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CHAPTER1
SUPRAMOLECULAR CHEMISTRY AND FLUOROGENIC CHEMOSENSORS

The field of supramolecular chemistry has been defined as “chemistry beyond the
molecule” and involves investigating new molecular systems in which the most important
feature is that the components are held together reversibly by intermolecular forces of
7 f such interactions that can be utilized.[1] They

\/

non-covalent bonds. There are a num
include:

(a)  eletrostatics (ion-ion
(b)
©
(d)
(e)

Figure 1.1 The molecular recognition of guest inside active pore.



Synthetic receptors have been the challenge of designing and building molecules
having shapes and dimensions suitable for hosting any kind of substrates and ability of
establishing with substrate interactions of a sufficient energy. Binding interactions gave

several applications in chemical and biochemical processes.[3]

1.2 Complementarity in Biology: How Things Fit Together

catalyze a single reaction with high ificity; the active site of the enzyme

being complementary to the the size, shape and position of the
binding sites within the ific substrate recognition. Emil
Fischer described this idea i _- th¢ n ck and. ﬂ.& * principle. Figure 1.2 shows a
stylized representation of ek \\ ement of binding sites in the host
(lock) is complementary glioSu(key) With both sterically and electronically.[1]

e 12 7] Y MR o o oo

complementary tothe guest (key). ¢

Anf example of the lock and key principle in Nature is provided by
carboxypeptidase-A, and enzyme that selectively catalyzes the hydrolysis of the C-
terminal amino acid residues of proteins. It is the zinc ion at the enzyme active site that
catalyzes the removal of an amino acid residue from the carbon end of the polypeptide
chain.



1.3 Fluorogenic Chemosensors

1.3.1 Fluorogenic Principles of Sensing[4]

Luminescence can be defined as a spontaneous emission of radiation from an
excited state. Depending on the mode of excitation, the terms chemoluminescence,
electroluminescence, radioluminescence, etc. are used. The luminescence phenomenon

can be classified as fluorescence when the excited molecule results in a new molecule

concentration. In absorbadCe Medsureimicnts, the substange concentration is proportional
to the absorbance which isffelafed (6 the ra i0 bety -\ intensities measured before and

after the beam passes throughifthe sampic. T forey in fluorescence, an increase of the
intensity of the incident beam rr.s | i J : Hluorescence signal whereas this is not so
for absorbance. Flun n | of entration even one million
times smaller than absoFbance technis 19 understand the basis of the
nature of the plmtomdu@i processes ‘responsible for the photophysical changes

upon anion coordination. 'l;h e effects are spgal ifically related with the use of the binding

e 44 ﬂmw $INT
PRI I AATTIA Y

Thls photoinduced process has been extensively studied and widely used for
sensing purposes of cation and anions. As described above, fluorescence in a molecule is
observed when an excited electron, for instance in the lowest unoccupied molecular
orbital (LUMO), goes to the highest occupied molecular orbital (HOMO), releasing the



excess of energy as light. Over this scheme, it might happen that an orbital from another
part of the molecule or from another molecular entity could have energy between that of
the HOMO and that of the LUMO of the fluorophore. When this “alien” orbital is full
(having a donor group), a PET from this full orbital to the HOMO of the fluorophore can
take place. A further electron transfer from the LUMO of the fluorophore to the external
orbital retrieves the stable ground state. Following this sequence, fluorescence quenching
occurs because the transition from the excited to the ground state takes place following a
nonradiative path (see Figure 1.3). is macroscopically observed is a decrease of the

emission intensity or no fluorescence at all Adsimilar process can take place when there

is an empty orbital from another part of the e or from another molecular entity
between both the HOMO &nidl'¥ MO t%ﬁm.lnthiscasc,aPETﬁ'ﬂmﬂm
excited LUMO to the empiyoThifal ¢anl oceur, followed by a further electron transfer
from this orbital to the MU ¢ »/ \\;: n, relaxation occurs without
radiation and fluorescence g s ohserve ire 1.4)

Ry, et
AuY NN

¢

Figure q mﬁﬁ nﬂl%mﬁmﬁ ﬁ LUMO of the

fluorophorg



Figure 1.4 PET process™ = 1 pw HOMO and LUMO of the
fluorophore and an empty e scular orbital {4

1.3.1.2 Intfamglfcyfaf Chirged Transfe [4]

This phenomenopftag be occuirediwhen a fludtophore contains and electron-
donating group conjugated \; group. It undergoes intramolecular
charge transfer form the dong r ? eplor Bpon excitation by light. The consequent

change in dipole moment results i &5t s shift that depends on the microenvironment
of the fluorophore. y o
found from the lit ::ﬁiif' wScent sensors for anions have
been reported due to thﬂm:ak r binding forees of U ese@msts which could entail only
weak spectroscopic effects upon complexation.[5, 6] ICT fluorescent anion receptor

s oo e @S Y £ VRIS I RS} e eonsinin

anion-recognitiorisite to allow for A highly cﬂiment commumcauon of the anion-

mw WT m tht‘. photophysics
and emissipn of the charge transfer state are Sl.lb_lﬁc to the e actmn donor/acceptor

strength, and the anion-binding site is assumed to be better incorporated in either the
electron donor or acceptor moiety. This will change the photophysical properties of
fluorophore because the complexed anion affects the efficiency of ICT. An example of
this phenomenon showed that anion hydrogen bonding with the donor moiety caused

[otah larity probes ndesigned on this basis. It was
i -




increasing the electron-donating character of the donor group as shown in Figure 1.5.
This increase in charge density results in the red shift of absorption and emission together

with an increase in the fluorescence intensity.[7]

@) Red

ient of ADD resulting from
>ptor.[7]

Figure 1.5 Schematic

interaction of anion with
1.3.1.3 Monomer=E?

A phenomenoii'th observed wi fldorophores is the formation of

¢ fbrmed by interaction of a
ophore uflasame structure in the ground

excimers. An excimif ¢
fluorophore in the exci@ state wit
state.[8] An important aspecks that the emigsion spectrum of the excimer is red-shifted

with respect mﬂau@u’}%ﬁﬂﬁnweﬂ%‘ie dual’ emission: of the

monomer and thékxcimer is ahsmeé. Therefore, exmmer farmatlun or excimer mpture
oo @ PTG 6 HIA YIS o 0 e
excimer bind. In general, it is assumed that flat highly n-delocalized systems such as
pyrene and anthracene show greater tendency to form excimers. An additional
requirement for excimer formation is that two monomers need to be in close proximity in

order to give stacking interactions and the molecular excimer state.



CHAPTERII

AMINO ACID RECEPTORS CONTAINING ACRIDINE MOIETY

2.1 Introdution

2.1.1 Amino Acids: How Important in Biology[9]

The primary function of amino acids pmmdc the precursors for protein

thesis. In addition, aminowacids serve rs of other important nitrogenous
syn : : e po e

compounds such as biologieally active amines (&9 #pinephrine, dopamine, etc.), purine

and pyrimidine nucleotides olutathione, carnitine, and many

others. Finally, amino acid abolic energy.

The amount of” acid \ an body, both extracellular and
intracellular, is relativel§ sudallf(3 401 g in - an). This pool of free amino
acids is not a mixable whele-Bod ‘ T ] ' s do not pass freely through cell
membranes. The major fluf of'z fifia acidsint out of this pool occurs by protein
turnover. Intracellular e ¢ % :f'-’_'--:. ing synthesized and degraded. As a
rule, inducible enzymes, such a; B0 ‘ aate synthetase, have short half-lives on

the order of hours or i ntrast, str :ﬁ , such as muscle proteins,
have much longer ha r% X

The healthy hungl adult usually exhibits ni rngﬁﬂlﬂhnce, which is defined as a
steady state in which nitrogen, ingestion is balanced by nitrogen loss. The minimum daily

proten requirerfe ot B OREIREIIAT S B2 TR Sabout 20 g, equain the

obligatory amind” acid losses. Thra-, value is ubtamr:d under ﬁrj:ccial cxperimental

et QYA PN e oot e

mechanism exists for storing excess amino acids. The amino acids derived from excess

¥ s

dietary proteins are metabolized, and the nitrogen is excreted in the form of urea.



Several amino acid transport systems are known in humans. Each system is
responsible for a class of structurally similar amino acids. For example, there is a system
for acidic amino acids (aspartate, asparagines, glutamate and glutamine), a system for
basic amino acids (arginine, lysine and histidine), a proline-glycine system, and several
systems for meutral amino acids (glycine, alanine, valine, leucine, isoleucine, proline,
phenylalanine, tyrosine, tryptophan, serine, threonine, cysteine and methionine). A
limited extent amino acids can also be absorbed in the form of short peptides. Many of
the amino acid transport systems are coupled with sodium transport. The amino acid
crosses the cell membrane accompanié // um ion, which is subsequently pumped

_J

Amino acids anid ves: ‘
natural living systems. #heyfrg chira sculés and have both the active groups of an

ost important molecules in

amine and carboxylic acifl agh [’and base (though their natural pH is usually
influenced by the side chai ¢
charge and the acid groupfa

recognition of amino acids and .': Fderivatives lias been one of most attractive objects of

e amine group gains a positive

own as a zwitterion, Molecular

host-guest chemistry. Tis
acids suitable for ;.- 5 ificia ition systems. One of these

g eristics which make amino

characteristics of aming jacids 15t ljit}'.ﬁl form complexes with other

molecules via various types, of interactionymodes which cover almost all kinds of

intermolecular .ﬁ%ﬁé}%@%ﬂ sfiy] fjfolSBlar recognition.[10-19]

Amino anfllcarboxyl groups in °;umrm acids are expected to act as binding sites for
hydmgeﬂxﬁ ? ﬂ d dipole-dipole
interaction§. Re:ﬂu;]ﬂ gﬂ.m Hm ﬂ sﬁmuonﬁmmum sites,
where not only electrostatic interactions but also other types of interactions such as van
der Waals or hydrophobic interactions and/or even steric repulsion may operate
according to the chemical and physical properties of the residual groups. Supramolecular
chemistry has allowed the development of probes for amino acids. In order to recognize



the zwitterionic form of an amino acid effectively, binding of the ammonium and the
carboxylate groups is required. Amino acids exist largely as strongly solvated
zwitterionic structures in neutral aqueous solutions. The electronic densities at the
carboxylate and ammonium functions are greatly affected by their mutual vicinity,
causing the binding forces of complementary groups of the receptor to be less effective
for the complexation.[20]

Thus, the design of a model receptor for amino acids in zwitterionic form is still a
challenging problem, and most works have been performed with single-charged
substrates, under acidic (amino ster salts) or basic (carboxylate salts)
conditions. Most receptors repet @have been achieved for binding with

- - [ - - J’ = - - -
amino acids mdcrgﬂnﬂ?m 2 Wndmg, metal-ligand interaction,

electrostatic interaction.|

pollutants, for example, pliosphates from fertilize any“anions are also used as the

. irfare agents such as fluoride
which is the breakage End he sarin gas and urﬁnuphusphates found in many
nerve agents[24] or cyamdc ich is extremgly toxic to mammals, leading to vomiting,

convulions, LB w’}%‘l H¥RHEN I

Anion recBgnition chemistry agtually grew from its bcgmnmgs in the same period

WP 1 N LU O, LN g
binding can be ly categorized into 4 types; gen-bonding, electrostatic

interactions, metal or Lewis acid center or hydrophobic effects.[26] In the case of
receptors containing one or more urea subunits, the selectivity is related to the energy of
the receptor-anion interaction; in this sense, strong hydrogen bond interactions are

established with anions containing the most electronegative atom: F (fluoride) and O



10

(carboxylates, inorganic oxoanions). According to this view, all hydrogen bonds can be
considered as incipient proton-transfer reactions, and for strong hydrogen bonds, this
reaction can be in a very advanced state.[27] Thus, for a given-NH-containing receptor
(the acid), the selectivity should be mainly related to the basicity of the anion; the higher
anion basicity, the stronger the hydrogen-bonding interaction.

In comparison to cation and neutral molecule coordination chemistry, design and
synthesis of anion receptors are recent development due to a number of reasons. Firstly,
the ordinary interaction is electros furccs Most anion sizes are greater than
isoelectronic cations, thus their y ratios are lower. This means that
electrostatic binding interaction &he case of larger anions. Secondly,
some anions such as car
Thus, the stability and
between hosts and anions_#inally /ihe c are wide vari ies of geometry and coordination

ates exist in narrow pH window.

considered for a well-match
number. Therefore, a hig cquired to construct receptors
complementary to theis pst molecule would gain both

high selective and great sghsi v

hydrophobicity shouls
receptors for anions us& e of alogical receptors. Those can be
classified basically inaectm atic interactio rmaon of hydrogen bonds, and
interactions with metal centers.

e 5 B W 4 o e o

receptors having Yér instance gumndlg,lum[zﬂ-?nl] guupcs or quatcmary ammoniums.[32,

33] ﬁmﬂlﬁﬂs cﬁ%ﬁiﬁ‘ 38361 ﬁ‘ nd on the pH of
the medi es can also give electrostatic 1ntﬂctmn& anions as they are

usually protonated and exist in the charged form at neutral and acidic aqueous
solutions.[34-36]
Hydrogen bonding groups have been widely used in binding sites for anion

recognition. Poly amines and quanidinium groups can form hydrogen bonds with anions.
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Other hydrogen bonding sites typically used in chromogenic or fluorogenic chemosensors
are ureas[37], thioureas[38, 39], calix[4]pyrroles[40-42], porphyrins[43, 44] and
amides.[45, 46]

Metal complexes have also been used as anion binding sites. Metal complexes
can bind anions forming stronger bonds than those generally observed using electrostatic
or hydrogen-bonding interactions.[47, 48]

2.1.4 Determination of Bindin ustants

&ms, the weak chemical interaction

In the viewpoint of
is amplified, integrated u signial that can readily read out and
record. These data are relat gfinplexation proeess. 1here are several methodologies

to determine the binding eénsifiuf Sich las' NMR ~.{:~. opy, UV-vis spectroscopy,
fluorescence and electroche] i : on the molecular design.
2.1.4.1 Deteym astants by NMR spectroscopy[49,

50]

'H-NMR titration is o % ::rw:;,-, useful techniques which is available to
chemists for the inve: ion AR - pcgSses. Appeared NMR spectra
are basically treated ’y splay a qualitative de Crgversible dynamic processes.
This topic is often muB 0 siuae two-site exchange systems;
slow and fast exchange. Itgs stated that the spectrum consists of two signals under “slow-

exchange” mnﬂ:ﬂ@ ﬁ}%ﬁnﬂanmy ratio of integration of

the NMR signalsifor free and bound hosts. The bﬂund and free molecull:s give rise to

s T AT | T T =

associationl co ly. There is just one signal at the population-averages

chemical shift under “fast-exchange™ conditions. Most of the host-guest equilibria are fast
on the NMR time scale. Basically, the association constant of either slow or fast
exchange process is represented by the following equation.

Bi = [HG)/[H][G]
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In a typical fast exchange NMR titration experiment, a small aliquot of a guest
may be added to a known concentration solution of a host in a deuterated solvent and the
NMR spectrum is monitored as a function of the guest concentration or a host to guest
ratio. Commonly, changes in chemical shift (Ad) are noted for various atomic nuclei
attributed to the influence of guest binding on their magnetic environments. As a result,
two kinds of information are gained. Firstly, the location of nuclei most affected may
give qualitative information about the selectivity of guest binding. More importantly, the
shape of the titration curve plot of ical induced shift against added guest
i : the binding constant. Such titration

curves are often analyzed by ; ure; for instance, EQNMR.
2.14.2 Constants by UV-vis and
Fluorescence Spectrosco

The stability co m between the free ligand L

and the complex ML from the variation of either
absorbance or fluorescence i vation wavelengths.

M+L IML]/([L][M])

It is easy to derie BRHc absorbance 4y of the free
ligand and the absorban of the solulion al a given wa\me

ﬂﬂﬁﬂﬂﬁm HEI)T

€17 EML Ks[M]

wher s@mama A ALUBAZIIAINE B o o

respecuvcly The quantity 4o¢/(4g5-4) is plotted versus [M]”, and the stability constant is
then given by the ratio of intercept/slope.
The various methods for determining the stability constants from fluorimetric data

were previously discussed.[52] The best of them uses the relation
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k)
0 -1g - g P E'ML(D Ks[M]

where @ and @y are the quantum yields of the ligand and the complex, respectively.
The quantity JF%/(IF-IF’) is plotted versus [M]", and the stability constant is then given
by the ratio of intercept/slope.

2.1.5 Literatures Review

#/ﬂ:eptnm
0d m@:m and organic molecular

g large color changes in indicator displacement.

