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Abstract: Alkenes are expoxidized with methyltrioxorhenium and urea-hydrogen peroxide 

adduct in CH2C12 solution. Copyright © 1996 Elsevier Science Ltd 

Methyl trioxorhenium (MTO) I is rapidly emerging as a versatile reagent, 1'2 and in combination with aqueous 

hydrogen peroxide forms peroxy adducts 2 and 3 which are capable of  the epoxidation of alkenes, 3 the 

oxidation of  amines, 4 sulphides, 5 phosphines, 6 alkynes 7, phenols, 8 and archeS, 9 and oxygen insertion into C-H 

bonds.l° However, one of  the potential shortcomings of  this reagent combination, particularly for epoxidation, 

is the need for protic solvent (water, alcohol). Protic solvents may lead to the destruction of sensitive products 3 

or a reduction in the stereoseleetivity due to competitive hydrogen bonding by the solvent, n Urea hydrogen 

peroxide adduct (UI-IP) has been used successfully in combination with acid anhydrides ~2 and several metal 

complexes 13 to perform oxidations, and it offers a solid, anhydrous source of  hydrogen peroxide, t~t4 An 

ongoing project in marine natural product synthesis led us to examine MTO/aq. hydrogen peroxide for both 

alkene and amine oxidations. Realizing the potential need for a non-protic variant of this reagent system, we 

initiated a study to examine UHP as a reoxidant of  MTO in non-protic solvents for the catalytic epoxidation of 

alkenes. 

Scheme 1 

ROtt  ROH 

1 2 3 

Urea hydrogen peroxide adduct is insoluble in non-polar organic solvents, however, addition of  UHP (2 equiv.) 

to a methylene chloride solution of  MTO (5 tool%) results in the rapid development of  the yellow color 

characteristic of the peroxyrhenium intermediate 3. Addition of  cholesterol to the solution at room temperature 
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Table 1. The Epoxidation of Alkenes with Methyl Trioxorhenium and Urea-hydrogen Peroxide Adduct 

Alkene Entry Conditions, Results Product(s) 
Substrate Time ratio, conversion 

ii + Na2SO4, 6 hr. ed~, 5:1, 100 % I 

iii PhMe, 3.5 hr. a/J3, 4:1, 86 % 
HO HO 

Cholesterol iv THF, 1 hr. et/13, 8:1, 50 % + 
decomp, products 

~ O H  v A, 1.5 hr. ct/13, 9:1, 96 % ( ~ O  ) 

vi C, 1.5 hr. od~, 9:1, 95 % 

G-uainl 
For R = OH O 

MeOw,.. vii A, 1.5 hr. syn/anti, 3.5:1, 88 % MeO,...~ Ph 
viii C, 12 hr. -- no reaction-- MeO / 

(also t-BuOH) 6R 
for R = OCONHPh 

ix A r 4 hr. syn/anti, 1:3.8, 93 % 

P ~ P h - -  x A, 2 hr. syn/anti, 2:1, 97% P h ~ P h  

6 .  
For R = OH 

xi A, 1 hr. cis/trans, 6:1, 41% 
xii C, 2-12 hr. decomp, products 

(also t-BuOH) O 
for R = OAc 

xiii A, 24 hr. cis/trans, 1:2, 54 % 

H xiv A, 15 r a i n .  6,7-¢poxide, 73% 
+ 10% geraniol 

xv C, 30 min. decomp, products 
and diepoxide 

Geraniol 

xvi A, 15 min. n~xture ofmono and ~ 
di, approx 1:2, 52% 

xvii B, 30 rain. mono only, 99% 

(R) (+) limonene ~ / ~  

RCCMt/DMD 
Comparison (re 0 

MMPP, (ref 12a) 
~/13, 4:1, 88% 

DMD (ref 15) 
oo'13, 1:1, 90% 

m-CPBA (red" 16) 
a/13 , 6:4, high yield 

MPP, fief 17) 
cUI3, 69:31, 22% 

For R = OH 
m-CPBA (ref 18) 
1:1, 100% yield 

DMD (ref 18) 
l:l, I00% yield 

NMR data (ref 19 ) 

