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Abstract

Project Code: RSA/06/2545

Project Title: Synthesis and Applications of bis-Calix[4]-porphyrin

Investigator: Mr. Buncha Pulpoka
Department of Chemistry, Faculty of Science, Chulalongkorn University
Phayathai Road, Pathumwan, Bangkok 10330

E-mail Address: buncha.p@chula.ac.th

Project Period: November 1, 2001-April 30, 2005

The cis-bis-p-tert-butylcalix[4]-porphyrin (1) and cis-biscalix[4]-porphyrin (2) comprising of
two calix[4]arene units linked on porphyrin platform in cis manner by condensation of p-tert-
butylcalix[4]-dibenzaldehyde or calix[4]-dibenzaldehyde with pyrrole by using propionic acid as
catalyst and solvents along with toluene. Moreover, the trans linkage between two calix[4]arene
units with porphyrin molecule, trans-bis-p-tert-butylcalix[4]-porphyrin (3) and trans-biscalix[4]-
porphyrin (4) were accomplished by using calix[4]-bisdipyrrolemethane intermediate for condensing
with calix[4]-dibenzaldehyde in the same condition. During the synthesis of 2-(triethylene glycol
tosyl)benzaldehyde, triethylene glycol dibenzaldehyde was isolated which is useful for preparation
of tetrakis(triethylene glycol)-bisporphyrin (5). The molecular cage 5 was used to study the
complexation with fullerene (C60) by fluorescent spectrometry. From the starting design concept, it
was intended to use porphyrin unit as a receptor unit for anion receptor unit. Nevertheless, an
analogue of porphyrin which is also synthesized from carbonyl and pyrrole and is more popular
used as anion receptor is calix[4]pyrrole. Hence, calix[4]-calix[4]pyrrole (6) and p-tert-butylcalix[4]-
calix[4]pyrrole (7) were designed and synthesized. From anion complexation study, it was revealed
that calix[4]-calix[4]pyrrole (6) prefers to bind CI ion over F ion and, when 6 reacted with
tetraethylene glycol ditosylate to afford a 1,3-alternate-calix[4]-crown-5-calix[4]pyrrole (8), its binding

properties is highly selective to bind KF.

Keywords: calyx[4]arene, porphyrin, calyx[4]pyrrole, receptor, anion, ion-pair



Entire synthesis of this research

CH;3CH,CO,H/NaCl

Wy g

P

o'
A

\

1T

R R

R

t-Buor H

R=

o
=
2
=
S
bl
=
&

+Bu
H

1R=
2R=

13R=¢#Bu
14R=H




Introduction (fU‘nﬁn)

luilagiiut oflgdnluadianidunumddglunaisg s anfivsu fduausafdmiv
° . . 1,2 U Aa 34 @ [y
lasaunuudnmiz (on-selective sensors) ~ iiuazazaad (catalysts)” w3altuselominiean
MIWANE  (medicinal  applications) 8w IEiHuansdamsumssnswuulnla lawn dng
(photodynamic therapy (PDT)), photosensitizers, MRI reagents Jueu undaplerinmssanuuunas
FaNzvansdsznavfizudfianzanuanudainmslagiaunianasuansg yUsznaun Ly
v o 3; Ay d.l' =3 6 & a %
Nk nifitasnnunaanasunite 9 azlianvuzianizan
a € A & = ¢ Aa = ° & af @ & '
aanddlasuduunianafuninmsdnsuazshandunsudsalunsssanziansdne g
' [y 5-7 E XA Aa a [ o o A
agnantans stbflesanandnd4eIumaniaduanzi ldiouazdillasegis 4 lasep
] ¢ A [ & & [ & & ' = wa o ' A
leur Taw wiiigoalan 1,2-damesiiauazt,3-gamaiifia lasudaslasigUfiaudfdnanu 1w 300
v 1,3-8amasifiaazlidunisdviia (binding sites) NigadinavaansuIsandsznavldaroniiedl
A ' = & 7 o & o ¢ a _ &, = A
fidu 2 wibouazezaaufuenlod 2 ezaey mIFuaATzReuRUTVaIAENG[4]ETUIANIOEEN
o { o s 8 o ' ' o a { o =
Fuanednelilaglagunts’  dradhagu  euwutvesmAndi4neIunedlugll,s-damnatida
uTFLATEAlatasld K,CO, %38 Cs,CO; twua uananieyruivaInanb4laTugs
Py . A [ ' o &V v ' . . 9
N13000nuuL AT INGS (cavity) NanunasnwrTe IaNIN@IAUALS 13U calix[4]-bis-crown %38
. . 10 I ) a A Ada A o Pz o A
calix[4]-bis-cryptand \dueuiutvasmdndaeiundlnsfiavanasin  Siswnsndvlesaud

widaunule 2 loaauluniandsanu 1aidu homobinuclear cmplexes

<)
CO,Et

efedelatat

calix[4]-bis-crown calix[4]-bis-cryptand



ﬁww%’ua%ﬁufmmmaﬂsfm]l,a%uﬁag’lulﬂsagﬂ 1,3-damnasiftauazdlnssldananasnn loun
1,3-alternate calix[4]-uranylsalophene-crown-G11 ﬁmmsmﬁ@msﬂi:ﬂauL%d%auﬁ'uﬁy'dl,l,auvl,aaau
uazuanlosanldluianduatiu wia 1,3-alternate calix{4]-cryptand-crown-6 - uas 1,3-alternate
caIix[4]-cyc|en-benzo-crown-613 ﬁmmsnLﬁ@msﬂizﬂam%d%auﬁ'u hard-metal ions LLaz soft-metal

. a o A ' v & g o v A « « V]
lons vlﬁl%mmzla@ﬂ']ﬂu Gﬁ\‘lLL@@NT—]a%wuﬁﬂﬁaaﬁua’]&lqiﬂﬂqﬁuqﬂLﬂu hard-soft receptors VL@I

calix[4]-uranylsalophene-crown-6 calix[4]-cryptand-crown-6 calix[4]-cyclen-benzo-crown-6

a a 1Y o A = { A = [ a . 14
waNNNAAND[4]aIuuad didundanasuang Nunawla Selaund waslwsu (porphyrins)
madsznevsiaitdaziizdiaduiun (09d6) wdndanumucaus Aaula 1w anuduazls
andnvalng ldluenavessssfiadfifanzdiuazilngg (cavity) Nzwaduniz Saudfids
A Aa v @ € a a A & Aa
usafithauls  snsdsznauiideuveseunutnanssfiaveswatiniulanumansnidunzaziadiu
Ujnsendnan-Siatuuoss lainlailinod 9@ a1fiitw  ZnTTP-MnDPyP- ZnTTP  supramolecular

complex'” %38 MTCTMP "



