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1,2-methano|60]fullerene and its antagonistic effect
on haloperidol-induced catalepsy in mice
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Abstract—The 61-bis(1-adamantylcarbamoyl)-1,2-methano[60]fullerene was synthesized from N,N’-di(1-adamantyl)malondiamide
and Cgy in the presence of 1,8-diazabicyclo[5,4,0]-7-undecene. The intraperitoneal administration of this fullerene derivative
(10mg/kg) caused an antagonistic effect on haloperidol-induced catalepsy in mice.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Since fullerene was discovered in 1985,! the biological
activities of its derivatives have been focused on in the
field of medicinal chemistry. Photodriven DNA cleav-
age,>® antioxidant activity,* the inhibition activity of
HIV protease,>® antibacterial activity’ and the neuron
protection effect® of the fullerene derivatives have been
reported. Furthermore, the fullerene derivative was not
mutagenic and cell toxic without photoirradiation.”!°
These results indicated that fullerene derivatives were
useful compounds for developing medicines against vari-
ous diseases.

Parkinson’s disease is a basal ganglia denaturation dis-
ease with an extrapyramidal function abnormality.'’
The characteristic conditions of Parkinson’s disease are
tremors, rigidity and akinesia.'>!'® The dopamine cell
is damaged by oxidative stress because superoxide and
hydrogen peroxide are produced by the autoxidation
of dopamine or the oxidation of dopamine by monoam-
ine oxidase.'* Catalepsy is the rigid state of a part or all
of the muscle, and is induced by the dopamine D, recep-
tor block of haloperidol.!> The catalepsy can be consid-
ered to represent an animal model for Parkinson’s
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disease or for neuroleptic-induced parkinsonism in hu-
mans.'> Amantadine is a dopamine releasing medicine, !¢
and inhibits the uptake of dopamine to the synaptic ves-
icle in the corpus striatum!'” and monoamine oxidase
activity.'®

The fullerene molecule can pass through the blood—
brain barrier.!® Carboxymethylenefullerene has an anti-
oxidant effect and neuron protection effect.® More re-
cently, it was reported that fullerene Cgy and ascorbic
acid protect cultured chromaffin cells against levodopa
toxicity.?® From these studies, the fullerene derivatives,
which can pass through the blood-brain barrier, release
dopamine, and have an antioxidant activity and
neuron protection effect, might be a medicine against
Parkinson’s disease. Thus we synthesized 61-bis(l-
adamantylcarbamoyl)-1,2-methano[60]fullerene, which
might be hydrolyzed to carboxymethylenefullerene and
amantadine by an amidase, such as anandamine amino-
hydrolase (fatty acid amide hydrolase, EC 3.5.1.4),
which hydrolyzed anandamine to ethanolamine and
arachidonic acid in the human brain.?">> The antago-
nistic effect on haloperidol-induced catalepsy in mice
was then evaluated.

2. Results and discussion

N,N'-Di(1-adamantyl)malondiamide (1) was synthe-
sized by the reported method.>?
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2.1. Preparation of 61-bis(1-adamantylcarbamoyl)-1,2-
methano|60]fullerene (2) (Fig. 1)

To a stirred solution of Cgq fullerene (purity of 99.5%,
SES Research, Houston, TX, USA, 435mg, 0.60 mmol)
in toluene (200mL) was added 1 (330mg, 0.89mmol)
and carbontetrabromide (300mg, 0.90mmol). To this
mixture was dropwise added 1,8-diazabicyclo[5,4,0]-7-
undecene (0.9mL, 6.0mmol) for over 10min and then
the reaction solution was stirred for 27h at ambient tem-
perature. The resulting solution was filtered and the
crude product was purified by column chromatography
(silica gel, toluene—chloroform = 1:1, v/v) to give 2
(55.4mg, 8.48% yield, mp > 300°C) (Flg 1). '"H NMR
(CDCl;, 500MHz): 6 1.24 (8H, s), 1.74 (8H, d,
J=6.5Hz), 2.16 (12H, s), 2.97-3.02 (2H, m), 6.73 (2H,
s). °C NMR (CDCl;, 125MHz): § 29.48, 29.69,
36.24, 41.31, 53.72, 138.01, 140.96, 142.20, 142.27,
142.92, 142.99, 143.07, 143.76, 144.40, 144.69, 144.77,
145.14, 145.18, 14540, 146.11, 161.86. HRFAB-MS
m/lz = 1089.2538 (error, +0.07).

