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Abstract
ﬁ

Project Code : PDF/10/2541

Project Title : Synthesis of a New 1,3-Alternate Calix[4]-cyclen-crown-6 and Study of its Complexatic

Properties with Cations, Anions and Organic Molecules

Investigator :

1. Project Advisor : Assoc. Prof. Dr. Vithaya Ruangpronvisuti Department of Chemistry, Facult
of Science, Chulalongkorn University

2. Head of Project : Dr. Buncha Pulpoka Department of Chemistry, Faculty of Science.
Chulalongkorn University

E-Mail : pbuncha@chuia.ac.th
Project Period : 2 years

Objectives :

1. To synthesize calix[4]arene derivative containing polyaza on one side and crown ether on the
other side of 1,3-calix[4]Jarene framework
To study complexation studies of synthesized ligand with cations, anions and neutral molecules

3. To study redox properties of the obtained complexes

Methodology : Calix[4]arene derivative was functionalized by incorporating polyaza unit on one side
and benzo-crown unit on the other side of the framework. The obtained compounds were
characterized by spectroscopic methodes. Complexation Studies of the synthesized ligand were

carried out by mean of 1H--NMR spectroscopy.

Results : 1,3-Alternate calix[4]-cycien-benzo crown-6 was synthesized by substitutions in 3 steps. The
qomplexation studies revealed that this ligand can form 1:1;1 complexes with Zn":+ and Cs' ions. It
was revealed that counter anions play an important role in complexation. This ligand can serve as

receptor for organic molecules.

Conclusion : 1,3-Alternate calix[4]-cyclen-benzo crown-6 was synthesized. Due to its concave
. structure indicated by 'H NMR spectrum, this ligand can act as “hard-soft receptor”. It can

accommodate anions and complexes organic molecules.

Suggestions : The complexation study with other technique, i.e. UV-Vis spectrophotometer, should
be completed. ‘

- Keywords : calix[4]arene, cyclen, benzo-crown-8, complexation, macrocycle
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WAUNINN 1 LAABULIRINIT IUNISRUATIZN 1,2-bis(diethyleneglycoltosyl)benzene (9)

Diethylene glycol ditosylate (10) ¥ne119afunaNIUA 1 amﬁmﬁ diethylene glycol
(10.62 nFu, 100 UaAKTuR) triethylamine (14.5 dadams, 200 Nadlua) was DMAP TaBunaddii
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(d, 4H, J,,, = 8.3 Hz, ArH), 7.33 (d, 4H, J,,, = 8.3 Hz, ArH), 4.07 (t, 4H, 'JHH = 4.6 Hz,
TSOCH,CH,), 3.59 (t, 4H, J,,,, = 4.8 Hz, CH,0), 2.43 (s, 6H, ArCH,)
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ns A (silica gel) Toeld CH,ClL/Acetone : 96/4 flusiazazld 1,2-bis(diethyleneglycoltosyl)
benzene (9) ilursauar@ndes (0.15 nfu 9 %) Jundadua 'H-NMR spectrum (CDCI,, &
(ppm), 200 MHz): 7.77 (d, 4H, J,,,,= 6.73 Hz, ArH), 7.26 (d, 4H. J,.,, = 7.9 Hz, ArH), 6.86 (s, 4H,
ArH), 4.14 (t, 4H, J,,,, = 4.7 Hz, TSOCH,), 4.02 (t, 4H, J,,,, = 4.7 Hz, OCH,), 3.74-3.70 (m, 8H,
CH,0OCH,). 2.37 (s. 6H, CH,); IR spectrum (KBr (cm™)): 3067 (CH, st (aromatic)), 2809 (CH,, st),
1589, 1494, 1465 (C=C, st), 1367, 1186 (S=0, st), 1128 {O-C-C, st) Elemental analysis: Ana/
calcd for CpyHy,0,,S,: C. 56.55%; H; 5.77%, S; 10.76% Found: C, 56.25%; H, 5.79%: S, 10.65%
usedald dibenzo-18-crown-6 Wundnitusisan (1eufedrnm 0.55 nfu 31 %) 'H-NMR spectrum
(CDCl,, 8(ppm), 200 MHz): 6.91 (m, 8H, ArH), 4.17-4,11 (m, 8H, ArOCH,), 4.05- 3.99 (m, 8H,
OCH,)

(FAaLWITI 2) e mIafunaNIuNe 500 ﬁaﬁﬁmﬁmn 1,2-bis(diethyleneglycol
benzene (12) (2.19 n3u, 7.7 LARINA) triethylamine (1.7 Nadans, 23 UaAlNG) uas DMAP lu
ﬁuﬂmﬁﬁtﬂun:ﬂﬁﬂﬁ%aa:aﬁﬂﬂfailu‘lmﬂaﬂ‘fi‘ﬁtﬁu (200 Daddms) wwdlHidudangraiuds
ABE" NEAATTATAIY TsCI (2.90 nfu 15.2 Hadlua) Wilnraalsiiisu (60 Hadans) aslureafiunax

udsninljirenfiguugiiveailuas 4 falusdninnafndonaisazatanse HCI 3 M (2 x 100
find@mng) unziin (2 x 100 finddns) tnierfusisazaoBuridunfdainon Na,SO, anhydrous
udaulingas vlﬁ'qmnﬁq‘lﬂszmﬂﬁ'r’fm"'m:mﬂa-an‘inu'l-ﬁ'm?mné’uqmm'\mnwuuqu IRTTRT TR
u"nﬁi'lﬁmv‘i'\'lﬁ’u?qwéﬁ'mﬂﬂﬁ’uu‘TnmﬂTﬂnﬂﬂ (silica gel) Imt'ld CH,Cl/Acetone : 96/4 \Tlusaaz
a4 1.2-bis(diethyleneglycoltosyl)benzene (9) lusaswman@mdas (2.27 nfu 56 %) 1lu

NARSTUN
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(FRUUINR 3) Uneraafunanule 500 ﬁaﬁaaﬁiu:ﬁ 1.2-bis(diethyleneglycol)
benzene (12) (qﬁnumvm'lumfé’amﬂzu'ﬁ 3} triethylamine (10.9 HARAM?, 79 HARINA) UAT
DMAP Mfunnuilddlunzacdsdiasaveglularaelsiisy (100 Daddns) wuilddudonsn
tiufs e mueatzazans TsCl (15.07 nfu 79 Tindlus) Tulanselsicu (200 Hsdan:) asluaan
Kunaa wisninfforfiguuniiveadunen 4 Faluedaiunadadpaisazatunsa HCI 3 M
(2 x 100 Fi0RAMI) UAZEN (2 x 100 HAdART) uNB TUATTATAIEDRYITIASainda Na,SO,
anhydrous u#u1lUNsBY uﬁ'amnﬁﬂﬂs:mﬂﬁqﬁﬂﬂzmﬂaanfnu'lim?mné’uqrgzy'\mmmuuqu
vnanreadeildunintivignifuredinllasunlansa (siica gel) Tneld CH,Cl/ethyl aetate
95/5 \Justzazld 1,2-bis(diethylenegiycoltosyl)benzene (9) \utsaunaldinasy (5.00 nfu 42

%) \unfnS o

n1z&3A2IeW alkylating agents 13 URE 14

H K,CO4/CH;CN H
+ Br\/\ Br 2 YCHs =
OH reflux tl
Br
13
H H
K,CO3/CH,CN
+ Br—” Br 20CH, -
OH reflux (LI
Br
14

-l -
WHUNINY 2 NMMrdasTzianslsenay 13 uss 14

2-(2-Bromoethoxy}benzaldehyde (13) \RNATRZAE 1,2-dibromoethane (86.6 NaaRAT 1
) lulauedlalulvsd (50 finfdms) aslummfunan 2 meTuIm 500 finddnsniuseq
salicyaldehyde (12.42 nfu 100 #sflua) K,CO, (26.10 nfu 200 Nadlua)uaz
ueilnlulnsd (200 Hinfdms) musisacaenwfauiaansndiduosn 8 dalusmeldussuanan
Tulasiau ﬁemm:mu'lﬁ'tﬁuwﬁaqmuqﬁﬁaquﬁoﬁﬂ'lﬂnmum K,CO, BN TZIMBAIMIATAEDEN
wuuda axaedoulanaelsiiisu (100 sdans) udandndon 3 M HCI (2 x 100 HAREAT) unzt (2 x

