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During the last decades, substantial progress has been made
in the development of efficient asymmetric synthetic meth-
ods to obtain optically active compounds,' Fnantioselcetive
alkene epoxidation is an important reaction for the synthesis
of optically active organic compounds,” Particularly, the tita-
nium fartarate catalyzed enantioselective epoxidation of allylic
alcohols constitutes one of the most widely applied reactions

in asymmetric organic synthesis.” Furthermore, a number of’

highly promising new strategies for enantioselective epoxi-
dation catalysts for unfunctionalized olefins have been devel-
oped successfully in the past few years, including salen®- and
porphyrin’-based transition metal complexes, However, there
still need to develope new enantioselective alkene epoxida-
tion methods to offer greater synthetic flexibility to chemists,

Transition metal-peroxo species catalyzed alkene epoxida-
tions have been studied for the long times. For example,
polyoxo tungstate such as PW 20247 has been tound to cata-
lyze the epoxidation of oletins in the presence of quarternary
ammonium salts.® Also optically active molybdenum peroxo
complexes catalyzed epoxidation of olefins was reported to
provide the corresponding epoxideﬂ up to 50% chemical yield
and 40% enantiomeric excess.” Furthemore, transition metal-
oxo specie such as methyltrioxorhenium (MTO) has been
found to catalyze olefin epoxidations using H20z as an oxi-
dant.® However, there have been few systematic studies on
enantioselectivity in transition metal-peroxo species catalyzed
alkene epoxidations. Here, to develope novel method for
enantioselective alkene epoxidation, we describe optically
active transition metal-peroxo complexes catalyzed epoxida-
tion of styrene derivatives.

Tungsten{ VI} and molybdeum(VI) peroxo complexes
were prepared by following the known procedures,” Several
epoxidation reactions of styrene derivatives by tungsten(VI)
and molybdeuni{ VI} peroxo complexes {1-4) in the presence
of tBuOOH were conducted. The results are summarized in
Table 1.

Data in Table | clearly show that tungsten and molybdeum
peroxo complexes catalyze enantioselectively alkene epoxi-
dation by tBuOOH. Although, in the case of styrene, chemi-
cal yields and enantioselectivities are quite low, metal peroxo
complexes (1-4) were found to catalyze methylstyrene ep-
oxidation to attord the corresponding epoxide in about 40-30
% yield and 30-80% ee. Particularly, tungsten peroxo com-
plex 2 and molybdeum peroxo complex 4 were found to cat-

alyze epoxidation of (I2)-methylstyrene to afford the corre-
sponding epoxide in 63% and 81% ee (41% and 49% yields),
respectively. [n the absence of 2 and 4, alkenes did not
undergo epoxidation, Also, there were significant solvent
effects on epoxidations. For example, in CH2Cla and isooc-
tane, alkenes did not undergo epoxidation in the presence of
metal peroxo complexes and tBuQOH,

There are notable trends in data of Table 1. First, while
molybdenum peroxo complexes (3 and 4) do not induce ¢is-
frans isomerization in epoxidations, tungsten peroxo com-
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Figure 1. Transition Metal-peroxo Complexes Catalyzed Alkene
Epoxidation and Structure of L.igands.
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Table 1. Synthesis ot Epoxides by Tungsten- and Molybdeum-Peroxo Complex Catalvzed Alkene Epoxidation

) i Metal peroxo Reaction Rexaction Yield (%), Enantiosclectivity
Entiv Alkene o o

: complex lemp. l1me (Yo ey
1 PhClI=Cl1; 1 o0 °C Sh 28,70
2 (Z)y-PhClI=ClIMe 1 Ll 15h 45 (10:1 Y, 30 (73
3 (L)PhClI=ClIMe 1 L. 72h 42,40
4 PhClI=Cl1; 2 o0 °C Sh 29.4.0
5 (Z)-PhClI=ClIMe 2 Ll 153h 431y, 27 (83Y
& (L)PhClI=ClIMe 2 Ll 72h 41,63
7 (Z)}PhCl1=CliMe 3 It 24h 42 (cis only Y, 26
8 (L)yPhClI=ClIMe 3 Ll 24h 40,40
4 (Z)}PhCl1=CIIMe 4 It 72h 41 (cis only Y, 40
10 (L)»PhClI=CIIMe 4 Ll 24h 49, 81

