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Abstract

Several manganese(lll) porphyrin complexes were evaluated as catalysts in the oxidation of indane and tetralin with hydrogen perox-
ide, in the presence of ammonium acetate as a co-catalyst. Catalysis by MmgHétetra-2,6-dichlorophenylporphyrins gave rise, in a
first stage, to benzylic monooxygenation products (1-alcohols and 1-ketones). However, addition of excess of oxidant gave rise to over-
oxidation products and, in certain conditions, hydroxy-keto compounds were selectively obtained. Reactions catalysed byeéda(lll)
tetra-pentafluorophenylporphyrins showed higher capability to generate dehydrogenated products. As bl+iesigiheland naphthalene
were formed. To understand the reactions’ pathway, the oxidations of 1-indanol, 1-indanone, 2-indaindkrie, 1-tetralol, 1-tetralone,
1,4-dihydroxytetralin and 4-hydroxy-1-tetralone were also considered with manganese@éfetra-2,6-dichlorophenylporphyrin chloride,
Mn(TDCPP)CI, as catalyst.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction emplified by olivomycin A{4]. More recently, the described
anti-parasitic activity of 4-hydroxy-1-tetralone, isolated from
The side chain oxidation of alkylaromatics forms the basis a Bolivian plant[5], can extend the application of that type
of production of various commaodity chemicals. Oxidative of compounds to other medicinal purposes.
catalysis has been applied for the activation of this type of  Metalloporphyrins are known to be efficient catalysts
compoundsin order to obtain more efficient procedures andtofor the oxidation of inactivated organic substrates, even
replace ecologically dangerous oxidants by more favourableat low temperature$6,7]. When associated with hydro-
ones[1]. gen peroxide, these systems are still more promising, hav-
One of the main objectives to carry out the oxidation of ing in mind the desired cleaner and economical chemistry
indane () and tetralin ) has been the formation of inter- [8,9].
mediates for chemical synthesis. Some examples rely onthe We have already reported that cheap substrates like ter-
preparation of chiral benzylic alcoho]g], of 1-tetralone, penes[10,11] and alkylbenzene§l2] can be easily oxi-
which is a key intermediate in the commercial production of dised by using manganese(lll) porphyrins as catalysts. This
1-naphtho[3] and of 2-hydroxy-1-tetralone, used as a build- publication now reports the results obtained in the ho-
ing block in the synthesis of aureolic acid antibiotics, ex- mogeneous oxidation of indane and tetraline withOhbl
in the presence of ammonium acetate as co-catalyst. The

« Corresponding author. Tel.: +351 234 370 717; fax: +351 234 370 0g4, S€lectéd Mn(lll) porphyrins for this study are shown in
E-mail addressjcavaleiro@dg.ua.pt (J.A.S. Cavaleiro). Scheme 1
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Scheme 1.

2. Results and discussion
2.1. Catalysts synthesis

The free bases of metalloporphyris5 were prepared
according to the described proceduf&3—-15] Metallation
of the free bases leading to the formation of complekés
was performed with MnGlaccording to reported methods
[15].

2.2. Oxidation of the substrates

The oxidation reactions were carried out in acetonitrile, at
room temperature, with progressive addition of3, in the
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Fig. 1. Conversion and product yield percentages in the course of the ox-
idation reaction of indane catalysed by metalloporph@ar{(’X ) conver-

sion; @) 1a; () 1b; (@) 1c, (#) 1d]. Reaction conditions: the substrate
(0.3 mmol), the catalyst (Lmol was added to each reaction mixture for
three times, at 0, 4 and 8 h) and ammonium acetate (0.2 mmol) were stirred
in CH3CN at r.t. and 0.15 mmol of $0, (37.5ul of the diluted solution in

use) were added to the reaction mixture every 15 min.

ity for 1-indanol (La) and 1-indanonelp) and, in some cases,
interesting selectivity was found for dioxygenation products
[1,3-dihydroxyindaneXc) and 3-hydroxy-1-indanonel{)]

and for products resulting from a dehydrogenation pathway,
like 1H-indene (e) and H-indene oxide If).