The cooperativity
recognition has been studi
Pyrocatechol and Zn (II)
aspartate and glutamate,
affinity with the indica
(Amax = 647 nm) upon
constants for 1:1 complex s

ed as indicator and receptors for
irstly investigated the binding
x = 445 nm) to a deep blue
of the indicator. The binding
! for 1:3 and 2:3, respectively.
of 1:3 or 2:3 resulted in a color
e displacement of the indicator. The

The addition of various amifio dei ;
change from deep blue to yellow t
binding constants of 1 /drop __ s s
phenylalanine are in the/range of 1x10 y en pdnced affinity was found for
asparagines (2.3x10* Mﬂ The carboxylate (benzoic acid) and dicarbux)rl'atc (succinate,
aspartate and glutamat were also studied the binding with 1 and 2. A comparison
v 1 o S £ 0 T B S EIHT Qe s
phenylalanine areulmust identical. The dlfﬁ:rence found in the of aspartate and

ot FEVRN T I EU UANINYIA Y

Kﬁ’[j\(‘w l
Y : Yol

Lo T

HyN NH;

h as glycine, valine and
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A novel type of offfon fluorescent chemosensor for selective detection of histidine
has been described. A heteroditopic system containing crown fragment and quanidinium
subunit is used as receptor for linear analytes. Selective binding with histidine from
dicopper (II) complex (3) was proceeded from non covalent interaction between
imidazole side chain of histidine and Cu" ions. The fluorescent indicators; coumarine,
fluorescein and eosine Y are bound through non covalent interactions (carboxylate group
of each dye bridge the two Cu" ions), which quenches their emission. The addition of
histidine displaces the indicator which displays its full fluorescence when it is released to
the solution. Titration of each i ted formation of 1:1 adducts. Each
receptor/indicator pair was studied (k '}‘\\ : -amino acids: His, Ala, Phe, Leu,
d Gly) displace the indicator. The
highest sensing selectivil Kl “feosin Y which sufficiently
discriminates histidine fromueg ted amino acids. The observed
trend of stability constant (1§ (il ' 4 > ] 1> eu > Pro) seems to be related
' side chain.[53]

Pro and Gly. There are on

to the increasing steric ref

ﬂumm lﬁi

Br Enlh‘i' Br

Ph oswitc @cgune-shmuymm ::]: gﬁmnagnluplw e Core, consisting of

photochromic spiropyran (5) was prepared for amino acid binding and releasing study.
Under dark conditions, the majority of spiropyran molecules exist in their “closed” spiro
form (colorless, nonpolar and no strong emission), which when excited with UV light

(360nm) undergo photoisomerization to the “open” merocyanine form 4 (highly polar
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and zwitterionic) absorbing in the visible region and emission around 650 nm. The
binding studies of zwitterionic merocyanine towards amino acids: L-Trp, L-Tyr, L-
DOPA and a-methyl-L-DOPA, were investigated. Compound 4 can undergo the quick
thermal ring closure in the absence of amino acids. The two-point electrostatic interaction
between 4 and amino acids resulted in the formation of a stable complex which prevents
the thermal ring closure. In case of 4, the emission intensity decreased gradually with
time and the solution became nonfluorescent after 120 min. In the presence of various

amino acids, an initial decrease in emission intensity was observed and persisted for a

long time. The long-lived species is

4.amino acid complex

N-substituted guanidiftigearbon 3 W6 is cfficient receptor for the

___ 0 ater. This receptor strongly binds

carboxylate through () ¢ i and” multiple hydrogen bonds.
Additional binding linferactions afldched to the N’ of the
guanidiniocarbonyl pyrE]e could abilize @ complex and increase the
selectivity of the recognitign, The complexation properties were firstly studied with

valine using WWWW:WWE}ﬂaﬁﬁ strongly bound amino

acid carbnxylaiesﬂveu in aqueous bu‘ﬁ“er solution with association constants of Kassoc >

103 M @mlmﬂﬁwwﬂﬁewlﬁlﬁﬁf the amino acid

side chain.®Valine bound nearly two times better than alanine (Ko = 1750 and 1000 M
! respectively).[55]

complexation of amino acid

) il I X
e N/\)khl CONH,
i i

—_— H

N\ _NH 6
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A macrocycle (7) having two chelating bisphosphonate moieties was successfully
used as the selective receptor for lysine methyl ester dication. This compound was very
soluble in polar solvents such as methanol and water but insoluble in DMSO and MeCN.
Complex stoichiometries with lysine, arginine, omnithine and histidine were obtained
from Job plots. The smaller amino acid esters including histidine, orinitine and arginine
produced a clear 2:1 stoichiometry but lysine was bound by 7 in a clean 1:1 complex. In
methanol, association constants for the complexes of amino acids with receptor 7 showed

interactions in the related assemblies » and arginine. However, histidine is

that the four-point interactions in case ¢ Vﬁ lysine is more powerful than the two-point

even superior to lysine beca strong hydrogen bonds between the
imidazolium moiety and the™ i¢ formed complex 5-7 times more
strongly than omnithine and gigifiln€ dnd dven (wice as strongly as histidine.[56]

Calix[5]arene 8, % 10, 11a and 11b have been reported for an affinity with

oSS ) W4 o ez

GABA HCI). A hmmmy NMR scpemng of hmdmg affinities bal! receptors toward
v QAR PN RN G e i
associatiofl constants. The receptor 11 was further investigated the binding with
Cad.2HCI, e-Ahx and Lys-OMe.2HCIL. The 1:1 stoichiometry was determined. Complex
formation is proposed to be 1:1 endocavity complexes which were supported by shifts in
'H-NMR spectrum of both receptors and guest protons. The binding of the

pentylenammonium chain inside the calix[S]arene cavity takes advantage of a
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combination of cation-n, CH-n and hydrogen bond interactions with the phenolic
oxygens. In case of Spd.3HCI guest, the inclusion inside the calixarene cavity was also
observed. On the other hand, zwitterionic GABA showed a likely single-point interaction
without the inclusion.[57]

8:R="Bu
9:R=NO;
10 ; R =NH,
'l///)h : R = (R)-PhMe CHNHC(O)NH

A; R = (S)-PhMe CHNHC(O)NH

[ Je——

H

A new class of cléfilife .\.\‘ ¢s based on bisphosphonates was
presented as a chiral se Or arpinine (an %x\‘\r robisindane skeleton in 12 and
13 guarantees a high deggrecfol g%:?- * ‘ ene spacer in 13 was chosen to
prevent rotation of the bridge i ,'m ror 'é"l;,_ I\ 2 technique of 12, 13 with a,m-

S 2

diammonium compounds (Cy€, Liytis, L-Om, d L-Arg) supported that 12 forms

1:1 complexes with lysine or argining glassociation constants, it was found that
the open chain host . s selective for ] _‘,~: (K, up to 8x10° M) and
macrocycle 13 prefersiénger W ). No enantiodiscrimination

is found for the ope Uchain host , and even llm:an only distinguish among
enantiometric guests in tHesattribution of MY.N" distance of more than five bonds.

Hydrogen bond uﬂrgp%&mw,ﬂa Qcﬁ are main interactions of

the mmplexes.[ﬁﬁl ¢ -
R aﬂgi%umgﬂﬂ%ﬁg .

Et0—

“or po-* Hoon
et
13

12
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Luminescent crown ether amino acid (CEAA) has been synthesized. It has affinity
to ammonium ions and signal the binding process by an increase in emission. 18-crown-6
can be easy to oligomerize with other recognition moieties with use of standard peptide
synthesis methods to obtain CEAA dipeptide 14. Furthermore, a fluorescent phthalic
ester or phthalimide moiety was incorporated as a luminescent probe for binding events.
In receptor 14, both crown ether parts bind independently to monoammonium guests with
affinity similar to that of monomeric CEAAs. A bisammonium guest, such as lysine
methyl ester, is cooperatively bound with a much higher affinity. Isomeric tripeptides
containing one Lys show different & issic se with 14 depending one the distance
between ammonium ions withthe pept the Lys into the peptide chain and

thus increasing the distance erming 1 in ammonium group leads to a

significant decrease of the st affinity was obtained in the

,11. 2 101SS
case of N-terminal lysinc.
q‘-'.*‘

Diphenylglycol il based cf ecule 1 ing cavity for amino acids
binding inside was stud@.
combination of several now covalent interactigns (H-bonding, - stacking and the cavity

) e 43 SR i o O

for a mmpenuan periment. The bu?img of Magnesnn with 15 caused an increasing in

the ahsuw WW %ﬂo . The binding of
the complex with different guests show reasing o absorption band at

450 nm and the presence of an isobestic point at ca. 290 nm. The complexation with

binding ﬁdjfferent phenolic guests viaa

guests fitted a 1:1 complex stoichiometry. The binding constants calculated for 15 with
guests were moderate to high and a remarkable enantioselectivity for D-tyrosine, L-
phenylalanine and D-tryptophan.[60]
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COOH
o HN_ |
> L oJ T
Novel receptors

)

”ﬁz—-.. )

plore Idel taining chromophores (coumarin

aldehyde 16a and its 4-bulyl dety \\‘\\1\*--.. n to detect amines and amino
acids via the reversible torg i s \'\\ .._\:: UV/ivis SPECH'DSCOPY showed
that the two EldCh]l"dES dispial Téd .._ \ |'l { | oward the addition of glfﬂlﬂﬂ
The formation of the imufiiug F ﬁh than 16a. The red shift is

consistent with the propog d
chromophore carbonyl. Thg'd ' speetroscopic properties of 16a and
16b is supposed to steric effécts, ESCE studies of compound 16b exhibited a

strong increase in fluorescence upbn addi

ding of the iminium ion to the

of an amine. Results from a number of

amines and amino acigs ted that all | es give strong fluorescence
responded with compoUaid 16b. The acidi ‘f partate and glutamate) had
smaller equilibrium co ts and larg seence 1@@.%5 than the neutral amino

acids (glycine, lysine, seripe ‘g,d alanine). Fi }f, in agreement with the absorption data,

compound 16a cﬂ oflefif %ﬁm%’}ﬂ Supon addition of amines

or amino acids.[6 1]

QW?&NﬂiﬂJ BN Y

Afﬁ ﬁ@f:%*r

16aR= Camplex
16b R = Bu

:-z+
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Acridine derivatives (17-19) were described their binding with amino acids. NMR
spectra of 17 indicated the presence of its zwitterionic form, namely 17a. It was found
that phenylalanine, tryptophan and tyrosine O-methyl ether were extracted from their
aqueous solutions with high efficiency by 17. NMR spectroscopy indicated that these
amino acids occupied nearly 50% of the available receptor 17. In contrast, leucine,
isoleucine and valine were not extracted. The NMR spectrum of the phenylalanine
complex showing a dramatic upfield shift of the phenyl protons were most easily
rationalized by the stacking interactions. Similar spectra were observed with tryptophan
and tyrosine derivatives. .complexed with these aromatic amino
acids were much reduced but siil nature. The fluorene 19, lacking

both zwitterionic character~and~a welly wﬁﬂ& showed no evidence of

- —— T _—t

receptﬂwi@quaﬁ ‘ﬂ %fw Wo acids by liquid-liquid

extraction experifients. Properties of °‘211 feature as follow: (i) nan—sclf-cumplementar}'

blndmg WW{? Wlﬂ (a crown ether);
(i) an aromatic plan or an additional selective stacking interaction with the

side chain of aromatic amino acids; (iii) a chiral structure (S,S-isomer) for
enantioselective recognition. Results from the extraction of L-Trp, L-Phe or L-Val which

determined by NMR showed 40% extraction for L-Trp and L-Phe but L-Val, without any
aromatic side chain, was not detected. A competition experiment with a mixture of all
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three amino acids resulted in 100:97:6 Phe/Trp/Val ratios. In case of the extraction of a
mixture of 13 amino acids, selectivity of Phe was enhanced. Reciprocally, use of (R,R)-
20 allowed the extraction of D-Phe or D-Trp, but not of the L-enantiomers. 'H-NMR data
(upfield shifts for the naphtoyl protons) supported the binding for a 1:1 complex of (S,S)-
20 with Trp.[63]

nation of amino acids binding. All

acridine derivatives L1, L2,

acridine derivatives employed N ea to serve as binding sites for the
carboxylate group of am in d sed as fluorophore. Amino acids
studied in this work ";f ______ : diphatic amino acids; alanine

(Ala), glycine (Gly) and leucine (Lew) and aromalic n:@m acids; phenylalanine (Phe)
and tryptophan (Trp). The.complexation gtudies are also investigated by several

L T L DT S——

spactmphotometrﬂnd mass Spectroscopy. .

RINNIUUNININY
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Figure 2.1 Structures / ; aliVes containing thiourea (L1, L2, L1H and
L2H).

2.2 Experimental Section

2.2.1 General procédures for syi it mntaining acridine
moiety 4 Y}

y 2

2.2.1.1 Analytical instruments , ,

AULINENINYINT

The 'H-NMR, “C-NMR and tvo dimentional NMR spectra were recorded on a
= ./

Varian - s W | s, samples were
n‘.ii,tm:tl*..fi:flq pmﬂm cm;;wmmﬂsulfuxlﬁl 3dai:hc|§1icai shifts were

recorded using a residual proton signal as internal reference. Coupling constants were
given in Hertz. Elemental analyses were analyzed on a Perkin Elmer CHNO/S analyzer
(PE2400 series II) by ignition combustion gas chromatography separated by frontal
analyses and quantitatively detected by thermal conductivity detector. UV-vis absorption
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spectra were acquired on a Varian Cary 50 Probe UV-vis spectrophotometer. Samples
were contained in 10 mm path length quartz cuvettes (3.5 mL volume). Fluorescence
emission spectra were obtained on Varian Cary Eclipse Fluorescence spectrophotometer
by personal computer data processing unit. The light source is a pulse xenon lamp and a
detector is a photomultiplier tube. Unless otherwise noted, the spectroscopic grade
solvent was employed as purchased without further purification. Electrospray mass
spectra were determined on a Micromass Platform quadrupole mass analyzer with an
electrospray ion source using acetonitrile as solvent. All melting points were obtained on
Electrothermal 9100 apparatus. T re carried out on a Nicolet Impact 410
FTIR spectrometer at room ' : atdssium bromide (KBr) disk method.

All materials were sfangday ased from Fluka, Aldrich or
Merck and used withou , icatio ‘\ grade solvents such as acetone,
dichloromethane, hexane gimei r’ | aﬁi’d \ e purified by distillation before
used. Acetonitrile and dichléromet F \ saction were dried over calcium

hydride and freshly distilled finder i ere prior to use. Chromatographic
separations were performed 05_ ,A_ -' i {kies&lgel 60, 0.063-0.200 mm,
Merck). Thin layer chyro 'LC) ul'. using silica gel plates
(kielelgel 60 Fasq, ImaiyMerck). All guesis as i" ds were dried in vacuo prior

o J i
nﬂsutm%wwmm
QW‘W‘M‘ﬂ“ﬂ'ﬂa‘ﬂm‘?ﬂ‘m a Y

CH,
s
g KaCOs CHCN
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To a stirred solution of pyrocatechol (2.8390g, 0.025 mol) and potassium
carbonate (3.5225g, 0.025 mol) in 80 mL acetonitrile was slowly added with a solution of
iodomethane (1.57 mL, 0.025 mol) in acetonitrile. The solution was heated to reflux
under nitrogen for 8 hours and then allowed to cool to room temperature. The solvent was
removed under vacuum and the solid residue was taken up in dichloromethane. The
solvent was further treated with 3M hydrocholic acid (50 mL) and extracted with
dichloromethane (3x50 mL). The organic layer was dried over anhydrous sodium sulfate
and the organic solvent was removed under reduced pressure. The residue was purified

Characterization data fo )
"H-NMR spectrum ( =693 n, Arf), 5.755 (1H, d, J = 4.0 Hz, -OH),
3.924 (3H, d, J=3.6 "

2.2.13.2 Pre enol (2}
(:EOCH, CH,
OH
1
) J
Glacial acetic a (Iﬂ mL) a 5860, ;DZ;ﬂnul) was mixed and stirred in

80 mL acetonitrile. A solytian of concentrated nitric acid (1.8602 mL, 0.025 mol) was

slowly added. 'lﬂ %@ @sw.&}éﬁ@w&h%‘a} 4 hours. After cooling

to room tampcra , the reaction v@s poured mtu ice/water and added with sodium

h}'drog mwmchhmmeﬂ:ane
(3x50 m organic solvcm was removed e residue purified on a

silica gel column using dichloromethane as eluent. The purified product (2) was obtained
as yellow crystalline solid after dryness in 10% yield.
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Characterization data for 2:

"H-NMR spectrum (CDCly): 5 = 7.825 (1H, dd, J = 7.8, 2.4 Hz, Ar-H), 7.704 (1H,d, J
= 2.4 Hz, Ar-H,), 6.921 (1H, d, J = 8.8 Hz, Ar-H,), 6.131 (1H, s, -OH), 3.936 (3H, s, -
OCHj3).

IR spectrum (KBr, cm™) 3369, 3100, 3015, 1590, 1513, 1341, 1267, 1088

2.2.1.3.3  Preparation of  2-Methoxy-1-(2-(2-(2-(2-(2-methoxy-4-
nitrophenoxy) ethoxy)ethoxy)ethoxy) r

Oo,N CH,
To
H

xy)-4-nitrobenzene (3)

/

3 NO,

A mixture of the catalystic amount of
(1.6530g, 0.012 mol) in 80 mL

0 minutes. Then, a solution of

tetrabutylammonium bromide ar
acetonitrile was stirred at : i1
tetraethylene glycol ditosylate l-" D =_:.' amol) in acetonitrile was added and the
1 “nitrogen at Bt 5 days. After the mixture
cooled down to roomi. [émp o} '- to dryness in vacuo. The
residue was dissolved imﬁc!ﬂu d"thicn was@d with 3M hydrochloric acid
(50 mL) and extracted with dichloromethang (3x50 mL). The organic phase was dried

over anhydrous ﬂ% st bl e s3flent By frd v I8 desired product (3) was

obtained as a hﬂéht yellow crystal}me solid {41}% yield) after racrystall:zahun in

st QARAREN T NAINY TN Y

Characterization data for 3:
"H-NMR spectrum (CDCl;): & = 7.916 (2H, d, J = 8.8 Hz, Ar-I}), 7.765 (2H, s, Ar-H,),
6.985 (2H, d, J = 8.4 Hz, Ar-H,), 4.308 (4H, t, J = 4.8 Hz, Ar-O-CH>-CH,-0-), 3.966

reaction mixture
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(10H, br s, Ar-O-CHz-CH;-O- + -OCHj), 3.766 (4H, m, J = 2.8 Hz, Ar-O-CH,-CH,-O-
CH>CH;-0-), 3.710 (4H, m, J = 2.8 Hz, Ar-O-CH,-CH,-0-CH,-CH>-0-).

IR spectrum (KBr, cm™) 3443, 3093, 2898, 1590, 1520, 1334, 1275, 1139, 1092

2.2.1.3.4 Preparation of 3,6-[3-methoxy-4-(2-(2-(2-(2-(3-methoxy-1-
thiourea benzene)ethoxy)ethoxy) ethoxy)ethoxy)-1-thioureabenzene]acridine (1.2)

Hydrazine (0.4876¢g,.0.021 mol) and,Raney nickel (0.3073g) was added to a

sty sl i 3 FAASYU TG @ i of 11

acetate:methanol. A fier 2 hours, the nl)xture was f' Itered to remove Rane}' nickel and the
filtrate thane and dried
over Mﬁm anhy usiiﬁﬂmzﬂ;ﬂgﬂ:ﬁgm 4, as yellow
liquid which was immediately used in the next step by dissolving it in 150 mL
dichloromethane and cooling to 0°C. A solution of proflavinedithiocyanate (1.1677g,
0.004 mol) in dichloromethane was slowly added into the solution of 4 with the
controlled temperature at 0°C and the reaction was stirred at room temperature overnight.
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The reaction mixture was filtered to remove dimer product (dark red powder) and then
the organic solvent was evaporated under reduced pressure. The residue was dissolved in
DMF and then methanol was added to precipitate the desired product L2 as an orange
powder (16% yield).

