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Abstract vi

Abdstract

This theds represents our atempt to synthesize enantiopure chird cavities, with
our exploraion of the coordination chemidry of the amino acid derived chird tetradentate
ligands and three fird row trangtion metd ions namdy Fe(lll), Ni(ll) and Cu(ll). In the
process we have been successful in the synthess and characterization of three chird
cavities of different dze and shape, one porous 1D hdicd network and two dructurd
modds for metalloenzyme active Stes

The thesis has been dvided into seven chepters. Chepter wise summary of the
work is presented below.

Chapter |
Introduction

In this chepter we present the importance of research works and recent
developments related to the technologicdly potent aea involving the synthess of
enantiomericaly pure chird host and therr gpplications Recognition of chird molecule
by a hogt is an important area of research having applications in chird separation,
enantiopure drug sSynthess, dereospecific synthess of organic molecules and in the
doman of chird sensors A diverse st of gpproaches in the desgn and functioning of
hogs have been reported in the recent literaure ranging from rigid and bulky organic
molecules changing color with one enatiomer having prefared binding of the
enantiomer indde chird nanoporous channds to chirdly modified polymers changing
frequency of acoaed crystd with one enantiomer.

Recognition of a molecule, chird or achird, indde a molecular cavity working as
a hogt has been pursued intensdy in the last three decades. Within the last few years
witnessed synthess of seved gyntheticdly chdlenging, architecturdly — beautiful
molecular cup, bowl, and capsule shgped guest molecules. Literature survey showed tha
a mgority of these have been syntheszed in multrstep processes and most of them are
achird and thus amgor requirement for chira recognition is missng.
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The objective of this theds has been st to synthesze multinuclear enantiopure
trangtion metd complexes with avalable binding dtes indde a cavity. The advantege of
usng a metd complex sems from the fact tha the med ion gives the conformationd
rigidity to the otherwise flexible organic ligand.

Chapter 11
Ligand Synthesis

In this chepter we present the experimenta conditions for the synthess of
polydentate ligands with potentid to form enantiomericaly pure chird complexes. We
have chosen the rdaively less explored amino acid derived reduced Schiff base ligands.
The reason is that the naturd amino acids are aalable in pure enantiomeric form rather
chegply. In addition, the ligand was desgned to have severd possble H-bond formation
gtesto as3s in assembling multinuclear assembly through H-bonding.

. — a i
Metal coordination /:"“HN
- HN

SLU]STH:

—r

9 el

H bond donor — , H-band accaptar

e e

L =
OH = ™3,
T Metal coordination

Figure 1. The hididine-derived ligand (S H,Sdhis)

Chapter I
Synthesis and solution properties of a sdf-assembled molecular capsule with

copper (11) complex

This chapter contains the synthess and characterization of an octameric Cu(ll)
complex with the formula [Cu(SSahigsPyig.Py.3MeOH.(GHs),0. The crysd
dructure showed that eight CuL units form a cgpsular cavity that traps four pyridine
molecules. In this capsular cavity top to bottom distance was about 13.6 A and acrossthe
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Figure 2. Capsular structure of the octameric Cu(ll) complex

cavity was about 100 A To understand the stability of the capsule in different chemical
environments, we further dudied the characterigics of the complex using a combination
of gpectroscopic methods and  recryddlization techniques in various solvents. We
observed the assembly and disessembly of the capsule in different solvent medium and
usng extend ligands These experimenta results suggest that the cgpsular complex
gyntheszed has potentid for use as dorage (holding a guest indde the capsule) and
ddlivery agent (elther solvent or imidazole mediated) for trapped guest molecules.

Chapter 1V
Synthesisand characterization of a 1D chiral microporous channelswith a Fe(l11)

complex and insertion of iodine inside the channels

This chapter contains the synthess and characterization of a dinuclear iron(lIl)
complex [FeLi- OH)(i- OAc)(SSdhis);].4H,O. Crysd sructure of the complex showed
the formation of one-dmensond (1ID) helicd channds with diameter of 7-9 A in the
cydd latice The channds are filled with water molecules. These water molecules are
H-bonded with the bridging hydroxo group and the ligand carboxylate oxygen. The
usability of the channds as hods has been ascertaned by removing water from the
channd themdly and filled the evacuaed channds with iodine  Structurd
characterization of the empty cydds and the iodine filled channds showed that the
iodine molecules indde the channds were organized in a hdicd aray smilar to those of

water molecules ingde the channds.



TH-149 994501

Abstract iX

r

Figure 3. Water (Ieft) and iodine (right) insde the channd, atoms appearing in
pairs indicate postiona disorder

Importantly the remova and refilling of the molecules did not destroy the lattice
sructure.  The complex is adso important as [Fe" (mOH)(mcarboxylato)Fe''1*" core has
been proposed to be present in the active Ste of protein mammdian  purple acid
phosphatases. To the best of our knowledge this is the firs drucurdly characterized
complex containing the core bound with the imidazole, phenolate and carboxylaie donors
closdy resembling the histidine, tyrosine and aspartate donors present in the protein.

Chapter V
Synthesis and characterization of a binuclear Ni(I1) complex

In this chapter we present the synthess and characterization of a binuclear Ni(ll)
complex which has a C, symmetric cavity around the polar carboxylate groups. One Na
is bound ingde the cavity in the solid date, as evidenced from the Xray crysalography.
The Fe(lll) complex discussed in chepter IV had a C, symmetric cavity formed around
the acetate ion. On the other Sde of the molecule, where hydrophilic pocket holds the
water and ioding the cavity is open. In order to form a chird cavity aound the
hydrophilic carboxylaie groups that might favor binding of chird amines we decided to
use adifferent meta center Ni (11).
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Figure 4. Spacefilling modd of [Fex(mOH)(mOAC)(S-Sdhis);] (Ieft) and
N NizmOACc)(SSdhisy] (right) showed the G, symmetric chird cavity

Chapter VI
Nitrate bridged Iron(l11) complexesfor colorimetric and conductometric detection of
amines in sdution and vapor phase

Described in this chapter are the synthess and characterization of three high-spin
binudear iron(lll) complexes with the generd formula, [Fex(L)2(NOs)]. Each of the
complexes displays a strong phenolate to Fe(lll) charge-transfer trangtion in the range of
520-585 nm with a moderatedy high extinction coefficient. These binucdear Fe(lll)
complexes change color in presence of amines. Also, the molar conductance of the
complexes in methanol, showed vadues chaacteridic of 1.1 dectrolytes, however,
addition of amines to the methanolic solution containing the complex increese the molar
conductivity to that of a 1.2 dectrolyte This chapter contains the results of both
conductometric and colorimetric titration of these complexes with various amines and
some other bases enabling us to look for the possible reasons for the color changes.

Figure 5. Fe(l11) complex coated on afilter paper before (left) and after (right)
exposing to amine vapor
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Chapter VI

Syntheses and characterization of mononuclear Iron(l11) catecholate complexes

In this chapter we present the synthess and characterization of two mononuclear
Iron(Il) complexes of generd formula [Fe''(L)(catecholate)] (L = histidine or methionine
derived ligand) where two cis stes in octahedrd the complexes were blocked by the
caecholae forming mononuclear complexes. Our choice of catecholate as a bidentate
ligond was influenced by the idea that the resulting complex (with higtidine derived
ligand) might serve as a dructurad moded for the active Ste of catechol dioxygenase, a

caechol-deaving enzyme.  Vaious spectroscopic techniques were utilized to characterize
the complexes formed.
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Chapter | Introduction 1

1.1 Pur pose of the present investigation

Chird molecules are nonrsuperimpossble mirror imege isomeas with opposte  light
rotating propaty and each of the isomes is cdled enantiomer. Enantiomericdly pure
chemicds ae important in bioinorganic, inorganic and pharmaceuticd chemigry. One
auch example is the drug methylphenidete, most commonly prescribed  psychotropic
medication for children with atention defidency disorder, which is maketed as a
racemate even though the D-threo isomer is 13 times more adive than its mirror imege
isomer™ There ae severd methods for obtaining enantiomericaly pure chemicals
through dther enantiosdective synthess or segpardtion from racemic mixture using
chromatography,  biotransformation o  diasterevisomeric  arystdlization?  Despite  the
avalality of such mehods obtaning one enantiomer in pure form remans a
syntheticdly and commercidly chdlenging task owing to the chemicd similaities of the
enantiomers.

Recognition of enantiomers or chird molecules inside a cavity working as hog is
an important area of research with applications in chird separaion, chird sensor,
enantiopure drug synthess, sereo specific synthess etc. A diverse st of agpproaches in
the design and functioning of hosts have been reported in the recent literature ranges from
rigd and bulky organic molecule changing color with one enantiomer!®  preferred
binding of an enantiomer insde chird nanoporous chenneds?  to chirdly modified
polymers® changing frequency of aquoted crystals with one enantiomer.

Snce the discovery of crown ethers, numerous studies were done on cycdlic and
cage compounds those are capable of binding aoms ions or molecules in ther cavities
leeding to the devdopment of host-guest chemistry®” molecuar recognitiof® and
supramolecular  chemistry.[¥ Last few years witnessed synthesis of severd syntheticaly
chdlenging, architecturaly beautiful molecular cages™  squares™  and  capaule!™
shaped host molecules.

The purpose of this thess work is to develop enantiopure host molecules based on
metd complex assodidion from dmple enantiomericdly pure ligands to make low
molecular weight chird metd complexes assembled by metd ligad coordination and/or
by intemoecula H-bonding. In the following paragrephs we have summarized the
literature on different type of mosly achird and few chird host molecules reported and
findly our approach to synthesize enantiopure meta complex based chird hogt.
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1.2 Metal -ligand macrocycles

In the literature, severd metatligand macrocycles with open cage from both Sdes
have been desxribed. The firgd sdf-assembled mecrocydic hogt syntheszed shown in 1
(Figure 1.1) containing two Cu(ll) ions was reported by Maverick and Klavetter.™ This
both ddes open inorganic macrocyde showed a drong binding afinity towards 14
diazabicyco[2.22]octane as evidenced by X-ray crystalography. Schwebachet™® and
coworkers have developed the sdf -assembled receptor 2 (Fgure 1.1) acting as a host for
bicydic aromatics in water. Metd binding by the bigamino acid) receptors forms a
mecrocyde with an gppropriaie Sze for guest binding. The hydrophobic binding ste was
shown to be effective for pyrene transport through a liquid membrane. The rate of the
trangport depended on the metd ion employed, for example, Ni(ll) and Co(ll) showed the
highest efficiency for binding the aromatic guests. Macrocydic dinuclear Pd(Il) complex
3 (Figure 11) characterized by FAB-MS, has a hydrophobic cavity.™™ The dimerization
of the znc-porphyrin with pyridine terminus resulted in the formation of macrocydic
complex 4 (Figure 11) with inwardy directed hydrogen bonding sites™@  This
macrocycdle showed a binding affinity towards a terephthdic acid derivative through
effident hydrogen bond formetion.

Recently, Lehn and coworkers reported the sdf-assembly of circular helices
whose frameworks ae templated by ther counter anion’” The sdf-assembly of
trisoipyridine ligend 5 (Figure 11) with FeCh <dts yidds pentanuclear complex 6
(Figure 1.1) which incorporates a chloride ion in the cavity as evidenced by X-ray
andyss, whereas the same ligand forms hexanucleer complex when trested with
Fe(BF,),, FeSO,, or FeSFs. The most probable reasoning for the formation of the
complex stems from the fact that the macrocyle carries one counter ion in the void a the
center.

The hogt molecules described in this section utilizes metd coordination as the
driving force in the formation of the assemblies and thus they retain ther identity in
solution.  On the other hand relatively open naure of the cage framework dlows the guest
molecules to be in and out from the hogt quite eesly. Thus except for 1 and 2, (Figure
1.1) where coordingtion Ste is avalable ingde the cage binding of the guest is wesk in

nature in case of the other macrocycles.
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1.3 Sdf-assembled molecular square
The basc concept in the designing of the molecular square is to fadlitaie the

incaporation of spacers into the cis-protected square-planar metd complexes. In a nove
agoproach, an ethylenediamine protected M(Il) complex (where M = Pd or Pt) was
successfully incorporated into a tetranuclear square framework ™ by complexation with
smple bridging ligand 4, 4'-bipyridine as reported by Fujita et al. and shown in 7 (Fgure
12). Long e al. used the 4, 4-bipyridine N, N -dioxide as a bridgng hydrogen bond
acceptor to prepared molecular square, helices etc.™® On the other hand Yaghi et al.
found that multidentate linkers such as carboxylates dlow for the formation of more rigid
frameworks over the 4, 4 -bipyridine linker due to ther ability to aggregate metd ions
into M-O-C clusters. However, the resuilting hosts are not chiral '™

On the other hand Stang et al. synthesized phosphine derivative 8 (Figure 1.2)1
uble in organic solvents Using the phosphine protective darting materias, his group
has been extending the chemidry of sgquare compounds For example, chird sguares
metd-hypervdent iodine hybrid squares nano-szed sguares, functiond sguares  with
farocene, crovn ether or porphyrin units have been developed.™ A smilar sdf-
asembly draegy was employed by Hupp and coworkers for the preparation of Pd(l)-
Re(l) or Pi(ll)-Re(l) bimetdlic square complex 9 (Figure 1.2) that shows a luminescent
property.®  Porphyrin square 10 (Figure 1.2) was dso reported by Drain and Lehn,™
though its structure was deduced by inference. An inorganic cdix[4]arene andogous 11
was aso prepared by Lippard and coworkers!?

1.3.1 SHf-assembly chiral molecular square
Sang e al. prepared opticaly active molecular squares of type 12 (Figure 1.2)

using [4(4pyridyl)phenyl]iodonium triflate and [Pd(R-(+)-bingp)(H0)][OTfl, or [P(R
(+)-binap)(H20)][OTf]2.[2 In this case the diaza ligands of the iodonium species possess
rotation symmetries about ther linkages, therefore, molecular squares 12 is opticdly
active exdusvey due to the chird trangtion metd auxiliary (bingp) in the assambly. On
the other hand molecular squares of the type 13 were prepared via reection of big(3-
pyridyl)iodonium triflate and chird Pd(I1) or Pt(I1) complexes.

Lin et al. prepared a chird molecular square using the enantiopure aropisomeric
6,6 -dichloro2,2 -diethoxy-1,1' -bingphthyl-4.4 -bipyridne  liggnd and  CIRg(CO)s  sdlt.
The molecular square exhibits interesting enantiosdlective luminescence  quenching by
chird amino acohols %4
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One advantage of molecular squares is that by stacking on top of each other in the
solid date they can form porous solid with channels of different sze and shepe where
guest molecules can bind sdectivdly and even reaction between different guest molecules
can occur. The reaction in such a confined environment can be very different than
occurring in a solution, gving rise to unusua reection product. Depending on the choice
of spacer molecules, for example, 44 -bipyridine in 7 the chahnd diameter can dso be
tuned. The mgority of the molecules described in this section uses square planar metd
complexes in the corner of the square and 4.4 -bipyridyl as the spacer and as a result
active group for binding guest indde the square is asent. On the other hand, utilizing
different spacer molecules in 9 and 10 binding dte indde the square hes been
incorporated.

1.4 Molecular capsules

Over the lagt few years there has been a breskthrough in the design and synthesis
of nanoscde moleculer containers cavitands, hemicarcerands and capsules’®  These
nanocavities are designed for sdective binding, molecular separation, sensng of smdler
molecules or ions® molecular trensport and ddivery, dabilization of  readtive
intermediated®” and catadysis through encapsulation.® They dso mimic the hydrophobic
pockets of enzymes. The fidd has grown since the firs repat of hollow cdixarenes
developed by Collet!® Cram® and Gutsche!™ which were able to trap a single solvent
or gas molecule In the ealy 1980s, their investigations confirmed that the capsules
contained giant cavities of 15-20 A inner dimensions and 1500 A® interndl volume.

1.4.1 Metal directed self-assembly of cage compounds

The firg three dimensond cage complex was syntheszed by Sedfrank.!®Y
Metdlation of the ligand 14 (Figure 1.3) in the presence of Mgl2 folowed by addtion of
oxdyl cHoride resulted in the formetion of the complex. The dructure 15 (Fgure 1.3)
was evidenced by X-ray cryddlography. The metd center could be replaced by trangtion
metds such as Mn, Co, Ni or Fe The three dimensond cavity could be expanded by
insating a phenylene spacer into the ligand framework 14 (bottom). Andogous Mgle
cage structures have been also reported by Raymond and co-workers®
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1.4.2 Tetrahedral metal-ligand cage

The hostguest chemidry of tetrahedrd metd ligand duders has been deveoped
by Raymond et al. In ther sysem, sx bigcatechal) ligands span the edges between four
metd aoms that define the corner a a tetrahedron. Bigcatechol) 16 (Figure 1.3) sdf-
asemble to form MyLg tetrahedron capsule 17 (Figure 1.3) upon coordination with Ti',
Gd" or Fe" ions!® which encapsulate positively charged guest molecules On the other
hand, the anthracene-briged ligand shows more interesting behavior. In aisence of guedts,
the anthracene-briged ligand combines with T{Y or Ga" subunit resulted in the formation
of the M,Ls hdicates as the mogt dable dructure On addition of tetramethyl ammonium
ion to the mixture it formed MyL ¢ tetrahedra molecular capsule.

1.4.3 Glycoluril-derived molecular capsules

Kim et al. reported a novd molecular container cucurbituril 18, this macrocydlic
cavitand has a hollow core of about 55 A diameter.®¥ This cucurbituril is normaly
insoluble in water but soluble in dkdi metd <dts (0.2M). The X-ray andyss of crysds
growvn from agueous sodium sulfate showed that sodium ions provide a “lid” on both the
top and bottom of the macrocycle Two sodium ions and five water molecules form a
network of hydrogen bonds and dectrodaic interections between the Sx  carbonyl
groups. This cucurbituril can encapsulate smdl organic molecules such as THF and
benzene. Mog interesting observation was the incuson and reease of the guest molecule
in cesum- cucurbituril complex as studied by changein pH of the system. ™

The monomer 19 (Hgue 13) condds of two glycoluril  subunits provide
curvature and  sdf-complementary  hydrogentbonding matif 20 which is cdled “soft-
tennis bdl” 21 according to Rebek™ The tennis bal indudes smal molecule such as
methane, ethane and ethylene. However, larger guests such as propane, dlene and
isobutylene are excluded. By vaidion of the gpacer in the glycoluril units Rebek et al.
controlled the volume of the softtennis bal and encapsulated larger guest molecules.
They showed that the rate of reectivity of the Dids-Alder reaction acceerated nearly 200-
fold indde the cavity.”® They dso used the soft-tennis ball for chird separation and
recognition.”
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1.4.4 Cyclophane-derived molecular capsules

Cdix[4larene and resorcin[4]arene are sandard subunits for synthesizing sdf-
assembled molecular  capsules™®  Both molecules  exhibit  variable  conformations
Through gopropriate derivatization, they can be fixed into a sngle bowl-shaped
conformation. For example, secondary uress were inddled on the lower wider rim in
cdix[4]larene. In the presence of an gpproprigte aromatic, diphatic or caionic guest
molecule, these two units dimerised through hydrogen bonding. Larger cdix[6]arene
capsules have aso recently been reported.™

Atwood et al. reported different varities bowl shape of caixarenes™ and
resorcinarene!®® by changing the upper or lower rime of the corresponding unites. They
dso reported a chird hexameric capsule® in the solid state 22. The structure shows a
chird arangement of Sx resorcinarene subunits enclosng an enormous cavity of about
1375 A2 (Figure 14). The hexameric capsule fedtures a totd of 60 hydrogen bonds, in
which 8 ordered water molecules are recruited to integrate the architecture.

1.4.5 Resorcin[4]arene-derived metal-based molecular capsules

Shinka and coworkers have demondrated that the subgtitution of pyridines into
the cdix[4]laenas dso resulted in the sdf-assembly of supramolecular capsules 23
(Fgure 14). A rigidified cdixarene monomer diplaying four pyridine ligands undergoes
metal-directed self-assembly to produce capsule!® 24 (Figure 1.4) in a manner analogous
to tha of 23. Jugt by bridging glycol subdituents a the lower rim of the cdixarene
produce a supramolecular capsule, which even can encapsulate fullerene (Cso). ™

The lig of med ions useful for directing encapsulation continues to  grow.
Harrison and coworkers introduced tridentate chelating ligands as dructurd dements. A
resorcinarene functiondized with four iminodiacetate groups 25 (Figure 1.4) showed an
dfinity for binding with Co", cd' and Fe' salts/** The resilt is the complexation of
eech metd center in a chdaed pseudooctahedra environment and the generdtion of
supramolecular cgpsules 26. They are dable in agueous medium and can encgpsulate a
wide variety of organic compounds, such as cydic and acydic diphatic dcohols, ethers,
ketones, esters and hdlides, within a cavity of approximate volume 2154 2,
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Dacande and coworkers have crested a vaiety of bridged resorcinarenes
functiondized with four nitrile groups for the generation of metd-ligand directed df-
assembly of a new cavitands —based coordination cages in which two tetracyano
cavitands 27 are connected through four Pd' or Pt square-planar complexes 28,1

So far, cage molecules have been condructed mainly by formaion of covaent
bonds as wdl as sdf-assembly through noncovaent interactions such as  hydrogen
bonding and metatinduced sdf-assembly. In mogt of the cases redox inective metd has
been used. The exception was the effort by Harrison et al. who used the redox active
metd such as Co', Cd' ad Fe" 26 (Figure 1.4). Generdly meta-assembled molecules
ae ionic in naure and uiteble to dtract charged guest moleaules. Moreover, cage
gability and binding of the guest molecules could be varied by smply changing the metd
oxidation Sete.
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1.5 Complexes based on trigpyridine) and trig(primidine) ligands

Fuita e al. have used triangular heterocyclic ligands in combination with cis-
enforced squareplanar Pd and Pt complexes for the condruction of highly symmetric
supramolecular capaules. The postivey charged metd centers impat water solubility on
the complexes, and ther rdatively hydrophobic cavities bind a variety of organic guest
molecules™  Trigpyridyimethyl)ligand 29  (Figure 15) was combined  with
ethylenediamine-protected Pd(I1) complex in presence of a suitable organic guest. Two
ligonds of 29 bind a totd of three metd centers to produce a Csv-Ssymmeric
supramolecular cgpsule 32. The pdladium-pyridine bonds ae dable in protic solvents
and the high ovedl chage (+6) of the complex impats water <olubility. The
hydrophobic interior of the capsule is gotly filled by orgenic anions such as
adamantanecarboxylate. The subunits aggregate into an uncharacterized oligomeric tate
in the absence of a suitable guest. Ligand 30 with three 4pyridyl subunit around a centra
triazine core, forms square-planar Pd or Pt subunit. The metd aoms reside at each corner
of an octahedron with the longet metadmetd separaion being 1.9 nm and volume
endosed by the capsule about 500A 3. The platinum-based capsule 33 is remarkably stable
and encapsulates severd guests of the size of adamantine™ The 3-pyridyl substituted
ligand 31 is uneble to form a dosed shdl topology with organometalic corner subunits.
Four units of ligand 31 and sx units of ethylenediamine-protected Pd(ll) complex s<ef-
assemble into an open bowl-shaped structure 345" These hemisphericl  superstructure
34 assamble in agqueous medium to form discrete dimeric supramolecular capsules 35 in
presence of large aromatic guests. X-ray crystdlographic sudies reved tha four units of
mtephenyl or Sx units of cis-dilbene form compact hydrophobic cuders that are
encapulated by the discrete dimeric  superdructure. Only  dispersve  forces and
hydrophobic effect act to hold the capsule together. There is no direct metatligand
bonding between the supramolecular bowls that comprise the cgpsule haves. In absence
of direct contacts between the molecules that make up the bowls, it is the guests bound
within both bowls thet provide the bridging interactions thet drive dimerization.

The focus of this section is the congtruction of three dimensond molecular cages
of diffoerent dhapes and gzes by gmply linking two dimensond planar  organic
components with different coordingtion pogdtion of the ligand nitrogen and cis protected
ethylenediamine Pd(11) or Pt(I1) meta complexes.
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1.6 Enantiomeric separation using chiral metal center

Kim et al. prepared a homochird metd-organic porous materid 38 (Figure 1.6)
that dlows the enantiosdective incduson of metd complexes in its pores and cadyses a
transedterification reection in an  enantiosdective  manner. To prepare the large
homochird metatorganic porous materid, they have used chird trinucdear cluders 37 as
building blocks The metd-organic cduders are obtained from the enantiopure chird
organic buildng block 36, which could eesly be syntheszed from D-tataric acid,
followed by reaction with Zn?* ions to produce the homochira openframework solid 37.

Chin and co-worker designed a Co(lll) based meta complex 40 (Figure 1.6) with
the tetradentate ligand 39. The complex binds more tightly with the D-forms of amino
acids. With danine the complex showed both regiospecific and Sereospecific behavior.
The regiospecificity is controlled by dectrodatic effects while the <Stereospecificity is
controlled by steric effects 41.1%

Vagg et al. prepared a L-a{Co(SSpicchxnMey)Cly]* (SSpicchxnMe, is N,N'-
dimethyl-N,N’ -di (2-picolyl)-1S,2S-diaminocyclohaxane)  complex, which reacts with the
a-amno adds prioling danine or 2-amino-2-methylpropandioic acd (AMMAH,), the
two chloride ions are replaced by the O, N-bidentates with retention of configuration a
the metd center. The deric environment generated by the metd complex is shown to
enattiospecificdly discriminate in favour of Sproline from a racemic mixture due to the
deric requirements of this amino acid. With the less bulky danine and AMMAH, ligands
there is no enantiomeric preference observed upon ther coordination. When the mixed
diasterenisomeric L-a-[Co(SS-picdxnMe)(AMMAH)]# precur scors were
decarboxylated under warm addic conditions no isomer of danine was found to
predominatein the product.™

Comba et al. introduced the sepaation of racemic mixtures based on
dereodective ligand exchange reactions gpecificaly involving coordingtion of chird
substrate molecules to a chird matrix hogst. For this purpose he prepared the ligand 42, 43
and 44 and used two metal centers Co(l11) and Ni(11).5**

Kubo et al. syntheszed a chird cdix[4]crown 45, which contans an opticdly
active 1,1'-bingohthyl subunit and two indophenol  chromophores  Chromophores  were
introduced to serve as avisudly detectable sensor for certain stereogenic guedts.
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Compound 45 gives red color solution & 5155 nm in ehano, when (R-
phenylglycdnol 46 was added color changed to blue-violet, with the gppearance of two
new bands a 538 nm and 6525 nm. Smilar expaiment was performed with the (S

isomer and the color of the solution diid not change. ™
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Figure 1.6 Chird meta complexes
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Separdtion or recognition of racemic mixtures based on Sereosdective ligand
exchange reections specificaly involves coordination of chird subdrate molecules to a
chird matrix hogt. The rdative dabilities of the diasereomeric adducts & equilibrium
determines the degree of sdectivity. So it is possble to separate the enantiomer by the
chird host complexes.

1.7 Cavity with Schiff bases

Matsumoto and coworker used multidentate Schiff base ligands, containing
imidazole groups with potentid donor and acoepter charecter in the formation of
coordination bond as wel as hydrogen bond with the Cu(ll) metd ion.® They can
function as a ligand-complex or as a sdf-complementary building block for the
condruction of the assembly sructure with the formaion of a coordination bond or
hydrogen bond. In such sdf-complementary complexes, the monomers 47 and 49 (Figure
17) was dabilized as a protonated species under acidic conditions. Under gppropricte
basic conditions the generated imidazolate nitrogen aom coordinates to the Cu(ll) ion of
the adjacent unit or hydrogenbonded to the imidazole group of the adjecent unit to give
asembled dructures in the crystds, depending on the ligand framework and the preferred
coordinaion number of the Cu(ll) ion 48 and 50 (Figure 1.7). The inter converson
between the monomer and the sdlf-assembled oligomer is reversible with pH adjustment.
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Figure 1.7 Schiff-base metd complexes with cavity



TH-149 994501

Chapter | Introduction 17

1.8 Definition of the problem
Discussions in the previous sections reveded that () metd complexes form a
variety of cage dructures with different shapes and cavity sizes™® (b) large molecular
cage dructures can be successully synthesized from low molecular weight metd
complexes using sdif-assembly process'® (c) H-bonding can be utilized effectivdy in the
cage formationt™ spedially in case of organic superstructure.
Discussion in the previous section identified lack of literature on
1) Moecular cages with redox active med with avalable binding dte indde the
cavity

2) Eadly synthesizable enantiomericaly pure molecular cages.

1.9 Objectives of the thesis
Our objectivesin thisthesis are:
1) Tosynthesze chird meta complexesin the enantiomericaly pure form
2 To form lage chird molecular assambly with avalable binding sSte for guest
molecules, from the low molecular weight metal complexes
3) To understand the assembly process and dability of the cagesin solution

In this thess we have presented the design and synthess of four enantiomericdly
pure ligands derived from chird amino acids and explored the coordination property of
the ligands with trangtion metd complexes In the course of study we have synthesized
and dructurdly charecterized a nano-szed capsular cavity, a microporous crystad with
empty hdlica channds and binuclear Ni(ll) complexes with chird cavity.
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In this chapter we have discussed the raiond behind our choice of ligand and
present the synthess and characterization of the ligands. Conformetiond preference of
the ligands in solution was identified andlyzing the *H NMR spectra of the ligands.

2.1 Choice of ligand
In our goproach to make chird med complex assembly cgpable of recognizing
one enantiomer over other we needed ligands satisfying the following criteria

Ligend chould be enantiomericdly pure to avoid difficult separation of
racemic metd complex.

Ligond should have less then five donor aoms to avoid filling dl the
coordination gtes in the metd ion (usudly sx donor for octahedrd or five for
square pyramidd needed to complele the coordinaion). Flling dl the
coordination sites will prevent guest binding and large assembly formation.

Ligands should be desgned such thet in octahedrd metd complex involving
the ligand, two vacant coordingtion Stes should be cis to each other, as vacant
gtesin trans postion will alow linear polymer formeation.

Ligand should preferably have H-bond donor and acceptor Stes so that sdif-
assembling into larger molecular assembly can be achieved.

Based on thee criteria we have chosen two amino acids (higtidine and
methionine) derived ligands. The hisidine-derived ligand is shown below.

Metal coordination 2

SUPEIH

H bond donar — ; N H-bond acceptar

H H
- L
~* Metal coordination

Figure 2.1 Hididine-derived ligand
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The advantages of the present ligands are

The naturd amino acids are available in pure enantiomeric form and rather chegp
Theligands have four coordination Stes

Non-planarity of the ligand indicates that in an octahedra coordingtion with a
metd ion, two coordination Stesin the cis position will remain vacant

The ligands have severd possible H-bond donor/acceptor Stes

The synthetic procedures for the ligands (Scheme 21) ae easy and could be
synthesized in abulk amourt.

R
S
CHO R a. Ethanal or Methanal N OH
0 b. NaBH, H
OH + H- —_—
HzN OLi* ¢ water, pH 57
R’ R
H
N
R = SL,? Ri= H H,Salhis
S/ H H.Salmet
/‘_ CH3  Ha{o-Me-Salmet)

Scheme 2.1 Syntheses of ligands

2.2 Literature on the metal complexes of the ligands chosen in thiswork

Trangtion metd complexes of Schiff base ligands syntheszed from chird or
racemic amino adids and sdicylddehyde have been well explored.™®> However, the
reduced Schiff bases ligands derived from amino acids are few.[®®¥ Two ligands used in
this thesis were mentioned as pat of a series of skin care product formulation patent.*”
Structurd agpects of two complexes based on the amino acid derived reduced Schiff base
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ligands have been reported till dete, one is a Co(lll) complex with N-(2Hydroxybenzyl)-
L-hisidind® (Sdhis*) and the other one is a Cu(ll) complex with [N-(2-pyricylmethyl)-
L-higticing® .

Although the synthess of the ligand N-(2Hydroxybenzyl)-L-hididine and its
pharmaceutical  activities have been explored long back, very little dudies have been
mede on the complexation of these reduced Schiff bases with different metal centers. That
has led to our anxiety to explore the under anticipated N-(2Hydroxybenzyl)-L-higidine
and  N-(2-Hydroxybenzyl)-L-methionine  ligands complexation capebility  with  various
metal centers and their saf -assambly behavior in different environments.

2.3 Experimental Section
2.3.1 Solvents and Reagents

Solvents and reagents were obtained from commercid sources and used without
further purification unless otherwise daed. Methanol (MeOH) was didilled over
magnesum methoxide [Mg(OCHs),. Ethanol (EtOH) was didilled over magnesum
ethoxide [Mg(OCH,CHy),]. Diethyl ether (EtzO) was dried firgd with anhydrous caddum
chloride (CaCk) and then refluxed with metd sodium wire ad findly digtilled and kept
ove sodium wire CHCh wes purified by washing with saturated sodium  bicarbonate
lution, followed by weshing five to Sx times with wae and findly kept over
anhydrous CaCl> for 24 hour and didilled. Hexane and ethyl acetate were didilled before
use. 0-Cresol was purified by didillation under reduced pressure. All amino acids were
brought from Sisco Research Laboratories Pvt. Ltd. (SRL), India, and were used without
further purification.

2.3.2 Measurements

The IR spectra were recorded on a Nicolet Impact 410 FT-IR spectrophotometer
with KBr discs in the range 4000-400 cm?® and dectronic spectra on a Shimadju U-2001
spectrophotometer.  The dectrospray ionization mass spectra (ES-MS) and *H NMR
spectra were recorded on a Micromass Quattro 11 triple Quadrupole Mass Spectrometer
and a Bruker 300 MHz indrument reectivdly a Centrd Drug Research Inditute,
Lucknow, India For ESI-MS the methanolic solution of the sample were introduced into
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the ES source through a syringe pump at the rate of 5 mL per min. The ES capillary was
st a 35 kV and the cone voltage was 40 V unless dated otherwise. The mass spectra
were collected in 6 s scans and were averaged over 6-8 scans. The optica rotations of the
methanolic solutions were meesured dther on ParkinnElmer 343 or Rudolf Autopal I
polarimeter.

2.4 Syntheses of ligands
2.4.1 S2-(2-Hydr oxy-benzylamino)-3-(1H -imidazole-4-yl)-propionic acid [(9-
H,Salhig| (1)

A mixture of L-higidine monohydrochioride monohydrate (0800 g, 381 mmoal)
and LIOH- H2O (0.323 g, 7.70 mmal) in 15 mL dry ethanol was warmed to dissolve most
of the hididne To this <olution, ehandlic solution of 2-hydroxy-benzadehyde
(Sdicylddehyde) (047 gm, 384 mmol) was added drop wise with congtant dirring.
Smdl quantity of white precipitaie formed initidly which wes dissolved to give a dear
brignt ydlow solution after 15 min. Spectroscopic invedtigations of the imine formed
resulted in the following observations IR (KBr, cmi®) n(C=N) 1634(s), n (COO)assym
1609(h), n (COO)gm 1416, UV-visble (BOH, nm) 255, 280(sh), 317, 404. The ydlow
lution was trested with sodium borohydride (0.072 g, 1.91 mmol) with congtant girring
upon which the solution became colorless The solvent was evgporated under reduced
pressure and the sticky solid was dissolved in 20 mL of warm water. A dear solution was
obtaned. The solution wes adidified with dil. HCl (pH~5-7). The ligand was precipitated
as a white s0lid. The solution wes filtered and the resdue was washed thoroughly with
water. The solid was dried in the oven a ~90°C for 34 hour (yidd 0.790 gm, 80%). IR

(KBr, cm™): n(COO)sym 1604(9); N(COO)ym 1388(9. [a]%5 =-75 in MeOH, ¢ = 0.77,
(cingm/200 ml) in presence of 2 equivaent LiOH- H20.

2.4.2 R-2-(2-Hydr oxy-benzylamino)-3-(1H -imidazole-4-yl)-propionic acid [(R)-
H2Salhig (2)

Ligond  [R-2(2Hydroxy-benzylamino)-3-(1H-imidazd-4-yl)-propionic ~ acid]  was
gynthesized by the same procedure (Section 24.1) a mentioned above. D-hididine
monohydrochloride  monohydrate was teken indead of L-higtidine monohydrochloride
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monohydrate. Ligand yidd was 70%. IR (KBr, cm®): n(COO)asym 1604(S); nN(COO)ym
1388(s). [a|%, =+ 74°inMeOH, ¢ = 0.77, in presence of 2 equivaent LIOH- H-0.

2.4.3 S2- (2-Hydroxy-benzylamino)-4-methylsulfanyl-butyric acid
[(S-H2Salmet)] (3)

A mixture of L-methionine (100 gm, 6.71 mma) and LiOH- H2O (0.284 gm, 6.77
mmol) in methanol (dry, 30 mL) was dirred for 30 min. Sdicylddehyde (0.820 gm, 6.72
mmol) in methanol was added dowly drop by drop. After dirring for 20 min. dear ydlow
color solution was obtaned. UV-Vidble spectra in methanol showed charecteridic pesks
a 258 nm, 317 nm, 405 nm, wherees IR of the imine showed characteristic bands as
follows, (KBr, cm?): n(C=N) 1645(9) N(COO)assym 1604(s), N(COO)ym 1430. The ydlow
color solution was trested with sodium borohydride (0.248 gm, 6.71 mmol) with condant
dirring upon which the solution became colorless (UV-visble in MeOH, 276 nm). The
solvent was evgporated by rotary evgporation. The sicky materid was dissolved in water.
Cler solution was obtained, which wes acidified with dilute HCl (pH 57). White solid
ligand was precipitated, solution was filtered off and resdue was thoroughly washed with
water. The solid was dried under reduced pressure (yield 1.45 gm, 80%). IR (KBr, cmi)

N(COO)aym 1615(9); N(COO)ym 1430(m).[a [, = - 42° in MeOH, ¢ = 0.77, in presance
of 2 equivdent LiOH- H20.

2.4.4 2-Hydroxy-3-methylbenzaldehyde

2-Hydroxy-3-methylbenzaldenyde was syntheszed from o-cresol following the
literature procedure® The o- product being steem volatile was distilled dong with the
water from the mixture wheress the p- product remaned in the origind mixture The
didillate was extracted with diethyl ether and dried usng anhydrous sodium sulfaie 2
Hydroxy-3-methylbenzaldehyde was isolaed as a liquid dong with unreacted o-cresol.
Pure product was obtaned after passng through the dlica gd column with 5%
ethylacetate / hexane (yidd 20%). *H NMR (CDCls, 300 MHz, ppm), 2.33 (CH3, s, 3H),
6.3 (mbenzadenhyde t, J=7.2 and 7.5 1H), 6.82 (p-benzddehyde, d, J=7.2, 1H), 689 (o-
benzaldehyde, d, J= 7.5 1H), 9.86 (phendlic-OH, s, 1H), 11.26(-CHO, s, 1H).
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2.4.5 S2-(2-Hydr oxy-3-methyl -benzylamino)-4-methylsulfanyl -butyric acid
[0M e-(SHSamet] (4)

A mixture of L-mehionine (0553 gm, 371 mma) and LiOH- HO (0156 gm,
372 mma) in 15 mL dy mehanod was dirred for 30 min.  2hyrdoxy-3-
methylbenzadehyde (0505 gm, 371 mmol) was added dowly drop by drop with
condant girring. After 30 min. clear yellow color solution was obtained (UV-visble in
MeOH, 258 nm, 317 nm, 405 nm; IR of the imine (KBr, cmY): n(C=N) 1645(S
N(COO)assym 1604(sh), N(COO)sym 1430). The yedlow color solution was trested with
sodium  borohydride (0137 gm, 369 mmoa) with condant dirring, immediatdy the
solution became colorless (UV-visble in MeOH, 276 nm). Solvent was evaporated on a
rotary evgporator. The sicky materid obtained was dissolved in water. Clear solution was
obtained, which was neutrdized with dilute HCl (pH 5-7). The ligand was precipiteted as
white solid, solution was filtered off and residue was thoroughly washed with water. The
white solid product was dried under reduced pressure (yidd 0.750 gm, 75%). IR (KBr,

cm?) N(COO)wym 1615 N(COO)sm 1398. [a]%, = - 40° in MeOH, ¢ = 0.77, in presence
of 2 equivaent LIOH: H,O.

2.5 Syntheses and Selected Properties

All the ligands were synthesized by reducing the Schiff base formed in the
soluion by condenstion of <icylddenyde o ring  subdtituted  derivative  of
<dicylddehyde with the appropriate deprotonated amino acids The reducing agent used
is NaBH;. The formaion and reduction of Schiff bases were monitored usng the
appearance of a characteristic N(C=N) stretches between 1645-1634 om* in the infrared
(IR) soectra as wel as the ydlow color of the solution after the addition of adehyde

followed by the disgppearance of the n(C=N) dretches and the yelow color after the

: =0.,
i N N;H
-N' \
H \H H R

Benzenoid Cuinoid

Scheme 2.11 Tautomeric eguilibrium of keto-enal form
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reduction. The strong yelow color of the Schiff bases are due © the intense absorption at
~ 400 nm (Fgure 22) dtributed to the tautomeric equilibium of the kind shown in
Scheme 2I11. Upon subdtitution of the reaction medium from MeOH to EtOH, the Shiff
base precipitates as ydlow solid.

2.0

1.5

Absorbance

051

0.0

Figure 2.2 UV -visble spectra of ligand (S)-H.Salhis, before reduction (¥4 %),
after reduction ( ......... )

All the ligands precipitated dmost quantitatively a neutrd pH (57) ad
are inluble in water and dmog dl the common organic solvents. The IR spectra of the
ligands showed the asymmetric caboxylae stretching between 1604-1595 cmi’,
symmetric  carboxylae dretching between 1408-1397 omit and a pesk a 3119 cm? for
secondary  amine n(N-H) (Experimenta Section). The dementd andyses of the ligands
(Table 2.A), mass spectra (Table 2.B) and *H NMR data (next section) of the lithium salt
of the ligands support the purity and the identity of the ligands.

