330 327 2 1 279 269 2 1 0-9 41 45 4
1 179 180 2 1 -4 6 651 651 2 1 119 110 2 1 0-8 311 302 3
1 163 162 2 1 -4 7 47 46 3 1 1098 1063 2 1 0 -7 75 97 3
1 37 40 5 1 -4 @ 376 38! 3 1 109 5 2 1 0-5 209 325 2
1 218 230 2 1 -4 9 63 2 3 1 937 903 2 1 0 -4 67 30 2
1 159 161 2 1 -410 103 98 2 1 560 532 2 1 0-3 332 329 2
1 54 61 4 1 -4 11 28% 276 2 1 092 821 2 1 0-2 524 510 1
1 11 118 3 1-412 186 183 2 1 343 34 2 1 0 0 1 4 2
1 106 107 3 1-413 8o 78 3 1 544 518 2 1 0 2 680 647 1
1 180 196 2 1 -4 U4 137 138 3 1 468 466 2 1 0 3 51 241 1
1 116 117 2 1 -3-13 es (L) 3 1 264 254 2 1 0 4 791 794 2
1 3132 381 2 1 -3-11 188 187 2 1 116 119 3 1 05 155 165 2
1 156 154 2 1 -3-10 274 72 2 1 136 130 2 1 0 6 224 27 2
1 69 7 3 1-3-9 126 116 2 1 250 43 2 1 0 7 497 468 2
1 317 o 2 1-3 -8 428 440 2 1 52 3 4 1 0 8 214 266 2
1 479 493 2 1-3 -7 320 337 2 1 50 45 5 1 0 9 3i8 07 3
1 701 616 2 1-3-6 39 28 3 1 135 133 3 1 010 350 350 2
1 317 20 2 1-3-5 239 224 2 1 39 46 1] 1 o1l 99 102 3
1 620 642 2 1 -3 -4 209 20% 2 1 52 50 4 1 013 157 1865 2
1 2339 247 2 1-3-3 139 160 ] 1 250 251 2 1 018 112 109 3
1 197 190 2 1 -3 -2 512 527 2 1 54 65 4 1 14 111 114 3
1 217 232 2 1-3 -1 196 197 2 1 173 178 2 1 49 5
1 149 745 2 1 -3 0 154 149 2 1 29 292 2 1 102 181 2
1 354 335 2 1-3 1 176 107 2 1 152 139 2 1 2 2 2
1 464 445 2 1-3 2 252 24 2 1 180 216 3 1 239 241 2
1 70 35 3 1 -3 3 10 1 2 1 kL) s 3 11 177 173 2
13 128 126 2 1-3 4 188 88 2 1 178 141 2 11 543 540 3
1 87 " 3 1 -3 3 292 290 2 1 37 67 2 11 166 139 3
1 204 204 2 1-3 6 630 610 2 1 75 73 2 1 1-5 109 113 2
1 159 162 2 1i-3 7 443 424 3 1 982 954 1 1 1-4 547 540 2
1 51 61 3 1-3 8 226 241 3 1 46 535 1 1 12 167 188 2
1 17 (1] 4 1-3 9 450 429 3 1 1025 1006 2 1 11 61) 59 1
1 131 127 3 1-310 160 156 2 1 602 2 1 1 2 17 a 3
1 117 127 3 1-311 131 134 3 1 270 247 ? 1 1 394 369 1
1 306 3098 3 1-312 320 16 3 1 10713 1014 2 11 4 42 52 3
1 102 190 2 1-313 90 92 ] 1 302 280 2 1 1 5 (1] 114 ]
1 207 209 2 1-315 ™ n 3 1 449 456 k) 1 1 6 460 457 2
1 304 382 2 1 -2-13 12¢ 118 3 1 ns 27 3 117 189 198 3
1 207 194 2 1 -2-12 116 112 3 1 02 15 2 118 266 258 2
1 "” 107 3 1 -2-11 " [ 3] 3 1 137 135 3 11 9 123 127 3
1 [} (2] ] 1 -2-10 150 147 2 1 197 190 2 1 110 255 245 3
1 34 64 2 1 -2 -9 357 150 2 1 177 177 2 1 11 18 204 2
1 632 611 2 1-2-0 73 83 k) 1 116 117 3 1 114 166 161 ?
1 113 210 2 1 -2 -7 n 317 3 1 67 66 4 1 2-14 13% 134 3
1 197 174 2 1 -2 -¢ 2 249 2 1 198 186 2 1 2-13 222 224 2
1 179 103 2 1-2-5 56 €5 2 1 138 145 2 i 2-1 158 15% 2
1 602 599 2 1-2-4 20 46 3 1 n 4 3 1 2-10 76 2 3
1 [ B} 69 2 1-2-3 202 184 2 1 amn 75 2 1 2-9 127 117 3
B K L TFobs Tcalc SigF 8 K L Sigr H X L Tobs Tcalc Sigr B K L Fobs Fcalc SigF
1 2-8 421 407 2 1 314 3 1 5 7 405 405 2 1 7 5 137 124 3
1 27 €01 568 2 1 4-14 3 1 5 8 114 117 2 1 7 6 ass 270 2
1 2-6 103 119 3 1 4-12 2 1 5 8 104 107 2 1 77 41 50 4
1 2-5 595 601 2 1 4-11 2 1 510 18 17 3 1 70 206 209 2
1 2 -4 151 147 2 1 4-10 3 1 51 61 57 [} 179 1711 169 2
1 2 133 122 2 1 4-9 2 1 512 169 168 2 1 710 1l 64 4
1 2 -2 919 (1)} 2 1 4-8 J 1 51 b1d L1 k) 1 711 46 40 5
1 2-1 319 336 1 1 47 2 1 514 54 58 5 1 142 140 3
1 20 165 152 1 1 4-6 2 1 6-12 163 164 2 1 m 127 3
1 2 2 573 544 1 1 4-5 J 1 611 (1) 58 ) 1 83 7 3
1 213 33 22 3 1 43 2 1 6-10 [ 13 0 2 1 10 62 4
T 2 4 322 ns 2 1 42 2 1 6-9 57 57 3 1 106 109 3
1 2 5 1) k1 3 1 4-1 2 1 6-8 40 32 4 1 n (13 3
1 2 6 499 501 2 1 4 0 .95 [ 3{] 2 1 67 133 14% 2 1 74 3 3
1 27 607 [ 1] 2 1 41 7 a3 2 1 6-6 291 271 ? 1 15 401 2
1 209 128 14 2 1 4 2 530 502 2 1 6-5 91 16 2 1 102 119 2
1 2 9 202 217 2 1 43 721 16 2 1 6 -4 612 637 3 1 179 a8 3
1 210 2 kL] 2 1 4 4 170 159 2 1 6-3 202 213 2 1 223 217 2
1 212 120 119 2 1 4 5 390 409 2 1 6-2 10 04 2 1 131 134 2
1 21 12 ? 3 1 46 329 320 3 1 6-1 392 561 2 1 @ur 425 2
1 214 148 151 3 1 4 7 154 163 2 1 60 636 611 2 1 48 44 3
1 213 193 102 2 1 4 9 456 424 2 1 61 196 195 3 1 327 323 2
