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Synthesis and antiviral activity of highly water-soluble polycarboxylic
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We report here a facile preparation of highly water-soluble

derivatives C70[p-C6H4(CH2)nCOOH]8 (n= 2, 3) starting from

readily available chlorinated [70]fullerene precursors C70Cl8 and

C70Cl10. The synthesized fullerene derivatives showed pronounced

antiviral activity in vitro, particularly against human immuno-

deficiency virus (HIV) and influenza A virus (subtypes H1N1

and H3N2).

The development of efficient synthetic methods for chemical

functionalization of fullerenes allowed for the preparation of a

large variety of their functional derivatives.1 Water-soluble

fullerene derivatives bearing appended highly polar or even

ionic groups are intensively studied as promising materials for

biomedicinal applications.2 Many exciting biological activities

were revealed for functionalized fullerenes.3,4 Unfortunately,

an intensive development of medicinal chemistry of fullerenes

is hindered mainly by poor availability (especially on a large

scale) and/or high cost of the water-soluble fullerene derivatives

with well-defined molecular compositions and structures. We

have addressed this problem recently and reported efficient

methods for preparation of water-soluble fullerene derivatives

in bulk quantities via photochemical amination reaction of

pristine C60
5 or starting from chlorinated fullerene C60Cl6 and

replacing chlorine atoms by cationic6 or anionic groups.7

Water-soluble derivatives of [70]fullerene remain poorly

investigated. Initial reports suggested that biological properties

of [70]fullerene derivatives, in particular their antiviral activity,

remain inferior in comparison with the existing C60-based

analogs.8 At the same time, low symmetry of the C70 cage

makes its selective functionalization rather challenging. There-

fore, just a few low-soluble-in-water derivatives are known for

C70.
9 Here we report a facile synthesis of highly water-soluble

polycarboxylic derivatives of [70]fullerene using Friedel–Crafts

arylation of C70Cl8 and C70Cl10 as a key reaction step.

The preparation and comprehensive spectroscopic charac-

terization of the chlorofullerene C70Cl10 was reported in 1995

by the Taylor group.10 Kuvychko et al. have reproduced very

recently essentially the same chlorination procedure and

‘‘developed a high-yield synthesis of a single-isomer of 80%

pure C70Cl8 and nearly quantitative yield synthesis of a single-

isomer of 98% pure C70Cl10 without HPLC purification of the

products’’.11 Two different forms of chlorofullerene C70Cl8
possessing undefined molecular structures were prepared in

this work on the milligram scale using a ‘‘dynamic HPLC

monitoring’’. We synthesized chlorofullerenes C70Cl8 and

C70Cl10 using conventional reactions of C70 with ICl or ICl3
in 1,2-dichlorobenzene (modified Taylor procedure).12 Both

chlorofullerenes were obtained on a gram scale with reasonable

purity (80–90%) confirmed by HPLC (Fig. S1 and S2, ESIw).
The detailed experimental procedures used for the preparation

of C70Cl8 and C70Cl10 are given in ESI.w
Arylation of C70Cl8 and C70Cl10 was performed under the

reaction conditions that we elaborated previously for C60Cl6.
7

Briefly, a portion of chlorofullerene (B500 mg) was dissolved

(in the case of soluble C70Cl10) or suspended (for insoluble

C70Cl8) in 150 ml of nitrobenzene under stirring at 40 1C for

30 minutes. The entire reaction system was evacuated and

refilled with dry argon three times to remove traces of moisture

and oxygen. The addition of 20 ml of the methyl ester of

3-phenylpropionic or 4-phenylbutyric acid was followed by

the introduction of a catalytic amount of anhydrous FeCl3
(20–30 mg). The arylation proceeded smoothly when the

reaction mixture was heated up to 90–110 1C under continuous

stirring within 15–40 min. The course of the reaction can be

monitored by TLC or HPLC. It was somewhat surprising that

being insoluble in nitrobenzene chloride C70Cl8 was much

more active under the described reaction conditions than the

highly soluble C70Cl10. Nevertheless, both chlorides were

successfully converted to the mixtures of arylated products

that were subjected to column chromatography separation

on silica. Elution with the toluene–methanol mixtures

(methanol content was varied from 0.1 to 1.0% v/v) allowed

us to isolate minor amounts of the isomer mixtures of

C70[p-C6H4(CH2)nCOOMe]m, m = 2, 4, (Fig. S3, ESIw) and
finally afforded the major reaction products 1a–b (Scheme 1).

