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Twofold Cycloaddition of 2,4,6-Trimethoxy-benzonitrile Oxide to [60]Fullerene
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Abstract: The 22 conceivable regioisomers of isoxazolo-fullerenes are listed, combined with a proposed nomencla-

ture for their addition natterns. Two of them (I*(mm?2) I*(2/m)) are imnascible on cterical hindrance The twafnld cul
ture Tor their addition patierns. 1wo of ihem (17(mm2), 17{2/m)) are impessioi€ on sterica: nindarance. 1hc twoigia Cy

cloaddition of 2,4,6-trimethoxy-benzonitrile oxide to [60]fullerene yields in a complex mixture of bisadducts 1. By
combined HPLC separations, we isolated 11 fractions, which are distinguishable in their NMR spectra. From com-
parison of the possible symmetries for isoxazolo-fullerenes and from the spectra of the isolated reaction products 1
can be concluded that some fractions contain two bisadducts. In the end our analytical data corresponds to 16 bisad-
ducts of 20 possible ones. © 1999 Elsevier Scicnce Ltd. All rights reserved.

INTRODUCTION

The interest in the synthesis of double modified fullerene cages springs from the ambition to generate

well-defined, three-dimensional building blocks. An easy way to achieve a twofold modification is the

ducts is always accompanied by the formation of such bisadducts, only a few groups are engaged in the
isolation and characterization of higher fullerene adducts. The main reason for that is the increased num-
ber of reaction products as a result of the different possible addition patterns, which is responsible for
difficulties in the isolation of the reaction products. But a fundamental understanding of the maximum
number of regioisomer bisadducts and their relative stability is important for all work on higher function-
alized fullerenes.

The pioneering work in this field was done by A. Hirsch et al.'"*'® and S. R. Wilson et al.2, which in-
vestigated bisadducts of Cgp with symmetrical addends perpendicular to the annellated bond of the
fullerene. In these cases up to eight different regioisomers are conceivable (nine if the two addends are
not identical), if only the more reactive [6,6]-bonds are involved in the reaction. The investigations

tion type. Only a few examples are known, where the exact structure of the products was determined by
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work of the Hirsch and Wils
experiments and the elution sequence of the reaction products.
In the last years isoxazolo-fullerenes obtained by cycloaddition of nitrile oxides or trimethylsilylnitro-

studied extensively.®* The loss of m
dicular to the anneiiated bonds of the fuiierene in the RCNO addends ieads to additional possibilities for
the relative orientation of the substituents R. An attempt to separate a mixture of bisadducts by M. S.

Meier and D. J. Rice et al. by means of GPC and buckyclutcher®-HPLC was not very effective. ' They

Photodiode array detection indicated impure fractions with at least six up to eight isomers altogether. The
isomers were not isolated. No considerations about the theoretical number of possible bisadducts were

made and hith 1 1er in

nd hitherto no other investigations into nitrile oxide bisadducts have been published.
In this work we show the separation of bisadducts 1, which could be obtained by cycloaddition of
2,4,6-trimethoxy-benzonitrile oxide to [60]fullerene besides the monoadduct 2. We propose indications

for the total number of conceivable addition patterns in isoxazolo-fullerenes and similar unsymmetrical
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Nomenclature

Tn the meantime an aefficiont nomeneclature evicte for fullereneg and their comnounde 5 For the nractical
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use however, shorter names for bisadducts based on their addition pattern are desirable. For symmetricai
addends A. Hirsch et al. proposed a nomenclature, which was used extensively.'® In the end A. Hirsch et

al. simplified the descrmtors , after F. Diederich et al.” and the Hirsch group itself® had extended the no-

named II, 11T and IV. If they are located on both hemispheres the addition patterns arc named I*, II*, IIT*

and [V*. The remaining isomer is named e, where the addends have an equatorial position to each other.



Table 1: Theoretical possible nitrile oxide bisadducts to Ceo with a II or III addition pattern. The pro-
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poscd name for each isomer is accompanied by a simplified Schlegel diagram and a 3D model

serial number
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name for each isomer is accompanied by a simplified Schlegel diagram and a 3D model

serial number  addition = name of the orientation Schiegel diagram 3D model
of the dia- pattern 1somer
stereomer (A Hirschet. al) (this work)
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Table 3: Theoretical possible nitrile oxide bisadducts to Cgq with an e, I* or II* addition pattern. The pro-
posed name for each isomer is accompanied by a simplified Schlegel diagram and a 3D model
serial number  addition  name of the Schiegel diagram 3D model
of the dia- pattern orientation
stereomer  (A. Hirsch isomer
et. al.) (this work)
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Table 4: Theorctical possible nitrile oxide bisadducts to Cep with a II* or [II* addition pattern. The pro-
posed name for each isomer is accompanied by a simplified Schlegel diagram and a 3D model
serial number  addition name of the Schiegel diagram 3D model
of the dia- pattern orientation
stereomer (A Hirschet al) isomer
(this work)
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name for each isomer is accompanied by a simplified Schlegel diagram an

serial number  addition = name of the onentation Schiegel diagram 3D model
of the dia- pattern isomer
stereomer (A Hirschet. al) (this work)
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he isomers 1V, 1I* and iii*

T are inherent chiral. In fullerene monos
Viewing from an ¢l bond we can see the face of the annelated ring. Viewing from the ell bond shows us
the edge of that ring. For symmetric addends the second addition step yields to the same product for el
and oIT hut nnt in the ¢

s UL v

fulierenes two (chiral) sets of bisadducts with an e addition pattern are possibie.

