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Helium-3 NMR chemical shifts of various 3He-encapsulated fullerenes (3He@Cn) and their derivatives
have been calculated at the GIAO-B3LYP/3-21G and GIAO-HF/3-21G levels with AM1 and PM3
optimized structures. A good linear relationship between the computed 3He NMR chemical shifts
and the experimental data has been determined. Comparisons of the calculation methods of 3He
NMR chemical shifts show that GIAO-B3LYP/3-21G with AM1-optimized structures yields the best
results. The corrected 3He NMR chemical shifts were calculated from the correction equation that
is obtained through linear regression fitting of the experimental and calculated 3He NMR chemical
shifts over a wide range of 3He-encapsulated fullerene compounds. The corrected 3He NMR chemical
shifts match the experimental data very well. The current computational method can serve as a
prediction tool and can be applied to the assignments and reassignments of the 3He NMR chemical
shifts of 3He@Cn and their derivatives.

Introduction

Fullerenes are quite reactive with a variety of rea-
gents.1-4 Most reactions result in mixtures of mono- and
multiadducts. The 1H NMR spectra of fullerene multiad-
ducts generally give very complex patterns, and the struc-
tural assignments of these fullerene derivatives heavily
rely on the 13C NMR spectra. Because the attachment of
functional groups to fullerenes lowers the high symmetry
of fullerene skeletons, there are many more peaks in the
13C NMR spectra of fullerene derivatives than in parent
C60 and C70 spectra. It is difficult, even impossible, to
assign the 13C NMR peaks and, hence, the structural
assignments of bis- and multi-adducts of fullerenes. Some
isomers of fullerene derivatives have the same symmetry
and thus give the same number of 13C NMR peaks, which
creates further challenges to determining the structural
assignments of fullerene derivatives.

The addition of functional groups to fullerenes causes
changes in the magnetic properties of fullerene skeletons.
It is expected that an NMR-active nucleus placed inside
a fullerene cage can sense these magnetic changes.
Saunders and collaborators have prepared various 3He-
encapsulated fullerenes (3He@Cn) and fullerene deriva-
tives and measured their 3He NMR.5-29 Each 3He@Cn and
each 3He@Cn derivative has a distinct chemical shift.10

A 3He NMR spectrum of a fullerene reaction mixture

labeled with 3He could immediately indicate how many
fullerene compounds exist because all 3He@Cn derivatives
should show their own distinct 3He NMR peaks while
nonfullerene chemicals have no 3He NMR peaks. There-
fore, the 3He NMR technique is a powerful tool to identify
fullerene derivatives and to follow fullerene chemical
reactions.10 Since the successful utilization of 3He NMR
as a sensitive probe of the ring-current effect of 3He@Cn

and their derivatives, calculation of 3He NMR chemical
shifts has become increasingly interesting to theoretical
chemists. Helium-3 NMR chemical shifts (δHe) calculated
at Hartree-Fock (HF) and density functional theory
(DFT) levels with gauge including atomic orbitals (GIAO)
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havebeenperformedfor3He@Cnand3He@Cnderivatives.30-40

However, the calculated δHe of a given compound, e.g.,
3He@C60, varies with the calculation levels (i.e., HF or
DFT) and the molecular geometries optimized at different
theoretical levels. The difference between the calculated
δHe and the experimental δHe can be as large as 6.6 ppm31

and 11.5 ppm32 for 3He@C60 and 3He@C70, respectively.
The direct correlation and comparison of previously cal-
culated chemical shifts with the experimental data might
therefore lead to wrong conclusions. In this paper, we
present a simple method of obtaining accurate 3He NMR
chemical shifts of 3He@Cn and their derivatives by cor-
relating calculated 3He NMR chemical shifts with the
experimental data and applying the predicted 3He NMR
chemical shifts to the structural assignments and reas-
signments of some fullerene derivatives reported in the
literature.