1 3-13 156 156 2 1 4 9 110 189 2 1 6 2 164 486 2 1 170 170 2
1 J-12 5% 57 2 1 410 79 79 1 1 6 3 193 197 2 1 172 200 2
1 3-11 46 s 4 1 41 227 212 2 1 6 4 123 138 3 1 169 178 2
1 3-10 240 241 2 1 412 197 129 3 1 6 3 274 279 2 1 " (1] l
13 e 2. 4 1 413 5 9 4 1 67 103 100 2 1 91 99 3
13 173 1 2 1 414 104 106 3 1 6 8 235 228 2 1 140 136 3
12 n 359 2 1 5-14 4 5 [] 1 6 9 69 (3] 3 1 140 141 3
1 3-6 322 331 2 1 5-1) 108 107 2 1 610 177 162 2 1 46 156 3
1 3 -3 213 253 2 1 5-12 43 46 5 1 611 110 107 3 1 a 42 5
1 3 -4 124 118 2 1 5-11 104 100 2 1 613 k2! 69 4 1 9-9 43 4 4
1 3 -3 438 407 2 1 5-9 41 i3 4 1 -1 132 132 2 1 9-8 43 28 4
1 3 -2 535 552 2 1 5-8 13% 1 2 t 1-10 114 118 2 1 9-7 55 50 ]
13- 329 330 2 1 5-7 427 429 3 1 7-% 144 141 2 1 9-6 172 169 2
1 30 242 23 2 1 5-6 33 3 4 1 71-8 34 34 2 1 9-% 54 70 3
131 113 116 2 1 5-5 397 407 2 1 7-=7 34 53 4 1 84 208 211 2
1 3 2 1011 992 2 1 5 -4 302 266 2 1 7-6 258 250 2 1 3-3 147 154 2
1 3 13 552 532 2 1 5= 80 348 2 1 7-5% 433 410 2 1 9-2 62 10 3
1 3 4 283 297 2 1 5 -2 372 S46 2 1 7-4 100 96 2 1 91 207 201 2
1325 20 251 2 1 5 -1 506 375 2 1 7 FL] 20 2 1 %50 236 228 2
1 3 6 168 123 3 1 5 0 359 334 2 1 7-2 354 312 2 1 91 52 51 3
137 477 449 3 1 5 1 960 930 2 1 71 188 194 2 1 9 2 166 163 2
1 348 222 223 2 1 5 2 433 420 2 1 10 32 57 2 1 93 257 48 2
1 310 102 176 3 1 51 395 395 2 1 71 21 243 2 1 9 4 11 99 2
1 3n ”2 9 3 1 5 4 151 108 2 1 7 2 116 95 2 1 9 6 40 49 5
1312 75 16 3 1 5 5 513 504 3 1 73 422 415 2 1 30 211 208 2
T 311 132 129 H 15 ¢ 175 100 2 1 7 4 12% 128 2 199 37 9 3



311

Table A2.9. Observed Structural Factors of LM0oO(0-C¢H,Cl), (44). (Continued)

B Fobs {calc 3igT i K L Fobs Fcalc 3igr B Fobs Trcale SigF A K L Fobs Trcalc Sigf
1 127 128 3 113 -2 117 116 3 2 246 247 2 2 203 197 2
1 40 39 6 113 1 bl 95 3 2 222 228 2 2 164 161 3
1 129 132 3 113 2 59 49 4 2 131 119 2 2 40 38 5
1 [1] (13 k) 2-12 3 65 70 4 2 116 112 2 2 102 108 3
1 41 41 5 2-11 33 1 23 9 3 ? 144 148 2 2 60 83 4
1 74 7 k) 2-11 -2 so 5 E) 2 162 168 2 2 138 135 2
1 182 17 2 2-11 -1 195 198 2 2 193 185 2 2 173 178 2
1 i 106 2 2-11 © 41 35 [] 2 L1 94 4 2 290 236 2
1 204 208 2 2-11 1 82 7 3 2 63 62 4 2 160 163 2
1 194 213 2 2-11 2 108 102 3 2 132 128 3 2 186 191 2
1 127 116 2 2-11 4 120 129 3 2 53 49 4 2 428 436 3
11 250 244 2 2-11 5 149 146 3 2 52 56 4 2 240 227 2
1 151 154 3 2-11 7 95 93 3 2 134 127 2 2 173 1893 2
1 210 204 2 2-11 8 (L] 17 3 2 151 153 2 2 53% 518 3
1 163 157 2 2-10 -5 (5] " 3 2 246 241 2 2 431 436 3
1 110 107 3 2-10 -3 3 2 124 127 2 2 213 244 2
1 95 9 3 2-10 -2 3 2 53 41 3 2 242 246 2
1 195 198 3 2-10 -1 3 2 102 189 3 2 303 09 2
1 73 68 4 2-10 0 2 2 4 40 4 2 09 301 2
1 s 6 5 2-10 1 4 2 113 100 2 2 202 191 2
1 157 150 2 2-10 2 3 2 179 187 2 2 ane 29 2
1 111 113 3 2- 3 2 2 205 197 2 2 72 93 3
1 163 163 2 2- 4 3 2 132 132 2 2 24) 233 2
1 246 251 2 2- s 2 2 218 213 2 2 164 161 2
1 182 173 2 2- [ 2 2 239 244 2 2 128 123 3
1 2861 253 2 2- 7 4 2 221 216 2 2 93 92 3
1 181 184 2 2- 9 3 2 91 19 3 2 101 101 3
1 55 5 4 2 3 2 216 216 2 2 71 3 3
1 166 161 2 2 2 2 190 195 2 2 207 212 2
1 40 40 5 2 2 2 132 120 3 2 103 306 2
1 164 167 2 2 2 2 65 66 4 2 357 365 2
1 158 164 2 2 2 2 60 54 4 2 2 204 2
1 43 45 s 2 2 2 106 181 2 2 931 1000 2
1 12 (3] 3 2 2 2 166 172 2 2 150 148 2
1 5 N ) 2 4 2 166 162 2 2 1 15 3
1 93 9 3 2 2 2 104 101 2 2 13 15 3
1 146 147 3 2 ] 2 412 401 2 2 22¢ 249 2
1 191 177 2 2 3 2 278 26 2 2 1 14 3
1 9 102 3 2 3 2 36 40 4 2 2 66 2
1 11 117 3 2 4 2 329 313 2 2 251 54 2
1 s " 3 2 3 1 61 367 2 2 108 204 2
1 % 10 k) 2 2 2 127 114 2 2 237 234 2
1 13 75 3 2 2 2 159 140 2 2 107 114 2
1 49 53 L) 2 2 2 351 363 2 2 41 19 4
1 67 69 4 2 2 2 46 32 4 2 320 320 2
1 9 93 3 2 2 2 304 kL1 2 2 150 142 2
1 113 11% 3 2 3 2 100 104 2 2 4% 5 5
1 42 52 6 2 H 2 105 187 2 2 110 112 3
a Ffobs Fealc Sigr L 8 K L Sigr B X L TFobs TFcalc Sigr
2 135 137 3 2 2 2 0 13 2 2 2 -4 621 630 2