X X
X=ClL H
M = Fe(II), Co(II), Mn(II)
ZnTTP-MnDPyP- ZnTTP supramolecular complex MTCTMP

uaﬂmﬂﬁﬁoﬁmgﬁ'uﬁ‘madwa%"LW'%uﬁmmsnﬁwmlﬂum%’nmﬁammﬁaﬁﬁ%a'jw
= ° ' A A o . ® 17
photdynamic therapy (PDT) Teildmsinelwdewnfiasd aeldta “Photofrin

CO,Na CO,Na
n=1-9
. ®
Photofrin

wn o \ = ¢ < = o o o a . o o A ¢
MNRNTABLAALAUIAILNEANTUNIRA '«N"L@wdauslammea?’LWiummaLﬂnﬂumaﬂsﬁM]-
La'%fmﬁaa%”wl,ﬂuiul,aqasgﬂmai: (super molecules) N1l mia%'aLmﬁzﬂmaqaﬁﬁﬁdmﬁﬂsﬁq
a & & . 18 ¢ v o @
La%ul,l,a:wa?’lWiugﬂﬁmwmﬂumamﬂim Asfari uazamie il 1993 49 16vinn1389La312% double

porphyrin double calix[4]arene 910 calix[4]dialdehyde uag dipyrryl methane @aeidasiGuanaanmH
WNE 0.4 %



double porphyrin double calix[4]arene

' . 19,20 v o [ . .
ganlul 1994 uay 1995 Rudkevich wazansz  l@¥iNNNIFIATIEY Bis-calix[4]arene-Zn-
. ,2’ d' o a o a €, a ‘ﬁl [ 1 a
tetraarylporphyrins 4% lasmsianriuvasluananasiWsunuanandidlaiu Seluanadinaniazdl

@ multifunctional receptors fisnanInduiuuaulassuuszlaanaiidunarald




o i 21,22 o o )
luamzifiennu Nagasaki LREATUE levinmsasianzit calix[4]-capped

. té 3 v d & . . v o a
tetraphenylporphyrin Tygnansarninndu  hard-soft ditopic  receptor lauazdignunsaio
fsdsznaudstaunulalalad laa

S a o & v & a ¢ a , A A o o
wananAdsiimIsuanzieunusanfnd(4]iaiu 2 nhuNTaNNua meso-
. . = o 1 = o = %
diphenylporphyrin LWL ARSI M lWansnIzuIuwnT  electron-transfer  NU
benzoquinone wuiniemitienaadidnasawinlesauvaslanzfignivagnnasluiulud

. 23,24
benzoquinone

electron
transfer

lunsANENITLIUMT  electron-transfer 3¢9 [60]fullerene WaE porphyrin g9 lasinng
dariistasnizadanda Hunundanasuaang[4)aiu ﬁ'ﬁﬁl,ﬁm‘ﬂumsmmqum:mums

o ' ) d d { ° . . 25
dananlaglnmadfouulaslassgufigniniianinlaslans (metal-induced conformational change)



CH,
P ' ° ™ ' & & A € a ° o
NNNWIFBARBUINLIIM TN ET ISUINGaLULNAANaSUANANG[4eTH ALVl LT

= & Aa en v & amne 2 a @ &a A €
\fuiaes  (receptor) Mdawi@hauls  datwiAdsddienuaulalumiduaszida-aand4l-
waslnsu lasldeanuuuluanwasnniionas Wsuinntindnn lnssasanandi4aTunlansiale
[ [ s ] U & 1 a d o v o (d’ (3 o U & 6
MITUAUEURAIN (substrate) @199 Idiluadned Teazvilkayiusilderavhanlfiduimuises
o a A d' & d' 1 1 a A ) UV & a 6 6’3 ;:?
mmmmuvl,aaauﬁiaImLaqawLﬂuﬂmoﬂmaﬂa [ nInedle  wiavhanlmiuacasizd Nt

ol vA v & & a a a al , a . x>
Lua\‘ﬁ]’mﬁd’l’%madmu’)’m’]im(ﬂﬂ’]ﬂ‘ﬂaU%LL‘]JGGI@]"] ﬁ]:&ma&l’]m&la%u’mwaﬂv\huﬂ%Jllﬂﬂ‘li‘um@li“n

MIMENDABLENATOU hy
o
- % HUDDS
(Azazdad) i rr'ﬁf/ u

Wizt lwdnladsautiaidulesswawmafuasda-ananddlwasingn  dsaravinly
ﬂsxﬂqn@lﬁl"ﬁ’lumm’%ﬂumﬁLmn:ﬁl,l,auvlaaau%%aimaqaﬁLﬂuﬂmaﬁaula] ﬁﬂﬁv’aﬂ'\nﬁumummi
anudlalunstoneadiinaseuwniaiiaujismeandatu  sansniblldviduazaziadd
Wawlale 6'1’5'@awﬁﬂﬂlﬁﬂsﬂwﬂuqmm%m‘s;\lm@mﬂﬁluﬂi:mﬂ‘lﬂU"L@T auasLdunTTIDWRIU
waluladvastsznalng



Results

cis-Bis-p-tert-butylcalix[4]-porphyrin (1) and cis-biscalix[4]-porphyrin (2) were synthesized

following to Scheme 1.

CH3CH,CO,H/KI

reflux
Toluene/reflux

1R =1¢Bu
2R=H

Scheme 1 synthetic pathway of biscalix[4]-porphyrin 1 and 2 linked in cis-fashion.

1. Synthesis of triethylene glycol ditosylate (9)

Into a 100 mL two-necked round bottom flask, 7.51 g (50 mmol) of triethylene glycol, 20.24
g (200 mmol) of triethylamine, 6.11 g (5 mmol) of 4-dimethylaminopyridine and 30 mL of
dichloromethane were added. The reaction mixture was chilled in an ice-bath and sitted
under nitrogen atmosphere. The solution of 19.06 g (100 mmol) of toluene-4-sulfonyl
chloride (TsCl) in 20 mL of dichloromethane was added dropwise. After stirring the reaction

mixture for 8 hrs at room temperature, a solution of 3 M hydrochloric acid was slowly added

until the solution became acid (pH<1). The reaction mixture was stirred at room



temperature about 30 min. The reaction mixture was extracted with water (2x25 mL) and
the organic layer was separated and dried over anhydrous sodium sulfate. The solvent was
evaporated to dryness under vacuum to provide light yellow oil. The desire product,

triethylene glycol ditosylate (9), was precipitated by diethyl ether to yield a white precipitate

with 86% vyield (19.72 g). Mp. = 62-64°C, "H NMR spectrum (CDCls, 400 MHz,S(ppm)) 7.77
(d, J,,,,= 8.2 Hz, 4 H, SO,-0-ArH), 7.32 (d, J,,= 8.2 Hz, 4 H, SO,-m-ArH), 4.10 (t, J,,,,= 4.7
Hz, 4 H, OCH,CH,0OCH,), 3.60 (t, J,, = 4.7 Hz, 4 H, OCH,CH,OCH,), 3.50 (S, 4
H,OCH,CH,OCH,), 2.42 (S, 6 H, Ar-CH,); IR spectrum (KBr pellet): 2800-3000 cm_1 (C-H
stretching), 1150-1200 cm’’ (C-O-C stretching ).

