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Abstract: Cyclopropanation with diethyl bromomalonate and base (the Bingel reaction) was conducted on
fullerene dimer G to give a mixture of “monoadducts” (45% yield) and “bisadducts’37% yield), while

18% of the Goo remained unchanged. The “monoadducts” were separated into five positional isomers, i.e.,
Erace Eedge trans4, trans 3, andtrans-2, by preparative HPLC. Assignments were made baséti¢and*C)

NMR and confirmed by theoretical calculations of the addeAdsSNMR chemical shifts. The relative yields

of these isomers were in fair agreement with those observed for the Bingel bisadditiea dh€ Bingel
reaction was also carried out on the dimaed®ncapsulatingHe in one of the g cages. Each positional
isomer of the “monoadduct” exhibited a pair 8He NMR signals corresponding to an isomer with
functionalization on théHe-containing cage and the other isomer with functionalization on the empty cage.
Using the®He NMR spectroscopy, a pair of signals for tlrans-1 isomer, which eluded detection B

NMR, were observed, in addition to pairs of signals é@ge €cdge trans-4, trans-3, andtrans-2 isomers. The

3He NMR signals for isomers with functionalization on thée-containing cage were spread out over a 1.82-
ppm range reflecting the direct effects of the addition pattern on ths@Eface. In contrast, the isomers with
functionalization on the empty cage exhibitéde NMR signals that appeared over a 0.14-ppm range, which
was shown to be primarily due to changes in the diamagnetism of the functionalized cage based on theoretical
calculations ofHe NMR chemical shifts for the model system in which thg €age encapsulatingde was
removed.

Introduction can be looked upon as bisfunctionalization of one of the C
cages, and there are in principle nine possible reaction sites.
We have previously reported a highly selective synthesis of
the fullerene dimer & by the solid-state reaction ofsgusing
a high-speed vibration-milling technigéihis simplest fullerene
dimer, Gao, is regarded as the essential subunit of fullerene

. ; S .-- trans-2
polymers? and the study of its chemical reactivity is of great
interest, particularly with respect to the problem of how one of - trans-1
the Gso cages would affect the reactivity of the other. Upon the
chemical functionalization of 3o the monofunctionalization
Ci20
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in total can be conceived as productdé@ G (CO:Et),), *He mono-adducts
NMR signals for seven bisadduct isomers have been observed
and seven isomers have actually been isol#teetom the
relative intensities of théHe NMR signals, relative amounts

of each isomer can be estimated even without separation of the )

isomers’ Similar studies have been successfully utilized for the bis-
azomethine ylide addition reactiérhydrogenatior;” fluorina- adducts
tion . and 9,10-dimethylanthracene cycloadditfam SHe @ Go. c
—— 120
Ce2(COEL), : . , \
0 5 10 15 min
We have previously synthesized the fullerene dimesC  Figure 1. HPLC chart of the Bingel reaction mixture onifg
encapsulating3He in one of the G cages, i.e.3He@G20.1P Conditions: 250x 4.6 mm Buckyprep column eluted by toluene at 1

Herein we wish to report the results of the Bingel cyclopropa- ML/min. UV detection at 326 nm.
nation reaction on the fullerene dimer with and without
encapsulation ofHe. Particularly in the case 8He@G o, the
derivatization is expected to give two types of isomers, Type
A and Type B, for each regioisomer having an addend at a
different position. When viewed from thide-containing G
cage, the Type A derivatives can be considered as “bisfunc-
tionalized,” while the Type B derivatives are regarded as
“monofunctionalized” by another g cage that is cyclopropan-
ated. The®He atom encapsulated in the cage would directly COLEt
perceive the influence of cyclopropanation for the Type A
derivatives, while the influence is indirect for the Type B
derivatives. Hence3He NMR measurements of the Type B
regioisomers will provide valuable information regarding not
only identification of each isomer but also examination of the
interaction between the twoggcages.

