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Abstract: The deracemization by enantioselective protonation of silyl enol ethers was tested using 2,2-dimethyl
S-phenyl 1,3-dioxolan 4-one 1. The results obtained, especially with pantolactone as a chiral proton donor, are
better than when the deracemization is carried out with the lithium enolate of 1.

Among methods of obtaining optically pure compounds, the deracemization method first developed by
Matsushita et al.1 and Duhamel et al.2 is the most recent but has not yet received much attention. This tethod is
in principle applicable to any compound in which a stereogenic center s bound to an acidic hydrogen. It allows
the quantitative transformation of a mixture of enantiomers into only one2. Deracemization proceeds through two
steps: deprotonation of an enantiomeric mixture leading to a prochiral anion followed by asymmetric protonation
by a chiral proton donor HA* (Scheme 1).
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For this enantioselective protonation, Duhamel et al.2 proposed kinetic conirol at low temperature
whereas Matsushita et al.! suggested two mechanisms: kinetic control at low temperatures and thermodynamic
control at higher temperatures. The deracemization method has been applied to carbonyl compounds!-3, amino
acids? and ot-hydroxy acids®3. Recent work has been directed to the search for efficient chiral proton
sources3. To obtain a high ee, the system must allow good transition state discrimination which is only
obtained with a sufficiently rigid transition state. This rigidity is favoured by: (i) multiple chelations either with
heteroatoms present in the molecule or with secondary amines (such as diisopropyl amine when LDA is used for
the deprotonation), (ii) choice of a suitable solvent avoiding charge separation, (iii) use of a weakly acidic proton
donor, (iv) very low reaction temperature (-50 to -100°C). Use of low temperature is also necessitated by the
frequent instability of enolates. The aim of this work was to carry out the enantioselective protonation of silyl
enol ethers which are more stable than enolates, with a view to studying the effect of temperature on the ee of the
reaction. We chose as a model the cyclic ester of mandelic acid 1 described by Hiinig4 and we measured ee and
yields by our accurate method® based on derivatization with valine methy! followed by HPLC analysis of the
diasterevisomeric mixture 4 (Scheme 2).
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Of the two possible pathways,C vs ()-protonation, only C-protonation can afford an enantioselective
reaction. Tn the case of alkylation reactions, several studics?-? have established that C-alkylation of silyl enol
cthers is the normal route. No systematic study of the enantioselective protonalion of silyl enol cthers has been
described. To our knowledge, only Takano et al. 10 have used protonation of silyl enol cthers in arder to favour
C-pratonation. A study of protonolysis of silyl enol cthers carried cut hy Novice ot al.!l indicated C-
protonation in the case of t-butyl dimethy! silyl enol ethers whilst no conclusion was arrived at far trimethyl silyl
enol ethers.

Materials and methods

Homochiral or racemic dioxolanone 1 was prepared by acetalation of mandelic acid (homochiral or
racemic) with acctone according to Soulicr's method! 2. The trimethylsilyl enol ether 3 was prepared as
deseribed by Hiinig?. This compound was obtained pure afier ¢vaporation of solvent and volatile reagents
followed by precipitation of LiC1 by addidon of hexane.

During the protonation and solvolysis of 3. the extent of reaction was followed by hydrolysis of aliquots
of the mixture with D20 and comparison of the integration of the NMR signal for the remaining CHe with that
for the phenyl group. After completion of the reaction, the dioxolanone was hydrotyzed with agueous
hydrochloric acid, and the i1solated mandelic acid was coupled with valine methyl ester. The ee was determined
by HPLC analysis. The chemical yield of the reaction was also measured by HPLC using the protected dipeptide
Bn-Val-Gly-OMe as standard.

