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This thesis is principally concerned with the synthesis of a range of bis-sulfonamide 

based macrocycles and their ability to bind carboxylates of amino acid derivatives. 

Chapter I provides a general introduction to the field of supramolecular chemistry and 

discusses in details carboxylate binding and its applications in chiral recognition of amino 

acids. Chapter II describes the synthesis of acyclic bis-sulfonamide receptors. Traditional 

NMR binding studies revealed their tendency to form complexes with a 1:2 host/guest 

stoichiometry. The use of macrocyclic receptors proved to limit the fonnation of ternary 

complexes. Cyclohexane based chiral macro cycles gave poor results in terms of 

carboxylate binding and showed no enantioselectivity with amino acids. Chapter III 

describes the synthesis of more flexible chiral macrocycles, built from valine. 

Macrocyclisation reactions were carried out under anion templating conditions, which 

provided critical yield improvements. Valine based macro cycles showed very strong 

affinity for the acetate anion and NMR titrations had to be conducted in MeCN-d3/H20 

mixtures in order to obtain measurable binding constants. Selectivity for acetate over 

other anions was found. No enantioselectivity was shown in titrations with amino acids. 

Chapter IV, fmally, describes the synthesis of bis-sulfonamides macro cycles bearing 

additional polar groups. In one particular case, moderate but general enantioselectivity 

was observed with N-protected amino acids displaying non-polar side chains. 
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Chapter I Introduction 

Chapter I 

Introduction 

1.1 Supramolecular chemistry[l] 

For many years, since the synthesis of urea by Friederich Wohlerp] the efforts of the 

organic chemists focused almost exclusively on breaking and forming covalent bonds, in 

the attempt to generate new molecules, replicate natural products and enrich their 

collection of synthetic methodologies. This field, which has its ultimate goal in the 

mastery of the covalent bond in order to obtain molecules, can be defined as 'molecular 

chemistry'. In an analogous manner it is possible to define' supramolecular chemistry' as 

the science aiming to gain control over the non-covalent interactions in order to obtain 

structured molecular assemblies, which can be called' supermolecules' . [3] 

The concept of molecular association was introduced in the late 19th and the early 20th 

century, notably by Alfred Wemer,[4] who laid down the basis of the coordination 

chemistry, by Emil Fischer,[5] with the 'lock and key' analogy for the description of 

enzymes behaviour and by Paul Ehrlich, [6] who stated that 'corpora non agunt nisi fixata ' 

(molecules do not act if the do not bind), introducing the concept of receptor. The term 

'ubermolekUle' then appeared in the 1930's, in order to describe molecular associations 

such as the dimer of acetic acidYl Despite these early conceptualisations, the dawn of 

supramolecular chemistry is traditionally ascribed to the findings made by Charles 

Pedersen in 1967. Pedersen synthesised a series of polyether macrocycles, called 'crown 

ethers' , which displayed unprecedented binding affinity towards alkali cations. [8] 

Contributions to the birth of the new science came also from the prior work of Donald 

Cram, who tried to isolate intercalated complexes formed by macrocycles containing 

phenyl units with para-junctions (thus called paracyclophanes) and tetracyanoethylene 

(1959). [9] Although this pioneering attempt was unsuccessful, it pointedthe attention for 

the first time on inclusion complexes. In this early stage, other contributions came from 

Jean-Marie Lehn, who synthesised the first cryptands (1969)YO] 
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Figure 1.1 The early stages of supramolecular chemistry. 

Lehn is undoubtedly one of the major contributors to the new branch of chemistry: he 

coined the name 'Supramolecular Chemistry' in 1978,P1] he defmed the central concepts 

of the field and today he is still giving great impulse to the supramolecular research area. 

For his fundamental support to the new science, he was awarded the Nobel Prize for 

Chemistry in 1987, along with Pedersen and Cram. 

1.2 Molecular recognition 

At the heart of supramolecular chemistry lies the concept of molecular recognition. 

Molecular recognition is not mere binding, but binding associated with information and it 

may involve a function. An enzyme, for example, can select the appropriate substrate 

among several others. The association in this case is selective, because the binding site of 

the enzyme is able to read the information contained in the particular arrangement of the 

substrate functionalities. The substrate, then, undergoes a particular reaction associated 

with the enzyme (function). The enzyme and the substrate in this case are complementary 

to each other. A representation of the concept of complementarity was given by Emil 

Fischer with the 'lock and key' principle (Figure 1.2)y,12] 
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Introduction 

Figure 1.2 The lock and key principle (with permission of Philip A. Gale). 

The 'lock and key' principle states that the selectivity of a receptor towards a particular 

substrate relies on the steric fit and on complementary interactions between the two 

components. The 'lock and key' model is still useful at the present time in the design of 

preorganised artificial receptors. For the interpretation of the behaviour of biological 

receptors, however, it does not take into account the existence of flexible species, able to 

reorganise themselves. For this reason, it has been nowadays substituted with the more 

modem principle of the 'induced fit',[13] which considers the strong selective binding as a 

result of a conformational change induced by the recognition of the substrate by the 

enzyme. 

1.3 Applications of supramolecular chemistry 

Supramolecular chemistry has always been, since the outset, an interdisciplinary area of 

research. It lies at the intersection of the biological, chemical and physical science. The 

perfection of biological systems, based on the delicate balance of several non-covalent 

interactions, provides innumerable sources of inspiration for the supramolecular chemists. 

The plentiful collection of methodologies, attained by modem synthetic chemistry, 

supplies the powerful toolbox for the construction of the structured and diverse 

components for the supramolecular assemblies. The physical science, in the end, provides 

the necessary tools for measuring the properties of supramolecular systems. 

Herein are described some selected applications, in order to show the variety and the 

complexity of the aspects covered by current supramolecular chemistry. 

3 



Chapter I Introduction 

1.3.1 Transport across membranes 

Lipid bilayer membranes playa crucial role in living processes. They are a protective 

barrier maintaining functionality inside the cell. They provide, moreover, energy storage 

by creating a transmembrane gradient of Na+ and K+ ions. This and other pivotal 

functions are regulated by proteins which can act like carriers, simple pores or 'gated' 

channels (Figure 1.3) . 

• 

• 
• 

o::xx:0CXX) 
!l nH!t 1 111! \! ~ 

~ 
• 

Figure 1.3 Transport across cell membrane regulated by a protein channel (above) and 

by a protein carrier (below). 

Because of their importance and fascinating complexity, these systems have attracted the 

attention of supramolecular chemists. Much effort has been therefore devoted to the 

conception and realisation of artificial ion channels. [Ia] 

Among the numerous works, Lehn and co-workers realised a series of ion channels based 

on crown ethers[14,15] (Figure 1.4) and cyc1odextrinsY5] 

4 



Chapter I Introduction 

1 

Figure 1.4 A 'bouquet' molecule, an artificial ion channel. 

The ion channel 1, defined as a 'bouquet' molecule for its shape, is constituted by a 

central annulus, based on a crown ether, which is the core of the structure and permits the 

transit of an alkali cation, two bundles of glycolic chains, which allow the molecule to 

intercalate amidst a lipophilic bilayer membrane, and terminal polar groups, which are 

anchored to the two aqueous interfaces, sustaining the correct conformation and 

functionality of the ion channel. When the 'bouquet molecule' 1 was incorporated in 

phospho lipidic bilayer vesicles, it was found that the transport across the membrane of 

Na + and Lt ions was dramatically accelerated. The process was driven by the 

concentration gradient of the two solutes. Na + cations were present outside the vesicles 

and Li+ inside. Because the rates of transport of the cations were equivalent, it was 

concluded that the ion transfer was proceeding by an antiport mechanism. [16] 

1.3.2 Catalysis 

Since the first applications of their powerful properties[17] and the first insights in their 

structure and mechanism, [18] chemists and biologists have been fascinated by the 

5 



Chapter I Introduction 

efficiency and selectivity of the enzymes, without whose activity no vital reaction can 

occur at the mild physiological temperatures. For example, carboxypeptidase A is a 

digestive enzyme that hydrolyses the carboxyl-terminal peptide bond in polypeptide 

chains. The mechanism of its active site is regulated by a delicate balance of 

intermolecular interactions with a very specific steric orientation (Figure 1.5). [19] 

0) JQ\_ 
o 1H2 ~/ H2N-Asn144 

II HC-CO -----A'1l'145 
/""-- 1 2 

Glu270 O----------NH, "" HO-Tyr248 

Ser197" \~~W----n 
co , ,~ 
~H Znz" Arg+127 \ 

Tyr198/ /" I '---... 'Arg'71 
His Glu- His 
196 72 69 

Figure 1.5 Mechanism of the proteolytic action of the carboxypeptidase A. 

The central role of molecular recognition in enzymes activity and the practical benefits 

coming from making faster and more selective transformations have served as a great 

stimulus for supramolecular chemists, Lehn and co-workers[20] synthesised an artificial 

enzyme with the intention to imitate the activity of acyltransferases (Figure 1.6). 

¢' 
%0 SH 

Hs/l ~ .COOR 
ROOC) NH Y 

''( O~HN 0 

HNft:~WH/or 
o H+ 0 

\--------6 ----------J 0 N H 
o NH ). 

J... ( 'COOR 
ROOC' I SH SH 2 

Figure 1.6 Artificial enzyme imitating the activity of the acyltransferases. 

It was found that the artificial enzyme 2 was able to produce the thiolysis of dipeptide 

esters, The activity was measured following the rate of the production of p-nitrophenol in 

the solution, The evidence that the mechanism proceeds in fact as depicted in the Figure 
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Chapter I Introduction 

1.6 was given by the inhibition caused by the presence of K+ ions. The high affinity of the 

K+ ions for the crown ether core excluded the ammonium moiety from the cavity, 

preventing the formation of the complex. The diminishing rate, therefore, proved that the 

thiolysis was associated with the formation of the complex. 

In this domain, the studies made by Rebek and co-workers[21] on Diels-Alder, and other 

cycloadditions, are particularly interesting. Only few naturally occurring enzymes are 

able to promote cycloadditions and they play usually a role in the secondary 

metabolism. [22] Moreover, in some cases, it is not clear whether the mechanism follows a 

real cycloaddition pathway or a completely different one. [23] Rebek and co-workers 

described recently a l,3-dipolar cycloaddition accelerated by encapsulation in a 

resorcinarene based dimeric chamber (Figure 1.7).[24] 

~O O~ 

~~ 
o I 'ON N" I 0 

~ 
N~O O~N 

.0 

N- O 0 
, ~ ~N·-/ 
~ = 2 x If ~ 

~ .. 
N 

6 6 0 I 0 

N~O O¥N 
3 O~N Nn° 

a) HN 0 b) o NH 

Figure 1.7 a) Cycloaddition accelerated by encapsulation. b) The resorcinarene based 

chamber. 

In the absence of the molecular capsule the rate of the reaction shown in the Figure 1.7 is 

not measurable. Conversely, in the presence of a catalytic amount of the resorcinarene 

macro cycle the reaction proceeded with a measurable rate (1.3'10-9 M S-I). The reaction 

was completely regioselective and the existence of the encapsulated species was assessed 

by NMR analysis. 

1.3.3 Molecular machines 

A machine is a device able to perform some work powered by an energy source. The 

advent of machines at a molecular scale was forecast by Nobel Prize winner in physics 

Richard F eymnan. [25] In the last years, much effort has been put into this challenge by 

supramolecular chemists. As a result, different types of molecular switches, rotors, 
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Chapter I Introduction 

shuttles and other devices had been conceived. [26] At a molecular level, a machine can be 

defined as a system formed by a distinct number of molecular components, assembled in 

order to perform machinelike movements a's a result of an appropriate external 

stimulation. The .stimulation can be of photonic, electronic or ionic natureYa] At this 

regard, particularly remarkable was the construction of a molecular elevator by Stoddart 

and co-workers[27] (Figure 1.8). 

c 

.. ' rrfl O-a'" ~ 1,& 

NH,' I~ • 
1-- ~.~ 

h ~ 
1-­

h 

C 

Figure 1.8 The molecular elevator and its components. 

The elevator is constituted by a three-legged holder interlocked with a rigid platfonn. The 

platform is formed by a central rigid triphenilene core (b) and three crown ether 

macro cycles (a). The macrocyclic units are subjected to attractive interactions from the 

dialkylammonium (d) and bypiridinium (e) units on the holder. The bulky feet (1) at the 

bottom prevent the loss of the platform. In Stoddart's experiments, the 'up and down' 

movements were induced by changing the pH of the solution (Figure 1.9). 

t-BuNP(NMe2h 

(-3W) (+3W) 

Figure 1.9 The functioning of the molecular elevator. 

At acidic pH the dialkylammonium units were protonated and the crown ethers were 

binding preferentially to them thanks to a combination of ion-dipole and hydrogen 

8 



Chapter I Introduction 

bonding interactions (§ 1.7). When a base was added, the dialkylammonium units were no 

longer protonated and the macrocyc1es were sliding down to interact with the bis­

pyridinium units by ion-dipole interactions. When an acid was added, the initial situation 

was restored. Several cycles were repeated without loss of efficiency. The 'up and down' 

movements were assessed by NMR, UV and electrochemical methods. 

1.4 Host-guest chemistry 

Molecular assemblies have been so far defined in a general ma1111er. Particular attention 

will be given, in the following sections, to the association of two molecules in solution. 

When one molecule is bigger than the other one, it is usually called 'host'. The other 

molecule is called 'guest'. Size is not the only difference. A host molecule can be defined 

as the component possessing convergent binding sites, whereas the guest molecule is the 

component with divergent binding sitesYS] The supramolecular entity deriving from the 

association of host and guest in solution is called a complex. For the solid state, the terms 

clathrate and cavitate are more appropriate. The terms receptor and substrate, derived 

from enzymology, can be also used to describe the host and guest molecules. 

1.5 Thermodynamics of host-guest complexation 

The strength of the host-guest complex formation m solution can be assessed by 

measuring the thermodynamic association constant: 

Ka = [HG] / [H] [G] 

where [HG] is the concentration of the complex, [H] and [G] are the concentrations of 

the uncomplexed host and guest. The selectivity of a host for a particular guest over 

another one can be,defined by the ratio of the two association constants: 

Selectivity = KGuestl / KGuest2 

The association constant is related to the change in Gibbs free energy: 

L1 GO = - RTlnK 

9 



Chapter I Introduction 

where LlGo is the change in Gibbs free energy for a process under standard conditions, R 

is the gas constant and T the temperature measured in Kelvin degrees. For a spontaneous 

process the change in Gibbs free energy is negative. The change in Gibbs free energy can 

be divided into an entha1pic and an entropic term: 

where LlHo and LlSo are the change in enthalpy and in entropy under standard conditions. 

Strong binding will result from a decrease in enthalpy and from an increase of entropy, 

which is a measure of the disorder of the system. Sometimes molecular association is 

favoured on entha1pic grounds and disfavoured on entropic grounds or vice versa, but, if 

the free energy of the overall process is largely negative, strong binding occurs. 

In aprotic non-competitive solvents the formation of a host-guest complex is favoured by 

negative enthalpy if strong intermolecular interactions are present between host and guest 

(the nature of such interactions will be extensively described in § 1.7). For the association 

between a polar host and a polar guest in a competitive solvent, such as methanol or 

DMSO, enthalpy acts favourably as long as the interactions between host and guest are 

stronger than those responsible for the solvation of the two species. If the interactions 

between the host and the solvent and between the guest and the solvent are stronger than 

the interactions between host and guest, the binding process is endothermic and can occur 

only in the presence of positive entropy. In the case of a non-polar host and a non-polar 

guest in a polar solvent, the association is favoured by the negative enthalpy deriving 

from the strong mutual interactions of the solvent molecules. Entropic factors also play an 

important role in this type of association (§ 1.7.8). 

The formation of the host-guest complex involves an entropically unfavourable loss in the 

translational and rotational degrees of freedom of the system, due to the fact that two 

previously independent species are forced now to act as a whole. However, in the 

association process, an entropic gain derives from the release of solvent molecules to the 

bulk of the solvent. When the host and the guest are solvated, they are surrounded by 

cage-like structures of solvent molecules. In order to maximise the favourable 

interactions, these structures must be well organised, especially those in proximity of the 

host, which is normally a big sized molecule presenting cavities. When binding occurs, 

10 



Chapter I Introduction 

numerous solvent molecules are released from their previously ordered and fixed 

architectures, resulting in an overall entropic gain for the system. 

Some aspects of the thermodynamics of host-guest complexation were illustrated by 

Hamilton and co-workers[29] by a series of experiments involving simple receptors for bis­

carboxylate anions in solvents of different polarity (Figure 1.10). 

o 0 

-O~O-
6 

7 

Figure 1.10 Hamilton's receptors for bis-carboxylates. 

The binding constants were measured by isothermal titration calorimetry (ITC)PO] which 

allows the direct evaluation of thermodynamic parameters. It was found that in DMSO 

the binding was essentially driven by enthalpy. In this case, the strength of the host-guest 

interactions was dominant over the solvation process. In the more competitive methanol, 

however, the binding was endothermic. Nonetheless strong association constants were 

obtained, due to the fact that the complex formation was driven by the large entropic 

contribution deriving from the desolvation of host and guest (Table 1.1). 

"7iiit=:=Q~~!=::Ii1~~:=lf~I&3==~li(j~;"~?)--;i§Ic~1 mof Kf= 
4 6 DMSO 8400 -4.1 +4.3 -------''''''''''''''''---, ... ''''''''''''-,-~''' 
4 7 DMSO 15000 -5.9 -0.6 ......... ""-""',,,.,,',""'''''''''''''''''' .... ' .... ''''''''''''''''', .... , .... ,''''''''''''' ..... ''''''''''''''''''''''''''''' .... , .... ''''""'''''''''''''''''', .... ,''''''''''''''''' ......... ''''''''''''''''''''''''''''''', .... ,''''''''".,--

5 6 MeOH 2700 +3.7 +28 
5 7 MeOH 9500 +4.0 +32 

Table 1.1 

1.6 Preorganisation and macro cyclic effect 

In order to bind, a host must be in a conformation which allows maximizing the 

favourable interactions with the guest. If the host is not in a conformation suitable for 

binding, reorganization must occur in order to form a complex. This change in 

conformation will result in a decreased binding strength, due to unfavourable entropy. If 

11 



Chapter I Introduction 

the host is already fixed in a confonnation that allows the most profitable interaction with 

the guest, it is said to be preorganised. In this case, the fonnation of the complex is more 

favourable, because no entropic penalty has to be paid. The preorganisation principle was 

well illustrated by Cram and co-workers, who synthesised a series of polyether receptors 

for alkali cations (Figure 1.11)Yl] 

"0 "0 "0 "0 "0 "0 

8 

7 

Figure 1.11 Cram's polyether receptors for alkali cations. 

The binding free energies for the fonnation of the complexes between the corand 6, the 

spherand 7 and the podand 8 and the picrate salts of the alkali cations were measured in 

CDCh saturated with D20 (Table 1.2). 

7 > 23 19.2 < 6 
h_~~~'~ ___ ~ __ "'''-~,",",,~~'~_~~~_~''''''''''''_~ __ ~~~ 

8 <6 <6 <6 <6 <6 

Table 1.2 

The rigid, preorganised spherand 7 showed a marked increase in binding energy towards 

Lt and Na + compared to the flexible corand 6. The preorganisation of the receptor 7 

resulted also in a significant selectivity. 

The substantial difference in the binding energy between the receptors 6 and 7 and the 

acyclic podand 8 is due to the macro cyclic effect. This effect was first elucidated by 

Cabbiness and Margerum in 1969, with the synthesis of macro cyclic and acyclic ligands 

for Cu(II) (Figure 1.12). [32] 
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Yf-
NH NH 

C /~++ J 
NH NH 

~ 
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Log Ka=28 
10 

Log Ka = 23.9 

Figure 1.12 Macrocyclic effect shown by Cu(II) ligands. 

Introduction 

Because of its macro cyclic nature, the complex 9 was about 104 times more stable than 

the complex 10. The stabilisation arising from the macro cyclic effect has both enthalpic 

and entropic contributions. The enthalpic bonus arises from the fact that macro cyclic 

hosts are normally less strongly solvated than their acyclic analogues, because of the 

decreased solvent-accessible surface area. As a result, there will be less solvent-ligand 

bonds to break, compared to the case of elongated, solvent-accessible acyclic receptors. 

The entropic contribution arises from the fact that macro cycles are less conformationally 

flexible and thus they lose fewer degrees of freedom upon complexation. In fact the 

entropic penalty has been paid in advance during a more demanding synthetic process. 

The entropic contribution may be regarded as an extension of the preorganisation 

principle. 

1.7 Nature of supramolecular interactions 

Herein are described the major non-covalent interactions responsible for the formation of 

a host-guest complex. These interactions are diverse and comprised in a wide range of 

energies (from < 5 kJ mor l for the dispersion forces to 350 kJ mor l for a very stable ion­

ion interaction). The energies involved are usually weaker than their covalent counter 

parts (from 350 kJ mor l to 942 kJ mor l for the triple bond in N2). In order to obtain 

strong binding and high selectivity, host-guest complex design takes advantage of a 

combination of these interactions. 

1.7.1 Ion-ion interactions (100-350 kJ marl) 

The attraction between negatively and positively charged ions depends on their distance. 

Ion-ion bonding is often comparable in strength to covalent bonding and is typically 
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present in the lattice of ionic solids, such as NaCl. This interaction can be also exploited 

in solution for host-guest complex design (Figure 1.13). 

\ / I / 
N~N+ 

Ij ~ 

~ /; 
N~N+ /1 

11 / \ 

NH2 

N~N 
o 0 ° lL .. J- ~ 
II II II N N 

-O-P-O-P-O-P-O
i 
~oJ 

6- 6- 6- ~ 

OH OH 

12 

Figure 1.13 Schneider's receptor for A TP-. 

The cyclophane 11, designed by Schneider and co-workers, was able to bind the ATp4- 12 

in H20 with a high association constant (Ka = 3.7,104 M-1
). [33] 

1.7.2 lon-dipole interactions (50-200 kJ mor l
) 

Ion-dipole interactions are the result of the mutual attraction between ionic and polarised 

species. A typical example is the stabilisation of alkali metal cations complexes with 

crown ethers (Figure 1.14)Y4] 

. + 
Figure 1.14 The Na -18-crown-6 complex. 

1. 7.3 Dipole-dipole interactions (0-50 kJ morl
) 

Dipole-dipole interactions are present among polarised species. Organic carbonyl 

compounds illustrate well this behaviour in the solid state (Figure 1.15). 

o 
)-0---)\ 

a) 

o~ 
I I '1/ 
I I 
I I 

II, I I 

7 0 

b) 

Figure 1.15 Dipole-dipole interactions in carbonyls. 
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Attractive interactions can result from the proximity of a single pair of poles on adjacent 

molecules (a) or from the opposite alignment of a dipole with another one (b). The low 

boiling point of ketones, such as acetone (56°C), however, demonstrates that dipole­

dipole interactions of this type are relatively weak in solution. 

1.7.4 Hydrogen bonding (4-120 kJ matI) 

A hydrogen bond may be regarded as a particular kind of dipole-dipole interaction, in 

which a hydrogen atom attached to an electronegative atom is attracted from a 

neighbouring dipole. Because of its relatively strong and highly directional nature, 

hydrogen bonding is very important in host-guest complex design. The directional 

character of the hydrogen bond is well illustrated by the crystal packing of ice[35] and by 

the structure of carboxylic acids dimers in the vapour state[36] (Figure 1.16). 

a) b) 

Figure 1.16 a) Crystal packing a/ice. b) Structure a/the dimer a/the acetic acid. 

The three centres involved in the hydrogen bonding (in this case [O-H-····O]) display 

preferentially an axial orientation, although different arrangements are also effective (like, 

for example, the bifurcate hydrogen bond, present in the crystal structure of glycine)Y7] 

In order to obtain strong binding, a combination of multiple hydrogen bonds is often 

necessary. This concept was well illustrated by Hamilton and co-workers with the 

synthesis of a macro cyclic receptor for barbiturates (Figure 1.17). [38] 
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a) 

Figure 1.17 Hamilton's receptor for barbiturates. Constants measured in CDClj . 

When a methyl group (a) on the guest is substituted with a phenyl group (b) the binding is 

decreased by one order of magnitude, but when one hydrogen atom is substituted with a 

methyl group (c), with the loss of a hydrogen bond in the complex, the binding drops of 

almost three orders of magnitude. Although the strength of the hydrogen bond relies 

mostly on axial alignments, secondary interactions are also important. This fact becomes 

evident from the analysis of multiple hydrogen bond arrays. [39] Among the numerous 

examples, Zimmerman and co-workers studied the binary complexes resulting from the 

association of molecules with different arrangements of hydrogen bonding donors (D) 

and acceptors (A) (Figure 1.18). [40] 

ADA 

DAD 

AAD 

DDA 

Ka= 78 M-1 

AAA j)JJ. 
Ph t::J/- t::J/- r{ Ph 

- - -- - -- - -
H H H 

H~N N N'H DDD I I I I o 0 

~o H Aro~ 

Figure 1.18 Triple hydrogen bond arrays. Constants measured in CDClJ. 

The sheer difference in the association constants can be explained by secondary attractive 

(D·····A) and repulsive (D·····D, A····A) forces (Figure 1.19). 
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A D A A A D A A A 

xD(~ 
= = : 

-XX-- - -- - -- - -- - -- - -- - -- - -- - -- - -
=AX= - - -- - -- - -- - -- - -- - -- - -- - -

DAD D D A D D D 

a) 111111111111 b) --... c) ~ .. --.. 

Figure 1.19 a) Hydrogen bonds. b) Attractive secondary interactions. c) Repulsive 

secondary interactons. 

1.7.5 7r-7r stacking interactions (0-50 kJ mor l
) 

n-n stacking are weak electrostatic interactions occurring between aromatic rings. Such 

interactions control numerous and diverse phenomena, like the vertical base-base 

interactions which stabilise the double helical structure of DNA[4I] or the packing of 

aromatic molecules in crystals.[42] There are two general types of n stacking: face-to-face 

and edge-to-face (Figure 1.20). 

a) b) 9 
H 

o 
Figure 1.20 7r-7r stacking interactions. a) Face to face. b) Edge to face. 

n stacking interactions may be regarded as an attraction between the negatively charged 

n-electron cloud of an aromatic ring and the positively charged a-framework of an 

adjacent molecule (Figure 1.21). [43] 
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--~172 

a) 

Introduction 

b) c) 

Figure 1.21 7i:-7i: stacking interactions. a) Offset face-to-face. b) Edge-to-face. c) Straight 

face-to-face. 

This model accounts for the general preference for the offset face-to-face arrangement (a), 

compared to the less favoured straight face-to-face (c), due to the electrostatic repulsion 

between two adjacent electronic clouds. n-n stacking is more effective when the 

interaction occurs between electron-rich and electron-poor aromatic systems. This fact 

was illustrated by Zimmerman and co-workers with the synthesis of a series of aromatic 

cleft-type receptors (Figure 1.22). [44] 

Ar 

t-Bu 

Ar= -Q 

a) R = t-Bu 

Ka = 149 M-1 

t-Bu 

b) R=NMe2 

Ka = 697 M-1 

Figure 1.22 Zimmerman 's receptors for 2,3,7 -trinitrojluorenone. Constants calculated in 

Because of the enhanced n-basicity due to the presence of electron-donating groups (b), 

the affinity of the host for the electron-poor aromatic guest 2,4,7 -trinitrofiuorenone 

increased by almost five times. 
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1.7.6 Cation-7r interactions (5-80 kJ mot') 

A cation-n interaction usually occurs when a positively charged species is in proximity of 

a n-electron cloud of an aromatic system or double bond. The complexes formed by 

transition metal cations and n-basic ligands, such as ferrocene, do not fall into this 

category, due to their covalent character. Cation-n interactions can be relatively strong. 

This fact is confIrmed by the binding energies between the alkali metal cations and 

benzene molecules in the gas phase. [45] The binding energy for the complex [K+····C6H6] 

is about 80 kJ mor l (Figure 1.23).[46] 

Figure 1.23 The complex between K and Cdh 

Cation-n interactions are also effective in solution. Mandolini and co-workers observed 

the formation of several complexes between quaternary ammonium and phosphonium 

salts and n-basic calixarenes, largely due to cation-n interactions (Figure 1.24). [47] 

o 

oJ!.... 

Figure 1.24 Mandolini 's receptor for quaternary ammonium and phosphonium salts. 

I. 7. 7 Van der Waals forces « 5 kJ mot') 

Van der Waals interactions arise from the polarisation of an electron cloud by the 

proximity of an adjacent nucleus, resulting in a weak electrostatic attraction. They are 

non-directional and, for this reason, they possess only limited scope in the design of 

specifIc hosts for selective complexation of particular guests. In supramolecular 
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chemistry, their importance lies mostly in the formation of inclusion compounds, in 

which small, typically organic molecules are loosely incorporated within crystalline 

lattices or molecular cavities. An example is the incorporation of a molecule of toluene in 

the cavity of the p-tert-butylcalix[4]arene, obtained by Andreetti and co-workers (Figure 

1.25).[48] 

Figure 1.25 Inclusion complex formed by p-tert-butylcalix[4]arene and a molecule of 

toluene. 

1.7.8 Hydrophobic effect 

The hydrophobic effect is responsible for the formation of complexes or aggregates of 

non-polar molecules in polar solvents. There are two factors influencing this process. 

From an enthalpic point of view, the molecules of a polar solvent try to maximise their 

contact, in order to obtain the highest stabilisation energy deriving from their mutual, 

strong interactions. Molecules of solvent, in this manner, are driven away from 

hydrophobic host cavities, facilitating the fonnation of host-guest complexes. From an 

entropic point of view, the presence of non-polar molecules in a polar solvent causes a 

disruption in the bulk solvent by conflning solvent molecules in hydrophobic cavities. 

When the non-polar molecules are associated, this disruption is decreased resulting in an 

entropic gain (Figure 1.26). 

H- O 
'H 

H,O'H WO'H 
H H 

H 

P H,O H ~ 

Figure 1.26 Entropic gain in the hydrophobic effect. 
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The hydrophobic effect was illustrated by Diederich and co-workers with the fonnation of 

a complex between a cyclophane host andp-dimethoxybenzene (Figure 1.27).[49) 

OMe MeO 

O~O OMe 

Figure 1.27 Diederich 's receptor for small aromatic molecules. 

The constant for the complex in water was 1.0,104 M-1
, which is considerably high and 

cannot be explained exclusively on the basis of weak 1t-1t stacking interactions and Van 

der Waals forces. In methanol the value of the constant dropped to 8 M-1
, proving that the 

fonnation of the complex was essentially driven by solvent-solvent interactions (weaker 

in methanol). 

1.8 Anion binding 

The first report of an artificial receptor for anions dates back to 1968. After only one year 

from the pivotal work on crown ethers by Pedersen, Simmons and Park reported the 

fonnation of an inclusion complex between a macrobicyclic diammonium and a cr anion 

in 50% aqueous TF A (Figure 1.28). [50) 

+~+ 
N,-H--- cr- -H-,N cr 

, , 

Figure 1.28 Inclusion complex between 1,1 1-diazabicyclo[9.9. 9]nonacosane and ct. 

Receptors of this type were named katapinands (from the Greek Ku-ru1tivc.o, which means 

swallow up, engulf). Despite this early discovery, anion binding was developing slowly 

compared to the design of new hosts for cations and neutral molecules. The reason for 

this delay may lie in the fact that the design of receptors for anions is particularly 
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challenging. Anions are relatively large species and, therefore, they require receptors of 

greater size than those designed for cations. For example, one of the smallest anions, F, is 

comparable in size to K+. Anions, besides, present a plethora of geometries, stretching 

from spherical (halides), linear (SCN-, N3-) and trigonal (NOn to tetrahedral (P04
3-) and 

octahedral (PF6-), without mentioning more complicated examples of biologically 

important species. In comparison to cations with similar size, moreover, anions have 

higher free energies of solvation and hence anion hosts must compete more effectively 

with the surrounding medium. Many anions, in the end, exist only in a relatively narrow 

pH window, limiting the design of anion hosts to those which are stable at the appropriate 

pH. Notwithstanding these challenges, since the late 1980's anion complexation has 

known a rapid and continuous growth, with the contribution of numerous research groups 

worldwideY 1
] This fact may be ascribed to the importance of the anions in biological 

systems. Between 70 and 75 per cent of enzyme substrates and cofactors are anions, the 

genetic information is expressed by DNA, which is a polyanion and chloride anion is 

widely involved in the transport across cell membrane. Other numerous examples are 

there to justify the growing attention given by supramolecular chemists to anion 

complexation. 

1.9 Artificial receptors for carboxylates 

Carboxylates are ubiquitous in biological systems and are involved in many crucial 

processes. Because of the extensive presence of carboxylates in oligopeptides and 

proteines, as well on the surface as at the C-tenninus, the design of receptors able to bind 

them is particularly attractive due to the perspective of controlling critical phenomena 

such as enzyme inhibition or signal transduction. [52] For such reason, the design of 

receptors for carboxylates is a flourishing field. [53] A host for carboxylates usually 

incorporates a Carboxylate Binding Site (CBS), which is the moiety involved directly in 

carboxylate binding. Herein a brief description of some selected receptors for 

carboxylates is given on the basis of the different CBS's. 

1.9.1 Ureas, thioureas and guanidiniums 

Ureas, thioureas and guanidiniums present a bidentate hydrogen bonding donor motif 

which is a geometrical and steric match of the hydrogen bonding acceptor system of the 

carboxylate (Figure 1.29). 
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0 S R·N·R 
RONAN.R R't:J A t:J.R Rt:JAt:J.R 

H H H H H H 
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Ureas Thioureas Guanidiniums 

Figure 1.29 Ureas, thioureas and guanidinium as carboxylate binding sites. 

One of the first examples of urea based receptor for carboxylates was synthesised by 

Wilcox and co-workers (Figure 1.30). [54] 

o ~2 
~~)l~~OC8H17 

H H 0 
13 

Figure 1.30 Wilcox's urea based receptor. 

Urea 13 showed marked downfield shifts for the signals of the NH protons in the NMR 

spectrum in CDCb upon addition of TBA benzoate, indicating that association occurred. 

The association constant was then measured by UV titrations in chloroform (Ka = 2.7'104 

M-1
). Another example of a receptor based on urea moiety was provided by Moran and 

co-workers (Figure 1.31). [55] 

Figure 1.31 Moran's urea based receptor. 

The complex 14 presented a high association constant (Ka = 1.5.104 M-1
) in the 

competitive solvent DMSO-d6, probably because of the preorganisation of the host 
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deriving from the rigidity of the chromenone rings. The two amidic groups provided 

additional hydrogen bonding. 

Bis-ureas also proved to be effective. Recently Gale and co-workers synthesised a simple 

fully aromatic bis-urea receptor able to bind selectively TBA acetate (Ka = 3210 M- 1
) in 

the competitive solvent DMSO-d6/5% H20 (Figure 1.32). [56] 

Figure 1.32 Gale's bis-urea based receptor. 

Thiourea-based receptors are usually more soluble than their urea-based counterparts and 

in many cases they offer better binding. Comparison experiments were performed by 

Hamilton and co-workers, who confronted simple receptors for tetramethyl ammonium 

acetate as well as more complicate hosts for TBA glutarate (Figure 1.33).[57] 

16 X = 0 Ka = 45 M-1 

17 X = S Ka = 340 M-1 

18 X = 0 Ka = 640 M-1 

19 X=S Ka=1.0·104 M-1 

Figure 1.33 Hamilton's receptors for acetate and glutarate. Constants determined in 

DMSO-d6. 

From the binding studies carried out in DMSO-d6, a ten-fold increase resulted when the 

CBS was switched from urea to thiourea. 

An extensive study on macrocyc1ic effect, preorganisation and additional binding sites on 

thiourea based receptors was made by Tobe and co-workers (Figure 1.34). [58] 
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Figure 1.34 Tobe's thiourea-based receptors for acetate. Constants determined in 

DMSO-d6. 

Binding between receptor 20 and TBA acetate was poor. The increase of the binding 

shown by receptor 21 was due to its macrocyclic structure, although it was badly 

preorganised. This fact was proved by the increment in the binding constant resulted from 

the more flexible host 22. An improvement in preorganisation was made with the rigid 

receptor 23, which displayed a binding constant four times higher than the flexible 22. 

Receptor 24, in the end, took advantage from the additional thiourea moiety, resulting in a 

fifteen-fold increase compared to the parent macro cycle 22. 

Guanidinium is a popular CBS in carboxylate binding. Its success is due to the fact that it 

provides strong binding, resulting from the combined action of an ion-ion interaction 

between the positively charged host and the anion guest and a well preorganised 

hydrogen bonding. Moreover, guanidinium salts remain protonated over a wider pH 

window (pKa = 13.5) compared to other charged receptors (e.g. ammonium salts). 

Schmidtchen was among the first supramolecular chemists to exploit the guanidinium 

moiety in carboxylate binding (Figure 1.35).[59] 
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Figure 1.35 Schmidtchen 's bicyclic guanidinium receptor (tetra phenyl borate salt) 

complexing p-nitrobenzoate (TBA salt). 

Schmidtchen and co-workers measured a very high constant of association (Ka > 104 M"\) 

for the complex 25 in MeCN-d3. The stability of complex 25 is also deriving from the 

preorganisation of the rigid bicyclic structure of the receptor. This effect was elucidated 

by Hamilton and co-workers, who made a direct comparison of simple cyclic and acyclic 

guanidinium receptors (Figure 1.36). [60] 

"BPh4 "BPh4 
I" 

'N/ 

(1) <NoH 

H'N)lNoH N)lN ............. Ph 

H I I I 

H I I H H H H 
26 27 28 

Figure 1.36 Hamilton's basic guanidinium receptors for acetate. 

Calorimetric measurements in DMSO were carried out on receptors 26-28 with TBA 

acetate. The better affinity showed by cyclic receptors was due essentially to their 

pre organisation, as indicated by the entropy values (Table 1.3). 

28 7200 -2.8 +9.4 

Table 1.3 

The cyclic guanidinium 28 was incorporated by Anslyn and co-workers in a tripodal 

receptor for the tris-carboxylate citrate anion 30 (Figure 1.37). [61] 
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Figure 1.37 Anslyn 's receptor for citrate. 

Introduction 

Receptor 29 showed a tight binding with the citrate 30 in water (Ka = 6.8.103 M-1
) and 

was successfully employed in a fluorescent assay for citrate in beverages. [62] 

The bicyc1ic guanidinium 27 was extensively used as CBS because of the possibility to 

derivatise it with different moieties (see § 1.10) in order to bind a wide range of 

carboxylates. For example, Lehn, de Mendoza and co-workers designed a receptor able to 

extract quantitatively the p-nitrobenzoate anion in chloroform from an aqueous solution 

(Figure 1.38). [63] 

32 

Figure 1.38 Lehn 's and de Mendoza's receptor for p-nitrobenzoate. 

The complex was stabilised by additional 1r-1r stacking interactions, as proved by the 

change in the chemical shift of the aromatic protons. The binding constant between 

receptor 31 and TBAp-nitrobenzoate was measured in CDCb (Ka = 1609 M-1
). 

1.9.2 Amidei64
} 

The amide group itself provides far weaker binding in comparison with the groups so far 

described. For this reason, ami des are often present as ancillary, yet important, sources of 

binding. Receptors based solely on amides, in order to obtain satisfactory complexation, 

must display many amidic groups acting synergistically. Moreover, molecules containing 
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more than one amide are prone to intramolecular hydrogen bonding, [65] due to the marked 

amphiphilic donor-acceptor character of the amidic group. For this reason, in order to 

make NH bonds accessible to the carboxylate guest, a careful arrangement of the amide 

moieties is needed. On the other hand, amides are easy to make[66] and they consent a 

great number of different architectures. The binding properties of basic bis-amides with 

different spacers was investigated by Schneider and co-workers (Figure 1.39). [67] 

C\~ ~yO H H H H 

O}-<_-':-N~O 
I I 

l1N~N[( ~ N,,-/N ~ 'yN~Ny 

0 0 0 0 0 0 

33 34 35 36 

Ka= 53 M-1 Ka = 328 M- 1 Ka= 78 M-1 Ka=48M- 1 

Figure 1.39 Schneider's bis-amide receptors for benzoate. Constants measured in CDCl3_ 

The best spacing of the two amide moieties was found for receptor 34. Binding constants, 

however, were generally low because of the flexibility of such structures. 

Better binding with more rigid receptors was achieved by Crabtree and co-workers with a 

series of cleft-type bis-amides and sulfonamides (Figure 1.40)J68] 

OAO 
~N'H H·N~ V V 

39 
Ka= 525 M-1 

o~DEo 
~N'H H·N~ 
V V 

40 

Kal:l = 1.98'104 M-1 

Ka1:2 = 300 M-1 

Figure 1.40 Crabtree's cleft-type receptors for acetate. Constants measured in CD2CI2. 

NMR titrations were carried out on receptors 37-40 in CD2Ch with TBA acetate and the 

salts of other anions. Generally high constants were obtained with acetate, especially in 
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the case of receptor 37 and the bis-sulfonamide 40, which was able to bind a second guest 

molecule with a weak interaction. The preference for the bis-amide 37 over 38 was due to 

both steric and electronic reasons, with three alkyl substituents reducing the acidity of the 

NH bonds. The low binding constant for the pyridyl host 39 can be ascribed to the 

electrostatic repulsion between the negative charge on the anion and the lone pair of the 

nitrogen atom. 

Smith and co-workers improved the binding capability of bis-amide cleft-type receptors 

by internal Lewis acid coordination (Figure 1.41).[69] 

43 

Figure 1.41 Smith's receptor for acetate with internal Lewis acid coordination. 

Constants measured in DMSO-d6. 

The incorporation of the electron-deficient boron moieties led to a twenty-fold increase in 

the binding constants with TBA acetate in DMSO-d6. The nature of this effect is two-fold. 

From NOB measurements resulted that receptor 42 was assuming in DMSO-d6 a well 

preorganised conformation with the NH bonds pointing in the same direction. 11 B NMR 

experiments, moreover, carried out on the neat host as well as on the complex, indicated 

that the resonance form 43 was the most plausible for the complex. In this structure, 

increased acidity of the NH bonds is provided by the polarisation effect induced by the 

boron moieties. 

The receptors so far illustrated presented acyclic structures. The binding properties of 

macrocyclic tetralactams have been extensively studied by Jurczak and co-workers. The 

effect of the size was investigated. 20-membered macrocycle 45 displayed the best 

affinity for TBA acetate in DMSO-d6 (Figure 1.42). [70] 
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Figure 1.42 Effect of the size in Jurczak's tetralactam receptors for acetate. Constants 

measured in DMSO-d6. 

All three receptors 44-46 incorporate two bis-amidopyridyl subunits. This moiety caused 

marked inhibition in the binding of the simple receptor 39 (Figure 1.40), due to the 

electrostatic repulsion between the anion and the nitrogen lone pair. In more complex 

structures, such as macrocyc1es 44-46, however, the lone pair can favour the 

preorganisation of the entire system, by interacting with the two NH bonds (Figure 1.43). 

This effect can result in an overall increase of the binding. 

Figure 1.43 Preorganisation in bis-amidopyridyl subunits. 

The improved preorganisation of structures contammg bis-amidopyridines was 

demonstrated by Hunter and co-coworkers[71] and corroborated by KilbumP2] Further 

investigations were made by Jurczak and co-workers with a direct comparison of three 

tetralactam macrocyc1es, containing respectively two bis-amidopyridyl units, two bis­

amidophenyl units and a combination of the two components (Figure 1.44). [73] 
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Figure 1.44 Effect of the nitrogen lone pair in Jurczak's tetralactam receptors for 

benzoate. Constants measured in DMSO-d6. 

The binding studies were carried out in DMSO-d6 using TBA benzoate as guest. The low 

binding constant found for receptor 47 was due to a lack of preorganisation. In solution 

macro cycle 47 was adopting a conformation not suitable for binding, because of the 

stabilisation resulting from internal hydrogen bonding (Figure 1.45). 

Figure 1.45 Internal hydrogen bonding of receptor 47. 

The binding constant found for receptor 48 indicated that the presence of one bisamido­

pyridyl unit largely improved the preorganisation of the system, as confiremed by NOE 

experiments. Preorganisation was still present in receptor 44. However, a lower binding 

constant compared to receptor 48 was found. This fact can be explained by an increased 

electrostatic repulsion due to the presence of an additional lone pair. 
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1.9.3 Pyrroles and bis-pyrroles 

In the recent years, great impulse has been given to the use of the pyrrole moiety in anion 

binding, mostly by Sessler, Gale and Schmuck.[74] The advantage of using pyrroles 

consists in the fact that they are 'pure' donor moieties, not featuring any hydrogen 

bonding acceptor side. The incorporation of a pyrrole unit in an amidic framework, as in 

2-amidopyrroles, was a powerful idea, since a rigid binding site with a convergent 

bidentate hydrogen bonding system is created (Figure 1.46). 

R R no 
R---ZN?-f' 

H ,N_ 
, H 
L/ 

Figure 1.46 Convergent hydrogen bonding system in 2-amidopyrroles. 

Gale's and co-workers investigated the binding properties of simple 2-amidopyrroles 

towards benzoate and other anions (Figure 1.47). [75] 

H 

"-B"~~ 

db 
49 

Ka= 202 M- 1 

MeCN-dJ 

H H 

"-B"~~(-(-B" 

db 
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MeCN-dJ 

Figure 1.47 Gale's 2-amidopyrrole receptors. Association constants with benzoate. 

The introduction of and additional amidic group led to a twelve-fold increase in the 

binding constant of receptor 50 compared to receptor 49. An indication of the effect of 

introducing the pyrrole moiety can be quantified by comparing receptor 51 with the 

similar receptor 41 (Figure 1.41). With the additional hydrogen bonding and the different 

geometry provided by the pyrrole group, a five-fold increase in the binding constant was 

obtained. 
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An interesting variant in the pyrrole host-guest chemistry is constituted by bis-pyrroles. 

Associated with amides, bispyrroles display a highly convergent binding site formed by 

four NH bonds. Gale and co-workers synthesised two simple bis-pyrrole based receptors 

and investigated their binding properties with benzoate and other anions (Figure 1.48). [76] 

52 

Ka= 354 M-1 

53 

Ka=424 M-1 

o 

Figure 1.48 Gale's bis-pyrrole based receptors and binding constants with benzoate. All 

binding constants measured in DMSO-dr/5% H2O. 

Reasonably high binding constants were obtained in the competitive solvent mixture 

DMSO-d6/5% H20. Receptor 53 showed a stronger binding than receptor 52. Even more 

marked prevalence was found in the case of the H2P04- anion, in the very competitive 

solvent mixture DMSO-d6/25% H20 (Ka = 20 M- i for 52 and Ka = 234 M- i for 53). 

These results confirm a general trend of higher binding constants for aromatic ami des 

compared to the aliphatic ones (see § 1.9.2, receptors 33-36 and 37-40). This tendency 

can be explained with two arguments. Aromatic groups are more rigid and thus they 

favour preorganisation. On the other hand, aromatic moieties usually display a negative 

inductive effect enhancing the acidity of the NH bond, whereas aliphatic groups display 

positive inductive effect reducing the acidity.[77] However, the utilisation of aromatic 

amides has drawbacks. Aromatic groups leave limited space to derivatisation and their 

rigid nature consent only a restricted number of possible architectures. Moreover, 

aromatic amides are prepared from anilines, which are usually toxic and carcinogenic. 

Aliphatic amides, conversely, allow numerous structural motifs, facilitating, for example, 

the introduction of chirality. 

1.10 Enantioselectve receptors for amino acids[78] 

Amino acids are extremely important, for the manifold roles they play in biological 

systems as well as in the chemical and pharmaceutical industry. There is, therefore, a high 
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demand for receptors able to recognise them in biological systems and, on the other hand, 

there is a need for enantiopure amino acids at industrial level. For these reasons, chiral 

recognition of amino acids has been, in the last two decades, a constantly growing field. 

The design of enantioselective receptors is particularly challenging. The discrimination of 

two guest enantiomers, which present the same functionalities, requires a very careful 

spatial arrangement of the binding sites in order to obtain the appropriate exclusive 

interaction. The receptor, obviously, must be chiral. Normally, more than one binding site 

is needed, along with rigid barriers deputed to create steric repulsion. All these 

components must be integrated in a subtle combination in order to obtain effective 

enantioselectivity. A remarkable embodiment of such principles was provided by de 

Mendoza and co-workers, who designed an enantioselective receptor for amino acids with 

aromatic residues in their zwitterionic form (Figure 1.49). [79] 

Figure 1.49 de Mendoza's enantioselective receptor for amino acid with aromatic 

residues. 

Receptor 54 represents an evolution of receptor 31 (Figure 1.38). Single extraction 

experiments were carried out. It was found that receptor 54 was able to extract in DCM L­

tryptophan and L-phenylalanine from an aqueous layer, whereas L-valine was not 

extracted. The extraction efficiencies (the fraction of host molecules occupied by the 

substrate) were ~ 40%. A competition experiment with the three amino acids furnished 

the ratios 100:97:6 for Phe/Trp/Val. Receptor 54, moreover, showed great 

enantioselectivity, with only 0.5% of D-tryptophan and 2% of D-phenylalanine extracted 

from racemic aqueous solutions. The efficiency of receptor 54 derives from the presence 

of the coordinated effect of three components. The guanidinium group interacts directly 

with the carboxylate by hydrogen bonding and ion-ion electrostatic attraction, the crown 
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ether binds the ammonium group with hydrogen bonding and ion-dipole interaction and 

the naphthoyl moiety interacts with the aromatic side chain of the amino acid by 11:-11: 

stacking. The importance of this latter interaction is proved by the fact that only amino 

acids with aromatic side chains were extracted by the receptor. The enantioselectivity, in 

the end, derived from the chirality associated with the rigid structure of the bicyclic 

guanidinium skeleton. Identical results were obtained with D amino acids using the (R,R) 

version of receptor 54. The PF6- salt of the guanidinium 54, moreover, revealed to be an 

efficient enantioselective transmembrane carrier for L-tryptophan. [80] This type of 

transport experiment is usually carried out measuring the enantiomeric enrichment of an 

aqueous receiving phase separated from the racemic mother solution by a membrane 

constituted by an organic solvent containing the receptor carrier (Figure 1.50). 

Membrane 

Aqueous phase 
Racemic mixture 

Orga~ic phase 

Membrane 

Receiving aqueous 
phase 

Enantiomeric enrichment 

Figure 1.50 Enantiomeric enrichment achieved by transmembrane transport. 

Apart from a method to assess enantioselective recognition, transmembrane transport can 

be used in order to achieve separation of racemates and is starting to become appealing in 

industrial milieus.[81] 

Other contributions to the development of enantioselective recognition were given by 

Kilburn and co-workers, who developed an acyclic thiourea based receptor for N­

protected amino acids (Figure 1.51).[72] 
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Figure 1.51 Kilburn acyclic receptor for N-protected amino acids. 

The preorganisation of receptor 55 was insured by a hydrogen bonding network 

coordinated by the lone pairs of the nitrogen atoms in the pyridyl units. Receptor 55 

showed moderate enantioselectivity towards the TBA salts of a series of N-protected 

amino acids in CDCb. L amino acids were preferred (selected data are shown in Table 

1.4). 

Table 1.4 

Kilburn and co-workers, then, building on the preorganised architecture of receptor 55, 

designed a macro cyclic receptor bearing two binding sites, with the intention to obtain 

chiral recognition of N-protected bis-carboxylic amino acids (Figure 1.52). [82] 

Figure 1.52 Kilburn's receptor for bis-carboxylic amino acids. 
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The macro cyclic receptor 56 formed a strong 1: 1 complex with the bis-TBA salt of N­

Boc-L-glutamate in MeCN (Ka = 2.83.104 M-1
, determined by ITC). In the same 

conditions, with N-Boc-D-glutamate, however, receptor 56 formed with the substrate both 

1: 1 and 1:2 complexes, with the 1:2 binding mode largely favoured (Kal:J = 38.4 M- 1
, 

KaI:2 = 4.92'104 M- 1
). Hence, for the 1: 1 binding, the enantioselectivity for N-Boc-L­

glutamate was> 700: 1_ Binding studies in DMSO gave a similar picture, although the 

binding constants for the 1: 1 and the 1:2 complex with N-Boc-D-glutamate could not be 

reliably obtained. In the less competitive CDCh, surprisingly, receptor 56 remained 

unperturbed upon addition of the bis-carboxylate guests. In such unpolar solvent, 

macro cycle 56 showed a wrapped conformation with a C4 symmetry, instead of the 

expected D2, due to internal hydrogen bonding_ The stabilisation coming from the 

formation of the complex was clearly not enough to overcome the energetic barrier 

necessary for the reorganisation. The wrapped conformation was confirmed by NOE 

experiments as well as computational studies. [83] 

An original and fruitful approach to enantioselective recognition was developed by Davis 

and co-workers. They derivatised the rigid scaffold of cholic acid with hydrogen bonding 

donor groups, such as carbamate and guanidinium (Figure 1.53). [84] 

H 

57 Ar = Ph 

58 Ar = -o-CF3 

Figure 1.53 Davis' steroidal receptors for amino acids. 

Single extraction experiments were carried out on receptors 57 and 58. Several N­

protected amino acids were extracted from an aqueous racemic solution into chlorofonn 

with good enantioselectivities (selected data are shown in Table 1.5). 
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Table 1.5 

The enantioselectivities were calculated by integrating the NMR signals of the two 

diastereoisomeric complexes. More acidic NH bonds in receptor 58 led to an 

improvement in enantioselectivity. NOE experiments and computational studies were 

consistent in indicating realistic binding models. 

Enantioselective recognition in polar solvents such as DMSO, methanol and ultimately 

water is a demanding task. Schmuck made a substantial progress in this field with the 

design of a 2-(guanidiniocarbonyl)-pyrrole based receptor (Figure 1.54). [85] 

O· n O-H 
"'l"N~ I 

N I NuN, /', H' H 

&. H""H I 
R, '0 H,N'H , II + 

\\~O" 
'(3/ -

Figure 1.54 Schmuck's 2-(guanidiniocarbonyl)-pyrrole based receptor for amino acids, 

The picrate salt of guanidinium 59 was able to discriminate between the 

tetramethylammonium salts of the two enantiomers of N-Ac-alanine in the very polar 

solvent mixture DMSO-d6140% H20 (Ka = 1610 M-I and Ka = 930 M-I for Land D 

respectively). Computational studies confirmed the proposed geometry shown in Figure 

1.54. According to the molecular modelling, the enantioselectivity arose from the steric 

clash present between the methyl group in N-Ac-D-Ala and the isopropyl group in 

receptor 59 (Figure 1.55). 
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Figure 1.55 Steric repulsion in the complex between receptor 59 and N-A c-D-Ala. 

An important application of enantioselective recognition is the design of HPLC chiral 

columns. Enantioselective receptors, when immobilised on a stationary phase, can lead to 

different retention times for the two substrate enantiomers. Cram and co-workers 

accomplished one of the first chromatographic resolution immobilising a bipnaphtol 

based macro cycle on a polystyrene resin in order to obtain enantiomeric separation of 

ammonium salts of amino acids (Figure 1.56). [86] 

Figure 1.56 Cram 's immobilised receptor for amino acids resolution. 

More recently, Villani and co-workers synthesised a tetralactam receptor that was 

covalently attached to silica (Figure 1.57). [87] 
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Figure 1.57 Villani's tetralactam receptor for derivatised amino acids. 

The silica with the grafted receptor was then packed in a HPLC column in order to 

resolve racemic mixtures of derivatised amino acids 61. Separation of several racemates 

was achieved with a DCM/2-propanol mixture as eluent. L derivatives were preferentially 

retained, whereas D derivatives were eluted close to the column void volume. In 

principle, it is possible to calculate the difference in LlG for the interaction of two 

different elutes with a receptor immobilised in a stationary phase from their retention 

time. [881 In such a way, Villani and co-workers calculated high LlLIG values for the chiral 

recognition of guest enantiomers 61 (selected data are shown in Table 1.6). 

R -AAG (kca/ morl
) 

Me 1.5 --------,-----
Et 2.4 
Pr 2.8 
Bu 3.0 
i-Pr 3.0 ---, 
s-Bu 3.0 ---"---' i-Bu 2.0 
t-Bu 1.4 
Ph 2.2 
Bn 1.3 

Table 1.6 
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1.11 Aims ofthis work 

Amides are a recurring motif in carboxylate binding and many hosts are built on them 

(see § 1.9.2). Fewer and usually basic receptors,r6I,89] however, display sulfonamides as 

hydrogen bonding donors, despite the fact that they are more acidic than amides (pKa = 

17.5 for Me-SOz-NHz and pKa = 25.5 for Me-CO-NHd90] and generally more soluble. 

Moyer and Kavallieratos investigated the binding properties towards TBA acetate of 

simple mono- and bis-sulfonamide receptors in 1,2-dichloroethane-d4 (Figure 1.58). [89a] 

o~D~o 
~N'H H'N~ 

N ~ t-Bu 62 t-Bu 

Kal:! = 1.35·104 M-1 

KaI:2 = 70 M-1 

O-0~0--o 
.N ~ /; 

H 

63 
Ka= 750 M-1 

Figure 1.58 Moyer's sulphonamidic receptors for acetate. Constants calculated in 1,2-

dichloroethane-d4. 

Receptor 40 had already been investigated by Crabtree in CDzCh and the data are in 

agreement (see § 1.9.2). A minor 1:2 complexation was confirmed for this type of 

receptors. Another conclusion of this work was that the synergistic action of two 

sulfonamidic groups is necessary in order to obtain strong binding (40 and 62), otherwise 

poor association occurs (63). Recently, Yano and co-workers synthesised a bis­

sulfonamide receptor incorporating two hydroxyl groups (Figure 1.59).l89d] 

09Y,: ~o 'S s .... , 2, 

C
NH H HN

J O~ 0-
OHT HO 

Figure 1.59 Yano's receptor for acetate. 

After NMR titration, a considerably high binding constant (Ka = 2.38'104 M-1
) was 

reported for receptor 64 with TBA acetate in the rather competitive solvent MeCN-dJ , 

although the high value was calculated solely on the basis of the ':\0 (the changes in 
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chemical shift induced by adding an aliquot of guest) of the CrH proton, not directly 

involyed in hydrogen bonding. 

Considering the encouraging examples of strong interaction between the bis-sulfonamide 

moiety and the carboxylate anion along with the scarcity, on th.e other hand, of more 

structured receptors built on this motif, the aim of this project was to incorporate the bis­

sulfonamide unit into a more complex scaffold, in order to obtain strong and selective 

binding of carboxylates and eventually to achieve enantioselective recognition of amino 

acids (Figure 1.60). 

a) b) r----...... -··-----.... --.... ---·-l-·~--. Bis-sulfonamide moiety 

10sOso i 
R I ~IH H1N 2! R 

~~:::R --.... Chiral groups 

~NHP R * 
Amidic groups t---

N-protected amino acid carboxylate 

Figure 1.60 a) General scheme ofbis-sulfonamide receptor for carboxylates. b) 

Enantioselective receptor for N-protected aminoacids. 

Two additional amide groups can contribute to strengthen the interaction with the 

carboxylate anion. For a better chance of preorganisation, macro cyclic structures were 

also to be investigated. (Figure 1.61). 

o os~so . 
2 I I 2 

R ' NH HN R 1 "0 -0'" r-+-----
R * Nr:( ):.: \iN * R 

*R~R 

Macrocyclic structure 
to help preorganisation 

Figure 1.61 General scheme of a macrocyclic bis-sulfonamide receptor. 

Enantioselectivity can be achieved with the introduction of chiral moieties able to give 

secondary interactions or to function as steric barriers. N-protected amino acids are ideal 
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candidate substrates due to their synthetic utility and they were to be tested in the fonn of 

their TBA salts in order to increase the solubility of the ionic couple in organic media and 

to minimise the effects of the counter anion.[91] The stability constants for each host-guest 

complex were to be measured by traditional 1 H NMR titrations. 

As part of an EU network involving companies and universities, this project ultimately 

aimed to develop receptors suitable for applications in resolution of racemates, such as 

chromatographic separations or transport across membrane, with particular attention to 

commercial aspects. At this regard, an ideal receptor has to be easy to make in few steps, 

possibly with high yields, to facilitate the necessary scale-up. It has to display, moreover, 

general enantioselectivity, in order to have a wide range of application. High 

enantioselecivity, although welcomed, is not a necessary requirement, since it is possible 

to obtain resolutions of racemates even in presence of a small difference between the 

constants calculated with the two enantiomers.[81,92] 
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Chapter II 

Bis-Sulfonamide Based Receptors for Carboxylates 

2.1 Synthesis of acyclic receptor 65 

In order to test the possibility of exploiting bis-sulfonamide based receptors in amino acid 

binding and chiral recognition, a simple acyclic receptor was conceived (Figure 2.1). 

Figure 2.1 Bis-sulfonamide based receptor for amino acids. 

The binding of the carboxylate group can be insured by the bis-sulfonamide bis-amide 

binding site, while chiral recognition can arise from secondary interactions between the 

substrate and the two amino acid moieties incorporated in the receptor in a pendant 

fashion. The synthesis was accomplished following well established standard procedures 

(Scheme 2.1). 
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Scheme 2.1 Reagents and conditions: a) Boc20, DCM; b) 67, Et3N, DCM; c) 80:20 

DCMlTFA; d) N-Ac-L-Phe-OH, EDC, HOBt, DIPEA, DCMIDMF 50:50. 

After mono-protection of bis-amine 66,[93] amine 67 was coupled to the commercially 

available bis-sulfonyl chloride 68 with acceptable yield.[94] Bis-Boc intermediate 69 was 

deprotected to afford the bis-ammonium TF A salt 70. The relatively low yield of the 

latter transformation was the consequence of several washes carried out on the product 

with the intent to isolate it with high purity standards. A typical coupling procedure[66] led 

to the candidate receptor 65 with poor, unoptimised yield. 

2.2 Binding studies 

IH NMR binding studies were carried out on receptor 65 by adding aliquots of a solution 

of the guest to a solution of the host and monitoring the change in the chemical shift (~8) 

of the protons directly involved in hydrogen bonding. The data were then treated with a 

curve fitting program, kindly provided by Hunter (see § 5.4 and appendix B for additional 

information. For all the binding studies described in this work, the output of the treating 

program, for the 1:1 or 1:2 host/guest stoichiometry, is provided in § 5.6).[95] The two 

enantiomers of N-Ac-phenylalanine TBA salt were used as guests. This particular amino 

acid was chosen because of its relatively bulky side chain. The titrations were perfonned 

in MeCN-d3, as receptor 65 was not soluble in CDCh. Large ~8max resulted from the three 

NH protons monitored, indicating the presence of strong hydrogen bonding (Figure 2.2). 
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Figure 2.2 Binding titration curves of receptor 65 upon addition of N-Ac-L-Phe TBA salt 

(above) and N-Ac-D-Phe TBA salt (below) in MeCN-d3. 

For the titration with N-Ac-L-Phe, proton signals could be followed only at low 

concentration of guest, due to a marked superimposition of the proton signals. Good fit, 

nevertheless, was obtained with the 1: 1 curve fitting program. [95] High discrepancies, 

however, were present among the values of the constants obtained from different protons, 

especially between H-b and H-c. Also the titration with N-Ac-D-Phe presented such 

differences (Table 2.1). 

Host Guest H-b H-c H-d Solvent 
65 N-Ac-L-Phe-OTBA 888 489 1000 MeCN-d3 

65 N-Ac-L-Phe-OTBA 718 400 1090 MeCN-d3 

Table 2.1 

Because of the disagreement among the various constants, large errors (> 25% for N-Ac­

L-Phe and> 35% for N-Ac-D-Phe) were calculated. Precise overall constants, thus, could 
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not be reliably expressed (for a detailed discussion on the criteria that apply to the 

estimation of the error for the binding constants see § 5.4). The values obtained were 

similar for both enantiomers of N-Ac-Phe and, therefore, it was concluded that no 

enantioselectivity was present. 

The signal of the H-a proton was also monitored during the titration, as it showed a 

relatively pronounced L10max (~ 0.2 ppm) for a proton not directly involved in hydrogen 

bonding. The titration curve showed an unusual profile for both guests, profoundly 

different from the curves obtained from following the NH protons (Figure 2.3) . 
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8.25 : --1- -+·_-+--·--·+--··-1-- ··-f .... · .. ··-·--f-·--j 
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Figure 2.3 Titration curve for H-a of receptor 65 upon addition ofN-Ac-D-Phe TBA salt 

in MeCN-d3. A similar result was obtained with N-Ac-L-Phe. 

A steep slope resulted from the early additions of the guest stock solution, until saturation 

was reached. Then the trend was reversed, and an upfield shift with a gentle gradient was 

induced by further addition of guest aliquots. The curve could not be fitted with the 1: 1 

treating program. Some fit could be obtained, instead, with the 1:2 treating program. 

However, the fit was markedly poor. Moreover, for a series of parameters associated with 

the data processing, such as the percentage of saturation of the host (Min % bound and 

Max % bound in the output) and the estimated chemical shift at 100% saturation (6 

bound) (see § 5.6), nonsensical values were calculated. Negative percentages of saturation 

were found and the 6 bound for the 1:2 complex was far lower than the chemical shift of 

the uncomplexed host. For this reason, the accuracy of the binding constants calculated 

resulted undennined and the values obtained could serve only as a rough indication of the 

binding. For the binding studies with N-Ac-L-Phe, Kal :l resulted ~ 4.7' 103 M-1 and Kal :2 ~ 

5 M-1
, whereas with N-Ac-D-Phe Kal :1 resulted ~ 3.4'103 M-1 and Kal:2 ~ 4 M-1. In order 
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to obtain further elucidations, the curves of the other protons obtained from the titration 

with N-Ac-D-Phe were also treated with the 1:2 fitting program (the level of saturation for 

the titration with N-Ac-L-Phe was too low in order to obtain an acceptable fit) (Table 

2.2). 

