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SUMMARY: Using Ti(OiPr)a as oxygen transfer catalyst, the diene 1 afforded 
exclusively the epoxy alcohol lc,but VO(acac)a gave exclusively the isomerized 
epoxy alcohol 2c during its ene reaction with singlet oxygen. 

Recently we have shown” that olefins can be conveniently transformed into epoxy 

alcohols via their ene reaction with singlet oxygen in the presence of transi- 

tion metal catalysts, e*g# Ti(OiPr)r or VO(acac12 (Es. 1). This novel “one-pot” 

(Eq.1) 

hydroxy-epoxidation of olefins has broad scope*’ l We chose 295-dimethyl-2,4-hexa. 

diene (1) as olefin substrate. The photooxygenation of this diene 1 has been 

extensively studied3’ and conflicting results have appeared concerning the hydro- 

peroxides la and 2a. If the ene reaction can be steered towards hydroperoxide 

la, then the major product will be epoxy alcohol lc. while regioisomer 2c 
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will predominate should the hydroperoxide 2a be formed selectively (Eq. 2). 

Since isomerization by the metal catalyst could in principle take place at the 

hydroperoxide stage (la + 2a) or at the allylic alcohol stage (lb + 2b) during 

the oxygen functionalization of diene 1, this particular example provided the 

opportunity to assess, whether oxygen transfer (la --) lc or 2a + 2~) can compete 

with the regioisomerization (la * 2a and/or lb + 2b). Presently we report our 

results on this “one-pot” oxygen functionalization, showing that depending on 

the choice of catalyst, either epoxy alcohol lc (titanium-IV) or epoxy alcohol 

2c (vanadium-v) are obtained regioselectively. We also resolve the confusion” 

concerning the hydroperoxide products la and 2a derived from the ene reaction 

of diene 1 with LOO. 

The photooxygenation of a dichloromethane solution of diene 1 at O°C in the 

presence of stoichiometric amounts of Ti(OiPr)e gave a 75X yield (isolated) of 

the epoxy alcohol It” in a diastereomeric ratio d.r. r95:5 (distilled product 

mixture). However, when the titanium catalyst was added subsequently to the 

photooxygenation mixture of diene 1, the 400 MHz ‘H NMR indicated a 70:20:10 

mixture of epoxy alcohol lc, of isomerited epoxy alcohol 2c and of the conjuga- 

ted dienol 2b. The configurational assignment of the major diastereomer R*,S*-lc 

was accomplished according to the chemical correlation shown in Es. 3. In view of 

R*,S*-lc 

(Eq. 3) 

R*,R*-ld R*,R*-le 

m.p. 53-55O C m-p. 80-82Oc 
(lit.” :41.5OC) (lit .*I :80-82Oc) 

the poor agreement between the observed and the reported melting points of diol 

R*,R*-ld, catalytic reduction to diol R*,R*-le was performed. 

Using VO(acac)r (5 molY) as catalyst in chloroform at O°C , a 9O:lO mixture of 

the rearranged epoxy alcohol 2c and the dienol 2b was obtained, but no epoxy 

alcohol lc could be detected in the crude photooxygenation mixture by 400 MHz ‘H 

NMR. Pure epoxy alcohol 2c was obtained in 61% yield from the above product 

mixture by chromatography (silica gel), eluting with 5:l CHaCla/petroleum ether. 

Control experiments with pure epoxy alcohols lc and 2c demonstrated that neither 

Ti (OiPr)e nor VO(acac)l caused interconversion of these two. 

The gratifying regioselectivity, i.e. with ‘Oa/Ti(OiPr), exclusively regioisomer 

lc and with ‘Oz/VO(acac)a exclusively regioisomer 2c are formed, demands ratio- 

nalization. Since the epoxy alcohols lc and 2c are not interconverted by the 

Ti (OiPr)r and VO(acac), catalysts, at what stage does isomerization take place? 

A control experiment with the authentic allylic alcohols lb and 2b revealed that 

VO(acac12 caused efficient conversion of lb into the more stable conjugated 2b, 
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but not Ti(OiPr)a l Thus, at least with VO(acac)a the isomerization route lb + 2b 

is evident. However, this does not apply for Ti(OiPr), as catalyst, although 

sequential execution of the oxygen functionalization of diene 1, i.e. first 

photooxygenation followed by addition of TiCOiPr) 4, does afford some rearranged 

epoxy alcohol 2c. The only other logical point for isomerization in this complex 

transformation must be at the stage of the hydroperoxides la and 2a. Unfortuna- 

tely, control experiments with the authentic hydroperoxide la are not possible 

because Ti(OiPr)r converts pure la efficiently and exclusively into the epoxy 

alcohol lc, while VO(acacI2 converts pure la into 2~. Thus oxgen transfer during 

Ti(OiPr)+ functionalization outweighs regioisomerization, but the reverse obtains 

for VO(acacIa . The propensity for the latter to participate in redox processes, 

e.g. free radical type reduction of hydroperoxides@‘, permits rationalizing the 

divergent behavior of VO(acacI2. Thus, via a complex redox pathway the vanadium 

catalyst generates from hydroperoxide la its peroxy radical la*, which isomeri- 

tes to the more stable 2a* and hydrogen abstraction leads to the isomerized 

hydroperoxide 2a (Eq. 4). 

la la* 2a* 2a 

Precedents for such radical-initiated hydroperoxide isomerizations are well 

documented and believed to operate via the mechanism shown in Eg. 4” + Indeed, 

such hydroperoxide isomerization explains 

sition of the hydroperoxides la and 2a in 

For example, depending on the solvent 

used, the presence of radical scavengers 

(2,6-di-m-butyl-4-methylphenol), or 

radical initiators CCu(I)Cll, the ratio 

of hydroperoxides la and 2a in the photo- 

oxygenation of diene 1 can range from 

9O:lO (non-radical conditions) to lo:90 

(radical conditions), as illustrated in 

Table 1. Consequently, using Ti(OiPr)a 

as oxygen transfer catalyst, the condi- 

tions are optimal for the regioselective 

preparation of epoxy alcohol lc. In 

contrast, with VO(acac)n as catalyst the 

isomerited epoxy alcohol 2c can be obtai- 

ned selectively. Such regiocontrol is of 

obvious synthetic value. 

the conflict concerning the compo- 

the reaction of diene 1 with ‘02”’ + 

TABLE 1: Product Distribution of the 
Hydroperoxide Regioisomers la and 2a 
in the Photooxygenation of 2,5-Dime- 
thyl-2,4-hexadiene (1) 

Solvent(a) Additive Product Ratio(b) 
Type mol% la:2a 

CHzClz - 69:31 
CHz Cl:, DTBP(c) 5 90: 10 
CDCl3 - ?0:30 
CDClr DTBP 5 90: 10 

:: x: DTBP 25 90: 10:90 10 
CDzCN - 76~24 
CD. CN Cu(I)CI ;at, 10:90 

a) Run to 100% conversion at O°C, except 
CID* at 8OC: Tetraphenylporphine (TPP) as 
sensitizer except Ct&CN with Rose Bengal. 
b) Determined by integration of characte- 
ristic signals in the 400 WHz ‘H NflR: 
error *2X: normalized to 1002. c) 2.6- 
Di-u-butyl-4-methylphenol (DTBP). 
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