The separation of the indane oxidation products by chro-
matography afforded pure compourids 1b and1d, which
were identified by GC-MS and by NMR. Another fraction
was obtained and by GC-MS and NMR analysis it was pos-
sible to conclude that it was constituted by a diastereoiso-
meric mixture oftrans-1,3-dihydroxyindanel(c-1) andcis-
1,3-dihydroxyindanel(c-2) in a ratio of 3:1.

The identity of compoundewas confirmed by compar-
ing its mass spectrum with the information available from
the GC-MS database and also by GC co-injection of an au-
thentic sample commercially available. Compoukfdvas
identified by GC-MS and by comparison with an authentic
sample, obtained by oxidation @& with H,O5 in the pres-
ence of catalysBaand ammonium acetate as the co-catalyst

presence of the manganese(lll) porphyrin complex and am- (Taple 2 entry 1). This oxidation reaction occurred with full
monium acetate as co-catalyst. The reactions were followedconversion ofLe affording1f as the only product at a higher

by GC every 60 min and the addition ob8, was stopped

substrate:catalyst ratio (600:1) than that used for the oxida-

when the conversion of the substrate remained constant aftekjon of indane.

two successive GC analyses.

2.2.1. Oxidation of indanelj

The reaction time is an important factor concerning the
selectivity for the compound&a-1d (Table 1 entries 1
and 2). FromFig. 1 and Table 2 it can be concluded that

In the oxidation reactions of indane in the presence of the compoundslb-1d are formed at the expense of compound

Mn(IIl) porphyrins, the conversion of substrate and distribu-

tion pattern of the products were found to be dependent on

the catalyst structure and on the reaction tidelfeme 2nd
Table J). Different metalloporphyrins led to diverse selectiv-

OH (0]
CO—C0D O
(1)

(1a) (1b)

(1e) OH

la

In order to understand how the products are formed, the
oxidation of potential reaction intermediates was carried out
under the conditions used for indane oxidation.

a7

(1e) (1)

OH

(1d) OH

Scheme 2.
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Table 1
Indane oxidation with KO, catalysed by Mn(lll) porphyrin complexé&s52
Entry Catalyst t (h) Conversiof (%) Selectivity (%)
la 1b 1c 1d le 1f
1 Mn(TDCPP)CI 8a) 1 74 72 21 0 0 1 6
Mn(TDCPP)CI Ba) 2 96 48 31 7 8 1 5
Mn(TDCPP)Cf (3a) 6 100 16 52 8 22 0 2
Mn(TDCPP)Cf (3a) 14 100 1 63 3 31 0 1
2 Mn(B-NO,TDCPP)CI 8b) 1 74 70 17 0 0 10 3
Mn(B-NO-,TDCPP)CI @b) 2 95 63 28 0 0 5 4
3 Mn(TFsPP)CI @a) 2 55 67 14 0 0 12 7
4 Mn(B-NO,TFsPP)CI éb) 3 41 65 12 0 0 17 6
5 Mn(TDMPP)CI 6a) 25 40 58 32 0 0 5 5
6 Mn(ClisTDMPP)CI Gb) 35 56 67 18 0 0 6 8
7 No catalyst 5 0 - - - - - -

2 Reaction conditions: the substrate (0.3 mmol), the catalygtr(dl) and ammonium acetate (0.2 mmol) were stirred ingCN at r.t. and 0.15 mmol of
H>0, (37.5ul of the diluted solution in use) were added to each reaction mixture every 15 min.

b Determined by GC analyses.

¢ Reaction conditions as for Footnote a, bytrhol of catalyst was added to the reaction mixture for three times, at 0, 4 and 8 h.

In the oxidation of 1-indanoll@), 1-indanone Ib) was
the main product, followed by 3-hydroxy-1-indanoriad)
and 1,3-dihydroxyindanel(), respectively Table 2 entry
2). Compoundle was not observed and this result allowed
us to exclude the possibility ofH-indene to arise from the
dehydration of 1-indanol.

