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Introduction

A. Introduction

A.1 Do we need biomimetic models?

Trace elements are essential for living individualsg their availability in the biomass is
limited.* This fact depends not on a low distribution oftsutetal elements on earth, rather
on their restricted solubility at ambient aqueowsditions (1 atm, 0-30 °C). Particularly,
variable pH values and redox potentials in the mmment govern the formation of soluble
salts. Therefore only a few elements are able ttaken up by cells at reasonably low energy
cost. Some transition metal ions, when placed framework of carbon, hydrogen, oxygen,
nitrogen, and sulphur atoms in the cell, form hyghinctionalized complexes, which are able
to manage a broad variety of demanding tasks imtbtabolism of the body. But without
intake of these metals, no life may exist and thiesarly indicates how indispensable trace

elements are.

Current investigations focus on the function ofnsition metals with respect to their
environment set by their coordination with ligand@iee main questions here are not locating
the active site in an enzyme or investigating theoadary and tertiary structure; it is rather
the oxidation state of the metal as well as thalgit cycle they are able to perform. As early
as 30 years ago, J. M. Wood realized this fact muwadle a provocative statement for the

definition of biochemistry:

“The concept of biological cycles for the eleméastgical because organic life on this
planet evolved on an inorganic matrix. From thisriganic matrix certain metals have
been selected to catalyze important reactions vingi systems. Biochemistry is the
coordination chemistryof living systems!”

J. M. Wood, 1975

Wood’s view was a venture in a direction of sciemtéch pointed to coordination chemistry
as a cornerstone between interactions of transitietal ions and biological systems. Today,
this statement is broadly accepted, but it waslumary in 1975!

Iron is one of the most widespread metals in naancedue to that it is precisely tuned and

regulated in its properties. This has given it dapability of catalyzing a wide array of
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chemical transformations (e.g. electron transfdinxygen transport, and redox trans-
formations). Thus, a broad spectrum of biologicabcpsses involves iron-containing
enzymes. The diversity of these molecules hastesbui their sub-classifications into heme,

iron-sulphur, and nonheme proteins:

CH,
7 CHj
/CH2
H;C
H3C CHj
HO,C CO.H
heme vitamin B,

Figure 1. Metalloporphyrinoids: heme and vitamin 8

Metalloporphyrinoids (Figure 1) are intensely cokal molecules and are therefore
sometimes refered to agiyments of life*>® The typical porphyrin core contains four
pyrroles and four methylene groups as bridges betvleem. Iron or some other metals, such
as magnesium, zinc, nickel, or cobalt are founthercentre. The heme unit (Figure 1, left)
plays an essential role as a cofactor in the mddetmon in multiple protein structures, e.g.
haemoglobin (dioxgygen transport), myoglobin (digey storage), and cytochromes
(electron transport}®® Vitamin By, also named cyanocobalamin (Figure 1, right),dsell
on a corrin ring, which has a cobalt ion in thetoenThe relationship to the porphyrin core
can be clearly seen, but in the corrin ligand systevo oppositely positioned methylene
bridges contain an additional Gkgroup and another methylene bridging group betwaeen
pair of pyrroles is missing. Vitamin;Bis involved in the methylmalonyl-coenzyme A mutase
pathway (MUT) as well as in the methionine synthagge (MTR, 5-methyltetrahydrofolate-
homocysteine methyltransferase). A reduced avéithabif vitamin B, has an negative effect
on the DNA / RNA synthesis and on the blood cetliferation°*2
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Iron-sulphur clusters, E8;, and FgS,, represent the second iron-species. They are bne o
the oldest metal-containing cofactors and are widedtributed in nature, found in anaerobic,
aerobic, and photosynthetic bacteria, as well asnammals, plants, and funtji.These
clusters are nonheme prosthetic groups, consistirigpn atoms bonded both to inorganic
sulphur atoms and to four sulphur atoms locateatysteine residues on the protein. Their
catalytic activity is used for electron transportdastructure-directing tasks. Iron-sulphur
clusters accept and release electrons one at a Tigpgcal structural motifs are shown in

simple Fe-S moieties (Figure 2)°

S-Cys
Protein CYS'S\ /$ Fe~
Fe : S/
Cys-S \ S / S-Cys ‘ /F:e---- --/S

Fe’ “Fe S 4
ons” N Nebu | emenllGps o0

Figure 2. Three-dimensional structures of some iron-sulmhusters in electron-transporting proteins: (left)

dimeric F@S; cluster; (right) a tetrameric % cluster.

Finally, the last and for this thesis the most imgat class of iron-containing enzymes is
predominately based on O- and N-containing ligaitiey allow the oxidative utilization of
dioxygen under ambient conditions when coordinatiegjvated iron ions in their centres.
These so-called nonheme iron proteins are ableatalyze oxidation reactions of non-
activated C-H bonds, detoxification of biologicalgrmful radicals and reversible-Binding
reactions. Nonheme metalloproteins consist of twiberént types of active sites, the

mononuclear and the dinuclear forms.

Many mononuclear iron enzymes feature in their loetisal geometry two coordinated
histidines and a carboxylate (glutamate or aspggrtasidue. On the opposite face, three
readily displaceable water molecules are bounds Bhiuctural formation is typical for an
enzyme superfamily named 2-His-1-carboxylate faciatl (e.g. deacetoxycephalosporin C

synthase, Figure 3 &).

10
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(a)
Asp101 H,0

Figure 3. Common active-site structures for nonheme ironyews; (a) deacetoxycephalosporin C synthase,

(b) reduced ribonucleotide reductase (RNR R2)m{edhemerythrin (merHp.

The resulting flexibility around the iron metal pets binding of exogenous ligands such as
solvent, substrate, cofactors, and / graDthree available coordination sitésAs a general
example, the mononuclear nonheme iron family tlauires ana-keto acid ¢-KA) for
activation was chosen to describe the proposedioeamechanism between the iron centre

and the substrate, cofactor, ang(Scheme 1):%2021:22

() resting state of a 2-His-1-carboxylate faci@drfashion enzyme;

(b) coordination of aru-keto acid ¢-KA) to the F& centre by displacing two water
ligands and subsequent binding of a substrate (iSHje outer sphere of the active
site; this substrate binding leads to a dissoaiatibthe third water molecule and
results in a penta-coordinated and unsaturatba&tre;

(c) addition of Q creates a Fesuperoxo species (FeD,) which undergoes a
nucleophilic attack on the carbonyl-C of the bouardA,;

(d) a new metal-peroxo species with a'F®, oxidation state is formed, and O-O bond
cleavage in combination with decarboxylation ocgurs

(e) a formation of a Fé=0O intermediate (oxo-iron(IV) species) leads to sitdie
oxidation and after the catalytic step, productccguate (RCOQ and CQ

dissociate from the active site, releasing tharmrgsgtinzyme.

11
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OH, a-KG SH 0, SH
, ‘ O o. R o\ r
“Eell
‘\OHz SH 7 | Yo7 0 /‘e\o o
(@) (b) ()
SOH
co,
o—
1 ﬁ \\\O)X\R -— / \\O R
" FelV Ry

/]\oco /]\o 0

(e) (d)

Scheme 1Proposed reaction mechanism deketo acid-dependent enzynies.

X-ray structures for these activated intermediage been reported and show clearly the
ligation of ana-keto acid to the iron centre (Figure 4 a) anddissociation of the third water
ligand (Figure 4 b). The activated enzyme can theme into contact with an oxygen

molecule and perform the oxidation reaction atsingstrate as described above.

Figure 4. Active-site structures of various statesoelKA-dependent enzymes based on X-ray crystallogcaph
data: (a) thew-KA is already coordinated on the iron centre, @mdthe third water ligand is dissociated and a

unsaturated iron(ll) centre is exposed.

In dinuclear nonheme proteins usually two histidiaed four carboxylate-moieties are
involved in the redox processes of the iron iond Hreir resulting oxygen-activation (e.g.

reduced ribonucleotide reductase (RNR R2), Figusg 3Histidine residues represent

12
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permanent terminal ligands, whereas carboxylates@pable of acting as terminal ligands as
well as bridging ones between both metal cerffrékhese kinds of enzyme belong to a
subclass of diiron proteins which are called caytae-rich, in comparison to histidine-rich

active site proteins. The latter retain five histes and only two carboxylates (e.g.

methemerythrin, another form of hemerytrin, Fig8re)

Hemerytrin (Hr) is a dioxygen carrier (Scheme 2Jl dherefore displays a completely
different function in comparison to other diironn@me proteing?® This enzyme was only
found in a limited number of marine invertebratesl & was assumed that it is probably a
evolutionary dead end because of its low abundahtmertheless, the chemistry of
hemerytrin has been investigated in depth in tet, pdentifying it as the first diiron nonheme

enzyme. Today, the knowledge in this field ofterves as a platform for other diiron protein

research.
. _0
(His)N Hisn TN
N(His \ .
(His)N— ”O\Fe”\/ (His) 0, (His)N— \III'O\ /III/N(HIS)
HisIN" [/ = / = i 7 TFe' Fe
N[ o,/ jo "Nt N o /o N
O\\/O Asp O\ 3
deoxy Hr &, oxy Hr Y Asp
Glu

Scheme 2Dioxygen binding at the hemerythrin (Hr) activiedt

Deoxy Hr consists of qufhydroxo)bisfi-carboxylato)diiron(ll) core and binds,@nd-on
at one of the coordinatively unsaturated iron antfScheme 2). The activated oxy Hr is
formed as a (-oxo)bis{i-carboxylato)diiron(lll) complex with a terminai*-hydroperoxo
ligand. This oxidized form was for a long time sesied to be the key for all diiron protein
motifs. Oxo bridges and carboxylato ligands aretequmportant for building activated
intermediates and lead to an impressive flexibititgiiron core structures.

13
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The primary function of nonheme diiron enzymes, the oxygen activation, is discussed
in detail for each oxidation state of ribonucleeticeductase (RNR R2), starting from its

reduced form (Scheme 3).

nonheme diiron

Glu
Asp
o~/ Glu
|| ell \ W97 007
O i
Y (His)N” 2 > “N(His)
O\%O
# RNRR2ed Gy
1]
diiron(Ill) Feii~© 0 Fe
peroxo \
species

Y
2

(o]
high valent FelV™ \/Fe”'
metal-oxo \ HO"/
intermediate (0] (0]

Tyr CH4
H,O + TYFX: CH3OH O%Glu

ASp OH2 O
Fe“'\ /Fe”' \TO HZO, Glu
oxidized \ o/ O\Feﬁ Fell-OH
enzyme Y (His)N": 0" 2 “N(His)
(@] /O
RNRR2, L

Scheme 3.Dioxygen activation mechanism for nonheme diirmzyenes, e.g. type | ribonucleotide reductase
(RNR R2)1%72°

The diiron(ll) centres of RNR R react with Q and afford a diiron(lll) peroxo species.
This peroxo form undergoes electron transfer angartly oxidized into a high-valent iron-
oxo intermediate, resulting in a'tei-O)FEY core®® The activated enzyme is able to oxidize
a phenol group from a closely placed tyrosine rgsitb generate a catalytically important

tyrosyl radical. Both the high-valent centres ahe tradical are responsible for further

14
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substrate oxidations (e.g. of methane to methar@lipbsequently, the activated core is
reduced to a diiron(lll) state and can easily karreed to the starting form of the catalytic
cycle by the cellular machinery. In related protsystems similar mechanisms for oxygen
activation were observed, differing in the higherdliron-oxo intermediate, which is changed
from Fé" (u-O)FeY to Fé' (u-O)Fe’. The formation of radical species was also noenlesd

in other enzyme mechanisifs

Studying enzyme active sites is challenging withard to the high complexity of their bio-
frameworks (Figure 5). Thus, it is desirable tolesckbown the size of protein systems, while

retaining their functionality.

Helix F

Helix C

Cc

Figure 5. Three structural levels in MMOM (methane monooxyage) fromM. capsulatugBath)?*

Investigations in enzyme catalysis are frequenblycared by their complexity and herein lies
the answer to the title question: yes, biomimetadeis are definitely necessary to get a better

view of activated intermediates and their coordoraenvironment.

15
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A.2 Models for nonheme iron enzymes

The ultimate goal in bioinorganic chemistry will behieved by mimicking structural and
physical characteristics of complex protein systentl small organic molecules. Based on a
deeper understanding of these fields, the basmlyt@hal processes can be investigated in
more detail. In both mononuclear and dinuclear eomd iron enzymes the major synthetic
targets are very similar. The construction of itha(and iron(lll)-centres, peroxo
intermediates, and high-valent oxoiron intermediatee the predominant aims in biomimetic
science. To achieve this, a variety of polydentigi@nds are synthesized to model enzymes

and their special environments (Schemé&'4):

\g </
N N
— =
N W BPMCN N a
N \N
N N/ \
N\ /, L mono-
nuclear

BPMEN | TPA
NS
= = R
| | . . ~ | ToRR
~ activated- _ coordinated- HBL-N P
N N site enviroment N=
N N N= R
7 N\ 3
_ N\ /
N4Py Q
R\ dinuclear o
NN 7\ @
\> N N N
C — -
0] 0] —
TACN; R=H NH HN Bn-TPEN
Me;TACN; R = Me
OH HO
H4;Hbamb

Scheme 4Collection of biomimetic ligand systems.
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The following examples are representative for ttleievements in biomimetic modelling of

enzyme properties:

To mimic the 2-His-1-carboxylate facial triad of aAKA-dependent enzyme, a poly-
dentate ligand like Tp? (Scheme 4, Tp = tris(pyrazolyl)borate) was found¢ suitable. The
peripheral phenyl groups of the tridentate ligainmtlér access to the metal centre in such a
way that then-keto carboxylate (benzoylformate) binds as show(Sicheme 5, leff)® The
enzyme-cofactor-model contains a coordinativelyaturated iron centre, which is suitable
for O, binding. With this model, structural as well ag&poscopic features were investigated

and led to more information about 2-His-1-carbote/f@cial triad proteins.

Scheme 5. Structures of [FETp™(bf)] (Tp = tris(pyrazolyl)borate, bf = benzoylfmate) (left) and its
oxygenated product (right) based on X-ray crystaphic dat&’

The most important high-valent oxoiron intermedaie mononuclear enzymes can be
modelled by a topology of polydentate N4 and N%tids. Figure 6 shows two different
ligand systems, Bn-TPEN (-benzylN,N",N-tris(2-pyridylmethyl)ethane-1,2-diamine) and
N4Py ( =N,N-bis(2-pyridylmethyl)N-bis(2-pyridyl)methylamine) (Scheme 4), which are
utilized to stabilize the oxoiron(IV) unit in a nle@me environment. These models allow a
deeper view into the characteristics of highly te@&c intermediates by spectroscopic

investigations, revealing their relevance in cdtalgycles.

Bn-TPEN N4Py

Figure 6. Structures of nhonheme oxoiron(lVV) complexes basedXeray crystallographic and spectroscopic

data3l-35

17



Introduction

Another aim in the biomimetic chemistry of nonhedieon proteins is the development
of a (u-oxo)bisi-carboxylato)diiron(lll) core (Figure 7), which cabe observed in
hemerytrin. Mimicking a histidine-rich active sit@molecule, tridentate ligands such as
tris(pyrazolyl)borate (Tp) (Scheme 4) and 1,4,3aycyclononane (TACNS are successful
candidates to generate self-assembling@s(u-O)(u-O-.CR);] complexes with the desired
structure. These Eeomplexes are starting points to investigate tadikty and oxidation

potential of histidine-rich diiron proteins in déffent oxidation states.

)\ N/N /k

0 0 N\N
N\/ I \ II/N /\<\\\ /II \ {m
N—\—Fe'Ly—Fe!—/~—N \ N- N/Fe —o—Fe N\N/
(N g J N \

N oo &

Figure 7. Structures of [F&(u-0O)(u-O,CCHs)(TACN),] (left) and [Fé,(1-0)(1-O,CR)(Tp),] (right) based on
X-ray crystallographic datd:*®

Carboxylate-rich models with a structural motifdikFeL.(ArC0O,)4] (L = nitrogen base)
mimic an active site common to methane monooxygerf@8MOH) or RNR R2 and are
realized by bulky terphenyl carboxylates and reldienzyl-substituted benzoaf@<rigure 8
shows an example of such a carboxylate ligand thithsterically demanding functionality.

) ozo

<=2 T<=>

) {

Figure 8. Structure of a bulky terphenyl carboxylate.

Oxygen-activating diiron enzymes can be modelledy weell by [Fé'(Tp™?)(0,CR)]
(R = benzyl) (Figure 9) and their synthetic anakguThese complexes bind @versibly
and exhibit a 1,2-peroxo-bridged diiron(lll) uni&pectroscopic analysis assigns a high

similarity to nonheme diiron proteins, permittingay of dioxygen binding.

18
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N i
p P P
,o
\N N\Fe“' |||
/
N/N\ o} o x N-N
‘Pr/\\)\iPr iPr/\?\ipr

Figure 9. Structure of [FE,(u-1,2-0,)(n-O,CCH,Ph)(Tp"?)] based on X-ray crystallographic dafa.

High-valent iron-oxo intermediates are the ultimatadative form in nonheme iron
chemistry. MMOH and RNR R2 are typical enzymes WwHidfil their catalytic activity by a
diiron(lV) core. Diiron(lV) species, however, remaielusive, while a number of
iron(llliron(1V) intermediates are easily accedsilio study. A member of this group of
special oxidation-state-molecules with &(reO), diamond unit is shown in Figure 10. Here

a modified tris(2-pyridylmethyl)amine (TPA) ligarsérves as a suitable metal environniént.

DA

T ot
5{ \\Fe”' Feﬁ
N \

Figure 10. Structure of [FEF€&Y (u-0),(5-Et-TPA),]*" based on X-ray crystallographic data.

All of these examples of models and many more acessary to complete the “puzzle” in
bioinorganic chemistry. There are still many opmhds which have to be investigated, e. g.
mononuclear oxoiron(lV) model complexes catalyzédation reactions less impressively

than their biological counterparts and need theeefioore investigation and development.

19
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A.3 Aim of this work

The exciting chemistry of oxazolines and bis(oxamsd) has long represented a fruitful
field for investigations, initiated already manyaye ago. Also in our group the knowledge
about bis(oxazolines), in catalysis as well agriacsure analysis, was continuously increased.
Within this work, a former explored ligand motfe with excellent binding properties was
used as a basis to introduce certain functionalggovith the aim to improve its structural

and catalytical behaviour:

The first goal of this thesis was to find a seleetivay for the synthesis of these promising
modified bis(oxazolines) (Figure 11) and to obtamportant structural data of complexes
formed by these ligands in combination with ironythenium and zinc salts. The
investigations in solid state and in solution sdowuhake further contributions to mimic

mononuclear nonheme iron proteins with an octahg@@metry around the metal centre.

| N X=0,8
=
R? L R?
R2 X X R2 pentadentate coordination
RIS R ly introduced substituent
R N N R newly introduced substituents
/ \
O OH HO 0 precoordination/stabilization
R'=H, CH;
R2=H, CH,

Figure 11.Pentadentate bis(oxazoline) ligand system.

The therefore necessary ligand will be obtainedbyasymmetric synthesis, which allows
to access both stereo isoméRRandSS) by minimal variations in the synthetic strategyla
affords the G-symmetric bis(oxazoline) systems. The use of fiexdonor-sets (N/O or N/S)
results in a pentadentate ligand, with the possitit introduce two sterical demanding alkyl
groups, placed on two different positions at tlyarid, which are assumed to influence the
space near the stereo centres. Different chromeghpyridine and phenols) are available for
liquid-state analysis by using electronic absorptimethods (UV/Vis and CD). Newly
introducedortho-OH groups on the phenyl rings are envisioned teractt with either an
iron(lll)-peroxo-intermediate or a substrate by -po®rdination, utilizing additional
hydrogen-bridges (Figure 12).
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Y = OOH or substrate

Figure 12. Proposed pentadentate binding model, stabilizitigeean iron(l11)-peroxo-intermediate or substrate

— shown on the unsubstituted ether bridged ligand

The second goal for this thesis is directly derifresin the synthesis of the bis(oxazoline)
ligands. The whole oxazoline side chain, which waed as an advanced precursor for the
bis(oxazoline) synthesis, resembles already théc lsructure of desferrithiocin (DFT), a

very important biological active siderophore (Fig3).

’ R2 R2
7 R H;C CO,H
rz [ N R? R! R' XOH ’ 2% 2
Rz -O *

O -R?
) S N
Bj W; —_—> ON 1
R /N N\ _ OH
(@) OHHO 0] OH N |
NS

1 bi/tridentate coordination desferrithiocin (DFT)
R'=H, CH;

R%=H, CH,

Figure 13. Oxazoline moieties as model for a siderophore (DF@erived from the bis(oxazoline) synthesis as

precursor.

This natural product is known to be an excelleom ichelator, and just recently Bouwman
and co-worker¥ reported new data on its binding behaviour by gisinsimilar oxazoline
model, only in racemic form (see discussiomain part — oxazoline complex analy§i.3
Figure 13). Realizing the close structural reladldp of these chiral oxazoline derivatives
(Figure 13) to the siderophore DFT and the modéBadwman, it was of certain interest to
investigate in detail their chelating propertieshndifferent iron salts and other related and

interesting metals in solid state and especiallyoiition.
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After the successful synthesis and in combinatiotih whe obtained structural data, the
formed oxazoline and bis(oxazoline) complexes wsreeened in asymmetric oxidation
catalysis reactions of non-activated C-H bonddjllackallenging field in organic chemistry

with high importance not only for industrial ap@tons.
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B. Main Part — Synthesis

B.1 Ligand Synthesis

B.1.1 General Retrosynthesis of Oxazoline, Bis(oxaz  oline) Ligands and
their Derivatives

The retrosynthesis of the desired ligand systemeaiat a flexible entry into a variety of
derivatives in oxazoline and bis(oxazoline) chemgisbtarting from simple and commercially
available building blocks like chiral amino acids-gerine (2), L-cysteine {3)) and an
aromatic nitrile (2-hydroxybenzonitrile 1{)), oxazoline ligands7a-9 and their thio
derivativelO can be synthesized in a few steps (Scheme 1)cdesa bis(oxazoline4)6, an
additional pyridine linker is utilized to combineth oxazoline moieties to a,8ymmetric
molecule. Via this flexible synthetic route a numlod promising ligands for mimicking

biological active enzymes may be produced.

| — R2 R2 I;IHZ
N ) HO.__~.__OH
2
rR2R°S v RWQH N Y
R R * 12 O
R * * R1 Y. N OH +
N N — —
0-{ OHHQ O OH \

NH,
HS._~_OH
\/\H/

13 O
1-6 7a-10 11

1:X=O’R1=H’R2=2H 7a:Y=0,R'=H,R?2=H

2:X=0,R =CH, R°=H 1 | g v=0,R"=H, R2 = CHj

FXZORIZART=CHs | | 9. v=0,R"=CH, RZ=H

4:X=S,R'"=H R?=H v=g Rl=H R2=

5:X=S,R'=CH;, R?=H 10Y"SR-AR-H

6:X=S,R"=H,R2=CHj,4

Scheme 1Retrosynthesis of oxazoline, bis(oxazoline) ligaadd their derivatives.
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B.1.2 Route to Oxazoline Ligands and their Derivati  ves

The synthesis follows standard procedures, devdlapeour group, using nitriles and
amino alcohols as building blocks to form five-memeal oxazoline-ring systerfis.The
success of these reactions depends on the readaiivihe nitriles used; in some cases they
have to be activated by transformation to the apwading imidate, in order to perform the
desired ring closing reaction. To achieve this, amtydrous stream of HCl was passed
through a solution of 2-hydroxybenzonitrilellf in ethanol/benzene and the imidate
hydrochloride was formed, which precipitated frohe tsolution over approximately two
weeks. The hydrochloride was transformed into tke fmidatel4 by addition of NaHC@

A subsequent liquid-liquid extraction for 24 h ieased the reported yield from 45%0w
up to 96% (Scheme 2, top). An esterificatiorLederine 12) was the next step on the way to
the oxazoline ligands. Under conventional cond&i@®OC}, MeOH), the serine methyl ester
15 was obtained quantitively (Scheme 2, bottom). feection between the imidaiel and

the chiral amino alcohdl5 resulted in the first precurst6ain a yield of 90%.

CN HNy_O._-
OH 2 OH o
/_gLO
11 14 ¢ OUN
OH
NH, l;lHQOHC|
HO\/:\WOH b HO\/\WO\—
16a
o)
12 © 15

Scheme 2 Synthesis of oxazoline precursbda a) HCI gas (> 2.0 eq’f,benzene/EtOH, 0 °C, crystallization:
14 d, 96%; b) SOGI(3.5 eq.), MeOH, rt, 36 h, 99%; &3 (1.0 eq.)15 (1.2 eq.), GH4Cl,, reflux, 60 h, 90%.

With the esterl6ain hand, two potential oxazoline ligands coulddyathesized in the
next step (Scheme 3). Reduction with LAH at -30fé@ned the oxazolinga, which was
accessible in only 32% in enantiomerically purenfaiTable 1, entry 1). Different reagents
and procedures were tested to improve the reaatittrout loss of the chiral information, but
only the more expensive DIBAL-H afforded the copmsding alcohol in 44% while
retaining the same purity of the product (Tableritry 2). The reason for this low yield may

be the presence of tloetho-OH substitution of the aromatic ring.
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In contrast to this, reductions using LAH on simi#abstrates, e. g. oxazolidéb with
the OH-group inpara-position, resulted in 93% of the correspondinghtt and an optical
active form (Table 1, entry 3). Furthermore, thenptetely unsubstituted oxazoline estéc
was reduced as described in literat(m@nd the yield was increased to 74% in comparison

with earlier results reported in our gré@ipTable 1, entry 4).

g

"
_N ‘)d (~-H) X-ray crystal

O
C% structure of7a

_a
Q OH
/
e (5 g
7a A Oﬁo e
/_X >

] TA\O
I .
16a b O._N X-ray crystal
structure o8

e
S
8 &
@]

Scheme 3.Synthesis of oxazoline liganda and8: a) LAH (1.3 eq.), THF, -30 °C / 3.5 h — rt, 328);3.0 M
MeMgBr (3.0 eq.), BED, 0 °C, 5 h, 70% - ORTEP plot at the 50% probgbliéivel of ligand7a and8.

g 0

5
d (N-H)
&

Table 1. Selected results of reductions of edt@a-cand similar substrates.

O
O/ OH
ON reduction O N
é é
—R ——R
N N
16a-c 7a-c
Entry Substrate Reaction Conditions Yield [%0]
1 R =ortho-OH 16a LAH (1.3 eq.),-30°C/3.5h 32
2 R =ortho-OH 16a 1 MDIBAL-H (3.5€eq.),0°C/5h 44
3 R=paraOH 16b LAH (2.5eq.),-30°C -0 °C, 100 min 83
4 R =H 16¢c LAH (0.55 eq.), -30 °C - 0 °C, 75 min 74

& optimized conditions; pH values were adjusted (pH~
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The second oxazoline ligarglwas synthesized by a nucleophilic attack of a ard
reagent on the estéb6a (Scheme 3). A commercially available MeMgBr-sadatigave good
yields (70%) of the tertiary alcohd in this reaction. Both oxazolines provided crystals
which were suitable for X-ray structure determioatiScheme 3, right). They feature an
almost planar structure between the aromatic- hawxazoline-ring, indicating a conjugation
across both systems. The proton of the phenolicg@itp remains in close proximity to the
nitrogen (d(N-H) 1.9 A), and it can be presumed thdong distance hydrogen bond may

exist.

The last oxazoline liganfl that was synthesized in this series exhibits sinstructural
characteristics as the ligand@a and 8, but in this case the two methyl groups are latate
directly on the oxazoline ring and not in the sglain. To achieve this, a change in the

synthetic strategy was required:

NHeHCI NH, NH,
HO\/'\WO\ a TBDMSO\/'\H/O\ b TBDMSO - OH
I — I — K
15 17 18

Scheme 4 Synthesis of oxazoline precursors: a) TBDMSCI @g9, NE£ (3.0 eq.), DMAP (0.1 eq.), DCM, rt,
72 h, 71%; b) 3.0 M MeMgBr (3.0 eq.),.EX, 0 °C, 2 h, 89%.

Starting again from serine methyl ester hydroch®rl5 (Scheme 4), the free alcohol is
protected with TBDMSCI under standard conditioesding to estet7 in acceptable yields.
The subsequent nucleophilic attack of a Grignaedyeat (MeMgBr) gave the dimethylated

amino alcoholl8in excellent yield®

In order to access the ligand precurd®r(Scheme 5), the imidatél and the amino
alcohol18 were successfully combined in moderate yield. Adkeprotection with TBAF, the
desired ligand® was isolated in an optical active form in 73% ¢idNotably, the modified
synthetic route offers access to the opposite atbremistry for the oxazolin@ (and later on
of two further bis(oxazolines)/5), with the configuration of the stereocentre & tlxazoline

ring inverted in comparison to liganda and8.
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~—OTBDMS Sl

oO__N
1M1 + 18 2 ON b .

OH

OH

19

Scheme 5.Synthesis of oxazoline precurst® and ligand9: a) 11 (1.0 eq.),18 (1.5 eq.), GH4Cl,, reflux, 4 d,
62%; b) NE§ (0.1 eq.), TBAF (1.02 eq.), THF, rt, 20 h, 73%.

The thiazoline (+)3t0 is a known natural compound in the class of sioleoces’ Its
similarity to the oxazoline ligands provides a gdmase for a further derivatization. Starting
from L-cysteinel3 instead ofL-serinel2 the synthesis of thiazoline (10 follows a similar

strategy as described above (Scheme 6).

0
/
o) —OH
NH, NHeHCI X S.__N S__N
HS. _A~__OH_2 _ HS__A~__O_ + 44 0P _ _° .
\/\g/ \/\[c])/ ~ OH OH
13 20 21 (+)-10

Scheme 6.Synthesis of thiazoline ligand (£3: a) SOC} (3.5 eq.), MeOH, rt, 4d, 94%; H)1 (1.0 eq.),
C,H,4Cl,, reflux, 48 h, 16%; c) NaBH2.6 eq.), THF, reflux, 10 min, 61%.

The acidl13 was transformed into the cysteine methyl esterdygfdoride20. Coupling of
the imidatell with the cysteine est®0 gave a poor yield of 16% of the thiazoline e&&r
The last step, a reduction of the e2érto the thiazoline alcohol (0, also proved to be
difficult. Three different procedures were inveated: NaBH (Table 2, entry 1) was used as
described in the literatur@>! This afforded just a moderate yield of 61% thiaml(+)-10 in
racemic form. To improve this result the startingtemial 21 was also treated with LAH
(Table 2, entry 2) at -30 °C, but no reaction wiasasved. Use of DIBAL-H (Table 2, entry 3)
at -30 °C, 0 °C and rt also did not provide theucst! product.
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Table 2. Reduction methods of thiazoline methyl eger

Entry  Substrate Reaction Conditions Yield [%]
1 21 NaBH, (2.6 eq.), reflux / 10 min 61/ 8 41"
2 21 LAH (0.8 eq.),-30°C/3.5h 0
3 21 DIBAL-H (3.5 eq.), -30 °C / 3.5 h, 0¢

0°C/2h,rt/12h

& only unreacted starting material recovered.

B.1.3 Route to Bis(oxazoline) Ligands

B.1.3.1 Synthesis of Pyridine Linkers

The bis(oxazoline) ligand4-6 consist of two oxazoline units which are linked ay
pyridine bridge. This bridge was synthesized stgrfrom 2,6-pyridinedicarboxylic acieR,
which was first transformed into the dimethyles28r(Scheme 7)23 was then reduced with
NaBH,; to the diol 24, followed by dichlorination to25 using SOG. The resulting
dichloride25 was further treated with thiourea to afford difsotirea 26. All reactions,

starting from22 to 26 are of high yields (> 90%) and afforded very pcoenpounds.

a b Cc
HO N/ OH _0O N/ oL, —— N/ - s
O O O O OH OH

22 23 24
electrophile nucleophile
. \ Y
X | ~ X
L —4. atic —° . P
N HN._S ° S<_NH N
Cl Cl NH, NH, SH SH
25 26 27
— ether bridge — thioether bridge

Scheme 7. Synthesis of pyridine linker moieties: a) congSEy, MeOH, reflux, 5 h, 90%; b) NaBH4.7 eq.),
EtOH, 0 °C, 1 h, 96%; c) SOL(2.2 eq.), BEO, 0°C /1 h, rt/20 h, 90%; d) thiourea (2.4 e&dOH, reflux,
30 min, 96%; e€) NaOH (5.5 eq.)®, reflux, 2 h, 78%.
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For the preparation of dithi@7, a nitrogen or argon atmosphere was necessargland
solvents were degassed before use. The diisotlid@evas treated with NaOH and was
converted into the air-sensitive dithid¥ in an improved yield of 78% in comparison with
earlier results obtained in our grotff® The resulting unpleasant-smelling prod@@twas

stable to storage under inert gas at -20 °C fortmon

B.1.3.2 Coupling of ether-bridged Bis(oxazolines)

Bis(oxazolines) linked by an ether moiety were pred by a $type reaction of two
nucleophilic oxazoline units and a dichloride pymal linker 25 as the electrophile. NaH
deprotonated both OH-groups of the oxazolifes but only the attack of the primary
alcoholate at the methylene carbon 28 was observed, leading to the desired chiral
bis(oxazoline) ligand. in 48% yield (Scheme 8).

| X
" d
) O N | X ] o} O—
+ b [
OH N N Nﬁ
Cl Cl o, OHHO )
7a 25 1

Scheme 8.Synthesis of bis(oxazoline) ligantt a) 7a (2.2 eq.),25 (1.0 eq.), NaH 60% (4.1 eq.), DMF,
0°C/70°C, 24 h, 48%.

A similar reaction of the dimethylated oxazolingidative 9 resulted in a bis(oxazoline)
comparable tdl in moderate yield. This ligand (Scheme 9) has the additional sterically
demanding methyl groups on the oxazoline ring, #red stereocentres show an opposite
configuration because of the changed synthetidegfyafor the precurso® (Scheme 5).
Furthermore, this ligand crystallized in colourlegktes, which enabled X-ray crystal

structure analysis, providing the final proof fbetdesired structure (Figure 1).
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| X
\\\\\OH N/
O N ® < OW
2 + 7 —a> N
OH N \\(\N N\
Cl Cl 0—4{ OHHO o
9 25 2

Scheme 9. Synthesis of bis(oxazoline) ligang a) 9 (2.2 eq.),25 (1.0 eqg.), NaH 60% (4.1 eq.), DMF,
0°C/70°C, 72 h, 40%.

The X-ray structure o is characteristically stretch&and shows the pyridine moiety in the
centre of the molecule, which is flanked by twoeethridges and the linked oxazoline units
(Figure 1).

Figure 1. ORTEP plot at the 50% probability level of bis(aghne)2.

Attempts were made to couple the third oxazolinédimg block 8, which contains a
sterically hindered tertiary alcohol, with the gimne linker25, but unfortunately this reaction
failed to afford bis(oxazolined (Scheme 10). It is assumed that the methyl groufise side

chain prevent the bond formation due to an incréaseric demand at the reaction centre.

| X
OH N7
o__N B o 0/
N _ a 2
OH N N N
Cl Cl 04 OHHO O
8 25 3

Scheme 10Attempt towards the synthesis of bis(oxazolingphid3: a) 8 (2.2 eq.),25 (1.0 eq.), NaH 60%
(4.1eq.), DMF,0°C/70°C, 72 h, 0%.
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B.1.3.3 Coupling of thioether-bridged Bis(oxazolias)

To create a related bis(oxazoline) scaffold, whdohtains a thioether-bridge instead of an
ether-bridge, further modification needed to be eldrefore the coupling reaction. The
conversion of the alcohol in the side chain of tx@zoline units to a leaving group was
therefore envisioned. The oxazoline alcohol masetiere transformed into an electophile
(Scheme 11-14) and the dithid7 (pyridine-linker) was used as the corresponding
nucleophile. Differentiation between the aliphdty@roxy functionality in the side chain and
a phenolic one at the aromatic ring was necesgaiselective bromination of the primary
alcohol undeAppetconditions should displace the nucleophilic OHatgood leaving group
while leaving the phenolic hydroxyl group intd&t? PPk and CBj were used to modify
oxazoline7a (Scheme 11, top) and the resulting bromide2&)was isolated in 67% yield,

but all attempts afforded only a racemic mixture.

s—Br

a O__N
>
OH
/_(OH
O__N
(+)-28
OH
/_(\OTS /_(OH
7a
b _ | 0N o__N
+
OH OTs
29a 29b
expected, but not found found

Scheme 11Synthesis of bis(oxazoline) precursors 28)-and29ab: a) CBy (1.2 eq.), PPh(1.2 eq.), DCM,
0 °C-rt, 20 h, 67%; b) NE{2.5 eq.), TsCl (1.1 eq.), DCM, 0 °C-rt, 20 h, 67%

To overcome this problem, a tosylation reaction vested to prevent loss of the chiral
information. This reaction tends to show no sel@gtibetween both aliphatic and phenolic
alcohols, but it was assumed that the influencghef sterical hindrance on tloeetho-OH
group would result primarily in the desired ison#&&a (Scheme 11, bottom), if a sterical

demanding reagent as tosyl is used instead of misylever, the outcome of this reaction
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was initially unclear.'H NMR spectra indicated that only the phenolic ho29b was
tosylated (the phenolic OH-peak at 12 ppm disamaeand the aliphatic OH-peak around 3
ppm was still present) and therefore the subseqatteinpt at the coupling reaction failed.
The use of a sterical hindered reagent was unfartlyy not convenient. A possible
explanation for the preferential formation of sutos¢éd phenol-OH29b can be found in the
pKs-values. ThepKs-value of a primary alcohol lies around 17, wheragshenolic alcohol
has apKs of approximately 18° The base therefore deprotonated the more acidingitc-
OH preferentially and this reacted although beiegically more hindered.

A proposed mechanism of the racemization duringAppetbromination is outlined in
Scheme 12: Initiated by an attack of RRIm CBu, a PRPBr'CBrs salt is formed. CBf
deprotonates oxazolinéa to oxazoline7d, and in a nucleopilic substitution reaction the
primary alcoholate ofd binds to the phosphane of the salt and formsl'he final step in the
Appetmechanism (Scheme 12, roade is fulfiled by a free bromide attack on the
electrophilic methylene carbon bearing the oxygen/eé resulting in the corresponding
oxazoline bromides-28. The driving force of this reaction results frohethigh stability of
leaving group O=PRhHowever, this final step faces a competing reacti he free bromide
is also able to attack the electrophilic carborhéee 12, routb) of the oxazoline ring iffe
and initiates a ring opening reactihthe bond between the nitrogen and the stereocintre
thus free to rotate. The new created oxygen nubiémfrom the oxazoline ring subsequently
reacts with the methylene carbon of the former siu&n in a ring closing reaction 28,
releasing O=PRh This proposed mechanism shows the generatiorothf énantiomers of

bromide28, therefore explaining why the synthesis results racemic mixture.
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e
Br Ph_ @ Ph Yo Br-

PhaPl ™\ ol o ——= PBr + iz, ——> PiBr+ ON =

B / _ 0 \&
Br \gp" P b, HCBrs pr'ph o
OH
7d
O__N 7
OH
IBr
e a N
b ® Ph ® Ph
Peas I s
e Ph > Ph *
o ¢ é/o- OH
g /
‘b S-28
® Br .
Br OPPh, D), —Br
e on ~
-O_.N . O_.N . o__N
OH OH OH
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Scheme 12Proposed mechanism for the racemization durirgAfipetreaction.

To avoid the competing reaction, the electroptalebon in the oxazoline ring has to be
made less accessibifeThis property is present in oxazolifievith its two sterical demanding
methyl groups, which also decrease the electrapbhiaracter of this carbon (Scheme 13).
Under the same reaction conditions, 90% yield eflifomide30 was isolated in an optically

active form.

\/ <OH \/ <Br

O._N a O._N

OH OH

9 30

Scheme 13Synthesis of bis(oxazoline) precur&f a) CBy, (1.2 eq.), PP(1.2 eq.), DCM, 0 °C-rt, 24 h, 90%.
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Also the conversion of oxazolir&into its bromide31 was attempted (Scheme 14). In this
case, the methylene carbon in the side chain ecentaio methyl groups, which provide steric
hindrance. Unfortunately this reaction resultednm product formation and only starting
material was recovered. It is presumed that thényhgroups prohibit the initial attack of the

phosphane of the salt (Scheme 14), and thereferegbessary leaving group was not formed.

h}ém h)ésr

O __N a O__N
OH OH
8

S-31

Scheme 14Attempt towards the synthesis of bis(oxazolinecprsor31: a) CBy, (1.2 eq.), PPh(1.2 eq.),
DCM, 0 °C-rt, 24 h, 0%.

The racemic bromide (8 was successfully used in the coupling reactiorh wite
dithiol pyridine linker27 (Scheme 15). ThexSeaction generated the bis(oxazoline) ligand
mixture &)-4/(mes@-4 in 78% vyield, but due to the use of the racemdté+p 28, the

bis(oxazoline) £)-4/(mesg-4 was not optical active.

N
L~
—Br N
~ . {0
O__N |
+ N L N N
OH / \
SH SH 0 OH HO @
(+)-28 27 ()-4/(meso)-4

Scheme 15.Synthesis of bis(oxazoline) ligand){4/(mesg-4: a) ()28 (2.2 eq.),27 (1.0 eq.), NaH 60%
(2.5eq.), DMF,0°C /70 °C, 24 h, 78%.

The successfully synthesized precur80mwas also coupled to the dithiol pyridine linker
27, and the chiral bis(oxazoline) ligadwas formed in 78% vyield. Notably, bis(oxazoline)
ligand 5 possesses two inverted stereo centres compargghitms 1 and 2, and additional
sterically demanding methyl groups at the oxazelings, which have their origin in the

different synthesis.
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| X
\\\\\Br N/
ON | D a < SN/
+ ~ = =
OH N \\(\N N\
SH SH 0—4{ OHHO O
30 27 5

Scheme 16.Synthesis of bis(oxazoline) liganst a) 30 (2.2 eq.),27 (1.0 eq.), NaH 60% (2.5 eq.), DMF,
0°C/75°C, 90 h, 78%.
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In summary, three chiral oxazoline ligant®s9 and one racemic thiazoline ligand (i)-
were synthesized. Furthermore, two optical actiherebridge bis(oxazoline) ligands, ) as
well as two thioether-bridge bis(oxazoline) ligan(@s)-4/(mes9-4, 5 were also generated.

An overview of all the ligands synthesized is presd in Figure 2:

)

S

= /_(\OH \\OH /_XOH s—OH
2

)

S (5( " é éw é
o

N

@

X

O 7a (+)-10

Bis(oxazoline) Ligands
\/Z>\
/Z A\
5

\\/\N
o) /

OH HO o

?5” =8

(1)-4/(meso)-4

Bis(oxazoline) Ligands

Figure 2. Ligand collection.
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C. Main part — Oxazoline Complex Analysis

C.1 Determination of Stoichiometry and Equilibrium Constant

C.1.1 Siderophores — A General Introduction

The transition metal iron plays an important relédiological systems. This is based on its
distribution on earth (approximately 5%) as well #s redox potential F&Fe**
(+0.77V/pHO and -0.69 V/pH 14) adequate fooldgical processes. The continuous
access to iron over millions of years allowed itsadl integration by evolution. In spite of its
high deposition (second most metal abundant), &tiral concentration in solution is
disappearingly low under today's aerobic conditiqesy. metal ion F& in the sea
101" M).>* This is caused by a restricted solubility of masn species, which usually
consist of insoluble oxides and sulfides. Furtheemthe bioavailability of iron is also limited
by the solubility of F& ions (<10 M) under physiological conditions (pH 7-8).
Nevertheless, prokaryotic and eukaryotic cells reseiton concentration of T0M for a well
working metabolisnt:>® To handle this deficit, nature developed iron-#iechelators to
supply cells with sufficient amounts of this metéhese chelators are named siderophores
and are synthesized by microorganisms, e.g. baceerd fungi, but not from higher
developed species. The iron transport system inenigukaryotes is rather based on transfer-
and storage-proteins (e. g. transferrin and ferrigspectively§/>®

Around 200 different species of natural sideropkaee known and they can be found in
high concentrations in the ground and in the seer8phores are usually secreted into the
cell environment to absorb the metal, transpoihtid the cell, metabolize or store it and
finally excrete iron out of the cells. Because loé trestricted solubility of iron-species, a
successful binding of iron requires a high bindiconstant of the formed chelat (iron-
siderophore complexes, log K=15-50; in comparisomon(ll)-EDTA complex,
log K = 25)>° They prefer hexadentate binding motifs and camefbee form octahedral
complexes, a geometry favoured by iron. Furthermsigerophores highly prefer ¥ein
comparison to transition metals similar in size ahdrge. Even Fé possesses a noticeable
lower binding constant. Indeed, this allows theesiphores to bind B&and to release the
metal again by reduction. Microorganisms produce-hoolecular-weight siderophores
(~300-2000 Da), which can be classified into thiékerent types of ligands:
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(1) catecholamides (e. g. paraba@R),
(2) hydroxamates (e. g. desferrioaxamine D&3pand

(3) a—hydroxy/keto-carboxylates (e. g. desferrithiociRTE84) (Figure 1)%°

N N NH
~ N \/\/\” o
parabactin 32 DFO 33

H;C CO,H N-OH
/ < O

S__N

DFT 34 OH 0

N~ | OH \H/ N _~_~_NH

A O

Figure 1. Different types of siderophores.