2. Synthesis of 2-(triethylene glycol tosyl)benzaldehyde (10)

Into a 250 mL two-necked round bottom flask equipped with a condenser, 1.22 g (10 mmol)
of salicyaldehyde, 13.82 g (100 mmol) of potassium carbonate and 200 mL of acetonitrile were
added. The reaction suspension was stirred under nitrogen atmosphere for 1 hr and, the, it was
heated. A solution of 9.17 g (20 mmol) of triethylene glycol ditosylate (9) in 50 mL of acetonitrile
was added dropwise. After reflux for 18 hrs, the reaction mixture was cooled to room temperature
and filtered. The filtrate was dried under vacuum. The obtained residue was dissolved in 100 mL
dichloromethane and extracted with 3 M hydrochloric acid (2x50 mL). The organic layer was
separated off, washed with water (2x50 mL) and dried over anhydrous sodium sulfate. The solvents
were evaporated to dryness to provide viscous light yellow oil. The obtained residue was
chromatographed on silica gel using 98/2 : dichloromethane/acetone to provide 2-(triethylene glycol
tosyl)benzaldehyde (10) as a viscous light yellow oil with 44% yield (1.40 g) 'H NMR spectrum
(CDCl3, 400 MHz, & (ppm)) 10.47 (s, 1 H, ArCHO), 7.79-7.75 (m, 3 H, ArH and ArHx), 7.51 (dt, J,,
,= 8.7Hz,1 Hz, ArH), 7.31 (d, J,,, = 8.4Hz, 2 H, ArHy), 7.05-6.95 (m, 2 H, ArH), 4.22 (t, J,, = 4.7
Hz, 2 H, ArSO,0CH,CH,0), 4.12 (t, J,, = 4.7 Hz, 2 H, ArOCH,CH,0), 3.86 (t, J,,,= 4.7 Hz, 2 H,
ArOCH,CH,0), 3.69-3.59 (m, 6 H, ArOCH,CH,OCH,CH,0CH,CH,OTs), 2.24 (s, 3 H, -CH5)

3. Synthesis of p-tert-butylcalix[4]-dibenzaldehyde (11)

Into a 250 mL two-necked round bottom flask equipped with a condenser, 1.62 g (2.5

mmol) of p-tert-butylcalix[4]arene, 5.30 g (50 mmol) of sodium carbonate and 150 mL of acetonitrile



were added. The suspension was stirred at room temperature under nitrogen atmosphere for a
hour. Then, it was heated and a solution of 2.0423 g (5 mmol) of 2-(triethylene glycol
tosylate)benzaldehyde (10) in 50 mL of acetonitrile was added dropwise. The reaction mixture was
refluxed for 3 days. After cooling to room temperature, it was filtered. The filtrate was evaporated to
dryness under vacuum. The obtained residue was dissolved in 100 mL of dichloromethane and
extracted with 3 M of hydrochloric acid until pH<1. The organic layer was separated, dried over
anhydrous sodium sulfate and evaporate to dryness to provide light yellow viscous oil. The residue
was separated on silica gel using as an eluent to give p-tert-butylcalix[4]-dibenzaldehyde (11) as a
yellow viscous oil with 50% (1.40 g). 1H NMR spectrum (CDCl;, 400 MHz, & (ppm))10.48 (s,2H,
ArCHO), 7.79 (dd, J,,,,= 8.5, 1.7 Hz, 2 H, ArHGCHO), 7.47 (dt, J,,, = 6.1,1.6 Hz, 2 H, ArH4CHO),
7.10 (s, 2 H, ArOH), 6.98-6.34 (m, 2 H, ArHSOCHz), 6.84 (d, J,,=39Hz, 2H ArH’ OCH,), 7.02 (s,
4 H, C4Hy m-ArHOCH,), 6.73 (s, 4 H, C4Hy m-ArHOH), 4.34 (d, J,,= 13.0, 4 H, ArCH,Ar), 4.13-
4.04 (m, 8 H, OHCArOCH,CH,0), 3.93-3.85 (m, 8 H, C,H,ArOCH,CH,0R), 3.26 (d, J,,= 13.1 Hz,
4 H, ArCH,Ar), 1.25 (s, 18 H, OAr-t-C4Hy), 0.91 (s, 18 H,OAr-t-C,Hy), IR spectrum (KBr pellet):
3300 cm_1 (OH stretching), 3025-3011 (spz—C—H stretching), 2800-3000 cm_1 (sp3 C-H stretching),
2700, 2800 cm ' (CHO stretching), 1700 cm (C=O stretching), 1600, 1500 cm (C=C aromatic
stretching)

4. Synthesis of calix[4]-dibenzaldehyde (12)

Calix[4]-dibenzaldehyde (12) was synthesized by using same procedure as compound 11
but 1.62 g (2.5 mmol) of calix[4]arene, 5.30 g (50 mmol) of sodium carbonate, 150 mL of
acetonitrile and 2.0423 g (5 mmol) 2-(triethylene glycol tosylate)benzaldehyde (10) were used. After
purification by column chromatography (silica gel, 98/2: dichloromethane/acetone), calix[4]-
dibenzaldehyde (12) was obtained as light yellow viscous oil with 50% (1.40 g). 1H NMR spectrum
(CDCl;, 400 MHz, 6 (ppm))10.48 (s,2H, ArCHO), 7.79 (dd, J,,= 8.5, 1.7 Hz, 2 H, ArHSCHO), 7.47
(dt, J,,, =6.1,1.6 Hz, 2 H, ArH4CHO), 7.10 (s, 2 H, ArOH), 6.98-6.34 (m, 2 H, ArHSOCHz), 6.84 (d,
J,,=39Hz, 2 H ArH’ OCH,), 7.02 (s, 4 H, C4Hy m-ArHOCH,), 6.73 (s, 4 H, C,Hy m-ArHOH), 4.34
(d, J,,~ 13.0, 4 H, ArCH,Ar), 4.13-4.04 (m, 8 H, OHCArOCH,CH,0), 3.93-3.85 (m, 8 H,
C4HArOCH,CH,0OR), 3.26 (d, J,,,,= 13.1 Hz, 4 H, ArCH,Ar), 1.25 (s, 18 H, OAr-t-C,H,), 0.91 (s, 18
H,OAr-t-C,Hy), IR spectrum (KBr pellet): 3300 cm'1 (OH stretching), 3025-3011 (spz-C-H stretching),



2800-3000 cm ' (sp’ C-H stretching), 2700, 2800 cm ' (CHO stretching), 1700 cm (C=O stretching),
1500, 1600 cm ' (C=C aromatic stretching).

