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Abstract: C60 reacted with DL-valine and 4, 4, 5, 5-tetramethylimidazofidine-2-thione m a new 
reaction to give a new C60 spiro-emnpmmd 3 which was characterized by FT-IR, NMR, and 
FD-mass spectra. The possible reaction mechanism was put forward. 
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The fascinating structures and properties of fullerenes have opened a new field of chemist~. In the past 

studies in this area, both experimental and theoretical results indicated the electron-deficient character of 

fuUerenes l, such as nucleophilic addition 2, radical addition 3, eycloaddition including [ 4 + 2 ] eycloaddition 4 

[ 3 + 2 ] 1,3 - dipolar cycloaddition 5, [ 2 + 2 ] cycloaddition 6, [ 1 + 2 ] cycloaddition 7 e~ al. In the methods 

for [60]fullerene functionaliTation, the [ 3 + 2 ] 1,3- dipolar eycloaddition was of  special significance. Recently, 

we have studied some 1,3- dipolar cycloaddition reactions of  C60 and azomethine ylide which can be generated 

in situ from the reaction of  ct -aminoacid with aldehyde or ketonea to yield pyrrolidino[60]fullerene. We also 

tried to establish a new synthesis route that [60]fullerene reacted with azome~hine ylide generated from thione 

I and ~x - aminoacid through 1,3- dipolar cycloaddition to form a novel closed [ 6, 6 ] pyrrolidino[60]fuilerene 

( compound 2 ) which can be oxidized to a stable binitroxide possibly possessing special physical properties. 

However, the result of  experiment showed that the product was not our expected compound 2. According to 

the results of  characterization, it was compound 3 ( Scheme 1 ). Here we report the interesting results of  the 

experiment and characterization. 
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Scheme 1 

A mixture of  C60, DL-valine and 4, 4, 5, 5-tetramethylimidazolidine-2-thione 1 9 ( I " 2 :5  molar equiv ) in 

dry chlorobenzene was stirred and refluxed under nitrogen for 20 h. After being quenched, the reaction mixture 

was concentrated in vacuo. The compound 3 was isolated by common column chromatography on silica gel 

using a mixture of  petroleum ether and toluene ( v/v 1 • 3, R f =  0.50 ) as eluent, yield 34.9 %, ( based on 

converted C60 ). 

The FD=mass spectrum shows a peak at 847 ( relative intensity, 100 %, M + for C67HI4N2 ) with the peak 

for [60]fullerene at 721 ( relative intensity 82 % ) which loses the fragment of  C7HI4N2. In the FT=IR spectrum 

( KBr pellet ) 10, there are four bands at 1428.0, 1183.5, 574.3 and 527.4 cm=l corresponding to vibration of 

[60]fullerene skeleton, and the 3271.2 cm-I suggests the presence of  N- H bond. 

The NMR spectra 11 give more information of structural feature of  compound 3. The ~3C-NMR spectrum 

exhibits 33 signals, of  which 27 signals correspond to the [60]fullerene framework [ 4 x 1 C, 20 x 2 C, 1 x 4 C, 

2 x 6 C ]. The chemical shitt of  two tertiary-carbons ofimidazolidine is at 8 78.94, and the spiro- carbon atom 

is located at ~ 79.70. The resonance of  two sp 3 hybridized carbon atoms in a closed [ 6, 6 ] fullerene 

derivative is not observed; however, we note that the ~3C-NMR spectrum exhibits exactly the required number 

of lines ( with the correct intensities ), the structure of  the compound 3 is proved to be an open [ 5, 6 ] adduct 

12. The other three signals with one signal unresolved are carbon atoms of four methyl groups, this reveals that 

the four methyl groups of  imidazolidine are not equivalent, which is also demonstrated by the IH- NMR 

spectrum. 

