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Directed Epoxidations
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Cyclic Cases with Peroxy Acids

Directed vs. Steric Control
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Figure 2. Transition structure for the peracid epoxidation
of cyclic alcohols.
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Table 8. Stereoselective Epoxidation of Cyclic Allylic
Alcohols*

Entry Substrate

Major .
Product Selectivity

OH

wMe
(o]
OH

>20:1

tBu tBu
tBu

CDO 5:1
By

4

HO'

OH
o
OH
OH OH
Me \\ Me \\
*highly .
HO ! selective'
Hi HO
H

(o]

'\\

*highly
selective*

OH

O

*highly
6 O WO selective®

¢ Conditions: Perbenzoic acid, perlauric acid, or m-chloroben-
zoic acid in benzene.

mCPBA vs. F3CCOsH

Table 9. Stereoselective Epoxidation of Cyclic Allylic
Alcohols with CF,CO;H

Ent Sub Syn: Anti  Syn: Anti
niry  Substate  CPBA) (CFsCOsH)

OH
1 24:1 50:1
OH
2 24:1 100:1
'Bu
OH
3 5:1 100:1
g™




Table 10. Stereoselective Epoxidation of Silyl Ethers
with CF;CO;H

Syn: Anti  Syn:Anti

Entry Substrate (m-CPBA)  (CF5CO3H)

oTBS
1 1:7 5:1
oTBS
2 1:8 12:1
'Bu
OTBS
3 1:4 1:6
(-

Table 11. Epoxidation of Cyclic Olefins with Amide-,
Urea-, and Urethane-Directing Groups*

Entry Substrate Major Product Selectivity

HOw,, HOw,, *highly
-0y dbo 22

o o)
HN JL Ph HN )l\ Ph
*highi
2 @ @o selective”
\\ o a.R=NHCONHAc  2:1
*highly
3 b.R=NHCONH,  selective’
2
R R ive*

"'5 ¢.R=NHCOMe
o
O)LNHBn oJL
. Q/”' M >20:1
o
o o
OiR JL a.R=NH, 3:1

b.R = NHBn 5:1
5 CRINMO) 10:1
aR OCONHBN >20:1
6 ,(:t b.R=0CONMe, >20:1
R
a.R = CONH, 6:1
; bR CONHBn >10:1
AcO AcO cR = CONMe, 2:1

7

/

a Conditions: Perbenzoic acid or m-chlorobenzoic acid in

benzene.

Table 14. Epoxidation of Cyclic Homoallylic Alcohols*

Major . o
Entry Substrate Product Selectivity
Me

@ Conditions: Perbenzoic acid, or m-chloroperbenzoic acid ir
benzene or cyclopentane.
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Cyclic Cases with Metal Catalysis
Scheme 16
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Table 18. Percent Syn Isomer in the Epoxidation of
Cyclic Allylic Alcohols

? OH I.=‘ OH

n  VO(acac), MoOy(acac), m-CPBA

5 99.2 == 84
6 99.7 98 95
7 99.6 95 61
8 97 42 0.2
9 91 3 0.2

V Epoxidation Needs Psuedoaxial OH'

tBu

HO VO(aca
%mﬂi 27)
H TBHP o HO
H

91%
(syn: ano >99 1)

H
vO
%mu Yoo Q (28)
OH A TBHP Ho™ :

0

(syn: anh >99 1)

Table 19. Mo-Catalyzed Epoxidation of Cyclic Olefinic
Alcohols

Entry Substrate Product  Yield (%)
OH
: H
MeCbzN A O On_ o
DO DL; .
HO "0
OH
CbzNMe
Me
. 1 % L, «
2 Mo
HO
Me o

Fo(CO),

3 90
4 87
5¢ 95
6 Me

OMe OH

OMe OH

¢ Catalyst: Mo(CO)s.
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Acyclic Cases: Allylic Alcohols
Scheme 18
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Table 21. Epoxidation Selectivity of Allylic Alcohols

erythro threo

Entry  Substrate VO(acac), Mo(CO)s m-CPBA

1 /\I/Me 4:1 1:1 1:15

0

Me
2 )\(Me 19:1 5:1 1:1
OH

3 MGWMO 25:1 1:15 1:17
OH

b

\

Me . .
S Ay 1:24  1:5  1:19
Me OH
5 M9WM° 15 1:19 1:19
Me OH

Table 22. Erythro-Selective Epoxidation of Allylic

Alcohols
\/H/ TBHP
/ —_— s
\e} “G
OH (acac), (o}

Substrate Entry R Erythro:Threo

/YR 1 Me 4:1
2 iPr 56: 1

OH
Me
R 3 Me 19:1
4 Bu 49:1
OH
Me  ~ R
5 Me 24:1
\/\r 6 t-Bu 3.7:1
OH
SiMe;

