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ABSTRACT

Mer@:NHg Cgg, isoamyl nitrite
MeO COOH toluene, A

4
eight regioisomeric bisadducts

The [2 + 2] cycloaddition between [60]fullerene and benzyne generated from 4,5-dimethoxyanthranilic acid (4) afforded bisadducts 5 along
with the monoadduct. All of the eight possible regioisomers were first isolated by HPLC and then characterized on the basis of MS, NMR,
UV-vis, and CD spectroscopies.

Bisadditions at [6,6]-junctions of [60]fullerene enable eight troscopic method3Although the second addition processes
regioisomers in principle, whose preparation and isolation in these reactions proceeded with insufficient regioselectivity,
have attracted much attention recentlifor some typical the regioisomer distribution of bisadducts was qualitatively
bisadducts, such as Bingel—Hirsdy Prato 2;* and o- correlated with the coefficients of frontier orbitals in the
guinodimethan8,* a series of regioisomers were successfully corresponding monoadducesandtrans-3 bisadducts were
generally formed preferentially among the eight isomers. In
contrastcis-1 bisadduct was absent in all three cases. This
observation is readily explained by the lower thermodynamic
stability of cis bisadducts due to the steric hindrance between
the two addend® Therefore, it is meaningful to examine
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the bisaddition suffering from less steric hindrance, to  The structures dba—g were characterized by M3 and
correlate the experimental results with theoretical calculation *C NMR, and UV—vis spectroscopysa—g all clearly
more closely. Benzyne species, which are known to add to indicated the molecular ion peakiz = 992) corresponding
[60]fullerene by [2 + 2] cycloaddition appear to be  tothe desired bisadduct in FAB-MS spectra. THEINMR
candidates for such addends. While [60]fullerebenzyne spectra were quite simple; only the singlet peaks of aromatic
monoadducts were reported by several research gfahyes,  and methoxy protons were observed, as summarized in Table
corresponding bisadducts are unknown to the best of ourl.

knowledge. Thus, we were prompted to investigate the

bisaddition of 4,5-dimethoxybenzyne generated febrithe

purification of the reaction mixture by preparative HPLC
resulted in the successful isolation and identification of all

eight regioisomeric bisadducts. Here, we report the compd o (Ar) 6 (OMe)
regioselectivity in the bisaddition usirgand the spectro- 5a 7.69 (4H) 4.19 (12H)
scopic properties dd and compare them with those of other 5b 7.65 (2H), 7.56 (2H) 4.17 (6H), 4.14 (6H)
bisaddition products. 5¢ 7.62 (2H), 7.37 (2H) 4.15 (6H), 4.04 (6H)
A mixture of [60]fullerene, benzyne precursb(4 equiv), 5d 7.48 (2H), 7.33 (2H) 4.09 (6H), 4.02 (6H)
and isoamyl nitrite (4 equiv) was refluxed in toluene for 30 Se ;"2‘8 8:; 7.33 (2H), ;"82 8:; 4.02 (6H),
min (eq 1). Purification by column chromatography on silica 5f 7.33 (2H), 7.29 (2H) 4.05 (6H), 3.99 (6H)
59 7.50 (2H), 7.26 (2H) 4.16 (6H), 4.00 (6H)
5h 7.35 (2H), 7.26 (2H) 3.96 (6H), 3.93 (6H)

Table 1. H NMR Spectral Data of Bisadducta—h?

isoamyl nitrite

MeQ NH2
MerQECOOH toluene aMeasured in CDG| except for5h in CD.Cl,, at room temperature.

MEO©|
MeO

The *H NMR spectrum of5a exhibits a quite high
symmetry as demonstrated by only two singlets correspond-
ing to the equivalent 4 aromatic and 12 methoxy protons.
This observation apparently indicates tbg-symmetrical
trans-1 bisadduct. The number fC NMR peaks also
supports this addition pattern. In thd NMR spectrum of
5e, both aromatic and methoxy protons were observed as
three singlet peaks with an integral ratio of 2:1:1. This
spectral pattern can be accomplished from only the
bisadduct withCs symmetry in which the mirror plane
contains one of the two benzene rings. € NMR
spectrum, in which 38 garbon peaks are observed, is also
compatible with this addition pattern. On the other hdiim;

gel (eluent: toluene— toluene/AcOEt) afforded a regio-
isomeric mixture of bisadducts in 18%, after the elution

of unchanged [60]fullerene (17%) and the monoadduct
(20%). These bisadduckswere further subjected to prepara-
tive HPLC using a Develosil RPFULLERENE column

(eluhent]i totl)ge%tad/aceti)nltrlli(l:(% ,(V/ V?) In'a manner S|m|ll(ar d, 5f, and5g afforded two aromatic and two methoxy proton
to that for bisadduct8. As shown in Figure 1, seven peaks peaks, suggestinGs or C, symmetry. Their addition sites,

(5a—g) were detected and each fraction was rEzpeat'adthowever, cannot be determined only by consideration of

collected. symmetry, sinc&Cs symmetry can result from thes-1,cis-
2, andtrans4 and C, symmetry fromcis-3, trans-3, and
trans-2 bisadducts.

