A New Method for the Functionalization

of [60] Fullerene: An Unusual

ORGANIC
LETTERS

2005
Vol. 7, No. 26
5849—-5851

1,3-Dipolar Cycloaddition Pathway
Leading to a C g Housane Derivative

Zhiguo Zhou and Plato A. Magriotis*

Department of Chemistry, New York University, 100 Washington Square East,

New York, New York 10003
plato.magriotis@nyu.edu

Received October 3, 2005

ABSTRACT
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MeQO,C=-CO;Me
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toluene, reflux
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A variant of the Huisgen 1,3-dipolar cycloaddition reaction provides a new and convenient functionalization of fullerenes. This method

complements the widely used Prato and Bingel

fullerene compounds upon hydrolysis are suitable for further functionalization and may serve well in the synthesis of new C

possessing uncommon and interesting properties.

—Hirsch reactions. The derived, highly functionalized cyclopentenone and cyclopentenamine

60 derivatives

Derivatives of various fullerene compounds, particulardy, C

Therefore, the development of new methods for the synthesis

have found both useful and interesting applications in many of Cg derivatives represents an increasingly important target.

different fields such as matertaind biomedical sciencés.
For instance, the physical properies @f Gerivatives render
these molecules interesting from the point of view of
nonlinear optical materiafs.Furthermore, Wudl and co-
workers have shown thatesgcan fit the active site of the
HIV-1 protease, inhibiting this enzynfeand paving the way
to investigations of the biological properties of fullerefés.
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Given that the reactivity of £ is typical of an electron-
deficient olefin, namely that it reacts with nucleophiles and
is a reactive 2 component in cycloadditiorfst is surprising
that only few reactions are employed for the funcionalization
of fullerenes, including the Prat@nd the Bingel—Hirsch
reactions. Regarding the Huisgen 1,3-dipolar cycloaddtion,
we were attracted to the extremely convenient generation of
the requisite zwitterionic species (1,3-dipoles) by the addition
of various nucleophiles to activated acetylefeRarticularly,
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the zwitterion derived from an isocyanide and dimethyl
acetylene dicarboxylate (DMAD) has been recently shown gcheme 1. Mechanistic Details of the Reaction of@with 3
to undergo cycloaddition to various dipolarophiles, thus and4

establishing a synthesis of pyrrole, furan, and highly

substituted cyclopentadienoid systeth®kecognizing the N/@ -
convenience and efficiency of this three-component Nair 7 ’CQ

. L o ® o . §0:Me 0. (7]
methodologyt! we decided to examine its potential in the RN:O/\”‘D MeO,C . O
context of addition reaction with ¢ as the dipolarophile. ' COMe N ‘0 ‘.’
In practice, whettert-butyl isocyanide, DMAD, and g were 3 4 MeO,C

refluxed in toluene for 24 h, two products were isolated in 5

74% total yield. The identical Mpeaks of their mass spectra addition-cydlization cycloaddition
and the dissimilar’3C NMR spectra of these products
indicated that they are the imine structural isonmeesnd?2
shown in Table 1. The isolation ofs&housane derivativa

Table 1. 1,3-Dipolar Cycloaddition of the Adduct Derived
from Isonitriles and DMAD to G

® o
RN—C:
MeO,C-=-CO,Me
Ceo
toluene, reflux

R yield (%) ratio 1:2

a, tert-butyl 74 60:40

b, cyclohexyl 65 80:20

¢, 4-methoxyphenyl 55 75:25

Since relatively difficult 4endo-trigand 3-exo-diging
closure%* are invoked for the formation df through6 and
6' respectively, an alternative and more likely mechanistic
pathway for forming2 via addition of 1,3-dipolarophil&'
| to Cso is shown in Scheme 2. In turs' may be formed
through a carbenoid addition of isonitrileto DMAD (4).

represents a synthesis of a fully substituted bicyclo[2.1.0]-
pentane (housanéy.