~~===-"~~~~;-(i[i:=K~;'(MJj= 
H-a ~3400 ~4 

"_"_,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,-,,,,,,,,,,,,,,,,,,,,_'_'''''_'',,,",,,,_w.,,,,,,,,,,,_,,,,~,_~ 

H-b 1088 5.5 
""",~~ __ "",""",_~~"",,,,,,,,,,,,,,,,,,_~,,_,,,,, ___ 'M'-""'''''''''' 

H-c 706 4.6 
... ""'"""',"""",,'-"""",, ... ,"""''''''''''''',''''''''''.,.'''''''' ..... ..,.,.,'',..'''''''''''---... ''''''''''''''''''''-

H-d 1494 6.2 

Table 2.2 

In this case, good fit and consistent output parameters were obtained, although only a low 

percentage of host saturation was reached at the end of the titration.[96,97] The error was 

still high (~ 30%), but lower than in the case of 1: 1 treatment and good agreement was 

found for the 1:2 constants. Although the accuracy of the data was affected by the above 

mentioned limitations, it was possible to suppose the presence of a major 1: 1 binding 

along with a minor 1:2 component. 

2.3 Synthesis of receptor 71 

In order to clarify the unusual curve profile found for the aromatic proton H-a in receptor 

65, it was decided to carry out binding studies on simpler receptors. The already available 

bis-carbamate 69 and easily accessible bis-amide 71 were chosen as candidates. Receptor 

71 was obtained by coupling diamine 70 with valeryl chloride (Scheme 2.2). 

a 

32% 

71 

Scheme 2.2 Reagents and conditions: a) Valeryl chloride, Et3N, MeCN. 

The disappointing yield was probably due to the presence of side-products deriving from 

bis-acylation. 
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2.4 Binding studies 

Binding studies were carried out on receptors 69 and 71 with TBA acetate in MeCN-d3. 

Again high LlOmax were shown by C2-H aromatic proton (~ 0 . 5 ppm for 69 and ~ 0.35 ppm 

for 71) and the anomalous effect found for receptor 65 appeared to be general. Receptors 

69 and 71 showed a similar behaviour, with the upfield shift even more pronounced, 

especially in the case of 71 (Figure 2.4) . 
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Figure 2.4 Titration curves for H-a proton of receptors 69 and 71 upon addition of 

acetate TBA salt in MeCN-d3. 

In both cases, the steep slope of the titration curve was progressing downfield until about 

one equivalent of guest was added, then inversion occurred. The sulfonamidic H-c signals 

underwent intense broadening and could not be followed. The curves obtained from the 

LlO of the arnidic H-b signals did not present the unusual pattern found for H-a, but they 

could not be fitted with the 1: 1 treating program. Therefore, the 1:2 treating program was 

used. 

In the case of receptor 69, good fit was found for H-a, although the constants obtained 

were undermined by nonsensical parameters (see § 2.2) and thus they have to be taken as 

49 



Chapter 11 Bis-Sulfonamide Based Receptors for Carboxy/ales 

a rough indication. Good fit was also found for amidic H-b. The results are summarised in 

Table 2.3. 

=~~:=~::=-~lL{g2I::JiJ1L(g:j::' 
If-a 12800 28 

''''''''''''''' ....... ''''---''''''''''''''~--~~----------~~'''~ 
If-b 36000 26 

Table 2.3 

The data calculated were consistent for K1:1, at least for the order of magnitude, and very 

similar values were found for K1:2. 

In the case of receptor 71, for both proton signals H-a and H-b poor fit and nonsensical 

output parameters were found. The binding constants so obtained are showed in Table 

2.4. 

_"-=:=-lsl:~(A[1""_,h:2iMI£ 
If-a ~8000 ~ 10 

''''m'''''_'''''' __ ''''"''"''_'''''_"~""""""""""",,,,,,,,,,,_ ............... _,,,,~,,,,,,,, 

If-b ~11000 ~4 

Table 2.4 

Again consistency for the order of magnitude was obtained. 

Although some data were deeply affected by inaccuracy and, for this reason, they have to 

be taken carefully, from the combined results obtained with acyclic receptors 65, 69 and 

71, a general picture of a strong 1: 1 binding accompanied by a minor 1:2 component 

emerged clearly. 

2.5 A possible explanation 

A plausible model, capable to explain both the formation of a 1:2 complex and the 

unusual profile of the curves of the C2-H aromatic proton in receptors 65, 69 and 71, is 

illustrated in Figure 2.5. 
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b) c) 

Figure 2.5 Formation of a 1:2 complex between a bis-sulfonamide bis-amide acyclic 

receptor and a carboxylate anion. 

During the first additions of guest aliquots, the formation of the I: 1 complex is 

accompanied by significant conformational reorganisation, probably due to the stability 

of a non-preorganised conformation assumed by the neat host (in Figure 2.5 is shown the 

anti-anti conformation, but the syn-anti may also be favoured). [68] This should account 

for the large ~8's registered for the H-a proton before one equivalent of guest is added. 

At higher concentrations of guest, a 1:2 complex can be formed and the receptor tends to 

return to its initial conformation, resulting in an inversion of the trend for the H-a titration 

curve. These findings seem to confirm a general tendency of bis-sulfonamide receptors 

towards 1:2 association. Crabtree and co-workers found that receptor 40 (see § 1.9.2) was 

able to complex a second molecule of TBA acetate with a weak constant and they utilised 

a model similar to the one depicted in Figure 2.5 in order to explain the strong 

association between the bis-sulfonamide 40 and TBA fluoride. [68] This model was used 

more recently by Yano and co-workers in order to describe the association between the 

phenolic bis-sulfonamide 72 and TBA chloride (Figure 2.6). [98] 

Figure 2.6 Crabtree's (40) and Yano 's (41) bis-sulfonamides displaying a 1:2 binding 

mode. 

In order to assess the stoichiometry of the association between receptor 69 and TBA 

acetate a Job Plot experiment was performed (Figure 2.7).[96] 
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Figure 2.7 Job Plot experiment on receptor 69 with acetate TBA salt in MeCN-d3. 

For the Job Plot curves the maximum was found to be around XH = 0.5. This result is 

consistent with a binding mode which is predominantly 1: 1. This latter result confmned 

the overall picture of a predominant 1: 1 binding with only a minor 1:2 component for the 

association between acyclic bis-sulfonamide receptors and carboxylate substrates. [68,89a,98] 

2.6 Synthesis of receptor 64 

In 2002 Yano and co-workers[89d] synthesised a bis-sulfonamide based receptor with two 

pendant hydroxyl groups (see § 1.11). The constant reported for this receptor with TBA 

acetate in MeCN-d3 was > 2'104 Mol with a 1: 1 stoichiometry. This value, however, was 

calculated on the exclusive basis of a series of minor changes in chemical shift 

concerning the aromatic C2-H proton (Figure 1.59), because of the intense broadening of 

the protons directly involved in hydrogen bonding. Additionally, no more than two 

equivalents of guest were added to the host solution. With the intention to understand if 

the presence of hydroxyl groups can be really effective to obtain exclusively the 1: 1 

stoichiometry, receptor 64 was synthesised in order to investigate its behaviour when 

more equivalents of guest are added. 

Bis-sulfonamide 64 was easily obtained with satisfactory yield from the coupling between 

the bis-sulfonyl chloride 68 and 2-aminoethanol (Scheme 2.3). 
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o CI02S ~ S02C1 
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02S~~02 
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71% 

64 

Scheme 2.3 Reagents and conditions: a) 2-aminoethanol, DCM 

2.7 Binding studies 

Binding studies were carried out on receptor 64 with TBA acetate in MeCN-d3. As 

reported by Yano and co-workers the intense broadening of the NH and OH signals did 

not allow following these protons. The aromatic H-a was hence monitored (Figure 2.8). 
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Figure 2.8 Titration curve for H-a proton of receptor 64 upon addition of acetate TBA 

salt in MeCN-d3. 

The titration curve of the H-a proton in receptor 64 followed the general pattern found for 

receptors 65, 69 and 71, with the inversion of the trend clearly occurring at one equivalent 

of guest added. Therefore, also for the binding between receptor 64 and TBA acetate a 

1:2 complex was formed. The data were treated with the 1:2 curve fitting program. Poor 

fit and nonsensical output parameters (see § 2.2) were found, but again, from the values 

of the binding constants so obtained (Kal:1 ~ 6400 M'" and Kal:2 ~ 7 M"') it was possible 

to assume a major 1: 1 complex formation along with minor 1:2 component. 

2.8 Synthesis of macrocyclic receptors 73 and 74 

There are some drawbacks in dealing with 1:2 complexes. In fact, in order to obtain 

accurate constants for a 1:2 association model, several data points are needed, making 'H 
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NMR titrations more time-consuming. Additionally, data fitting is more difficult in 

comparison with the 1: 1 binding mode and, in some cases, the constants cannot be 

reliably obtained. [83] The presence of the 1:2 binding, therefore, may interfere with the 

accurate assessment of the real affinity of a receptor for a substrate and a clear-cut l: 1 

binding stoichiometry is thus desirable. In order to prevent the receptor from binding an 

additional guest molecule, it was decided to synthesise macro cyclic receptors. In a 

macrocyclic system, the bent conformation, plausibly assumed by acyclic receptors in the 

1:2 complex (Figure 2.5) is less likely. For this reason, the 1:2 complex fonnation should 

be inhibited. In order to confirm this hypothesis, macro cycles 73 and 74 were synthesised 

from bis-amine precursor 70 modifying a procedure described by Picard and co-workers 

(Scheme 2.4). [99] 

0 0 
08 0- 80 a 0 28 0- 802 2. I 2 • I 

cNH HN C
NH HN

J J x2TFA 27% 
NH HN NH2 H2N 
O~O 70 

73 

0 0 
08 0- 80 b 08 0- 80 2. I 2 2. I 2 

cNH HN

J C
NH HN J x 2TFA 14% 

NH HN NH2 H2N 
O~O 70 

74 

Scheme 2.4 Reagents and conditions: a) CICO(CH2hCOCl, Et3N, MeCN; b) 

CICO(CH2hCOCI, Et3N, MeCN 

For the synthesis of macrocycles 73 and 74 high dilution and slow addition were used. 

Macrocycle 73 was obtained with an accettable yield, in line with other bimoh:~cular 

macrocyclisation reactions described in the literatureY3,99,IOO] Receptor 74 was obtained 

with lower yield, probably due to steric constraint. 

2.9 Binding studies 

Macrocycles 73 and 74 were soluble in DMSO only. Binding studies were hence carried 

out in this solvent. Surprisingly, receptor 74, upon addition of acetate guest, showed the 

same behaviour found for acyclic receptors, with an inversion in the trend of the aromatic 

C2-H proton titration curve (Figure 2.9). 
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Figure 2.9 Titration curve for H-a proton of receptor 73 upon addition of acetate TBA 

salt in DMSO-d6. 

In this case, however, the phenomenon was less marked compared to the acyclic receptors 

tested with acetate. This fact seems to indicate that the macro cyclic scaffold effectively 

weakened the formation of the 1:2 complex, although a direct comparison with the other 

receptors in MeCN-d3 was not possible. AI: 1 stoichiometry was found, instead, for 

receptor 73 with the less basic benzoate TBA salt (Figure 2.10). 
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Figure 2.10 Titration curve for H-a proton of receptor 73 upon addition of benzoate TBA 

salt in DMSO-d6. 

In this case, the titration curve of the aromatic CrH proton followed a typical 1: 1 pattern. 

The association constant was determined from the binding titration curves of the 

sulfonamidic and amidic NH protons, which were directly involved in hydrogen bonding 

(~8max ~ 1 ppm and ~8max ~ 0.6 ppm for sulfonamidic and amidic protons respectively). 

The average value was Ka = 94 M .. l , with a error < 1 %. For this and other receptors with 

ambiguous proton signals, amidic and sulfonamidic peaks were assigned by C-H long 
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range correlation 2D NMR. Binding studies were also carried out on receptor 74 with 

TBA acetate in DMSO-d6. In contrast with receptor 73, an exclusive 1: 1 stoichiometry 

was obtained (Figure 2.11). 
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Figure 2.11 Titration curve for H-a proton of receptor 74 upon addition of acetate TBA 

salt in DMSO-d6. 

The Llbmax was only ~ 0.1 ppm, less pronounced than in the other cases. Sulfonamidic 

protons showed intense broadening and could not be followed. The binding constant was 

thus calculated from amidic H-b protons (Llbmax ~ 0.6 ppm). The titration curve showed 

an excellent fit (error < 5%) and the value obtained was Ka = 236 M-1
• 

In conclusion, the macrocyclic scaffold effectively helped the exclusive fonnation of the 

1 : 1 adduct between receptor 73 and benzoate and between receptor 74 and acetate, 

although some 1:2 character was still present in the binding between the more flexible 73 

and acetate. The values of the constants are summarised in Table 2.5. 

Host Guest Ka (M!) Error Solvent 
73 TBAOBz 94 < 1% DMSO-d6 

74 TBAOAc 236 < 5% DMSO-d6 

Table 2.5 

2.10 Chiral macrocyclic receptors 

Simple receptors 73 and 74 showed good binding towards carboxylates in competitive 

DMSO-d6. In order to investigate if this macro cyclic scaffold was suitable for 

enantioselective recognition, chiral groups had to be introduced. Moreover, better 

solubility in less competitive solvents was desirable, in order to amplify host-guest 
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interactions, increasing the chances of discrimination. With the intent to satisfy these 

conditions, modifications of receptors 73 and 74 were conceived (Figure 2.12). 

Figure 2.12 Introduction of chirality in a bis-sulfonamide macro cyclic scaffold. 

The introduction of a chiral cyclohexane moiety on the side 'arms ', by mean of the 

commercially available chiral 1,2-bis-aminocyclohexane, can greatly increase the 

solubility and help the preorganisation of the receptor reducing the number of possible 

conformations. Chirality can be introduced at the ' southern' end as well, by an 

opportunely protected tartrate moiety, derived from inexpensive starting materials. 

2.11 Synthesis of macrocycle 79 

The introduction of a tartrate derived moiety was considered first. In order to follow the 

successful route which led to receptors 73 and 74, tartaric acid bis-chloride 78 was 

prepared by standard methods (Scheme 2.5). 
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Scheme 2.5 Reagents and conditions: a) NaB, THF; n-Bu,d cat., J8-crown-6 cat. , BnBr; 

b) 60:40 J,4-dioxane/J M LiOH; c) (COClh, DMF cat. , DCM 
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Commercially available ester 75 was benzylated with acceptable yield following a 

procedure by Yamamoto and co-workers.[IOI] Bis-ether 76 was hydrolised with a standard 

methody02] Reactive tartaric acid bis-chloride 78 was eventually obtained following a 

procedure by Marchese and co-workers. [103] The benzyl group was chosen for three 

reasons. It displays, in fact, good lipophilicity, favouring solubility. It is bulky, and that 

may increase the chance of enantioselectivity by selective steric repulsion. Benzyl ethers, 

moreover, are relatively easy to prepare, compared, for example, with t-butyl ethers.[1041 

Macrocycle 79 was synthesised by coupling bis-amine 70 with tartaric acyl bis-chloride 

78 with a yield comparable to the one obtained for the parent macro cycle 74 (Scheme 

2.6). 

o 
os~so a 2. I 2 

NH HN C J x2TFA 15% 
NH2 H2N 

70 

Scheme 2.6 Reagents and conditions: a) 78, Et3N, MeCN 

High dilution and slow addition were used also for this transfonnation. 

2.12 Binding studies 

Unfortunately receptor 79 was neither soluble in CDC!) nor in MeCN-d3• Binding studies 

were, therefore, carried out in DMSO-d6. The two enantiomers N-Ac-Phe were used as 

guests. In both cases, all proton signals of macro cycle 79 remained essentially 

unperturbed upon addition of the guest solution, indicating that no association was 

occurring. 

2.13 Synthesis of macrocyclic receptors 84 and 85 

The incorporation of a tartrate based moiety failed to increase the solubility and did not 

produce chiral recognition. It was, therefore, decided to introduce two chiral cyc10hexane 

rings on the side 'arms' to achieve these goals (Figure 2.12). Macrocycles 84 and 85 

were, therefore, conceived. The synthesis was achieved by following the reliable route 
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established for the preparation of receptors 73 and 74. The common precursor 83 was 

obtained easily in three steps (Scheme 2.7). 
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Scheme 2.7 Reagents and conditions: a) Boc20, K2COj, 90: 1 0 EtOHIH20; b) 81, EtjN, 

DCM; c) 80:20 DCMlTFA. 

Mono-protected bis-amine 81 was obtained with acceptable yield from salt 80 modifying 

a literature procedure.[ID5] Intermediate 82 was then prepared in high yield by coupling 

bis-sulfonyl chloride 68 with mono-Boc amine 81. Deprotection was almost quantitative. 

Bis-amine 83 was finally coupled with the appropriate bis-chloride to yield macrocyc1es 

84 and 85 (Scheme 2.8). 
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Scheme 2.8 Reagents and conditions: a) CICO(CH2hCOCI, EtjN, MeCN; b) 

CICO(CH2hCOCl, EtjN, MeCN. 
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The same conditions used in the synthesis of macrocyc1es 73 and 74 were employed, with 

slightly improved yields. Both macrocyc1es were soluble in MeCN as well as in 

chloroform and DCM. 

2.14 Binding studies on macro cycle 84 

Binding stud~es were carried out on macrocyc1e 84 with TBA acetate in CDCl3 in order to 

assess its affinity towards carboxylates. In this case the ~8max of the C2-H aromatic proton 

was negligible (~ 0.05 ppm) and thus it was not taken into account. The signal of the 

sulfonamidic protons underwent intense broadening and could not be followed. The 

amidic protons signal, conversely, could be followed and showed a very large ~8max (~ 

2.5 ppm), consistent with hydrogen bonding (Figure 2.13). 
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Figure 2.13 Binding titration curve of receptor 84 upon addition of acetate TBA salt in 

CDCh 

The titration curve showed an acceptable fit with the 1: 1 treating program and the 

constant calculated was Ka = 758 M-1
• The error was estimated with the computer 

program EQNMR[106] and an error value of 9% was found. Despite the high ~8max, 

however, the binding constant was relatively low, considering that the titration was 

performed the non-competitive solvent CDCb. 

In order to test receptor 84 for enantioselectivity, binding studies were carried out with 

the two enandiomers of N-Boc-phenylalanine. Both amidic and sulfonamidic protons 

could be followed in this case. A large ~8max was registered also for the sulfonamidic 

proton (~ 1.8 ppm). Disappointingly, the titration curves were very similar for the two 

enantiomers and poor fit resulted frmil the 1: 1 treating program (Figure 2.14). 
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Figure 2.14 Binding titration curves of receptor 84 upon addition ofN-Boc-L-Phe TBA 

salt. Curves referring to amidic (left) and sufonamidic (right) protons. 

In Figure 2.14 are shown the curves relative to the titration with N-Boc-L-Phe. Almost 

identical profiles were obtained with the L enantiomer. Binding constants were calculated 

as the average between the two vahies, and, probably due to the poor fit, they were 

affected by large errors (Table 2.6). 

Host Guest Ka eM!) Error Solvent 
84 N-Boc-L-Phe-OTBA 460 20% CDCl3 

84 N-Boc-D-Phe-OTBA 406 17% CDCl3 

Table 2.6 

Because of the high errors calculated, the values obtained for the constants have to be 

taken as rough indications. Nevertheless, the very similar values obtained for the two 

enantiomers along with ahnost superimposable titration curves, suggested that no 

appreciable chiral recognition was present. 

A possible explanation for the relatively poor affmity of receptor 84 towards carboxylates 

in CDCh may be found in an 'alternate' conformation that macrocycle 84 can plausibly 

adopt (Figure 2.15). 

Figure 2.15 Possible 'alternate} conformation of receptor 84 in CDCh 

Internal hydrogen bonding, favoured in non-polar CDCh, can stabilise this badly 

preorganised confonnation,[65] in which the NH bonds are pointing alternatively 'up' and 
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'down' , resulting in a lack of synergy of the hydrogen donor moieties. In this case, 

because of the rigidity of the cyclohexane rings, a significant energy penalty must be paid 

by the receptor in order to rearrange towards a confonnation more suitable for binding. 

This would explain the low constants obtained in CDCh. 

Examples of this kind of confonnation are known in the literature. An 'alternate ' motif, 

built on the rigid 1,2-bis-arninocyclohexane moiety, was used by Still and co-workers[I 07] 

and, more recently, by Fang and co-workers[I08] for the recognition of small peptides 

(Figure 2.16). 
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Figure 2.16 },2-bis-aminocyclohexane moiety as building block for p eptide receptors. 

In order to investigate more this aspect, binding studies were carried out on receptor 84 

with TBA acetate in MeCN-d3. Sulfonarnidic protons showed intense broadening and, 

thus, only arnidic protons were followed (Figure 2.17). 
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Figure 2.17 Binding titration curves of receptor 84 upon addition of acetate TBA salt in 

CDCl3 and MeCN-d3. 

In comparison with the titration curve obtained in CDCh, the ~omax was lower, but 

saturation was reached after fewer equivalents of guests. For this reason, a higher binding 

constant was found. The curve showed a good fit (error = 6%) with the 1: 1 treating 

program, and the constant calculated was Ka = 1.83.103 M-1
. 
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In case of simple receptors, strong binding constants are obtained preferably in non-polar 

solvents, while a substantial depletion of the binding occurs in more competitive 

media.[I09] In a complex macro cyclic receptor, with multiple hydrogen bonding donors 

and acceptors, however, an internal hydrogen bonding network can stabilise 

conformations not suitable for binding, especially in non-polar media. The interaction 

with the guest may not be strong enough in order to break such network. Better binding 

can occur in more polar media. The interaction with the solvent molecules, in fact, can 

contribute to disrupt the internal hydrogen bonding, leaving the binding site more 

accessible to the substrate. These were the findings of Kilburn and co-workers when they 

studied a complex bis-thiourea macrocyclic receptor for bis-carboxylates (see § 1.10).[82] 

According to the latter discussion, the fact that a higher binding constant was found in the 

more competitive MeCN-dJ corroborates the hypothesis that macrocycle 84, in CDCh, is 

assuming preferably a conformation poorly suitable for binding, due to stabilisation by 

internal hydrogen bonding. 

The results of the binding studies on macro cycle 84 with TBA acetate are summarised in 

Table 2.7. 

Host Guest Error Solvent 
84 TBAOAc 758 9% 
84 TBAOAc 1830 6% MeCN-d3 

Table 2.7 

2.15 Binding studies on macrocycle 85 

Binding studies were carried out on macro cycle 85 with TBA acetate in CDCh. In this 

case both amidic and sulfonamidic protons could be monitored (Figure 2.18). 
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Figure 2.18 Binding titration curves of receptor 85 upon addition of acetate TBA salt in 

CDCIJ. 
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High ilDmax resulted from following amidic protons, while very low ilDmax was registered 

for sulfonamidic protons. This fact seems to indicate that sulfonamidic NH protons are 

less accessible for binding, contrary to the amidic NH protons. The curves could neither 

be fitted with the 1: 1 nor with the 1:2 binding model. The shape of the profiles, however, 

seems to reveal the formation of a 1:2 complex. After the addition of ~ 1 equivalent of 

guest, a change in the slope for the curves was registered without reaching saturation. 

Further evidence was added by the presence of a revelatory 'stall' point in the titration 

curve of the sulfonamidic protons (Figure 2.18 H-b) . Gale and co-workers showed that a 

'stall' point may indicate the formation of a 1: 1 complex which is suddenly followed by 

association of another molecule of guest resulting in a conformational change. [ 11 0) 

Binding studies with the two enantiomers of N-Boc-Phe were carried out in order to see if 

some enantioselectivity was displayed by receptor 85. Disappointingly, almost i.dentical 

titration curves were obtained (Figure 2.19). 
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Figure 2.19 Binding titration curves of receptor 85 upon addition of N-Boc-L-Phe TBA 

salt (left) and N-Boc-D-Phe TBA salt (right). 

The curves showed the same pattern found for the titration. with acetate. The ' stall' point 

is clearly visible in the curve obtained with N-Boc-L-Phe (Figure 2.20) . 
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Figure 2.20 Titration curve for sulfonamidic protons of receptor 85 upon addition of N­

Boc-L-Phe TBA salt. 

The low L1bmax of the sulfonamidic protons and the formation of the 1:2 complex can be 

both explained by the presence of the 'alternate' conformation previously described. 

Moreover, receptor 85, due to the smaller size, is likely more constrained than receptor 

84. For this reason, reorganisation can be more difficult and, therefore, the effects of this 

particular conformation may result accentuated (Figure 2.21). 

Figure 2.21 Possible 'alternate' conformation of receptor 85 in CDCI3. 

According to this model, sulfonamidic NH's are involved in strong internal hydrogen 

bonding, while amidic protons are pointing towards opposite directions, with the 

possibility of interaction with two molecules of guest. 

Substantial evidence in favour of the 'alternate' conformation arose from the crystal 

structure of macro cycle 85, which clearly showed that NH bonds are pointing 

alternatively 'up' and 'down'. 
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Figure 2.22 Crystal structure of macrocycle 85. Thermal ellipsoids drawn at the 30% 

probability level, solvent not shown. 

Besides, crystallographic data clearly showed the presence of internal hydrogen bonding, 

with the distances between N/H .. 0 5 [Nr"05 2.971(7) A] and N2H"06 [N2· .. 06 2.777(6) 

A] being in the typical range of the hydrogen bonding interactions. N3H and N4H 

displayed hydrogen bonding with molecules of solvent (MeOH) [N3 .. ·0 g 2.795(6) A, 

N4'''07 2.886(6) A] (Figure 2.23). 
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Figure 2.23 Extended structure of macrocycle 85 showing the hydrogen bonding 
network. 

Although a conformation adopted by a particular molecule in the solid state can undergo 

dramatic changes upon solvation, the structure or receptor 85 seems to be quite rigid and, 

hence, the crystal structure showed in Figure 2.22 might represent realistically the 

conformation assumed in a non-polar solvent, such as CDCh. 

Binding studies, finally, were carried out on receptor 85 with TBA acetate in MeCN-d3. 

The profile of titration curve of the amidic protons seemed to indicate the presence of a 

1: 1 binding stoichiometry. The curve gave a reasonable fit (11 % of error) with the 1: 1 

treating program. Again, as in the case of receptor 84, some improvement was obtained 

performing the titration in MeCN-d3. The binding constant (Ka = 989 M· l
) , however, 

resulted considerably lower than the one obtained with macro cycle 84, probably because 

of the higher rigidity. 
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2.16 Synthesis of macrocycle 86 

Receptors 84 and 85 showed no enantioselectivity towards N-Boc-phenylalanine. They 

displayed, however, good solubility in the most commonly used solvents. For this reason, 

a further attempt to obtain some enantioselectivity by using a similar framework was 

made. With this purpose, the tartrate moiety was incorporated in the 1,2-bis­

aminocyc1ohexane based scaffold resulting in the highly chiral macrocyc1e 86 (Scheme 

2.9). 

o 02S h S02 

0', NH HNX) 
x2TFA 

NH2 H2N "1 

a 

o 
os~so 2. I 2 

0', NH HN0 

NH HN)"'/ 

o~o 
20% 

83 
BnO OBn 

86 

Scheme 2.9 Reagents and conditions: a) 78, Et3N, MeCN. 

Macrocyc1e 86 was synthesised by coupling the bis-amine precursor 83 with the available 

tartaric acid bis-chloride 78 under the same conditions used for receptor 79. The yield 

was slightly improved. 

2.17 Binding studies 

Binding studies were carried out in CDCh with the two enantiomers of N-Boc­

phenylalanine. During the titrations, amidic and sulfonamidic protons remained almost 

unperturbed upon addition of both guests. A IH NMR spectrum of the host was then 

recorded in presence of one equivalent of acetate, in order to check if the previous result 

was depending on the size of the guest. Again, no change was observed (Figure 2.24). 
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Figure 2.24 1 H NMR spectrum of neat macrocycle 86 and after addition of one 

equivalent of acetate TBA salt. Spectra recorded in CDClj . 

The absence of binding can be explained again with an 'alternate' confonnation assumed 

by the host, this time with additional unfavourable steric hindrance caused by two bulky 

benzyl groups. These suppositions seem to be confirmed by the crystal structure of 

macrocylce 86 (Figure 2.25). 
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C9 

C27 C28 

Figure 2.25 Crystal structure ofmacrocycle 86. Thermal ellipsoids drawn at the 30% 

probability level, non acidic hydrogens omitted for clarity. 

From the crystal structure emerged clearly that the NH bonds were pointing in opposite 

directions, causing a lack of synergy towards a possible anionic guest. The extended 

structure showed the presence of an intermolecular hydrogen bonding network based on 

the NjH··O j [Nl·· ·Ol 3.142(5) A] and N2H ··05 [N2· ··0S 2.842(5) A] interactions between 

adjacent molecules (Figure 2.26). 
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Figure 2.26 Extended structure of macrocycle 86 showing the hydrogen bonding 
network. 

Binding studies were then performed with acetate in MeCN-d3 . In this case, broadening 

of the sulfonamidic protons was observed, while a significant i18max resulted from 

following the amidic protons (~ 1.4 ppm). The curve showed an excellent fit with the 1: 1 

treating program and the constant was Ka = 255 M-I ~ although at the end of this titration 

only ~ 60% of the host resulted bound in the complex. In order to obtain a reliable 

constant, the data should cover a range of about 20-75% of complexed host.[96,97,111 ,1I 2j 

The value obtained, hence, has to be taken only as an indication. 

Although poor binding was showed, the binding was better than in CDCb. Again, the 

affmity towards acetate was enhanced by a more competitive solvent. As for receptor 84, 

this fact suggests that receptor 86 in the non-competitive CDCb is assuming a 

conformation not suitable for binding, due to strong intramolecular hydrogen bonding. 

Binding studies were then carried out in MeCN-d3 with the two enantiomers of N-Boc­

phenylalanine in order to see if the various chirophore moieties displayed by receptor 86 

could induce some chiral recognition. Only sulfonamidic protons could be followed, due 
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to the fact that the amidic protons were extensively obscured by the aromatic peaks of 

both host and guest. The curves could be fitted in the I: 1 treating program with an 

excellent fit. Disappointingly, two similar constants were obtained (Ka = 223 M-1 for the 

Land Ka = 200 M-1 for the D enantiomer). Also in this case, as for acetate, only a poor 

saturation level was reached (~ 60%) and the constants have to be taken as an indication. 

Binding studies carried out on receptor 86 are summarised in Table 2.8. 

=!i~;t'---~=~=~=~=~~;~!.,~-"'-~:=~:~~:~~~~(Hl) _ -~!!g;-'~ __ ~~~!~-= 
.. _~~~~_~ ___ ._~~ .. T/!.:igA.£_~,_ .. _~ ___ ~?2_._._~ __ .HeC.!:!:::EL 
___ !~_~_.!:!.~.l!.q~.:..f.~_E.'2~:J2!!i;L __ . __ ,_?_?1 ____ ~ ___ MeC!:!.:EL 
",_~~§..._"_~_!:!.:!!.9E::.E=f.~~:QTJ!.4 .. ,, ... ,2g~Q .. ___ ... ,._~~~ __ .!1f!.C;:!!::1L 

(* low percentage of saturation) 

Table 2.8 

2.18 Conclusions 
I 

In this chapter, the synthesis of both acyclic and macrocyclic bis-sulfonamide based 

receptors has been described. Acyclic receptors showed a general tendency to form a 1:2 

complex alongside the predominant 1: 1 adduct. The presence of multiple equilibria did 

not allow the correct assessment of the affinity towards carboxylates. It was, therefore, 

decided to overcome this problem with the synthesis of macrocyclic receptors. 

Macrocycle 73 still showed some 1:2 character in presence of acetate, although a clear 

1: 1 binding was obtained with benzoate. A clear-cut 1: 1 behaviour was also showed by 

macro cycle 74 with acetate. Both macrocycles were poorly soluble and hence binding 

studies were limited to DMSO-d6. 

Chiral macro cycles 84, 85 and 86, built from 1,2-bis-aminocyclohexane, showed poor 

affinity for carboxylates, especially in CDCh, and no enantioselectivity was found. These 

results were explained with the hypothesis of an 'alternate' conformation preferably 

assumed by the receptor. Such conformation, unsuitable for binding, is likely stabilised 

by strong internal hydrogen bonding. The rigidity of the cyclohexane rings, moreover, 

can further penalise the reorganisation towards a conformation more favourable for 

binding. This hypothesis was corroborated by the crystal structure of macrocycles 85 and 

86 and by the improved binding obtained in the more competitive MeCN-d3. 

The most relevant results obtained from the binding studies described in this chapter are 

summarised in Table 2.9. 
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(* low percentage of saturation) 

Table 2.9 
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Chapter III 

A New Class of Bis-Sulfonamide Based Macrocycles 

3.1 Introduction 

For macrocycles 84, 85 and 86 carboxylate binding was disfavoured by internal hydrogen 

bonding. The rigidity of the cyclohexane rings, moreover, was a serious impediment to a 

rearrangement towards a conformation more suitable for binding. In order to obtain better 

results, a new class of macrocycles, with increased flexibility, was conceived. With this 

aim, it was decided to build a scaffold incorporating amino acid residues on the side 

'arms' . Apart from rendering the structure more flexible, this strategy consents the 

introduction of chirality from inexpensive starting materials and allows tunability of the 

substituents, depending on the amino acid side chain (Figure 3.1). 

o 
02S~S02 

Tunable R groups -{~_~~) NH HNfL Chirality introduced by 
Ol.-NH HN~ - amino acid residues 

Rigidity or flexibility --'-~J 
~ =~ ~ 
V n' "U' 

Figure 3.1 General scheme of a bis-sulfonamide based macrocycle incorporating amino 

acid residues. 

The two side 'arms' can be tied up by a flexible or a rigid spacer, in order to study the 

effect on the pre organisation. The fact that hydrogen bonding donors and acceptors are 

arranged in a different set up, in comparison with the macrocycles previously described, 

can be seen as another advantage (Figure .3.2). 
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o = Hydrogen bonding donor 

c=> = Hydrogen bonding acceptor 

Figure 3.2 Disposition of hydrogen donors and acceptors for two different classes of bis­

sulfonamide based macrocylces. 

In this manner, the formation of potential intramolecular interactions might result 

disfavoured. 

3.2 Synthesis of macrocycles 87 and 88 

In order to test whether the general scaffold shown in Figure 3.1 could be suitable for 

carboxylate binding, two macrocycles were first conceived (Figure 3.3). 

88 
87 

Figure 3.3 Bis-sulfonamide based receptors with side 'arms ' derived from valine. 

Macrocycle 87 differs from macro cycle 88 only for the more rigid spacer at the 'southern' 

end. Both receptors are built from valine; this particular amino acid was chosen for 

different reasons. The isopropyl groups can increase the solubility in less polar solvents. 

They are reasonably bulky and, for this reason, they might play an active role in 

enantioselective recognition as steric barriers . Furthermore, only a small interaction is 

likely to occur with small carboxylates, such as acetate or benzoate, giving the possibility 

of assessing the 'pure' interaction between the carboxylate anion and the general scaffold 
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shown in Figure 3.1. The fact that the peaks of the isopropyl protons fall in a region well 

away from the amidic and sulfonamic signals, finally, was also considered positively. 

The synthesis of the common precursor bis-acid 90 was accomplished easily in two steps 

from bis-sulfonyl chloride 68 (Scheme 3.1). 

o CI02S ~ S02C1 

a 

72% 

68 

o 
) 

02~ ~ 9~:l 
I, NH HN,L~-

oXoBn BnO 0 

89 

b o 
) 

02S ~ S~:l 
'XNH HN,L~-

o OH HO 0 

97% 

90 

Scheme 3.1 Reagents and conditions: a) H-Val-OBn-TsOH, Et3N, DCM; b) PdlC 10% 

cat., H2, MeOH 

The bis-ester 89 was obtained in good yield by coupling bis-sulfonyl chloride 68 with the 

commercial L-valine benzyl ester. [94] Deprotection by catalytic hydrogenolysis yielded 

bid-acid 90 almost quantitatively. [113] 

F or the synthesis of receptors 87 and 88 the critical macrocyclisation step was carried out 

using CDr as coupling reagent. The choice of this activating agent was determined by the 

clean conditions associated with this kind of coupling, due to the absence of additives.[I14] 

rn some cases macrocyclic products can be obtained only in traces and, for this reason, 

they are difficult to isolate. At this regard, clean conditions can be particularly 

advantageous. Moreover, an example of macrocyclisation with CDr was known from the 

literature. [IOOe] Bis-acid 90 was thus coupled with m-xylylenediarnine and with 1,5-

diaminopentane (Scheme 3.2). 
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87 

6% 

-19AO}-
)AN N~ 

2S-NH H H HN-~ 

~ HN-S02 

02S-N~ ~ HN~ 

-<'1)y ° 
91 
8% 

11% 

Scheme 3.2 Reagents and conditions: a) CD], THF; ],5-diaminopentane; b) CD], THF; 

m-xylylenediamine, Et3N. 

Macrocycle 88 was obtained with an acceptable yield for this type of transfonnation, 

while macrocycle 87 was isolated with a very poor yield. Both reactions were 

accompanied by fonnation of [2+2] macro cycles (91 and 92, Scheme 3.2). The reactions 

were perfonned batchwise. High dilution and slow addition were also tested, but no yield 

improvement was found. The identification of macro cycles 87-88 and 91-92 was made by 

the analysis of the isotopic patterns in the ES-MS spectra.[115] Subsequently, X-ray crystal 

structures of macro cycles 87, 88 and 92 were obtained. Crystal structure of receptor 92 is 

shown in Figure 3.4. Crystal structures of macro cycles 87 and 88 will be discussed in § 

3.10. 
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C3 

011 

Figure 3.4 Crystal structure of macro cycle 92. Thermal ellipsoids drawn at the 30% 

probability level, non acidic hydrogens omitted for clarity. 

Crystallographic data showed extensive intramolecular hydrogen bonding [N3···010 

3.014(11) A, N4···04 3.410(11) A, N 7···02 3.424(11) A, N 8···07 3.113(12) A], as expected 

from a large and flexible macro cycle containing multiple hydrogen bonding donors and 

acceptors. 

3.3 Synthesis of acyclic receptor 93 

Before undertaking binding studies, acyclic receptor 93 was synthesised in order to make 

a direct comparison with macrocycles 87 and 88 (Scheme 3.3). 
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Scheme 3.3 Reagents and conditions: a) CD1, THF; benzylamine, EtJN. 

Again CDI coupling was used. The good yield obtained testified the intrinsic efficiency of 

this method for this particular substrate. The lower yields registered for receptors 87 and 

88, therefore, are to be ascribed to the usually unfavourable free energy associated with 

the formation of a macrocyclic structure. 

3.4 Binding studies on receptors 87, 88 and 93 with acetate in MeCN-dJ 

Receptors 88 and 93 were insoluble in CDCb, but showed good solubility in MeCN-dJ , 

while macrocyc1e 87 was poorly soluble in this solvent. For this receptor, the problem 

was overcome by using sonication in order to obtain solutions suitable for NMR titrations 

(concentration ~ 10-3 M). TBA acetate was used as guest. In all titrations, sulfonarnidic 

protons underwent intense broadening and they could not be followed. Amidic signals, on 

the other hand, showed significantly high ~8max . The titration curve for the arnidic protons 

of receptor 88 is shown in Figure 3.5. 

9.00 

8. 50 • q 
8. 00 ) o,S 4 Sf: 

<¢ I. H-a l 'XNH ~ HN 
7. 50 

o NH a HN 0 
7.00 ~ 
6. 50 88 

0 2 J 4 5 6 7 8 

eq. 

Figure 3.5 Titration curve for H-a proton of receptor 88 upon addition of acetate TBA 

salt in MeCN-dJ. 

A steep slope associated with a large ~8max resulted from the early additions of guest 

solution aliquots . Saturation was then reached around the equivalency point, indicating 
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the presence of strong 1: 1 association. Thereafter, a little inversion of the trend occuned. 

As extensively argued in the previous chapter, this phenomenon may be ascribed to a 

minor formation of the 1:2 complex. The data points were, hence, treated with the 1:2 

curve fitting program. A large constant for the 1: 1 complex was found (Ka I : I ~ 5.7.104 M­

I) accompanied by a considerably smaller value for the 1:2 complex (Kal :2 ~ 6 M-I
). The 

accuracy of the calculation, however, was affected by an approximate fit and the presence 

of nonsensical parameters in the output (see § 2.2). Therefore, the result must be 

interpreted as a rough indication. The signal of the aromatic proton H-b (Figure 3.5) 

followed a continuous trend towards upfields, associated with a very small ~8max . For this 

reason it was not taken into account in the analysis. A similar result was obtained for 

receptor 87 (Figure 3.6). 

9. 00 -,------,--,--,-----,--,--,----., :-, . 
• ! 

8.50 • . j 
I 

<.0 8. 00 : 1 

7.50 : 1· 
7. 00 +---+I_ -+-_ +----+_ -+-_ +----+ 

o 2 4 6 8 10 12 14 

eq. 
87 

Figure 3.6 Titration curve profile of H-a proton of receptor 87 upon addition of acetate 

TBA salt in MeCN-dJ. 

In this case, however, good fit and correct output parameters were obtained with the 1:2 

treating program. Very high values were found for the binding constants (Ka I: I = 1.18.107 

M-I
, Kal :2 = 2.55.103 M- I

) . According to the literature on the limits of applicability of 

traditional NMR titrations in measuring binding constants,[96,97] Kal :1 was beyond the 

limit of accuracy (~ 104
) and thus the value obtained could only be estimated to be > 104 

M- I
. Nevertheless, a picture of an extremely strong binding with acetate in MeCN-dJ 

emerged from the last two experiments. Although the exact values for the association 

constants could not be determined, macro cycles 87 and 88 showed a far greater affmi1Yc 

towards acetate than 1,2-bis-aminocyclohexane based macrocycles 84, 85 and 86 

previously described. 
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Binding studies were then carried out on acyclic receptor 93 under the same conditions. 

As for the acyclic receptors described in the previous chapter, the aromatic Cr H proton 

showed a relatively high ~omax associated with an anomalous trend inversion, this time 

even more pronounced (Figure 3.7). 

8.55 ". y 8.50 - ....... . . . 
• • ) D,S '" S:C 8.45 - .......• . ......... 

'XNH ~ HN • • I- H-al 
<-0 8.40 

o NHb HN 0 
8.35 

d U 
8.25 93 

0 2 4 6 8 10 
eq. 

Figure 3.7 Titration curve for H-a proton of receptor 93 upon addition of acetate TBA 

salt in MeCN-d3. 

Amidic protons H-b were followed and the curve showed a_good fit with the 1:2 treating 

program along with correct output parameters. The calculated binding constants were 

Ka l:l = 3.64'103 M- I and Ka 1:2 = 32 M- I and the errors were estimated to be ~ 10% for 

Kal:l and ~ 5% for Kal:2. Again the general picture of a major 1:1 binding accompanied 

by a minor 1:2 comple~ formation was confirmed for bis-sulfonamide based acyclic 

receptors . 

3.5 Binding studies on receptor 88 with halides 

In order to investigate the affinity of this type of receptors towards other anions, binding 

studies were carried out on macrocycle 88 with the TBA salts of three halides, chloride, 

bromide and fluoride. For the titrations with chloride and bromide, both amidic and 

sulfonamidic protons were followed and reasonably high ~omax were found (~ 1 ppm for 

cr and ~ 0.8 ppm for Br") (Figure 3.8). 
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Figure 3.8 Binding titration curves for amidic (left) and suljomamidic (right) protons of 

receptor 88 upon addition of chloride and bromide TBA salts in MeCN-d3. 

In contrast with the binding studies carried out with acetate, all curves ' showed an 

excellent fit with the 1: 1 treating program and the constants were calculated as the 

average of the values obtained from each different proton (Table 3.1). 

H os.:...t --.:.G:..:u.:..:e~st,--.;;;;~:.:;a-,G;:.;;M:..l.L-) ----:E:..:r.:.-ro:..:r_..:::.S;..;:o.:.-lv..:::.e.;.;;n~t 
88 TBACl 4260 < 1% MeCN-d3 

88 TBABr 1065 2% MeCN-d3 

Table 3.1 

The constants calculated were relatively high. A 4: 1 selectivity in favour of chloride was 

found. 

In the case of TBA fluoride, sulfonamidic protons showed intense broadening. Amidic 

protons, instead, could be followed, although only few equivalents of guest could be 

added before broadening occurred. For this reason, the constant could not be reliably 

calculated. Almost a straight line resulted from the titration (Figure 3.9). 
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Figure 3.9 Titration curve for H-a protons of receptor 88 upon addition of fluoride TBA 

salt. 

The unclear result of this last titration may result from the fact that the relatively acidic 

sulfonamidic NH protons can undergo deprotonation in presence of fluoride. The ability 

of the fluoride anion to deprotonate hydrogen bonding donor groups has been reported by 

Gale and co-workers. [I 16,1 17] 

3.6 Anion templated synthesis of bis-sulfonamide based macrocycles 

Receptors 87 and 88 showed very interesting results with TBA acetate and, thus, it was 

decided to carry on studying the binding properties of this class of macro cycles. From this 

point of view, the yields obtained with CDr mediated couplings, especially in the case of 

receptor 87, were inadequate. In fact, in order to synthesise a family of macrocycles with 

different funcionalities and in a scale large enough to allow extensive investigation, an 

efficient and reliable metho<;lology was needed. For this reason, in analogy with the 

synthesis of crown ethers, whose formation is dramatically accelerated by the presence of 

cationsp 18] it was decided to investigate the opportunity of an. anion templated synthesis. 

Anion templating has started to be studied only recently, compared to cation templating, 

and, besides, it is involved mostly in the formation of complex supramolecular assemblies 

rather than been used in the development of synthetic methodologies. [11 9] Nevertheless, an 

example of anion templated bimolecular macrocyclisation was found in the literature. 

Alcalde and co-workers synthesised a dicationic imidazoliophane. They found that, in the 

presence of stoichiometric amounts of TBA chloride, the yield of macrocyc1e 96 was 

doubled (Scheme 3.4).[1 20] 
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CH3CN N N 
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2CI-N 

94 95 

96 

Scheme 3.4 

Following this encouraging example, it was decided to test if the presence of TBA 

chloride could induce a yield improvement for the preparation of bis-sulfonamide based 

macrocycles. Besides, the good affinity showed by receptor 88 towards the chloride anion 

(see § 3.5) and the fact that the presence of TBA chloride greatly enhanced the solubility 

of macrocycle 88 in DCM were favourable indications. In order to increase the chances of 

a significant interaction with the anion, it was decided to perform the reaction in a non­

polar solvent, such as DCM. For this reason, pentafluorophenol ester of bis-acid 90 was 

prepared in good yield from a modified literature procedure (Scheme 3.5). [121] 

a 

76% 

Scheme 3.5 Reagents and conditions: a) PFP, EDC, DCM 

Pentafluorophenol esters usually display good solubility in non-polar media and that was 

the case of 97. Besides, for a macrocyclisation process, the isolation of the reactive 

intermediates is a benefit, because the number of possibly interfering additives and side­

products is sensibly reduced. In addition, an example of successful macrocyclisation 

involving the coupling between a bis-pentafluorophenol ester and a bis-amine was known 

from the literature. [108] 
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The macrocyclisation reaction was then carried out on activated ester 97 with 1,5-

diaminopentane in presence of one equivalent of TBA chloride. Macrocycle 88 was 

successfully obtained in good yield (Scheme 3.6). 

o 
) 
02S~S~~ 
IX~m HN~~_ 
00 00---

a 

Fhj FF~F 
FYF ~~F 

F F F F 
97 

68% 

88 

Scheme 3.6 Reagents and conditions: aJ 1,5-diaminopentane, TBACl, Et3N, DCM 

The reaction was performed in high dilution (C ~ 10-2 M) and with slow addition. No 

indication for the presence of [2+2] macro cycle 92 was found. In order to ascertain 

whether the improved yield was to be ascribed to the effect of TBA chloride or simply 

due to the different coupling conditions, a control experiment was undertaken. Four 

different reactions were performed under the same conditions described in Scheme 3.6, 

varying exclusively the number of TBACI equivalents. From this experiment, the effect 

of the chloride anion on the yields emerged clearly. The results are summarised in Table 

3.2. 

1 65 
2 79 
4 79 

Table 3.2 

The presence of TBA chloride also improved the selectivity towards the [1 + 1] 

macro cycle 88, since no appreciable amount of the [2+2] macrocycle 92 was recovered in 

presence of the templating agent. The yield of the reaction performed with one equivalent 

is in agreement with the reaction described in Scheme 3.6. Using two equivalents resulted 

in a three-fold increase of the yield for [1 + 1] macrocycle 88. Adding more than two 

equivalents did not produce further improvement. 
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The confonnation assumed by a plausible acyclic intennediate may explain the improved 

yields. A syn-syn confonnation of the side 'anns' can be stabilised by the presence of 

chloride[68l and the intramolecular attack of the amine to the activated carbonyl would 

have a better chance to occur than the intennolecular coupling (Figure 3.10). 

D 
) 02~ 9~0 F. F 

I, . N'
H 

H.N _ 

;( CI r x=-o'O F 
o w H (x o ~ 
~NH2 F F 

Figure 3.10 Proposed mechanism for chloride mediated templating effect. 

The fact that a very similar model was validated, after extensive kinetic studies, for 

macro cycle 96'p22l which is similar in size to macro cycle 88, gives some support to the 

mechanism proposed in Figure 3.10. Further investigations, however, are to be done in 

order to understand the real effect of chloride in this particular reaction and the study of 

the effects of other anions is particularly desirable. 

The same conditions were applied successfully to the synthesis of macrocycle 87 

(Scheme 3.7). 
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Scheme 3.7 Reagents and conditions: a) m-xylylenediamine, TBACl, Et3N, DCM 

With this method, macrocycle 87 was obtained with a 45% overall yield from bis-acid 90, 

resulting in a seven-fold increase compared to the method previously used. 
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3.7 Binding studies on receptor 88 with simple anions in MeCN-d3/2% H20 

Macrocycle 88 showed a strong affinity towards acetate (see § 3.4). However, this affinity 

could not be assessed properly because of the probable presence of minor 1:2 

complexation. In order to solve this problem, titrations were conducted in presence of a 

small amount of water. This choice was made with the intent to limit secondary 

interactions, allowing a more accurate measure of the binding, possibly using the 1: 1 

model. Addition of water is current practice in NMR titrations and is normally used in 

order to standardise the moisture in polar solvents or to reduce the values of binding 

constants otherwise exceeding the maximum measurable limit. [56,75,76] 

During the titrations, only amidic protons could be followed. A water content of 1 % v/v 

produced an improvement of the fit compared to the neat MeCN-d3, but several points 

resulted still untouched by the trajectory of the curve calculated with the 1: 1 treating 

program. Conversely, an excellent fit was obtained with a water content of 2% (Figure 

3.11). 

8.7 1 .. 
.' 

MeCN-d3 

'.7 • 6.99"-----------' 
Cone. of gl.leSt 1.2e-2 2.ge-4 Cone. of guest 2.9e-2 2.7e-4 Cone. of guest 

Figure 3.11 Effect of the water content on the titration curve for the amidic protons of 

receptor 88 upon addition of acetate TBA salt in MeCN-d3. Curves calculated with the 

1: 1 treating program. 

A binding constant, thus, could be accurately measured in this competitive solvent and 

the value obtained was Ka = 540 M-1
. Binding studies were then performed on receptor 

88 with other anions in the same solvent mixture (Figure 3.12). 
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Figure 3.12 Binding titration curves for amidic protons of receptor 88 upon addition of 

the TBA salts of different anions in MeCN-dj I2% H2O. 

All curves obtained showed ex:cellent fit with the 1: 1 treating program. With the 

dihydrogen phosphate anion, as in the case of acetate, sulfonamidic protons underwent 

intense broadening and only amidic protons could be followed. Conversely, with chloride 

and bromide, both signals could be followed and thus the binding constants resulted from 

the average of two values. From Figure 3.12, the preference of receptor 88 for the acetate 

anion is clear, as confirmed by the values calculated for the binding constants (Table 

3.3). 

Host Guest Ka (M!) Error Solvent 
88 TBAOAc 540 < 5% MeCN-d/ 2% H2O 
88 TBAH2P04 281 < 5% MeCN-d/ 2% H2O 
88 TBACl 183 2% MeCN-d/ 2% H2O 
88 TBABr 111 2% MeCN-d/ 2% H2O 

Table 3.3 

. A preference for the oxyamons was found. Acetate was preferred over dihydrogen 

phosphate with a 2: 1 selectivity. For the halides, chloride was still preferred over 

bromide, although the selectivity was attenuated by the presence of water (see § 3.5). 

In conclusion, macrocycle 88 was found to be a good selector for acetate in the solvent 

mixture MeCN-d j /2% H20. 

3.8 Synthesis of macrocyde 102 

Receptor 87 displayed interesting binding properties towards acetate in MeCN-dj . 

However, the solubility in this solvent was poor, resulting in a laborious preparation of 

88 



Chapter 111 A New Class of Bis-Sulfonamide Based Macrocycles 

the solutions for the binding studies. In order to overcome this problem, along with the 

purpose of improving the solubility in CDCh, an analogue of macrocycle 87 was 

designed. It was decided to introduce a long greasy chain on the aromatic spacer at the 

'southern' end. Therefore, modified m-xylylenediamine 101 was synthesised from 5-

hydroxyisophtalate 98 in four steps with a reasonable 30% yield (Scheme 3.8). 

o 0 

M'O~OM' 
OH 

98 

o 0 

a,b HO~OH 
72% Y 

o 

~99 

Scheme 3.8 Reagents and conditions: a) l-iodooctane, K2C03, acetone; b) 50:501,4-

dioxane/l.5 M LiOH; c) PCI5; NH3 sat. DCM; d) LiAtH4, THF. 

5-Hydroxyisophthalate was alkylated with l-iodooctane following a procedure by Slater 

and co-workers. [123] The resulting bis-ester was not purified and hydrolysis followed to 

give bis-acid 99 in good overall yield. Bis-amide 100 was then prepared in high yield 

modifying a literature procedure.[124] Bis-amine 101 was finally obtained in acceptable 

yield after reduction with LiAIH4. [125] 

Macrocycle 102 was synthesised by coupling bis-amine 101 with pentafluorophenol ester 

97 in presence of TBA chloride (Scheme 3.9). 

Scheme 3.9 Reagents and conditions: a) 101, TBACt, Et3N, DCM 
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The yield was lower than III the case of macro cycle 88, but still good for a 

macrocyclisation reaction. 

3.9 Binding studies on receptor 102 in CDCh 

Receptor 102 showed good solubility in MeCN-d3. In CDCh the solubility was limited to 

low concentrations of macrocycle. The spectrum recorded in this solvent showed a bad 

resolution of the peaks. Nevertheless, a NMR titration of receptor 102 with TBA acetate 

in CDCh was made, hoping that the effect of the anion might contribute to obtain a better 

resolution. Upon addition of guest solution, the NMR spectrum was undergoing 

significant changes, but the signals could not be followed due to bad resolution and 

merging of the peaks (Figure 3.13). 

'1.'5 7.'0 b 5'0 5:5 5,'0 ;,5 io 

1 equivalent 

,i. Ii Ii.,.' iii III", .]1", j j' iii 

J.5 J.G 2.5 2.0 1.5 1.0 G .. 

5 equivalents lJJ~~ ~ l 
Figure 3.13 1 H NMR spectrum of neat receptor 102 and after addition of one and five 

equivalents of acetate TBA salt. Spectra recorded in CDCiJ, 

A better resolution was obtained recording a spectrum of macro cycle 102 in CDCh/2% 

MeOH (Figure 3.14). 
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Figure 3.14 Comparison between the 1 H NMR spectra of receptor 102 recorded in 

MeCN-dJ and in CDCIJI2% MeOH 

In comparison with the spectrum recorded in MeCN-dJ , some peaks appeared clearly to 

be split into a major and a minor component (Figure 3.14). This fact is consistent with 

the presence in solution of a major and a minor conformation, whose interconversion is 

slow in the NMR time-scale. No further studies were carried out in this solvent. 

3.10 Binding studies on receptor 102 in wet MeCN-dJ 

Binding studies with different anions were carried out on macro cycle 102. In contrast 

with receptor 88, an excellent fit was found with acetate in MeCN-dJI1 % H20 . A series of 

binding studies were thus performed in this solvent mixture. 

:~ .-t- ~++ 

~ 111 .i;:t~:ftI·£ 
7.25 .. ---1---1- ·-+-· 
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A H2P04 
c CI 
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Figure 3.15 Binding titration curves for amidic protons of receptor 102 upon addition of 

the TBA salts of different anions in MeCN-dJl l % H2O. 
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As in the cases previously studied, during the titrations with oxyanions, sulfonamidic 

protons underwent intense broadening and thus only amidic protons were followed, while 

both signals could be followed with halides. As in the case of receptor 88, macrocyc1e 

102 was selective for acetate (Table 3.4). 

Host Guest Ka (MI2 Error Solvent 
102 TBAOAc 2690 < 5% MeCN-djl% H2O 
102 TBAH2P04 866 < 5% MeCN-dj l % H2O 
102 TBACl 328 11 % MeCN-dj l% H2O 
102 TBABr "134 13% MeCN-djl% H2O 

Table 3.4 

Again oxyanions were preferred over halides. The selectivity in favour of acetate over 

dihydrogen phosphate was ~ 3: 1. A sensible error was found for the halides. 

In order to compare receptors 102 and 88 and to assess the effect of increasing the water 

content of the solvent, titrations with the same guests were performed in MeCN-d;l2% 

H20 (Figure 3.16). 
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Figure 3.16 Binding titration curves for amidic protons of receptor 102 upon addition of 

the TBA salts of different anions in MeCN-dj I2% H2O. 

As usual, sulfonamidic protons underwent intense broadening with oxyanions. For 

bromide only amidic protons could be followed because of the superimposition of 

sulfonamidic protons with other signals. For binding studies with halides, the accuracy 

was affected by low percentage of saturation. All binding constants resulted considerably 

reduced by the increased water content (Table 3.5). 
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(* low percentage of saturation) 

Table 3.5 

Compared to the values obtained in MeCN-d311 % H20, a seven-fold decrease resulted for 

the affinity towards acetate. Selectivity was also affected. It was registered a decrease 

from ~ 3: 1 to ~ 2: 1 for the preference for acetate over dihydogen phosphate and a ~ 9: 1 to 

~ 3: 1 drop for the selectivity over the chloride anion. 

A control experiment was perfonned on receptor 87 with acetate in order to check if the 

greasy chain at the 'southern' end of macro cycle 102 was somehow affecting the binding. 

A good fit resulted with the 1: 1 treating program and a very similar constant was found 

(Ka = 351 M"l). In Table 3.6 are reported the values found for receptors 87, 88 and 102. 

Table 3.6 

Flexible macrocycle 88 displayed better binding with anions than more rigid receptors 87 

and 102. This fact may indicate that these receptors are not well preorganised to bind 

anions. In fact, flexibility can help receptor 88 to reorganise into a confonnation more 

suitable for binding, while for receptors 87 and 102 this process can be more expensive in 

tenns of free energy. Further corroboration to this hypothesis was provided by the crystal 

structures of receptors 87 and 88. Macroclycle 87 crystallised with two molecules of 

water (Figure 3.17). 
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01 

C12 

Figure 3.17 Crystal structure of macrocycle 87. Thermal ellipsoids drawn at the 35% 

probability level, non acidic hydrogens omitted for clarity. 

The crystal structure showed clearly that the NH bonds were pointing alternatively in 

opposite directions. 

The extended structure revealed an interesting hydrogen bonding network constituted by 

dimers in which the sulfo~amide units on adjacent molecules are linked together by four 

intermolecular hydrogen bonds (NjH"03 [N1 "'03 2.881(4) A] and N2H"Oj [N2"·OI 

2.945(4) A] for each unit). Amidic NH bonds are contributirig to the network with the 

N3H"06 [N3" '06 2.849(4) A] interaction and by coordinating the molecules of the 

solvent (Figure 3.18) . 
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Figure 3.18 Extended structure of macrocycle 87 showing the hydrogen bonding 
network. 

Although macrocycle 88 crystallised with one molecule of MeOH, the crystal structure 

showed many similarities with macro cycle 87 (Figure 3.19). 
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01 

Figure 3.19 Crystal structure of macro cycle 88. Thermal ellipsoids drawn at the 35% 

probability level. 

Again, the crystal structure showed clearly that the NH bonds were pointing alternatively 

in opposite directions. Also in this case, the extended structured showed an interesting 

hydrogen bonding network, with the sulfonamide units of two adjacent molecules 

embedded together by four hydrogen bonds (NIH-"O l [N1"'O I 2.904(2) A] and N4H-"04 

[N4···04 3.012(2) A] for each unit). Amidic NH bonds are contributing to the network 

with the N3H-"05 [N3"'OS 2.912(2) A] interaction and by coordinating the molecule of 

the solvent (Figure 3.20). 

96 



Chapter III A New Class of Bis-Sulfonamide Based Macrocycles 

Figure 3.20 Extended structure of macro cycle 88 showing the hydrogen bonding 
network. 

Crystal structures of macrocycles 87 and 88 showed again an 'alternate' conformation, 

similar to that found for receptors 85 and 86. Receptors 87 and 88, however, did not 

suffer from the severe conformational restrictions induced by the cyclohexane rings 

present in macrocycles 84-86. For this reason, they are likely allowed to rearrange in 

order to display efficacious binding with carboxylates. 

Despite several attempts, a crystal structure of a complex of receptor 87 or 88 with acetate 

or other anions had not been obtained, preventing the attainment of a conclusive picture 

of the binding mode between receptors 87, 88 and 102 and their anionic guests. 

3.11 Binding studies on receptor 88 in DMSO-d6 

Binding studies on receptor 88 were carried out ill DMSO-d6 with TBA acetate. 

Sulfonamidic protons underwent intense broadening, while amidic protons showed a 

modest, although appreciable, change in the chemical shift. An unusual pattern was found 
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for the curve, similar to those described in § 3.4 for macro cycles 87 and 88 in MeCN-d3 

(Figure 3.21). 
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Figure 3.21 Titration curve for H-a protons of receptor 88 upon addition of acetate TBA 

salt in DMSO-d6. 

Very poor fit resulted with the 1:2 treating program and the output parameters were 

nonsensical (see § 2.2) . However, the values of the binding constants so obtained (Kal :J ~ 

103 M- l and Ka1:2 ~ 10 M-l) are consistent with the general picture ofa strong 1:1 binding 

accompanied by a minor formation of the 1:2 complex. For aromatic protons H-b, an 

unusually large upfield ~8max was registered (~ 0.35 ppm) (Figure 3.22). 
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Figure 3.22 Titration curve for H-b protons of receptor 88 upon addition of acetate TBA 

salt in DMSO-d6. 

This fact corroborates the hypothesis that receptor 88 undergoes an important 

conformational rearrangement in order to bind acetate. The titration curve of H-b protons 

showed an excellent fit with the 1:2 treating program, although the low percentage of 
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saturation affected the accuracy of the calculation. The values obtained were Kal:1 = 928 

M-1 and Kal:2 = 6 M-1
, consistent with those calculated from the amidic protons. 

The 1:2 binding in DMSO-d6 may be the result of a different conformation assumed by 

receptor 88 in this solvent. DMSO-d6, in fact, is responsible of a high degree of solvation 

of the hydrogen bond donor moieties, and this can produce a different conformation of 

the macrocycle compared to other solvents. This effect can be seen by comparing the I H 

NMR spectra recorded in MeCN-d3 and DMSO-d6• Some signals, especially those related 

to the NH groups, showed marked differences (Figure 3.23). 
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Figure 3.23 IH NMR spectra of macro cycle 88 in MeCN-d3 and DMSO-d6. 

The strong interaction between the solvent molecules and the NH protons of receptor 88 

is reflected by the substantial difference in chemical shift recorded in DMSO-d6 in 

comparison with MeCN-d3IH20 mixtures. Macrocycle 87 also displayed this large 

variation in chemical shift (Table 3.7). 

Table 3.7 

3.12 Binding studies with N-Boc-phenylalanine 

In order to test if receptors 88 and 102 were suitable for chiral recognition, binding 

studies were carried out with the TBA salts of the two enantiomers of N-Boc­

phenylalanine. IH NMR titrations on receptor 88 were performed in MeCN-d312% H20. 
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As usual, sulfonamidic protons showed intense broadening, while amidic protons could 

be followed. The curves could be fitted in the 1: I treating program with an excellent fit. 

The constants obtained for the two enantiomers were very similar (Ka = 264 M-1 for Boc­

L-Phe and Ka = 241 M-1 for Boc-D-Phe), with a very low preference for the L enantiomer. 

A more marked, although still low, selectivity for the L enantiomer was found for 

receptor 102 in MeCN-d3/1 % H20 (Ka = 742 M- 1 for Boc-L-Phe and Ka = 582 M-1 for 

Boc-D-Phe). The results for receptors 88 and 102 are summarised in Table 3.8. 

Host Guest Ka (MI2 Error Solvent Selectivi9!. (L1D2 
88 N-Boc-L-Phe-OTBA 264 < 5% MeCN-d312%H2O 1.1: 1 
88 N-Boc-D-Phe-OTBA 241 < 5% MeCN-d/ 2%H2O 
102 N-Boc-L-Phe-OTBA 742 < 5% MeCN-d/ 1% H2O 1.3:1 
102 N-Boc-D-Phe-OTBA 582 < 5% MeCN-d/ 1% H2O 

Table 3.8 

An explanation of the low enantioselectivity may be found in a possible binding mode of 

receptors 88 and 102 with the carboxylate anion. In fact, it is possible that the macrocycle 

is able to bind only one oxygen atom of the carboxylate, in a manner that the amino acid 

side chain is far from the chirophore isopropyl groups of the receptor, reducing the 

chances of selective steric repulsion (Figure 3.24). 

Figure 3.24 Possible binding mode between receptor 88 and an amino acid carboxylate. 

A · binding mode with a carboxylate anion involving only one oxygen atom was well 

illustrated by the crystal structure of a complex between a tetralactam macro cycle and 

TBA acetate obtained by Jurczak and co-workers (Figure 3.25). [126] 
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Figure 3.25 Complex between TBA acetate and Jurczak 's tetralactam macrocylce. 