o-dichlorobenzene (ODCB) at room temperature for 30 min (eq
1). The reaction mixture produced the HPLC chromatogram

mono-adduct

Et0,C CO,Et

> bis-adducts

Results and Discussion

Bingel Cyclopropanation Reaction on G First, the Bingel . . B}
reaction was performed on.& containing no*He atom. The (Buckyprep column) shown in Figure 1. A mixture of “monoad-

reaction was conducted with diethyl bromomalonate (1.3 equiv) dUCts” was separated from “bisadductsind from unchanged
and 1,8-diazabicyclo[5.4.0]-7-undecene (DBU: 2.2 equiv) in Ci20by preparative HPLC through the use of a Cosmosil 5PBB
column eluted with ODCB. The yields of “monoadducts” and

(5) Ruttimann, M.; Haldimann. R. F.; Isaacs, L.: Diederich, F.; Khong, Pisadducts” were 45% and37%, respectively, while 18% of

A.; Jimenez-Vaquez, H. A.; Cross, R. J.; Saunders,Ghem. Eur. J1997, Ci20 Was recovered unchanged. The identification of “mono-"
3, 1071. i ” .
, ) and “bisadducts” fractions was based on the appearance of
(6) Cross, R. J.; Jinmez-Vaquez, H. A.; Lu, Q.; Saunders, M.; Schuster, . . L PP
D. |- Wilson, S. R.: Zhao, HJ. Am. Chem. Sod 996 118, 11454, atmospheric-pressure chemical ionization mass spectra (APCI
(7) (a) Billups, W. E.; Luo, W.; Gonzalez, A.; Arguello, D.; Alemany, ~ MS). It is known that the central cyclobutane ring of2€is
L. B.; Marriott, T.; Saunders, M.; Jitmez-Vaquez, H. A.; Khong, A. cleaved under mass Spectra| conditibnghe APCI MS

Tetrahedron Lett1997 38, 171. (b) Wang, G.-W.; Weedon, B. R.; Meier, « » ;
M. S. Saunders, M.; Cross, R.Org. Lett 200Q 2, 2241. measurements of “monoadducts” gave rise to peaks dpa

(8) Boltalina, O. V.; Bihl, M.; Khong, A.: Saunders, M.; Street, J. M.;  Cs1(CO:2Et),, whereas measurements of “bisadducts” exhibited

Taylor, R.J. Chem. Soc., Perkin Trans.1®99 1475. peaks for Go, Cs1(CO.EL),, and Go(CO.EL)a.
(9) Wang, G.-W.; Saunders, M.; Cross, RJJAm. Chem. SoQ001
123 256. (11) As judged from the appearance of the APCI-MS spectra and the

(10) Hirsch, A.; Lamparth, I.; Karfunkel, H. FAngew. Chem., Int. Ed. elution pattern of the HPLC analysis, there is a possibility that this fraction
Engl 1994 33, 437. contains some amount of “tris-adducts”.
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Figure 2. 3C NMR spectra of (a) Fraction 1 €.’ isomer) and (b) Fraction 3 €qge isomer) of the Bingel monoadduct on4s

Table 1. Relative Yields andH NMR Chemical Shifts of Bingel Monoadducts ofi&

1
H NMR, ppm deshielding
fraction rel yield, % O0CH; OCHjs Ocalc CHz? order assignment
1 36.4 4.38 1.26 1.58 4 Shace
2 6.9 451 4.44 1.39 1.31 1.70 1.65 3 trans4
3 22,5 4.44 4.23 1.32 1.14 1.67 1.60 4 €edge
4 26.9 4.55 4.40 1.42 1.31 1.84 1.70 2 trans-3
5 7.3 4.74 4.48 1.57 1.37 1.83 1.77 1 trans2

a@Calculated by using the HF/3-21G//PM3 geometry.

