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Abstract. The commercially available Jacobsen catalyst
N,N'-Bis(3,5-dit-butylsalicylidene)-1,2-cyclohexanedi-
aminomanganese(lll) chlorid® is the most enantioselec-

,scribing the synthesis of the title compound a brief discus-

sion of the epoxidation mechanism is given. Afterwards sev-
eral applications for the enantioselective epoxidation of un-

tive catalyst developed to date for the asymmetric epoxidafunctionalized olefins are described. For each application the

tion of a broad range of unfunctionalized olefins. After de-

scope and limitations are discussed.
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1. Introduction

Epoxidation of olefins is one of the most important pro

gated by Jacobsen [6] and Kats{iKj in the 1990’s.
For this purpose both have used catalytic amounts of
chiral, C,-symmetric Mn(lll)-salen complexes of gen-
eral structurd. in the presence of a stoichiometric oxi-
dation agent continuing Kochi’'s work with achiral salen
complexes [8]. Meanwhile over 100 complexes of this
kind have been reported [9]. The most efficient and
mostly used among themNgN*-bis(3,5-dit-butylsali-
cylidene)-1,2-cyclohexanediamino-manganese(lll)
chloride, the so-called Jacobsen cataBysthis com-
plex is stable to air and can be stored for long periods of

Miscellaneous Substrates for Epoxidation Reactime without decomposition [10].

R1 Rl

I . . R < § i >
cesses for functional group manipulation in organic syn-

thesis and the preparation of biologically active com-
pounds [1]. The development of methods for asymmet-
ric epoxidation (AE) has made this field even more at-
tractive. In the 1980’s Sharplessal. have discovered
an enantioselective titanium—tartrate-catalyzed epoxi-
dation of a wide variety of allylic alcohols [2]. After
first applications of porphyrine systems [3] and other
more or less effective catalysts [4] or stoichiometrical-
ly used systems [5] as epoxidation agents for the for-
mation of epoxides from unfunctionalized, prochiral
olefins in the 1980’s, this problem has been reinvesti-
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The catalytically active species is represented by theonvergent preparation has been published recently [12]
oxygenated form, the Mn(V)-oxo-compldxwhich is  (Scheme 2). The stereogenic centres are introduaed
easily formed from the Mn(lll)-compleXin the pres- a resolution step using tartaric aéidFormylation of
ence of an oxidant (Scheme 1). Recently, this Mn(V)-2,4-dit-butyl-phenolB yields the appropriate salicylal-
oxo-intermediate could be detected for the first tuime ~ dehyde derivativd 0 as a crystalline solid. The chiral
electrospray-tandem-mass spectroscopy by Plagtiner diimin 11, prepared fronT and10, can easily form the

al. [11]. Jacobsen cataly& by complexation with manganese
acetate and oxidation on air.
o)
oxdary 3. Mechanism
3 . A lot of attention has been put on the evaluation of the

mechanism of the Jacobsen epoxidation [13]. Some of
the examined salen-complexes could be crystallized, and
the X-ray-structures are described [14]. Based upon
these structures attempts to explain the dependence of
_ o o the degree of enantioselectivity on the steric and elec-
~ As described in initial reports the epoxidation of ole-tronic situation of the complexes have been made. Con-
fins is performed using 1-8 mol% (Jacobsen) [6] Ofcerning the attack of the alkene to the chiral complex

9 mol% (Katsuki) [7] of different Mn(lll)-salencom- poth Jacobsen and Katsuki propose a side-on mecha-
plexes together with stoichiometric amounts of iodosonjsm.

benzene or -mesitylene as oxidants. Optimized proce-

dures use a catalyst loading between 0.25 mol% and

5 mol% and sodium hypochlorite (bleach) as an inex- D>—E
pensive stoichiometric oxidant [9]. However, it should B B
be noted that certain parameters of the reaction are d%’/A ~ side-on ;“’P—O”
pendent on the oxidant used (see below). C Tiag

The Jacobsen catalyst is commercially available but can 4
also be easily prepared from readily available and inex-
pensive starting materials. A detailed procedure for the

Scheme 1Formation of Mn(V)-oxo-comples from Mn(lIl)
salen comple® in the presence of an oxidant.