The necessity of siderophores as potential agenisedicine also becomes clear by the
fact that in humans just 1 mg of iron can be abstrind excreted per day. Iron excess leads
to deposition of the transition metal in heartetivpancreas, and other tissues. The enhanced
risk for iron-overload disease is caused by gerdsfects (e. g. hemochromatosis — increased
absorption of iron through nutrition; @rthalassemia major and other refractory anemias —
treatment needs continual blood transfusions andemuently a higher accumulation of iron
takes place as usual). The harmful build-up of irothe human body leads directly to other

diseases like cirrhoses, diabetes, and heart dytidm?’>®

Furthermore, iron-overloading is also directly asat@d with significant oxidative damage
to tissues. The Fenton reaction results here inseconsequences (Scheme 1). Ferrodé Fe
is oxidized by an oxidant (e. g..8,) to ferric F&", and a free hydroxyl radical is released.
Fe’* is then reduced back to ¥de. g. by HO, or other biological reductants, e. g. ascorbate
cycle) and produces a further hydrogen peroxidiahf
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(@) Fe?* + Hy,0, —> Fe¥* + OH" + OH

(b) Fe** + H,0, —> Fe** + OOH" + H*

Scheme 1Fenton reaction.

Free radicals are known as very harmful specidgviimg tissues. After their formation,
they are able to start radical-mediated chain @m®eE® and therefore they can attack
membranes, DNA, and many other important biologicehponents. Hence, radical reactions
cause mutations in different phases of the ce#lirdg the proliferation and apoptosis rhythm

and lead finally to a variety of cancer.

The limited physiological mechanisms to excretan iemd the complete lack of efficient
mechanisms to excrete excess iron require effedtiezapie$’®® One of the first iron
chelators that was shown to be orally active idatathiocin (DFT 34, Figure 1). It belongs
to a unique class of iron-complexing natural comqputsuand was originally observed as a
metabolite in the micro-organism 8freptomyces antibiotici98 DFT is known as a tridentate
siderophore that forms a stable 1:2 complex witff Beg K = 29.6).°”®®n biologicaltests,
DFT 34 proved to be a successful chelator and showed gooetlearing efficiency values
(ICE-value)®® " The enormous disadvantage of desferrithi@ities in its high nephrotoxic
character! Therefore, the medicinal research is stronglyregted in finding analogues of
DFT which possess high ICEs as well as higher cdifsifiy with the kidney’*"*In addition
to the medical aspects, the analysis of the bindjegmetry of siderophores and their

electronic properties are a current area of rekearc
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C.1.2 Stoichiometry Determination by Job’s Plot Ana  lysis

The complex of oxazoline ligantia and Fe(ClQ).*6(H,O) was used as a representative
oxazoline-iron complex and the stoichiometry wadedrined by spectrophotometric
UV/Vis-titration. The typical low-energy absorptiomaximum around 500 nm served to
detect the newly formed complex. This spectroscdpature describes the charge-transfer
transition (LMCT) from the porbitals of the phenolic oxygens to the half-filld, orbitals

of the ferric iron(Ill) ion (Figure 2J*7°

absorbance

T I T [ T I ! 1
400 500 600 700 800
wavelength [nm]

Figure 2. UV/Vis-titration for ligand7a and Fe(ClQ),*6H,0O — mole fractions for ligand are shown.

Bergeron and co-workers explored similar ligar@sgnd36, Figure 3), which in analogy
to the oxazolineZa-9form 1:2 complexes with irof?:"""®It was assumed that ligaid, due

to its close structural relationship, would exhibié same stoichiometry.

o O
—~ > /_QL > ﬁg\\ >
OH OH OH

OH

7a 35 36

Figure 3. Oxazoline liganda and desazadesmethyldesferrithiocin analo§bend36.
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Theoretically, a 1:2 complex shows a significanxmmum in the Job's Plot at 0.667 for
the mole fraction of the ligand. To confirm thig the case of liganda, all absorptions at the
maximum of 506 nm for each concentration were etbthgainst the corresponding mole

fraction of the ligand (Figure 4).

0,5
0,4 4
0,3 4

0,2

OD 506 nm

0,14

0.69
0,0~

T T T T T T T
0,0 02 04 0,6 08 1,0

mole fraction ligand

Figure 4. Job's Plot for ligand@a and Fe(ClQ),*6H,0.5%"®

Indeed, the Job's Plot of ligarith gave the evidence for a 1:2 complex by showing a
maximum at 0.69. Due to the high structural sintyawithin oxazoline ligands7a-9) and
thiazoline ((x)40), it is reasonable to assume that all these ligantl also form a complex
with 1:2 stoichiometry, which was later confirmeg ¥-ray structure analysis (seeain part

- oxazoline complex analy9x2.1-C.2.8).
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C.1.3 Determination of Equilibrium-Constants

The defining characteristic of siderophores isrthegh affinity towards iron. Therefore, it
is of highest interest to compare the affinity yital siderophores to iron with different new
model structures. Abdallah and co-work@rpublished a UV/Vis-titration experiment to
determine the equilibrium constant of pyochdih and its analogues (Figure 5). This
experimental protocol can be used for investigatiom the equilibrium constant for the
complex formation using oxazoline ligaid. To obtain a better understanding of the binding
properties, the closely related thiazoline ligah# {0 was also synthesized. With its thiazole
moiety, ()10 serves as a bridge between the oxazoline ligandnd the siderophore

pyochelin37 and its analogue38/ 39, which also include a thiazole ring system.

H OH
A —~
/_’2\ N O O__N
d N CH;
~ O H3CO OH
OH H, N
pyochelin 37 CH3 7a
—OH
HSM —~
/i(\LN methyl hydroxamate 39 g _N
S __N OH
OH
3" -nor-NH-pyochelin 38 ()10

Figure 5. Bacterial siderophore7-39in comparison to oxazoliriza and thiazoline (+):0.”

For the investigated liganth it was already shown that the stoichiometry ofdbg to the
metal is a 1:2 ratio (Figure 4). In theory, a ligdnis always in equilibrium with the metal M
and the feasible complexes ML (1:1) and M({1:2). The equilibrium reactions of both
complexes as well as their equilibrium constantagigns (K and K) are outlined in
Scheme 2. For each ligand attachment, the phenietynaf the ligand has to be deprotonated
first and release one proton. To simplify this aiton an acetonitrile/pD (1:1) system,
buffered with 0.053 M formic acid, was chosen. Tgiges rise to the assumption that the

concentration of the protons is constant whilerdeetions run at the same pH of ~2.
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Cy LC ..
M + L ML + H* Klzu

Cm E:L

Cu. [C,..
ML + L =—— ML, + H K, = Mp "H"

CML |]"“L

Scheme 2 Equilibrium reaction of a ML- and a Mt complex and the corresponding conditional eqriili

constant equations of;kand K.

The overall equilibrium constantsKwhich is given by the product of;Kand K, is shown in

Scheme 3 and points out the tendency of a ligamadild a 1:2 complex.

Scheme 30verall equilibrium constant equation of.K

Abdallah and co-workef3 calculated the conditional equilibrium constants 37-39
(Table 1) using these known equations. In the caggochelin37 and its derivative38, the
equilibrium constants K was found to be much higher than,. KHowever, methyl
hydoxamate39 results in similar K and K values. The value of the overall formation

constant K for all 1:2 complexes is very high and confirmstrang binding to the iron ion.

Table 1. Conditional equilibrium constants (pH~2) deterndinfor the formation of Fe(lll) complexes of

pyochelin and its analogs.

Entry Ligand Ki[M™Y KoM K3[M™]

1 pyochelin37 6740 274 1.85+ 10
(x4640 69%) (*¥178 65%)

2 3" -norNH-pyochelin38 33300 2630 87.6+ 16
(4940 15%) (1070 41%)

3 methyl hydoxamatg9 3010 2790 8.40+ 16

(£520 17%)  (x779 28%)
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As already used in for the construction of the goBlot (Figure 4), the same charge-
transfer transition served here also as the ddtiectabsorption band. The titration

experiments are based on the Lambert-Beers law:

absorbanceé\] = OD =gy, (L) * GuL + emz (A) ® Guio

The optical density (OD) consists of the absoriogsulting from the ML (1:1) and the
ML, (1:2) complexes formed. To obtain the extinctiameflicientsey. andem 2, different
titrations were done. In the forward titration aastant concentration of the metal M was used
and the concentrations of the ligand L were comiirsly increasing (see experimental part).
The complex formed at high ligand-to-metal concatiin ratios was therefore assumed to
have a 1:2 complex character. In the reverse ittravith a constant concentration of the
ligand L the concentration of the metal M was iased (see experimental part), and a
complex at a high metal-to-ligand concentrationioraivas expected to form a 1:1

stoichiometry.

Figure 6 and 7 show the outcome of the forward eskrse titrations of oxazoline
ligand7a and the thiazoline ligand ()0, respectively, using FegbH,O as the iron source.
On the left hand side the ligand-to-metal ratio8Land on the right hand side the metal-to-
ligand ratios (M/L) are given:

0,30

12.0
6.40
3.04

0,25

absorbance
absorbance

T : T T T . T . . ’ T T . T T T
400 500 600 700 800 400 500 600 700 800
wavelength [nm] wavelength [nm]

Figure 6. UV/Vis-titration for ligand7a and FeGP6H,0 —forward titration : ratios of ligand7a/ FeCke6H,0
(ligand/salt) (left) andeverse titration: ratios of FeGe6H,0 / ligand7a (salt/ligand) (right).
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0,40 0,30
0,35
0,30

0,25

absorbance
absorbance

0,10

0,05 +

0,00

400 I 5(I)O I 6(IJD I 7(I)O I 8[|)O 400 I 5(IJO I 6(130 I 7(I)0 I 860
wavelength [nm] wavelength [nm]
Figure 7. UV/Vis-titration for ligand f)-10 and FeGP6H,O — forward titration : ratios of ligand

(¥)-10/ FeCke6H,0O (ligand/salt) (left) andeverse titration: ratios of FeGr6H,0 / ligand ()40 (salt/ligand)
(right).

The extinction coefficients for oxazolinga and thiazoline (0 were calculated by
Lambert-Beers law under the described conditiond are outlined in Table 2. The
wavelengths used were chosen around the given maxivith the extinction coefficients in
hand, the conditional equilibrium constants fortbbtjands were accessed and point to an
eight to eighteen times higher; Kalue in comparison to K(Table 3, entry 1 and 3). The
calculated errors of 61% and 38% of oxazolitae(Table 3, entry 1) are comparable to the
results obtained by Abdallah and co-workers (TaBJebut indicate a high variance in the
calculated data. An attempt to optimize the equiiim constant calculation for oxazoline
ligand 7a (Table 3, entry 2) by decreasing the dispersiothefdata (excluding data points
with highest variance) resulted in a Kalue of 0.99 « 1M and decreased errors of 15%
and 8% for K and K. Nevertheless, both equilibrium constants(Kable 3, entry 1-2) are
much smaller in comparison to the natural sideroplpyochelin37 and its analog88 and39
(Table 1).

Table 2. Extinction coefficients of the ML as well as thd_Mcomplex of oxazolinga and thiazolinel 0.

Entry Ligand Wavelength [nm] EmL EML2
1 oxazolinera 530 1448 4465
580 1287 2762
2 thiazolinelO 535 1315 2506
580 1386 2541
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Table 3. Conditional equilibrium constants (pH~2) deterndinfor the formation of Fe(lll) complexes of
oxazoline7a and thiazolinelO.

Entry Ligand Ki[MY KoM Ks[M™]
1 oxazolinera 1134 144 0.158 « 16
(690 61%)  (¥55 38%)  (x0.899 57%)
2 oxazolinera? 748 131 0.989 16
(111 15%) (8 6%) (+0.208 21%)
3 thiazoline (+)10 1855 100 0.116+ 16

(1996 108%) (+103 102%) (+0.125 108%)

& decreasing the dispersion of the data by excludatg points with highest variance.

With regard to the thiazoline (H)0 titration, the calculated errors indicate that atiempt

to obtain the equilibrium constants by UV/Vis-titcan completely failed (Table 3, entry 3).
Even an optimization was not feasible and the meadso the unsuccessful approach is
probably found in the simplified nature of the epipeent. Because a racemic ligand was
used, at least two complex speci&R(/ SS and R,S) might form and this was not paid
attention to in the calculation. An improvement htige possible by a more sophisticated and
multivariable data analysis program for modellingd ditting chemical kinetics, as well as
expanding the theory of the complex formation ket
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C.2 Characterization of Oxazoline-Metal-Complexes

C.2.1 Formation of Iron(lll) Complexes using Fe(CIO  4),*6(H,0)

The series of oxazoline derivativega9 were utilized to form complexes with
Fe(ClQ)2*6(H.0) as an iron source (Scheme 4). As already dematedtabove (semain
part - oxazoline complex analysi€.1.2 Figure 4), this type of ligands will form
1:2 complexes. Therefore, two equivalents of lig&aed were dissolved in THF and were
transferred into a solution of one equivalent FEUE#R6(H.O) in THF. The colour
immediately changed from slightly yellow to darkrpke, indicating a rapid complex
formation. In addition to that, the iron(Il) comgés formed seem to be highly sensitive to air
and get immediately oxidized from ¥eto Fé* (the dark purple colour originates from a
charge-transfer transition from the phenolic oxytgea iron(lll) ion)’*

o)
~ 0
O 7 N O/’ ’ ‘\\\
) Fe(ClO4)#6H,0  CIO, /'Fé'“ [Fe''(7a),]e(ClOy)
OH THF, tt, 12h, ai HO” | YOH
, I, , air \[N 63%
\
0
7a o
/_%OH N]jé
O__N O
; g Fe(ClO4),#6H,0  CIO,” [Fe"'(8),]e(ClO,)
OH THF, rt, 12h, air 15
0
8
~—OH
O Fe(ClO,),6H,0
€ 4)200) -
2 oh —. Clo, [Fe'"(9),]e(CIO,)
THF, rt, 12h, air
48%
9

Scheme 4Synthesis of iron(l1l) complexes [Fé7a-9),]¢(ClO,) using Fe(CIQ),*6H,0.
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The non-coordinating nature of the counterpart mni@lQ,, leads to the assumption that the
hydroxymethylene alcohols also coordinate to trmn(itl) centre, to form the preferred

octahedral geometry, which was later proven by Xamaalysis (Figure 8).

C.2.2 Solid-State-Analysis of Iron(lll) Complexes —  [Fe"(7a-9),]+(ClO,)

Typical features of the complexes {R&a-9),]+(Cl0.) were identified by investigating the
IR spectra. A broad alcohol stretch at 3250 - 3d@3 and the shift of an attributed strong
band from 1644 cih (uncoordinated and unsaturated C=N stretch) to2t&i' for a
coordinating ligand C=N vibration are seen. Funth@me, a characteristic broad and very
strong band at 1080 ¢has well as a sharp band at 619'cindicated the presence of a

perchloraté?

A-[Fe"(7a),]¢(CIO,)

Figure 8. ORTEP plot at the 50% probability level of [F&a),]*(CIO,) — (not important hydrogen atoms and

ClO, are omitted for clarity).

In the crystallographic measurement of '{Fga),]*(ClO,) the two ligands are bound
meridionally to the metal centre (Figure 8). Thiass of oxazoline-phenolates chelats iron
with their nitrogen atoms of the oxazoline-ring teyss, the deprotonated phenolates and the
protonated hydroxymethylene groups of the sidercHaithe resulting bis(tridentate) iron(lll)
complex [F&'(7a),]+(Cl0O4), the iron(lll) ion equalizes two negative chargesthe phenolates

and one perchlorate in the outer environment ottimaplex to give a neutral compound. The
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distance of the two oppositely placed nitrogen a&aonthe octahedral chelated metal has the
typical length of 2.00 to 2.03 A (Table 4), whichasvalso observed in a similar crystal
structure (Figure 13) obtained by Bouwman and cokers** who used a comparable ligand
system ((x)46, seemain part -catalysisk.1.1, Figure 1). The bond lengths between the iron
centre and the phenolate oxygen atoms (Fe(1)-OF&)(1)-O(4)) of 1.88 A and the
hydroxymethylene group (Fe(1)-O(3), Fe(1)-O(6)Rd13 / 2.26 A to the metal centre fit also
to these published dataA trans-oriented alignment of N(1)-Fe(1)-N(2) was confidrgy an
angle of 159°, leading to a slightly distorted betdral geometry. Characteristic for a
meridional ligand is also the angle between botliger binding sites (O(1)-Fe(1)-O(3)),
spanning 159°, which indicates a nearly opposit&tipm. The orientation of both ligands is
described by the angle between O(1)-Fe(1)-O(6) ®&h showing the ligands in a nearly
perpendicular alignment (Table 4). The complex"[@),]*(ClO,) was identified as a
mer(O,N,OA) isomer (Figure 9).

N N
oPh| LOH Ho,,/,, | o™
Fell “Fell
~ -
oPh | H HO | oPh
N-) \-»N
mer-(O,N,0-A) mer-(O,N,0-A)

Figure 9. Meridional octahedral binding modetsandA for two tridentate ligand¥.

An overview of all obtained iron(lll) oxazoline ay structures is given iexperimental part
—F.11, Figure 8.
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Table 4. Selected bond distances (A) and angles (°) df (Fa),]*(ClO.).

Bond Distances [A] Angles [°]
Fe(1)-0(1) 1.881(7) O(1)-Fe(1)-0(3) _ 158.7(3)
Fe(1)-0(3) 2.255(9) O(1)-Fe(1)-0(4)  103.2(3)
Fe(1)-O(4) 1.881(8) O(1)-Fe(1)-0(6)  91.8(3)
Fe(1)-O(6) 2.227(8) O(1)-Fe(1)-N(1)  87.0(4)
Fe(1)-N(1) 2.003(10) O(1)-Fe(1)-N(2)  106.7(4)
Fe(1)-N(2) 2.023(9) 0(3)-Fe(1)-0(4)  89.2(3)

O(3)-Fe(1)-0(6)  82.0(3)
O(3)-Fe(1)-N(1)  72.9(3)
O(3)-Fe(1)-N(2)  91.0(3)
O(4)-Fe(1)-0(6)  158.1(3)
O(4)-Fe(1)-N(1)  104.9(4)
O(4)-Fe(1)-N(2)  87.3(3)
O(6)-Fe(1)-N(1)  91.6(3)
O(6)-Fe(1)-N(2)  73.0(3)
N(1)-Fe(1)-N(2)  159.3(4)

Furthermore, the mass spectrometry (ESI) showslfaomplexes [F&(7a9),]+(ClO,) a
significant mass peak corresponding to the 1:2(trcomplex ([F€'(L)2]") of the specific
ligand. Additionally in two spectra the mass foe tfree ligand (L) was detected. The
elemental analysis confirmed for all three compeurile proposed complex system,
including two ligands with deprotonated phenolse aron metal and one perchorate ion

(Scheme 4).

C.2.3 Liquid-State-Analysis of Iron(lll) Complexes  —[Fe"(7a-9),]+(CIO,)

The UV/Vis spectra of the complexes [K&a-9),]+(CIO,) were measured between 200
and 750 nm in acetonitrile at room temperature fgd.0). All three iron(lll) compounds
show the same absorption bands indicating the saraeture in solution, which was also
strengthened by comparing the UV/Vis spectra ahtriron(lll) complexes with a different
binding motive (seeexperimental part-.9.2 Figure 7). To differentiate which absorption

maximum belongs to the metal, the ligand or to ¢beplex, each of them was explored
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separately under the same conditions ésqeerimental parf.9.2 Figure 1 and 4) and so an
assignment of the high energy maxima at 240 nnB&¥dm was possible. They characterize
ligand based transitions {p n* or 1 — nn*) and are probably caused by the chromophore of
the conjugated system in the ligand. The shouldéwden 350 and 400 nm as well as the
absorption at 475 nm are identified as complex iipedhese features in the electronic
spectra are the relatively intense charge-tran§¥@j) bands responsible for the dark purple
colour and they can be assigned to a transitiom fitte p orbital on the phenolate oxygen to

the half-filled d* orbitals on the ferric iron(Ill) ior*"®

30000 —

25000

20000 ~ 0
[Fe"(7a) 1*(CIO,)

[Fe'(8) ]%(ClO,)
LSULye ——[Fe"(9) ](CIO,)

10000

¢ [L*mol™em™]

5000

. . , . , . , . ,
200 300 400 500 600 700
wavelength [nm]

Figure 10.UV/Vis spectra for the [F&7a-9),]¢(CIO,) series.

The circular dichroism spectra (CD) of the '[f@a-9),]¢(ClO,) series exhibit a high
similarity in behaviour under the influence of cilarly polarized light (Figure 11), and are
not comparable to the CD spectra of further irdph(domplexes. An example for this,

including ligand7ais shown irexperimental parE.9.2 Figure 7.

The specific features of this class of iron(lll)ngolexes reach from 200 to 750 nm,
measured in acetonitrile at room temperature. Cerffe" (7a),]*(ClO.) (Figure 11, black
line), for which the crystallographic data are kmowvas identified as an octahedsaisomer
with two tridentate meridional ligands, and it iepumed that [F§7a),]*(ClO.) has the same
conformation in solution. Following this assumptiaime CD spectra of the complexes
[Fe" (8/9),]+(ClO,) (Figure 11, light and dark grey line), can beeipteted as their mirror
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imaged curves in comparison to {R&a),]*(ClO.), what leads to the reasonable assumption
that [Fé'(8/9),]+(ClOs) will form the opposite meridionalA-isomer. However, this
conclusion, obtained from the CD, means that twoest chemical analogue ligandsands,
differing only in the substituted methylene alcaholre able to control both complex
geometry formations. Within this thesis, this effewas observed only by using
Fe(ClQy).+6(H.0) and might be caused by its unique meridionalmerbinding ability.

The CD spectra of the ligand&9 (see experimental partF.9.2, Figure 4) are still in

agreement with their stereo chemical information.

70000 —

60000 —

50000 - ——[Fe'(7a) J*(CIO,)
40000 4 [Fe'(8),1*(CIO,)
30000 ——[Fe"(9),]%(ClO,)

20000 -
10000 1 /_\

0. N
410000 - \/ v W
20000 -

-30000 -

molare Ellipticity [deg*cm®*dmol ]

-40000 —
200 300 400 500 600 700

wavelength [nm]

Figure 11.CD spectra for the [F&7a-9),]+(ClO,) series.
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The observation that ligands with identical absekdnfiguration of the chiral carbon atom
are able to form both enantiomeric metal coordomagjeometries was already reported by
Hahn and co-worker®. In the anionic chromium(lil) complex including #gd 34 (DFT,
desferrithiocin) the counter cation controls theridienal isomer formation. Tha-isomer
was crystallized as the tetramethylammonium saltl #he A-isomer was obtained as the
potassium salt (Figure 12).

| Et;NH*

ijm, N 7\

30/[8\ N

A-[Cr'(34)]¢(K) A-[Cr'"'(34);](EtsNH)

Figure 12. Two chromium(lll) complexes, including tt&configurated ligan®4 and different counter cations,

are able to form different metal geometfiés.

The proposed structure model of the siderophoréetiéhiocin (DFT), chelating an Bé
ion, predicted a meridional octahedral iron(lll) ngolex formation (Figure 13, top).
Bouwman and co-workels reported recently a structurally-characterized landor an
iron(lll) sidereophore complex, using a very similgand structure to DFT, which contains
instead of a chiral thiazoline system a racemiczokae moiety (+)46 (Figure 13, bottom,
right). The crystallized complex consists only bé t§)-configurated ligand and shows an
anionic isomer of (HNE)z*[Fe" ((S)-46),]*(CIO.).

The comparability of the proposed structure fororais well as the model of Bouwman to
the X-ray structure of complex [[t€7a),]+(CIO,4) (Figure 13, bottom, left), which resulted
from a DFT related enantiopure ligaidd, provides a further suitable model system to mimic
the binding characteristic of this important sigérore. Both obtained crystal structures for
(HNEts)#[Fe" ((9-46),]+(CIO,) and [F&'(7a),]+¢(ClO,) show the same metal geometry
(Figure 13, bottom). Due to the enantiopure ligaf@s9, the CD spectroscopy of the
corresponding iron(lll) complexes offers furthefamation on the complex behaviour in

solution.
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“INat Na*

A~(HNEty),e[Fe'"((S)-46),]¢(CIO,4) A-[Fe(7a),]e(CIO,)

Figure 13. Proposed structure of desferrithiocin diasteredrie? complexes with Bé (top); X-ray structure of
the anionic isomemer[Fe" (9-46),] (bottom, left) and determined structure of '{itéa),]e(CIO,) (bottom,
right) %87
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C.2.4 Formation of Iron(lll) Complexes using Fe(OAc ),

Many nonheme iron enzymes are based on N- and @ioorg ligands, and therefore
carbonic acids plays an important role as oxygemcs To investigate this on the oxazoline
ligand systems, Fe(OAcwas choosen to test the effect of an acetateuesd the metal
centre. The preparation of the [H&a-9),(OAc)] complex series required a change of the
solvent. Fe(OAg) proved to be highly insoluble in THF and only thee of a very polar
solvent led to a homogenous solution, which is s&@ey for a successful complex formation.
Two equivalents of liganda-9 were therefore dissolved in N,N-dimethylacetam(D&A)
and transferred into a solution of Fe(OAr) DMA (Scheme 5), which was accompanied by
an immediate colour change from slightly yellowoirea dark orange-red complex. This
intensive colour is significant for these complexniations and it is assumed that the iron(ll)

complex initially formed is not stable on air asixidized’*

Fe(OAc 1l 1
, . (OAc), ool [Fe"(7a),(OAC)]
DMA, rt, 12h, ai
Y ar /,11 PH 12%

) Fe(OAc), o’,F?Ii o [Fe''(8),(OAC)]
OH  DMA, rt, 12h, air |
LAl N ﬁ 89%
: J

Fe(OAc),
2 OH g
DMA, rt, 12h, air
9

Scheme 5Synthesis of iron(l1l) complexes [Fé7a-9),(OAc)] using Fe(OAG).
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C.2.5 Solid-State-Analysis of Iron(lll) Complexes —  [Fe"(7a-9),(OAc)]

IR analysis of all three [FK7a-9),(OAc)] complexes revealed a typical stretch of fiiee
alcohols at 3340 - 3410 ¢hand the shifted strong stretch from 1644 duncoordinated and
unsaturated C=N stretch) to 1604 tifor a coordinating ligand C=N vibration The bound
acetate is detected by two characteristic band5&@ cni and at 1240 crh

A-[Fe"(7a),(OAC)]

Figure 14. ORTEP plot at the 50% probability level of [H&a),(OAc)] — (not important hydrogen atoms are

omitted for clarity).

For complex [F&(7a),(OAc)] a crystal structure was obtained (Figure. e iron(lll)
centre is chelated by two bidentate oxazoline ligana and one bidentate acetate. The
positive charge of the metal is in balance with tleprotonated phenolates as well as with the
negative charge of the acetate. The distorted edtah binding structure is given by the
trans-oriented nitrogen atoms with an angle of 179° (Nf&(1)-N(2)) and a bond distance of
2.09 A (Fe(1)-N(1)/(2)) (Table 5). Furthermore, thearly planar orientation of the four
oxygens of the phenolates and the acetate aroumdroim are in agreement with this
geometry. The bond lengths of O(1) and O(4) to riretal Fe(1) are shorter (1.92 A) as
compared to the distance of O(7) and O(8) to H)L A). The angles between O(1)-Fe(1)-
O(4) and O(7)-Fe(1)-O(8) span 104° and 62°, respaygt resulting in a strong distortion of
the octahedral geometry. Nevertheless, the conipeX(7a),(OAc)] can be identified as the
A-isomer (Figure 15).
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Based on the strong counter anion acetate, thedioeal bis(tridentate) structure
formation, found for the perchlorat complex [f@a),]*(ClO4), was not able to form in this
case. Because of this, the unbound hydroxymethyjemaps are both aligned to be anti to the
acetate ligand and the distances between Fe(1)@{@) are measured as 3.82/3.80 A

(values not given in Table 5).

Table 5.Selected bond distances (A) and angles (°) df (F&),(OAc)].

Bond Distances [A] Angles [°]
Fe(1)-0(1) 1.927(2) O(1)-Fe(1)-0(4) _ 103.86(11)
Fe(1)-O(4) 1.914(3) O(1)-Fe(1)-O(7)  99.63(11)
Fe(1)-0(7) 2.122(3) O(1)-Fe(1)-O(8)  160.24(11)
Fe(1)-0(8) 2.106(3) O(1)-Fe(1)-N(1)  86.47(11)
Fe(1)-N(1) 2.091(3) O(1)-Fe(1)-N(2)  92.19(12)
Fe(1)-N(2) 2.095(3) O(4)-Fe(1)-O(7)  155.56(11)
O(4)-Fe(1)-0(8)  95.48(11)
O(4)-Fe(1)-N(1)  93.80(12)
O(4)-Fe(1)-N(2)  86.78(12)
O(7)-Fe(1)-0(8)  61.78(11)
O(7)-Fe(1)-N(1)  94.28(12)
O(7)-Fe(1)-N(2)  85.67(12)
O(8)-Fe(1)-N(1)  88.28(12)
O(8)-Fe(1)-N(2)  92.89(12)
N(1)-Fe(1)-N(2)  178.64(12)

An overview of all obtained iron(lll) oxazoline ay structures is given iexperimental part
—F.11, Figure 8.

Figure 15.Octahedral binding modessandA for three bidentate ligands.
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A-[Fe'"(8),(OAC)]

Figure 16. ORTEP plot at the 50% probability level of [H&),(OAc)] — (not important hydrogen atoms are

omitted for clarity).

The crystallographic results of complex 1#8),(OAc)] show two bidentate oxazolines
around the iron centre and an additional third mide acetyl ligand (Figure 16). Both
phenolates as well as the acetate compensate a@hgecbf the F& centre, forming a neutral
complex. Both nitrogen atoms are placed imaasposition (178°) with a bond length to the
metal of 2.12 A (Table 6% The deprotonated oxygens of the phenolate grolgoshind
with the typical length of 1.98 A, comparable t@ thther crystal structures obtained in this
series. The angle between these oxygen atoms (§4))/and iron is stretched (106°) as
usual by the planar coordinating bidentate acegghid (61° for O(7)-Fe(1)-O(8)), to a highly
distorted octahedral structure. The average bamgtheof an acetate oxygen to the metal was
found to be 2.13 A. The two substituted hydroxymksthe side chains are not involved in the
complexation and point away from the metal cemesulting in an average distance for the
hydroxymethylene oxygen to the iron of 3.73 A (ot given in Table 6). The complex
structure could be identified as theisomer (Figure 15).

The oxazoline ligand§a and 8, which are equipped with a simple hydroxymethylene
group as well as with a dimethylated hydroxymethglgroup, caused a similar binding motif
in both structures. The substitution on the sida@rcf ligand8 leads to no sterical hindrance,
while the use of the strong coordinating countabmrOAC prevents the formation of the

third bond of the ligand to the metal.
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Table 6. Selected bond distances (A) and angles (°) df (8p(OAC)].

Bond Distances [A] Angles [°]
Fe(1)-0(1) 1.892(4) O(1)-Fe(1)-O(4)  105.92(15)
Fe(1)-0(4) 1.902(4) O(1)-Fe(1)-0(7)  157.31(15)
Fe(1)-O(7) 2.117(4) O(1)-Fe(1)-0(8)  97.28(15)
Fe(1)-O(8) 2.135(4) O(1)-Fe(1)-N(1)  86.36(17)
Fe(1)-N(1) 2.117(5) O(1)-Fe(1)-N(2)  95.17(17)
Fe(1)-N(2) 2.085(5) O(4)-Fe(1)-0(7)  96.08(14)

O(4)-Fe(1)-0(8)  156.49(15)
O(4)-Fe(1)-N(1)  94.18(17)
O(4)-Fe(1)-N(@2)  86.78(17)
O(7)-Fe(1)-0(8)  61.32(14)
O(7)-Fe(1)-N(1)  86.57(16)
O(1)-Fe(1)-0(8)  91.49(16)
O(8)-Fe(1)-N(1)  90.99(16)
O(8)-Fe(1)-N(2)  87.41(16)
N(1)-Fe(1)-N(2)  177.92(17)

An overview of all obtained iron(lll) oxazoline Xay structures is given iexperimental part
—F.11, Figure 8.
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A-[Fe"(9),];

Figure 17. ORTEP plot at the 50% probability level of [E8),], — (not important hydrogen atoms are omitted

for clarity).

A further iron(lll) complex [F&(9),]. with an unexpected diiron core in the solid sate
(Figure 17) was obtained by complexatiorSfaith Fe(OAc). Characteristic features of this
complex include an involvement of four ligands adlwa two-iron cluster containing two oxo
bridges. In this complex the charge is balancedhout the necessity of counter anions. In
both metal centres, the iron is chelated in anhexteal binding geometry and shows aaRis
along the Fe-Fe vect8f.The metal core is bridged by two oxygen atoms ognfiom two
hydroxymethylene groups of two separate ligandso Twdroxymethylene groups of two
further ligands do not coordinate to the iron cestin this structure. Starting from the right
hand side metal centre (Figure 17), the phenolaigen atoms bind to the iron with an
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average bond length of 1.96 A and span an angl®368f (O(1)-Fe(1)-O(4)) (Table 7).
Meridional coordination on this iron is indicatey & 156° angle of both phenolate oxygens
over the iron centre to the hydroxymethylene oxggefO(1)-Fe(1)-O(3) and
0O(4)-Fe(1)-0O(6)). These hydroxymethylene oxygensddear both iron metals with unequal
bond distances. Fe(1)-O(6) and Fe(1)-O(3) showarage bond length of 2.03 A. However,
Fe(2) is bound with a bond of length 2.01 A to Ogéy 2.04 A to O(3). The corresponding
nitrogen atoms around Fe(1) differ slightly fronctleather in their bonding with bond lengths
of 2.06 A and 2.10 A, and are placed directly ipagite positions, spanning an angle of 175°.
Switching to the second iron centre Fe(2), its loetlial environment is formed by two
bidentate oxazoline ligands and both oxygen bridgesomparison to the Fe(1) data, the
phenolate oxygens bind to the left hand iron cewith similar bond distances (1.92 A and
1.95 A). The angle of O(7)-Fe(2)-O(10) was obsert@de 97°. The two nitrogen atoms
(N(3) and N(4)) are nearly aligned trans-position (172°) and the distances to the Fe(2)
metal centre are longer than on the Fe(1) sid@(®&.and 2.09 A, respectively). For both iron

metals the isomer geometry is determined aatferm (Figure 18).

An explanation for the favoured formation of thauwtlear iron(lll) complex [F&(9),]; is
probably based on a concentration gradient dutiegcrystallization process. As described
later in detail, the liquid-state analysis was abte to answer the question of whether the
dinuclear structure also exists in solution. Fumiae, it should be mentioned that the
dinuclear complex ) was formed with a different geometry than bothnomuclear
complexes A), a fact, which is in agreement with the absolkefiguration of the chiral
carbon atom of the ligands. This might be causedrbgnergetically more stable dinucldar
isomer compared to a mononucl@aaisomer, with the monomer possessing more stability
the A-form.
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Table 7. Selected bond distances (A) and angles (°) dY (9g],.

Bond Distances [A] Angles []
Fe(1)-0(1) 1.9687(19) O(1)-Fe(1)-0(3) _ 155.49(8)
Fe(1)-0(3) 2.0281(19) O(1)-Fe(1)-0(4) 93.15(8)
Fe(1)-0(4) 1.9527(19) O(1)-Fe(1)-0(6)  98.38(7)
Fe(1)-O(6) 2.0295(19) O(1)-Fe(1)-N(1)  82.90(9)
Fe(1)-N(1) 2.063(2) O(1)-Fe(1)-N(2) 92.09(9)
Fe(1)-N(2) 2.097(2) 0(3)-Fe(1)-0(4)  100.47(8)
Fe(2)-0(3) 2.0387(19) O(3)-Fe(1)-0(6)  76.81(7)
Fe(2)-O(6) 2.0110(18) 0(3)-Fe(1)-N(1) 75.67(9)
Fe(2)-O(7) 1.9243(19) O(3)-Fe(1)-N(2)  109.52(9)
Fe(2)-O(10) 1.9495(19) O(4)-Fe(1)-0(6)  156.50(9)
Fe(2)-N(3) 2.094(2) O(4)-Fe(1)-N(1)  95.36(9)
Fe(2)-N(4) 2.120(2) O(4)-Fe(1)-N(2) 83.49(9)
0(6)-Fe(1)-N(1)  106.31(9)
0(6)-Fe(1)-N(2)  75.72(8)
N(1)-Fe(1)-N(2)  174.80(9)
0(3)-Fe(2)-0(6) 76.98(7)
O(3)-Fe(2)-O(7)  168.66(8)
0(3)-Fe(2)-0(10)  92.67(8)
0O@)-Fe(2-N(3)  87.62(8)
0(3)-Fe(2)-N(4) 99.56(9)
0(6)-Fe(2)-O(7)  94.96(8)
0(6)-Fe(2)-O(10)  165.34(8)
0(6)-Fe(2)-N(3)  99.52(9)
0(6)-Fe(2)-N(4)  86.26(8)
O(7)-Fe(2)-0(10)  96.62(8)
O(7)-Fe(2-N(3)  85.86(9)
O(7)-Fe(2)-N(4)  87.72(9)
O(10)-Fe(2)-N(3)  90.27(9)
O(10)-Fe(2)-N(4)  85.25(9)
N(3)-Fe(2)-N(4)  171.70(9)
Fe(1)-O(3)-Fe(2)  102.59(8)
Fe(1)-O(6)-Fe(2)  103.53(8)

An overview of all obtained iron(lll) oxazoline ay structures is given iexperimental part
—F.11, Figure 8.
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N

AA-isomer AA-isomer

Figure 18. Dinuclear octahedral binding modeld A andAA / AA for two bidentate ligands and two tridentate

ligands.

Finally, all the data obtained for the three compkewere confirmed by mass analysis
(ESI), having each a significant mass peak of arbrl1l) complex ([F&€'(L).]") and a peak
for the corresponding ligand (L). These measureroentlitions probably cause cleavage of
the dimer into the mononuclear form, and it was swprising that the dinuclear mass peak
was not detectable. The elemental analysis fit vezlf for all three complex systems with a
1:2-iron(lll) oxazoline structure including acetats third ligand, and even for the dinuclear
sample an acetate ion was calculated, wherea®isdiid state structure no counter anion is

seen (Scheme 5).

C.2.6 Liquid-State-Analysis of Iron(lll) Complexes  — [Fe"(7a-9),(OAc)]

The UV/Vis spectra of the [F&7a-9),(OAc)] series were measured between 200 and
750 nm in acetonitrile at room temperature (Figl®® The complexes [Fé7a),(OAc)] and
[Fe" (9),(OAc)] show the same absorption bands which indicat similar structure in
solution, whereas [F&8),(OAc)] differs in its absorption curve. Startingin the absorption
maximum at 310 nm, which is for all complexes tlzane and based on ligand specific
transitions (n—n* or n— n*) (see experimental partF.9.2 Figurel and 4), the
extraordinary width of this band for complex {R&a),(OAc)] and [Fé'(9),(OAc)] reach
from 275 to 400 nm. In the spectra of complex"[@.(OAc)] a shoulder is clearly
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recognized between 340 and 400 nm. The complexfgpand distinct maximum at 460 nm
for complex [F&'(7a),(OAc)] and [F&'(9),(OAc)] was also not observed for [F®),(OAC)],
only a small increase in the band is detected ardlis wavelength. The width of the bands,
the shoulder as well as the absorption at 460 mirtdehe assumption of relatively intense
charge-transfer transitions of the ligand to thetamé_.MCT). The changes between the
spectra of the acetate complexes and the perchla@nhplexes were also reflected by a

colour change form dark purple to now dark oraregt "
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Figure 19.UV/Vis spectra for the [F&7a-9),(OAc)] series.

In the circular dichroism spectra (CD) of the '[k@a-9),(OAc)] series, slightly different
results were observed under the influence of amtylpolarized light (Figure 20). Complex
[Fe" (8),(OAC)] (Figure 20, light grey line), exhibit an shhahift of its curve in the CD
graph, but it is still comparable to the complejes" (7a/9),(OAc)]. As already indicated in
the UV/Vis measurements this complex generatesnatypical electronic absorption spectra
for this series. The CD curve for complex [@a),(OAc)] exhibits a mirror imaged
behaviour to the graph of complex [K8),(OAc)] (Figure 20, black and dark grew line),
indicating a similar complex structure with oppesgieometry in solution. In addition to that,
the identification by crystallographic data of cdmp[F€e" (7a),(OAc)] to form theA-isomer
and for complex [F&(9),(OAc)] to form the A-isomer (dinuclear structure in the
crystallographic measurement) is in a good agreéemvéh this. However, no evidence was

found for the dinuclear nature of complex '[k8),(OAc)]. Therefore, it is presumed that
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[Fe" (9)2(OAc)] exists in solution only in @ monomeric forfihe already mentioned CD
graph of complex [P&(8),(OAc)] (Figure 20, light grey line) shows similaositive and
negative features as complex '[f@a),(OAc)] (Figure 20, black line) and in combination
with its crystal structure discussed above (Fiduie confirms theA-isomer for both

complexes.

Furthermore, in the [F§7a-9),(OAc)] series it is possible to infer the influence the
stereo centre within the ligand on the stereo chahvutcome of the complexes. This fact
becomes very interesting, because the hydroxynmesitgible chains are not directly bound on
the metal and influence the metal geometry onlg secondary way. This is in direct contrast
to the above statement for the perchlorate compleRs outlined in Figure 20, the CD
spectra of the complexes [Hga9),(OAc)] are in agreement with their stereo chemical

information of their corresponding liganda-9 (seeexperimental parE.9.2 Figure 4).
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Figure 20.CD spectra for the [FK7a-9),(OAc)] series.
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C.2.7 Formation of Iron(lll) Complexes using Fe(aca )3

Iron(lll) acetylacetonate, Fe(acacyvas the third salt explored in this series. lis galt
iron resides already in the +3 oxidation state, acetylacetonate is a coordinating anion of
similar strength to acetate. As before, the irolh @ad the oxazoline derivative&a-9 were
used in a ratio of 1:2 to form the desired compgef@cheme 6). The ligands were dissolved
in THF and were transferred into a solution of Eat in THF. The observed colour change
from a slightly yellow into a dark blood-red, indtes a successful complex formation, but
took place significantly slower than observed fbe tFe(OAc) or Fe(ClQ),#6H,0O salts

(Scheme 4 and 5§.The newly formed iron(Ill) complexes appear tosb&ble on air.

OH
O__N .
e(acac
2 OH ( b, [Fe''(7a),(acac)] 16%
THF, rt, 12h, air
7a
/_% o
O__N
Fe(acac);
2 OH - [Fe''@®),(acac)]  87%
THF, rt, 12h, air
8
~—OH
O__N
5 Fe(acac), Foll@)(acac) 56
0
OH " THF, rt, 12h, air 2
9

Scheme 6Synthesis of iron(l1l) complexes [Fé7a-9),(acac)] using Fe(acagc)

Features typical for [F§7a-9).(acac)] complexes were observed by IR analysisroad
alcohol stretch was found between 3430 and 3350, @nd a typical strong band around
1360 cm* was assigned to the acetylacetonate group. Thigedhstrong band of an
uncoordinated and unsaturated C=N stretch from 644 to 1604 crit indicated a

coordinating ligand C=N vibration.
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In all three cases the mass spectrometry was aldetect a significant mass peak for a
1:2-iron(Ill) complex ([F&'(L)2]"), which contained two oxazoline ligands (L) and an
iron(Il) metal. Furthermore, an 1:1:1-iron(lll) swlex ([F'(L)(acac)]) with two different
kinds of ligands, an oxazoline (L) and an acetyiagate (acac), bound to an iron(lll) metal
was observed as well as a mass peak of the condisgp free oxazoline ligand (L)
(Figure 21). These results can be interpretedttieaexpected [F§7a-9),(acac)] complexes
were formed (Scheme 6) and under the measuremadttioms used (ESI) these complexes
were ionized differently by losing either an oxamzelligand or an acetylacetonate ligand. The

elemental analysis confirmed for all three compdgstems the expected [F@a-9),(acac)]

formation.
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Figure 21. Mass spectrum g€ (9),(acac)],representative for all three iron(lll) acetylacettsncomplexes.

C.2.8 Liquid-State-Analysis of Iron(lll) Complexes  — [Fe"(7a-9),(acac)]

Unfortunately, all attempts to obtain crystals bistseries suitable for X-ray analysis
failed. The UV/Vis spectra of the [[F€7a-9),(acac)] series were measured between 200 and
750 nm in acetonitrile at room temperature (FigR2e The assignment of the absorption
bands from 360 nm to higher energies was not eagyake. It is assumed that most of them

are representative for the complexes, since theynat present in the spectra of the free
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ligands nor of the pure salt (segperimental part.9.2 Figure 2 and 4). Clear evidence for
the newly formed complexes [£€7a-9),(acac)] is found in the observed maximum from 450
to 470 nm. A similar band around 430 nm is alrefznd in the UV/Vis spectra of the pure
salt, but a shift of between 20 to 50 nm to loweergies indicates a significant charge-
transfer transitions of the ligand to the metal {CW).”*"® This small difference originates
from a CT transition of the phenolic oxygen to emm(lIl) ion and accompanies the darkening

of the complex solution.
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Figure 22.UV/Vis spectra for the [F&7a-9),(acac)] series.

The [Fé'(7a9),(acac)] series exhibit in their CD spectra a stramigilarity in the
progression of their curves in the circular dicknoi spectra (Figure 23). The complexes
[Fe" (7a-9),(acac)] showed very distinct graphs, which are camaple in their stereo
chemical information to the corresponding ligancedp (seeexperimental partF.9.2
Figure 4). This feature is in agreement with the @Bults of the [F&(7a9),(OAc)]
complexes (Figure 20). On the basis of this cooedpnce, both CD spectra of
[Fe" (7a-9),(OAc)] and [Fé&'(7a-9).(acac)] were compared: In both graphs around 300 nm
and 500 nm a similar behaviour of the curves fa& thlated complexes was recognized,
because all maxima or minima on these wavelenggishrtogether. Furthermore, the zero
crossings in both complex series are seen at the gaints at 340 and 450 nm. These facts

and the proposed structure (Figure 24) based oothex analysis give rise to the speculation

68



Main Part — Oxazoline Complex Analysis

that the [F& (7a-9),(acac)] complex series might have the identical mlemgeometry as the
corresponding  [P&(7a-9),(OAc)] complexes (Figure 15). This would mean that
[Fe" (7a),(acac)] and [F&(8).(acac)] form theA-isomer similar to [F&(7a),(OAc)] and
[Fe" (8),(OAC)], respectively. In contrast to this, [F®).(acac)] forms theA-isomer like
[Fe" (9)2(OAc)].
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Figure 23.CD spectra for the [F&7a-9),(acac)] series.

