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Abstract : A mild and efficient catalytic method for the benzylic oxidation of alkyl arenes to the corresponding fert. butyl aryl
peroxides is described using a catalytic amount of reusable solid, Ru™-exchanged Montmorillonite K10 and 70% fert. butyl
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hydroperoxide (TBHP) as oxidant. © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
Organic peroxides are involved in many biological processes including development of rancidity in fats,
loss of activity of vitamin products and firefly bioluminescence. Some biological products contain a peroxide
group e.g the natural product, ginghaosu is a 1,2,4-irioxane that possesses antimalarial properties and

...... ~ PRy alo . ey rsi

ddeIIUUIG iS an ena UPCI'OXIUC nat pOSSéSSéS Se d tve analgesw anumeumanc and anunelmmuc pl’Op Tes [1).
Organic peroxides are also involved in gum formation in lubricating oils, prepolymerization of some vinyi
monomers and degradation of olefin polymers. The importance in synthetic application of these peroxides lies
in their ability to decompose to valuable compounds [2].

SYNTHESIS OF ORGANIC PEROXIDES

The selective oxidation at the benzylic C-H bond of alkyl arenes constitutes a potential route for the
functionalization of alkyl arenes into oxygenated derivatives such as peroxides, alcohols, aldehydes, ketones,
and acids. The reaction selectivity to produce specific oxygenated derivatives such as peroxides is of crucial
importance. Kharasch ef al. reported that oxidation of organic compounds containing activated C-H bonds with
alkyl hydroperoxide under catalysis by metal ions such as Cu(l), Mn(II), or Co(Il) leads to the formation of
dialkyl peroxides [3]. However, this system suffers from a parallel non-productive catalytic decomposition of
TBHP which causes rather low yields of the peroxide product. Muzart ef al. have recently reported a fert.
tyl peroxidation ot tertiary benzylic carbons (PhsCH) with aq. TBHP catalyzed by chromium oxide [4].

iohlv tavic chromium recidues counled with low selectivitv to the fert. butvl neroxv nmd make this method
l‘lalll] BN/ RANY WALV LIRAVALAL 3 WL V\Jurlv\l YV ALCALA AN VY wwaww LA WV VNS VRSV T J © Jd r
n lace nrafarrad ana Qacenn of 2l hava renarted tertiary neravidatinn of tetralin nginoe CuCl, as catalvst under
a 1000 PITICIITU ULIL. 1Jaddull € . 114VL TUVPUILLU WUl LAl Yy PUIUAIVGLUULE Ul VW GLLLL Wollis Wi, B0 MR job faesiess

selectivity was found to be sensitive to the reaction conditions. More recently, Minisci
1

Vs ») YT

synthesis of mixed peroxides under Gif-Barton oxidation (Fe™, TBHP, pyridine, AcO

o

However, the ratio of substrate to oxidant needed to be quite high for a moderat
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catalytic methods have been developed for the benzylic oxidation using soluble ruthenium saits as well as
reusable catalysts such as Cr-PILC [7], Cr-APO [8] and Cr-MCM-41 [9] in combination with reoxidants such
as peracids and TBHP. However, the benzylic oxidations using soluble Cr and Ru catalysts lead to over
oxidized products such as ketones and acids using a large excess of peracids or TBHP as oxidants. Further, the
known methods to obtain unsymmetrical peroxides from alkyl bromides or mesylates under strong basic
conditions did not always lead to pure peroxides [10]. Most of the existing methods employ homogeneous
catalysts and show poor selectivity in terms of product distribution. Therefore, it assumes great importance to

have effective control over selectivity in such reactions.

CLAY AS CATALYST
Due to their Bronsted and Lewis acidities both in their natural and ion-exchanged forms, clays function
as efficient catalysts for various organic transformations [11]. Recently, we have reported the exchange of
various transition metals such as Pd, Cu, Rh, Mn efc. with Montmorillonite K10 clay and found that such clay

catalysts showed excellent activity for many C- C and C-N bond form1 ng reactions [12 ]3] In continuation, we

CHy 0-0-C~CH,
|/ mT s Ru“ Mont. K 10 { O ] (|:H3

TBHP (2 equw) CH,CN
W 80°C, 4h 1;70

R=H, CH,, Cletc
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Scheme 1

RESULTS AND DISCUSSION
Initially, a systematic investigation of the oxidation of toluene with different types of metal exchanged
clays using aq. TBHP as oxidant was undertaken (Table 1). The results clearly show that the Ru™-exchanged

Table 1: Selective oxidation of toluene to benzyl fert. butyl peroxide with TBHP: Effect of catalyst, the solvent
and oxidant.