2 129 129 2 2 2 7 0 4 2 2 12 261 278 2
2 215 219 2 2 2 2 0 8 2 2 2 -1 196 185 2
2 104 110 2 2 2 2 0 6 2 2 21 217 207 1
2 12 o8 2 2 2 2 01 2 2 22 745 42 1
2 361 58 2 2 5 2 00 3 2 2 32 £13 2
2 31 22 4 2 3 2 0 9 2 2 2 4 932 891 2
2 325 331 2 2 S 2 010 (3] 39 3 2 2 5 382 360 2
2 346 326 2 2 2 2 011 346 349 2 2 2 6 72 5 3
2 324 328 2 2 2 2 012 16 6 3 27 588 392 2
2 [ ¥ 920 2 2 2 2 013 164 164 2 2 2 8 205 292 2
2 253 50 2 2 2 2 014 174 170 2 2 210 223 216 2
2 431 486 2 2 2 2 16 41 4 [ 2 21 164 154 2
2 36 2] 2 2 2 2 1-14 127 132 3 2 212 141 135 2
2 328 290 2 2 2 2 1-13 139 138 3 2214 32 45 4
2 94 9 3 2 2 2 1-11 111 104 2 2 215 118 120 3
2 kL] 391 2 2 2 2 1-9 191 199 2 2 3-14 130 126 3
2 7" 76 2 2 2 2 1-0 394 391 2 2 3-12 152 151 2
2 331 148 2 2 2 1= 292 279 3 2 J3-11 112 112 2
2 351 m 2 2 2 2 1 -6 E13Y 109 3 2 3-10 4 42 s
2 96 g 2 2 2 2 1-5 550 551 2 2 3-9 226 227 2
2 107 111 2 2 2 2 1 -4 716 113 2 2 3-8 410 425 2
2 256 26% 2 2 2 2 1- 517 502 2 2 13- 53 4 2
2 29 (X} 3 2 2 2 1 -2 1201 1211 2 2 3 -6 359 359 2
2 210 204 2 2 2 2 1 -1 9 2 2 2 3-% 342 321 2
2 kel el k] 2 2 2. 10 114 124 2 2 13-4 103 188 2
2 3 7”7 4 2 2 2 11 940 931 1 2 3 120 138 2
2 55 4 5 2 3 12 691 665 1 2 3 -2 66 52 3
2 108 104 3 2 2 21 24 530 2 2 3-1 97 291 2
2 132 133 3 2 3 1 4 35 55 3 2 30 am 378 2
2 78 2 3 2 2 21 8 122 120 2 2.3 1 24 22 3
2 159 158 3 2 4 11 6 79 (1] 2 2 3 2 640 661 2
2 11 319 2 2 3 1177 378 303 2 2 33 301 299 2
2 169 177 3 2 4 1109 2 113 2 2 3 4 497 e 2
2 82 397 2 2 ] 219 298 294 3 2 3 5 467 470 2
2 410 454 3 2 3 1 110 121 113 2 2 31 & 417 459 2
2 172 144 2 2 5 2 111 106 107 3 2 3 71 107 111 3
2 147 150 2 2 4 T 112 40 a“ 4 2 3 206 217 2
2 165 188 2 2 2 2 114 159 162 2 2 310 117 121 2
2 169 160 2 2 2 1 118 3 b 3 2 31 129 340 )
2 578 $01 2 2 2 2 2-1 128 122 2 2 312 118 112 2
2 340 324 2 2 2 2 2-12 112 111 3 2 113 107 112 3
2 240 196 2 2 2 2 2-10 223 22s 2 2 314 207 202 2
2 276 295 2 2 2 2 2-9% 39 231 2 2 315 145 147 3
2 201 182 2 2 2 T 2~ 12 107 2 2 4-14 56 54 5
2 112 110 2 1 2 2 27 330 536 2 2 4-13 211 210 2
2 [$1] €30 2 2 1 2 2-6 330 608 2 2 4-12 60 7 4
2 514 408 2 2 3 1 2-% 261 0 2 2 4-11 155 154 2
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Table A2.9. Observed Structural Factors of LMoO(0O-CzH,Cl), (44). (Continued)
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Table A2.9. Observed Structural Factors of LMoO(O-CcH,Cl), (44). (Continued)

A X L Fobs Fcale SigrF B X L Fobs Tcalc SigF B K L Tobs Tcale Sig¥ 8 K L TFobs Fcale SigF
3 387 3716 2 3 0 13 992 982 2 3 2 -6 212 716 2 3 315 227 222 2
J 111 111 2 3 0 4 180 190 2 3 2-5 541 §59 2 3 4-12 132 135 3
J FLEY 235 2 3 0 5 (33 62 2 3 2 -4 213 244 2 3 4-1 [ 12 " 3
k) a7 46 $ 3 0 6 714 698 2 3 2 102 321 2 3 4-10 113 109 2
3 134 141 3 3 07 600 587 2 3 22 392 401 2 3 4-9 341 345 2
3 112 108 3 3 00 136 151 3 3 2 143 130 2 J 4 -8 76 6 3
3 7 M 3 3 09 2 3 20 108 697 2 I3 47 266 261 2
3 665 62 3 J 0 2 1 2 1 181 168 2 3 4 -6 296 207 3
3 93 9 3 J o 2 3 2 2 462 470 2 3 45 35 L] 4
) 269 212 2 3 0 2 3 2 622 619 2 3 4 -4 278 272 3
3 262 270 2 30 2 3 2 4 292 271 2 3 4-3 209 219 2
3 194 192 2 3 ¢ 2 3 2 8 63 10 3 3 4-2 230 Er 2] 2
3 44 355 2 3 0 2 3 2 8 (2% 196 2 3 4-1 466 469 2
3 213 207 3 31 4 3 27 124 120 2 3 40 128 121 2
3 264 256 2 3 1 4 3 21 472 455 2 3 42 504 518 2
3 177 202 2 31 2 3 210 kY] 10 4 3 4 09 227 2
3 30 30 3 31 2 3 21 173 176 2 3 4 4 401 412 2
3 94 110 2 31 2 3 212 17 79 3 3 408 104 108 2
3 a82 890 2 31 2 3 213 154 165 2 1 4 6 111 123 2
3 343 27 2 31 2 3 214 207 201 2 3 47 2713 263 2
3 161 a0 2 31 2 3 15 126 129 3 3 4 n3; 722 2
3 9 T 2 31 2 3 216 se 55 4 3 495 62 €0 3
3 222 234 2 3 1 2 3 3-13 153 152 3 3 410 284 290 2
3 904 94 2 3 1 2 3 3-12 121 124 3 3 411 414 418 2
3 455 449 2 31 2 3 3-1 110 104 3 3 412 40 S0 s
3 250 246 3 31 2 3 3-10 2717 279 2 3 4 1) 196 199 2
3 89 48 3 31 2 3 3-9% 175 187 2 3 14 196 199 2
