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Abstract: Terminal and internal alkenes react contrarily with tert-butyl hydroperoxide (TBHP) giving different products.
A Cu(I) catalyzed decarbonylative C—C bond formation followed by a carbonylation-peroxidation of vinyl arenes has
been achieved using tert-butyl hydroperoxide (TBHP) as the oxidant in acetonitrile. Whereas, o—methyl styrenes yielded
aryl methyl ketones and the a—substituted unsymmetrical internal alkenes afforded selective a—peroxidation under the
identical reaction conditions. Concurrent peroxidation-carbonylation-cycloalkylation/cycloetherifiction of internal cyclic
alkene such as indene is achieved by switching the solvent system from acetonitrile to cycloalkanes/cyclic ether. All these

reactions proceed via radical paths generating interesting peroxo-compounds.

Keywords: Carbonylation; peroxidation; cycloalkylation/cycloetherification; terminal alkenes; internal alkenes.

Introduction

Difunctionalization of alkenes is significant in the
synthetic  transformation to build molecular
complexity in a single operation. Both intra and
intermolecular hetero-difunctionalizations of alkenes
have received considerable attention. In contrast to
intermolecular processes, intramolecular
difunctionalizations are much more selective and
thermodynamically favourable. The transition-metal-
catalyzed intermolecular difunctionalizations such as
carbohalogenatlon dihydroxylation,™
oxyarylation,”! oxyamination,”*! aminofluorination,
aminocyanation,® hydro-alkylation, m
carboboration® and other difunctionalizations® are
well explored. However, intermolecular
difunctionalization of olefins has rarely been explored
following the C—H bond functionalization strategy.
Carbonylation of alkenes has been developed as one of
the powerful methods for the synthesis of carbonyl
compounds.!'” But the simultaneous introduction of a
carbonyl group and another functional group such as
alcohol, amine and peroxide into alkenes is not well
explored."! Lately, organic peroxides are used as
oxidizing agents and initiators for free-radical
reactions both in academia and industry. These peroxo
compounds are produced and used in various natural
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Scheme 1. Strategies for difunctionalization via C-H
functionalization.

and biological processes such as preparation of
antimalarial agents anthelmintics,!''¥!  and
antitumor drugs.[''™] A Fe(1I)-catalyzed
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carbonylation—peroxidation of olefins is reported via
the sp> C—H bond functionalization using aldehydes
and tert-butyl hydroperoxide (TBHP) (Scheme 1).!'**
This carbonylation—peroxidation product has been
utilised by Li grou}) for the synthesis of (%)
clavilactones A, B!"?*! and D.!'"*! MacMillan group
demonstrated a  complementary  asymmetric
carbofunctionalization of olefins using aldehydes
following the concept of singly occupied molecular
orbital (SOMO).!"* Klussmann group have reported an
acid-catalyzed oxidative keto-peroxidation of olefins
using ketones and TBHP (Scheme 1(i)).!'*"! Recently,
Chen and coworkers reported a vanadium catalyzed
carbonylation-peroxidation  of  styrenes  using
aldehydes and TBHP (Scheme 1(ii))."*"! On the other
hand, in 2018 Wang et al. reported a tetra-n-
butylammonium bromide (TBAB)-catalyzed
carbonylation-peroxidation  of  styrenes  using
aldehydes and TBHP.!"*) In addition to this, Li group
reported an Fe-catalyzed alkoxycarbonylation—
peroxidation of alkenes with carbazates and T-
Hydro.'*) The application of readily available,
nontoxic copper catalyst instead of expensive and
sensitive catalysts is highly desirable for any chemical
synthesis.!"” Of late, great progress has been made in
exploring copper-catalyzed oxidative C—-H bond
transformation."”  Our group and others have
successfully employed a Cu (I or II)/peroxide catalytic
system for the formation of C-C, and C—O bonds.!"”!
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We have also developed a directing group assisted o-
benzoxylation (—OCOR) wusing Cu(Il) catalyst,
terminal aryl alkene (styrene) and oxidant TBHP. In
this process, styrene serves as the synthetic equivalent
of an aryl carboxy group.!"” However, using Pd(II) as
the catalyst, the same terminal aryl alkene serves as an
aroyl (~COR) surrogate. Both these processes proceed
through the in situ generation of an aryl
carboxaldehyde intermediate. Earlier our group
generated two coupling partners from the same
precursor, where one half of alkylbenzene is converted
to an aryl carboxyl intermediate and the other half into
a benzyl cation leading to the formation of an ester.!"®!
Thus, we envisaged that one half of the st?frene can be
converted to an arylcarboxaldehyde!'”™® which can
couple with the remaining half of the styrene in the
presence of an oxidant TBHP leading to keto-
peroxidation as shown in Scheme 1 (i).

Results and Discussion

To execute our strategy an initial reaction was carried
out employing styrene (1) (1.0 mmol), tert-butyl
hydroperoxide (a) (3.0 mmol), and Cu(OAc); catalyst
(10 mol %) in chlorobenzene (2 mL) at 110 °C (Table
1, entry 1).

Table 1. Optimization of the reaction conditions for the first step.®

o O/O*‘Bu

AN Bu, Catalyst ‘)‘K/I\‘

+ S\, Solvent O O

N () 110 °C (1a)
Entry  Catalyst (mol %) Oxidant (equiv) Solvent Yield (%)™

1 Cu(OAc), (10) TBHP (6) PhCI 58
2 Cu(OTH), (10) TBHP (6) PhCI 51
3 Cul (10) TBHP (6) PhCl 67
4 CuCl (10) TBHP (6) PhCI 65
5 Cu0 (10) TBHP (6) PhCl 73
6 Cu,0 (10) TBHP (6) CH;3CN 81
7 Cu0 (10) TBHP (6) DCE 55
8 Cu0 (10) TBHP (6) Cyclohexane 49
9 Cu0 (10) TBHP (6) DMSO 00
10 Cu20 (10) TBHP (6) DMF 00
11¢ Cu0 (10) TBHP (6) CH;CN 78
124 Cu0 (10) TBHP (6) CH;CN 72
13 Cu,0 (10) TBHP (8) CH3CN 81
14 Cu0 (10) TBHP (4) CH;CN 64
15 Cu20 (15) TBHP (6) CH;CN 82
16 Cu0 (5) TBHP (6) CH;CN 66
17 - TBHP (6) CH3;CN 07

[2lReaction condition: Styrene (1) (1.0 mmol) and tert-butyl hydroperoxide (a) (3.0 mmol) at 110 °C for 2 h.

Plsolated yields. *'Temperature 120 °C. [4ITemperature 100 °C.
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A new product (1a) was isolated in 58 % yield which
was subjected to spectroscopic analysis ('"H and "*C
NMR) and comparison of the spectra with the
literature,'?! the structure of the product was revealed
to be 3-(fert-butylperoxy)-1,3-diphenylpropan-1-one
(1a) (Scheme 1). Having successfully implemented
our strategy, to further improve the yield of the desired
product various parameters such as catalysts, solvents,
temperatures were varied. As can be seen from Table
1, among various Cu(I) and Cu(ll) catalysts tested
(Table 1, entries 2—5) the catalyst Cu,O was found to
be best in terms of yield in chlorobenzene solvent.
Keeping the catalyst Cu,O and its quantity fixed,
screening of various solvents such as CH3;CN, DCE,
cyclohexane, DMSO and DMF (Table 1, entries 6—10)
the former (Table 1, entry 6) was found to be the best.
The reaction when carried out at higher (120 °C) or a
lower (100 °C) temperature (Table 1, entries 11-12)
reduced the yield of the product (1a) marginally
compared to the reaction at 110 °C. Keeping the
catalyst, solvent and temperature fixed, the yield
remained unchanged (81 %) using 8 equiv of TBHP,
but the yield dropped to 64 % using 4 equiv of TBHP
(Table 1, entries 13—14). Similarly, keeping all other
parameters identical, a marginal improvement in the
yield (82 %) was observed when the catalyst loading
was increased to 15 mol % (Table 1, entry 15) but the
yield reduced to 66 % using 5 mol % of the catalyst
(Table 1, entry 16). A control experiment in the

10.1002/ejoc.201901689

absence of catalyst delivered a trace amount of the
desired product (Table 1, entry 17). Thus, it was found
that the use of styrene (1) (1.0 mmol), fert-butyl
hydroperoxide (TBHP) (a) (3.0 mmol), Cu,O (10
mol %) in acetonitrile (2 mL) at 110 °C for 2 h (Table
1, entry 6) is the ideal reaction condition to achieve
(1a).

After  successful carbonylation-peroxidation,
various styrenes were investigated under the optimized
reaction condition. Styrenes possessing moderately
electron-donating groups such as p-Me (2), m-Me (3),

p-Bu (4), p-Ph (5) and p-CH,CI (6) provided their

corresponding products (2a, 61 %), (3a, 57 %), (4a,
65 %), (5a, 69 %) and (6a, 66 %) in the modest yields
(Scheme 2). Styrene possessing a strongly electron-
donating group such as p-OMe reacted successfully
providing the corresponding product (7a) in 60 %
yield. On the other hand, the presence of moderately
electron-withdrawing groups on styrenes such as p-Br
(8), p-Cl (9), p-F (10) and m-CI (11) yielded their
respective products (8a, 73 %), (9a, 71 %), (10a, 68 %)
and (11a, 65 %) in moderate yields (Scheme 2).
Styrenes having strong electron-withdrawing m-NO;
(12) and p-OAc (13) groups reacted successfully
giving their corresponding keto-peroxidation products
in moderate yields. The yield of the product (1a)
dropped to (67 %) when a gram scale (1.99 g, 20
mmol) reaction was performed under an identical
reaction condition (Scheme 2).

i
o o,O Bu
Bu, Cu,0
oo, =5 GF TG
R=H@1-13 1o °c .
(1-13) () (1a-13a)
R = Me (14-16)
.O-Bu
o8y -0-Bu 29
(1a 81% /‘)2::\‘\ Me (3a, 57%) Me
(1a, 67%)? i
t o-4 _O-Bu
O,o Bu Bu o)
(4a 65/ . 69% (7a 60%)°
R = CH,Cl (6a, 66%)
0-'Bu O-Bu
/‘:57/31/\)‘\ 9a 71°/ /‘i:e/al;)‘\
0 -By

R=ci (1a, 65% AcO

R = NO, (12a, 58%)°

Pl

(13a, 66%)°

R=H (14a, 72%) !
R = Me (15a, 64%) !
R=Cl (16a, 75%) :

OAc

[2Reaction conditions: alkene 1-16 (1.0 mmol), and tert-butylhydroperoxide (a) (3.0 mmol) at 110 °C for 2 h in CH3CN.
Plyield reported for 20 mmol scale. [ Freshly prepared styrenes were used.