Another example of this particular binding mode was provided by Sessler and co­

workers, with the crystal structure ofa calix[4]pyrrole carboxylate dimer.[1 27] 

3.13 Synthesis of macrocycle 108 

Macrocycle 88 displayed better binding with acetate compared to macro cycles 87 and 

102. However, receptor 88 was insoluble in CDCb and, for this reason, it could not be 

tested in this solvent. Therefore, it was decided to synthesise a more soluble macrocycle 

with a flexible chain at the ' southern end'. Lipophilic bis-aminoether 107, derived from 

lysine, was chosen to replace the 1,5-diaminopentane moiety in macrocycle 88 (Scheme 

3.10). 
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Scheme 3.10 Reagents and conditions: a) BOC20 , 2 M NaOH, 50:50 1,4-dioxaneIH20 ; b) 

N-hydroxysuccinimide, EDC, DCM; c) LiAIH4, THF; d) l-iodooctane, TBAHS04 cat., 

50% NaOHIH20, Toluene; e) 80:20 DCMlTFA. 

L-Lysine monochloride 103 was protected with excellent yield following a procedure by 

Rudkevich and co-workers.[l 28] Acid 104 was activated with N-hydroxysuccinimide[1 29] 

and then reduced in presence of LiAlt4 with reasonable yieldY30] Protected lysinol 105 

was alkylated with 1-iodooctane in good yield under phase-transfer catalysis conditions 

modifying a literature procedure.[l 31] Deprotection in standard conditions yielded [mally 

bis-aminoether 107, which was readily coupled with pentafluorophenol ester 97 to give 
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receptor 108 m good yield under the anion-templating conditions previously used 

(Scheme 3.11). 
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Scheme 3.11 Reagents'and conditions: a) 107, TBACl, Et3N, DCM 

3.14 Binding studies with acetate 

Receptor 108 resulted to be soluble in CDCb and thus binding studies could be carried 

out in this solvent. Following the different protons had proven to be more difficult than 

for other receptors because of the desymmetrisation induced by the substituted spacer at 

the 'southern' end. In fact, the number of NH signals was doubled, while their intensities 

were halved. Amidic peaks were assigned on the basis of C-H long range correlation 2D 

NMR. Sulfonamidic peaks could not be distinguished by this technique. A NMR titration 

was carried out on receptor 108 with TBA acetate as guest. Amidic proton H-a and one 

unassigned sulfonamidic proton were followed (Figure 3.26). 
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Figure 3.26 Binding titration curves for amidic p roton H-a and a sulfonamidic p roton 

(H-b) of receptor 108 upon addition of acetate TBA salt in CDCI3. 

An appropriate number of data points could not be obtained for amidic H-c due to 

superimposition with various signals. Amidic proton H-a displayed a high ~8max (~ 2 
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ppm) and the curve profile seemed to indicate the presence of a 1:2 complex. The curve 

could be fitted with the 1:2 treating program, although poor fit and low percentage of 

saturation undermined the accuracy of the results . The indicative values obtained for the 

two constants were Kal:l ~ 5'104 M-I and Ka1:2 ~ 20 M- l
. Again the picture of a strong 1: 1 

binding accompanied by a minor formation of a 1:2 complex was confirmed. A 

sulfonamidic proton showed extensive superimposition with various signals and, 

eventually, intense broadening. The curve obtained by following the other sulfonamidic 

proton could neither be fitted in the 1: 1 nor in the 1:2 treating program, due to the early 

broadening of signal (Figure 3.26). 

The two amidic protons showed comparable changes in chemical shift upon addition of 

acetate, indicating similar participation in hydrogen bonding with the guest. Sulfonamidic 

protons, conversely, showed a markedly different ~8 (~ 0.9 ppm vs. ~ 2.5 ppm) after 

addition of two equivalents of guest. This fact indicated that one sulfonamidic proton was 

less involved than the other one in hydrogen bonding with acetate (Figure 3.27). 

I 6.'0 I I I I 5.'5 I I I I 5.'0 I I I I 4. 

108 + 2 eq. of TBAOAc 

'0 Iii, 8.'5 I I I i 8.'0 iii, 7.15' I I '/O I I I 16.15 I , j i 6.'0 I ii i 5.15 ' i , ' 5.'0 I , 
Iii 

4. 

Figure 3.27 Changes in chemical shift for amidic (. , +) and sulfonamidic (+, ~) protons 

of receptor 108 after addition of two equivalents of acetate TBA salt in CDCiJ. 

From the latter finding, for receptor 108 in CDCb, it is possible to assume a binding 

mode involving the synergistic action of essentially three NH protons, two amidic and one 

sulfonamidic. 

In order to assess the influence of the introduction of a 'greasy' chain at the 'southern' 

end, a NMR titration was performed on receptor 108 with acetate in MeCN-d312% H20. 

In this case, only H-a was followed, due to superimposition with various signals of H-c 

and the intense broadening of sulfonamidic peaks. In comparison with receptor 88, a 

lower binding constant was obtained (Ka = 303 M- l
, error < 5%). Therefore, in contrast 
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with the case of receptor 102, the aliphatic chain attached to the 'southern' end of 

inacrocycle 108 affected negatively the binding with acetate. 

3.15 Binding studies with halides 

Binding studies were carried out on receptor 108 with TBA chloride and TBA bromide in 

CDCb. In both cases, appropriate sets of data points could be taken only for the amidic 

proton H-a (Figure 3.26) and for one of the sulfonamidic protons. In all cases, the curves 

showed a clear 1: 1 profile (Figure 3.28). 
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Figure 3.28 Binding titration curves for amidic proton H-a and a sulfonamidic proton of 

receptor 108 upon addition of chloride TBA salt (left) and bromide TBA salt (right) . 

Again, as in the case of acetate, a low ~8max resulted from a sulfonamidic proton. The 

other one could not be followed due to intense broadening. This result is consistent with a 

binding mode involving chiefly three NH protons, as described in the previous paragraph. 

With both halides, the binding was too tight to obtain accurate constants. For all curves, 

values exceeding 105 M- l were calculated, with the exception of the titration curve of the 

H-a proton with chloride, which gave a calculated constant of 2.1.104 M- l
. According to 

the literature on the limits of applicability of traditional NMR titrations in order to 

measure association constants, [96,97] for chloride and bromide binding constants were 

estimated to be > 104 M- l
. 

A connection is likely to exist between the very high affInity of receptor 108 for halides 

in CDCb and the high yields for the formation of macro cycles 87, 88, 102 and 108 in 

presence of TBA chloride in the similar solvent DCM. Due to time constraints, this aspect 

could not be investigated further. Therefore, a more profound study on the relationship 

between anion complexation and anion-templating effect is highly desirable. 
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3.16 Conclusions 

In this chapter, the synthesis of a new family of sulfonamide-based macrocycles has been 

described. Macrocycles 87, 88, 102 and 108 were prepared via a relatively efficient 

anion-templated process. Stronger affinity towards carboxylates was found, in 

comparison with macrocycles reported in the previous chapter. By measuring the binding 

constants in MeCN-d3 in presence of a known amount of water, accurate values for 1: 1 

complexes were obtained allowing comparisons among different anions and different 

receptors. Receptors 88 and 102 had proven to be selective for acetate. Flexible 

macro cycle 88 showed better binding with TBA acetate, compared to more rigid 

macrocycles 87 and 102, suggesting the idea of a general lack of preorganisation for 

carboxylate binding. Crystal structures of receptors 87 and 88 added further corroboration 

to this assumption. No appreciable enantioselectivity was found for receptor 88 with the 

two enantiomers of N-Boc-phenylalanine and modest preference (1.3: 1) for the L 

enantiomer was showed by receptor 102. Soluble receptor 108 showed strong affinity 

towards halides in CDCh. This fact is likely to be connected with the anion-templating 

effect displayed by TBA chloride in the synthesis of macro cycles 87, 88,102 and 108. 

The most relevant results obtained from the binding studies described in this chapter are 

summarised in Table 3.9. 
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Chapter IV 

Bis-Sulfonamide Based Macrocycles Bearing Polar Groups 

4.1 Introduction 

Macrocycles 88 and 102 displayed good binding and selectivity for carboxylate anions. 

However, poor enantioselectivity was found in binding studies with the two enantiomers 

of N-Boc-phenylalanine. This result was explained assuming a binding mode in which the 

chirophore groups of host and guest are at considerable distance from each other (see § 

3.12). On the basis of this assumption, it was decided to derivatise the macro cyclic 

scaffold with polar groups, with the purpose of introducing additional interactions with 

the guest. In this manner, closer proximity between host and guest can be favoured, 

enhancing the chances of enantioselectivity (Figure 4.1). 

0 X= 
N"'l From His 

~'" --( \ 
~NH 

-N "X X = -OH From Ser 
Q " 02~ 0 ." Ph 0 NH' 

/ I" ~ I X = ~NH2 From Asn X 0 
0/ NH" 'HN 0 

~ 
X= ~NH2 From Gin 

0 

Figure 4.1 Possible effect of introducing polar groups in bis-sulfonamide based 

macroclycles. 

Polar groups can be introduced easily by varying the side chain of the ammo acid 

precursor. It was, therefore, decided to incorporate a~ imidazole moiety starting from a 

histidine derivative, a hydroxyl group from a serine derivative and a primary amide 

moiety with two different spacers from asparagine and glutamine derivatives (Figure 

4.1). Because of the better binding found for flexible receptor 88, compared to more rigid 

87 and 102, it was decided to incorporate the flexible 1,5-diaminopentane spacer at the 

'southern' end. 
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4.2 Synthesis of macro cycle 112 

In order to incorporate two imidazole groups in a bis-sulfonamide based macrocyclic 

scaffold, bis-acid 110 was obtained easily in two steps from bis-sulfonyl chloride 68 

(Scheme 4.1). 

Scheme 4.1 Reagents and conditions: a) H-His(r-Trt)-OMe·HCI, Et3N, DCM; b) 60:40 

I,4-dioxane/J M LiOR 

Bis-sulfonyl chloride 68 was coupled with trityl-protected hystidine methyl ester to give 

bis-ester intermediate 109 in good yield. Bis-acid 110 was obtained after hydrolysis in 

excellent yield. 

Disappointingly, all attempts to obtain the pentafluorophenol ester ofbis-acid 110 failed. 

It was thus decided to try a variety of different coupling procedures[132] in order to 

synthesise protected macro cycle 111 (Scheme 4.2). 

Scheme 4.2 

Only CDI coupling, among the various methods, gave access to macro cycle 111, with a 

very low yield. Table 4.1 summarises the different coupling conditions which had been 

tested. 
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Table 4.1 

CDI coupling had proven to be scale-sensitive. Several reactions on small scale, hence, 

were performed in order to accumulate a viable amount of macro cycle 111. 

A possible explanation of the reluctance to cyclise showed by bis-acid 110 can be found 

in the presence of two imidazoles in the molecule. It has been proven that trityl-protected 

imidazoles can act as nucleophiles. [I33] Therefore, the hydrolysis of the activated ester can 

be initiated by intramolecular nucleophilic attack from the neighbouring imidazole group 

(Figure 4.2). 

Figure 4.2 Proposed mechanismfor the hydrolysis of the activated ester ofbis-acid 110. 

In another piausible mechanism, the imidazole group can hydrolyse the activated ester 

acting as a neighbouring base. [134] 

Macrocycle 111 was finally deprotected[135] to give receptor 112 (Scheme 4.3). 

o 
os~so 2. I 2 

TrtN~/yNH HN~NTrt 
\;::::N O~NH HN~O N==::/ 

~ 

a 
o 

os~so 2. I 2 

HN~/,'(NH HN~NH 
\;::::N O~NH HN~O N==::/ 

~ 

60% 

111 112 

Scheme 4.3 Reagents and conditions: a) TF A. 
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The harsh conditions used for the deprotection might have caused the relatively low 

efficiency of this transformation. 

4.3 Binding studies 

Macrocyc1e 112 was insoluble in the most commonly used solvents, with the exception of 

MeOH and DMSO. For this reason, binding studies were carried out in DMSO-d6 with 

TBA acetate. Sulfonamidic protons could not be followed due to intense broadening, 

while the amidic protons did not show significant changes in the chemical shift. 

Conversely, a considerable ~()max towards upfield was registered for the CH protons on 

the imidazole groups (Figure 4.3). 

~ -0.50 
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-0.75 - ... - .~, .... .. -~ .... ' ..•...... + ..•...... t ...... +...+ ..... :-.. _ ..... , ._ .. + ....... ..,. ....... ,-
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~/,. NH HNd HN -, .. ( NH 

'=-N O~NH HN 0 N,,=\ 
~ Ha 

112 
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Figure 4.3 Titration curves for H-a and H-b protons ofreceptor 112 upon addition of 

acetate TBA salt in DMSO-d6. 

The curves seem to indicate a tight 1: 1 binding, although, in the range between one and 

two equivalents of guest added, a deviation from the 1: 1 pattern seems to occur. The 

curve obtained from following H-a protons could be reasonably fitted in the 1: 1 treating 

program and a considerably high constant was obtained (Ka > 104 M- 1
). The curve 

obtained from H-b protons resulted poorly fitted in the 1: 1 treating program and gave the 

indicative value ofKa ~ 6.103 M- 1
. Binding studies were repeated in the more competitive 

solvent mixture DMSO-d6/5% H20 (Figure 4.4). 
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~ 
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Figure 4.4 Titration curves for H-a and H-b protons of receptor 112 upon addition of 

acetate TBA salt in DMSO-d6i'5% H2O. 

A part from the fact that the deviation from the 1: 1 pattern had disappeared, no other 

change from the titration conducted in neat DMSO-d6 was registered. Again, amidic 

protons did not show significant changes upon addition of the guest solution and similar 

~8max for H-a and H-b were registered. High values for the binding constants, considering 

the . solvent used in the titration, were calculated from an acceptable fit with the 1: 1 

treating program (Ka = 6.47 '103 M- 1 for H-a and Ka = 4.45 '103 M- 1 for H-b). 

The fact that the increased water content had very little influence on titration curves and 

the negligible ~8max observed for amidic protons were in contrast with the general pattern 

of anion binding showed by bis-sulfonamide based macrocycles previously described. At 

this regard, the possibility that one or both imidazole groups might remain protonated 

after purification was considered. In that case, macrocycle 112 would be present in 

solution as a TF A salt. Therefore, upon addition of guest aliquots, acetate would replace 

the non-basic TF A anion as counterion of the protonated imidazole groups. According to 

this hypothesis, the upfield shift would be caused by the formation of a new ionic couple 

between macrocycle 112 and the more basic' acetate anion. 

Evidence that macrocycle 112 was obtained as a TFA salt arose from 19F NMR, which 

indicated the presence of trifluoroacetate. The elemental analysis, moreover, indicated the 

bis-protonated species as the more likely (Table 4.2) . 

C (%2 H(%2 N(%2 
112 47.74 5.23 19.36 

112'TFA 43.35 4.51 16.18 
112'2TFA 40.20 4.00 13.89 

Found 39.91 4.19 13.10 

Table 4.2 
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Due to the fact that macro cycle 112 was obtained as bis-TF A salt, the yield of the 

deprotection step (Scheme 4.3) had to be recalculated (42%). The curves shown in 

Figure 4.4 were also recalculated on the basis of a different concentration of the host 

(Figure 4.5). 

eq. 

Figure 4.5 Recalculated titration curves for H-a and H-b protons of receptor 112 upon 

addition of acetate TBA salt in DMSO-d6i'5% H2O. 

Taking into account the new formula weight, the equivalency point was reached, for both 

protons, at 2 equivalents of guest added. This fact corroborated the above mentioned 

observations. 

All attempts to obtain a crystal structure of 112 as conclusive evidence unfortunately 

failed. 

Because of the inefficient synthesis bf protected macrocycle 111 and because of the 

difficulty to obtain receptor 112 in a neutral form, no further studies on bis-sulfonamide 

macro cycles bearing imidazole groups were conducted. 

4.4 Synthesis of macrocycle 117 

After the problems encountered with the incorporation of imidazole units, it was decided 

to introduce hydroxyl groups in the general macro cyclic structure shown in Figure 3.1. 

Bis-acid 114 was easily prepared in two steps from bis-sulfonyl chloride 68 by following 

the general synthetic route which led successfully to macro cycles 87, 88, 102, and 108 

(Scheme 4.4). 
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o 
CI02S~S02CI 

68 

Scheme 4.4 Reagents and conditions: a) H-Ser(t-Bu)-OMe·HCI, Et3N, DCM; b) 50:50 

J,4-dioxane/J M LiOH 

Bis-sulfonyl chloride 68 was coupled with t-buthyl-protected serine methyl ester to give 

bis-ester intermediate 113 in excellent yield. Bis-acid 114 was obtained almost 

quantitatively after hydrolysis. 

Isolation of pentafluorophenol ester 115 was achieved in poor yield. The reason was 

probably due to decomposition of the product on silica (Scheme 4.5). 

o 
os~so 2. , 2 a 

t-BUO/'X' NH HN~Ot_BU 
A~ 30% 

o OH HO 0 

114 

Scheme 4.5 Reagents and conditions: a) PFP, EDC, DCM 

The reaction was thus repeated and purification consisted exclusively of a simple aqueous 

work up. Crude pentafluorophenol ester 115 was then coupled with 1,5-diaminopentane 

under anion-templating conditions to give macro cycle 116. Receptor 117 was finally 

obtained after quantitative deprotection carried out under standard conditions (Scheme 

4.6). 
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o 
02S~S02 

t-BUO/'X
NH HN~Ot_Bu 

o OH HO 0 

a,b 

o 
os~so 2. , 2 

t-BUO/,x
NH HN~Ot_BU 

o NH HN 0 
31% 

114 ~ 
116 

c 

Quant. 

Scheme 4.6 Reagents and conditions: a) PFP, EDC, DCM; b) 1,5-diaminopentane, 

TBACI, Et3N, DCM; c) 80:20 DCMlTFA. 

Macrocycle 117 was synthesised with an acceptable 31% overall yield from bis-acid 114. 

A crystal structure was obtained. Receptor 117 crystallised with three molecules of water 

(Figure 4.6). 

Figure 4'.6 Crystal structure of macro cycle 117. Thermal ellipsoids drawn at the 35% 

probability level, non acidic hydrogens omitted for clarity. 
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Again, as in the case of receptors 87 and 88, the crystal structure presented an 'alternate' 

motif. N4H was interacting with an amidic carbonyl of an adjacent molecule [N4"'04 

2.926(3) A], while the other NH bonds were mainly involved in interactions with the 

molecules of water. 

4.5 Binding studies with simple anions in MeCN-dJ/2% H20 

Receptor 117 proved to be soluble in MeCN-dJ. For this reason, in order to make a 

comparison with receptors 88 and 102, binding studies were carried out with simple 

anions in MeCN-dJ/2% H20. 

eq. 

• AcO 
A H2P04 
~ CI-
<> Br-

Figure 4.7 Binding titration curves for amidic protons of receptor 117 upon addition of 

the TBA salts of different anions in MeCN-dJI2% H2O. 

As previously reported for macrocycles 87, 88, 102 and 108, during the titrations with 

oxyanions sulfonamidic protons underwent intense broadening and only amidic protons 

were followed, while both signals could be followed with halides. The values calculated 

for the binding constants are summarised in Table 4.3. 

Host Guest Ka (MI2 Error Solvent 
117 TBAOAc 2730 < 5% MeCN-d/ 2% H2O 
117 TBAH2P04 1430 8% MeCN-d/2% H2O 
117 TBAct 391 4% MeCN-d/ 2% H2O 
11 7 TBABr 13 7 5% MeCN-d/2% H2O 

Table 4.3 

115 



Chapter IV Bis-Sulfonamide Based Macrocycles Bearing Polar Groups 

In this series of experiments, receptor 117 showed strong affinity for oxyanions. The 

binding constants obtained with TBA acetate and dihydrogen phosphate were 

considerably higher than those obtained with macrocycles built from valine. The ratio 

between the values obtained from macrocycles 117 and 88 was ~ 5: 1 in favour of 117 for 

both acetate and dihydrogen phosphate. Between 117 and 102 the ratio was ~ 7: 1 (Table 

4.4). 

Table 4.4 

In terms of selectivity, the preference of macrocycle 117 for acetate over dihydrogen 

phosphate was ~ 2:1, as it was for receptor 88. In the case of halides, conversely, the 

preference for acetate was ~ 7: lover chloride and ~ 20: lover bromide, whilst for 

receptor 88 the preference for acetate was ~ 3: lover chloride and ~ 5: lover bromide. 

The increased selectivity for acetate and dihydrogen phosphate can be certainly related to 

the presence of the hydroxyl groups on receptor 117J136] At this regard, it is plausible to 

assume the presence of a favourable three-centred hydrogen bonding interaction 

involving the hydroxyl groups of receptor 117 and the negatively charged oxygen of the 

guest (see § 1. 7.4). 

4.6 Binding studies with various amino acids in MeCN-d312% H20 

After the encouraging results obtained with TBA acetate, macrocycle 117 was tested for 

enantioselectivity with the two enaniomers of N-Ac-phenylalanine. 
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Figure 4.8 Binding titration curves for amidic protons of receptor 117 upon addition of 

the TBA salts of the two enantiomers of N-Ac-Phe in MeCN-dJI2% H2O. 

Again sulfonamidic protons underwent intense broadening and thus only ami die protons 

could be followed. Although the profile of the curves shown in Figure 4.8 is similar, the 

addition of the D enantiomer to a solution of macrocyc1e 117 provoked higher changes in 

chemical shift and a lTI.ore pronounced curvature compared to the L enantiomer. The 

result was a higher binding constant (Ka = 1490 M-1 for AC-D-Phe and Ka = 934 M-1 for 

AC-L-Phe) . Other TBA salts of N-protected amino acids were investigated. The TBA salts 

of the two enantiomer of a-hydroxy-acid mandelic acid were studied as well. The results 

are summarised in Table 4.5. 

Host Guest Ka (M12 Error Solvent Selectivity (D1L2 
117 N-Ac-D-Ala-OTBA 1240 < 5% MeCN-d/2%H2O 1.5:1 
117 N-Ac-L-Ala-OTBA 838 < 5% MeCN-d/ 2%H2O 
117 N-Boc-D-Phe-OTBA 1180 < 5% MeCN-d/ 2% H2O 1.4:1 
117 N-Boc-L-Phe-OTBA 858 < 5% MeCN-dJ/2% H2O 
117 N-Ac-D-Phe-OTBA 1490 < 5% MeCN-d/ 2%H2O 1.6:1 
117 N-Ac-L-Phe-OTBA 934 < 5% MeCN-dJ/2%H2O 
117 N-Boc-D- Val-OTBA 1640 < 5% MeCN-d/ 2% H2O 1.7:1 
117 N-Boc-L- Val-OTBA 976 < 5% MeCN-dJ/2% H2O 
117 N-Boc-D-Ser-OTBA 469 < 5% MeCN-d/ 2%H2O 1.1:1 
117 N-Boc-L-Ser-OTBA 426 < 5% MeCN-dJ/2%H2O 
117 N-Boc-D-Gln-OTBA 679 < 5% MeCN-dJ/2% H2O 1:1 
117 N-Boc-L-Gln-OTBA 670 < 5% MeCN-dJ/2% H2O 
117 R-Mand-OTBA 489 < 5% MeCN-d/ 2% H2O 1.3: 1 
117 S-Mand-OTBA 369 < 5% MeCN-d/ 2% H2O 

Table 4.5 

In al~ cases only amidic protons could be followed, due to intense broadening of 

sulfonamidic protons. All curves showed an excellent fit in the 1: 1 treating program. For 
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amino acids with non-polar side chains the moderate enantioselectivity found for N-Ac­

Phe proved to be general. N~Ac and N-Boc protected amino acids showed similar values 

of selectivity. Small (Ala) and bulky side chains (Phe, Val) showed similar values as well. 

The best result in terms of selectivity was obtained for N-Boc-Val. The profile of the 

curves is showed in Figure 4.9. 

-- m-Il · 
7.00 T, ---1--;---+---+---+1-+---;-----1 

o 2 4 6 8 10 12 14 16 

eq. 

Figure 4.9 Binding titration curves for amidic protons of receptor 117 upon addition of 

the TBA salts of the two enantiomers ofN-Boc-Val in MeCN-dJI2% H2O. 

Surprisingly, ammo acids with polar side chains such as N-Boc-Ser and N-Boc-Gln 

showed sensibly lower binding constants and practically no selectivity. Due to the 

presence of several hydrogen bonding donors and acceptors on both host and guest, a 

strong and selective binding was expected. Probably the presence of inter- or intra­

molecular interactions between the polar side chain of the amino acid and the carboxylate 

moiety somehow affected the binding with macrocycle 117. This explanation can also 

account for. the low binding constants obtained from the two enantiomers of mandelic 

acid, although some enantioselectivity was found in this case. 

The fact that all constants obtained with amino acids were lower than the one obtained 

with acetate seems to suggest that, a part from the binding between the carboxylate anion 

and the hydrogen bonding donors of the receptor, no other significant dipolar attractive 

interactions between host and guest were present. For this reason, the enantioselectivity 

displayed by receptor 117 may depend largely on steric repulsion. In absence of crystal 

structures of the complexes, however, this conclusion remains speculative. 
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4.7 Binding studies with TBA acetate in DMSO-d6 

Binding studies were carried out on macrocycle 117 in DMSO-d6. When TBA acetate 

was used as guest, the results were very similar to those obtained with receptor 88 (see § 

3.11). Again the curve resulting from following the amidic protons showed an unusual 

profile indicating the presence of a 1:2 complex (Figure 4.10). 
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Figure 4.10 Titration curve for H-a protons of receptor 117 upon addition of acetate TBA 

salt in DMSO-d6. 

Poor fit resulted with the 1:2 treating program and the output parameters were 

nonsensical (see § 2.2). As for receptor 88, the indicative values of the binding constants 

so obtained (Kal :1 ~ 103 M-1 and Kal:2 ~ 3 M-1) were consistent with the general picture of 

a strong 1: 1 binding accompanied by a minor formation of the 1:2 complex. Also in this 

case, for aromatic protons H-b an unusually large upfield ~8max was registered (~ 0.30 

ppm) (Figure 4.11). 
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Figure 4.11 Titration curve for H-b protons of receptor 117 upon addition of acetate TBA 

salt in DMSO-d6. 
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The titration curve of H-b protons produced an excellent fit with the 1:2 treating program, 

although the low percentage of saturation affected the accuracy of the calculation. The 

binding constants observed were Kal:l = 1408 M-' and Ka1:2 = 5 M-'. They were 

consistent with those obtained from amidic protons H-a. By comparing these figures with 

the constants obtained with receptor 88 (Table 4.6), the stronger affInity of macrocycle 

117 for acetate was confirmed. In the more competitive DMSO-d6, however, the 

selectivity in favour of macro cycle 117 dropped from 5:1 (Table 4.4) to 1.5:1 (Table 

4.6). This fact illustrates the importance of the hydroxyl groups on receptor 117. When 

they are less available for hydrogen bonding with acetate, because of the interaction with 

a more competitive solvent, their 'added value' is depleted and the strength of the binding 

becomes comparable to the one 'observed for valine based receptor 88. 

Host Guest Error Solvent 
88 TBAOAc 928 6 * DMSO-d6 

117 TBAOAc 1408 5 * DMSO-d6 

(* low percentage of saturation) 

Table 4.6 

4.8 Binding studies with N-Ac-phenylalanine in DMSO-d6 

Binding studies were carried out on macro cycle 117 with N-Ac-Phe in DMSO-d6 in order 

to make a comparison with the positive results obtained in MeCN-d312% H20. 
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Figure 4.12 Binding titration curves for amidic protons of receptor 117 upon addition of 

the TBA salts of the two enantiomers ofN-Ac-Phe in DMSO-d6. 

120 



Chapter IV Bis-Sulfonamide Based Macrocycles Bearing Polar Groups 

In this case, the curves could be fitted with the 1: 1 treating program. The values of the 

association constants were affected by a low percentage of saturation. However, although 

the absolute values were considerably lower, they indicated quite clearly that the 

enantioselectivity found in MeCN-d3 was maintained (Table 4.7). 

(* low percentage of saturation) 

Table 4.7 

The fact that a very similar value of enantioselectivity was found in solvents with 

different polarity, such as DMSO-d6 and MeCN-d312% H20, seems to indicate, as already 

suggested in § 4.6, that secondary dipolar interactions between host and guest playa 

small role in the enantioselectivity, which is probably originated by steric repulsion. 

4.9 Synthesis of receptor 118 

Macrocycle 117 showed interesting binding properties towards the TBA salts of various 

amino acids. Binding studies were carried out in MeCN-d312% H20 and, in minor extent, 

in DMSO-d6. Binding studies in CDCh were not carried out, because macro cycle 117 

was not soluble in this solvent. In order to investigate the influence on binding and 

enantioselectivity by using a less polar solvent, macrocycle 117 was modified by 

introducing a flexible aliphatic chain at the 'southern end'. For this purpose, in analogy 

with the synthesis of receptor 108 (see § 3.13), lysine derivative 106 was coupled, after 

deprotection, with the already available bis-pentafluorophenol ester 115 (Scheme 4.7). 
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Scheme 4.7 Reagents and conditions: a) 80:20 DCMlTFA; b) 107, TBACI, Et3N, DCM 

The macrocyclisation step was carried out, as previously described, under amon­

templating conditions. Receptor 118 was [mally obtained in good overall yield after 

deprotection. 

4.10 Binding studies with N-Ac-phenylalanine in CDCh 

Macrocycle 118 proved to be soluble in CDCb. Binding studies, thus, could be carried 

out in this solvent. N-Ac-Phe was chosen in order to test enantioselectivity. During the 

titration, amidic proton H-a (Figure 4.13) and one unassigned sulfonamidic proton were 

followed. Amidic proton H-c could not be followed because of superimposition with 

other signals, while the other unassigned sulfonamidic proton showed intense broadening. 
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Figure 4.13 Binding titration curves for amidic proton H-a and a sulfonamidic p roton 

(H-b) of receptor 118 upon addition ofN-Ac-D-Phe TBA salt in CDCI3. 
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In Figure 4.13 are showed the results for N-Ac-D-Phe. Very similar results were obtained 

with N-Ac-L-Phe (Figure 4.14). 
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Figure 4.14 Binding titration curves for amidic proton H-a and a sulfonamidic proton 

(H-b) of receptor 118 upon addition ofN-Ac-L-Phe TBA salt in CDCh 

Because of their change in slope after the addition of one equivalent of guest, all curve 

profiles seemed to indicate the formation of a I: 1 complex accompanied by a 1:2 adduct. 

The small ~()max of a sulfonamidic proton (H-b in Figure 4.14) associated with the intense 

broadening of the other one can be ascribed, again, to a binding mode involving mainly 

three NH bonds, one amidic and one sulfonamidic (see § 3.14). 

For both enantiomers, the curves obtained from following amidic H-a proton gave no fit 

with any treating program. The curves obtained from following H-b gave poor fit with the 

1:2 treating program and were characterised by nonsensical output parameters. For this 

reason, the values obtained have to be taken only as a rough indication. For N-Ac-D-Phe . 

Kal:l ~ 3000 M-l and Kal :2 ~ 70 M- l, while for N-Ac-L-Phe Kal:l ~ 3000 M-l and KaI:2 ~ 

140 M-l. Although KaI:2 for N-Ac-L-Phe was twice bigger than for N-Ac-D-Phe , the 

presence of enantioselectivity could not be concluded from these data. The values were 

obtained, indeed, from a poorly fitted curve and, moreover, Kal:l was the same for both 

enantiomers. For this reason, binding studies with amino acids in CDCb were 

abandoned. 

The results of the latter experiments confirmed the general tendency of sulfonamide based 

macro cycles to give complex association modes with oxyanions in non-polar CDCb. 

Binding studies in this solvent were characterised by the difficulty to quantify with 

accuracy the association constants and the binding, when it could be assessed, was 

generally poorer than in MeCN-d3. 
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4.11 Binding studies with N-Boc-phenylalanine in MeCN-d3 

In order to compare macro cycles 117 and 118 in terms of enantiose1ectivity, binding 

studies were carried out in MeCN-dJ with the two enantiomers of N-Boc-pheny1a1anine. 

6.90 -¥--+- --i----+--+--+---i- -I 
o 2 4 6 8 10 12 14 

eq. 

Figure 4.15 Binding titration curves for H-a amidic proton of receptor 118 upon addition 

of the TBA salts of the two enantiomers ofN-Boc-Phe in MeCN-dJI2% H2O. 

H-a amidic proton (Figure 4.13) was followed. The curve profiles were similar for the 

two enantiomers and, hence, only a small preference was found for N-Boc-D-Phe (Table 

4.8). 

Host 

118 
118 

Guest Ka CM . .;;;....,l)'---.;:;;;Ec.;..;rr;..,;:oc.;..;r ___ S~o;..;.lc.;..;ve;..;.n':-t -:----:--_S;;...e;...le;....c_ti_VI-"·ty:...(,>-..1)_VL-,):..--
N;Boc-D-Phe-OTBA 690 < 5% MeCN-d/2%H20 1.1:1 
N-Boc-£-Phe-OTBA 644 < 5% MeCN-d/2%H20 
----------------,--~~ 

Table 4.8 

The introduction of a long aliphatic chain on the parent macro cycle 117 by ether linkage 

resulted in a decreased binding strength and in an almost complete loss of 

enantiose1ectivity. Contrarily to the expectations, the introduction of a long aliphatic 

chain to help solubility did not have a 'neutral' effect on binding, as already observed for 

receptor 108 with acetate (see § 3.14), and resulted detrimental in terms of 

enantiose1ectivity. 
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4.12 Synthesis of macro cycles 119 and 120 

The introduction of two hydroxyl groups in the general macrocyclic scaffold had a 

favourable effect on binding and enantioselectivity. After the extensive studies on 

macrocycles 117 and 118, it was decided to explore whether the incorporation of two 

primary amides could promote again chiral recognition. For this purpose, two different 

macro cyclic receptor were conceived (Figure 4.16). 

o 
os~so 2. I 2 

H2NY'yNH HN~NH2 

o o.J.-.NH HN~O 0 
~ 

119 

Figure 4.16 Bis-suljonamide based receptors bearing primary amide moieties. 

Macrocycles 119 and 120 are built, respectively, from asparagine and glutamine. They 

present spacers of different length connecting amidic groups to the macrocyclic core. 

The synthesis of receptor 119 was achieved by following the general route that was used, 

with the sole exception of histidine based receptor 112, for all amino acid based 

macrocyc1es presented in this work (Scheme 4.8). 

n 
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Scheme 4.8 Reagents and conditions: a) BnBr, K2C03, acetone; b) 80:20 

DMF/piperidine; c) benzene-1,3-disuljonyl chloride, Et3N, DCM; d) PdlC 10% cat., H2, 

2:1 MeOHITHF; e) PFP, EDC, DCM; j) 1,5-diaminopentane, TBACl, Et3N, DCM; g) 

TFA. 
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Commercial N-Fmoc-Asn(Trt) 121 was benzylated in good yield by following a modified 

literature procedureJ123] After deprotection,l132] bis-ester 123 was obtained by standard 

coupling with benzene-l,3-disulfonyl chloride 6SJ94] Benzyl removal was achieved by 

catalytic hydrogenolysis. [113] It was found that using a MeOHITHF mixture as solvent, 

instead of neat MeOH, insured a faster reaction rate and avoided the troublesome 

precipitation of the product in presence of charcoal. Bis-acid 124 was then converted into 

its bis-pentafluorophenol ester and coupled, after a quick work-up, with 1,5-

diaminopentane under the usual anion-templating conditions. The product of the coupling 

was immediately deprotected to give macro cycle 119 in reasonable overall yield from bis­

acid 124. 

Macrocycle 120 was synthesised using the same strategy (Scheme 4.9). 

125 

e,f,g 

25% 

127 

Scheme 4.9 Reagents and conditions: a) BnBr, K2C03, acetone; b) 80:20 

DMF/piperidine; c) benzene-1,3-disulJonyl chloride, Et3N, DCM; d) PdlC 10% cat., H2, 

2:1 MeOHITHF; e) PFP, EDC, DCM; j) 1,5-diaminopentane, TBACl, Et3N, DCM; g) 

TFA. 

Unlike the synthesis of macro cycle 119, benzyl ester of commercial N-Fmoc-Gln(Trt) 

125 was not isolated from the reaction solution. Once dried, indeed, it stayed as a gel and 

was practically insoluble in any solvent. Receptor 120 was finally obtained in acceptable 

overall yield from bis-acid 127. 
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4.13 Binding studies with N-Ac-phenylalanine in DMSO-d6 

Macrocycles 119 and 120 proved to be insoluble in the most commonly used solvents, 

especially in MeCN-d3 and CDCb. Binding studies, therefore, were not allowed in these 

solvents. Macrocycle 119, moreover, showed only limited solubility in DMSO-d6, 

although the concentration obtained was reasonably high to perform binding studies. 

Macrocycle 120 proved to be largely soluble in DMSO-d6. For this reason, in order to 

have a comparison with receptor 117 (see § 4.8), binding studies were carried out for both 

receptors with the two enantiomers of N-Ac-phenylalanine in DMSO-d6. 

In the case of macro cycle 119, only amidic protons H-a (Figure 4.17) could be followed, 

due to large broadening of the sulfonamidic peaks. Amidic protons on the side arms 

showed only small changes in chemical shift upon addition of the guest. 

B. 05 .-----;----,---,-------,-------.---,----,-~-_.,-! -. 

! 

7. 95 o 
02S~S02 

H2NY'yNH HNYlr-'NH2 

o O.J..-.NH a HN~O 0 
7. B5 

7.75 

~ 
7.65 

I I 119 

7.55 +---+--+--+-+_Il--+-+---,Ii---1 
0 2 4 6 B 10 12 14 16 1B 

eq. 

Figure 4.17 Binding titration curves for amidic protons of receptor 119 upon addition of 

the TBA salts of the two enantiomers ofN-Ac-Phe in DMSO-d6. 

The profile of the curves seemed to indicate a large preference for the D enantiomer. The 

values obtained with the 1: 1 treating program, however, showed only a modest 

enantioselectivity with a 1.3:1 D/L ratio (Ka = 83 M-1 for N-Ac-D-Phe and Ka = 63 M-1 

for N-Ac-L-Phe). The results, moreover, were affected by low percentage of saturation, 

and thus the values have to be taken as an indication. 

A similar picture was found for receptor 120. In this case, however, both amidic and 

sulfonamidic signals could be followed (Figure 4.18). 
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Figure 4.18 Binding titration curves/or amidic protons H-a (above) and sulfonamidic 

protons H-b (below) o/receptor 120 upon addition o/the TBA salts o/the two 

enantiomers 0/ N-Ac-Phe in DMSO-d6. 

All curves were characterised by low percentage of saturation and hence the values 

obtained have to be taken as an indication. The constants were calculated as the average 

of the values obtained from the two curves. For receptor 120, again, a modest preference 

for the D enantiomer was found (Ka = 85 M-1 for N-Ac-D-Phe and Ka = 64 M- 1 for N-Ac­

L-Phe, enantioselectivity ~ 1.3: 1). 

The data for the two receptors are summarised in Table 4.9. 

Host Guest Ka (Ml) Error Solvent Selectivity (DIL) 
119 N-Ac-D-Phe-OTBA 83 * DMSO-d6 1.3: 1 
119 N-Ac-L-Phe-OTBA 63 * DMSO-d6 

120 N-Ac-D-Phe-OTBA 85 * DMSO-d6 1.3:1 
120 N-Ac-L-Phe-OTBA 64 * DMSO-d6 

(* low percentage afsaturatian) 

Table 4.9 
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Although curve profiles were different, macrocyles 119 and 120 presented very similar 

binding constants with the two enantiomers of N-Ac-phenylalanine. In comparison with 

the studies on macrocycle 117 in DMSO-d6, lower enantioselectivity was found 

accompanied by weaker binding in absolute terms. For this reason, along with the poor 

solubility encountered, macrocycles 119 and 120 resulted to be less interesting for 

enantiomeric recognition and, thus, no further studies were carried out. 

4.14 Conclusions 

In this chapter, the synthesis of new sulfonamide-based macrocycles bearing polar groups 

has been described. With the only exception of macro cycle 112, all receptors were 

synthesised with the reliable and relatively efficient anion-templated process described in 

the previous chapter. Polar groups were incorporated in the general scaffold using amino 

acid with polar side chains as building blocks. Binding studies on histidine-based receptor 

112 were undermined by the fact that the macro cycle was obtained in a protonated form. 

Serine-based receptor 117 showed good affinity and selectivity towards TBA acetate in 

the solvent mixture MeCN-d312% H20. Compared to the valine-based receptor 88 

described in the previous chapter, a five-time greater constant was found. The enhanced 

binding can be ascribed to the presence of additional hydrogen bonding deriving from the 

hydroxyl groups incorporated in receptor 117. Receptor 117, moreover, displayed 

moderate enantiomeric recognition with the TBA salts of protected amino acid with non­

polar side chains. Although these enantioselectivities were comprised only between 1.4: 1 

and 1.7:1, the preference for the D enantiomer proved to be general in the case of non­

polar side chains. In case of polar side chains, conversely, no significant 

enantioselectivity and lower binding constants in absolute terms were found. This result 

can be explained with the presence of inter- or intra-molecular interactions between the 

polar side chain of the amino acid and the negatively charged carboxylate moiety. 

Receptor 117 proved to be enantioselective in competitive DMSO-d6 as well, although 

binding constants were markedly lower in this solvent. 

Receptor 117 was subsequently modified into receptor 118 with the introduction of a long 

aliphatic chain at the 'southern' end, in order to perform binding studies in CDCb. 

Unfortunately, multiple equilibria were present and apparently no enantioselectivity was 

found. Binding studies on receptor 118 were then carried out in MeCN-d312% H20. In 

comparison with the parent macro cycle 117, enantioselectivity resulted significantly 
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reduced as well as the values of binding constants. The latter result demonstrated that the 

introduction of an apparently 'neutral' group, such as a long aliphatic chain, can have 

serious consequences on binding efficacy. 

Macrocycles 119 and 120, in the end, were synthesised using asparagine and glutamine as 

building blocks. The primary amide groups were responsible for the poor solubility of 

these receptors without bringing any improvement in terms of binding or 

enantioselectivity . 

The most relevant results obtained from the binding studies described in this chapter are 

summarised in Table 4.10. 

(* low percentage of saturation) 

Table 4.10 

4.15 General conclusions and outlooks 

DMSO-d6 

DMSO-d6 

Chapter II described synthesis and binding studies of simple, acyclic bis-sulfonamide 

receptors. All titrations with carboxylates in MeCN-d3 suggested the formation of a 

strong 1:1 host/guest complex accompanied by a weaker 1:2 adduct. In order to obtain a 
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clear 1: 1 stoichiometry, macrocyclic receptors were synthesised. Achiral macrocycles 73 

and 74 were insoluble in MeCN-d3 and, although a direct comparison with their acyclic 

counterparts was not possible, binding studies in DMSO-d6 showed a clear-cut 1: 1 

behaviour for macro cycle 73 with benzoate and for macro cycle 74 with acetate. Chiral 

1,2-bis-aminocyclohexane based macrocycles 84, 85 and 86 showed small or no affinity 

for carboxylates in non-polar CDC!). Surprisingly, an improvement was found in the 

more competitive MeCN-d3. This fact was explained with the presence, in non-polar 

solvents, of strong intramolecular hydrogen bonding, making these receptors unsuitable 

for carboxylate binding. Despite the high degree of chirality, none of the receptors 

showed enantioselectivity towards N-protected amino acids. Chapter III described the 

high yielding anion templated synthesis of a new class of bis-sulfonamide based 

macrocycles, built from valine. The different arrangement of hydrogen bonding acceptors 

and donors in the macro cyclic scaffold had proven to be efficacious for carboxylate 

binding. Macrocycles 88 and 102 showed moderately strong binding and selectivity for 

acetate in MeCN-d3/H20 mixtures. The extremely high binding constants of soluble 

macro cycle 108 with halides in CDCb accounted for the anion-templating effect 

displayed by TBA chloride in the macrocyclisation step. The abandoning of the 

cyclohexane moiety also played favourably. More flexible macrocycles were allowed to 

rearrange from an unfavourable set up to a conformation more suitable for carboxylate 

binding. This conclusion was drawn from analysing the crystal structures of the receptors. 

All of them exhibited an internal hydrogen bonding network featuring NH bonds pointing 

alternatively above and below the plan of the ring. Binding studies on macrocycle 108 

with acetate in CDCb suggested a binding mode involving the synergistic action of three 

NH protons, two amidic and one sulfonamidic. This conclusion, however, is to remain 

purely speculative, in absence of a crystal structure of a host/guest complex. None of the 

valine based macrocycles showed significant enantioselectivity. Chapter IV described the 

incorporation of polar groups into the macrocyclic scaffold in order to improve the 

enantioselectivity. All macrocycles, apart from the histidine based receptor 112, were 

synthesised in relatively good yields by using anion templating conditions. Macrocycle 

112 proved to be difficult to synthesise, scarcely soluble and, moreover, it was obtained 

in a protonated form, a fact that led to ambiguous results in binding studies with acetate. 

Serine based macrocycle 117 showed strong affinity and selectivity for acetate in the 

competitive MeCN-d3/2% H20 solvent mixture. This result was attributed to the positive 

effect played by the hydroxyl groups. Receptor 117, moreover, showed moderate but 
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general enantioselectivity towards ammo acids with non-polar side chains. 

Enantioselectivity was confirmed also in DMSO-d6. Macrocycle 117 was modified by 

introducing a long aliphatic chain in order to increase the solubility in less polar solvents. 

No enantioselectivity was found in CDCb and, additionally, only negligible 

enantioselectivity was showed by a control experiment in MeCN-d3, proving that the 

introduction of a long aliphatic chain was detrimental to enantiomeric recognition. Poorly 

soluble macro cycles 119 and 120, finally, showed only modest enantioselectivity in 

DMSO-d6. 

From a synthetic point of view, anion templating proved to be of general applicability and 

permitted an expeditious access to relatively complex systems. The reliability of this 

method, besides, allowed the accumulation of considerable amounts of different valuable 

receptors. It would be interesting to extend the investigation to other anions, such as other 

halides or oxyanions, and to study, eventually, the correlation between templating effect 

and anion binding. This methodology might also be applied to other important 

macro cyclic targets, such as tetralactams and cyclic peptides. 

Macrocycle 117 emerged as the best receptor in terms of binding strength and selectivity. 

It displayed also good solubility. The general enantioselectivity shown in MeCN-d3/2% 

H20 can make it an ideal candidate for the design ofHPLC chiral columns. Diederich and 

co-workers designed a receptor which performed poor separations on a stationary phase, 

despite the fact that it displayed good enantioselectivities in solution. [137] This result was 

ascribed to the different solvent mixtures used in the two different contexts. In general, 

however, there is a good correlation between the data obtained in solution and on a 

stationary phase, if a similar solvent is used. [138] At this regard, in favour of macrocycle 

117, there is the fact that HPLC separations, as well known, are normally performed 

using MeCN/H20 mixtures. 
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Chapter V 

Experimental 

5.1 General experimental 

Reactions were carried out in solvents of commercial grade, unless otherwise stated. 

Reactions requiring a dry atmosphere were conducted in flame dried glassware, under 

nitrogen and with distilled solvents. THF was distilled under argon from benzophenone 

and sodium. DCM, Et3N and MeCN were distilled from calcium hydride. TLC analysis 

was conducted on foil backed sheets coated with silica gel (0.25 mm) which contained the 

fluorescent indicator UV 254. Column chromatography was performed on Sorbsil C60, 40-

60 mesh silica using solvents of commercial grade. For petroleum ether, the fraction 

boiling between 40 and 60°C was used. 

5.2 Instrumentation 

IH NMR spectra were obtained at 300 MHz on a Broker AC 300 and at 400 MHz on a 

Briiker DPX 400 spectrometer. 13C NMR spectra were recorded at 75 MHz on a Broker 

AC 300 spectrometer and at 100 MHz on a Broker DPX 400 spectrometer. Chemical 

shifts are reported in ppm on the 8 scale relative to the signal of the solvent used. Solvent 

peaks were calibrated according to the measurements of Nudelman and co-workers.[139] 

For IH NMR spectra, coupling constants (1) are given in Hz. Signal multiplicities and 

coupling constants were determined using the Lorenz-Gauss function for resolution 

enhancement in spectra editing. Ambiguous peaks in complex molecules were assigned, 

where possible, on the basis of two dimensional NMR experiments, especially H-H 

correlation and C-H long-range correlation. For 13C NMR spectra, superimposing peaks 

are reported once. Peaks reported with the same chemical shift are distinguishable in the 

spectrum. The number of adjacent protons was determined by distortionless enhancement 

by polarization transfer (DEPT) experiments. Infra-red spectra were recorded. on 

BIORAD Golden Gate FTS 135. The samples were run either as neat solids or as oils. 

Melting points were determined in open capillary tubes using a Gallenkamp 

Electrothermal melting point apparatus. Optical rotations were measured on a PolAr200 1 

polarimeter using the solvent stated. The concentration given is in gil 00 ml. Mass spectra 
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were obtained on a VG analytical 70-250 SE nonnal geometry double focusing mass 

spectrometer. All electro spray (ES) spectra were recorded on a Micromass Platfom1 

quadrupole mass analyser with an electrospray ion source using acetonitrile or methanol 

as solvent. High resolution accurate mass measurements were carried out at 10,000 

resolution on a Broker Apex III FT -ICR mass spectrometer. Microanalyses were 

perfonned by MEDAC Ltd., Surrey. 

5.3 Experimental for NMR binding studies 

Obtaining association constants by 1 H NMR titration experiments involves titration of a 

solution of host with a specific guest and recording a IH NMR spectrum after each 

addition. Upon complexation, protons in the host or guest may undergo a change in 

chemical shifts. In particular, protons involved in hydrogen bonding undergo a dramatic 

shift and, therefore, they are used to detennine association constants. After the data from 

the titration experiment have been acquired, curve fitting software is employed to 

determine the association constant. Free host and guest are in equilibrium with the host­

guest complex. As association and dissociation is fast on the NMR time scale, only a time 

averaged spectrum of the host (or guest) and the host-guest complex is observed. 

Therefore, any observed chemical shift (Oobs) is the mole fraction weighted average of the 

shifts observed in the free (Ofree) and complexed (Obound) molecule. During the curve fitting 

procedure, after an initial estimate for Ka and ~o, the theoretical Oobs is obtained for each 

point. The theoretical values are then compared with the experimentally observed ones 

and the sum of the difference between each point is determined by the following 

equation: 

Sum of differences = L: (bobs (experimental) - Oobs(theoretical)) 

If the sum of differences is positive (or negative), the Ka is increased (or decreased) and 

the value ~o recalculated and the whole calculation repeated until the values converge. A 

detailed explanation of the theoretical basis of the above discussion has been published by 

Wilcox. [140] A more recent review on the detennination of association constants from 

solution NMR data has been published by Fielding. [96] 
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5.4 Method used for obtaining binding constants 

AU'H NMR titration experiments were conducted on a Broker AM 300 spectrometer at 

298 K. Deuterated solvents of commercial grade were used. Inorganic guests, such as 

TBA acetate, dihydrogen phosphate, fluoride, chloride and bromide were of conunercial 

grade. TBA salts of the amino acids and mandelic acid were prepared by adding a 

solution of known concentration of TBA hydroxide in MeOH to a solution of the acid in 

MeOH and removing the solvent under reduced pressure and finally under high vacuum 

for several days. The correct stoichiometry was verified perfonning NMR experiments 

with long scan delays. In a typical titration experiment, a sample of host was dissolved in 

the appropriate solvent or preset solvent mixture. A portion of this mixture (usually 600 

Ill) was transferred into an NMR tube. The remainder was used to dissolve a sample of 

the guest to provide the guest stock solution. In this manner, the concentration of the host 

was set constant, avoiding concentration-dependent effects. Successive aliquots of the 

guest solution were added to the host solution in the NMR tube and a 'H NMR spectrum 

was recorded after each addition. If significant changes on host protons signals were 

induced by the presence of the guest, the recorded chemical shifts were analysed with 

purpose-written software, kindly provided by Hunter, where a 1: 1 binding mode or a 1:2 

mode was assumed (see Appendix B for details).[95] These programs fit the data to the 

appropriate binding model to provide the association constant, the bound chemical shift 

and the free chemical shift. When more than one proton could be monitored during the 

same titration, the error was calculated on the basis the average of all the constants 

calculated. When only one proton could be monitored, the errors reported were calculated 

with the software program EQNMR;['06] errors calculated with EQNMR which were 

below the 5% threshold were reported as < 5%. 

5.5 Synthesis 

Benzene-l,3-disulfonic acid bis-[(2-hydroxy-ethyl)-amide] 64 

o 
os~so 

2, I 2 

[NH HNJ OH HO 
64 
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A solution of bis-sulfonyl chloride 68 (320 mg, 1.16 mmol) in dry DCM (4 ml) was 

added dropwise to a solution of 2-aminoethanol (290 )11, 4.82 mmol) in dry DCM (1 ml) 

at 0 °C. The reaction was allowed to reach room temperature and stirred for 7 h under N z. 

The solvent was removed under reduced pressure and the residue was purified by flash 

column chromatography (Si02, 95:5 ----> 90: 10 DCM/MeOH) to give a colourless oil. 

Recrystallisation (MeOHIn-Bu20) yielded the desired product 64 as white crystals (268 

mg, 71%). MP = 82-84 °C (MeOHln-Bu20) (lit. [89d] 80.5 0C); Rf = 0.29 (90:10 

DCM/MeOH); FT-IR (neat): Vmax = 3308 (br), 3232 (s), 1431 (m), 1300 (s), 1144 (s), 

1077 (s), 949 (s), 891 (m), 798 (m) cm-I; IH NMR (300 MHz, MeCN-dJ): 8 = 8.26 (1 H, 

t, J = 2.0 Hz, ArH), 8.05 (2 H, dd, J = 8.0, 2.0 Hz, ArH), 7.76 (1 H, t, J = 8.0, ArH), 5.88 

(2 H, br s, NH), 3.47 (4 H, t, J= 5.5 Hz, OCH2), 2.98 (4 H, t, 5.5 Hz, NCH2), 2.88 (2 H, 

br s, OH); 13C NMR (75 MHz, MeCN-dJ): 8 = 142.7 (0), 131.5 (1), 131.4 (1), 126.1 (1), 

61.2 (2), 46.3 (2); ESMS: mlz = 671 [2M+Nat; HRMS (ES): calcd for ClOHI6N2Na06S2 

([M+Nat) 347.0342, found 347.0346; calcd for C20H32N4Na012S4 ([2M+Nat) 671.0792, 

foul"l:d 671.0804. Data according to literature. [89d] 

(S)-2-Acetylamino-N-(2-{3-[2-((S)-2-acetylamino-3-phenyl-propionylamino)­

ethylsulfamoyl]-benzenesulfonylamino }-ethyl)-3-phenyl-propionamide 65 

A solution of N-Ac-L-phenylalanine (173 mg, 0.837 mmol), HOBt (233 mg, 1.72 mmol) 

and EDC (162 mg, 0.845 mmol) in 50:50 DCM/DMF (6 ml) was stirred at room 

temperature for 5 min and added to a solution ofTFA salt 70 (184 mg, 0.335 mmol) and 

DIPEA (300 )11, 1.72 mmol) in 50:50 DCM/DMF (6 ml). The reaction was stirred 

overnight at room temperature. The solvent was removed under reduced pressure and the 

residue was dissolved in DCM (50 ml). The mixture was washed (1 M KHS04, 50 ml, 1 

M K2C03, 50 ml, and brine, 50 ml) and dried (MgS04). The solvent was removed under 

reduced pressure and the residue was purified by flash column chromatography (Si02, 

98:2 ----> 95:5 DCM/MeOH) to yield the desired product 65 as a white solid (38 mg, 16%). 
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MP = 94-97 DC; Rf = 0.35 (95:5 DCMlMeOH); [a]D25 = +5.0 (c = 0.25, MeCN); FT-IR 

(neat): Vmax = 3271 (w), 3085 (w), 2930 (w), 1644 (s), 1531 (s), 1328 (s), 1151 (s), 1082 

(m), 798 (w), 745 (m), 683 (s) cm-I; IH NMR (400 MHz, MeCN-d3): 8 = 8.20 (1 H, t, J = 

2.0 Hz, AIl!), 8.04 (2 H, dd, J = 8.0,2.0 Hz, AIl!), 7.76 (1 H, t, J = 8.0 Hz, Arl!), 7.30-

7.15 (10 H, m, PhH), 6.95 (2 H, t, J= 6.0 Hz, CH2NHCO), 6.87 (2 H, d, J= 7.5 Hz, a­

CHNl!), 6.28 (2 H, br s, SNl!), 4.39 (2 H, ddd, J= 8.5, 7.5, 6.0 Hz, a-Cl!), 3.19-3.08 (4 

H, m, CONHCH2), 3.04 (2 H, dd, J = 14.0, 6.0 Hz, PhCHaHb), 2.96-2.86 (4 H, m, 

SNHCH2), 2.83 (2 H, dd, J= 14.0, 8.5 Hz, PhCHaHb), 1.84 (6 H, s, CH3); J3C NMR (100 

MHz, MeCN-d3): 8 = 173.0 (0), 171.5 (0), 142.5 (0), 138.5 (0), 131.6 (1), 131.6 (1), 130.2 

(1), 129.3 (1), 127.6 (1), 126.1 (1),56.1 (1),43.5, (2), 39.6 (2), 38.4 (2), 22.9 (3); ESMS: 

mlz = 723 [M+Nat; HRMS (ES): ca1cd for C32H40N6NaOgS2 ([M+Nat) 723.2241, found 

723.2257. 

(2-Amino-ethyl)-carbamic acid tert-butyl ester 67 

A solution of BOC20 (8.2 g, 37.6 mmol) in DCM (800 ml) was added dropwise to a 

solution of 1,2-ethylene diamine 66 (11.5 ml, 172 mmol) in DCM (30 ml) at room 

temperature over a period of 10 h. The reaction was stirred for 48 h at room temperature. 

The mixture was washed (4 M Na2C03, 2 x 350 ml) and the solvent was removed under 

reduced pressure to yield the desired product 67 as a colourless oil (6.02 g, 100%). FT-IR 

(neat): Vrnax = 3350 (br) , 2977 (w), 2932 (w), 1687 (s), 1514 (m), 1268 (m), 1250 (m), 

1165 (s), 773 (s) cm-I; IH NMR (300 MHz, CDCb): 8 = 5.12 (1 H, br s, BocNl!), 3.20 (2 

H, apparent q, J = 6.0 Hz, BocNHCH2), 2.80 (2 H, t, J = 6.0 Hz, NH2CH2), 1.42 (9 H, s, 

CH3); l3C NMR (75 MHz, CDCb): 8 = 156.4 (0), 79.4 (0), 42.9 (2), 41.7 (2), 28.5 (3). 

Data according to literatureY41] 
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{2-[3-(2-tert-Butoxycarbonylamino-ethylsulfamoyl)-benzenesulfonylamino]-ethyl}­

carbamic acid tert-butyl ester 69 

o 
os~so 

2, I 2 
NH HN 

BOCHNS lNHBOC 

69 

A solution of bis-sulfonyl chloride 68 (4.75 g, 17.3 mmol) in dry DCM (30 ml) was 

added dropwise to a solution of amine 67 (6.08 g, 38.0 mmol) and dry Et3N (2.5 ml, 17.9 

mmo1) in dry DCM (80 ml) at 0 °C. The reaction was allowed to reach room temperature 

and stirred overnight under N2. The mixture was diluted (DCM, 100 ml), washed (1 M 

KHS04, 100 ml, 1 M K2C03, 100 ml, and brine, 100 ml) and dried (MgS04). The solvent 

was removed under reduced pressure· and the residue was purified by flash colunul 

chromatography (Si02, 50:50 PE/EA) to yield the desired product 69 as a white solid 

(4.42 g, 49%). MP = 64-66 °C; Rf = 0.33 (95:5 DCM/MeOH); FT-IR (neat): V max = 3273 

(w), 2980 (w), 2935 (w), 1682 (s), 1516 (m), 1331 (s), 1153 (s), 1083 (s), 793 (m) em-I; 

IH NMR (400 MHz, CDCh): 8 = 8.34 (1 H, s, ArH), 8.06 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 

7.67 (1 H, t, J= 8.0 Hz, ArH), 5.61 (2 H, br s, SNH), 4.91 (2 H, br s, BocNH), 3.22 (4 H, 

apparent q, J= 5.5 Hz, BocNHCH2), 3.12 (4 H, apparent q, J= 5.5 Hz, SNHCH2), 1.43 

(18 H, s, CH3); l3C NMR (100 MHz, CDCh): 8 = 156.8 (0), 141.8 (0), 130.9 (1), 130.2 

(1), 125.5 (1), 80.2 (0), 43.9 (2),40.4 (2), 28.5 (3); ESMS: mlz = 545 [M+Nat; HRMS 

(ES): calcd for C2oH3SN40gS2 ([M+H]l 523.1896, found 523.1892; calcd for 

C2oH34N4NaOgS2 ([M+Na]l 545.1710, found 545.1709; Anal. Calcd for C2oH34N40gS2: 

C, 45.96; H, 6.56; N, 10.72. Found: C, 45.10; H, 6.45; N, 10.22. 

TFA salt 70 

o 
os~so 2, I 2 

NH HN C J x2TFA 
NH2 H2N 

70 
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A solution of bis-sulfonamide 69 (1.95 g, 3.73 mmol) in 80:20 DCM/TF A (50 ml) was 

stirred for 5 h at room temperature. Toluene was added and the solvent was removed 

under reduced pressure. The residue was triturated with MeCN and filtered off to yield 

the desired product 70 as a white solid (1.69 g, 82%). MP = 200-204 °C (dec.); FT-IR 

(neat): Vmax = 3161 (w), 1668 (s), 1595 (w), 1342 (m), 1191 (m), 1138 (s), 1079 (m), 798 

(s) cm-I; IH NMR (300 MHz, DMSO-d6): () = 8.40-8.10 (2 H, br s, partially obscured by 

ArH, SNR), 8.20 (1 H, t, J= 2.0 Hz, ArR), 8.10 (2 H, dd, J= 8.0, 2.0 Hz, ArR), 8.00 (6 

H, br s, NH3), 7.90 (1 H, t, J = 8.0 Hz, ArR), 3.01 (4 H, t, J = 6.0 Hz, NCH2), 2.89 (4 H, t, 

J = 6.0 Hz, NCH2); l3C NMR (75 MHz, DMSO-d6): () = 158.5 (q, J = 31 Hz, COCF3), 

140.9 (0),131.1 (1), 130.6 (1),124.6 (1),117.1 (q, J= 300 Hz, COCF3), 40.0 (2), 38.6 

(2). 

Pentanoic acid {2-[3-(2-pentanoylamino-ethylsulfamoyl)-benzenesulfonylamino]­

ethyl}-amide 71 

o 
os~so 2, I 2 cNH HNJ NH HN 

~oo~ 
71 

Valeryl chloride (80 I!l, 0.675 mmol) was added dropwise to a solution of TFA salt 70 

(175 mg, 0.318 mmol) and dry Et3N (200 I!l, 1.43 mmol) in dry MeCN (10 ml) at 0 0c. 
The reaction was allowed to reach room temperature and stirred overnight under N2. The 

solvent was removed under reduced pressure and the residue was dissolved in DCM (50 

ml). The mixture was washed (1 M KHS04, 50 ml, 1 M K2C03, 50 ml, and brine, 50 ml) 

and dried (MgS04). The solvent was removed under reduced pressure and the residue was 

purified by flash column chromatography (Si02, DCM ~ 96:4 DCM/MeOH) to yield the 

desired product 71 as a white solid (50 mg, 32%). MP = 64-66 °C; Rf= 0.33 (EA); FT-IR 

(neat): Vmax = 3606 (w), 3254 (w), 2956 (w), 2931 (w), 2871 (w), 1630 (s), 1558 (s), 1431 

(m), 1317 (s), 1147 (s), 1082 (s), 1073 (s), 796 (m) cm-I; IH NMR (400 MHz, MeCN-d3): 

() = 8.21 (1 H, t, J= 2.0 Hz, ArR), 8.03 (2 H, dd, J= 8.0, 2.0 Hz, ArR), 7.76 (1 H, t, J= 

8.0 Hz, ArR), 6.57 (2 H, br s, CONR), 6.26 (2 H, br s, SNR), 3.15 (4 H, apparent q, J = 

6.0 Hz, CONHCH2), 2.96 (4 H, apparent q, J = 6.0 Hz, SNHCH2), 2.06 (4 H, t, J = 7.5 
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Hz, COCH2), 1.53-1.44 (4 H, m, COCH2CH2), 1.28 (4 H, apparent sext, J = 7.0 Hz, 

CH3CH2), 0.88 (6 H, t, 7.0 Hz, CHj ); l3C NMR (100 MHz, MeCN-dj ): 0 = 175.0 (0), 

142.5 (0), 131.6 (1), 131.5 (1), 126.1 (1),44.1 (2),39.6 (2), 36.5 (2),28.5 (2),23.0 (2), 

14.1 (3); ESMS: mlz = 513 [M+Nat; HRMS (ES): calcd for C20H3SN406S2 ([M+Ht) 

491.1993, found 491.1988. 

