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 ในงานวิจยันี้ไดทําการสังเคราะห ซิส-บิส-พารา-เทอรเชียร-ีบิวทิลคาลิกซ[4]-พอรไฟริน (1) และ ซิส-
บิสคาลิกซ[4]-พอรไฟริน (2) ซ่ึงประกอบดวยหนวยคาลิกซ[4]เอรีน 2 หนวยเชือ่ตออยูบนวงพอรไฟรินใน
ลักษณะ-ซิส จากปฏิกิริยาควบแนนระหวาง พารา-เทอรเชียรี-บิวทิลคาลิกซ[4]-ไดเบนซาลดีไฮดหรือคาลิกซ
[4]-ไดเบนซาลดีไฮดดวยพริโรลโดยใชกรดโพรพิโอนิกเปนตวัเรงปฏิกิริยาและตัวทําละลายรวมกับโทลอูีน 
นอกจากนีย้ังไดทําการสังเคราะห ทรานส-บิส-พารา-เทอรเชียรี-บิวทิลคาลิกซ[4]-พอรไฟริน (3) และ ทรานส-
บิสคาลิกซ[4]-พอรไฟริน (4) ท่ีมีการเชือ่มตอกันในลักษณะ-ทรานส โดยผานสารตัวกลาง คอื คาลิกซ[4]-บิส
ไดพิรโรลมีเธนแลวนํามาควบแนนกับคาลิกซ[4]-ไดเบนซาลดีไฮดดวยสภาวะในการสังเคราะหที่เหมือนกับ
ขางตน ในระหวางที่ทําการสังเคราะห 2-(ไตรเอธลิีนไกลคอลทอซลิ)เบนซาลดีไฮดสามารถแยกไตรเอธลิีน
ไกลคอลไดเบนซาลดีไฮดออกมาไดซึ่งสารน้ีมีหนวยเบนซาลดีไฮดท่ีเหมาะสําหรับนํามาควบแนนกับพิรโรล
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เลอรีน (C60) โดยใชฟลอูอเรสเซนตสเปกโตรสโกปในการศึกษาการเกิดสารประกอบเชิงซอนดังกลาว ใน
ขั้นตอนการออกแบบแตแรกนั้นไดตั้งใจที่จะใชหนวยพอรไฟรินเปนหนวยรับสําหรับแอนไอออน แตนอกจาก
พอรไฟรินเองแลวสารที่เปนแอนาลอกของพอรไฟริน คือ คาลิกซ[4]พิรโรลซึ่งสามารถสังเคราะหไดจากการ
ควบแนนระหวางสารประกอบคีโตนกับพริโรลยังใชเปนหนวยรับสําหรับแอนไอออนท่ีแพรหลาย ดังนั้นเราจึง
ไดทําการสังเคราะห บิส-พารา-เทอรเชียรี-บิวทลิคาลิกซ[4]-คาลิกซ[4]พิรโรล (6) และ บิสคาลกิซ[4]-คาลิกซ
[4]พิรโรล (7) แลวนําไปศกึษาการจบัแอนไออนซ่ึงพบวาสาร 6 จบักับคลอไรดไดดีกวาฟลูออไรดเม่ือนําเอา
สาร 6 ไปทําปฏิกิริยากับเตตระเอลิีนไกลคอลไดทอซเิลตจะได 1,3-อัลเทอรเนต-คาลิกซ[4]-คราวน-5-คาลิกซ
[4]พิรโรล (8) ท่ีเลอืกจับเฉพาะ KF สูง 
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Abstract 
Project Code: RSA/06/2545 
 

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

 

1 R = t-Bu
2 R = H

R= t-Bu or H

3

O
H

O

OTs

11 R = t-Bu
12 R = H

10 
Na2CO3/CH3CN

reflux

Toluene/reflux

CH3CH2CO2H/NaCl

N
H

O

O

H

O

O

OO O
H

R R R

H
O

R

O

O

H

O

O

OO O
H

R R R

H
O

R

HH

O OO

RRR

O

R

H H

O

O

OO

O

O

NH

NNH

N

O

O

OO

O

O

O OO
H

RRR

H
O

R

13 R = t-Bu
14 R = H

11 or 12

3 R = t-Bu
4 R = H

CH3CH2CO2H/KI
Toluene/air, reflux

 

 