3 113 116 ) 31 3 3 3-8 13% 133 2 3 5-13 117 119 3
3 238 28} 3 31 2 3 317 534 518 2 3 5-12 41 28 3
3 198 1%2 2 31 2 3 -6 138 141 3 3 5-11 130 129 2
3 107 9 3 31 3 3 3 -5 307 312 3 3 5-9 74 L L] 3
3 228 an 2 31 2 3 3 -4 46 20 2 3 3-8 380 399 2
3 J07 305 2 31 3 3 313 98 376 2 3 52 171 192 2
b 129 131 3 11 2 3 1 -2 401 414 2 3 5-6 345 34 2
3 113 114 3 31 2 3 31-1 [1] S4 3 )3 85 20 2 2
3 95 99 3 J 1 3 330 36 3 3 5 -4 76 (3] 3
) 90 83 3 31 4 331 1022 1013 2 3 53 150 357 2
3 " 16 ) 3 1 2 3 3 2 101 19 2 3 5 -2 534 522 2
3 275 278 2 31 3 33 3 676 636 2 3 51 54 56 2
3 164 159 2 31 3 3 3 4 664 667 ? 3 50 5§03 516 2
) 133 151 2 31 k) 3 3 5 2860 259 2 3 5 1 we 805 2
3 3158 ELL] 2 1 2 5 33 6 303 298 2 3 5 2 460 477 2
J 215 224 2 3 2 3 33 17 521 321 2 3 5 3 210 223 2
3 593 572 2 3 2 k) 3 3 96 " 2 3 5 4 587 560 2
3 L1313 447 2 3 2 4 3 3 9 287 273 2 3 5 3 71 39 2
3 110 40 2 3 2 2 3 310 324 327 2 3 S 6 872 [21] 2
3 595 508 2 3 2 2 3 3112 163 161 2 305 7 303 Jol 3
3 133 151 2 3 2 2 331 140 151 2 3 50 165 143 2
R X L Toba Fcalc 3igF : I 4 ® K L TFobs Fcalc 319l H X L robs Fealc 3igr
3 %59 437 425 2 37 2 3 9 7 220 22t 3 312 -1 56 61 4
3 510 109 112 3 3 7 2 3 s 2% 248 2 312 0 217 m 2
3 1 137 148 3 37 2 3 %10 21] 22% 2 312 % 40 22 [3
3 512 148 142 3 37 3 3 91 92 105 3 312 2 21€ 219 2
3 5 14 161 153 2 3 7 2 3 9N 56 0 5 312 13 250 259 2
3 518 101 111 3 3 7 ] 310 -9 116 11% 3 312 4 0 69 4
3 61 " 96 k) 3 3 310 -8 a2 0 3 312 8 160 165 2
3 612 192 104 2 3 k) 310 -6 9" 9 3 312 ¢ 67 59 4
J 6-19 162 156 2 3 5 310 -% 234 k31 2 312 7 55 59 4
3 6-9 102 12 3 2 2 310 -4 L} 50 4 312 8 138 129 3
3 6-7 197 197 2 3 2 310 -3 138 138 2 313 -5 [} o7 4
1 6-6 313 305 2 3 3 310 -2 44 42 4 313 -4 [E] 7 3
1 6 -5 2123 213 2 3 2 310 0 226 2 2 113 -3 66 61 4
J 6 -4 455 468 2 3 4 310 1 112 104 2 313 -2 130 131 3
3 6-] 55 2 3 3 310 2 57 € 3 313 0 46 43 5
] 6 -2 127 147 2 3 2 310 3 183 18] 2 3113 1 180 183 2
3 6 -1 558 556 2 3 2 310 4 287 k11 2 313 2 72 62 4
1 60 116 104 2 ] 2 310 3 169 169 2 313 3 171 178 2
1 6 1 461 451 2 3 2 310 6 297 302 2 113 4 145 144 3
J 6 2 232 o 2 3 3 110 17 108 109 3 3 14 -2 a3 42 6
3 6 3 163 152 2 3 3 310 0 218 222 2 314 -1 2 80 4
3 6 4 553 553 2 3 3 310 9 258 260 2 3141 109 106 3
3 6 5 284 274 2 3 3 10 sl 17 4 4-10 0 97 9% 3
3 6 6 103 112 b 3 2 311 -9 66 11 4 4-10 2 141 142 3
3 6 7 492 500 3 3 2 311 -0 112 104 3 4-10 3 158 154 3
3 698 416 39 2 3 3 31 116 111 3 4-10 S 163 imn 3
3 6 9 76 265 3 3 3 311 -6 89 1] 4 4-10 & 67 66 4
3 610 248 247 2 3 3 311 -5 140 162 2 4-10 7 €3 58 4
3 61 121 124 2 3 5 34 193 189 2 4 -9 123 124 ]
3 612 7 3 3 3 E 31 -3 % L} 3 4 -9 -2 147 143 3
1 613 .2 (1) ) 3 € 211 -2 (1] 53 ) 4-9 -1 49 39 s
3 614 3 42 [ 3 k) 311 -1 111 104 2 4-9 0 110 113 3
3 7-12 58 56 4 1 9-% 114 115 3 Iin i 210 200 2 4 190 192 3
3 7-11 162 164 2 3 9-% " (1] 3 3 2 272 280 2 4 49 bE) 5
3 7-9 21 18 2 1 9-7 94 7 3 In 3 70 [3 4 4 139 139 2
3 7-8 193 197 3 3 -6 222 227 2 31 4 339 kX1 ] 2 4 166 164 2
3 1-6 349 35 2 3 9-5 n 1] 5 31 s 257 1 2 4 118 136 3
1 7-8 33 344 2 3 94 241 232 2 311 6 109 1 3 4 70 5 3
3 7 -4 77 3 k) l 9-3 45 4% 3 3in 7 202 191 2 4 178 178 2
3 1< kL 2Y 401 2 3 9-2 10 (13 3 311 ¢ 65 (1] 4 4 106 39 3
1 7 -2 12} 101 2 3 9-1 201 an 3 311 9 2L (1] 4 4 148 152 3
1 7~ 55 s 2 1 90 227 335 2 312 -8 9 9l 4 4 30 94 3
3 70 136 189 2 3 91 108 101 3 3127 41 s L] 4 a4 49 s
3 71 160 166 2 3 9 2 543 927 2 312 -6 118 119 3 4 10% 107 3
3 7 2 s 451 3 3 9 3 109 110 2 312 -3 57 60 4 4 102 92 3
37112 494 49 3 3 9 4 17 3 312 -4 5 L1 3 4 133 135 2
1715 337 13 3 3 9 5 pL] 49 k) 3122 191 200 2 4 61 59 4
3 7 6 pLH) 10 2 3 9 6 137 137 2 312 72 51 56 4 4 106 207 2
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Table A2.9. Observed Structural Factors of LMoO(0O-C4H,Cl), (44). (Continued)
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Table A2.9. ObservedStructural Factors of LMoO(O-CcH,Cl), (44). (Continued)

