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Abstract

Steroidal receptors possessing NH-carbamosulfonamide (S1) and carbazole (S2)
at C7 and C12 positions were synthesized and investigated their binding abilities
toward various anions (F, Cl, Br, I, AcO, BzO, CN, H,PO,, HSO,, ClO, and NO3),
amino acids and nucleotides (ATP, GDP, GMP, CMP, ADP, UMP and UDP) using
fluorescence, UV-vis, 1H—Nf\/\R and computational simulation techniques. Results from
changes in the "H-NMR spectra of S1 revealed the binding with anions occurring at
the NH-carbamosulfonamide binding sites via hydrogen bonds formation. The studies
from UV-vis and optimized structures of Si1-halide anion complexes exhibited a
possibility to deprotonation at one of the NH-carbamosulfonamide in the case of the
binding with strong basic anions (F). Job plot analysis indicated the formation of 1:1
host-guest complexation. The highest binding constant was calculated from CN (log K
= 6.08). In the case of the binding ability of S2 with anions, the forming of hydrogen
bonds at NH-carbamate binding sites was observed. F anion showed the strongest
binding with S2 by showing the highest log K value. Unfortunately, no specific binding
with amino acids was found. In addition, experimental results from the studies with
nucleotides indicated that the optimum media is DMSO : Tris buffer solution and S2
showed a selectivity for GMP and GDP. The binding between S2 and nucleotide
occurred via a hydrogen bonding interaction of nucleotide phosphate group with NH-

carbamate binding unit. The complex formation caused a decreasing in emission

intensity (A s = 303 nm) of S2. The highest quenching in fluorescence intensity was
observed in the case of GMP. The binding constant in term log K which equal to 3.85

was calculated.

Keyword: Steroid receptor, Anions, Amino acids, Nucleotide, Host-guest binding
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A1519 1 MslSeuiisusatlernauseuinalassuuiniulesauau (Beer et al, 2001)

lo@auuan SAll (99ansaN) looauau SAll (99ansay)
Na' 1.16 F 1.19
K 152 cl 1.67
Rb" 1.66 Br 1.82
Cs 1.81 I 2.06
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Trigonal planar .

C0,*,NO,,COOr

and Y shape N

Tetrahedral shape A PO, S0, MnO,

Octahedral shape [Fe (CN),]*-
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(v aa 1 dy % 1 1 ] d! 1y I3 [ aa
duasisenallaunn useseninsey wasiuselalasiau Jaiuselalasiauludunsisen
sznIsswunestulossuaunteuldtuuiniiosanndudunsise Ao ut 19 dIuss wazd
Panneiwuuay (Steed and Atwood, 2002)

A13519 2 A1 pK, WazA pK, UBIANIA-ALUA
Y Y

Acid pK, Base pKp
HClO, ~ 7 Clo, ~ 21
HCl ~ 3 ct ~ 17
H,504 -3 HSO, 17
HNO, 1 NO5 15
H,0" 0 H,0 4
H250; 18 HSOZB_ 12.2
H504 1.9 >Oq 12.1
H5POs 2.12 HzPO, 11.88
[Fe(H,0),]"" 210 [Fe(H,0),0HT"" 1190
HF 3.2 F 10.8
CH,COOH 47 CH,COO 03
[AUH,0)4]5" 4 [A(H,0);0H]"" o1
H,CO, 63 HCO, 24
H2> 7.04 H5 ) 6.96
H,PO, 75 H,PO,” 6.8
HSO, 7.1 50," 6.79
HOCL 8.0 oct 6.0
HCN 9.2 CN 4.8
H,BO, 9.30 B(OH), 4.70
NH, " 9.25 NH. 4.75
Si(OH), 9.50 SIO(OH)5 4.50
HCO, 10.33 co,” 3.67
HPO,” 12.32 PO, 1.67
SIO(OH), 126 SI0,(OH),” 14
H,0 14 OH 0
HS ~ 19 s ~5
NH, ~ 93 NH, ~9
OH ~ 24 o ~ 10

(http://www.chem.wisc.edu/areas/reich/pkatable/pKa_compilation-1-Williams.pdf)
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Wuselalasaun (Neutral H — bond donor) WananIw 2

o) s |
oy L o o Oy ® O
s - —N N—
H H H H _NH HN.__ NH BN
Urea group Thiourea group Amide group Carbamate group
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N15ANYIN1TAUNTABEZALU (Amino acid recognition)
nsnasdludumiieanfiganluesnusznovvedusiu nsnezdluimuuinly
a ada a1 a | 9 A ] a 1% ' a
dalTindleguszana 20 ¥ila drulszneundnveansaeriluniazylnUsznoumenygesiily

(-NH,) ffungasuenda (-COOH) waguy R Astiunsnesiiluignsniluuansianin 3

R
H-NF-C+C—OH

Amino |E| Carboxylic acid
Group Group

Side
Chain

A 3 1AssadeiiugIuvensnesiilu (OpenStax College, 2013)

i R onalulalasiau lelasasueu vieluanadu dwanslunimi 4 nsneziilud
wululushuagsineiuiivg R (38 Side chain) dstunsaezdilung 20 silneraudseentaly 2
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Small Nucleaphilic
CH OH §H
% /4 I L
COOH HaN" "COOH N7 GOGH HaN*" ~COOH HaN™ ~CODH
Glycine (Gly, &) Alanine (Ala, A) Serine (Ser, 8) Threanine {Thr, T} Cysteine (Cys, C}
MW: 57.05 MW: 71.09 MW: 87,08, pKa ~ 16 MW 10111, pKa =16 MW: 10315, pKa= 8.35
Hydrephobic f\ 5 4
H,N" "COOH COOH COOH H zN’C,OOH N~ ™cooH
Valine (Val, V) Lewcine (Ley, L) Isoleucine (lle, 1) Methionine (Met, M) Proline {Pro, P}
MW: 99,14 MW: 113.16 MW: 113.18 MW: 131.19 MW: g7.12
Aromatic Acidic
Q OH
o]
( : [ J ( : e Er
HaN" “COOH COOH COOH HzN" "COCH 2N” "GOOH
Pherylalanine {Phe, F) Tyruslna {'I"_.'r Tryp1uphan (Trp, W) Aspartic Acid (Asp, D) Glutamic Acid (Glu, E}
MW: 147.18 MW 163 196.21 MW: 11500, pKa= 3.9  MW:129.12,pK 3= 4.07
HaN.__.MHs*
P
Amide hH3
MH
HN
=
GORH CooH COOH H,N"" "COOH HpN” ~COOH
Asparagine (Asn, M) Glutamine {GIn, &) Hisliding {His, H} Lysing {Lys, K) Arginine (Arg, B}

MW 11411 MW 128.14 MW: 13714, pi 3= 6.04  MW: 12817, pK 3= 1078 MW: 156.19, pka=1248

AN 4 BeveenInasdly 20 vl

(https://wwvanebAcom/~/media/NebUs/Page%ZOImages/Tools%ZOand%20Resources/Usage%ZOGuideLines/aminoAcidsAjpg)

nsnezdily 20 vila dafa1salundresaiudndunesianievesau vsednitugs
anunsoutseentiidu 2 Ussinvde

1. nsnezdludndu (Essential amino acids) fie nsnezdlufisinieldanansoasisla
o & v ¥ o L) ! 1% 1% Mo a o & ° LY &l
Pdusedlannemnsniulsemu wiesumeaiielaudline nsneziiludndudmivuywdd
ladu (Lysine) tulv-lodu
nInlany

(Tryptophane) waglidu (Valine) nsaliinyisniesnissanau (Histidine) sedsfivianun 9

a¢ 8 wilm Aa laled@u (soleucine) 898w (Leucine)

(Methionine)  tWilaagardu (Phenylalanine)  v3ladu (Threonine)
iin
2. nsneeAlufilidilu (Nonessential amino acids) fia nsnezdiluiisianieause
af1eldlddndudesldnine s nsnesdluwanidliun nsnesdlufindoannngu 1
(McDonald et al, 2011)
nseenLUUsSUmesiaunsaduiunsaedluldedgneiuse@nsnn Suduasdesd
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Zwitterion %38 Dipolar ion #sa1u1savinufaselanuninsawaziva tnedlavinujizendu
1 = + d' 1 a oA o aaa 1Y
wa viywenluilenlossu (NH, ) azwdeuluilungezdily (NH,) widlevihufiserdunsa

vgjasuendian (-COO) aziAsulufumgasuendan (-COOH) (Spurlock, 2014)
H" ) H" )
NH,* CHR " COO NH, CHR COO

NH;* CHR COOH
(PKa = 2 (PK2 ~ 10y

AN 5 NISHANGIUBINTABTI LY
= [ v a =¥ -3
AnsAnEINsIUNUTIAala g
T7adlelung (Nucleotide) Aa Mug08vALEULD (DNA) Laza15duLe (RNA) 17A3

lolna (Nucleotide) Usznaulusie 3 pepUsenaumnan Ao
1 lulps3waiua (Nitrogenous Base; sinazgnisundus wua) iuwanilulasiau

Juesdusenau lulnsddaiua (Nitrogenous Base) & 2 Useinm fe
1.1 W33U (Purines) lauwn azdtlu (A), nndu (G)

NH, 0
N X N
N NH
¢ ¢ |l oy
N~ N~ N7
NT N N~ N7 "NH,
Adenine Guanine

1.2 w3l (Pyrimidines) lun laladu (O, Iniiu (T) wazgs1@a (U) Fanulu

21510uL (RNA) wnuualnily (T)

NH, 0 Q
| XN Hac\fLNH | NH
NH/&O NH/KO 'NH&o
Thymine Uracil

Cytosine

wawma2viliaduie (DNA) w3ee1sidute (RNA)  Hnaaudflunisganduuas

dansllolanlaviniuenindu 260-280 UlulumS
2. dwnanulug (Pentose sugar) Ae Uimanilasusu 5 ozmed U 2 ¥da Ae Uina

15lua (Ribose sugan) Fanuluefidute (RNA) uay Unadeandlslua (Deoxyribose Sugar)

Fenulufiduie (DNA)



OH H

Ribose Deoxyribose

A 6 Uanalsluawaziisnaneandlslua

(http://www.ipesp.ac.th/learning/biocheme/html/bt6.pdf)

3. vialeaa (Phosphate Group)

e,
O\ ' pentose
P "'J’O’f, E
045 eO—:’-’Pf“OxF, /‘O J 5 Base
e 1| S\ i
i ] G)O“ \\05 . , glycosidic bond
i HO OH = ribose
i H = deoxyribose

nucleoside triphosphate----------

aaa A

A 7 viglvlealn QRLAY, 2557)

lunissaudivesilandleled (Nucleoside)  Aunyeaaliiluiiindlalng
(Nucleotide) lngiuaazaafiuaIsuausig 1 vastimanulng (Pentose sugar) kazWaaL

AOAUAISUBUAIN 5 vesUImanulng (Pentose sugar) Wallandlolng (Nucleotide) unme

siunates Wanaawisendn ndidedlelng (Polynucleotide)

Nucleoside
Nitrogenous
base
v
O— F—Q—CH2 o)
o «1'C
Phosphate z3¢-
group Pentose
sugar

2N 8 lassasaveatiaralelne (waluladdinw, 2014)



Tmdlelnaludiudrdyueanisasie DNA way RNA aadinanliludiedu wagl

a

ARSI L AULAEN13YINUYeI8 B9 it igouuguwaggnyinaiy 1

o

)}

' (%
] [

ndlelvdiluesdusznauiidrfyuesigadsne fegaielusiinie uwenainiiiaradlelndd

o

(% LY L3

weAluruIunsERa N usERugad Snihfiaaisemsdielildundsau 8
unumdaglunsdunseiasemnsidndudmdunisdse®in ldun ludu arslulawnse
wazlushu

hndlelndazannsngnasatuesmeluitsnisesaiate dmunniandlolns
azagﬂmﬁa@jamm fiddaylusnanie fegratu Fuvadidadonuns dindonun warssuu
piiduAulsa SuMeausaaiedandlolnalasiediieaindu wiT1en1efReIN15INWAES

MeupnMmIglngn1ssUUsEMUB ISNaUsE oYl (Kim, 2011)

AaaANLadn (Cholic acid)

asngualnesessdnindluanavuialvg uazilassadreiuuuouiiosainniely
Tassai1susznoulumensvinuden 3 29 wazawinmaen 1 2adeuseiy (nw 9) MsLiuvy
wnuitasuuiamnidstanunsadiuld 2 wuu fie Axial wag Equatorial vhlAnuadisenis
senuuvluianalilisimuinesivainvats arsnqualnesosadinuindauantmdu
homochiral fhedefivana egneviliasnguamesesdldsuanuaulalunislfiiuasdaiu
lumsduangiidsimunes asnquamesesditnetiunatsyiia udviaiuraulafie nodn
100 1fleaanilsagn Tassadeiidnune i mnivdsauasvuaodlulinanaduiuszifen
FanundailfiAndnuuglasaiieilds vurmnivdsuuasiivdendaiingfladdu 4 wy
nszaneegseuy luanavsznevludie nyleasenda 3 myfisums C3, C7 uag C12 lag
C3-OH fnsunuiiludnueie Equatorial @31 C7-OH way C12-OH unufiwuy Axial dnwauy
mawnuiiwuuividlimlansendaisaudidmiudadowdsumlensendaluidungiladdy
uq Mvsnzansonstuiunadudneliinlnssmsanarsfiiimilsidudenseunuuamiass
mnzauuansldTuiuluananadldegeliuszdnsam drunyunuiidnaiands Aevgans
vendani Uinaaefuniessimdsuasnsouwuiidievglsidudug Idswdeadu
vylansonda (Davis, 1993) n1sfimedniedailsusnefilés uaznylansendatidmfuderiil

lassarafndnvaeliitavsnasuuen wasindnwaelitiusnanuly auaudhnsild

e

a

Usglemisiansihiiwumeianaeinedaluldlunisadanadegluduiieenun mewn
TNUITLNUIeNeankuUS UL saInAanedatia lUldAnwn1sdulessuauway

nsaaedly (Davis et al, 2003)
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a9 lassasisluanavesnedniadn (Davis et al, 2003)

NUITeNHuL UM dunausafiatuselalasauiulessuavegiadl

UsdnSnn v viyjiolud wygise wavnglnlegse Jaduuduwsiiungilaidunlmiuse

lalasauindunans (Neutral H - bond donor) Iaganunsaduiulessuaurienisusiaduns

naufe 18lad wazlossuaudifisuineiniefe nguafuendianleseu eenslsfnliny
Payminuande uenannadunyliiuselelasiaunyiladsdumanidadung fuiuss
lelasiaudne fiulstnmunsfatusslelasautuesserimgiladdumarianeluluiana
Swumed edwmalviuszavinmlunsiulessuaudesasly sAdedmauinnlfdenly
rodnedaduiiwumesdmiulessuaulnnsiasunylensendadidums C3 C7 uag C12
Luilunyliiuselalasaw wu telud Falauilud asunue gi3e wielnleese a1n
nsAnwInuIlasasnvesasdnedaauisannlateyninisiiniuselalasiauduesla
osnnszesirevesmyjunuiilusumis 3 €7 way C12 dusgirstusnnneiiliiinaihg
ftusglelasiautuosssvitmyunuifluiumisiinam venandnsiimjunuiisiuiuinnu
lassadsdsnalnsiguime sanunsaiiniusy lalasiaudiuiunais g Wusswioudulunisdu

lepauauiiduneg usiunsinaesenitavyilandungueanuiaindiunus C3 C7 uay C12

AN 10 (Davis et al, 1997)

22X

Z = electron-withdrawing group
4 z X (shaded sphere) = anionic substrate

AN 10 TAS9aS199R9S wUnesNuNaInAeaneRana usananuselalasiaunulesau

audIURaeiusEnons Auls
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A15urlea (Carbazole)

angulea WWuansdunio ”ﬂagﬂuﬂizmm Heterocyclic aromatic compound it
Tnssasadulasleadninauuduegiin 2 Srevenshmdsniflulnsiauussqey msuleady
ansudniifdvliiaransluih amfuileafiauautfimefunsliuamgooisamudd fa
dugs uenanilasuilsaaunsnfnutenisunuiivuiseslsnfnveseuleadisiumis
1, 3, 6uay 8 (n1wn 11) laeg1drene arsurleagniantdluausiieg egravainvans
gy Tusuieiudden sumsinundunssu suduiagildeuamisinunedues
(Shufen et al, 1995) wenanileyiusuesaiuilsagninluldmansunmdludiusineg iy
ansiuadunds asdiuilosen asdiueyyadase arsiuntsinie Wudu (Flammengo
et al, 2003) nM3Tlassad1ewoamsuleail Hetero atom (N) aglulassasiadavilvsianag
seuglanifeilozmeusananiinluiidusmiuszuuln - Bldnnseuvesnezlsunindadina

sonalnnisgandunasrasnsuilea AnMsinwnisaandunaesasulealuiiiazae
LRt 300 K TaUARTUNITAANTULASTININ 3 FU1LS Fail A = 232 0, Aoy =
292 nm wag A, = 332 nm UeNaNLASUNUT NH §28 N-R nudndle R Junylidians
3auﬁwﬁﬂﬁlﬁmmiLﬁauﬁwLmu'qsuaqamﬂm%’mmi(ﬂ@ﬂﬁuuaﬂﬂiumqmmm’mﬁluqq%u waiile
R LﬁuuyjﬁqéLaﬂmiau%ﬁﬂﬁtﬁmmil,?iaw‘hLmu'waqamﬂm%’uﬂ']'ﬁ@mﬂﬁmmqiﬂmqmwEm

