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Summary

Several transition metal complexes with a variety of
imino- and aminoalcohols as 1ligands were investigated.
Single crystal L~-ray diffraction analyses were carriad out
on all complexes and variable temperature magnetic
susceptibility data were collected for all magnetically
interesting compounds.

The +two complexes which initiated this study,
tetrakis [3—(7-hvdroxy-4-methyl-5-azahept-4-en-2-onato)-
copper (II)] butanol (blue unstable crystals) and
tetrakis[(methanol)u3— (*hydroxy-4-methyl-5-azahept-~4~en-
2=onato)nickel (II)] were found to form discrete, tetrameric
"cubane" units. The 2-aminoethanol oxygens act as
triple-bridging atoms at four tetrahedrally disposed
corners of a cube; the mnetals occupy the remaining four
corners. Minor conformational changes in this unit causes

the copper complex to exhibit distinctly different magnetic

properties.
fac-Tri-l-{disalicylaldazine)diiron{IIX) acetone
crystallizes as discrete, dinuclear molecules. The

crvstallographically equivalent irpbn atoms are octahedrally
coordinated. The three binucleating ligands ,due to the
geometric requirements of each, assume a facial geometry

about each metal. The two octahedral coordination spheres

do not share a common face but rather are separated by the




distance of the azine bond. Magnetic studies show that the
effective moment of the complex exhibits only a slight
decrease (5.5-5.1 BM) with temperature (29 - 98°K).

Two metal complexes of 1,3-diamino-2-propanol (DapoH)
were structurally and magnetically characterized: trans-
[ (1,3=-diamino-2-propanol) {1, 3-diamino-2-propanolato)

cobalt{III)] chloride dihydrate and the non-linear copper

trimer [ bis(N,N"'-1,3-diamino-2-propancl) bis (u~1,3-diamino
-2-propanoclato) tricopper(II)] iodide methanol. The
"monomeric", octahedral cobalt complex forms

one-dimensional infinite chains through hydrogen bonding of
the trans - oxygens. The complex 1is diamagnetic. The
non-linear trimeric cation contains two monoanionic
ligands; each bridges the central copper(II) to a terminal
copper (II) through the oxygen (one nitrogen of this ligand
chelates to the central copper, the other nitrogen to a
terminal copper). The terminal coppers each have their
remaining coordination sites filled through chelation of
two nitrogens of a neutral ligand; the protonated alcohol
group 1is nhon-coordinating.

Magnetic studies show that the system is best defined
by one coupling constant (J= -98 cm_l). This indicates

that the terminal coppers are not magnetically coupled to

any large degree.
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A series of four similar complexes were prepared and
structurally investigated: (R) Cuy(Dapac) (OAc) , (B)
Cuz(Dapsa)(OAc):ZCH3
Cu, (bapsa) {OAc) [Note: (Dapac= N,N'~2-hydroxypropylenebis

CN, (C) Cu2(Dapsa)(OAc):CH30H and (D)

(acetylacetoneiminato) and Dapsa=
N,N'=2~hydroxypropylenebis(salicylaldiminato)l. Each
dinuclear complex contains two four-coordinate copper(II)
atoms lridged by the alkoxide oxygen of the propylene chain
and by the oxygens (three atom bridge) of an acetate group.
Square planar coordination about each copper(IIl}) is
achieved by chelation of the remaining alkoxide oxygens and
the imine nitrogens of the binucleating ligand.

Complex A shows the weakest magnetic coupling
(probably due to the bent nature of the structure) and
complex B , which forms infinite chains, exhibits
antiferromagnetic coupling. The structures of C and D
exhibit unusual packing and they exhibit antiferromagnetic
coupling; their magnetic susceptibilities can be fit to the
simple susceptibility equation for a metal dimer.

The final complex reported is Cu(DapsaH):CH3CN. It
forms discrete monomers with the oxygen of the propylene
chain protonated and non-coordinating; the remaining four
chelating atoms of DapsaH coordinate to the copper (II) in a
pseudo-square planar fashion. Steric requirements of the

ligand leads to severe twisting as it coordinates and large
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deviations from ideal square planar geometry (toward
tetrahedral) are observed. The system was assumed to have

one unpaired electron with no pathway available for

superexchange.




CHAPTER I

INTRODUCTION

History of Complexes

General

The study of "anomalous®™ magnetic behavior in
transition metal complexes was initiated in 1915 by
Lifschitz and Rosenbohm (1). They studied copper(II)
acetate monohydrate and found it exhibits a subnormal
magnetic moment at room temperature (1.43 BM). The
structure of the compound was revealed some 38 years later,
through X-ray cryvstallographic studies of van Niekerk and
Schoening (2), to be the dimeric compound illustrated in
Figure 1. From these studies, the field has now grown to
encompass a large area which includes several elaborate
structural-magnetic studies of dimers as well as trimers,
tetramers and infinite one- and two-dimensional polynuclear

complexes (3).

The theory necessary to treat the magnetic properties
of these polynuclear systems was complete by 1932.
Presently, this theory is being applied to specific

isolated compounds and, more importantly, to general

structural aspects of series of complexes.,




Figure 1. The Dimeric Structure of [Cu(OAc)z'HZO]Z.

Past studies of polynuclear complexes have repeatedly
shown that conclusions based on elemental analysis,
spectral and magnetic data alone can lead to incorrect
structural assignments. Although structural-magnetic
predictive methods can be applied with some success to
simple systems, as Hodgson has shown with his series of
varied bridging-oxvgen angles (4), the need for an exact
molecular structure of the molecule is apparent. This is
especially true in view of the fact that subnormal magnetic
moments of tetramers can be fit to dimeric susceptibilty
equations by the inclusion of a “paramagnetic impurity"
term. It is because of this type of problem that complete
single crystal X-ray diffraction analyses should be done if
variable temperature magnetic data are to be accurately and

confidently interpreted.




The study of amino— and iminoalcohol transition metal
complexes has been a rich area for yielding unusual
crystalline polynuclear compounds and different species are
often obtained with only minor changes in reaction
conditions. Therefore, investigations were undertaken on
systems which had been previously prepared but not
structurally illucidated. This also lead to studies of new
complexes which, prior to this report, had not been
investigated.

The direct purpose of this investigation is to better
understand the correlation between molecular ({(crystal)
structure and magnetic properties of polynuclear transition
metal complexes of amino- and imincalcohols, This is
achieved through discriminate synthesis of related
crystalline compounds, and the application of single
crystal X-rav diffraction and variable temperature magnetic
susceptibility methods to these compounds.

A list of abbreviations substituted for ligand names
frequently used in this thesis are given in Table 1, The
simple abbreviation represents the completely deprotonated
anionic form of the 1ligand and the number of protons
present is indicated by the addition of an "H" and a
numerical subscript to the abbreviation {(i.e.

l,3-diamino-2~propanol = DapoH).

Tridentate O=N-0Q Donors




*

Table 1. Abbreviations Used for Ligands.

Ligand Abbrev. Description
/(CHz)n\
—N 0~ n=2; EIA Dianion of the imine of 2,4-pentanedione and 2-sminoethanol
\ 0 n=3; PIA Dianion of the imine of ?,4-pentanedione and 3-aminopropancl

"z"/\r\""z Depo

o-

@::"“"::@ DSALZ

O G PAA

e T

Anion of 1,3-dlamino-2-propancl

Dianion of the diimine of hydraziune and salicylaldehyde

Diimine of hydrazine and 2-pyridinaldehyde

Trianion of the diimine of 1,3-diamino~2-propancl

and 2,4-pentanedione

Trianion of the diimine of 1,3-diamino-2-propanol
and salicylaldehyde

"4" added to abbreviation denotes the no. of alcohol groups. -




The first study to present magnetic evidence that
complexes of tridentate iminoalcohols form polynuclear
species was that of Kishita et. al. (5). Although they
postulated the 1:1 complex of copper(II) and
acetylacetone-mono ( o-hydroxyanil) to be a dimer, it was
shown by Barclay and coworkers (6) to adopt the "step"
tetramer structure illustrated in Figure 2a. This was the
first complex to be structurally characterized which
exhibits a subnormal magnetic moment similar to copper(II)
acetate monohydrate yet did not have the same type of

structure.

O M
I\|A<O>M o\lM\/c\)
|
| O~
O— ~ =

(a) (b)

Figure 2. Tetrameric Types of Associlations:
(a) Step-like and (b) Cubane-like forms.

In 1966, Jager prepared several copper and nickel
complexes of EIA and PIA (7). Although formally these
complexes exhibit coordination numbers of only three, he

correctly concluded from spectral, magnetic and molecular




weight determination data that they were polynuclear
species. The green, paramagnetic compound Ni(EIA)(CH3OH)
was proposed to adopt the polymeric structure shown in
Figure 3, whereas green Cu(EIA) was predicted to have

tetrameric associations (no structure proposed).

ROH ROH

o~ ¥
O\ \ °N

Y

Figure 3. Jhger's Proposed Polymeric
Structure of [Ni(EIA) (CH3OH)_In

The first structural studies of these complexes
appeared in 1970 (8, 9). The non-solvated, red-=brown
compounds Ni (EIA) and Cu(PIA) are oxygen bridged dimers
which are diamagnetic and antiferromagnetically coupled,
respectively. The investigations also determined that
Cu(EIA) crvstallizes into tetramerically associated
cubane-like molecules (Figure 2b). The magnetic and
structural comparisons of Cu(EIA) (tetramer, room temp.
moment = 1.87 BM) to Cu(PIA) (dimer, room temp. moment =
0.41 BM) 1lead to a better understanding of the importance

of the hybridization of the bridging alkoxide oxygen and




its relation to spin exhange via a pi-mechanism. A second,
unstable form of Cu(EIA) was also prepared,

Upon the completion of these structural and magnetic
studies, several questions arose, What was the nature of
the metastable form of Cu({EIA) which had been prepared, but
not isolated in the crystalline form? Although Jiger's
pelymeric structure (Figure 3) of Ni(EIA)(CH3OH) had been
rejected, did the green complex assume a bent dimer with
the alcohols occupying the fifth sites of each nickel or
did the similarity of properties to those of
Ni(acac)(CH3O)(CH3OH), which has a cubane structure,
indicate a tetrameric form?

In an effort to answer these questions,
investigations of these compounds were initialized. Also,
the continuing interest of ferromagnetic and
antiferromagnetic interactions combined with dimer-tetramer
equilibria studies (10) gave other reasons to continue the
study of these unusual compounds.

Quadridentate N=-N Atom Bridged Species

Several complexes of neutral diimine,
two-atom=bridging, quadridentate ligands (Figure 4) have
been prepared and structurally characterized. Busch and
coworkers initiated the study of this area in 1958 (1ll).
Using PAA and BHA as ligands, they assigned structures

based on magnetic and infra-red spectral data.




IT (R=H); 1III1 (R=CH3) IV (R=H); V (R=CH3)

ON N/~§ NO VAR,
M N NN \
Vi VI

Figure 4. Ligand Structures of BHA (I), PAA (II), PMK
(I11), dppn (IV), Mepdppn (V), dpplH (VI) and dhph (VII).

They concluded that the complexes crystallize with the
following formulas: Mz(PAA)34+ [M=Fe(II), Co(II), Ni(II)],
npan) °¥ [ MeFe(II), Ni(II), cu(ID)]  and MZ(BHA)34+
[M=Fe (II), Ni(II)] . They assumed the geometries

illustrated in Figure 5.

About a decade later Blake et.al. completed the
first X-ray structural determination of the <cation
[Ni(dhph)]2 (12). Armed with this definitive information,
they prepared and structurally (via infra-red) and

magnetically characterized numerous binuclear nickel(II)




(a) MZ(PAA)34+ (b) M(pas)*t

7

HN—N N—N N—NH,
N/ N/
M M
4+
(c) M, (BHA),
Figure 5. Proposed Coordinations of Neutral Azine Ligands.

(a) M = Fe(II), Co(II) or Ni(II); (b) M = Fe(II), Ni(II)
or Cu(lI); (¢) M = Fe(II) or Ni(II).

complexes of PAA, dppn, Mezdppn, dpplH and dhph (13).
Their concerted efforts lead to the discovery of the first
series of Ni(II) binuclear systems to exhibit weak
antiferromagnetic coupling {(J/k = -8 to -34 deqg).

Shortly thereafter, cobalt analogs of the binuclear
nickel species were studied in depth. Blake and coworkers
{14) published magnetic and iﬁfra-red results of a few
Co(II} complexes of gdhph, dppn and Me2dppn. These, like
the Ni(II) complexes, were antiferromagnetically coupled.
Concurrently, workers at Cambridge (1l5) reported an X-ray

4+
structure determination of the cation Coz(PMK)3 which had
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been synthesized by Stratton four years earlier (1l6). It
has a twisted helical structure, and the twist was
attributed to the interations between the bulky methyl

groups (Figure 6).

Figure 6, Helical Structure of the Cation
Co,, (PMK) J4+.

No X-ray or other detailed structural reports have
appeared in literature for coordination compounds of DSALZ.
Some structural suggestions (based on infra-red) made by
Sahoo et.al. imply that two distinct structures can be
realized, depending upon the identity of the metal (17).
They proposed that derivatives of Cu(II), Ni(II} and Co(II)
form dinuclear species [M(DSALZ)]g+whereas with Fe(II), a

tridentate asymmetric moiety was favored.




Because of the incompleteness of this report and the
lack of information on DSALZ and transition metal complexes
in general, it was decided to prepare and 1investigate
(structurally and magnetically) these types of compounds.

DapGc Complexes

The majority of investigations of aminoalcohols
complexes have been concerned with those of 2-aminoethancl
(EtaH = HH,CH,CH,0H). Few detailed structural and magnetic
studies of systems with 1,3-diamino-2-propanol (Dapo) as a
ligand have heen carried out.

Although Dapo(H) is a simple molecule a variety of
coordination modes are possible (Fiqure 7). As a bidentate
ligand, it could éhelate to a metal through either the two
nitrogen atoms to form a six-membered ring (Figure 7a) or,
analogous to Etali, it could coordinate through one nitrogen
and the oxygen (possibly bridging) to form a five-membered
ring (Figure 7b,c). The ability of Dapo(H) to function as
tridentate ligand is limited, for monomeric species, to fac
coordination due to steric considerations (Figure 7d).
However, 1its ability to act as a binucleating moiety has
been invoked by at least one research group (18) (Figure
Ta).

Another aspect of this ligand 1is its potential to
hydrogen~-bond in cases where both a deprotonated and

neutral alcohol group are present. This behavior has been

11




-N OH >O j_N
M= M=~ ~N

— ~— -...N
(a) (b)

(d) (e)

(£)

Figure 7. Coordination Modes Possible for Dapo Complexes.
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observed for several complexes containing both EtaH and Eta
(19} . The two types of hydrogen bonded species which have

been structurally characterized are sketched in Figure 8.

Figure 8. Hydrogen-Bonding in Metal Complexes of Ethanolamine.

The historv of metal complexes of Dapo follows a
rather 1long and wandering course, culminating in correct
structural characterizations. In 1927, Mann (20}
synthesized the compound [Co(Dapo)zlx-2H20 (where X = C1°,

I~ or SCH ; originally misformulated as [Co(DapoH)z(OH%J X
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and confirmed by Breckenridge et. al. in 1939 (21)). It
was not correctly formulated until 1974 when two groups
(22, 23) independently synthesized and characterized the

salts shown here:

+*

+
[Co(Dapo)zl* LM [Co({Dape)(DapoH)]** M. [Co(DapoH)z]*H'

l3C nmr data,

Both studies concluded, based on spectral and
that all the complexes in the series adopt a trans
geometry.

Nasanen and coworkers reported the preparation of the
first structurally characterized copper(I1) complex with
Dapo as a ligand. The initial paper in 1970 (24)
prematurely suggested a dimer (based only on magnetic
analysis, density determinations and unit cell parameters).
This was folowed up by in 1877 (25) by a complete
structural determination showing that the complex actually
crystallized as a trimer (Figure 9). Treating the complex

as an equilateral triangle of copper(II) atoms the complete

susceptibility curve could be fitted using the expression:

. = g g S emIAD 1,
M 4 kT exp(33/kT) + 1

o

The resulting coupling constant wvalue (J = =79 cm
indicated antiferromagnetic coupling between the copper

atoms.
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N N
_ \Cu/ .
o/ \o
N\Lu C/u —N e
\\O/
| " N J

Figure 9. The Cyclic Copper Trimer [Cu3(Dapo)3](N03)3.

The initial impetus for investigating these metal
complexes of Dapo was two-fold: to attempt to prepare and
study hydrogen bonded polynuclear analogs of the EtaH
complexes and to shed more 1light on the little known
coordination modes of the Dapo molecule with transition
metals.

Charged Schiff Base Diimine Complexes

Most studies of quadridentate, planar 1ligands have
been concerned with the N202 or N4-donor type. This can be
ascribed to the recent interest in porphyrin type,
bioinorganic metal systems which bind dioxygen. There have

been comparatively fewer investigations of charged diimines

capable of pentadentate coordination,




Upon recognizing the diverse coordination modes which
Dapo(lH) assumes in metal complexes, diimine derivatives of
this ligand were prepared; 1,3-diamino=-2-propancl,
condensed with two equivalents of acetylacetone or
salicylaldehyde, yielded DapacH3 and DapsaH3, respectively.

These ligands could coordinate in two fundamentally

different modes (Figure 10):

OH

N7 > C N, N\,
N, v \,

Figure 10. Fundamental Coordination Modes
Possible for the Ligands Dapac and Dapsa.

as a tetradentate N202—donor or as a pentadentate

binucleating ligand. The Nzob—donor type is illustrated as
a monomer but these units could act as building blocks to
form dimers, trimers, or tetramers, like the series of

complexes studied by both Gruber (26) and Waters (27)

(Figure 11).

There is only one report in literature concerning
complexes of DapsaH. Dey and Sen (28) assigned, on the
basis of infra-red data, a four coordinate structure to a

l:1 complex of palladium and DapsaH.
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Figure 11. Polynuclear Complexes of salen Which have been
Structurally Characterized,

The interesting and unusual transition metal

complexes which other Schiff bases form, combined with the

paucity of data on such diimine systems, lead to the

initiation of a study to illucidate (structurally and

magnetically) some copper(II) complexes of Dapac and Dapsa.




The structures of complexes which are described and
discussed 1in this thesis can be conveniently subdiwvided
into four categories.

(1) The tetramerically associated complexes with the
imine of ethanolamine and acetylacetone as a ligand:
[ CU(EIA)]4 ‘C‘,_1 }{9 OH and [ Ni (EIA) (CH3 OII)]4 .

{(2) The two atom bridged complex of iron(II) and
disalicylazine: Fez(DSALZ)3'C3H€0.

{(3) The mixed ligand complexes containing both the
protonated and deprotonated form of DapoH. The ionic
compounds: [Co(Dapo)(DapoH)]C12-2H20 and
[Cu 3(Dapo) 2(DapoH) 2] 14 -CH3OH.

(4) The complexes of the diimine formed by the
condensation of Dapo with acetylacetone or salicylaldehyde:
Cuz(Dapac)(OAc), Cuz(Dapsa)(OAc)-2CH3CN,
Cuz(Dapsa)(OAc)-CH3OH, Cu2(Dapsa)(OAc) and

Cu(DapsaH)-CHBCN.
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CHAPTER 1II

EXPERIMENTAL

Elemental Analyses

Carbon, hydrogen and nitrogen analyses were performed
by Atlanta lMicrolab Inc., in Atlanta, Georgia. The results

for the metal complexes are summarized in Table 2.

Magnetic Susceptibility Measurements

Magnetic susceptibility data were obtained in wvacuum
using the Faradav method over a temperature range of 98 to
298 °K. Hg[Co(CNS)4] was used as the calibrant.
Diamagnetic corrections applied were those tabulated by

Lewis and Figgis (29).

Preparation of Complexes

[Cu(EIA) ]4-C4HgOH

The ligand EIAH2 was prepared by slowly adding neat
2—~aminoethanol to an equimolar amount of neat
2,4-pentanedione. EIAH2 (5.8 g, 40 mmol) was dissolved
with stirring and heating in approximately 100 ml of

methanol. This solution was treated with 40 mmol (2.2 g)




Table 2. Results of the Elemental Analyses of Metal Complexes.

Complex % Found % Calc.

C H N c q N

*[Cu(EIA)]4 41.14  5.51 6.87 41.06 5.43 6.84
[Cu(EIA) ], CH4CN 42.68 5.61 9.29 42,65 5.60 9.33

[Ni(EIA)(CH3OH)]4 ' 41.48  6.57 - 41.42  6.53 6.04

Ni(EIA) (C,H50H) 44.40  6.99 - 43.94 6.98 5.70

Fey(DSALZ) 4+ C3Hg0 60.27 4.20 9.23 61.10 4.11 9.50

[Co(Dapo) (DapoH) ]CL, - 2H,0 21,03  6.94 16.21 20.88 6.73 16.24

*[Cu3(Dapo)2(DapoH)2]I4 13.65 3.73 10.34 13.64 3.63 10.61
Cuz(Dapac)(OAc) 41.26 5.05 6.40 41,18 5.08 6.41

*Cuz(Dapsa)(OAc) 47.39 3.81 5.83 47.39 3.78 5.82
Cuz(Dapsa)(OAc)-CHBOH 46.72  4.35 5.46 46.78  4.35 5.46

Cuz(Dapsa)(OAc) 47.48  3.88 5.94 47.39 3.78 5.82

*Cu(DapsaH) 57.00 4.44 8.01 56.73  4.49 7.79

% These complexes were dried, and formulated as the non-solvated species.

GZ
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of 85% potassium hydroxide pellets followed by 20 mmol (4.0
qg) solid cupric acetate monohydrate ., The green
nicrocrystalline material which precipitated was recovered
via filtering the hot solution and dried in vacuum. The
crude product, 0.2 g, was redissolved in 40 ml of
Z2=-butanol. The blue crystals which formed decomposed
rapidly (0.5 to 2h) upon removal from solution. Because of
this instability, crystals which were mounted had to be
coated with epoxy cement to endure the single crystal X-ray
data collection. This crystalline material exhibits a
7-10% weight loss upon decomposition in vacuo.

Cu(EIA)'%CH3CN

The preparation of this complex is identical to that
described in the previous synthesis except the green
microcrystalline powder was recrystallized from
acetonitrile.

[ Ni (EIA) (CH30H)] ,

The method of preparation followed was that of Jager
(7). Crvstals suitable for single crystal X-ray analysis
precipitated from the solution after one day. The unstable
crystal mounted, was epoxy coated to aveoid crystalline
decomposition during data collection.

[Ni(EIA)(C2H5OHH
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The method of preparation of this complex is
identical to that previously described except the
decomposed material was recrystallized in a mixture of
m-xylene and ethanol.

Fe 7(DSALZ} 3-C3HgO

The ligand (DSALZHZ) was prepared by slowly adding
hydrazine (85%) to excess (greater than two equivalents)
salicylaldehyde in a small amount of ethanol,. The
exothermic reaction yielded a bright yellow precipitate
which was recovered via vacuum filtration and dried in
vacuum for several hours, Anal. calculated for QM&RNEOE:
c, 70.00; H, 5.,04; N, 11.66. Found: C, 70.09; H, 5.03; N,
11.54.

To a warmed solution of 1 mmol (0.2 g) iron(II)
dichloride tetrahydrate in 35 ml of methanol was added
dropwise a solution of 1 mmol (0.25 g) DSALZH2 in 50 ml
methanol. The resulting deep brown solution was filtered
hot and allowed to slowly reach room temperature in a Dewar
flask. This microcrystalline material was then redissolved
in hot acetone and cooled slowly again to yield deep brown

crystals suitable for X-ray diffraction studies.

[Co(Dapo) (DapcH}] C 122H20

The method of preparation followed was that of

Okamoto and Barefield (23). To induce needle-like crystals




of good quality, the final solution was slowly evaporated
in air rather than with a stream of nitrogen.

[ Cu, (Dapo), (PapoH), ]I, "CH,0H

Cupric acetate monohydrate, 5 mmol (1.0 g), and 15
muol (1.4 g} of 1,3-diamino-2-propancl were combined in
approximately 75 ml of methanol. Subsequent addition of an
aqueous solution of 15 mmol (2.2 g) of KI to the deep blue
solution, followed by slow evaporation in air, vyielded
crystalline material adequate £for single crystal X-ray
studies.

Cuz(Dapac)(OAc)

The ligand DapacH., was prepared by treating 40 mmol

3
(4.0 g) of 2,4-pentanedione in 50 ml of ethanol with 20
mmol (1.8 g) of 1,3-diamino-2-propanol. The volume of the
solution was reduced with a rotary evaporator and the
ensuing microcrystalline powder was washed with cold
acetone. Anal. calculated for ci¥l§203 :+ C, 61,.38; H,
8.74; N, 11.02. Found: C, 61.39; H, 8.72; N, 1l.01,

A hot solution of 50 ml of ethanol and 5 mmol (1.0 g}
of cupric acetate monchydrate was treated with 6 mmol (1.5
q) DapacH3 in 25 ml of ethanol. The resulting deep blue
solution was filtered hot and slowly brought to room
temperature in a Dewar flask. After several hours, the

solution produced blue, uniform crystals suitable for

single crystal X=-ray studies.
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Cu, (Dapsa) (OAc) - 2CH CN

The ligand was prepared by slowly adding 5 ml of an
ethanolic solution of 10 mmol (0.9 g) DapoH to 40 ml of a
hot ethanolic solution containing 20 mmol (2.5 g) of
salicylaldehyde. (This preparation was followed in all
subsequent syntheses in which Dapsa-metal complexes were
prepared.)} This deep vyellow solution was then added
dropwise to )3 mmol (2.6 g) of cupric acetate monohydrate
dissolved in approximately 75 ml of ethanol. A small
portion of the green powder which separated from the dark
green solution was immediately dissolved in 10 ml of
acetonitrile and evaporated to dryness. The resulting dark
green crystals decomposed after being exposed to the air
for a few days. Therefore, the crystal mounted for X-ray
studies was coated with epoxy cement.

Cuz(Dapsa)(OAc)'CH3OH

To 50 ml of a hot methanolic solution of 10 mmol (2.0
g) of cupric acetate monohydrate was slowly added a
solution containing 5 ml of a methanolic solution (5 mmol,
1.5 g) of Dapsal; (Prepared as described above but using
methanol as the solvent.) The ensuing dark green solution
was filtered hot and left open to the air. Within a few
hours, dark green uniform crystals separated from solution.

Cu,(Dapsa} {0OAc)
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The non-solvated form in this series of compounds was
prepared as follows: To a hot suspension of 10 mmol (2.0 g)
of cupric acetate monohydrate and 50 ml of acetonitrile was
added 10 ml of an ethanolic solution containing 5 mmol (1.5
g) DapsaH3. The dark green solution which immediately
ensued was filtered hot and brought to room temperature
overnight in an insulated Dewar flask. The next day
crystals suitable for single crystal X-ray diffraction
studies were evident.

Cu(DapsaH)-CH3CN

This monomer was prepared by treating 150 ml of a hot
ethanolic solution of 25 mmol (5.0 g) of cupric acetate
monohydrate with 20 mmeol (6.0 g} of an ethanolic solution
of DapsaH ,. The o©live green powder which suddenly
precipitated was recovered and a small amount of it was
dissolved in hot acetonitrile, Crystals suitable for
single crystal X~ray diffraction studies were obtained upon
allowing the acetonitrile solution to slowly reach room
temperature in a Dewar flask. The crystalline material
decomposed very quickly (10 - 60 min) once removed from the
solution, so the crystal was coated several times with

epoxy cement to prevent decomposition.

Crystallographic Information

General




26

The intensity data for all strucures were collected
on a Syntex P2% four circle diffractometer equipped with a
highly ordered graphite monochromator (Bragg 28 angle =
12.2 degrees } using MoK, radiation ( A= 0.71069 A ) at a
takeoff angle of 6.5 degrees. The unit cell parameters and
orientation matrix were determined on the accompanying Nova
1200 Series computer (8K memory).

Unless otherwise specified, fifteen reflections,
located from initial phi rotation photographs and machine
centered, were used in the least squares refinement of the
lattice parameters and the orientation matrix. Once the
crystal system was determined, several zero level axial
reflections were collected and omega scans were completed
to assure that the crystal had a satisfactory mosaic spread
(i.e. peak widths at half height of less than 0.35
degrees). Three axial reflections were then chosen as
standards to be monitored (set to recenter if intensity
falls below 32% of the original value) after every 97
reflections. The scan width was set at 2.0 degrees for all
structures and this was sufficient to collect all of the
peak intensity.

Intensities were calculated from the total scan count
(CT) and from initial (bdg 1) and final {(bdg 2) background

counts by the relationship:

I =CT - (bdgl + bdg2)
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The intensities were assigned standard deviations according

to the equation:

o(I)=[CT+(bdgl + bd‘z)]lm

Important crystallographic data for each structure
determined are presented in Table 3.

Standard programs (30) were executed on the CDC Cyber
74 Svstem. The necessary scattering factors for all atoms
except hydrogens (31} were taken from those tabulated by
Cromer and Waber (32). The scattering factors for all
atoms in the structures with a larger atomic number than
oxygen were corrected for the real and imaginary anomalous
dispersion components (33).

Agreement factors were defined in the usual way as:
R= (:EllﬂJ'lﬂJl)/(zled)

and

Ru= L) wilfol = IRe]?/ Y wilre? 147

2
where w = 41/ 5(I) . In all least squares refinements, the

guantity minimized was w(lg}—ﬁJ )2,




Table 3.

