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Asymmetric Phase-transfer Mediated Epoxidation of o, B-Enones
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Abstract: Chiral phase-transfer catalysts, derived from cinchona alkaloids and Fréchet dendritic
wedges up to generation two, have been synthesized. These chiral dendritic molecules have
been used as PTCs in the epoxidation of o, -enones, showing a moderate level of asymmetric
induction.
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Among intermediates in organic synthesis epoxides are the most versatile and as a result
the selective epoxidation of alkenes is a major area of research'. The epoxides can be
easily transformed into a variety of functionalized compounds. For example
reductions, rearrangements or ring opening reactions with various nucleophiles give
diols, aminoalcohols, allylic alcohols, ketones, polyethers etc.. The availability of
some epoxides in optically active form has enhanced their use as synthetic intermediates.
The development of the enantioselective synthesis of epoxides has been recognized as
an important goal in modern organic synthesis’.

Phase-transfer catalysis is a general green methodology in organic synthesis, and
Phase-transfer catalysts (PTCs) are one of the most powerful reagents in chemical
transformation, due to they are easy to use, economical and environ-mentally benign”.
Of all the classes of privileged chiral catalysts®, cinchona alkaloids and their derivatives
have proven to be useful in an astonishing varity of important enantioselective transfor-
mation’. The quinuclidine nitrogen can be quarternized with benzyl halides to give
ammonium salts that can serve as useful asymmetric PTCs®. Dendrimers’ are highly
branched, fractal macromolecules of defined three-dimensional size, shape, and
topology which can be prepared with extremely narrow molecular weight distribution.
Dendrimers are due, beyond the aesthetics appeal, to their great potential of applications
in biology and materials science. Among the main potential applications of
dendrimers, used as catalyst® is the most promising one. Here, we reported the
synthesis of dendritic cinchona alkaloids-derived ammonium salts 3 and 4 which affect
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Scheme 1
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the enantioselectivity due to steric and electronic effects of Fréchet dendritic wedges.
They will be used as PTCs in the asymmetric epoxidation of enones’.

The synthetic route is outlined in Scheme 1. 3a and 4a were prepared according
to the literature®™. These Fréchet dendritic wedges were prepared using a convergent
approach, involving standard K,CO3/18-crown-6 mediated ether formation steps and
alcohol to bromide conversions using CBry/PPh;'’.  Cinchonine 1 and cinchonidine 2
were derivatized with Fréchet dendritic wedges up to generation two. The quarterni-
zation of the quinuclidine moiety was performed by refluxing benzyl bromide or the
corresponding dendritic wedges (as the bromide) with 1 or 2 in toluene. The resulting
salts were filtered and washed with toluene, rendering pure derivatives 3b (91%) and 4b
(62%). 3c and 4c were not suitable to recrystallize in toluene due to their high
solubility, and purified by flash column chromatograph (SiO,, CH,Cl, : CH;0H = 50:1),
giving pure 3c (73%) and 4c (82%), respectively. All the compounds were
characterized and identified by IR, 'H and MALDITOF mass spectrometry as well as
elemental analysis, the results being in full agreement with the proposed structures.

In order to evaluate the efficiency of these derivatives of cinchona alkaloids, the
nucleophilic epoxidation of o, B-enones to a, B-epoxy ketones (Scheme 2) was chosen
as a model reaction. A typical procedure’ for catalytic asymmetric epoxidation under
PTC conditions is as follows: A mixture of enone 5 (0.25 mmol) and PTC (0.0125
mmol) in a biphase-system, dibutyl ether and 30% aqueous H,O, (2.0 mL), was stirred
at 0 °C for 20 min.  After NaOH (40 mg, 1.0 mmol) was added, the reaction mixture
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Scheme 2
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Table 1 Enantioselective epoxidation of a, B-unsaturaed ketones 5 using PTCs 3 and 4 derived
from cinchona alkaloids

Yield ee. [a]s (cO.1,

Entry PTC Oxidant  Enone R! R?
(%) (%)  CHCl)

1 3a H,0,/NaOH 5a CeHs CeHs 78 <2 —4
2 3b H,0,/NaOH 5a C¢Hs C¢Hs 65 14 +20
3 3c H,0,/NaOH 5a C¢Hs C¢Hs 75 8 +15
4 4a H,0,/NaOH 5a C¢Hs C¢Hs 81 <2 -7
5 4b H,0,/NaOH 5a C¢Hs C¢Hs 45 56 -122
6 4c H,0,/NaOH 5a C¢Hs C¢Hs 68 10 -38
7 3a NaClO 5a CeHs CeHs 74 21 —47
8 3b NaClO 5a C¢Hs C¢Hs 62 40 -88
9 3c NaClO 5a C¢Hs C¢Hs 59 37 -80
10 4a NaClO 5a C¢Hs C¢Hs 79 7 +15
11 4b NaClO 5a C¢Hs C¢Hs 72 46 +100
12 4c NaClO 5a C¢Hs C¢Hs 64 11 +24
13 4b H,0,/NaOH 5b 4-C1-C¢Hy CeHs 54 51 =73
14 4b H,0,/NaOH 5c 4-NO,-C¢H,4 C¢Hs 92 14 =35
15 4b H,0,/NaOH 5d o-naphthyl C¢Hs 46 58 +48
16 4b  H,0/NaOH  5¢  P-naphthyl Clls 85 54 —49
17 4b H,0,/NaOH 5f C¢Hs 4-CH;0-C¢H,4 36 61 -53
18 4b H,0,/NaOH 59 C¢Hs 4-C1-C¢Hy4 51 58 -130
19 4b H,0,/NaOH 5h CeHs 4-NO,-C¢Hy 91 3 +6
20 4b H,0,/NaOH 5i C¢Hs a-naphthyl 72 58 —222

was stirred at 0 °C for 48 h. The mixture was quenched with 1 mol/L HCI (5.0 mL),
extracted with ethyl acetate (15 mL x 3), washed with brine, and dried over MgSO,.
Removal of the solvent followed by flash column chromatography (SiO,, petroleum
ether: ethyl acetate = 25:1) gave the desired product 6. Enantiomeric excess was
determined by HPLC analysis using CHIRALCEL OD-H. We attempted the catalyst
activity of 3 or 4 (Scheme 2) using H,0, as oxidant in the presence of NaOH (entries 1-
6, Table 1) and also tested with oxidant NaClO under the same conditions (entries 7-12,
Table 1). 4b/H,0,/NaOH gave the best result for the asymmetric epoxidation of 5a
with 56% e.e., as shown in entry 5. 3a/H,0,/NaOH (entry 1) and 4a/H,0,/NaOH
(entry 4) were found almost no enantioselectivities and with the increasing generation
number of PTC, the enantioselectivities decreased (entries 3, 6, 9 and 12). These
results indicated that the substituent effect on PTC is quite important for achieving high
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enantioselectivity. According to these results, we examined the generality in this
asymmetric epoxidation through the substrate effect, as shown in entries 13-16. PTC
4b acts as an effective catalyst, as expected, and the desired products were obtained with
moderate enantioselectivities except for substrate 5¢.  The substituent effect at position
R? in the enone substrates (entries 17-20) was also investigated. ~As shown in Table 1,
the results suggest that a range of different groups can be tolerated at position R* in the
enone substrates.

In summary, dendritic cinchona alkaloids ammonium salts were synthesized and
applied to asymmetric epoxidation as phase-transfer catalysts. PTC 4b shows to be a
good PTC catalyst giving a moderate level of asymmetric induction. Further studies
into the variation of the molecular structure to improve enantioselectivity are underway.
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