TFA, CH2Cl2, RT

N
H

O
H

R R R

H
O

R

O

NH

NH

O

O

O

O

NH

NH

O

O

O

O

H

OH

O
O OTsTs

2

K2CO3

CH3CN
reflux

H

O

O

O

O

O

H

2

N
HN H
N

N

O

O

O

O

O

OO
NH

N
N

N
H

O

O

O

O

O

O

O

O

O
N
H

CH3CH2CO2H/KI
Toluene/reflux

OO O

R R R

O

R

O

O

O

OO

OO

OO

N

NHN

NH

O

O

O

H H

OO O
H

R R R

H
O

R

Na2CO3/CH3CN
reflux

3

O

O

OTs

O
H

R R R

H
O

R

O

NH

NH

O

O

O

O

NH

NH

O

O

O

N
H

TFA, CH2Cl2, RT

O

O

O

O

OO O
H

R R R

H
O

R

O

O

O

O

O
H

R R R

H
O

R

O

NH

N

O

O

O

O

NH

O

O

O

N

Acetone
BF3.Et2O
CH2Cl2

O

NH

N

O

O

O

NH

O

O

O

N

OO

O

O

O

O

K2CO3/CH3CN
reflux

O
O

OTsTs

3

 
 



Introduction (บทนาํ) 
 

ในปจจบุันนี้ เคมีซุปราโมเลคิวลารมีบทบาทสําคัญในหลายๆ ดาน อาทิเชน ใชเปนเซนเซอรสําหรับ
ไอออนแบบจาํเพาะ (ion-selective sensors)1,2 ใชเปนคะตะลิสต (catalysts)3,4 หรือใชประโยชนทางดาน
การแพทย (medicinal applications) อาทิเชน ใชเปนสารสําหรับการรักษาแบบโฟโตไดนามิกซ 
(photodynamic therapy (PDT)), photosensitizers, MRI reagents  เปนตน นักวจิัยไดทําการออกแบบและ
สังเคราะหสารประกอบที่มีสมบัติเฉพาะตามความตองการโดยเอาแพลต็ฟอรมตางๆ มาประกอบเขาไว
ดวยกัน ท้ังนี้เนื่องจากแพลต็ฟอรมหนึ่งๆ จะมีลักษณะเฉพาะตวั  

คาลิกซ[4]เอรนีเปนแพล็ตฟอรมที่มีการศกึษาและนํามาเปนเฟรมเวิรคในการสังเคราะหสารตางๆ 
อยางกวางขวาง5-7 ทั้งนี้เนื่องจากคาลกิซ[4]เอรีนสามารถสังเคราะหไดงายและยังมีโครงรูปถึง 4 โครงรูป 
ไดแก โคน พารเชียลโคน 1,2-อัลเทอรเน็ตและ1,3-อลัเทอรเนต็ โดยแตละโครงรูปมีสมบัติตางกัน เชน รูปที่
เปน 1,3-อัลเทอรเน็ตจะมีตาํแหนงจับยึด (binding sites) ท้ังสองขางของเฟรมเวิรคที่ประกอบไปดวยหนวยฟ
นิลีน 2 หนวยและอะตอมฟนอกไซด 2 อะตอม7 การสังเคราะหอนพุันธของคาลิกซ[4]เอรีนสามารถเลอืก
สังเคราะหเพือ่ใหไดรูปใดรปูหนึ่ง8 ตัวอยางเชน อนุพันธของคาลิกซ[4]เอรีนทีอ่ยูในรปู1,3-อัลเทอรเน็ต
สามารถสังเคราะหไดโดยใช K2CO3 หรือ Cs2CO3 เปนเบส นอกจากนีอ้นพุันธของคาลิกซ[4]เอรีนยัง
สามารถออกแบบใหมีโพรง (cavity) ที่สมมาตรกันหรือไมสมมาตรกันก็ได เชน calix[4]-bis-crown9 หรือ 
calix[4]-bis-cryptand10 เปนอนุพันธของคาลิกซ[4]เอรีนที่มีโพรงที่สมมาตรกัน ซึ่งสามารถจบัไอออนที่
เหมือนกันได 2 ไอออนในเวลาเดียวกัน ไดเปน homobinuclear cmplexes  
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สําหรับอนุพันธของคาลิกซ[4]เอรีนทีอ่ยูในโครงรูป 1,3-อัลเทอรเนต็และมีโพรงไมสมมาตรกัน ไดแก 
1,3-alternate calix[4]-uranylsalophene-crown-611 ท่ีสามารถเกิดสารประกอบเชิงซอนกบัทั้งแอนไอออน
และแคทไอออนไดในเวลาเดียวกัน หรือ 1,3-alternate calix[4]-cryptand-crown-612 และ 1,3-alternate 
calix[4]-cyclen-benzo-crown-613 ที่สามารถเกิดสารประกอบเชิงซอนกัน hard-metal ions และ soft-metal 
ions ไดในขณะเดียวกัน ซึ่งแสดงวาอนุพันธท้ังสองน้ีสามารถทําหนาที่เปน “hard-soft receptors” ได 
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calix[4]-uranylsalophene-crown-6 calix[4]-cryptand-crown-6 calix[4]-cyclen-benzo-crown-6 
 