Entry Catalyst Surface area® Solvent TBHP® Product®
727\ | =R 704
(n/g) CLgQuiv. (7o)
1 Ru-Mont K10 258 CH;CN 2 60
2 Mn-Mont K10 255 CH;CN 2 7
3 Cu-Mont K10 238 CH,CN 2 14
4 RuCls- hydrate -- CH;CN 2 0
5 Ru-Mont K10 258 MeOH 2 30
6 Ru-Mont K10 258 Acetone 2 42
7 Ru-Mont K10 258 CH;CN 1.1 2
8 Ru-Mont K10 258 CH;CN 1.7 45
9 Ru-Mont K10 258 CH;CN 22 62

(a)Determined by Brunauer-Emmette-Teller (BET) method (b) TBHP equiv. is based on substrate used (c) Isolated yield after
chromatographic purification ( silica gel, pet ether)

Mont K10-TBHP combination exhibits higher activity and selectivity as compared to other Mn and Cu-
exchanged Mont K10 catalysts. It was also found that both solvent (CH;CN) and TBHP (2 equiv.) are critical
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In order to study the scope and limitation of this reaction, various alkyl arenes were subjected to
oxidation under the influence of Rum-exchanged Mont. K10 (Table 2) and the reaction was found to be quite
general. The reactivity pattern of different arenes and cyclic ethers towards TBHP under the present conditions
follows the sequence: RO-CH;>R3CH>R,CH,>RCHj. A remarkable feature of the present oxidation process is
that one of the methyl groups is selectively oxidized in xylenes, while in the case of p-cymene, the oxidation

Table 2 : Oxidation of benzylic C-H bonds with 70 % TBHP over Ru-Mont. K10 clay.

Entry Substrate Products Yields (%)*

a Toluene @/\Q o-cichy, (1) 60

b o-Xylene @I\O-O*C(CH_‘)_‘ ) 76

c p-Xylene Q 0-C(CH,), 3) 47 (29)°

NS

d p-Cymene AN e s 4) 90

e Ethylbenzene L (5) 54 (28)°
OY “oo-<cehy,

f o-Chlorotoluene P (6) 76
U 'U‘l)“v'(’.iﬂs)‘

1

g Tetralin L o, ) 50
©@

h Tetrahydrofuran ™\ (8 45
C o >\oo—cmm

i 3,4- Dihydropyran r\ (9) 70
\(r,\()'O-C(CHg)s

] Isobutylbenzene Isobutyrophenone 94

k Fluorene Fluorenone 100

1 p-Cresol acetate 4-Acetoxybenzoic acid 50

m Mesitylene 3,5-Dimethylbenzoic acid 94

(a) Isolated yield after column chromatographic purification. Yield in parenthesis refers to (b) p-Toluic acid, (c) Acetophenone
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dihydropyran to give the corresponding ferf. butyl peroxides in moder:
the peroxides are generally higher compared to the literature methods
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The catalyst from the reaction mixture was recovered by simple filtration and was successfully reused
for oxidation of toluene and it was found that a lower yield (55%) of the product was realized. In order to check
the leaching of ruthenium from the catalyst the aqueous layer of the reaction mixture was analyzed for the
presence of Ru metal by atomic absorption spectroscopy and it was found that no Ru had leached from the
catalyst.

MECHANISM

The proposed mechanism of the Ru(IIl) catalyzed oxidation is shown in Scheme 2. The first step
involves the oxidation of the metal in Ru(III) on clay with TBHP to give oxoruthenium (IV) species a [15, 16].
The cyclic voltammetry (CV) measurements confirm this one electron redox behavior. The CV of Ru(Ill)-
exchanged Mont. K10 clay recorded at a scan rate 100 mV/sec shows a reversible peak at —131.6 mV (vs SCE).
We attribute this, after the literature comparison [17] to Ru(III)/Ru(IV) redox process. The voltammograms are
quite stable over many cycles indicating that the Ru(IIl) ions are stabilized in the clay matrix. The
oxoruthenium (IV) species a then abstracts hydride ion from the benzylic position, thereby Ru(IV) is reduced to

(1D species with the simultaneous generation of reactive intermediate carbocation b 118 16 201 The
TWRL) pCLIls I LI SRALRGLVULS guaviaGuli Vi GVGVHITY Y LW IUVHIGIY Vi UVvauv W (10, 17, &V, v
[pm"hnn of 1 mole eemiiv of TR with the carhnrcatinn b affarde tha aryl ot hityl naravida Tha final qtan

