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Fullerene mixed peroxidesggt-BuOO) and Go(O)(t-BuOO) react with Lewis acids to form various
fullerenols through the partial fragmentationta8BuOO groups. Two monohydroxyl fullerenols with the
general formula g(OH)(t-BuOO) and six monohydroxy! fullerenols with the general formulg(O)-
(OH)(t-BuOO) were prepared, which are essentially the same except the location of the OH group. An
additional reaction of the monohydroxyl fullerenols gave bis- and trishydroxyl fullerenols. Single-crystal
X-ray structures have been obtained for the two monohydroxyl fullerenols. Other compounds are
characterized by chemical correlation and their spectroscopic data. Cuprous bromide could protect the
most reactivet-BuOO group from being attacked by stronger Lewis acids. The proposed mechanism
mainly involves Lewis acid induced heterolysis of the peroxe@bond.

Introduction be present in addition to tertiary hydroxyl groupRecently,
polyhydroxylated fullerenols prepared by the basic method were
_Polyhydroxylated fullerenes (fullerenols) have been inten- shown to be mixtures of radical aniohBespite the importance
sively studied for their biological activiti€sVarious methods  of fullerenols, the preparation of isomerically pure fullerenols
have been developed for their synthesis, such as the acidicremains a challenging problem. Isomerically pure fullerenols
preparation using aqueous HYE,SQO4 and the basic prepara- e still rare. Ru@assisted hydroxylation gave simple fullerene
tion using phase-transfer cataly$iShese methods usually give  giols Coo(OH)2 and Go(OH),.6 The Cy, symmetric penta-adduct
a high level of hydroxylation and inseparable complicated Ceo(C(COOEt))s may be oxidized with KMnQ@to give a diol
mixtures of isomers. Hemiketal moieties have been shown to moiety? We have found thatert-butylperoxo radicals add
readily to fullerene to form isomerically pure fullerene mixed

T Peking University. peroxides® Peroxo groups in these compounds are potential
* Shanghai Institute of Organic Chemistry.
§ State Key Laboratory for Structural Chemistry of Unstable & Stable Species.
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SCHEME 1. Preparation of Compounds 1 and 2

00'Bu
p 00'Bu
CAN . {
TBHP  BUOO %‘ OOBu
o "
dark \ Q ’
57% Bu'0O .  00'Bu
Ceo—
CAN
TBHP
visible
light

40%

precursors for further transformation in analogy to the rich
chemistry of organic peroxides. Here we report the controlled
cleavage of peroxo bonds and the formation of isomerically pure
fullerenols from fullerene peroxides.

Results and Discussion

Improved Preparation of Cgo(OOt-Bu)s and Cego(O)-
(OO0t-Bu)s. Compoundsl and2 were previously isolated from
the reaction betweenggandt-BuOOH in 32 and 16% yield,
respectively, with (diacetoxyiodo)oenzene (DIB) as the oxidant.
When DIB was changed to ammonium cerium(lV) nitrate
(CAN), the corresponding yields increased to 57 and 40%
(Scheme 1). Visible light is an important factor affecting the
selectivity of the reaction. Compouddvas prepared under total
darkness, whereas visible light irradiation is necessary for the
formation of2. Light-induced cleavage of the peroxe-Q bond
is probably responsible for the epoxide formation. A small
amount ofl was also formed in the preparation 2fBoth of
the two compounds were purified on a silica gel column
wrapped with aluminum foil to avoid light-induced decomposi-
tion. Purified samples can be stored for weeks at rt in the dark
with little change.

Reaction between Go(OOt-Bu)s, Ceso(O)(OOt-Bu)s, and
(CeFs)3B/CuBr-SMe. It is well-known that Lewis acids can
initiate cleavage of peroxo bonds in organic peroxides. Hemi-
ketal fullerene derivatives were obtained whegy(OH)CI-
(OCt-Bu), was treated with AIGL® Under similar conditions,
treatment ofl with AICI; resulted in uncharacterizable mixtures.
When compoundl was treated with (gFs)3B, four products
were isolated, as shown in Schem® Zhe dioxetane containing
derivative3 is relatively unstable and slowly decomposes to a
complex mixture of products. Compoun8isand 6 are regio-
isomers and differ at the location of the hydroxyl group. The
more acidic Lewis acid Bfgave compound3—6 with slightly
different yields. A combination of CuB&Me, and (GFs)3B
cleaves the peroxo bonds dfsmoothly yielding two mono-
hydroxyl isomers7 and8.

The reaction of compoun2lwas more complicated. A rather
complex mixture was obtained wh&nwas treated with (§55):B
alone. The combination of CuBBMe, and (GFs)3B afforded
three monohydroxyl isomer8, 10, and 11, two bishydroxyl
isomersl2 and13, and the trishydroxyl derivativé4 (Scheme

(9) Huang, S. H.; Xiao, Z.; Wang, F. D.; Zhou, J.; Yuan, G.; Zhang, S.
W.; Chen, Z. F.; Thiel, W.; Schleyer, P. R.; Zhang, X.; Hu, X. Q.; Chen,
B. C.; Gan, L. B.Chem—Eur. J.2005 11, 5449-5456.

(10) A fifth compound was noticed, but its structure remains to be
determined.
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SCHEME 2. Lewis Acid Induced Reactions of 1
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SCHEME 3. Lewis Acid Induced Reactions of 2
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3). Treatingl or 2 with CuBr-SMe, alone did not give noticeable
product. To avoid the formation of uncharacterizable polar
products, the reactions were stopped before the starting material
was completely consumed. A large amounRafas recovered
(48%) for the reaction in Scheme 3. Some starting matérial
was also recovered for the reactions in Scheme 2 (40% for the
preparation of7 and 8, 9% for the preparation 03—6). The
separation of the products is not easy but can be carried out on
a silica gel column because of their different polarity and
solubility. The number of OH andert-butylperoxo groups
attached on the g cage has much effect on the solubility. For
example, solubility of the trishydroxyl derivativé4 was
measured as: 1,4-dioxane (100 mg/mL), THF (60 mg/mL), ethyl
acetate (10 mg/mL), acetone (6 mg/mL), methanol (2 mg/mL),
chloroform (1 mg/mL), carbondisulfide, benzene (0.9 mg/mL),
acetonitrile (0.5 mg/mL), and water (insoluble). Compounds
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FIGURE 1. Single-crystal molecular structure & (top) and 11
(bottom); for clarity, H atoms fo6 and some atoms of thes€Ccage
are omitted.

with fewer OH groups are more soluble in chloroform20
mg/mL) than in methanol<1 mg/mL).
Single-Crystal X-ray Analysis of Compounds 6 and 11.

Wang et al.
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FIGURE 2. Peroxo G-O bond length and H-bonding f& and 11.