Table2.A Microandytica Data’ of ligands

Ligands Empiricd Formula % C % H % N
1 CaaH15N3Os 6019 (59.76) 595(.79) 1619 (1608)
3 Ci2H17NGsS 552 (5644) 6.74(6.71)  537(548)
4 Ci3H190NGOsS 5771 (5796) 7.23(7.11) 5.15 (5.20)

2Vduein parentheses are calculated ones

TH-149 994501
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Table2.B ES-MS(-) of theligands

1 2 3 4
(L-Hy 260 260 254 268
L)ZLi* 266 274

Purity of the ligands were checked by *H NMR spectra measurements (Section 2.
3. 2 A representaive 'H NMR spectrum of the ligands Lif(9-(Sdhig)and Lijf(9-
(Sdmet)]are shown in Figure 2.4 and Figure 2.5 respectively.

2.6 'H NMR Spectra

As none of the ligands were soluble in common deuterated solvents in the neutrd
form, the 'H NMR spectra were recorded for dilithium st prepared from neutral ligand
and two equimolar LiOH- H20. The dilithium sdts were highly soluble in CD30D. All the
deprotonated ligands showed sharp, wel resolved resonances All the assgnments were
based on the pesk postions, Fplitting patterns and integrations (Table 2.C). The coupling
congtants and chemicad shifts of the protons showing multiplets were caculated through
computer  smulatiod®  with manually caculated vaues as a dating point. The find
amulated pesk postions are within 0.002 ppm of the recorded spectra
Aromatic protons (H* HY): Aromatic protons were identified from ther position (6-7
ppm) and splitting pattern. The aromatic protons in the ligands showed overdl increase in
shidding effect with resonances in the range of 6.3 — 7 ppm compared to the vdues of 2-
methyl phenof®”? in CDCl; (6.7-7.1 ppm). 2-Methyl phend is Smilar to the aromatic
fragment present in the ligands. The increese in shidding effect is most pronounced in p-
proton (6.69 ppm in 2-methyl phendl). This is posshbly due to the negetive charge on the
deprotonated ligands compared to the 2methyl phenal.
Benzyl methylene protons (H® and H€): Benzyl methylene protons in dl the ligands
show grong gemind coupling with coupling condants of 11412 Hz due to the presence
of chird center. The Dn/J vaue, which indicates the difference of environment of the
diagtereotopic protons, are 10 to 11.8 in case of the present ligands. This is much higher
compared to the Dn/J vaues of 2-6 reported for a group of reduced Schiff base ligands
daived from sdicylddenyde and danine, leucne and isoleucine!® The higher Dr/J
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vaue in the present case indicates the grester diagtereotopic environment in the present

St of ligands.
Table2.C *H NMR of the ligands
k /k
/. .
g 3 .~HJ. g'HS M
% 3 HJo I HJo
e H fH, e H THy _
. 0" Lit q ::H O Li* tg:u_ o L¥
- = c o™ Li* <\ / O Li*
c \ / Li w b )
b a
Lif(9- Lio[ (R)- Lio[ (S)- Lio[o-Me-(S-
(Sdhis)] 2 (Sdhis)] 2 (Sdmet)] 2 (Sdmet)] 2
H2 6.59 6.63 6.65 (a-Me) 2.15
HP 6.92 6.95 6.97 6.89
HC 6.35 6.37 6.44 6.36
Hd 6.82 6.86 6.97 6.81
He 331 335 344 345
He 377 380 383 387
Hf 328 331 319 318
H® 271 2.75 1.86 1.88
Hi 304 307 197 199
H 6.81 6.85 3 s
H' 754 757 - -
H i - 257 257
H! . - 257 257
H¥ 4 - 2.06 2.06
NS 81 81 8.7 -
Jac 09 n.o . -
b 18 15 - n.o
Jbe 7.2 7.2 7.2 75
N 75 75 7.2 72
Je 117 11.4 117 12
Jg 36 39 7.9 6
Jg 99 96 76 5.7
g 14.7 14.7 14.3 14.1
Joij - - 7.3 78
L - - 55 78
.0 = not observed

TH-149 994501
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Amino acid fragments Due to the presence of chird center in the carbon aom bonded
to the H', the diasterentopic methylene protons next to it (H%, H') shows strong gemind
coupling (Jgg ~ -14Hz). Effect of the chird proton diminishes with the intervening
cabon aom and geminad coupling was not obsarved in the second methylene protons (Hj
and H) in cae of methionine-derived protons. The proton NMR spectrum of histidine at
various pH was andyzed thoroughly in the past!®®). It was concluded that the difference
in coupling congant of the methylene protons with thet of the chird proton (kg = 45 Hz
ad kg = 87 Hz) in hididine indicates a gauche-trans conformation as the preferred
conformation of hididine in akdine solution [Fgure 23 (b)]. The difference in coupling
constants kg =36 Hz, Jig = 9.9 Hz) in hisidine derived ligand HSdhis are very smiler
to tha reported for hididine Thus the higidine fragment of the ligand retains ther
preferred gauchetrans conformation in methanolic solution. We have not come across
any such andyss on methionine in literature but amost identicl coupling condtants (Jig
=79 Hz, Jg = 76 Hz) in methionine derived ligand suggest ather a symmetrica
conformation [Figure 31(b)] or exigence of severd interconverting conformer which
negates the observable difference.

Hf Hf Hf
HY HY R HY H' R
-NH Coo- -NH COO- -NH > CO0
R Hg' Ha
a b c

Figure 2.3 () Gauche-j (COO /R =60°) (b) Gauche —transj (COO /R =180°)
(c) Gauche-j (COO'/R =300°)
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Figure 2.4 *H NMR of theligand Lif(9-(Sahi9)] 2 in CDL0D
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Figure 2.5 'H NMR of the ligand Li2[(S)-(Sdmet)] 2 in CDs0OD
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Conclusions

@)

@

©)

4

©)
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These ligands ae enantiomeicdly pure, as we have dated with the
enantiomericdly chird amino acid histidine and methionine,

Ligands has the donor andogous to the most commonly protein resdue His,
Tyr and Asp.

Ligands have four coordination dte, leave two cis dSte vacant in octahedrd
complex.

Ligands have both soft and hard donor Ste present.

Mog interesting point ligands have both H-bond donor and acceptor groups.
S, inter-molecular H-bonding may be played an important role in the
formation of molecular crystd.

Ligands donor sde is eeslly replaceable by changing the amino acid groups.
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Synthess of molecules and molecular assemblies with cavities of different dze
and shape to encagpsulate guest molecules have been a subject of active research in view
of ther potentid use as sdective hog for anion sendng, cadyss sdective recognition
and separtion of guest molecules™®®™ Rebek, Jr. and coworkers recently demonstrated
that reegent binding indde a capsular cavity boosts Diels-Alder reection rate® Sdf-
as=mbly of redivdy smdl molecules through hydrogen bonding and metd-ligand
interaction are proved to be very useful in forming large capsular cavity.'°*®™?  On the
other hand Fujita e al. explored the intermolecular [2+2] photochemicd reection and
control the doereo-and regiochemidry of oefins with sdf-assembled  coordination
cages!™ While severd capsular cavities have been synthesized using organic framework
(eg. resorcinarene, cdixarene)'®®™ as wel as coordingtion complexes with redox
stable metal centet™ and a few with redox active metd center, “+* there is no report of
a cgpaular cavity with the redox active metd center having avalable binding ste indde
the cgpaule Synthess of capsular cavity with avalable coordination gte a redox active
metd centers indde the pocket can, in princple fedilitate sudy of reactivity of the bound
guest indde a cavity. In our effort to synthesze cgpsular cavity with redox center, we
have syntheszed a <Hf-assambled cgpsule of octameric Cu(ll) coordination complex
using the ligand [(S)-H2Sdhig].

3.1 Experimental Section
3.1.1 Solvents and Reagents

Diethyl ether (Et20) was dried first with anhydrous calcium chloride (CaCk) and
then refluxed with sodium metd using benzophenone (as a indicator) and didilled over
sodium metd wire. Pyridine (Py) was refluxed over KOH and then didtilled with careful
exduson of moigure. N, N-Dimehylformamide (DMF) was purified firg by azeotropic
digillaion with benzene followed by sheking with dumina (neutrd) and findly by
vacuum didillaion. Teranbutylammonium perchlorate (TBAP) was prepared from
tetran-butylanmonium bromide and 70% agueous perchloric acid. Detals of solvent
purification and dating materids other than that dated dbove are dreedy discussed in
Chapter 2 (Section 231). The ligand [(9-H.Sdhis| preparation was described in
previous chapter 2 (Section 2. 4. 1).
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3.1.2 Measurements

The thermogravimetric andysis of the compounds were peformed by usng an
SDTA 851° TGA themd andyzer (Mettler Toledo) with a heating rate of 5° C per min.
in aN2 atmaosphere usng a sample sze of 510 mg per run.

Solid-sate magnetic  susceptibility of the complexes a room temperaiure was
recorded usng Sherwood Scientific baance MSB-1. Vaiadle-temperature (80 to 300 K)
lid-gate magnetic susceptibility measurements were recorded by the Faraday technique
usng a locdly built magnetometer a [IT Kanpur, India The magnetometer conssts of an
eectromagnet with condant gradient pole cgps (polytronic Corporation, Mumba, India),
Satorius M25-D/IS bdance (Garmany), a cdosed cycle refrigerator and a Lake Shore
temperature controller (Cryo Indudries, USA). All messurements were made a fixed
main fid strength of 10 kG.

X-Band EPR spectra were recorded with a Vaian E-109 C spectrometer fitted
with a quartz dewar for messurements a liquid nitrogen temperature. The Spectra were
cdibrated with DPPH (g = 2.0037)

Cydic voltammetric messurements were peaformed on  Electrochemica
workstation CH660 manufactured by CH Ingruments, USA usng ether glassy carbon or
plainum working eectrode, plainum wire auxiliary electrode and Ag7/Ag reference
electrode. Cdlibrated with ferrocene.

Solution dectricdl  conductivity messurements were mede with a  Sydronics
Conductivity Meter 306 by using 0.0IN KA solution as cdibrate.

Caution! Perchlorate salts are potentially dangerous as explosives and should
only be handled in small quantities, although we worked with these CIOs salts without

any incident.

3.1.3 X-ray Data Coallection, Structure Solution and Refinement

The crysd gructures of ([CusLg(Py)1d- Py- 3MeOH: (C:Hs)0) (1) and [Cu(S
Shig)ls: 15H,0 (2) were obtained by sngle aysd X-ray diffraction technique. Single
crysd of 1 was obtaned by dow diffuson of diethyl ether into the pyridine solution of
the complex. Single aydd of 2 was grownn by dow evgporation of the methanolic
solution of the complex. The complex 1 was mounted with mother solvent ingde the
cgpillary and 2 onaglassfiber.
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All geometric and intendty data for 1 and 2 were collected a room temperature
usng an automaed Enraf-Nonius CAD 4 diffractometer eguipped with Mo-Ka radiation
(I = 071073 A). Intensty data, collected using W 2q scan mode were corrected for
Lorentz — polarization effects and for absorption.?  Sructures were solved by the
combination of Direct-method and Fourier techniques and refined by full-matrix leas-
suae method usng SHELX system of programs!™ The intensty data for 1 was
collected usng a Bruker SMIART APEX CCD diffractometer, equipped with a fine focus
1.75 KW seded tube Mo-Ka X-ray source, with increesing w (width of 0.3° per frame) at
a scan speed of 3 dframe. The SMART software was used for data acquisition and the
SAINT software for data extraction. Absorption corrections were done using SDABS.™
All non-hydrogen atoms were refined anisotropically. The hydrogen atoms were |ocated
from the difference Fourier mgps and were refined isotropicaly. Sdected crysalographic
data are summarized in Table 3.A. Pergpective view of the complex was obtaned by
ORTEP.™

Table 3.A Sdected crystalographic datafor the complexes

Complexes il 2
Empiricd formula Cuss Hig1CUg N3s Opg C16H20CUN5Oy 5
Formula weight 3622.8 41791
Temperature 29312 K 29312 K
Wavdength 0.71073 A 071073 A
Crystd systemn, space group Tridinic, P1 Monodinic, P2(1)
Unit odl dimensions a=16.845(4) A a=19.625(12) A
b = 18.268(4) A b=9.617(6) A
c=20.167(4) A c=4156(3) A
a = 92507(4)° a =9000°
b = 112.207(4)° b = 92.260(11)°
g=105.636(4)° g=9000°
Volume 5459(2) A3 7837(9) A3
Z, Cdculated density 1, 1.102 Mg/n?® 16, 1.417 Mg/nt®
Absorption coefficient 0.8254 mmi* 1147 mm*
F(000) 1878 3456
Crysd size 03" 03" 02mm 035" 03" 025mm
Thetarange for datacollection  1.11 to 27.81° 0.981t0 25.06°
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Reflections collected / unique 60205/ 44425 [R (int) = 36028/ 26836 [R (int) =
0.0963] 0.07%4]

Conpletenessto theta 90.2% 98.3%

Absorption correction None None

Refinement method Full-matrix-block least - Full-matrix-block leest-
squareson F2 squareson F2

Data/ restraints/ parameters 44425 | 31 2046 26886/1/1904

Goodness of-fit on F¥ 0.730 0955

Find Rindices[1>2sgma(l)] R1=0.0868, wWR2 = 0.2164 R1=0.1044, WR2 = 0.2324

Rindices (dl daa) R1=0.2725, wR2 = 0.2890 R1=0.2080, WR2 = 0.2932

Absolute Structure parameter 0.021(16) 0.06(2)

Largest diff. pesk and hole 0784 ad -0526 e A® 0847and -0.664 e A*

3.2 Syntheses of Cu(l1) complexes
Detaled synthetic methodologies are given beow. Andyticd daa as wdl as

spectroscopic dataarein Table 3.B, 3.C and 3H.

3.2.1 [Cw(S-Salhisk: (pyridinel- 8H20] (1)

A mehandic solution of Cu(ClOy),- 6H,O (0436 gm, 1176 mmol) was added
drop wise to a dear solution of SHySdhis (0.2967 gm, 1135 mmol) and KOH (0.1344
gm, 2 4 mmal) in 25 mL of dry methano . The resulting dark green color solution dong
with some undissolved white paticles was girred for 30 min. The solution was filtered
through a medium-porogity frit, after which the volume of the filtrate was reduced by
rotary evaporation and the complex was precipitated by the addition of diethyl ether. The
reuting light green powder wes filtered off and washed with diethyl ether prior to drying
under vacuum in a desiccator (yidd: 0.380 gm, 103 %, yidd is vey high because KCIO,
present as aimpurity). IR (KBr, cmY) N(COO)as;m 1598, N(COO)m 1403, n(CIO4) 1100.

Purification and Recrydallization: Diffuson of diethyl ether into the solution of
the complex in pyridine, afforded dark green cydds free from CIOs suiteble for X-ray
andyss. The sngle cydd X-ray andyss reveded that the crysd contans eeven
pyridine molecules per octanuclear complex but the crysd eesly efflorescenced and the
dementd andyss agreed with the chemicd formula [Cug(CidH13N305)s: (CHsN)4- 8HQ),
yidd: 65 %. IR (KBr, cm™) i(COO)assym 1615(sh), 1598, {(COO)sm 1388(9).
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3.2.2 [Cu(SSalhig)- (Imidazole)]: 2H,0 (2)

Complex 1 (0200 gm, 0526 mmol) wes teken in 20 mL of dry methand
folowed by addition of imidazole (0.100 gm, 147 mmoal) to the methandlic solution. The
reection mixture was refluxed with dirring for 1 hour. Color of the solution was changed
light green to deep green. Rotary Evgporaiion was used to reduce the volume of the
solution to  ~ 5 mL, the solution was kept for dow evgporaion & room temperature.
After 48 hours green crystas were formed. The crysas were filtered and washed with
methanol and dried in vacuum, in a desiccator. Yidd: 0.120gm, (60 %). IR (KBr, cm?)
i(COOQ) assym 1601, {(COO)gym 1396.

3.3 Results and Discussion
3.3.1 Syntheses and Selected Properties

Complex 1 was syntheszed usng the corresponding ligand with two equivaents
of KOH and Cu(ClO4) 6H20 in MeOH. The complex 1 retaned some amount of KCIO,
as impurity. Dissolving impure 1 in pyridine followed by filtration removed the insoluble
KCIO4 present in the sample.

For the complexes 1 and 2 the IR absorption band around 3420 cmi* confirmed
the presence of water molecules in the complexes. For both the complexes, the sharp band
in the region 3157-3240 cm* has been assigned to N-H sretching mode. The IR spectra
of the complex 1 n(COO)sym band was shifted to higher frequency fram i((COQO)asym
1604 ami' in the ligand to i(COO)asym 1615 cmi®. We observed that the separation (D
velue) between N(COO)sym - N(COO)ym (1388 om™) are 227 cm* for complex 1 and
205 cm* for the complex 2, which are much gregter than the ionic complexes (~ 150 to
200 cm?). This indicate that the carboxylate groups of the amino add are bound in a
unidentate fashion.™ The band aound 1266-1296 cm'* might be assigned to n(C-O) of
phendlic group!™

Elementd andyses of the desccated sample matched with the formula Cu(S
Sdhisk- (pyriding)s: 8H20 for 1, and Cu(S-Sdhis)(Imidazole)- 2H20 for 2 (Table 3.B).
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Table 3.B Microandytica Date" of the Cu(ll) complexes

Complexes  Empiricd formula % C % H % N
1 Cug(S-Sdhisk- (Py)s- 8H,O 4868 (4899) 451 (4.64) 1292 (12.88)
2 Cu(Shig(Imz)- 24,0 45.21 (45.01) 5.20 (4.96) 1593 (16.40)

TH-149 994501

Py = Pyriding, Imz = Imidazole, # Vaues in parentheses are calculated ones

The vay low molar conductance of the complexes in methanol confirmed the
non-electrolytic nature of the complexest™ (Table 3.C). The room temperature magnetic
moment (experimental section) is less than expected for a S=1/2 system 1.73 B.M.[B™
(Table 3.C) indicating the presence of antiferromagnetic coupling between the Cu(ll)

centers.

Table 3.C Magnetic moments and Conductance vaues of the Cu(ll) complexes

Complexes 1 2
ig(solid, 298 K); na/Cu 163 161
Em (MeOH) Scm?mol 2 4

3.3.2 X-ray Structure of crystal 1

The cryddlization of the complex 1 from pyridine and diethyl ether afforded degp
green crysds of ([CugS-Sdhigs(Py)id- Py- 3MeOH: (CHs).0). The complex was
cayddlized in the chird space group of P1(#1) with two dightly different cup shaped
tetrameric units ( 1a and 1b) in the unit cel. The latice diagram shows that 1laand 1b are
on the top of each other forming a capsule bound through eight hydrogen bonding
interection between imidazole NH of one teramer with non bonded carboxylate oxygen
of the other tetrame™® (Figure 3.1). The capsule trapped four pyridine molecules inside
the cavities. Sdected bond distances and angles are liged in Table 3.D
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Figure 3.1 Molecular structure of 1. solvent molecules are omitted for clarity

(b) (c)
C16 c21
c15 @ c17  c20 @czz
C14 N--*‘ c18 C19 Nf c23
N4 N5

Figure 3.2 Numbering scheme (a) ligand, (b) pyridine out side the cavity, (C)
pyridine ingde the cavity

TH-149 994501
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Figure 3.3 (8) One tetrameric copper unit 1a[CusL4Pys] ORTEP diagram, thermd
elipsoids set to 50% probahility), (b) Spacefilling modd of 1atop view and (C)
bottom view

The la (Fgure 3.3) is a cydic tetramer with imidazole am from one monomeric
unit coordinaed to the next monomeric unit forming the cyde The coordingion
geometry around the each Cu(ll) center is N3O: donor environment [amine, histidine
imidazole, pyridine, phenolate and carboxylate]. Each Cu(ll) center is best described as
square pyramidd with a trigonatbipyramidd component t (Table 3.D) [t = (b-a)/60,
with a and b being the two largest coordination angles. In a perfect square-pyramidd
geometry t equd to 0, while it is 1 in a perfect trigona-bipyramidd geometry.® The
four phenolate rings are organized in such a manner to effectivdy close one sde of the
sguare and thus making a cup shaped tetramer (Figure 3.3. ). Two pyridine molecules
were trgpped indde la dde by dde with eech N aom of the pyridine facing the amine
nitrogen of the ligand. The N (trapped pyridine)-N (amine) distances (N5-N3a 2.990 A
N6-N3c 3.025 A) are within the range of 2.68-3.09 A obsarved for N...N hydrogen bond
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distances®®  The space-filling modd dearly demongrates that the two side-by-side
pyridine filled the cavity perfectly [Figure 3.3.(3)].

In 1b the cydic tetramer was formed in the same manner (Figure 3.4). However,
two ddes of the cup bend inwady. Unlike in la the trgoped pyridines here ae
coordinated to the Cu(ll) center instead of being H-bonded to amines (Figure 35). This
coordingtion of pyridine from ingde the box to the Cu(ll) resulted in the deviation of Cu8
& Cu6 aom from the plane of O1, N3, O3, N1 towards the trapped pyridine (shift of
0194 and 0203 A for Cu8 and Cub respectively) and consequently non-coordination of
the externd pyridines for Cu8 and Cu6 occurs as square pyramida geometry is preferred
for Cull) over octahedra geometry due to Jehn-Tdler digortion. Thus the coordination

Stes a the copper centers are accessible from inside.

Figure 3.4 Tetrameric copper unit 1b [CuL4Py,]Py, ORTEP diagram,
thermdl dlipsoids set to 50% probehility)

Guest binding occurred in the two hadves of the capaule differently. In 1a Cul is
coordinated to the externd pyridine but not to the trapped pyridine (same for Cu3). On
the other hand, in 1b the pyridine nitrogen (N8) is coordinated to Cu8 (same for Cub).
The N8N3h (aming) disance of 3104 A in 1b is doser to N...N hydrogen bonding
disance range of 2.68 - 3.09 A (Figure 3.5). Thus the presence of a N-H dose to the
Cu(ll) dlow trgoped pyridines in 1b to bind usng both meta-ligand interaction and
hydrogen bonding smultaneoudy. This possbly mekes the trapped pyridines less lgbile
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compared to the externd pyridines as obsarved in the solution studies (see below). We ae
not aware of thistype of binding in any other reported capsular cavity.

»
1 MWdh
Nda* 1'
| 2.428 A 4947 A
[y ]
LUl [FalTT-
G LLa
NSH.‘ ] Nﬁh.\ 'I:'
- i £
2.990A% , 3516 A 3.104 AV r2.304 A
T L]
S5 ®NE

Figure 3.5 Pat of the CusL4 unit of 1aand 1b showing the change in bonding
interactions between trapped pyridine molecules, amine N aoms, Cu(l1) centers,
and externd pyridine molecules

The Cu-N (externd pyriding) distances in molecules 1a ad 1b (24 — 25 A), are
consderably longer than Cu-N (gpica pyriding) distance of 217 A in [Cu(Cydops)py]
Ao and 212, 213 A in Cux(acetate)a(py)2/® but within the range of 2.6-2.8 A for
aoicd CuN bond distances’™ This makes the externdly bound pyridines particularly
labile

Thermogravimetric analyss The Thermogravimetric andyss of the sample
was peaformed in order to prove the presence of the solvent as indicated by dementd
andyss. TGA of complex 1 (Figure 3.6) shows the loss of 151 % of totd weight in the
30-110 °C temperaiure range and 180 - 230 °C temperaure range, corresponding to the
loss of eight water molecules and four pyridine molecules (expected 16.7 % weight 10s9).
After the temperature of 230 °C the compound starts to decompose.
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Figure 3.6 TGA and DTA plot of thecomplex 1
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Table 3.D Sdected bond distances (A) and angles (°) of complex 1

Cul Cu2 Cu3 Cud Cu5 Cu6 Cu7 Cu8

CuOlaaer  2029(7) 1985(6)  1989(6) 1.946(6)  2.007(7) 1989(7)  1.987(6) 1.958(7)
CuOByeome  1926(7) 1910(7)  1865(7) 1941(7) 1897(8) 1867(8) 1923(6) 1.918(8)
Cu-N3anine 2000(8) 2030(7) 1980(8) 1999(7) 2034(8) 2018(7) 2034(7) 2017(7)
CuNlmigmge  2009(8) 1967(7)  2005@8) 1993(7) 19289 20157) 1966(8) 1.976(7)
CuNdpyrigne  2430(9) 2425(11) 2548°  2407(10)

N3amine'cu'

822(3)  831(3) 8373  833(3) 805(3)  839(3) 823(3) 835(3)
Olacetate
01acaate'cu'

253  89.7(3) 283 91213 939(3)  914(3) RN7(B)  R4Q3)
Nlimigazole
NZimidazole-CU-

9023 92903 89.6(2  909%3) 91.1(3)  89.3(3) 91.0(3)  89.1(3)
mphmdae
O3phenolate-CU-

uU23)  9350)) 934(3)  929(3) 933(3)  932(3) 233 28R
N3amine
N3amine-CU-

1655(3) 1614(3) 1728(3) 1657(3) 159.8(3) 167.4(3) 1614(3) 168.6(3)
N1imigazole
Olacetate'cu'

175.0(3) 1759(3) 1755(3) 1721(3) 1733(3) 169.4(4) 1727(3) 168.7(4)
mphenolae
N4pyridine'Cu'

1005(3) 97.1(2) 96513 99.3(2) 99.0(3) 1004(3) 111129
N3amine
N4pyridine'cu' 5 5

92903  1003(2) 89775 94.3(2) 100.2(3) 976(3) 58139
NZ1imidazole
CU-Npyrigine 3511° 3.260° 2409(11) 2.393(9)
Narmine-
e , 2.990° 3.025° 2.407° 2308
prridine
t 0.158 0242 0.045 0107 0.225 0.033 0.188 0.002
*Atoms of the ligands coordinated to Cul have a suffix a, Cu2 have a suffix b and so on
in the ORTEP diagram.

2 Trapped pyridines. Atom numbers does not have a suffix.
% N1 istheimidazole N from the L? coordinated to neighboring Cu.

* negative sign indicates the deviation of Cu from the plane towards trapped pyridine
® Cdculated using CACHE molecular modeling program by Fujitsu Limited.
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3.3.3 Assembly and disassembly of the molecular capsule

One of the possble uses of supramolecular assembly in the form of molecular
cages or dendrimer is its use as carier of molecules such as drug or reagent. For an
efficient carier, the sdective disasssambly of the carier through a chemicd evert
rdesesng the guest and resssambly of the hogt later would be important. Disassembly
process could be triggered by chemicd events such as pH change, light or redox induced
processes or may be through a smple chemicd sdectivity for the paticular carier. It is
rdevant to mention that nature utilizes recyclable carier in cetain microbes. For example
extraction of iron from the surrounding by a carier is done by rdessng chemicds
(sderophores) which after carrying encapsulated iron into cdl releases the iron due to the
pH difference in the cdl and the carrier is rerdessed to continue the cycde™ While a
grest ded of €effot beng put into assembling molecular cages or dendrimers, the
literaiure on the dissssambling and resssembling those potentid carriers are few. Few
noteble work utilizes photoinduced®™ cdeavage, pH dependent™  disassembly/reassembly
process and recently a fascinating “cascade-rdesse dendrimers’ have been reported
where the dendrimer gets completely disassembled by asingle chemical trigger.™

Thus to test the stability of the cgpsular Cu(ll) assembly 1 and suitability of the
capsule as a reusable carier we have studied the assembled and disassembled behavior of
the complex in different environments. The summary of the results is presented in
Scheme 31. The dementd andyss of the dried crystds matched with the formula
[Cus(SShig)g(py)4- 8H,0 reproducibly, rather than [Cu(S
SAhisk(py) - py- 3MeOH- (diethyl ether) found in crysta sructure andyss carried out on
caydds with mother liquor (pyridine and diethylether) in seded tube This might be due
to the fact that crystals of 1 logt the weskly coordinated externd pyridines (externd Cu
Noy 2.425 A) repidly under vacuum while drying. The ESI-MS (+ve) of the crydas in
MeOH shows prominent {[CuiS-SahigsH}" and {[Cu(S-Sdhiss]H}™ molecular ion
peeks but did not show any fragments with pyridine or molecular ion pesk of {[Cu(S
Sdhisg]H} *. The IR spectra of the crystds from pyridine and powder precipitated from
methanolic solution of the crystds ae dmost identicd suggesting very little structurd
change on disolving the crysds in MeOH. These reaults and the fact that two halves of
the capaule is joined a the corners through H-bond only (Figure 3.1) suggested that the
separation of the two haves into two tetranuclear cups in polar solvent such as MeOH
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and thereby reessng the trapped pyridines into the solution. The rdeasing of pyridines
from the cage was confirmed by doing a TLC of the concentrated methandlic solution on
dlicagd (referenced with pyridine).

Isolated

imidazole

w

Scheme 3.1 Assembly and disassembly of the molecular capsule

TH-149 994501



TH-149 994501

Chapter 111 Cu(ll) capsule 44

The cage could be reassembled from pyridine again as caysds of 1. While trying
to bind some N based heterocycles insde the cage eg. pyrazine (pKa 0.78) and
imidezole, (pKa 6.92) we found no sgn of pyrazine binding (isolation followed by
andyss), but aydds of mononudear complex [Cu(SSahis)(Imidezole)]- 2H.O 2 was
isolated with the addition of imidazole (3 eguivdent/Cu) dmost quantitatively. The
complex 2 was charecterized usng X-ray diffraction (next section) and other standard
characterization techniques. The ES-MS of complex 2 shows molecular ion pesk {[Cu(S
Sdhig)(imidazole]H}® as the mgor pesk. However, the {[Cuy(S-Sdhisy]H}® and
{Cus(SSAhisp]H} * pecks ae dso present, suggesting an  equilibrium  between  the
monomeric and tertrameric species in methandlic solution of 2. This explains the
requirements of excess imidazole (3eg/Cu) in disassembling the cgpsule to shift the
equilibrium in favor of monomeric species.

3.3.4 X-Ray Structure of [Cu(S Salhis)(Imidazole)]- 2H20 (2)

The complex [Cu(S-Sdhis)(Imz)]- 2HO 2 (Imz = imidazole) was ayddlized in
space group P2(1) containing eight unigue mononudear units of Cu(S Sahis) and fifteen
water moleaules hed together with aray of H-bonds The ORTEP diagram of one unit
dong with numbering scheme is given in Fgure 3.7. The other mononuclear units were
numbered Smilarly but with different subscript (Cul with subscript @ Cu2 with subscript
b and so on). Sdected bond distances and angles are listed in Table 3.E.

Figure 3.7 ORTEP diagram of one unit [Cu(S Sdhis)(Imidazole)], thermd
dlipsoids st to 50% probability, solvent molecules are omitted for darity
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Table 3.E Sdected bond distances (A) and bond angles (°) of complex 2
cul [oT7) 3 Cw Cl5 Cub cu7 [oT3)

g‘i* » 2262(13) 2219(10) 2305(12) 2344(13) 2332(12) 2299(11) 2277(12)  2.349(13)
gg*w 1.930(9)  1978(11) 1936911) 1938(11) 1.888(12) 1891(12) 1934(10)  1.922(12)
pl ate

ﬁ‘; 2051(11) 2014(11) 2049(11) 1998(12) 1960(14) 2002(12) 2002(13) 2036(11)
‘N:;* L1 200012 200812  1999(13)  2014(11) 2089(12) 2008(15 2026(15)  2004(12)
CUNG l0m(13 180113 198514  1986(12) 1989(14) 200017 197615  1960(13)
Nowmne 776y 7928 724 Te8E) T8 7614 7705 783
OLacetate

8}}%‘8‘6‘ 8726) 954(5) 006  976(5) 9725 8775 8855 9505
N2inidazdei

(N:ﬁmidazde 164.7(5)  1689(5)  1492(5) 1432(5) 14486) 1527(6) 160.4(6)  158.6(6)
nghmolae

8'&"““'“' 92.0(4) 93.5(5) 92.9(4) 93.7(5) 93.3(6) 94.7(5) 92.3(5) 95.7(5)
N3amine

ch’:““‘”e' 90.8(5) 86.5(5) 92.4(5) 89.0(5) 90.7(5) 914(6)  89.7(6) 87.7(5)
N2imicezole

gif“aa‘e' 108.1(5)  955(5) 120.8(5)  1187(5)  117.8(6) BT 090  106.4(6)
nghenolae

N, 1754(5)  1753(6) 1626(6) 1651(5)  1649(5) 170.3(6) 177.0(6)  168.8(6)
imidazole

Cu

N3amine

Ndimidzoe’ ~ 93.7(5) 92.1(5) 95.3(6) 96.3(5) 96.1(5) 92.1(7) 93.2(6) 91.0(5)
Cu

N2imicezole

Ndimdzoe: 1020(5)  1055(5)  87.1(6) 83.7(5) 83.6(5) 94.9(6) 1039(5)  90.7(6)
Cu

Olacetate

Ndiieoe  83.8(5) 86.9(5) 88.5(5) 90.5(5) 88.8(5) 86.4(6)  84.7(5) 89.6(5)
Cu

O3phenolae

cul-01-  1101(11) 1067(12) 1088(10) 1037(10) 99.7(12)  1081(10) 1108(10) 103.9(12)
c1

t 0.12 011 0.22 0.37 0.34 .029 0.28 0.17

limidazoleisfrom ligand (S-Sdhis) 2
%Imidazole externd ligand.
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All the Cu(ll) centers are five coordinated with four donors from Sahis” and one
from imidazole meking a N3O, type environment around Cu(ll) center. The coordination
geometry a the Cu(ll) is best described as squarepyramidd with a trigond mono
pyramidd (TBP) component t which can be caculated from structurd datd®. The vaue
of t is O for perfect square-pyramidd geometry and 1 for pefect TBP dructure. In 2, the
t vdues for eignt unique [Cu(SSdhig(Imz)] units vary from 011 a Cu2 to 0.37 & Cud
(Table 3E ) indicating dgnificant TBP component in the geometry. The in-plane Cu-N
and Cu-O bond lengths are smilar to that found for 1 (Table 3D) and is typica for Cu(ll)
complexes™ The axid Cu-O(carboxylae) bond in 2 is long and vaies from 2217 to
2352 A (Table 3E). The axid bond in square-pyramidd Cu(ll) is usudly long (212 to
26 A) due to Jhn-Tdler digortion. The long axid Cu-carboxylate bond observed in the
complexes [Cu(Sba)(phen)]™ (2185 A H.Sbd” is N-(2-hydroxybenzyl)-b-danine and
“phen” is 1, 10-phenanthroline), [Cu(bpg)](NOy)- H0® (2195 A bpg" = NN-di-(2
pyridylmethyl)glydne) and [Cu(bpa)(SOsCFs)- H:0? (2279 A bpa® = NN-di(2
pyridylmethyl)danine) ae dmilar to the present complex. The range of axid Cu- Ol
bond length obsarved in 2 seems to depend on the Cu- O1-C1, the longer the axid bond
lower is the angle This is possbly due to the sran on the carboxylate am imposed by
the geometry of the complex. The conformetion a the chird carbon for dl the eight units
are S as the ligand used was syntheszed from S-isomer of the hididine. In addition to the
asymmetric carbon in the ligand, the coordination of the amine nitrogen (N3a to N3h for
Cul to CuB) to the metd center gives rise to an asymmelric secondary nitrogen aom,
which has the R absolute conformation.

All the potentid H-bond donors (amine imidazole imidazole in hididine
fragment) and acceptors (phenolate oxygen, two carboxylae oxygen) in esch of the
ligand and the 15 water molecules in the unit cel teke pat in inter-molecular H-bond
formaion forming a giant inteewoven H-bonded nework in the cydd. The eght
monomeric units are connected by two type of H-bond;, (1) imidszole N-H of the ligand
from one monome H-bonded with coordinated phendlae O from another monomeric
unit, (2) non-coordinated carboxylae O from one monome to secondary amine N-H
from another unit (Table 3F, Fgure 38). Waer molecules ae within  H-bonding
digtances (Table 3.G) of the monomeric Cu(ll) units.
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Severd  interesting  arangements of H-bonded water molecules have been
obsarved in the lattice: The two sets of water molecules labded O1, O6, O5 and O3, O7,
O4 form two different hdicd water chains (Figure 3.9) from one end of the crystd to the
other end. The only deviaion from pefect hdix is thaa O6 —O1 digance in the firg st is
327 A lager than hydrogen bond and O2-06 in the first set is <3 A, thus making the
hdlices discontinuous and dightly irregular. The water labded O13, O8 and O15 forms a
triangle, however, the triangles are not connected (Mminimum separdtion 08013 is 5789
A). It should be noted that Stebilization of water dusters and one-dimensiond chains in
crystadd®® have atracted lot of interest due to their importance in probing anomaous
properties of water™  and fundtioning of chains as “proton wires’

Table 3.F Inter-molecular H-bonding which hold the eéght monomeric unites together

Atoms Distances (A) Atoms Distances (A)
0O2a-N3c 2831 O3aN1d 2808
O2b-N3e 2989 O3b-Nic 2837
O2f-N3g 2.865 O3f-N1b 2718
0O2h-Nd 2832

Table 3.G Water H-bonded with ligand bonded carboxylated oxygen, non bonded
carboxylated oxygen, bonded phenolate oxygen and ligand imidazole N-H

Atoms Distances (A) Atoms Distances (A)
O vater-O5 water 2850 06 wae-Ola caboxylae 3223
O1 yaer-06 e 3.272 O7 waerO9 waer 2730
O2 waer-O3d phenolate 2752 O8 wate~N1f |igand imidazole 2910
02 wae-06 wae 2710 08 wae-O15 e 2775
O3 wae-O19 caboxylae 2824 09 wae~O2€ caboxylae 2783
O3 waer-O7 water 329 010 wae-O1C caboxylae 2817
A vwaer-Ole caboxylae 3278 O11 waer-O2€ caboxylate 2831
O4 wae-02€ caboxylae 3020 O11 waer-O12 yger 2816
A vae-O7 wae 2968 013 wae-O3N phenolae 3033
05 wae-O2d caboxylae 2992 014 vwae-O1b caboxyiae 299
05 water O6 water 2900 015 wae-013 waer 2911
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0 plane

Figure 3.8 Three different types of inter-molecular H-bonding in the crysd
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S

Figure 3.9 In the crystd latice H-bonded water molecules form helical water chains
right handed hdix top view (left) and sde view (right) of one water chain. The helicd
water oxygen atoms are shown with blue sphere.

Thermogravimetric analyss. The thermogravimetric andyss of the complex 2
was peaformed in order to prove the presence of the solvent as indicated by dementd
andyss. TGA of complex 2 showed the loss of 843 % of totd weight in the 30-150 °C
temperature ranges, corresponding to the loss of two water molecules (expected 9.04 %
weight loss). After the temperature of 200 °C the compound starts to decompose.

TH-149 994501
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3.3.5 Absorption Spectra

The UV-visble spectrd characteridtic of both the complexes are shown in Fgure
310311 and the data ae shown in Teble 3H. The aisorption maxima a ~ 275 nm is
due to intraligand charge transfer and was obsarved a 275 nm in methanolic solution of
the Sdhis”. The absorption maxima ~ 400 nm is likdy to be of LMCT origin evident
from high e vaue (¢ 500 dn® mo*cmi/Cu). The absorption maxima between 600 —
700 nm with e vaue ~150 dn? mdlcm! ae of ligand fidd origin. Severd other
squarepyramidd  Cu(ll) complexes with N3O, donor environment have sSmilar spectrd
characteristics! ** ) Comparison of spectra of 1 and 2 in MeOH shows very little change
(Figure 311) beiween cgpsule and the monome due to dmodgt identicd coordination
environment. It is to be noted that ligand fied trandtion (620 nm) in DMF is gresly
shifted compared to that of in other solvents (668 nm to 686 nm) and it is not due to
solvent polarity as didectric constant (DEC) of DMF (DEC 38.3) and MeOH (DEC 32.6)
are closer then pyridne (DEC 125). The idetity of the complex in DMF might be
different.

