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Abstract: The enantioselective epoxidation of a,f-unsaturated ketones utilising Cinchona alkaloid-
derived guaternary ammoninm nhase-transfer rnmlyuc hearing an N-anthracenvimethvl function are
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presented It has been found that the O-benzyl derivatives of these catalysts in conjunction with sodium
hypochlorite give high stereocontrol and application of this process to the enantioselective synthesis of

a ranoe of trans-o. B-enoxv ketones (e e. 60-20%) is nresented. © 1008 Elsevier Seinnce T td Al righte resarve
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As part of an ongoing programme on the development of new chiral control elements for asymmetric
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sis of a-amino acids.23 Here w presen initial

(a) Ri=H, R2=CH=CH,.R3=H,X=Cl

(b) R'= H, R?=CH,CHy, R* = H,X = Cl
h = (c) R'= OCH;, R® =CH=CH,,R*=H, X =C1
; T T T (d) R'=H, R?=CH=CHz, R® =B, X = OH
R (\/ R (@) # (¢) R!= H, R?=CH,-CH,, R? = Bn, X = OH

The enantioselective epoxidation of a,f3-unsaturated ketones employing chiral catalysts has received
considerable attention in recent years.* A variety of methods have been developed including the use of
polyphasic systems involving hydrogen peroxide in the presence of polyamino acids,? alkylperoxides in
conjunction wuh lanthan(nd -binaphthol complexes,® tartrate-modified metal tert-butyl perox1des,7 and
nyarogen pe
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We initially chose to investigate the epoxidation of chalcone (3) using catalyst (1a) and a variety of
reaction conditions were investigated. It was found that epoxidation could be achieved using either hydrogen
peroxide or sodium hypochiorite as the stochiometric oxidant, however the enantioselectivities obtained were
low (table 1),
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t talysl Consequeml d c1ded to prepare the correspondm O-
benzyl derivative (1d). Thie was read;ly achieved via treatment of (1a) with benzylbromide under two-phase

conditions,1! giving the product (1d) in good yield (72%). Investigation of catalyst (1d) on the epoxidation of
chalcone was then examined (table 2).

P /\)j\ e Cat, 1d (10mol®) e /<|Jk e N
OO0 = OO0
\/ solvent, 25°C \/ \\/

(3) 4)

Solvent Oxidant Reaction Time .e.P (sign of rotation) Yield®
toluene 11% aq. NaOCl 48h 81% (-) 9%
toluene 30% aq. H07?2 48h 10% (- 69%

dichloromethane 11% aq. NaOCl 48h 66% (-) 60%
dichloromethane 30% aq. H,02? 48h 2% (-) <10%

Table 2: 2. 1 drop of 50% aq. KOH also added. - e.e. values reproducible to 2%, determined by HPLC on Chiralcel
OD-H column. © - After purification by chromatography

As can be seen from the results, the O-benzyl catalyst (1d) shows a remarkable improvement in
enantioselectivity when sodium hypochlorite is used as the oxidant. In addition, although low, the
enantioselectivity obtained using hydrogen peroxide is now in the same direction. A substantial decrease in
reaction rate was also observed when using hydrogen peroxide in conjunction with dichloromethane. These
results suggested that derivatisation of the hydroxyl function in the catalyst may well be critical to obtaining
high enantioselectivities in these epoxidation reactions. It also appears from these results that toluene is the
preferred reaction solvent.
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In order to assess the generality of this effect we also prepared the pseudo-enantiomeric catalyst (2e), the
O-benzyl derivative of compound (Zb). We then investigated the utility of catalysts (1d) and (Ze) in the
bs

epoxidation of a range of enone subsiraies (iabie 3).
1 o
. Cat. Id or 2e (10mol%) -9 1
R N"Ng NS
11% ag. NaOCl (2 eq.)
5 t luene 48h, 25°C (6)
Alkene | Catalyst Product d.e.r | e-e.” (sign of Yield
rotation)
ol
1d ) ~0cor Q1o £ anos
3) ’e NN o e o oo
-t v v £275370 o0 (+) U0
(o]
. 1d I/\I//\?/I\ﬁ 295% 81% () 86%
2e 295% 82% (+) 87%
Meo” S
0 .
(5h) 1d W 295% 82% (+) 92%
2e ¢ 295% 83% (-) 97%
Q7 N\ ~N
P
(]
1d [ 1 <21 295% 82% (+) 92%

{(5¢) N
2e U U 205% 82% (-) 86%
(e )

(54) 1d \/\/\/Q?)\A 295% 76% (-) 75%

2e L >95% 77% (+) 92%

(5e) 1d /\Au/\— o 295% 86% (-) 93%
o 2 | ) 295% 89% 5%
e i Ly 9 +) 9

o P o
5D 1d o 295% 69% (+) 75%
2e 295% 1% (-) 77%
1(‘} [e} 9 >9:% 87% VAR ANOTL (7£0\a
(58) (\\/Q)\ 293 - 42% (716%)
2 +Bu 295% 85% (+) 40% (14%)8

¢

Table 3: 2- de. values estimated by 'H nmr (300MHz). P - e.e. values reproducible to 2%, determined by HPLC on

Chiralcel OD-H column. © - After purification by chromatography. 9 - Yield in parentheses based on
unrecovered starting cnone,

The results obtained show that the epoxidation proceeds with good enantioselectivity and a range of
substituents are tolerated. In addition the diastereoselectivities for this process are high, giving exclusively the
trans-epoxides as far as we were able to detect. As expected catalysts (1d) and (2e) are enantio-complimentary
allowing access to either enantiomer of the epoxide with broadly similar selectivity. In general the reactions
were complete after 24-48h at 25°C,12 however in the case of tert-butyl ketone (5g) the process was
considerably slower and only ca. 50% conversion was obtained after 5 days at 25°C.

In conclusion, we have developed a straightforward method for the enantioselective epoxidation of o,B-
unsaturated ketones utilising Cinchona-alkaloid derived phase-transfer catalysts. These catalysts are readily
prepared in two steps from commercially-available materials and the epoxidation reactions are cheap and easy
to carry out. We are currently seeking to extend the substrate range for this process and examining other uses

of these catalysts.
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Typical Procedure: A solution of enone (1.0mmol) and the appropriate catalyst (0.1mmol) in toluene
(10ml) was treated with 11% aqueous sodium hypochlorite solution (1.2ml, ca. 2.0mmol) and the
resulting mixture stirred vigorously (ca. 1000rpm) at 25°C for 24-48 hours. After this time water (Smi)

was added and the layers %pamlua The aqueous layer was further exiracted with etﬂ_y'l acetate ( (1\) 1)
PSRN PR Py I | P VAT a th

and the combined Ol't,dﬂl(. extracts dried u‘uzauu Concentration under reduced pressure gave tng
crude epoxide which was generally purified by chromatography on silica gel.



