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Abstract

One-pot synthetic processes are considered as convenient methods to synthesize
organic molecules with high degree of complexity, without isolating intermediates.
These processes proved to have several advantages over step-wise operations, as it
avoids the isolation of intermediate species, thereby considerably reducing the waste
generation, increasing efficiency, minimizing the use of solvents, reagents, time and
energy. Moreover, it was also found that in most cases the overall yields in one-pot
processes are usually higher than those obtained from the corresponding step-wise
operations. Herein, we have developed efficient one-pot synthetic strategies for the
synthesis of 1-indanones, indenones, novel spiro-tetracyclic indanones, indenes and
indanes.

The synthesis of benzocyclic ketones with varied substituents in both the
aromatic and aliphatic rings of the bicyclic system remains a challenge and truly no
mild and general approaches yet exist. When compared to the formation of other
carbocyclic ketones, formation of 1-indanones is of particular challenge and their
formation is the main focus of the research presented in this thesis. Common
benzocyclic ketones containing carbonyl group at benzylic position are as shown in

Figure 1.

Common benzocyclic ketones:
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Figure 1

Both the aromatic ring and carbonyl functionalities of this diverse class of
compounds can be readily exploited for synthetic manipulation. As a result, these

structural motifs have proven utility in the synthesis of numerous biologically active
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natural products and play
a major role in medicinal chemistry and in the development of pharmaceuticals. As
illustrated in Figure 2, the anti-hypertensive drug (+)-indacrinone, the sesquiditerpenoid
natural product taiwaniaquinol B and the acetylcholinesterase inhibitor donepezil
hydrochloride (Aricept®) are used for the treatment of Alzheimer's disease, indanones
which belong to the family of pterosins are known for their cytotoxic and antibacterial

activities, pauciflorol F also contains the 1-indanone core.

(0]
HO Me o Me o Me o
HO
HO HO Me
NCl " Me M
OHHO Me HO Me ©
Tripartin pterosin B pterosin P pterosin Z
(0]
Me e} MeO
H
(©) Ph MeO
“~o
0 HO,C OpyMmé N
mukagolactone indacrinone taiwaniaquinol B donepezil Bn

l OH
Oo G
“

HO
pauciflorol F isopaucifloral F caraphenol B ampelosine D

Figure 2: Naturally occurring indanones and pharmaceutically important indanone scaffolds.

Indanones in particular, constitute the structurally simple and important group of
compounds in organic chemistry as their basic core is found in a variety of drugs and

natural products exhibiting a broad range of biological activities. The biological



qualities of this moiety have encouraged the study of designing novel synthetic routes
for its synthesis.

Usually, acid chlorides and acids were used for the Friedel-Crafts acylation
reactions. To the best of our knowledge, except Meldrum’s acid derivatives (activated
esters) or by the use of external agents to activate esters (in case of simple esters) for
acylation, there are no reports on the direct use of esters under Friedel-Crafts acylation
conditions. This would be due to the relatively more inert nature of ester moiety and
thus may require forceful conditions. However, unlike previous reports, we presume
that the sufficiently strong acidic conditions could drive the esters to Friedel-Crafts
acylation. Gratifyingly, we were quite successful in accomplishing the synthesis of
various carbocyclic ketones in domino one-pot fashion under superacid promoted
conditions. Majority of this thesis work (chapters 1 and 2) is focused on the Brensted
acid (superacid) mediated synthesis of indanones, indanones, novel spiro-tetracyclic
indanones and indenes, starting from simple cinnamic acid derivatives. While chapter 3
of the thesis deals with the temperature dependent dimerization of styrenes to give 2,4-
diaryl-4-methylpent-2-ene and cyclization of indanes under Lewis acidic conditions.

Synthesis of 1-Indanones:

With the interest in develop synthetic techniques based on acid mediated
reactions, we wish to develop one-pot synthesis of indanones. Herein we have
developed a simple and a practical method for the synthesis of 3-substituted indan-1-
ones 3 and 4, based on a hitherto unexplored superacid (triflic acid) mediated dual C-C
bond formation, starting from simple cinnamic acid esters 1 (Scheme 1). It was
observed that the reaction proceeds via initial intermolecular Friedel-Crafts alkylation
(Michael addition type) and then intramolecular acylation sequence. Therefore,
relatively more electron rich arene is involved in the acylation step (Scheme 1). In
addition, it was proved that the reaction was smooth irrespective of the geometry of the

enoate double bond, because the double bond was totally consumed by the reaction. In



addition to the spectroscopic evidence towards structural confirmation of indanones 3
and 4, it was further unambiguously confirmed by the single crystal X-ray diffraction
analysis (Figure 3).
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Figure 3: X-ray crystal structure of product 4. Thermal ellipsoids are drawn at 50% probability

level.

Furthermore, to check the scope and applicability of the method, the reaction
was explored on cyclic equivalent of cinnamic acid ester 5, for the synthesis of novel
spirotetracyclic systems. Therefore, the enoate 5 was treated with toluene 2 as well as
veratrol 2. Delightfully, the reaction was successful at slightly lower temperature and

furnished the expected novel spirotetracyclic systems 6 (Scheme 2).
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In addition, to check the scope and generality of the method, we focused on f-
diaryl acrylate 7. In this case, we presumed that the reactivity of the ester 7 would be
high, as the double bond is more active due to B-diaryl substituents. The reaction was
unsuccessful under standard reaction conditions. However, the reaction was quite
successful when benzene 2 was used as the solvent as well as the external arene and

gave the indanone 8 in excellent yield.
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Scheme 3

Synthesis of indenones and indanones:

Among the classical reactions, for the creation of C-C bond, the Friedel-Crafts
reaction turned to be one of the powerful techniques towards aromatic electrophilic
substitutions. Notably, for the past few decades there have been numerous applications
of this reaction under different acids (Brensted/Lewis). Particularly, the intramolecular
acylation of this protocol was found to be ideal as it constructs the carbocyclic systems,
because many natural products or drugs are cyclic compounds. In this regards,
indanones and indenones are essential carbocyclic compounds as they constitute natural
as well as in pharmaceutical products. Some of the biologically important natural and

unnatural indenones are shown in Figure 4.
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Figure 4: Naturally occurring and pharmaceutically important indenones.

S

The successful one-pot accomplishment of indanones encouraged us to further
develop on this concept. Therefore, we thought that direct treatment of the cinnamic
acid esters in the presence of superacid would furnish indenones. Interestingly, as
anticipated, the reaction of esters 9 with TfOH, gave indenone products. Surprisingly, in
all resulting indenones, the olefin bond is rearranged to exo position of the five
membered rings. Notably, this phenomenon was further supported by the previous
reports of indenone synthesis (Scheme 4). In addition to the spectroscopic data for their
structure confirmation, the X-ray diffraction analysis unambiguously confirmed the

skeletal structure and also the geometry of the double bond (Figure 5).
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Figure 5: X-ray crystal structure of product 10. Thermal ellipsoids are drawn at 50%
probability level.

After the successful synthesis of indenones 10, to further extend the method, the
synthesis of substituted indanones containing quaternary carbon atom was planned in a
sequential one-pot manner. It was anticipated that treatment of in-situ generated
indenone 10 with an external arene would deliver indanones in a complimentary mode
to our previous method for the synthesis of indanones. Gratifyingly, the sequential one-
pot reaction was amenable to the synthesis of indanones 11 (Scheme 5). Significantly,
this sequential one-pot method, unlike our previous report, enabled us to achieve
indanones 11, wherein, the external arene was limited only to the Friedel-Crafts

alkylation irrespective of its electron poor or rich nature.
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Synthesis of spiro tetra cyclic indanones and indenes:

In continuation with the development of one-pot protocols, we have also
developed the superacid mediated synthesis of novel spiro-tetracyclic indanones,

ubiquitous core structures of alkaloid natural product-like systems, especially,

Xiv



spiroindanone scaffolds, which are known for their anti-mycobacterial properties
(Figure 6). Notably, many of them have shown comparable or even better activities than
some of the fist-line tuberculosis drugs. The spiro[indene-1,1’-indane]-5,5'-diol as a
new framework for estrogen receptor ligands. Due to their interesting biological
activities, we tried to combine the indanone frameworks in the form of novel spiro-

tetracyclic scaffolds.

OH

antimycobacterials [0S-689; (+)-enantiomer]

Figure 6: Naturally occurring and pharmaceutically important spiro-cyclic indanones/indenes.

Our plan for the construction of spiro-cyclic indanone structures was based on
intramolecular Friedel-Crafts alkylation/acylation strategy. When the ester moiety has
pendant aryl groups, they may have the capability of undergoing a second cyclization,
leading to spiro-cyclic indanones. To our delight, the reaction of the esters 12, smoothly

furnished the respective spirocyclic products 13 (Scheme 6).
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Scheme 6
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Surprisingly, when B-aryl group has electron deactivating groups such as fluoro,
chloro and bromo substituent, the reaction took different mechanistic path and gave
aryl-indenes 14 as the final products (Scheme 7). This may be due to the low reactivity
of the B-aryl moiety that would not prefer acylation, rather allowing the fragmentation

of the ester group followed by internal rearrangement.
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Scheme 7

Synthesis of indanes and dimerization alkenes:

The indane ring system is an attractive scaffold for biologically active
compounds due to the combination of aromatic and aliphatic properties fused together
in one rigid system. This bicyclic structure provides a wide range of possibilities to
incorporate specific substituents in different directionalities, thus being an attractive
scaffold for medicinal chemists. Notably, many indane-based compounds are being
used in the clinic to treat various diseases, such as indinavir, an HIV-1 protease
inhibitor; indantadol, a potent MAO-inhibitor; the amine uptake inhibitor indatraline,
and the ultra—long-acting B-adrenoreceptor agonist indacaterol (Figure 7). Given the
diversity of targets these drugs act on, one could argue that the indane ring system is a
privileged substructure, just like indole, the nitrogen atom containing unsaturated

version of it.

XVi



HN" Yo

MeJ\ Me

e

HN-Me
o
X
| N7 oH H oo uli..’ 0
J LN N, 4 cl
N : ’ [::[:>—NH NH
: I ,
e

Indinavir Indatraline Indantadol Clidinac

Atipamezole, R=H

Me
O oy ¥
Me ’ 0 R — Me

Me B Me

Me ’Q(
HN NH =
2 Me Me
Indecainide Fipamezole, R=F Mutisianthol Jungianol

OH

Me

Figure 7: Naturally occurring indanes and pharmaceutically important indane scaffolds.

Several Lewis acids, including FeCls, AICIs, BiCls, RuCl; and also Bregnsted
acids have been reported to catalyze this reaction for the synthesis of indanes. Though
there were good number of protocols for the synthesis of indanes, starting from either
styrenes or from tertiary benzyl alcohols, most of them were carried out under strong
acidic or harsh conditions. This ultimately limits the applicability of the method,
particularly when the arene is electron rich. Therefore, a mild and selective method is
always preferred for wide applicability of the method. In this regard, we have developed
a mild approach for the selective formation of 2,4-diaryl-4-methylpent-2-enes and
indanes. The reaction proceeds with Markovnikov selectivity in both C—C bond-
forming steps. Unsaturated dimer is an important chain transfer reagent in the
production of polymers. Due to the importance of being able to generate the
dimerization product selectively, a chemoselective reaction pathway to generate either
dimerized olefin product 16 or cyclized indane 17 has been developed at the
temperature at which the reaction was performed (Scheme 8). However, the reaction
outcome was dependent on the temperature. When the reaction was run at RT to 50 °C,
the dimeric products 16 were formed exclusively in near quantitative yields. When the
reaction was performed at 50 °C to 120 °C, indanes 17 were obtained in excellent
yields. The fact that the reaction was impeded after the dimerization at lower

XVii




temperatures implies that these are kinetic products 16 and the indanes 17 are the
thermodynamic products. This mild Lewis acidic method allows the formation of
indanes even from electron rich aromatic rings that may otherwise be impossible or

difficult to achieve.

R R R R R R
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P -~ LN o a
L~ = DCE, rt to 50 °C L~ DCE, 50 to 120 °C R1
R
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7 examples, up-to 96% 12 examples, up-to 98%
Scheme 8
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CHAPTER |

Superacid Promoted Dual C-C Bond
Formation by Friedel-Crafts
Alkylation/Acylation of Cinnamate Esters:
Synthesis of Indanones

.1 INTRODUCTION:

One-pot synthetic methods are considered to be the most useful procedures in organic
synthesis, since they allow construction of more than one bond in a single operation without the
need to isolate intermediates.! These processes proved to have several advantages over step-wise
operations, as it avoids the isolation of intermediate species, thereby considerably reducing the
waste generation, increasing efficiency, minimizing the use of solvents, reagents and saving time
and energy. Moreover, it was also found that in most cases the overall yields in one-pot
processes are usually higher than those obtained from the corresponding step-wise operations.
Therefore, the development of such one-pot processes which involve formation of multiple C-C
bonds, particularly to construct cyclic structures, are of great interest because many cyclic
structures are identified as core structures of several biologically active natural products.