2. Preparation of Jacobsen Catalyst

While Jacobsen postulates an atteiekthe diimine-
bridge with the small alkene-substituent at the side of
the axial H-atom at the chiral centre [9], Katsuki in his

H,O/HOAC NP
pasintg H,N NH,
90°C t05°C

model suggests an attack via the imine moiety due to
1 Teinteractions between the incoming alkene and the

HN  NH, 2 sEm s O,Q COy imine group [15]. The regioselectivity in this case can
5 6 ol —”OH be explained by the steric hindrance oftteityl-sub-
. stituent. In spite of this discussion the preference for
o cis-olefins to be epoxidized by the catalytic species with
oH high stereoselectivity can be undoubtedly explained with
tBu N OHC tBu : :
l/( e, the side-on mechanism.
" ﬁNVN 2. H,50
~/ "105°C e RS Rt
35-45% j—
t-Bu (rectystallized) t-Bu Jacobsen
8 9 10 RL
Katsuki
RL/> Hom
2eq K,CO4 HQ H Mn(OAc), - 4 H,O k_/ \
7 + 10 — (R.R)2 —N_

H,O/EtOH, 80°C —N N— EtOH, oluene
95-99% 85°C, air, NaCl (aq)
95-99%
t-Bu OH HO t-Bu

t-Bu

t-Bu
11

Scheme 2Synthesis of the Jacobsen cataBst
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The question of oxygen transfer from the complex toence on the enantioselectivities obtained in the epoxi-
the alkene is still not known in detail. At least threedation of cyclic dienes to vinylepoxides (see 4.6.) [21].
possible ways have been discussed mainly by Jacobs&he observed differences of enantiomeric excess were
[16], Katsuki [17] and Akermark [18] (Scheme 3). A in between 2% and 15%. In this special case the triiso-
fourth approachvia single electron transfer (SET) and propylsilyletherl2 was shown to contain the appropri-
the formation of radical cation intermediates was undeate combination between electron-donating capacity and
investigation in order to explain the mechanism of oth-simple bulkiness. Corresponding observations have been
er oxygen transfer reagentsg. Fe containing P-450 made in asymmetric epoxidation of chromene-deriva-
models) [19]. tives (see 4.2.) [22].

The concerted pathway is as useful as the metalla- Another effective group of Mn(V)-oxo-complex sta-
oxetane mechanism with a subsequent rearrangemebilization agents is represented by amihexides. Se-
in order to explain theis-selectivity that can be obser- veral parameters of the reacti@y yield, stereoselec-
ved in epoxidations of bis-alkylsubstituteid-alkenes. tivity, reaction rate) are dramatically influenced by the
But the resulting mixtures afis- andtrans-isomers in  use of additives like 4-phenylpyriding-oxide (4-
many mono-epoxidations of conjugated olefins need®PNO) oMN-methylmorpholinN-oxide (NMO) in usu-
another explanation. A proceaaradicals that are able al amounts of 10 mol%. These promoters lead to slight-
to perform the rotation around the former double bondy increased reaction rates and total catalyst turnover
seems likely. Experiments with vinylcyclopropanes asnumbers [9, 23]. The role of these additives as co-
hypersensitive radical probes were conducted to “visuligands to manganese was manifested by the construc-
alize” the potentially involved radicals by intramolecu- tion of a salen complex4 with an intramolecular N-
lar trapping [18, 19]. In some cases open-chain prodexide linkedvia 5- and 5'-positions [16b]. No influence
ucts point out that radical species should be involvedof further additives could be detected using this cata-
But still the question remains if the radical is formed inlyst with intramolecular complexation.
the initial step owvia metallaoxetanes. NMO is also involved in an alternative anhydrous

epoxidation protocol usingrchlorperbenzoic acid as

-+ stoichiometric oxidant. These conditions allow reduced
Rl R? Rl R2 : :
\ 7/ temperatures (—78 °C) and quite often lead to higher
— cis-13 enantioselectivities [24]. Using this procedure the first
(? o successful asymmetric epoxidation of a free carboxylic
Mn Rl R2 acid-bearing substrate (4-vinylbenzoic acid) could be
= achieved [24D].
T concerted trans-13 0O
o 4 < >
RL 1 R2 HN o \
SRR = R
) viaradical (@] rotation
R I possible o 5 0

Mn cr-
R® = alkyl, RZ = alkenyl, aryl viametalla- 3 + -
or Tl oxetanes / # t-Bu =~ t-Bu
R =R2 = alkyl |
O N O
RL RI R2
(I)i \/ o 4, O
Mn R? 0

cis-13 . .

