
204 J.C.S. CHEM. COMM., 1977 

Activation and Transfer of Oxygen Atom from Dioxygen-Metal Complexes. 
Epoxidation of Olefins Induced by Electrophiles 

By MICHAEL J. Y .  CHEN and JAY K. KOCHI* 
(Chemistry Defiartment, Indiana University, Bloomington, Indiana 47401) 

Summary Oxygen transfer from dioxygenbis(tripheny1- 
phosphine) platinum to form cyclohexene and norbornene 
oxides from olefins is induced by acid halides under mild 
conditions. 

DIOXYGEN-METAL complexes are potentially viable inter- 
mediates for the direct activation of molecular oxygen, 
particularly with regard to the desired catalytic epoxidation 
of olefins.1 However, despite the large number and struc- 
tural varieties of dioxygen-metal complexes,2 there are no 

unambiguous examples reported in which an oxygen atom 
is transferred to an unactivated o1efin.T We have sur- 
mised that such a transfer may be promoted by electro- 
philes, and report the effect of acyl halides on the otherwise 
stable dioxygen complex [ (Ph3P),PtO2l2e3 as a prototype 
for such an electrophilic activation. 

Dioxygenbis (triphenylphosphine) platinum (I) [31P n. m .r. : 
8 14-68 (s, Jpt-p 4030 Hz) p.p.m.1 reacts instantaneously at  
-78 "C with 1 mol of benzoyl chloride in methylene 
chloride solution to afford cis-chloroperoxybenzoatobis- 

p PeroxomoIybdenum(v1) (H. Mimoun, I. Seree de Roch, and L. Sajus, Tetrahedron, 1970, 26, 37) and related species are not con- 
For reactions with activated olefins see: R. A. Sheldon and J. A. Van Doorn, J .  Organometallic sidered in this context (see ref. 1). 

Chem., 1975, 94, 115. 
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TABLE. Epoxidation of olefins by [L,PtO,J complexes induced by acid halides" 
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RCOCl 
R (10 mmol) Solvent Olefinb mmol Epoxidel %C 

[L,PtO,l 
L (10 mmol) 

NB (12.4) 0 
NB (12.4) 48 Ph,P (1-35) Ph (1.37) 

Ph3P (1-28)d Ph (1.29) CH,CI, NB (15.4) 50 
NB (13.9) 50 
NB (13.8) 41 
NB (10.7) 31 

Ph,P (1.35) none CH,Cl, CH2C1, 

Ph3P (1.51) Ph (1.51) C6H6 

Ph,P (1.31) P h  (1.31) C6H12 
Cy3Pe (0.74) Ph (0.74) C,H, 

Ph,P (1.34) none none C (19.6) 0 

Ph3P (1-20 Ph (1.20) CHQ, c ( 9.9) 20 
Ph3P (1.34) Ph (1.72) none C (19-6) 29 

Ph3P (1.49) Me (1.69) none C (19-6) 15 
a Reactions carried out by the addition of RCOCl to a mixture of olefin and (I) unless noted otherwise. b NB = norbornene, 

d Olefin added to (11) at  - 78 "C; stirred for 20 min and reaction mixture allowed to c = cyclohexene. 
warm to room temperature. 

c Yield based on [L,PtO2]. 
e Tricyclohexylphosphine. 

(tripheny1phosphine)platinum (11) [equation (l)]  as a 
metastable intermediate. Complex (11) is identified at  low 
temperatures by its 31P (1H) n.m.r. spectrum [two doublets 

-78°C 
[(Ph,P),PtO,] + PhCOCl - 

(1) [(Ph,P),Pt(OOCOPh)Cl] (1) 

of equal intensity with lQ5Pt satellites: 8 19.19 (Jpt-p 4013 
and Jp-p 19.8 Hz) and 4-95 (Jpt-p 3240 and Jp-p 19-8Hz) 
p.p.m., rel. to external H,PO, reference], and the presence 
of the peroxybenzoato-ligand is confirmed by its character- 
istic i.r. bands at  v 1730 (antisym. CO) and 1335 (sym. CO) 
cm-1.4 

Intermediate (11) is quite unstable thermally. How- 
ever, a t  -78 "C it reacts rapidly with l mol of added 
triphenylphosphine to afford triphenylphosphine oxide 
which can be isolated in 85% yield [equation (2)].$ The 

(11) + PPh,+ [(Ph,P),Pt(OCOPh)Cl] + OPPh, (2) 

platinum-containing product (111) can also be isolated in 
high yields (90%) from the reaction mixture, and charac- 
terized as cis-chlorobenzoatobis(tripheny1phosphine)plati- 
num by 31P n.m.r. [two doublets of equal intensity with lQ5P 
satellites: 6 17-35 (Jpt-p 3937 and Jp-p 18-9 Hz) and 2.29 
(Jpt-p 3598 and Jp-p 18.9 Hz) p.p.m.1, and i.r. [v 1632 

(11) 

(111) 

(antisym. CO) and 1333 (sym. CO) cm-l] spectroscopy and 
satisfactory elemental analysis. 

Transfer of oxygen from (I) to olefinic substrates is also 
possible. Thus, the addition of norbornene to the inter- 
mediate (11) a t  - 78 "C, followed by the removal of the cold 
bath, led to norbornene oxide in 50% yields in <Ow5 h. The 
same results were obtained if a mixture of (I) and norborn- 
ene was treated with benzoyl chloride at  room temperature 
as described in the Table. Similarly, cyclohexene afforded 
cyclohexene oxide. [The less-than-quantitative yields of 

epoxides are due to the concomitant decomposition of (11) 
which occurs spontaneously a t  the higher temperature 
required for oxygen transfer to olefins]. In both cases the 
platinum-containing product was identified as cis-chloro- 
benzoatobis(tripheny1phosphine)platinum. Acetyl chloride 
could be used in place of benzoyl chloride, but trimethyl- 
chlorosilane and methyl iodide were not effective in pro- 
moting oxygen transfer. 
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