In this context, the Friedel-Crafts reaction is considered as one of the most classical and
powerful methods for forming C—C bond through alkylation or acylation reactions invented by
Friedel and Crafts in 1877.2 Notably, in the last few decades this reaction has been enormously



exploited using various acids (Brgnsted and Lewis).>® Significantly, the synthesis of cyclic
systems via single or multiple C-C bond formation illustrates the power of the Friedel-Crafts
reaction.® Friedel-Crafts alkylation has been widely exploited in terms of the variations in the
catalysts leading to the reshaping of classical conditions. Some of the commonly used Lewis
acids are AICl;, FeCl;, BF3;*OEt;, TiCl, and SnCl,. Afterwards, implementation of
superelectrophiles came into light by Olah’s research work in the seventies.” made use of
superelectrophiles and dicationic electrophiles to construct ring systems efficiently, because they
are more reactive were followed by the implementation of triflates of the rare earth metals and
other protic acids. Gold and iron Lewis acid catalysts have also been extensively implemented in
the enhancement of the feasibility of Friedel-Crafts reaction. Olah et al. introduced the
superelectrophiles after which the superelectrophiles and dicationic electrophiles were widely
applied for synthesis of ring systems. Recently, the research group of Hashmi et al.® reported the
use of gold Lewis acid catalysts in the Friedel-Crafts reaction. Later, D. A. Klumpp et al.’
showed the potency of triflic acid in performing multiple cyclizations. Since then triflic acid and
triflates have drawn extreme focus in cyclization reactions. Common benzocyclic ketones

containing the carbonyl group at benzylic position are as shown in Figure 1.1.%°
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Figure 1.1

The implementation of the Friedel-Crafts reaction for the formation of cyclic compounds
has often gained recognition and has led to the formation of various biologically important
moieties like the indanones and indenes. Particularly, indanones constitute the structurally simple
and important group of compounds in organic chemistry, as their basic core is found in a variety
of drugs and natural products exhibiting a broad range of biological activities. The biological
properties of this moiety have encouraged the study of designing novel synthetic routes for its
synthesis.

Both the aromatic ring and carbonyl functionalities of this diverse class of compounds

can be readily exploited for synthetic manipulation. As a result, these structural motifs have



proven utility in the synthesis of numerous biologically active natural products and play
a major role in medicinal chemistry and in the development of pharmaceuticals. As illustrated in
Figure 1.2, the anti-hypertensive drug (+)-indacrinone, the sesquiditerpenoid natural product
taiwaniaquinol B, and the acetylcholinesterase inhibitor donepezil hydrochloride (Aricept®)
used for the treatment of Alzheimer's disease, indanones which belong to the family of pterosins,

known for their cytotoxic and antibacterial activities all contain a 1-indanone core.
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Figure 1.2: Naturally occurring indanones and pharmaceutically important indanone scaffolds.

The synthesis of benzocyclic ketones with varied substituents in both the aromatic and
aliphatic rings of the bicyclic system remains a challenge and no truly mild and general approach
yet exists. 1-Indanones are a particular challenge and their formation is the main focus of the
research presented in this thesis. Thus far, there are a number of unique approaches that have
been explored, for the synthesis of indanones.



1.2 BACKGROUND:

Due to the relative abundance of the indanone core in natural products having interesting
biological activities, number of synthetic approaches has been reported for the synthesis of the 1-
indanone ring system. Majority of the methods for the synthesis of 1-indanones are based on
Friedel-Crafts reaction. The classical intramolecular Friedel-Crafts acylation involves the
reaction of an acyl halide or carboxylic acid with a tethered arene promoted by either Lewis or
Brensted acids. Reacting aromatic ring with an acyl chloride in combination with strong Lewis
acids such as AIClI3, FeCls, TiCly and SnCl, etc. is one of the most common acylation procedures.

1.2.1 Intramolecular Friedel-Crafts acylations mediated by Lewis acid(s):

In 1926 the research group of J. Braun and G. Manz reported an efficient method for the
synthesis of tetralone and benzsuberone employing intramolecular Friedel-Crafts acylation using
AICI; (Scheme 1.1).*2
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In 1965, R. M. Robery et al.®® presented an efficient method for the synthesis of
indanones and tetralones. The reaction proceeds through preferential formation of indanones

over benzsuberone via Friedel-Crafts acylation (Scheme 1.2).
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Intramolecular Friedel-Crafts acylation of carboxylic acid chloride derivatives in the
presence of a strong Lewis acid such as AICI3, TiCls, SnCls and AgCIO, is one of the most

common acylation procedures, for the synthesis of indanones and tetralones (Scheme 1.3).*
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The research group of Yuan Ma in 2006 disclosed a tandem Friedel-Crafts acylation and
Nazarov cyclization of arenes and o, B-unsaturated acyl chlorides promoted by aluminum

chloride, a series of 1-indanones were synthesized in good yields (Scheme 1.4).*
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C. O. Kangani et al.*

reported a mild method for Friedel-Crafts acylation with aromatic
and aliphatic carboxylic acids using cyanuric chloride, pyridine, and AICl3; was developed. Both
inter and intramolecular acylations were accomplished at room temperature in high yields and in

very short reaction times (Scheme 1.5).
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In 2007 Gary B. Womack developed the conversion of 2-alkylcinnamaldehydes to 2-

alkylindanones via catalytic intramolecular Friedel-Crafts reaction (Scheme 1.6).%
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Akio Saito et al.'® reported a novel one-pot approach for the synthesis of indanones
through Sb(V)-catalyzed reaction of phenylalkynes with aldehydes. Notably, this reaction
stereoselectively afforded the corresponding 2,3-disubstituted indanones as a single trans-isomer
(Scheme 1.7).
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The reaction of ethyl cyclopropanecarboxylate with benzene in the presence of aluminum
chloride, gave 2-methyl-1-indanone in excellent yield (Scheme 1.8)."
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Aryl substituted 1,3-dicarbonyl compounds react with non-enolizable aldehydes in the
presence of C,HsMgBr or AICI; affording 2-carbethoxy and 2-acetyl-1-indanones via tandem

Knoevenagel condensation-cycloalkylation process (Scheme 1.9).%°
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1.2.2 Intramolecular Friedel-Crafts acylations mediated by Brgnsted acid(s):

The Friedel-Crafts dehydrative acylation with carboxylic acids has been promoted by
polyphosphoric acid, methanesulfonic acid, HF, dehydrating agent P,Os, trifluoroacetic
anhydride and trifluoromethanesulfonic anhydride, which is one of the most common acylation

procedures for synthesis of indanones and tetralones (Scheme 1.10).%*
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Eric Fillion in 2003 showed the synthesis of indanones employing intramolecular
Friedel—Crafts acylation of benzyl Meldrum’s acids using catalytic amount of Sc(OTf); under

mild reaction conditions. This protocol enabled the synthesis of various polysubstituted 1-

indanones (Scheme 1.11).%
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Shigeru Shimada et al. in 2004, presented intramolecular Friedel-Crafts acylation
reaction of 3-arylpropionic acids catalyzed by Th(OTf); at 25 °C, for the preparation of
indanones. Significantly, this protocol was also successful for even deactivated 3-arylpropionic

acids with halogen atoms on the aromatic ring (Scheme 1.12).2
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The Friedel-Crafts bimolecular cyclizations of cinnamic acid or cinnamoyl chloride with
aromatic compounds under strong and superstrong acids along with 1 mol% BTISA, furnished

indanones (Scheme 1.13).%*
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In 2003 George A. Olah reported superacid (trifluoromethanesulfonic acid) induced
synthesis of  1-indanone and  1-tetralone  derivatives  through  Friedel-Crafts
alkylation/cycloacylation of aromatics with unsaturated carboxylic acids. Depending on the
reactants used, different substituted indanones and tetralones were obtained, in moderate to good
yields (Scheme 1.14).?
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The same research group reported an efficient one-pot synthesis of indanones and
dihydrocoumarins  through  Friedel-Crafts  alkylation or tandem  Friedel-Crafts
alkylation/cycloacylation of arenes with 2-(trifluoromethyl) acrylic acid under superacidic

conditions using trifluoromethanesulfonic acid (Scheme 1.15).%°
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The Friedel-Crafts acylation is usually performed with carboxylic acid chlorides or

anhydrides, while amides are generally not useful substrates in these reactions. Despite being the
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least reactive carboxylic acid derivative, Douglas A. Klumpp and colleagues found a series of
amides capable of providing indanones in good vyields involving diminished C-N resonance

through superelectrophilic activation and subsequent cleavage to acyl cations (Scheme 1.16).%’
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The electrophilic chemistry of a-ketosuccinic acid was also examined. When a-
ketosuccinic is reacted with C¢Hg in TfOH, indanone was obtained as the major product (Scheme
1.17).28
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Klumpp et al. achieved the synthesis of indanones in 2003 by the Friedel-Crafts
alkylation/cycloacylation of cinnamic acids. However, the reaction made use of large excess of
super acid (100 equiv) (Scheme 1.18).%
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Recently, from our research group, we also have disclosed acid catalyzed efficient domino

protocols for the synthesis of complex molecules in domino one-pot or sequencial domino one-pot



operations. Notabaly, these one-pot processes enabled the efficient synthesis of structurally novel

heterocyclic compounds (Scheme 1.19, equations 1 to 3).%°
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1.3. RESULTS AND DISCUSSION:

1.3.1 Synthesis of indanones via acid mediated catalysis:

With this background and based on our research interest on domino/sequential one-pot
domino processes, we became interested to explore the acid promoted reaction of B-alkyl
cinnamic acid esters. The inspiration behind this study is to accomplish one-pot synthesis of
indanones from simple B-alkyl cinnamic acid esters, in the presence of external arene, under
acidic conditions. The anticipated reaction path for the formation of dual C—C bond via
intermolecular Friedel-Crafts alkylation (Michael addition type)/intramolecular Friedel-Crafts
cycloacylation. Certainly, Friedel-Crafts alkylation take place by the external arene, while the
cycloacylation step is dependent on the electronic nature of both the aromatic rings. Presumably,
relatively more electron rich arene would preferably participate in the cycloacylation reaction
(Scheme 1.20).
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Thus, the synthetic study was initiated with the preparation of cinnamic acid esters 4
from benzaldehydes 1 and alkyl-aryl ketones 3. Initially the synthesis of alkyl-aryl ketones 3 was
aimed at. Hence, addition of alkyl (ethyl or methyl) Grignard reagent to benzaldehydes 1, gave
the corresponding secondary alcohols 2 (82-98%, Table 1.1). Oxidation of the resulting
secondary alcohols 2 with PCC-silica gel, furnished the ketones 3 in good to excellent yields (73-

97%, Table 1.1). The required cinnamic acid esters 4 were prepared from benzaldehydes 1 or
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alkyl aryl ketones 3 using standard Wittig—Horner—Wadsworth—Emmons reaction, in good to
excellent yields (73-98%, Table 1.1).