Table 3.H UV-visble data of the complexes [| a /nm (e /dm® mal * crri H/cu]
1 2
Pyridine 416 (520), 668 (170)
DMF 283 (4300) 412 (450), 620 (150)
MeOH 273 (5700), 382 (920), 686 (150) 277 (4800) 395 (500) 671 (120)

3.3.6 Redox stability of the cage

One important aspect of the present capsule/cage over the other cages in the
literature is the presence of potentidly redox active Cu(ll). The complex is soluble in
MeOH, pyridne and DMF but not in acetonitrile dichloromethane or other non-polar
solvents with large redox window reguired for cyclic voltammetric sudy. As we were not
sure about the identity of the complex in DMF (section UV-vishle) we had decided to do
the cydic voltammetric sudy in MeOH. The redox window available in MeOH is rather
limted (+1 V to —06 V vs. SCE). Within that range the complex showed a poorly
resolved irreversible reduction close to the limits of the solvent (-0.5V). This prompted us
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Figure 3.10 UV-visble spectrum of complex 1 in MeOH (), inpyridine(—)
andinDMF (- - -)

1800

u
_—_'_;_'_'—'

—

-1

1000 \
i
i

on

p=]

=]
I

e/ dm? mol~! em

: | =
400 600 800 1000

Figure 3.11 UV-vishle spectrum of complex 1 (—) and complex 2 (----) in MeOH
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to resort the chemicd reduction. Addition of NaBH, in different ratio (1eqg, 2eq, 5eq /Cu)
immediaidy decolorizes the solution, which if kept open, changed back to the origind
green color again. Increesing amount of NaBH, increases the time required to get back
the color. In abisence of ar, metdlic copper depodtion took place after a day in a amilar
experiment. In order to understand the process of reduction and redevelopment of green
color we monitored the reduction and aerobic reoxidation usng UV-visble and EPR
spectroscopy. The ligand fidd trandtion of 1 disgppears after addition of NaBH4 (1 eq
/Cu) and dafter ~10 min ligand fidd trangtion regppears a 651 nm with a 35 nm blue shift
compared to 1. To check whether the ligand has been reduced or not, we decomposed the
complex with dilute acid and isolaed the ligand. The ligand was unchanged (checked
with IR). We had cryddlized the green complex from the reaction mixture and it was
identicd with 1. Smilar experiments were peformed with 1 in an EPR tube. The
complex 1 in MeOH a 77K shows a typicd square pyramida EPR spectra™® (g = 2253,
0= 2060 and A = 175 G, FHgure 3.12), which disgppears completey after addition of 1
eqg (per Cu) of NaBHs (addition & room temperature, EPR a 77K). On thawing the
solution and periodicaly checking the EPR a 77 K, EPR sgnd regppears gradudly (g =
2252, go= 2056 and A = 170). These experiments suggest that the Cu(ll) in 1 could be
reduced reversbly in presence of oxygen. However, these results do not confirm the
quantitative recovery of 1. Future efforts will be to quantify the recovery process and the
identity of the cage after reduction.

(a) (b) f i
Manemn ' dpph
| dpph T "I ]l-
| ! I -lf.i ap—
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= === ~ 180G |

Figure 3.12 EPR spectraof Complex 1 (8) powder a 77 K, (b) inMeOH a 77 K



TH-149 994501

Chapter 111 Cu(ll) capsule 53

3.3.7 Magnetism

The lid-gate room temperature magnetic moments of 1 and 2 are 1.63 and 1.61
B.M. respectively. In the absence of magnetic exchange between Cu(ll) the expected
vdue is ~ 1.9 BM.®™ The lower vaue indicates magnetic interaction between two
Cu(ll) centers. In order to determine the magnetic exchange coupling condant (J), we
have measured the temperaiure dependent susceptibility for 1 between 81-300K (Teble
3.1). The plot of /Xy vs T is shown Figure 3.13. Using Curie-Weiss equationt®™ ¢ was
determined as —85.17. The negative Sgn indicates the presence of antiferromagnetic
coupling. Fitting the data with Bleanney-Bowers equatiof™ using a program gave a J
vdue ~ -29 cm ! (Fitting parameter, J = -29 cm'}, TIP 4.38x10* cn?® md™?, g = 1.705,
aror = 7.633). However, the fitting was not acceptable (Figure 3.13). The reason might
be that in the cgpsule four Cu(ll) are interconnected by symmetry and the eguation used is
for dmer. Due to the lack of expetise in forming Hamiltonian and lack of literature on
magnetic andysis of cydlic tetrameric Cu(ll) complexes we were unable to determine the
correct J vdue (9. We have not atempted temperature dependent magnetic

messurements of monomeric 2.
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Figure3.13 Plot of ¢y and 1/cy vs. T per dinuclear complex of 1
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Table 3.l Variable Temperature Magnetic Susceptibility detafor the complex 1
Temperature/ K ¢y / dimer ~ 10° Temperaure/K ¢y / dimer = 10°

(cm® mor Y (cm® mot Y
30 218 180 2.9
280 2.30 160 3.36
260 2.36 140 374
240 250 120 416
220 2,62 100 436
200 2.75 81 515
Conclusions

In this chapter we have reported synthess, characterization and structurd andysis
of a multinudear Cu(ll) based capsular cavity trgpping four pyridine molecules. Further
sudies showed that (a) the tetrameric cavity is stable in MeOH (b) the tetrameric unit can
be dissssambled into monomeric units 2 usng a specific chemicd agent (imidazole) (c)
cgpsule could be resssambled from pyridine again. Additiondly, pyridines insde 1 and
lattice of monomeric 2 shows interesting H-bonding scheme because of the presence of

H-bond capable donor/acoeptors in the ligand.
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Synthesis and characterization of a 1D
chiral microporous channels with a
Fe(lll) complex and insertion of

lodine inside the channels
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Helical organization and channd ae two important dructurd motifs present in
nature The channds in the membrane bound potassum channes™™ or water permestion
protein aquaporins™™@1® gre formed out of severd peptide hdices in an approximately
Cs symmetric fashion to form narrow channels (2.8-20 A dia) as gateway for K?* ion or
water molecules sdectively. The narrow channds in amyloid fibres (11.8 A dia) from
extracdlular amyloid plagues found in Alzheimer patients™® aguaporin (18 to 28 A
dia) and G5 symmetric mechanosendtive channds from mycobacterium tuberculoss (18-
2 A dia)"®'%® contan chan of waer molecules important for their biochemica
functions. Apart from the channes present in nature, materias with channels of different
pore diameter have been syntheszed because of ther anticipated use as molecular Seves,
sensors, ion exchangers and catalysts™ ™ Recently porous channels have been used as
templae to synthesze nao fibred™ and one dimensond aray of oxygen
molecules™ Thus, several reports appeared on synthesis of materids with channes,
helicd gructures with chird or achird ligand metad complex recently.#%8 Degpite this,
literatures regarding the formation of microporous helical channels with weater molecules
indde are few/™ 6181200 g to our knowledge only one group reported the remova of
water from non hdlical hydrophobic chenndd*# and small molecules were inserted.

In this chapter we discuss the synthess and dructure of binuclear iron (I11)
complexes, with (9-H,Sdhis and (R)-H,Sdhis ligands. The crydds of the complexes
have one dimensond microporous hdica channds filled with eesly removable weter
molecules ™ Usng of two enantiomers of the ligand, [(R)-H.Sdhig and [(S)-H.Sdhig,
hdlicity of the channels were found to be reverse as well. Further, we could remove water
from the channds and iodine was inserted into the channds as confirmed by the X-ray
structure.

4.1 Experimental Section

Details of solvent purification, andyticd messurements and dating materids
have dready been discussad in Chapter 2. The ligands [(S)-H.Sdhig and [(R-H Sahig)]
preparation were described in previous chepter 2 (Section 241 and Section 24.2
respectively).
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4.1.1 X-ray Data Collection, Structure Solution and Refinement

Data were collected on a Bruker Smat CCD Area Detector sysem with gragphite
monochromator. The structures were solved by direct methods and refined on F? by full-
matrix-block leest squares (program  SHELXL-97, G. M. Shddrick, Univarsty of
Gottingen). Refinements of F? were done againgt dl reflections The weighted R-factor
WR and goodness of fit S are based on F?, conventional Rfactors are based on F, with F
st to zero for negative F2. The threshold expression of F? > 2 sgmaF?) is used only for
cdeulding R-factorg(gt) etc. and is not reevant to the choice of reflections for
refinement. Rfactors based on F? are dtatigtically about twice as large as those based on F
and R-factors based on dl daa will be even larger. Sdected crysdlographic data and

refinement details are displayed in Table 4.A.

Table4.A Crysd data and structure refinement details

Complexes 1 2 3 4
Formula CoHsFeNeOrs CasHz2FeNsOio CsHzoFelz2NeO1o CosHzzFeNsOn
M 77733 72430 978.10 74030

K 293(2) 293(2) 293(2) 293(2)
Waveength (A) 0.71073 0.71073 0.71073 0.71073
Crystal sizefmm 0.40x0.35%0.30 0.40x0.40%0.35 050x 050 x 045  0.40x0.40x0.35
Lattice type hexagond hexagond hexagond hexagond
Space group P6(1) P6(1) P6(1) P6(5)

aA 13.164(3) 13.161(7) 13.252(4) 13.151(4)

b A 13.164(3) 13.161(7) 13.252(4) 13.151(4)
dA 36.305(11) 36.559(4) 36.253(2) 36.558(2)
gl 120 120 120 120

v A3 5449(2) 5484(7) 5514(4) 5476(4)

z 6 6 6 6

Dd/mg mi® 1421 1.316 1.767 1.347
Absorption 0.866 0.850 2527 0.854
coefficient/ mm *

F(000) 2418 2244 2880 2292

q range® 1.79- 26.04 1.79-27.21 1.77-27.75 1.79-27.24
Completenesstoq 99.9% 97.0% 95.6% 97.7
Reflectionscollected 42827 41609 44120 56517
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Independent 7101[R(int)= 7704[R(int)= 8063[R(int)= 7816[R(int)= 0.0245
reflections 0.0453] 0.0490 0.0443

Absorption None Semi-empirica Semi-empiricd None

correction fromequivaents fromequivaents

Refinement Full-matrix  leest- Fullmatrix  leest-  Full-matrix  least-  Full-matrix least-
method squares on F? squares on P squares on F squares on F

Data/ resrainty  7101/1/535 7704/ 31472 8063/1/440 7816/ 1/ 470
parameters

Goodness-of -fit of F, 0.995 1.133 1.273 1.199

Find Rindices R1 = 00387, R1=0.0574, R1=0.1097, R1=0.0416,

[1>2s (1) WR2 = 0.0842 WR2=0.1423 WR2=0.2868 WR2=0.1190
Rindices(al R1 = 00488, R1=0.0747, R1=0.1295wR2= R1=0.0461,

data) wR2=0.0879 WR2=0.1525 0.3066 WR2=0.1235
Absolute 0.028(12) 0.005(19) 0.05(4) 0.014(13)

structure

Parameter

Largest diff. 0.370 and -0000.181  0.993 and -0.355 1.901 and -1.863 0.677 and -0.265
Peak and hole/

eAd

4.2 Syntheses of Fe(l11) complexes
4.2.1 [Fey(OAC)(OH)(S Salhisy]- 4H0 (1)

The complex 1 wes syntheszed by adding a methanolic (10 mL) solution of
Fe(NOs)z: 9H2O (0592 g, 146 mmol) to a dirred methandlic (20 mL) solution of [S
H,Sahig (0.383 g, 146 mmol) and NaOH (0.117 g, 293 mmol), followed by addition of
NaOAc: 3H,O (0598 g, 439 mmoal) in 5 mL MeOH and the mixture was dirred for 15
min. The find color of the solution was reddish purple The volume of the solution was
reduced to ~10 mL and diethyl ether was added. Cooling the solution in a refrigerator for
three days yidded dark colored diamond sheped crystds of 1. The crystas were washed
with ether and dried in a vacuum desiccator (yidd, 65%). Further studies including Xray
dructurd studies were performed on these crysds Recryddlization from MeOH could
be done in presence of an add (HCIO, or CH3;COOH) to prevent deprotonation of
bridging hyadroxyl group.

Fe;:CogHagNeOr: IR (KBr, omi*) n (OH) 3405 (broad); n (Carboxylat€lem
1644; n (Carboxylae)sm 1384; for bridgen (OAC)eym 1542; n (OAC)ym 1457; n (NH)
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3110; n (phendlic, CO) 1270. Lm: (MeOH), 12 S cm® mo * (much lower than expected
for 1:1 dectrolyte in MeOH ~80-115 S cm? mo'Y).  UV-visble | /nm (e /dn?
mol *emi?) (MeOH), 273 (11300), 302(sh), 481 (2900). my (powder, 298 K) 6.46 BM. /
dimer.

4.2.2 Single crystals of [Fe2 (mOH)(mOAC)(SL)2]- H20 (2)

Crydds of 1 were dried & 95 -100° C under reduced pressure for 2h. The loss of
water (3 H,O) compared to 1 was confirmed by TGA, which showed the weight loss of
17 % (cdculated for 1 H)O, 248 %) between 95 - 140°C but negligible weght loss
(0.1%) between 30-9%. X-ray diffraction studies were done on these crystals seded in a
cpillary to avoid moidure. IR and UV-visble of these crystds were compared with that
of 1 and found identicd.

4.2.3 Singlecrygtalsof [Fe2(mOH)(mOAC)(SL)7: H20- 12(3)

Crydds of 1 were dried a 95-100° C under reduced pressure for 2h ). 50mg of 2
in a vid dong with solid b in a separate vid were kept ingde a round bottom flask (50
mL) containing dry dlica gd to minimize moisture content. This sftup was evacuaed
fird and then wamed to 40-50° C for few minutes This was done to remove ar
(moisture) as much as possble and hedting ensured production of enough I, vepor to fill
the void. The sstup was kept in this way for five days to saturate the crysds with iodine
and the resultant crystas were seded in a glass caillay for X-ray diffraction studies.
The |2 content of the crystals were messured using titretion (described below) and tallied
with weight loss in TGA. We arived a the above procedure after repesting the |, doping
followed by titration experiments under various conditions. We found that if the slica gd
was not used (presence of moisture) the amount of 12 incorporated is only 7-9 % after
three days and reaulting crysds do not diffract wel. After gpplication of vacuum
followed by warming to produce |, we could get the crystals that diffract and b content of
the crystals were found to be 12 % (repestedly) using the same procedure. While 12 % }
content is lower than cdculated 25 % for [Fex (MOH)(MOAC)(SL)z2]- H20- |2, discrepancy
might be (at leest one factor) due to the loss of |, during washing before the estimation.
For X-ray diffraction studied we did not wash the crystas to ensure that crystas say
saturated with I, and loss during X-ray experiment isminimized.
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Estimation of 1, in (3) Snge crystds or coasdy grinded crystds of 1 (~10-20 mg
exactly weighted) were hested in water bath a 100 °C under reduced pressure for 2 hr.
and then were dored in a cosed chamber containing I, crysds for 5 days. In this
arangement only iodine vapor can be absorbed in the crystd & room temperature. After
5 days the samples were washed thoroughly with CCl, (three times) & room temperaure
to remove any |, absorbed on the surface of the crystds. The washed crysds were then
put into the freshly ddilled CCls (~ 6 mL measured) and 6 mL of water was added into
the mixture and sheken vigoroudy. The CCls layer became srongly purple colored due to
the released I,. The |, concentration in CCl, layer was measured pectrophotometricaly.
|, estimated was found to be 12 % (caculated 25 % for one |, /dimer).

Note It is difficult to wash the surface only without loosing some iodine from the
channels as crystal binds iodine loosely. The structure was done in a sealed tube without
washing the crystals.

4.2.4 [Fez (mOH)(mOACc)( R-Salhisp]- 2H:0 (4)

The complex 4, [Fe; (MOH)(MOAC)L;]- 2H,0, as caydds (60% yidd) was
synthesized following the procedure described for 1 using the D-higtidine derived ligand
(RHaL).

FeCsHaNsOu: IR (KBr, cm™) n (OH) 3405 (broad); n (Carboxylai€)aym 1644,
1598 n (Caboxylat€lym 1384; for bridge n (OAC)aym 1542, n (OAC)gym 1461, n (NH)
3110; n (phendlicCO) 1270. Ly: (MeOH), 15 S cm? ma™* (much lower than expected
for 11 eectrolyte in MeOH ~80-115 S cm? md'Y).  UV-visble | & /nm (e /dn?®
motemY) (MeOH), 275 (12500), 302(sh), 479 (2700). my ( powder, 298 K ) 6.00 B.M.
/ dimer.

4.3 Results and Discussion
4.3.1 Synthesisand Selected Properties

By mixing F&"(NOg)s: 9H20, HSL, NaOH and NaOAc in MeOH a
1:1:2:3 raio, the solution turned redpurple Addition of diethyl ether afforded complex 1
o 4 (with HyRL) as diamond shgped cydds in ~60-65 % yidd. Compaing the IR
spectra of 1 and 4 with that of deprotonated ligand and the Cu(ll) complexes whichhas
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been characterized in the previous chepter, the pesks a 1640 and 1365 cmi' were
identified as asymmetric and symmetric carboxylate dretches respectively  originated
from the ligand. Both the complexes dso show broad sretches a 3410 cmit and two
shap dretches a 3185, 3111 et due to OH (water or Hbonded OH) sretch and N-H
gretches (from ligand) respectively. Further the complexes show the appearance of two
bands at 1544 and 1452 o with An [0 92 om ™, atributed to the Naym and Ngm Stretching
modes of the acetate anion coordinated to the Fe' centers in the bridging fom.!® The IR
does not show any dretches for NOs;'. The dementd andyss (Table 4.B) support the
formulaion of the complexes @as [Fe2(OAC)(OH)(S-Sdhisp]- 4HO0  ad
[Fe{OAC)(OH)(R-Sdhisp]- 2HO  for 1 and 4 resectivdy. The thermogravimetric
analyss (TGA) between 30- 140°C shows weight loss of 7.76 % for 1 and 3.7 % for 4 as
agang the cdculated vaues of 9.24 % (4H,0) and 4.8 % (2H,0) respectively. The room
temperature magnetic moment for 1 and 4 at 457 and 4.38 B.M. /per iron respectivey are
less than expected for an uncoupled S=5/2 sysem but higher than low-spin S=1/2 sysgem
(expected 593 BM. for S= 52 and 1.73 to 25 B.M. for S=1/2 uncoupled system)!®™
indicating the possble presence of antiferomagnetic coupling between two high-oin
Fe(lll) centers. Structurdl characterization of the complexes confirmed ther formulation.
The antiferromagnetic coupling congant J for 1, determined from dructurd parameters
usng Gorun and Lippard equation was found to be —11.9 cm™ and is condsent with a
hydroxo bridge formulation. >

The molar conductance of 1 and 4 were found to be 12 and 20 S cn? ma™*
respectively in methanol (expected for 1:1 dectrolyte in methanol is in the range of 85
115 S cnf mo™Y) ™ Conductance of both the complexes are very much lower then 1:1
dectrolyte in methanol. The low conductance of both the complexes are possbly due to
the bridge hydroxo proton getting deprotonated in presence of solvent.

Table4.B Microandytica Data® of Fe(l11) complexes

Complexes  Empiricd Formula % C % H % N
1 CogHagdNsOr3Fe; 43.39 (43.18) 456 (492 1081 (10.79)
2 CasH3NsOnoFe2 46.98 (46.43) 4.74 (4.45) 12.08 (11.60)
3 CagH32NsO10F€20.612 36.10 (38.36) 3.38(367) 8.08 (959
4 CodHzNeO11Fe» 45.38 (45.30) 5.24 (4.62) 11.37 (11.32)

aVaues in parentheses are cdculated ones
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4.3.2 Structuresof 1 and 4

The dngle crystds of complexes 1 and 4 were isolated from reection mixture
itsdf upon addition of diethyl ether. The complex 1 wes cryddlized in the chird space
group P61 (No. 169) and 4 in oppodte chird space group P6s (No. 170). Structures of 1
and 4 ae enantiomer to each other. Thus discussons bdow were done with 1 goplicable
to 4 as wel. The molecular gructure of 1 and 4 ae shown in Fgure 4.1. Selected bond
digances and angles arelisted in Table 4.C

Figure 4.1 ORTEP diagram for complex 1 (left) and complex 4 (right), thermd ellipsoids
et to 50% probability, solvent molecules ae omitted for darity

In 1, each of the two hexadentate irons are ligated with a tetradentate [S
(Sdhis?] and is bridged through one hydroxo and one hidentate acetate ligand. The Fe-
O1 distances (~1.97 A, Table 4.3) are characteristic of Fe(lll)}-OH bridge and are
sgnificantly higher from those of Fe(lll}Oxo bridge distances (<1.8 A)."*'"34 This
confirms the bridge as a hydroxo bridge and not an oxo bridge The Fe...Fe digance
[3517 A] is higher among the few gructuraly cheracterized iron(lll) dimers containing
two bridges where a lesst one is OH bridge It should be noted that [Fe"(mOH)(m
carboxylao)Fe""|*"  core have been proposed in the adtive ste of protén mammaian
purple acid phosphatasd™ and to date this is the first structuraly characterized complex
containing the core as wdl as with the imidazole, phenolale, carboxylate donors closdy
resembling the histidine, tyrosine and aspartate donor present in the protein.
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Table4.C Sdected bond lengths (A) and angles (°) of the complexes

Complexes 1 2 3 4
Fel...Fe2 35175(7) 3522 3527 3522
Fel-O1 19722(18) 1.969(3) 1983(6) 1971(2)
Fel-O4 1.9875(26) 1.995(3) 1.992(6) 1997(2)
Fel-N4 2.1314(23) 2.142(4) 2119(6) 2.136(3)
Fel-N6 2.2030(22) 2.211(4) 2213(7) 2.22009)
Fel-O3 1.9463(19) 1957(3) 1.961(5) 1961(2)
Fel-08 1.9983(26) 2.000(3) 2.016(5) 2001(2)
Fe2-01 1.9695(21) 1972(3) 1.966(5) 1.968(2)
Fe2-05 2.0309(24) 2031(3) 2.034(6) 20342
Fe2- N2 2.1400(22) 2.151(4) 2.144(6) 2.141(3)
Fe2-N1 2.2006(22) 2.206(3) 2.216(6) 2211(3)
Fe2-02 1.9314(19) 1.94693) 1.931(6) 19432
Fe2-06 2.0179(24) 2016(3) 2.024(6) 2.024(2)
Fel-O1-Fe2 126.35(11) 126.69(16) 126.6(3) 126.83(12)
N4Fel-O3 169.24(0.09) 169.22(15) 169.0(3) 168.83(11)
O4-Fel-N6 93.99(0.09) 94.13(14) 93.9(3) A.17(11)
N6-Fel-08 77.90(0.10) 7751(14) 784(2) 7801(11)
08-Fel-01 A.37(0.09) A.60(13) 94.3(2) 94.10(10)
Ol-Fel-04 93.62(0.09) 93.69(12) 93.3(2 9359(10)
N2 Fe2-0O2 168.62(0.09) 168.76(13) 169.8(3) 168.36(11)
05-Fe2-N1 97.14(0.08) 97.08(12) 96.5(2) 97.56(9)
N1-Fe2-06 7649(8) 76.45(12) 76.6(2) 76.07(10)
06-Fe2-01 90.56(0.09) 90.84(13) 909(2) 90.53(10)
0O1-Fe2-05 95.63(0.09) 95.43(12) 95.8(2) 95.66(9)

The conformation & the chird carbon of the ligand is Sin 1 and Rin 4. In addition

to the asymmetric carbon centre in the ligand, the coordination of amine N to the iron
gives rise to an asymmetric secondary nitrogen aom, N1 and N6, which has the R

configuration in 1 and S configuration in 4. The lower dihedrd angles between Fe-N
amine and the methylene am of the phenolate rings results in a folding of the phenolate
ring forming a bowl shgped C, symmetric chird and essentidly hydrophobic  cavity
aound the bridging acetate (Figure 4.28). Smilar bending was responsble for closng the
cgpsular cavity endsin our copper complex with thisligand (Chapter 111).
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Figure 4.2 Spacefilling modd of one dimer 1 (a) viewed from acetate and (b)
hydroxo bridge sde.

For complex 1 the latice diagram viewed normd to 001 plane shows hexagond
channdls filled with water from one end to the other end of the crystds (Figure 4.3). Close
observation reveds tha the molecules of 1 with hydroxo bridge facing the channd and a
water molecule within H-bonding distance of the hydroxo bridge (0011 2.69%61A) form
right-handed helices (Figure 4.3b, thick lines). On the other hand, the crysds of 4 have
left-handed helices (Figure 4.3c).

A noteble festure of the molecule which heps guet molecules to orient in a
hdicd fashion is the formaion of a crescent moon shaped hydrophilic binding ste
(Fgure 42b and 44, left) formed by lining up hydroxo bridge (H-bond donor) and dl
four oxygen a@om of the carboxylate oxygen (H-bond acceptor). This creates a Stuation

a b c
Figure 4.3 (a) View of the crydd lattice norma to the 001 plane. (b) Right handed
hdlix and sde view of one channd showing the weter oxygen aoms (red sphere) H-
bonded to the hydroxo bridge of complex 1 () Left handed hdlix and Sde view of

thechannd in4
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where three water molecules per dimer (three water molecule disordered over sSx
podtion) form a H-bonded column of water (Figure 44, right) smilar to the
bidlogicd'™ and a few synthetic!*?*18 chain of water reported before. Each of the water
stes in the channd 1 form a hdix from one end of the crystd to the other end. In case of
4, the dructure shows only one water molecule ingde the channd present within H-
bonding digance of bridging hydroxo group. This might be due to the fact that two water
molecules in 1, other than the one Hbonded to bridging hydroxide, are only Hbonded to
each other and to the one H-bonded to the bridging hydroxide, thus more susceptible to be
removed easly. So their presence depends on the storage ondition, moidure content, and
temperature during X-ray etc. and was not present in this particular set of crystas of 4.

Figure 4.4 ORTEP diagram of the disordered water moleculesin the channd (l€ft),
thermd elipsoids sat to 50% probability and surface representation of the channd (right)

Table4.D H- bond distances (A) of the complexes

Complexes 1 4
01-011 2.696() 2.790
01-O13a 274 -
011-012 3.081() -
012-013a 2293 -
013-013a 3.000 -
0O13a-0O12a 2777 -
012-013 2489 -
N3-0O2 2918 2890
N5-O3 2945 2937
07-010 2781 2843
N1-O9 2901 2916
N6-O10 2993 3034
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Figure 4.5 Inte-molecular hydrogen-bonding networksin the crysta

The hdicd arangement of the hydrophilic Stes (Figure 4.3) like a spird is
formed by the inte-molecular H-bonding between imidazole hydrogen of one molecule
and oxygen a@om of the coordinated phenol from the next molecule (Figure 4.58). To
accommodate these par of H-bond one molecule gets rotatled by 60° compared to the
previols one and this continues with the next one reaulting in a right-handed hdix of
hydrophilic binding gtes The neighbouring molecules in the channd have the
hydrophobic methyl group of bridging acetete facing the cavity. All the H-bond distances
showed here ae within literature limitd™**** (Table 4.D). The channe diameter as
cdculated from bridging oxygen (O1) to facing phenolate carbon (C11) distance is 7.35 A
and methyl carbon of acetate bridge (C24) to facing carboxylate oxygen (O8) is 9.81 A
This is intermediate between the other two reported helicd channds (<11 A™Y and 55
A[124])_

433 Typesof water in 1and 4 from TGA

Out of the four water molecules present in 1, one (O138) is within hydrogen
bonded digance with bridging hydroxo group (Table 4.D, Figure 4.4) and ancother (O10)
forms hydrogen bonded bridge between carboxylate of one molecule and neighbouring
amine of the other molecule (O7...010 2.7808 and O10...N6 2.993 A).[1312
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Figure 4.7 TGA plot and partid IR spectraof 1, 2 and 4 with derivative (DTA) plot
of TGA asinst

This fegture is retaned in 4. Two more wae molecules present in 1 are
disordered in the channd. All the disordered postions are within hydrogen bonding
digances with each other. Thus in 1, there are three rddivey labile water molecules in
the channd and one waer molecules formed bridge (O10) between two neighbouring
units of 1. This was reflected in the TGA of 1 (Figure 4.7), the caydas lost 3 HO per
dimer between 30-95°C and one water between 110-130°C. On the other hand, 4 have one
water molecule in the channd and one water as a H-bonded bridge In 4 (Figure 4.7)
weight loss between 30-95°C is 2.34 % (cdculated for HO loss 242 %) and loss between
% - 140 C is 1.38 % (cdculated for 1HO loss 2.42 %). These clearly shows that the loss
of channd water molecules take place between 30-93° C and the bridging H,O (O10)
between 100-140° C.

Teking cue from this obsarvation, the crystds of 1 were heated at 90-100°C under
reduced pressure for 2h. The TGA of the dried crystds 2 shows weght loss of 1.7 %
(cAculaed for 1 H,O, 248 %) between 95 - 140°C but negligible weight loss (0.1 %)
between 30-95°C indicating the loss of channd waters (Figure 4.7). The cydds 2 dried
this way, were dructurdly characterized. As expected, three waers from indde the
channd of 1 are missing but water (O10) in the latice remains. This dso shows tha the
cydds ae themdly dable & leest up to 100°C.  After 150°C weight loss is rapid
possbly due to decompostion. Hedting up to 250°C results in a yet uncharacterised
brown materid, which does not give characterigtic purple colour of 1.
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4.3.41nsertion of 12in 2
To check if smdl molecules can be insarted in the channd, we exposed the

cydas of 2 to |, vapours in a closed container for 5 days and sructuraly characterized 3.
The dructurd parameters of 3 are dmog identica with that of 1 and 2 (Table 4.A). The
comparison of the gructures of 1, dehydrated crystds 2 and iodine doped crysds 3 are
shown in Fgure 48. The dructure of 3 shows tha one molecule of 1, (dightly
disordered) per binucdear complex has been incorporated in the channd. The iodine to
ligand carboxylate oxygen digiances (1207 3.07A and 12-08 3.01 A) shows that one end
of the I, is within week interaction disances of non-coordinated carboxylate oxygen (O7)
of one molecule and the other end is doser to metd coordinated carboxylate oxygen (O8)
from ancther molecule (Figure 4.8c). Week polar interaction of one end of b with oxygen

<l

Figure 4.8 A pat of the lattice sructure viewed through the 001 plane (top) and H-
bonding interaction between two binuclear complexes ingde the channd (bottom) in the
(a) dehydrated crystd 2, (b) water (light blue, disordered) ingde the channd of 1 and (c)

iodine (purple, disordered) doped crystd 3

aom indde a crysta have been observed previoudy!™¥ but we have not come across
of ay example of I> with both dde interactions. Like the water molecules H-bonded to
bridging hydroxide in 1, 1, molecules indde a channd orients in a hdicd fashion. The
water (O11) in 1 utilizes the bridge proton to form H-bond but in 3, the iodine uses the
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oxygen a@om to get oriented. Thus the helicd arangement of the polar cavity organizes
host molecules hdlically using different wesk interactions.

The intactness of I, and 1 in cydds of 3 were confirmed from their visble
spectra in CCla and water respectively.™ The 1, content of 3 esimated to be
(Experimenta section) 16% as opposad to cdculated vadue of 26% for [Fe OAC)(OH)(S
Sdhisp]- H,O- 1. As crystas might adhere some I, on the surface we andyzed the crystds
for b aso after repeated washing with CCls and b was found to be 12 %. Congdering the
fact that b molecules are weekly bound and repeaied washings might wash away some of
the 1, molecules from the channd, we assume that the channds have around hdf of the
iodine gtes filled with 1,. These experiments aso confirm that the 1, incorporated in the
channd retains its chemicad identity. Estimation of iodine under different condition
showed that (8) iodine molecules are loosdy bound indde the channds and tend to loose
in solution, (b) surface adsorption of iodine is possble and (C) iodine is disordered insde
the channd (Xray <tudies) while, the resulting uncertainty on the quantity of iodine per
gram of the crysd does not effect our concluson on the incorporaion of iodine indde
the channd (from X-ray, TGA, andyss dfter washing to remove surface iodine), it affects
the dementd andysis
4.3.5 Determination of pKa of bridging hydroxide from UV-visible spectra

Complex 1 (as wel as 4) have high-soin Fe(lll) center which is not expected to
show awy ligend fidd trangtions (both Lagporte and Spin forbidden). The Fe(lll)
coordinated to phenolate on the other hand are known to show grong phenolae—> Fe(lll)
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Figure 4.9 Electronic spectra of the complex 1 in MeOH.
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Table4.E UV-visble data of the complexes

Complexes | ra /N (e /an?® mol “cmi %) Ref.
1 MeOH, 273 (11300), 302(sh), 481 (2900) This work
4 MeOH, 275 (12500), 302(sh), 479 (2700) Thiswork
FeL.O(0B2)* CH.Cl> 336(8900), 400(sh), 522(3300), 133
[FeOH)2(NE)2](NGs), - 250(10500), 350(10380), 400(5400), 142
490(2060),

L=N-(o-hydroxybenzyl)-N,N-bis(2-pyridyl methyl)amine; HNE = N-(4-nitro-2-hydroxy -phenylmethyl-
N-(2-pyridylmethyl)-amine

charge transfer (CT) transitions™ The representative spectrum and experimenta values
for the absorption maxima of the complexes are depicted in Figure 49 and Table 4E
respectively. The absorption maximaat ~ 500 nm is assgned as the phenolate> Fe(111)

CT transtions comparing with other known complexes™ The absorption maxima &
273 nm is of origind ligand as seen in the Cu(ll) complex (Chapter 1II) and the
deprotonated ligand (Chepter 11). The shoulder a ~ 400 nm probably aises due to both
phenolate- and oxo to Felll) CT trandtions as observed in other hydroxo and oxo
bridged complexes with phenolate containing ligand. =

—H*
[Felll,(u-OH)(u-0AC)(L)s] —= [Fellly(u-0)u-0Ac)(L)s] —
+
Amax 206 nm Amax 461 nm
pH 5.0 pH 7.5

Scheme 4.1 Protonation deprotonation equilibrium of 1 in water
Complex 1 in wae gives viole color, which on treatment with adkdi (NaOH
solution) turned to brown. On addition of acid (perchloric acid) the brown color changed
back to degp violet again. Figure 4.10 shows the spectrophotometric titration of 1 with
varying amount of HCIO,. For this titration fird we dissolved the complex in waer a pH
7. Then NaOH was added dowly to get the pH 85, a this stage solution color was brown.
To this solution dilute HCIO, was added. The spectra changes demonstrated that the
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agdition of HCIO, to this brown color solution leeds to a progressve hift of the
phenolate to iron(lll) charge trander trangtion (LMCT) from 460 nm to higher
wavdengths. Findly, when pH was lower than 45, the maximum &bsorption shifted to
530 nm, and theredfter no further change took place. Excess amount of acid destroys the
color completdly possbly due to decompostion of the complex. These color changes can
be explained by formation of oxo and hydroxo species in basc and acidic pH repectivey
(Scheme 4l). Such equilibrium is not unusud. Occurance of phenolate> Fe(lll) CT
trangtion a highe energy (lower wavdength) in case of oxo bridged iron(lll) dimer
compared to corresponding hydroxo bridged dimer have been observed before™¥  This
is probably due to protonation of the oxo-bridge leading to an increase of Lewis acidity of
the iron(ll), which facilitates charge transfer a lower energies. Consdering the existence
of 1 asonly mOH gpecies a pH 4.25 and as only mO species & pH 7.5, the pKa of the
bridging proton was determined to be ~ 55 (Fgure 4.10) as the concentration of both
oecies a this point ae 1:1. This is higher than the pKa of 3.5 determined for the other
hydroxo bridged diiron(lll) complex. Table 4.F shows few hydroxo bridged complexes
where pKawas determined.

Table4.F pKavaue of bridging OH complexes

Complexes Digance (A),Angles®)  pKa vaues Ref.
[Fe2(OH)(O.CCHy)(SdHis)]  Fe..Fe 3517, FeO-Fe 55 This work
126.35°, Fel-O1 1972,
Fe20O1 1.969
[FeOH)(O,CCHs)x(HBpzy),]" Fe..Fe 3439, FeO-Fe ~35 134
1231° FelO1 1.960,
Fe2-O1 1.952
Mammadian PAP Fe.Fe 3.31A, Fe-O-Fe 143
105. 7°, Fel-01 2.08A,
Fe2-01208 A

HBpz; = hydrotris(1-pyrazolyl)borate;
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Figure 4.10 UV-visble spectraof 1 a various pH, arrow heads depict the increase or
decrease of absorbance a a particular wavelength (inset) changein absorbance with

respect to pH at 532 nm

800

Complex 1 as active site model of purple acid phosphatases (PAPS): Altogether
complex 1 compares quite wdl as a dructurd modd for oxidized inective form of
mammdian PAP active dte The imidazole, phenolate, carboxylate donors of the ligand
cosdy resemble the hididine, tyrosne and aspartate donor present in the protein. The
phenolate> Fe(lll) charge-trander of agueous solution 1 occur & 530nm (hydroxo form,
pH 4-6) compared to PAPs 550nm. Cryddlization of pig PAP a pH 5 reaults isolation of
the protein with hydroxide bridge. This suggest that pKa of the hydroxo bridge of the

proten might be higher than 3.5 because bridging hydroxo with pKa of 35 will have oxo:
hydroxo raio of ~321 a pH 5 (uding Henderson's equation). Thus 1 has a hydoxo

bridge with pKa vaue closer to thet of pig PAPs.

TH-149 994501
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Conclusion

In conduson, we have syntheszed a reusble emantiopure solid with one
dimensond hdicd channds (79 A diameter). The presence of complementary H-bond
donor (imidazole, amine and acceptor (phenolate, carboxylae) in the same ligand
contributed to the robustness of the crysd. Also hdicd arangement of wesk interaction
cgpable group (hydroxo, carboxylao) indde a channd drongly influences the guest
organization, a concept behind the use of channds for chird separatiot? or template!®
which has not been shown before. Further, the molecules of 1 and 4 have a hydrophilic
chird cavity (Fgure 4.2b) which might hdd guet molecules through wesk interaction.
Unfortunately the cavity is not degp enough and is unlikdy to diginguish between
enantiomeric gueds. On the other hand the cavity formed around the acetate group
(Figure 4.29) has a deeper cavity but the acelete has to be replaced first. In chapter 5 we
have found a way to drcumvent this problem by goparently flipping the phenolate rings
forming adeeper cavity around the hydrophilic Ste.



Chapter V

Synthesis and characterization of a
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In the previous chepter we have discussed about the synthess of a binuclear
Fe(lll) complex with a G, symmetric cavity formed around the acetate ion. In the same
Fe(lll) complex a rdatively open hydrophilic cavity cgpable of holding either water or
iodne molecules in the s0lid dae was presat. The hydrophilic cavity in the iron
complex had four carboxylate oxygen (H-bond acceptor) and one hydroxo bridge (H-
bond donor), which in principle can interact with a chird amine or any chird guest
through H-bond interaction. However, the shdlowness of the cavity was disadvantageous.
We explored the posshility of performing same reaction with a different metd center
such as nickd(ll). The idea was that Ni(ll) will foom a smilar complex with chird hdix
o phenoxo bridged dimer reaivey common in Ni(ll) or Cu(ll) chemidry and by virtue
of different bridging stuation the cavity might be of different shepe  This chapter
presents the synthess and charecterizetion of a binucdear Ni(ll) complex with a G,
symmetric cavity around the polar carboxylate groups. One Na' is bound inside the cavity
in the 0lid Sate, as evidenced from the X-ray crystalography.

5.1 Experimental Section

5.1.1 Solvents and Reagents
Detals of the solvent purification, andyticd measurements and darting materias

have dready discussed in Chepter 2 and Chepter 3. The detals of ligand synthess are
given in Chapter 2 (Section 2.4.1).
5.1.2 X-ray Data Collection, Structure Solution and Refinement

Blue rod shaped crystds were gown by cooling concentraied methanolic solution
of the Ni(ll) complex. The crysds tend to loose solvent molecules eesily, hence were
seded in a capillary tube for Xray deata collection. The reflection data were collected on a
Bruker Smat CCD Area Detector diffractometer a 293(2) K usng grephite
monochromated MoKa radiaion (I = 071073 A). Crystalographic data, together with
details of data collection and dructure refinement, are liged in Table 5.A. The absorption
corrections were gpplied on the besis of y scans. The sructure were solved by use of
program SHELXL-97, G. M. Shdldrick, University of Géttingen!™ and the refinement of
F was caried out full-matrix block lesst-squares. All hydrogen atoms were placed a
cdculaed postions (CGH = 0.%A) and ther parameters were fixed. The function
minimized was SW(Fo — Fo)? where w = 1/ s?(Fo) was used.
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Table5.A Sdected crystalographic datafor Ng[Ni(S Sahisp(OAc)]- 6MeOH

Empirica formula
Formula weight
Temperaure

Wavedength

Crydtd systemn, space group
Unit cdl dimensions

Volume

Z, Cdculated density
Absorption coefficient

F(000)

Crysd sze

Thetarange for data collection
Limiting indices

Reflections collected / unique
Completeness to theta
Absorption correction
Refinement method

Data/ restraints/ parameters
Goodness of-fit on F?

Find Rindices[I>2sgma(l)]
Rindices (dl data)

Absolute structure parameter
Largest diff. pesk and hole

Cas Hsz Ng NaNi, Oy4

910.23

293(2) K

0.71073 A

Orthorhombic, P2,2,2;
a=11.106(3)A apha= 90 deg.
b=13721(3) A beta= 90 deg.
c=27411(6) A gamma= 90 deg.
4177.1(16) A3

4, 1.447 Mgm®

0982 mm'*

1912

03x0.25x 025 mm

149 t0 28.02 deg.

-14<=h<=14, -18<=k<=16, -36<=I<=36
36977 / 9781 [R(int) = 0.0284]
2802 981%

None

Full-matrix-block least-squareson F?
9781/0/59%3

1025

R1=0.0514, wR2 = 01370

R1 = 00657, wR2 = 0.1475

0.00

0526 and -0.602 e A

5.2 Synthesis of Na[Ni,( S-Salhisp(OAc) |- 4H,0 (1)

A mehandic solution of Ni(NGs),: 6H,O (0.291 gm, 1.00 mmol) was added drop
wise to a dear solution of SH.Sdhis (0269 gm, 1.00 mmol) and KOH (0112 gm, 2
mmol) in 25 mL dry methanal. Color of the solution was changed from light blueto
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greenigblue with gdatinous precipitate. Excess sodium acetate (0.280 gm, 2 mmoal) in
methanol was added to this reaction mixture. The precipitate was dissolved and the color
was changed to blue. The reaction mixture was girred for 30 min. Volume of the reaction
mixture was reduced by rotary eveporation to ~ 10 mL and kept in the refrigerator. After
a day, blue rod shgped cydds were formed which was filtered and washed with cold
methanol. The crystds were dried under vacuum, yidd 80 %. The crydds lost
cyddlinity after drying. Crystd dructure showed sx MeOH molecules present but the
CHN anadyss matched with the formula NgNi(SSahisp(OAC)]- 4H:0. Cd: C, 4257,
H, 4.72; N, 10.64; Ni, 14.7 % Found: C, 4257; H, 5.19; N, 10.92; Ni, 13.2 %.