Due to the unsuccessful crystallization experimemgsulting in the lack of structural data
in the solid state, all spectroscopic results adl vees the high analogy to the
[Fe" (7a-9),(OAc)] complexes (semain part — oxazoline complex analy6i®.4-C.2.6) were
used to propose a possible structure model, inofudhe assumed complex geometry
(Figure 24).

A-[Fe"(7a),(acac)] A-[Fe"(8),(acac)] A-Fe"(9),(acac)]

Figure 24.Proposed structures for the complexes'[Fe-9),(acac)].
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C.2.9 Formation of Ruthenium(lll) Complexes using[ RuCl,(benzene)] »

To test the effect of an iron related metal, ruthenwas chosen, because many of its
chemical properties are similar and it is locatedhie periodic table directly under iron. The
ruthenium salt, [RuG{benzene) was selected as suitable metal sofifd@ne equivalent of
it was suspended in ethanol and two equivalentheflissolved ligand@a9 in ethanol were
transferred into the suspension (Scheme 7). Thetioeamixture was heated to reflux for
48 h. During this time the colour slowly changeonira green-brown ruthenium(ll) complex
to a dark purple ruthenium(lll) complex. As alreaen in the other complexation reactions,
this indicates an air sensitive oxidation stephaf tuthenium(ll) metal into a ruthenium(lll)
complex and the probability of a charge-transfangition from the phenolic oxygen to a

ruthenium(lll) ion’*

[RuCl,(benzene)],

OH >~  [Ru"(7a);]  44%
EtOH, reflux, 48h, air

) [RuCl,(benzene)], "
> [Ru™(8)s] 64%
OH " EtoH, reflux, 48h. air (®)s °

[RuCl,(benzene)],
2 OH = [Ru"(9),] 52%
EtOH, reflux, 48h, air

Scheme 7Synthesis of ruthenium(lll) complexes [f{Ta-9)s] using [RuCh(benzene)

The three ruthenium(lIl) complexes [B(Ta-9)s] feature typical IR bands: the free alcohol
was detected between 3355 and 3300*camd the shift of the strong band of an
uncoordinated and unsaturated C=N stretch from ©6#4 to 1604 crit indicated a

coordinating ligand C=N vibration.
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The mass spectrometry showed the same results lifadhrae measured compounds
[Ru"(7a-9)3). A significant peak for a 1:3-ruthenium(lll) cotem ([RU"(L)3]"), including
three oxazoline ligands (L) and a ruthenium(lll) tate a 1:2-ruthenium(lll) complex
([Ru"(L)2]"), with only two ligands (L) and one metal, andafiy the mass peak of the
corresponding free ligand (L) were observed (Fi@bke It is assumed that under the used
measurement conditions (ESI) the complexes ardypartized and so the third ligand was
cleaved off, presenting only one species of théemium(lll) complexes [RU(7a9)]
(Scheme 7). For all three complex systems, alsoetemental analysis fitted best for the

formation of the 1:3-ruthenium(lll) complexes [Ra-9)4].
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Figure 25.Mass spectrum of [RL(9)3], representive for all three ruthenium(lil) comyes.

C.2.10 Liquid-State-Analysis of Ruthenium(lll) Comp  lexes — [Ru "(7a-9)4]

The UV/Vis spectra of the [Rl(7a-9)] series were measured between 200 and 750 nm in
acetonitrile at room temperature (Figure 26). Thengplexes [RU(7a)s] and [RU'(9)4],
showed similar features in their absorption behaviand indicate therefore a comparable
structure for the complexes in solution (Figure Black and dark grey line). In spite of this,
complex [RU'(8)5] significantly absorbed at 290 nm in a differenfaywto the others
(Figure 26, light grey line). The typical absorptiproperties of [Rti(7a)s] and [RU'(9)4] are

comparable to the already discussed UV/Vis spaditrdne iron(lll) perchlorate complexes
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(Figure 10). Transitions of higher energies unfi0 2im usually result from the salt as well as
from the ligand. The absorption maximum at 300 snclearly identified as ligand specific
transitions (n— n* or 1 — nn*) (see experimental parf.9.2 Figure 2 and 4), whereas the
shoulder between 340 to 400 nm and the maximunRamni can be assigned as complex
specific transitions. The flat curve around thet ldiscussed maxima is dependent on the
concentration used for all three complex solutievtsch is reflected in a very high extinction
coefficient in the spectra. All attempts to obtansuitable UV/Vis spectra for complex
[Ru"(8)s] by changing the concentration were unsucces$eVertheless, these specific
complex based absorptions and the observed daptepoolour in the case of the iron(lll)
perchlorate complexes (se®&in part — oxazoline complex analy§i®.1-C.2.3), lead to the
assumption of there being distinct charge-transfamsitions from the ligand to the metal
(LMCT)_74-76,85
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Figure 26.UV/Vis spectra for the [Rli(7a-9)] series.

The failed crystallization experiments and the Itesy lack of crystal structure data of this
complex type demand a variety of speculations. €lenental analysis tends to a 1:3-
ruthenium(lll) complex system (Figure 27), whichntains three oxazoline ligands, each

probably bound via the nitrogen and a deprotonpkesholate.
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Figure 27.Proposed structure models of the complexed' [Ra9)3].

These proposed, but unconfirmed structures allowamzlusion to be formulated from the
CD spectra of the obtained ruthenium(lll) complexes only worth mentioning that the CD
curves of the complexes (Figure 28) include theesatareo chemical information as seen for

the pure ligands (sesxperimental parE.9.2 Figure 4).
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Figure 28.CD spectra for the [Rl(7a-9)3] series.
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C.2.11 Formation of Zinc(Il) Complexes using Zn(CIO  ,),*6H,0

The [2d'(7a-9),],*(ClO4), complexes were prepared using two equivalentiggahtl 7a-9
and one equivalent of Zn(Cl2*6H,O dissolved in THF (Scheme 8). The ligands were
transferred to the salt and a cloudy solution imiatety formed. After a 12 h reaction time,
two complexes [ZH(7a/8),],*(ClO4), were obtained as slightly orange oils and one dexnp

[Zn"(9),]2+(ClO.), as a colourless solid.

—~ ho N\o @”‘
Zn'

\OH

Zn(Cl0,),#6H,0 HO=—— 53%
2 [ Yo \
OH THF, rt, 12h, air
@{ ] 2 ClIO,

[Zn”(7a)2]20 (ClO4)2

e \ L @Zv

O /N HO/, \\\O\\\ O I \OH
Zn(CI0,),96H;0 o—'—Zn N =~z 83%
2 \
OH THF, rt, 12h, air 4&
. >_© ®'<] 2 CIO,
[Zn'(8),]2¢(ClOy),

o o)
VI j 0
O__N N

2 Zn(ClO,),#6H,0

OH THF, rt, 12h, air 4 L

34%

[Zn"(9),],#(CIO,),

Scheme 8Synthesis of zinc(ll) complexes [#7a-9),],*(ClO,), using Zn(CIQ),*6H,0.
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C.2.12 Solid-State-Analysis of Zinc(ll) Complexes —  [Zn"(7a/9),],*(ClO4),

Typical IR features of the [1i7a-9),].*(ClO.), complex series are detected around 3470
cm’ (weak band, identified as the alcohol stretch)1620 cni (for a coordinating ligand
C=N vibration), and a characteristic broad and \&trgng band around 1065 ¢ras well as a

sharp band at 620 ¢hwhich indicates the presence of a perchloratergfii

(o
&}@ @*’(\J

A[Zn"(7a),],e(ClO,),

Figure 29. ORTEP plot at the 50% probability level of [Zia),],*(ClO.), — (not important hydrogen atoms and

ClO, are omitted for clarity).

Investigations on the crystal of the zinc(ll) comwpl[Zn'(7a),]*(ClO.), exposed an
extraordinary structural unit (Figure 29). Two mareric zinc moieties are attached together
by two hydrogen bon8%and twon—stacking interactions between two anti paralligred
phenol-oxazoline units. The hydrogen bonds (H(138)@nd H(7)-O(4) show a very short
length of 1.61 A and 1.62 A to the oppositely pthaeprotonated phenolate (Figure 29 and
30) and in combination with angles around 171° j&{(1)-O(10) and O(4)-H(7)-O(7))
indicate very strong hydrogen bridges. In additirstacking interactions are feasible by a
distance of 3.62 A to 4.17 A between the planeghef corresponding aromatic systems
(Figure 29" Each zinc metal is characteristically coordinatgawo tridentate oxazoline
ligands, and each unit includes one deprotonatetgiate and one perchlorate for its own

charge balance. The strongly distorted octahedraictsires feature botlrans-oriented
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nitrogen pairs, spanning angles between 162° aidd 8(1)-Zn(1)-N(2) and N(3)-Zn(2)-
N(4)) with a bond length of 1.98 A to Zn(1) and Zn(Table 8). All four hydoxymethylene
alcohole side chains point into the outer environhaad are still protonated. The distances of
these oxygen atoms to Zn(1) and Zn(2) are compartd measured 2.22 A /2.19 A (O(3)-
Zn(1) / O(9)-Zn(2)) or 2.46 A/ 2.40 A (O(6)-Zn(AD(12)-Zn(2)). The angles between them
are nearly perpendicular, with 86° and 80° (O(3§3+O(6) and O(9)-Zn(2)-O(12). All four
phenol oxygens are oriented into the inner sphérhe whole unit and one of each zinc
subunit is still protonated. The bond distancesvben O(1)/O(4)-Zn(1) are given with
2.12 A and 2.03 A, and for O(7)/0(10)-Zn(2) witll@ A and 2.08 A. It becomes obvious,
that each zinc moiety possesses a significant lodgeO bond to the protonated oxygens
(O(2) and O(7)), and a shorter one to the depreeohaxygens (O(4) and O(10)). The four
meridional coordinating ligands describe anglesvbenh 158° to 161° (O(1)-Zn(1)-O(3),
0(4)-Zn(1)-0(6), (O(7)-Zn(2)-0O(9), O(10)-Zn(2)-O(M2For each zinc(ll) centre in complex
[Zn"(74),]»#(Cl04), the isomer geometry is determined asAHerm (Figure 31).

Figure 30. ORTEP plot at the 50% probability level of [4fa),],*(ClO,), — (unimportant hydrogen atoms and

ClO, are omitted for clarity).
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Table 8. Selected bond distances (A) and angles (°) of(Za),],*(ClO.)..

Bond Distances [A] Angles [°]
Zn(1)-0(1) 2.122(3) 0(3)-Zn(1)-0(4) 91.93(14)
Zn(1)-0(3) 2.224(4) 0(3)-Zn(1)-0(6) 85.81(14)
Zn(1)-0(4) 2.031(4) 0(3)-Zn(1)-N(1) 76.51(16)
Zn(1)-0(6) 2.461(4) 0(3)-Zn(1)-N(2) 98.09(17)
Zn(1)-N(1) 1.978(5) 0(4)-Zn(1)-0(6) 160.05(15)
Zn(1)-N(2) 1.975(5) 0(4)-Zn(1)-N(1) 109.95(18)
Zn(2)-0(10) 2.043(4) 0(4)-Zn(1)-N(2) 87.73(18)
Zn(2)-0(12) 2.398(5) 0(6)-Zn(1)-N(1) 88.83(18)
Zn(2)-0(3) 1.988(5) 0(6)-Zn(1)-N(2) 73.02(18)
Zn(2)-0(4) 1.972(5) 0(1)-Zn(1)-N(2) 99.46(17)
Zn(2)-0(7) 2.164(4) O(1)-Zn(1)-0(4) 97.00(14)
Zn(2)-0(9) 2.187(4) 0(1)-Zn(1)-0(6) 91.41(14)
Zn(2)-N(3) 1.988(4) 0(1)-Zn(1)-0(3) 160.58(15)
Zn(2)-N(4) 1.972(4) O(1)-Zn(1)-N(1) 84.22(17)
N(1)-Zn(1)-N(2) 161.5(2)
O(7)-Zn(2)-0(9) 158.68(16)
O(7)-Zn(2)-0(10)  98.98(16)
O(7)-Zn(2)-0(12)  94.65(16)
O(7)-Zn(2)-N(3) 82.01(18)
O(7)-Zn(2)-N(4) 92.22(18)
0(9)-Zn(2)-0(10)  93.23(17)
0(9)-Zn(2)-0(12)  79.50(18)
0(9)-Zn(2)-N(3) 77.74(19)
0(9)-Zn(2)-N(4) 105.73(19)
0(10)-Zn(2)-0(12)  158.21(16)
0(10)-Zn(2)-N(3)  106.90(19)
0(10)-Zn(2)-N(4)  87.79(18)
0(12)-Zn(2)-N3)  91.72(19)
0(12)-Zn(2)-N(4)  74.71(19)
N(3)-Zn(2)-N(4) 164.8(2)
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Figure 31.Meridional octahedral binding modetsandA for two tridentate ligands.

A-[2n"(9),],0(CIOy),

Figure 32. ORTEP plot at the 50% probability level of [48),],*(ClO,), — (not important hydrogen atoms and

ClO, are omitted for clarity).

Further investigations of a second zinc(ll) crystat the complex [Z{Y9);]»*(ClO4),
revealed analogous results (Figure 32). Two monimnzenc moieties are fixed together by
two short and strong hydrogen bonds (H(7)-O(1) &&fnd H(10)-O(4) 1.58 A} and two
n-stacking interactions resulting from the anti flataaligned phenol-oxazolines (3.96 A -
4.27 A) (Figure 32 and 33§:®® Each zinc metal is again characteristically cauatid by
two tridentate oxazoline ligands. The whole unttlunles two deprotonated phenolates and
two perchlorates for its charge balance. The styodiptorted octahedral structures feature
both trans-oriented nitrogen pairs, which span angles betwkgdf and 164° (N(1)-Zn(1)-
N(2) and N(3)-Zn(2)-N(4)) with a bond length of &.8 to Zn(1) and of 2.00 A to Zn(2)
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(Table 9). All four hydoxymethylene alcohole sidbdams are aligned into the outer
environment and are still protonated. The distaotdhese oxygen atoms to Zn(1) are
measured to be 2.49 A and 2.54 A (O(3)/0(6)-Znéh)l to Zn(2) to be 2.23 A and 2.31 A
(O(9)/0(12)-Zn(2)). The angles between them arelypgerpendicular, at 81° and 87° (O(3)-
Zn(1)-0(6) and O(9)-Zn(2)-0O(12). All four phenolygens are oriented into the inner sphere
of the whole unit, but in contrast to the crystausture of complex [ZH(7a)5]2*(ClOs),
discussed above (Figure 29), the two bound to Za{@n are still protonated, whereas on
Zn(1) only deprotonated phenolates are coordindibd.bond distances between O(1)/O(4)-
Zn(1) are found to be 2.06 A long, and for O(7)/@¢Zn(2) to be 2.12 A and 2.08 A. It is
clear to see, that the bonds from the Zn(2) cenitréle still protonated oxygens O(7)/O(10)
are slightly longer than to the unprotonated oxgg@(1)/O(4) and are probably effected by
the presence of hydrogen bridges. All four meridiorroordinating ligands describe
comparable angles of 160° (O(1)-Zn(1)-O(3), O(4J43r0O(6) and (O(7)-Zn(2)-O(9), O(10)-
Zn(2)-0(12)). For both zinc(ll) centres in complgn" (9),].+(ClO4), the isomer geometry is
determined as th&-form (Figure 31).

Figure 33. ORTEP plot at the 50% probability level of [48),],*(ClO.), — (not important hydrogen atoms and

ClO, are omitted for clarity).
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Table 9. Selected bond distances (A) and angles (°) of (@#]»*(CIOy)..

Bond Distances [A]

Angles [°]

Zn(1)-0(1)
Zn(1)-0(3)
Zn(1)-0(4)
Zn(1)-0(6)
Zn(1)-N(1)
Zn(1)-N(2)
Zn(2)-0(7)
Zn(2)-0(9)
Zn(2)-0(10)
Zn(2)-0(12)
Zn(2)-N(3)
Zn(2)-N(4)

2.056(4)
2.489(4)
2.057(4)
2.536(4)
1.956(4)
1.968(4)
2.118(4)
2.234(4)
2.083(4)
2.308(4)
2.001(4)
2.003(4)

0(3)-Zn(1)-0(4)
0(3)-Zn(1)-0(6)
0(3)-Zn(1)-N(1)
0(3)-Zn(1)-N(2)
0O(4)-Zn(1)-0(6)
O(4)-Zn(1)-N(1)
0(4)-Zn(1)-N(2)
0(6)-Zn(1)-N(1)
0(6)-Zn(1)-N(2)
O(1)-Zn(1)-N(2)
O(1)-Zn(1)-0(4)
O(1)-Zn(1)-0(6)
0(1)-Zn(1)-0(3)
O(1)-Zn(1)-N(1)
N(1)-Zn(1)-N(2)
O(7)-Zn(2)-0(9)
O(7)-Zn(2)-O(10)
O(7)-Zn(2)-0(12)
O(7)-Zn(2)-N(3)
O(7)-Zn(2)-N(4)
0(9)-Zn(2)-0(10)
0(9)-Zn(2)-0(12)
0(9)-Zn(2)-N(3)
0(9)-Zn(2)-N(4)

0(10)-Zn(2)-0(12)

0(10)-Zn(2)-N(3)
0(10)-Zn(2)-N(4)
0(12)-Zn(2)-N(3)
0(12)-Zn(2)-N(4)
N(3)-Zn(2)-N(4)

93.41(16)
81.04(15)
72.66(16)
91.79(16)
160.05(13)
104.83(18)
88.26(16)
91.87(18)
72.88(18)
105.17(16)
96.45(15)
94.76(14)
160.58(13)
88.63(16)
160.0(2)
160.31(14)
93.80(15)
92.51(17)
109.05(18)
84.08(15)
93.37(15)
86.90(17)
89.99(19)
76.34(15)
160.04(14)
83.19(16)
105.44(15)
76.86(16)
94.03(16)
164.08(19)
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The mass spectrometry (ESI) detected significamtkpeof each 1:2-zinc(ll) complex
([zn"(L)2]") and its corresponding free ligand (L). Furthereyaior ligand8 an addition
second complex species with ajZgstoichiometry was detected, which is not surpgsin
with regard to the crystal structures obtained prabably caused by an usual fragmentation
in the ESI method. The elemental analysis also icoefl a Znl-stoichiometry,

([zn"(L)2]*(ClO4), which also agrees with the dimeric structure.

C.2.13 Liquid-State-Analysis of Zinc(ll) Complexes  — [Zn"(7a-9),],*(ClO,),

UV/Vis measurements of the [Z¥a-9),],+(CIO.), complex series results in three very
similar spectra (Figure 34). Absorptions before BB0 are ligand or salt specific (see
experimental parf.9.2 Figure 3 and 4), but the bands between 280 afchB8seem to be
significant for the complex. It is assumed thatehievo different absorptions are overlapped.
It is highly probable that the right hand side bistabsorption, starting around 330 nm to
lower energies, results from a complex-specifiagiaon (LMCT), whereas the left hand side

of the broad band comes from a ligand-specificditaon.
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§ 15000 [zn'(8),1.%(CIO,),
5 ——[2zn'(9),1,*(CIo,),
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Figure 34.UV/Vis spectra for the [ZH7a-9),],*(ClO.), series.

The circular dichroism spectra (CD) of the [Zre-9),],+(ClO,), series were measured
using circularly polarized light in a range of 2@0400 nm (Figure 35) in acetonitrile at room
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temperature. Complex [2(i7a),]»*(ClO4), (Figure 35, black line), which was identified to
form a octahedralA-isomer, and complex [28),]-*(CIO.), (Figure 35, light grey line),
showed exactly the same CD graphs and it is rehf®na assume that [2(8),].*(ClOs)-
possesses alsb-conformation. On the other hand, complex '[@),]*(ClOs), (Figure 35,
dark grey line), already known to formAaisomer, shows completely different features. The
CD spectra of the ligand&-9 (seeexperimental parE.9.2 Figure 4) are in an agreement in

their stereo chemical information with the zincmplexes [ZN(7a-9),]#(CIOs)s.
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Figure 35.CD spectra for the [21{7a-9),],#(ClO,), series.
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C.2.14 Formation of a Manganese(lll) Complex using  Mn(CIO 4),*6H,0?

Manganese was used as the last 3d-transition metta¢ complex formation reaction with
ligand 7a. Two equivalents of oxazoline liganda were dissolved in THF and were
transferred into a solution of one equivalent Mi@g46(H,O) in THF (Scheme 9). The
colour immediately changed without further addubisse, e. g. NBF° from slightly yellow
into dark green. This colour change was alreademesi by Bouwman and co-workers and
indicates the successful complex formation as asllan oxidation from Mt to Mn®*".%°
Further investigations (see below) revealed simbarding characteristics between the
manganese and the iron metal. Two oxazoline ligamodsdinate the metal via the nitrogen
atoms as well as the deprotonated phenolate oxggdntwo THF molecules complete an
octahedral geometry. This is in contrast to the eoled meridional structure of
[Fe" (7a),]+(CIO4) (Figure 8), where the octahedral geomesnyfulfilled by the tridentate

coordinating ligands.

0]
e <A

O__N O
Z Mn(CIO,4),#6H,0 CO—Mn'”—O 70%

OH THF, rt, 48h, air

o Clo,
- C% ]

[Mn'"(7a),(THF),]s(CIO,)

Scheme 9Synthesis of the manganese(Ill) complex [NAa),(THF),]+(ClO,) using Mn(ClQ),*6H,0.

C.2.15 Solid-State-Analysis of a Manganese(lll) Com plex —
[Mn"(72)(THF)]*(CIO )

Typical IR features of the complex [Mii7a),(THF),]*(CIO4) are a free alcohol stretch
around 3480 cih and the shift of a strong band from 1644’crfuncoordinated and
unsaturated C=N stretch) to 1604 tiior a coordinating ligand C=N vibration. Furthemap
a characteristic broad and very strong band at 886as well as a sharp band at 619%cm

indicate the presence of a perchlof&t&.

83



Main Part — Oxazoline Complex Analysis

Crystallographic investigations of complex [Nfra),(THF),]¢(ClO,) showed an
octahedral coordination of the manganese(lll) matdizing two bis(didentate) oxazoline
ligands 7a and two solvent molecules (THF) directly coordéthtin atransorientation
(Figure 36 and 37). The positive charge is balarmetivo deprotonated phenolate oxygens
of the ligands and one perchlorate molecule bounthe outer environment. Both nitrogen
atoms are positioned in a typig¢edns-orientation (172°) and their distances to the nasege
are between 1.95 and 1.98 A (Table 10). The depatéa oxygens of the phenols and the
nitrogens are placed in a nearly quadratic plaremmar as shown by the significant angle of
O(1)-Mn(1)-O(4), spanning exactly 178°. The andletveen O(1)-Mn(1)-N(1) with 90° and
between O(4)-Mn(1)-N(1) with 88° complete this staent. The two THF molecules
spanning an angle of 178° (O(7)-Mn(1)-O(8)) areated on the left hand and right hand side
of the structure, while their orientation is almpstpendicular. The bond lengths of the two
oxygens in the oxazoline ring are measured to A.8§6(1)/0(4)-Mn(1)), whereas the THF
oxygens differ in their distance to the metal, fr@21 ((O(7)-Mn(1)) to 2.32 A ((O(8)-

Mn(1)). All these features give rise to a nearlyf@et octahedral complex.

( =106

o—Mn'”—o<:|

©_< ] o clo,

trans-[Mn'"(7a),(THF),]e(ClO,)

Figure 36. ORTEP plot at the 50% probability level of [Mva),(THF),]*(ClO,) — (not important hydrogen

atoms and CIQ are omitted for clarity).

With two oxazoline ligands with the same chiralépd theirtrans-orientation, both

hydroxymethylen side chains are aligned in onectliva (Figure 37§° These oxygens are
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not involved in the coordination to the metal, ard found on a straight line (176° (O(3)-
O(7)-0O(6), not shown in Table 10) together with TaF (O(7)) oxygen. The corresponding
lengths are measured as 3.83 A (O(6)-O(7) and &.68(3)-O(7) (not shown in Table 10).

The complex structure was identified as tfa@s-isomer (Figure 38).

Figure 37. ORTEP plot at the 50% probability level of [M{7a),(THF),]*(CIO,) — (not important hydrogen

atoms and CIQ are omitted for clarity).

(@) (@)
CO 1, ’ ‘\\\OPh OPh/,, ’ ‘\\\N
‘Mn’ > C ‘Mn' D
O O
cis-form trans-form

Figure 38.Octahedral binding models/ trans-form for two didentate ligands and two solvent ewalles.

Bouwman and co-workers already reported a simbanmlex systeni’® using the racemic
ligand (+)46 and obtained the complex (HNJstrans[Mn" ((R)-46)((9-46)(H.0),]
(Figure 39, left). Due to the racemic ligand @&§-used, both carbonic acid side chains are

directed in opposite half spaces, each pointirgttans-oriented HO molecule.
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(HNEts)etransIMn"((R)-46)((S)-46)(H,0),]

Figure 39. Manganese(lll) complex, reported by Bouwnian.

Table 10.Selected bond distances (A) and angles (°) of'[{@8),(THF),]*(CIO.).

Bond Distances [A] Angles [°]
Mn(1)-O(1) 1.866(5) O(1)-Mn(1)-0(4) _ 178.3(2)
Mn(1)-O(4) 1.858(5) O(1)-Mn(1)-O(7)  91.39(17)
Mn(1)-O(7) 2.211(4) O(1)-Mn(1)-0(8)  90.54(17)
Mn(1)-O(8) 2.322(4) O()-Mn(L)-N@L)  90.0(2)
Mn(1)-N(1) 1.981(6) OL)-Mn(1)-N(2)  91.7(2)
Mn(1)-N(2) 1.952(5) O(4)-Mn(1)-0(7)  88.97(17)
O(4)-Mn(1)-0(8)  89.14(17)
O(4)-Mn(1)-N(1)  88.3(2)
O(4)-Mn(1)-N(2)  90.0(2)
O(7)-Mn(1)-0(8)  177.8(2)
O(7)-Mn(1)-N(1)  95.3(2)
O(7)-Mn(1)-N(2)  92.70(18)
O(8)-Mn(1)-N(1)  85.9(2)
O(8)-Mn(1)-N(2)  86.09(17)
N(1)-Fe(1)-N(2)  171.8(2)

The mass spectrometry (ESI) shows significant neesaks for a 1:2-manganese(lll)
complex (IMA'(L);]*) and for its corresponding free ligand (L). Additally a second
complex species with a Mis-stoichiometry was detected. This was previousbnsa the

mass analysis of zinc(ll) complex [A#8),]*(ClO,), and leads to further speculation. This
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manganese-ligand-system might be also able to fdimers, if no solvent is present to
stabilize the comple¥ Nevertheless, the elemental analysis prepared &aimied sample of
the manganese(lll) complex confirmed a Mrdtoichiometry, which might be also in a good

agreement for a dimeric structure without furtht@bgizations by solvent molecules.

C.2.16 Liquid-State-Analysis of a Manganese(lll) Co mplex —
[Mn"(7a),(THF),]*(CIO 4)

The UV/Vis spectra of the manganese(lll) complerveh an significant difference in
comparison to the ligand as well as the pure paittsa (seexperimental parfF.9.2 Figure 3
and 4). The shoulder between 330 and 390 nm ddfindrise from a complex-specific-
transition (LMCT) (Figure 40).
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Figure 40. UV/Vis spectra of [MH (7a),(THF),]*(ClO,).
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The CD spectra of the manganese(lll) complex [\#&)(THF),]*(ClO,) is shown in
Figure 41. As determined by X-ray crystallographg tomplex geometry was identified as

an octahedraransisomer, and it is reasonable to assume thatghienserved in solution.
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Figure 41.CD spectra of [MH(7a),(THF),]*(ClO,).
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C.2.17 Summary

In conclusion, for all three oxazoline derivatiV&s:9) it can be predicted that complexation
reactions with salts having weak counter aniong).(&e(CIlQ)*6H,0O and Zn(ClQ),*6H,0)
usually form a meridional bis(tridentate) bindingrusture (Table 11, entry 1/(4)/5). In
counterpart to this, metals with strong countepasi(e. g. Fe(OAg)and Fe(acag) prefer a
tri(didentate) structural formation (Table 11, grr and 3). Furthermore, the structural
geometry of the complexes is controlled by theestezentre of the ligands as well as the

nature of the counter anion.

All obtained crystallographic structures possesiéstorted octahedral geometry with slightly
varying angles from ideally 90° or 180°, but intef this fact, a &symmetric formation for

all complexes can be concluded.

Table 11.Summery of all structural geometries for the sadsd.

Entry Salt Ligand 7a Ligand 8 Ligand 9 Ligand

Coordination

1 Fe(ClQ),*6H,0 A (X-ray) A (CD) A (CD) meridional -

bis(tridentate)
2 Fe(OAc) A (X-ray) A (Xray) A (X-ray) tri(didentate)
3 Fe(acag) (A) (D) (A) (cb) (A) (CD) tri(didentate)
4 [RuChk(benzene), - - - (meridional)

5 Zn(CIQy)*6H,0 A (X-ray) A (CD) A (X-ray) meridional -
bis(tridentate)
6 Mn(CIO,)226H,O  transform - - di(didentate)
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D. Main part — Bis(oxazoline) Complex Analysis

D.1 Characterization of Bis(oxazoline)-Metal-Complexes

D.1.1 Formation of Iron(lll) Complexes using Fe(CIO  4),*6(H,0)

The bis(oxazoline) derivativeq, (2, (£)-4/(mes9-4, 5) were utilized as a second ligand
series to chelate Fe(CJi2*6(H.O) (Scheme 1 and 2). This type of ligand is knowriarm
1:1 complexeé***and so one equivalent of a bis(oxazoline) ligaas wissolved in THF and
was transferred into a solution of one equivalea{Ciy),*6(H,O) in THF. The colour
immediately changed from slightly red to dark parphdicating a rapid complex formation
as well as a spontaneous oxidation of'fe F€* (significant dark purple colour originates

from a charge-transfer transition from the phenoliggen to a iron(lll) ion)*

0

\
//< N/\\ Fe(C|O4)2.6H20

o [Fe"(1)(H,0)219(ClOs)2  97%

N\
? THF, rt, 4-12h, air
g@

%N H Fe(Cl04);#6H,0°

(O Ny
/ THF, rt, 4-12h, air

Scheme 1Synthesis of the complexes [H&)(H,0),]*(Cl0.), and [F&'(2)(H,0),]*(CIO.,)».

[Fe(2)(H20)2]8(CIO,),  70%

Further investigations (see below) revealed a @ffebinding characteristic than assumed
from results of former investigations in our grd® which predicted a pentadentate chelate
system, using the nitrogen atom of the pyriding,rinoth nitrogen atoms of the oxazoline

rings and two oxygen or sulphur atoms of the ethehioether bridges, respectively.
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Instead of this, evidence was found for two furth®nding motifs: A tetradentate
chelation, using both oxazoline nitrogen atoms #r& newly introduced oxygens of the
phenolates, which stabilizes the iron(lll) centrgigire 3, proposed) and a pseudo-
pentadentate (Scheme 2) coordination. In the |#tetetradentate complexation is expanded
by a peculiarity, which is outlined in Figure 1.&ktructure exhibits an unexpected sulfoxide
bridge, which resulted from an oxidation of thepbwlr atom, and serves as new fifth
coordination position. This was only observed whesing the sulphur containing ligands
(£)-4/(mes9-4 and>.

Furthermore, earlier complexation reactions betw&en(ll) salts and bis(oxazoline)
ligands performed in our group resulted in air Etadton(Il) complexe$? Due to the newly
introducedortho-OH groups in the ligand, the changed binding msol&d to an unstable
iron(ll) species, which was immediately oxidizechid observation was also made for the
oxazoline ligandga-9 (seemain part — oxazoline complex analy€i.1-C.2.8).

X X
L7 L~
N
£ \\ pr
//\ C|O4)2.6H2O

N Fe'“ 88%

N
Oy O THE 1, 4-12h, air
+ isomers
Clo,

(+)-4 / (meso)-4
®) ) [Fe!''((meso)-4),4(H,0)]¢(ClO,4)
X X

/ bz

N

\\ 2
WL\ Fe(ClOg)96H;0 }L\
N N gy ——— A N---- Fe'”—--—N 42%

O THF, tt, 4-12h, air
clo,

[Fe''(5)ox(H20)1¢(CIO,)

Scheme 2Synthesis of the complexes [Hémes)-4)o,(H,0)]*(ClIO,) and [F&' (5)ox(H20)]*(ClOy).
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D.1.2 Solid-State-Analysis of Iron(lll) Complexes —
Fe''((Mes0)-4)o.(H20)]+(ClO )

The IR spectra of all four iron(lll) bis(oxazoline€pmplexes showed the same typical
features. A broad alcohol stretch around 3300 ,canstrong band at 1603 ¢nindicating a
coordinating ligand C=N vibration, and a charastéribroad and very strong band around
1070 cn* as well as a sharp band at 619"dior the perchlorate, were detect&d.

Figure 1. ORTEP plot at the 50% probability level of [Hgmesd-4).«(H,0)]*(ClO,) — (not important hydrogen

atoms and CIQ are omitted for clarity).
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In this series, suitable crystals for X-ray crylstgtaphy were obtained only for complex
[Fe" ((mesg-4)o(H-0)]*(Cl0,), formed by the rhesd-4 ligand with mixed configurated
stereo centresR(S). Here, thebis(oxazoline) R,S)-4 chelates an iron metal in a pseudo-
pentadentate fashion and forms with a sixth coatthn (HO) an octahedral geometry
(Figure 1). As already mentioned above, both demated oxygens of the phenolates and
two oxazoline nitrogens are involved in the bindstgicture. Furthermore, the oxygen of the
sulfoxide and a kD molecule complete the octahedral geometry ardhi@dnetal, while the
pyridine nitrogen does not take part in the comaiiex. The positive charges of the*Fare
neutralized by two deprotonated phenolates andpenghlorate that is not coordinated at the
metal. The distance of the two opposite placedogén atoms (N(1) and N(3)) have the
typical length of 2.11 A (Table 1), which is comglale to the distances in the di-/tridentate
oxazoline iron(lll) complexes (searain part — oxazoline complex analy§i.1-C.2.8). The
bond lengths of the phenolate oxygen atoms (Fe(1)-&nd Fe(1)-O(5)) were determined to
be 1.92 A and are significantly shorter than thetatice of the sulfoxide oxygen (Fe(1)-O(3)
with 2.08 A) and the oxygen of the water molecl#e(()-O(6) with 2.13 A) to the metal
centre. Atrans-alignment of N(1)-Fe(1)-N(3) was confirmed by argke of 179°, leading to a
slightly distorted octahedral geometry. This wasoatharacterized by the nearly square-
planar location of the coordinated oxygen atomsicivispan angles between 87° and 100°
(O(1)-Fe(2)-O(5), O(3)-Fe(1)-0(5), O(3)-Fe(1)-O(61(1)-Fe(1)-06)). In keeping the
preferred octahedral geometry around the metaljghad system becomes strongly distorted
by the bond interaction between the sulfoxide oxyged the iron ion (Figure 1). Due to this

unexpected complex formation, the determinatiothefcomplex isomer was not possible.

The expected formation of the complexes"[@2)(H.0),]*(ClO4), was confirmed by
mass analysis (ESI and LSIMS), having each a sogmf mass peak corresponding to a
1:1-iron(lll) complex. Furthermore, the elementablysis fit very well for a complex system
containing one bis(oxazoline) ligand, an iron(itetal, two HO molecules and finally two
perchlorates. Based on the X-ray structure of cemfFe" ((mesgd-4)ox(H-0)]*(ClO,) and the
information collected for [F&(1/2)(H,0)]*(ClO.),, the complex formation as outlined in

Figure 2 was proposed.
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Table 1. Selected bond distances (A) and angles (°) df (fres)-4)ox(H-0)]*(ClO,).

Bond Distances [A] Angles [°]
Fe(1)-0(1) 1.920(2) O(1)-Fe(1)-0(3) _ 166.37(9)
Fe(1)-0(3) 2.079(2) O(1)-Fe(1)-0(5)  99.77(9)
Fe(1)-0(5) 1.915(2) O(1)-Fe(1)-O(6)  87.35(10)
Fe(1)-O(6) 2.132(2) O(1)-Fe(1)-N(1)  86.16(10)
Fe(1)-N(1) 2.110(2) O(1)-Fe(1)-N(3)  93.85(10)
Fe(1)-N(3) 2.105(3) O(3)-Fe(1)-0(5)  92.91(9)
S(1)-0(3) 1.523(2) O(3)-Fe(1)-0(6)  80.47(9)

O(3)-Fe(1)-N(1)  88.45(9)
O(3)-Fe(1)-N@3)  91.77(9)
O(5)-Fe(1)-0(6)  171.42(10)
O(5)-Fe(1)-N(1)  91.96(9)
O(5)-Fe(1)-N(3)  86.98(9)
O(6)-Fe(1)-N(1)  93.30(10)
O(6)-Fe(1)-N(3)  87.78(10)
N(1)-Fe(1)-N(3)  178.93(10)

The mass analysis of the complexes"[fe)-4/(mesd-4/5)o(H-0)]*(CIOs) showed a
significant mass peak for a 1:1-iron(lll) compleg well as it oxidized species, but the
elemental analysis indicated only the presence hef oxidized 1:1-iron(lll) complex
(Scheme 2).

[Fe(1)(H,0),]e(CIOy), [Fe'(2)(H20),]¢(CIO,),

Figure 2. Proposed binding structure of the complexe$' [E£)(H,0),]*(ClO.),.
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D.1.3 Liquid-State-Analysis of Iron(lll) Complexes  —
[Fe"(1/2)(H,0)2]+«(Cl0,), and [Fe "((#)-4/(mes0)-4/5)4(H20)]«(ClO.)

The UV/Vis spectra were measured between 200 afdni#bin acetonitrile at room
temperature for the [F&1/2)(H.O)]*(ClO4), and [F& ((+)-4/(mes)-4/5)e(H-0)]*(ClO,)
complexes (Figure 3). All iron(lll) compounds exitdal the same features in their absorption
spectra, indicating similar structures in solutido. differentiate which absorption maximum
belongs to the specific compounds (ligand, salinmlex), each of them was explored
separately under the same conditions éseeerimental parf.9.2 Figure 1 and 5). With this
knowledge in hand, an assignment of the maxim®@tn2n and 340 nm was possible. They
characterize ligand-based transitions—+nt* or = — n*), which are probable caused by the
chromophores of the conjugated system in the ligahé shoulder between 340 and 420 nm
as well as the absorption at 525 nm for "[@&2)(H,0),]*(CIO4), or at 540 nm for
[Fe" ((2)-4/(mes)-4/5)o(H20)]*(ClO,) are identified as complex specific. These tramsit
detected in the electronic spectra are the relsgtivetense charge-transfer (CT) bands
responsible for the dark purple colour. They cam$mgned to a transition from thegbital
on the phenolate oxygen to the half-filled drbitals on the ferric iron(lll) iord*"®
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Figure 3. UV/Vis spectra of [F&(1/2)(H,0),]*(ClO.,), (left) and [F&'((+)-4/(mes)-4/5)e(H-0)]*(CIO,) (right)

complexes.

The circular dichroism spectra (CD) of the '[fer)-4/(mes)-4)ox(H20)]*(ClO,) complex
was not detectable, because of the use of thd/(fes9-4 ligand mixture. The resulting
multiple complex geometries were not CD active inixtare. The enantiopure
[Fe" (1/2)(H,0),]*(ClO.), and the [FE(5)ox(H20)]*(ClOs) complexes exhibit a high
similarity in their behaviour under the influenckaircularly polarized light (Figure 4). The
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samples were dissolved in acetonitrile and the oreasents were made from 200 to 750 nm
at room temperature. The graphs of complex "[E¥H.O)]*(ClO,), and
[Fe" (5)ox(H20)]*(Cl04) (Figure 4, light grey line and dark grey line)hish both contain the
same methylated oxazoline rings and stereochemibuy differ in their ether/thioether
bridges, show a very similar curve progression arelcomparable in their stereo chemical
information to the pure ligand spectra (segerimental part-.9.2, Figure 6). Only small
features are seen, which indicate no structuraldiogy between [F&(2)(H,0)]*(CIO.), and
[F€" (5)ox(H20)]*(ClOs). At 220nm the ether bridged iron(lll)  complex
[Fe" (2)(H,0),]*(Cl04), shows a significant maximum which was not obsetivethe graph
of [F€" (5)ox(H20)]*(ClO.) (thioether bridged). Furthermore, the positiveveuat 330 nm of
complex [F&(2)(H.0)]*(ClOs), was slightly shifted to 380nm for complex
[Fe" (5)ox(H20)]*(Cl04). The CD graph of the unmethylated complexX'[@@(H,0):]*(ClO.,)>
(ether bridged) (Figure 4, black line) exhibitsranror image progression in comparison to
the complexes [F§2)(H20),]*(ClO.), and [F&'(5)ox(H-0)]*(ClIO,), and therefore confirms
the different stereochemistry obtained in the caxphs well as in the pure ligand.
Unfortunately, the geometric information from theystal of [F&' ((mesd-4)ex(H20)]*(ClO4)
was not useful, because of theesecharacter of the ligand. The complex geometryhef t
complexes [F&(1/2)(H20):]*(ClO4), and [Fé&'(5)ox(H20)]*(CIOs) could not be assigned
based on their CD spectra (Figure 4).
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Figure 4. CD spectra of [F&(1/2)(H,0),]*(ClO4), and [F&' (5)e«(H20)]*(ClO,) complexes.
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D.1.4 Formation of Ruthenium(ll) and Ruthenium(lll)  Complexes using
[RuCl,(benzene)] ,

The effect on the complex formation of an iron-tetametal was already described (see
main part - oxazoline complex analy§i2.9-C.2.10. The ruthenium salt [Rugbenzene}]
was selected and also serves here as a suitalaé soatce for the complexation experiments
of the bis(oxazoline) liganddl,(2, (+)-4/(mesd-4, 5).2* One equivalent of the ligand, (2,
(x)-4/(mes9-4, 5), dissolved in ethanol, was transferred into drmaetl suspension of one
equivalent ruthenium salt (Scheme 3 and 4) andehetion mixture was heated to reflux for
16-24 h. For the ether bridged ligarfdand2 (Scheme 3) the colour slowly changed from a
green-brown ruthenium(ll) salt to a dark purplehartium(lll) complex, and for the thioether
bridged ligands (x®¥(mesg-4 and 5 (Scheme 4) only the dark green colour of a

ruthenium(ll) complex became visible.

AN
»
N
o o\
RuCl,(benzene
[ 2l L > [Ru(1)(Cl)(solvent)] 81%
EtOH, reflux, 16-24h, air
| ~
N
o
% [RuCly(benzene)],
N N [Ru(2)(Cl)(solvent)] 80%

EtOH, reflux, 16-24h, air

Scheme 3Synthesis of the complexes [&{1)(Cl)(solvent)] and [RU(2)(Cl)(solvent)].

The colour indicates that in the case of the corgadRU' (1/2)(Cl)(solvent)] (Scheme 3)
an oxidation of the ruthenium(ll) salt into a rutihen(lll) complex, presumably by air,
occurred. In contrast to this, the complexes'[Rt)-4/(mesd-4/5)(Cl),] (Scheme 4) proved

to be stable on air and so a ruthenium(ll) compl@s isolated. It is assumed that a charge-
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transfer transition from the phenolic oxygen tathenium(lll) ion is responsible for the dark
purple colour of the complexes [R(1/2)(Cl)(solvent)]* and the therefore observed colour
variation indicates different product formation bging either an etherl,(2) or thioether
((x)-4/(mes9-4, 5) bridged ligand.

[RuCl,(benzene)],

[Ru'l((+)-4/(meso)-4)(Cl),]

EtOH, reflux, 16-24h, air
75%

+)-4/( meso) -4

[RuCly(benzene)],

= [RU'(5)(Cl),]

EtOH, reflux, 16-24h, air
64%

Scheme 4Synthesis of the complexes [R(#)-4/(mesg-4)(Cl),] and [RU'(5)(C),].

The broad alcohol stretch around 3200"orwas detected for the ruthenium(lll) complexes
[Ru"(1/2)(Cl)(solvent))] as well as for the ruthenium(ll) mplexes
[Ru"((2)-4/(mes0-4/5)(Cl),] using IR spectroscopy. However, the IR featutesngly differ
in the significant strong band at 1600 tnwhich is characterized as a coordinating ligand
C=N vibration. For [RU(1/2)(Cl)(solvent)] the band was still sharp and inteasat
1617 cnt', but for [RU'((+)-4/(mesd-4/5)(Cl),], the extra broad band was divided into two
signals at 1633 and 1600 ¢nirhis might also indicate a different complex fation.

The mass spectrometry (ESI or LSIMS) of the compsefRU' (1/2)(Cl)(solvent)] (ether
bridged ligands) both showed a significant peak &ot:1-ruthenium(lll) complex, and in
addition the spectra of complex [B{1)(Cl)(solvent)] showed a second mass for the same
complex, binding one chloride. The elemental analgenfirmed the 1:1 complex formation
and also suggested one bound chloride and onergah@ecule. This information led to the
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proposed binding motif for the complexes [RW2)(Cl)(solvent)], including a tetradentate
ligand system (Figure 5, top). The complexes'[Rt)-4/(mes)-4/5)(Cl),] (thioether bridged
ligands) were also detected in the mass analy§S$ @ a 1:1-ruthenium(ll) compound and a
corresponding complex binding one additional clderi In the elemental analysis of
[RU"((+)-4/(mes)-4/5)(Cl),] a 1:1 complex with two bound chlorides was alsmftmed.