H K L Fobs Fcalc 3igF I Fcalc SigF a1 X L fobs Fcalc 3igf H X L Fobhs Fcale SigF
4 8 -3 148 149 2 4 2 L] 5 3 3 1 " 36 4
4 8 -4 227 227 2 4 2 L] ] 4 3 2 (2] 3
4 0 -2 13 6 3 4 4 L] 2 5 5 3 221 2
4 8- 221 220 2 4 2 L) 1 4 5 5 281 2
4 8 1 205 207 2 4 2 4 0 3 5 13 115 3
4 8 2 350 360 3 41 3 L] 1 4 5 7 178 2
4 3 40% 4 3 4 2 4 2 3 5 L} 72 2
4 ¢ 4 356 351 3 4 3 4 3 3 3 9 41 4
4 &3 93 97 3 4 3 5 0 3 3 ] 140 2
4 8 6 91 105 2 4 4 ] 1 4 5 1 209 2
4 0 8 1 330 2 4 2 s 2 3 5 3 122 3
4 89 109 102 2 4 4 5 4 3 s 107 3
4 810 7 7 k] L} 3 3 3 3 5 72 3
4 81l 103 105 3 4 3 5 7 3 5 3 5
4 813 186 183 2 L} 2 5 s 4 s 106 2
4 9-11 (L} j{] 4 4 3 s 3 3 5 247 2
4 %10 94 103 3 4 4 5 2 3 5 T4 3
4 9 -9 102 94 3 4 2 5 0 3 5 81 3
4 9 -0 120 115 2 4 2 5 1 4 5 172 3
4 9 -6 131 142 2 4 3 5 2 3 s 110 2
4 9 -5 314 309 2 4 2 s k] 2 5 455 2
4 9 -4 22 9 3 4 2 3 4 3 3 403 2
4 9-3 210 206 3 4 3 5 3 ] S 7 2
4 8 -2 94 (13 2 4 3 5 [ 2 5 310 2
4 91 133 143 2 4 5 3 ] 3 5 k23] 2
4 %90 243 242 3 4 3 5 L 3 3 9 3
4 91 ) 293 2 4 4 5 4 5 237 2
4 9 2 13 a1s 2 4 3 5 4 5 115 2
4 913 199 209 2 4 b ] s 4 s (1] 3
4 9 4 72 59 3 L) 4 3 3 3 185 2
4 9 5 31 25 s 4 2 $ 4 5 74 4
4 %9 6 (13 80 3 4 2 3 3 5 9 3
4 9 7 " 90 2 4 2 5 2 5 10 4
4 58 54 61 4 4 3 3 3 5 139 3
4 %9 s 3 2 4 3 $ 3 5 60 4
4 910 112 183 3 4 3 5 2 S (1] 4
4 911 97 99 3 4 3 3 2 5 117 2
4 912 131 119 3 4 3 5 2 5 108 2
4 10-10 (1] 6 4 4 3 5 2 S 67 3
410 -3 94 9 3 4 3 5 2 5 203 2
410 -7 135 132 2 4 3 5 4 5 149 2
410 -6 45 51 4 4 5 3 3 5 Er ) 2
410 -3 159 156 2 4 3 5 5 3 309 2
4 10 -4 267 an 2 4 4 5 4 s s 3
410 -1 221 210 2 4 3 5 2 s 255 2
410 109 110 2 4 2 3 2 L) 1s 2
410 1 .’ 104 3 4 5 5 2 5 67 3
410 3 2 [ 1] 3 4 1} 5 2 5 139 2
1 Fobs Fcalc Sigf a realc SigF 8 K L Tobs Fcalc 34grF B X L Sigr
5 193 198 2 5 156 2 $ 01 153 149 2 s 29 2
5 49 33 4 5 n 2 5 012 13 4 2 5 210 3
5 47 38 4 L] 311 2 y 013 151 142 3 5 211 2
H) 3¢ 30 5 5 157 2 5 0 129 124 ] s 212 2
5 117 125 2 5 140 2 $ 015 101 100 ) $ 213 J
5 142 145 2 5 225 2 $ 1-11 T (1) 4 S 214 2
5 41 2 5 5 258 2 5 1-10 13§ 126 2 5 215 3
) 116 116 3 5 219 2 5 1-8 130 138 2 5§ 216 3
5 102 103 ] 3 97 3 5 1 -7 1" 79 3 $ 3-11 3
5 104 106 J 5 154 2 5 1 -5 136 140 2 5 3-10 116 129 3
5 147 149 2 5 136 2 5 1 -4 295 209 2 5 3-8 137 160 2
5 1 7 3 5 149 2 3 -3 53 4 3 5 3 -7 153 153 2
5 125 119 3 5 218 2 5 1 -2 153 188 2 5 3 -6 127 126 2
5 200 217 2 5 475 2 5 1 -1 492 536 2 5 3-5 230 242 2
3 27 222 2 5 166 3 3 1 0 112 110 2 3 3-3 27 229 2
s 4 52 4 5 111 3 5 11 497 491 2 $ 3 -2 17 232 2
5 259 259 2 5 233 2 5 1 2 531 530 2 5 3 -1 143 145 2
5 56 (14 3 5 484 2 5 12 13 [3 2 $ 3 0 209 92 2
5 2% 268 2 5 66 2 5 1 ¢ 529 519 2 5 11 720 718 2
3 231 231 2 5 468 2 5 1 5 46 31 2 s 31 2 75 0 2
5 90 80 2 5 27 2 5 1 6 149 187 3 5 313 210 217 2
s 217 226 2 3 144 2 5 17 499 505 3 $ 3 4 92 130 2
3 105 193 2 5 210 2 5 18 52 (3] 3 5 35 506 476 2
5 91 kL 2 5 33 3 5 19 270 274 2 5 3 6 123 145 2
3 299 292 2 3 130 2 5 110 222 219 2 s 37 118 124 2
L) 120 121 2 s 126 3 5 111 52 38 4 5 31 8 298 Fik] 2
5 149 150 2 3 297 2 5 112 257 250 2 $ 1 9 369 361 2
2 L 34 . 3 5 228 2 3 11 214 219 2 5 310 39 32 4
- 15 76 3 3 142 3 5 118 30 95 k) s 112 (2] 30 3
5 " "% 3 5 110 3 5 116 119 109 3 5 113 196 195 2
s 154 153 2 5 119 3 5 2-10 107 110 3 5 118 212 212 2
5 50 S 5 5 0-8 121 118 2 5 2 -% 120 110 2 5 116 a1 30 5
3 " 100 4 5 0-7 s 34 3 5 2 -8 103 110 3 5 4-10 121 116 3
5 s2 57 5 5 0 -§ 155 146 2 s 27 95 .l 3 5 4 -9 62 62 3
5 126 128 ) 5 0 -4 121 107 2 5§ 2-% 219 219 2 5 4 -1 10 14 3
3 €0 (1] 4 5 0-) 273 m 2 5 2 -4 21 21 2 5 4 -7 177 171 2
3 57 (33 3 $ 0 -2 24) 241 2 s 2-3 431 436 2 5 4-¢ 92 2 3
s 112 m 2 5 ¢-1 147 126 2 5 2 -2 107 11 3 5 4 -5 145 141 2
5 30 51 3 5 0 0 209 220 2 5 2-1 101 16 3 5 4 -4 394 400 2
5 ” 6 2 5 0 1 434 429 2 s 20 48 638 2 S 41 222 223 2
3 109 196 2 5 ¢ 2 39 4 3 5 21 236 234 2 5 4 -2 132 139 2
s £3d 100 3 5 03 451 465 2 $ 2 2 529 539 2 5 4 -1 272 kil 3
