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Dioxiraneg are important oxidants for organic reactions such
as epoxidatior heteroatom oxidatiohand oxygenation of €H
bonds? In particular, epoxidation mediated by dioxiranes is
stereospecific and highly efficient toward both electron-rich and
electron-deficient olefing. Moreover, dioxirane epoxidation can
be a catalytic process as dioxiranes can be genemtsdu
from ketones and Oxorfe.Chiral ketones are thus expected to
be ideal catalysts for asymmetric epoxidation. However, limited

progress has been made in this direction, as the reported chiral

ketones exhibit poor catalytic activities and low asymmetric
induction’8 Here we report the firsE, symmetric chiral ketone
as a promising catalyst for asymmetric epoxidation of unfunc-
tionalizedtrans-olefins and trisubstituted olefirfs1!

We recently discovered that, in a homogeneous@¥H-

H,0 solvent system, epoxidation with Oxone can be catalyzed

efficiently by trifluoroacetonéd This simple protocol allows
us to directly compare the catalytic activities of various ketones
in epoxidation ofransstilbene. The results for acyclic ketones

* Author to whom correspondence should be addressed.

T On leave from the Shanghai Institute of Organic Chemistry.

(1) (&) Adam, W.; Curci, R.; Edward, J. @cc. Chem. Red.989 22,
205. (b) Murray, R. W.Chem. Re. 1989 89, 1187. (c) Curci, R. In
Advances in Oxygenated Process@&aumstark, A. L., Ed.; JAI Press:
Greenwich, CT, 1990; Vol. 2, p 1. (d) Adam, W.; Hadjiarapoglou, L. P.;
Curci, R.; Mello, R. InOrganic PeroxidesAndo, W., Ed.; J. Wiley and
Sons: New York, 1992; Chapter 4. () Adam, W.; Hadjiarapoglou, L. P.
In Topics in Current Chemistryspringer-Verlag: Berlin, 1993; Vol. 164,

p 45.

(2) For recent examples of dioxirane epoxidation, see: (a) Curci, R.;
Detomaso, A.; Prencipe, T.; Carpenter, GJBAM. Chem. S04994 116,
8112. (b) Mello, R.; Ciminale, F.; Fiorentino, M.; Fusco, C.; Prencipe, T.;
Curci, R.Tetrahedron Lett199Q 31, 6097. (c) Murray, R. W.; Singh, M.;
Williams, B. L.; Moncrieff, H. M. Tetrahedron Lett1995 36, 2437. (d)
Lluch, A.-M.; Sanchez-Baeza, F.; Messeguer, A.; Fusco, C.; Curci, R.
Tetrahedron1993 49, 6299.

(3) (@) Murray, R. W.; Rajadhyaksha, S. N.; Mohan,JL.Org. Chem
1989 54, 5783. (b) Wittman, M. D.; Halcomb, R. L.; Danishefsky, SJJ.
Org. Chem199Q 55, 1981. (c) Colonna, S.; Gaggero, Netrahedron Lett.
1989 30, 6233. (d) Ferrer, M.; Sanchez-Baeza, F.; Messeguer, A.; Diez,
A.; Rubiralta, M.J. Chem. SocChem. CommuriL995 293.

(4) (a) Kuck, D.; Schuster, A.; Fusco, C.; Fiorentino, M.; Curci,JR.
Am. Chem. S0d.994 116 2375. (b) Murray, R. W.; Jeyarman, R.; Mohan,
L. J. Am. Chem. S0d.986 108 2470. (c) Adam, W.; Asensio, G.; Curci,
R.; Gonzalez-Nunez, M. E.; Mello, R.. Org. Chem1992 57, 953. (d)
Reference 2a. (e) Bach, R. D.; Andres, J. L.; Su, M.-D.; McDouall, J. J.
W. J. Am. Chem. S0d.993 115, 5768.

(5) For examples, see: (a) Dushin, R. G.; Danishefsky, $.Am. Chem.
So0c.1992 114, 3471. (b) Adam, W.; Hadjiarapoglou, L. P.; Jagger, V.;
Klicic, J.; Seidel, B.; Wang, XChem. Ber 1991 124, 2361. (c) Adam,
W.; Hadjiarapoglou, L.; Nestler, Bletrahedron Lett199Q 31, 331. (d)
Adam, W.; Hadjiarapoglou, L.; Wang, Xetrahedron Lett1991, 32, 1295.