The resulting binding motif contains a pentadenligend system, which is shown in Figure 5
(bottom).

X X
»w »
N N
//(o Cl N O ¢ O
Y S A PR S
N---""7 -N N N
O/ FARN N O VRN -0
O ! O O ' O
éolvent Iéo|vent
[Ru'(1)(Cl)(solvent)] [Ru'(2)(CI)(solvent)]
X X
» »
N N
e/s\ '. /,s\;’ _S._ i .S
M\ /,\:Fl{u'\\ /\ %\ /,\:Fl{u'\\ W
o N Ne o o N R ‘N o
? OH /! HO & OH /! HO
ci ¢l cl ¢l
[Ru'l((+)-4/(meso)-4)(Cl),] [Ru'(5)(CI),]

Figure 5. Two proposed binding motifs (tetradentate and gaemtate) of the complexes
[Ru" (1/2)(Cl)(solvent)] andRu" ((£)-4/(mes9-4/5)(Cl),).
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D.1.5 Liquid-State-Analysis of Ruthenium(ll) and Ru  thenium(lIl)
Complexes — [Ru "(1/2)(Cl)(solvent)] and [Ru "((+)-4/(meso0)-4/5)(Cl),]

It is not that
[RU"(1/2)(Cl)(solvent)] and [RU((+)-4/(mes9-4/5)(Cl),] are distinguishable by their
different UV/Vis spectra (Figure 6 and 7). Measuradacetonitrile at room temperature

surprising the assumed binding msotibf the complexes

between 200 and 750 nm, complexes "[R(Cl)(solvent)] (Figure 6, black line) and
[Ru" (2)(Cl)(solvent)] (Figure 6, light grey line) showsimmilar features in their absorption
behaviour and indicate therefore a comparable tstreicof the complexes in solution. The
lower concentration used for complex []@)(Cl)(solvent)] caused a very weak absorption
band. The section between 450 nm to 700 nm wasgaalaand exhibits also a noticeable
maximum at 560 nm in both graphs (Figure 6, rigithese absorptions as well as the
shoulders between 350 to 430 nm of the complexe¥ (B2)(Cl)(solvent)] are assigned as
complex-specific transitions and can be interpretedombination with the observed dark
purple colour as a distinct charge-transfer tramsifrom the porbital on the phenolate
oxygen of the ligand to the half-filled,dorbitals of the ruthenium(lll) ion (LMCTJ* 768
The absorption maximum around 300 nm is clearlyntified as due to ligand-specific

transitions (n— ©n* or 1 — ©*) (seeexperimental parF.9.2 Figure 2 and 5).
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Figure 6. UV/Vis spectra of [RU(1/2)(Cl)(solvent)] complexes (left) and offset 450700 nm (right).
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Compared to the ruthenium(lll) species, the "[Rt)-4/(mesd-4/5)(Cl),] complexes
showed also ligand specific absorptions around rB@0and complex-based transitions
between 350 nm and 475 nm (Figure 7). In contrasthis, the significant absorption
maximum at 560 nm was not detectable and confiragain a different binding motif of the

ruthenium(ll) species without interaction of a pbkate oxygen to the metal (Figure 5).
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Figure 7. UV/Vis spectra of the [Rl{()-4/(mes9-4/5)(Cl),] complexes.

The circular dichroism (CD) spectra of the compgex&u"(1/2)(Cl)(solvent)] and
[Ru"(5)(Cl);] were measured between 200 to 750 nm in acetienti room temperature
(Figure 8). Both ruthenium(lll) species [R(L/2)(Cl)(solvent)], which are formed by ether
bridged ligands with a different stereochemistihibit curves with an opposite progression
(Figure 8, black and light grey line). They possassinimum or maximum at 240 nm and
325 nm and the behaviour is comparable to the GEtsp of their corresponding ligands,
including their stereo chemical information (seeperimental partF.9.2, Figure 6). The
ruthenium(il) complex [RU5)(CI),] (Figure 8, dark grey line) behaved differentlyden the
influence of circularly polarized light than thetmanium(lll) complexes and this indicates a
significant change in the metal coordination, efrgm an assumed tetradentate into a

pentadentate chelation.
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Figure 8. CD spectra of the [R(1/2)(Cl)(solvent)] and [RU5)(Cl),] complexes.

The attempt to compare these newly obtained rewutlitsa similar ruthenium(ll) complex
40, synthesized biyl. Seitz(Figure 9§*%is difficult, because of the lack of X-ray datatbis
complex.40 contains a bis(oxazoline) ligand, withautho-positioned hydroxyl groups and
without methylated oxazoline rings. The CD spectir&0 was measured only from 200 to
300 nm (seexperimental parf.9.2 Figure 8). Nevertheless, in this short wavelerrgtige
both complexes also exhibit different features. €haeve progression af0 is detected only
on the positive side, whereas the comparable comiste’'(5)(Cl),] (Figure 8) shows a

negative one in this area.
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Figure 9. Proposed binding motifs of two ruthenium(ll) coexds —M. Seitz40 (left) and complex

[RU'(5)(CI);] (right).
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D.1.6 Formation of Zinc(Il) Complexes using Zn(CIO  4),*6H,0

The [zn'(1, 2, (+)-4/(mesd-4, 5)]*(ClO.), complexes were prepared using one equivalent
of the bis(oxazoline) ligandl{( 2, (x)-4/(mes9d-4, 5) and one equivalent of Zn(ClR+6H,0O
dissolved in THF (Scheme 5 and 6).

X

—

N

o)
//( N/\\ Zn(ClO,),#6H,0

0] /N o)
? THF, rt, 4-12h, air

h

(O Y

[Zn"(1)]e(CIO,), 87%

Zn(CIO4 2‘6H2O
= [2n"(2)]¢(CIOy), 28%

? THF, rt, 4-12h, air

Scheme 5Synthesis of the complexes [Z)]+(ClO4), and [Z1 (2)]*(CIO.),.
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[Zn''(5)]e(ClOy),
Scheme 6Synthesis of the complexes [4(8,9)-4)]*(ClO.), and [ZH(5)]*(ClO.),.
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The ligands were transferred to the salt and aigtate immediately formed in each
reaction. After a 4-12 h reaction time, the etheédded complexes [Z}{1)]+(ClO4). and
[Zn"(2)]*(Cl04), were obtained as a slightly pink or a colourleskds respectively. Both
thioether bridged complexes [{itt)-4/(mesd-4, 5)]+(ClO,), gave yellow solid complexes.
Previous investigatiofi$ predicted a pentadendate 1:1-zinc(ll) complex fiiam, including

two non-coordinated perchlorates, which was cordaray the following observed data.

D.1.7 Solid-State-Analysis of Zinc(ll) Complexes —  [Zn"(1/2)]*(CIO ), and
[Zn"((S.S)-4/5)](ClO 1),

The IR spectra of all four bis(oxazoline) zinc(dpmplexes featured the same typical
properties: a weak alcohol stretch around 3300, amstrong band at 1620 ¢nindicating a
coordinating ligand C=N vibration, and a charasté&ribroad and very strong band around
1070 cn* as well as a sharp band at 620°dior the perchlorat&’

A-[zn"((S,5)-4)1e(CIOy),

Figure 10. ORTEP plot at the 50% probability level of [4(59-4)]*(ClO,), — (not important hydrogen atoms

and CIQ’ are omitted for clarity).

From the complex mixture [2(+)-4/(mesd-4)]+(ClO,), a crystal was obtained with two
stereo centres of the ligand in the same confijmrafSS). The crystallographic data of
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[Zn"((S9)-4)]*(ClO,4), shows a pentadentate coordinated*Znn surrounded by arSQ-
isomer of the bis(oxazoline) ligand (Figure 10 ab#l) and neutralized by two non-
coordinated perchlorates. The crystal structureCissymmetric and exhibits a strongly
distorted square-pyramidal geometry. The nitrodéfly and N(3) of the oxazoline ring and
both sulphurs S(1)/(2) of the thioether bridgesrfa nearly planar square at the bottom of
this structure. The distance of the two almost sppty placed nitrogen atoms (161°) has the
typical length of 2.00 A to the metal (Zn(1)-N(B)) (Table 3), which is comparable to the
distances in the dimeric oxazoline zinc(ll) comggexseemain part — oxazoline complex
analysisC.2.11:C.2.13. The bond between the pyridine nitrogen N(2) ba top of the
pyramid and the zinc centre is significantly longad measured to 2.25 A. The bond lengths
of the sulphur atoms to the metal are 2.56 A are ribarlytrans-oriented alignment of
S(1)-Zn(1)-S(2) was confirmed by an angle of 159°.

Figure 11. ORTEP plot at the 50% probability level of [4(5,S)-4)]*(ClO,), — (not important hydrogen atoms

and CIQ’ are omitted for clarity).

A special feature that should be mentioned is ot phenolates are still protonated and
point into the complex centre (Figure 11). Thestaihces to zinc measure exactly 2.60 A (not
shown in Table 3) and confirm a weak interactiotwleen the hydroxyl group and the metal.
The complex geometry of [2(S,S)-4)]*(ClO.), was identified as th&-isomer (Figure 12).
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The mass spectrometry (ESI, LSIMS) as well as tmental analysis of all four zinc(ll)
complexes confirmed a 1:1 stoichiometry, in whialo tpositive charges from the zinc are

equilized by two perchlorate anions (Scheme 5 gnd 6

Table 3. Selected bond distances (A) and angles (°) of(&B)-4)]*(ClO.)..

Bond Distances [A] Angles [°]
Zn(1)-S(1) 2.5588(12) S(1)-Zn(1)-N(1) _ 83.61(10)
Zn(1)-S(2) 2.5588(12) S(1)-Zn(1)-N(@2)  79.61(4)
Zn(1)-N(1) 1.997(4) S(1)-Zn(1)-S(2)  159.22(6)
Zn(1)-N(2) 2.250(5) S(1)-Zn(1)-N(3)  99.78(10)
Zn(1)-N(@3) 1.997(4) N(1)-Zn(1)-N(2)  99.36(11)

S(2)-Zn(1)-N(1)  99.78(10)
N(1)-Zn(1)-N(3)  161.29(16)
S(2)-Zn(1)-N(2)  79.61(4)

N(3)-Zn(1)-N(2)  99.36(11)
S(2)-Zn(1)-N(1)  83.61(10)

Figure 12. Pentadentate binding model for a square pyrangieainetry.
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D.1.8 Liquid-State-Analysis of Zinc(ll) Complexes —  [Zn"(1/2)]*(ClO ), and
[Zn"((#)-4/(mes0)-4/5)]+(CIO 4),

Although two different ligand systems were usecdg thV/Vis measurements of the
[Zn"(1/2/(+)-4/(mes)-4/5)]+(Cl04), complex series resulted in similar electronic $gec
(Figure 13). Absorptions with energy higher tharD 281 are ligand or salt specific (see
experimental part-.9.2, Figure 3 and 5), whereas the bands between 28038d nm are
identified as overlapping transitions of the ligaardl the newly formed zinc(ll) complex. It is
assumed that the right hand side of this broadrpben, starting around 330 nm to lower
energies, results from a complex-specific transi{fioMCT), and the left hand side indicates a

ligand-specific transition.
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Figure 13.UV/Vis spectra of the complexes [A11/2)]¢(Cl0,), and [Zr ((+)-4/(mes)-4/5)]*(ClO,)..

The circular dichroism spectra (CD) of the [ZH2/5)]+(ClO.), complex series were
measured using circularly polarized light in a g 200 to 750 nm in acetonitrile at room
temperature (Figure 15), but only in the range ketw 200 to 450 nm complex specific
curves are seen. The complexes "[#)-4/(mes)-4)]*(CIO,), were only obtained in a
mixture of multiple geometries and was therefore@ active. Starting from the methylated
complexes, [Z2)]*(ClO.), (Figure 15, light grey line) and [2¢B5)]*(ClO), (Figure 15,
dark grey line) respectively, a clear opposite eysvogression is seen, which is in contrast to
the spectra of the corresponding ligands @egerimental parf.9.2 Figure 6). This is an
unusual effect for ligand systems with two stereates of the same configuration, which
form different geometric structures in combinatisith a zinc(ll) metal. It might be caused

by the varied bridging atom (oxygen or sulphur}he ligand. The phenomenon of two non-
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stereogenic atoms, like oxygen and sulphur, besgponsible for a different geometry
formation in the complex was already seen My Seitz using a similar ligand system
(Figure 14). But the CD spectra of the complexXd#2 (see experimental partF.9.2
Figure 7) and [ZI(1)]*(ClO.), (Figure 15, black line) show significant differescagainst
one another and were not directly comparable.

N N
B [
N N
o, O S\ \\\S\
2+ - X 24 E
N/Zn ,,,,, "’IN/\\ NIt Zn\N/\\
Oz x_O (O x_O
2ClOo4 % 2CIO4
M. Seitz 41 M. Seitz 42
A-isomer A-isomer

Figure 14.Two zinc(ll) complexes — left ether bridged.(Seitz41) and right thioether bridged/; Seitz42).
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Figure 15.CD spectra of the complexes [Z/2)]+(ClO,), and [ZH(5)]*(CIO.),.

The unmethylated ether bridged complex'[@)]*(ClO.), (Figure 15, black line), with a
different stereochemistry in comparison to the cexgs [Zd(2)]*(ClO). and
[Zn"(5)]*(ClO,),, confirmed its ligand spectra in this point (s®eerimental part.9.2

108



Main Part — Bis(oxazoline) Complex Analysis

Figure 6). Furthermore, its CD graph resembles rtiueecurve of complex [21§5)]*(ClO,)-
(thioether bridged) and exhibits an opposite cupregression with regard to complex
[Zn"(2)]*(ClO4), (ether bridged). These untypical behaviours, whe@me stereo
configurations in the ligands form different georneisomers in the complexes, and that
ether bridged complexes are not comparable with ettter but behave similarly to thioether
bridged complexes, led to the following proposaheTobtained information for the
enantiopure crystallized zinc(ll) complex isomen'{fS,S)-4)]*(Cl04),, was identified as a
A-complex. On the basis of the probably oppositelynied geometry by different bridging
atoms, complex [ZH1)]*(CIO4), was assumed to be A&isomer. Corresponding to these
assumptions, complex [Z(2)]*(ClO4), might have theA- and [Zd'(5)]*(CIO), the
A-geometry (Figure 16).

X X
w w
N N
//( /O\/ < O\ ~0
1 N Al
Zn-.,, 1y /\\ HL\N\\“‘ “““ Zn\w
O~ N_O (O Ny \_O
OH HO OH HO
2CIO, 2 Cloy
A-[zn"(1)]e(CIO,), A-zn"(2)]e(CIO,),

Figure 16.Proposed binding motif of the complexes '[ZKi2)]+(ClO.)..
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D.1.9 Summary

In conclusion, for all iron(lll) complexes two déifent binding motifs have been suggested,
depending on whether an ether or thioether bridigadd is used, and whether tetradentate or
pseudo-pentadentate chelation occurs. For thermutimebased complexes two binding motifs
were also assumed. In addition to this, the ligaeeims to control the oxidation of Ruo
RU** in the case of the ether bridged bis(oxazolin@e determination of the iron and
ruthenium complex geometry was not possible dubddack of X-ray structures, including a

chiral ligand.

The crystal obtained in the zinc series allowedideatification of all complex isomers and

confirmed all expectations with respect to repotitedature.

Table 4. Summery of all structural geometries for the carpk obtained.

Entry Salt Ligand Ligand Ligand Ligand
1 2 (x)-4/ 5
(mesoy-4

1 Fe(ClQ),*6H,0 Fe(lll) Fe(lll) Fe(lll) Fe(lll)
tetra- tetra- pseudo- pseudo-

dentate dentate penta- penta-
dentate dentate

2 [RuCh(benzene), Ru(lll) Ru(lll) Ru(ll) Ru(ll)

tetra- tetra- penta- penta-
dentate dentate dentate dentate

3  Zn(ClOy)*6H,0 A (CD) A(CD) A (X-ray) A (CD)
penta- penta- penta- penta-

dentate dentate dentate dentate

With regard to the aim of this work, to create dirce®l complex geometry including
secondary pre-coordination functionalities, theaoi®#d data let to a variety of results: For all
observed iron(lll) complexes, the postulated acintermediate stabilization is not possible
on the base of the changed binding situation. Butttie zinc(ll) complexes, the proposed
binding motif of the bis(oxazolines) with the pdskiy for additional hydrogen bridge

formation was confirmed.
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E. Main Part — Catalysis
E.1 Catalysis

E.1.1 Functionalization of Alkanes by C-H Bond Acti  vation

The generation of ketones and alcohols from sirhgtifocarbons is an important aim in
organic chemistry, but the functionalization of remtivated C-H bonds by oxidation still
requires drastic conditions and toxic mefal& Many investigations have been devoted to
develop new mild and efficient methods for oxidatieactions to functionalize saturated
hydrocarbons. In the past, iron played only a mirade in catalytic approaches. However,
iron has been the subject of increased interesteaent years due to its non-toxic and

inexpensive nature.

Bolm and co-workers screened different iron-saltthout addition of any ligand for
reactivity with ethylbenzenet®) and reported an iron-catalyzed oxidation of adkghes by
hydrogen peroxid&® The reactions were performed under ambient cawditi(e.g. room
temperature), using catalytic amounts of iron-salsl 30% aqueous B, in acetonitrile
(Scheme 1). The results indicated a rapid decorfipnsiof hydrogen peroxide using
Fe(OAc) and Fe(acag)therefore leading to no conversion of the stgrtimaterial. However,
Fe(ClQy)+6H,O (10 mol%) was able to oxidize ethylbenzene in 65feld, with
acetophenone4d) being the major product, and no significant degosition of hydrogen
peroxide was observed. In addition to this, carlioxacids have been shown to be effective
additives in iron-catalyzed oxidatioff$2° presumably by forming the corresponding peracid
intermediates. Bolm and co-workers tested the mhdibf various carboxylic acids (e. g.
acetic acid) under the same reaction conditionsoht@ined acetophenone as the only product
at a similar conversion rate as before. The cdfalysstrate/kLO,/acid molar ratio of
1/10/50/2 has been employed.

O HO,
catalyst N
30% aqg. H202
MeCN, rt
44 45

43 see Table 1

Scheme 1General oxidation of ethylbenzene.
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Bouwman and co-workefsstudied the catalytic effect of an iron complextaining a
phenol-oxazoline ligand (&6 (Figure 1, left), which has high similarity to tHgands
described in this thesis (Figure 3). Fe(QkBH,0O was used to form the catalytically active
species with this ligand and the oxidation of dbeyizene under ambient conditions was
investigated. An excess of substrate with respediyidrogen peroxide should reduce the
ketone-formation and minimize the uncontrolled deposition of HO,. A molar ratio of
1/1000/100 (catalyst/substrate(®) resulted in a 0.8/1 mixture of acetophenone acemic
1-phenylethanol45) with TONs of 8.8 and 11.0, respectively (Tabledtry 2).

@)

/—QLOH o N

(@] /N N N _
OH
~ NN
N\
(1)-46 tpoen 47

Figure 1. Phenol-oxazoline ligand (¥6 of Bouwman et al* (left) and tpoen ligand47 (= N-(2-
pyridylmethoxyethyl)-N,N-bis(2-pyridylmethyl)aminedf Sun et af’ (right).

Sun and co-worketSinvestigated the catalytic properties of a muhi@ge NO ligand47
(tpoen = N-(2-pyridyl-methoxyethyl)-N,N-bis(2-pysitinethyl)amine)  (Figure 1,  right).
Depending on the salt added, the corresponding lexmp formed with different binding
motifs. FeCjsH,O was used to generate a pentadentate cord@ekeCk6H,0O to form a
tridentate comple®9, and Fe(ClQ)2*6H,0O was able to form a-oxo dinuclear iron complex
50 (Figure 2). The catalytic activity of the speciesmed was subsequently tested in the
oxidation of ethylbenzene in acetonitrile, using molar ratio of 1/1000/200
(catalyst/substrated®,) under a M atmosphere at room temperature.
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As outlined in Table 1, all three catalysts gerestaimilar ratios of the products obtained,
showing a slight preference for the ket@e(Table 1, entry 3-5). All TONSs reported by Sun
and co-workers are increased in comparison to thbtgned by Bolm and Bouwman, which
might be explained by the higher ratio of hydrogemoxide used. Furthermore, it should be
pointed out that the tridentate compk& achieved a TON of 17.2 for the ketone (Table 1,
entry 4), a result which was improved by the peemtate compleXd8 (Table 1, entry 3). The
highest reported TON so far was observed underetibesditions with the dinuclear iron

complex50 (Table 1, entry 5).

Table 1. Comparison of reported oxidations of ethylbenzene.

Entry Catalyst TON TON® Ratio

acetophenone phenylethanol 44/45
44 45

1 Fe(ClQ)2*6H,0 @ 5.0 - 5.0/0
2 (HNE®)[Fe((+)46),](Cl04) 8.8 11.0 08/1
3 [Fe@d7)CIPRs© 22.7 15.7 1.4/1
4 Fe@7)Cls © 17.2 12.7 1.4/1
5 [Fe@d7)2(u-O)](ClO4)4 © 26.2 16.4 16/1

2 reaction conditions: 1.0 mmol ethylbenzene, 0.1 mimam-salt, 0.2 mmol HOAc, 5.0 mmol J,,

5 mL acetonitrile, nitrobenzene (0.2 eq., intersiaindard) — 5 h / rf reaction conditions: 5.0 mmol
ethylbenzene, imol iron-complexe, 0.5 mmol 4@,, 5 mL acetonitrile — 3 h / rf;reaction conditions:
5.0 mmol ethylbenzene, Bnol iron-complexe, 1.0 mmol @, 4 mL acetonitrile, 1,2-
dichlorobenzene (internal standard) — 1.5 h #fEON = turnover number of the product in mole
product per mole catalyst.

[Fe'l(tpoen)(CI)]* 48 [Fe"(tpoen)(Cl);] 49 [{Fe(tpoen)},(u-O)]e(ClO,), 50

Figure 2. Three crystal structures &un and co-worker¥.
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E.1.2 Oxidation of Ethylbenzene by Oxazoline / Bis(  oxazoline)

Complexes

To investigate the oxidation of ethylbenzene (Saléjnby oxazoline and bis(oxazoline)
complexes, conditions were chosen on the basis afumber of reported protocols.
Acetonitrile was envisioned to be a suitable saifenall oxidation reactions because of the
good solubility of the ligands, iron salts and tdoenplexes formed by them. Furthermore, the
substrate was added in a high excess as descrduwman et alTwo different iron-salts
as well as three oxazoline and two bis(oxazolireg)vatives (Figure 3) were used to form the
catalytically active species as 2:1- or 1l:1-comptex The molar ratio of
catalyst/substrated®, was set to 1/100/50, 1/1000/100, or 1/1000/500e €fect of a
carboxylic acid (HOAc) was also tested. All reansowere performed under ambient

conditions and samples for GC-analysis were takar@action time of 3 h, 5 h or 24 h.

/_(\OH /_?/\OH \/ < OH

O__N O__N O__N
7a 8 9
N AN
w »
N N
o) O— S S
N Nﬁ N N
0-4 OHHO O 04 OHHO o]
1 (£)-4/(meso)-4

Figure 3. Oxazoline ligand§a-9 and bis(oxazoline) ligandsand (+)4/(mes9-4 used for the catalysis.

In the first series of experiments the oxidationebfiylbenzene was performed using
Fe(ClQ)*6H,0O and Fe(OAg) Table 2 summarizes the results obtained afterré&lation
time. Higher TONs are seen for Fe(GJ#6H,O (Table 2, entry 1) in comparison to
Fe(OAc) (Table 2, entry 5) without addition of a ligandhéke values show the same
tendency reported by Bolm and co-work&rbut here acetophenone was not the only product

which was obtained.

114



Main Part — Catalysis

The best results for a 3 h reaction time were aehidby ligand8 in combination with
Fe(ClQy)*6H,0 (Table 2, entry 3). A TON of 5.3 was obtained tloe ketone and a ratio of
44745 - 1.6/ 1 shows a slight preference for the ketdre enantiomeric excess of 28%
was determined for the chiral alcohol. The resifittisa 24 h reaction time are given in
Table 3. Here the complex of ligal&with Fe(ClQ),*6H,O (Table 3, entry 3) afforded a
TON of 10.8 for the ketone, which is comparabldhe blank (ligand free) reaction for the
same reaction time (Table 3, entry 1). Moreoveg, $blectivity of ligand after 24 h was
increased to a ratio of 2.3 /1 towards the ket@rable 3, entry 3), but at the same time the

enantiomeric excess for the alcohol observed &ftehad disappeared.

Table 2. Oxidation of ethylbenzene after 3°h.

Entry Salt Ligand TON TON Ratio
acetophenone phenylethanol 44/45
44 45

1 Fe(ClQ),*6H,0 - 7.9 7.5 1.0/1
2 Fe(ClQ),+6H,0 7a 4.0 2.5 1.6/1
3 Fe(ClQ)»6H,0 8 5.3 3.3 1.6/1
4 Fe(ClQ),+6H,0 9 4.0 2.7 15/1
5 Fe(OAc) - 2.4 0.8 3.0/1
6 Fe(OAc) 7a 3.2 1.7 1.9/1
7 Fe(OAc) 8 3.0 1.3 23/1
8 Fe(OAc) 9 3.0 1.4 21/1

# reaction conditions:10.0 mmol ethylbenzene, 0.01 mmol catalyst, 1.0 h@®,, 5 mL acetonitrile,
bromobenzene (0.1 eq., internal standard) — 3;} 28%eedetermined by chiral GC.

Table 3. Oxidation of ethylbenzene after 24°h.

Entry Salt Ligand TON TON Ratio
acetophenone phenylethanol 44/45
44 45

1 Fe(ClQ)2+6H,0 - 11.4 10.9 11/1
2 Fe(ClQ),*6H,0 7a 5.2 3.0 18/1
3 Fe(ClQ),*6H,0 8 10.8 4.8 23/1
4 Fe(ClQ)2+6H,0 9 6.9 5.0 14/1

5 Fe(OAc) - 3.0 1.0 3.1/1
6 Fe(OAc) 7a 3.9 2.0 19/1
7  Fe(OAc) 8 3.7 1.6 2411
8 Fe(OAc) 9 4.0 1.8 2211

 reaction conditions: 10.0 mmol ethylbenzene, 0.01 mmol catalyst, 1.0 g0, 5 mL
acetonitrile, bromobenzene (0.1 eq., internal stea)o— 24 h / rt® 0%eedetermined by chiral GC.
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Due to the generally lower TONs for Fe(OAa) the oxidation of ethylbenzene, the focus
for further investigations was shifted to the mpremising Fe(ClQ)*6H,O complexes. The
addition of a carboxylic acid (e.g. HOAc) and useadiigher amount of hydrogen peroxide
was also explored in the next experiments. It wesimed that the rapid decomposition of
H,0O, plays an important role for the observed low TOfMNues and could be avoided by
continuous addition of the oxidizing agent. Theldeing 5h and 24 h reactions were
performed by a portion-wise addition of 1 mmol aad each hour during the first 5 h up to a
total of 5 mmol hydrogen peroxide.

The results obtained after 5 h are shown in TablEhé addition of acetic acid resulted in
a higher blank value (TON 14.4 for the ketone) &il &s in a better ratio af4/45-2/1
(Table 4, entry 1-2). Furthermore, the continuoddition of five equivalents D, with an
elongated reaction time of 5 h improved all TONal{le 4). Ligand performed well under
these conditions. A TON of 8.8 for the ketone arsglactivity of44/45- 2.2 / 1 was reached
(Table 4, entry 6), while only 9&& for the chiral alcohol was obtained. The corresibon
complexes of the bis(oxazoline) ligantland (+)4/(mes9-4 were also investigated, but they
catalyzed the oxidation reaction less well in corigoen to all the oxazolinega9. The
complex of ligandlL was able to form the ketone only with a TON of gl@ble 4, entry 10),
but the selectivity for the ketone is improved (21§. While the addition of acetic acid
resulted in slightly higher TONSs for the oxazoliands7a-9, no detectible influence for the

bis(oxazoline) catalysts was observed.

Table 4. Oxidation of ethylbenzene after 5°h.

Entry Ligand TON TON Ratio
acetophenone phenylethanol 44/45
44 45

1 - 12.9 10.3 13/1
2 P 14.4 7.1 2.0/1
3 7a 4.7 2.6 1.8/1
4 7a° 6.2 3.2 1.9/1
5 8 4.9 2.4 2.0/1

6 8P 8.8 4.0° 2211
7 9 5.3 2.7 20/1
8 9f 7.2 3.9 2.0/1
9 1 5.3 2.2 2411
10 1P 5.0 1.8 28/1
11 (+)4/(mesd-4 3.4 1.6 21/1
12 (+)4/(mesd-4 ° 3.2 1.8 1.8/1

reaction conditions: 10.0 mmol ethylbenzene, 0.@dohcatalyst, 5 x 1.0 mmol J@.,
5mL acetonitrile, bromobenzene (0.1 eq., inters@ndard) — 5h/rt® 0.2 mmol
HOAC; © 9%eedetermined by chiral GC.
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A TON of 8.8 for the ketone obtained using liga8dafter 5 h (Table 4, entry 6) is
comparable with the results reported by Bouwman @ndiorkers (TON 8.8 for the ketone)
(Table 1, entry 2§* In contrast to this, a ratio of 2.2/ 1 was obeedrvindicating a higher
preference for the ketone, whiBbuwmanet al. achieved only a ratio of 0.8/ 1. The higher
TONs of Sun and co-workeéfswere not reached using our catalytic system. Tteie
complexes catalyzed the oxidation reaction to & kiggree (TON 17.2 — 26.2 for the ketone)
(Table 1, entry 3-5), but the selectivity of theatalytic species is lower.

The data obtained from the 24 h-samples are sumethim Table 5 and indicate a further
increase of the blank values (Table 5, entry 12Wwell as a higher TON using ligagd
(Table 5, entry 5-6). In addition to these improwedults the enantiomeric excess of the
alcohol was increased to 16% (Table 5, entry 6)thHleamore, after 24 h liganga afforded
results quite similar to ligan@ (Table 5, entry 4), but no enantiomeric excessldcde
detected. The best result for the bis(oxazolinenmlexes was obtained with ligantl
(Table 5, entry 10), but did not reach the TON8&gznd 7a and8.

Table 5. Oxidation of ethylbenzene after 24°h.

Entry Ligand TON TON Ratio
acetophenone phenylethanol 44/45
44 45

1 - 15.0 8.4 1.8/1
2 - 19.2 7.8 25/1
3 7a 10.0 8.8 1.1/1
4 7a° 11.7 4.7 28/1
5 8 8.00 2.9 2711
6 8° 11.6 4.5 26/1
7 9 9.2 3.9 231/1
8 9" 14.1 6.2 2.3/1
9 1 6.2 2.6 2411
10 1° 7.8 3.1 25/1

11 (x)4/(mesgy-4 4.0 1.8 22/1
12 (2)4/(mes)-4 P 35 1.6 21/1

& reaction conditions: 10.0 mmol ethylbenzene, 0.@doicatalyst, 5 x 1.0 mmol J@,,
5 mL acetonitrile, bromobenzene (0.1 eq., intestahdard) — 24 h / ;0.2 mmol HOAc®
0%eedetermined by chiral GE;16%eedetermined by chiral GC.

Finally, an increase of the catalyst loading frommdl% to 10 mol% leads to the results
shown in Table 6 and 7. In general, after 5 h aé ageafter 24 h, in all cases only very low
TONSs were observed. Even the blank values reachigdl®@Ns of 3.8 and 5.1 for the ketone
after 5 h and 24 h, respectively (Table 6, entrff@ble 7, entry 2). All complex-catalyzed
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reactions showed TONs lower than 3.5 and the selkyat in the same range as for the blank

reactions.

Table 6. Oxidation of ethylbenzene after 5°h.

Entry Ligand TON TON Ratio

acetophenone phenylethanol 44/45
44 45

1 - 3.3 1.9 1.7/1
2 P 3.8 2.3 1.7/1
3 7a 0.9 0.8 1.0/1
4 7a° 1.1 1.0 1.0/1
5 8 1.6 1.0 1.6/1
6 8" 2.7 1.7 1.6/1
7 9 2.0 1.3 1.5/1
8 9°f 2.1 1.4 15/1
9 1 1.1 0.9 1.2/1
10 1° 1.3 0.6 2211
11 (¥)4/(mes)-4 0.5 0.5 1.0/1
12 (+)4/(mes)-4 ° 0.6 0.6 1.0/1

& reaction conditions: 10.0 mmol ethylbenzene, 0.lomgatalyst, 5 x 1.0 mmol 4O,
5 mL acetonitrile, bromobenzene (0.1 eq., intestahdard) — 5 h / ;0.2 mmol HOAc.

Table 7. Oxidation of ethylbenzene after 24°h.

Entry Ligand TON TON Ratio
acetophenone phenylethanol 44/45
44 45

1 - 3.9 2.2 1.8/1
2 -P 5.1 2.7 1.9/1
3 7a 1.0 0.9 1.1/1
4 7a° 1.0 0.9 1.1/1
5 8 2.1 1.5 15/1
6 8" 3.3 2.2 15/1
7 9 2.6 1.6 1.6/1
8 9f 2.9 1.8 1.6/1
3 1 0.9 0.5 1.8/1
4 1P 1.3 0.7 20/1
5 (x)-4/(mesg-4 0.2 0.4 05/1
6  (+)-4/(mesy-4 ° 0.3 0.4 0.8/1

& reaction conditions: 10.0 mmol ethylbenzene, 0.lohgatalyst, 5 x 1.0 mmol 4®,,
5 mL acetonitrile, bromobenzene (0.1 eq., intestehdard) — 24 h / ;0.2 mmol HOAc.
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E.1.3 Preparation of Optical Active Sulfoxides

Many sulfoxides are known to have high biologicztivdty.®® Their preparation involves
the use of chiral auxiliaries or reagents in emmefiective oxidations of prochiral sulfid®s.
The utilization of chiral transition metal complex@ combination with an oxidizing agent is
a powerful method to generate optically active estitfes. Recently Bolm and co-workers
reported a highly selective catalytic process ugiog’®°°'%(as one of the most inexpensive
and user-friendly metals) in combination with Stinéses (Figure 4) as chiral ligands, and

very simple and mild reaction conditions.

OH —OH
OH —~ —~
N O.__N S.__N
/é[OH é/OH OH
I I
51 7a (+)-10

Figure 4. Schiff base ligan&1 used byBolm et al.in comparison with oxazolinga and thiazolinel0.

The most successful Schiff baSé (Figure 4), bearing iodine substituentspara- and
ortho-positions to the hydroxyl group, generated prongseevalues in the oxidation of
methyl phenyl sulfide 52) (Scheme 2), but only moderate vyields (Table &yet)*° This
reaction was performed in dichloromethane at ro@mperature, using Fe(acacand

30% aqueous D, as oxidant in a molar ratio of catalyst/substtdg€s, of 1/50/60.

0 o0
S talyst Sy \\S//
N ca N
30% aqg. H202
52 sovent, 16 h, rt 53 54

Scheme 20xidation of methyl phenyl sulfide Bolm et al.

Further investigations revealed that the additiorvarious carboxylic acids and their
lithium salts improved the yields as well as theargiomeric excess. Table 8 shows an

increase of theevalue from 59% (Table 8, entry 1, no additive)/it®¥ee (Table 8, entry 2,
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addition of 4-metoxybenzoic acid) and to an excel@0%ee (Table 8, entry 3, addition of
lithium salt of 4-metoxybenzoic acid), while theMgield of 36% was nearly doubled to 63%
(Table 8, entry 1-3). In all the oxidation reacsanf methyl phenyl sulfide reported by Bolm

and co-workers, no sulfor! as further oxidation product was observed.

Table 8. Comparison of reported oxidations of methyl phesuffide byBolm et al*

Entry Ligand Yield [%] ee[%]
1 51°2 36 59
2 51%° 61 77
3 51%°¢ 63 90

2 reaction conditions: 1.0 mmol methyl phenyl sulfid®02 mmol
Fe(acac) 0.04 mmol Schiff baseb51, 1.2 mmol HO, 2 mL
dichloromethane — 16 h/rf 0.01 mmol 4-methoxybenzoic acid;
©0.01 mmol lithium salt of 4-methoxybenzoic acfdsolated yield,
eevalues determined by cHPLC.

E.1.4 Asymmetric Sulfide Oxidation

The high structural similarity between the Schiffsb ligandb1 and oxazoline liganda
(Figure 4) gave rise to speculation that they caldéth have comparable catalytic properties.
It was assumed that on the basis of the companaéial binding sited* the sulfide oxidation
may also be successful using oxazoline complexashér evidence for the catalytic activity
of oxazoline and bis(oxazoline) iron complexes mvpled by the crystal structure of
complex [Fé&' ((mesd-4)o(H-0)]*(ClOs) (seemain part — bis(oxazoline) complex analysis
D.1.2, Figure 1), which resulted from a self oxidatiogaction of the ligand. When the
complex with Fe(ClQ).*6H,O was formed, one of the thioether bridges of tiséolzazoline)
ligand (nes9-4 was oxidized by air into the corresponding sulfiexiThis self oxidation is
promising for further investigations into the coewe#s potential as a catalyst for sulfide

oxidations.

Applying the method reported by Bolm and co-work8rsxazoline ligand7a-9 and
bis(oxazolines) 1 and (£)4/(mes@-4 were tested in combination with Fe(agaor
Fe(ClQ)2*6H,0 in the oxidation of methyl phenyl sulfide. A 2ratio of ligand to salt for
oxazolines7a9 and a 1:1 ratio of ligand to salt for bis(oxazeshl and (+)4/(mesQ-4 were
used (Scheme 2). Fe(acaahd Fe(ClQ)2*6H,O were explored in dichloromethane as solvent
under ambient conditions over 16 h reaction timafodunately, the first attempts of the

sulfide oxidation resulted in only very low converss. During the course of the reaction
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(approximately 2 h after the addition of®}), a solid began to precipitate from the reaction
mixture. It is assumed that the low solubility betintermediate species might be a problem

and is the reason for these disappointing results.

To overcome this solubility problem, a new solvesais chosen. The precipitation of the
catalyst intermediate should be avoidable by usicetonitrile, a solvent which is known to
be suitable for all oxazoline and bis(oxazolinenptexes as described above (s&sEn part
— catalysisE.1.2). In addition to this, Fe(OAg)as a third salt was also tested and
4-methoxybenzoic acid was added to all reactiomsulige of its reported positive effé&t*
Furthermore, the thiazoline ligand (&) (Scheme 4) was also explored for its catalytic

activity in the sulfide oxidation reaction.

The summarized results under these conditionsrasepted in Table 9-11. In general, the
yields obtained for the Fe(acac)Table 10) and Fe(OAghased (Table 11) complexes
reached only a maximum of 55% for the correspondinffoxide 53 and the determined
eevalues were also extremely low. In contrast tcs,thte(ClQ),»6H,0O-based complexes
achieved the best yields of up to 73% by usingniih8 (Table 9, entry 5), which are
comparable to the results reported by Bolm and od«grs. Unfortunately, theevalues did

not exceed 23%.

Table 9. Oxidation of methyl phenyl! sulfice”

Entry Salt Ligand Ligand Sulfoxide53 ee[%]°
[mol%]  Yield [%]°

1  Fe(ClQ),»*6H,0 = - 26/ 1¢f -

2 Fe(ClQ)y*6H,0 1 2.0 57/ 28 14.5
3 Fe(ClQ),*6H,0 (x)-4/(mesg-4 2.0 36 1

4  Fe(ClQ)»6H,0 7a 4.0 52 23
5  Fe(ClQ)y*6H,0 8 4.0 73 9

6  Fe(ClQ),*6H,0 9 4.0 65 3.5
7  Fe(ClQ),*6H,0 10 4.0 66 3

& reaction conditions: 1.0 mmol methyl phenyl sulfi®02 mmol catalyst, 1.2 mmol,&,, 0.01 eq.
4-methoxybenzoic acid, 2.5 mL acetonitrile — 16r /° determined by'H-NMR; © eevalues
determined by cHPLC, yield determined after complete solvent removal.
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Table 10.Oxidation of methyl phenyl sulfidé.

Entry Salt Ligand Ligand Sulfoxide53 ee[%]
[mol%] Yield [%)]

1 Fe(acag) - - n.r./ 16 -
2  Fe(acaq) 1 2.0 41/ 26 3
3 Fe(acag) (x)-4/(meso-4 2.0 22 1
4 Fe(acag) 7a 4.0 40 <1
5 Fe(acag) 8 4.0 36 <1
6 Fe(acag) 9 4.0 55 5.5
7 Fe(acag) 10 4.0 37 3

& reaction conditions: 1.0 mmol methyl phenyl sulfid2.02 mmol catalyst, 1.2 mmol ,8,,

0.01 eq. 4-methoxybenzoic acid, 2.5 mL acetonitrilé6 h / rt;” determined byH-NMR; ¢ ee
values determined by cHPLEyield determined after complete solvent removal.

Table 11.Oxidation of methyl phenyl sulfidé.

Entry Salt Ligand Ligand Sulfoxide53 ee[%]°
[mol%)]  Yield [%]°
1 Fe(OAc) - - 18 -
2 Fe(OAc) 1 2.0 19 2
3 Fe(OAc) (x)-4/(mesg-4 2.0 16 2
4 Fe(OAc) 7a 4.0 37 4
5 Fe(OAc) 8 4.0 43 <1
6 Fe(OAc) 9 4.0 47 16.5
7 Fe(OAc) 10 4.0 32 6

# reaction conditions: 1.0 mmol methyl phenyl sulfid@.02 mmol catalyst, 1.2 mmol 8,

0.01 eq. 4-methoxybenzoic acid, 2.5 mL acetonitrilé6 h / rt;° determined byH-NMR; € ee
values determined by cHPLE&yield determined after complete solvent removal.

To prevent a possible source of error, based osttbag solvent excess in each sample, in
four reactions (Table 9 and 10, entry 1 and 2)sthlgent was completely removed. Because
of this variation in the work-up, a reduced yieldeach sample was detected, but the positive

effect of the ligand was nevertheless observed.

In conclusion, for both oxidation reactions expthréhe oxazoline ligands were able to
generate better results compared to the bis(oxsgdigands. Ligan® in particular exhibited
the best performance in all catalytic oxidationdl. the results obtained were not able to
match those already published, but do provide #sshfor further investigations. Variations

of substrates and reaction conditions are feasible.
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F. Experimental Part

F.1 General

'H NMR-Spectra were recorded on Bruker Avance 300, Bruker Avar@@, Bruker Avance
600, Varian Inova 600, Bruker DRX-400 with a H/G/R)NP gradient probe and Bruker Avance
500 with a dual carbon/proton CPDUL cryoprobe. Tdmemical shifté is given in [ppm],
calibration was set on chloroform-q7.26 ppm) or tetramethylsilane (0.00 ppm) asrivde
standard. The spectra were evaluated in 1st ortbittee coupling constants are given in Hertz
[Hz]. The following abbreviations for the spin miplicity were used: s = singlet, d = doublet, t =
triplet, q = quartet, gt = quintet, m = multiplei, = doublet of a triplet, dd = double doublet, ddd

= doublet of a double doublet, sept = septet. Hezlwleuterated solvents are given separately.

13C NMR-Spectra were recorded on Bruker Avance 300, Bruker Avata®@, Bruker Avance
600, Varian Inova, Bruker DRX-400 with a H/C/P/F RNradient probe and Bruker Avance 500
with a dual carbon/proton CPDUL cryoprobe. The cicaihshifts is given in [ppm], calibration

was set on chloroform:d77.16 ppm), or tetramethylsilane (0.00 ppm) &sriral standard.

Melting points were measured on a Bichi SMP 20 in a silicon aihbThe melting points are

uncorrected.

Infrared-Spectra were recorded on a Bio-Rad Excalibur Series otddat Genesis Series FT-
IR. Solid compounds were measured in KBr, liquignpounds as a neat film between NacCl-

plates. The wave numbers are given infgm

Masspectrometry was performed on Varian MAT 311A, Finnigan MAT 9Bhermoquest
Finnigan TSQ 7000, Nermag quadrupoles, VG ZAB higgnlution double-focusing and VG
Autospec-Q tandem hybrid with EBEQQ configuratidhe percentage set in brackets gives the
peak intensity related to the basic peak (I = 100%gh resolution mass spectrometry (HRMS):

The molecular formula was proven by the calculgtetise mass.

Elemental analysis was prepared by the micro analytic section of theiversity of

Regensburg using a Vario EL 11l or Mikro-Rapid CHNeraeus).
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Optical rotation was measured at rt on a 241 MC Perkin-Elmer puolkster at a wavelength of
589 nm (Na-D) ina 1 dm or 0.1 dm cell. The conigian is given in [g/100 ml].

X-ray analysis was performed by the crystallography laboratory toé University of
Regensburg (STOE-IPDS, Stoe & Cie GmbH) and thestalpgraphy laboratory of the
University of Kansas.

Chiral HPLC was performed in the analytic department of thevehsity of Regensburg or on
a Kontron Instruments 325 System (HPLC 335 UV dete@d = 254 nm, Chiracel OD/OD-H
column (50x4.6 mm, 10 um, flow rate: 1 mL/min, Z0), A-heptane/ethanol 99:1).

Gaschromatography (GC)was measured in the analytic department of thevédsity of
Regensburg or on Fisons Instruments GC 8000 s@gs Jet Integrator, CP-chiralsil-DEX-CP

column).

Thin layer chromatography (TLC) was prepared on TLC-aluminium sheets (Memsik¢ca
gel 60 Fks4 0.2 mm). Detection in UV-lighth = 254 nm, staining with ;] mostain,

molybdatophosphoric-acid (5% in ethanol), KMygdlution or vanillin-sulfuric acid.

Column chromatography was performed in glass columns (G2 or G3). Asatigstary phase
silica gel Merck-Geduran 60 (0.063-0.200 mm) oslilasilica gel Merck 60 (0.040-0.063 mm)

was used.

