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Abstract. A series of 2,5-disubstituted fulleropyrrolidines have been prepared by
reaction of Cg with amino acids and aldehydes. The trams-d,l isomers could be
resolved using a chiral isocyanate to prepare diastereomeric urea derivatives. The
absolute configuration of the C,-symmetric frans isomers was assigned by correlation
of their CD spectra with our previously reported sector rule for chiral fullerene
monoderivatives. © 1998 Elsevier Science Ltd. All rights reserved.

Among the numerous methods for functionalizing fullerenes, 1,3-dipolar cycloadditions have been
extensively applied. In particular, the reaction of azomethme ylide with Cgp results in the formation of
heterocyclic derivatives called fulleropyrrolidines.! N-unsubstituted fulleropyrrolidines can be further
derivativitized at nitrogen to prov1dc new useful materials. We have recently reported new methodologies for
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preparmg such compounas from the reaction of L60 with 1 -alpmes derived from amino acids and

Aldahud Whila athe ha rte, 3
aldehydes.” While other groups have reported alternative routes to such compounds,” an advantage of our

approach is that a wide variety of 2,5-disubstituted fulleropyrrolidines can be easily prepared from readily
available starting materials (Equation 1). The 2,5-disubstituted fulleropyrrolidines are usually formed as
mixtures of cis and trans isomers. Yields and product ratios are collected in Table 1.
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RCHO + H,N—CH—COOH ———= (Ce ) NH + (Ce ) NH [1]
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In our initial report on this reac t.\,n, we proposed that the major isomer appeared te be the cis isomer,

based on known ylide stereoselectwlty The trans azomethine ylide (which leads to the cu product) is more
stable for steric reasons than the cis azomethine ylide (which leads to the trans product) After our paper
appeared another report questioned our structure a551gnment and suggested that the major isomer was the
trans isomer.” Our tentative structure assignment “ is now unequivocally confirmed by the series of
experiments described below.

The nucleophilicity of the nitrogen atom in a fulleropyrrolidine is less than that of a typical
pyrrolidinf:,6 and steric hindrance due to substltutlon at the 2 5-posmons also contributes to lower reactivity
of fulleropyrrolidines. Nonetheless, we have found that isocyanate derivatives react smoothly with many
fulleropyrrolidines to form urea derivatives.” Since chiral isocyanates are excellent resolving reagents and are

commercially available, we have used these materials for enantiomeric resolution of chiral fulleropyrrolidines.



Table 1. Product yields and Buckyclutcher HPLC retention data for Cis / Trans compounds from Equation 1

Entry R Yield® "H-NMR (2:1CS,/CDCls)
HPLC (R.T.)°
Trans / Cis
20% trans: 4.84-4.90 (g, J=6.59Hz, 1H), 1.30 (d, /=7 Hz, 6H)
i CH, 5.5/7.4 cis: 5.11-5.18 (g, /= 6.7%Hz, 1H), 2.08 (d, /=7 Hz, 61}
23% trans: 4.51-4.53 (d, J= 6.3Hz, 2H), 3.65-3.75 (m, 4H), 1.40-1.69 (m, 12H)
2 CH(CH,), 11.2° cis: 4.54-4.57 (d, J=6.24Hz, 2H), 3.41-3.53 (m, 4H), 1.40-1.69 (m, 12H)
trans: 4.92-4.94 (d, /=4 2Hz, 2H), 2.21-2.39 (m, 6H), 1.23-1.24 (d,
15% J=6.20Hz, 6H)
3 CH,CH(CHs), 13.8/20.2 cis: 4.97-4.99 (d, J=4.1Hz, 2H) 2.21-2.39 (m, 6H) 1.21-1.22 (d, /=6.23Hz,
6H)
4 Ph 35%"° cis: 8.06-8.02 (m, 4H), 7.51-7.35 (m, 6H), 6.04 (s, 2H)
trans: 7.66-7.10(m, IOH) 4.80 (dd, J;=3.1Hz, J;=10.5Hz, 2H), 3.93 (dd,
5 CH,Ph 28% Ji=3.1Hz, J;=13.5Hz, 2H), 3.38 (dd, /,=10.5Hz, J,=13.5Hz, 2H)
13.0/17.6 cis: 7.66-7.10 (m, 10H), 5.17 (dd, J,=3.6Hz, J,=10.8Hz, 2H), 3.74 (dd,
Ji=3.6Hz, J;,=13.4Hz, 2H) 3.54 (dd, J;=11.1Hz %=13.5Hz, 2H)

