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from Ketones and Aldehydes using Aqueous H,0,
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AICI;.6H,0 was explored as an efficient catalyst for thetlsysis of gem-dihydroperoxides (DHPs) from ketones and
aldehydes. The reactions took place within a speriod of time using (30%) aqueous® asa “green” oxidant in acetonitrile

under neutral conditions at room temperature tordfthe products in high yields.
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INTRODUCTION of ketone enol ethers arolefines in the presence of aqueous
H,0O, [8,30,38];(ii) treatment of ketals and ketones with(Q4
gem-Dihydroperoxides (DHPs) are stable and versatilaitilizing acid catalysts such as tungstic acid [BHs/Et,O
derivatives of ketones and aldehydes [Therapidly [16,39], and HCI [26,40], albeit 4ert-butylcyclohexyl-1,1-
increasing interest igem-dihydroperoxides stems from their dihydroperoxide has been synthesized under nexdralitions
relevance to peroxidic antimalarial drugs [2-7],dathe catalyzed by methyltrioxorhenium (MeRgOin trifluoro-
presence ofgemperoxy linkage ingem-peroxyketals as a ethanol [2],and (iii) peroxidation of ketones in an acidic
salient structural feature [8-1Okhared by many known solvent,e.g. AcOH [12,41], or hydroperoxide rearrangement
antimalarial cyclic organic speroxides [11-21]. Alsthese of bicyclic alcohols [42]JHowever, these methods suffer from
compounds have been used as useful precursors ein thertain drawbacks such as longer reaction times, afs
synthesis of different:peroxides including tetramem[22-27], concentrated D, and excess acid, non-recoverable catalysts,
and their analogues -such as silatetraoxanes [28low yields, poor selectivity of ozonolysis and theesence of
spirobisperoxyketals [29]and 1,2,4,5-tetraoxacycloalkanes ozone-sensitive groups in the substrates.
[30]. Very recently,gem-DHPs have found applications as A more general way has been reported for thehewid of
initiators in polymerization reactions [31,32F reagents for gemDHPs from ketones and aromatic aldehydes using
epoxidation ofa,f-unsaturated ketones [33Jpd oxidation of aqueous KD, (30%) and iodine as the catalyst in acetonitrile
different organic molecules [34] such as sulfid&®,86]. [19,43].Daset al. [18] reported an efficient method for the
Recently, gem-dihydroperoxides have been reported assynthesis ofgemDHPs from ketones and aldehydes by
effective reagents for enantioselective epoxidatioin 2-  aqueous kD, (50%) under catalytic effect of ceric ammonium
substituted 1,4-naphthoquinones [37]. nitrate (CAN). For primarygemDHPs this method is,
Synthetic methods to synthesizem-dihydroperoxides however, limited to electron-rich aromatic aldehsydeA
have been reviewed [IFommon routes include (i) ozonolysis number of other recently reported synthetic routegem-
DHPs include the use of 50%,®, solution under acid
*Corresponding author. E-mail: azarifar@basu.ac.ir catalysis in THF [13Jand rhenium(VIl) oxide in acetonitrile
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[20]. Moreover, silicon-supported sodium hydrogen sulfate(ppm)): 4.45 (2H, brs, -OOH), 2.46-0.72 (16H, mipliH);
[15], phosphomolybdic acid [44], and camphorsuléoacid *C NMR (22.5 MHz, CDGJ, & (ppm)): 114.2, 52.0, 45.4,
[17], have been reported for the synthesis of pringey  39.5, 37.0, 24.6, 23.5, 21.0, 8.6; Anal. Calcd.GgyH 1504 C,

DHPs from ketones and aldehydes. 59.40; H, 8.91%. Found: C, 59.34; H, 8.87; FABN%¥z 225
[M+Na]".
EXPERIMENTAL 3-Bromo-2,2-dihydroperoxy-1,7,7-trimethyl-bicyclo

[2.2.1]heptane (2h). Colorless solid; m.p.: 68-70 °C; IR (KBr,
Solvents, reagents, and chemical materials werairdt  cm®): 3410 (O-H-stretching of hydroperoxy groups), 895

