Available online at www.sciencedirect.com

SCIENCE@DIRECT®

Mendeleev Commun., 2007, 17, 113-115

Mendeleev
Communications

Lead(lv) acetate: an efficient reagent for
the synthesis of pyrrolidinofullerenes via oxidative
coupling of Cg, with amino acids esters

Olesya A. Troshina,? Pavel A. Troshin,** Alexander S. Peregudov’ and Rimma N. Lyubovskaya®

a Institute of Problems of Chemical Physics, Russian Academy of Sciences, 142432 Chernogolovka,
Moscow Region, Russian Federation. Fax: +7 496 515 5420; e-mail: troshin@cat.icp.ac.ru

b A. N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences,
119991 Moscow, Russian Federation. Fax: +7 495 135 5085

DOI: 10.1016/j.mencom.2007.03.021

A family of pyrrolidinofullerenes bearing ester group functionalities was easily prepared starting from Cgy,, Pb(OAc), and methyl
esters of nitrilotriacetic, ethylenediaminetetraacetic and hexamethylenediaminetetraacetic acids; the obtained fullerene derivatives
are considered as precursors for the preparation of corresponding water-soluble polycarboxylic acids that may serve as efficient

antiviral agents and neuroprotectors in vivo.

Medicinal chemistry is one of the most important and exciting
fields where fullerenes and their derivatives can be applied.!?
Fullerenes showed appreciable antiviral activities against human
immunodeficiency virus (HIV) and hepatitis C virus, along
with a pronounced antibacterial action.’”’ Fullerenes are also
considered as promising agents for the photodynamic and
chemical therapy of cancer.®? Some compounds are recom-
mended as efficient pharmaceuticals for prevention of neuronal
disorders such as Alzheimer and Parkinson diseases; clinical
tests are in progress to evaluate possible side effects.!0:!!

The strongest drawback for development of medicinal
chemistry of parent fullerenes is their, virtually complete,
insolubility in polar media such as dimethyl sulfoxide or water.
Therefore, organic derivatization was considered as a method of
choice to make fullerene-based compounds soluble in water.!?
The organic chemistry of fullerenes was investigated intensely
by many research groups worldwide,!? and, in particular, in
Russia.'*18 A number of compounds called ‘water-soluble
fullerene derivatives’ were synthesized.!->!2 However, only few
of them possess water solubility > 1 mg cm=3. High solubility
in water was achieved in many cases by addition of numerous
addends to the fullerene cage in defined or even undefined
fashions; the shell from these addends covers almost entirely
the carbon sphere and thus prohibits its interactions with bio-
logical targets. Therefore, such a type of water-soluble multi-
addition products exhibit almost no or very poor pharma-
ceutical activity. Up to our best knowledge, there are just few
examples of fullerene derivatives that possess high enough
solubility in water and still have considerable area of the carbon
cage without being covered by solubilizing addends.!®-20
Intense studies of these compounds in vivo and in vitro resulted
in discovering a number of exciting biological effects.!->12
However, the syntheses of such water-soluble fullerene deriva-
tives require hardly available reagents and give the desired
products in low to moderate yields (15-30%).!920 Therefore,
the large amounts of the required water-soluble fullerene com-
pounds are hardly available and quite expensive for detailed
clinical studies and practical medicinal applications. To overcome
this situation, some straightforward ways are necessary for the
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preparation of well-defined water-soluble fullerene derivatives
and, at the same time, with a low number of solubilizing groups
attached to the fullerene cage. We have reported recently a
facile synthesis of tetraaminofullerene derivatives and their
salts, which demonstrated water solubility > 200 mg cm=3. Here
we describe a new and efficient route developed for the
preparation of pyrrolidinofullerenes bearing three to four ester
functionalities. These compounds are considered as key pre-
cursors for the synthesis of corresponding water-soluble pyr-
rolidinofullerenes with 3—4 carboxylic groups.