(6) (a) Curci, R.; Fiorentino, M.; Troisi, L.; Edwards, J. O.; Pater, R. H.
J. Org. Chem.198Q 45, 4758. (b) Kurihara, M.; Ito, S.; Tsutsumi, N.;
Miyata, N. Tetrahedron Lett1994 35, 1577. (c) Denmark, S. E.; Forbes,
D. C.; Hays, D. S.; DePue, J. S.; Wilde, R. &.0rg. Chem1995 60,
1391. (d) Yang, D.; Wong, M.-K.; Yip, Y.-CJ. Org. Chem.1995 60,
3887.

(7) Pioneering work by Curaét al. demonstrated that, for unfunction-
alized olefins, epoxidation catalyzed by acyclic chiral ketones gave up to
20% ee. See: (a) Curci, R.; Fiorentino, M.; Serio, M.RChem. Soc.,
Chem. Communl984 155. (b) Curci, R.; D'Accaolti, L.; Fiorentino, M.;
Rosa, A.Tetrahedron Lett1995 36, 5831.

(8) Brown, D. S.; Marples, B. A.; Smith, P.; Walton, Letrahedron
1995 51, 3587.

(9) For a recent review on catalytic asymmetric epoxidation of unfunc-
tionalized olefins, see: Jacobsen, E. NQatalytic Asymmetric Synthesis
Qjima, I., Ed.; VCH: New York, 1993; Chapter 4.2.

S0d.996,118,491-492 491
Table 1. Activities of Various Ketones in Catalyzinig Situ
Epoxidation oftrans-Stilbené

Ph catalyst o
o Oxone/NaHCO;  ph
ph  CH3aCN/H,0 \L\ph
1, pH 7-7.5
o 0 R
catalyst: Fh)KRZ °
1 2
catalyst reaction
entry R R: Rs time (miny
1 CH; CHs (1) 300
2 CH; CR (1b) <4
3 CH; CHF (19 20
4 CHs CH.CI (1d) 18
5 CH; CH,OAc (19 30
6 CH,OAc CH,OAc (1) 30
7 Ph Ck (19 70
8 H (2a) 210
9 Cl (2b) 15
10 Chs (20 >720

@ Reaction conditions: room temperature, 0.1 mmadtarfis-stilbene,
1.0 mmol of catalyst, 0.5 mmol of Oxone, 1.55 mmol of NaHCD5
mL of CH:CN, 1.0 mL of aqueous NeEDTA (4 x 1074 M). b Time
when epoxidation was completed as shown by TLC.

la—g and cyclic ketonea—c are summarized in Table 1.
Here two general trends are observed. (1) Ketones with
electron-withdrawing groups, such as F, Cl, and OAcpat
positions show higher activities (entries-@ vs entry 1; entry
9 vs entry 8). (2) Steric hindrance atpositions decreases the
activity (entry 7 vs entry 2; entry 10 vs entry 8). Therefore,
both steric and electronic factors need to be considered in
designing efficient ketone catalysts.

We also note that dioxiranes have two faces for oxygen
transfer. It is expected that ketone catalysts W@trsymmetry
and rigid conformations have the potential for asymmetric
epoxidation. Therefore, cyclic analogs of 1,3-diacetoxyacetone
1f were designed and synthesiZ@d Among them, keton&
showed unprecedented catalytic activity (Tablé®2)n a 1:1
ketone:substrate ratio at room temperatimesitu epoxidation
of transstilbene catalyzed by ketor@proceeded faster than
that by trifluoroacetonelp) or acyclic ketonelf. Ketone3
was stable under the reaction conditions and can be recovered
in high yield without loss of catalytic activit}$ To further
demonstrate the catalytic efficiency of ketoBeepoxidation
of trans-stilbene was carried out using 1 mol % of ketdhat
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Table 2. Activity of Ketone 3 in Catalyzingin Situ Epoxidation of
trans-Stilbené