Table 1.1: Synthesis of cinnamic acid ester 4a-4n from corresponding benzaldehydes 1a-1i and alkyl aryl
ketones 3a-3k.?
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Yields in the parentheses are isolated yields of chromatographically pure products.
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Figure 1.4: *C-NMR (100 MHz) spectrum of 2f in CDCl

The structure of 1-(4-ethylphenyl) ethanol 2f was confirmed from its spectral data. IR
spectra show the absence of the absorption band due to carbonyl stretching of aldehyde group
and presence of broad absorption band due to OH stretching at 3351 cm™. In the H-NMR
spectrum (Figure 1.3), presence of two doublets at & 7.27 (J=7.8 Hz) and 6 7.17 (J=7.8 Hz) due
to four aromatic protons, presence of one quartate at 6 4.83 (J=6.4 Hz) due to one benzylic
methine proton, presence of one quartate at & 2.64 (J=7.8 Hz) due to one methylene protons of
ethyl group, presence of one broad singlet at & 2.20 due to one hydroxyl group, presence of one
doublet at 5 1.46 (J=6.4 Hz) due to three protons of methyl group, presence of one triplet at
6 1.22 (J=7.8 Hz) due to methyl protons of ethyl group, established the structure of alcohol 2f. In
8 lines **C-NMR spectrum (Figure 1.4), presence of two quaternary carbons at & 143.4 and 143.0
due to aromatic carbons, four aromatic methine carbons at 6 127.9 (2C) and 125.4 (2C), one
benzylic methine carbon at 6 70.1, one methylene carbon at & 28.5, presence of two methyl

carbons at 6 24.9 and 15.5 ppm, confirmed the structure of alcohol 2f.
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Figure 1.6: *C-NMR (100 MHz) spectrum of 3f in CDCl;

The structure of 1-(4-ethylphenyl)ethanone 3f was confirmed from its spectral data. IR

spectra shows the absence of broad absorption band due to OH and presence of C=0 stretching
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at 1679 cm™. In the *H-NMR spectrum (Figure 1.5), presence of two doublets & 7.88 (J=8.3 Hz)
and o 7.27 (J=8.3 Hz) due to four aromatic protons, presence of one quartet at 6 2.69 (J=7.8 Hz)
due to two protons of methylene group of ethyl moiety, presence of one singlet at 6 2.56 due to
three protons of methyl group, presence of one triplet at 6 1.23 (J=7.8 Hz) for three protons due
to methyl group of ethyl moiety, established the structure of ketone 3f. In 8 lines *C-NMR
spectrum (Figure 1.6), presence of one quaternary carbon resonance at 6 197.8 indicates the C=0
group, presence of two quaternary carbons resonances at 6 150.0 and 134.8 due to aromatic
carbons, four aromatic methine carbons at 6 128.5 (2C) and 128.0 (2C), methylene carbon at
d 28.9, presence of two methyl carbons at 6 26.5 and 15.1 ppm, confirmed the structure of ketone
3f.
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Figure 1.7: '"H-NMR (400 MHz) spectrum of 4i in CDCl,
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Figure 1.8: *C-NMR (100 MHz) spectrum of 4i in CDCl

The structure of ethyl (2E)-3-(4-ethylphenyl)but-2-enoate 4i was confirmed from its
spectral data. IR spectra shows the presence of strong absorption band at 1710 cm™ due to C=0
stretching of ester moiety. In the *H-NMR spectrum (Figure 1.7), presence of two doublets at &
7.42 (J=8.3 Hz) and & 7.21 (J=8.3 Hz) due to four aromatic protons, presence of one singlet at
d 6.13 due to olefinic proton, presence of one quartet at 6 4.21 (J=7.3 Hz) due to two methylene
protons of ethyl group of ester moiety, presence of one quartet at & 2.67 (J=7.8 Hz) due to two
protons of methylene group of ethyl moiety, presence of one singlet at 6 2.57 due to three
protons of methyl group, presence of two triplets at 6 1.31 (J=7.3 Hz) and 1.24 (J=7.8 Hz) due
to six protons of two methyl groups of ethyl moieties, established the structure of ester 4i. In 12
lines *C-NMR spectrum (Figure 1.8), presence of one quaternary carbon resonance at
d 167.0 indicates the C=0O group, presence of three quaternary carbons resonances at & 155.4,
145.4 and 139.4 due to aromatic and olefinic carbons, four aromatic methine carbons at 6 127.9
(2C) and 126.3 (2C), one olefinic carbon at 6 116.3, two methylene carbons resonances at 6 59.7
and & 28.5, presence of three methyl carbons at 6 26.5, 15.4 and 14.3 ppm, confirmed the

structure of ester 4i.
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With the required B-alkyl cinnamic acid esters 4 in hand, the reaction was explored to sort
out the best optimized reaction conditions under various acids and the results are summarized in
Table 1.2. Thus, the B-alkyl cinnamic acid ester 4 [i.e. the major (E)-isomer] was chosen as the
model system for this study and treated with the external arene 5 in the presence of different
acids (Brgnsted or Lewis), as shown in Table 1.2. Initially, the reaction was neither successful
with protic acid (p-TSA) nor with Lewis acid (TiCl,) to deliver the required product 7 (Table 1.2,
entries 1 to 3). However, the reaction with FeCls at room temperature, selectively furnished the
alkylated product 6, albeit in poor yield (Table 1.2 entry 4). The selective formation of 6 clearly
indicates that the intermolecular Friedel-Crafts alkylation (Michael addition type) is preferred
over the intermolecular Friedel-Crafts acylation. Interestingly, the yield of 6 increased in parallel
with the increase in acid quantity (Table 1.2, entry 5). Subsequently, increased quantity of FeCls
at elevated temperature, either in DCE or in CHCI3, promoted the reaction towards the cyclized
product 7 in fair yield (Table 1.2, entries 6 to 10). Gratifyingly, the reaction in the presence of
[superacid TfOH (3 equiv)], furnished the target indanone 7 as an exclusive product, in very
good yield (84%, Table 1.2, entry 11). In contrast, the reactions with gold Lewis acid catalysts
were unable to drive the reaction towards the product 7 (Table 1.2, entries 12 & 13).
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Table 1.2: Optimization conditions for the synthesis of indanone 7.

COzEt
OMe Me ’
O = e O
solvent OMe
OMe heat OMe

oar OMe
“Entry Acid Solvent Temp | Time | Yield (%)
(equiv) (mL) (°C) (h) 6df 7df

1 p-TSA (0.2) toluene (3) 120 24 0° 0°

2 p-TSA (0.3) DMF (2) 140 24 0° 0°

3 TiCl4 (0.3) CH,Cl>(2) Rt 96 0° 0°

4 FeCl; (0.3) CH.Cl, (2) rt 12 30 0°

5 FeCl;(0.7) CH,Cl, (2) rt 12 69 0°

6 FeCl;(0.7) DCE (2) 80 12 18 43

7 FeCl; (3) CHCI3(2) 60 12 12 54

8 FeCl; (1.5) DCE (2) 80 12 0 42

9 FeCls (2) DCE (2) 80 12 0° 44
10 FeCl; (3) DCE (2) 80 12 0° 62
11 TfOH (3) DCE (2) 80 12 0° 84
12 TfOH (0.2) DCE (2) 80 12 o 0

13 (PPh3)sAuCl (0.05) DCE (2) 80 12 0 0

14 | 30% AuClsin dil. HCI (0.1) DCE (2) 100 20 9 0

2All reactions were carried out on 95 mg (0.5 mmol) scale of 4d (E-isomer) and 103 mg (0.75 mmol) of 5f. Pyields
of chromatographically pure products. “Neither 6df nor 7df were observed, °No 6df was formed. ®No 7df was
identified, ‘only starting material 4d was recovered .

To further establish the scope and limitations of the method, we have applied the above
optimized conditions (Table 1.2, entry 11) to other -alkyl cinnamic acid esters 4a-4k [i.e. major
(E)-isomers] in the presence of external arenes 5a-5g (Table 1.3). The method was quite
successful and amenable for the systems having electron withdrawing and donating substituents
on the aromatic rings and gave the corresponding indanones 7aa-7kd with tertiary and
quaternary carbon atoms, in very good to excellent yields (Table 1.3). It is worth mentioning that

in the indanones 7aa-7jf, the aromatic moiety of all B-alkyl cinnamic acid esters 4a-4j is

20



relatively electron deficient than that of the external arenes 5a-5g employed. Therefore, it was
observed that the external arenes 5a-5g were exclusively involved in the formation of both the
new C-C bonds with the B-alkyl cinnamic acid esters 4a-4j (Table 1.3).

Notably, the reaction between 4a and ortho-xylene 5c, gave a regioisomeric mixture of
products 7ac and 7ac’, which were separated by column chromatography and fully characterized
by the spectral data and the structures were also further confirmed by the 2-D NMR analysis.
Notably, the same trend was noticed in the reaction of the same external arene 5c with the
cinnamic acid ester 4b and furnished a mixture of indanones 7bc and 7bc¢’. It is important to
mention that in all the above successful examples, the reaction was performed exclusively on

pure E-isomer of B-alkyl cinnamic acid esters 4.
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Table 1.3: Scope of super acid mediated one-pot formation of indanones 7 from various esters 4.2°¢

COOEt RS
R3 | R®
R* TfOH (3 equiv)
+ R ———
R2 R DCE, rt-80 °C
e RE 12-24 h
4 5
!4a: R'=H, R?=H, R%H, R*=H  4h:R'=H,R?=Me, R%=H,R*=Me | !5a:R°=H, R%H, R’=H, R®=H ‘
14b: R'=H, R?=Cl, R%H, R*=H  4i: R'=H, R?=Et, R%=H, R*=Me | 15b:Ro=CHy, RO=H, R7=H, Re=H |

14d: R'=H, R2=H, R%=H, R%=Me  4j: R'=H, R2=OMe, R%=OMe, R*=Me | | 5¢: R®=CHj,, R®=CHj, R7=H, R8=H 3
| 4e: R'=H, R2=H, R3=H, R*=Et | | 5d: R®=H, R8=CHj, R7=H, R®=CHj |
L 4f: R'=H, R?=Cl, R%=H, R*=Me | @ 5e: R%=CHy, R°=H, R’=H, R%=CH |
14g: R'=H, R?=Cl, R%H, R*=Et || 5f. R%=H, R°=OMe, R7=OMe, Ré= H:
”””””””””””””””””””””””””””””””””””””””””” i 5g: naphthalene ‘

0] 0] O 0] 0]
) S " ) [~
1 : 1
® Qe 0 U O
3 Me . Mé' Me
7aa (91%)9 ‘,,”,7?3(49‘3/9)9””””””””13[9},1,%)f ,,,,, 7ad (63%) Tae (79%)
””””””””””””””””””””””” o o)
l l " [
+ i
T O 3 SO e 7
Cl ' Cl
OMe ‘ Mée
7af (70% 7ba (90%) L Thc §2€>‘Yq)f? ,,,,,,,,,,,,,,,,,, 7be' (65%) . ‘ 7hd (61%)
o] O O
o9 e ) e )
O e PO O O
Me OMe
7be (80%) 7bf (71% 7da (73%)° 7dd (62%) 7df (84%
O
Me ' Me ’ Me Me . O
O O w PO S
Cl
7fb (83%) Tff (88%) Tef (7 2% 7fa (75%) 7fg (71%)
O
V! G S g AL
MeO.
O OMe O OMe Q OMe O OMe
MeO
OMe
79f ( 72% Thf (75% 7if (68%) 7jf (86%)°

4One-pot reaction conditions for the formation of indanones 7: cinnamic acid ester 4 (0.5 mmol), arene 5 (6.0 mmol
for 5a, 5b, 5¢, 5d & 5e and for 5f and 5g (0.75 mmol), DCE (2 mL), triflic acid (1.5 mmol), 80 °C, 24 h for 7aa, 7af,
7ba, 7bf, 7da, 7df, 7ef, 7fa, 7fb, 7ff and 7gf. ®Yields in the parentheses are isolated yields of chromatographically
pure products. “For indanones 7aa-7kd; first alphabet stands for the cinnamate ester 4a-4k, whereas the second
alphabet represents the external arene 5a-5g. “Indanones resulted due to the involvement of relatively electron rich
external arenes 5a-5g in the cyclization (acylation) step. °Either the external arene 5a or parent arene of the
cinnamate 4a/4d might be involved in cyclization (acylation) step. ‘Regioisomeric indanones [(7ac & 7ac’) and 7bc
& 7bc’)] formed with the cinnamic acid esters 4a and 4b respectively with the external arene 5c. The compound
was formed as a mixture with another inseperable isomer.
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Figure 1.9: *H-NMR (400 MHz) spectrum of 7if in CDCl,
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The structure of 3-(4-ethylphenyl)-5,6-dimethoxy-3-methylindan-1-one  7if was
confirmed from its spectral data. IR spectra shows the presence of strong absorption band at
1709 cm™ due to C=0 stretching of cyclic ketone. In the *H-NMR spectrum (Figure 1.9),
presence of two singlets at 6 7.17 and & 6.62 due to two aromatic protons, one multiplet at &
7.13-7.02 (J=9.8 and 9.3 Hz) due to four aromatic protons, two singlets at 6 3.90 and & 3.83 due
to six protons of two aromatic methoxy groups, presence of two doublets at 5 2.86 (J=18.6 Hz)
and 6 2.82 (J=18.6 Hz) due to two protons of a methylene group, presence of a quartet at 6 2.57
(J=7.3 Hz) due to to two protons of a methylene group of ethyl moiety, presence of one singlet at
d 1.78 due to three protons of methyl group, presence of one triplet at & 1.18 (J=7.3 Hz) due to
three protons of ethyl group, established the structure of indanone 7if. In 18 lines *C-NMR
spectrum (Figure 1.10), presence of one quaternary carbon resonances at 6 204.3 indicates the
C=0 group, six quaternary carbons resonances at 6 158.2, 155.7, 149.5, 144.5, 142.1 and 128.7
due to aromatic carbons, six aromatic methine carbons at 6 127.8 (2C), 125.9 (2C), 106.0 and
103.4, two methoxy carbons at 6 56.1 and & 56.0, methylene carbon at 6 55.9, quaternary carbon
at 6 45.2, methylene carbon at 6 28.1, presence of two methyl carbons at 6 27.9 and 15.3 ppm,
confirmed the structure of indanone 7if. Presence of the [M+H]" peak at m/z

[C20H2305]'=311.1643 in the mass spectrum further established the structure of indanone 7if.