Characterization data for L2:

"H-NMR spectrum (DMSO-dy): & = 10.092 (2H, s, -NH,), 9.975 (2H, s, -NHj), 8.855
(1H, d, J = 12.0 Hz, Aryigine-H.), 8.23 S, Alacridgine-Hy), 8.001 (2H, d, J = 8.0 Hz,
Alacidine-H,), 7.680 (2H, d, J= 9. ' 181 (2H, s, Ar-Hg), 6.954 (4H, s,
Ar-Hy), 4.041 (4H, s, Ar-O- s, Ar-O-CH,-CH,-0- + -OCHj3),
3.571 (8H,d,J= 7.6 Hz,

\\

BC{'H}-NMR spectrum | 1J: Bl= \f
. \%
132.5,128.3, 123.3, 123. - ‘V.

148.6, 145.4, 141.6, 135.1,
*’»‘ 7, 69.8, 68.9, 68.1, 55.6.

l.'r

_ri F

3_,

IR spectrum (KBr, cm’ 458, 1225, 1131

MS(ESI): m/z for C3;H3oNs(
Elemental analysis:

Anal. Caled for Ca;H3slbC
Found

$247: H,531; N, 9.33
c@lm- H, 5.32; N, 9.60

2218bi AV P

m ‘hh[mE“n scnm

To a solution of proflavine hemisulfatedihydrate (0.2763 g, 0.001 mol) in
dichloromethane 100 mL, potassium carbonate (1.1000 g, 0.008 mol) and a catalystic

amount of 18-crown[6] were added and the mixture was stirred at room temperature for
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30 min. Thiophosgine (0.30 mL, 0.004 mol) was added and the reaction was stirred at
room temperature overnight until the clear orange solution was observed. This solution
was poured into water (100 mL) and extracted with dichloromethane (3x50 mL).
Purification of this solid by silica gel column chromatography using dichloromethane as
eluent and the recrystallization with dichloromethane/hexane were carried out to give
yellow crystals as products (70 % yield).

Characterization data:
"H-NMR spectrum (CDCl): & = 8. ]
(2H, dd, ] =8, 2.4 Hz, H,)

"

y/«Hu}. 8.035 (4H, m, H, and H), 7.435
7Z,
——

2.2.1.3.6 Pre

Wi ?'I mL dichloromethane was
.'-Ti“. inedithiocyanate (0.1500g,

cooled to 0°C and slowly
r the reaction mlixturc was stirred at room

0.0005 mol) in dichla u methane
solid was pfie¢ipitated and the solid was filtered under

Tmmi" ﬁmsm T 15 sowicr o e o

product (L1) (52% ylcld)

AT I INg

"H-NMR spectrum (DMSO-d;): 5 = 10.284 (2H, s, -NH,), 10.144 (2H, s, -NH;), 8.894
(1H, s, Alscridine-f1}), 8.251 (2H, s, Arucridine-Hy), 8.037 (2H, d, J = 8.8 Hz, Aracidine-H),
7.697 (2H, dd, J = 8.8, 3.0 Hz, Aryidine-Hi), 7.526 (4H, d, J = 7.2 Hz, Ar-H,), 7.350 (4H,
m, J= 7.6 Hz, Ar-Hj), 7.142 (2H, m, Ar-H_).
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BC{'H}-NMR spectrum (DMSO-dg): & = 179.6, 149.3, 142.1, 139.8, 1354, 1292,
124.8,124.0, 123.8, 123.5, 118.0.

IR spectrum (KBr, cm™) 3217, 3027, 1618, 1544, 1446, 1252, 1147
Elemental analysis:

Anal. Caled for Co;HyNsS; C, 67.61; H, 4.41; N, 14.60.
Found C, 67.59; 42; N, 14.61.

2.2.1.3.7 Preparation & Dacridinium ion (L1H)

To a solution of L1 ) in DMF, an excess amount of
trifluoroacetic acid (0.1000 m AVES
days. The desired product (LAH) was oblain ng€ solid in 65 % yield afier an
addition of methano! 12N

y

Ch:rutermhou data foy'L1H

mmﬁm@@wﬂmw £4) o, 9.5

(1H, s, Aracridine-H1, 8.885 (2H, s, Arsgiine-Hy), 8.274 (2H, m, Arscigige-Hp), 7.784 (2H, d,

-2 RAIAFOILR U IPEI YL -on o

Hy), 7.17144H, t, ] = 7.2 Hz, Ar-H,).

ghthen stirred at room temperature for 2

BC{'H}-NMR spectrum (DMSO-dg): 8 =179.3, 159.7, 159.4, 159.0, 139.3, 130.8,
129.0, 125.6, 124.4, 123.3, 122.1, 118.9
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IR spectrum (KBr, cm") 3478, 3050, 2781, 1696, 1536, 1458, 1193
MS(ESI): m/z for C3;HzoF3Ng0:S; = 665.752 M+DMF]

2.2.1.3.8 Preparation of 3,6-[3-methoxy-4-(2-(2-(2-(2-(3-methoxy-1-
thiourea benzene)ethoxy)ethoxy) ethoxy)ethoxy)-1-thioureabenzene]acridinium ion

(L2H)

MeD Me

The protonation of 2 v ed similarly o that of L1. The final product
(L2H) was as a dark red soliddn 66% :

A INU,), 10.555 (2H, bs, -NHj),
9.425 (IH, bs, Arscigia ), 8.866 (L B8, Afuninc- D) 8.255 (2H, bS, Atwctic-FHe).
7.756 (2H, bs, Aracidine-Hg),2.201 (2H, s, Ag-H), 7.005 (2H, m, Ar-Hy), 6.968 (2H, s,

Ar-H), 4057 (41| § ABQ-CHIGE-OY) $3:308. 5 BGicn,-cr-o- + -ocHy)

3.563 (8H, d, J = 84 Hz, Ar-D-CH;-C}-I;—D -CHyCHy0-).

A ASDIUHIANEINE,

IR spectrum (KBr, cm™) 3529, 09, 1458, 1

MS(ESI): m/z for CigHgoF3NsOoS; = 844.864 [M+H'].
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2.2.2 Experimental procedures in complexation studies

2.2.2.1. '"H-NMR titration studies for complexes of ligands L1 and L2

with amino acids

Typically, a 0.002 M solution of a ligand (1.18x10® mol) in DMSO-d; (0.6 mL)
was prepared in a S-mm NMR tube. An initial 'H-NMR spectrum of the solution of the
ligand was recorded. A 0.012 M stock solution of guest molecules (6.00x10® mol) in

DMSO-ds (0.5 mL) was prepared is a in Tables 2.1). The solution of a guest

molecule (0.4 mL) was added wia and 50 pL portions) to the NMR tube
to have guest:host ratios she MR spectra were recorded after each
addition. :

Table 2.1 Amounts of aming agids | 1 1564 \? slexation studies with ligand L1 and

L2 for NMR titration st
Ligands Weight (gram)
LlorL2 0.00045
0.00053
0.00079
0.00099
0.00122

AULINENINEINT
RINNTUUNININY
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Table 2.2 Amounts of solutions of amino acids used to prepare various amino acids:L1
ratios for NMR titration studies.

ratio of guest:ligand volume guest added (uL)
0.0:1.0 0
0.1:1.0 10
0.2:1.0 10

0.3:1.00 ”‘/,"
T 04 :‘l ..--ﬂ
TN
7/ NN\
Ll = l\,h\\&\
IIE%‘ AN

i@ Vi
i '\

Taloz
161077 ;

R R ———
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2.2.2.2 '"H-NMR titration studies for complexes of ligand L1H with amino

acids

Typically, a 0.003 M solution of a ligand L1H (1.8x10° mol) in DMSO-ds (0.6
mL) was prepared in a S-mm NMR tube. An initial '"H-NMR spectrum of the solution of
the ligand was recorded. A 0.014 M stock solution of guest molecules (9.00x10 mol) in
DMSO-ds (0.5 mL) was prepared in a vial (shown in Tables 2.3). The solution of a guest

molecule (0.4 mL) was added via mmmsynng: (10 and 50 pL portions) to the NMR tube

to have guest:host ratios shown i Wmmmmrﬂeﬂaﬂamch
addition. /

Table 2.3 Amounts ofamm aciclsflr in complexation studies with ligand L1H for
NMR titration studies. / é
¢ '1
Ligand e Weight (gram)
LiH F _ " G 2 \ 0.00068
' 1 0.00080
0.00118
0.00148
0.00184
2223 'H- ‘ nmp@ﬁ of ligand L2H with amino

acids

ﬂumwﬂmwmn‘a‘

T}rplcally, 0.005 M solution 21' a ligand LIH (1.75x10°® my'] in DMSO-d;s (0.35

Wﬁrﬁ Wﬂ w.qw Wf‘ the solution of

the ligand was reco M stock solution of guest molecules (1.16x10° mol) in
DMSO-ds (0.4 mL) was prepared in a vial (shown in Tables 2.4). The solution of a guest
molecule (0.3 mL) was added via microsyringe (10 and 50 pL portions) to the NMR tube
have guest:host ratios shown in Table 2.5. '"H-NMR spectra were recorded after each
addition.
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Table 2.4 Amounts of amino acids that used in complexation studies with ligand L2H for

NMR titration studies.
Ligand Amino acids Weight (gram)
L2H 0.00088

0.00104
0.00153
0.00193
0.00239

Table 2.5 Amounts of so various amino acids:L2ZH

ratios for NMR titratiofi' s

ratio of guest:ligand volume guest added

(L)
0.0:1.0 75
0.1:1.0 15
02:1.0 15
03:1.0 15
0.4:10 15
0.5:1.0 15
0.6:1.0 375
0.7:1.0 75 _3.0:1.0 375
O8] B |~ 375
091.0 75 4.0:1.0 375
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2.2.2.4 UV-vis titration studies for complexes of ligand L1 and L2 with

Typically, 0.01 M solution of [BusN][PFs] (0.3874 g) in 100 mL of DMSO
(spectroscopic grade) was prepared and used as a solvent in all UV-vis experiment.
Solution of 0.00003 M of a ligand L1 (3.00x10”7 mol) or 0.000025 M solution of ligand
L2 (2.50x107 mol) in 10 mL of DMSO were prepared in a volumetric flask. The ligand
solution (2 mL) was pipetted into a 1 cm pathlength quartz cuvette and absorption
spectrum of each ligand was re ¢
solution of a guest in DMSO was prepared il
2.6 for L1 and L2). The solutionof a guést (1ot

330 to 550 nm at room temperature. A
volumetric flask (shown in Tables
me 1.5 mL) was added directly to
the cuvette by microb measurement. The absorption

spectra of solution were | fl dltgr e _ absorbance of a new peak at

Table 2.6 Amounts of i Al 156d in camplexation studies with ligand L1 and
L2 for UV-vis titration st =
Ligands Ligand:Guest (equiv)
L1 1:50
1:50
- 1:50
Phenylalanine oy 0.00330 1:50
U Emde) Y| Veman g v
L2 9 Glycine ¢ ﬂiﬂlﬂﬂ - 1:40
YRVANTIU NN VIR E
q cine 0.0017 1:40
Phenylalanine 0.00220 1:40
Tryptophan 0.00273 1:40
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2.2.2.5 UV-vis titration studies for complexes of ligand L1H and L2H
with amino acids

Typically, 0.01 M solution of [BuyN][PFs] (0.3874 g) in 100 mL of DMSO
(spectroscopic grade) was prepared and used as a solvent in all UV-vis experiment.
Solution of 0.000025 M of a ligand L1H (2.50x10” mol) or 0.00002 M solution of ligand
L2H (2.00x107 mol) in 10 mL of DMSO (spectro grade) were prepared in a volumetric
flask. The ligand solution (2 mL) was pipetted into a 1 cm pathlength quartz cuvette and

igdnd gcorded from 330 to 550 nm at room

uest in DMS gpmd in a 10 mL volumetric flask
d4.2H) Thwfa guest (total volume 1.5 mL)
was added directly to the ouVCHE by \microk ind stirred for 30 sec prior to
measurement. The absorptieh spéaty of Solufior mrded after each addition until

Table 2.7 Amounts of ¢ agids tlial used in compleéxation studies with ligand L1H

Ligand Ligand:Guest (equiv)
L1H 1:30
1:30
1:30
Phenylalanine o 0.00165 1:30
u%pwuﬂ TN e
Glycine ﬂﬂﬂﬂﬁﬂ y 1:30
AniasEniin iy
Phenylalanine 0.00132 1:30
Tryptophan 0.00163 1:30
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2.2.2.6 Fluorescence titration studies for complexes of ligand L1 and L2

with amino acids

Typically, 0.01 M solution of [BuyN][PFs] (0.3874 g) in 100 mL of DMSO
(spectroscopic grade) was prepared and used as a solvent in all fluorescence experiment.
Solution of 0.0002 M of a ligand L1 (2.00x10® mol) or 0.0002 M solution of ligand L2
(2.00x10° mol) in 10 mL of DMSO (spectro grade) was prepared in a volumetric flask.
The ligand solution (2 mL) was pipetted into a 1 cm pathlength quariz cuvette and

emission spectrum of each ligand r 430 to 650 nm (excitation at 400 nm) at
room temperature. A solution ef - i80.was prepared in a 10 mL volumetric
flask (shown in Tables 2.8 fordstrand 1.2}, Thesolution of a guest (total volume 1.5 mL)

was introduced in portions tg by microburette and stirred for 30 sec prior to

measurement. The emission

Table 2.8 Amounts of am

L2 for fluorescence titratigh

on studies with ligand L1 and

i | Ligand:Guest (equiv)
fﬂus@mﬂm'ﬁ’mmﬁ
SUEN el Ve (FNDE e
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2.2.2.7 Fluorescence titration studies for complexes of ligand L1H and
L2H with amino acids

Typically, 0.01 M solution of [BusN][PF¢] (0.3874 g) in 100 mL of DMSO
(spectroscopic grade) was prepared and used as a solvent in all fluorescence experiment.
Solution of 0.0002 M of a ligand L1H (2.00x10® mol) or 0.0002 M solution of ligand
L2H (2.00x10° mol) in 10 mL of DMSO (spectro grade) was prepared in a volumetric
flask. The ligand solution (2 mL) was pipetted into a 1 cm pathlength quartz cuvette and

emission spectrum of each ligand 470 to 650 nm (excitation at 460 nm) at
room temperature. A solutio {0 was prepared in a 10 mL volumetric
flask (shown in Tables 2.5 tion of a guest (total volume 1.5

mL) was introduced in pOFiORstEaHE cuveite by micro and stirred for 30 sec prior
to measurement. The emissign spécfia of § s‘x-\'\\'\?n toward all titrations.

Table 2.9 Amounts of affing adidé thmt nsed in Somplexation studies with ligand LIH

Tigand Ligand:Guest (equiv)
Tryptophan o 001362 :z:

= fuyanupaneng

SR BNtk Vv (0 e
Tryptophan 0.01634 1:30
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2.3 Results and discussion

2.3.1 Synthesis and characterization of acridine derivative receptors

2.3.1.1 Synthesis and characterization of 3,6-bis(thioureaphenyl)acridine
(L1)

Synthesis of compound L1 is outlined in Figure 2.2. Proflavinedithiocyanate was
synthesized from a reaction betweer ghemisulfatedihydrate and thiophosgene in
the presence of anhydrous potassiug \\“-,-/f LS aebased and 18-crown[6] as a catalyst.
The desired compound separaied of a s pelecolumn with dichloromethane as

eluent to give proflavined - ;

0 1 was prepared by a coupling
/ \\f \%ry dichloromethane. During an
addition of a proflavine€ : \\\ ure was kept at 0°C to protect a
forming of dimer by-praffuc rﬁ\\\\ rred at room temperature for
2 days. The '"H-NMR spey I g Ll §h ~‘- i .~ senice of three phenyl proton signal
at range 7.1-7.6 ppm with & consisi ~one ‘doubletiand two multiplets. The acridine
protons appeared two singlets at, ‘_z{ Tt 5 ppm, one doublet at 8.04 ppm and one
doublet of doublet at 7.69 ppm

downfield position aby 10

reaction of proflavinedithig

= - - shectra showed NH thiourea resonance in
..--"' .p-"r

» acridine and phenyl ring,

respectively. IR sped 3 showed a N-H Sir ival 3217 em”, C-H aromatic
stretching band at BGETEIJ EQB cm™ and C=S stretching band
at 1544 cm™. The result 'Ernm elemental alysns also supported the structure of this

. ﬂumwﬂmw 1113

Figure 2.2 The synthetic pathway of final product L1.
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2.3.1.2 Synthesis and characterization of 3,6-[3-methoxy-4-(2-(2-(2-(2-(3-
methoxy-1-thioureabenzene) ethoxy) ethoxy) ethoxy) ethoxy)-1-thioureabenzene]
acridine (L2)

Synthesis of compound L2 is outlined in Figure 2.3. The synthesis pathway of L2
was started from a conversion of pyrocatechole to o-methoxy phenol (1) using a simple
nucleophilic substitution reaction. Pyrocatechole was reacted with iodomethane in the
presence of anhydrous potassium carbonate as based in dry acetonitrile yielding o-

methoxy phenol as yellowish oil o d_after purification by silica gel column
chromatography using dichloramethar = "TH-NMR specmnn of 1 showed a

2-Methoxy-4-ni (#)fas prépated bycle8trophilic substitution reaction
dhtic { ing nitronium ion in order to
hé on O ith nitric acid and glacial acetic
acid in acetonitrile gavgl 2Amethik (-4 nitdphenoly A by-product; 2-methoxy-6-
dtion-Col nlly, the hydroxyl group is a stronger
acuvaung gruup on the stahlhty ofin i than the methoxy group, which influence
ium-io e ed e ition more than the ortho and
the meta positions.[64 1‘-‘,:: wever, a difficulty in s wboth compounds from column
YIBE The "H-NMR spectrum of 2
showed aromatic protons a‘t 7.82, 7.70 and 6. 2’ ppm as well as phenolic hydroxyl proton

at 6.13 ppm wh.ﬁ ﬂtﬂﬁ W%@W ﬂ !ﬁacmm of 2 showed O-H

stretching band at8369 cm™ and N=0 stretchmg ha.nd at 1590 cm™

e ST AT T DT AR

protonation form of aryloxide ion acting as a good nucleophile because of the para-

chromatography causesﬂe obtail

detecting of nitro group. From this reaction, product 3 was obtained as a yellowish
crystalline solid in 40% yield. The "H-NMR spectrum of 3 showed an absence of the
characteristic peaks of the tosyl groups in tetracthyleneglycol ditosylate. In addition, the
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methoxy protons and the bridging glycolic protons appeared at 3.96 and 4.31-3.71 ppm,
respectively. IR spectrum of 3 showed O-H stretching band at 3443 cm™, C-H (aromatic)
stretching at 3093 cm™, C-H (aliphatic) stretching at 2898 cm™, N=0 stretching band at
1590 cm™ and C-O stretching at 1139 em™.