“ratio of cis:frans cpoxides, “enantioselectivity of the isomerized trans epoxides, “absolute contiguration of major cnantiomers are (18) tor styrene
derived cpoxide. (18, 2R) for cis-methylstyrene and (1S, 28) for grans-methylstyrene. These are based on the comparison with authentic samples

prepured by Jucobsen's method*

plexes (1 and 2) provide about 10% and 20% rrans-cpoxide
from cis-alkencs. Sccond. frans-alkencs are epoxidized more
cnantiosclectively with metal peroxo complexes than cis-
alkencs.” Thus frans and cis alkene are cpoxidized with 40-
81 % cc and 26-40 % cc. respectively, Third. molybdenum
peroxo complexces (3 and 4) cpoxidized alkens slightly more
ciliciently than (ungsien peroxo complexes (1 and 2) in the
terms of chemical viclds and cnantiosclectivitics.
Rhcnium(VI) peroxo complexes were proposcd as a reac-
tive micrmediate of pyvridine-derived ligand assisted cpoxi-
dation of olcfins by MTO and H-O-.* Thus it is rcasonably
expected that optically active thenium(V1) peroxo complexes
arc formed by mixmg MTO and the suitablc optically purc
ligands. and thus catalvvzed olelin cpoxidation cnantiosclec-
tively, To explore this possibility. simple pyridinc-derived
ligands such as 2-picolinc. 2-acctylaminopyridine and 2.6-
diaccetylammopyridine assisicd cpoxidation of (Z)-mcthyl-
stvrene by MTO and H-O: were conducted. As shown entry
9-11 in Table 2. 2-acctylaminopyriding has found Lo acceler-
alc cpoxidation rcaction. Bascd on these results. scveral
pyridinc-derived optically pure ligands (5-9) were prepared
and alkcne cpoxidation reactions of styrenc derivalives by

Table 2. Svnihesis of Epoxides by Ligand (5-9)Accelerated Alkene
Epoxidation bv MTO

Yield (%),
Lntry Alkene Ligand Lnantiosclec-
tivity (%0 ee)
1 (Z)»PhClI=CIIMe 5 S0, 10
2 (L)»PhCII=ClIMce 5 30,0
3 (Z»PhCII=CIIMe 6 23,0
4 (LyPhCI=CIIMe 6 27.0
5 (Z)YPhCII=CIIMe 7 15,0
6 (LYPhCI=CIIMe 7 >35.0.0
7 (ZyPhCII=ClIMc 8 96.0.0
8 (Z)»PhCII=CIIMc 9 22.0.0
9 (ZyPhCII=ClIMc 2-picoline =500
10 (Z}PhCH=CIIMc 2-acclyvlaminopyridine 60.0. 0
11 {ZyPhCH=CIMe 2 6-diacetvlaminopyridine =>50.0

MTO. ligands (5-9) and H-O: were conducted. The results
arc summarizcd in Table 2,

The results in Table 2 clearly demonstrate that ligands (5-
9) accelerate MTO-cataly zed olefin cpoxidations. [n MTO-
catalyzcd olefin cpoxidations. the added ligands (5-9) increas-
¢d the chemical viclds ol olelin epoxidation. Without ligands
(5-9). cpoxides were not formed. Particularly. ligand 9 has a
profound c¢lTcet in olelin epoxidations to provide the corre-
sponding cpoxides of (Z)-mcethy Istvrencs with the 96% viclds,
[t 1s mnlcresting that the viclds of cpoxide depend on the
structure of ligands cmploved. However. chantiosclectivitics
of the resulting cpoxides were quite low. Until now. cnantio-
mcric cxcess of styrene~derived cpoxides are less than 10%
¢c. Presumably. in transition state. there is a relatively loose
inlcractions between catalysts and substrates and thus the
free-energy difference between the diastercomeric intcrme-
dialcs Icading to asymmetric discrimination is not large cnough.

Although the exact mechanistic mode of metal peroxo
complexes in these alkene cpoxidation' is not yet cluci-
dated. it is clear that certain metal peroxo complexes such as
14 catalvze the cpoxidation rcaction with the meoderale
chantiosclectivitics. Further studics to understand the reac-
tion mcchanism and to improve cnantiosclectivitics are in
progress in this laboratory.

Experimental Scction

Synthesis of W(VI) complexes. To a solution o' 2.5 mL
of 35% H-0- was added 0.25 g of WQ;(1.08 mmol). After
stirring for 24 hr at 435 °C. the precipitates were liltered ofY,
To the resulting filterate was added a solution of | cquivalent
of the corresponding ligand'! in 1 mL of 1/1=McOH/ H-O at
room temperature. After stirming for 24 hr al room (cmpera-
turc. the resulting solids were filtered. The residuc was washed
with cther and HXO to give W(VI) complexe as an amor-
phous white solid (40-43%).

