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Synthesis of b-peroxy-lactones using 30% H2O2
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Abstract—Cyclopropyl carbinols 1a–e react with H2O2 in the presence of concd H2SO4 at 0–5 �C to furnish the corresponding
hydroperoxides 2a–e in 45–82% yields. This efficient trapping of cyclopropylmethyl cations by the hydroperoxy group has been
exploited to prepare compounds 14–23, a new series of cyclopropyl substituted b-peroxy-lactones.
� 2005 Elsevier Ltd. All rights reserved.
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The cyclopropylmethyl cation and its rearrangement
have been extensively studied in the context of cyclopro-
pane chemistry. Cyclopropylmethyl substrates solvolyze
with abnormally high rates forming the cyclopropyl-
methyl cation as a key intermediate, that either rear-
ranges to the corresponding cyclobutyl cation or a
homoallylic cation. Thus the products of solvolysis often
include compounds not only derived from unrearranged
cyclopropylmethyl cations but also from cyclobutyl and
homoallylic cations.1 On the basis of solvolysis experi-
ments the order of stability of these cations follows
the order:2 cyclopropylmethyl cation > cyclobutyl cat-
ion � homoallylic cation.

The greater stability of the cyclopropylmethyl cation is
due to the presence of the cyclopropyl group. The bonds
in cyclopropane cannot be pure r bonds and have con-
siderable sp2 character and therefore provide a p cloud,
which stabilizes the positive charge on the adjacent car-
bon atom.3 The rearrangement of the cyclopropylmethyl
cation to a homoallylic cation has been exploited syn-
thetically to convert cyclopropyl carbinols into homo-
allylic alcohols, homoallylic acetates and homoallylic
halides.4 In the course of work designed to prepare
homoallylic hydroperoxides we discovered that cyclo-
propyl substituted carbinols react efficiently with 30%
H2O2 in the presence of concd H2SO4 to furnish cyclo-
propyl substituted hydroperoxides in good yields.
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Thus cyclopropyl carbinols 1a–e, easily accessible from
cyclopropyl methyl ketone by reaction with an appro-
priate Grignard reagent, reacted with 30% H2O2 in the
presence of concd H2SO4 at 0–5 �C to furnish hydroper-
oxides 2a–e in 45–82% yields. A similar reaction of 1a
with t-BuOOH furnished the corresponding tert-butyl
peroxide 2f in 57% yield (Scheme 1).5,6 Thus, H2O2 acts
as an efficient trap for the cyclopropylmethyl cation
before it rearranges to cyclobutyl or homoallylic cations.

We have extended this observation to the preparation of
b-peroxy-lactones. Thus, b-hydroxy esters 4–13 pre-
pared by reaction of cyclopropyl ketones 3 with a-halo
esters/zinc were treated with 30% H2O2 in the presence
of concd H2SO4 in THF at 0–5 �C to furnish b-per-
oxy-lactones 14–23 in 30–80% yields (Scheme 2, Table
1).7 Peroxy-lactones 15 and 21 were isolated as an insep-
arable mixture of diastereomers.8
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Table 2. In vitro antimalarial activity of b-peroxy-lactones 14–23

against P. falciparum (NF-54)

Compound MICa,b (lg/mL)

14 10.00

15 10.00

16 >50.00

17 50.00

18 50.00

19 50.00

20 >50.00

21 >50.00

22 >50.00

23 >50.00

Artemisinin 0.03

Chloroquine 0.04

a MIC = Minimum concentration inhibiting development of ring stage

parasites into the schizonts.
b 50.00 lg/mL was the highest concentration used in this study.

Table 3. In vivo antimalarial activity of compounds 14 and 15 against

P. yoelii in Swiss mice by the i.m. route

Compound Dose

(mg/kg/day)

% Suppression

on day 4a

No. of surviving

mice on day 28

14 192 76.60 0/5

15 192 Toxic 0/5

96 77.52 0/5

a Percent suppression = [(C � T)/C] · 100; where C = parasitaemia in

the control group, and T = parasitaemia in the treated group.

Table 1. Yields of b-peroxy-lactones 14–23

Compound R1 R2 R3 Yield (%)

14 Me H H 80

15 Me H Me 38

16 Cyclopropyl H H 69

17 Cyclopropyl H Me 39

18 Cyclopropyl H Et 35

19 Phenyl H H 42

20 4-Chlorophenyl H H 55

21 Me H Et 52

22 Me Me Me 33

23 Cyclopropyl Me Me 30
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Scheme 2. Reagents and conditions: (a) a-bromo ester, Zn, benzene,

reflux, 2–7 h; (b) 30% H2O2, concd H2SO4, THF, 0–5 �C, 4–6 h.
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b-Peroxy-lactones have earlier been prepared from b-hy-
droxy acids using 90% H2O2.

9 Since the preparation of
90% H2O2 is hazardous, the present method is advanta-
geous since commercially available 30% H2O2 is used.
However, the presence of the cyclopropyl group is essen-
tial for this reaction as b-hydroxy esters 24, 25 and 26
failed to react with 30% H2O2 under the same conditions
(Scheme 3).

Since there was no report on the antimalarial activity of
b-peroxy-lactones we also tested these easily accessible
b-peroxy-lactones against P. falciparum (NF-54) in
vitro10 (Table 2).

Compounds 14 and 15 which showed activity at 10 lg/
mL were also tested in vivo11 against multi-drug resis-
tant P. yoelii in mice by the intramuscular (i.m.) route
(Table 3). Both these compounds showed significant
suppression of parasitaemia. However, considering the
high order of activity shown by artemisinin and its
derivatives, the activity shown by these compounds is
weak.

While various classes of peroxides such as 1,2,4-triox-
anes,12 1,2,4,5-tetraoxanes,13 endoperoxides,14 H2O2,

15
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Scheme 3. Reagents and conditions: (a) 30% H2O2, concd H2SO4,

THF, 0–5 �C, 7–9 h.
etc. have been tested for antimalarial activity, to our
knowledge this is the first report on antimalarial activity
of b-peroxy-lactones.

In conclusion, we have discovered that hydrogen perox-
ide is an efficient trap for cyclopropylmethyl cations and
have exploited this observation to develop a convenient
route for the preparation of b-cyclopropyl substituted
b-peroxy-lactones using 30% H2O2. Work related to
trapping of cyclopropylmethyl cations by other soft
nucleophiles such as thiols is currently in progress and
will be reported in our subsequent publications.
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