In the above study, always the external arenes 5a-5g were relatively electron rich than
that from cinnamic acid esters 4a-4j. Thus, external arenes 5a-5g were exclusively involved in
forming both the C-C bonds (Table 1.3). However, in the case of external arenes 5a, 5d and 5e,
which are electron deficient than the aromatic ring of the p-alkyl cinnamic acid esters 4c, 4h, 4j
and 4k. As anticipated, the aromatic moiety of the B-alkyl cinnamic acid esters 4c, 4h, 4j and 4k,
ultimately participated in the acylation step after the formation of Friedel-Crafts alkylation C-C
bond with the external arenes 5a, 5d and 5e, and furnished the indanones 7ca, 7cd, 7ha, 7ja, 7jd,
7je and 7kd (Table 1.4).
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Table 1.4: Scope of super acid mediated one-pot formation of indanones 7 from various esters 4.>"¢*

R3 I R®
R* TfOH (3 equiv)
—_—
) * R7 DCE, rt-80 °C
R s 1224 h
R R
4 5
| 4c:R'=H, R?=H, R%=OMe, R'=H | | | 5a: R9=H, RO=H, R7=H, R9=H 3
| 4h: R'=H, R?=Me, R%H, R'=Me | | 5d: R%=H, R%=CHj, R"=H, R%=CHj |

! 4j: R'=H, R2=OMe, R3=OMe, R“-Me 5e R®=CH;, R%=H, R"=H, RS‘CHa

‘ 4k: naphthalene ester

Indanones 7ca- 7kd in which the cinnamate arenes (4c 4h, 4j & 4k) were involved in the cyclization (acylation) step:?

7ca (46%) 7cd (40%) Tha (75%) 7ja (72%)
Me Me Me
OMe OMe
HsC CH Me Me
3 3 Me Me
7jd (80%) 7je (77%) 7kd (77%)

4One-pot reaction conditions for the formation of indanones 7: cinnamic acid ester 4 (0.5 mmol), arene 5 (6.0 mmol

for 5a, 5d & 5e (0.75 mmol), DCE (2 mL), triflic acid (1.5 mmol), 50 °C, 12-24 h for 7ca, 7cd, 7ha, 7ja, 7jd, 7je

and 7kd. ®Yields in the parentheses are isolated yields of chromatographically pure products. For indanones 7ca-

7kd; first alphabet stands for the cinnamate ester 4a-4k, whereas the second alphabet represents the external arene

5a-5j. “Indanones resulted due to the involvement of relatively electron rich parent arene of the cinnamic acid esters

4c¢,4h,4j & 4k were involved in cyclization (acylation) step.
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Figure 1.12: *C-NMR (100 MHz) spectrum of 7ha in CDCl,

The structure of 3,6-dimethyl-3-phenylindan-1-one 7ha was confirmed from its spectral

data. IR spectra shows the presence of strong absorption band at 1708 cm™ due to C=0 stretching
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of cyclic ketone. In the *H-NMR spectrum (Figure 1.11), presence of one doublet at § 7.58 (J=1.5
Hz) due to one aromatic proton, two doublet of doublets at 6 7.42 (J=7.8 and 1.5 Hz) and & 7.27
(J=7.8 and 1.5 Hz) due to three aromatic protons, one multiplet at & 7.22—7.14 due to four
aromatic protons, presence of two doublets at 6 2.95 (J=19.1 Hz) and 6 2.88 (J=19.1 Hz) due to
two protons of methylene group, presence of one singlet at 62.42 due to three protons of
aromatic methyl group, presence of one singlet at & 1.81 due to three protons of methyl group,
established the structure of indanone 7ha. In 15 lines **C-NMR spectrum (Figure 1.12), presence
of one quaternary carbon resonances at 6 205.9 indicates the C=0 group, four quaternary carbons
resonances at 6 160.3, 147.5, 137.7 and 135.9 due to aromatic carbons, eight aromatic methine
carbons at & 136.5, 128.4 (2C), 126.3, 126.1(2C), 125.2 and 123.2, methylene carbon at 3 56.0,
quaternary carbon resonances at o 45.6, presence of two methyl carbons at 6 28.3 and 6 21.0
ppm, confirmed the structure of indanone 7ha. Presence of the [M+H]" peak at m/z

[C17H170]7=237.1250 in the mass spectrum further established the structure of indanone 7ha.

Since, the double bond of ethyl cinnamic acid ester was totally consumed in the reaction;
irrespective of E- or Z-isomer used, both would result in the same indanone product. Therefore,
to further investigate the authenticity of the reaction, the reaction was also performed with Z-
isomer 4d’ in the presence of external arenes 5f and 5a (Table 1.5). As anticipated, the same
indanones 7df and 7da were obtained in comparable yields to that of E-isomer. To further
confirm that both the E- and Z-isomers follow the same mechanistic path, the reaction was
conducted on a mixture of E- and Z-isomers of B-alkyl cinnamic acid esters (4d+4d’ in 4:1 ratio)
with the external arene 5f (Table 1.5). As expected, the product 7df was obtained in comparable
yield (Table 1.5).
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Table 1.5: Superacid promoted synthesis of indanones 7da and 7df from the Z-isomer 4d’ and (E+Z)-

isomers of 4d.2°

CO,Et 0
| AN Me
Me + | R TfOH (3 equiv) 7 \
—_—
& DCE, 80 °C =<5
4 5 24h 7
(0]
EtO,C
| )
- ® OO
4d'
(Z-isomer) 5a 7da (79%)
(0]
EtO,C
) o,
Me OMe
OMe
OM
4d' © OMe
(Z-isomer) 5f 7df (85%)
(0]
CO,Et
| ve s
Me OMe
OMe
OM
© OMe
4d+4d’
(E+Z mixture) 5f 7df (82%)

#Reaction conditions for the formation of indanones 7: ester 4d (0.5 mmol), arene 5 (6.0 mmol 5a and 0.75 mmol
5f), DCE (2 mL), triflic acid (1.5 mmol), 80 °C for 12-24 h for indanones 7da & 7df. “Yields in the parentheses are
isolated yields of chromatographically pure products.

We experienced that the E and Z isomers can be identified using TLC based on the RF
difference. For all these compounds, the E-isomer found as slightly less polar than the Z-isomer.
Though the RF difference between then is small, but still they are separable. This is true for each
and every system. On the basis of *H-NMR studies, in E-isomer olefinic proton observed at 6.14
ppm whereas Z- isomer olefinic proton observed at 6.12 ppm (i.e. the chemical shift value for E-
isomer is slightly down field than the Z-isomer). In case of E-isomer there is not much steric
hindrance between the large substituents, as they positioned “trans” to each other with regards to
the olefinic double bond. Therefore, in E-isomer both the double bonds (i.e. olefinic double bond
and carbonyl double bond) are co-planar to each other and has better conjugation. Whereas, in
the case of Z-isomer, steric hindrance between the adjacent bulky groups of the olefin bond can
be seen as they are placed “cis” to each other and hence the planarity will be disturbed to some
extent between both double bonds. Thus, the 3-carbon atom of the double bond of the E-isomer

is somewhat more deshielded than that of the Z-isomer. As a result, the proton connected to the
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[3-carbon of E-isomer appears at relatively higher chemical shift (5) than that of the Z-isomer on
the NMR scale. The coupling constants (J) of *H-NMR spectra also helps to distinguish E- and
Z-isomers. Usually the J values of E-isomer are more (10-16 Hz) than the Z-isomer (6-10 Hz).
The same concept can be extended based on the conjugation between the double bonds using IR
spectroscopy to distinguish E- and Z-isomers. Since there is a better conjugation in E-isomer, the
carbonyl double bond stretching frequency (1709 cm™) is lower than that of the Z-isomer (1718

cm™).

Interestingly, in the cases of B-alkyl cinnamic acid esters 4a, 4b and 4d, and the external
arene 5b, both arene moieties have more or less equal reactivity and may compete with each
other for the final intramolecular acylation step, after the initial Friedel-Crafts alkylation and
hence would furnish mixture of indanones 7+7". So, p-alkyl cinnamic acid esters 4a, 4b and 4d
were reacted with the arene 5b. As expected, the reaction furnished an inseparable mixture of
two possible products [(7ab+7’ab), (7Tbb+7°bb) & (7db+7°db)], as shown in the Table I.6.
Relatively more reactive aromatic ring involved readily in the acylation step and furnished the
corresponding indanones 7ab, 7bb and 7db as the major products (Table 1.6). It is worth
mentioning that in the reaction of 4a with 5b, the careful analysis of the *H-NMR spectrum

revealed an additional isomeric product, which might probably be 7°’ab.
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Table 1.6: Formation of inseparable mixture of indanones 7. °

4
CO,Et (j;[ R3 R
R? | R®

TfOH (3 equiv)

RZ
; DCE, 80 °C, 1210240
R' 4
RS Rt .
4a: R'=H, R?=H, R3=H, R*=H . 5. 6. O O R
4b: R'=H, R2=Cl, R%H, R4=H o RoMe R g R?
. =r, =l =, - R :H’ R°=H s R2
4d: R'=H, R?=H, R%=H, R*=Me 7
,,,,,,,,,,,, T T
Me + Q + O Q
Me Me
7ab (54%)c 7'ab (19%) 7"ab (18%)

(7ab:7'ab:7"ab = 3:1:1)

7bb (65%) 7'bb (21%)
(7bb:7'bb = 3:1)

7db (68%) 7'db (22%)
(7db:7'db = 3:1)

®Reaction conditions for the formation of indanones 7: ester 4 (0.5 mmol), toluene 5b (6.0 mmol) and DCE (2 mL),
triflic acid (1.5 mmol) at 80 °C for 24 h for indanones [(7ab+7’ab), (7bb+7°bb) & (7db+7’db)]. ®Yields in the
parentheses are based on 'H-NMR analysis. °Reaction between 4a and 5b resulted in three (7ab+7’ab+7°’ab)

isomers.

Notably, when the esters 4a and 4d [i.e. major (E)-isomers] were subjected to reaction

with 3-bromoanisole 5h, under standard conditions, furnished the indanone products 7ah and

7dh, in which simple benzene ring of ester 4 was reacted in intramolecular Friedel-Crafts

acylation step, after the initial Friedel-Crafts alkylation by 3-bromoanisole 5h (Scheme 1.21).

This might be either due to a weakly deactivating negative inductive effect of meta-Br and meta-

OMe groups or might as well be due to the protonation of the methoxy group resulting in

deactivation of the arene to affect cyclization.
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24 h

4
P R
R " Br\©/OMe TFOH (3 equiv) O Q -
+ —
R2 DCE, 80 °C Br oMe &,
R

R'" 4 5h 7
4a: R'=H, R?=H,
R3=H, R*=H 7ah (54%)
4d: R'=H, R?=H, 7dh (92%)
R%=H, R*=Me

Scheme 1.21

Superacid promoted synthesis of indanones 7ah & 7dh. In addition to the spectroscopic
confirmation of the indanone products 7, the structure of 7dh was unambiguously confirmed

from the single crystal X-ray diffraction analysis (Figure 1.13).
9 N

Me __‘ "
® ’Q ~k S F

Br OMe ; "“‘

Figure 1.13: X-ray crystal structure of 7dh (CCDC 1025163). Thermal ellipsoids are drawn at 50%
probability level.
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Further, to check the applicability and limitations of the method, we turned our interest to
explore the reaction of ester 41 derived from tetralone, anticipating the formation of novel spiro-
tetracyclic systems. The serious concern in this particular case is the self-aromatization of 4l
under strong acidic conditions. However, we thought that it would be possible to push the
reaction towards the spiro-tetracyclic product either by using excess amount of the acid or by
increasing the amount of the external arene. Nevertheless, under a variety of conditions with
many external arenes, the reaction was unsuccessful to furnish the target spiro-system, instead,

led to the isolation of self-aromatized product solely.*

A plausible mechanism for the self-aromatization of tetralone ester is as shown in
Scheme 1.22. Initially, the proton attacks the carbonyl oxygen atom of the ester moiety and might
yield the double bond isomerised equilibrating intermediates A to C. The intermediate C could
combine with the triflic acid and furnishes the quaternary carbon intermediate D. Dehydration of
D, gives the intermediate E. Finally, the intermediate E undergoes elimination to give the
aromatized bi-product F.
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Scheme 1.22

However, delightfully, out of all the attempts, we were successful in obtaining few spiro-
tetracyclic products 7 (Table 1.7). Particularly, it was observed that at slightly lower temperature
than the usual condition, was found to be suitable and furnished the expected novel spiro-
tetracyclic systems 7lb and 4If. Also, it was noticed that toluene 5b played a dual role both as a
solvent and external arene unlike with veratrole 5f. This may due to electron rich nature of
veratrole 5f that makes it react quickly with electrophilic cinnamic acid ester 41. However, when
ortho-xylene 2c was used as external arene, it furnished a mixture of regioisomeric products 7Ic
and 7l¢’ (Table 1.7). This is in good agreement with that observed in the earlier studies for the
formation of a mixture of indanones with ortho-xylene 2c [i.e. (7ac+7ac’) and (7bc+7bc’) of
Table 1.3].
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Table 1.7: Synthesis of spiro-tetracyclic indanones 7.

