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Abstract: Singlet oxygenation of 1,1,2,2-tetramesityl-1,2-disilirane la afforded the corresponding cyclic peroxide 
3a . Trapping experiments and theoretical studies of the initially formed peroxidic intermediate were also carried 
out. Peroxonium ion type intermediate is required to rationalize the results. 

Much attention has been drawn to the reaction of organosilicon compounds with molecular oxygen. West et al. 

reported that the silicon-silicon x-bonds react readily with molecular oxygen to give 1,3-cyclodisiloxanes and 

oxadisiliranes with unusual structures .1 It has been postulated that they arise from a primary intermediate such as 

perepoxide. Meanwhile, stmined silicon-silicon u-bonds are also known to be oxidized exothermically with 

molecular oxygen to afford disiloxanes as monooxygenated products.2 In spite of significance of aerobic 

oxygenation of organosilicon compounds, few mechanistic investigations have been carried out.3 Our interest in the 

reaction of singlet oxygen (‘O-J4 has led us to initiate studies of the photooxygenation of organosilicon compounds. 

‘0, undergoes three classes of reactions with various electron-rich olefins, namely [2+2] and [2+4] cycloaddition 

and the ene reaction, yielding 1,2-dioxetanes, endoperoxides and allylhydroperoxides respectively.5 However, C-C 

and C-H bonds are usually inert toward 102_ To the best of our knowledge there are only a few examples.indiating 

the cleavage of o-bonds by 10 2.6 We now report the results on the photooxygenation of 

1,1,2,2-tetramesityl- 1,2-disilirane 1 a7 demonstrating the first example of efficient insertion of dioxygen into a 

silicon-silicon o-bond.(Scheme 1.) Also described is the evidence for the intermediacy of peroxonium ion 2. 

Photooxygenation of la (1.1x10-2M) was carried out in dry benzene with tetraphenylporphine (TPP) (1 .0x1R4) 

a~ sensitizer. Irradiation df the solution with bubbling oxygen by use of two 5OOW halogen lamps at 15°C led to a 

rapid consumption of la, monitored by IXPLC. Recrystallization of the reaction residue from tetrahydrofuran gave 

cyclic peroxide 3a in 52% yield (92% yield by HPLCf.8 Interestingly, treatment of 3a with silica-gel afforded 

Scheme 1. 

A ‘02 A 
RzSi -SiFi2 

_ RPSi SiR2 

i 1 

R Si*SiR -2 2 

‘o/+ 
\ 
O-d 

Q; R = mesityl ii- 2 3 
Ib;R=H 

6705 





6707 

and Sa completely. Since it is well documented that the sulfoxides are good trapping reagent for the nucleophilic 

peroxide intermediates such as perepoxide,*g persulfoxide2O and carbonyl oxide,21 our results are fairly rationalized 

by assuming the existence of peroxonium ion22 intermediate 2a and subsequent nucleophilic oxygen atom tmnsfer 

from 2a to the sulfoxides. On the contrary, 5a was not formed at all when diphenyl sulfide was used as an 

electrophilic oxygen-atom acceptor. These findings on the reaction of 102 with 1 a are similar to those of Schaap,19 

who reported the trapping of a pereoxide with a sulfoxide. 

Scheme 3- 
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Parallel theoretical studies of products of the reaction of lb ,with IO2 offer a basis for the possible structure of the 

intermediate 2b.23 The optimized structure of 2b at the l/E/6-3 1G’ level is shown in Figure 2. The most stable 

conformation has Cs symmetry with the pendant oxygen bending out of the molecular plane. The characteristic 

feature in 2b is the long O-O bond (1.5X2&. The addition of 10, to lb was 75.7kcal/mol exothermic at the 

MP4SDTQ/6-3 lG*/HF/6-31G’ level .24 3b was 56.6kcaVmol more stable than the intermediate 2b. We may 

therefore conclude that ‘0, attacks on the center of the silicon-silicon bond to form 2b, which subsequently cyclizes 

to 3b. The extension of the mechanistic principle on this interesting system is in progress. 

Figure 2. HF/6-3lG’ optimized geometry of 2b 
in A and degrees (net charges are in parentheses). 

Acknowledgmentr Calculations were tied out at the Computer Center of the Institute of Molecular Science. This 

work was supported in part by a grant from the Ministry of Education, Science and Culture in Japan. 