Important Crystallegraphic Infermation for

Refined for this Thesis.

the Structures Solved and

COLCR

APPROX. SIZE (mm)

ICu(EIA)]A'CAHQOH

blue

75 x .50 x .50

CRYST. 5YS.; Moncclinic;
SPACE GROUP P2 /e (414t}
UNIT CELL PARAMETERS a = 16.141(%)
b = 11.590(3)
c = 22,863(8)
B = 108.95(4)°
Vo= 4045.3(32)
CALC. DENSITY (g cm ) 1.47
0BS. DENSITY (g em %) =

# REFLS. COLLECTED
a(1)/1

# REFLS. ACCEPTED
26 MAXIMA (deg)

RANGE OF SCAN RATE
(deg/min)

SCAN WIDTH (deg}
STANDARD REFLS.

METALS PER UNIT
CELL

FINAL R

FINAL R
W

7760 (quadrant)
.333
5093
50.00

7.32 - 29.30

2.0
006; D40; 400

16

0.081

0.095

[Ni(ELA)CHaﬂﬂla

green
.50 x .40 x .30

Orthorhembic;

P212121 #151)

a = 12,319(4)
b = 25,909(6)
c = 13,132 (4)
Vo= 4191.3(45)
1.47
4220 {octant)
.333
2818
50.00

3.45 - 29.30

2.0
400; 060; 006

16

0. 056

0. 049

Fej (DSALZ) 5 *C4HgO

dk. brown
.50 x .50 x .30

Orthothombic;
Pnna (#52t)

= 19%,502(6)
= 16.151(3)
= 14.500(7)

[~ ]

V = 4568.1{30)
1.34
1.37

4140 (octant)
.333
2068
50.00

7.32 - 29.30

2.0
4003 080; 008

a

0,083

0.093

[Co(Dapo) (DapoH) [CF - 2H,0

red
.50 x .20 x .20

Monoclinic;
C2/c {#15+)

15.959(5})
B.079(2}
10.732(2)
105.42(2}"°
13133.9(6}

LTI B ]

a
b
c
B
v

1,72
1.73
1351 (quadrant)
.333
963
50.00

4.88 - 29.30

2.0
10 0 0;060;008

4

0.038

0.040

[CUJ(DsDO)(DapoHJZII&cu3ou

blue
30 x .20 x .10

Monoclinic;
lelc (#14t)

= 12.255(4)
= 12,999(5)
= 19.873(5)
= 97,45(2)°
= 3139.5(18)

Swmn oM

z.30
2.29
6460 (quadrant)
.333
3577
50.00

4.88 ~ 29.30

2.0
600; 040;008

12

0.065

0.078

b
oo




Table 3,

(Continued).

COLOR
APPROX. SIZE (mm)

CRYST. 5¥S.;
SPACE GROUP

Cuy (Dapac} (DAc)

dk. blue
.80 x .50 x .20

Monoclinic;
PZlan

Cuy (Dapsa) (DAc) -2 CH3CN

dk. green
S50 x W30 x .30

Monoclinic;
C2/c (#15%)

Cuz(Dapia)(OAc)'CH30H

dk. green
.50 x .40 x .20

Qrthorhombic;
Pbca (#6lt)

Cug (Dapsa) (OAc)

dk. green
50 x .40 x 10

Monoclinic;
P21/c (#141)

Cu(DApaaH)'CHJCN

olive green
40 x 20 x W20

Monoclinic
P21/c (#lat)

UNIT CELL FARAMETERS a = 11.980(6) a = 19.075(4) a< 9.707(2) a = 17.968(3) a = 12.541(9)
b = 12.216(3) b = 10.549(2) b = 18.153(3) b o= 20.73L(4) b = 18.394(8)
¢ = 22.256(9) c = 11.741(3) ¢ = 22.572(9) c = 9.826(1) ¢ = 7.747(7)
B = 104.54(5)° B = 94.06(2)° B = 95.44(1) 6 = 91.16(7)°
V = 1736.5(15) V = 2356.6(8) V = 3977.2(20) V = 3643.6(9) V = 1786.7(22)

CALC. DENSITY (g cm ) 1.67 1.59 1.72 1.75 1.49

OBS. DENSTTY (g <o ) 1.85 « 1.71 1.73 «

# REFLS. COLLECTED

3395 (quadrant)

2315 (quadrant)

3914 (ogtant)

7088 (quadrant)

3509 (quadrant)

(1)1 .333 333 333 .333 . 286

# REFLS. ACCEPTED 2561 1704 2203 4025 954

26 MAXIMA (deg) 50.00 50.00 50.00 50.00 50.00

RANGE OF SCAN RATE 3.32 - 29,30 3.32 - 29.30 2,02 - 29,30 3.91 ~ 29.30 4.88 - 29.30
{deg/min)

SCAN WIDTH (deg) 2.0 2.0 2.0 2.0 2.0

STANDARD REFLS. 400; 060; 004 008;040; 600 400;060; 008 4003 060; 002 300;040;011

METAL CENTERS PER 8 8 18 16 4
CELL

FINAL R 0.041 0,050 0.054 0,066 0.078

FINAL K, 0.043 0.053 0.047 0.065 0.061

Non-standard space group setting.

)
“"International Tables for X-ray Crystallography", Vol. I, Kynoch Fress, Birmingham, England, 1952. o

Rapid crystalline decompesition prevented density determination.




Throughout this thesis all numbers in parenthesis
indicate estimated standard deviations in the 1last

significant digit.

Solution, Refinement and Description of Structures

The observed (FO) and calculated (FC) structure
factors are listed in the appendix (Tables A - J) followed
by the atomic positional and thermal parameters for each
structure (Tables X - T).

R and Rw values for each complex at various stages of
refinement are presented in Table 4. The initial residual
represents the R value which resulted from leagt sgquares
refinement of the atoms found in the Patterson synthesis
(or E-map where direct methods were used). Further
isotropic refinement of all non-hylrogen atoms located in
successive Fourier calculations lead to the residuals shown
in the third column of Table 4.

[cu(EIa)],-C4HgOH

The structure cof the epoxy coated blue crystal was
solved with 1little difficulty after 1locating from the
Patterson synthesis the four copper atoms in the asymmetric
unit. With a non-improving residual value of approximately

0.11 (coppers oxygens and nitrogens anisotrpoically

refined) a solvent molecule of 2-butanol was fit to the
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Table 4. Number of Atoms in the Asymmetric Unit, 20 Range of the Refiection Array,
NO / NV and Residual Index Values (R and Rw) at Various Stages of Refinement
for the Complexes Reported in this Thesis.

ATOMS LOC. FROM INITIAL B RON-HYDROGEN FINAL R # ATOMS LOC. 206 RANGE 0OF
COMPOUND PATTERSON SYN. INTTIAL R" ATmSRTSgTEOPIC FINAL RH' IN ASYM. UNIT REFLECTION ARRAY NO 7 NV
W
[Cu(BLA)] €, B 0K . g;’;g::: oo o P 49 7.03 - 23.82 5096 / 277
(81 (ETA) (CH,0m) ] , 4 Nickels 0z 0.0 o oo 52 3.66 - 14.96 2818 / 229
Fe, (DSALZ), C,H0 1 Iron” g:z:; g:tg g:ggg 31 4.19 - 20.28 2068 / 226
[Co (Dapo) (DapoR) 1C2, - 2H,0 ; Eg‘;éii P o-0o8 oo 15 5.69 - 23.33 963 / 97
trogens

[Cu, (Dapo) , (Dapoh) 11, Ci, 08 3 Todines” PApeH o 0 o6 52 9.31 - 25.30 3577 / 228
Cu,, (Dapac) (OAe) 2 Coppere 0.3 o008 0 0e3 n 4.23 - 21.19 2560 / 238
Cu, (Dapsa) (0Ac) - 20H,CN 1 Copper o oo ey 26 4.26 - 23.14 1704 / 177
Cu, (Dapea) (OAc) - CH,OH 2 Coppers g::§§ g:i‘:g g:gf‘? 45 3.57 - 22.91 2203 / 176
Cu, (DApaa) (OAc) 2 Coppers 0 3ee o0 o e 56 6.29 - 22.54 4025 / 315
Cu(Dapsall}: Cli,ON 1 Copper g'_g.f,‘g g:gzg g:gﬁ 26 3.30 - 14.30 954 / 110

*
Located using light atom methods,

1€




five highest peaks (avg 1.5 e/ﬂ3) in the electron density
map. Final refinement, including these additional atoms,
reduced the residual to 0.09.

Tabhles A and K of the appendix contain the structure
factors and the atomic parameters , respectively. Table 5
in this chapter lists some selected bond distances and
angles for this complex.

The complex crystallizes with four discrete,
tetrameric "cubane" moieties per wunit cell (Figure 12).
The idealized local symmetry of each copper 1s square
pyramidal. Two oxygens of the tridenﬁate ligand EIA occupy

two trans basal positions with the nitrogen chelating to a

third basal position. The remaining basal site and the
apical position are filled by the ethanolamine alkoxide
oxygens of two adjacent EIA ligands. The "cubane" unit is
composed of four tetrahedrally disposed coppers with a
tetrahedron of oxygen atoms acting as bridges. An
interesting structural aspect of this distorted cube 1is
that it assumes a tub conformation. That is, there are two
pairs of long, mutually perpendicular copper=-oxygen bonds
(2.37 - 2.43 &) while the remaining eight copper-oxygen
bonds of the cuhbe are comparatively shorter (1.94 - 1.98
8). The tub-like conformation can be easily seen in Figure
12, where the longer bonds are drawn as unfilled stick

bonds.

32




33

Table 5. Selected Interatomic Distances (&) and Angles (deg)
for [Cu(EIA)],-C,K_OH.
4 7479
n= 1 2 3 4 AVG
ATOMS DISTANCES
0(nl)-C(nl) 1.45(1) 1.44(1) 1.43(2) 1.43(2) 1l.44(D)
C(nl)-C(n2) 1.51(2) 1.53(2) 1.53(2) 1.54¢2) 1.53(1)
C(n2)-N(n) 1.49(2) 1.51(2) 1.50(2) 1.47¢2) 1.49(2)
N(n)-C(né) 1.27(2) 1.32(2) 1.33(2) 1.34¢2) 1.32(3)
C(n3)-C(n4) 1.55(2) 1.56(2) 1.51(¢2) 1.52¢2) 1.54(2)
C(n4)-C(n5) 1.42(2) 1.43(2) 1.42(2) 1.42(2) 1.42Q1)
C(n5)-C (n6) 1.39(2) 1.37(2) 1.32(2) 1.35¢2) 1.36(3)
C(m6)-C(n7) 1.52(2) 1.61(2) 1.57(2) 1.57(¢2) 1.57(4&)
C(n6)-0(n2) 1.24(2) 1.28(2) 1.31(2) 1.32(¢2) 1.29(3)
cu{(l)-Cu(n) * 3.146(2)  3.109(3)  3.314(3) *
Cu(2)-Cu(n) * * 3.314(3) 3.148(3) *
Cu(3)-Cu(n) * * % 3.131(3) *
Cu (1)-0(nl) 1.962(8) 1.946(8) * 2.425(8) *
Cu(2)-0(nl) * 1.975(8)  2.429(8) 1.976(8) *
Cu(3)-0(nl) 1.955(8)  2.367(8) 1.974(8) * *
Cu(4)-0(nl) 2.430(8) * 1.941(8) 1.959(8) *
Cu(n)-0(n2) 1.898(9) 1.923(8) 1.920(9) 1.93(1) *
Cu(n)-N(n) 1. 94(1) 1.919(9) 1.91(1) 1.93(1) *
n= 1 2 3 4 AVG
ATOMS ANGLES
Cu(n)-0(nl)-C(nl) 108.8(7) 109.8(7) 108.8(7) 110.6(7) 109.5(8)
Cu(n)-0(n2)-C6) 124.2(9) 122(1) 131(1) 120(1) 124(4)
Cu(n)-N(@)-C(n2) 110.5(8) 113.2(7) 113.5(8) 114.7(8) 113.0(15)
Cu(n)-N(@m)-C(nd) 126(1) 125.7(9)  126.4(9)  124(1) 125.5(9)
0(nl)~-Cu(n)-0(n2) 178.8(4) 180.0(3) 179.2(4) 177.1(4) 178.8(10)
O(m1)-Cu(n)-N(n) 86.3(4) 84.1(4) 85.0(4) 83.2(4)  84.7(11)
0(n2)-Cu(n)-N{n) 94.4(4) 96.0(4) 94.9(4) 96.2(5) 95.4(8)
0(nl)-C(nl)-C(n2) 109(1) 107 (1) 109(1) 107(1) 108 (1)
0(n2)-C(n6)-C(n5) 128(1) 129(2) 131(1) 127(2) 129(2)
0(n2)-C(n6)-C(n7) 116(1) 113 (1) 110(1) 111¢2) 113(2)
Cm2)-N@)-C(nd) 124(1) 121(1) 120(¢1) 120(¢1) 121(2)
N(@m)-C(n2)-C(nl) 110(1) 106(1) 107 (1) 107 (1) 108(2)
N(@)-C(n4)-C(n3) 119(1) 122 (1) 122 (1) 121(1) 121(1)
N(n)-C{(n&)-C(n5) 124(1) 122 (1) 122(1) 121(1) 122(1)
C@m3)-C{n4)-C(m5) 117(1) 116(1) 116(1) 119¢1) 117 (1)
C(n&)-C(n5)-C(n6) 124(1) 125(2) 125(1) 128(2) 126(2)
C(n5)-C(m6)-C(n7) 115(1) 118 (2) 120(1) 122(2) 119(3)
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Table 5, (Continued),

ATOMS ANGLE ATOMS ANGLE
011 - Cul - 041 81.9(3) Cul - 011 - Cu3 105.1(4)
011 - Cul - 021 86.3(3) Cul - 011 - Cué 97.4(3)
021 - Cul - 041 75.2(3) Cu3 - 011 - Cuk 90.5(3)
N1 - cul - 021 165.7 (4) Cu3 - 011 - C11 125.1(7)
N1 - Cul - 04l 115.9(4) Cu4 - 011 - cll 125.4(7)
021 - Cu2 - 031 81.0(3) Cul - 021 - Cu2 106.7(3)
021 - Cu2 - 041 86.0(3) Cul - 021 - Cu3 91.7(3)
031 - Cu2 - 041 74.2(3) Cu2 - 021 - Cu3 98.3(3)
N2 - Cu2 - 031 112.3(4) Cul - 021 - C21 123.8(7)
N2 - Cu2 - 04l 167.0(4) Cu3 - 021 - c21 122.6(7)
031 - Cu3 - 011 86.9(3) Cu2 - 031 - Cu3 96.4(3)
031 - Cu3 - 021 82.7(3) Cu2 - 031 - Cu4 91.5(3)
021 - Cu3 - 011 75.8(3) Cu3 - 031 - Cu4 106.2(4)
N3 - Cu3 - 011 168.0(4) Cu4 - 031 - C31 126.4(7)
N3 - Cu3 - 021 111.9¢3) Cu2 - 031 - €31 122.8(7)
041 - Cu4 - 011 81.9(3) Cul - 041 - Cu2 90.7(3)
041 - Cub4 - 031 86.9(3) Cul - 041 - Cué 97.6(3)
011 - Cu4 - 031 75.5(3) Cu2 - 041 - Cud 106.2(4)
N4 - Cu4 - 011 105.1(4) Cul - 041 - C4l 119.6(7)

N4 - Cué4 - 031 169.9(4) Cu2 - 041 - C41 127.2(7)




Figure 12. Stereoview of the Tetramer [Cu(ETA)];‘C, H,CH. Solvent
Molecule and Numbering Scheme for the #1 and #4 Ligands Omitted
for Clarity. Unfilled Stick Bonds Represent the Longer Bonds in
the Cu,0; Cube Moiety.

Although it is not crystallographically necessary,
the bond distances and angles for analogous parts of the
tetramer are approximately equivalent. This is evident
from the average bond distances and angles and their
standard deviation values which are listed in Table 5.

[Ni (EIA) (CHJ0H) ],

The structure was solved by direct methods using the

program MULTAN; the program was allowed to choose
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origin~defining reflections and the correct solution was
apparent from the Figure-of Merit index. Positions of all
the nickel atoms were chtained from the initial E-map and
all other non-hvdrogen atoms were located in successive
difference Fourier calculations.

Tables B and L in the appendix contain the structure
factors and the atomic parameters, respectively , for the
structure. Table 6 in this chapter lists the selected bond
distances and angles for the final structure.

The structure consists of discrete, tetrameric,
cubane~like molecules. A stereoview of the molecule is

presented in Figure 13.

Figure 13. Stereoview of the Cubane Complex [Ni(EIA)(CH30H)]4.

Although each nickel atom of the tetramer is
crvstallographically independent, the coordination
arrangement around each is very similar. Each nickel atom

is coordinated to an EIA ligand through the nitrogen and
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Table 6. Selected Interatomic Distances (A) and Angles (deg)
for [Ni(EIA)(CH30H)]4.

Atoms o ” 1 2 3 4 Avg.
Interatomic Distances
Ni{n)-0{(nl) 2.051(8) 2.032(7) 2.030(7) 2.020¢M 2.033(11)
Hi(m)-0{(n2) 1.978(8) 1.998(8) 1.996(7) 1.991(8) 1.991(8)
Ni(n)-N(n) 1.93(1) 1.98(1) 1.98(1) 1.99(1) 1.97(2)
Ni(n)-0(n3) 2,17(8) 2.245(8) 2.215(8) 2.186(8) 2.21(3)
0(nl)-C(nl) 1.45(1) 1.45(1) 1.42(1) 1.43(1) 1.44(1)
0{n2)-C{nb) 1.32(L) 1.31{L) 1.28(1) 1.32(1) 1.31(2)
0(n3)-C(n8) 1.46(2) 1.47(2) 1.44(2) 1.45(2) 1.45(1)
N{n)-C(n2) 1.49(1) 1.46(1) 1.46(1) 1.45(1) 1.47(2)
N(n)-C{n4) 1.29(1) 1.34(1) 1.33(1) 1.30(1) 1.32(2)
C{nl}-C(n2) 1.57(2) 1.54(2) 1.60¢2) 1.50(2) 1.55(4)
C{n4)-C(n5) 1.40(2) 1.41(2) 1.38(2) 1.46(2) 1.41(3)
C{(n5)-C(nb) 1.37(2) 1.32(2) 1.42(2) 1.31(2) 1.36(4)
C(n3)-C(n4) 1.56(2) 1.54(2) 1.54(2) 1.55(2) 1.55(1)
C(n6)~C{n7) 1.50(2) 1.58(2) 1.51(¢2) 1.56(2) 1.54(3)
Ni(1)-Ni{n) 3.052(3) 3.210(2) 3.056(2)
Hi(2)-Ni(n) 3.065(2) 3.198(2)
Ni(3)-81i(n) 3.056(3)
Atoms n,n' = 1,4 2,1 3,2 4.3 Avg.
Ni(n)-0{a'l) 2.054(7) 2.032(7) 2.023(N) 2.055(7) 2.037(13)
Ni(n)-0(n"1) 2.122(7) 2.112(N 2.115(7) 2.130(N 2,120(7)
Atoms 1 2 3 4 Avg.
Angles About Ni
0(m2)-NiL{n)-0Mn3) 93.1(3) 93.5(3) 95.2(3) 74.8(4) 93.9¢(9)
0(n2)=-Ni(n)-N{n) 93.9(3) 94.5(4) 93.5(3) 94.4(4) 94,1¢4)
0(n3)-Ni(n)-N{n) 92.8(3) 70.5(4) 9G.7(3) 89.3(4) 91(1)
0(nl)~-Ni{n)-0(n3) 94.5(3) 94.4(3) 93.,1(3) 113.3(3) 94.0(6)

0(nl)-Ni(n)-0(n2) 172.1(3) 170.8(3) 171.4(3) 171.6(3) 171.5(5)
0(nl)-Ni(n)-N{n) 83.8(3) 83.7(3) 84.4(4) 83.8(3) 83.9(3)




Table 6. (Continued).
Atous n,n' = 1,4 2,1 3,2 4,3 Avg.
N{n)~-Ni(n)-0(n'1l) 165.8(3) 164.1(4) 166.1(3) 165.6(3) 165.4(8)
0(n2)-81i(n)-0(n'l) 99.3(3) 99.8(3) 98.5(3) 98.3(3) 99.0(6)
0(nl)-Ni(n)-0(n'1l) 83.8(3) 83.3(3) 84.7(3) 84.6(3) 84.1(6)
G(n3)-Ni(n)-0(n'l) 81.3(3) 101.6(3) 81.3(3) 87.6(4) 83(3)
Atoms n,n',n" = 1,4,3 2,1,4 3,2,1 4,3,2 Avg.
O{n'1)-Ni(n)}-0(n"1) 82.9(3) 82.8(3) 81.5(3) 81.5(3) 82.0(5)
0(nl)-Ni(n)-0(n"1) 78.6(3) 79.1(3) 79.3(3) 79.0(3) 79.0(3)
0(n3)-Ni({n)-0(n"1) 162.6(3) 171.8(3) 161.8(3) 162.7(3) 165(4)
N(a)=-Ni(n)-0(n"1) 102.2(3) 103.5(3) 105.0(3) 104.5(4) 104(1)
0(n2)-Ni({n})-0(n"1) 94.6(3) 92.5(3) 93.2(3) 93.5(3) 93.5(8)
Atoms D 1 2 3 4 Avg.
Ligand Angles

Ni{n)-0{nl)~C(nl} 107.8(6) 107.3(6) 108.9(6) 107.6(5) 107.9(6)
Q(nl)=-C(nl)~C{(n2) 109.3(9) 109.8(9) 108.9(9) 111.2(8) 109.8(9)
C(nl)-C{(n2)-N{(n) 109.1(9}) 109.3(9) 11041) 111(1) 110(1)
N(n)-C(n4)-C(a3) 117(1) 118(1) 120(1) 119(1) 118(1)
N{n}-C{n4)-C(n5) 12241} 123(1) 122(1) 123(1) 122(1)
C(n4)-C(n5)~C{n6) 131(1) 1z9(1) 130(1} 128(1) 130(1)
C{n5)-C{n6)~C(n7) 123(1) 120(1) 121(1) 119(1) 121(1)
C{n5)=C{n6)-0{n2) 123(1) 129(1) 124(1) 127(1) 126(2)
C(n6)-0(n2)-Ni(n) 124.2(7) 121.3(7) 124.5(7) 122.5(8) 123(1)
Ni{n)-0{n3)}-C{n8) 126.3(8) 127.2(8) 129.2(7) 120.6(8) 126(3)
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two oxygen atoms of the ligand. In addition, each nickel
atom 1is coordinated to methanol oxygen and to the alkoxide
oxygen atoms, 01, of two adjacent ligands. The numbering
system employed is identical to that used in the complex
[Cu(EIA)h-C4%;OH with the additional methanol molecule of
the nickel structure labeled as 0(n3) and C(n8). The
coordination about each nickel is tetragonally-distorted
octahedron. The three donor atoms of the coordinated
ligand and one bridging alkoxide from an adjacent ligand
form the basal plane with the shorter distances (1,93 -
2.06 &). The methanol oxygen and the other alkoxide oxygen
occupy the axial positions with the longer distances (2.11
- 2.25 R). The methanol coordinated to Ni(2) is bent
toward the nitrogen (N2} to give an angle of 70.4 degrees
compared to the average angle of 91,0 degrees. The
methanol coordinated to Ni(4) is bent toward 02 to give an
angle of 74.8 compared to an average angle of 93.9 degrees
for the other three groups.

Fe; (DSALZ)3*C3Hg O

The structure was solved by direct methods using the
programn MULTAN; the program was allowed to choose
origin-defining reflections and the correct solution was
apparent from the Figure-of-Merit index. The iron(III)

atom was located from the E-map and all other non-hydrogen
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atoms were found in the successive difference Fourier
calculations.

Table C and M in the appendix contain the structure
factors and the atomic parameters from the final
refinement, respectively. Table 7 presents the selected
bond distances and angles for the complex.

Fez(DSALZL§C3H60 crystallizes as discrete dimers.
The asymmetric unit contains one half of a dinuclear unit;

the numbering svstem for the molecule is shown 1in Figure

14,

»_(__I(n) C{n2)
Fe(i)"“..--”. c‘""/ C(n3)
: n=1,2,3
————*N&) Cine) //fh“
c(nrl/ \C(nS)

Figure 14. Numbering Scheme for Fez(DSALZ)3.

The two-fold symmetry imposed by the space group Pnna
generates the remaining portion of the dimer (Figqure 15).
The iron atom is octahedrally coordinated to three oxygens

and three nitrogens in a facial manner. The two octahedra



Table 7. Selected Bond Distances (A) and Angles (deg) for the
Complex FeZ(DSALZ)B'C3H60.

n= 1 2 3
ATOMS DISTANCES
Fe(1)-0(n) 1.906(8) 1.907 (9) 1.906(7)
Fe(1)-N(n) 2.189(9) 2.17(1) 2.188(8)
0(m)-C(nl) 1.32(2) 1.27(2) 1.30(1)
N(n)-C(n7) 1.32(1) 1.30(2) 1.30(¢1)
C(nl)-C(n2) 1.43(2) 1.42(2) 1.42(1)
C(n2)-C(n3) 1.36(2) 1.39(2) 1.38¢2)
C(n3)-C(nd) 1.37(3) 1.34(2) 1.36(2)
C(n4)-C(n5) 1.40(2) 1.43(2) 1.40(2)
C(m5)-C(n6) 1.46(2) 1.42(2) 1.38(2)
C(n6)Y-C(n7) 1.45(2) 1.47¢2) 1.43(2)
C(n6)-C(nl) 1.37(2) 1.44(2) 1.42(1)
B(n)-N(n") * ® 1.39(1)
Fe(n)=-Fe(n') 3.944(4) * *
ANGLES
Fe(1)-0(n)-C(nl) 135.9(9) 136.9(9) 133.3(7)
Fe(1)-N(n)-C (n7) 127.2(8) 127.8(8) 124,7(7)
0(n)-C(nl)-C(n2) 118(1) 120(2) 119(1)
0(n)-C(nl)-C(n6) 123(1) 122 (1) 123(1)
N@m)-C(n7)-C(n6) 122(1) 122¢1) 126¢1)
C(n6)-C(nl)-C(n2) 119(1) 117 (2) 118.5(9)
C(nl)-C(n2)-C(n3) 120(2) 120(2) 121 (1)
C(n2)-C(n3)-C(n4) 123(2) 124(3) 121(1)
C(n3)-C(n4)-C(n5) 120(1) 119(2) 119(2)
C(nd)-C(m53)-C(nd) 117 (2) 119(2) 118(2)
C(n3)-C(n6)-C{n7) 112(1) 115¢2) 116(1)
C(m5)-C(n6)-C(nl) 122 (1) 121(1) 121(1)
C(m1)-C{n6)-C(n7) 126(1) 124(1) 123(1)

All atom parameters given for atoms within asymmetric unit.



Table 7. (Continued).

ATOMS ANGLE ATOMS ANGLE
N(2')-Fe(1)-0(3) 168.5(3) 0(1)-Fe(1)~0(3) 100.1(4)
N(3)-Fe(1)~0(1) 168.4(3) 0(1)-Fe(1)-N(1) 84.7(4)
N(1)-Fe(1)-0(2') 169.7(4) N(3)-Fe(l)-N(2") 83.6(3)
0(2')-Fe (1)-0(1) 98.4 (4) N(3)-Fe(l)-0(3) 85.0(3)
0(2")-Fe(1)-N(2') 84.5(&) N(3)-Fe(1)-N(1) 84.6(3)
0(2")-Fe(1)-0(3) 94.9(4) N(1)-Fe(1l)-N(2") 85.6(4)
0(2")-Fe(1)-N(3) 91.5(4) N(1)-Fe(1)-0(3) 94.2(4)

0(1)-Fe(1)-N(2") 91.3(4)

X related to X' by the symmetry transformation: x,1/2-y,1/2-z
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composing the dimer {Fe(l) - Fe(l') dist. = 3.944 <%) do
not share a common face but rather are separated by the
distance of the N=N azine bond (1.39 ﬁ), The site midway
between the Fe(l) and Fe(l') atoms assumes a trigonal
prismatic geometry with respect to the two faces. There is
an average deviation of 24 degrees away from the eclipsing
of the nitrogen atoms. Each crystallographically
independent ligand has similar structural paramaters.

Two complete data sets were collected on separate
crvstals in an effort to satisfactorily refine this
structure. Although the second specimen gave much stronger
diffraction, the structure did not refine below an R value
of 0.12. Based on the analytical results and several peaks
in. the difference fourier (range 1.1 - 1.8 e/§3), an
acetone molecule postioned on the two-fold axis was found
to to best fit the observed data. Disorder problems
prevented sharp refinement of the solvent atoms so the
fractional coordinates and temperature factors of these
atoms were input at fixed values.

The magnetic moment of this complex shows a slight
decrease (5.5 - 5.1 BM) with temperature (298 - 98 °K); the
values are in the normal range for a high spin d5 complex.

[Co(Dapo)(DapoH)]Q£2-2H20
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Due to the number of molecules in the unit cell, the
position of the cobalt atom in the asymmetric unit was
fixed at the special position (.00, .00, .00). The
successive difference Fourier calculations revealed the
positions of the remaining non-hydrogen atoms and also one
hydrogen atom (HBND) . Other hydrogens were located
geometrically (C - H dist.= .95) and included in the final
refinement, varying their positional parameters and setting
their temperature factors at 5.0.