(a). Isolated vields. (b). Eluent: 1:1 toluene / hexane. (c). Only one peak is observed for both cis and trans isomers. (d). Only the cis
isomer was formed.
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Figure 1. Silica HPLC for diastereomeric urea mixture from cis/frans-2,5- dimethylfulleropyrrolidine and R-

(+)-(1-naphthyl)-ethyl-isocyanate.
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We illustrate the resolution using cis/trans-2,5-dimethylfulleropyrrolidines. Reaction of R-(+)-(1-
naphthyl)-ethyl isocyanate (Aldrich Chemical Co.) with an approximately 1:1 mixture of cis/trans-1,3-
dimethylfulleropyrrolidine (prepared by the reaction of Cey with acetaldehyde and alanine) gave a urea
product whose HPLC chromatogram shows three peaks for the expected cis (meso) and trans (d,l)-isomeric

ureas (rlgure 1. ) The first two peaKs COl’I‘GSpOl‘lG fo an equ1m01ar ratio of ureas from the irans ((1 I) 1somers

and tha third maals ~arragnands ta tha 11rea damvad fro tha Ao I‘r\ﬂnnn\ ionTnoar a ratin ~nf 1.1, .
aild tiie uuxu PYan COULLLOPUIIUDS LU LG Ulva Ubliiyou ll\llll LHIC L) (HIWDU ) 1DULRLIVL l 1 aldatlv vl 1.1.4, 1110 uuCC
peaks were collected and spectral data showed that each was a pure compound. Circular dichroism (CD)
spectra were obtained for all three diastereomers. There was no significant CD in the 350-500 nm range for

Peak 3 as expected for the cis (meso) compound. On the other hand, Peaks 1 and 2 (the trans (d,]) ureas)
showed almost mirror image CD’s (Figure 2) with significant (+) and (-) Cotton effects in the region of 430
nm (peak 1 has a positive Cotton effect at 430 nm and peak 2 hasa negative Cotton effect at 430 nm.). The
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fullerenes at a 6,6-double bond.®
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Figure 2. CD Spectra of R-(+)-(1-naphthyl)-ethyl-trans-2,5-dimethylfulleropyrrolidine urea derivatives
corespoinding to HPLC peaks 1 and 2 (cf. Figure 1.)

core at 6 6- bond The appended chiral group can perturb the fullerenc chromophore and lead to an 1nduud
CD effect, known as a Cotton effect. We have demonstrated the use of such effects for a priori determination
of absolute configuration of such adducts, and have proposed a sector rule for the assignment of the absolute
configuration of groups attached to the fullerene core (Figure 3A). © Thus, by examination of a sector
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projection of a fullerene compound, one can predict the absolute configuration of the compound based on the

jan nf tha (CAattan affacrt at A20) nm
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This sector rule was applied to the trans-2,5-dimethyl fulleropyrrolidine isomers. The absolute
configuration of the trans I isomer (Figure 2) was assigned as (R,R) and the frans Il isomer as (S,S).This

assignment is obtained by comparing the poqition of atoms in the appropriate sectors with t'ne structures of

FURS TR, Lotdmenn ot ~la anntnss ana Rigiiera 1D nnd fuame IT Frmathl tha tAm

trans 1 \mcmyi in the Lop left or bottom rignt \‘I‘) SCLLVUIS, dLC F igure onj ana ivans u \uicui_yi in the wp ugut
or bottom left (-) sectors). This sector rule analysis has been correlated with fullerene derivatives of known
absolute configuration, and is consistent with results obtained by other groups ® We expect that the use of the
fullerene sector rule for absolute configuration prediction will be a powerful tool in basic chiral chemistry

studies.
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Figure 3. A. Sector Rule for Cgy Derivatives, The vertical axis i

Irav

N

wn through the 6.6 bond. Locatio
atoms in (+) or (-) sectors defines the sign of the Cotton effect at 430 nm, which can be used to determine the
absolute configuration of attached groups. B. Computed model of 2.5-dimethylfulleropyrrolidine isomers R, R-

trans-1 and S,S-1rrans-11. The urea group has been removed for clarity
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