SCHEME 4. Formation of Fullerendiol 4

R 4 R

t
BF3 Etzol BuOOH SnC'z'HzO 1K|
R

.OH

most reactive, followed by theBuOO further away from the
crowded center. The observed different reactivities of the
t-BuOO groups are in accord with such—O bond lengths.
The yield of8 is higher thar7 (Scheme 2), and the yield afl
is higher thanl0 (Scheme 3). Lewis acids interact with the
t-BuOO on the central pentagon in the first step, as discussed
in the mechanism section.

Chemical Correlation and Structure Assignment.Except
the above two compound§ and 11, structures of other

To establish the structure of the above fullerenols, various compounds are deduced from chemical correlation experiments
methods were tried to grow suitable crystals for X-ray diffraction and their spectroscopic data. The NMR and ESI-MS data reveal
analysis. Slow evaporation of a CQolution of compound the number of OHt-BuOO, and epoxy groups attached on the

yielded rectangular crystals, but they did not show a clear X-ray Cgo cage (see next section), but the spectroscopic data alone

diffraction pattern. The crystals were then redissolved in,CS
and some ethanol was added. Slow evaporation of thg CS
ethanol solution gave suitable crystals for X-ray analysis. A
solvent CCJ molecule was still present in the lattice. Crystals
of compoundl1 were also obtained from the slow evaporation
of a CS/ethanol solution.

Crystal structures ob6 and 11 (Figure 1) show a strong
hydrogen bond for the fullerenol OH group. Compowforms

cannot assign the structures for sure, in particular, about the
relative location of the OH groups in the regioisomers. Cor-
relation of related products was, thus, carried out. The previously
reported bisepoxy derivatives§O),(t-BuOO)8? opens its epoxy
moiety at the less-crowded 6,6-junction to yidldvhen treated
with B(CeFs)s, Whereas in the presence of BEt;O, addition

of t-BuOOH converts it td, as shown in Scheme 4. Treatment
of 3 with potassium iodide produced the corresponding dihy-

an intramolecular H bond between the OH and the adjacentdroxyl fullerene4. The ESI-MS spectrum & showed Gy(O)-

peroxo oxygen atom connected to the GMgoup. Such
intramolecular H bonding is not possible fad because the
OH andt-BuOO groups are relatively far away from each other.

(OH),(t-BuOO), as the most intensive signal, indicating hy-
drolysis of the dioxetane moiety. Reduction of the monohydroxyl
derivative5 with SnCh-H,0 also yielded compound, which

Instead, a solvent ethanol molecule connects the fullerenol OH indicates that the hydroxyl group &fis on the central pentagon

and thet-BuOO on the same hexagon by forming two H bonds,
Cs0OH---O(Et)H---OCt-Bu. The double bond on the central

because the other possible isorervas determined by X-ray
analysis. Compound is relatively inert and could not be

pentagon is the shortest on the fullerene cage at 1.339 and 1.338onverted to4 or any characterizable product under similar

A for 6 and 11, respectively.

The O-0 bond of the&-BuOO group on the central pentagon
is the longest among all ©0 bonds at 1.487 and 1.503 A,
respectively (Figure 2). The twbBuOO groups meta to the

conditions.

Further hydroxylation confirms the structures for compounds
9to 14 (Scheme 5). The X-ray characterized compoffidan
be further hydrolyzed to bishydroxyl derivativd®? and 13.

t-BuOO group on the central pentagon have essentially the sameCompound10 gave just the bishydroxyl derivativé2. This

O—0 bond length, which is slightly shorter than the-O bonds
of the t-BuOO groups located further away from th8uOO
group on the central pentagon. Such differert@bond length
patterns suggest that thkduOO on the central pentagon is the

4376 J. Org. Chem.Vol. 71, No. 12, 2006

indicates that the location of the hydroxyl group 10 is as
depicted. Compound4 is the only trishydroxyl derivative
detected from the reaction df2 and 13. Under the same
conditions, it was not possible to hydrolyze the remaining three
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SCHEME 5. Hydroxylation of Compounds 9-14 NMR spectrum because of their relatively low solubility. The
IH NMR clearly indicates the number of OH arBuOO groups

in the molecule. The number of %fullerene signals on thEC
NMR then shows whether an epoxy group is present or not.
For example, théH NMR spectrum of compoun8 showed
one hydroxyl group and fivebutylperoxo groups. It$C NMR
spectrum showed eight %gdullerene signals, indicating the
presence of an epoxy moiety, because the hydroxyl group and
the five tert-butylperoxo groups can only account for sixsp
fullerene signals. Such NMR data derived the formulg@H)-
(O)(Ox-Bu)s, which is further confirmed by its ESI-MS spectra.
The HMBC spectrum of the fullerendidlconfirmed the vicinal

R 12 OH HO . OH diol moiety. - . -
' ) Intramolecular hydrogen bonding is a key feature affecting
' 'J the chemical shift of the OH groups in the present fullerenols.
i = B(CeFs)s R R Compounds has a strong intramolecular bond between the OH
CuBr.Me,S A and the adjacent-BuOO groups, as seen from the X-ray
‘ OH structure. Its OH group appears at the lowest field at 6.11 ppm

among all the monohydroxyl fullerenols from compourfd®

11 Its OH stretching also appears at the lowest frequency at
3449 cntl, Both compounds and compound® have the OH
adjacent td-BuOO group, thus, may also form an intramolecular
H bond. Compared t6é the OH groups ob and9 appear at
relatively higher fields (4.78 and 5.02 ppm f& and 9,
respectively). This is probably due to the shielding effect of
neighboringt-BuOO groups, because the OH groups of these
two compounds are on the central pentagon and are well-

R R R R . .
- surrounded by the bulkybutyl groups. The downfield shift
HO l‘mé‘ R mepea O //‘Q\ R effect of the H bond can also explain the difference betwéen
— o) 4.53 ppm) and8 (3.55 ppm), assuming weak H bondin
\QQO/ QO/ (4.53 ppm) (3.55 ppm) g g
R 7 R R 15 R

SCHEME 6. Preparation of Compound 15

between the OH and the met8BuOO group in7.
In contrast to H bonding, the epoxy moiety causes an upfield

= t
R R=00B shift of the OH group. Compound without an epoxy moiety
. _R has the OH signal at 4.53 ppm, whereas the corresponding
R ‘ LR compoundL5, with an epoxy moiety, has the OH signal at 3.57
\'QO, ICPBA, X ppm. In addition, the closer the epoxy moiety is to the OH group,
" Q 1 the stronger the upfield shift is. The different chemical shifts

