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ASYMMETRIC EPOXIDATION OF trans-B-METHYLSTYRENE
AND 1-PHENYLCYCLOHEXENE USING A D-FRUCTOSE-
DERIVED KETONE: (R,R)-trans-p-METHYLSTYRENE OXIDE AND
(R,R)-1-PHENYLCYCLOHEXENE OXIDE
[(Oxirane, 2-methyl-3-phenyl-, (2R,3R)- and 7-
Oxabicyclo[4.1.0]heptane,1-phenyl-)]
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1. Procedure

A. (R R)-trans-p-Methylstyrene oxide.*> A 2-L, three-necked, round-
bottomed flask (Note 1) equipped with a 5-cm, egg-shaped, Teflon-coated
stir bar and two addition funnels is cooled in an ice-bath. The flask is
charged with trans-B-methylstyrene (5.91 g, 50.0 mmol) (Note 2), 500 mL
of a 2:1 mixture of dimethoxymethane (Note 2) and acetonitrile (CH;CN)
(Note 2), 300 mL of potassium carbonate-acetic acid buffer solution (Note
3), tetrabutylammonium hydrogen sulfate (0.375 g, 1.1 mmol), and the chiral
ketone 1 (4.52 g, 17.5 mmol, 35 mol%) (Note 4). One addition funnel is
charged with a solution of Oxone (46.1 g, 75.0 mmol) in 170 mL of aqueous
4 x 10~*M disodium ethylenediaminetetraacetate (Na,EDTA) solution (Note
5) and the other addition funnel is charged with 170 mL of 1.47M aqueous
potassium hydroxide (KOH) solution. The two solutions in the addition
funnels are added dropwise at the same rate over 2.5 h to the cooled reaction
mixture which is stirred vigorously at 0 °C (Notes 6, 7). The resulting
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suspension is stirred at 0 °C for an additional hour and then 250 mL of
pentane is added. The aqueous phase is separated and extracted with two
250-mL portions of pentane, and the combined organic phases are dried over
Na,SO,, filtered, and concentrated by rotary evaporation at 0 °C (Note 8).
The resulting oil is loaded onto 50 g of Whatman 60 A (230-400 mesh)
silica gel (Note 9) packed in a 5-cm diameter column. The silica gel is first
washed with 200 mL of hexane to remove trace amounts of unreacted olefin,
then the product is eluted with 200 mL of 10:1 hexane:ether to afford 6.02-
6.31 g (90-94%) of trans-B-methylstyrene oxide (Notes 10-12).

B. (R,R)-1-Phenylcyclohexene oxide. A 250-mL, round-bottomed
flask (Note 1) equipped with a 4.5-cm, egg-shaped Teflon-coated magnetic
stir bar is charged with 1-phenylcyclohexene (7.91 g, 50.0 mmol) (Note 2)
and the chiral ketone 1 (1.29 g, 5.00 mmol, 10 mol%) (Note 4). The flask is
cooled in an ice-bath, and 75 mL of CH;CN and 75 mL of a solution which
is 2.0M potassium carbonate and 4 x 10™*M EDTA are added. The reaction
mixture is cooled to 0 °C, and 20 mL (200 mmol) of 30% hydrogen peroxide
(H,0,) 1s added. The resulting mixture is vigorously stirred at 0 °C for 6 h
(Note 13), then diluted with 50 mL of hexane. The aqueous phase is
separated and extracted with three 200-mL portions of hexane, and the
combined organic phases are washed with two 50-mL portions of 1M
aqueous sodium thiosulfate solution and 100 mL of brine, dried over
Na,SO,, filtered, and concentrated by rotary evaporation at 0 °C. The
resulting oil is applied to 180 g of Whatman 60 A (230-400 mesh) silica gel
(Note 9) packed in a 5-cm diameter column, then the product is eluted with
600 mL of hexane and finally 1 L of 20:1 hexane:Et,0 to afford 6.88-8.01 g
(79-92%) of (R,R)-1-phenylcyclohexene oxide as a colorless oil (Notes 14,
15).

2. Notes

1. All glassware used for the epoxidation reaction is carefully washed
to remove trace metals, which may catalyze the decomposition of Oxone and
H,0,. The checkers used Alconox, followed by water, and then acetone.

2. B-Methylstyrene (99%) and dimethoxymethane (99%) were
obtained from Aldrich Chemical Company, Inc. and used as received. ACS
grade acetonitrile and 30% H,O, were purchased from Fisher Scientific and
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used as received. 1-Phenylcyclohexene (99%) was obtained from Alfa
Aesar.

3. The buffer solution is prepared by adding 4.5 mL of glacial acetic
acid (Fisher Scientific) to 1 L of a 0.IM solution of K,CO; (Fisher
Scientific).

4. The chiral ketone 1 was prepared as described in Org. Synth. 2003,
80, 1.

5. Oxone was obtained from the Aldrich Chemical Company, Inc.
The activity of commercial Oxone in oxidation reactions occasionally varies
with different batches. Na,EDTA was purchased from Fisher Scientific.

6. The concentration of Oxone in the reaction mixture and the
reaction pH are very important factors in determining the epoxidation
efficiency. Both the Oxone and KOH solutions must be added to the reaction
mixture in a steady, uniform manner over 2.5 h.

7. As the reaction progresses, the organic and aqueous phases
separate. Salts precipitate during the first 10-20 min of addition. Vigorous
stirring is required to sufficiently mix the two phases; however, excessive
splashing of the reaction mixture must be avoided in order to maximize
conversion.