Macrocycle 73 

o 
os~so 

2, I 2 

[NH HNJ NH HN 

o~o 
73 

A solution ofTFA salt 70 (220 mg, 0.401 mmol) and dry Et3N (280 ~l, 2.01 mmol) in dry 

MeCN (4 ml) and a solution of glutaryl dichloride (52 ~l, 0.407 mmol) in dry MeCN (4 

ml) were added simultaneously, with a syringe pump, into 70 ml of dry MeCN at 60°C 

over a period of 4 h. The condenser was equipped with a drying tube (CaCh). After the 

addition was completed, the reaction was stirred overnight at 60°C. The solvent was 

removed under reduced pressure and the residue was purified by flash column 

chromatography (Si02, DCM ----) 92.5:7.5 DCM/MeOH). After washing with MeOH, the 

desired product 73 was obtained as a white solid (46 mg, 27%). MP > 240°C; Rf = 0.30 

(90:10 DCM/MeOH); FT-IR (neat): Vmax = 3275 (s), 3087 (w), 2953 (w), 2874 (w), 1640 

(s), 1543 (s), 1447 (m), 1331 (s), 1148 (s), 1086 (s) em-I; IH NMR (400 MHz, DMSO­

d6): 0 = 8.21 (1 H, t, J= 2.0 Hz, ArH), 8.04 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.87 (1 H, t, J 

= 8.0 Hz, ArH), 7.75 (2 H, t, J= 6.0 Hz, SNH), 7.68 (2 H, t, J= 6.0 Hz, CONH), 3.00 (4 

H, dt, J= 6.0, 7.0 Hz, CONHCH2), 2.77 (4 H, dt, J= 6.0, 7.0 Hz, SNHCH2), 1.97 (4 H, t, 

J = 6.5 Hz, COCH2), 1.67 (2 H, quin, J = 6.5 Hz COCH2CH2); l3C NMR (100 MHz, 

DMSO-d6): 0 = 171.7 (0),140.9 (0),131.0 (1),130.3 (1), 125.0 (1), 42.2 (2), 37.7 (2), 

34.0 (2), 20.0 (2); ESMS: mlz = 419 [M+Ht; HRMS (ES): calcd for ClsH22N4Na06S2 

([M+Nat) 441.0873, found 441.0866; Anal. Calcd for ClsH22N406S2: C, 43.05; H, 5.30; 

N, 13.38. Found: C, 42.21; H, 5.20; N, 12.99. 
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Macrocycle 74 

o 
os~so 

2, I 2 

[NH HNJ NH HN 

o~o 
74 

Experimental 

A solution ofTFA salt 70 (201 mg, 0.365 mmo1) and dry Et3N (255 j..l1, 1.83 mmo1) in dry 

MeCN (4 m1) and a solution of succinyl dichloride (41 j..ll, 0.372 mmo1) in dry MeCN (4 

ml) were added simultaneously, with a syringe pump, into 60 ml of dry MeCN at 60 DC 

over a period of 4 h. The condenser was equipped with a drying tube (CaCh). After the 

addition was completed, the reaction was stirred overnight at 60 DC. The solvent was 

removed under reduced pressure and the residue was purified by flash colunm 

chromatography (Si02, DCM -+ 94:6 DCM/MeOH). After washing with MeOH, the 

desired product 74 was obtained as a white solid (21 mg, 14%). MP > 240 DC; Rf = 0.37 

(90:10 DCM/MeOH); FT-IR (neat): Vrnax = 3301 (s), 3090 (w), 1650 (s), 1547 (s), 1434 

(m), 1335 (s), 1177 (s), 1154 (s), 1106 (m), 1074 (m), 867 (m), 795 (m) cm-'; 'H NMR 

(400 MHz, DMSO-d6): 0 = 8.11 (1 H, t, J= 1.5 Hz, ArH), 8.04 (2 H, dd, J= 8.0,1.5 Hz, 

ArH), 7.91 (1 H, t, J = 8.0 Hz, ArH), 7.87 (2 H, t, J = 6.0 Hz, CONH), 7.72 (2 H, br s, 

SNH), 3.06-2.97 (4 H, m, CONHCH2), 2.64 (4 H, t, J= 7.5 Hz, SNHCH2), 2.22 (4 H, s, 

CaCH2); i3C NMR (100 MHz, DMSO-d6): 0 = 171.6 (0),140.2 (0),131.4 (1),130.4 (1), 

125.1 (1),41.9 (2), 38.0 (2), 31.2 (2); ESMS: mlz = 405 [M+Ht, 809 [2M+Ht; HRMS 

(ES): ca1cd for C'4H2,N406S2 ([M+Ht) 405.0897, found 405.0902; calcd for 

C'4H20N4Na06S2 ([M+Nat) 427.0716, found 427.0719; Anal. Calcd for C'4H20N406S2: 

C, 41.58; H, 4.98; N, 13.85. Found: C, 40.73; H, 4.91; N, 13.29. 

(2R,3R)-2,3-Bis-benzyloxy-succinic acid diisopropyl ester 76 

A solution of diisopropyl L-tartrate 75 (6.46 g, 27.6 mmol) in dry THF (10 ml) was added 

dropwise to a suspension ofNaH 60% in mineral oil (2.10 g, 52.5 mmo1) in dry THF (70 
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ml) at 0 °C during 15 min. The mixture was allowed to reach room temperature and 

stirred under H2 until bubbling ceased. TBAI (492 mg, 1.33 mmol) and 18-crown-6 (108 

mg, 0.41 mmol) were added to the mixture. The temperature was brought to 0 °C and 

BnBr (6.24 ml, 52.5 mmol) was added dropwise over a period of 1 h. The reaction was 

allowed to reach room temperature and stirred overnight. Sat. N~Cl (50 m!) was added 

to the mixture and the two phases were separated. The organic layer was diluted (Et20, 

100 ml), washed (brine, 50 ml) and dried (MgS04). The solvent was removed under 

reduced pressure and the residue was purified by flash column chromatography (Si02, 

90:1 0 ~ 85: 15 PE/Et20). Recrystallisation (Et20/PE) yielded 4.51 g of the desired 

product 76 as white crystals. 839 mg were recovered as a white foam after evaporation of 

the mother liquors (47% overall yield). MP = 68-69 °C (Et20/PE) (lit.[142] 79.5-80.5 0C); 

Rf= 0.44 (70:30 PE/Et20); [a]D27 = +93.4 (c = 1, CHCb); FT-IR (neat): Vmax = 2987 (w), 

2906 (w), 2873 (w), 1741 (s), 1451 (w), 1209 (s), 1153 (m), 1101 (s), 736 (s) cm- l; IH 

NMR (400 MHz, CDCb): 8 = 7.33-7.22 (10 H, m, PhH), 5.05 (2 H, sept, J = 6.0 Hz, 

CH3CH), 4.83 (2 H, d, J= 12.0 Hz, PhCHaHb), 4.48 (2 H, d, J= 12.0 Hz, PhCHaHb), 4.39 

(2 H, s, COCH), 1.24 (6 H, d, J= 6.0 Hz, CH3), 1.16 (6 H, d, J= 6.0 Hz, CH3); l3C NMR 

(100 MHz, CDCb): 8 = 168.9 (0), 137.3 (0), 128.4 (1), 128.4 (1), 128.0 (1), 79.2 (1), 

73.6 (2), 69.3 (1),22.0 (3), 21.9 (3). Data according to literature.[142] 

(2R,3R)-2,3-Bis-benzyloxy-succinic acid 77 

o OBn 

HO~OH 
OBn 0 

77 

A solution ofbis-ester 76 (2.11 g, 5.09 mmol) in 60:40 1,4-dioxane/l M LiOH (100 ml) 

was stirred at room temperature for 5 h. 1,4-dioxane was removed under reduced pressure 

and the aqueous solution was washed (DCM, 2 x 50 ml), acidified (1 M HCl) and 

extracted (DCM, 3 x 50 mI). The combined organic layers were dried (MgS04) and the 

solvent was removed under reduced pressure to yield the desired product 77 as a white 

foam (1.46 g, 87%). FT-IR (DCM): Vmax = 2987 (w), 2906 (w), 2873 (w), 1741 (s), 1451 

(w), 1209 (s), 1153 (m), 1101 (s); 736 (s); 3087 (br), 2875 (w), 1728 (s), 1265 (s), 1101 

(m), 734 (s)cm-l; IH NMR (300 MHz, CDCb): 8 = 7.70 (2 H, br s, OH), 7.35-7.19 (10 H, 

m, PhH), 4.77 (2 H, d, J = 11.5 Hz, PhCHaHb), 4.50 (2 H, d, J = 11.5 Hz, PhCHaHb), 4.46 
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(2 H, s, COCH); l3c NMR (75 MHz, CDCh): b = 173.1 (0), 136.0 (0), 128.7 (1), 128.6 

(1), 78.1 (1), 74.3 (2); ESMS: mlz = 329 [M-HT. 

(2R,3R)-2,3-Bis-benzyloxy-butanedioyl dichloride 78 

o OBn 

CI~CI 
OBn 0 

78 

A solution of oxalyl chloride (620 Ill, 7.11 mmol) in dry DCM (10 ml) was added 

dropwise to a solution of bis-acid 77 (467 mg, 1.41 mmol) and DMF (4 drops) in dry 

DCM (20 ml) at room temperature. The reaction was stirred for 5 h at room temperature 

under N2. The solvent was removed under reduced pressure, THF was added and the 

insoluble material was filtered off. The solvent was removed under reduced pressure to 

give the desired product 78 (161 mg, 91 %). FT-IR (neat): Yrnax = 3019 (w), 1747 (s), 1734 

(s), 1357 (s), 1221 (s), 1081 (w), 958 (w), 865 (w) em-I. 

Macrocycle 79 

o 
os~so 

2, I 2 

[NH HNJ NH HN 

O~O 
BnO OBn 

79 

A solution ofTFA salt 70 (236 mg, 0.430 mmol) and dry Et3N (300 Ill, 2.15 mmol) in dry 

MeCN (4.5 ml) and a solution of bis-acyl chloride 78 (161 mg, 0.438 mmol) in dry 

MeCN (4.5 ml) were added simultaneously, with a syringe pump, into 70 ml of dry 

MeCN at 60°C over a period of 3.5 h. The condenser was equipped with a drying tube 

(CaCh). After the addition was completed, the reaction was stirred overnight at 60°C. 

The solvent was removed under reduced pressure and the residue was purified by flash 

column chromatography (Si02, 70:30 ---+ 80:20 EAJPE). After washing with DCM, the 

desired product 79 was obtained as a white solid (41 mg, 15%). MP > 240°C; Rf = 0.29 

(97.5:2.5 DCM/MeOH); [a]o23 = +31.3 (c = 0.11, DMSO); FT-IR (neat): Yrnax = 3294 
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(m), 1655 (s), 1554 (m), 1439 (w), 1338 (m), 1176 (m), 1107 (m), 1085 (m), 879 (w), 682 

(m) cm-I; IH NMR (400 MHz, DMSO-d6): 6 = 8.23 (2 H, t, J = 6.0 Hz, CONH), 8.20 (l 

H, t, J = 2.0 Hz, ArH), 8.04 (2 H, dd, J = 8.0, 2.0 Hz, ArH), 7.89 (1 H, t, J = 8.0 Hz, 

ArH), 7.56 (2 H, br s, SNH), 7.38-7.25 (10 H, m, PhH), 4.57 (2 H, d, J = 12.0 Hz, 

PhCHaHb), 4.42 (2 H, d, J= 12.0 Hz, PhCHaHb), 3.82 (2 H, s, COCH), 3.10-3.00 (2 H, m, 

CONHCHaHb) , 2.95-2.84 (2 H, m, CONHCHaHb), 2.83-2.75 (4 H, m, SNHCH2); 13C 

NMR (100 MHz, DMSO-d6): 6 = 168.5 (0), 140.6 (0), 137.5 (0), 131.1 (1), 130.3 (1), 

128.1 (1), 127.6 (1), 127.5 (1), 125.4 (1),82.2 (1), 71.5 (2),41.3 (2),37.9 (2); ESMS: mlz 

= 639 [M+Nat; HRMS (ES): calcd for C28H32N4NaOSS2 ([M+Nat) 639.1554, found 

639.1551. 

((1S,2S)-2-Amino-cyclohexyl)-carbamic acid tert-butyl ester 81 

A mixture of tartrate salt 80 (12.6 g, 47.7 mmol) and K2C03 (36.8 g, 266 mmol) in 2: I 

H20/EtOH (150 ml) was vigorously stirred for 45 min at room temperature. A solution of 

BOC20 (3.74 g, 17.1 mmol) in EtOH (650 ml) was added dropwise over a period of 9 h. 

After the addition was completed, the reaction was stirred overnight at room temperature. 

The reaction mixture was concentrated under reduced pressure, diluted (H20, 700 ml) and 

the insoluble material was filtered off. The aqueous solution was extracted (DCM, 2 x 

300 and 2 x 100 ml), the combined organic layers were dried (MgS04) and the solvent 

was removed under reduced pressure to yield the desired product 81 as a pale yellow 

solid (1.55 g, 42%). MP = 94-95 °C (DCM/hexanes) (lit. [143] 110-111 0C); Rf = 0.29 (95:5 

DCM/MeOH); [a]D27 = +26.0 (c = 0.5, CHCh); FT-IR (neat): Vmax = 3349 (w), 2927 (m), 

1694 (s), 1541 (m), 1170 (s), 1013 (m), 963 (m) cm-I; IH NMR (300 MHz, CDCb): 6 = 

4.47 (1 H, br s, BocNH), 3.19-3.02 (1 H, m, BocNHCH), 2.31 (1 H, dt, J = 4.0, 10.0 Hz, 

NH2CH), 2.03-1.89 (2 H, m, CyH), 1.73-1.63 (2 H, m, CyH), 1.48 (2 H, br s, NH2), 1.43 

(9 H, s, CH3), 1.37-1.00 (4 H, m, CyH); 13C NMR (75 MHz, CDCh): () = 156.3 (0), 79.4 

(0), 57.8 (1), 55.8 (1), 35.4 (2), 33.0 (2), 28.5 (3), 25.3 (2), 25.2 (2); ESMS: mlz = 215 

[M+Ht. Data according to literature. [143] 
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1,3-Bis-((1S,2S)-2-tert-butoxycarbonylamino-cyclohexylsulfamoyl)-benzene 82 

o 
os~so 2, I 2 

0", NH HNX), 

NH HN" 
I I 
Boc Boc 

82 

A solution of bis-sulfonyl chloride 68 (915 mg, 3.32 mmol) in dry DCM (10 ml) was 

added dropwise to a solution of amine 81 (1.44 g, 6.73 mmol) and dry EhN (950 Ill, 6.82 

mmol) in dry DCM (20 ml) at 0 0c. The reaction was allowed to reach room temperature 

and stirred overnight under N2. The reaction mixture was diluted (DCM, 90 ml), washed 

(1 M KHS04, 80 ml, 1 M K2C03, 80 ml, and brine, 80 ml) and dried (MgS04). The 

solvent was removed under reduced pressure and the residue was purified by flash 

column chromatography (Si02, PE - 70:30 PE/EA) to yield the desired product 82 as a 

white solid (1.85 g, 88%). MP = 1 12-ll8 °C; Rf= 0.23 (65:35 PE/EA); [a]D27 = -76.9 (c 

= 0.5, CHCb); FT-IR (neat): V max = 3270 (br), 2932 (m), 2859 (w), 1681 (s), 1515 (m), 

1453 (m), 1320 (s), 1256 (m), ll56 (s), 1080 (m), 964 (w), 907 (m), 792 (m) em-I; 'H 

NMR (400 MHz, CDCb): 8 = 8.35 (1 H, t, J = 2.0 Hz, ArH), 8.01 (2 H, dd, J = 8.0, 2.0 

Hz, ArH), 7.60 (1 H, t, J= 8.0 Hz, ArH), 5.98 (2 H, d, J= 5.5 Hz, SNH), 4.48 (2 H, d, J= 

. 5.5 Hz, CONH), 3.39-3.26 (2 H, m, CONHCH), 3.04-2.92 (2 H, m, SNHCH), 2.05-1.89 

(4 H, m, CyH), 1.75-1.60 (4 H, m, CyH), 1.42 (18 H, s, CH3), 1.32-1.10 (8 H, m, CyH); 

l3C NMR (100 MHz, CDCb): 8 = 157.4 (0), 143.2 (0), 130.3 (1), 130.1 (1), 125.5 (1), 

80.51 (0),60.2 (1), 53.6 (1), 34.1 (2),32.7 (2), 28.5 (3),24.8 (2), 24.5 (2); ESMS: mlz = 

631 [M+Ht, 653 [M+Nat; HRMS (ES): calcd for C2sH47N40SS2 ([M+Ht) 631.2830, 

found 631.2827; calcd for C2sH46N4NaOSS2 ([M+Nat) 653.2649, found 653.2635. 

TFA salt 83 

o 
os~so 2, I 2 

0", NH HNX), x2TFA 

NH2 H2N " 

83 
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A solution of bis-sulfonamide 82 (898 mg, 1.42 mmol) in 80:20 DCM/TF A (20 ml) was 

stirred for 4 h at room temperature. Toluene was added and the solvent was removed 

under reduced pressure. The residue was triturated with DCM and filtered off to yield the 

desired product 83 as a beige solid (917 mg, 98%). MP = 162-165 °C; [a.]027 = -64.1 (c = 

0.5, MeOH); FT-IR (neat): Vrnax = 3086 (br) , 2937 (m), 2865 (m), 1666 (s), 1516 (w), 

1331 (m), 1126 (s), 796 (m) cm-I; IH NMR (400 MHz, MeOD-d4): 8 = 8.42 (1 H, t, J = 

2.0 Hz, ArH), 8.19 (2 H, dd, J= 8.0, 2.0 Hz), 7.86 (1 H, t, J= 8.0 Hz, ArH), 3.18-3.07 (2 

H, m, NCH), 2.91 (2 H, dt, J = 4.0, 11.5 Hz, NCH), 2.14-2.04 (2 H, m, CyH), 1.79-1.69 

(2 H, m, CyH), 1.63-1.54 (2 H, m, CyH), 1.44 (2 H, apparent dq, J = 3.5, 12.5 Hz, CyH), 

1.35-1.03 (8 H, m, CyH); l3C NMR (100 MHz, MeOD-d4): 8 = 144.3 (0), 132.1 (1), 132.0 

(1), 126.4 (1), 56.6 (1), 55.9 (1), 32.3 (2), 30.7 (2), 25.4 (2), 24.6 (2); signals 

corresponding to trifluoroacetate were not detected due to the small sample size; ESMS: 

mlz = 431 [M+Ht, 453 [M+Nat. 

Macrocycle 84 

A solution ofTFA salt 83 (212 mg, 0.322 mmol) and dry Et3N (225 )ll, 1.61 mmol) in dry 

MeCN (4 ml) and a solution of glutaryl dichloride (42 )ll, 0.329 mmol) in dry MeCN (4 

ml) were added simultaneously, with a syringe pump, into 60 ml of dry MeCN at 60°C 

over a period of 3.5 h. The condenser was equipped with a drying tube (CaCh). After the 

addition was completed, the reaction was stirred overnight at 60°C. The solvent was 

removed under reduced pressure and the residue was dissolved in EA (60 ml), washed (1 

M KHS04, 40 ml, 1 M K 2C03, 30 ml, and brine, 30 ml) and dried (MgS04). The solvent 

was removed under reduced pressure and the residue was purified by flash column 

chromatography (Si02, EA, then 97:3 ~ 96:4 DCM/MeOH) to yield the desired product 

84 as a white solid (48 mg, 28%). MP = 185-194 °C; Rf = 0.24 (95:5 DCM/MeOH); 

[a.]022 = +45.2 (c = 0.3, CHCb); FT-IR (neat): Vrnax = 3249 (w), 2933 (m), 2860 (w), 1642 

(s), 1532 (s), 1450 (m), 1323 (s), 1171 (s), 1152 (s), 1077 (s), 957 (w), 899 (w), 795 (w), 
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681 (m) cm-I; IH NMR (300 MHz, CDCb): 8 = 8.27 (1 H, t, J= 1.5 Hz, ArH), 8.02 (2 H, 

dd, J= 8.0,1.5 Hz, ArH), 7.63 (1H, t, J= 8.0 Hz, ArH), 6.05 (2 H, d, J= 8.0 Hz, CONH) 

5.92 (2 H, d, J = 6.5 Hz, SNH), 3.74-3.70 (2 H, m, CONHCH), 3.22-3.09 (2 H, m, 

SNHCH), 2.50-2.40 (2 H, m, SNHCHCHaHb), 1.92-1.83 (2 H, m, CONHCHCHaHb), 

1.83-1.72 (8 H, m, CyH and COCHaHb superimposed), 1.66-1.39 (4 H, m, partially 

obscured by H20, SNHCHCHaHb and COCHaHb superimposed), 1.38-1.24 (6 H, m, CyH, 

CONHCHCHaHb and CH2CH2CH2 superimposed); l3C NMR (75 MHz, CDCb): 8 = 

174.5 (0), 143.5 (0), 130.6 (1), 130.4 (1), 124.9 (1), 61.4 (1), 52.3 (1),35.8 (2), 35.0 (2), 

32.4 (2), 24.8 (2), 24.5 (2), 21.2 (2); ESMS: mlz = 527 [M+Ht, 549 [M+Nat, 1053 

[2M+Ht; HRMS (ES): calcd for C23H34N4Na06S2 ([M+Nat) 549.1812, found 549.1815; 

Anal. Calcd for C23H3~406S2'lH20: C, 50.72; H, 6.66; N, 10.29. Found: C, 50.31; H, 

6.33; N, 10.00. 

Macrocycle 85 

A solution ofTFA salt 83 (216 mg, 0.328 mmol) and dry Et3N (220 fll, 1.58 mmol) in dry 

MeCN (4 ml) and a solution of succinyl dichloride (37 fll, 0.336 mmol) in dry MeCN (4 

ml) were added simultaneously, with a syringe pump, into 60 ml of dry MeCN at 60°C 

over a period of 4 h. The condenser was equipped with a drying tube (CaCh). After the 

addition was completed, the reaction was stirred overnight at 60°C. The solvent was 

removed under reduced pressure and the residue was purified by flash column 

chromatography (Si02, DCM ---+ 96:4 DCM/MeOH). Recrystallisation (MeOH) yielded 

the desired product 85 as a crystalline powder (34 mg, 20%). MP = 185-190 °C (MeOH); 

Rf= 0.19 (97:3 DCM/MeOH); [a]o27 = +31.5 (c = 0.4, CHCb); FT-IR (neat): Vmax = 3251 

(w), 3076 (w), 2930 (m), 2856 (w), 1633 (s), 1537 (s), 1434 (m), 1324 (s), 1172 (s), 1152 

(s), 1072 (s), 906 (m) cm-I; IH NMR (400 MHz, CDCb): 8 = 8.32 (1 H, t, J = 1.5 Hz, 

ArH), 8.06 (2 H, dd, J= 8.0, 1.5 Hz, ArH), 7.68 (1 H, t, J= 8.0 Hz, ArH), 7.18 (2 H, d, J 

= 7.5 Hz, CONH), 6.10 (2 H, d, J= 5.5 Hz, SNH), 3.62-3.51 (2 H, m, CONHCH), 3.21 (2 
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H, apparent sept, J = 5.5 Hz, SNHCH), 2.43-2.32 (2 H, m, SNHCHCHaHb), 1.96-1.84 (4 

H, m, CONHCHCHaHb and COCHaHb superimposed), 1.84-1.66 (6 H, m, partially 

obscured by I-bO, COCHaHb and CyH superimposed), 1.46 (2 H, apparent dq, J = 3.0, 

12.5 Hz, SNHCHCHaHb), 1.40-1.20 (6 H, m, CONHCHCHaHb and CyH superimposed); 

l3C NMR (75 MHz, CDCb): 8 = 174.2 (0), 143.8 (0), 130.0 (1), 129.6(1), 124.9 (1), 61.7 

(1),51.9 (1), 36.12 (2), 32.3 (2),31.4 (2), 24.6 (2), 24.2 (2); ESMS: mlz = 513 [M+Ht, 

535 [M+Nat, 1047 [2M+Nat; HRMS (ES): calcd for C22H33N406S2 ([M+Ht) 

513.1836, found 513.1837; calcd for C22H32N4Na06S2 ([M+Nat) 535.1655, found 

535.1681. 

Macrocycle 86 

o 
os~so 2, I 2 

eel,. NH HNX), 

NH HN '/ 

O~O 
BnO OBn 

86 

A solution of TF A salt 83 (187 mg, 0.284 mmol) and dry Et3N (200 Ill, 1.43 mmol) in dry 

MeCN (4 ml) and a solution ofbis-acyl chloride 78 (114 mg, 0.311 mmol) in dry MeCN 

(4 ml) were added simultaneously, with a syringe pump, into 60 ml of dry MeCN at 60 DC 

over a period of 4 h. The condenser was equipped with a drying tube (CaCh). After the 

addition was completed, the reaction was stirred overnight at 60 DC. The solvent was 

removed under reduced pressure and the residue was dissolved in DCM (50 ml), washed 

(1 M KHS04, 30 ml, 1 M K2C03, 30 ml, and brine, 30 ml) and dried (MgS04). The 

solvent was removed under reduced pressure and the residue was purified by flash 

column chromatography (Si02, 50:50 ---+ 60:40 EAlPE) to yield the desired product 86 as 

a white solid (42 mg, 20%). MP > 240°C (acetone); Rf = 0.44 (70:30 EA/PE); [a]o27 = 

+45.2 (c = 0.25, CHCh); FT-IR (neat): Vmax = 3379 (w), 3259 (w), 2936 (w), 2857 (w), 

1665 (s), 1516 (s), 1431 (m), 1318 (s), 1061 (s), 684 (m) em-I; IH NMR (400 MHz, 

CDCb): 8 = 8.15 (2 H, dd, J= 8.0,1.5 Hz, ArH), 7.96 (1 H, t, J= 1.5 Hz, ArH), 7.72 (l 

H, t, J= 8.0 Hz, ArH), 7.44-7.16 (10 H, m, PhH), 6.09 (2 H, d, J= 10.0 Hz, CONH), 5.33 

(2 H, d, J = 2.5 Hz, SNH), 4.93 (2 H, d, J = 12.0 Hz, PhCHaHb), 4.53 (2 H, s, COCH), 
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4.36 (2 H, d, J = 12.0 Hz, PhCHaHb), 3.60 (2 H, apparent dq, J = 4.0, 10.0 Hz, 

CONHCH), 2.64 (2 H, apparent tt, J = 11.0, 3.0 Hz, SNHCH) , 2.59-2.50 (2 H, m, 

SNHCHCHaHb) , 1.75-1.51 (4 H, m, partially obscured by H20, CyH), 1.50-1.41 (2 H, m, 

CONHCHCHaHb) , 1.41-1.35 (2 H, m, SNHCHCHaHb), 1.35-1.07 (4 H, m, CyH), 0.78 (2 

H, apparent dq, J = 4.0, 13.0 Hz, CONHCHCHaHb); I3C NMR (100 MHz, CDCb): 8 = 

168.9 (0), 141.8 (0), 135.5 (0), 132.0 (1), 130.6 (1), 129.9 (1), 129.4 (1), 129.2 (1), 122.8 

(1),81.3 (1), 77.4 (2),58.1 (1),51.5 (1), 33.4 (2), 32.4 (2), 24.6 (2), 24.1 (2); ESMS: mlz 

= 725 [M+Ht, 747 [M+Nat, 1471 [2M+Nat; HRMS (ES): calcd for C36H4SN40SS2 

([M+Ht) 725.2673, found 725.2659; calcd for C36~4N4NaOsSz ([M+Nat) 747.2493, 

found 747.2530. 

Macrocycle 87 and macro cycle 91 

87 

91 

Method A. A solution of bis-acid 90 (416 mg, 0.953 mmol) and CDI (314 mg, 1.93 

mmol) in dry THF (16 ml) was stirred for 45 min at room temperature under Nz. The 

mixture and a solution of m-xylylenediamine (125 Ill, 0.947 mmol) and dry Et3N (80 Ill, 

0.574 mmol) in dry THF (16 ml) were added simoultaneously into 20 ml of dry THF in 

one portion. The reaction was stirred overnight at room temperature under N2. The 

solvent was removed under reduced pressure and the residue was purified by flash 

column chromatography (SiOz, DCM ~ 98:2 DCM/MeOH) to yield the desired product 

87 as a white powder (31 mg, 6%) accompanied by macrocycle 91 (white solid, 39 mg, 

8%). Method B. A solution of pentafluorophenol ester 97 (677 mg, 0.881 mmol) and 

TBACI (500 mg, 1.80 mmol) in dry DCM (5 ml) and a solution of m-xylylenediamine 

(120 Ill, 0.909 mmol) and dry Et3N (500 Ill, 3.59 mmol) in dry DCM (5 ml) were added 
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simultaneously, with a syringe pump, into 100 ml of dry DCM at room temperature over 

a period of 5 h. The reaction was stirred overnight at room temperature. The solvent was 

removed under reduced pressure and the residue was purified by flash column 

chromatography (Si02, 40:60 - 55:45 EAlPE) to yield the desired product 87 as a white 

solid (280 mg, 59%). Macrocycle 87: MP > 240 DC (MeOH); Rf = 0.63 (75:25 EAlPE); 

[a]o26 = + 195 (c = 0.5, DMSO); FT-IR (neat): Vmax = 3599 (w), 3488 (w), 3238 (m), 3090 

(w), 2968 (w), 2873 (w), 1688 (m), 1651 (s), 1548 (m), 1462 (m), 1454 (m), 1325 (s), 

1269 (w), 1224 (w), 1178 (s), 1128 (m), 1089 (m), 1050 (m), 803 (m), 793 (m), 719 (w), 

703 (w), 680 (m) em-I; IH NMR (400 MHz, DMSO-d6): (5 = 8.42 (2 H, dd, J = 7.0, 4.0 

Hz, CONH), 8.13 (2 H, br s, SNH), 7.98 (1 H, s, 02SArH), 7.62 (2 H, dd, J= 8.0,1.5 Hz, 

02SArH), 7.33 (1 H, t, J= 7.5 Hz, ArH), 7.21 (2 H, d, J= 7.5 Hz, ArH), 6.77 (1 H, t, J= 

8.0 Hz, 02SArH), 6.75 (1 H, s, ArH), 4.34 (2 H, dd, J= 14.0, 7.0 Hz, NHCHaHb), 3.75 (2 

H, dd, J = 14.0, 4.0 Hz, NHCHaHb), 3.62 (2 H, br s, a-CH), 1.92 (2 H, apparent oct, J = 

7.0 Hz, a-CHCH) , 0.95 (6 H, d, J = 7.0 Hz, CH3) , 0.94 (6 H, d, J = 7.0 Hz, CH3); l3C 

NMR (100 MHz, DMSO-d6): (5 = 169.4 (0), 142.5 (0), 138.6 (0), 128.9 (1), 128.5 (1), 

128.3 (1), 128.0 (1), 127.6 (1), 123.3 (1), 61.9 (1), 42.4 (2), 31.3 (1), 19.1 (3), 18.3 (3); 

ESMS: mlz = 537 [M+Ht, 559 [M+Nat; HRMS (ES): calcd for C24H32N4Na06S2 

([M+Nat) 559.1655, found 559.1666; Anal. Calcd for C24H32N406S2·1.5H20: C, 51.14; 

H, 6.26; N, 9.94. Found: C, 51.13; H, 6.15; N, 9.53. Macrocycle 91: MP = 176-184 DC; 

Rf = 0.43 (75:25 EAlPE); [a]o26 = +65.8 (c = 0.25, DMSO); FT-IR (neat): Vmax = 3365 

(w), 2965 (w), 1663 (s), 1538 (m), 1427 (m), 1325 (s), 1274 (w), 1156 (s), 1082 (m), 

1046 (w), 923 (w), 795 (m), 681 (m) em-I; IH NMR (400 MHz, DMSO-d6): (5 = 8.34 (4 

H, apparent t, J = 6.0 Hz, CONH), 8.21 (2 H, t, J = 2.0 Hz, 02SArH), 8.08 (4 H, br s, 

SNH), 7.93 (4 H, dd, J = 8.0, 2.0 Hz, 02SArH), 7.54 (2 H, t, J = 8.0 Hz, 02SArH), 7.20 (2 

H, t, J= 8.0 Hz, ArH), 7.01 (2 H, s, ArH), 6.92 (4 H, d, J= 8.0 Hz, ArH), 4.07 (4 H, dd, J 

= 15.0,6.0 Hz, NHCHaHb), 4.00 (4 H, dd, J= 15.0,6.0 Hz, NHCHaHb), 3.59 (4 H, d, J= 

7.0 Hz, a-CH), 1.87 (4 H, apparent oct, J = 7.0 Hz, a-CHCH), 0.79 (24 H, d, J = 7.0 Hz, 

CH3); l3C NMR (100 MHz, DMSO-d6): (5 = 169.8 (0), 141.9 (0), 138.7 (0), 129.9 (1), 

129.4 (1), 128.3 (1), 126.3 (1), 125.4 (1), 124.7 (1), 62.0 (1), 41.9 (2), 30.7 (1), 19.0 (3), 

18.2 (3); ESMS: mlz = 1073 [M+Ht, 1095 [M+Nat; Anal. Calcd for 

C4sH64Ns012S4·1.5H20: C, 52.39; H, 6.14; N, 10.18. Found: C, 52.30; H, 5.92; N, 9.99. 
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Macrocycle 88 and macrocycle 92 

88 

Method A. A solution of his-acid 90 (321 mg, 0.735 mmol) and CDI (245 mg, 1.51 

mmo1) in dry THF (15 ml) was stirred for 50 min at room temperature under N2. The 

mixture and a solution of 1,5-diaminopentane (90 /-LI, 0.77 mmol) in dry THF (15 ml) 

were added simoultaneously into 15 ml of dry THF in one portion. The reaction was 

stirred overnight at room temperature under N2. The solvent was removed under reduced 

pressure and the residue was purified by flash column chromatography (Si02, 50:50 -c> 

75:25 EAlPE) to yield the desired product 88 as a white solid (85 mg, 23%) accompanied 

by macro cycle 92 (white solid, 42 mg, 11 %). Method B. A solution of penta flu oro phenol 

ester 97 (230 mg, 0.300 mmol) and TBACI (85 mg, 0.306 mmol) in dry DCM (4 ml) and 

a solution of 1,5-diaminopentane (35 /-LI, 0.299 mmol) and dry Et3N (250 /-LI, 1.79 mmol) 

in dry DCM (4 ml) were added simultaneously, with a syringe pump, into 25 ml of dry 

DCM at room temperature over a period of 4: h. The reaction was stirred overnight at 

room temperature. The solvent was removed under reduced pressure and the residue was 

purified by flash column chromatography (Si02, 50:50 -c> 75:25 EAlPE) to yield the 

desired product 88 as a white solid (102 mg, 68%). Method C (anion templating effect 

study). Pentafluorophenol ester 97 (970 mg, 1.26 mmol) was dissolved in dry DCM (18 

ml). The volume of the solution was 18.5 ml. 1,5-diaminopentane (148 Ill, 1.26 mmol) 

and dry Et3N (530 /-Ll, 3.80 mmol) were dissolved in dry DCM (19 ml) to give 18.5 ml of 

solution. Successively, 0, 1 (74 mg, 0.267 mmol), 2 (149 mg, 0.534 mmol) and 4 (300 

mg, 1.08 mmol) equivalents of TBACl were added to four different aliquots (4 ml) of the 

solution containing the pentafluorophenol ester. Each mixture so obtained and an aliquot 

(4 ml) of the solution containing the bis-amine were added simultaneously, with a syringe 

pump, into 20 ml of dry DCM at room temperature over a period of 1 h 45 min. The four 

reactions were stirred overnight at room temperature. For each reaction, the solvent was 
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removed under reduced pressure and the residue was purified by flash column 

chromatography (Si02, 50:50 -+ 75:25 EAlPE). Macrocycles 88 and 92 were obtained 

with various yields: 0 equivalents of TBACI, 88 (38 mg, 28%) and 92 (36 mg, 26%); 1 

equivalent of TBACI, exclusively 88 (90 mg, 65%); 2 equivalents of TBACI, exclusively 

88 (l08 mg, 79%); 4 equivalents ofTBACI, exclusively 88 (108 mg, 79%). Macrocycle 

88: MP = 160-162 °C; Rf = 0.29 (75:25 EAlPE); [a]D26 = + 144 (c = 0.5, MeCN); FT-IR 

(neat): Vrnax = 3409 (w), 3375 (w), 3271 (w), 2965 (w), 2936 (w), 1659 (s), 1538 (m), 

1440 (w), 1414 (w), 1341 (s), 1329 (s), 1175 (s), 1130 (m), 1053 (m), 934 (w), 919 (w), 

801 (m), 682 (m) em-I; IH NMR (400 MHz, DMSO-d6): 8 = 8.15 (1 H, t, J = 2.0 Hz, 

ArH), 8.09 (2 H, d, J= 9.0 Hz, SNH), 7.96 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.80 (2 H, dd, 

J = 7.0, 4.5 Hz, CONH), 7.67 (1 H, t, J = 8.0 Hz, ArH), 3.54 (2 H, dd, J = 9.0, 7.0 Hz, a­

CH), 3.20-3.09 (2 H, m, NHCHaHb), 2.67-2.57 (2 H, m, NHCHaHb), 1.89 (2 H, apparent 

oct, J = 7.0 Hz, a-CHCH) , 1.24-1.11 (2 H, m, NHCH2CHaHb), 1.11-1.00 (2 H, m, 

NHCH2CHaHb), 0.91 (6 H, d, J= 7.0 Hz, CH3) , 0.88 (6 H, d, J= 7.0 Hz, CH3), 0.69 (2 H, 

apparent quin, J= 7.0 Hz, NHCH2CH2CH2); I3C NMR (100 MHz, DMSO-d6): 8 = 169.5 

(0), 142.7 (0), 129.7 (1), 129.2 (1), 124.4 (1),61.7 (1), 38.1 (2),31.1 (1),28.1 (2),23.3 

(2), 19.1 (3), 18.2 (3); ESMS: mlz = 503 [M+Ht, 525 [M+Nat, 1005 [2M+Ht, 1027 

[2M+Nat; HRMS (ES): calcd for C21H35N406S2 ([M+Ht) 503.1993, found 503.2014; 

calcd for C21H34N4Na06S2 ([M+Nat) 525.1812, found 525.1815; Anal. Calcd for 

C21H34N406S2: C, 50.18; H, 6.82; N, 11.14. Found: C, 49.55; H, 6.78; N, 11.01. 

Macrocycle 92: MP > 240°C; Rf = 0.11 (75:25 EAlPE); [a]D26 = +89.2 (c = 0.25, 

DMSO); FT-IR (neat): Vrnax = 3374 (w), 3154 (w), 2962 (w), 1666 (s), 1538 (m), 1455 

(m), 1320 (m), 1219 (w), 1157 (s), 1142 (s), 1078 (m), 1042 (m), 936 (m), 793 (m), 679 

(m) em-I; IH NMR (400 MHz, DMSO-d6): 8 = 8.18 (2 H, s, ArH), 8.03 (4 H, d, J = 9.0 

Hz, SNH), 7.94 (4 H, d, J= 8.0 Hz, ArH), 7.80 (4 H, apparent t, J= 5.0 Hz, CONH), 7.68 

(2 H, t, J = 8.0 Hz, ArH), 3.48 (4 H, apparent t, J = 8.0 Hz, a-CH), 2.88-2.76 (4 H, m, 

NHCHaHb), 2.76-2.66 (4 H, m, NHCHaHb), 1.88-1.74 (4 H, m, a-CHCH), 1.21-1.09 (8 H, 

m, NHCH2CH2), 1.09-0.99 (4 H, m, NHCH2CH2CH2), 0.88 (12 H, d, J = 7.0 Hz, CH3) , 

0.79 (12 H, d, J = 7.0 Hz, CH3); I3C NMR (100 MHz, DMSO-d6): 8 = 169.4 (0), 142.0 

(0), 129.8 (1), 129.3 (1), 124.8 (1), 62.0 (1), 38.2 (2), 30.7 (1), 28.2 (2), 23.6 (2), 18.9 

(3), 18.3 (3); ESMS: mlz = 1004 [M+Ht, 1027 [M+Nat; Anal. Calcd for 

C42H68N8012S4: C, 50.18; H, 6.82; N, 11.14. Found: C, 50.15; H, 6.84; N, 10.63. 
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(S)-2-[3-( (S)-1-Benzyloxycarbonyl-2-methyl-propylsulfamoyl)­

benzenesulfonylamino]-3-methyl-butyric acid benzyl ester 89 

A solution of bis-sulfonyl chloride 68 (3.55 g, 12.9 mmol) in dry DCM (10 ml) was 

added dropwise to a solution ofH-Val-OBn'TsOH (10.3 g, 27.1 mmol) and dry Et3N (5.6 

ml, 40 mmol) in dry DCM (50 ml) at 0 0c. The reaction was allowed to reach room 

temperature and stirred overnight under N2. The reaction mixture was diluted (DCM, 150 

ml), washed (2 M HCI, 250 ml, 1 M K2C03, 2 x 200 ml, and brine, 200 ml) and dried 

(MgS04). The solvent was removed under reduced pressure and the residue was purified 

by flash column chromatography (Si02, 90: 10 ----+ 75:25 PE/EA) to yield the desired 

product 89 as a colourless oil (5.74 g, 72%). Rf= 0.24 (70:30 EA/PE); [a]D27 = +4.3 (c = 

0.75, CHCb); FT-IR (neat): Ymax = 3272 (w), 2963 (w), 1729 (s), 1453 (m), 1334 (s), 

1156 (s), 1135 (s), 913 (m), 681 (s) em-I; IH NMR (400 MHz, CDCb): 8 = 8.25 (1 H, t,) 

= 2.0 Hz, Arll), 7.88 (2 H, dd, J= 8.0, 2.0 Hz), 7.38 (1 H, t, J= 8.0 Hz, Arll), 7.29-7.24 

(6 H, m, PhH), 7.16-7.11 (4 H, m, PhH), 5.27 (2 H, d, J= 10.0 Hz, Nll), 4.88 (2 H, d,)= 

12.0 Hz, PhCHaHb), 4.84 (2 H, d, J= 12.0 Hz, PhCHaHb), 3.80 (2 H, dd, J= 10.0,5.0 Hz, 

a-Cll), 2.10-1.96 (2 H, m, a-CHCll), 0.89 (6 H, d, J= 7.0 Hz, CH3), 0.76 (6 H, d, J= 7.0 

Hz, CH3); l3C NMR (100 MHz, CDCb): 8 = 171.0 (0),141.4 (0),134.9 (0),131.1 (1), 

130.1 (1), 128.8 (1),128.7 (1),126.1 (1),67.7 (2), 61.3 (1),31.8 (1),19.1 (3), 17.3 (3); 

ESMS: mlz = 615 [M-Hr. 

(S)-2-[3-«S)-1-Carboxy-2-methyl-propylsulfamoyl)-benzenesulfonylamino]-3-

methyl-butyric acid 90 

,C 
)X~H °H~~ 

o OH HO 0 

90 
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A mixture ofbis-ester 89 (5.48 g, 8.89 mmol) and PdlC (10% wt, 976 mg, 0.917 mmol) 

in MeOH (60 ml) was stirred at room temperature under H2 (atmospheric pressure) for 4 

h. The mixture was filtered through a celite pad and the solvent was removed under 

reduced pressure to yield the desired product 90 as a white powder (3.76 g, 97%). MP = 

200-203 °C; [a]D27 = +23.8 (c = 0.5, MeOH); FT-IR (neat): Vmax = 3264 (m), 2969 (w), 

1713 (s), 1668 (m), 1460 (w), 1413 (m), 1347 (s), 1219 (m), 1142 (s), 1051 (s), 897 (m), 

795 (s), 678 (m) em-I; IH NMR (400 MHz, DMSO-d6): 8 = 8.24 (2 H, d, J= 8.5 Hz, NH), 

8.16 (1 H, t, J= 2.0 Hz, ArH), 7.97 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.74 (1 H, t, J= 8.0 

Hz, ArH), 3.54 (2 H, apparent t, J = 7.0 Hz, a-CH), 1.95 (2 H, apparent oct, J = 7.0 Hz, a­

CHCH), 0.80 (6 H, d, J= 7.0 Hz, CHJ), 0.76 (6 H, d, J= 7.0 Hz, CHJ); l3C NMR (100 

MHz, DMSO-d6): 8 = 172.1 (0), 142.0 (0), 130.0 (1), 130.0 (1), 124.5 (1), 61.4 (1), 30.3 

(1), 18.9 (3), 17.8 (3); ESMS: mlz = 435 [M-HL 871 [2M-Hr. 

N-Benzyl-(S)-2-[3-( (S)-l-benzylcarbamoyl-2-methyl-propylsulfamoyl)­

benzenesulfonylamino J-3-methyl-butyramide 93 

A solutionofbis-acid 90 (97 mg, 0.22 mmol) and CDI (73 mg, 0.45 mmol) in dry THF (7 

ml) was stirred for 1 h at room temperature under N2. The mixture was added to a 

solution of benzyl amine (62 Ill, 0.57 mmol) and dry Et3N (50 Ill, 0.36 mmol) in dry THF 

(5 ml). The reaction was stirred overnight at room temperature under N2. The solvent was 

removed under reduced pressure and the residue was purified by flash column 

chromatography (Si02, 70:30 ---f 55:45 PE/EA) to yield the desired product 93 as a white 

solid (87 mg, 64%). MP = 90-92 °C; Rf = 0.48 (50:50 EAlPE); [a]D25 = +33.2 (c = 0.25, 

MeCN); FT-IR (neat): Vmax = 3272 (w), 2966 (w), 1651 (s), 1539 (w), 1455 (w), 1434 

(w), 1327 (s), 1156 (s), 1142 (s), 1080 (m), 1030 (w), 915 (w), 795 (m) em-I; IH NMR 

(400 MHz, MeCN-dJ): 8 = 8.26 (1 H, t, J = 2.0 Hz, ArH), 7.99 (2 H, dd, J = 8.0, 2.0 Hz, 

ArH), 7.61 (1 H, t, J= 8.0 Hz, ArH), 7.32-7.21 (6 H, m, PhH), 7.12-7.07 (4 H, m, PhH), 
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6.92 (2 H, apparent t, J= 6.0 Hz, CONH), 6.11 (2 H, br s, SNH), 4.14 (2 H, dd, J= 15.0, 

6.0 Hz, PhCHaHb), 4.04 (2 H, dd, J = 15.0,6.0 Hz, PhCHaHb), 3.57 (2 H, d, J = 6.0 Hz, a­

CH), 1.97-1.88 (2 H, m, partially obscured by solvent peak, a-CHCH), 0.83 (6 H, d, J = 

7.0 Hz, CH3), 0.82 (6 H, d, J= 7.0 Hz, CH3); l3C NMR (100 MHz, MeCN-d3): 8 = 170.8 

(0), 142.4 (0), 139.6 (0), 131.8 (1), 131.2 (1), 129.4 (1), 128.4 (1), 128.1 (1), 126.7 (1), 

63.1 (1),42.7 (2), 32.5 (1), 19.5 (3), 17.9 (3); ESMS: mlz = 615 [M+Ht, 637 [M+Nat; 

HRMS (ES): ca1cd for C30H39N406S2 ([M+Ht) 615.2306, found 615.2301; ca1cd for 

C30H3SN4Na06S2 ([M+Nat) 637.2125, found 637.2176. 

3-Methyl-(S)-2-[3-(2-methyl-(S)-1-pentafluorophenyloxycarbonyl-propylsulfamoyl)­

benzenesulfonylamino]-butyric acid pentafluorophenyl ester 97 

A solution of EDC (1.76 g, 9.19 mrnol) in dry DCM (35 ml) was added dropwise to a 

solution ofbis-acid 90 (1.95 g, 4.46 mrnol) and pentafluorophenol (2.10 g, 11.4 mrnol) in 

dry DCM (50 ml) during 30 min at 0 0c. The reaction was allowed to reach room 

temperature and stirred overnight under N2. The mixture was washed (5% aqueous 

NaHC03, 2 x 150 ml), dried (MgS04) and the solvent was removed under reduced 

pressure. The residue was dissolved in EA and filtered through a small silica pad. The 

solvent was removed under reduced pressure to yield the desired product 97 as a white 

solid (2.60 g, 76%). MP = 55-61°C; Rf = 0.30 (80:20 PE/EA); [ex]027 = +16.2 (c = 0.5, 

CHCb); FT-IR (neat): V max = 3285 (w), 2972 (w), 1784 (m), 1518 (s), 1741 (w), 1338 

(m), 1158 (m), 1085 (s), 992 (s), 921 (w), 893 (w), 799 (w), 682 (m) cm-I; IH NMR (300 

MHz, CDCb): 8 = 8.45 (1 H, t, J = 2.0 Hz, ArH), 8.05 (2 H, dd, J = 8.0, 2.0 Hz, ArH), 

7.66 (1 H, t, J= 8.0 Hz, ArH), 5.77 (2 H, d, J= 5.0 Hz, NH), 4.25 (2 H, dd, J= 10.0,5.0 

Hz, a-CH), 2.43-2.28 (2 H, m, a-CHCH), 1.10 (6 H, d, J= 7.0 Hz, CH3), 0.97 (6 H, d, J= 

7.0 Hz, CH3); l3C NMR (75 MHz, CDCb): 8 = 167.6 (0),141.7 (0), 131.1 (1), 130.3 (1), 
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126.2 (1), 61.0 (1), 31.8 (1),19.1 (3), 16.9 (3); signals corresponding to aromatic carbons 

in the pentafluorophenol groups were not detected due to the small sample size. 

5-0ctyloxy-isophthalic acid 99 

A mixture of bis ester 98 (6.20 g, 29.5 mmol), 1-iodooctane (5 ml, 27.5 mmol) and 

K2C03 (13.9 g, 100.3 mmol) in acetone (140 ml) was refluxed overnight. After filtration, 

the solvent was removed under reduced pressure. DCM was added to the residue and the 

insoluble material was filtered off. The solvent was removed under reduced pressure and 

the crude material was dissolved in 50:50 1,4-dioxane/1.5 M LiOH (200 ml) and stirred 

overnight. The mixture was washed (Et20, 2 x 200 rnI) and acidified (3 M KHS04). A 

white precipitate was formed. The solid was filtered off, washed (DCM, H20) and 

suspended in toluene. The solvent was removed under reduced pressure to yield the 

desired product 99 as a white solid (5.81 g, 72%). MP = 225-227 DC; FT-IR (neat): V max = 

2923 (m), 2855 (m), 2566 (w), 1705 (s), 1683 (s), 1595 (m), 1643 (m), 1413 (m), 1338 

(m), 1309 (m), 1271 (s), 1125 (w), 1044 (m), 929 (m), 908 (m), 759 (s), 734 (s), 685 (m) 

em-I; IH NMR (300 MHz, DMSO-d6): 8 = 13.20 (2 H, br s, OH), 8.06 (1 H, t, J = 1.5 Hz, 

ArH), 7.62 (2 H, d, J= 1.5 Hz, ArH), 4.06 (2 H, t, J= 6.5 Hz, OCH2), 1.78-1.66 (2 H, m, 

OCH2CH2), 1.47-1.20 (10 H, m, (CH2)5CH3), 0.85 (3 H, t, J = 7.0 Hz, CH3); 13C NMR 

(75 MHz, DMSO-d6): 8 = 166.4 (0), 158.8 (0), 132.6 (0), 122.1 (1), 119.0 (1), 68.1 (2), 

31.2 (2), 28.6 (2), 28.6 (2),28.5 (2),25.4 (2), 22.0 (2), 13.9 (3); ESMS: mlz = 293 [M-Hr, 

587 [2M-HT; Anal. Calcd for C16H2205: C, 65.29; H, 7.53. Found: C, 65.28; H, 7.52. 
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5-0ctyloxy-isophthalamide 100 

A mixture ofbis-acid 99 (5.47 g, 18.6 mmol) and PCIs (10 g, 48 mmol) was stirred at 180 

°C until a homogeneous yellow solution was formed. The mixture was allowed to cool at 

room temperature and carefully added into 250 ml of NH3 saturated DCM at 0 DC. A 

white precipitate was formed immediately. After the addition was completed, the solid 

was filtered off, washed (H20) and suspended in toluene. The solvent was removed under 

reduced pressure to yield the desired product 100 as a white solid (4.53 g, 83%). MP = 

200-203 DC; Rf = 0.53 (90:10 DCM/MeOH); FT-IR (neat): Vrnax = 3400 (m), 3323 (w), 

3418 (w), 3142 (w), 2951 (w), 2918 (m), 2871 (w), 2850 (w), 1692 (s), 1652 (s), 1625 (s), 

1593 (s), 1470 (w), 1432 (s), 1394 (s), 1375 (s), 1255 (m), 1090 (w), 1048 (m), 882 (m), 

782 (m), 675 (m), 639 (m) em-I; IH NMR (300 MHz, DMSO-d6): 8 = 7.99 (2 H, br s, 

NHaHb) , 7.96 (1 H, t, J = 1.5 Hz, ArH), 7.53 (2 H, d, J = 1.5 Hz, ArH), 7.40 (2 H, br s, 

NRHb), 4.04 (2 H, t, J= 6.5 Hz, OCH2), 1.79-1.67 (2 H, m, OCH2CH2), 1.48-1.22 (10 H, 

m, (CH2)sCH3), 0.86 (3 H, t, J = 7.0 Hz, CH3); l3C NMR (75 MHz, DMSO-d6): 8 = 167.3 

(0), 158.5 (0), 135.7 (0), 119.0 (1), 116.0 (1), 67.9 (2), 31.2 (2), 28.7 (2),28.6 (2), 28.6 

(2),25.4 (2),22.0 (2), 13.9 (3); Anal. Calcd for CI6H220S·0.5H20: C, 63.76; H, 8.36; N, 

9.30. Found: C, 63.12; H, 8.15; N, 9.87. 

3-Aminomethyl-5-octyloxy-benzylamine 101 

A mixture ofbis-amide 100 (1.98 g, 6.77 mmol) and LiAIH4 (1.12 g, 29.6 mmol) in dry 

THF (125 ml) was stirred under N2 at room temperature for 30 min and refluxed for 2.5 h. 

The mixture was allowed to cool at room temperature, quenched with H20 (100 ml), 

concentrated and extracted (DCM, 100 ml and 2 x 50 ml). The combined organic layers 
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were dried (MgS04) and the solvent was removed under reduced pressure. The residue 

was dissolved in 1 M HCl (50 ml). The aqueous solution was washed (Et20, 3 x 50 ml), 

basified (2 M NaOH, 60 ml) and extracted (DCM, 3 x 50 ml). The combined organic 

layers were dried (MgS04) and the solvent was removed under reduced pressure to yield 

the desired product 101 as a yellow oil (915 mg, 51%). FT-IR (neat): Vmax = 3358 (w), 

2922 (s), 2854 (s), 1673 (w), 1593 (s), 1452 (s), 1378 (m), 1326 (m), 1287 (s), 1162 (s), 

1053 (m), 976 (m), 836 (s), 702 (s) em-I; IH NMR (400 MHz, CDCh): 8 = 6.84 (1 H, s, 

ArH), 6.74 (2 H, s, ArH), 3.96 (2 H, t, J= 6.5 Hz, OCH2), 3.82 (4 H, s, NCH2), 1.81-1.72 

(2B, m, OCH2CH2), 1.49-1.39 (2 H, m, OCH2CH2CH2), 1.39-1.21 (8 H, m, (CH2)4CH3), 

0.88 (3 H, t, J = 7.0 Hz, CH3); l3C NMR (75 MHz, CDCh): 8 = 159.9 (0), 145.3 (0), 

118.0 (1), 111.7 (1), 68.2 (2), 46.7 (2), 32.0 (2), 29.5 (2),29.4 (2), 29.4 (2), 26.2 (2), 22.8 

(2), 14.2 (3); ESMS: mlz = 265 [M+Ht, 287 [M+Nat. 

Macrocycle 102 

A solution of pentafluorophenol ester 97 (682 mg, 0.888 mmol) and TBACl (501 mg, 

1.80 mmol) in dry DCM (5 ml) and a solution of bis-amine 101 (239 mg, 0.904 mmol) 

and dry Et3N (500 !-Ll, 3.59 mmol) in dry DCM (5 ml) were added simultaneously, with a 

syringe pump, into 100 ml of dry DCM at room temperature over a period of 5 h. The 

reaction was stirred overnight at room temperature. The solvent was removed under 

reduced pressure and the residue was purified by flash column chromatography (Si02, 

85:15 ~ 65:35 PE/EA). Reprecipitation (EAlPE) yielded the desired product 102 as a 

white, flocculent solid (246 mg, 42%). MP = 130-132 °C (EAlPE); Rf = 0.25 (60:40 

PE/EA); [a]D26 = +185 (c = 0.25, MeCN); FT-IR (neat): Vmax = 3361 (w), 2929 (m), 1661 

(s), 1598 (m), 1539 (m), 1456 (s), 1325 (s), 1297 (s), 1219 (w), 1174 (s), 1156 (s), 1125 

(s), 1082 (s), 919 (m), 860 (m), 794 (s), 720 (m), 681 (m) em-I; IH NMR (400 MHz, 
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MeCN-d3): (5 = 8.11 (1 H, t, J = 2.0 Hz, 02SArH), 7.64 (2 H, dd, J = 8.0, 2.0 Hz, 

02SArH), 6.98-6.91 (2 H, m, partially obscured by 02SArH, CONH), 6.95 (1. H, t, J = 8.0 

Hz, 02SArH), 6.75 (2 H, d, J = 1.5 Hz, ArH), 6.42 (1 H, t, J = 1.5 Hz, ArH), 6.15 (2 H, br 

s, SNH), 4.37 (2 H, dd, J = 14.0, 8.0 Hz, NHCHaHb), 4.03 (2 H, t, J = 6.5 Hz, OCH2), 

3.81 (2 H, dd, J= 14.0,4.5 Hz, NHCHaHb), 3.65 (2 H, br s, a-CH), 2.05-1.96 (2 H, m, (l­

CHCH), 1.85-1.76 (2 H, m, OCH2CH2), 1.54-1.44 (2 H, m, OCH2CH2CH2), 1.43-1.24 (8 

H, m, (CH2)4CH3), 1.01 (6 H, d, J= 7.0 Hz, CHCH3), 0.94 (6 H, d, J= 7.0 Hz, CHCH3), 

0.89 (3 H, t, J = 7.0 Hz, CH2CH3); l3C NMR (100 MHz, MeCN-d3): (5 = 170.6 (0), 160.1 

(0), 143.1 (0), 141.2 (0), 130.6 (1), 130.2 (1), 125.7 (1), 121.4 (1), 114.6 (1), 68.9 (2), 

62.9 (1), 43.9 (2), 33.1 (1),32.6 (2), 30.1 (2),30.0 (2), 26.8 (2),23.4 (2), 19.6 (3),17.9 

(3), 14.4 (3); ESMS: mlz = 687 [M+Nat; HRMS (ES): calcd for C32H48N4Na07S2 

([M+Nat) 687.2857, found 687.2862; Anal. Calcd for C32H48N407S2'IH20: C, 56.28; H, 

7.38; N, 8.20. Found: C, 56.76; H, 7.20; N, 8.22. 

(2S)-2,6-Bis-tert-butoxycarbonylamino-hexanoic acid 104 

o 

~OH 
NHBoc NHBoc 

104 

2 M NaOH (40 ml) was added at room temperature to a solution of L-Lysine 

monochloride 103 (3.40 g, 18.6 mmol) and Boc20 (9.0 g, 41 mmol) in 50:50 1,4-

dioxane/H20 (60 ml). The reaction was stirred overnight at room temperature. The 

mixture was concentrated, acidified (1 M KHS04, 100 ml) and extracted (EA, 3 x 150 

ml). The combined organic layers were dried (MgS04) and the solvent was removed 

under reduced pressure to yield the desired product 104 as a white foam (6.05 g, 94%). 

[a]D27 = +13.8 (c = 0.25, CHCb); FT-IR (neat): V max = 3341 (w), 2977 (w), 2933 (w), 

1686 (s), 1518 (m), 1455 (w), 1392 (w), 1366 (m), 1248 (m), 1159 (s), 1046 (w), 1020 

(w), 860 (w), 779 (w), 648 (w) cm-I; IH NMR (400 MHz, CDCb): (5 = 5.24 (1 H, br s, (l­

CHNH), 4.67 (1 H, br s, CH2NH), 4.29 (1 H, br s, a-CH) , 3.17-3.01 (2 H, m, NHCH2), 

1.55-1.37 (6 H, m, a-CH(CH2)3), 1.44 (18 H, s, CH3); 13C NMR (75 MHz, CDCb): (5 = 

176.1 (0), 156.4 (0), 155.8 (0), 80.0 (0),79.4 (0),53.3 (1),40.2 (2), 32.2 (2), 29.5 (2), 

28.5 (3), 28.4 (3), 22.5 (2); ESMS: mlz = 345 [M-Hr, 691 [2M-Hr. Data according to 

literature. [128] 
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((S)-5-tert-Butoxycarbonylamino-6-hydroxy-hexyl)-carbamic acid tert-butyl ester 

105 

~OH 
NHBoc NHBoc 

105 

A solution of acid 104 (6.00 g, 17.3 mmol), N-hydroxysuccinimide (2.12 g, 18.4 mmol) 

and EDC (3.7 g, 19 mmol) in dry DCM (85 ml) was stirred overnight at room 

temperature. The mixture was washed (sat. NH4Cl, 2 x 150 ml), dried (MgS04) and the 

solvent was removed under reduced pressure. The residue was dissolved in dry THF (150 

ml). LiAIH4 (965 mg, 25.4 mmol) was carefully added to the solution at room 

temperature. The slurry was stirred for 30 min at room temperature under N2. The mixture 

was diluted (DCM, 300 ml) and washed (10% NaOH). The two phases were separated 

and the aqueous layer was extracted (DCM, 2 x 150 ml). The combined organic layers 

were dried (MgS04) and the solvent was removed under reduced pressure. The residue 

was purified by flash column chromatography (Si02, 60:40 PE/EA) to yield the desired 

product 105 as a colourless oil (3.37 g, 59%). Rf = 0.41 (50:50 PE/EA); [a]o27 = -14.8 (c 

= 0.25, CHCh); FT-IR (neat): Vmax = 3337 (w), 2976 (w), 2932 (w), 1682 (s), 1518 (m), 

1456 (w), 1391 (w), 1365 (m), 1247 (m), 1164 (s), 1048 (m), 864 (w), 780 (w), 736 (w) 

em-I; IH NMR (400 MHz, DMSO-d6): cS = 6.70 (1 H, br s, CH2NH), 6.37 (1 H, d, J= 8.0 

Hz, a-CRNH) , 4.50 (1 H, apparent t, J = 5.0 Hz, OH), 3.37-3.24 (2 H, m, partially 

obscured by H20, a-CH and OCHaHb superimposed), 3.24-3.15 (1 H, m, OCHaHb), 2.88 

(2 H, apparent q, J = 6.0 Hz, NHCH2), 1.54-1.11 (6 H, m, a-CH(CH2)3), 1.37 (9 H, s, 

CH3), 1.37 (9 H, s, CH3); 13C NMR (75 MHz, DMSO-d6): cS = 155.5 (0), 155.4 (0), 77.3 

(0), 77.3 (0), 63.6 (2), 52.2 (1), 39.5 (2),30.6 (2),29.5 (2),28.2 (3), 22.8 (2); ESMS: mlz 

= 333 [M+Ht, 355 [M+Nat. 

(5-tert-Butoxycarbonylamino-(S)-l-octyloxymethyl-pentyl)-carbamic acid tert-butyl 

ester 106 

~ 
NHBoc NHBoc 

106 
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A mixture of alcohol 105 (2.92 g, 8.79 mmol), l-iodooctane (8.0 ml, 44 Imnol) and 

TBAHS04 (319 mg, 0.940 mmol) in 50% aqueous NaOH (50 g) and toluene (15 ml) was 

stirred overnight at 70°C. The two phases were separated and the organic layer was 

washed (brine, 2 x 50 ml), dried (MgS04) and the solvent was removed under reduced 

pressure. The residue was purified by flash column chromatography (Si02, PE ~ 85: 15 

PE/EA) to yield the desired product 106 as a colourless oil (2.88 g, 74%). Rf = 0.57 

(80:20 PE/EA); [a]D27 = -15.3 (c = 1, CHCb); FT-IR (neat): Vrnax = 3349 (w), 2928 (m), 

2857 (m), 1689 (s), 1506 (m), 1456 (m), 1390 (w), 1364 (m), 1246 (m), 1169 (s), 1119 

(m), 1023 (w), 866 (w), 779 (w), 737 (w) cm-'; 'H NMR (400 MHz, CDCb): 0 = 4.69 (1 

H, br s, a-CHNH), 4.58 (1 H, br s, CH2NH), 3.71-3.60 (1 H, m, a-CH), 3.44-3.32 (4 H, 

m, a-CHCH20 and OCH2CH2 superimposed), 3.09 (2 H, apparent q, J = 6.0 Hz, 

NHCH2) , 1.59-1.21 (18 H, m, a-CH(CH2)3 and CH3(CH2)6 superimposed), 1.43 (18 H, s, 

CCH3), 0.87 (3 H, t, J = 7.0 Hz, CH2CH3); l3C NMR (75 MHz, CDCb): 0 = 156.2 (0), 

155.9 (0), 79.2 (0), 79.2 (0), 72.6 (2), 71.6 (2), 50.3 (1),40.6 (2), 32.1 (2),32.0 (2), 30.0 

(2),29.7 (2), 29.6 (2), 29.4 (2), 28.6 (3), 26.3 (2),23.3 (2),22.8 (2), 14.2 (3); ESMS: mlz 

= 445 [M+H]+, 467 [M+Nat; HRMS (ES): calcd for C24H48N2NaOS ([M+Nat) 

467.3455, found 467.3450. 

