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Stereoselective epoxidation with bulky dioxiranes generated from substituted cyclohexanones

Masaaki Kurihara” and Naoki Miyata

Dioxiranes have recently been shown to be important and versatile oxidants, which are generated
from potassium monoperoxysulfate (KHSO;) and ketones. Dimethyldioxirane, a dioxirane ge-
nerated from acetone as a ketone, is particularly useful as an oxidation reagent with a broad scope
of synthetic applications. Several papers have been reported about stereoselective epoxidation
using dimethyldioxirane. However, there have been only a few examples using dioxiranes
generated from other ketones. Dioxiranes derived from sterically hindered ketones are expected to
be “bulky oxidant” , and to be useful for stereoselective epoxidation. In a CH,Cls-buffered water
(two-phase system) in the presence of phase-transfer agent under neutral condition (pH 7.8)
according to the reported procedure, the epoxidations with hindered 4 -substituted cyclo-
hexanones proceeded in very low yields. After a survey of possible conditions we found that basic
(pH 11) CH:Cl,-MeOH-buffer system was effective for the epoxidations of olefins with Oxone
(active constituent KHSO;) and substituted cyclohexanones. We carried out epoxidation of
cyclohexen derivatives with dioxiranes derived from ¢ -substituted cyclohexanones in a CHyCly
-MeOH-buffer solvent system at pH 11. High trans selectivities were obtained . Furthermore,
according to this method acyclic silyl ethers were stereoselectively oxidized to afford erythro
epoxides.
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Fig.1. Formation of dioxiranes
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Fig.2. Stereoselective epoxidation using bulky dioxiranes

epoxide

VARERMICZRE Y PEEATHIENTE AL, L,
T b PO P ERWLEVAFRVS O RER UL
KIGo#mEEL% L, 7 ol s T RF ALDBRIC
DWTEHRALRENS ., RXTIE, FOHEHAPICL,
TARRIR =R VLRICORAFIZ DOV TIER 5. D

2. Ba2DOF b EBWELIRY VERIEDREHRE

Curci & AS#HE LTV B IS, ThabblifbrsL b
BB E R 2 A 72 2R (PH 7.8) T4 b »-
% (Oxone : 2KHSO5- KHSO4-KyS0y) 12X 5 AF
LyDOZEF AR ITo7. b e LT g MIZERE
DIy 7 OAEY VRGBT R E ALANET
L7255 (68%,48%), o MICHEHIELFFD2-AF), 2-7

Sh o™

o]

CH,
, OXONE

pH9.0-120, Sh

-

2a 3a
100 T T T T T
-
2
@ 8of
3
x
° e}
[
<
I
L 40}
2
"]
20F
o 1 L 1 L L
7 8 9 10 11 12 13
pH

@: in CHaClo-MeOH-buffer
O: inCHaCla-butfer

Fig.3. Effect of pH in epoxidation with dioxiranes

T, 2,6-VAFNOTranty ) v LR
FULIZIF L A EET LR o7, (Table 1: method A)
F2T, B, pHEORIL &P A MET LR,

Table 1.

o=

Epoxidation of styrene with dioxiranes

- o

ketone , OXONE

method Aor B
2a 3a
yield(%) @
entry ketone method A method B
[0}
T
(o]
2 EtL 48 92
CH,
o}
CH
3 E&T : 13 94
o}
Ph
4 E&r 2 65
o]
[
5 mTiT“’ 2 78
6 no ketone 2 3

method A: pH 7.8, CH2Cl2-buffer, Bug NHSOg4, r.t.,5h
method B: pH 11, CH2Cb-Me OH-buffer, r.t., 5h
4 Determined by HPLC.
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Table 2. Stereoselective epoxidation of cyclohexene derivatives

Rl
OXONE, ketone

R2

4a: Rl=Me, R2=Me
4b: R'=0H, R2=H
4c: R'=OTBDMS, R2=H

5a: Rl=Me, R2=Me
5b: R'=0H, R%=H
5c: R1=OTBDMS, R2=H

R! R!