=

O,Et

R!
acid, solvent
e A -
R2 heat
5

5b: R'=Me, R?=H
5c: R'=Me, R%=Me
5f: R'=OMe, R?>=OMe

Me Method A: OMe
TfOH (3 equiv) Q
.O arene 5b (12 equiv) .O OMe
(or) arene 5f (1.5 equiv)
O‘ DCE, 50 °C, 24 h O‘

Method A: 7Ib (61%) Method B:
ethod A: b i ] .
Method B: Tlb (71%) TfOH (3 equiv) Method A: TIf (67%)

toluene 5b?, 50 °C, 24 h

: O Method C: O :
1 . TfOH (3 equiv) . Me
3 Arene 2¢ (12 equiv) !
' O‘ DCE, rt, 16 h O‘ :

7lc (48%) regioisomeric mixture 7ic’ (46%)

(0)

3Yijelds in the parentheses are isolated yields of chromatographically pure products. "Toluene (5b) was used as the
solvent as well as external arene.

Furthermore, to check the scope and applicability of the method, we focused on the ethyl
B-diaryl acrylates 4m and 4n. In this case the reactivity may be highly enhanced in the
cyclization step due to an extra aromatic ring. Initially, the reaction was explored using benzene
as the external arene 5a with the ethyl B-diaryl acrylate 4m under standard reaction conditions
(Table 1.8). However, the reaction was unsuccessful in furnishing indanone 7ma, even after
several attempts under established as well as varying conditions (Table 1.8, entries 1 to 10).
Gratifyingly, the reaction was quite successful when benzene 5a was used as the solvent as well
as the external arene and gave the indanone 7ma in excellent yield (91%, Table 1.8, entry 11).
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Table 1.8: Optimization conditions for the synthesis of indanone 7ma from benzophenone ester 4m.

O

COOEt
| 9.
solvent, acid O
+ —_—
O
4m 5a

7ma

Entry® | External arene | Solvent Acid Temp (°C) Yield (%)°
(equiv) (2mL) (equiv) 7ma
1 benzene (12) DCE | TfOH (3) 80 0°
2 benzene (12) DCE | TfOH (3) 0-rt 0°
3 benzene (12) DCM | TfOH (3) 0-rt 0°
4 benzene (12) | CHCI; | TfOH (3) 0-rt 0°
5 benzene (12) DCE | TfOH (3) 50 0°
6 benzene (12) CHCI3 | TfOH (3) 50 0°
7 benzene (12) DCE | FeCl; (3) rt 0°
8 benzene (12) DCE | FeCl3(3) 50 0°
9 benzene (12) DCE | TfOH (6) rt 0°
10 benzene (12) DCE | TfOH (10) rt 0°
11 | benzene (2mL) - TfOH (3) rt 91%'

2All reactions were carried out on 126.15 mg (0.5 mmol) scale of 4m. "Isolated yields of chromatographically pure
products. °No clean spot seen on TLC, drag of mixture of spots was visible. “No product was observed, only starting
material was recovered. °No 7ma was identified. ‘Benzene was used as the solvent as well as external arene 5a.

These optimized conditions were then applied to the other systems. Interestingly, the
reaction was quite successful with other systems as well and furnished the corresponding
indanone products 7ma-7nd in good to excellent yields (Table 1.9). Quite surprisingly, ethyl -
diaryl acrylates 4m and 4n behaved differently than those with B-alkyl cinnamic acid esters 4a-
41. In contrast to the B-alkyl cinnamic acid esters 4a-4l, the reaction of B-diaryl acrylates 4m and
4n with slightly more electron rich external arenes such as toluene 5b and xylenes 5c-5e, gave
the products 4mb-4me, in which toluene 5b and xylenes 5c-5e were not involved in the
cyclization (acylation) step, instead, the simple phenyl group of B-diaryl acrylates 4m and 4n
was involved in cyclization step. This might be due to the reason that these esters 4m and 4n are

highly reactive and hence, in the presence of acid would prefer quick intramolecular cyclization
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than intermolecular Friedel-Crafts reaction unlike the case with B-alkyl cinnamates 4a-4l. In an
analogous way, the more electron rich trimethoxy phenyl group of cinnamate 4n participated in
cyclization and furnished the corresponding products 7na-7nd (Table 1.9). However, the reaction

with more electron rich external arene such as veratrole 5f was inconclusive.

Table 1.9: Synthesis of indanones 7 from esters 4.%°

COOEt
| R®
R rt, 12 h

4m: R'=H, R%=H,
R3=H, R*=Ph

4n: R'=OMe, R?=OMe,

R3=OMe, R*=Ph

TfOH (3 equiv)

—

5a: R%=H, RG—H, R’=H, R®=H

5b: R%=H, R®=H, R’=Me, R®=H
5¢: R%=H, R®=CHj, R’=CHg, R%=H
5d: R%=CHj, R®=H, R’=CHj, R®=H
5e: R%=CHjg, R®=H, R’=H, R8=CHj,

5
R RS
e
RS
7

Note: the external
arene 5 was used as

the solvent as well as
the external arene

o

0
O

7ma (91%)
o

7nb (96%)

T

7mb (97%)

O’ e

O

. 7Y

7me (74%)

OMe 0

7nc (61%)

MeO.
MeO

Me

7mc (65%)
OMe 0

MeO
MeO O
7na (69%)
OMe 0

MeO. Me
MeO
Me

7nd (59%)

®Reaction conditions for the formation of indanones 7: benzophenone esters 4 (0.5 mmol), arene 5 ( 2mL), TfOH
(1.5 mmol, 3 equiv.) and at room temperature for 12 h for the formation of indanones 7ma-7nd. “Yields in the
parentheses are isolated yields of chromatographically pure products.
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Figure 1.15: *C-NMR (100 MHz) spectrum of 7na in CDCls
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The structure of 5,6,7-trimethoxy-3,3-diphenylindan-1-one 7na was confirmed from its
spectral data. IR spectra shows the presence of strong absorption band at 1700 cm™ due to C=0
stretching of cyclic ketone. In the *H-NMR spectrum (Figure 1.14), presence of three multiplets
at 6 7.32-7.35, 7.25-7.19 and & 7.20-7.15 due to ten aromatic protons, one singlet at 5 6.46 due
to one aromatic proton, three singlets at & 4.07, 3.86 and & 3.78 due to nine protons of three
aromatic methoxy groups, presence of one singlet at & 3.40 due to two protons of methylene
group, established the structure of indanone 7na. In 16 lines **C-NMR spectrum (Figure 1.15),
presence of one quaternary carbon resonances at & 200.7 indicates the C=0 group, seven
quaternary carbons resonances at & 159.4, 157.6, 151.0, 146.7 (2C), 141.0 and 122.0 due to
aromatic carbons, eleven aromatic methine carbons at 5 128.4 (3C), 128.0 (4C), 126.5 (3C) and
105.1, three aromatic methoxy carbons at 5 62.0, 61.3 and 56.3, methylene carbon at 5 56.9 ppm,
presence of one quaternary carbon at 6 55.5, confirmed the structure of indanone 7na. Presence
of the [M+H]" peak at m/z [Cy4H2304]"'=375.1591 in the mass spectrum further established the

structure of indanone 7na.

A plausible reaction mechanism for the formation of indanones 7aa-7jf and 7ca-7kd is
depicted in Scheme 1.23. In the case of B-alkyl cinnamic acid esters 4a-4k, acid could activate
the ketone group of the esters to yield the equilibrium of structures G and H, subsequent attack
of the external arenes 5a-5g at the B-carbon of the enoate double bond leads to the adduct
intermediates I, 1 equilibrium with J. At this stage, a selective intramolecular acylation of J by
more electron rich aromatic moiety gives the final products 7aa-7jf (compounds 7ah & 7dh also
fall into this category) and 7ca-7kd (compounds 71b, 7If, 7lc & 71¢’ also fit into this category) as
shown in Scheme 1.23. On the other hand, more sensitive ethyl f-diaryl acrylates 4m-4n, in the
presence of acid, would tend to be in rapid equilibrium with 7m’-7n’. Now, intramolecular
acylation by electron rich aromatic ring would furnish the indenones X. Finally, intermolecular
addition of the external arenes 5a-5e across the double bond of X gives the final products 7ma-
7nd (Scheme 1.23).
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For p-alky! cinnamates: For p-diaryi acrylates:

( OH OH @
. W
|) OEt ~ “OEt ~ “OEt 3 o
R2 " : COLEt I~
—>R1 R® <« R bO RS — R R2 R® | | | ‘yoa
: @
5a-5g . R O _Hy R O O _—
o [ : 4m-4n 4m-4n
® !
R2 2 EtOH + H E‘OH
;s

X

E'{S;D’
R1 ' 1

in the acylation (cyclization) step.
[¢]

R < N
Z Taa-7jf patha 8 | ’ ‘

- i '

— - ! b OFt ' R’ 47 O
in either case (i.e., path a or b), more a |
electron rich aromatic ring participate: e B Z i
N ! N e R? N3

L P | 7ma 7nd

R2

initially, more electron rich R'-aryl
moiety involved in the internal
acylation (cyclization) step.

N 7 \\/R1 path b
R —
=
7ca-7kd EtOH + H

Scheme 1.23: Plausible mechanism for the formation of mdanones Taa-7jf, 7ca-7kd and 7ma-7nd.

1.4. CONCLUSIONS:

We have developed an efficient method for the construction of dual C-C bond, for

the efficient synthesis of indanones promoted by superacid. The scope and the limitations
of the method have been studied extensively by performing the reaction between many

cinnamic acid esters and external arenes. Also, the electronic factors affecting the

acylation step in a selective manner has been studied systematically.

\ 2R R2=phenyl
7 9 examples
up-to 97% yield

COZEt

TfOH _TOH
-
DCE, A O R® " DCE A
121024 h 121024 h

A 7 \/R1
R4 .y
R2 = alkyl tether %
3 examples R2 = alkyl
30 examples

up-to 71% yield
up-to 92% yield

Scheme 1.24
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1.5 EXPERIMENTAL SECTION:

General:

IR spectra were recorded on a Bruker Tensor 37 (FTIR) spectrophotometer. *H-NMR
spectra were recorded on Bruker Avance 400 (400 MHz) spectrometer at 295 K in CDClg;
chemical shifts (¢ ppm) and coupling constants (Hz) are reported in standard fashion with
reference to either internal standard tetramethylsilane (TMS) (Jy =0.00 ppm) or CHCI3; (on =
7.25 ppm). *C-NMR spectra were recorded on Bruker Avance 400 (100 MHz) spectrometer at
RT in CDCls3; chemical shifts (0 ppm) are reported relative to CHCI3 [oc = 77.00 ppm (central
line of triplet)]. In the *C-NMR, the nature of carbons (C, CH, CH, and CH3) was determined by
recording the DEPT-135 spectra, and is given in parentheses and noted as s = singlet (for C), d =
doublet (for CH), t = triplet (for CH,) and q = quartet (for CHs). In the *H-NMR, the following
abbreviations were used throughout: s = singlet, d = doublet, t = triplet, g = quartet, qui =quintet,
sept = septet, dd = doublet of doublet, m = multiplet and br. s = broad singlet. The assignment of
signals was confirmed by 'H, C carbon proton decoupled (CPD) and distortionless
enhancement polarization transfer (DEPT) spectra. High-resolution mass spectra (HR-MS) were
recorded on an Agilent 6538 UHD Q-TOF electron spray ionization (ESI) mode and atmospheric
pressure chemical ionization (APCI) modes. All small scale dry reactions were carried out using
Schlenk tubes under inert atmosphere. Reactions were monitored by TLC on silica gel using a
combination of hexane and ethyl acetate as eluents. Reactions were generally run under argon or
a nitrogen atmosphere. Solvents were distilled prior to use; petroleum ether with a boiling range
of 60 to 80 °C was used. Dichloroethane (DCE) was dried over CaH, and absolute ethanol was
purchased from local sources, used as received. Trifluoromethanesulfonic acid (triflic acid) was
purchased from Spectrochem pvt. Ltd. And used as received. Acme’s silica gel (60-120 mesh)
was used for column chromatography (approximately 20 g per one gram of crude material).
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The following ethyl cinnamic acid esters 4a-4n are known in the literature.