Macrocycle 108 

A solution of ether 106 (357 mg, 0.803 mmol) in 80:20 DCM/TFA (15 ml) was stirred for 

4.5 h at room temperature. Toluene was added and the solvent was removed under 

reduced pressure. The residue was dissolved in dry DCM (5 ml) and dry Et3N (600 /-11, 

4.30 mmol) was added. The mixture and a solution of pentafluorophenol ester 97 (609 

mg, 0.753 mmol) and TBACl (420 mg, 1.51 mmol) in dry DCM (5 ml) were added 

simultaneously, with a syringe pump, into 100 ml of dry DCM at room temperature over 

a period of 5 h. The reaction was stirred overnight at room temperature. The mixture was 
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washed (1 M KHS04, 2 x 100 ml, 1 M KzC03, 2 x 100 ml, and brine, 100 ml) and dried 

(MgS04). The solvent was removed under reduced pressure and the residue was purified 

by flash eolumn chromatography (SiOz, 70:30 ---+ 50:50 PE/EA) to yield the desired 

product 108 as a white solid (292 mg, 57%). MP = 98-103 °C; Rf = 0.29 (50:50 PE/EA); 

[a]DZ6 = + 118 (c = 0.5, MeCN); FT-IR (neat): Vmax = 3290 (w), 2929 (m), 2857 (m), 1651 

(s), 1548 (m), 1435 (m), 1326 (s), 1226 (w), 1177 (s), 1158 (s), 1111 (s), 1083 (s), 1048 

(m), 998 (w), 917 (m), 796 (m), 681 (m) em-I; IH NMR (400 MHz, CDCh): 8 = 8.50 (1 

H, apparent t, J= 2.0 Hz, ArH), 7.93 (1 H, d, J= 8.0 Hz, ArH), 7.89 (1 H, d, J= 8.0 Hz, 

ArH), 7.55 (1 H, apparent t, J = 8.0 Hz, ArH), 6.46 (1 H, dd, J = 7.0, 5.0 Hz, CHzNH), 

6.05 (1 H, d, J= 9.0 Hz, CHzCHNH), 5.94 (1 H, d, J= 9.0 Hz, SNH), 5.91 (1 H, d, J= 

8.0 Hz, SNH), 3.90-3.82 (1 H, m, NHCHCHz), 3.74 (1 H, dd, J = 8.0, 5.0 Hz, SNHCH), 

3.42 (1 H, dd, J = 9.0, 6.0 Hz, SNHCH), 3.39-3.25 (3 H, m, CHCH20 and NHCHaHb 

superimposed), 3.36 (2 H, t, J= 6.5 Hz, CHzCH20), 2.87-2.77 (1 H, m, NHCHaHb), 2.05-

1.89 (2 H, m, partially obscured by HzO, CH3CH), 1.55-1.44 (4 H, m, OCH2CH2 and 

NHCHCH2 superimposed), 1.36-1.22 (12 H, m, NHCHzCH2 and CH3(CH2)s 

superimposed), 1.06 (3 H, d, J = 7.0 Hz, CHCH3), 1.03-0.75 (2 H, m, NHCHzCHzCH2), 

0.97 (3 H, d, J= 7.0 Hz, CHCH3), 0.96 (3 H, d, J= 7.0 Hz, CHCH3), 0.95 (3 H, d, J= 7.0 

Hz, CHCH3), 0.88 (3 H, t, J = 7.0 Hz, CHzCH3); 13C NMR (100 MHz, CDCh): 8 = 170.6 

(0), 170.2 (0), 142.2 (0), 141.4 (0), 130.2 (1), 130.2 (1), 130.0 (1), 127.3 (1), 73.1 (2), 

71.7 (2), 62.2 (1), 62.1 (1),50.0 (1), 38.7 (2), 32.9 (1), 32.6 (1), 32.0 (2), 31.7 (2), 29.7 

(2), 29.5 (2), 29.4 (2), 28.9 (2), 26.3 (2), 22.8 (2), 22.3 (2), 19.3 (3), 19.2 (3), 18.0 (3), 

17.8 (3), 14.2 (3); ESMS: mlz = 667 [M+Nat; HRMS (ES): calcd for C30HszN4Na07S2 

([M+Nat) 667.3170, found 667.3186; Anal. Calcd for C30Hs2N407S2: C, 55.88; H, 8.13; 

N, 8.68. Found: C, 55.19; H, 8.03; N, 8.41. 

(S)-2-{3-[1-Methoxycarbonyl-(S)-2-(1-trityl-1H-imidazol-4-yI)-ethylsulfamoyl]­

benzenesulfonylamino}-3-(1-trityl-lH-imidazol-4-yl)-propionic acid methyl ester 109 

o 
02S~S02 

, I 

/-:::::.-./,/, NH HNX): 
TrtN "'", X -;::;.; NTrt 

\::::::N N::::::I o OMe MeO 0 

109 
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A solution of bis-sulfonyl chloride 68 (1.29 g, 4.68 mmol) in dry DCM (20 ml) was 

added dropwise to a solution ofH-His(r-Trt)-OMe'HCl (4.31 g, 9.62 mmol) and dry Et3N 

(2.7 ml, 19 mmol) in dry DCM (40 ml) at 0 °C. The reaction was allowed to reach room 

temperature and stirred overnight under N2. The reaction mixture was diluted (DCM, 40 

ml), washed (1 M KHS04, 100 ml, 1 M K2C03, 100 ml, and brine, 100 ml) and dried 

(MgS04). The solvent was removed under reduced pressure and the residue was purified 

by flash column chromatography (Si02, 50:50 ~ 85:15 EAlPE) to yield the desired 

product 109 as a white solid (3.84 g, 80%). MP = 90-96 °C; Rf = 0.31 (80:20 EAlPE); 

FT-IR (neat): Vmax = 3507 (w), 1738 (m), 1598 (w), 1494 (m), 1445 (m), 1338 (s), 1238 

(m), 1152 (s), 1130 (s), 1085 (s), 1036 (m), 1001 (m), 848 (w), 799 (w), 747 (s), 699 (s), 

683 (s), 659 (m) cm-I; IH NMR (400 MHz, CDCb): 0 = 8.37 (1 H, t, J = 2.0 Hz, ArH), 

8.01 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.54 (1 H, t, J= 8.0 Hz, ArH), 7.36 (2 H, s, NCHN), 

7.34-7.29 (18 H, m, PhH), 7.11-7.05 (12 H, m, PhH), 6.88 (2 H, br s, NH), 6.51 (2 H, s, 

TrtNCHC), 4.32 (2 H, apparent t, J= 5.0 Hz, a-CH), 3.44 (6 H, s, CH3), 2.96 (2 H, dd, J 

= 14.0,5.0 Hz, a-CHCHaHb), 2.90 (2 H, dd, J= 14.0, 5.0 Hz, a-CHCHaHb); I3C NMR (75 

MHz, CDCb): 0 = 171.1 (0), 142.3 (0),142.3 (0),138.9 (1),135.7 (0),130.7 (1),129.9 

(1), 129.8 (1), 128.2 (1), 125.9 (1), 119.9 (1), 75.5 (0),56.2 (1), 52.4 (3), 31.0 (2); ESMS: 

mlz = 1025 [M+Ht, 1047 [M+Nat. 

(S)-2-{3-[1-Carboxy-(S)-2-(1-trityl-1H -imidazol-4-yl)-ethylsulfamoyl]­

benzenesulfonylamino }-3-(1-trityl-1H-imidazol-4-yl)-propionic acid 110 

o 
os~so 

2, I 2 

/-:::::::/ I" NH HN=CC 
TrtN ~I X 7 NTrt 

\;:::::N N~ 
o OH HO 0 

110 

A solution ofbis-ester 109 (1.70 g, 1.66 mmol) in 60:40 1,4-dioxanell M LiOH (50 ml) 

was stirred at room temperature for 5 h. The mixture was diluted (H20, 40 ml), washed 

(Et20, 70 + 100 ml) and acidified (2 M KHS04). A white precipitate was formed. The 

solid was filtered off and dissolved in DCM. The solution was dried (MgS04) and the 

solvent was removed under reduced pressure to yield the desired product 110 as a white 

solid (1.51 g, 91%). MP = 182-187 °C; FT-IR (neat): Vmax = 2853 (w), 1731 (w), 1622 

(w), 1494 (w), 1445 (m), 1330 (m), 1175 (m), 1152 (s), 1117 (s), 1082 (s), 1000 (w), 931 
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(W), 871 (m), 797 (w), 746 (m), 700 (s), 666 (m) cm-I; IH NMR (400 MHz, CDCb): 8 = 

8.31 (2 H, s, NCHN), 8.27 (1 H, t, J= 1.5 Hz, ArH), 7.86 (2 H, dd, J= 8.0, 1.5 Hz, ArH), 

7.48 (1 H, t, J= 8.0 Hz, ArH), 7.41-7.19 (18 H, m, PhH), 7.18-7.02 (12 H, m, PhH), 6.81 

(2 H, s, TrtNCHC), 4.03 (2 H, dd, J = 11.0, 3.0 Hz, a-CH), 3.20 (2 H, dd, J = 14.0, 3.0 

Hz, a-CHCHaHb), 2.92 (2 H, dd, J = 14.0, 11.0 Hz, a-CHCHaHb); l3C NMR (75 MHz, 

CDCh): 8 = 172.5 (0), 141.0 (0), 140.2 (0), 135.9 (1), 131.7 (0), 130.5 (1), 130.0 (1), 

129.8 (1), 129.0 (1), 128.8 (1), 127.3 (1), 121.7 (1), 78.4 (0), 56.4 (1), 29.2 (2); ESMS: 

mlz = 995 [M-Hr. 

Macrocycle 111 

o 
os~so 

2 I I 2 

~II, NH HN:(): 
TrtN -....::::., X /" NTrt 
~N N:::::d o NH HN 0 

~ 
111 

Three solutions ofbis-acid 110 (504, 501, 508 mg, 0.505, 0.502, 0.508 mmol), CDI (166, 

165, 169 mg, 1.02, 1.02, 1.04 mmol) and dry Et3N (3 x 145 f.ll, 1.04 mmol) in dry THF (3 

x 7 mml) were stirred for 30 min at room temperature under N2. Each solution was added 

simultaneously with a solution of 1,5-diaminopentane (120, 120, 123 f.ll, 1.02, 1.02, 1.04 

mmol) in dry THF (3 x 7 ml), with a syringe pump, into 20 mmol of dry THF at room 

temperature over a period of 3.5 h. The reactions were stirred overnight at room 

temperature under N2. The three batches were combined and the solvent was removed 

under reduced pressure. The residue was dissolved in DCM (200 ml), washed (1 M 

K2C03, 150 ml, 1 M KHS04, 150 ml, and brine, 100 ml) and dried (MgS04). The solvent 

was removed under reduced pressure and the residue was purified by flash column 

chromatography (Si02, 98:2 ----7 97:3 DCM/MeOH) to yield the desired product 111 as a 

pale yellow solid (52 mg, 3%). MP = 149-157 °C; Rf = 0.63 (95:5 DCM/MeOH); FT-IR 

(neat): Vrnax = 3061 (w), 2929 (w), 1651 (m), 1557 (w), 1489 (w), 1444 (m), 1325 (m), 

1238 (w), 1175 (m), 1152 (s), 1130 (m), 1084 (m), 1036 (w), 1000 (w), 935 (w), 797 (w), 

746 (s), 699 (s), 659 (m) cm-I; IH NMR (400 MHz, CDCb): 8 = 8.46 (1 H, t, J= 2.0 Hz, 

ArH), 7.92 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.51 (1 H, t, J= 8.0 Hz, ArH), 7.45-7.39 (2 H, 

m, partially obscured by NCHN, CONH), 7.42 (2 H, d, J= 1.5 Hz, NCHN), 7.36-7.27 (18 
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H, m, PhH), 7.14-7.08 (12 H, m, PhH), 6.66 (2 H, d, J= 1.5 Hz, TrtNCHC), 4.26 (2 H, 

apparent t, J= 6.0 Hz, a-CH), 3.24-3.14 (2 H, m, NHCHaHb), 3.00 (2 H, dd, J= 15.0 Hz, 

6.0 Hz, a-CHCHaHb), 2.95 (2 H, dd, J = 15.0 Hz, 6.0 Hz, a-CHCHaHb), 2.95-2.85 (2 H, 

m, partially obscured by a-CHCHaHb, NHCHaHb), 1.38-1.25 (4 H, m, NHCH2CH2), 1.01 

(2 H, quin, J = 7.0 Hz, NHCH2CH2CH2); BC NMR (75 MHz, CDCb): 8 = 170.7 (0), 

142.3 (0), 141.6 (0), 138.6 (1), 136.1 (0), 130.3 (1), 129.9 (1), 128.3 (1), 127.3 (1), 120.3 

(1), 75.7 (0), 56.7 (1), 39.1 (2),33.1 (2),28.3 (2),23.8 (2); ESMS: mlz = 1063 [M+Ht. 

TFA salt 112 

o 
os~so 

2, I 2 

/-::::::../'" NH HN:(): 
HN ~/X y- NH 
~N N~ xTI~ 

o NH HN 0 

~ 
112 

A solution of macrocyc1e 111 (26 mg, 0.025 mmol) in TF A (3 ml) was stirred for 1 h at 

room temperature. Toluene was added and the solvent was removed under reduced 

pressure. The residue was purified by flash column chromatography (Si02, 95:5 

DCM/MeOH -;. 90: 10 DCMINH3 sat. MeOH) to yield TF A salt 112 as a yellowish solid 

(8.5 mg, 42%). MP = 132-138 °C; Rf = 0.47 (90:10 DCMINH3 sat. MeOH); [a]o24 = 

+70.4 (c = 0.25, DMSO); FT-IR (neat): Ymax = 3140 (w), 2861 (w), 1660 (s), 1651 (s), 

1568 (w), 1557 (w), 1434 (m), 1329 (m), 1174 (s), 1128 (s), 954 (m), 834 (m), 797 (s), 

721 (m), 681 (m) cm-I; IH NMR (400 MHz, MeOD-d4): 8 = 8.35 (1 H, t, J = 2.0 Hz, 

ArH), 8.30 (2 H, s, NCHN), 7.99 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.67 (1 H, t, J= 8.0 Hz, 

ArH), 7.18 (2 H, s, NCCHN), 4.15 (2 H, dd, J = 7.5, 6.0 Hz, a-CH), 3.17 (2 H, dt, J = 

14.0,6.0 Hz, NHCHaHb), 3.14 (2 H, dd, J = 15.0,6.0 Hz, a-CHCHaHb), 3.06 (2 H, dd, J = 

15.0, 7.5 Hz, a-CHCHaHb), 2.78 (2 H, dt, J = 14.0, 6.0 Hz, NHCHaHb), 1.34-1.25 (4 H, 

m, NHCH2CH2) , 0.99 (2 H, quin, J = 6.0 Hz, NHCH2CH2CH2); I3C NMR (75 MHz, 

MeOD-d4): 8 = 171.4 (0),143.3 (0),135.4 (0),132.2 (1),131.4 (1),127.6 (1),118.5 (1), 

57.5 (l), 40.0 (2), 31.5 (2), 29.2 (2), 24.9 (2); signals corresponding to trifluoroacetate 

were not detected due to the small sample size; ArIal. Calcd for C27H32F6NgOIOS2: C, 

40.20; H, 4.00; N, 13.89. Found: C, 39.91; H, 4.19; N, 13.10. 
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3-tert-Butoxy-(S)-2-[3-(2-tert-butoxy-(S)-1-methoxycarbonyl-ethylsulfamoyl)­

benzenesulfonylamino]-propionic acid methyl ester 113 

A solution of bis-sulfonyl chloride 68 (2.40 g, 8.71 mmol) in dry DCM (30 ml) was 

added dropwise to a solution ofH-Ser(t-Bu)-OMe-HCl (4.05 g, 19.1 mmol) and dry Et3N 

(6.4 ml, 46 mmol) in dry DCM (90 ml) at 0 DC. The reaction was allowed to reach room 

temperature and stirred overnight under N2. The reaction mixture was diluted (DCM, 50 

ml), washed (1 M KHS04, 150 ml, 1 M K2C03, 150 ml, and brine, 100 ml) and dried 

(MgS04). The solvent was removed under reduced pressure and the residue was purified 

by flash column chromatography (Si02, 70:30 PE/EA) to yield the desired product 113 as 

a white solid (4.27 g, 89%). MP = 86-88 DC; Rf = 0.47 (65:35 PE/EA); [a]D27 = -16.1 (c = 

0.5, CHCh); FT-IR (neat): Vmax = 3257 (w), 2977 (w), 1748 (s), 1422 (w), 1346 (m), 1332 

(m), 1305 (w), 1284 (w), 1197 (m), 1177 (s), 1156 (s), 1117 (m), 1084 (s), 1050 (m), 

1021 (m), 957 (m), 880 (w), 853 (w), 803 (m), 733 (m), 684 (m) em-I; IH NMR (400 

MHz, CDCh): 8 = 8.32 (1 H, t, J = 2.0 Hz, ArH), 8.05 (2 H, dd, J = 8.0, 2.0 Hz, ArH), 

7.65 (1 H, t, J= 8.0 Hz, ArH), 5.56 (2 H, d, J= 9.5 Hz, NH), 4.17 (2 H, apparent dt, J= 

9.5, 3.0 Hz, a-CH) , 3.74 (2 H, dd, J = 9.0, 3.0 Hz, a-CHCHaHb), 3.57 (6 H, s, OCH3), 

3.55 (2 H, dd, J= 9.0, 3.0 Hz, a-CHCHaHb), 1.09 (18 H, s, CCH3); l3C NMR (75 MHz, 

CDCh): 8 = 170.0 (0),142.1 (0), 131.0 (1),130.1 (1), 125.9 (1), 73.9 (0), 63.0 (2), 56.6 

(1),52.7 (3),27.3 (3); ESMS: mlz = 575 [M+Nat; HRMS (ES): calcd for C22H36N2NaOIO 

([M+Nat) 575.1704, found 575.1712. 
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3-tert-Butoxy-(S)-2-[3-(2-tert-butoxy-(S)-1-carboxy-ethylsulfamoyl)­

benzenesulfonylaminoJ-propionic acid 114 

Experimental 

A solution ofbis-ester 113 (5.22 g, 9.45 mmol) in 50:50 1,4-dioxanell M LiOH (140 ml) 

was stirred at room temperature for 5 h. The mixture was washed (Et20, 3 x 100 mI), 

acidified (1 M KHS04) and extracted (DCM, 3 x 100 ml). The solution was dried 

(MgS04) and the solvent was removed under reduced pressure to yield the desired 

product 114 as a colourless oil which solidified on standing (4.89 g, 91 %). MP = 132-134 

DC; [a]D27 = +36.6 (c = 0.5, CHCh); FT-IR (neat): Vmax = 3234 (m), 2971 (w), 1754 (m), 

1732 (m), 1699 (m), 1463 (w), 1415 (w), 1391 (w), 1367 (w), 1338 (s), 1299 (w), 1181 

(s), 1153 (s), 1120 (s), 1076 (s), 1022 (m), 949 (m), 842 (w), 799 (m), 680 (m) cm-I; IH 

NMR (400 MHz, CDCb): 8 = 8.32 (1 H, t, J = 2.0 Hz, ArH), 8.06 (2 H, dd, J = 8.0, 2.0 

Hz, ArH), 7.67 (1 H, t, J= 8.0 Hz, ArH), 5.63 (2 H, d, J= 9.0 Hz, NH), 4.17 (2 H, ddd, J 

= 9.0, 6.0, 4.0 Hz, a-CH), 3.86 (2 H, dd, J = 9.0, 4.0 Hz, a-CHCHaHb), 3.64 (2 H, dd, J = 

9.0,6.0 Hz, a-CHCHaHb), 1.19 (18 H, s, CCH3); l3C NMR (100 MHz, CDCb): 8 =172.8 

(0),141.5 (0),131.2 (1), 130.3 (1),126.2 (1), 75.1 (0),62.9 (2), 56.0 (1), 27.4 (3); ESMS: 

mlz = 523 [M-Hr, 1047 [2M-HT-

3-tert-Butoxy-(S)-2-[3-(2-tert-butoxy-(S)-1-pentafluorophenyloxycarbonyl­

ethylsulfamoyl)-benzenesulfonylaminoJ-propionic acid pentafluorophenyl ester 115 
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A solution of EDC (1.22 g, 6.34 rnmol) in dry DCM (25 ml) was added dropwise to a 

solution ofbis-acid 114 (1.50 g, 2.86 rnmol) and pentafluorophenol (1.40 g, 7.63 mmol) 

in dry DCM (20 ml) during 30 min at 0 DC. The reaction was allowed to reach room 

temperature and stirred overnight under N2. The solvent was removed under reduced 

pressure and the residue was purified by flash column chromatography (Si02, 95:5 ---+ 

85:15 PE/EA) to yield the desired product 115 as a white solid (728 mg, 30%). MP = 57-

60°C; Rf= 0.62 (80:20 PE/EA); FT-IR (neat): Yrnax = 3285 (w), 2977 (w), 1797 (m), 1518 

(s), 1472 (w), 1418 (w), 1343 (m), 1234 (w), 1181 (m), 1158 (m), 1084 (s), 1043 (m), 989 

(s), 867 (m), 808 (m), 741 (w), 682 (m) cm-I; IH NMR (400 MHz, CDCh): 8 = 8.43 (1 H, 

t, J= 2.0 Hz, ArH), 8.06 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.66 (1 H, t, J= 8.0 Hz, ArH), 

5.72 (2 H, d, J = 10.0 Hz, NH), 4.57 (2 H, apparent dt, J = 10.0,3.0 Hz, a-CH), 3.95 (2 H, 

dd, J= 9.0,3.0 Hz, a-CHCHaHb), 3.68 (2 H, dd, J= 9.0,3.0 Hz, a-CHCHaHb), 1.15 (18 

H, s, CCH3); I3C NMR (75 MHz, CDCh): 8 = 166.2 (0), 142.0 (0), 131.1 (1), 130.3 (1), 

126.0 (1), 74.4 (0), 63.0 (2), 56.5 (1),27.2 (3); signals corresponding to aromatic carbons 

in the pentafluorophenol groups were not detected due to the small sample size. 

Macrocycle 117 

A solution of EDC (793 mg, 4.14 rnmol) in dry DCM (60 ml) was added dropwise to a 

solution 'ofbis-acid 114 (1.03 g, 1.97 mmol) and pentafluorophenol (1.69 g, 9.19 rnmol) 

in dry DCM (50 ml) during 30 min at 0 DC. The reaction was allowed to reach room 

temperature and stirred overnight under N2. The mixture was washed (5% aqueous 

NaHC03, 3 x 150 ml), dried (MgS04) and the solvent was removed under reduced 

pressure yielding the crude pentafluorophenol ester (1.40 g, 83%), which was dissolved in 

dry DCM (10 ml). TBACl (925 mg, 3.33 rnmol) was added. The mixture and a solution of 

1,5-diaminopentane (192 f..ll, 1.64 rnmol) and dry Et3N (920 f..ll, 6.60 rnmol) in dry DCM 

(10 ml) were added simultaneously, with a syringe pump, into 180 ml of dry DCM at 

room temperature over a period of 5 h. The reaction was stirred overnight at room 
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temperature. The mixture was washed (1 M KHS04, 150 ml, 1 M K2C03, 150 ml, and 

brine, 100 ml) and dried (MgS04). The solvent was removed under reduced pressure and 

the residue was purified by flash column chromatography (Si02, 30:70 ---lo 55:45 EA/PE) 

to give the protected macrocycle (360 mg, 37%). The white solid was dissolved in 80:20 

DCM/TFA (15 ml) and the solution was stirred for 4 h. Toluene was added and the 

solvent was removed under reduced pressure. The residue was purified by flash column 

chromatography (Si02, EA, then 92:8 DCM/MeOH) to yield the desired product 117 as a 

slightly pink solid (289 mg, 31 % from 114). MP = 96-98 °C (~cetone); Rf = 0.16 (98:2 

DCM/MeOH); [a]D26 = + 111 (c = 0.25, MeCN); FT-IR (neat): Vmax = 3271 (w), 2938 (w), 

1651 (s), 1548 (m), 1435 (m), 1325 (s), 1175 (s), 1154 (s), 1110 (s), 1060 (s), 999 (w), 

964 (m), 799 (s), 681 (s) em-I; IH NMR (400 MHz, DMSO-d6): D = 8.19 (1 H, t, J = 2.0 

Hz, ArH), 8.02 (4 H, dd, J= 8.0, 2.0 Hz and d, J= 8.0 Hz, ArH and SNH superimposed), 

7.71 (1 H, t, J= 8.0 Hz, ArH), 7.66 (2 H, dd, J= 6.5,6.0 Hz, CONH), 5.04 (2 H, t, J= 5.5 

Hz, OH), 3.81-3.74 (2 H, m, a-CH) , 3.62-3.52 (4 H, m, a-CHCH2), 3.12-3.02 (2 H, m, 

NHCHaHb), 2.76-2.65 (2 H, m, NHCHaHb), 1.20-1.08 (4 H, m, NHCH2CH2), 0.76 (2 H, 

quin, J= 7.0 Hz, NHCH2CH2CH2); I3C NMR (100 MHz, DMSO-d6): D = 168.4 (0),141.8 

(0), 130.1 (1), 129.8 (1), 125.1 (1),62.9 (2), 58.1 (1),38.3 (2),28.0 (2), 23.3 (2); ESMS: 

mlz = 501 [M+Nat, 979 [2M+Nat; HRMS (ES): calcd for C17H26N4NaOSS2 ([M+Nat) 

501.1084, found 501.1081; Anal. Calcd for CI7H26N40sS2·1H20: C, 41.12; H, 5.68; N, 

11.28. Found: C, 41.03; H, 5.28; N, 10.80. 

Macrocycle 118 

A solution of ether 106 (227 mg, 0.511 mmol) in 80:20 DCM/TF A (10 ml) was stirred for 

4 h at room temperature. Toluene was added and the solvent was removed under reduced 

pressure to give the deprotected TFA salt (240 mg, quant.). 100 mg (0.212 mmol) of the 

residue were dissolved in dry DCM (4 ml) and dry Et3N (180 ~l, 1.29 mmol) was added. 
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The mixture and a solution of pentafluorophenol ester 115 (183 mg, 0.213 mmol) and 

TBACI (59 mg, 0.21 mmol) in dry DCM (4 ml) were added simultaneously, with a 

syringe pump, into 20 ml of dry DCM at room temperature over a period of 5 h. The 

reaction was stirred overnight at room temperature. The mixture was diluted (DCM, 20 

ml), washed (1 M K2C03, 40 ml, 1 M KHS04, 40 ml, and brine, 40 ml) and dried 

(MgS04). The solvent was removed under reduced pressure and the residue was purified 

by flash column chromatography (Si02, 90:10 ~ 60:40 PE/EA) to give the protected 

macrocyde (88 mg, 56%). 62 mg (0.085 mmol) of the white solid were dissolved in 

80:20 DCM/TF A (10 ml) and the solution was stirred for 5 h. Toluene was added and the 

solvent was removed under reduced pressure. The residue was purified by flash column 

chromatography (Si02, EA) to yield the desired product 118 as a white solid (40 mg, 43% 

from 115). MP = 87-93 DC; Rf = 0.26 (EA); [a]D26 = +96.8 (c = 0.5, MeCN); FT-IR 

(neat): Vrnax = 3273 (w), 2927 (w), 2856 (w), 1652 (s), 1556 (m), 1345 (m), 1328 (s), 1177 

(s), 1155 (s), 1110 (s), 1082 (s), 963 (m), 798 (m), 681 (m) em-I; IH NMR (400 MHz, 

MeCN-dJ): 0 = 8.38 (1 H, apparent t, J = 2.0 Hz, ArH), 8.03 (1 H, dd, J = 8.0, 2.0 Hz, 

ArH), 8.02 (1 H, dd, J= 8.0, 2.0 Hz, ArH), 7.71 (1 H, apparent t, J= 8.0 Hz, ArH), 6.76 

(1 H, apparent t, J = 6.0 Hz, CH2NH), 6.72 (1 H, d, J = 9.0 Hz, CH2CHNH), 6.56 (1 H, d, 

J = 8.0 Hz, SNH), 6.54 (1 H, d, J = 7.0 Hz, SNH), 3.90-3.62 (7 H, m, NHCHCH2, 

SNHCH and HOCH2 superimposed), 3.36 (1 H, apparent quin, J = 6.5 Hz, CH2CHaHbO), 

3.35 (1 H, apparent quin, J= 6.5 Hz, CH2CHaHbO), 3.27-3.16 (1 H, m, partially obscured 

by NHCHCH20CH2, NHCHaHb), 3.25 (2 H, d, J = 6.0 Hz, NHCHCH20CH2), 2.89-2.80 

(1 H, m, NHCHaHb), 1.48 (2 H, apparent quin, J= 6.5 Hz, OCH2CH2), 1.37-1.19 (14 H, 

m, OCH2CH2(CH2)s, CONHCH2CH2 and CONHCHCH2 superimposed), 1.05-0.83 (2 H, 

m, partially obscured by CHJ, NHCH2CH2CH2), 0.88 (3 H, t, J = 7.0 Hz, CHJ); l3C NMR 

(100 MHz, MeCN-dJ): 0 = 169.7 (0),142.1 (0), 142.0 (0),131.6 (1),131.5 (1),131.5 (1), 

127.5 (1), 73.7 (2), 71.9 (2), 65.3 (2), 64.6 (2), 58.7 (1), 58.3 (1),50.7 (1), 39.3 (2), 32.6 

(2),31.1 (2), 30.3 (2), 30.1 (2),30.0 (2), 29.3 (2),26.8 (2),23.3 (2),23.2 (2), 14.4 (3); 

ESMS: mlz = 643 [M+Nat, 1263 [2M+Nat; HRMS (ES): calcd for C26H44N4Na09S2 

([M+Nat) 643.2442, found 643.2425; Anal. Calcd for C26H44N409S2·1H20: C, 48.89; H, 

7.26; N, 8.77. Found: C, 48.88; H, 6.96; N, 8.60. 
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Macrocycle 119 

119 

A solution of EDC (374 mg, 1.95 mmol) in dry DCM (20 ml) was added dropwise to a 

solution of bis-acid 124 (836 mg, 0.879 mmol) and pentafluorophenol (768 mg, 4.17 

mmol) in dry DCM (20 ml) during 30 min at 0 DC. The reaction was allowed to reach 

room temperature and stirred overnight under N2. The mixture was washed (5% aqueous 

NaHC03, 2 x 100 ml), dried (MgS04) and the solvent was removed under reduced 

pressure yielding the crude pentafluorophenol ester (779 mg, 69%), which was dissolved 

in dry DCM (5 ml). TBACI (436 mg, 1.57 mmol) was added. The mixture and a solution 

of 1,5-diaminopentane (95 fil, 0.811 mmol) and dry Et3N (450 fil, 3.23 mmol) in dry 

DCM (5 ml) were added simultaneously, with a syringe pump, into 90 ml of dry DCM at 

room temperature over a period of 5 h. The reaction was stirred overnight at room 

temperature. The mixture was washed (1 M KHS04, 100 ml, 1 M K2C03, 100 ml, and 

brine, 100 ml) and dried (MgS04). The solvent was removed under reduced pressure and 

the residue was purified by flash column chromatography (Si02, 50:50 - 65:35 EAlPE) 

to give the protected macrocycle (289 mg, 47%). The white solid was dissolved in TF A 

(5 ml) and the solution was stirred for 40 min. Toluene was added and the solvent was 

removed under reduced pressure. The residue was suspended in a MeOH/DCM mixture. 

The insoluble material was filtered off and washed with MeOH (40 mg of desired product 

were recovered). The filtrate was concentrated and purified by flash column 

chromatography (Si02, 98:2 - 93:7 DCM/MeOH) to yield a further 40 mg of desired 

product. In total, 80 mg of the desired product 119 were obtained (17% from 124). MP = 

239-240 DC (dec.); Rf = 0.09 (90:10 DCM/MeOH); [a]D24 = +63.0 (c = 0.25, DMSO); 

FT-IR (neat): Vmax = 3301 (w), 3239 (w), 2945 (w), 1650 (s), 1549 (m), 1438 (m), 1406 

(m), 1332 (m), 1320 (m), 1204 (w), 1173 (s), 1156 (s), 1094 (s), 959 (m), 875 (w), 792 

(m), 680 (m) cm-I; IH NMR (400 MHz, DMSO-d6): 8 = 8.21 (1 H, t, J = 2.0 Hz, ArH), 

8.09 (2 H, br s, SNH), 8.06 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.70 (1 H, t, J= 8.0 Hz, ArH), 

7.58 (2 H, apparent t, J = 6.5 Hz, a-CHCONH), 7.35 (2 H, s, NHaHb), 6.90 (2 H, s, 
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NHaHb), 4.11 (2 H, apparent t, J = 6.5 Hz, a-CH), 2.97 (2 H, apparent sext, J = 6.5 Hz, 

NHCHaHb), 2.70 (2 H, apparent sext, J= 6.5 Hz, NHCHaHb), 2.55 (2 H, dd, J= 15.0,7.0 

Hz, a-CHCHaHb), 2.50 (2 H, dd, J = 15.0, 6.0 Hz, a-CHCHaHb), 1.17-1.05 (4 H, m, 

NHCH2CH2), 0.75 (2 H, quin, NHCH2CH2CH2); l3C NMR (100 MHz, DMSO-d6): 0 = 

170.9 (0), 169.0 (0), 141.7 (0), 130.0 (1), 129.9 (1), 125.3 (1),53.4 (1), 39.3 (2),38.4 (2), 

27.8 (2), 23.3 (2); ESMS: mlz = 555 [M+Nat, 1087 [2M+Nat. 

Macrocycle 120 

120 

A solution of EDC (263 mg, 1.37 mmo1) in dry DCM (20 m1) was added dropwise to a 

solution of bis-acid 127 (568 mg, 0.58 mmol) and pentafluorophenol (640 mg, 3.48 

mmol) in dry DCM (20 ml) during 30 min at 0 °C. The reaction was allowed to reach 

room temperature and stirred overnight under N2. The mixture was washed (5% aqueous 

NaHC03, 2 x 70 ml), dried (MgS04) and the solvent was removed under reduced pressure 

yielding the crude pentafluorophenol ester (707 mg, 93%), which was dissolved in dry 

DCM (5 ml). TBACI (299 mg, 1.08 mmol) was added. The mixture and a solution of 1,5-

diaminopentane (65 ~l, 0.555 mmol) and dry Et3N (290 ~l, 2.08 mmol) in dry DCM (5 

ml) were added simultaneously, with a syringe pump, into 60 ml of dry DCM at room 

temperature over a period of 5 h. The reaction was stirred overnight at room temperature. 

The mixture was washed (1 M KHS04, 2 x 50 ml, 1 M K2C03, 2 x 50 ml, and brine, 50 

ml) and dried (MgS04). The solvent was removed under reduced pressure and the residue 

was purified by flash column chromatography (Si02, 50:50 --+ 70:30 EAlPE) to give the 

protected macro cycle (208 mg, 37%). The white solid was dissolved in TF A (6 ml) and 

the solution was stirred for 1 h. Toluene was added and the solvent was removed under 

reduced pressure. The residue was purified by flash column chromatography (Si02, EA, 

then 98:2 --+ 90:10 DCM/MeOH) to yield the desired product 120 as a white solid (80 

mg, 25% from 127). MP = 130-135 °C; Rf= 0.26 (90:10 DCM/MeOH); [a]o24 = +132 (c 

= 0.25, DMSO); FT-IR (neat): Vrnax = 3206 (w), 2930 (w), 1651 (s), 1556 (m), 1414 (m), 
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1320 (m), 1173 (s), 1152 (s), 1107 (m), 1082 (m), 981 (w), 906 (w), 797 (m), 681 (m) cm­

\ IH NMR (400 MHz, DMSO-d6): 8 = 8.20 (2 H, br s, SNH), 8.17 (1 H, t, J = 2.0 Hz, 

ArH), 7.97 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.79 (2 H, dd, J= 7.0, 5.0 Hz, a-CHCONH), 

7.69 (1 H, t, J= 8.0 Hz, ArH), 7.32 (2 H, s, NHaHb), 6.75 (2 H, s, NHaHb), 3.76 (2 H, dd, 

J = 8.0, 6.0 Hz, a-CH) , 3.14-3.03 (2 H, m, NHCHaHb), 2.70-2.60 (2 H, m, NHCHaHb), 

2.19 (2 H, ddd, J= 16.0, 10.0,6.0 Hz, NH2COCHaHb), 2.10 (2 H, ddd, J= 16.0, 10.0,6.0 

Hz, NH2COCHaHb), 1.90-1.72 (4 H, m, a-CHCH2), 1.22-1.06 (4 H, m, NHCH2CH2), 0.77 

(2 H, quin, J = 7.0 Hz, NHCH2CH2CH2); l3C NMR (100 MHz, DMSO-d6): 8 = 173.4 (0), 

169.7 (0),142.1 (0), 129.8 (1), 129.5 (1), 124.9 (1), 56.0 (1), 38.2 (2), 31.1 (2),29.4 (2), 

28.0 (2), 23.3 (2); ESMS: mlz = 583 [M+Nat, 1143 [2M+Nat; HRMS (ES): calcd for 

C21H32N6Na08S2 ([M+Nat) 583.1615, found 583.1600. 

(S)-2-(9H-Fluoren-9-ylmethoxycarbonylamino )-N-trityl-succinamic acid benzyl ester 

122 

TrtHN Y/XNHFmoc 

o OBn 

122 

A mixture of Fmoc-Asn(Trt)-OH (2.98 g, 4.99 mmol), K2C03 (1.40 g, 10.1 mmol) and 

BnBr (550 ~l, 4.62 mmol) in acetone (75 ml) was refluxed for 3 h. The insoluble material 

was filtered off and the solvent was removed under reduced pressure. The residue was 

purified by flash column chromatography (Si02, DCM - 99: 1 DCM/MeOH) to yield the 

desired product 122 as a white solid (2.57 g, 81%). MP = 84-87 DC; Rf = 0.24 (75:25 

PE/EA); [a]D27 = + 13.3 (c = 0.5, CHCh); FT-IR (neat): Ymax = 3324 (w), 3032 (w), 2945 

(w), 1723 (m), 1715 (m), 1694 (m), 1682 (m), 1668 (m), 1597 (w), 1489 (s), 1447 (s), 

1329 (w), 1187 (s), 1104 (w), 1080 (w), 1034 (m), 1002 (w), 902 (w), 738 (s), 696 (s) cm­

I; IH NMR (300 MHz, CDCh): 8 = 7.84 (2 H, d, J= 7.5 Hz, FluH), 7.66 (2 H, d, J= 7.5, 

FluH), 7.48 (2 H, t, J= 7.5 Hz, FluH), 7.41-7.32 (16 H, m, PhH and FluH superimposed), 

7.30-7.21 (6 H, m, PhH), 6.81 (1 H, s, TrtNH), 6.22 (1 H, d, J= 8.5 Hz, FmocNH), 5.24 

(1 H, d, J= 12.5 Hz, PhCHaHb), 5.19 (1 H, d, J= 12.5 Hz, PhCHaHb), 4.80-4.70 (1 H, m, 

a-CH) , 4.50 (1 H, dd, J = 10.0, 7.5 Hz, FluCHaHb), 4.37 (1 H, dd, J = 10.0, 7.5 Hz, 

FluCHaHb), 4.27 (1 H, apparent t, J = 7.5 Hz, FluH), 3.21 (1 H, dd, J = 16.0, 4.0 Hz, a­

CHCHaHb), 2.94 (1 H, dd, J= 16.0,4.0 Hz, a-CHCHaHb); l3C NMR (75 MHz, CDCh): 8 
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= 171.0 (0), 169.3 (0), 156.4 (0), 144.4 (0), 144.1 (0), 141.4 (0), 135.5 (0), 128.8 (1), 

128.7 (1),128.4 (1),128.2 (1), 127.8 (1),127.3 (1), 127.2 (1), 125.4 (1), 125.3 (1), 120.1 

(1),71.1 (0),67.6 (2), 67.4 (2),51.3 (1),47.3 (1),38.8 (2); ESMS: mlz = 709 [M+Nat. 

(S)-2-{3-[(S)-I-Benzyloxycarbonyl-2-(trityl-carbamoyl)-ethylsulfamoyl]­

benzenesulfonylamino}-N-trityl-succinamic acid benzyl ester 123 

A solution of protected asparagine 122 (4.82 g, 7.23 rnmol) in 80:20 DMF/piperidine (30 

ml) was stirred for 1 h. Toluene was added and the solvent was removed under reduced 

pressure. The residue was dissolved in dry DCM (30 ml) and dry Et3N (1.25 ml, 8.91 

rnmol) was added. A solution of bis-sulfonyl chloride 68 (908 mg, 3.30 rnmol) in dry 

DCM (25 ml) was added dropwise to the mixture at room temperature during 30 min. The 

reaction was stirred overnight under N2. The mixture was diluted (DCM, 45 ml), washed 

(1 M KHS04, 100 ml) and dried (MgS04). The solvent was removed under reduced 

pressure and the residue was purified by flash column chromatography (Si02, 95:5 -----+ 

65:35 PE/EA) to yield the desired product 123 as a white solid (2.64 g, 71%). MP = 103-

107°C; Rf = 0.19 (65:35 PE/EA); [a]D27 = +8.4 (c = 0.5, CHCb); FT-IR (neat): Vmax = 

3296 (w), 3061 (w), 1738 (m), 1732 (m), 1681 (m), 1667 (m), 1597 (w), 1515 (m), 1494 

(m), 1446 (m), 1415 (w), 1339 (m), 1274 (m), 1175 (m), 1152 (s), 1111 (m), 1083 (m), 

1036 (m), 1001 (w), 947 (w), 903 (w), 825 (w), 750 (m), 696 (s), 681 (m) em-I; IH NMR 

(400 MHz, CDCb): 0 = 8.26 (1 H, t, J = 2.0 Hz, ArH), 7.83 (2 H, dd, J = 8.0, 2.0 Hz, 

ArH), 7.30-7.19 (25 H, m, PhH and ArH superimposed), 7.13 (12 H, dd, J = 8.0, 2.0 Hz, 

PhH), 7.05 (4 H, dd, J= 8.0, 2.0 Hz, PhH), 6.65 (2 H, s, TrtNH), 6.08 (2 H, d, J= 8.5 Hz, 

SNH), 4.88 (2 H, d, J= 12.0 Hz, PhCHaHb), 4.81 (2 H, d, J= 12.0 Hz, PhCHaHb), 4.18 (2 

H, apparent dt, J = 8.5,4.0 Hz, a-CH), 3.04 (2 H, dd, J = 16.0,4.0 Hz, a-CHCHaHb), 2.82 

(2 H, dd, J = 16.0,4.0 Hz, a-CHCHaHb); I3C NMR (100 MHz, CDCb): 0 = 170.0 (0), 

168.8 (0), 144.3 (0), 141.5 (0), 134.9 (0), 130.9 (1), 130.0 (1), 128.8 (1), 128.7 (1), 128.5 

(1), 128.3 (1), 128.2 (1), 127.3 (1), 125.9 (1), 71.2 (0), 67.9 (2), 53.0 (1), 39.8 (2); ESMS: 

mlz = 1153 [M+Nat. 
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(S)-2-{3- [(S)-1-Carboxy-2-( trityl-carbamoyl)-ethylsulfamoyl]­

benzenesulfonylamino}-N-trityl-succinamic acid 124 

o 
02S~S02 

, I 

TrtHNy'X" NH HNyyNHTrt 

00 OH HoAo 0 
124 

A mixture ofbis-ester 123 (1.66 g, 1.47 mInol) and PdlC (10% wt, 310 mg, 0.294 mmol) 

in 2:1 MeOHlTHF (100 rnl) was stirred at room temperature under H2 (atmospheric 

pressure) for 6 h. The mixture was filtered through a celite pad and the solvent was 

removed under reduced pressure to yield the desired product 124 as a white solid (1.33 g, 

95%). MP = 125-130 °C; FT-IR (neat): Vmax = 3272 (w), 3057 (w), 2874 (w), 1731 (m), 

1668 (m), 1516 (m), 1491 (m), 1446 (m), 1416 (w), 1338 (m), 1117 (m), 1153 (s), 1110 

(m), 1084 (w), 1050 (w), 1036 (w), 843 (w), 797 (w), 751 (m), 698 (s), 682 (m) cm-I; IH 

NMR (400 MHz, CDCb): 8 = 8.32 (1 H, t, J = 2.0 Hz, ArH), 7.81 (2 H, dd, J = 8.0, 2.0 

Hz, ArH), 7.37-7.16 (19 H, m, PhH and ArH superimposed), 7.13 (12 H, dd, J = 8.0, 2.0 

Hz, PhH), 6.93 (2 H, s, TrtNH), 6.50 (2 H, d, J= 9.0 Hz, SNH), 4.09 (2 H, apparent quin, 

J= 4.5 Hz, a-CH), 3.13 (2 H, dd, J= 16.0,4.0 Hz, a-CHCHaHb), 2.87 (2 H, dd, J= 16.0, 

5.5 Hz, a-CHCHaHb); l3C NMR (100 MHz, CDCh): 8 = 169.8 (0), 167.9 (0), 144.0 (0), 

141.1 (0), 131.0 (1), 129.8 (1), 128.8 (1), 128.2 (1), 127.4 (1), 126.2 (1), 71.4 (0), 52.6 

(1),40.3 (2); ESMS: mlz = 949 [M-Hr, 

(S)-2-{3- [(S)-1-Benzyloxycarbonyl-3-( trityl-carbamoyl)-propylsulfamoyl]­

benzenesulfonylamino}-4-(trityl-carbamoyl)-butyric acid benzyl ester 126 

o 
o OS~so 0 
II 2, I~ 

TrtHN~'xNH HN ~,.... NHTrt 

o OBn BnO 0 

126 

A mixture of Fmoc-Gln(Trt)-OH (5.08 g, 8.31 mInol), K2C03 (2.40 g, 17.4 mInol) and 

BnBr (950 Ill, 7.99 mInol) in acetone (120 ml) was refluxed for 3.5 h. The insoluble 
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material was filtered off and DMF (28 ml) was added to the mixture. The solution was 

concentrated and piperidine (7 ml) was added. The reaction was stirred for 1 h. Toluene 

was added and the solvent was removed under reduced pressure. The residue was 

dissolved in dry DCM (60 ml) and dry Et3N (1.0 ml, 7.2 mmol) was added. A solution of 

bis-sulfonyl chloride 68 (854 mg, 3.10 mmol) in dry DCM (60 ml) was added dropwise to 

the mixture at room temperature during 30 min. The reaction was stirred overnight under 

N2. The mixture was diluted (DCM, 40 ml), washed (1 M KHS04, 100 ml) and dried 

(MgS04). The solvent was removed under reduced pressure and the residue was purified 

by flash column chromatography (Si02, 95:5 ~ 58:42 PE/EA) to yield the desired 

product 126 as a yellow solid (2.28 g, 64%). MP = 95-98 °C (dec.); Rf = 0.39 (55:45 

PE/EA); [a]D27 = +25.2 (c = 1, CHCh); FT-IR (neat): Vrnax = 3290 (w), 3057 (w), 1732 

(m), 1668 (m), 1597 (w), 1489 (s), 1446 (m), 1338 (m), 1258 (m), 1152 (s), 1106 (m), 

1082 (m), 1034 (w), 1001 (w), 902 (w), 796 (w), 749 (s), 696 (s) cm- I
; IH NMR (400 

MHz, CDCh): 0 = 8.27 (1 H, t, J = 2.0 Hz, Arl!), 7.77 (2 H, dd, J = 8.0, 2.0 Hz, Arl!), 

7.30-7.11 (41 H, m, PhH and ArH superimposed), 6.72 (2 H, s, TrtNl!), 5.87 (2 H, d, J = 

9.0 Hz, SNl!), 4.87 (4 H, s, PhCH2), 3.74 (2 H, apparent dt, J= 4.0,9.0 Hz, a-Cl!), 2.43-

2.33 (2 H, m, a-CHCH2CHaHb), 2.32-2.23 (2 H, m, a-CHCH2CHaHb), 2.12-2.02 (2 H, m, 

a-CHCHaHb), 1.80-1.69 (2 H, m, a-CHCHaHb); I3C NMR (100 MHz, CDCh): 0 = 171.0 

(0), 170.6 (0), 144.7 (0), 141.4 (0), 134.9 (0), 130.9 (1), 129.9 (1), 128.8 (1), 128.8 (1), 

128.7 (1), 128.6 (1), 128.1 (1), 127.2 (1), 125.9 (1), 70.8(0), 67.7 (2), 55.6 (1), 32.6 (2), 

28.2 (2); ESMS: mlz = 1181 [M+Nat. 

(S)-2-{3-[(S)-1-Carboxy-3-( trityl-carbamoyl)-propylsulfamoyl]­

benzenesulfonylamino}-4-(trityl-carbamoyl)-butyric acid 127 

o 
o OS~SO 0 

TrtHN~'iNH HN~NHTrt 
o OH HO 0 

127 

A mixture ofbis-ester 126 (1.29 g, 1.11 mmol) and Pd/C (10% wt, 257 mg, 0.244 mmol) 

in 2: 1 MeOHITHF (75 ml) was stirred at room temperature under H2 (atmospheric 

pressure) for 4.5 h. The mixture was filtered through a celite pad and the solvent was 

removed under reduced pressure to yield the desired product 127 as a white solid (1.04 g, 
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95%). MP = 144-147 °C; FT-IR (neat): Vmax = 3271 (w), 3056 (w), 2928 (w), 1731 (m), 

1668 (m), 1490 (s), 1446 (m), 1417 (w), 1338 (s), 1178 (m), 1152 (s), 1106 (m), 1036 

(w), 1001 (w), 971 (w), 901 (w), 796 (w), 751 (m), 698 (s) cm-I; IH NMR (400 MHz, 

CDCb): 8 = 8.25 (1 H, s, ArH), 7.83 (2 H, dd, J= 8.0, 2.0 Hz, ArH), 7.45 (1 H, t, J= 8.0 

Hz, ArH), 7.30-7.10 (30 H, m, PhH), 7.07 (2 H, s, TrtNH) , 6.02 (2 H, d, J = 8.5 Hz, 

SNH), 3.83-3.74 (2 H, m, a-CH), 2.60-2.46 (2 H, m, partially obscured by H20, a­

CHCH2CHaHb), 2.45-2.34 (2 H, m, a-CHCH2CHaHb), 2.00-1.90 (2 H, m, a-CHCHaHb) , 

1.82-1.70 (2 H, m, a-CHCHaHb); l3C NMR (75 MHz, CDCb): 8 = 173.4 (0), 172.5 (0), 

144.3 (0), 141.2 (0), 131.2 (1), 130.1 (1), 128.8 (1), 128.1 (1), 127.2 (1), 126.0 (1), 71.0 

(0),55.5 (1), 32.8 (2),28.4 (2); ESMS: mlz = 977 [M-Hr. 

5.6 Binding studies 

64 with TBAOAc in MeCN-d3 

[H] = 5.03'10-3 M 
[G] = 5.44.10-2 M 

Vi = 600 III 

Volume 
aa 

added (Ill) 

5 8.2831 

10 8.3032 

15 8.3233 

20 8.3434 

40 8.4206 

50 8.447 

55 8.4633 

60 8.4802 

65 8.4922 

85 8.4959 

105 8.4884 

145 8.4689 

185 8.4508 

225 8.42 

305 8.3999 

8.50,-----;-:=-:------, 

1<1 '" 3.22e+3 
1<2 '" 1.37e+l 

l.I bound 1. 8.~32 

II bound 2 = 6.903 
l.I free" 8.254 

SS of Residuals '" 
:3.75598989194e-4 

R FClC:tor"" 2.573" 

Min I bound. -2 !II 
Hox " bound - -11 18 

Cone. of guest 1.8e-2 

a 

65 with N-Ac-L-Phe-OTBA in MeCN-d3 

[H] = 1.26'10-3 M 
[G] = 4.35,10-2 M 

Vi = 600 III 

Volume 
aa ab ac ad 

added (Ill) 

2 8.2129 6.999 6.8998 6.3826 

4 8.2304 7.0994 6.9839 6.532 

6 8.2493 7.063 6.6751 

8 8.2656 6.8157 

10 8.2819 7.368 6.955 

12 8.2882 7.4521 7.3034 7.0931 

16 8.3271 7.6116 7.4471 7.3253 

20 8.3522 7.7509 7.5814 7.5538 

24 8.3723 7.8752 

28 8.3861 7.9731 7.7936 7.8714 

32 8.3949 8.0446 7.8746 7.9831 
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40 8.4037 8.1589 8.1501 V 50 8.4049 8.2643 8.1513 8.2882 0 28 ;::; ~02 

60 8.4024 8.3604 8.2618 CHd 
H HN

J a 

80 8.3974 8.4288 
NH HN 

Ph~bO O~'\'Ph 
100 8.3936 NHAc NHAc 

c 
150 8.3848 

200 8.3786 Volume 
added (Ill) 

a b c d 
300 8.3735 

400 8.3698 2 8.2116 6.9651 6.8709 6.3587 

4 8.2292 7.078 6.9481 6.5232 

6 8.2455 7.0115 6.6701 
Kl = 2.34e+3 
K2 .. 1.31e+l 8 8.2643 7.0893 6.8132 

o!I bound 1" 8.430 
,!J bound 2 '" 7.748 

,.) free = 8.179 10 8.2819 7.3429 6.9701 

55 of Residuals "'- 12 8.2995 7.4371 
9.41838312428e-4 

R Fac:tor = 3.536 1I 16 8.3296 7.589 7.3617 

Min II bouncl .. -e. 20 8.356 7.471 7.6015 Mo)( ::I bound = -4 .. 

8.21 24 8.3773 7.5708 
1.4&-4 Cone!. of guest 1.7e-2 

a 28 8.3911 7.653 

32 8.4011 7.7258 
8.36 

K ., S.BBe+2 40 8.4112 8.1225 7.8363 8.2179 
b bound;; 8.920 

II free" 6.860 50 8.415 8.2154 7.9417 8.3447 

60 8.415 8.2819 
SS of Residuah;: '" 80 8.4074 8.1702 8.553 2.383030485368-3 

R Factor .. 1.330. 100 8.4049 8.479 8.2869 8.6497 
Min" bound .. 7. 
Max ,. bound • 730 150 8.3961 8.6133 8.4752 8.8016 

7.00 
lAe-4 Cone. of guest 4.0e-3 200 8.3936 8.6987 8.5957 8.892 

b 
300 8.3861 8.7916 8.7251 8.9861 

8.43 400 8.3861 9.0502 
K .. 4.8ge+2 

/10 bot.lnd .. 9.219 
/l fl"ee" 6.781 

8.41 

KI'" \.72e+3 
K2 .. 9.478+0 

,!J bound 1 '" 8.4:50 

55 of Residuals '" o!I bound 2" 7.344 
8.53264355101e-4 o!I f~e" 9.178 

R Factor .. 0.872 " 

Min II bound .. S. 5S of Residuals .. 

Max ,. bouncl .. 5e. 8.89612478204e-4 

6.90 R Factor' .. 3.472 ,. 

1.4e-4 Cone. of guest 5.1e-3 MIn II bound = -4, 

C 
Max II bound = -25 , 

9.21 
1.Sa-4 Cone:. of guest 1.7e-2 

8.29 a 
K ., 1.00e+3 

,!J bound.. 9.195 
./I free II 6.157 

8.79 

K·1.18 ... 2 
./I bound .. 8.053 

./I free. 6.865 
55 of Residuals .. 
6.oo243080407e-3 

R FQc:tor .. 1.790 III 

MIn II bound = 70 55 of A ... iduols • 
NQl( II bound .. 70. 4 .QS27~344Oa-3 

6.38 A Facto,... • 1.486 • 
1.4.-4 Ccnc. of guest 3.3e-3 

Min I bound II S. 

d t1gx I bcYnd • 02. 

Cone. of guest 1.:5e-2 

65 with N-Ac-n-Phe-OTBA in MeCN-d3 b 

[H] = 1.26,10-3 M 
[G] = 4.37-10-2 M 

Vi = 600 III 

178 



Chapter V 

8.73,------------------. 

K .. 4.02e+2 
II bound = 9.034 

/I free .. 5.791 

SS of Re!Oiduals = 
9.06556961888e-3 

R Fae:tor = 2.181' 

Min "bound = 4" 
Max • bound" 86 II 

'.05 

K .. 1.0ge+3 
II bound :: 9.157 

b free .. 60.139 

5S of Residuals. 
1.6691356eIil74e-2 

R Factor a 1.722 Ie 

Min Ie bOl.md .. 71 
HQl( • bound = , .. 

8.79 

Kl = S.44e+2 
1<2 ;; 1.09e+1 

i!I bound 1 = 8.676 
II bourod 2 .. 12.296 

II free '" 6.841 

SS of Residuals = 
1.'9S967182'9e.-3 

A Foetor to 0.693 " 

Hln • bound = 2. 
Hczx " bound = 3 .. 

8.73 

1<1 = 3.53e+2 
1<2" 9,23e+O 

II bound I '" 8.529 
II bound 2 = 15.514 

II free ;; 5.764 

55 of Residuals '" 
2 .OO2S3655203e--3 

R Foetor = 0.998 :II 

Min' bound = 1 • 
Mox I bound .. 22. 

9.05 

KI .. 7.47e+2 
K2 .. 1.23e+l 

II bPund 1 '" 8,907 
II bound 2" 11.724 

/I (ree '" 6.111 

SS of Residuols .. 
a.o 1507062Q82e-3 

A FCJClor .. 1.070 • 

N1n ,. bound = .. 
Mm< " bound .. 52. 

Cone. of guest 

C 

Ctlnc. of guest 

d 

Conc. of guest 

b 

Corn::. of guest 

C 

Conc. of guest 

d 

69 with TBAOAc in MeCN-d3 

[H] = 4.82.10-3 M 
[G] = 7.67.10-2 M 

Vi = 600 III 

1.5e-2 

1.7e-2 

1.5e-2 

1.5e-2 

1.7&-2 

Experimental 

Volume 
lia lib 

added (Ill) 

5 8.2932 5.5432 

10 8.3596 5.6858 

15 8.4235 5.8244 

20 8.4875 5.9574 

25 8.551 6.2142 

30 8.6106 6.0929 

35 8.6634 6.3224 

40 8.7087 6.4078 

45 8.7286 6.463 

50 8.7365 6.4841 

60 8.7361 6.5075 

70 8.7301 6.5206 

80 8.7266 6.5437 

90 8.7174 6.5564 

100 8.7095 6.5703 

110 8.7043 6.5866 

130 8.6888 6.6164 

150 8.6789 6.639 

170 8.6654 6.6656 

190 8.6543 6.6857 

210 8.642 6.7021 

250 8.6245 6.7473 

8.74 

KI .1).40£11'3 
K2 .. 5.54e1" 

c) bound I '" 8.782 
b bound 2" 8.295 

c) free. 8.212 

SS of Res:lduals: '" 
3 . 2444(761) 17211i1-4 

R Fce:lcr .. 0.729 I 

Min II bound .. '71 
Max II bound. 489 I 

Cone. Df guest 2.3e-2 

a 

•. ~r-------------------------------~ 
Kl II 1.80&+4 
K2 .. 5.24&+1 

a bDUncl ,. 0.483 
c) bound 2" 7.308 

a free .. 5.412 

SS of Residuals: .. 
1.398809'2!W1711-3 

R Factor'" 0.083 I 

MIn I bound" 71 
MDX I bound" 70 I 

Cone:. of guest 

b 

71 with TBAOAc in MeCN-d3 

[H] = 2.08.10-3 M 
[G] = 3.34.10-2 M 

Vi = 600 III 

2.3e-2 
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Y 02S h ~02 
CH Ha HNJ NHb HN 

~OO~ 

Volume 
added (J.LI) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

28 

32 

40 

50 

60 

80 

100 

200 

300 

394 

Kl '" 4.02e+3 
K2" 1.98e+l 

~ bound 1 = 9.596 
./J bound 2 '" 4.715 

./I free'" 8.305 

55 of Residuals '" 
4.48739528656e-2 

A Factor'" 23.676:1 

Min "bound c 21 
Max I bound;; -1" 

lia lib 

8.2505 6.6362 

8.2869 6.7667 

8.3183 6.8923 

8.3547 7.0128 

8.3936 7.1559 

8.4275 7.2852 

8.4614 7.4044 

8.494 7.5224 

8.5242 

8.5505 7.7296 

8.5642 7.8024 

8.5807 7.8526 

8.5882 

8.5844 

8.5769 7.9926 

8.5767 8.0534 

8.5706 8.1087 

8.5493 8.2116 

8.5267 8.2957 

8.4313 8.5819 

8.3773 8.7326 

8.3484 8.8016 

8.25"--------,---------:--:---: 
1.1e-4 Cone.. of guest 1.3e-2 

KI '" 5.40e+3 
K2 '" S.38e+O 

b bound 1" 8.321 
./J bound 2 = 19,014 

./J free:: 6.71)5 

a.80 

55 of Residuals .. 
3 .27096538076e-1 

R FClctor;: 11.384:1 

Hin " bound.. -1" 
MClX :I bound IS 17. 

a 

Cone:. of 9I.Iut 

b 

73 with TBAOAc in DMSO-d6 

[H] = 5.90'10-3 M 
[G] = 1.16.10-1 M 

Vi = 600 III 

1.3e-2 

K ,. 1.00e+0 
3 bound. 1.000 

./I free - 1.000 

Experimental 

V 02~ h ~02 CH ~ HNJ NH HN 

O~O 

Volume 
lia 

added (J.LI) 

3 8.2178 

6 8.2304 

I) 8.2392 

12 8.2479 

15 8.2555 

18 8.2618 

21 8.2693 

24 8.2743 

27 8.2793 

30 8.2837 

33 8.2869 

36 8.2906 

39 8.2931 

45 8.2982 

51 8.3007 

60 8.3032 

70 8.3057 

90 8.3057 

120 8.3007 

160 8.2931 

a.31 .. .. 

8.22 L -----------::-:--" 
5.8.-4 Cone. of gu.st 2. 4e-2 

a 

73 with TBAOAc in DMSO-d6 

[H] = 5.90'10-3 M 
[G] = 1.16'10-1 M 

Vi = 600 III 

Volume oa 
added (J.LI) 

3 8.2178 

6 8.2304 

9 8.2392 

12 8.2479 
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15 8.2555 

18 8.2618 

21 8.2693 

24 8.2743 

27 8.2793 

30 8.2837 

33 8.2869 

36 8.2906 

39 8.2931 

45 8.2982 

51 8.3007 

60 8.3032 

70 8.3057 

90 8.3057 

120 8.3007 

160 8.2931 

9.31 

K '" 1.00e+0 . 
b bound" 1.000 . 
a (J"'ee" 1.000 . 

8.22 
S.Be-4 Cone. of guest 

a 

74 with TBAOAc in DMSO-d6 

[H] = 3.53'10-3 M 
[G] = 7.62'10-2 M 

Vi = 600 f.LI 

V 0 28 b ~02 
CH ~ HNJ NH HN 

o~o 

Volume 
lia lib added (Ill) 

5 8.1075 7.9255 

10 8.1176 7.982 

15 8.1251 8.09 

20 8.1314 8.1364 

25 8.1364 8.1703 

30 8.1439 8.2105 

35 8.149 8.2406 

40 8.1527 8.2946 

50 8.159 8.3373 

60 8.1653 8.3711 

70 8.1703 8.3975 

100 8.1778 8.449 

120 8.1816 8.4816 

140 8.1841 8.5067 

180 8.1879 8.5456 

2.4e-2 

Experimental 

240 8.1904 8.582 

S.I.r-----------=---~ 

K • I.OOe+O _ 
c) bound '" 1. 000 

b free'" 1.000 

S.II"-___________ --.-J 

15.3e-4 c~. of guest 2.2e-2 

a 

s .• s·r-------------:= 

K .. 2.35e+2 
b bound ... B.742 

II free." 7.855 

S5 of Residuals .. 
flo. B08OO731015Ie-~ 

A Faclor = 0.392" 

Min 1II bound = elll 
Max ,. bound II B2" 

7.031L-------------
5.3e-4 Cone. of gu"~l 

b 

84 with TBAOAc in CDCb 

[H] = 3.04'10-3 M 
[G] = 1.05.10-1 M 

Vi = 600 /11 

Volume lia 
added (Ill) 

2.5 6.2897 

5 6.5307 

7.5 6.7485 

10 6.923 

12.5 7.0655 

15 7.1797 

17.5 7.2977 

20 7.4219 

22.5 7.5519 

30 7.8632 

35 7.9454 

40 8.1438 

45 8.2505 

90 8.371 

120 8.4005 

160 8.4193 

200 8.4294 
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a.43r---------:---:==-~~ 

)( = 7.58e+2 
,) boul'ld '" 8.623 

,) frea '" 6.023 

55 of Residuals '" 
:3 • 28887887Z99e-2 

A Foelor = 2.473 JII 

Nln SI bound;; 10" 
Ngl( II bound" 93 II 

a 
Cone:. of guest 2.6e-2 

84 with N-Boc-L-Phe-OTBA in CDC13 

Volume 

[H] =2.68'10-3 M 
[G] = 8.50'10-2 M 

Vi =600 J.!l 

added (Ill) 
oa ob 

5 6.5326 6.1007 

10 6.7209 6.2175 

15 6.9016 6.3286 

20 7.0492 6.4667 

25 6.6325 

30 7.3642 6.792 

35 7.469 6.9349 

40 7.6121 7.0654 

45 7.7082 

55 7.8343 7.3206 

65 7.9122 7.4275 

75 7.9649 7.4922 

90 8.0145 7.55 

140 8.091 

180 8.1186 7.6655 

230 8.1362 

290 8.1507 7.683 

8.15 

K '" 5.49e+2 
,) bound" B.353 

11 fl"ee = 6.lza 

S8 of Residuals .. 
... 1642Q340939e-2 

R Facto/" '" 3.061 " 

tlln I bound '" , .. 
Max :II: bound .. 0' • 

Cone. of guesl 

a 
2,8_2 

Experimental 

7.6ar---------:=.---~ 

K::: 3.70e+2 
,) bound" 8.018 
a free. .. '5.680 

55 of Residuals .. 
9. B 13910722738-2 

R Foetor'" 5.753 II 

Min. bound = 18" 
110)( " bound. 86" 

b 
Cone. of Q1,I85t 2.8e-2 

84 with N-Boc-L-Phe-OTBA in CDC13 

Volume 

[H] = 2.68'10-3 M 
[G] = 8.50'10-2 M 

Vi = 600 J.!l 

added (J.ti) 
oa 8b 

5 6.5326 6.1007 

10 6.7209 6.2175 

15 6.9016 6.3286 

20 7.0492 6.4667 

25 6.6325 

30 7.3642 6.792 

35 7.469 6.9349 

40 7.6121 7.0654 

45 7.7082 

55 7.8343 7.3206 

65 7.9122 7.4275 

75 7.9649 7.4922 

90 8.0145 7.55 

140 8.091 

180 8.1186 7.6655 

230 8.1362 

290 8.1507 7.683 

B.15 

K - 5.49«+2 
b bourId. 8.353 

II (NIB - 6.128 

55 of Ralduals • 
4.1542934083ge-2 

R Factor .. 3.0151 " 

"In II boI.rId .. , .. 
l1C1x.~" 0' • 

Cone. of guest 

a 
2.8e-2 
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7.0'r--------="..------. 
K = 3.70e+2 

., bound = B.01B 
" frea = 5.680 

55 of Ae:;iduals '" 
9. a 139 1072273a-2 

A Foe:tol" = 5.753 II 

Hin • bound'" 18 III 
Mal< II bound '" B6" 

Cone:. of gue5t 

b 

84 with TBAOAc in MeCN-d3 

[H] = 2.62,10-3 M 

K '" l.83e+3 
a boUl"ld '" B.200 

a free = 6.527 

ss of Rasiducl5 ;; 
:5.54601ag4~e-3 

R Factor. 1.346" 

Min II bound" 1011 
Nax II bound = 90" 

[G] = 7.82'10-2 M 
Vi = 600 III 

M 02S b S02 

(I'(NH HN'r"l 

V NHa HN)'I/ 

O~O 

Volume 
added (Ill) 

~a 

2 6.699 

4 6.7956 

6 6.908 

8 7.0222 

10 7.127 

12 7.2174 

14 7.3147 

16 7.4333 

18 7.4973 

20 7.5789 

22 7.6335 

28 7.7509 

30 7.7898 

34 7.867 

50 8.0164 

60 8.0471 

80 8.081 

100 8.1005 

140 8.1131 

200 8.1325 

B.13 

Cone:. of guest 

a 

85 with TBAOAc in CDCh 

2.Be-2 

2.0e-2 

Experimental 

[H] = 2.57,10-3 M 
[G] = 3.95'10-2 M 

Vi = 600 III 

M 02S b S02 

(I.(NH b HN~ 
V NHa HN)"/ 

O~O 

Volume 
~a ~b 

added (Ill) 

K ;; 1.009+0 
b bound = I. 000 
a (MiB '" 1.000 

K - I.OOe+O 
a bound" 1.000 

b free - 1.000 

5 7.0062 5.8867 

10 5.9231 

15 7.4797 5.9501 

20 7.6335 5.9771 

25 5.9965 

30 7.9071 6.0135 

35 8.0138 6.0279 

40 8.103 6.0405 

45 6.0505 

55 8.285 6.0825 

65 8.3754 6.1177 

75 8.4557 6.1503 

85 8.526 6.198 

105 8.6522 6.252 

135 8.7966 

175 8.9371 

255 9.0865 

335 9.1643 

9,15 

7.01"---------------' 
3.3e-4 Cone:. ofQ\Je5l 1.4e-2 

a 

o.",r-------------., 

5.a9"----------------' 
3.30-4 CQnc. of ~.sl 5.ge-3 

b 

85 with N-Boc-L-Phe-OTBA in CDCh 

[H] = 2.59,10-3 M 
[G] = 4.05'10-2 M 

Vi = 600 JlI 

183 



Chapter V 

o 
02S~S02 

(",(NH b HN~ 
~NHa HN)"/ 

o~o 

Volume oa ob added (Ill) 

5 7.0052 5.8867 

10 5.9156 

15 7.4389 5.9451 

20 7.6122 5.9652 

25 5.9871 

30 6.0016 

35 7.9348 6.0147 

40 8.0159 6.0254 

45 8.0812 6.0348 

50 8.123 6.0467 

60 8.1952 6.0731 

70 8.28 6.1083 

80 8.3671 6.1459 

90 8.4524 6.1851 

100 8.5291 6.2241 

110 8.5951 6.2602 

130 8.7112 6.3248 

160 8.8348 6.4039 

200 8.9403 6.4654 

280 9.0495 6.5344 

380 9.1172 6.5784 

9.12 

Kl '" 1.00e+o_ 
K2 ., I.OOe+O 

<!I bound 1.. 1.000 
o!I bound 2 = 1.000 

.a (Nle '" 1.000 

KI:: I.00e+O 
K2 = 1.00&+0 

a bound 1" 1.000 
a bound 2;: 1.000 

IJ free" 1.000 

.' . 

