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Reaction of quinine, 9-epiquinine and their acetates in
superacid in the presence of hydrogen peroxide:

an access to new fluorhydrins and/or ketones
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Abstract—In HF–SbF5, in the presence of H2O2 (source of OH+ equivalent) quinine 1a yields 10-keto derivatives 4a and 5a and
cyclic ether 3 as the major product. In the same conditions 1b, 2a, and 2b give the 10-keto and 10-fluoro-3-hydroxy analogs.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

We have previously reported the reactivity of Cinchona
alkaloids (quinine, quinidine), their 9-epimers and the
corresponding acetates in superacid HF–SbF5 in the
presence of chloride ion. Except for quinine 1a, leading
to ether 3 previously obtained,1 all other substrates
yielded new gem-difluorinated products.2,3

In our search for new derivatives, we have studied the
reactivity of quinine derivatives in HF–SbF5 in the pres-
ence of hydrogen peroxide H2O2, an equivalent source
of ‘OH+’ in the reaction conditions.4
Table 1.

Entry Substrate Products (yields %)(molar ratio)

1 1a 3(35) + 4a(5) + 5a(5)
2 1b 4b(20) + 5b(20) + 6ba(20) + 7ba(10)
2. Reaction of quinine 1a, epiquinine 2a, and acetates
1b and 2b

2.1. Results

The experimental procedure is as follows: to a mixture
of HF–SbF5 (12 mL, 7:1 molar ratio) and 80% H2O2

(3 equiv), maintained at �35 �C in a Teflon� flask,
was added a quinine derivative (500 mg, 1.37 mmol).
The mixture was magnetically stirred at the same tem-
perature for 3 min. After usual work-up, flash-chromato-
graphy and preparative TLC over SiO2 yielded the
products.
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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Except for quinine 1a yielding ether 3 previously
described as the major product in HF–SbF5, Table 1
shows that all substrates gave ketones and fluorhydrins.
The determination of structure of these new compounds
was made by 1H and 13C NMR analysis, resonances
being assigned from DEPT, COSY, HMQC data.5 Acyl-
ation of ketones 4a and 5a yielded the corresponding
acetates 4b and 5b respectively, also obtained from
quinine acetate 1b (Fig. 1).

2.2. Structure determination

2.2.1. Compounds 4b and 5b. For both compounds 4b
and 5b the molecular weight [M+H]+ (383 g mol�1)
implies the formal addition of one oxygen atom. The
1H NMR spectra showed that the quinoline moiety
did not appear to be modified when compared to com-
pound 1b and changes were observed in the quinuclidine
part with the disappearance of the vinylic group at C-3
carbon. The presence of a singlet for a methyl group
at 2.12 ppm in 1H NMR spectra and of a quater-
nary carbon at 210 ppm in 13C NMR spectra was
3 2a (8a + 9a)(12)(1/1) + (10aa + 11aa)(25)(2/1)
4 2b (8b + 9b)(30)(1/1) + 10ba(33) + 11ba(17)

a 4/1 (Molar ratio).
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in accordance with the presence of a methylketone in
both products. Compounds 4b and 5b only differ from
the configuration at C-3. In 1H NMR spectra, a W-cou-
pling between H-2a and H-6a for both compounds per-
mits to identify H-2a. For compound 5b a cis coupling
(J = 7.3 Hz) between H-2a and H-3 determines the con-
figuration at C-3 in this compound and consequently
that of compound 4b (Fig. 2).

This assignment was confirmed in 13C NMR by the
chemical shifts of C-5 and C-7 carbons, C-7 carbon
(25.9 ppm) in compound 4b being more shielded than
C-5 carbon (27.7 ppm), for compound 5b the reverse
being observed (29.5 and 22.6 ppm, respectively). This
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feature was previously observed in the quinidine series
with the acetyl and the difluoroethyl groups exerting a
similar effect.3

2.2.2. Compounds 6b and 7b. For both compounds the
molecular weight [M+H]+ (403 g mol�1) implies the for-
mal addition of FOH. Compounds 6b (20%) and 7b
(10%) are both mixtures of stereoisomers differing from
the configuration at C-10. In 1H NMR spectra of com-
pounds 6b and 7b major changes are observed only in
the quinuclidine ring when compared to compound 1b:
disappearance of the vinylic group and presence of a
CH3–CHF group.

For example, in compounds 7b, the major isomer gives in
1H NMR a doublet of quadruplets at 4.81 ppm
(J1 = 45.9 Hz and J2 = 6.3 Hz) for C10-H and a doublet
of doublets at 1.32 ppm (J1 = 25.0 Hz and J2 = 6.3 Hz)
for the methyl group. In 13C NMR spectrum of com-
pounds 7b, the major one exhibits the expected couplings
for C-10 (1JCF = 168.7 Hz), C-11 (2JCF = 23.2 Hz), C-3
(2JCF = 18.7 Hz), C-4 (3JCF = 4.9 Hz), and C-2 (3JCF =
4.9 Hz). A mixture of isomers 6b exhibit very close signals
for the CH3–CHF group in 1H and 13C NMR spectra.
Furthermore, in 1H NMR of compounds 7b a NOESY
interaction between H-10 and one hydrogen at C-5 deter-
mines the configuration at C-3 in these compounds and
consequently in their isomers 6b.
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For epiquinine derivatives, the determination of the
structure of alcohols 8a, 9a, 10a, and 11a and of ace-
tates 8b, 9b, 10b, and 11b have been carried out
similarly.

2.3. Reaction mechanism

Formation of fluorhydrins and ketones implies initial
isomerization of the C10–C11 double bond to the exo-
cyclic (Z or E) C3–C10 one. For proof, when the reaction
is carried out either with acetate 1b or D3,10-isoquinine
acetate (Z+ E)-12,6 the same products are obtained.

Reaction of the electrophile ‘OH+’ with the C10–C11
double bond can be ruled out, protonated terminal
epoxide would have led to an aldehyde.

Reaction of (Z)-isomer 12 with the electrophile ‘OH+’
equivalent yields protonated epoxides A and B. Isomer-
ization of protonated epoxides A and B gives ketones 5a,
5b, 9a, 9b and ketones 4a, 4b, 8a, 8b, respectively and
their trans opening with a fluoride ion yields fluorhyd-
rins 6b, 10a, 10b and 7b, 11a, 11b. Reaction of (E)-iso-
mer 12 will similarly lead to the same ketones and
diastereoisomeric fluorhydrins (Scheme 1).

It should be pointed out that no oxidation is observed at
the benzylic position. The oxidation would imply forma-
tion of the corresponding carbenium ion8 which is dis-
favored by the protonation of both quinoline moiety
and nitrogen quinuclidyl group.
3. Conclusion

Quinine derivatives have been reported as active mole-
cules against malaria or catalysts in a variety of enantio-
selective reactions: hydrogenation, fluorination,
dihydroxylation, and desymmetrization of prochiral
anhydrides.7 In this report, we have synthesized fluor-
hydrins and ketones which can have new biological or
catalytic activities.
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