นอกจากคาลกิซ[4]เอรีนแลว ยังมีแพลต็ฟอรมอื่นๆ ท่ีนาสนใจ ซึ่งไดแก พอรไฟริน (porphyrins)14 
สารประกอบชนิดนี้ถึงแมจะมีรูปรางเปนแบน (สองมิติ) แตก็มีลักษณะอื่นๆ ทีน่าสนใจ เชน ความเปนอะโร
มาติกขนาดใหญ ทําใหโมเลกุลของสารชนิดนี้มีสีเฉพาะตัวและมีโพรง (cavity) ท่ีมีขนาดจําเพาะ มีสมบัติเชิง
แสงที่นาสนใจ สารประกอบเชิซอนของอนพุันธหลายชนิดของพอรไฟรินมีความสามารถเปนคะตะลิสตใน
ปฏิกิริยาอพิอก-ซิเดชันของสไตรีนไดเปนอยางดี อาทเิชน ZnTTP-MnDPyP- ZnTTP supramolecular 
complex15 หรือ MTCTMP16   
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ZnTTP-MnDPyP- ZnTTP supramolecular complex           MTCTMP 

 
 นอกจากนีย้ังมีอนุพันธของพอรไฟรินที่สามารถนํามาใชในการักษาดวยเทคนคิทีมี่ชื่อวา 
photdynamic therapy (PDT) ซึ่งมีจําหนายในเชิงพานชิย ภายใตช่ือ “Photofrin®”17  
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Photofrin® 
 

จากสมบตัิอันโดดเดนของแพลต็ฟอรมทั้งสอง จึงไดมีผูสนใจนําเอาพอรไฟรินมาตอเขากบัคาลิกซ[4]-
เอรีนเพือ่สรางเปนโมเลกุลซุปเปอร (super molecules) ท่ีนาสนใจ การสังเคราะหโมเลกุลทีมี่ท้ังคาลิกซ[4]
เอรีนและพอรไฟรินถูกรายงานเปนครั้งแรกโดย Asfari และคณะ18 ในป 1993 ซึ่งไดทําการสังเคราะห double 
porphyrin double calix[4]arene จาก calix[4]dialdehyde และ dipyrryl methane ดวยเปอรเซ็นตผลติภัณฑ
เพียง 0.4 %  
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double porphyrin double calix[4]arene 

 
ตอมาในป 1994 และ 1995 Rudkevich และคณะ19,20 ไดทําการสังเคราะห Bis-calix[4]arene-Zn-

tetraarylporphyrins ขึ้น โดยการเชื่อมกันของโมเลกลุพอรไฟรินกับคาลิกซ[4]เอรีน ซึ่งโมเลกุลดังกลาวจะมี
สมบัติเปน multifunctional receptors ที่สามารถจับกบัแอนไอออนและโมเลกลุทีเ่ปนกลางได 
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ในขณะเดียวกัน Nagasaki และคณะ21,22 ไดทําการสังเคราะห calix[4]-capped 
tetraphenylporphyrin ซึ่งสามารถทําหนาที่เปน hard-soft ditopic receptor ไดและยังสามารถเกิด
สารประกอบเชิงซอนกับไอโอไดดไดดี 
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นอกจากนีย้ังมีการสังเคราะหอนพุันธคาลิกซ[4]เอรีน 2 หนวยที่เชื่อมกันดวย meso-