Computational Methods
Geometries of 3He-encapsulated fullerene compounds were

optimized by the semiempirical methods AM141 and PM3.42

Magnetic shieldings were computed at the GIAO (gauge
including atomic orbitals)43-HF and GIAO-B3LYP (Becke’s44

three-parameter hybrid-exchange functional and the correla-
tion functional of Lee et al.45) levels with the 3-21G basis set
using the optimized AM1 and PM3 structures. The calculated
δHe are reported in ppm relative to the free 3He. All calculations
performed in this study were carried out with the GAUSSIAN
98 program package.46

Results and Discussion

The establishment of variants of the HF method with
the IGLO and GIAO approaches has been a breakthrough
in the field of NMR chemical shift calculations. Recently,
DFT, as one of the most powerful post-HF approaches,
has become a viable alternative to conventional ab initio
methods. The major merit of DFT in many areas of
chemistry and physics is the implicit inclusion of electron
correlation effects at comparable computation costs to a
HF treatment, thus allowing applications to large sys-
tems. The recent advances in ab initio methods47 and
DFT methods38,48 in the calculation of NMR chemical
shift have been reviewed.

Haddon and co-workers were the first to calculate the
endohedral chemical shifts of fullerenes by the semiem-
pirical London method. They obtained the endohedral
chemical shifts of -10.1 ppm49 and -16.8 ppm49 for C60

and C70, respectively. These calculated data obviously
deviate from the experimental values of -6.3 ppm and
-28.8 ppm for 3He@C60 and 3He@C70,5 respectively.
Subsequent calculations of the endohedral chemical shifts
were performed at improved theoretical levels. In 1994,
Cioslowski calculated the endohedral magnetic shieldings
in fullerenes by ab initio GIAO-CPHF at the HF/DZP
and MNDO geometries.30,32 The calculated δHe reproduced
the experimental δHe very well for 3He@C60 by the GIAO-
CPHF//MNDO method, but underestimated the endohe-
dral chemical shift of 3He@C70 for more than 11 ppm. At
about the same time, Bühl and co-workers computed the
δHe of 3He@C60, 3He@C70, and 3He@C60

6- employing the
GIAO-SCF method with various molecular geometries.31

In all of the above ab initio studies, it was found that
the calculated δHe data were quite sensitive to geo-
metrical changes in the fullerene structures.30-32
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Tetrahetron Lett. 1997, 38, 171-174.

(15) Billups, W. E.; Gonzalez, A.; Gesenberg, C.; Luo, W.; Marriott,
T.; Alemany, L. B.; Saunders, M.; Jiménez-Vázquez, H. A.; Khong, A.
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(36) Bühl, M.; Patchkovskii, S.; Thiel, W. Chem. Phys. Lett. 1997,

275, 14-18.
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Since then, the 3He NMR chemical shifts of 3He@Cn and
their derivatives have been calculated by the GIAO-
SCF28,33-37,39 and GIAO-DFT (UDFT-GIAO-BPW9138 and
GIAO-B3LYP27) methods with geometries optimized at
different levels. However, there are obvious deviations
between the calculated δHe values and experimental δHe

values in all cases. Because fullerenes and fullerene
derivatives are large systems, GIAO-HF/3-21G and GIAO-
B3LYP/3-21G calculations with both AM1 and PM3
geometries were chosen to evaluate their validity in the
3He NMR chemical shift calculations of 3He@Cn and their
derivatives and then to derive a method of obtaining their
accurate 3He NMR chemical shifts.

Comparison of the Hartree-Fock and B3LYP
Methods. A series of representative 3He-encapsulated
fullerene compounds was selected for comparison of

computation methods. These compounds were C60 (1),
fulleroid 2, cyclopropane derivatives 3 and 4, oxygen-
bridged compound 5, fullerene derivatives with four-
membered-ring (6) and five-membered-ring (7), and
noncyclic adduct 8 (Figure 1).

The geometries of the endohedral fullerene compounds
1-8 were optimized only at semiempirical AM1 and PM3
levels because it was too time-consuming for the geo-
metrical optimizations at higher levels such as HF and
B3LYP. Helium-3 NMR chemical shifts of compounds
1-8 were computed at the GIAO-HF/3-21G and GIAO-
B3LYP/3-21G levels with both AM1- and PM3-optimized
structures. No great differences in the computation times
for all four methods have been found. The calculated δHe

relative to the free 3He along with the experimental δHe

in ppm are listed in Table 1 (Supporting Information).
From Table 1, it can be seen that the calculated δHe by

the GIAO-HF/3-21G method for both AM1- and PM3-
optimized geometries relative to the experimental data
tend to overestimate the chemical shifts by about 2-3
ppm, while those by GIAO-B3LYP/3-21G underestimate
the chemical shifts by about 3-4 ppm. However, excellent
linear relationships between the calculated 3He NMR
chemical shifts (δcal) and the experimental 3He NMR
chemical shifts (δexp) have been found for all four calcula-
tion methods (Figures 2-5, Supporting Information).