According to this examination in the case of isoxazolo-fullerenes there are 22 constitutional isomers
conceivable. 14 of them are chiral and 8 achiral. Tables 1 — 5 describe all of them with both enantiomers
if the isomers are chiral. For clarity in the Schlegel diagrams the annellated bonds are drawn thick and the
substituent R is symbolized by a short line.

The two dimensional Schlegel diagram is placed aside a three dimensional model for clarification. In
the case of the isoxazolo-fullerenes for each addition pattern exists more than one adduct. We propose to
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use the symmetry of the bisadduct as an additional distinctive feature an
Herrman and Maugin. One isomer each with the addition patterns II, III, IV, IT*, III* and TV* is described

clearly then. Even both possible isomers with the I* pattern can be told apart.
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therefore compelled to introduce new descriptors and name them a, t, av and tv. Their definition is given

in Table 6. If necessary they are inserted between the Hirsch symbol for the pattern and the symmetry.

Table 6: Definition of the four proposed descriptors to name bisadducts of nitrile oxides to Cgy

de- derived from definition
scriptor

a turn gway The two substituents R are turned away from each other.
t turn fo The two substltuent'i R are turned to each other.

av turn away from Viewing along the 2-axis to the hemisphere, where the addends are

viewer located, the two vectors of the C—R-bonds are turned away from
the viewer,
(A% turn /0 v1f:‘Wcr Vv le“’lﬂg along Iﬂe 2- aXlS io IDC nemlspnere wnere '[ne aaaenas are

located, the two vectors of the C—R-bonds are turned to the viewer.

To distinguish between the enantiomers of the chiral adducts, we propose to place (R) and (S) in front
of the names. Because of the qualitative differences between the enantiomers, we are forced to organize
the chiral addition patterns in three groups and give a definition for each group (Table 7). The complete

names for the bisadducts are listed in Tables 1 — 5.

It can be easily reali

Y, (e 2R}
1
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¢ structure formulas, that the adducts 1it{m) and IIit{m) (Table 1) are not

[
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possible on steric reasons, because the substituents penetrate each other.

Synthesis and isolation
The synthesis follows our instruction for compound 2, in which the amount of nitrile oxide has to be

increased to optimize the yield of the bisadducts 1. To separate these from Cgy and compound 2, the latter
ones where washed out from the silica gel column with toluene. The exchange of the solvent to tolu-
ene/acetonitrile 9 : 1 yields a broad fraction of the bisadducts 1, which was concentrated and further puri-
fied by HPLC on a silica gel column with toluene/acetonitrile 9 : 1. Most fractions of the complex chro-

matogram were not baseline separated. Therefore another purification step with HPLC on a buckyclutcher

o (o mhoce W i e 9
1 CUlLULLL \b puabc Fa s 111 kiR,

four fractions. For the simple reason that the HPLC separation on silica gel was not perfect, some of the
fractions in the buckyclutcher® experiment were identical as '"H NMR experiments showed. Altogether 12

not identical fractions could be obtained in
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Table 7: Proposed definition of (R) and (S) to name enantiomers of chiral bisadducts of nitrile oxides to

Ceo
range of definition definition
(B (1), Hi(1), H*av(2), Viewing to the hemisphere, where the addends are located, the
IH*ev(2), IV¥D) vectors of the C—R-bonds are orientated clockwise.
IV(1), IVa(2), IVt(2), Viewing approximately along the vectors of the CR-bonds, where
II*(1), III*(1), IIT*av(2), the fullerene core lies below them, the addend on the right is more
HI*tv(2) distant from the viewer than the left one.
ea(l), et(1) Viewing from the ell- to the el-addend, the substituent R of the
ell-addend lies on the right.
(8)  Ti(1), TTi(1), iT*av(2), Viewing to the hemisphere, where the addends are located, the
[T*tv(2), IV*(1) vectors of the C—R-bonds are orientated anticlockwise.
IV(1), IVa(2), IVi(2), Viewing approximately along the vectors of the CR-bonds, where
I, HI*D), HI*av(2), the fullerene core lies below them, the addend on the left is more
[IT*tv(2) distant from the viewer thmn. the right one.
ea(l), et(1) Viewing from the ell- t el-addend, the substituent R of the
ell-addend lies on the left.
MS and NMR spectra

For all fractions MALDI TOF MS experiments prove the bisadduct mass. For one smaller fraction
only a mass spectrum could be obtained, whereas for all others 'H NMR spectra were recorded. Addition-
ally the three main fractions could be characterized by '*C NMR spectroscopy. To make the interpretation
of the NMR spectra easier, Tables 8 and 9 show the expected numbers of signals or integrals for 'H and
C NMR, respectively. These reflections are based on the assumption, that the two 2,4,6-trimethoxy-

phenyl groups are not rotating. This can be assumed, because there is evidence in a chiral monoadduct of