from Aldrich and Merck chemical companies and pedf 2853, 1618, 1478, 1384, 1316, 1205, 1034, 910, 68IMR
prior to use. Melting points were determined inmpapillary  (FT-90 MHz, CDC}, & (ppm)): 4.56 (2H, brs, -OOH), 2.27-
tubes in a Stuart SMPapparatus and uncorrected. Nuclear0.91 (15H, m, aliph-H);"*C NMR (22.5 MHz, CDG), §
magnetic resonance spectra were recorded on JEORQOEX (ppm)): 120.3, 54.0, 46.8, 40.0, 38.3, 26.6, 2272.4, 9.6;
using tetramethylsilane (TMS) as an internal stashdafrared  Anal. Calcd. for GoH1,BrO,4: C, 42.70; H, 6.05%. Found: C,
spectra were recorded on a PerkinElmer GX FT IR42.63; H, 5.97%; FABMSmz 304 [M+Na].
spectrometer (KBr pellets). M ethyl-(naphthalen-1-yl)-1,1-dihydroperoxide  (2K).
Caution: Although we did not encounter any problem with Colorless oil; IR (KBr, crif): 3324, 3052 (O-H stretching of
these reactions, peroxidic compounds are potepgajlosive hydroperoxy groups), 2922, 2853, 1594, 1573, 1301,
and should be handled with some caution; all reastshould 1356, 1279, 1240, 1192, 1128, 941, 863, 802, 79%; 3
be carried out behind a safety shield inside a fllwed and “NMR (FT-90 MHz, CDC}, & (ppm)): 8.83-8.75 (2H, brs,
transition metal salts or heating should be avaided -OOH), 8.10-7.20 (7H, m, Ar-H), 2.66 (3H, s, QH"*C NMR

(22.5 MHz, CDCY4, 6 (ppm)): 136.0, 134.4, 131.1, 129.9,
General Procedure for the Synthesis of gem-  127.8, 126.6, 125.5, 123.0, 107.0, 20.5; Anal. Qalor
Dihydroperoxides 2 Ci1oH1:04: C, 65.45; H, 5.45%. Found: C, 65.42; H, 5.40%;

A mixture of carbonyl substratels or 3 (. mmol), 30% FABMS: m/z 243 [M+Na].

aqueous kD, (3 ml) and AICL.6H,0 (0.1 mmol)in MeCN (4 Benzoyl-phenyl-1,1-dihydroperoxide (2n). Colorless
ml) was stirred at room temperature for 3-10 h (@dl). After  solid; m.p.: 118-120 °C; IR (KBr, chy 3427, 3071 (O-H
completion of the reaction (TLC), the mixture wadutd  stretching of hydroperoxy groups), 2841, 2699, 255888
with water (5 ml) and extracted with EtOAc (3 x B)nThe  (C=0O streching), 1603, 1583, 1454 (C=C stretching o
combined organic layer was washed with saturatete@gs aromatic ring), 1384, 1292, 1128, 1072, 1026, 8849, 700,
sodium bicarbonate solution (3 ml), dried over atbys 667;'H NMR (FT-90 MHz, CDC}, & (ppm)): 8.81 (2H, brs,
Na,SO, and concentrated. in vacuo. The residue was pdrifie-OOH), 8.10-7.95 (4H, m, Ar-H), 7.50-7.10 (6H, mr-K);
by silica-packed column chromatography (hexane-EfOt#&d  Anal. Calcd. for GH1,0s: C, 64.61; H, 4.61%. Found: C,
afford pure gem-dihydroperoxides 2 (or hydroxyl- 64.54; H, 4.57%; FABMSmz 283 [M+Na].
hydroperoxidedl) (Table 1). The products were characterized (4-Bromophenyl)methylene-1,1-dihydroperoxide (4q).
on the basis of their physical properties and spe¢tH, *C  Colorless solid; m.p.: 88-90 °C; IR (KBr, & 3426, 3085
NMR and IR) data which were in accord with thosporded  (O-H stretching of hydroperoxy groups), 2909, 16@828,

in the literature. 1411 (C=C stretching of aromatic ring), 1353, 123695,
1083, 973, 856, 828, 753, 706, 601 NMR (FT-90 MHz,

Spectral Data of New Compounds CDCls, § (ppm)): 9.96 (2H, brs, -OOH), 7.90-7.00 (4H, m; Ar
2,2-Dihydroperoxy-1,7,7-trimethyl-bicyclo[2.2.1] H), 6.26 (1H, s, CH)**C NMR (22.5 MHz, CDGJ, § (ppm)):

heptane (2g). Colorless oil; IR (KBr, crt): 3473 (O-H 141.0, 132.5, 130.5, 120.0, 111.0; Anal. Calcd.Ggt;BrO,:
stretching of hydroperoxy groups), 2973, 283889, 1448, C, 35.74; H, 2.97%. Found: C, 35.72; H, 2.94%; FARMVz
1385, 1268, 1146, 1017H NMR (FT-90 MHz, CDGJ, 8 258 [M+Nal.
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Table 1. Effects of Catalyst and Solvent in the Synthe$igemDHPS'