CD-spectrawere measured on a JASCO model J-710/720 at #tgube of Bioanalytic and
Sensoric of the University of Regensburg in thecB@el solvent. The background was subtracted
to each spectrum and the absorption value is measis molare ellipticity (degecsimol™). The

spectra were smoothed by adjacent averaging ahgostith Origin 6.0.

UV/Vis spectra were recorded on a Varian Cary BIO 50 UV/VIS/NIRestrophotometer
equipped with a jacketed cell holder using 1-cmettes (quartz or glass) from Hellma

Solvents: Abs. solvents were prepared according to usualptalsedures or taken from the
MB-SPS solvent purification system. Ethylacetagxdnes (40-60 °C) and dichloromethane were
purified by distillation before use. Further solteand reagents were of p.a. quality.

124



Experimental Part

Reactions with oxygen- and moisture sensitive sgdstwere performed in oven dried and in

vacuo heated reaction flasks under a pre-dried gaer (nitrogen or argon) atmosphere. For

cooling to temperatures < -40 °C a cryostat Haak@®& or dry icelsopropanol mixture was

used.

F.2 Abbreviations

a-KA
abs
acac
bf
cat
CD
Cl
DCM
DFO
DFT
dr
DMA
DMAP
DMF
ee
EE
€q

El

Et
GC

HPLC

a-keto acid
absolute
acetylacetonate
benzoylformate
catalytic
circular dichroism
chemical ionization
dicholormethane
desferrioaxamine
desferrithiocin
diastereomeric ratio

N,N-dimethylacetamide

N,N-dimethylamino pyridine

dimethyl formamide
enantiomeric excess
eth

equivalents
electronic ionization
ethyl
gas-chromatograph
hour

high pressure liquid
Chromatography
hemerythrin

high resolution mass
Spectrometry

iron clearing efficiency
iso-propyl

infra red

LAH

Me
MeCN
Mes
min
MMOM
MRT

MS

nm
NMR
Nu

OAc
oD

Ph
PPLE
pyr
RNR R2
rt
TBDMS
TBAF

THF
TMS
Tp
Ts

ligand

lithium aluminium hydride
metal

methyl

acetonitrile

mesyl

minute

methane monooxygenase
5-methyltetrahydrofolate-
homocystein methyltransferase
molecular sieve

nano meters

nuclear magnetic resonance
nucleophile

acetate

optical density

phenyl

porcine pancreas lipase enzyme
pyridine

ribonucleotide reductase type |
room temperature
tert-butyldimethylsily
tetrabutylammonium fluoride
tert-butyl

tetrahydrofuran

trimethylsilyl
tris(pyrazolyl)borate

tosyl
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F.3 Oxazoline and Thiazoline Ligands

(R)-2-(4-(hydroxymethyl)-4,5-dihydrooxazol-2-yl)phenb(7a)

(9-methyl-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-drboxylate 16a (8.09 g, 36.57 mmaol,

1.0 equiv.) was dissolved in dry THF (100 mL) unblerand cooled to -30 °C. LiAllH(1.80 g,
47.54 mmol, 1.3 equiv.) was added in portions drednhixture was stirred for 3.5 h at -30 °C.
After addition of sat. agueous KNa-tartrate-solut{@00 mL) and EO (200 mL) the mixture
was continuously stirred over night at rt. The Iay@ere separated and the aqueous layer was
extracted with EtOAc (3 x 150 mL) and all combiredanic layers were dried (B&0,). The
solvent was evaporated under reduced pressurehandrade product was purified by flash
column chromatography (SiOhexanes/EtOAc 5:1 to 3:1 to EtOAc) to yield theduct as
slightly yellow solid (2.24 g, 11.61 mmol, 32%), iwh can be further recrystallized from,&t

to afford a colourless solid.

Ri 0.14 (hexanes/EtOAc 5:1); m.p. 85 °Qo3=+23.65 (c=0.99, EtOH)H NMR
(300 MHz, CDC}): 6 11.90 (bs, ®l, 1H), 7.68-7.64 (m, B,, 1H), 7.43-7.33 (m, B,, 1H),
7.03-6.98 (m, €,, 1H), 6.91-6.84 (m, Ba, 1H), 4.56-4.44 (m, B,-OH, 2H), 4.41-4.31 (m,
CH, 1H), 3.90 (ddJ = 3.7, 11.4 Hz, CH-8,, 1H), 3.71 (ddJ = 11.4, 3.7 Hz, CH-8,, 1H);
¥C NMR (75.5 MHz, CDGJ): § 167.0 Cq), 159.8 C), 133.8 Ca), 128.3 Ca), 118.8 Ca),
116.8 Ca), 110.4 Cg), 68.6 CH,), 66.8 CH), 64.0 CH,); IR (KBr): v 3299, 2870, 1643,
1616, 1580, 1489, 1410, 1364, 1303, 1257, 12247 11826, 1066, 1029, 982, 952, 860, 828,
788, 750 crit; MS (CI, NHs): m/z (%) = 194.1 (100, [MH]); elemental analysis calcd (%) for
Ci10H11NO3 (256.1): C 62.17, H 5.74, N 7.25, found: C 6218&.21, N 7.23.
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(R)-2-(4-(hydroxymethyl)-4,5-dihydrooxazol-2-yl)phend (7a)

~ " :

O__N

Z
(5(%

L e e L e L e L L L o e o e e
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
(ppm)
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(ppm)
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~—OH
O_N
OH

(S)-2-(4-(hydroxymethyl)-5,5-dimethyl-4,5-dihydrooxanl-2-yl)phenol (9)

(9-2-(4-((tert-butyldimethylsilyloxy)methyl)-5,5-dimethyl-4,5-dylirooxazol-2-yl)phenol 19
(2.75 g, 8.20 mmol, 1.0 equiv.) was dissolved ip @HF (50 mL), dry NE$ (115 pL, 83 mg,
0.82 mmol, 0.1 equiv.) and TBAF (2.64 g, 8.36 mmibD2 equiv.) were added at rt and the
mixture was stirred for 20 h. The solvent was evafsal and the crude product was purified by
column chromatography (Sohexanes/EtOAc 1:1) to yield the product as sligbtange oil
(2.32 g, 5.97 mmol, 73%).

Rr 0.67 (hexanes/EtOAc 1:1)|2=-33.39 (c = 1.11, EtOHfH NMR (300 MHz, CDCJ): §
7.67-7.60 (m, €, 1H), 7.40-7.32 (m, Ba, 1H), 7.02-6.96 (m, Ba, 1H), 6.89-6.81 (m, B,
1H), 3.99 (t,J=5.6 Hz, G4, 1H), 3.82 (dJ= 6.0 Hz, G5, 2H), 1.51 (s, €3, 3H), 1.49 (s,
CHs, 3H); **C NMR (75.5 MHz, CDG)): 6 165.5 Cg), 160.0 Cq), 133.5 C.), 128.3 Ca),
118.7 Ca), 116.8 Ca), 110.9 Cy), 85.6 Cy), 73.9 CH), 62.3 CHy), 29.0 CH3), 21.4 CHa);
IR (film): 7 3425, 2975, 1633, 1491, 1365, 1307, 1256, 11537,11074, 1037, 946, 893,
850, 801, 757, 692 cm MS (El, 70 eV):m/z (%) = 121.1 (100, [@450,"]), 190.1 (38,
[C11H12NOL']), 221.1 (52, [M]); HRMS (El, 70 eV): calcd for GH1sNOs [M*] 221.1052,
found 221.1055.
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(S)-2-(4-(hydroxymethyl)-5,5-dimethyl-4,5-dihydrooxanl-2-yl)phenol (9)
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hXOH

O__N

OH

(S)-2-(4-(2-hydroxypropan-2-yl)-4,5-dihydrooxazol-2-y)phenol (8)

(S-methyl-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-drboxylatel6a (15.58 g, 70.43 mmol,
1.0 equiv.) was dissolved in dry,Ex (300 mL) and cooled to 0 °C undes.M 3.0 M-solution
of MeMgBr (69.50 mL, 208.5 mmol, 2.96 equiv.) waddad dropwise. The mixture was
stirred for 5 h at 0 °C. After addition of sat. MH-solution (200 mL) stirring was continued
until both layers were clear. After layer sepamtithe aqueous layer was extracted witfOEt
(5x 100 mL) and the combined organic layers weredd (Na&SQ;). The solvent was
evaporated under reduced pressure and the crudkigbrevas purified by flash column
chromatography (Si§) hexanes/EtOAc 3:1) to yield the product as yellsalid (10.90 g,
49.27 mmol, 70%).

Ri0.49 (hexanes/EtOAc 3:1); m.p.45-47 °@y]?’=-7.98 (c=1.02, EtOH)'H NMR
(300 MHz, CDC}): & 12.00 (bs, ®, 1H), 7.64-7.58 (m, B,, 1H), 7.38-7.30 (m, Ba, 1H),
7.00-6.94 (m, €, 1H), 6.87-6.80 (m, B, 1H), 4.42-4.36 (m, B, 2H), 4.38 (dd,
J=8.2Hz, &, 1H), 1.50 (bs, C(Ch-OH, 1H), 1.31 (s, €3, 3H), 1.19 (s, €3, 3H);
C NMR (75.5 MHz, CDGJ): § 166.8 Cq), 159.9 C), 133.7 Ca), 128.3 Ca), 118.8 Ca),
116.8 Ca), 110.4 Cg), 74.4 CH), 71.3 C,), 68.0 CH,), 26.8 CHs), 25.8 CHa3); IR (KBr):
3428, 3398, 2963, 1643, 1618, 1581, 1491, 14640,14263, 1311, 1253, 1232, 1150, 1130,
1075, 1039, 955, 829, 793, 761¢nMS (El, 70 eV)m/z(%) = 121.1 (100, [Hs0,"]), 221.2
(20, [M*]); HRMS (EI, 70 eV): calcd for GH1sNOs [M*] 221.1052, found 221.1051.
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Experimental Part

(S)-2-(4-(2-hydroxypropan-2-yl)-4,5-dihydrooxazol-2-y)phenol (8)
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Experimental Part

—OH
S.__N
OH

(x)-2-(4-(hydroxymethyl)-4,5-dihydrothiazol-2-yl)phenol (z)-(10)

(R)-methyl-2-(2-hydroxyphenyl)-4,5-dihydrothiazoleedrboxylate 21 (340 mg, 1.43 mmol,
1.0 equiv.) was dissolved in dry THF (15 mL). NaBfl41 mg, 3.73 mmol, 2.6 equiv.) was
added at once and the mixture started refluxingOMé3 mL) was added over 15 min. and the
solution was cooled down to 15 °C,® (1 mL) was added and stirring was continued for 1
min., before additional ¥0 (10 mL) was added. The layers were separatedrendqueous
layer was extracted with #2 (3 x 20 mL) and all combined organic layers weeshed with
brine (30 mL) and dried (N8QO,). The solvent was evaporated under reduced pessur the
crude product was purified by column chromatograf®i®,, hexanes/EtOAc 2:1) to yield the
product as yellow oil in racemic form (182 mg, Or@ihol, 61%).

Rt 0.37 (hexanes/EtOAc 2:1551]2,30: +1.38 (c = 1.01, CHG); *H NMR (300 MHz, CDCJ): §
12.3 (bs, ®, 1H), 7.39-7.27 (m, Ba, 2H), 6.97-6.91 (m, Ba, 1H), 6.87-6.80 (M, B,, 1H),
4.88-4.77 (m, €, 1H), 3.94 (ddJ=11.3, 5.2 Hz, €,-OH, 1H), 3.79 (ddJ = 11.3, 4.7 Hz,
CH,-OH, 1H), 3.38 (ddJ = 11.0, 8.8 Hz, CH-85, 1H), 3.30 (ddJ=11.0, 8.2 Hz, CH-8,
1H); *C NMR (75.5 MHz, CDG)): 5 172.5 Cg), 158.0 C), 132.2 Ca), 129.7 C.), 118.5
(Ca), 116.1 Co), 111.9 Cy), 76.7 CH), 63.1(CHy), 31.7 CHy); IR (film): U 3409, 2918,
2871, 1617, 1590, 1566, 1489, 1456, 1406, 12904,1P519, 1154, 1118, 1034, 953, 816, 749
cm®; MS (El, 70 eV): m/z(%) = 178.1 (100, [M-C@H]), 209.1 (42, [M]); HRMS (EI,

70 eV): calcd for GgH1:NO,S [M] 209.0511, found 209.0511.
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Experimental Part

(x)-2-(4-(hydroxymethyl)-4,5-dihydrothiazol-2-yl)phenol ()-(10)
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Experimental Part

F.5 Bis(oxazoline) ligands

2,2'-(4R,4'R)-4,4'-(pyridine-2,6-diylbis(methylene))bis(oxy)bigmethylene)bis(4,5-di-
hydrooxazole-4,2-diyl)diphenol (1)

(R)-2-(4-(hydroxymethyl)-4,5-dihydrooxazol-2-yl)phdnda (1.756 g, 9.10 mmol, 2.2 equiv.)
was dissolved in dry DMF (25 mL) under, ldnd cooled to 0 °C. NaH (60% suspension in
mineral oil) (0.678 g, 16.96 mmol, 4.1 equiv.) wasded in portions and the mixture was
stirred for 20 min. 2,6-bis(chloromethyl)pyridir25 (0.729 g, 4.14 mmol, 1.0 equiv.) was
added as a solid and the ice-bath was removedin8tivas continued at 70 °C for 24 h. DMF
was evaporated, water (15 mL) and CE@0 mL) were added and the layers were separated.
The aqueous layer was extracted with CHGIx 20 mL) and the combined organic layers
were dried (Ng&5Oy). After removal of the solvent in vacuo, the residvas purified by flash
column chromatography (Sohexanes/EtOAc 5:1 to EtOAc/MeOH 4:1) to yield gireduct

as red oil (0.966 g, 1.98 mmol, 48%).

R 0.05 (hexanes/EtOAc 5:10g]%’ = +12.12 (c = 1.00, EtOH}H NMR (300 MHz, CDCJ): §
12.0 (bs, ®, 2H), 7.69-7.62 (m, B, 3H), 7.41-7.33 (m, B, 2H), 7.31-7.25 (m, B, 2H),
7.03-6.97 (m, @, 2H), 6.90-6.83 (M, B, 2H), 4.66 (S, QueCH2-Cy 4H), 4.63-4.54 (m,
CH, 2H), 4.50 (ddJ = 8.9, 8.6 Hz, Q+CH»-CH, 2H), 4.39 (dd,)= 8.0, 8.2 Hz, Q+CH»-
CH, 2H), 3.82 (dd,J= 9.6, 4.1 Hz, QusCH,-CH, 2H), 3.62 (dd,) = 9.6, 6.3 Hz, QusCH -
CH, 2H); °C NMR (75.5 MHz, CDGJ): § 166.5 Cq), 159.9 Cy), 157.5 Cy), 137.5 Ca),
133.5 C4), 128.2 C,), 120.2 (), 118.7 Ca), 116.8 Ca), 110.6 Cy), 74.2 CHy), 72.5 CHy),
69.7 CH>), 65.2 CH); IR (film): U 2906, 1641, 1595, 1490, 1454, 1367, 1305, 12682,12
1128, 1064, 961, 755 ¢mMMS (El, 70 eV):m/z(%) = 177.1 (35, [@H1:NO,]), 313.1 (100,
[C17H17N2047]), 489.1 (11, [M]); HRMS (EI, 70 eV): calcd for &H,7N30s [M™] 489.1900,
found 489.1895.
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Experimental Part

2,2'-(4R,4'R)-4,4'-(pyridine-2,6-diylbis(methylene))bis(oxy)bigmethylene)bis(4,5-di-
hydrooxazole-4,2-diyl)diphenol (1)
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Experimental Part

(¥)-2,2'-(4,4'-(pyridine-2,6-diylbis(methylene))bigsulfanediyl)bis(methylene)bis(4,5-di-
hydrooxazole-4,2-diyl)diphenol (£)-(4)

NaH (60% suspension in mineral oil) (70 mg, 1.750hn2.5 equiv.) was suspended in dry
DMF (5 mL) under N and cooled to 0 °C. 2,6-bis(mercaptomethyl)pyedity¥ (120 mg,
0.70 mmol, 1.0 equiv.) was added dropwise as disalin dry DMF (3 mL) and the mixture
was stirred until the evolution of hydrogen had sseh (%)-2-(4-(bromomethyl)-4,5-
dihydrooxazol-2-yl)phenol (£28 (394 mg, 1.54 mmol, 2.2 equiv.) was dissolved iy AMF

(3 mL) and was also added dropwise. The ice-bathremoved and stirring was continued at
70 °C for 24 h. DMF was evaporated, water (10 mig &HCE (20 mL) were added and the
layers were separated. The aqueous layer was w@dradath CHC} (4 x 20 mL) and the
combined organic layers were dried ¢S@y). After removal of the solvent in vacuo, the
residue was purified by column chromatography gSiexanes/EtOAc 1:1) to yield the
product as red oil in racemic form (285 mg, 0.546ah 78%).

Ry 0.77 (hexanes/EtOAc 1:1ja|3=-0.69 (c = 1.02, EtOH)*H NMR (300 MHz, CDCY): &
12.00 (bs, ®, 2H), 7.64-7.58 (m, B,, 3H), 7.40-7.32 (m, B,, 3H), 7.23 (s, €5, 1H), 7.00-
6.95 (M, G4, 2H), 6.88-6.81 (M, B, 2H), 4.61-4.50 (m, B, 2H), 4.48-4.38 (m, O-B,-CH,
2H), 4.25-4.18 (m, O-B,-CH, 2H), 3.89 (s, S-B,-C, 4H), 2.96 (ddJ=13.3, 4.5 Hz, S-
CH,-CH, 2H), 2.66 (dd,J=13.3, 7.8 Hz, S-B,-CH, 2H); **C NMR (75.5 MHz, CDGJ): §
166.1 Cq), 159.9 Cy), 158.1 Cq), 137.8 Ca), 133.6 Ca), 128.2 Ca), 121.5 Cy), 118.7 Ca),
116.8 Ca), 110.5 Cg), 71.2 CHy), 65.1 CH), 38.1 CHy), 36.4 CHy); IR (film): U 3427,
2914, 1639, 1574, 1491, 1452, 1419, 1365, 13095,12230, 1155, 1129, 1068, 1034, 958,
916, 825, 755, 684 ¢ MS (ESI):m/z (%) = 522.3 (100, [MH); elemental analysis calcd
(%) for GoHo/N304S, (521.65): C 62.17, H 5.22, N 8.06, S 12.29, foudd31.92, H 5.07, N
7.83,S 12.11.
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Experimental Part

(¥)-2,2'-(4,4'(pyridine-2,6-diylbis(methylene))biséulfanediyl)bis(methylene)bis(4,5-di-
hydrooxazole-4,2-diyl)diphenol (£)-(4)
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Experimental Part

2,2'-(45,4'S)-4,4'-(pyridine-2,6-diylbis(methylene))bis(oxy)bigmethylene)bis(5,5-di-
methyl-4,5-dihydrooxazole-4,2-diyl)diphenol (2)

Under a N atmosphere, §-2-(4-(hydroxymethyl)-5,5-dimethyl-4,5-dihydrooxa@z2-yl)-
phenol9 (300 mg, 1.36 mmol, 2.2 equiv.) was dissolved i AMF (15 mL) and cooled to
0 °C. NaH (60% suspension in mineral oil) (102 g4 mmol, 4.1 equiv.) was added in
portions and the mixture was stirred for 30 mir6-Ris(chloromethyl)pyridin€25 (109 mg,
0.62 mmol, 1.0 equiv.) was added as a solid andidbébath was removed. Stirring was
continued at 70 °C for 72 h. DMF was evaporatedewé30 mL) and CHGI (40 mL) were
added and the layers were separated. The aque@usnas extracted with CHE(5 x 40 mL)
and the organic layer was dried ¢S&y). After removal of the solvent in vacuo, the resd
was purified by flash column chromatography (Si®exanes/EtOAc 2:1 to EtOAc to
EtOAc/MeOH 1:4) and recrystallized from MeCN to Igighe product as colourless solid
(139 mg, 0.25 mmol, 40%).

Ri 0.49 (hexanes/EtOAc 2:1); m.p. 123 °§z]3’=-29.03 (c =1.03, CHG), ‘H NMR
(300 MHz, CDCH): 6 12.2 (bs, ®, 2H), 7.75-7.68 (m, Ba, 1H), 7.65-7.59 (m, B,, 2H),
7.39-7.30 (m, €4, 4H), 7.02-6.95 (m, B,, 2H), 6.89-6.81 (M, B,, 2H), 4.66 (s, O-8,-C,
4 H), 4.18 (ddJ = 8.4, 4.8 Hz, O-8,-CH, 2H), 3.88 (ddJ = 9.9, 4.7 Hz, O-8,-CH, 2H),
3.70 (ddJ = 9.7, 8.4 Hz, €, 2H), 1.57 (s, €l3, 6H), 1.48 (s, €3, 6H); *C NMR (75.5 MHz,
CDCls): § 165.1 Cqg), 160.0 Cg), 157.6 Cy), 137.4 Ca), 133.3 Ca), 128.1 C4), 120.1 Ca),
118.5 Ca), 116.8 Ca), 111.0 Cy), 86.0 Cy), 74.2 CHy), 72.0 CH), 70.2 CH,), 28.8 CHb),
21.4 CHa3); IR (KBr): 7 2980, 2871, 1634, 1611, 1488, 1458, 1363, 13316,18257, 1236,
1143, 1102, 1069, 1058, 1037, 933, 849, 749" cMS (EI, 70 eV):m/z(%) = 121.0 (60,
[C/H50,]), 341.1 (100, [GoH2:N2047]), 545.2 (22, [M]); HRMS (El, 70 eV): calcd for
Ca1H3sN30g [M '] 545.2526, found 545.2513.
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Experimental Part

2,2'-(4S,4'S)-4,4'-(pyridine-2,6-diylbis(methylenépis(oxy)bis(methylene)bis(5,5-
dimethyl-4,5-dihydrooxazole-4,2-diyl)diphenol (2)

(ppm)
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Experimental Part

2,2'-(4S5,4'S)-4,4'-(pyridine-2,6-diylbis(methylene))bis(sulfandiyl)bis(methylene)bis
(5,5-dimethyl-4,5-dihydrooxazole-4,2-diyl)dipheno(5)

NaH (60% suspension in mineral oil) (46 mg, 1.150hn2.5 equiv.) was suspended in dry
DMF (5mL) under N and cooled to 0 °C. 2,6-bis(mercaptomethyl)pyedRi (79 mg,
0.46 mmol, 1.0 equiv.) was added dropwise as disalin dry DMF (3 mL) and the mixture
was stirred until the evolution of hydrogen hadseeh R)-2-(4-(bromomethyl)-5,5-dimethyl-
4,5-dihydrooxazol-2-yl)phen@0 (287 mg, 1.01 mmol, 2.2 equiv.) was dissolvedn AMF

(3 mL) and also added dropwise. The ice-bath wasoved and stirring was continued at
75 °C for 90 h. DMF was evaporated, water (30 nid &HCE (40 mL) were added and the
layers were separated. The aqueous layer was w@dradath CHC} (4 x 20 mL) and the
combined organic layers were dried ¢S@y). After removal of the solvent in vacuo, the
residue was purified by flash column chromatograf8ip,, hexanes/EtOAc 2:1) to yield the
product as red oil (205 mg, 0.36 mmol, 78%).

Ri 0.50 (hexanes/EtOAc 2:1)q|%’ = -3.47 (c = 1.44, CHG); *H NMR (300 MHz, CDC}): &
12.15 (bs, ®, 2H), 7.67-7.50 (m, B,, 3H), 7.38-7.30 (m, B,, 2H), 7.28-7.33 (m, Ba, 2H),
7.01-6.93 (m, €l,, 2H), 6.88-6.78 (m, B,, 2H), 4.05 (dd,J = 8.0, 6.6 Hz, €, 2H), 3.90 (s,
S-CH,-C,, 4H), 2.87 (dd) = 13.3, 6.5 Hz, S-B,-CH, 2H), 2.72 (ddJ = 13.2, 8.0 Hz, S-B,-
CH, 2H), 1.50 (s, 83, 6H), 1.36 (s, €3, 6H); °C NMR (75.5 MHz, CDG)): § 164.4 Cy),
160.0 Cq), 158.2 Cy), 137.6 Ca), 133.3 C4), 128.1 Co), 121.4 C,), 118.5 Co), 116.8 Co),
110.9 Cy), 86.1 Cy), 72.4 CH), 38.7 CH>), 32.6 CHy), 28.7 CHs), 21.5 CHsz); IR (film):
v 3379, 2927, 1739, 1638, 1615, 1590, 1491, 1458418311, 1259, 1236, 1153, 1124, 755,
cm?; MS (El, 70 eV):m/z (%) = 204.2 (100, [GH1NO,']), 374.3 (83, [GoH2oN20,S,"),
577.4 (30, [MH]); HRMS (LSI, MeOH/Glycerin): calcd for £HssNz04S, [M*] 577.2069,
found 577.2068.
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Experimental Part

2,2'-(4S,4'S)-4,4'-(pyridine-2,6-diylbis(methylene))bis(sulfandiyl)bis(methylene)bis
(5,5-dimethyl-4,5-dihydrooxazole-4,2-diyl)dipheno(5)
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Experimental Part

F.5 Precursor for Oxazoline and Bis(oxazoline) Ligands

/_(\OH

O __N

OTs

(9)-(2-(2-hydroxyphenyl)-4,5-dihydrooxazol-4-yl)methy-4-methylbenzenesulfonate (29b)

(R)-2-(4-(hydroxymethyl)-4,5-dihydrooxazol-2-yl)phdnta (100 mg, 0.518 mmol, 1.0 equiv.)
was dissolved in dry Cil, (3 mL) under nitrogen, dry NE(182uL, 131 mg, 1.294 mmol,
2.5 equiv.) was added and cooled to 0 °C. Freshystdlized tosyl chloride (109 mg,
0.569 mmol, 1.1 equiv.) was added in one portiod @@ mixture was stirred for 20 h at rt.
The reaction mixture was washed withH (1 mL) and then with sat. aqueous NaHCO
(2 mL). All combined organic layers were dried ¢S@y). The solvent was evaporated under
reduced pressure, and the crude product was plrifie column chromatography (SO
hexanes/EtOAc 1:1 to EtOAc) to afford the prodwstcalourless solid (120 mg, 0.346 mmol,
67%).

R 0.35 (hexanes/EtOAc 1:1); m.p. 108 °§@|2=+118.0 (c =1.00, CHE); H NMR
(300 MHz, CDCH): 6 7.83-7.76 (m, €,, 1H), 7.71-7.62 (m, B,, 2H), 7.35-7.20 (m, B,
4H), 6.88-6.81 (m, B, 1H), 4.39-4.19 (m, B/Or<CH»-CH, 3H), 3.86 (ddJ = 11.5, 2.7 Hz,
OoxaCH2-CH, 1H), 3.57 (ddJ = 11.3, 2.7 Hz, Q< CH2-CH, 1H), 2.90 (bs, &, 1H), 2.38 (s,
CH3, 3H); *C NMR (75.5 MHz, CDGJ): § 162.5 C), 147.5 Cy), 145.5 Cg), 132.7 Cy),
132.2 Ca), 131.4 Co), 129.8 Ca), 128.5 Ca), 127.2 Ca), 123.6 C,), 122.8 Cy), 69.0 CHo),
68.5 CH), 64.1 CHy), 21.7 CHs); IR (KBr): 7 2899, 1647, 1597, 1448, 1342, 1293, 1170,
1095, 1038, 962, 850, 815, 777, 729, 613, 562Z;dS (El, 70 eV):m/z (%) = 91.1 (100,
[C/H7T), 316.1 (37, [GH1aNOsS']), 317.2 (39, [GH1NOsS')), 347.2 (2, [M]); HRMS (E],

70 eV): calcd for GH17/NOsS [M] 347.0824, found 347.0824.
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Experimental Part

(9)-(2-(2-hydroxyphenyl)-4,5-dihydrooxazol-4-yl)methy-4-methylbenzenesulfonate (29b)
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Experimental Part

s—Br
O__N

OH

(2)-2-(4-(bromomethyl)-4,5-dihydrooxazol-2-yl)phend ()-(28)

(R)-2-(4-(hydroxymethyl)-4,5-dihydrooxazol-2-yl)phdnda (0.502 g, 2.60 mmol, 1.0 equiv.)
was dissolved in dry Ci€l, (20 mL) and cooled to 0°C. CBr(1.035g, 3.12 mmol,
1.2 equiv.) was added in portions and the mixtuas wtirred for 15 min. Subsequently BPh
(0.818 g, 3.12 mmol, 1.2 equiv.) was added and itleebath was removed. Stirring was
continued at rt for 20 h. Addition of brine (20 miojlowed and the layers were separated. The
aqueous layer was extracted with £ (2 x 20 mL) and all combined organic layers were
dried (NaSQy). The solvent was evaporated under reduced pessand the crude product
was purified by column chromatography (Si®exanes/EtOAc 4:1 to EtOAc) to afford the
product as slightly pink solid in racemic form (874g, 1.75 mmol, 67%).

Ri 0.73 (hexanes/EtOAc 4:1); m.p. 98 J@]%° = -2.40 (c = 1.04, EtOH)H NMR (300 MHz,
CDCl): 6 11.7 (bs, ®, 1H), 7.68-7.63 (m, B,, 1H), 7.43-7.36 (m, Ba,, 1H), 7.05-7.00 (m,
CHa, 1H), 6.92-6.85 (m, B,, 1H), 4.79-4.68 (m, B, 1H), 4.54 (ddJ)=9.1, 9.1 Hz, O-B,-
CH, 1H), 4.36 (dd,)= 8.8, 6.9 Hz, O-8,-CH, 1H), 3.65 (dd,J = 10.2, 3.8 Hz, Br-&,-CH,
1H), 3.44 (ddJ) = 10.2, 7.7 Hz, Br-8,-CH, 1H);*C NMR (75.5 MHz, CDG)): 6 167.0 Cy),
160.0 Cy), 134.0 CJ), 128.3 Cy), 118.9 Ca), 116.9 Cy), 110.1 Cg), 70.9 CHy), 66.0 CH),
34.9 CH,); IR (KBr): 7 2904, 1635, 1492, 1425, 1372, 1306, 1259, 11680,11072, 1029,
964, 796, 757, 602 cm MS (Cl, NH): m/z (%) = 256.0 (100, [MH]:es), 258.0 (95,
[MH] *s18r); elemental analysis calcd (%) ford10BrNO, (256.1): C 46.90, H 3.94, N 5.47,
found: C 47.06, H 4.14, N 5.37.

144



Experimental Part

(¥)-2-(4-(bromomethyl)-4,5-dihydrooxazol-2-yl)phenb(x)-(28)
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Experimental Part

)\\\Br
O__N

OH

(R)-2-(4-(bromomethyl)-5,5-dimethyl-4,5-dihydrooxazoi2-yl)phenol (30)

(9-2-(4-(hydroxymethyl)-5,5-dimethyl-4,5-dihydroox@z2-yl)phenol 9 (300 mg, 1.36 mmol
1.0 equiv.) was dissolved in dry GEl, (15mL) and cooled to 0°C. CBr(540 mg,
1.63 mmol, 1.2 equiv.) was added and the mixture stared for 10 min at O °C. After the
addition of PPk (428 mg, 1.63 mmol, 1.2 equiv.) the mixture wdsve¢éd to warm up to rt
and stirred for 24 h. Addition of brine (15 mL) gped the reaction and the layers were
separated. The aqueous layer was extracted withlCIGH2 x 15 mL) and the combined
organic layers were dried (b80O,). After removal of the solvent in vacuo, the residvas
purified by column chromatography (SiGhexanes/EtOAc 4:1) to yield the product as réd oi
(347.3 mg, 1.222 mmol, 90%).

Rr 0.82 (hexanes/EtOAc 4:1)g]% = -9.13 (c = 1.03, EtOH)*H NMR (300 MHz, CDG)): &
12.0 (bs, ®, 1H), 7.65-7.60 (m, Ba, 1H), 7.41-7.34 (m, B,, 1H), 7.03-6.97 (m, Ba, 1H),
6.90-6.82 (m, €4, 1H), 4.25 (ddJ = 8.9, 5.1 Hz, El,, 1H), 3.66 (dd,)= 10.6, 5.1 Hz, €,
1H), 3.45 (dd,J=10.6, 8.9 Hz, €, 1H), 1.61 (s, €3, 3H), 1.52 (s, €3 3H); **C NMR
(75.5 MHz, CDC}): 6 165.0 Cg), 160.0 Cq), 133.7 Ca), 128.3 Co), 118.7 Ca), 116.9 Ca),
110.6 Cq), 86.1 Cg), 73.7 CH), 30.2 CH,), 29.1 CHs), 20.9 CHs); IR (film): U 2978,
2928, 1637, 1614, 1490, 1462, 1365, 1343, 1309712837, 1154, 1124, 1069, 1034, 960,
852, 756 crit; MS (El, 70 eV):m/z(%) = 92.1 (28, [CkBr']), 121.1 (100, [GHs0,']), 190.1
(22, [C11H12NOL']), 285.1 (23, [M]); HRMS (El, 70 eV): calcd for GH1/NO.Br [M7]
283.0208, found 283.0203.
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Experimental Part

(R)-2-(4-(bromomethyl)-5,5-dimethyl-4,5-dihydrooxazoi2-yl)phenol (30)
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Experimental Part

(S)-methyl-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-4-arboxylate (16a)

Ethyl-2-hydroxybenzimidatel4 (33.43 g, 202.6 mmol, 1.0 equiv.) was dissolved diry
C,H4Cl> (300 mL) under M and §-methyl-2-amino-3-hydroxypropanoate hydrochloritfe
(38.31 g, 243.1 mmol, 1.2 equiv.) was added tostiiation. The reaction mixture was stirred
under reflux for 60 h. After coming to rt the miréuwas filtered and concentrated. Addition of
Et,O (100 mL), storing at 4 °C for some hours andnalffiltration purified the product and
afford a gold-brown oil (40.19 g, 181.7 mmol, 90%).

Rr0.92 (EtOAc); [a]2 = +62.49 (c = 1.13, EtOH)*H NMR (300 MHz, CDCY): § 11.6 (bs,
OH, 1H), 7.70-7.63 (m, By, 1H), 7.44-7.35 (m, B,, 1H), 7.05-6.99 (m, B,, 1H), 6.92-6.84
(m, CHa, 1H), 5.02 (dd, = 10.6, 7.6 Hz, €, 1H), 4.71 (ddJ = 8.8, 7.4 Hz, €5, 1H), 4.61
(dd, J=10.4, 8.8 Hz, B>, 1H), 3.81 (s, €3 3H); **C NMR (75.5 MHz, CDGJ): & 171.0
(Cy), 167.6 Cg), 159.9 Cg), 134.0 Ca), 128.4 Co), 118.9 Ca), 117.0 Ca), 110.1 C,), 68.9
(CH,), 67.2 CH), 52.9 CHs); IR (film): U 2955, 1746, 1637, 1615, 1491, 1437, 1367, 1307,
1260, 1212, 1156, 1131, 1078, 968, 945, 830, 757 84S (El, 70 eV)m/z(%) = 162.0 (100,
[CoHsNO,']), 221.1 (57, [M]); HRMS (El, 70 eV): calcd for GH11NO, [M*] 221.0688,
found 221.0689.
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(S)-methyl-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-4-arboxylate (16a)
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(R)-methyl-2-(2-hydroxyphenyl)-4,5-dihydrothiazole-4earboxylate (21)

Ethyl-2-hydroxybenzimidaté4 (1.90 g, 11.52 mmol, 1.0 equiv.) was dissolvedriyn C,H,Cl;

(60 mL) under N and R)-methyl-2-amino-3-mercaptopropanoate hydrochlori®96 g,
17.28 mmol, 1.5 equiv.) was added to the solutiime reaction mixture was stirred under
reflux for 48 h. After coming to rt the mixture wéikered and concentrated. For the further
purification a column chromatography (Si®exanes/EtOAc 4:1) was done and was obtained

as the product as yellow oil (431 mg, 1.82 mmo?6)6

Rt 0.43 (hexanes/EtOAc 4:1Ea]§,°= -11.86 (c = 1.02, EtOH}H NMR (300 MHz, CDCJ): &
12.3 (s, M, 1H), 7.45-7.34 (m, Ba, 2H), 7.04-6.99 (m, B,, 1H), 6.92-6.85 (m, B,, 1H),
5.38 (dd,J = 9.3, 8.0 Hz, €, 1H), 3.82 (s, €3, 3H), 3.72 (ddJ = 11.4, 8.1 Hz, €, 1H),
3.63 (dd,J = 11.3, 9.3 Hz, €, 1H),®C NMR (75.5 MHz, CDG)): § 174.3 Cg), 170.6 Cy),
159.2 Cg), 133.6 Ca), 130.8 C,), 118.9 Ca), 117.3 Ca), 116.0 Cy), 76.7 CH), 52.9 CHy),
33.7 CHy); IR (film): U 2952, 1743, 1621, 1593, 1566, 1489, 1435, 1404512254, 1221,
1060, 951, 821, 753, ¢ MS (El, 70 eV):m/z(%) = 178.0 (100, [HsNOS']), 237.1 (45,
[M*]); HRMS (EI, 70 eV): calcd for GH1:NSO; [M*] 237.0460, found 237.0460.
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(R)-methyl-2-(2-hydroxyphenyl)-4,5-dihydrothiazole-4earboxylate (21)
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~—OTBDMS
O_N
OH

(S)-2-(4-(tert-butyldimethylsilyloxy)methyl)-5,5-dimethyl-4,5-dihydrooxazol-2-yl) phenol
(19)

Under a N atmosphere §)-3-amino-4-fert-butyldimethylsilyloxy)-2-methylbutan-2-0l18
(6.35g, 27.21 mmol, 1.5equiv.) was dissolved iry €C;H,Cl, (50 mL) and ethyl-2-
hydroxybenzimidatel4 (2.99 g, 18.14 mmol, 1.0 equiv.) was added in @oetion. The
mixture was refluxed for 4 d, filtered and evapedatThe crude product was purified by
column chromatography (SiOhexanes/EtOAc 4:1) to yield the product as remaor oil
(3.74 g, 11.15 mmol, 62%).

R; 0.79 (hexanes/EtOAc 4:1j]?’=-9.80 (c = 1.00, EtOH):H NMR (300 MHz, CDC}): &
12.2 (bs, ®, 1H), 7.65-7.59 (m, B,, 1H), 7.39-7.31 (m, B,, 1H), 7.01-6.95 (m, B,, 1H),
6.88-6.81 (m, €5, 1H), 3.99-3.89 (m, By, 2H), 3.74-3.65 (m, B, 1H), 1.53 (s, 3, 3H),
1.48 (s, ®s, 3H), 0.88 (s, C-(Bl3)s 9H), 0.09 (s, Si-B3 3H), 0.05 (s, Si-Bs, 3H);
C NMR (75.5 MHz, CDGJ): § 167.0 Cq), 162.1 Cqg), 135.2 Ca), 130.1 Ca), 120.4 C,),
118.7 Ca), 113.1 Cy), 88.2 Cy), 75.8 CH), 64.4 CHy), 31.1 CHa), 27.9 (3 XCH3), 23.2
(CHa), 20.1 Cg), -3.5 CH3), -3.6 CHa); IR (film): U 2954, 2929, 2857, 1639, 1616, 1491,
1462, 1387, 1364, 1309, 1257, 1153, 1132, 1084, 3B, 755 cril; MS (El, 70 eV):
m/z(%) = 278.2 (100, [gH20NOsSI']), 335.2 (32, [M]); HRMS (El, 70 eV): calcd for
C1gH2NO3Si [M*] 335.1917, found 335.1916.
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(S)-2-(4-(tert-butyldimethylsilyloxy)methyl)-5,5-dimethyl-4,5-dihydrooxazol-2-yl)phenol
(19)
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F.6 General precursor

NH,

TBDMSO\/KOH

(S)-3-amino-4-tert-butyldimethylsilyloxy)-2-methylbutan-2-ol*® (18)

(S-methyl-2-amino-34ert-butyldimethylsilyloxy)propanoate 17 (7.05g, 30.21 mmol,
1.0 equiv.) was dissolved in dry,BX (100 mL) and cooled under b 0 °C. A 3.0 M solution
of MeMgBr (30.21 mL, 90.63 mmol, 3.0 equiv.) waslad dropwise. The mixture was stirred
for 2 h at 0 °C and was quenched with sat,@lFsolution (75 mL) and bO (25 mL). After
separation, the aqueous layer was extracted WIBAE{2 x 100 mL) and dried (N8QOy). The
crude product was obtained as a gold-brown gel7(§,26.86 mmol, 89%), which was pure
enough to be used in further synthesis.

Rr 0.05 (hexanes/EtOAc 1:1; 0.1 % KMp&tain); [a]ﬁ,‘): -10.00 (c = 1.06, EtOH)'H NMR
(300 MHz, CDCH#): § 3.78 (dd,J = 10.1, 4.3 Hz, €, 1H), 3.68 (ddJ = 10.1, 6.6 Hz, 6,
1H), 2.72 (ddJ = 6.7, 4.2 Hz, €, 1H), 2.31 (bs, N, OH, 3H), 1.22 (s, €3, 3H), 1.19 (s,
CHs, 3H), 0.92 (s, C-(B3)3, 9H), 0.10 (s, Si-(B3)2, 6H); °*C NMR (75.5 MHz, CDGJ): &
71.3 Cy), 65.0 CHy), 59.7 CH), 27.8 (2 xCH3), 25.7 (3 XCH3), 18.2 Cg), -5.5 (2 XCHy);
IR (film): 7 3373, 2955, 2929, 2884, 2857, 1675, 1579, 14686,18362, 1256, 1090, 1005,
939, 836, 776, 756, 665 EMMS (CI): m/z(%) = 234.2 (100, [MH).

NH,

TBDMSO\/\”/O\

0]
(S)-methyl-2-amino-3-tert-butyldimethylsilyloxy)propanoate*® (17)

(S-methyl-2-amino-3-hydroxypropanoate hydrochloritie (10.5 g, 67.49 mmol, 1.0 equiv.)
was suspended in GBI, (100 mL) at rt. NEf (28.07 mL, 20.49 g, 202.5 mmol, 3.0 equiv.)
and DMAP (0.825 g, 6.75 mmol, 0.1 equiv.) were abldé once. Subsequently TBDMSCI

(15.25 g, 101.2 mmol, 1.5 equiv.) was added slawlportions. The mixture was stirred for
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72 h at rt. HO (50 mL) was added to dissolve the precipitate thedlayers were separated.
The aqueous layer was extracted with,CH (2 x 100 mL) and the combined organic layers
were extracted with ¥0 (2 x 100 mL) and finally dried (N&O;). The crude product was
purified by distillation (100-135 °C, 0.1 mbar) yeeld the product as colourless oil which
immediately crystallized (11.25 g, 48.20 mmol, 71%)

[]?° = +9.06 (c = 1.07, EtOH}H NMR (300 MHz, CDGJ): § 3.90 (dd,J = 4.4 Hz, &5, 1H),
3.79 (dd,J = 3.7, 9.7 Hz, €I, 1H), 3.69 (s, €3, 3H), 3.49 (tJ = 4.1 Hz G4, 1H), 1.82 (bs,
NH,, 2H), 0.83 (s, C(B3)s, 9H), 0.01 (s, Si(B3)2, 6H); *C NMR (75.5 MHz, CDGJ): 5
174.5 (G), 65.3 CHs), 56.5 CH), 52.0 CHa3), 25.7 (3 xCH3), 18.2 Cg), -5.4 (2 XCHa);
IR (film): U 3387, 2953, 2930, 2885, 2857, 1745, 1600, 1463614361, 1256, 1105, 833,
777 cm'; MS (Cl): m/z(%) = 116.0 (100, [€H16Si]), 176.0 (78, [M-GHo']), 234.2 (2,
[MH]).

HNy_O._~
OH

ethyl-2-hydroxybenzimidate (14)

2-Hydroxybenzonitrilel1l (25.0 g, 210.1 mmol, 1.0 equiv.) was dissolveddiny benzene
(6 mL) and dry EtOH (14 mL), and the mixture wasled to 0 °C. A stream of HCI gas was
saturating the solution until more than 2.0 equivHCI were in the flask. The product was
given 14 days to precipitate at rt. The solid waspgnded in C§Cl, (200 mL) and was
completely dissolved by addition of saturated NaH&@lution. A liquid-liquid extractor was
used to transfer the product into the organic layighin 24 h. Subsequently the solvent was
evaporated and afforded a slightly brown solid 4333, 202.6 mmol, 96%), which was used
without further purification.

m.p. 62 °C;*H NMR (300 MHz, CDCJ): § 14.00-13.50 (bs, B, 1H), 7.83-7.77 (m, B,
1H), 7.39-7.31 (m, B, 1H), 7.01-6.95 (m, B, 1H), 6.86-6.78 (m, B, 1H), 4.08 (q,
J=7.0Hz, ®,, 2H), 1.49 (tJ = 7.0 Hz, G35, 3H); *C NMR (75.5 MHz, CDGQJ): § 165.7
(Cy), 161.1 Cg), 133.2 C,), 127.8 Ca), 118.0 Co), 117.3 Ca), 114.5 C,), 60.1 CHy),
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13.8 CHa); IR (KBr): 7 3307, 2982, 1639, 1598, 1500, 1465, 1408, 1375218269, 1153,
1093, 841, 756, 653 ¢l MS (El, 70 eV):m/z(%) = 119.9 (100, [@HsNO']), 165.1 (38,
[M*]); HRMS (EI, 70 eV): calcd for §4::NO, [M*] 165.0790, found 165.0792.

dimethyl-pyridine-2,6-dicarboxylate (23)

2,6-pyridinedicarboxylic aci®2 (100.0 g, 598.4 mmol) was suspended in MeOH (70pP m
and treated cautiously with conc,$0, (5 mL). The mixture was heated to reflux for 5The
product crystallized upon cooling to rt (3 day$ert it was filtered and washed with MeOH
(50 mL) and EO (50 mL) and finally dried in vacuo to yield theoduct as colourless solid
(105.6 g, 541.2 mmol, 90%).

