A Novel Photorearrangement

Cyclohexadiene Derivative of Cg
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ABSTRACT

Cyclot flona: :
(Z=CO;Me, CO;Bu")  [5,5] open / [6,6] closed

Bis(fulleroid):
two [8,5] open

Bis{methano)fullerene:
two [6,6] closed

Photorearrangement of tetraalkoxycarbonyl-substituted cyclohexadiene derivatives of Cg yields not only well-known bis(fulleroid) but also
bis(methano)fullerene. Existence of a labile and structurally new intermediate is observed in the reaction mixture. The discovery of the compound
suggests the existence of another possible pathway giving those two products other than the widely accepted [4 + 4]/[2 + 2 + 2] mechanism.

Among various exohedral fullerene derivatives, fulleroid (a Rubin®7 Compound3 has been thought to be produced

C, homologue with the [6,5] open structure ogyhas been
collecting much attention since publishment of Wudl's

pioneer work because of the ability to recover the original

exclusively by the photochemical reaction of the cyclohexa-
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diene derivative (1) via the [6,5] closed intermediate (2) the rearrangement of cyclohexadiene derivatid@sndlb
(Scheme 1). If two fulleroid units iB can behave individu-  and structures and behaviors of bis(methano)fullerene and
the novel intermediate, both of which are isolated for the

s first time in the rearrangement of bis(fulleroid) (3).

Scheme 1. Proposed Mechanism for the Rearrangemert of When a deoxygenated toluene solutioriafvas irradiated

by 100W incandescent lamp at 4C for 1 h, 3awas
obtained quantitatively with»95% purity, together with a
trace amount ofta (<5%)82°On the contrary, the similar
reaction of 1b bearingtert-butyl ester afforded a 76:24
mixture of 3b and4b, which can be separated by using silica
1 2 3 gel column chromatography and yields were 73% and 22%,
respectively.

The structure o#db was characterized as bis(methano)-
ally, the rearrangement of each unit to the [6,6] closed fjierene by H NMR, 3C NMR, IR, UV/is spectra,
methanofullerene unit might be possible to afford bis- electrospray mass spectrometry, and elemental analiGis.
(methano)fullerene. Although the existence and stability of R spectrum of4b showed 29Cs symmetric signals in
bis(methano)fullerene was confirmed by synthesis using {he sp carbon region, and three kinds of 3sparbons
phosphine-mediated addition of two propiolate units @PC  characteristic to the cyclopropane structure were detected at
experimental evidence that confirms the chemical relationship 44.92, 53.46, and 66.86 ppm in CRQLS. one sp carbon
between bis(fulleroid) and bis(methano)fullerene was not 4; 57 71 ppm was observed 65 symmetric3b). Chemical
clarified. shifts of these spcarbons were comparable to those of the

Recently, we have reported that the reactions @V@th — reviously reported bis(methano)fullereiiéV/ivis spectra
alkoxycarbonyl-substituted palladacyclopentadiene deriva- ¢ these compounds were in agreement with typical features

tives gave the cyclohexadiene derivativiea §nd1b), which of each structure. The visible region of the absorption
afforded bis(fulleroid) 8aand3b) by irradiation with visible spectrum oBb resembles that of & on the other hand, the

light.82 Since this is the first example for the bis(fulleroid) spectrum of 56selectronio4b exhibits a hypsochromic shift
bearing substituents at the fulleroid bridgehead positions ;4 5 diagnostic peak at 436 nm.

(shown by * on the structur8a and3b in Scheme 2), we

Scheme 2. Photochemical Rearrangementlaf and 1b 0.4
0.3
202 4b
<
h \
3b :
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Figure 1. Visible region of UV/vis spectra dfb, 3b, and4b (8.1—
8.2 x 1075 M CHClI; solution).

4a (trace), 4b (24%)

. (5a: not observed)
5b

When the rearrangement ol was monitored byH NMR
in CsDg at 40°C using a 20 W fluorescent lamp, another set
are interested in substituent effects on the rearrangement©f four singlet signals indicating an unsymmetrical structure

Herein we would like to describe the mechanistic aspects of (5b) was observed together wigip and4b, and the ratio of
5b: 3b: 4b was 29:56:15 (87% conversion), see Figure 2.

Ch(6) (as) Hsiéa;é T-Z-g-; gggtzhots)h, K. C.; Liou, lé.hFd.: Cgeng, C-a'HAn;- _ Compoundsb was isolated in 90% purity by silica gel
Ch:nmé e (')1rg. ’clhemig(gg Hiag, oY Chidambareswaran, S. K5 colymn chromatography and subsequently HPLC purifica-
(7) (@) Murata, Y.; Kato, N.; Komatsu, K. Org. Chem2001, 66, 7235. tion. Interestingly, isolate8b was smoothly converted into

(b) Murata, Y.; Murata, M.; Komatsu, KI. Org. Chem2001,66, 8187.
(8) (a) Inoue, H.; Yamaguchi, H.; Suzuki, T.; Akasaka, T.; Murata, S.