2.2. Antagonistic effect

Three ddY male mice (8 weeks, 34-38 g) were used for
each dose plan. Amantadine was dissolved in 0.9%
(w/v) saline. Compound 2 was suspended in a 10%
(v/v) aqueous dimethylsulfoxide (DMSO) solution. The
amantadine (10 or 32mg/kg) and 2 (10 or 32mg/kg)
were intraperitoneally administered to the mice.
After 30min, haloperidol (2mg/kg) in 0.9% (w/v) saline
was intraperitoneally administered. The antagonistic
effect of the amantadine and 2 was evaluated by a
bar test at 0.5, 1, 2 or 4h after the haloperidol
administration.?*

The administration of amantadine (10 or 32mg/kg)
caused an antagonistic effect on the haloperidol-induced
catalepsy. However, the antagonistic effect was not pro-
portional to the administered amount of amantadine
(Fig. 2). The administration of 2 (10mg/kg) caused an
antagonistic effect on the haloperidol-induced catalepsy.
However, the administration of 2 (32 or 100mg/kg) did
not cause the effect. It was reported that 1-adamantanyl-
arachidonylamide inhibited the fatty acid amide hydro-

O H O
1l
c

@*ﬁ@

Z—I

@_.

1-Adamantanol

H

0
I
c——N

H
|
(i) —¢
=5 @
D&

Figure 1. Synthesis of 2: (i) cyanoacetamide, trifluoroacetic acid; (ii)
Ceo, 1,8-diazabicyclo[5,4,0]-7-undecene, CBry, toluene.
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Figure 2. Antagonistic effect on amantadine and 2 for haloperidol-
induced catalepsy in mice. HAL: haloperidol; AMA: amantadine;
values represent mean * SE.

lase (ICsg, 37.4 = 8.6 uM).?> Thus, it is possible that the
administration of 2 (32 or 100mg/kg) caused inhibition
of the fatty acid amide hydrolase as stated above, and
2 was not hydrolyzed in the mice brain, and conse-
quently, no antagonistic effect was observed. In the
study of the central nervous system effects of DMSO,
Braude and Monroe reported that the intraperitoneal
administration of 1.25g/kg of DMSO to mice did not
produce a decrease in the spontaneous motor activity.®
In this study, 1.1 g/kg of DMSO was administered to the
mice. Therefore, it was thought that the administered
dose of DMSO did not affect the central nervous system.

In conclusion, we found that the intraperitoneal admin-
istration of the fullerene derivative (10mg/kg) caused an
antagonistic effect on haloperidol-induced catalepsy in
mice.

Acknowledgements

We thank Prof. Dr. Fumito Tani (Institute for Materials
Chemistry and Engineering, Kyushu University) for the
high-resolution FAB mass measurements.

References and notes

1. Kroto, H. W.; Heath, J. R.; O’Brien, S. C.; Curl, R. F.;
Smalley, R. E. Nature (London) 1985, 318, 162.

2. Tokuyama, H.; Yamago, S.; Nakamura, E.; Shiraki, T.;
Sugiura, Y. J. Am. Chem. Soc. 1993, 115, 7918.

3. Nakamura, E.; Isobe, H. Acc. Chem. Res. 2003, 36, 807.

4. Okuda, K.; Mashino, T.; Hirobe, M. Bioorg. Med. Chem.
Lett. 1996, 6, 539.

5. Friedman, S. H.; DeCamp, D. L.; Sijbesma, R. P;
Srdanov, G.; Wudl, F.; Kenyon, G. L. J. Am. Chem.
Soc. 1993, 115, 6506.

6. Schinazi, R. F.; Sijbesma, R.; Srdanov, G.; Hill, C. L.;
Wudl, F. Antimicrob. Agents Chemother. 1993, 37, 1707.

7. Mashino, T.; Nishikawa, D.; Takahashi, K.; Usui, N.;
Yamori, T.; Seki, M.; Endo, T.; Mochizuki, M. Bioorg.
Med. Chem. Lett. 2003, 13, 4395.

8. Dugan, L. L.; Turetsky, D. M.; Du, C.; Lobner, D
Wheeler, M.; Almli, C. R.; Shen, C. K. F.; Luh, T. Y.



10.

11.
12.