The statistical data for δexp and δcal calculated at GIAO-
HF/3-21G and GIAO-B3LYP/3-21G levels with both AM1
and PM3 geometries are listed in Table 2. From Table 2,

FIGURE 1. Structures of 3He-encapsulated fullerene com-
pounds 1-8.

FIGURE 6. Structures of 3He-encapsulated fullerene compounds 9-17.

TABLE 2. Statistical Data of Experimental and
Calculated 3He Chemical Shifts at GIAO-HF/3-21G and
GIAO-B3LYP/3-21G Levels for Compounds 1-8

AM1 PM3

HF/3-21G B3LYP/3-21G HF/3-21G B3LYP/3-21G

Ra 0.98660 0.99301 0.98253 0.98807
SDb 0.21717 0.15706 0.24765 0.20492

a Regression coefficient. b Standard deviation.

Wang et al.
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it is obvious that all four methods have good linear
relationships between δcal and δexp with regression coef-
ficients greater than 0.98. However, a detailed compari-
son of the regression coefficient and standard deviation
shows that the GIAO-B3LYP/3-21G method gives better
linear correlations between δcal and δexp than does the
GIAO-HF/3-21G method for both AM1 and PM3 geom-
etries.

The Influence of Geometrical Optimization. On
the basis of the results calculated at the GIAO-HF/3-21G
and GIAO-B3LYP/3-21G levels, the latter method was
chosen for the 3He NMR chemical shift calculations. To
compare the influence of the geometrical optimization on
the δcal calculation, more fullerene compounds are in-
cluded. These 3He-encapsulated fullerene compounds are
monoadducts of C60 with three-membered-ring (9), five-
membered-ring (10), and six-membered-ring (11); e iso-
mer (12), trans-4 isomer (13), trans-3 isomer (14), and
trans-2 isomer (15) of Bingel bis-adducts of C60; higher
fullerenes C70 (16) and C76-D2 (17) (Figure 6).

Compounds 9-17 were optimized at both AM1 and
PM3 levels. Then 3He NMR chemical shifts of compounds
9-17 were computed by both GIAO-B3LYP/3-21G//AM1
and GIAO-B3LYP/3-21G//PM3 methods. Linear regres-
sion fittings of the δexp data and the δcal data obtained by
GIAO-B3LYP/3-21G//AM1 and GIAO-B3LYP/3-21G//PM3
for compounds 1-17 are shown in Figures 7 and 8. Both
fittings have very good linear correlations with regression
coefficients greater than 0.997.

From the linear regression fittings, corrected chemical
shifts (δcorr) can be obtained from the corresponding

correlation equations shown in Figures 7 and 8. The δcal

along with the δcorr, δexp, and statistical data are listed
in Table 3.

It has been shown that the geometries of the host
fullerene skeletons, in particular the extent of bond
alternation in 3He@C60, sensitively affect the computed
endohedral chemical shifts.30-32 In our case, the δcal data
for both AM1- and PM3-optimized geometries are quite
close. This phenomenon is probably due to the fact that
the geometrical parameters calculated at the AM1 and
PM3 levels for 3He@Cn and their derivatives have already
approached the ideal geometrical parameters. By com-
paring the differences between the δcal data and the δexp

data, the regression coefficient, the standard deviation,
the mean error, and the maximum error in Table 3, we
conclude that GIAO-B3LYP/3-21G//AM1 is a better method
for calculating the 3He NMR chemical shifts of 3He@Cn

and their derivatives. It is also noted that the largest
errors are found for bis-adducts 12, 14, and 15, where
the calculated values are larger than the experimental
values.