Ni(ll) Estimation: In complex 1 nickd was esimated gravimetricaly,™¥ usng
gthanolic solution of dimethylgyloxime (DMG). In a typicd experiment, exact amount
(00735 gm) of the complex 1 was dissolved in agueous HCl (10 ml 0.5 N). The solution
was wamed in hot water and ethandlic solution of DMG was added (5 ml 1 % DMG).
The reaction mixture was mede adkdine usng NH4sOH and was dlowed to gand on the
seam bath for 20-30 minutes whereupon red precipitates were settled out. Precipitate was
filtered through a Gooch crucible and dried a 110-120° C and weghted. Ni(ll) in the
complex 1 was found to be 13.2 % (expected 14.7 %).

5.3 Results and Discussion
5.3.1 Synthesis and Selected Properties

Sirring Ni(NOs)2: 6H20, H:S-L, NaOH and NaOAc together in MeOH a 1:1:2:2
ratio, the solution turned light blue color. Upon concentraing the solution followed by
overnight cooling yidded the needle shgped crydds in ~70-75 % yidd. Compaing the
IR spectra of 1 with that of deprotonated ligand and the Fe(lll) complexes characterized
in the previous chapter, two closdy spaced pesks a 1610, 1593 and a pesk a 1348 cmit
were identified as asymmetric and symmetric carboxylate dretches originated from the
ligand respectively. The complex 1 showed broad stretches at 3469 cm’ due to OH
(water or H-bonded OH) dretch. Due to broadness of the OH pesk NH dretch could not
be identified clearly. Further the complex has two pesks a 1560 and 1452 cmi?, with An
[ 108 cmi'?, attributed to the Nasym and Ngym Stretchi ng modes of the acetate anion
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coordinated to the Ni(ll) centers in the bridging form!™® * The sretches for NOs from
garting materid was absent.

The dementd andyss support the formulation of the complex as NgNi OAC)(S
Sdhisp]: 4H20. The thermogravimetric andlyss (TGA) between 30 190°C shows weight
loss of 8.3 % for 1 againg the caculated vaues d 9.11 % (4H,0) Fgure 5.1. Complex 1
heated a 190°C temperature, was dissolved in MeOH and the UV-visble spectrum was
checked. The spectrum was identica with 1, confirming that only solvent was lost during
heeting. After the temperaiure of 250° C compkx 1 decomposes and the complex turned
black insoluble powder. TGA dso support the above formulation of the complex.
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Figure 5.1 TGA and DTA plot of complex 1

The molar conductance of 1 is 70 S cnf mo™! in methanol (expected for 1:1
dectrolyte in methanol is in the range of 85115 S cnf ma Y)."?  Conductance of the

complex is dightly lower than 1:1 dectrolyte in methanol but very much higher that of
the non-eectrolyte.
The room temperaiure magnetic moment of the complex 1 was found to be 3.07

per Ni aom. Smilar vaues were reported for other bridged dinuclear Ni(ll) complexes
(Table5.B).
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Table 5.B Magnetic moment of dinuclear Ni(Il) complexes

Complexes nat (BM) /Ni Ref.
[NiZS-Sdhis),(OAC)|Na 307 This work
[NizPhsal) ( OAC)]" 318 146
[NiAL?(OAC)* 294 147
[NiAL3(Opr)]* 315 148
[NiALY(0AQ)]* 314 148

HL' = NNN N -tetrakis[(1-methyl-2-benzimidazolyl)methyl]-2-hydroxy-13-diaminopropane;,  HL> = 2-(2
Hydroxyphenyl)-1,10-phenanthroline; HL® = N,N,N', N’ -tetrakig(1-ethy2-benzimidazolyl) -methyl]-2-
hydroxy-1,3-diaminopropane; Phsd = phenylsaicyladimine.

5.3.2 Crystal structure of complex Na[Nix(SSalhisp(OAc)]- 6MeOH (1)
The complex 1 was cryddlized in the chird space group P2:2,2, in the
orthorhombic eyt system. An ORTEP™ view of the complex 1 is shown in Figure 5.2

together with the numbering scheme. Sdected bond distances and angles are given in
Table5.C.

21

Figure 5.2 An ORTEP drawing of NgNi(OAc)(S Salhis)y] with the aom numbering
scheme. Thermd dlipsoids are drawn a the 50% probability leve, solvent molecules
are omitted for clarity

TH-149 994501
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Table5.C Sdected bond distances (A) and angles (°) of the complex 1

Atoms Digtances /Angles Atoms Digtances /Angles
Nil...Ni2 3004
Ni-imidazole Ni1-N2 2070 (3 Ni2-N2 2032 (4)
Ni-amine Nil-N3 2.088 (4) Ni2-N3 2073 (4)
Ni-phenolate Ni1-O3 2060 (3) Ni2-O3 2057 (3)
Ni-phenolate2 ~ Ni1-O3 2037 (3) Ni2-03 2028(2)
Ni-acetate Ni1-020 2077 (3) Ni2-010 2089 (3)
Ni-carboxylate ~ Nil-O1 2064 (3 Ni2-Or 2081 (3
Nacaboxylde Nal-O1 2386 (3) Na1-O1 2334 (3)
Na-methanol Nal-030 2.3459(18) Nal-060 2410 (2)
Ni-bridge-Ni Ni1-O3-Ni2 9457 (11) Ni1-O3 -Ni2 9442 (11)
N2-Ni1-N3 86.50 (14) N2-Ni2-N3 86.48 (15)
N3-Ni1-O3 90.86 (12) N3-Ni2-03 9240 (12)
O3Ni1-03 83.98 (11) 03-Ni2-03 84.30 (11)
O3 -Ni1-N2 98.60 (12) O3-Ni2-N2 96.86 (14)
O3Ni1-O1 8355 (11) O3-Ni2-O1’ 97.28 (11)
01-Ni1-N3 8146 (12) O1'-Ni2-N3 8059 (13)
OL-Ni-020  17505(12) OI'-Ni2-010  17312(12)
Or'-Nal-Ol  11216(11) O60-Nal-030 8682 (6)
OI'-Nal-060  81.83(9) 01-Nal-030 8092 (9)

The complex 1 has two octahedrd Ni(ll) bridged by two phenolate oxygen and
one acetate group. The Nil...Ni2 separation is 3.004 A which is substantialy shorter than
the other acetate bridged Ni(ll) complexes but comparable to the other known bis
phenolato, acetate tribridged Ni(ll) dimers (Table 5.D). Each nickd aom comprises an
No.O, donor st from a bridging acetate, two bridging phenolate from two ligands a
caboxylate oxygen and two nitrogen atoms one from imidazole group and ancother from
seconday amine. The phenolate to Ni(ll) disances are 2060 (Ni1-O3) and 2028 (Ni2-
O3)(Teble 5.C). Smilar triply bridged Ni(ll) dimers have been reported with Smilar
higher asymmetry 1246147 The acdtao group bridges symmetricdly with the two
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nickd(ll) aoms a a digance of Nil-020 and Ni2-010 is 2077(3) and 2089(3)A
respectively.

Table5.D Tri-bridged Ni(Il) dimers (bis-phenolato and mono acetato)

Complexes Ni...Ni distances No. of OAcbridge Ref.
[NifS-SdhigOAC)] 3004 1 Thiswork
[NizPhsal) OAC)] 3101(2) 1 146
[NiAL?)(OAQ)]?* 1 147

Phsd = phenylsdicyladimine HL® = 2-(2-Hydroxyphenyl)-1,10-phenanthroline.

The conformation & the chird carbon of the ligand in 1 is S In addition to the
asymmetric carbon centre in the ligand, the coordination of amine N to the Ni(ll) gives
rise to an asymmetric secondary nitrogen atom, N3 which has the R configuration. The
lower dihedrd angles between Ni-Namire and the methylene arm of the phenolate rings
results in a folding of the phenolate ring forming a bowl shegped C, symmeric and
essentidly hydrophilic cavity around carboxylate groups (Figure 5.3 |€ft).

The sodium atom Stuated a the cavity, is weekly coordinated to two carboxylate
oxygen Ol and O1' a a distance of 2.386(3) and 2.334(3) A respectively (Figure 5.3) and
two solvent methanol molecules O30 and O60 a a disance of 2.3459(18) and 2410(2)
respectively. The coordination around the sodium ion is amost square planer.

Figure 5.3 A C, symmelric cavity around the polar carboxylate groups, Na' isinsde
the cavity in the solid State, as evidenced from the X-ray crystalography (for darity
we have removed the Na' ion from the space filling modd left)

TH-149 994501
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Severd type of hydrogen bonding was obsarved in the crystd lattice. H-bonding
schemes are presented in Figure 54 and H-bond distances are in Table 5.E. The two
dimeric units are hed together by the solvent molecule methanol O80 (Figure 5.4b). The
methanol OB80 is hydrogen bonded with N3 (amine nitrogen) and O10 (acetate oxygen) a
a digance of 3.1871A and 27230 A of one dimeric unit and (imidazole nitrogen) N1 of
another dimeric unit a a disance of 29303 A (Figure 54b). The solvent methanol
molecule O30 and O60 not only coordinaed with the sodium aom but dso hydrogen
bonded with the two carboxylate oxygen aoms (bonded and non bonded oxygen). The
lvent methanol molecule O30 is H-bonded with carboxylate a@oms O1 and O2 a a
disgance of 30709 A and 26877 A The methanol molecule 060 is H-bonded with
Ol'and O2 a a digance of 3.1100A and 26824 A (Figure 54a). Apat from this the
caboxylae oxygen O2 is hydrogen bonded with ancther methanol molecue O70 & a
disance 27033 A The imidazole N1' is hydrogen bonded with two solvent molecule
060 and O70 a a distance of 3.3284 A and 2.8585 A respectively. Another molecule of
imidazole N1 is hydrogen bonded with two solvent molecules O80 and OS0 & a digance
of 29303 A and 29749 A respectivdy. The solvent molecule O50 also H-bonded with
another solvent molecule 040 at a distance 2.6803A.

Out of the sx H-bonded methanol present in the latice, O80 is within Hbonded
distances of three H-bond donor/acceptor (Table 5.E). Although the CHzOH molecules in
the crystad get readly replaced by H,O, the one wae molecule which is logt during
heating a reatively higher temperaiure (150-190° C) might be the one which replaces
080. However, it could not be confirmed at this Sage.

Table5.E Hydrogentbond distances

Atoms Distances (A) Atoms Distances (A)
Nal-0O30 2.3459 Nal-060 24102
N1-O50 3.1665 N1-O80 29289
N1 -O70 2.8585 N1 -0O60 3.2670
O10-N3 30161 0O20-N3 3.0602
020-040 2.6974 O40-N3 32855
A40-050 2.6803 OA0-N3 39322
O50-N3 3.1669 O50-N1 3.1679
060-030 3.26901 O60-NYT 33284
060-01 3110 06002 26824
07002 2.7033 080-010 27230
080-00 29749 O80-N3 31871
0O80-N1 2.8585
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Figure 5.4 Intraand inter-molecular hydrogen bonding

5.3.3 UV-visible studies

The complex 1 exhibits two distinct absorption bands a& 618 and 1025 nm and a
shoulder a 355 nm. Consdeing octahedrd coordination around the nickd (I1) ions the
two bands a 1025 and 618 nm can be assigned to the spin-dlowed d-d trangtions 3TZQD
3Ag and *Tyg 0 %Ay, respectively. More accurately the symmetry around Ni(ll) should be
conddered C,. In that case severd dosdy spaced transtions are possible™d  For
example, *Tog 0 *Azg transition in octehedrd symmetry will become three closdy spaced
A€ By, A€« B, and *By& °B; transtion. This might be the resson for the
asymmetric nature of the absorptions. The absorption a 775 nm is possibly dueto the

TH-149 994501
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spin forbidden 'Eg& 3A2g (conddering octahedra) usudly observed in Ni(ll)
complexes™ The shoulder a 355nm is LMCT band and masks the low intensity
MP)€& %Ay trandtion. These types of trandtion were obsarved in bridged octahedral
complexes (Table 5.F). The transtion & 1025 nm (°Tzg 0 3Asg) is ~10Dq value, i.e. the
ligand fidd strength. Comparing this vaue with [Ni(H0)g?*, [Ni(his)] and other N
coordinated complexes, the ligand fied of the present complex is found to be higher then
[Ni(H0)]?" but lower than [Ni(his)z] complex ¥ (Table 5.F). The characteristic UV-
visble spectrum for the complex 1 in methanalic solution is shown in Figure 5.5.
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Figure 5.5 UV -vishle spectrum of the complex 1 in MeOH
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Table5.F UV-vishle spectroscopic data

Complexes | rrx (NM)[ € /(™ mol™ emi™)] Solvent Ref.
[Nifsahis)(OAC)]  1025(21), 618(16), 355(ch), 283(5800) MeOH Thiswork
[NixL*)(OAQ)* 500(80), 381(12000), 295(39000) MeCN 147
[NiALY)(OAQ)]* 1008(20), 649(19), 411(34) DMF 150
[NiAL?)(OAC)* 1017(23), 644(23), 407(39) DMF 150
[NiZL?)(Opn)]** 1027(22), 647(20), 409(35) DMF 150
[Ni(H0)e]** 1176(2), 724(2), 395(5) 149
[Ni(his)] 934(7), 555(8), 357(10) 149
[Ni(Im)]** 970, 568, 355 149

HL=NNN' N’ tetrakis[(1-methyl-2-benzimidazolyl)-methyl]-2-hydroxy-1,3-diaminopropane; HL?=
N,N,N' N -tetrakig] (1-ethyl-2-benzimidazolyl)-methyl]-2-hydroxy -1,3-diaminopropane; HL® = 2{2-
Hydroxyphenyl)-1,10-phenanthroline.

Conclusons

We have syntheszed an enantiopure dinuclear Ni(ll) complex, which has a C,
symmetric pola cavity formed aound four carboxylae oxygen (possible H-bond
acceptor). Interestingly, one sguare planar Na“ ion is bound in this cavity. However, the
molar conductance vaue of 70 (S cnf md™) in MeOH (expected for 1:1 dectrolyte is 80-
115 S cnf ma™) shows that it is ionized dmost completdy in polar solvent. Different
types of inter and intra molecular Hbonding was obsarved in the aydd. This once agan
shows that the present ligand utilizes dl the possble H-bond donor/acceptor present in
the ligand (Chapter 11, Figure 2.1) to form severdy H-bonded lattices.
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In this chapter we have presented the synthes's and characterization of three high
sin binudear iron(lll) complexes with the gened formula, [FexL)2(NOs)j. IR
spectroscopy, dementd  andyss and ESl-mass spectra support the formulation of the
complexes. Each of the complexes digplays a srong phenolate to Fe(lll) charge-transfer
trangtion in the range of 520-585 nm with a moderady high extinction coefficent. The
color and conductance of the solutions of binudear Fe(lll) complexes change on addition
of amines The molar conductance of the complexes in methanol shows 1.1 dectrolyte
characteridics, however addition of amines to the methandlic solution of the complexes
increases molar conductance that behaveslike 1:2 dectrolyte.

Amines ae essentid components of food such as banana, cheese, fish and ae
present as pollutants in wastewater from surfactant, fertilizer, pharmaceuticd and dye
menufacturing indugtries!®™ As amines are biologicdly important and a the same time
toxic in higher cocentretion leve, severd methods to detect amines in solution and
vepor state have been reported™ ™ Mgority of the methods use the Schiff base
formation of amine with chromogenic ddehyde to detect amine colorimetricaly™ ™ In
this chepter we tried to understand the reason for the change in color and conductance in
caxe of our complexes Additiondly we have checked the feashility of usng these
complexes as amine detector in solution and on solid support.

6.1 Experimental Section
6.1.1 Solvents and Reagents

Triethylamine was dried by didillaion over KOH. Chloroform was made acid
free by weshing with saturated sodium bicarbonate solution, then by washing five to Six
times with water followed by keeping over anhydrous CaCl, for 24 hour and didtilled.
Hexane was purified by didillaion. Dichloromethane was purified by washing with 5 per
cent sodium carbonate solution, followed by water, and dried over anhydrous CaCh.
Detalls of solvent purification and dating materids other than Stated above are dready
discussed in chapter 2.

6.1.2 Measurements
Sid-date magnetic  susceptibility was recorded by usng Sherwood Scientific
baance MSB- 1. Vaiable-temperature (80 to 300 K) solid-state magnetic susceptibility
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measurements were recorded by the Faaday technique usng a locdly  built
magnetometer a |IT Kanpur, India The sstup congds of an dectromagnet with congant
gradient pole cgps (polytronic Corporation, Mumba, India), Sartorius M25-D/S bdance
(Germany), a closed cycle refrigerator and a Lake Shore temperaiure controller (Cryo
Indudtries, USA). All measurements were mede at fixed main field strength of 10 kG.

Solution magnetic  susceptibility meesurements were performed by usud NMR
method™ with a PMX-60 JEOL (60 MHz) sectrometer and made use of the
paramagnetic shift of the methyl protons of benzene / methanol and the SMe, reference
asthe measured NMR parameter using the Equation 3. 1

3Df Co(do - ds)
m

Mass susceptibility %= + %+ (S
20fm

Where Af is the frequency separation between the two TMS or solvent pesks in Hz, f is
the frequency a which the proton resonances are being studied in Hz, mis the mass of the
subgtance contained in 1 mL of solution, Xg is the mass susceptibility of the solvent, dy is
the dengty of the solvent and ds thet of solution. Find term involved in Equation 3. 1 is
negligible for the highly paramagnetic substances.

The temperature of the NMR probe was determined™” usng CH;OH proton
sgndsusng Equation 3. 2

T=4355- 1193 (Af)— 2093 (Af " 10%? B2

Where A f is the frequency difference between the positions of - CH; and —OH protonsin
Hz. Solvent susoeptibilities™ and diamagnetic corrections™ were taken from literature
tabulations. The indrumentation detals for other measurements have dready been
discussed in Chapter 2.

6.2 Syntheses of Fe(111) complexes
6.2.1 [Fe, (S-Salhisp(NO3),]- 3MeOH- 1.5H,0 (1)

A methandlic solution of FeNOs)s- 9H,O (0404 gm , 1.00 mmol) was added drop
wiseto aclear solution of SH2SAHis (0.258 gm, 0.987 mmol) and KOH (0.112 gm, 1.99
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mmol) in 25 mL dry methanol. After girring for 30 min the color of the solution wes
changed from brown to violet with some undissolved white suspenson. The mixture was
filtered off and he filtrate was evaporated to dryness. This solid (0.350gm) was triturated
with acetonitrile, filtered and dried under reduced pressure. This solid contains excess of
KNO; tha was removed by dissolution of the solid in pyridine and subsequent filtering of
the undissolved KNOsz. The pyridine was removed and washed with excess acetonitrile.
The solid was redisolved in methanol and diethyl ether was added. On cooling the
solution in freeze for two days yidded the complex as violet colored solid. After filtration
the solid was washed with dry diethyl ether and dried under reduced pressure (yied,
0.200 gm, 65%).

And. Cdcd. for CuHoedNgOFe,r 3CH3OH- 1.5H,0: C, 39.70; H, 4.70; N, 12.77.
Found: C, 39.73; H, 430; N, 1243. IR (KBr, cm?) i(COO)ugym 1627 ardl 1593, n(NOs)
1383. UV-visble in MeOH [lm /mm (e /dm® moriemd]: 275(12700), 310(sh)
520(2800). Em (MeOH): 97 S cm? ma . i«(solid, 298 K); 650 B.M./2Fe iar (MeOH,
298 K) 5.65B.M./2Fe.

6.2.2 [Fe, (S-Salmet),(NO3)]- 3H 0 (2)

For the synthesis of 2, we added a methandlic solution of Fe(NOs)s 9HO (0.404
gm , 100 mmo) to a dear solution of SH,Sdmet (0.258 gm, 1.00 mmol) and KOH
(0.1122 gm, 200 mmoal) in 25 mL of dry methanol. The reaction mixture was dirred for
30 min resdting in the color change from brown to violet of the solution with some
undisolved white sugpenson. The mixture was filtered off and the filtrate was
evgporated to dryness. This solid (0.300 gm) was triturated with acetonitrile, filtered and
dried under reduced pressure. The excess KNO; was removed by trestment with pyridine.
The reaulting solid materid was further purified by usng methanol / EO. The solid
product was dried under reduced pressure, (yield, 0.248 gm 60%)

And. Cdcd. for CyH3zN4OSFe: 3HO: C, 36.19; H, 456, N, 7.03. Found: C,
36.39; H, 456; N, 731 IR (KBr, cm?) i((COO)assym 1598, N(NO3) 1383. UV-vishle in
MeOH [l m /nm (e /dn? motcni®)]: 275(16600), 307(sh) 525 (3200). Ey (MeOH):
120 S cnf md™t ESI-MS(+) in MeOH for [FexSaMet):NOs]* miz cdculated 680, found
680.2, ig(s0lid, 2908 K) 399 BM /Fe.
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6.2.3 [Fe; oM e-(9-Salmet)(NO3) - 3H.0 (3)

In a gmilar procedure Fe(NOz)z- 9H20 (0.300 gm , 0.745 mmoal) in methanol was
added to a mixture of o-Me-(SH,SdMet (0.200 gm, 0.745 mmol) and KOH (0.084 gm,
1487mmal) in 25 mL dry mehanol. After girring for 30 min. the color of the solution
was changed from brown to viole with some undissolved white suspenson. The mixture
was filtered off and the filtrate was evgporated to dryness. Excess KNO; was removed
from the solution in a smilar way as daed aove The resting solid materid was
further dissolved in minimum volume of dichloromethene and diethyl ether was added as
a precipitant. The reaction mixture was kept overnight in the freeze. The solid product
wasfiltered and dried under reduced pressure (yield, 0.150 gm, 50 %).

And. Cdcd. for CgHaN4ORSFe: 3HO: C, 37.86; H, 489; N, 6.79. Found: C,
3804; H, 492, N, 661 IR (KBr, cmi®) i(COO)xym 1605(9), 1598(9), n(NOs) 1383. UV-
visble [l e /MM (e /dn? mdlemil] in MeOH 275(18500), 305(sh), 555(3400); in
CHA02: 330(sh), 585(1650). Em: (CHCl2) 05 S cnf md™, (MeOH) 125 S cnf mdt
ES-MS+) in MeOH for [Fe{o-Me-SdMet)s2NOs]™ miz caculated 708.1 found 708.2. ki
(solid, 298 K) 4.95 B.M./Fe; i4:(MeOH, 298 K) 5.15 B.M./2Fe.

6.3 Results and Discussion
6.3.1 Syntheses and Selected Properties

Mixing of Fe"(NOs)z 9H,0, ligand and KOH respectively in MeOH a 1:1:2 rio,
the solution turned bluishpurple for complexes 1 and 2 but blue color for complex 3. All
the complexes were trested with pyridine to remove excess KNQs. Complexes 1 and 2
were purified from methanol/ diethyl eher. On the other hand complex 3 was purified
from CH,Cl, / diethyl ether as this was the only complex soluble in less polar solvent
such as CHClz.

Comparing the IR gpectrum of 1, 2 and 3 with that of deprotonated ligand and the
Fe(ll1) complexes characterized in the previous chapter, the pesks a 1640 and 1598 cmi®
were identified as asymmelric carboxylate dretch of the ligand. The symmetric
carboxylate stretch is overlapped with strong NO; stretch at 1381 cmit. The presence of
the NO; was confirmed from the pesks a 1381 cmi’ (strong) which was absent in the
[FemOH)(mOAC)(S Sahis);] complex characterized in Chapter V. Severd authors
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reported coordination of NOs;, a monodentate or bidentate ligand, based on the IR
andyses!™ However, the deterministic pesks mentioned could not be identified in the
present complexes due to the presence of ligand peeks in those region. Thus the presence
of NO; could be confirmed from the IR but their mode of coordinaion (monodentate,
bidentate or bridging) could not be determined condusivdy. All the complexes show
broad stretches at 3410 cmit and two sharp stretches at 3185, 3111 et due to water and
N-H stretches respectively.

TRl
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Figure 6.1 TGA and DTA plot of complex 1
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Figure 6.2 TGA and DTA plot of complex2

The dementad andyss (experimenta section) supported the formulation of the
complexes as  [Fe, (SSAhisp(NOs)]- 3VIeOH: 15H,0 1, [Fe, (SSAmet)(NOs),]- 3H,0
2 and [Fe; o-Me(9-SAme)(NOs)]- 3HO 3 respectivdy. The thermogravimetric
andyss (TGA) between 30 - 110° C shows weight loss of 7.7 % for 1, 6.1 % for 2 and
5.8 % for complex 3 againg the calculaied vaues of 8.6 % for 4H20 (7.4 % for 2MeOH),

6.8 % (3H,0) and 6.6 % (3H,0) respectively (Figure 6.1 and 6.2). After heating at 180° C
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the complexes decomposes. The amount of solvent loss in 1 is less than as expected from
CHN andyds This might be due to the fact that some of the solvent molecules might
have been log near 120-150° C region. Loss of solvent between 120-180° C has been
obsarved in [Fey(OAC)(OH)(S)-Sdhis)]- 4H,0 (120° C, Chapter 4) and NaNij OAc)(S
Sdhisp]- 4H,0 complexes (~ 180° C, Chapter 5).

All the three complexes have molar conductance in the range of 97120 S cn?
mo* in methanol (Table 6A). Which ae coresponding to the 1:1 eectrolyte in
methanol 7 Only the complex 3 is soluble in CH2Clz and the conductance in CH2Clz was
found to be only 05 S cm® md*, which indicaes the non-dectrolyte nature of the
complex in CHyCl,. Posshly in CHCl, the complex 3 prefer to stay as [Fefo-Me-
Sdmet),(NOs),] and in methanol as[Fex(0-Me-Samet),(NOs3)] (NO5).

6.3.2 UV-visible spectrum

The dectronic spectra of dl the complexes a different solvent are summarized in
the Table 6.A. The dectronic spectra (Figure 6.3) of dl the three complexes have
rdaivey intense charge-trander (CT) band tha gives rise to the reddish purple to bluish
purple colors (&t 520-585 nm) and which can be assgned to a LMCT transtion from the
phenolate oxygen to the ferric ion*® Such LMCT trangtions usudly are intense. Ligand
fidd trangtion are not expected for high-spin Fe(lll) ion. A second CT band occursa 315

nm.
Table 6.A Electronic aosorption and conductivity data of the complexes
Complexes Solvert | rex (M) Lw (S onf Ref.
mol )
1 MeOH 275(12700), 310(sh) 97 Thiswork
520(2800)

2 MeOH  275(16600),  307(sh) 120 Thiswork
525 (3200)

3 MeOH 275(18500), 305(sh), 125 Thiswork
555(3400)

3 CH,d, 330(sh), 585(1650), 05 Thiswork
[Fe(l11a)2(MeOH)INGs EtOH 563(4570), 305(19000) 160
[Fe(l11a)2(Im)2]NO3 EtOH 50 160
[Fe(viID] MeOH 50 160
[Fe(VIIT(Im)] MeOH 480 160

122. (5-methyl pyrazol-3-yl)phenol; V"'"'N)N’ -bis(2-hydroxybenzyl)ethylenediamine

TH-149 994501
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Figure 6.3 UV-visblespectrumof 1 (I 1T1111)in MeOH/2 ¢ ) inMeOH and 3
(%% )inMeOH, complex 3(- - - - - - - - - ) in CHCl2

6.3.3 Proposed structures of the complexes

From conductance vaues, it can be infered that the complex 3 in CHCl, is non
conducting but behaves as 1:1 dectrolyte in MeOH. In case of 1 and 2, which are not
soluble in CHCl,, behaves as 1.1 dectrolyte in MeOH. We can explan this by
conddering one bridging NOs in the complexes in MeOH. The dmilaity in UV-visble
gpectra of dl three complexes in MeOH might be due to Smilar structurd fegiures present
in dl the complexes. In case of 3, both the NO3 might be bridged or coordinated in
CHCl; as a result behaves as a neutrd species. Taking dl these in condderation and the
fact that there are very few thioethers coordinated to Fe(lll) complexes exigt™® we
propose the dructure of the complexes as shown in Fgure 64. In MeOH dl the
complexes possibly have one nitreto bridge. However, possibility of a second aguo or

A B
N' 0] S O
—\\ : r )
C)\j 9 \}efo -"OM"F 7
- VESE N
' | \_o s

Figure 6.4 Proposed structure of the complex 1 in MeOH (A) and 3 in CH.Cl, (B)
where Sis the solvent or water.
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solvent bridge could not be ruled out. The assumption of two bridge and orientation of the
nitraao bridge orignaed from the dructure of dibridged [Fex(OAC)(OH)(S-
Sdhisp]- 4H,0O complex. The UV-vishle spectra of [Fex(OAC)(OH)(S-Sdhisk]- 4H20 is
gmilar to the present complexes. Thiogther might be remaning noncoordinated. To
further substantiate the bridging binuclear Structure of the complexes, we have performed
temperature dependent magnetic messurement to determine the magnetic coupling in the
complexes in the next section.

6.3.4 Magnetism

The room temperature magnetic moment for 1, 2 and 3 are 460, 282 and 350
B.M. /per iron respectively which are less than expected for a uncoupled S=5/2 system
but higher than low-spin S=1/2 system (expected 593 B.M. for S= 52 and 1.73 to 25
BM. for S12 uncoupled system)!® indicating the possble presence  of
antiferomagnetically coupled iron(lll) center. The solution magnetic moment™ of 1
and 3 in MeOH ae 399 and 3.64 B.M./Fe, shows that coupling observed is preserved in
solution and can not be due to solid date interactions only.  Magnetic susceptibility
(Table 6.B) for complexes 1 and 2 were measured in the range of 81-300 K to determine
the magnetic coupling condant J. Plots of cy and mg versus T are shown in FHgure 65
and Figure 6.6. The experimenta mg vaue a room temperature are 6.50 and 3.99 B.M.
[2Fe respectivdly. Upon cooling the magnetic moment decreases gradudly. These
features, together with the temperature dependent behavior of cwm are characterigic of an
antiferromagnetic interaction between the two Fe(lll) ions. For diiron(lll) complexes (S
= S = 52), the theoreticd expresson of the magnetic susceptibility based on O =
-2J0405 is

2 A 2x 6X 12x 20x 30x 2
¢ = (1) N, m; E SZe +;LOe :2 12+ 60e20x+110§0 EJ’r N, m; ¢ ss)
KT & 1+ 3e™ +5e™ +7e +9e™ +11e™ 3kT

ANy withx= 2
KT

Where, Na: Avogadro congant; m Bohr magneton; g spectroscopic splitting factor; k:
Boltzmann congant; r . paramagnetic fraction per monomer; N,: temperature independent
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paramagnetism per monomer. An isotropic g vadue of 200 was assumed. The smulation
of experimenta data for 1 was found to beJ = -32 cm*, Na = 0.0021cn? moi Y, r = 020,
Find resdud eror = 185~ 107 andfor 2, J = -76 am*, Na = 016 en? mad % r =
0.0011, Findl residud eror =249 107,

The negaive J vdues indicate the presence of antiferromagnetic coupling. The J
vaues in both cases ae higher then corresponding hydroxo bridged [Fex(OAC)(OH)(S-
Shisp]- 4H20  complex dgnifying a stronger coupling. Presence of two bridging nitrate
in the s0lid date might be the reeson for higher coupling vaues Literatures on NOs
bridged diiron(l1) complexes are limited™®? thus J vaues could not be compared with
other dinitrato bridged Fe(lll) complexes. Another posshbility was to condder bis
phenoxo and acetate tribridged structures smilar to the NgNiz( S Sahisp(OAC)(H20)4]
sructure (Chapter V). However, bisphenoxo bridged diiron(lll) usudly have lower J
vaues which has been obsarved in these cases. Crystd dructure of at leest one of the
complexes would have solved this problem. Despite our best effort we could not get
suitable crystd for any of these complexes.

Table 6.B Variable temperature magnetic susceptibility data for complexes1 and 2

Temperature Complex 1 Complex 2
(K) cu 10°cm®  nx/2Fe(BM) cwm  10°cm’®  nx/2Fe(BM)
mai ma
300 1761 6.50 6635 3.99
280 1847 6.43 6.881 393
260 1910 6.30 7106 334
240 1981 6.16 731 3.75
220 2074 6.04 7583 3.65
20 2188 591 7.7 353
2339 5.80 8275 345
160 2467 5.61 8792 335
140 2689 5.48 91% 321
120 2927 530 9904 3.08
100 3156 502 10632 292
81 3420 4.70 11491 273
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6.3.5 Addition of external ligand and its effect on LMCT

Our prime objective was to meke coordingion complex with vacant coordinetion
gte or week hinding gte through H-bonding ingde chird environment to fadilitate
preferentid binding of one enantiomer over other. In previous two chepters we have
gynthesized and characterized binuclear Iron(lll) and Ni(ll) complexes where the former
have an open Hbond capable hydrophilic Ste and the other have a chird hydrophilic ste.
We had synthesized the NOs;™ complexes (this chapter) with the following expectations.

(@ Smiler chird cavity will be formed

(b) NOs' being wesker ligand compared to acetate, might be easier to be replaced by
an externd chird ligand

(©) Phenolate>Fe(lll) CT Band will be more susceptible to change in coordination
and will act asvisud indicator of binding compared to aNi(ll) complex.

Lack of dructurd andyds prohibits checking the cavity formation. However, we have
tested the effect on adding externd reagents into these complexes.

Table6.C LMCT band maximaof complex 1, 2 and 3 on addition of excess externd

ligands

Externd ligand pKa 1in MeOH 2inMeOH 3inMeOH  3inCH.C>
No Addition 520 525 5655 585
Triethylamine 10.7 469 469 499 485
Imidezole 6.92 469 469 502 515

S Methylbenzylamine 6.88 469 469 500 485
R-Methylbenzylamine 6.88 463 463 49 485
D-Ephedrine 6.00 510 n.d® 513 No shift
Pyridine 5.19 487 485 514 521
Aniline 458 487 486 502 540
Diphenylamine 0.79 520 525 555 585

%h.d = not determined.
We have added various monodentate N-donor ligands and monitor the shift of
phenolate® Fe(l11) charge transfer band in methanol and for 3 both in methanal and
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CH.Cl; . Complex 1 and 2 are not soluble in CH,Cl,. The results are summarized in Teble
6.C. In mehand dl the N donor resgents, except diphenylamine interact with the
complexes as indicated by color change (purple to orange) due to shift in charge trandfer
band. The hdide ions (ClI', Br or I') on the other hand do not causes any change in color.
The fact that none of the hdides causes any shift but triethylamine do, indicates that the
color shift may not be due to coordination of externd ligand but due to some other kind
of interaction/reaction. Triethylamine usudly does not coordinate to Fe(l11) but hdidein

540
530 1 A
] ; O = cornplax 1
E 520 4 Diphanydaming W — comglex 2
1=
= 510 O D-aphedrine
o
& 500-
<
o 490
=
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Figure 6.7 Waveength (nm) vs pK,plot (A) for complexes 1 and 2 in MeOH, (B) for
complex 3in MeOH and CH,Cl,
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principle can form Fe(lll) coordinated complexes We did not try externd ligands
sronger than NOs™ as that might cause replacement of the nitrates. Another possihility is
that the bagcity of the externd ligand might be effecting in the color change. So we have
plotted the | na (phenolate > Fe(ll)) vaues againg the pK, vaues The trends showed
that shift in color increases with increesng pK, vaue of added resgent. The trend is not
linear. In MeOH, both 1 and 2 (Figure 6.7 A) show smilar trend. The lower shift by D
ephedrine for 1 in MeOH might be due to the fact that its sericaly crowded sscondary
amine N is not accessble Triethylaming despite having high pK, shifts the color by
same amount as is done by methylbenzylamines (Table 6.C). The reason might be due to
gther geric reeson or due to the fact tha methylbenzylamine (pKa 6.88) is a base strong
enough to cause the complete change. Thus increese of pK, does not cause any further
dhift. For 3, shifts ae more erdic both in MeOH and CH,Cl, (Figure 6.7 B). The
introduction of o-methyl group in the ligend of 3 might have increesed the deric
cowding aound the interection dte causng the other factors to intefere The
Spectroscopic dudies do not show any goprecidble difference in binding with different
enantiomers that have been tried in thiswork.

6.3.6 Addition of amine and itseffect on Conductance

Along with color change, dl the three complexes show congderable change in
conductance upon eaddition of triethylamine or methylbenzylamines (Teble 6D ad
Figure 6.8). Both conductance and UV-visble changes on addition of amines wee
plotted in Figure 6.9. All the three complexes showed 1.1 dectrolyte in MeOH before
addition of amines On addition of amine in methanol, conductance value increases and
gets saurated upon addition of 2 eguivdent of the amine and a tha point the solution
behaves as a 1.2 dectrolyte The increese of conductance on addition of amines is
urprisng, as amines being neutrd should not change the conductance gppreciably. The
complex 3 in dichloromethane does not show saurdion behavior in ether color or
conductance change and the nature of the plots (Figure 68 D and D’) suggeding the
preence of equilibrium. Congdering the lower polaity of the medium, ionization or
nitrate release is expected to be disfavored. Lack of proper isobegtic point in the titraion
spectra (Figure 6.8) hindered the cdculaion of binding congtant.
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Table6.D Change in conductance on addition of 5 equivaent of amines

Complexes  Extend Ligands Solvets  Before addition After addition
of amines (S of amines (S
cnf mot ) cnf mol )

1 R-methyl Benzyl amine MeOH 97 135
Smethyl Benzyl amine MeOH 97 135
EtsN MeOH 97 153
2 R-methyl Benzyl amine MeOH 120 163
Smethyl Benzyl amine MeOH 120 163
EtsN MeOH 120 180
3 R-methyl Benzyl amine MeOH 125 165
Smethyl Benzyl amine MeOH 125 165
EtsN MeOH 125 188
3 R-methyl Benzyl amine CH2Cl2 05 140
Smethyl Benzyl amine CH.Cl, 05 140
EtSN CH2C|2 05 3
; o P L5053
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6.3.7 The process involved for the increase of conductance
From the above experiments we can summarize the results as follows:

(8 Addition of solvent in 3 causes ionization of one nitrate possbly by replacement
of the nitrate bridge by a solvent or water molecule. lonization of 1 and 2 possbly
teke place in the Smilar way.

(b) Addition of 2 eguivdent of a srayg base (mehylbenzylamine or triethylamine)
increases the conductance to ~ 1:2.

The orange solution produced by addition of amines could not be characterized.
Addition of precipitant or evaporation of the solvent dways results in a orange oil which
remains patidly undissolved even in coordinating solvents such as DMF or DMSO. This
might be due to the formation of some amount of hydraied ferric oxide The ES-MS of
the orange oluion from 3 and mehylbenzylamine or triethylamine  shows
{(PhCHCHsNH) Fe" (0-Me-Sdmet),} " or {(EtsNH)" Fe'(o-Me-Samet)}”  respectively.
Based on the experimentd results we have outlined the processin Scheme 6.1.

A In MaOH
| d
"\. & -
R—HH, o A—HH (’d\ Acom: 2
I/F'-l\ -"-- HFE_‘ CFEP’-! HFO ; Fcf'-l H‘-\-‘-Féjl gelton [Fﬁl:z]
| N | =
0 Farric
o vydromids”
“""‘.h._,.-rf ycirouice
L' ! T
+HNO3™ # R—NH,' + 2R—HH,'
+ MOy + N0y~

B. In Dichloramethane

i rj_\-\'I BXDess -
VA A G e
\Ml%‘é{\y “\ﬂf D . MN/LD
o
+NOy

Scheme 6.1 The processinvolved for the increase of conductance
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6.3.8 Use as sensor

The fact that on addition of amines, the color and the conductance of the solution
changes condderdbly led us to think about its possble use as colorimetric and/or
conductometric sensor for amines. Colorimetric  defermingtions of amines are done in
many chemica detection processes related to pharmeceuticl process!™™ In the exiding
process, a conjugated ddehyde is used to form a colored imine (usudly ydlow color) to
detect the amine!™ ™ The fact that the present Fe(lll) complex reects with amines with
a visud color change from blue to orange and absorbance varies linearly up to the
suretion point in MeOH (Figure 6.9). The complex can be used both as a visud
indicator and for quantitative edimation purpose of primary amines Tetiay amine such
as triethylamine detection is important but paticulaly difficult through Schiff base
formation. Detection by conductance is easier to implement in the detector fabrication but
amines beng neutra Species ae not expected to change conduction gppreciably.
Fortunatdy in our complexes the conductance change is large. Thus, in order to test the
suitebility of our complex we soeked a Whaman® filter paper in CH,Cl, solution of the
complex 3 and dried it. We choose the complex 3 for the sensing of amines, as the shift in
color was largest for this complex (Table 6.C). The blue colored paper was hed on the
mouth of the bottles of trithylaming ammonia and methylbenzylamine separatdy. The
color changed was obsarved immediatdly to orange in dl the cases A representative
pictureis shown in Figure 6.10. The conductivity aso changedfor the coated paper.

| .l |
Figure 6.10 (A) Complex 3 coated filter paper before and after exposng tc
trigthylamine vapor and (B) methandlic solution of 3 before and after addition of EtaN.

Circular portion of the filter paper is trested with conc. triethylamine solution to view
maximum color change possible in filter paper
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Thus the complex 3 in a supported medium can detect voletile amine vapor. The
ressance of the filter paper coated with 3 showed an initid vdue of 260 MW which
changesto 210 MW after exposing to NEtz vapor.