Results and discussion

In order to apply our method, we first reproduced one of Hinig's cxperiments": deprotonation of
dioxclanone 1 by LiIHMDS in THF at -78°C followed by protonation with {R) pantolactone gave 36% ce
whereas Hiinig obtained 53%. This difference could be explained by the imprecision of the polarimetric method
used in the previous work. Employing BuLi in the deprotonation step led to 40% ee. In both experiments yields
were 30-32% (not given by Hiinig). We then protonated the corresponding trimethylsilyl enol ether 3 with
paniolactone and we monitored the progress of the reaction by hydrolysis of aliquots with D20. The reaction
was complete after 2h at -78°C and return to room temperature over 6h. Under these conditions we oblained
13% ce and 87% yield (Table 1), In spite of the low ee, this experiment shows that enantioselective protonation
of a silyl enol ether is possible. However, the rate of protonation with alcohols is relatively slow. We tried using
Z-phenylalaning (Table 1), a more acidic chiral proton donor, By deateration it was found that the rcaction is
terminated in less than 30 minutes. The yield is very high but the ce is only 7%.

Tuble 1
R*-OH ec % Major cnantiomer Yield %
O,
0 ®) .
Q 133 (S) 87
HO
2= NI= CH-COM 7b S) @
CHyb 8

Reaction conditions: 2) 2h at -78°C then return at room temperature in 6h: ©) 30 min.
al -78°C then return (o room temperature over bh,
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Since reactions of silyl enol ethers are in general catalyzed by Lewis acids13-14, we studied the effect of
some additives in our reaction (Table 2).

Table 2
Additive* ec % Major enantiomer yield %
ZnClp 38 (8) %0
LiCl 50 (8) 88
Ti(0iPr)4 Il (&3] 87
BF3 EO - . .

*) Protonation of 3 at -78°C by (R) pantolacione 1n presence of one equivalent ol additve

With the exception of BF3-Et20 which brings about decompositicn of the silyl enol ether, the
protonation reaction is complete in less than 30 min. as shown by deuteration. Since the best enantioselectivity
was obtained with LiCl, we used this salt in the following experiments by omitting its elimination in the
preparation of the silyl enol ether. We then studied the protonation reaction with various chiral proton donors.
The results (Table 3) show that hard acidic proton donors such as lartaric acid, give rise to high yiclds bul with
no enantioselectivity. Among the other proton donors, pantolactone is the best, leading to 50% ee and 88% yield
whilst Hiinig's method in our hands led to only 36% ee and 52% yicld.

Table 3
R*-OH ec % Major enant. Yield % React. time
Tartaric acid (D) 0 - 98 <30 min.
Hydroxypinanone(-)* 24 R 78 4h
Prolinol (L) 18 R §2 3h
Methyl mandelate (R) 20 S 87 3h
HYTRA** 20 S 95 2h
Pantolactone {(R) 50 S 88 <30 min.

Reaction conditions: Silyl enol ether 3, 1 eq. LiCl, 3 eq. R*-OH, THF -78°C.
*) 18,28,55 2-hydroxy 3-p'ma.none15; **) (§) 1,1,2-triphenyl ethanol 2-acetate

To determine the influence of temperature, we repeated the last experiment, protonation of 3 by
pantolactone, but at -40°C instead of -78°C. Under these conditions a zero ee was observed. This shows the
great importance of the use of very low temperatres to promote enantioselective protonations.

Conclusion

This work shows that enantioselective protonation of silyl enol ethers is possible, probably by a C-
protonation mechanism. In the case studied, the yields and enantiomeric excesses are better than those observed
in the case of enantioselective protonation of lithium enolates. However, the greater stability of silyl enot ethers
does not allow the avoidance of low temperature reactions since increase in temperature greatly decreases the ee.
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Experimental

Melting poinis were measured with a Biichi apparatus and are uncorrected. NMR spectra were recerded
on a Briiker WP BI/CW spectrometer, Chemical shifts are quoted in ppm relative to tetramethylsilane as internal
standard, HPLC measurements were carried oul with a Waters Associates system (two 510 pumps, U6K
injector, variable UV 484, Maxima control system), using a Spherisorb Cg column in an oven stahilized at
35°C.