100 upfaR?) uriumrasareBuriituniidauAae Na,SO, anhydrous udatirlinges udeanta
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'lﬂf:mﬂﬁ"w'r'mzmuﬂﬂnTnﬂ'l'h’m?'mné"uqru:mmmmuuqm:‘lﬁmmu."iaamﬁm dievinluuandae
aaguflasunlans @ (silica gel) a4 cH,CI, Wlusarzazla 2-(2-bromoethoxy)benzaldehyde
(13) HhireavandaBundes (5.27 nfu 23 % mp 57-58 °C) undniu 'H-NMR spectrum
(CDCl,, 8(ppm), 200 MHz): 10.55 (s, 1H, ArCHO), 7.87 (dd, 1H, J,,,, = 1.8, 7.7 Hz, ArH), 7.56 (dt,
1H, J,,,, = 0.9, 6.4 Hz, ArH), 7.08 (t, 1H, J,,,, = 7.4 Hz, ArH), 6.96 (d, 1H, J,,,,= 8.4 Hz, ArH), 4.43
(t, 2H, J,,,,= 6.0 Hz, ArOCH,), 3.72 (t, 2H, J,,, = 6.1 Hz, CH,Br); IR spectrum (KBr (cm™)): 3034
(CH, st (aromatic), 2865 (CH,, st), 2762 (CHO, st}, 1677 (C=0, st), 1484, 1451 (C=C, st), 1228
(O-C-C, st), 1183 (CH-Br, st} wazlé 1,2-bis(2-carboxaldehydephenoxy)ethane fluanaundsd
wasuflunfniusison (3.99 NFN 22 % mp 128-129 °C) 'H-NMR spectrum (CDCl,, 8(ppm), 200
MHz): 10.42 (s, 2H, ArCHO), 7.83 (dd, 2H, J,,,, = 2.0, 8.1 Hz, ArH), 7.56 (dt, 2H, J,,,= 1.9, 7.6
Hz, ArH), 7.24-7.02 (m, 4H, ArH), 4.51 (s, 4H, ArOCH,); IR spectrum (KBr (cm")): 3071 (CH, st
(aromatic), 2950 (CH,, st), 2771 (CHO, st), 1691 (C=0, st), 1484, 1451 (C=C, st), 1240 (O-C-C,

st)

2-(2-Bromoethoxy)benzyl aicohol (14) \RNAAZAE 1,2-dibromoethane (43.1 NAaRART
500 fedlua) Wlauedlalulngd (50 Nadams) asluzaafunan 2 ABTUIA 500 NoaRRTTLTY
2-hydroxybenzyl aicohol (6.20 nfu 50 Naslua) K,CO, (34.55 nfu 250 LadAlNA) uaz
uedlalulned (200 Hnddnn AuasazaLwWsaNTEMaNT ufaaniniRendiuna 8 Fabun
Wussennialulasau viasazarefidusubgunniivasudninlinseuen K,CO, aan szvus
MnazatEaanAuuT aratrasdailddanlanaalsiliou (100 Nadans) udradmdan 3 M HCI (2 x
100 findART) wazin (2 x 100 fndaRs) thiuanrasaeBuviidunidmingos Na,SO, anhydrous
udavn ldnseq uﬁaﬂﬁnﬁ']‘lﬂszmﬂﬁ'fzﬁﬂa:muﬂﬂnhﬂ'l'h’m"i“mné"uqmmﬂmﬁuuum.luq:‘lﬁﬂm
maaniiaRiaes (12.06 nf) Wiadmnu@nday diethyl ether A=ld 1,2-(2-hydroxymethylphonoxy)
ethane lutaui@ea (4.35 nfu 16 % mp 139-140 °C) fundniusidon 'H-NMR spectrum
(CDCl,, 8(ppm), 200 MHz): 7.30-7.23 (m, 4H, ArH), 7.01-6.89 (m, 4H, ArH), 4.36 (s, 4H,
ArCH,OH), 4.40 (s, 4H, OCH,CH,0), 3.07 (s, 2H, ArCH,OH); IR spectrum (KBr (cm)): 3315
(OH, st), 3075(CH, st(aromatic)), 2869 (CH,, st), 1598, 1586 (C=C, st), 1235 (C-O, stiuaz 2-(2-
bromoethoxy)benzyl aicohol (14) Fefldnwouzifuteanardinans (7.71 PN 66 %) 'H-NMR
spectrum (CDCI,, 8(ppm), 200 MHz): 7.30-7.20 (m, 2H, ArH), 6.95 (t, 1H, Jon = 7.4 Hz, ArH),
6.80 (d. 1H, J,,,, = 8.0 Hz, ArH), 4.68 (s, 2H, ArCH,), 4.28 (t, 2H, J,,,, = 5.7 Hz, AfOCH,), 3.66 (t,
2H, Jy,,y = 5.7 Hz, ArCH,CH,Br), 2.95 (s, 1H, ArCH,OH); IR spectrum (KBr (cm’")): 3562 (OH, st),
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3075(CH., st(aromatic)), 2869 (CH, st), 1602,1491 {C=C, sl), 1224(C-0, st) Elemental analysis:
Anal calcd for CQH,,Br O,: C, 46.96%; H, 4.82% Found: C, 46.97%; H, 4.77%

mgduazd 1,3-attemate calix{4]-cyclen-benzo-crown-6 (8)

nsfapsacansszneu (8) FHnisAnmuuannalunisdausreiieduy 3 uuang

o -l
AIUNUNTNN 3

H H

't*l)*)‘

Vt%%
R

F }
WHUNNTR 3 uuanataassd 1,3-alternate calix[4]-cyclen-benzo-crown-6 (8) (i), {vi) uRz (viii)

9. K,CO,, CH,CN, refiux; (ii) uaz (v) 13, K,CO,;, CH,CN, reflux; (iil) HN(CH,CH,NH,),, CH,CN,
CH,OH, reflux; (iv) HN(CH,CH,Cl),, CH,CN, Na,CO,, reflux (vii) 14, K,CO,, CH,CN..reflux: (ix)
TsCl, Et;N, CH,CI,; (xi) PBr,, Py, CH,Cl,; (x) utg (xii) cyclen.2H,SO,, Na/EtOH,CH,CN, reflux
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Calix[4]-benzo crown-6 (15) \RUAITRZAILEDY 9 (0.69 nFu 1.2 Hisdlua) luuedlalulned
(50 finddng) ATlLaARUNANTLZIATTUIIUABLI94 calix[4]arene (4.90 nF 1.2 fadTus) K,CO,
(0.17 n¥u 1.2 5iadlua) uazuedlalulned (100 fAafdms) WWEVSndranauauiuazAINIZAN W0
Ufnteneldusseimalulsssuilunm 7 Felifundarzmeiminararaliuds dhienes
uiaildunazanadanlannelsiiiou (100 finddnn) afndan 3 M HCI (2 x 50 RARART) uAZIN (2 X
50 NaRERT) uuNBITUATATATLBUNTTINANS AT FaE Na,SO, anhydrous neaduaduinluszivesin
vnazanueeniaeldiAiaanduamuyntAuLLM thrssudsRldancitupediullrsuntans R (siica
gel) Taeld CH,Cl/acetone : 95/5 lusasazld calix[4)-benzo crown-6 (15) iureudadea
(0.07 ¥y 9 %) 'H-NMR spectrum (CDCl,, 8(ppm), 200 MHz): 7.73 (s, 2H, ArOH), 7. 06 (d, 4H,
Jo.., = 7.4 Hz, ArH), 6.95 (s, 4H, ArH), 6.89 (d, 4H, J,,,, = 9.7 Hz, ArH), 6.74 - 6.65 (m, 4H, ArH),
4,32 - 4.16 (m, 16H, OCH ,), 4.13, 3.35 (dd (AB system), 8H, J,,,, = 13.0 Hz, ArCH,Ar) UaZ calix
[4)-bis-benzo crown-6 (0.14 NFu, 26 %) luudaAniNdau 'H-NMR spectrum (CDCI,, 8(ppm). 200
MHz): 7.06 (d, 8H, J,,,,= 7.5 Hz, ArH), 6.98 (s, 8H, ArH), 6.68 (t. 8H, J,,,= 7.3 Hz, ArH), 4.13 (t,
8H, J,,,,= 4.3 Hz, ArOCH,), 3.77 (s, 8H, ArCH,Ar), 3.69 (t, 8H, J,,,, = 4.4 Hz, ArOCH,CH,), 3.60 -
3.53 (m, 16H, CH,OCH,)