To check the reverghility of the change, the complex sosked paper was exposd
to NEt; and was heated a 100°C for 15 minutes, as a result the paper turned to its origind
blue color. Repesating the process of amine vapor expose and hegting it was observed that
the codor did not come back completdy to the origind blue color. Smilar experiments
were done in solution, however reversble color change was not observed. So the process
isreversble a least to one cycle on the supported medium but irreversible in solution.

Conclusions

In this chapter we have synthesized three Fe(lll) complexes of the generd formula
[FE(LX(NOs)] (where L = tetradentate ligands). Characterizetion data supports the
binudear Fe(lll) formulaion with two bridging nitrate in the solution. All these
complexes show charge trander spectra a visble region. Upon addition of amine both
color and conductance of the solution changes condderably. Usng this observation, we
have tested their potentid use as conductometric and/or colorimetric detector for amines.
These complexes can detect even the tertiary amine both in solution as wdl as in vapor
dae, an advantage over the Schiff base formation method usudly used. The lack of
dructurd charecterizetion of the complexes prohibited us in undersganding the complete
mechanism of color and conductance change. However, as the complexes have potentia
to detect amine vapors in a supporting medium, efforts will be on to further sudy these
complexesin future.
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The complexes reported in the previous chapters, except for the Cu(ll) complex
with ligand Hx(9-Sdhis and imidezole, were dl multinudear in nature The multinuclear
complexes gudied in this thess incdude the molecular capsule, diiron(l1l) complex with
helicd aray and bridged dinucleer Fe(lll) nitrate complexes. The ligands sdf -assembled
with the meta centers have two cis vacant dtes in octahedra complexes, which helped in
forming bridged multinuclear complexes in dl cases. In this chepter we present the
gynthess and charecterization of two mononuclear Iron(lll) complexes of generd formula
[Fe"(L)(catecholate)] (L = higtidine or methionine derived ligand) where two cis sites in
the complexes were blocked fedlitating the formation of mononuclear complexes.
Although the complexes could not be dructurdly characterized yet, the variddle
temperature magnetic data and EPR dudied support the monomeric formulation. Our
choice of catecholate as a bidentate ligand was influenced by the fact tha the resulting
complex (with higidine derived ligand) might serve as a dructurd modd for the active
Ste of catechol dioxygenase, a catechol-cleaving enzyme.

Iron complexes with two avalable binding stes in the cis pogtion are important
a modds for active Stes in many mononucear iron containing proteins. For example,
protocatechuate 3, 4-dioxygenase!*&16 2,3-dihydroxybipheny! 1,2-dioxygenase!1%
soybean  lipoxygenase 1 and  isopenicilline  synthes™  have iron(l1)/  (Il) centers
with dther four or five coordinaion from the amino acid resdue and one or two
coordination dtes occupied by water molecules present in the active Ste dructure (Teble
7.A). All thexe proteins have two cis hinding stes avalable for substrate and / or reectart
bindng by the removad of two cis water moleculess however in the case of
protocatechuate 34 dioxygenase remova of one water and one tyrosne resdue fecilitates
the subgrate binding. Avallability of two binding dtes in cis pogtion is important in the
functioning of these protens. Severd tripodd tetradentate ligands providing N4, N3O, and
N20. donor atoms were usad in syntheszing modd complexes to ducidate the sructurd
agpect and reaction mechanism of some of these proteins. Tris-pyridylmethyl amine and
its various derivatives have been used most extensvey in ducdating the machaniam of
caechol cleaving dioxygenase proteins. Recently, two different groups reported iron(l11)
complexes with tridentate N3 type ligand which deaves catechol ****™ The synthesis of
Fe(lll) complexes with the ligands synthesized by us in this thess work can provide NO,
donor ste, where one imidazole, one carboxylate and one phenolate coordingtion from
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the ligagnd mimic the hididine agertae, and tyrosne resdues of the proten.
Additiondly, the use of methionine derived H,S-Sdmet was explored to check the effect
in pectrascopic property upon subgtituting the hidtidine.

Table 7.A Feature of the active Site structures of sdected proteins

Protein Coordnation Metal Ligand
Number

Protocatechuate 3,4 dioxygenase 5 Fe(l11) 2His 2Tyr, 1Waer
high-spin

2,3 dihydroxybiphenyl 1,2 5 Fe(Il) 2His, 1Glu, 2Water

dioxygenase high-goin

Tyrosine hydroxylase 5 Fe(ll) 2His 1Glu, 2Water

Isopenicilline synthese 6 Fe(ll) 2His 1A, 2Water,

1Gn

7.1 Experimental Section

Detals of solvent purification and dating materids ae dready discussed in
chepter 2. The detalls of ligand synthess are given in Chepter 2 (Section 24.1 and
Section 24.3). The indrumentd detals for other spectroscopic messurements have
dready been gated in Chapter 2 and 3.

7.2 Syntheses of Fe(111) complexes
7.2.1 K[Fe(S-Salhis)(CéH402)]- 3H20 (1)

A mehandic olution of FE(NGs)s: 9H,O (0422 gm, 1.04 mmol) was added drop
wise t0 a dear solution of Hy(S)-Shis (0267 gm, 1.03 mmal) and KOH (0121 gm, 217
mmol) in 25 mL dry methandl. After sirring for 30 min. the color of the solution changed
from brown to viole with some undissolved white suspenson. UV-vis (MeOH): 273 nm,
309 (¢h), 520 nm. To this olution N, gas was passed for 15 min. In another round bottom
flask catechal (01150 gm, 1.04 mmol) was dissolved in dry methanol and N, gas was
pasd. Caechol solution was added to the reection mixture dowly with no color change
observed. KOH (0.125 gm, 2.18 mmoal) in methanol under N, atmaosphere was added in
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the reaction mixture, whereupon the color of the solution was observed to change from
bluisrvidlet to blue UV-visble (MeOH): 285 nm, broad band 438 nm to 597 nm. The
reaction mixture was girred 30 min. under N, amosphere. The mixture was filtered off
and the filtratle was eveporated to dryness. This solid was triturated with acetonitrile,
filtered and dried under reduced pressure (yidd: 04729 gm, 75 %). Findly the complex
was purified from methanol/ diethyl ether and dried under reduced pressure.

Ana. Cdcd. for GoHxaNOKFe C, 44.19; H, 449; N, 814. Found: C, 44.02, H,
429; N, 804. IR (KBr cm?) i(COO)asym 1623, 1595 §{(COO)ym 138LUV-vis in MeOH
(lwe MM (e /dm® md*cm?): 282(9500), 328(sh), 438597(1750) (broad band). Ey
(MeOH): 50 S cnf md > ESI-MS(-): 4231 for [Fe(S-SaHis)(cat)]. ia(solid, 298 K);
5.73 B.M/Fe. EPR (77 K): powder, 4.28; MeOH: 7.56, 4.30.

7.2.2 K[Fe(SSamet) (CeH402)]- 1.5H,0 (2)

A mehandic solution of FgNO3)s- 9H,0O (0.350 gm, 0.866 mmoal) was added drop
wie to a mixture of SHSdAme (0221 gm, 0867 mmol) and KOH (0.097 gm, 175
mmoal) in 25 mL dry methanol. The reaction mixture was girred for 30 minutes, as a
resllt some white sugpenson of KNO; was observed. The color of the solution changed
from brown to violet with charecterisic UV-visble pesks a 273 nm, 309 nm and 520
nm. To this solution N, gas was passed for aout 15 minutes. Caechol (0.095 gm, 0.866
mmol) was dissolved in dry methenol in another round bottom flask and N2 gas was
pased to remove dissolved oxygen. Upon the addition of catechol solution to the reaction
mixture there was no ohsenable change in color of the solution. However on addition of
KOH (0098 gm, 175 mmal) in methanol under N2 amosphere to the reaction mixture
color of the solution changed to blue from the origind blue-violet. UV-visble (MeOH):
280 nm, broad band 372 nm to 580 nm. The reaction mixture was dirred for 30 min.
under N, amosphere. The mixture was filtered off and the filtrate was eveporated to
dryness The reaulting solid was triturated with acetonitrile, filtered and dried under
reduced pressure (yidd: 0290 gm, 73 %). The complex was purified from methanol/
diethyl ether and dried under reduced pressure.

And. Cdcd. for CigH22NOessSKFe C, 44.72; H, 458; N, 289. Found: C, 44.59;
H, 469, N, 312. IR (KBr cm') {(COO)asym 1633, 1593 i(COO)m 138L.UV-vishle in
MeOH (I mx /nm (e /dm® mo*cmi®): 280(5600), 313(sh), 372-579(1150) (broad band).
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Em (MeOH): 45 S cn? mo ™. i(solid, 298 K); 524 BM/Fe. EPR (77 K): power, 8.80,
4.28 broad; MeOH: 8.80, 4.28.
7.3 Results and Discussion
7.3.1 Syntheses and Selected Properties

By mixing F€"(NOs)s- 9H,0O, SH,Sdhis for complex 1, SH,Sdmet for 2 ad
KOH in MeOH a 1:.1:2, the solution turned blue-purple in both the cases. On addition of
deprotonated catechol sdution the color turned into blue-violet. Addition of diethyl ether
into the methandlic solution of complexes 1 and 2 gives dark blue powder with ~60-65 %
yidd. Comparing the IR spectra of 1 and 2 with that of deprotonated ligand and the
Fe(lll) complexes characterized in the previous chepter, the two pesks a 1623, 1595 and
one pesk a 1381 cm? for 1, Smilaly, two pesks a 1633, 1593 and one pesk a 1381
cm' for 2 were identified as asymmetric and symmetric carboxylate stretches originated
from the ligand respectively. Both the complexes dso show broad stretches at 3401 cmi®
and two broad stretches a 3192, 3111 cmi® due to OH (water or Hbonded OH) stretch
and N-H dretches (from ligand) respectively. Further both the complexes show the
appearance of a band a 1250 cm?, likdy to be the meta-catecholate GO stretching."d
The IR spectra do not show any characteristic stretching for NGOz . The dementd andysis
support the formulation of the complexes as K[F(S-Sahis)(CeHsO2)]- 3H20 and K[FE(S
SAmet) (CeH4O,)]- 15H,0 for 1 and 2 respectively Table 7.B.

Table7.B Microandytical Datef of Iron (111) Complexs

Complex Empiricd formula % C % H % N
1 CiHoN3OsKFe  44.02 (44.19) 4.29(4.49 8.04 (8.14)
2 CigHoNOg sKFe 4459 (44.72) 4.69 (4.58 3.12 (2.89)

#Vduein parentheses are calculated ones

The thermogravimetric andyss (TGA) between 35- 125° C shows weight loss of
95 % for 1 and 4.8 % for 2 as againg the cdculated vaues of 10.5 % (3H,0) and 5.6 %

(1.5H20) respectively. Figure 7.1 shows a representative TGA plot.
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Figure 7.1 TGA and DTA plot of complex 1

The room temperaiure magnetic moment for 1 and 2 were found to be 5.72 and
524 B.M. /per iron respectivedly and are dightly less than expected for a uncoupled S=5/2
sydem but very much higher then low-spin S=1/2 system (expected 593 B.M. for S= 52
and 173 to 25 BM. for S=1/2 uncoupled sysem)!®. The resuits indicate the possible
presence of very weak antiferromagnetic coupling between two high-spin Fe(l11) centers.

The molar conductance of complexes 1 and 2 are 50 and 45 S onf md! in
methanol respectively (expected for 1.1 eectrolyte in methanal is in the range of 85115
S cnf? moY). Conductance of the complex is lower than 1:1 eectrolyte in methanol but
very much higher that the non-electrolytes!”

7.3.2 Temper atur e dependent magnetic measurements

Magnetic susceptibility for complexes 1 and 2 were messured in the range of 81-
300 K to determine the magnetic coupling constant J. Plots of cy and my versus T ae
shown in Hgure 72 and Fgure 7.3, vdues ae subdantiated in Table 7.C. The
expeimentd ng vaue a room temperature are 572 and 524 B.M. respectivdy, beow
the spin-only vaue (593 B.M.) expected for an uncoupled Fe(lll) high spin unit. Upon
cooling, the magnetic moment declines gradudly. These features, together with the
temperature dependence behavior of cy ae chaacterigic of an antiferromagnetic
interaction between the two Fe(lI1) ions

For diron(lll) complexes (&1 = & = 52), the theoreticd expresson of the
magnetic susceptibility basedon O = -230,0, is
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€2e”* +10e™ + 28" + 60e”™ +110e> U
g 1+ 30> +5e% + 7™ + 9™ +11e3> H

N ,m; N ,m;
c=(-r)2Bf" +r —2 s+l
-N—==d 3 9 D

+ N, with, X = i
kT

Where, Na: Avogadro congdant; m Bohr magneton; g spectroscopic Splitting factor; k:
Boltzmann condant; r. paramagnetic fraction per monomer; N,: temperature independent
paamagnetism per monomer. An isotropic g vadue of 200 was assumed. The smulation
of experimenta data for 1 wes found to be J = -4.8 cmi, Ny = 4116 © 10* on® moty, r
=977 10%adfor 2, J=-90cm’, Na =364~ 10*em’ mol',r = -164" 102 The
low J vaues suggeted a vey week antiferromagnetic exchange between the two
iron(lll) centers aso observed for other catecholate complexes as mentioned in Table
7D. As the present ligands have shown the capability of forming extended H-bonded
network, the smdl exchange consant might be due to wesk interaction between the
monomeric units but unlikdy to be from a bridged dinudear Fe(lll) complex. This
substantiates the monomeric nature of 1 and 2.

Table7.C Vaiadle Temperature Magnetic Susceptibility data for complexes 1 and 2
Temperaure  Complexlcy” 10°  ng (BM) Complex2 cy” 10° g (BM)

(K) cn? mol et mol

2735 5.73 2.285 524
280 2851 5.65 2328 511

3027 5.61 2448 505
240 3213 5.55 2582 498
220 3557 5.59 2775 494
200 3741 547 2958 4.86
180 4026 5.38 3255 484
160 4479 5.35 3402 467
140 5022 5.30 3.713 456
120 5238 501 394 435
100 5811 4.82 4111 4.05
81 6.594 4.62 4247 3.72

TH-149 994501
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Table7.D Magnetic Susceptibility Data

Complexes na / Fe T K J,om?t Ref.

1 572 300 -48 Thiswork

2 524 300 -90 Thiswork
Fe(sden)catH 551+0.03 293 -51+01 173
Fe(sden)(Oph-2-Br) 5.52+0.03 298 -4.1+0.1 173

7.3.3 Electron Paramagnetic Resonance (EPR)

At 77 K both 1 and 2 showed srong EPR sgnd & g ~ 4.3 in powder as wdl asin
methandlic solution. The data is consstent with high-spin Fe(Ill) (S = 5/2) naure of the
complexes. The sgnd a g = 4.3, due to rhombic high spin Fe(lll), is usudly strong and
occurrence of it sdldom associated with Fe(lll) impurity in protein or metd complexes
However, g=4.3 9gnd in pure metal complex with subgtituted catecholate is alsoknown

“a-u-'b‘"-q,_u..\ s [ d

| 1 | [ | | | |
gon 1600 2400 3200 ap0 1600 2400 3200

Magnetic field (G)

Figure 7.4 EPR spectrum of 2 [in MeOH, a 77 K (left) power a 77 K (right)]

and was obsarved for [F(NTB)DBC]" (Table 7.E). Both 1 and 2 dso show minor pesks
in solution, EPR spectra with E/D caculated as 0.07 and 017 respectively.™™ The
EPR goectra vdues of the complexes dong with few other previoudy <gructurdly
characterized complexes with catecholate are shown in Table 7.E. Representative spectra
ae shown in Fgure 7.4. Incidentaly, the protein protocatechuate 3, 4 dioxygenase shows
EPR sgnd at 9.70 (week) and 4.29 (strong).
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Table7.E EPR data of some [Fe(L)ca] complexes

Complex Observed EPR g vadues Ref.
1 EPR powder, (208K) 421 (77 K): 427, Thiswork
MeOH, (77K) 430 (drong), 7.56, 540
(week)
2 Powder, 880, 4.28 broad MeOH: 4.28, 880, Thiswork
2.40 (wesk)
[Fe(NTB)DBC]* DMFDMSO/Toluene (7K) 9.6, 4.3 (mgjor) 174
8.5, 5.5 (minor)
[Fe(NTA)cat]*  89,5.0,36,33 174
[Fe(BPG)DBC]  94,5.1,38,35 174
[Fe(PDA)DBC]” 94,51,38,35 174
[F(HDA)DBC]* 85,5332 28 174
NTA = N,N-bigcaboxymethyl)glycingg PDA = N-(2-pyridylmethyl)-N-(carboxymethyl)glycine,

BPG = N,N-bis(2-pyridylmethyl)glycine; TPA = Trig(2-pyridylmethyl)amine.

7.3.4 UV-visible Spectrum

In visble region both the complexes show broad overlgpping band between 400
800 nm (Figure 7.5). The daa are given in Table 7.F. The molar extinction coefficient >
1500 Mt emit a 463nm for 1 indicates the origin of transtions as LMCT. The presence

Ak 3
10 erdm mol 'em

400 600 800 1000
Anm
Figure 7.5 UV-visble of complexes1 and 2 in MeOH

TH-149 994501
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o Fe*, phenolate and catecholate warrants occurrence of LMCT bands as seen in other
catecholate, phenolate containing Fe** complexes (Table 7.F). In the reported Fe
complexes with catecholate as one ligand, usudly two LMCT trangtions were obsarved
in the gmilar range to the overlgoping trandtions presat in 1 and 2 (Table 7.F). The
difference in the present case is due to the overlgpping nature and relative blue shift of the
higher waveength trangtion possbly due to the difference in the donor groups such as
imidazole indead of pyridine etc. The decrease in intendty and the change in nature of
the absorbance ~ 463nm in 2 compared to 1 might be due to the abisence of the
higidne>Fe(lll) charge trandfer contribution.  Incidentaly, protocatechuate 3, 4
dioxygenase showed a red color with a broad absorption near 450 nm, but when the
subgtrate (protocatechuic acid) was added, the visble spectrum showed an increase in
intensity a ~ 480 nm.[*™®

Table 7.F Absorption maxima of LMCT bands of Iron-Catecholate complexs?®

Ligands | e /nm (e fdm® mol “eri B Ref.
SShis 282, 328(sh), 463 (1700), 620sh This work
SSdmet 280, 313(ch), 413<h, 518 This work
Sden 339, 388, 628 173
NTA 410,618 174
Bu,HDA 383,550 174
PDA 426, 656 174
BPG 460, 716 174
NTB 490, 766 174
TPA 495, 800 174

4(Data reported in nm obtained in methanal)
NTA = N,N-bigcarboxymethyl)glycine, PDA = N-(2-pyridylmethyl)-N-(carboxymethyl)glycing BPG =
N,N-bis(2-pyridylmethyl)glycine; TPA = Tris(2-pyridylmethyl)amine.

Conclusons

In this chapter we have discussed about the preparation of two mixed ligand
Fe(lll) complexes of the generd formula K[Fe'(L)(catecholate)) where L is a
tetradentate ligand derived from ether L-hididine or L-methionine. The low magnetic
coupling condants from temperature dependent magnetic  susceptibility  measurements
support  the mononudear formulation of the complexes. Comparison of  UV-vishle
gpectra with other mononuclear Fe(lll) octahedrd catecholate complexes dso support the
dructurd smilarity. The dight dissmilarity between visble spectraof 1 and 2dso points
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Figur e7.6 Possible representative structure of the complexes1 (a) and 2 (b)

the involvement of hididine imidezde in the coordinaion, thus oconfirming the 9Sx
coordination of the Feglll) in 1. Teking this into condderation and the fact that
catecholate can only be coordinated as cis bidentate ligand, confirms that S-H.Salhis can
work as tetradentate ligand in a mononudear complex, which leaves cis Ste vacant for
other coordination. A possible representative structure of the complexes 1 and 2 are given
in FHgure 7.6.

Donor aioms and spectroscopic properties of the complexes have dmilaity with
that of some oxygenese enzyme active dtes Specidly with easy manipulation of one
amino add donor (higidine vs methionine) possble with this st of ligands, there is a vast
scope of dudies in ducidaing the oxygenase mechaniam usng these ligands for the
synthess of modd sysems. Unfortunately the absence of suitable crystds to confirm the
methionine coordination (or non coordingtion) and the exact nature of week magnetic
interaction observed have inhibited fare comparison between the two complexes and with
protein. Que and coworkers dso showed in the past tha less charge on the tetradentate
ligand helps to activate the complex towards O,, a necessty to have reectivity sSmilarity
with oxygenase proteins. At present both the complexes can be syntheszed and sored
indefinitdly under aerobic condition suggesing that the complexes are too deble to be
reective. Efforts in the group are on to characterize thoroughly the complexes and
modifying the ligand with less negative charge onit.
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Conclusions

In this thess work we set our gods as outlined in the chepter |, to synthesze
enantiopure metd complexes or ther assemblies with cavity of varying sze and shapes.
As the resulting enantiopure complexes may find use in maerid stence, enantiomer
separtion, chird sensor or drug ddivery, the synthetic procedure needed to be smple
and efficient. In order to synthesize cavity for a particular purpose in future we needed to
underdand the coordination chemigry of the complexes and the structura factors leading
to the formetion of the cavity.

Utilizing an essy to gynthesze enantiopure ligand we have syntheszed and
thoroughly characterized enantiopure binudear and multinudear metd complexes While
Cu(ll) formed a tetranuclear large cup shgped cavity ( ~1nm width) in solution, Fe(lll)
and Ni(ll) formed bridged binucdear complexes with a smdler hydrophilic pocket. The
chird environment around the hydrophilic pocket could be enginered from an open
cavity in Felll) complex to a dSericdly cowded one in Ni(ll) complex, dbet
serendiipitoudy.

Our choice of the amino acid as the source of chirdity in the ligand was driven by
the fact tha naturd amino acids are one of the chegper sources of enantiomericaly pure
organic compound. We did expect to see H-bonding playing an important role in the
lid, as outlined in the beginning of Chepter 1l, but the trgpping of pyridine through H-
bond and metd coordination (Chapter IIl), seding of two cups into a capsular cavity
(Chapter 111), hdicd channd formation in Fe(lll) complex (Chepter IV) and the helica
water chain (Chapter I11) were remarkable.

As maeids, the crydds of the Fe(lll) complex (Chapter 1V) with heicd
channds  have future potentid due to its themd dability and accesshility of the
channds to externd reagents. The binding and chirad recognition capability of the cavities
of the teranudear Cu(ll) complex and Ni(ll) complexes will be explored in future
Although the Fe(lll) complexes in chapter VI showed amine detectability but lack of
structurd information severdy hampered our effort to useit effectively.

Additiondly, as the donor groups in the ligands used aso represents amino acid
resdues in medloproteins dosdy, some of the complexes might be used as active ste
gructurd modd complex in future.
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Table I: Selected bond Distances (A) of complex [Cus(S-
SalHis)g(Py)10]-Py-3MeOH:(C,Hs),0] (1)

TH-149 994501

Atoms Distances Atoms Distances
Cu(1)-0(3A) 1.926(7) N(2A)-C(4A) 1.371(10)
Cu(1)-N(3A) 2.000(8) N(2B)-C(6B) 1.309(10)
Cu(1)-N(1D) 2.009(8) N(2B)-C(4B) 1.365(10)
Cu(1)-0(1A) 2.029(7) N(2C)-C(6C) 1.318(8)
Cu(1)-N@4A) 2.430(9) N(2C)-C(4C) 1.352(10)
Cu(2)-0(3B) 1.910(7) N(2D)-C(6D) 1.286(10)
Cu(2)-N(1A) 1.967(7) N(2D)-C(4D) 1.324(10)
Cu(2)-0(1B) 1.985(6) N(3A)-C(7A) 1.439(10)
Cu(2)-N(3B) 2.030(7) N(3A)-C(2A) 1.517(11)
Cu(2)-N(4B) 2.425(11) N(3B)-C(7B) 1.464(11)
Cu(3)-0(3C) 1.865(7) N(3B)-C(2B) 1.505(9)
Cu(3)-N(3C) 1.980(8) N(3C)-C(7C) 1.436(10)
Cu(3)-0(1C) 1.989(6) N(3C)-C(2C) 1.525(10)
Cu(3)-N(1B) 2.005(8) N(3D)-C(2D) 1.512(9)
Cu(4)-0O(3D) 1.941(7) N(3D)-C(7D) 1.515(9)
Cu(4)-0O(1D) 1.946(6) C(1A)-C(2A) 1.524(14)
Cu(4)-N(1C) 1.993(7) C(2A)-C(3A) 1.539(13)
Cu(4)-N(3D) 1.999(7) C(3A)-C(4A) 1.495(11)
Cu(4)-N(4D) 2.407(10) C(4A)-C(5A) 1.384(13)
O(1A)-C(1A) 1.287(10) C(7A)-C(8A) 1.454(15)
0(1B)-C(1B) 1.306(9) C(8A)-C(9A) 1.408(17)
0(1C)-Cc(10) 1.275(9) C(8A)-C(13A) 1.417(16)
O(1D)-C(1D) 1.264(8) C(9A)-C(10A) 1.377(18)
0O(2A)-C(1A) 1.224(12) C(10A)-C(11A) 1.54(2)
0(2B)-C(1B) 1.286(10) C(11A)-C(12A) 1.33(2)
0O(2C)-C(10) 1.192(9) C(12A)-C(13A) 1.40(2)
O(2D)-C(1D) 1.301(10) C(1B)-C(2B) 1.477(13)
O(3A)-C(9A) 1.258(13) C(2B)-C(3B) 1.503(12)
O(3B)-C(9B) 1.375(12) C(3B)-C(4B) 1.502(13)
O(3C)-C(9C) 1.296(12) C(4B)-C(5B) 1.305(13)
O(3D)-C(9D) 1.345(11) C(7B)-C(8B) 1.438(15)
N(1A)-C(6A) 1.310(11) C(8B)-C(13B) 1.367(17)
N(1A)-C(5A) 1.420(9) C(8B)-C(9B) 1.451(14)
N(1B)-C(6B) 1.353(9) C(9B)-C(10B) 1.374(15)
N(1B)-C(5B) 1.356(9) C(10B)-C(11B) 1.361(17)
N(1C)-C(6C) 1.291(9) C(11B)-C(12B) 1.400(18)
N(1C)-C(5C) 1.357(9) C(12B)-C(13B) 1.336(19)
N(1D)-C(6D) 1.281(9) C(1C)-C(20) 1.549(12)
N(1D)-C(5D) 1.393(11) C(2C)-C(30C) 1.510(13)
N(2A)-C(6A) 1.348(9) C(3C)-C(4C) 1.517(11)
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4A

Atoms

C(4C)-C(5C)
C(7C)-C(8C)
C(8C)-C(13C)
C(8C)-C(9C)
C(9C)-C(10C)
C(10C)-C(11C)
C(11C)-C(12C)
C(12C)-C(13C)
C(1D)-C(2D)
C(2D)-C(3D)
C(3D)-C(4D)
C(4D)-C(5D)
C(7D)-C(8D)
C(8D)-C(9D)
C(8D)-C(13D)
C(9D)-C(10D)
C(10D)-C(11D)
C(11D)-C(12D)
C(12D)-C(13D)
N(4A)-C(14A)
N(4A)-C(18A)
C(18A)-C(17A)
C(17A)-C(16A)
C(17A)-C(15A)
C(16A)-C(15A)
C(15A)-C(14A)
N(4D)-C(18D)
N(4D)-C(14D)
C(18D)-C(17D)
C(17D)-C(16D)
C(16D)-C(15D)
C(15D)-C(14D)
N(4B)-C(18B)
N(4B)-C(14B)
C(18B)-C(17B)
C(18B)-C(16B)
C(17B)-C(16B)
C(16B)-C(15B)
C(15B)-C(14B)
N(4C)-C(18C)

Distances

1.422(12)
1.506(14)
1.414(16)
1.427(15)
1.413(15)
1.439(17)
1.28(2)
1.354(18)
1.486(13)
1.594(13)
1.441(14)
1.348(13)
1.430(13)
1.345(13)
1.462(15)
1.459(16)
1.343(16)
1.287(17)
1.343(17)
1.263(16)
1.375(16)
1.55(2)
1.30(3)
1.90(3)
1.06(3)
1.45(2)
1.288(13)
1.295(14)
1.35(2)
1.44(3)
1.365(19)
1.366(17)
1.346(15)
1.38(2)
1.27(2)
2.04(4)
1.12(4)
1.48(4)
1.38(2)
1.280(17)

Atoms

N(4C)-C(14C)
C(14C)-C(15C)
C(15C)-C(16C)
C(16C)-C(17C)
C(17C)-C(18C)
N(5)-C(23)
N(5)-C(19)
C(19)-C(20)
C(20)-C(21)
C(21)-C(22)
C(22)-C(23)
N(6)-C(28)
N(6)-C(24)
C(24)-C(25)
C(25)-C(26)
C(26)-C(27)
C(27)-C(28)
C(14H)-C(15H)
C(14H)-N(4H)
C(14H)-C(16H)
C(15H)-C(16H)
C(15H)-C(17H)
C(16H)-C(17H)
C(17H)-C(18H)
C(18H)-N(4H)
Cu(5)-O(3E)
Cu(5)-N(1F)
Cu(5)-O(1E)
Cu(5)-N(3E)
Cu(5)-N(4E)
Cu(6)-O(3F)
Cu(6)-O(1F)
Cu(6)-N(1G)
Cu(6)-N(3F)
Cu(6)-N(7)
Cu(7)-0(3G)
Cu(7)-N(1H)
Cu(7)-0(1G)
Cu(7)-N(3G)
Cu(7)-N(4G)

Distances

1.304(19)
1.38(3)
1.46(3)
1.22(2)
1.309(19)
1.283(16)
1.298(15)
1.215(15)
1.28(2)
1.39(2)
1.376(17)
1.301(15)
1.395(16)
1.321(14)
1.374(18)
1.437(19)
1.375(16)
1.07(3)
1.27(3)
2.00(3)
1.09(3)
1.99(4)
1.13(6)
1.45(5)
1.59(3)
1.897(8)
1.928(9)
2.007(7)
2.034(8)
2.384(9)
1.867(8)
1.989(7)
2.015(7)
2.018(7)
2.409(11)
1.923(6)
1.966(8)
1.987(6)
2.034(7)
2.328(9)
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Atoms Distances Atoms Distances
Cu(8)-O(3H) 1.918(8) C(1E)-C(2E) 1.539(13)
Cu(8)-O(1H) 1.958(7) C(2E)-C(3E) 1.523(13)
Cu(8)-N(1E) 1.976(7) C(3E)-C(4E) 1.498(12)
Cu(8)-N(3H) 2.017(7) C(4E)-C(5E) 1.287(12)
Cu(8)-N(8) 2.393(9) C(7E)-C(8E) 1.479(15)
O(1E)-C(1E) 1.269(10) C(8E)-C(9E) 1.334(15)
O(1F)-C(1F) 1.250(10) C(8E)-C(13E) 1.405(16)
0(2G)-C(1G) 1.231(9) C(9E)-C(10E) 1.461(19)
O(1H)-C(1H) 1.296(9) C(10E)-C(11E) 1.40(2)
O(2E)-C(1E) 1.235(11) C(11E)-C(12E) 1.319(18)
O(2F)-C(1F) 1.233(11) C(12E)-C(13E) 1.435(17)
0(1G)-C(1G) 1.268(10) C(1F)-C(2F) 1.586(14)
O(2H)-C(1H) 1.228(11) C(2F)-C(3F) 1.503(13)
O(3E)-C(13E) 1.310(12) C(3F)-C(4F) 1.561(15)
O(3F)-C(9F) 1.336(13) C(4F)-C(5F) 1.365(15)
0(3G)-C(9G) 1.367(11) C(7F)-C(8F) 1.563(16)
O(3H)-C(9H) 1.265(10) C(8F)-C(13F) 1.475(16)
N(1E)-C(5E) 1.348(10) C(8F)-C(9F) 1.515(16)
N(1E)-C(6E) 1.360(11) C(9F)-C(10F) 1.541(19)
N(1F)-C(6F) 1.287(11) C(10F)-C(11F) 1.246(16)
N(1F)-C(5F) 1.395(12) C(11F)-C(12F) 1.268(17)
N(1G)-C(6G) 1.312(9) C(12F)-C(13F) 1.341(18)
N(1G)-C(5G) 1.322(9) C(1G)-C(2G) 1.542(13)
N(1H)-C(5H) 1.351(9) C(2G)-C(3G) 1.592(13)
N(1H)-C(6H) 1.377(10) C(3G)-C(4G) 1.499(12)
N(2E)-C(6E) 1.309(9) C(4G)-C(5G) 1.326(12)
N(2E)-C(4E) 1.365(10) C(7G)-C(8G) 1.462(13)
N(2F)-C(6F) 1.414(10) C(8G)-C(13G) 1.315(14)
N(2F)-C(4F) 1.417(11) C(8G)-C(9G) 1.393(15)
N(2G)-C(6G) 1.292(9) C(9G)-C(10G) 1.378(15)
N(2G)-C(4G) 1.334(9) C(10G)-C(11G) 1.264(16)
N(2H)-C(6H) 1.342(10) C(11G)-C(12G) 1.43(2)
N(2H)-C(4H) 1.395(11) C(12G)-C(13G) 1.413(19)
N(3E)-C(7E) 1.456(10) C(1H)-C(2H) 1.571(13)
N(3E)-C(2E) 1.469(9) C(2H)-C(3H) 1.557(12)
N(3F)-C(2F) 1.464(10) C(3H)-C(4H) 1.550(14)
N(3F)-C(7F) 1.487(12) C(4H)-C(5H) 1.395(14)
N(3G)-C(7G) 1.452(9) C(7H)-C(8H) 1.540(15)
N(3G)-C(2G) 1.470(9) C(8H)-C(9H) 1.291(13)
N(3H)-C(2H) 1.466(11) C(8H)-C(13H) 1.318(14)
N(3H)-C(7H) 1.523(10) C(9H)-C(10H) 1.386(16)
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6A

Atoms Distances Atoms Distances
C(10H)-C(11H) 1.350(17) C(15G)-C(14G) 1.295(18)
C(11H)-C(12H) 1.266(16) N(7)-C(33) 1.287(11)
C(12H)-C(13H) 1.415(16) N(7)-C(29) 1.367(16)
N(4E)-C(14E) 1.202(18) C(29)-C(30) 1.43(2)
N(4E)-C(18E) 1.259(17) C(30)-C(31) 1.26(2)
C(18E)-C(17E) 1.23(2) C(30)-C(32) 2.04(2)
C(17E)-C(16E) 1.24(3) C(31)-C(32) 1.23(2)
C(16E)-C(15E) 1.28(2) C(32)-C(33) 1.582(17)
C(15E)-C(14E) 1.65(2) 0(200)-C(40) 1.2765
N(8)-C(38) 1.356(14) 0(300)-C(41) 1.2719
N(8)-C(34) 1.414(16) 0O(400)-C(39) 1.2461
C(34)-C(35) 1.540(19) C(40)-C(39)#1 1.9064
C(35)-C(36) 1.42(2) C(39)-C(40)#2 1.9064
C(36)-C(37) 1.29(3) C(3)-C(2) 1.2570
C(37)-C(38) 1.345(18) C(3)-0(100) 1.2903
N(4G)-C(14G) 1.232(14) C(3)-C(2) 1.9284
N(4G)-C(18G) 1.328(15) C(3)-C(5) 2.0076
C(18G)-C(17G) 1.317(16) C(5)-C(2) 1.6465
C(17G)-C(16G) 1.24(2) C(5)-C(2) 1.9874
C(16G)-C(15G) 1.47(2) C(2)-0(100) 1.4262
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Table II: Selected bond Angles (°) of the complex [Cug(S-
SalHis)g(Py)10]-Py-3MeOH:(C,Hs),0] (1)

Atoms Angles Atoms Angles
O(3A)-Cu(1)-N(3A) 94.2(3) O(3A)-Cu(1)-N(3A) 94.2(3)
O(3A)-Cu(1)-N(1D) 90.2(3) O(3A)-Cu(1)-N(1D) 90.2(3)
N(3A)-Cu(1)-N(1D) 165.5(3) N(3A)-Cu(1)-N(1D) 165.5(3)
O(3A)-Cu(1)-O(1A) 175.0(3) O(3A)-Cu(1)-0(1A) 175.0(3)
N(3A)-Cu(1)-0O(1A) 82.2(3) N(3A)-Cu(1)-O(1A) 82.2(3)
N(1D)-Cu(1)-O(1A) 92.5(3) N(1D)-Cu(1)-O(1A) 92.5(3)
O(3A)-Cu(1)-N(4A) 95.3(3) O(3A)-Cu(1)-N@4A) 95.3(3)
N(3A)-Cu(1)-N(4A) 100.5(3) N(3A)-Cu(1)-N(4A) 100.5(3)
N(1D)-Cu(1)-N(4A) 92.9(3) N(1D)-Cu(1)-N(4A) 92.9(3)
O(1A)-Cu(1)-N(4A) 88.8(3) O(1A)-Cu(1)-N(4A) 88.8(3)
0O(3B)-Cu(2)-N(1A) 92.9(3) O(3B)-Cu(2)-N(1A) 92.9(3)
0(3B)-Cu(2)-0(1B) 175.9(3) 0O(3B)-Cu(2)-0(1B) 175.9(3)
N(1A)-Cu(2)-0O(1B) 89.7(3) N(1A)-Cu(2)-0O(1B) 89.7(3)
0O(3B)-Cu(2)-N(3B) 93.5(3) 0O(3B)-Cu(2)-N(3B) 93.5(3)
N(1A)-Cu(2)-N(3B) 161.4(3) N(1A)-Cu(2)-N(3B) 161.4(3)
0O(1B)-Cu(2)-N(3B) 83.1(3) 0O(1B)-Cu(2)-N(3B) 83.1(3)
O(3B)-Cu(2)-N(4B) 90.6(3) O(3B)-Cu(2)-N(4B) 90.6(3)
N(1A)-Cu(2)-N(4B) 100.3(2) N(1A)-Cu(2)-N(4B) 100.3(2)
0O(1B)-Cu(2)-N(4B) 92.0(3) O(1B)-Cu(2)-N(4B) 92.0(3)
N(3B)-Cu(2)-N(4B) 97.1(2) N(3B)-Cu(2)-N(4B) 97.1(2)
0O(3C)-Cu(3)-N(3C) 93.4(3) 0O(3C)-Cu(3)-N(3C) 93.4(3)
0O(3C)-Cu(3)-0(1C) 175.5(3) 0O(3C)-Cu(3)-0(1C) 175.5(3)
N(3C)-Cu(3)-0(1C) 83.7(3) N(3C)-Cu(3)-0(1C) 83.7(3)
O(3C)-Cu(3)-N(1B) 89.6(3) 0O(3C)-Cu(3)-N(1B) 89.6(3)
N(3C)-Cu(3)-N(1B) 172.8(3) N(3C)-Cu(3)-N(1B) 172.8(3)
O(1C)-Cu(3)-N(1B) 92.8(3) 0O(1C)-Cu(3)-N(1B) 92.8(3)
O(3D)-Cu(4)-O(1D) 172.1(3) O(3D)-Cu(4)-0O(1D) 172.1(3)
O(3D)-Cu(4)-N(1C) 90.9(3) O(3D)-Cu(4)-N(1C) 90.9(3)
O(1D)-Cu(4)-N(1C) 91.2(3) O(1D)-Cu(4)-N(1C) 91.2(3)
O(3D)-Cu(4)-N(3D) 92.9(3) O(3D)-Cu(4)-N(3D) 92.9(3)
O(1D)-Cu(4)-N(3D) 83.3(3) O(1D)-Cu(4)-N(3D) 83.3(3)
N(1C)-Cu(4)-N(3D) 165.7(3) N(1C)-Cu(4)-N(3D) 165.7(3)
O(3D)-Cu(4)-N(4D) 92.5(2) O(3D)-Cu(4)-N(4D) 92.5(2)
O(1D)-Cu(4)-N(4D) 94.9(2) O(1D)-Cu(4)-N(4D) 94.9(2)
N(1C)-Cu(4)-N(4D) 94.3(2) N(1C)-Cu(4)-N(4D) 94.3(2)
N(3D)-Cu(4)-N(4D) 99.3(2) N(3D)-Cu(4)-N(4D) 99.3(2)
C(1A)-O(1A)-Cu(1) 113.0(6) C(1A)-O(1A)-Cu(1) 113.0(6)
C(1B)-O(1B)-Cu(2) 110.1(5) C(1B)-0O(1B)-Cu(2) 110.1(5)
C(1C)-0(1C)-Cu(3) 114.8(4) C(1C)-0(1C)-Cu(3) 114.8(4)
C(1D)-O(1D)-Cu(4) 112.6(5) C(1D)-O(1D)-Cu(4) 112.6(5)
C(9A)-0O(3A)-Cu(1) 115.0(6) C(9A)-0O(3A)-Cu(1) 115.0(6)
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8A