diphenylporphyrin เพียงตําแหนงเดียว จากการนําไปศึกษากระบวนการ electron-transfer กับ 
benzoquinone พบวาเกิดการถายทอดอิเล็กตรอนจากไอออนของโลหะที่ถูกจบัอยูท่ีพอรไฟรินไปยัง 
benzoquinone23,24 
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ในการศึกษากระบวนการ electron-transfer ระหวาง [60]fullerene และ porphyrin ยังไดมีการ
นําเอาหนวยยอยท้ังสองมาตอไวบนแพลต็ฟอรมคาลิกซ[4]เอรีน ทั้งนี้เพือ่เปนการควาบคุมกระบวนการ
ดังกลาวโดยใชการเปลี่ยนแปลงโครงรูปทีถู่กเหนี่ยวนําโดยโลหะ (metal-induced conformational change)25 
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 จากงานวจิัยทีผ่านมาพบวาการนําเอาพอรไฟรินมาตอบนแพล็ตฟอรมคาลิกซ[4]เอรีน จะทําใหไดรี
เซ็บเตอร (receptor) ท่ีมีสมบัตินาสนใจ ดังน้ันผูวิจยัจึงมีความสนใจในการสังเคราะหบิส-คาลิกซ[4]- 
พอรไฟริน โดยไดออกแบบในลักษณะทีห่นวยพอรไฟรินหันหนาเขาหาโพรงของคาลิกซ[4]เอรนีที่มีสมบัติใน
การจับกับซับสเตรท (substrate) ตางๆ ไดเปนอยางดี ซึ่งจะทําใหอนุพันธท่ีไดอาจนํามาใชเปนเซนเซอร
สําหรับแอนไอออนหรอืโมเลกุลท่ีเปนกลางที่นาสนใจ เชน กรดอะมิโน หรือนํามาใชเปนคะตะลิสต ทั้งนี้
เนื่องจากผูวจิยัเล็งเห็นวาการเกิดการเปลี่ยนแปลงใดๆ จะมีผลมากเมื่อหนวยพอรไฟรินอยูใกลซับสเตรท  
 

 
 
 

งานวิจัยน้ีจะชวยใหเขาใจถงึสมบัติเปนไอออนเซนเซอรของบิส-คาลิกซ[4]-พอรไฟริน ซึ่งอาจนําไป
ประยุกตใชในงานจริงในการวิเคราะหแอนไอออนหรือโมเลกุลที่เปนกลางที่สนใจ อีกทั้งยงัเพิ่มพูนความรู
ความเขาใจในการถายทอดอิเล็กตรอนหรือเกิดปฏิกริิยาออกซเิดชนั สามารถนําไปใชทําเปนคะตะลิสตที่
นาสนใจได ซึ่งอาจนําไปใชประโยชนในอุตสาหกรรมปโตรเคมีในประเทศไทยได อันจะเปนการชวยพฒันา
เทคโนโลยีของประเทศไทย 
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Results 
 
 cis-Bis-p-tert-butylcalix[4]-porphyrin (1) and cis-biscalix[4]-porphyrin (2) were synthesized 
following to Scheme 1. 
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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 (TsCI) 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 (2×25 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% yield (19.72 g). Mp. = 62-64°C, 1H NMR spectrum (CDCI3, 400 MHz,δ(ppm)) 7.77 
(d, JH-H = 8.2 Hz, 4 H, SO2-o-ArH), 7.32 (d, JH-H = 8.2 Hz, 4 H, SO2-m-ArH), 4.10 (t, JH-H = 4.7 
Hz, 4 H, OCH2CH2OCH2), 3.60 (t, JH-H = 4.7 Hz, 4 H, OCH2CH2OCH2), 3.50 (S, 4 
H,OCH2CH2OCH2), 2.42 (S, 6 H, Ar-CH3); IR spectrum (KBr pellet): 2800-3000 cm-1 (C-H 
stretching), 1150-1200 cm-1 (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 (2×50 mL). The organic layer was 
separated off, washed with water (2×50 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) 1H NMR spectrum 
(CDCI3, 400 MHz, δ (ppm)) 10.47 (s, 1 H, ArCHO), 7.79-7.75 (m, 3 H, ArH and ArHTs), 7.51 (dt, JH-

H = 8.7Hz,1 Hz, ArH), 7.31 (d, JH-H = 8.4Hz, 2 H, ArHTs), 7.05-6.95 (m, 2 H, ArH), 4.22  (t, JH-H = 4.7 
Hz, 2 H, ArSO2OCH2CH2O), 4.12 (t, JH-H = 4.7 Hz, 2 H, ArOCH2CH2O), 3.86 (t, JH-H = 4.7 Hz, 2 H, 
ArOCH2CH2O), 3.69-3.59 (m, 6 H, ArOCH2CH2OCH2CH2OCH2CH2OTs), 2.24 (s, 3 H, -CH3) 
 