Synlett2000, 1178. (b) Inoue, H.; Yamaguchi, H.; lwamatsu, S.; Uozaki, (9) Puredawas isolated in 1% yield after complete oxidation3af(ref

T.; Suzuki, T.; Akasaka, T.; Nagase, S.; MurataJ &trahedron Lett2001, 8b), and fully characterized by NMR, IR, UV/vis, MS, and elemental

42, 895. analysis (see Supporting Information).
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3b  i3b
1b 1b 5b-1 (Z = CO,BUY)
A ‘ [6,5] open / [6,6] closed [6.5] open / [6,5] closed
5b 4b ~ Sh va wa \f 4b on six membered ring on five membered ring
Figure 4. Possible structures fdb.

1‘A7 o 16 15 1.4 ‘ ‘Pf"“
Il could be located as a local minimum. Furthermore

Figure 2. tert-Butyl region of'H NMR spectrum after 12 h of B3] yp chemical shifts oBb-I are in good agreement with
irradiation of1b in CeDe. the experimental values supporting this structure (Figure 5).

a 1:1 mixture of3b and 4b under bright condition and _

gradually went back tdb in the dark (Figure 3)3C NMR
revealed thabb has theC, symmetric structure along with 1
four sp signals at 71.30, 66.10, 57.72, and 49.53 gpithe 4 \ 4
13C NMR study orbb prepared fron¥*C (10-15%)-enriched

Ceo indicates that two carbons at 71.30 and 49.53 ppm are 4
assigned to the carbons on thg 6urfacet! Although there

(a) (®)

75 75
2 = Atom RHF B3LYP Observed
>~ 50 Z 50 53 3195 4612 4953
2 = 57 5292 6959  71.37"
g 5 = s 61 5412 6269 66.10
79 4153 5466  57.72
0 0
0 6 12 18 24 0 6 12 18 24 Figure 5. B3LYP/6-31G(d) optimized structure fobb-I and
time ( h) time (h) chemical shifts (ppm) for Spcarbons relative to TMS calculated
at RHF/6-31G(d) and B3LYP/6-31G(d) levels and observed; (*)
Figure 3. Time conversion plot of compoungb in C¢Ds at 40 assigned to the carbons on the, Gurface).

°C: (®) 5b, (a) 1b, (®) 3b, (O) 4b. (a) Irradiation with 20 W
fluorescence lamp and (b) dark.

It is possible to explain the formation &b-l as follows:
] ] . one carbor-carbon bond formation initially affords an allylic
still remained three possible structures as shély—Ill biradical species bearing one [6,5] closed structure as shown
in Figure 4,5b-1 is less stable thadb by 9.2, 12.6, and iy Scheme 3. Then, isomerization from [6,5] close to the
22.3 keal/mol at the B3LYP/6-31G(d), RHF/ 6-31G(dpand [6,5] open structure together with [6,6] closed ring formation
AM1 levels? respectively. In contrast, neith&b-Il nor 5b- affords5b-1. Rearrangement of either of methanofullerene

. . . or fulleroid unit in 5b-l into the other gives3b or 4b,

(10) Chemical shifts of spcarbons oflb, 3b, and4b in C¢Ds are

follows: 1b, 64.97;3b, 58.55:4b, 67.63, 54.08, and 45.72 ppm (Supporting respgctlvely. . o
Information). It is known that, in general, fulleroid is thermally less

(11) Further structural confirmation by INADEQUATE (Incredible ; ; _
Natural Abundance Double Quantum Experiment) NMR spectrum has not stable than methanofullerene and isomerizes to methano

resulted in success at present because of their stability. fullerene under various conditioAddowever, the similar
(12) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, conversion oBaand3b to 4aand4b did not proceed under

M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr,;

Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.

D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M.

M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;  W.; Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.;

Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, Head-Gordon, M.; Replogle, E. S.; and Pople, JGaussian 98, rev. A.9;

D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Gaussian, Inc.: Pittsburgh, PA, 1998.

Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, (13) AM1 calculations were performed by using a Hyperchem 6

l.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;; molecular modeling system.
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Scheme 3. Possible Mechanism for the Formation 5if-I

thermal (150°C, 36 h, ODCB), photochemical (rt, 8 h,
toluene), or acidic (excess GEOH, rt, 12 h, toluene)
conditions (3awas recovered as intact amert-butyl ester
groups of3b were cleaved). Therefore, the formationdaf
and4b occurred not through bis(fulleroid) but directly from
5a-1 and5b-I, respectively (Figure 6). Although the 28 kcal/

\ ab
\ (+28.11)
Y A, hv, H*

3b
=0)

Figure 6. The proposed reaction coordinate for the isomerization
of 1b and their relative energies (kcal/mol) from AM1 calculations.

1220

mol stability of 3b to 4b (AM1) suggests the possibility of
the isomerization frordb to 3b, 3aand3b were not formed
from 4aand4b, respectively, under thermal, photochemical,
or acidic conditions.

In summary, we demonstrate that photoinduced rearrange-
ment of the cyclohexadiene derivative of;@ives not only
bis(fulleroid) but also bis(methano)fullerene. Unlike ful-
leroid-methanofullerene, the interconversion between bis-
(fulleroid) and bis(methano)fullerene does not occur. The
existence of the versatile unsymmetrical intermediate in the
photochemical rearrangement suggests that the rearrangement
occurs via a different pathway than the previously described
mechanism. The new mechanism is significant in substances
with bulky substrates. Further investigation of the mechanism
and transformation of ester groups are now in progress.
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