4. Applications
Scheme 3Possible mechanism for the oxygen transfer fromThe steroechemical outcome of many epoxidations of
the catalyst to the alkene. conjugated and nonconjugated olefins can be effective-

ly controlled by using the Jacobsen cataliRdR)-2 and

Additional efforts have been made in the field of sta<(S,S)-2, respectively. Most often an aqueous solution of

bilization effects of the reactive Mn(V)-oxo-complex. bleach (pH > 9.5) is combined with an organic phase
Stabilization can be achieved by electron-donating subbearing the cataly@and the substrate. As organic sol-
stituents in 5- and 5'-position [9, 14, 20] or the additionvents for this two-phase system methylene chloride,
of donor ligands [9]. For example, the electronic prop-+t-butyl methyl ether and ethyl acetate find widest appli-
erties of substituents in 5- and 5'-position of the salication. The reaction mixtures are usually stirred at 0 °C
cylaldehyde moiety are reported to have a slight influ-or room temperature for 1 to 12 hours [10].
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With given pH-values between 9.5 and 11.5 no phasstituents increase the formatiortiagins-epoxides, which
transfer catalyst is needed, because of sufficient equis explained by their ability to stabilize a potentially
librium concentrations of HOCI (pK= 7.54). Below involved radical species as shown in Scheme 3. In ad-
values of pH = 9.5 olefin chlorination might become adition the enantiomeric excess obtained foicib&pox-

significant side reaction [25]. ides are significantly higher than those for trens
- o epoxides.
4.1. Epoxidation o€is-Cinnamate Esters The group R also shows a significant influence on

The first group ofy,B-unsaturated esters that could be€ Stereochemical outcome of the epoxidation pro-
successfully epoxidizedia oxo-transfer using the C€SS, and especially the isopropyl esgawas used with
Jacobsen catalys is represented bgis-cinnamates 9réat success. Therefore, a synthesis of the anti-hyper-
[23]. In the epoxidation process of these relatively un{€nsive agerdiltiazem20was established based on the
reactive compounds (Scheme 4) a strong influence dinantioselective epoxidation o8 (Scheme 5).

additives like 4-PPNO was observed (Table 1). The yield

and the catalytic turnover number could be dramaticalmeo MeQ
ly increased, while the enantiomeric excess in this case -
was left unattended. (65 mo%)
CO,i-Pr NaOCl CO,i-Pr  ——»
J— 4-picolin-N-oxid
X 18 62%, 96% ee, cis/trans 10/1 19 N
o
OMe
CO.R (R.R)-2 5md%)
15 — z 1,2-dichloroethane, 4°C
+ ag. NaOCI (13%) s
@] 0] @[ OAc
/L\ + A N
Ar CO.R AI'\ CO.R diltiazem 20 H o
2 2
16 17

NMe, - HCI

Scheme 4Epoxidation oftis-cinnamate esters. ) o )
Scheme 5Synthesis ofliltiazem20 based on the enantiose-

lective epoxidation ois-cinnamate estel8.
Table 1 Influence of additives on the epoxidatiorciscinnamate

esters. o
X=H, R = Et turnover yield (%) ee(%) cis-epoxide/ )]\
additive rate (minb) trans-epoxide Ph NH O
Ph CO.Et B
none 2.3 67 93 4-5:1 2 A)J\ H
4-PPNO 4.0 96 93 4-5:1 \=/ Ph z ©
(0.25 eq) 21 24 OH
4-PPNO 7.6 >98 93 4-5:1
(1 eq) la Td
Very impressive experiments have been made onthe 0 NH, O
effect of electronic variation of the cinnamate esters by b, B
I Ph * X X=NH,
aryl substitution (Table 2). A strong dependence of thePh CO,Et : :_| c
22 23 OH X =0H

cisltransratio on the electronic properties of selected

4-substituents and a quite accurate correlation with theif) \.oq; (z r)-2 (6 molo), 4-PPNO (0.25eq), 56% (+13% trans-

ovalues could be observed. Electron-withdrawing subisomer), 95-97% ee; b) NH,, EtOH, 65%; c) i: Ba(OH),, ii: H,SO,,
92%; d) i: PhCOCI, NaHCOy, ii: HCI, 74%

Table 2 Epoxidation ofcis-cinnamate esters.

Scheme 6Synthesis of the taxol side chain based on the enan-

R =Me cisepoxide/  eg, (%) €6ans (%0) tioselective epoxidation afis-cinnamate ethyl estéx.