Tables D and N in the appendix contain the structure
factors and atomic parameters, respectively. Table 8 lists
the selected interatomic distances and angles for the
complex.

Local geometry around the cobalt atom is octahedral
with a slight trigonal distortion due to the chelation of
the tridentate ligand. The oxygen atoms of the Dapoc and
DapoH ligands are trans to each other and, since the cobalt
atom is on an inversion center, the bond distances of the
cobalt to the protonated and deprotonated oxygens are
crvstallographically equivalent (as are the analogous
cobalt-nitrogen bhond distances).

The gross crystal structure revealed octahedral units

interacting through hydrogen bonding along the

crvstallographic c-axis, to form infinite 1linear chains




Table 8. Selected Interatomic Distances (&) and Angles (dep) for

[Co(Dapo)(DapoH)]C£2'2H20.asb

ATOMS DIST. ATOMS DIST.

Col - 01 1.901(3) N2 - C2 1.500(5)
Col - N1 1.963(4) C2 - C3 1.514(6)
Col - N2 1,967(3) Cl - C3 1.517(6)
01 - C3 1.438(5) oL -o01"" 2.420(6)
Nl -C1 1.496(5) 0l - HBND 1.01{13)
HBND - HBND'' 0.60(20) 01 - HBND'!' 1.46(13)

ATOMS ANGLE ATOMS ANGLE
0l - Col - N2 86.7(1) Col - N1 - Cl 107.3(2)
01 - Col - N1 86.7(1) Col - N1 - C2 107.3(2)
N1 - Col - N2 85.7(1) 0l - C3 -C2 104.9(3)
01 - Col - N1 93.3(1) 01 - C3 -Cl1 107.1(3)
01 - Col -~ N2!' 95.9(1) C3 - Cl -~ N1 107.1(3)
N1 - Col - N2! 94.,3(L) C3 - C2 - N2 107.8(3)
Col - 01 - C3 101.4(2) 01 - HBND - O1'' 156.5(5)

a X related to X' by inversion.
b X related to X'' by the transformation; -x,y,Ll/2-z.
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(Figure 16). The distance between the oxygens involved in
hydrogen bonding {(0(l) and O(1'')) is 2.42 A. Although the
hydrogen (HBND) is required by symmetry to be on a two-fold
axis and to be equidistant from the oxygens, when the
positional parameters of this hydrogen were refined, the
highest point of electron density refined off of the two
fold axis. This implies that the hydrogen is disordered in

the structure.

[CuB(Dapo)z(DapoH)ZIIA-CH OH

3

The positions of the three iodine atoms were obtained

by using the program MULTAN; the program was allowed to
choose origin-defining reflections and the correct solution
was apparent from the Fiqure-of-Merit index. The remaining
non-hydrogen atoms were located in successive difference
Fourier calculations.

Tables E and O in the appendix 1list the structure
factors and atomic parameters , respectively. Table S
contains the selected interatomic distances and angles for
the trimer,

The compound crystallizes in discrete, trimeric
units. The trinuclear cation (Figure 17) contains a
central,
four coordinate copper(II) chelated to the two deprotonated

ligands through the oxygen and one nitrogen of each ligand

with a cis arrangement. Each of the deprotonated ligands is
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Figure 16, Molecular Structure of the Cation [Co(Dapo)(DapoH)]2+.
Dashed Bonds Indicate Intermolecular Linear Chafn H-bonding.
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Figure 17. A View of the Trinuclear Cation of the Complex
Whose Formula is [Cu3(Dapo)2(DapoH)2]14-CH30H. Hydrogen
Atoms Omitted for Clarity.



also coordinated to a terminal copper(lI) through the
oxygen (bridging) and the remaining nitrogen. The square
planar coordination of each terminal copper (II) is
completed by the two nitrogens of a neutral ligand; the
alcohol groups of the neutral ligand are not coordinated.
The Cul - Cu2 - Cu3 angle is 95.8 degrees. Although there
is no crystallographic symmetry imposed on the molecule,
analogous bond distances and angles within the molecule are
equivalent (Table 9).

The least squares plane analyses (Table 10.) for the
trimeric species revealed that of the three metal
coordination spheres, the central one 1is most distorted
from planarity. However, a terminal copper(1I), Cu(l),
lies farthest from the best fit plane (0.213 2) compared to
cu(2) and Cu(3) 1lying only 0.022 ® and 0.099 R ,
respectively, from the plane.

The results of the variable temperature magetic study
for the trimer are presented in Table 11.

CL&(Dapac) (OAc)

The two copper(I1) atoms in the asymmetric unit were
located via a Patterson synthesis. The remaining
non-hydrogen atoms were found from successive difference
Fourier calculations. All hydrogen atoms were located
geometrically (C - H dist = 0.95 ) and their parameters

refined, setting the temperature factors constant at 5.0,

49
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Table 9. Selected Interatomic Distances (R) and Angles (deg) for
[CuB(Dapo)z(DapoH)zlIA'CH3OH.

ATOMS DIST. ATOMS DIST.
Cu(l) - cu(2) 3.368(4) N(11) - C(11) 1.46(2)
Cu(2) - Cu(3) 3.394(3) N({12) - C{13) 1.48(3)
Cu(l) - 0(1) 2.02(1) N{21) - €(21) 1.47(3)
Cu{l) - N(12) 2.02(2) N(22) - C(23) 1.49(3)
Cu(l) - N(41) 2.03(2) N(31) - C(31) 1.44(2)
Cu(l) - N(&2) 2.05(2) N{32) - C{(33) 1.48(3)
Cu(2) - O(D 1.99(1) N{41) - C(41) 1.50(3)
Cu(2) - 0(2) 1.96(1) N{42) - C(43) 1.42(3)
Cu(2) - N(11) 2.00(2) c(1l) - ¢c(12) 1.54(3)
Cu(2) - N(21) 2.01(2) c{12) - c(13) 1.53(3)
Cu(3) - 0(2) 2.00(1) c(21) - ¢(22) 1.50(3)
Cu(3) - N(22) 2.03(2) €(22) - €(23) 1.53(3)
Cu(3) - N(31) 2.02(2) C(31) - €c(32) 1.52(3)
Cu(3) - N(32) 2.03(2) c(32) - Cc(33) 1.53(3)
o(1) - ¢c(12) 1.41(2) C(41) - C(42) 1.54(3)
0@2) - Cc2) 1.45¢2) C(42) - C(43) 1.59(3)
0(3) - C(32) 1.45(2) 0S0LV - CSOLV 1.33(3)
0(4) - Cc(az) 1.45(3)

ATOMS ANGLE ATOMS ANGLE
0(1l)-Cu(l1)-N(41) 92.3(6) 0(1)-Cc(12)—C(11) 109(2)
O(1)-Cu(l)-N{(12) 83.3(6) 0(1)-c(12)-c(13) 109(2)
N(12)-Cu(1)-N(42) 92.3(7) N(11)-Cc{11)-C(12) 109(2)
N{41)-Cu(1)-N(42) 89.7(7) N(12)-c(13)-Cc({12) 109(2)
0(1)-Cu(2)~-0(2) 94.0(5) C(11)-c{12)-Cc(13) 112(2)
C(1)-Cu(2)-N{11) 86.1(6) Cu(2)-0(2)-Cu(3) 118.2(6)
0(2)-Cu(2)-N(21) 85.7(6) Cu(2)-0(2)-Cc(22) 112 (1)
N{11)-Cu(2)-N(21) 99.8(7) Cu(2)-N(¢21)-C(21) 105(¢1)
0(2)-Cu(3)-N(22) 84.5(6) Cu(3)-0(2)-c(22) 112(1)
0(2)-Cu(3)}-N(31) 91.4(6) Cu(3)-N{(22)-C(23) 106(1)
N{22)-Cu(3)-N(32) 92.7(6) 0(2)-C(22)-C(21) 111¢2)
N{31)-Cu(3)-N{(32) 91.0(7) 0(2)-C(22)-C(23) 108(2)
Cu(2)-N(11)-c(11) 107(1) N(21)-C{21)-Cc(22) 110(2)
Cu(2)-0(1)-C(12) 110(1) N(22)-Cc(23)-Cc(22) 109(2)
Cu(l)-0(1)-Cu(2) 114.4(6) €(21)-c(22)-c(23) 111(2)
Cu(l)-0(1)-Cc(12) 113(1) Cu(3)-N(31)-C(31) 116{1)
Cu{l)-N(12)-C{13) 108(1) Cu(3)-N(32)-C(33) 120(1)
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Table 9. Continued).

ATOMS ANGLE ATOMS ANGLE
0(3)-Cc(31)-C(32) 110(2) Cu(1)-N(42)-C(43) 118¢2)
0(3)-Cc(32)-Cc(33) 108(2) 0(4)-C(42)-C(41) 109(2)
N{31)-C(31)-C(32) 115(2) 0(4)-C(42)-C(43) 105(2)
N(32)-C{(33)-C(32) 114(2) N{41)-C(41)-C(42) 111(2)
C(31)-C(32)-C(33) 113(2) N(42)-C(43)-C(42) 114(2)
Cu(l)-N{41)~C(41) 118(1) C(41)—-C(42)-C(43) 113(2)




Table 10. Least Squares Plane Analyses for the complex
[Cu?’(Dapo)z(DapoH)z]IL}'CHEOH.E"b
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=4 -]
ATOM DEVIATION (A) ATOM DEVIATION (A)

(a) Equation of the plane involving N(21), 0(2), 0(1) and N(11):

0.8620x + 0.4658y + 0.2001lz = 6.2324

o(1) -0.419 N(21) -0.
0(2) 0.269 Cu(2) 0.
N(11l) 0.320
(b) Equation of the plane involveng 0(1), N(12), N(42)
-0.7866x + 0.5403y + 0.2988z = 0.8074
0(1) 0.097 N(42) 0.
N(12) ~0.081 Cu(l) 0.
N(41) -0.073
(c) Equation of the plane involving 0(2), N(22), N(31)
-0.1606x - 0.9475y + 0.2764z = -4.3711
0(2) -0. 046 N{(32) -0.
N(22) 0. 046 Cu(3) -0.
N(31) 0.049

235
022

and N(41):

029
213

and N(32):

047
099

aDirec;ion cosines of the plane refer to the orthogonal
a,b,c .

bAll atoms weighted at unity.

axis system
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Table 11. Diamagnetic Correction (Xdia)’ Molar

corr

Susceptibilities (xM ) and Effective Moments

(ueff) for the Complex [Cu3(Dap0)2(Dap0H)z]Ia'CH3OH.

T (°K) XMcorrx 106cgs Mage (BM)
Xdia_ -0.000162
298 1011 1.57
278 1044 1.53
258 1115 1.52
238 1172 1.50
218 1215 1.46
198 1277 1.43
178 1319 1.38
158 1395 1.33
138 1476 1.28
118 1556 1.22

98 1717 1.17
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Tables F and P in the appendix contain the structure
factors and atomic parameters, resectively, for the
dinuclear complex. Selected bond distances and angles for
the complex are listed in Table 12. In Table 13 are
presented the results of the least squares plane analyses
for the coordination spheres about the copper (II) atoms.
The coordination sphere of Cu(l) shows larger deviations
from planarity than that of Cu(2), but both are
significantly distorted.

The copper (II) complex with Dapac and OAc as ligands
exists as discrete, binuclear molecules in the solid state
(Figure 18) The two copper(II) atoms are four coordinate
and bridged by both the isopropoxide oxygen of Dapac and
the oxygens (three atoms bridge) of the acetate ligand.
The remaining two coordination sites on each copper(II) are
filled by the alkoxide oxygens and the imine nitrogens of
the pentadentate, binucleating ligand.

An interesting structural feature of the dinuclear
compound is the dihedral angle hetween the two coordination
spheres of the coppers, 123 degrees, The bent nature of
the complex is discussed later with regard to the magnetic
properties which it exhibits.

Variable temperature magnetic studies were undertaken

and the results are listed in the first column of Table 19.

Cu 2(Déitpsa) {OAc) = 2CH LN




55

Table 12. Selected Interatomic Distances ( A) and Angles (deg)
for Cuz(Dapac)(OAc).

ATOMS DIST. ATOMS DIST.
Cu(l) - 0(11) 1.882(3) cu(2) - 0(21) 1.884(3)
Cu(l) - 0(31) 1.938(3) Cu(2) - 0(31) 1.916(3)
Cu(l) - 0(41) 1.938(3) Cu(2) - 0(42) 1.941(3)
Cu(l) - N(11) 1.907 (4) Cu(2) - N(21) 1.903 (4)
0(11) - c(12) 1.281(6) 0(21) - €(22) 1.285(5)
0(41) - C(41) 1.244(5) 0(42) - C(41) 1.248(5)
N(11) - C(14) 1.303(5) N(21) - C(24) 1.302(6)
N(11) - C(31) 1. 461(6) N(21) - ¢(33) 1.461(6)
c(1l) - C(12) 1.523(7) c(21) - c(22) 1.523(7)
c(12) - c(13) 1.361(7) €(22) - ¢(23) 1.370(6)
c(13) - c(14) 1.422(7) C(23) - C(24) 1.409(6)
C(14) - C(15) 1.509(7) C(24) - C(25) 1.504(6)
C(31) - C(32) 1.515(6) €(32) - €(33) 1,507 (6)
Cu(l) - Cu(2) 3.225(2)

0(31) - ¢(32) 1.428(5)
C(41) - C(42) 1.507 (6)

ATOMS ANGLE ATOMS ANGLE,
0(11)-Cu(1)-0(41)  88.6(1) 0(21)-Cu(2)-0(42)  88.3(1)
0(31)-Cu(1)-0(41) 92.0(1) 0(31)-Cu(2)-0(42)  91.8(1)
0(11)-Cu(1)-0(31)  170.0(1) 0(21)-Cu(2)-0(31) 173.1(1)
0(11)=-Cu (1)-N(11) 94.6(1) 0(21)-Cu (2)-N(21) 95.2(1)
0(31)-Cu(1)-N(11)  86.2(1) 0(31)-Cu(2)-N(21)  86.2(1)

, 0(41)-Cu(1)-N(11) 171.5(1) 0¢42)-Cu(2)-N(21) 167.3(1)
Cu(l)-0(31)-C(32) 111.6(2) Cu(2)-0(31)-C(32) 110.2(2)
Cu(1)-0(11)-C(12)  124.9(3) Cu(2)-0(21)}-C(22)  124.5(3)
Cu(l)-0(41)-C(41) 129.1(3) Cu(2)-0(42)-C(41) 131.5(3)
Cu(l)-N(11)-C(31)  111.8(3) Cu(2)-N(21)-C(33) 111.3(3)
Cu(1)-N(11)-C(14) 126.8(3) Cu(2)-N(21)-C(24) 126.1(3)
C(31)-N(11)-C(14)  121.3(4) C(33)-N(21)-C(24)  122.5(3)
0(11)-C(12)-C(11)  113.6(4) 0(21)~C(22)-C(21) 114.1(4)
0(31)-C(32)-C(31)  109.4(3) 0(31)-C(32)-C(33) 109.3(3)
0(41)=C(41)-C(42)  117.1(4) 0(42)-C(41)~-C(42) 116.3(4)
N(11)-C(14)-C(13)  121.1(4) N(21)-C(24)-C(23)  121.9(4)

N(11)-C(14)-C(15) 120.7(4) N(21)-C(24)-C(25) 121.2(4)
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Table 12, (Continued).

ATOMS ANGLE ATOMS ANGLE
C(11)-C(12)-C(13) 120.1¢(4) C(21)-C(22)-C(23) 120.0(4)
C(12)-C(13)-C(14) 126.0(4) €(22)-C(23)-C(24) 126.3(4)
C(13)-C(14)-C(15) 118.1(4) C(23)-C{(24)-C(25) 116.9¢(4)
Cu(1)-0(31)-Cu(2) 114.6(1)

C{(31)-C(32)-C(33) 112.3(4)
0(41)Y-C(41)-0(42) 126.6(4)




57

Table 13. Least Squares Plane Analyses for the complex
Cuz(Dapac)(OAc).a’b

o =]
ATOM DEVIATION (A) ATOM DEVIATION (A)

(a) Equation of the plane involving 0(11), 0(31), 0(41) and N(11):

-0.3674x ~ 0.1036y + 0.9242z = -2.5267

0(11) -0.825 N(11) 0.224
0(31) 0.865 Cu(1) 0.160
0(41) 0.378

(b) Equation of the plane involving 0(21), 0(31), 0(42) and N(21):

-0.1419x 4+ 0.9575y + 0.2513z = 1.9864

0(21) 0.146 N(Q21) -0.196
0(31) 0.150 Cu(2) 0.336
0(42) -0.153

a .. . . ;
Direction cosines of the plane refer to the orthogonal axis
system a,b,c”.

b All atoms weighted at wnity.



Figure 18. View of the Bent Dinuclear Complex Cuj(Dapac) (0Ac) with Numbering
Scheme Shown.

B8S
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The one copper(II) atom in the asymmetric unit was
easily located form the Patterson synthesis. The remaining
non-hydrogen atoms were located from successive difference
Fourier calculations. All hydrogen atoms were found
geometrically (C - H dist = .95) and their positional
parameters were refined, setting their temperature factors
constant at 5.0.

The asyvmmetric unit contains only half of a dinuclear
moiety; the remaining part 1is generated by the symmetry
transformation (two-fold axis): -x,y,l1/2-z, The nearest
neighbor molecule is generated by inversion.

Tables G and  contain the structure factors and
atomic parameters, respectively. Values of bond distances
and angles for this complex, listed in Tahle 17 and 18,
respectively, are compared to the wvalues for the other
complexes in this series.

The binuclear complexes (Figure 19) strongly interact
with one another along the crystallographic c-axis to form
one-dimensional chains (Fiqure 20). The dinuclear molecule
is best described as containing two four-coordinate
copper(1l) atoms bridged by both the isopropoxide oxygen
and the oxvgens (three atom bridge) of an acetate group.
The coordination sphere of each copper(II) is completed by

the phenoxide oxygens and the imine nitrogens of the




Figure 19. View of the Molecule Cus (Dapsa)(OAc)'2CH3CN Omitting the Two
Acetonitrile Molecules of Selvation. The Dashed Line Indicates
the Two-Fold Symmetry Axis Imposed hy the Space Group C2/c.

09




Figure 20.

A View of the Intermolecular Infinite Chain Interactions in the Crystal
Structure of Cuj(Dapsa)(0Ac) 2CH4CN. Acetonitrile Molecules of
Solvation Omitted for Clarity.

19
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binucleating ligand Dapsa. Four membered rings are formed
intermolecularly which propagate the infinite chain along
the c=axis. These four membered rings consist of two
copper (II) atoms bridged by the phenoxide oxygens of Dapsa.
The intramolecular Cuf{l) - Cu(l') distance (3.463 3) is
agreater than the intermolecular Cu(l) = Cu(l'') distance
(3.235 &).

The least squres plane analyses (Table 14) for the
copper (I1) coordination sphere shows little deviation from
square planar geometry. The least squares plane analysis
for the entire molecule emphasizes Jjust how planar the
molecule really is. The largest deviation is found for the
atom 0(2) (0.623 g).

The results of the magnetic study are listed in the
second grouping of Table 19, along with the
susceptibilities of the other compounds in this series.
Since the complex decomposes to the non-solvated species in
vacuum, the molar magnetic susceptibilities recorded were
calculated using the non-solvated formulation of the
complex.

CuéDapsa)(OAc)'CH30H

The two copper {(II) atoms in the asymmetric unit were

easily located from a Patterson synthesis. The remaining

atoms were found in successive difference fourier




Table 14. Least Squares Plane Analyses for the Complex
Cuz(Dapsa)(0Ac)'2CHBCN.asb

-] Q
ATOM DEVIATION (A) ATOM DEVIATION (A)

(a) Equation or the plane involvimng 0(1), 0(2), 0(3) and N(1):

0.8431x - 0.0788y + 0.5320z = 1.3778

o) -0.082 N(L) 0.080
0(2) -0.090 cu(l) -0.073
0(3) 0.073

(b) Equation of the plane involving the set atoms in a dimer:©

0.7700x + 0.0104y + 0.6379z = 1.7539

Cu (1) -0.318 Cu(l'") 0.234
0(1) -0.034 c(1) -N.020
0(2) -0.623 o(2") 0.525
0(3) -0.256 o(3") 0.134
N(1) ~-0.081 N(1') 0.035
Cc(2) -0.040 c@2h) 0.014
c(3) 0.084 c@3'") -0.123
C(4) 0.029 c(a") -0.085
c(5) 0.342 c(5") -0.386
c(6) 0.295 c(e") -0.355
c(7) -0.076 c(7") -0.012
c(8) -0.387 c(s") 0.287
c(9) -0.326 c(e") 0.242
€ (10) -0. 067 Cc(11) -0.082

% Direction cosines of the plane refer to the orthogonal axis
system a,b,c” .

b All atoms weighted at unity.

¢ X related to X' by the symmetry transformation: -X,¥,1/2~2.
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calculations. All hydrogen atoms were located
geometrically (C =~ H dist = 0.95) and their positional
parameters refined, setting their temperature factors
constant at 5.0,

Tables H and R list the structure factors and atomic
parameters, respectively. The bond distances and angles
are listed under the second column heading in Table 17 and
18, repectively.

The compound forms discrete, dinuclear units in the
solid with the two four-coordinate copper(II) atoms being
bridged by the isopropoxide oxygen and the oxygens (three
atom bridge) of the acetate group. The coordination sphere
of each copper(II) is completed by the phenoxide oxygens
and imine nitrogens of the pentadentate ligand (Figure 22,
Table 15 ). The crystal structure of the complex adopts a
rather unusual, vyet efficient method of packing. This is
illustrated in the accompanying ORTEP {Figure 21). The
planar comp lexes are held in this orientation with
virtually no intermolecular interaction (closest approach

cu2-c4' = 3.167 8, cu=-Cu’ dist = 3.832 K).

The magnetic susceptibilities at various temperature
are 1listed in the third set of parameters listed in Table

19.

Cu p(Dapsa) (OAc)
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Figure 21, Stereoview of the Unit Cell and Packing
Diagram for the Complex CuZ(Dapsa)(OAc)'CH3OH.

Only two of the four copper(II) atoms in the
asymmetric unit could be located from the rather
complicated Patterson synthesis. In the following
difference Fourierx the remaining two copper(iII) atoms were
located aleng with the atoms in the coordination sphere of
each metal. The remaining atoms were found from successive
difference Fourier calculations.

Tables I and S in the appendix contain the structure
factors and atomic parameters, respectively , for the

complex. Selected bond distances and angles are listed in

the  thirxd group of parameters in Tables 17 and 18

respectively. In these tables the equivalence of the

analogous portions of the molecule is easily seen,




Figure 22. View of the Molecule Cu,(Dapsa) (OAc)'CH30H Omitting
the Methanol Molecule of Solvation.

99




Table 15, Least Squares Plane Analyses for the Complex
Cuz(Dapsa)(OAc)'CH3OH.a.b
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ATOM

-3
DEVIATION (A)

ATOM

Q
DEVIATION (A)

(a) Equation of the plane involving 0(1), 0(2), 0(3) and N(1):

0(1)
0(2)
0(3)

(b) Equation

(

0(1)
02"
o@GE")

¢) Equation of the plane involving the set of atoms in a dimer:

Cu(l)
0(1)
0(2)
0(3)
N(1)
c(2)
c(3)
C(4)
c(5)
c(6)
c(7)
C(8)
C(9)
C(10)

-0,2102x - 0.7454y + 0.6327z =

-0.

-0.
0.

of the plane involving 0(1), 0(2'), 0(3') and N(1'):

113
112
119

N(1)
Cu(l)

-0,3214x - 0.6431y + 0.6950z =

-0.
-0,
0.

015
016
016

N(")
Cu(2)

-0.2887x - 0.6505y + 0.7026z =

0.
0.
-0
0
0.
0
0
0
0
0

043
181

.333
. 068

257

.493
.267
.082
.186
. 049
.292
L417
.236
.193

Cu(2)
c(1)

0(2")
03"
N(")
ce2")
c(3")
c(4™
c(is")
c(a")
c(7"
C(8")
c(9")
c(11)

-1.7326

0.
a.

-1.5946

0.
0.

-1.7908

139
010

016
061

.286
104
.236
.302
.179
374
.076
.153
.425
.507
.163
.086
.070
.262

% Direction cosines of the plane refer to the orthogonal system

b

a,b,c*.

All atoms weighted at unity.
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The two independent dinuclear molecules are similar
in gross structure. Two four-coordinate copper (II} atoms
are bridged by an isopropoxide oxygen of the Dapsa ligand
and by the oxygens (three atom bridge) of the acetate
group. The remaining coordination sites at each copper (IT)
are filled by the phenoxide oxygens and the imine nitrogens
of the ligand. The two crystallographically independent
molecules are illustrated in Figure 23 as they occur in the
asymmetric unit.

The least squares plane analyses of the coordination
spheres of the metal atoms shows only minor deviations from
idealized square planar geometry {(Table 16)}. The overall
planarity of the molecule is evident from the results
listed in the last two analyses of Table 16.

The magnetic susceptibilities at various temperatures
are reported in the fourth set of values listed in Table
19.

Cu(DapsaH)-CH3CN

The one copper (IX) atom in the asymmetric unit was
located wvia a Patterson synthesis. All the coordinating
atoms were found on the first difference Fourier

calculation, with the remaining atoms being located on

successive Fourier electron density maps.



Figure 23,

Asymmetric Unit and Numbering System for the Dinuclear
Complex Cuz(Dapsa)(OAc).
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Table 16 . Least Squares Plane Analyses for the Complex
CT.12(Dapsz-1)(OAc)."’l’b
-] Q
ATOM DEVIATION {(A) ATOM DEVIATION (A)
(a) Equation of the plane involving 011, 021, 031 and N1l:
0.0646x — 0.6018y + 0.7961lz = -1.0949
011 -0.058 N11 0,060
021 ~0.104 Cu{l) 0.012
031 0.134
(b)Y Equation of the plane involving 011, 02'1, 03'1 and N1'1:
~0,1686x — 0.5949y + 0.7859z = -1.4974
011 -0.163 N1'1 0.121
02'1 -0.111 Cu(2) 0.017
03'1 0.222
{(c) Eguation of the plane involving 012, 022, 032 and N12:
-0.0414x + 0.9858y + 0.1629z = -1,2889
012 -0.011 N12 0.027
022 ~-0.144 Cu(3) 0.003
032 0.167
(d) Egquation of the plane involving 012, 02'2, 03'2 and N1'2:
-0.0238x + 0.9663y + 0.2565z = -0.6911
012 -0.021 N1'2 0.018
02'2 -0.015 Cu(4) 0. 027
03'2 0.020

a ... , . .
Direction cosines of the plane refer to the orthogonal axis
system a,b,c”.

b

All atoms weighted at unity.



Table 16. (Continued).

ATOM DEVIATION (A) ATOM DEVIATION (A)

(e) Equation of the plane involving the set of atoms in the #1

dimer:
-0.0274x - 0.7134y + 0.7000z = -2.3959
Cu(l) 0.483 Cu(2) 0.505
011 0. 457 Ccll ~0.100
021 0.316 02'1 0.240
031 0.926 03'1 1.058
N11 0.209 N1'l 0.256
cz21 0.362 c2'1 0.389
C3l -0.148 c3'1 0.004
C4l -0.294 ca4'l -0.093
C51 -0.699 c5'1 -0.344
Chl -0.864 ce'l -0.454
c71 -0.643 c7'1 -0.312
C81 -0.221 c8'l -0.061
Cc91 -0.072 c9'1 0.048
C1l01 1.269 C111 1.931
(f} Equation of the plane involving the set of atoms in the #2
dimer:
-0.0327x + 0.9810y + 0.1914z = -1.0525
Cu(3) -0.042 Cu{4) 0.066
012 -0.048 Ccl2 -0.251
022 -0.195 02'2 0.085
032 0.064 03'2 0.174
N12 0.040 N1'2 ~-0.058
c22 0. 098 c2'2 -0.031
C32 0.089 c3'2 -0.098
Cc42 0.025 Ch4'2 -0.022
C52 0.177 c5'2 -0.038
Ccé62 0.073 ce'2 0.032
C72 -0.146 c7'2 0.132
Cc82 -0.257 c8'2 0.185
c92 -0.136 c9'2 0.085
clo02 0.194 Cl12 0.456

a . . . P
Direction cosines of the plane refer to the orthogogonal axis
system a,b,c*.

b

All atoms weighted at unity.




Table 17. Comparison of Selected Analogous Interatomic Bond Distances (&) for
Cuz(Dapsa)(OAc)'ZCH CN, Cu2(Dapsa)(0Ac)'CH O and Cuz(Dapsa)(OAc).

3 3
Cuy (Dapsa) (OAc) - 2CH3CN CuZ(Dapsa)(OAc)‘CHBOH
ATOMS DIST. ATOMS DIST. ATOMS DIST.