5 182 161 2 5 0 5 199 170 2 5 2 3 122 08 2 5 4 0 342 358 2
5 447 443 2 5 0 6 497 516 3 5 2 4 41 2 2 5 4 1 177 18% 3
5 218 08 3 s ¢ 7 E2) 45 2 5 23 3318 40 2 5 4 2 724 721 2
3 395 411 2 5 08 33 335 2 5 2 6 457 449 2 5 43 420 420 2
5 333 p3t) 2 5 0 9 199 392 2 $ 27 208 210 2 5 4 4 104 150 2
s 58 254 2 $ 010 12 10 3 s 20 126 13 2 5 45 153 12% 2
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Table A2.9. Observed Structural Factors of LM0oO(0-CcH,Cl), (44). (Continued)
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Table A2.9. Observed Structural Factors of LMoO(0-C¢H,Cl), (44). (Continued)
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Table A2.9. Observed Structural Factors of LMoO(O-C4H,CI), (44). (Continued)

8 KR L Fobs Tecalc SigT A K L fobs [Fcalc Sigr B X Fobs Fecalc 3igr A K L Fobs Tcalc SigF
71 5 161 157 2 731 8 429 437 2 18 172 118 2 7 -6 116 116 3
71 6 210 198 2 73 9 109 106 2 1 5 53 60 5 7 -5 147 150 2
71 7 453 4352 2 7 310 147 137 2 7 6 102 101 3 7 -3 152 147 2
719 177 175 2 7 311 167 166 2 1 6 111 115 3 7 -2 136 133 2
T 19 89 89 2 1 3112 229 231 2 7 6 135 127 2 1 -1 99 91 2
T 110 220 207 2 7313 59 L1l 4 7 6 56 67 4 7 o 361 358 2
7 11 124 127 2 7 114 219 211 2 1 6 176 172 2 7 1 54 359 2
7 112 210 208 2 T 1158 181 178 2 1 € 249 260 3 7 2 5% 58 3
711 119 120 2 1 4 -0 s 47 5 7 6 267 265 2 7 3 1713 176 2
7T 114 102 104 3 7 4 -7 184 184 2 71 6 523 512 2 7 4 131 126 2
7 118 185 187 2 1 4 -6 96 91 3 1 6 116 116 3 7 5 138 137 2
1 2-9 69 €6 4 7T 4 -5 173 14 2 7 6 292 286 2 7 6 287 265 2
7T 2 -0 78 76 3 7 4 -4 156 138 3 7 6 370 371 2 7 7 2146 244 ?
7 2 82 87 3 7 4 -2 144 130 2 7 8 139 132 2 7 s 183 181 2
T 2 -6 109 109 3 7 4-1 37 221 2 7 6 464 478 2 7 S 192 194 2
7 2 -4 236 218 3 7 41 456 463 2 1 8 401 179 2 7 10 159 169 2
1 2 156 161 2 7 4 2 172 pL 30 2 16 15 82 3 7 11 225 227 2
7 2 -2 173 174 2 1T 4 3 216 2)e ? 16 53 253 2 7 12 [ ] 2 3
7 2 -1 310 312 3 7 4 4 204 2 2 1 6 116 ileé 2 7 -8 46 43 5
7 2 0 304 308 2 7 43 109 194 3 7 6 200 208 3 7 -7 50 4 s
72 1 293 300 2 7 4 € 1 200 2 7 6 234 241 2 7 -5 76 7 3
7 2 2 439 446 2 7 41 350 ELT] 2 1 6 146 134 2 1 -4 119 119 3
7 2 4 313 4 2 7 4 8 150 146 ] 1 6 109 109 3 7 -3 12 15 )
72 5 512 312 2 7 410 169 161 2 7 6 115 13 3 7 -2 117 193 2
7T 2 6 20 251 2 7 41 55 [33 4 77 55 56 5 7 -1 269 261 2
T 21 12 46 2 7 412 191 148 2 17 127 129 3 7 [} 64 (13 4
7 2 3 339 334 2 1 413 252 265 2 717 122 126 3 7 1 s 323 2
7 210 365 366 2 7 415 163 162 2 11 141 141 2 7 2 150 197 2
7T 2102 147 157 2 7 5-9 T4 7 4 717 [ 18 3 1 3 37 32 5
1T 21 204 20% 2 7 5 -8 47 5 5 17 kI 2% 390 2 7 4 328 341 2
7T 214 185 194 2 T 5 -6 205 210 2 17 198 300 2 7 s 50 S8 4
7T 218 9 12 ] 3 7 5-4 115 108 3 177 151 162 2 7 3 227 233 2
1T 3-9 a4 4 3 7 5-3 173 171 2 11 333 34 2 7 7 183 10 2
71 3-9 13¢ 132 3 7 3 -2 106 105 2 17 09 193 2 7 1] 56 57 4
7317 117 122 3 7 5 -1 13 310 2 17 29 330 2 1 9 16 207 2
7 3 -6 131 134 2 7 5 0 236 226 3 71 u? 350 2 1 10 136 150 2
7 3 -5 182 183 2 75 1 144 139 2 11 ” 104 2 1 12 194 193 2
7 33 192 192 2 T 85 2 2n 267 2 71 163 181 2 7 13 130 130 3
1 3-2 172 169 k) 1 5 3 205 299 2 77 ans 421 2 1 -7 69 65 4
7 3 -1 111 10?7 2 7 5 4 234 245 2 717 99 37 2 7 -6 L] 7 3
T 30 Lre) 463 2 175 S 213 218 2 17 135 130 3 7 -4 90 92 3
731 450 446 2 7 9 € 222 216 2 17 64 [3 3 ? -3 204 206 2
73 2 51 55 3 L ) 39 50 4 11 145 145 2 7 -1 158 151 2
7 3 13 373 I 2 7 5 8 419 432 3 17 192 197 2 7 0 127 136 2
7 3 4 9 48 3 1 510 191 191 2 17 (3] 61 4 7 1 61 50 k)
73 8 1 1 2] 2 T 51 73 I 2 10 61 61 5 7 2 177 17% 2
7T 3 6 420 419 2 7 512 111 112 2 18 76 76 4 7 3 37 35 3
7317 08 304 2 1513 192 192 2 L 42 41 5 7 4 117 172 2
4 SigF B X L Fobs Fcale SigF Fobs Fecalc SigF K L Tobs Fcalc 3igF
7 2 4 51 64 4 40 46 4 1-6 9 " 3
7 3 3 61 (1) 4 151 146 2 1-3 107 93 3
7 2 (3 103 114 3 163 160 2 1-1 101 101 2
7 3 ? 1 (3] 4 102 104 2 1 0 152 146 2