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 (CDCI3, 400 MHz, δ (ppm))10.48 (s,2H, 
ArCHO), 7.79 (dd, JH-H = 8.5, 1.7 Hz, 2 H, ArH6CHO), 7.47 (dt, JH-H = 6.1,1.6 Hz, 2 H, ArH4CHO), 
7.10 (s, 2 H, ArOH), 6.98-6.34 (m, 2 H, ArH5OCH2), 6.84 (d, JH-H = 3.9 Hz, 2 H ArH3 OCH2), 7.02 (s, 
4 H, C4H9 m-ArHOCH2), 6.73 (s, 4 H, C4H9 m-ArHOH), 4.34 (d, JH-H= 13.0, 4 H, ArCH2Ar), 4.13-
4.04 (m, 8 H, OHCArOCH2CH2O), 3.93-3.85 (m, 8 H, C4H9ArOCH2CH2OR), 3.26 (d, JH-H= 13.1 Hz, 
4 H, ArCH2Ar), 1.25 (s, 18 H, OAr-t-C4H9), 0.91 (s, 18 H,OAr-t-C4H9), IR spectrum (KBr pellet): 
3300 cm-1 (OH stretching), 3025-3011 (sp2-C-H stretching), 2800-3000 cm-1 (sp3 C-H stretching), 
2700, 2800 cm-1 (CHO stretching), 1700 cm-1(C=O stretching), 1600, 1500 cm-1(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 
(CDCI3, 400 MHz, δ (ppm))10.48 (s,2H, ArCHO), 7.79 (dd, JH-H = 8.5, 1.7 Hz, 2 H, ArH6CHO), 7.47 
(dt, JH-H = 6.1,1.6 Hz, 2 H, ArH4CHO), 7.10 (s, 2 H, ArOH), 6.98-6.34 (m, 2 H, ArH5OCH2), 6.84 (d, 
JH-H = 3.9 Hz, 2 H ArH3 OCH2), 7.02 (s, 4 H, C4H9 m-ArHOCH2), 6.73 (s, 4 H, C4H9 m-ArHOH), 4.34 
(d, JH-H= 13.0, 4 H, ArCH2Ar), 4.13-4.04 (m, 8 H, OHCArOCH2CH2O), 3.93-3.85 (m, 8 H, 
C4H9ArOCH2CH2OR), 3.26 (d, JH-H= 13.1 Hz, 4 H, ArCH2Ar), 1.25 (s, 18 H, OAr-t-C4H9), 0.91 (s, 18 
H,OAr-t-C4H9), IR spectrum (KBr pellet): 3300 cm-1 (OH stretching), 3025-3011 (sp2-C-H stretching), 



2800-3000 cm-1  (sp3 C-H stretching), 2700, 2800 cm-1 (CHO stretching), 1700 cm-1(C=O stretching), 
1500, 1600 cm-1(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 (2×50 mL). The organic layer was separated and washed 
with water (2×50 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 (CDCI3, 400 MHz, δ(ppm)) 8.74 
(d, JH-H = 10.4 Hz, 8 H, β-ArHporphyrin), 7.92 (d, JH-H = 6.7 Hz, 4 H, ArH), 7.70 (t, JH-H = 6.8 Hz, 4H, 
ArH), 7.24 (s, 8 H, m-ArHcalix), 6.92 (s, 8 H, m-ArHcalix), 6.74-6.58 (m, 8 H, ArH), 3.98 (d, JH-H =4.6 
Hz, 8 H, ArCH2Ar), 3.70 (dt, JH-H = 9.1 Hz, 3.5 H, ArOCH2CH2O), 3.02-2.82  (m, 16 H, tBu-
ArOCH2CH2O), 2.03  (d, JH-H =4.6 Hz, 8 H, ArCH2Ar), 1.25 (s, 9 H, Ar-t-C4H9),0.87 (s, 18 H, HOAr-t-
C4H9); IR spectrum (KBr pellet) : 3457 cm-1  (br, N-H และ O-H stretching), 2980, 2972 และ 2885 cm-

1 (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, 1H NMR spectrum (CDCI3, 400 MHz, 
δ(ppm)) 8.74 (d, JH-H = 10.4 Hz, 8 H, β-ArHporphyrin), 7.92 (d, JH-H = 6.7 Hz, 4 H, ArH), 7.70 (t, JH-H = 



6.8 Hz, 4H, ArH), 7.24 (s, 8 H, m-ArHcalix), 6.92 (s, 8 H, m-ArHcalix), 6.74-6.58 (m, 8 H, ArH), 3.98 (d, 
JH-H =4.6 Hz, 8 H, ArCH2Ar), 3.70 (dt, JH-H = 9.1 Hz, 8 H, ArOCH2CH2O), 3.02-2.82 (m, 16 H, tBu-
ArOCH2CH2OCH2), 2.03 (d, JH-H = 4.6 Hz, 8 H, ArCH2Ar), 1.25 (s, 36 H, Ar-t-C4H9),0.87 (s, 36 H, 
HOAr-t-C4H9); IR สเปกตรัม (KBr pellet) : 3457 cm-1  (br, N-H and O-H stretching), 2980, 2972 and 
2885 cm-1 (C-H stretching),1500, 1450 cm-1 (C-C aromatic stretching). 
 