7.01"---------____ ----' 
::I.3&-4 Cone. of gl,.lest 1.6e-2 

a 

.... ,--------------., 

........ 
5 .•• "-:-------------' 

3.3&-4 Cone. of guul 1.6e-2 

b 

85 with N-Boc-D-Phe-OTBA in CDCb 

[H] = 2.59'10-3 M 
[G] = 4.04'10-2 M 

Vi =600 III 

Experimental 

~ 02S b S02 

(",(r:.JH b HN~ 
~NHa HN)"/ 

o~o 

Volume oa ob 
added (J.1l) 

K = 1.008+0 
.., bound'" 1.000 

a frae. 1.000 

K .. , .OOe+O 
11 bound" 1.000 

o!I (ree" 1.000 

5 7.0052 5.8854 

10 5.9187 

15 5.9457 

20 7.5676 5.9633 

25 7.6799 5.9815 

30 5.9959 

35 7.8858 6.0091 

40 7.9687 6.0191 

45 8.0383 6.0285 

50 8.0898 6.0405 

60 6.0719 

80 8.3471 6.1503 

120 8.6509 6.3204 

200 8.939 6.5169 

280 9.0501 6.5997 

380 9.1 191 6.6462 

9.12 

. . 

7,01"--------------' 
3.3&-4 Cone. of gUQlit 1.00-2 

a 

.. "",--------------~ 

.. ' 
.... 

.' 
5 .•• "-:-----::---:--:-----:-::---: 

3.3.-4 Cone. of guesl 1.6 .. -2 

b 

85 with TBAOAc in MeCN-d3 

[H] = 2.38'10-3 M 
[G] = 7.21'10-2 M 

Vi=600 III 

~ 02S b S02 

(",(NH HN~ 
~NHa HN)"/ 

O~O 
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Volume 
oa 

added ().lI) 

2 7.3153 

4 7.4069 

6 7.5023 

8 7.6065 

10 7.6931 

12 7.7704 

14 7.8434 

16 7.904 

22 8.066 

30 8.2593 

34 8.3509 

38 8.4237 

48 8.5681 

58 8.6572 

78 8.7489 

98 8.7878 

138 8.7991 

238 8.7865 

388 8.7351 

8.BO 

I< '" 9.9ge+2 
~ bound .. 9.917 
a free '" 7.155 

55 of Aeslduals '" 
4.24405932420e-2 

R Factor = 3.618" 

Min "bound" gll 
MClX 1Il bound = 90 III 

Cone::. of gues-t 2.8e-2 

a 

86 with TBAOAc in MeCN-d3 

[H] = 1.99'10-3 M 
[G] = 6.63'10-2 M 

Vi = 600 III 

f} 
02S Q S02 

r,,(NH b HN0 

~NHa HN),'/ 

O~O 
BnO OBn 

Volume 
lia 

added (~I) 

3 6.5069 

6 6.6224 

9 6.7303 

12 6.8265 

15 6.923 

18 6.9845 

24 7.1264 

60 7.6794 

70 7.7691 

90 7.8802 

K = 2.5541+2 
II bound" 8.695 

iI free" 6.384 

55 of Residuals. 
7.021>54011!548e-4 

R Fodor" 0,977" 

Min' bound" 5. 
NCDO: ,. bound" OS,. 

Experimental 

7 ... r------------=:="l 

.. " ."-::-.,-------::---:---:-----:-:~ 
3.3.-4 Cone. of guest 9.60-3 

a 

86 with N-Boc-L-Phe-OTBA in MeCN­
d3 

K .. 2.23e+2 
b bound" 7.933 

(I (rae" :5.32:5 

55 of Residuals c 
2. :WQ32!5581Ma-4 

R Factor.. 0.385" 

MI" II bound;; 511 
/'Iaxllbound= Mil 

[H] = 1.99'10-3 M 
[G] = 5.11'10-2 M 

Vi = 600 III 

o 
02S~S02 

r,,(NHb HN0 

~NHa HN)"/ 

o~o 
BnO OBn 

Volume 
added (~I) 

lia 

4 5.4574 

8 5.5767 

12 5.6871 

16 5.7895 

20 5.8779 

24 5.9646 

28 6.0549 

32 6.1265 

36 6.1993 

40 6.2565 

50 6.3901 

60 6.5119 

70 6.6023 

90 6.7718 

130 6.9852 

..... 

:SAO 3·1!.. ..... --:----::-con-o.-o=-, -.u-.. =-, ----:.=-. '-=.-3 

a 

86 with N-Boc-D-Phe-OTBA in MeCN­
d3 

[H] = 2.19'10-3 M 
[G] = 5.53,10-2 M 
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Vi = 600 III 

o 
02S~S02 

('/.(NH b HNY""'l 

~NH a HN).'.,) 

o~o 
BnO OBn 

Volume 
added (Ill) oa 

K .. 2.00&+2 
I!I bound" 7.950 
o free .. 5.326 

SS of ResldllQis .. 
5.06296230014e-4 

R Foetor::: 0.486 1I 

Min' bound" 5 Ie 
Max I bound = e2 II 

Odl7 

4 5,4549 

8 5.5729 

12 5.6821 

16 5.7813 

20 5.8811 

24 5.9608 

28 6.0355 

32 6.1152 

36 6.1817 

40 6.2401 

45 6.306 

50 6.3845 

60 6.5056 

80 6.6801 

110 6.8935 

130 6.9657 

, .• ,"'----___________ ......J 
3.7e-4 Cone. of guest 

a 

87 with TBAOAc in MeCN-d3 

[H] = 1.65,10-3 M 
[G] = 5.00,10-2 M 

Vi = 600 III 

o 
) 
02S~S~2~ 
XNH 

HNl,_-
o NHa HN 0 

)y 
Volume 

oa 
added (Jll) 

2 7.1383 

4 7.3699 

6 7.5814 

8 7.7974 

9,8e-3 

Kl ... 5.5ge+6 
K2" 5. 11e"3 

o bound 1 .. 8.948 
o bound 2" 8.720 

o fNl:Q::: r..ggg 

55 of Residuals '" 
2.1719:5916921e-2 

R FactO!".. I.B66 II 

Min I bound .. ell 
Mox 1I bQund::: 100 III 

Experimental 

10 8.0095 

14 8.3873 

16 8.5907 

18 8.7652 

20 8.8568 

22 8.8732 

24 8.8694 

28 8.8493 

32 8.848 

40 8.8342 

60 8.7752 

100 8.7477 

200 8.7263 

300 8.725 

400 8.7263 

•.• 7 ""-__ ~ __ ~ _____ I 

7.14"-----------------' 
1.7&-4 Cone. of guest 2.0e-2 

a 

87 with TBAOAc in MeCN-d312% H20 

[H] = 2.05,10-3 M 
[G] = 6.18,10-2 M 

Vi =600 III 

Volume 
oa 

added (JlI) 

2 7,4798 

6 7.5613 

8 7.6059 

10 7.6517 

12 7.6982 

14 7.7421 

16 7.7848 

18 7.8174 

20 7.8592 

22 7.8997 

24 7.9329 

28 7.9976 

32 8.0545 

36 8.1137 
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50 8.2518 

60 8.3415 

100 8.516 

150 8.6058 

200 8.6623 

300 8.7125 

400 8.7363 

a.74r--------------==~__., 

K .. 3.51'1+2 
b bOW"ld. 8.925 
a free" 7.377 

SS of Residuals .. 
4.387509612139-3 

R FCictor" 1.694 I 

Min I bound: 7. 
Max J bound" as jI! 

Cone. of guest 2.5a-2 

a 

88 with TBAOAc in MeCN-d3 

[H] = 1.70'10-3 M 
[G] = 3.64'10-2 M 

Vj=600 J.LI 

Volume 
oa added (Ill) 

2 6.7554 

4 6.8559 

6 6.9883 

8 7.1358 

10 7.2638 

12 7.4132 

14 7.545 

22 8.0459 

24 8.1651 

28 8.403 

34 8.6497 

40 8.7087 

50 8.6754 

60 8.6516 

80 8.6171 

120 8.5769 

200 8.5769 ' 

300 8.5324 

Experimental 

Kl .. 2.84.+4 
K2" 1. 16tt+l 

CI bound 1" 6.695 
II bound 2 II 5.774 

b free:: 0.543 

SS of ResidUQls .. 
2.87&)937432 le-2 

A Factor'" 2.101 III 

Min' bound" -28 I 
t1ax " bound • -259 I 

a 

88 with TBAF in MeCN-d3 

[H] = 1.70.10-3 M 
[G] = 5.40'10-2 M 

Vj = 600 J.LI 

Volume 
oa 

added (Ill) 

2 6.7278 

4 6.8006 

6 6.9098 

8 7.0178 

10 7.1164 

12 7.2149 

14 7.3153 

16 7.4195 

18 7.5083 

32 7.9329 

36 7.9982 

40 8.0798 

44 8.1375 

50 8.2467 

•• 2:1 

K. 1.00e+O 
a bound •• 1.000 
a free. 1.000 

•. 73"-----------:------:-~ 
l.Se-4 Cone. of guest 4.2e-3 

a 

88 with TBAC1 in MeCN-d3 

[H] = 1.82'10-3 M 
[G] = 5_78.10-2 M 

Vj=600 J.LI 
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Volume 
added (Ill) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

28 

32 

36 

40 

44 

50 

60 

80 

120 

200 

300 

lia 

6.8125 

6.9256 

7.0297 

7.137 

7.2425 

7.3159 

7.3956 

7.4754 

7.5375 

7.589 

7.7409 

7.8601 

7.884 

7.9053 

7.9204 

7.9329 

7.9442 

lib 

6.414 

6.5119 

6.6105 

6.3079 

6.7046 

6.7743 

6.8546 

6.9261 

6.9852 

7.0285 

7.0743 

7.1145 

7.1741 

7.2124 

7.2456 

7.2563 

7.2701 

72877 

7.3003 

7.3241 

7.3429 

7.3555 

7.3643 

7.9'1---:-::::::;:::========"] 
K '" 4.25e+3 

a bound = 7.960 
II frel!" 6.695 

55 of ResldUQls '" 
2.946103340Q5e-4 

A Foe;tor" 0.363:1 

Hln :I bound '" g. 
Max :I bound" 99:1 

K = 4.27e+3 
II bound;; 7.379 

II free '" IL 197 

55 of Residuals = 
4 • 587Q7730Q71a-4 

R Factor" 0.408 II 

Hin. bound = 9. 
Mox • bound '" 99" 

Cone. of guest 1.9e-2 

a 

O.31IL-____________ -.l 
1.Qe-4 c~. of gu~t 

b 

88 with TBABr in MeCN-d3 

[H] = 1.62'10-3 M 
[G] = 5.18'10-2 M 

Vi = 600 f..I.l 

1.9g-2 

Experimental 

Volume 
lia lib 

added (Jll) 

2 6.7391 6.2464 

4 6.7893 6.2941 

6 6.8395 6.3475 

8 6.891 6.3996 

10 6.9337 6.4397 

12 6.9738 6.4812 

14 7.0052 6.5175 

16 7.0416 6.5521 

18 7.0743 6.5859 

20 7.1006 6.6104 

22 7.1257 6.6349 

24 7.1446 6.6594 

28 7.186 6.7008 

32 7.223 6.7366 

36 7.2476 6.7655 

40 7.2695 6.7887 

44 7.2902 6.8113 

50 7.3191 6.837 

60 7.3504 6.8716 

80 7.3868 6.9155 

120 7.4308 6.9582 

200 7.4697 6.9959 

300 7.4835 7.0141 

380 7.4936 7.0228 

7.49 

K II 1.098+3 
a bound" 7.529 

a frlilll = 0.08::1 

55 of Residuals II 

1.95466185687.-4 

R Fodor .. 0.538 :I 

Hln • bound .. O' Nt:!)e ;II bound .. 96. 

Cone. of fjjJ .... liIsl 2.08-2 

a 

7.02 

K '" 1.04&+3 
b bound. 7.063 

II free" O. lag 

55 of Residuals .. 
9,81403136393e-5 

A Faclor II 0.311 " 

Min II bound .. 70 
Max :I bound .. 9,. 

6.25 
1.7411-4 Cone:. of guelit 2.0e-2 

b 

88 with TBAOAc in MeCN-d311 % H20 

[H] = 2.50'10-3 M 
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[G] = 8.70,10-2 M 
Vi=600 ~l 

0 
)°25 b~~ 

I. NH HN 

OJNHa HN ° 
VV 

Volume 1)a 
added (Ill) 

2 6.9927 

4 7.1395 

6 7.2814 

8 7.4308 

10 7.5661 

12 7.6957 

16 7.926 

18 8.0346 

20 8.1174 

22 8.1928 

26 8.3108 

28 8.3522 

30 8.3798 

32 8.4156 

36 8.4576 

40 8.4941 

50 8.5399 

60 8.5556 

80 8.5781 

100 8.5838 

150 8.5907 

200 8.5945 

300 8.6033 

•.• 0,-----:--:-:=== ...... --.------, 
K :: 2.5Je+3 

.., bound .. 8.661 
.., (NIB· 5.748 

5S of ResldUCIls '" 
1 . 7946358770 le-2 

R Faclor.. 1.815" 

Nin II bound" 13:1 
Max !C bound = 97. 

.' 

6·gg2-"-.9:-0-4-:----Co-~-. 0-'-,,-•• -, ----2-.'--l~2 

a 

88 with TBAOAc in MeCN-d312% H20 

[H] = 2.67'10-3 M 
[G] = 8.00'10-2 M 

Vi = 600 ~l 

Experimental 

Volume lia 
added (~Ll) 

2 7.0398 

4 7.1257 

6 7.2048 

8 7.2764 

10 7.3492 

12 7.4151 

14 7.4823 

16 7.5425 

22 7.7057 

24 7.7559 

30 7.8702 

32 7.9065 

36 7.9743 

40 8.0321 

50 8.1375 

60 8.216 

80 8.3057 

100 8.3635 

140 8.43 

200 8.4727 

300 8.5066 

400 8.5254 

IU53 

K " S.40e+2 
a bound = 8.642 
a free. 6.920 

SS of Rasiduols • 
3.0t;J:5S2787803Q-3 

R Facler" '" 1.1156 II 

Min :I bound .. H 
Max II bOlmd • "'. 

Cone. of guest 3.2e-2 

a 

88 with TBAH2P04 in MeCN-d312% 
H20 

[H] = 1.65'10-3 M 
[G] = 6.56'10-2 M 

Vi =600 ~l 

Volume lia 
added (J.lI) 

3 7.0768 

6 7.1684 

9 7.2601 

12 7.3366 

15 7.3887 
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18 7.4408 

21 7.4923 

27 7.5859 

33 7.6454 

40 7.7195 

50 7.8093 

60 7.8633 

80 7.9668 

100 8.0208 

150 8.1375 

200 8.2016 

300 8.2769 

400 8.3183 

'.32 
K .. 2.8Ie+2 

<!I bound '" 8.487 
a fl"ee;; 7.010 

SS of Residuals '" 
2.26356135691&-3 

A Foelor- '" 1.380 II 

Min JIJ bOl.lnd .. 5. 
Hax ,. bound '" ••• 

Corle:. of guest 2.6e-2 

a 

88 with TBAC1 in MeCN-d312% H20 

Volume 

[H] = 2.20'10-3 M 
[G] = 8.72-10-2 M 

Vi = 600 III 

added (lJ,i) oa 

3 7.0354 

6 7.0893 

9 7.1396 

12 7.1734 

15 7.2086 

18 7.245 

21 7.2776 

27 7.3373 

33 7.3843 

40 7.4308 

50 7.4885 

60 7.5375 

80 7.6015 

100 7.648 

150 7.7208 

200 7.7685 

300 7.8118 

ob 

6.4435 

6.4912 

6.5357 

6.5759 

6.6136 

6.6462 

6.6763 

6.7353 

6.7868 

6.832 

6.8872 

6.9362 

7.0015 

7.0529 

7.1295 

7.176 

Experimental 

400 7.835 7.2363 

7 .•• ,-----------:-==> 
K • 1.86&+2 

a bound" 7.970 
a free.· 6.983 

SS of Residuals; = 
1 . 1S793S9124Qe-4 

R Factor.. 0.435 III 

Mlnllbound- Sill 
I1ax " bound II 8&:1 

!:one. of gUlI.sl 3.5a-2 

a 

7.2.r-----------~~ 

K .. 1. 7Qa+2 
a bound.. 7.388 

a frail." 6.389 

55 of Residl.lQls .. 
1 . 277303& 1240e-4 

R Foctor" 0,497 III 

Min II bOW1d = 01 
Max I bound" as II 

Cone:. of 'ilUE!st 3.5e-2 

b 

88 with TBABr in MeCN-d312% H20 

[H] = 1.65'10-3 M 
[G] = 7.50'10-2 M 

Vi = 600 III 

o 
) 
02S~S~2~ 
XNHb 

HN -L~ -
o NHa HN 0 

~ 

Volume 
oa lib 

added (Ill) 

3 7.0115 6.4165 

6 7.0391 6.4403 

9 7.0554 6.4579 

12 7.073 6.4767 

15 7.0906 6.4981 

18 7.0994 6.5106 

21 7.1144 6.5239 

27 7.1383 6.5521 

33 7.1659 6.5797 

40 7.1873 6.6085 

50 7.2124 6.6369 

60 7.2488 6.6751 

80 7.2789 6.7127 

100 7.309 6.7441 

150 7.3655 6.8056 

200 7.3969 6.8496 

300 7.4321 6.8822 

400 7.4546 6.9123 
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7.45,--------------:=1 

K'" 1.13e+2 
.) bound", 7.596 

1I free" 6.996 

55 of Residuals '" 
1.59269414771e-4 

R Factor.. 1.229" 

Min I bQl.md= 311 
MaxllbOl.mda 761 

Cone. of guest 3.011-2 

a 

6.9',--------------='" 
K = 1.0ge+2 

abound" 7.r:rn 
a free" 6.394 

56 of Residuals .. 
1 .72299096715e-4 

A Foetor = 0.997 a: 

Hin " bound.. 3 II 
Max II bound "'" 76 I 

6.42"---------------' 
3.7e-4 Cone. of guest 

b 

88 with N-Boc-L-Phe-OTBA 
in MeCN-d312% H20 

[H] = 1.62'10-3 M 
[G] = 5.68,10-2 M 

Vi = 600 III 

Volume l)a 
added (IJ.!) 

3 7.0504 

6 7.1157 

15 7.2889 

18 7.3385 

21 7.3843 

27 7.4672 

33 7.5293 

40 7.5977 

50 7.6737 

60 7.7434 

100 7.9141 

150 8.0214 

200 8.0899 

300 8.1639 

400 8.2053 

3.0e-2 

Experimental 

K .. 2.64a+2 
a bound'" 8.417 

a free = e..gSO 

55 of Residuals '" 
1 . 5563263 1504e-4 

R Foetol"' = 0.390 11 

Min I bound = 5" 
J1ax " bound '" B5 II 

8.21 

Cone:. of guest 

a 

88 with N-Boc-D-Phe-OTBA 
in MeCN-d312% H20 

Ie .. 2.41e+2 
a bound .. 8.341 
a (rllil. 6.008 

55 of Resld\.lals .. 
3.:58771067113e-4 

R Fodor" 0.674 II 

Min" bound- 411 
I'IIlXllbound- 84" 

[H] = 1.62'10-3 M 
[G] = 5.67'10-2 M 

Vi = 600 III 

Volume 
added (J.ll) 

l)a 

3 7.0498 

6 7.1257 

15 7.267 

18 7.3203 

21 7.358 

27 7.4271 

33 7.486 

40 7.5463 

60 7.6781 

80 7.7697 

150 7.9517 

200 8.0158 

300 8.0861 

400 8.1237 

8.12 

2.3101-2 

Cone. of guest 2.311!-2 

a 

88 with TBAOAc in DMSO-d6 

[H] = 1.87.10-3 M 
[G] = 7.51'10-2 M 

Vi = 600 III 
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bHX::C
H 

1.0 
) °2

S ~:c I NH HN 

OXNHa HN ° 

Volume 
added (J.LI) 

3 

6 

9 

16 

20 

25 

30 

40 

60 

80 

100 

150 

200 

300 

400 

K1 = 1.43e+3 
K2 ;; 8.48e-1 

,.!J bound 1 '" 8.002 
II bound 2 .. -3.280 

~free" 7.755 

SS of Residuals .. 
1.56¥.17379541e-3 

A Foe:lol'" '" 5.922 :I 

Min. bound .. -00 
Max :. bound .. -1 • 

Kl " 4.04&+2 
1<2 = 1.20&+1 

1I bound 1;; 7.04:5 
II bound 2;; 7.077 

II free = 7.945 

SS of Residuals = 
3. 24099237332e-5 

A Factor' = 0.543:1 

Min:ll bound = 4:11 
Max :I bound.. 42:1 

7.98 

VV 

oa oa 

7.8038 7.9098 

7.8263 7.8753 

7.8483 

7.9029 7.7943 

7.9305 7.773 

7.9519 7.7523 

7.9682 7.7354 

7.9795 7.7121 

7.977 7.682 

7.9569 7.6632 

7.9431 7.65 

7.9205 7.6261 

7.9017 7.6089 

7.8916 7.5897 

7.8816 7.5778 

Cone::. of guest 

a 
3.0a-2 

7.SS L --________ ---===_ 

3.7e-4 Cone. of guest 3.01!1-2 

b 

93 with TBAOAc in MeCN-d3 

[H] = 1. 73-10-3 M 
[G] = 5.28,10-2 M 

Vi = 600 III 

Experimental 

Volume oa ob 
added (Ill) 

2 8.2719 7.0203 

4 8.2919 

6 8.3183 

8 8.3434 7.4998 

10 8.3673 7.6593 

12 8.391 I 7.8174 

14 8.4124 

16 8.4338 8.1062 

18 8.4526 8.238 

21 8.4765 8.4015 

24 8.4966 8.5468 

27 8.5129 8.6648 

30 8.5254 8.7614 

33 8.533 8.8355 

36 8.5367 8.887 

39 8.538 8.9246 

42 8.5367 8.956 

50 8.5279 9.0024 

60 8.5104 9.0288 

80 8.4765 9.0727 

120 8.4313 9.1418 

200 8.3622 9.246 

300 8.3183 9.3219 

.. ,. 
: 

K" 1.00e+O 
a bound" 1.000 

1I (I'M" 1.000 

9.271."-.-.-4----'0-'0-. -O,-.-U.-.,-----1..:-:'.-2 

Kl = 1.82&+3 
K2 :a 6.3611+1 

,) bound 1;; 9.209 
a bound 2 .. 9.559 

Il fr_ .. 6.718 

SS of AliSlduals .. 
:3 • 06319348040&-2 

A FQctor = 1.877:1 

Min. bound" III 
Max :I bound. ~:I 

a 

.. 32'-----========] 

COflC. of guest 1.8e-2 

b 

102 with TBAOAc in MeCN-dj /l% H20 

[H] = 2.075'10-3 M 
[G] = 6.26'10-2 M 

Vi = 600 III 
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V 
)02

S OS~ 
:r'ilH HN 

° NH a HN ° 

I( = 2.6ge+3 
a bound = 8.860 

,!J frlle;; 7.144 

SS of ResldUQls '" 
:3.2850731010805&-3 

R Factol" to 0.682 ~ 

Min !II bound;; 10" 
Max II bound. 98 II 

~ 
o~ 

Volume 
oa 

added (Ill) 
2 7.3241 

4 7.4333 

6 7.5526 

8 7.6643 

10 7.7792 

12 7.8927 

14 8.0039 

16 8.0986 

18 8.1802 

20 8.258 

22 8.3133 

24 8.3679 

26 8.4212 

28 8.4589 

32 8.5274 

36 8.5769 

40 8.6171 

50 8.6767 

60 8.7125 

80 8.7495 

100 8.7728 

140 8.7935 

200 8.8003 

300 8.8292 

400 8.8317 

Cone. of guest 

a 
2.58-2 

102 with TBAH2P04 in MeCN-d311 % 
H20 

[H] = 1. 71-10-3 M 
[G] = 6.02.10-2 M 

Vi = 600 J-ll 

Experimental 

K .. 8.66e+2 
o!J bound II liI.oa3 

,!J free II 7,118 

SS of ResiduaLs .. 
2. 151953051545e-3 

R Foctor '" 0.737. 

Mln.bound- 7. 
Max ,. bound" 95. 

Volume 
added (Ill) 

2 

4 

6 

9 

12 

15 

18 

21 

30 

36 

42 

50 

60 

70 

80 

100 

150 

200 

300 

400 

B.98 

oa 

7.2651 

7.3894 

7.4923 

7.6379 

7.7722 

7.8871 

8.0157 

8.0968 

8.3221 

8.4275 

8.5104 

8.5894 

8.666 

8.7162 

8.7564 

8.8123 

8.8819 

8.914 

8.9629 

8.9837 

Cone. of guest 2.411-2 

a 

102 with TBACI in MeCN-d311 % H20 

[H] = 2.00.10-3 M 
[G] = 6.96.10-2 M 

Volume 
added (Ill) 

Vi =600 J-ll 

oa ob 
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2 7.245 6.3129 

6.37 Volume 
lla lib 4 7.2889 

added (fll) 
6 7.3241 6.4215 3 7.2412 6.3035 
8 7.3555 6 7.2638 6.3418 
10 7.3881 9 7.2846 6.3713 
12 7.4207 6.5621 12 7.3065 6.4046 
14 7.4446 6.5998 15 7.3216 6.4272 
16 7.4735 6.6387 18 7.336 
18 7.5011 6.6795 21 7.3467 
20 7.5256 27 7.3756 
22 7.5394 33 7.4044 6.5533 
24 7.5664 40 7.4245 6.5897 
28 7.6166 6.8326 50 7.4634 6.6399 
32 7.6505 6.8753 60 7.4873 6.6833 
44 7.7189 6.9161 70 7.5068 
54 7.7634 6.9557 80 7.5293 
64 7.8074 6.9883 90 7.5463 
84 7.8626 7.0624 100 7.5588 6.7817 
104 7.9022 7.2268 120 7.5852 6.8194 
144 7.9624 7.2902 160 7.626 6.8703 
204 8.0151 7.358 200 7.653 6.901 
304 8.0723 7.4069 300 6.9563 

8.07 400 7.729 6.9927 

K .. 2.918+2 
1I bound = 8.1eg 
a fref!" 7,210 7.73 

K .. 1.16&+2 
a bound.. 7.888 

a fl"se" 7.224 

55 of Resid .... Qls II 

1. 1680310 1264e-3 

R Factor = 1.295 :I 
SS of ReslduQls .. 

l1in IC bound = 4. 1.8400 1546586.-4 
Max Ir bound '" BB. 

R Factor = 1.1:5:5 II: 

Cone. of 4ijuest 2.3e-2 Min :I bound II 3. 
Max :I bound .. , .. 

a 7.24 
3.4.-4 Cone. of gu •• t 2.7e-2 

7.41 a 
K = 3.559+2 

II bound = 7.545 
II free = 0.249 6,99 

K" 1.51e"'2 
Cl bound" 7.158 

1I (rae::: 6.272 

SS of Roslduols = 
4 . 37920098 1939-4 

R Factor' = 0.64\ I 
SS of Residuals .. 

Min :I bound = " " 1.452933211119-4 
I10x I bound '" BO" R FQctor • 0.658 I 

Cone. of guest 2.3e-2 Min" bound II 3 • 
Max " bound IE "'. b ILSO 

3.4.-4 Cone. of guest 2.7e-2 

102 with TBABr in MeCN-dj l1 % H2O 
b 

102 with N-Boc-L-Phe-OTBA 
[H] = 1. 71-10-3 M 

in MeCN-dj l1 % H2O [G] = 6.86.10-2 M 
Vi = 600 III 

[H] = 1.37.10-3 M 

~ 
[G] = 4.08.10-2 M 

Vi = 600 III 
)02

S 8S~ 
XNH b HN 

° NHa HN ° 

\i 
o~ 
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Volume 
oa added (J.lI) 

2 7.2914 

4 7.368 

6 7.433 

9 7.5377 

15 7.6919 

18 7.7622 

21 7.8212 

27 7.9367 

33 8.0258 

40 8.1124 

50 8.2016 

60 8.2775 

100 8.4325 

150 8.5204 

200 8.5719 

300 8.6233 

400 8.6785 

9.68 

K = 7.42e+2 
a bound" 6,794 

b (ree;. 7.220 

S5 of Residuals .. 
g.77426B83765e-4 

R Factor a 0.662:11: 

Min" bound .. 5. 
Max I bound = 93 11 

Cone:. of guest 1 . 6e-2 

a 

102 with N-Boc-D-Phe-OTBA 
in MeCN-d311 % H20 

[H] = 1.65·lO-3 M 
[G] = 5.00·lO-2 M 

Vi = 600 III 

Volume 
added (J.lI) 

3 

6 

oa 

7.309 

7.4082 

Experimental 

9 7.5061 

12 7.5902 

15 7.6655 

18 7.7321 

21 7.7961 

27 7.9028 

33 7.9919 

40 8.0748 

50 8.1689 

60 8.2367 

80 8.3346 

100 8.3974 

150 8.494 

200 8.5443 

300 8.5945 

370 8.6296 

8.03 

K .. 5.828+2 
,) bour'ld· B. nie 

3 free" 7.201 

55 01 Rfi5idua15 .. 
2.79672880424e-4 

R Foctor '" O.Je2 • 

Min" bound .. 70 
Max " bound. 92 • 

Cone. of guest. l.ge-2 

a 

102 with TBAOAc in MeCN-d312% H20 

[H] = 1.62·lO-3 M 
[G] = 4.83·lO-2 M 

Vi = 600 III 

Volume oa 
added (J.lI) 

2 7.4107 

4 7.454 

6 7.4936 

12 7.6135 

14 7.6605 

16 7.6931 

18 7.7308 

20 7.7679 

22 7.8049 

24 7.8432 

28 7.9003 

32 7.9593 

36 8.0145 
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40 8.0559 

60 8.2304 

80 8.3459 

100 8.425 

150 8.5286 

200 8.5869 

300 8.6585 

400 8.6805 

S.fiB 

K '" 3.72e+2 
a bound = B.Q05 
a ,ree'" 7.326 

5S of Residuals = 
3.6181081OB64e-3 

R Factor '" 1.1571 II 

Mtn II bound .. 5. 
Max ~ bound = 80. 

Cone. of guest 1.ge-2 

a 

102 with TBAH2P04 in MeCN-d3/2% 
H20 

[H] = 1.58,10-3 M 
[G] = 6.36'10-2 M 

Vi = 600 J.ll 

f} 
) 

02S .0 ~~2~ 
I, NH HN -L_ -

OXNHa HN 0 

~ 
o~ 

Volume 
oa 

added (~ll)' 

3 7.4484 

9 7.5915 

12 7.6568 

15 7.7095 

18 7.7547 

21 7.7998 

27 7.8639 

33 7.9367 

40 7.9989 

50 8.0836 

60 8.1463 

80 8.2417 

100 8.3145 

150 8.4388 

200 8.5091 

300 8.5926 

400 8.656 

Experimental 

8.00,------------=31 

K .. 2.01e+2 
11 bound It 8.891 

ell fraa" 7.401 

55 of Auldl.lClls II 

1.60630128812e-3 

R Foclol"::: I . '97 II 

l1inllbound" 311 
MCI)( II bound" 84 II 

Cone. of guest 2.5e-2 

a 

102 with TBACI in MeCN-d312% H20 

[H] = 1.58'10-3 M 
[G] = 6.40'10-2 M 

Vi = 600 J.ll 

Volume 
added (Ill) 

3 

6 

oa 

7.4157 

7.4408 

9 7.4628 

12 

15 

18 

21 

27 

33 

40 

7.4911 

7.5093 

7.53 

7.545 

7.6367 

50 7.6818 

60 

80 

100 

150 

200 

7.7114 

7.7697 

7.8174 

7.8915 

7.9492 

300 8.0045 

400 8.0597 

ob 

6.3926 

6.4391 

6.5188 

6.5458 

6.5646 

6.613 

6.665 

6.6989 

6.7969 

6.881 

6.9337 

7.1107 

8.00,--------------:::;» 

K .. liiL91a+l 
a bound" 8.320 

b free" 7.390 

55 of Residual ... 
3 .02669766825e-4 

A Factor = 1.240 II 

Minlbound .. 211 
Max II bound It 72" 

7.42"--------------:--~ 
3.2&-4 Cone. of 9Uil:lil 2.fie-2 

a 
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K .. 1.0ge+2 
o bound;: 7.565 

1I free; 6.364 

SS of Residuilis = 
2.4525410S44ge-4 

7.ll,----------------::o>J 

R Fador.. 1.153" 

MinlCbDund" 2" 
Max 1I bound" 62 II 

6.393'-:.2=-..... -:-------:-00-=-. -0':-9-"-.'----'--,.0.-:-:'2 

b 

102 with TBABr in MeCN-d312% H20 

[H] = 1.85.10-3 M 
[G] = 8.28'10-2 M 

Vi =600 III 

Volume 
added (J.LI) 

lia 

7.79 

K .. 5.4ge+l 
a bound = 8.012 

1I (MIs'" 7.391 

SS of Residuals: .. 
2 .5960900529a ... 5 

R Foc:tor - 0.732 X 

Min II bmmd .. 2 " 
MtIXII bOl.lnd" 6411 

3 7.4019 

6 7.4145 

9 7.4258 

12 7.4371 

15 7.4509 

18 7.4584 

24 7.4772 

30 7.4961 

40 7.5212 

50 7.5438 

60 7.5626 

150 7.6762 

200 7.7132 

300 7.7597 

400 7.7879 

7.40'----------------' 
4.1e-4 Cone. of guest 3.3e-2 

a 

108 with TBAOAc in CDCb 

[H] = 1.51'10-3 M 
[G] = 3.95'10-2 M 

Vi =600 III 

Experimental 

Volume 
added (111) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

28 

32 

lia 

6.2633 

6.4453 

6.6531 

6.8596 

7.4213 

7.5964 

7.6579 

7.6931 

7.7358 

7.7734 

lib 

5.5766 

5.6752 

5.775 

5.8704 

5.957 

6.0336 

6.1013 

6.1541 

6.198 

6.2357 

6.2583 

6.2746 

6.2997 

6.3185 

40 6.3326 

50 6.3361 

60 6.3411 

80 7.9554 

120 8.1776 

200 8.3264 

300 8.3521 

8.,.,-------------.--==--
Kl .. 2.34e+4 
K2 .. 4.39e+1 

i!I baund 1" 7.887 
1I bound 2 .. 10.428 

It free" 1!I.207 

55 of Residuals .. 
15.012556167ISe-2 

A Factol"''' 4.007 II 

Min' bound- 1. 
Hl;lx II bound.. 51 II 

Kl --1.42e+4 
K2 .-8. 06a+O 

II bound t .. 5.091 
1I bound 2 II -9,241 

/I (1"'88" 8.571 

55 of Residual ... 
-NAfiCOOO) 

A Factor .. NANCOOO) II 

Hln " bound" 17 I 
Max " bound" 13" 

Cane. of guest 1.3e-2 

a 

5.5. L ______ ....b=====d 
1.3a-4 Cone. of Ql,lQlOl 

b 

108 with TBACI in CDCb 

[H] = 1.51'10-3 M 
[G] = 3.93'10-2 M 

Vi = 600 III 

3.0&-3 
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v . .& 

) 0
2
8 8~ 

XNH b HN 

o NHa HN 0 

~'I 
I 

~O 

Volume 
added (iJl) 

" '" 2. 12e+4 
b bound = 8.231 

b (ree:: ~.113 

55 of Al!Siduals :: 
1.05238473043e-2 

2 

4 

6 

8 

12 

16 

20 

22 

24 

28 

32 

40 

50 

60 

80 

120 

200 

300 

R Faclor = 1.226 II 

Mlnlbound .. 61 
Mox • bound = 99 II 

lia 

6.2463 

6.4491 

6.6461 

6.8608 

7.4784 

7.7107 

7.7559 

8.027 

8.0622 

8.1174 

8.1701 

8.1889 

8.2078 

8.2115 

8.214 

8.2166 

lib 

5.5515 

5.672 

5.7586 
} 

5.8446 

6.0022 

6.134 

6.2275 

6.2557 

6.2746 

6.3056 

6.321 

6.3298 

6.3361 

6.3374 

6.3411 

6.3336 

6.3336 

6.3323 

6.25~"=-3e-4--:-------:Co:-n-c,-0-:-' -,u-.. '--, -------: .. -=-3.--=-2 

a 

•. ~: '~.i:f .~ / 
5S of Residuals .. 

1 28 t8817Q806e-2 

R Factor = :3 128 " 

Min 1I bound" 0 II 
Max I bound" 99 II 

"·" .. "c3:-._-c.----cco-nc-,-o'=-,-uO-.,----':-:.3c-:-:'.-2 

b 

108 with TBABr in CDCb 

[H] = 1.51'10-3 M 
[G] = 3.93'10-2 M 

Vi = 600 III 

Experimental 

V 
) 0 28 .& ~~ 

I NH b HN 

oJNHa HN 0 

~'I 
I 

~o 

Volume 
lia 8b 

added (fll) 

K = 2.40e'Kl 
II bound = 7.1584 

II frea '" 6.056 

SS of Aesid!.IQls .. 
:3. 5:5~9143457e-2 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

28 

32 

40 

50 

60 

80 

120 

200 

300 

A Factor" 3.241 II 

Min I bound = lOll! 
Max " bound II 99 • 

K" 1.14e+5 
II bound" 6.308 

b (r~e" 5.495 

S5 of Residuals .. 
1.79709:531301e-2 

R Fae:tor '" 3.744 II 

Min.bound .. 6. 
Max :I bound" gg. 

6.2168 5.5427 

6.3242 5.6118 

6.4302 5.6833 

6.5313 5.7323 

6.7579 5.8314 

5.9645 

7.1313 6.0448 

6.0863 

7.3868 6.1315 

7.4659 6.1741 

6.2055 

6.2306 

6.252 

6.2765 

7.6517 6.2884 

7.6705 6.2947 

7.6705 6.2997 

7.673 6.3022 

7.6692 6.3016 

7.6567 6.3022 

7.661 I 6.3022 

Cone. of gu",.t 

a 
1.3e-2 

5.54 .. "-",,=-_-:-. -----=c-ooo-.-o-=-, ,-UO-.,:------:-.. =-,.-=-, 

b 

108 with TBAOAc in MeCN-d312% H20 

[H] = 1.95.10-3 M 
[G] = 6.91'10-2 M 

Vi = 600 III 
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Volume 
added (Ill) 

oa 

3 7.068 

6 7.1609 

9 7.2337 

12 7.3072 

15 7.3718 

18 7.4396 

21 7.5023 

33 7.6712 

40 7.7283 

60 7.8915 

80 8.017 

100 8.0936 

150 8.1965 

300 8.3045 

400 8.3271 

8.33 

" .. 3.03e+2 
... bound '" 8.512 

,) free .. 6.972 

SS of Residuals .. 
1.2261178S445e-3 

A Foetor" 1.018 II 

Min "bound = 15l1l 
NoxllCbound= 8811 

Cone. of guest 

a 

112 with TBAOAc in DMSO-d6 

[H] = 1.09'10-3 M* 
[G] = 4.16'10-2 M 

Vi = 600 JlI 

Volume 
oa ob 

added (Ill) 

2 8.2933 7.121 

4 8.1992 7.0782 

6 8.1013 7.0418 

8 7.9895 7.0003 

10 7.9017 6.9577 

12 6.92 

14 7.7234 6.8874 

2.8e-2 

Experimental 

K = 1.91&+4 
b bound" 7.446 
II free .. 8.436 

S5 of Aashft,u;!ls .. 
1:I.23425468a02e-3 

16 

18 

20 

22 

24 

30 

40 

60 

100 

140 

200 

250 

R Fgctor" 2.130' 

Min II bound. 14" 

7.6393 6.8497 

7.5602 6.81705 

7.5389 6.807 

7.5326 6.8071 

7.5564 6.8158 

7.5175 6.8145 

7.4974 6.7807 

7.4748 6.7505 

7.4523 6.7292 

7.4448 6.7179 

7.4359 6.7079 

7.4359 6.7066 

Max • bound" 101 III • • 

7 ... L_--====:=======::E:=:::.I 
l.4a-4 Cone. of guest L2e-2 

K = 5.1i15e+3 
11 bound = 6.713 

b free" 7.176 

SS of Residuals .. 
4.21420445246e-3 

7.12 

R Foetor'" 3.1500" 

Min" bound" 12 II 

a 

M(lx III bOWld.. 101" L ___ ::::::======~==:;:==:;. 
0.71 

1.411-4 Cone. of quest 1.2e-2 

b 

112 with TBAOAc in DMSO-d6/5% 
H20 

[H] = 2.65,10-3 M* 
[G] = 8.33,10-2 M 

Vi = 600 JlI 

Volume 
oa ob 

added (Ill) 

2 8.3078 7.1228 

4 8.2325 7.0939 

6 8.171 7.0676 

8 8.0944 7.0374 

10 8.0216 7.0086 

12 7.9488 6.9784 

14 7.8835 6.9521 

16 7.812 6.9219 

18 7.75\7 6.8968 
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20 

22 

24 

26 

30 

40 

60 

100 

180 

300 

K : ~.47e+:3 
1I bound = 7.478 
a free .. 8.445 

55 of Residuals .. 
1 .34323090315e-2 

R Fae:lor = 3.370 :IS 

Min. bound = I •• 
Hax a: bound .. ... 

K to 4.45e+3 
a bound = 6.766 

b free'" 7.182 

59 of Residuals = 
2. 43471593 176e-3 

Min a: bound" 14" 
Hal( IS bound = 100" 

7.6915 6.8717 

7.6274 6.8441 

7.5797 6.8253 

7.5446 6.8102 

7.5295 6.8039 

7.5207 6.7977 

7.5132 6.7914 

7.5044 6.7826 

7.4944 6.7726 

7.4868 6.765 

Cone. of guest 2.8e-2 

a 

'. 

6. 76L---===========d 2.Be-4 Cone:. of guest 2.8e-2 

b 

*Calculated considering 112 as free base 

117 with TBAOAc in MeCN-d312% H20 

[H] = 1.85·lO-3 M 
[G] = 6.40·lO-2 M 

Vi = 600 III 

Volume 
oa 

added (Ill) 
2 6.999 

4 7.0818 

6 7.1741 

9 7.3027 

12 7.4207 

15 7.5212 

18 7.6229 

24 7.7534 

27 7.8011 

30 7.84 

50 7.9404 

K '" 2.738+3 
c) bound" 8.04Q 
a fre •• e.B&O 

S5 of Reslduols = 
:3. 1050008251:10_3 

R Factor. 1.244 II 

Hln 15 bOl.md = 12. 
Nax II bound" 9811 

Experimental 

60 7.9605 

70 7.9756 

80 7.9806 

100 7.9924 

150 8.0071 

200 8.0131 

300 8.0168 

400 8.0192 

•. 021----::-::::::;:===---~-., 

7.00 "-------::---:----:----::-:--: 
2.1&-4 Cone:. of guest 2.612-2 

a 

117 with TBAH2P04 in MeCN-d312% 
H20 

[H] = 1.80·lO-3 M 
[G] = 6.27·lO-2 M 

Vi = 600 III 

Volume 
oa 

added (J.Ll) 

3 6.9833 

6 7.0743 

9 7.2186 

12 7.3404 

15 7.4484 

18 7.5501 

21 7.6367 

27 7.7735 

33 7.8765 

40 7.9543 

50 8.0196 

60 8.0597 

80 8.0986 

100 8.1288 

150 8.1551 

200 8.1639 

300 8.1865 

400 8.2016 
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•. 201-------:=:::::;::==.===>"=........., 
K .. 1.43e+3 

b bound = 8.255 
b free .. 6.746 

55 of Residuals :: 
g. 15708579123Q-3 

A Factor"" 1.875 IS 

MIn I bound = le:l 
Max a: bound '" 96 IE 

Cone. of guest 2.Se-2 

a 

117 with TBACI in MeCN-dJ/2% H20 

Volume 

[H] = 2.23,10-3 M 
[G] = 8.00'10-2 M 

Vi =600 J.LI 

added (Ill) 
oa ob 

3 7.0178 6.5803 

6 7.063 6.6424 

9 7.1069 ·6.704 

12 7.1458 6.7529 

15 7.1847 6.8006 

21 7.2425 6.8822 

27 7.2827 6.9444 

33 7.3153 6.9914 

40 7.353 7.0372 

60 7.4207 7.122 

80 7.4597 7.1785 

100 7.4823 7.2048 

150 7.5237 7.2588 

200 7.5438 7.2739 

300 7.5676 7.3128 

360 7.5789 7.3329 

7.58 

K = 3.76e+2 
b bound. 7,630 

b (ree '" 5.968 

SS Qf Residuals .. 
1 .815072027971;!-4 

R Factor '" 0.732 IS 

Min I bound .. • • MCD( J bound >: .2. 
COI'\C. of guest 

a 
3.0e-2 

Experimental 

7.33i--------======] 
K = 4.05e+2 

b bound = 7.391 
a free" 6.510 

S5 of Residuals '" 
4. 130972~73e-4 

R Faclor. 0.701 J 

HinlC bound = 8. 
Max " bound = 93 IS 

Cone. of guest 30e-2 

b 

117 with TBABr in MeCN-dJ/2% H20 

Volume 

[H] = 1.74.10-3 M 
[G] = 7.02'10-2 M 

Vi = 600 J.LI 

added (Ill) 
lia lib 

3 6.9914 6.5389 

6 7.0052 6.5621 

9 7.0228 6.5847 

15 7.0479 6.6211 

21 7.0755 6.655 

30 7.1069 6.6971 

40 7.1283 6.7316 

50 7.1569 6.7655 

60 7.176 6.7918 

80 7.2061 6.8345 

100 7.2269 6.8646 

150 7.2701 6.9148 

200 7.2977 6.95 

300 7.3266 6.9864 

400 7.3429 7.0078 

7.34 

I( = 1.30a+2 
a baund '" 7.448 

b fl""QQ '" 6.97:1 

SS of Residuals .. 
fI.3570 18795578-5 

R Foctor " 0.920 • 

Min II bound .. 4. 
Max II bound .. 78. 

Cone. of guest 

a 
2.8e-2 

7.01r-------------==" 

K " 1.4341+2 
II bound" 7.135 

b fr_" 6.517 

55 of Residuals .. 
2.515434425738-5 

R Faclor.. 0.4171 

Minlbour1d" 41 
Maxlbal.lnd- 791 

Conc. of guesl 
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b 

117 with N-Ac-L-Ala-OTBA 
in MeCN-d312% H20 

[H] = 1.73'10-3 M 
[G] = 6.08'10-2 M 

Vi = 600 f.Ll 

Volume 
added (Ill) 

oa 

7.99 

K = 8.38e+2 
() bound'" 8.035 

C} free .. 6.925 

55 of Residuals '" 
2.34367937082e-4 

A Fador II 0.418" 

Min II bound = 10" 
Max ,. bound = 96,. 

3 

6 

12 

15 

18 

21 

27 

33 

40 

50 

60 

80 

100 

150 

300 

400 

7.0398 

7.1302 

7.2977 

7.3617 

7.427 

7.4772 

7.5689 

7.6329 

7.6906 

7.7471 

7.7886 

7.8394 

7.8727 

7.9173 

7.9675 

7.9856 

Cone. of guest 

a 

117 with N-Ac-D-Ala-OTBA 
in MeCN-d312% H20 

[H] = 1.73'10-3 M 
[G] = 6.06'10-2 M 

Vi =600 f.Ll 

2.4e-2 

Experimental 

Volume 
added (Ill) 

9.12 

K .. 1.24e+3 
b bound" 8.164 

b free '" 6.923 

55 of Residuals .. 
2. 13S09631532e-4 

R FactOI"' '" 0,371" 

Min" bound" 11,. 
HI;I)( ,. bound" 97 I 

3 

6 

9 

12 

15 

18 

21 

27 

33 

40 

50 

60 

80 

100 

150 

200 

300 

400 

oa 

7.063 

7.1885 

7.3078 

7.4101 

7.4986 

7.5645 

7.6266 

7.7296 

7.7998 

7.8626 

7.9141 

7.9553 

8.0064 

8.0315 

8.0773 

8.0924 

8.1175 

8.125 

7.061L--------------' 
3.0e-4 Cone:. of guest 

a 

117 withN-Ac-L-Phe-OTBA 
in MeCN-d312% H20 

[H] = 1.68'10-3 M 
[G] = 5.85'10-2 M 

Vi = 600 f.Ll 

Volume 
oa 

added (Ill) 

2 7.0015 

4 7.0724 

6 7.1283 

12 7.2959 

15 7.3705 

18 7.4402 

21 7.4898 

27 7.5892 

33 7.6643 

40 7.717 

24e-2 
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50 7.781 

60 7.8199 

80 7.8714 

200 7.9643 

300 7.9869 

400 8.0057 

•. 01'------=;::::::==== 
K '" 9.34&+2 

1I bound" 9.051 
1I free'" fI.913 

55 of Residuals '" 
B.374537:57413e-4 

A FCidar '" 0,976 II 

Minllbol.lnd= 811 
Max II bOtlnd.. 96 II 

Cone. of guest 

a 

117 with N-Ac-D-Phe-OTBA 
in MeCN-d312% H20 

[H] = 1.68,10-3 M 
[G] = 5.92,10-2 M 

Vi = 600!ll 

Volume 
l5a added (Ill) 

3 7.0404 

6 7.1709 

9 7.2914 

12 7.4044 

15 7.5136 

18 7.604 

21 7.6781 

27 7.7936 

33 7.8789 

40 7.9442 

50 8.0032 

60 8.0434 

80 8.0873 

100 8.1149 

150 8.1488 

200 8.1644 

300 8.1821 

400 8.1928 

2.3e-2 

Experimental 

•. 10'-----=::::::====== 
K'" 1.4Q.Q+3 

,) bound" 9.237 
1I fNt ... 6.852 

55 of Residuals .. 
1.49671961436e-3 

R Factor" 0.754 II 

Min II bound" 14 II' 
M!;I)(lIbolJl"ld" 1017. 

Cone. of guest 2.4e-2 

a 

117 withN-Boc-L-Gln-OTBA 
in MeCN-d312% H20 

K '" 0.70&+2 
1I bound '" 7.992 

b fl"9Q '" 6,913 

SS of Residuals '" 
3.4CXl698709S4r4 

R Facto/" '" 0.633.1 

Min" bound = g. 
Max " bound" 04 II 

[H] = 1.63,10-3 M 
[G] = 5.70,10-2 M 

Vi = 600 III 

Volume l5a added (Ill) 
3 7.0103 

6 7.0906 

9 7.1596 

12 7.2293 

15 7.2839 

18 7.3385 

21 7.3919 

27 7.4722 

33 7.5337 

40 7.5902 

50 7.6461 

60 7.6925 

80 7.7496 

100 7.7898 

150 7.835 

200 7.8664 

367 7.9172 

7.92 

Cone. of guest 2.2e-2 

a 

117 with N-Boc-D-Gln-OTBA 
in MeCN-d312% H20 

[H] = 1.63,10-3 M 
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[G] = 5.72-10-2 M 
Vi = 600 III 

Volume 
oa 

added (1-11) 

3 7.0504 

6 7.1245 

9 7.2086 

12 7.2726 

15 7.3479 

18 7.4044 

21 7.4571 

27 7.5413 

33 7.6178 

40 7.6781 

50 7.7509 

60 7.7961 

80 7.8639 

200 7.9818 

300 8.0107 

400 8.0308 

6.03 

K " 6.7ge+2 
b bound" 8,107 

(J free'" 15.932 

SS of Resldl.lals ;: 
6.65 i31Sge131e-4 

R Fodor.. o.e 18 " 

Min II bound'" 10 18 
Max 18 bound = 94 18 

COF'le. of guest 2.3a-2 

a 

117 withN-Boc-L-Phe-OTBA 
in MeCN-d312% H20 

[H] = 1.93'10-3 M 
[G] = 6.77-10-2 M 

Vi = 600 III 

Volume 
oa 

added (1-11) 

3 7.0517 

6 7.1515 

12 7.3078 

15 7.3756 

Experimental 

18 7.4365 

21 7.4873 

27 7.5638 

33 7.6254 

50 7.7239 

60 7.7634 

80 7.8111 

100 7.8413 

150 7.8789 

200 7.9041 

7. QO i-----------::=:=====j 
K '" 8.5Ba+2 

b bound" 7.972 
b free" 6.946 

55 of Aa5ldual .. CI 

1.00 19705'01510&-4 

R FactOr" '" 0.373 I 

Min" bound.. 10" 
t10xl bound = 931l! 

Cone. of guest I 7e-2 

a 

117 with N-Boc-D-Phe-OTBA 
in MeCN-d3/2% H20 

[H] = 1.93.10-3 M 
[G] = 6.78,10-2 M 

Vi = 600 III 

Volume 
oa 

added (!!1) 
3 7.0805 

9 7.3178 

12 7.4195 

15 7.5074 

18 7.5789 

21 7.6442 

27 7.7321 

33 7.8049 

40 7.8633 

60 7.9517 

80 7.9944 

100 8.022 

150 8.0597 

200 8.081 

300 8.1005 

400 8.1124 
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a.l'i-----===:::::;::::===='' 
K '" I. 18e+S 

II bound'" 8,144 
a frea c 6.940 

5S of Residuols ;; 
2.21112:ifi83Q7e-4 

R Foctor = 0.37:3 ~ 

Min' bound = 12 I; 
Max :I bound" 97:1 

7.OS"----------------.J 
3.4e-4 Cone. of gUQSt 

a 

117 withN-Boc-L-Ser-OTBA 
in MeCN-d3/2% H20 

[H] = 1.75.10-3 M 
[G] = 6.06.10-2 M 

Vi = 600 III 

Volume 
added (flI) oa 

7.78 

K .. 4.26e+2 
a bound" 7.857 

" free'" 6.954 

SS of AlItIOldl.lDls; '" 
2.17621927732e-4 

R Foetor c 0.615 II 

Mln:lbound" 7. 
Max III bound" 92:111 

3 

6 

9 

12 

15 

18 

21 

27 

33 

40 

50 

60 

80 

100 

200 

300 

400 

7.0128 

7.073 

7.1283 

7.1798 

7.2174 

7.2582 

7.294 

7.3523 

7.4019 

7.4484 

7.5011 

7.5383 

7.5952 

7.6323 

7.7245 

7.7534 

7.781 

Cone:. of guest. 

a 

117 with N-Boc-D-Ser-OTBA 
in MeCN-d312% H20 

[H] = 1.75.10-3 M 

2.7e-2 

2-"0-2 

Experimental 

[G] = 6.08.10-2 M 
Vi = 600 fil 

Volume 
added (Ill) 

oa 

7.eo 

K II 4.090+2 
a bound" 7,9Bo 

" trea = O.Q4B 

SS of Residuals .. 
2.70678892074e-4 

R Factor'" 0.588" 

Min "bound" 71 
ttax:lbound= 112111 

3 

6 

9 

12 

15 

18 

21 

27 

33 

40 

50 

60 

100 

150 

200 

300 

400 

7.0222 

7.0944 

7.1559 

7.2111 

7.2575 

7.3047 

7.3467 

7.4195 

7.4772 

7.5274 

7.5902 

7.6304 

7.727 

7.793 

7.8237 

7.8651 

7.8865 

Cone. of guest 2.4e-2 

a 

117 withN-Boc-L-Val-OTBA 
in MeCN-d312% H20 

[H] = 2.23.10-3 M 
[G] = 7.85.10-2 M 

Vi = 600 fil 

Volume 
oa 

added (Ill) 

3 7.0467 

6 7.1107 

9 7.2237 
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12 7.3228 

15 7.4082 

18 7.4785 

21 7.5337 

27 7.6341 

40 7.7484 

50 7.7936 

60 7.8212 

80 7.8639 

150 7.9204 

300 7.9693 

400 7.9806 

7. 9S i-----=========j 
K'" 9.76e+2 

a bound = 8.010 
.., fNie '" 6.8a9 

55 of ResiduI:Ils = 
2.2823agg053Oe-3 

A FQctor = 1.354 J 

Min ~ bound = 14 J 
Mox " bound '" 97 II 

Cone. of guest 

a 

117 with N-Boc-D-Val-OTBA 
in MeCN-d3/2% H20 

[H] = 2.23'10-3 M 
[G]=7.81·1O-2 M 

Vi = 600 fl.l 

Volume 
oa added (j.ll) 

3 7.0667 

6 7.2287 

9 7.3668 

12 7.4936 

15 7.5927 

21 7.7521 

27 7.8626 

40 7.9831 

50 8.0346 

60 8.0635 

80 8.0999 

100 8.1212 

150 8.1438 

200 8.1526 

300 8.1727 

400 8.1764 

3.1e-2 

Experimental 

8. 18i-----:--:::::==========] 
K = 1.64e+3 

a bound'" 8.202 
a free = 6.894 

55 of Residuals = 
9.8408367'9388-5 

R Factor" 0.218 JII: 

Hln I bound" 13 II 
I1aXlbound= 981 

7.073:'-:.O:-~-:-.----:-c'-n'-. ''''''f-9"-~-t ----3.~,e-2 
a 

117 with S-Mandelic Acid TBA salt 
in MeCN-d312% H20 

II: '" 3.tI9a+2 
a bound" 7.818 

a free" 6.954 

55 of Residuals .. 
2.97511055430e-4 

R Foetor" 1.043" 

Min" bound .. Ci • 
Max II bound '" B9 II 

[H] = 1.67.10-3 M 
[G] = 5.82'10-2 M 

Vi = 600 fl.l 

Volume oa 
added (j.tl) 

3 7.0052 

6 7.0529 

9 7.1082 

12 7.1471 

18 7.2218 

24 7.2827 

30 7.3291 

40 7.3819 

60 7.4797 

100 7.5777 

200 7.6725 

300 7.7001 

400 7.727 

7.73 

Cone. of guest 2.3e-2 

a 

117 with R-Mandelic Acid TBA salt 
in MeCN-d312% H20 

[H] = 1.67'10-3 M 
[G] = 5.82'10-2 M 

Vi=600 fl.l 

206 



Chapter V 

Volume 
added (Ill) 

K " 4.Sge+2 
II bound" 7.815 

iI free:" 6.~e 

SS of Residuals .. 
3.50e89S4609ae-4 

R Factor.. 0.873 ~ 

MinI bound = 7:1 
Max ,. bound = 93" 

7.75 

3 

6 

9 

12 

15 

21 

27 

40 

60 

80 

100 

200 

300 

400 

oa 

7.0165 

7.078 

7.1308 

7.181 

7.2262 

7.2984 

7.3542 

7.4427 

7.5274 

7.5839 

7.6203 

7.6894 

7.727 

7.7521 

Cone. of gue:st 

a 

117 with TBAOAc in DMSO-d6 

[H] = 2.43'10-3 M 
[G] = 6.98'10-2 M 

Volume 
added (Ill) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

Vi=600 fl.l 

lla 

7.6895 

7.7033 

7.7196 

7.7335 

7.7489 

7.7648 

7.7799 

Ilb 

8.0034 

7.9826 

7.9657 

7.9506 

7.9375 

7.9249 

7.9149 

7.9036 

7.8923 

7.8822 

2.3e-2 

22 

24 

28 

32 

36 

40 

44 

50 

60 

80 

120 

200 

300 

7.7987 

7.8088 

7.8735 

7.8791 

7.8879 

7.8986 

7.9054 

7.9017 

7.8816 

7.8778 

Experimental 

7.874 

7.8672 

7.854 

7.842 

7.8364 

7.8276 

7.8195 

7.8119 

7.7994 

7.79 

7.7699 

7.7423 

7.7291 

7. 91 r-----;::::::=--:==::::::::::::::---l 
KI • s. 12e+2 
K2" 5.1ge+O 

iI bound 1 II 7,ga9 
a bound 2" 5.Q36 

it (ree" 7.579 

S5 of Resldl,lols • 
5.10009471327e-4 

R Factor" 1.Q47" 

Min" bound'" -7" 
Max" bound" -16" 

KI .. 7,04e+2 
K2 .. 9.45e+O 

a bOl.md I" 7.780 
,) bound 2. 7.009 

b (reI!" 8.017 

55 of Residuals .. 
6.832760846018-5 

R FOC;i.or" 0,908" 

Min" bound = 1 " 
Max" bound" 31" 

Cone. of gUelI't 23e-2 

a 

7. "2
L
.3-._-' ----,:Co-no-.-of;-9~UU:-::,:-----;_;;;::; 

b 

117 with N-Ac-L-Phe-OTBA in DMSO­
d6 

[H] = 2.04'10-3 M 
[G] = 6.26,10-2 M 

Vi = 600 fl.l 

Volume 
lla 

added (J.Ll) 

2 7.6531 

4 7.6588 

6 7.6688 

8 7.6732 

10 7.6807 

12 7.6883 

18 7.7052 

24 7.7228 
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28 

32 

36 

7.7385 

7.7489 

7.7611 

40 7.7698 

44 

50 

60 

80 

120 

300 

7.7824 

7.7975 

7.817 

7.8565 

7.9192 

8.0159 

8.02,.---------------::"..., 

K '" 7.54e+l 
b bound = 8.278 

" free'" 7.640 

SS 01 RaslduQls = 
2.72007484455e-4 

R Factor" 2.354 11 

Min" bound" 211 
Max " bOl.lnd '" 59 I 

7.051L---------------.J 
2.1e-4 Cone:. of guest 2.1e-2 

a 

117 with N-Ac-D-Phe-OTBA in DMSO­
d6 

[H] = 2.04'10-3 M 
[G] = 6.16,10-2 M 

Vi = 600 III 

Volume 
oa 

added (Ill) 
2 7.6606 

4 7.6707 

6 7.6788 

10 7.7008 

12 7.7134 

14 7.7259 

16 7.736 

18 7.7485 

20 7.7611 

22 7.7698 

24 7.7837 

28 7.7987 

32 7.8169 

36 7.8376 

40 7.8577 

44 7.876 

50 7.8954 

60 7.9381 

80 7.9826 

120 

200 

300 

Experimental 

8.0611 

8.1414 

8.1941 

8.1.,.-------------::="'1 

K" 1.11e+2 
" bound.. B.4~ 
" free" 1.033 

SS of Residuals· 
0.203826051218-4 

A FQctor. 2.176" 

Min II bound- 311 
tkllC II bound. 67" 

Cone;. of guest 2.le-2 

a 

118 with N-Ac-L-Phe-OTBA in CDCb 

[H] = 1.77.10-3 M 
[G] = 5.00'10-2 M 

Volume 
added (Ill) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

40 

50 

70 

100 

160 

280 

Vi = 600 III 

oa 

6.6951 

6.7623 

6.8307 

6.901 

6.9663 

7.0253 

7.0767 

7.1407 

7.3592 

7.3654 

7.3692 

7.3717 

7.3849 

7.3956 

7.486 

7.8927 

8.0157 

oa 

6.4666 

6.4905 

6.5131 

6.5382 

6.557 

6.5846 

6.5997 

6.6173 

6.6449 

6.6688 

6.6876 

6.7114 

6.7265 

6.7315 

6.7365 

6.7416 

6.7422 

6.7478 

6.7478 

6.7528 

6.7303 

6.6876 

6.6374 

6.6348 
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KI '" 1.33e+3 
K2'" 1.410+2 

~ bound 1 =- 7.454 
1I bOl.md 2 = 6.624 

1I free" 6.675 

55 of Residuals ;: 
3.31630559S34e-2 

R Factor = 6.238 SII 

tlin ;II bound" 1 I 
Max I bound" 69 , 

8.02 

Kl = l.65e+3 
K2 .. 2.93e+2 

1I bound 1::: 6.859 
.!J bound 2 '" eABS 

1I free" 6.407 

6.75 

55 of Reslduols .. 
4.14663366973e-3 

R Faclor.. 4.624" 

tlin , bound;; 73 I: 
I'kIx , bound:: 292 ~ 

Cone. of guest 1.6e-2 

a 

Cone:. of guest 1.6e-2 

b 

118 with N-Ac-D-Phe-OTBA in CDCb 

[H] = 1. n 10-3 Iy1 
[G] = 4.98'10-2 M 

Vi = 600 III 

Volume 
lia 

added (~) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

40 

50 

70 

100 

6.6913 

6.7641 

6.8934 

6.9537 

7.0554 

7.1122 

7.1816 

7.3629 

7.3667 

7.3843 

7.3975 

7.501 

7.6793 

lia 

6.4666 

6.488 

6.5181 

6.5369 

6.562 

6.5821 

6.5997 

6.6135 

6.6399 

6.6562 

6.6788 

6.7014 

6.7165 

6.729 

6.7378 

6.7435 

6.7478 

6.7491 

6.7528 

6.7579 

6.7503 

6.7503 

Experimental 

160 

280 8.1249 

6.7102 

6.6989 

8.",-----------------., 

., 

.2 
" bound 1 
1I bound 2 

1I (roe 

1.54e+2 
3.91e+O 
8.256 

11.813 
e.716 

S5 of Residuals .. 
2.338258':504878+0 

R Factor" 9.785" 

Min" bound::: -0" 
Mczx II bound" 29. 