Entry Ketone 1/Aldehyde 3  Catalyst Solvent  Time (h)ield (%)
1 3-Pentanone AlGI6H,O CH,CN 3 96
2 3-Pentanone AlGI6H,O CH,CI, 5 82
3 3-Pentanone AlGI6H,O ELO 8 60
4 3-Pentanone AlGI6H,O AcOEt 5 87
5 3-Pentanone Sb{l CH;CN 8 48
6 3-Pentanone CeO CH;CN 10 45
7 3-Pentanone CrebH,0 CH,CN 8 75
8 3-Pentanone KF-AD; CH;CN 10 Trace
9 Cyclohexanone AIGI6H,O CH,CN 3 98
10 Cyclohexanone Sbgl CH5CN 7 55
11 Cyclohexanone CeO CH;CN 8 50
12 Cyclohexanone CrgbH,0 CH,CN 6 70
13 Cyclohexanone KF-AD; CHsCN 10 Trace
14 Acetophenone AlGI6H,O CHCN 8 56
15 Acetophenone Sbgl CH;CN 12 23
16 Acetophenone CeO CH;CN 12 15
17 Acetophenone CrebH,O CH,CN 10 28
18 Acetophenone KF-AD; CH5CN 20 0
19 Benzaldehyde AlGlbH,O CH,CN 8 67
20 Benzaldehyde Sbgl CH5CN 15 32
21 Benzaldehyde CeO CH5CN 15 15
22 Benzaldehyde CrgbH,0 CH,CN 12 22
23 Benzaldehyde KF-AD3 CH;CN 20 0

€onditions: ketone and aldehyde (1 mmol), solvénnl), catalyst (0.1 mmol), 30% agq.
HO, (3 ml), reactions are carried out at’tsolated yields.

(4-Flour ophenyl)methylene-1,1-dihydroperoxide (4s).
Colorless solid; m.p.: 110-212 °C; IR (KBr, &n3464, 3082
(O-H stretching of hydroperoxy. groups), 2905, 162601,
1564, 1453 (C=C stretching of aromatic ring), 13%303,
1071, 1025, 844, 720, 6884 NMR (FT-90 MHz, CDC}, &
(ppm)): 9.21 (2H, brs, -OOH), 8.14-7.14 (4H, m, AY-6.14
(1H, s, CH);®*C NMR (22.5 MHz, CDGJ, & (ppm)): 161.62,
137.0, 128.5, 118.5, 112.0; Anal. Calcd. foyHeFO,: C,
48.27; H, 4.02%. Found: C, 48.23; H, 3.97%; FABMSz
197 [M+Nal.

(2-M ethoxyphenyl)methylene-1,1-dihydr oper oxide
(4u). Colorless oil; IR (KBr, crl): 3226, 3085 (O-H
stretching of hydroperoxy groups), 2853, 1647, 16D83,
1465 (C=C stretching of aromatic ring), 1372, 124%77,
1017, 844, 758'H NMR (FT-90 MHz, CDC}, & (ppm)): 9.35
(2H, brs, -OOH), 8.18-6.84 (4H, m, Ar-H), 6.4 s, CH),
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4.05 (3H, s, OCh); **C NMR (22.5 MHz, CDGJ, 5 (ppm)):
157.4,139.1, 128.5, 123.0, 118.5, 102.0, 57.5] Abalcd. for
CeH100s: C, 51.61; H, 5.37%. Found: C, 51.57; H, 5.34%;
FABMS: m/z 209 [M+NaJ.

RESULTSAND DISSCUTION

In our ongoing research for making developmentsha
synthesis oflem-DHPs [45], and their applications in various
transformations [36,46,47], herein, we introduc€lAbH,O
as another new and highly efficient catalyst toeetffthe
synthesis of gemDHPs from ketones and aldehydes
employing aqueous 1@, (30%) at room temperature.