Scheme 2. Selective-peroxidation of substrates. [
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To check whether a-methyl styrene (14) would
undergo similar carbonylation-peroxidation, it was
subjected to an identical reaction condition. The
reaction did not provide any carbonylation-
peroxidation product rather yielded acetophenone in
72 % yield, suggesting the essential requirement of
benzylic sp* C—H bond for the process. Thus, this is
one of the useful method for the preparation of aryl
methyl ketone. Two other a-methyl styrenes namely,
one possessing an electron-donating p-Me (15) and the
other an electron-withdrawing group p-Cl (16) both
provided their aryl methyl ketones (15a, 64 %) and
(16a, 75 %) in moderate yields (Scheme 2). This result
is not surprising and similar transformation has been
observed using TBHP in the presence of other
catalysts.!"

After the successful carbonylation-peroxidation of
styrenes, we were curious to investigate the fate of
substituted internal alkenes such as (E)-prop-2-ene-
1,1,3-triyltribenzene (17) under the present reaction
condition. The HRMS analysis of the product suggests
the loss of a proton and addition of 88 mass unit
indicating a poss1ble perox1dat10n (-OO'Bu). Further,
the spectroscopic (‘H and '*C NMR) analysis of the
new product revealed its structure to be (E)-(1-(tert-
butylperoxy)prop-2-ene-1,1,3-triyl)tribenzene (17a)
which was isolated in 76 % yield (Scheme 3). Here,
the peroxidation is not at the double bond, rather it is

10.1002/ejoc.201901689

taking place at the tertiary benzylic site. The radical
generated at this tertiary site is benzylic as well as
allylic and also a-to the other phenyl group, thus is
expected to be much more stable than the other
possible secondary benzylic radical. Thus in spite of
steric hindrance, the peroxidation is taking place
regioselectively at this benzylic tertiary position. This
trend in the regioselective peroxidation was
demonstrated with four other substrates. The substrate
possessing a moderately electron-donating groups
such as p-Me (18) and p-Bu (19) in the phenyl ring
and the other two substrates having moderately
electron-withdrawing groups such as p-Br (20), p-Cl
(21) all provided their peroxo products (18a, 66 %),
(19a, 59 %), (20a, 80 %) and (21a, 77 %) in modest to
good yields. This strategy was equally successful even
when the phenyl group is replaced with a methyl group
as has been demonstrated for substrates (22) and (23)
yielding their peroxo products (22a, 69 %) and (23a,
73 %) respectively. When the phenyl group at the
allylic position is replaced with a hydrogen (a mono-
methyl) or methyl (i.e a di-methyl part), the
peroxidation was completely unsuccessful giving
numerous products (Scheme 3). The yield of the
product (17a) dropped to 68 % when a gram scale
(1.22 g, 5 mmol) reaction was performed under an
identical reaction condition (Scheme 3).

R ‘ tBu\
Bu O-0 R
@ & o. Cuy0 —
+ —_—
T CH3CN @ @
R = Me, Ph (a) 110 °C
(17-23) (17a-23a)
tBu\ Bu, ‘Bu,
0O-O Ph 0-Q Ph O-O Ph
] O O O O
£
(17a, 76%) (18a, 66%) M (19a, 59%) Bu
. (173,68%)°
Bu\
0O-O Ph O O Me O 0] Me
‘W
R Br
(R = Br, 20a, 80%) (22a, 69%) (23a, 73%)
(R=Cl, 21a, 77%)
Unsuccessful Substrates
O (0] Me O (0] Me

(24a, 00%)

(25a, 00%)

[2IReaction conditions: alkene 17-23 (0.5 mmol), and ferz-butyl hydroperoxide (a) (1.5 mmol) at 110 °C for 2 h in CH3CN. Yield reported

for 5 mmol scale.
Scheme 3. Selective-peroxidation of substrates.[?]

As can be seen from Scheme 2 and Scheme 3, terminal
and internal alkenes react differently giving two types
of products. The non-cyclic benzylic internal alkenes
underwent successful peroxidation at the available
allylic position which however is dictated by the
stability of the radicals formed (Scheme 3). Thus, the

query arises what will happen if a cyclic benzylic
internal alkene such as indene (26) which has a
benzylic/vinylic position? With this objective indene
(26) was subjected to the present condition. The
substrate indene (26) was fully consumed but gave a
multitude of inseparable products in CH3;CN solvent.
Interestingly, by switching the solvent from CH3CN to

This article is protected by copyright. All rights reserved.
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cyclohexane (b) under otherwise identical reaction
condition gave cyclohexylation-peroxidation-benzylic
oxidation product (26ab) in 35 % yield. The structure
along with the regioselectivity of the product (26ab)
has been confirmed by 'H, *C, COSY, NOESY, and
NOE NMR spectroscopic techniques (see the
Supporting Information, SI). After a series of
optimization, it was found that by changing the
number of TBHP equiv from 3 to 6 resulted in the
formation of an improved yield (66 %) of the product
(Scheme 4). This type of cycloalkane functionalization
is in agreement with our previous work, where
substituted coumarin undergoes cycloalklylation—
peroxidation under a similar condition.!"”!l This
trifunctionalization strategy was successfully extended
to higher cycloalkanes such as cycloheptane (c),
cyclooctane (d). Both the cycloalkanes coupled
successfully with indene (26) affording tri-
functionalized products (26ac) and (26ad) in moderate
yields of 63 % and 65 % respectively (Scheme 4).

C. G,

(26) (b-d)

Cu,0 (10 mol %)
B _
TBHP, 110 °C H n

10.1002/ejoc.201901689

However, when an indene (26) was treated with
cyclopentane (e), the desired tri-functionalized
cyclopentynalated product (26ae) was formed in trace
amount which was detected only by HRMS analysis
(see Supporting Information, Figure S3). However, a
diperoxy product of indene (26ae”) could be isolated
in 59 % yield (Scheme 4). Similar to cycloalkanes,
cyclic ethers are amenable to form radical adjacent to
an oxygen atom. Thus, when this strategy was
extended to a cyclic ether such as THF (f), the
trifunctionalized product (26af) could not be isolated
due to the formation of a multitude of uncharacterized
products but was detected by HRMS analysis of the
inseparable column fraction (see Supporting
Information, Figure S4). Interestingly, a keto-
peroxidation product (26af”) was isolated in 64 %
yield. However, another cyclic ether dioxane (g)
gave the trifunctionalized product (26ag) in 57 %
isolated yield (Scheme 4).

o}
)/

O (26ab, 65%) Ci

Bu (26ab, 57%)° By

Cos0 - 0

/
o
1, s Q7

detected by HRMS analysis
of inseparable column fraction

(26af', 61%)

(26ac, 63%) \
Bu

Bu

H 0 (zsae trace) /

By— [’ (26ae’, 59%)
(26ad, 65%) O HRMS B
(27)
O\ (26ag, 56%) Multitudes of inseparable
Bu products

[2IReaction conditions: alkene 26 (0.5 mmol), and tert-butyl hydroperoxide (a) (3.0 mmol) at 110 °C for 3 h in cyclohexane.

blyield reported for 10 mmol scale.
Scheme 4. Indene trifunctionalization.®!

00'Bu

e
(1a,8%) +
110 °C
CH3CN (1a', 42%)
‘BuoO
o
__TBHP _ 2aC 65%)
110 °C OO[Bu
CH3CN
® O ®
Me (2a, 19%) Me
‘Buoo o
o0
__TBHP _ Me (2aC, 78%)
110 °C +
oren /‘)\/l\“oooB ue
(2a, 9%) Me

00'Bu
Cu0

__TBHP _
IRTEN

QO

Scheme 5. Some controlled experiments

O (26ab, 75%)

Several control experiments were conducted to
elucidate a plausible reaction mechanism for these
transformations. When a typical reaction between
styrene (1) and TBHP (a) was carried out under an
identical condition, but in the presence of a radical
scavenger 2,2,6,6-tetramethylpiperidine-1-oxyl (A)
(TEMPO, 1 equiv), only a trace amount of the product
(1a) was obtained along with the formation a
substantial amount of side product (1a") (Scheme 5). It
seems the reaction is proceeding via a radical
mechanism, that is the generation of fers-butoxy
radical (‘Bu-O0"), which on reaction with styrene (1).
gave product (1a'). Similar di-peroxidation product
(1a") is well known in the literature.'®! The tert-
butoxy radical (‘BuOO’) cannot be trapped with
TEMPO as it will result in the formation of a species
having three consecutive oxygen which will be
unstable under the reaction temperature (110 °C).
Reaction of styrene with TBHP gives phenyl glyoxal
(C), and benzyhaldehyde (D),"”*#! which decomposed
in the presence of metal catalyst to an aroyl radical
(ArCO") which perhaps couple with the styrene to give

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

the product (1a). When p-Me styrene (2) was reacted
with phenyl glyoxal (C) under the present reaction
condition it gave two coupled keto-peroxo products
(2aC, 65 %) and (2a, 19 %) (Scheme 5). The product
2aC was obtained in higher percentage (65 %) because
of the coupling of aroyl radical (ArCO") generated by
the easy decomposition of phenyl glyoxal (C) with p-
Me styrene (2), thereby supporting the intermediacy of
(C). Further, when p-Me styrene (2) was reacted with
benzaldehyde (D) it again gave two keto-peroxo
products (2aC, 78 %) and (2a, 9 %) (Scheme 5). The
product 2aC was yet again obtained in higher
percentage (78 %) because of the coupling of aroyl
(ArCO") obtained by the C—H bond cleavage of

Keto-Peroxidation:

Cu(l) + BUOOH —— Cu(II)(OH) + BuG

|
Cu(I(CH) + BUuOOH ﬁ' Cu(l)+ 'BuOO

H,0

BuG + ‘BUOOH —— BUOO + 'BuOH
CU/TBHP 0 OO[BU
0 PO Ph Ph
PN (1a)
Ph(c) ~  one half 5
0 v/.o
0 '
teo” I E Phk/\Ph
Ph”UH )
(D) P
(E)
'BuO /'BuOO  'BUOH / 'BUOOH

10.1002/ejoc.201901689

benzaldehyde (C) with p-Me styrene (2), there by
confirming the intermediacy of benzaldehyde (D).!'"™!
Phenyl glyoxal (C), on decomposition %ives
benzaldehyde with concurrent release of CO.['™?!
Here, the release of CO from the reaction has been
confirmed by spot test using PdCl,-phosphomolybdic
acid (PMA) strip, supporting the decarbonylation path
(see Supporting Information, Figure S1, S2).