WRAMLLIVAL VA 1 LVAY vy Y i LAiA/i11 YYiLll v WAl UUNALIULIL D QALIUVIUD IS ﬂlyl 12N vuLy1 PUIUAIUU. 1110 11iiai BLCP
inunlvoe tha cimiiltananiie nvidatinm AF D ITIN hanl 44 tha aevional Daadl TN\ qemanian $m mmsnnen thon ~mtalordina
HIVUIVOS UIU snuitaiicUud VAIUALIVIL UL DNULL) UalK o e uusxucu I\UU. Y) bpcuu::: aio bUlup IC Latdiyuse

—_—

cycle, thus explaining the overall requirement of 2 molar equiv. of TBHP for oxidations. A 31m11ar argument
can be made for the oxidation of the «-C-H bond of the cyclic ethers (entries h & 1). Further, the formation of
both acids and ketones could be explained by oxidation of the corresponding benzylic alcohols presumably
formed by the competitive reaction of a water molecule with the respective stable carbocations (Scheme 2).

Ru (I - on day

Ru(I) Ru () CHAF
Ar-C-00Bu Bu'OOH
Scheme 2
CONCLUSION
Thig atundy hae damnnctratad that Dn"'=nvr‘ anaad nnt 10 ic an efficient and rensahle eolid ca alvs_t
111D DLUUY 11ad ULLHULIDUI alVU Lilar 1vu CALHQELU IVIULIL. N1V IS Qi VALV G 2DUoRUIL SRS VGIG2 Y

_ foo o1l o4 XY LA 0 ot uliann ciol;ma N0/ TDLID an tha Aavidant tn affard
for the activation of DENzZyliiC anda a-L-n pondas O1 CyCiiC €UICTS USIHIZ /U/o 1DIID ad it VAluain W anuvia
unsymmetrical ferf. butyl peroxides in high yieids.
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EXPERIMENTAL
IR spectra were recorded on a Perkin-Elmer Infrared model 137-E. 'H & C NMR spectra were taken
on a Bruker 200 MHz instrument. The chemical shifts were reported with TMS as the internal standard. The



mass spectra (MS) were recorded on a automated Finnigan MAT 1020 C mass spectrometer using ionisation
€ GRILAINA S ulillgadl dVASl 1VAv U HHass Speiuon 1 ubuls uuuaauun

energy of 70 eV. Microanalvses were nerformed at the Oreanic Chamictiru Divicion NOT

§10 § M_, B LY puiiviILLVG at uib Vigainuv CHOLHISU Y 1/1ViSiOn, INU L
Pranaratinn and sherantavivadiae nf D A Mo el 2 ___ __swN_ wran
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were prepared by exchanging the clay with dilute solutions of
13, Mn{NGs),.6H,;0 and Cu(NG;); respectively. For example, a mixture containing RuCl; (0.3g) and clay
(25g) in distilled water (600 ml) was stirred v1gorously at room temperature for 24 h. It was centrifuged and
the clay was washed repeatedily with distilied water until the discarded filtrate was free from C1” ions. Finally,
the clay was dried at 110 °C for 12 h. The metal content of the catalyst was determined by Electron Disperse X-
ray microscope (EDX) (Kevex, US) connected to JEOL (JSM 5200) Scanning Electron Microscope (SEM).
The surface area of Rum—exchanged Mont. K10, Mn"-exchanged Mont. K10 and Cu"-exchanged Mont. K10
being 258, 255 and 238 m%/g respectively (BET method). The XRD pattern and FT-IR spectra of these samples
show that they are crystalline and no significant differences were observed among their structures. However,
definite information about the nature of the metal species present in the catalyst could be obtained from Cyclic
Voltammetry (CV) and X-ray Photoelectron Spectroscopy (XPS). The XPS of Ru"-exchanged Mont. K10 clay
shows two peaks at 282.2 and 286.2 eV for Ru-3ds, and 3ds; levels which can be assigned to the Ru'™
oxidation state.

butyl peroxide A mixture of alkyl arene (5

Y% wit) m acetonitrile (l() ml) was refluxed for

ratnt atl age ad
ceiai lll IJ‘UI. UUlUl}, ULU baldl.y bl Was ocpcu a’.UU

General procedure for oxidation of the alkyl arenes to
mmotl), 70% usHP (1.3 mi, i0 mmcu) and Ku-clay (0.053