The mixture of “monoadducts” was separated into five two sets of signals for the ethoxycarbonyl groups163.04,
fractions by preparative HPLC through the use of a Yamazen 162.80, 63.04, 62.94, 14.10, and 13.95 ppm) and four signals
prepacked silica gel column eluted with ODCB. Each fraction for the cyclobutane rings at 75.96, 75.88, 75.84, and 74.92

was found to contain only one isomer By NMR analysis

ppm. The cyclopropane carbons appeared as two signals at

(see below). The product distribution was 36.4% (Fraction 1), 71.37 and 53.99 ppm. Fraction 3 is therefore considered to be
6.9% (Fraction 2), 22.5% (Fraction 3), 26.9% (Fraction 4), and “eeqge, With the cyclobutane ring located on the mirror plane

7.3% (Fraction 5) in the order of elution.

In principle, altogether nine positional isomers, that ©s
17, “cis-2", “Cis-3", “€race’, “ €edge, * trans-4”, “trans-3”, “trans
2", and ‘trans-1”, are conceivable for the “monoadduct” of&
The symmetry of these isomersGs, for “trans-1”, Csfor “é&ace’
and “eqge, and C; for the rest of them. In th&C NMR spectra,
Fractions 1 and 3 exhibited 51 peaks in the typic&lcrbon
range of G derivatives (135155 ppm), as shown in Figure

and the cyclopropane ring perpendicular to it. In good agreement
with this, thelH NMR spectra exhibited only one set of signals
for the ethyl group for Fraction 1 and two sets of the ethyl
signals for Fraction 3 (Table 1).

The!H NMR chemical shifts of all the fractions are given in
Table 1. With respect to thtH NMR spectra of bisadducts
obtained by Bingel cyclopropanation and Prato azomethine-ylide
addition, it is known that the addends’ signals appear from

2. Supposing an accidental overlap of six or eight peaks, thesedownfield in the following order: trans1”, “trans2”, “trans:

spectra can be assigned to the equatorial isomers @4th

3", “trans-4”, “€”, and “cis-3".12 The yield of ‘cis-2" and “cis-

symmetry. Of these two isomers, the spectrum for Fraction 1 1” isomers is so low possibly because of steric hindrance so
exhibited only one set of signals for the ethoxycarbonyl group that no NMR data are available. In thel NMR spectra of
at 0 162.54, 63.04, and 14.05 ppm, and signals for the Fractions 2, 4, and 5, signals for two sets of methyl and

cyclopropane rings ad 71.53, 70.81, and 51.40 ppm. The

methylene protons can be observed, which are shifted downfield

carbons of the central cyclobutane rings were observed as twocompared with those of equatorial isomers. We can assume that
signals ab 76.17 and 74.93 ppm. These results clearly indicate the ‘trans1” isomer is formed in the least amount among the

that this isomer is é4ce’, With the cyclopropane ring located

transisomers for a statistical reason: there is only one reaction

on the mirror plane and the cyclobutane ring perpendicular to site for “trans-1” as compared with four for the rest of thrans

it. In contrast, the'3C NMR spectrum of Fraction 3 exhibited

(12) Lu, Q.; Schuster, D. I.; Wilson, S. B. Org. Chem1996 61, 4764.
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(a) CO,Et (b) E10,C preparative HPLC through the use of a Cosmosil 5PBB column
— 4 CO2Et }-CO,Et eluted with ODCB. However, due to the limited amount of
ngg‘l‘go EtO,C O@ ? reaction product, the subsequent separation by preparative HPLC
OO QQOO EtO,C “'@’0 using a prepacked silica gel column afforded only four fractions,

Fractions A, B, C, and D, in the order of elution. On the basis

of the’™M NMR and HPLC analyses, the content of each fraction
354 351 was found to be as follows: Fraction Aesce; Fraction B,
30 30 “Erace, " trans4”, and “eqqge; Fraction C, ‘trans-3”; and Fraction
D, “trans-3” and “trans-2".
251 2 257 The3He NMR measurements were then conducted on these
20 20- four fractions dissolved in ODCHB, containing chromium(lll)
154 1 _acet_ylacetonate as a relaxation reagent to give the spectra shown
in Figure 4.
10 107 As is most clearly shown by the spectrum of Fraction A, each
54 54 isomer exhibited a pair of characterisfide NMR signals. It
o | ol has been shown in previous studies that#de NMR signals