8 between5 (4.78 ppm) an® (5.02 ppm) follow such a trend.
Such a phenomenon is probably due to local steric strain caused
t-butylperoxo groups i4. Further hydroxylation 0® gave an  py the epoxy moiety. To form the three-membered epoxy ring,
unknown bishydroxy! fullerenol. the fullerene spcarbons must be distorted compared to other
The reactivities of7 and 8 toward mMCPBA support their g3 fullerene carbons. The chemical shifts of the bis- and
structure assignments. While compouhidrmed15, compound  trishydroxyl fullerenes can be assigned tentatively by consider-
8 did not give any characterizable product under the same ing H-bonding and the effect of epoxy moiety (Figure 3). The
Conditions (SCheme 6) It |S knOWh that the I’eaCtive SiteS Of dioxanedg used for 14 may be par“a"y respons|b|e for |ts
ordinary 1,3-dienes are the two ends of the conjugated diene.qownfield shift compared to other fullerenols. The H-bonding
Likewise, the reactive sites of the central cyclopentadienyl of the OH groups with solvent molecules is likely to occur in
moiety in compound3 and8 are the two positions next to the  gioxetane. It is well-known that the chemical shift of the OH
uniquetert-butylperoxo on the central pentagon. Thus, the steric group is sensitive to many factors such as concentration,
hindrance of compound with a tert-butylperoxo group and a  temperature, and solvent. The assignment of the OH shifts is
hydroxyl group next to the reactive site is relatively small for Specu|ative for Compounds with more than one OH group,
the incomingmCPBA as compared to the same position in  namely,4, 12, 13, and14.
compound8, which has twotert-butylperoxo groups next to The present chemical shifts of the hydroxyl groups are
the reactive site. The same steric conside_ration also eXplai“Scomparable to those reported for other monohydroxylated and
the fact that compountiO with the epoxy moiety further away  pishydroxylated fullerenes. In the methylated hydroxyepoxides
from the OH group is not detected in the reaction7ofvith CooMesOx(OH), CsMesO(OH), and GoMesPhO:(OH), the
mCPBA. This phenomenon indicates that steric factors play an hydroxyl protons appear at 4.25, 3.59, and 4.29 ppm, respec-
important role for the present reactions. tively.1 The cyanofullerenol g(CN)(OH) shows a broad OH

Spectroscopic Data.The composition of the compounds is  gignal at 4.9 pprd? The symmetric vicinal fullerendiol deriva-
established by spectroscopic data. Most compounds are quite

soluble in chloroform, and their NMR spectra were obtained in

. . . (11) Al-Matar, H.; Abdul-Sada, A. K.; Avent, A. G.; Fowler, P. W;
CDCls. A mixture of CS/CDCl; (1:1) had to be used fd& and Hitchcock, P. B.; Rogers, K. M.; Taylor, R. Chem. Soc., Perkin Trans.
9 and C$%/dioxaneds (3:1) was used foll4 to get decent3C 2 2002 53-58.
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SCHEME 7. Proposed Mechanism for B(GFs)s Induced
Reactions

5
{8y-0/Cleavage ¢1 2-shift
“But [ 0L\
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FIGURE 3. Proposed chemical shift assignment of the OH groups.

tive Coo(C(COOEL})s(OH), has the OH signal at 5.13 pph.
We have reported the Lewis acid promoted opening of the epoxy
moiety in Go(O)(t-BuOO), to form monohydroxyl derivatives
Ceo(OH)X(t-BuOO), (X = F, CI, OMe, OOH,t-BuOO), OH
signals of which range from 4.46 to 5.54 pgitall the literature
shifts cited here were from data obtained in CE)CI

Mechanism Consideration. Scheme 7 shows a possible
pathway for the B(GFs)s induced reaction ol. The first step
is the Lewis acid induced heterolysis of thert-butylperoxo (Scheme 8), thus preventing tkert-butylperoxo group on the
group on the central pentagon to form the oxonium cation A, central pentagon from being attacked by BE€)s. The epoxy
which then adds to the neighboring double bond on the central moiety of compoun@ may also form a weak coordination bond
pentagon to form the allyl cation B. The addition of water to B with the cuprous ion, leading to thert-butyl groups next to
forms fullerenol5. Heterolysis of thé-Bu-O bond adjacentto  the epoxy groups to be more crowded thanttérebutylperoxo
the allyl radical forms the dioxetane derivati8eFormation of groups further away from the epoxy moiety. Cuprous salt is a

the diol 4 may result from hydrolysis of the dioxetae but weak Lewis acid for the present reactions. The addition of CuBr
other pathways cannot be ruled out such as the hydrolysis of MezS alone did not result in a noticeable change.
Formation of the isomeric fullerend suggests a 1,2-shift The further interaction of intermediate D with Bdfg); results

process from intermediate B to C. The driving force for such a in the heterolysis of the less-crowdéstt-butylperoxo groups
1,2-shift is probably the extra resonance structure present for Cto form E or G (Scheme 8). The resulting oxonium E and G
compared to that of B. The addition of water to the allyl cation are reduced by cuprous bromide to form a cupric complex,
of intermediate C is regioselective, yielding just compoénd  hydrolysis of which gave fullerendlO and 11, respectively.
Addition at the other end of the ally cation moiety would result The oxonium group in E can also add to the neighboring double
in an unfavorable double bond on the adjacent pentagon.bond on the central pentagon, opening the epoxy moiety on the
Cleavage of G-O andt-Bu-O bonds has been reported before central pentagon to form the new oxonium intermediate F.
in classical organic peroxide chemistd/The shift of the Hydrolysis of F affords compour@ The relatively higher yield
t-BuOO group to form a more stable carbocation has also beenobserved forll compared to that 09 and 10 suggests that
suggested in organic peroxide chemistty. intermediate G is formed preferentially over intermediate E. So
In accord with its longest ©0 bond length, thetert- the t-BuOO group further away from the crowded center is
butylperoxo group on the central pentagon is the most reactive cleaved more easily. A similar mechanism can also explain the
toward Lewis acid, as indicated in the above reaction mechanismreaction of compound. with CuBr-Me,S/B(GsFs); and the
with just B(GsFs)s. So when excess cuprous salt is added, the formation of compound¥ and8.
tert-butylperoxo group on the central pentagon coordinates to
the cuprous ion to form a complex above the central pentagon Conclusion

(12) Irngartinger, H.; Weber, Aletrahedron Lett1997, 38, 2075-2076. The peroxo G-O bond in fullerene-mixed peroxides can be
(13) (a) Swern, DOrganic PeroxidesWiley-Interscience: New York, readily cleaved by Lewis acids. Steric hindrance is the key factor

1972; Vol Ill, Chapter |, pp 3742 (1981 reprint by Robert E. Krieger - i ity i
Publishing Company. Inc.). (b) Ando, V@rganic PeroxidesJohn Wiley affecting the G-O bond length and relative reactivity in the