Atoms

C(16A)-C(15A)-C(14A)
C(14A)-C(15A)-C(17A)
N(4A)-C(14A)-C(15A)
C(18D)-N(4D)-C(14D)
C(18D)-N(4D)-Cu(4)
C(14D)-N(4D)-Cu(4)
N(4D)-C(18D)-C(17D)
C(18D)-C(17D)-C(16D)
C(15D)-C(16D)-C(17D)
C(16D)-C(15D)-C(14D)
N(4D)-C(14D)-C(15D)
C(18B)-N(4B)-C(14B)
C(18B)-N(4B)-Cu(2)
C(14B)-N(4B)-Cu(2)
C(17B)-C(18B)-N(4B)
N(4B)-C(18B)-C(16B)
C(16B)-C(17B)-C(18B)
C(17B)-C(16B)-C(15B)
C(15B)-C(16B)-C(18B)
C(14B)-C(15B)-C(16B)
N(4B)-C(14B)-C(15B)
C(18C)-N(4C)-C(14C)
N(4C)-C(14C)-C(15C)
C(14C)-C(15C)-C(16C)
C(17C)-C(16C)-C(15C)
C(16C)-C(17C)-C(18C)
N(4C)-C(18C)-C(17C)
O(3F)-Cu(6)-N(7)
O(1F)-Cu(6)-N(7)
N(1G)-Cu(6)-N(7)
N(3F)-Cu(6)-N(7)
0(3G)-Cu(7)-N(1H)
0(3G)-Cu(7)-0(1G)
0(3G)-Cu(7)-N(3G)
N(1H)-Cu(7)-N(3G)
0(1G)-Cu(7)-N(3G)
N(1G)-Cu(6)-N(7)
N(1H)-Cu(7)-0(1G)
0(3G)-Cu(7)-N(4G)
N(1H)-Cu(7)-N(4G)
0(1G)-Cu(7)-N(4G)
O(3H)-Cu(8)-N(1E)
O(1H)-Cu(8)-N(1E)
O(1H)-Cu(8)-N(8)

Angles

138(3)
96.7(13)
118.2(17)
115.9(12)
114.8(9)
129.2(9)
123.5(16)
118.4(16)
117.8(16)
114.1(14)
129.0(12)
115.3(14)
121.9(11)
122.7(11)
127.4(19)
98.8(13)
117(3)
126(3)
94.7(15)
112(2)
118.2(19)
117.5(14)
107(2)
123.9(19)
113.0(18)
115(2)
133.0(19)
102.3(3)
88.1(3)
99.3(2)
92.3(2)
91.0(3)
172.7(3)
92.3(3)
161.4(3)
82.3(3)
99.3(2)
92.7(3)
94.2(3)
97.6(3)
91.5(3)
89.1(3)
92.4(3)
88.6(3)

Atoms

C(23)-N(5)-C(19)
C(20)-C(19)-N(5)
C(19)-C(20)-C(21)
C(20)-C(21)-C(22)
C(23)-C(22)-C(21)
N(5)-C(23)-C(22)
C(28)-N(6)-C(24)
C(25)-C(24)-N(6)
C(24)-C(25)-C(26)
C(25)-C(26)-C(27)
C(28)-C(27)-C(26)
N(6)-C(28)-C(27)
C(15H)-C(14H)-N(4H)
N(4H)-C(14H)-C(16H)
C(14H)-C(15H)-C(16H)
C(14H)-C(15H)-C(17H)
C(15H)-C(16H)-C(17H)
C(17H)-C(16H)-C(14H)
C(16H)-C(17H)-C(18H)
C(18H)-C(17H)-C(15H)
C(17H)-C(18H)-N(4H)
C(14H)-N(4H)-C(18H)
O(3E)-Cu(5)-N(1F)
O(3E)-Cu(5)-O(1E)
N(1F)-Cu(5)-O(1E)
O(3E)-Cu(5)-N(3E)
N(1F)-Cu(5)-N(3E)
O(1E)-Cu(5)-N(3E)
O(3E)-Cu(5)-N(4E)
N(1F)-Cu(5)-N(4E)
O(1E)-Cu(5)-N(4E)
N(3E)-Cu(5)-N(4E)
O(3F)-Cu(6)-O(1F)
O(3F)-Cu(6)-N(1G)
O(1F)-Cu(6)-N(1G)
O(3F)-Cu(6)-N(3F)
O(1F)-Cu(6)-N(3F)
N(1G)-Cu(6)-N(3F)
N(3G)-Cu(7)-N(4G)
O(3H)-Cu(8)-O(1H)
O(3H)-Cu(8)-N(3H)
O(1H)-Cu(8)-N(3H)
N(LE)-Cu(8)-N(3H)
O(3H)-Cu(8)-N(8)

Angles

113.1(11)
129.3(14)
118.3(16)
121.9(13)
111.4(13)
125.8(15)
119.9(11)
121.8(13)
120.6(14)
117.2(12)
119.4(13)
121.0(14)
118(2)
96.5(16)
137(4)
112(3)
128(4)
108(3)
109(4)
86(2)
112(2)
110(2)
91.1(3)
173.3(3)
93.9(3)
93.3(3)
159.8(3)
80.5(3)
95.4(3)
100.2(3)
88.1(3)
99.0(3)
169.4(4)
89.3(3)
91.4(3)
93.2(3)
83.9(3)
167.4(3)
100.4(3)
168.7(4)
92.8(3)
83.5(3)
168.6(3)
102.0(3)
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Atoms Angles Atoms Angles
N(1E)-Cu(8)-N(8) 101.6(2) C(5G)-N(1G)-Cu(6) 126.9(5)
N(3H)-Cu(8)-N(8) 89.0(2) C(5H)-N(1H)-C(6H) 106.1(6)
C(1E)-O(1E)-Cu(5) 113.9(5) C(5H)-N(1H)-Cu(7) 126.4(5)
C(1F)-O(1F)-Cu(6) 114.5(5) C(6H)-N(1H)-Cu(7) 127.1(5)
C(1H)-O(1H)-Cu(8) 118.7(4) C(6E)-N(2E)-C(4E) 105.7(6)
C(1G)-O(1G)-Cu(7) 114.6(4) C(6F)-N(2F)-C(4F) 103.7(7)
C(13E)-O(3E)-Cu(5) 121.8(5) C(6G)-N(2G)-C(4G) 109.9(6)
C(9F)-O(3F)-Cu(6) 128.0(6) C(6H)-N(2H)-C(4H) 103.1(6)
C(9G)-0O(3G)-Cu(7) 123.5(5) C(7E)-N(3E)-C(2E) 115.6(6)
C(9H)-O(3H)-Cu(8) 124.6(5) C(7E)-N(3E)-Cu(5) 112.4(4)
C(5E)-N(1E)-C(6E) 101.9(6) C(2E)-N(3E)-Cu(5) 106.4(4)
C(5E)-N(1E)-Cu(8) 128.5(5) C(2F)-N(3F)-C(7F) 106.3(6)
C(6E)-N(1E)-Cu(8) 128.9(5) C(2F)-N(3F)-Cu(6) 111.2(4)
C(6F)-N(1F)-C(5F) 105.6(7) C(7F)-N(3F)-Cu(6) 114.2(4)
C(6F)-N(1F)-Cu(5) 125.9(6) C(7G)-N(3G)-C(2G) 116.0(5)
C(5F)-N(1F)-Cu(b) 128.5(5) C(7G)-N(3G)-Cu(7) 112.8(4)
C(6G)-N(1G)-C(5G) 104.5(6) C(2G)-N(3G)-Cu(7) 105.0(4)
C(6G)-N(1G)-Cu(6) 127.9(5) C(2H)-N(3H)-C(7H) 113.6(6)
O(3E)-C(13E)-C(8E) 125.0(10) C(2H)-N(3H)-Cu(8) 109.4(4)
O(3E)-C(13E)-C(12E)  118.3(11) C(7H)-N(3H)-Cu(8) 111.9(4)
C(8E)-C(13E)-C(12E) 116.7(11) O(2E)-C(1E)-O(1E) 124.7(9)
O(2F)-C(1F)-O(1F) 123.8(10) O(2E)-C(1E)-C(2E) 118.5(8)
O(2F)-C(1F)-C(2F) 116.6(8) O(1E)-C(1E)-C(2E) 116.7(8)
O(1F)-C(1F)-C(2F) 119.6(9) N(3E)-C(2E)-C(3E) 112.1(7)
N(3F)-C(2F)-C(3F) 111.3(8) N(3E)-C(2E)-C(1E) 108.1(7)
N(3F)-C(2F)-C(1F) 107.7(7) C(3E)-C(2E)-C(1E) 107.9(8)
C(3F)-C(2F)-C(1F) 109.5(8) C(4E)-C(3E)-C(2E) 118.3(8)
C(2F)-C(3F)-C(4F) 114.7(7) C(5E)-C(4E)-N(2E) 107.3(8)
C(9E)-C(8E)-C(13E) 123.8(12) C(5E)-C(4E)-C(3E) 134.3(10)
C(9E)-C(8E)-C(7E) 120.1(12) N(2E)-C(4E)-C(3E) 118.3(8)
C(13E)-C(8E)-C(7E) 116.1(10) C(4E)-C(5E)-N(1E) 112.8(9)
C(8E)-C(9E)-C(10E) 118.5(12) N(2E)-C(6E)-N(1E) 112.2(7)
C(11E)-C(10E)-C(9E)  116.8(13) N(3E)-C(7E)-C(8E) 112.9(8)
C(12E)-C(11E)-C(10E) 123.8(15) N(1F)-C(6F)-N(2F) 113.4(8)
C(11E)-C(12E)-C(13E) 119.9(14) N(3F)-C(7F)-C(8F) 109.5(9)
C(5F)-C(4F)-N(2F) 106.3(10) C(13F)-C(8F)-C(9F) 112.5(12)
C(5F)-C(4F)-C(3F) 132.3(10) C(13F)-C(8F)-C(7F) 129.1(10)
N(2F)-C(4F)-C(3F) 121.3(9) C(9F)-C(8F)-C(7F) 118.3(10)
C(4F)-C(5F)-N(1F) 110.8(10) O(3F)-C(9F)-C(8F) 119.9(12)
C(10F)-C(11F)-C(12F)  127.5(16) O(3F)-C(9F)-C(10F) 124.6(11)
C(11F)-C(12F)-C(13F)  121.5(13) C(8F)-C(9F)-C(10F) 115.1(11)
C(12F)-C(13F)-C(8F) 123.3(11) C(11F)-C(10F)-C(9F) 119.8(13)
0(2G)-C(1G)-0(1G) 125.2(8) 0(2G)-C(1G)-C(2G) 118.8(8)
N(3G)-C(2G)-C(1G) 109.7(7) 0(1G)-C(1G)-C(2G) 115.8(8)
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Atoms Angles Atoms Angles
N(3G)-C(2G)-C(3G) 111.1(7) C(13G)-C(8G)-C(7G) 121.3(12)
C(1G)-C(2G)-C(3G) 111.0(8) C(9G)-C(8G)-C(7G) 122.2(9)
C(4G)-C(3G)-C(2G) 114.9(7) 0O(3G)-C(9G)-C(10G) 117.7(11)
C(5G)-C(4G)-N(2G) 103.4(7) 0O(3G)-C(9G)-C(8G) 119.1(10)
C(5G)-C(4G)-C(3G) 132.1(9) C(10G)-C(9G)-C(8G) 123.1(10)
N(2G)-C(4G)-C(3G) 124.5(8) C(11G)-C(10G)-C(9G) 119.9(14)
N(1G)-C(5G)-C(4G) 112.1(8) C(10G)-C(11G)-C(12G) 120.9(14)
N(2G)-C(6G)-N(1G) 110.1(7) C(13G)-C(12G)-C(11G) 116.9(14)
N(3G)-C(7G)-C(8G) 110.3(7) C(8G)-C(13G)-C(12G) 122.2(15)
C(13G)-C(8G)-C(9G) 116.4(12) O(2H)-C(1H)-O(1H) 132.0(8)
C(38)-N(8)-C(34) 116.9(11) O(2H)-C(1H)-C(2H) 115.1(7)
C(38)-N(8)-Cu(8) 119.5(9) O(1H)-C(1H)-C(2H) 112.9(8)
C(34)-N(8)-Cu(8) 122.8(9) N(3H)-C(2H)-C(3H) 110.2(8)
N(8)-C(34)-C(35) 115.4(13) N(3H)-C(2H)-C(1H) 112.3(7)
C(36)-C(35)-C(34) 122.3(16) C(3H)-C(2H)-C(1H) 112.5(8)
C(37)-C(36)-C(35) 113(2) C(4H)-C(3H)-C(2H) 112.2(7)
C(36)-C(37)-C(38) 28.7(19) C(5H)-C(4H)-N(2H) 110.2(8)
C(37)-C(38)-N(8) 123.7(14) C(5H)-C(4H)-C(3H) 128.5(10)
C(14G)-N(4G)-C(18G)  113.5(11) N(2H)-C(4H)-C(3H) 121.0(9)
C(14G)-N(4G)-Cu(7) 127.5(9) N(1H)-C(5H)-C(4H) 107.1(8)
C(18G)-N(4G)-Cu(7) 118.8(8) N(2H)-C(6H)-N(1H) 113.5(7)
C(17G)-C(18G)-N(4G) 129.4(14) N(3H)-C(7H)-C(8H) 110.9(8)
C(16G)-C(17G)-C(18G)  113.0(16) C(9H)-C(8H)-C(13H) 126.4(12)
C(17G)-C(16G)-C(15G)  122.5(15) C(9H)-C(8H)-C(7H) 117.4(9)
C(14G)-C(15G)-C(16G)  113.4(16) C(13H)-C(8H)-C(7H) 115.9(10)
N(4G)-C(14G)-C(15G) 127.2(15) O(3H)-C(9H)-C(8H) 129.3(11)
C(33)-N(7)-C(29) 126.6(12) O(3H)-C(9H)-C(10H) 119.6(10)
C(33)-N(7)-Cu(6) 114.3(8) C(8H)-C(9H)-C(10H) 111.1(11)
C(29)-N(7)-Cu(6) 118.6(10) C(11H)-C(10H)-C(9H) 128.2(13)
N(7)-C(29)-C(30) 109.7(16) C(12H)-C(11H)-C(10H)  114.7(15)
C(31)-C(30)-C(29) 134.5(18) C(11H)-C(12H)-C(13H) 122.1(13)
0(100)-C(2)-C(5) 107.8 C(8H)-C(13H)-C(12H) 117.2(11)
C(5)-C(2)-C(3) 67.8 C(14E)-N(4E)-C(18E) 121.0(14)
C(3)-0(100)-C(2) 90.3 C(14E)-N(4E)-Cu(5) 113.8(11)
C(29)-C(30)-C(32) 100.1(12) C(18E)-N(4E)-Cu(5) 125.2(10)
C(32)-C(31)-C(30) 109.7(17) C(17E)-C(18E)-N(4E) 123.3(19)
C(31)-C(32)-C(33) 128.2(16) C(18E)-C(17E)-C(16E) 129(3)
C(33)-C(32)-C(30) 92.6(8) C(17E)-C(16E)-C(15E) 109(2)
N(7)-C(33)-C(32) 110.9(10) C(16E)-C(15E)-C(14E) 119.8(16)
0(200)-C(40)-C(39)#1 75.8 N(4E)-C(14E)-C(15E) 112.1(16)
0O(400)-C(39)-C(40)#2 101.2 C(2)-C(5)-C(2) 99.3
C(1)-C(3)-0(100) 164.1 C(2)-C(5)-C(3) 62.8
C(1)-C(3)-C(2) 119.9 C(3)-C(1)-C(5) 72.5
C(1)-C(3)-C(5) 70.8 0(100)-C(3)-C(5) 95.3
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Table 111: Selected bond Distances (A) of complex 8[Cu(S-SalHis)(Imodazole)]-15H,0
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)

Atoms Distances Atoms Distances
Cul -O3A 1.930(9) N4B -C16B 1.408(18)
Cul -N4A 1.989(13) N5B -C15B 1.30(3)
Cul -N2A 2.042(12) N5B -C14B 1.42(2)
Cul -N3A 2.051(11) C1B -C2B 1.50(3)
Cul -O1A 2.262(13) C2B -C3B 1.54(2)
O1A -C1A 1.250(18) C3B -C4B 1.45(2)
02A -C1A 1.259(19) C4B -C5B 1.34(2)
0O3A -C9A 1.370(17) C7B -C8B 1.49(2)
N1A -C6A 1.327(18) C8B -C13B 1.40(2)
N1A -C5A 1.36(2) C8B -C9B 1.45(2)
N2A -C4A 1.353(18) C9B -C10B 1.45(3)
N2A -C6A 1.357(18) C10B -C11B 1.36(3)
N3A -C7A 1.482(18) C11B -C12B 1.38(3)
N3A -C2A 1.521(19) C12B -C13B 1.31(3)
N4A -C16A 1.287(19) C15B -C16B 1.32(2)
N4A -C14A 1.41(2) Cu3 -03C 1.936(11)
N5A -C16A 1.29(2) Cu3 -N4C 1.985(14)
N5A -C15A 1.32(2) Cu3 -N2C 1.999(13)
C1A -C2A 1.51(2) Cu3 -N3C 2.049(11)
C2A -C3A 1.52(2) Cu3-01C 2.305(12)
C3A -C4A 1.51(2) 01C -Ci1C 1.283(18)
C4A -C5A 1.42(2) 02C -Ci1C 1.224(18)
C7A -C8A 1.54(2) 03C -CoC 1.38(2)
C8A -C13A 1.34(2) N1C -C6C 1.314(19)
C8A -C9A 1.38(2) N1C -C5C 1.40(2)
C9A -C10A 1.41(2) N2C -C6C 1.321(19)
C10A -C11A 1.34(2) N2C -C4C 1.45(2)
C11A -C12A 1.36(3) N3C -C7C 1.490(18)
C12A -C13A 1.41(3) N3C -C2C 1.525(19)
C14A -C15A 1.38(2) N4C -C14C 1.21(2)
Cu2 -N4B 1.891(13) N4C -C16C 1.37(2)
Cu2 -0O3B 1.978(11) C15C -C16C 1.27(3)
Cu2 -N2B 2.008(12) C15C -N5C 1.39(3)
Cu2 -N3B 2.014(11) Cic -c2C 1.53(2)
Cu2 -0O1B 2.219(10) C2C -C3C 1.60(2)
0O1B -C1B 1.28(2) C3C -C4C 1.44(2)
02B -C1B 1.30(2) C4C -C5C 1.31(2)
03B -C9B 1.29(2) C7C -C8C 1.46(2)
N1B -C5B 1.38(2) C8C -C9aC 1.36(2)
N1B -C6B 1.400(19) C8C -C13C 1.43(2)
N2B -C6B 1.343(19) C9aC -c10C 1.45(2)
N2B -C4B 1.405(17) C10C -C11C 1.35(2)
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Atoms Distances Atoms Distances
N2D -C6D 1.321(18) C14C -N5C 1.34(2)
N2D -C4D 1.404(19) Cu4 -03D 1.938(11)
N3D -C2D 1.448(19) Cu4 -N4D 1.986(12)
N3D -C7D 1.482(19) Cu4 -N3D 1.998(12)
N4D -C14D 1.314(18) Cu4 -N2D 2.014(11)
N4D -C16D 1.338(19) Cu4 -01D 2.344(13)
N5D -C14D 1.289(18) N1D -C6D 1.278(18)
N5D -C15D 1.339(19) N1D -C5D 1.33(2)
01D -C1D 1.30(2) C7E -C8E 1.54(3)
02D -C1D 1.200(19) C8E -C9E 1.42(3)
03D -C9D 1.32(2) C8E -C13E 1.46(2)
C1D -C2D 1.59(2) C9E -C10E 1.44(3)
C2D -C3D 1.60(2) C10E -C11E 1.37(3)
C3D -C4D 1.52(2) C1l1E -C12E 1.41(3)
C4D -C5D 1.29(2) C12E -C13E 1.37(3)
C7D -C8D 1.55(3) C15E -C16E 1.38(2)
C8D -C9D 1.36(3) Cub -O3F 1.891(12)
C8D -C13D 1.41(2) Cub -N4F 2.000(17)
C9D -C10D 1.41(2) Cub -N3F 2.002(12)
C10D -C11D 1.35(2) Cub -N2F 2.008(15)
C11D -C12D 1.39(3) Cub -O1F 2.299(11)
C12D -C13D 1.33(3) O1F -C1F 1.253(19)
C15D -C16D 1.35(2) O2F -C1F 1.26(2)
Cu5 -0O3E 1.888(12) O3F -C9F 1.38(2)
Cu5 -N3E 1.960(14) N1F -C5F 1.28(3)
Cu5 -N4E 1.989(14) N1F -C6F 1.41(3)
Cu5 -N2E 2.039(12) N2F -C6F 1.35(2)
Cu5 -O1E 2.332(12) N2F -C4F 1.37(2)
O1E -C1E 1.17(3) N3F -C7F 1.47(2)
O2E -C1E 1.37(3) N3F -C2F 1.478(18)
O3E -C9E 1.29(3) N4F -C16F 1.33(3)
N1E -C6E 1.357(19) N4F -C14F 1.42(3)
N1E -C5E 1.37(2) C15F -N5F 1.27(4)
N2E -C6E 1.276(19) C15F -C16F 1.32(3)
N2E -C4E 1.392(19) C1F -C2F 1.51(2)
N3E -C7E 1.42(2) C2F -C3F 1.52(2)
N3E -C2E 1.56(2) C3F -C4F 1.45(3)
N4E -C14E 1.30(2) C4F -C5F 1.37(3)
N4E -C16E 1.39(2) C7F -C8F 1.47(2)
N5E -C14E 1.34(2) C8F -C13F 1.37(2)
N5E -C15E 1.38(2) C8F -C9F 1.40(2)
C1E -C2E 1.51(2) C9F -C10F 1.43(2)
C2E -C3E 1.45(2) C10F -C11F 1.38(3)
C3E -C4E 1.50(2) Cl11F -C12F 1.35(3)
CA4E -C5E 1.33(2) C12F -C13F 1.39(3)
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Atoms Distances Atoms Distances
N4G -C16G 1.356(19) C14F -N5F 1.493(6)
N5G -C15G 1.26(2) N5F -C16F 1.96(4)
N5G -C14G 1.35(2) Cu7 -03G 1.934(10)
C1G -C2G 1.53(2) Cu7 -N4G 1.976(15)
C2G -C3G 1.56(3) Cu7 -N3G 2.002(13)
C3G -C4G 1.43(3) Cu7 -N2G 2.026(15)
C4G -C5G 1.45(3) Cu7 -01G 2.277(12)
C7G -C8G 1.48(2) 01G -C1G 1.27(2)
C8G -C9G 1.39(2) 02G -C1G 1.225(18)
C8G -C13G 1.40(2) 03G -C9G 1.39(2)
C9G -C10G 1.40(3) N1G -C6G 1.32(2)
C10G -C11G 1.36(3) N1G -C5G 1.34(3)
Cl11G -C12G 1.32(3) N2G -C6G 1.32(3)
C12G -C13G 1.35(3) N2G -C4G 1.43(2)
C15G -C16G 1.37(2) N3G -C7G 1.43(2)
Cu8 -O3H 1.922(12) N3G -C2G 1.47(2)
Cu8 -N4H 1.960(13) N4G -C14G 1.30(2)
Cu8 -N2H 2.004(12) O3H -C9H 1.353(18)
Cu8 -N3H 2.036(11) C1H -C2H 1.62(3)
Cu8 -O1H 2.349(13) C2H -C3H 1.52(2)
N1H -C6H 1.29(2) C3H -C4H 1.49(2)
N1H -C5H 1.35(2) C4H -C5H 1.32(2)
N2H -C6H 1.31(2) C7H -C8H 1.50(2)
N2H -C4H 1.42(2) C8H -C13H 1.38(2)
N3H -C7H 1.459(19) C8H -C9H 1.40(2)
N3H -C2H 1.49(2) C9H -C10H 1.43(3)
N4H -C16H 1.29(2) C10H -C11H 1.36(3)
N4H -C14H 1.31(2) C12H -C13H 1.39(3)
N5H -C14H 1.26(2) C12H -C11H 1.40(3)
N5H -C15H 1.37(2) C15H -C16H 1.44(3)
O1H -C1H 1.22(2) O2H -C1H 1.26(2)
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Table 1V: Selected bond Angles (°) of the complex 8[Cu(S-SalHis)(Imidazole)]-15H,0

Atoms

O3A -Cul -N4A
O3A -Cul -N2A
N4A -Cul -N2A
O3A -Cul -N3A
N4A -Cul -N3A
N2A -Cul -N3A
O3A -Cul -O1A
N4A -Cul -O1A
N2A -Cul -O1A
N3A -Cul -O1A
Cl1A-O1A -Cul
C9A -O3A -Cul
C6A -N1A -C5A
C4A -N2A -C6A
C4A -N2A -Cul
C6A -N2A -Cul
C7A -N3A -C2A
C7A -N3A -Cul
C2A -N3A -Cul
C16A -N4A -C14A
C16A -N4A -Cul
C14A -N4A -Cul
C16A -N5A -C15A
O1A -C1A -02A
O1A -C1A -C2A
0O2A -C1A -C2A
ClA -C2A -C3A
C1A -C2A -N3A
C3A -C2A -N3A
C2A -C3A -C4A
N2A -C4A -C5A
N2A -C4A -C3A
C5A -C4A -C3A
N1A -C5A -C4A
N1A -C6A -N2A
N3A -C7A -C8A
C13A -C8A -COA
C13A -C8A -C7A
C9A -C8A -C7A
O3A -C9A -C8A
O3H -Cu8 -N3H

Angles

83.8(5)
164.7(5)
93.7(5)
92.0(4)
175.4(5)
90.8(5)
108.1(5)
102.0(5)
87.2(5)
77.6(4)
110.1(11)
123.4(9)
108.3(13)
105.3(13)
124.8(11)
128.1(10)
111.5(13)
111.9(9)
105.6(9)
104.3(14)
135.8(13)
119.7(10)
108.3(14)
127.5(17)
118.6(16)
113.9(14)
113.6(13)
108.7(13)
112.0(14)
113.0(12)
109.0(15)
124.9(13)
126.1(14)
105.3(14)
111.9(14)
108.9(13)
119.6(17)
122.0(15)
118.3(15)
119.7(15)
95.7(5)

)

Atoms

C4H -C3H -C2H
C5H -C4H -N2H
C5H -C4H -C3H
N2H -C4H -C3H
C4H -C5H -N1H
N1H -C6H -N2H
N3H -C7H -C8H
C13H -C8H -C9H
C13H -C8H -C7H
C9H -C8H -C7H
O3H -C9H -C8H
O3H -C9H -C10H
C8H -C9H -C10H
C11H -C10H -C9H
C13H -C12H -C11H
C10H -C11H -C12H
C8H -C13H -C12H
N5H -C14H -N4H
N5H -C15H -C16H
N4H -C16H -C15H
C3G -C4G -C5G
N2G -C4G -C5G
N1G -C5G -C4G
N2G -C6G -N1G
N3G -C7G -C8G
C9G -C8G -C13G
C9G -C8G -C7G
C13G -C8G -C7G
C8G -C9G -03G
C8G -C9G -C10G
03G -C9G -C10G
C11G -C10G -C9G
C12G -C11G -C10G
C11G -C12G -C13G
C12G -C13G -C8G
N4G -C14G -N5G
N5G -C15G -C16G
N4G -C16G -C15G
O3H -Cu8 -N4H
O3H -Cu8 -N2H
N4H -Cu8 -N2H

Angles

119.2(14)
107.8(15)
130.2(17)
121.9(15)
107.4(17)
111.8(15)
113.9(13)
116.1(17)
124.0(17)
119.9(16)
121.4(17)
118.7(16)
119.9(15)
120.9(19)
117(2)
121(2)
125(2)
113.3(19)
98.4(18)
112.7(18)
133(2)
101(2)
114(2)
120(2)
117.9(16)
114.7(19)
119.8(15)
124.5(19)
115.6(17)
121.0(18)
123.4(18)
117(2)
124(3)
116(2)
125(2)
111.0(18)
108.1(18)
108.1(17)
89.6(5)
158.6(6)
91.0(5)
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Atoms Angles Atoms Angles
C11A -C12A -C13A 115.3(18) O3H -Cu8 -O1H 106.4(6)
C8A -C13A -C12A 122.5(18) N4H -Cu8 -O1H 90.7(6)
C15A -C14A -N4A 106.3(16) N2H -Cu8 -O1H 95.0(5)
N5A -C15A -C14A 106.6(16) N3H -Cu8 -O1H 78.3(5)
N4A -C16A -N5A 114.2(16) C6H -N1H -C5H 108.6(16)
N4B -Cu2 -0O3B 86.9(5) C6H -N2H -C4H 104.3(13)
N4B -Cu2 -N2B 92.1(5) C6H -N2H -Cu8 128.8(11)
03B -Cu2 -N2B 168.9(5) C4H -N2H -Cu8 126.6(11)
N4B -Cu2 -N3B 175.3(6) C7H -N3H -C2H 109.3(13)
03B -Cu2 -N3B 93.5(5) C7H -N3H -Cu8 110.7(9)
N2B -Cu2 -N3B 86.5(5) C2H -N3H -Cu8 107.9(9)
N4B -Cu2 -O1B 105.5(5) C16H -N4H -C14H 104.4(15)
03B -Cu2 -01B 95.5(5) C16H -N4H -Cu8 127.9(13)
N2B -Cu2 -O1B 95.4(5) C14H -N4H -Cu8 127.3(12)
N3B -Cu2 -O1B 79.2(5) C14H -N5H -C15H 111.1(18)
C1B -0O1B -Cu2 106.7(12) C1H -O1H -Cu8 103.9(12)
C9B -03B -Cu2 116.7(11) C9H -O3H -Cu8 122.7(10)
C5B -N1B -C6B 105.1(14) O1H -C1H -O2H 125.0(18)
C6B -N2B -C4B 106.1(13) O1H -C1H -C2H 120.1(17)
C6B -N2B -Cu2 128.1(10) O2H -C1H -C2H 114.9(16)
C4B -N2B -Cu2 125.1(11) N3H -C2H -C3H 108.9(16)
C2B -N3B -C7B 112.6(12) N3H -C2H -C1H 110.9(13)
C2B -N3B -Cu2 106.1(10) C3H -C2H -C1H 103.5(14)
C7B -N3B -Cu2 112.4(10) C13F -C8F -C7F 122.7(16)
C14B -N4B -C16B 100.5(13) C9F -C8F -C7F 118.3(14)
C14B -N4B -Cu2 129.2(11) O3F -C9F -C8F 124.3(13)
C16B -N4B -Cu2 129.9(11) O3F -C9F -C10F 116.0(16)
C15B -N5B -C14B 107.9(15) C8F -C9F -C10F 119.6(16)
01B -C1B -02B 124.5(18) C11F -C10F -C9F 117.8(18)
01B -C1B -C2B 117.2(18) C12F -C11F -C10F 122.7(18)
02B -C1B -C2B 118.3(17) C11F -C12F -C13F 118.9(18)
N3B -C2B -C1B 114.9(15) C8F -C13F -C12F 122(2)
N3B -C2B -C3B 111.6(14) N4F -C14F -N5F 90.5(15)
Cl1B -C2B -C3B 107.5(14) C15F -N5F -C14F 123.5(17)
C4B -C3B -C2B 114.7(14) C15F -N5F -C16F 41.8(13)
C5B -C4B -N2B 108.7(15) C14F -N5F -C16F 81.7(14)
C5B -C4B -C3B 127.4(14) C15F -C16F -N4F 115(3)
N2B -C4B -C3B 123.8(15) C15F -C16F -N5F 39.6(19)
C4B -C5B -N1B 109.7(14) N4F -C16F -N5F 75(2)
N2B -C6B -N1B 110.5(14) 03G -Cu7 -N4G 84.7(5)
C8B -C7B -N3B 110.9(13) 03G -Cu7 -N3G 92.3(5)
C13B -C8B -C9B 119.7(17) N4G -Cu7 -N3G 177.0(6)
C13B -C8B -C7B 123.4(16) 03G -Cu7 -N2G 160.4(6)
C9B -C8B -C7B 116.9(15) N4G -Cu7 -N2G 93.2(6)
03B -C9B -C10B 125.0(19) N3G -Cu7 -N2G 89.7(6)
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Atoms Angles Atoms Angles
C11B -C10B -C9B 119.0(18) N3G -Cu7 -01G 77.0(5)
C10B -C11B -C12B 125.3(19) N2G -Cu7 -01G 88.5(5)
C13B -C12B -C11B 116.9(19) C1G -01G -Cu7 110.8(10)
C12B -C13B -C8B 123.9(19) C9G -03G -Cu7 124.8(10)
N4B -C14B -N5B 111.2(16) C6G -N1G -C5G 100(2)
N5B -C15B -C16B 105(2) C6G -N2G -C4G 103.8(19)
C15B -C16B -N4B 115.0(19) C6G -N2G -Cu7? 129.8(15)
03C -Cu3 -N4C 88.5(5) C4G -N2G -Cu7? 122.2(15)
03C -Cu3 -N2C 149.2(5) C7G -N3G -C2G 110.3(15)
N4C -Cu3 -N2C 95.3(6) C7G -N3G -Cu7 110.6(10)
03C -Cu3 -N3C 92.9(4) C2G -N3G -Cu7? 109.2(10)
N4C -Cu3 -N3C 162.6(6) C14G -N4G -C16G 104.8(16)
N2C -Cu3 -N3C 92.4(5) C14G -N4G -Cu7 131.9(13)
03C -Cu3 -01C 120.8(5) C16G -N4G -Cu7 123.2(12)
N4C -Cu3 -0O1C 87.1(6) C15G -N5G -C14G 107.9(17)
N2C -Cu3 -0O1C 90.0(5) 02G -C1G -01G 125.2(16)
N3C -Cu3 -01C 77.2(4) 02G -C1G -C2G 118.7(17)
Ci1C -01C -Cus3 108.8(10) 01G -C1G -C2G 115.9(14)
C9C -03C -Cus3 123.6(10) N3G -C2G -C1G 109.7(14)
C6C -N1C -C5C 109.4(15) N3G -C2G -C3G 111.8(15)
C6C -N2C -C4C 105.6(13) C1G -C2G -C3G 111.5(17)
C6C -N2C -Cu3 127.5(11) C4G -C3G -C2G 112.8(16)
C4C -N2C -Cus 125.6(10) C3G -C4G -N2G 126(2)
C7C -N3C -C2C 108.4(12) O3E -C9E -C8E 122.7(19)
C7C -N3C -Cus 106.9(9) O3E -C9E -C10E 126(2)
C2C -N3C -Cu3 107.1(8) C8E -C9E -C10E 111(2)
C14C -N4C -C16C 104.2(17) C11E -C10E -C9E 129(3)
C14C -N4C -Cu3 125.8(15) C10E -C11E -C12E 117(2)
C16C -N4C -Cu3 130.0(14) C13E -C12E -C11E 119(2)
C16C -C15C -N5C 109(2) C12E -C13E -C8E 121(2)
02C -C1C -01C 125.0(16) N4E -C14E -N5E 111.5(17)
02C -C1C -C2C 116.1(15) N5E -C15E -C16E 106.7(15)
01C -Ci1C -C2C 118.7(15) C15E -C16E -N4E 106.7(15)
N3C -C2C -C1C 109.4(13) O3F -Cub6 -N4F 86.4(6)
N3C -C2C -C3C 108.0(12) O3F -Cu6 -N3F 94.7(5)
C1C -C2C -C3C 111.1(12) N4F -Cu6 -N3F 170.3(6)
C4C -C3C -C2C 118.7(12) O3F -Cub -N2F 152.7(6)
C5C -C4C -C3C 130.0(18) N4F -Cu6 -N2F 92.1(7)
C5C -C4C -N2C 108.4(16) N3F -Cu6 -N2F 91.4(6)
C3C -C4C -N2C 121.6(14) O3F -Cub6 -O1F 119.5(5)
C4C -C5C -N1C 106.1(18) N4F -Cu6 -O1F 94.9(6)
N1C -C6C -N2C 110.1(15) N3F -Cu6 -O1F 76.1(4)
C8C -C7C -N3C 110.2(13) N2F -Cu6 -O1F 87.7(5)
C9C -C8C -C13C 117.1(16) C1F -O1F -Cu6 108.1(10)
C9C -C8C -C7C 122.9(15) C9F -O3F -Cu6 123.0(10)
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Atoms Angles Atoms Angles
C8C -C9C -Cc10C 120.5(18) C6F -N2F -Cu6 122.8(16)
03C -CocC -Cc10C 117.4(19) CA4F -N2F -Cu6 126.5(14)
C11C -C10C -C9C 121(2) C7F -N3F -C2F 110.8(12)
C10C -C11C -C12C 119.2(18) C7F -N3F -Cu6 109.4(9)
C13C -C12C -C11C 119.9(17) C2F -N3F -Cu6 107.8(9)
Cl2C -C13C -C8C 121.8(17) C16F -N4F -C14F 113(2)
N4C -C14C -N5C 117(2) C16F -N4F -Cub6 123.9(18)
C14C -N5C -C15C 101(2) C14F -N4F -Cub6 123.4(18)
C15C -C16C -N4C 109(2) N5F -C15F -C16F 99(3)
03D -Cu4 -N4D 90.5(5) O1F -C1F -O2F 124.4(17)
03D -Cu4 -N3D 93.7(5) O1F -C1F -C2F 118.4(15)
N4D -Cu4 -N3D 165.1(5) O2F -C1F -C2F 117.0(15)
03D -Cu4 -N2D 143.2(5) N3F -C2F -C1F 109.4(12)
N4D -Cu4 -N2D 96.3(5) N3F -C2F -C3F 112.6(14)
N3D -Cu4 -N2D 89.0(5) C1F -C2F -C3F 110.0(13)
03D -Cu4 -01D 118.7(5) C4F -C3F -C2F 117.4(17)
N4D -Cu4 -01D 88.7(5) N2F -C4F -C5F 108(2)
N3D -Cu4 -01D 76.8(5) N2F -C4F -C3F 123.3(18)
N2D -Cu4 -01D 97.6(5) C5F -C4F -C3F 129(2)
C6D -N1D -C5D 109.5(14) N1F -C5F -C4F 105(2)
C6D -N2D -C4D 103.8(13) N2F -C6F -N1F 100.9(19)
C6D -N2D -Cu4 127.5(10) N3F -C7F -C8F 113.5(13)
C4D -N2D -Cu4 128.6(11) C13F -C8F -C9F 119.0(15)
C2D -N3D -C7D 112.7(13) C8D -C9D -C10D 114.5(18)
C2D -N3D -Cu4 106.7(10) C11D -C10D -C9D 123.2(19)
C7D -N3D -Cu4 110.8(10) C10D -C11D -C12D 121(2)
C14D -N4D -C16D 104.1(12) C13D -C12D -C11D 118(2)
C14D -N4D -Cu4 127.4(11) C12D -C13D -C8D 122(2)
C16D -N4D -Cu4 128.2(10) N5D -C14D -N4D 112.5(13)
C14D -N5D -C15D 108.0(12) N5D -C15D -C16D 105.1(14)
C1D -01D -Cu4 103.7(10) N4D -C16D -C15D 110.2(14)
C9D -03D -Cu4 126.9(11) O3E -Cu5 -N3E 93.3(6)
02D -C1D -01D 130.1(16) O3E -Cu5 -N4E 88.8(5)
02D -C1D -C2D 115.2(16) N3E -Cu5 -N4E 164.9(5)
01D -C1D -C2D 114.4(14) O3E -Cu5 -N2E 144.8(6)
N3D -C2D -C1D 113.7(1) N3E -Cu5 -N2E 90.7(5)
N3D -C2D -C3D 110.1(13) N4E -Cu5 -N2E 96.1(5)
C1D -C2D -C3D 110.7(13) O3E -Cu5 -O1E 117.8(6)
C4D -C3D -C2D 114.6(14) N3E -Cu5 -O1E 77.2(5)
C5D -C4D -N2D 108.6(15) N4E -Cu5 -O1E 88.6(5)
C5D -C4D -C3D 130.4(16) N2E -Cu5 -O1E 97.2(5)
N2D -C4D -C3D 121.0(15) C1E -O1E -Cu5 99.7(12)
C4D -C5D -N1D 107.3(14) C9E -O3E -Cu5 127.1(13)
N1D -C6D -N2D 110.7(15) C6E -N1E -C5E 102.7(13)
N3D -C7D -C8D 112.8(13) C6E -N2E -C4E 109.0(13)
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Atoms Angles Atoms Angles
C13D -C8D -C7D 118(2) C7E -N3E -C2E 111.6(14)
03D -C9D -C8D 124.8(18) C7E -N3E -Cu5 116.5(13)
03D -C9D -C10D 120.6(17) C2E -N3E -Cub 104.5(10)
C3E -C2E -C1E 115.1(15) C14E -N4E -C16E 107.8(15)
C3E -C2E -N3E 112.1(15) C14E -N4E -Cu5 125.0(13)
C1E -C2E -N3E 105.4(15) C16E -N4E -Cu5 126.7(11)
C2E -C3E -C4E 118.2(15) C1l4E -N5E -C15E 107.2(14)
C5E -C4E -N2E 103.7(15) O1E -C1E -O2E 124.9(16)
C5E -C4E -C3E 135.4(17) O1E -C1E -C2E 126.9(19)
N2E -C4E -C3E 120.9(14) O2E -C1E -C2E 108(2)
CAE -C5E -N1E 112.4(15) C9E -C8E -C13E 121.5(18)
N2E -C6E -N1E 112.1(15) C9E -C8E -C7E 121.6(16)
N3E -C7E -C8E 109.1(14) C13E -C8E -C7E 116.8(18)
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Chapter (I11) (Atomic Coordinates)

Appendix

Atomic coordinates for the complex [Cug(S-SalHis)s(Py)10]-Py-3MeOH:(C;H5),0] (1)

Atoms

Cul
Cu2
Cu3
Cu4
01A
01B
o1cC
01D
02A
02B
02C
02D
03A
03B
03C
03D
N1A
N1B
N1C
N1D
N2A
N2B
N2C
N2D
N3A
N3B
N3C
N3D
Cl1A
C2A
C3A
C4A
C5A
C6A
C7A
C8A
C9A
C10A
C11A
C12A
C13A
CiB
C2B
C3B
Cc4B
C5B
ceB
C7B
C8B
CcoB
C10B
C11B
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Xla