2,2-Dimethyl 5-pheryl 1,3-dioxolan 4-one 1

Boron trifluoride etherate (10.4g, 70mmol) was added 1o a solution containing 6.2g (40mmol) of
mandclic acid (optically purc or racemic) and 3ml (40mmol) of acetone in 20ml of ether. Stirring was continued
for 12h at room temperature. The mixture was washed with saturaled NaHCO3, and then water to neutral pH.
The solution was dried over Na2S04 and evaporated under reduced pressure. The resulting whitc solid was
recrystallized in hexane : 7.2g (95%) yield ; m.p.47°C (Litt.12 47-48°C): Rf 0.7 (AcOEv) : I NMR (CDC13) -
1.6 and 1.7 (2s, 6H, (CH3)2) : 5.3 (s, 1H, CH) ; 7.4 (m, 5H, CgHs).

2,2-Dimethyl 4-trimethylsilyloxy 5-phenyl dioxola 4-ene 3

BuLi (3.6ml, 5.7mmol of 1.6M solution in hexane) was slowly added under nitrogen to a solution of
0.9ml (6.3mmol) of diisopropylamine in 20ml of anhydrous THF cooled 1o -78°C. The solution was allowed to
reach room temperature and then re-cooled to -78°C. Dioxolanone 1 (1g, Smmol) in 3ml of THF was added and
the mixture was stirred for Smin. Chlorotrimethylsilane (3.2mi, 25mmol} was added and the mixture stirred at
-78°C for 10 min and was then allowed to warm 10 room temperature. THF, diisopropylamine and cxcess of
chlorosilane were evaporated under reduced pressure. If desired, LiCl was eliminated by precipitation with
hexane followed by filtration. The pure silylenol ether 3 was obtained in quantitative yield after evaporation of
the solvent. TH NMR (CDCl3 : 0.3 (s, 9H, SiMe3); 1.6 (s, 611, (CH3)2); 7.3 (m, SH. CgH3).

Deracemization of dioxolanone 1

A solution of 3g (15mmol) of dioxolanone 1 in 50m! of anhydrous THF in a Schlenk tube under
nitrogen was cooled to -40°C, and 15ml1 (15mmol) of 1M solution of LIHMDS in hexane was slowly added by
syringe. After stirring for 30min at -40°C the solution turned yellow. Chiral proton donor (45meq. in 15ml of
THF) was then slowly added and the temperature kept at -78°C. In order to follow the course of the reaction,
aliquots of Iml were taken every 30min, hydrolyzed with a few draps of D20, dried under reduced pressure,
and analyzed by NMR. The reaction was complete when the integration for the proton in position 3
corresponded to 1H by comparison with the phenyl group integration. The sotvent was then evaporated and the
residuc chromatographed on a short silicagel column to eliminate the proton donor (cluent ether/hexane, 50/50).
The isolated dioxolanone was dissolved in 50ml of THF and hydrolyzed by addition of 20ml of 6N HCI. Afier
stirring for th at room temperature, the solvents were removed under reduced pressure and the residue was
dissolved in benzene and evaporated to dryness. A known quantity of dipeptide Bz-Val-Gly-OMe was added w0
the residue as internal standard, and the mixiure was analyzed by HPLC : cluent MeOH/H20, 40/60, flow
Iml/min, A=214nm, retenton times tR(min) : standard : 18,8 ; ®-CH(OH)-CO-NH-CH(iPr)-CO2Me¢
diastereoisomers DL, tR=22.5 and L,L, tR=33.6. The ee and yields were determined from the area of each
peak.
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Deracemization of silvi enol ether 3
The same procedure was followed but starting from silyl enol ether 3 both in the presence or absence of
one equivalent of additive. The results are given in Tables [-3.
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