Kl :: L47e+3 
K2 = 1.290+2 

.!J bound 1 '" 6.846 
a bound 2 a 6.516 

II free .. 6.416 

55 of Residuals .. 
2.70523433574e-3 

R Fac:tor.. 3.793 18 

Min" btlund" 50" 
Max " bound::: 283:1 

- . 

Cone. of guest 

a 

Cone. of guest 

b 

C24 with N-Boc-L-Phe-OTBA 
in MeCN-dJI2% H20 

[H] = 1.63.10-3 M 
[G] = 5.73,10-2 M 

Vi = 600!!1 

Volume 
lia 

added (~) 

2 6.9324 

4 6.9839 

6 7.0429 

9 7.117 

18 7.304 

21 7.353 

27 7.4308 

33 7.4961 

40 7.5526 

50 7.6141 

60 7.6624 

80 7.722 

100 7.7622 

150 7.8193 

200 7.8489 

300 7.8852 

1.6e-2 

1.5e-2 
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7. 69 i---------=:::::::::;::===, 
K = 6.44e+2 

b bound'" 7.969 
b free'" 5.864 

55 of Residuals '" 
1. 1670 \:5482708-4 

A Faclor '" 0.374 !II 

Min II bound = 611 
MQX ,. bound = 92" 

Cone. of guest 

a 

C24 with N-Boc-D-Phe-OTBA 
in MeCN-d312% H20 

[H] = 1.63'10-3 M 
[G] = 5.77'10-2 M 

Vi =600 III 

Volume 
added (J.1l) 

oa 

•. 03 

)( " 6,90e+2 
a bOUl'ld" 8.100 

a free .. 6.B63 

SS of Residuals. 
1.47r;1S001211C1lt""4 

R Factor'" 0.390~. 

Min II bound" 611 
Max II bound;; 94 II 

2 

4 

6 

9 

15 

18 

21 

27 

33 

40 

50 

60 

80 

IQO 
200 

300 

400 

6.9425 

7.0027 

7.0693 

7.1609 

7.3109 

7.3743 

7.4214 

7.5187 

7.5903 

7.6555 

7.7214 

7.7723 

7.84 

7.8821 

7.9718 

8.0083 

8.0258 

Cone. of guest 

a 

1,9e-2 

2.3e-2 

119 with N-Ac-L-Phe-OTBA in DMSO­
d6 

Experimental 

[H] = 1.95.10-3 M 
[G] = 6.79'10-2 M 

Vi = 600 III 

Volume 
i5a 

added (Ill) 

2 7.5841 

8 7.5954 

14 7.6054 

20 7.618 

26 7.628 

32 7.6406 

50 7.6694 

70 7.6908 

80 7.7096 

90 7.7196 

100 7.7297 

120 7.7498 

140 7.7598 

180 7.7837 

220 7.8012 

300 7.8314 

400 7.8401 

500 7.8439 

1.84 

II: .. 6.29.+1 
a bound II 8.006 

a free" 7.372 

SS of Aesldl.lQls .. 
:3.97aeg75a460e-4 

A FCII::tor. 2.567" 

l1inlllbound" 311 
tkucllbouna- 6311 

7.5.1L..-------------" 
2.3e-4 Cone. of guest 3.1e-2 

a 

119 with N-Ac-D-Phe-OTBA in DMSO­
d6 

[H] = 1.95'10-3 M 
[G] = 6.79'10-2 M 

Vi = 600 III 

Volume 
added (Ill) 

2 

i5a 

7.5866 
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8 7.6111 

14 7.6349 

20 7.6581 

38 7.7159 

44 7.7322 

50 7.7485 

60 7.7724 

70 7.7975 

80 7.8088 

90 7.8251 

100 7.8452 

120 7.8707 

140 7.8991 

260 7.972 

300 7.992 

400 8.0134 

500 8.0134 

B.Ol 

K = e.20e+l 
a bound::: 8.216 
a free::: 7.57\ 

55 of Aesidu(:Iis = 
5.116t4198331e-4 

R Foetor '" 1.729 IS 

Min :tJ bound = 2. 
Mox :I bound = ". 

7.59 
2.3e-4 Cane:. of guest 3. 1~-2 

a 

120 with N-Ac-L-Phe-OTBA in DMSO­
d6 

Volume 

[H] = 1.54'10-3 M 
[G] = 6.45'10-2 M 

Vi = 600 III 

added (J.Ll) 

3 

oa 
7.7937 

7.8063 

7.8125 

7.8213 

7.8389 

7.854 

7.8684 

7.8935 

6 

9 

12 

16 

22 

28 

38 

48 

68 

78 

88 

98 

7.9732 

7.992 

oa 
8.2218 

8.2368 

8.2525 

8.2745 

8.2984 

8.3285 

8.3586 

8.3944 

8.4364 

8.5017 

8.5306 

8.5532 

8.5846 

148 

198 

298 

398 

8.051 

8.0862 

8.1284 

Experimental 

8.685 

8.7302 

8.8088 

8.8331 

8.13,---------------=7'1 

K::: 5.498+1 
a bound. 8.439 
afr .. - 7.784 

SS of Residuals. 
I .24632Jg5455e-4 

A FCJCtor = 1.935' 

Min" bound .. 1 • 
MCO( " bound" 53 II 

7 . .,..~-----=--_:_-----::-:-:: 
3.2e-4 COrlc. of guest 2.1e-2 

a 

0.83,-------------=--
K .. 7.23e+1 

a bOUl'"ld" 9.211 
b free .. B.196 

55 of Residuals: .. 
7.200496084 1 Ie-of 

RFactor- 1.747. 

Min" bound" 3 • 
tlt:axllbound" 63. 

0.22"--------------,-:-: 
3.28-4 Cone. of guest 2.0e-2 

b 

120 with N-Ac-D-Phe-OTBA in DMSO­
d6 

Volume 

[H] = 1.54'10-3 M 
[G] = 6.47.10-2 M 

Vi = 600 III 

added (Ill) 

3 

oa 
7.8037 

7.815 

7.8238 

7.8351 

7.8615 

7.8841 

7.9054 

6 

9 

12 

18 

24 

30 

40 

50 

60 

70 

80 

90 

150 

200 

300 

400 

7.9858 

8.0121 

8.0335 

8.0485 

8.1239 

8.2205 

8.2387 

lib 

8.2268 

8.2506 

8.2695 

8.2921 

8.331 

8.3711 

8.4101 

8.4666 

8.508 

8.5469 

8.5883 

8.6272 

8.6724 

8.7992 

8.8526 

8.9129 

8.9436 
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K '" 7.63a+l 
.) bound" 8.489 

.!I "",ee c 7.792 

5S of ResIduals '" 

8.24 

1.85717457835&-4 

R Foetor = 1.680 ~ 

Mln~bound= 3!C 
Max " bound" 65 II 

7.801<--------------' 
3.~-4 Cone::. of gYest 2.6e-2 

a 

•. 94,-------------=~ 
K .. 9.43e+l 

a bOl6ld '" 9,292 
a free = 9,187 

SS of Residutlls '" 
1.89949478954a-3 

A Foetor'" 2.480 I 

Nln liS bound;; 4. 
Mox II bound" 68 1II 

8.231<-----------------' 
3.2e-4 Cone:. of guest 2.6e-2 

b 

Job Plot[96] of receptor 69 with TBAOAc 

in MeCN-d3 

Solution A: [H] = 1.00'10-2 M 
Solution B: [G] = 1.00'10-2 M 

V 0 25 Q ~02 
CH ~ HNJ )t NHb HN k 
oAo oAo 

Vol. Vol. 
Solo. Solo. XH oa oa xH'i1oa XH·i1ob 

A B 

60 540 0.1 8.65 6.53 0.04 0.12 

120 480 0.2 8.68 6.52 0.09 0.24 

180 420 0.3 8.70 6.49 0.15 0.34 

-240 360 0.4 8.72 6.46 0.20 0.44 

300 300 0.5 8.69 6.35 0.23 0.50 

360 240 0.6 8.57 6.10 0.21 0.45 

420 180 0.7 8.40 5.73 0.12 0.27 

480 120 0.8 8.35 5.64 0.11 0.23 

540 60 0.9 8.28 5.49 0.06 0.13 

600 0 8.22 5.35 0.00 0.00 

Experimental 
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Appendices 

Appendix A 

Macrocycle 128 and macro cycle 129 

Introduction 

Binding studies carried out on macrocyc1es 87, 88 and 102 with acetate in MeCN-d312% 

H20 showed that a flexible chain at the 'southern end' was more favourable, in terms of 

binding, than a more rigid aromatic spacer. Enantioselectivity, however, although binding 

studies were performed in different solvents, was slightly in favour of rigid receptor 102. 

For this reason, in order to assess how rigidity and flexibility at the 'southern' end could 

influence enantioselectivity for macrocyc1es bearing polar groups, receptors 128 and 129 

were designed. 

Synthesis 

The synthesis was carried out, as usual, under anion templating conditions from bis-acids 

114 and 127 (Scheme A.l). 

14% 

o 
02S~S02 

t-BUO/'X
NH 

HN:('Ot_Bu 

o OH HO 0 

a,b,c 

114 
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17% 

o 
o 02S~S02 0 

TrtHN~/XNHHN~NHTrt 
o OH HO 0 

a,b,d 

127 

Scheme A.l Reagents and conditions: a) PFP, EDC, DCM; b) 101, TBACl, Et3N, DCM; 

c) 80:20 DCMlTF A; d) TF A. 

Binding studies 

Binding studies were carried out on macro cycle 128 with the two enantiomers of N-Ac­

phenalanine in MeCN-d3 and DMSO-d6• Data points collected in MeCN-d3 were affected 

by poor fit with the 1: 1 treating program and, for this reason, they were treated with the 

1:2 program. Even in this case, no reliable constants could be obtained, due to the fact 

that the values calculated were varying significantly depending on input values. From the 

plot of the two curves, nonetheless, no sensible differences seemed to emerge (Figure 

A.l). 

9.00 ,------,-----,-----,-----,-----, 

8.60 
i • 

"" 8.20 m_ /aj____ I 

:.:: - ~~:~:T~~~~~l---+ ... -----., .. -.. --.... --. I 

7.00 , i I f 

o 2 4 6 8 10 

eq. 

Figure A.l Binding titration curves for amidic protons of receptor 128 upon addition of 

the TBA salts of the two enantiomers of N-A c-Phe in MeCN-d3. 

In DMSO-d6 it was possible to obtain a reasonable fit with the 1: 1 treating program. 

Binding constants, however, were affected by very low percentage of saturation at the ,end 

of the titration (~ 40%) and they were weak and very similar (Ka ~ 49 M- l for N-Ac-D­

Phe and Ka = 42 M-l for N-Ac-L-Phe), as suggested by the plot of the two curves (Figure 

A.2). 

214 



Appendix A 

8.60 ,-----,--,----,--,.------.-1- -., , 
Cl 

• 
Cl 

"" 8.40 ... _ .. _-

8.20 -!II. "---i--+--+--+--+----1 
o 2 4 6 8 10 12 

eq. 

Figure A.2 Binding titration curves for amidic protons of receptor 128 upon addition of 

the TBA salts of the two enantiomers ofN-Ac-Phe in DMSO-d6. 

The last data testified poor affInity and selectivity in comparison with those obtained 

from flexible macrocyc1e 117 (see § 4.8, Ka = 111 M- l for N-Ac-D-Phe and Ka = 75 M- l 

for N-Ac-L-Phe). 

Binding studies were carried out on macrocyc1e 129 with the two enantiomers of N-Ac­

phenalanine in MeCN-d3. A reasonable fit was found with the 1: 1 treating program. 

Binding constants, however, were almost identical (Ka = 4.37'103 M-l for N-Ac-D-Phe 

and Ka = 4.32,103 M-l for N-Ac-L-Phe), as reflected by the superimposition of the two 

curves (Figure A.3). 

9.00 ,-----,---,-, - -;'--;-1 --;-1--' 

8. 60 -- ~ j~-~---~l---'f -----

~ ;::/-~ttI 
! 

7. 00 +---i--+---+-- +-----+--1 
o 2 4 6 8 10 12 

eq. 

Figure A.3 Binding titration curves for amidic protons of receptor 128 upon addition of 

the TBA salts of the two enantiomers ofN-Ac-Phe in MeCN-d3. 
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Conclusions 

Although a full set of experiments were not performed in order to compare macrocycles 

128 and 129 with receptors described in chapters II-IV, the binding studies performed 

suggested clearly that they were deficient both in affinity and selectivity in comparison 

with their more flexible counterparts (macrocycles 117 and 120). The latter finding added 

further corroboration to the hypothesis that bis-sulfonamide based macro cycles are likely 

suffering from a lack of preorganisation and, for this reason, they have to undergo a 

rearrangement in order to bind carboxilates. During this process, rigid scaffolds are to be 

more penalised. Experimental evidence is in agreement with this conclusion. 

Experimental for synthesis 

Macrocycle 128 

A solution of EDC (439 mg, 2.29 mmol) in dry DCM (20 ml) was added dropwise to a 

solution of bis-acid 114 (386 mg, 0.737 mmol) and pentafluorophenol (644 mg, 3.50 

mmol) in dry DCM (20 ml) during 30 min at 0 °C. The reaction was allowed to reach 

room temperature and stirred overnight under N2. The mixture was washed (5% NaHC03, 

70 ml), dried (MgS04) and the solvent removed under reduced pressure yielding the 

crude pentafluorophenol ester (813 mg, quant.), which was dissolved in dry DCM (5 ml). 

TBACI (208 mg, 0.748 mmol) was added. The mixture and a solution of bis-amine 101 

(189 mg, 0.713 mmol) and dry Et3N (4lO Ill, 2.94 mmol) in dry DCM (5 ml) were added 

simultaneously with a syringe pump into 70 ml of dry DCM at room temperature over a 

period of 6 h. The reaction was stirred overnight at room temperature. The mixture was 

washed (1 M KHS04, 100 ml, 1 M K2C03, 100 ml, and brine, 100 ml) and dried 

(MgS04). The solvent was removed under reduced pressure and the residue was purified 
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by flash column chromatography (Si02, 95:5 --)- 60:40 PE/EA) to give the protected 

macrocyc1e (180 mg, 32%). The white solid was dissolved in 80:20 DCM/TFA (15 ml) 

and the solution was stirred for 5 h. Toluene was added and the solvent removed under 

reduced pressure. The residue was purified by flash column chromatography (Si02, DCM 

--)- 94:6 DCM/MeOH) to yield the desired product 128 as a white solid (77 mg, 14% from 

114). MP = 123-126 °C; Rf= 0.44 (92:8 DCM/MeOH); [a]D26 = +134 (c = 0.25, MeCN); 

FT-IR (neat): V max = 3272 (br), 2926 (w), 1651 (s), 1598 (w), 1539 (m), 1456 (m), 1326 

(m), 1295 (s), 1174 (s), 1153 (s), 1112 (m), 1055 (s), 796 (m), 680 (m) cm-I; IH NMR 

(400 MHz, DMSO-d6): 8 = 8.20 (2 H, dd, J = 7.0,5.0 Hz, CONH), 8.09 (2 H, br s, SNH), 

8.03 (1 H, t, J = 2.0 Hz, 02SArH), 7.80 (2 H, dd, J = 8.0, 2.0 Hz, 02SArH), 7.07 (1 H, t, J 

= 2.0 Hz, 02SArH), 6.75 (2 H, s, ArH), 6.34 (1 H, s, ArH), 5.09 (2 H, t, J = 6.0 Hz, a­

CH), 4.22 (2 H, dd, J= 14.0,7.0 Hz, NHCHaHb), 3.99 (2 H, t, J= 6.5 Hz, ArOCH2), 3.86 

(2 H, t, J= 6.0 Hz, OH), 3.80 (2 H, dd, J= 14.0,5.0 Hz, NHCHaHb), 3.60 (4 H, apparent 

t, J = 6.0 Hz, a-CHCH2), 1.79-1.70 (2 H, m, OCH2CH2), 1.48-1.39 (2 H, m, 

OCH2CH2CH2), 1.38-1.20 (8 H, m, (CH2)4CH3), 0.85 (3 H, t, J = 7.0 Hz, CH3); 13H NMR 

(100 MHz, DMSO-d6): 8 = 168.4 (0), 158.3 (0), 142.0 (0), 140.0 (0), 129.3 (1), 129.1 (1), 

123.7 (1), 119.8 (1), 113.5 (1), 67.3 (2), 63.1 (2), 58.3 (1),42.6 (2), 31.2 (2),28.7 (2), 

28.6 (2), 25.5 (2),22.0 (2), 13.9 (3); ESMS: mlz = 663 [M+Nat; HRMS (ES): calcd for 

C28~oN4Na09S2 ([M+Nat) 663.2129, found 663.2121. 

Macrocycle 129 

A solution of EDC (290 mg, 1.51 mmo1) in dry DCM (20 ml) was added dropwise to a 

solution of bis-acid 127 (476 mg, 0.486 mmol) and pentafluorophenol (409 mg, 2.22 

mmol) in dry DCM (10 ml) during 15 min at 0 0c. The reaction was allowed to reach 

room temperature and stirred overnight under N2. The mixture was washed (5% NaHC03, 
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70 ml), dried (MgS04) and the solvent removed under reduced pressure yielding the 

crude pentafluorophenol ester (801 mg, quant.), which was dissolved in dry DCM (5 ml). 

TBACI (138 mg, 0.495 mmol) was added. The mixture and a solution of bis-amine 101 

(126 mg, 0.477 mmol) and dry Et3N (270 Ill, 1.94 mmol) in dry DCM (5 ml) were added 

simultaneously with a syringe pump into 45 ml of dry DCM at room temperature over a 

period of 6 h. The reaction was stirred overnight at room temperature. The mixture was 

washed (1 M KHS04, 100 ml, 1 M K2C03, 100 ml, and brine, 100 ml) and dried 

(MgS04). The solvent was removed under reduced pressure and the residue was purified 

by flash column chromatography (Si02, 20:80 ---+ 55:45 EAlPE) to give the protected 

macro cycle (200 mg, 34%). The white solid was dissolved in TFA (10 ml) and the 

solution was stirred for 2 h. Toluene was added and the solvent removed under reduced 

pressure. The residue was purified by flash column chromatography (Si02, 95:5 ---+ 93:7 

DCM/MeOH) to yield the desired product 129 as a beige solid (57 mg, 17% from 127). 

MP = 119-121 DC; Rf = 0.34 (90:10 DCM/MeOH); [a]D24 = +137 (c = 0.25, DMSO); FT­

IR (neat): Vrnax = 3273 (br), 2927 (w), 2856 (w), 1652 (s), 1597 (m), 1540 (w), 1546 (m), 

1417 (m), 1322 (m), 1295 (m), 1172 (s), 1152 (s), 1108 (m), 1082 (m), 979 (w), 858 (w), 

795 (m) cm-I; IH NMR (400 MHz, DMSO-d6): 8 = 8.33 (2 H, dd, J = 7.0, 4.0 Hz, 

CONH), 8.27 (2 H, br s, SNH), 8.00 (1 H, t, J= 1.5 Hz, 02SArH), 7.73 (2 H, dd, J= 8.0, 

1.5 Hz, 02SArH), 7.34 (2 H, s, NHaHb) 6.97 (1 H, t, J = 8.0 Hz, 02SArH), 6.77(4 H, s, 

NHaHb and ArH superimposed), 6.32 (1 H, s, ArH), 4.25 (2 H, dd, J = 14.0, 7.0 Hz, 

NHCHaHb), 4.00 (2 H, t, J= 6.0 Hz, OCH2), 3.83 (2 H, dd, J= 8.0, 5.5 Hz, a-CH), 3.74 

(2 H, dd, J = 14.0, 4.0 Hz, NHCHaHb), 2.23 (2 H, ddd, J = 16.0, 10.0, 5.5 Hz, 

NH2COCHaHb), 2.14 (2 H, ddd, J= 16.0, 10.0,6.0 Hz, NH2COCHaHb), 1.95-1.83 (2 H, 

m, a-CHCHaHb) , 1.83-1.70 (6 H, m, a-CHCHaHb and OCH2CH2 superimposed), 1.50-

1.39 (2 H, m, OCH2CH2CH2) , 1.39-1.19 (8 H, m, (CH2)4CH3), 0.84 (3 H, J = 7.0 Hz, 

CH3); BC NMR (100 MHz, DMSO-d6): 8 = 173.3 (0), 169.6 (0), 158.3 (0), 142.2 (0), 

139.9 (0), 129.0 (1), 128.8 (1), 123.6 (1), 120.0 (1), 113.6 (1), 67.3 (2),56.1 (1),42.6 (2), 

31.2 (2), 31.1 (2),29.6 (2), 28.7 (2), 28.6 (2), 25.5 (2), 22.0 (2), 13.9 (3); ESMS: mlz = 

745 [M+Nat; HRMS (ES): calcd for C32H46N6Na09S2 ([M+Nat) 745.2660, found 

745.2651. 
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Experimental for bindi"!g studies 

128 with N-Ac-L-Phe-OTBA 
in MeCN-d3 

[H] = 1.64.10-3 M 
[G] = 3.62.10-2 M 

Vi = 600 ILl 

Volume 
added ().Il) 

lia 

2 7.0373 

4 7.1320 

8 7.2977 

10 7.3781 

16 7.5821 

18 7.6454 

20 ' 7.7107 

22 7.7710 

24 7.8394 

28 7.9411 

30 7.9907 

32 8.0333 

34 8.0685 

36 8.0961 

40 8.1463 

50 8.2267 

140 ,8.4935 

240 8.6133 

340 8.6736 

8.67 

Kl .. 7.58e+3 
K2 = 4.S4e+2 

a bound 1 '" 8.16a 
II bound 2 = 8.867 

II free .. 6.956 

SS of Aes;iduals = 
2,37725349143e-3 

R Fac:lo)"' = 1.082 I 

tUn" bound .. .. 
Max IS bound '" 900 

Cone:. of quest 

a 

128 with N-Ac-D-Phe-OTBA 
in MeCN-d3 

[H] = 1.64.10-3 M 
[G] = 3.61.10-2 M 

1.3e-2 

Appendix A 

Vi = 600 ILl 

Volume lia 
added ().Il) 

2 7.0492 

4 7.1395 

8 7.3027 

10 7.3994 

14 7.5519 

16 7.6266 

18 7.6994 

20 7.7591 

22 7.8325 

26 7.9556 

28 8.0095 

30 8.0534 

32 8.0999 

34 8.1388 

36 8.1727 

40 8.2254 

50 8.2894 

80 8.4037 

140 8.5267 

240 8.6510 

340 8.7150 

•. 72 

Kl .7.08&+3 
K2 = 2.158e+2 

a bound 1 - a.3ell 
II bound 2" 8.972 

II fl'"ftl. 6.797 

55 of Ralduals .. 
6.0895904899;6&-3 

A Foetor = 4.42~ • 

Min" bOYnd • '23 
Max. bound. .. ... 

Cone:. of guest 1.3e-2 

a 

128 with N-Ac-L-Phe-OTBA 
inDMSO-d6 

[H] = 1.76.10-3 M 
[G] = 5.23.10-2 M 

Vi = 600 ILl 
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Volume 
added (Ill) oa 

8.52 

K ;; 4.17e+t 
a bound = 8.900 

a free'" 8.194 

5S of ResIduals ;; 
2.578328712S4e.-4 

A Foetor = 3.168 18: 

Min I bound" 1 • 
Max I bound" 41. 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

26 

30 

34 

38 

42 

50 

60 

80 

120 

200 

300 

8.2054 

8.2080 

8.2092 

8.2130 

8.2199 

8.2243 

8.2281 

8.2318 

8.2368 

8.2393 

8.2419 

8.2519 

8.2632 

8.2732 

8.2808 

8.2883 

8.3059 

8.3222 

8.3561 

8.3925 

8.4603 

8.5218 

Cone. of quest 

a 

128 with N-Ac-D-Phe-OTBA 
inDMSO-d6 

[H] = 1.76.10-3 M 
[G] = 5.22'10-2 M 

Vi = 600 III 

1.7e-2 

Appendix A 

K .. 4.8:le+l 
a bound" 9.003 
a free" B. t9S 

SS of Residl,ll;lIs .. 
1.02340551210e-4 

A Foetor.. 1.546" 

Min I bound_ II 
f1ax I bound.. 44 I 

Volume 
added (Ill) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

26 

30 

34 

38 

42 

50 

60 

80 

120 

200 

300 

8.56 

oa 

8.2029 

8.2105 

8.2193 

8.2255 

8.2280 

8.2343 

8.2393 

8.2444 

8.2506 

8.2531 

8.2557 

8.2657 

8.2745 

8.2883 

8.2977 

8.3059 

8.3222 

8.3410 

8.3737 

8.4314 

8.5004 

8.5557 

Cone. of guest 

a 

129 with N-Ac-L-Phe-OTBA 
in MeCN-d3 

[H] = 8.21'10-4 M 
[G] = 2.48'10-2 M 

Vi = 600 III 

1.7e-2 
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K " 4.32e+3 
II bound;; 8.803 

II free" 6,933 

SS of Resld\.ll;lls = 
1.2320e044097e-2 

RFactor .. 1.717l1 

t1in lC bound = lOll 
Max II bound c 97 lC 

Volume 
added (Ill) 

2 

4 

6 

8 

10 

12 

16 

18 

20 

22 

24 

26 

30 

34 

38 

42 

46 

50 

60 

80 

120 

200 

300 

8.81 

15a 

7.1207 

7.2406 

7.3612 

7.4741 

7.5865 

7.6743 

7.8651 

7.9580 

8.0321 

8.1024 

8.1727 

8.2430 

8.3409 

8.4175 

8.4772 

8.5173 

8.5505 

8.5719 

8.6152 

8.6579 

8.7074 

8.7665 

8.8129 

7.12"-----------------' 
e.2e-5 Cone. of guest 

a 

129 with N-Ac-D-Phe-OTBA . 
in MeCN-d3 

[H] = 8.21'10-4 M 
[G] = 2.46.10-2 M 

Vi = 600 III 

B.3e-3 

5S 01 ResidualSi' C 

1.31020180022_2 

A Faclor .. 1.973 II 

Min II bound" 10" 
Max II bound.. Q8" 

Appendix A 

Volume oa 
added (Ill) 

2 7.1208 

4 7.2193 

6 7.3404 

8 7.4546 

10 7.5451 

12 7.6543 

16 7.8450 

18 7.9342 

20 8.0219 

22 8.0823 

24 8.1401 

26 8.2066 

34 8.3917 

38 8.4520 

42 8.4979 

46 8.5261 

50 8.5537 

60 8.5794 

80 8.6208 

120 8.6723 

200 8.7357 

300 8.7840 

B.781-----=~======1 

Cone::. of guest B2e-3 

a 
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AppendixB 

Software for the determination of association constants from NMR 

binding studies[95] 

NMRTitHG 

NMRTit HG fits the data to a 1:1 binding isotherm by solving the equations (1) - (3) in 

which [H]o is the total concentration of host; [G]o is the total concentration of guest; [H] is 

the concentration of unbound free host; [HG] is the concentration of host + guest 

complex; K is the association constant for the formation of the host· guest complex; oJ is 

the free chemical shift of the host; Ob is the limiting bound chemical shift of the host·guest 

complex. 

NMRTitHGG 

[HG] = l+K[H]o[G]o -~{(l+[H]o[G]oY -4K
2
[H]o[G]o} 

2K 
(1) 

(2) 

(3) 

NMRTit HGG fits the data to a 1:2 binding isotherm by an iterative procedure to solve the 

following simultaneous equations. The method starts by assuming the [HGG] = 0, so that 

Equation (4) can be solved exactly for [HG]. This value of [HG] is the used to solve 

Equation (5) for [HGG]. Equation (6) gives the concentration of free host [H]. At this 

point, [H] + [HG] + [HGG] *- [H]o so the value of [HGG] from equation (5) is used in 

equation (4) to re-evaluate [HG]. 

[HG] = 1+2Kj[Glo([H]o -[HGG])-~{(1+2Kj[G]o([H]o -[HGG])y -16Kj2[G]o([H]o -[HGG]) 

4K j 

(4) 
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[HGG] = 1 + O.5K2[G]o([H1- [HG])-~{(l + O.5K2[G]o([H]o - [HG])y -K2 [G1([H1- [HG])} 
K2 

(5) 

(6) 

(7) 

This procedure is reiterated until [H] + [HG] + [HGG] = [H]o. This allows the set of 

simultaneous equations [Eq. (4)-(7)] to be solved for the concentrations of all species 

present where [HGG] is the concentration ofhost·(guest)2 complex; Kl is the microscopic 

association constant for formation of the host· guest complex; K2 is the microscopic 

association constant for formation of the host·(guesth complex; bb2 is the limiting bound 

chemical shift of the host·(guest)2 complex. In order to calculate the macroscopic 

constants, the microscopic values have to be converted as follows: Kl mac = 2·Klmic, K2mac 

= O.5·K2mic. 

", ! '" 
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Crystallographic data 

Macrocycle 85 

Identification code 
Empirical fonnula 
F onnula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal 
Crystal size 
Orange for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to 0= 27.48° 
Absorption correction 
Max. and min. transmission 
Refmement method 
Data / restraints / parameters 
Goodness-of-fit on F 
Final R indices [F > 2o(F)] 
R indices (all data) 
Absolute structure parameter 
Largest diff. peak and hole 

2005sot0705 
C24H40N40gS2 

576.72 
120(2) K 
0.71073 A 
Tetragonal 
P432 12 
a = 9.275(5) A 
c = 67.73(2) A 
5826(5) A3 

8 
1.315 Mg / m3 

0.234 mm- I 

2464 
Block; Colourless 
0.10 x 0.10 x 0.04 mm3 

3.23 - 27.48° 

Appendix C 

-1 2 ~ h ~ 11, -11 ~ k ~ 12, - 84 ~ I ~ 86 
35210 
6487 [Rint = 0.2188] 
98.0 % 
Semi-empirical from equivalents 
0.9907 and 0.9770 
Full-matrix least-squares on F 
6487 / 0/346 
1.002 
RI = 0.0890, wR2 = 0.1442 
RI = 0.2004, wR2 = 0.1760 
-0.02(15) 
0.347 and -0.363 e A-3 

'Diffractometer: Nonius KappaCCD area detector (¢ scans and (j) scans to fill asymmetric unit ). Cell determination: DirAx 
(Duisenberg, A.J.M.(1992). J. Appl. Cryst. 25, 92-96.) Data collection: Collect (Collect: Data collection software, R. Hooft, Nonius 
B.V., 1998). Data reduction and cell refinement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology (1997) Vol. 276: 
Macromolecular Crystallography, part A, pp. 307- 326; C. W. Carter, Jr. & R. M. Sweet, Eds ., Academic Press). Absorption 
correction: Sheldrick, G. M. SADABS - Bruker Nonius area detector scaling and absorption correction - V2.10 Structure solution: 
SHELXS97 (G. M. Sheldrick, Acta Cryst. ( 1990) A46 467-473). Structure refinement: SHELXL97 (G . M. Sheldrick ( 1997), 
University of Gottingen, Germany). Graphics: Cameron - A Molecular Graphics Package. (D. M. Watkin, L. Pearcc and C. K. Prout, 
Chemical Crystallography Laboratory, University of Oxford, 1993). 

Special details: All hydrogen atoms were placed in idealised positions and refined using a riding model. Chirality: C7=S, C 12=S, 
C 17=S, C22=S 
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Table 2. Atomic coordinates [x 104
], equivalent isotropic displacement parameters [A2 x 

103
] and site occupancy factors. Ueq is defined as one third of the trace of the 

orthogonalized UJ tensor. 

Atom x y Z Ueq Sof 

SI 4452(2) 8381(2) 488(1) 26(1) 1 
S2 8450(2) 10874(2) 973(1) 29(1) 1 
Nl 4223(5) 9349(5) 294(1) 26(1) 1 
N2 5049(5) 12323(5) 203(1) 26(1) 1 
N3 9145(5) 12096(5) 839(1) 27(1) 1 
N4 7155(5) 14455(5) 744(1) 22(1) 1 
01 3089(4) 7718(4) 534(1) 38(1) 1 
02 5709(4) 7505(4) 454(1) 30(1) 1 
03 8450(4) 11374(4) 1175(1) 33(1) 1 
04 9137(4) 9522(4) 923(1) 42(1) 1 
05 2669(4) 12143(5) 267(1) 40(1) 1 
06 7071(4) 13860(4) 420(1) 32(1) 1 
Cl 4848(6) 9550(6) 689(1) 24(1) 1 
C2 6291(7) 9784(6) 742(1) 25(1) 1 
C3 6611(6) 10650(6) 904(1) 24(1) 1 
C4 5503(7) 11250(6) 1015(1) 28(2) 1 
C5 4084(7) 10971(6) 965(1) 32(2) 1 
C6 3740(6) 10128(6) 803(1) 27(1) 1 
C7 9413(6) 13614(5) 899(1) 21(1) 1 
C8 11028(6) 13857(6) 919(1) 26(1) 1 
C9 11373(6) 15420(6) 973(1) 31(2) 1 
CI0 10724(6) 16452(6) 826(1) 31(2) 1 
Cll 9101(6) 16211(6) 808(1) 28(1) 1 
C12 8739(6) 14665(6) 752(1) 25(1) 1 
C13 6464(6) 14097(6) 580(1) 23(1) 1 
C14 4837(6) 13953(6) 607(1) 26(1) 1 
C15 3968(6) 14128(6) 413(1) 27(2) 1 
C16 3841(7) 12778(6) 290(1) 28(2) 1 
C17 5121(6) 11159(6) 58(1) 24(1) 1 
C18 6291(6) 11492(6) -96(1) 29(1) 1 
C19 6311(8) 10339(7) -259(1) 41(2) 1 
C20 6553(7) 8854(6) -167(1) 36(2) 1 
C21 5437(6) 8513(6) -12(1) 31(1) 1 
C22 5376(6) 9676(6) 151(1) 24(1) 1 
C23 10495(8) 8273(7) 1360(1) 61(2) 1 
07 10546(5) 9746(5) 1408(1) 49(1) 1 
C24 -490(10) 10701(12) 341(1) 120(4) 1 
08 397(6) 11364(6) 477(1) 83(2) 1 
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Table 3. Bond lengths [A] and angles [0]. 

Sl-02 1.439(4) 02-S1-Cl 107.4(3) 
SI-01 1.441(4) 01-SI-Cl 105.9(2) 
SI-Nl 1.605(4) Nl-SI-C1 108.2(2) 
Sl-C1 1.779(5) 04-S2-03 119.9(2) 
S2-04 1.446(4) 04-S2-N3 107.9(3) 
S2-03 1.446(4) 03-S2-N3 108.1(2) 
S2-N3 1.588(5) 04-S2-C3 105.1(3) 
S2-C3 1.781(6) 03-S2-C3 106.6(3) 
NI-C22 1.476(6) N3-S2-C3 108.8(2) 
N2-C16 1.335(7) C22-Nl-Sl 123.9(4) 
N2-C17 1.459(6) CI6-N2-CI7 124.7(5) 
N3-C7 1.485(6) C7-N3-S2 126.1(4) 
N4-C13 1.321(6) C13-N4-C12 123.2(5) 
N4-C12 1.484(7) C6-CI-C2 120.3(5) 
05-C16 1.246(7) C6-Cl-S1 120.4(4) 
06-C13 1.245(6) C2-Cl-S1 119.1(4) 
C1-C6 1.392(7) C3-C2-Cl 119.6(5) 
CI-C2 1.401(8) C4-C3-C2 120.0(5) 
C2-C3 1.392(7) C4-C3-S2 121.2(4) 
C3-C4 1.391(7) C2-C3-S2 118.6(5) 
C4-C5 1.383(8) C5-C4-C3 119.7(5) 
C5-C6 1.387(7) C4-C5-C6 121.3(5) 
C7-C8 1.522(7) C5-C6-Cl 119.1(5) 
C7-C12 1.525(7) N3-C7-C8 109.3(4) 
C8-C9 1.528(7) N3-C7-CI2 111.1(4) 
C9-CIO 1.505(7) C8-C7-CI2 111.6(4) 
CI0-C11 1.527(8) C7-C8-C9 111.6(4) 
Cll-CI2 1.521(7) CI0-C9-C8 111.2(4) 
C13-C14 1.525(7) C9-CI0-Cll 110.7(5) 
C14-C15 1.549(7) CI2-C11-CIO 112.0(5) 
C15-C16 1.509(8) N4-CI2-Cll 110.6(4) 
C17-C22 1.530(7) N4-CI2-C7 110.4(4) 
C17-C18 1.538(7) CI1-C12-C7 110.5(4) 
C18-C19 1.535(7) 06-C13-N4 123.8(5) 
C19-C20 1.526(8) 06-C13-CI4 122.3(5) 
C20-C21 1.511(7) N4-C13-CI4 113.8(5) 
C21-C22 1.542(7) C13-CI4-CI5 114.0(5) 
C23-07 1.407(7) CI6-CI5-CI4 115.0(5) 
C24-08 1.382(8) 05-C16-N2 121.9(6) 

05-CI6-CI5 121.9(5) 
02-S1-01 120.3(2) N2-CI6-CI5 116.2(5) 
02-S1-N1 106.9(2) N2-CI7-C22 113.4(4) 
01-S1-Nl 107.5(2) N2-CI7-CI8 109.9(4) 
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C22-C17-C18 110.4(5) C20-C21-C22 112.1(5) 
C19-C18-C17 110.9(5) N1-C22-C17 110.0(4) 
C20-C 19-C 18 109.8(4) N1-C22-C21 110.6(4) 
C21-C20-C19 111.8(5) C17-C22-C21 110.0(4) 

Table 4. Anisotropic displacement parameters [A2x 103
]. The anisotropic displacement 

factor exponent takes the form: -2 JZ"2[h2a*2UI
I + ... + 2 h k a* b* U12 ]. 

Atom U11 U22 U33 U23 U13 UI2 

Sl 32(1) 24(1) 23(1) -2(1) 2(1) -9(1) 
S2 35(1) 21(1) 31(1) -1(1) -9(1) 1(1) 
N1 23(3) 35(3) 21(3) 3(2) -3(2) -10(2) 
N2 24(3) 26(3) 27(3) -4(2) -1(2) -3(2) 
N3 32(3) 29(3) 19(2) -4(2) 6(2) -6(2) 
N4 21(3) 29(3) 16(2) -2(2) 4(2) -2(2) 
01 38(3) 43(3) 34(2) -11(2) 10(2) -29(2) 
02 46(3) 19(2) 26(2) -5(2) 5(2) 0(2) 
03 47(3) 31(2) 20(2) 3(2) -9(2) -7(2) 
04 35(3) 22(2) 70(3) -4(2) -17(2) 10(2) 
05 27(3) 49(3) 45(3) -14(2) -3(2) -10(2) 
06 28(2) 45(3) 23(2) -13(2) 5(2) -9(2) 
C1 31(4) 21(3) 19(3) -5(3) 2(3) -4(3) 
C2 36(4) 19(3) 20(3) 0(3) 2(3) -1(3) 
C3 31(4) 22(3) 19(3) 7(3) -6(3) -2(3) 
C4 42(4) 23(3) 17(3) 1(3) -5(3) -2(3) 
C5 32(4) 36(4) 29(3) -5(3) 7(3) 9(3) 
C6 24(4) 34(4) 24(3) 7(3) 3(3) -4(3) 
C7 28(3) 16(3) 18(3) -9(2) 6(3) -5(3) 
C8 21(3) 26(4) 30(3) -11(3) -4(3) 2(3) 
C9 23(3) 44(4) 25(3) -5(3) -4(3) -1(3) 
CIO 35(4) 34(4) 24(3) 1(3) 3(3) -3(3) 
Cll 25(4) 24(3) 35(3) 4(3) -5(3) 1(3) 
C12 29(4) 29(3) 16(3) -1(3) 1(3) -1(3) 
C13 27(3) 22(3) 21(3) 0(3) -1(3) -2(3) 
C14 28(4) 26(4) 24(3) -3(3) 2(3) -6(3) 
C15 30(4) 19(3) 33(3) -3(3) -2(3) 8(3) 
C16 25(4) 33(4) 24(3) 7(3) -7(3) 0(3) 
C17 27(3) 26(4) 20(3) -1(3) -4(3) 4(3) 
C18 37(4) 22(3) 26(3) 4(3) 3(3) -2(3) 
C19 61(5) 47(4) 16(3) -1(3) 4(3) -8(4) 
C20 57(4) 29(4) 22(3) -5(3) 6(3) 3(3) 
C21 30(4) 31(4) 31(3) 1(3) 4(3) -1(3) 
C22 34(4) 23(3) 15(3) 7(3) 5(3) -3(3) 
C23 76(6) 49(5) 59(5) -14(4) -20(4) 24(4) 
07 59(3) 45(3) 43(3) -12(2) -22(2) 17(2) 
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C24 75(7) 203(13) 82(7) -68(8) 5(6) -67(7) 
08 58(4) 120(5) 70(4) -50(4) 19(3) -30(4) 

Table 5. Hydrogen coordinates [x 104
] and isotropic displacement parameters [A 2 

X 103
]. 

Atom x y Z Ueq S.of 

HI 3359 9705 272 31 1 
H2 5860 12757 235 31 1 
H3 9396 11851 718 32 1 
H4 6651 14574 852 27 1 
H2A 7045 9355 667 30 1 
H4A 5720 11848 1125 33 1 
H5 3331 11365 1043 39 1 
H6 2761 9948 770 33 1 
H7 8956 13774 1031 25 1 
H8A 11509 13610 793 31 1 
H8B 11414 13211 1023 31 1 
H9A 10992 15634 1106 37 1 
H9B 12432 15554 976 37 1 
HI0A 11183 16311 696 37 1 
HI0B 10912 17455 869 37 1 
HllA 8635 16446 936 34 1 
HllB 8706 16872 707 34 1 
H12 9149 14466 618 30 1 
H14A 4508 14691 702 31 1 
H14B 4625 12994 664 31 1 
H15A 2986 14465 447 33 1 
H15B 4431 14887 332 33 1 
H17 4173 11125 -12 29 1 
H18A 6104 12448 -156 35 1 
H18B 7245 11527 -31 35 1 
H19A 5383 10349 -331 49 1 
H19B 7092 10552 -354 49 1 
H20A 6513 8113 -272 43 1 
H20B 7525 8820 -107 43 1 
H21A 5666 7570 49 37 1 
H21B 4478 8433 -75 37 1 
H22 6321 9690 222 29 1 
H23A 10894 7703 1469 92 1 
H23B 11063 8102 1240 92 1 
H23C 9492 7986 1336 92 1 
H7A 9912 10192 1344 73 1 
H24A -980 9883 403 180 1 
H24B 91 10357 229 180 1 
H24C -1208 11393 293 180 1 
H8 968 10755 525 124 1 
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Table 6. Hydrogen bonds [A and oJ. 

D-H-"A d(D-H) d(H"A) d(D" 'A) 

NI-Hl···05 0.88 2.35 2.971(7) 
N2-H2·· ·06 0.88 1.97 2.777(6) 
N3-H3 ... 08i 0.88 1.93 2.795(6) 
N4-H4·· ·oii 0.88 2.02 2.886(6) 
07- H7A··03 0.84 2.09 2.925(6) 
07- H7A· ··S2 0.84 2.93 3.684(4) 

Symmetry transformations used to generate equivalent atoms: 
(i) x+ 1 ,y,z (ii) x- 1I2,-y+5/2,-z+ 114 

C21 

C20 

C1 9 . 

Appendix C 

L(DHA) 

127.7 
151.8 
166.6 
169.0 
176.1 
151.1 

Thermal ellipsoids drawn at the 30% probability level, solvent not shown. 
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0 5 

'- .... , ... 

...... ~ 

Part of a hydrogen bonded chain that extends along the a axis. 
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Macrocycle 86 

Table 1. Crystal data and structure refmement details. 

Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal 
Crystal size 
8range for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to 8= 27.20° 
Absorption correction 
Max. and min. transmission 
Refmement method 
Data / restraints / parameters 
Goodness-of-fit on r 
Final R indices [r > 2a(r)] 
R indices (all data) 
Absolute structure parameter 
Extinction coefficient 
Largest diff. peak and hole 

2005sot0678 
C36~4N408S2 
724.87 
120(2) K 
0.71073 A 
Monoclinic 
P2 1 

a = 14.114(3) A 
b = 10.081(4) A 
c = 14.606(5) A 
1863.8(10) A3 

2 
1.292 Mg / m3 

0.198 mm-I 

768 
Block; Colourless 
0.3 x 0.2 x 0.07 mm

3 

3.11 - 27.20° 

/3= 116.25(2)° 

-:18~h~ 16,-12~k~ 12,-18~1~ 18 
19908 
7894 [R int = 0.0579] 
98.9 % 
Semi-empirical from equivalents 
0.9863 and 0.9430 
Full-matrix least-squares on r 
7894 / 255 /416 
1.018 
Rl = 0.0743, wR2 = 0.1806 
Rl = 0.1394, wR2 = 0.2109 
-0.02(11) 
0.013(3) 
1.189 and -0.381 e A-3 

Diffractometer: Nonius KappaCCD area detector (¢ scans and (JJ scans to fill asymmetric unit ). Cell determination: DirAx 
(Duisenberg, A.J.M.(1992). 1. Appl. Cryst. 25, 92-96.) Data collection: Collect (Collect: Data collection software, R. Hooft, Nonius 
B.V., 1998). Data reduction and cell refinement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology (1997) Vol. 276: 
Macromolecular Crystallography, part A, pp. 307-326; C. W. Carter, Jr. & R. M. Sweet, Eds. , Academic Press). Absorption 
correction: Sheldrick, G. M. SADABS - Broker Nonius area detector scaling and absorption correction - V2.1O Structure solution: 
SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990) A46 467-473). Structure refinement: SHELXL97 (G. M. Sheldrick (1997), 
University of Gottingen, Germany). Graphics: Cameron - A Molecular Graphics Package. (D. M. Watkin, L. Pearce and C. K. Prout, 
Chemical Crystallography Laboratory, University of Oxford, 1993). 

Special details: All hydrogen atoms were placed in idealised positions and refined using a riding model. One Ph group is disordered 
over 2 positions. 
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Table 2. Atomic coordinates [x 104
], equivalent isotropic displacement parameters [A2 x 

103
] and site occupancy factors. Ueq is defined as one third of the trace of the 

orthogonalized [jJ tensor. 

Atom x y Z Ueq s.oj 

CI 1192(4) 4104(5) 6234(3) 43(1) 1 
C2 814(4) 5008(6) 6718(4) 53(1) 1 
C3 1520(5) 5849(7) 7469(4) 63(2) 1 
C4 2573(5) 5817(7) 7699(4) 58(2) 1 
C5 2934(4) 4925(5) 7218(4) 47(1) 1 
C6 2261(4) 4058(5) 6489(3) 41(1) 1 
C7 5695(4) 3105(5) 8216(3) 42(1) 1 
C8 6727(4) 3831(6) 8514(4) 52(1) 1 
C9 7590(5) 2913(7) 8538(5) 66(2) 1 
CI0 7732(5) 1748(7) 9207(5) 72(2) 1 
C11 6693(5) 989(7) 8873(5) 68(2) 1 
C12 5831(4) 1904(5) 8874(4) 46(1) 1 
C13 4502(4) 449(5) 9038(4) 45(1) 1 
C14 3377(4) -74(5) 8457(3) 41(1) 1 
C15 3249(4) -941(5) 6901(4) 46(1) 1 
C16 3532(4) -385(5) 6094(4) 43(1) 1 
C17 2939(6) 620(7) 5461(5) 75(2) 1 
C18 3165(7) 1125(8) 4698(6) 95(3) 1 
C19 4014(8) 595(9) 4605(7) 106(3) 1 
C20 4585(5) -447(8) 5196(6) 75(2) 1 
C21 4328(4) -917(6) 5928(4) 57(2) 1 
C22 2676(4) 680(5) 8817(4) 38(1) 1 
C23 3101(4) 2865(5) 9572(4) 51(1) 1 
C24A 2405(7) 2783(12) 10139(8) 66(1) 0.50 
C25A 1352(8) 3175(11) 9674(6) 66(1) 0.50 
C26A 746(5) 3099(10) 10206(6) 66(1) 0.50 
C27A 1193(6) 2632(10) 11205(6) 66(1) 0.50 
C28A 2246(7) 2241(9) 11671(5) 66(1) 0.50 
C29A 2852(5) 2317(11) 11138(7) 66(1) 0.50 
C24B 2319(7) 2935(12) 9996(8) 66(1) 0.50 
C25B 1383(8) 3608(10) 9416(7) 66(1) 0.50 
C26B 581(6) 3628(9) 9723(6) 66(1) 0.50 
C27B 714(6) 2976(9) 10610(7) 66(1) 0.50 
C28B 1650(7) 2304(9) 11191(6) 66(1) 0.50 
C29B 2452(5) 2283(10) 10884(7) 66(1) 0.50 
C30 1549(4) 159(5) 8260(3) 44(1) 1 
C31 -246(4) 750(5) 6994(4) 40(1) 1 
C32 -953(4) 687(6) 7536(4) 47(1) 1 
C33 -2072(4) 389(6) 6805.(4) 54(2) 1 
C34 . -2522(4) 1365(6) 5940(4) 54(1) 1 
C35 -1816(4) 1487(6) 5398(4) 45(1) 1 
C36 -676(4) 1781(5) 6155(4) 41(1) 1 
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Nl 10(3) 1815(4) 5627(3) 40(1) 1 
N2 4884(3) 3959(4) 8266(3) 45(1) 1 
N3 4822(3) 1192(4) 8487(3) 45(1) 1 
N4 844(3) 1056(4) 7685(3) 41(1) 1 
01 -642(3) 3944(3) 4734(2) 43(1) 1 
02 837(2) 2751(3) 4627(2) 40(1) 1 
03 4292(3) 4577(5) 6478(3) 70(1) 1 
04 4619(3) 6334(4) 7726(4) 84(2) 1 
05 5035(3) 203(4) 9955(3) 58(1) 1 
06 2968(3) 114(4) 7400(2) 48(1) 1 
07 2727(3) 2059(3) 8651(2) 46(1) 1 
08 1355(3) -1020(4) 8328(3) 55(1) 1 
S1 295(1) 3148(1) 5201(1) 37(1) 1 
S2 4261(1) 5030(1) 7383(1) 55(1) 1 

Table 3. Bond lengths [A] and angles [0]. 

C1-C6 1.386(7) C23-07 1.456(6) 
C1-C2 1.395(7) C23-C24B 1.488(6) 
C1-S1 1.766(5) C23-C24A 1.542(6) 
C2-C3 1.396(8) C24A-C25A 1.3900 
C3-C4 1.371(8) C24A-C29A 1.3900 
C4-C5 1.372(8) C25A-C26A 1.3900 
C5-C6 1.380(7) C26A-C27A 1.3900 
C5-S2 1.783(6) C27A-C28A 1.3900 
C7-N2 1.459(7) C28A-C29A 1.3900 
C7-C12 1.504(7) C24B-C25B 1.3900 
C7-C8 1.512(8) C24B-C29B 1.3900 
C8-C9 1.518(8) C25B-C26B 1.3900 
C9-ClQ 1.483(9) C26B-C27B 1.3900 
ClQ-Cll 1.531(10) C27B-C28B 1.3900 
C11-C12 1.527(8) C28B-C29B 1.3900 
C12-N3 1.466(7) C30-08 1.233(6) 
C13-05 1.237(6) C30-N4 1.332(6) 
C13-N3 1.318(6) C31-N4 1.452(6) 
C13-C14 1.525(7) C31-C36 1.514(7) 
C14-06 1.402(5) C31-C32 1.524(7) 
C14-C22 1.514(7) C32-C33 1.494(7) 
C15-06 1.440(6) C33-C34 1.503(8) 
C15-C16 1.510(7) C34-C35 1.529(7) 
C16-C21 1.360(7) C35-C36 1.524(7) 
C16-C17 1.377(8) C36-Nl 1.480(6) 
C17-C18 1.384(9) N1-S1 1.605(4) 
C18-C19 1.373(11) N2-S2 1.612(4) 
C19-C20 1.372(11) 01-S1 1.435(3) 
C20-C21 1.358(9) 02-S1 1.420(3) 
C22-07 1.418(6) 03-S2 1.417(4) 
C22-C30 1.524(7) 04-S2 1.418(4) 
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C27 A-C26A-C25A 120.0 
C6-C1-C2 120.0(5) C26A-C27 A-C28A 120.0 
C6-Cl-S1 119.7(4) C27 A-C28A-C29A 120.0 
C2-C1-S1 119.9(4) C28A-C29A-C24A 120.0 
CI-C2-C3 119.6(5) C25B-C24B-C29B 120.0 
C4-C3-C2 119.9(6) C25B-C24B-C23 116.7(7) 
C3-C4-C5 119.9(6) C29B-C24B-C23 123.1(7) 
C4-C5-C6 121.7(5) C26B-C25B-C24B 120.0 
C4-C5-S2 119.9(4) C27B-C26B-C25B 120.0 
C6-C5-S2 117.8(4) C26B-C27B-C28B 120.0 
C5-C6-Cl 118.8(5) C29B-C28B-C27B 120.0 
N2-C7-C12 109.0(4) C28B-C29B-C24B 120.0 
N2-C7-C8 112.1(4) 08-C30-N4 125.0(5) 
CI2-C7-C8 111.8( 4) 08-C30-C22 120.4(4) 
C7-C8-C9 111.9(5) N4-C30-C22 114.5(5) 
CI0-C9-C8 111.8(5) N4-C31-C36 109.8(4) 
C9-CI0-C11 110.8(5) N4-C31-C32 112.6(4) 
C12-CII-C1O 110.5(6) C36-C31-C32 109.2(4) 
N3-C12-C7 108.7(4) C33-C32-C31 111.4(4) 
N3-CI2-C11 110.0(5) C32-C33-C34 112.9(4) 
C7-CI2-Cll 111.3(4) C33-C34-C35 111.0(4) 
05-C13-N3 124.5(5) C36-C35-C34 111.1(4) 
05-C13-CI4 121.2(4) N1-C36-C31 108.5( 4) 
N3-C13-CI4 114.2(4) NI-C36-C35 110.5(4) 
06-CI4-C22 107.4(4) C31-C36-C35 111.7(4) 
06-CI4-CI3 112.8(4) C36-Nl-Sl 123.7(3) 
C22-C14-C 13 108.2(4) C7-N2-S2 121.2(3) 
06-CI5-CI6 110.4(4) C13-N3-CI2 125.4(4) 
C21-CI6-CI7 118.3(5) C30-N4-C31 124.1(4) 
C21-CI6-C15 121.1(5) C14-06-CI5 112.7(4) 
CI7-CI6-CI5 120.4(5) C22-07-C23 114.5(4) 
CI6-CI7-CI8 121.6(6) 02-S1-01 120.06(19) 
CI9-C18-CI7 117.3(7) 02-S1-N1 106.6(2) 
C20-C 19-C 18 122.1(7) 01-SI-Nl 108.4(2) 
C21-C20-CI9 118.4(6) 02-S1-Cl 106.8(2) 
C20-C21-C 16 122.1(6) 01-SI-Cl 105.2(2) 
07-C22-CI4 110.1(4) Nl-S1-Cl 109.5(2) 
07-C22-C30 111.5(4) 03-S2-04 118.4(3) 
CI4-C22-C30 109.2(4) 03-S2-N2 107.5(2) 
07-C23-C24B 112.2(6) 04-S2-N2 110.8(3) 
07-C23-C24A 114.2(6) 03-S2-C5 108.6(2) 
C25A-C24A-C29A 120.0 04-S2-C5 106.9(3) 
C25A-C24A-C23 121.3(7) N2-S2-C5 103.7(2) 
C29A-C24A-C23 118.7(7) 
C26A-C25A-C24A 120.0 
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Table 4. Anisotropic displacement parameters [A2x 103
]. The anisotropic displacement 

factor exponent takes the form: -2n2[h2a*2U" + ... + 2 h k a* b* U12 ]. 

Atom U" U22 U33 U23 U13 U12 

C1 66(3) 29(3) 36(3) 2(2) 24(2) -5(2) 
C2 70(3) 47(3) 52(3) -9(3) 36(3) -8(3) 
C3 88(5) 55(4) 60(4) -19(3) 44(3) -10(3) 
C4 70(4) 53(4) 44(3) 1(3) 18(3) -11(3) 
C5 57(3) 37(3) 36(3) 10(2) 11(2) -4(3) 
C6 52(3) 30(3) 38(3) 12(2) 18(2) 2(2) 
C7 66(3) 32(3) 31(2) 0(2) 26(2) 3(3) 
C8 73(3) 41(3) 46(3) -5(2) 30(3) 3(3) 
C9 86(4) 65(4) 64(4) -1(3) 50(3) 7(3) 
ClO 72(4) 86(5) 69(4) 11(4) 39(3) 17(4) 
Cll 91(5) 55(4) 78(4) 25(3) 55(4) 24(4) 
C12 69(3) 43(3) 32(3) 1(2) 29(2) 13(3) 
C13 60(3) 41(3) 36(3) 4(2) 24(3) 8(2) 
C14 65(3) 29(3) 31(2) 15(2) 22(2) 11(2) 
C15 66(3) 30(3) 42(3) -4(2) 24(2) 4(3) 
C16 56(3) 34(3) 41(3) -2(2) 24(2) -3(2) 
C17 94(5) 67(4) 92(5) 20(4) 67(4) 30(4) 
C18 153(7) 86(6) 82(5) 36(4) 84(5) 34(5) 
C19 161(8) 80(6) 141(7) 27(5) 126(7) 13(6) 
C20 78(4) 77(5) 90(5) -1(4) 57(4) 8(4) 
C21 65(3) 54(4) 63(4) 1(3) 38(3) 11(3) 
C22 54(3) 29(3) 29(2) 4(2) 16(2) 2(2) 
C23 57(3) 38(3) 52(3) -8(2) 20(3) -4(3) 
C24A 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C25A 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C26A 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C27A 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C28A 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C29A 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C24B 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C25B 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C26B 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C27B 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C28B 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C29B 80(2) 57(2) 70(3) -23(2) 43(2) -9(2) 
C30 69(3) 38(3) 30(2) 2(2) 26(2) 2(3) 
C31 52(3) 30(3) 38(3) -2(2) 20(2) -2(2) 
C32 61(3) 46(3) 43(3) 1(2) 32(3) -1(3) 
C33 71(4) 48(4) 60(3) -7(3) 45(3) -12(3) 
C34 57(3) 59(4) 54(3) -10(3) 32(3) -8(3) 
C35 55(3) 47(3) 36(3) 0(2) 22(2) 3(3) 
C36 52(3) 35(3) 40(3) -4(2) 25(2) -1(2) 
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Nl 64(3) 29(2) 36(2) 4(2) 29(2) 3(2) 
N2 63(3) 40(2) 33(2) 5(2) 22(2) 8(2) 
N3 64(3) 40(3) 29(2) 8(2) 19(2) 3(2) 
N4 63(3) 27(2) 37(2) 0(2) 25(2) 4(2) 
01 51(2) 32(2) 43(2) 10(2) 19(2) 5(2) 
02 56(2) 37(2) 36(2) 6(1) 27(2) 6(2) 
03 61(2) 109(4) 42(2) 32(2) 24(2) 5(2) 
04 61(2) 29(2) 137(4) 20(3) 22(3) 1(2) 
05 55(2) 78(3) 36(2) 26(2) 16(2) 9(2) 
06 75(2) 37(2) 34(2) 0(2) 25(2) 11(2) 
07 70(2) 32(2) 35(2) 0(2) 23(2) 4(2) 
08 84(3) 29(2) 47(2) 7(2) 24(2) -3(2) 
SI 48(1) 32(1) 33(1) 4(1) 19(1) 2(1) 
S2 55(1) 45(1) 51(1 ) 21(1) 12(1) -2(1) 

Table 5. Hydrogen coordinates [x 104
] and isotropic displacement parameters [A 2 x 103

]. 

Atom x y Z Ueq S.of 

H2 80 5051 6537 63 1 
H3 1272 6442 7820 76 1 
H4 3051 6413 8191 70 1 
H6 2526 3442 6167 50 1 
H7 5437 2797 7495 50 1 
H8A 6953 4235 9196 62 1 
H8B 6619 4555 8020 62 1 
H9A 7408 2603 7836 79 1 
H9B 8263 3410 8787 79 1 
HlOA 7983 2049 9921 87 1 
HI0B 8275 1152 9177 87 1 
HIlA 6472 624 8180 82 1 
H11B 6797 238 9345 82 1 
H12 6030 2200 9589 55 1 
H14 3362 -1040 8606 49 1 
H15A 2649 -1563 6583 55 1 
H15B 3859 -1438 7412 55 1 
H17 2362 975 5549 90 1 
H18 2750 1811 4258 114 1 
H19 4212 961 4116 127 1 
H2O 5147 -830 5095 89 1 
H21 4718 -1641 6339 69 1 
H22 2936 523 9565 46 1 
H23A 3138 3802 9386 61 1 
H23B 3827 2581 10042 61 1 
H25A 1047 3494 8991 79 0.50 
H26A 27 3366 9888 79 0.50 
H27A 778 2581 11569 79 0.50 
H28A 2551 1922 12353 79 0.50 
H29A 3571 2049 11456 79 0.50 
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H25B 1292 4054 8809 79 0.50 
H26B -58 4088 9326 79 0.50 
H27B 166 2991 10820 79 0.50 
H28B 1741 1858 11797 79 0.50 
H29B 3092 1823 11281 79 0.50 
H31 -266 -134 6675 48 1 
H32A -688 -9 8069 56 1 
H32B -924 1547 7875 56 1 
H33A -2510 394 7179 64 1 
H33B -2108 -512 6522 64 1 
H34A -2591 2244 6208 65 1 
H34B -3236 1072 5446 65 1 
H35A -1842 650 5033 54 1 
H35B -2083 2209 4886 54 1 
H36 -650 2668 6471 49 1 
HI 276 1062 5543 48 1 
H2A 4732 3888 8787 54 1 
H3A 4396 1265 7831 54 1 
H4A 1052 1886 7727 50 1 

Table 6. Hydrogen bonds [A and 0]. 

D-H .. -A d(D-H) d(H .. -A) d(D .. ·A) L(DHA) 

NI-Hl ... 0l i 0.88 2.28 3.142(5) 168.4 
N2-H2A ... 05 ii 0.88 2.17 2.842(5) 132.8 

Symmetry transfonnations used to generate equivalent atoms: 
(i) -x,y-1/2,-z+ 1 (ii) -x+ 1,y+112,-z+2 
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Thermal ellipsoids drawn at the 30% probability level, non acidic hydrogens omitted for 
clarity. 
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Part of one of the hydrogen bonded sheets that fonn in the 1 0 -1 plane. 
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Macrocycle 87 

Table 1. Crystal data and structure refmement details. 

