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ABSTRACT

A method for one-step preparation of polyfunctionalized fullerene derivatives by regioselective penta-addition of an organocopper reagent is
described. A functionalized aryl iodide is first converted to the corresponding Grignard reagent and then to a copper reagent and finally is
allowed to react with C 4. The method allows introduction of five functional groups to the C g0 Skeleton in a convergent manner. The shuttlecock-
like molecules crystallize into a columnar packing structure.

We discovered some time ago that an organocopper reagenhas thus far not been fully materialized because the original
prepared by transmetalation between a Grignard reagent ananethod relying on conventional preparation of the necessary
CuBr-SMe added regioselectively toggto provide penta-  Grignard reagent from aryl halides and magnesium turnings
arylated! alkenylated® methylated?, and silyl-methylateti is too harsh to tolerate functional groups on the Grignard
compounds (&RsH) in a good to quantitative yield. If the

R group could bear a wide variety of functional groups, this _
reaction would provide a uniquely short, general approach ~ Scheme 1. Convergent Synthesis of FunctionalizeghC

to the synthesis of densely functionalized molecules such as Derivatives

polysaccharides that would tightly bind to protetnsore

generally represented 43n Scheme 1. However, this idea
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part. We report herein that a mild iodine/magnesium ||
exchan.ge. pr_ocedure pioneered by Knotheioves some Table 1. Penta-Addition of a Functional Copper Reagent to
of the limitations and allows one- or two-step syntheses of ¢ a

functionalized fullerene compoundsdR—FG)R and their

derivatives in good to high yield (Schemes 1 and 2). entry FG-RI (2) conditions® 1 3("/61)‘3
We employed the transmetalation reaction between an aryl 2
iodide and'PrMgBr to prepare the desired functionalized O .
Grignard reagent® which were then in situ transmetalated 1 ! 28 SMe o 5ecmon 12 95
to the corresponding copper reagent by reaction with €CuBr
SMe.! The conditions for the iodide/magnesium exchange I— )-CO,Et .
reaction depended on the Grignard reagent. The aryl Grignard 2 2b —25°C1.0h b 93
reagent bearing an electron-withdrawing group required a |
lower reaction temperature. Nine equivalents of aryl iodide 3 Qo c 05°C/H0h 1c 90
was enough for complete conversion of the starting material 26 2t
when the reaction was run on a large scale. A typical
procedure is shown in footnote 7. In the preliminary, small- 4 IOBr 55°CHO0h  1d %6
scale investigations, however, the synthesis using 12 equiv 2d
of the aryl iodide allowed us to obtain the desired products |
in generally high yields. These results are summarized in 5 Q 2o5°C/H0h e 90
Table 1. se |
The reaction of 4-(trimethylsilylethynyl)phenyl iodid2«) | o}
(entry 1) was examined to investigate the feasibility of the ; O N o .
A i . 6 Q -30°C/1.0h 1f 66
iodine/magnesium transmetalation protocol for the penta-
addition reaction. When the iodide (12.0 equiv tg)Gvas 2f

treated withPrMgBr (11.0 equiv) at 25C for 3 h and then \ O 20
with CuBr-SMe, (12.0 equiv), an orange copper reagentwas  7¢ OOMe -45°C/0.5h 1g 458
generated. The copper reagent was addedssdXCequiv) 29
in a THF/1,2-dichlorobenzene mixture at 26! and the ath hesi ied out following the typical dure described
. . . . . € syntnesis was carried out rollowing tnhe typical proceaure aescribe

prodyctlawas isolated in hlgh yI§|d and purity. The use of in footnote 7. Details are reported in the Supporting Information. Unless
a slight excess of the aryl iodide and CuBr-SMmver otherwise noted, the reaction was carried out with 0.1 mmolggf c2
i i i in hi i mmol of FG-RI, 1.1 mmol ofPrMgBr, and 1.2 mmol of CuBEMe,. ® The
PrMgBr was important to obta.un the produc_t |n.h|gh purlty. conditions for the I/Mg exchange stepAll products were obtained with

When the method was applied to an aryl iodide bearing a HPLC purity better than 90%, except in the casesdandLewith purities
Grignard-reagent-sensitive substituent, the iodine/magnesiunef 85%.¢ The reaction was run on a 0.05 mmol scale @b CYield of

. . isolated product after purification by preparative HPLC.

exchange was carried out at low temperature. The iodides
2b—e were treated withPrMgBr at—25 °C for 1.0 h and
then with CuBrSMe, at the same temperature. After stirring
for 10 min, the solution of the copper reagent was warmed
to 25 °C, and a solution of g was added at the same
temperature. In this manner, addudts—e were prepared
in high yields (entries 25). The aryl iodide2f containing
an amide group posed some difficulty because of the low
solubility of the Grignard intermediate in THF. The exchange

was carried out in a mixture of THF and NBMN<{
butylpyrrolidinone) (v/v, 5:1%, and 4 equiv of CuBiSMe,
relative to'PrMgBr was used to ensure total conversion to
the copper reagent. The desired reaction took place, though
less clean than other reactions, to give the expected adduct
1f in 66% yield (entry 6).