The results of the above experiments and related
literature reports,'’"¢! convey the operation of the
following path for the carbonylation-peroxidation
(Scheme 6).

Mono-Peroxidation:

Ph
Ph - . :
M BuO(Buo oy B0
P gy P ©) j
‘BUOH / ‘BUOOH

Ph

(17a) | OOBu
o< pn,

Trifunctionalization of Indene

H
— > 'BUOH / 'BUOOH* O

(b) (H)

Mo @ o

BuOO

Bu® H
o *
‘BuOOHH

OOBu

0 (26ab)

Scheme 6. Plausible reaction mechanism.

The  Cu(l)-assisted cleavage of  tert-butyl
hydroperoxide (TBHP) generates ‘BuO’ radical and
Cu(Il) species in the medium. The Cu(Il) species on
reaction with another equivalent of TBHP produce
‘BuOO" radical and Cu(I) for further reaction.'’ This
‘BuOO’ radical can also be generated by the action of
TBHP and ‘BuO’ radical. On the other hand, styrene
(1) in the presence of Cuw/TBHP is converted to
benzaldehyde (D) via the intermediacy of phenyl
glyoxal (C) (Scheme 6).'"¢™ The PhCO" radical (E)
generated from benzaldehyde (D) reacts with the
unreacted part of styrene (a) to give a benzylic radical
intermediate (F), which subsequently couples with
'BuOO’ radical to provide the desired product (1a). So
far as mono-peroxidation of internal alkene, but-1-ene-
1,3-diylbenzene (16) is concerned, the peroxidation is
not taking place at the double bond, rather it is
happening at the tertiary benzylic site (Scheme 6).
Here, the ‘BuO’ or ‘BuOO’ radical species abstract the
tertiary proton of (17) to generate a radical
intermediate (G) which is doubly benzylic as well as
allylic, thus is much more stable than the other
possible secondary benzylic radical that may form by
the direct attack of ‘BuOO" radical at the double bond.

Thus, preferential peroxidation is taking place
regioselectively at this benzylic tertiary position in
spite of steric hindrance to give product (17a). The
mechanism for the formation of tri-functionalization
of indene is depicted in Scheme 6. The in situ
generated radical species ‘BuO’ or ‘BuOO" as shown in
Scheme (6) abstract a proton from the cycloalkane to
generate a cycloalkyl radical species (H). The benzylic
CH; of the indene (26) is oxidized to C=0O in the
presence of Cu/TBHP to give a,B-unsaturated ketone
(I). The cyclohexyl radical (H) attacks at the a-carbon
of (I) generating a benzylic radical (J).!'’?. This has
been confirmed when a 1H-inden-1-one (I) was
reacted with cyclohexane and TBHP under the
optimised reaction condition, it resulted in the
exclusive formation of product (26ab) in an improved
yield of 75 % thereby suggesting its intermediacy
(Scheme 5). Finally, a radical cross-coupling between
'BuOO" benzylic radical (J) furnish the cycloalkyl-
peroxy product (26ab) (Scheme 6). Similar
peroxidation at the a- and cyclohexylation at the [3-
positions has been documented in literature.!'’*4 This
mechanism can also account for the formation of other
products and by products obtained in Scheme 4.
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Selected bond
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Figure 1. Calculated energy profile diagram for the reaction with two paths considered. The relative energies from DFT calculations are
in kcal.mol'and bond lengths in A, done at M06/6-31g+(d,p) level of theory.

Even though both fert-butylperoxy and cyclohexyl
radicals exist in the medium in this regioselective
cycloalkylation-peroxidation process, the peroxidation
is preferentially taking place at the benzylic position
and the cycloalkylation at the C2 position. No reverse
attack is observed in any of the cases. To understand
the origin of regioselectivity, Density Functional
(DFT) studies were carried out which is depicted in

figure 1. Theoretical calculations have been performed
at the M06 level of theory using a 6-31+G(d,p) basis
set for the atoms present in the system as implemented
in GAUSSIAN 09 program package. Frequency
calculations have been performed on all the modelled
structures using the same level of theory The
optimised structures for transition states, intermediates
and the products are depicted in the energy profile
diagram with some selected geometric parameters
(Figure 1) Two possible ways to proceed with the
reaction have been investigated: the C2 position of the
indene can be attacked by an in situ generated
cyclohexyl radical (H) which passes through a barrier
height of 9.46 kcal.mol” and forms intermediate (J).
Alternately, the attack of tert-butylperoxyradical at the
non- benzylic position (C2) passes through a barrier
height of 19.91 kcal.mol™, forming intermediate(J’). It
could be seen from Figure 1, the energy of activation
required to proceed with BuOO" is 10.45 kcal.mol™
higher as compared to one attacked by cyclohexyl
radical (H). Intermediate (J) is more stable than (J')
by 12.24 kcal.mol™. Thus, the reaction proceeding
with ‘BuOO° as attacking nucleophile is less
favourable and its possibility has been ruled out. The

length of bonds (x,y) shown in Figure 1, reveals the
formation of a bond between the reactant and the
incoming cyclohexyl radical. In the transition state, the
bond length of x is of 2.48 A indicating interaction
with the incoming moiety. This bond (y) has shortened
to a length of 1.54 A in species (J), indicating the
formation of a C—C bond. Subsequently, the incoming
radical ‘BuOO" attack at position C3 of the
intermediate (J), forming a stable product (26ab) with
an energy release of -51.40 kcal.mol™ after crossing a
barrier height of 14.19 kcal.mol.*” (Figure 1).

Conclusion

In conclusion, we have demonstrated the differential
reactivity of terminal and internal alkenes. A
carbonylation-peroxidation of vinyl arenes is achieved
in the absence of any carbonyl source. Vinyl arenes
undergo decarbonylative C—C bond formation
followed by a concurrent carbonylation-peroxidation
catalyzed by Cu(I) and tert-butyl hydroperoxide
(TBHP) but a—methyl styrenes yielded aryl methyl
ketones as the only product. A a—substituted
unsymmetrical internal alkene such as but-1-ene-1,3-
diylbenzene afforded selective a—peroxidation at the
tertiary carbon and not across the double bond under
the identical reaction conditions which is governed by
stability of tertiary radical. An internal cyclic alkene
such as indene provided peroxidation-carbonylation-
cycloalkylation/cycloetherification by switching the
solvent system from acetonitrile to
cycloalkanes/cyclic ~ ether.  Plausible  reaction
mechanisms have been proposed for each of these

7
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transformations. Thus a variety of organic peroxy
compounds can be generated via radical mediated
peroxidation of internal and terminal alkenes which
may find useful applications in medicinal chemistry.

Experimental Section
General Information:

All the reagents were commercial grade and purified
according to the established procedures. Organic
extracts were dried over anhydrous sodium sulphate.
Solvents were removed in a rotary evaporator under
reduced pressure. Silica gel (100-200 mesh size) was
used for the column chromatography. Reactions were
monitored by TLC on silica gel 60 Fas4 (0.25 mm).
NMR spectra were recorded in CDCl; with
tetramethylsilane as the internal standard for 'H NMR
(400 and 600 MHz) and in for *C NMR (101 and 151
MHz) CDCl; as the internal standard. HRMS spectra
were recorded using +ESI (TOF) mode. IR spectra
were recorded in KBr or neat.

General Procedure for the Synthesis of 3-(tert-
Butylperoxy)-1,3-diphenylpropan-1-one (1a) from
Styrene (1) and zer-Butyl hydroperoxide (a):

To an oven-dried 10 mL round bottom flask fitted with
a reflux condenser was added styrene (1) (114.4 pL,
1.0 mmol), tert-butyl hydroperoxide (a) (600 uL, 3.0
mmol), Cu,O (14.0 mg, 0.1 mmol), and acetonitrile
(2.0 mL). The reaction mixture was refluxed in a
preheated oil bath at 110 °C for 2 h. The reaction
mixture was cooled to room temperature, admixed
with ethyl acetate (25 mL) and the organic layer was
washed with water (2 x 10 mL). The organic layer was
dried over anhydrous sodium sulfate (Na,SOs), and
solvent was evaporated under reduced pressure. The
crude product so obtained was purified over a column
of silica gel (hexane / ethyl acetate, 99.5:0.5) to give
pure 3-(tert-butylperoxy)-1,3-diphenylpropan-1-one
(1a) (121 mg, yield 81 %). The identity and purity of
the product was confirmed by spectroscopic analysis.

General Procedure for the Synthesis of (E)-(3-(tert-
Butylperoxy)but-1-ene-1,3-diyl)dibenzene  (22a)
from (E)-but-1-ene-1,3-diyldibenzene (22) and tert-
Butyl hydroperoxide (a)

To an oven-dried 10 mL round bottom flask fitted with
a reflux condenser was added (E)-but-1-ene-1,3-
diyldibenzene (22) (104 mg, 0.5 mmol), fert-butyl
hydroperoxide (a) (600 pL, 3.0 mmol), CuO (7.0 mg,
0.05 mmol), and acetonitrile (2.0 mL). The reaction
mixture was refluxed in a preheated oil bath at 110 °C
for 2 h. The reaction mixture was cooled to room
temperature, admixed with ethyl acetate (25 mL) and
the organic layer was washed with water (2 x 10 mL).
The organic layer was dried over anhydrous sodium
sulfate (Na,SOs), and solvent was evaporated under
reduced pressure. The crude product so obtained was
purified over a column of silica gel (hexane / ethyl
acetate, 99.5:0.5) to give pure (E)-(3-(tert-
butylperoxy)but-1-ene-1,3-diyl)dibenzene (22a) (102
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mg, yield 69 %). The identity and purity of the product
was confirmed by spectroscopic analysis.

