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of Fullerene Adducts
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Abstract: Reaction of Cgo with diethylaminopropyne leads to cyclobutene adduct 1, which
upon acid hydrolysis provides a facile synthetic route to fullerene adduct 2. Subsequent

oxidative CYCIIZEUOH mvowmg activated carbon VlClOS the novel fullerene lactone 3.

Elsevier Science Ltd. All rights reserved.
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6 DAP was shown previously to add
fullerenes to v1eld cvclobutene 1, Wthh undergoes subsequent self-sensitized

reaction with singlet oxygen to yield a ketone/amide product. 7 Further investigation revealed that, contrary to

previous reports, DAP also reacts thermally with fullerenes.” Reaction of Cgp with DA

P in CSz in the dark at

room temperature gave cyclobutene 1 whose formation can be easily monitored by HPLC and 'H NMR. and

which is stable when kept in the dark.
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Addition of p-toluenesulfonic acid hydrate to a solution of compound 1 in the dark quantitatively yields
hydrolysis product 2 (Scheme 1). The previously published synthesis provided only a trace of 2, and involved

a lengthy purification.”
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ldatlon Lactone 3

was also formed under the same reaction condxtlons from product 2 (%hem 2). Thus we conclude that a trace

of acid leads to the formation of 2, which subsequently oxidizes to lactone 3.
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Charcoal is known to adsorb Cgg and Ceg derivatives. causing irreversible losses.89 To avoid adsorption of the
starting material and reaction products, we attempted to find a charcoal-free catalyst for this reaction. Since
oxidation of the fullerene carbon occurs, various oxidants were tried, but only reagents with charcoal gave
lactone 3. Oxidants, bases, and other compounds investigated are listed in Table 1. The common species in all
the successful reagents was charcoal. Amazingly, the oxidation of 2 to 3 proceeded cleanly using charcoal
alone. Charcoal from various suppliers and of different tvpes were equally effective.

Table 1. Reagents investigated to convert 2 to 3.

Negative Positive
Nacac Adenrhente  Oxidante Matale Miceallananiie Chorannl Cantaiming
1Jasvo AUUDUL UVLILWL A xuau ivivialo IVIIDOLLIIALIVUUD wilaivuval ulliitallil 15
N AL Adioi N aSl DA A~ SO na~cd
NPT Alulmnina NauLi ra(AlU a3V Pd/C
NMAD Calita SeQ, P, ¢ Yamman ks Danrlmian s MaralyctSt
L2ivimr wwiline = 1 |-\/'"s AVHULL LU redariiialt al bel
NaOH* Florisil MnO, Pd/BaCO;" Benzoyl Peroxide  Norit SG? (EM Science)
CaH, Si0,; KMnOy Na, AIBN Darco® G-60 (EM Science)
b
t-BuOK Molecular PCC (n-Bu);SnH Darco® G-60 (Aldrich)
N(E1), Sieves 0, FeSO4/H,0,

a) Carried out under argon. 10 b) Pyridine Chlorochromate: one equivalent appeared by HPLC analysis to
cause a peak at the proper retention time, but the reaction was only 50% complet in 6 momhs fore than

N
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one cquxv:ut:m resulted in the loss of ali HPLC peaks. ¢
a

To investigate whether structurally similar fullerenes would give this reaction. we looked for a similar
substrate. Fullerene derivative 4 was synthesized by Nakamura et al.!! Both 2 and 4 contain a fullerene
hydrogen and a carbonyl group attached to a heteroatom. As with derivative 2, reaction of the cyclopropyl
compound 4 with charcoal yielded the cyclopropyl lactone 5, along with the corresponding alcohol 6 (Scheme

3).
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The oxidation of 2 to 3 must involve an oxygen source. To increase the rate of the reaction, and also

1ne iz &~ 10 5 must in

find the oxygen source for this oxidation, the reaction was performed under an O atmosphere, and with the
addition of water. Neither conditions altered the rate cornpared to a control carried out under argon. The most



likely explanation is that oxygen is already adsorbed to the charcoal, and thus the local concentration near the
reactive sites is unaffected by the ambient atmosphere.

Because of the affinity of charcoal for fullerenes. there is an inverse relationship between the reaction rate
and the yield. Increasing the amount of charcoal increases the reaction rate, but with a decrease in yield.
Conversely. if the reaction is done with iess charcoal the }1ems tend to be ruoner but the reactlon rate is muc.h
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refluxing toluene. It can be stored for many months with no sign eif deccmposmen.
In conclusion. we have demonstrated that activated carbon can be used as a reagent that interacts with
certain fullerene derivatives to give an oxidized ring-closed lactone
Experimental
Materials

Cgo was purchased from MER Corp.!12, 99.5+%. p-Toluenesulfonic acid hydrate and all solvents were used as
received from Fisher (Certified A.C.S.). Activated carbon (charcoal), Darco® G-60. 100 mesh powder, was
purchased from Aldrich and used without further purification. HPLC analyses were carried out with a Waters

501 pump using toluene/acetonitrile (Fisher, Optima grade) 1:1 v/v, at a flow rate of | ml per minute. A
m . D. column was used with UV detection at 340 nm. Column

&

Hypersil, C18, 5 micron, 250 mm, 4.6 L colur .
chromatographv was performed using Silica Gel 60 (230-400 mesh) purchased from EM Science.