Compound 4 was synthesized by a reduction of nitro groups in 3 using hydrazine
and a hydrogenation catalyst, namely Raney nickel, in a mixed solvent of methanol/ethyl
acetate. This amine product was immediately used in the next step because it is air
sensitive and easily to decompose.

The final product (L2)
with proflavinedithiocyanate “ii
high dilute condition. Duri
temperature was kept at 0%
solid which is a dimer produet was; f \ \\ filtered out. L2 was found in
the filtrate. The desired"p o yield) was obtained from a
crystallization in DMF /5 5 proved by mass spectrometry
showing signal at m/z 1458 {1 10f L2 showed a downfield shift
of NH thiourea signals at J(C O24ind. 598 ‘ppm due to the intramolecular hydrogen
bonding with N-acridine, acrifling s assigned at 8.85, 8.23, 8.00 and 7.68
ppm. IR spectrum of L2 sho ' N fehing band at 3447 cm™, C-H (aliphatic)
stretching at 2921 cm™y tc a”' #€=S stretching band at 1513
cm” and C-O -HT-;;.-';.-‘-" Tocm. ESIT'm alsp supported the structure of
this compound shuwingBJ intense 23"/ z, ﬁnspnnding to L2. Moreover,
the result of elemental anal;s is good agreemgent with compound L2.

ﬂumwﬂmwmm
Q‘W’W&Nﬂim NN Y

by a coupling reaction of compound 4
under nitrogen atmosphere with
oflavinedithiocyanate solution,
mperature overnight. Dark red

)
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O e O o ™ O
- -
5 KaCOj, CHyCN " CH,CN i

1 (54%) 2 (10 %)
Tum V y \JT“ l :I:j:l':

- iy
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—
J— i\
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d

" g@;@". NYNITNYINT
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Figure 2.3 The synthetic pathway of final product L2.




43

23.1.3 Synthesis and characterization of 3, 6-bis(thioureaphenyl)
acridinium ijon (L1H) and 3,6-[3-methoxy-4-(2-(2-(2-(2-(3-methoxy-1-thiourea
benzene)ethoxy)ethoxy)ethoxy)ethoxy)-1-thioureabenzene]acridinium ion (L2H)

Synthesis of compound L1H and L2H is outlined in Figure 2.4. Compounds L1H
and L2H are in protonated form of L1 and L2, respectively. A protonation at N-arcidine
group of L1 and L2 using trifluoroacetic acid in dimethylformamide provided L1H and
L2H as a red solid in 65% yield and a dark red solid in 60% yield, respectively. Both
final products are in salt-form whi roacetate as counteranion. The 'H-NMR
spectra of L1H and L2H shewed a farthe 1d shift of NH thiourea protons at
11.08 and 10.80 ppm for 10.84% dﬁl for LZH. The acridine protons
were also observed at a d0Wn el ..n nation from N-acridine to NH'-

-h to longer wavenumber; N-H

acridinium. IR spectra 0

stretching band at 3478¢f"' ¢ : 1t 3050 em™!, C=C stretching
band at 1696 cm™. In casé o 21 ihe-same resy _* sh!ﬂswasubsarved N-H
stretching band at 3529 ¢ C=qsife 1676 cm™. ESI mass spectra
also supported the structure §f B1H 4 128 dhowingian intense line at m/z = 665.752

[M*+ DMF] and 844.864 [M #H'}45: LIHAG8 121K, respectively.

X

2
ﬂumwﬂmwmn‘a‘

’QW?&NﬂiﬂJ UANINYAY
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Trifluoroacetic aclﬁ

NH HH\FS DMF, RT, 2 day sﬁ,rm GF‘GWHHH?S

G V/

L2ZH

HH '. | ?:I N NH
j'\ 4 &

al preducts L1H and L2H.

2.3.2 The cﬂm[ﬂﬂlaﬁﬂn - :“""" i1 d L1 and L2 with amino acids hj‘ IH"
ey & g
NMR tﬂ:hﬂiq“e

[

Ve 9
Ligand L1 (ar.ycB 0 for binding with carboxylate

terminal of zwitterions am‘snu acids guest while ligand L2 (cyclic form) has two binding

sites which are ﬂm %ew ﬁqﬁ ﬁrbnxylate terminal and

ammonium termifdl of zwitterions ammﬂ acids guest, respectively. Moreover, L2 has

NN Y r R [h

zwitterionic form in polar organic solvent (using DMSO as solvent). Thus, complexation
studies of both ligands with amino acids such as tryptophan (Trp), phenylalanine (Phe),
leucine (Leu), alanine (Ala) and glycine (Gly) as shown in Figure 2.5 were investigated

for searching the effect of receptor structure in the binding with amino acids. All amino
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acids are used as the optically pure L-enantiomer due to the important species for life and
cheaper cost.

The binding properties of L1 and L2 toward various amino acids with '"H-NMR
technique were firstly investigated by an addition of excess amount of amino acids (2.5
equiv.) into a solution of L1 and L2 in DMSO-d;. It resulted in remarkable downfield
shifts of the N/ thiourea resonances particularly, Trp and Phe as shown in Figures 2.6
and 2.7. The complexes of both receptors and guests took through the hydrogen bonding
between thiourea based on receptor and carboxylate of zwitterionic amino acids.[65, 66]
Beside the downfield shifts of the N th

g protons, the changes of acridine protons in

N

case of L1 (downfield shift of ily and ‘ 3i6n€ aad upfield shift of H, and H, protons)
upon adding Trp indicated s possibility Of th slementary n-n stacking interaction
between aromatic amino acidefiad acridine \ nst. However, slightly shifts of the

acridine protons were obse

the limited solubility of Phefi DRSO ‘=_,_ \ on, & ROESY spectrum of a [L1.Trp]

clarified the complexatiof lation at the aryl protons (H;
and H,) of Trp and acridife (shown in Figure 2.8). This
strong evidence signified thal ag®nis itic, moie vased Trp positioned at the acridine group

r .r:-;xf’.’.
underwent the n-n stacking ig o A of slightly shifts to downfield of

NH thiourea protons in the comp —‘:ii'i“i of ; ith aliphatic amino acids (Leu, Ala and

king interaction.

:
ﬁfb m@’\ﬁ%

Tryptophan {Tg)} PheHIalanme {Phe

Qﬂﬁq ANEIITU YA VIEI;I&I d
J AN e As

CH; NH, +NH; NH,

+

Leucine (Leu) Glycine (Gly) Alanine (Ala)

Figure 2.5 The structures of all zwitterionic amino acids in this experiment.
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Figure 2.6 'H-NMR (400 MHZ) 6§11 g \-\: addition of excess amount of
(1) Trp, (2) Phe, (3) Leaf (4)/Al4. and (5) G !

1

2
3
4

FULTETSNE T
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Figure 2.7 '"H-NMR (400 MHz) of L2 in DMSO-d; upon addition of excess amount of
(1) Trp, (2) Phe, (3) Leu, (4) Ala, and (5) Gly.
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Figure 2.9 '"H-H NOESY of L2.Trp complex.
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& (ppm) of L1; Hy: 8.25,
H,: 8.89

69, Qm w: 6.95, H,: 7.68, H,: 8.23,
H,: 7.13, H;: 4.04, H, : 3.72

Hg: +0.09, H,: +0.34, H,: +0.40

5 (ppm) of Trp; H, 7.32 H, 7.32, Hy: 6.95, H,: 7.02
H,: 7.02 N = 1,: 7.19, H,: 3.07, H,: 3.33
2 AAN
A3 (ppm) of L1; Hy: +0.20_MHE: = AB\(ppmi) oFIR; H : +0.08, Hy: +0.08,
Hg: +0. o 29 ’\\\ :-0.05, H;: +0.08, H,: +0.05
Ad (ppm) of Trp; H, +0.0 : ! e * H;: +0.29., H,: +0.20, H;: +0.05

and (b) L2.Trp complexes, consistent
with the cross relationship formi & and NOESY and the signal of both receptors

and Trp. ——— Y]

The downfield Qiﬁs of the NH thiourea protons were also monitored in the
o

‘o
course of L2 compléxation i . ation of the downfield
shifts of phcnylﬂmlmmm md ) and crown-like ether
protons (H; found i { ,af 0 ﬂ e. The complex
e ST A A
cross relation peaks of H; and H, as well as H; and H,, whereas H, and H; are the protons
of Trp on the aromatic side chain, were signified for this complex. The cross relation

peaks of acridine protons and Trp side chain protons were not observed. It can be
rationalized that it is possibly the complementary m-m stacking interaction between
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aromatic amino acids and phenyl ring of host. The proposed structures of the complexes
of both ligands with Trp are shown in Figures 2.10a and 2.10b. The Job’s plots of
L1.Trp, L1.Phe, L2.Trp and L2.Phe are symmetric and show a maximum mole fraction
of guest at 0.5, which indicated a 1:1 guest-host stoichiometry as shown in Figure 2.11.

0.025

no2 -

0018

= 004 S

0m

@

0.055 -
0.02 -

(1=x}"ppm

0.0 -

0+

Figure 2.11 Jobﬂ:% g@%ﬁ%% Wﬁ %':rp (¢) L1.Phe and

(d) L1.Trp on théléhemical shift ofﬂg thiourea.

AR AINI MBI INEIAL . o

the confirmation 1" complex

T -

technique, a result from mass spectrum of L2.Trp complex at m/z = 938.987 [M + 4H']
(shown in Figure 2.12) is one evidence to support the complex formation at 1:1 ratio.
Unfortunately, it was unsuccessful for obtaining the mass spectra of L1.Trp, L1.Phe and
L2.Phe complexes.
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; ]
Trp]
“-
p complex
2.3.3 The complegatign studi
2.33.1 The complexation studi sinds L1 and L2 with amino acids

by UV-vis technique

Interaction --q"j'ﬁ——_ i acids have been generally
studied by '"H-NMR t@mique.- owever, this 1 eﬂ:oﬂsuffers from low sensitivity
resulting from the relatively-high concentraions in both hosts and guests required in
order to obtain ﬂz%ga@dﬁ B 1873 83 ok nfré . Jifik ‘Bakes a limitation in the
solubility of amin’ acids, especially a{;phatic anﬂn::-n acids. Mnreuvq‘l} 'H-NMR signals of
e =@ RPN TP UMD S Grphoess voon o
complexatibn with amino acids overlapping with the aromatic peaks, thereby,
making it somewhat more difficult to determine the stability constant of the complex by
this method. Thus, it is possible to study the complexation by other techniques such as
UV-vis and fluorescence because both ligands (L1 and L2) consist of acridine as a
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fluorophore. Herein, we report binding properties of ligand L1 and L2 by UV-vis
technique.

Absorption or emission intensity of acridine was derived from an inversion of two
singlet excited states; n-n* and m-n* transition.[67] In aprotic solvent (DMSO in this
experiment), the n-n* state is presumably lowest.[67] The characteristic spectra of 3x10”
M of ligand L1 and 2.5x10° M of ligand L2 according to a light yellow solution in
DMSO display the same wavelength of a broad band at 400 nm (shown in Figure 2.13).

(a)
g
£
2
<<
550
(b)
:

Al nengneng
qRNAYNI0I N TIRYIA]

500 550
aneleugth (nm)

Figure 2.13 The UV-vis absorption spectra of (a) ligand L1 (3x10"* M) and (b) ligand L2
(2.5x10° M).
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Absorption spectra of L1 and L2 were measured in DMSO in absence and
presence of amino acids (tetrabutylammonium hexafluorophosphate as supporting
electrolyte) at 25°C.

e —

__.,"ra"\*\\ =

Figure 2.14 Absorplén spe worlig b addition of Phe 50 equiv.

u AN ﬂﬁﬂﬂwn%

AR18Y NI #Inylay

a7 7
350 400 450 S00 550

Wavelength (nm)

Figure 2.15 Absorption spectra of ligand L2 upon addition of Phe 40 equiv.
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Upon the addition of amino acids, the band at 400 nm of L1 decreased slightly
with a concomitant of the appearance of a new band at 460 nm, in particular of Phe added
but none in case of other guests whose maximum bands decreased slightly without the
appearance of a new band. This result was similarly found in L2 after adding of aliphatic
amino acids (Leu, Ala and Gly). Presumably, the new absorption band at 460 nm
corresponds to the acridinium ion produced by the protonation at N-acridine from amino

acids. Topp and Diverdi reported that in protic solvent, the “n” electrons on the nitrogen

atom in acridine are more tightly bound hydrogen bond in a solvate complex. This
hydrogen bond stabilized n-n* exci
excited state and subsequent
the changes in spectra of L

amino acids (as shown in Figure€ 2714 ang u\ u,ulms that both ligands have not
enough efficiency to bind v l/ t x\ ably due to a repulsion between

electron density at N-actidig ! Hee '1 \\‘\- oxylate group of amino acids.

5% \
2.33.2 The cdmplle tmﬂa’f

ﬁqﬁf 2
S

.r"r’"m. '*

sl

sed the inversion of level of the lowest
3 rptinn band.[67] From titrations,
n by adding excess amount of

s L1IH and L2H with amino

acids by UV-vis technique

a" P

To solve this problem ' i

acids, ligands L1H agdhL 28 >ctron density at N-acridine

was reduced by protapi 3. We expected that L1H and
L2H will improve the b@iﬂg at h amino acids. m

As mentioned befoge,the absorption qf gmission intensity of acridine was derived

from an mwmioﬁ%&}wg VA4 andy-#|icahigon) After the protonation at

N-acridine, the 1% excited state is presumably lowest because th&}‘n“ electrons on the
=

s QAT G SO BRI i ot i

band to a lénger wavelength.[67] The characteristic spectra of 2.5x10™ M of ligand L1H
and 2.0x10° M of L2H according to an orange solution in DMSO showed a broad band
at 460 nm as shown in Figure 2.16.

gemplexation of L1 and L2 with amino
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Absorption spectra of L1H and L2H were carried out in DMSO in absence and
presence of amino acids (tetrabutylammonium hexafluorophosphate as supporting
electrolyte) at 25°C.

Wavelength (nm)
Figure 2.18 Absorption spectra of ligand L2H upon addition of Phe 30 equiv.
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More interestingly, a study of UV-visible spectra of L1H and L2H upon addition
of Phe displays dramatically changes (shown in Figure 2.17 and 2.18, respectively). The
absorption band of L1H and L2H at 460 nm is progressively decreased while a new band
at 400 nm forms and develops upon adding amino acids. An isobestic point at 415 nm
revealed that only two species coexisted at the equilibrium. Similar UV-vis spectra were
found with other amino acids addition. This change in absorption spectra reflects the
transformation from NH'-acridinium to neutral N-acridine, observing from the
disappearance of the band at4ﬁﬂnmandlheappﬂmnce of the band at 400 nm. This

acridinium ion.

S ®
—~Tp
" ] —— Pl
o7 A —i— Lem
A i
“ e

PP P ey |

Absorbance at 460 nm
AR RN

=
o
4

equivalent of gnest

ﬂuﬂ’mﬂﬂ‘ﬁ"ﬂﬂﬂﬂ‘ﬁ

Figure 2.19 Plot 8f absorbance of (a) LIH 2.5x10 M) and (b) L2H (2 0x10° M) at 460

ARV TN FNETNY

In addmﬂn, Figure 2.19 depicts the titration curve of L1H and L2H with different
amino acids by monitoring the decrease of the absorption band at 460 nm. It was found
that ligands L1H and L2H have a factor to bind Trp over other guests observing from the
significant change of spectral in both receptors. From Figure 2.19a, the addition of 5
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equiv of Trp induced the complete disappearance of the absorption band at 460 nm of
L1H while the other amino acids need more than 10 equiv to suppress this band
completely. The same results observed in Figure 2.19b for L2H exhibited the complete
disappearance of the absorption band at 460 nm with 10 equiv Trp and more than 20
equiv of other amino acids. Presumably, the basicity of Trp at carboxylate group is over
other amino acids (Table 2.10) resulting in the fast proton transfer with acridinium ligand
which was held by hydrogen bonding interaction between carboxylate and NH' in form
of R-COO™--H---N"-acridinium and the
showed that the protonation at N-acri
acids. —

; piementary electrostatic force. The results

5.97
6.00
5.98
5.98
6.30
5.48
5.89
5.66

AUYINYNSNYINT
234 ﬁe complexation l‘udleﬂ of li lis L.1H and l@}:l with amino acids

b RS U UNNINLA Y

The binding properties of L1H and L2H toward various amino acids were
examined by '"H-NMR titration in DMSO-d; to deduce the intermolecular proton transfer
at NH -acridinium by amino acids.
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in DMSO-dg upon addition
R spectra of L1 (3.0x107

Figure 2.20 'H-NMR
of Trp 1.0, 2.0 and 4.0 €qui
M).