1.3-Alternate calix{4]-dibenzaldehyde-benzo crown-6 (16) \RNAITRZRILMDY 9 (0.73 NFu
1.4 faflug) uedlalulved (30 finddan) aslumafunan 2 maTuIA 250 NAAARSTILITAANT
usIuAanes 18 (1.00 nfu 1.4 Tadlug) K,CO, (1.92 nFu 13.9 fiadlua) uszuadinlulvned (70
finddng) Pidndaesunuuazaunseniant uffennelusmnislulanauthuen 3 5u Hald
Wuudrszivadnvinazateliuks duereawiilfuasaedonlanaalsilisu (50 Dadans) Buans
AZAY 3 M HCI SunTEw pH ~1 udaafndaenin (2 x 50 finAang) wonenduarsazaneBuyieun
Mdmindne Na,SO, anhydrous nﬁmuﬁ'aﬁﬂ'lﬂ?:mﬂﬁ'oﬁmzmmanfnu‘l-h’m?:mnﬁ"uamtu'm'm
wuuvy dnaswiildnduredinliannians i (siica ger) Tneld CH,Cl,/ethyl acetate : 95/5
usrazazldnng 16 fuseude@ena (1.28 nfu 95 %) 'H-NMR spectrum (CDCl,, 8(ppm), 200
MH2z): 10.31(s, 2H, ArCHO), 7.83 (d, 2H. Jun=71.5HzZ ArH), 748 (t, 2H, J_,= 7.6 Hz, ArH), 7.10
- 6.98 (m, 12H, ArH), 6.97 (s. 4H, ArH), 6.74 - 6.59 (m, 4H, ArR), 4.13 (t. 4H, J,,, = 4.6 Hz,
ArOCH,). 3.89 (s, 8H, ArCH,Ar), 3.78 (s, 8H, ArOCH,), 3.73 (1, 4H, J,,,, = 4.6 Hz, OCH,CH,0)
3.56 (m, 8H, CH,0)
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1.3-Alternale calix[4]-diimine-benzo crown-6 (17) \ANATREAE diethylene triamine (0.14
nfu 1.3 fisdlus) luwsuen (30 Hedans) sclumafunan 2 ABIWIA 250 SaRBATILTSY
A1702AI8T89 17 (1.22 nFu 1.3 fiafine) uszusdinlulned (100 fisddns) IMdndremaninanu
aramann WufiFenelsussaniAlulasiswduingn 12 falue Al iSuudaszveiaiiazas

Wiuks duerredanldumiinisiwesidae 1H-NMR spectroscopy Usngdnluiwuiatas imine

M0 8.6 ppm

Calix[4]-dibenzaldehyde (18) \Rnasazaltted 13 (2.51 nfu 11.0 Aadlua) Tuuedintu
nsd¥ (50 fiaddns) adluramfiunan 2 AaTUNA 250 ARBARTALIIAITUIILABEIEY calix[4]arene
(2.12 nFu 5.0 f8@luA) Na,CO,” (5.30 nfu 50.0 Hsdine) uszusiialulned (150 Haddns) Indnd
snauan Uz nsausganemant Mufiunieldussenidlulasaudues 7 u ol
Fuudaszvedninasaraliuk deewdafildunasaudanlarselsiisy (100 Haddns) afn
#1281 3 M HCI (2 x 50 RaRfRAT) LAZYN (2 x 50 HaAARNT) LENEITUATRE AR YIRS ATNAaE
Na,SO, anhydrous nmqué’qﬁ'\'lﬂ?:mﬂﬁqv'i'm:mﬂimﬂ'l-h'l.ﬂ?mné’uqry:u'umﬁuuuuqmumﬁﬂ
arrarareipaiklusuudrduduanauiannazneu alé calixi4]-dibenzaldehyde (18) 1flu
v23ut98112 (2.33 nFu 65 % mp 209-210 °C) 'H-NMR spectrum (CDCI,, 8(ppm), 200 MHz):
10.31(s, 2H, ArCHO), 7.89 (s, 2H, ArOH) 7.86 (d, 2H, J,,,,= 7.6 Hz, ArH), 7.52 (dt, 2H, J,,,,= 1.2
Hz, 8.7 Hz, ArH), 7.04 - 6.99 (m, 6H, ArH), 6.95 - 6.91 {m, 6H, ArH), 6.77 (dt, 2H, J,,,,= 7.5 Hz,
1.9 Hz, ArH), 6.64 (t, 2H, J,,,, = 7.5 Hz, ArH), 4.39, 3.45 (dd (AB system), 8H, J,,,,= 13.0 Hz,
ArCH,Ar), 4.33 (s, 8H, ArOCH,); IR spectrum (KBr (cm™)): 3034 (CH, st (aromatic)), 2921 (CH,,
st}), 2865 (CHO, st), 1682 (C=0, st), 1597, 1507, 1456 (C=C, st), 1240 (O-C-C, st) Elemental
analysis: Anal calcd for C,4H,,O,: C, 76.69%; H, 5.70% Found: C, 75.90%, H; 5.70%

Calix[4]-dibenzy! aicohol (19) \ANRTAZAT8TBY 14 (6.93 nfu 30.0 Hadlua) lu
updlnlulned (50 NafAams) aelumamAunan 2 AATUTA 250 RABARIALITI9AITUIIUAEETRY Calix
[4]arene (4.24 nFu 10.0 fisdluA) Na,CO, (10.60 nFu 100.0 Nadlug) uazuedinlulned (150
fiafdng) andresnnulurnsiivinisaustasesnaniiuina 7 Sunaldussaanislulaseau #ia
Widuudarzimedavinazatelfuts dnanresdeiildnnacanadanlonselsiisy (100 Nadans)
8indae 3 M HCI (2 x 50 HeAAmT) uAZYIN (2 x 50 findans) uanerfuasaraeduyifunindan
#am Na,SO, anhydrous nrmuﬁ'f:ﬁ'flﬂf::maﬁ’q'ﬁwazmﬂtﬂu'li'm‘#mné'uqmm']mﬂu.uum..luﬁu

al  a ] s
whwdRuFuanuiennazneuaz ¥ calix(4]-dibenzyl alcohol (19) {uraudedang (3.86 nfu
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53 % mp 213-214 °C) 'H-NMR spectrum (CDCL,, 8(ppm), 200 MHz): 8.85 (s, 2H, ArOH) 7.31-
7.23 (dd, 2H, J,,,, = 1.7, 7.3 Hz, ArH), 7.16 (dt, 2H, J,,,,= 1.2, 7.8 Hz, ArH), 7.07- 6.90 (t, 4H, J,,,,
= 8 Hz, ArH), 6.98 (d, 4H, J,,,, = 8.7 Hz, ArH), 6.94 (dt, 2H, J,,,,= 1.9, 7.9 Hz, ArH), 6.85 (t, 2H,
Jyn= 7.5 Hz, ArH), 6.77 - 6.60 (m, 4H, ArH), 4.62 (d, 4H, J,,,, = 6.8 Hz, ArCH,), 4.39, 3.45 (dd
(AB system), 8H, J,,,= 13.0 Hz, ArCH,Ar), 4.33 (s, 8H, ArOCH,); IR spectrum (KBr, (cm™)): 3449
(OH, st), 3075(CH, st (aromatic)), 3017 (CH,, st), 1589, 1494,1465, {(C=C, st), 1081 {C-O, st)
Elemental analysis: Anal calcd for C,¢H,, O C, 76.22%; H, 6.12% Found: C, 76.19%, H; 6.08%

1.3-Alternate calix{4]-dibenzy! aicohol-benzo crown-6 (20) ﬁ'ﬁtﬁ?’):';ft‘iutﬁﬂoﬁun'l?
faunmzians 18 usilians 9 (0.56 nfu 1.0 HaAlng) 419 19 (0.72 nFu 1.0 Hiadlus) K,CO, (1.38
nfu 10.0 Niedlua) unzuedlelulnsd (70 fadams) Warurednliasunlans ¥ (silica gel) Tneld
CH,Cl,/ethyl acetate : 95/5 \lusdiqszasidans 20 Wurawuis®e19 (0.93 nfu 98 % mp 72-73 °C)
'"H-NMR spectrum (CDCl,, 8(ppm), 200 MHz): 7.33 (dd, 2H, J,,,,= 7.3 Hz, 1.4 Hz, ArH), 7.21 (d,
2H, J,,,, = 7.3 Hz, ArH), 7.07 (d, 4H, J,,,,= 7.6 Hz, ArH), 7.03 (d, 4H, J,,,= 7.6 Hz, ArH), 6.99 (d,
4H, J,,,= 7.6 Hz, ArH), 6.95 (s, 4H, ArH), 6.76 - 6.68 (m, 4H, ArH), 4.65 (s, 4H, ArCH,OH), 4.17-
4.10 (m, 4H, ArOCH,), 3.81 (s, 8H, ArCH,Ar), 3.77 - 3.72 (m, 12H, OCH,), 3.61 (dd, 4H, J,,, =
6.7, 4.6 Mz, OCH,), 3.55 (d, 4H, J,,, = 4.4 Hz, OCH,), 2.65 (s (broad), 2H, ArCH,OH); IR
spectrum (KBr/{cm)): 3442 (OH, st), 3065 (CH, st (aromatic)), 2918 (CH, st), 1589, 1494,1465
(C=C, st), 1124 (C-O-C, st), 1054 (C-OH, st) Elemental analysis: Anal calcd for CgHg,0,, C.
75.90%, H, 6.41% Found: C, 75.65%, H, 6.53%