 For biscalix[4]-porphyrin 3 and 4 which linked in a trans-fashion were synthesized following 
scheme 2. 
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Scheme 2 Synthetic pathway of trans-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 μL (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). 
1H NMR spectrum (CDCI3, 400 MHz, δ(ppm)) 8.88 (s(br), 4 H, NH), 7.70 (s, 2 H, OH), 7.26 (d, JH-H 

= 7.6 Hz,  2 H, ArH), 7.20 (t, JH-H = 7.8 Hz,  2 H, ArH), 7.10 (d, JH-H = 7.6 Hz,  4 H, ArH), 6.93 (t, JH-H 

= 7.6 Hz,  2 H, ArH), 6.87 (d, JH-H = 5.6 Hz,  4 H, ArH), 6.78-6.69 (m, 10 H, ArH), 6.67 (d, JH-H = 1.6 
Hz,  4 H, ArHpyrrole), 6.12 (t, JH-H = 2.8 Hz,  4 H, ArHpyrrole), 5.96 (s, 4 H, ArHpyrrole), 5.68 (s, 2 H, 
ArHpyrrole), 4.41 (d, JH-H = 13.0 Hz,  4 H, ArCH2Ar), 4.11-4.08 (m, , 4 H, OCH2), 3.93-3.89 (m, , 8 H, 
OCH2), 3.88-3.84 (m, , 4 H, OCH2), 3.76-3.64 (m, , 4 H, OCH2), 3.37 (d, JH-H = 13.0 Hz,  4 H, 
ArCH2Ar). 

 
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 μL (5 μmol) 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). 1H NMR spectrum (CDCI3, 400 MHz, δ(ppm)) 8.83 (s, 8 H, β-
ArHporphyrin), 7.88 (d, JH-H = 7.2 Hz,  4 H, ArH), 7.72 (t, JH-H = 7.2 Hz,  4 H, ArH), 7.30 (s, 4 H, OH), 
7.15 (d, JH-H = 8.0 Hz,  4 H, ArH), 6.86 (d, JH-H = 7.6 Hz,  8 H, ArH), 6.76 (d, JH-H = 7.2 Hz,  8 H, ArH), 
6.68 (t, JH-H = 7.4 Hz,  4 H, ArH), 6.52 (t, JH-H = 7.4 Hz,  4 H, ArH), 3.67-3.66 (m, , 8 H, OCH2), 3.56 
(d, JH-H = 13.2 Hz,  8 H, ArCH2Ar), 2.95 (d, JH-H = 13.2 Hz,  8 H, ArCH2Ar), 2.81-2.79 (m, , 8 H, 
OCH2), 2.30 (s(br),  8 H, OCH2), 1.95-1.92 (m, , 16 H, OCH2), 1.56-1.54 (m, , 8 H, OCH2), 1.30 (s,  

8 H, OCH2). Mp. > 270 °C.  
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R = t-C4H9, cis-bis-p-tert-butylcalix[4]-porphyrin (1) 
R = H, cis-biscalix[4]-porphyrin (2) 

R = t-C4H9, trans-bis-p-tert-butylcalix[4]-porphyrin (3) 
R = H, trans-bis-biscalix[4]-porphyrin (4) 
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butylcalix[4]-calix[4]pyrrole (6) 
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calix[4]pyrrole (7) 

1,3-alternate-calix[4]-crown-5-
calix[4]pyrrole (8) 

 
 

 
ลงนาม ......................................................... 

   (นายบัญชา  พลูโภคา) 
   หวัหนาโครงการ 

                วันที ่26 กุมภาพันธ 2552 
 

 

O

O 

O 

O

O 

O 

O 

O 

N 
N H 

N 
H N 

N 
N H 

N 
H N 

O 

O 

O 

O 

O

O 

O 

O



Calix[4]arene-strapped 
Calix[4]pyrrole and Crown-5 as a 
Potassium Fluoride Receptor 
Songtham Ruangchaithaweesuk1, Nongnuj Muangsin1, Palangpol Kongseree2, Shavang 
Pakavatchai3, Saowalux Fuangsawadi1, Thawatchai Tuntulani1, Buncha Pulpoka1,* 

1Supramolecular Chemistry Research Unit and Organic Synthesis Research Unit, 
Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok 
10330, Thailand.  
2Department of Chemistry, Faculty of Science, Mahidol University, Bangkok 10400 Thailand. 
3Department of Chemistry, Faculty of Science, Prince of Songkhla University, 
Songkhla, 90110, Thailand . 