2,4,6-trimethoxy-benzonitrile oxide on C; for a not rotating substituent. In this example three signals for
the methoxy groups can be found in the NMR experiments, instead of two in the relation 1 : 2 for the ro-

tating case.*"

and
and

11

mm?2 can
isoxazolo-fuilerene bisadducts. As can be seen, the adducts with 2 and m or 2/m and mm2 symmetry are
not distinguishable in the NMR experiment. Therefore we combine them in type 2 and type 3 bisadducts,

whereas the 1 symmetrical ones form the type 1 (Tables 8 and 9).

separation of the reaction products. Some fractions could consist of two (or more) reaction products. Ta-

bles 8 and 9 additionally show the number of signals and integrals for all possible mixtures of two bisad-

from the type 1 adduct. Therefore type 2/2 can be regarded as pseudo type 1.

fa—
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Table 8: Numbers and integrals of the expected signals in the '"H NMR experiment for pure bisadducts 1

and mixtures of two of them in equal amounts. ¥ This type can be regarded as pseudo type 1

symmeiry or type number of signals  detaiied relation of the integrais (OCHiy/ArH
camhinatinn A& . 1)
CoOmoinautn .0 .1)
OCHa» ArH OCH, ArH
5 m 2 1 3:15 1
& o
Sz
S35
=)
— i 6 4 3:3:3:3:3:3 1:1:1:1
9]
5
5
s o~ 2 3 2 3:3:3 I:1
(‘é (]
s <N
- > " o] ~ 7.7.1 1.1
a) pafy 11 J s J.I.0 I.1
g o 2/m 2 1 3:1.5 1
a L
=%
) mm?2 2 1 3:1.5 1
- type i/1 iz 8 3:3:3:3:3:3:3:3:3:3.3; IHHEHHRN!
¢ g :
oz = type 1/2 9 6 3:3:3:3:3:3:3:3:3 1:1:1:1:1:1
9 n trrmn 1/72 o I 4.1.1.1.7.7.2.1 ¢ 1.1.1.1.1
Ej *5 ‘Lﬁl LYPLU 1/ o J 2.2.3.23.0.3.0.1.0 1.1.1.1.1
28 &  type22” 6 4 3:3:3:3:3:3 11
é g g tvrma /12 g 2 2.2.2.2-1 &£ 1.1.1
;:: :éz a Lypv & < J [ NS DU S BN G 1.1.1
type 3/3 4 2 3:3:1.5:1.5 1:1

Table 10 shows the chemical shifts, numbers and integrals for all distinguishable 'H NMR experiments.
For the fractions of the three main products Tables 11 and 12 list the chemical shifts and number of sig-
nals in the °C NMR spectra fo

annclated heterocycles, respectively.

From the results of the 'H NMR experiments in Table 10 it is obvious, that in nearly all spectra (frac-

tions 4 - 9 and 11) some signals coincide, as can be seen from their integrals, Comparing the spectra with
Table 8, most fractions (1,4 - 6, 8 - 11) seem to contain a chiral bisadduct or two of tiype 2 inaraiio 1 : 1.

A deviation from the equal mixture in type 2/2 fractions should reveal itself in the integrals of the peaks.

Actually in fraction 2 this is the case. It is obvious, that this fraction docs not contain a chiral bisadduct,

In fraction 3 the ratio for the OCH3 and ArH protons is 4 : 2. Only a type 3/3 mixture explains this re-
sult. Because only two bisadducts with a type 3 symmetry are conceivable for isoxazolo-fullerenes, this
fraction has to contain the adducts I*(mm?2) and 1*(2/m) (Table 3). The extremely poor solubility of these

34 the adauc 4 RAiaiil ) ar 1113 gl ALl

adducts corresponds to the expected low polarity. In the 'H NMR experiment their ratio is 1 : 2 in solu-



ratio of 9 : 6 for the OCH3/ArH protons. This can only be explained with a type 1/2 mixture. The ratio 1 :
1.5 for the type 1/type 2 adducts can be deduced from the integrals. It is adequate, that fractions 2 and 7,

which could be recognized as mixtures in the NMR experiments alre

ignals for the 2.4,6-trimethoxy-phenyl substituent in the B NMR

201 L% FStan il ie] y;v‘ Ay e Usiii! 2 i o ANIVAEN

] : Al vl e <
Xpe signals y su
expenment for pure bisadducts 1 and mixtures of lhc.m * This type can be regarded as pseudo type 1

symmetry or type number of signals
combination OCH3; - C, arom.
. m 2 4
B
e B
g3
g
— 1 6 12
Q
s B
2 -
= ™ 2 3 6
= (9]
2 §3 m 3 6
g e 2/m 2 4
Q@
= g mm?2 2 4
type 1/1 12 24
e b
R a, type 1/2 9 18
e ﬁ b il
° 3 3 type 1/3 8 16
R type 2/27 6 12
%z g tvpe 2/3 5 10
E e 8 o
type 3/3 4 8