No other products resulting from further oxidation of ke-
tone 1b have been detecteddble 2 entry 3), suggesting
that1d was obtained via oxidation of the digt. Although
2-indanol (Lg) was never detected during the oxidation re-
actions of indane, we decided to eliminate the possibility of
1H-indene to arise from its dehydration. The oxidatiorigf

Table 2

(Table 2 entry 4) afforded 2-hydroxy-1-indanong) as the
major product, followed by 1,2-dihydroxyindan&)and 2-
indanone 1h). None of these products were detected during
the oxidation of indane. Moreover, we have observed that the
oxidation ofle, 1a and 1g, shown inTable 2 are catalytic
processes, since no oxidation products were detected in the
absence of the metalloporphyrin.

As far as the efficiency of the catalysts is concerned, we
can conclude frormable 1that catalyst8 gave rise to almost
total conversions after 1-2 h reaction times (entries 1 and 2).
With catalyst3a significant amounts of 1-indanongk) and
dioxygenated products have been obtained. For longer reac-

Results of the oxidation reactions td, 1b, 1eand1gwith H,O; catalysed bya®

Entry Substrate [Conversion (%8)}time Products [Selectivity (%4)]
O
1 [100F9, 1h ©:§/ [100]
(1e) an
OH o) OH 0
2 CS [53]9, 3h (:Eg [44] [25] [31]
(1a) (1b) (1¢) OH (1d) OH
0O
3 (;'5§ [0],3h No products
(1b)
O
(Do on (o
4 [22]¢, 3h [10] [35] [49]
(1g) (1h) (1) 1)

2 Reaction conditions: the substrate (0.3 mmol), the catalygt{(al) and ammonium acetate (0.2 mmol) were stirred ingCN at r.t. and 0.15 mmol of
H20, (37.5ul of the diluted solution in use) were added to reaction mixture every 15 min.

b Determined by GC analyses.
¢ 0.5pmol of catalyst were used.

d The same reaction was repeated in the absence of the catalyst and no reaction products were observed.
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tion times, further addition of cataly8a and HO, resulted
in anincrease on the yield &l from 8 to 22% (6 h) and 31%
(14 h). With porphyrin3b, high conversion and high selec-
tivity were achieved for 1-indanoll§) after 2 h of reaction
(Table 1 entry 2).

In the presence of catalyst&nd5 the indane conversions
(40-56%) were lower than those observed with catalysts
The major product was always 1-indandg) and no dioxy-
genated products were obtained. Catalystgere found to
be more selective for the dehydrogenated prodeeind the
corresponding oxidéf. With porphyrin4b (Table 1, entry
4), a 23% selectivity was obtained fbe plus 1f.

2.2.2. Oxidation of tetralinZ)

The oxidation of tetralin with HO> in the presence of
different Mn(lIl) porphyrin catalysts afforded 1-tetral@d),
1-tetralone 2b), 1,4-dihydroxytetralin Zc), 4-hydroxy-1-
tetralone 2d) and minor amounts of naphthaler2sy and
1,4-naphthoquinone&f) (Scheme B The distribution of the

(2d) OH 2n O
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Fig. 2. Conversion and product yield percentages in the course of the ox-
idation reaction of tetralin catalysed by metalloporphyda[(X ) conver-

sion; (@) 2a; () 2b; (@) 2c, (#) 2d]. Reaction conditions: the substrate
(0.3mmol), the catalyst (Lmol was added to each reaction mixture for
three times, at 0, 4 and 8 h) and ammonium acetate (0.2 mmol) were stirred
in CH3CN at r.t. and 0.15 mmol of $0, (37.5pl of the diluted solution in

use) were added to the reaction mixture every 15 min.

tailed analysis of théH and COSY NMR spectra. Com-
pound2eand2f were identified by GC-MS analysis and by

obtained products is also dependent on the catalyst and orGC co-injection of commercially available standards.

the total reaction timeTable 3.