Relative yield (%)
Relative yield (%)

TAOY @ meye - NOY p® N for “bisadducts” generally undergo a considerable upfield
222238 90 g b2ao 6o shift306.14Thus, between a pair 8He NMR signals, the upfield
EgEEoo0 °0° EEEE signal is assigned to the one corresponding to Type A, which
Figure 3. Relative yields of the isolated positional isomers of Bingel Nas an addend on tiele@Go cage, and the downfield signal
addition (a) to Gz and (b) to Bingel monoaddutt. to the one corresponding to Type B, which has an addend on
the empty Go cage. The intensities of the two signals, typically
Table 2. Relative Heat of Formation Calculated by PM3 for in Fraction A, are equal. This result provides direct experimental
Bingel Monoadducts of Go in keal mof evidence that there is no difference in the chemical reactivity
Cisl cCis2 CiS3 6ace €edge trans4 trans3 trans2 transl of a Gsp cage based on whether it contains a helium atom.

26.19 3.15 3.09 000 0.07 027 095 041 064 The assignment of each pair of signals is shown in Figure 4.
In the spectrum of Fraction C, an unidentified pair of signals

isomers. Then, based on the deshielding order of the chemicalc@n be observed at—8.66 and—8.79 ppm beside the downfield
shifts, Fractions 2, 4, and 5 are assignedttarts-4”, “trans signal of the trans-3” isomer. These signals are assignable to
3”, and ‘trans-2” isomers, respectively (Table 1), by analogy either the trans-1”, “cis-3", or “cis-2" isomer, which eluded

to the reported tendency of the downfield shift of the bisadduct isolation in the experiment described above involving tHe
NMR signalsi2 Formation of the trans-1” isomer could not ~ NMR measurements, antrans-1" is considered to be the most

be confirmed by*H NMR. probable candidate as judged from the PM3 calculations shown

To confirm the validity of the above assignments, GIAO- in Table 2.
SCF/3-21G calculations (PM3 geometry) were conducted to  T0 confirm these assignments shown in Figure 4, the chemical
obtain the chemical shifts of methyl protons of each ethoxy- shift of the incorporate@He atom was computed by the GIAO-
carbonyl group. As shown in Table 1, the general trend in the SCF/3-21G calculations for the PM3-optimized structures for
observed deshielding order of methyl signals was in agreementa" isomers. The results are shown in Table 3. The predicted
with the calculated results, although the calculated chemical chemical shift was calculated to be-2 ppm further upfield
shifts were 0.3-0.4 ppm more downfield-shifted. than the experimental value, but when we examined the

The relative yields of each isolated isomer are shown in difference in the chemical shiff\d, relative to the most upfield
Figure 3a, and these are in fair agreement with the results shift, that is, the one for theef,ce’ isomer, there seemed to be
obtained for the Bingel bisaddition reacti8f3(Figure 3b). The qualitatively fair agreement between the observed and calculated
calculated relative stabilities (the values of the heat of formation values for both Type A and Type B isomers. These results
relative to the value for the most stable isomeg,e calculated ~ demonstrate that théHe NMR measurement as well as a
by the semiempirical PM3 method) for all possible isomers of calculated estimation of tH#le NMR chemical shift is a useful
the “bisadducts” are shown in Table 2. The instability of the tool for identification of complicated signals for positional
cis-isomers is possibly due to the steric hindrance caused byisomers of G multiadducts either as a mixture or as separated
the presence of a bulkysgunit, and is reflected in the absence isomers. Among the calculated valuesiaf for “trans-1”, “ cis-
of these isomers in the experimentally obtained Bingel addition 2", and ‘cis-3”, the values for trans1” are closest to the
product. Among the equatorial addition products, the yield of observed values of\d, i.e. —8.79 and—8.66 ppm, for the
the “esqqe isomer is apparently lower than that of theee signals of both Type A and Type B, thus confirming the
isomer (see also thtHe NMR study described below). This ~ assignment of théHe signals for this isomer asrans-1". The
might be taken as evidence that the bulkg Gnit is located at ~ detection of trans-1” signals only by’He NMR demonstrates
a position close to one of the ethoxycarbonyl groups in the the advantage of this method over thé NMR method, by

“Eedge ISOMET. which this isomer eluded detection.