buncha.p@chula.ac.th 

Received Date (will be automatically inserted after manuscript is accepted) 

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 1H, 13C 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 Cl-
, 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 various targeted substrates 
represents an ongoing challenge in the area of 
supramolecular chemistry.1 The ion pair receptor 

                                                      
(1) (a) 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.2 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, 
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allosteric effect more than the latter and its selectivity 
toward anion depends on the metal ion bounded3 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.2c 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.4  

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.5 Thus, 
several neutral ditopic receptors binding cooperatively 
metal ions and their counterions have been developed 
from calix[4]arenes.6 As calix[4]-crown-5 is well-known 
to be a very high K+/Na+ selective receptor7 and 
calix[4]pyrrole has been identified as one of the most 
attractive hosts for the binding of fluoride anions,8 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 K2CO3 as base in acetonitrile 
(30% yield). A distal disubstitution of calix[4]arene or p-
tert-butylcalix[4]arene by 2 equiv. of 1 using K2CO3 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 CH2Cl2 for 15 min in 61% and 
35% yields respectively. Compounds 3a and 3b were 
cyclized by acetone in the presence of BF3.OEt2 as 
catalyst to afford the desired receptors 4a (37%) and 4b 
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(33%). In both compounds, calix[4]arene unit exists in 
cone conformation due to a presence of doublet signals of 
ArCH2Ar at 3.39, 4.40 and 3.33, 4.36 ppm (JH-H = 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 K2CO3 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, 1H-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 were collected on a Bruker SMART CCD area 

detector. The crystal structure was solved by direct methods and refined 
by full-matrix least-squares. All non-hydrogen atoms were refined 
anisotropically, and hydrogen atoms were refined using the riding 
model. All calculations were performed using a crystallographic 
software package, WinGX v1.64.05. Crystal data for 4a: C78H86N4O12, 
Mr = 1424.90, monoclinic, space group P21/n, a = 18.7183(9) Å, b = 
19.1141(9) Å, c = 19.5849(9) Å, α = 90.0°, β = 96.4980(10)°, γ  = 90.0°, 
V = 6962.1(6) Å3, Z = 4, ρcalc = 1.213 g cm-3, 2θmax = 25°, Mo Kα (λ = 
0.71073 Å), μ = 0.082 mm-1, θ-ω scans, T = 293(2) K, 66366 
independent reflections, 12256 unique reflections (I > 2.0σ(I)), 870 
refined parameters, R1 = 0.1080, Rw = 0.2995, Δρmax = 2.386 e Å-3, 
Δρmin = -0.327 e Å-3; CCDC 638262. See Supporting Information for 
crystallographic data in CIF format. 
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Figure 1. ORTEP drawing of 4a. Displacement ellipsoids are 
scaled to the 50% probability level. 
 

The solid structure of 4a,11 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 1H-NMR and UV-vis spectroscopies.  

 

 

Figure 2. 1H NMR spectra (400 MHz) of complexes obtained 
upon addition of NBu4

+X- and K+X-
 (10 equiv.) into a 

CDCl3:CD3CN (1:9) solution of 5.  
 

The ability of 4a and 5 to include anions were 
investigated by 1H NMR spectroscopy. Deuterated 
solutions of 4a and 5 were reacted with 10 equiv of 
tetrabutylammonium halides (NBu4

+X-) and potassium 
salts. All of the resulting 1H NMR spectra (see Figure 2 

and S1 in the Supporting Information (S.I.)), significant 
chemical shifts were observed with F-, Cl-, KF and KCl, 
while, according to 1H NMR spectra, no changes of the 
free ligand were found for the rest of the anions  and salts 
investigated (Br-, I-, KBr, KI and KPF6).  

The downfield shift of NH signal in both receptors 
complexing with F- ion were greater than that of with Cl- 
ion impling that receptor 4a and 5 interacted with F- ion 
stronger than Cl- ion. In addition, the β-pyrrolic signals of 
the free ligand became a broad signal upon complexation 
with Bu4NF, but did not change with Bu4NCl. This 
implied that the conformation of the calix[4]pyrrole 
moiety changed from 1,3-alternate to cone conformation 
upon complexation with Bu4NF as previous reported for 
F- ion complexation.12 The conformation change upon 
complexation with with Bu4NCl was not observed. 
According to 1H NMR titration experiments, the 
association constants (Ka) were estimated by using the 
EQNMR computer program.13 The finding revealed that 
Ka of 5 with fluoride anion and chloride anion were 1721 
and 457 M-1

 in 1:1 (ligand:receptor) 14, 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 4a•F-, 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. 
15 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 program16 and showed 55,793 M-1 and 2,328 
M-1 with F- for 4a and 5, respectively.  
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(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.  
(16) Vetrogon, V. I.; Lukyanenko, N. G.; Schwing-well, M. J.; Arnaud-
Neu, F. Talanta 1994, 41, 2105.  