1.3-Alternate calix[4]-di(benzyltosylate)-benzo crown-6 (21) Hnmefiunay 2 ABIU A
250 ﬁaiﬁmﬁummmzmmﬂq 20 (1.63 nfu 1.7 UaAlNA) Et,N (0.52 Hnsan? 3.61 Nisdluna)
DMAP lnfBumiafitetunczlonselsfiiay (100 Heddm) winslusreinude aanthudin
f1SAZAILIY TSCI (0.65 nfu 3.4 findlus) Wlanasalsiiisu (50 Haddng) nummzmﬂﬁqmmﬁ
snsnaanineldussenialulnnauiiuns 4 4alue adndon 3 M HCI (2 x 50 HaRanT) uas
¥ (2 x 50 faddRg) wuneduatzacaBuYIuii RN dan Na,SO, anhydrous nessudqvinlyl
r:umﬁ'av’nazmuaanhﬂ'l'im?mnﬁ"uqmrmmnuuuuqu vassudailduncinunednilasnin-
nsW (silica gel) Twel¥ CH,CI/MeOH : 60/40 iludaszafnduamidir i Binssidan 'H-NMR
spectroscopy ﬂﬂngd'l'h.i'lﬁms'ﬁﬁmmr
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1.3-Alternate calix[4]-di{benzylbromide)-benzo crown-6 (22) HN1IAAUNAN 2 ABIUNA
100 TIeAAATAINABARIAIINTY (drying tube) AMBLNILTIIAITASAILIBY 21 (1.95 nFN 2.0 HAA-
{uR) pyridine (0.16 Nagams 2.0 findlug) uaslaraelsiiisu (50 Naddns) udoutaalustatinuda
ANURNAIIAZAILYDY PBr, (0.19 nFu 2.0 findlue) Wiaesalsilisu (10 HadaRs) etinsdng Ay
ararasfigumpiivesnsenasinielfussenialulaseu vnsheaudjfiendis TLC afin
anzazandanln (2 x 50 IRAERT) uuneTusTAzAERWYETIARSinda Na,SO, anhydrous
nreaudninliszmedirasatneanineldiriaindugyginimuuunyy  svesudafiliuatiog
raalilATuILRNT N (silica gel) 1atld hexane/ethyl acetate : 20/80 \usnss Aauanfuriilures
udiaBa12 (2.15 N, 98 %, mp 66-67 °C) 'H-NMR spectrum (CDCI,, 8(ppm), 200 MHz): 7.33 (dd,
2H, J,,,,= 1.3, 7.4 Hz, ArH), 7.18 (dt, 2H, J,,,,= 1.3, 7.8 Hz, ArH), 7.08 (d, 8H, J,,,,= 7.5 Hz, ArH),
6.98 (s, 4H, ArH), 6.89 (t, 2H, J,,, = 7.4 Hz, ArH), 6.74-6.68 (m, 6H, ArH), 4.54 (s, 4H, ArCH,Br),
413 (t, 4H, J,,,, = 5.0 Hz, ArOCH,), 3.89 - 3.83 (m, 8H, ArOCH,), 3.82 (s, 8H, ArCH,Ar), 3.71 (t,
4H, J,,,, = 4.9 Hz, OCH,), 3.64 - 3.54 (m, 8H, OCH,); IR spectrum (KBr (cm’)): 3059 (CH, st
(aromatic)), 2910 (CH, st), 1589, 1494, 1465 (C=C, st), 1252 (C-O, st), 606 (CH-Br, st) Elemental
analysis: Anal calcd for CyHg,O,.Br: C, 65.46 %, H, 5.49 % Found: C, 65.89 %; H, 6.06 %

1,3-Alternate calix[4]-cyclen-benzo crown-6 (8) 'ldTﬂﬂ:T‘ll.ﬁﬂu?;ﬁmﬂuéuLﬁn'] (0.46 nfu
20 Haflug) adlurnaiunan 2 Amasuim 100 ﬁaﬁﬁmﬁmﬁmmuﬂa (10 NARANT) ARAITZATLAU
Tnduuacaruvus wamasarasy cyclen. 2 H,S0, (0.37 lisddms 1.0 AaATuA) Tt (5 fisdans)
AugnTazaeilugn 30 wih neARITRZRINTY 22 (1.10 nF 1.0 Hsdlua) luuedialulnsd (200
findAng oEnedn AussszatueseanamasINEndnnldussmAlulanau e 24
dalus ﬁ-a'lﬁmm:muLﬁuua*'as-:muﬁ'qﬁ'm:mﬂﬂﬂna'n":mn‘é':mné"uqtgru’mmuuumguﬂ:'lo’i"nm
wamiinfivdes scarudonlanaalsfiou (100 fieddnn afeasazatudanin (2 x 50 Heaans)
wuniefussazaEBuYIRNAN AT Aan Na,SO, anhydrous nseausau llszimnsioniacauasn
ToelfieFasndugnuanisuuumgu dresudsilduatiunednfiannianmi (@luminium oxide
gel) Imel¥ CH,Cl/ acetone : 75/25 lusiee dadmiurfidurniuie®ena (0.05 nfu, 10 %, mp
190-200 °C (dec.)) 'H-NMR spectrum (CDCl,, 8(ppm), 200 MHz): 7.49 (d, 2H, J,,, = 6.2 Hz.
ArH), 7.15 (¢, 2H, J,.,,= 7.2 Hz, ArH), 7.08 (1. 4H, J,,,,= 7.8 Hz, ArH), 7.03 (d, 4H. J,,,, = 8.4 Hz,
ArH), 6.97 (s, 4H, ArH), 6.92 (1, 2H, J,,,, =6.9 Hz, ArH), 6.82 - 6.70 (m, 6K, ArH), 4.13 (t, 4H, J _,,
= 4.8 Hz, AfOCH,). 3.79 (s. 8H, ArCH,Ar), 3.77 - 3.72 (m, 20H., NCH, and OCH,), 3.63 - 3.53 (m,
8H, ArCH,N and OCH,), 3.54 (1, 4H, J ,,, = 5.5 Hz, OCH,), 2.82 (d, 8H, J,,,, = 9.1 Hz, HNCH,);
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IR spectrum (KBr (cm™")): 3058 (CH, st(aromatic)), 2918 (CH, st), 1635 (C-N, st), 1589, 1494,
1465 (C=C, st), 1362 (C-N, st), 1243, 1049 (C-O, st); ES —-TOF MS (m/z): 1110.3 (100 %),
1111.3 (59.3 %); Elemental analysis: Anal caicd for CyH,,0,N,. 0.5 CH,CI,: C, 71.32 %; H, 6.55
%:; N, 4.84% Found: C, 70.81%; H, 6.55%: N, 2.48%

n1sAnEN1sNAdIsUsEne L auTeY 8

nsAnsnnineaasUszneneteuee 8 fu K', Cs’” uas Zn®' picrates ATAUTRIRLNUA
»
8 #an CDCI, lunaaa NMR amiilddsauinadu vdnaundnteimsaudnionisdinanlnaiu

yne 24 $atus

nsAnsniniiagstsenaudetourey 8 Auinfedined RIsuaNIasatnfunus 8 lu
CDCl, vindiu 0.025 M uaztinindadans® (ZnsSO,, Zn(AcO),, Zn(NO,),, ZnCO,, ZnCl,, ZnBr, URT
Znl,) N18zamhan methanol-a4 (01 Hadars) luvaes NMR Tilnstrazatwreidunud 8 1Fuame

0.2 inddnsldaslinng uasaudavianzinaunaiunne 24 $atus

msbunsasunus 8 riu ZnSO, wisnarazasdunud 8 1 CDC), ity 0.025 M ud
Vudmun 0.2 Hinddasldnslusrsazaiy Znso, Mazarwaglu methanol-04 (01 finddar) luvaen

NMR 0-2 equivalent )n- uaan (Muinsgauluaizan 1) vianaeda NMR anlnaiuyne 24 49lnq

Mole ratio 1Fu1R51849 (HA.)
. ZnSO,.7H,0 (un.)

