
Tetrahedron Letters No.30, PP. 2023-2028, 1964. Pergaaon Press Ltd. 
Printed in Great Britain. 

SEIElVIW4DIOXlDE OXmATIONOP OIEFINS 

John P. Schaefer am3 Bert Horvath 
Dep&mentofChemistry 
university of Arizona 

Tucson, Arizona 

(Eeceived 8 Juue 1964) 

Selenium dioxide occupies a unique position a5 au olefln oxidant 

since the oxidstion product is an e.Uylic alcohol or a derivative of that 

alcohol such as en ether or an ester; ketone fomation is also occasionally 

observed. We now report the results of a sidy on the oxidation of 1,3_dl- 

phenylpmpene (I) which provide an insight to the mechaolsm of this reaction. 

Oxidation of Iwith selenimdioxide in 99$5cetic acid at ll.5' 

was rapid and produced in high yield l,+diphenyl-2-propen-l-01 acetate (II); 

this was the only detectable orgenic product under these reaction c&i- 

t ions. To assess the influence of electronic and steric factors five 

l,+iimylpropenes were synthesized. AnequlmolarmirtureofIBnda 

1,3-diarylpropene vas reacted with a limited quantity of selenium dioxide 

and, sfter reection,the remaining percentage5 of olefins vere estimated 

by gss chroaatogrephic analysis. The results of these experiment5 are 

tabulated in Table I. 

The data for entries 2 and 4 are in accord with electrophilic 

attack of the double bond by selenium dioxide (or its conjugete acid, IiSeO,+). 

Direct attack of the olefinic linkage by an electrophile is further supported 

by entry 5 which demonstrates that shielding of the double hood results in 

a pronounced retardation of the rate of oxidation. Substituent effects 

observed by varying the electronic environment of the methylene group were 
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2021 Selenium dioxide oxidation of olefinm 

smell (entries 1 snd 3) but are consistent with the develaplDent ofanelec- 

tron deflc:.ent center at that site. 

No.30 

TABIEI 

Competition of 1,3-diarylpropenes sdl I for Selenium Dioxide 

IBM-’ 

Ar Ar’ - 

1. p9”!& 'SH4 

2. Csg,j -Oc6*4 

3. ti=6"4 'SE5 

4. '6*j p-c1c6H4 

5. '6'5 Mesityl 

0.83 

0.56 

Ll8 

1.76 

>u.5= 

p cnidetlonb 

59-68 

42-47 

64-73 

65-73 

82 

a. Rxpsrinkents utilized molar ratios of one mole of each olefin 8ad one- 
half mole of selenium dioxide. The ratios rqorted are the ratios of 
0lefinsconsunEd during reactlon. b. Measured by the weight of selenium 
plWCipit8ted. Reactions were nm in duplicate. c. This represents a 
mInimumvalue. 

lo elucidatefurtherthe role of the aUylicmethylene group in 

the oxidation process +%zuterio-l&dipheaylpropene (I-D) was prepared. 

Oxidation of I-D containing 0.870 prodxnxd sllylic acetate (II-D) which 

contained O&D; this cox-re~ponds to a value of $/kD of 3.1 at U5'. The 

magnitude of this isotope effect suggests thatacarbon-hydrogenbond is 

beingbroken in the rate determining step of the reaction. 

To determine the distribution of deuterium in II-D the allylic 

acetate wm.s reduced with lithium aluminum hydride to 1,3-dlphe~ylppa~-l-01 

(III-D) which was oxidized to 1,3-diphenylpropan-l-one (IV-D) (See Chart I). 
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Since IV-D confdned onlyhalf of the deuteriunpresent In II-Dthie result 

requires thatthetwo benzglic positionsbecome equivalatateane stageof 

the reaction. 