Analyzing published data on the reactions of fullerenes
involving free radical species, we found two main prerequisites
that emphasize the potential for the application of Pb(OAc),
and similar reagents for oxidative coupling reactions of Cg,
with amino acid esters. First, note that an oxidative coupling of
[60]fullerene with amino acid esters was reported previously;
atmospheric oxygen played a role of oxidizer in this case while
NaOH or Na,CO; and UV irradiation (500 W light source)
served as reaction promoters (Scheme 1).2223 However, a very
poor selectivity was observed, especially, in the fullerene
reactions with esters of ethylenediaminetetraacetic acid, where
a mixture of ~7 products was formed in low yields. Some
diastereomeric components of this mixture could not be fully
separated even with the use of high-performance liquid chro-
matography (HPLC). The second argument is that manganese(III)
acetate was extensively investigated as a coupling reagent for
preparation of malonate-type derivatives of [60]fullerene starting
from parent malonic acid diesters, CH,(COOR),.24% 1t is
reasonable to consider that Mn(OAc); can also be used as a
reagent for oxidative addition of amino acid esters to the
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fullerenes. However, lead tetraacetate is even cheaper and more
available reagent than Mn(OAc);; Pb(OAc), is a commonly used
oxidizer applied to alcohols, 1,2-diols, mono- and dicarboxylic
acids and other types of organic compounds.?® Therefore, we
applied it as an oxidative reagent for the condensation of
[60]fullerene with the methyl esters of nitrilotriacetic, ethylene-
diaminetetraacetic, and hexamethylenediaminetetraacetic acids
1la—c (Scheme 2).#

As shown in Scheme 2, all studied reactions were quite
selective. Only one monoaddition product 2a was formed from
Cgo and nitrilotriacetic acid methyl ester 1a. Moreover, this
compound was represented mainly by one diastereomer (~95%)
as concluded from the 'H and !3C NMR data (see Online
Supplementary Materials). The obtained spectroscopic data and
previous extensive investigations of pure cis- and trans-2',5'-
disubstituted pyrrolidinofullerenes in our group?” and by other
researchers?>23 allowed us to assign the frans-configuration to
two methoxycarbonyl groups in the pyrrolidine ring of 2a. The
observed stereoselectivity is a strong advantage of the developed
method since Na,CO;/oxygen/light coupling conditions afford
two diastereoisomers of 2a in comparable ratios.?223

Esters 1b,c possess two reaction sites; therefore, fullerene
dimers 3b,c were obtained in the reaction along with expected
monoaddition products 2b,c¢ (Scheme 2). Both types of com-
pounds were fully characterized by 'H and '3C NMR spectro-
scopy (see Online Supplementary Materials), which revealed
that 2b,c and 3b,c are also represented mainly (> 90%) by the
isomers with the trans-arrangement of substituents attached at
the 2'- and 5™-positions of the pyrrolidine rings. For comparison,
the investigated previously reaction of Cg, with ester 1b con-
ducted under Na,COs/oxygen/light conditions gives four struc-
turally different pyrrolidinofullerenes (different sites of the parent
ester were affected by oxidation); three out of four products
consist of two diastereoisomers (Scheme 1).

The NMR data also revealed restricted rotations of substi-
tuents attached to the pyrrolidine ring nitrogen. For example,
two doublets appearing at 4.15 and 4.32 ppm correspond to the
N-CH, group in the spectrum of compound 2a. The signals
from pyrrolidine N-CH, groups in the spectra of other com-
pounds are splitted into multiplets, first, because of presence of
adjacent CH, group and, second, because of hindered rotation
around pyrrolidine N-CH, bond. Remarkably, two fullerene
units in compound 3b are non-equivalent because of the
hindered rotations around all three bonds in the N-CH,~CH,—N
fragment; this results in the appearance of two singlets in the
'H NMR spectrum corresponding to the pyrrolidine ring methine
protons together with two sets of signals from COOMe groups.
On the contrary, both fullerene units are equal in 3¢, which has
a longer spacer in between, while the restricted rotation around
pyrrolidine ring N-CH, bonds is still present. Surprisingly, the
signals from the methylene groups in the N(CH,COOMe),
moiety of 2b are also splitted into two doublets and appeared