COOEt COOEt

Q.
CQQ

s

4k 4 4m

s

COOEt COOEt

COOEt COOEt
| |
Me
Cl Cl
af
COOEt COOEt

COOEt COOEt

ooy

OMe
4n

Compound 4a is commercially available; compounds (4b, 4d, 4e, 4f, 4g, 41),% 4¢,* 4i 3 4j %

4k, 4m® and 4n® are known in the literature.

The arenes 2 used for the reaction were obtained commercially and have been represented

2a 2b 2c

Me
Me Me Me OMe Br
Sl s sale! o™ »!
M OM
e Me e
2d 2, 2f

29 2h

The literature reported indanones 7 are shown.

e o 0P

=0

7ma

Compounds 7aa,* (7ac, 7ad, 7ae),”® 7af,** & (7ba, 7da, 7ma)® reported in the literature
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X-Ray crystal structure data for 7dg: (CCDC 1025163):

ca
N~
1

~N ~~
ez
cn

» A\ g

Operator

K. Ravikumar

Instrument

Oxford SuperNova

Identification code exp_1653
Empirical formula Cy17H15BrO,
Formula weight 331.19
Temperature/K 150.00(10)
Crystal system Monoclinic
Space group P2/c
alA 13.0011(15)
b/A 10.9288(7)
c/A 13.0605(14)
a/° 90.00
/e 116.233(14)
v/° 90.00
Volume/A3 1664.6(3)
z 8
Peacg/mm?® 2.509
m/mm’* 1.412
F(000) 1344.0
Crystal size/mm?® 0.20 x0.16 x 0.12
20 range for data collection 11.08 to 141.62°
Index ranges -14<h<9,9<k<13,-11<1<16
Reflections collected 3843
Independent reflections 2462[R(int) = 0.0156]
Data/restraints/parameters 2462/0/211
Goodness-of-fit on F* 1.190

Final R indexes [[>=2c (I)]

R; = 0.0445, wR, = 0.1446

Final R indexes [all data]

Largest diff. peak/hole / e A’

R, =0.0481, wR, = 0.1512
0.23/-0.19
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GP-1 (General Procedure for Friedel-Crafts Alkylation and Acylation of Ethyl
Cinnamates):

To an oven dried Schlenk tube, under nitrogen atmosphere, were added ester 1 (0.5
mmol), arene 5 (in case of benzene, toluene and xylene 6.0 mmol and for other electron rich
arenes 0.75 mmol were used for 0.5 mmol of the ester 4) and DCE (2 mL), followed by the
addition of triflic acid (0.13 mL, 1.5 mmol). The resultant reaction mixture was stirred at 50-80
°C for 12-24 h. Progress of the reaction was monitored by TLC until the reaction was
completed. The reaction mixture was quenched by the addition of aqueous NaHCO; and
extracted with DCM (3 x 20 mL). The combined organic layers were washed with saturated
brine solution, dried (NaSO,4) and concentrated under reduced pressure. Purification of the
residue by silica gel column chromatography (petroleum ether/ethyl acetate) furnished the
indanone 7 (40-92%).

GP-2 (General Procedure for indanone formation with benzophenones):

To an oven dried Schlenk tube, under nitrogen atmosphere, were added ester 4 (0.5
mmol), arene 5 (2 mL) followed by the addition of triflic acid (0.13 mL, 1.5 mmol). The
resultant reaction mixture was stirred at rt for 12 h. Progress of the reaction was monitored by
TLC until the reaction was completed. The reaction mixture was quenched by the addition of
aqueous NaHCO3 and extracted with DCM (3 x 20 mL). The combined organic layers were
washed with saturated brine solution, dried (Na,SO,4) and concentrated under reduced pressure.
Purification of the residue by silica gel column chromatography (petroleum ether/ethyl acetate)
furnished the indanone 7 (59-97%).

COOEt
Me

OMe
o L,
Procedure for Micheal Addition on Ethyl Cinnamate:
Ethyl 3-(3,4-dimethoxyphenyl)-3-phenylbutanoate hydrate (6df):

To an oven dried Schlenk tube under nitrogen atmosphere, were added ester 4d (100 mg,
0.52 mmol), varatrole 5f (108.8 mg, 0.78 mmol) and FeCl; (224.0 mg, 1.5 mmol), followed by
addition of dry DCM (4 mL). The resulted reaction mixture was stirred at RT for 12 h.
Purification of the residue by silica gel column chromatography (petroleum ether/ethyl acetate
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95:5 to 85:15) furnished the arylated ester 6df (120 mg, 69%) as pale yellow oil. [TLC control
R#(4d)=0.80, R{(6df)=0.30, (petroleum ether/ethyl acetate 94:6, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 112,=2975, 2937, 1730 (C=0), 1595, 1457, 1409,
1370, 1329, 1255, 1149, 1073, 1029, 954, 853, 766, 701 cm™.

'H NMR (CDCl3, 400 MHz): 6=7.32-7.22 (m, 2H, ArH), 7.23-7.10 (m, 3H, ArH), 6.79
(d, 1H, J=8.3 Hz, ArH), 6.77 (d, 1H, J=8.3 Hz, ArH), 6.66 (s, 1H, ArH), 3.88 (q, 2H, J=7.3 Hz,
OCH,CHpg), 3.85 (s, 3H, ArOCH3), 3.75 (s, 3H, ArOCHj3), 3.10 (s, 2H, CH,COOEt), 1.86 [s, 3H,
ArC(CH)CHg], 0.99 (t, 3H, J=7.3 Hz, OCH,CHj3) ppm.

13C NMR (CDCl;, 100 MHz): §=171.3 (s, C=0), 148.5 (s, ArC), 148.3 (s, ArC), 147.2
(s, ArC), 140.8 (s, ArC),127.9 (d, 2C, ArCH), 126.9 (d, 2C, ArCH), 126.0 (d, ArCH), 119.0 (d,
ArCH), 111.1 (d, ArCH), 110.3 (d, ArCH), 60.0 (t, OCH,CHj3), 55.8 (g, ArOCH3), 55.7 (q,
ArOCHg), 46.7 (t, CH,COOEt), 45.1 [s, ArC(CH,)CHs], 28.4 (g, ArC(CH,)CHs), 13.9 |[q,
OCH,CHjs] ppm.

3-(4-Chlorophenyl)-5, 6-dimethylindan-1-one (7bc):

GP-1 was carried out and the indanone 7bc (34 mg, 25%) was furnished as a yellow
highly viscous liquid [TLC control (petroleum ether/ethyl acetate 95:5), R:{(4b)=0.65,
R#(7bc)=0.50, UV detection].

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2921, 1704(C=0), 1614, 1453, 1284, 1168,
876, 730, 699 cm™,

'H-NMR (CDCls, 400 MHz): 6=7.60 (s, 1H, ArH), 7.30 (d, 2H, J=8.3 Hz, ArH), 7.08
(d, 2H, J=8.3 Hz, ArH), 7.03 (s, 1H, ArH), 4.50 (dd, 1H, J=7.8 and 3.9 Hz, ArCHCH,CO), 3.22
(dd, 1H, J=19.1 and 7.8 Hz, ArCHCH,H,CO), 2.62 (dd, 1H, J=19.1 and 3.9 Hz,
ArCHCH,H,CO), 2.35 (s, 3H, ArCHs3), 2.31 (s, 3H, ArCHz) ppm.

3C-NMR (CDCls, 100 MHz): 6=205.4 (s, C=0), 155.6 (s, ArC), 145.6 (s, ArC), 142.5
(s, ArC), 137.1 (s, ArC), 134.8 (s, ArC), 132.5 (s, ArC), 128.9 (d, 2C, 2 x ArCH), 128.8 (d, 2C, 2
x ArCH), 127.2 (d, ArCH), 123.7 (d, ArCH), 46.9 (t, ArCHCH,CO), 43.3 (d, ArCHCH,CO),
20.7 (q, ArCH3), 19.7 (g, ArCHz3) ppm.
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HR-MS (APCI+): m/z calculated for [Ci7H1sCIONa]"'=[M+Na]™: 293.0704; found:
293.0700.

Cl

3-(4-Chlorophenyl)-6,7-dimethylindan-1-one (7bc¢’):

GP-1 was carried out and the indanone 7b¢’ (87.8 mg, 65%) was furnished as a yellow
highly viscous liquid [TLC control (petroleum ether/ethyl acetate 95:5), R{(4b)=0.65,
Ri(7b¢’)=0.50, UV detection].

IR (neat; MIR-ATR, 4000-600 cm™): 11m=1699, 1600 (C=0), 1581, 1493, 1250, 907,
727 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.31 (d, 1H, J=7.8 Hz, ArH), 7.26 (d, 2H, J=8.3 Hz,
ArH), 7.05 (d, 2H, J=8.3 Hz, ArH), 6.93 (d, 1H, J=7.8 Hz, ArH), 4.52 (dd, 1H, J=7.8 and 3.9 Hz,
ArCHCH,CO), 3.18 (dd, 1H, J=18.6 and 8.3 Hz, ArCHCH,H,CO), 2.64 (s, 3H, ArCH3), 2.60
(dd, 1H, J=18.6 and 3.9 Hz, ArCHCH,H,CO), 2.31 (s, 3H, ArCH3) ppm.

3C-NMR (CDCls, 100 MHz): 6=206.7 (s, C=0), 156.0 (s, ArC), 142.9 (s, ArC), 137.0
(s, ArC), 136.9 (s, ArC), 136.2 (d, ArCH), 133.9 (s, ArC), 132.5 (s, ArC), 128.9 (d, 2C, 2 x
ArCH), 128.8 (d, 2C, 2 x ArCH), 1235 (d, ArCH), 47.6 (t, ArCHCH,CO), 42.5 (d,
ArCHCH,CO), 19.0 (g, ArCHj3), 13.6 (g, ArCHj3) ppm.

HR-MS (APCI+): m/z calculated for [Ci7/Hi6CIO]'=[M+H]": 271.0884; found:
271.0883.

o}

o L
Cl Me
7bd

3-(4-Chlorophenyl)-4, 6-dimethylindan-1-one (7bd):

GP-1 was carried out and the indanone 7bd (82.0 mg, 61%) was furnished as a highly
viscous yellow liquid [TLC control (petroleum ether/ethyl acetate 95:5), R{(4b)=0.65,
Ri(7bd)=0.45, UV detection].
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IR (neat; MIR-ATR, 4000-600 Cm'l): vmax=1705, 1615, 1601, 1480, 1453, 1304, 863,
760, 700, 609 cm™,

'H-NMR (CDCls, 400 MHz): 6=7.48 (s, 1H, ArH), 7.26-7.19 (m, 3H, ArH), 6.96 (d,
2H, J=8.3 Hz, ArH), 4.52 (dd, 1H, J=8.3 and 2.4 Hz, ArCHCH,CO), 3.22 (dd, 1H, J=19.1 and
8.3 Hz, ArCHCH,H,CO), 2.53 (dd, 1H, J=19.1 and 2.4 Hz, ArCHCH,H,CO), 2.40 (s, 3H,
ArCHjs), 1.98 (s, 3H, ArCHz) ppm.

BC-NMR (CDCls, 100 MHz): §=206.1 (s, C=0), 152.5 (s, ArC), 142.4 (s, ArC), 138.6
(s, ArC), 137.8 (d, ArCH), 137.3 (s, ArC), 136.2 (s, ArC), 132.3 (s, ArC), 128.9 (d, 2C, 2 x
ArCH), 1286 (d, 2C, 2 x ArCH), 121.0 (d, ArCH), 47.7 (t, ArCHCH,CO), 42.8 (d,
ArCHCH,CO), 21.0 (q, ArCH3), 18.2 (g, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [Ci7H16CIO]'=[M+H]": 271.0884; found:
271.0882.

3-(4-Chlorophenyl)-4,7-dimethylindan-1-one (7be):

GP-1 was carried out and the indanone 7be (108.4 mg, 80%) was furnished as a yellow
highly viscous liquid [TLC control (petroleum ether/ethyl acetate 95:5), R{(4b)=0.65,
R#(7be)=0.40, UV detection].

IR (neat; MIR-ATR, 4000-600 cm™): vn=1698, 1600, 1581, 1493, 1250, 907, 727,
699, 604 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.25-7.17 (m, 3H, ArH), 7.09 (d, 1H, J=7.8 Hz, ArH),
6.94 (d, 2H, J=8.8 Hz, ArH), 4.48 (dd, 1H, J=8.3 and 2.4 Hz, ArCHCH,CO), 3.17 (dd, 1H,
J=19.1 and 8.3 Hz, ArCHCH,H,CO), 2.65 (s, 3H, ArCHj3), 2.49 (dd, 1H, J=19.1 and 2.4 Hz,
ArCHCH,H,CO), 1.95 (s, 3H, ArCHs) ppm.