& Sons: New York, 1992; Chapter 3, pp 17483. cyclopentadienyl-type adducts ¢§O0t-Bu)s and Go(O)-
(14) Mitchell, J. C.; Heaton, Sietrahedron Lett1984 25, 3769-3772. (O0t-Bu)s. Thet-BuOO group on the central pentagon has the
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SCHEME 8. Proposed Mechanism for CuBFSMe,/B(CgFs)3 (about 3 min). The resulting solution was stirred for another 5 min.
Induced Reactions The organic layer was separated and evaporated in the dark. The
_ - residue was dissolved in 10 mL of benzene and petroleum ether
H,0 “ (60—90 °C; 1:2) and chromatographed on a silica gel column,
~cuay ‘Q’ eluting with benzene and petroleum ether{80 °C; 1:2). To avoid
Sl decomposition, the column was wrapped with aluminum foil and
O—CulL | opened occasionally to check the progress of elution. The first band
was collected and evaporated with the bottle wrapped with
Cu (')T -Cu . aluminum foil. Yield: 200 mg, 57%. For characterization data, see

'BuOO ref 8b.
teq T Synthesis of 1,2,4,11,15,30-Hexart-butylperoxy-3,14-epoxy-
o J 1,2,4,11,15,30-hexahydro[60]fullerene (26, (99% pure, 100 mg,
L G O+

0.14 mmol) was dissolved in 100 mL of benzene. TBHP (350 mg,
70%, 2.8 mmol) was added. The flask was cooled with an-ice
T B(CeFe)s water bath and stirred for 5 min. The solution was then transferred
. into a Dewar container, the inside surface of which can reflect light
[3}100 / just like a mirror. Two household luminescent light bulbs (12 W,
cuy [F°X T 00'BY commercial household light bulb) were placed above the container.
- o v CAN (660 mg, 1.2 mmol, dissolved in 0.7 mL of 0.1 mol/L,-H
) SO, was added slowly (about 2 min). The resulting solution was
p COOBu stirred for another 7 min. The organic phase was separated and
lB(C6F5)3 evaporated in the dark. The residue was dissolved in 4 mL of
-~ tBu00 ~ benzene and petroleum ether {60 °C; 1:2) and chromatographed

. . on a silica gel column, eluting with benzene and petroleum ether
LCu{ @0 (1:2). The first red band was a small amount of compolin@he
\
o) /

second red band was collected and evaporated with the bottle
wrapped with aluminum foil. Yield: 70 mg, 40%. For characteriza-

cu tion data, see ref 8b. .
Cuqy  Cu (I)T-Cu I Procedure for the Synthesis of Compounds 36. Compound
CuL 1 (200 mg, 0.16 mmol) was dissolved in 50 mL &Fh. The flask
“ (|) i N0 was w_rapped with aluminum foil. B,EEtZO_ solution_ (128uL, 1
2 Lcu, mol/L in CH,Cl,) was added. The resulting solution was stirred
o) 4 o= J for 2.5 h in a water bath at 30C. The solution was washed with
50 mL of brine and 50 mL of water. The organic layer was separated
Hzol -Cu (Il) - F - and evaporated. The residue was dissolved in 3 mL of benzene
and petroleum ether (1:1) and chromatographed on a silica gel
column (206-300 mesh). Unreacted compouhégvas collected as
the first band (18 mg, 9%). The second band was comp8uié
mg, 8%). The third band was compou@¢l6 mg, 8%). After these
three bands were eluted, the solvent was changed to benzene. The
fourth band was compoun8l (18 mg, 9%). The last band was
compound4 (12 mg, 6%). The reaction was repeated with the same

scale to obtain enough samples for characterization.
Note: Compound3 was very unstable. Its spectra should be

longest G-O bond length and is the most reactive toward Lewis
acids. The relatively mild Lewis acid cuprous bromide can act h .
measured immediately.

as a protecting group for the peroxo bond and also as a reducing 4,11,15,30-Tetratert-butylperoxy-1,2-peroxy-3,14-epoxy-
agent for the formation of fullerenols. A number of fullerenols 1 5 341114 15 30-octahydro[60]fullerene (3fH NMR (400
have been prepared and characterized in the present work withyrz ' CDC): 1.42 (s, 18H), 1.48 (s, 9H), 1.53 (s, 9H) ppHC
low yields. Selectivity of the reactions still needs to be improved. NMR (100 MHz, CDCY; all signals represent 1C, except where
Further study is in progress to hydrolyze all tHBuOO groups noted): 149.55, 149.49, 149.46, 149.27, 148.70, 148.66, 148.51
completely and make isomerically pure multinydroxyl fullere- (2C), 148.48 (2C), 148.37, 148.22, 148.20, 148.12 (2C), 148.04
nols. (2C), 147.95, 147.91, 147.87, 147.78 (2C), 147.67, 146.81, 146.34,
146.02, 145.38, 144.86, 144.83, 144.72, 144.45, 144.27, 144.20,
: ; 144.16, 144.07, 144.04 (3C), 143.93, 143.87, 143.82, 143.76, 143.74
Experimental Section (2C), 143.66, 143.59, 143.13 (2C), 142.94, 139.82, 139.06, 138.53,
Benzene, used for the reactions, was distilled from potassium 89.15 (sp), 83.57 (sp), 82.49 C-(CHs)s), 82.44 (sf), 82.42 C-
under nitrogen. Other solvents and reagents were used as receivedCHs)s), 82.20 C-(CHg)3), 82.13 C-(CHs)s), 81.84 (sp), 81.03
Chromatographic purifications were carried out with 2800 mesh (sp?), 80.61 (sp), 74.36 (sp), 71.07 (sp), 26.75 (3CH), 26.72
silica gel. NMR spectra were recorded at 298 K. ESI-MS spectra (9CHs). ESI-MS (VGPlatform II): m/z (rel intens) 1144 (100, M
were recorded with CHGICH;0OH or CDCE/CH;OH as the solvent. + 2H + NH4"). Negative mode:nvz (rel intens) 1126 (100, M
Positive mode ESI-MS spectra were cited for most compounds. + 2H).
Caution: a large amount of peroxide is involved in some of the  4,11,15,30-Tetratert-butylperoxy-3,14-epoxy-1,2-hydroxy-
reactions; care must be taken to avoid possible explosion. 1,2,3,4,11,14,15,30-octahydro[60]fullerene (4}H NMR (400
Synthesis of 1,2,4,11,15,30-Hexert-butylperoxy-1,2,4,11,15, MHz, CDCk): 1.37 (s, 9H), 1.41 (s, 9H), 1.43 (s, 9H), 1.50 (s,
30-hexahydro[60]fullerene (1).Cso (99% pure, 200 mg, 0.28  9H), 4.51 (s, 1H), 5.14 (s, 1H}3C NMR (100 MHz, CDC}; all
mmol) was dissolved in 200 mL of benzenert-Butyl hydroper- signals represent 1C, except where noted): 154.17, 149.35, 149.02,
oxide (TBHP; 540 mg, 70%, 4.2 mmol) was added. The flask was 148.87, 148.70, 148.55, 148.53, 148.36 (2C), 148.27, 148.21,
wrapped with aluminum foil. (NlJCe(NG;)s (CAN; 1.32 g, 2.4 148.16, 148.14, 148.11, 148.09 (2C), 148.06, 148.01, 147.91(3C),
mmol, dissolved in 1.3 mL of 0.1 mol/L $$0,) was added slowly 147.72, 146.93, 146.32, 146.17, 145.08, 145.01, 144.76, 144.72,