The effects of catalysts and solvents were dtigated in
order to obtain suitable reaction conditions imsrof yield
and reaction time for the conversionté ketones and



Azarifar & Khosravi

O 2q Hy0, (2%

aldehydes into their corresponding DHPs. Variousalygats AIC €D,0 (<t
and solvents were examined using 3-pentanone, J]\ MeCN, 1
cyclohexanone, acetophenone, and benzaldehyde ss te
compounds in agueous,®, (30%) at room temperature. The Scheme 1

obtained results are summarized in Table 1. Asccbel seen

in this table, the best results emerged when A6€L0 (10

mol%) was employed as a catalyst using MeCN astheent To develop the scope of the reaction, we deterthioe
of choice. It appears that, the solvent polarigyplimportant ~€xtend this reaction'to a variety of other cycliwdaacyclic
role in the synthesis of DHPs. The other catalgstsh as aliphatic and aromatic ketonéa-n and aldehydeso-v under
ShCk, CeQ and CrCi.6H,0 resulted in moderate to low the optimized conditions (rt, 0.1 mol% catalyst, NteCN)

yields while KF-AbO; was found quite unsuitable for this (Scheme 1). The experimental results are summainz€eble
synthesis. 2. The<gem-dihydroperoxides 2a-k corresponding to the

Table 2. Synthesis oflem-Dihydroperoxides with AIGI6H,0 (cat.)/30% aq. b0,*"

Entry Ketonel/Aldehyde3 Product2 or 4 Time (h)  Yield (% Ref.
o HOO\/OOH

a N 4 (5) 97 (95) [43]
HOQ OOH

b 3(4) 96 (93) [18]

HO OOH

c 3.5(4) 95 (92) [18]
OOH OOH

é 3(5) 98 (90) [15]
HOO, OOH

34) 97 (94) [44]

H

3 (4) 93 (90) [20]

4 68 new
OOH

00!
OOH
O
OOH
6]

g

7

OH

©>Q 8(11) 56 (45) [18]

H%
4\%& 5 58 new

=
;Oo j
o
@
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Table 2. Continued
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Table 2. Continued

CHO HOO__OOH
u ©i OMe 10 (10) 75 (60) new
OMe

HO OOH
v /Q/CHO 10(11) 82 (70) [45]
N
(0] H OOH
w PR /\/\/\;4,4 4) ¥ 93(00)  [48]

HQ OOH

(0]
X Q/\)LH @/\XH 5 (6) 95 (88) [48]

Tonditions: ketone and aldehyde (1 mmol), acetitai# ml), AlCL;.6H,0 (0.1 mmol), 30% agq. 40, (3

ml), reactions are carried out afTthe yields and reaction times obtained under simaitaditions using
SnC}.3H,0 catalyst [45] are quoted in the parentheSd®e structures of the products were established
from their physical properties and spdcttél, °C NMR and MS) analysis and compared with the
literaturelsolated yield.

. . Sy 20, (2%,

ketones afforded high to excellent yields (56-98%ihin 3-8 o ja(}cli‘cﬁ:o«a}j HO OOH
h (Table 2). However, under the'same reaction ¢mmdino R/IKH MeCN, i R><H
conversion togem-DHP was observed. for benzophendite 3 4

and it was recovered almost intact after 12 h. Tpassibly, Scheme 2

can be accounted for by the.strong resonance igtainih and

steric effects exerted by the presence of two phgmoyps. In

this reaction, acetylacetorien gavetrans-3,5-dihydroperoxy- that is, the addition of just one molecule of hygio peroxide

3,5-dimethyl-1,2-dioxolane (87%) [36], while only@ of the  to the carbonyl group has occurred.

two carbonyl groups' present in dibenzoyh underwent As shown in Table 2, AIGI6H,O appears to catalyze these

conversion to corresponding dihydroperoxi@ (75%).  reactions more efficiently to furnish the respeetiem-DHPs

Similarly, the aromatic aldehydés-v were converted to their in considerably higher yields and shorter reactiares than

correspondingem-DHPs20-v in (64-85%) yield (Table 1). SnChL.3H,0 catalyst reported in our previous work [45].
As we previously noted [45fand is also reported by Moreover, AICL.6H,0 is believed to be environmentally more

Rieche[48] and others [49], this method proved unsuitable foffriendly and benign in comparison with Sa@H,0 and many
converting aliphatic aldehydes such as octaBal and other previously reported catalysts.

hydrocinnamaldehyd@&x into their correspondingem-DHPs

under the same reaction conditions which transferre CONCLUSIONS

benzaldehyde intgem-DHP. Instead, these compounds were

both  converted into their corresponding hydroxyl-  In summary, a new, efficient and cheaply availataltalyst
hydroperoxidesdw and 4x respectively (Schen@ Table 1),  AICI;.6H,0 has been explored to effect the synthesigenfi-
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dihydroperoxides from aliphatic and aromatic kewrend [14]
aldehydes using agqueous®j (30%) in acetonitrile at room
temperature. The attractive features of this nepra@gch are:  [15]
the readily available and non-toxic catalyst, thghhyields,
mild reaction condition and the operational simpfiof the
procedure. [16]
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