X trans-epoxide

85“3 %167 ;S gf Another very interesting application in stereoselec-
H 5.7 85 62 tive synthesis using cinnamate esters exists in the field
CF, 0.80 79 55 of taxol side chain construction [26N-Benzoyl-

NO, 0.27 91 53 (2R,39)-3-phenylisoserin@4, the acid ready for cou-

J. Prakt. Chentl999 341, No. 5 439



PROGRESS REPORT T. Flessner, S. Doye

pling tobaccatin lllderivatives, can be prepared in 25% R o Me,
overall yield starting from theis-cinnamate ethyl ester r o=<“:“>_OH
21 (Scheme 6) (BRAS}25 +———— =
: o NC S —d> (3R49)-26
g pyridine
4.2. Epoxidation of Chromenes oo 8%

Since dimethylchromene derivatives are biosyntheticallypcheme 8Regioselective nucleophilic opening of chromene
formed by condensation of phenols with isoprene units€Poxide (S,Sp7.
a lot of natural products and potential therapeutical

agents like the potassium channel activatoctejraka- A kinetic resolution of racemic chromenes has been
lim 25 are based on this core structure [27]. The enantlguccessfu”y used in the synthesis ofgtetifolione B
oselective epoxidation of prochiral chromenes plays amg the monomer component of the potenti-HIV
important _role in the development of enantio- and di_"’_‘agentconccurvone(Scheme 9) [22]. For this purpose
stereomerically pure target molecules. The nu‘?'eOPh'“‘breliminary studies strongly recommended the use of
ring opening of the formed epoxychromanes is highlysajen-catalyst.2 instead of2. The differences of ob-
regioselective due to steric and electronic factors (atseryed reaction rates in the epoxidation of the racemic
tack at 4-position). mixtures in model studies went up to values ardygd

=9 [29]. In the total synthesis 80 no more thatk =

3.4 could be achieved. Nevertheless, this has been the
first example for this methodology and the process was
further improved with other substrates such as 1,2-di-
hydronaphthalenes [22b]. For these substrates good se-
lectivities k., = 6.3—9.1) were observed.

N
NC o@

(-)-cromakalim 25

Some representative examples of chromene epoxi-
dation (Scheme 7) by usind®,R)-2 as catalyst (2—
4 mol%) and commercial bleach as oxygen-source ar
listed in Table 3 [28]. All products were obtained with
absolute configuration (+R(R).

rac-38 teretifolione B 39

a) (R,R)-12, m-CPBA, NMO, dichloromethane, -78°C, 15%, 91% ee

Scheme 9Kinetic resolution of racemic chromenea enan-

o)
tioselective epoxidation.
4
Rl R3 - . . - .
R? 4.3. Epoxidation of Trisubstituted Olefins
27 RI=CN,RZ=H,R®=H 32 R1=CN,R?=H,R3=H In spite of the fact thatans-alkenes were known to be
28 R1=CN,R2=H,R3=Me 33 R1=CN,R2=H,R3=Me H H H
20 Ri=NO, R? = H, Ro = H 34 Ri=NO, R7=H, RO = H poor substrates for asymmetric epoxidation (also see
30 RI=H,R2=H,R3=H 35 RI=H,R2=H,R3=H 4.7.)) Jacobse_n and Brandes in 1994 p_ubllsh_ed their re-
31 RE=H,R=Me,Ri=H 36 Ri=H,R2=Me,R3=H sults concerning the epoxidation of trisubstituted ole-

fins [30]. Surprisingly, alkenes liké0—43 could be
shown to be excellent substrates for the epoxidation
process usin@ and other Mn(lll)-salencomplexes as
catalysts. In Table 4 a representative choice of reactions
with Jacobsen catalysRR)-2 (3 mol%) is summarized.

Scheme 7Epoxidation of chromenes.

Table 3 Epoxidation of chromenes.

substrate 27 28 29 30 31 As can be seen good to excellent yields combined
yield (%) 96 82 76 87 51 with high enantioselectivities could be obtained. Based
ee(%) 97 >98 94 98 97 on previous results witbis- andtrans-alkenes the pro-

cess with trisubstituted olefins has not been predicted
to be that useful. Below the observations in three se-

Especially the$S)-nitril-epoxychromar87, thatwas lected examples are compared. Jacobsen proposes a
obtained with §,3-2 as catalyst, was shown to be anskewed side-on mechanism of the involved radical in-
essential intermediate in the straightforward synthesisermediate as an explanation for this unexpected phe-
of (-)-(8R49-25 and (-)-(R49-26 (Scheme 8). nomenon [30].
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©\ Me Ph Ph R R
Ph )\/Me )\/ph Br Me
L ol el e s
40 a4 42 43 o)
Me