Identification code 
Empirical formula 

Formula weight 
Temperature' 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal 
Crystal size 
Brange for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to B= 27.480 

Absorption correction 
Max. and min. transmission 
Refmement method 
Data / restraints / parameters 
Goodness-of-fit on F-
Final R indices [F- > 2a(F-)] 
R indices (all data) 
Absolute structure parameter 
Largest diff. peak and hole 

2006S0T0579 (4586-73) 
C24H 34.50N 407.25 S 2 

C24H32N406S2 . 1.25H20 
559.18 
120(2) K 
0.71069 A 
Orthorhombic 
P212121 

a = 8.5240(3) A 
b = 16.7120(6) A 
c = 19.5240\10) A 
2781.3(2) A 
4 
1.335 Mg / m3 

0.241 mm-I 

1186 
Block; Colourless 
0.1 x 0.1 x 0.06 mm3 

3.21 - 27.48 0 

-8 ~ h ~ 10, -16 ~ k~ 21, -24 ~ I ~ 9 
6266 
4414 [R int = 0.0347] 
83.2 % (Filament went!) 
Semi-empirical from equivalents 
0.9810 and 0.9763 
Full-matrix least-squares on F-
4414/18 / 359 
1.075 
RI = 0.0492, wR2 = 0.1106 
RI = 0.0612, wR2 = 0.1192 
-0.11(9) 
0.328 and -0.386 e A-3 

Diffractometer: Nonius KappaCCD area detector (¢ scans and aJ scans to fill asymmetric unii ). Cell determination : DirAx 
(Ouisenberg, AJ.M.(1992). J. AppL Cryst: 25, 92-96.) Data collection: Collect (Collect: Data co llection software, R. Hooft, Nonius 
B.V., 1998). Data reduction and cell refinement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology (1997) Vol. 276: 
Macromolecular Crystallography, part A, pp. 307-326; C. W. Carter, Jr. & R. M. Sweet, Eds ., Academic Press). Absorptio n 
correction: She1drick, G. M. SADABS - Bruker Nonius area detector scaling and absorption correction - V2.1 0 Structure solution: 
SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990) A46 467-473). Structure refinement: SHELXL97 (G. M. Sheldrick (1997), 
University of Gottingen, Germany). Graphics: Cameron - A Molecular Graphics Package. (0. M. Watkin, L. Pearce and C. K. Prout, 
Chemical Crystallography Laboratory, University of Oxford, 1993). 

Special details: All hydrogen atoms were placed in idealised positions and refined using a riding model. 
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Table 2. Atomic coordinates [x 104
], equivalent isotropic displacement parameters [A2 x 

103
] and site occupancy factors. Ueq is defined as one third of the trace of the 

orthogonalized UJ tensor. 

Atom x y Z Ueq S.of 

Cl 9636(4) 7497(2) 9323(2) 22(1) 1 
C2 11008(4) 7435(2) 8950(2) 23(1) 1 
C3 11493(4) 6685(2) 8720(2) 25(1) 1 
C4 10631(4) 6009(2) 8875(2) 23(1) 1 
C5 9249(4) 6090(2) 9251(2) 21(1) 1 
C6 8730(4) 6831(2) 9481(2) 23(1) 1 
C7 6492(4) 4932(2) 8342(2) 24(1) 1 
C8 6094(4) 5616(2) 7844(2) 23(1) 1 
C9 5921(5) 5986(2) 6637(3) 28(1) 1 
CI0 7082(4) 6612(2) 6390(2) 25(1) 1 
C11 7132(5) 6794(2) 5703(3) 29(1) 1 
C12 8117(5) 7399(2) 5463(3) 36(1) 1 
C13 9038(5) 7818(2) 5926(3) 32(1) 1 
C14 9014(5) 7636(2) 6619(2) 26(1) 1 
C15 8036(4) 7024(2) 6851(2) 24(1) 1 
N4 9209(4) 8503(2) 7645(2) 25(1) 1 
C17 9970(4) 9035(2) 8036(2) 24(1) 1 
C18 9064(4) 9422(2) 8621(2) 23(1) 1 
C19 5264(5) 4250(2) 8278(3) 30(1) 1 
C20 3652(4) 4540(2) 8496(3) 33(1) 1 
C21 5737(5) 3527(2) 8704(3) 40(1) 1 
C22 9197(4) 10345(2) 8606(2) 26(1) 1 
C23 8573(6) 10661(2) 7932(3) 39(1) 1 
C24 8361(6) 10719(2) 9222(3) 39(1) 1 
N1 9721(4) 9133(2) 9266(2) 24(1) 1 
N2 6556(3) 5227(2) 9045(2) 24(1) 1 
N3 6466(4) 5483(2) 7198(2) 25(1) 1 
C16 10070(5) 8083(2) 7112(3) 32(1) 1 
01 9738(3) 8448(1) 10357(2) 26(1) 1 
02 7331(3) 8430(1) 9644(2) 26(1) 1 
03 7692(3) 5349(1) 10187(2) 25(1) 1 
04 9052(3) 4546(1) 9303(2) 29(1) 1 
05 5400(3) 6222(1) 8060(2) 32(1) 1 
06 11367(3) 9195(1) 7943(2) 31(1) 1 
SI 9013(1) 8410(1) 9698(1) 22(1) 1 
S2 8146(1) 5234(1) 9485(1 ) 23(1) 1 
07 6193(4) 7906(2) 8203(3) 55(1) 1 
08 4816(15) 8984(7) 8895(9) 45(3) 0.25 
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Table 3. Bond lengths [A] and angles [oJ, 

C1-C2 1.381(5) C6-C5-C4 121.7(3) 
C1-C6 1.389(4) C6-C5-S2 117.9(3) 
C1-S1 1.774(4) C4-C5-S2 120.4(3) 
C2-C3 1.394(5) C1-C6-C5 117.8(3) 
C3-C4 1.382(5) N2-C7-C8 110.6(3) 
C4-C5 1.395(5) N2-C7-C19 110.5(3) 
C5-C6 1.390(5) C8-C7-C19 110.2(3) 
C5-S2 1.771(3) 05-C8-N3 125.0(4) 
C7-N2 1.458(6) 05-C8-C7 119.7(4) 
C7-C8 1.538(5) N3-C8-C7 115.2(3) 
C7-C19 1.553(5) N3-C9-C10 115.4(3) 
C8-05 1.247(4) Cll-C10-C15 120.1(4) 
C8-N3 1.319(6) Cll-C10-C9 118.8(4) 
C9-N3 1.457(5) C15-C10-C9 121.0(4) 
C9-CIO 1.519(5) C10-C11-C12 120.4(4) 
C10-Cll 1.375(6) C13-C12-C11 119.1(5) 
CIO-C15 1.395(6) C14-C13-C12 121.2(4) 
C11-C12 1.395(6) C 13-C 14-C 15 119.1(4) 
C12-C13 1.388(7) C13-C14-C16 120.2(4) 
C13-C14 1.387(7) C15-C14-C16 120.7(4) 
C14-C15 1.394(5) C14-C15-C10 120.1(4) 
Cl4-C16 1.514(6) C17-N4-C16 118.9(3) 
N4-C17 1.339(5) 06-C17-N4 121.8(4) 
N4-C16 1.455(5) 06-C17-C18 120.5(4) 
C17-06 1.234(4) N4-C17-C18 117.6(3) 
C17-C18 1.523(6) N1-C18-C17 108.1(3) 
CI8-Nl 1.461(5) NI-C18-C22 108.6(3) 
CI8-C22 1.547(4) C17-C18-C22 111.8(3) 
C19-C20 1.518(5) C20-C 19-C21 109.9(4) 
C19-C21 1.522(6) C20-C19-C7 110.6(3) 
C22-C23 1.514(6) C21-C19-C7 111.1(4) 
C22-C24 1.532(7) C23-C22-C24 112.1(3) 
Nl-Sl 1.591(3) C23-C22-C 18 109.9(3) 
N2-S2 1.605(3) C24-C22-C 18 110.9(3) 
01-S1 1.429(3) C18-N1-S1 124.2(2) 
02-S1 1.438(2) C7-N2-S2 122.6(2) 
03-S2 1.436(3) C8-N3-C9 123.0(3) 
04-S2 1.431(2) N4-C16-C14 113.1(3) 

01-Sl-02 119.73(19) 
C2-CI-C6 121.8(3) 01-Sl-N1 106.17(17) 
C2-C1-S1 122.4(2) 02-S1-N1 108.79(17) 
C6-Cl-S1 115.5(3) 01-Sl-C1 106.29(17) 
C1-C2-C3 119.2(3) 02-S1-C1 106.77(16) 
C4-C3-C2 120.5(4) N1-S1-C1 108.72(18) 
C3-C4-C5 119.0(3) 04-S2-03 119.40(17) 
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04-S2-N2 108.41(17) 03-S2-C5 106.31(18) 
03-S2-N2 106.55(17) N2-S2-C5 108.43(17) 
04-S2-C5 107.33(16) 

Table 4. Anisotropic displacement parameters [A2x 103
]. The anisotropic displacement 

factor exponent takes the form: -2n2[h2a*2UII + ... + 2 h k a* b* Ul2
]. 

Atom Ull U22 U33 U23 U\3 UI2 

C1 22(2) 22(2) 21(3) 2(1) 0(2) 0(1) 
C2 20(2) 28(2) 21(3) 2(2) -1(2) -1(1) 
C3 24(2) 34(2) 18(3) 2(2) 3(2) 2(2) 
C4 28(2) 23(2) 18(3) -3(1) 0(2) 3(1) 
C5 21(2) 24(2) 19(3) 0(1) -3(2) -2(1) 
C6 22(2) 23(2) 23(3) 4(2) 1(2) 0(1) 
C7 27(2) 20(2) 27(3) -4(1) 7(2) 0(1) 
C8 23(2) 23(2) 24(3) 2(2) 3(2) -3(1) 
C9 29(2) 29(2) 25(3) 1(2) -3(2) 1(2) 
C10 26(2) 18(2) 30(3) -3(2) -4(2) 4(1) 
C11 43(2) 19(2) 26(3) -5(1) -9(2) 5(2) 
C12 63(3) 28(2) 17(3) 2(2) 3(2) 0(2) 
C13 52(2) 21(2) 25(3) -1(2) 12(2) -1(2) 
C14 32(2) 22(2) 25(3) -4(2) 6(2) 3(2) 
C15 29(2) 25(2) 19(3) -2(1) 3(2) 2(2) 
N4 29(2) 22(1) 25(2) -6(1) 5(2) -6(1) 
C17 27(2) 18(2) 27(3) 2(2) -2(2) -3(1) 
C18 24(2) 21(2) 23(3) 1(1) -3(2) -7(1) 
C19 38(2) 26(2) 25(3) -1(2) 6(2) -14(2) 
C20 29(2) 35(2) 36(3) 7(2) -4(2) -10(2) 
C21 40(2) 26(2) 53(4) 7(2) 14(2) -6(2) 
C22 33(2) 23(2) 23(3) 2(2) -3(2) 0(2) 
C23 58(3) 34(2) 24(3) 5(2) -9(2) 6(2) 
C24 57(3) 29(2) 31(3) -6(2) 4(2) 8(2) 
N1 29(2) 20(1) 24(2) 0(1) -5(2) -10(1) 
N2 22(1) 25(1) 27(2) -1(1) 6(1) 3(1) 
N3 28(2) 19(1) 30(3) -1(1) 4(2) -1(1) 
C16 32(2) 31(2) 33(3) -7(2) 3(2) -5(2) 
01 37(1) 26(1) 16(2) 2(1) -6(1) -6(1) 
02 26(1) 23(1) 28(2) -2(1) 5(1) 0(1) 
03 30(1) 24(1) 19(2) 3(1) 2(1) 1(1) 
04 30(1) 20(1) 37(2) 0(1) 5(1) 4(1) 
05 38(1) 21(1) 36(2) -1(1) 7(1) 6(1) 
06 27(1) 32(1) 35(2) -4(1) 9(1) -8(1) 
Sl 27(1) 19(1 ) 19(1 ) -1(1) 2(1) -5(1) 
S2 24(1) 18(1 ) 28(1) 1(1) 2(1) 1(1) 
07 45(2) 40(2) 80(3) -5(2) 7(2) -10(1) 
08 46(5) 44(4) 44(6) -2(4) 11(4) 9(4) 
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Table 5. Hydrogen coordinates [x 104
] and isotropic displacement parameters [A2 x 103

]. 

Atom x y Z Ueq s.oj 

H2 11613 7898 8851 27 1 
H3 12424 6639 8456 30 1 
H4 10973 5496 8726 28 1 
H6 7788 6881 9737 27 1 
H7 7546 4713 8218 29 1 
H9A 4951 6263 6786 33 1 
H9B 5642 5637 6246 33 1 
H11 6491 6506 5390 35 1 
H12 8157 7522 4988 44 1 
H13 9697 8236 5766 39 1 
H15 8019 6888 7323 29 1 
H4A 8204 8410 7710 31 1 
H18 7934 9264 8591 27 1 
H19 5208 4083 7786 36 1 
H20A 2880 4115 8419 50 1 
H20B 3364 5013 8226 50 1 
H20C 3672 4680 8983 50 1 
H21A 5812 3682 9187 59 1 
H21B 6756 3327 8547 59 1 
H21C 4946 3105 8653 59 1 
H22 10334 10488 8635 32 1 
H23A 7467 10512 7883 58 1 
H23B 9178 10431 7553 58 1 
H23C 8670 11246 7923 58 1 
H24A 8512 11300 9216 59 1 
H24B 8798 10498 9646 59 1 
H24C 7237 10597 9199 59 1 
HI 10562 9373 9427 29 1 
H2A 5689 5408 9234 29 1 
H3A 7070 5071 7102 30 1 
H16A 10800 7698 7329 38 1 
H16B 10706 8474 6852 38 1 
H99 5880(50) 7398(11) 8240(20) 50 1 
H98 6120(60) 7990(30) 7754(7) 50 1 
H97 4460(190) 8950(100) 8470(30) 50 0.25 
H96 3990(120) 9170(100) 9130(70) 50 0.25 

Table 6. Hydrogen bonds [A and 0]. 

D-H"A d(D-H) d(H .. A) d(D .. ·A) L(DHA) 

N4-H4A .. ·07 0.88 2.14 2.965(5) 156.1 
NI-Hl ... 03 i 0.88 2.02 2.881(4) 166.0 
N2-H2A .. Ol ii 0.88 2.22 2.945(4) 138.8 
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08-H96 ... 03 ii 

N3-H3A···06 iii 

07- H99·· ·05 

0.891(11) 

0.88 
0.894(10) 

1.92(4) 
1.98 

2.039(19) 

2.781(15) 
2.849(4) 

2.908(4) 

Symmetry transformations used to generate equivalent atoms: 

Appendix C 

163(15) 

168.7 
164(4) 

(i) x+ 1I2,-y+3/2,- z+2 (ii) x-1I2 ,- y+3/2,- z+2 (iii) -x+2,y- 1I2,-z+3/2 

0 1 

C12 

Thermal ellipsoids drawn at the 35% probability level, non-acidic hydrogens omitted for 
clarity 
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Part of the 3D hydrogen bonded network viewed down the a axis 
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Macrocycle 88 

Table 1. Crystal data and structure refmement details. 

Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal 
Crystal size 
(hange for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to ()= 27.48° 
Absorption correction 
Max. and min. transmission 
Refmement method 
Data / restraints / parameters 
Goodness-of-fit on F 
Final R indices [F > 20(F)] 
R indices (all data) 
Absolute structure parameter 

. Extinction coefficient 
Largest diff. peak and hole 

2006sot0477 (4586-43) 
C22H38N407S2 

534.68 
120(2) K 
0.71073 A 
Orthorhombic 
P212121 
a = 12.6629(2) A 
b = 13.0710(3) A 
c = 16.6226(3) A 
2751.32(9) A3 

4 
1.291 Mg / m3 

0.239 mm- I 

1144 
Block; Colourless 
0.2 x 0.15 x 0.1 mm3 

3.22 - 27.48° 
-16 s h s 15, -13 s ks 16, -21 sIs 21 
33432 
6288 [Rill t = 0.0581] 
99.7 % 
Semi-empirical from equivalents 
0.9765 and 0.9437 
Full-matrix least-squares on F 
6288 / 0/323 
1.035 
RI = 0.0402, wR2 = 0.0835 
RI = 0.0630, wR2 = 0.0905 
-0.01(6) 
0.0055(7) 
0.339 and -0.329 e A-3 

Diffractometer: NOllius KappaCCD area ' detector (¢ scans and Q) scans to fill asymmetric Ullit ). Cell determination: DirAx 
(Duisenberg, AJ.M.(1992). 1. Appl. Cryst. 25, 92-96.) Data collection: Collect (Collect: Data collection software, R. Hooft, Nonius 
B.V., 1998). Data reduction and cell refinement: Dellzo (Z. Otwinowski & W. Minor, Methods ill Ellzymology (1997) Vol. 276: 
Macromolecular Crystallography, part A, pp. 307- 326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academic Press). Absorption 
correction: Sheldrick, G. M. SADABS - Bruker Nonius area detector scaling and absorption correction - V2. 10 Structure solution: 
SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990) A46 467-473). Structure refinement: SHELXL97 (G. M. Sheldrick (1997), 
University of Gottingen, Germany). Graphics: Cameron - A Molecular Graphics Package. (D. M. Watkin, L. Pearce and C. K. Prout, 
Chemical Crystallography Laboratory, University of Oxford, 1993). 

Special details: All hydrogen atoms were placed in idealised positions and refined using a riding model. 
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Table 2. Atomic coordinates [x 104
], equivalent isotropic displacement parameters [A2 x 

103
] and site occupancy factors. Ueq is defined as one third of the trace of the 

orthogonalized Vi tensor. 

Atom x y Z Ueq S.of 

Cl 5950(2) 3384(2) 8863(1) 17(1) 1 
C2 5817(2) 2760(2) 9532(1) 18(1) 1 
C3 6674(2) 2580(2) 10028(1) 20(1) 1 
C4 7651(2) 3017(2) 9873(1) 23(1) 1 
C5 7773(2) 3648(2) 9209(1) 25(1) 1 
C6 6925(2) 3832(2) 8699(1) 23(1) 1 
C7 6277(2) 3300(2) 11898(1) 22(1) 1 
C8 5060(2) 2285(2) 12803(2) 40(1) 1 
C9 5833(2) 3180(2) 12749(1) 28(1) 1 
ClO 5331(2) 4177(2) 13038(2) 41(1) 1 
Cll 7057(2) 4191(2) 11865(1) 22(1) 1 
C12 7458(2) 5928(2) 11391(1) 27(1) 1 
C13 8071(2) 6058(2) 10609(1) 29(1) 1 
C14 7405(2) 6254(2) 9855(1) 30(1) 1 
C15 6739(2) 7207(2) 9913(2) 31(1) 1 
C16 6333(2) 7603(2) 9095(1) 27(1) 1 
C17 5031(2) 6289(2) 8711(1) 21(1) 1 
C18 4691(2) 5581(2) 8035(1) 19(1) 1 
C19 2791(2) 6219(2) 7888(2) 40(1) 1 
C20 3860(2) 6086(2) 7480(1) 26(1) 1 
C21 3764(2) 5489(2) 6699(2) 38(1) 1 
Nl 6848(1) 2370(1) 11652(1) 20(1) 1 
N2 6804(1) 4999(2) 11417(1) 24(1) 1 
N3 5921(1) 6797(1) 8569(1) 21(1) 1 
N4 4298(1) 4604(1) 8360(1) 20(1) 1 
01 4138(1) 2747(1) 8385(1 ) 21(1) 1 
02 5329(1) 3592(1) 7398(1) 22(1) 1 
03 5418(1) 1495(1) 10900(1) 27(1) 1 
04 7282(1) 934(1) 10778(1) 26(1) 1 
05 7877(1) 4136(1) 12268(1) 28(1) 1 
06 4504(1) 6382(1) 9333(1 ) 28(1) 1 
SI 4879(1) 3544(1) 8186(1) 18(1) 1 
S2 6519(1) 1739(1) 10858(1) 21(1) 1 
07 4835(1) 5031(2) 10558(1) 45(1) 1 
C22 3818(2) 4855(3) 10887(2) 52(1) 1 

Table 3. Bond lengths [A] and angles [0]. 

CI-C2 1.388(3) C3-C4 1.387(3) 
CI-C6 1.395(3) C3-S2 1.776(2) 
Cl-Sl 1.774(2) C4-C5 1.387(3) 
C2-C3 1.383(3) C5-C6 1.390(3) 
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C7-Nl 1.472(3) NI-C7-C9 110.59(18) 
C7-Cll 1.528(3) CII-C7-C9 110.43(18) 
C7-C9 1.531(3) C8-C9-CI0 111.62(19) 
C8-C9 1.527(3) C8-C9-C7 111.7(2) 
C9-CI0 1.528(3) CI0-C9-C7 110.9(2) 
C11-05 1.237(3) 05-CII-N2 123.4(2) 
Cll-N2 1.332(3) 05-CII-C7 118.6(2) 
C12-N2 1.471(3) N2-CII-C7 117.91(19) 
C12-Cl3 1.522(3) N2-CI2-Cl3 113.9(2) 
Cl3-CI4 1.533(3) CI2-C13-CI4 115.89(19) 
C14-C15 1.507(3) CI5-CI4-Cl3 113.2(2) 
C15-C16 1.543(3) CI4-CI5-CI6 114.0(2) 
C16-N3 1.466(3) N3-CI6-CI5 113.83(19) 
C17-06 1.237(3) 06-CI7-N3 123.8(2) 
C17-N3 1.329(3) 06-CI7-CI8 121.80(19) 
C17-C18 1.518(3) N3-CI7-CI8 114.37(18) 
C18-N4 1.474(3) N4-CI8-CI7 110.56(17) 
C18-C20 1.546(3) N4-CI8-C20 111.04(17) 
C19-C20 1.524(3) CI7-CI8-C20 112.00(17) 
C20-C21 1.519(4) C21-C20-C 19 111.5(2) 
Nl-S2 1.6114(19) C21-C20-C 18 110.18(19) 
N4-S1 1.5946(18) C 19-C20-C 18 112.86(19) 
01-SI 1.4411(15) C7-Nl-S2 121.53(14) 
02-S1 1.4294(15) CII-N2-CI2 122.40(18) 
03-S2 1.4319(15) CI7-N3-CI6 123.66(19) 
04-S2 1.4341(16) CI8-N4-S1 122.04(14) 
07-C22 1.418(3) 02-S1-01 120.05(9) 

02-S1-N4 108.15(9) 
C2-CI-C6 120.72(19) 01-SI-N4 106.60(9) 
C2-Cl-Sl 119.01(15) 02-S1-Cl 106.40(9) 
C6-Cl-Sl 120.17(16) 01-SI-Cl 105.52(9) 
C3-C2-Cl 118.8(2) N4-S1-Cl 109.89(10) 
C2-C3-C4 121.3(2) 03-S2-04 119.78(10) 
C2-C3-S2 118.85(17) 03-S2-Nl 109.04(10) 
C4-C3-S2 119.81(17) 04-S2-Nl 106.16(9) 
C5-C4-C3 119.5(2) 03-S2-C3 106.42(10) 
C4-C5-C6 120.2(2) 04-S2-C3 107.86(10) 
C5-C6-Cl 119.4(2) Nl-S2-C3 106.97(10) 
NI-C7-Cll 107.55(16) 

Table 4. Anisotropic displacement parameters [A2x 103
]. The anisotropic displacement 

factor exponent takes the form: _2JZ"2[h2a*2UII + ... + 2 h k a* b* U12
]. 

Atom Ull U22 U33 U23 U13 U l2 

Cl 13(1) 19(1) 18(1) -2(1) -2(1) 2(1) 
C2 14(1) 19(1) 23(1) 0(1) -1(1) 0(1) 
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C3 22(1) 19(1) 20(1) 1(1) -1(1) 0(1) 
C4 15(1) 33(1) 23(1) 2(1) -4(1) 1(1) 
C5 15(1) 32(1) 29(1) 3(1) 0(1) -5(1) 
C6 21(1) 26(1) 21(1) 4(1) 1(1) -2(1) 
C7 .17(1) 25(1) 23(1) 0(1) -1(1) 0(1) 
C8 33(1) 49(2) 38(2) 5(1) 14(1) -7(1) 
C9 22(1) 39(2) 24(1) 2(1) 4(1) 0(1) 
C10 33(1) 51(2) 37(2) -9(1) 11(1) 2(1) 
Cll 19(1) 25(1) 21(1) -4(1) 2(1) 2(1) 
C12 29(1) 26(1) 27(1) 3(1) -6(1) -4(1) 
C13 26(1) 29(1) 33(1) 5(1) -5(1) -3(1) 
C14 31(1) 31(1) 27(1) 1(1) 0(1) 0(1) 
C15 35(1) 30(1) 28(1) -7(1) -8(1) -2(1) 
C16 31(1) 21(1) 28(1) -2(1) -6(1) -4(1) 
C17 22(1) 19(1) 23(1) 4(1) -3(1) 4(1) 
C18 15(1) 16(1) 24(1) 4(1) -1(1) -2(1) 
C19 28(1) 38(2) 54(2) 2(1) -10(1) 12(1) 
C20 28(1) 17(1) 32(1) 7(1) -10(1) -2(1) 
C21 40(2) 41(2) . 34(2) 5(1) -13(1) -1(1) 
N1 19(1) 23(1) 18(1) 2(1) -5(1) 3(1) 
N2 21(1) 26(1) 26(1) 3(1) -6(1) -4(1) 
N3 24(1) 23(1) 18(1) -1(1) 0(1) -4(1) 
N4 15(1) 18(1) 27(1) 3(1) 3(1) 1(1) 
01 17(1) 19(1) 27(1) 3(1) -3(1) -4(1) 
02 22(1) 23(1) 19(1 ) -1(1) 0(1) -2(1) 
03 21(1) 32(1) 28(1) 7(1) -5(1) -9(1) 
04 28(1) 22(1) 29(1) 0(1) -6(1) 5(1) 
05 21(1) 29(1) 34(1) -1(1) -8(1) 0(1) 
06 27(1) 33(1) 25(1) -1(1) 6(1) 1(1) 
Sl 15(1) 18(1) 20(1) 0(1) -2(1) 1(1) 
S2 20(1) 21(1) 22(1) 3(1) -4(1) -1(1) 
07 22(1) 73(1) 38(1) 21(1) -2(1) -3(1) 
C22 28(1) 85(2) 43(2) 15(2) -1(1) -15(2) 

Table 5. Hydrogen coordinates [x 104
] and isotropic displacement parameters [A2 x 103

]. 

Atom x y Z Ueq S.of 

H2 5150 2463 9647 22 1 
H4 8232 2885 10220 28 1 
H5 8438 3956 9103 30 1 
H6 7010 4260 8241 27 1 
H7 5685 3431 11513 26 1 
H8A 4822 2208 13361 60 1 
H8B 5413 1656 12629 60 1 
H8C 4451 2419 12456 60 1 
H9 6439 3025 13115 34 1 
HlOA 4734 4352 12689 61 1 
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HI0B 5856 4727 13019 61 1 
HI0C 5081 4092 13592 61 1 
H12A 7965 5909 11844 33 1 
H12B 6997 6531 11468 33 1 
H13A 8496 5433 10519 35 1 
H13B 8569 6636 10676 35 1 
H14A 7881 6315 9385 35 1 
H14B 6937 5659 9763 35 1 
H15A 7162 7753 10172 37 1 
H15B 6126 7065 10265 37 1 
H16A 5766 8111 9193 32 1 
H16B 6917 7958 8815 32 1 
H18 5329 5429 7701 22 1 
H19A 2319 6606 7533 60 1 
H19B 2883 6591 8395 60 1 
H19C 2484 5545 7997 60 1 
H2O 4126 6784 7341 31 1 
H21A 3464 4812 6811 57 1 
H21B 4464 5411 6456 57 1 
H21C 3300 5859 6328 57 1 
HI 7381 2154 11946 24 1 
H2A 6224 4976 11126 29 1 
H3 6283 6640 8134 26 1 
H4A 3726 4605 8660 24 1 
H7A 4793 5473 10193 67 1 
H22A 3817 4203 11178 78 1 
H22B 3297 4829 10452 78 1 
H22C 3638 5411 11258 78 1 

Table 6. Hydrogen bonds [A and oJ. 

D-H"-A d(D-H) d(H"-A) d(D .. -A) L(DHA) 

NI-Hl .. ·01i 0.88 2.29 2.904(2) 126.3 
N2-H2A .. ·07 0.88 2.00 2.873(2) 173.5 
N3-H3 ... 05ii 0.88 2.06 2.912(2) 163.5 
N4-H4A ... 04iii 0.88 2.17 3.012(2) 159.6 
07-H7A .. ·06 0.84 1.89 2.728(2) 171.6 

Symmetry transfonnations used to generate equivalent atoms: 
(i) x+ 1I2,-y+ 1/2,-z+2 (ii) -x+312,-y+ l,z-1/2 (iii) x-1I2,-y+ 1I2,-z+2 
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Thermal ellipsoids drawn at the 35% probability level 
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3D hydrogen bonded network viewed down the a axis 
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Macrocycle 92 

Table 1. Crystal data and structure refInement details. 

Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal 
Crystal size 
8range for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to 8= 25 .03° 
Absorption correction 
Max. and min. transmission 
Refmement method 
Data / restraints / parameters 
Goodness-of-fit on F 
Final R indices [F > 2o(F)] 
R indices (all data) 
Absolute structure parameter 
Largest diff. peak and hole 

2006sot0836 (C7) 
C 42H 6SN sO 12S4 

1005.28 
120(2) K 
0.71073 A 
Orthorhombic 
P212121 
a = 15.469(2) A 
b = 16.934(2) A 
c = 19.783(3) A 
5182.1(13) A3 

4 
1.289 Mg / m3 

0.247 mm-I 

2144 
Block; Colourless 
0.14 x 0.12 x 0.08 mm

3 

3.07 - 25.03 ° 
-18::;h::; 17,-20::;k::; 18, -23 ::; / ::; 20 
23161 
8911 [R int = 0.1169] 
99.4 % 
Semi-empirical from equivalents 
0.9805 and 0.9562 
Full-matrix least-squares on F 
8911 / 12 / 603 
1.109 
RI = 0.1251, wR2 = 0.2223 
RI = 0.1979, wR2 = 0.2492 
0.20(17) 
0.412 and -0.333 e A-3 

Diffractometer: Nonius KappaCCD area detector (¢ scans and ()) scans to fi ll asymmetric unit ). Cell determination: Di rAx 
(Duisenberg, A.1.M.(1992). J. Appl. Cryst. 25, 92-96.) Data collection: Collect (Collect: Data co llection software, R. Hooft, Non ius 
B.V., 1995) . Data reduction and cell refinement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology {I 997) Vol. 276: 
Macromolecular Oystallography , part A, pp. 307- 326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academic Press) . Absorption 
correction: Sheldrick, G. M. SADABS - Bruker Nonius area detector scaling and absorption' correction - V2. 1 0 Structure solution: 
SHELXS97 (G. M. Sheldrick, Acta Cryst. {I 990) A46 467-473). Structure refinement: SHELXL 97 (G. M. Sheldrick (1997), 
University of Gottingen, Germany). Graphics: Cameron - A Molecular Graphics Package. (D. M. Watkin, L. Pearce and C. K. Prout, 
Chemical Crystallography Laboratory, University of Oxford, 1993). 

Special details: All hydrogen atoms were placed in idealised positions and refined using a riding model. 
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Table 2. Atomic coordinates [x 104
], equivalent isotropic displacement parameters [A2 x 

103
] and site occupancy factors. Ueq is defined as one third of the trace of the 

orthogonalized UJ tensor. 

Atom x y Z Ueq S.o! 

SI 1385(2) 4111(2) 6870(1) 42(1) 1 
S2 3793(2) 6211(2) 5895(1) 40(1) 1 
S3 243(2) 6352(2) 5239(1) 46(1) 1 
S4 1579(2) 7039(2) 7739(1) 40(1) 1 
01 1398(4) 3777(4) 7523(3) 45(2) 1 
02 871(4) 4784(4) 6759(3) 40(2) 1 
03 4240(5) 6106(4) 5269(3) 47(2) 1 
04 3035(5) 6677(4) 5904(3) 43(2) 1 
05 4822(4) 8120(4) 6636(4) 47(2) 1 
06 1152(5) 8405(4) 4254(4) 50(2) 1 
07 777(6) 5684(4) 5372(4) 61(2) 1 
08 -627(5) 6222(5) 5108(4) 65(2) 1 
09 2105(4) 6386(5) 7536(4) 49(2) 1 
010 1995(4) 7722(5) 7963(3) 48(2) 1 
011 -875(5) 6819(5) 8187(4) 55(2) 1 
012 -437(5) 2927(5) 5674(4) 55(2) 1 
Nl 1148(6) 3424(6) 6351(4) 51(3) 1 
N3 3675(5) 8247(6) 7336(5) 53(3) 1 
N2 4471(5) 6531(5) 6429(4) 40(2) 1 
N4 2067(5) 8234(5) 5116(4) 35(2) 1 
N5 585(5) 6835(5) 4641(4) 41(2) 1 
N6 936(5) 6765(5) 8325(4) 39(2) 1 
N7 -813(6) 5801(5) 7470(4) 44(2) 1 
N8 -389(6) 4186(6) 5339(5) 56(3) 1 
Cl 2471(7) 4385(7) 6639(5) 42(3) 1 
C2 3131(8) 3830(7) 6784(6) 52(3) 1 
C3 3948(8) 4008(7) 6642(6) 58(3) 1 
C4 4152(7) 4716(8) 6327(6) 51(3) 1 
C5 3499(7) 5254(6) 6223(5) 37(3) 1 
C6 2651(7) 5110(6) 6361(5) 39(3) 1 
C7 4203(7) 6927(7) 7044(5) 47(3) 1 
C8 4246(7) 7832(7) 6978(6) 45(3) 1 
C9 4506(8) 5816(8) 7870(6) 64(4) 1 
CI0 4732(7) 6644(7) 7678(5) 51(3) 1 
Cll 5695(8) 6727(8) 7593(7) 71(4) 1 
C12 3641(8) 9090(7) 7276(6) 51(3) 1 
C13 3227(7) 9368(7) 6624(6) 48(3) 1 
C14 2295(8) 9097(7) 6498(6) 51(3) 1 
C15 1892(7) 9407(7) 5867(6) 48(3) 1 
C16 2268(8) 9051(7) 5219(6) 52(3) 1 
C17 1543(6) 7985(7) 4646(5) 35(2) 1 
C18 1492(7) 7081(6) 4562(5) 40(3) 1 
C19 1748(7) 5946(7) 3771(6) 55(3) 1 
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C20 1878(7) 6801(7) 3898(6) 48(3) 1 
C21 2832(7) 7028(8) 3884(6) 57(3) 1 
C22 357(6) 6992(6) 5949(5) 36(3) 1 
C23 -40(6) 7734(6) 5928(6) 43(3) 1 
C24 32(7) 8223(7) 6464(6) 48(3) 1 
C25 508(7) 7999(6) 7014(5) 37(3) 1 
C26 935(6) 7306(6) 7026(5) 30(2) 1 
C27 857(6) 6794(6) 6492(5) 31(2) 1 
C28 1287(8) 5194(8) 8987(6) 68(4) 1 
C29 373(8) 5517(6) 8822(5) 46(3) 1 
C30 -20(8) 5902(7) 9442(6) 61(4) 1 
C31 411(6) 6048(6) 8205(5) 41(3) 1 
C32 -476(7) 6259(7) 7935(5) 41(3) 1 
C33 -1670(7) 5886(7) 7197(6) 53(3) 1 
C34 -1810(12) 5426(10) 6551(10) 106(6) 1 
C35 -1557(13) 4705(13) 6481(12) 135(7) 1 
C36 -1856(8) 4213(9) 5846(7) 68(4) 1 
C37 -1330(8) 4261(8) 5244(7) 66(4) 1 
C38 -15(8) 3534(7) 5576(5) 45(3) 1 
C39 957(6) 3552(6) 5656(6) 42(3) 1 
C40 1170(10) 3110(10) 4449(7) 88(5) 1 
C41 1397(8) 2949(8) 5185(5) 60(3) 1 
C42 2365(9) 2934(10) 5266(8) . 87(5) 1 

Table 3. Bond lengths [A] and angles [0]. 

Sl-02 1.408(7) N3-C12 1.434(13) 
Sl-01 1.410(7) N2-C7 1.449(13) 
Sl-N1 1.593(10) N4-C17 1.305(12) 
Sl-C1 1.800(11) N4-C16 1.433(13) 
S2-04 1.412(8) N5-C18 1.471(13) 
S2-03 1.430(7) N6-C31 1.479(12) 
S2-N2 1.585(9) N7-C32 1.311(13) 
S2-C5 1.803(11) N7-C33 1.439(13) 
S3-08 1.388(8) N8-C38 1.332(13) 
S3-07 1.425(8) N8-C37 1.473(14) 
S3-N5 1.532(9) C1-C6 1.374(15) 
S3-C22 1.782(11) C1-C2 1.417(15) 
S4-010 1.395(8) C2-C3 1.329(16) 
S4-09 1.430(8) C3-C4 1.389(16) 
S4-N6 1.597(8) C4-C5 1.376(15) 
S4-C26 1.785(10) C5-C6 1.362(14) 
05-C8 1.220(12) C7-C8 1.539(16) 
06-C17 1.213(12) C7-C10 1.574(14) 
Oll-C32 1.237(12) C9-C10 1.495(16) 
012-C38 1.233(12) ClO-C11 1.505(15) 
N1-C39 1.424(13) C12-C13 1.514(15) 
N3-C8 1.332(13) C13-C14 1.533(15) 
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C14-C15 1.492(15) 09-S4-C26 106.9(5) 
C15-C16 1.530(15) N6-S4-C26 107.4(4) 
C17-C18 1.543(14) C39-Nl-S1 124.0(8) 
C18-C20 1.518(14) C8-N3-C12 120.4(10) 
C19-C20 1.482(16) C7-N2-S2 121.9(7) 
C20-C21 1.526(15) CI7-N4-CI6 123.2(10) 
C22-C27 1.365(13) CI8-N5-S3 124.3(7) 
C22-C23 1.399(14) C31-N6-S4 117.6(7) 
C23-C24 1.350(15) C32-N7-C33 124.8(10) 
C24-C25 1.367(14) C38-N8-C37 123.1(10) 
C25-C26 1.346(13) C6-CI-C2 121.8(10) 
C26-C27 1.372(13) C6-Cl-Sl 121.4(9) 
C28-C29 1.552(16) C2-Cl-S1 116.7(9) 
C29-C30 1.515(15) C3-C2-Cl 119.6(12) 
C29-C31 1.518(14) C2-C3-C4 120.4(12) 
C31-C32 1.515(14) C5-C4-C3 118.2(11) 
C33-C34 1.513(19) C6-C5-C4 123.9(11) 
C34-C35 1.29(2) C6-C5-S2 118.4(9) 
C35-C36 1.58(2) C4-C5-S2 117.7(8) 
C36-C37 1.444(17) C5-C6-Cl 115.9(11) 
C38-C39 1.511(15) N2-C7-C8 112.2(9) 
C39-C41 1.541(16) N2-C7-CI0 112.3(9) 
C40-C41 1.521(17) C8-C7-C1O 110.4(9) 
C41-C42 1.506(17) 05-C8-N3 124.6(11) 

05-C8-C7 118.4(10) 
02-S1-01 118.3(5) N3-C8-C7 116.8(10) 
02-S1-Nl 111.1(4) C9-CI0-Cll 110.3(11) 
01-S1-N1 107.5(4) C9-CI0-C7 111.5(9) 
02-S1-Cl 106.2(5) Cll-CI0-C7 113.3(9) 
01-S1-Cl 108.9(5) N3-CI2-C13 113.3(10) 
Nl-S1-Cl 103.9(5) C12-C13-CI4 116.3(10) 
04-S2-03 118.8(4) CI5-CI4-C13 115.0(10) 
04-S2-N2 110.4(4) CI4-CI5-CI6 113.8(9) 
03-S2-N2 107.4(4) N4-CI6-CI5 114.7(9) 
04-S2-C5 106.7(5) 06-CI7-N4 125.2(11) 
03-S2-C5 108.8(5) 06-CI7-CI8 119.2(9) 
N2-S2-C5 103.6(5) N4-CI7-CI8 115.4(9) 
08-S3-07 118.0(5) N5-CI8-C20 112.3(8) 
08-S3-N5 106.0(5) N5-CI8-CI7 108.5(8) 
07-S3-N5 111.5(5) C20-C 18-C 17 112.6(9) 
08-S3-C22 109.9(5) C 19-C20-C 18 113.5(10) 
07-S3-C22 106.3(5) C 19-C20-C21 112.0(9) 
N5-S3-C22 104.5(5) C 18-C20-C21 108.5(9) 
010-S4-09 117.9(4) C27-C22-C23 119.5(10) 
010-S4-N6 107.3(4) C27-C22-S3 121.8(8) 
09-S4-N6 109.5(5) C23-C22-S3 118.6(8) 
010-S4-C26 107.3(5) C24-C23-C22 119.4(10) 
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C23-C24-C25 120.0(11) N7-C33-C34 113.4(11 ) 
C26-C25-C24 121.3(10) C35-C34-C33 122.3(17) 
C25-C26-C27 119.5(9) C34-C35-C36 119.8(19) 
C25-C26-S4 120.6(8) C37-C36-C35 117.5(13) 
C27-C26-S4 119.9(7) C36-C37-N8 116.5(11) 
C22-C27-C26 120.1(9) 012-C38-N8 121.0(11) 
C30-C29-C31 114.4(9) 012-C38-C39 121.8(10) 
C30-C29-C28 110.3(9) N8-C38-C39 116.9(10) 
C31-C29-C28 110.0(9) N1-C39-C38 107.7(9) 
N6-C31-C32 111.1(9) N1-C39-C41 113.1(9) 
N6-C31-C29 112.2(8) C38-C39-C41 111.3(9) 
C32-C31-C29 112.8(9) C42-C41-C40 109.6(11) 
01l-C32-N7 122.5(10) C42-C41-C39 112.7(9) 
01l-C32-C31 119.4(10) C40-C41-C39 110.9(11) 
N7-C32-C31 117.9(10) 

Table 4. Anisotropic displacement parameters [A2x 103
]. The anisotropic displacement 

factor exponent takes the form: _2;r2[h2a*2UII + ... + 2 h k a* b* Ul2
]. 

Atom Ull U22 U33 U23 UI3 UI2 

Sl 49(2) 44(2) 32(2) 6(1) -2(1) -6(2) 
S2 44(2) 40(2) 36(2) 4(1) 0(1) -4(1) 
S3 48(2) 51(2) 38(2) 2(2) -2(1) -12(2) 
S4 39(2) 44(2) 36(2) -1(1) 1(1) -7(1) 
01 54(4) 41(4) 40(4) -7(4) -7(4) -16(4) 
02 41(4) 41(5) 38(4) 5(4) -2(3) 3(4) 
03 64(5) 48(5) 30(4) -6(4) 6(4) -9(4) 
04 55(5) 38(4) 35(4) 9(4) -11(4) -15(4) 
05 40(4) 44(5) 56(5) -4(4) 12(4) -13(4) 
06 59(5) 52(5) 39(4) 0(4) -11(4) 4(4) 
07 104(7) 41(5) 38(5) 5(4) -20(5) -11(5) 
08 52(5) 92(7) 52(5) 3(5) -4(4) -28(5) 
09 38(4) 69(6) 40(4) 7(4) 2(3) 10(4) 
010 42(4) 62(6) 39(4) 8(4) -11(3) -15(4) 
011 72(5) 41(5) 51(5) -4(4) -3(4) 2(4) 
012 51(5) 51(5) 62(5) 5(4) -12(4) -2(4) 
Nl 68(6) 50(6) 35(5) 12(5) -11(5) -1(5) 
N3 37(5) 69(8) 54(6) -13(6) 26(5) -3(5) 
N2 35(5) 53(6) 31(5) 0(5) 8(4) 1(4) 
N4 31(5) 41(6) 33(5) -11(4) -6(4) -6(4) 
N5 32(5) 51(6) 42(5) 9(5) -16(4) -3(4) 
N6 49(5) 39(5) 29(5) -12(4) -1(4) -11(4) 
N7 60(6) 43(6) 29(5) -4(5) -6(4) 2(5) 
N8 61(7) 44(6) 62(7) 15(6) -5(5) -16(5) 
C1 46(7) 43(8) 36(6) -23(6) 1(5) -1(6) 
C2 62(8) 37(7) 57(8) 6(6) -11(6) 2(7) 
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C3 64(9) 49(8) 61(8) 14(7) -25(7) -12(7) 
C4 24(6) 68(9) 60(8) -24(7) -3(6) 22(6) 
C5 36(6) 38(7) 38(6) -8(5) -2(5) -20(6) 
C6 49(7) 25(6) 42(6) -14(5) -19(5) -5(5) 
C7 39(6) 67(9) 35(6) 4(6) -1(5) -13(6) 
C8 28(6) 52(8) 55(8) 5(6) -18(6) -9(6) 
C9 68(8) 78(10) 46(8) 16(7) -1(7) -7(7) 
C10 39(6) 78(9) 35(6) 4(6) 1(5) -13(6) 
C11 75(9) 80(10) 57(9) 0(8) -2(7) 1(8) 
C12 68(8) 40(7) 46(7) -16(6) 3(6) 18(6) 
C13 47(7) 46(8) 51(7) -8(6) -8(6) 3(5) 
C14 65(8) 49(8) 40(7) -9(6) 10(6) 2(6) 
C15 36(6) 51(8) 58(8) 11(7) 12(6) -5(5) 
C16 68(8) 55(8) 34(6) 4(6) -1(6) -8(7) 
C17 31(5) 50(7) 25(5) -4(6) 1(5) 5(5) 
C18 54(7) 41(7) 26(6) 3(5) -13(5) 6(6) 
C19 54(7) 60(9) 53(8) 5(7) -15(6) 1(6) 
C20 59(7) 40(8) 46(7) 0(6) 8(6) 16(6) 
C21 56(8) 60(9) 54(7) -24(7) 11(6) 2(7) 
C22 27(5) 43(7) 40(6) 12(6) 11(5) 8(5) 
C23 40(6) 43(7) 45(7) 19(6) 1(5) 8(5) 
C24 53(8) 43(7) 49(7) 14(7) 4(6) 1(6) 
C25 56(7) 23(6) 33(6) -9(5) 10(5) 4(5) 
C26 38(6) 33(6) 20(5) 5(5) 10(4) -4(5) 
C27 22(5) 36(6) 36(6) 11(5) -7(4) 19(5) 
C28 86(10) 77(10) 41(7) 17(7) -18(7) 12(8) 
C29 76(9) 38(7) 24(6) 15(5) 4(6) -14(6) 
C30 73(9) 57(8) 52(8) 2(7) -7(7) 14(7) 
C31 30(6) 62(8) 30(6) -14(6) -4(5) 7(5) 
C32 46(6) 43(7) 35(6) -5(6) 23(5) -21(6) 
C33 57(8) 52(8) 51(7) 1(7) -6(6) -13(6) 
C34 112(13) 69(11) 136(15) -25(11) -50(11) 30(10) 
C35 103(13) 135(16) 166(18) -49(15) -17(13) 8(13) 
C36 64(8) 83(10) 58(9) -9(8) -15(7) 11(8) 
C37 50(8) 69(9) 78(10) 23(8) -8(7) -3(7) 
C38 83(9) 34(7) 19(6) 16(5) -9(5) -16(7) 
C39 34(6) 32(7) 61(8) 11(6) -8(5) 4(5) 
C40 94(11) 110(13) 60(9) -27(9) -2(8) 7(10) 
C41 72(9) 76(9) 32(7) -13(7) -11(6) -19(8) 
C42 76(10) 110(13) 74(10) -41(10) -9(8) 12(9) 

Table 5. Hydrogen coordinates [x 104
] and isotropic displacement parameters [A2 x 103

]. 

Atom x y Z Ueq S.of 

H101 1134 2936 6504 61 1 
H103 3317 8002 7610 64 1 
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H102 5026 6467 6350 48 1 
H104 2310 7883 5384 42 1 
H105 215 6974 4325 50 1 
H106 895 7030 8706 47 1 
H107 -491 5413 7314 53 1 
H108 -59 4590 5233 67 1 
H2 2991 3335 6981 62 1 
H3 4395 3647 6757 70 1 
H4 4727 4827 6187 61 1 
H6 2212 5487 6271 46 1 
H7 3585 6784 7125 57 1 
H9A 4794 5679 8295 96 1 
H9B 4697 5454 7513 96 1 
H9C 3879 5771 7927 96 1 
H10 4561 6991 8065 61 1 
HIlA 5890 6384 7224 106 1 
H11B 5985 6573 8013 106 1 
HllC 5836 7277 7486 106 1 
H12A 4236 9303 7302 62 1 
H12B 3310 9307 7662 62 1 
H13A 3588 9184 6243 57 1 
H13B 3237 9952 6619 57 1 
H14A 2286 8513 6481 61 1 
H14B 1935 9262 6887 61 1 
H15A 1969 9988 5853 58 1 
H15B 1264 9299 5880 58 1 
H16A 2050 9356 4828 63 1 
H16B 2905 9112 5230 63 1 
H18 1832 6835 4937 49 1 
H19A 2059 5640 4113 83 1 
H19B 1969 5812 3321 83 1 
H19C 1130 5822 3794 83 1 
H2O 1583 7096 3526 58 1 
H21A 3076 6902 3440 85 1 
H21B 3143 6732 4234 85 1 
H21C 2891 7595 3970 85 1 
H23 -358 7892 5540 51 1 
H24 -247 8722 6460 58 1 
H25 537 8338 7396 45 1 
H27 1150 6302 6500 38 1 
H28A 1671 5633 9103 102 1 
H28B 1517 4914 8592 102 1 
H28C 1251 4828 9370 102 1 
H29 1 5055 8703 55 1 
H30A -633 6010 9359 91 1 
H30B 282 6398 9538 91 1 
H30C 36 5545 9830 91 1 
H31 710 5741 7842 49 1 
H33A -1781 6452 7109 64 1 
H33B -2094 5706 7539 64 1 
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H34A -2439 5432 6461 127 1 
H34B -1534 5734 6184 127 1 
H35A -1743 4412 6888 162 1 
H35B -917 4708 6482 162 1 
H36A -1890 3651 5982 82 1 
H36B -2449 4383 5727 82 1 
H37A -1447 4775 5024 79 1 
H37B -1521 3842 4929 79 1 
H39 1165 4091 5530 51 1 
H40A 1467 2728 4159 132 1 
H40B 1352 3646 4329 132 1 
H40C 544 3061 4387 132 1 
H41 1172 2413 5303 72 1 
H42A 2603 3450 5143 130 1 
H42B 2610 2527 4971 130 1 
H42C 2510 2815 5738 130 1 

Table 6. Hydrogen bonds [A and oJ. 

D-H-·A d(D-H) d(H··A) d(D··A) L(DHA) 

N3-H103···01O 0.88 2.21 3.014(11) 151.4 
N4-H104···04 0.88 2.55 3.410(11) 166.6 
N7-H107···02 0.88 2.60 3.424(11) 155.6 
N8-H108···07 0.88 2.27 3.113(12) 159.3 
N8-H108···S3 0.88 3.02 3.802(10) 149.1 
N1-H101 ... 011 i 0.88 2.03 2.898(12) 169.8 
N2-H102 ... 06ii 0.88 2.12 2.932(11) 152.7 
N5-H105 ... 05iii 0.88 2.00 2.791(11) 148.3 
N6-H106 ... 012iv 0.88 2.08 2.897(12) 154.7 

Symmetry transformations used to generate equivalent atoms: 
(i) -x,y-1I2,-z+ 3/2 (ii) x+ 112,-y+312,-z+ 1 (iii) x-1I2,-y+3/2,-z+ 1 
(iv) -x,y+ 1/2,-z+ 3/2 
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C3 

011 

Thermal ellipsoids drawn at the 30% probability level 
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Macrocycle 117 

Table 1. Crystal data and structure refmement details. 

Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal 
Crystal size 
e range for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to e= 27.48° 
Absorption correction 
Max. and min. transmission 
Refmement method 
Data 1 restraints 1 parameters 
Goodness-of-fit on F-
Final R indices [F- > 2a(F-)] 
R indices (all data) 
Absolute structure parameter 
Extinction coefficient 
Largest diff. peak and hole 

2006sot0781 (e23) 
C17H32N4011S2 

532.59 
120(2) K 
0.71073 A 
Monoclinic 
P21 
a = 8.61250(10) A 
b = 12.8621(2) A 
c = 11.79800(10) A 
1227.17(3) A3 

2 
1.441 Mg 1 m3 

0.280 mm-l 

564 
Block; Colourless 
0.3 x 0.2 x 0.2 mm3 

2.98 - 27.48° 

\\ 

t? 

/3= 110.1190(10)° 

-11 ~h~ 10,-16~k~ 16,-15 ~l~ 15 
25394 
5601 [Rint = 0.0511] 
99.6% 
Semi-empirical from equivalents 
0.9462 and 0.9108 
Full-matrix least-squares on F-
5601/76 / 334 
1.030 
RI = 0.0393, wR2 = 0.0808 
RI = 0.0608, wR2 = 0.0892 
0.02(5) 
0.0131(16) 
0.301 and -0.347 e A-3 

Diffractometer: Nonius KappaCCD area detector (¢ scans and (0 ' scans to fill asymmetric unit ). Cell determination: DirAx 
(Duisenberg, A.J.M.(1992). J. Appl. Cryst. 25, 92-96.) Data collection: Collect (Collect: Data collection software, R. Hooft, Non ius 
B.V., 1998). Data reduction and cell refinement: Denzo (Z. Otwinowski & W. Minor, Methods in Enzymology (1997) Vol. 276: 
Macromolecular Crystallography, part A, pp. 307-326; C. W. Carter, Ir. & R. M. Sweet, Eds., Academic Press). Absorption 
correction: Sheldrick, G. M. SADABS - Bruker Nonius area detector scaling and absorption correction - V2.10 Structure solution: 
SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990) A46 467-473). Structure refinement: SHELXL97 (G. M. Sheldrick (1997), 
University of Gottingen, Germany). Graphics: Cameron - A Molecular Graphics Package. (D. M. Watkin, L. Pearce and C. K. Prout, 
Chemical Crystallograpby Laboratory , University of Oxford, 1993). 

Special details: All hydrogen atoms were placed in idealised positions and refined using a riding model. 
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Table 2. Atomic coordinates [x 104
], equivalent isotropic displacement parameters [A2 x 

103
] and site occupancy factors. Ueq is defined as one third of the trace of the 

orthogonalized UlJ tensor. 

Atom x y Z Ueq Sof 

09 9461(3) 6863(2) 5534(2) 47(1) 1 
010 15391(2) 9307(1) 9215(2) 32(1) 1 
011 11166(3) 3190(1) 1668(2) 35(1) 1 
Cl 9381(3) 5480(2) 2863(2) 30(1) 1 
C2 7981(4) 5826(2) 1721(3) 49(1) 1 
C3 8775(3) 4593(2) 3461(2) 28(1) 1 
C4 7422(3) 4137(2) 4915(3) 35(1) 1 
C5 7943(3) 4233(2) 6268(3) 32(1) 1 
C6 9692(3) 3854(2) 6969(3) 32(1) 1 
C7 9953(4) 3589(2) 8274(3) 38(1) 1 
C8 9863(3) 4511(2) 9060(2) 33(1) 1 
C9 11478(3) 6007(2) 8805(2) 22(1) 1 
C10 13148(3) 6557(2) 9298(2) 21(1) 1 
C11 13111(3) 7359(2) 10242(2) 26(1) 1 
C12 14257(3) 5716(2) 6785(2) 22(1) 1 
C13 14194(3) 4684(2) 7127(2) 25(1) 1 
C14 13598(3) 3929(2) 6244(2) 27(1) 1 
C15 13088(3) 4196(2) 5030(2) 26(1) 1 
C16 13175(3) 5236(2) 4715(2) 23(1) 1 
C17 13748(3) 6004(2) 5578(2) 22(1) 1 
Nl 10768(3) 5136(2) 2510(2) 32(1) 1 
N2 8304(3) 4853(2) 4378(2) 31(1) 1 
N3 11362(3) 5139(2) 9369(2) 26(1) 1 
N4 13549(2) 7075(1) 8331 (2) 22(1) 1 
01 13668(3) 5077(1) 2665(2) 41(1) 1 
02 12518(2) 6709(1) 3148(1) 31(1) 1 
03 6603(3) 6217(2) 1983(3) 69(1) 1 
04 8687(2) 3699(1 ) 3048(2) 32(1) 1 
05 10321(2) 6387(1) 7960(2) 31(1) 1 
06 14669(2) 7860(1) 10750(2) 31(1) 1 

. 07 16260(2) 6217(2) 8901(2) 30(1) 1 
08 15428(2) 7567(1) 7295(2) 29(1) 1 
SI 12584(1) 5596(1) 3173(1) 28(1) 1 
S2 15022(1) 6691(1) 7896(1) 23(1) 1 

Table 3. Bond lengths [A] and angles [0]. 

C1-N1 1.463(4) C4-N2 1.468(3) 
C1-C3 1.524(4) C4-C5 1.508(4) 
C1-C2 1.533(4) C5-C6 1.528(4) 
C2-03 1.417(4) C6-C7 1.516(4) 
C3-04 1.241(3) C7-C8 1.524(4) 
C3-N2 1.323(3) C8-N3 1.459(3) 
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C9-05 
C9-N3 
C9-ClO ' 
ClO-N4 
C10-C11 
C11-06 
C12-C17 
C12-C13 
C12-S2 
C13-C14 
C14-C15 
C15-C16 
C16-C17 
C16-S1 
N1-S1 
N4-S2 
01-Sl 
02-S1 
07-S2 
08-S2 

N1-C1-C3 
N1-C1-C2 
C3-C1-C2 
03-C2-C1 
04-C3-N2 
04-C3-C1 
N2-C3-C1 
N2-C4-C5 
C4-C5-C6 
C7-C6-C5 
C6-C7-C8 
N3-C8-C7 
05-C9-N3 

1.242(3) 
1.321(3) 
1.527(3) 
1.461(3) 
1.526(3) 
1.422(3) 
1.389(3) 
1.394(3) 
1.768(2) 
1.387(4) 
1.388(4) 
1.398(3) 
1.382(3) 
1.773(2) 
1.602(2) 
1.601(2) 
1.4366(18) 
1.4330(18) 
1.4295(17) 
1.4379(18) 

110.3(2) 
108.1(2) 
109.4(2) 
112.1(3) 
124.0(2) 
119.8(2) 
116.1(2) 
113.3(2) 
115.2(2) 
113.4(2) 
114.9(2) 
110.9(2) 
123.9(2) 

05-C9-ClO 
N3-C9-C10 
N4-C10-C11 
N4-C10-C9 
C11-C10-C9 
06-C11-C10 
C17-C12-C13 
C17-C12-S2 
C13-C12-S2 
C14-C13-C12 
C15-C14-C13 
C14-C15-C16 
C17-C16-C15 
C17-C16-S1 
C15-C16-S1 
C16-C17-C12 
C1-N1-S1 
C3-N2-C4 
C9-N3-C8 
C10-N4-S2 
02-S1-01 
02-S1-N1 
01-Sl-N1 
02-S1-C16 
01-Sl-C16 
N1-S1-C16 
07-S2-08 
07-S2-N4 
08-S2-N4 
07-S2-C12 
08-S2-C12 
N4-S2-C12 

Appendix C 

120.9(2) 
115.1(2) 
109.33(18) 
IJ1.01(18) 
109.74(18) 
111.1(2) 
121.4(2) 
118.49(18) 
120.14(18) 
119.3(2) 
120.4(2) 
118.9(2) 
121.8(2) 
118.25(17) 
119.98(19) 
118.2(2) 
120.31(17) 
123.0(2) 
123.8(2) 
122.34(16) 
118.87(11) 
109.52(12) 
106.86(12) 
106.11(11) 
107.96(11) 
106.98(11) 
120.28(11) 
108.28(10) 
105.63(10) 
107.08(11) 
106.37(10) 
108.81(10) 

Table 4. Anisotropic displacement parameters [A2x 103
]. The anisotropic displacement 

factor exponent takes the form: -2Jr 2[h2a*2UII + ... + 2 h k a* b* U12 ]. 

Atom UII 

09 75(2) 
010 44(1) 
011 32(1) 
C1 36(1) 
C2 57(2) 
C3 29(1) 
C4 28(1) 

29(1) 
26(1) 
26(1) 
18(1) 
26(2) 
23(1) 
37(1) 

33(1) 
32(1) 
47(1) 
25(1) 
35(2) 
23(1) 
42(2) 

-5(1) 
-6(1) 
-5(1) 
-2(1) 
10(1) 
-2(1) 

-13(1) 

11(1) 
21(1) 
12(1) 
-5(1) 

-21(1) 
-3(1) 
13(1) 

-11(1) 
-9(1) 
1(1) 
2(1) 

-12(1) 
2(1) 

-8(1) 
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C5 28(1) 30(1) 42(2) -7(1) 16(1) -2(1) 
C6 28(1) 22(1) 48(2) -8(1) 16(1) -4(1) 
C7 37(2) 24(1) 48(2) 3(1) 10(1) -9(1) 
C8 33(1) 29(1) 37(2) 5(1) 12(1) -9(1) 
C9 28(1) 19(1) 18(1) -2(1) 8(1) 1(1) 
ClO 26(1) 19(1) 18(1) 0(1) 7(1) 0(1) 
Cll 35(1) 20(1) 24(1) -3(1) 12(1) -3(1) 
C12 19(1) 24(1) 24(1) 2(1) 9(1) 1(1) 
C13 27(1) 27(1) 23(1) 7(1) 11(1) 4(1) 
C14 32(1) 19(1) 32(1) 6(1) 12(1) 2(1) 
C15 29(1) 20(1) 31(1) 1(1) 13(1) 1(1) 
C16 26(1) 23(1) 23(1) 2(1) 12(1) 5(1) 
C17 23(1) 21(1) 24(1) 4(1) 11(1) 7(1) 
N1 55(1) 23(1) 17(1) -6(1) 10(1) -2(1) 
N2 34(1) 22(1) 32(1) -7(1) 4(1) 0(1) 
N3 27(1) 23(1) 27(1) 4(1) 5(1) -3(1) 
N4 26(1) 19(1 ) 21(1) 3(1) 8(1) 1(1) 
01 69(1) 31(1) 35(1) 2(1) 35(1) 8(1) 
02 50(1) 19(1) 25(1) 4(1) 14(1) 3(1) 
03 28(1) 55(1) 97(2) 49(1) -14(1) -11(1) 
04 40(1) 18(1 ) 36(1) -6(1) 10(1) -2(1) 
05 30(1) 25(1) 31(1) 6(1) 2(1) -1(1) 
06 38(1) 25(1) 24(1) -4(1) 5(1) -9(1) 
07 23(1) 38(1) 26(1) 8(1) 3(1) 4(1) 
08 27(1) 30(1) 29(1) 4(1) 10(1) -6(1) 
Sl 47(1) 19(1) 22(1) 1(1) 18(1) 4(1) 
S2 21(1) 25(1) 21(1) 2(1) 6(1) -1(1) 

Table 5. Hydrogen coordinates [x 104
] and isotropic displacement parameters [A2 x 103

]. 

Atom x y Z Ueq S.of 

H99 9570(50) 6540(30) 6180(20) 105(17) 1 
H98 10050(40) 7403(18) 5660(30) 73(12) 1 
H97 15280(40) 8813(17) 9660(20) 68(12) 1 
H96 15520(40) 9080(20) 8586(19) 65(11) 1 
H95 10730(30) 2746(19) 1990(30) 46(10) 1 
H94 12177(15) 3090(30) 1830(30) 71(13) 1 
HI 9735 6078 3437 36 1 
H2A 8399 6372 1309 59 1 
H2B 7624 5228 1164 59 1 
H4A 7619 3414 4708 42 1 
H4B 6220 4274 4556 42 1 
H5A 7155 3835 6543 39 1 
H5B 7857 4972 6472 39 1 
H6A 9927 3231 6564 38 1 
H6B 10490 4401 6948 38 1 
H7A 11050 3255 8632 45 1 
H7B 9109 3072 8291 45 1 
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H8A 8893 4945 8623 39 1 
H8B 9718 4255 9809 39 1 
H10 14024 6031 9687 25 1 
HIlA 12251 7886 9862 31 1 
H11B 12818 7011 10889 31 1 
H13 14554 4499 7957 30 1 
H14 13539 3226 6470 33 1 
H15 12686 3679 4424 31 1 
H17 13792 6709 5352 26 1 
H101 10604 4673 1931 39 1 
H102 8530 5482 4681 37 1 
H103 12239 4928 9966 32 1 
H104 12960 7618 7975 27 1 
H3 5893 5745 1878 103 1 
H6 15393 7416 11097 46 1 

Table 6. Hydrogen bonds [A and 0]. 

D-H'''A d(D-H) d(R'A) d(D"A) L(DHA) 

09-H99···05 0.842(10) 1.99(2) 2.767(3) 154(3) 
N1-H101···011 0.88 2.02 2.757(3) 140.9 
N2-H102···09 0.88 2.06 2.934(3) 170.2 
01O-H97···06 0.849(10) 1.976(11) 2.812(2) 168(3) 
010-H96···08 0.839(10) 2.46(2) 3.192(2) 147(3) 
09-H98···04i 0.843(10) 2.27(2) 3.014(3) 148(3) 
N4-H104··.04i 0.88 2.06 2.926(3) 170.0 
010-H96 ... 01 ii 0.839(10) 2.24(2) 2.791(2) 123(3) 
03-H3 ... 01Oiii 0.84 2.31 3.052(3) 147.8 
011-H95··.05iii 0.840(10) 1.979(18) 2.756(3) 153(3) 
011-H94 ... 08iv 0.835(10) 2.076(15) 2.877(3) 161(3) 
011-H94··.S2iv 0.835(10) 2.94(2) 3.688(2) 151(3) 
N3-H103···01Ov 0.88 2.09 2.923(3) 156.9 
03-H3 ... 01 vi 0.84 2.55 3.254(3) 142.3 
06-H6···03vii 0.84 1.95 2.772(3) 165.3 

Symmetry transformations used to generate equivalent atoms: 
(i) -x+2,y+1I2,-z+1 (ii) -x+3,y+1I2,-z+1 (iii) -x+2,y-1I2,-z+ 1 
(iv) -x+3,y-112,-z+ 1 (v) -x+3,y-1I2,-z+2 (vi) x-1,y,z 
(vii) x+ 1,y,z+ 1 
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Thermal ellipsoids drawn at the 35% probability level. 
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