
Bull. Korean Chem. Soc. 1996, Vol. 17t No. 2 107Communications to the Editor

Preparation and Characterization of a Macro- 
cyclic Fulleropyrrolidine

Gyeong Sook Bang, Wonghil Chang#*,  Jeong-Mi Moon, 

Sung Hoon Kim', and II Cheol Jeon*

Department of Chemistry, 

Jeonbuk National University, 561-756, Korea 

^Department of Chemistry, 

Jeonju University, 560-759, Korea 

^Department of Chemistry, 

Konkuk University, 133-701, Korea

Received September 20, 1995

After the discovery of fullerenes,1 physical and chemical 

properties of fullerenes and their derivatives have been in

vestigated by many research groups.2 A lot of organic reac

tions with fullerenes have been performed to derivatize ful

lerenes and the resulting products show unique physical and 

chemical properties.3 Diels-Alder adducts,4 methano-bridged 

fullerenes from carbene addition reactions5 and five member

ed ring adducts synthesized by [3+2] cycloadditions of tri

methylenemethanes,6 are examples of well characterized ful

lerene derivatives. Furthermore, a wide range of potential 

applications of fullerenes and their derivatives in material 

science have been unveiled.7 For instance, application to su

perconductor, optical devices, ferromagnetic materials, batte

ries, catalysts, sensors, and membrane are under investiga

tion.

We have studied the photophysical and electrochemical 

properties8 of fullerenes. Especially electron transfer reac

tions with elecropositive metals or some strong organic donor 

molecules are of great interest due to unique photophysical9 

or electrochemical1011 properties of fullerenes and their deri

vatives. The electrophilicity of fullerenes is recognized by 

electrochemical reductions. In the course of looking for the 

intramolecular electron transfer system of fullerenes connec

ting metal complexes by covalent bonds, we need to attach 

a long-alkyl chain to fullerenes. In this paper, we report some 

preliminary results on the preparation of novel macrocyclic 

fulleropyrrolidine derivatives and their physical and electro

chemical properties. A novel macrocyclic fulleropyrrolidine 

5 has been prepared.(see Scheme) 1,3-Dipolar cycloaddition 

of azomethine ylide, in situ generated from sarcosine and 

aldehyde in refluxing toluene, to C&)yields fulleropyrrolidi- 

nes.12 The aldehydes used in this work are synthesized from 

corresponding alcohols, which are obtained by alkylation of 

phenols, for example, dimethyl 5-hydroxyisophthalate for 1 

and methyl 1,3-dihydroxybenzoate for 3, respectively. When 

Ceo is treated with the aldehyde 1 and sarcosine in refluxing 

toluene, the fullerropyrrolidine 2 is obtained.12 The crude 

product has been characterized by Matrix Assisted Laser 

Desorption Ionization-Mass Spectrometry (MALDI-MS) sho

wing bis-, tris-, and tetra-adducts as well as mono-adduct.13 

HPLC analysis of crude product shows 2 peaks. The mono

adduct is found in the second peak at retention time of 6.9
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Figure 1. Nine possible binding positions(double bonds) of com

pound 5 regarding an arbitrary binding position that is marked 

as a bold line at the center of 나lis diagram. Each conformer 

may represent three isomers considering relative position of al

kyl chains in five-membered rings. The region enclosed by dot

ted lines connotes a quarter of Ceo necessary in considering rela

tive binding positions along with symmetry.

min, while the first one with a shoulder at the retention 

time of 6.3 min contains multi-adducts.

In order to bind two Ceo molecules to a donor ligand, bisal

dehyde 3 is employed expecting the one-to-two product 4.12 

Rather MALDI-MS of the product purified by column chro-
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Figure 2. Semiempirical minimum energy structure calculated 

for 5 using Chem3D Plus showing the approximate dimension 

of the molecule.