General Procedure for the Synthesis of 3-(zert-
butylperoxy)-2-cyclohexyl-2,3-dihydro-1H-inden-
1-one (26ab) from indene (26) and terr-Butyl
hydroperoxide (a)

To an oven-dried 10 mL round bottom flask fitted with
a reflux condenser was added indene (26) (58 uL, 0.5
mmol), fert-butyl hydroperoxide (a) (600 pL, 3.0
mmol), Cu,O (7.0 mg, 0.05 mmol), and cyclohexane
(2.0 mL). The reaction mixture was refluxed in a
preheated oil bath at 110 °C for 3 h. The reaction
mixture was cooled to room temperature, admixed
with ethyl acetate (25 mL) and the organic layer was
washed with water (2 x 10 mL). The organic layer was
dried over anhydrous sodium sulfate (Na,SO4), and
solvent was evaporated under reduced pressure. The
crude product so obtained was purified over a column
of'silica gel (hexane / ethyl acetate, 99:1.0) to give pure
2-(tert-butylperoxy)-3-cyclohexyl-2,3-dihydro-1H-
inden-1-one (26ab) (100 mg, yield 66 %). The identity
and purity of the product was confirmed by
spectroscopic analysis.

3-(tert-Butylperoxy)-1,3-diphenylpropan-1-one
(1a): Colourless oil, (121 mg, 81 %). "H NMR (CDCl;,
400 MHz) 6 7.95 (d, 2H, J="7.2 Hz), 7.55 (t, 1H, J =
7.4 Hz), 7.47-7.42 (m, 4H), 7.35 (t, 2H, J = 7.4 Hz),
7.30(d, 1H, J=7.2 Hz), 5.60 (t, IH, J= 6.4 Hz), 3.77
(dd, 1H, J=16.4, 7.2 Hz), 3.21 (dd, 1H, J=16.0, 6.0
Hz), 1.16 (s, 9H) ppm. *C NMR (CDCls, 101 MHz) 6
197.64, 140.17, 137.35, 133.21, 128.68, 128.54,
128.40, 128.24, 127.25, 82.47, 80.92, 44.17, 26.49
ppm. IR (KBr): v=2979, 1687, 1450, 1360, 1198, 751,
694 cm™. HRMS (ESI/Q-TOF) m/z: [M + Na]* Calcd
for C19H22NaO3 321.1461; Found 321.1466.

3-(tert-Butylperoxy)-1,3-di-p-tolylpropan-1-one
(2a): Yellow gummy, (100 mg, 61 %). 'H NMR
(CDCls, 400 MHz) 6 7.84 (d, 2H, J= 8.0 Hz), 7.32 (d,
2H,J=8.0 Hz), 7.24 (d, 2H, J= 8.0 Hz), 7.15 (d, 2H,
J=17.6 Hz), 5.55 (t, 1H, J= 6.6 Hz), 3.76 (dd, 1H, J=
16.0, 6.8 Hz), 3.19 (dd, 1H, J=16.0, 6.0 Hz), 2.40 (s,
3H), 2.33 (s, 3H), 1.16 (s, 9H) ppm. *C NMR (CDCl;,
101 MHz) ¢ 197.40, 143.98, 137.99, 137.06, 134.86,
129.34, 129.24, 128.52, 127.27, 82.45, 80.88, 43.91,
26.50, 21.78, 21.35 ppm. IR (KBr): v = 2977, 2928,
1684, 1606, 1512, 1362, 1271, 1195, 1019, 810, 756
cm’'. HRMS (ESI/Q-TOF) m/z: [M + Na]" Calcd for
C21H26NaO; 349.1774; Found 349.1783.

3-(tert-Butylperoxy)-1,3-di-m-tolylpropan-1-one

(3a): Gummy, (93 mg, 57 %). '"H NMR (CDCl;, 400
MHz) 6 7.75 (d, 2H, J = 7.6 Hz), 7.35-7.23 (m, 3H),
7.23 (d,3H,J=3.6 Hz,), 5.59-5.53 (m, 1H), 3.76 (dd,
1H,J=16.3, 7.1 Hz), 3.18 (dd, 1H, J=16.0, 6.8 Hz),
2.40 (s, 3H), 2.35 (s, 3H), 1.17 (s, 9H) ppm. *C NMR
(CDClL;, 101 MHz) 6 197.89, 140.03, 138.41, 138.11,
137.33, 133.94, 129.04, 128.92, 128.52, 128.42,
127.94, 125.61, 124.32, 82.55, 80.94, 44.23, 26.49,
21.61, 21.47 ppm. IR (KBr): v = 2978, 2927, 1683,
1654, 1606, 1362, 1195, 783, 702 cm’'. HRMS
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(ESI/Q-TOF) m/z: [M + Na]" Calcd for Ca1HsNaO;
349.1774; Found 349.1778.
1,3-bis(4-(tert-Butyl)phenyl)-3-(zert-
butylperoxy)propan-1-one (4a): Gummy, (124 mg,
65 %). '"H NMR (CDCls, 400 MHz) 6 7.89 (d, 2H, J =
8.4 Hz), 7.46 (d, 2H, J = 8.4 Hz), 7.35 (bs, 4H), 5.59
(t, IH, J = 6.4 Hz), 3.77 (dd, 1H, J = 16.4, 6.8 Hz),
3.21(dd, 1H, J=16.4, 10.4 Hz), 1.33 (s, 9H), 1.30 (s,
9H), 1.18 (s, 9H) ppm. °C NMR (CDCls, 101 MHz) §
197.45, 156.91, 151.05, 137.02, 134.82, 128.35,
126.97, 125.59, 125.46, 82.33, 80.91, 44.01, 35.24,
34.69, 31.48, 31.23, 26.53 ppm. IR (KBr): v = 2965,
1759, 1685, 1601, 1452, 1361, 1198, 1019, 831, 752,
696 cm™. HRMS (ESI/Q-TOF) m/z: [M + K] Calcd
for C27H33K O3 449.2453; Found 449.2441.

1,3-di([1,1'-Biphenyl]-4-yl)-3-(tert-
Butylperoxy)propan-1-one (5a): Yellow solid, (311
mg, 69 %); m. p. 100-104 °C. '"H NMR (400 MHz,
CDCl3) 6 8.05 (d, J= 8.4 Hz, 2H), 7.69 (d, /= 8.4 Hz,
2H), 7.58-7.64 (m, 6H), 7.52 (d, J= 8.4 Hz, 2H), 7.49-
7.40 (m, 5H), 7.35 (t, J= 7.2 Hz, 1H), 5.67 (t, /= 6.4
Hz, 1H), 3.85 (dd, J=16.4, 6.8 Hz, 1H), 3.29 (dd, J =
16.0, 6.0 Hz, 1H), 1.21 (s, 9H) ppm. “C NMR (101
MHz, CDCl3) ¢ 197.19, 145.92, 141.17, 140.97,
139.96, 139.15, 135.98, 129.09, 129.01, 128.87,
128.38, 127.70, 127.43, 127.40, 127.35, 127.33,
127.26, 82.29 , 81.05, 44.12, 26.54 ppm. IR (KBr): v
= 2974, 2924, 1664, 1599, 1484, 1405, 1360, 1196,
870, 760, 690 cm™. HRMS (ESI/Q-TOF) m/z: [M +
Na]® Caled for C;H3NaO; 473.2187; Found
473.2192.

3-(tert-Butylperoxy)-1,3-bis(4-
(chloromethyl)phenyl)propan-1-one (6a): Brownish
gummy, (130 mg, 66 %). '"H NMR (CDCls, 400 MHz)
0 7.94 (d, 2H, J = 8.3 Hz), 7.47 (d, 2H, J = 8.3 Hz),
7.40 (dd, 4H, J=20.1, 8.2 Hz), 5.59 (t, 1H, J=6.5 Hz),
4.61 (s, 2H), 4.58 (s, 2H), 3.74 (dd, 1H, J=16.3, 7.1
Hz), 3.18 (dd, 1H, J=16.3, 5.9 Hz), 1.16 (s, 9H) ppm.
BC NMR (CDCls, 101 MHz) 6 196.79, 142.63, 140.49,
137.43,137.09,128.84,128.83, 128.81, 127.58, 81.97,
81.05, 46.08, 45.39, 44.18, 26.49 ppm. IR (KBr): v =
2982, 2881, 1691, 1362, 1267, 1196 cm”. HRMS
(ESI/Q-TOF) m/z: [M + Na]® Caled for
C21H24C12Na03 417.0995; Found 417.0968.

3-(tert-Butylperoxy)-1,3-bis(4-
ethoxy}i)henyl)propan-l-one(7a): Gummy, (215 mg,
60 %). 'H NMR (400 MHz, CDCl3) 6 7.94 (d,J=9.2
Hz 2H), 7.35 (d, 2H, J = 8.8 Hz), 6.94-6.86 (m, 4H),
5.52(t,1H,J=6.6 Hz), 3.86 (s, 3H), 3.79 (s, 3H), 3.75
(dd, 1H, J=16.0, 6.4 Hz), 3.19 (dd, 1H, J=16.0, 6.0
Hz), 1.17 (s, 9H) ppm."*C NMR (101 MHz, CDCl;) &
196.33, 163.61, 159.57, 132.10, 130.67, 130.46,
128.68,113.9,113.8, 82.34, 80.83, 55.60, 55.36,43.51,
26.51 ppm. IR (KBr): v = 2975, 2839, 1675, 1602,
1512, 1255, 1174, 1030, 831, 739 c¢cm'. HRMS
(ESI/Q-TOF) m/z: [M + Na]" Calcd for C21HasNaOs
381.1672; Found 381.1679.
1,3-bis(4-Bromophenyl)-3-(zert-
butylperoxy)propan-1-one (8a): Gummy, (167 mg,
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73 %). '"H NMR (CDCl;, 400 MHz) 6 7.88 (d, 2H, J =
8.8 Hz), 7.43 (d, 2H, J= 7.2 Hz), 7.37-7.31 (m, 4H),
5.53(t, 1H,J=6.6 Hz),3.70 (dd, 1H, /J=16.0, 6.8 Hz),
3.12(dd, 1H, J = 16.4, 6.0 Hz), 1.15 (s, 9H) ppm. °C
NMR (CDCl;, 101 MHz) ¢ 196.10, 139.90, 138.60,
135.50, 134.09, 129.80, 129.08, 128.79, 128.60, 81.65,
81.10, 43.93, 26.47 ppm. IR (KBr): v = 2980, 2880,
1689, 1589, 1490, 1401, 1362, 1091, 823 cm™. HRMS
(ESI/Q-TOF) m/z: [M + K] Calcd for C1oHBr2KO;
492.9411; Found 492.9418.