ﬂ?}lw‘l"’laﬂ (Volkava et al, 1976)

H
8 N 1
-0
65 3

A 11 lpssaisluanavesnnsunlea

muiteiineadasiuiisumasanaeinedndmiulossuau
mAdeiAndestumsnguasanedadulngiudnmnisiuivlessuau Taend
maimusylelasaussninslinanaloadiuinast fegrivesinuiddounsdmiiAsatunisdu
fuleseuauiifsielud
U 1997 Davis A. P. WagAniy YNSEUATIES@UNaTIINARENETAa03RIAD St

wos 1 Awgilsiduveangduidumsununil C7 uas C12 diud C3 dngileidududalvun

lud dauSiwunes 2 Inyilaidududalnunluds 3 dunis Swuwesnsasagnuiluldly
nsduiulessuau 5 @1 F, CL, Br, | wag TsO lagyiin1sAnwnan binding constant (K)
Y a 1 . . ) & A ¢ Y 1%
memalla H-NMR titration Tudiaviazaieaaslsnesy wuinsiwunes 2 Juiulessuauls

ANTTUWT 1 LasTisdassigunaiduiu F laaTan
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U 2002 Davis A. P. wazamglavinnsfnuisiwuines 3-5 Faiin1siiunafds (-NO,, -
CF5) 5LaﬂmauwﬁﬂﬂumaLuu%uﬁuaqmﬂ'%’u AFns C3, C7 way C12 dusuiunulessuau
- - v a 1 . . P = U ay v 1
Cl wag Br mawalia - H-NMR titration ielUSeuiisunusuiaes 1 way 2 wanlanuin
a 1= a 1 Yo % % YV = 1 = a 1 a
nsinyfedlanaseutielviinisduiulessuauladie 10 Wi @NnswWIsuisusEniesioy
was 1 uay 3) N1suNuvg Tosyl Me p - Nitrophenylsulfonyl agdaglvsivuinasiuiu

[y

lepauaulafvulaganizandl p - Nitro uniseslsunfnveamyJuisiumue C3, C7 uay C12

'
aa =

szuiivlepsuaudnganlaainai Binding constant (K) vasSiuines 5 newnyan (K =

32%x10 M)

Ha 3 Fs

NO, 5
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Tul 2001 Davis A. P. uazAuz MoantkuulianasiuunasannaAoaniadniiing

Harduiisunis C7 waz C12 Wunyeise wasnylnlegSedulumiilsiduniannsaiaiuse
lalasiaudulessuaulauinnimymsvide lasiwunesdiuiu 3 dafe 6-8 laguun

° v o - - v a 1 . . '
Vl’]ﬂ’]iﬁﬂw’m’l’iﬁ]UﬂUvL@@auaU Cl wag Br IQUIGULV]WUV’] H-NMR titration NaﬂqiﬁﬂHqWqu

s o

nylnlegseduiulossuaulafinivyese wasSiuwmesniuiulessuauwdilia Binding

YY)

& o s = 8 v = 11 1A - A v i
constant (K) gegafesiwuwas 8 asliAgegedis 100 M dieduiu U folddnduen

Binding constant AinuyngawininusndmsuTisunasiunguil

7

A\

-
1

fo) /NH HN

o°7 Q :

NO,

T4l 2003 Smith B. iU Davis AP. wazanzladuas1eiluanasiounesainAaanie
B 9-11 Tiimyduidhumis €3, C7 uag C12 1HumjgiFe 1elud waglnlogi3e fanunsnlily
nssuiulossuauriunsiiaiusylelnsiauldas 6 fussredwuwed 1§ Swumesiany
mgniluldlunisfinyinisduivlessuau 7 mﬁmﬁﬁgﬂimmﬂﬁmﬁ’uﬁa cl, Br, I, NO;,
ACO, ClO, uaz EtSO, lagldinadia 'H-NMR titration 91nwani1sAnwini1siulessuay
wuiTiigumes 9-11 fufu Cl uay Ao Iéifian wansindisumeslunguiifausumng

Lmzaﬂ,umiLﬁaﬂﬁuﬁ’ulaaauauﬁﬁgﬂﬁwLﬂumwﬂamﬁ’ugﬂiwéffma
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Tyl 2005 Yang RH. uazmuy MnsAnwivgeaisawudiguees 12 lun1sduiu
1aaauaUﬂajm dicarboxylate Tawn Malonate, Succinate, Glutalate, Adipate, Suberate,
Sebate, Isophthalate, Terephthalate, Citrate, L-Aspartate Lag L-Glutamate ?gﬂ Wulesau
aufiauemuanistulnsendemaiangeaisamud SiwuwesiinyilsidulnlogSe 2 ny
Jumheiuiulosouaviivaeisansiafofidumis €3 fusunds €23 wagiinguoun
Fudumhelvdyyiu wafildmuiiFinumesiuiu Lelutamate 1#Afian 1ieanintiu

lopuauNimNNeINORTENINNUR8UNUaN8N@D994

OOO 12

Tud 2005 Kim K. S. fiu Kim H. S. ladnw1siwuimasannasdaniade 13 — 15 Faiin1s

Aunyilsfduiisundssineiu waslingaseduniduiielddmiunisiiniuselalasiauiu
& o A - - - - - ] a 1 . . =

loapuauyavun 4 61 As F, CL, Br, I, H,PO, lagldwmalln H-NMR titration Tun1sAnwn

A153UNUleRBUAY MNHANISNABDINUINSUWBS 13 dAnuauisalunisduiu F e
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(%
Y I

a' v . . P -1, oA Y I Py
ign lnglvien Binding constant gafign (K, = 15,300 M) iilseannvgidunsasyeglnariu

Milrausateiuiuiulessuaulnenisiianuselalasiaunanys Wusewious i

OTBS : OTBS
X
o
£ 3
HN
HN
NH NH
O:< o:<

NH NH 14 X:H

@ 13 @ 15 X : -O(CH,)sNHCONHCgHs

1wl 2006 Kim H. S. wazauzldinsfnuSisunes 16 - 18 AnsAumyilsiduly
fundsiiunansnetu wasdvyjgSodelilunaisiusylalasiautuloouauiionun 5 & fe
cl, Br, I, H,PO, waz ACO lnefnw1vwian Binding constant (K) #aewada H-NMR
titration HaNSANWINUIBIBUAES 16 HA1 Binding constant  gegaileduiu U (K, =

7,660 M) warSiwumes 17 fian Binding constant qqqmﬁ'aé’uﬁu H,PO, (K, = 4,270 M)

1 a s A [ A LY aa [ L
LLaGN’J']iLGZI'ULf?’]’f]iﬂﬁjllﬂllﬁ'l']ll’“ﬂ’]L‘W']SL‘\]’]g"NPL‘Uﬂ'ﬁLﬁ@ﬂﬁ]UﬂUi@@@uanuiﬂi’NL‘U'L!Vliﬂﬂallﬂll

Y

JUT1967778 (@mMRLULULTIU)

OTBS

HN HN/BO
50 © 16

=0

HN

T



16

f7987199113 98NN EIVBINUNITONLUUS UMD AINANS U L AL B AN 8IS UNU
looauauilaadl
Tl 2004 Jurczak J. hagAtE YNNNSODNLUULALALASIEAS UMD 19 way 20 T4

U 6 aaa d‘ o 1 a s Y
duasziunanUfiseanisununaiunis 1 uas 8 vuterlsundnvasasuilea aulasiey
calal 1 LY @ 1 I3 (% gj Y o 1 3 dy = YY)
wosnimhsIulungiolud wdantuladifiwuwesng 2 4 WAnwinisduivlessuau 3
a A - - - v a 1 . . . . av v
yuaA Cl, BzO wae H,PO, aenAuAm H - NMR titration wag X — ray diffraction RN
nuIMNSIUA ST wUWeshulopauauindunsnsestanuselalasiau laeSiwunes
Tgeuvia NH vamiieluduay NH vesmsuilealunisasisiiuseiulessuay dnsidiunis
YY) 1 al Y < a 4 35 [ [ - Yy A
JuiusgnIswuwesivlossuauluiuy 11 Siwumesniaesduiu HPO, Ladavgn
UBAINUNUINSWWULDS 20 Aauanuisatunisyunulessuaulannitswuiees 19 (K, =

19,800 M)
Cl

as vl

o 19 R = Ph

N
ON-NH - H N~ 20R=Pr
R 1/ R

’
\

1
1
1
’
N
\r/

A

U 2004 Sessler J. L. wazAniy Nsduasienisiguwes 21 annisldvgaisunlea

Swiunglnlsaldsiwumesnqulviniivedn Calix [lpyrrole [2]carbazole Faluluianaiidl

JUsAd8UN (winglike structure) wagtunfnwiamuausalunisiviulessuau 3 nqu

Y
I 1

Ao nauglad (CL waz Br) nquasuandaan (AcO, BzO, oxalate, succinate) Wazng

9

Y oA - v a 1 s ay v | a e o
gavnefe H,PO, Anwlagldinedia H-NMR uazwgeoisawud uafildnui-siwumesidu

9

[y

Aulossuauludnsidiu 1:1 WelAnnsduiunulessuaumeiusslalasiauazsinliinianis
523UNTANELAIYDIY NIAT YR 10UMNAUEN dIUNARINNTTAIUINAT binding constant 371

wadangeasawud wuin AU Wulessuavlunguisladiiduiviwumeslanngn (K, =

1,910 M) @ulunguasuendianduiu Ao Iéiffign (K, = 1,680 M)

L5
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¥ 2007 Thangadurai T. wazmmzlavin1sduasigisieuines 1,8-Di{d-nitroazo
benzene)-3,6—dichlorocarbazole (22), 1,8-Di(naphthylurea)-3,6—dichlorocarbazole
(23) wag 1,8-Di(phenylurea)-3,6—dichlorocarbazole (24) Tnefnwin1siUasundas
Fyrameswuneiiiledulossuau nglessuauitldlunisinuniised oH, F, U, Br, |
SCN, NO5, ClO,, HSO4, BzO, AcO, H,PO4, CN, Glu™, Adi", Oxa’, HP,O,”, Suc’ uwae
Mal” sewaila UV — visible, Fluorescence wag H — NMR titration 91nHaN1SANYIRIe
WATiARIge Wudﬂaaauauﬁﬁm’mLﬂuLuaqqazﬁﬂﬂiLﬂ?iaué’fp,zyﬂmmﬂﬁq@ﬁa OH, F, Suc”
wa Mal” muddiu Sumesianuduiulossuaurunisiiasunsisenuuusiusy lelasiau

ASIILS NH veeniansuiluauazglse

(3

DY §o=l

5 5 o

“ W

/ b5
SIER WR e

Tud 2010 Mahapatra A. K. lazAng LduasIzvsiauLnes 25 lagdinsigiunain
sulpmsunlea woluAnwmanusinizsianzaslunmsiuwumesdmsulosouau 99
levouaudldlunisdinuniley 3 Us1e ufe sUs1msenan (F, CL, Br, 4az 1) 3Us19ine
(AcO) LLazgﬂmﬁwﬁﬂ (HSO., H,PO.) nsAnwIn1sIuAusemIndlaannuings taalenns
Tymsngaemein H— NMR, UV — visible, Fluorescence wagnsdanalasenilan nai
Inuinnsduiussninsswunesivlessuauinsunsiseviaiusslelasiau Tnsludes
yosnsdsudfiannsoveslddenndaniy dellnsiu F uwas Ao adldluansazane’
wuwed wuindnswasudnndiseeududdudy uasdvuysou awdiu uazanmaia
NeaUAlAS NIRRT WUINSEURBsSIUR1LMLIYes OH — AludAressiguineslunisasng
Wusziulooeuauwaziinns Deprotonation AiRunusdinans snsidrunisduiusenineg
wuwoitulosouaufuuuy 12 Jwumedsaosiuiu F IdAfigroradunaiioanain

I3 d' -
AT ULUENULTIVDS F
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1t 2011 Shang X. wazanzldeanwuuluanawugesanaiulgadmiulessuay
Inswuwesianandvyfluea waz NH vesn1suleailunyduivlessuauriunisiiniusy
lalasiau arwainsalunisiluwugesvasluiana 26 dwsu F, CU, Br, I, AcO uag
H,PO, Anwilpeldnislmmsasemaiin H-NMR ,UV-visible uaz Fluorescence nuiiiie
dnsiinlepauaudnuiuunniiune Swuwmes 26 agiauaiuisalunisduiu F, H,PO,
way AcO ldAninlessuaudus wazillomuinian Affinity constant WUITT@UMBTaLTE

U H,PO, 1#dign (K, = 2.13x10° M)

Br
cl p
N
L W
NH
O HO  Br
N
cl \

Tu¥ 2012 Cruz C. wagaglivinmsesnuuukasAnwisiwunes 27 Ineimvunliing
NH melulassasadwsuldifaiusylelasauiianun 6 fumis duile aruilea 2 dumis
g 1 sumis uasvgelud 2 fumis MnduldiFiwumestivAnwguantilunisiu
fulessuaungalamiuendian (Oxalate, Malonate uag Succinate) Inglfinadia H - NMR
titration way X — ray diffraction 99AAITNAABINUIN SLUMDS 27 AA1NELITalUNITIU

fiu malonate leAfignLiosnnilulessuaufivuiamuernediumhedululaseasis

cl Cl
1 2
o
Cl O NH HN O Cl
H H
o ’):O

:g5H11 ” CsHyy
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NSNS
nsveassanansantsueenidy 3 dw dal
1. msdanszitiwumesannednieda 2 e S1 uaz 52 (Fanw 12) Fadudiwumes
PnAeaNedaTiFuI C7 wag C12 finseevy p-toluenesulfonyl uazA1sullea MUy

=

lnsSiwuines St duyduilungaisurludalnunlud diu 52 dugduilungaisuniun
AUAY

2. msfnwianuaansalunsduiuinadded 3 ngude leseuau nsnexiilu waziiadle
nd Tavinsnuidnemeada HNMR g3-3a10a uasgosisaioud

3. NMSANWILASIASIS LAENISINNDUASNS UL UMD AULNEANUNAULIUN9R7 Aae

n13dnaedlilanan1aneuines

o/ [ 4
NNFEAILATITNILYULRDS S1

NCO

CH;

Cholic acid ($2)

(%
[

AN 12 TUADUNTENLATIZISLIYUMDS S1

araNUENIRILABANLEEATILAL 0.50 NFal (1.08 mmol) Tu CH,Cl, 977U 50 mL
Uiiﬁ;aﬁum@ﬁuﬂau 2 ARUUIN 100 mL ¥IN19LHN p-toluenesulfonyl isocyanate 0.40 mL
(269 mmol) uazAuasHanTigumaiendunm 24 $alus ndsanduinsssimedai
azawLLazLL&mmﬂﬁU%qwéﬁ’m silica gel column chromatography 1aeld eluent WWudvin
AvANURANSTWING Ethyl acetate : hexane = 2:1 9¢ldnAnsoei S1 Fefidnwaziduveuded

w1 dundniue (31.52 %yield)

o/ [ 4
N17EUATITNILYULNDT S2

SULMDST S2 TUINSIUNITHLATIEILANIAININA 13
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H H H
N Raney Ni, N . N
e (0 B (0 Y

CH3COOH MeOH THF
Carbazole NH,
a

NCO
d

N
. OMe “ o OMe
O -0 Y
on NCO o=( g
OAc
OAc 1 - NH
A, k,co, MecN Q
205, HN HN O

AN 13 TUABUNSEUATILVSULNDS S2

Asaaasizilulasaisuilaa (b)

H N
O N urea nitrate O
I ongoon -
60 - 70 °C NO,

azauAIsulea 0.88 ¢ (5.28 mmol) Tunsmez@fnUsung 60 mL ldluriniunas
yunm 250 mL el ifignmad 60 — 70 °C n¥ounuauldmsaransdivdes Bntuidy
urea nitrate 0.65 N1l (5.28 mmol) ansazansaziUAsududm ndmndaialy 2 dalus 1
arsazatgennuslfiuiiguunivecudniuiingy anfinnzneudivies safialdli
anaznou tlunsesuddeieingu vewdsdviesiildhluvliuianiseisaoduilas

1nnsillegldivinazansnan Hexane : FtOAC = 3:1 agldvosndadduvadlulpsasulaa

[ 4 a [
ANsaAsIZiasiluAsulEa (c)
H
N

H
O N SnCl,.2H,0 O Q

CH3COOH, HCl
NH,

NO,
ganelulnsmsuilea 0.31 ¢ (1.5 mmol) TunsananszninenInezdmn : nsalalas

paedan (15 : 3 v/Av) Tdasluvanfunay 250 mL 91nsuis SnCl,.2H,0 1.69 g (7.5 mmol)

.:4' a ¢) o v -
AuasHaNNgaMgRUsEata 115 -120 C Juna 24 Filasneldussenielulasiau e
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ansfssunuadmeatinNFeuLazad bl uNoumgivies vinsanagneulafualsazaiy

20% NaOH wddnunay Nelimnagnaunaiilunssawuugyainiaagliasndndugioss

Tupsulaaduvesndedvn

Asaaaszilelglogunaisunlaa (d)