46 R=Me 49 R=Me

47 R=Et 50 R=Ph
Table 4 Epoxidation of trisubstituted olefins. 4 R=Ph
substrate  yield (%) ee (%), configuration
0 69 93, (0-69 Table 5 Epoxidation of tetrasubstituted olefins.
41 87 88, (-)-69 substrate 46 47 48 49 50
42 91 95, (-)-6
43 97 92, (+)-8 ee (%) 85 87 4 15 86

reaction conditionssolvent — dichloromethane: reaction condition2 (3-5 mol%), 4-PPNO, dichloromethane, 0 °C

oxidant — buffered bleach (pH = 11.3); additive — 4-PPNO

4.5. Epoxidation of Conjugated Polyenes

Though conjugated trisubstituted alkenes contain higit Very interesting field is opened by the application of
synthetic utility, unconjugated trisubstituted alkenes ardhe selective epoxidation to conjugated olefins with

still very poor substrates for this process and other asyn¥2rying double bond configuration [32]. On the one hand
metric epoxidations, respectively. regioselective mono-epoxidation has to be achieved, on

the other hand thag/transratio of the outcoming epox-
ides has to be controlled. High regioselectivity can usu-
ally be observed in the epoxidationaié,trans-dienes
(.52 0% ee (.52 2% ee (RRY2: 88%ee due to the much higher reactivity of ttis-double bond
towards the salen-complex. Only very small amounts

l l I
v Y Ph. ¥ e (<5%) of bis-epoxides have been detected in addition
Ph _ Me \ Rk t<F,h to the desired vinyl epoxides even upon extended expo-
44 45 41

sure to excess of oxidant.

N-CHp A~ — - "CaHy ”'C4H9\{\7\cozEt
4.4. Epoxidation of Tetrasubstituted Olefins Vob o m : ‘ 52
Further extension of the scope of asymmetric epoxida- 17 . 83 8 - 15

tion was described in 1995 by the use of certain tet-
rasubstituted olefins as substrates [31]. Especially

chromene and indene derivativé8—-50 were shown  n-CH o~ COEt  nCiHy\ X CO,Et
to undergo epoxidation with good to excellent enantio- A A 53 A A sg
selectivities dependent on the catalyst used. In Table 5 ; ; ;

some examples with Jacobsen catdéyst listed. Enan- 70 : 30 >%5 : 5

tiomeric excesses up to 97% could be obtained using

different Mn(lll)-salen catalysts with other steric and

electronic properties. As can be seen from Table 5 the The observedis/transratio cannot be generally con-
edsvary from very low to excellent, although the vari- trolled. However, witha, 3—y,d-unsaturated esters use-
able substituent is the only site that has been changeflil selectivities in favour of therans-products are ob-
But the switch from simple alkyl-substitution to phe- tained (Scheme 10, Table 6).

nyl-substitution obviously causes a dramatic effect, that

can not be explained only by steric or electronic inter-

actions in the course of a side-on approach. In this con; NaOCI (1.5eq) 0

text Jacobsemnd Brandes postula?éO that the side-on P 2 (3 mol%) R/<l/\/ COFt

r.t.

approach at least in the case of tetrasubstituted olefing;, g ¢, 56 R =n-CHy,

is unlikely. There is a need for further investigations ss r=cH,0TBDMS 57 R=CH,0TBDMS
and experiments on the mechanism of the oxygen atom maor product: trans
transfer, which underlines the controversial discussion

mentioned above. Scheme 10Epoxidation ofa,3—y,d-unsaturated esters.

J. Prakt. Chenil999 341, No. 5 441
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Table 6 Epoxidation ofa,3—y,d-unsaturated esters.

el s‘“l\l/
substrate  major isolated ee(%) of major  cidtrans ‘ . \& b \.O
product vyield (%) product ratio

54 56 81 87 1/9 6 63

55 57 58 83 1/7.3 l
= N
This application has been used successfully in the N H I

62
NH,
formal total synthesis of the arachidonic acid metabo-  tBuNH"S0  jnanavires (9 64

lite LTA,. The protected alcohéBunderwent epoxida-

tion dependent on the protecting group with moderate-

ly varying enantioselectivities (71—-82%) and yields 2 amoi). 8%, 83% ee; b) ret. [33

(62—74%). In Scheme 11 the example providing thescneme 12Synthesis of HIV protease inhibitardinavir 65

highestee(R = COCHOPh), and the subsequent path- hased on the enantioselective epoxidation of inédne
way is presented.

