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Catalytic asymmetric epoxidation holds a prominent place in Scheme 1. Mechanistic Proposal for the Organocatalytic
asymmetric catalysis due to the fundamental importance of epoxidesEPXidation of a.f-Unsaturated Aldehydes with Peroxides
in organic chemistry.The Sharpless epoxidation of allylic alcohols Rk]/\[rH st H,0
using catalytic amounts of titanium and tartrate represents a reaction RZ O f JKLH Ar \

R2
K0 H

o
of great importancé.Following this discovery, the asymmetric 1

epoxidation of olefins catalyzed by the mangaresaen complexes oTMS ) X OTMS
developed by especially Jacobsen et al. provided an easy approach N A RO M”
to, for example, unfunctionalized epoxidesThe asymmetric noA RQ—(S/,T H
epoxidation ofa,B-unsaturated carbonyl compounds is another H,0 OTMS RUR?
important functionalization in organic chemistrgecause of the . %Ar A/
usefulness of the corresponding3-epoxy carbonyl compounds. RmH . J\)LH Ar

Shibasaki et al. have, by the use of chiral Lewis acid complexes, R0 g%' R2

developed the catalytic asymmetric epoxidatiomgf-unsaturated ) o ) -
etonesi esters, and amidesapplyingtertbuyl hydroperoxide  Talle 1. Sereening of Oxidaton Agents and Reecton Conditons
as the terminal oxidant. The catalytic asymmetric epoxidation of

a.S-unsaturated ketones applying sodium hypochlorite has also been it RooH P“\((ID\H/H )
achieved using chiral phase-transfer catalysis, and the enantioen- S NG o @
riched epoxides were generally obtained with high enantioselec- 1a O CFs 2a
tivities .6 Furthermore, the use of chiral ketones as catalysts for the
asymmetric epoxidation of a broad range of olefins has also been N OoTMS 3
demonstrated. O

The catalytic asymmetric epoxidation af-unsaturated alde- FsC CFy

hydes remains a challenge to chemists, and according to our

. e t idant ion (% drb %)°
knowledge, there are no direct approaches for obtaiaifigepoxy s onean conversion (%) i ee ()

aldehydes. Chiral organic compounds, such as chiral amines, have 1, .:'Zgzgng’ :2 r_tgg ;59?7(ﬁ)h) 3?;_3 gg

recently been introduced as efficient catalysts for a variety of 3 Uf_”fe ’ >90 (5 h) 93:7 96

asymmetric transformatiofiof o,-unsaturated aldehydesnd 4 t-BUOOH 30(2h) 90:10 93

ketones® 5 cumene hydroperoxide 40 (2 h) 91:9 93
6 m-CPBA 3(2h) 53

In this paper, we present the first asymmetric organocatalytic
epoxidation ofo-unsaturated aldehydes performed under simple  a Reaction performed at 1 mmol scale of the oxidant and 1.3 equiv of

and environmentally friendly reaction conditions using peroxides, cinnamic aldehyde 1@) in 2 mL of CH,Cl, as the solvent at room
such as HO,, as the oxidant. temperature? The dr determined by chiral GEThe ee determined by

It was envisioned that we could use the properties of chiral chiral GC.With 5 mol % of catalysB. ¢ Urea hydrogen peroxide.
amines to develop an efficient protocol for the catalytic asymmetric
epoxidation of a,f-unsaturated aldehydes. In Scheme 1, our be an excellent catalyst for the reaction and in Table 1 are shown
mechanistic proposal for the organocatalytic asymmetric epoxidation the results for the screening of different oxidants.
reaction is shown. The first step is the formation of the iminium Hydrogen peroxide (35% wi/w in 40) is an excellent oxidant
ion intermediate by reaction of the-unsaturated aldehyde with  for the epoxidation of cinnamic aldehydgaj using 10 mol % of
the chiral amine. In the next step, the peroxide adds as a nucleophile 55 the catalyst. The reaction proceeds to full conversion within a
to the electrophilig3-carbon atom under formation of the carbon few hours at room temperature in @&, as the solvent, and

oxygen bond leading to an enamine intermediate. The formation 3-phenyloxirane-2-carbaldehydaj is formed with high dr (94:
of the epoxide then takes place by attack of the nucleophilic enamine6) and, to our delight, with 96% ee (Table 1, entry 1). Reducing

carbon atom fo the electrophilic peroxygen atom, followed by the catalyst loading leads to a decrease in conversion, while the

hydrolysis of the iminium intermediate. . . L
yaroly diastereo- and enantioselectivity were unaffected (entry 2). Urea

The development of the reactions started with the screening of - ) ) A
conditions for the epoxidation of cinnamic aldehyda)((eq 1). hydrogen peroxide (UHP) is also a suitable oxidation agent, and