References and Notes 

1. (a) M. J. Fink, K. J. Hailer, R. West, J. Michl, I. Am. Chem. Sot. 106, 822 (1984). (b) M. J. Michalayk, R. 
West, J. Michl, I. Chem . Sot., Chem. Commun 1525 (1984). (c) H. B. Yokelson, A. J. Millevolte, B. R. 
Adams, R. West, I. Am. Chem. Sot. 109,4116 (1987). (d) H. B. Y o e son, A. J. Millevolte, G. R. Gillette, k 1 
R. West, ibid. 109, 6865 (1987). (e) S. M asamune, Y. Eriyama, T. Rawase, Angew. Chem. Int. Ed. Engl. 
26, 584 (1987). (r) H. Watanabe, K. Takeuchi, K. Nakajima, Y. Nagai, M. Goto,Chem. Lett, 1343 (1988). 

2. (a) E. Cat-berry, R. West, I. Organometal. Chem. 6,582 (1966). (b) M. Ishikawa, M. Kumada, /. Chem. Sot., 
Chem. Commun. 612 (1970). (c) K. T amao, M. Kumada, M. Ishikawa, L Organometal. Chem. 31, 17 (1971). 



6708 

(d) W. H. Atwell, J. G. Uhlmann, ibid., 52, C21 (1973). (e) H. Sakutai, T. Kobayashi, Y. Nakadaira, ibid., 
‘162, c43 (1978). 
(a) R. West, M. J. Fink, J. Michl, Science (Washington R. C.)214, 1343 (1981). (b) G. Raabe, J. Michl, 
Chem. Rev. 85,419 (1985). (c) R. West, Anger. Chem. Int. Ed. Engi. 26, 1201 (1987). 
(a) T. Akasaka, W. Ando, J. Am. Chem. Sot. 109, 1260 (1987). (b) T. Akasaka, M. Kako. H. Sonobe, W. 
Ando, ibid., 1 lQ, 494 (1988). 
(a) “Sjnghzt Omgezi’ H. H. Wasserman and R. W. Murray, Eds. Academic Press, New York, 1979. (b) 
“.%&et 0; A. A. Frimer, Ed. CRC: Boca Raton, Florida, 1985. 
(a) V. Bhat, M. V. George, Tetrahedron Lett., 4133 (1977). (b) S. Ito, H. Takeshita, M. Hirama, Y.Fukuzawa, 
ibid., 9 (1972). (c) T. Kobayashi, M. Kodama,S.Ito,jbid., 655 (1975). (d) R. H. Rynbmndt, F. E. Dutton, /. 
Org, Chem. 40, 3079 (1975). 

7. la was prepared by the literature method.; S. Masamune, S. Mutakami, H. Tobita, J. Am. Chem. Sot. 105, 
7776 (1983). 

8. 3a: mp 133-135”; tH-NMR(CDC13 6 6.68(s, 8H), 2.28(s,24H), 2.18(s,12H), 1.84(s,2H); 1%NMR(CDC1,) 
6 144.05(s), 139.45(s), 131.00(s), 129.10(d), 23.40(q), 21.02(q), 14.30(t); %i-NlMR(CDCls) 6 9.60; IR 
(KBr) 1070, 1030 cm-t; MS m/e 578&f+). Anal, Calcd for C,,H,602Si,; C, 76.76; H, 8.01. Found: C, 
76.75; H, 8.06. 

9. 4a: mp 155-156°C; IH-NMR (CDCl,) 6 6.80(s, 2H), 6.66(s, 2H), 6.60(s, 2H), 6.53(s, 2H), 2.60(s, 6H), 
2.30(s, 6H), 2.26(s, 3H), 2.24(s, 3H), 2.182(s, 3H), 2.179(s,3H), 2.16(s, 6H), 2.05(s, 6H), 1.6I(dd, 2H, 

J=16Hz); ‘sC-NMR(CDCls) 6 148.37(s), 144.15(s), 143.90(s), 143.83(s), 140.15(s), 139.33(s), 139.07(s), 
132.00(s), 131.01(s), 130.93(s), 129.14(s), 128.70 (d), 128.53(d), 128.52(d), 128.49(s), 128.48(d), 23.29 
(q), 22.75(q), 22.70(q), 21.22(q), 21.06(q), 20.97(q), 20.49(q), 17.50(t), 17.32(q); 29Si-NMR(CDC1$6 
4.05, -15.50; IR(KBr) 1075, 1025 cm-t; MS m/e 578 (M+). Anal. Calcd for C37Hd602Si2: C, 76.76; H, 8.01. 
Found: C, 76.68; H, 8.10. 