Separation of the tetralin oxidation products obtained with
catalyst3a, by column chromatography, allowed pure com-
pounds2a, 2b and2d obtained in separate fractions. These
compounds were characterized by M8} and13C NMR.
Further purification of the last fraction collected, containing
2¢, affordedtrans-1,4-dihydroxytetralin 2c-1) andcis-1,4-
dihydroxytetralin 2¢-2) in a (1:1) ratio. These two isomers
were fully characterized by mass spectrometry and by de-

Table 3
Tetralin oxidation with HO, catalysed by Mn(Ill) porphyrin complexe&s52

The results fronTable 3and the analysis dfig. 2suggest
that compound2b-2d are obtained at the expense2at

As for indane, we also tried to identify the main reaction
pathways for the products formation, by studying the oxida-
tion of 2a-2d in the presence of porphyrBa (Table 4.

The catalytic oxidation oRa occurred with high conver-
sion and afforde@d (49%) as the major product, followed
by 2b (26%) and2c (13%). Minor quantities oRe (4%) and
2f (5%) were also detecteddble 4 entry 1). These results

Entry Catalyst t(h) Conversiof (%) Selectivity (%)
2a 2b 2c 2d 2e 2f
1 Mn(TDCPP)CI 82) 2 87 37 43 2 14 0 2
Mn(TDCPP)CI Ba) 3 97 21 45 3 24 2 4
Mn(TDCPP)CY (33) 8 100 11 46 4 28 3 6
Mn(TDCPP)Ct (3a) 12 100 8 47 2 30 4 7
2 Mn(B-NO,TDCPP)CI @b) 2 81 56 28 3 8 1 3
Mn(BNO,TDCPP)CI @b) 35 96 35 33 7 18 2 3
3 Mn(TFsPP)CI @a) 2 76 58 33 0 0 6 2
4 Mn(B-NO,TFsPP)CI @b) 3 39 64 26 0 0 5 3
5 Mn(TDMPP)CI 63) 4 4 44 55 0 0 0 0
6 Mn(Cl,sTDMPP)CI (b) 38 44 77 23 0 0 0 0
7 No catalyst Z:3) 0 - - - - - -

a Reaction conditions: the substrate (0.3 mmol), the catalygtr(dl) and ammonium acetate (0.2 mmol) were stirred insCN at r.t. and 0.15 mmol of
H>0, (37.5ul of the diluted solution in use) were added to each reaction mixture every 15 min.

b Determined by GC analyses.

¢ Reaction conditions as for Footnote a, bytrhol of catalyst was added to the reaction mixture for three times, at 0, 4 and 8 h.
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Table 4
Results of the oxidation reactions 2é-2d with H,0O, catalysed bysa?
Entry Substrate [Conversion (%8)}time Products [selectivity (%]
OH 0 OH (0] (0]
1 ©i) [88]¢,6.5h ©é[26] [13] [49] [4] .l * [5]
(2a) (2b) (2¢) OH (2d) OH (2e) 2H o
0 0 0
2 C@ [8]¢, 6h [25] [ l [75]
(2b) (2d) OH 2hH o

0]
3 [85]¢, 4.5h [95] O‘ 5]

(0]
4 @ [10]5, 11h
(2d) oH

2 Reaction conditions: the substrate (0.3 mmol), the catalygt{al) and ammonium acetate (0.2 mmol) were stirred insCN at r.t. and 0.15 mmol of
H20, (37.5ul of the diluted solution in use) were added to each reaction mixture every 15 min.

b Determined by GC analyses.

¢ The same reaction was repeated in the absence of the catalyst and no products were observed.
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suggest that tetralol is presumably an important primary pre- epoxidation Gcheme 4ll), affording naphthalene (30%) and
cursor in the catalytic oxidation & under such conditions.  1,2-epoxytetralin (65%), respectively.