¥ Typical synthetic procedure: a solution of [60]fullerene (300 mg,
0.42 mmol) in 1,2-dichlorobenzene (50 ml), an excess of the amino acid
ester (4.2 mmol) and 1.5-2 equiv. of lead tetraacetate (279-372 mg,
0.63-0.84 mmol) were placed in a 100 ml two-necked round-bottom
flask equipped with a thermometer and a reverse condenser. The reaction
system was degassed and then filled with argon for three times. After-
wards, the reaction solution was stirred at 80—100 °C for ca. 3 h to reach
a fullerene conversion of about 50-60% (TLC). Then, the system was
cooled to room temperature, the reaction mixture was filtered, and the
filtrate was diluted with toluene (~500 ml) and hexane (100 ml). The
resulting solution was filtered, and the filtrate was poured onto a silica
gel column (silica Acros 40-60 1, 60 A). Unreacted fullerene was eluted
with toluene-hexane (5:1, v/v), while reaction products 2a—c and 3b,c
were eluted with toluene or toluene—methanol (see Online Supplementary
Materials).
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in the '"H NMR spectrum at 3.74 and 3.89 ppm. Perhaps, some
n—7 interactions between fullerene cage and the lone electron
pair of the non-pyrrolidine nitrogen fix the structure in some
preferable conformation thus making non-equivalent methylene
protons in the N(CH,COOMe), functionality.

The exact origins of the observed high selectivity of the
fullerene couplings with la—c promoted by Pb(OAc), are not
clear at present. It seems that Pb(OAc), is a mild reagent to
affect the selective oxidation of the parent amino acid ester
to only one azomethine ylide (Scheme 3). This explains the
regioselectivity of the reaction. Perhaps, a high degree of
cis/trans diastereoselectivity arises from the existence of some
kind of thermodynamic equilibrium in the reaction system
between three configurations of the intermediate ylides called
We-shaped, U-shaped and S-shaped. S-shaped isomers of
1,2,3-trisubstituted ylides are usually more stable than other
forms;?728 therefore, they should be accumulated under the
equilibrium conditions. The addition of the S-shaped ylides to
the fullerene cage should afford trans isomers of pyrrolidino-
fullerenes; indeed, the selective formation of trans products was
observed in this work. To support this explanation, some
theoretical calculations will be performed to compare the
stabilities of different forms of azomethine ylides, as well as
that of the cis and trans isomers of the prepared pyrrolidino-
fullerenes.

Considering the possible applications of the synthesized
fullerene derivatives, note that ester groups in 2a—c can be
hydrolyzed to give corresponding carboxylic fullerene deriva-
tives. The target polycarboxylic fullerene derivatives should
give highly water-soluble salts with alkali metals that will
become available for biological studies. We expect that these
compounds will exhibit appreciable antiviral activities, parti-
cularly, against HIV.

This work was supported by the Russian Foundation for
Basic Research (grant nos. 07-04-01742a and 06-03-39007),
INTAS (grant no. 04-83-3733) and the Russian Science Support
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Online Supplementary Materials

The eluent compositions used for chromatographic isolation,
product yields and NMR spectra for all compounds are presented
in Online Supplementary Materials which can be found in the
online version at doi:10.1016/j.mencom.2007.03.021.

References

1 A.W.Jensen, S.R. Wilson and D. I. Schuster, Bioorg. Med. Chem.,
1996, 4, 767.

2 T. DaRos and M. Prato, Chem. Commun., 1999, 663.

3 S. H. Friedman, P. S. Ganapathi, Y. Rubin and G. L. Kenyon, J. Med.
Chem., 1998, 41, 2424.

4 S.Bosi, T. Da Ros, G. Spalluto, J. Balzarini and M. Prato, Bioorg. Med.
Chem. Lett., 2003, 13, 4437.

5 T. Mashino, K. Shimotohno, N.Ikegami, D. Nishikawa, K. Okuda,
K. Takahashi, S. Nakamura and M. Mochizuki, Bioorg. Med. Chem.
Lett., 2005, 15, 1107.

6 S.Bosi, T. Da Ros, S. Castellano, E. Banfi and M. Prato, Bioorg. Med.
Chem. Lett., 2000, 10, 1043.

7 T.Mashino, K. Okuda, T.Hirota, M. Hirobe, T.Nagano and
M. Mochizuki, Bioorg. Med. Chem. Lett., 1999, 9, 2959.

8 N. Nakajima, C. Nishi, F.-M. Li and Y. Ikada, Fullerene Sci. Technol.,
1996, 4, 1.

9 T. Mashino, D. Nishikawa, K. Takanashi, N. Usui, T. Yamory, M. Seki,
T. Endo and M. Mochizuki, Bioorg. Med. Chem. Lett., 2003, 13, 4395.