Bingel Cyclopropanation Reaction om*He@C; 20 We next The most notable advantage in the usétdéé NMR is that,
proceeded to conduct the Bingel reaction on the fullerene dimerfor an isomeric mixture like the one in the present work, the
containing @He atom in one of the & cages, i.e.3He@ G2y, signals for individual isomers should be clearly observed, even

to examine théHe NMR for each “monoadduct”. The reaction  without separation of each isomer. For the isomeric mixture of
was carried out exactly in the same way as described above forthe Bingel “monoadducts” ofHe@G 2o, the 3He NMR mea-
the empty Gzo. A mixture of “monoadducts” was separated by

(14) For example: Saunders, M.; Jinez-Vaquez, H. A.; Bangerter,
(13) Djojo, F.; Herzog, A.; Lamparth, I.; Hampel, F.; Hirsch, @hem. B. W.; Cross, R. J.; Mroczkowski, S.; Freedberg, D. I.; Anet, F. AJL.
Eur. J. 1996 2, 1537. Am. Chem. Sod 994 116, 3621.
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Figure 4. ®He NMR spectra of fractions A, B, C, and D. Chemical shifts are relative tofiee

Table 3. 3He NMR Chemical Shifts of Endohedrée Fullerene
Compounds (ppm)

Type A Type B Type C Type D
0 Ao A(Sr:alca 0 Ao A(Scalca A(§<:alca A(§<:alcal
€race —10.61 0.0 0.0 —8.79 0.0 0.0 0.0¢ 0.C?
€dge —10.48 0.13 0.02-8.79 0.0 —0.01 —-0.02 -0.03
trans4 —8.96 1.65 1.01—8.73 0.06 0.02 1.06 0.0
trans3 —10.41 0.20—-0.08 —8.72 0.07 0.04 —0.13 0.03
trans2 —9.50 1.11 0.64—-8.65 0.14 0.09 0.60 0.07
transl —8.79 1.82 150-8.66 0.13 0.12 145 0.10
cis-3 1.02 0.04
cis-2 —0.08 0.01

aComputed chemical shifts relative to that for thg. isomer
(employing GIAO-SCF/3-21G//IPM3 geometry)The calculatedd
value is—11.93 ppm relative to freéHe. ° The calculated value is
—10.73 ppm relative to freéHe. d The calculated value is—12.37
ppm relative to freéHe. ¢ The calculated value is 0.15 ppm relative
to free®He.

same as that observed for the case of Bingel bisad8astsept

for the downfield shift of the trans-1” signal observed in the
present work. It can also be seen that the relative intensity of
each signal is in good agreement with the product distribution
of each component shown in Table 1.

For the Type B isomers, as the distance between the bis-
(ethoxycarbonyl)methylene addend and He-containing &
cage increased, tifele signal was found to be more downfield-
shifted. Consequently, the chemical shift of tPide signal
ranged from—8.79 to—8.65 ppm over a width of 0.14 ppm,
even though the organic addend was not directly attached to
the 3He-containing cage. This can be taken as evidence for an
electronic or magnetic interaction between the twg €ges
in the Go molecule.