The characterization of these bisadducts was established
on the basis of the order of chromatographic elution, the order
of chemical shifts in"tH NMR spectra, the comparison of
UV—vis spectra, and the optical resolution.

In the separation of regioisomeric mixture dfising the
same HPLC column, the bisadducts were eluted in the order
trans-1,trans-2,trans-3,trans-4, e, cis-2, andcis-3# This
elution order apparently corresponds to the positional

5e
5c

I

5b S
H 5d 59
N (6) (a) Hoke, S. H., Il; Molstad, J.; Dilettato, D.; Jay, M. J.; Carlson,
D.; Kahr, B.; Cooks R. GJ. Org. Chem1992,57, 5069. (b) Tsuada, M.;
time Ishida, T.; Nogami, T.; Kurono, S.; Ohashi, Mthem. Lett1992, 2333.
(c) Nogami, T.; Tsuda, M.; Ishida, T.; Kurono, S.; Ohashi, Mulerene
i ini i~ bi Sci. Technol1993 1, 275. (d) Ishida, T.; Shinozuka, K.; Nogami, T.; Sasaki,
) ) yp ! . - . (7) Although the total number of the [60]fullerene?sgarbon peaks is
(20 x 250 mm); eluent, toluene/acetonitrile (1:3 (v/v)); flow rate, theoretically different in case of, (28 signals) andCs (30 signals)
10 mL/min; detection, UV 335 nm. symmetry, it was difficult to distinguish betwee®» and Cs due to the
overlapping of some peaks.
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relationship between the two addition sites, exceptie+2
and cis-3; the regioisomers with addends at more remote
positions were eluted in fractions with shorter retention times.
Since bisadductss carry o-dimethoxybenzene moieties
similar to those o8, and5aand5ewere assigned dsans-1
ande, respectively, as described above, it is reasonable to
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tentatively assigrbb, 5c, and5d as trans-2, trans-3, and

trans-4, respectively, ansf and5g ascis-1, cis-2, orcis-3.
The order of chemical shifts in tHél NMR of bisadducts

has been also available for determining the addition sites,

since it is closely related to the relative position of addition

sites® Both aromatic and methoxy protons & were

deshielded in the ordérans-1,trans-2,trans-3,trans-4, and wavel i /om 800 waveein / 800

e This tendency, ascribable to the curvature of the fullerene

surface, was also observed in bdthand 2 including the

cis-3 isomer As shown in Table 1, the deshielding in both

aromatic and methoxy protons bdecreases frorhato 5f, \

althoughbg has rather deshielded protons. These observations — =

support the assignment described above. The large deshield- Wavelength / nm Wavelength / nm

ing in 5gis likely to suggest theis-2 addition pattern, since 5d

the aromatic protons of some of this-2 0-quinodimethane

bisadducts prepared so far are remarkably deshielded due to

the steric compression effecfccording to the molecular

mechanics calculations, the two inner aromatic protons in 40

thecis-2 isomer of5 are located within 2.2 A. Such situations

cannot be accomplished in the other regioisomers, even inFigure 2. UV-—vis spectra of5a—h in chloroform at room

thecis-3 orcis-1 isomer. Furthermore, the ring current effect temperature.

of benzene rings is also expected to induce a low-field shift

of the inner aromatic and methoxy protons in tbis-2

isomer. Vv)), to give two distinct peaks. The CD spectra of the
Additional evidence for the assignmentigfwas provided ~ 'espective peaks displayed mirror images to each other,

by its UV—vis spectrum (Figure 2), which is quite similar undoubtedly indicating the enantiomeric relationship. These

to that of thecis-2 o-quinodimethane bisadducts in the SPectra also resemble those Bans-2 and trans-3 o-

literature*8 This similarity proves theis-2 addition mode ~ duinodimethane bisadduct®n the contraryf has not been

in 5g, since the UV—vis spectra of [60]fullerene bisadducts Séparated into two peaks despite attempts under various

are known to be generally dependent on the addition patternsconditions, thouglis-3 bisadducts such asquinodimethane

The spectra of the other regioisomersSéxcept forbe, bisadduct¥+**and Bingel—Hirsch bisadductswere enan-
namely,5a, 5b, 5¢, and5d, also resemble those of thans- tiomerically separated in most cases. Therefore, it is reason-
1, -2, -3, and -4 isomers, respectively, Dand 3. able to assigrbf ascis-1 rather thartis-3. Of course, the

chiral HPLC analysis of achirdde (e) and5g (cis-2) with

The remaining isomesf, which is eithercis-1 orcis-3, -
Cs symmetry afforded only a single peak.

