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While Ggo shows a single line at 143 ppm in #C NMR
spectrum and is a magnetically deshielding molétg,detailed

assignment to all carbon atom resonances in a modified
fullerene, which could have up to 60 resonances, is very

difficult.»2 With the advent of azafullererfghe carbon atoms
in positionsa and S to the nitrogen, as well as those linking

the cage to other substituents, are potentially assignable using

13C—15N coupling=6 If this experiment were successful, then
assignment of carbors to cage spcarbons in any modified

fullerene should be possible by extrapolation. Here we report
that such a characterization is indeed possible for molecules

CsoHN (2), (CsoN)2 (3), and the recently synthesiZze@sq
(CHPh)N (4).

8101

a= 80.8 ppm d=141.8 ppm
b =128.0 ppm e = 163.8 ppm

¢ =139.7 ppm

coupled to nitrogen at 71.7, 124.3, 134.9, 147.1, and 155.3 ppm.
Assignment of the spa carbon at 71.7 ppridc—n = 3.5 Hz)

and the spa carbon at 155.3 ppmic—n = 12.1 Hz) was
straightforward. Low-intensity resonances at 124.3, 134.9, and
147.1 must therefore be a result@®toupling, where the carbon
resonance at 134.9 ppm is modified most by #-coupling.

The resonance at 147.1 ppm was shown to alsg-beupled

to the protofi as depicted i2. This leaves the resonance at

a= 71.7 ppm
b =124.3 ppm
¢ =134.9 ppm

d = 147.1 ppm

e =155.3 ppm

124.3 and 134.9 ppm assignable to “b” or “c”. If resonance
arguments apply to spirspin coupling, then the unusual bond

The 15N-labeled compounds were synthesized as describedlocalization sui generisto fullerene bonding (hexagons are

previously37-9 but from 50%-labeled (2-methoxyethoxy)methyl
azide (MEM-N). Thel®N-labeled precursor compounds MEM-
N3 and [60]N-MEM azafulleroid have a splitting pattern similar
to that of the previously reportet¥N-labeled SEM analogs.
Note that because labeled MEM;sNas only 50% of the label

at the terminus, the nitrogen-coupled carbons appear as a thre

line pattern (fortuitously 1:2:1) in th&°N-coupled?3C NMR

spectra, due to the sum of a doublet at half-intensity corre-

e_

cyclohexatrienes and pentagons are 5-radialenes) demands that
“c” be assigned to the 134.9 ppm resonance. This would also
explain why “b” and “d”, two carbons which are not in direct
conjugation with the nitrogen, show very minor couplitig.
Armed with this information, we examined tAeN-coupled
13C NMR spectrum of the dimer to finally locate the interdimer
carbon. Only one carbon resonance was found that split at 156
ppm (Je—n = 11.6 Hz), one was found that broadened at 138

sponding to**N-coupled carbons and a singlet corresponding PPM, and two were found that broadened to a lesser extent at

to the unlabeled materi&?. The nitrogen-coupled carbon NMR
spectrum of the labeled ketolactainrevealed five carbons

125.1 and 148.8 ppm. In structuBgewe show the assignment
of one out of the two possible sites to “e” as well as the

coupled to nitrogen at 80.8, 128.1, 139.7, 141.8, and 163.8 ppmuncertainty in assignment of the crucialcarbon “a”.

as shown for structuré.1?
The labeled ketolactam was then converted to bo#H®
and (GgN),. The former heterofullerene showed five carbons
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e =156.1 ppm
(a?) = 138.0 ppm

It is possible that, as is well known in fullerene chemistry,
when a fullerene is a substituent, it has a strong deshielding
effect2 If CsogN has the same magnetic properties gg @
(CsaN)2, each half of the molecule acts as a deshielding group
on the other; also, the interball bonding carbons “a” are pressed
against the opposite ball’s nitrogen atom’s lone pair, which
causes further deshielding. An additional complication is that
the “a” carbons aret to their own ball’s nitrogen byf to the
adjacent ball’s nitrogen. This could cause further splitting and/
or broadening of the signal corresponding to ¢hearbon “a”.
Quantum calculations at the LDF (local density functional) level
reveal that the hybridization of “a” is betweer?smnd sg; the
C—H coupling constant ir2 also supports this theof#2 and
allows for the possible assignment of “a” at 138 pPm.
However, we were still concerned about the magnitude of

(12) On the other hand, f-delocalization (hyperconjugation) were an
important mechanism for spirspin coupling, then these assignments could
be reversed. Theoretical calculations also suggest this reverse assignment:

(11) Carbons “c” and “d” are close and may have the reverse assignmentBuhl, M.; Curioni, A.; Andreoni, W. Preprint, February 1997. We thank
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deshielding suffered by carbon “a”, and as shown below, our
skepticism was justified.