The oxidation of 1-tetralone afforded, although in a low However, in our case, the 1,2-dihydronaphthaletg ¢r
conversion (8% after 6 h), the 1,4-naphthoquinone as the ma-the 1,2-epoxytetralirdh) were never detected during the ox-
jor product and the 4-hydroxy-1-tetralor@dj as the minor idation of 1-tetralol, even at a trace level. This led us to con-
one (Table 4 entry 2). Compoun@d was also obtained, but  clude thatthe formation of naphthalene from tetralin proceeds
in high yield (95% of selectivity at 85% of conversion of through the 1-tetralol intermediate by dehydrogenation of the
the substrate), from the oxidation of di&t (Table 4 entry alcohol as the first process, followed by the dehydration one
3). These results suggest that the oxidation of that diol is the (Scheme 4llI).
more facile pathway t@d. FromTable 4(entry 4), we can also
conclude that further oxidation &d is a difficult process;
naphthoquinone was detected but at very low conversion of (I
the substrate and only after 11 h of reaction. 0

About the formation of naphthalene during the tetralin
oxidation reaction, these result§aple 4 entries 1 and 3)
suggest that 1-tetralol is a primary precursor of naphthalene,
while 1,4-dihydroxytetralinZc) is not. Therefore, the occur- ‘
rence of naphthalene during the oxidation of 1-tetralol does
not result from a double dehydration process, but it arises o o
from alcohol dehydration and dehydrogenation. ol / e

In reactions catalysed by PdCthe formation of naphtha- “H,0 (2e)
lene from tetralin was justified by an acid catalysed dehydra- —*
tion of 1-tetralol, followed by the catalytic oxidative dehydro- @ Qa)

[0]
OH
genation of 1,2-dihydronaphthalefi&] (Scheme 4l). More \ I' H,0

(Zh)

recently, itwas shown that dehydrogenation reactions are also

performed in Mn(lll) porphyrin oxidative catalysj$2,17]

In some experiments with 1,2-dihydronaphthale2g) [17],

it was observed that the dehydrogenation competes with the Scheme 4.

(2e)
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In accordance with previous literature d§t8,19], naph-
thoquinone 2f) formation can proceed from the oxidation of

S.L.H. Rebelo et al. / Journal of Molecular Catalysis A: Chemical 232 (2005) 135-142

were as follows: initial temperature (7Q) during 1 min;
temperature rate (&/min); final temperature (26@); in-

naphthalene through the formation of 1-naphthol at an inter- jector temperature (26); detector temperature (27G).

mediate stage. However, recent results from our gf@op

Aliguots were withdrawn from the reaction mixture and in-

showed, under the same conditions used here for the tetrajected directly into the injector.

line oxidation, that naphthalene was oxidisedi-1,2:3,4-
naphthalene dioxide in 74% yield and only minor quantities

Hydrogen peroxide (30wt.% solution in water) and
acetonitrile were purchased from Riedel deé&Ha In-

of 1,4-naphthoquinone were observed. These results led todane, tetralin, 1-indanol,H-indene, 2-indanol, 1-tetralol,

the conclusion that the products resulting from the oxidation naphthalene, 1-tetralone and 1,4-naphthoquinone were pur-
of naphthalene are not obtained in the oxidation of tetralin. chased from Aldrich. All other chemicals and solvents
The small amount of 1,4-naphthoquinone observed duringused herein were obtained from commercial sources
tetralin oxidation is probably resulting from the oxidation of and used as received or distilled and dried using stan-
compoundfa-2d. dard procedures. Light petroleum was the fraction of bp

It was demonstrated that the oxidations of substrates 40-60°C.
2a-2d are also catalytic processes, since no oxidation prod-
ucts were detected in the absence of the metalloporphyrin3.2. General oxidation procedure
(Table 4.

From Table 3 we can observe that metalloporphyridis In a typical experiment, the substrate (0.3 mmol), the
are more effective catalysts in the oxidation of tetralin than catalyst (umol) and ammonium acetate (0.2 mmol) were
metalloporphyrind and5, since higher conversionrateswere dissolved in acetonitrile (2ml) and stirred at room tem-
obtained. Catalyst3were also found to be more selective for perature. Aqueous hydrogen peroxide (30% w/w), diluted
the dioxygenated products. Under over-oxidation conditions, in acetonitrile (2:5), was added to the reaction mixture in
by the addition of other amounts of catal\d, the yield 37.5pl aliquots every 15min. The reaction was followed
of the ketone2d can reach 30%. In the case of the tetralin by GC analysis and was stopped when the product yields
oxidation, the catalysdb also associates a high percentage remained constant after two successive GC analyses. The

of conversion with a good selectivity for the alcol2al after
2 h of reaction (entry 2).