To examine the effects of the presence of g €age upon
the3He NMR chemical shifts, calculations of the chemical shift
of the encapsulategHe atom were performed by the GIAO-

surement before separation produced the spectrum shown inSCF/3-21G method for the PM3-optimized structures for
Figure 5. The Type A isomers having an organic addend on hypothetical compounds of Type C, in which g,€age was

the SHe@Go cage exhibited®He NMR signals in a wide

chemical-shift range from-8.79 to—10.61 ppm. The order of

each signal from downfield is the following:trans-1”, “trans-
47, “trans-2”, “trans3”, “€eqge, and “erce’. This order is the

removed from Type A isomers. In exactly the same way, the
chemical shift calculations were conducted for an imaginary
Type D system, in which an encapsulatingo@age was

removed from the PM3-optimized structures of Type B isomers

Type B
"
Sace
€edge
Type A
/\
7/ AY
trans-3 €edge Srace
trans-4 trans-3
trans-1
trans-2
trans-1 trans-4
T Y T T T T T T T T v T T T T ¥ T T T v ¥ T T Y Y T
-8.5 -9.0 -9.5 -10.0 -10.5 ppm

Figure 5. *He NMR spectrum of a mixture of Bingel monoadducts3te @G 2o
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so that the naketHe atom was located close to the cyclobutane
ring. The results are shown in Table 3. The calculatdd
chemical shift for &,ce’ of Type C (—12.37 ppm) is 0.44 ppm
upfield-shifted as compared with the calculated value for that
of Type A. However, the calculated chemical-shift difference
relative t0 ‘Brace’, Adcal Showed fair agreement with the
observed values akod for Type A. Thus, the considerably wide
range of scattereéHe signals observed for Type A isomers
can be attributed to the electronic effects of both the cyclopro-
pane and cyclobutane rings fused to fine@Gyo cage, and
the presence of an emptygZage does not seem to exert much
additional effect. In the case of the Type D system, iHe
chemical shift for %,ce was calculated to be 0.15 ppm
downfield from the signal for freéHe. Again, the calculated
chemical-shift difference relative t®fca’, Adcaie Was in fair
agreement with the observed values/af of Type B, despite
the 3He atom no longer being encapsulated by thg €age.

Thus, this chemical shift difference observed in Type B isomers

Fujiwara et al.

on a Brucker AM-500 NMR spectrometer in ODGRB-containing Cr-
(acac) as a relaxation agent wittHe gas bubbled in as an internal
standard. The high-performance liquid chromatography (HPLC) was
conducted on a Shimadzu LC10A liquid chromatograph with a UV
detector at 326 nm, using a Cosmosil Buckyprep column (4.6xnm
250 mm) with toluene as an eluent for analytical purposes and using a
Cosmosil 5PBB column (10 mm 250 mm) with ODCB as an eluent
and a prepacked Si@olumn (Yamazen Ultra Pack SI40B; 26 mmn
300 mm) with ODCB as an eluent for preparative purposes. Fullerene
dimer Gao was prepared following the literature methd.
Computational Methods. All calculations were conducted with the
GAUSSIAN 98 program. Geometries ofi£ derivatives were fully
optimized by using the semiempirical PM3 method. The position of
the ®He atom for each isomer He@C121(CGEt), was determined
by optimization at the restricted HartreBock (HF) level by using a
standerd 3-21 G basis set. The all chemical shiftdsf and*H were
computed by the GIAO-SCF method by using a HF/3-21G basis set
over PM3 geometries.

Typical Procedure for the Preparation of Ci2i(CO2Et),. To a

is considered to have been caused by the diamagnetic effect oftirred solution of G (17.5 mg, 0.0121 mmol) in ODCB (16 mL;

the cyclopropanated ¢&

Conclusion

The “monoadducts” of the Bingel cyclopropanation reaction
on the fullerene dimer Gy were found to contain six positional
isomers, i.€.frce €edge trans4, trans:3, trans-2, andtrans-1.
Thecis-isomers were not formed, possibly due to the steric effect
of the opposing & cage. When the reaction was conducted on
the dimer Gyo encapsulatingHe in one of the G cages, each
isomer was found to consist of one component with function-
alization on the®He-containing cage and another component
with functionalization on the empty cage. From firte NMR
measurement, it was found that there is no difference in
reactivity beween the 4g cages with or without encapsulation
of a3He atom. Assignments dHe NMR signals were made
for all the isomers. ThéHe NMR signals for isomers with
functionalization on théHe-containing cage were spread out
over a 1.82-ppm range, reflecting the direct effects of the
addition pattern on thedgsurface. In contrast, the isomers with
functionalization on the empty cage exhibifiéete NMR signals