0 + %0
"IRZ \ RZ
CIs trans
6a: Rl=Me, R®=Me
6b: R!=0H, R%=H
6c: R1=0TBDMS, R%=H

olefin entry oxidant method ’:;‘222;‘ yield(%) (Sciec:r::;')
1 10, Oxone A 3.0 56 14:86
2 11, Oxone A 3.5 80 9:91
3 13, Oxone A 3.5 83 12:88
d\ 4 1 4, Oxone A 4.0 68
5 15, Oxone A 3.0 100
fa 6 16, Oxone A 18.5 70 23:77
7 Oxone A 2.5 28 25:75
8 m-CPBA B 1.0 76 46:54
9 10, Oxone A 1.5 69 36:64
OH 10 12, Oxone A 3.5 63 29:71
@ 11 13, Oxone A 3.0 66
4b 12 Oxone A 3.0 46 73:27
13 m-CPBA B 3.0 83 95:5
14 10, 0Oxone A 3.5 40 13:87
OTBDMS 15 12, Oxone A 1.5 77 10:90
16 13, Oxone A 3.0 65
4c 17 Oxone A 3.0 0 -
18 mCPBA B 3.5 85 18:82
o 0 0 0 o 0
O e e gicLlNc AP ~
0
10 11 12 13 14 15 16

method A: A solution of Oxone (4 mmol) in water was added dropwisc to a well-stirred mixture of CH2Cl2 (5 ml),
MeOH (20 ml) and buffered water (10 ml, pH 11.0, 0.5 M phosphate buffer) containing olefin (Immol) and ketone
(10 mmol) at r.t.. During the addition, the pH of the reaction mixture was kept constant using a pH-stat.

method B: A mixture of olefin (1 mmol) and m-CPBA (3 mmol) in CH2Cl2 was stirred at r.t..
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Table 3. Stereoselective epoxidation of acyclic allylic ethers

'BuR,Si0 R2 oxidant 'BuR,Si0 o R2 'BuR,Si0 o,RZ
R! INR3 —_— Rl RP  + RIANIANRS
R R4 R
threo erythro
17 18 19
. selectivity
olefin entry oxidant method yield(%) (threo : erythro)
OTBS 1 13, Oxone A 21 26:74
CeH, 1/‘\/ 2 14, Oxone A 28
17a 3 m-CPBA B 74 51:49
4 10, Oxone A 54 43:57
OTBS 5 11, Oxone A 84 42:58
/J\<¢“\\ 6 13, Oxone A 50 - 29:71
17 7 14, Oxone A 84 22:78
8 m-CPBA B 90 66:34
OTBS 9 1 3, Oxone A 24 58:42
/K'/\ 10 14, Oxone A 13 61:39
17¢ 11 m-CPBA B 91 57:43
12 11, Oxone A 81 32:68
OTBS
/K)\ 13 13, 0xone A 54 30:70
174 14 1.4,0xone A 99
' 15 m-CPBA B 78 53:47
OTBDPS 16 1 3, Oxone A 28 12:88
/k/k 17 1 4, Oxone A 94
17e 18 m-CPBA B 71 25:75

method A: A solution of Oxone (4 mmol) in water was added dropwise to a well-stirred mixture of CH2Cl2 (5 ml),
MeOH (20 ml) and buffered water (10 ml, pH 11.0, 0.5 M phosphate buffer) containing olcfin (Immol) and ketone
(10 mmol) at r.t. for 6 hrs. During the addition, the pH of the reaction mixture was kept constant using a pH-stat.

1) Determined by GLC analysis. 2) Ratios were determined by GLC, HPLC or NMR. In each case, stercochemistry

is assigned by correlation with known structures.

method B: A mixture of olefin (1 mmol) and m-CPBA (3 mmol) in CH2Cl2 was stirred at r.t. for 3 hrs.
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Fig.4. Mechanism of stereoselective epoxidation of acyclic allylic ethers
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Fig.5. Stereoselective epoxidation of allylic alcohol derivatives
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