J. Org. ChemVol. 71, No. 12, 2006 4379



JOC Article

144.63, 144.39, 144.27, 144.21, 144.02, 143.99, 143.89, 143.81,
143.77, 143.75, 143.55, 143.49 (2C), 143.37, 143.31, 143.20,
143.06, 143.01, 142.40, 141.45, 140.65, 138.72, 137.79, 82:09 (
(CHa)3), 81.96 (Z-(CHa)3), 81.94 C-(CHa)3), 81.81 (spf), 80.99
(sp), 80.59 (sp), 80.44 (sf), 80.32 (sP), 77.11 C-OH), 74.92
(C-OH), 73.63 (sp), 26.64 (3CH), 26.62 (3CH), 26.58 (6CH).
Assignment was obtained from HMBC. FT-IR (microscope): 3473,
2980, 2929, 2869, 1471, 1456, 1388, 1364, 1193, 907, 871, 733
cm 1. ESI-MS (VGPlatform I1): m/z (rel intens) 1144 (100, M-
NH4").

1,4,11,15,30-Pentaert-butylperoxy-3,14-epoxy-2-hydroxy-
1,2,3,4,11,14,15,30-octahydro[60]fullerene (5}H NMR (400
MHz, CDCk): 1.35 (s, 9H), 1.37 (s, 9H), 1.40 (s, 9H), 1.41 (s,
9H), 1.53 (s, 9H), 4.78 (s, 1H}*C NMR (100 MHz, CDC4; all
signals represent 1C, except where noted): 153.66, 150.03, 149.45
149.03, 148.72, 148.66, 148.54, 148.51, 148.49 (2C), 148.46 (3C),
148.33 (2C), 148.28 (2C), 148.25, 148.19, 148.14, 148.08, 147.95,
146.65, 146.26, 146.10, 145.95, 145.60, 144.66, 144.53, 144.44,
144.10, 144.08, 143.97, 143.91, 143.89 (3C), 143.81 (2C), 143.70,
143.67, 143.60, 143.59, 143.39, 142.95, 142.93, 142.48, 141.66,
141.57, 140.55, 139.32, 130.67, 84.82sp2.71 C-(CHs)3), 82.25
(C-(CHg)g), 81.93 C-(CHa)s), 81.79 C-(CHa)s), 81.61 C-(CHa)a),
81.28 (sf), 81.24 (sf), 81.21 (sP), 81.02 (sp), 80.43 (sp), 79.09
(C-OH), 72.58 (sp), 26.82 (3CH), 26.77 (3CH), 26.75 (3CH),
26.73 (3CH), 26.70 (3CH). FT-IR (microscope): 3520, 2978,
2926, 2852, 1469, 1388, 1364, 11936, 909, 871, 732'cESI-

MS (VGPlatform 11): m/z (rel intens) 1221 (100, M+ Na*).
2,4,11,15,30-Pentaert-butylperoxy-3,14-epoxy-1-hydroxy-
1,2,3,4,11,14,15,30-octahydro[60]fullerene (6}H NMR (400
MHz, CDCL/CS, = 1:1): 1.28 (s, 9H), 1.32 (s, 9H), 1.41 (s, 9H),
1.52 (s, 9H), 1.64 (s, 9H), 6.11 (s, 1HC NMR (100 MHz, CDCY
CS; = 1:1; all signals represent 1C, except where noted): 149.65,
149.26, 148.89, 148.85, 148.44, 148.40, 148.34, 148.29, 148.27,
148.21, 148.19, 148.16, 148.14 (3C), 148.05, 147.98 (2C), 147.94
(2C), 147.88, 147.84, 147.34, 146.67, 145.71, 145.55, 145.19 (2C),
145.17, 144.75, 144.65, 144.45, 144.38, 144.19, 144.16, 144.03,
144.01, 143.69 (2C), 143.61, 143.56, 143.36, 143.30, 143.27,
143.03, 142.97 (2C), 142.13, 141.80, 139.57, 138.11, 137.26, 87.4
(sp?), 83.11 C-(CHy)s), 82.32 (sp), 81.88 C-(CHs)3), 81.48 C-
(CHg)s), 81.33 C-(CHa)s), 81.31 C-(CHs)s), 81.15 (sp), 80.77
(sp’), 80.37 (sp), 81.21 (sp), 77.80 (sP), 71.93 (sP), 26.82 (3CH),
26.72 (6CH), 26.60 (3CH), 26.44 (3CH). FT-IR (microscope):
3449, 2980, 2930, 2870, 1471, 1456, 1387, 1364, 1194, 1112, 87
736 cnl. ESI-MS (VGPlatform I1): m/z (rel intens) 1216 (100,
M + NHg*).

Crystals suitable for diffraction were obtained by the slow
evaporation of compoun@in a mixture of C$ and CC} (1:1) to
form the crystalline solids, which were redissolved in a mixture of
CS; and ethanol (1:1). The resulting solution was then evaporated
slowly under atmosphere. Crystal system, space group: monoclinic,
P2(1)/c. Unit cell dimensionsa = 24.233(5) A,a. = 90°, b =
13.861(3) A8 = 107.50(33, ¢ = 18.487(4) A,y = 90°, volume
= 5922(2) A. Final R indices [| > 20()] R, = 0.0820,wR, =
0.1931.