 

Figure 3. Spectral change in the UV-vis absorption of 5 (CL = 
8.30×10-5 M) upon addition of F- (CA = 0.87×10-3 M) in CH3CN 
(0 ≤ CA/CL ≤ 18.5). 
 

Moreover, ligand 4a and 5 were also studied the 
complexation to be a heteroditopic receptor by various 
potassium salts, (i.e., KF, KCl, KBr, KI, KH2PO4, KPF6). 
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 KPF6 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 outwards17 (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 linkage18 which is suitable 
cavity size for binding potassium ion19. Moreover, it 
interacted with F- stronger than other putative anionic 
guests (viz. Cl-, Br-, I-, H2PO4

- and PF6
-). 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 KPF6 (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 
KPF6, 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. 

O

O

O

O

O

O

O

O O

O

O
O

O

N

N

N
N
H

H

H

H

F-

K+

O

O

O

O

O

O

O

OO

O

O
O

O
K+

N

N

N
N

H H

HH

F-

F-

NBu4

1 + KF 1∗KF 1 + KPF6 1∗KPF6
TBAF

TBAF∗1∗KF
a b  

Figure 4. The proposed complex structure of (a) ligand 5 with 
Bu4NF in the presence of KPF6 and (b) ligand 5 with KF. 
 

Indeed, 1H-NMR spectra Figure S9, upon addition of 
0-1 equiv. of Bu4NF into a solution of complexes 
5•KPF6, 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 
Bu4NF, the NH signal showed a obviously slightly 
downfield shift. This result shows the exchange anion 
mechanism (PF6

- to F- before complexation following 
conformation change which confirmed by the coalesce of 
two sharp singlets of β-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 KPF6, followed by Bu4NF, makes 
possible cone conformation of calix[4]pyrrole and exo-
complex which has TBA+ as a counter ion. 
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Concise synthesis of bisporphyrins and their C60 complexes 
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Abstract— Bisporphyrin 1 and its zinc complex (Zn2.1) were synthesized. The inclusion of C60 by both hosts were studied by UV-vis 
spectroscopic titrations. It was found that association constant of C60 with bispophyrin 1 was >107 and was higher than its zinc complex 
(1.26 × 106). This may attribute from more rigid structure of the cavity which enhances the ability to encapsulate C60.  

——— 
*Corresponding author. Tel.: +66-2-218-7643; fax: +66-2-254-1309; e-mail: Buncha.P@chula.ac.th. 
Keywords : bisporphyrin, fullerene, synthesis, complexation 

Porphyrin-Fullerene interaction has long been extensively 
investigated and utilized in many applications1-5. Many 
studies showed surprising strong interactions which are 
attributed from π-π interactions6. Compared with 
porphyrin, those traditional concave hosts, e.g., calixarene 
cannot gain such a strong interaction with fullerene7.  

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

groups’ studies showed that fullerenes are excellent 
electron acceptors, i.e., they can accept electrons up to six 
electrons8,9. Therefore, combined with known 

photochemical, photophysical and electrochemical 
properties of porphyrin, fullerene-porphyrin dyads can be 
constructed to investigate the photoinduced electron 
transfer (PET) process10,11 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 

is, the stronger interaction can be observed2,12-14. 
Unfortunately, many bisporphyrins can be synthesized only 
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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 115. Also, the zinc-porphyrin complexes could be 
synthesized easily with known condition as in many 
previous works16. 

UV-vis titration of 1 and Zn2.1 with C60 to obtain 
association constants revealed an interesting result17 (Fig.1 
and Fig.2). With 1, C60 can form highly strong complexes 
than any previous results18. This may be because of, 
compared to bisporphyrins of Aida’s work,14 two additional 
pillars which can increase the ability to encapsulate C60 into 
the cavity. Zn2.1 exhibited the ordinary association 

constant compared to previous studies. Apparently, the 
association constant of Zn2.1 with C60 is substantially lower 
than that of 1 which is consistent with preceding results14,19, 
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 C60. 

In conclusion, we reported another intriguing bisporphyrins 
which can exhibit the exceptionally strong interaction with 
C60 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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