H H
N

N .
O Triphosgene O
O " w &,

NH, NCO

eziluasuiles 0.88 g (5.28 mmol) wazatwlu THF USums 15 mL iy
Triphosgene 0.6 g (2.02 mmol) mnﬁmums&%ﬁlﬁﬁqmmﬁﬁm Hunan 2 $3lue Aeena
asuAndneidnemada FT - IR 39agnun1susinguuuaed NCO 7 2257 cm wagluy
NHCOCL 71 1734 cm” wansasilelglyeuniiiniuiidnvaziuvosuddudou aniduy

ansilalurusederiuilutunmsdunserisiauwas S2

4 [ 4
NNFEUATISNILYULNDT S2

O O

e me
H o " Og\NH

NCO AC O%w
C
A 1 H

ilellagunaiulea flddeuniii (5.28 mmol) wwhujiserertufifunedn
0% (0.53 g, 0.33 mmol) lasuviufazenduludiviazaiy acetonitrile Usung 25 mL
PNTRY K,CO5 (0.30 ¢, 4.00 mmol) wasasluasarare wazilulianuseudunan 24
Flus wdnduthunssmefinararsuariiiasiudeuiazately dichoromethane
Lardsmeasara1edusn NaHCO, Lendusvinazanedunsduaztnnidaialagnisiu
MgSO, thwasimantusvihazanedunddlumindvharasuagyinliuianslaeisaoduilag
s illagld ethyl acetate : hexane = 1: 1 v/v Wudwgazlaaisndniue s2 1Ju

vosudsdimenu (0.22 g, 31.4% yield)
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nsAnwn1sIulesauauvasslgumas S1
nsEnwiAuaINnsalun1sdulessuau 9 wila Ae AcO, BzO, NO;, HSO,, CN,
ClO,, H,PO,, OH uag F vassiguines S1vn1sAnwieie 2 wellafe wallag3-1d10a

a

a 1 = 1 a aa a o a v o
bagtnaudm H-NMR ﬂ']iﬁﬂ‘lfﬂfﬂ']ﬁLW@UWQ?-’J&LUﬁﬁ]%W'}ﬂ']ﬁwﬁﬂllﬂ']ﬁagar]EJIUG]'J'V]’]@S@’]EJ

. . ! a 1 . . o o o
Acetonitrile @umalla “H-NMR titration ag¥nNsW3gNa1sazatelumyinazaly acetone-

ds

Anwanuanniglunsivlessuaudewmatlingid-Adda

Mnswseuasaratediwunes 1 anududu 4.5x10° M Tudviazats 0.01 M
NBu,PFs Tu Acetonitrile USu1ms 10 mL d@luleesuauwmssuaisazataludivinazaie
Aenfufiuiunns 10 mL tneldusualessuau 0.0045 mol (10 equivalent a3 uInas)
dminidauanaiinsned 3

Unansazanediwuiaesd 51 Uu1ms 2.00 mL aslufantluindnisganduuasd
723978 TIAAY 200 — 450 nm MNTuABEY WnasazarevedlessuauUsunsduluny
an3197 4 asluluansazans s1 TuAalm Iuﬂqﬂﬂ%@ﬁLaaﬂaaauawzﬁ'}msmamlﬂi’mmmi
ganduuasluiinnuemedueiuiieAamunsudsundasluvesaunaiunisganauuss

Y993 UMDS S1

a 5 o a0 v a = o A aaa a
A998 3 u’]ﬁi‘!ﬂsﬂaﬂ‘l@'E]@ua‘U‘VﬂGULmiUNﬁqiagaqEﬂUﬂqiﬂﬂ‘Uq@’J?JWW"IUﬂng'J-'JﬁLUa

looouau Yt (g)
Tetrabutylammonium fluoride trihydrate 0.0284
Tetrabutylammonium benzoate 0.0327
Tetrabutylammonium acetate 0.0271
Tetrabutylammonium hydroxide 0.0719
Tetrabutylammonium nitrate 0.0274
Tetrabutylammonium cyanide 0.0242
Tetrabutylammonium bisulfate 0.0305
Tetrabutylammonium phosphate 0.0305
Tetrabutylammonium perchlorate 0.0308
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o a ° . = Y A aaa a
A195719 4 YTUIRTLaYIIUI equwalent m@ﬂ‘l@a@ua‘UWIﬂUﬂ'ﬁlﬂLV]?G]W'JEJWlﬂ‘lJﬂq]-']aL‘Ua

Wi mdudiuves Usinnslooouauiiliv IEHREEFEHEER
loveuau (mol/dm’) mL Equivalents  @13azany (mL)
1 0 0.00 0.0 2.00
2 4.28 x 10 * 0.10 1.0 2.10
3 8.18x 10 0.20 2.0 2.20
4 117x10° 0.30 3.0 2.30
5 150 x 10 0.40 4.0 2.40
6 1.80x 10~ 0.50 5.0 2.50
7 2.08x10 " 0.60 6.0 2.60
8 233x10 " 0.70 7.0 2.70
9 257x10° 0.80 8.0 2.80
10 279x 10" 0.90 9.0 2.90
11 3.00 x 10 1.00 10.0 3.00

nsaneaMuswizlumsiulessuaulaemaiin H-NMR

NS ELasazaevDITULAes S1 ANy 3.00 x 10”0 M Tushvhazans
acetone-d, U3u1msvesansavaty 0.5 mL a@ruleseuaumdsulusviiazaioientud
Us1ms 3.5 mL amdwiifeanswiniu 3.5 equivalent sassiuiuluavessisumesii 0.5 mL
sﬁqsﬁam”aﬂﬁ%’aamﬂuﬁ’amiwﬁ 5

Yrasararediwues 1 Usuns 0.5 mL Tdaslunasn NMR thluSnaiunnsudusu
Yesdwuned ntuAe Wudsazarevedlessuaudiunsfuldmumsnsit 6 adldly
g1savate S1 Tumrasm NMR Iunﬂﬂ%gq‘ﬁ'Lamlaaauamzﬂwmmaﬂﬂi’mamﬂm%’u NMR Lite

Anmunsiasuuwdasiuresdygalusneuvessiguwmes S1

a S Y] PRENY R = % a 1
AN5197 5 WUmdnvedlessuaufldwmseuaisazatelunis@nwimemaia H-NMR

lovauau wtin (g)
Tetrabutylammonium cyanide 0.0023
Tetrabutylammonium fluoride trihydrate 0.0027
Tetrabutylammonium acetate 0.0026
Tetrabutylammonium nitrate 0.0026
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{ a ° . i 1% a 1
A519% 6 USunsuazanuiad equivalent vaslossuauitldlunisinivsamewmaiian H-NMR

Wil andUlagNIn USinmslosouauiiiiy EFRERRFRILE
s1 : leeauau asagane (mL)
equivalent Usums (mL)

0 1:0.0 0.0 0.00 0.50
1 1:0.1 0.1 0.01 0.51
2 1:0.2 0.2 0.02 0.52
3 1:03 0.3 0.03 0.53
4 1:04 0.4 0.04 0.54
5 1:0.5 0.5 0.05 0.55
6 1:06 0.6 0.06 0.56
7 1:0.7 0.7 0.07 0.57
8 1:0.8 0.8 0.08 0.58
9 1:09 0.9 0.09 0.59
10 1:1.0 1.0 0.10 0.60
11 1:1.2 1.2 0.12 0.62
12 1:15 15 0.15 0.65
13 1:20 2.0 0.20 0.70
14 1:25 2.5 0.25 0.75
15 1:3.0 3.0 0.30 0.80

Anwinsduiulesauaudlienisinaadduiananiananianes

nsdrassgululananeneuiiamesvesiiwumes S1 uaziilo S1 1Annsdudy
leeauaunguialad (F, Cl, Br, 1) ins@nwinivgluiudeyaainuanisnnasdasa 9
guInMsIReNfiunesildlunisinude semi-empirical methods (AM1, PM6 uag PM7)
nsdreadluanadududemanlasadeiivanzauues S1 anduinisdwiamlassad
109 complex MARINNTTURUIEIING S1 Aulessuaulaevihnisldlessuaudilunsanans
sevinavy NH-asunumdadudumisilflunisduiulessuauniunisiiniiusylslasiou
TnoAmdsnuussBaimiersenindaiana (nteraction energies) MuIniaINANNT

Eint = Eca - (Es + En)
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o Einc = interaction energy (kJ/mol)
Es.a = heat of formation of anion-receptor complexes (kJ/mol)
Es = heat of formation of receptors (kJ/mol)
E, = heat of formation of anions (kJ/mol)
uanand doyamiudensuinglunisiuivlessuaundusladaunsadiunléan
N13A1 Interaction energies UDILAAE complex #15A28A7 Interaction energies U9
complex Aifidmdsusiign n1sduastsmuarhlaens1Hlusunsy MOPAC 2012 d1unns

mlaseaieluana (Molecular geometries) vilaen1slalusunsy MOLDEN

= =l o e e 3 a 1 =) 4
Anwanudandnniglumsiviunaduiindne vadluanasigunas 52
AnwAnnadendnizvasluanasiwunas 52 Tunisiuiulessuau

s

Anwanudenduniglagldinaiiagi-iGida

LTYUAITAZ AU 3l 0.01 M 299 NBUPF, 1u acetonitrile titoldidusyi
avanelunisveaes asavanevesisumes S2 fmmdudu 2.0 x 10° M U3ums 10.00 mL
wararsavatevetiessuauiinnududu 20 x 107 M Usuns 10.00 mL @adu 50
equivalent vasdwumes) Tnsiminvedlessuauusaziuansimsnad 7

UnansazaneSiouinos 52 Usums 2.00 mL aslufanniluindnisganauuasd
933A7111873ARY 200 — 450 nm IntuResq WuasaraevesleseuauUunnduluaa
13197 8 asluluansazane s2 lufae Tunnadeilifulessuavazihasuauluinainig
ganduuaslurisnnuemeduieiuiieAamunsudsundasiuresaunaiunisganduuas
VOIILBULADS S2

A1519% 7 UmtinveelesauaudusuwSNa1saraneUsuIeg 10.00 mL @nsunistnmss

1% a a aa a a s
AIYNAUAYI-TFUFUDINYULADT S2

looauau v (o)
Tetrabutylammonium fluoride trinydrate 0.0063
Tetrabutylammonium chloride 0.0056
Tetrabutylammonium bromide 0.0065

Tetrabutylammonium benzoate 0.0073
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A1519% 8 USumsuardnuiu equivalent vatlooouauiiiinasluluiwunes 52 dmsunis

lnnsemeweiag3-3dda

i AU TUYDN Usinnslooouauiiiv USH1R559UB9
loaouau (mol/L) mL Equivalents  @13azane (mL)

1 0 0.00 0.0 2.00
2 4.88x 10° 0.05 2.5 2.05
3 9.52x 10" 0.10 5.0 2.10
4 1.40 x 10° 0.15 7.5 2.15
5 182x10" 0.20 10.0 2.20
6 222x10° 0.25 12.5 2.25
7 261x10" 0.30 15.0 2.30
8 298 x 10" 0.35 175 2.35
9 333x 10" 0.40 20.0 2.40
10 3.67x 10" 0.45 22.5 2.45
11 4.00 x 10° 0.50 25.0 2.50
12 431x 10" 0.55 27.5 2.55
13 4.62x 10" 0.60 30.0 2.60
14 4.91x 10" 0.65 32.5 2.65
15 519x10° 0.70 35.0 2.70
16 545x 10" 0.75 37.5 2.75
17 571x10° 0.80 40.0 2.80
18 5.96 x 10" 0.85 42.5 2.85
19 6.21x 10" 0.90 45.0 2.90
20 644 x 10" 0.95 a7.5 2.95
21 6.67x 10" 1.00 50.0 3.00

Aneranudansiniglaeldmaiin 'H — NMR spectroscopy
wisuasazaeTwuwes 52 firnududu 2.5x107 M Tnedaans 0.0013 ¢ azanely
CDCl; Usu91s 0.6 mL Tdlunaon NMR
wisnansazarlensuaum ULty 1.5 x 10° M azanslu CDCL, Usuns 0.5 mL

(Aeduiloansiviniu 5 equivalent) dmitinvedloosuaufildlunismaassianinisng 9
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YJransazaesunas S2 Usunes 0.6 mL Tdaaslunasn NMR 1 lUdnaunasususy
YasswuImes ntuAee Y Whuansazaeveslessuaulsunsilulumunisned 10 agluly
a1sazaty S2 Tunaen NMR Tunnesaiiulessuavazinanswanluinaunasu NMR e

AnmunsiUasundasivvesdygraliusneuvessigumes S2

o s o 9 v o = v a 1
M99 9 U']VTUﬂ‘la@@ua‘UmsﬁLmiﬁﬂaqiagaqEJIUﬂ']iﬁﬂU']ﬂ'JEJLWWUF’] H-NMR

looauau vwtin ()
Tetrabutylammonium fluoride trihydrate 0.0041
Tetrabutylammonium chloride 0.0034
Tetrabutylammonium bromide 0.0035
Tetrabutylammonium benzoate 0.0040

a ° . i 1% a 1
7195719 10 YURSULaZINUIU equwalent sUa\ﬂaaauaUmsmuﬂ’ﬁlwL‘V]imﬂ'ﬂﬁLWﬂu@ H-NMR

il dnsaulaglug Usunslesauauiii YSumssinves

52 : lovauau mL Fquivalents  @138¥a8 (ml)
1 1:0.0 0.00 0.0 0.60
2 1:01 0.01 0.1 0.61
3 1:0.2 0.02 0.2 0.62
4 1:03 0.03 0.3 0.63
5 1:04 0.04 0.4 0.64
6 1:05 0.05 0.5 0.65
7 1:0.6 0.06 0.6 0.66
8 1:0.7 0.07 0.7 0.67
9 1:0.8 0.08 0.8 0.68
10 1:09 0.09 0.9 0.69
11 1:1.0 0.10 1.0 0.70
12 1:1.2 0.12 1.2 0.72
13 1:14 0.14 14 0.74
14 1:1.6 0.16 1.6 0.76
15 1:1.8 0.18 1.8 0.78
16 1:20 0.20 2.0 0.80
17 1:25 0.25 25 0.85
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18 1:3.0 0.30 3.0 0.90
19 1:35 0.35 3.5 0.95
20 1:4.0 0.40 4.0 1.00

AnwAanuanwizvasiuanasiwunas S2 Tumsiuiunsnasziilu

Swulnes S2 gniunldAnwiatiuaiuisalunisfudunsaesdily 10 fdfe
Tryptophan, Phenylalanine, Glycine, Alanine, Lysine, Lucine, Gutamic acid, Aspartic
acid way B - Alanine Ingazyhnmsinwisemaiingi-3ada uaz 'H-NMR

Anwanudendunglagldinaiiag-idila

P UUATAZANEVDITIIUNMDS S2 AMLEITU 2.0 x 107 M USums 25.00 mL Tush
yinagany 0.01 M NBu,PF¢ lusnvinasaenad H,O : MeOH (25 : 75 v/v)

wisuasazatsvesnsnezilulusvazaedieafufiusuing 10.00 mL @Ay
dduiansararonsaesiily 1.50 mL fusinanseesfiluiiu 75 equivalents 1898117
TuadiwumesUsunng 2.00 mL) dminvesnsaeyiluiitaanadimssi 11

Ynansazarevessiwuwas S2 Usums 2.00 mL Tdaslufan diluindinisganiu
LEsvesSlmumed ainturesq Wudisazansveinsaozilusinandndes (Famsei 12)
adlUlumsazanevestisumesaulidnfudunm 30 Fufl ung afmEsnnaiunsnesd

TuasliagyinisiweiaUnaunisaandunases S2 iefnnunsidsunlasiiniu

1%

AN5199 11 drminnseeziludusuwseuaisazanglulsuins 10.00 mL dusunisbnmsa

mematingI-3ada

4

nsnazdly Unn (g)
Glycine 0.0012
Alanine 0.0014

B- Alanine 0.0018
Leucine 0.0023

Phenylalanine 0.0029
Tryptophan 0.0037
Tyramine 0.0027
Aspartic acid 0.0023
Glutamic acid 0.0026

Lysine 0.0026
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A51997 12 USumsuazdnuau equivalents wasnsaeziluiiinasiivlunislnmsasesmaina

g1 0a

Wi Sandmlnglua Usunsnsmexluiiiy USHmssanvesasavany
S2: nsnezily mL equivalent (mL)
1 1:1 0.00 0 2.0
2 1:5 0.10 5 2.1
3 1:10 0.20 10 2.2
4 1:15 0.30 15 2.3
5 1:20 0.40 20 24
6 1:25 0.50 25 2.5
7 1:30 0.60 30 2.6
8 1:35 0.70 35 2.7
9 1:40 0.80 40 2.8
10 1:45 0.90 a5 29
11 1:50 1.00 50 3.0
12 1:55 1.10 55 3.1
13 1:60 1.20 60 3.2
14 1:65 1.30 65 3.3
15 1:70 1.40 70 3.4
16 1:75 1.50 75 3.5

Aneranudansinnglaeldimaiin 'H — NMR spectroscopy

WisuansazaneIwumes S2 Aududu 2.5 x 10 7 M Tnennsds 2 dawin 0.0013
¢ azanelu DMSO - dy USues 0.6 mL

wisnansazanensneziluaududy 1.5 x 107 M Usuns 0.5 mL @adudieans
WU 5 equivalent vasTigumes 52) lusvhazans DMSO - d, laevminfideuanss
A1579 13