In the indane and tetralin oxidation studies, the metal-
loporphyrin stability was determined by the ratio between
the intensity of the Soret band at the beginning and af-
ter 2h of reaction. The more resistant metalloporphyrin in
the conditions used was always Mn(TDCPP)CI (42% sta-
bility for indane and 28% for tetralin), whereas all the
other metalloporphyrins were almost totally degraded (<5%
stability).

3. Experimental
3.1. General details

1H and13C NMR spectra were taken in CD£$olutions,
using a Bruker Avance 300 at 300.13 and 75.47 MHz, respec-
tively. The chemical shifts are expressedSifppm) values
relatively to tetramethylsilane (TMS) as internal reference.
Column chromatography was performed on silica gel (Merck
silica gel 60, 70-230 mesh). Visible spectra were taken in
a UV-vis Uvikom 922, Kontrom Instruments. Mass spec-

reaction mixture was then poured into water and extracted
with dichloromethane. The organic phase was dried with
anhydrous sodium sulfate and concentrated using the ro-
tary evaporator. The reaction mixtures were separated by sil-
ica gel column chromatography. Indane oxidation products
were eluted with a (1:1) mixture of dichloromethane:light
petroleum, affordinglb as the first fraction, followed
by 1a and 1d. Increasing the polarity of the eluent to
dichloromethanelc was obtained. For the separation of
tetralin oxidation products, solvent mixtures of increasing
polarity were used. Compound®, 2a, 2d and 2c were
successively eluted, respectively with dichloromethane:light
petroleum (4:1), dichloromethane:light petroleum (9:1),
dichloromethane:methanol (24:1) and dichloromethane:
methanol (9:1).

3.2.1. 1-Indanol1a)

IH NMR §: 1.81 (s-broad, 1H, 8), 1.89-2.00 (m,
1H, H-2), 2.43-2.54 (m, 1H, H-2), 2.77-2.87 (m, 1H, H-
3), 3.01-3.11 (m, 1H, H-3), 5.24 (t, 1H, H-1=6.0Hz),
7.21-7.26, 7.40-7.43 (2m, 4H, H-4-7$C NMR §: 29.8
(C-3),35.9 (C-2), 76.4 (C-1), 124.2, 124.9, 126.7, 128.3 (C-
4,5,6,7), 143.3 (C-3a), 144.9 (C-7a).

tra were obtained using a VG Autospec Q mass spectrome-
ter. GC/MS analyses were performed using a Finnigan Trace3.2.2. 1-Indanonel()

GC/MS (Thermo Quest CE instruments) using helium as the
carrier gas (35cm/s). GC-FID analyses were performed us-
ing a Varian Star 3400 CX chromatograph and hydrogen as

14 NMR §: 2.66-2.70 (m, 2H, H-2), 3.13 (t, 2H, H-3,
J=5.9Hz), 7.36 (ddd, 1H, H-§=0.6, 7.2 and 7.5 Hz), 7.47
(d, 1H, H-4,J=7.5Hz), 7.58 (ddd, 1H, H-5=0.9, 7.2 and

the carrier gas (55 cm/s). In both cases fused silica Supelco7.5Hz), 7.75 (d, 1H, H-7J=7.5Hz).23C NMR §: 25.7 (C-

capillary columns SPB-5 (30 m 0.25 mm i.d.; 0.2%m film

3), 36.1 (C-2), 123.6 (C-4), 126.6, 127.1 (C-6, C-7), 134.5

thickness) were used. The gas chromatographic conditions(C-5), 136.9 (C-7a), 155.1 (C-3a), 207.1 (C-1).
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3.2.3. trans-1,3-Dihydroxyindanée¢1)

H NMR §: 2.39 (t, 2H, H-2,J=5.3 Hz), 5.46 (t, 2H, H-
1,3,J=5.3Hz), 7.36-7.39 (m, 2H, H-Ar), 7.44-7.47 (m, 2H,
H-Ar). MS (El)mvz(rel. int., %): 150 (M*, 7), 133 (12), 132
(100), 131 (60), 107 (32), 105 (39), 104 (82), 103 (62), 102
(13), 91 (15), 77 (64).