5. Synthesis of bis-p-tert-butylcalix[4]-porphyrin (1)

Into a 100 mL two-necked round bottom flak equipped with a condenser, 30 mL (0.4 mol) of
propionic acid, 0.05 g (0.8 mmol) of sodium chloride were introduced. The reaction mixture was
stirred at room temperature for 10 min. A solution of 0.45 g (0.4 mmol) of p-tert-butylcalix[4]-
dibenzaldehyde (11) in 20 mL toluene was added and a solution of 0.05 g (0.8 mmol) of pyrrole in
10 mL toluene was added dropwise. An additional 20 mL of toluene was added and the reaction
mixture was refluxed with vigorous stirring for 2 hrs. The solvents were evaporated off under reduce
pressure. The obtained residue was dissolved in 100 mL dichloromethane and extracted with a
saturated solution of sodium bicarbonate (2x50 mL). The organic layer was separated and washed
with water (2x50 mL), dried over anhydrous sodium sulfate and evaporate to dryness to provide
light yellow viscous oil. The residue was chromatographed on silica gel using as 98/2 :

dicloromethane/ethyl acetate as an eluent to afforded bis-p-tert-butylcalix[4]-porphyrin (4) as a

purple solid with 9% yield (0.48 g). Mp.> 270 °C 1H NMR spectrum (CDCls, 400 MHz, S(ppm)) 8.74
(d, J,,,,= 10.4 Hz, 8 H, B-Aerorphyrin), 792 (d, J,,= 6.7 Hz, 4 H, ArH), 7.70 (t, J,, = 6.8 Hz, 4H,
ArH), 7.24 (s, 8 H, m-ArH,y), 6.92 (s, 8 H, m-ArH.,y), 6.74-6.58 (m, 8 H, ArH), 3.98 (d, J,,,,=4.6
Hz, 8 H, ArCH,Ar), 3.70 (dt, J,,, = 9.1 Hz, 3.5 H, ArOCH,CH,0), 3.02-2.82 (m, 16 H, ‘Bu-
ArOCH,CH,0), 2.03 (d, J,,,,=4.6 Hz, 8 H, ArCH,Ar), 1.25 (s, 9 H, Ar-t-C,H,),0.87 (s, 18 H, HOAr-t-
C.H,); IR spectrum (KBr pellet) : 3457 cm™ (br, N-H waz O-H stretching), 2980, 2972 uaz 2885 cm’
! (C-H stretching),1500, 1450 cm_1 (C-C aromatic stretching).

6. Synthesis of biscalix[4]-porphyrin (2)

Biscalix[4]-porphyrin (2) was synthesized by using same procedure as compound 1 but 0.45
g (0.4 mmol) of calix[4]-dibenzaldehyde (12), 0.05 g (0.8 mmol) pyrrole. After purification by column
chromatography (silica gel, 98/2 : dicloromethane/ethyl acetate), calix[4]-porphyrin (2) was
separated in 9% yield (0.48 g) as a purple solid. Mp.> 270 °C, "H NMR spectrum (CDCl;, 400 MHz,
d(ppm)) 8.74 (d, J,.,,= 10.4 Hz, 8 H, B-ArH,opnyiin), 7.92 (d, J,.,,= 6.7 Hz, 4 H, ArH), 7.70 (t, J,,=



6.8 Hz, 4H, ArH), 7.24 (s, 8 H, m-ArH.,;), 6.92 (s, 8 H, m-ArH_,;,), 6.74-6.58 (m, 8 H, ArH), 3.98 (d,
J,,,,=4.6 Hz, 8 H, ArCH,Ar), 3.70 (dt, J,, = 9.1 Hz, 8 H, ArOCH,CH,0), 3.02-2.82 (m, 16 H, ‘Bu-
ArOCH,CH,0OCH,), 2.03 (d, J,,,,= 4.6 Hz, 8 H, ArCH,Ar), 1.25 (s, 36 H, Ar-t-C,H,),0.87 (s, 36 H,
HOAr-t-C,Hy); IR sUnasu (KBr pellet) : 3457 cm_1 (br, N-H and O-H stretching), 2980, 2972 and
2885 cm” (C-H stretching),1500, 1450 cm’” (C-C aromatic stretching).

For biscalix[4]-porphyrin 3 and 4 which linked in a trans-fashion were synthesized following

scheme 2.

11 or 12
CH,CH,CO,HKI

Toluene/air, reflux

R R R
11R=++Bu 13R=1¢Bu
12R=H 14R=H

Scheme 2 Synthetic pathway of frans-biscalix[4]-porphyrin 3 and 4.

7. Synthesis of calix[4]-bisdipyrrolemethane (14)
A 25 mL round bottom flask sealed with rubber septum and wrapped with aluminum foil
containing 1.44 g (1.60 mmol) 1,3-calix[4]-dialdehyde (12) and 11 mL (160 mmol) of pyrrole was
bubble with nitrogen for 15 min. 25 pL (0.32 mmol) of trifluoroacetic acid (TFA) were added via



microsyringe. The reaction solution was stirred at room temperature under nitrogen atmosphere for
15 min. The reaction was monitor by TLC where compound 14 gave a reddish rose with liquid
bromine. The reaction was quenched with 20 mL saturated solution of sodium bicarbonate. The
organic layer was separated and the aqueous layer was washed with dichloromethane. The
combined organic layer was dried over anhydrous sodium sulfate and evaporated to dryness. The
obtained residue was separated on silica gel using 98/2: dichloromethane/ethyl acetate as eluent.
Calix[4]-bisdipyrrolemethane (14) was obtained as a light brown viscous oil with 71 % yield (1.28 g).
"H NMR spectrum (CDCl3, 400 MHz, 6(ppm)) 8.88 (s(br), 4 H, NH), 7.70 (s, 2 H, OH), 7.26 (d, J,,,
=7.6 Hz, 2 H, ArH), 7.20 (t, J,,= 7.8 Hz, 2 H, ArH), 7.10 (d, J,,,,= 7.6 Hz, 4 H, ArH), 6.93 (t, J,,,
=7.6 Hz, 2 H, ArH), 6.87 (d, J,,= 5.6 Hz, 4 H, ArH), 6.78-6.69 (m, 10 H, ArH), 6.67 (d, J,,,,= 1.6
Hz, 4 H, ArH ), 6.12 (t, J,,, = 2.8 Hz, 4 H, ArHp ), 5.96 (s, 4 H, ArHy06), 5.68 (s, 2 H,
ArH,yoe), 441 (d, J,,= 13.0 Hz, 4 H, ArCH,Ar), 4.11-4.08 (m, , 4 H, OCH,), 3.93-3.89 (m, , 8 H,
OCH,), 3.88-3.84 (m, , 4 H, OCH,), 3.76-3.64 (m, , 4 H, OCH,), 3.37 (d, J,,,,= 13.0 Hz, 4 H,
ArCH,Ar).