Procedure for Compounds 7 and 8.Compoundl (200 mg,
0.16 mmol) was dissolved in 20 mL of GEl,. The flask was
wrapped with aluminum foil. CuBBMe, (130 mg, 0.63 mmol)
and (GFs)sB (82 mg, 0.16 mmol) were added. The resulting
solution was stirred fio7 h atroom temperature. The solution was
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1,2,4,15,30-Pentdert-butylperoxy-11-hydroxy-1,2,4,11,15,30-
hexahydro[60]fullerene (7).'H NMR (400 MHz, CDC}): 1.34
(s, 9H), 1.40 (s, 9H), 1.43 (s, 9H), 1.52 (s, 9H), 1.62 (s, 9H), 4.53
(s, 1H).13C NMR (100 MHz, CDC}; all signals represent 1C,
except where noted): 160.37, 152.01, 151.26, 149.28, 149.09 (3C),
149.03, 148.99, 148.77, 148.69, 148.40, 148.38, 148.34, 148.30,
148.22, 147.95 (2C), 147.69, 147.67, 147.60, 147.58, 147.56,
147.43, 147.35, 147.10, 147.07, 146.92, 146.50, 145.97, 145.78,
145.74, 145.35, 145.21, 144.75, 144.41, 144.39, 144.35, 144.23,
144.08, 143.98, 143.96, 143.76, 143.48, 143.40, 143.16, 142.97,
142.88, 142.85, 142.49, 141.59, 141.46, 140.80, 136.95, 9133 (sp
83.88 (spP), 83.21 C-(CHs)3), 82.28 (sp), 81.81 C-(CHs)3), 81.55
(C-(CHy)3), 81.42 C-(CHg)3), 81.32 C-(CHg)s), 80.90 (sp), 80.77
(sp’), 73.02 C-OH), 26.98 (3CH)), 26.89 (3CH), 26.84 (3CH),
26.79 (3CH), 26.77 (3CH). FT-IR (microscope): 3509, 2978,
2930, 1473, 1458, 1387, 1363, 1194, 872 énkSI-MS (VGPlat-
form I): mVz (rel intens) 1200 (100, M- NH,*).

1,2,4,11,30-Pentdert-butylperoxy-15-hydroxy-1,2,4,11,15,30-
hexahydro[60]fullerene (8).'H NMR (400 MHz, CDC}): 1.33
(s, 9H), 1.36 (s, 9H), 1.39 (s, 9H), 1.50 (s, 9H), 1.58 (s, 9H), 3.55
(s, 1H).13C NMR (100 MHz, CDC4; all signals represent 1C,
except where noted): 152.83, 151.81, 150.38, 149.38, 149.19,
149.10 (2C), 148.98 (2C), 148.73, 148.71, 148.53 (2C), 148.37 (4C),
148.21, 147.75, 147.67, 147.64, 147.61, 147.58, 147.44 (2C),
147.37, 147.34, 147.07, 146.89, 146.04, 145.97, 145.71, 145.63,
145.57, 145.45, 145.33, 144.70, 144.63 (2C), 144.58, 143.94,
143.90, 143.77 (2C), 143.72, 143.38, 143.28, 143.22, 142.71,
142.51, 142.31, 141.22, 137.54, 137.07, 90.36)(§5.39 (sp),
82.85 (spP), 82.24 (sp), 82.06 C-(CHg)3), 81.58 C-(CHg)3), 81.27
(C-(CHy)3), 81.18 C-(CHs)3), 80.92 C-(CHg)s), 80.22 (sf), 71.91
(C-OH), 26.90 (3CH), 26.86 (3CH), 26.82 (3CH), 26.77 (3CH),
26.72 (3CH). FT-IR (microscope): 3556, 2977, 2930, 2871, 1473,
1457, 1387, 1363, 1195, 874 ctaESI-MS (VGPlatform I1): m/z
(rel intens) 1200 (100, M- NH4*).

Procedure for the Synthesis of Compounds-914. Compound
2 (200 mg, 0.16 mmol) was dissolved in 50 mL of &,. CuBr
SMe, (160 mg, 0.78 mmol) and ¢Es)sB (100 mg, 0.20 mmol)

owere added. The flask was wrapped with aluminum foil. The

resulting solution was stirred f& h at 15°C. The solution was
filtered through a short silica gel column to remove the solids. The
filtered solution was evaporated under vacuum. The residue was
chromatographed on silica gel column with €Hb. A mixture of
compounds2 and 9 were collected as the first band. The second
band was compoundl (35 mg, 12%). The third band was
compoundlO (10 mg, 4%). After these three bands were collected,
the eluent was changed to benzene and ethyl acetate (1:1).
Compound13 (10 mg, 4%) and compount2 (9 mg, 4%) were
collected as the fourth and fifth band. Then the eluent was changed
to benzene and ethyl acetate (1:1). Compol#¢{7 mg, 3%) was
collected as the last band.

The mixture of compound® and 9 was evaporated and
chromatographed on a silica gel column with benzene and petroleum
(1:1) as the eluent. Compouriiwas recovered as the first band
(120 mg, 48%). Compoun@was collected as the second band (5
mg, 2%).

1,2,4,15,30-Pentdert-butylperoxy-11,12-epoxy-3-hydroxy-
1,2,3,4,11,12,1,30-octahydro[60]fullerene (9 NMR (400 MHz,
CDCI/CS, = 1:1): 1.32 (s, 9H), 1.38 (s, 9H), 1.46 (s, 9H), 1.50
(s, 9H), 1.65 (s, 9H), 5.02 (s, 1H)3C NMR (100 MHz, CDCY
CS, = 1:1; all signals represent 1C, except where noted): 156.98,

filtered through a short silica gel column to remove the solids. The 150.86, 149.40, 148.95, 148.79, 148.47 (2C), 148.44 (3C), 148.38
solution was evaporated. The residue was chromatographed on g3C), 148.36, 148.22 (2C), 148.16, 148.00, 147.98, 147.96, 147.85,
silica gel column with benzene as the eluent. Unreacted compound146 .46, 146.42, 145.67, 145.60, 145.29, 144.32, 144.28, 144.22,
1 was collected as the first band (80 mg, 40%). The second band144.04, 143.94 (2C), 143.87, 143.83, 143.82 (3C), 143.61, 143.59,
was compound? (20 mg, 10%). After these two bands were 14348, 143.45 (2C), 143.18, 143.04, 142.97, 142.66, 142.41,
collected, the solvent was changed toCH and compoun® was 142.29, 142.23, 141.56, 141.40, 138.93, 88.5%)(sp4.11 C-
collected as another band (30 mg, 15%). (CHa)), 83.40 (sf), 82.74 (sB), 81.74 (1sh 1C-(CHs)s), 81.64
Note: These compounds were unstable under light. Light should (C-(CHz)s), 81.50 C-(CHs)3), 81.19 C-(CHz)s), 80.97 (sf), 80.26
be avoided throughout the experimental procedure. (sp?), 73.15 (sp), 71.62 (sP), 26.88 (3CH), 26.82 (3CH), 26.80
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2978, 2930, 1471, 1455, 1387, 1363, 1195, 1112, 1089, 907, 877,