'H NMR (300 MHz, CDCJ): & 8.34 (d,J = 7.7 Hz, Gla, 2H), 8.04 (tJ=7.6 Hz, Gia, 1H),
4.03 (s, Gls, 6H).

OH OH
pyridine-2,6-diyldimethanol (24)

Dimethyl-pyridine-2,6-dicarboxylat@3 (35.7 g, 183.0 mmol, 1.0 eq.) was dissolved in dry
EtOH and cooled down at 0 °C. NaBK82.33 g, 854.6 mmol, 4.67 eq.) was added in posti
and the mixture was stirred for 1 h at 0 °C. Aftemoval of the ice bath the suspension stirred
until exothermic reaction has stopped and in aololiti to that it stirred further 3 h at rt and
14 h under reflux. The solvent was evaporated dmed residue was treated with acetone
(120 mL) and refluxed for 1 h. Then the solvent wearmoved and sat. aqueougdOs-solution
(120 mL) was added and refluxed again for 1 h. iAdteenew evaporation the suspension was
treated with HO (500 mL) and CHGI(500 mL) and filled in a liquid-liquid extractoo trun
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for 24 h. The obtained organic phase was evapoaatddhe product yields as colourless solid
(24.47 g, 175.9 mmol, 96%).

'H NMR (300 MHz, DMSO-g): & 7.78 (t,J = 7.7 Hz, Gls, 1H), 7.31 (d,J = 7.7 Hz, G,
2H), 5.36 (tJ = 5.9 Hz, ®1, 2H), 4.52 (d,] = 5.8 Hz, G5, 4H).

Cl Cl
2,6-bis(chloromethyl)pyridine (25)

Pyridine-2,6-diyldimethanoR4 (22.24 g, 159.9 mmol, 1.0 eq.) was suspended ynEHO
(200 mL) and cooled down to 0 °C. SQ5.52 mL, 41.85 g, 351.8 mmol, 2.2 eq.), diluted
Et,O (10 mL), was slowly dropped into the mixture atidred for further 1 h at 0 °C and 20 h
at rt. The reaction mixture was filtered off, wadheith EtO and dried in vacuo. The crude
product was suspended in €, (200 mL) and sat. agueous NaH&$»lution (200 mL) was
added in portion. After the development of gas $tapped, the phases were separated, the
organic phase was extracted with £ (3 x 100 mL) and dried (N&(O;). The product was
obtained as colourless solid (25.38 g, 144.1 mB@}p).

'H NMR (300 MHz, CDCY): & 7.77 (t,J = 7.8 Hz, Gl,, 1H), 7.44 (dJ = 7.7 Hz, G4, 2H),
4.67 (s, ®lo, 4H).

X
»
N
HN S S NH
Y «3HCI \f
NH, NH,

pyridine-2,6-diylbis(methylene)-dicarbamimidothioate-3-hydrochlorid (26)

2,6-bis(chloromethyl)pyridine25 (22.41 g, 127.2 mmol, 1.0 eq.) was suspended @HEt
(325 mL) and thiourea (23.24 g, 305.3 mmol, 2.4 e@s added in portion. The mixture was
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refluxed for 30 min and after cooling down to ré threcipitation was filtered off, washed with
EtOH and EXO and dried in vacuo. The product was yielded ightty brown solid (44.59 g,
122.2 mmol, 96%).

'H NMR (300 MHz, DO): 6 7.76 (t,J=7.8 Hz, &, 1H), 7.34 (dJ = 8.0 Hz, ¢4, 2H), 4.40
(S, Ho, 4H).

SH SH
pyridine-2,6-diyldimethanethiol (27)

All steps were produced under nitrogen!
Pyridine-2,6-diylbis(methylene)-dicarbamimidothie&-hydrochlorid26 (20.0 g, 54.8 mmol,
1.0 eq.) was dissolved in degasse®H60 mL) and NaOH (12.1 g, 301.4 mmol, 5.5 eq.3 wa
added at once. The reaction mixture was refluxed2fb. The solution was treated with
degassed 2 N HCI until the value of the pH hashedcr. The neutral agueous phase was
extracted with degassed CHEb x 80 mL) and all organic phases were dried,80a). After
evaporation the crude product was purified by kigion (0.1 mbar, 92 — 105 °C) to yield a
colourless liquid (7.28 g, 42.5 mmol, 78%).

'H NMR (300 MHz, CDCY): & 7.63 (t,J = 7.7 Hz, Gls, 1H), 7.21 (dJ = 7.7 Hz, G4, 2H),
3.82 (d,J = 8.0 Hz, G1, 4H), 2.01 (tJ = 8.1 Hz, G1, 2H).
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F.7 Synthesized Complexes of Oxazoline Ligands

F.7.1 lIron Complexes

[Fe" (7a)] * (ClO,) * (HCIO,) * 4(H,0) elemental analysis

Ligand 7a (100 mg, 0.518 mmol, 2.0 eq.) and Fe($bH,O (94 mg, 0.259 mmol, 1.0 eq.)

were dissolved separately in dry THF (each in 2 rahyl the ligand was transferred to the
metal. The reaction mixture was stirred for 12 ht.athe solvent was removed and the residue
was dried in vacuo and stored at rt. The produ& el#ained as a dark purple solid (116 mg,
0.163 mmol, 63%). Recrystallization from acetofetfiethylacetate afforded purple needles

which were suitable for X-Ray structure analysis.

MS (ESI, MeCN):m/z(%) = 193.9 (15, [LH]), 440.0 (100, [LFe**-2H"]); elemental analysis
calcd (%) for GoH2oCloFeNO15 (711.0): C 33.73, H 4.10, N 3.93, found: C 33843.98, N
3.76; IR (Diamond Single Reflection ATR Systern): 3409, 1608, 1587, 1542, 1507, 1474,
1441, 1398, 1329, 1316, 1247, 1080, 1062, 103011996, 853, 755, 618 c¢n
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(proposed structure)

[Fe" (8)] * (CIO4) » (HCIO,) * 4(H,0) * 2(THF) elemental analysis

Ligand 8 (100 mg, 0.452 mmol, 2.0 eq.) and Fe(g¥bH,O (82 mg, 0.226 mmol, 1.0 eq.)
were dissolved separately in dry THF (each in 4 rahyl the ligand was transferred to the
metal. The reaction mixture was stirred over nightt. The solvent was removed and the
residue was dried in vacuo and stored at rt. Tloelymt was obtained as a dark purple solid
(31 mg, 0.034 mmol, 15%).

MS (ESI, MeCN):m/z(%) = 222.0 (7, [LH]), 496.2 (100, [LFe*"-2H"]); elemental analysis
calcd (%) for GoHs3CloFeNO2p (911.2): C 42.12, H 5.85, N 3.07, found: C 41875.79, N
2.93; IR (Diamond Single Reflection ATR Systern): 3322, 2979, 1612, 1543, 1472, 1439,
1391, 1326, 1246, 1085, 1031, 927, 851, 755, 668 cé'.
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(proposed structure)

[Fe" (9),] » (CIO4) * (HCIO,) * 5(H,0) * (THF) elemental analysis

Ligand 9 (100 mg, 0.452 mmol, 2.0 eq.) and Fe(@kbH,O (82 mg, 0.226 mmol, 1.0 eq.)
were dissolved separately in dry THF (each in 2 rah)l the ligand was transferred to the
metal. The reaction mixture was stirred over nightt. The solvent was removed and the
residue was dried in vacuo and stored at rt. Tloelymt was obtained as a dark purple solid
(93 mg, 0.109 mmol, 48%).

MS (ESI, MeCN): m/z(%) = 496.2 (100, [kFe’*-2H"]); elemental analysis calcd (%) for
CogHa7CloFeN:Oyo (857.1): C 39.18, H 5.52, N 3.26, found: C 38.80,5.19, N 3.29;
IR (Diamond Single Reflection ATR System): 3252, 2891, 1626, 1593, 1545, 1506, 1467,
1440, 1396, 1378, 1327, 1251, 1082, 1031, 925, B65, 696, 619 cth
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[Fe'" (7a)(OACc)] elemental analysis

Ligand 7a (100 mg, 0.518 mmol, 2.0 eq.) and Fe(GAE)5 mg, 0.259 mmol, 1.0 eq.) were
dissolved separately in DMA (each in 3 mL) and ligand was transferred to the metal. The
reaction mixture was stirred over night at rt. Témlvent was removed, the residue was
redissolved in EO/THF/hexanes (1:1:5), filtered, dried in vacuo atored at rt. The product
was obtained as a dark orange-red solid (16 m@2fimol, 12%). Recrystallization from
THF / E&O afforded dark red needles which were suitableXt®ay structure analysis.

MS (ESI, MeCN):m/z(%) = 193.9 (23, [LH]), 440.0 (100, [LF€**-2H"]); elemental analysis
calcd (%) for GoH23FeN,Og (499.1): C 52.92, H 4.64, N 5.61, found: C 533%.06, N 6.14;

IR (Diamond Single Reflection ATR System): 3342, 2932, 2880, 1606, 1584, 1547, 1471,
1441, 1390, 1328, 1243, 1156, 1076, 1030, 952, BaB, 688, 612 cih
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[Fe" (8),(OAc)] * (THF) elemental analysis

Ligand 8 (100 mg, 0.452 mmol, 2.0 eq.) and Fe(GAE9 mg, 0.226 mmol, 1.0 eq.) were
dissolved separately in DMA (each in 4 mL) and ligand was transferred to the metal. The
reaction mixture was stirred over night at rt. ¥odvent was removed and the residue was
redissolved in BEO/THF (1:1), filtered, dried in vacuo and storedrat The product was
obtained as a dark orange-red solid (126 mg, On2@bl, 89%). Recrystallization from
acetonitrile / ethylacetate afforded dark red negdbhich were suitable for X-Ray structure

analysis.

MS (ESI, MeCN):m/z(%) = 222.0 (100, [LH]), 496.2 (25, [LFe**-2H"]); elemental analysis
calcd (%) for GoHagFeNOg (627.2): C 57.42, H 6.26, N 4.46, found: C 57H3%.24, N 4.87;
IR (Diamond Single Reflection ATR System): 3412, 2969, 2922, 1604, 1578, 1547, 1471,
1440, 1385, 1326, 1236, 1179, 1156, 1080, 1012, 88, 808, 757, 689, 667, 623, 549tm
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[Fe" (9),], crystal structure
[Fe" (9),(OAC)] * (MeCN) ¢ (H,0) « (THF) elemental analysis

Ligand 9 (134 mg, 0.607 mmol, 2.0 eq.) and Fe(CAG3 mg, 0.303 mmol, 1.0 eq.) were
dissolved separately in DMA (each in 4 mL) and ligand was transferred to the metal. The
reaction mixture was stirred over night at rt. dadvent was removed and the residue was
redissolved in RO, filtered, dried in vacuo and stored at rt. Thedoict was obtained as a
dark orange-red solid (116 mg, 0.169 mmol, 56%)criggallization from acetonitrile / D

afforded dark red needles which were suitable féRa¢ structure analysis.

MS (ESI, MeCN):m/z(%) = 222.0 (23, [LH]), 496.2 (100, [LF€**-2H"]); elemental analysis
calcd (%) for GaHa4sFeNsO1p (686.2): C 55.98, H 6.46, N 6.12, found: C 55.4116.44, N
6.28; IR (Diamond Single Reflection ATR Systerw): 3381, 2971, 2932, 1604, 1580, 1545,
1472, 1440, 1398, 1328, 1249, 1190, 1150, 11333,10@32, 955, 894, 869, 832, 755, 703,
688, 605 crit.
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(proposed structure)

Ho'
0

JFe" (7a)p(acac)] elemental analysis

Ligand 7a (100 mg, 0.518 mmol, 2.0 eq.) and Fe(agd®2 mg, 0.259 mmol, 1.0 eq.) were
dissolved separately in dry THF (each in 2 mL) #mel ligand was transferred to the metal.
The reaction mixture was stirred over night afhe solvent was removed and the residue was
redissolved in RO, filtered, dried in vacuo and stored at rt. Thedoict was obtained as a
blood-red solid (22 mg, 0.041 mmol, 16%).

MS (ESI, MeCN):m/z(%) = 193.9 (12, [LF]), 347.0 (53, [LF&"-H*+(acac))), 440.0 (100,
[L.Fe**-2H"); elemental analysis calcd (%) for48,/FeN;Og (539.1): C 55.67, H 5.05, N
5.19, found: C 55.85, H 5.26, N 4.69; IR (Diamoridgke Reflection ATR System)y 3351,
2936, 1607, 1582, 1549, 1523, 1480, 1442, 13893,18327, 1242, 1152, 1075, 1034, 1020,
987, 966, 925, 861, 847, 758, 688, 665, 628, 535,04’
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(proposed structure)

[Fe" (8),(acac)] elemental analysis

Ligand 8 (100 mg, 0.452 mmol, 2.0 eq.) and Fe(agd8p mg, 0.226 mmol, 1.0 eq.) were
dissolved separately in dry THF (each in 2 mL) #mel ligand was transferred to the metal.
The reaction mixture was stirred over night afhe solvent was removed and the residue was
redissolved in ED/hexanes (1:5), filtered, dried in vacuo and staméert. The product was
obtained as a blood-red solid (117 mg, 0.197 mBith).

MS (ESI, MeCN):m/z(%) = 222.0 (100, [LF]), 375.0 (80, [LF&-H"+(acac)]), 496.2 (37,
[L.Fe**-2H"); elemental analysis calcd (%) for.dBssFeN,Og (595.2): C 58.50, H 5.92, N
4.70, found: C 58.15, H 6.49, N 3.99; IR (Diamoridgi Reflection ATR System)y 3407,
2970, 2927, 1641, 1605, 1572, 1519, 1473, 14410,18859, 1234, 1154, 1076, 1018, 947,
927, 854, 755, 665, 611, 518 ¢m
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(proposed structure)

[Fe'" (9)x(acac)] elemental analysis

Ligand 9 (100 mg, 0.452 mmol, 2.0 eq.) and Fe(agd8p mg, 0.226 mmol, 1.0 eq.) were
dissolved separately in dry THF (each in 2 mL) #mel ligand was transferred to the metal.
The reaction mixture was stirred over night afThte solvent was removed and the residue was
redissolved in BED/hexanes (1:6), filtered, dried in vacuo and stamért. The product was
obtained as a blood-red solid (79 mg, 0.132 mn&#}pb

MS (ESI, MeCN):m/z(%) = 222.0 (50, [LF]), 375.1 (12, [LF&"-H*+(acac)), 496.2 (100,
[L.Fe**-2H"]); elemental analysis calcd (%) fordBssFeN:Og (595.2): C 58.50, H 5.92, N
4.70, found: C 58.27, H 6.33, N 4.63; IR (Diamoridgk Reflection ATR System)? 3433,
2964, 2929, 1606, 1577, 1545, 1520, 1472, 14417188632, 1251, 1150, 1133, 1079, 1021,
958, 927, 894, 835, 755, 707, 611, 537'cm
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F.7.2 Ruthenium Complexes
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(proposed structures)

[Ru" (7a)y] » 2(EtOH) « (THF) elemental analysis

Ligand 7a (100 mg, 0.518 mmol, 4.0 eq.) was dissolved inEb®H (2 mL) and was added to
[RuCly(benzene)] (65 mg, 0.130 mmol, 1.0 eq.), suspended in dryHE(@mL). The reaction
mixture was stirred under reflux for 48 h. The @rspon was filtered through Celite and the
solvent was removed in vacuo. The residue wasselsd in EO/THF (1:1), filtered, dried
in vacuo and stored at rt. The product was obtaased dark purple solid (48 mg, 0.057 mmol,
44%).

MS (ESI, MeCN):m/z(%) = 194.0 (100, [LF]), 486.1 (9, [LRU**-2H']), 679.3 (30, [LRu**-
2H']); elemental analysis calcd (%) forsgBls)N3O1RuU (842.2): C 54.21, H 5.99, N 4.99,
found: C 54.16, H 5.89, N 5.83; IR (Diamond SinBleflection ATR System)r 3300, 3065,
2972, 2931, 2873, 1605, 1587, 1541, 1476, 14371,18B369, 1323, 1303, 1238, 1157, 1079,
1036, 989, 955, 860, 843, 751 ¢tm
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(proposed structures)

[Ru" (8)s] » (Et,0) elemental analysis

Ligand 8 (100 mg, 0.452 mmol, 4.0 eq.) was dissolved inHEt@ mL) and was added to
[RuCly(benzene)] (57 mg, 0.113 mmol, 1.0 eq.), suspended in EtOWI. The reaction
mixture was stirred under reflux for 48 h. The @rsgpon was filtered through Celite and the
solvent was removed in vacuo. The residue wasgeltisd in E2O/THF (1:1), filtered, dried
in vacuo and stored at rt. The product was obtaased dark purple solid (55 mg, 0.072 mmol,
64%).

MS (ESI, MeCN):m/z(%) = 222.0 (100, [LH]), 542.2 (5, [LRu**-2H'), 763.4 (4, [lLRU**-
2H™); elemental analysis calcd (%) fordEls:N3010Ru (836.3): C 57.47, H 6.27, N 5.03,
found: C 57.75, H 6.56, N 5.07; IR (Diamond SinBleflection ATR System)v 3355, 2971,
2923, 1605, 1541, 1470, 1435, 1366, 1324, 12324,11831, 1075, 1037, 949, 855, 830, 751

cmt,
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(proposed structures)

[Ru" (9)s] * 2(EtOH) elemental analysis

Ligand 9 (100 mg, 0.452 mmol, 4.0 eq.) was dissolved inHEt@ mL) and was added to
[RuCly(benzene)] (57 mg, 0.113 mmol, 1.0 eq.), suspended in EtOk1IQ The reaction
mixture was stirred under reflux for 48 h. The srspon was filtered through Celite and the
solvent was removed in vacuo. The residue wasselsd in EO/THF (1:1), filtered, dried
in vacuo and stored at rt. The product was obtaased dark purple solid (50 mg, 0.059 mmaol,
52%).

MS (ESI, MeCN):m/z(%) = 222.1 (100, [LF]), 542.2 (6, [lLRUP*-2H"]), 763.4 (12, [LRU**-
2H")); elemental analysis calcd (%) fordBlsaNsO1RuU (854.3): C 56.26, H 6.37, N 4.92,
found: C 55.86, H 5.93, N 4.93; IR (Diamond SinBleflection ATR System)v 3304, 2968,
2931, 1604, 1541, 1471, 1434, 1390, 1369, 1324112451, 1134, 1080, 1035, 958, 869,
832, 752 cnit.
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F.7.3 Zinc Complexes

[Zn" (7a),] * (ClIO4) * (H,0) elemental analysis

Ligand 7a (50 mg, 0.259 mmol, 2.0 eq.) and Zn(Gl$&6H,0 (48 mg, 0.130 mmol, 1.0 eq.)
were dissolved separately in THF (each in 2 mL) #edligand was transferred to the metal.
The reaction mixture was stirred over night afftie solvent was removed by pipette and the
arising solid was washed with dry THF (3 x 3 mljied in vacuo and stored at rt. The product
was obtained as a slightly orange oil (39 mg, 0.@%l, 53%). Recrystallization from

THF / E&O afforded colourless crystals which were suitdbiex-Ray structure analysis.

MS (ESI, MeCN):m/z(%) = 194.0 (100, [LH]), 449.0 (35, [LZn**-2H"]); elemental analysis
calcd (%) for GoH23CIN20;1Zn (566.0): C 42.27, H 4.08, N 4.93, found: C 42.M94.07, N
5.37; IR (Diamond Single Reflection ATR Systemn): 3482, 2904, 1613, 1556, 1475, 1388,
1322, 1235, 1147, 1061, 1040, 947, 927, 893, 886, 751, 692, 659, 620, 573 ¢m
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(proposed structure)

[Zn" (8),] * (CIO,) * 5(H,0) elemental analysis

Ligand8 (50 mg, 0.226 mmol, 2.0 eq.) and Zn(G}6H,0 (42 mg, 0.113 mmol, 1.0 eq.) were
dissolved separately in THF (each in 2 mL) andligg@nd was transferred to the metal. The
reaction mixture was stirred over night at rt. wvent was removed and the arising solid
was washed with dry THF (3 x 3 mL), dried in vacaond stored at rt. The product was

obtained as a slightly orange oil (65 mg, 0.094 1 i38%).

MS (ESI, MeCN):m/z(%) = 222.0 (57, [LH]), 505.1 (100, [kZn**-H™]), 790.2 (22, [lkZn,**-
3H™); elemental analysis calcd (%) forfEl3CIN,O15Zn (694.1): C 41.39, H 5.64, N 4.02,
found: C 41.27, H 5.19, N 3.97; IR (Diamond SinBleflection ATR System)v 3461, 2979,
2939, 1626, 1555, 1477, 1383, 1317, 1240, 1067, 9%, 838, 753, 620 ch
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[Zn" (9)] * (CIO) * 2(H,0) elemental analysis

Ligand 9 (100 mg, 0.452 mmol, 2.0 eq.) and Zn(@K6H,0 (84 mg, 0.226 mmol, 1.0 eq.)
were dissolved separately in THF (each in 3 mL) #edligand was transferred to the metal.
The reaction mixture was stirred over night affiie solvent was removed by pipette and the
arising solid was washed with dry THF (3 x 3 mLedRystallization from MeCN afforded the
product as a colourless solid (49 mg, 0.077 mm&# B which was dried in vacuo and stored
at rt. Recrystallization from THF / D resulted in colourless crystals which were sigtdbr

X-Ray structure analysis.

MS (ESI, MeCN):m/z(%) = 222.0 (23, [LH]), 505.2 (24, [LZn**-H'])*; elemental analysis
calcd (%) for G4H33CIN2O12Zn (640.1): C 44.87, H 5.18, N 4.36, found: C 45 H25.20, N
4.35; IR (Diamond Single Reflection ATR Systenn): 3499, 2986, 1621, 1567, 1463, 1393,
1372, 1308, 1071, 1031, 964, 908, 857, 841, 778, 696, 621 c.

! Masspectrometry shows an additional peak at 48Biéh indicates the presence of an iron compless Tight
be caused by minimal amount of iron leaching frbminjection needle (corrosion).
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F.7.4 Manganese Complex
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[IMn" (7a),(THF),] * (ClO4) crystal structure
[IMn'"" (7a),] * (ClO4) * 4(H,0) elemental analysis

Ligand 7a (100 mg, 0.518 mmol, 2.0 eq.) and Mn(@$96H,0 (94 mg, 0.259 mmol, 1.0 eq.)
were dissolved separately in THF (each in 2 mL) #edligand was transferred to the metal.
The reaction mixture was stirred for 48 h at rte ®olvent was removed and the arising solid
was washed with dry THF (3 x 3 mL), dried in vacaond stored at rt. The product was
obtained as a dark green solid (111 mg, 0.182 mm@d%). Recrystallization from ED
afforded colourless crystals which were suitableXdray structure analysis.

MS (ESI, MeCN): m/z(%) = 194.0 (33, [LH]), 439.1 (100, [kMn®-2H']), 684 (13,
[L3sMn,**-5H"); elemental analysis calcd (%) fopdEsCIMNN,O14 (610.1): C 39.33, H 4.62,
N 4.59 found: C 39.94, H 4.10, N 4.51; IR (Diamo8uhgle Reflection ATR System)z
3481, 2952, 2896, 1604, 1583, 1546, 1480, 1442614825, 1246, 1086, 1032, 985, 928,
865, 750, 675, 619 cfh
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F.8 Synthesized Complexes of Bis(oxazoline) Ligands

F.8.1 Iron Complexes

(proposed structure)

[Fe'" (1)(H20),] » 2(ClO,) * (THF) elemental analysis

Ligand 1 (50 mg, 0.102 mmol, 1.0 eq.) and Fe(QkbH,O (37 mg, 0.102 mmol, 1.0 eq.)
were dissolved separately in dry THF (each in 2 rahyl the ligand was transferred to the
metal. The reaction mixture was stirred for 12 mtaThe solvent was removed by pipette and
the arising solid was washed with dry THF (3 x 3)mdried in vacuo and stored at rt. The
product was obtained as a dark purple solid (850M89 mmol, 97%).

MS (ESI, MeCN): m/z(%) = 543.1 (100, [LF&-2H']); elemental analysis calcd (%) for
Cs1H3sClo,FeNsOy7 (850.1): C 43.73, H 4.50, N 4.94, found: C 43.H.,4.23, N 5.21;
IR (Diamond Single Reflection ATR System): 2975, 1604, 1579, 1545, 1475, 1441, 1393,
1332, 1247, 1064, 964, 930, 853, 757, 694, 6660819
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(proposed structure)

[Fe'" (2)(H20),] » 2(CIO.) * (THF) * 3(H,0) elemental analysis

Ligand 2 (50.0 mg, 0.092 mmol, 1.0 eq.) and Fe(g¥5H,O (33.0 mg, 0.092 mmol, 1.0 eq.)
were dissolved separately in dry THF (each in 2 rahyl the ligand was transferred to the
metal. The reaction mixture was stirred for 5 Witafhe solvent was removed by pipette and
the arising solid was washed with dry THF (3 x 3)mdried in vacuo and stored at rt. The
product was obtained as a dark purple solid (6104 mmol, 70%).

MS (LSIMS, MeOH/CHCI/NBA): m/z(%) = 599.2 (100, [LF&-2H"); elemental analysis
calcd (%) for GsHsCloFeNsO2p (960.2): C 43.72, H 5.45, N 4.37, found: C 43HA%.18, N
3.92; IR (Diamond Single Reflection ATR Systern): 3200, 2880, 2975, 1603, 1575, 1542,
1474, 1440, 1394, 1329, 1255, 1081, 1046, 870, B39, 619 crit.
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[Fe'" ((mesg-4)e(H20)] * (ClO,) crystal structure
[Fe" (()-4/(mesg-4)o(H-0)] * (CIO4) * (THF) « 4(H,0) elemental analysis

Ligand (x)4/(mes9-4 (50 mg, 0.096 mmol, 1.0 eq.) and Fe(@kBH,O (35 mg, 0.096 mmoal,
1.0 eq.) were dissolved separately in dry THF (eachmL) and the ligand was transferred to
the metal. The reaction mixture was stirred for gt hit. The solvent was removed by pipette
and the arising solid was washed with dry THF BmL), dried in vacuo and stored at rt. The
product was obtained as a dark violet solid (72 0984 mmol, 88%). Recrystallization from
acetonitrile / ethylacetate afforded violet needésich were suitable for X-Ray structure

analysis.

MS (ESI, MeCN):m/z(%) = 575.0 (100, [LFE-2H"]), 591.0 (64, [LF&"-2H"+Q]); elemental
analysis calcd (%) for £2H43CIFeNsO15S, (852.1): C 43.64, H 5.08, N 4.93, S 7.52, found: C
43.60, H 4.32, N 5.01, S 7.57; IR (Diamond Singkfl€&tion ATR System)v 2976, 1603,
1578, 1543, 1475, 1441, 1393, 1329, 1246, 1075, 96B, 856, 756, 692, 664, 619 ¢tm
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(proposed structure)

[Fe" (5)ox(H20)] * (CIOJ) * 4(H,0) elemental analysis

Ligand 5 (40 mg, 0.069 mmol, 1.0 eq.) and Fe(QkbH,O (25 mg, 0.069 mmol, 1.0 eq.)

were dissolved separately in dry THF (each in 2 rah)l the ligand was transferred to the
metal. The reaction mixture was stirred over nightt. The solvent was removed by pipette
and the arising solid was washed with dry THF BmL), dried in vacuo and stored at rt. The

product was obtained as a dark purple solid (24029 mmol, 42%).

MS (ESI, MeCN):m/z(%) = 631.1 (100, [LFE&-2H"]), 647.2 (7, [LF&"-2H"+0]); elemental
analysis calcd (%) for £2H43CIFeNsO14S, (836.1): C 44.48, H 5.18, N 5.02, S 7.66, found: C
44.82, H 4.90, N 4.59, S 7.03; IR (Diamond Singkfl€&tion ATR System)v 2975. 1603,
1575, 1542, 1473, 1439, 1393, 1329, 1255, 1074, B&S, 697, 619 cth
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F.8.2 Ruthenium Complexes
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(proposed structure)

[Ru" (1)(Cl)(solvent)] » 2(EtOH) elemental analysis

Ligand 1 (30 mg, 0.061 mmol, 2.0 eq.) was dissolved in Bt®H (3 mL) and was added to
[RuCly(benzene)] (15.5 mg, 0.031 mmol, 1.0 eq.), suspended in di®He (3 mL). The
reaction mixture was refluxed for 16 h, the solwelas removed in vacuo and the residue was
resuspended in GiEIl, (4 mL) and filtered through Celite. The solventswamoved in vacuo,

the residue was dried and stored at rt. The progastobtained as a dark purple solid (18 mg,
0.025 mmol, 81%).

MS (ESI, MeCN):m/z(%) = 589.1 (40, [LRE-2H]), 625.1 (100, [LRE"-H"+CI1); elemental
analysis calcd (%) for £H37/CIN3OgRu (716.1): C 51.99, H 5.21, N 5.87, found: C 5238
4.79, N 5.82; IR (Diamond Single Reflection ATR &ys): ' 3400, 3063, 2961, 2869, 1617,
1539, 1472, 1438, 1388, 1332, 1298, 1231, 1087),10034, 847, 797, 753, 687 ¢tm
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(proposed structure)

[Ru" (2)(CI)(solvent)] « 5(EtOH) » 2(H,O) elemental analysis

Ligand 2 (50.0 mg, 0.092 mmol, 1.0 eq.) was dissolved inEOH (3 mL) and was added to
[RuCly(benzene)] (23 mg, 0.046 mmol, 0.5 eq.), suspended in dryHE(®@mL). The reaction
mixture was refluxed for 24 h and filtered. Theverit was removed in vacuo, the residue was

dried and stored at rt. The product was obtained dark purple solid (70 mg, 0.074 mmol,
80%).

MS (LSIMS, MeOH/Glycerin): m/z(%) = 546.3 (100, [LH]), 645.2 (20, [LR&"-2H));
elemental analysis calcd (%) forEs,CIN3O13RuU (946.3): C 52.03, H 7.13, N 4.44, found:
C 51.87, H 7.01, N 3.63; IR (Diamond Single Refl@etATR System).v 3200, 2963, 2922,
2853, 1618, 1459, 1434, 1372, 1330, 1257, 1125410842, 795, 753, 684 ¢
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(proposed structure)

[Ru" ((2)-4/(mes9-4)(Cl),] » (EtOH) elemental analysis

Ligand (x)4/(mesg-4 (150 mg, 0.288 mmol, 2.0 eq.) was dissolved in &®H (3 mL) and
was added to [Rugbenzene)] (71.9 mg, 0.143 mmol, 1.0 eq.), suspended in diQHE

(3 mL). The reaction mixture was refluxed for 1@l solvent was removed in vacuo and the
residue was resuspended in L (4 mL) and filtered through Celite 535. The solveras
removed in vacuo, the residue was dried and staretl The product was obtained as a dark
green solid (79 mg, 0.107 mmol, 75%).

MS (ESI, MeCN): m/z(%) = 311.4 (68, [LR&]), 622.0 (100, [LR&"-H']), 658.0 (50,
[LRU?*+CI1); elemental analysis calcd (%) fordEl3sCloNsOsRUS (739.0): C 47.09, H 4.50,
N 5.68, S 8.67, found: C 46.99, H 4.79, N 5.32,®7IR (Diamond Single Reflection ATR
System):v' 3200, 3059, 2962, 1634, 1598, 1538, 1489, 1455212363, 1336, 1303, 1258,
1235, 1068, 1032, 933, 797, 751, 683, 662'cm
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(proposed structure)

[Ru" (5)(Cl),] * 3(EtOH) * 2(CHCl,) * (CeHe) * (H-0) elemental analysis

Ligand5 (35 mg, 0.061 mmol, 1.0 eq.) was dissolved inEl@H (2.5 mL) and was added to
[RuCly(benzene) (51 mg, 0.102 mmol, 1.7 eq.), suspended in dry HEt@.5 mL). The
reaction mixture was refluxed for 16 h, the solwelas removed in vacuo and the residue was
resuspended in GiEIl, (4 mL) and filtered through Celite. The solventswamoved in vacuo,
the residue was dried and stored at rt. The prodastobtained as a dark green solid (45 mg,

0.039 mmol, 64%).

MS (ESI, MeCN): m/z(%) = 678.2 (100, [LRE-H']), 714.2 (57, [LRG'+CI]); elemental
analysis calcd (%) for £gHssClsN3OsRUS (1151.1): C 46.84, H 5.68, N 3.64, S 5.56, foudd:
46.38, H 5.88, N 3.26, S 5.24; IR (Diamond Singkfi&ction ATR System)J 3355, 3190,
2922, 2852, 1719, 1633, 1606, 1526, 1492, 1458118375, 1334, 1289, 1259, 1243, 1148,
1123, 1074, 1031, 753 ¢m
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F.8.3 Zinc Complexes

(proposed structure)

[Zn" (1)] * 2(ClOy) * 2(THF) « (H,0) elemental analysis

Ligand 1 (33 mg, 0.067 mmol, 1.0 eq.) and Zn(@6H,O (25 mg, 0.067 mmol, 1.0 eq.)
were dissolved separately in dry THF (each in 2 rahyl the ligand was transferred to the
metal. The reaction mixture was stirred for 4 litaThe solvent was removed and the arising
solid was washed with dry THF (3 x 3 mL), driedvacuo and stored at rt. The product was
obtained as a slightly pink solid (49 mg, 0.058 mB@%).

MS (ESI, MeCN):m/z(%) = 552.1 (7, [LZA*-H"]), 570.1 (100, [LZA*-H*+H,0]); elemental
analysis calcd (%) for £H3/CIoN3O16Zn (841.1): C 44.12, H 4.42, N 4.98, found: C 44 H5
4.35, N 5.14; IR (Diamond Single Reflection ATR &ys): ' 3200, 2900, 1610, 1551, 1476,
1440, 1390, 1329, 1312, 1239, 1067, 963, 930, 385, 697, 661, 620, 574 ¢m
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(proposed structure)

[Zn" (2)] * 2(ClO,) * 2(THF) elemental analysis

Ligand 2 (37 mg, 0.068 mmol, 1.0 eq.) and Zn(@#6H,O (25 mg, 0.068 mmol, 1.0 eq.)

were dissolved separately in dry THF (each in 2 rah)l the ligand was transferred to the
metal. The reaction mixture was stirred for 4 ltaThe solvent was removed and the arising
solid was washed with dry THF (3 x 3 mL), driedviacuo and stored at rt. The product was

obtained as a colourless solid (17 mg, 0.019 magsp).

MS (LSIMS, MeOH/CHCI,/Glycerin): m/z(%) = 608.2 (100, [LZfi-H"]); elemental analysis
calcd (%) for GgHs1CIoN3O16ZNn (951.2): C 49.09, H 5.39, N 4.40, found: C 49.835.00, N
4.91; IR (Diamond Single Reflection ATR Systern): 2975, 2877, 1624, 1549, 1472, 1441,
1370, 1322, 1303, 1244, 1079, 967, 925, 859, 8383, 833, 622, 584 cih
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[Zn" ((S,9)-4)] » 2(CIO,) crystal structure
[Zn" ((+)-4/(mes)-4)] » 2(ClO,) » 2(THF) » 4(H,0O) elemental analysis

Ligand (+)4/(mesg-4 (80 mg, 0.153 mmol, 1.0eq.) and Zn(QK6H,O (71 mg,

0.192 mmol, 1.2 eq.) were dissolved separatelyynTdHF (each in 2 mL) and the ligand was
transferred to the metal. The reaction mixture waged for 3 h at rt. The solvent was
removed and the arising solid was washed with dt¥ T3 x 3 mL), dried in vacuo and stored
at rt. The product was obtained as a slightly yellsolid (116 mg, 0.116 mmol, 76%).
Recrystallization from acetonitrile / ethylacetasédéforded colourless needles which were

suitable for X-Ray structure analysis.

MS (LSIMS, MeOH/Glycerin): m/z(%) = 522.3 (35, [LH]), 584.1 (100, [LZA"-H™);
elemental analysis calcd (%) fogEl5;CIoN30185,Zn (999.1): C 41.94, H 5.13, N 4.19, S 6.40,
found: C 41.40, H 4.42, N 4.07, S 6.03; IR (Diamdsidigle Reflection ATR System)y
2980, 1620, 1479, 1455, 1389, 1312, 1242, 10765,1993, 962, 919, 860, 839, 753, 691,
620, 578 crit.
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(proposed structure)

[Zn" (5)] * 2(ClO,) * (H,0) elemental analysis

Ligand 5 (40 mg, 0.069 mmol, 1.0 eq.) and Zn(@6H,O (26 mg, 0.069 mmol, 1.0 eq.)

were dissolved separately in dry THF (each in 2 rah)l the ligand was transferred to the
metal. The reaction mixture was stirred over nightt. The solvent was removed by pipette
and the arising solid was washed with dry THF BmL), dried in vacuo and stored at rt. The

product was obtained as a yellow solid (22 mg, ©.®2nol, 38%).

MS (ESI, MeCN): m/z(%) = 640.2 (100, [LZA"-H']); elemental analysis calcd (%) for
C31H37CIoN30135,Zn (857.0): C 43.29, H 4.34, N 4.89, S 7.46, fouddt3.78, H 4.47, N 4.67,
S 7.33; IR (Diamond Single Reflection ATR System)3200, 2982, 1618, 1590, 1557, 1476,
1440, 1377, 1313, 1242, 1077, 868, 929, 755, 70, 579 cri.
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F.9 UV/Vis-Titrations

F.9.1 UV/Vis-Job's Plot Titration

A stock solution of ligand’a (6.0 mM in MeCN) as well as Fe(CJ{2*6H,O (6.0 mM in
MeCN) were used for preparing the samples. Thevatl@oncentration of the solutions,
containing different ligand / salt ratios, is givewith: [ligand] + [salt] = 0.5 mM. Table 1
shows the different concentrations of the ligand #re salt in each sample and the resulting
mole fraction values for liganda. The optical cell path length was for all measuzeta

d=1cm.

Table 1. Mole fraction for ligand7a and used concentrations.

Sample No. Mole Fraction Ligand 7a  Gait [NM]  CLigand [MM]

1 0.1 0.45 0.05

2 0.25 0.375 0.125
3 0.375 0.3125 0.1875
4 0.5 0.25 0.25
5 0.625 0.1875 0.3125
6 0.675 0.1625 0.3375
7 0.875 0.0625 0.4375
8 0.995 0.0025 0.4975
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F.9.2 UV/Vis-Equilibrium Constant Titration

All titrations were carried out in a solvent mix¢uof acetonitrile/HO (1:1), buffered with
0.053 M formic acid. The optical cell path lengtlasmMor all measurements d =1 cm. For all

equilibrium titrations, FeGt6H,O was used as iron source.

Table 2. Forward titration of oxazolinéa.

No. Ratio L/M oD oD cv [MM] cL [mM]
(530 nm) (580 nm)
1 0.15 0.0463313 0.0397601 0.25 0.0375
2 0.60 0.189063 0.156025 0.25 0.15
3 1.05 0.312262 0.247508 0.25 0.2625
4 1.50 0.431260 0.330116 0.25 0.375
5 1.95 0.522818 0.385927 0.25 0.4875
6 2.40 0.612041 0.438692 0.25 0.6
7 2.85 0.701491 0.491547 0.25 0.7125
8 451 0.893168 0.589432 0.25 1.1275
9 11.3 1.11623 0.690552 0.25 2.825
Table 3. Reverse titration of oxazoliné.
No. Ratio M/L oD oD cv [MM] cL [mM]
(530 nm) (580 nm)

1 0.16 0.0308677 0.0234003 0.02 0.125
2 0.64 0.0876823 0.0695113 0.08 0.125
3 1.12 0.115686 0.0940063 0.14 0.125
4 1.6 0.133199 0.110158 0.20 0.125
5 2.08 0.141174 0.117740 0.26 0.125
6 2.56 0.147343 0.123661 0.32 0.125
7 3.04 0.151961 0.128437 0.38 0.125
8 6.4 0.169025 0.146672 0.80 0.125
9 12 0.180968 0.160897 1.50 0.125
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Table 4.Forward titration of thiazoline (£).0.

No. Ratio L/M oD oD cv [MM] cL [mM]
(535 nm) (580 nm)
1 0.15 0.0147494 0.0126545 0.125 0.01875
2 0.60 0.0495793 0.0429302 0.125 0.075
3 1.05 0.0785201 0.0669466 0.125 0.13125
4 1.50 0.104655 0.0889260 0.125 0.1875
5 1.95 0.128978 0.108319 0.125 0.24375
6 2.40 0.148217 0.123307 0.125 0.3
7 2.85 0.166323 0.137165 0.125 0.35625
8 451 0.215077 0.172500 0.125 0.56375
9 11.3 0.317620 0.243837 0.125 1.4125
Table 5. Reverse titration of thiazoline (H)0.
No. Ratio M/L oD oD cv [MM] cL [mM]
(535 nm) (580 nm)

1 0.16 0.0240740 0.0199488 0.02 0.125
2 0.64 0.0570581 0.0486704 0.08 0.125
3 1.12 0.0828912 0.0720409 0.14 0.125
4 1.6 0.0898935 0.0783712 0.20 0.125
5 2.08 0.0989253 0.0870519 0.26 0.125
6 2.56 0.102990 0.0906938 0.32 0.125
7 3.04 0.109526 0.0967431 0.38 0.125
8 6.4 0.173251 0.154841 0.80 0.125
9 12 0.141189 0.128324 1.50 0.125
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F.9.2 General UV/Vis- and CD-Measurements

All complex, ligand and salt measurements werdiedmut in a 1 M solution (UV/Vis)

or 10*M solution (CD) in acetonitrile at rt. The opticaell path length was for all
measurements d =1 cm (UV/Vis) ord = 0.1 cm (CD).
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Figure 1. UV/Vis spectra of Fe(Clg),*6H,0O and Fe(OAg)
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Figure 3. UV/Vis spectra of Zn(Cl¢),*6H,0 and Mn(CIQ),*6H,0.
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Table 6.General CD measurement conditions.

Wavelength range 200 — 750 nm

Resolution
Bandwidth
Sensitivity
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Figure 7. UV/Vis and CD spectra of [F&7a),]+(ClO,) and [F&'(7a),(OAC)].

—— M.Seitz 40

Ae [a.u]

T T . T ¥ T J T
200 220 240 260 280
wavelength [nm]

T
300

Ae [a.ul]

40 4

30

20
-30
-40

-50

20

AN

v —— M. Seitz 41
—— M. Seitz 42

200

T T T T T T T
220 240 260 280 300
wavelength [nm]

Figure 8. CD spectra of the complexd8 (ruthenium}41 (zinc) and42 (zinc).

192



Experimental Part

F.10 Catalysis Reactions

F.10.1 Oxidation of ethylbenzene

Ligand and salt were dissolved separately in adeilen(each in 2.5 mL). The ligand was
than added to the salt and was stirred for 15 ntimt a0 form the complex (1 mol% or
10 mol%). The addition of HOAc (114., 12 mg, 0.20 mmol, 0.2 equiv.) followed and the
reaction mixture was stirred for further 10 minhybenzene (1.22 mL, 1.06 g, 10.0 mmol,
10.0 equiv.). Bromobenzene (internal standard)3(jtQ, 16 mg, 0.100 mmol, 0.1 equiv.) and
H,O, (102uL, 113 mg, 1.0 mmol, 1.0 equiv.) was added. In ¢hses, for a total of 5 mmol
H,0O,, a portion-wise addition of 1 mmol oxidant eacluhduring the first 5 h was carried out.
The reaction mixture was stirred at rt and afté 3 h or 24 h, samples for GC detection were
taken. 0.1 mL reaction mixture was filtered througlplug of silica gel followed by a wash

with 0.9 mL acetonitrile.

GC parameters:
- FISON GC 8130, Detektor FID 200 °C
- 200 °C injector
- column: J&W Scientific DBWAX; 30 m and 0.25 mm
- oven temperature: 130 °C /4 min, 30 K/ min to 180180 °C / 4 min
- carrier gas helium
- retention time: 3.19 min (bromobenzene), 6.32 macefophenone) and 7.89 min

(1-phenylethanol).

Chiral GC parameters:
- FISON GC 8000 series, Detektor FID 200 °C
- 200 °C injector
- column: CP-Chiracil-DEX-CP
- oven temperature: isotherm 100 °C
- carrier gas helium
- retention time: 10.28 min and 11.41 min ((x)-1-pylethanol).
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F.10.2 Oxidation of methyl phenyl sulfide

Ligand and salt were dissolved separately in drcmeethane or acetonitrile (each in
1.0 mL). The ligand was than added to the saltthedeaction mixture was stirred for 15 min
at rt to form the complex (2 mol%). The complex tane was than added to a suspension of
4-methoxybenzoic acid (1.5 mg, 0.01 mmol, 0.01eduin 0.5 mL dichloromethane or
acetonitrile and was stirred for further 10 min. tMé phenyl sulfide (11&L, 124 mg,
1.00 mmol 1.0 equilv.) and 4, (123uL, 136 mg, 1.2 mmol, 1.2 equiv.) was added. The
catalysis reaction was stirred at rt for 16 h. S&#SQ-solution (5 mL) was added. After layer
separation, the aqueous layer was extracted witthlatiomethane (2 x5 mL) and the
combined organic layers were dried {88@)y). Subsequently the solvent was almost removed
at reduced pressure (200 mbar, rt), and in comparis a second series the solvent was
completely removed under a high vacuum. In eacte,cse yield of the product was

determined byH NMR spectroscopy:

methyl phenyl sulfide: (Cgl = 2.51 ppm (300MHz. CDGg)
methyl phenyl sulfoxide: (CH=2.75 ppm (300MHz. CDg)
methyl phenyl sulfon: (Ckl = 3.08 ppm (300MHz. CDGg)

The enantiomeric excess of methyl phenyl sulfoxids determined by chiral HPLC:

HPLC conditions:
- column: Daicel Chiralcel OD-H, 0.46 cm x 25 cm
- temperature: 15 °C
- eluent:n-Hexan / 2-propanol 90:10, 1.0 mL/min, isocratic

- retention time: 13.3 min and 16.8 min for enantiosred the methyl phenyl sulfoxide
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F.11 X-Ray Structure Data

Table 7.Crystal data and structure refinement fo) (

Crystal Data

Empirical formula C10H11 N O3

Formula weight 193.20

Crystal size 0.42 x 0.06 x 0.03 mm

Crystal description needle

Crystal colour colourless

Crystal system Monoclinic

Space group Cc2

Unit cell dimensions a = 28.613(4) A alpha = 90 deg.

b = 4.6550(5) A beta = 99.358(16) deg.
¢ =14.035(2) A gamma = 90 deg.