For the main fractions 2, 4 and 6 the 3C NMR experiments bear out the "H NMR results (Tables 11
and 12). Taking into account the double intensities, the ratio for the OCHa3/C, arom. carbons is 6 : 12,
which restricts the symmetry to type 1 or pseudo type 1 bisadducts. In fraction 2 the 1 : 2 ratio of the in-

tensities proofs a mixture of isomers and because of that the type 2/2 fraction. The pairs of signals in Ta-

nation with the 56 signais in the fullerene region (taking into consideration the mulitiple intensities) meets

exactly the requirements for 1 symmetrical bisadducts or a mixture of two symmetrical ones.
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Table 10: Found chemical shifts, numbers and integrals of the signals in the "I NMR experiment for
distinguishable fractions of bisadducts 1 in the HPLC separations

g § chemical shift (5) number of signals relation of the integrals
E 3 (multiple integrals are indicated) (multiple integx:als are indi-
=& cated)
3 3 OCH; AtH OCH; ArH OCH; ArH
1 3.56,3.67,3.70, 3.76, 6.05,6.07,6.17, 6 4 3:3:3:3:3:3 1:1:1:1
3.85,3.89 6.25
2 3.55,3.73, 3.78, 3.85, 6.07,6.11, 6.26, 6 4 3:6:6:3:6:3 1:2:2:1
3.92,4.00 6.36
3 3.66,3.73,3.79,3.86 6.10,6.19 4 2 3:6:1.5:3 2:1
4 3.66 (twofold), 3.84, 6.16 (twofold), 5 3 3:6:3:3:3 1:2:1
3.86,3.91,4.03 6.24,6.32 (1 x twofold) {1 x twofold)
5 3.54, 3.72 (twofold), 6.05, 6.10, 6.25, 5 4 3:6:3:3:3 1:1:1:1:1
3.78,3.92,3.99 6.36 (1 x twofold)
6  3.67,3.72,3.73 (two- 6.09,6.11,6.19 5 3 3:3:6:3:3 1:1:2
fold), 3.79, 3.86 (twofold) (1 x twofold) (1 x twofold)
7 3.45,3.61,3.68 5.98, 6.05, 6.08, 7 6 3:4.5:10.5:  1:1.5:1:1:
(threefold), 3.75, 6.09,6.17,6.43 (1 x three- 4.5:3:3:3 1.5:1
3.78,3.88,4.14 fold)
8 3.73 (twofold), 3.78, 6.09,6.10,6.11, 5 4 6:3:3:3:3 1:1:1:1
3.79, 3.86, 3.92 6.19 (1 x twofold)
9  3.25,3.71,3.73,3.75, 5.98, 6.10 (two- 6 3 3:3:3:3.3.3 1:2:1
3.80, 4.05 fold), 6.25 (1 x twofold)
10 3.56,3.67,3.70,3.76, 6.05,6.07,6.18, 6 4 3:3:3:3:3:3 P:1:1:1
3.85,3.89 6.25
11 3.33,3.61, 3.65, 3.70, 6.00, 6.10 (two- 6 3 3:3:3:3:3:3 1:2:1
77, 3.89 fold), 6.22 (1 x twofold)

Table 11: Found chemical shifts and numbers of the signals for the 2,4,6-trimethoxy-phenyl substituent
in the *C NMR experiment for the mam fractions of bisadducts 1 in the HPLC separations. The intensi-

ties of the Slgna.lS indicated Wltl’l

and 2 have the ratio 1 : 2

chemical shift (6)

number of signals

g :_g:: g fsvnzrlesomla A.n AN { 4ma Ara
O Gy f—-': LI pr € uucualuca are llll.l ) il UIUPIC llllCHbllle alc
=28 indicated)
Egd
OCH; C, arom. OCH; C, arom
2 43.76", 54 88", 90.77", 90.89", 91.097, 91.11°', 97.607, 6 9
55.00", 55. 072’ 97.80", 159.56 (twofold), 163.16 (twofold), (3 x twofold)
5523, 61.79% 163.43 (twofold)
4 43.60, 54.79, 91.02 (twofold), 91.04, 91.09, 101.22 (two- 6 8
54.81, 55.06, fold), 159.79, 159.82, 163.48 (twofold), (4 % twofold)
55.08, 61.69 163.53 (twofold)
6 54.80,54.90,  90.86, 90.94, 91.01 (twofold), 97.56, 98.02, 4 8
55.17 (twofold), 159.72 (twofold), 163.16 (twofold), 163.25 (2 xtwo- (4 x twofold)
55.20 (twofold) (twofold) fold)




Table 12: Found chemical shifts and numbers of the signals for the fullerene core and the heterocycles in
the ""C NMR experiment for the main fractions of bisadducts 1 in the HPLC separations. The intensities
of the signals indicated with V and ? have the ratio 1 : 2

[ Fall ~2 crosrmmla b S o ~3
o \ 2 \ SIEIIAls O LHC Tucrcnc Core |
B e excent C! and (2
_5 E VAVVEPL o GaaNe
£ S
2 & range (see experi- number of signals
8 2 mental section for  (multiple intensities are indi-
u details) cated)
2 80.477, 101.137, 134.70 — 149.02 51 149.327,
80.70" 101257 (5 x twofold) 149.62"
4 80.22, 97.77,97.86 132.88 — 148.98 52 149.90, 149.92
80.45 (2 x twofold, 1 x threefold)
6 79.94, 100.72, 134.85 - 149.00 51 150.97, 151.10
80.34 100.85 (3 x twofold, 1 x threefold)