Various chiral amines can catalyze the epoxidationagf-un- similar results as those found for,®, are obtained (entry 3).
saturated carbonyl compountishowever, 2-[bis(3,5-bistrifluoro- Organic peroxides are also useful for the epoxidation reaction
methylphenyl)trimethylsilanyloxymethyl]pyrrolidin&) turned out (entries 4-6), but lower conversion is observeggrt-Butyl- and
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Scheme 2. Solvents for the Organocatalyzed Epoxidation of
Cinnamic Aldehyde (1a) Using Urea Hydrogen Peroxide (UHP)

solvent conv (%) ee (%) anddr
Ph\/\”/H ﬂ. Ph\/;»\”/H CHxCl,  94(3h) 96 (93:7)
o 3,1t 04 toluene 77 (7h) 96 (95:5)
1a EtOH (95%) 85(7h) 92 (87:13)
MeOH (80%) 36 (2h) 92 (87:13)
THF (90%) 15(2h) 94 (93:7)
TBME 5(2h) (=)

Table 2. Scope of the Organocatalyzed Epoxidation of
o,-Unsaturated Aldehydes with Hydrogen Peroxide?

R’ H Hz0, RL_~_H
2
RZ O 3 (10 mol%) r° o @
1 it, 4 h, CHyCly 2

entry R R? yield® (%) dre ee!(%)
1 Ph—1a H 2a— 80 93.7 96
2 0-NO,—Ph—1b H 2b—90 91:9 97
3 o-Me-Ph— 1c H 2c—65 90:10 96
4 p-Cl-Ph— 1d H 2d— 63 95:5 98
5 Et— le H 2e— >9C° 97:3 96
6 i-Pr— 1f H 2f—75 98:2 96
7 CH,OBn— 1g H 29— 84 96:4 94
8 COEt -1h H 2h - 60 90:10 96
9 Me — 1i Me 2i — 65 75

a1.3 equiv of HO, used.? Isolated yield The dr was determined by
chiral GC and NMR The ee was determined by chiral GC and HPLC.
¢More than 90% conversion was found; however, due to the volatility of
the product, thet,S-epoxy aldehyde was transformed to the corresponding
alcohol, which under nonoptimized conditions, was isolated in 43% yield.

cumene hydroperoxide gave the same results #3% ldnd UHP,
while very low conversion was found usimg-chloro perbenzoic
acid.

An important aspect of the organocatalytic asymmetric epoxi-
dation catalyzed b is that it proceeds in different solvents. In

substituted substrates. This might be due to the fact that there is
no stereocenter formed in the first step, which influences the
formation of the second stereocenter (see Scheme 1). The possibility
for an asymmetric epoxidation of these substrates is an important
new development compared to existing methbiée have taken

in advantage this protocol for the direct formation of the sex
pheromone from an acaric mitéEpoxidation of citrallj (3:2E:Z

ratio was used) under the standard conditions gave the sex
pheromonej in 73% yield and 85% ee of the major diasterecther

(eq 3).
H H202 é H
o) o) @)
i 3 (10 mol%) 9
1 it, 4 h, CHoCly 1

In summary, we have developed the first organocatalytic
asymmetric epoxidation ofy,f-unsaturated aldehydes using a
sterically encumbered chiral pyrrolidine derivative, which is easily
accessible in four steps fromproline as the catalyst and hydrogen
peroxide as the oxidant. The reactions can take place under
environmentally friendly conditions, and for a series of different
substituteda,S-unsaturated aldehydes, good to high yields and
diastereoselectivities and excellent enantioselectivities of the cor-
respondingy,3-epoxy aldehydes were obtained. Furthermore, the
formation of the optically active female sex pheromone from an
acaric mite in one step was presented.
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Scheme 2, some representative results are presented using UHP d3eferences

the oxidant.

The results in Scheme 2 show that the asymmetric epoxidation
proceeds well with high stereoselectivity in a variety of solvents,
with the exception of TBME. Of particular interest is to note that
in methanol (80%) and ethanol (90%), the enantiomeric excess of
epoxide2a is 92% ee, showing that this process can take place
under benign conditions.

To demonstrate the scope and potential for the organocatalytic
epoxidation, a series of different substituteds-unsaturated
aldehydes were reacted with,®, at room temperature in the
presence oB (10 mol %) as the catalyst (eq 2). The results are
summarized in Table 2.

o,f-Unsaturated aldehydes having aromatic substituents in the
p-position,1a—d, are all converted to the corresponding optically
active epoxides in good yields and diastereoselectivities and with
excellent enantioselectivities (998% ee) (Table 1, entries4).

For the alkyl-substituted.,5-unsaturated aldehydds—g, a slight
improvement in diastereoselectivity is found, and the high enan-
tioselectivity is maintained (entries%). 4-Oxo-but-2-enoic acid
ethyl ester {h) containing an ethyl ester functionality in the
pB-position gave 60% vyield, 90:10 dr, and 96% ee of the corre-
sponding epoxid@h (entry 8). The results in entries 7 and 8 show

that heteroatom functionalities, a protected alcohol, and an ester

are tolerated in the,,f-unsaturated aldehydes, giving the possibility
for further transformations of this part of the optically actig-
epoxy aldehyde.

The f-disubstitutedy,S-unsaturated aldehyde, 4-methyl butenal
(1i), is also epoxidized smoothly (entry 9); however, a slight

decrease in enantioselectivity is observed compared to the mono-
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