1 Cu(l) - 0(1)  1.902(2) Cu(l} - 0(1)  1.829(4) Cu(@) - 0(1)  1.904(4)
2 Ca(l) - 0(2)  1.909(3) Ca(l} - 0¢2)  1.B85(5) Cu(2) - 0(2")  1.891(4)
3 Cufl)} - 0{3)  1.931(4) cu(l) - 0(3)  1,940(4) Cu{z) - 0(3'}  1.925(4)
4 Cul} - H(1)  1.926(4) Cu(l} - W(1)  1.923(5) Cu(2) - B{1")  1.912(5)
5 0(2) - €(9) 1.318(6) 0(2) - C(9) 1.301(7) 02"} - €(9')  1.317(N
6 0(3) - 10y 1.253(5) 0(3) - ¢(10)  1.227(7) 0(3") - C(10)  1.236(7)
7 N(l) - €(2) 1.466(7) 81} - €(2) 1.492(8) N(1') - C(2')  1.459(8)
8 N(1) ~ €(3) 1.276(6) N(1) - () 1.253(7) N(L') - c(3')  1.278(8)
9 c(1) - c(2) 1.417(8) c(1) - ¢(2) 1.50(1) c(l) - c@")  1.48(1)
10 C{3) - C) 1.412(7) Cl3} - €(4) 1.427(8) C(3') - C(4')  1.418(8)
11 c(4) - €(5) 1.407(7) c(4) - €(5) 1.404(8) C(4') = C(5') 1.416(9)
12 ¢(5) - C(s) 1.367(9) Cl5) - €(6) 1.336¢9) c(5') - (6" 1.35(1)
13 c(e) - c(7) 1.375(9) C(6) - €(7) 1.376(9) C(6") - C(7")  1.40(1)
& (1) - ci8) 1.364(8) c(7) - c(8) 1.359(9) €(7') - €(8') 1.380(9)
15 C(8) - ¢(9) 1.417(7) C(8) - €(9) 1.400(9) c(8') - c(9')  1.382(%
16 C(4) - C(9) 1.395(7) C(4) - C(9) 1.419¢9) C(4') - C(8")  1.400(8)
17 e() - (D 1.338(9) o(1) - €(1) 1.416(7)

18 C(10) - C(11} 1.51(1) c(10) - C(11)  1.52(1)

3.463(2) Cu(l) - Cu(2) 3.482(2)

19 Cu(l) =~ Cu(1")

Cug (Dapsa) (OAc)

ATOMS DIST. ATCMS DIST. ATOMS DIST. ATOMS DIST.
1 Cu(l) - 0(11} 1.903 (6} cu(2) - 011} 1.902(6) Cu(d) - 0(12) 1.902(6) cu(d) - 0(12) 1.908(6)
2 Cu(l) - 0(21) 1.883(6) cu(l) - 0(2'1) 1.B6B(6) Cu(3) - 0(22) 1.868(5) Cu(4) - 0(2'2) 1,874(6)
3 Cu(l) - 0(11) 1.916(6) cu(2) - 0(3'l) 1.911(6) Cu(3) - 0(32) 1,920(6) Culd) - 0(3'2)  1.914(7)
4 cu{l) - B{11) 1.901(7) cu(2) ~ H(1'1) 1.923(7) Cu(3) - N{12) 1.910(7} Cul4) - N(1'2)  1.889(7)
5 0(21) - €(91) 1.32(1) 0(2'1) ~ €(9'1) 1.33(1) 0(22) - C(92) 1.32¢1) 0(2'2) - c(9'2) 1.32(1)
6 0(31) -~ cflol) 1.23(1) 0(3'1) - C(101} 1,25(1) 0(32) -~ (102}  1.25¢1) 0(3'2) - ¢(102) 1.25(¢1)
7 N{11) - €{21) 1.47(1) NH(1'l) - C{2'1) 1.48(1) H(12) - €(22) 1.47¢1) N(1'2) - €{2'2) 1.,49¢1)
8 H{ll) - €{31) 1.29(1) H(1'1) - C(3'1) 1.28Q1) {12} ~ C(32) 1.28(1) H(1'2) - C(3'2) L.27(1)
9 c(11} - ¢(21) 1.54(1) C(11) - C(2'1y 1.53(1) c(12) - €(22) 1.46(1) Cc(12) - c(2'2) L.43(L)
10 C(31) - C(41) 1.43(1) C(3'1) - C(4'1) 1.45(1) €(32) -~ C(42) 1,45(1) €(3'2) - C(4'2) 1.44(1)
11 c(41) ~ c(51) 1.43(1) C(4'1) - C(5'1) 1.44(1) C(42) - €(52) 1.45(1) C(4'2) - C(5'2) 1.43(1)
12 c(51) - c(61) 1.36(1) c(5'1) ~ C(6"1) 1.38(1) c{52) - C(62} 1.3741) €(5'2) =~ c{6'2) 1.39(1)
13 c(61) - €(71) 1.41(1) c(6'l) - C(7'1) 1.35(1) C(62) - C(72) 1.38(1) C(6'2) = ¢(7'2) 1.38(2)
14 c{71) - €(81} 1.41(0) C(7'1) - C(B'1) 1.3%(1) c(72) - €(82) 1.40(1) C(7'2) - C(B'2) 1.35(1)
15 c{81) - C(91) 1.38(L) C(B'1) -~ C(9'1)y 1.42(1) C(B2) - €{92) 1.42(1) C(B*2) - C(9'2) 1.44(1)
16 c(4l) -~ €(91) 1-39(1) c(4'ly - C(9'1) 1.39(1) C(42) - €(92) 1.38¢1) C{4'2) - €(9'2) 1.38(1)
17 o¢l1) - c(11) 1.52(1) 0(12) - €(12) 1.37(1)
18 {101} - C(111} 1.41(1) C(102) - C(112) 1.49(1)
19 Cu{l) - Cu(2) 3.470(2) Cu(d) - Cufd) 3.482(2)

L




Table 18,

Comparison of Selected Analogous Interatomic Bonding Angles (deg) for
Cuy (Dapsa) (OAc) - 2CH3CN, Cug(Dapsa)(OAc)'CH30H, and Cug (Dapsa) (OAc).

LN W N

Cuz(Dapsa)(OAc)'ZCH3CN

Cuz(Dapsa)(OAc)'CH3OH

ATOMS ANGLE
01-Cul-03 96.0(2)
02-Cul-03 B8.0{2)
01-Cul-02 176.0{2)
01-Cul-N1 83.5(2)
02-Cul-N1 92,7 (2}
03-Cul-N1 171.1{2)
Cul-01-C1 114.5(1)
Cul-02-c9 125.4(3)
Cul-03-C10 135.2{4)
Cul-N1-C? 113.3(3)
Cul-K1-C3 126.2(4)
C2-N1-C3 120.4(5)
01-C1-C2 118.0{4)
Cl-£2-N1 109.7(6)
N1-C3-Cé 125.3(5)
C3-C4-C5 117.2(5)
C5-C4-C9 119.5(5)
C3-C4-CY 123.2({4)
C4-C5-C6 121.6(6)
CS-CH-C7 118.7(6}
C6-C7-C8 118.7 (6)
C7-C8-C9 120.7(6)
£4-C9-C8 117.7{5)
02-C9-C4 124.7(4)
02-C9-C8 117.6(5)
03-clo-c11 116.7(3)
Cul-01-Cul’ 131.1(2)
c2-c1-c2' 113.6

03-C10-03"' 126.6(7)

ATOMS ANGLE ATOMS ANGCLE
01-Cul-03 94.2(2) 0l-CuZ-03"' 94.5(2)
02-Cul-03 88.6(2) 02'-Cu2-03" 86.8(2)
01-Cul-02 172.2(2) 01l-Cu2-02°' 175.1(2)
01-Cul-N1 85.4(2) 01-Cu2-N1' 84,3(2)
02-Cul-N1 92.7(2) 02'-CuZ-N1' 94.1(2)
03-Cul-N1 172.9(2) 03'-Cu2-M1" 177.1(2)
Cul-01-C1 111.9(4) Cu2-01-C1 113.8(4)
Cul~02-C9 128.0(4) Cu2-02'-C9" 126,7(4)
Cul-03-C10 135.0(4) Cu2-03'-C10 134.6(5)
Cul-N1-C2 111.4(4) Cu2-N1'-C2' 113.0(4)
Cul-N1-C3 127.104) Cu2-N1'-C3' 125.6(4)
C2-N1-C3 121.5(5) C2'-N1'-C3' 121.3(5)
01-cl-C2 108,7(5) 01-c1-¢2! 110.5(5)
C1-C2-N1 107.4(5) Cc1-c2'-N1' 107.6(5)
N1-C3-Cé& 125,3(6) N1'-C3'-C4" 124.9(6)
C3-C4-C5 119.2(6) C3'-c4'-C5! 117.2(6)
C5~C4-C9 118.0(6) C5'-C4'-C9" 118,3(6)
C3-C4-C9 122.8(6) €3'-c4'-c9! 124.5(6)
C4-C5-C6 122.9(6) C4'-C5'~-Cé' 122.6(7)
C5-C6-C7 119.2(6) Cc5'-C6'-CT! 118.8(7)
C6-C7-C8 120.6(6) c6T-C7'-CH" 119.7(7)
Cc7-CB-C9 121.9(6) CI'-C8'-C9"’ 122.2(7)
C4-C9-C8 117.3(6) c4'~co'-C8" 118.4{6)
02-C9-Cé 123.4(5) 02'-C9'-C4" 123.2(6)
02-C9-C8 119.3(6) 02'-c9'-c8* 118.5(7)
03-c10-Cl1 116.5(6) 03'-Cl0-C11 114.9{6)
Cul-01-Cu2 133.0(2)
c2-c1-c2! 113.3(5)
03-C10-03" 128.5(6)




Table 18.

(Continued).

[T R E R R O

Cu?2 (Dapsa) (0Ac)

ATOMS ANGLE ATOMS ANGLE ATOMS ANGLE ATOMS ANGLE
011-Cul-031 94,5(3) 011-Cu2-03'"1 94.2(3) 012-Cu3-032 95.1(3) 012-Cué-03"'2 94.3(2)
021-Cul-031 88.4(3) 02'1-Cu2-03'1 88,9(3) 022-Cu3-032 87.4(3) 0272-Cub-03'2 87.3(3)
011-Cul-021 173.8(3) 011-Cu2-02'1 170.4(3) 012-Cul-022 174.6(3) 012-Cu4—02"'2 176.9(3)
011-Cul-N11 84.7(3) 011-Cu2-N1"1 84.6(3) 012-Cu3-N12 B4.1(3) 012-Cu4-N1'2 84,3(3)
021-Cul-N11 93.0(3) 02'1-Cu2-N1'} 93.9(3) 022-Cu3-N12 93.8(3) 02'2-Cu4-N1'2 94.1(3)
031-Cul-N11 174.8(3) 03'1-Cu2-N1'1 170.5(3) 032-Cu3-N12 174.4(3) 03'2-Cu4-N1'2 178.5(3)
Cul-011-Cl11 112.7(5) Cu2-011-C11 112.4(5) Cu3-012-C12 113.9(5) Cus~012-C12 113.9(5)
Cul-021-C91 127.3(6) Cu2-02'1-C9'1  126.9(5) Cu3-022-C92 127.5(5) Cu4-02'2-C9'2  125.3(6)
Cul-031-C101 134.6(6) Cu2-03'1-C101  135.3(6} Cu3-032-¢102 135.8(6) Cu&-03'2-C102  137,6(6)
Cul-N11-C21 112.9(5) Cu2-N1T1-C2'1  112.5(6) Cu3-N12-C22 114.1(6) Cu4-N1'2-C2'2  114,4(6)
Cul-H11-C31 128.0(6} Cu2-N1'1-C3'r 127.8(6) Cul-N12-C32 127.3(6) Cu4-N1'2-C3'2  128,8(6)
C21-N11-C31 119,1(8) C2']1-N1'1-C3'1 119.6(7) C22-N12-C32 118.5(8) C2'2-N1'2-C3'2 116.7(7)
011-C11-C21 107.4(1) 011-c11-¢2"1 108.3(7) 012-C12-C22 114.8(9) 012-C12-C2'2 116.7(9)
C1l1-C21-N11 105.2(7} Cl1-C2'1-N1'1  104.8(7) C12-C22-N12 108.2(8) C12-C'2'-N1'2 107.9(9)
N11-C31-C4l 122,9(9) N1'1-C3'1-C4'1 122.2(8B) N12-C32-C42 122.,7(8) N1'2-C3'2-C4'2 122,4(8B)
€31-C41-C51 115.4(8) C3'1-C4'1-C5'1  115.0(8) C32-C42-C52 114.,5(8) C3'2-C4'2-C5'2 115,6(9)
C51-C41-c91 120.2(8) C5'1-Cc4'1-C9'1l 120.1(8) €52-C42-C92 120.9(5) C5'2-C4'2-C9'2 120,9(9)
C31-C41-C91 124. 4(8B) C3T1-C4"1-C9'1 124.9(8) C32-C42-C92 124.6(8) C3'2-C4'2-C9'2 123,5(8)
C41-C51~C61 120.1(9) C4'1-C571-C6'1  119.9(1) C42-C52-C62 117.9(9) C4'2-C5'2-C6'2 118.7(9)
C51-C61-C71 120(1) C5'1-c6'1-C7'T 120(1) £52-€62-C72 122(1} C5'2-Ca'2-C7'2 121(1)
C61-Cc71-C81 120.2(9) C6'}-C7'1-CB'1 124(1) C62-C72~C82 121(1) c6'2-C7'2-C8'2 122(1)
€71-Cc81-C91 119,9(9) C7'1-C8'1-C9'1l 117.4(8) C72-C82-C92 118.7(8) €7'2-c8'2-C9'2 120(1}
C41~-C91-C81 119.7(8) C4'1-C9'1-C8'1 119.5(8) C42-(92-¢82 119.5(8) C4t2-c9'2-C8'2 118.3(9)
021-C91-C41 123.8(8) 02'1-C9'1-C4'1 124.1(8) 022-C92-C42 123.8(7) 02%2-C9'2-C4'2 125.7(8)
021-C91-C81 116.5(8) 02'1-C9'1-C8')1 116.4(8) 022-C92-CB2 116,8(8) 02'2-C9'2-c8'2 115.9(8)
031-Cl01-C11} 117.4(9) 03'1-C101-C111 116.2(9) 032-C102-C112  117.3(8) 0312-C102-C112 117.8(8)
Cul-011-Cu2 131.6(3) Cul-012-Cuk 132.1(3)

C21-C11-C2'1 111.8(7) C22-C12-¢2'2 118,8(9)
031-C101-03'1  126.2(9) 032-C102-03'2  124.9(8)
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Table 19, Diamagnetic Corrections (Xdia)’ Molar Magnetic Susceptibilities

(xMcorr) and Effective Magnetic Moments (ueff) for the
Complexes Cuz(Dapac)(OAc), Cu2(Dapsa)(0Ac)'ZCHBCN,
Cuz(Dapsa)(OAc)'CH30H and Cuz(Dapsa)(OAc).
o corr 6 corr 6
T (°K) Yy x 107cgs Mogs (BM) Xy x 107cgs Mofs (BM)
Cuz(Dapac)(OAc) Cuz(Dapsa)(OAc)'[ZCH3CN]
Xdia~ -0, 000093 Xdqia~ -0.000104
298 1519 1.490 1310 1.76
278 1632 1.91 1346 1.73
258 1769 1.91 1438 1.72
238 1622 1.91 1512 1.70
218 2101 1.92 1608 1.68
193 2325 1.92 1715 1.65
178 2601 1,93 1842 1.62
158 2948 1.93 1923 1.56
138 3440 1.95 2065 1.51
118 4075 1.96 2181 1.44
98 4922 1.97 2297 1.34
Cuz(Dapsa)(OAc)'CHBOH Cuz(Dapsa)(OAc)
Xqia~ -0. 000115 Xgia~ -0.000104
298 1226 1.71 1201 1.68
278 1273 1.68 1237 1.66
258 1343 1.67 1301 1.64
238 1395 1.63 1355 1.61
218 1461 1.60 1423 1.58
198 1511 1.55 1483 1.53
178 1540 1.48 1536 1.48
158 1547 1.40 1568 1.41
138 1486 1.28 1575 1.32
118 1352 1.13 1517 1.20
98 1101 0.93 1391 1.05
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Tables J and T contain the structure factors and
atomic parameters, respectively, for this complex.
Selected bond distances and angles for this complex are
listed in Table 20.

The compound crystallizes with four discrete,
monomeric units in the unit cell. The four coordinate
copper (II) atom is chelated, in a cisoid fashion, by two
imine nitrogens and two phenoxide oxygens of the Dapsa
ligand. The remaining protonated isopropyl oxygen is
uncoordinated, but is weakly hydrogen-bonded (2.70 g 0-0
dist.) to the phenoxide oxygen of an adjacent molecule.
The structure and labeling system are presented in Figure
24,

Several interesting structural aspects arise in this
complex due to the strain imposed by the saturated
diaminopropane moiety of the ligand. The six memberd ring
formed as a result of the coordination of the two imine
nitrogens to the copper {II), assumes a severely twisted
ronformation. four of the atoms contained in this ring
(Cul N11 N21 and Cl) all lie in a plane whereas Cll is well
below (0.674 R) and €21 is well above (~0.745 R) the plane
(Figure 25). The idealized square planar geometry about

the central metal atom is distorted toward tetrahedral

geometry {(Table 21).
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The magnetic susceptibility of this monomer was not
experimentally determined. It was assumed to be a
magnetically dilute, one unpaired electron system with a
moment, independent of temperature, in the range of 1.73 -

1.90 BM.



Q
Table 20. Selected Interatomic Distances (A) and Angles (deg)
for Cu(DapsaH)‘CH_CN.

3
n= 1 2
ATOMS DISTANCES

Cu-0(nl) 1.913(9) 1.92(1)

Cu-N(nl) 1.92 (1) 1.95(1)

0(nl)-C(n8) 1.29(1) 1.32(2)

N(nl)-C(nl) 1.49(2) 1.50(2)

N(nl)-C(n2) 1.28(2) 1.31(2)

c{(1)-C(nl) 1.56(2) 1.49(2)

Cm2)-C(n3) 1.46(2) 1.43(2)

C(n3)-C(n4) 1.46(2) 1.48(2)

C@m4)-Cm5) 1.40(2) 1.34(2)

C(n5)-C(nb) 1.40(2) 1.47(2)

Cm6)-C(n7) 1.39(2) 1.40(2)

C(n7)-C(n8) 1.43(2) 1.42(2)

C(n3)-C(n8) 1.40(2) 1.37¢2)

Cn)-0(n) 1.46(2)

NSOLV-C1SLV 1.12(2)

C1SLV-C2SLV 1.50(3)

n= 1 2
ATOMS ANGLES

Cu-0(nl)-C(n8) 127.5(9) 126.4(9)
Cu-N(nl)-C(nl) 116(1) 114(1)
Cu-N(nl)-C(n2) 129(1) ‘ 125(1)
C(nl)-N(nl)-C(n2) 115(1) 121(1)
o(1)-c(1)-C(nl) 103 (1) 116(1)
0(nl1)-C(nB8)-C(n3) 124 (1) 123(1)
0(nl)~C(n8)-C(n7) 116(1) 116(2)
N(nl)-C(n2)-C{n3) 122(2) 123(2)
C(LY-C(nl)~-N{nl) 113 (1) 114(1)
C(n2)-C(n3)-Cn4) 115(2) 113(1)
C(m2)-C(n3)-C(n8) 124(2) 128(2)
C(n4)-C(n3)-C(n8) 120¢2) 119(2)
C(n3)-C(n4)-C(n5) 119(2) 119(2)
C(n&)-C(n5)-C(nb6) 120(2) 122(2)
Cm5)-C{n6)-C(n7) 123(2) 118(2)
Cmé6)Y-C(n7)-C(n8) 118 (2) 120{2)

C(n7)-C(n8)-C(n3) 120(1) 121(2)




Table 20. (Continued).

ATOMS ANGLE ATOMS ANGLE
0(11)-Cu-N{11) 891.9(5) 0(22)~Cu-N(22) 94.2(5)
0(11)-Cu-0(21) 91.8(4) N(11)-Cu-N{21) 93, 0(6)
N(11)-Cu-0(21) 156.0(5) 0{11)-Cu-N{(21) 153.6(6)

NSOLV-C1SLV-C2SLV

169.9
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Table 21. Least Squares Plane Analysis for the Monomeric

Comp lex Cu(DapsaH)'CHBCN.a'b

ATOM DEVIATION (A) ATOM DEVIATION (A)

(a) Equation of the plane involving 011, 021, N11 and N21:

0.3311x + 0.9405y + 0.0757z = 2.0759

011 -0.434 N21 -0.588
021 0.286 Cu -0.071
N1l 0.373

(b} Equation of the plane involving the four atoms Cu, N21, N1l
and Cl (six-membered ring):

0.6321x + 0.7675y + 0.1068z = 1,5560

Cu 0.056 Cl 0.039
N11 -0.047 N21 -0.054
Cl1 0.674 c21 -0.745

a .. , . .
Direction cecsines of the plane refer to the orthogonal axis
system a,b,c”.

b

All atoms weighted at unity.




Figure 24,

View of the Monomeric Complex Cu(DapsaH)'CH3CN with Numbering
Scheme. The Acetonitrile Molecule of Solvation has been Omitted
for Clarity.
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Figure 25, View of Cu(DapsaH)‘CH,CN Showing Conformation of the Distorted Six-
Membered Ring. Distafices Specified are the Deviations of C{11) and
C(21) from the Plane Defined by Cu, N(11l), N(21) and C(1).
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CHAPTER III

DISCUSSION OF RESULTS

This chapter will highlight only the structural and
magnetic results of comparative interest. Selected bond
distances and angles of the complexes studied are
summarized in Chapter II along with the detailed

description of each molecular and crystal structure.

The advent of automated, wvariable scan rate X-ray
diffractometers made possible the structural determination
of several complexes which were unstable to air, This can
be attributed to both the speed with which a full data set
can now be collected and also the elimination of the need
to perform preliminary camera work (i.e, no need for

crvstal to be aligned along an axis).

Results

Cubane-like Complexes

Cubane-~like structures have been found for hoth the

alpha=- and beta-forms of Cu(EIA) (Figqure 26). The



N

(4) (3)

Figure 26, Comparative Views of the Cubane Units. (A) The Tub Conformation
Which B—[Cu(EIA)]éAdOpts and (B) the Assoclated Dimer form Which
a-{Cu(EIA)], Assumes.

A




alpha- and heta-forms differ in the coordination to copper,
the relative orientaion of ligands, and 1in the relative
positions of short and long Cu-0 "cube" edges. The
alpha-form, structurally characterized in 1970 (9), can be
thought of as +two associated dimers with each copper
assuming a trigonal bipyramidal geometry (Figure 26B). The
beta-form (presented herein) is best described as a folded
8-membered ring in a tub-like conformation (similar to
cyclooctatetraene); each copper is square pyramidal (Figure
26A).

Shortly after the solvated beta~-form had heen
structurally characterized in our laboratory (2-butanol
solvate}, Haase and coworkers (34) reported a dibenzene
solvate with the same tub-like geometry. Helm had also
prepared a homologous monotoluene adduct at this time and
was 1in the process of magnetically characterizing this
complex and a series of related compounds (35).

Though the scope of the work in our laboratory did
not extend beyond the crystal structure determination, the
follow-up of the magnetic studies and their interpretations
are worth mentioning. Magnetic results from three
independent laboratories (36, 37, 38) concluded that

lcu(Eza)!, (alpha-form) is best described magnetically by

two exchange coupling constants, JL (interaction through
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Cu-Cu long bonds) and Jg (short bond interactions) with an
average values of 4 and =16 cm_l, respectively. This
ferromagnetic and antiferromagnetic coupling, respectively,
is not wunusual and agrees well with the in-plane vs.
out-of-plane interpretation presented by Lintvedt et.al.
(39).

Interpretation of the magnetic results of the
tub-like core appear to be more questionable. Haase et.al.
(37) could not fit the beta-form to a susceptibility
equation. However, Theriot and coworkers found overall
ferromagnetic exchange constants of 15 and 10 cm to best
describe the system, They attribute this overall
ferromagnetic behavior to the fact that the two opposing
Cu-0-Cu angles (sharing the =zame face of the cube) are 90
degrees (favoring ferromagnetic coupling) and 105 degrees
(favoring antiferromagnetic coupling) (38). They continue
their discussion by stating that the parallel pathway
dominates the antiparallel exchange pathway. Since the
four 90 degree Cu-0=-Cu bridging angles all include longer
Cu-0 bonds (2.307-2.430 3) it is difficult to envision how
this effect alone could dominate the overall susceptibilty
of the tetramer since the antiferromagnetic bridging angles
(8) include shorter Cu-0 bonds (1.976-1.946 R); the

distorted cubane species 1is too complex to invoke such
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simple bridging angle theory as the major cause of
ferromagnetism, It would appear that the relative
orientations of the coordination planes about each copper
play a more important role in determining the magnetic

properties of this system than the Cu-0-Cu angles.

The methanol solvate of the 1l:1 complex of nickel and
EIA was observed first in 1966 (7) but structural
charaterization was hampered by severe crystal
decomposition problems. Up to 1976 +two reasonable
structural possibilities were proposed: a methanol molecule
could add perpendicular to the coordination plane and yield
a dimer with square pyramidal geometry about each nickel or
two dimers could associate to form discrete tetramers (8).

This investigation found the complex
[Ni(EIA)(CH3OH)h to crystallize (orthorhombic space group
P21P21P21, Z=16) into discrete, tetrameric cubane units
with the neutral methanol molecule completing the
octahedral coordination about each nickel (40). On the
basis of the ease of desolvating this complex to the dimer
, Ni(EIA), a tetrameric structure built-up of two bent
dimeric moieties was expected. However, the cube core
adopts a tub conformation, similar to the beta-form of
Cu(EIA) but with much less distortion (long Ni-O bond dist

= 2,112-2,130, short Ni-0 bond dist = 2,020-2.055).
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The green compound rapidly decomposes to the brown
dimer, preventing variable temperature magnetic studies
from being carried out on the system. Jager recorded a
room temperature moment in the range of 3.2 - 3.3 BM.

N-N Bridged Complexes

Repeated attempts to prepare crystalline derivatives
of a number of transition metal-NDSALZ complexes failed due
to the insclubilty of the resulting complexes in organic
solvents. The iron(I1l1) adduct, however, was an exception
and yielded beautiful dark brown crystals upon
recrystallization from acetone. This was the only compound
in this series which was analyzed via single crystal X-ray
diffraction methods.

The structural characterization of the complex
Fe ,(DSALZ) ; (reported herein) marks the first definitive
study of a complex with this charged diiminoalcohol as a
ligand. The complex maintains a dinuclear structure with a
2:3 (Fe(III):DSALZ) ratio. Each of the three ligands
{binucleating) chelates to both octahedral metal centers,
contributing a nitrogen and an oxygen atom to each iron
atom to form the facial isomer. The slightly distorted
octahedral coordination spheres about each iron(III) atom
do not share a common face but rather are separated by the

distance of the N-N azine bond. All structural parameters
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of the 1ligand resulted in the values expected from the
earlier structural determination (41l) of the uncoordinated
neutral molecule DSALZH (the uncoordinated molecule is the

trans rotamer with respect to the N=-N bond).

An interesting structural aspect of FeZ(DSALZ)3 is
the geometry about the six bridging nitrogens. They form a
trigonal prism, twisted away from the eclipsed position
(i.e. toward octahedral symmetry) by 24 degrees. The
cobalt analog with the neutral Schiff base PMK (Fiqure 4;
structure III), which was structurally characterized by
Boyd and his group (15), also adopts a similarly distorted
trigonal prismatic conformation (Figure 27; twist=17
degrees.) They convincingly reason that the twist can be
attributed to the steric interactions between two bulky
methvl groups. Salicylaldehyde azine (DSALZ), on the other
hand, has only hydrogens in these positions. Therefore,
the twist deformation probably arises from spatial
requirements of the six-membered ring formed upon

complextion of the ligand to the metal atom.

The magnetic moment of the dinuclear compound showed
only a slight decrease (5.5 - 5.1 BM) with temperature (298
- 98 °K). This is a normal range of wvalues for a high
spin, as system. If data at lower temperatures could have

been obtained, it could have given more conclusive evidence




90

O=co

O

1
yA

Figure 27. View Down the Co(1l)-Co(2) Axis of the Coordination
Sphere of CoZ(PMK)34+ Illustrating the Twist from Trigonal
Prismatic Geometry at the N-N Azine Bonds., Unfilled Bonds
Represent Co(2)-N Interactions.

about magnetic coupling within the system; the data
recorded here are too far from the Néel temperature to be
useful in fitting a susceptibility equation.

Dapo Complexes

The variety of hydrogen-bonded species formed by the
metal complexes of 2=-aminoethanol and diethanolamine
prompted us to structurally investigate compounds
containing the aminocalcohol 1,3=-diamino-2-propancl to
determine if this ligand formed analogous adducts.

The complex chosen for initial studies was an ionic
Co(I1II) complex. Two groups {22, 23) recently formulated

2+
the cation as trans-[Co (Dapo)Dapoi})] based on spectral
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results. This was an obvious complex of choice to study
hydrogen bonding since it contained both a protonated
(DapoH) and deprotonated (Dapo) ligand.

The structure of the dark red crystalline needle was
determined and the results confirmed that it was the trans
complex, but it was revealed that it formed
corner~-to-corner, intermolecular hydrogen bonds (Figure

28) .

’,,/’

Figure 28. C(orner-to-corner Hydrogen Bonding.

However, the molecules form an infinite linear chain and do
not crystallize as discrete polynuclear units (Figure 29},
Octahedral geometry is maintained about the cobalt center
with only a vervy minor trigonal distortion due to the

restriction of the tridentate ligand (Table 8).
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Figure 29. Stereoview of the Unit Cell and Crystal Pack-
ing of the Complex [Co(Dapo)(DapoH)]CZ,-2H,0.