Yensazanedeunes 52 Usues 0.6 mL Tdadlumaen NMR diluinanasusud
yesdwumes Mniudes Wuasazarsvesnsneriluuiuinndulununisned 14 aslulu
arsavans 52 Tunaen NMR lunnafefifulessuavazthansuaulufnanadu NMR il

Anmunsiasuuwdasiuvesdygalusneuvessigunas S2



{ %z’ v} a i 124 o U % 1
AN5197 13 dntinueanseesilunldnsslansazatednsumsinmseaig H — NMR

nsnazlly

dwiin (o)

Phenylalanine

Tryptophan

0.0018
0.0021
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A15199 14 U3umsiazdnuiu equivalent wpsnsneziiluiiduasldlusiwunes 2 dwmsu

Y a 1
ﬂ’]ilV]LVﬁm@']EJLVIﬂ‘Uﬂ H - NMR

i gnsdulaglua USinasnsnoviluiiis Rt PRGILN
S2: ninezilu mL Equivalents asazay (mL)
1 1:0.0 0.00 0.0 0.60
2 1:0.1 0.01 0.1 0.61
3 1:0.2 0.02 0.2 0.62
4 1:03 0.03 0.3 0.63
5 1:04 0.04 0.4 0.64
6 1:05 0.05 0.5 0.65
7 1:0.6 0.06 0.6 0.66
8 1:0.7 0.07 0.7 0.67
9 1:0.8 0.08 0.8 0.68
10 1:09 0.09 0.9 0.69
11 1:1.0 0.10 1.0 0.70
12 1:1.2 0.12 1.2 0.72
13 1:14 0.14 14 0.74
14 1:1.6 0.16 1.6 0.76
15 1:1.8 0.18 1.8 0.78
16 1:2.0 0.20 2.0 0.80
17 1:25 0.25 2.5 0.85
18 1:3.0 0.30 3.0 0.90
19 1:35 0.35 3.5 0.95
20 1:4.0 0.40 4.0 1.00
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= = [ = -4 % v A = I3

Anw1AULEaNA NNV TULABS S2 Tun1saunuiiandlaling

Siwuwes 52 gnihanldlunisfinwinsfnwanuanunsatunisduiiaeilelvd 8 viia
o~ % a ¢ 1
A ATP, GDP, GMP, CMP, UMP, UDP, UTP wag ADP W.JEJLW@‘IJ?]WQE]E]L?E‘{LSUN?I ey H-NMR

= = o s v a =¥ b4 a 4
Anwanudenduniglunisiuiviiaegdlelnalagldinetavigaaisaivud
~ = I v v -5 a v o< S Y]

WS HUANTALAVDISEIULMDS S2 ALTUTY 1.0 x 107 M TagtSuAuda S2 11uiin
2.93 n3u wazarglu DMSO Usues 3.33 mL anduthunaisazatedusunms 0.02 mL 1d
asluAIg waztivansazaneUnwlas Tris USu1ms 1.98 mL wauligiiy drludmsie
AUNASUNITABWEISUAUYDIS T ULMDS S2

P a = Yy Y v -2 a Y &

W3suasara1eilndla lnAlydaumtudy 1.0 X 107 M Tagusuinsvastnwes
wazUMunYeItInala lnANTILanIsIn1s1e 15 Gandlalnandelaazinunazatanaz sy
Usumsagarsazanatines Tris pH 7.4 @ugudu 0.1 M

QI % 1 a a = I3 a @ v [

MslIAENAYAINARYY Whina1Tazatsvesiindlolnaaslululsunandntss (A3
1379 16) asliluansazarsvesiigumes aulididudunal 5 widl yne aFmdeinnis
Wua1Taraeedinnalemaadbl 98IN1sIAsIERaUNASUNNTANEWEIYBT S2 iaRAR Y

AsAsULURITLAATY

A1519% 15 UminiralelnauazUSuiastwives Tris pH 7.4 lWudu 0.1 M Alddmsunis

InwsaiuSiwuwmes S2 memealiangosisawud

fmalalna iwtin (mg) U3u1ns (mL)
GDP 16.70 0.377
GMP 31.09 0.763
ATP 20.57 0.375
CMP 12.13 0.330
ADP 35.26 0.825
UMP 20.12 0.546
UTP 22.45 0.383

UDP 16.54 0.292
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a a ° . a p= cag Yo ) Y a
A1519N 16 UL MTULAZIIUIU equwalents m@ﬂu’lﬂai@lmﬂ'ﬂisﬁﬂqmﬁﬂﬂ']ivL‘V]LVliG]ﬂ'JEJLVlﬂU?]

Waeaisalyud
Wi Sasrdnlaglua USumsiledlelnd U3nsTINvedansazay
52 : thadlelna (mL) (eq) (mL)
1 1:0 0.00 0 2.00
2 1:5 0.01 5 2.01
3 1:10 0.02 10 2.02
q 1:15 0.03 15 2.03
5 1:20 0.04 20 2.04
6 1:25 0.05 25 2.05
7 1:30 0.06 30 2.06
8 1:35 0.07 35 2.07
9 1:40 0.08 40 2.08
10 1:45 0.09 a5 2.09
11 1:50 0.10 50 2.10

Anwranudansuniglunsiuiuiinadlelnddaemadia 'H - NMR

W3puEsarateImumed S2 Aududu 5 x 107 M Taeds 52 dhweih 0.0022 ¢
avangly DMSO - d, Usums 0.5 mL ldaslunasn NMR

w3snansazaneianalelng (GMP) Tilnnudadu 5 x 10° M Taeds GMP dhudn
0.0046 nsutazanglusvinaratenay D,O : DMSO — dy (0.125 : 0.1 mL) USuss5u
0.225 mL @Eandudleanswiiu 4.5 equivalent Y033L9ULABS S2)

thansazaneSiaumes 52 Usums 0.5 mi ldadlumasn NMR diluSnannsuisusy
vasdlwumed antuAos ndisazansves GMP Usinasiduluniunisisdit 17 aslulu
ansavas 52 lumasn NMR luynadsiifiutandlolndasiharsuanlutaaiunmasu NVR e

Anmunsiasundasivvesdygraliusneuressigumas S2
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A157197 17 YSunsiaza1uau equivalent 983 GMP AvduasluluSisunes S2 dmsunis

Y a 1
1V]LV]§@®'JEJLV]ﬂuﬂ H - NMR

09 dnsaulaglug U31nms GMP il USUINTIIUYD

S2: GMP mL Equivalents d@15agany (mL)
1 1:0.0 0.000 0.0 0.500
2 1:01 0.005 0.1 0.505
3 1:02 0.010 0.2 0.510
4 1:03 0.015 0.3 0.515
5 1:04 0.020 0.4 0.520
6 1:05 0.025 0.5 0.525
7 1:0.6 0.030 0.6 0.530
8 1:0.7 0.035 0.7 0.535
9 1:08 0.040 0.8 0.540
10 1:1.0 0.050 1.0 0.545
11 1:15 0.075 15 0.575
12 1:20 0.100 2.0 0.600
13 1:3.0 0.150 3.0 0.650

NaN15I8WAZaNUTIUHA

a 1Y = a 1 13
nsigaliandnualvasiisunas S1 Aewmalla H-NMR, “C-NMR, Mass uag FT-IR

CH;

"H-NMR (CDCLl;) O = 8.61 (1H, bs, NH- carbamosulfonamide), 7.90 (4H, dd, J =
23, 8.6 Hz, aromatic H,), 7.62 (1H, bs, NH-carbamosulfonamide),7.39 (4H, dd, J = 24,

8.6 Hz, aromatic Hy), 5.01 (1H, bs, Hy,), 4.85 (1H, bs, H;), 4.52 (1H, m, Hj), 3.67 (3H, s,
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COOCH,), 2.44 (6H, d, J = 6 Hz, aromatic CH5), 2.11 (3H, s, CH;COO), 0.86 (1H, s, Hyy),
0.60 (3H, s, Hyo), 0.54 (3H, d, J = 6.8 Hz, Hys); 'H-NMR (acetone-dg) & = 10.19 (1H, bs,
NH- carbamosulfonamide), 7.92 (3H, t, J = 8.4 Hz, aromatic H,), 7.77 (1H, d, J = 8.4 Hz,
aromatic H,), 7.45 (3H, dd, J = 8.0, 3.6 Hz, aromatic H,), 7.36 (1H, d, J = 8.4, Hz,
aromatic Hy), 6.55 (1H, bs, NH- carbamosulfonamide), 4.91 (1H, bs, Hi,), 4.78 (1H, bs,
H;), 4.45 (1H, m, H3), 3.64 (3H, s, COOCH5), 2.46 (6H, d, J = 2 Hz, aromatic CHs), 2.03
(3H, s, CH3COO0), 0.94 (1H, s, H,1), 0.68 (3H, s, Hyg), 0.47 (3H, 25, Hig)

PCNMR (CDCLy) & = 12.05, 17.48, 21.73, 21.82, 22.39, 22.74, 25.28, 26.66,
27.28, 28.34, 30.67, 31.41, 34.43, 34.61, 34.85, 38.14, 40.73, 42.76, 45.05, 47.26, 51.66,
74.11, 74.27, 79.48, 126.64, 127.92, 128.31, 129.75, 129.91, 130.13, 136.10, 136.14,
145.51, 149.96, 150.46, 170.89, 174.45

FT-IR (KBr, Cm_l) V = 3593, 3234, 2955, 2872, 1739, 1162
MS (ESI) m/z calcd for C43HsgN,O1,S, [M + Na]" 881, found 881.273

= [ = 4
nsAN¥IN15IUleRUAUYR SSITULADS S1

=

ANsAnyIN15IUleRRUAUAIEMALIAYI-IFLUA

Y

a s

MNNINARRIANBINTIURUIEMINS T umes S1 Auleoauauss 9 ¥ia Ao AcO,
BzO, NO3, HSO4, CN, ClO,, H,PO,, OH uaz F srenisimmsamemaiagi-idda ag
14 Acetonitrile Wudiazarewuin illevihnslmmsnansazanslesouauiuanssiuluas
Tuasazanediwunes S1 agldmaAsuulasaunaiunisgandunasiuandneiu 3 sUuuy
mungaleseuaudail

nax 1 AcO, CN, H,PO,, OH uag F

naw 2 BzO

nax 3 NOs, HSO, wag ClOg

Han1sinmsasiwunes S1 melessuaungu 1 Ao AcO, CN, , H,PO,, OH was F
wlyimaasundasanniunansdsnim 14 Fadunavesnislnmaadu F arnisganduuas
a38n (A o) vs3igumes St agj‘ﬁ 263 nm Lﬁav‘hmﬁtﬁmlaaaumjm 1 aaluagynlvaunnsy
nspenduasiwisianasedwiaiadlurasiersununmafisturesanisganislugag
ANENAAUTIANNTY 250 nm LAENUNISIAR Isosbestic point 71 254 nm 1#eestaLan s
wuan Isosbestic vanlimmuiiszuuiinaidaturesansialmifiduuionses Bunaun
1nnsitlessuaungy 1 demiduvadiussnitlessungudue elfnsunsisenfuiioy

wo3 losauaungy 1 agidnlui binding site vassiwuwmasuazlufalusnouveany N-H A3
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e wnunazadisiuselalasiauiusigumes dsluliana S1 Jaddeulueglugy

deprotonation form @saennaeiiutoduiuguindinsiintuvewUadin

1 —s2L
02 —F1
0.8
0.7 F2
8
c 06 \L F3
£ 05
é 0.4 —
0.3 —F5
0.2
—F6
0.1
0 F7
220 270 320 370 420

Wavelength(nm)
7MW 14 anesumsganaulasessisunes S1 Wevinsnmsadulessuau F lagly

Acetonitrile 1Wufvinazane

] Y a . A a Aa &

WWBLUJUNITEUTUNISIARN deprotonatlon 2949 S1 LllaLmll‘lE]aauaUV]llﬂjflllLUULUﬂLLiQ
ﬁ]ﬂlﬂmﬂ’ﬁwﬂa@ﬂiml%L‘Vli@lﬂ‘u CN uwag OH %QLUULU&WLLEQﬂQq F Namlﬂﬂ@ﬂ’]iLUaUULLﬂaq
ﬁLﬂﬂ@'ﬁllﬂqiﬂﬂﬂaULLaQ“U@\iﬁLgﬂULmas S1 LQJ@LWN CN (@Qﬂ']W‘V] 15) uay OH Qg ﬂ‘lﬁm ‘17‘]

Wilpuduues F

—S2L

0.9 1\ —a1
0.8 2

0 07
< 06 ‘L ¢
205 —C
o
204 —C5
< 03 .
0.2
0.1 ——
0
220 270 320 370 420

Wavelength(nm)

A 15 anesunisgandulasvessisunes S1 Wevhnisinnsadulessuau CN lagld

Acetonitrile Wusvinazans

nsflvedlesauaungy 2 Ae NO5 , HSO, uar ClO, Iswunisdsunlatannsy

nsgAnduLaIves S1 ludnwasuandrsannisiddlessuaungu 1 fsll An1sganfuLasves
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S1 #1263 nm agmauiess Welinuiinnilessuauasld uaglinunisiinga Isosbestic
Fafuleoauay NO; , HSO. waz ClO, (Fanndl 16) Uraziinsunsasendusiounesly
Snwaisfisnsiu F uaz CN dude ldvinliAnnis deprotonation 83 N-H ardunumuidu
nsinluiniuselalasiauiungasununyes S1

losauaungy 3 e BzO (fanwmil 17) ilevihnisidslessuau 820 aslulufioy
wos S1 aglinunisanasvesAinaganduuasd 263 nm windununisifisturesdins

AANGULAIT 260 Nm ggﬂLﬂuﬁ’lﬂﬂi@@ﬂauuaﬂLQ‘W’]%"U@N BzO

1

——S2L
0.8 —P1
‘ P2
S 06 P3
g ——P4
o —P5

2 0.4

< —P6
0.2 ! —P7
1‘ ——pP8

0 && — E— ::‘.;0

220 270 320 370 420 p11

P12

Wavelength(nm)

7N 16 anasumIgandukaswessigunes St evinisinmsadulessuau ClO, tneld

Acetonitrile [Wusvinazans

2.5
—S2L
) — B
B2
8 —B4
G ——B5
g 1 —B6
<
—B7
0.5 —B8
—B9
0 —B10
220 270 320 370 420 —B11
Wavelength(nm) B12

2 17 arnnsunisaandusadvassiguines S1 Wevinishnmsaduleseuau BzO lagld

Acetonitrile 1Husyviazaney
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=

nsimnsalaginaiayi-3ddalietuAuinm bonding constant (log K) #ae
Benesi - Hilder brand method Weowssuifisuamnanunsanisduiuleseuau wanis
FUALENIR 15197 18 Slwumes St ﬁmmamﬂﬁﬂiumiﬁ'uﬁ’ulaaauaumjuﬁﬁmmL‘fJu
\uag (Strong basic anion) ladndt Iagleasuau CN 2lvidn log K wngawansdn S1 Juiu
CN leifign Hosnidlefinnsanmunduaveslessuauis 9 §1 wuirdduruduiuaves
Toveuauidugsll OH > CN > OAC > F > BzO > H,SO, > NO; > HSO, > Cl > ClO, >
B > I lovouauiliduiuaussigaie OH uay CN eidluduiuiisuimesnsadiumia NH
andunundadusumisifianunsadnies (acidic proton) iaaauauﬁﬁmﬂmﬁuwaqwz
anusadluuiu N Ldegnaudansindt daunsdlveslessuaudug AcO, BzO, NO;,
HSO,, ClO,, H,PO, waz F 13#1 binding constant fisn31 OH way CN iilesainAiaany

Juvamniwasiivunlugnit Jeihlrlimunzaulunsdnluifaiusedu NH asuun

A1519 18 A1 Binding constant YaISIULABST S1 AIUINAINID Benesi-hildebrand  (1:1

stoichiometry) Wiafinwn1sdulessuauns 9 sllamewmeiagl-iada

looouau Binding constant (log K)

AcO 5.16
BzO 4.11
NO; 4.24
HSO, 4.62
CN 6.08
Clo, 5.36
H,PO, 5.43
OH 5.95

F 5.57

nsAnwIMsdulessuaudiewaia H-NMR

mMsfnwnsasundas HNMR anasuvessigunes S1 mendinsiidlessuau
9 9fim Aw AcO, BzO, NOs, HSO,, CN, ClO,, H,PO,, OH uway F laely Acetone —d,
Judviazans nafildainamil 18 sdunafiunisuisuwlasvesdygialusnoud

