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Photolysis of Diazirines in the Presence of g A Our report demonstrates thag@cts as a mechanistic probe
Chemical Probe for Carbene/Diazomethane for the formation of carbene and diazo compound in the photolysis
Partitioning of diazirine. As well, our experiment offers the first redox data

of methanofullerene and fulleroid bearing the same substituent
T. Akasaka,®* M. T. H. Liu,*® Y. Niino,' Y. Maeda! at the bridging carbon atom on the Gnoiety.
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Receied December 6, 1999 Irradiation of a benzene solution of 2-adamantané{34]-
Revised Manuscript Receéd May 22, 2000 diazirine @, 2.5 x 104 M) and Gy (2.5 x 1072 M) with a high-
pressure mercury arc lamp (cuteff300 nm) at 15C in a Pyrex

. . . ) tube resulted in the formation of the corresponding addygt C
Photolysis and thermolysis of diazirines have been widely used pq (2) in 80% yield, which was purified by preparative HPLC

to produce carbenésBonneau and Liu have reported that these ity 4 GPC column. Adduc can be readily separated into two
reactions yield not only a singlet carbene but also a diazo isomers,2a and 2b, by preparative HPLC with a Buckyprep

compound as an intramolecular rearrangement proddtte column (Scheme 1). The isomeric ratio 2d and 2b is 49/51.
nature of the specific substituents on the diazirine determines the

formation of the corresponding diazomethane as an intermediate,5cheme 1
which may or may not be observé@hese authors also reported
on the quantum yields of the formation of carbene and diazo Co  + Ad/ﬁ‘ CeoAd Ad = ><€>
compounds derived from the photolysis of diazirines by means >N
of laser flash photolysis. 1 2

Numerous chemical transformations have been developed since
the isolation of G in preparatively useful quantitiédsCey has a FAB mass spectrometry &fa and 2b gives a molecular ion
unique reactivity, which differs significantly from that of classical peak (GoH1s requires/z 854) atm/z 858854, as well as a peak
planar aromatic3Cs reacts with diazomethane to yield fullerdit. for Cg at miz 724-720, which arises fro}n the loss of the
Carbene generated from the thermolysis of precursors such a%damantyl group. The U,Vvisible absorption spectra @ and
diazirines’ sodiumtrichIoroacetaﬁa(,;yclopropené,oxadialzole‘h0 2b are virtually identical to that of &, except for a subtle
and tosylhydrazoriéadds onto &, affording methanofullererte. jjittarence in the 408650 nm region. These results suggest that

These differences might be useful in differentiating whether 55 anq2p retain the essential electronic and structural character
carbene or diazo compound is involved as the reactive intermedi- ;¢ Cso. The UV-visible absorption spectrum c2a has an

ate. In this context, we have carried out the photolysis of diazirine absorption at 434 nm, which is a characteristic feature of a 6,6-

methanofullerene fulleroid

in the presence of & adduct of Go.*? The spectral data o0H and*3C NMR and 2D
T Niigata University. NMR (HMQC and .HMBC) cIear]y suggest th&ta has C,,
! Institute for Molecular Science. symmetry?® Meanwhile, the analysis 6H and**C NMR(HMQC
; University of Prince Edward Island. and HMBC) has offered crucial evidence for the identification
Tokyo Metropolitan University. fC t 2b 5 6-adduct of 44
(1) Chemistry of DiazirinesLiu, M. T. H., Ed.; CRC Press: Boca Raton, ~ Of Cs symmetry of2b as a 5,6-adduct of ¢
Flo(ri?a, 1987; Vols. 1 and 2. A We carried out density functional calculations at the BLYP/
2) Bonneau, R.; Liu, M. T. HJ. Am. Chem. Sod 996 118 7229. _ 1 ;
(3) Stevens, I. D. R.; Liu, M. T. H.; Soundararajan, N.; PaikeJNChem. 3 216 le(\j/el for2a and22b Wltlzjt;be l?aUSSIan 9(;3 prograthThe
Soc., Perkin Trans. 299Q 661. Optlle(_e structures o a an. aveC,, and G symme_try, )
(4) (a) Hirsch, AThe Chemistry of the Fullereneghieme: Stuttgart, 1994. respectively, as shown in Figure 1. These have almost identical
g’)The Chenggy of trl‘le Fu”ereﬁgggyio? dRét Edi; V‘é‘.’”dh Sgie”éit‘;i‘?i stability; 2a is 3.7 kcal/mol more stable thazb. The vertical
S;gi;r?gpec)rr:e,Bemn‘.lg%);g erenes and related Stucturesirsh, A =a. ionization potentials (Ip) and electron affinities (Ea) calculated
(5) For reviews, see: (a) Taylor, R.; Walton, R. Mature 1993 363 at the BLYP/3-21G level are 6.78 and 2.04 eV fxand 6.88

685. (b) Hirsch, AAngew. Chem., Int. Ed. Endl993 32, 1138. (c) Diederich,
F. Nature1994 369 199. (d) Diederich, F.; Isaaca, L.; Philip, Bhem. Soc. (12) Hirsch, A.; Gisser, T.; Skiebe, A.; Soi, AChem. Ber.1993 126
Rev. 1994 243. 1061
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Wudl, F.J. Am. Chem. S0d992 114, 7301. (c) Smith, A. B., IIl; Strongin, spectrum of2a, we observed 17 fullerenes resonances (16 between 148 and
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(7) (a) Vasella, A.; Uhimann, P.; Waldraff, C. A. C.; Diederich, F.; Thilgen, 2a. In addition, an analysis of 2D NMR (HMQC and HMBC) also disclosed
C.Angew. Chem. Int. Ed. Endl992 31, 1388. (b) Komatsu, K.; Kagayama, the assignment of the adamantyl group.