8. Synthesis of trans-biscalix[4]-porphyrin (4)

Into a 100 mL round bottom flask sealed with rubber septum and wrapped with aluminum
foil, 0.26 g (0.23 mmol) of calix[4]-bisdipyrrolemethane (14), 0.21 g (0.23 mmol) of 1,3-calix[4]-
dialdehyde (12) and 50 mL of dichloromethate were added. The reaction mixture was purged with
nitrogen for 15 min and, then, 6.4 pL (5 pmol) of boron trifluoride etherated charged. The reaction
mixture was stirred over night under nitrogen atmosphere and, then, 0.21 g (0.92 mmol) of
dicyanodichloroquinone (DDQ) was added. The reaction mixture was stirred for additional 2 hrs.
The solvent was removed under pressure to provide a dark residue. The residue was purified on
silica gel using 95/5: dichloromethane/acetone as eluent to afford trans-biscalix[4]-porphyrin (4) a
purple solid with 24 % yield (0.11 g). "H NMR spectrum (CDCl;, 400 MHz, d(ppm)) 8.83 (s, 8 H, /-
ArHpoonyiin), 7.88 (d, J,,,= 7.2 Hz, 4 H, ArH), 7.72 (t, J,,,,= 7.2 Hz, 4 H, ArH), 7.30 (s, 4 H, OH),
7.15(d, J,,,= 8.0 Hz, 4 H, ArH), 6.86 (d, J,,,,= 7.6 Hz, 8 H, ArH), 6.76 (d, J,,,,= 7.2 Hz, 8 H, ArH),
6.68 (t, J,,= 7.4 Hz, 4 H, ArH), 6.52 (t, J,,= 7.4 Hz, 4 H, ArH), 3.67-3.66 (m, , 8 H, OCH,), 3.56
(d, J,,= 13.2 Hz, 8 H, ArCH,Ar), 2.95 (d, J,,,,= 13.2 Hz, 8 H, ArCH,Ar), 2.81-2.79 (m, , 8 H,
OCH,), 2.30 (s(br), 8 H, OCH,), 1.95-1.92 (m, , 16 H, OCH,), 1.56-1.54 (m, , 8 H, OCH,), 1.30 (s,

8 H, OCH,). Mp. > 270 °C.
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ABSTRACT

Calix[4]arene-calix[4]pyrrole (4a), p-tert-butylcalix[4]arene-calix[4]pyrrole (4b) and 1,3-alternate-calix[4]arene-
calix[4]pyrrole-crown-5 (5) have been synthesized and characterized by 'H, 3C NMR, Mass, elemental analysis and X-
ray single crystal analysis. The ion-pair binding studies revealed that ligand 4a showed strong binding with F and CI’
, but could not accommodated K*, while ligand 5 act as an ion pair receptor. It was also demonstrated that K* was
encapsulated by the crown ether moiety whereas F was bound with calix[4]pyrrole unit. The different bahaviors of F
binding were found. For ligand 4a, the F was accommodated in an exo-fashion whereas , in ion-pair receptor 5, the F

was encapsulated inside the cavity by calix[4]pyrrole unit (endo-fashion).

Recognition of ion pair is one of the most interesting
subject in recent years. The design and synthesis of
synthetic ion pair receptors possessing high affinity and
adequate selectivity for wvarious targeted substrates
represents an ongoing challenge in the area of
supramolecular chemistry.® The ion pair receptor

(1) (&) Lehn, J.-M. Supramolecular Chemistry, Concepts and
Perspectives; WCH: Weinheim, Germany, 1995. (b) Sessler, J. L.; Gale,
A. P.; Cho, W.-S. Anion Receptor Chemistry; The Royal Society of
Chemistry: Cambridge, 2006. (c) Davis, A. P.; Sheppard, D. N.; Smith,

composes of cation and anion binding sites held together
in a close proximity or grafted on a molecular framework
to provided contact ion pair or spatially separated ion pair
receptor respectively.” The former system may exhibit

B. D. Chem. Soc. Rev. 2007, 36, 348. (d) Sisson, A. L.; Shah, M. R;;
Bhosale, S.; Matile, S. Chem. Soc. Rev. 2006, 35, 1269. (e) Pfeifer, J. R.;
Reiss, P.; Koert, U. Angew. Chem., Int. Ed. 2006, 45, 501. (f) Gokel, G.
W.; Leevy, W. M.; Weber, M. E. Chem. Rev. 2004, 104, 2723.

(2) (a) Kirkovits, G.J.; Shriver, J.A.; Gale, P.A. Sessler, J.L J. Inclu.
Phenom. Macro. Chem. 2001, 41, 69. (b) Kaewtong, C.; Fuangswasdi,
S.; Muangsin, N.; Chaichit, N.; Vicens, J.; Pulpoka B. Org. Lett. 2006,



allosteric effect more than the latter and its selectivity
toward anion depends on the metal ion bounded? or vice
versa. By contrast, the spatially separated ion pair
receptor possesses less allosteric effect and its selectivity
depends mainly on the intrinsical properties of binding
units.” Nowaday, the simultaneous analysis of ion pair
has increasing request in order to response to basic needs
of analysis; accuracy, rapidity, economy and simplicity of
the method. A need for simultaneous determination of
potassium and fluoride ions in a carries and dentinal
hypersensitivity prevented toothpast is still seeking for a
suitable method.*

Calix[4]arene is a very attractive scaffold that can be
used as a platform for designing more sophisticated
structure for binding ions and neutral molecules.® Thus,
several neutral ditopic receptors binding cooperatively
metal ions and their counterions have been developed
from calix[4]arenes.® As calix[4]-crown-5 is well-known
to be a very high K'/Na* selective receptor’ and
calix[4]pyrrole has been identified as one of the most
attractive hosts for the binding of fluoride anions,® they
are aimed to be integrated on the same molecular scaffolf
to provide a highly selective potassium and fluoride
receptor to use in simultaneous potassium and fluoride
determination.