0.04252(
~0.44838(
~0.47168(
~0.00253(

0.01786(
~0.48603(
~0.46316(

0.03327(
~0.01720(
~0.61224(
~0.44453(

0.15394(

0.05470(
~0.41422(
-0.46987(
~0.04126(
~0.33442(
~0.53327(
~0.11873(

0.10075(
~0.23184(
-0.60314(
-0.22764(

0.15622(
~0.04347(
~0.54779(
~0.39793(

0.10057(
~0.00828(
~0.02528(
~0.10036(
~0.19243(
~0.25692(
~0.31578(
~0.03492(
~0.05896(
~0.00950(
~0.03545(

8)

8)

9)

8)
41)
38)
39)
37)
47)
39)
43)
38)
45)
44)
46)
40)
45)
48)
44)
45)
50)
42)
43)
43)
49)
43)
47)
45)
59)
60)
57)
60)
58)
67)
72)
72)
82)
82)

~0.10416(103)

~0.14662(
~0.12449(
~0.56854(
~0.61688(
~0.67374(
~0.62005(
~0.57574(
~0.55446(
~0.58413(
~0.52134(
~0.43660(
~0.37523(
~0.39516(

91)
81)
58)
51)
58)
60)
59)
58)
63)
77)
74)
79)
87)

Y/b

0.31502(
0.26022(
-0.05189(
-0.00032(

0.28508( 35)
0.16872( 35)
-0.14921( 35)
-0.04040( 36)
0.32994( 40)
0.07155( 37)
-0.25872( 35)
-0.02347( 38)
0.34180( 43)
0.34337( 34)
0.04182( 38)
0.05049( 41)
0.29828( 41)
-0.02685( 44)
-0.08581( 45)
0.23259( 41)
0.31299( 41)
-0.03562( 41)
-0.18756( 43)
0.14079( 41)
0.37419( 38)
0.19420( 41)
-0.07599( 41)
0.09310( 47)
0.33432( 57)
0.39929( 51)
0.42496( 52)
0.36775( 54)
0.35869( 51)
0.27167( 59)
0.43734( 54)
0.40862( 61)
0.36112( 72)
0.33124( 71)
0.35307( 95)
0.39757( 99)
0.42983( 89)
0.12711( 54)
0.14259( 49)
0.07133( 54)
0.02330( 54)
0.02757( 50)
-0.06752( 53)
0.23973( 58)
0.28644( 67)
0.33891( 60)
0.38664( 64)
0.38089( 71)

[eNoNoNoloNoNololoNoloNoNoNe]

| 1| |
clelololooNoNe)

eNoloNoooNololooloNoloNooloNolololoNoNe)

1
[eNoNe]

11 11
[eNoNoNoNe]

Zlc

.24635( 7)
.12856( 7)
.10756(  7)
.00001( 7)
.33406( 35)
.17201( 35)
.06919( 30)
.09104( 33)
.41853( 38)
.15254( 36)
.09506( 36)
.19694( 36)
.15859( 37)
.08066( 39)
.14114( 37)
.08369( 38)
.21538( 41)
.04580( 41)
.04212( 36)
.24553( 39)
.32393( 42)
.02475( 37)
.05368( 34)
.26935( 41)
.23990( 41)
.03542( 40)
.15691( 36)
.05847( 41)
.36121( 62)
.31835( 59)
.32854( 61)
.29196( 57)
.22217( 57)
.27692( 52)
.20025( 58)
.12461( 70)
.11495( 60)
.04342( 95)
.02137( 94)
.00427( 85)
.06735( 80)
.13054( 62)
.05716( 49)
.00152( 55)
.01197( 49)
.05330( 56)
.00291( 48)
.01971( 64)
.04504( 74)
.00728( 63)
.01378( 66)
.08618( 88)
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Atoms

C12B
C13B
Cic
c2c
C3C
c4ac
C5C
ceC
C6D
c7C
c8cC
cocC
cioC
CiicC
Ci12C
C13C
CiD
C2D
C3D
C4D
C5D
C7D
c8D
CoD
C10D
C11D
C12D
C13D
N4A
C18A
C17A
C16A
C15A
C14A
N4D
c18D
C17D
Ci6D
C15D
C14D
N4B
C188B
Ci7B
Ci68B
C15B
C14B
N4C
C14cC
C15C
CcieC
ci7C
c18C
N5
C19
C20

TH-149 994501

X/a

~0.47293(113)

~0.53608(
~0.44398(
~0.42074(
~0.34876(
~0.25596(
~0.18516(
~0.14611(
0.11365(
~0.41794(
~0.38391(
~0.41284(
~0.38154(
~0.32682(
~0.30026(
~0.32800(
0.11219(
0.16726(
0.22672(
0.17853(
0.14106(
0.13863(
0.07588(
-0.00764(
-0.06676(
-0.03588(
0.04518(
0.10539(
0.18379(
0.22775(

90)
53)
59)
58)
59)
55)
52)
58)
71)
64)
70)
77)
83)
86)
74)
57)
56)
60)
57)
61)
59)
62)
72)
79)
98)
95)
89)
61)
91)

0.32252(101)
0.36422(152)
0.31606(135)
0.22294(120)

0.07411(
0.05110(

57)
95)

0.07997(143)
0.13189(115)

0.16342(
0.13201(
~0.54009(
~0.56329(

89)
80)
64)
88)

~0.60257(103)
~0.63405(174)
~0.61007(132)
~0.56731(102)

~0.62440(

72)

~0.66337(114)
~0.74863(162)
~0.80525(106)
~0.76209(109)
~0.67531(105)

~0.19200(
~0.21478(
~0.28147(

58)
78)
99)

Yib

0.32540(102)
0.28330( 67)
-0.19499( 50)
-0.16349( 57)
-0.19259( 61)
-0.15860( 58)
-0.09085( 57)
-0.14219( 51)
0.18175( 51)
-0.04832( 64)
0.03842( 69)
0.07780( 63)
0.15904( 73)
0.19893( 83)
0.16432( 87)
0.08654( 92)
-0.00275( 55)
0.06422( 54)
0.13036( 63)
0.16523( 53)
0.22204( 66)
0.13658( 60)
0.17079( 64)
0.12658( 64)
0.16354( 82)
0.23873( 79)
0.27951( 80)
0.25176( 75)
0.40886( 54)
0.45927( 77)
0.50807( 88)
0.50270(168)
0.46301(151)
0.41417(124)
-0.06444( 52)
-0.06612( 98)
-0.10554(185)
-0.15447( 99)
-0.14731( 81)
-0.09979( 71)
0.32348( 64)
0.38253( 72)
0.42503(117)
0.40491(124)
0.35079(128)
0.30511( 98)
-0.12781( 72)
-0.19779(111)
-0.22249(134)
-0.17267(127)
-0.10675(120)
-0.08874(108)
0.22683( 55)
0.17531( 65)
0.11937( 81)

-0
-0
-0
-0
-0
-0
-0
-0

01 01 | |
[eNoNoNoNoloNoNoNoNooNololoNolololoNoloNoNoNoloNoNoNololoNoloNololoNoloNoNoloNoNoNoloNoNoNeoNe]

Zlc

.13639( 79)
.11675( 69)
.10595( 43)
.16865( 48)
.17715( 48)
.11601( 50)
.10814( 48)
.01163( 47)
.28672( 50)
.22508( 54)
.21141( 60)
.16659( 58)
.15762( 59)
.19301( 78)
.23351(102)
.23995( 68)
.13564( 51)
.11642( 51)
.18525( 55)
.21608( 51)
.19845( 59)
.00937( 54)
.03716( 56)
.08190( 67)
.13194( 66)
.13465( 74)
.09279( 69)
.04464( 71)
.32793( 62)
.29513( 98)
.35047(126)
.41809(163)
.43195(108)
.39593( 85)
.05075( 50)
.11953( 66)
.15883( 90)
.12386( 93)
.05007( 81)
.01937( 65)
.16247( 67)
.13128( 90)
.14965(130)
.18816(212)
.23895(132)
.21796(107)
.20665( 62)
.20061(105)
.25583(191)
.28171( 98)
.27936( 91)
.24033( 75)
.16592( 62)
.20322( 72)
.18441( 71)
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Atoms

Cc21
Cc22
C23
N6
C24
C25
C26
c27
C28
C14H
C15H
C16H
C17H
C18H
N4H
Cu5
Cu6b
Cu7
Cu8
O1E
O1F
02G
02E
02F
01G
03E
03F
03G
N1E
N1F
N1G
N2E
N2F
N2G
N3E
N3F
N3G
C1E
C2E
C3E
C4E
C5E
C6E
C7E
C8E
COE
C10E
C11E
C12E

TH-149 994501

Xla

~0.33811(
~0.32795(
~0.24901(
~0.25463(
~0.23830(
~0.16490(
~0.10140(
~0.11978(
~0.19792(
~0.90648(

93)
78)
93)
65)
88)
78)
90)
82)
89)
99)

~0.90414(195)
~0.94681(259)
~1.02184(295)
~1.04914(115)
~0.97837(113)

~0.89629(
~1.29495(
~1.58394(
~1.18508(
~0.87227(
~1.26253(
~1.67139(
~0.79528(
-1.17942(
-1.60557(
-0.92386(
-1.33436(
~1.55306(
~1.06767(
~0.94551(
~1.41179(
~0.94693(
~0.99963(
~1.52349(
~0.88676(
~1.19099(
~1.59546(
~0.83055(
~0.81977(
~0.83353(
~0.92583(
~0.99777(
~1.03110(
~0.86963(
~0.94293(
~0.98710(

9)

9)

8)

9)
38)
42)
40)
43)
49)
38)
52)
55)
42)
49)
51)
49)
45)
53)
45)
46)
50)
a4)
58)
58)
60)
66)
60)
63)
64)
70)
79)

-1.05754(104)

~1.07439(
~1.02926(

90)
90)

Yib

0.10488( 75)
0.15377( 83)
0.21401( 83)
0.01179( 62)
-0.02551( 80)
0.00304( 79)
0.07108( 90)
0.10992( 71)
0.07762( 80)
-0.23715( 99)
-0.27850(112)
-0.33481(199)
~0.36107(165)
-0.32924(146)
-0.24951( 98)
0.02568( 8)
0.04959( 8)
-0.28552( 7)
-0.29532( 8)
0.05692( 37)
0.14940( 39)
-0.10609( 34)
0.03583( 40)
0.27023( 39)
-0.19656( 34)
-0.01588( 40)
-0.03468( 47)
-0.36206( 33)
-0.21314( 41)
0.10781( 47)
0.01032( 43)
-0.12076( 45)
0.20826( 47)
0.00725( 41)
-0.07470( 44)
0.10505( 45)
-0.22438( 40)
0.01825( 59)
-0.05323( 54)
-0.11702( 59)
-0.15167( 56)
-0.20370( 55)
-0.15947( 55)
-0.12502( 63)
-0.14920( 70)
-0.22379( 69)
-0.24555( 81)
-0.18564(107)
-0.11217( 74)

|
[eNoNoNoNoNoNoNa)

-0.

-0.

-0
-0

-0.
-0.
-0.

-0
-0

-0.
-0.
-0.

-0
-0

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

-0

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

-0

-0.
-0.
-0.

-0
-0

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

-0
-0
-0
-0
-0
-0
-0

Zlc

.11796(108)
.06858( 76)
.09963( 85)
.01145( 60)
.04900( 68)
.10947( 61)
.11464( 86)
.05264( 89)
00844( 74)
.85973(145)
82384(131)
.82345(199)
.85503(281)
92183(162)
91703(122)
49375( 7)
.54333(  8)
.83159(  7)
79209( 8)
58022( 35)
57753( 36)
.88306( 34)
.64330( 39)
53895( 37)
88093( 33)
41765( 39)
50202( 41)
.77294( 36)
75136( 42)
48569( 42)
63217( 42)
74424( 45)
.51242( 45)
72984( 40)
53285( 40)
44893( 40)
.75081( 38)
.60014( 51)
56438( 49)
62263( 54)
68178( 51)
68699( 56)
.78503( 55)
.47857( 52)
.45313( 62)
.46125( 66)
.43376( 74)
.40131( 76)
.39290( 66)
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Atoms

C13E
C1F
C2F
C3F
C4F
C5F
C6F
C7F
C8F
COF
C10F
C11F
C12F
C13F
CiG
C2G
C3G
C4G
C5G
C6G
C7G
C8G
CoG
C10G
C116G
C12G
C13G
C1H
C2H
C3H
C4H
C5H
C6H
C7H
C8H
CY9H
C10H
C11H
C12H
C13H
N4E
C18E
C17E
Cl16E
C15E
C14E
N8
C34
C35
C36

TH-149 994501

Xla

~0.96339(
~1.20506(
~1.16444(
~1.06361(
~1.01425(
~0.97948(
~0.95483(
~1.21006(
~1.22440(
~1.28830(
~1.30352(

71)
64)
67)
62)
65)
64)
59)
79)
67)
82)
89)

~1.26559(104)

~1.20781(
~1.18597(
~1.64265(
~1.65798(
~1.64657(
~1.55332(
~1.48249(
~1.44000(
~1.61969(
~1.54772(
~1.51591(
-1.45034(
-1.41252(
-1.44234(
-1.50804(
~1.27097(
~1.31466(
~1.41856(
~1.46861(
~1.50135(
~1.51906(
~1.28011(
~1.26613(
~1.20242(
~1.19338(
~1.23605(
~1.29827(
~1.31552(
~0.74057(

93)
75)
56)
53)
61)
61)
58)
60)
62)
68)
70)
80)
97)
99)
94)
57)
60)
64)
59)
55)
60)
67)
68)
71)
85)
83)
88)
70)
68)

~0.68656(103)
~0.60495(165)
~0.56285(141)
~0.60750(113)
~0.71592(116)

~1.28390(
~1.31111(
~1.35918(

56)
79)
68)

-1.37109(115)

Yib

-0.08959( 72)
0.20351( 60)
0.18848( 58)
0.22312( 60)
0.18399( 67)
0.12435( 67)
0.15878( 58)
0.09221( 68)
0.00570( 79)

-0.05541( 85)

-0.13907( 83)

-0.15195( 86)

-0.10351( 83)

-0.02756( 91)

-0.15759( 51)

-0.18210( 53)

-0.10937( 58)

-0.05311( 48)

-0.04874( 52)
0.04363( 56)

-0.27209( 53)

-0.30434( 57)

-0.34832( 61)

-0.38145( 63)

-0.36882( 82)

-0.32608( 84)

-0.29156( 77)

-0.32205( 50)

-0.39835( 52)

-0.43062( 55)

-0.37761( 52)

-0.37837( 48)

-0.28137( 55)

-0.46076( 51)

-0.44989( 59)

-0.39027( 60)

-0.39087( 77)

-0.44695( 76)

-0.50172( 75)

-0.50662( 65)
0.08861( 61)
0.13410( 98)
0.15880(122)
0.16739(119)
0.11672(101)
0.07323(105)

-0.22793( 50)

-0.23069( 74)

-0.17185( 87)

-0.11606( 97)

-0
-0
-0
-0
-0
-0
-0
-0
-0

-0.
-0.

-0
-0

-0.
-0.
-0.

-0
-0

-0.
-0.
-0.

-0
-0

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

-0

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

-0

-0.
-0.
-0.

-0
-0

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

-0
-0
-0
-0
-0
-0
-0
-0

Zlc

.42313( 59)
.52867( 63)
.44755( 55)
.41565( 51)
.45108( 52)
.43555( 56)
.52771( 55)
.38342( 60)
.37434( 57)
43975( 72)
42510( 74)
.36253( 72)
.30709( 75)
30871( 55)
85558( 50)
78807( 50)
.73487( 53)
.70119( 51)
64066( 48)
68914( 50)
70143( 53)
.66264( 53)
.69875( 57)
66324( 60)
59468( 86)
55270( 80)
59131( 71)
.94494( 57)
92171( 58)
96591( 58)
94865( 58)
89459( 53)
.95161( 54)
81063( 62)
73039( 61)
68774( 60)
.61655( 81)
.58922( 80)
63636( 78)
71099( 67)
42038( 50)
44054( 95)
.40413(104)
.33715(134)
.31176( 90)
.35997( 96)
.78023( 53)
.72183( 82)
.71492( 86)
.76159(124)
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Atoms

C37
C38
N4G
C18G
C17G
C16G
C15G
C14G

C29
C30
C31
C32
C33
0200
0300
0400
C41
C40
C39
C3
C5
C1

0100

Xla

~1.34596( 91)
~1.30437( 77)
~1.73352( 59)
~1.76253( 87)
~1.84065( 90)
~1.89588( 91)
~1.87037(117)
~1.79035( 83)
~1.19775( 64)
~1.17567( 90)
~1.13382( 83)
~1.10621( 90)
~1.12912( 80)
~1.18089( 47)
~0.62338( 47)
~0.94118( 47)
~1.54527( 47)
~0.91470( 47)
~0.65390( 47)
~1.60870( 47)
~0.91428( 47)
~0.79058( 47)
~0.92030( 47)
-0.79930( 47)
-0.88670( 47)

Y/b

-0.12560( 90)
-0.17554( 64)
-0.36020( 54)
-0.42854( 81)
-0.48288( 86)
-0.46276(126)
-0.39172( 99)
~0.34636( 74)
0.00938( 54)
0.04699(100)
0.00492(103)
-0.05274(113)
-0.08150( 83)
-0.05249( 44)
~0.10399( 44)
-0.36829( 44)
-0.07339( 44)
-0.36553( 44)
-0.17593( 44)
~0.13003( 44)
0.11961( 44)
0.10921( 44)
0.04935( 44)
0.19675( 44)
0.19315( 44)

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

-0.
-0.

-0

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

-0

-0.
-0.
-0.

-0
-0

-0.

Zlc

.81348( 94)
.82409( 72)
.89630( 56)
.87869( 71)
.91120( 88)
.96180(102)
.99023(112)
.94983( 74)
.58906( 56)
.63981( 76)
.67061( 77)
65642( 90)
60987( 88)
.56840( 36)
41853( 36)
59673( 36)
46993( 36)
64813( 36)
.44373( 36)
51063( 36)
22573( 36)
19773( 36)
.23245( 36)
.20065( 36)
20475( 36)

Atomic coordinates for the complex 8[Cu(S-SalHis)(Imodazole)]-15H,0 (2)

Atoms

Cul
01A
02A
03A
N1A
N2A
N3A
N4A
N5A
C1A
C2A
C3A
C4A
C5A
C6A
C7A
C8A
C9A
C10A
Cl1l1A
Cl12A
C13A

TH-149 994501

X/a

1.89533( 9)
1.88993( 69)
1.82380( 57)
1.97339( 47)
1.74601( 64)
1.80927( 59)
1.83890( 57)
1.95667( 64)
2.01105( 70)
1.84052( 74)
1.79554( 93)
1.73359( 71)
1.75185( 73)
1.71208( 84)
1.80277( 75)
1.88271( 81)
1.92205( 84)
1.96844( 71)
2.00542( 81)
1.99553(120)
1.95313(102)
1.91479( 99)

Yib

1.62645( 22)
1.85276(135)
2.03687(114)
1.60275(132)
1.55822(160)
1.59639(131)
1.71260(126)
1.54757(159)
.48633(145)
.91059(198)
.82470(182)
.76439(161)
.67364(160)
.65477(208)
.52482(167)
.77100(181)
.65172(165)
.57754(173)
.46896(203)
.44420(206)
.51820(272)
.62211(231)

PRRPRRPRRPRRRRRRRRRR

eNolooNoNoNololoNoloNoNoNooNoNoloNoNoNoNe]

Zlc

.39791(  4)
.41245( 26)
.39925( 26)
.37163( 23)
.46545( 30)
.42310( 29)
.36038( 27)
.43250( 29)
.47649( 31)
.39805( 36)
.37533( 38)
.39095( 34)
.41965( 38)
.44723( 40)
.45094( 35)
.33546( 34)
.32000( 39)
.33917( 37)
.32544( 45)
.29392( 43)
.27370( 49)
.28845( 36)
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C14A
C15A
C16A
Cu2
01B
02B
03B
N1B
N2B
N3B
N4B
N5B
CiB
C2B
C3B
H3B2
C4B
C5B
Cc6B
C7B
C12B
C13B
C14B
C15B
C16B
Cu3
01cC
02C
03C
N1C
N2C
N3C
N4C
C15C
Ccic
c2c
C3C
C4c
C5C
ceC
Cc7C
c8c
cac
ci1o0cC
ci1ic
ci12cC
C13C
C14cC
N5C
Ci16C
Cu4
N1D
N2D
N3D
N4D

TH-149 994501

Xla

1.99595( 91)
2.03237( 89)
1.96885( 89)
1.73485( 9)
1.71162( 70)
1.67205( 67)
1.82750( 58)
1.53961( 68)
1.64621( 57)
1.76485( 67)
1.70750( 62)
1.70398( 91)
1.69986( 88)
1.71991( 82)
1.65371( 96)
1.66493( 0)
1.61717( 87)
1.55382( 85)
1.59856( 78)
1.83987( 83)
1.98201( 98)
1.93573( 99)
1.74183( 91)
1.64702(141)
1.64832( 80)
1.67963( 10)
1.68719( 58)
1.76201( 66)
1.61011( 53)
1.82406( 79)
1.76126( 69)
1.73824( 57)
1.61256( 66)
1.52169(116)
1.74217( 91)
1.78425( 81)
1.84421( 69)
1.82694( 86)
1.86382(114)
1.76309( 73)
1.69088( 80)
1.65192( 79)
1.61563( 86)
1.57738( 83)
1.57503( 94)
1.60743( 91)
1.64829( 91)
1.61493(111)
1.55970(105)
1.55384( 75)
2.26560( 9)
2.10237( 71)
2.19316( 58)
2.33439( 63)
2.20199( 63)

Yib

1.42906(191)
1.39867(213)
1.57204(187)
1.85627( 23)
2.08078(108)
2.24868(121)
1.86709(136)
1.72936(178)
1.80814(134)
1.92978(132)
1.77230(151)
1.65721(170)
2.12850(230)
2.03873(164)
1.98419(215)
1.94361( 0)
1.88123(179)
1.83343(216)
1.71734(182)
1.97614(194)
1.71475(259)
1.80135(224)
1.68922(180)
1.72664(293)
1.79345(167)
2.12753( 24)
2.35866(129)
2.52898(120)
2.06436(128)
2.02152(162)
2.08517(139)
2.21018(130)
2.10638(176)
2.05798(328)
2.40942(174)
2.31955(163)
2.24041(194)
2.15388(180)
2.11707(205)
2.01355(180)
2.28142(162)
2.17916(182)
2.07565(211)
1.97775(219)
1.98981(221)
2.10193(240)
2.18913(201)
2.16442(276)
2.15343(253)
2.02873(219)
1.71476( 21)
1.70482(167)
1.73692(131)
1.78625(131)
1.69049(135)

eNeoNoNoNeolololoNoNoloNoNoNoloNololoNoNoNoNoNolololoNoloNoNolololoNoNololoNoNoNolololooNoNoNoNoNoNoloNoNoNoNe)

Zlc

.42620( 42)
.45452( 41)
.46264( 38)
.17922(  4)
.18442( 26)
.14942( 29)
.19959( 27)
.14519( 34)
.15612( 27)
.13666( 28)
.21779( 28)
.26503( 37)
.15588( 49)
.12827( 42)
.11142( 41)
.09093( 0)
.12972( 36)
.12364( 44)
.16511( 36)
.13810( 48)
.14396( 57)
.13210( 44)
.23743( 38)
.26286( 49)
.23523( 39)
.32214( 5)
.30798( 24)
.31745( 27)
.35052( 26)
.25765( 33)
.29656( 31)
.35929( 25)
.28546( 34)
.25675( 82)
.32092( 38)
.34485( 36)
.32734( 37)
.30004( 41)
.27576( 40)
.26949( 40)
.38108( 34)
.39857( 40)
.38369( 44)
.40229( 53)
.43465( 40)
.45000( 45)
.43283( 36)
.25966( 44)
.24000( 44)
.28297( 50)
.45592(  4)
.39141( 30)
.42058( 28)
.42581( 32)
.49150( 26)
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N5D
01D
02D
03D
CiD
C2D
C3D
C4D
C5D
ceD
C7D
C8D
CcaD
C10D
C11D
C12D
C13D
C14D
C15D
C16D
Cub5
O1E
02E
0O3E
N1E
N2E
N3E
N4E
N5E
C1E
C2E
C3E
C4E
C5E
C6E
C7E
C8E
C9E
C10E
C11E
C12E
C13E
C14E
C15E
C16E
Cu6b
O1F
02F
O3F
N1F
N2F
N3F
N4F
C15F

TH-149 994501

Xla

2.16462( 67)
2.27589( 62)
2.25834( 64)
2.32817( 56)
2.27937( 77)
2.31066( 86)
2.25719(101)
2.19563( 87)
2.13989( 84)
2.13314( 75)
2.40316( 73)
2.43081( 95)
2.39152(104)
2.42286( 90)
2.48768(105)
2.52600(114)
2.49688( 94)
2.21339( 70)
2.11636( 87)
2.14096( 85)
1.74242( 10)
1.73257( 72)
1.75153( 62)
1.67899( 59)
1.91814( 62)
1.82039( 62)
1.67723( 67)
1.80107( 68)
1.83143( 74)
1.73031( 92)
1.70738( 92)
1.75970( 94)
1.81992( 80)
1.87950( 93)
1.87780( 77)
1.60859( 85)
1.58077( 75)
1.61869(132)
1.58109(120)
1.51703( 98)
1.48427(129)
1.51360( 99)
1.78321( 89)
1.88256( 93)
1.86316( 86)
1.33467( 10)
1.33401( 51)
1.26452( 75)
1.40355( 60)
1.18312(100)
1.25045( 84)
1.28111( 57)
1.39521( 82)
1.43720(165)

Yib

1.63748(139)
1.94997(130)
2.12488(131)
1.58199(129)
2.01290(160)
1.92159(154)
1.90480(191)
1.81515(185)
1.79441(183)
1.67489(184)
1.79133(171)
1.64533(235)
1.55673(204)
1.42848(193)
1.39748(236)
1.48937(281)
1.60820(256)
1.62279(167)
1.71669(181)
1.74963(155)
2.33418( 22)
2.57010(116)
2.74650(127)
2.21102(143)
2.31404(179)
2.35141(139)
2.40033(134)
2.31233(130)
2.25861(152)
2.61570(216)
2.54111(189)
2.52189(176)
2.43196(158)
2.40276(258)
2.28967(173)
2.41503(199)
2.27141(168)
2.18079(220)
2.05645(222)
2.01953(256)
2.10810(266)
2.23304(235)
2.24849(186)
2.34191(189)
2.37769(182)
1.74508( 23)
1.97652(114)
2.15565(130)
1.67663(134)
1.67181(214)
1.72255(173)
1.83547(123)
1.68672(188)
1.68932(315)

[eNoNoNoNoooNolooloNoNoloNoooNolNoNoooNolololoololololooloNololooNoNoNoooNoNoloNooNoNoloNoNoNoNe)

Zlc

.53826( 26)
.47006( 28)
.43423( 28)
.47601( 26)
.44258( 46)
.41498( 41)
.38532( 36)
.39213( 41)
.37519( 36)
.41819( 35)
.44184( 46)
.45123( 46)
.46809( 39)
.47592( 38)
.46875( 55)
.45096( 61)
.44194( 48)
.51865( 40)
.52383( 38)
.49485( 36)
.05550( 5)
.04322( 35)
.07822( 33)
.03546( 28)
.11465( 36)
.08918( 28)
.08658( 32)
.01788( 30)
.03048( 30)
.06928( 61)
.09892( 40)
.12407( 41)
.11699( 42)
.13196( 43)
.08799( 36)
.07510( 61)
.06450( 47)
.04484( 44)
.03696( 49)
.04572( 55)
.06715( 65)
.07545( 57)
.00869( 43)
.01729( 43)
.01328( 37)
.16646( 5)
.18030( 25)
.17125( 29)
.14010( 26)
.22893( 42)
.19185( 36)
.13019( 29)
.20388( 42)
.25464( 65)
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C1F
C2F
C3F
C4F
C5F
C6F
C7F
C8F
COF
C10F
C11F
Cl12F
C13F
Cl14F
N5F
Cl16F
Cu7
01G
02G
03G
N1G
N2G
N3G
N4G
N5G
Ci1G
C2G
C3G
C4G
C5G
C6G
C7G
C8G
C9G
C10G
C11G
C12G
C13G
C14G
C15G
C16G
Cu8
N1H
N2H
N3H
N4H
N5H
O1H
O2H
O3H
C1H
C2H
C3H
C4H
C5H
C6H

TH-149 994501

Xla

1.28169( 87)
1.23865( 76)
1.17711( 94)
1.18976(102)
1.14909(115)
1.24739(115)
1.32829( 85)
1.36556( 67)
1.39915( 72)
1.43661( 76)
1.43643( 88)
1.40637(101)
1.36826( 91)
1.44853( 87)
1.46744( 87)
1.39330(131)
1.11784( 9)
1.12181( 60)
1.18919( 62)
1.04573( 53)
1.25348(100)
1.20020( 71)
1.17861( 67)
1.05408( 71)
0.99095( 92)
1.17246( 97)
1.21885( 94)
1.28009(101)
1.25881( 99)
1.29071(103)
1.20440(125)
1.13919( 93)
1.09875(109)
1.05568( 84)
1.02319(107)
1.02924(138)
1.07571(133)
1.10919(122)
1.03801(113)
0.97773( 95)
1.01426( 74)
2.27540( 10)
2.47552( 75)
2.36953( 61)
2.24783( 63)
2.30818( 68)
2.30839( 96)
2.28711( 70)
2.34299( 72)
2.18452( 61)
2.30863( 97)
2.29095( 91)
2.36053( 83)
2.39989( 94)
2.46486( 93)
2.41875( 92)

Y/b

2.03103(193)
1.94563(170)
1.88778(225)
1.79082(203)
1.75993(257)
1.63620(238)
1.89437(158)
1.78865(158)
1.68311(166)
1.57952(202)
1.58665(254)
1.69137(235)
1.78874(226)
1.58716(224)
1.60576(224)
1.74290(343)
2.24948( 23)
2.47471(124)
2.65737(131)
2.22263(158)
2.17184(175)
2.21023(157)
2.33962(161)
2.15985(136)
2.09757(179)
2.53735(158)
2.44909(173)
2.38765(211)
2.29936(223)
2.26001(297)
2.14194(252)
2.39709(191)
2.30023(178)
2.20473(210)
2.10097(282)
2.10856(344)
2.18399(277)
2.27851(268)
2.18813(211)
2.01194(215)
2.04985(186)
1.25919( 25)
1.15959(201)
1.21953(142)
1.30057(138)
1.25713(176)
1.22365(211)
1.50217(135)
1.62977(142)
1.22313(158)
1.52427(193)
1.41811(237)
1.36149(192)
1.27524(188)
1.23908(254)
1.14852(216)

[eNeoNololoNoNololoNoloNoNoNoloNoNololoNoNoNoNololoNoNoNololoNololoNoNololoNoNoN ol oloNoNoNoNoNoNoNoNoNoNoNoNoNoNe)

Zlc

.16746( 43)
.14400( 35)
.16057( 49)
.18671( 49)
.21185( 53)
.21723( 45)
.10715( 42)
.08938( 34)
.10694( 44)
.09033( 50)
.05708( 46)
.04021( 47)
.05641( 42)
.20153( 76)
.23642( 76)
.23300( 65)
.09964( 5)
.08288( 30)
.09050( 26)
.12944( 24)
.02612( 44)
.07317( 40)
.13338( 30)
.06803( 34)
.02595( 39)
.09611( 40)
.11841( 53)
.10020( 50)
.07393( 71)
.04442( 65)
.04580( 66)
.15846( 48)
.17777( 37)
.16240( 46)
.17983( 59)
.21239( 62)
.22830( 59)
.21085( 51)
.03810( 46)
.04789( 51)
.07528( 44)
.32922(  5)
.35117( 37)
.34738( 29)
.37496( 28)
.28528( 31)
.23410( 46)
.33148( 32)
.36776( 30)
.31236( 25)
.35891( 43)
.38753( 38)
.39863( 38)
.37603( 36)
.37722( 51)
.33450( 41)
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C7H
C8H
CY9H
C10H
C12H
C11H
C13H
C14H
C15H
C16H
01

03
04
05
06

08

09

010
011
012
013
014
015

Xla

2.17610( 79)
2.12807( 85)
2.13361( 72)
2.08482(109)
2.02661(104)
2.03299(131)
2.07484(101)
2.27990(108)
2.36156( 86)
2.35775(116)
1.99280( 70)
2.24410(102)
1.01419( 89)
1.88395( 82)
2.12309( 68)
1.86322( 66)
1.86342( 75)
1.17612( 95)
1.76513(104)
1.55276(163)
1.54768(151)
1.46404(154)
2.21504(141)
1.75409(191)
1.09457(163)

Yib

1.34035(177)
1.23050(175)
1.18078(215)
1.08370(251)
1.08177(239)
1.03787(253)
1.17707(240)
1.19512(243)
1.31490(253)
1.32790(244)
1.96229(216)
1.35325(194)
2.58738(194)
2.71438(186)
2.09127(146)
1.80920(140)
2.92872(154)
1.50880(207)
2.97252(198)
2.46155(373)
2.31903(335)
2.07993(340)
0.91792(300)
2.34002(437)
1.74299(388)

eNeololololololoooNoNoNololooNoNololooNoNoNoNal

Zlc

.37536( 36)
.36266( 43)
.33109( 42)
.31815( 43)
.36777( 64)
.33597( 46)
.37973( 47)
.26005( 37)
.23945( 57)
.27395( 45)
.45558( 30)
.47428( 51)
.04411( 32)
.04433( 51)
.46403( 35)
.48791( 32)
.00648( 32)
.28763( 40)
.03711( 55)
.30627( 77)
.17732( 71)
.17755( 73)
.29533( 66)
.21966( 89)
.29015( 78)

TH-149 994501



Appendix Chapter IV (Bond Distances and Bond Angles) 28A

Table I: Selected bond distances (A) of complex [Fex(S-Salhis),(OH)(OAc) -4H,0] (1)

Atoms Distances Atoms Distances
Fel-03 1.9465(19) N6 -C14 1.492(4)
Fe1-01 1.9723(19) C1-C6 1.375(4)
Fel -O4 1.987(2) Cl-C2 1.393(5)
Fel -08 1.999(2) C2-C3 1.404(6)
Fel -N4 2.131(2 C3-C4 1.350(6)
Fel -N6 2.203(2) C4 -C5 1.372(6)
Fe2 -02 1.9315(19) C5-C6 1.370(5)
Fe2 -01 1.9696(19) C6 -C7 1.507(4)
Fe2 -O6 2.018(2) C8-C9 1.387(5)
Fe2 -O5 2.031(2) C8-C13 1.395(5)
Fe2 -N2 2.140(2) C9-C10 1.360(6)
Fe2 -N1 2.201(2) C10-Cl11 1.371(6)
02 -C1 1.365(4) C11-C12 1.395(6)
03-C8 1.352(4) C12 -C13 1.369(6)
04 -C23 1.254(4) C13-C14 1.479(5)
05 -C23 1.223(4) C15 -C17 1.340(4)
N1-C27 1.473(4) C17 -C18 1.480(4)
N1-C7 1.492(4) C18 -C25 1.512(4)
N2 -C19 1.314(4) C20-C21 1.352(4)
N2 -C21 1.376(4) C21-C22 1.489(4)
N3 -C20 1.331(4) C22 -C27 1.524(4)
N3 -C19 1.337(4) C23-C24 1.513(5)
N4 -C16 1.304(4) C25-C26 1.509(5)
N4 -C17 1.393(4) C27 -C28 1.528(5)
N5 -C16 1.325(4) 011 -0O13A 1.00(3) 1_545
N5 -C15 1.364(4) 0O13A-011 1.00(3) 1_565
N6 -C25 1.487(4)

Table I1: Selected bond Angles (°) of the complex [Fe(S-Salhis),(OH)(OAc)-4H,0]

TH-149 994501

1)
Atoms Angles Atoms Angles
03 -Fel -01 94.14(8) 03 -Fel -N6 87.26(9)
03 -Fel -04 91.27(9) O1 -Fel -N6 172.22(10)
01 -Fel -04 93.61(8) 04 -Fel -N6 94.00(9)
03 -Fel -08 93.91(8) 08 -Fel -N6 77.90(9)
01 -Fel -08 94.36(8) N4 -Fel -N6 82.82(9)
04 -Fel -08 170.15(8) Fe2 -O1 -Fel 126.35(11)
03 -Fel -N4 169.25(9) C1-02 -Fe2 121.24(17)
01 -Fel -N4 96.24(9) C8 -03 -Fel 119.76(18)
04 -Fel -N4 85.31(10) C23-04 -Fel 131.11(19)
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Atoms Angles Atoms Angles
08 -Fel -N4 88.08(10) 02 -Fe2 -N2 168.62(9)
C28 -06 -Fe2 117.51(19) 01 -Fe2 -N2 95.62(9)
C26 -08 -Fel 118.2(2) 06 -Fe2 -N2 87.51(9)
C27 -N1-C7 110.2(2) 05 -Fe2 -N2 85.68(9)
C27 -N1 -Fe2 104.77(16) 02 -Fe2 -N1 87.01(8)
C7 -N1 -Fe2 112.87(17) 01 -Fe2 -N1 167.01(8)
C19-N2 -C21 106.5(2) 06 -Fe2 -N1 76.49(8)
C19 -N2 -Fe2 122.88(19) 05 -Fe2 -N1 97.14(8)
C21 -N2 -Fe2 130.49(18) N2 -Fe2 -N1 82.95(9)
C20-N3-C19 108.2(3) C10-C9 -C8 120.8(4)
C16 -N4 -C17 106.5(2) C9-C10-C11 120.6(4)
C16 -N4 -Fel 124.1(2) C10-C11-C12 118.8(4)
C17 -N4 -Fel 129.39(18) C13-Cl12 -C11 121.5(4)
C16 -N5 -C15 108.0(3) C12-C13-C8 118.8(4)
C25-N6 -C14 110.6(2) Cl12 -C13-C14 122.9(3)
C25 -N6 -Fel 103.66(17) C8-C13-C14 118.3(3)
C14 -N6 -Fel 112.98(19) C13-C14 -N6 112.1(3)
02-C1-C6 119.9(3) C17 -C15 -N5 106.9(3)
02-Cl-C2 121.0(3) N4 -C16 -N5 110.8(3)
C6-C1-C2 119.1(3) C15-C17 -N4 107.9(3)
Cl1-C2-C3 118.8(3) C15-C17 -C18 129.0(3)
C4-C3-C2 121.2(4) N4 -C17 -C18 122.7(3)
C3-C4-C5 119.3(4) C17 -C18 -C25 116.0(2)
C6-C5-C4 120.9(4) N2 -C19 -N3 110.1(3)
C5-C6-C1 120.6(3) N3 -C20 -C21 107.5(3)
C5-C6 -C7 122.0(3) C20-C21 -N2 107.7(2)
C1-C6-C7 117.4(3) C20-C21-C22 129.4(3)
N1 -C7 -C6 111.2(2) N2 -C21 -C22 122.9(3)
03 -C8-C9 121.3(3) C21-C22 -C27 114.3(2)
03-C8-C13 119.2(3) 05 -C23 -04 125.3(3)
C9-C8-C13 119.5(3) 04 -C23 -C24 116.3(3)
02 -Fe2 -01 95.36(8) N6 -C25 -C26 109.7(2)
02 -Fe2 -06 95.36(8) N6 -C25 -C18 111.8(3)
01 -Fe2 -06 90.56(8) C26 -C25-C18 111.4(3)
02 -Fe2 -05 90.28(9) 09 -C26 -08 122.6(3)
01 -Fe2 -05 95.62(8) 09 -C26 -C25 121.4(3)
06 -Fe2 -05 171.22(8) 07 -C28 -06 124.6(3)
08 -C26 -C25 116.0(3) 07 -C28 -C27 118.5(3)
N1 -C27 -C22 111.6(2) 06 -C28 -C27 116.9(3)
N1 -C27 -C28 108.4(2) C22 -C27 -C28 112.3(3)
C23-05 -Fe2 128.3(2)
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Table 111: Selected bond distances (A) of complex [Fex(S-Salhis),(OH)(OAc)-H,0] (2)

Atoms Distances Atoms Distances
Fel-03 1.957(3) N5-C16 1.312(6)
Fel-O1 1.969(3) N5-C15 1.381(6)
Fel-O4 1.995(3) N6-C14 1.469(6)
Fel-08 2.000(3) N6-C25 1.476(6)
Fel-N4 2.142(4) Ci1-C2 1.395(7)
Fel-N6 2.211(4) C1-C6 1.401(6)
Fe2-02 1.946(3) C2-C3 1.385(9)
Fe2-01 1.72(3) C3-C4 1.375(10)
Fe2-06 2.016(3) C4-C5 1.412(9)
Fe2-05 2.031(3) C5-C6 1.376(7)
Fe2-N2 2.51(4) C6-C7 1.492(7)
Fe2-N1 2.206(3) C8-C9 1.386(8)
02-C1 1.360(5) C8-C13 1.400(7)
03-C8 1.349(6) C9-C10 1.346(10)
04-C23 1.261(5) C10-C11 1.380(11)
05-C23 1.253(5) C11-Ci12 1.408(10)
06-C28 1.287(6) C12-C13 1.357(9)
07-C28 1.207(6) C13-C14 1.493(8)
08-C26 1.297(5) C15-C17 1.338(7)
09-C26 1.224(6) C17-C18 1.495(7)
N1-C27 1.481(5) C18-C25 1.532(7)
N1-C7 1.503(5) C20-C21 1.365(6)
N2-C19 1.309(6) C21-C22 1.489(7
N2-C21 1.386(5) C22-C27 1.525(6)
N3-C19 1.347(6) C23-C24 1.495(7)
N3-C20 1.359(7) C25-C26 1.533(7)
N4-C16 1.305(6) C27-C28 1.536(7)
N4-C17 1.406(5)