8. The epoxide product is volatile. Care should be taken to minimize
the loss of the epoxide during concentration.

9. The silica gel is buffered by packing the column with hexane
containing 1% triethylamine.

10. The product exhibits the following physical and spectral
properties: '"H NMR (500 MHz, CDCly) &: 1.45 (d, 3 H, J=5.1), 3.03 (qd, 1
H,J=15.1,2.1),3.57(, 1 H, J=2.1), 7.20-7.40 (m, 5 H); °C NMR (125
MHz, CDCls) &: 18.1, 59.2, 59.7, 125.7, 128.2, 128.6, 137.9; Anal. Calcd C,
80.56; H, 7.51. Found: C, 80.39; H, 7.37; [a]% +45.3 (CHCI;, c 1.84).

11. The submitters obtained the product in 91-92% ee as determined
by chiral GC with a Chiraldex G-TA column (25 pm x 30 m) (oven
temperature: 80 °C; head pressure: 20 psi; retention time: minor isomer at
11.8 min, major isomer at 15.8 min). The checkers obtained epoxide with
89% ee.

12. The submitters report that the ee can be increased to 94% if the
epoxidation is carried out at —8 to —10 °C.

13. The reaction was monitored by TLC and was complete after 6 hr.
The reaction rate 1s affected by the rate of stirring.
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14. The product exhibits the following physical and spectral
properties: '"H NMR (500 MHz, CDCL;) &: 1.25-1.65 (m, 4 H), 1.95-2.03 (m,
2 H),2.12 (dt, 1 H,J=15.0, 5.1), 2.29 (ddd, 1 H, J=15.0, 8.4, 5.1), 3.09 (br
s, 1 H), 7.20-7.40 (m, 5 H); °C NMR (125 MHz, CDCl;) &: 19.8, 20.1, 24.7,
28.9, 60.2, 61.9, 125.3, 127.1, 128.2, 142.5. Anal. Calcd: C, 82.72; H, 8.10.
Found: C, 82.76; H, 8.13; [a] % +113.0 (benzene, ¢ 0.56).

15. The submitters obtained the product in 96-98% ee as determined
by chiral GC with a Chiraldex G-TA column (25 pm x 30 m) (oven
temperature: 80 °C; head pressure: 25 psi; retention time: minor isomer at
68.0 min, major isomer at 71.8 min). The checkers obtained the product in
94-95% ee.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent
Practices in the Laboratory"; National Academy Press; Washington, DC,
1995.

3. Discussion

The epoxidation procedure described herein utilizes the fructose-
derived ketone (1) as catalyst and Oxone™ or H,0,™ as oxidant. The
procedure provides a valuable method for the preparation of
enantiomerically-enriched epoxides from trans- and trisubstituted olefins.
High enantioselectivies have been obtained for a variety of unfunctionalized
trans-disubstituted and trisubstituted olefins,***
hydroxyalkenes,” conjugated dienes,™ conjugated enynes,
derivatives.*® Representative examples are shown in Table 1.
Previously, the generation of dioxiranes almost exclusively used potassium
peroxomonosulfate (KHSOs) as oxidant.”® Recently, we found that
hydrogen peroxide (H,O,) could be used as primary oxidant in combination
with a nitrile for the epoxidation catalyzed by 1.*' In this epoxidation, the
peroxyimidic acid generated from the addition of H,O, to CH3CN is likely to
be the active oxidant for the formation of the dioxirane.” The Oxone
procedure described herein can be applied to a wide variety of olefins
without the need for extensive optimization. The more recent H,0,
procedure uses much less solvent and salts and is operationally simpler.
However, this procedure is somewhat sensitive to the reactivity and

. . 4i
vinylsilanes,”
af;

" and enol
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solubility of olefins; some optimization (varying catalyst loading, reaction
time, reaction temperature, amount of H,O, and solvent) may be required for
different substrates.”
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Table 1. Asymmetric Epoxidation of Representative Olefins by Ketone 1
(0.3 equiv) with Oxone

Entry Substrate Product Yield (%) ee (%) Ref.
Ph (0]
1. P oy <L-Ph 85 98  4c
AR O
2. Ph oTBS 87 94 4c
ph” L oTBs
x_CgH (0]
3. CgHyg M08 <] CeHia 89 95 4c
CeHi3
4. 89 95 4c
5. 89 94 4c
6. 71 93 4
7. 85 94 4e
8. 93 94 4e
9. 82 90 4e
10. 81 96 4d
11, 89 94 4d
12. 78 93 4
13. 84 95 4
14. 82 93 4g
15. 82 95 49
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Appendix
Chemical Abstracts Nomenclature;(Registry Number)

(R,R)-trans-B-Methylstyrene oxide: Oxirane, 2-methyl-3-phenyl-, (2R,3R)-
(9); (14212-54-5)

trans-B-Methylstyrene: Benzene, (1E)-1-propenyl- (9); (873-66-5)

Dimethoxymethane: Methane, dimethoxy- (8, 9); (109-87-5)

1,2:4,5-Di-O-isopropylidene-D-erythro-2,3-hexodiulo-2,6-pyranose:
B-Dk-erythro-2,3-Hexodiulo-2,6-pyranose, 1,2:4,5-bis-O-(1-
methylethylidene)- (9); (18422-53-2)

Tetrabutylammonium hydrogen sulfate: 1-Butanaminium, N,N,N-tributyl-,
sulfate (1:1) (9); (32503-27-8)

Disodium ethylenediaminetetraacetate: Glycine, N,N'-1,2-ethanediylbis [N-
(carboxymethyl)-, disodium salt (9); (139-33-3)

(R,R)-1-Phenylcyclohexene oxide: 7-Oxabicyclo[4.1.0]heptane, 1-phenyl-,
(1R,6R)- (9); (17540-04-4)

Oxone: Peroxymonosulfuric acid, monopotassium salt, mixt. with
dipotassium sulfate and potassium hydrogen sulfate (9); (37222-66-5)
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