Herein, we describe the synthesis of receptor 4a, 4b
and 5 including their coordination behavior toward
anions and cations. The synthesis was started by
preparation of 2-(8-tosyltriethyleneglycol)acetophenone
(1), an alkylating agent for calix[4]arene, by reacting
triethylene  glycol  ditosylate ~ with  2-hydroxy
acetophenone using excess K,COj3 as base in acetonitrile
(30% vyield). A distal disubstitution of calix[4]arene or p-
tert-butylcalix[4]arene by 2 equiv. of 1 using K,COs as a
base in acetonitrile gave 2a (85%) and 2b (63 %). 25,27-
Calix[4]-bis-dipyrromethane (3a and 3b) were obtained
by direct condensation between 2a, 2b and pyrrole using
TFA as catalyst in dried CH,CI, for 15 min in 61% and
35% vyields respectively. Compounds 3a and 3b were
cyclized by acetone in the presence of BF;.OEt, as
catalyst to afford the desired receptors 4a (37%) and 4b

8, 1561. (c) Sessler, J.L.; Kim, S.K.; Gross, D.E.; Lee, C.-H.; Kim, J.S,;
Lynch, V.M. J. Am. Chem. Soc. 2008, 130, 13162.

(3) Mahoney, J.M.; Beatty, A.M.; Smith, B.D. J. Am. Chem. Soc.
2001, 123, 5847.

(4) Pérez-Olmos, R.; Soto, J.C.; Zéarate, N.; Diez, I. J. Pharm.
Biomed. Anal. 2008, 47, 170.

(5) (a) Lumetta, G. J.; Rogers, R. D.; Gopalan, A. S. “Calixarenes for
separations” American Chemical Society, Washington, DC, 2000. (b)
“Calixarenes 2001, Asfari, Z.; Béhmer, V.; Harrowfield, J. (Eds),
Kluwer Academic Publishers, Dordretch, 2001.

(6) (a) Tumcharern, G.; Tuntulani, T.; Coles, S. J.; Hursthouse, M. B.;
Kilburn, J. D. Org. Lett. 2003, 5, 4971. (b) Tongraung, P.; Chantarasiri,
N.; Tuntulani, T. Tetrahedron Lett. 2003, 44, 29. (c) Webber, P. R. A,;
Beer, P. D. Dalton Trans. 2003, 2249. (d) Nabeshima, T.; Saiki, T
Iwabuchi, J.; Akine, S. J. Am. Chem. Soc. 2005, 127, 5507.

(7) Ghidini, E.; Ugozzoli, F.; Ungaro, R.; Harkema, S.; El-Fadl, A.A,;
Reinhoudt, D.N. J. Am. Chem. Soc., 1990, 112, 6979.

(8) (a) Gale, P. A.; Anzenbacher Jr., P.; Sessler, J. L. Coord. Chem.
Rev. 2001, 222, 57. (b) Sessler, J. L.; Gale, P. A. in The Porphyrin
Handbook, Vol. 6 (EDS.: Kadish, K. M.; Smith, K. M.; Guilard, R.)
Academic Press, Sandiego, 2000, chap.45. (c) Sessler, J. L
Anzenbacher Jr. P.; Mitaji, H.; Jursikova, K.; Bleasdale, E. R.; Gale. P.
A. Ind. Eng. Chem. Res. 2000, 39, 3471.

(33%). In both compounds, calix[4]arene unit exists in
cone conformation due to a presence of doublet signals of
ArCH,Ar at 3.39, 4.40 and 3.33, 4.36 ppm (Jy.y = 13.0
Hz) for 4a and 4b, respectively. The synthesis of
compound 5 was accomplished by the reaction 4a with
tetraethylene glycol ditosylate in an excess of K,COj3 in
refluxing acetonitrile for 3 days. The obtained residue
was separated by column chromatography to provide a
white solid of 5 (68%). MALDI-TOF MS, *H-NMR and
elemental analysi were in good agreement with the
proposed structure of desired products 4a, 4b and 5.

Scheme 1. Synthesis of receptors 4a, 4b and 5.
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(11) X-ray data wemjalle@ﬁﬂ‘ Pa Bruker SMART CCD area
detector. The crystal struetute was™ sdk(ed by direct methods and refined
by full-matrix Ieagmcw{ares 75y s ndmhydrogen atoms were refined
anisotropically, and h ere refined using the riding
model. All calculatlons Qv 'pé(fpmmd using a crystallographic
software package, WinGX:\i ,‘IE% C ystal data for 4a; CrgHgsN,O1,
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crystallographic data in CIF format.




Figure 1. ORTEP drawing of 4a. Displacement ellipsoids are
scaled to the 50% probability level.

The solid structure of 4a,™* calix[4]arene unit was in a
pinched cone conformation stabilized by two O-H of
calix[4]arene unit. In contrast to calix[4]arene platform,
the calix[4]pyrrole unit adopted in a 1,3-alternate
conformation and showed hydrogen bonding of pyrrolic
N-H to oxygen of glycolic chain which led
calix[4]pyrrole to bend down to calix[4]arene unit and
destroy the symmetry of the molecule in Figure 1.

The complexation studies of the synthesized ligands 4a
and 5 were carried out with TBAX and potassium salts by
using "H-NMR and UV-vis spectroscopies.

KH:PO4

KPF,

KI

KBr

KCl

KF

BuyNI

Bu,NBr

BuyNC1

Bu,NF

Ligand 5

T T T T T
13 12 11 10 9

Figure 2. 'H NMR spectra (400 MHz) of complexes obtained
upon addition of NBus X and K'X (10 equiv.) into a
CDClI5:CDsCN (1:9) solution of 5.

The ability of 4a and 5 to include anions were
investigated by 'H NMR spectroscopy. Deuterated
solutions of 4a and 5 were reacted with 10 equiv of
tetrabutylammonium halides (NBu,"X) and potassium
salts. All of the resulting *H NMR spectra (see Figure 2

and S1 in the Supporting Information (S.1.)), significant
chemical shifts were observed with F, CI', KF and KCl,
while, according to *H NMR spectra, no changes of the
free ligand were found for the rest of the anions and salts
investigated (Br, I', KBr, Kl and KPFy).

The downfield shift of NH signal in both receptors
complexing with F~ ion were greater than that of with CI’
ion impling that receptor 4a and 5 interacted with F ion
stronger than CI " ion. In addition, the g-pyrrolic signals of
the free ligand became a broad signal upon complexation
with Buy;NF, but did not change with BusNCI. This
implied that the conformation of the calix[4]pyrrole
moiety changed from 1,3-alternate to cone conformation
upon complexation with BuyNF as previous reported for
F ion complexation.? The conformation change upon
complexation with with Bu,NCI was not observed.
According to 'H NMR titration experiments, the
association constants (K,;) were estimated by using the
EQNMR computer program.*® The finding revealed that
K, of 5 with fluoride anion and chloride anion were 1721
and 457 M in 1:1 (ligand:receptor) ™, respectively but
could not interpret Ks of ligand 4a in this technique.
Titration profiles are presented in Figure S6, S7 and S8.
However, in the case of 4aeF, the complex was observed
which indicated that calix[4]pyrrole unit could
accommodated F~ when TBA™ acted as a counter cation
which occurred in an exo-fashion and made cation
located outside the cavity. The results corresponded to the
anion binding ability of the calix[4]pyrrole-parent system.
> To furter proved, UV-vis spectroscopy was empolyeed
to evaluate the binding abilities of ligands with anions
(see Figure 3 and Figure S3 in S.I.). In all cases,
hypochromic shifts were observed upon addition of
TBA*X into solutions of 5 and 4a. The stoichiometries
and stability constants of the complexes were refined by
the SIRKO program® and showed 55,793 M™ and 2,328
M™ with F* for 4a and 5, respectively.

