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Table 

Substituents on Yieldd 

Entry Catalyst Olefin Pyridine Ring Epoxide* Pyridine’ 

1 RuTMP(O)z styrene none trace’ n.d.s 

2 2-monoMe 26% n.d. 

3 2-monoCI 94% i 00% 

4 2,6=diMe 95% n.d. 

5 2,4,6=triMe 93% 95% 

6 2,6=diBr 98% 100% 

7 2,6-diCI 100% 95% 

8 p-chlorostyrene 2.6=diMe 99%’ 88%’ 

9a 2,4,6=triMe 99%’ n.d. 

10 pphenylstyrene 2,4,6=triMe 87%i n.d. 

11a cis-stilbene 2,4,6=triMe 98%ivj n.d. 

12 trans-stilbene 2,6=diCI 7%k rd. 

13b I-carvone 2,6=diCI 7O%‘J n.d. 

14C RuTz,ediFPP(0)2 styrene none trace n.d. 

15c 2=monoCI 84% 100% 

16C 2,4,6=triMe 14% 27% 

17c 2,6=diBr 100% 100% 

1 8c 2,6=diCI 94% 97% 

19 RuTMP(C0) styrene 2,6=diCI 99% 93% 

20c RuT2,6diFPP(CO) 72% 80% 

2 1 RuTPP(C0) 26% 55% 

22 Ru(PPh3)3C12 0% 0% 

23 Ru(PPh3)&12 0% 0% 

24 FeTMPCl 0% 0% 
25 MnTPPCl 0% 0% 
26c MnTz,ediFPPCI 0% 0% 
27 CoTPP 0% 0% 
28 MoTMP(O)(OH) 0% 0% 

These reactions were carried out in benzene at 3O’C under Ar ( Iolefin]=l70mM, [pyridine N-oxide]-180mM, 
[catalyst]=1 mM ). a) [catalyst]=O.SmM b) [catalyst)=ZmM c) Carried out in dichloromethane. d) Detected by 
G.L.C. e) Based on olefins. f) Based on pyridine N-oxides. Q) Not determined. h) Overnight i) Isolated yield. j) 
cis-Epoxide. k) trans-Epoxide I) Only the terminal c&fin was epoxidized. 
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difference in reactivity and the stereoselectivity of the epoxidation resemble those of the 

iron porphyrin oxenoid K cation radical@. Therefore these results suggest that the 

reactive intermediate of “Ru porphyrin - 2,6-disubstituted pyridine N-oxides system” is a 

metal-ox0 complex. 

Only a terminal olefin of I-carvone was epoxidized and the a&unsaturated ketone group 

was unaffected under the conditions of entry 13. 
2,6-Disubstituted pyridine N-oxides7) are readily available, and safe to handle, and the 

pyridines formed can be easily removed, Ruthenium porphyrins can be prepared easily, can 
be stored for months with almost no decomposition, and are only needed in small amounts. 
The present reagent system offers the advantages of high chemo-selectivity, mild conditions 
and simple handling procedures. Our system is thought to be the most efficient one among 

the epoxidation systems reported using Ru porphyrins@t9). 
A plausible explanation for the mechanism of our system is as follows : Ru(VI)TMP(O)2 

epoxidizes olefin to afford Ru(IV)TMP(O), and the Ru(II)TMP, which is formed by 

disproportionation of Ru(IV)TMP(O) as postulated by Groves et al. in their aerobic 
epoxidation%, is oxygenated by pyridine N-oxides to be converted to Ru(IV)TMP(O), 
followed by reformation of Ru(VI)TMP(O)z. Further investigation on the mechanistic 
details is in progress in our laboratory. 
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