3.2.4. cis-1,3-Dihydroxyindand ¢-2)

H NMR 6: 1.92 (dt, 1H, H-2J=4.7 and 13.6 Hz), 2.90
(dt,1H,H-2J=6.4and 13.6 Hz),5.10 (dd, 2H, H-1,B7 4.8
and 6.4 Hz), 7.36-7.39 (m, 2H, H-Ar), 7.44-7.47 (m, 2H,
H-Ar). MS (El) m/z (rel. int., %): 150 (M™*, 7), 133 (12),
132 (100), 131 (60), 107 (32), 105 (39), 104 (82), 103 (62),
102 (13), 91 (15), 77 (64).

3.2.5. 3-Hydroxy-1-indanond.d)

'H NMR §: 2,26 (s-broad, 1H, 8), 2.64 (dd, 1H, H-2,
J=2.9and 18.9Hz), 3.15 (dd, 1H, H-2-6.8 and 18.9 Hz),
5.46 (dd, 1H, H-3J=2.9 and 6.8 Hz), 7.48-7.53 (m, 1H,
H—-Ar), 7.67-7.78 (m, 3H, H-An3C NMR §: 47.2 (C-2),
68.6 (C-3), 123.3 (C-4), 125.8 (C-6), 129.6 (C-7), 135.3 (C-
5), 136.4 (C-7a), 155.0 (C-3a), 203.1 (C-1). MS (&lx(rel.
int., %): 148 (M'*, 100), 147 (48), 131 (18), 130 (15), 120
(17), 119 (39), 105 (61), 103 (34), 102 (33), 91 (58), 77 (56).

3.2.6. 1-Tetralol 2a)

H NMR §: 1.68 (s-broad, 1H, B), 1.77-1.81 (m, 2H,
H-2), 1.89-2.04 (m, 2H, H-3), 2.67-2.88 (m, 2H, H-4), 4.77
(d, 1H,H-1J=3.6 Hz), 7.08-7.11 (m, 1H, H-Ar), 7.18-7.21
(m, 2H, H-Ar), 7.41-7.44 (m, 1H, H-Ar).

3.2.7. 1-Tetralonedb)

H NMR §: 2.11-2.19 (m, 2H, H-2), 2.66 (dt, 2H, H-3,
J=6.1 and 13.1Hz), 2.98 (t, 2H, H-4=6.1Hz), 7.26 (d,
1H, H-5,J=7.5Hz), 7.31 (t, 1H, H-7J=7.5Hz), 7.48 (ddd,
1H, H-6,J=1.3, 7.5 and 7.5 Hz), 8.04 (dd, 1H, H-871.3
and 7.5 Hz)13C NMR §: 23.2 (C-4), 29.6 (C-3), 39.10 (C-2),
126.6 (C-5), 127.1 (C-7), 128.7 (C-8), 132.5 (C-8a), 133.3
(C-6), 144.4 (C-4a), 198.4 (C-1).

3.2.8. trans-1,4-Dihydroxytetralir?¢-1)

H NMR §: 2.02—-2.09 (m, 4H, H-2,3), 2.62 (s-broad, 2H,
OH), 4.76 (s-broad, 2H, H-1,4), 7.32-7.36 (m, 2H, H-5,8),
7.46-7.50 (m, 2H, H-6,7):3C NMR §: 28.5 (C-2,3), 68.3
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0.8), 148 (1), 147 (12), 146 (100), 145 (32), 131 (32), 128
(22), 127 (15), 120 (34), 118 (29), 115 (20), 105 (31), 77 (24).