Figure 2.21 '"H-NMR titration spectra of L2H (3.0x10” M) in DMSO-d; upon addition
of Trp 0.5, 1.0, 2.0 and 4.0 equivalent, in comparison with 'H-NMR spectra of L2

(3.0x10° M),
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Considering '"H-NMR ftitration techniques, the results gave the strong evidence to
support the deprotanation process of L1H and L2H in the presence of amino acids. As
seen from the spectra shown in Figures 2.20 and 2.21, the NH thiourea and acridine
protons (Hg, Hqa, He, Hg, H,, Hy, Hy and Hg) exhibited the gradual upfield-shift at the
beginning of Trp added and all protons did not futher shift to highfield after adding Trp
reached 1 equiv. At this point, the proton signals of L.L1H are not at the same position as
L1 signals. This revealed that the transformation of NH -acridinium to N-acridine took
through the intermolecular proton transfer not the deprotonation process. The addition of
Trp beyond 1 equiv induced the downf Lof the NH thiourea protons. This shift
was a consequence of the bimdi 0 to the thiourea binding site under
hydrogen bonding interacti igure 2.22 and aliphatic amino
acids, the proton transfer proge \\ nt completed and the downfield
shift of the thiourea protonsis g the excess amount of amino
acids but the NMR titration gpe; N showed the shift to downfield
of the thiourea protons p ﬁ\}\\\ ivalents. It is probably due to
the highest pK; of carbo#late g _up i T which ¢ a good intermolecular proton

transfer at NH'-acridinium ién # ¢a nf"- ..n\ unino acids.
e
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Figure 2.22 'H-NMR.{fifa
of Phe 0.4, 1.0, 1.4, 1.8, 2)0, 3.0 ané
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2.3.5 The complexation studies of ligands L1, L2, L1H and L2H with

amino acids by fluorescence technique

The fluorescence intensity of acridine is strongly dependent on solvent and varies
from being extremely weak in hydrocarbon solvents to moderately strong in aqueous
solution. For example, the acridine fluorescence quantum yields were found to be about
1.2% and < 0.1% in formamide (hydrogen bonding) and dimethylformamide (non-
hydrogen bonding but similarly polarity), respectively. This dependence of fluorescence

quantum yield on solvent has been postulaied fo derive from an inversion of two close-
lying singlet states, 'n-n* ande'z % i€ experiment, DMSO which is non-
ying sing = 3 pen

hydrogen bonding solven s, L@m& intensities of acridine and
acridinium group in L1, J are veryloy

| - arh
LO A

Ligands L1 and L2 )& d 528 nm, respectively. These
emission bands were deri . & ransition n—n* excited state.[67] From
fluorescence titration ;’$ amino acids, a similar fluorescence
emission change of L1 (sHow .1 res :. 225)end L2 (shown in Figures 2.26

and 2.27) showed a slightly@nha % i .‘-"."-‘. 1SSi0 \ d at 520 nm and 528 nm for L1
and L2, respectively. A larggfenhancement Wasgbserved for aromatic amino acid (Trp
is that L2 bound with aromatic amino

- o S
acids more effectively. Jt@ ; ‘;: structure of L2 (cyclic

structure) and a forming of multiple - BEdn between aromatic amino
acid side chain and the plienyl ring of the host as seen in'ﬂgurc 2.10. The lacking of n-nt
stacking intemtiﬁi in casé efhaliphatic amin®.acids reduced the binding efficiency. The

Pkt b o b o 4 i b s e

electron-donating ability of heteroatom in acriding.behaves undegythe electron transfer

i) By T G A 4 FE B b vy v

eliminated 'l:»ossibly due to the protonation on N-atom of acridine by amino acids.

nonemissive via
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Figure 2.24 The emisgfon gheftcd ofT:1 .\i\\\\\\\\ n adding Trp 30 equivalent.
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Wavelength (nm)
Figure 2.25 The emission spectra of L1 (2.0x10™ M) upon adding Phe 30 equivalent.
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Figure 2.26 The emission gpcétia '-'- I addmg Trp 30 equivalent.

Wavelength (nm)
Figure 2.27 The emission spectra of L2 (2.0x10™* M) upon adding Phe 30 equivalent.
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The emission bands of L1H and L2ZH were observed at 535 and 545 nm,
respectively. These bands undergo a small hypsochromic shift (15 nm and 17 nm in
comparison with emission band of L1 and L2, respectively). These red shifts are
presumably due to the inversion from n-n* to n-n* excited state. More interestingly, a
study of fluorescence titration spectra of L1H and L2H upon addition of amino acids
displayed dramatically changes. From Figures 2.28 and 2.29, the fluorescence intensity of
L1H at 535 nm was gradually enhanced upon gradual increase of the concentration of
Trp and Phe, respectively. It was found pot only the enhancement but also the shift of
emission band from 535 to 520 ot olte shift reflects the transformation from

Sz

acridinium to acridine via the imermolecularprilen™ransfer by amino acids. The titration

with other amino acids alSo Showed dram cement in particular of Trp

inducing the largest enhancem®nieUnon addition of Tip to L2H as shown in Figures 2.30
and 2.31, the enhancemeni®T g .1// Rﬁh as also observed and the blue
shift was found from 545 1524 nd thstea \ ,

itra ~ results of L2H with all amino

acids gave the same resdlls g

T
s agl

Ty

480 500 520 540 560 530 600 620 640
Wavelength (nm)

Figure 2.28 The emission spectra of L1H (2.0x10™ M) upon adding Trp 25 equivalent.
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PR 1

Absorbance

w0 s @ e
Wavelength (nm)

Figure 2.30 The emission spectra of L2H (2.0x10™ M) upon adding Trp 30 equivalent.
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Figure 2.31 The emission$pegtry : L pon adding Phe 30 equivalent.
i&d out repeatedly in the presence of

Fluorescence titratior

amino acids for investigating th ants and the fluorescence enhancement
vifi’ amino acids. The binding

factor (FE) of the omp ;

constants were calcul iSRS Wilion[51] for 1:1 association
between host and gucsﬂ'l'h d rmma as the ratio of fluorescence
intensity in the pmsencc in the al:rse of amino acids. Tables 2.11 and 2.12

Yt (L TEe S ——p—

respectively, for dlll receptors in the presence of vanuus amino amds

ARIANN I UAIINYAY
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Table 2.11 The binding constants of interaction between L1, L1H, L2 and L2H with
amino acids calculated from fluorescence titration using Benisi-Hildebrand equation.

K
Trp Phe Leu Ala  Gly
L1 266 a a a a
L1H 2873 2365 1418 1483 1367

L2 307 a 219 a
L2H 900 957
a= cannot be caleulated
Table 2.12 Fluorescence enhan®Cateni factors™ (FE) of receptors L1, L1H, L2 and L2H

with various guests.

Gly

L1 \ \ 135 128
L1H 86 17.55 17.99
L2 177 173
L2H 13 22.52

1;r scence llltEHSI't}"

“ach @st
cumwééia%ﬂa{%%’}ﬁ@m the FEs of L2 (cyclic

structure) with @#ématic amino acldé exhibit the h]gher value than those of L2 with
aliphati t crown-like ether
selmﬂMﬁ ﬁiﬂtﬂogglﬁwﬂﬂm ? cﬂty inside. On the
contrary, there is no significant difference in FE values of L1 (acyclic structure) with all
amino acids possibly caused by the preferential binding of open form (L1) toward all
guests. From Tables 2.11 and 2.12, L1H and L2H showed much higher binding constants
and FE values than L1 and L2, respectively. This suggested that the acridinium receptor
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improved the binding ability to amino acids. Rebek and Nemeth have been reported that
lacking ionic character at N-acridine and a well-placed aromatic ring showed no evidence
of binding to aromatic amino acids.[62] In the case of L1 and L2, the binding properties
with amino acids are poor because there is a repulsion from electron density at N-acridine
and a negative charge at carboxylate group of zwitterion amino acids. After acridine is
turned to be acridinium form, both L1H and L2H have abilities to bind with amino acids
effectively due to the losing of electron density at N-acridine by the protonation.
Interaction between acridinium ligands and amino acids is proposed by a combination of

acids with hydrogen bonds, hyds bgea b I/ tiflierction of carboxylate with thiourea
and also the complementa static dering the K and FE values for L1H
andLZH,thcbindingwi b Howed th *‘" " alue b of the strongest basicity
of Trp (pK; for Trp, F , 1.83, 2.36, 2.34 and 2.34,
respectively).[9] It is indiCe of ihe strong nno'.rer other amino acids.
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CHAPTER III
STEROIDAL RECEPTOR FOR AMINO ACIDS
3.1 Introduction

3.1.1 Steroids in Supramolecular Chemistry [69]

target species. Nature achieves poal™wi . linear molecules which fold into
: ) :t realistic for the supramolecular
chemist. Modelling softwar€ gnfoy b o 0 predict the conformation of
complex linear structures agd the ¢ exploitation of [0lding is still more difficult. In
§ ant on rigid subunits which can
be used to define clefts afld dhifies 4id i serye s séaffolds for organized arrays of
functional groups. S ad

When supramoleculagichemsists requi rig id unit, the most obvious choice is
usually an aromatic ring. Huwev feyoli systems may be equally rigid and can

play a complementa dyéintages; for example, they are

e tions) at each non-bridging
center. One fragment w@:h ha.s been under-utilized 1s lhﬁﬂmid nucleus. It is one of the
largest rigid units which grg.readily available. Moreover, because of the 1mportan1 of

et 5y 8 8 3Bt o

The steroill nucleus which is gne of the | r:s'l rigid units cc-nsms of four fused

o m@“ﬁ“’ﬁ ﬁﬁ‘ﬁ‘ﬁ’ﬂﬂﬂ%ﬁﬁ%@‘]ﬁ Ao

equatorialfl at most positions and occurs in homochiral form. There are many steroids
which are commercially available and might be chosen as starting materials for more
elaborate frameworks. There are two examples; cholesterol and cholic acid. Cholesterol
is functionalized at one end and can easily be appended to a structure. Moreover,
oxidative degradation of the side chain gives a second point of attachment, allowing the
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nucleus to be used as a rigid spacer. However, the lack of functional groups in the central
portion of the framework limits cholesterol’s potential. In contrast, Cholic acid is more
promising. The nucleus is substituted with three secondary hydroxyl groups, while the
side-chain is terminated by a carboxyl. The hydroxyl groups are fairly evenly spaced
around the periphery and usefully, from the point of view of receptor design, are co-
directed. The cis-AB ring junction imparts a curved profile (again useful for receptor
design), and assists in differentiating between the hydroxyl groups. The 3a group is
rendered equatorial while the others are axial. This group is less hindered than the axial
7/12a hydroxyls. Also, a CH; unit.i :
so that the latter becomes morediind:

HO =T~y '
Cholester® Nz v Cholic acid

Recently, many rescérck aloring the potential of steroids as
scaffolds in supramolecular emphasis on the exploitation of
cholic acid. A substantial part of f':""'_ @s been in the area of anion recognition,

ffold" on which to mount polar

where the steroid AITCO
Bility in non-polar media.[70,

71] j g
st A 4 4

¢

R G AT

inorganic anions or amino acids.

o/

iﬂ w&ﬁww:l ores targeted at

restingly, it is extended and able to support well-
separated functional groups and rigid, such that these groups cannot easily interact with
each other. The curved profile of cholic acid and co-directed hydroxyl groups naturally
lend themselves to the creation of macrocyclic or clefi-type architectures with polar
interiors and apolar exteriors. The hydroxyl groups at C3, C7 and C12 may be
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differentiated and converted to a range of other functional groups, while side chain
carboxyl affords further possibilities.

As H-bond donors in supramolecular chemistry, NH units are far more versatile
than OH groups. The third valence on the nitrogen can be exploited structurally and can
also be used to tune the hydrogen bond donor strength. These advantages were exploited
in a series of steroid-based receptors, represented schematically by a structure in Figure
3.1. Instead of constructing elaborate frameworks derived from more than one steroid
unit, synthetic effort was focused on modifying the functional groups on a single

with multiple NH units converge on a

AN
binding site beneath the a-faee of th NH groups may belong to amides,
sulfonamides, carbamates; ireas o; a5, "NH"= dity and hydrogen bond donor
strength can be controlled b ing groups Z.

In case of the @d'mg vith amino acids, amin@nd carboxyl groups in amino
acids are expected to aet as binding siteg,for hydrogen bonding and electrostatic

ineractons. Beﬂewme,q@w@gﬁ@ s el csabishod 8 o

center for ca:bﬂ late recognition da,rough furmatmn of hydmge‘t} bonded complexes.
Placed ﬁﬂqﬂq groups, they can
position al:arboxyl;g ﬁt}ﬂ’ w environment crcatad :glther substituents at
C3, C7 or C12 position providing a varieties of enantioselective receptors for chiral
carboxylate or amino acids. The steroidal framework provides a chiral scaffold which is
created as binding sites for a small to medium size molecule. Chiral discrimation would
presumably be enhanced by differential substitution at positions 7 and 12.
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3.1.3 Literature Review for Steroidal Receptors for Amino Acids

A fluorescent ditopic receptor 21 for binding dicarboxylates and acidic amino
acids was synthesized by incorporation of aminothiourea and amidothiourea groups to the
C3 and C24 of cholic acid, respectively. Methylene anthracene groups were appended
onto the receptor for a construction of fluorescent sensors. This receptor was designed as
a water-soluble artificial receptor. For fluorimetric study, in methanol/water (1:1),
by about 10% and 20% when treated with
e, adipate, suberate and sebate) and
. ate and N-acetyl-L-glutamate),
respectively. The small quenching is caiiSe eeompetition of methanol and water
via hydrogen bonding with /"/ / ":\\\\ s. A 1:1 complex of 21 with
dicarboxylates and the \ '\'-\\ uund The binding of the host
with dicarboxylate is rather dist Y size \u nic ¢nvironment. In case of amino
acids, 21 showed a much'strghgér ity 1C \\\h \ nd its N-protected derivatives

Aldia
PO

than dicarboxylates.[72] N \\\

fluorescent emission of 21 was quenche

d

L Y HN

’Q‘WW&NﬂiﬂJ UANINYAY

Stcrmdal guanidinium receptors 22-27 were employed for enantioselective
recognition of N-acethyl a-amino acids; N-Ac-alanine, N-Ac-phenylalanine, N-Ac-
tryptophan, N-Ac-valine, N-Ac-fert-leucine, N-Ac-methionine, N-Ac-proline N-Boc-
valine, N-Boc-histidine and N-Ac-asparagine using extraction method. Extraction
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efficiency and enantioselectivtiy could be followed by NMR. Good enantioselectivities
were obtained for the symmetrically derivatized receptors 22 and 23. The results were
insensitive to the bulk of the amino acid side-chain; the receptors performed as well with
alanine as with valine or phenylalanine derivatives. However, the hydrophilic asparagines
derivative resisted extraction. N-Boc amino acids were extracted with greater efficiencies
but lower selectivities. Replacement of the acetyl group by a Boc-group in the substrate
increased the extraction efficiency but lowered the enantioselectivity. Receptor 22
showed ability to differentiate between antmmers (enantioselectivity L:D = 7:1). The
less symmetric receptors 23-26 lectivities, while 27 showed higher
extraction abilities, possibly d :‘\\ t of the dichlorophenylcarbamoyl

NH, and more sensitive c«—ren‘-leucme gave the lowest

aglds was investigated from the

e \% ~valinate. It was found that the

carboxylate accepted H-bopds -j._- N and two guanidinium NH groups,

2 \\\ \ 73, 74]
: "1‘. Hs H’;Hi
T |\ P

I

selectivity. More selectivil
modeling studies of the co ‘7///

while the acetyl oxygendS bafind'tg
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The steroidal ureas 28, 29 and 30 can extract an N-acetyl amino acid salt from
aqueous into organic phase with significant enantioselectivities measured by mass
spectroscopy on isotopically labeled “pseudoracemates™ technique. The studies focused
on the extraction of the L- and D-deuterated phenylalanine. The results showed that all
three receptors extracted around 17 mol% of L-/D-form and each showed a significant
preference for the L-derivative. The selectivity ranged from 5:1 for 28 to 3:1 for 30. In
comparison, receptor 28 has a potential for enantioselectivity over receptors 29 and 30
which were designed for the better preorganized prior to bind to guest with a higher
selectivity.[75]

Amino aﬁsﬁﬁ:ﬁsﬁw ﬁ?% Wifig iGeptors 31 and 32, based

on 42 with two nfihor modifications. °Fir:\vll_'y, a lipoihiliu C20 sideic}ain was introduced
to a\rnid%mlw ﬁ:ﬂqﬂfﬁﬁw Wﬁdﬂqugyﬂw six-membered
ring guanidinium moiety was replaced by a five-membered ring. Extraction with methyl
ester 32 confirmed that the enantioselectivity was not degraded. In experiments with a
‘U-tube’ apparatus, guanidinium 31 proved capable of transporting N-acetyl-DL-
phenylalanine through dichloromethane with nearly 70% enantiomeric excess. About 20
equivalents of the substrate were transferred during the experiment. Receptor 31 was also



77

used in a ‘hollow-fiber membrane’ separator, an apparatus for large-scale aqueous-
organic-aqueous transport. Lower %e.e. was obtained in this case, probably because the
apparatus enforced a change in non-polar solvents (from DCM to 2.5% octanol in
hexane).[76]

3.1.4 Objectives ar

The main goal off ./ = 3

enantioselective recognitiogo

steroidal receptor L3 for study
.\ eceptor L3 employed NH-based
urea as binding sites and azgbenze unit. Amino acids in both L- and D-
forms were studied in this work in& 0 D-Trp, L-Phe, D-Phe ,L-Leu, D-Leu, L-
Ala, D-Ala and Gly 't nplexation st s investigated using "H-NMR
spectroscopy, UV-visispecirophotome ECHPY.-

AUE NI
ammﬂmﬂm@@maa

/Crﬂe

Oz:N

Figure 3.2 Structure of the steroidal receptor L3.
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3.2 Experimental Section

3.2.1 Synthesis of steroidal receptor

3.2.1.1 Preparation of methyl 3a-acetoxy-7a, 12a-dihydroxy-5p-cholan-
24-pate (1.2)

OH

nol) and p-toluenesulfonic acid
) was stirred and refluxed for

A suspension o
monohydrate (1.45g, 7.

filtered through a plug of silica (20g) ‘ ashed hl},r with EtOAc and the solvent
£ as dissolved in dichloromethane and

washed with sat. aq. NaHCO;. J - srganic layer. was dried over magnesium sulfate and
evaporated under reducgd sure. The diol 1. 8% yield) was obtained as a
white solid after crysts ;— _____ A xj

TLC:R - ﬂsvﬁ%M'ﬂﬂﬂﬁWﬂ’lﬂ‘i

Characterization data for1,.2:

w1 sk 157 8 (4151 Mo
0.96 3H, &y J=6.30 -Hj), , m), 3.66 (3H, s,

COOCHs;), 3.84 (1H, br s, 7p-H), 3.97 (1H, br s, 12f-H), 4.56 (1H, m, 3p-H).
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3.2.1.2 Preparation of Methyl 3a-acetoxy-7a, 12a-dioxo-5p-cholan-24-
oate (1.3)

Ca(CIO),

A solution of diol 1.2 (26.7

cooled in an ice bath and them. *--.. |

1) in glacial acetic acid (350 mL) was
solution of Ca(ClO); in water. The
e, Isopropanol (8.00 mL) was then
or 1.5 hours at room temperature.

reaction was left stirring o
added into the mixture and t! :
The mixture was poured 1@ ces Wil bath unde usstu'nng The precipitate was
filtered and washed thoro product was purified by column
chromatography (eluen:

etone product 1.3 (26.00g, 99%)
as a white solid.