Volume 1844.5(4) A"3

Z. Calculated density 8. 1.391 Mg/m”3

Absorption coefficient 0.104 mm~-1

F(000) 816

Data Collection

Measurement device type STOE-IPDS diffractometer
Measurement method rotation

Temperature 123(1) K

Wavelength 0.71073 A

Monochromator graphite

Theta range for data collection  1.89 to 26.83 deg.

Index ranges -36<=h<=36; -5<=k<=5; -17<=I<=17
Reflections collected / unique 10278 / 3938 [R(int) = 0.0849]
Reflections greater 1>2\s(1) 2147

Absorption correction None

Refinement

Refinement method Full-matrix least-squares on F"2
Hydrogen treatment :
Data / restraints / parameters 3938/1/253

Goodness-of-fit on FA2 0.730

Final R indices [I>2sigma(l)] R1 =0.0397. wR2 = 0.0516
R indices (all data) R1 =0.0959. wR2 = 0.0612
Absolute structure parameter -0.4(12)

Largest diff. peak and hole 0.147 and -0.136 e.A"-3
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Table 8. Atomic coordinates (xI) and equivalent isotropic displacement paramg#&Ts10°).

Atom X y z U(eq)
O(1) 5352(1) 9428(5) 9080(1) 34(1)
0O(2) 4823(1) 5395(5) 6101(1) 34(1)
O(3) 6411(1) 6643(5) 7506(1) 33(1)
N(1) 5537(1) 6575(6) 7880(2) 29(1)
C(1) 5678(1) 8362(7) 8555(2) 27(1)
C(2) 5015(1) 6208(7) 7834(2) 29(1)
C(3) 4906(1) 8035(8) 8692(2) 36(1)
C(4) 4757(1) 7287(7) 6868(2) 26(1)
C(5) 6163(1) 9459(7) 8799(2) 26(1)
C(6) 6507(1) 8500(7) 8250(2) 27(1)
C(7) 6969(1) 9565(7) 8473(2) 29(1)
C(8) 7087(1) 11501(7) 9207(2) 32(1)
C(9) 6751(1) 12477(7) 9755(2) 33(1)
C(10) 6294(1) 11403(7) 9540(2) 31(1)
O(4) 3153(1) 3294(5) 4775(1) 29(1)
O(5) 4317(1) 3885(4) 4371(1) 25(1)
O(6) 3988(1) 2982(5) 7538(1) 35(1)
N(2) 3791(1) 1340(5) 5724(2) 26(1)
C(11) 3436(1) 3050(7) 5641(2) 24(1)
C(12) 3796(1) 59(7) 4758(2) 29(1)
C(13) 3346(1) 1292(8) 4129(2) 32(1)
C(14) 4256(1) 876(7) 4393(2) 28(1)
C(15) 3315(1) 4855(7) 6430(2) 25(1)
C(16) 3603(1) 4733(7) 7343(2) 27(1)
C(17) 3501(1) 6472(8) 8089(2) 35(1)
C(18) 3112(1) 8290(8) 7924(2) 39(1)
C(19) 2817(1) 8372(7) 7031(2) 35(1)
C(20) 2923(1) 6661(6) 6286(2) 27(1)
H(1) 4658 9480 8469 44
H(2) 4796 6802 9186 44
H(3) 5114 5174 6097 40
H(4) 4415 7456 6895 31
H(5) 4877 9221 6739 31
H(6) 4937 4144 7928 34
H(7) 6128 6102 7452 40
H(8) 6064 12020 9913 37
H(O) 6833 13837 10258 39
H(10) 7402 12195 9348 38
H(11) 7203 8938 8112 34
H(12) 3426 2309 3558 38
H(13) 3116 -254 3908 38
H(14) 4430 4474 4926 30
H(15) 4529 8 4821 33
H(16) 4249 88 3736 33
H(17) 3770 -2079 4797 34
H(18) 4001 1914 7061 42
H(19) 2727 6726 5672 33
H(20) 2547 9585 6934 41
H(21) 3045 9500 8430 47
H(22) 3696 6417 8705 42
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O
c9 ca
8
Table 9. Crystal data and structure refinement &)t (
Crystal Data
Empirical formula C12 H15N O3
Formula weight 221.25
Crystal size 0.44 x 0.28 x 0.08 mm
Crystal description Rectangular
Crystal colour Pale
Crystal system Monoclinic
Space group c2
Unit cell dimensions a =20.7412(18) A alpha = 90 deg.

b =14.1137(12) A beta = 101.928(2) deg.
¢ = 8.1408(7) A gamma = 90 deg.

Volume 2331.6(3) A®

Z. Calculated density 8.1.261 Mg/m3

Absorption coefficient 0.091 mm™

F(000) 944

Data Collection

Measurement device type CCD area detector
Measurement method phi and omega scans
Temperature 153(2) K

Wavelength 0.71073 A

Monochromator graphite

Theta range for data collection  2.56 to 30.53 deg.

Index ranges -29<=h<=29; -19<=k<=20; -11<=I<=11
Reflections collected / unique 14376 / 6837 [R(int) = 0.0394]
Reflections greater 1>2\s(1) 5411

Absorption correction :

Refinement

Refinement method Full-matrix least-squares on =

Hydrogen treatment :
Data / restraints / parameters 6837 /1 /409

Goodness-of-fit on FA2 0.912

Final R indices [I>2sigma(l)] R1 =0.0447. wR2 = 0.0841
R indices (all data) R1 =0.0569. wR2 = 0.0879
Absolute structure parameter 0.6(7)

Largest diff. peak and hole 0.298 and -0.191 e A
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Table 10.Atomic coordinates (xI and equivalent isotropic displacement paramé#ts10°).

X y z U(eq)
O(1)  2091(1) 4593(1) 2187(2) 41(1)
O(2)  2099(1) 6848(1) 3997(2) 41(1)
O(3)  3958(1) 5541(1) 1722(2) 43(1)
N(1) 2699(1) 5822(1) 1597(2) 32(1)
C(1) 1611(1) 5343(1) 1668(3) 39(1)
C(2) 2018(1) 6184(1) 1241(2) 34(1)
C(3) 1947(1) 7078(1) 2247(2) 38(1)
C(4) 2684(1) 4968(1) 2084(2) 32(1)
c(5) 3251(1) 4336(1) 2498(2) 31(1)
C(6) 3866(1) 4650(1) 2231(2) 34(1)
c(7) 4397(1) 4033(1) 2517(2) 40(1)
C(8) 4334(1) 3137(1) 3126(3) 44(1)
C(9) 3735(1) 2831(1) 3448(3) 44(1)
C(10) 3203(1) 3427(1) 3133(2) 38(1)
C(11) 2397(1) 7855(2) 1846(3) 51(1)
C(12) 1227(1) 7410(2) 1868(3) 53(1)
0(21) -775(1) 3544(1) -1409(2) 33(1)
0(22) -1566(1) 1862(1) -4427(1) 33(1)
0(23) 742(1) 2479(1) -3527(1) 33(1)
N(21) -295(1) 2255(1) -2259(2) 25(1)
C(21)  -1199(1) 2759(1) -1123(2) 32(1)
C(22) -865(1) 1872(1) -1646(2) 25(1)
C(23) -1314(1) 1275(1) -3001(2) 26(1)
C(24) -298(1) 3154(1) -2089(2) 26(1)
C(25) 181(1) 3796(1) -2580(2) 28(1)
C(26) 680(1) 3421(1) -3317(2) 27(1)
C(27) 1128(1) 4027(1) -3842(2) 32(1)
C(28) 1093(1) 4986(1) -3593(2) 39(1)
C(29) 610(1) 5364(1) -2827(3) 42(1)
C(30) 155(1) 4772(1) -2348(2) 36(1)
C(31) -1918(1) 926(1) -2386(2) 34(1)
C(32) -935(1) 445(1) -3491(2) 36(1)
H(1A) 1278(10) 5096(14) 670(30) 47(5)
H(1B) 1426(9) 5463(13) 2640(20) 41(5)
H(2) 1890(8) 6338(12) 20(20) 32(4)
H(20) 2474(11) 6822(17) 4300(30) 61(7)
H(30) 3600(11) 5809(16) 1580(30) 61(7)
H(7) 4785(9) 4222(12) 2280(20) 31(4)
H(8) 4707(9) 2729(14) 3320(20) 40(5)
H(9) 3695(9) 2245(14) 3920(20) 42(5)
H(10) 2779(9) 3233(12) 3400(20) 35(5)
H(11A) 2865(10) 7643(13) 2110(20) 39(5)
H(11B) 2282(11) 8022(16) 590(30) 67(7)
H(11C) 2332(11) 8428(18) 2470(30) 73(7)
H(12A) 938(11) 6908(17) 2080(30) 61(6)
H(12B) 1071(11) 7551(15) 640(30) 65(6)
H(12C) 1205(10) 8010(17) 2490(30) 57(6)
H(21A) -1612(8) 2897(11) -1820(20) 25(4)
H(21B) -1219(8) 2779(13) 70(20) 38(5)
H(22) -706(7) 1451(11) -750(20) 24(4)
H(220) -1262(9) 1966(14) -4880(20) 39(5)
H(230) 439(10) 2204(15) -3270(30) 53(6)
H(27) 1459(8) 3771(11) -4330(20) 27(4)

H(28)
H(29)
H(30)
H(31A)
H(31B)
H(31C)
H(32A)
H(32B)
H(32C)

1404(8)
576(8)
-190(9)
-1784(9)
-2175(8)
-2176(8)
-776(9)
-1209(9)
-548(10)

5402(12)
6034(13)
5045(13)
488(13)
574(12)
1439(12)
4(13)
75(13)
648(14)

-3950(20)
-2730(20)
-1910(20)
-1440(20)
-3300(20)
-2040(20)
-2510(20)
-4350(20)
-3960(20)

32(4)
37(5)
37(5)
39(5)
37(5)
32(5)
39(5)
35(4)
50(6)
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Table 11.Crystal data and structure refinement @ (

Crystal Data

Empirical formula C31 H35 N3 06

Formula weight 545.62

Crystal size 0.360 x 0.270 x 0.080 mm

Crystal description prism

Crystal colour translucent colourless

Crystal system Monoclinic

Space group P21

Unit cell dimensions a =7.13738(17) A alpha = 90 deg.

b =12.3186(2) A beta = 90.701(2) deg.
¢ = 15.9754(4) A gamma = 90 deg.

Volume 1404.49(5) A"3

Z. Calculated density 2. 1.290 Mg/m~3

Absorption coefficient 0.734 mm~-1

F(000) 580

Data Collection

Measurement device type Oxford Diffraction Gemini Ultra
Measurement method omega-scan

Temperature 123 K

Wavelength 1.54184 A

Monochromator graphite

Theta range for data collection  2.77 to 62.13 deg.

Index ranges -8<=h-=7; -14<=k<=13; -18<=I<=15
Reflections collected / unique 4904 / 3355 [R(int) = 0.0210]
Reflections greater 1>2\s(1) 2793

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.00000 and 0.83170
Refinement

Refinement method Full-matrix least-squares on F"2
Hydrogen treatment :
Data / restraints / parameters 3355/1/367

Goodness-of-fit on F~2 0.951

Final R indices [I>2sigma(l)] R1 =0.0338. wR2 = 0.0760
R indices (all data) R1 =0.0411. wR2 =0.0779
Absolute structure parameter -0.09(18)

Largest diff. peak and hole 0.165 and -0.167 e.A"-3
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Table 12.Atomic coordinates (xI and equivalent isotropic displacement paramé#?s10°).

Atom X y z U(eq)
0O(1) 7250(2) 2313(1) 2485(1) 35(1)
0(2) 11092(2) 1991(1) 386(1) 31(1)
O(3) 13927(3) 4784(2) 1225(1) 47(1)
O(4) -1263(2) 2007(1) 4738(1) 36(1)
O(5) -5448(3) 666(1) 6403(1) 34(1)
O(6) -7970(3) 3703(1) 6701(1) 41(1)
N(1) 3007(3) 2579(2) 3651(1) 32(1)
N(2) 11496(3) 3226(2) 1415(1) 34(1)
N(3) -5326(3) 2449(2) 6090(1) 33(1)
C(1) 4323(3) 2091(2) 3195(2) 30(1)
C(2) 4292(4) 995(2) 3020(2) 33(1)
C@3) 2814(4) 384(2) 3317(2) 36(1)
C(4) 1431(4) 879(2) 3789(2) 34(1)
C(5) 1594(4) 1977(2) 3957(2) 31(1)
C(6) 5821(4) 2862(2) 2916(2) 37(1)
C(7) 8576(4) 3059(2) 2172(2) 36(1)
C(8) 10099(4) 2442(2) 1731(2) 32(1)
C(9) 9488(3) 1789(2) 951(2) 30(1)

C(10) 9378(4) 585(2) 1117(2) 41(1)

C(11) 7770(4) 2208(2) 505(2) 35(1)

C(12) 11945(3) 2892(2) 681(2) 28(1)

C(13) 13302(3) 3442(2) 153(2) 28(1)

C(14) 13655(3) 3081(2) -657(2) 32(1)

C(15) 14873(4) 3637(2)  -1170(2)  42(1)

C(16) 15746(4) 4556(2) -867(2) 46(1)

C(17) 15444(4) 4934(2) -69(2) 41(1)

C(18) 14226(4) 4377(2) 450(2) 35(1)

C(19) 314(4) 2615(2) 4503(2) 38(1)

C(20) -2320(4) 2556(2) 5350(2) 35(1)

C(21) -4089(4) 1914(2) 5482(2) 31(1)

C(22) -3835(4) 752(2) 5821(2) 30(1)

C(23) -4083(4) -102(2) 5152(2) 37(1)

C(24) -2103(4) 565(2) 6352(2) 39(1)

C(25) -6017(4) 1691(2) 6539(2) 31(1)

C(26) -7496(4) 1853(2) 7156(2) 30(1)

C(27) -8013(4) 1019(2) 7694(2) 33(1)

C(28) -9488(4) 1149(2) 8236(2) 36(1)

C(29) -10452(4)  2121(2) 8241(2) 38(1)

C(30) -9935(4) 2963(2) 7729(2) 37(1)

C(31) -8453(4) 2848(2) 7185(2) 32(1)
H(2) 5260 669 2705 39
H(3) 2745 -371 3198 43

H(30) 13050(40) 4370(30) 1503(18) 56
H(4) 399 474 3992 41

H(6A) 5258 3420 2544 44

H(6B) 6368 3235 3410 44

H(6O) -7030(40) 3520(20) 6375(18) 49

H(7A) 9124 3488 2638 44

H(7B) 7955 3566 1776 44
H(8) 10727 1941 2140 38

H(10A) 8483 448 1565 49
H(10B) 10617 315 1286 49

H(10C)
H(11A)
H(11B)
H(11C)
H(14)
H(15)
H(16)
H(17)
H(19A)
H(19B)
H(20A)
H(20B)
H(21)
H(23A)
H(23B)
H(23C)
H(24A)
H(24B)
H(24C)
H(27)
H(28)
H(29)
H(30)

8961
7994
6708
7488
13051
15104
16581
16064
1008
-104
-2627
-1594
-4776
-3170
-5354
-3888
-2127
-987
-2069
-7344
-9835

-11487
-10600

210
2953
2199
1745
2444
3390
4940
5570
2849
3275
3299
2608
1869

18

-56
-823
1045

720
-193

352

577
2209
3630

606
316
888
21
-860

-1722
-1218

125
5012
4200
5158
5881
4934
4708
4915
5397
6840
6021
6538
7688
8601
8603
7749

49
42
42
42
39
50
55
49
45
45
42
42
38
44
44
44
a7
a7
a7
40
43
45
44
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Experimental Part

A-[Fe'"(7a);]e(CIO,)

Table 13.Crystal data and structure refinement for'[f&),]*(ClO,).

Crystal Data

Empirical formula
Formula weight
Crystal size

Crystal description
Crystal colour
Crystal system
Space group

Unit cell dimensions

Volume
Z, Calculated density

C20 H20 Fe N2 06, Cl 04
539.68

0.270 x 0.080 x 0.010 mm
needle

purple

Orthorhombic

P212121

a=6.3707(2) A alpha =90 deg.
b =11.7037(5) A beta = 90 deg.
¢ =28.8800(9) A gamma = 90 deg.
2153.32(13) A®

4, 1.665 Mg/m®

Absorption coefficient 7.326 mm™
F(000) 1108

Data Collection

Measurement device type

Measurement method

Temperature 123 K
Wavelength 1.54184 A
Monochromator graphite

Theta range for data collection
Index ranges

Reflections collected / unique
Reflections greater 1>2\s(1)
Absorption correction

Max. and min. transmission

3.06 to 51.57 deg.

-6<=h<=4, -10<=k<=11, -27<=I<=29
4454 | 2137 [R(int) = 0.0825]

1631

Semi-empirical from equivalents
1.00000 and 0.57176

Refinement

Refinement method
Hydrogen treatment

Data / restraints / parameters
Goodness-of-fit on F~2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

Full-matrix least-squares on F?

2137/0/317

1.115

R1 =0.0625, wR2 = 0.1235
R1 =0.0903, wR2 = 0.1362
-0.002(16)

0.553 and -0.505 e.A®
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Experimental Part

Table 14.Atomic coordinates (xI and equivalent isotropic displacement paramé#&?s10°).

X y z U(eq)
Fe(1) 2663(3) 1005(2) 3612(1) 33(1)
o(1) 688(12) 1172(7) 3133(2) 35(3)
O(2) 3240(15) 4465(7) 3304(3) 48(4)
O(3)  4980(13) 1515(7) 4165(3) 38(3)
O(4)  4735(13) 69(6) 3345(2) 35(3)
O(5)  2226(14) -1941(6) 4425(3) 44(3)
O(6) 373(12) 1618(7) 4139(3) 41(3)
N(1) 3577(15) 2605(8) 3472(3) 35(4)
N(2) 1769(15) -374(8) 3986(3) 33(4)
C(1) -190(19) 2096(11) 2965(4) 33(5)
C(2) -2090(20) 1950(11) 2705(4) 41(5)
C(3) -3100(20) 2867(12) 2514(4) 45(5)
C(4) -2320(20) 3957(13) 2558(3) 43(5)
C(5) -500(20) 4143(11) 2812(4) 44(5)
C(6) 560(20) 3202(10) 3005(4) 32(5)
C(7) 2500(20) 3404(11) 3273(4) 34(5)
C(8) 5050(20) 4422(10) 3632(4) 45(5)
C(9) 5381(18) 3140(9) 3711(4) 32(5)
C(10) 5310(20) 2737(10) 4198(4) 35(5)
C(11) 5640(19) -891(11) 3478(4) 39(5)
C(12) 7490(20) -1247(9) 3269(4) 35(4)
C(13) 8489(19) -2235(11) 3385(4) 37(5)
C(14) 7730(20) -2906(10) 3746(4) 41(5)
C(15) 5910(20) -2601(10) 3967(4) 39(5)
C(16) 4808(19) -1597(10) 3842(4) 33(4)
C(17) 2880(20) -1267(11) 4074(4) 35(5)
C(18)  430(20) -1341(9) 4626(4) 43(5)
C(19) 0(20) -330(11) 4316(4) 37(5)
C(20) 60(20) 857(10) 4526(4) 44(5)
CI(1) 204(6) 4645(3) 4615(1) 48(1)
o(7) 255(16) 3533(7) 4802(3) 67(4)
O(8) -1693(16) 5099(10) 4552(4) 104(6)
O(9) 2024(18) 5179(8) 4549(5) 105(6)
O(10) 200(30) 4187(15) 4116(4) 58(7)
O(10A) 200(30) 5200(16) 5117(6) 60(8)
H(2) -2648 1205 2665 50
H(3) -4366 2747 2348 54
H(3A) 4923 1233 4432 45
H(4) -3026 4580 2416 51
H(5) 23 4896 2855 53
H(6) 406 2296 4235 49
H(8A) 4702 4815 3926 54
H(8B) 6310 4779 3495 54
H(9) 6723 2891 3562 38
H(10A) 6642 2908 4360 42
H(10B) 4140 3106 4368 42
H(12) 8080 -781 3034 42
H(13) 9706 -2466 3219 45
H(14) 8470 -3572 3839 49
H(15) 5371 -3073 4207 47
H(18A) 750 -1084 4944 51
H(18B) -815 -1850 4637 51

H(19)  -1351 -445 4147 44
H(20A)  -1280 1030 4686 52
H(20B) 1222 926 4751 52
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Experimental Part

A-[Fe''(7a),(OAc)]

Table 15.Crystal data and structure refinement for'[&g),(OAc)].

Crystal Data

Empirical formula
Formula weight
Crystal size

Crystal description
Crystal colour
Crystal system
Space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

C22 H23 Fe N2 08

499.27

0.200 x 0.040 x 0.040 mm

rod

brown to red

Monoclinic

C2

a =18.7581(5) A alpha =90 deg.
b =8.2252(2) A beta =91.301(2) deg.
¢ =15.2620(4) A gamma = 90 deg.
2354.15(10) A®

4, 1.409 Mg/m®

5.568 mm™

1036

Data Collection

Measurement device type
Measurement method
Temperature

Wavelength

Monochromator

Theta range for data collection
Index ranges

Reflections collected / unique
Reflections greater 1>2\s(1)
Absorption correction

Max. and min. transmission

Oxford Diffraction Gemini Ultra
omega-scan

123 K

1.54184 A

graphite

4.72 t0 62.28 deg.

-21<=h<=21, -9<=k<=9, 0<=I<=17
3621 /3621 [R(int) = 0.0000]
2889

Semi-empirical from equivalents
1.00000 and 0.48031

Refinement

Refinement method
Hydrogen treatment

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

Full-matrix least-squares on =

3621 /1/304

0.964

R1 = 0.0381, wR2 = 0.0860
R1 = 0.0489, wR2 = 0.0896
-0.026(4)

0.307 and -0.332 e. A
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Experimental Part

Table 16.Atomic coordinates (xI and equivalent isotropic displacement paramé#?s10°).

X y z U(eq)

Fe(l) 2995(1) 624(1) 2799(1) 25(1)
O(1) 2199(1) -835(3) 2638(2) 29(1)

O(2) 1888(1) 833(4) 5190(2) 32(1)

O(@3) 3736(2) -872(4) 5009(2) 35(1)

O(4) 3766(1) -773(3) 3148(2) 30(1)

O(5) 4045(1) -479(4) 441(2)  39(1)

O(6) 2162(2) -1650(5) 866(2) 53(1)

O(7) 2523(2) 2807(4) 2324(2) 38(1)

O(8) 3577(1) 2802(4) 2940(2) 35(1)

N(1) 2646(2) 945(4) 4078(2) 25(1)

N(2) 3323(2) 275(4) 1509(2) 28(1)

C(1) 1557(2) -817(5) 2991(2) 28(1)

C(2) 989(2) -1579(6) 2552(3) 41(2)

C(3) 313(2) -1586(6) 2891(3) 43(2)

C(4) 186(2) -866(6) 3693(3) 41(2)

C(5) 740(2) -154(6)  4153(3) 36(2)

C(6) 1433(2) -125(5) 3820(3) 28(1)

C(7) 2013(2) 603(6) 4340(2) 26(1)

C(8) 2567(2) 1323(5) 5593(3) 34(1)

C(9) 3057(2) 1633(5) 4831(3) 31(1)

C(10) 3788(2) 847(6) 4963(3) 35(1)
C(11) 4410(2) -924(5) 2800(3) 27(1)
C(12) 5009(2) -1270(5) 3343(3) 31(1)
C(13) 5664(2) -1458(5) 2996(3) 39(2)
C(14) 5773(2) -1325(6) 2099(3) 41(2)
C(15) 5206(2) -964(6) 1570(3) 39(2)
C(16) 4513(2) -759(5) 1897(3) 30(1)
C(17) 3931(2) -307(5) 1306(3) 31(1)
C(18) 3389(2) -52(6) -19(3) 40(1)
C(19) 2929(2) 705(7) 686(2)  35(1)
C(20) 2167(2) 30(7) 678(3) 47(2)
C(21) 3087(2) 3593(5) 2537(3) 33(1)
C(22) 3172(3) 5323(6) 2326(3) 56(2)

H2) 1069 -2103 2008 49
H(3) -67 -2089 2573 52
H(30) 3730(20) -1180(60) 4490(30) 42
H@4)  -281 -866 3923 49
H(5) 653 329 4706 43
H(60) 2160(30) -1880(60) 1440(40) 63
H(8A) 2761 450 5976 40
H(8B) 2509 2322 5946 40
HO) 3116 2831 4747 37
H(10A) 4096 1150 4470 42
H(10B) 4014 1263 5511 42
H(12) 4954 -1373 3958 37
H(13) 6060 -1686 3375 46
H(14) 6233 -1484 1865 49
H(15) 5276 -845 959 47
H(18A) 3157 -1029 -274 48
H(18B) 3479 736 -494 48
H(19) 2916 1913 614 42
H(20A) 1885 615 1119 56
H(20B) 1940 219 95 56
H(22A) 2799 5954 2611 67
H(22B) 3133 5474 1690 67
H(22C) 3642 5697 2538 67
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Experimental Part

A-[Fe'"(8),(OAC)]

Table 17.Crystal data and structure refinement for'[(&),(OAc)].

Crystal Data

Empirical formula
Formula weight
Crystal size

Crystal description
Crystal colour
Crystal system
Space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

C26 H31 Fe N2 08

555.38

0.070 x 0.060 x 0.030 mm

flat prism

purple

Orthorhombic

P212121

a=11.7914(3) A alpha =90 deg.
b=12.0459(3) A beta =90 deg.
€c =36.3297(12) A gamma = 90 deg.
5160.2(3) A®

8, 1.430 Mg/m®

5.137 mm™

2328

Data Collection

Measurement device type
Measurement method
Temperature

Wavelength

Monochromator

Theta range for data collection
Index ranges

Reflections collected / unique
Reflections greater 1>2\s(1)
Absorption correction

Max. and min. transmission

Oxford Diffraction Gemini Ultra
omega-scan

123 K

1.54178 A

graphite

3.87 to 51.45 deg.

-9<=h<=11, -10<=k<=12, -35<=I<=36
9296 / 4829 [R(int) = 0.0421]
3679

Semi-empirical from equivalents
1.00000 and 0.82410

Refinement

Refinement method
Hydrogen treatment

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

Full-matrix least-squares on =

4829/0/677

0.971

R1 =0.0382, wR2 = 0.0766
R1 =0.0574, wR2 = 0.0830
0.001(4)

0.335 and -0.219 e. A
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Experimental Part

Table 18.Atomic coordinates (xI and equivalent isotropic displacement paramé#?s10°).

X y z U(eq)

Fe(1) 31(1) 5006(1)  417(1)  23(1)
0O(1) 1062(3) 4264(3) 731(1) 29(2)

0(2) -1028(3)  1658(3) 374(1) 32(2)

O(3)  -3024(3) 4697(3) 608(1) 51(2)

O(4) -1002(3)  5760(3) 732(1) 25(1)

O(5) 1028(3) 8323(3) 292(1) 30(2)

0o(6) 3027(3) 5490(3)  713(1)  49(2)

o(7) -814(3)  5398(3)  -81(1)  25(1)

0O(8) 820(3) 4573(3) -92(1) 25(1)

N(1) -910(4)  3510(4)  415(1)  22(2)

N(2) 948(4) 6485(4)  399(1)  21(2)

Cc@) 1332(5) 3204(5) 788(2) 26(3)

Cc(2) 2350(5) 2945(5)  968(1)  28(2)

Cc@3) 2623(5) 1859(5) 1037(2) 34(2)

C4) 1940(6) 1012(5) 918(2) 48(3)

C(5) 952(6) 1256(5)  739(2)  46(3)

C(6) 620(5) 2339(4) 668(2) 29(2)

C®) -444(5) 2564(5) 485(2) 23(2)

C(8)  -1952(5) 2069(5) 143(2)  33(3)

C(9)  -2054(5) 3295(4) 252(2)  25(2)

C(10)  -3029(5) 3542(5) 526(2) 32(2)
C(11) -2890(5) 2882(6) 874(2)  48(3)
C(12) -4163(5) 3347(5) 343(2) 36(3)
C(13) -1311(5) 6822(5) 742(2) 25(2)
C(14) -2293(5) 7121(5) 929(1)  26(2)
C(15) -2657(5) 8217(5) 939(2)  38(2)
C(16) -2038(5) 9024(5) 754(2) 37(3)
C(17) -1070(5) 8765(5) 582(2) 32(2)
C(18)  -653(5) 7671(4) 571(2) 23(2)
C(19) 446(5) 7442(5) 421(2) 26(2)
C(20) 2019(5) 7860(4) 106(2) 29(2)
C(21) 2143(5) 6703(4) 269(2) 26(2)
C(22) 3005(5) 6595(4) 585(2) 29(2)
C(23)  4201(5) 6795(5) 440(2) 38(2)
C(24) 2730(5) 7396(5) 899(2)  39(2)
C(25) -9(6) 4969(4) -265(1) 22(2)
C(26) -66(5) 4944(5)  -673(1) 37(2)
Fe(2)  2481(1) 7918(1) 2046(1) 25(1)
0(9) 1449(3) 7184(3) 1733(1) 28(1)

0(10)  3535(3)  4628(3) 2144(1) 30(2)
O(11)  5431(3) 7427(3) 1672(1) 44(2)
0(12) 3461(3) 8739(3) 1732(1) 28(1)
O(13)  1449(3) 11211(3) 2232(1) 34(2)
0(14)  -591(3) 8261(3) 1845(1) 54(2)
0O(15) 1733(3) 7451(3) 2551(1) 27(1)
O(16)  3338(3) 8337(3) 2550(1) 26(1)
N(3) 3445(4)  6460(4) 2031(1) 24(2)

N(4) 1527(4) 9383(4) 2104(1) 26(2)

C(27) 1169(5) 6110(5) 1714(1) 22(2)
C(28) 158(5)  5816(5) 1539(1) 26(2)
C(29) -168(5) 4737(5) 1508(2) 32(2)
C(30) 471(6) 3894(5) 1663(2) 36(3)
C(31)  1452(6) 4159(5) 1837(2) 35(3)
C(32) 1849(5) 5260(4) 1860(2) 25(2)
C(33) 2936(5) 5491(5) 2012(2) 23(2)
C(34)  4528(5) 5106(5) 2328(2) 34(2)
C(35) 4637(5) 6263(4) 2152(2) 27(2)
C(36) 5472(5) 6327(5) 1827(2) 34(3)
C(37) 5210(6) 5485(5) 1532(2) 49(3)
C(38) 6688(5) 6197(5) 1971(2) 47(3)
C(39) 3817(5) 9783(5) 1773(2) 28(3)
C(40)  4861(5) 10080(5) 1625(1) 28(2)
C(41) 5248(5) 11148(5) 1662(2) 37(2)
C(42) 4616(6) 11958(5) 1847(2) 36(3)
C(43) 3592(6) 11668(5) 1990(2) 34(3)
C(44) 3151(5) 10597(5) 1957(2) 25(2)
C(45) 2030(5) 10339(5) 2094(2) 29(3)
C(46) 453(5)  10753(5) 2407(2) 34(3)
C(47) 352(5) 9570(4) 2251(2) 28(2)
C(48) -553(5) 9405(5) 1946(2) 33(2)
C(49) -1711(5) 9614(5) 2110(2) 41(3)
C(50) -336(5)  10130(6) 1618(2)  49(3)

C(1)
C(52)
H(2A)
H(3)
H(3A)
H(4A)
H(5A)
H(6)
H(8A)
H(8B)
H(9)
H(11A)
H(11B)
H(11C)
H(12A)
H(12B)
H(12C)
H(14A)
H(15A)
H(16A)
H(17A)
H(20A)
H(20B)
H(21)
H(23A)
H(23B)
H(23C)
H(24A)
H(24B)
H(24C)
H(26A)
H(26B)
H(26C)
H(11)
H(14)
H(28A)
H(29A)
H(30A)
H(31A)
H(34A)
H(34B)
H(35)
H(37A)
H(37B)
H(37C)
H(38A)
H(38B)
H(38C)
H(40A)
H(41A)
H(42A)
H(43A)
H(46A)
H(46B)
H(47)
H(49A)
H(49B)
H(49C)
H(50A)
H(50B)
H(50C)
H(52A)
H(52B)
H(52C)

2521(6)
2451(5)
2850
-2407
3296
2153
477
2387
-2665
-1764
-2153
2161
2912
-3507
4774
-4228
-4222
2723
-3323
-2305
-652
2702
1894
2342
4750
4265
4358
1988
2712
3312
622
-127
731
4780
29
-312
-844
227
1885
5215
4404
4852
4430
5296
5735
7227
6804
6810
5305
5962
4896
3161
228
547
203
2296
1774
-1814
362
-254
974
3204
2177
1926

7918(4)
8010(5)
3522
4867
1691
261
664
5321
1665
1992
3758
3065
2087
3063
3537
2565
3815
6566
8412
9768
9336
8314
7822
6166
6673
7560
6279
7209
8158
7335
4596
5703
4514
7548
8077
6381
4560
3144
3584
4654
5163
6820
5589
4736
5584
6364
5433
6711
9544
11342
12694
12214
11196
10735
9038
9439
10396
9142
9890
10903
10072
8175
7307
8608

2728(2)
3134(2)
1043
709
1169
959
661
798
194
-122
26
989
817
1045
514
272
123
1051
1071
750
463
155
-164
69
638
350
237
1003
804
1090
-770
767
-750
1587
1749
1439
1378
1647
1948
2282
2597
2344
1446
1633
1325
1774
2056
2177
1499
1559
1871
2116
2346
2678
2457
1928
2182
2327
1495
1698
1446
3234
3237
3200

24(2)
36(2)
34
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A-[Fe"(9),1,

Table 19.Crystal data and structure refinement for'[{®.]..

Crystal Data

Empirical formula
Formula weight
Crystal size

Crystal description
Crystal colour
Crystal system
Space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

C48 H54 Fe2 N4 012

990.65

0.050 x 0.020 x 0.020 mm

prism

ruby-coloured

Monoclinic

P21

a=13.9286(2) A alpha =90 deg.
b=24.2175(3) A beta = 92.3362(12) deg.
¢ =14.2035(2) A gamma = 90 deg.
4787.08(11) A®

4, 1.375 Mg/m®

5.405 mm™

2072

Data Collection

Measurement device type
Measurement method
Temperature

Wavelength

Monochromator

Theta range for data collection
Index ranges

Reflections collected / unique
Reflections greater 1>2\s(1)
Absorption correction

Max. and min. transmission

Oxford Diffraction Gemini Ultra
omega-scan

123 K

1.54184 A

graphite

3.11 to 51.59 deg.

-14<=h<=14, -24<=k<=24, 0<=I<=14
8533 /8533 [R(int) = 0.0000]
5626

Semi-empirical from equivalents
1.00000 and 0.76099

Refinement

Refinement method
Hydrogen treatment

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

Full-matrix least-squares on F?

8533/1/1219

0.966

R1 = 0.0484, wR2 = 0.1088
R1=0.0764, wR2 = 0.1162
-0.012(5)

1.185 and -0.657 e.A”
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Table 20.Atomic coordinates (xI and equivalent isotropic displacement paramé#?s10°).

X y z U(eq)

Fe(I) 6034(1) 8438(1) 9967(1) 31(1)
Fe(2)  7895(1) 8359(1) 8757(1) 32(1)
O(1)  5866(1) 8679(1) 11274(1) 29(1)
O(2)  5139(2) 10079(1) 9608(2)  46(1)
O(3)  6457(1) 8514(1) 8624(1)  36(1)
O(4)  4665(1)  8293(1)  9742(1)  36(1)
O(B)  5732(1) 7012(1) 11506(2) 46(1)
O(6)  7456(1) 8255(1) 10076(1) 29(1)
O(7)  9176(1) 8090(1)  9026(1)  35(1)
O(8)  7880(1) 6690(1)  7751(1)  41(1)
O(10)  8119(2)  8630(1)  7492(1)  43(1)
O(11)  8859(1) 10031(1) 9133(1)  39(1)
O(12) 10302(2) 8952(1) 9919(2) 58(1)
0(39) 7557(3) 7707(2)  6247(3)  55(1)
N(1)  5943(2) 9273(1) 9696(2)  34(1)
N(@2)  6075(2) 7603(1) 10362(2) 29(1)
N@)  7602(2) 7570(1)  8215(2)  31(1)
N(4)  8385(2) 9148(1) 9213(2) 34(1)
C(l) 5386(2) 9097(1) 11589(2) 36(1)
C(2) 5079(2) 9076(1) 12530(2) 28(1)
C(3)  4624(2) 9500(1) 12932(2) 37(1)
C@)  4429(2) 9999(1) 12430(2) 39(1)
C(5)  4703(2) 10019(1) 11519(2) 39(1)
C(6)  5164(2) 9583(1) 11092(2) 25(1)
C(7)  5441(2) 9629(1) 10101(2) 29(1)
C(8)  5342(2) 9941(1) 8616(2)  41(1)
C(9)  6052(2) 9467(1) 8720(2)  35(1)
C(10) 5997(3) 8959(2) 8121(2) 53(1)
C(11) 5831(3) 10456(2) 8232(3) 95(2)
C(12)  4413(3) 9802(2) 8122(3) 76(2)
C(13)  4110(2) 8010(1) 10289(2) 29(1)
C(14) 3135(2) 8160(1) 10323(2) 37(1)
C(15) 2535(2) 7881(2) 10891(2) 58(1)
C(16) 2845(3)  7458(2) 11463(2) 59(1)
C(17) 3779(2) 7281(2) 11435(2) 48(1)
C(18)  4425(2)  7571(1) 10851(2) 37(1)
C(19) 5430(2)  7400(1) 10890(2) 32(1)
C(20)  6800(2) 6957(1) 11448(2) 40(1)
C(21)  7025(2)  7375(1) 10609(2) 38(1)
C(22)  7709(2)  7847(1) 10772(2) 32(1)
C(23)  7238(2) 7124(2) 12399(2) 55(1)
C(24) 7007(3) 6358(2) 11230(3) 69(2)
C(25)  9641(2) 7624(1)  8906(2)  34(1)
C(26) 10609(2) 7584(1)  9163(2)  31(1)
C(27) 11128(2) 7104(1)  9070(2)  37(1)
C(28) 10665(2) 6626(1) 8698(2)  40(1)
C(29) 9713(2) 6661(1) 8466(2) 37(1)
C(30)  9190(2)  7145(1)  8525(2)  26(1)
C(31) 8216(2) 7157(1) 8173(2)  29(1)
C(32) 6827(2) 6770(1) 7542(3)  48(1)
C(33) 6710(2) 7397(1)  7675(2)  46(1)
C(34A) 6607(2) 7752(2) 6771(2) 50(1)
C(35) 6301(2) 6458(2) 8287(2) 59(1)
C(36)  6626(2) 6534(1) 6529(2)  51(1)
C(37) 8219(2) 9129(1)  7149(2)  43(1)
C(38) 8155(2) 9185(2) 6140(2) 54(2)
C(39) 8251(2) 9700(2) 5751(2)  55(1)
C(40)  8424(2) 10180(2) 6278(2)  45(1)
C(41)  8499(2) 10116(2) 7227(2) 45(1)
C(42)  8420(2) 9609(1) 7679(2)  33(1)
C(43) 8566(2) 9568(1)  8694(2)  34(1)
C(44)  8814(2) 9936(1) 10174(2) 49(1)
C(45)  8688(3)  9290(1) 10205(2) 52(1)
C6)  9571(2) 8959(1) 10535(2) 54(2)
C(47)  7933(2) 10233(2) 10495(2) 52(1)
C(48) 9768(2) 10145(2) 10603(2) 53(1)
O(9)  5543(4) 7646(2)  6409(4)  55(1)
C(34) 6607(2) 7752(2) 6771(2) 50(1)
Fe(3)  1074(1)  7931(1)  4349(1)  35(1)
Fe(d)  2967(1) 8067(1) 5680(1)  36(1)
O(13)  865(1)  7709(1)  3025(1)  41(1)
O(14)  340(1)  6263(1)  4554(1)  38(1)
O(15)  1567(1)  7832(1)  5717(1)  39(1)

O(16)
o(17)
0(18)
0(19)
0(20)
0(21)
0(22)
0(23)
0(24)

N(5)
N(6)
N(7)
N(8)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
c(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
c(71)
c(72)
C(73)
C(74)
C(75)
C(76)
c(7)
C(78)
C(79)
C(80)
C(81)
C(82)
C(83)
C(84)
C(85)
C(86)
c(87)
C(88)
C(89)
C(90)
c(91)
C(92)
C(93)
C(94)
C(95)
C(96)
C(97)
C(98)
0(41)
C(84A)
H(9)
H(3)
H(4)
H(5)

H(10A)

H(10B)
H(2)
H(39)

H(11C)
H(12)
H(12A)

-286(1)
497(1)
2478(1)
4222(1)
2512(2)
2528(3)
3284(2)
4134(2)
5498(2)
1049(2)
1005(2)
2505(2)
3584(2)
478(2)
222(2)
-132(2)
-279(2)
-64(2)
336(2)
581(2)
454(2)
1191(2)
1141(2)
-555(2)
805(3)
-909(2)

-1903(2)
-2560(2)
-2373(2)
-1434(2)

-699(2)
284(2)
1569(2)
1877(2)
2635(2)
1839(2)
1830(2)
4494(2)
5434(2)
5749(2)
5135(2)
4221(2)
3918(2)
2959(2)
1551(2)
1605(2)
1613(2)
801(2)
1464(2)
3465(2)
3451(2)
3567(2)
3711(2)
3779(2)
3679(2)
3782(2)
4082(2)
3860(2)
4712(2)
3270(2)
5050(2)
554(4)
1613(2)
6714
4429
4123
4573
5317
6321
5200
8196
6478
10765
4132

8041(1)
9447(1)
8172(1)
8424(1)
9767(1)
8743(2)
7756(1)
6466(1)
7593(1)
7091(1)
8760(1)
8840(1)
7325(1)
7268(1)
7290(1)
6834(1)
6348(1)
6309(2)
6775(1)
6733(1)
6417(1)
6880(1)
7387(1)
6599(2)
5896(2)
8323(1)
8190(2)
8507(2)
8965(2)
9113(2)
8814(2)
9006(2)
9470(1)
9057(1)
8621(1)
10051(1)
9283(2)
8927(1)
9062(2)
9603(1)
10030(2)
9936(1)
9394(1)
9303(1)
9595(1)
8957(1)
8650(2)
9837(2)
9870(2)
7247(1)
7149(2)
6633(2)
6196(2)
6283(2)
6810(1)
6889(1)
6615(1)
7244(1)
7637(1)
6303(1)
6444(1)
8730(2)
8650(2)
9624
9466
10303
10344
8865
9025
8750
9732
10491
9140
9478

4596(1)
3056(2)
4329(1)
5502(1)
6358(2)
8081(3)
6917(1)
5156(1)
4571(2)
4568(2)
4032(2)
6170(2)
5155(2)
2627(2)
1663(2)
1190(2)
1660(2)
2619(2)
3103(2)
4091(2)
5508(2)
5552(2)
6184(2)
5879(2)
6126(2)
4139(2)
4144(2)
3643(2)
3146(3)
3129(2)
3606(3)
3588(2)
3028(2)
3833(2)
3664(2)
3234(3)
2077(2)
5514(2)
5243(2)
5103(2)
5214(2)
5514(2)
5669(2)
6065(2)
6683(2)
6664(2)
7595(2)
5981(2)
7632(2)
7220(2)
8198(2)
8557(2)
7958(2)
6992(2)
6632(2)
5616(2)
4132(2)
4158(2)
3947(2)
3718(2)
3755(2)
7862(4)
7595(2)
8680
13562
12715
11163
7968
7523
12889
5085
8525
10141
8419
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H(12B)
H(12C)
H(14)
H(15)
H(16)
H(17)
H(21)
H(22A)
H(22B)
H(23A)
H(11A)
H(11B)
H(24A)
H(24B)
H(24C)
H(26)
H(27)
H(28)
H(29)
H(33)
H(34C)
H(34D)
H(35A)
H(35B)
H(35C)
H(36A)
H(36B)
H(36C)
H(38)
H(39)
H(40)
H(41)
H(45)
H(46A)
H(46B)
H(47A)
H(47B)
H(47C)
H(48A)
H(48B)
H(48C)
H(23B)
H(23C)
H(9)
H(34A)
H(34B)
H(21A)
H(53)
H(54)
H(55)
H(59)
H(60A)

4522
3972
2894
1878
2416
3993
7243
7649
8380
6961
5453
5876
6684
7702
6770
10929
11791
11009
9387
6144
6481
6063
6472
5607
6485
6923
5931
6897
8049
8018
8486
8612
8149
9820
9371
7948
7923
7356
10298
9829
9791
7935
7102
5433
7067
6714
2765
-275
-530
-182
1849
463

9721
10116
8458
7985
7287
6971
7155
8000
7722
7477
10784
10423
6121
6293
6273
7901
7094
6292
6337
7467
8142
7617
6066
6499
6606
6774
6518
6162
8871
7804
10531
10435
9200
9113
8573
10618
10221
10052
9985
10034
10548
7165
6840
7821
7633
8148
8440
6855
6037
5976
6717
7475

7459
8163
9948
10888
11877
11797
10062
11414
10704
12592
8380
7548
11677
11284
10587
9413
9255
8614
8253
8070
6937
6364
8262
8171
8911
6068
6394
6490
5749
6609
5988
7604
10623
11142
10651
10285
11185
10226
10260
11266
10557
12354
12865
5906
6299
6915
8255

531
1326
2948
5627
6309

H(24)
H(52)
H(61B)
H(61C)
H(62A)
H(62B)
H(62C)
H(64)
H(65)
H(66)
H(67)
H(71)
H(72A)
H(72B)
H(73A)
H(60B)
H(61A)
H(74A)
H(74B)
H(74C)
H(76)
H(77)
H(78)
H(79)
H(83)
H(84A)
H(84B)
H(85A)
H(85B)
H(85C)
H(86A)
H(86B)
H(86C)
H(88)
H(89)
H(90)
H(91)
H(95)
H(96A)
H(96B)
H(97A)
H(97B)
H(97C)
H(98A)
H(98B)
H(98C)
H(73B)
H(73C)
H(41A)
H(84C)
H(84D)

5389
295
-528
-1001
314
922
1402
-2112
-3212
-2866
-1267
2083
2572
3286
1460
1489
-177
1580
2531
1551
5874
6390
5336
3800
1052
1086
1516
922
158
845
1979
840
1515
3357
3550
3764
3894
3299
4923
4476
3367
3223
2675
5570
5085
5115
2524
1711
230
2066
1773

7768
7626
6721
6288
5607
5982
5765
7881
8392
9172
9431
9274
8483
8778
10297
7317
6905
8909
9280
9535
8769
9670
10396
10237
8818
8786
8250
10233
9783
9650
9738
9778
10271
7450
6574
5832
5981
7329
7558
8022
5908
6367
6424
6617
6563
6041
10103
10136
8848
8818
8255

5067
1330
6537
5804
6061
6795
5860
4494
3647
2827
2780
4405
3008
3771
2817
6794
5473
1964
2039
1600
5152
4930
5086
5614
6261
7981
7482
5901
6219
5372
8065
7886
7559
8613
9217
8204
6584
3720
3304
3954
3841
3037
4000
4135
3098
3791
3129
3892
7392
8067
7517
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oH Ho \\OH

J
@\KO] 2 Cloy

A-[zn'(7a),],#(CIO,),

Table 21.Crystal data and structure refinement for'{Zt),],*(ClO,),.