The possible mechanism of  the reaction of  C60 with compound 1 and ct - aminoacid to give compound 3 

is outlined as following ( Scheme 2 ): the nucleophilic amino group of  ct .  aminoacid first attacks the carbon 

atom ofthiocarbonyl group to form 4. The acid-base reaction or acid-base equilibrium occurs among 4 - 7. 6 

or 7 first loses CO2 and H2S then breaks one of  the C-N bonds to form carbene 8, finally 8 and C6o 

undergo [ 1 + 2 ] cycloaddition to afford 3. In our experiment, we find that the reaction does not occur when 

C60 reacts with compound 1 in the absence of a - aminoacid. 

In summary, we have synthesized a new C60 derivative by a novel way, and its structure has been 

confirmed by 'H-NMR, '3C-NMR, FT-IR and MS spectra. The investigating of  the reactions is under progress 

in detail. 



6615 

1 

nucleophilic 
addition 

HN NH 
N ~  NI'I2-- CH- CH(CH3)2 

S e  CO2H 

FIN. Nit  

SH CO2H 

5 

tL 
3-4 

HN. NH 
~NH~CH--CNCH3h 
(!_'7_ 

SH 2 C=O 
• ~..Q] ® 

Scheme 2 

H N ~ N H  

SH C02 e 

~ ' ~ / N H  
(cart,'ene) + HN: CH--CH(CH3)2 

8 

~ C6o 

3 

Acknowledgment: the work was supported by NSFC and Chinese Academy of Sciences for the financial 

support of the research. The authors were grateful to Prof. H. Z. Xiao, and S. L. Hong of Beijing institute of 

Microchemistry for the measurements of FD- MS and ~ spectra, respectively. 

References and notes: 

1. ( a ) Taylor, R., Walton, D. R. M. Nature, 1993, 363, 685. ( b ) Hirsch, A. Angew. Chem., Int. Fad. Engl, 

1993, 32, 118. 

2. (a)  Hirsch, A., Grosset, T., Skiebe, A., Sol, A. Chem. Bet, 1993, 126, 1061. ( b ) Bingel, C. Chem. Ber, 

1993, 126, 1957. ( c ) Keshnvarz-K, M., Knight, B., Srdanov, G., Wudl, F. ,Z. Am. Chem. Soc, 1995, 117, 

11371. ( d ) H_h'sch, A., Lamparth, i., Karfunkel, H. R. Angew. Chem. 1994, 106, 453.; ibid Int. Ed Engl. 

1994, 33, 437. ( e ) Bestmann, H. J., Hadawi, D., Roder, T., Mpll, C. Tetrahedt'on Lett, 1994, 9017. ( f )  

Wang, Y. H., Cao, J. R., Schuster, D., Wilson, S. R. TetrahedronLett. 1995, 6843. 

3. ( a ) Krusic, P. J., Wasserman, E., Kciser, P. N., Morton, J. R., Preston, K. F. Science. 1991, 254, 1183. 



6616 

( b ) Loy, D. A., Assirk, R. A. J. Am. Chem. Soc. 1992, 114, 3957. ( c ) McEwen, L. N., McKay, R. G., 

Larsen, B. S. J. Am. Chem. Soc. 1992, 114, 4412. 

4. ( a ) Tsuda, M., Ishida, T., Nogami, T., Kurono, S., Ohaski, H. J. J. Chem. Soc., Chem. Commun. 1993, 

1296. ( b ) Prato, M., Suzuki, T., Foroudian, M., Li, Q., Khemani, K., Wudl, F., Leonetti, J., Little, R. D., 

White, T., Riekbom, B., Yamago, S., Nakamura, E. J. Am. Chen. Soc. 1993, 115, 1594. ( c ) Rubirt, Y., 

Khan, S., Freedberg, D. I., Yeretzian, C.J. Am. Chem. Soc. 1993, 115, 344. 