Zn" : 8 0.025M 199 8 CDCI, CD,0D
0.0:1.0 0 0.2 0.2 0.1
0.2:1.0 0.3 0.2 0.2 0.1
04:1.0 0.6 0.2 0.2 . 0.1
06:1.0 09 0.2 0.2 0.1
08:1.0 1.2 0.2 0.2 0.1
1.0:1.0 1.4 0.2 0.2 0.1
14:1.0 2.0 0.2 0.2 0.1
20:1.0 2.9 0.2 0.2 0.1
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naiaatrUsenaBedausevaunud 8 Audunsglvans wia1sazaufunug 8 lu CDCI,
diudu 0025 M w1 0.2 Haddnsidatluvasm NMR 0-2 FAnBunsdlaana (phenol, aniline,
catechol, resorcinol, dihydroquinone Wa% phthalic acid) 1 equivalent MIN139A NMR awnaiy

AauLASURANUATYN 24 T9Tuq
HANTSNARDIUSETNTINANITNAADY

N13&AATIZN _1,.3-Alternate calix[4]-cyclen-benzo crown-6 (8)

Tuntsdamszy  1,2-bis(diethyleneglycoltosyl)benzene (9) TunFausnldinnisdanseyd
ImenindfjiFanseudng catechol uaz diethylene glycol ditosylate (10) Fal4 K,CO, {Hluwalsngin
naRSuIT ddaulugianily dibenzo-18-crown-6 feudazuidsuliiwatiindu e fiiu LiOH,
ELN, Na,CO, fimnu W1 Henaiileannsn template effect MAATNIuNTRATITTWTIBUALTILE
spsmiluumanuiieafuniséuny crown enter® FaruaclReunuamislunnsfarmeiiag
1Nt diethylene glycol monotosy fate (11) ABNINAABAL catechol SINNTNARBINLGA
A1 monotosylation 183 diethylene glycol Guazlé diethylene glycol ditosylate (10) 1w

[ -«

udnAfuidadaulug) (monotosylate (11) Hulefifuin@ndusidlu 22 % &7 ditosylate (10) 3

y dibenzo-1 8-crowg-6 .

wlefiiusndnAtusidlu 36 %) T9ijisen tosylation AFIRABILN monotosylate (11) Aadrazifald
Anin diethylene glycol 189 Male141i18419n monotosylate (11) ansoazavlulansalsdisu
} ] [ :" Aﬂl :" d. hd
Wigindr wdssniudaldulasunnld diethylene glycol monochlorohydrin fluansiaduiialdn
UfjiFeiu catechol tdmsitusildanrsminlimliien tosylation sielaeludiastinunnsinans
Wiidqns deazld 1,2-bis(di AT

4 .2-bis(diethyleneglycoitosyl)benzene (9) HUNARSUNNFEINTT INNUA
nMavassnuiuumlunisfuamoi 3 Wlefildurudniusileumugaian (45 %) 789830

d‘ :’f [} 5 | - L 4 ; i
Whuuumnai 2 (22 %) wazuwantausnneldanauaulisausisu il e fduinanusiaasansi

49 (5 %) asndaassildfilasinianaesrdasiuaanisimssimeannineatni
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ﬂﬁ'ﬂ'\nu:'u'lﬁﬁ'uﬂﬁ 1,2-bis(diethyleneglycoltosyl)benzene (9) muwuﬁu'_u calix[4]arene
Tudamdau 1 1 Taeld K,co, Tuuedinlulnsdiduug Lﬁaiuqnﬂﬁﬁ‘mﬂmmmuanms 1,3
alternate calix[4]-bis-benzo crown-6 \WUNRASLNVAN (26 %) TuvnisH calix[4]-benzo crown-6
(15) fwlefdusudniuaien (9 %) annisarassudslismeuiuduerfaninafunusn
WruiafA189 calix[4)arene 183815UsENAY 1,3-alternate calix[4]-bis-benzo crown-6 HlAzagUiTIy
WUL 1,3-alternate WIINZIENLAATRY methylene (lu singlet 7 3.77 AMduRuRAdea Bnwa
gamugnsdiureilsaeuueddniulusmeunelandiniisenndast annsildndasurmiy
double bridge 41nN91 monobridge (15) ﬁ'ﬁ‘ﬁﬂ"ﬁtﬁﬁqu’lmnm?ﬁ calix[4)-benzo crown-6 {15) Y
n1s4mAa (preorganise) w?-auﬁﬁ:ﬁﬂﬂﬁﬁ?mu’ﬁndﬂ calix[4]arene 194 %qm?ﬁtﬂuﬁﬁnﬁuﬁdﬁ

suisoduivlessuraslausdanlaldidustineg’

1.3-Altemnate calix[4]-bis-benzo crown-6 calix[4]-monobenzaldehyde

FafuisalduReuwuantsluntsdammeiinetiuen calix(dlarene wasiafu 2-(2-
bromoethoxy)benzaldehyde (13) riau Fuldinimesesiagldaotorlunisfansefiduiies
fudTauiaq W neadeld K,CO, Tuuedlnluinsfiduius anasnmaseswudarsfiganme
5 calix[4]-monobenzaldehyde FammuldanmsuBoudsusidufiinsiursajuessladn
1061 fiRBufumy AroH Faisng? 9.53 uaz 923 Al (1:2:1) uszlinu 1,3-calix(4)-
dibenzaldehyde (18) Ashdean1? s nmramerslssnaUAsusiidy Na,CO, luua¥ia-
'lu'lmﬁuaﬂﬂng'i'luinﬁmm“ﬁ‘lﬁfmﬂm 3-calix[4]-dibenzaldehyde (18) ##BIN7 ANtUINAT
Fhurdennzwiuiy 1,2-bis{diethyleneglycoltosyl)benzene (9) 1Q1Jﬂng')"n]ﬁﬁ"mmﬁu'lﬁﬁu'ﬂﬂu
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Ihdefdududniuaite 98 % udasninldiZgnd Fuunstiudiudn  1,2-bis(diethytene-
glycoltosylbenzehe (9) unsnidansiefy calixi4larene 1AFun aywud 16 fidupseilad
Tasegilaes calix[4]arene iy 1,3-alternate Totgldaindtycyios singlet 7 3.80 AMBN Watiuen
a7 16 MIATLLNNGL diethylene triamine naUsangdnliwuiA imine flszuy 8.6 ARENLU
Euduerfainaiuuazannisdananuinarsildasidnyandusnaviiospdraneduef

anAudNmadlunNsREN  Shiffs base (17) aeldlAnuuumtalunsdaunsmeiley
L\Jaﬂu alkylating agent A1n 2-(2-bromoethoxy)benzaldehyde (13) wuili 2-(2-bromoethoxy)
benzyl alcohol (14) ufimvinunsiavy calixdlarene Iaeld Na,co, tuuadlnlulnsdihuunazld
1,3-calix[4)-dibenzyl alcohol (19) HunARAfuslauaNIsaEUIUAIUMLITRINY 2-ethoxybenzyt
alcohol ludumis 1, 3 (e distal) uazlasegUlees calix[4larene iilu cone MHdaLEuEuans
mﬂnm?ﬁmﬂngﬁﬂ doublet (AB system) # 4.39, 3.45 WA (J,.,, = 13.0 Hz) ndsantirliden
aznutL 1,2-bis(diethylenegiycoitosyl)benzene (9) lansIngndnil K,CO, luusiilalulnsdiilu
wasazlA 1,3-alternate calix[4)-dibenzyl alcohoil-benzo crown-6 (20) Wun@nsdoum Iaaumiae calix
[4]arene wlatulassgilluiilu 1,3-alternate Forzylddaaduduerfanaidalsngiaresscniy
methyiene 1flu singletﬁ. 3.81 ANBY

éw&'un'mﬂ'ﬁ'ﬂumg'lamﬂnfn"nm 20 Wiy leaving groups L'ﬁﬂﬁ'ﬂ.ﬂﬁﬁﬂ.ﬁﬁ?ﬂﬂﬁu
cyclen.2H,SO, T 'lunauusn'lo’\’wmmuLﬂﬁ"ﬂu'lﬁ'tﬂuuy: tosylate (Ts) naulmeuign 1,3-alternate
calix[4]-dibenzyl alcohoi-benzo crown-6 (20) HWfjiFuriu tosyl chioride 11 CH,CI, Tnail ELN
dhwusuasll DMAP luprsazRad udnmitntsuenudpiusisaarasnilasuilansilsangdn
‘b.i'lﬁmﬁ;ﬁmm? (1.3-alternate calix[4]-di(benzyltosylate)-benzo crown-6 (21)) v?\!ﬁa’lmﬁmu'l
MNAMIINZNTIBIEYWUE 20 ﬁa:uiﬂﬁﬁﬂﬁﬁ‘mw?ﬂmqLﬁn'-"nnnfnufim'lq-nmnﬁnﬁmm’ﬁuﬁn#u
ﬁa&umﬁa‘lﬁ’ﬁﬂn'mﬂ?\‘ﬂum‘s:‘lamﬂn'i'nm 20 Wiiduwylusiiu TneninayWus 20 uvimdfjizendu
PBr, onfl pyridine fluus FanreudaaniansuananzdonrefuiiasuninnsAudawudnlé
1,3-alternate calix[4]-di(benzylbromide)-benzo crown-6 (22) FusaniourmilefdusuanioeT
gl 98 % TanBuiduanfanlnnfdWiiuindy i singlet waawyj ArCH, Fiseagiumyjlansand
\nReuTiaIn 4.65 Afdnlueg 4.54 FfEx