3-(tert-Butylperoxy)-1,3-bis(4-
chlorophenyl)propan-1-one (9a): Gummy, (130 mg,
71 %). 6 '"H NMR (400 MHz, CDCls) 6 7.80 (d, 2H, J
=428 Hz), 7.59 (d, 2H, J = 8.8 Hz), 7.46 (d, 2H, J =
8.4 Hz), 7.30 (d, 2H, J = 8.4 Hz), 5.52 (t, 1H, J=6.6
Hz), 3.68 (dd, 1H, J=16.4,7.2 Hz), 3.11 (dd, 1H, J=
16.4, 6.0 Hz), 1.15 (s, 9H) ppm. ?*C NMR (CDCls, 101
MHz) ¢ 196.20, 139.12, 135.86, 132.15, 132.05,
131.71, 130.73, 129.87, 128.90, 122.23, 81.64, 81.08,
43.85, 26.45 ppm. IR (KBr): v = 2979, 2881, 1691,
1585, 1486, 1362, 1195, 1071, 1009 cm™. HRMS
(ESI/Q-TOF) m/zz [M + Na]" Caled for
Ci19H20CI2NaO3 389.0682; Found 389.0678.

3-(tert-Butylperoxy)-1,3-bis(4-
fluorophenyl)propan-1-one (10a): Gummy, (114 mg,
68 %). 'H NMR (CDCls, 400 MHz) 6 7.93-7.92 (m,
1H), 7.82 (d, 1H, J = 8.0 Hz ), 7.55-7.52 (m, 1H),
7.42-7.38 (m, 3H), 7.31-7.29 (m, 2H), 5.54 (dd, 1H, J
=7.2,5.6 Hz), 3.69 (dd, 1H, J=20.4, 32.0 Hz), 3.12
(dd, 1H,J=16.4, 5.6 Hz), 1.16 (s, 9H) ppm. *C NMR
(101 MHz, CDCl3) 6 195.87, 167.23, 164.70, 163.93,
161.48, 135.83 (d, J=3.2 Hz), 133.68 (d, /= 3.0 Hz),
131.87 (d, /= 9.4 Hz), 131.03 (d, J = 9.3 Hz), 128.98
(d,J=8.2Hz),115.94,115.72 (d, J=15.0 Hz), 115.36,
81.76, 81.01, 43.93, 26.47 ppm. ’F NMR (CDCl;, 377
MHz) ¢ -105.59-105.81 (m), 114.52-114.78 (m). IR
(KBr): v=2979, 2932, 1724, 1687, 1600, 1509, 1411,
1364, 1226, 1156, 834 cm™. HRMS (ESI/Q-TOF) m/z:
[M + Na]" Calcd for Ci9H0F,NaO; 357.1273; Found
357.1283.

3-(tert-Butylperoxy)-1,3-bis(3-
chlorophenyl)propan-1-one (11a): Yellow gummy,
(119 mg, 65 %). "H NMR (400 MHz, CDCl3) § 7.93 (t,
1H,J=1.8 Hz), 7.83-7.81 (m, 1H), 7.55-7.52 (m, 1H),
7.42-7.38 (m, 2H), 7.31-7.27 (m, 3H), 5.54 (t, IH J =
6.4 Hz), 3.69 (dd, 1H, J=19.6, 7.2 Hz), 3.12 (dd, 1H,
J=17.6,5.6 Hz), 1.16 (s, 9H) ppm. *C NMR (CDCls,
101 MHz) ¢ 195.89, 142.18, 138.59, 135.11, 134.47,
133.33, 130.08, 129.89, 128.53, 128.47, 127.27,
126.46, 125.37, 81.51, 81.21, 44.10, 26.44 ppm. IR
(KBr): v=2978, 2683, 1687, 1609, 1414, 1363, 1195,
1017, 680 cm™. HRMS (ESI/Q-TOF) m/z: [M + Na]*
Calcd for C19H20C1K O3 389.0682; Found 389.0686.

3-(tert-Butylperoxy)-1,3-bis(3-nitrophenyl)propan-
1-one (12a): Gummy, (225 mg, 58 %). '"H NMR (400
MHz, CDCls) 0 8.80 (s, 1H), 8.45 (d, 1H, J=8.0 Hz),
8.33 (s, 1H), 8.30 (d, 1H, /= 8.0 Hz), 8.19 (d, 1H, J=
8.4 Hz), 7.80 (d, 1H, J=7.6 Hz), 7.71 (t, 1H, J= 8.0
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Hz), 7.57 (t, 1H, J=8.0 Hz), 5.69 (t, 1H, J= 6.6 Hz),
3.82(dd, 1H,J=16.4, 6.8 Hz), 3.25 (dd, 1H, J=16.8,
5.6 Hz), 1.16 (s, 9H) ppm. °C NMR (101 MHz,
CDCl3) 6 194.56, 142.24, 138.09, 133.87, 133.42,
130.17,129.66, 127.87,123.41,123.33,122.16, 81.52,
80.91, 44.00, 26.44 ppm. IR (KBr): v = 3088, 1700,
1689, 1530, 1351 cm™'. HRMS (ESUQ-TOF) m/z: [M
+ H]" Caled for Ci9H2N,O; 389.1343; Found
389.1349.

1-(tert-Butylperoxy)-3-oxopropane-1,3-
diyl)bis(4,1-phenylene) diacetate (13a): Colorless
solid, (273 mg, 66 %); m. p. 90-94 °C. "H NMR (400
MHz, CDCl3) ¢ 7.99 (d, 2H, J = 8.4 Hz), 7.44 (d, 2H,
J=28.4Hz),7.19 (d, 2H, J= 8.4 Hz), 7.08 (d, 2H, J =
8.4 Hz), 5.59 (t, 1H, J= 6.4 Hz), 3.73 (dd, J = 16.4,
6.2 Hz, 1H), 3.16 (dd, 1H, J = 16.4, 6.0 Hz), 2.32 (s,
3H), 2.29 (s, 3H), 1.16 (s, 9H) ppm. *C NMR (101
MHz, CDCl3) 6 196.22, 169.59, 168.96, 154.55,
150.53, 137.72, 134.79, 130.01, 128.30, 121.91,
121.65, 81.73, 81.07, 44.12, 26.47, 21.29 ppm. IR
(KBr): v = 3439, 2924, 2853, 1383, 1022, 742 cm™.
HRMS (ESI/Q-TOF) m/z: [M + NH4]" Caled for
C23H30NO7 432.2017; Found 432.2027.

Acetophenone (14a): Colorless liquid, (87 mg, 72 %).
"HNMR (CDCls, 400 MHz) 6 7.95 (d, 2H, J= 8.0 Hz),
7.53 (t, 1H,J="7.8 Hz), 7.44 (t,2H, J="7.6 Hz,), 2.58
(s, 3H) ppm. *C NMR (CDCl;, 101 MHz) 6 198.09,
137.13, 133.09, 128.57, 128.29, 26.57 ppm. IR (KBr):
v =3062, 1685, 1594, 1444, 1359, 1263, 1179, 1021,
760, 690, 589 cm™. HRMS (ESI/Q-TOF) m/z: [M +
NH,4]" Caled for CsHi2NO 138.0913; Found 138.0921.

1-(p-Tolyl)than-1-one (15a): Colorless liquid, (86 mg,
64 %). '"H NMR (CDCls, 400 MHz) 6 7.85 (d, 2H, J =
8.2 Hz), 7.24 (d, 2H, J = 8.0 Hz), 2.56 (s, 3H), 2.40 (s,
3H) ppm. “C NMR (CDCl;, 101 MHz) 6 197.82,
143.88, 134.76, 129.27, 128.46, 26.51, 21.63 ppm. IR
(KBr): v=3065, 1683, 1596, 1447, 1361, 1263, 1179,
1021, 760, 690, 592 cm™. HRMS (ESI/Q-TOF) m/z:
[M + H]" Calcd for CoH;,0 135.0804; Found 135.0814.

1-(4-Chlorophenyl)ethan-1-one (16a): Colorless
liquid, (120 mg, 75 %). '"H NMR (CDCl;, 400 MHz) §
7.89 (d, 2H, J=8.5 Hz), 7.42 (d, 2H, J= 8.5 Hz), 2.58
(s, 3H) ppm. C NMR (CDCl;, 101 MHz) § 196.84,
139.60, 135.51, 129.79, 128.94, 26.58 ppm. IR (KBr):
v = 3069, 1686, 1589, 1451, 1363, 1264, 1182, 1021,
764, 693, 595 cm™. HRMS (ESI/Q-TOF) m/z: [M +
K]" Caled for CsH,CIKO 192.9817; Found 192.9830.

E-(1-(tert-Butylperoxy)prop-2-ene-1,1,3-

triyl)tribenzene (17a): Yellow gummy, (133 mg,
74 %). '"H NMR (CDCls, 400 MHz) 6 7.80 (d, 1H, J =
7.2 Hz), 7.58 (t, 1H, J=7.4 Hz), 7.49 (d, 1H, J=8.0
Hz), 7.39-7.36 (m, 4H), 7.33-7.32 (m 3H), 7.25 (d,
5H, J=4.8 Hz), 6.34 (d, 1H, J=9.6 Hz), 5.41 (d, 1H,
J=9.6 Hz), 1.18 (s, 9H) ppm. *C NMR (CDCls, 101
MHz) 6 144.65, 141.63, 140.05, 139.45, 132.55,
130.20, 130.11, 128.89, 128.73, 128.57, 128.42,
128.28, 128.27, 128.03, 127.78, 127.61, 127.57,
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127.45, 83.24, 80.45, 26.59 ppm. IR (KBr): v = 3059,
3028,2977,2928, 1661, 1598, 1492, 1477, 1385, 1362,
1276, 1195, 758, 697, 638 cm™. HRMS (ESI/Q-TOF)
m/z: [M + H]" Calcd for CosH2702 359.2006; Found
359.2015.