R 7.00-8.00 ppm way 4.50-5.00 ppm dududyaiameteslsunfnlusneu (H,, H,)
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wazozdrAnlusnou (H; Hry Hyp) msdisu T:Umaumeiﬂuiﬂﬁmauﬁagﬂus‘hLmu'ﬂﬂé’
binding site (N-H Ansuium) dafusumisilélunissuivlossuau sufulusmoumaiiiay
Aanisiasuutasdyralddaunninlusaeuduniedu WeRinsundymiaeslsufn
1U500U09 ST WU IWRUIFYQYIUVDS H, Q%Ui’]ﬂgﬁ ppm 4N Heannifulusnau

a

floglndnyFedianmsoutiufevydaliia vinlilusaeu H, fnumuuiuvesdidnnseuties
dudyanames H, Juduezlsundnlusnouiieglndvyldidnnseutiueny CH; awiiany
%muu’mm%Lﬁﬂmaumﬂﬂ'jﬁaLﬁué’zgzgnmﬂﬁmgﬁ ppm ¢ dudaa e NH-asuLLe
Iﬂimamzﬂimgﬁ 2 @uvisfe 10.19 uav 6.45 ppm 01571 NH Iﬂﬁmuﬂimgﬁﬁmﬁu
1118991nn191Ai intramolecular hydrogen bond  5gminevs NH  wazvsiauniaves
binding site aas FefuF iy NH filuiAniuselalnsiauasusingidunis ppm ﬁqa
N7

nsdsuutasdyaiallsneuves S1 eifuleseuavsineieg S1udu 3
equivalent (Al 18) agnunismeluves NH TUsmoufisdumia 10.19 ppm dloduloseu
aunguiduluaun (OH, N, F, OAC) uansiian3iin deprotonation ves NH Tusasulae
Teoouavfiduiuaunn éauiaaauamaju?ﬁuq (HSO,, NO;) azwuuAnisasulunis

downfield uansisnisiiniiusylalasiaussnintlessuauiumy NH-asue

SZL+3.0eg HO3

,JI, - A
‘—/\—/u‘.)\_ [+
SZ2L+3.02q CH

i
U,

A,

I

A

SZL+3.0=q H504

SZ2L+3.0=2q OH

SZL+30eq 0A

S2L

T T T T T[T T T T[T T T T LI L e B I o B e
125 121 115 1110 s ion BS [} ] [ B} g

1 (% a s = o a a ! o
AN 18 H-NMR  a@Unnsuusastousnas S1 Luamﬂ'mmulaaauawummw6‘] MU 3

equivalent ngld Acetone —d, Wusvhazane
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nanslnmseTieumes S1 delesauau CN (Al 19) wuituenanazinnIsme
Yosvy] NH A Ssnunsidousumisvedlusmen Hy, Hy, H, wae Hy, lunie upfield
(pprn $1a3) Nsideusumslume upfield vaslusmousuwmianag Unazilunannanuszy
aUﬁLﬁﬂ“ﬁuﬁM% NH a15utumn1enain1siia deprotonation vinliAinnsuats (Shielding
effect) Wimaudue leglndifies wonannil CN WWulooouausiinieaiivili NH Tusneus
douuvis (10.19 ppm wag 6.45 ppm) welunendinisiis CN 1.0 equivalent iile
Wivuidleudunsd F (amdl 20) flagnunismelves NH TUsmaufessuviaiien
wonaniifeunsideulusnou H, LUt upfield sgradiulddn nafiintueduigldainnisi
N flnanfuiuaussisananga deprotonation yigja1uniualaegssinid wagnisdl CN 3

sUadudunsiawili N Wllndlsmeu H, waziinnisuatsduy

S2L+3.0eq CN
B—

A= —

S2L+2.0eq CN ' ‘ ‘
St eSS V) & _,_,,_,,_/'\. ks Il .,_,."

S2L+1.0eq CN'|
e’

S Ji, ot o) i e L

S2L+0.7eq CN '

S S L [ VL L S e S | W

S2L+0.5eq CN

W e A ittt PRI g L

S2L+0.2eq CN '

s2L il \ A B R
¥ ! ;L7 / LS T ol TR TUR— L

84 82 80 78 76 74 72 70 68 66 6.4 62 60 58 56 54 52 50 48 46 44 42 40 38 36

A 19 HANMR  awnaduvesTiumed S1 wievinisimmsadulesuau CN (0-3.0

equivalent) lngld Acetone—d, Wudvinavane

al U - dl dl o ] U
nstleesnIslniminduleossuau F (AW 20) wunstaousiwmievesd gy
TUsmouludnwuzinediu CN dumAenIsen F agibiiinnisiasundasdyeralusnoui
H7, Hip, Ha taz Hp lUN1e upfield d@aunanisinmivmsanulessu NO; (A wil 21) faus 0-1.0

equivalent grnuLAnIsAoulun1e downfield ves NH Tusaeaud 10.19 ppm LavNIsaeu
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suvislusneulunie upfield ve3 H, Wil nading1avenliiin NO, Fuduiuaseuazidn

Tiniusglalasiauiung NH asuunuinnitaziunis deprotonation

S2L+1.0eq F .
|
S2L+0.8eq F | _ " L
| [
S2L+0.6eq F .
|L_‘i\-“——‘—"l. L h—'/f. .
| |
S2L+0.4eq F j| l "
1 I | W S  S—
S2L+0.2eq F :‘| ll | |
o i _
s2L | | A
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0
1 -7 i o 2 -
AW 20 H-NMR  awlneSuvessiwuimas ST wlevinnistymnsanulesuau F (0-1.0

equivalent) lngld Acetone—d, Wudvinavane
S2L+1.0eq NO3

.

S52L+0.8eq NO3 l‘

S2L+0.6eq NO3

S2L+0.4eq NO3

52L+0.2eq NO3

S2L

1.0 10.5 10.0 9.5 9.0 3.5 3.0 7.5

7.0 6.5 6.0 5.5 5.0 4.5

AN 21 HANMR  @naduvessiguines s1 Wievhnisinmsedulesuau NO, (0-1.0

equivalent) lngld Acetone—d, Wudvinavane
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e slmmsatulessuaumemata H-NMR grisnldlunismsasdunisiu
fuleeauau (Stoichiometry) aaawaila Job’s method launisinaulusmoudumis Hy
aldnsminsmsnadiuszning s1 Aulossuau CN wansfanwil 22 aannsmilsnudn
FIEAVDINTIAALNY X Tiusa x = 0.33 wansindnsdrunsduiuves s1 Auleseuau
CN 1Wuuuy 2:1 daunsm Job’s plot 484 S1 Auloeau NO, WuAgIEATEINTINAALAL X
Funis x = 0.5 wansirdnsdunssuiudunuy 1:1 (i 23) dwlessuausindug

wuilasasdndunuy 1:1 (1wt 24 — 25)

H+B7
0.05
0.04 °
0.03
0.02 °

AS(1-x)

0.01

0@
0 01 02 03 04 05 06 07 08 09 1

x(mol ratio)

AN 22 N3 Job’s plot dmTunismgnsdun1suiusening S1 du CN Taglddayanis
a 1
lnnsaaninaiin H-NMR

0.045
0.04
0.035
0.03 e
0.025 g
0.02 4
0.015 °
0.01
0.005

0e

0 01 02 03 04 05 06 07 08 09 1

A8(1-x)

x(mol ratio)

A 23 A5l Job’s plot dmiun1smensidiunsduiusening St du NO; aeldteya

a 1
msinmsaanmeiia  H-NMR
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0.06
0.05 o ©
0.04 ° P

°
0.03 °
0.02
0.01

0e
0 01 02 03 04 05 06 07 08 09 1

x(mol ratio)

A8(1-x)

A 24 n519 Job’s plot dmTun1smgnsdun1sIuAusEndne St fu F laglddayans

a 1
Innsaanmedia  H-NMR

H*B7
0.05

0.04 °

0.03 [ ]

AS(1-x)

0.02 P

0.01

0 01 02 03 04 05 06 07 08 09 1

x(mol ratio)

A 25 N33 Job’s plot dmTun1smignsdun1TIUiUTENING S1 A AcO Tnglddaya

a 1
nsmmseanmeiia  H-NMR

Anwinsduiulesauaudienisdnasdduiananianannmes

Tassasinzauresdiouines S1 uanadisn1w 26 Faaznunisiiniiuszlalnsiay
meluluanafieunesszainaydalnuludides (5=0—HN) daulassairsvas complex
sz S1 Auleseuau (nnil 27) wutwgdalnuiludisaesasgnldnaiaiusylelnsion
fuleseuauiiinlusgnsanasszninmisdvluluanadisunes uenaini nsdues F
wuihmsduiungeslssasiliiAavanvestusneusnain N-H vosvgasuimanilens wa
I¢menndoafuauyigiuiildanuanisaasssieiitlessuauiiiauduagaazaunse
idluAdusnouanyy N-H vosmgansunun daunisiuiulossuauislasdu azusngue

nsiiniuselalasiauiuny N-H asuwsving



43

Foyaninansng 19 uansrwdsauuseBamienlu complex fulossuauusazuin
NANSAIANUTIIAINESLALFIn AM1 method alranisduailiaonndesiuna
MSAILINAIN PM6 Wag PM7 method uaziilevidmsnuunmdndiuiiioganuiden
Fumzlunisduivlessuaunuin complex fu F agliandndiugsan tunansinnsduiu

F azld complex Miafesiian wazanuatvszanaliizase) Wevuinvedlesauauialad

LU NARINANNEDAAADINUKNAIINNITNARBIAEWNATLALI-IZLTATINUIN SULnas S1 1o

Y

v v

Juiiu F aglvien binding constant Ngninglanleasuduy

AN 26 lAssasevessiumes S1 AlaainnisAtulaselusunsy semi-empirical 1agld
PM7 method, sssianauliwansiumisnianuselalasiauseninmydalnunluiniely

Lanaswunes

L

AM1 PM6 PM7

A 27 laseadeves complex 581319 ST Aungeslsanlaainnisiuiamelusinsy
semi-empirical lagld AM1, PM6, PM7 method @419a1ulAs9a3199gnun1svaalusnaud

ny NH-R15ULe
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A1579% 19 ANAIIULSIEAUTe wazA1AuTwzTluntsTuiulessuauntaannis

AumMelusunTy semi-empirical Ingld AM1, PM6, PM7 method

Complexes Interaction energy (kJ/mol) Selectivity

AM1 PMé6 PM7 AM1 PMé PMT
S1-F -575.07 -260.68 -279.50 1.00 1.00 1.00
S1-Cl -194.98 -146.76 -147.74 0.34 0.56 0.53
S1-Br -184.05 -164.77 -84.00 0.32 0.63 0.30
S1- -160.44 -129.41 -63.99 0.28 0.50 0.23

a 1Y = a 1 13
nsigatiandnualvasiigunas S2 Memalla H-NMR, “C-NMR, Mass uag FT-IR

B H
: o
0 N
I OMe
| - g
OH OMe “ 0 o
OAc O=<
2 _N

U3 S2 duAsEiaInUfize1nis coupling serinslelalesunaisuilaadiu
Arednodalnedl K,CO; vinthiifuwaiiodilunisfiuauioslvesmy) -OH Vaaony
vosnaednedabidvinujisedulelyleeun waziialuniasununizlasigumes s2
Wuvesuwdadn (0.22 ¢ 31.4% yield, Ry = 0.74 Tuszuusivhazane Hexane : Ethyl
acetate = 3:1)

"H-NMR (DMSO-dy, 400 MHz) & = 11.10 (bs, 2H; NH-carbazole), 9.31, 9.25 (two
singlet, 2H, NH-carbamate), 8.27 (s, 2H, Hs-carbazole), 8.01 (d, 2H, J = 7.6 Hz, H,-
carbazole), 7.51 (d, 2H, J = 7.9 Hz, H;-carbazole), 7.40 (m, 4H, H,, H; — carbazole),
7.16 (broad, 2H, H¢—carbazole), 7.11 (broad, 2H, Hs-carbazole), 4.95 (s, 1H, 12B -H),
4.90 (m, 1H, 7B-H), 4.44 (m, 1H, 3B-H), 3.52 (s, 3H, COOCH,), 0.97 (s, 3H, 19-H,), 0.86
(bs, 3H, 21-H,), 0.74 (s, 3H, 18-H)

"H-NMR (CDCls, 400 MHz) & = 0.95 (s, 3H; 18-Hs), 1.086 (s, 3H; 19-Hs), 1.133 (s,
3H; 21-H,), 1.646 (s, 3H, CH,COO0), 3.624 (s, 3H; COOCHS,), 4.62 (m, 1H; 3B-H), 4.99 (bs,
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1H; 7B-H), 5.14 (bs, 1H; 12B-H), 6.88 (bs, 1H; NH-carbamate), 7.20 (m, 2H; Hs-
carbazole), 7.38 (m, 8H; H;, H,, Hg, Hy—carbazole), 8.07 (m, 2H; H,—carbazole), 8.10
(bs, 2H, Hs—carbazole), 8.20 (bs, 1H; NH-carbamate)

PC-NMR (CDCLs, 100 MHz) & = 12.31, 17.62, 21.38, 22.50, 22.97, 25.90, 26.95,
27.23, 29.07, 30.79, 30.97, 31.55, 34.41, 34.72, 38.05, 40.92, 43.68, 45.39, 47.45, 51.50,
74.26, 71.84, 76.37, 77.23, 110.63, 110.80, 119.46, 120.45, 123.07, 123.66, 126.16,
130.09, 136.46, 140.18, 154.03, 170.44, 174.68

FT-IR (KBr, cm_1) V = 3397 (N-H stretching), 2943 (alkane C-H stretching), 1704
(C=0 stretching), 1496 (C-H bending), 1222 (C-N stretching)
MaSS (ESI) . m/Z for C53H60N408= 90342 (M+Na+)

nsAnwIn1sunulessuauvadluianasiguines S2
msfnwanudensunizlunsivivlessuaulaeléinada 'H-NMR
AnnnsAnwINsIuiulessuau 5 vilade F, CU, Br, | way BzO lagld CDCl, 1Ju
Fvhavanediemada H-NMR titration wuinfinisideuuvasdyaiailusneuressiwumes
s2 flefnsiulessuauatiy (il 28) @fﬂ'ﬁﬁ@LﬁmﬂmﬁlawﬁLLWJwaaé’@aﬁm‘lﬂimauﬁm
chemical shift 4.50-5.20 ppm 6'?5&Lﬁué’agapmsuaaazéwﬁﬂiﬂsmaummﬂaaéﬂLa%ﬂ (3B, 7B
way 12B) wawA chemical shift # 7.00-8.50 ppm Fadudyaalusneuvesteslsuifn
voavya1sunlea (H,-H;) Tnefisunislusnouiliinnisiudsunvassnarndusunises
Tusmeudtoglng binding site (NH a15uiun) Safusumisilélunisduiulessuau day
dlovhnsinleseuavuiniulunislmmsnazsilinsasudyyralusneunintunay

lepauaunvihliianisidsuwdasdyaiaunniigafe F
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receptor+Benzoate 2eq J\J\“

J. N I e
receptor+lodide 1eq
....-wf\... ) e ey
receptor+Bromide 2eq |
e T T,

receplor+chloride 2eq )Jhk
_i —Mm
receptor+Flouride 2eq Jf\/J [
- e Mt maprinastps st

NH Hs,H, Hs
receplor ‘ A 'JL 1 12 B 75 _‘3‘@_

T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45

ppm

AW 28 H-NMR anaduvessisuinesd 2 (2.5 x 10° M) ilevnisinmsndielosou

auriiafne9 (2.0 equivalent) Tneld CDCL; Wuiviazany

receptor+flouride 4eq

|
receplor+flounde 3eq 1

e/
I

receptor+flouride 2eq |

_.-ﬂt*

1
receptor+flounde 1eq 1

\

receptor+fiouride 0.5eq |

receptor

]
12 '7p 3p

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
ppm
1 [ L) s -3 d" o ¥ -
AN 29 H-NMR dnasuvassigunas S2 (2.5 x 10~ M) Wevihnsinmsameleseuau F

(0-4 equivalents) Tl CDCLs Wumviavany

nswilesouau F - (nw 29) asvhlmAnnisideousiunisves NH-1Usaoulumia
downfield dndaadisnumis 8 ppm vedlusneu Hs azidoulunns upfield waziinnns
swulUsnsou H, Wuilaien mﬂﬁ?uéfiy,ﬁymtﬁaulﬂma upfield d@ulusnou Hy, Hy, Her
Fdunia 7.38 ppm  nuinnisuenvesdyyinesndu 2 fin aeniafiadeulunig
downfield wardnuilsfimdeulunie upfield d@wdyaialusneu Hs uaz 7B aziinnis

o A

WWouluns upfield nsalnisiulessuau CU, Br, | wunisildsudyinfinaiendeiu

A7)
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¥99 F winisideuduwmiaintesnin dufenunisidou NH-asunmaluys downfield
wasdyanedlusneu Hy deulunia upfield wilinuniswendyaiaiidiunys 7.38
ppm

Fogannnslnmsasiomeda HNMR silinsuinlessuauiiinluifindunsisen
fu $2 azthluiAndunsAzendidumis NH vosmgjasuiun lneRaruiuselelnsiau Budu
Idannunisidoudygaulusneures NH fivgasununlunis downfield erdeyaain
nslnwsalufuane binding constant (log K) siemainuausalunisduiuleseuau
NANSAIMLANIRIANT1ST 20 Fenadlduandliiiuin s2 Jufulessuauldeddlai