a IPCP RAS, Semenov Prospect 1, Chernogolovka, 141432, Russia.
E-mail: troshin2003@inbox.ru; Fax: +7 496515-5420;
Tel: +7 496522 1418

b INEOS RAS, Vavylova St. 28, B-334, Moscow, 119991, Russia
c Rega Institute for Medical Research, Minderbroedersstraat 10,
B-3000, Leuven, Belgium
w Electronic supplementary information (ESI) available: Experimental
procedures for the preparation of C70Cl8 and C70Cl10, FT-IR spectra
and HPLC traces for these chlorides, HPLC profiles for 1a–b, NMR
spectra of 1b and 2a–b, UV-VIS spectra for 1a–b, 2a and 2aK, antiviral
activity and SPR analysis data for 2aK and 2bK. See DOI: 10.1039/
c1cc12209f

ChemComm Dynamic Article Links

www.rsc.org/chemcomm COMMUNICATION

D
ow

nl
oa

de
d 

by
 K

at
ho

lie
ke

 U
ni

ve
rs

ite
it 

L
eu

ve
n 

on
 1

3 
Ju

ly
 2

01
1

Pu
bl

is
he

d 
on

 1
0 

Ju
ne

 2
01

1 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

1C
C

12
20

9F
View Online

http://dx.doi.org/10.1039/c1cc12209f
http://dx.doi.org/10.1039/c1cc12209f
http://dx.doi.org/10.1039/c1cc12209f


This journal is c The Royal Society of Chemistry 2011 Chem. Commun., 2011, 47, 8298–8300 8299

We emphasize that both chlorofullerenes C70Cl8 and

C70Cl10 produce the same arylation products C70Ar8. This

means that C70Cl10 eliminates two labile chlorine atoms

attached across the 6–5 ring junction on the fullerene cage

forming compounds 1a–b. This observation is fully in line with

the early report of Taylor et al. on the formation of the C70Ph8
and C70Ph10 from C70Cl10.

13 At the same time, it contradicts the

critical statement of Kuvychko et al. speculating that the

formation of C70Ph8 from C70Cl10 in Taylor’s experiments was

just a result of poor quality of the precursor chlorofullerene.11

The high purity of the isolated compounds 1a–b was

confirmed by the HPLC analysis (Fig. S4, ESIw). The compo-

sitions and molecular structures of compounds 1a–b

were proved by ESI mass spectrometry, 1H and 13C NMR

spectroscopy. The NMR spectra of 1a are shown in Fig. 1

(see Fig. S5, ESIw for NMR spectra of 1b). The UV-VIS

spectra of 1a–b were almost identical with each other and very

similar to the spectra of the precursor chlorofullerene C70Cl8
and phenylated derivative C70Ph8 reported previously (Fig. S6,

ESIw).12 The whole set of the NMR, UV-VIS and FT-IR

spectroscopic data conform with the Cs symmetrical molecular

structures of compounds 1a–b shown in Scheme 1. At the same

time, these data provide more solid support for the Cs molecular

structure of the precursor chlorofullerene C70Cl8 in addition

to the optical UV-VIS-IR data reported previously.11

The prepared compounds 1a–b were easily converted to the

polycarboxylic derivatives 2a–b with quantitative yields using

an acidic hydrolysis procedure elaborated earlier (Scheme 2).2,7

The compositions and molecular structures of 2a–b were

proved by ESI mass spectrometry, NMR and UV-VIS spectro-

scopy (Fig. 2) (see Fig. S7–S10, ESIw).
Compounds 2a–b were readily soluble in polar organic

solvents such as DMSO, DMF, THF, alcohols but poorly

soluble in water. The solubility of 2a–b in water can be

dramatically increased by their conversion to the salts with

alkali metal cations (Na+, K+). The estimated solubility of the

potassium salt of 2a (2aK) in water was about 150–200 mg ml�1

which corresponds to the highest values reported for the

water-soluble fullerene derivatives in the literature.4–7

Compounds 2a–b and their salts are very interesting materials

for biomedicinal research and applications. The spider-shaped

molecules of these compounds possess a large non-functionalized

sp2-carbon area on the fullerene cage that might induce

hydrophobic or other kinds of interactions with the biological

targets (Fig. 2).

We have performed a preliminary investigation of some

biological activities of [70]fullerene derivatives 2a–b in the

form of their potassium salts (2aK and 2bK). First it was

revealed that both salts have rather low cytotoxicity in

all investigated cell cultures (Table S1, ESIw). The CC50

values were above the 100 mg ml�1 level that corresponds to

a 41–43 mM concentration (Table 1). At the same time,

compound 2aK has low acute toxicity determined in vivo using

intraperitoneal injection in mice: maximum tolerated dose

(MTD) = 100 mg kg�1, LD50 = 560 � 30 mg kg�1 and

LD100 = 800 mg kg�1. Thus, compounds 2aK and 2bK can be

considered as safe nanocarbon-based functional materials suitable

for biomedicinal applications according to the preliminary

toxicity evaluation results.