Characterization data for 1.3
TLC: R¢= 0.68 (CHyCl, : EtOAc

'H-NMR spectrum y e ' £ 9.44 Hz, 21-Hy), 1.01 (3H,
s, 18-H3), 1.28 (3H, 5, 194H;), 1. "00), 2.@2.43 (4H, m), 2.71 (2H, q, J =
18.08 Hz), 2.81 (1H, m), 364.(3H, s, COOCH3), 4.66 (1H, m, 3p-H).

AULINENINYINT

3.2.1.3UPreparation of l\v}ethyl 3u-acetoxy-?u, lZu-dmnmmn—Sl!—chnl:n-

o QO gnimumqwmaﬂ o

NH;0HHCI
B i ot
NaOAc, reflux
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A mixture of diketone 1.3 (26.00g, 56.64 mmol), sodium acetate (22.56g, 275.07
mmol) and hydroxylamine hydrochloride (11.74g, 168.90 mmol) was dissolved in
methanol (540 mL) and refluxed overnight under air atmosphere. Then, the reaction
mixture was cooled in an ice bath and the precipitate was filtered to obtain dioximino
product 1.4 (22.00g, 79.23%) as a white solid.

'H-NMR spectrum (CDCls; '[%H d, J=7.84 Hz, 21-H; + 18-H,),

1.14 (3H, 5, 19-H3), 1.99 ( CO®), 2,35 Froe 2H, m), 3.07-3.12 (1H, dd), 3.23-

Characterization data for 1.4:
TLC: R¢= 0.67 (diethyl ether)

i-acetoxy-Ta,  12a-di[N-(t-

i
A mixture otﬂdiox 4 ﬂﬂ 00g, 2040 mmol) and
platinum(IV)oxide monohydrate (Adams’ catalyst) (1.01 g, approx. 10% by weight) in

i st o 5 5453 VAN R P 3 v

reaction mixture s filtered and wasg;ad with glacml acetic acid. The filtrate was added
with z:mau ﬁcmrg 1]1 'Tﬂr ultant mixture

ﬁIMEﬁgﬁﬂ was evaporated under reduced pressure. The residue was
dissolved in THF (160 mL) and then sat. ag. NaHCOj; and di-t-butyldicarbonate (11.30g,
60.80 mmol) were added and the solution was stirred under air atmosphere for 2 days.
The organic layer was dried over magnesium sulfate and the solvent was evaporated

under reduced pressure to give yellow crude product. The crude was purified by column
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chromatography (eluent EtOAc:CH;Cl; 1:4) affording bis-Boc product 1.5 (9.64g, 73%)
as a white solid.

Characterization data for 1.5:
TLC: Ry=0.55 (hexane:EtOAc 1:1)

"H-NMR spectrum (CDCl;, 400 MHz): & = 0.78 (3H, s, 18-H;), 0.82-0.92 (6H, m, 21-
H; + 19-H3), 1.42 (18H, s, (CH3):C H, s, CH;COO), 2.14-2.25 (1H, m), 2.45
3t 3), 3.96 (1H, br s, 12p-H), 4.56 (1H,
12-CH-NHR).

3a-hydroxy-Ta, 12a-di[N-(t-

1 1.5 ‘;f—-- in dry methanol (70
mL) and added into'll 822 g, 22.60 mmol) in dry
]

methanol. The reaction_mixture was stirred at 0°C fuh and then the stirring was

— ki TS TR S oo v v

thoroughly with water and dried overgmagnesium sulfate and the sglyent was evaporated

vt R B T 5163 7018 v v

obtained after recrystallization.

Characterization data for 1.6:
TLC: R¢= 0.47 (CH,Cl;:EtOAc 2:1)
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'H-NMR spectrum (CDCl;, 400 MHz): & = 0.79 (3H, s, 18-Hj), 0.92 (6H, s, 21-H; +
19-H;), 1.4 (18H, s, (CH3);C), 2.16-2.30 (1H, m), 2.38-2.50 (1H, m), 3.51 (1H, br s, 3p-
H), 3.69 (4H, s, COOCH; + 7B-H), 3.98 (1H, br s, 12p-H), 4.95 (1H, br s, 7-CH-NAR),
5.09 (1H, br s, 12-CH-NHR).

3.1.2.6  Preparation of Methyl 3a-azido-Ta, 12a-di[N-(t-
butyloxycarbonyl) amino]-5p-cholan-24-oate (1.7)

ol), DMAP (1.81 g, 14.83
a8 dissolved in dry THF under
nitrogen atmosphere \. e bath. Methanesulfonic acid
(0.98 mL, 15.02 mmol) 18 give AWh er \ vitate and then DEAD (2.82 mL,
16.8 mmol) was added dropg¥ise A¥er & peri@th,of 20 min. The reaction mixture was

mmol) and triphenylphs

turned to a pale yellow slurry. Th}. 3t ~as s warmed to room temperature and stirred for

2 days. The reaction was filtered anc pgfated under reduced pressure.

y i i using eluent hexane:EtOAc
31 to 11 as eluent fo giv stharicsulfogte intermediate: Rf = 0.3
(EtOAc:hexane 1:1). ¢ a Y,

The 3&%5&{0@:«%&}%‘}%‘* @853 PlZmmol) were dissolved in

dry DMF and thefeaction was stirred 2t 47 °C for 33. days. The dr)"rf,sidue was dissolved

e A Y Y Ay e i
and the solyent was evaporated under reduced pressure. The e product was purified

by flash column chromatography (eluent hexane:EtOAc 4:1) to give the desired azide 1.7
(2.27 g, 63%) as a white solid.

The residue was purifigd by flash |
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Characterization data for 1.7:
TLC: Rf= 0.2 (hexane:EtOAc 4:1)

"H-NMR spectrum (CDCls, 400 MHz): § = 0.78 (3H, s, 18-Hs), 0.90 (3H, d, J = 6.12
Hz, 21-H3), 0.93 (3H, s, 19-H3), 1.41 (9H, s, (CH3);C), 1.42 (9H, s, (CH3);C), 2.16-2.22
(1H, m), 2.42-2.54 (1H, m), 3.26 (1H, br s, 3p-H), 3.64 (1H, br s, 7p-H), 3.71 (3H, s,
COOCHS3), 3.97 (1H, br s, 12p-H), 5.17 (1H, br s, 7-CH-NHR), 5.36 (1H, br s, 12-CH-

- J
3.2.1.7 Preparati y@zm 12a-bis-amino-5f-cholan-24-
oate (1.8) q 21
T Yo 2
ol il o o Az 11 u > .
o h{’ ol A - | ) P i.\' / oﬁ'h
N3

The azide with bis i ¢ o, (2. T8, 3.52 mmol) was dissolved in dry

dichloromethane (55 mL) and" plges ;_L. athy Trifluoroacetic acid (34 mL) was

added dropwise and the mixture yassti o or 1 hour. Then, the reaction mixture
was further stirred at ._n 0 et s
reduced pressure andiwa ..-; en dried over magnesium
sulfate and the solvent @ evaporated und diced pre@.u-e The yellow crude product

was pmcipitatcdﬁ CH,Cls/hgxane to obtaingthe diamine product 1.8 (1.24g, 79%) as a
U

vent was evaporated under

wewis A UHINHNTNENT
QAR &0 1)/ 1191771216 8

TLC: Rf =41.80 (EtOAc:MeOH 9:1)

"H-NMR spectrum (CDCl;, 400 MHz): & = 0.71 (3H, s, 18-H3), 0.91 (3H, s, 19-H),
0.96 (3H, d, J = 6.32 Hz, 21-H,), 2.02-2.15 (2H, m), 2.18-2.27 (1H, m), 2.32-2.52 (2H,
m), 3.07-3.21 (3H, m, 3p-H + 7p-H + 12p-H), 3.66 (3, s, COOCHj).
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3218 Preparation of Methyl 3a-azido-Ta, 12a-bis-
[(phenylaminocarbonyl) amino]-5p-cholan-24-oate (1.9)

ol) in dry THF (30 mL), DMAP
(0.33 g, 2.70 mmol), trieth ol) and phenylisocyanate (620 pL,
5.68 mmol) were added, respee \ pixture was stirred at 50°C for 24 h
and the solvent was evaporaiét \l \ e crude product was purified
by flash column chromatograf // ﬁ Ch \\ ammonia 99:1) to provide the
product bis-urea 1.9 (1.86'g, 9€ \

To a solution of diami

Characterization data for
TLC: Rf = 0.20 (DCM/meth

8-H;), 0.85 (3H, d, J = 6.36
Hz, 21-H3), 0.91 ?ﬂ -H3), 1.96-2.06 E'gx (1H, m), 3.15 (1H, br s, 3p-
H), 3.93 (IH, br s, ?ﬂ-lg 4.0 . 3@H, br s, NH), 5.63 (1H, br s,
NH), 6.85 (1H, br s, NH), § 2&-?’ 06 (2H, m, g-CH}, 7.25-7.39 (8H, m, Ar-CH).

ﬂﬁﬁl?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
Q‘W’W&Nﬂﬁﬁu AN Y

'"H-NMR spectrum (GI
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3.2.19 Preparation of Methyl3a-amino-7a, 12a-bis-
|[(phenylaminocarbonyl) amino]-5p-cholan-24-oate (1.10)

5%

& OCH; activated Zn
'ﬁso e
CH,COOH 3

H
H
0 o

Activated zinc powde 4. mel) was added to a solution of azido

.,-J
compound 1.9 (2.00 g, 2.94 glaci w(lzﬂ mL) and the mixture was
' emoved under reduced pressure

ne and then extracted with EtOQAc.

by adding toluene several ti
of NaCl (60 mL) and basifig sive trieth
The organic phase was#dri cf magnesium sulfa | the solvent was evaporated
under reduced pressure. THE déSiged autiie fitoc \ 76 g, 91%) was obtained from
flash column chromatograg Atitioid elu 'nl‘,~ DCM/ methanolic ammonia 97:3 to
9:1) as a white solid. .

h}r saturated aqueous solution

General procedure to activate zi ifigdust (5 g) in 1M aqueous HCI (50 mL)
was stirred at room tgifipe 30 min, the afid washed with water (2 x 50

mL) and EtO (50 mlZ) Finally, od_under high vacuum with a

- ID 2
mmtm"ﬂ%elﬁ ANYNINYINT

TLC: Rf=03 M.l" methanolic amgmma 92: 8)

wron QS DZMAMIINEIAY,

Hs), 1.04 (3H, 5, 19-H3), 3.16 (1H, brs, 3p-H), 3.54 (3H, s, COOCH3), 4.04 (1H, br s, 7B-
H), 4.15-4.21 (1H, br s, 12p-H), 5.86 (1H, br s, CH-NH-CO), 5.94 (1H, br s, CH-NH-
CO), 6.86-6.94 (2H, m, Ar-CH), 7.18-7.26 (4H, m, Ar-CH), 7.51 (4H, d, J = 5.88 Hz, Ar-
CH), 8.10 (2H, d, J = 8.30 Hz, Ar-NH-CO).
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3.2.1.10 Preparation of 4-Isocyanato-4’-nitroazobenzene (1.11)

NP N

Disperse Orange 3

Disperse orange 3 (0.20g, 0.83 mmol) was dissolved in dry THF (15 mL) and a
solution of triphosgene (2 equivalents) in THF (15 mL) was added and the reaction
mixture was stirred at room u\.\:“ 2Enurs The resultant reaction as a red
brown solution was checked wusing FI-IR uct showing IR bands of -NCO at
2257 and -NHCOCI at l was used in the next step
immediately without any p 1dcrr:d quantitative.

\‘ 247, 1032.

Characterization data

FT-IR spectrum (cm™ A\
3.2.1.11 . i \ 3a-[(4-nitroazobenzene-4’-
aminocarbonyl) amino]-7 ~ carbonyl)amino]-5@-cholan-24-

{Bysi N {gmn 0
awwmnmi@%’mmé‘“ﬂ

To a solution of compound 1.11 in dry THF, a mixture of amino compound 1.10
(0.55g, 0.83 mmol) and DMAP (0.13g, 1.08 mmol) in THF was added and the reaction
mixture was heated for 2 hours. Then, the solvent was evaporated under reduced
pressure. The crude product was purified by column chromatography using
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dichloromethane /methanolic ammonia 94:6 as eluent to provide the desired product L3
(0.30g, 38.77%) as a red solid.

Characterization data for L3:
TLC: Rf = 0.2 (DCM/methanolic ammonia 94:6)

'H-NMR spectrum ((CD;);CO): 5 = 0.81 (6H, s, 18-H; + 21-Hs), 0.99 (3H, s, 19-Hs),
3.26 (1H, m, 3p-H), 3.48 (3H, s, COOCH3), 3.99 (1H, br s, 7B-H), 4.09 (1H, br s, 12B-H),

5.56 (1H, d, J = 5.85 Hz, CH-NH €0 14, m, CH-NH,-CO), 6.82-6.86 (2H, m,
Atgheny-CHg), 7.21-7.15 (4Hmiat, Alphe #0-7.44 (4H, s, Alppenyi-CHag), 7.56-
7.58 (2H, d, J = 9.0 Hz, Arg=Cg); 7.7% .3"" J'= 4.8 Hz, Atogs-CHio + Alphenyt-

, 7.96-7. Tz A 03 (1H, br s, Arpheay-NH3-CO),

8.16 (1H, br s, Argps-N D). 85845 '\\\\L\' Arog3-CHjz).

BC{'H}-NMR spect . 0y S i 2%, 05. 7 21.82, 2231, 25.74, 26.17,
6,45, 41.14, 43.65, 43.78, 45.22,

\ 20.36, 122.14, 123.82, 127.75,

. W9, 155.13, 172.62.

I:Rspectrum (K.Br, cm’ }3335 ‘ 2867, 1076, 1544, 1439, 1341, 1228, 1139

Elemental analysis: !{ )
Anal. Caled for Cs;Hgs . 91@4 13.24.
Found C, 65,48; H, 6.87; N, 13.03.

ﬂ‘lJEl’J“ﬂEWlTWEI']ﬂ‘i

MS (ESI): m/z fot'Cs;HgaNgO; = 948 [M+Na]", 926 [M+H]

ARIANN I UAIAINYAY



3.2.2 Experimental procedures in complexation studies

3.2.2.1 "H-NMR titration studies for complexes of ligand L3 with amino
acids

Typically, a 0.004 M solution of a ligand L3 (1.4x10°® mol) in DMSO-d; (0.35
mL) was prepared in a 5-mm NMR tube. An initial '"H-NMR spectrum of the solution of

the ligand was recorded. A 0.018 : ign of guest molecules (7.48x10° mol) in

DMSO-ds (0.4 mL) was prepare aan Tables 3.1). The solution of a guest
molecule (0.3 mL) was portionadded vi: microsyringe (10 and 50 pl portions) to the
NMR tube to have guest:hos 2, H-NMR spectra were recorded
after each addition.

Table 3.1 Amounts of af \cOuipicXBlion studies with ligand L3 for
NMR titration studies.
Ligand Weight (gram)
L3 0.00056
0.00067
0.00098
0.00124
¢4 0.00152

T WETTS

AMIANTUAMINYAE
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Table 3.2 Amounts of solutions of amino acids used to prepare various amino acids:L3
ratios for NMR titration studies.

ratio of guest:host | volume guest added | ratio of guest:host | volume guest added
(ML) (uL)
0.0:1.0 0 1.0:1.0 75
0.1:1.0 7.5 1.2:1.0 15
0.2:1.0 7.5 1.4:1.0 15

03:1.0 w I/, 1610 s
0.4:10 | ﬂ:::n 8:1.0 15
05:1.0 7010 5

E 1S

0.7:1.0 I///& ' E\N& ] 37.5

0.8:1.0 £ =1 80 37.5

pREde
Pz
3.2.2.2 UV-vis tifration: studi omplexes of ligand L3 with amino

acids LTI

0.9:1.0 l i 1&\"‘% ki 37.5

e

Typically, 0.0 V» 9" g) in 100 mL of DMSO
(spectroscopic grade) i

5 prepared and used as a sol ru in all UV-vis experiments.
Solution of 0.00002 M of e ligand 0x107 mol) in_10 mL of DMSO were
e 1 o LDl VLIl o 2 14) o et o 1 o
pathlength quanz'!:luvette and absorption spectrum af each ligand was recorded from 300
o 50 b AP ER T R4 Y4 9 VRSO rtins 10
volumetric flask (shown in Table 3.3). The solution of a guest (total volume 1.5 mL) was

added directly to the cuvette by microburette and stirred for 30 sec prior to measurement.
The absorption spectra of solution were recorded after each addition.
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Table 3.3 Amounts of amino acids that used in complexation studies with ligand L3 for
UV-vis titration studies.