ANTUNZLEUNT A log K AlnalAeaiu

#1319 20 A1 Binding constant Y84 S2 ﬁulaaauauﬁwmmmﬂﬁﬁauua 1H—NMR titration

lovauau Binding constant (log K)
Fluoride 2.11

Chloride 1.26

Bromide 2.23

lodide #

Benzoate 2.54

# A9 llanunsoruinle

yenaniinsmensaumsuiuseninsloanuazinas (stoichiometry) #amaia
Job’s plot 91nteyanisvi 'H-NMR titration Iagnsaanalusnousumis Hs wuitldnsiw
84 Job’s plot #an1m 30 AnnTwIAldwuINgageanvesnsmFaLAL X Adums X = 05
LEnsISaTduNsTURUsE IS wUes 52 fulessuaufuluu 1 1 uenaniinsm
stoichiometry aaewatia Job’s plot Tunsilues Cl waz BzO axladnwuzasinsvaaiy
293 F uuansdn CU uae BzO f8nsndunisdufusenindwumesiuinaddu 1:1 da Br
uaz | deyannmslmmsalianunsatisnmsnsidnlunisduiu s2 usidlesnn Br uas |

sUTlanamileu F uaz Cl Fsdnagildnsdmlunisduiumilouiu (nauuan)
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0.02 -

0.018 |

0.016 | L g ®

0.014 |

0012 | L 4 *

0.01 |

0.008 |- * ¢

0.006 [ 4

0.004 | *

0.002 |
0¢ L <

0 0.5 1
XG

AS*X,

A 30 N5 Job’s plot nn1sAnm L alUTReU Hs 909 S2 Wevin1sinimsnaig

losauau F

nsAnwanudendwwizlunisdulessuaulasldyi-dda

1NNsANYINISIUAUSENINSIwUmes S2 fulessuaunguialas F, CL, Br way |
Tngld acetonitrile iuiviagans wuiidevhnslnmsnasazarsleseuauiiunnsisiuas
Tlumsazaeiwunes s2 asshlifaunasumsganauuasinnisiuasundasiiuansiisiuss
AN 31

wan1slmngm 2 Auleseuau F, CU, Br wag | agnumsiUdsuuiasainaiunsg
aanduuasiedl madu P asiilfanasunsganduuases S2 anasegsraiiiasiiyng
AINBIAAL (AW 32) dunisiiia CU, Br way | AENUNMIRUTULALNTANaIBIAINT
AANAULATIUNIAINEIIAAULAEIUYA Isosbestic Taedl CU aziinisanasvesaiunmiunis
@Jmﬂ?}uumﬁmmmm?ﬂ'u (Xmax) 235, 265 Way 303 nm Lagagnun1siia Isosbestic point 17i

AINNYIIARY 208 nm (A1 33) dIUNTAVRS Br AxiIN1TANAIVDIAUNATUNITAANT LA
AUENIAAU (Ara) 265 WaT 303 nm Lagagnunisiina Isosbestic point fiA11de1IARY
232 nm waztinanueieaulud (A.) 217 nm (0 34) way | agiinsanasuasanedy

NNIPANAUKENNAINEIAAY (A,,,) 303 nm wazNUNISLAA Isosbestic point NiAINETIARY

268 nm UagfinugNARUAINTT 268 nm alUnasuNIAANAULEIILIIITUILAZLANAIINY
aaulng (A, 243 waz 209 nm (1w 35) NMsUTINgesnueaaulrindsaInnIsifiy

- - a X 1 a 1d = - -
Br wag | WNUINIUUILNAINANTUY 7\'ma>< NIAANAULFIVDY Br wag |
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—4—receptor
= Flouride
—— Chloride

~— Bromide

Absorbance

—+#— lodide

2+0 220 240 260 280 300 320 340 360 380
-0.5

Wavelength (nm)

o a = s -5 A o o - -
A 31 awnesunisganduuasuessiuwes S2 (2.0 x 107 M) Wavhmslmnsadu F, CL,

Br waz [ 7 50 equivalents

2.5
l (. =2320m)
2
S 1.5 receptor
= (A =265um)
S max ——Flouride 10eq
E )\‘ ——Flouride 20eq
< 1 ( max 303 nm) ——Flouride 30eq
A ——Flouride 40eq
\ ——Flouride 50eq
0.5
0

200 220 240 260 280 300 320 340 360 380

Wavelength (nm)

o - = s -5 A o Y} - A
AN 32 ﬁLﬂﬂmiﬁ\lﬂqiﬂﬂﬂaULLﬁﬂﬂJ@\isL%ULmas S2(20x 10" M) Luamqﬂqi‘lﬂmﬂiﬁﬂﬂ Fn

0-50 equivalents
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3
2.5
l (}Lm =232 nm)
2
] ——receptor
g I8
8§15 l (A ey = 265 nm) ——Chloride 10eq
<] ——Chloride 20eq
"
E l O\'m =303 nm) ——Chloride 30eq
! ——Chloride 40eq
——Chloride 50eq
0.5

200 220 240 260 280 300 320 340 360 380

Wavelength (nm)

o = = s -5 A o o - A
A 33 awnesunisgandunasvessisunes 52 (2.0 x 107 M) Wevhnistnmsadu CU 4

0-50 equivalents

4
T O\am =217 nm)
35
3
2 OL =232 nm)
- ——receptor
o
b= 2 —Bromide 10eq
T
"'é ()\‘m =265 nm) ——Bromide 20eq
2 10 ——Bromide 30eq
=
l (lmax =303 am) ——Bromide 40eq
! ——Bromide 50eq
0.5
0
200 220 240 260 280 300 320 340 360 380

-0.5
Wavelength (nm)

o = = s -5 A o o - A
AN 34 ﬁL'UﬂC‘]iuﬂqsﬂﬂﬂauLLaﬂéﬂ@\‘iﬁL"UULC‘]@? S2(20x 10" M) Llla‘V]']ﬂ']ﬁl‘V]LVﬁmﬂU Br v

0-50 equivalents
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()umax =209 nm)

T (}umx =243 mn)

——receptor

——1lodide 10eq
——lodide 20eq
——lodide 30eq
——lodide 40eq
——Ilodide 50eq

Abosrbance
N

200 220 240 260 280 300 320 340 360 380

Wavelength (nm)

o =l = 6 ’5 r-:lI o o - d'
AN 35 alfdﬂm‘mﬂ’liamﬂauLLawaﬁLsﬂULmai S2 (2.0 x 10"~ M) avinstvnsanu | 9

0-50 equivalents

NN1sVAaeIRnvINITTURuYes 52 fu BzO lneld acetonitrile 1Uudvhazany
wuievinislimsnansazats Bz0 adluluasazans S2 azvilsianmiunisganduuas
AnnsiUAsuLYaIRInIN 36 ﬁuﬁaﬁwgmﬂﬁuumﬁmmmm?{u (Amsd) 303 nm 83 S2
anaseesialiles wagnun13Ain lsosbestic point fin1NE1IATY 277 WagNUNTUTING VD

Ao W7 224 nm FeazdlAN1SANAULILIINTUMNUTUIN benzoate TiiuAy

——receptor
——Benzoate 10eq

——Benzoate 20eq

Absorbance
[ (]

——Benzoate 30eq
——Benzoate 40eq

——Benzoate 50eq

200 220 240 260 280 300 320 340 360 380

Wavelength (nm)

=b.

o & a s -5 ) o -
AN 36 aL‘UﬂGﬁuﬂqiﬂﬂﬂaULLﬁﬂﬁU@\‘ﬁLeﬁ‘ULm@i S2(20x 10" M) LﬂJ@V]']ﬂ']ﬁlVlW]i@]ﬂ‘U BzO

0 - 50 equivalents
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Toyannisinmsasemeaiingi-dadagniiluldlunisAiuinei binding constant

(log K) LiiemAu@snsatunsauniulessuay Han1smuIMLEnIRIn1S1e9 21

M1319% 21 @1 Binding constant ¥aIN13UAUTENIN S2 fulessuauarnmaiingi-Idida

lnen1sfnauiiAin1sgandunasiinanuenaiu (A, 303 nm lngnisAuinmeluswnsy

Specfit 32
lovauau Binding constant (log K)
Fluoride 5.1
Chloride 3.6
Bromide #
lodide #
Benzoate 4.48

# WU error > 10 %

99nA1 binding constant fidwanildainTusunsu Specfit 32 asnuin F, CU uay
BzO T#ie1 log K lalumnsnsiusin Ine F agliiAn binding constant gjaﬁqm e F 3
mufuivagiandadanaliiniusslolasiauldudeussiign dwu Bz0 1fd1  binding
constant 58%adNAe 4.48 e BzO awsaiiaiusylalasiauuaziineslsuning

a1u1savlsiiam -1 interaction AUSEIULKBSLA

nsAnwIANTnNIzadaanaswuwmas S2 lun1sdununsnasiily

a

nsAnwauInnglunsduiunseeziilulagldinaliagI-iGida

INNTANYIANUTUNIZIIIZATENINIGUWOT S2  Aunseezdlu 10 vla Ao
Tryptophan, Phenylalanine, Glycine, Alanine, Lysine, Leucine, Glutamic acid, Aspartic
acid waz B — alanine Tagld DMSO Wusvhazars nisvaasssududnwifunsneziily
Phenylalanine wag Tryptophan LﬁaﬂmﬂdwLﬁuﬂiﬂazﬁiuﬁﬁaaaﬂimaﬂagJJ“LuT,mLaqa%?fa%
Fldalaaiusylolasiauuariusy -1 lunsduiudieuned nansanwnuindier
mslnmsnasazarsnsneziilu Phenylalanine way Tryptophan asluluansasanesiwuines
s2 awihlianmiunsgandunanianisiasunUasiiuanafudsnm 37

HANTLNIATULADS S2 Mg Phenylalanine wuinlvaiUnasunisganiunasin

N15anadeE19RaLowN e AINEIARY (AW 38) d9u Tryptophan evlvitAnN15anasves
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mﬂmm%’mmsamﬁuumaEJNGiaLﬁaqﬁmmsJ’nﬂ?iu (M) 303 M WAEWUNNSLAR Isosbestic
point finuenindy 318 nm  uarANEIAALARINGT 318 nm arnunNsLTuves
aunasun1TgANAULET (21w 39) ﬂu’aﬁtﬁaamﬂmamnmiamﬂﬁuuawm Tryptophan 193
drulunsalvesnsnezdludn 7 ¥tiafe Glycine, Alanine, Lysine, Leucine, Gutamic acid,
Aspartic acid waz B - alanine 13JWUﬂ7§LU§IEJ‘uLL‘Ua\‘iﬂLUﬂ@%Nﬂ’]i@ﬂﬂauLLmM%aL‘lJaIEJuLL‘Ua\‘i

Ya8uN (AANUIN)
4
35

3

~
wn

—receptor

Absorbnace
N

——D-Phenylalanine

=
n

D-Tryptophan

[

e
)

l ()"“ma:; =343 nm)

270 290 310 330 350 370

Wavelength (nm)

o = = s -5 A o Y
AN 37 aLUﬂ@]illﬂ'ﬁﬂ@ﬂauLLﬁﬂsﬂaﬂﬁLsﬁ‘ULmaﬁ S2(20x 10" M) LﬂJEW]']ﬂ'TﬁlV]LW'ﬁ@ﬂU

Phenylalanine uag Tryptophan #i 50 equivalents

16
1.4

1.2

——receptor

08 ——Phenylalanine 10eq

——Phenylalanine 20eq

Absorbance

0.6 ——Phenylalanine 30eq

——Phenylalanine 40eq
0.4 ——Phenylalanine 50eq

0.2

270 290 310 330 350 370

Wavelength (nm)

(% I = s -5 d" o LY
AN 38 AUNASUNITRANTAULAIVBITIUWBS S2 (2.0 x 10 M) levihnishnmsadu

Phenylalanine 71 0-50 equivalents
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T ()'umx =286 nm)

3.5

2.5 ——receptor

Q
£
s ) ——Tryptophan 10eq
§ Tryptophan20eq
ﬁ 15 ——Tryptophan 30eq
(me“ =343 nm) — Tryptophan 40eq
1 ) Tryptophan 50eq
0.5 l
0 B -
270 290 310 330 350 370

Wavelength (nm)

o 2 = s -5 A o Y}
AN 39 alneunisganfunasvessigunes 52 (2.0 x 100 M) Wevinislnnsaiu

Tryptophan 7 0-50 equivalents

FayarnmsvhilnmsadunsnesilusiswmaiagI-Tdaiaediunlelun1sAuine
binding constant wieumauaunsalunisiviunsnezAlulAnaLanIfImIsIe 22 F9agiiiu
TMiflalSeuiisuan log K imuiulaannsaezilulsazsdanuindailnaifesiu dunansin

Siwuwas S2 hufanusmnglunissuiunsaezily

M1519 22 A1 Binding constant ¥8an153UAUsENING S2 Aunsaerilly MnmaliagI-Iada
lAgN15AAAILAINITAANAULAITIAIINEIIATY 303 Uag 343 nm LAZAIUINAINANNITVEY

Benesi-hildebrand (1:1 stoichiometry) (# laignunsasiuaula)

Amino acids log K 303 log K 343
Glycine 2.299 2.5073
Alanine 2.4539 2.2812
Leucine 2.3388 1.4698

Aspartic acid 2.3946 2.2894

Glutamic acid 2.7647 2.658

B-alanine 3.0011 2.2682
Lysine 2.5119 #
Tyramine 2.4954 #

Phenylalanine 2.1612 2.2537

Tryptophan # 2.8468
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nanIsANYIANTIIzzaslumsTuiunsaasiilulaeldmada 'H - NMR

Pnnsanmausglunsiutunsaesiily Tnadenldnsnesilufifseslsuin
2 %fln A D-Phenylalanine wag D-Tryptophan Tuszuudvinazaiy DMSO-d, Nan15@ne
Pndremaila  H-NMR titration (A1 40) wuindn1sidsudyaalusnouves 52 Weeuin
deifsusunaiildanlesouay didudeyasinmaiia 'HNMR  titration 909 D-

Phenylalanine waz D-Tryptophan luasnsaususnlainswumesduiunsnesiilu

Tryptophan
ALJ M N B,

Phenylalanine
J-Jﬂ by JL'\ wy\ J\IW
o H3 12 Hl 5
receptor NH o 2 12B,7 3
h \ NH . B7BA 3B
115 110 105 100 95 90 85 80 75 70 65 60 55 50 45

ppm

AN 40 HNMR awnesuves S2 (2.5 x 10° M) evtifunsaezdily Phenylalanine tag

Tryptophan g equivalents) Ingld DMSO-dy Wudvinavane

N15ANENlATIES 1998 SBLIUMBS S2 ArEnN15AIUIAIATIEF19RETUSHATUNNIABUNILAD S
NAITAIUIALATIAT VDT IULIDT S2 AelUTnTy Guassian 09  program

package, PM6 method lalassasiesenin 41 6‘3@%Lﬁufjmyjmﬁmi%aﬁLLsuuﬁ'jqaawawmEJ

Fuarnenemdndeduanalivisenanfuideninanuingny dwalingaiviueiisaosd

L 6

T dunmiduduinadiunisiaiusylalasiauegisainiu lngaiunsoinssegriese ninamy
NH-afusmsaestneogil 4.47 Ssansou msfing NH-a1$usmegmeiudaiililaiannsn
yhawsiudulunsduiunadfifizunmsanassuadniiunsiniusylelnsiau 1wy 1elad
leeeu winaiduinaingunsneziludsiivnelvg nsdufusenindiounes 52 funsnedl
TwAnldliftnoradonnanmimngng venaniddimanihagnuninindunsizenin
T-T 58INNANSULEaeY S2 AU9eElsuAnYesnTAozilly 1oy Phe w3e Typ 3slduiag

WNATU AIUURANNNSAENAUNTARERluInUINlUNUALI NI IUNSTUNULNER
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A 41 1As9a5191095LULmas S2 AilnainnisAuilaseas1emeluswnsy Guassian 09

Tagld PM6 method

nsAnwAnudendwizvaslaanasisunas 2 lunisduiuiianglolng

MImszuUiThazaefimnzaudmiunisaneanudansuniziudaadlelng
Tngldimatiangeatsaunauninsalal

Siwumes S2 thasshunlddnwimnuaendunizlunissuiuianalelng 8 wila Ao
ATP, ADP, CMP, GDP, GMP, UMP, UDP gz UMP Iﬂ‘amsﬁﬂmL'%'uéfm'mmsmizuuﬁ’;ﬁw
avaneivnradlunisveass szuuiwhazsaneidenldi 3 szuuded

- DMSO : HEPES

- MeOH : HEPES

- MeOH : H,0

msm&’hﬁwazawﬁmmsamsamﬂmmLaﬁawaqamﬂm%’umsmaLLawaq s2 i
wislugvaranests 3 i Ineusu pH u 7.4 Senaruly 0 - 20 wift nan1seaes
WAASAININ 42-44 AELRAUINSIwULARS S2 mmmqqqmﬁ Ao WANAU 303 N ilown3e
asazanevas 52 1915 fnan 5 uay 10 il nuidmeuuLEsaApe g anadluszuuy
yava1e DMSO : HEPES way MeOH : HEPES WAd %suseuu MeOH : H,O laiwuns
Wasuwlasrudunasnnindsinesifussuusihasanefivanzay wionafinasenisiden
Sussninsswumestudandlelvd umiilesann MeOH Sfundsiianunsainiusslalasiau
gy Faudadenld DMSO Wudwhazans mswiwdasiliansaeuasanasiionan
ruluudnsld DMSO Wushvinazanenduliimanuituuasiigaiian

dwSuszuuinyhazans DMSO : HEPES finunisiasuuvasanuduuaniiodenisls
onadunaunantrmlesilddlsimnzay fadunsvnaosdaunisinnisinefiewdnives
Hnzaudmsunisveass Tneldenldswmes 4 vila fie MOPS, Tris, PBS way HEPES @9

gnihuwssedludiihazats DMSO uazyinnisinalunasunismeuasvessiouines S2 uag
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Aanuanasuiiviataiag audia 40 udt (1w 45) HaNSNARRINUITIUNNY seuudnines
oH 7.4 dlodvansavane 52 Al3 1 undl avsilinnsmeuasanas widlefialiuuduil 20-40
wfl szuAszuutviiod MOPS uay Tris ity (11w 45 () way (d) Fidnisaenadlyl
anasdn wazszuuTWinesAiAiande DMSO : Tris iwsgliaranuduuasiiganinszuy