1: IR (KBr) 2940, 1399, 1451, 1272, 1070. 958. 879. 703
em™’: Anal. Caled: C. 3239 H.334: N. 291. Found: C.31.99:
H.3.67:N. 2.71.

2: IR (KBr) 2941, 1611, 1394, 1450, 1282, 1093, 936, 877.
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751. 700 cm™": Anal. Caled: C. 33.89: H. 3.66: N. 2.82. Found:
3289 H.3.537.-N. 234

Synthesis of Mo(V1) complexes. To a solution of 1 mL
of 35% H-0- was added 0.2 g of MoOs (1.39 mmol). Aficr
stirring [or 24 hr at 45 °C. the precipitates were {iltered off.
To the resulting filtcrate was added a solution of 1 equivalent
of the corresponding ligand in 1 mL of McOH at room tem-
perature, Afiter stirring for 24 hr at room temperature. the
resulting solids were filiered. The residuc was washed with
cther and H-O to give Mo(V1) complexc as an amorphous
white solid (36-38%).

3: IR (KBr) 3572, 3448. 2933, 1624, 1437 958, 865. 713
cm™': Anal. Caled: C.39.61: H. 4.09: N. 3.55. Found: C. 38.93:
H.395.N.3.77.

4. IR (KBr) 3449, 2935 1611, 1430, 1087.947. 910 cm™:
Anal. Caled: C. 41,19 H. 4.44: N. 3,43, Found: C. 41.21: H.
4.33: N, 3.25.

Typical procedure for the synthesis of epoxides. Mcthod
(A): To a CCly solution of the corresponding olelin (0.1
mmol) was added the correspoding metal peroxo complex
(0.01 mmol) under mitrogen atmostphere, The mixture was
stirred for 10 min al room (emperature. and a decane solu-
tion of t-butyl hvdroperoxide (0.2 mmol) was added. The
mixture was stirred and then added an aqucous NaHCO:
solution. Organic maicrials were extracled with dichloro-
methane. and dried over MgSO.. Afler passing through a
short silica gel pad. a portion of solution was injceled into
GC 1o cheek the vield and enantiosclectivitics ol the result-
ing cpoxidcs.

Mecthod (B): To a CH:Cl: solution of a solid McRcOz
(0.0003 mmol. 0.5 mol %) and the corresponding ligand'*

(0.01 mmol. 10 mol %) was added an aqucous solution of

hydrogen peroxide (0.2 mmol). The mixture was stirred lor
10 min at room tcmperature. and the corresponding olefin
(0.1 mmol) was added. The mixture was stirred for 12 h at
room (emperature. An aqucous NaHCO; solution was then
added. Organic malcrials were extracted with dichloromethanc.
and dricd over MgSQ.. Afler passing through a short silica
gcl pad. a portion of solution was injccled into GC 1o check
the chemical viclds and cnantiomenic excesscs of the corre-
sponding cpoxides.

Determination of chemical viclds and enantiosclectivi-
tics of epoxide. Gas chromatographic analysis of rcaction
products were performed on a Donam Syslem 6200 gas

Notes

chromatograph with a PEG-5 capillarv Column (3 m. 0.23
mm diameter) and J & W jpcvclodextrin Trifluoroacety1 capil-
lary column (3 m: (.23 mm diameter) using Hellium as car-
rier gas.
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1. Tigands for tungsten and molvhdeun complexes were pre-
pared by the standard DIC-promoted amide coupling reac-
tions between (R)-Mandelic acid [or (R)-phenvllactic acid]
and piperidine in the presence of HOBT, See: Bodanszky.
M.. Bodanszky, A. The Practice of Peptide Synmthesis.
Springer-Verlag: Berline, 1984,

12. Ligands (8-7) were prepared by DIC-promoted anude bord
formation reactions between 2-aminopvridine and N-Boc-
(I.)-phenvlalanine for 8. and between picolime acid and
(R)-2-phenylethylamine for 7 in the presence ol HOBT,
and acylation reaction between 2-aminopyridine and (R)-
Mosher s acid chloride in the presence of tricthylamine tor
6. Deprotection of Boe group of Sby TTA| and subscquent
DIC-promoted amide bond lformation reactions with N-
Boe-(R) and (S)-mandelic acid provided higand 8 and 9.
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