Ligands Amino acids Weight (gram) Ligand:Guest (equiv)
L3 Glycine 0.00600 1:300
Alanine 0.00713 1:300
Leucine 0.01050 1:300

1:300
1:40
3.3 Results and Discussio
3.3.1 Design C
It is known that thglstgfoidal framework, dcrived from cholic acid, provides a

0 \ to create a binding site for a small-
sed to control solubility, or to link the
(Jfiglapod libraries prepared by
“split and mix” solid ph s ha ~"-‘ ised for sequence-selective
peptide mngniﬂnn[??]ﬂnd : MZyme @deling[?&] Moreover, many
researchers have demonstgated that many steroid derivatives have an efficiency to bind

and transport Nﬂ%ﬂn’a %Iﬂsﬁlw &}t‘%}ﬂ %umiemtmu:s (74, 79]

These results siigest that the chglapod archuecture is mtnnsma]ly suitable for

SIS IHANINENY
ic 0 strategy, ligand L3 were synthesized as a steroidal derivative

by attaching urea binding site at C3, C7 and C12 positions of cholic acid framework. L3
has three-dimension binding sites and the intrinsic chiral structure. Thus, the binding

to-medium size molecule. The sid €

scaffold to a polymer back

properties with significant enantioselectivity are expected in complex formation of this

compound with amino acids.
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3.3.2 Synthesis and characterization of steroidal receptor L3

The synthetic pathways for receptor L3 is shown Figure 3.3. Methods for the
synthesis of compounds 1.2-1.10 were followed from the literature.[80]

3.3.2.1 Synthesis and characterization of methyl 3a-acetoxy-Ta, 12a-
dihydroxy -5p-cholan-24-oate (1.2)

Hydroxyl group at 3-position ylic group of chlolic acid (1.1) were

conversed to acetyl and ester group cation and acetylation of 1.1 using

methyl acetate as the souree™ o 1] : | and p-toluenesulfonic acid
ie-tp obtain methyl acetoxycholanoate

h}'dmxyl group was acetylated

monohydrate as a catalyst.
(1.2) as a white powder in
selectively although th

molecule.

u - p are the active groups in the

‘n
/‘ 1" \
o of 1. 2 *v W signals and one doublet signal

The '"H-NMR speg
of methyl protons (18-Hs, 49- 'ﬁi&]; 5) = "\ .89 and 0.96 ppm, respectively.
Acetoxy protons (CH;COO) and nietisy -=:-rr : COOCH;) appeared as two singlet

signals at 1.99 and 3.66 ppm, re ; cetively 7 ade ition, proton signals at 3p-H, 7p-H and

12B-H were observed a8 m d .ﬁ ppm, respectively.
3.3.2.2 Syntliesis and cf Zation oﬂ}nethyl 3a-acetoxy-Ta, 12a-
dioxo-5p-cholan-24-oate (1,3)

AUYININTNYINT

The oxidaftbn of the hydroxyl groups at th}a C7 and C12 W glacial acetic acid
w CxQPRRARIRTRIAIN & 4101 Y v v
purificatiofi by silica gel column using dichloromethane:ethyl acetate = 3:1 as eluent. The
'H-NMR spectrum of 1.3 showed the shift of protons signal which are adjacent to
diketone such as an upfield shift of 21-H; protons at 0.82 ppm as a doublet signal and
downfield shifts of 18-H; and 19-H; protons at 1.10 and 1.28 ppm, respectively. A
disappearance of 7B-H and 12B-H protons signal was observed. Acetoxy protons
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(CH3COO) and methyl ester protons (COOCHj) still appeared as two singlet signals at
the same region (1.97 and 3.64 ppm, respectively). These results were in good agreement
with the proposed structure which the hydroxyl groups were changed to be ketone.

3.3.2.3 Synthesis and characterization of methyl 3a-acetoxy-7a, 12a-
dioximino-5f-cholan-24-oate (1.4)

The diketone at the C7 and C12 position was changed to dioxime compound (1.4)

by the dioximation reaction of 1.3 with s tate and hydroxylamine hydrochloride
Acetoxydioxime 1.4 was obtained as a white« 9%. The 'H-NMR spectrum of 1.4
showed a combination of 1# the same position (0.91 ppm) as a

doublet signal. Acetoxy protens ({

appeared as two singlet signa
characteristic signal of the d

thyl ester protons (COOCH;) still
d 3.65 ppm, respectively). The
nce of two doublet of doublet

signals (NH dioxime prot
3.3.2.4 Synthesi® methyl 3a-acetoxy-7a, 12a-
di|N-(t-butyl oxyearbonyl) = e (1.5)
Diamine com 5-‘; btained fron ic hydrogenation of dioxime

- (H3, PiC SO0H) followed by a treatment
with zinc in acetic ac:d.ﬁﬁer the ﬂ%ﬁ‘s catalyst, dioxime group of
1.4 was reduced to nhtauka mixture of i 1m and amine products. This mixture was

e i 34 03 ) e = o

hydrogenation to“provide only amme groups at C7 and C12 at a:-ual orientation. The

e TR TR R

ethyl acetate:dichloromethane = 1:4 as eluent.

The "H-NMR spectrum of compound 1.5 showed signals of 18-H;, 19-H; and 21-
H; protons in the range 0.78-0.92 ppm. 'H-NMR signals show a reappearance of 7p-H
and 12p-H protons as two broad singlet peaks at 3.65 and 3.96 ppm, respectively and new
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signals of Boc protons (CH;);C) as a singlet peak at 1.42 ppm and NHBoc protons as two
broad singlet peaks at 5.05 and 5.24 ppm. Acetoxy protons (CH3;COQ) and methyl ester
protons (COOCH;) were found as two singlet signals at 2.01 and 3.69 ppm, respectively.

3.3.2.5 Synthesis and characterization of methyl 3a-hydroxy-Ta, 12a-
di|N-(t-butyl oxycarbonyl) amino|-5f-cholan-24-oate (1.6)

The acetoxy group at the C3 position of compound 1.5 was removed using a
reaction with sodium methoxide in --:.5_ to give an alcohol product 1.6 in 97%
yield as a white solid after recrys )

The 'H-NMR spectrum—e wshowed signals of 18-H; and a
combination of 19-H; and Arotons -> '- and 0.92 ppm, respectively, as two
singlet peaks. 'H-NMR Spe /% uf acetoxy protons (CH;COO)
and upfield shift of 3p-IT prafoy / \\ 10 3.51 ppm. A singlet signal of
Boc protons (CH;);C) waS faling -"-='_~ m an 4\\':\-: rotons appeared as two broad
singlet peaks at 4.95 and$.09 ppm. Mediy L estefy ' ks (COOCH;) and 7B-H proton

- .R..f-‘\
appeared at the same positiof a3 r@ Sk ‘,.' gnal aks .68 ppm.

3.3.2.6 Synthesis au i

(t-butyl oxycarbonyl) ami
The hydroxyl g@]p at
reaction to convert this a-liydroxyl group to £3-a azide group. A reaction of compound

1.6 with Phyp, BB NS OIABEHYAR I WP hik b B methanesulfonate as an

intermediate aﬂ:"lpunﬁcauun by flash column &lrﬂmatographwmg hexane:ethyl

e ST G0 PRI B

the intermédiate methansulfonate can give an olefinic product after elimination of the

wion of methyl 3a-azido-7a, 12a-di[N-

)

s used @suhstrate for the Mitsunobu

mesylate moiety. Purification to remove the olefinic product using flash column
chromatography was necessary. It was found that the amount of the olefinic compound
increased when the intermediate was left in the column for a long time. The intermediate

(methansulfonate) was reacted with sodium azide to provide the C3-a azide product as a
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white solid in 63% yield after purification by flash column chromatography using
hexane:ethyl acetate as 4:1.

The 'H-NMR spectrum of compound 1.7 showed signals of 18-Hj, 19-H; and 21-
Hj protons at 0.78, 0.90 and 0.93 ppm, respectively. A broad singlet peak of 33-H proton
showed the highfield at 3.26 ppm. 7p-H and 12p-H protons as two broad singlet peaks
were observed at 3.6 and 3.97 ppm, respectively. Boc protons (CH;);C) splitted to two
singlet peaks at 1.4]1 and 1.42 ppm and N//Boc protons as two broad singlet peaks
appeared at 5.17 and 5.36 ppm. Methy l r protons (COOCH;) were observed at 3.71

ppm as a singlet peak.

3.3.2.7 Synth ctem, methyl 3a-azido-7a, 12a-bis-
amino-5p-cholan-24-oate (] -~

Diamine compoundsl.§" was bbtaiy d. :ld as a white solid by Boc-
| id in dichloromethane. The
8-H;, 19-H; and 21-H; protons
ectrum showed a disappearance
{3-H and 12p-H protons were found
\ elhyl ester protons (COOCH;) were

deprotection reaction
"H-NMR spectrum of cq
at 0.71, 0.91 and 0.96 ppmg¥c
of Boc protons (CH3);C) and
as a multiplet signal in the ran
observed at 3.66 ppm 45 a B y
h’yj— 2
3.3.2.8 Syntliesis and Zzalion nfﬁmthyl 3a-azido-7a, 12a-bis-

[(phenyl aminocarbonyl)@mino]-5f-cholan;24-o0ate (1.9)

ﬂumwﬂmwmn‘a‘

Bis-urea puund 1.9 was synthesized usmg a coupling reactmn of the diamine

1 QAT YRARTEN A1 YNy i

and DMAR as a catalyst. This product was obtained in 96.0% yield as a white solid after
purification by flash column chromatography using 99:1 ratios of DCM:methanolic

ammonia as eluent.
The "H-NMR spectrum of compound 1.9 showed signals of 18-Hj, 19-H; and 21-
H; protons at 0.75, 0.91 and 0.85 ppm, respectively. 3p-H, 7p-H and 12-H protons were
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found as three broad singlet signals at 3.15, 3.93 and 4.05 ppm, respectively. Methyl ester
protons (COOCHs5) showed a singlet peak at 3.65 ppm. The characteristic signals of this
compound are showed new signals of three NH-urea protons as broad singlet peaks at
5.33, 5.63 and 6.85 ppm. Phenyl protons were found as two multiplet signals at the range
of 6.98-7.06 ppm and 7.25-7.39 ppm. The fourth NH-urea proton was overlapped with
phenyl protons at the range of 7.25-7.39 ppm.

3.3.2.9 Synthesis and characterization of methyl 3a-amino-7a, 12a-bis-
[(phenyl aminocarbonyl) amine : 10)

The azide group at- €3 - was successfully reduced using
activated zinc in acetic L upound 1.10 as a white solid in 91%
yield after purification ‘\: aphy using dichloromethane
:methanolic ammonia = Y

The 'H-NMR spéCtruf 6 o4 m.- : \ howed signals of 18-Hi, 19-H; and
21-Hj protons at 0.88, 1 04 aac ‘.9%‘\ ipoi, e \ y. 8p-H, 7p-H and 12-H protons
were found as three broac cﬁ“ A 1 * and 4.19 ppm, respectively. A

singlet peak of methyl ester pgo 0 observed at 3.54 ppm. Two NH-urea

protons adjacent to steroid I’f at 5.86 and 5.94 ppm as broad singlet
peaks while other NH-yreajpfotons adjacént o' 41 jing was found at 8.10 ppm as

a broad doublet sig y__*__—'_“‘ ¥ ﬁ' ee multiplet signals at 6.90,
7.22 and 7.51 ppm. E m

33.zﬂuﬁ%ﬁm.ﬁ@ﬂq tisocysnate-4'-sitro

azobenzene (1.11)

QRMENPYTE /M PR (LT —

with triphosgene without any base. The same reaction of disperse orange 3 with
triphosgene in the presence of DIPEA as based was unsuccessful. In fact, DIPEA should
activate the reaction by attacking the triphosgene. The isocyanate product was found to

be very sensitive to air and easy to decompose. This reaction was monitored by FT-IR
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spectrophotometry. The FT-IR spectra of the product 1.11 showed the characteristic —
NCO band at 2250 cm™ and -NHCOCI band at 1730cm™ . Therefore, two products were
obtained as a mixture of -NCO and -NHCOCI. Attempts of purification of the product
using column chromatography was not successful due to a decomposition of the product
in the column (the product turned back to the amino compound or/and formation of the
urea compound between two azobenzene moieties). All isocyanate 1.11 products were
thus used immediately without any further purification.

rization of methyl 3a-[(4-nitro
-[(phenylamino carbonyl)amino]-

3.3.2.11 Synthesis
azobenzene-4’-amino carbonyl) :
5p-cholan-24-oate (L3)

1.11 in the presence o
as a red solid in 38% vi

> obtain the desired product L3
olumn chromatography using

94:6 ratio of DCM:me

The SO-ds showed singlet signals of
18-H; and 21-Hj; at the same i 73 d a singlet signal of 19-H; at 0.96
ppm. 3B-H, 7p-H and 12- H pI ONS Were )] 1 as three broad singlet signals at 3.23,

'_.’l} H3) were observed at 3.51
ppm as one smglet s -' { 1‘4 ached to steroid backbone
appeared at 5.95 ppm broad multiplet'peak. The N]@.rea protons which attached to
the phenyl ring were found at 8.45 and 8.6} ppm as two broad singlet signals. Phenyl

protons weze oﬂr% fnlo” thedé] dipler ighis 4 .45 1o and 7.38 ppm. New

signals of azoben¥ene protons at C3 position was fc found as four do bict peaks at 7.56,

Y GO AN 1) Gt i

NH-urea pfoton adjacent to azobenzene ring.

ESI mass spectra of L3 also supported the structure of the desired compound
showing an intense line at m/z 948 [M+Na]" and 926 [M+H]" and elemental analysis was
in good agreement with the proposed structure.
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Figure 3.3 Schematic procedures for L3, Reagents and conditions: (a) p-TsOH, MeOAc, reflux;
(b) Ca(Cl0);, HOAG; (¢) NH,OH .HCI, NaOAc, reflux; (d) Ha (1 atm), PtO;, HOAc; Zn, HOAc;
(Boc);0, NaHCO; aq., THF; (e) NaOMe, MeOH; (f) Ph;P, DEAD, MeSO;H, DMAP, THF;
NaNs, DMF, 47°C; (g) TFA, DCM; (h) PhNCO, Et;N, DMAP, THF, 50°C; (i) activated zinc,
HOAc; (j) 4-1socyanato-4’-nitroazobenzene 1.11, DMAP, THF.
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3.3.3 The complexation studies with amino acids

3.3.3.1 The complexation studies of ligand L3 with amino acids by using
H-NMR spectroscopy

'H-NMR spectroscopy has been widely employed to investigate receptor-
substrate interactions. This technique allows access to the detail of the interaction
between a host and a guest mulecule Therefore the binding ability of the multidentate

urea receptor based on steroidal building investigated by the '"H-NMR titration
technique to determine the interaction etry of the complexes.

Compound L3 contamsthree sare3, C7 and C12 positions which are
the binding sites for carba . The urea groups at C7 and C12
are constrained by the axis
towards each other.
cooperation of hydroge

":-\ such that the NH groups point
lso point inwards resulting in the
5:81] L3 is expected to show its
aeid based on the difference of
complex formation in spacef Tlis; complexation studiés with 5 amino acids such as Trp,
Phe, Leu, Ala and Gly were iglve; L
for binding with amino acids.
'H-NMR titratiop stiidies
acids. From Figure 34 'H-NMR spectra ¢ Apon adding excess amino acids
provided preliminary @m’m on o mplex formation. The chemical shifts of
ligand L3 and their mducgd hemical sh1ﬂs the formation of complexes with amino

i 18885 911913 W17 3

From Figdke 3.4 and Table 3. 3 the duumﬁeld shift of NH urea (Haj.a3, Hp, He and

Hy) afte ‘ﬂm on via hydrogen
bondmgq eractions m ﬁmﬁoﬂ? wﬁ?ﬂlmo acid and urea

moieties. Not only the shifts of the urea protons but also the upfield shifis of aromatic

ability in a discriminatig

an enantioselectivity of this ligand

sence and presence of amino

protons (Haz, Hag, Hae and Hig) were observed. This upfield shift was indicative of an
existing of m-m stacking interactions between amino acids side chain and aromatic

moieties in L3,
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Table 3.3 Chemical shifts (ppm) of ligand L3 and their changes at complexation with

various amino acids.*

Hy Hy»y Hx Hp Hip NH, NH, NH. NHy

L3 686 720 738 784 756 600 846 823 893
L3.L-Trp -0.02 -0.03 +0.08 -0.02 - +0.48 +0.51 +0.34 +0.2]
L3.D-Trp -0.01 -0.03 +0.04 -0.03 - +0.31 +0.36 +0.20 +0.22

L3.L-Phe -0.03 -0.04 +06. - - - 4035 +0.19 +0.17
L3.D-Phe 4+ / y 4002 - - - +0.22
L3.L-Leu .33 03 +0.30 +0.04 - +0.08
—
L3.D-Leu _——-—" +0.09 +0.31 +0.06 +0.02 +0.09
L3.L-Ala 0 -0 '¢_ , A - 4015
L3.D-Ala 008 004/ A009 002 +005 " . - 4025
L3.Gly -0 'aﬁ 0.02 +0.0 . - - 4025

* Positive value shows

1 ddwnficld shifisand epative value showed upfield shifts.
The binding of L3"with argniati¢ afino acids: Trp and Phe showed the largest

shifts of the NH urea protons, : d H,. This reflected the strong complex
formation of these amino acids- 3. L1s presumably due to a holding of hydrogen
bonding and n-m stagh ..__,,.,._._,,_.,..,_.;-.i._- amino acids, the shifts of

| X
aromatic protons of L3 were si nu Considering the shifts of the

aromatic protons, theré“is no difference in A8 betweelt complexes with aromatic and

aliphatic amino acigd. ‘? iMiE ﬁ’ i : -form amino acids was
investigated by ﬂnu-‘lﬁu I[Hﬂ lﬁ m&jn

From Figure 3.4, the differenfe in 'H-NMRosignals of NHerea protons in L3.L-
Trp anAS VT e 1) sl ki i o
urea pmtn?is (Hai-a3, Hp and H,). This indicated that the host L3 showed more favorable
in binding with L-Trp than with D-Trp. The DMSO-dj solution of the L3.L-Trp complex
displayed magnificent downfield shifts with A8 of +0.48, +0.51 and +0.34 ppm owing to
Ha1, Hy and H, respectively. In comparison, the shifts of NMR signals of the urea proton
(Hg4) and aromatic protons (Hz6-Hsp) displayed the same shifts in both complexes.
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L3 + L-Phe 4.0 eq

L3+D-Trp 40 eq

L3+ LTrmp 40eq

'l [
o — — -

&F so0 W95 850 825 Km0 75 TS0 725 TH0 675 650 625 600 S5

o B TR IRI R MBI s

=2
ds
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L3+L-Ty 16 &g

L+LTpd.deq
Ha,, HI:HH -
I3
Ha

. 6% 650 628 600 595

Figure 3.5 Partial IIrl-l"«mali{gj,!ratin:m spectraof L3 (4.0x10° M) upon adding L-Trp 4.0

w0341 9912171 NN T
RIAINTUNNIINYIAY
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L3+D-Thp 40 &g

LH#D-Tip 2.0 &q

Ha -2,

Titrations of a DM8Q;ds solution of L3 with aliquots of L-Trp and D-Trp guests

rsulted i seveﬂswm{m@eﬂ $aE) pcctively. n case of the

titration with L-Tﬂ: a downfield shift ‘nf urea pmtnn Hy was fnund with A8 of +0.21 and

ot w AT G G TAPYREIEE] 4 1034 o

corresponding to H,;, Hy and H, protons, respectively. Beside the downfield shift of NH,
protons, a splitting of the overlapping NH,..3 protons from two broad signals to three
broad signals was observed. Generally, there are three urea binding sites in L3 molecule.

us, NH, urea protons displayed two signals owing to one proton at C3 position (Ha)
and two protons at C7 (H,2) and C12 (H,;) positions. The association of host L3 and L-
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Trp via hydrogen bonding interaction at urea moieties caused the separation of the two
protons adjacent to C7 and C12 positions. The more downfield shifts of NH, and NH,
protons and the splitting of the NH,..3 protons revealed that the binding between L-Trp
and L3 occurred at NH urea protons adjacent to C7 and C12 position.