The phenyl benzoate ester compourmgis a structurally

(5) (a) Isobe, H.; Mashima, H.; Yorimitsu, H.; Nakamura,Gg. Lett. inversed analogue (i.e. ¢&-CeHs—COOAr instead of G—
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Angew. Chem., Int. E®005,44, 4258. period (0.5 h). The productg was obtained this way in a
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(1.5 mL, 9.0 mmol) in 40 mL of THF was treated with 8.0 mmol of mOde_S_t ISOIa.ted yleld of 45/0'. Further op_tl_mlzatlon of th.e

isopropylmagnesium bromide (11.5 mL of 0.7 M solution in THF)}-&5 conditions will be necessary if any specific compound is

°C and stirred for 1 h. CuB8Me; (1.8 g, 9.0 mmol) was then added. After  found to be useful for practical applications.

stirring for 10 min, the mixture was brought to room temperature and a L
solution of G (720 mg, 1.0 mmol) in 50 mL ob-dichlorobenzene was Crystal structure analysis indicated that a large concave

added. Stirring was continued untiklisappeared as monitored by HPLC.  cavity forms above the fullerene core g (Figure 1), and
The reaction was then quenched with 1.0 mL of saturated aqueous ; i ; ;
ammonium chloride solution and 100 mL of degassed toluene. The solution the molecules stack with each other one dlmenS|onaIIy n
was filtered through silica gel and concentrated. A portion of 200 mL of
methanol was then added. The resulting precipitate was collected after (8) Avolio, S.; Malan, C.; Marek, |.; Knochel, FSynlett1999, 1820.
filtration and washed with methanol to afford 1.35 g of the desired product (9) Sawamura, M.; Kawai, K.; Matsuo, Y.; Kanie, K.; Kato, T.;
1b, with a yield of 93% and a HPLC purity of 96%. Nakamura, ENature2002,419, 702.
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Scheme 2. Further Conversions of Products

Figure 1. Molecular structure olg. (a) ORTEP drawing. (b) Top
view of a CPK model. (c) Side view of a CPK model.

sis of the methylated compourd(Figure 3) indicated that
the cavity has been made somewhat shallower by the methyl

crystals (Figure 2). The stacking period is 11.27 A, a distance group (marked in blue) but that the molecules still form the

similar to the one observed previously for the structurally ,ne_gimensional stacking structure (Supporting Information).
inversed analoguésThe crystal packing as viewed along Basic hydrolysis of the ester group i followed by

the B axis is disordered hexagonal, similar to previously acjgification of the mixture afforded the free carboxylic acid
5 in good overall yield.

reported analogues.

Figure 2. Crystal packing oflg. (a) View alongA axis. (b) View
alongB axis. Figure 3. Crystal structure of. (a) ORTEP drawing. (b) Top view
of a CPK model. (c) Side view of a CPK model.

These compounds are readily amenable to further modi-
fications through elaboration of the functional groups. The  The pentacarboxylic acid compoudis highly soluble
five trimethylsilyl groups inlawere removed by treatment in alkaline water, THF, DMF, MeOH, and EtOH and will
with tetra(butyl)ammonium fluoride (TBAF) to obtain a free  be useful for engineering applications and for derivatizations
terminal acetylene compourl(Scheme 2), which would into dendrimers2
be useful for further studie§:1* Functionalized fullerene derivatives have found use in

The acidic cyclopentadienyl proton ihcan be replaced  chemistry, biology, and material sciendésnd the GoRsH
with a methyl group as previously report&dThus, the
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treatmen® or by directly methylating in situ the copper Maichle-Mossmer, C.; Hirsch, AAngew. Chem., Int. Ed. Engl995,34,
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class of compounds has been employed to explore thematerials'® vesicles® and otherd? The present synthetic

chemistry of transition-metal complex&sliquid crystal
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method will further expand the utility of polyfunctionalized
fullerene compounds.

Supporting Information Available: Experimental pro-
cedures, full spectroscopic data for all new compounds, and
CIF files for 1g and 4. This material is available free of
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