reaction epoxide ketone
catalyst time (min) yield (%) recovery (%)
1b 30 96
1f 50 90 85
3 7 99 93
aReaction conditions: room temperature, 0.1 mmdtafs-stilbene, ca9
0.1 mmol of catalyst, 0.5 mmol of Oxone, 1.55 mmol of NaH{CD5
mL of CHsCN, 1.0 mL of aqueous NeEDTA (4 x 10~* M). P Flash
column purification with BN (ref 14). A0

room temperature. The epoxidation was completed in 12 h,

and thetransstilbene epoxide was isolated in 98% vyield. ) cé(m)
H?\ ’/?H o (0]

o o Figure 1. X-ray structure of racemic ketorg (ORTEP view; only

o] (o} o o one molecule is shown).
OJ\ %O O O Table 3. Asymmetric Epoxidation of Unfunctionalized Olefins
Catalyzed by Ketond?
1f 3

Since ketones with chiral centersapositions are prone to

racemization, we chose to put tlle symmetric chiral element 9

Ph
Ph
IR B R S o-Om
Ph ) PH Ph
5 Ph 6 7 8 10 1

away from the catalytic center (i.e., the keto group). CA time epoxide epoxide ee
symmetric, 11-membered-ring ketodevas designed whenthe  entry catalyst substrate(min) yield (%)  config (%)
dlphlesnlc unit of ketorlleﬁwas replaced by a chlra_ll binaphthalene R-4 5 20 99 0O-S9° 47
unit!® X-ray analysi&® revealed that ketond indeed has a 2 (R4 6 480 82 £)-(s9¢ 87
rigid and C, symmetric structure (Figure 1): the keto group 3 (9-4 6 480 80 #)-RRY 87
lies on theC; axis of the molecule; the two ester groups, anti- 4 R-4 7 60 98 +)-(Sf 50
parallel to each other, retain the favorablgansgeometry and 59 (R-4 8 90 83 6)-(s9' 33
are nearly perpendicular to the macrocyclic ring plane; and the %“ Eg-j 18 2;8 ;g ng 12
ihedral angle of the two naphthalene rings is c&. 7 ; . n =
dihedral angle of the two naphthalene rings is c&. 70 g (R4 1 60 a3 O 18
Q OO aUnless otherwise indicated, all the epoxidation reactions were
o carried out at room temperature with 0.1 mmol of substrate and 0.1
O:<: mmol of ketone4, 0.5 mmol of Oxone, 1.55 mmol of NaHG2 mL
o OO of CH3CN, and 1.7 mL of aqueous M&DTA solution (4x 1074 M).
0 bIsolated yield after flash column chromatographfpetermined by

IH NMR using chiral shift reagent Eu(hfcjAldrich Cat. No. 16,474-

7). 4 Determined by circular dichroism spectroscopy (see supporting

information).®0.01 mmol of ketone}, 2.5 mL of CHCN, and 2 mL
Preliminary results of asymmetric epoxidation catalyzed by of aqueous NaEDTA solution (4 x 1074 M). f Reference 11&.0.2

chiral ketone4 are summarized in Table 3. Similar to ketone mmol of the substrate.0.5 mmol of the substratéNot determined.

3, chiral ketonet was highly efficient in catalyzing epoxidation ' 0.2 mmol of the substrate, 0.01 mmol of ketché Reference 18.

(R)-4

reactionst” More importantly, chiral ketond gave moderate Despite recent advances, catalytic asymmetric epoxidation
to good enantioselectivity for epoxidation méns-olefins and  of unfunctionalizedrans-olefins and trisubstituted olefins still
trisubstituted olefins (entries-15) but not for cis-olefins or represents a great challenjé! In this paper, we have shown

terminal olefins (entries68). Itis significant that, even with  the potential of the chiral dioxirane approach to this problem.
10 mol % of ketonet, 87% ee was obtained for epoxidation of Further work should be directed at understanding the mechanism
transstilbene derivativés. This is the highest ee reported for  of the chiral induction as well as developing better ketone
epoxidation of unfunctionalizedrans-olefins using chiral catalysts.

ketones as catalysts. ) .
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