The binding between L3 and D-Trp resulted in less downfield-shifts of NHy .,
NHp and NH; with AS of +0.31, +0.36 and +0.22 ppm, respectively. In addition, the
splitting of NH,;.43 protons was found in the presence of D-Trp 0.4 equivalents but these

signals were progressively broaden and then disappeared afier adding D-Trp over 0.8

s i ' “ i@ tra, it was proposed that the binding of
D-Trp with NH urea adjacent to.C7 and C &n ng enough. The results from NMR
technique revealed that thé' I igand [%, 0 bind with L-Trp over D-Trp. It
is rationalized that the urez ‘ C12 are in the axial position. A
rigid bond and the NH grqg ard caused a gooc preorganization of these urea
protons prior to binding wi o \.‘, f amino acids. L-form of amino acids
which showed better bifidi

hydrogen bonding in coniplegess The enanti
amino acids has been reportéd b ﬁa%? of
In case of a binding of L3, iﬁ
L- and D-forms, the downfield-shiflsof
Leu. These results M
group of Phe, Leu, Ala ,
L- and D-form of thesegn' d insign ficm@hangcs in "H-NMR spectra. It
was proposed that a lesschulky group of amino acid side chain exhibit a less steric

hindrance betwﬂ apuirfo héidl 6k b g e ko BA Ast L3. This factor should

affect the diﬂ'eml:mhinding in the hostzguest mmplianxes.

‘@ Wﬂﬂ"ﬁ ﬁ]ﬁmwfﬁﬂqaﬁﬁed by Job's plot

and was cinsistent with the titration curve of the 'H-NMR data. The formation of simple

Y §

groups displayed the strong
f steroidal receptors for L-form

i

atids (Phe, Leu, Ala and Gly) in both

hiourea protons were discovered, except

1:1 complexes in cases of all L3.amino acids complexes (Figure 3.7) was evidenced by

the symmetric bell-shaped (the maximum of curve at X = 0.5) in Job’s analysis.
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Figure 3.7 Job’s plots of NHj, in (a) L3'L-Trp, (b) L3'L-Phe, (c) L3L-Leu, (d) L3L-Ala
and (e) L3'Gly complexes.
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NOESY spectra of a [L3.D-Trp] clarified the complexation structure observed by
the correlation at the aryl protons (Ts and Tz) of D-Trp and phenyl protons assignments
(Ha7, Has and Hyg) of L3 and the correlation at NH indole proton of D-Trp and phenyl
proton (Hz7) (shown in Figures 3.8 and 3.9). In Figure 3.10, NOESY spectrum of L3.L-
Trp complex showed many correlations of L3 phenyl protons and tryptophan side chain
protons consisting of the Trp protons assignments (T, Ta, T3, T4 and Ts). The correlation
between the phenyl protons (Has, Hae and Hsg) and the Trp proton (Ts) were found in
spectrum. Moreover, the correlation at urea protons (NH,) of L3 and Trp protons (T, T2

1]'

and Ty4) was seen from the spect idence showed in agreement with the
complex formation between 1.3 ‘

underwent the hydrogen bo

-- d D-forms at urea and phenyl urea

wkmg interactions.

— s =

QW ﬂ ;afuum'mmaﬂ

8.6

8.4 8.2 I-.-I ?.‘ 4!-I- 7.4 7,2 7.0 6.8 6.6 6.4
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Figure 3.8 '"H-H NOESY NMR of L3'D-Trp complex.
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Figure 3.9 'H-H NOESY NMR of L3D-Trp complex.
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Figure 3.10 '"H-H NOESY NMR of L3'L-Trp complex.
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To gain more insight into the origin of the observed preference of L3 with L-Trp
and D-Trp, modeling studies using Density Functional Theory: DFT (B3LYP/6-31G(d))
in Gaussian03 Program on L3.L-Trp and L3.D-Trp complexes were carried out since
attempts to grow the single crystal of both complexes were unsuccessful. Two energy
minima obtained for the diastereomeric complexes are shown in Figure 3.11.
Interestingly, differences between the two complexes showed that the carboxylate group
of L-Trp located close to the urea NH groups adjacent to C7 and CI12 positions,

stabilizing by two hydrogen bonds (dono tor distances d[NH0] = 2.02-2.09 A).

In contrast, D-Trp located at & ,‘ ‘ gp 3 processing one hydrogen bonding
interaction (donor-acceptor dist :\” H '

ances
with the proposed st re_oheth

moieties are the suitable binding€ics

). These results are in agreement
Jrp complex in which the C7 and C12 urea

NN . - .
ofresponding 1o the larger downfield-shift of the
urea protons (H,, Hy and M) af 2 splttin \ area protons. In addition, it was
found that an orientation of ardrufiic’ side-chain of I ”‘{ positioned perpendicularly to

the C7 and C12 phen ontributes a forming of CH-n

interaction between the pheng! urea O ; \.,. de chain. When the less bulky side
chain amino acids is replaggc f R spectra of the complexes are not
different between L- and D-fe: S means that the steric hindrance of

amino acid side chain plays an_iw omoting the different binding of L3
with L- and D-form '——-————L,. ling interactions with urea

groups at C3, C7 or C ’f.'* X' )

: g
AUEINENTNYINT
RINNIUUNININY
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Table 3.4 Binding constants (K) of ligand L3 complexes with various amino acids using
the EQNMR. program.

Amino acids K
L-Trp 386
D-Trp 9
L-Phe 36

According to the reghlts >34, ligand L3 showed a significant preference
b ant. This was attributed to the
in in the host cavity. In other amino

to L-Trp observing from {
orientation and the steric hindrs

acids, the difference il\thé Comple
example Phe case. The binding constant BB with L-Leu, D-Leu and L-
Ala cannot be calculat use of a fluctuation of the @ft of L3 proton signals during
the complexation. The consplex formations of L3 with L- and D-form of amino acids are

e UEARERA NN
AR S IS PPN e

The characteristic spectra of 2x10° M of ligand L3 according to a light yellow
solution in DMSO shows a broad band around 415 nm (as shown in Figure 3.12). This
band attributes to the n-n* excitation of more stable frans form of azobenzene.[82]

/. form was not observed for
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Mr ey

T
UV-vis titration experimeiifs. e ; =d out repeatedly in the presence of

.d

o

various amino acids {O)ir ' ffL.3 with various amino acids
toward the associatio ;t{ d 3114 for L3.L-Trp and L3.D-
Trp complexes, mpec@ly). : pand of Lﬁt 415 nm is slightly increased
upon adding L- or D-Trp gnd a small shift of the absorption band to longer wavelength

s R A 4 S B4 rion

color was observédl when both L- or D-Trp were e:ﬁ)sed in the solunen of L3 in DMSO.

In cases wnﬁ&g?‘ gL-andD -form
was not iﬁ&ﬂ ?ﬁﬂl&m ts were probably ﬁ to a position of azobenzene

which was attached to urea group at C3 position. As mention previously from the
modeling structures, amino acids in both L- and D-form are positioned in the center
between the C7 and C12 urea moieties although there is the difference in the forming of
the hydrogen bonding interactions between the host and the guest. Thus, the azobenzene
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chromophore linking with the C3 urea group which positioned far away from the C7 and
C12 urea groups received a little effect on the guest binding. However, the binding
constants of complexes could be determined by monitoring the changes in the maximum
absorption band of ligand L3 at 415 nm using the SPECFIT32 program. The binding
constants were collected in Table 3.4.

Table 3.5 Summary of the binding constants (log K) of ligand L3 for various amino acids
using the SPECFIT32 program.

|

Corresponding 46 1 n':".‘.a ique, the binding constants

in Table 3.5 showed thiifligand L3 ERVETHE Righest lofK value (4.54) to L-Trp. The
preferential bin of L3 was significantlydebserved for L over D-Trp and other
—— mﬁ’iwg PSR W Bl i o L3 st n
discriminate het L- and D-formsgof amino acids in the attributign of the similar log

o N 6] a1

powerful pdtential to discriminate between L-Trp and D-Trp. We assumed that this result
stemmed from the difference in the orientation and the steric bulkiness of amino acids.
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Figure 3.14 UV-vis titration spectra of L3 (2x10”° M) upon adding D-Trp 300 eq.



CHAPTER 1V
CONCLUSION
4.1 Conclusion
The synthesis of fluorescent receptor based on acridine derivative L1 was carried
inedihtiocyanate with aniline in 52%. Receptor L2

ion of pyrocathecol with iodomethane in
cetonitrile yielded 1 (54%), then

out by a coupling reaction of profla

: ic acid in acetonitrile to afford
compound 2 (10%). After thata Cotipling reac i 2 with tetracthyleneglycol ditosylate
in the presence of potassius carhounte a3 bas ceton itrile gave compound 3 (40%).
' 0 obtain diamino compound 4
(77%). Upon coupling

u dithiocyanate produced the desired
product L2 (17%). The rgéc

nplished from a reaction of L1

Binding recognitions fOf s#cepiors yd L2 in DMSO-d; were investigated
toward amino acids using 'H- - i techn
guests took through “the ofdinds an fbetween thiourea based on
45, | The stoichiometry of the

b's plot &ly&is is indicative of 1:1 ratio.

‘he complexes of both receptors and

receptors and carboxllaie of
complexes of L1 and Lﬂnth P ane
The binding with aromatigramino acids was gbserved a possibility of the complementary

x-x stacking mtﬂcﬂ,yw %Wvﬂ&}ﬂ ne)ring and phenyl ring for

L1 and L2, respectively.

@ﬂﬂ“ﬁ“@‘ﬁ%‘ﬂ&‘wﬁﬁ@ Ay s b s
attributed b n-n* transition. Upon adding amino acids, a slightly red-shift of the band at
400 nm to 460 nm was observed in both receptors. This indicated weak complexes
formation of L1 and L2 with amino acids due to a repulsion between electron density at
N-acridine and a negative charge at carboxylate group in amino acids. In the case of

receptors L1H and L2H, the maximum absorption band at 460 nm which concerned to n-
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n* transition dramatically changes in their UV-vis spectra upon addition of amino acids.
An observation of a progressive decrease of the band at 460 nm during a developing of a
new band at 400 nm was proposed as a transformation from NH'-acridinium to neutral
N-acridine via the intermolecular proton transfer by amino acids. In addition, the
enhancement in fluorescence intensity was found in all receptors upon adding amino
acids but L1H and L2H showed the stronger enhancement meaning more efficiency in
amino acid recognition. It was found not only the enhancement but also a blue shift of
L1IH and L2H with amino acids. Binding
ment factor (FE) were determined by
values and the results from the

emission band upon the binding between

constants (log K) and fluo

fluorescence titration. Corres

changes in UV-vis spectra défionstrated  th t%ﬂ to bind aromatic amino acids
over aliphatic amino acids sifvied no seleetivity.in amino acids binding. L1H and
L2H showed the binding abifitie fth aming acids ¢ ,ﬁ\ 1 and L2 due to the losing of

electron density at N-acriding! Afibag ‘dnino, 2 tp established the strongest

complex with L1H and

The steroidal receptorfL3 w “' 5 jed ot from cholic acid (1.1). One pot

esterification and acetylatiod” of; _,_r'r “using methyl acetate and p-toluenesulfonic acid

monohydrate yielded 1.2 {?a%},, o1t followed by, oxidation of the C7 and C12 hydroxyl
groups with glacial acé 3 -'_ 3 ) one 1.3 (98%). After that the
diketone was changed i6 dioxime by | on with sodium acetate and

e

hydroxylamine hydmchE'ide providing t! S .4-&9%}. Diamine compound was
obtained from a catalytic Hydrogenation of the dioxime (1.4) with Adam’s catalyst (H;,

o o 3450 A s e e i

was done Boc p rdtection using satunitcd NaHCD;, and dl-f-but}-’ld carbonate to give bis-

e R B TR T ppon 115 v

removed by sodium methoxide in dry methanol to give an alcohol product 1.6 (96.6%).
After that the hydroxyl group at C3 position was converted to C3-a azide group by the
Mitsunobu reaction using a reaction of 1.6 with PhsP, DEAD, MeSO;H and DMAP in
THF. This reaction gave C3-p methanesulfonate as an intermediate which was reacted
with sodium azide to provide the C3-a azide product 1.7 (62.9%). Boc-deprotection
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reaction of the azide 1.7 with trifluoroacetic acid yielded diamine compound 1.8 (78.6%).
Bis-urea compound 1.9 (96%) was synthesized using a coupling reaction of 1.8 with
phenylisocyanate in the presence of triethylamine as based and DMAP as a catalyst. The
azide group at C3 position of the bis-urea 1.9 was successfully reduced using activated
zinc in acetic acid to give C3-amino compound 1.10 (91%). Finally, 1.10 was reacted
with the isocyante nitroazobenzene 1.11 in the presence of DMAP as a catalyst to obtain
the desired product L3 (38%).
Binding properties of L3 with
intrinsic chiral ligand L3. Results \\ , /1/ >vealed that the strong complexation of
“‘*‘- 11 dmgen bonds and m-m stacking
and UV-vis, L3 is preferable
i 'ency in binding with Phe, Leu,

d D-form amino acids were studied with an

L3 with amino acids oc
interactions. Corresponding®
to bind with L-Trp over D-
Ala and Gly, the differen
acids did not perform.
revealed the differences
complexes. The hydroge Nding interae -\\
took place with the C7 and @1 2ftiré f L3.L-Trp complex but with the

' ' ie from the orientation of Trp side

n\ and D- form of these amino

| ed " f m the modeling studies which
& 0 u':‘il‘ I“ \\\\ 2N L3.L-Trp aﬂd M.D-Tl'p

the carboxylate group of Trp

C3 urea group for the L3.D-

chain in the complexes. L3 co differentiate L- and D- form of amino

acids which bear a less §te f A
Yo ')

sa

EB 2
ﬂumwﬂmwmn‘a‘

’QW?&NﬂiﬂJ UANINYAY
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4.2 Suggestion for future works

The host-guest association of these complexes could be studied with di- or tri-
peptide or other amino acids such as N-acetyl amino acid derivatives due to the problem
in solubility of normal amino acids in DMSO, particularly aliphatic amino acids.
Furthermore, attempts to grow the single crystal of complexes are to reveal the solid
structure of the complexes.

Crown-ether like part which is a cation binding site in ligand L2 does not
participate in the binding with amino : y introduction of using aza-crown ether
instead would afford a highervefficiency of € ghind in binding with amino acids. In
addition, a new design receptor-motecul® which fias“the cation binding site close to the
anion binding site will providesa Lugh aff ‘\ wlthammnaclds

ﬂ‘IJEI’J'VIEWIﬁWEI'm‘i
ammmmumawmaa
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Figure A2. The "H-NMR spectrum of 2-methoxy-6-nitrophenol (2) in CDCl; with 400
MHz.
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Figure A4. The 'H-NMR spectrum of 2-methoxy-1-(2-(2-(2-(2-(2-methoxy-4-
nitrophenoxy) ethoxy)ethoxy)ethoxy) ethoxy)-4-nitrobenzene (3) in CDCl; with 400
MHz.
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Figure AS5. The 'H-NMR#& anate in CDCl; with 400 MHz.
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Figure A6. The 'H-NMR spectrum of 3,6-bis(thioureaphenyl)acridine (L.1) in DMSO-ds
with 400 MHz.
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Figure A7. The 'H-NMR'spedtdan’ of . | - -4-(2-(2-(2(2-(3-methoxy-1-

thiourea benzene)ethox?
DMSO-d; with 400 M|
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Figure A8. The BC.NMR spectrum of 3,6-bis(thioureaphenyl)acridine (L.1) in DMSO-dg
with 400 MHz.
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Figure A12. The mass spectrum (ESI) of ligand L2H.
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Figure A14. FTIR spectrum (KBr) of ligand L2.
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Figure A16. FTIR spectrum (KBr) of ligand L2H.
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Figure A18. The 'H-NMR tit 0 M) inDMSO-ds upon adding
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Figure A19. UV-vis titration spectra of ligand L1 upon addition of (a) Trp. (b) Leu, (c)
Ala and (d) Gly 50 equiv.
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Figure A20. UV-vis titration spectra of ligand L.2 upon addition of (a) Trp, (b) Leu, (c)
Ala and (d) Gly 40 equiv.
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Figure AZI. UV-vis titration spectra of ligand L1H upon addition of (a) Trp, (b) Leu, (c)

Ala and (d) Gly 30 equiv.
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Figure A22. UV-vis titration spectra of ligand L2H upon addition of (a) Trp, (b) Leu, (c)
Ala and (d) Gly 30 equiv.
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Figure A26. Fluorescence titration spectra of ligand L1 upon addition of (a) Leu, (b) Ala
and (c) Gly 30 equiv.
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Figure A27. Fluorescence titration spectra of ligand L2 upon addition of (a) Leu, (b) Ala
and (c) Gly 30 equiv.
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Figure A28. Fluorescence titration spectra of ligand L1H upon addition of (a) Leu, (b)
Ala and (c) Gly 30 equiv.
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Figure A29. Fluorescence titration spectra of ligand L2H upon addition of (a) Leu, (b)
Ala and (c) Gly 30 equiv.
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Figure A31. The '"H-NMR spectra of compound 1.3 in CDCl; with 400 MHz.
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Figure A33. The "H-NMR spectra of compound 1.5 in CDCl; with 400 MHz.
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Figure A36. The 'HafMf dhéctrarof componind 138, in CDCIs with 400 MHz.
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Figure A37. The ‘H-NN_[R spectra of compound 1.9 in CDCl; with 400 MHz.
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Figure A39. The "H-NMR spectra of ligand L3 in DMSO-d; with 400 MHz.
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Figure A42. Partial 'HZNMR fitratio 210" M) upon adding L-Leu 4.0
equivalent in Dmsu-d@ ) '
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Figure A44. Partial 'H NMR ti lﬁ 0" M) upon adding L-Ala 4.0
equivalent in DMSO-d;.
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Figure A45. Partial 'EZNMR titrati (107 M) upon adding D-Ala 4.0
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Figure A46. Partial 'H-NMR fitrali %I0° M) upon adding Gly 4.0
equivalent in DMSO-dy. || |
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