We investigated the activity of compounds 2aK and 2bK

against a wide variety of different DNA and RNA virus strains

(Table S1, ESIw). The most interesting results are presented in

Table 1.

Scheme 1

Fig. 1 1H (a) and 13C (b) NMR spectra of 1a. Inset shows signals

attributed to the sp3 carbons of the fullerene cage. Symbol ‘‘*’’ denotes

solvent signals.

Scheme 2

Fig. 2 Optimized 3D molecular structure of compound 2a.
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First it was shown that both salts are active against human

immunodeficiency virus types HIV-1(IIIB) and HIV-2 (ROD).

The EC50 values for HIV-1 lie in the low micromolar range

(1.8–3.3 mM) which is comparable to the best C60-based HIV

inhibitors.4,7 2aK also inhibited syncytia formation between

persistently HIV-1-infected HUT-78/HIV-1 and uninfected

CD4
+-SupT1 cells at an EC50 of 7.3 � 1.8 mM. The compounds

were 5- to 15-fold less active against HIV-2.

It was shown that compounds 2aK and 2bK interact with

the envelope gp120 protein from HIV-1(IIIB) which is essential

for virus entry into the cells via recognition of specific cell

surface receptors responsible for entry (i.e. CD4, CCR5 or

CXCR4). The binding to gp120 (Fig. S11 and Table S3, ESIw)
seems to be the key mechanism of anti-HIV action of 2aK and

2bK. We emphasize that this is a new mechanism of antiviral

action established for the fullerene derivatives.

The most striking finding was the pronounced activity of

compound 2bK against influenza A subtypes H1N1 and

H3N2. In fact, extensive testing of compound 2bK revealed

that it efficiently suppressed three different strains of subtype

H1N1 and three different strains of subtype H3N2 (Table S2,

ESIw). Thus, 2bK consistently suppresses a variety of H1N1

and H3N2 influenza virus strains. In addition, it was also

found to be active against three different strains of influenza B

virus (Table 1 and Table S2, ESIw). In Table 1 the activity

range is given. In Table S2 (ESIw) the activity values are given

for the individual virus strains. The influenza virus (H1N1)

was the most common cause of the human influenza (flu) in 2009.

At the same time, H3N2 is increasingly abundant in seasonal

influenza. We emphasize that the activity of compound 2bK

against influenza A subtypes H1N1 and H3N2 was at least as

good, if not superior in comparison with the reference antiviral

drugs such as oseltamivir (Tamiflus), rimantadine (Table 1)

and also ribavirin and amantadine (Table S1, ESIw). At the

same time, the activity of the compounds 2aK and 2bK against

HIV was comparable to that of tenofovir in cell culture.

In conclusion, we have developed the synthesis of the

highly water-soluble derivatives of [70]fullerene that demon-

strated low toxicity in vitro and in vivo in combination with the

pronounced antiviral activity observed against HIV and

influenza virus. Further exploration of the designed family

of [70]fullerene derivatives might help in the development of

novel and efficient antiviral pharmaceuticals.
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Table 1 Antiviral properties of [70]fullerene derivatives in compar-
ison with some reference antiviral drugs

Compound

Virus

HIV-1a

(IIIB)
HIV-2a

(ROD)
Infl. A
H1N1b

Infl. A
H3N2b Infl. Bb

2aK CC50
c/mM 443 443

EC50
c/mM 1.8 � 0.7 23 � 0 443 443 443

2bK CC50/mM 486 441
EC50/mM 3.3 � 0.26 17 � 2 1.7–4.7 1.7–4.3 1.7–5.1

Oseltamivir
carboxylate

CC50/mM 4100 4100
EC50/mM 4100 4100 0.3–8 0.003–4 3–8

Rimantadine CC50/mM 4100 248
EC50/mM 4100 4100 5.1 1.1 4100

Tenofovir CC50/mM 4100 4100
EC50/mM 5.9 4.9 4100 4100 4100

a Experiments performed in human T-lymphocyte (CEM) cells;
b Experiments performed in Madin Darby canine kidney (MDCK)

cells; c Infl., influenza; CC50, cytotoxic concentration resulting in

morphological damage of 50% of cells; EC50, 50% effective concen-

tration, or compound concentration producing 50% inhibition of

virus-induced cytopathic effect.
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