Crystal Data

Empirical formula
Formula weight
Crystal size

Crystal description
Crystal colour
Crystal system
Space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

2(C20 H21 N2 06 Zn), 3(C4 H8 0), 2(Cl 04)
1317.34

0.28 x 0.20 x 0.14 mm

prism

colourless

Monoclinic

P21

a=9.7188(3) A alpha =90 deg.

b =225542(5) A beta =101.576(4) deg.
¢ =13.3670(6) A gamma = 90 deg.
2870.44(17) A®

2, 1.524 Mg/m®

2.611 mm™

1369

Data Collection

Measurement device type
Measurement method
Temperature

Wavelength

Monochromator

Theta range for data collection
Index ranges

Reflections collected / unique
Reflections greater 1>2\s(1)
Absorption correction

Max. and min. transmission

Oxford Diffraction Gemini Ultra
omega-scan

150 K

1.54178 A

graphite

3.90 to 58.93 deg.

-5<=h<=10, -25<=k<=24, -14<=I<=14
11212/ 6836 [R(int) = 0.0347]
5597

Semi-empirical from equivalents
1.00000 and 0.41459

Refinement

Refinement method
Hydrogen treatment

Data / restraints / parameters
Goodness-of-fit on F~2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

Full-matrix least-squares on F?

6836/ 1/ 757

0.957

R1 = 0.0450, wR2 = 0.1076
R1 = 0.0544, wR2 = 0.1113
0.00(2)

0.644 and -0.553 e.A®
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Table 22.Atomic coordinates (xI and equivalent isotropic displacement paramé#&?s10°).

X y z U(eq)
Zn(1) 5585(1)  9300(1)  6864(1)  33(1)
o(1) 7773(3)  9285(2)  7483(3)  33(1)
0(2) 6857(4) 10964(2) 6099(3)  46(1)
0@3) 3480(4)  9624(2)  6087(3)  39(1)
0(4) 4929(3)  9178(2)  8200(3)  35(1)
0(5) 4118(4)  7582(2)  6490(3)  47(1)
0(6) 5995(4)  9106(2) 5136(3)  41(1)
N(1) 5899(4) 10153(2) 6653(4)  32(2)
N(2) 5264(4)  8444(2)  6599(4)  33(2)
c@) 8801(5) 9677(3)  7366(4)  34(2)
c@) 10204(5) 9504(3)  7702(4)  34(2)
c@3) 11265(6) 9892(3)  7579(5)  43(2)
C(4) 10978(6) 10438(3) 7122(5)  46(2)
C(5) 9572(6) 10605(3) 6777(4)  37(2)
C(6) 8477(5) 10224(2) 6896(4)  31(2)
c(7) 7034(6) 10428(3) 6564(4)  34(2)
C(8) 5334(6) 11037(3) 5722(6)  55(2)
C(9) 4680(6) 10537(3) 6254(5)  38(2)
C(10) 3610(6) 10166(3) 5550(5)  42(2)
c(11) 4108(5) 8750(2)  8433(4)  35(2)
C(12) 3476(6)  8818(3)  9275(5)  40(2)
c(13) 2574(7)  8397(3)  9527(5)  46(2)
C(14) 2246(7)  7900(3)  8949(6)  54(3)
C(15) 2880(6)  7800(3)  8104(5)  50(2)
C(16) 3803(6) 8230(3) 7838(5)  36(2)
c(17) 4444(6)  8103(3) 6971(4)  36(2)
C(18) 4826(7)  7567(3)  5641(5)  45(2)
C(19) 5662(6) 8144(3)  5718(4)  38(2)
C(20) 5320(6)  8551(3)  4808(4)  39(2)
Zn(2) 8255(1)  9159(1) 10207(1)  41(1)
o) 6536(4) 9730(2) 9519(3)  41(1)
o(8) 10098(5) 10816(2) 10240(4)  56(2)
0(9) 10357(4) 8903(2) 11012(4)  55(2)
0(10) 8352(4) 8638(2) 8972(3)  39(1)
0(11) 5867(5) 7716(2) 10748(3)  60(2)
0(12) 8108(5) 9403(2) 11928(4) 62(2)
N(3) 9369(5) 9884(2) 10081(4)  36(2)
N(4) 6966(5) 8567(2) 10600(4)  37(2)
c(21) 6444(6) 10335(3) 9432(4)  37(2)
C(22) 5136(7) 10598(3) 9104(5)  47(2)
C(23) 5027(8) 11206(3) 9030(6)  64(3)
C(24) 6196(8) 11557(3) 9345(7)  70(3)
C(25) 7496(8) 11304(3) 9667(6)  58(3)
C(26) 7628(6) 10687(3) 9705(5)  41(2)
c(27) 9042(6)  10432(3) 10014(4)  39(2)
C(28) 11370(7) 10481(3) 10597(6)  59(3)
C(29) 10907(6) 9834(3)  10401(5)  46(2)
C(30) 11218(7)  9434(3) 11310(5) 53(2)
C(31) 7934(6) 8079(3) 8787(4)  37(2)
C(32) 8286(6) 7783(3)  7946(5)  49(2)
C(33) 7835(8)  7210(3)  7720(6)  62(3)
C(34) 7000(8)  6908(3)  8279(6)  67(3)
C(35) 6644(7)  7190(3)  9097(5)  52(2)
C(36) 7090(6)  7770(3)  9376(5)  39(2)
C(37) 6667(6)  8041(3) 10236(5) 41(2)
C(38) 5651(8)  8070(4) 11629(6)  73(3)
C(39) 6304(7) 8672(3) 11464(5) 55(3)
C(40) 7386(7)  8916(3) 12329(5)  60(3)
0(54) 520(10)  8027(5)  2304(8)  69(3)
C(50) 2039(13) 7870(5) 2878(8)  109(4)
C(51) 1853(19)  7327(7) 2936(16) 232(9)
C(52) 730(12)  7028(4)  2225(9)  102(4)
C(53) 146(13)  7511(4) 1625(10) 127(5)
C(51A) 1853(19) 7327(7) 2936(16) 232(9)
O(55) 1381(11) 7922(5)  1756(9)  69(3)
C(50A) 2039(13) 7870(5) 2878(8)  109(4)
C(52A)  730(12)  7028(4)  2225(9)  102(4)
C(53A)  146(13)  7511(4) 1625(10) 127(5)
0(13) 1741(4)  8843(2)  4939(3)  49(2)
C(41) 787(6)  9191(4)  4222(5) 53(2)
C(42) -404(6)  9327(3)  4755(5)  51(2)
C(43) -548(6)  8730(3) 5255(5)  49(2)
C(44) 922(7)  8520(3)  5564(5)  56(2)

o(14)
C(45)
C(46)
C(47)
C(48)
cl2)
0(21)
0(22)
0(24)
0(25)
0(27)
0(23)
0(26)
cl(w)
O(15)
0(16)
o(17)
0(18)
H(1)
H(2)
H(3)
H(30)
H(4)
H(5)
H(60)
H(8A)
H(8B)
H(9)
H(10A)
H(10B)
H(12)
H(13)
H(14)
H(15)
H(18A)
H(18B)
H(19)
H(20A)
H(20B)
H(7)
H(90)
H(120)
H(22)
H(23)
H(24)
H(25)
H(28A)
H(28B)
H(29)
H(30A)
H(30B)
H(32)
H(33)
H(34)
H(35)
H(38A)
H(38B)
H(39)
H(40A)
H(40B)
H(50A)
H(53A)
H(53B)
H(50B)
H(51A)
H(51B)
H(52A)
H(52B)
H(50C)
H(50D)
H(51C)
H(51D)
H(52C)
H(52D)

8428(7)
7466(11)
7941(15)
9253(13)
9684(10)

2290(3)
3940(15)
2431(11)
2467(10)
1850(16)
1823(16)
3054(16)

692(14)
4522(2)

3534(8)
4727(6)
4015(6)

5814(5)

8065
10424
12216

3072
11720

9361

5919

5088

5013

4271

2696

3929

3673

2174

1592

2690

4140

5461

6691

5685

4292

5979

9861

7565

4319

4144

6101

8303
11738
12103
11316
12228
10960

8837

8105

6685

6077

6132

4639

5536

6928

8067

2757

-886

554

2281

1703

2745

1104

42

3045

1526

1703

2745

1104

42

600(2)
1069(5)
1276(5)
981(7)
741(5)
2063(1)
2304(5)
1646(5)
1607(5)
2569(7)
2257(8)
2448(7)
2122(7)
9955(1)
10385(4)
9985(3)
9394(3)
10029(3)
9069
9126
9779
9369
10697
10980
9337
10993
11430
10699
10374
10083
9163
8454
7622
7445
7546
7220
8055
8387
8605
9573
8836
9696
10358
11384
11976
11548
10552
10587
9666
9330
9626
7978
7014
6517
6988
7887
8110
8970
9062
8603
7968
7469
7547
8060
7245
7131
6725
6842
7980
8101
7245
7131
6725
6842

2302(5)
2406(8)
3494(7)
3897(8)
2985(9)
5845(2)
6214(9)
6596(9)
5054(8)
6451(12)
4830(13)
5900(10)
5724(11)
2853(1)
2971(4)
1831(4)
3030(5)
3573(4)
7993
8009
7816
5675
7042
6459
4635
4970
5912
6827
5386
4905
9687
10112
9115
7716
4986
5692
5872
4225
4596
9029
11447
11805
8933
8761
9339
9862
11333
10211
9833
11476
11912
7533
7160
8100
9489
12279
11635
11267
12880
12613
2474
1416
1006
3559
3633
2876
1814
2583
3028
3317
3633
2876
1814
2583

82(2)
98(4)
121(6)
125(5)
98(4)
92(1)
74(5)
142(6)
92(5)
125(8)
154(9)
64(7)
91(7)
60(1)
124(4)
77(2)
110(3)
75(2)
0
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H(53C) -645 7689 1885 152
H(53D) -178 7395 901 152
H(41A) 447 8967 3584 63
H(41B) 1242 9561 4055 63
H(42A) -1272 9437 4265 61
H(42B) -155 9646 5268 61
H(43A) -992 8774 5855 59
H(43B) -1113 8451 4765 59
H(44A) 1284 8602 6298 67
H(44B) 976 8088 5449 67
H(45A) 6489 920 2287 118
H(45B) 7524 1394 1919 118
H(46A) 8073 1711 3515 145
H(46B) 7231 1173 3903 145
H(47A) 9120 659 4373 150
H(47B) 9958 1264 4260 150
H(48A) 10272 383 3159 118
H(48B) 10226 1040 2682 118
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Experimental Part

Table 23.Crystal data and structure refinement for'{@,] ,»(Cl1O.)..

A-[2n"(9),],0(CIOy),

Crystal Data

Empirical formula
Formula weight
Crystal size

Crystal description
Crystal colour
Crystal system
Space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

C24 H30 N2 06 Zn, C24 H28 N2 06 Zn, 2(Cl 04), 3(H2 O)

1266.67

0.19x 0.17 x 0.08 mm

flat rod

colourless

Orthorhombic

P212121

a=14.0574(2) A alpha =90 deg.
b =18.0606(3) A beta =90 deg.
¢ =22.0306(2) A gamma = 90 deg.
5593.24(13) A®

4, 1.504 Mg/m®

2.653 mm™

2632

Data Collection

Measurement device type
Measurement method
Temperature

Wavelength

Monochromator

Theta range for data collection
Index ranges

Reflections collected / unique
Reflections greater 1>2\s(1)
Absorption correction

Max. and min. transmission

Oxford Diffraction Gemini Ultra
omega-scan

150 K

1.54184 A

graphite

3.16 to 62.24 deg.

-16<=h<=15, -20<=k<=18, -25<=|<=25
24916 / 8633 [R(int) = 0.0395]
6409

Semi-empirical from equivalents
1.00000 and 0.71596

Refinement

Refinement method
Hydrogen treatment

Data / restraints / parameters
Goodness-of-fit on F~2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

Full-matrix least-squares on F?

8633 /2 /711

0.965

R1=0.0478, wR2 = 0.1152
R1=0.0642, wR2 = 0.1211
-0.01(2)

1.371 and -0.406 e. AN
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Experimental Part

Table 24.Atomic coordinates (xI and equivalent isotropic displacement paramé#&?s10°).

X y z U(eq)
Zn(2) 1074(1) 7500(1) 1461(1)  30(1)
o(7) 449(3) 8510(2) 1180(2) 29(1)
0(8) 351(3) 7083(2) -343(2) 32(1)
0(9) 1607(3) 6335(2) 1430(2)  53(2)
0(10) 2436(3) 7947(2) 1524(2) 31(1)
0(11)  1768(3) 7179(2) 3263(2)  37(1)
0(12) -374(3) 7013(3) 1753(2)  39(1)
N(3) 1162(3) 7488(3) 2368(2) 25(1)
N(4) 915(3) 7212(2) 589(2) 28(2)
C(25) 6(4) 8703(3) 661(2) 27(2)
C(26) -443(4) 9381(3) 620(3) 36(2)
C(27) -895(4) 9603(4) 84(3) 41(2)
C(28) -903(4) 9137(3) -409(3) 38(2)
C(29) -477(4) 8454(3) -379(2) 30(2)
C(30) -16(4) 8221(3) 150(2) 25(2)
C(31) 434(3) 7499(3) 155(2) 24(2)
C(32) 1298(4) 6493(3) 391(2) 32(2)
C(33) 724(4) 6323(3) -191(3) 33(2)
C(34)  1226(5) 5963(4) 916(3) 48(3)
C(35) -120(4) 5828(4) -97(3) 38(2)
C(36) 1335(5) 6099(4) -724(3) 46(2)
C(37)  3119(4) 7798(3) 1928(2)  24(2)
C(38) 4068(4) 7897(3) 1773(2) 34(2)
C(39) 4778(4) 7739(3) 2180(3) 36(2)
C(40)  4564(4) 7486(4) 2753(2)  35(2)
C(41) 3629(4) 7377(3) 2918(2) 33(2)
C(42) 2888(3) 7535(3) 2512(2) 25(2)
C(43)  1898(4) 7408(3) 2701(2)  27(2)
C(44) 326(4) 7268(3) 2723(2) 30(2)
C(45) 737(4) 7001(4) 3336(2) 36(2)
C(46) -237(4) 6716(4) 2350(3)  43(2)
C(47) 708(5) 6162(4) 3449(3) 41(2)
C(48) 396(4) 7449(4) 3868(2) 44(2)
Zn(1) 2355(1) 9944(1) 1243(1)  33(1)
0O(1) 1164(3) 9576(2) 1693(1) 30(1)
0(2) 3335(2) 9907(2) 3006(2) 35(1)
o) 3967(3)  10468(3)  1058(2)  46(2)
O(4) 2671(3) 8957(2) 823(1) 30(1)
O(5) 1577(3) 10401(2) -526(2) 47(2)
0o(6) 1972(3)  11306(2) 1380(2)  43(2)
N(1) 3046(3) 9910(3) 2013(2) 30(1)
N(2) 1888(3) 10313(3) 457(2) 32(2)
Cc(1) 1000(4) 9573(3) 2296(2)  26(2)
C(2) 82(4) 9428(3) 2506(3) 30(2)
C@3) -133(4) 9423(3) 3106(3) 36(2)
C(4) 578(4) 9560(3) 3539(3)  35(2)
C(5) 1488(4) 9704(3) 3351(2) 34(2)
C(6) 1720(4) 9715(3) 2729(2) 29(2)
c(@) 2710(4) 9842(3) 2554(2)  31(2)
C(8) 4089(4)  10001(4)  2049(2)  33(2)
C(9) 4287(4) 10099(3) 2736(2) 30(2)
C(10)  4349(5) 10644(4) 1636(2)  40(2)
C(11)  4530(4) 10870(4) 2956(3)  40(2)
Cc(12) 4971(4) 9531(4) 2963(3) 44(2)
C(13)  2566(4) 8760(3) 237(2) 26(2)
C(14)  2890(4) 8061(3) 60(2) 28(2)
C(15) 2802(4) 7832(3) -540(2) 35(2)
C(16)  2407(4) 8304(3) -975(2) 34(2)
C(17)  2111(4) 8987(3) -803(2) 35(2)
Cc(18) 2184(4) 9241(3) -199(2) 27(2)
C(19)  1901(4) 9988(4) -60(2) 31(2)
C(20)  1505(5)  11077(4) 389(2) 40(2)
C(21) 1516(6) 11183(4) -318(3) 48(2)
C(22)  2055(5)  11594(3) 773(3) 44(2)
C(23) 605(7) 11517(4)  -540(3) 67(3)
C(24) 2390(6) 11564(4) -550(3) 67(3)
Cl(2) 6211(3) 1149(2) 237(1) 58(1)
0(52)  6642(4) 572(4) -118(3) 86(2)
0O(53) 6552(6) 969(5) 841(4) 123(3)
O(54)  6492(6) 1802(5) 30(3) 123(3)
0(55)  5177(6) 1189(5) 204(4) 76(3)
CI(3) 6990(4) 1139(3) 292(2) 46(2)
O(52A)  6642(4) 572(4) -118(3) 86(2)
O(53A)  6552(6) 969(5) 841(4) 123(3)
O(54A)  6492(6) 1802(5) 30(3) 123(3)

O(56)  7865(12) 1478(10)  239(7)  79(5)
Cl(l)  7588(1)  7950(1)  2590(1)  48(1)
O(21)  8150(3)  8050(3)  3133(2)  60(2)
O(22)  7209(3)  7218(3)  2601(2) 57(2)
O(23)  8175(4)  8055(3)  2064(2)  61(2)
O(24)  6856(4)  8483(3)  2570(3)  88(3)
O(57)  7108(4)  9256(3)  3853(2)  77(2)
O(s8)  7255(6)  9976(5)  1879(3)  134(3)
O(59)  2825(4)  5443(3)  1934(2)  77(2)
H(7O)  680(40) 8850(20) 1410(20) 35
H(9) 1578 6055 1735 64
H(100) 2590(40) 8290(20) 1280(20) 37
H(120) -880(50) 7290(40) 1800(30) 46
H(26) -445 9703 961 43
H(27) -1195 10074 60 49
H(28) -1206 9288 773 45
H(29) -496 8136 722 36
H(32) 1983 6555 281 38
H(34A) 554 5826 990 57
H(34B) 1592 5507 831 57
H(35A)  -490 6005 251 46
H(35B) 98 5321 -19 46
H(35C)  -520 5834 -461 46
H(36A) 943 6078 -1092 55
H(36B) 1614 5611 647 55
H(36C) 1845 6464 -780 55
H(38) 4228 8076 1381 41
H(39) 5424 7804 2065 44
H(40) 5060 7387 3034 41
H(41) 3485 7193 3311 39
H(44) 77 7715 2797 35
H(46A) 111 6241 2326 52
H(46B)  -861 6623 2544 52
H(47A) 964 5902 3094 50
H(47B) 49 6006 3518 50
H(47C) 1093 6043 3806 50
H(48A) 741 7297 4234 53
H(48B)  -287 7367 3927 53
H(48C) 513 7976 3790 53
H(2) -408 9330 2220 36
H(3) 766 9326 3233 43
H(30) 4310(50) 10780(40)  790(30) 56
H(4) 429 9553 3959 42
H(5) 1969 9797 3644 40
H(6) 2264 11585 1622 52
H(8) 4407 9540 1901 40
H(10A) 4072 11112 1791 48
H(10B) 5049 10701 1612 48
H(11A) 4619 10862 3397 48
H(11B) 4011 11209 2852 48
H(11C) 5118 11037 2760 48
H(12A) 5079 9605 3398 53
H(12B) 5576 9579 2745 53
H(12C) 4708 9035 2894 53
H(14) 3171 7740 351 33
H(15) 3011 7351 -654 41
H(16) 2347 8149 -1385 40
H(17) 1844 9306 -1100 42
H(20) 829 11080 530 48
H(22A) 2729 11610 644 53
H(22B) 1787 12101 749 53
H(23A) 513 12002 -350 81
H(23B) 73 11191 -433 81
H(23C) 632 11575 -981 81
H(24A) 2956 11330 377 81
H(24B) 2373 12087 -433 81
H(24C) 2411 11526 -994 81
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Table 25.Crystal data and structure refinement for [\Ra)(THF),]*(CIO,)

Crystal Data

Empirical formula
Formula weight
Crystal size

Crystal description
Crystal colour
Crystal system
Space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

C28 H34 Mn N2 08, Cl 04
680.96

0.330 x 0.080 x 0.080 mm

rod

moss-green to turquoise

Trigonal

P31

a=21.0613(2) A alpha =90 deg.
b=21.0613(2) A beta =90 deg.
¢ =17.70770(10) A gamma = 120 deg.
6802.42(10) A®

9, 1.496 Mg/m®

4.945 mm™*

3186

Data Collection

Measurement device type
Measurement method
Temperature

Wavelength

Monochromator

Theta range for data collection
Index ranges

Reflections collected / unique
Reflections greater 1>2\s(1)
Absorption correction

Max. and min. transmission

Oxford Diffraction Gemini Ultra
omega-scan

123 K

1.54184 A

graphite

3.48 t0 51.63 deg.

-21<=h<=21, -21<=k<=15, -17<=|<=17
26572/ 9735 [R(int) = 0.0344]
7678

Semi-empirical from equivalents
1.00000 and 0.54397

Refinement

Refinement method
Hydrogen treatment

Data / restraints / parameters
Goodness-of-fit on FA2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

Full-matrix least-squares on =

9735/ 1 /1005

1.050

R1=0.0939, wR2 = 0.1764
R1=0.1125, wR2 = 0.1845
0.053(5)

0.808 and -0.831 e.A®
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Table 26.Atomic coordinates (xI and equivalent isotropic displacement paramé#?s10°).

X y z U(eq)
Mn(l) -4481(1) 1144(1) 2024(1)  39(1)
O(1) -5226(2) 1090(2) 1409(3)  41(1)
O(2) -3897(2) 706(2)  -56(3)  65(2)
O(3) -2669(2) 2221(3) 551(3)  65(2)
O(4) -3728(2) 1189(2) 2611(3)  44(1)
O(B) -5366(2) 924(2) 4169(3)  68(2)
O(6) -5140(2) 2369(2) 3490(3)  68(1)
O(7)  -3870(2) 2354(2) 1954(3)  50(1)
O(8)  -5104(2) -124(2) 2144(3)  49(1)
N(1)  -4008(3) 991(3) 1129(3) 53(2)
N(@2)  -4999(2) 1146(2) 2937(3)  34(1)
C(l) -5340(3) 1041(3) 661(4)  39(2)
C(2) -5904(3) 1111(3) 377(4)  54(2)
C(3) -6045(3) 1061(3) -377(4)  50(2)
C(4) -5618(4) 940(4) -876(5)  66(3)
C(5) -5031(3) 892(3)  -605(4)  46(2)
C(6) -4883(3) 929(3)  161(4)  41(2)
C(7)  -4245(3) 910(3)  397(4)  42(2)
C(8) -3313(4) 680(4)  352(4)  78(3)
C(9)  -3274(3) 1030(4) 1135(4)  59(2)
C(10) -2631(3) 1836(3) 1148(4)  42(2)
C(11) -3652(3) 1199(3) 3378(3)  27(2)
C(12) -3003(3) 1281(3) 3645(4)  48(2)
C(13) -2885(3) 1258(3) 4417(4)  48(2)
C(14) -3431(4) 1160(4) 4918(5)  63(3)
C(15) -4087(3) 1080(3) 4618(5) 51(2)
C(16) -4212(3) 1110(3) 3857(4)  45(2)
C(17) -4869(3) 1086(3) 3636(4)  36(2)
C(18) -5994(4) 842(4)  3743(4)  68(2)
C(19) -5733(3) 1142(3) 2939(4)  54(2)
C(20) -5555(4) 1936(4) 2848(4)  57(2)
C(21) -3836(4) 2786(3) 1341(5)  68(2)
C(22) -3393(4) 3572(4) 1589(7) 103(4)
C(23) -2905(4) 3539(4) 2207(6)  89(4)
C(24) -3365(4) 2813(4) 2547(5)  70(3)
C(25) -5736(4) -523(4) 2750(4)  70(3)
C(26) -5984(4) -1331(3) 2541(3)  49(2)
C(27) -5261(4) -1305(3) 2403(4)  65(3)
C(28) -4763(3) -545(3) 2052(5)  61(2)
Mn(2) -1070(1) 1120(1) -1325(1)  41(1)
09 -1777(2) 383(2)  -696(3)  53(1)
O(10) -514(2) 2127(2) 776(3)  63(2)
O(11)  780(3)  1939(3) 239(3)  76(2)
O(12) -357(2) 1840(2) -1930(3)  46(1)
O(13) -2000(2) 410(2) -3408(3) 57(1)
O(14) -1673(2) -735(2) -2743(3)  66(2)
O(15) -409(3)  562(2) -1309(3)  70(2)
O(16) -1762(2) 1688(2) -1286(2)  47(1)
N@)  -567(2) 1713(2) -395(3)  44(2)
N@4) -1611(2) 575(2) -2225(3) 32(1)
C(29) -1897(4)  324(4) 61(4) 62(2)
C(30) -2415(3) -337(4)  301(4)  53(2)
C(31) -2561(4) -444(3) 1032(5)  60(3)
C(32) -2133(4) 134(4) 1600(5)  66(2)
C(33) -1577(3) 782(3)  1278(4)  42(2)
C(34) -1416(3) 906(3)  563(4)  38(2)
C(35)  -825(3) 1595(3)  264(4)  37(2)
C(36) 45(4)  2745(4)  344(5)  72(3)
C(37)  116(3) 2444(3) -395(4)  47(2)
C(38)  759(3) 2300(4) -412(5)  74(3)
C(39) -283(3) 1937(3) -2671(3) 35(2)
C(40)  349(3) 2528(3) -2980(5) 62(3)
C(41)  440(3) 2686(3) -3735(4) 54(2)
C@2)  -78(3) 2195(4) -4213(4) 58(2)
C@3) -707(3) 1617(3) -3973(4)  49(2)
C(44)  -813(3) 1436(3) -3191(4) 47(2)
C(45) -1506(3) 802(3) -2911(4)  47(2)
C(46) -2595(3) -134(4) -3001(4) 50(2)
C@7) -2321(3) -165(3) -2257(4)  45(2)
C(48) -2123(4) -758(3) -2084(4)  62(2)
C(49)  -400(4)  135(4) -702(5)  69(3)
C(50)  -50(4)  -270(4)  -899(8)  165(5)
C(51)  466(4)  202(4)  -1556(7) 131(5)

C(52)
C(53)
C(54)
C(55)
C(56)
Mn(3)
0(17)
0(18)
0(19)
0(20)
0(21)
0(22)
0(23)
0(24)
N(5)
N(6)
C(57)
C(58)
C(59)
C(60)
c(61)
c(62)
C(63)
C(64)
C(65)
C(66)
c(67)
C(68)
C(69)
C(70)
c(71)
C(72)
C(73)
C(74)
C(75)
C(76)
c(77)
C(78)
C(79)
C(80)
C(81)
C(82)
c(83)
C(84)
Cl(1)
0(25)
0(26)
0(27)
0(28)
Cl(2)
0(29)
0(30)
O(31)
0(32)
CI(3)
0O(33)
0O(34)
0(35)
0O(36)
H(2)
H(3)
H(4)
H(5)
H(8A)
H(8B)
H(9)
H(10A)
H(10B)
H(12)
H(13)
H(14)
H(15)
H(18A)
H(18B)

71(3)

-1546(3)
-2094(3)
-2782(3)
-2484(3)

2194(1)
1451(2)
2825(2)
4016(2)
2937(2)
1248(2)
1436(2)
1620(2)
2761(2)
2720(2)
1628(2)
1354(3)
733(3)
621(3)
1111(3)
1672(3)
1820(3)
2450(3)
3415(3)
3437(3)
4036(3)
3010(2)
3675(3)
3775(3)
3228(3)
2569(3)
2477(3)
1807(3)
588(3)
912(3)
1045(3)
1976(3)
1529(3)
789(3)
1017(3)
2778(3)
3225(3)
3715(4)
3256(3)

-1225(1)

-830(4)

-1918(3)
-1249(3)

-754(3)

-4565(1)
-4078(3)
-5250(3)
-4233(2)
-4660(3)

-929(1)
-745(5)
-410(4)

-1224(4)
-1612(4)

-6204
-6443
-5727
-4719
-2841
-3424
-3236
-2647
-2159
-2628
-2437
-3366
-4467
-6203
-6379

603(4)
2370(3)
2585(3)
1841(3)
1369(3)
-2278(1)
-2987(2)
-1319(2)
-1639(2)
-1585(2)
-2896(2)
-4174(2)
-1589(2)
-2911(2)
-1685(2)
-2789(2)
-3036(3)
-3681(3)
-3772(3)
-3199(3)
-2605(3)
-2491(3)
-1835(3)
-687(3)
-1017(3)
-1174(3)
-1518(3)
-951(3)
-851(3)
-1249(3)
-1807(3)
-1909(3)
-2516(3)
-3452(3)
-3488(3)
-4128(3)
-817(3)
-520(4)
-1199(3)
-1747(3)
-3350(3)
-3684(3)
-3179(4)
-2901(3)
4269(1)
4727(4)
4138(4)
3633(3)
4479(5)
-2267(1)
-2077(3)
-2830(3)
-2377(3)
-1684(3)
-2113(1)
-2335(4)
-1393(3)
-2576(4)
-2049(5)
1196
1110
890
833
961
167
735
2074
1839
1355
1309
1147
1000
1117
318

-1948(5)

-918(4)

-1225(4)
-1347(4)
-1618(4)

-822(1)
-214(2)
1295(2)
623(2)

-1411(2)
-2924(2)
-2306(2)

-889(2)
-803(2)
85(2)

-1733(2)

546(3)
817(3)
1589(3)
2089(4)
1828(3)
1051(3)
763(3)
878(3)
114(3)
1(3)

-2154(3)
-2469(3)
-3231(3)
-3725(3)
-3467(3)
-2670(3)
-2412(3)
-2512(3)
-1741(3)
-1668(3)

-768(5)

-1123(4)
-1285(5)
-1433(4)

-167(3)
-438(4)

-1078(4)
-1410(3)

344(1)
846(5)
133(5)
428(4)
-333(3)
843(1)
1443(3)
1008(4)
225(3)
563(3)

-2913(2)
-2307(4)
-3114(6)
-3591(4)
-2765(5)

713
-559
-1401
-951
81
411
1556
1624
1133
3298
4596
5448
4961
3991
3719
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Experimental Part

H(19) -6076 813 2541 65
H(20A) -5269 2145 2380 69
H(20B) -6016 1950 2805 69
H(21A) -4336 2671 1191 81
H(21B) -3601 2694 904 81
H(22A) -3096 3891 1167 124
H(22B) -3711 3753 1790 124
H(23A) -2772 3933 2584 107
H(23B) -2451 3583 1991 107
H(24A) -3059 2606 2721 84
H(24B) -3640 2847 2984 84
H(25A) -5548 -403 3273 84
H(25B) -6135 -409 2678 84
H(26A) -6258 -1668 2961 60
H(26B) -6294 -1487 2082 60
H(27A) -5326 -1699 2052 78
H(27B) -5051 -1359 2882 78
H(28A) -4279 -304 2305 73
H(28B) -4688 -596 1508 73

H(30) -2674 =725 -49 64

H(31) -2950 -904 1199 72

H(32) -2227 70 2127 79

H(33) -1287 1171 1616 50
H(36A) 519 2978 618 87
H(36B) -104 3118 263 87

H(37) 131 2754 -829 56
H(38A) 714 1999 -860 89
H(38B) 1223 2773 -457 89

H(40) 735 2836 -2647 75

H(41) 850 3122 -3918 65

H(42) 9 2264 -4741 70

H(43) -1082 1329 -4326 59
H(46A) -2795 -614 -3259 60
H(46B) -2989 -10 -2959 60

H(47) -2668 -177 -1864 54
H(48A) -1838 -647 -1609 74
H(48B) -2570 -1246 -2038 74
H(49A) -909 -209 -541 83
H(49B) -139 459 -269 83
H(50A) -409 -771 -1072 198
H(50B) 234 -303 -470 198
H(51A) 532 -114 -1925 156
H(51B) 953 568 -1357 156
H(52A) 426 1115 -2089 90
H(52B) -217 332 -2397 90
H(53A) -1036 2741 -1050 51
H(53B) -1586 2309 -362 51
H(54A) -2183 2884 -854 60
H(54B) -1919 2860 -1704 60
H(55A) -3059 1650 -871 62
H(55B) -3106 1874 -1731 62
H(56A) -2797 857 -1447 48
H(56B) -2455 1376 -2176 48

H(58) 401 -4043 476 34

H(59) 223 -4210 1787 47
H(60A) 1024 -3253 2617 42
H(61A) 1991 -2239 2174 39
H(64A) 3891 -488 1144 36
H(64B) 3295 -292 814 36

H(65) 3461 -679 -295 26
H(66A) 4513 =712 -7 54
H(66B) 3973 -1429 -487 54

H(68) 4060 -633 -2140 29

H(69) 4241 -492 -3418 37

H(70) 3299 -1143 -4250 42

H(71) 2189 -2114 -3806 34
H(74A) 357 -3932 -2772 44
H(74B) 221 -3292 -2453 44

H(75) 593 -3494 -1320 28
H(76A) 1330 -4070 -1203 39
H(76B) 569 -4588 -1623 39
H(77A) 2472 -578 -995 71
H(77B) 2029 =712 -220 71
H(78A) 1474 -185 -172 62
H(78B) 1761 -252 -1595 62
H(79A) 456 -1338 -844 76
H(79B) 548 -1128 -1730 76

H(80A) 1193 -1704 -1959 63
H(80B) 601 -2250 -1355 63
H(81A) 2276 -3737 -31 39
H(81B) 3010 -3036 280 39
H(82A) 2901 -4188 -629 66
H(82B) 3528 -3705 -22 66
H(83A) 4180 -2773 -876 92
H(83B) 3827 -3457 -1454 92
H(84A) 2964 -3217 -1836 33
H(84B) 3568 -2396 -1600 33
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Experimental Part

A-[Fe"((mes0)-4)ox(H;0)1e(CIO,)

Table 27.Crystal data and structure refinement for'[{enesd-4)o,(H,0)]*(ClO,).

Crystal Data

Empirical formula
Formula weight
Crystal size

Crystal description
Crystal colour
Crystal system
Space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

C27 H27 Fe N3 06 S2, Cl O4
708.96

0.35x0.27 x 0.13 mm

flat prism

dark red

Monoclinic

P 21/n

a=9.7199(9) A alpha = 90 deg.

b =26.575(2) A beta = 112.697(11) deg.
€ =12.0604(13) A gamma = 90 deg.
2874.0(5) A®

4,1.638 Mg/m®

0.827 mm™

1460

Data Collection

Measurement device type
Measurement method
Temperature

Wavelength

Monochromator

Theta range for data collection
Index ranges

Reflections collected / unique
Reflections greater 1>2\s(1)
Absorption correction

Max. and min. transmission

STOE-IPDS diffractometer
rotation

123(1) K

0.71073 A

graphite

1.98 to 25.84 deg.
-11<=h<=11 -32<=k<=32 -14<=I|<=14
30411 / 5525 [R(int) = 0.0915]
4060

Analytical

0.8851 and 0.7616

Refinement

Refinement method
Hydrogen treatment

Data / restraints / parameters
Goodness-of-fit on F~2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

Full-matrix least-squares on =

5525 /0 /405

0.940

R1 =0.0398, wR2 = 0.0948
R1 =0.0581, wR2 = 0.1006

0.715 and -0.461 e.A®
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Experimental Part

Table 28.Atomic coordinates (xI and equivalent isotropic displacement paramée#&?s10°).

X y z U(eq)
Fe(2)  7125(1) 1249(1)  138(1) 21(1)
S(1) 7781(1)  241(1)  -1245(1)  23(1)
S(2)  11393(1) 212(1)  3751(1)  24(1)
o(1) 5814(2)  1671(1)  579(2) 27(1)
0o(2) 3179(2)  1336(1) -3039(2)  28(1)
0o@3) 8214(2)  657(1) -305(2) 23(1)
O(4)  10700(3) 1895(1) 3059(2)  35(1)
o(5) 7925(2) 1738(1)  -615(2) 29(1)
0(6) 6554(3)  653(1)  1066(2)  26(1)
N(1) 5273(3)  1116(1) -1476(2)  23(1)
N(2) 8235(3)  -253(1)  1395(2)  24(1)
N(3) 8983(3)  1394(1)  1734(2)  24(1)
c() 47443)  1973(1)  -109(2) 25(1)
Cc(2) 4323(4) 2392(1)  411(3) 29(1)
oK) 3278(4)  2730(1)  -276(3)  34(1)
C(4) 2557(4)  2667(1) -1524(3)  34(1)
c(5) 2879(4)  2246(1) -2049(3)  30(1)
C(6) 3946(3)  1893(1) -1363(2)  24(1)
c(7) 4205(3)  1439(1) -1928(2)  23(1)
c(8) 3724(4)  894(1)  -3466(2)  28(1)
C(9) 4926(3)  680(1)  -2322(2)  24(1)
C(10)  6273(3)  489(1)  -2546(2)  25(1)
C(11) 6762(3) -232(1)  -756(2) 27(1)
C(12) 7812(3)  -504(1) 338(2) 25(1)
C(13) 8307(4)  -990(1) 253(3) 30(1)
C(14)  9294(4) -1220(1) 1280(3)  32(1)
C(15) 9782(4)  -956(1)  2358(3)  29(1)
C(16)  9229(3)  -469(1) 2383(2)  25(1)
C(17)  9736(4) -170(1)  3529(2)  27(1)
C(18) 10642(3) 674(1)  2562(2)  24(1)
C(19) 9688(3) 1078(1) 2829(2)  25(1)
C(20) 10601(4) 1462(1) 3774(3)  35(1)
C(21) 9675(3)  1825(1) 1942(3)  27(1)
C(22) 9547(3) 2222(1) 1078(3)  28(1)
C(23) 10339(4) 2677(1) 1499(3)  34(1)
C(24) 10375(4) 3043(1)  686(3) 40(1)
C(25) 9647(4) 2959(1) -531(3)  37(1)
C(26) 8847(4) 2519(1) -963(3)  33(1)
C(27)  8740(3) 2148(1)  -170(3) 28(1)
Cl(2)  6074(1)  767(1)  3898(1)  24(1)
o(7) 6599(3)  295(1)  3610(2)  35(1)
0o(8) 7196(3)  990(1)  4924(2)  51(1)
0(9) 5739(3) 1097(1) 2872(2)  41(1)
O(10)  4754(3)  688(1)  4120(3)  52(1)
H(2) 4774 2439 1256 35
H(3) 3038 3013 98 40
H(4) 1861 2910 -1998 41
H(5) 2369 2193 -2888 35
H(8A) 4152 990 -4060 34
H(8B) 2913 647 -3838 34
H(9) 4495 400 -2006 29
H(10A) 6667 768 -2880 30
H(10B) 5935 221 -3164 30
H(11A) 5967 -66 -566 32

H(11B)
H(13)
H(14)
H(15)

H(17A)

H(17B)

H(18A)

H(18B)
H(19)

H(20A)

H(20B)
H(23)
H(24)
H(25)
H(26)
H(27)
H(28)

6286
7972
9634
10481
9962
8916
11479
10028
8910
10090
11604
10848
10897
9693
8367
6330(50)
7190(50)

-477
-1159
-1553
-1104
-404
53
840
498
920
1554
1329
2731
3350
3206
2468
724(17)
386(18)

-1413
-499
1248
3071
4216
3516
2430
1809
3067
4314
4262
2337
967
-1084
-1805
1520(40)
1250(30)

32
36
39
34
32
32
29
29
30
42
42
40
48
45
40

49(13)

55(12)
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Experimental Part

X
»
N
//( S\’ »“\\S\c
- anl
o /N\\\“ \N/\\(\)
OH HO
2 Clo,

A-[Zn"((S,5)-4)1e(CIO,),

Table 29.Crystal data and structure refinement for'[g8,9-4)]+(ClO.)..

Crystal Data

Empirical formula
Formula weight
Crystal size

Crystal description
Crystal colour
Crystal system
Space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

C27 H27 N3 04 S2 Zn, 2(Cl 04)
785.95

0.27 x 0.19 x 0.11 mm

prism

leicht rosa

Monoclinic

C2lc

a=14.4742(12) A alpha = 90 deg.

b =12.9006(12) A beta = 110.552(9) deg.
c = 17.5248(14) A gamma = 90 deg.
3064.1(5) A®

4,1.704 Mg/m?®

1.182 mm™

1608

Data Collection

Measurement device type
Measurement method
Temperature

Wavelength

Monochromator

Theta range for data collection
Index ranges

Reflections collected / unique
Reflections greater 1>2\s(1)
Absorption correction

Max. and min. transmission

STOE-IPDS diffractometer
rotation

123(1) K

0.71073 A

graphite

2.18 t0 26.84 deg.
=-18<=h<=18 -16<=k<=16 -22<=I<=22
16916 / 3275 [R(int) = 0.0463]
2560

Analytical

0.9022 and 0.7618

Refinement

Refinement method
Hydrogen treatment

Data / restraints / parameters
Goodness-of-fit on F~2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

Full-matrix least-squares on F?

3275/0/215

1.041

R1 =0.0663, wR2 = 0.1647
R1=0.0824, wR2 =0.1734

1.344 and -0.817 e.A*
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Experimental Part

Table 30.Atomic coordinates (xI and equivalent isotropic displacement paramé#&?s10°).

X y z U(eq)
Zn(1) 0 1309(1) 7500 29(1)
S(1) -627(1) 952(1) 5966(1) 46(1)
o(1) -77(2) 3053(3) 8218(2) 41(1)
0(2) -2919(2) 1935(3) 7353(2) 42(1)
N(1) -1425(3) 1561(3) 7309(2) 34(1)
N(2) 0 -435(4) 7500 35(2)
c() -639(3) 3149(3) 8690(2) 30(1)
c@) -326(4) 3711(4) 9417(3) 35(1)
c@) -935(4) 3816(3) 9872(3) 37(1)
C(4) -1862(4) 3361(4) 9609(3) 38(1)
c(5) -2173(3) 2792(3) 8895(3) 31(1)
C(6) -1570(3) 2666(3) 8425(2) 26(1)
c(7) -1934(3) 2037(4) 7676(2) 30(1)
c(8) -3131(3) 1314(5) 6610(3) 44(1)
C(9) -2101(4) 908(5) 6646(3) 45(2)
C(10) -1910(4) 1046(5) 5877(3) 53(2)
c(11) -308(4) -408(5) 6015(3) 51(2)
c@12) -161(3) -975(4) 6801(3) 41(2)
c(13) -172(4) -2054(5) 6788(4) 56(2)
c(14) 0 -2591(7) 7500 65(3)
CI(1) 7180(1) 9605(1) 8588(1) 52(1)
0o@3) 7362(5) 9449(4) 7877(3) 81(2)
o(4) 7056(9) 8714(6) 8959(4) 190(5)
o(5) 6214(5) 10109(11) 8356(5) 175(6)
0(6) 7876(3) 10281(3) 9126(2) 53(1)
H(1) 406 3458 8387 50
H(2) 309 4025 9600 43
H(3) 716 4201 10366 44
H(4) -2281 3440 9918 45
H(5) -2807 2479 8719 37
H(8A) -3440 1744 6118 53
H(8B) -3578 730 6604 53
H(9) -2024 162 6812 53
H(10A) -2162 1734 5648 63
H(10B) -2290 516 5483 63
H(11A) -833 769 5574 62
H(11B) 308 -473 5894 62
H(13) -298 -2416 6290 67
H(14) 0 -3327 7500 77
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