13.
. Maruyama, W.; Naoi, M. Idenshiigaku 2003, 23, 64.
15.

16.

18.

19.

20.

21.

M. Nakazono et al. | Bioorg. Med. Chem. Lett. 14 (2004) 5619-5621

Choi, D. W.; Lin, T. S. Proc. Natl. Acad. Sci. U.S.A. 1997,
94, 9434,

. Sera, N.; Tokiwa, H.; Miyata, N. Carcinogenesis 1996, 17,

2163.

Nakamura, E.; Tokuyama, H.; Yamago, S.; Shiraki, T.;
Sugiura, Y. Bull. Chem. Soc. Jpn. 1996, 69, 2143.
Hornykiewicz, O. Br. Med. Bull. 1973, 29, 172.

Calne, D. B.; Snow, B. J.; Lee, C. Ann. Neurol. 1992, 32,
S125.

Ward, C. D.; Gibb, W. R. Adv. Neurol. 1990, 53, 245.

Frank, S. T.; Schmidt, W. J. Exp. Brain Res. 2003, 152,
519.
Von Voigtlander, P. F.; Moore, K. E. Science 1971, 174,
408.

. Fletcher, E. A.; Redfern, P. H. J. Pharm. Pharmacol. 1970,

22, 957.

Wesemann, W.; Ekenna, O. Arznei.-Forschung. 1982, 32,
1241.

Cagle, D. W.; Kennel, S. J.; Mirzadeh, S.; Alford, J. M.;
Wilson, L. J. Proc. Natl Acad. Sci. US.A. 1999, 96,
5182.

Corona-Morales, A. A.; Castell, A.; Escobar, A.; Drucker-
Colin, R.; Zhang, L. J. Neurosci. Res. 2003, 71, 121.
Maccarrone, M.; Van Der Stelt, M.; Rossi, A.; Veldink,
G. A.; Vliegenthart, J. F. G.; Agro, A. F. J. Biol. Chem.
1998, 273, 32332.

22.

23.

24.

25.

26.

5621

Ueda, N.; Yamamoto, S. Prostag. Oth. Lipid M. 2000, 61,
19.

Shokova, E.; Mousoulou, T.; Luzikov, Y.; Kovalev, V.
Synthesis 1997, 9, 1034. 1-Adamantanol (0.90g, 6.0 mmol)
and cyanoacetamide (0.15g, 1.8 mmol) were dissolved in
trifluoroacetic acid (1.56mL, 21.0mmol) and the mixture
was heated at 95°C for 8h. The reaction mixture was
cooled to room temperature, cold H,O (20mL) was added,
and then filtered. The resulting precipitate was washed
with H,O and purified by column chromatography (silica
gel, chloroform-hexane = 1:1 - chloroform - chloroform-
acetone = 20:1 - chloroform-acetone = 10:1 - chloroform—
acetone = 4:1, v/v) to give 1 (0.53g, 48% yield, mp: 243—
245°C). '"H NMR (CDCl;, 500MHz): § 1.24 (2H, s), 1.60
(2H, q, J=12Hz), 1.69 (2H, d, J = 2.5Hz), 1.98 (14H, d,
J=2.5Hz), 2.05 (8H, s), 2.12 (2H, s), 2.96 (2H, s), 6.41
(2H, s). *C NMR (CDCl;, 125MHz): 6 29.41, 36.31,
41.41, 45.36, 52.20, 166.66. FAB-MS m/z = 371.3 [M+H]".
Anal. Calcd for Cy3H340,N5: C, 74.55; H, 9.25; N, 7.56.
Found: C, 74.15; H, 9.21; N, 7.27.

Reggio, A.; Condorelli, D. F.; De Simone, D.; Giammona,
G.; Maccagnano, C.; Panico, A. M.; Tigano, G. B. Soc.
Ital. Biol. Sper. 1981, 57, 1655.

Jarrahian, A.; Manna, S.; Edgemond, W. S.; Campbell,
W. B.; Hillard, C. J. J. Neurochem. 2000, 74, 2597.
Braude, M. C.; Monroe, R. R. Curr. Ther. Res. 1965, 7,
502.



	Synthesis of 61-bis(1-adamantylcarbamoyl)- 1,2-methano[60]fullerene and its antagonistic effect on haloperidol-induced catalepsy in mice
	Introduction
	Acknowledgements
	References and notes