For an ordered structure, the hvdrogen (HBND)
involved 1in hydrogen bonding should lie directly on the
two-fold axis, midway between the two oxygens. Although
located at this .position in a difference Fourier, upon
refining the coordinates of the atom HBND, it driftly
significantly away from this position, indicating a
disorder in the crystal structure. To conserve the charge
balance, the postion of HBND was refined with an occupancy
factor of 0.50. This resulted in an O(l1)-HBND length of
1.01 ®, an O(1')-HBND bond length of 1.46 £ and an HBND -
HBND' dist of 0.60 &. The observed O(1l)=-HBND-O(l') angle
is 156 degrees.

The disorder could result from a double-minimum well

with the hydrogens randomly occupying either of the
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minimum=-energy positions between pairs of cobalt complexes.
Alternatively, there could be a single, unsymmetric well
with the hyvdrogen within one chain ordered so that each
cobalt complex forms one short and one long O-H distance;
the disorder in this case would result from random ordering
of chain direction within the crystal.

Once the infinite chain structure of the diamagnetic
Co(III) complex was determined, it was decided to prepare
complexes which would be magnetically interesting and also
offer different modes of intermolecular hydrogen bonding.
Thus, the relatively simple dg-systems of copper(II) were
investigated.

Initial results indicated immediate complex
formation. Varying the preparative conditions, a blue,
unstable crystalline material was obtained as the iodide
salt. The only other results reported on this type of
system was a deep blue nitrate salt which anialyzed to be a
1:1:1 (Cu:Dapo:NOB—) complex (24). Based on the subnormal
magnetic moment which it exhibited, a binuclear structure
was suggested, The analysis of our iodide salt did not
agree with a simple dimeric formulation. It appeared to be
solvate with a whole number ratio of 3:4:4 (Cu:Dapo:I).

Preliminary results of single crystal X-ray studies

concurred with a trinuclear formulation (42) and the
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molecular structure was determined (Figure 30), While
hydrogen bonding was initially suspected, the protonated
alcohol groups do not interact with any other atoms in the

o)
unit cell {(intermolecular closest approach dist 4.0 A).

HO
N OH

Figure 30, Schematic Diagram of the Structure of the Cation
[Cu3(Dapo)2(DapoH)2]4+.

Concurrent with the solution of this trinuclear
structure was the publication by WNasakkala (25) of a
complete structural study of the 1:1:1 (Cu:Dapo:ng-)
complex previously suggested to be a dimer. He
unequivocally proved that it was a cyclic trimer (Figure 9)
and obtained a good fit of the susceptibility equation for
three coppers in an equilateral triangle. He further
concluded that the complex exhibits antiferromagnetic

1

- -1
exchange coupling (=79 cm “for the nitrate and =92 cm for

the perchlorate salt). His results are in good agreement




CORR

M
- _ Ng2g? [sexpaunret ] 1800
. Xm= 92%T exp 2J/KT + 1 *
i -1700
3 Best fit: 600
] g=2.02 50
’ J=-98cm™ - 1500

\- [ 1400

: \ 1300

. \ 1200
L]

4 \ B l '00

1 T

LI T T 1

o8 118 138 158 (78 198 218 238 258 278 298

T(K)

Figure 31. Graph of Molar Magnetic Susceptibility (x ) vs. Temperature (°XK) for
[Cu3(Dapo) (DapoH)2]14-CH3OH. Filled Circles Represent Values Observed
and™ the Soiid Line Represents Values Calculated from the Derived Equation.

corr

w
v




96

with the exchange coupling constant which we obtained for
the non-cyclic copper trimer (J = =98 cm“l ). Graphic
results are presented in Figure 31

Ndsakkala's report referenced some structural
parameters of a thiocyanate salt of the cation
[Cu3(Dapo)z(DapoH)2]Z+which were to be published. The
complete report of the structure by Smolander et. Ei‘ (43)
disclosed that the .tetravalent cation of this thiocyanate
salt adopted the same general structure as the cation of
the tetraiodide salt ?eported in this thesis. Each copper
atom 1in the thiocyanate salt structure is five-coordinate;
Cul interacts with the nitrogen of a thiocyante (Cul=N1ll
dist. = 2.70 ﬂ) whereas Cu2 and Cu3 interact with the same
sulfur atom of a thiocyante group (Cu2-S1 dist. = 2.88 %
and Cu3-Sl dist = 2.82 &),

Although Smolander did not report any magnetic
studies on the complex it would be an interesting magnetic
systen for comparison with the four-coordinate Cu trimer

system reported herein.

Charged Diimine Complexes

The intent of this study was to prepare and
structurally and magnetically characterize conplexes

analogous to those reported for salen by Sinn and coworkers

(Figure 11). The possible pentadentate ligands (Dapac or
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Dapsa) were chosen for several reasons: (l) no reports on
definitive structural work for complexes of these ligands
had been made, (2) the possibility of the formation of
intermolecular hygrogen bonded complexes exsisted and (3)
bi- tri- or teranuclear complexes could be formed by this
ligand. Surprisingly, these ligands did not form analogs
of the salen complexes but yielded a series of compounds
which were quite unique.

The lack of studies in literature on complexes of
Dapac and Dapsa precludes structural comparisons to
complexes reported in this thesis. The magnetic properties
however, can be interpreted in terms of typical dimer-like
behavior.,

First, a general account of these structures will be
given. A short description of each specific structure will
follow to more easily reference the differences bhetween

these complexes.

Each of the complexes contains two square-planar
copper {I1) ions bridged by both the isopropoxide oxygen and
the oxygens (three atom bridge) of an acetate group. The
remaining coordination sites of each copper are filled by
the phenoxide oxygens and imine nitrogens of the

binucleating ligands.
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Cuz(Dapac) (OAc), crystallizes into discrete dimers
and maintains a dihedral angle of 123 degrees
between the distorted square-planar coordination
planes of the copper atoms. The bridging Cu=-0-Cu
angle 1is 114.6 degrees. The magnetic moment shows
a slight increase (1.90 - 1.97 BM)} ‘with decreasing
temperature (298 = 98 °K).

Cu2(Dapsa) (OAc) *2CH iCN, crstallizes into dimers
which form infinite chains via corner-to-corner
interactions of mutually perpendicular planes of

alternating five and six-membered rings
(intradimeric Cu-~Cu dist interdimeric Cu-Cu bond
dist.). The dimeric molecules are planar with an
average dihedral angle between the copper
coordination spheres of 163 degrees. The
acetonitrile molecule is non-coordinating. The
effective moment of the complex decreases with
temperature.

Cuy(Dapsa) (OAc) -CH LH, crystallizes as discrete,
planar dimers (avg. dihedral angle between planar
coordination spheres = 169 degrees). The methanol
molecule is non=-coordinating. The effective moment
dramatically decreases (1l.71 - 0,93 BM) with
temperature (298 - 98 °K), as does the molar

O,

susceptibility below 160 K.

Cu, (Dapsa) (0OAc}, crystallizes into discrete,
dimeric units (two per asymmetric unit) with a
dihedral angle between coordination planes of 163
degrees. The effective moment dramatically
decreases (1.68 - 1,05 BM) with temperature, as
does the molar susceptibility below a temperature
of 160 °K.

The obsexved magnetic susceptibilities of
Cuz(Dapac)(OAc) and Cu, (Dapsa) (OAc) -2CH3CN do not fit the

dimer susceptibility equation., For Cuz(Dapac)(OAc), this was

not expected since it exhibits ferromagnetic coupling due to
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the bent nature of the dimer (39)}. Cu2(Dapsa)(OAc)-2CH3CN
however, does not obey the dimeric susceptibility equation
due to the infinite chain interactions between each dimeric
moiety. Although some theorectical models have been
successfully applied to infinite chain systems (3) one could
not be found which adequately described the complex
interactions present 1in this structure. Therefore, no
further attempt was made to fit the data which were recorded.

The molar magnetic susceptibilities of
CuZ(Dapsa)(OAc)°CH30H and Cuz(Dapsa)(OAc) fit the dimeric
susceptibility equation (Bleaney-Bower). The results are
listed in Table 22. The exchange coupling constants from the
fit (J = =-185c¢m! and J = =159 ) indicate that the
complexes are strongly antiferromagnetically coupled and
similar to each other, This is in good agreement with
similar structures and environments which the molecules
assume in the crystal structures. The slight difference in J
values may arise from a combination of (a) the coordinating
atoms of Cuz(Dapsa)(OAc) showing a larger deviation from
overall planarity than those of Cu2(Dapsa)(OAc)°CH3OH and (b)
the minor difference in the Cu~0-Cu bridging angles (131 and
133 degrees respectively).

The ferromagnetically coupled complex Cuz(Dapac)(OaC)

has a smaller Cu-0~Cu bridging angle (114.6 degrees) than the

o



Table 22. Magnetic Susceptibilities (XMcorrx 10

Xcalc

and Cuz(Dapsa)(OAc).

6

cgs and

x 106 cgs) of the Complexes Cuz(Dapsa)(OAc)'CH

3

OH

100

T (°K) xMcorr Xcale xMcorr Xeale
Cuz(Dapsa)(OAc)’CH30H Cuz(Dapsa)(OAc)
298 1226 1217 1201 1205
278 1273 1276 1237 1245
258 1343 1337 1301 1301
238 1395 1397 1355 1360
218 1461 1455 1423 1420
198 1511 1504 1483 1480
178 1540 1538 1536 1534
158 1547 1542 1568 1575
138 1486 1494 1575 1586
118 1352 1361 1517 1540
98 1101 1099 1391 1392
J = -185 ¢ ! J = -159 cn "
g =1.77 g = 1.52
N = -234.2 x 107° N = 68.3 x 1076
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other complexes in this series (avg value = 132 degrees).

However, based on Hodgson's correlation of bridging angle and

magnetic behavior (4), this compound should be
antiferromagnetically coupled (i.e. Cu-0-Cu angle 98
degrees) . In this case, the non-coplanarity of the

coordination spheres in the dimer apparently plays a more
inmportant role in determing the exchange mechanism,

The resulting negative wvalue of the temperature
independent paramagnetism term {N-alpha) of
Cu 5(Dapsa) (OAc) *CH OH is anomalous and no explanation for
this behavior can bhe offered at this time The negative value
appears to be adjusting the fit for diamagnetism in the
system. This has not been previously observed.

The monomeric complex, Cu(DapsaH)-CH3CN, shows large
deviations from square planar geometry toward tetrahedral
coordination. This is probably due to strain produced by the
formation of the saturated six-membered ring upon chelation.
The propylene backbone adopts a twisted conformation, and

through the two imine nitrogens, distorts the geometry about

the copper atom.




CHAPTER IV

CONCLUSIONS

The metal-metal distances in all complexes prepared
were large enough to insure that a direct exchange
mechanism via metal-metal overlap was excluded as a
possible exchange mechanism. The complexes were assumed to
be coupled through the bridging atoms in the polynuclear
moiety.

The slight differences in the molecular structures of
alpha-[Cu (EIA)]4 and beta-[Cu(EIA)]l4 vyvielded significant
magnetic differences. Based on structural parameters of
the tub (beta-) form, the bridging angle was concluded to
play a minor role in determing magnetic properties compared
to the importance of the relative positions of the
coordination spheres of the four copper(II) atoms.

The six bridging nitrogens of the complex Fe,(DSALZ),
were determined to show a larger distortion from trigonal
prismatic geometry than the sterically hindered

Coz(PMK)3 4t The difference may be due to the six vs five
membered ring, respectively, formed upon coordination of
the ligand to the metal.

The ligand Dapo was found to exhibit intermolecular

hydrogen bonding in the cobalt complex
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[CO(Dapo)(DapoH)]Clz-2@20. The other Dapo-metal complex
studied, [Cq§Dapo)2(DapoH)2]I4-CH3OH, revealed binucleating
coordination of two monoanionic ligands, with the other two
neutral ligands donating only their nitrogen atoms. The
magnetic susceptibility equation for a bent trinuclear
complex with no interactions between the end copper atoms
gave a good fit with the experimentally observed values to
yield an antiferromagnetic coupling contant (FJ = =98
cm_l).

The structural and magnetic results of the series of
complexes with Dapac and Dapsa as ligands showed tHiat: (a)
in the ferromagnetically coupled complex, Cu2(Dapac)(OAc),
the bridging angle (114.6 degrees) plays a minor role
compared to that of the bent nature of the dimer in
deciding the overall mechanism of exchange and, (b)the
complex Cuz(Daspa)(OAc)-ZCHBCN is much more weakly coupled
than the analogous antiferromagnetically coupled complexes
of Cuz(Dapsa)(OAc)-CH§OH or Cuz(Dapsa)(OAc) due to

ferromagnetic interactions in the acetonitrile solvate

complex along an infinite chain.
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APPENDIX




Table A, Observed (F0O) and Calculated (FC) Structure Factors for

[Cu(EIA) ] ,~C,HoOH.
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Table A. (continued)
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Table A. ({(continued)
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Table A. (continued)
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Table A. (continued)
[ L Fo FC K L FC FG K L F¢ FC X L Fo FC [ L FC fC X L FOQ FC K L FO FC K t FO fC
a 20 1 f Ha =1 3 T 18 15 6 12 2w 27 1 2 24 23 1 2z 16 ad S5 13 2 w0 4 12 52 51
9 1 5k 46 3 8 161 163 5 11 &4 B) 11 4 56 5o 1 25 220 N1 € 14 14 18 & 13 s 27
9 z2 &7 B4 a 4 Ta2 215 L} 9 183 1T4 6 14 3§ 2% 1% s 3% 4 2 1 2% ] 5 1% 59 5% & Lk A8 W
9 1 90 &% 3 12 73 I5 6 15 30 30 10 6 &9 &9 H 2 2T us § 16 12 1% & 15 26 e
9 % &0 56 0 6 80 EO 1 15 %z 57 6 1t 24 23 11 T 16 16 2 3 129 47 5 LT 24 27 4 1. 18 17
9 5 1d 1 ] 8 §%5 95 3 11 29 W7 6 17 23 24 14d 9 1¢ 12 2 4 124 951 5 19 30 31 9 1 19 19
4 & 17 18 0 10 108 91 3 21 3% 35 6 18 1z 12 W12 16 1% 2 s 4% 91 5 21 21 s 9 2 108 146
9 ¥ 16 13 0 12 109 98 3 723 15 23 6 206 36 39 10 11 22 24 Z2 6 212 241 % 22 2z 28 9 31 52 51
9 10 1 ! 0 ts 79 T? 3 2% 12 11 r 1 S8 59 19 14 23 23 2 8 1E5 191 5 24 12 15 9 Y Y
9 42 &1 w0 B 16 133 130 v L 0D 81 7T 2 bb B 10 15 29 2r 7 10 139 138 & 0113 1o 9 5 46 k6
9 13 20 20 o 18 42 37 4 2215 200 T 1 3 N 10 16 10 11 2 12 47 &5 6§ 1 L€ 4 9 & 20 22
9 14 17 14 0 28 19 22 s I 34 22 T b W1 39 10 18 14 19 2 14 0 2t ) 2 19 5 9 -1 1 |
9 15 26 29 D 2k 15 15 I T S 7T 5§ 26 23 1 1 19 0 2 18 11 19 & 3 50 S3 9 ¢ 10 &
9 16 K9 4E i 3 157 109 &5 hh k) 7 6 100 92 1 2 19 19 2 22 3 51 6 & 100 s00 9 10 13 1k
9 17 16 20 1z °) 9% & 6 319 &8 T 3% 92 1L 3 40 38 I 1 1 & & 5§ 56 55 9 11 52 8¢
9 18 32 3 1 3 163 108 & T 108 100 Fs 351 139 1L 4 23 9 3z 25 28 6 & T2 N 9 12 25 25
1 2 40 3B 1 W 146 141 & 4 111 111 T 9 79 TP 11 5 1% 14 3 3 18} 121 L] T 68 &1 9 14 1T L8
19 3 53 55 1 % 13 s7 9124 117 T 10 38 3s 11 6 L& 1a 4 & L4p 1E0 6 8 95 96 9 15 35 34
10 5 18 15 1 6139 110 4 10 51 &9 T oA sg By 1 oar oz 3 0% 124 112 6 9 52 51 9 16 16 13
10 6 35 14 1 T &7 &6 & 11 53 &t F 13 zZ9 2o i1 8 41 &3 3 & 15 T 6 13 T4 BT 9 1 21 23
16 8 &0 58 1 A& 48 39 4 12 28 11 To1r 10 12 19 9 1 3T 152 188 6 1L 12 L4 10 4 32 31
10 % 10 b 19 184 178 & 13 SD 48 T o118 a7 1 FERREE SO T I 1] 3 8 58 48 & 12 L4 18 1t 1 53 Sk
10 10 24 25 1 14 F0 68 N 1% 3t &5 T 24 19 22 112 21 18 39 38 4t 6 13 30 34 1 2 35 33
10 14 22z 3 1 11 24 2a W16 118 11k ¥ 22 16 1’ 1 13 16 15 I 14 186 10w 6 14 21 22 w3 B2 bk
10 13 22 20 1 12 33 28 4 20 9 6 O T I 1 11 1 11 11 3 1L 26 e & 1% 2T 2% 18 & 68 &7
10 14 21 21 1 13 104 9% h 25 16 15 8 2 102 99 12 115 1 3 12 1Y T & 1T 28 28 10 5 19 1h
10 15 1€ 16 1 th &5 43 5 1 8t 7Y 8 ¥ S bt 12 2 2 28 3 16 u? 56 6 18 26 24 16 8 J9 39
10 17 a1 33 1 15 4 58 5 2 8 3 a & o6y [T ST 1Y 3113 29 A5 & 2L 2 2% 10 10 19 1&
11 3 33 3z 1 17 35 3% 5 3 16 15 [ ] 5 20 20 12 r i3 1n 3 25 1% 13 & 22 25 29 18 1t 1l 19
1l b 12 13 1 18 35 3s 5 & 11 16 [ & 31 3D 12 10 28 2% & a 215 221 6 23 14 17 18 12 12 14
11 5 14 19 1 28 24 23 ] 5 7 s ] T Ba w7 12 311 12 12 & 1 Sk 55 7 1 12 13 10 13 30 8
11 6 k4 a2 1 22 v 24 5 b 14l 128 a 4 23 27 13 1 23 23 [} 2 3 4h H 4 101 94 16 14 14 15
11 T 18 9 1 25 29 22 5 T 10 10 [} 9 59 55 13 1 2y 20 & 3 95 73 4 5 morr 16 17 10 )
11 9 16 9 2 1 =t 21 5 A 53 &8 8 10 33 34 13 &4 16 19 & & 115 107 T 6 &3 &1 11 1 35 35
11 18 36 15 4 FE T Y 1 1 9 120 128 5 11 38 42 13 5 14 11 4 5 €7 64 4 r 131 132 11 4 31 32
11 11 19 18 2 3 a1 &t 5 10 19 22 8 12 kb W 1207 1% 1t b & E6 60 T 2 112 108 115 &3 &5
11 12 15 14 2 & 306 28k 5 41} 10 s 13 39 1315 @ T a3 K& T 110 57 56 t1 6 41 &8
11 13 w2 39 2 5171135 5 12 18 20 8 14 34 38 H= @ 4 9 T2 v 711 33 34 1L 7 16 18
12 1 16 13 4 6 329 2¢6 5 1} B? 63 B 16 A5 &b b 10 45 Wi T 12 &7 &5 14 4 3L 29
12 2 12 9 F4 T 25 9 & 1& 93 96 & 18 1T 18 1 4 214 203 & 32 22 31 7T 13 25 19 1 4 17 14
123 14 15 2 B 22s 219 5 15 3% 37 9 1 59 57 a 6 22 29 & 13 18 19 T in 38 35 1. 10 ir 17
iz & 37 3 2 9 168 1kd 5 17 38 4 9 2 54 5% a4 10 16 LS & 14 Q7 1047 F 15 &0 34 11 11 9 ]
1z 5 17 7 2 18 1€w 152 5 18 23 1D 9 4 A7 4B 0oz re N & 16 14 11 T 16 40 &2 11015 21 21
12 & 24 23 2 12 25 zr 5 21 22 2% 9 5 6T 64 L& 161 159 [REEY B T 19 23 24 12 2 35 W7
12 8 15 14 2 11 10 1o 5 23 1t 21 3 €& 33 29 0 18 8 & W 21 22 31 T 24 32 32 2 3 13 17
12 9 32 1 2 16 E3 59 [ 1 &2 W8 9 T 50 49 o 20 ¥¥ 41 H 1 97 493 ¥ 21 22 2% 12 4 11 11
12 10 19 18 2 18 9 ik B 2 5 ¥5 9 & 1T 15 0 22 18 14 5 2 €9 41 & 0 a4 A9 12§ 21 25
12 11 1k 12 2 20 M 15 & 1 18 s 3 11 3¢ M 0 2% 18 21 S 1 EX Se a4 2 36 & 12 ¢ z2r 271
12 12 32 1 2 21 1) 27 -3 11 12 9 11 18 14 1 1 21 1& 5 4 106 35 .} 3 5% L8 12 9 b 1b
13 1 Yo 29 2 24 25 27 € 5 61 61 9 12 15 13 1 4 20 13 5 5 28 28 ] 4 19 12 12 11 12 12
13 2 11 on 3 1 €Y s7? 6 6 127 122 9 13 36 &b L s 39 3 S5 & k3 &2 A 5 56 53 12 12 19 19
13 3 313 33 X 2 a4 & T 107 103 L TN TS SN | 1 & 15 15 5 7 s a9 8 & 35 34 13 1 15 13
13 o100 10 5 3121 112 [ B9 94 9 1& L7 15 1 T 12y 113 5 4 484 55 L] T 10 9 13 2 15 r
[T A Y 3 ko111 103 6 9 a5 11 9 17 15 1§ 18 14 43 5 9 80 &9 a8 52 49 13 3 21 2%
13 9 15 13 3% 4 30 & 10 T0 &7 9 18 2 24 1 15 &y T8 s 11 11 12 a 9 T1 70 13§ a1 3r
1 K 182 97 6 11 1Y 17 19 LU L 1% 52 55 s 12 22 22 4 10 54 53




Table A. ({continued)

XK L FO fC K L FO FC K L FO FC X L FO FC X L FO FC K L FO FC X L FO FC £ L FO FC
Ha 1 3 6 125 119 5 2 36 5 3 7 19 12 1 22 18 22 3 0 29 33 § 13 21 21 1 6 68 69
3 T 13 12 & 1 17 & 3 & 13 13 s 24 25 28 3 21wt A1 6 20 18 24 w7 12
g 4 &3 50 I8 w4 T 6 & Wi 36 9 16 21 25 10 1Lk 15 & @ 96 111 & 2L 25 24 10 9 I3 34
. ¥ 9 EE 66 € 5 46 39 9 11 12 12 11121 134 4 1 13 198 70 10 12 19 10 25 23
16 18 L4 3 10 a7 77 5 & 139 138 9 12 1% 16 12 148 140 « Z 68 66 r 1z 9 1 1t 24 22
o8 21 23 311 87 40 £ 7 3t N 3 13 30 31 13 93145 s 3 39 17 Tz 24 2w 18 13 4l 41
¢ 10 35 98 3 1z 40 38 & 8129 125 3 1w 25 24 I Y “ & 92 83 T 1 &8 73 10 1€ 19 19
& 17 103 180 3 11 49 4B & 3 33 za 9 15 34 36 15 w6 37 4« 5 70 10 T & 4k &6 1101 28 W
0 14 a8 43 3 14 W8 AT 6 10 & 11 9 16 14 20 16 29 24 “ & 35 38 T 5 11 10 11 4 22 18
¢ 16 38 39 3 16 15 3k 6 11 39 34 10 0 14 1E 17 19 22 o T 11 21 T 6 43 &T 117 39 ue
v oae 2z 2 317 By 6w 6 13 3u 32 10 1 45 61 1 8 &l E8 9 T0 28 T T 106 104 118 13 s
9 2 51 50 3 18 €2 66 6§ 14 3 7 10 2 &7 &8 1 9 53 S2 410 118 115 T 9 6T el 1109 18 14
b 2z 38 3% 3 13 31 40 & 15 35 38 1w 3 ¥ 82 11 13 12 8 o1t 2e 25 710 32 2 1 13 1z 13
0 26 12 1a 3 21 42 50 6 17 24 25 10 & 3 35 111 297 199 w 12 50 S2 T 1L 43 &5 11 14 20 23
10126 1k v 0 er a8 6 19 2¢ 28 1 5 28 28 1 12 61 &7 v o131 38 3 r o1z 9 7 120 38 40
1 2 36 35 s 1 10 3 6 20 49 50 10 & B3 62 1 15 49 &7 R TERT T 7 13 1z 9 122 12 15
1 3 711 81 ¢ 2115 1% & 22 1. 15 10 8 &1 &1 1 16 26 32 v 15 30 26 T oia 3¢ 39 12 6 13 14
1 4 182 184 PO T I T o1 21 23 1w 10 10 9 1 1} &8 I 4 16 18 15 T 16 4k W5 12 5 23 23
L 5 BB 55 v 4 45 37 T2 k2w 10 11 36 Iw L 19 Lk 45 « 17 9 10 717 1z 1t 12 E 12 15
1 6 10 9 4 5 EE BY T3 4B 45 10 15 23 29 1 2L Y0 b PR T I r 18 26 24 132 18 a7
PR S TR 4 & AZ 46 T o 12 15 10 16 15 15 2 0 10 13 v 14 37 3s 7 18 2z 22 13 7 111
18 23 s 7T 10 3 T 5 118 110 11 8 12 15 z 1 90 13 v 21 20 20 T 20 38 37
1 9 16 a7 4 8 311 3 7 & &0 57 111 15 1T 2 216t 1y 5 0 72 Te 7T 21 19 21 H= 3
110 45 4k v 9 20 24 7 T 12 13 1z 27 2s z 1 92 97 5 1 a5 43 a4 o T3 a8z
IR TN T 1} 4 10 €8 64 r 8 15 15 1103 M N z w222 20 s 2 3 37 8 1 8 3 8172 182
113 148 143 v 11 18 17 7 9 82 56 11 % 10 & 2 5 10 2 5 3 25 21 s 2z 30 32
1 14 56 62 4 42 EE &9 7 10 68 67 115 &0 w1 2 6 er &9 5 & ta 78 s 4 1r 20 2 2en 28
L1 1T 2 & 13 5k 548 7 1L 12 1w 11 ¢ I8 13 z 8 2t 5 S 4i 39 ¢ 5 13 13 o & 25 24
117 43 48 4 1 13§ 712 ie 16 118 11 11 29 43 a3 5 & 50 45 & 6 41 &2 & 107 99
121 13 5% 4 15 31 1) 7 1) 51 49 11 9 1w 1T Z 11 A8 45 5 7 €6 67 8 T «3 37 0 e 137 138
1 e 13 22 4 16 17 18 7 14 57 S8 11 15 19 18 2 12 (12 149 5 & 135 112 a4 8 14 15 4 18 59 $&
2 0 3 719 & 17 21 34 T 15 14 1k 12 0 9 7 2 13 68 &r 5 9 a & & 9 22 2% 0 12 214 288
21 kb 21 ¢ 18 26 26 ¥ 16 25 23 12 1 26 23 2 15 21 25 5 10 43 49 4 10 11 14 o 16 11 11
2 2 5S¢ 1 4 19 29 33 7 18 52 51 12 & 19 2 2 18 51 85 5 11 Mnn 4 11 9 5 o 18 17 17
2 3 86 82 4 20 38 40 T 19 22 24 12 & 17 a7 2 18 101 102 5 12 &3 76 4 13 32 34 * 20 22 27
2 W 1 oTe 4 23 15 17 8 1 14 19 12 1 24 z2 z 20 29 312 5 14 21 23 & 1L A1 A1 s 2% 23 Za
2 5 124 111 5 0 127 134 8 2 S8 63 12 12 2z 22 2 o172 S 17 21 21 8 15 42 39 1 0 13 9
z 6 91 9% S 1 e} 91 s 3 10 9 11 8 22 2r 2 z2- 29 3% 5 18 18 10 4 18 2¢ 27 1 1 8 22
2 8 tbb 158 5 2 1 2a 8 & 15 15 131 13 gz 3011 N 5 13 14 37 8 19 s 2 L2 194 146
2 9 21 18 5 3 40 48 s 5 26 25 13 2 16 14 I 1 3 e 5 21 8 21 90 42 41 1 3 91 99
2 10 &0 50 5 4 84 a1 & b 53 55 13 3 29 1 1 317 m § 22 21 22 3 L 19 18 1 4 26 17
2 11 10 15 5 5 15 T1 a8 T 32 25 13 &4 9% 6 3w &L €9 B & 1€ 18 9 2 51 51 1 5 65 19
2 12 28 2 5 b 22 14 8 8 3y 34 1 5 19 78 6 1L 41 a7 3 4 12 33 1 E 105 35
2 13 1s 19 5 1 s 27 B 9 28 30 e 2 3 6 51 S0 & 2 r & 9 5 14 17 1 T &0 b
2 1a b1 B s & T FO a 10 28 25 17 113105 B 3 18 17 9 7 4l a1 1 4 168 154
2 15 35 I8 5 10 42 45 &8 12 57 60 0 0 165 28T ¥ o8 o1 13 6 4 1% 151 9 5 42 4 1 10 58 5%
2 16 45 49 5 12 18 Ty 8 13 33 35 o 2 167 209 Y 9 13 17 & 5 2« A 9 3 18 18 111 Ak ke
2 4T 44 uE 5 11 42 4l & 15 13 12 3 10 9 14 b & 152 159 3 11 21 19 113 135 11
2 20 78 85 5 15 23 21 0 16 39 42 0 & 53 b5 311 115 tae 6 1 €7 62 9 12 45 4 1 14 49 &9
2 23 18 19 S 16 3 8 8 LT 37 37 o € 25 21 312 19 21 B 9 57 %6 3 1y 32 30 115 15 22
I T T 5 17 34 34 a4 18 13 17 0 8 T 49 3 13} 19 20 & 104 32 N1 3 14 11 30 1 1T 18 1§
¥ 1133 12 5 18 13 17 8 19 28 27 D 10 1u6 147 3 14 b €1 6 12 29 2% 9 17 15 16 1 19 58 58
3z 1y 1 s 19 28 26 a0 105 104 0 12 90 aa 1 16 3 1§ 6 13 12 18 18 1 33 32 120 1z 18
EEEE TR 5 21 21 23 31 49 4% 0 14 111 109 Y17 er 72 6 15 33 13 10 2 24 22 123 10 1z
3 4 110 G 6 0 11 7 3 4 65 64 D 16 8 T 1 on a2 6 16 18 1 18 & 33 30 2 1 92 &k
35 106 9% 6 1 4 9 9 5 Wb 43 0 18 &0 58 ¥ 14 51 sa & 1n 57 57 1 % 9 10 2 2z 296 247