(E)-(1-(tert-Butylperoxy)-3-(p-tolyl)prop-2-ene-1,1-
diyl)dibenzene (18a): Yellow gummy, (123 mg,
66 %). 'H NMR (CDCl;, 400 MHz) § 7.38-7.34 (m,
4H), 7.24-7.21 (m, 7H), 7.14 (d, 3H, J= 8.0 Hz), 6.36
(d, 1H, J=9.6 Hz), 5.37 (d, 1H, J = 9.6 Hz), 2.34 (s,
3H), 1.17 (s, 9H) ppm. *C NMR (CDCls, 101 MHz) §
144.35, 141.69, 139.49, 137.86, 136.89, 130.13,
129.31, 128.24, 127.72, 127.68, 127.60, 127.51,
127.41, 83.11, 80.44, 26.59, 21.37 ppm. IR (KBr): v =
2976,2925, 1663, 1493, 1446, 1360, 1273, 1194, 1015,
812, 762, 699 cm. HRMS (ESI/Q-TOF) m/z: [M +
Na]® Calcd for CyHasNaO, 395.1982; Found
395.1998.

E-(3-(4-(tert-Butyl)phenyl)-1-(tert-
butylperoxy)prop-2-ene-1,1-diyl)dibenzene (19a):
Gummy, (116 mg, 56 %). '"H NMR (600 MHz, CDCl5)
0 7.40-7.33 (m, 5H), 7.29-7.23 (m, 9H), 6.37 (d, 1H,
J=9.6Hz),5.40(d, 1H,J=9.6 Hz), 1.31 (s, 9H), 1.18
(s, 9H) ppm. *C NMR (151 MHz, CDCls) 6 150.97,
143.10, 141.68, 139.48, 136.62, 130.17, 128.23,
127.79,127.70, 127.59, 127.48,127.11, 125.55, 82.99,
80.52, 34.70, 31.47, 26.58 ppm. IR (KBr): v = 2979,
2923, 1669, 1486, 1442, 1365, 1273, 1199, 1015, 818,
752, 689 cm™. HRMS (ESI/Q-TOF) m/z: [M + NH4]"
Calcd for C2H3sNO; 432.2897; Found 432.2913.

E-(3-(4-Bromophenyl)-1-(zert-butylperoxy)prop-2-
ene-1,1-diyl)dibenzene (20a): Gummy, (173 mg,
79 %). "H NMR (CDCls, 400 MHz) 6 7.45 (d, 3H, J =
8.4 Hz), 7.37 (d, 3H, J= 7.6 Hz), 7.26 (bs, 2H), 7.23—
7.17 (m, 6H), 6.24 (d, 1H, J=9.6 Hz), 5.35 (d, 1H, J
= 9.5 Hz), 1.17 (s, 9H) ppm. *C NMR (CDCls, 101
MHz) 6 145.23, 141.40, 139.42, 139.26, 131.69,
129.98, 129.10, 128.38, 128.33, 127.97, 127.74,
127.61, 126.52, 121.91, 82.64, 80.54, 26.58 ppm. IR
(KBr): v=3027, 1656, 1587, 1527, 1492, 1452, 1333,
1070, 1012, 732, 698 cm™. HRMS (ESI/Q-TOF) m/z:
[M + Na]* Calcd for CasHzsBrNaO; 459.0930; Found
459.0947.

E-(1-(tert-Butylperoxy)-3-(4-chlorophenyl)prop-2-
ene-1,1-diyl)dibenzene (21a): Reddish gummy, (151
mg, 77 %). "H NMR (CDCls, 400 MHz) 6 7.38 (d, 3H,
J =172 Hz), 7.30 (d, 4H, J = 8.4 Hz), 7.25 (bs, 3H),
7.24-7.21 (m, 4H), 6.25 (d, 1H, J = 9.6 Hz), 5.37 (d,
1H, J= 9.6 Hz), 1.17 (s, 9H) ppm. *C NMR (CDCl;,
101 MHz) ¢ 145.16, 141.38, 139.24, 138.82, 133.73,
129.97, 128.76, 128.74, 128.37, 128.32, 127.96,
127.72, 127.60, 126.57, 82.58, 80.56, 26.56 ppm. IR
(KBr): v=3031, 1653, 1604, 1559, 1511, 1333, 1232,
1161, 835, 704 cm™. HRMS (ESI/Q-TOF) m/z: [M +
Na]” Caled for CisHasCINaO, 415.1435; Found
415.1449.
3-(tert-Butylperoxy)but-1-ene-1,3-diyl)dibenzene
(22a): Colourless oil, (102 mg, 69 %). 6 'H NMR (600
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MHz, CDCls) § 7.49 (d, 2H, J = 7.2 Hz), 7.40 (d, 2H,
J =172 Hz), 7.35-7.30 (m, 4H), 7.28-7.21 (m, 2H),
6.52 (dd, 2H, J= 39.6, 16.2 Hz), 1.79 (s, 3H), 1.25 (s,
9H) ppm. °C NMR (CDCls, 151 MHz) & 144.30,
137.16, 134.03, 129.96, 128.67, 128.09, 127.68,
12725, 126.69, 126.53, 83.76, 79.42, 26.88, 24.70
ppm. IR (KBr): v = 2988, 2935, 1891, 1736, 1677,
1578, 1486, 1394, 1263, 1072, 1026, 1007, 927, 913,
861, 807, 757, 735, 731, 718, 667, 645 cm™. HRMS
(ES/Q-TOF) m/z: [M + K] Caled for CaH,KO,
335.1408; Found 335.1416.

E-4,4'-(3-(tert-Butylperoxy)but-1-ene-1,3-
diyl)bis(bromobenzene) (23a): Yellow gummy, (161
mg, 71 %). "H NMR (CDCls;, 400 MHz) 6 7.64—7.42
(m, 4H), 7.34 (d, 2H, J = 6.0 Hz), 7.25 (d, 2H, J =
5.6Hz), 6.43 (dd, 2H, J=36.0, 11.2 Hz), 1.75 (s, 3H),
1.23 (s, 9H) ppm. “C NMR (CDCls;, 101 MHz) ¢
143.09, 135.78, 133.99, 131.80, 131.20, 129.29,
128.43, 128.22, 121.64, 121.34, 83.39, 79.65, 26.82,
24.63 ppm. IR (KBr): v = 2978, 2930, 1900, 1726,
1687, 1588, 1486, 1394, 1263, 1072, 1026, 1009, 930,
909, 858, 803, 755, 745, 739, 718, 681, 668, 644 cm™.
HRMS (ESI/Q-TOF) m/z: [M + NH4]" Caled for
ConzeBI‘zOz 470.0325; Found 470.0337.

3-(tert-Butylperoxy)-2-cyclohexyl-2,3-dihydro-1H-
inden-1-one (26ab): Yellow gummy, (98 mg, 65 %).
"HNMR (CDCls, 400 MHz) 6 7.81 (d, 1H, J= 8.0 Hz),
7.73 (d, 1H, J=7.6 Hz), 7.64 (t, 1H, J=7.6, 1.1 Hz),
7.49 (t, 1H, J="7.4 Hz), 5.45 (d, 1H, J=2.4 Hz), 2.66
(dd, 1H,J=4.4,2.8 Hz),2.11-2.04 (m, 1H), 1.79-1.74
(m, 2H), 1.66 (d, 2H, J=7.6 Hz), 1.41 (d, 1H,J=11.2
Hz), 1.35-1.30 (m, 2H), 1.27 (s, 9H), 1.22 (d, 1H, J =
3.6 Hz), 1.15-1.10 (m, 2H) ppm. *C NMR (CDCl;,
101 MHz) ¢ 205.88, 151.09, 138.00, 134.87, 129.91,
127.84, 123.23, 82.21, 80.56, 58.32, 38.94, 31.32,
29.23,26.75, 26.69, 26.47, 26.35 ppm. IR (KBr): v =
2977,1717, 1601, 1449, 1362, 1194, 751 cm™'. HRMS
(ESI/Q-TOF) m/z: [M + HJ" Caled for Ci19H270;
303.1955; Found 303.1981.

3-(tert-Butylperoxy)-2-cycloheptyl-2,3-dihydro-
1H-inden-1-one (26ac): Gummy, (100 mg, 63 %). 'H
NMR (CDCls, 400 MHz) 6 7.84 (d, 1H, J = 8.0 Hz),
7.74 (d, 1H, J=17.6 Hz), 7.64 (t, 1H, J= 8.0 Hz), 7.49
(t, 1H, J = 7.6 Hz), 5.45 (d, 1H, J = 2.4 Hz), 2.69 (t,
1H, J=3.2 Hz), 2.33-2.27 (m, 1H), 1.80-1.71 (m, 2H),
1.53-1.47 (m, 3H), 1.41-1.29 (m, 5H), 1.28 (s, 9H),
1.27 (d, 2H, J = 2.8 Hz) ppm. *C NMR (CDCl;, 101
MHz) ¢ 205.67, 151.43, 138.06, 134.87, 129.84,
127.86, 123.28, 82.36, 80.58, 59.37, 40.34, 33.31,
30.82, 28.00, 27.76, 27.49, 27.33, 26.70 ppm. IR
(KBr): v=2924, 2858, 1602, 1460, 1362, 1254, 1021,
754 cm™. HRMS (ESI/Q-TOF) m/z: [M + H]" Calcd
for Cy0H203 317.211 1; Found 317.2129.