10. Full details of the X-my analysis will be published elsewhere. 
11. 5a: mp 158-161”; ‘H-NMR(CDCl,) 6 6.69(s, 8H), 2.29(s, 24H), 2.22(s, 12H), 1.95(s, 2H); 1%NMR 

(CDCI,) 6 143.72(s), 139.01(s), 132.36(s), 128.77(d), 22.86(q), 21.40(t), 21.07(q); 29Si-NMR(CDCl3 F 
4.05; IR(CC1 ) 1040, 1020 cm-t; MS me 562(M+). Anal. Calcd for C,,H,bOSis C, 78.94; H, 8.24. Found: C, 
78.69; H, 8.3%. 

12. 6a: mp 195-197”; tH-NMR(CDC13 6 6.60(s, 8H), 2.63(s, 2H), 2.28(s, 24H), 2.21(s, 12H), 1.51(s, 2H); 
t3C-NMR(CDC1,) 6 143.45(s), 138.85(s), 138.08(s), 129.59(s), 23.89(q), 20.91(q), 13.98(t); 29%NMR 
(CDCl ) b -2.74; IR(CClS 3500, 1030 cm 
8.33. Jound: C, 76.27; H, 8.42. 

i; MS r&e 580(M+). Anal. Calcd for C,,H,,O&: C, 76.50; H, 

13. C. S. Foote, E. R. Peterson, K. -W. Lee, /. Am. Chem. Sot. 94, 1032 (1972). 
14. G. A. Russel, I. Am. Chem. Sot. 78, 1047 (1956). 
15. J. E&set-t, C. S. Foote, J. Am. Chem. Sot. 102,6083 (1980). 
16. H. H. Wasserman, D. Larsen, L Cbem. Sot., Gem. Commun. 253 (1972). 
17. R. W. Murray, M. L. Kaplan, L Am.Chem.Soc. 91, 5358 (1969). 
18. (a) Y. F. Traven, R. West, J Am. Chem. Sot. 95, 6824 (1973). (b) H. Sakurai, M. Kira, T. Uchida, ibid., 

95, 6826 (1973). (c)H. Sakurai, Y. Kamiyama, ibid., 96, 6192 (1974). 
19. A. P. Schaap, S. G. Recher, G. R. Falker, S. R. Villasmor, 1 Am. Chem. Sot. 105, 1691(1983). 
20. (a) C. -L. Gu, C. S. Foote, M. L. I&her, I. Am. Chem. Sot. 103, 5949 (1981). (b) Y. Sawaki, Y. Ogata, I: 

Am. Chem. Sac. 103, 5947 (1981). (c)J. -J. Liang, C. -L. Gu, M. L. Kacher, C. S. Foote, ibid., JQ5,4717 
(1983). 

21. (a) W. Adam, W. Hass, G. 5. Sieker, J. Am. Chem. Sot. 106, 5020 (1984). (b) Y. Sawaki, H. Kate, Y. 
Ogata, ibid.JQ3, 3832 (1981). (c)W. Ando, T. Akasaka, R. Sato, H. Sonobe,Tetmhedron Leti. 24 853 
(1984). (d) T. Akasaka, R. Sato, Y. Miyama, W. Ando, ibid., 26, 843 (1985). 

22. (a) A. J. Bloodworth, T. Melvin, J. C. Michell, 1. Org. Chem. 51, 2613 (1986). (b) A. J. Bloodworth, T. 
Melvin, J. C. Michell, Jibid., 53, 1082 (1988). 

23. The program used is GAUSSIAN 82 developed by Binkley et al.: J. S. Binkley, M. J. Frisch, D. J. DeFrees, 
K. Rahgavachari,R. A. Whiteside, H. B. Schlegel, E. M. Fluder, I. A. Pople, Department of Chemistry, 
Carnegie-Mellon University, Pittsburgh, PA. 

24. 6-3lG*: M. M. Francl, W. J. Pietro, W, J. Hehre, J. S. Binkley, M. S. Gordon, D. J. DeFrees, 5. A. Pople, I. 
Chem. Whys. 77,3654 (1982). MP4SDTQ: R. Kri s h nan, M. J. Frish, M. J. Pople, ibid., 72,4244 (1980). 

(Received in Japan 17 July 1989) 