Table A. (continued)

K L F¢ FC K L FO FC K L Fo FC K L FO FC K L FQ FC K L FQ FC K L FQ Fg XK L FO FC
2 1 72 8% 5 3 57 5% [ R TR | 13 E 18 1 1 6 3r 3s 6 7 8z &0 10 T 3% 39 1 20 16 17
2 4 Bb 86 5 & €1 90 P 5 &3 60 L Y et 6 8 &4 4B 10 8 2 39 1 21 18 24
2 5 5 a2 &5 6 9u 91 B & 26 2% LER 3 9 68 &6 6 9 24 4 10 9 25 22 20113 146
2 & T a7 5§ T B0 49 & 9 2u 21 3 10 10 @ & 10 11 29 10 10 10 9 2 1 86 91
2 7 68 59 § 8 &6 59 » 10 35 36 b 0 &b 52 3 1L Te 1 6 11 78 11 10 11 28 30 22 114 126
2 8 37 38 5 9 83 as 3 11 32 13 b & aSs 1T 313 25 2 & 131 3 53 10 12 12 9 2 1 2t 13
2 10 105 10 5 10 134 129 : 12 3% 39 © b 31 Tk LI TR O ] 6 1n 15 15 10 13 25 26 2 b 194 188
2 11 62 &1 5 11 40 4o 2 13 11 13 o 8 86 AT 115 10 6 15 9 6 10 14 20 17 2 5wk ud
2 12 113 104 s 12 11 7 & 1w 21 26 010 24T 245 ¥ 17 26 2 & 16 13 1% 11 0 36 &1 2 6§ 16 1
2 1% b4 €6 5 13 43 ub s 15 13 21 0 12 52 % 3 18 4T 46 6 19 45 &3 11 1. 17 2 7T 9 &
2 15 3 33 5 14 b8 &7 a 16 12 T 0 i1y &Z 59 3 19 11 13 6 20 72 23 11 2 16 17 2 9 14 1%
2 165 58 &0 5 15 19 4 17 3z N 0 1E 24 28 3 22 19 2 ' 0 109 124 [S U T T 71 2 1t 9 32
F I T T ] 5 16 15 15 9 0 21 21 o 18 37 57 4 4 9 1 T 1 16 14 11 4 19 21 z 11 16 18
2 20 2% 501 S 17 30 30 3 1 26 2w 0 22 31 n 4 Lzt T s s 15 32 32 2 12 17 2
2 ez r 28 5 19 36 35 9 2z 22 18 1 011 b 4 2 85 &7 T 1 98 140 11 6 16 19 2 13 21 19
3 0 62 &5 [ D w0 12 9 3 ] L) 1 1 151 170 Y 3 313 3 ? 4 €3 65 11 9 25 28 2 16 45 4l
3 1 102 103 B 1 &5 &3 9 & 50 S5O0 L2 W kb 5 & 147 113 T 5 42 w4k 12 0 14 18 2 18 18 A
32117 120 & 2 5S4 95 8 5 a5 37 1 3 213 210 4 5 116 119 r & 81 85 121 28 26 2 20 24 19
3 Yy 18 Ti & 3 28 1 9 I T 19 1 & 55 ‘45 [ 6 195 108 T 11 43 138 12 2 g2 22 3 1 1% 25
I & 8p 9% & 4 133139 T 224 27 1 5 B6 7B . 7 e n T 12 21 17 12 5 29 3 3 12401 224
305 93 91 & 5 81 77 9 & 15 17 PO Y S 1 & B L4 12 T 15 15 14 12 8 28 2% 3z 229N
3 6 68 59 6 & 55 56 9 9 13 13 1 7 21 1% & 10 136 139 7 1% 38 35 13 1 20 z% o5 23 37
3 7 )3 28 & T 17 16 % 10 57 &2 E R Y L 4 12 3 29 T 15 11 13 13 & 15 12 I 5 98 98
3 a8 31 29 & 8 &1 ST 9 11 21 18 19 114 109 v 13 15 17 T 17 W2 &2 3 6 95 96
3 9 06 es & 9% £ b2 9 12 14 13 1 10 13 1) e 1k 21 21 r 18 72 22 He 5 AT e 22
31 10 15 e 6 180 50 &8 9 1% 24 25 111 163 161 & 15 20 24 8 0 22 23 I 9 Je w2
3 11 46 b 6 11 kE &b 9 15 17 14 1 12 B& 61 W 16 18 36 a 1 82 e ¢ o 39 32 1 1e 23 27
3 12 52 W9 & 1 1w 7 9 1T 21 20 1 1% 13 re 8 11 22 2% & 2 16 16 B 2156 164 3 11 50 W%
3 13 79 78 & 15 23 23 14 2 10 10 1 1k 16 16 & 18 131 16 B 5 &7 S0 0 4 112 109 3 12 22 20
114 1113 6 16 3z 3% 10 4 28 21 1 1k 16 17 « 19 12 1} s 6 26 27 o 6 103 182 3 16 10 &
1 1% k! AT & 1T 8 28 10 & 55 58 1 17 37 33 & 22 10 12 A& T %q «T 0o a &6 P2 315 12 1s
3 16 51 53 & 18 22 28 15 5 30 2% 118 11 1t § a0 11 12 B 8 49 &2 ¢ 10 95 97 116 32 1s
3 1T 16 35 & 19 11 9 10 & 12 5 123 15 14 5 1 89 92 4 9 14 16 0 12 Tw T2 X 21 10 12
3 18 1 2% & 20 3z 33 10 7 9 8§ 2 0129 150 5 2 83 &4 B 10 46 50 @ 14 75 T1 D 2% 29
3 19 Mk &6 T 0 %5 5¢ 10 & &9 47 2 1 4% 58 & 3 3¢ 142 & 11 19 18 0 16 &2 42 4 1 19 ra
3 20 2% 24 T 1 12 43 10 9 &) 43 2 2 193 208 5 & 21 26 & 12 16 15 8 18 18 21 & 2102 114
& 0 Kb 16 T 2 &7 &8 10 10 11 12 2 3 S1 &0 5 5 71 T4 4 13 25 24 0 20 25 2% & 3121
& 1 BB €9 T3 o1 14 10 11 W3 39 2 h 145 149 S 6 Liu 14 & 15 21 19 8 22 20 22 G 4 44 38
N 2 38 a5 EA S A T4 10 12 12 11 zZ 5 e 24 5 7 12 14 & 18 2y 27 1 0 19 15 o 5 15 12
& 5 WD ¥ T 5 109 112 10 15 15 1§ z E 58 57 5 8 112 110 a 0 13 27 11 172 197 & & 32 1
¥ & T% T2 o6 12 1l 11z 2& 28 2 7 18 17 S 9 &4 £l 4 1 11 15 1 2 21 a7 W 7 22 22
4 5 18 15 T 1 €0 E5 11 4 19 2% 2 8 11 a1 s 10 19 19 9 2 14 &3 103 25 14 ¢ & 79 a2
& 6 48 58 T 8 &5 45 11 5 kb &3 2 9 21 22 5 11 67 62 9 1 21 1T 1 & 28 34 o 10 k2 W3
BT 26 0B TO9 B3 63 11 & 15 13 2 10 107 302 s 12 6 W 4 5 26 29 15 3112 107 4 12 45 ah
& 8122 118 TO10 1k 1k 11 3z 133 2 12 11 1 5 13 25 2 2 6 &F ua 1 & T 5 PR TR TR |
& 9 51 &4 Y 12 18 20 11 10 1y 17 2 13 39 36 5 15 27 28 9 & £31 55 17 54 57 & 15 16 14
¥ 10 23 16 7T 13 16 16 11 12 24 23 2 1E 2% 25 5 16 14 14 9 10 19 19 1 4 Ss1 52 4 16 2? 29
4 11 &6 &b T 16 A8 4T 11 13 13 1} 2 18 28 29 s 1! 2a 20 9 (4 21 22 1 9 50 42 & 18 13 18
& 12 124 118 T AT 2% 23 12 0 37 43 z 20 26 26 5 13 10 9 9 12 43 41 110 &3 &3 & 21 12 1%
& 16 16 16 7 18 27 29 12 1 1% a1k 2 22 18 19 6 0 &5 S0 9 11 12 13 1 11 188 107 6§ 0 43 45
& AT 4T S ¥ 14 38 39 12 3 28 27 3 " 95 123 6 1 Ty Te 9 15 13 1} 112 33 32 5 1 96 184
4 20 18 20 T 20 15 16 1z 5 12 10 3 [T Y 6 2 65 7 10 1oL 28 113 42 sy 5 2 52 5%
&« 21 12 13 & 0 &6 50 127 e 17 102 90 & 3 26 26 10 3 11 14 1 14 31 33 5 3 27 1%
5 8 25 24 & 1 11 12 12 & 13 12 3 3 18H 196 6 & a1 &3 10 & 17 12 115 10 11 5 &k 96 95
5 1 22 2 a2 8 & 13 0 21 22 3 & 176 169 6 &5 53 87 10 5 26 28 1 16 22 21 5 5 S 54
5 2 9% S6 a 3 r0 T4 13 1 25 26 3 5 11% 10§ 6 & 105 304 10 6 45 &S 1 17 33 X0 5 6 4T 4§
F....I
}_l
[#%]




Table A. (continued)

=
x
=

VO LD OO OO DOND S

-
B OB AL WD

e e e b
AR W N

P N A L L L L L L RV R N W W N RN N R R TS R R R R R U]
~
-

o T R R T N g N N T e e R R

- OAOOOOBOG

@ WEAE WMo

K L FO FC K L FQ #C
& 1D &3 57 ] 1 25 24
& 11 26 2 ] 2 11 12
12 3% 3} ) 1 1 2
LI LI T ] 8 4 16 14
15 11 11 & 5 10 12
4 1E 22 22 & & 52 55
6 17T 20 2% 4 10 51 G4
4 18 11 11 8 11 23 22
4 19 17 17 a 12 23 23
“ ZD & 27 s 11 {0 ]
5 8 19 186 94 21 25
5 1 1% 28 9 121 23
L 2 1% 1t 9 3 30 27
[ 3 81 91 9 5 13 1
5 € 3 29 9 & 18 19
5 T b5 &6 9 7 38 W
5 8 2u 22 9 4 20 18
H LT I 9 4 33 13
§ 11 [ 9 10 24 24
5 12 13 @ 9 11 14 13
§ 1w 2r 26 9 14 19 iS5
5 15 26 28 10 0 35 38
S 16 30 27 10 i 1r 19
s 1T 23 24 0 2 21 28
5 18 Wl &7 19 3 1 7
6 0 ¥2 34 1 ! 13 15
& 1 2z 22 10 & 31 1
& 2 92 02 118 21 19
[ 3 11 93 10 11 Lz 12
6 & 20 18 10 12 14 11
] 5 11 16 1 0 20 W
6 & 1% 16 11 2 16 19
6 F 12 16 11 1 29 27
& 4 61 66 11 & 22 20
6 9 A7 &b 11 5 1 17
6 10 2% 29 11 P22
6 13} 18 18 120 11 3%
6 1& 19 22 12 1 25 26
& 1t 28 Z» 12 2 Ly 10
& 17 26 26 12 5 16 17
7 0 &5 95 1z 6 22 21
? f 1k 11

? A 45 kb Ha T

? 4§ 61 82

r 5 28 31 0o & & 9
H £ 13 112 0 2 11 L
? ? W% 52 [ T S B Y 4
T 8 15 12 [ T T 1
? T 20 23 0 & Ta Ta
T 40 ek 45 2 10 319 16
12 2 % 12 67 1
T 13 10 11 o 16 12 10
? i 1D 12 0 16 59 5%
T 16 11 14 1 18 1}y 14
T 1! 29 29 1 4 15 24
[] 4 32 34 1 1 79 9y

x
x
=
-

o e
LR T T

[T V.Y N N N

NS EHNERwP RIS sa MR E A

-

LR R R R e R R R T N T N NN N R ST R RE T RT R RURT RC R RT RO RT W o =
A B

Bl b bk G e G G e S e e el e G et D Ll e B R R G R A R R RS R R AR B AL R A R e e e e e e pa e e e pe e e e e
NRNANANNANRNNRUNN S RSN e eSS e e

[T TRy WY

-

V1T




Table A, (continued)

4 L Fo fC L4 L FO FE * 1 FO fC X i+ FO FC x L fGQ, FC K L G FC 1 4 L FC FC L L FO FG
2 1s 52 51 6 1k 2t 2% ] E 43 38 4 12 bk &1 9 T 19 18 ¥ s 13 14 9 1 9 & 3 L 19
2 16 30 Mt B 15 1% 1k q [ I L T ] & 13 1r ar 9 a Lo (] 3 1% 12 10 9 2 43 43 3 15 16 14
3 0 26 28 B 16 1% 16 0o 10 & 15 & 18 117 9 9 2 21 1 16 21 13 9 3 18 18 # 0 18 2%
3 1 3t &0 T 1 23 25 0 1z &1 &8 4 16 Z0 20 10 4 &l &3 4 o €9 J1 9 & 23 21 L] 1 12 1%
3 2 30 18 14 2 g & 0 1%zt 27 5 I &1 &8 to 1 26 23 L) 1 e 37 9 5 23 29 L] 2 16 18
3 3 Zn 26 T W 32 36 0 1 1& 17 5 1 26 e 10 2 41 &} L 2 40 &5 9 6 17T 1w L] 3 IT W
I 4 29 28 7 5 11 10 1 0 &Y 55 5 2 &2 4% o4 18 9 4 3 3% 39 9 r 9 9 « & 5D S&
3 5 33 Wt T 6 37 34 1 1 79 86 5 3 28 2B 10 s 22 2 [} LKL BT 9 4 14 10 L} 5 15 14
I & 83 N T T 38 3% 1 2 &5 64 5 & 34 Jé 10 6 17 1 4« 5 9 15 16 a4 35 39 4 € 39 M
3 ¥ 8% Bk T & 12 29 1 3 S0 57 S 5 Wl W1 10 T o200 29 L] b t4 67 it 1 16 15 L3 8 11 T
3 9 2z 23 7 10 %6 56 1 & 64 BB & &t 57 61 11 Y 16 3 « F 12 20 10 3 21 20 € 10 11 34
3 10 Ta Ta 7T 11 17 s 1 5 10 n 5 T 585 57 11 & 14 T 4 8 28 29 1 §y 31 3 & 11 14 13
3 t2 16 18 7 12 13 1. 1 6 43 &l 5 & 10 19 4 9 s 10 16 & & 7 “ 12 25 23
313 &) W) ¥ 13 21 23 1 T & &8 § 10 14 1T LT} & 10 26 26 i1 0 9 1z @ 13 3 11
3 1k 3T 36 T 14 za 2T 1 8 3 29 5 11 I3 23 8 13 10 2 111 2r 2r 6 1k 9 &
315 12 12 s 0 232 3r 1 9 3t & 5 1% 13} 1k ¢ 0 14h 155 & e 13 14 it 3 26 27 s 6t 29 n
1 17T 18 17 [ ] 3 23 22 1 11 &5 Wi 5 1% 1k 13 [ ] 2 Wl 58 L1 1 té€ 16 5 1 T L)
¢ 0 62 M0 8 4 9§ 5 1 12 15 11 & B &6 52 ¢ & B8 B8 5 8 J1 31 o1 § 2 10 13
4 2 21 16 s 5 28 26 1 15 28 27 6 1 &} &8 0 & 56 66 5 9 11 1k 5 1 30 32
4 3} 24 27 8 6 38 137 1 16 12 14 6 2 21 24 (] 8 &1 39 5 14 5 22 4 0 50 54 5 4 5% 52
4 k12 18 s 8 22 22 1 18 11 8 6 3 12 12 W o n S 11 15 13 0 2 81 sz § 5 14 18
& 5 L5 &8 a9 26 2 2 0 98 107 & & 2z 29 0 12 25 2% 5 13 18 11 4 & 24 29 5 & 11 13
& 6 By 8y a8 10 12 12 2 1 1E 12 & 5 &3 52 b 1k 24 21 5 1 % 11 0 6 30 29 § 7 25 24
y T 1 14 a 11 37 39 2 2 ] 5 6 6 29 2% 1 a 15 17 6 g 10 [} 1] a8 6 2% 5 a 3z 32
(] 4 13 18 & 12 12 M1 2 3 g 15 & T 33 3 1 1 21 24 & 1 s 24 a 12 317 34 5 9 21 2
B9 wB A% 4 1% i 15 2 & 13 75 & & 35 13 1 2 64 E8 & 3 51 S8 0 14 & & 5 10 13 9
N 11 22 2% 9 0 20 21 2 5 32 32 & 9 12 13 1 & 22 12 6 4 29 29 1 0 as 9p § 11 12 1%
4 14 53 53 L 114 4 2 6 53 5% & 14 15 15§ 1 5 &4 59 L] 4 a 5 i 1 36 11 % 12 26 13
& 15 24 22 9 2 3 a4 2 7 19 19 & 11 14 12 1 & 5 54 6 b 45 42 1 2 16 15 6 0 15 16
& 17 11 11 9 & 42 &5 2 & &8 &7 6 12 Zx 23 109 1Y 1z & 7 35 34 1 3 12 9 & 1 1z 12
4 18 15 15 9 5 1% 1 2 9 2T 27 6 1% 2% 23 1 10 L6 15 L] a 12 12 1 d k&1 [] 2 2k 21
5 0 5« 58 9 B 17 18 2 1D 50 &9 ? a4 3N 22 1 1) 3 32 [ L] a [ ] 3 & 23 2% 6 3 25 21
s 2 37 up 9 % 0 2 2 12 21 2% 7 1 17 21 1 14 1} 1k 6 18 9 6 108 24 24 B & 45 4k
5 & 58 58 9 10 13 14 2 1% 51 48 T2 19 23 1 te 14 11 6 11 18 16 19 24 24 & 5 z8 28
5 5 25 24 9 11 8 27 3 0D 14 18 ? 1 18 20 1 17 19 16 6 12 268 2% 1 1¢ 13 12 6 & 11 18
5 6 10 15 9 12 M 21 3 1 &4 51 T 5 J& 35 2 4 kY 5) 7 a9 20 1» 1 11 29 27 & T o12 13
5 T &7 a7 18 1 11 1k 3 2 13 18 TOE A5 45 z2 1 29 1 TL 28 24 1 12 19 17 6 ¢ 1 17
5 & 35 2 10 2 &9 51 3 3 L8 53 7 s 3r 3% F4 324 29 7 2 22 24 1 14 13 113 6 10 16 13
5 9 3a 139 14 1 & 2% 3 5 70 &)} T 10 19 14 2 § 14 19 T y 21 23 1 15 24 21 6 11 15 14§
5 10 18 1@ 14 & 29 30 3 6 ¥ 36 T 11 17 1§ z2 & 98 95 7 4 39 19 2 0 1z 1 Y o0 9 12
5 11 1z 1t 10 5 15 16 3 7 b& 66 T 12 3% 32 2 a8 20 22 T 5 17 13 2 1 T ] 7 1 4 L]
5 1z 20 18 e T 1z 9 3 8 70 &5 & 1 20 25 2 12 14 16 T o 1% 22 w1 a2 T 5 25 2%
5 13 33 37 10 % 1b 11 ¥} 9 24 24 8 5 36 1% LI L] o8 27 27 2 3 8 7 T &8 9 18
S 15 11 15 11 4 19 20 3 o1y 13 12 ] & 16 1§ L} 1 17 9 T 14 18 1e 2 & 52 54 T 10 11 11
5 16 32 3 11 1 38 32 Y 12 WD k1 & 6 1% 15 1 2 14 15 To1z2 11 o1z @ 5 1 9 ¥ 11 16 16
& 0 13 tb 13 12 o1 3 15 29 29 s r 29 2% 1 1 25 25 ro13 19 1% 2 7 1a 20 s 2 13 13
4 2 %59 &2 1 5 19 19 3 16 195 1Y & 9 12 1s 3 & 20 1a [] 0 8 14 2 10 22 21 & 4 28 28
[ 3 &% by 11 e 23} 23 LY a 20 19 8 180 29 2 3 5 48 93 a4 1 22 23 2 11 1% 15 L] & 20 20
6 W kB N3 12 b 13 1w [ R [ I T A 11 19 19 15 s 2 s 31 21 21 2 12 % 14 & 8 14 15
6 5 18 15 12 1 13 16 4 2 30 138 s 17 2 23 It 2 % & 5 A4 s 213 12 a2 4 0 33 1
6 6 Ju X9 12 Z2 15 16 LY 4 a8l arT & 13 19 18 3 a4 26 2 ] 6 19 17 1 2 10 T 9 1 3 A
[] T o1e 16 Y 5 29 24 9 0 4% 52 3 9 9 10 L) T o111 7 3 1 24 24 9 3 e 22
6 3 21 2% H= ¢ LY b 36 35 9 ¢ 3¢ 10 3 o1e 23 21 ] a 21 22 k] 7 19 17 L] 4 19 24
6 9 37 37 4 t 51 5. 3 & 75 26 3Ot 11 14 & 9 20 18 3 s 7 & 3 1 9 7
& 11 9 aa 0o 2z €1 99 & 8 50 5& 9 5 15 13 Yy 12 16 19 4 10 21 2s 39 16 13 1t 1 19 17
& 12 21 3 ] & 131137 4 10 13 15 9 6 1 32 3 13 20 11 s 11 (] b 3 11 30 28 10 2 26 26

S1T




Table A. (concluded)

K L Fo fC K L FC fC K L FiL FC K L FO FGC K I Fo FG % L FC FC
w 3 & S5 5 & & 11 z 1 13 17 1 3 29 27 1 & 12w H= 14
10 4 22 2% 5 5 19 16 2 7 3 135 1 % 12 12 T 7 9 12
5 & 11 1} ¢ 3 10 8 T8 19 1% 2 & ez 52 0 12 s
H= 12 § 7 11 9 2 4 28 2% 1 3 ¥ 30 2 1 19 16
5§ 8 2E & 2 & 26 24 2 6 24 24 2 4 13
9 0 &5 Bk 5 9 16 1k 2 » 2% 22 2 2 54 49 2 6 & 22
P 2 312 N § 10 21 e 2 9 1y 12 2 1 18 15 3 1 25 2
] 4 & 6 5 12 6 2% 2 10 23 19 z v 2 21 3 2 3¢ 3I%
0 1k 65 €1 6 0 22 22 2 11 13 11 z 5 9 9 3 3 23 18
0 1k 13 1 5 1 1Y 9 3 0 20 17 2 4 Won I8 16 11
1 1 8 14 6 2 20 29 31 61 & 2 14 18 38 2L 18
12 A% W) 6 & 1% 15 32 1s 16 10 3 27 1 & 20 16
1 J W& Ab ] H [} T 3 4 235 20D 3 1 2t 29 3 L3 B 4|
1 % 1} 1 6 & 21 20 3T 32 3 3 2z 19 10 4 0 2L 1%
1 5 T 7 6 7 1t 11 18 26 22 33 2 2 4 L 29 30
1 8 25 26 6 8 13 11 3 11 23 1% 34 oze 24 & 2 20 16
1 09 &1 &0 6 9 20 19 4 D 2¢ 26 } 5 L5 16 4 1 21 15
110 1% 1% TOo0 1) 11 4 3 21 23 1 6 26 21 & 4 11 10
1 11 2r 29 T Z 17 16 & 5 21 23 X 3 38 1I§ 4 6 16 186
[ R TS ] ?OO3 2% 24 B kb kb 3 1a 9 5 s 4 n 2r
z 0 &3 57 TS5 18 1w 4 9 18 a7 4 0 9 12 5 2 10 &8
2 1 1% 16 7 b 28 1B 5 0 11 15 4 [ RO T ] § 3 8 B
22 5Y 49 T 9 9 10 5 1 23 25 « 2 20 21 & 0 30 27
2 & 27 28 6 U 28 29 5 3 16 16 « &k 1t 9 & 1 20 17
H 5 9 L] L] 2 20 1t7 5 4 12 13 L) 5 2% 25 & 3 15 14
z & 9 7 & 3 18 9 s & 21 20 & & 32 N1 6 4 11 8
2 r 18 21 B b 24 2% 5 ¥ 1% 17 [} t 1? 1a | S ¥
2 8 19 13 a oy 12 5 9 14 16 4 8 20 19 ? 2 n 27
2 9 19 21 & & 9 5 5 10 32 30 S 0 28 24
2 10 27 2% 9 1 18 17 & 0 7 a & 1 22 23 He 16
2 12 8 5 9 2 15 1% B 2 16 18 § 5 & 18
2 13 16 17 9 5 23 2% 6 3 18 20 5 & 16 16 6 8 &3 3
2 e 1T 1% 8 0 15 15§ 6 4 30 3 § 8 21 19 4 4 2 17
¥y o0 19 21 10 1 33 11 E 5 23 22 6 0 15 1§ 1 1 &6 39
3 1 19 1 1wz 12 16 6 b 14 1% 6 1 24 22 12 11 8
33 AL &S & 9 24 22 & 2 A 32 1 3 11 A
L | H= 13 T o0 24 22 6 1 8 2 Tt & 12 7
1 & 24 21 Too1 12 e 6 5 21 22 1 5 &8 7
3T th 13 80 19 s o2 16 15 6 F 24 21 2 0 14 10
3 s % 9 B 2 2k 19 T3 1% 18 7T 0 3 29 2 2 ar ¥
3 9 32 N D & 13 18 T4 3 34 T oz 2t 21 2 3 11
5 1 11 6 6 &6 3% 2 a2 21 22 T & 25 25 2 6 10 10
« b 15 15 0 A 54 51 & 3 21 20 r 5 & o 1 4 te 12
4 1t 8 5 e 18 B B & 5 12 14 [ S I 1 w27
LY g2 29 ® 0 12 42 39 9 0 13 10 ] 1 21 21 3 4 2L 16
Nk 24 26 1 0 20 15 LI T T
N 6 & 10 H t o4E W7 Ha 1k H= 18 « & 28 1
4 7 15 1} 1 2 22 21 5 1L 231 1s
N8 1L 15 15 20 18 B 0 13 15 6 4 58 S§3
&« 9 13 12 1 & 19 19 02 42 219 ¢ 2 16 1 Ha LT
k 10 39 3T 1 5 12 13 ] & 2B 26 ] 4 12 14
N 11 8 9 1 7T 13y N L] 8 18 16 1 o 12 [ ] 2 16 17
& 13 10 9 1 9 13 19 0 10 32 35 1 1 12 29 [T S
5 0 18 17 118 22 21 1 0 8 11 1 3 27 23 2 0 W o
s 2 2o 26 1 11 31 2w 1 1 1 312 i L I 4 2 3 9 5
5 3 18 1% 2 0 AT 45 12 1k aw Tt % to0 7




Table B.

Observed (FO)

and Calculated (FC) Structure Factors for [Ni(EIA)(CHBOH)]4.
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Table €. Observed (FO) and Calculated (FC) Structure Factors for Fez(DSALZ)-CBHGO.
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Table D.