3-(tert-Butylperoxy)-2-cyclooctyl-2,3-dihydro-1H-

inden-1-one (26ad): Red gummy, (107 mg, 65 %). 'H
NMR (CDCls, 400 MHz) 6 7.84 (d, 1H, J = 7.6 Hz),
7.74 (d, 1H, J=17.6 Hz), 7.64 (t, 1H, J= 7.0 Hz), 7.48
(t, 1H, J= 7.4 Hz), 5.43 (d, 1H, J = 2.8 Hz), 2.68 (t,
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1H,J=3.2 Hz), 2.45-2.38 (m, 1H), 1.76-1.68 (m, 4H),
1.54-1.51 (m, 3H), 1.44-1.31 (m, 5H), 1.28 (s, 9H),
1.26 (s, 2H) ppm. C NMR (CDCls, 101 MHz) &
205.67, 151.54, 138.17, 134.84, 129.81, 127.85,
123.26, 82.48, 80.58,59.97,37.84, 32.49, 30.06, 26.72,
26.64, 26.59, 26.21, 26.02 ppm. IR (KBr): v = 2921,
1718, 1602, 1464, 1362, 1195, 1021, 754 cm™. HRMS
(ESI/Q-TOF) m/z: [M + H]+ Caled for CyiH3103
331.2268; Found 331.2273.

1,2-bis(tert-Butylperoxy)-2,3-dihydro-1H-indene
(26ae"): Yellow gummy, (88 mg, 59 %). 'H NMR
(CDCls, 400 MHz) 6 7.48 (d, 1H, J= 7.6 Hz), 7.29 (d,
1H, J=6.0 Hz), 7.22 (t, 2H, J= 6.0 Hz), 5.52 (d, 1H,
J=1.6 Hz), 4.99-4.96 (m, 1H), 3.36 (dd, 1H, J=17.2,
6.8 Hz), 2.95 (dd, 1H, J=17.2, 2.4 Hz), 1.28 (s, 9H),
1.26 (s, 9H) ppm. *C NMR (CDCl;, 101 MHz) §
142.81,138.27,129.49,126.92, 126.87, 125.20, 89.61,
86.61, 80.68, 80.56, 35.85, 26.59 ppm. IR (KBr): v=
2976, 1717, 1466, 1341, 1195, 1020, 874, 751 cm™.
HRMS (ESI/Q-TOF) m/z: [M + NH4]" Calcd for
Ci7H30NO4 312.2169; Found 312.2143.

2-(tert-Butylperoxy)-2,3-dihydro-1H-inden-1-one
(26af”): Brownish gummy, (67 mg, 61 %). '"H NMR
(CDCls, 400 MHz) 6 7.75 (d, 1H, J= 7.6 Hz), 7.59 (t,
1H, J= 7.6 Hz), 7.38 (dd, 2H, J = 16.0, 8.0 Hz), 4.38
(dd, 1H, J= 7.6, 4.8 Hz), 3.48 (dd, 1H, J = 16.8, 8.0
Hz),2.99 (dd, 1H, J=16.4, 4.8 Hz), 1.34 (s, 9H) ppm.
SC NMR (CDCls, 101 MHz) 6 205.08, 150.80, 135.41,
134.92, 127.85, 126.63, 124.30, 75.33, 74.26, 36.77,
28.49 ppm. IR (KBr): v = 2971, 2925, 1723, 1664,
1606, 1366, 1265, 1193, 951, 752 cm’'. HRMS
(ESI/Q-TOF) m/z: [M + H]Jr Caled for Ci3H703
221.1172; Found 221.1199.

3-(tert-Butylperoxy)-2-(1,4-dioxan-2-yl)-2,3-
dihydro-1H-inden-1-one (26ag): Brownish gummy,
(86 mg, 56 %). 'H NMR (CDCls, 400 MHz) 6 7.81—
7.75 (m, 2H), 7.67 (t, 1H, J=7.4 Hz), 7.50 (t, 1H, J =
7.6 Hz), 5.80 (d, 1H, J = 2.4 Hz), 3.90-3.84 (m, 2H),
3.73-3.59 (m, 5H), 2.73 (t, 1H, J = 2.6 Hz), 1.29 (s,
9H) ppm. “C NMR (CDCls;, 101 MHz) 6 202.76,
150.94,137.38,135.21,129.92,127.42, 123.60, 80.79,
80.30, 74.20, 69.77, 67.27, 66.54, 54.61, 26.69 ppm.
IR (KBr): v = 2975, 2858, 1722, 1604, 1461, 1362,
1286, 1195, 1119, 876, 756, 616 cm™. HRMS (ESI/Q-
TOF) m/z: [M + H]" Caled for C17H230s 307.1540;
Found 307.1555.

3-(tert-Butylperoxy)-1-phenyl-3-(p-tolyl)propan-1-
one (2aC): Gummy, (102 mg, 65 %). '"H NMR (400
MHz, CDCl3) 6 7.95 (d, 2H, J= 7.2 Hz), 7.56 (t, 1H, J
=7.4Hz),7.44 (t,2H, J=7.6 Hz), 7.32 (d, 2H, J=8.0
Hz), 7.16 (d, 2H, J= 8.0 Hz), 5.56 (t, 1H, J= 6.6 Hz),
3.79 (dd, 1H, J=16.4, 7.2 Hz), 3.21 (dd, 1H, J=16.0,
6.0 Hz), 2.33 (s, 3H), 1.16 (s, 9H) ppm. *C NMR (101
MHz, CDCl) ¢ 197.77, 138.02, 137.32, 136.95,
133.16,129.24,128.75, 128.63, 128.37, 127.26, 82.40,
80.86, 44.05, 26.47, 26.38, 21.32 ppm. IR (KBr) v =
2979, 2933, 1608, 1518, 1372, 1261, 1199, 1014, 815,
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766 cm™. HRMS (ESI/Q-TOF) m/z: [M + Na]" Calcd
for Co0Ho4NaO3 335.1618; Found 335.1645.

Acknowledgements
B. K. P acknowledges the support of this research by the

Department

of Science and Technology (DST/SERB)

(EMR/2016/007042) and MHRD: 5-5/2014-TS-VII (SB/S1/0C-
53/2013), New Delhi and CIF for instrumental facilities.

References

(1]

[10]

[11]

a) D. Kalyani, M. S. Sanford, J. Am. Chem. Soc. 2008,
130, 2150-2151; b) D. Kalyani, A. D. Satterfield, M.
S. Sanford, J. Am. Chem. Soc. 2010, 132, 8419—-8427.
K. H. Jensen, J. D. Webb, M. S. Sigman, J. 4Am.
Chem. Soc. 2010, 132, 17471-17481.

S. Kirchberg, R. Frohlich, A. Studer, Angew. Chem.
Int. Ed. 2010, 49, 6877-6880.

Y. Xie, J. Hu, P. Xie, B. Qian, H. Huang, J. Am.
Chem. Soc. 2013, 135, 18327-18330.

S. Qiu, T. Xu, J. Zhou, Y. Guo, G. Liu, J. Am. Chem.
Soc. 2010, 132, 2856-2857.

Y. Miyazaki, N. Ohta, K. Semba, Y. Nakao, J. Am.
Chem. Soc. 2014, 136, 3732-3735.

V. Chudasama, R. J. Fitzmaurice, S. Caddick, Nat.
Chem. 2010, 2, 592-596.

I. Kageyuki, I. Osaka, K. Takaki, H. Yoshida, Org.
Lett. 2017, 19, 830-833.

a) H. Egami, T. Yoneda, M. Uku, T. Ide, Y. Kawato,
Y. Hamashima, J. Org. Chem. 2016, 81, 4020—4030;
b) S. R Chowdhury, I. U. Hoque; S. Maity, Chem. -
Asian J. 2018, 13,2824-2828; ¢) U. Hoque, S. Maity,
S. Roy Chowdhury, J. Org. Chem. 2019, 84, 3025—
3035.

Reviews: a) A. Brennfiihrer, H. Neumann, M. Beller,
Angew. Chem., Int. Ed. 2009, 48, 4114-4133; b) C.-
H. Jun, E.-A. Jo, J.-W. Park, Eur. J. Org. Chem. 2007,
1869-1881; ¢) C. H. Schiesser, U. Wille, H.
Matsubara, 1. Ryu, Acc. Chem. Res. 2007, 40,
303-313; d) M. Beller, J. Seayad, A. Tillack, H. Jiao,
Angew. Chem. Int. Ed. 2004, 43, 3368-3398; e) T.
Morimoto, K. Kakiuchi, Angew. Chem. Int. Ed. 2004,
43, 5580-5588; f) G. Kiss, Chem. Rev. 2001, 101,
3435-3456.

a) T. Taniguchi, Y. Sugiura, H. Zaimoku, H.
Ishibashi, Angew. Chem. Int. Ed. 2010, 49,
10154-10157;b) T. A. Cernak, T. H. Lambert, J. Am.
Chem. Soc. 2009, 131, 3124-3125; ¢) T.
Punniyamurthy, B. Bhatia, J. Igbal, J. Org. Chem.
1994, 59, 850-853; d) I. A. Yaremenko, V. A. Vil’,
D. V. Demchuk, A. O. Terent’ev, Beilstein J. Org.
Chem. 2016, 12, 1647-1748; ¢) F. W. Muregi, A.
Ishih, Drug Dev. Res. 2010, 71, 20-32; ) J. L.
Vennerstrom, H. N. Fu, W. Y. Ellis, A. L. Ager, J. K.
Wood, S. L. Andersen, L. Gerena, W. K. Milhous, J.
Med. Chem. 1992, 35, 3023-3027; g) K. Ingram, 1.
A. Yaremenko, I. B. Krylov, L. Hofer, A. O.
Terent’ev, J. Keiser, J. Med. Chem. 2012, 55,
8700-8711; h) G. H. Posner, J. D’Angelo, P.
MO’Neill, A. Mercer, Expert Opin. Ther. Patents.
2006, 16, 1665—-1672; i) V. M. Dembitsky, T. A.
Gloriozova, V. V. Poroikov, Mini-Rev. Med. Chem.
2007, 7, 571-589; j) M. Nakanishi, C. Bolm, Adv.