Table 24. Threo-Selective Epoxidation of Allylic

Alcohols
\KY VO(acac); \ﬁ)\/ threo
OH TBHP
Substrate Entry R Threo: Enythro
(\(”" 1 Me 3:1
R OH 2 SiMe; 24:1
iPr
Z 3 >99:1
SiMe; OH
Me Me
z
\(\r 4 6:1
Me OH

Reagent Comparisons

OH  reagent H
X —_—
O“

threo erythro
reagent ratio
Oshima et. al.
TL 1980, 21, 1657 & 4843 mCPBA 95:15
t-BuOOH/VO(acac), 86:14
Sharpless et. al. t+-BuOOH/Mo(CO)g 95:5
TL 1979, 20, 4733 t-BuOOH/(#-BuO);Al 100:0

Calculated Geometries

OH OH OH
reagent
PP S

threo erythro
¢ Estimate reagent ratio
~120° mCPBA 95:5
40-50° t+BuOOH/VO(acac), 71:29

+BuOOH/Mo(CO);  84:16

¢ ~ 120° for RCO3H Transition States

major %

¢ ~ 45° for RCO3H Transition States

major %
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Acyclic Cases: Homoallylic Alcohols

Transition State for Homoallylic Vanadium Epox.

dominant stereocontrol
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Figure 6. Transition structure for metal-catalyzed homoal-
lylic alcohol epoxidation.

Table 26. Epoxidation of Cis Homoallylic Alcohols®

Entry  Substrate Product Selectivity
w0
1 HO/Y\ Ho/\l/\i >400: 1
Me Me Me Me
OH OH
w0
2 Me Y Me y 12:1
Et Et
oH Ho
H H “ug a.R=Me 104 1
3 R N AT bR-CHCHY:  »400: 1
Me  Hex Me Hex
OH
¢ aR=Me 70:1
4 N = a, = .
R R b. R = CH(CHa), 21:1
Me Hex Me  Hex
2 Conditions: TBHP, VO(acac)s.
OH
(43)

TBHP

Diastereoselection >20:1

Table 27. Epoxidation of Homoallylic Alcohols®
Entry Substrate Product

Selectivity
oH OH
1 /\/\? 2:1
Me” N Me
H
2 & oo 46:1
MY Ma/\(\l
Me Me
OH OH
] i o
H R : o'
3 e N Hex R 14:1
R = (CH),CO.Me
oH oH
4 8ﬂo\/:\/\/Me BnOMM only*

Me Me
OH Me OH Me
: § 9
6 Ph N Ph H 8:1
Me Me Me Me
OH  SiMe, OH  SiMe,
7 Me A Mo Mo AL A _Me >99:1
H i o™
Me Ma
OH SiMe, OH  SiMe,
8 MGMM' MOMMO 2:1
H HE
Me Me

OH OH
: H .0

TBHP

OBn Me OCb
Diastereoselection >20:1

OH OH o
VO(acac), (40)
o /\)\l/\ o
<jo OCH,0Me TBHP <jo OCH,OMe

Diastereoselection >20:1
(no selectivity with m-CPBA)

OBn Me OCb
Cb = CON(+Pr),

7 7
VO(acac)
s A (@)
Q H TBHP Q T g
Me o OH Me (o} OH
Me

Me
Diastereoselection 3:1

Table 25. Epoxidation Diastereocontrol by Other
Stereocenters

Entry  Substrate Product Reagent Selectivity
Me Me
M.\}_ OH Me* OH
0 0
2
R R
1 R=H VO(OE);  5:1
2  R=CH,0Bn VO(OEt); 1:35
Me Me Me Me TIOHPY
i(OFPr)y  10:1
s R AN R O Vo(acac), 15:1
oTes otes ° mCPBA  1:99
R = (CH,),0TBS
Me Me
R OH R " oH TiOKPr)y 23:1
4 Z ol VO(acac), 25:1
oTBS oTBS m-CPBA >25:1
R = CH,CH,Ph
OH OH
Me Me
5 R Pz R g Ti(OFPr)y 5.7:1
i
OTBS oTes

R = CHCH,Ph