The Correction Equation. After the GIAO-B3LYP/
3-21G//AM1 method is selected, a correlation equation
derived from the δcal data and the δexp data of as many
representative 3He-encapsulated fullerene compounds as
possible has to be derived in order to obtain an accurate
and reliable δcorr value from the δcal of a given fullerene

TABLE 3. Calculated, Corrected, and Experimental 3He
NMR Chemical Shifts and Statistical Data for
Compounds 1-17

B3LYP/3-21G//AM1 B3LYP/3-21G//PM3

compd δcal δcorr δcal δcorr δexp

1 -3.68 -6.06 -3.22 -5.85 -6.30a

2 -3.87 -6.32 -3.48 -6.19 -6.63b

3 -5.26 -8.20 -4.97 -8.13 -8.11b

4 -5.19 -8.10 -5.01 -8.19 -8.06b

5 -5.10 -7.98 -4.80 -7.91 -8.24b

6 -5.83 -8.97 -5.53 -8.86 -9.11b

7 -6.00 -9.20 -5.95 -9.41 -9.45b

8 -6.17 -9.43 -5.87 -9.31 -9.66b

9 -5.38 -8.36 -5.14 -8.35 -8.38b

10 -5.87 -9.03 -5.57 -8.92 -9.23b

11 -6.43 -9.78 -6.12 -9.64 -9.77c

12 -6.96 -10.50 -6.96 -10.73 -9.84d

13 -5.79 -8.92 -5.62 -8.98 -8.89d

14 -6.90 -10.42 -6.89 -10.64 -9.68d

15 -6.32 -9.64 -6.22 -9.77 -9.14d

16 -20.47 -28.81 -20.56 -28.51 -28.80a

17 -12.69 -18.27 -13.03 -18.67 -18.72e

R 0.99802 0.99674
SD 0.35108 0.45042
mean error 0.25 0.32
max error 0.74 0.96

a Reference 6. b Reference 10. c Reference 25. d Reference 13.
e Reference 9.

TABLE 4. Calculated and Experimental 3He NMR Chemical Shifts of Compounds 18-27

compd 18 19 20 21 22 23 24 25 26 27

δcal -11.08 -11.47 -11.90 -19.63 -18.63 -12.47 -12.19 -19.59 -20.05 -18.32
δexp -15.31a -16.35a -16.45b -27.18a -25.33a -17.84a -17.17a -27.46c -28.14c -25.56c

a Reference 24. b Reference 15. c Reference 8.

FIGURE 7. Linear regression fitting of δexp and δcal by B3LYP/
3-21G//AM1 for compounds 1-17.

FIGURE 8. Linear regression fitting of δexp and δcal by B3LYP/
3-21G//PM3 for compounds 1-17.
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compound. Therefore, 3He@C60H6 isomers (18, 19),
3He@C60H18 (20), 3He@C70H2 (21), 3He@C70H4 major (22),
3He@C70H8 (23), 3He@C70H10 (24), and 3He@C70(CH2)
isomers (25-27) (Figure 9) are added to include various
kinds of 3He-encapsulated fullerene compounds.

The δcal data calculated by GIAO-B3LYP/3-21G//AM1
along with the δexp data of compounds 18-23 are listed
in Table 4.

Linear regression fitting of the δcal data obtained by
GIAO-B3LYP/3-21G//AM1 with δexp data for compounds
1-27 (Figure 10) yields an excellent correlation with a
regression coefficient of 0.9989 and a SD of 0.36659. The
correlation equation derived from the above linear re-
gression fitting is

Isomer Differentiation of Monoadducts of [60]-
Fullerene. To test the validity of correction eq 1, two
pairs of trans and cis isomers of fullerene derivatives (28,
29 and 30, 31) (Figure 11)12 having chiral centers were
chosen. The δcal data computed by GIAO-B3LYP/3-21G//
AM1 along with the δcorr and δexp data for compounds 28-
31 are listed in Table 5.

It can be seen from Table 5 that the δcorr values match
the δexp values very well within 0.3 ppm for the two pairs
of trans and cis isomers of fullerene derivatives 28-31.
Furthermore, the δcorr data indicate which isomer is more
upfield shifted for each pair of isomers, which is fully
consistent with the experimental results.

Applications

Assignment of [78]Fullerene Isomers. The δcal

values for C2v-C78 (32), C2v′-C78 (33), and D3-C78 (34)
isomers (Figure 12) obtained by GIAO-B3LYP/3-21G//
AM1 are -11.48, -11.42, -7.07 ppm, respectively. After
corrections with eq 1, the corresponding δcorr data are
-16.44, -16.36, and -10.57 ppm, which are close to the
experimental chemical shifts of -16.90, -16.78, and
-11.93 ppm. These data confirm the previous assign-
ments for these isomers based on the relative abundance
of each isomer in the 13C NMR spectrum of C78.9

Assignment and Reassignment of [60]Fullerene
Bis-adducts. There are at most eight positional isomers
for the bis-adducts of C60 if the second addend is the same
as the first one (Figure 13). Even though the mixture of
and/or the individual isomers of 3He@C60H4,13,14 3He@C60-
(C3H7N)2 (N-methylfulleropyrrolidines, Prato bis-ad-
ducts),13 and 3He@C60(C(CO2Et)2)2 (di(ethoxycarbonyl)-
methanofullerenes, Bingel bis-adducts)13 have been
separated and their 3He NMR spectra have been re-
corded, some 3He NMR peaks need assignments and
reassignments.