CONCLUSION

Altogether we found eight type 1 fractions and one of type 1/2, type 2/2 and type 3/3 each. Addition-
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be investigat y mass spectromeiry. This correspor
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ally one fraction could only
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0
(ninc of type 1, three of type 2 and two of type 3) plus a fraction with at least one bisadduct of unknown
symmetry. Theoretically 20 bisadducts are conceivable (eight of type 1, ten of type 2 and two of type 3),

the supposed type I fractions is in reality a 1 : I mixture of two bisadducts with 2 and/or m symmetry.
Finally in the complex reaction mixture eight bisadducts 1 of type 1, five of type 2 and two of type 3 were

found. Plus the bisadduct fraction, which was not investigated spectroscopically, this corresponds to 16
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therefore not collected during the HPLC separations. One or more of the type 1 fractions could be 1 : 1
mixtures of type 2 adducts as well. The reaction yielded in only three main fractions with at least four
bisadducts, where fraction 6 with presumable only one adduct makes the main contribution. However the

.t o 1 1 O L A A a ot o ab o T ae Ly £ i T nd o
scparation from the numerous aiso 10rmed 01Saaaucts 1S a Costly procCess. 1nerelore 107 juiure mvestiga-

tions into nitrile oxide bisadducts the limitation of the possible regioisomers by means of e.g. double
functional nitrile oxides is advisable.
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based on the symmetry information from the 'H NMR experiments, fraction 3 can be recognized as a



menti based on the order of ciution is too doubtful against the background of the similarity of the isomers
and the complexity of the chromatograms. Presumably the clearly improvcd performance of the HPLC

separation in comparison with the work of the Meier/Rice group**' is partly based on the gradual ch
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FT-IR: Bruker IFS66; UV-Vis: Hewlett Packard 8452 diode array; 'H and '>C NMR: Bruker AC 300 or

.. TURC! (29 Laal 4 GLILy, 2 4 NiVEAN. [R5 v | Ui

DRX 300; FAB-MS: Jeol JMS-700 (positive mode); MALDI TOF MS: Bruker Biflex MALDI-TOF
(matrix: 9-nitroanthracene, negative-mode); flash column chromatography: silica gel: Aldrich: 32 — 63

um, 60 A; HPLC/UV detection: Abimed Gilson 118, 201, 305, 806; columns: silica gel: Macherey-Nagel:

M5 w I80 mm 7 um SN A i
PoRVAN § i \Y Ve ¥

1,2:x,y-Bis[3-(2,4,6-trimethoxy-phenyl)-(epoxynitrilomethino)[60]fullerenes (l)mz The synthesis

of the bisadducts 1 follows our instruction for compound 2,*". The ratio of the educts however was

> yield. A typical experiment with 400 mg of Cqp and 232 mg of th

R L2Ls 210 12

AnNO FAN

. I Nk I 111 aa A Fga X ] N 1 P ns/N l‘
cZ)yywelas i 111 mg (£8 o) OI unusea Lgo, 228 Mg (44 7o) OI

e monoadduct 2 and 366 mg of higher
adducts. To separate these from Cgp and compound 2, the latter ones where washed out from the silica gel

column with toluene. The exchange of the solvent to toluene/acetonitrile (9 : 1) yields a broad fraction of

=
OS]

ene/acetonitriie (9 : 1) in portions of 3 mi of a neariy concentrated soiution. The separation was optimal
with a flow of 6 ml min™'. Some small higher fractions with possibly trisadducts were not collected. Most

of the fractions of the complex chromatogram were not baseline separated. Therefore another purification
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column (s. phase “X” in lit. ) was applied to each Four

~F
vul U1

ction.
them could be separated in three or four fractions. To obtain enough material for the spectroscopic analy-
sis, the combined yields of two batches were used. Even then only three fractions supply enough material

to record *C NMR spectra. The combined yields for the single fractions are between 1 and 17 mg.

1 Nnr

bisadducts: CgoH2,N,0s, mol. mass = 1139.06 g moti™’

monoadduct by cycloreversion in the MS xperiments: C70H11NO4, mol. mass = 929.86 g mol™!
fraction 0: MS (MALDI TOF): m/z (%): 1140 (6)[M], 931 (11)[C70H11NO4'], 720 (100){Cso ]
Fonnting 1. [T NIMD /20
1r4CuUvn 1. Il IN1VLIIN \.)UU