was identified as the former on the basis of the following

observations. The U¥vis spectrum o6f, showing a sharp At this stage, seven isomers (exceptdi3) were isolated
band around 430 nm, is quite similar to those ai-1 and fully identified. Thus, in search of this isomer, the sum
bisadducts in the literature, such as diepoxy[60]fulletene ©Of fractions from5f to 5g of the HPLC chromatogram in
and bisadducts by nitrile oxide and azomethine yitdehile Figure 1 was further analyzed by gel permeation chroma-

obviously different from those of theis-3 bisadducts ~ tography (GPC) (eluent: chloroform). A small peak was
reported previously, which generally afford the longest detected before the two main peaks, correspondirtg émd
absorption band extending up to more than 7508rThe Sg._ Th|s_ fraction %h) was repeatedly collected and _ch_arac-
results of optical resolution are also compatible with this t€rized in a manner similar to that used above. Similar to
assignment. Among the bisadduistrans-2, trans-3, and ~ ©2~0 the FAB-MS spectrum dsh gave a molecular ion
cis-3 are chiral with &, symmetry. The optical resolution ~P€ak ofm/z= 992. Two aromatic and two methoxy proton
of 5b (trans-2) andsc (trans-3) was successful by using a Peaks in théH NMR suggesCs or C; symmetry. Its UV-

CHIRALPAK AD column (eluent: hexane/ethanol (9:1 (v/ Vi spectrum exhibits absorption bands around 740 nm,
characteristic otis-3 bisadducts. Furthermore, the enantio-

(8) (a) Taki, M.; Sugita, S.; Nakamura, Y.; Kasashima, E.; Yashima, E.;

Okamoto, Y.; Nishimura, . Am. Chem. S0d.997,119, 926. (b) Ishi-i, (11) (a) Taki, M.; Nakamura, Y.; Uehara, H.; Sato, M.; Nishimura, J.

T.; Shinkai, S.Tetrahedron1999,55, 12515. Enantiomerl998,3, 231. (b) Ishi-i, T.; Nakashima, K.; Shinkai, S.; Ikeda,
(9) Balch, A. L.; Costa, D. A.; Noll, B. C.; Olmstead, M. M. Am. A. J. Org. Chem1999,64, 984.

Chem. Soc1995,117, 8926. (12) Gross, B.; Schurig, V.; Lamparth, |.; Herzog, A.; Djojo, F.; Hirsch,
(10) Ros, T. D.; Prato, M.; Lucchini, \d. Org. Chem2000,65, 4289. A. Chem. Commurl997, 1117.
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meric separation dbh was accomplished under conditions
similar to those in5b and 5c. The CD spectra of the
respective fractions are almost superimposable on the mirror 40
images of each other, indicating the enantiomeric relation-
ship. The spectral shapes, such as bands around 720 nm, Dl
are also analogous to those @$-3 bisadducts reported in 30
the literature’>12 These spectroscopic behaviors apparently
demonstrate theis-3 addition pattern irbh. In the HPLC
chromatogram, the peak 6h appears to be hidden in those
of 5f and5g or between them due to its low intensity. On
the basis of the peak area ratio5if(cis-1), 5g (cis-2), and 10
5h (cis-3) in the GPC chromatogram and that5a—gin
HPLC (Figure 1), the regioisomeric ratio thns-1,trans- : E
2, trans-3, trans-4, e, cis-3, cis-2, andcis-1 was finally 0 IE R : 1
determined as 1:12:15:10:25:3:14:20. trans-1 trans-2 trans-3 trans-4 e cis-3  cis-2  cis-1
In summary, all possible regioisomers of [60]fullerene  Figure 3. Comparison of regioselectivity in the formation of
benzyne bisadduct8a, 5b, 5¢,5d, 5e,5f, 5g, andsh, were ~ bisadductsl, 3, and5.
isolated and assigned &®ns-1,trans-2,trans-3, trans-4,
e, cis-1,cis-2, andcis-3, respectively. Figure 3 illustrates a  histic analysis of this reaction on the basis of MO calculations
comparison of regioselectivity in the formation of benzyne iS Now in progress. The U¥vis spectrum of each isomer
bisadducts5 with those in the BingetHirsch (1) and of 5 possessing four-membered rings is analogous to that of
o-quinodimethane bisadditior8), The regioselectivity for ~ 2 and 3 with five- and six-membered rings, respectively,
5 is remarkably different from those in other bisadditions. rather thanl with three-membered rings, indicating the
The ratio ofcisisomers in5 is much larger than that it or similarity of electronic properties amorg 3, ands.

3. Noticeably,cis-1 isomer was obtained in the ratio of 20% Acknowledgment. This work was financially supported
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apparently ascribed to the less steric hindrance in the flat
addends ofs. Consequently, the regioselectivity féris
roughly in agreement with the coefficients of frontier orbitals,
especially HOMO, of the monoadduct. A detailed mecha- 0L0156547
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