[12]

[13]

[14]

[15]

[16]

[17]

10.1002/ejoc.201901689

Synth. Catal. 2007, 349, 861-864; k) B. Orlinska, J.
Zawadiak, D. Gilner, Appl. Catal., A 2005, 287,
68—74; 1) Y. Watanabe, K. Ohta, S. Suyama, Bull.
Chem. Soc. Jpn. 1992, 65, 2063-2066; m) J.
Zawadiak, D. Gilner, R. Mazurkiewicz, B. Orlinska,
Appl. Catal., A 2001, 205, 239-243.

a) W. Liu, Y. Li, K. Liu, Z. Li, J. Am. Chem. Soc.
2011, 733, 10756—10759; b) L. Lv, B. Shen, Z. Li,
Angew. Chem. Int. Ed. 2014, 53, 4164-4167; ¢) L.
Lv, B. B. Snider, Z. Li, J. Org. Chem. 2017, 82,
5487-5491.

a) T. H. Graham, C. M. Jones, N. T. Jui, D. W. C.
MacMillan, J. Am. Chem. Soc. 2008, 130,
16494—-16495; b) N. T. Jui, J. A. O. Garber, F. G.
Finelli, D. W. C. MacMillan, J. Am. Chem. Soc. 2012,
134, 11400-11403.

a) B. Schweitzer-Chaput, J. Demaerel, H. Engler, M.
Klussmann, Angew. Chem. Int. Ed. 2014, 53,
8737-8740; b) W. C. Yang, S. S. Weng, A.
Ramasamy, G. Rajeshwaren, Y. Y. Liaob, C. T.
Chen, Org. Biomol. Chem. 2015, 13, 2385-2392. c)
Y. Yao, Z. Wang, B. Wang, Org. Chem. Front. 2018,
5,2501-2504;.d) Z. Zong, S. Lu, W. Wanga, Z. Li,
Tetrahedron Lett. 2015, 56, 6719—6721.

a) B.-X. Tang, R.-J. Song, C.-Y. Wu, J. Am. Chem.
Soc. 2010, 732, 8900-8902; b) M. Taki, S. Itoh, S.
Fukuzumi, J. Am. Chem. Soc. 2001, 123,
6203-6204; c¢) W. Harnischmacher, R. Hoppe,
Angew. Chem. Int. Ed. 1973, 12, 582-583; d) L. M.
Mirica, X. Ottenwaelder, T. D. P. Stack, Chem. Rev.
2004, 104, 1013-1046; e) E. A. Lewis, W. B.
Tolman, Chem. Rev. 2004, 104, 1047-1076; f) D.
Ma, W. Geng, Q. H. Zhang, Angew. Chem. Int. Ed.
2010, 49, 1291-1294; g) A. Klapars, S. Parris, K. W.
Anderson, J. Am. Chem. Soc. 2004, 126, 3529-3533;
h) N. Miyaura, A. Suzuki, Chem. Rev. 1995, 95,
2457-2483; 1) L. Guidoni, K. Spiegel, M. Zumstein,
Angew. Chem. 2004, 116, 3348-3351; j) F. Monnier,
M. Taillefer, Angew. Chem. Int. Ed. 2009, 48,
6954-6957; k) E. Sperotto, G. P. M. van Klink, G.
van Koten, J. G. de Vries, 2010, 39, 10338—-10351;
1) E. Nakamura, S. Mori, Angew. Chem. Int. Ed. 2000,
39,3750-3771; m) L. M. Huffman, S. S. Stahl, J. Am.
Chem. Soc. 2008, 130,9196-9197; n) B. Yao, D. X.
Wang, Z. T. Huang, Chem. Commun. 2009,
2899-2901; o) E. Nakamura, S. Mori, K. Morokuma,
J. Am. Chem. Soc. 1997, 119, 4900-4910; p) R. J.
Phipps, N. P. Grimster, M. J. Gaunt, J. Am. Chem.
Soc. 2008, 130, 8172-8174; q) S. H. Bertz, S. Cope,
M. Murphy, C. A. Ogle, B. J. Taylor, J. Am. Chem.
Soc. 2007, 129, 7208-7209; 1) Y. Ye, M. S. Sanford,
J. Am. Chem. Soc. 2012, 134, 9034-9037; s) A. J.
Hickman, M. S. Sanford, 2012, 484, 177—-185.

X. X. Guo, D. W. Gu, Z. Wu, W. Zhang, Chem. Rev.
2015, 115, 1622—-1651.

a) C. Mi, X. G. Meng, X. H. Liao, X. Peng, RSC Adyv.
2015, 5, 69487-69492; b) N. Khatun, A. Banerjee, S.
K. Santra, W. Ali, B. K. Patel, RSC Adv. 2015, 5,
36461-36466; c) A. Banerjee, S. K. Santra, A.
Mishra, N. Khatun, B. K. Patel, Org. Biomol. Chem.
2015, 713, 1307-1312; d) W. Alj, S. Guin, S. K. Rout,
A. Gogoi, B. K. Patel, Adv. Synth. Catal. 2014, 356,

12

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

[18]

[19]

3099-3105; ¢) S. K. Rout, S. Guin, W. Ali, A. Gogoi,
B. K. Patel, Org. Lett. 2014, 16, 3086—-3089; ) S. K.
Rout, S. Guin, A. Gogoi, G. Majji, B. K. Patel, Org.
Lett. 2014, 16, 1614-1617; g) G. Majji, S. Guin, S.
K. Rout, A. Behera, B. K. Patel, Chem. Commun.
2014, 50, 12193-12196; h) S. K. Rout, S. Guin, A.

Banerjee, N. Khatun, A. Gogoi, B. K. Patel, Org. Lett.

2013, 15, 4106—-4109; (i) S. K. Rout, S. Guin, K. K.
Ghara, A. Banerjee, B. K. Patel, Org. Lett. 2012, 14,
3982-3985;j) C. G. Y. Zhang, L. Zhang, Y. Guo, N.
Akram, J. Wang, ACS Appl. Nano Mater. 2018, 1,
5289-5296; k) G. Majji, S. K. Rout, S.
Rajamanickam, S. Guin, B. K. Patel, Org. Biomol.
Chem. 2016, 14, 8178-8211; 1) A. Banerjee, S.
Sarkar, B. K. Patel, Org. Biomol. Chem. 2017, 15,
505-530; m) N. Khatun, A. Banerjee, S. K. Santra,
A. Behera, B. K. Patel, RSC Adv. 2014, 4,
54532-54538; n) F. Feigl, V. Anger, Spot Tests in
Inorganic Analysis 6th editions; Elsevier, pp. 169; o)
L. Wang, X. Ren, J. Yu, Y. Jiang, J. Cheng, J. Org.
Chem. 2013, 78, 12076—12081; p) S. K. Santra, A.
Banerjee, P. R. Mohanta, B. K. Patel, J. Org. Chem.
2016, 81,6066-6074; q) Y. Lan, C. Yang, Y.-H. Xu,
T.-P. Loh, Org. Chem. Front. 2017, 4, 1411-1415;
r) K. Liuva, Y. Lia, X. Zhenga, W. Liua and Z. Li,
Tetrahedron. 2012, 68, 10333-10337; (s) S. Lu, L.
Qiand Z. Li, 4sian J. Org. Chem. 2017, 6, 313-321.
a) G. Majji, S. Guin, A. Gogoi, S. K. Rout, B. K.
Patel, Chem. Commun. 2013, 49, 3031-3033; b) A.
O.Terent'ev, Y. M. Sharipov, 1. B. Krylov, D. V.
Gaidarenko, G. 1. Nikishin, Org. Biomol. Chem.
2015, 13, 1439-1445.

a) M. M. Hossain, W. K. Huang, H. J. Chen, P. H.
Wang, S. G. Shyu, Green Chem. 2014, 16,

[20]

10.1002/ejoc.201901689

3013-3017, b) M. M. Hossain, S. G. Shyu,
Tetrahedron 2014, 70, 251-255; ¢) M. Jafarpour, M.
Ghahramaninezhad, A. Rezaeifard, RSC Adv., 2014,
4,1601-1608.

Zhao, Y.; Truhlar, D. G. The M06 Suite of Density
Functionals for Main Group Thermochemistry,
Thermochemical Kinetics, Noncovalent Interactions,
Excited States, and Transition Elements Theor.
Chem. Acc. 2008, 120, 215-241; b) Gaussian 09,
Revision D.01, M. J. Frisch, G. W. Trucks, H. B.
Schlegel, G. E. Scuseria, M. A. Robb, J. R.
Cheeseman, G. Scalmani, V. Barone, B. Mennucci,
G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H.
P. Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J.
L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R.
Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y.
Honda, O. Kitao, H. Nakai, T. Vreven, J. A.
Montgomery, Jr., J. E. Peralta, F. Ogliaro, M.
Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N.
Staroverov, R. Kobayashi, J. Normand, K.
Raghavachari, A. Rendell, J. C. Burant, S. S. Tyengar,
J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M.
Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo,
J. Jaramillo, R. Gomperts, R. E. Stratmann, O.
Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W.
Ochterski, R. L. Martin, K. Morokuma, V. G.
Zakrzewski, G. A. Voth, P. Salvador, J. J.
Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas,
J. B. Foresman, J. V. Ortiz, J. Cioslowski, and D. J.
Fox, Gaussian, Inc., Wallingford CT, 2009.

13

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry

FULL PAPER

10.1002/ejoc.201901689

Graphical Abstract

H
oM
H
H
R
= Cu,0
O O BUOOH
e s
H
H

7

O 0O0Bu

I
e T
13 examples

57-81% yield

examples
56-79% vyield

Cyclo-alk

\ 3 examples
O 61-65% yield

A TBHP mediated carbonylation-peroxidation of styrene, a-peroxidation of

o—substituted unsymmetrical internal alkenes and concurrent peroxidation-

carbonylation-cycloalkylation/cycloetherifiction of internal cyclic alkene

(indene) have been developed.

C—H Functionalization and

Carbonylation-Peroxidation.

B. A. Mir, S. Rajamanickam, P.
Begum and B. K. Patel*
Page No. — Page No.

Copper(I) Catalyzed
Differential Peroxidation of
Terminal and Internal Alkenes
Using TBHP

Keywords: Carbonylation;
peroxidation; cycloalkylation/
cycloetherification; terminal

alkenes; internal alkenes.

14

This article is protected by copyright. All rights reserved.