&Il AT uu;.;yxuu.;uu of the reaction \1 LA MOomicnng, 5% eth y

by filtration and the reaction mixture poured into water (15 ml) followed by extraction with ethyl acetate (3 x

20ml) to give the crude product which was subsequently punﬁed by column chromatography (1% ethyl acetate
in pet. ether) to afford aryl rert. butyl peroxide.
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J:
IR (CHCl; cm™) : 2960 2900, 16 90 1450, 1360, 1240, 1200, 1020, 880, 750; 'H NMR (200 MHz, CDCL,) : § 1.
(9H, s, CH), 4.95 (2H, s, CH,), 7.1-7.2 (SH, s, Ph); MS : m/z (% rel. intensity) 180 (M", 32), 105 (22), 91 (90), 77 (74),
65 (18), 57 (100). Anal. : C;,H,40; : required : C, 73.30; H, 8.95; Found : C, 73.12, H, 8.80 %.

1,1- DlmethyletllyLl (2-methylphenyl)methyl peroxide (2): Yield : 76 %; Liquid; bp,78-81 °C/0.2mm Hg; IR (CHCl,,
cm™) : 3020, 2980, 1420, 1370, 1260, 1190, 1010, 900, 740; 'H NMR (200 MHz, CDCI;) 5 1.25 (9H, s, CH;), 2.4
(3H, s, CH), 5.0 (2H, s, CH,), 7.2-7.4 (4H, m, Ph); MS : m/z (% rel. intensity) 194 (M, 1), 148 (1), 133 (1.5), 119 (10),
105 (100), 91 (55), 77 (38), 65 (20), 57 (40); Anal.: C,3H,50,, required : C, 74.19; H, 9.34; Found : C, 74.20; H, 9.26 %.

65°C/0.2mm Hg), IR (CHCI;, cm’ ), 3020-2800, 2620, 2440, 1370, 1320, 1220, 1080, 1040, 950, 880, 770; 'H NMR

{200 MTE> Y TR1I5 01T ¢ (CITY 22821 ¢ O AQ/1T ¢ CHN-T72MNT A T=4A7 Ho 27HY 74 (MU A J=4
\&UU IVINZ, Lise 13] U 1.0 {711, §, \_,113},‘. .30 \013, 8, a3y, 4.6 (5101, 5, Lragj; 7.4 L, G, o557 N2, Ziny, 7.5 410, G, 555

Hz, 2H); MS : m/z (% rel. intensity) 194 (20), 178 (1), 137 (2), 119 (38), 105 (100), 91 (80), 77 (42), 73 (20) 65 (45), 57
(73); Anal. : C,H30,, requires : C, 74.19; H, 9.34; Found : C, 74.19; H, 9.25 %.; p-Toluic acid was also obtained in
29% yield and characterized by mp, IR and 'H NMR.

1,1-Dimethylethyl —-1-(4-methylphenyl)methyl peroxide (3): Yield : 47 %; Liquid; bp, 65-68°/0.2mm Hg (tit.”!
2

llDlmethylethyl-l methyl(4-methylphenyl)ethyl peroxide (4): Yield : 90%; Liquid; bp, 70-73°C/0.2mm Hg;
TR(CHCl,, cm™): 2950, 1650, 1350, 1200, 1060, 850, 750; 'H NMR (200 MHz, CDCl;) : § 1.25 (9H, s, CH:), 1.4 (3H, s,

CH3), 1.65 (3H, s, CH3), 6.25 (2H, d, J=9.4 Hz), 6.85 (2H, d, J=9.4 Hz); MS : m/z (% rel. intensity) 222 (M, 8), 172
(15), 147 (24), 133 (100), 199 (28),105 (20), 91 (30), 77 (4), 65 (10), 57 (8); Anal. : C;;H,;,0;, requires : C, 75.63, H,

AI 2V, 17T (40,100 (LY Adiae NG R22N 2, AN

9.97; Found (, 7566 H, 989%

i 1-u1memylemyl- -phenyiethyi peroxide (5): Yield : 54 % ; Liquid; bp, 54-57°C/imm Hg (lit.” 48-52°C/0.9mm Hg),
IR (CHCl,, cm'') : 3100, 2800, 1440, 1370, 1220, 1070, 880, 760 "H NMR (200 MHz, CDCl;) : § 1.25 (9H, s, CH,), 1.2
(3H, 4, J=4.7 Hz, CH,), 5.0 (1H, q, J=4.7 Hz, CH), 7.3-7.4 (5H, s, Ph); MS : m/z (% rel. intensity); 194 (M’ 1), 179
(1 7), 163(2) 133(5) 121(33 5) 105 (100) 91 (14), 77 (52) 65 (2), 57(4), Anal, : C.zngOZ requlres C, 74.19; H, 9.34;