Synthesis of 2

In a 1 liter round bottom flask, 0.45 g of Cgp was dissolved in ca. 500 ml of carbon disulfide.13.14
Diethylaminopropyne!5:16 was added in the dark with rapid stirring. The mixture was monitored by HPLC,
and an appropriate amount of alkyne was added until the majority of Cgp had reacted, and the cyclobutene
(1)/Cgp peak ratio had grown to 6:1 (ca. 85% complete; this usually required 2-3 equivalents).!7 p-Toluene
sulfonic acid hydrate, 0.7 g (¢ca. 6 equiv.), was then added and the reaction was left to stir in the dark until
HPLC analysis showed that all of the cyclobutene 1 had been converted to 2 (ca. 4 hours). The reaction was
then concentrated by rotatory evaporation and purified by column chromatography. Using CS; as the eluent,
the characteristic purple Cgg band was collected. The solvent system was then changed to CHyClyand 2 eluted
rapidly as a brown band (70%).18

esis of methvl lactone 3
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n a 300 ml round bottom flask, 0.111 g of 2 was dissolved in carbon disulfide and 0.45 g of activated carbon
(Darco® G-60, 100 mesh) was added. The reaction was monitored by HPLC and after 15 days, was
concentrated by rotatory evaporation. The mixture was subjected to column chromatography, using carbon
disulfide as the solvent; a major brown band was collected and identified as methyl lactone 3. (30%). Switching
the solvent system to CH,Cl; afforded unreacted starting material. 1%

Synthocic of ocveln
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In a 100 ml round bottom flask, 0 128 g of the cyclopropyl derivative 4!! was dissolved in ca. 40 ml carbon
disulfide. Activated carbon (Darco® (G-60, 100 mesh), 0.17 g, was added, and left to stir. After monitoring by
HPLC for 20 days, the reaction was concentrated by rotatory evaporation and subjected to column
chromatography. Elution with CS> provided crude product (5). Sw1tch1ng the solvent to CH;Cly gave
unreacted starting material (4). The soivent was then changed to ethyl acetate, which eluted the hydrolyzed
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product 6.2¢ The carbon disulfide fraction was subjected to a second purification by column chmmatcg
1

with the eluent consisting of 4:1 carbon disulfide/toluene. This afforded cyclopropyl lactone 5 (10%).2
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The reaction is usually not carried out to completion because excess diethyvlaminopropyne leads to
diadduct formation.

For physical data see ref. 7.
Physical data for methyl lactone 3: IR (KBr) 1784 cml, 1005 em!, 970 ¢!, TH NMR 400 MHz
(CDCI3) 8 2.14 (d, 1 = 7.6 Hz, 3H ), 471 (q, ] = 7.6 Hz, 1H) 13C NMR 100 MHz (CDCl3) 816.6

14'2.31, 142. 37 147 37 14239 147 40, 14247 147 49, 1423 14292 14299 14.»0 14319, 14318
144.3, 144.52. 144.55, 144.7, 144.8, 144.9, 145.2. 145.34, 145.37, 14549, 145.52, 145.56, 145.57,
145.60, 145 62 145.8, 146.42, 146.46, 146.51, 146.34, 146.38, 146.66, 146.69, 146.7, 146.82, 146.89,

147 0 14AQ 1IN 154 1777 TT'n\»rOn"A‘n\,,Nl A MNALTIT 707 NHQN 07 NHO
14/7.Y, 146.0, 12U.L, l.)‘f() L/ 7. 4. IKVID (FAD) CdiCd \iviTrl ) /72.y407, LUI.I.HQ I/J VLT

Physical data for cleavage product 6: IR (KBr) 3432 cm!, 2965 cm-!, 1356 cm-l, 1190 cmrl, 966 cmrl.
IH NMR 400 MHz (CDCl;)  0.88 (s, 6H), 1.65 (t. J = 6 Hz. 1H ), 2.45 (s, 3H). 3.38 (d. ] = 6 Iz, 2H).
3.82(s,2H)7.35(d,J=8 HZ, 2H), 7.79 (d, J = 8 Hz, 2H). 13C NMR 100 MHz (CDCl3) § 21.1, 21.8,
36.7,67.7, 75.1. 128.0, 130.0, 133.0, 145.0. HRMS (EI) calcd (M+H)* 259.10039, found 259.1009

Physical data for cyclopropyl lactone 5; IR (KBr) 1780 cm-!, 1508 cm-!, 1148 em!, 991 cml. 1H

NMR 500 MHz (CDCI3/CS3) 8 1.90 (dd, J = 5 and 8 Hz, 2H), 2.18 (dd, ] = 5 and 8 Hz, 2H ). 13C

n

LTR ATY 1ALC AATT /n‘r\r“ 1nn\t n"r noO N L& %8 r‘\£1 1€ £ l‘\"7£ 1270 0 AN 1 141 2 141 1A N
NMRK 140 MOZ (CDUI3/CS ) ol , Z8.Y, 05.3, V0.1, 12325.0, 13/.0, 1157.0, 140.1. 141.3, 141. o, 142,V
1471 14272 1474 149 77 14727 A 1A’)Q 1443, 144,51, 144 52, 144 8 1451, 14530, 14531, 1454,
1L, 1574, 0, 177457, 17747 |ﬂ'.... Uy 1TLeZ7, LTTedy 1T To/dy 07T Ly 07770, 17904, 30770V, T Ay

145.6, 146.1, 146.2. 146.3. 146.49. 146.52, 151.2, 176.6. HRMS (FAB) caled (M+H)* 805.0289, found

805.029



