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Ru(bpy),z+-Mediated Addition of Se-Phenyl p-To~ueneselenosulfonate 
to Electron Rich Olefins 

Derek H. R. Barton,* Maria A. Csiba, and Joseph Cs. Jaazberenyi 

The addition of various pheuylselenenyl compounds to unsaturated systems is a well-documented 

reaction in synthetic organic chemistry. t2 Thesereactionscanbebothionicand~~processes~because 

of their usefulness, have received much-deserved interest recently.3 It has been established that Se-phenyl 

anmeselenosulfonates add to various olefins in Lewis acid catalyxed ionic, as weli as tMmaRy initiated radical 

reactions.3t4 The two reactions have opposite regiochemical outcome, allowing, after oxidation and syn- 

elimiuation, the synthesis of the two possible substituti olefin regioisom.56 

We envisioned, that cat&tic amounts of ~s(2~‘-~~~c~~~~7 could initiate this additiou 

reaction upon photolysis, This would then also allow the use of this Nap complex with visible light for 

various other radical reactions. The catalyst, Ru(bpy)32+ is known to act as an electron transfer agent iu its 

photochemically excited, fit triplet charge transfer state. 89 Consequently, we assumed. that this system 

could be used as a SET initiator iu the attempted addition reaction between Se-phenyl selenosulfonates and 

various unsaturated compounds, in&ding vinyl-ether type electron rich olefms. This would also allow other 

a~~c~o~ of the Ru~y~z+~~b~ light system as an initiator in radical chemistry. 

Visible light photolysis with a 1 million candlepower xenon lamp19 of Se-phenyl p- 

tolueneselenosulfonate~t l(1 equiv.) with 10 equivalents of an electrondeficient olefm, methyl acrylate 2 

without the ruthenium catalyst gave mainly the polymer with the formation of some addition product. The same 

experiment, in the presence of a relatively large amount (10%) of Ru@py)32+ gave a much cleaner mactioo 

mixture and the yield of the adduet 3 was 84% (Sebeme I). 
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The use of ekctron-rich olefins of vinyl ether type 4, gave a high yklding addition rcBction of Saphenyl 

~~l~~~ny~lcnos~ona~ in a range of Ru&py)32+ concentrations (0.Z 10 %). The xeaction fumkhed 

selenoethem 5 in (SO)-90-9596 yield (*H NMR)t2 (Table 1).13 

Table 1 Synthesis of seknoethers Sa-e from vinyl ethers 4ae. 

Product 
R 

Yielda IR @Ii’) 13c W&2 (5, ppm) 
5 (%> (film) (ca>a,> 

Sa ethyl 

Sb n-butyl 

90 CWb 1580 1450 
1340 1150 

92 1602 1472 
1330 1150 

SC i-butyl 93 

Sd= (CH2)2 90 

Sed Me’ 80 

1600 146s 
1340 1137 

15% 1423 
1310 1144 

n.a.f 

145.0. 137.8, 136.5, 129.7 129.0, 128.5, 
126.5. 78.9, 66.0, 64.2, 22.1, 14.6 

144.5. 137.1, 136.0, 129.6, 129.2, 128.5, 
127.9, 126.3, 78.5, 70.0, 63.5, 30.8, 21.5, 
19.1, 13.8 

144.9, 137.8, 136.5, 130.1, 129.7, 129.0, 
128.4, 126.0, 79.2, 77.5, 64.1, 28.4, 
22.0, 19.8, 19.7. 

145.3, 134.9, 130.2, 129.2, 128.7, 128.3, 
82.3, 70.9, 67.6, 26.2, 21.8 

144.1, 136.4, 129.4, 129.1, 128.7, 128.1 
128.1, 88.3, 66.8, 51.9, 24.4, 21.7 

‘Determined by 1H NMR. 9solated. 
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The proposed mechanism of the naction is shown on Scheme Ii. 
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Tke regiochemistry of the addition reaction c&u be proven by chemical methods and also by NMR 

techniques. Thus, adduct Sa was oxidized to the corresponding selenoxide 9a with m-chloropcroxybenzoic 

acid in methylene chloride at -3CPC or at -7tFC. The selenoxide, thus formed, underwent syn-climination upon 

warm-up in the presence of isopropylamine and the 1 ,Zdisubstituted tram olefin 1Oa was isolated by flash 
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column chromatography on silica (ethyl 1IcfEBtt: hexanes = 1:4)in 768O%yield(SehemeIII). The3J= 12.3 

Hz coupling constant between the olefinic protons is characteristic and excludes the possibility of the other 

regioisomer selenoether. 13C NMR mcasurcm~ts also reveal Sarelated sateRites of a C-H carbon, indicating 

again that the regioisotnu &tained in the addition is of type 5. This rcgiochemistry was obscwd in the radical 
&lo-phenylselenenylation of vinyl ether type compounds and glycals.l4*l3 

Scbenre III 

Sa 

We have studied the influence of reaction temperatnre on the yield of the isobutyl compound 5c. Thus. 

0.1 mmole of Se-phenyl ptolueneselenosulfonate 1 and 10 mmole of isobutyl vinyl ether 4c were dissolved 

with 0.5 mol % Ru(bpy)jCl2 in 4 ml of degassed acetonitrile. The solution was irradiated with a 1 million 

candlepower xenon lamp for 10 min. and the solvent was removed in vacuum. The yield, determined by tH 

NMRwas95%atooC,decrtased slightly to 85% at XPC. When the reaction was carried out at XPC, 82% 

of Sc was measured. 

The effect of the ratio of the two reagents was also studied. Thus. when the olefm 4e was used in a 

tenfold excess, the yield of SC was 95%. When the reaction was carried out with 1 equivalent olefin at - 

RPC, the yield was somwhat lower (83%). 

We have studied the effect of other rnthenium complexes on this selenosulfonation reaction. 

Ru(CO)3Clz behaved similarly giving 86% of SC from 4c. Ru(PPh)gCl3 furnished the desired adduct 5c too, 

but a lot of the olefin 4c was polymerixed in this reaction. 

It is known. that glycals undergo free-radical addition reaction of phenylselenenyl axidel3 that result in 

the fomwion of 2-azido-Zdeoxy-l-selenoglycosides 11. Selenoglycosides are useful as glycosyl donors in 

various glycosylation reactions. Cousequently we have attempted to react 3,4,6-Pi-0-ace@-D-glucal I2 with 

Se-phenyl selenotosylate 1 (Scheme IV). 
Scheme IV 
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However, our system with a catalytic amount of Ru(bpyhCl3 aud visible light photolysis failed to give the 

corresponding phenylselenyl derivative 13 from glucal. It remained unchanga or only the decomposition of 



the glucall.2 was observed. This is an indication that the ptoluenesulfonyl mdical7 did not react with 12. 

Isolation of dlphenyl disclenidc from the 4n to sll reaction mizturc allows us to estimate the length of the 

radical chains. Assuming that the Rum is reduced back to Ru= by PhSc- and that all the phcnylselenyl radicals 

ate dim&cd to (PhSc)z then the amount of diphenyl disckni& indica&s that the radical chain length is about 50 

in this case. The proposed rrx&anism and the scope and limitations of this reaction is under further study. 
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