As evident from Table 1, this reaction proved to be genera
with respect to the isocyanide component. In fact, the ready
availability of isocyanide's imparts an additional element
of practicality to this methodology.

The presumed mechanistic details of this cycloaddition are Scheme 2. Alternative Mechanistic Pathway for the Formation

. of 2
shown in Scheme 1.
— - . L ® O CO,Me
The initial event is the formation of zwitterioh from RN=C: COMe
isocyanide3 and DMAD (4). Zwitterion 5 can add to the N I —— RN
electrophilic carbon—carbon double bond aof @iving rise l COMe
to putative intermediat6, which then undergoes cyclization RN—C: 4

to deliver the observed products directly, and 2 via
intermediates’. Alternatively, concerted 1,3-dipolar cycload-
dition of 5 to Gso can also producé (Scheme 1).

MeO,C-./\ -CO,Me )
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On the other han®, was shown to be more polar on TLC Consistently, acid-catalyzed hydrolysis of the 3:1 insepa-
as expected on the basis of the more exposed nature of theable mixture oflc:2c (Table 1), led to an approximately
imine N lone pair relative td.. Althoughl and2 could be 3:1 separable mixture af:8c.
easily separated by column chromatography in the cage of  In summary, a variant of the Huisgen 1,3-dipolar cycload-
andb, 1c and2c were inseparable. dition reaction, provides a new method for the functional-

As anticipated, attempted acid-catalyzed hydrolysid of ization of [60] fullerene as its cyclopentenone derivaffy&@
and 2 led to two different products, namely the cyclopen- obtained most efficiently by the hydrolysis of cyclohexyl-
tenone derivative7 (Scheme 3, eq 1) fronl and the imine 1b (Table 1 and Scheme 3). The construction gf C

cyclopentenamine derivativié from 2 (Scheme 3, eq 2. housane derivativ@ via the novel cycloaddition pathway
described is noteworthy}:122
Scheme 3. Hydrolysis Products of and2 Acknowledgment. We thank Professors Stephen R,

Wilson (NYU, presently at Luna nanoWorks) and James W.
Canary (NYU) for generous donations of both laboratory
space and expendable supplies. Very helpful discussions with

p-T5A Professors William R. Moore (West Virginia University) and
H20-CHCL, Kathlyn A. Parker (SUNY at Stony Brook) are also gratefully
acknowledged.
Supporting Information Available: Experimental pro-
cedures and spectral data for productg, 7, and8 as well
as MM2 energy calculations fdrand its geometrical isomer
p-TSA 1'. This material is available free of charge via the Internet
H,0-CHCl; at http://pubs.acs.org.

8 a 60%, b 80% OL052393I

(15) (a) See the Supporting Information for the MM2 energy calculation
. " " of 1 and itssyngeometrical isomel' using the Spartan 04 for windows
The mechanism for the formation 8fcompr|ses proto- software by Wavefunction. (b) Given the endothermicity of the present

nation of the imine2 followed by opening of the cyclopro-  reaction, this thermodynamic argument can be readily transformed into a
pane ring and almost simultaneous attack of water at the kinetic one by virtue of the Hammond postulate. .
. ) (16) This structural assignment f8a is fully consistent with the mass
developing carbocation (Scheme 4). spectrum (M, 963) and theé*C NMR spectrum:6 171 and 167.5 ppm,
two ester carbonyls) 163.5 and 74.5 ppm, enamine carbé#st’s 149—

137 ppm Go sprcarbonst® ¢ 73.5 ppm hydroxy-substituted carbento
I csccr° ) 52 and 50 ppm @ SP carbons!®  53-54 ppm two methyl
. . carbons of the esters; 45.5 ppm quaternariert-butyl carbon;d 29 ppm
Scheme 4. Mechanism of Hydrolysis of tert-butyl methyl groups. See the Supporting Information. Numerous
attempts to obtain crystals 88, suitable for X-ray crystallographic analysis,
failed.
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