distilled over CaH before use) was added diethyl bromomalonate (3.64
mg, 0.0152 mmol) and 1,8-diazabicyclo[5.4.0]-7-undecene (DBU; 4.07
mg, 0.0267 mmol) under nitrogen and the mixture was stirred for 30
min. The reaction mixture was treated with excess trifluoroacetic acid
(0.10 mL, 1.3 mmol) and was concentrated to ca. 4 mL under reduced
pressure. The concentrated solution was separated by preparative HPLC
by using a 5PBB column eluted with ODCB to afford a mixture of
bisadducts, GACO:Et)s (8.0 mg, 38%), a mixture of monoadducts,
C121(CO,EL), (8.7 mg, 45%), and unchanged.&(3.1 mg, 18%): the
mixture of bisadducts, APCI MS (negative ion modw 720 (Gy),
878 (G1(COsEL)y), 1036 (G2CO,EL),); the mixture of monoadducts,
APCI MS (negative ion modeyz 720 (Gy), 878 (Gi(COEL),).
Separation of Monoadduct Isomers.The monoadduct mixture
(29.0 mg) was separated by preparative HPLC by using a prepacked
silica gel column eluted with ODCB with five recyclings to affaaigke
isomer (10.0 mg, 34.5%jrans-4 isomer (1.9 mg, 6.6%EeqgeiSOMer
(6.2 mg, 21.4%)trans-3 isomer (7.4 mg, 25.5%), artcans-2 isomer
(2.0 mg, 6.9%). For théH NMR data, see Table 1. Theeisomer:
13C NMR (100 MHz, ODCB-CgDs (5:1)) 0 162.54, 151.16, 151.03,
150.41, 150.39, 148.92, 148.07, 147.68, 147.34, 147.02, 146.82, 146.52,
146.29, 146.10, 145.93, 145.77, 145.72, 145.63, 145.34, 145.21, 145.18,
145.11, 144.88, 144.73, 144.48, 144.29, 144.21, 144.10, 144.03, 143.55,
143.52, 142.82, 142.78, 142.69, 142. 65, 142.49, 142.47, 142.43, 142.26,
142.25,142.15, 141.76, 141.73, 141.68, 141.31, 141.30, 140.40, 140.39,
138.73, 138.51, 138.35, 137.68, 76.17, 74.93, 71.53, 70.81, 63.04, 51.40,
14.06. Theesggeisomer: 3C NMR (100 MHz, ODCB-CgDs (5:1)) &
163.04, 162.80, 153.81, 151.20, 151.13, 149.82, 148.37, 147.97, 147.88,
147.27,147.02, 146.87, 146.82, 146.51, 145.93, 145.82, 145.71, 145.64,
145.53, 145.44, 145.39, 145.35, 145.29, 145.21, 144.92, 144.79, 144.67,
144.53, 144.51, 144.29, 144.24, 144,12, 144.10, 143.97, 143.84, 142.97,
142.70, 142.64, 142.57, 142.49, 142.47, 142.35, 142.28, 142.23, 141.81,

that appeared over a range of 0.14 ppm, mostly due to the 9 75 14170 140.47, 140.34, 138.80, 138.67, 138.51, 138.22, 75.96.

diamagnetic effect of the functionalizedsdxage. ThusiHe
NMR was shown to be quite useful for the identification of
each derivative of products obtained by.§functionalization.

Experimental Section

General. 'H NMR spectra were recorded at 300 MHz on a Varian
Mercury-300 spectrometer in-dichlorobenzenel (ODCB-ds). 13C
NMR spectra were recorded at 100 MHz on a JEOL JMN-AL-400
spectrometer in ODCBCsDs (5:1). ®He NMR spectra were obtained

75.88, 75.84, 74.92, 71.37, 63.04, 62.94, 53.99, 14.10, 13.95.
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