from 30% to 55% (Table 7). In the cases of cyclohexa-

RO\/\/\/:\M/COZMe A ) N )
3 diene derivatives up to equimolar amounts of products
58 l NaGC], pH 113 from aromatization could be observed.
4-PPNO (20 mol%), (R,R)-2 (4 mol%)
o~ = CO_Me n=1 70
RO/\/\/\<(‘)\(\’73/ 2 @)n > )n n=2 71
59 n=3 72
l 62%, 82% ee n=1 66 n=2 67 o n=4 73
n=3 68 n=4 69
o)
— OAc OAc
| o~ = CO,Me O/ '
3
(@] 74 75
LTA,-methyl ester 60
OAc (0]
Scheme 11Synthesis of the arachidonic acid metabalia,. O/ — /(j
HO
76 77

4.6. Miscellaneous Substrates for Epoxidation Reacscheme 13Epoxidation of cyclic dienes.
tions

A very efficient pathway to the potent HIV protease4.7. Epoxidations with Quaternary Ammonium Salts

inhibitor indinavir 65 has been developed based upongg4 ise of low enantioselectivities in the epoxidation

the enantioselective epoxidation of ind&1i¢33]. With of trans-alkenes, Jacobse al in 1994 reported a ver-

this substrate the dependence of the obseg@sn  gaile method to produce the desiteahs-epoxide di-
the oxidant used was demonstrated impressively. Us-

ing bleach the maximumewas 88% while a value of Tapje 7 Epoxidation of cyclic dienes.
96% was obtained with a combination of NMO and

metachlorperbenzoic acid at low temperature. Tige ~ Substrate  catalyst yield (%) _ee(%)
amino alcohob4, a key intermediate for the synthesis 66 (RR)-2 40 63
of indinavir65is prepared by an interesting modifica- (RR)-12 45 64
: : \ (RR)-2 33 61
tion of the known Ritter-reaction [34] (Scheme 12). (RR)-12 30 65
Cyclic dienes have also been studied concerning thegs (RR)-2 73 64
application as substrates for asymmetric epoxidation (RR)-12 49 70
[21]. Interesting experiments with botRR)-2 and 69 (RR)-2 58 55
(RR)-12have been conducted with various cyclic dienes, , Eg'gf gg 25
66—69, 74 and76 (Scheme 13). In all exampleR,R)- (RR)-12 32 90
12 was shown to give highees (up to 15% compared 76 (RR)-2 30 63
to (RR)-2). The yields were reported to range mainly (RR)-12 47 68
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rectly fromcis-alkenes using the proposed radical path-References

way depicted in Scheme 3 [35]. The consequent inves-
tigation of unexpected observations led to a useful pro-[l]
cess for the synthesistofins-epoxides frontis-alkenes [
using quaternary ammonium salts as very efficient ad-
ditives. In first experiments the quaternary ammonium

salt78 was shown to be the most effective. [3]
(4]
=
(5]
(6]

In all examples reported thus faig/transratios be-
tween >99/1 and 3/1 have been observed. Therefore,
the ratio of 4/>96 in the epoxidation cit-stilbene in
the presence of 20—25 mol% of a cinchona alkaloid "]
derivative must be regarded as a very useful progressg)
In all cases providing high excesstiins-epoxide the
TIPS-etherl2 was used as catalyst insteadafhich
was shown to be less effective in this special reaction. [°]

[10]

5. Conclusion [11]
Various salen-Mn(lll)complexes were shown to be ef-[12]
fective catalysts in the asymmetric epoxidation of a va-
riety of olefins. Among them the commercially availa- [13]
ble Jacobsen cataly&thas found the widest applica- [14]
tion.

Conjugatectis-alkenes are very good substrates forl[15]
epoxidation reactions giving high enantiomeric excess.
Excellent results are also obtained with dimethyl-
chromenes and special tri- and tetrasubstituted olefingi6]
The regio- and diastereoselective epoxidation of conju-
gated polyenes is still limited to soragB—y,0-unsatu-
rated esters. Synthetically useful results have been d
tected in reactions employirig,trans-diene esters like
54 in which they,d-cis-double bond is far more reac- [18]
tive than thex,3-trans-double bond.

The asymmetric epoxidation wlnsalkenes in gen- [19]
eral remains an unsolved problem. Only special sub-
strates may find useful applications. However, the epoxg0]
idation process in the presence of a quaternary ammo-
nium salt seems to be an alternative procedure for thig1]
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