For R = OH, (ref 11) 
DMD in 97% CH2C12 
cis/trans, 82:18, 77% 

for R=OAc, (ref 11) 
DMD in 50% CH2CI2 
cis/trans, 36:64, 84% 

DMD (ref 20) 
2,3 : 6,7 : diepoxide 
10:69:21 at 40% con. 
2:30:68 at 93% 

(ref 21) 
mCPBA, 95:3 
1,2 / 8,9 epoxides 

peroxyimidic, 62:36 
1,2 / 8,9 epoxides 
and diepoxide 2% 

A. alkene (100 rag), UHP (3 equiv.), MTO (0.05 equiv.), CH2C12 (2 mL) at 20 °C; B. alkene (100 rag), UHP (2 equiv.), NITO 
(0.05 equiv.), CH2C12 (2 mL) at 20 °C; C. alkene (100 rag), 30% aq. H202 (2 equiv.), MTO (0.05 equiv.), EtOH (2 mL) at 20 °C 

immediately discharged the yellow color. After stirring at room temperature for two hours the yellow color 

returned at which point an aqueous workup gave the a and [3 epoxides in a 4:1 ratio (Table 1, entry I). The 

epoxidation of  cholesterol proceeded equally well in toluene, but a reaction in THF resulted in the formation of  
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additional products. In an attempt in insure completely anhydrous reaction conditions, 3A and 4A molecular 

sieves were added to the reaction mixture. In both experiments the rate ofepoxidation was significantly 

retarded, perhaps due to the competitive absorption of H202 by the sieves. The effect of adding anhydrous 

Na2SO4 was similar, however the reduction in reaction rate was smaller. The oxidation of cholesterol required 

six hours to go to completion giving the epoxides in a 5:1 ratio (o./[3). 

A range of  alkenes were selected to examine the regio- and stereoselectivity of epoxidation using the 

MTO/UHP system in CHzCI2. In a typical procedure, MTO (0.05 equiv.) is added to a suspension of UHP (3.0 

equiv.) in CH2C12 (2 mL) at room temperature. The mixture is stirred for 10 rains where upon the solution 

becomes yellow. The alkene (100 mg) is added to the mixture and stirring is continued until the reaction is 

complete (t.l.c. or g.c. analysis). The reaction mixture is diluted with CH2C12 and washed with H20, aq. 

Na2S203, dried over Na2SO4, filtered and evaporated in vacuo  to give the crude epoxide. 

MTO/UHP in CH2C12 showed a similar selectivity to the common peracids in the oxidation of 

cholesterol. However, with guaiol, a much better selectivity was seen. The selectivity in the epoxidation of 

guaiol is probably sterically controlled and was independent of solvent with ethanol and CH2Ch giving similar 

results. AUylic alcohols showed good selectivity for the syn epoxide (vii, x, and xi), suggesting a hydrogen 

bonded transition state. In comparison, the oxidation of acetoxy cyciohexene (xiii) gave a modest excess of the 

trans epoxide. When the epoxidation of cyclohexenol is run in ethanol or t-butanol, only products from epoxide 

ring opening are observed. More surprisingly, the allylic hydroxyphosphonate failed to give any expoxide in 

ethanol or t-butanol solution. 22 Interestingly, the allylic hydroxyphosphonate and the carbamate (ix) derivative 

showed a preference for opposite diastereoisomers. The diastereoisomers were correlated by converting the 

epoxy alcohol (syn) into the epoxy carbamate with phenyl isocyanate. The stereochemistry was determined by 

X-ray crystallography on the major epoxide isomer (anti) from oxidation of the carbarnate. ~ The 

regioselectivity, demonstrated in the oxidation ofgeraniol and limonene, is consistent with the results of other 

electrophilic epoxidizing agents, with the more substituted alkene reacting faster. 

In summary, MTO/UHP in non-polar, non-protic solvents is a useful reagent for the stereoselective 

epoxidation of alkenes. The reactivity and selectivity are complementary to the peracids and DMD. The non- 

protic reaction conditions help to avoid unwanted epoxide ring opening reactions, insuring epoxide survival, 

and unlike hydrogen peroxide (0f>35% aq. soln.), UHP can be shipped and is relatively safe. TM 
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