Lﬂ.ﬂﬁ'l 1,3-alternate calix[4]-di{(benzylbromide)-benzo crown-6 (22} uﬂt“jiauﬁiﬂﬁ'u cyclen
Fea¥r9a7n cyclen.2 H,SO, ﬁﬁﬁﬂg‘]ﬁ?ﬂ'\ﬁu NaOEt ?i'lﬁ’mnnwﬁ'}ﬂﬁﬁ?m?:udqq Na fu EtOH
nandRInmainlfitetuasiinisusnedasurdisradinilasunlans Riaeld alumina fu

AgeduuRIs NNsousn  1,3-alternate calix[4]-cyclen-benzo crown-6 (8) Alasfulefidus
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v W
-l

afRSIAEN 10 % Wslleraidiasnainaniasdisumisiifnliiton ldasssiumisieiain

b

Thmedwefld funud 8 Aduaruildillasiaiaiaasadasiudaysnteaniniaalniin

maiAaITUsENeLUENTaWIDIR UNUA 8

sanmsAnnisiiasnslrzneuddeulasnisdasudaslusneuwduidue fanlnlnsalni
tudasduliinisAnenisfsarsszneudsdautuinasedlanzdanlofiinsn  Fabiiasean
infelaushirsaliazainlu CDC, uﬁﬁ:azmﬂﬁﬁimﬂmnﬁﬂ&uqn complexed uaziflasanfivasm
lanau (Pic) filusnauag 2 ﬁﬁqq:ﬂﬂngﬁmﬂu singlet Alrzanou 8.7-8.9 AMEN 137139@A7AM
stoichimetry snagssznenidedeniuld  daufnudnudusuefanlnaiureaislsznay
FetaulAfudunudmudndunusd 8 annsaisaisszneudstauiu CsPic uas KPic wuu 1:1
melu 1 ﬁ'ﬂnw‘Tnﬂﬁﬁ’mmwmﬁLnsn'iﬂmauﬂﬂngmfv"i 8.80 AT 8.76 AALBNANAIAL dmFu
anfuUssnaudedauszudnadunud 8 iy ZnPic, Usngininiaatsdsznaudateunuy 1:1 Maan
windn namAeldnatts 2 &lend ﬁ'm?uﬁ':ymwmﬁmsmtﬂsmﬂu'lum?ﬂ9:nﬂuﬁﬁﬂuﬁﬂ:
Urngatii 8.78 Adu

dwfuanslsznaudedan 8.CsPic nudndantsasuudasTusnaududuenfauinady
Taudtyynures glycolic protons wWaeuann multiplet # 3.78-3.72 RdnlufIu singlet # 3.99
ARBuuasdtyoyn singlet 12aTLsrauIsIMitaLuTTIAREUTIA N 7.02 ﬁﬁ'l.ﬁﬂ'lﬂﬂfjﬁ 6.86 AALEN
Fauamin cs” onduaglulnga benzo crown uaziAm TT-M interaction wileurufilARinissiesun
udr® unsdlsssanlszneudeden 8KPic wudriininefeuiizesdynaes glycolic protons
WiReuann triplet 7 3.46 AAENWITIY muttiplet  3.76-3.61 AREY 'ﬁ'nv“{’aﬁawud'\d’mmam doublet
283 NHCH,CH,NH fiaeq9n 2.84 Afdnluiflu board signal # 3.20 #fi8x Fannrulanuulestialy
Wiudn K gnduliluings cyclen uszdmwiusinlszneudsdau 8.znPic, wuinlismawduduen?
anlneiuildneuzadufuresanlnpfursarrlsznaudelen 8.KPic ndmAeszdiunnafeud
1838tYcyInu doublet 189 NHCH,CH,NH feann 2.84 Aidaluhilu board signal #i 3.20 #a
viuii andeyannaulnafuannsosplléin zn® gndulflulnse cyclen WuBerdunsdyes
anlsznauiBateu 8.KPic
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gﬂ'ﬁ 4 "H-NMR spectrum (CDCI,, 8(ppm), 200 MHz) 294 n.) 8.ZnPic, 1.) 8.KPic A.) 8.CsPic uac

1) funuA 8

nuananeslunrAnmnisfissislsenauddsuiunfefiazann s s o ue

Tzeairvrsennslsznaudadeunazaunsnssyiinees binding sites ldinannsosulasaulald

. -
AdlariaFareliii
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K', Zn

ms# Cs* leneugndulutngs benzo crown Rndatwas cyclen graifiesunann Cs” gn
stabilized #au TT-M interaction uAz@RNANMRINAINTIATRITINZANNTY douleseu K uss
Zn” snuetlulngeass cyclen crown watienadannaninsihinesiinunmdnnitussiidneusi
Jusnidfid deazrelhinin cryptand effect uenanii zn® dauduiu binding site e soft

binding site 3nnd1™*

WeRAn=muannsnlunindiy “Hard-Soft receptor” ¥pRUNUMRAATIZWLE Seldin
i mnstiszneu@edeu 8.CsPic wuu 1:1 N Rn@e ZnPic, TamudriininuReuuneressilnai
Folimfleususaninsfanssnlszneuiddeu 8.CsPic wie 8.2nPic, (9gU# 2) Wefreuauly
Wunan 3 flswinudafinannlseney heterobinuclear complex wuy 1:1:1 (L:Cs*:Zn*") 1ae
RarrunenAduiiinsiureslusreuresiiage ileRarraunlusmeududuerfauinaiues
srlrzneuddausinsramudniininafeufitasdy e NHCH,CH,NH finaeanmultipiet 7
2.82 AnBuluifu board signal 71 3.10 AREnatrawsun Fauamadn zn? lesaufiBunlud

{unglulnserns cyclen AuamalulpsanFrednesing
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I | h

n) . A i'.‘ld!\d‘h o~ J ‘ llﬂkn’M____.f e
l IJ"‘-.,‘

1.) _ me-‘ﬂ' '\ J v :\/\w

i P!
A.) J-_._._ d\ . _L_'_JJ o

1 5 'H-NMR spectrum (CDCI, &(ppm), 200 MHz) 983 n.) 8.CsPic.ZnPic, 1.) 8.ZnPic
I 3 2 2

fA.) 8.CsPic UAT 1.) Aunud 8
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WunrAneninfasnsiszneuddeuiulessuradanzunsudduliiinrmeasuninia
anlsznauddsuiulessureslavzunsufunatasiin 1y zn*, Cu®’, Ni¥" uaz Co” wsdNLALd
wwmzanlsznaudaiouiulessuredlans zn®  winduiisnsoAnemginesulédanTisneu
uduerfanininsalnd FalunsAnmlbldinfeseslanzdanzBuatualia 1hun Zns0,, Zn(AcO),.
Zn(NO,),. ZNCO,, ZnCl,, ZnBr, usz Znl, JunfeEiimue fiuezAruAIsaluNFLTeS
usuleaausinafy feluzmeuduiduerfauinafirasanlzznaudeiaudingnuans ﬁ’-ﬂugﬂﬁ 3

u'.'iaLﬁﬂuxﬁaumsnamﬁmﬁumfaann%’uwudﬂmﬂnni"wnmmsﬂs:nvzuﬁﬁauﬂw’lmﬂ
azfinsulfuunles sndulunsdiass znco, Rflawnefumileususneiresdunudly CDO,
wakersdandianidin aslusnmacatureddunud 8 lufariazatunausEIdng CDCI,/CD,0D
\nfie ZnCO, azllAs CD,0D fanseufiasauNn Finldauinafdlkvilauiusinadues
funug 8 Tu cDCI, wnfasanannAFNIeIaTlszneuiBadeu 8. Zn(NO,), sewudrdugnu
multiplet 989 NCH,Ar #1 3.26-3.49 Amda/aewluihu doublet # 4.65 AREY (Jpyy = 14.0 HZ) uas
&uauts doublet 183 ArH RegAmAL cyclen # 7.19 WEN (J,, = 7.4 Hz) ReuRlLR 7.34
ANEN Saudtyquns triplet 98841 6.96 WA (J,,,, = 3.0 Hz) WRBUTNT 7.26 AREN 3n
ftycy1ue89 NHCH,CH,NH Afinan multiplet # 2.87 AMiduluhilv board signal # 3.16 #RBu
Faotufiu FannulFouwnsdansraduedesiuiuinlosey zn® dlueglulnseres cyclen
wiaulunsdidinzdRingn



n.)

1.)

.