733 cnrl. ESI-MS (VGPlatform II): m/z (rel intens) 1144 (100,

M + NHg").
1,2,4,11-Tetratert-butylperoxy-3,14-epoxy-15,30-di-hydroxy-

1,2,3,4,11,14,15,30-octahydro[60]fullerene (134 NMR (400

(3CHy), 26.67 (6CH). FT-IR (microscope): 3480, 2978, 2930,
1472, 1455, 1387, 1363, 1195, 1112, 876 énkESI-MS (VGPlat-
form 11): mvz (rel intens) 1216 (100, M- NH,4").
1,2,4,15,30-Pentdert-butylperoxy-3,14-epoxy-11-hydroxy-
1,2,3,4,11,14,15,30-octahydro[60]fullerene (103%H NMR (400
MHz, CDCk): 1.30 (s, 9H), 1.31 (s, 9H), 1.36 (s, 9H), 1.56 (s, MHz, CDCL): 1.33 (s, 9H), 1.51 (s, 9H), 1.53 (s, 9H), 1.67 (s,
9H), 1.62 (s, 9H), 3.61 (s, LH}3C NMR (100 MHz, CDC}; all 9H), 3.66 (s, 1H), 5.17 (s, 1H}*C NMR (100 MHz, CDC}; all
signals represent 1C, except where noted): 150.63, 149.38, 148.97signals represent 1C, except where noted): 154.55, 151.03, 149.54,

148.86, 148.75, 148.69, 148.49, 148.43 (2C), 148.40 (2C), 148.33,148.94, 148.76, 148.53, 148.49 (3C), 148.47, 148.45, 148.43,
148.32, 148.28, 148.26, 148.18, 148.15, 148.11 (2C), 148.07 148.39, 148.38, 148.35, 148.20, 148.18, 148.16, 148.03, 147.86,

148.02, 147.82, 146.37, 146.29, 145.70, 145.49, 145.32, 144.55,’147.84, 147.82, 146.75, 146.45, 146.00, 144.79, 144.43, 144.17
144.50, 144.43, 144.25, 144.16 (2C), 144.12, 144.09 (2C), 144.04,(2C), 144.14, 144.09, 144.06, 144.01, 143.94 (2C), 143.92, 143.85
144.02, 143.93, 143.70, 143.64, 143.38, 143.14, 143.02, 142.99’(3(:), 143.57, 143.54, 143.49, 143.36, 143.15, 142.98, 142.76,

142.97, 142.89, 142.28, 141.76, 140.77, 138.71, 137.17, 8781 (sp 142.36, 142.25, 141.75 (2C), 141.62, 141.15, 88.59)(s.20

85.55 (spP), 84.83 (sp), 82.33 C-(CHy)s), 81.59 C-(CHs)3), 81.50
(C-(CHy)s), 81.16 (sp), 81.01 C-(CHz)s), 80.90 C-(CHs)3), 80.80
(sp’), 74.77, 71.60 C-OH), 27.18 (3CH), 26.88 (3CH), 26.76
(3CHy), 26.64 (3CH), 26.56 (3CH). Assignment was obtained
from HMBC. One spfullerene carbon signal is missing, probably
as a result of overlapping with the signal at 82.33 ppm, which is
lightly broad. FT-IR (microscope): 3551, 2978, 2928, 2855, 1470,
1456, 1387, 1363, 1195, 1088, 907, 874, 733 EnESI-MS
(VGPIlatform Il): m/z (rel intens) 1216 (100, M+ NH4™).
1,2,4,11,15-Pentdert-butylperoxy-3,14-epoxy-30-hydroxy-
1,2,3,4,11,14,15,30-octahydro[60]fullerene (113H NMR (400
MHz, CDCk): 1.31 (s, 9H), 1.32 (s, 9H), 1.40 (s, 9H), 1.52 (s,
9H), 1.61 (s, 9H), 3.50 (s, 1H}*C NMR (100 MHz, CDC4; all

signals represent 1C, except where noted): 149.97, 149.55, 149.099 49 g2
148.95, 148.67 (2C), 148.58, 148.48, 148.43 (3C), 148.37 (2C), '
148.35, 148.32, 148.27, 148.20, 148.05 (2C), 147.98, 147.96 (2C), 145 g3
147.45, 147.30, 146.60, 145.70, 145.47, 145.35, 145.16, 144.49,145.03:

144.31, 144.29 (3C), 144.08, 143.94 (2C), 143.87, 143.84, 143.79
143.36, 143.24, 143.19, 143.16, 143.02 (2C), 142.35, 141.84
141.30, 141.13, 140.86, 136.85, 87.36%(sp4.63 (sf), 83.67 (sp),
82.20 C-(CHg)3), 81.70 C-(CHg)s), 81.54 C-(CHa)s), 81.32 (sp),
81.12 C-(CHz)3), 80.78 C-(CHs)s), 80.30 (sp), 80.10 (sp), 72.84
(C-OH), 71.89 (sp), 27.09 (3CH), 26.87 (3CH), 26.81 (3CH),
26.79 (3CH), 26.56 (3CH). FT-IR (microscope): 3556, 2978,
2930, 2870, 1471, 1456, 1387, 1363, 1196, 1091, 875 cESI-

MS (VGPlatform 11): m/z (rel intens) 1216 (100, M+ NH,").

Crystals suitable for X-ray diffraction were obtained from the
slow evaporation ofl1 in a mixture of C$ and ethanol (1:1).
Crystal system, space group: triclinic, P-1. Unit cell dimensions:
a=13.301 (3) A,a = 99.32(3}, b = 14.292(2) A 8 = 94.56-
(3)°, c = 18.349(4) A,y = 108.96(3J, volume= 3222.5(11) &
Final R indices [I > 20(l)] Ry = 0.0773,wR, = 0.2138'%

1,2,4,15-Tetratert-butylperoxy-3,14-epoxy-11,30-dihydroxy-
1,2,3,4,11,14,15,30-octahydro[60]fullerene (1234 NMR (400
MHz, CDCk): 1.31 (s, 18H), 1.43 (s, 9H), 1.61 (s, 9H), 3.77 (s,
1H), 4.04 (s, 1H)*3C NMR (100 MHz, CDC}; all signals represent