6.05, 6.
(10)[M°

R =18A TAR7T VT0 TTHE RS ’289(

1)
\./13}. U 7 J.JU, JUT g J.TUy T MUy JO0Jy I

07,6.17, 6.25 (each s, 1 H; CH, arom.), 7.24 (s; CHCl;, solv.); MS (MALDI TOF): m/z (%): 1140
1, 930 (8)[C70H11NOy'], 721 (100)[Ceo]-



fraction 2: IR (KBr): v =480 (m), 524 (m

) e

~rs s

1129 (s), 1156 (s), 1183 (m, Cgp), 1205 (m), 1226 (m), 1283 (w), 1342 (w), 1414 (w), 1435 (w, Cg), 1460
(m), 1497 (w), 1602 (s, C=N), 1625 (s), 1694 (w), 2851 (w, CH), 2923 (m, CH), 2957 (w, CH) cm™;
UV/Vis (CHCL): a) d = 1 cm: Ayax (Ig €/80): 249 (4.92), 297 (4.54), 317 nm (4.48); b) d = 4 cm: A (Ig

491 5 (isomer 1),

Ln

LON nm (2 72} ' NMBR 7200 ML Tl S=18&
SYVIii\&./3), 11 1‘1\'1 N\ JVUV VINZ, \JU\A3} O 3.7

3.92 (isomer 2), 4.00 (isomer 1) (each s, 3 H; OCHj3),
6.07 (isomer 1), 6.11 (isomer 2), 6.26 (isomer 2), 6.36 (isomer 1) (each s, 1 H; CH, arom.), 7.24 (s;
CHCl3, solv.) isomer 1 : isomer 2, 1 : 2; *C NMR (75 MHz, CS,/[Dglacetone 9 : 1, 14 mg, 30842 scans):
43.76, 54.88, 55.00 (each 2 C; OCHs, isomer 1), 55.07, 55.23, 61.79 (each 2 C; OCHj3, isomer 2), 80.47
(CCN, aliphat., isomer 2), 80.70 (CCN, aliphat., isomer 1), 90.77, 90.89 (each CH, arom., isomer 1),
91.09, 91.11 (each CH, arom., isomer 2), 97.60 (CCN, arom., isomer 2), 97.80 (CCN, arom., isomer 1),
101.13 (CON, aliphait., isomer 1), 101.25 (CON, aliphat., isomer 2), 134.70, 135.16, 135.82, 137.12,

139.

)! (-’ ‘)9

3.73 (isomer 2), 3.78 (isomer 2), 3.85 (isomer 1),

A o ~oAan

i, 139.61, 139.65, 140.47, 140.99, 141.20 (2 C), 141.34, 141.35, 141.38, 141.79, 142.32, 143.05,

0
08, 143.19, 143.53, 143.64, 143.76, 143.87, 144.20 (2 C), 144.30, 144.38, 144.49, 144.64, 144.76,
7

143.
144.79, 144.88, 144.96 (2 C), 145.00, 145.58, 145.60, 146.43, 146.63, 146.78, 146.97, 147.30, 147.33,
147.45, 147.54 (2 C), 147.76, 147.93 (2 C), 147.99, 148.10, 148.40, 148.65, 148,70, 148.83, 149.02 (cach

C, fullerene), 149.32 (C=N, isomer 2), 149.62 (C=N, isomer 1), 159.56 (2 C, COCII3, arom., 4-position),
163.16, 163.43 (each 2 C, COCHs, arom., 2,6-position), 192.30 (CS,, solv.) isomer 2 in excess; MS
(MALDI TOF): m/z (%): 1140 (20)[M], 930 (11)[C7H;NO4], 721 (100)[Csp ]; MS (FAB): m/z (%):
H

\ 15, NO. 1. 720 (1000Ceo™1: MS (HR FAB)Y: m/z (+ 0.008):
HC701111NGy ], 720 (1060 \«60 Js MId (I FADJ. IVZ (T U.UUG !
5
<

139.145],721.010[‘ Cso'>C, caled. 721,003], 720 6o’ » caled. 720.000].

.008 [C
.66 (s, 3 H; OCHj, isomer 1), 3.73 (s, 6 H; OCH3, iso-
; OCH;, isomer 2), 6.10 (s, 2 H;

ASViaaNG i

CH,

rom., isomer 1)

MATT N »

6.19 (s, 2 H; CH, arom., isomer 2), 7.24 (s; CHCl3, soiv.), isomer 1 : isomer 2, 2 : 1; MS (MALDI TOF):
113 9(

'z (%): 00)[M], 930 (38)[C7oHIINO, T, 721 (57)[Ceo']-
fraction 4: IR (KBr): ¥ = 475 (w), 527 (m, Cga), 564 (W, Ce), 641 (W), 699 (W), 773 (W), 814 (W),
852 (w), 893 (w), 919 (W), 952 (w), 1029 (w), 1063 (), 1129 (s), 1156 (s), 1184 (w, Ceo), 1205 (m),

1226 (m), 1283 (W), 1341 (W), 1414 (w), 1435 (w, Cqo), 1459 (m), 1498 (w), 1602 (s, C=N), 1625 (s, sh),
2851 (w, CH), 2925 (m, CH), 2957 (w, CH) cm’’; UV/Vis (CHCls): a) d = 1 cm: Amax (Ig €/€0): 233 (4.02),
237 (A m\ 249 (3 00\ 268 (’§ Qﬂ) 307 (366)

-7 PA L]

