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Ketones or ketals were readily converted into the corresponding gem-dihydroperoxides in high yields by treatment with ethereal H,0, at
ambient temperature in the presence of 2—5 mol % of phosphomolybdic acid.

Following the worldwide recognition of ginghaosu' (QHS,
artemisinin, 1) as a potent and fast-acting antimalarial agent in
the 1980s, many new organic peroxides of various structural
types have been designed and synthesized in a global effort to
develop novel agents against multidrug resistant malaria. As a
consequence, an impressive number of man-made peroxides
with high potency in at least in vitro tests were discovered,
strongly suggesting that incorporation of peroxy bonds into the
structures of organic molecules is indeed a very promising
approach to the generation of new antimalarials.

One of the salient structural features® shared by many
known antimalarial cyclic organic peroxides is the gem-
peroxy linkage (Figure 1), which presumably is at least one
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Figure 1. Qinghaosu and some antimalarial gem-diperoxides.

of the main stimuli for the current interest® in the synthesis
of gem-peroxyketals. To date, at least 10 different protocols
have been documented in the literature for converting
ketones/ketals into corresponding gem-peroxides through
reaction with H,O,. Most of them used a Bronsted or Lewis
acid, such as HCO,H (used as solvent),*® F;CCO,H (12 mol
equiv), conc. H,SO4 (0.3—1.0 mol equiv),>® H,WOy, (1.0
mol equiv),>® NaHSO,—SiO, (ca. 0.2 mol equiv),* F;B-OEt,
(0.2—0.4 mol equiv),* or camphorsulfonic acid (CSA, along



with 70% H,0, and only applicable to aldehydes),*® as the
catalyst. Ce(NH4),(NO3)s (CAN),*" 1., and methyltri-
oxorhenium® (MTO, prepared from Re,0;) have also been
utilized to promote such transformations. However, as
noted* by Ghorai and Dussault, none of these methods are
mild enough to be generally applicable—they all suffer from
one or more of such drawbacks as low yields, slow reactions,
requirement for use of high concentration of H,O,, and
incompatibility with sensitive functionalities.

The recent mild/highly efficient Re,O; protocol of
Dussault®™* does represent a major improvement. However,
new mild/effective methods directly applicable to multifunc-
tionalized substrates are still in great need.

In our efforts to develop new antimalarial organic perox-
ides, we observed that phosphomolybdic acid (PMA,
H3;Mo0,,040P:xH,0, a reagent much cheaper than Re,0;) in
ethereal H,O,* could efficiently catalyze the peroxyketal-
ization reaction of ketones/ketals (Scheme 1). The reaction
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usually occurred readily at ambient temperature in the
presence of 0.02—0.05 mol equiv (i.e., 2—5 mol %) of PMA
and resulted in the desired gem-diperoxides in excellent
yields within a few hours.

The results are summarized in Table 1. Cyclic ketones of
different ring sizes all reacted very well (entries 1—3).
Bridged and substituted ketones (entries 4—6 and 9) appeared
to be equally reactive. It is interesting to note that even when
the carbonyl groups were masked as 1,3-dioxolanes, which
usually are more stable/less reactive than dimethyl ketals (the
substrates in some of the previous investigations) and
therefore are more often used as protecting groups, the gem-
peroxides were also formed in high yields.

When a free ketone and a ketal functionality are both
present in the same molecule, further reactions might follow
(entries 10 and 11), leading to also interesting and potentially
useful cyclic structures. The conjugated carbonyl group
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seemed less reactive, and clear-cut discrimination between
two types of ketone carbonyl groups was achieved (entry
12).

Open-chain ketones showed similar reactivity under the
same conditions, resulting in the expected gem-dihydroper-
oxides in excellent yields (entries 13—15). It is interesting
to note that 1,3-dioxolanes, which are more practical protect-
ing groups than those dimethyl ketals, also served very well
as the precursors (entries 16—18). Compared with all the
previous acid-catalyzed protocols, which were effective only
with ketals (mostly dimethyl ones) unless using substantial
amounts of strong acids, the present method should have
better prospects in application.