Table 6 lists the 3He δcorr data obtained from using eq
1 for which the δcal data were calculated by GIAO-B3LYP/

FIGURE 9. Structures of 3He-encapsulated fullerene com-
pounds 18-27.

FIGURE 10. Linear regression fitting of δexp and δcal by
B3LYP/3-21G//AM1 for compounds 1-27.

FIGURE 11. Structures of 3He-encapsulated fullerene compounds 28-31.

TABLE 5. Experimental and Calculated Data of the
Compounds 28-31

compd 28 29 30 31

δcal -5.87 -6.07 -5.93 -6.00
δcorr -8.97 -9.24 -9.05 -9.15
δexp

a -9.28 -9.34 -9.21 -9.29

a Reference 12.

δcorr ) -1.167 + 1.330δcal (1)
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3-21G//AM1 for all eight isomers of 3He@C60H4, 3He@C60-
(C3H7N)2, and 3He@C60(C(CO2Et)2)2, along with the cor-
responding monoadducts.

From the computed δcorr data in Table 6, we can see
that (1) the trans-1 isomer is the most downfield shifted
among the eight bis-adduct isomers, and it is even more
downfield shifted than the corresponding monoadduct for
the unstrained cyclic (Prato product) and noncyclic
(C60Hn) fullerene compounds; (2) the general trend of the
3He NMR chemical shifts for the bis-adducts of the first
two series is trans-1 > cis-3 > trans-4 > trans-2 > cis-1
> e ≈ trans-3 > cis-2, while the order for the trans-2 and
cis-1 isomers of the Bingel bis-adducts is reversed.

The 3He NMR spectra of the 3He@C60H4 isomers have
been measured before.13,14 However, no assignments of
the 3He NMR peaks were made except for the cis-1
isomer.14 The computed δcorr values of the eight isomers
of 3He@C60H4 are -8.47 (trans-1), -9.47 (cis-3), -9.68
(trans-4), -10.97 (trans-2), -11.38 (cis-1), -12.64 (e),
-12.65 (trans-3), -13.06 (cis-2) ppm. After correlations
with the calculated δcorr data, the δexp at -10.30, -11.26,
-11.56, -12.75, and -12.79 ppm in the 3He NMR
spectrum of 3He@C60H4 isomers (Figure 5 of the Sup-
porting Information in ref 13) can be tentatively assigned
as trans-4, trans-2, cis-1, e, and trans-3 isomers, respec-
tively. The much weaker peaks at -10.81 and -12.86
ppm in the spectrum are probably due to noise. Mean-
while, the δexp at -10.0, -10.9, -12.42, and -12.48 ppm
in the 3He NMR spectrum of the five 3He@C60H4 isomers
(Figure 14, cf. Figure 4 in ref 14) match nicely with δcorr

of trans-4, trans-2, e, and trans-3 isomers. Note that the

different δexp data in the two 3He NMR spectra of
3He@C60H4 are due to the different solvents used in the
measurements. The obtained δcorr (-8.47 ppm) of the
trans-1 isomer is the only one among the eight isomers
of 3He@C60H4 more downfield shifted than that (-9.37
ppm) of 3He@C60H2. The existence of the trans-1 isomer
was observed in the 1H NMR spectrum of the C60H4

isomers.14 Therefore, the peak at -9.3 ppm in Figure 14
can be undoubtedly assigned to the trans-1 isomer.

The 3He NMR spectrum (Figure 15, cf. Figure 3 in ref
13) of the Prato reaction mixture containing mono-, bis-,
and tris-adducts has been reported.13 Four bis-adduct
isomers have been isolated and measured by 3He NMR
spectra. The peaks at -10.14, -10.92, -12.33, and
-12.36 ppm were assigned as trans-4, trans-2, cis-3, and
trans-3 isomers, respectively.