DMSO : MOPS

500 CC in DMSO + HEPES

500
400
300 5 min

Int

200 10 min
100

300 400 500 600
Wavelength (nm)

L a s -5 v o
AN 42 AUARIUNITANYLEIVDITLIULABS S2 (1 x 10~ M) Tuszuudvinazany DMSO -

HEPES #din1swseuatsazatsnsliiduiian 5 wag 10 w1l

CC in MeOH + HEPES
600

500
400

£ 300 5 min

200 =10 min

100

300 400 500 600
Wavelength (nm)

o a s -5 o o
AN 43 @LUANTUNITANELAIVDITLTULRDST S2 (1 x 10 M) Iuig‘U‘UfﬂTVl’]a%a']EJ MeOH

HEPES #din1sieseuatsazansnsliiduiian 5 wag 10 w1l



600 CC in MeOH +H,0O
500
400
£ 300 s 5 N
200 10 min
100 \
0 L e e e
300 400 500 600
Wavelength (nm)
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o = s -5 v o o
AN 44 FLUANTUNITANELEAIVDITLTULADS S2 (1x10 M) EL'L!ﬁ%UUC‘I'J'Vﬁﬁ%ﬁ']EJ MeOH a3

nswsenatsazatealiiuian 5 way 10 w1l

CC_DMSO+HEPE

(©) CC_DMSO+PBS

—40min

—20min

Imin 3

Waeelength

CC_DMSO+Tris
CC_DMSO+MOP

Wawckength

—20min
—40min

-1 min

AN 45 @UnASUNNTANDLEIYRISITUWRY S2 (1 x 10 ~ M) Tuszuutvies @) DMSO -

HEPES, (b) DMSO : PBS, (c) DMSO : MOPS, (d) DMSO : Tris

Anwanudendnwiglunisiuiviiandlelnadewmaiiangeasaiud

WalAsEuUimynNaan oMM AUWAIENTATANVRITIUWBS  S2  FUMI8UNAINY

Y Y -5 v o . o = A o [
Wt 1x10° M Tusguudaviazans DMSO : Tris Qﬂuqll”lﬂﬂ‘if}’]ﬂ?’]llLﬁ@ﬂ’iﬂLW']%IUﬂ']'i"i]Uﬂ‘U

imdlelna 8 wilafe ATP, ADP, CMP, GDP, GMP, UMP, UDP way UMP mewailangestsa



59

wus legvinisdudandlolvadiuiu 50 equivalent asluluansazaieuss S2 wan1svnass
wuimsiuiindlelndasvilianisaeuaes 52 anas (1 46) tnedindlelndiivihls
MIAEuAIanAINTigaFe GDP way GMP antuiwihnisnmsmssnindeumes s2 fu
GMP (0-50 equivalents) WUTINISABLATBY S2 FzAeEY anasilowdiu GMP Ay
47) mﬂsﬁagamﬂmmmLﬁ'aﬁwmﬁﬁmmm binding constant (log K) mu@un15984 Benesi-

Hilderbrand (AW 48) anunsamuiadlann log K winiu 3.85

CC 1xE-5 +guest 50 eq

350

300

= CC+s0l_5min
250
——CC+ADP_Smin
200 I W = GDP ———CC_GDP_5min
: ) ——CC_GMP_5min
E 150
GMP ——CC_CMP_Smin
100 ——CC_UMP_5min
I ———CC_UTP_5min
=0 y : ——CC_ATP1_Smin
0 __-’4-*' _‘_'_I"“"""""""""_'-\-"" — CC_UDP_Smin
300 350 400 450 500 550 600 650 700
-50
Wavelength

=) = (% 2 s -5 v o
AN 46 NMIUTYUNPUAUNATUNITANYLAIVDINTUMDT S2 (1x10 ™ M) Tuszuusiyinazany

DMSO : Tris isifuilinalelnaviingige §1uau 50 equivalents

CC+GMP

—_—C3
600 ——CC+GMPleq
——CC+GMPlegl
—CC+GMP2eg
——CCHaMP3eg
——CC+GMPdeq

500

400 —CC+GMPSeq

—— CCHGMPEeq
——CCHGMPTeqg

300 ——CC+GMPBeq

Int

—CCHGMPIeg
—CC+GMP10eq
——CC+GMPL5eq
——CCHGMP20eq
——CC+GMP25eq
——CCHGMP30eq
CCIGMP3Seq
300 350 400 450 500 550 600 650 g rempaten
-CC+GMPASeq

-100 CCHGMPSOeg
Wavelength

U a [ -5 U o .
AN 47 AUNATUNIIANYLEIVBITIULNBS S2 (1x10 ™ M) Tuszuusiyinazany DMSO : Tris

Wavihnslnmsndu GMP §1uau 0-50 equivalents
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[=]

L1 -1)

y=0.0003x+2.126
R*=0.0734

a 2000 4000 6000 8000 10000 12000 14000

1/[GMP]
AN 48 NFINAUATINLANHANITINNTAVD IS UMDS S2 AU GMP LD LEIUNITATLINN

A1 binding constant (log K)

Anwanudanduwiglunsiuiuiiardleinddewmaiia "H-NMR titration

devhnistnmseansarats GMP adluansazane 52 Tuszuudiagans DMSO -
ds : D,0 (7:0.5 v/v) agsiibidansidsuudasdygnaldsneusiaves GMP uay S2 fanm
49 Fyayailusmeutas GMP aziansideulums downfiled dintes tuRednyayalusnou
H, (7.83 ppm) uae Hy (4.42 ppm) Taesumis H, aziinnisideusumislunig downfield
1niiga (Feuan 7.83 TUfl 7.91 ppm) dunsdlvessiwumed s2 Huaznumsiedeuiilums
downfield ¥aslusaouULIIAITUILEEA Hy, Hy, Hy, He, Hy d@ulusneauaes 12B-H wag 7B-H
wipdeulUnng downfield Wintos Tasdunisfinunsideusnndigade H, (Bouain 8.11
107 8.21 ppm) wenaniinnnnisinaudyaiaiusneu H, waztfeyalufinwimewmeadia
Job’ plot 1legnsndun1sduiusewing S2 U GMP (7w 50) WuingngeaaveIngMsn
WU x 71 0.5 uaneinnsduusening 52 - GMP Wunuu 1: 1 ielidnlansfuiusening
S2 fiu GMP 33¥n13An®lATIAs19AINAa1A8NITAIUIMN AN IN O S8 TUTWLATY DFT
¥iln B3LYP/6-31G Idnan1sdrasdlassaiiafanin 51 fanuinsveyinasewinevy NH-3
vinauazvgwoawlnues GMP aglutig 1.6-1.9 A uansivyweannves GMP LU1luifin
ftusglelasiautiumy NH-afulsmiaaesos S2 winaann "HNMR lianursafulusaeuly
fuisldiesansyuuiwhazane iy DMSO-d, : D,O (7:0.5) @sAn57il D,O dawarin
Indyaalusnouves NH-asutuaniely deyaannismuismuiivyneainnves GMP
Lilduddluasaiusylelasiauiu NH-adunumwindy winunisadaiusslaausdiui
uduvossuleafisumus C, Ghundsihenauduadulaseadie) vlanudueslsuin
vernmiulgaanamswumsiintuse faiudoilisle s2 futu GMP aziiansanas

vadyauigeaisaud uenanlidanuimyneaniu H, veaua Guanine Tulaseasng
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299 GMP 11921AAN1585198UnTASE180Ue T8nIeAU (Seaerng 2.3 A) Jevilanunisiaeu

sunuslusneu H, v0e GMP 1Un1e downfield

0
N
NH
oo o A
0-P-0 o f N7 °N” °NH,
(@) c
d e
HO = OH
H1,4,' 3
H H, ~. H, 52 12B.7B \\
3 A It A
M!: .""-u.....-—u—w"ff \-"‘\"‘ A :\'\—— ol f
P f- $2+GMP :'
GMP | ;
2 & ¢
X B2 LA 7.5 T T4 7.2 7.0 [ =] LX) 6.4 62 () 58 a6 54 52 50 4.8 4.6 44 4.2 4.0
pPpm

AN 49 MTUSBUBU H — NMR a@lnssuging 8.5-3.8 ppm U893L9ULeas S2 (5x10° M)

dlovnmslnmsase GMP (3 equivalents) Tu DMSO-d, : D,O (7:0.5, v/v)

0.006 -
0.005 - *

0.004 - MR .
0.003 -
0.002 -
0001 - ¢

0 ‘ 1 1 1 1 ’
0 0.2 0.4 0.6 0.8 1
XG

AS*X,
.

A 50 N5 Job’s plot leannshinaudygialusne H; v0s5ieumes 52 Wevinns

Tywmsniu GMP
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AN 51 1AS98519WEAINISTUNUTENINTIULADS S2 AU GMP Aleannniseulalasaasiy
melUshnsy DFT ¥8a B3LYP/6-31G USHANNauAbAdaAAIsILALIALAAN1SAS 19N UsE 1A

udsEIavdeamnue GMP Aulsuuduvesmsuileaann S2

d3una

Slwumedannaedniedaaosluiana (S1 waz 52) gnduasizviiiothandny,
anuanansalunisduiulessuau nsmeriily warviandlelng sremedaseg fall 'HNMR,
g3-380a vgeaisawud warni1sinaediiananigeuiianes NaaINAISANYINUIISIIUINDS
s1 Wleduiu F dadulessuaviiimuduiuagaazyinliiAnnismgalsneuiingdu NH-an3
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C2_C0018: STEROID BASED RECEPTOR CONTAINING ACIDIC NH-
CARBAMATE BINDING UNITS FOR ANION RECOGNITION

. Anchalee Sirikulkajorn,"* Boosayarat Tomapatanaget,” Piyatida Yunyong,' Wikorn
Punyain'

'Department of Chemistry, Faculty of Science, Naresuan University, Phitsanulok 65000,
Thailand

2Supramolecular Chemistry Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Bangkok 10330, Thailand

*g-mail: anchaleesi@nu.ac.th
Abstract: A synthetic anion receptor (S2L) based on steroid consisting of cholic acid and

NH-carbamate proton at C7 and C12 positions as the binding site was designed and
synthesized. The binding abilities toward anions (F', CI’, Br’, I' and Bz) and aromatic amino
acids (Phe and Trp) were investigated using 'H-NMR  spectroscopy, UV-vis
spectrophotometry, and computer simulations. The optimized structures of the S2L-halide
anion complexes revealed that F~ leads to the deprotonation at one of the NH-carbamate
binding sites as shown in Figure 1, whereas the other halide anions bind with S2L using
hydrogen bonding. In addition, binding of Bz, Phe and Trp with the receptor is based both
on hydrogen bonding as well as n-m stacking interactions. The binding constants (log K)
which calculated from the UV-vis titration technique showed that F~ has the strongest
binding affinity towards S2L over the other anions. (abstract only)

Figure 1. a) Structure of S2L receptor and b) The optimized geometry of the fluoride-S2L
based complex using semi-empirical methods (PM6) showing the deprotonation at one of
NH-carbamate binding site by F".

C2_C0019: A HIGHLY SELECTIVE SENSING FOR HISTIDINE BY
MONONUCLEAR COPPER(II) COMPLEX BASED CHEMOSENSING ENSEMBLE
Sarayut Watchasit,' Thawatchai Tuntulani,' Chomchai Suksai™*

'Supramolecular Chemistry Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Bangkok 10330, Thailand

Department of Chemistry and Center for Innovation in Chemistry, Faculty of Science,
Burapha University, Chonburi 20131, Thailand

*e-mail: c.suksai@yahoo.com
Abstract: Histidine (His) is an essential amino acid for human growth. It can also act as a

neurotransmitter in the central nervous system of mammals. Histidine-rich proteins are found
to play many important roles in humans and their abnormal level could indicate a variety of
diseases. Therefore, detection of His in biological fluids has become an important goal and a
number of methods have been developed for this purpose. In this research, the novel
chemosensing ensemble between the mononuclear copper(ll) complex Cul with azo dye
indicator 4-(2-pyridylazo)resorcinol PAR, [CuL-PAR] was prepared and its sensing abilities
towards a-amino acids was investigated under ligand displacement strategy in 20% (v/v)
H,0/CH;CN buffered at pH 7.4 with HEPES. Results from UV-visible titration showed that
[CuL-PAR] ensemble could discriminate His selectively from the other a-amino acids by
changing the red color of ensemble to yellow color of free PAR. The limit of detection
(3c/k) for His was 0.7 uM. The analytical utility of the [CuL*PAR] ensemble for the
analysis of His was tested using spiked His to urine sample. It was found that the recoveries
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Abstract
Steroidal receptor Possessing carbazole (CC) was investigated the binding ability with
nucleotides (ATP, GDP, GMP, CMP, ADP, UMP and UDP) by using fluorescence and 1H-NMR
techniques. Experimental results indicated that the optimum media is DMSO : Tris buffer solution
and CC showed a seleclivity for GMP and GDP, The binding between CC and nucleotide occurred
via a hydrogen bonding interaction of nucleotide phosphate group with NH-carbamate binding unit in

CC. The complex formation caused a decreasing in emission intensity (7&.,,“,‘ = 303 nm) of CC

receptor. The highest quenching in fluorescence intensity was observed in the case of GMP. The

binding constant in term log K which equal to 3.85 was calculated.

Keywords:  Steroid/ nudeolidw\ﬂuorescencel emission intensity quenching
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Abstract

A synthetic receptor (S2L) based on cholic acid and possessing two NH - carbamosulfonamide binding
sites at C7 and C12 positions was designed and synthesized. The binding abilities toward various anions
(F, CI, Br, I, AcO, BzO, CN, H,PO,, HSO,, CIO, and NO,) were investigated using "H-NMR
spectroscopy, UV-Vis spectrophotometry, and computer simulations. Changes in the 1H-NMR spectra

revealed the binding with anions occurring at the NH - carbamosulfonamide binding sites via a hydrogen

" o1msd, ? fFadSuaned, medriadl amdinemans awiinenasusms a.vilng a.dies a.finnlan 65000
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bonding formation. Results from UV-vis spectra, and optimized structures of the S2L-halide anion

complexes exhibited a possibility to deprotonation at one of the NH-carbamosulfonamide group in the case

of the binding with strong basic anions (CN', F, AcO, BzO and H,PO, ). Job plot analysis indicated the

formation of 1:1 host-guest complexation. The highest binding constant was obtained from CN (log K =

6.08)

Keywords: Cholic acid, Receptor, Anion binding

Introduction

Cholic acid, a member of steroid group of
compounds, has been explored as a potential
scaffold in receptor design and guest recognition for
many years.1'4 Due to their  structural
preorganization receptors based on cholic acid are
endowed with well-defined shape and
complementary binding sites for binding with various
guests. One advantage of cholic acid as a scaffold
in host-guest chemistry, especially in the area of
anion recognition, is its structure containing polar
functional groups suitable for anion binding sites.
Furthermore, cholic acid possesses lipophilic
surfaces, which permit solubility of the receptors in
non-polar media.5 The second advantage is a good
framework for multiple binding sites. Three
secondary hydroxyl groups (30-OH, 70-OH and
120-OH) on the cholic acid building block were
substituted with a variety of functional groups to
provide two distinct classes of anion receptors; (a)
electroneutral anion receptors and (b) positively
charged receptors. The electroneutral anion
receptors are gaining increasing attention6 because
they have several potential applications for example
membrane transport,7 phase transfer,8 and sensing
devices.9 Hydrogen bonding is the main interaction
for the anion binding in the electroneutral receptors.
The binding units, which act as neutral hydrogen

. 10 11
bond donor groups, may be amide, urea,

thiourea,12 sulfonamide13 or carbamate14 based. The
positively charged receptors for anion binding
containing ammonium, guanidinium, and pyridinium
groups have been reported.15

Receptors based on cholic acid are
prepared by attaching electroneutral H-bond donor
groups to 30l-OH, 70-OH, and 120-OH moieties.
Modifications of binding sites at both 70.-OH and
120-OH groups have been shown to be beneficial
for anion recognition because they are co-directed
for guest binding. When all of the hydroxyl groups
were modified, multiple H-bond donor units could be
incorporated resulting in an improvement of guest
binding ability. Davis group and many researchers
have reported the introduction of urea and thiourea
as NH hydrogen bond donors for anion recognition
and shown their higher efficiency for anion binding
in comparison to amide and carbamate. This has
been rationalized by the higher number of hydrogen
bond donors in the urea and thiourea systems.16
Although cholic acid receptors have been used for
the recognition of anions, they can also be applied
to recognize of both N-acetyl modified and
unprotected amino acids..17

Deprotonation of relatively acidic protons of
the receptor binding unit after binding with basic
anions such as F, H,PO,, AcO and OH has been
reported for various types of artificial receptors. This

phenomenon is accompanied by visual color



changes of the receptor resulting in selective
recognition of these anions. Phenol group and urea
group are frequently used as binding units, which
can be deprotonated by basic anions. The
characteristic change in photochemical properties
can be used for “naked-eye” detection.18

In the present work, our aim is to
synthesize a receptor based on cholic acid
containing NH-carbamosulfonamide binding site for
anions. The NH-carbamate groups at positions 70t-
and 120~ of the receptor were expectly more acidic
by attachment of the p-toluenesulfonyl group. The
effect of the NH-carbamosulfonamide groups on the
binding ability with anions was investigated by using

both experimental and computational methods.