A)

1
DT SR S S S _l JRN

1.)

zﬂﬁ 6 '"H-NMR spectrum (CDCl,, 3(ppm), 200 MHz) 1843 n.) 8.ZnCO, 1.) 8.ZnSO, A.) 8.Zn(AcO),
1) 8.Zn(NO,), uaz 1.) Runun 8

fwfunriisssanlrenaudafeussuinefiunuid 8 Au ZnsSO, aswudndoyyini multiplet

383 NCHAr # 3.26-3.49 AfEnulaeuluiilu doublet # 4.80 uaz 4.51 Afidu (J,,,, = 15.3 Hz) uss

#yoyIuIBa NHCH,CH,NH wanusan multiplet 7 2.87 #dnlWifu board signal 71 3.02 uaz

-l od - - . . :
2.33 #fdu Falnwedrunfafunsdsssinissneuddsuszuindunud 8 Au Zn(Aco), il

) - -
nauldsuutineresfyrnuans NCHAr # 3.26-3.49 Amdafewlihilu doublet 7 4.74 uas 4.13
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fdu (J,,, = 14.8 Hz) AFSYQYIUYEY NHCH,CH,NH ulftuann multiplet 7 2.87 Afduly
\u board signal #i 3.00 uaz 2.59 WEx 4415’«511«nﬂﬁﬁtﬂwﬁ’njwi‘lﬁuﬁudwmﬂﬂ:ﬁaﬂihm
sndszneudsdeu 2 aTEdRATY uazannRdgyguresTlsmauresfunufreasirlsznen
Asdeu 8 AU ZnsO, indeuiliunndratsszneudedou 8 AU Zn(AcO), TWiRiuinBunud 8 $u
zns0, Wudaurandn zn(aco), wiljaiflasnenile zn® gnSuatluinss cyclen ueulasauss
qndéauﬂﬂnmfﬂﬂmu s0,” auifiawusrlalaniaudumy NH 1usandn AcO drusulaseained

Dl g wiuelidinssdiBatu Ae arndszneudedautssim 2:1 uas 1:1 (LM) Aagy

>
%}:; andrzneud@adeunuy 1:1

srussneu@ateunuy 2:1

Wiidveandedinzwladmudtfinnedeufiaesdyyn multiplet ¥89 NCH,Ar #1 3.26-
3.49 AfBuliTlu doublet # 4.63, 4.72 Uz 4.73 Fdx (J,,,, = 13 Hz) Swiinde ZnCl,, ZnBr,
URS Zni, ANAIRY ua:t‘n’mun'mﬂi'uuuﬂaﬂmd’ruru'lm multiplet 1eelusmeu NHCH,CH,NH
vin 2.87 Ffdutuillu board signal # 2.70 usz 2.99 FEx (R wFunde ZnCly) 2.75 une 2.99
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- - aaf = < [ al - 1 :
AABN (dmFuinia ZnBr,) uar 2.88 uaz 3.01 AREN (&wFuinde Znl) Madfsuulsifansd

]
L -

WiudaAuatuhzolunisduszvdnadunus 8 fuindedinsR 1Aduatnem TeardureIanusalu
n1s4U Ag 8.Znl,> 8.ZnBr, > 8.ZnCl, N1FARIALAIINUTITRINITALTENINRUNUA 8 Autnfedins’

k3 1)
Lﬂuﬁaﬁmmﬁmmmnn':mummm'lumﬂﬂummwhm Cl>Br>I

!

v ..5' i,

VT B

™ L h‘\k |

amm LA M e s mees me i

SR

— a3t cmm e —ae] h

3. .
) A1 S
- R P .
T ) T --'I ; - proves 7 T T vrrrT T l '-'l-"r"'v"—v-r-—-
a0 g0 .G 4.3 2.0 0.0

gﬂ"v"l 7 '"H-NMR spectrum (CDCl,, 8(ppm), 200 MHz) 183 n.) 8.Znl, 1.) 8. ZnBr, A.) 8. ZnCl, UKz
Q) funus 8

mnmsﬁﬁ’qmmwuﬁ’mmﬁmmq ArCH,N luarsdszneuiBadau 8.2nSO, usx 8.Zn(AcO),
wieaniiluassye '-fuﬂummq'lﬁﬁmsé’muu‘ﬁg'\u'lum:‘u“nnaﬂiﬁmmmﬂr:nﬂuﬁﬁamﬂu 2:1
uay 1:1 Lﬁanﬂunwﬁgqﬁﬂﬂngm?dﬁqndﬁoﬁ"u'lﬁﬁw NMR titration 2EMINBUNUS 8 fU ZnSO, 34
HANTNASBNsINg iRty yans doublet # 4.69 ﬁﬁ'Lﬁuﬁﬁuﬁmﬁugﬁuu'jﬂmmLi'u'ﬁmm ZnSO,
gﬁu’lmm:ﬁ‘ﬁ’mmﬂm doublet i 4.36 ﬁv‘«'tﬁuuamswmmﬁ‘qnzi'\':%'lﬁl.ﬁwi'\d’rumﬂm doublet #

4.69 Az naliidiifuatslszneudedewiu 1:1 anusRdtyrycu doublet M 4.36
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'H-NMR spectrum (CDCl,, 8(ppm), 200 MHz) 194 1,3-alternate calix{4]-cyclen-benzo crown-6
(8)
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1
H-NMR spectrum (CDCI,, 8(ppm), 200 MHz) %494 1,2-bis(diethyleneglycoltosyl)benzene (9)



'H-NMR spectrum (CDCl,, 8(ppm), 200 MHz) 181 diethylene glycol ditosylate (10)
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'H-NMR spectrum (CDCl,, 8(ppm). 200 MHz) 984 diethylene glycol monotosylate (11)
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H-NMR spectrum (CDCI,, 8(ppm), 200 MHz) 183 1,2-bis(diethylenegliycol)benzene (12)
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- H-NMR spectrum (CDCI,, 8(ppm). 200 MHz) 1843 2-(2-bromoethoxy)benzaldehyde (13)



42

'H-NMR spectrum (CDCl,, 8(ppm), 200 MHz) 484 2-(2-bromoethoxy)benzyl alcohol (14)
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. "H-NMR spectrum (CDCl,, 8(ppm), 200 MHz) 38 calix[4]}-benzo crown-6 (15)
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'H-NMR spectrum (CDCl,, 8(ppm), 200 MHz) 184 1,3-alternate calix[4]-dibenzaldehyde-benzo
crown-6 (16) '

L

T v T T T - O v L] L] v T v T T v T T T
12.0 1.0 10.0 9.0 8.0 7.0 ":.o 5.0 4.0 3.0 2.0 1.0 0.¢

- 'H-NMR spectrum (CDCL,, 8(ppm), 200 MHz) 394 calix[4]-dibenzaldehyde (18)
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'H-NMR spectrum (CDCl,, &(ppm), 200 MHz) 984 calix[4])-dibenzy| alcohol (19)
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'H-NMR spectrum (CDCl,, 8(ppm), 200 MHz) 984 1,3-alternate calix[4]-dibenzyl alcohol-benzo
crown-6 (20)
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'H-NMR spectrum {(CDCl,, 8(ppm), 200 MHz) 184 1,3-alternate calix[4]-di(benzylbromide)-benzo
crown-6 (22)

"H-NMR spectrum (CDCl,, 8(ppm), 200 MHz) ¥84 1,3-alternate calix[4]-bis-benzo crown-6
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'H-NMR spectrum (CDC!,, 8(ppm), 200 MHz) 183 1,2-bis(2-carboxaldehydephenoxy)ethane
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'H-NMR spectrum (CDCl,, 8(ppm). 200 MHz) ¥84 1,2-(2-hydroxymethylphonoxy)ethane

46



47

A
L _

'H-NMR spectrum (CDCI,, 8(ppm), 200 MHz) 184 calix[4]}-monobenzaldehyde
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ES-TOF MS spectrum 194 1,3-aiternate calix[4]-cycien-benzo crown-6 (8)
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Abstract

1,3-Alternate calix[4)-cyclen-benzo-crown-6 incorporating a cyclen subunit on one side and a benzo-
crown-6 on the other side of the calix[4]arene framework has been synthesized. Preliminary complexation
studies of this macropolycycle with cesium and zinc picrate salts have been carried out by means of proton
nuclear magnetic resonance spectroscopy. © 2000 Elsevier Science Ltd. All rights reserved.

Calixarenes, calix[4]arene in particular, show their versatility as building-blocks in
supramolecular chemistry due to their ease of synthesis and well-defined structures.'-> Further-
more, the 1,3-alternate calix[4]arene framework is of interest to the chemist because it provides
two cavities, symmetric or asymmetric, on each side of calix[4)arene platform.'™ Since the first
double-bridge calix[4])arene in the 1 3-alternate conformation, 1,3-p-terr-butylcalix[4]-bis-crown-
ether-5,° many 1,3-alternate calix[4)arene derivatives, i.e. 1,3-calix[4])-bis-crown-ethers’® and
crown-ethers with phenylene® or pyridine'® units have been prepared. In order to enhance
stability and selectivity by increasing the number of coordination sites, the diaza-crown <ther
moiety was introduced onto a 1,3-alternate calix[4]arene.!' This 1,3-calix[4])-bis-cryptand can
form dinuclear complexes with Na*, K* and Rb* and shows the oscillation of NH,* through the
n-basic benzene tunnel of the calix[4]arene framework'? as found in 1,3-calix[4]-bis-crown-5.'>-'4
Many 1,3-alternate calix[4]arene building-blocks incorporating different cavities have also been
synthesized. The calix[4]-uranylsalophen-crown-6 containing one anion loop and one cation
cavity on each side of 1,3-alternate calix{4]arene can simultaneously transport both a cation and
an anion, CsCl and CsNO,, through a liquid membrane.'* The 1,3-alternate calix[4]-
cryptand[2,2}-crown-6'¢ can form heterobinuclear complexes with Na*, K* and Cs* in which Na*
and K* are complexed in the cryptand cavity, whereas Cs* is bound in the crown ether loop.'?