To gain information on the chemical shift variation as a
function of substituent, the diphenylmethyl azafullerene deriva-

tive 4, labeled and unlabeled, was synthesized from the

a= 86.3 ppm d=148.9 ppm
b =124.7 ppm e =155.5ppm

c=137.6 ppm f= 65.2 ppm

corresponding azafullerene dim&f Thel3C NMR spectrum
of 4 revealed the spcarbona to the nitrogen on the fullerene

Communications to the Editor

success. This is probably due to the mixture of the labeled and
unlabeled giving too low a signal to noise ratio (S/N) for signal
detection'” Table 1 summarizes the NMR results obtained and
illustrates a distinct pattern of the azafullerenes.

Table 1. 1*N-Coupled Carbon Atoms-& as a Function of R on
the Fullerene Cage (cf)

a b d

R=H (2 71.7 (3.5} 124.% 134.9 147.p 1553 (12.9
R=CHPh(4)° 86.6 (4.5} 124.6 137.8 149.P 155.7 (11.9) 65.4
R=CsN (3) 90.2 1250 138 148.¢ 156.1 (11.8)

a I5N—-138C coupling constant (Hz) in ODCH,. ? Broad, low-
intensity peaks® Chemical shifts next to the structure drawing differ
slightly from those in Table 1 because they were obtained in CS

c e f

The numbers in Table 1 indicate that, as the electronegativity
of R increases, the chemical shifts of thé apd (for the most
part) the sp carbon atomsx andj to the nitrogen atom also

cage at 86.3 ppm. It seemed unreasonable that the broadenethcrease. In all three cases, the pattern is reproduced and similar

peak at 138 ppm, in the spectrum3)fcould be thex carbon

coupling constants are observed. The only exception appears

resonance that we have been searching for. This reasoningo be carbon “d” in4, which has approximately the same
stems from the fact that changing the substituent from diphe- chemical shift as that d3.

nylmethyl to Go¢N should not shift the “sfi resonance
downfield by 51.4 ppm, considering that in going from a proton
(CsgHN) to an alkyl Go(CHPHh)N substituent ther resonance
shifted by only 14.9 ppmAn 1N-coupled'3C NMR spectrum

of 4 showed a pattern similar to that of its precursors, splitting
at 86.3 and 155.5 corresponding to thé epcarbon “a” and
the sp a carbon “e”, respectively, as illustrated4n Broaden-
ing was observed fof carbon resonances at 137.6 and to a
lesser extent at 65.2, 124.7, and 148.9 ppm. heoupled
13C NMR spectrum of4 showed that the resonance at 148.9
ppm was alsg-coupled to the methine proton. The assignment
of “b” and “c” in 4 is again based on the fact that “c”, unlike
the other thregs carbons, is in conjugation with nitrogen and
should exhibit a stronger spitspin interaction.

After comparison of the three derivatives, it is possible by
extrapolation to assign the carbons of3 (cf. Table 1). The
assignments of thg carbons at 134.9 ppm fd& and 137.6
ppm for4 supported the notion that the 138 ppm resonance in
the dimer was also due {@-coupling and strongly suggested
that the sp o carbon of3 was still unknown.

Re-evaluation of pulse delay times used to record fullerene
13C NMR spectr#® revealed that a 16 s pulse delay, twice the
value for a “standard” detection, allowed the observation of a
weak resonance in the sgegion at 90.4 ppm in th&C NMR
spectrum of the “unlabeled” ggN), heterofullerene. Attempts
were made to optimize the NMR experimental parameters for
a longTy, i.e., the variation of delay times and pulse andfes.
Various conditions were tried on the labeled material without

(13) Andreoni, W.; Curioni, A.; Holczer, K.; Prassides, K.; Keshavarz-
K, M.; Hummelen, J.-C.; Wudl, FJ. Am. Chem. S0d.996 118 11335~
11336.

(14) As a result of the minor effeé®N-coupling had on the resonance
at 125.1 ppm, it was ruled out as a possibility.

(15) Bellavia-Lund, C. Wudl, FJ. Am. Chem. Sod997, 119 943
946.

In conclusion, a combination of spectroscopic techniques on
the structure analysis @fN-labeled and unlabele? 3, and4
showed that the. carbon “a” of3 does not reside in the fullerene
region (125-160 ppm), but must lie in the pegion. Further,
the substituent on the $parbon influences the chemical shifts
of the carbon atoms surrounding the heteroatom. After experi-
mental optimization for a lond;, the signal for the interdimer
carbon of3 was found at 90.4 ppm, unequivocally supporting
a “[6,6] closed” structure for (§sN)2, as depicted ir8. As a
result of this study, any futur&C-NMR characterization of
azafullerenes will rest on a firm foundation and chemical shift
assignments of carbon atorasandf to the nitrogen atom(s)
will now be possible and will be found in the range 1556
ppm @) as well as 124125 (3, adjacent to spcarbon), 135
138 (3, adjacent to shcarbon), and 144149 (3, adjacent to
sp?® carbon) ppm.
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