? 2 L] 110 107 3 98 306 2 1 2 192 109 2
7 2 1 7 7 3 169 164 2 1 4 108 187 2
7 2 2 95 90 3 143 143 2 1 35 412 17 2
K 12 5 3 46 50 1) 140 134 2 1 6 329 336 2
7 -5 3 4 128 126 3 90 9 2 1 7 107 184 2
711 -4 55 54 4 3 37 30 3 144 146 ) 1 8 239 3 2
711 -3 96 101 3 L] 119 118 3 [ 5] ki b} 19 152 158 2
111 2 49 50 4 7 s 221 2 100 101 3 110 11 131 2
T 1 -1 47 57 5 ] $2 4 61 69 4 111 229 229 2
711 o 9 t L] 3 9 131 133 3 46 43 5 113 158 185 2
711 1 178 197 2 10 136 138 3 LX) Lk 3 114 135 113 3
711 2 8 " 3 -2 9 M [ 73 69 3 115 57 435 4
711 3 163 167 2 -4 -1 (1] (3] 3 55 55 4 2 -7 49 50 5
711 4 156 146 3 e-4 0 168 170 2 163 167 2 2 -6 66 61 4
71105 142 143 2 -4 2 192 193 2 197 196 2 2-5 33 61 L)
711 6 164 158 2 -4 3 112 111 3 ” 9 2 2 -4 kil 18 3
111 7 160 163 2 -4 4 74 6 3 249 252 2 2 -2 74 70 3
711 @ 59 59 4 s -4 5 178 176 2 34 152 2 2 -2 127 113 2
711 3 100 186 2 -4 6 106 113 3 17 114 2 2 -1 115 12% 2
7 10 43 4 -4 7 110 110 3 192 190 2 20 254 253 2
7 -3 46 H -4 0 209 206 2 96 2 3 21 165 15% 2
7 -4 50 4 9 -410 117 127 3 " Lx) 3 2 2 51 56 3
7 -2 (3] 3 169 166 2 204 200 2 2 1 136 29 2
7 -1 143 2 62 59 4 218 220 2 2 4 137 2313 2
7 [} (23 3 53 51 ) 151 148 2 2 5 44 33 4
7 113 ) 48 46 5 0 -6 43 49 13 2 & 270 276 2
7 268 2 173 177 2 0 -3 140 113 3 2 7 241 239 2
7 148 2 b2 " 3 ¢ -4 91 9 3 20 41 13 4
7 143 2 134 141 3 0 -2 120 120 2 2 9 219 216 2
7 162 2 211 217 3 0 -1 17 173 2 210 12 69 3
7 n [ 140 142 ? 00 76 " 3 211 265 233 2
7 104 3 188 191 2 0 1 191 150 2 2 12 155 156 2
7 L1} 4 220 213 2 [ 104 206 2 214 138 136 3
7 157 2 158 151 2 o 4 340 142 2 215 110 108 3
7 " 3 0 n 3 -] 112 115 2 3 -7 120 112 3
7 63 4 159 161 2 o 6 258 255 2 3 -5 70 (] 3
7 14 2 106 113 3 Q0 7 323 323 2 1 -4 164 163 2
7 15 3 112 110 3 o9 104 109 2 -3 50 59 4
7 61 4 112 114 3 o9 192 193 2 3 -2 197 206 2
7 48 4 (1) 10 4 0 10 201 211 2 3 -1 165 164 2
7 121 3 146 146 2 01 179 179 2 31 139 133 2
7 72 4 36 102 3 013 184 105 2 32 33 257 2
7 90 3 92 L 2] 3 015 101 103 3 32 109 110 2
L] 127 3 54 43 3 1-7 9 [ L} 4 3 4 122 220 2
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Table A2.9. Observed Structural Factors of LMoO(0-CcH,Cl), (44). (Continued)

A X L B K L Fobs fcale SigF B X L Fobs Feale SigF B X L Fobs TFcale Sigl
e 31 5 8 512 2313 232 2 9 a8 ) 221 21 2 8 11 -1 17 5 3
a 1 s & 513 116 115 3 s 0 2 kL) 16 3 211 0 36 51 5
317 8 513 149 148 3 g8 8 3 95 29 2 811 ! 97 103 )
I | g8 6-7 75 71 4 3 8 4 110 113 2 811 2 127 122 2
3 3 9 8 6 -6 127 123 3 s 8 5 224 7 2 811 4 174 101 2
9 310 ¢ 6 -4 147 140 2 s 8 6 162 160 2 &1l 3 132 131 2
s 311 e 6-] 8 1 3 8 8 7 156 159 2 811 6 76 7 3
8 312 8 6 -2 27 226 2 s 8 B 110 95 2 g1 7 134 128 2
I ¢ §-1 155 154 2 ¢ 8 9 162 150 2 911 8 174 162 2
I 4 ¢ &0 106 105 J ¢« 810 159 168 2 211 9 70 15 4
315 9 6 1 102 101 2 e 811 113 110 2 911 10 52 55 4
e 4 -2 s 6 2 147 149 2 . 812 (L] 5 ] 812 -4 20 [£] 4
¢ 4-8 9 6 ) 42 47 4 8 81) 154 152 2 812 -3 89 4 4
8 4-5 8 6 4 164 163 2 . 97 47 45 S 812 -1 97 100 3
4 -4 s 6 5 265 263 2 9 -6 103 105 3 012 ¢ 147 142 2
B 43 8 67 122 127 3 1 9 -4 121 125 3 12 1 as 7 3
8 4 -2 8 6 8 470 45 2 2 9 92 E ol ] 812 2 7 92 3
9 4-1 8 610 07 1 2 9 92 54 60 4 912 ) 147 143 2
9 4 0 8 611 109 112 3  9-1 168 135 2 012 4 40 3 5
42 e 613 193 185 2 90 162 172 2 012 3 8 . 3
e 4 2 8 614 a0 9% 4 9 9 2 12 69 3 812 6 176 173 2
8 4 4 . 7 -8 40 47 13 e 9 4 2350 249 2 812 9 51 53 4
st 4 5 ¢ 7 -6 115 118 3 2 9 9 210 209 2 812 9 12 ki 4
8 4 6 9 1-5 96 9 3 $ 9 6 14 79 3 ¢ 13 -2 105 1o9 3
s 47 8 7 -4 139 151 2 97 1238 129 2 e 1) -1 49 14 4
. 48 8 13 158 156 2 ¢ 9 8 210 214 2 813 ¢ 16 73 4
B 49 8 7-2 57 50 4 8 9 9 46 9 4 613 1 116 120 3
. 410 . 7 79 L2 J s 910 99 9 3 e13 2 86 3 3
9 41 " 70 255 254 2 e 911 153 158 2 813 4 163 166 3
3 412 s 71 200 195 3 ¢ 10 -6 65 68 4 813 6 51 55 5
9 4 7 2 4 39 4 ¢ 10 -5 119 121 3 813 7 (1] L1 3
4 72 322 118 2 810 -3 119 130 1 9 -4 1 63 51 4