Observed (FO) and Calculated (FC) Structure Factors for [Co(Dapo)(DapoH)]CE2~2H20.
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Table D. (concluded)

K L FO fC K L FO FGC K L FO fcC L L FO FGC
I 9 2w 26 3 1 Wi w2 7 119 19 Ha LA
1 19 39 34 3 2 #2 83 T 2 we 43
31 bk uk 4 3 a0 2r 4 2 3 47
3 2 7L rn k] & 34 34 W= 12
101 1z 18 4 5 &l 26 H3 17
3 & 125 124 3 6 25 30 0 2 51 b&e
3 5 18 18 1 5 by &2 ] 4 L9 111 1 2 s 35
3 6 13 16 5 g w8 bu 0 & %o 56
3 8 18 213 5 3 wb b 4 1 1n 1%
3 9 1& 12 5 4 25 24 ¢ 22y 2u
5 1 19 & 5 5 18 18 203 el W
& FE TR 1) 5 & 21 21 2 42 W
5 3 3 ¥ 5 T o1s 19 2 5 19 1w
5 4 50 4% r 1 1k 16 2 b s 4k
5 b M b 7 v 35 JIb w2 WE 4}
b T 3 29 L ¥y 2r 24
5 8 M Hs 1D 4 & 27 2b
7T 2 5% 5% b ¢ 21 194
2 ¢ 54 55 6 ) 16 16
HZ [} 4 20 2
4 b TI T ha 13
0214y L7 ¢ "8 bl B2
] & K7 90 2 1 d1 28 1 1 T 1Y
[] b 19 24 2 2 31 3 12 ek 21
. 4 LY 1) H b 52 50 i 3 19 3
Z L 81 &3 2 5 bd &2 I 4 % 56
2 2 r. n 2 6 2b 2b 1 5 17 18
2 3 212 2 1 1. 8 1 & %o 50
2 &« M 2zs 2 n 2t 2% 3 116 2L
2 % 22 4@ 4 1 11 15 3 2 54  5a
2 b 1bs 1B w 2 5Y 59 3 v 45 wb
2 4 2w 2% LY 3 1! 16 3 6 13 12
& L T4 78 LR ¥ B & 4 5 1 3% 14
4 ¢ bb wT 4 b 18 19 5 2 ve 52
» 4 32 3 -] 2 15 12
w 5 23 2 6 3 14 1) H2 L4
w & 19 w0
. B kg 42 Ha 1) 1] 2 b4 &3
b 1 3 B '} s 13 5
6 2 s ¥ 1 L 3y 38 z 2z 9 29
6 3 13 13 1 2 T I8 FA B B Y
° 4 3T ¥ 1 3 5 oM 2 W 39 w1
B 5 2Zb 24 1 & 15 72 « 1 15 11
LN T ¥ A 1 b 19 21 8 2 27 29
o 2 Wb 4b H o ki 4l 4 & bY bh
3 1 12 10
LER] L e 20 21 A 15
3 3 15 16
1 1 31 0m 4 4 45 IS 11 «F 24
L2 Y& % 3 b b 7% ooz 3r s
1 3 52 82 3 7 13 a3 1 % 5L 2
1 & &7 5% 5 1 w2 41 ] L1z 1f
15 e T 5 A Y ] 32 29 28
1 b 35 Ju 5 4 29 27 5 1 s Ll
1 | S L Y 5 v 33 33
1 8 22 23 5 5 1% 1Y

IeT



Table E. Observed (FO) and Calculated (FC) Structure Factors for [Cu3 (I)apo)2 (DapoH)Z]I4-CH30H.
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Table E. (continued)
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Table G. Observed (F0) and Calculated (FC) Structure Factors for Cuz(Dapsa)(OAc)- 2CH3CN.
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Table G. (continued)
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Table G. (continued)
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Table G. (concluded)
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Table H. Observed (FO) and Calculated (FC) Structure Facors for Cuz(Dapsa)(OAc)'CHBOH.
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Table I. Observed (FO) and Calculated (FC) Structure Factors for CuZ(Dapsa)(OAc).
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Table I. (continued)
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111§y 52 4 10 16 14 13 3 55 59 8 1b L& 9 9 32 33 20 1 29 33 6 3 29 26 15 2 26 26
1) 27 29 5 1 92 92 13 5 21 25 z 9 35 10 10 1L 14 17 20 2 21 1% 6 & 23 25 15 3 32 3
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B2 111 112 7 1 98 101 16 3 5t s2 4 E 33 30 11 9 26 2% 1 s 94 93 8 & 24 25 19 & 16 12
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Table I. (centinued)

K . FO FC K L F¢ FC K L FO FC K L FOo FC K L FO FC K L f0 Fc K L FQ FC K L FO FC
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Table I. (continued)
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Table I. (continued)
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Table J. Observed (FO) and Calculated (FC) Structure Factors for Cu (DapsaH)'CH3CN
K L FG FC K L FO FG K L FO FC K L FO FG K L FO ¥FGC L3 L FO FC K L FO FC X L FO FC
H=-13 6 | S ¥ B ) 4 3 Z3 2% 9 T 32 2a 13 1 b3 62 13 1 48 46 12 1 41 WD ] a4 28 21
H 1 30 z2 o “ 3 2% 19 1 23 2n 13 5 2n 20 14 2 35 37 12 3 32 135 9 1 Ssr s7
/] ik 23 23 7 2 31 33 L 1 29 23 11 Z 2T 2o 14 2 &b 54 16 3 2y 25 12 & 27 2a 9 3 21 19
1 2 26 24 ] 1 2w 27 9 2 19 25 i1 b bkl W7 15 “« 25 21 15 2 29 28 13 1 32 37 9 5 31 1is
] s 2% Z? L & 25 30 12 1 3z 32 16 3 3% 30 16 1 8 27 13 T 28 26 9 7T 38 19
H==12 9 1 26 20 5 5 &0 &0 12 2 22 1ia 17 1 33 25 16 3 3T W3 iy 3 37 33 10 1 31 I
9 z 25 21 & 1 3 43 12 3 32 2» 18 2 25 23 15 2 31 3% 19 3 W2 42
] b 24 2% 9 5 25 1a 6 Z 26 23 12 B 28 21 Ha -4 1% 4 3L 33 11 6 23 33
2 1 23 18 10 1 3o 31 B 3 ud B 13 1 3a s H= =3 1e 1 3I& 36 14 6 27 25
[} I 2r 2t 10 5 26 21 -3 & 22 18 13 5 27 2 0 2 S0 52 17 1 20 23 1 2 43 W2
11 2 29 26 T 1 n 30 15 2 2% 23 [} H N 29 [] 2 76 TS 1T S 26 1T i1 4 54 54
H=-11 13 1 25 16 T2 &3 b 13 2 25 28 P8 35 26 [T B Y 12 1 7 ub
T 4 1 39 1 1 &0 &3 '] a8 29 25 Hu =2 12 6 24 22
1] @ b2 3% H= =8 3 1 3¢ 3o Hz -5 1 2 &% 53 1 2 b1 b 15 1 &2 &l
[} 6 28 25 .} 6 2B 2z8 1 b 42 39 1 1 36 36 13 4 22 2
1 Z2 2% 24 ] b 60 61 9 1 38 37 [] 3 30 S0 1 5 22 25 1 & b4 6% [ ] “ 22 26 14 zZ 31 3%
F4 1 31 30 [} & 3% 33 9 € 286 28 1 1 47 W1 3 T 31 2 1 % 313 29 0 6 26 21 14 3 2r 28
2 3 25 2% 1 1 19 2 10 1 26 25 1 Z 33 W2 2 1 &1 42 1 T 26 2T [ ] 8 26 26 15 2 3 3
& 3 32 3 1 2 3% 319 11 2 23 z7 1 L 36 37 2 3 128 14 z 3 157 157 1 1 29 29 15 b 38 3%
1 s 32 36 12 1 31 3t 1 L1 23 23 2 5 3} 32 2 4 35 28 1 2 55 53 16 1 32 313
H=~18 1 5 20 28 13 1 23 2Zu 1 T z8 31 3 1 &6 BA k4 5 28 35 1 53 206 25 17 1 29 23
2 1 45 MG 1% 1 28 21 2 1 1 35 3 Z2 98 92 3 2 5 T3 1 & 49 S1
8 6 30 29 2 3 €3 82 2 3 91 933 3 3 35 ¥ 3 3 28 23 1 5 2@ 25 Wy -1
2 1 39 3 [4 & 22 2 = -6 2 5 3T WD 3 “ &3 53 3 4 57 S8 2 1 26 16
3 2 3 36 2 5 35 38 3 1 45 &3 3 T 28 28 3 [ R ¥ 4 2 2 &9 51 a 2 30 4%
LY 1 25 21 3 1 3 3% n Z 3o 25 X 2 A5 a7 & 2 B% 64 &4 2 68 7o 2 3 Tg Ta [ ] & 53 %2
1Y & 27 27 3 2 &7 50D o B 31 30 3 L3 3 32 £ 3 2r 23 » 3 20 21 2 b 36 33 1 1 72 M
5 & 29 23 L) 1 31 3 /] & 23 1b 3 } 2 21 . 4 52 51 [ & 35 35 2 5 39 41 1 2 69 N
S 5 31 25 L s I 3% [] 8 26 21 b 2 2% 27 " B M 21 [ & 23 2a 3 1 137 134 1 4 29 3
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] z 32 2k 7T 1 23 18 h 1 20 12 & 1 1% 17 5 T 2T 26 [ ] 3 Wl &9 L 1 89 &S 3 LY N
10 1 29 X0 T 2 Ir 35 3 2 67 &% ) 2 29 27 [ ¥ M 75 [ &« 30 28 [Y 2 56 5% 3 & 35 s
10 3 26 26 ] 1 21 27 3 4 30 31 [ 3 67 &7 [ 5 24 25 ] S 30 1o [ 3 31 35 3 ? 37 1%
a 6 28 26 3 T 24 19 6 5 22 22 1 1 Bk B2 4 1 w5 42 L3 5 311 5 4 1 4T &9
Wy =9 9 i 2% 23 i & 3 » T 2 81 &0 ? 2 39 & T 2 89 51 & & 3o 24 L) 2 15 N
9 3 23 13 5 1 33 18 L4 & 50 W7 ? b &9 50 r 3 w8 39 4 a2 30 26 LY 5 &3 49
L} 2 2% 29 ip 1 31 31 5 T 2% 23 L] 2 24 23 [ ] 1 24 26 7 & 11 3k 5 1 113 104 [y & 57 61
[] & 38 &0 12 1 2T 2Za 5 L 2T 28 .1 3 25 M ] 2 B2 &5 T T 25 2a 5 I 23 1 5 1 &2 92
1 1 31 27 14 kl 23 210 L3 6 3B 3z ] LT S § .3 3 30 29 ] 1 2r 22 5 b 4D 41 5 2 Wh W7
1 2 WD W2 1% 2 24 25 3 1 19 27 .1 6 30 29 .} + e 29 4 2 M n 5 5 w7 53 5 7 A3 32
1 s 25 24 ] 1 52 K& q 1 35 32 .3 e 29 26 ] 3 22 11 6 1 6% &6 6 1 99 93
1 r 25 19 H= =T 3 5 32 30 9 5 26 25 ] A 28 14 ] & [T Y ] 6 3 34 38 & 2 L AN
z 1 &3 4B 7 1 22 15 ] T 24 22 9 L &5 4l 4 6 24 17 6 4 26 25 [ 4 3 Wb 54
2 5 3& 32 a & 34 28 T 2 &7 &b 10 2z 25 33 9 2 &3 49 4 ] 25 24 [ § &1 &2 [ 5 75 Th
3 1 21 14 1 Z 30 33 7 h L2  ub 10 3 tel by 10 2 2T 25 q 1 1146 112 7 2 82 A4 ? 1 28 2%
3 & &1 5} 1 5 284 31 ] 1 28 25 10 « 25 28 18 3 0 32 q 2 23 29 r 3 26 26 7 2 6% &7
3 3 32 I 2 1 30 29 ] 2 39 3 1 2 26 2r 11 1 36 3a k] L 2r 27 ? 4 70 Ta 7 3 32 N
3 b W 23 2 3 €4 BB .} 3 30 30 11 3 25 22 11 2 27 34 4q 7 24 26 7 ¥ 26 25 r “ 55 55
9 1 31 k3Y 2 5 28 32 L] & 27 26 11 4 37 3r 11 & 32 32 14 1 Wb W0 1 3 37 34a ? & 29 N
iy 2 22 21 3 1 &4 51 L] & 27 3o 12 2 51 4% 12 zZ 26 138 1a 3 21 2T A 4 20 2% 4 1 25 2%
L 6 3% 33 3 2 53 &5 9 1 52 51 12 ¥ 36 139 12 3 2r 12 11 2 LTI Y ] 5 22 2% .} 2 52 53
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Table J. (continued).
K v Fy  FC K L FO fO K L FO FC X L F3 FC ® L FO ¥FC K L FO FC K L FQ FC K L FQ FC
a 5 22 22 ? o 76 15 5 1132 129 2 3 1+ 1ib 1% 2 23 23 16 I 25 28 16 Z 25 25 16 0 28 2T
a 6 41 ui 7 Tooeh 20 5 2 3y 3 2 1 &2 ol 17 1 33 32 17 1 27 J¥e L4 ¥ 25 19 17 1 3s 31
9 L 55 G A0 3 ui 5 5 3 27 2t W5 52 19 o« 25 19 15 & 31 32 15 2 27 20
? & 21 26 L] 1 19 2. 5 & KT By 4 § 36 wD H= 1 te 3 27 29
q r 28 2% L] 5 25 73 5 B (b A2 z 5 ST 5k H 4 17 1 27 239 Hz B
10 3 3y Lz 3 141 ek 5 To3e 3 1 b Wr 39 ] 0 16t 158 L7 W 25 21
1y S B4  Bb ) 2 21 2 -} o 109 935 3 1 90 83 0 2 54 51 [ 0 41 &p [} 2 68 B2
11 2 &1 43 3 & ZL 20 b 1 93 8. 32 4D b 1 0 19 1 ] 2117 113 Hs S L 0 24 2?2
S S T 4 3 1T 25 ny 6 2 is 1% 3 v 26 30 1 1 %1 56 ] 6 24 27 1 1 SZ2 &2
11 B 23 13 10 0 25 6 6 3 20 28 4 0 1k 130 L 2 49 58 1 4 17 13 q 0 97 97 1 3 43 81
12 1 &1 Wl 10 1 59 sl 6 & 31 28 5 1 22 23 i 189 A 1 1 4B 44 L] 2 kb b 1 4 31 28
12 5§ 22 21 10 I 48 S50 b % 61 57 L3 2 A&k 43 1 h TY 76 1 Z 4T 9 [} & 32 27 2 0 31 3%
12 6 28 26 19 v 23 24 T 9§ 32 2% . 3 19 5 z 1 %S0 52 L I €% 63 T 0 31 24 2 1 28 2%
15 1 &0 &0 10 S 39 &b T 1 46 u? & 36 w1 oz Wl us 1 b 42 39 1 1 67 69 2 3 Wb T
14 2 6 23 10 & 24 3T F 2 &1 b1 5 o 29 41 z 3113 114 2 2 25 23 1 2 74 Tu 2 5 &0 16
16 & 29 31 11 2 35 &0 7 & 53 53 5 1128 124 2 5 29 26 2 3 13 n1 1 3 40 38 31 41 i
15 2 23 26 11 3 21 7% B0 32 33 5 Z2 52 Se ! 28 22 2 5 44 &S5 zZ 0 29 27 3 Z 38 33
15 & 27 28 11 ¥ 52 %1 a 1L &5 &3 5 3 33 IS 3 L 52 S0 3 0 24 23 F4 1 25 23 3 3 2 23
12 8 36 32 s 3 5 23 5 o3 12 3 & 51 52 3 1 28 23 2 3 82 a2 3 4w 29 12
MT 0 1z 1 30 32 4 5 2k 21 5 5 <26 <3 “ 0 58 &0 3 2 39 &3 2 5 z& 340 4« 2 b1 &b
12 3 2 25 9 1 6% 85 $ & 26 30 ) 1 3% Ik 3 3 €1 &5 Z 7T 25 24 * 8 78 20
0z 26 25 13 1 43w 9 2 6% 63 5 T 39 4 “ 2 15 80 3 4 51 57 ¥ 1 kD 34 5 0 32 26
[} 5 T Te 13 T 3z 2% 3 3 2y e & z 58 1 L} Y 28 32 3 6 25 23 3 2 36 35 s 1 S8 &2
1 1123 138 14 0 w3 40 3 7 40 33 & 3 Bl ol & & 79 29 L 0 69 &7 ¥ 3 58 61 5 & 26 29
1 z 2z 1 14 2 3z 32 16 B 39 34 1} 29 32 3 bz 26 4 & M 7e 3 4 39 W3 ] ¢ 20 27
1 I 26 34 14 3 29 32 10 1 B84 83 6 5 &) b H I T 4 " 3 58 57 . o 56 54 LI Y Y |
1k W3 G 15 & 34 33 i 2 19 20 7 2 31 a S 2 45 3 5 1 6% T1 « & 17 7?5 & § 1n 2t
1 % 25 19 16 0 49 &b 10 3 52 S r L 52 52 5 Y w1 39 5 2 32 2% 5 4 43 34 & T 24 17
T 6 L8 51 16 1 2t 21 18 6 21 29 T 5 2% 23 5 & 5% 52 5 3 33 35 5 1 66 54 L I { B { |
1t &5 53 1T 1 4L 4B i 0 20 1A ] o TL o8 5 5 J& 39 5 b 40 &5 5 2 0 240 t o1 29 27
2 0 40 37 18 0 35 3% 1% L2 bk a 1 2% 23 8 Y 26 22 5 T 28 76 s 3 28 25 7T 2 w2 a3
4 1 98 92 11 2 BT &7 L 2 101 9% b 1 23 15 ] a 75 &% 5 * 1 28 T LI S T
¢ 3 28 13 HE L 11 W 38 a2 [ 3 Wl 49 B 2 5z %3 & 2 W0 40 & 2 80 54 r 6 22 1?7
2 5 BL Kl 12 0 48 50 & 5 26 24 6 3 &9 50 & 3 37 39 6 3 &1 43 4 0 52 sz
1 L 50 &7 L] z &3 &7 i3 1 &0 63 [} B 33 2% & S N7 A & 5 41 38 & 5 32 7 a 2 63 13
3 2 kb 43 a 6 14 79 13 2 27 25 9 o 23 27 T . 32 36 r 9 26 23 ? 1 2& 27 ) 1 2 23
3 4 Ix 38 1 1 b2 88 L o 38 3 9 1 101 1D% T 6 26 19 T LT I Y | 7 & 47 &9 9 1 &3 4l
31 & 58 58 1 2z 35 35 th 1 21 22 9 2 23 26 8 0 82 78 r 6 235 16 8 8 45 a2 ¢ 3 3z 28
3 T 43 319 1 4 L3 w2 14 2 2& 21 k] 3 20 22 ] 2 6% &7 L] 0 3 3a ] 2 53 Su 10 e 29 25
[ 0 229 212 1 5 31 35 14 3 29 2& 9 7 35 29 9 1 46 b L] 2 57 80 L o 20 17 10 2 37 0
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Table K. TFinal Atomic Positional and Thermal Parameters for [Cu(EIA)]A'C!'I-IQOH.El

B B
ATOM X Y z By B,s By By2 13 23
cu1l ,0937 (1} «0395(1) ~0C8R2LT) LyuB(T) ¥, 03(7) 3.02¢71 =427 (510 1+49(5) =484 (5]
cueg «167511) « 014 (1) -~ 2088516} 5,517 3.28(6) 3.00(6) « 12451} 1.3315) =+ 07(5)
Tu3 «29621(1) » B23T711} -+ 0EL 15LE) e 3BT 3.+99(6}) 3.19¢(6) =2021(5) 1ealk(5) + 38151
CUk 208710 1) « 2412102} 140787 S.121(8) 3,30¢6) beD0I(TY +~a2615) +8316) =+ 00(%)
011 W 202515) » 121547 ~+3550(3) 5a0t4) Gale (L) J. 03D -« 303} 145€3) =303}
021 «16E115) -~ Q€S0 (6) =+ 1292 (5} el iy} 2+9(3) LN I ] =201 1703} =+ 1(3)
Q31 L2867 (5) »1131 (7)) = 1396 (4 4o 5Ly} o3l 36041 e 143} 1eigt3) «6(3)
041 «112515) « 1396 (B) =+1863 (L) 4o ElY) J.E() EFEEE ] 2030 T3 -2t 43}
012 -.,01121(¢E} -, 0332 1(8) s 1478 U4} be 31 4) 6D I5) 6.2(5) ol (44) le7 (&) =1.2(4)
022 + 1091470 « DEWZILT) ~e 2864 (4) 9. 6(6) baol (LY Le D4 1.104) 35001} 1.0¢3)
032 + 3846 {6} = 1649 (3)} «Q0BE(4) Es B{5) 6.2 1(5) ba5(5) «9104) 2elily) leEft)
Oue «30304(7) e Jh42 08 =+ 0694 (5) Tebli) W BI(5) 8.4d7) EPY. 28 ) 1. €451 -1,244)
N1 wOUDLIT) » 1282 1(9) -2 (4B 7 L5} Cells) 4.9105) 3.,9(5) 2040 174840 =144}
N2 22033(TY *.1512¢(8) -+2225(5) Ta3lE) 3.2 104} Jaa i) «5 04D 2elid) sk (3]
N3 «39821(6) e 0419(9) 20758 (%) 4 B (5 4.8I(5) I.6(5) ~oTlGY FY-RR) «5t4)
NG JL1E3(T7) « 3522(3) =, 1£251(5) 6. 3(6) 3,915} be6 (D) «eJlu} 13¢5} LI A ]
ATOM X Y z B
Ci1 +1371 (9} «1EH11Y «003216) 5.11(3)
[ ¥4 «1057 (9} «208(01) - 3009(7) 5, €03}
c13 -, 073 (1) 204020 = Q10C(A) Te Bl 4}
Ci1s -s03961¢%) s12401) - 0521 (7Y .10}
[ %] 10201 «050141) -+0932(7) 5,803}
Cio =, 0823(9) o B20(1}) = 134517} 5, 513}
c17 -e169(1) =+ 0952} =« 174 EL8) Taliad
cz2i1 SEITIN b - 186 (1) =s136L5 (6 4a 102}
cz22 +215308) -e231(1) -, 1E83 16} 4,903
23 + 2691011 -, 3051(2) =+ 2F1B 49} B.204)
C24 22441} =+ 184(1) =+ 2EQELT) 5.8{31
c2s «22311) =-a 10711} =+3192{4) Babf3}
C2% «195101) L005(1) -~a32471038) BaB L3}
car +190¢1) U772 =+38611) 8,915
c31 «3716(8) 120410 =+ 1466 {6} L ALY
c32 dH1EH L) 00301 =2131A(6} 54203}
c33 «B241(1) -s176C1Y -2 0073 (%} Be 94}
C3y «HUETLS) “.127(01) =-0u29(7y 5, 0L 3)
c3s 4289190 =« 176 €1) «0084147) be 213}
36 W3649() =a1b4L 1) +028T7(7} Ge5(3)
C37 «35201) =~ 20T (2} <086 C (9} 84 3(5)




Table K, (Continued).

ATOM X Y Z B
Cut O417109) . 20611) - 226€16) 5, 03
Cu2 S0282(8) «31001) ~e$8911(7) €513
Ch3 Dhni2) $51912) ~e1218(8) Te3l0)
Céab 1246 (9) 45001 ~e119847) St
Cus L20811) NS -, 04147 6. 013}
(Y L2RT L) TS RSN - 074708 e EdL)
Cu? 37U LY «501(2) ~« 035 (1) 9, EL5}
c1R alein Tiud 424 l5) =.21615 S 7412)
c2a +3RE L) 445 (BY -,198 (3 €o i (14)
C3E P4BELS) LL21T ~a1E4 1Y) 8.5(19)
otd +52115) «S1LET L 1ETLT) 13,2021
Cuh 4325} + 3620 €) - 2E4 {4} 7ok (17}

a
The form of the thermal eilipsoid expression 1is:

2.%2 _ 21*2 _ 2.%2 _ * % * * *x %
exp [ 1/4(Bllh a B,,k<b 333£ c 2B12hka b™ - 2313h£a c” - 2323k£b ¢ )].
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Table L. Final Atomic Positional and Thermal Parameters for [Ni(EIA) (CH30H)]4.a

Atom

Name X L z Bor By, i) B3 B1s 814 By3
Ni(l) 0.1786(1)  0.17013(5) =-0.1011(1) 0.0044(1) 0.00116(3) 0.00329(8)  0.00022(5) 0.00022(8) ~0.00006(4)
N1¢2)  0.2134(1)  0.17748(6) -0.3308(1) 0.0045(1) 0.00100(2) 0.00368(3) 0.00013(5) 0.00046(9)  0.00020(4)
Ni(3) 0.1390(1)  0.07276(5) -0.2477(1) 0.00456(3) 0.00098(2)} 0.00380(3) -0.00019(5) =-0.0001(1) 0.00006 (4)
NL(4) 0.3674(1)  0.10828(5) ~0.1900(1) 0.0043(l) 0.00100(2)  0.0045(1)  0.00024(5) 0.0000(1)  -0.00008(4)
0(11} 0.0978(6)  0.1517(3)  ~0.2328(6) 3.0(2)

0(21)  0.2674¢6)  0.1035(3)  -0.3220(5) 2.7(1)

0(31)  0.2226(6)  0.0915(3)  =0.1197(5) 2.7(1)

0(41)  0.3083(5)  0.1809(3)  =0.1970(5) 2.6(1)

0(13)  0.1640{(6)  0.2528(3)  ~0.1230(6) 4.2(2)

C(18) 0.0905(13) 0.2874(7)  -0.0685(12) 6.4(4)

G(11) ~0.0127(9)  0.1697(5)  -0.2229(8)  3.6(2)

C(12) -0.0561¢(3)  0.1560(5)  =0.1142(9) 3.7(3)

N(1)  0.031B(8)  0.1647(4)  =-0.0384(7) 3.6(2)

c(14)  0.0123(9)  0.1646(5) 0.0579(8)  3.5(2)

c(13) =0.107(1) 0.1541(5) 0.092(1)  4.7(3)

C(15)  0.0935(9)  0.1733(5) 0.1307(8)  3.7(2)

C(16)  0.2031¢9)  0.1812(5) 0.1197(3)  4.0(3)

c(17y  0.217(Q) 0.1912(5) 0.209¢1)  4.9(3)

0(12)  0.2535(6)  0.1779(3) 0.0312(6) 3.8(2)

c(28)  0.091(1) 0.1610(6)  -0.556(1)  5.6(3)

0(23)  0.0839(6)  0.1574(3)  ~0.4444(6) 3.8(2)

c(2l)  0.307(1) 0.0894(5)  =0.4221(9) 3.8(3)

c(22)  0.374(1) 0.1343(5)  =0.4671(9) 3.7(2)

R(2)  0.3218(7)  0.1831(4)  -0.4411(7)  3.3(2)

C(24)  0.354(1) 0.2278(5)  -0,4829(9)  3.8(3)

C(23)  0.445(1) 0.2261(6)  =0.563(1) - 5.1(3)

c(25)  0.306(1) 0.2756(5)  -0.4571(9) 3.9(3)

c(26)  0.233(1) 0.2855(5)  -0.3872(3)  3.8(2)

c(27)  0.202(1) 0.3430(5)  -0.360(1)  5.0(3)

0(22) 0.1819¢(6)  0.2531(3)  -0.3268(6) 3.8(2)

0(33)  0.2333(6)  0.0011(3)  ~0.2723(6) 3.8(2)

C(18) 0.208(1)  -0.0510(6)  -0.242(1)  5.7(3)

C(31)  0.205(1) 0.0529(5)  =0.0450(9) 3.6(2)

c(32)  0.080(1) 0.0364(5)  -0.048(1)  4.1(3)

N(3)  0.0409(8)  0.0363(4)  -0.1529(7)  3.3(2)

LT



Table L. (Continued).