3.2.10. 4-Hydroxy-1-tetralone¢)

1H NMR §: 2.02 (s-broad, 1H, B), 2.14-2.26 (m, 1H,
H-3), 2.38-2.48 (m, 1H, H-3), 2.62 (ddd, 1H, HP5 4.5,
9.6 and 17.3Hz), 2.96 (ddd, 1H, H-2=4.5, 7.4 and
17.3Hz), 5.00 (dd, 1H, H-4]=2.9 and 4.1 Hz), 7.39-7.48
(m, 1H, H-Ar), 7.58-7.65 (m, 2H, H-Ar), 8.03 (d, 1H, H-8,
J=7.7Hz).13C NMR §: 32.1 (C-3), 35.1 (C-2), 67.9 (C-4),
127.0 and 127.2 (C-7,5), 128.4 (C-8), 131.1 (C-8a), 134.1
(C-6), 145.3 (C-4a), 197.4 (C-1). MS (Etyz (rel. int., %):
162 (M**, 16), 147 (12), 134 (77), 133 (22), 120 (20), 115
(20), 106 (22), 105 (100), 77 (33), 51 (15).

4. Conclusions

The oxidation of indane, H-indene, 1-indanol, 1-
indanone, 2-indanol, tetralin, 1-tetralol, 1-tetralone, 1,4-
dihydroxytetralin and 4-hydroxy-1-tetralone with hydrogen
peroxide, in the presence of manganese(lll) porphyrins, was
studied, under mild conditions, using ammonium acetate as
the co-catalyst. The conversion and selectivity of the reac-
tions were found to be strongly dependent on the catalyst
structure and on the reaction time. In reactions with catalysts
3, high substrate conversions were obtained and the formation
of dioxygenated products was observed.

As far as we know, catalytic oxidation of indane and
tetralin has been reported to give uncomplete reactions
and only monooxygenated products were descrjBé?2].
However, the biocatalytic oxidation of benzocycloalkanes by
enzymes from intact bacterial cultures was reported to pro-
duce mono and dioxygenated products, with high stereose-
lectivity [2,23]. Itis an interesting result to obtain a selective
multioxygenation of inert substrates in a single step reaction
with chemical catalysts.

The described methodology, using porphy8a allows
the simple and selective preparation of 1-ketones and 4-
hydroxyketones which are important compounds from the
synthetic and biological points of view. Dioxygenated prod-
ucts were also obtained from the oxidation of 1-indanol and
1-tetralol in the presence of this catalyst. With porphyain
it was possible to achieve the highest yields for 1-alcohols,
also important precursors for chemical synth§2js

(C-1,4), 128.0 and 128.3 (C-5,6,7,8), 138.9 (C-4a,8a). MS  Compounds resulting from oxidative dehydrogenation

(EI) miz (rel. int., %): 164 (M*, 0.8), 148 (1), 147 (12), 146
(100), 145 (32), 131 (32), 128 (22), 127 (15), 120 (34), 118
(29), 115 (20), 105 (31), 77 (24).

3.2.9. cis-1,4-Dihydroxytetralirec-2)

1H NMR §: 1.73 (s broad, 2H, 8), 1.78-1.88 (m, 2H,
H-2,3), 2.29-2.33 (m, 2H, H-2,3), 4.83 (s-broad, 2H, H-
1,4), 7.31-7.36 (m, 2H, H-Ar), 7.43-7.50 (m, 2H, H-Ar).
13C NMR §: 28.3 (C-2,3), 67.9 (C-1,4), 128.3 and 128.4 (C-
5,6,7,8),138.5(C-4a,8a). MS (Eiyz(rel. int., %): 164 (M*,

were also observed, particularly with the metalloporphyrins
of type4, affording indene and indene oxide or naphthalene.
All studies performed on the oxidation of several poten-
tial reaction intermediates allowed us to establish a general
reaction pathway which is shown 8cheme 5
We have observed that the main pathway consists of suc-
cessive benzylic oxidation§¢heme 5path 1). Firstly there
is the hydroxylation leading to the 1-alcohol (path 1), and
this is then oxidised to the 1-ketone and to the dihydroxy
analogues (path 1.1). The dihydroxyderivatives can then be
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converted into the corresponding hydroxyketones (path 1.3).
The ketonesk) and the hydroxyketonesl) are hardly oxi-
dised under the conditions described.

The formation of the alkene and its further epoxidation
have been observed, as minor pathways, mainly with indane
(path 2). The production of naphthalene came from 1-tetralol,
by the dehydrogenation/dehydration pathway (path 1.2).
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