(C-(CHg)3), 83.94 (sp), 82.72 (sp), 82.59 C-(CHs)3), 81.90 C-
(CHg)3), 81.31 C-(CHg)3), 81.05 (sp), 80.02 (sp), 73.24 C-OH),
73.04 (sp), 71.61 C-OH), 26.89 (3CH), 26.81 (3CH), 26.64
(3CHy), 26.60 (3CH). Assignment was obtained from HMBC. FT-
IR (microscope): 3555, 3467, 2978, 2930, 2871, 1471, 1455, 1388,
1363, 1194, 1108, 1101, 1084, 1026, 874, 732 &nkSI-MS
(VGPIlatform 11): m/z (rel intens) 1144 (100, M- NH4").
1,2,4-Tri-tert-butylperoxy-3,14-epoxy-11,15,30-trihydroxy-
1,2,3,4,11,14,15,30-octahydro[60]fullerene (14%H NMR (400
MHz, dioxanedg/CS; = 1:3): 1.49 (s, 9H), 1.59 (s, 9H), 1.79 (s,
9H), 5.18 (s, 1H), 6.02 (s, 1H), 6.43 (s, 1HJC NMR (100 MHz,
dioxanedg/CS, = 1:3; all signals represent 1C, except where
noted): 156.15, 152.40, 151.12, 150.70, 150.49, 150.31 (4C),
150.20, 150.18, 150.16 (2C), 150.11, 150.00 (2C), 149.98, 149.95,
149.79, 149.76, 149.58 (2C), 149.42, 148.24, 147.92,
146.60, 146.25, 146.17, 146.13, 145.74 (2C), 145.72,
145.66, 145.59, 145.50, 145.31, 145.24, 145.13, 145.07,
14491, 144.83, 144.72, 144.69, 143.97, 143.91, 143.78,
1143.28, 143.17, 90.26 (¥p 86.63 (sf), 85.03 C-(CHy)3), 84.85
' (sp?), 83.25 C-(CHa)3), 82.95 (sP), 82.63 C-(CHa)3), 76.70 (sP),
75.13 C-OH), 73.52 C-OH), 73.49 C-OH), 28.51 (3CH), 28.44
(3CH), 28.42 (3CH). Assignment was obtained from HMBC. FT-
IR (microscope): 3394, 2978, 2930, 1471, 1455, 1388, 1364, 1193,
1116, 1099, 1085, 1042, 1029, 757 CmESI-MS (VGPlatform
II): m/z (rel intens) 1072 (100, M+ NH4").

Preparation of Compound 15. Compound?7 (50 mg, 0.04
mmol) was dissolved in 10 mL of Ci&l,. The flask was wrapped
with aluminum foil. MCPBA (250 mg, 1.45 mmol) was added. The
resulting solution was stirred for 22 h at room temperatureSpGy
solution (500 mg, 3.16 mmol, dissolved in 10 mL of®) was
added to reduce the unreacte®PBA. The organic phase was
evaporated. The residue was chromatographed on a silica gel
column with benzene. Unreacted compouh@l2 mg, 14%) was
collected as the first band. Compoui® (13 mg, 26%) was
collected as the second band.

1,2,11,15,30-Pentaert-butylperoxy-3,14-epoxy-4-hydroxy-
1,2,3,4,11,14,15,30-octahydro[60]fullerene (15)H NMR (400

146.99,

1C, except where noted): 149.48, 149.30, 149.04, 148.64, 148.57 MHz, CDCk): 1.31 (s, 9H), 1.35 (s, 9H), 1.42 (s, 9H), 1.55 (s,

148.53, 148.50, 148.49, 148.45 (3C), 148.35, 148.33, 148.27, 148.2

09H), 1.63 (s, 9H), 3.57 (s, 1H}3C NMR (100 MHz, CDC}; all

(2C), 148.17, 148.12, 148.05 (2C), 148.03, 147.79, 147.49, 146.41,Signals represent 1C, except where noted): 149.89, 149.46, 149.44,
146.29, 145.66, 145.44, 145.34, 145.30, 145.17, 144.45 (2C), 144.16149.09, 148.97, 148.89, 148.61, 148.51 (2C), 148.47, 148.41 (2C),
(2C), 144.04, 143.98 (2C), 143.96, 143.93, 143.89, 143.25 (2C), 148.37 (3C), 148.31, 148.30 (2C), 148.28, 148.17, 148.15, 148.10,
143.18, 143.05, 142.99, 142.95, 142.84, 142.36, 141.47, 140.94,147.86, 146.24, 145.76, 145.46, 145.34, 145.12, 144.62, 144.59,
140.34, 135.85, 87.79 (¥p 85.48 (sp), 84.81 (sp), 81.97 144.23 (2C), 144.11, 143.98, 143.93, 143.83 (2C), 143.78, 143.75,
(C-(CHga)3), 81.72 C-(CHa)a), 81.22 C-(CHg)3), 81.16 (sf), 80.94 143.70, 143.66, 143.55 (2C), 143.19, 143.06, 142.99, 142.96,
(C-(CHs)3), 79.90 (sB), 74.20 (sP), 72.79 C-OH), 71.62 C-OH), 142.17, 141.98, 141.32, 138.46, 137.79, 87.84)(46.04 (sp),
27.09 (3CH), 26.83 (3CH), 26.77 (3CH), 26.64 (3CH). Assign- 84.35 (sf), 82.23 C-(CHs)3), 81.89 C-(CHy)3), 81.83 C-(CHy)y),
ment was obtained from HMBC. FT-IR (microscope): 3550, 3388, 81.61 C-(CHs)3), 81.37 (sp), 81.20 C-(CH)s), 80.69 (sp), 79.98
(sp), 74.86 (sp), 72.50 C-OH), 27.20 (3CH), 26.96 (3CH), 26.89
(6CHs), 26.70 (3CH). FT-IR (microscope): 3551, 2978, 2931,
1472, 1456, 1387, 1364, 1194, 908, 872, 734~ tnESI-MS
/(VGPIatform I1): m/z (rel intens) 1216 (100, M+ NH,").
Chemical Correlation Experiments. Similar conditions were
used in the correlation experiments. Products were isolated by
column chromatography and théid NMR spectra were compared

(15) CCDC-285046 and CCD€ 285047 contains the supplementary
crystallographic data for compounésand 11, respectively. The crystal-
lographic data can be obtained free of charge via www.ccdc.cam.ac.uk
consts/retrieving.html (or from the Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge CB12 1EZ, UK; faxi+44)1223-366—033;
or e-mail: deposit@ccdc.cam.ac.uk).
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to the above compounds to confirm their identity. The main purpose compoundl2 (5 mg, 15%) were collected as the second and third
of these experiments was to identify what product could be formed, band. Then the eluent was changed to benzene and ethyl acetate
not to identify the optimal yield of the individual products. The (1:1). Compoundl4 (5 mg, 17%) was collected as the last band.
following is an example: Compouridl (33 mg, 0.028 mmol) was

dissolved in 8 mL CHCI,. CuBrSMe, (23 mg, 0.11 mmol) and . . . .
(CoFo)sB (14 mg, 0.028 mmol) were added. The flask was wrapped Acknowledgment. Financial support is provided by NNSFC

with aluminum foil. The resulting solution was stirred at 3. (Grants 20232010, 20472003, and 20521202) and the Ministry
The progress of the reaction was monitored by TLC. The reaction Of Education of China. We thank Prof. Zhenfeng Xi for inspiring
was stopped when a significant amount of products were formed discussions.

(2.5 h). The solution was filtered through a short silica gel column
to remove the solids. The filtered solution was evaporated under
vacuum. The residue was chromatographed on a silica gel column
with CH,Cl,. The first band was unreacted compouid(15 mg,
45%). After this band was collected, the eluent was changed to
benzene and ethyl acetate (1:1). CompotBd4 mg, 12%) and JO0600120

Supporting Information Available: Selected NMR, MS, IR,
and UV—vis spectra and cif data. This material is available free of
charge via the Internet at http://pubs.acs.org.
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