B3C-NMR (CDCls, 100 MHz): 6=207.0 (s, C=0), 155.5 (s, ArC), 142.6 (s, ArC), 135.9
(s, ArC), 135.8 (d, ArCH), 134.4 (s, ArC), 133.5 (s, ArC), 132.3 (s, ArC), 130.4 (d, ArCH),
1289 (d, 2C, 2 x ArCH), 128.6 (d, 2C, 2 x ArCH), 47.8 (t, ArCHCH,CO), 42.6 (d,
ArCHCH,CO), 18.0 (2 x g, 2C, 2 x ArCHz) ppm.
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HR-MS (APCI+): m/z calculated for [Ci7Hi6CIO]'=[M+H]": 271.0884; found:
271.0883.

0
)

CH.

5-Methoxy-3-phenylindan-1-one (7ca):

GP-1 was carried out and the indanone 7ca (55 mg, 46%) was furnished as a yellow
highly viscous liquid [TLC control (petroleum ether/ethyl acetate 93:7), Ri(4c)=0.60,
R¢(7ca)=0.50, UV detection].

IR (neat; MIR-ATR, 4000-600 cm™): vn=2922, 2852, 1701(C=0), 1593, 1488, 1454,
1285, 1246, 1085, 827, 700 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.74 (d, 1H, J=7.8 Hz, ArH), 7.31 (dd, 2H, J=8.3 and
7.3 Hz, ArH), 7.25 (t, 1H, J=7.3 Hz, ArH), 7.13 (d, 2H, J=8.3 Hz, ArH), 6.94 (dd, 1H, J=8.3 and
1.9 Hz, ArH), 6.85 (d, 1H, J=1.9 Hz, ArH), 4.49 (dd, 1H, J=8.3 and 3.4 Hz, ArCHCH,CO), 3.78
(s, 3H, ArOCHg), 3.19 (dd, 1H, J=19.1 and 8.3 Hz, ArCHCH,H,CO), 2.65 (dd, 1H, J=19.1 and
3.4 Hz, ArCHCH,H,CO) ppm.

B3C-NMR (CDCl;, 100 MHz): §=204.1 (s, C=0), 165.6 (s, ArC), 160.9 (s, ArC), 143.6
(s, ArC), 130.1 (s, ArC), 128.9 (d, 2C, 2 x ArCH), 127.6 (d, 2C, 2 x ArCH), 126.9 (d, ArCH),
125.0 (d, ArCH), 116.0 (d, ArCH), 109.7 (d, ArCH), 55.6 (g, ArOCHj3), 47.0 (t, ArCHCH,CO),
44.4 (d, ArCHCH,CO) ppm.

HR-MS (APCI+): m/z calculated for [C16H1502]'=[M+H]": 239.1067; found: 239.1065.

o]

Me O Me

7cd OMe
3-(2,4-Dimethylphenyl)-5-methoxyindan-1-one (7cd):

GP-1 was carried out and the indanone 7cd (53.2 mg, 40%) was furnished as a yellow
highly viscous liquid [TLC control (petroleum ether/ethyl acetate 93:7), Ry((4c)=0.60,

R#(7cd)=0.55, UV detection].
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IR (neat; MIR-ATR, 4000-600 cm™): vnax=2922, 2852, 1701 (C=0), 1593, 1488, 1454,
1285, 1246, 1085, 827, 700 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.74 (d, 1H, J=8.3 Hz, ArH), 7.03 (s, 1H, ArH), 6.94
(dd, 1H, J=8.3 and 1.9 Hz, ArH), 6.90 (d, 1H, J=7.3 Hz, ArH), 6.69 (d, 1H, J=7.3 Hz, ArH), 6.68
(d, 1H, J=1.9 Hz, ArH), 4.71 (dd, 1H, J=8.3 and 3.4 Hz, ArCHCH,CO), 3.80 (s, 3H, ArOCHj),
3.19 (dd, 1H, J=19.1 and 8.3 Hz, ArCHCH,H,CO), 2,51 (dd, 1H, J=19.1 and 3.4 Hz,
ArCHCH,H,CO), 2.37 (br. s, 3H, ArCHj3), 2.29 (s, 3H, ArOCH3) ppm.

3C-NMR (CDCls, 100 MHz): 6=204.3 (s, C=0), 165.5 (s, 2C, 2 x ArC), 161.0 (s, ArC),
136.3 (s, ArC), 135.7 (s, ArC), 130.7 (s, ArC), 127.2 (d, ArCH), 125.1 (d, 2C, 2 x ArCH), 115.9
(d, 2C, 2 x ArCH), 109.7 (d, ArCH), 55.6 (q, ArOCH3), 46.2 (t, ArCHCH,CO), 44.4 (d,
ArCHCH,CO), 20.8 (q, ArCHs), 19.7 (g, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [C1gH190,]"=[M+H]": 267.1380; found: 267.1379.

o]

s

Me
M¢e’

7dd

3,4,6-trimethyl-3-phenylindan-1-one (7dd):

GP-1 was carried out and the indanone 7dd (74.5 mg, 62%) was furnished as pale yellow
viscous liquid. [TLC control R¢(4d)=0.80, R{(7dd)=0.60, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11nax=2966, 2921, 1702 (C=0), 1612, 1494, 1445,
1374, 1292, 1251, 1194, 1027, 878, 764, 730, 698, 646 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.50 (s, 1H, ArH), 7.23 (ddd, 2H, J=8.3, 7.3 and 1.0
Hz, ArH), 7.15 (ddd, 3H, J=8.3, 6.8 and 1.0 Hz, ArH), 6.98 (s, 1H, ArH), 2.88 (d, 1H, J=19.1
Hz, CH.H,CO), 2.80 (d, 1H, J=19.1 Hz, CH,H,CO), 2.27 (s, 3H, ArCHs), 2.24 (s, 3H, ArCHs),
1.75 [s, 3H, Ar-C(CH,CO)CHs] ppm.

B3C-NMR (CDCls, 100 MHz): 6=205.7 (s, C=0), 161.1 (s, ArC), 147.6 (s, ArC), 145.5
(s, ArC), 136.8 (s, ArC), 134.0 (s, ArC), 128.4 (d, 2C, ArCH), 126.2 (d, 2C, ArCH), 126.1 (d,
2C, ArCH), 123.6 (d, ArCH), 56.0 (t, CH,CO), 45.6 [s, Ar-C(CH,CO)CHs], 28.2 [q, Ar-
C(CH,CO)CHs], 20.9 (q, ArCHs), 19.7 (g, ArCHs) ppm.
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HR-MS (APCI+): (APCI+) m/z calculated for [C16H14CIO]"'=[M+H]": 257.0728; found:
257.0724.

o}
HsC ’
O O OMe
7df  OMe

5,6-Dimethoxy-3-methyl-3-phenylindan-1-one (7df):

GP-1 was carried out with ester 4d (100 mg, 0.52 mmol), veratrole 2f (108.9 mg, 0.79
mmol), DCE (2 mL) triflic acid (0.1 mL, 1.57 mmol). The resulted reaction mixture was stirred
at 80 °C for 12 h. Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 95:5 to 90:10) furnished indanone 7df (125 mg, 84%) as colorless viscous
liquid. [TLC control R{4d)=0.80, R{7df)=0.40, (petroleum ether/ethyl acetate 85:15, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 112,=2962, 2930, 2836, 1696 (C=0), 1592, 1496,
1442, 1295, 1212, 1125, 1029, 821, 701 cm™,

'H NMR (CDCls, 400 MHz): 6=7.36-7.28 (m, 2H, ArH), 7.27-7.18 (m, 4H, ArH), 6.65
(s, 1H, ArH), 3.96 (s, 3H, ArOCHj3), 3.89 (s, 3H, ArOCHg), 2.93 (d, 1H, J=19.1 Hz, CH,H,CO),
2.89 (d, 1H, J=19.1 Hz, CHH,CO), 1.85 [s, 3H, Ar-C(CH,CO)CHj3] ppm.

3C NMR (CDCls, 100 MHz): 6=204.3 (s, C=0), 158.1 (s, ArC), 155.8 (s, ArC), 149.7
(s, ArC), 147.3 (s, ArC), 128.8 (s, ArC), 128.5 (d, 2C, ArCH), 126.3 (d, ArCH), 126.1 (d, 2C,
ArCH), 106.1 (d, ArCH), 103.5 (d, ArCH), 56.2 (q, ArOCH3), 56.1 (q, ArOCHjs), 55.9 (t,
CH,CO), 45.6 [s, Ar-C(CH,CO)CHg], 27.9 [q, Ar-C(CH,CO)CH3] ppm.

HR-MS (APCI+): m/z calculated for [C1gH1903]'=[M+H]": 283.1329; found: 283.1324.

CHj

Saam

Tef OMe
3-Ethyl-5,6-dimethoxy-3-phenylindan-1-one (7ef):
GP-1 was carried out with ester 4d (100 mg, 0.49 mmol), veratrole 2f (92.1 mg, 0.67
mmol), DCE (2 mL) and triflic acid (0.1 mL, 1.46 mmol). The resulted reaction mixture was

stirred at 80 °C for 12 h. Purification of the residue by silica gel column chromatography
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(petroleum ether/ethyl acetate 95:5 to 85:15) furnished indanone 7ef (105 mg, 72%) as pale
yellow viscous liquid. [TLC control R¢(4d)=0.80, R¢(7ef)=0.30, (petroleum ether/ethyl acetate
85:15, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11s=2960, 2921, 2851, 1696 (C=0), 1592,
1496, 1462, 1302, 1276, 1213, 1039, 861, 766, 701 cm™.

'H NMR (CDCls, 400 MHz): 6=7.33-7.24 (m, 2H, ArH), 7.24-7.14 (m, 4H, ArH), 6.62
(s, 1H, ArH), 3.92 (s, 3H, ArOCHz3), 3.86 (s, 3H, ArOCH3), 2.86 (d, 1H, J=19.1 Hz, CH,H,CO),
2.82 (d, 1H, J=19.1 Hz, CHH,CO), 2.42-2.26 (m, 1H, CHH,CH3), 2.24-2.08 (m, 1H,
CH.aHyCHs), 0.73 (t, 3H, J=7.3 Hz, CH,CH3) ppm.

3C NMR (CDCls, 100 MHz): 6=204.4 (s, C=0), 155.6 (s, ArC), 155.5 (s, ArC), 149.6
(s, ArC), 147.2 (s, ArC), 130.2 (s, ArC), 128.5 (d, 2C, ArCH), 126.4 (d, 2C, ArCH), 126.3 (d,
ArCH), 106.6 (d, ArCH), 103.5 (d, ArCH), 56.3 (q, ArOCHgs), 56.1 (g, ArOCHgs), 52.5 (t,
CH,CO), 49.8 [s, Ar-C(CH,CO)CH,CHjs], 31.8 (t, CH,CH3), 9.1 (g, CH,CHg3) ppm.

HR-MS (APCI+): m/z calculated for [C1oH2103]"=[M+H]": 297.1485; found: 297.1501.

O

Cl C ’O

7fa
3-(4-Chlorophenyl)-3-methylindan-1-one (7fa):

GP-1 was carried out with ester 4f (100 mg, 0.44 mmol), benzene 5a (416.6 mg, 5.34
mmol), DCE (2 mL) and triflic acid (0.1 mL, 1.33 mmol). The resulted reaction mixture was
stirred at 80 °C for 24 h. Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 97:3 to 95:5) furnished indanone 7fa (86 mg, 75%) as colorless
oil. [TLC control R¢(4f)=0.80, R¢(7fa)=0.40, (petroleum ether/ethyl acetate 94:6, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 112,=2966, 2930, 1710 (C=0), 1602, 1491, 1462,
1288, 1234, 1151, 1093, 1012, 828, 762 cm™.

'H NMR (CDCls, 400 MHz): 6=7.78 (d, 1H, J=7.3 Hz, ArH), 7.60 (dd, 1H, J=7.8 and
7.3 Hz, ArH), 7.43 (dd, 1H, J=7.8 and 7.3 Hz, ArH), 7.25 (d, 1H, J=7.8 Hz, ArH), 7.24 (ddd, 2H,
J=8.8, 2.4 and 2.4 Hz, ArH), 7.10 (ddd, 2H, J=8.8, 2.4 and 2.4 Hz, ArH), 2.91 (d, 1H, J=19.1 Hz,
CH,H,CO), 2.88 (d, 1H, J=19.1 Hz, CH,H,CO), 1.81 [s, 3H, Ar-C(CH,CO)CHg3] ppm.
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13C NMR (CDCls, 100 MHz): §=205.3 (s, C=0), 162.3 (s, ArC), 145.8 (s, ArC), 135.6
(s, ArC), 135.4 (d, ArCH), 132.3 (s, ArC), 128.5 (d, 2C, ArCH), 128.0 (d, ArCH), 127.7 (d, 2C,
ArCH), 125.4 (d, ArCH), 123.4 (d, ArCH), 55.5 (t, CH,CO), 45.6 [s, Ar-C(CH,CO)CHg], 28.3
[g, Ar-C(CH2CO)CHjs] ppm.