mC6H~N02 

(0.67~) IV-D 

The possibility of isomerizstion of the olefin before oxidation 

was eliminated by refluxing I-D in acetic acid-phoephorlc &Id for an 

extended period of time; the IM spectrumofthe reisolated olefinwas 

superimposable on that of I-D. The absence of reafiangaaentduringthe 

isolation procedure and degredation reactions ~88 ascertained by the prep- 

eretion of 3_deuterio-1,3_diphenyl-2-propen-l-01 (V-D'), acetylation of V-D' 

to the ellylic acetate (II-D'), and conversion of II-D' to 1,3-diphe~yl- 

propen-l-one (IV-D') without loss of deuterium (see Chart II). When II-D' 

was reflexed in acetic acid for a period of time slightlylongerthanthat 

required for oxidation of I it was feud that equilibration of thebenzylic 

positions wea far frao complete. --- This series of experiments require that 
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during the reaction a symetricel intermediate such as the l,+dlphenyl- 

propsnyl cation must have formed. 

c6H5cma6H5 
B-4 

5 c6H5cHma6H5 

(0.6m) (0.59D) v_D’ 

I 

I Ac20 

c6H5(:m2-6H5 c6n5cm2-6H5 
(0.3@3 (O.saD) 

IV-D' 

cm II. ISCMERIZ4TION OF DEUl!ERIATED 1,3-D IPSmYImom-l-oL AmrATE 

Qualitative observations indicated that the reaction was not 

Inhibited by free-radical inhibitors. The relative rate of reaction appears 

to be acid catalyzed since oxidation xas xmre 

than in emstic acid which was in turn, a more 

alcohol for promoting oxidation. A llrechenism 

data is the following: 

rapid in dichloroecetic acid 

effective solvent than an 

which acconamxlates the above 

c6H5~2cH-4:Hc6H5 + %3=02+ - c6H5cH=dHc6H5 + H+ 
(-?I) 

c ______ 
VI----* c6H5~~c~6HJ+ + m2- 

__--_._ r J++HQ%c---_, C6H5~~c6H 

(1) 

(2) 

(3) 
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Several detailed pathwsys for the formation of the selenium(I1) 

ester, VI, cau be written. Two possibilities are the following: 

or 

US’““” 

c6H~-c6H5 

9 

C6H5C"2CH=CHC6H5 + HSeo* 
.---__ 

+ LC6H5CR-CR-CRC6H5~ __f VI 

Reaction 4 is similar to the initial reaction which is thought to 

occur on ozonolysis of au olefin; iu view of the periodic relationship between 

ozone aud selenim dioxide this step is probably not unreasonable. Equation 

5 represents 8 molecular reorganization iu which a new double bored is gener- 

ated as the selenium(I1) ester is famed. A &ore reasonable alternative 

may iuvolve direct formation of VI in a single step through a transition 

state such as that formulated in equation 6 but no clear distinction can be 

made between these possibilities with the present data. 

Electrophilic attsck by selenium dioxide (or HSeC2+) on the olefin 

is consistent with the substitueet effects observed and with the previ- 

ously found behavior of this reagent toward ketones (1). In view of the 

large isotope effect observed (vide supra) the formation of VI is probably 

rate determining. Solvolysis of this ester (equations 2 sod 3) would pro- 

duce tie product observed aud result in equilibration of the bensylic posi- 

tions. 

Tne postulate of a selenium(I1) ester of the type indicated is 

attractive since a spectrum of decomposition paths are available to it which 

can account for many of the observations in the literature (2). In solvents 

of low ionizing power a merger of reactions 3 and 4 would be expected so 

that the product determining step may approach as SR2 (or SR2') extreme. 

(4) 

(5) 

(6) 
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For optically active olefins such a pathway for decomposition would accouuno- 

date the formation of optically active prcdFts which is occasionally 

observed (3, 4). 

In solvents of high ionizing power or, in systems where internal 

factors wullld favor the formation of an allylic carbonium ion, a limiting 

solvolysis should be favored as a pathway for decomposition. This situa- 

tion probably obtains In the l,+liphenylpropene system and in the majority 

of the cases cited in the literature (3). A beta 

the selenium(I1) ester also accounts conveniently 

is occasionally observed although this could also 

oxidation of the alcohol. 

elimination reaction from 

for ketone formation which 

arise by a secondary 

‘C6H CH=CHC6H5 
# 

& C6H5!CA;CHC6H5 + Se + H20 + B (5) 

HT 
B 

.2lthough many details of the oxidation mechanism are subject to 

question, it appears that the general features of the reaction are sdequately 

described 'my the considerations outlined above. We are currently subjecting 

various aspects of the above mechanisms to experimental test and hope to 

report on these in the future. 
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