|
Found : C, 74.19; H 9.25% and acetophenone was also obtained in 28% yield and was characterized by IR and 'H NMR.
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1,1-Dimethylethyl(2-chlorophenyl)methyl peroxide (6): Yield : 76 %; Liquid; bp, 45-49°C/0.1mm Hg; IR(CHCl;,cm™):
3000, 2900, 1580, 1430, 1350, 1200, 1030, 920, 860; 'HNMR(200MH2 CDCl;) : 8 1.25 (9H, s, CH,), 5.2 (2H, s, CH,),
7.05-7.44 (4H, m, Ph) MS : m/z (% rel. intensity) 214 (M", 12), 124 (1), 125 (40), 110 (8), 111 (18), 89 (5), 77 (25), 63

(1Y 87 (100} Anal - C.H W), reonirec - (" A1 854 IT 704 1 16 81 Fannd « O £1 KR 1T £ 0Q0- 1 14 84 0/,
ViJs v NIV, SRR, . ARy, TRQUITES D, U105, 11, /.0, U, 1000, IOUNG 1L, U1.09; 13, 0.5 Ui, 105.00 /0.

1-(tert. Butylperoxy)tetralin (7): Yield : 50 %; Liquid; bp,110-112°C/1-2mm Hg; IR (CHCl;, cm™) : 3020-2800, 1610,
1440, 1370-1320, 1220, 1080, 1040, 950, 880, 770; 'H NMR (200 MHz, CDCl;)  1.25 (9H, s, CHs), 1.7-2.0 (2H, m,
CH,), 2.3-2.4 (ZH, m, CH,), 2.6-2.8 (2H, m, CH,), 5.0 (1H, t, J=14.1 Hz, CH), 7.1-7.3 (3H, m, Ph), 7.5(1H, m, Ph); MS :
m/z (% rel. intensity) 220 (M, 1), 146 (4), 130 (100), 115 (10), 103 (1), 91 (20), 77 (2), 65 (2), 57 (2); Anal.: Cy4Hy,0;,
requires : C, 76.33; H, 9.15; Found : C, 76.34; H, 9.08%.

/.

7,.(!;-'! BRutvineroxvitetrahvdrofuran (8): Viel Clear liquid: bp, 40-45°C/8-10m

Trse EFMRNTAPCEVAY FUVIA RAAY WA UASEE $SAR (UJ. 1 d . -rS gﬁ, wiival Lhuia, Uy, SveTs mm AAg, AN X 3 Cul‘ ) .
2960 2840, 1430, 1350, 1220, 1180, 1110, 1060, 960-910, 850; '"H NMR (200 MHz, CDCl;), 8 1.25 (9H, s, CH3), 1.7-2.0
(4H, m, CH,), 3.95 (2H, t, J=14.1Hz, CH;), 5.5 (1H, t, J=4.7 Hz, CH); >C NMR (50 MHz, C 1): 6 24.2, 26.1, 30.3,

. 7 (48), 55 (40 !

67.4 80.7, 106.8.; MS : m/z (% rel. intensity) 144 (M 1), 128 (12), 115 (23), 89 (8), 71 (100), 5

s
roaomirec  C 8Q00R U 1007 Faund - C aR 11
s Ny J} ZOy AL

C.H. 0O,
Lgrijenss, ICQULUTS (L, 37506, 1, 1./, POUNG

,9.97 %.
2-(tert. Butylperoxy)-3,4-dihydropyran (9): Yield : 70 %; Liquid; 58-61°C/8-10 mm Hg; IR (CHCls, cm™) : 2910,
1440, 1370, 1250, 1200, 1050; 'H NMR (200 MHz, CDCl;), § 1.25 (9H, s, CH,), 1.5-1.75 (4H, m, CH; ), 3.6 (1H, m,

CH=Y AD(TH m =) SO ¢+ T=0 A 2 (I MQ ¢ /o (07 wal intancituv) 1A0 /MY 1Y 122 (5) 110 "Q\ RS (O
ATT, AUV a0, 00, XIS, SOV Uiaa, L 0TS D07, Xy, V1D L TIVZ (/0 TOLL INRCNSILY ) 15V UVl , 1), 104 \J), 117 (1Y), OJ \F4)

73 (25), 67 (50), 57 (100); Anal. : CoH,;405, requires : C, 62.76; H, 9.36, Found :C, 62.77;H, 9.28%.

s
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