10 A.Lin, S. Fang, S.Lin, C.Chou, T. Luh and L. Ho, Neurosci. Res.,
2002, 43, 317.

11 H.Jin, W. Chen, X. Tang, L. Y. Chiang, C. Y. Yang, J. V. Schloss and
J. Y. Wu, J. Neurosci. Res., 2000, 62, 600.

12 N. Tagmatarchis and H. Shinohara, Mini Rew. Med. Chem., 2001, 1,
339.

13 A.Hirsch and M. Brettreich, Fullerenes Chemistry and Reactions,
Wiley-VCH, Great Britain, 2004.

14 A. V. Usatov, E. V. Martynova, I. S. Neretin, Yu. L. Slovokhotov, A. S.
Peregudov and Y. N. Novikov, Eur. J. Inorg. Chem., 2003, 11, 2041.

15 V.I. Sokolov, N. V. Abramova, N. S. Khrushcheva and S. M. Peregudova,
Izv. Akad. Nauk, Ser. Khim., 2003, 2612 (Russ. Chem. Bull., Int. Ed.,
2003, 52, 2764).

16 M. A. Yurovskaya and I. V. Trushkov, Izv. Akad. Nauk, Ser. Khim.,
2002, 343 (Russ. Chem. Bull., Int. Ed., 2002, 51, 367).

17 1. P. Romanova, O. G. Sinyashin, G. G. Yusupova, V.I. Kovalenko,
Yu. Ya. Efremov, Yu. V. Badeev, 1. I. Vandyukova and I. A. Arkelyan,
Izv. Akad. Nauk, Ser. Khim., 1999, 2168 (Russ. Chem. Bull., 1999, 48,
2144).

18 G. M. Fazleeva, V.P. Gubskaya, F.G. Sibgatullina, V. V. Yanilkin,
N. V. Nastapova, Sh. K. Latypov, A. A. Balandina, I. E. Ismaev, V. V.
Zverev, Yu. Ya. Efremov and I. A. Nuretdinov, Izv. Akad. Nauk, Ser.
Khim., 2006, 489 (Russ. Chem. Bull., Int. Ed., 2006, 55, 507).

19 L. Lamparth and A. Hirsch, J. Chem. Soc., Chem. Commun., 1994,
1727.

20 M. Brettreich and A. Hirsch, Tetrahedron Lett., 1998, 39, 2731.

21 O. A. Troshina, P. A. Troshin, A.S. Peregudov, V.I. Kozlovskiy and
R. N. Lyubovskaya, Chem. Eur. J., 2006, 12, 5569.

22 L. Gan, D. Zhou, C. Luo, H. Tan, C. Huang, M. Lu, J. Pan and Y. Wu,
J. Org. Chem., 1996, 61, 1954.

23 L.Gan, J.Jiang, W.Zhang, Y. Su, Y. Shi, C.H. Huang, J. Q. Pan,
M.J. Luand Y. Wu, J. Org. Chem., 1998, 63, 4240.

24 T.H.Zhang, P.Lu, F. Wang and G. W. Wang, Org. Biomol. Chem.,
2003, 1, 4403.

25 W. Wang, T. H. Zhang, X. Cheng and F. Wang, Org. Biomol. Chem.,
2004, 2, 1160.

26 M. B. Smith and J. March, March’s Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure, Willey-Interscience, New York—
Chichester—Weinheime, Brisbane—Singapore—Toronto, 2001, pp. 870,
919, 1417, 1520, 1528, 1530.

27 P. A. Troshin, A. S. Peregudov, D. Muhlbacher and R. N. Lyubovskaya,
Eur. J. Org. Chem., 2005, 14, 3064.

28 O.Tsuge and S.Kanemasa, in Adv. Heterocycl. Chem., ed. A.R.
Katritzky, Academic Press, San Diego—New York—Berkeley—Boston—
London-Sydney—Tokyo—Toronto, 1989, vol. 45.

Received: 27th November 2006; Com. 06/2829

- 115 -