0.8
0.784 e
v¥
0761 v,,{' v
0.6 v
.74 v
()
e
v
8 0.44 4
5 J
2 0 5 10 15 20
equiv. of F
0.2+
0.0+

T T T
270 300 330
Wavelength, nm

(12) Gale, P.A; Sessler, J.L.; Kral, V. Chem. Commun. 1998, 1.

(13) Hynes, M. J. J. Chem. Soc., Dalton Trans. 1993, 311.

(14) Ligand-to-anion stoichiometries were determined from Job’s
plots as showed Figure S2 in suporting information.

(15) Gale, P. A.; Sessler, J. L.; Kral, V.; Lynch, V. J. Am. Chem. Soc.
1996, 118, 5140.
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Neu, F. Talanta 1994, 41, 2105.




Figure 3. Spectral change in the UV-vis absorption of 5 (C, =
8.30x10° M) upon addition of F (Ca = 0.87x10° M) in CH,CN
(0<Ca/CL<185).

Moreover, ligand 4a and 5 were also studied the
complexation to be a heteroditopic receptor by various
potassium salts, (i.e., KF, KCI, KBr, KI, KH,PO,, KPFg).
The complexation studies showed that calix[4]arene-
calix[4]pyrrole (4a) could not act as ion pair receptor
because ligand 4a could not bind K with its glycol
chains as seen in the case of complexations of ligand 4a
with KPFg and potassium picrate as demonstrated in
Figure 1 and S4. This might be due to that the cavity of
4a is too large for K* and some of the oxygen lone pairs
are pointing outwards*’ (Figure 1). In addition,
calix[4]pyrrole moiety could no longer bind F when
there was K" as a counter ion. In the other hand, ligand 5
can behave as heteroditopic receptors able to
simultaneously encapsulate K* in the crown ether loop
not in the triethylene glycol linkage'® which is suitable
cavity size for binding potassium ion'. Moreover, it
interacted with F stronger than other putative anionic
guests (viz. CI', Br, I', H,PO, and PFg). These may be
due to the ability of fluoride anion that can form a strong
hydrogen bonding with calix[4]pyrrole.

In the case of complexation with potassium salts, the
anions located in cavity containing calix[4]pyrrole of 5
(endo complex) to compensate the charge separation and
observed unchange conformation of calix[4]pyrrole.
Whereas, using tetrabutylammonium salts in the presence
of KPFg (potassium cation resided in the crown ether
loop), the anions were bound by calix[4]pyrrole unit and
the 1,3-alternate-to-cone conformation change of
calix[4]pyrrole was observed in the case of fluoride ion
(Figure 4).

(17) (a) Abidi, R.; Asfari, Z.; Harrowfield, J. M.; Sobolev, A. N.;
Vicens, J. Aust. J. Chem. 1996, 49, 183. (b) Asfari, Z.; Harrowfield, J.
M.; Sobolev, A. N.; Vicens J. Aust. J. Chem. 1994, 47, 757.

(18) From the complexation of ligand 5 with potassium picrate and
KPFs, the signals of glycolic chain of the crown ether loop at 3.22 and
3.38 ppm disappeared and detected the new signals at 3.78 and 4.09
ppm, the doublet of the Ar-H of the calix[4]arene at 7.17 ppm
disappeared and the new signals at 7.01 and 7.38 ppm were found
instead are demonstrated in Figures 2 and S5.

(19) Kim, J. S.; Rim, J. A.; Shon, O. J.; Noh, K. H.; Kim, E. H,;
Cheong, C.; Vicens, J. J. Incl. Phenom. 2002, 43, 51.

TBAF
1+ KPFg—> 1«KPFg —>TBAF»1+KF

1+ KF—> 1+KF
a

Figure 4. The proposed complex structure of (a) ligand 5 with
Bu,NF in the presence of KPFgand (b) ligand 5 with KF.

Indeed, *H-NMR spectra Figure S9, upon addition of
0-1 equiv. of BusNF into a solution of complexes
5eKPFg, the displacement of NH protons signal was not
observed which indicates the complexation of 5 with F
was not occurred. But after addition 1.0-2.0 equiv. of
BusNF, the NH signal showed a obviously slightly
downfield shift. This result shows the exchange anion
mechanism (PFs to F before complexation following
conformation change which confirmed by the coalesce of
two sharp singlets of g-pyrrolic protons at 5.93 and 5.72
ppm. In conclusion, the hybrid receptors 5, 4a and 4b
containning both anion (calix[4]pyrrole) and cations
(crown, calix[4]arene, glycol chain) were synthesized.
The complexation with TBAF and KF showed that ligand
5 and 4a could be an anion receptors, especially for F.
Only ligand 5 could act as an ion pair receptor.
Interestingly, the conformation of calix[4]pyrrole can be
controled by the type of potassium salts. 1,3-alternate
conformation of calix[4]pyrrole was shown by using KF
which induces endo-complex type of anions. In contrst, 5
complexes with KPFg, followed by Buy,NF, makes
possible cone conformation of calix[4]pyrrole and exo-
complex which has TBA" as a counter ion.

Acknowledgment. The authors gratefully
acknowledge the Thailand Research Fund (RSA/06/2545)
and Chulalongkorn University (90" Anniversary Fund
from Rachadapiseksompod Endowment) for financial
support. We also thank Assistant Prof. Dr. Polkit
Sangvanich for MALDI-TOF MS analysis.

Supporting Information Awvailable: Experimental
procedures and characterization data for all new
compounds including NMR spectra, spectroscopic data
and crytal structure of calix[4]arene-calix[4]pyrrole (4a)
(CIF) are available free of charge via the Internet at
http://pubs.acs.org.




Graphical Abstract

To create your abstract, type over the instructions in the template box below.
Fonts or abstract dimensions should not be changed or altered.

Type the title of your article here Leave this area blank for abstract info.
Authors' names here
Departmental address here OMe
Dtj\ OMe R
. . . Nw= d, Ni, 0 - R
Click here to include graphical abstract text. Iy Pd, Ni, or r&\(i:\—/ 2

5 Lewis acid .
Ph
Ry

Click here and insert/paste graph




Tetrahedron Letters 1

Pergamon

TETRAHEDRON
LETTERS

Concise synthesis of bisporphyrins and their C¢, complexes
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Chulalongkorn University, Bangkok 10330, Thailand.