The δcorr values for the e (-12.18 ppm) and trans-3
(-12.19 ppm) isomers are almost the same, just as the
experimental overlapping peaks at -12.33 and -12.36
ppm are also very close. The peak at -12.33 ppm should
be reassigned as the e isomer instead of as the previously
assigned cis-3 isomer.13 In fact, the calculated δcorr (-9.65
ppm) of the cis-3 isomer is much more downfield shifted
than that of the e and trans-3 isomers. Our reassignment
is verified by the corrections50 of the previous assign-
ments of Prato bis-adducts of C60.51 One major isomer of
the Prato bis-adducts of C60, previouly assigned as the
cis-3 isomer,51 was later identified as the e isomer.50 Prato
and co-workers further revealed that the cis-2 isomer is
also a major isomer of the Prato bis-adduct with amounts
comparable with the trans-4 isomer, and the trans-1
isomer has the least amounts among the six isolated bis-
adduct isomers from the reaction of C60 with paraform-
aldehyde and N-methylglycine.50 The computed δcorr of
the cis-2 isomer is the most upfield shifted among the
Prato bis-adducts. Judging by the calculated δcorr values
and relative 3He NMR peak intensities in Figure 15, the
peak at ca. -12.8 ppm is now assigned as the cis-2
isomer. The peak at ca. -8.8 ppm, which is even more
downfield shifted than that of the Prato monoadduct, is
assigned as the trans-1 isomer of the Prato bis-adducts,

FIGURE 12. Structures of 3He-encapsulated fullerene com-
pounds 32-34.

FIGURE 13. Structures of eight positional isomers of 3He-encapsulated bis-adducts of C60.

TABLE 6. Computed 3He δcorr by GIAO-B3LYP/3-21G//AM1 for 3He@C60H4, 3He@C60(C3H7N)2, and 3He@C60((C(CO2Et)2)2
along with Corresponding Monoadducts

bis-adduct

Series trans-1 trans-2 trans-3 trans-4 e cis-3 cis-2 cis-1 Mono-adduct

C60Hn -8.47 -10.97 -12.65 -9.68 -12.64 -9.47 -13.06 -11.38 -9.37
Prato -8.85 -10.74 -12.19 -9.75 -12.18 -9.65 -12.38 -10.84 -9.15
Bingel -8.46 -9.57 -10.34 -8.87 -10.42 -8.84 -10.56 -9.48 -8.07
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consistent with the calculated δcorr results of the monoad-
duct and the trans-1 isomer. It should be noted that the
3He NMR patterns for the trans-1, trans-4, trans-2, e, and
trans-3 isomers of the 3He@C60H4 and the Prato bis-
adducts are quite similar.

On the basis of the calculated δcorr values of -10.56
and -8.84 ppm for the cis-2 and cis-3 isomers of the

Bingel bis-adducts of C60, it seems that the peak at -10.2
ppm in ref 13 should be assigned as the cis-2 isomer
instead of the cis-3 isomer, similar to the case of the Prato
bis-adducts. This assignment is further supported by the
similar UV-vis spectra of the assumed cis-3 isomer13,51

of the Bingel bis-adducts and that of the cis-2 isomer of
the Prato bis-adducts.50

Conclusions

The work reported in this paper establishes the feasi-
bility of GIAO-HF/3-21G and GIAO-B3LYP/3-21 with
both AM1- and PM3-optimized structures for the 3He
NMR chemical shifts of 3He-encapsulated fullerenes and
fullerene derivatives. Very good linear relationships
between computed and experimental 3He NMR chemical
shifts of 3He-encapsulated compounds have been deter-
mined. Among the four calculation methods, GIAO-
B3LYP/3-21G//AM1 gives the best results. The corrected
3He NMR chemical shifts developed in this paper can be
utilized to obtain accurate theoretical 3He NMR chemical
shifts and applied to structural assignments and reas-
signments of 3He-encapsulated fullerenes and fullerene
derivatives.
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FIGURE 14. 3He NMR spectrum of five 3He@C60H4 isomers.
Reprinted with permission from ref 14. Copyright 1997
Elsevier.

FIGURE 15. 3He NMR spectrum of the Prato reaction
mixture containing mono-, bis- and tris-adducts. Reprinted
with permission from ref 13. Copyright 1996 American Chemi-
cal Society.
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