A.; Murata, Y.; Sugita, N.; Kobayashi, K.; Nagase, S.; Wan, T. SOlem. (14) In theH NMR spectrum of2b, we observed seven signals at 4.87,
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(8) Tsuda, M.; Ishida, T.; Nogami, T.; Kurono, S.; Ohashi,Tdtrahedron more overlapped signal exists, due to the adamantane ringa@t CH

Lett. 1993 34, 6911. supporting theCs symmetry of the molecule. TR& NMR spectrum of2b
(9) Tokuyama, H.; Nakamura, M.; Nakamura, Eetrahedron Lett1993 shows 32 signals at 148.35 ppm for the sp Cq framework carbons,
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Figure 1. The optimized structures dfa and2b at the BLYP/3-21G
level.

and 2.05 eV for2b, respectively. These values agree with the
fact that the HOMO level of-5.24 eV for2ais higher than that
of —5.30 eV for 2b, whereas the LUMO levels are almost
identical at—3.60 and—3.62 eV for2a and 2b, respectively.

Inasmuch as fulleroid easily rearranges to methanofulle¥fene,
we carried out photolysis of purza and2b by themselves. We
observed no interconversion betweZzamand2b under photolytic
conditions.

On the basis of these observations, the isomeric ratidaof
and2b (49/51) in the photoreaction ofg@with adamantyldiazirine
1 reveals the formation ratio of carbene and diazo compound
during the reaction. Liu et al. have already determined the
formation ratio of adamantylidene and diazoadamantane from
by laser flash photolysis technique, which is 1 Rresent results
obtained from chemical derivatization ofDy 1 are in agreement
with them, which means thatsgacts as a chemical probe for the
photochemical reaction of diazirine.

To test Go as a chemical probe, we carried out an additional
experiment using a different diazirine. We photoirradiated a
benzene solution of phenylchlorodiazirirg 8.3 x 1074 M) and
Cso (3.3 x 103 M) under the same conditions as those we used
in the case of diaziriné to afford the corresponding adduc{C
(PhCICY® (4) in 99% yield. The HPLC analysis and spectroscopic
investigation by means of NMR measuremehteerify that4 is
a 6,6-adduct of €. The formation of phenylchlorodiazomethane
in the photolysis of diazirin® at 10K is only a minor process;
therefore, the contribution of this process in the photolysis at room
temperature would be minimal. This is in agreement with all of

(15) (a) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.;
Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.;
Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski,
J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.;
Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J.
V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.;
Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,
C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.;
Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.;
Replogle, E. S.; Pople, J. AGaussian 98 Gaussian, Inc.: Pittsburgh, PA,
1998. For BLYP, see: (b) Becke, A. Phys. Re. 1988 A38, 3098. (c) Lee,

C.; Yang, W.; Parr, R. GPhys. Re. 1988 B37, 785. For 3-21G, see: (d)
Binkley, J. S.; Pople, J. A.; Hehre, W.J. Am. Chem. S0d98Q 102, 939.

(16) (a) Janssen, R. A. J.; Hummelen, J. C.; WudlJ.FAm. Chem. Soc
1995 117, 544. (b) Gonzalez, R.; Hummelen, J. C.; WudlJFOrg. Chem
1995 60, 2618.
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Table 1. Redox Potentiafsin V of Cgo,? 28, and2b

compd oxk redg redg redg
Cso +1.2%¢d —-1.12 —1.50 —1.95
6,6-GsoAd (23) +1.07 -1.21 —1.58 —2.06
5,6-GsoAd (2b) +1.10 -1.18 —1.55 -2.02

a Half-cell potentials unless otherwise stated. Values are relative to
ferrocene/ferrocenium coupleReference 20 Irreversible. Value
was obtained by differential pulse voltammogram (DPV).

the laser flash photolysis work @&at room temperature in which

no phenylchlorodiazomethane has been detéétadain, this is
consistent with our present observation that only the 6,6-adduct
is formed in the G, trapping experiment.

In view of the electron-acceptor character of,Ghere is a
great interest in the electrochemical behavior ef @erivatives
bearing an organic addeAtiwWe studied the redox potentials of
the prepared compounds by cyclic voltammetry (CV) at room
temperature. The data are collected in Table 1, together with the
Cso as reference compound. Although the CV data of the
methanofullerenes and the fulleroids have been previously
reported, to the best of our knowledge, this experiment demon-
strates the first redox data of methanofullerene and fulleroid
bearing the same substituent on thg €keleton. Both adducts
exhibit three one-electron reversible reduction waves and one
irreversible oxidation, one like that observed for the parept C
The salient feature is that 6,6-addua has a low oxidation
potential (+1.16 V) in comparison with the 5,6-adduth (+1.45
V). The theoretical study supports these results. The HOMO level
of 2ais higher than that o2b; the Ip value forais smaller than
that for2b. Meanwhile, the first reduction potentials are cathodi-
cally shifted, related to g, which indicates that the introduction
of an adamantyl group results in decreasing the electron-accepting
properties. This finding is in agreement with that previously
observed for other dihydrofulleren&sand it has been explained
by the raising of the LUMO energy of the adducts.
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