Table 1V: Selected bond Angles (°) of the complex [Fe,(S-Salhis),(OH)(OAc)-H,0] (2)

Atoms

08 -Fel -N6
N4 -Fel -N6
02 -Fe2 -01
02 -Fe2 -06
01 -Fe2 -06
02 -Fe2 -05
01 -Fe2 -05
06 -Fe2 -05

Angles

77.51(14)
83.13(16)
95.19(13)
94.95(13)
90.84(13)
90.59(13)
95.43(12)

171.23(11)

Atoms

01 -Fe2 -N1
06 -Fe2 -N1
05 -Fe2 -N1
N2 -Fe2 -N1
Fel-O1 -Fe2
C1-02 -Fe2
C8-03 -Fel
C23 -O4 -Fel

Angles

167.23(12)
76.45(12)
97.08(12)
82.76(13)
126.69(16)
121.0(3)
120.0(3)
130.0(3)
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Atoms Angles Atoms Angles
02 -Fe2 -N2 168.76(13) C23-05 -Fe2 128.3(3)
01 -Fe2 -N2 95.68(13) C28 -06 -Fe2 118.0(3)
06 -Fe2 -N2 87.75(13) C26 -08 -Fel 118.7(3)
05 -Fe2 -N2 85.54(13) C27 -N1 -C7 110.6(3)
02 -Fe2 -N1 87.27(13) C27 -N1 -Fe2 104.9(2)
C7 -N1 -Fe2 112.0(2) Cl12-C13-C14 122.8(5)
C19 -N2 -Fe2 123.0(3) C8-C13-C14 118.7(5)
C19-N2 -C21 106.6(3) N6 -C14 -C13 113.0(4)
C21 -N2 -Fe2 130.2(3) C17 -C15 -N5 105.9(4)
C19 -N3 -C20 107.7(4) N4 -C16 -N5 111.6(4)
C16 -N4 -C17 105.6(4) C15-C17 -N4 108.6(4)
C16 -N4 -Fel 124.8(3) C15-C17 -C18 128.6(4)
C17 -N4 -Fel 129.6(3) N4 -C17 -C18 122.7(4)
C16 -N5 -C15 108.3(4) C17 -C18 -C25 115.6(4)
C14 -N6 -C25 111.1(4) N2 -C19 -N3 110.8(4)
C14 -N6 -Fel 113.5(3) N3 -C20 -C21 106.7(4)
C25-N6 -Fel 104.3(3) C20-C21 -N2 108.1(4)
02-Cl-C2 122.3(4) C20-C21 -C22 128.3(4)
02 -C1-C6 118.6(4) N2 -C21 -C22 123.6(4)
C2-C1-Cé6 119.2(4) C21-C22 -C27 113.9(3)
Cc3-Cc2-C1 119.6(5) 05 -C23 -04 125.6(4)
C4-C3-C2 122.1(6) 05 -C23 -C24 118.4(4)
C3-C4-C5 118.2(6) 04 -C23 -C24 115.9(4)
C6-C5-C4 120.6(6) N6 -C25 -C18 112.8(4)
C5-C6-C1 120.4(4) N6 -C25 -C26 108.8(4)
C5-C6 -C7 121.8(4) C18 -C25 -C26 111.6(4)
C1-C6-C7 117.7(4) 09 -C26 -08 123.4(5)
C6 -C7 -N1 111.5(4) 09 -C26 -C25 120.9(4)
03 -C8-C9 122.7(5) 08 -C26 -C25 115.6(4)
03-C8-C13 118.9(4) N1 -C27 -C22 112.1(4)
C9-C8-C13 118.5(5) N1 -C27 -C28 108.2(3)
C10-C9 -C8 123.5(7) C22 -C27 -C28 112.9(4)
C9-C10-C11 118.3(6) 07 -C28 -06 124.7(5)
Cl10-Cl11-C12 119.3(7) 07 -C28 -C27 119.1(4)
Cl3-Cl2-C11 121.7(7) 06 -C28 -C27 116.1(4)
C12-C13-C8 118.6(5)
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Table V: Selected bond distances (A) of complex [Fe,(S-Salhis),(OH)(OAc) -H,0:1,]

3)

Atoms Distances Atoms Distances
Fel -03 1.961(5) 11-12 2.658(5)
Fel -O1 1.983(6) 11-12' 2.784(6)
Fel -O4 1.992(6) 12 -I 1.149(6)
Fel -0O8 2.016(5) 12 -11' 2.852(7)
Fel -N4 2.119(6) 11 -12' 2.584(8)
Fel -N6 2.213(7) 02 -C8 1.381(10)
Fe2 -02 1.931(6) 03-C1 1.349(12)
Fe2 -01 1.966(5) 04 -C23 1.285(10)
Fe2 -06 2.024(6) 05 -C23 1.236(10)
Fe2 -O5 2.034(6) 06 -C26 1.271(11)
Fe2 -N2 2.144(6) 07 -C26 1.212(10)
Fe2 -N1 2.216(6) 08 -C28 1.303(10)
11-11 1.142(7) 09 -C28 1.228(10)
N1-C14 1.465(10) C6 -C7 1.500(15)
N1 -C25 1.481(9) C8-C13 1.390(12)
N2 -C16 1.304(11) C8-C9 1.392(14)
N2 -C17 1.385(10) C9-C10 1.458(17)
N3 -C15 1.311(14) C10-C11 1.271(19)
N3 -C16 1.326(12) C11-C12 1.294(18)
N4 -C19 1.295(12) C12-C13 1.419(12)
N4 -C21 1.415(10) C13-Ci14 1.491(13)
N5 -C19 1.372(11) C15 -C17 1.391(13)
N5 -C20 1.398(12) C17 -C18 1.477(13)
N6 -C7 1.468(13) C18 -C25 1.525(11)
N6 -C27 1.500(11) C20-C21 1.359(13)
Cl1-C2 1.372(15) C21-C22 1.483(13)
C1-C6 1.393(15) C22 -C27 1.539(13)
C2-C3 1.413(19) C23-C24 1.483(12)
C3-C4 1.38(3) C25-C26 1.538(11)
C4-C5 1.43(2) C27 -C28 1.514(12)

C5 -C6 1.383(16)

Table VI: Selected bond Angles (°) of the complex [Fe,(S-Salhis),(OH)(OAc)-H,0:15]

(3)

Atoms Angles Atoms Angles
03 -Fel -01 94.5(2) Cl4-N1C25 110.2(6)
03 -Fel -04 90.9(3) C14 -N1 -Fe2 113.0(5)
01 -Fel -04 93.3(2) C25 -N1 -Fe2 104.0(4)
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Atoms Angles Atoms Angles
03 -Fel -08 94.2(2) C16 -N2 -C17 106.4(7)
01 -Fel -08 94.3(2) C16 -N2 -Fe2 124.0(6)
04 -Fel -08 170.5(2) C17 -N2 -Fe2 129.3(5)
03 -Fel -N4 169.0(3) C15-N3-C16 108.9(8)
01 -Fel -N4 96.2(3) C19-N4 -C21 104.8(7)
04 -Fel -N4 85.9(3) C19 -N4 -Fel 124.4(5)
08 -Fel -N4 87.6(3) C21 -N4 -Fel 130.7(6)
03 -Fel -N6 86.6(3) C19 -N5-C20 104.7(8)
01 -Fel -N6 172.7(3) C7 -N6 -C27 110.8(6)
04 -Fel -N6 93.9(3) C7 -N6 -Fel 113.3(6)
08 -Fel -N6 78.4(2) C27 -N6 -Fel 103.7(5)
N4 -Fel -N6 83.1(3) 03-Cl1-C2 120.0(10)
02 -Fe2 -01 94.6(2) 03-C1-C6 119.2(8)
02 -Fe2 -06 93.6(3) C2-C1-Cé6 120.8(10)
01 -Fe2 -06 90.9(2) Cl1-C2-C3 120.6(13)
02 -Fe2 -05 91.3(3) C4-C3-C2 117.6(13)
01 -Fe2 -05 95.8(2) C3-C4-C5 122.0(14)
06 -Fe2 -05 171.3(2) C6 -C5 -C4 118.1(14)
02 -Fe2 -N2 169.8(3) C5-C6 -C1 120.3(11)
01 -Fe2 -N2 95.5(2) C5-C6 -C7 122.0(11)
06 -Fe2 -N2 87.7(3) C1-C6 -C7 117.7(9)
05 -Fe2 -N2 86.2(3) N6 -C7 -C6 112.6(8)
02 -Fe2 -N1 87.0(2) 02 -C8 -C13 117.2(8)
01 -Fe2 -N1 167.5(2) 02 -C8 -C9 122.5(8)
06 -Fe2 -N1 76.6(2) C13-C8-C9 120.3(8)
05 -Fe2 -N1 96.5(2) C8-C9-C10 115.2(10)
N2 -Fe2 -N1 83.4(2) C11-C10-C9 122.7(11)
11'-11 -12 87.8(4) C10-C11-C12 120.3(12)
11'-11 -12' 68.0(4) C11-C12 -C13 122.7(12)
12-11-12' 24.24(13) C8-C13-C12 116.7(9)
12'-12 -11 84.1(3) C8-C13-C14 119.7(7)
12'-12 -11' 64.9(3) C12 -C13-C14 123.3(9)
11-12 -I1' 23.58(15) N1-C14 -C13 112.6(7)
11-11"-12' 87.8(4) N3 -C15 -C17 107.2(8)
11-11"-12 68.6(4) N2 -C16 -N3 111.2(8)
12'-11"-12 23.75(14) N2 -C17 -C15 106.3(8)
12-12'-11' 91.4(3) N2 -C17 -C18 124.1(7)
12-12'-11 71.7(3) C15-C17 -C18 129.5(8)
11'-12' -11 24.19(17) C17 -C18 -C25 114.0(6)
Fe2 -0O1 -Fel 126.6(3) N4 -C19 -N5 114.0(8)
C8-02 -Fe2 121.0(5) C21 -C20 -N5 107.1(8)
C1-03 -Fel 121.1(5) C20-C21 -N4 109.2(7)
C23-04 -Fel 131.3(5) C20-C21-C22 128.8(8)
C23-05 -Fe2 129.7(5) N4 -C21 -C22 121.7(8)
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Atoms Angles Atoms Angles
C26 -06 -Fe2 117.9(5) 05-C23-C24 120.5(7)
C28 -08 -Fel 116.6(5) C21-C22-C27 115.6(7)
06 -C26 -C25 116.5(6) 05 -C23 -04 123.8(7)
N6 -C27 -C28 108.3(7) 04 -C23-C24 115.6(7)
N6 -C27 -C22 110.8(7) N1 -C25-C18 113.0(7)
C28 -C27 -C22 113.7(7) N1 -C25-C26 108.5(6)
09 -C28 -08 121.1(8) C18 -C25 -C26 111.5(6)
09 -C28 -C27 121.0(8) 07 -C26 -06 123.7(8)
08 -C28 -C27 117.9(7) 07 -C26 -C25 119.9(8)

Table VI11: Selected bond distances (A) of complex [Fe,(R-Salhis),(OH)(OAc) -2H,0]

4)
Atoms Distances Atoms Distances
Fel -0O3 1.961(2) N5 -C15 1.397(5)
Fel -O1 1.971(2) N6 -C25 1.473(5)
Fel -O4 1.997(2) N6 -C14 1.486(5)
Fel -0O8 2.001(2) Cl-C2 1.389(5)
Fel -N4 2.136(3) Cl1-C6 1.395(5)
Fel -N6 2.220(3) C2-C3 1.407(9)
Fe2 -02 1.943(2) C3-C4 1.372(9)
Fe2 -01 1.968(2) C4 -C5 1.374(7)
Fe2 -O6 2.024(2) C5-C6 1.380(6)
Fe2 -N2 2.141(3) C6 -C7 1.487(5)
Fe2 -N1 2.211(3) C8 -C13 1.395(6)
02-C1 1.364(4) C8-C9 1.409(6)
03 -C8 1.346(5) C9-C10 1.341(7)
04 -C23 1.273(4) C10-C11 1.385(9)
05-C23 1.260(4) Cl11-C12 1.436(9)
06 -C28 1.274(5) C12 -C13 1.372(7)
07 -C28 1.214(5) Cl13-C14 1.507(6)
08 -C26 1.295(4) C15-C17 1.344(5)
09 -C26 1.228(5) C17-C18 1.485(5)
N1 -C27 1.475(4) C18 -C25 1.546(5)
N1 -C7 1.502(4) C20-C21 1.325(6)
N2 -C19 1.327(5) C21-C22 1.503(5)
N2 -C21 1.385(4) C22-C27 1.535(5)
N3 -C19 1.346(5) C23-C24 1.483(5)
N3 -C20 1.350(6) C25 -C26 1.537(5)
N4 -C16 1.330(5) C27 -C28 1.533(5)
N4 -C17 1.391(4) N5 -C16 1.325(5)
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Table VIII: Selected bond Angles (°) of the complex [Fe,(R-Salhis),(OH)(OAc)-2H,0]

TH-149 994501

4

Atoms Angles Atoms Angles
03 -Fel -01 94.20(10) C10-C9 -C8 121.5(5)
03 -Fel -04 91.56(11) C9-C10-C11 120.8(5)
01 -Fel -0O4 93.59(10) C10-C11-C12 118.9(5)
03 -Fel -08 94.11(10) Cl13-Ci12-C11 119.4(5)
01 -Fel -08 94.10(10) C12 -C13-C8 120.7(4)
04 -Fel -08 170.08(10) Cl12-C13-C14 122.0(4)
03 -Fel -N4 168.88(11) C8-Cl13-C14 117.3(4)
01 -Fel -N4 96.64(11) N6 -C14 -C13 111.8(3)
04 -Fel -N4 85.32(12) C17 -C15-N5 105.9(3)
08 -Fel -N4 87.57(11) N5 -C16 -N4 111.0(3)
03 -Fel -N6 87.21(11) C15-C17 -N4 109.4(3)
01 -Fel -N6 172.07(11) C15-C17 -C18 127.6(3)
04 -Fel -N6 94.17(11) N4 -C17 -C18 122.8(3)
08 -Fel -N6 78.01(11) C17 -C18 -C25 115.6(3)
N4 -Fel -N6 82.39(11) N2 -C19 -N3 110.9(3)
02 -Fe2 -01 95.21(10) C21-C20 -N3 109.0(4)
02 -Fe2 -06 95.39(10) C20-C21 -N2 108.4(3)
01 -Fe2 -06 90.53(10) C20-C21 -C22 129.3(4)
02 -Fe2 -0O5 90.21(11) N2 -C21 -C22 122.3(3)
01 -Fe2 -05 95.66(9) C21-C22 -C27 113.7(3)
06 -Fe2 -05 171.25(9) 05 -C23-04 124.6(3)
02 -Fe2 -N2 168.36(11) 05-C23-C24 119.0(3)
01 -Fe2 -N2 96.04(11) 04 -C23-C24 116.4(3)
06 -Fe2 --N2 87.51(10) N6 -C25 -C26 109.3(3)
05 -Fe2 -N2 85.70(10) N6 -C25 -C18 112.0(3)
02 -Fe2 -N1 87.14(10) C26 -C25 -C18 110.6(3)
01 -Fe2 -N1 166.56(9) 09 -C26 -08 123.8(4)
06 -Fe2 -N1 76.07(10) 09 -C26 -C25 120.1(3)
05 -Fe2 -N1 97.56(9) 08 -C26 -C25 116.1(3)
N2 -Fe2 -N1 82.61(10) N1 -C27 -C28 108.4(3)
Fe2 -O1 -Fel 126.83(12) N1 -C27 -C22 111.8(3)
C1-02 -Fe2 121.2(2) C28 -C27 -C22 112.4(3)
C8-03 -Fel 119.5(2) 07 -C28 -06 125.4(4)
C23-04 -Fel 130.7(2) 07 -C28 -C27 118.1(4)
C23-05 -Fe2 128.6(2) 06 -C28 -C27 116.5(3)
C28 -06 -Fe2 117.8(2) 02-C1-C6 118.8(3)
C26 -08 -Fel 118.4(2) C2-C1-C6 119.4(4)
C27 -N1-C7 111.2(2) Cl1-C2-C3 119.5(5)
C27 -N1 -Fe2 104.9(2) C4-C3-C2 120.4(4)
C7 -N1 -Fe2 112.30(19) C3-C4-C5 119.6(5)
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Atoms Angles Atoms Angles
C19-N2 -C21 105.5(3) C4-C5-C6 121.2(5)
C19 -N2 -Fe2 122.9(2) C5-C6-C1 119.8(4)
C21 -N2 -Fe2 131.4(2) C5-C6 -C7 122.1(4)
C19 -N3 -C20 106.2(3) C1-C6-C7 118.1(3)
C16 -N4 -C17 105.9(3) C6-C7 -N1 112.2(3)
C16 -N4 -Fel 123.7(2) 03 -C8 -C13 119.8(3)
C17 -N4 -Fel 130.4(2) 03-C8-C9 121.6(4)
C16 -N5 -C15 107.9(3) C13-C8-C9 118.6(4)
C25-N6 -C14 110.4(3) C14 -N6 -Fel 112.4(2)
C25 -N6 -Fel 104.2(2) 02-C1-C2 121.8(3)




37A

Chapter IV (Atomic Coordinates)

Appendix

Atomic coordinates for the complex [Fe,(S-Salhis),(OH)(OAc)-4H,0 (1)

Atoms

Fel
Fe2
01
02
03
04
05
06
07
08
09
N1
N2
N3
N4
N5
N6
C1
Cc2
C3
Cca
C5
C6
C7
C8
C9
C10
Cl1
C12
C13
Ci14
Ci15
Cil6
C17
C18
C19
C20
C21
Cc22
C23
C24
C25
C26
c27
C28
010
011
011A
012
012A
013
013A

Xla

0.95762(
0.71091(
0.86317(
0.62041(
1.02277(
0.82909(
0.71998(
0.69382(
0.63274(
1.09371(
1.24715(
0.54296(
0.78066(
0.91009(
0.89812(
0.78211(
1.08025(
0.52262(
0.51472(
0.41207(
0.32186(
0.33103(
0.43019(
0.44200(
1.03455(
0.97940(
0.99106(
1.05645(
1.11316(
1.10428(
1.16459(
0.88544(
0.79348(
0.95849(
1.07782(
0.88675(
0.81682(
0.73414(
0.61381(
0.75981(
0.72088(
1.14333(
1.16513(
0.55959(
0.63366(
0.96128(
0.95376(
0.90905(
0.88053(
0.84658(
1.05299(
0.95706(

3)
3)
16)
16)
16)
16)
16)
17)
28)
16)
19)
19)
19)
23)
20)
24)
19)
24)
32)
38)
35)
30)
24)
25)
26)
30)
38)
43)
41)
31)
29)
29)
29)
26)
27)
28)
29)
26)
26)
23)
30)
25)
25)
25)
30)
43)
142)
168)
181)
198)
227)
290)

Yib

0.38367(
0.18204(
0.23464(
0.13613(
0.47545(
0.42138(
0.34057(
0.02335(
-0.11875(
0.35846(
0.39903(
0.08727(
0.23086(
0.32354(
0.31431(
0.20163(
0.54191(
0.14614(
0.21467(
0.22180(
0.16348(
0.09661(
0.08826(
0.01439(
0.58323(
0.61001(
0.71850(
0.80331(
0.77730(
0.66934(
0.63938(
0.27699(
0.22719(
0.34637(
0.44911(
0.31826(
0.23738(
0.17938(
0.07656(
0.41535(
0.50564(
0.50062(
0.41373(
0.01198(
-0.03325(
0.63658(
0.09525(
0.99727(
0.93443(
1.01100(
1.08410(
1.08940(

3)
3)
17)
17)
17)
17)
16)
16)
23)
18)
23)
17)
19)
25)
23)
26)
21)
23)
32)
34)
36)
33)
25)
25)
27)
32)
38)
37)
35)
29)
29)
29)
32)
25)
28)
28)
29)
25)
25)
24)
31)
26)
29)
24)
25)
62)
147)
175)
195)
173)
188)
308)

Zlc

.00044(
.05123(
.02706(
.00626(
.04510(
.00031(
.04946(
.06106(
.10194(
.00739(
.04220(
.08085(
.10572(
.14844(
.05333(
.09613(
.03061(
.00249(
.02534(
.02815(
.00452(
.02284(
.02645(
.05600(
.04784(
.07563(
.07788(
.05245(
.02470(
.02232(
.00642(
.11302(
.06053(
.08669(
.09041(
.11243(
.16520(
.13918(
.14321(
.02444(
.02281(
.05484(
.03427(
.10732(
.08888(
.07830(
.01219(
.14188(
.08100(
.20297(
.11439(
.03968(
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Atomic coordinates for the complex [Fe,(S-Salhis),(OH)(OAc)-H,0 (2)

Atoms

Fel
Fe2
01
H1
02
03
04
05
06
07
08
09
N1
N2
N3
N4
N5
N6
C1
C2
C3
Cc4
C5
C6

Xla

0.04192(
0.28868(
0.13615(
0.10557(
0.37957(
~0.02324(
0.17103(
0.27969(
0.30607(
0.36591(
~0.09456(
~0.24766(
0.45681(
0.21871(
0.08890(
0.10184(
0.21808(
~0.08213(
0.47611(
0.48505(
0.58550(
0.67854(
0.66910(
0.56968(
0.55744(
~0.03490(
0.01924(
0.00913(
~0.05529(
~0.11459(
~0.10538(
~0.16482(
0.11409(
0.20558(
0.04197(
~0.07884(
0.11272(
0.18459(
0.26662(
0.38614(
0.23943(
0.28001(
~0.14441(
~0.16700(
0.43997(
0.36676(
0.35926(

Yib

0.42553(
0.47036(
0.37122(
0.29052(
0.51453(
0.45257(
0.59238(
0.61994(
0.32893(
0.24670(
0.26425(
0.15098(
0.54355(
0.44952(
0.41360(
0.41591(
0.42003(
0.46064(
0.62251(
0.70006(
0.80906(
0.84347(
0.76475(
0.65633(
0.57099(
0.54840(
0.63147(
0.72795(
0.74729(
0.66235(
0.56437(
0.47452(
0.39238(
0.43134(
0.38958(
0.37218(
0.42990(
0.42208(
0.44580(
0.46142(
0.65510(
0.78328(
0.35829(
0.24775(
0.45133(
0.33147(
0.03523(

[eleNoNoNoloNooNoNooloNoNololoooloNololeoloooNoloNeoloNololooooNoloooNololoNooNeoNe]

Zlc

.14682(
.19744(
.17337(
.17469(
.15239(
.19147(
.14579(
.19579(
.20701(
.24796(
.13895(
.10380(
.22705(
.25183(
.29462(
.09315(
.05055(
.11618(
.14846(
.12095(
.11843(
.14198(
.16977(
.17286(
.20179(
.19435(
.22166(
.22483(
.19881(
.17153(
.16899(
.13973(
.03327(
.08567(
.05957(
.05580(
.25856(
.31169(
.28522(
.28936(
.17087(
.16881(
.09176(
.11252(
.25356(
.23497(
.23420(
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Atomic coordinates for the complex [Fe,(S-Salhis),(OH)(OAc)-H,O:1; (3)

Atoms

Fel
Fe2
11
12
11"
12
01
H1
02
03
04
05
06

C13
Ci4
C15
Ci6
C17
Ci8
C19
C20
c21
Cc22
C23
C24
C25
C26
c27
Cc28

Xla

0.57071(
0.52628(
0.90714(
1.00576(
0.89368(
1.03855(
0.62486(
0.70498(
0.48684(
0.54212(
0.40544(
0.37676(
0.66680(
0.74690(
0.73252(
0.84228(
0.96788(
0.45175(
0.54735(
0.58963(
0.58289(
0.57837(
0.53408(
0.44739(
0.37056(
0.26450(
0.24952(
0.33080(
0.42892(
0.52015(
0.37821(
0.30459(
0.19005(
0.16553(
0.23173(
0.34574(
0.42531(
0.58163(
0.56666(
0.55590(
0.53708(
0.56950(
0.60855(
0.60864(
0.62097(
0.34064(
0.21479(
0.54374(
0.66307(
0.63821(
0.74556(

9)
9)
29)
28)
51)
43)
49)
0)
54)
49)
49)
45)
45)
59)
46)
65)
144)
51)
60)
75)
67)
81)
65)
83)
98)
116)
141)
100)
98)
84)
75)
103)
103)
119)
82)
73)
77)
98)
84)
71)
81)
98)
91)
82)
96)
62)
79)
64)
62)
73)
73)

Y/b

0.95617(
0.71080(
-0.11596(
0.10962(
-0.09375(
0.12204(
0.86175(
0.89191(
0.62206(
1.02105(
0.82759(
0.71820(
0.69276(
0.62816(
1.09237(
1.24472(
0.65364(
0.54214(
0.78073(
0.91049(
0.89877(
0.77851(
1.07804(
1.03336(
0.98075(
0.98182(
1.05174(
1.11096(
1.09969(
1.16001(
0.52507(
0.51588(
0.41107(
0.32468(
0.33602(
0.43294(
0.44403(
0.81952(
0.88535(
0.73417(
0.61514(
0.79716(
0.88466(
0.95683(
1.07385(
0.75737(
0.71883(
0.55938(
0.63184(
1.14146(
1.16386(

8)

30)
28)
54)
41)
46)

51)
50)
53)
a7)
52)
81)
43)
60)
240)
52)
58)
71)
57)
73)
57)
72)
112)
148)
158)
123)
94)
85)
70)
89)
119)
112)
92)
68)
67)
94)
74)
71)
83)
77)
84)
76)
84)
66)
92)
61)
73)
65)
66)

[eleNoNoloNolooNoNoNoNooJooolooNoloNoN o oloNoololoolooNolojoooNoloNooNoNooNooNolooN oo Ne)

Zlc

.16319(
.11206(
.04097(
.02526(
.07033(
.05517(
.13627(
.13496(
.15728(
.11839(
.16395(
.11421(
.10219(
.06295(
.17085(
.20574(
.07574(
.08252(
.05745(
.01470(
.21671(
.26082(
.19427(
.11530(
.08678(
.08548(
.11045(
.13940(
.14136(
.17052(
.16220(
.19099(
.19055(
.16972(
.14195(
.13781(
.10704(
.00234(
.05021(
.02417(
.01983(
.22402(
.27777(
.25111(
.25511(
.13856(
.14124(
.05586(
.07460(
.21894(
.19750(

3)

11)
10)
21)
15)
15)

15)
14)
17)
16)
15)
22)
15)
20)
53)
17)
17)
20)
15)
20)
19)
26)
31)
48)
a7)
41)
33)
32)
24)
31)
35)
37)
33)
24)
24)
26)
25)
21)
21)
22)
26)
22)
25)
23)
35)
20)
24)
23)
22)
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Atomic coordinates for the complex [Fe,(R-Salhis),(OH)(OAc)-2H,0 (4)

Atoms

Fel
Fe2
01
H1
02
03
04
05
06
07
08
09
010
011
N1
N2
N3
N4
N5
N6
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Ci11
C12
C13
C14
C15
Ci16
C17
C18
C19
C20
Cc21
Cc22
C23
C24
C25
C26
c27
C28

Xla

0.57365(
0.52889(
0.62777(
0.70852(
0.48402(
0.54662(
0.40650(
0.37849(
0.67166(
0.75497(
0.73586(
0.84981(
0.97474(
0.86869(
0.45767(
0.54935(
0.58648(
0.58437(
0.57857(
0.53881(
0.37626(
0.29877(
0.18850(
0.15787(
0.23569(
0.34406(
0.42906(
0.45043(
0.36720(
0.27045(
0.24848(
0.33385(
0.43204(
0.52565(
0.60870(
0.56618(
0.61149(
0.62998(
0.56809(
0.57866(
0.55601(
0.53891(
0.34213(
0.21512(
0.64256(
0.75270(
0.55024(
0.66988(

Yib

0.61519(
0.81711(
0.76390(
0.81420(
0.86353(
0.52198(
0.57741(
0.65860(
0.97607(
1.11638(
0.64189(
0.60208(
1.32087(
0.89033(
0.91432(
0.76840(
0.67371(
0.68441(
0.79800(
0.45619(
0.85365(
0.78564(
0.77811(
0.83837(
0.90646(
0.91471(
0.98687(
0.41477(
0.38655(
0.28030(
0.19457(
0.21918(
0.32851(
0.35941(
0.72185(
0.77315(
0.65263(
0.55070(
0.68000(
0.76194(
0.81997(
0.92414(
0.58265(
0.49504(
0.49662(
0.58580(
0.98893(
1.03285(

[elejoNoloolooNoNooNoNoNe]

|
cNeoNeoNe)

cleoNoolooNoNoNolooNoNololooNoNeoNoNe]

11
[eNeoNe)

Zlc

.06056(
.00979(
.03397(
.03271(
.05470(
.01602(
.06160(
.01149(
.00011(
.04141(
.06833(
.10345(
.02703(
.04719(
.01990(
.04444(
.08727(
.11418(
.15686(
.09183(
.05842(
.08579(
.08839(
.06437(
.03762(
.03425(
.00527(
.01356(
.01455(
.01663(
.00918(
.03735(
.03913(
.06769(
.17406(
.12145(
.14751(
.15162(
.05132(
.10337(
.07805(
-0.
.03653(
.03847(
.11555(
.09456(
.04620(
.02788(

08223(
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Table I: Selected bond distances (A) of complex [Niy(S-Salhis),(OAc) -4H,0] (1)

Atoms Distances Atoms Distances
Nil -O3' 2.037(3) N1'-C4' 1.351(6)
Nil -O3 2.060(3) N3'-C7' 1.460(6)
Nil -0O1 2.063(3) N3'-C2' 1.466(6)
Nil -N2 2.069(3) Cl-C2 1.528(5)
Nil -020 2.077(3) C2-C3 1.540(6)
Nil -N3 2.089(4) C3-C4 1.501(6)
Ni2 -03 2.029(3) C4 -C5 1.334(6)
Ni2 -N2' 2.031(4) C7-C8 1.512(6)
Ni2 -O3' 2.058(3) C8-C13 1.390(7)
Ni2 -N3' 2.071(4) C8-C9 1.409(6)
Ni2 -01' 2.080(3) C9-C10 1.397(6)
Ni2 -010 2.088(3) C10-C11 1.386(7)
Nal -O1' 2.333(3) C11-C12 1.360(9)
Nal -030 2.3463(18) C12 -C13 1.356(8)
Nal -O1 2.386(3) C1'-c2 1.523(6)
Nal -060 2.4102(19) c2'-c3 1.538(6)
Nal -C10' 2.980(5) C3'-c4 1.488(7)
01-C1 1.270(5) C5'-Co' 1.306(7)
02 -C1 1.236(5) C7'-C8' 1.506(6)
03-C9 1.326(5) C8'-C13' 1.379(6)
o1'-C1' 1.265(5) C8'-Cc9' 1.406(6)
02'-C1' 1.238(5) C9' -C10 1.404(5)
03'-C9' 1.330(5) C10'-C11 1.378(6)
010 -C20 1.236(6) C11'-C12 1.378(8)
020 -C20 1.253(5) C12' -C13' 1.380(7)
N2 -C6 1.307(6) C20-Cc21 1.522(6)
N2 -C4 1.389(5) 030 -C30 1.3879
N1-C6 1.339(6) 040 -C40 1.3991
N1 -C5 1.375(6) 050 -C50 1.4156
N3 -C2 1.454(6) 060 -C60 1.4098
N3 -C7 1.469(6) 060 -Na1l 2.410(2)
N2' -C6' 1.293(6) 070 -C70 1.3417
N2'-C4' 1.388(6) 080 -C80 1.4413
N1'-C5' 1.343(9)
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Table I1: Selected bond Angles (°) of the complex [Fez(S-Salhis)z(OAc)-4H,0] (1)
Atoms Angles Atoms Angles
03'-Nil -03 84.02(10) C2 -N3 -Ni1 104.4(2)
03'-Nil1 -01 96.07(11) C7 -N3 -Ni1 113.2(3)
03 -Nil1-01 88.52(11) C6'-N2' -C4' 106.1(4)
03'-Nil -N2 98.62(12) C6'-N2' -Ni2 126.8(3)
03 -Nil -N2 177.01(12) C4' -N2' -Ni2 127.1(3)
01 -Nil -N2 89.81(13) C5'-N1'-C4' 106.7(5)
03'-Nil -020 87.64(12) C7'-N3' -C2' 115.3(4)
03 -Nil -020 88.55(12) C7'-N3'-Ni2 112.8(3)
01 -Nil -020 175.00(12) C2' -N3'-Ni2 104.5(2)
N2 -Nil -020 92.94(13) 02-C1-01 123.7(4)
03'-Nil -N3 174.36(12) 02-C1-C2 118.7(4)
03 -Nil -N3 90.83(12) 01-C1-Cc2 117.6(3)
01 -Nil -N3 81.46(12) N3 -C2-C1 111.0(3)
N2 -Nil -N3 86.47(14) N3 -C2 -C3 110.8(3)
020 -Nil -N3 94.54(13) Cl1-C2-C3 109.6(3)
03 -Ni2 -N2' 96.83(13) C4-C3-C2 116.1(3)
03 -Ni2 -03' 84.27(11) C5-C4 -N2 108.6(4)
N2' -Ni2 -03' 178.27(13) C5-C4-C3 127.4(4)
03 -Ni2 -N3' 176.05(13) N2 -C4 -C3 124.0(4)
N2' -Ni2 -N3' 86.58(15) C4 -C5-N1 107.1(4)
03'-Ni2 -N3' 92.36(12) N2 -C6 -N1 111.0(4)
03 -Ni2 -01' 97.30(11) N3 -C7 -C8 113.4(4)
N2'-Ni2 -01' 91.13(13) C13-C8-C9 119.8(5)
03'-Ni2 -01' 90.05(11) C13-C8-C7 121.4(4)
N3'-Ni2 -01' 80.62(13) C9-C8 -C7 118.7(4)
03 -Ni2 -010 88.97(12) 03-C9-C10 122.5(4)
N2'-Ni2 -010 90.88(13) 03 -C9 -C8 119.8(4)
03'-Ni2 -010 87.80(11) C10-C9 -C8 117.7(4)
N3'-Ni2 -010 92.96(14) C11-C10-C9 119.8(5)
01'-Ni2 -010 173.15(12) C12 -C11 -C10 122.1(5)
01'-Nal -030 158.95(12) C13-Ci12-C11 118.8(5)
01'-Nal -01 112.15(11) C12-C13-C8 121.7(5)
030 -Nal1 -01 80.92(9) 02'-C1'-01' 125.0(4)
01'-Nal -060 81.92(9) 02'-Cc1 -c2 118.2(4)
030 -Nal -060 86.82(6) o1'-Cc1 -c2 116.9(4)
01 -Nal -060 165.41(11) N3'-C2'-C1' 110.9(3)
01'-Nal -C10' 87.96(12) N3'-C2'-C3' 111.0(4)
030 -Na1l -C10' 112.29(10) C1'-c2'-c3 110.0(4)
01 -Nal -C10' 72.08(12) C4'-Cc3'-Cc2 116.0(4)
060 -Na1l -C10' 105.81(11) N1'-C4'-N2' 107.3(5)
C1-01-Ni1 112.7(2) N1'-C4'-C3' 129.4(5)
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Atoms Angles Atoms Angles

C1-01-Nal 133.0(2) N2'-C4'-C3' 123.3(4)
Nil -O1 -Nal 110.78(11) C6'-C5'-N1' 108.3(4)
C9-03 -Ni2 134.2(3) N2'-C6' -C5' 111.6(5)
C9 -03 -Ni1l 117.7(2) N3'-C7' -C8' 114.8(4)
Ni2 -O3 -Nil 94.55(11) C13'-C8'-Cc9' 120.2(4)
C1'-01'-Ni2 112.9(3) C13'-C8'-CT 120.2(4)
C1'-01'-Na1 131.5(3) C9'-Cc8'-CT 119.5(4)
Ni2 -O1' -Nal 110.39(12) 0O3'-C9 -C10' 122.3(4)
C9'-03' -Ni1 134.6(2) 03'-Cc9' -Cc8' 119.8(3)
C9'-03' -Ni2 116.7(2) C10'-C9' -C8' 117.9(4)
Nil -O3'-Ni2 94.40(11) C11'-C10'-C9' 120.0(4)
C20-010 -Ni2 127.3(3) C11'-C10' -Nal 108.4(3)
C20 -020 -Ni1 127.9(3) C9'-C10'-Na1 83.9(2)
C6-N2 -C4 106.3(4) C10'-C11'-C12' 122.0(4)
C6 -N2 -Ni1l 128.0(3) C11'-C12'-C13' 118.1(4)
C4 -N2 -Ni1 125.7(3) C8'-C13'-C12' 121.7(4)
C6-N1-C5 106.9(4) 010 -C20 -020 126.3(4)
C2 -N3 -C7 115.1(3) 010 -C20 -C21 116.1(4)
C60 -060 -Nal 121.79(5) 020 -C20 -C21 117.6(4)
C30-030 -Nal 124.80(5)
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Atomic coordinates for the complex [Ni»(S-Salhis),(OAc)-4CH3;OH
Atoms Xla Y/b Zlc
Nil 0.07585( 4) 0.03712( 3) 0.09678( 2)
Ni2 0-30850( 4) 0.10178( 3) 0.14236( 2)
Nal 0.30116( 17) -0.15566(  13) 0.11253( 8)
01 0.09707(  22) -0.11228(  19) 0.09616( 10)
02 -0.01064(  27) -0.24736( 20) 0.10084( 11)
03 0.15277(  24) 0.03924(  20) 0.16515(  10)
o1- 0.41297(  23) -0.02404( 19) 0.14173( 11)
02" 0.60498(  28) -0.06905(  25) 0.14258( 14)
03" 0.24561( 25) 0.06911( 19) 0.07368(  10)
010 0.21813(  30) 0.23479(  20) 0.13690( 11)
020 0.04659(  29) 0.18609(  20) 0.10314( 12)
N2 -0.00802(  29) 0.02993( 27) 0.02949( 13)
N1 -0.05281( 37) 0.05146( 32) -0.04725(C 14)
N3 -0.09050(  30) -0.00162(  25) 0.12660( 13)
N2*" 0.37153(  35) 0.13824( 27) 0.20949( 13)
N1® 0.49172(  66) 0.17439(  40) 0.27095(  19)
N3* 0.46731( 35) 0.15907(  25) 0.11506( 13)
C1 -0.00196( 34) -0.15753(  28) 0.10089(  14)
c2 -0.11656(  34) -0.09662(  30) 0.10555(  15)
C3 -0.17631(  36) -0.08588(  32) 0.05514( 17)
c4 -0.10965(  35) -0.02485(  30) 0.01857(  15)
c5 -0.13628(  44) -0.01231( 37) -0.02848( 17)
c6 0.02329(  42) 0.07347(  34) -0.01098( 17)
c7 -0.09238(  41) 0.00209( 34) 0.18015( 17)
c8 0.00529(  41) -0.05854(  30) 0.20369(  16)
c9 0.12648(  39) -0.03327( 31) 0.19531( 14)
c10 0.21498( 48) -0.08626( 35) 0.21995( 16)
Cl1 0.18196( 60) -0.16223(  39) 0.25046( 19)
C12 0.06501( 64) -0.18862( 44) 0.25691( 21)
C13 -0.02225( 57) -0.13581( 40) 0.23455(  20)
c1- 0.52478(  37) -0.00646( 31) 0.14083( 17)
c2- 0.56219(  34) 0.10017(  33) 0.13771( 15)
c3" 0.59364(  46) 0.13885(  37) 0.18880( 18)
c4- 0.49097(  45) 0.14962(  33) 0.22324(  16)
c5" 0.37632(  54) 0.17610(  42) 0.28559(  17)
c6" 0.30819( 50) 0.15593(  34) 0.24808(  16)
c7" 0.46957(  48) 0.16227(  35) 0.06184( 16)
cs" 0.43872(  39) 0.06742(  30) 0.03713( 14)
co- 0.32318(  35) 0.02727(  28) 0.04321( 12)
cio-" 0.29372(  40) -0.05604(  29) 0.01596(  14)
c11- 0.37869(  47) -0.09844(  37) -0.01390(  16)
c12- 0.49350( 49) -0.06137(  38) -0.01833( 17)
c13" 0.52152(  42) 0.02226(  35) 0.00724(  15)
C20 0.11722(  44) 0.24948(  30) 0.11941( 16)
c21 0.07720(  66) 0.35543(  37) 0.11676(  27)
030 0.21664( 0) -0.31227( 0) 0.10967( 0)
040 0.80883( 0) 0.20890( 0) 0.08662( 0)
050 0.64254( 0) 0.34105( 0) 0.11203( 0)
060 0.49454( 0) 0.76504( 0) 0.11656( 0)
070 0.81734( 0) 0.65154( 0) 0.14887( 0)
080 0-39073( 0) 0.37482( 0) 0.14494( 0)
C30 0.22815( 0) -0.38202( 0) 0.14604( 0)
c40 0.80244( 0) 0.24412( 0) 0.03878( 0)
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