Atom

Name X ¥ z Bor by, B2z Byq B2 813 623
C(34) -0.053(1)  0.0145(5)  -0.177(1)  4.0(3)
C(33) -0.120(1)  -0.0129(6)  =0.094(1)  6.8(4)
C{35) -0.0930(9) 0.0150(5) =0.275(1) 4,0(3)
C(36) -0.051¢1)  0.0390(5)  -0.3633(3)  3.9(3)
c(37) -0.114(1) 0.0392(6) -0.462(1) 5.5(3)
0(32)  0.0409(6)  0.0625(3)  ~0.3670(5)  3.4(2)
0063)  0.4293(7)  0.1231(3)  -0.0368(6)  4.1(2)
c(48) 0.484(1) 0.0827(8) 0.020(1) 6.3(4)
C(41) 0.3980(B)  0.2157(4)  —-0.1853(9) 3.1(2)
c{42) 0.496(1) 0.1969(4) ~0.243(1) 3.8(2)
N{4) 0.5036(7) 0,1420(4) =-0,2388(8) 3.3(2)
c{44) 0.590(1) 0.1157(5) ~0,266(1) 4.3(3)
Ce63)  0.692(1)  0.1466(6)  -0.299(1)  6.8(4)
C(45)  0.596(1)  0.0594(5)  -0.268(1)  4.8(3)
C(46) 0.520(1) 0.0262(5) =-0.241(2) 4.3(3)
Cla7)y  0.541(1)  -0.0328(6)  -0.257(1)  6.0(3)
0(42) 0.4227(6) 0.0365(3) -0,2053(6) 3.7(2)

8 The form of the thermal ellipscid expression 1ia:

exp [—Bllh2 -

2 _ 2 _
Byok® = Byat% - 28

1

th - 2313h£ - 2823k£]

ELT



Table M. Atomic Positional and Thermal Parameters for the Complex Fez(DSALZ)B.a

ATOM X ¥ b4 L1t qz2 813 n1z B13 323
FEL = 07234010 P 31ER (L) LEETTL2) 1,89108) 5.501) 2+57(9) ~s 011} L2010 -.801)
[s}% =.1591 (7} 33668 S421019) 2. 745} He3 1A 3. e¢6) =e5{5) 1.105) ~1e71(6)
1 ¥4 =a0232(5 2189109 W 0201 ¢ heb{B) 5.1 (7Y 2+9105) 4 iH) 143145} -.3(6)
031 =.03E1(5} P W2ES (L) LIEL ALY 2. ELR) 2.7 (5 qelfol SiG) ~e 245} ~1.516)
N1 -.1291 (") . 333504) $234 70N 2.50€) 2.2tN 3.2(n 0L5) el (5} -.815}
N2 -.0943(3) 31401 154809} 2.545) 3.7 ZeELT) «9(6) - 2{4) =aB(7)
N3 LO14308) . 2BB5(8) W274 0 (G} 1eti5) 2.51h} 294N =,2{5) «1(5) -+ 34{51
ci1 =218 L3EHELY L3332 2011 F) Sel 5.2 —el {9} BLB) =259}
c12 -e259(1) Vv 379¢21} WHETL2) 3.6 10,0 3,2 =s9 .7 ~Baok
Cc13 =+33141) LU07 (2} Hh3L2) LG 11.% Geb =8 N =Tl
Ci4 -.350(1) H2202% $355(3) 25104 bab 14,3 27090 2ok -5,2
c15 -.303¢01) P H0AL1) 28D (2) 3.E(9) B2 8.6 .3 1.1 -1,9
c16 =.2382¢9} L37u01) L3071 2) 1, 418 4,9 Byl +9(8) +5(9) -1.5
c17 -.13%70(7) . 356(1} w226 11) 2+7(8) 147 (B) 5.6 «2161 B8 ~elt {7)
Gzt =.021101) L2BE(2) -,02111) 3,709 7.2 343 -3 -, 708} .0
czz L0130 »2R5¢2) ~e11041} €. B 10.8 245 =1.7 N -1.8
cez3 W01uc2) .353¢2) -+ 1E4 (1) 11,4 6.2 2.€ =-3.0 ] 1.8
cze -e018 (1) LL24102) =140 12D 1043 745 4,3 27 =8 =k
cz2s -, 050412 L 3102) =.05312) fal 7.9 Lol -9 2.3 2.6
c26 =s 85240 .36101) LD0B €LY ~  3.8(9) 3.8 3,143 AT L) -1.G(7) 209
ca7 =, DBEL(9) L373¢01) .023(1) 3.5 3.9 4a1 GLT) (B} =.34¢81
ATOM X Y z B

ci W 026147) LL561() 356101} 2s 383}

c3z WDu15(9) + 53501} +335¢1) 2.904)

£33 $1052 1D L 5631(1) 306 11) 3,504

C34 »15611) «528(1) L33311) 4.5(5)

C35 <1431 (3} L5201 292 (1} LT Y

t3e «0783(8) Jh15101) L3070y 2.643)

c3i7 H0B75(C) . 33381(9) 264 1) 2. 73D

oSty 23300 25000 425000 10,00

C1SLv L24830 L 25000 +25000 10.00

c2sLy « 31700 23700 +29004 10. 80

3 The form of the thermal ellipsoid expression 1is: , ) .,
a*: 22 2o * * _ 28, kfbc)].
exp [ 1/4(Bnhza*2 B, kZb™" - Ba,l c*2 - 2B ,hka b - 2B, hlac 23
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Table N, Final Atomic Positional and Thermal Parameters for [Co(Dapo)(DapoH)]C£2°2H20.a

ATOM X Y Z
811 Bo f33 812 B13 823

[3{439 Jauvolduy 0.ouuld 0.UG0u0 « 0013003 «OUBGILY +0021716) -« 08126} J00018(3) «00016(9)
CLi e13309(7) P35EL 0L} - 3559810) Lllulls) «L0ag(2) «J0Bd (1) =+ 0C4TLI(B) «004L32€6) «B0C211)
oHeZ e JB1B(2) -+ 1506 (5} «28001(3) U320y WOL56LT) 00673 = 0609CN) w0G0912) = 001b(y)
N2 121202} 202ubiG) Sdusi ) +lulb i1} JUCLTb{b} 2003911 - 0uudtd) +Q0d211) «6007 ()
N1 = JuTLZ) + 2399 () 2S00 L1393 02) W CEL(5) 004514 =~ 000412} +0009¢t2) 20000(€3)
o1 ~elubd(2} =~.05051(3) 16090 2) subZ2141} LS N EY «u2sa 2y . 0G99¢(2) SudGolLl = QUL &L2Y
c1 cdSal 3l «32L1{5} ~e0545(4) b 2B (2} +089916) G049 04 eI I03} «0C104(2}) «00491{y)
cz slodu {5t »1193 (o) 20256 0w} f U017 62) +L09217) «DG%5 (y) e JlaE(3} 300542} «G00214)
c3 S UTLIEE] » 1831115} =, 0899 {4} LUbz2gdL2) 00728} w0034 (4 ~.001143) +u008102) =«0L02 (1}
ATOM X Y Z B
HC 1 suf B4} »383(08) =481 06) S5.00000
HC1® eluteli) «3661{8) ~s1261(7) S, 0ulOD
HC3 13304} 225081 =.13281{6) 5.06000
HC2 s2iling 220 (9) 07916) 5.00000
HEZ2® 20T e} «Cheld) =.011(6) S.0L00U
HBND elhu 315} ~bBBIT) « 210 (B} S. 00600

2 The form of the thermal ellipsoid expression is:

- 2 _ 2 _ 2 _ - -
exp [ B qh By, k 833£ ZBlzhk 2813h£ 2823k£]
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Table 0. Final Atomic Positional and Thermal Parameters for [Cq§Dapo)2(DapoH)Z]IA.CHBOH_a
ATOM X Y Z
B11 522 B33 612 B3 B3
111 4842 (1) RYCIITY L29T41108) L0860 (1) LU031219) L G0270(5) .06233(8) Q0603 (5} L00051(5)
2) - 0236 (1) +JC2B(LY 694 1A) JA0B3I(L) +OC3I4(nY 02471450 S00027¢(8} =.0006B(5} +0008%1(5)
It3) fQut7iyy +04DBL1) w1237 208) w0641 TU9) 01468 (9 «L0Z231 (W) e 0Uu14{a) “JUl%6(5) «00059(5)
T4} «3491(1) «162501) «02821(9) «DL3T(2) 2005141} +00267 (51 s 23C1) “L0GE6T (T ~sL0062{H}
cuct1l +s182112) L3078102) 0771 L) + 00532 w27 L) +001494(61 -—Ud13(1) ~o 00818} «Di0L6(8}
cu2l «26390(2) 51501 2) LAT7O7 LY L LLCS5(2) JDOZe(1L) «0d1384¢6) «Q005¢11 -+u0303¢8) «0G015¢8)
cuild) «49951(2) Pu02702) «2515101) SRl 2) «0CIBLL) «0013046) ~+d0LOCL) =«00031¢8) =.0L019¢(8)
at1y 2921010 42381(9) «793T7 {B) v 04 4H0{9Y »Q020(T) UL T i) U008 (TY sQauedal JO0002¢4)
N(11) LTSN 627 (1) +1015(8Y) L IRASE) 21D L013¢ SOudT (9} =~+0065(6) +0001(5}
NI(12} «1691(1) «358(1) =.01991(8) «0LB(1) J003011} L0016 (%) =-su02{1) U086} Q365461
o2} «336(11) 418319} «23981(5} «0G501) LOE028 (1) L0013(H =+000247) =, 0001(%) =« 0001 Cu)
N(21) +1961(01) G801} «2459(8) LS A S ] «ud205) +d01¢1) 200C5(6) «Q00216)
Ni{2Z2) S0 <4 39(01) «3L9R (8} wGOEL) «00L11) 0014 (4) «000{1) 0002462 s G005{E}
o3 201D « 262010 «1590 (8} SLCT(1) «0 03749 Wi26t5) «00uB(9) «GO0G1{6} sUGL4u(S)
Ni{31) 49511 346D 156347 sL,0bLl1) #0023 QU12(n) L0006 (9] 000146} -2 QUGB (5]
N{3Z} «B6G (L1} «Jur (1) +2893(8) DPEIRS L00701) 20014 {5} - 000141} ~2 000 316) - 0002(7)
gL} 170400 S03201) «1w90 (9} O B0TY e {1} 1061 (0} ~,001949} =«0013¢T) Jd013(6)
Ni&1) +237101) o2H1C1) 1671108} sULBIL) 00311} «G018t5) ~« 000509} =200141{0]) «CLLELE)
LI ] L08711) «181{1) <0504 (M +Ou6(s) HUCsi1Y 02880 =.003¢1) =a0410 (7)) «L00140CT7)
ATOM X Y Z B
Ciil 2261020 «5T8L2) «035011) 2. 61ik)
€(12) +301 (1) NYEIRY .8353(9) 2. 23
ci13 2T L2) 16420 =.02701) 20 B4}
G2y «183(2) «Iu(2) W21 3. 64}
cizz) W 2951(2) 3t 2) « 304 (1) 2,5(3)
ciziy « 333021 «49312) «350 (1) 3.0040
ETE) L57911) $38201) +1181(9) 2.13)
ct32) «B961(2) 352120 1477 () Ze (D)
Ciel) «15631(2) 21961(2) 20T L) LRI R
CtL2) U912} #10612) 21680110 I 4in)
Ci43) H02202) 122} «019%11) he 6(5)
osSoLY 2871102} L1798 2) J02611) B.Citb)
csoLv TH02) «135(2) =+010 (1) S« T1E)
Hi1L) «15190 «+55500 02510 5. 00000
Hi(11) « 24100 62400 0.000G0 S. 00000
Hi{12} « 37530 «50T0U 03600 S. L0000
Hi1i) «32934 « 36800 -+ 03200 S5 0L0AD
H(13) «299300 45600 =. 06800 S5et{0udg
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Table 0. (Continued).

ATOM X Y Z B

HizL) «130400 blbd 00 27700 5, 00009
Hi21) «17400 «52008 » 33600 5,000
HI22) .28300 36980 LI2400 5.00060
H{23Z) -36300 49500 « 39600 5.00000
H{23) «38700 «56200 233510 S Q0CLYQ
HEJ1) 257500 «5560¢C 211530 5. CLLOD
HL3LY » 50500 + 35500 JO7300 B 0LuDQ
HE32) 7L T0) L37200 CLIE 00 5. 40009
Ht{33) 273200 +LT7TRO0 220800 S5e0Guf
H{33) - EA] « 38500 23000 S ulLl0
Hibl) »16Qud » 24600 «» 21700 5,00000
HiL1) «18800 « 18900 +25000 5. 02000
HIG2) 04200 L0750 219700 5.00C00
Hiyd) ~. 03100 «19200 «10320 5.,0L000
Hi43) ~su2024 «L8200 «08000 5. u8530

3 The form of the thermal ellipsoid expression is:

- 2 _ 2 - 2 - -
exp [ Bllh ﬂzzk 833£ ZBlzhk

LLT



Table P. Final Atomic Positional and Thermal Parameters for Cuz('Dapac)(OAc).a

ATOM X Y Z B

11 822 B33 B12 313 B3
£l L 16467¢4) L3S363(4)  -.09B70(4)  2.44(2) 2.60(2) 2.71() L02¢1) .40(1) .3402)
£UC2) 111207(4) L L6B66(4) L069480(4)  2,00(2) 2.66(2) 2,70¢2) - 02¢1) ,22¢1) L 35¢2)
0¢11) L2399() LA763(2) - 1399(T) 3,.401) 3.201) 4.401) - 2(1) 1.201) TER
0¢21) L 1366(2) V1346(3) ,2240¢2) 2.901) 4.8(1) 2,901) ~2¢1) L35¢9) L701)
0031) 087402} Vs () - 0B26(2) 2.401) 2,9(1) 2.8(1) L08(9) L14¢9) LIB(P)
goal1) +3147C3) LAIY00(3) -.0326(3) D.6012 3,901 Ge3(2) =101 301D 1.4¢(1)
aca2) L278202) LA70603) L0911¢3) 2,301 S5.202) 3.7¢(1) 201D .3¢1) 1.3¢1)
N(11) L0149 3) L417B(3) -, 1412(3) 2.9(1) 3,001) 2.801) L1 L101) ,201)
N(Z1) ~ .44 (3) +13646(3) D323(3) 2.601 2,801) 3.0(1) —.2¢(1) £201) »241)
C(11) L2721(5) L 6506(4) -.2073(5) 4.403) 3.4(2) 5.4(3) -1.20(2) 2.2(2) L5(2)
C(12) L1901¢4) J5657(3) - 1797(4) 4.8(2) 3,102 2,402) YT ,912) - 1(1)
c(13) 075904) SER004) -.1974(4) 4,7¢2) Jeb02) 3,7(2) <142 +302) 202
C(14)  —.0103(4) L5175¢(3) -, 1764(3) 3.5¢2) 2,7(2) 3,042) .20 - 101 -2
Ci1s) —21322(%) »DSFH(4) ~s 1978(5) 4,1(2) 3.6023) H.5(3) 1,0(2) —.4(2) LEE2)
C{21) +LOPU7(5) 0?1506 +SPB3(3) 4,903 F.504) I.1(2) B L] 1.002) 1.0¢(2)
c(22) ALE6(4) L10%9{(4) P 2719(04) 3.4(2) I3 «2{2) 21 1.0(1) JAC1)
Ci23 ~,057804) D75104) L219104) 3.20(2) I.5902) 4,002 -.101} 1.3¢2) L302)
C(24)  —.10H2¢3) L1071¢3) L102504) 2.5¢(2) 2,101 4.2(2) - 1) L7C1) L001)
CI25)  -,234404) L0799(4) L062405) 2.3(2) 5.402) £,7¢4) - 702 LB8(2) L002)
C(31) -.0738(4) +3431(3) —-.12230(4) 2.602) 3,3(2» J.4(2) 2141 -.001) 2301
C(3az -.0325(5 228003 —.13469(4) 2.6(2) 3.1(2) 2.8() ~.1{12 -.0(1) ~.1(1)
CO33)  —.0984€4) L 1426(4) -, 0B94(4) 2,802} 3.4(2) 3.4¢2) - 7D —.201 —.002)
C41) .3402(3) L2119(3) L0339¢4) 2.2¢1) 3.4(2) 31.2(2) -.2¢1) L201) —.201)
Ci{42) L4581 (4) L1620(4) LO4BI(5) 2,8(2) 5.5(2) 5.9} L9(2) 1.2¢2) 1.4(2)
ATOM X Y Z B
M(11) L 044(5) L457(5) - 219(5) 5.00000
H{21) ~.114¢(59) L0B3(3) J270(5) 5.00000
H({31) -.142(5) L3620 - 179(5) 5.00000
H(I2)  -,087(5) .358(3) <. 043(5) 5.00000
H(33)  -.047(5) L213¢5) —.21505) 5, 00000
HE34) -, 178(8) L17504) -, 095(5) 5.00000
H{35) -.0B2(3) JOZ0(5) -,128(5) 5.00000
a

The form of the thermal ellipsoid expression is:

2,%2 _ 2,%2 _ 2% * * * &
exp [ 1/4(8,,h% B, k?b B4yl 2 _ 2B, hka’d” - 2B, hla c* - 2B, kb ") ].
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Table Q. Final Atomic Positional and Thermal Parameters for Cq{Dapsa)(OAc)'ZCH3CN.a
ATOM X Y A B B B
11 22 33 B2 B3 B3
cucl) DA051(3) L0305 (4 L1225904) F.WACE) DLBZCL) J.7802) L 1802 JHLO2) L2002
01 0.00 L 1058(4) .25 4,30 2,402) 3,400 0.00 1,001} 0,00
N1 L0690 (2) L2017(4) 093403 4,002) 3.5(2) 3.602) LOCL) 1.0¢1) L3
o2 L0B17(2) ~ 03290 3) ~. QOY7/(3) 4,302) 3902 4,201 ~e 301 1,5(1) —,401)
03 L0253 ~+1430¢3) S 169 (3) 4,902 S.401) 3701 = 01D 1,201 SO0
1 .00 LEELY (YD 25 14.2(9) 2,8(4) 12.1(8) 0.00 10.7¢8) 0,00
c2 0372049, L2PESE) L EH61(5) 7.603) deb(2) 4,%02) L1420 2,.8(2) L0
c3 L1129(3%) 2565 CH) L022504) 4.1(2) Fe702) 44102} 24 2) 802 L2200
c4 .1454(2) L155705) -, 0538(4) 3,50 2,202 3.6¢2) V22D T TS
csS LAVET(T) «20H7 04D -.1194(4) 5.103) 4.7(3) &.203) ~e S0 2300 2830
Cé 230103 L138HH) =, 1970(5) 4,603 HoP (A HES A 2,8(2) LH0E)
c7 L212504) 013507 ~.211405) 4,002) Fe204) He243) 2.3(2) -, 1(2)
Ce L1462905) -, 04296 -, 1494 (%) 4..5(2) 4,9(3) G.702) 1.5¢(2) ~.402)
ce L1230 L027204) 0673804 5,402 4.500) 2.4} +8i1) —-,002)
C10 0D.00 -+ 1967(7) . 25 4,4{3) 3.203) 4,104 G.00 +4(3) Q.00
c11 0.00 ~ 3393(8) .05 8.9(6) e 70005 0.00 2.6(4) 0,00
NSILY L1461 (5) LA052(8) LAP720B) 11,3(5) &.H04) LAY -.B{4) L.7(4) ~eH(4)
CLELY L1013 04) L 3910(7) LA75407) &£.7(4) S.304) Yo (4) -1.%03) L.608) -1.2¢3)
CosLy L157505) L304(1) L571008) 9.245) 9. 8(6) B.105) ~3.604) LHOR) 1,604
ATOM X Y A B
Py L079(3) 33004 W 22205) S5.00
W3 L04403) L3737 . 139¢5) 5.00
H4 »127203) 319045 SOLP(D) 5,00
o J20303) V27908 ~+114(5) S5.00
He L 26603 L17008) - 2605 5,00
HZ 23703 —.042(4) - 259(4) 2.00
HE LANS0E) =~ 137(7) -~«160(35) 5.00

2 The form of the thermal ellipsoid expression is:

2,%2 _ 2n,%2 _ 2,%2 _
exp [ 1/4(Bllh a B, kb B33£ c 2B

* %
12hka b

k_* * &
2Bl3h£a c” - 2B23k£b c)].
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Table R, Final Atomic Positional and Thermal Parameters for Cu2 (Dapsa) (OAC)‘CHSOH.a

B
ATOM X Y Z 11 B,y Byg Bio Byg B3
cuil1) «11909¢7) +O07110¢4) ~o 0362413 2.37(3) ko 1CL} WeB204) - 043} - 25031} « 20¢3)
Cud2i +13136tT) T4 ETICN «07754{3) 2:.561(3) I,Tot3) L3204 «35(3) -.18(3) +06(3)
gi1) 0502141 s 1848¢(2}) «0151£2} 2. 812) 6121 5,32} «93011 =1.0¢1) =g 412
g2 «18561(4L) 007402 =, 0956¢2) 2.912) 5,902} H.105) 1121 -e1(2) =1,01(21)
otz 212704 + 2625102} «1350(2) I.bi2) 3,9(2) Ba21(3) Hl(2) -, T12) =-+5(2)
0t o 3021141} +07181(2) - 201812) 2. 602} 5.,512) Ba k(30 727 -, (2} -1.5(2})
at3”) «IGET L4 « 1512021 +A72S(2) 2o TL2Y Sela (7Y B 2(3) «B12) -, 302) =1, 412
osoLy 0141010 « 225716} -3489(6) 11, 8¢6) 12.11(7) 246 (*) 2+1(5) 9.6(71 2,807)
LESN] -, 0683{%} « 0617 () -, 0€29(2) J.2(2Y 38 102) Ha913) «312) =22 62
N(1?} = 0411(5) « 251303} ,07821¢2) 3,712} .0 1(2) 446103) « 2127 oG i2) T2
CSoLV +O7801) +C819(8) 3324 (5} Seidslily) 11.0(7) 12.3(8) =1.415) «1(51 1.5¢1)
ATOM X y z B
Cl1)  =.07801(7) W1729¢4)  -.0045¢3) P TEY
Lt2) -s1825(6) « 1104 (8D =, 028483} &, 301}
ciz2") 147516} «2139(3) «0438(YY ey 301
Ci3) =a1131(7} «01984(3) -s102C4{3) he2(1)
ci3") =, 064617} « 31291043 +1038(3Y e 511}
Cly) -,0312(6) =, 0306¢3) -.,1361 (1) 3. 9(1)
Clu'y o0282(8Y o J493 (3} s142E(1Y hatli}
cisi =, 09E2(T}) =, 0782 {&) = 1764 4{%) S+1(2)
[ 28} -, 8161108) s M1IET €4 +1ETT (XY S hi2)
Cté) 027217} -~ 1271 {4) =-.2092(3) B {1}
cie*) «0B00(B) s 542 (4 +20TELY) S, T1L2}
cin «11441(7) - 1283 (3) =.20B6E (3} 4e911)
cir*y «185818) 246 1Y) 22804 5. 8(2)
ctay +1B33 LT =, 0832 {4} - 1E8E L3 Ge B(1)
Cia*y 232017 + 1596 (4) «20121t3) S.281)
cig) 114616} -+ 033043} =.13221(3) e D1 1)
ct9*) W15741(6) + 321713) +1589¢(3) Ls1(1%
cli10) « 3568 (6) « 1051 (3 L0398L13) 3701
citit) +S0L4GL ) 0824 14) 2054114 Be 502}

08T



Table R. (Continued).

ATOM X Y Z B
HG1 ~s 06070 « 206110 =+ 03TED 5. 00
HC2Z ~+23310 +12830 -e 35430 5. 80
HCZ =o20340 + 084040 «00330 5. 00
HCZ Y ~s20180 » 18110 # 06790 5.00
HCZ! ~s21300 » 25008 «02760 S5e 00
HC3 =s21140 L 02070 -e 10950 5. 00
HC3* =« 15070 «33710 «095C00 5. 100
HCS e 19420 -« 07520 *e17940 5«00
HCG * =+10290 W W3570 +16530 5.00
HCE -~ 07820 =+16040D -e235720 5.00
HCE* « 029540 « 50060 w224C0 Ge00
HC?7 16980 =+ 1€200 =.23050 Se 00
HCT ¢ w2410 s llBal «25790 5. 00
HC & «28L00 -, 08370 =y 1€710 5.00
HCa* «32398 o 34040 »21090 5406
a

The form of the thermal ellipsoid expression is:

. 2% _ N kD 2 %2 _ * % _ * k x X
exp [ l/A(Bllh a B,k b B33£ c 2B12hka b 2B13h£a c 2B23k£b c }].
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Table §. Final Atomic Positional and Thermal Parameters for Cuz(Dapsa)(OAc).
ATOM X Y Z B B

11 22 B33 B12 B3 823
cucL) .2257015) C1B409(5) 090911} 3404 (50 3.8416) 3.£045) “e 15 tub P12 e 6114}
cutzy LI325615) L 1E6611(S5) L0457 (1) 3.0315) $.57(6) 3,96(5) . 26 (4) Y - SELH)
Cu 13} L4BTIZUS) -, OFE8TL6) $396 001} 2,66 (5} 5,1217) 2, 8415) wa2 (4) 0304 29104
Cuta) W2936615) = 07TE41D) 4017 119 2.77 (5) Bo7BTY 3.0845) -2 17U 09 (4) $2105)
011 f131305) ' 192943) e 142506 3.61(3) YRS 5,205 =712} - 002} ~1.412)
021 +3190 (3} $1539103) 023346) 3.2(3) S.103) 4 TN —a11(2) 5121 ~. 813
031 «1849103) « L9021(3) -.0066(7) 3, 613) ok (3D Ba.104) =-1.2(2) 1.2(1) =2,11{3)
p2eq -, 0653 (3) L 152063 LLOBBIB) 2,943 5,113 5,003 -.212) -a1(2) ~1.4t3)
031 +0624103) +08901(3) L0016 0A) 3. QL3 .03} 8,6 0(4) - 1(2) «0(3) =3.0t3)
o1z L 535213) - 0R71(3) S4TS 105} 3,503} 702 (41 2.512) TS -e612) 10143
ge2 «B5T52LT) = O74B(3) « 322216} 2+9102) Belly) a0 (3D =s3(2] 2k (2) g3}
032 ST - 0561 (4) L2167 (5) 3.948) 3.8 15) 3.143) L33 -e112) 123031
oz*z e19T04 %) -. 073143 L3320 (5 2,8t 840 th) 4,565 Q103 L0e2) +613)
03¢z (3186 05) - 054914) «222815) ERETEL 18.2 (5) EPUTEY! - 103 - TH2} 1.2(3)
N11 L2B5A (4} 2331 (4 L2024 4(7) 3,103 beb () Hoalod - 7N TEL - 703)
N1'1 « 0042 (W) e 2JET () «19831(7) 4a003) G54} I.b3} LR 8 | «+ 343 =1,7(3)
N12Z 531044} - 0PBT (k) 579117} 3,143 S 8 (4) .20 «1131 ~e512) ETET
NL'2 $2TLEC4) -e 1010 t4) W57931(7) Te303 Bok(5) 3.603) EYEL 146431 TR

ATOM X Y Z B

c11 «138215) «25569(5) 21973190 4o 002}
ce1 L2103(5) «2627 (5) $20611) 46 2)
£2'1 D690 15) «ZENB (5) +283 (1) W TC(2)
cii . 3321(5) ' 2575 (5) 2076 19} 4 2i2)
Cl14 -, 0B1165)Y + 2538 ({5 « 2068 () e 412
fht +3900 (5} s 2312 (4 125209 4. 002)
Carl  =,12T0L(5) $2331 ) «110319) 4o 202}
c51 L4597 (5) <2643 (5) L158¢1) TES
51 - 196616} «2ETH (Y 1550 1Y S5« 112
(1133 5184 (ED 2431 {6} «086 {1} 5,7¢2)
et 262006} s 2617 (S) «087 (LY Se (2}
€71 VE1014E) C1HBR5) LO0101) 5.112)
crn -, 2603 (6) $1917(5) TR 5. 212}
cat c4b1615) $155315) - 0151(9) LEM2Y
ce'1 -413531{5% « 159615 =, 0280t 4e 302)
Ca1 «33161(5) 1T73 M6 « 0439 (3Y Je 41 2)
cori -« 1ZEE LS} « 1817 (&) «0403() 3,902

Z8T1



Table S. (Continued)}.

ATOM X Y Z B

c12 sLD36(E) =e109215) «E0T (1) Ga ki)
cezez Wh7B4 (B ~a 0968 1(5) $E80 01 5. 202)
car2 +338508) =« 107215} SEALLLY E.8102)
c32 «630A 15 ~s DBA2 {4) JE21109) hati2)
carz w2081{5) -2 1090 (5) sBELLIDY 4e IL2)
C42 B6589105) = QH1R YD «5234(9) 4e102)
Cut2 »1389(53) e 59954 15) <S4l L) He WU 2D
ce2 v 733906} ~QTTT (5 <5971 1) 5,212
cste «07221E} = 1083 15) LEDBILY 5. 32
ce2 «79231(6) =« 73E(5) 51601} S BL2)
Ch*2 SO0Y7(TY ~099n(6) «S3LN LCTRARY)
cr2 «T3021E) = 0716 10) WITELLY E. 042}
cre2 -, 6000¢C7) =.082210) «J95 (1} B. 703
;a2 WFUTILE) =2 072915} «32901) ke BL2)
care sJB2EIED =« 071815} » 33001 e t812)
c9z 264621(5) =~ 0762 (&) «JEBRT4) 3. 512)
car2 135303 = Q814 (4} JHO3EL9) b 212
ci01 «123345) »UEIB (5D =« 0143(9) he202)
ci11 «119A (%) =« 0054 (6} 071D Ea212)
cin2 «ITE2IS5) —e DLET L) «1ES7 () 3. 812
ci12 «3BTILE) =~ 020815 w022 (1) S.1(2)

a
The form of the thermal ellipsoid expression is:

1 2,%2 _ 7*2 2% _ Kk * ok * *
exp [ /é(Bllh a B22k b B33£ c ZBlzhka b 2B13h£a c 2323k£b c)].
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Table T, Final Atomic Positional and Thermal Parameters for Cu(DapsaH)'CH3GN.a

ATOM X Y Z B B B B B B

11 22 33 12 13 23

Cu = Q037 (2) «1162101) +0B6 213} J.62(9) 2, 73(T) 25847} 201} 4T (6D 101}

ATOM X Y Z B
01 +080209) 172U L6) =, 4531028 5. ul3)
014 =+115617) W 11521(7) « 240 01D 3, 8t2)
021 103247} «1045(6} 235101} 3.602)
N1i ~a 102 (1) « 1685 (6} -.090 (2) 3L.2tn
NZ1 £07101) s DTCH(T) =121 (29 3,5t
Cc1 =.012¢1) » 1385907 = 37202} 3, 3042
Ci1 -.051(1) « 199308 =elh 2} 3.5
ciz 202101} P 18238} =030 0(2) 3. 614
C13 = 2b0LLY + 1052 13} «B7612) 3,508
Ci4 . 57411) P 1A22(9) OhR (2} e G0 W)
C15 = 4361020 «16B11) «21L 15 5.8(5)
Clg =347 «136619) «35812) LaBl4)
c17 =.27311) 2118101} «36912) 4e 203
Ci4 = 21441} e 133718y 225 (2) 3.6t
c21 RAEIS R L ORT2 19 -, 2A71(2) e 3040
cez vlodil) « D407 (8) =106 102) Ja8 (L)
c23 22611 » D4ub 04 D5L12) 3,403
c24 32301 « DDA ) 05242) 3.7 (4}
Gc25 edusntld 00201 JAB20H Satelle)
c26 323101 028 (1) .35112) S5.0C4)
ca2z «2b21i1) o BB4H (I} s 560 (2) 1.9
cza $19601) SAT2814) 210 02) 3300
NSOLV W32} « IS5LLY L2153 9.216})
CLSLV «351¢2? 317010 » 286 ¢ 3) 6. T{5}
c2sv 27512) {-EIN) +378103) 10,147}

? The form of the thermal ellipsoid expression 1s:
2,%2 _ 2p%2 2.%2 _ *pr o k ok _ * ¥
exp [ 1/4(Bllh a B22k b B33£ c 2B12hka b ZBl3h£a c 2B23k£b c)].
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