5. ( a ) Suzuki, T., Li, Q., Khemani, K. C., Wudl, F., Almarsson, O. Science. 1992, 254, 1186, ( b ) Ski, S., 

Khemani, K. C., Li, Q., Wudl, F. d. Am. Chem. Soc. 1992, 114, 10656. ( c ) Maggini, M., Seorrano, G., 

Prato, M. J. Am. Chem. Soc. 1993, 115, 9798. ( d ) Meier, M. S., Poplawska, M. J.. Org. Chem. 1993, 58, 

4524. ( e ) I-lan, H. X., Li, Y. U, Li, Y. F., Han, M. Y., Wu, Z., Mo, Y. M., Bai, F. L., Zhu, D. B. Chin. 

Chem. Lett., 1995, 6, 201. 

6. ( a ) Hoke U, S. H., Molstad, J., Dilattato, D., Jay, M. J., Carlson, D., Kahr. B., Cooks, R. G. J. Org. 

Chem. 1992, 57, 5069. ( b ) Zhang, X., Romero, A~, Foote, C. S. J. Am. Chem. Soc. 1993, 115, 11024. 

7. ( a ) Akasakeq T.• And•• w.• K•bayaski• K.• Nag•se• S. J. Am. Chem. S•c. •993• • •5• •6•5. ( b ) Banks• 

M. IL, Cadogan, J. I. G., Gosney, I., Modgson, P. K. G., Langridge-Smith, P. R. R., Banks, D. W. M. J. 

Chem. Soc.; Chem. Commun. 1994, 1365. ( c ) Banks, M. R., Cadogan, J. I. G., Gosney, I., Hodgson, P. 

K. G., Langridge-Smith, P. R. R., Miller, J. R. A., Taylor, A. T. Tetrahedron Lett. 1994, 9067. 

8. ( a ) Li, Y. L., Xu, J. H., Zheng, D. G., Yang, J. K., Zhu, D. B. Solid State Communications. 1997, 102, 

123-128. ( b ) Li, Y. L.; Mao, Z.; Xu, J. H.; Yang, J. K.; Guo, Z. X.; Zhu, D, B. Chemical Physics Letters, 

1997, 256, 361. 

9. Sayer, R. J. Am. Chem. Soc. 1955, 77, 6689. 

10. FT-IR spectrum of compound 3 ( KBr, pellet ) 3271.2, 2953.9, 2923.12, 1462,7, 1428.0, 1390.4, 1183.5, 

1023.4, 864.0, 824.5, 781.8, 574.3, 527.4 cm-l. 

11. The NMR spectra of the compound 3: a3C-NMR ( 125 MHz, CS2/CDCI3 ) 5 128.11 ( 2 C ), 128.63 ( 2 

C), 135.25 (2  C),  136.31 ( 2 C ) ,  139.49 (2  C),  139.56 (2  C), 141.51 ( 2 C ) ,  141.70 (2  C),  141.99 

( 2  C ), 142.11 ( 2 C ), 142.44 ( 2 C ), 142.56 ( 4 C ), 142.90 ( 1 C ), 143.20 ( 1 C ), 144.12 ( 2 C ), 

144.38 ( 2 C ) ,  145.01 ( 6 C ) ,  145.12 (2  C), 145.36( 1 C), 145.57( 1 C), 146.76 (6  C), 146.00 (2 C), 

146.08 ( 2 C ), 146.55 ( 2 C ), 146.75 ( 2 C ), 153.52 ( 2 C ), 155.08 ( 2 C ), 78.94 ( 2 C, two tertiary- 

carbons ofimidazolidine ), 79.70 ( 1 C,  spiro- carbon ), 29.83 ( 1 C ), 29.62 ( 1 C ), 23.74 ( 1 C ), 19.53 

( 1C ). The 1H- NMR speetnun ( 500 MHz, CS2/CDCI3 ) 5 2.94 ( s, br, 2 H) ,  1.43 ( m, J = 6 Hz, 6 H, 2 

CI-Ia ), 1.56 (s, 3 I-I, CH3), 1.57 (s, 3 H, CH3). 

12. Ishida, T.; Skinozuka, K.; Nogami, T.; Kabota, M.; Ohashi, M. Tetrahedron, 1996, 52, 5103. 

(Received in China 4 April 1997; revised 5 May 1997; accepted 23 June 1997) 