s 5-8 P74 119 118 3 " 10 -2 125 122 3 9-4 3 6 97 3
57 7 6 232 239 2 810 -1 69 [ 1} 3 9-4 4 130 127 3
9 5-5 L I | 296 301 2 010 0 147 143 3 9-4 6 131 136 3
e 5~ a1 2 176 163 3 910 1 137 143 2 9 -4 117 114 3
¢ 52 8 7 9 172 181 2 g10 2 106 101 3 9-4 9 112 106 3
s 5 -1 4 710 38 40 5 10 3 170 180 2 9 -3 -1 140 145 3
s 5 0 o 11 189 190 3 10 4 Ed 117 3 9-3 0 45 41 s
¢ 51 1 712 125 12% 2 $10 ¢ 229 236 2 9-3 1 73 7 4
s 5 3 3 714 101 95 k) 10 7 103 104 k) *-3 2 107 111 3
e 5 4 s 87 103 108 3 $10 ¢ 170 178 2 -1 3 50 53 $
e 5 5 s 0-5 101 94 3 010 10 112 109 3 -3 4 108 100 3
s 5 7 s 04 99 93 3 1011 149 151 3 9-3 5 " 96 3
s 5 9 s 9-3 90 (1) 3 11 -5 40 6 1] 9-3 1 ” 97 3
¢ 5 9 s 9 -2 110 137 2 11 -4 9 9 3 $-3 8 ” 99 3
e S 10 8- 103 104 3 111 s5 53 4 9-3 9 [ 1} 91 3
s 511 s 30 17 kL) s 11 -2 13 123 3 $-310 178 i0l 2
i K L 8 X B K L TFobs TFcalc 3igT A X L sigr
9 -3 11 4 9 1 2 9 311 206 202 2 9 6 3 2
9 ~2 -2 4 9 1 2 9 312 128 130 2 9 6 4 3
9-2 0 3 9 1 2 9 314 116 112 3 9 6 5 2
9-2 1 3 91 3 9 45 114 13 3 9 6 § 3
9-2 2 4 9 1 2 9 4 -4 9 [} 3 s 6 17 2 ®
9-2 1 2 1 2 9 4-2 177 192 2 9 6 &8 2
9 -2 5 2 31 3 9 4 -1 176 170 2 9 € 9 2
9 -2 & 2 91 2 9 40 119 115 2 9 610 4
9-2 8 2 91 5 9 41 136 153 ) 9 611 3
9-2 9 4 9 1 3 3 4 2 97 102 2 % 612 156 191 2
9 -210 3 1 ] + 4 268 215 2 3 614 131 11 3
9 -211 3 % 1 3 3 4 4 299 200 2 9 7-5 90 " 3
9 -212 3 9 1 k) s 4 5 81 an 2 9 7 -4 114 110 3
9 -1 -4 4 9 2 4 9 4 & 370 313 2 9 7-2 180 172 2
9-1-3 5 s 2 3 9 4 7 182 127 2 s 7 198 199 2
9 -1 -2 3 9 2 5 9 4 & 38 93 3 s 11 178 173 2
9 -3 3 9 2 3 9 4 9 180 1717 2 9 7 2 9 87 3
9 -1 2 9 2 2 9 410 128 120 2 9 7 227 233 2
9 -1 2 9 2 5 9 411 36 30 5 9 7 4 m 344 2
9 -1 s 9 2 2 9 412 192 107 2 9 75 166 165 2
9 -1 2 9 2 2 9 412 118 122 3 9 7 6 130 12% 2
9 -1 2 9 2 3 9 414 44 43 5 $ 7 7 265 M 1
-1 2 9 2 2 9 5 -6 99 91 3 9 7 98 117 104 2
-1 2 3 2 2 8 5 -4 .7 (1] 3 9 7 9 9 7 3
9 -1 3 3 2 2 9 5 107 107 3 % 7110 209 203 2
9 -1 3 3 2 2 3 5-2 52 52 4 9 712 164 164 2
0 3 s 2 4 9 5 -1 230 211 2 9 113 " L1} 3
9 0 $ 2 2 9 50 115 10% 2 9 2 -§ 36 91 3
9 0 3 9 2 2 9 5 1 144 145 2 9 8 -3 71 64 4
9 0 3 ’ 2 3 9 5 2 279 28 2 9 8- 31 k1) S
s 0 2 9 2 3 9 5 3 60 66 ) 9 8- 153 154 2
9 0 3 9 2 2 9 3 4 257 264 2 9 8-1 163 161 2
9 0 2 3 3 9 55 9% b1 2 % 8 0 255 257 2
s 0 2 3 3 9 5 7 148 132 2 0 1 LX) 7 4
s 0 2 9 13 2 9 5 8 162 1711 2 s 8 2 165 168 2
3 0 4 9 3 3 9 510 213 k30 2 9 8 3 131 130 2
% 0 3 s 3 2 9 51 193 154 2 9 0 5 209 251 2
s 0 2 9 2 0 253 25% 2 9 512 109 9 3 9 0 6 n 1 3
3 0 5 s 31 T4 67 3 9 54 100 i 3 9 8 71 1 2% (1] 3
s 0 2 ’ 3 12 194 195 2 9 6 -6 40 k% s s 8 15% 169 3
* 0 2 9 3] 7 L L) 3 $ 6-3 14 n 3 9 8 9 i 126 2
3 0 4 9 2 4 147 159 2 9 6 -4 46 45 3 9 810 108 199 2
9 0 3 9 3 8 168 173 2 9 6-3 169 165 2 3 s 1 109 101 3
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Table A2.9. Observed Structural Factors of LMoO(O-C4H Cl), (44). (Continued)
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Table A2.9. Observed Structural Factors of LMoO(O-CcH,Cl), (44). (Continued)

8 K L Fobs Fcalc SigF 8 K L Fobs Fecalc SigF i X L Tobs Fcalc 3igF BE K L Fobs Fcalc Sigr
12 5 9 61 67 4
12 %10 n 66 4
12 6 1 109 113 3
12 6 3 60 63 4
12 6 4 19 16 3
12 6 8§ 37 30 S
12 6 6 55 3 4
12 6 7 79 79 3
12 6 8 as 41 6
12 6 9 106 104 3
12 7 1 59 3 4
12 7 2 90 (3] 3
12 7 3 63 3% 4
12 7 4 42 32 S
12 7 5 101 98 )
12 1 1 62 1) 4
12 7 8 112 110 ]
12 ¢ 2 116 112 3
12 0 & 63 57 4
12 & 6 (3] " 3
12 ¢ 17 82 70 3
12 8 18 97 9 3
12 9 4 es 95 )
12 9 § 19 ” 6
12 9 6 109 109 3
12 3 7 (3] L1 3
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Table A2.10. Unobserved Structural Factors of LMoO(0-C¢H4-Cl), (44).
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Table A2.10. Unobserved Structural Factors of LMoO(0-C¢H,-Cl), (44). (Continued)

a X L Fobs Fcalc 3igF A K L fobs TFeale Sigr XK L Fobs Fecale SigF B K L Fobs Tealc SigF
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