. 362 nm (3.25) ; b) d = 4 cm: Amax (Ig &/g0): 397 (3.80), 424
(3.54), 469 (3.40), 436 nm (3.32); 'H NMR (300 MHz, CDCl;): 8 =3.66 (s, 6 H; OCHs), 3.84, 3.86, 3.91,
4.03 (each s, 3 H; OCHy), 6.16 (s, 2 H; CH, arom.), 6.24, 6.32 (each s, 1 H; CH, arom.), 7.24 (s; CHCI;,
solv.); BC NMR (75 MHz, CSy/[Delacetone 9 : 1, 11.7 mg, 19000 scans): 43.60, 54.79, 54.81, 55.06,
55.08, 61.69 (each OCH3), 80.22, 80.45 (each CCN, aliphat.), 91.02 (2 C, CH, arom.), 91.04, 91.09 (each

CH, arom.), 97.77, 97.86 (each CON, aliphat.), 101.22 (2 C, CCN, arom.), 132.88, 133.73, 134.86,



i

135.
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138.05, 139.03

141 458
Ve 1F1.570

’

142.48, 142.67, 143.12, 143.15, 143.25, 143.36, 143.66 (2 C), 143.67, 143.72, 144.11, 144.34,

142.49,
144.44, 144.55, 144.73, 144.85, 144.88, 144,97, 145.03, 145.09, 145.45, 145.56, 145.85, 145.90, 145.93,
6.

146.03 (2 C), 146.26, 146.41, 146.70, 146.74, 146.79, 146.97, 147.40, 147.43, 147.62, 148.79, 14898
{each C. fullerenc). 149.90. 149.92 {each C=N). 152.79. 152.82 {(each COCH;. arom.. 4-position 163.48
{eacn L, ruucienc), i4y.5v, 147. \ CNU=INY, 105,77, 107,04 (€a&C h LU s, arori. ‘-l-pUblllU[l}, '-m,

163.53 (each 2 C; COCHjs, arom., 2,6-position), 192.30 (CS,, solv.); MS (MALDI TOF): m/z (%): 1139
(100)[M'], 930 (28)[C70H11NO4 ], 720 (26)[Cs0’]; MS (FAB): m/z (%): 1139 (17)[M" + H], 1138 (4)[M'],
930 (7)[C7oH;;NO4'], 720 (100)[Ces'l; MS (HR FAB): m/z (+ 0.008): 1140.150 ['°Cy6" CH3N,05",
caled. 1140.148], 1139.143 [M" + H, caled. 1139.145), 1138.136 [M’, caled. 1138.138], 931.078
[2Cee*CH2NO,", caled. 931.080], 930.074 [C7oH 2NO4™, caled. 930,077], 929,042 [C7oH ;NO;", caled.
929.069], 721.007 [Cse"*C*, caled. 721,003], 720.003 [Ceo”, caled. 720.000].

fraction 5: '"H NMR (300 MHz, CDCL3): & = 3.54 (s, 3 H; OCH3), 3.72 (s, 6 H; OCH3), 3.78, 3.92,
3.99 (each s, 3 H; OCHj3), 6.05, 6.10, 6.25, 6.36 (each s, i H; CH, arom.), 7.24 (s; CHCI3, soiv.); MS
(MALDI TOF): m/z (%): 1140 (100)[M], 930 (68)[C70H;;NO47, 720 (98)[Cso’]-

fraction 6: IR (KBr): V = 468 (w), 526 (w, Cg), 561 (w, Cq), 642 (W), 774 (w), 811 (m), 852 (w),
950 (w), 964 (w), 1030 (m), 1094 (m), 1129 (s), 1156 (s), 1182 (w, Csp), 1205 (m), 1226 (m), 1262 (w),
1278 (w), 1341 (w), 1413 (m), 1435 (w, C ) 1457 (m) 1496 (w), 1586 (s, C=N), 1602 (s, C=N),
(m, sh), 2851 (w), 2924 (m), 2957

.09, 6.11 (ecach s, . CHCls,
solv.); ’3(: NMR (125 MHz, CS,/[DgJacetone 9 : 1, 16.6 mg, 28000 scans): 54.80, 54.90 (each OCH3),
L8517 8858 27N fearch 2 OCLHY 7004 0 U (each FCN alinhat Y QN RA N4 (each CH aram ) Q1 01
[0 b § I’ RO S0 YA | \uauu - \/, \J\/Alj}, I l./"'l" OV.J 7 \wuuxl \/\./,L‘, “llyllul. }, /\I-UU, AT An 2 \Uu\rll \./LL, “iviiy ’, S L.V 1