matography shows one-to-one mono-adduct such as com

pound 5 and bis-adduct as well.13 The peak of m/e —1282 

is considered as a molecular ion peak of 5. Theoretically 

this one-to-one adduct has more than 27 isomers as shown 

in Figure 1 because each conformer may represent three 

regioisomers when counting relative position of alkyl chains 

in two five-membered rings into consideration (see Figure 

2). Actually HPLC separation showed three peaks of monoa

dduct at retention times of 1.60, 1.89, and 2.53 min and each 

fraction showing identical mass spectrum seemed to show 

an isomer of a macrocyclic fulleropyrrolidine 5. These iso

mers might be stable ones. In an effort to search for stable 

isomer, a computer simulation study is in progress using 

CERIUS2 (Molecular Simulations Inc.). Conformer E has the 

lowest ground state conformational energy while conformer 

I has the highest value even. Detailed results will be publi

shed elsewhere.14 Though it is not possible to assign the 

exact structures for three portions of HPLC separation, they 

are a mixture of various isomers of 5. The known ferrocene 

fulleropyrrolidine 7 was prepared for spectroscopic and elec

trochemical comparison.11

Compounds 2 and 5 were further characterized using spe

ctroscopic means such as UV-Vis,15 NMR,頂 and FT-IR15 and 

the results matched well. Electrochemical behaviors of 2, 

5, and 7 in solution have been studied by Cyclic Voltamme

try (CV) and Differential Pulse Voltammetry ①PV). All the 

experiments are performed in 1:3 CH3CN/toluene solution, 

containing (n-Bu)4NPF6 (0.1 M) as a supporting electrolyte,

Ta비e 1. Cathodic potential values (V vs Ag/AgCl) of DPV (scan 

rate : 20 mV/s) in 1:3 CH3CN/toluene (0.1 M (n-Bu)4NPF6) at 

ambient condition under argon atmosphere

Fc+/Fc Ceo/Cgo- C60-/C602- Cgo2~/C6O3- C£ -7C/

-0.42 — 0.85 -1.35 -1.79

-0.58 -1.01 -1.56 -2.00

-0.75 -1.19 -1.87 -2.34

0.58 一 0.60 -1.02 -1.57 -1.99

with glassy carbon as the working electrode, a Pt counter 

electrode and a Ag/AgCl reference electrode under Ar at 

ambient condition. Reduction potential data between 1.0 and

— 2.6 V are shown in Table 1. Four peaks at — 0.42, — 0.85,

— 0.35 and —1.79 V are observed in Ceo-10 Compound 7 

shows four step reduction for C的 moiety and one for ferro

cene.1^ Four reduction peaks for 2 and 5 have been observed 

in the potential range investigated, respectively. It is known 

that loss of conjugation in Ceo moiety due to the saturation 

of double bonds causes negative shifts of reduction peaks.10b 

As expected, reduction potentials for 2, 5 and 7 are shifted 

to negative values compared to those of It is interesting 

to examine reduction potentials of three compounds closely. 

It is well understood that reduction potentials for 2 and 7 

are very similar because both compounds have lost one dou

ble bond due to cycloaddition reactions. However, 5 has lost 

two double bonds comparing Ceo and thus the shift (AEC=— 

35-55 mV) in cathodic potential is almost twice with respect 

to 2 or 7. CV seemed likely to show that 5 exhibits irreversi

ble redox peaks. Currently, reactivity of reduced species is 

under investigation. In addition, application to LB film with 

these materials is being carried out.
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and 13C NMR of 5: similar signal pattern was appeared. 

Regarding 7, results matched the previously published 

data well.
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Since Pohl and Jovin reported that poly(dG-dC) - poly(dG- 

dC) showed quite a different CD spectrum from that of a 

regular B-DNA structure at high NaCl concentration,1,2 lots 

of studies have been carried out in order to investigate the 

effects of the base sequences and the buffer conditions on 

the transition between B- and Z-DNA.3~8 The GpC or CpG 

rich region appears frequently in the genomic DNA and the 

structural flexibility of this region is regarded to play an 

important role in gene expression.9,10

In this study, we have prepared a self-complementary, syn

thetic oligonucleotide d(GCGCGCGC) containing the GpC se

quences associated with the B-Z transition and have studied 

the dynamics of the d(GCGCGCGC)2 double helix and its
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Figure 1. structure of the duplex d(GCGCGCGC)2 (A) and bere- 

nil(B).