Materials and Methods

General

All reactions were carried out under
nitrogen atmosphere. Unless otherwise noted,
materials were obtained from commercial suppliers
and used without further purification. All solvents
used in column chromatography were distilled from
their commercial grade. Dichloromethane and
acetonitrile were used in AR grade without further
distillation. 1H and 13C-NMR spectra were recorded
on 400 MHz NMR spectrometer, model Ultrashield
Advance 400 from Bruker and chemical shifts were
given in ppm relative to tetramethylsilane (TMS). All
NMR spectra were measured in either CDCl; or
acetone-d,. FT-IR was recorded on Fourier
Transform Infrared Spectroscopy, model Spectrum
GX from Perkin Elmer using KBr as a matrix. Mass
spectrum (ESI) was recorded on Bruker Daltonics

Maldi-TOF. UV-Vis spectra were recorded on UV-

Vis Spectrophotometer, model Jasco V-650 (double
beam). All spectra were recorded in acetonitrile.
Synthesis of methyl 30-acetoxy-7Ql, 120L-
bis[toluenesuIfonylcarbamate]-SB-cholan-24-
oate (S2L)

In a 100 mL two-necked round-bottomed
flask, methyl 3d-acetoxy-7al, 120-dihydroxy-5[3-
cholan-24-oate (C1) (0.50 g, 1.08 mmol) was
dissolved in dichlromethane (50 mL). Then p-
toluenesulfonylisocyanate (0.40 mL, 2.69 mmol) was
added and the mixture was stirred at room
temperature for 24 h. The solvent in the reaction
mixture was evaporated under reduced pressure.
The residue was purified by silica gel column
chromatography, eluting with ethyl acetate : hexane
= 2:1 to provide the desired product as a white solid
(R; = 0.61)

Compound S2L Yield 31.52%. "H-NMR (CDCly)
O: 8.61 (1H, bs, NH- carbamosulfonamide), 7.90
(4H, dd, J = 23, 8.6 Hz, aromatic H,), 7.62 (1H, bs,
NH-carbamosulfonamide),7.39 (4H, dd, J = 24, 8.6
Hz, aromatic H,), 5.01 (1H, bs, H,), 4.85 (1H, bs,
H;), 4.52 (1H, m, H3), 3.67 (3H, s, COOCHy,), 2.44
(6H, d, J = 6 Hz, aromatic CH;), 2.11 (3H, s,
CH;COO0), 0.86 (1H, s, H,,), 0.60 (3H, s, H,g), 0.54
(3H, d, J = 6.8 Hz, Hy). "H-NMR (acetone-d;) )
10.19 (1H, bs, NH- carbamosulfonamide), 7.92 (3H,
t, J = 8.4 Hz, aromatic H,), 7.77 (1H, d, J = 8.4 Hz,
aromatic H,), 7.45 (3H, dd, J = 8.0, 3.6 Hz,
aromatic H,), 7.36 (1H, d, J = 8.4, Hz, aromatic H,),
6.55 (1H, bs, NH- carbamosulfonamide), 4.91 (1H,
bs, Hy,), 4.78 (1H, bs, H;), 4.45 (1H, m, H3), 3.64
(3H, s, COOCH3), 2.46 (6H, d, J = 2 Hz, aromatic
CHj;), 2.03 (3H, s, CH;COO), 0.94 (1H, s, H,,),
0.68 (3H, s, Hy), 047 (3H, 2s, Hy). C-NMR
(CDCl;) O 12.05, 17.48, 21.73, 21.82, 22.39, 22.74,



25.28, 26.66, 27.28, 28.34, 30.67, 31.41, 34.43,
34.61, 34.85, 38.14, 40.73, 42.76, 45.05, 47.26,
51.66, 74.11, 74.27, 79.48, 126.64, 127.92, 128.31,
129.75, 129.91, 130.13, 136.10, 136.14, 145.51,
149.96, 150.46, 170.89, 174.45. FT-IR (KBr); 3593,
3234, 2955, 2872, 1739, 1162 cm’. MS (ESI) m/z
caled for C, 3HgN,04,S, [M + Na]+ 881, found
881.273.
Anion recognition studies

Anions recognition abilities of S2Lwere
investigated using 1H-NMR and UV-vis titration
experiments. A study of the binding with anions
by 1H—NMR was performed using solutions of S2L in
acetone-d,. The solution of S2L for UV-vis titration
with all guests was prepared in acetonitrile. The
concentrations of S2L solutions are 3.0x10° M and
4.5x10_4 M for NMR and UV-vis experiments,
respectively. All anions are in a form of
tetrabutylammonium salts.

Halide anion recognition by computational

method

All possible starting geometries of steroidal-
based receptor for anion substrates were
constructed using experimental data. Anion targets
were located in the middle of two functional groups,
which are electron deficient and can form hydrogen
bonds. Semi-empirical methods (AM1, PM6 and
PM7) were used in the geometry optimizations for
all steroidal-based receptors and complexes with
anion guests.

The interaction energies were calculated
follow the equation

Eint = Es.a - (Es + Ep)
Where E,, = interaction energy (kJ/mol)

Es 5 = heat of formation of anion-receptor

complexes (kJ/mol)

Es = heat of formation of receptors (kJ/mol)

E, = heat of formation of anions (kJ/mol)

The selectivity was calculated using the
interaction energy of each complex divided by the
interaction energy of the complex with lowest
interaction energy. All calculations were performed
with the program package MOPACZO12.19 The
molecular geometries were drawn with the program

MOLDEN.”

Results and Discussion

Synthesis of S2L receptor (Scheme 1)
Compound C1 was prepared according to

. 16b,21
literature procedures by

simultaneous
esterification of both the hydroxyl group at position
C; and carboxylic group at position C,, of cholic
acid using p-toluenesulfonic acid and methyl
acetate. The coupling reaction between C1 and
toluenesulfonyl isocyanate at room temperature for
24 h afforded the desired product (S2L) in 31.52%
yield after purification by column chromatography
using ethyl acetate : hexane = 2:1 as eluent. The
reaction of two hydroxyl groups at positions C,; and
C,, with isocyanate group of p-toluenesulfonyl
isocyanate compound yielded two
carbamosulfonamide groups, which were designed
as binding sites for anion recognition. The final
product was characterized by 1H-NMR and 13C-NMR
spectroscopy, FT-IR and high resolution mass
spectrometry.
Anions Recognition Studies by 1H-NMR
Titration

The binding of S2L with anions (F, CI, Br,
| AcO, BzO, CN, H,PO,, HSO,, CIO, and NO;)
was investigated using 1H-NMR titration. As shown

in Fig 1, the aromatic protons (H, and H,) at 7.00-



8.00 ppm were displayed. The signals of H;, H; and
H,, were observed in the range of 4.40 — 5.00 ppm.
The aliphatic protons, H;, and H,;, on carbons were
adjacent to the carbamate binding sites. Two peaks
at 10.19 and 6.55 ppm were assigned to NH-
carbamosulfonamide. One NH peak appeared at
more downfield position due to a formation of
intramolecular hydrogen bond between the near two
adjacent  carbamosulfonamide  groups. This
intramolecular bond can be proven by a
computational optimization of S2L structure using
PM7 method as shown in Fig 7.

Considerably, binding affinity of S2L with
anions remarkably exhibited the spectral changes of
aromatic protons (H, and H,) and aliphatic protons
(H; and H,,) as shown in Fig 1. In the case of NO;
and HSO, , the peak of NH at 10.19 ppm exhibited
a large downfield shift to 12.10 ppm while another
NH peak at 6.55 ppm showed a small shift to
downfield. The aromatic H, and H, protons at 7.00
— 8.00 ppm were also shifted to downfield while the
aliphatic protons (H; and H,,) at 4.70 and 4.90 ppm
shifted to upfield. These results indicated the
formation of hydrogen bonding interactions occurred
between NH-carbamosulfonamide and the anions. In
the case of Cl, Br and | which studied in CDCl,
solution, the signal of H, was shifted to downfield
while the signal of H, showed the upfield shift.
These changes suggested the host-guest binding
via hydrogen bond formation at the NH-
carbamosulfonamide binding sites. Unfortunately,
the expected downfield shift of the NH-
carbamosulfonamide proton has not been detected
in CDCI; solvent.

Compared to other anions, the different

changes of S2L protons including NH, H,, H,, H-,

H,, and H; were observed upon the addition of
strong basic anions (F, AcO, BzO, CN and
H,PO,), for instance a disappearance of the NH
proton at 10.19 ppm and an upfield shift of H,, H,,
H,, H,, signals. The observation of the different
changes in "H-NMR signals of S2L implied that the
binding properties of S2L toward strong basic
anions are different from those with other halide
anions, NO, and HSO,. Results from 'H-NMR
titration showed that strong bases of CN and F
could strongly affect to the shifts of all protons,
neighboring the anion binding site. This means that
S2L binds strongly with CN and F. In case of CN’
(Fig 2), the peak of NH proton at 10.19 ppm
simultaneously disappeared after adding 0.1
equivalents of CN but another NH proton at 6.55
ppm exhibited a downfield shift upon the addition of
0.1 — 0.7 equiv of CN and then thoroughly
disappeared with the increase of CN to 1.0 equiv.
The disappearance of both NH protons could not
observe in the case of 1.0 equiv. F addition (Fig 3).
This means that CN" which is a stronger base than
F, deprotonated both NH-carbamosulfonamide
groups. Interestingly, a significant upfield shift of
aliphatic proton (H;) at 4.45 ppm was also found.
The reason may be electron density increasing of
the deprotonated form of S2L induced shielding
effect. Job’s plot based on the 1H-NMR titration data
obtained by monitoring H; proton signal supports a
1:1 host-guest stoichiometric ratio in all cases (Fig
4a and 4b).
Anions Recognition Studies by UV-Vis
Titration

The studies of binding of S2L with anions
were performed in acetonitrile. The titration studies

of S2L with all anions demonstrated the spectral



changes in UV-Vis spectra in three different regions.

In acetonitrile, the spectrum of S2L showed a peak

with A, at 263 nm. Titration with CN', F, AcO’

and H,PO, caused a decreasing in the absorption

band at 263 nm while a new band at 7\.max of 250
nm was developed. An isosbestic point at 254 nm
was observed (Fig 5). This indicates the formation
of a new product, which was proposed to be the
deprotonated form of S2L. This result was in
agreement with a computational simulation result,
which indicated the deprotonation at NH-carbamate
binding site after the addition of F. To confirm the
deprotonation of S2L at the NH-carbamate binding
site by strong basic anion, a titration with OH’, was
performed. Similar changes in the UV-Vis spectra of
S2L, upon the increment of CN, F, AcO and
H,PO, , were obtained.
Unlikely, the UV-Vis spectral change of
S2L in the case of CI, Br and CIO, (Fig 6a)
displayed a slow decrease of the absorption band at
263 nm without a new absorption band and
isosbestic point but a new band around 300 nm was
observed upon increase amount of NO, and HSO,
In the presence of |, the characteristic absorption
band at 263 nm of S2L remained unchanged but we
found an appearance of the characteristic band of I
and BzO at 250 nm and 265 nm, respectively.
Concerning the aromatic guests; BzO (Fig 6b), the
absorbance at 263 nm of S2L was slightly
increased possibly caused by the complementary TT
— TU stacking interactions with the receptor.
To investigate the binding affinity of S2L,
the log K values calculated using the Specfit 32
program and according to the Benesi-Hilderbrand
equation of 1:1 host-guest complexation22 from UV-

vis titration data, were evaluated. As shown in Table

1, the highest log K value of 6.08 was obtained for
the complex with CN. The low log K values
obtained in the case of CI, Br, I, BzO, NO;,
HSO, and CIO, binding related to a low anion
basicity and large ionic radii. These properties
indicated that these anions did not prefer to bind

with  S2L. Surprisingly, the induced-fit binding

involving both H-bonds and T-TT stacking
interactions in the complexe of S2L with BzO,
provided the lowest log K values of 4.11. From all
results, it can be explained that a large size and
steric guest gave the promising influence of binding
affinity.
Anions Recognition Studies by Computational
Simulation

The optimized structure of S2L (Fig 7) was
observed the intramolecular hydrogen bonds
between the near sulfonamide group and NH group.
The optimized geometries of halide-S2L complexes
showed that two NH-carbamosulfonamide binding
sites in S2L formed hydrogen bond with the halide
anions. The halide anions located in the middle of
two NH-carbamosulfonamide groups and were
stabilized by the hydrogen bond. Interestingly, it was
found that fluoride anion removed one of hydrogen
from one NH-carbamosulfonamide group in the
fluoride-S2L complex, shown in Fig 8. This
simulated complex structure supported our
hypothesis about the possibility of deprotonation at
the NH-carbamate of the receptor by basic anions
such as fluoride. Similar results have been reported
by many research groups [18]. They have
synthesized the hyodeoxycholic acid-based receptor
for studying the binding properties with anions; F,
Cl, Br, I, and H,PO, . The optimized structures of

S2L complexes with CI, Br, and I, revealed that



they preferentialy formed only hydrogen bonds with
both NH-carbamosulfonamide binding sites.

Table 2 showed the binding energy and the
selectivity of halide-steroid base complexes. It was
found that AM1 method yielded the overestimated
binding energies when compared to the PM6 and
PM7 methods. The calculated binding energies from
all three semi-empirical methods showed a dramatic
increase in the series from the fluoride-complex to
the iodide-complex. This demonstrated that the
halide complex became less stable with the
increasing size of the halide anion. As anticipated,
the calculated selectivity further supports the results
obtained by 1H-NMR and UV-Vis spectroscopy that
S2L offered a high stability with F over other halide

ions.

Conclusions

The cholic acid receptor S2L containing two NH-
carbamosulfonamide binding sites has been
successfully designed and synthesized. lis
recognition  properties toward anions were
investigated. The interaction with cyanide, fluoride,
acetate and  dihydrogenphosphate  displayed
deprotonation at the NH-carbamosulfonamide
binding site. These complexes also exhibited
highest binding strength. The stiochiometry of 1:1
was determined using Job’s method from the 1H—
NMR data for all anions. The optimized geometry of
the fluoride-S2L complex revealed the formation of
hydrogen bonding and deprotonation at one side of
the NH-carbamosulfonamide binding unit while other
halide anions formed only hydrogen bonding with
the NH-carbamosulfonamide of S2L. The receptor

S2L bound with aromatic guests; BzO using both

H-bonds and TT — TU stacking interactions. Distinct

changes in the UV-vis spectra of S2L could define
the performance of guests in three categories such
as deprotonating anion (CN, F, AcO and H,PO,),
T — T stacking binding guests (BzO'), and H-bond
forming guests (CI, Br, I, NO,, HSO, and ClO, ).
In the presence of the deprotanating anions, a
gradual decrease in the absorption band at 263 nm
with a concomitant of increase in the new
absorption band at 250 nm was significantly
observed. This new band reasonably corresponds to

the deprotonated form of the receptor.
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Scheme 1. Synthesis and numbering system for receptor S2L.
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Fig. 1 Partial 1H—NMR spectra of S2L in acetone-d, with 3 equivalents of anions
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Fig. 4 Job plot for the complex between S2L and (a) fluoride ion and (b) cyanide ion (1H NMR experiments by

monitoring the shift of H; proton).
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Table 1. Binding constants calculated from UV-vis titration of receptor S2L for all anions
Anions Log K° Log K’
CN - 6.08

F 5.82 5.57
o] 4.05 -
Br 2.69 -
AcO - 5.16
BzO - 4.11
H,PO, - 5.43
HSO, - 4.62
clo, - 5.36
NO, - 4.24

a
log K values are calculated from Specfit32 program.

log K values are calculated from Benesi-Hilderbrand equation

Fig. 7 The optimized geometry of the receptor S2L using semi-empirical methods PM7showing an intramolecular

hydrogen bonding between two carbamosulfonamide binding units

PM7

AM1 PM6

Fig. 8 The optimized geometry of the fluoride-S2L based complex using semi-empirical methods (AM1, PM6 and

PM?7) showing the deprotonation at one of NH-carbamosulfonamide binding unit by F .



Table 2. The interaction energy and the selectivity of steroid-based receptor complexes by semi-empirical

methods
Complexes Interaction energy (kJ/mol) Selectivity
AM1 PM6 PM7 AM1 PM6 PM7
S2L-F -575.07 -260.68 -279.50 1.00 1.00 1.00
S2L-Cl -194.98 -146.76 -147.74 0.34 0.56 0.53
S2L-Br -184.05 -164.77 -84.00 0.32 0.63 0.30

S2L-1 -160.44 -129.41 -63.99 0.28 0.50 0.23
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