* Corresponding author. Tel: +66 2 218 5226; fax: +66 2 254 1309:; e-mail: pbuncha@chula.ac.th

0040-4039:00/S - see fromt matter © 2000 Elscvier Science Lid. All rights reserved.
Pll: 50040-4039(00)01641-5
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Moreover, this ligand can act as ‘hard soft’ receptor due to its ‘soft’ cavity, cryptand, which can
bind soft metal ions, Ni"* and Zn**, and ‘hard’ binding site, crown ether loop, which can
accommodate hard metal ions such as Cs*."?

These observations led us to synthesize |,3- alternate calix[4)-cyclen-benzo crown-6 4 consist-
ing of 1.4.7.1 |-tetraazacyclododecane or *cyvelen’. which can form high stable transition-metal'®
and lanthanide'” complexes and a benzo-crown cther subunit which can complex Cs* ions
selectivity,” linking on each side of calix[4Jarene in |.3-conformation. This novel heteroditopic
ligand is aimed to be an approach to a “hard soft’ receptor,” which could bind hard and soft
metal ions strongly and selectively and to act as molecular sensors and/or catalysts capable of
detecting or catalysing redox action on guest species.*'?

The synthesis of 4, shown in Scheme 1. began with preparation of 2-(2-bromoethoxy)benzyl
alcohol** by reaction of 2-hydroxybenzyl alcohol with 1.2-dibromoethane according to the
literature.'® 1,3-Distal disubstitution of the calix[4Jarene was carried out by substitution with 3
equiv. of 2-(2-bromoethoxy)benzyl alcohol in refluxing acetonitrile in the presence of an excess
Na.CO, as base for 7 days. After precipitation with hexane, calix[4]-di-2-ethoxybenzyl alcohol
1°* was obtained as a white solid in 53%. Compound 1 existed in a cone conformation due to
the presence of two AB-systems at 4.36 and 3.42 ppm with a coupling constant of 13.0 Hz in the
'H NMR spectrum. Bridging of 1 was achieved by refluxing 1 with 1 equiv. of 1,2-bis-
(diethylene glycol tosyl)benzene™ in a suspension of 10 equiv. of K,CO; in acetonitrile for 3
days. Calix[4]-di-2-ethoxy-benzyl alcohol-benzo-crown-6 27 was eluted from a silica gel column
as a white solid in 98% using 95:5 CH.C1,/EtOAc as eluent. The conversion of hydroxy groups
of 2 to bromide groups was accomplished by treating 2 with PBr, in the presence of pyridine in
dichloromethane at 0°C for 10 min to give calix[4]-di-2-ethoxy-benzyl bromide-benzo-crown-6
37 as a white solid in quantitative yield. The condensation of compound 3 with cyclen began

/"-.__,

%

)

4

2X=0H
mc
3X =8Br

Scheme 1. Synthetic pathway to |.3-alternate calix|4]-cyclen-benzo-crown-6 4. Reagents and conditions: (i) 2-(2-
bromoethoxy)benzyl alcohol, Na,CO,. CH\CN, reflux 7 days, 53%: (ii) 1.2-bis-{diethylene glycol tosyl)benzene,
K.CO,. CH\CN, reflux 3 days. 98%.: (i) PBr,, pyridine, CH,Cl,. 0°C 10 min, quantitative yield; (iv) cyclen-2H,SO,,
NaOEt, CH,CN, EtOH, H,0, reflux 24 h, 10%
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with the generation of cyclen in situ by treatment of cyclen-2H.S0,*® dissolved in a minimum
quantity of water with ethanolic NaOEt. 1 Equiv. of 3 dissolved in acetonitrile was added and
the reaction mixture refluxed for 24 h. Calix[4]-cyclen-benzo-crown-6 4°° was obtained as a white
solid in 10% after purification by alumina chromatography using 75:25 CH.Cl.:acetone as
eluent. The compounds 2, 3 and 4 were in the ],3-alternate conformation indicated by the
presence of a singlet for the methylene bridge protons (Ar—CH,~Ar) at 3.81, 3.82 and 3.79 ppm,
respectively, in the '"H NMR spectra.

Preliminary complexation studies of 4 with cesium picrate (Cs*Pic”), and zinc picrate
(Zn**Pic™,) were carried out by means of '"H NMR spectroscopy. The stoichiometry of the
complexes was estimated by comparing the integration of the picrate protons versus those of
glycolic ethylene protons (OCH-) of the ligand. Compound 4 was dissolved in CDCl, at the
concentration of 3x10™ mol L' and solid picrate salts were added into each tube. After
addition, the clear solution turned yellow which indicated the formation of complexes. With the
cesium picrate, the 1:1 (Cs*:4) complex was obtained after 2 weeks. The singlet for the picrate
protons was observed at 8.78 ppm and that for benzo-crown protons shifted from 6.97 ppm in
the ligand to 6.87 ppm in the complex. Moreover, the signal for the glycolic ethylene protons of
benzo-crown loop dislocated from a multiplet at 3.79-3.72 ppm to a singlet at 3.99 ppm. The
results suggest that cesium ion probably resides in the benzo-crown cavity and the formation of
cation-nt interaction with the phenylene unit occurred as found in the calix{4]-bis-benzo-crown-
6.%° For complexation with zinc picrate, the 1:1 (Zn*:4) complex was achieved after 3 weeks of
reaction. The singlet for the picrate protons appeared at 8.74 ppm. We observed that the doublet
and the triplet of ArH of 4 at 7.48 (J=6.2 Hz) and 7.16 (J=7.2 Hz) ppm. respectively, shifted
to a multiplet at 7.38-7.29 ppm. We also noticed the migration of doublet of H,CNHCH,
protons from 2.82 (J=9.0 Hz) ppm to be a broad signal at 3.23 ppm. This implies the Zn?* was
coordinating to the cyclen subunit. Such an upfield shift has already been observed in
tris(Zn"'-cyclen)complex.*'

Further studies of the complexation properties of 4 are currently under investigation and will
be presented in due course. Our complexation project will concentrate on showing evidence of
heterobinuclear complexes and investigation of binding constants toward alkali and transition
metal ions.
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Synthesis. Calix[4]arene was substituted with 2-(2-bromoethoxy)benzyl alcohol at 1.3-
position to give calix[4]-dibenzyl alcohol (53%). Bridging of dibenzyl alcohol derivative with
1,2-bis-(diethylene glycol tosyl)benzene afforded calix[4])-dibenzyl alcohol-benzo-crown-6
(98 %) in 1,3-alternate conformation. After transforming the hydroxy groups of 1,3-alternate
calix[4]-dibenzyl alcohol benzo-crown-6 to bromide groups with PBri, the dibromo
calix[4)arene derivative was capped with cyclen to give desired product, 1,3-altenate
calix[4}-cyclen-benzo-crown-6 (10 %).

Complexation study. The complexation of synthesized ligand with potassium, cesium and
zinc picrates were carried out by means of '"H NMR spectroscopy. It was revealed that K* and
Zn** ions were encapsulated in cyclen cavity whereas Cs* ion was complexed in benzocrown
cavity. By addition of zinc picrate into the solution of cesium complex, a heterobinuclear
complex (1:1:1) was afforded. The influence of counterion on zinc ion complexation was also
investigated. The results reveal that the order of interactions between zin¢ ion and 1,3-
alternate calix[4]-cyclen-benzo-crown-6 were in the order of ZnSO4 > Zn(AcO); > Zn(NOs),.
Titration of 1,3-altemate calix[4]-cyclen-benzo-crown-6 with zinc sulfate showed that 2
species of complexes formed; 2:1 and 1:1 (L:M) complexes. Besides these, this ligand
displayed binding ability toward neutral molecules such as aniline, phenol, catechol,
resorcinol, hydroquinone and phthalic acid. Among these substrates, the disubstituted
benzenes showed binding abilities with synthesized ligand over the monosubstituted ones. In
the case of dihydroxybenzenes, the position of substituents showed the effect on binding. The
interactions between dihydroxybenzene and 1,3-alternate calix[4]-cyclen-benzo-crown-6 were
in the order of catechol = hydroquinone > resorcinol.
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Figure 1 Proposed binding sites for K*, Cs*, Zn?* and ncutral molecules.
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