(2 C, CH, arom.), 97.56, 98.02 (each CCN, arom.), 100.72, 100.85 (each CON, aliphat.), 134.85, 136.36,
136.62, 137.87, 138.78, 138.83, 140.18, 140.76, 141.37, 141.44, 141.59, 141.92, 142.07, 142.28, 142.38,
142.42, 142.57, 142.66, 143.05, 143.45, 143.47, 143.60, 143.78, 144.19, 144.23, 144.30, 144.37, 144.40,
144.48, 144.49, 144.52, 144.70, 145.04, 145.28, 145.58, 145.87, 146.14, 146.18, 146.25, 146.47, 146.63,
146.85, 146.90, 146.91, 147.57, 147.65, 148.09, 148.13, 148.18, 148.36, 149.00 (cach C, fullerene),
150.97, 151.10 (each C=N), 159.72 (2 C; COCHj3, arom., 4-position), 163.16 163.25 (each 2 C; COCHa,

arom.. 2.6-position), 192.30 (CS,, solv.); MS (MALDI TOF): m/z (%): 1139 (100)[M’], 930
ALVULLLey  dugU™ ]J\.I.Jlt Ll fy L& oV (Wi OSVIV.y, AVAR (4 LN L% JL is
s oa N - ——~ 7o T~ - AWl /YN A TR (LYY 149N 'faYY R VI . Yl 1110 /n\r\1+
(40){C7oHINOg], 720 (50){Ceo’]; MS (FAB): m/z (%): 1139 (9[M" + Hj, 1138 (2)[M'], 930

(5)[C 0H[1NO4 ], 720 (100)[C60 ] MS (HR [AB) m/z (:t 0. 008) 1140.146 [HC79UCH23N208 caled.
1140.148], 1139.148 [M" + H, calcd. 1139.145], 721.007 [*Css"°C", calcd. 721,003], 720.001 [Ceo',



; OCHj3, 1somer 1 + 3 H; OCHs, isomer 2), 3.75 (s, 3 H; OCHj;, isomer 2), 3.78 (s, 3

H; OCHjs, isomer 1), 3.88 (s, 3 H; OCHs, isomer 1), 4.14 (s, 3 H; OCHj, isomer 1), 5.98 (d, “/=1.9 Hz, 1
H; CH, arom., isomer 1), 6.05 (d, ‘7=22Hz 1 H; CH, arom., isomer 2), 6.08 (m, 1 H; CH, arom., iso-
" 6.09 (m. 1 H: CH. arom a4 47 I, 1 I0 ALY oo S 4,

ar 1Y) iommanars 1Y £ 177 7 — 9 -
0L 1), VU7 (1l 1 L, WL, alULLL, DULNCTL 1), V.17 (U, Vv — L4 K14, ] ﬂ, wn,

-

arom., isomer 2), 6.43 (d, "J =
1.9 Hz, 1 H; CH, arom., isomer 1), 7.24 (s; CHCls, solv.), isomer 1/isomer 2 1 : 1.5; MS (MALDI TOF):
m/z (%): 1139 (47)[M’], 929 (34)[CoH1NO4], 720 (100)[Ceo'].

raction 8: '"H NMR (300 MHz, CDCl3): § = 3.73 (s, 6 H; OCHj3), 3.78, 3.79, 3.86, 3.92 (each s, 3 H;
OCHy), 6.09, 6.10, 6.11, 6.19 (each s, 1 H; CH, arom.), 7.24 (s; CHCls, soiv.); MS (MALDI TOF): m/z

(%): 1139 (100)[M'], 930 (52)[C7H11NO4 ], 720 (90)[Cey]-
fraction 9: 'TI NMR (300 MHz, CDCly): 8 = 3.25, 3.71, 3.73,

5.98 (m, 1 H; CH, arom.), 6.10 (d, *J= 1.8 H; CH, arom.)

1iiy 1 Liy oodiy 1ike Jy V.1V ((Nay 3 V4 9 & A1y i1, GLVUILL.

75, 3.80, 4.05 (each s, 3 H; OCH;),
4

J=1QH> 1 H- (CH ar
3

Am )
, o 1.6 i, 1 11, i, alOil. j,

7.24 (s; CHCI3, solv.); MS (MALDI TOF): m/z (%): 1140 (100)[M'], 930 (48)[C7H;1NO4], 720
(84)[Ceo}-

fraction 10: '"H NMR (300 MHz, CDCl3): & = 3.56, 3.67, 3.70, 3.76, 3.85, 3.89 (each s, 3 H; OCHa),
6.05,6.07,6.18, 6.25 (each s, 1 H; CH, arom.), 7.24 (s; CHCl, solv.); MS (MALDI TOF): m/z (%): 1139
(100)[M7], 929 (50)[C7oH11NO4], 720 (78)[Céo']-

fraction 11: '"H NMR (300 MHz, CDCly): 8 = 3.33, 3.61, 3.65, 3.70, 3.77, 3.89 (each s, 3 H; OCH3),
6.00 (s, 1 H; CH, arom.), 6.10 (s, 2 H; CH, arom.), 6.22 (s, 1 H; CH, arom.), 7.24 (s; CHCl3, solv.); MS

IMAAT TYY P\ PO S g N, 1170 FINMATR AT O 78NN TM I S L NNT -1
(MALDI F): m/z (%): 1139 (100)[{M7], 929 (52)[CroH11NO4], 720 (69)[Ceo 1.
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The name follows the recommendations for the nomenciature of fuilerenes and their compounds.’ The bridge nomencia-
ture is easier to apply for bisadducts, whiie we prefer a fusion nomenciature for the monoadducts. Compound 2Z should be
named 3'-(2,4,6-trimethoxy-phenyl)-isoxazolo[4,5":1,2][60]fullerene.