Abstract— Bisporphyrin 1 and its zinc complex (Zn,.1) were synthesized. The inclusion of C60 by both hosts were studied by UV-vis
spectroscopic titrations. It was found that association constant of Cg, with bispophyrin 1 was >107 and was higher than its zinc complex
(1.26 x 10°). This may attribute from more rigid structure of the cavity which enhances the ability to encapsulate Cq.

Porphyrin-Fullerene interaction has long been extensively
investigated and utilized in many applications'”>. Many
studies showed surprising strong interactions which are
attributed from 7-m interactions®. Compared with
porphyrin, those traditional concave hosts, e.g., calixarene
cannot gain such a strong interaction with fullerene’.

Consequently, porphyrin and fullerene were sought for
many applications arising from this interaction. Many

HO (¢] ¢} OH

photochemical,  photophysical and electrochemical
properties of porphyrin, fullerene-porphyrin dyads can be
constructed to investigate the photoinduced -electron
transfer (PET) process'”'" which is of great importance in
many biological systems.

As stated above, the interaction between porphyrin and
fullerene can be enhanced in “sandwich” model like
bisporhyrins. As expected, the more rigid structure the host

Scheme 1. Reagent and Conditions: (i) TsCl, Et;N, DMAP, CH,Cl, , rt, 3 h, (ii) Salicylaldehyde, K,CO;, CH;CN,
reflux, 72 h, (iii) pyrrole, K,COs, propionic acid : toluene (3:10), air reflux, 12 h

groups’ studies showed that fullerenes are excellent
electron acceptors, i.e., they can accept electrons up to six
electrons®’. Therefore, combined  with  known

is, the stronger interaction can be observed®'*',

Unfortunately, many bisporphyrins can be synthesized only

"Corresponding author. Tel.: +66-2-218-7643; fax: +66-2-254-1309; e-mail: Buncha.P@chula.ac.th.
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in long and tedious ways, thereby discouraging to study
many fascinating properties of these dyads further.

We reported herein a concise synthetic methodology which
can obtain the final product (1) within 3 steps and needs
only one chromatographic separation step as illustrated in
scheme 1", Also, the zinc-porphyrin complexes could be
synthesized easily with known condition as in many
previous works'®,

Absorbance

Wavelength (nm)

Fig 1. UV-vis titration of 1 with Cg (0, 0.14, 0.27, 0.55,
0.96, 1.37, 2.20, 3.29, 4.94, 8.24 and 13.73 equivalent
respectively.)
LogK = 7
UV-vis titration of 1 and Zn,.1 with C4 to obtain
association constants revealed an interesting result'’ (Fig.1
and Fig.2). With 1, C4y can form highly strong complexes
than any previous results'®. This may be because of,
compared to bisporphyrins of Aida’s work,'* two additional
pillars which can increase the ability to encapsulate Cgq into
the cavity. Zn,.1 exhibited the ordinary association

1.0

800
Wavelength {nrr
Fig 2. UV-vis titration of Zn,.1 with Cg (0, 0.11, 0.22,
0.56,0.89, 1.34,2.01, 3.13, 4.47, 7.83 and 13.42 equivalent
respectively.)
LogK=6.10

constant compared to previous studies. Apparently, the
association constant of Zn,.1 with Cg, is substantially lower
than that of 1 which is consistent with preceding results'*'?,
i.e. the K values of metal complexes are usually lower than
those of free base ligands due to more rigidity of hosts,

thereby decreasing contact area between host and Ceg.

In conclusion, we reported another intriguing bisporphyrins
which can exhibit the exceptionally strong interaction with
Ceo especially in case of free base ligand. The most
interesting feature of this compound is the ease of
synthesis, making it attractive for using in application of
molecular separation. Structural modification on this
compound and further study of electrochemical properties
are in progress.
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General Procedure to Synthesize 1: Triethylene glycol (3.34

mL, 25 mmole) was stirred in 50 mL of CH,Cl,. Then, tosyl

chloride (9.53 g, 50 mmole) in 50 mL of CH,Cl, was added
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dropwise by an addition funnel. Triethylamine (10.50 mL, 75
mmole) and DMAP (catalyst amount) were also added as a
base and catalyst, respectively. After 3 hours, the crude
product was extracted with HCl,; solution and then
evaporated to some extent. Diethyl ether was then added and
the mixture was cooled in an ice bath. The white solid was
soon precipitated out of the solution and collected from the
filtration to obtain triethylene glycol ditosylate (9.13 g, 80%
yield). Subsequently, K,CO; (16.48 g, 0.12 mole) was stirred
in 200 mL of CH;CN for 10 minutes. Salicylaldehyde (6.25
mL, 0.060 mole) was then added to the solution as well as the
last product (9.13 g, 0.02 mole). The solution was refluxed
for 26 hours and then extracted with NaOH,q to remove
excess salicylaldehyde. The solution was then evaporated to
obtain triethylene glycol disalicylaldehyde (6.52 g, 91.4 %).
Dialdehyde (4.23 g, 0.012 mole) and pyrrole (1.57 mL, 0.024
mole) were then mixed in propionic acid-toluene (3:10, 260
mL) mixture and allowed to reflux overnight. NaCl (1.38 g,
0.024 mole) was also added as an additive. Then, the mixture
was evaporated to eliminate excess propionic acid as well as
toluene. The crude was subsequently extracted with
NaHCOj3(,q) and subjected to column chromatography (5%
acetone, 95% CH,Cl,) to obtain 1 (0.47 g, 8.76 % yield) as
the first red-violet band.

16. 1(0.18 g, 0.10 mmole) was mixed with Zn(OAc),.2H,0 (0.78
mmole) in 30 mL of dried CH,Cl,. Triethylamine (3 drops)
was added as a base and the mixture was stirred overnight at
room temperature. 0.090 g (45 %) of Zn,.1 was then obtained
from column chromatography (5% acetone, 95% CH,Cl,).

17. Procedure of UV-vis spectral experiments : The ligand stock
solutions and Cg stock solution were prepared by dissolution
of weighed amount of each compounds (the concentrations of
the ligands were about 1x10* M and the ligands were diluted
to 10° M before the titrations). Titrations of 1 with Cgy and
Zn,.1 with Cg were performed in spectrophotometric cell of
1 cm by recording UV-vis spectra after adding certain
amounts of Cg into these ligands. The spectra were recorded
from 300 to 700 nm at room temperature with a varian
spectrophotometer. The final Cgy-to-ligand ratios were about
20. The association constants were calculated from the
program Sirko. (Vetrogon, V.; Lukyanenko, N. G.; Schwing-
Weill, M. J.; Arnaud-Neu, F. Talanta 1994, 41, 2105.)

18. Satake, A.; Kobutke, Y. Tetrahedron 2005, 61, 13.

19. Boyd, P. D. W.; Reed, C. A. Acc. Chem. Res. 2005, 38, 235.
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