That common protecting groups such as TBS (tert-
butyldimethylsilyl), MOM (methoxymethyl), PMB (p-meth-
oxybenzyl), Bn (benzyl), and Bz (benzoyl) groups were
tolerated is particularly valuable because construction of gem-
peroxides by direct peroxy ketalization of ketone/ketals
containing common protecting groups in synthetically useful
yields has never been achieved before (to the best of our
knowledge), and there has been only one® individual
example for olefinic substrates.

As a direct comparison, we also tested conversion of 5f
to 6f under the NaHSO,—Si0,>¢ conditions. No traces of
gem-diperoxides could be detected after 2 h, while the TBS
protecting group was completely hydrolyzed. Similarly, in
an earlier effort to prepare a gem-dihydroperoxide from a
dimethyl ketal using 20 mol % of F3;B-OEt, as the catalyst,
the expected product was formed in 10—40% yield, along
with 35—77% of the corresponding ketone which resulted
from hydrolysis.

In conclusion, a novel mild method using 2—35 mol % of
phosphomolybdic acid (PMA) as the catalyst has been
developed for the synthesis of gem-diperoxides. The lower
acidity and higher catalytic activity of this set of conditions
made it possible for the first time to make gem-diperoxyketals
directly from the ketones/ketals containing such protecting
groups as TBS, MOM, PMB, Bn, and Bz and/or C—C
double’ bonds. The yields are generally high, and the reaction
time in most cases is 3—4 h. 1,3-Dioxolanes, which are
broadly employed protecting groups and might be necessary
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Table 1. Formation of gem-Diperoxides Catalyzed by Phosphomolybdic Acid”

entry starting material PMA (mol%) time (h) product isolated yield (%)
D=0 O
5a a
1 2 3 0—0H 95
O-OH
2 O sp 2 2.5 <Z::>< 6b 95
O-OH
O-OH
3 [:i:>¢=o 5¢ 2 3 [:::>< 93
0-OH
O-OH
4 O 5d 2 4 6d 96
O-OH
-OH
0O-OH
O-OH
6 2 3 95
TBSOO:O 5 TBSO{>< of
O-OH
@H OH
7 050 CN 3 5 0, .0 cN 93
5g ij/\sg/
I\ 0 OH OH
o_ .0 o, 0
8 3 4 93
OFEt OFEt
5h 6h
o 0 OH OH
OEt 2 2 050 2
9 S5 OEt o
5i 6h
0_0
10 3 8 74
5§
0O OTBS
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11 2
o 3 70
5
OAc o] OH OH
OA ] ]
12 2 25 ° o_o 89
o)
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OMCC))M _ MOMO gH OH__
13 5 5 o] 90
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o] HO  OH
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‘ \/\O><O/\/OBZ 6n

OBn O s OH OH
15 k\//\\/JL\/ﬂ\ o 5 6 OBn 74
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Table 1 Continued

entry starting material PMA (mol%) time (h) product isolated yield (%)
[\ OH OH
18 0.0 3 3.5 0. O 96
0 5r o) 6r
0 OH OH
0_ 0
19 2 3 96
co,Me 58 coMe 8
CO,Me Cozl\ﬁle
I\ OH OH
0__0 o 0O
20 2 4 95
co,Me 5t coMe ©8
COZMG Cone
CHO O-OH
21 ©/ 5u 5 7 @—( 6u 74
O-OH
o)
0-OH
2 H 5 6 Meo©_< o 82
0-OH
MeO Sv
o] 0-OH
23 5 8 O-OH 6w 51
5w

“ All runs were performed at ambient temperature in ethereal H,O, containing the indicated amount (with respect to the starting 5) of phosphomolybdic
acid (H3Mo01,04P:xH,0) with the substrate and H,O, concentration being 0.2 and 1.0 M, respectively.

in the synthesis of such substrates as Sk and Sr, could also
be directly used in lieu of a free ketone carbonyl group. The
chemistry is compatible with a range of functionalities,
including ester, nitrile, alkyne, alkene (both isolated and
conjugated), and enol ester groups. These advantages, along
with the much lower price of PMA compared with that of
Re,07, make the present method an attractive means for the
synthesis of gem-dihydroperoxyketals.
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