HR-MS (APCI+): m/z calculated for [CisH14CIO]"'=[M+H]": 257.0728; found:
257.0724.

o]
Me 'QO
A
1-(4-Chlorophenyl)-1-methyl-1,2-dihydro-3H-cyclopenta[a]naphthalen-3-one (4fg):

GP-1 was carried out and indanone 7fg (106.6 mg, 71%) was furnished as brown color
liquid. [TLC control R{(4f)=0.60, R(7fg)=0.40, (petroleum ether/ethyl acetate 90:10, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 1nax=2922, 1698 (C=0), 1572, 1492, 1374, 1226,
1187, 1095, 827, 756, 528 cm™,

'H-NMR (CDCls, 400 MHz): 6=9.20 (d, 1H, J=8.3 Hz, ArH), 8.03 (d, 1H, J=8.8 Hz,
ArH), 7.89 (d, 1H, J=8.3 Hz, ArH), 7.70 (ddd, 1H, J=8.3, 6.8 and 1.0 Hz, ArH), 7.58 (ddd, 1H,
J=8.3, 6.8 and 1.0 Hz, ArH), 7.23 (dd, 3H, J=8.3 and 1.5 Hz, ArH), 7.13 (dd, 2H, J=8.8 and 2.4
Hz, ArH), 3.00 (d, 1H, J=18.6 Hz, CH,H,CO), 2.98 (d, 1H, J=18.6 Hz, CH,H,CO), 1.85 (s, 3H,
ArCHs) ppm.

3C-NMR (CDCls, 100 MHz): 6=205.9 (s, C=0), 164.8 (s, ArC), 145.5 (s, ArC), 136.6
(d, ArCH), 132.7 (s, ArC), 132.4 (s, ArC), 129.5 (s, ArC), 129.3 (d, ArCH), 128.9 (s, ArC),
128.6 (d, 2C, ArCH), 128.1 (d, ArCH), 127.8 (d, 2C, ArCH), 127.0 (d, ArCH), 124.4 (d, ArCH),
122.3 (d, ArCH), 56.1 (t, CH,CO), 45.2 [s, Ar-C(CH,CO)CHgs], 27.6 [q, Ar-C(CH,CO)CHjs]
ppm.

HR-MS (APCI+): m/z calculated for [CyoHi6ClIO]'=[M+H]": 307.0884; found:
307.0883.
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3-(4-Chlorophenyl)-3,6-dimethylindan-1-one (7fb):

GP-1 was carried out with ester 4f (100 mg, 0.44 mmol), toluene 5b (492.0 mg, 5.34
mmol), DCE (2 mL) and triflic acid (0.1 mL, 1.33 mmol). The resulted reaction mixture was
stirred at 80 °C for 24 h. Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 97:3 to 95:5) furnished indanone 7fb (100 mg, 83%) as colorless
viscous liquid. [TLC control R¢(4f)=0.80, R{(7fb)=0.40, (petroleum ether/ethyl acetate 946, UV
detection)].

IR (neat MIR-ATR, 4000-600 cm™): 1nx=2964, 2851, 1705 (C=0), 1581, 1488, 1399,
1282, 1244, 1151, 1160, 1093, 826, 724, 665, 588 cm™.

'H NMR (CDCls, 400 MHz): §=7.57 (s, 1H, ArH), 7.42 (d, 1H, J=7.8 Hz, ArH), 7.22
(ddd, 2H, J=8.8, 2.4 and 2.4 Hz, ArH), 7.14 (d, 1H, J=7.8 Hz, ArH), 7.10 (ddd, 2H, J=8.8, 2.4
and 2.4 Hz, ArH), 2.89 (d, 1H, J=19.1 Hz, CH,H,CO), 2.87 (d, 1H, J=19.1 Hz, CH,H,CO), 2.42
(s, 3H, ArCHg), 1.78 [s, 3H, Ar-C(CH,CO)CHjs] ppm.

3C NMR (CDCl3, 100 MHz): 6=205.4 (s, C=0), 159.7 (s, ArC), 146.1 (s, ArC), 138.0
(s, ArC), 136.6 (d, ArCH), 135.9 (s, ArC), 132.2 (s, ArC), 128.5 (d, 2C, ArCH), 127.6 (d, 2C,
ArCH), 125.1 (d, ArCH), 123.3 (d, ArCH), 55.8 (t, CH,CO), 45.3 [s, Ar-C(CH,CO)CHgs], 28.3
[g, Ar-C(CH,CO)CHg], 21.1 (q, ArCHj3) ppm.

HR-MS (APCI+): m/z calculated for [Ci7H16CIO]'=[M+H]": 271.0884; found:
271.0880.
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3-(4-Chlorophenyl)-5,6-dimethoxy-3-methylindan-1-one (7ff):

GP-1 was carried out with ester 4f (100 mg, 0.44 mmol), veratrole 5f (92.1 mg, 0.67
mmol), DCE (2 mL) and triflic acid (0.1 mL, 1.33 mmol). The resulted reaction mixture was
stirred at 80 °C for 12 h. Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 95:5 to 85:15) furnished indanone 7ff (125 mg, 88%) as brown
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viscous liquid. [TLC control R¢(4f)=0.8, R«(7ff)=0.30, (petroleum ether/ethyl acetate 85:15, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm'l): Vmax=2966, 2930, 1710 (C=0), 1602, 1491,
1462, 1234, 1093, 1011, 828, 761 cm™.

'H NMR (CDCl3, 400 MHz): 6=7.21 (ddd, 2H, J=8.8, 2.4 and 2.4 Hz, ArH), 7.16 (s, 1H,
ArH), 7.08 (ddd, 2H, J=8.8, 2.4 and 2.4 Hz, ArH), 6.56 (s, 1H, ArH), 3.90 (s, 3H, ArOCH), 3.84
(s, 3H, ArOCHg3), 2.81 (d, 1H, J=19.1 Hz, CH,H,CO), 2.80 (d, 1H, J=19.1 Hz, CH,H,CO), 1.77
[s, 3H, Ar-C(CH,CO)CHgs] ppm.

13C NMR (CDCls, 100 MHz): 6=203.7 (s, C=0), 157.5 (s, ArC), 155.9 (s, ArC), 149.8
(s, ArC), 145.9 (s, ArC), 132.2 (s, ArC), 128.7 (s, ArC), 128.5 (d, 2C, ArCH), 127.6 (d, 2C,
ArCH), 105.8 (d, ArCH), 103.5 (d, ArCH), 56.2 (q, ArOCHs), 56.1 (q, ArOCHs), 55.7 (t,
CH,CO), 45.2 [s, Ar-C(CH,CO)CHjs], 27.8 [, Ar-C(CH,CO)CHs] ppm.

HR-MS (APCI+): m/z calculated for [CigHig CIOs]"=[M+H]": 317.0939; found:
317.0946.
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3-(4-Chlorophenyl)-3-ethyl-5,6-dimethoxyindan-1-one (4gf):

GP-1 was carried out with ester 4g (100 mg, 0.42 mmol), veratrole 5f (86.7 mg, 0.63
mmol), DCE (2 mL) and triflic acid (0.1 mL, 1.25 mmol). The resulted reaction mixture was
stirred at 80 °C for 12 h. Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 95:5 to 85:15) furnished the indanone 4gf (101 mg, 73%) as pale
brown viscous liquid. [TLC control R¢(4g)=0.80, R{(7gf)=0.30, (petroleum ether/ethyl acetate
85:15, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vnx=2964, 2922, 2851, 1698 (C=0), 1592,
1498, 1464, 1302, 1278, 1214, 1094, 1040, 826, 802 cm™.

'H NMR (CDCls, 400 MHz): §=7.24 (ddd, 2H, J=8.8, 2.4 and 2.4 Hz, ArH), 7.18 (s, 1H,
ArH) 7.12 (ddd, 2H, J=8.8, 2.4 and 2.4 Hz, ArH), 6.57 (s, 1H, ArH), 3.92 (s, 3H, ArOCHs), 3.86
(s, 3H, ArOCHj3), 2.84 (d, 1H, J=19.1 Hz, CH,H,CO), 2.75 (d, 1H, J=19.1 Hz, CH,H,CO), 2.38-
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2.22 (m, 1H, CH4H,CHj3), 2.20-2.05 (m, 1H, CH,HyCHa), 0.71 (t, 3H, J=7.3 Hz, ArC-CH,CHj3)
ppm.

13C NMR (CDCls, 100 MHz): 6=203.9 (s, C=0), 155.7 (s, ArC), 155.0 (s, ArC), 149.7
(s, ArC), 145.8 (s, ArC), 132.1 (s, ArC), 130.1 (s, ArC), 128.6 (d, 2C, ArCH), 127.9 (d, 2C,
ArCH), 106.3 (d, ArCH), 103.5 (d, ArCH), 56.3 (q, ArOCH3), 56.1 (q, ArOCHs), 52.3 (t,
CH,CO), 49.4 [s, Ar-C(Et)CO], 31.7 (t, CH,CH3), 9.1 (q, CH,CH3) ppm.

HR-MS (APCI+): m/z calculated for [CigH2ClOs]"=[M+H]": 331.1095; found:
331.1099.

3,6-Dimethyl-3-phenylindan-1-one (7ha):

GP-1 was carried out and the indanone 7ha (88 mg, 75%) was furnished as pale yellow
viscous liquid. [TLC control R¢(4h)=0.65, R{(7ha)=0.45, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vinx=2963, 2923, 1708(C=0), 1614, 1582, 1445,
1406, 1376, 1282, 1245, 1161, 1067, 1028, 828, 768, 700, 607 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.58 (s, 1H, ArH), 7.42 (dd, 1H, J=7.8 and 1.5 Hz,
ArH), 7.27 (dd, 2H, J=7.3 and 1.5 Hz, ArH), 7.22-7.14 (m, 4H, ArH), 2.95 (d, 1H, J=19.1 Hz,
CH,H,CO), 2.88 (d, 1H, J=19.1 Hz, CH,H,CO), 2.42 (s, 3H, ArCHs), 1.81 [s, 3H, Ar-
C(CH,CO)CHj3] ppm.

3C-NMR (CDCls, 100 MHz): 6=205.9 (s, C=0), 160.3 (s, ArC), 147.5 (s, ArC), 137.5
(s, ArC), 137.7 (s, ArC), 136.4 (d, ArCH), 135.9 (s, ArC), 128.4 (d, 2C, ArCH), 126.2 (d,
ArCH), 126.1 (d, ArCH), 125.2 (d, ArCH), 123.2 (d, ArCH), 56.0 (t, CH,CO), 45.6 [s, Ar-
C(CH,CO)CHpg], 28.3 [q, Ar-C(CH,CO)CHj3], 21.0 (g, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [Ci/H1sNaO] *=[M+Na]™: 259.1093; found:
259.1098.
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7hf
5,6-Dimethoxy-3-methyl-3-(4-methylphenyl)indan-1-one (7hf):

GP-1 was carried out and the indanone 7hf (111.12 mg, 75%) was furnished as pale
yellow viscous liquid. [TLC control R¢(4h)=0.80, R{(7hf)=0.60, (petroleum ether/ethyl acetate
98:2, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11,5=2962, 2925, 1694(C=0), 1591, 1496, 1463,
1360, 1295, 1211, 1113, 1031, 861, 818, 726, 589 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.18 (s, 1H, ArH), 7.08 (dd, 4H, J=8.8 and 2.9 Hz,
ArH), 6.61 (s, 1H, ArH), 3.92 (s, 3H, ArOCHj), 3.85 (s, 3H, ArOCHg), 2.86 (d, 1H, J=18.5 Hz,
CH,H,CO), 2.83 (d, 1H, J=18.5 Hz, CH,H,CO), 2.30 (s, 3H, ArCHs), 1.78 [s, 3H, Ar-
C(CH,CO)CHjs] ppm.

3C-NMR (CDCls, 100 MHz): 6=204.5 (s, C=0), 158.3 (s, ArC), 155.8 (s, ArC), 149.6
(s, ArC), 144.4 (s, ArC), 135.9 (s, ArC), 129.1 (d, 2C, ArCH), 128.8 (s, ArC), 126.0 (d, 2C,
ArCH), 106.1 (d, ArCH), 103.5 (d, ArCH), 56.2 (q, ArOCHg), 56.1 (g, ArOCHgs), 56.0 (t,
CH,CO), 45.3 [s, Ar-C(CH,CO)CHpg], 28.0 [g, Ar-C(CH,CO)CHjs], 20.8 (q, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [C1oH2103]"'=[M+H]": 297.1485; found: 297.1498.

o}

Me

O e

7t OMe
3-(4-Ethylphenyl)-5,6-dimethoxy-3-methylindan-1-one (7if):

GP-1 was carried out and the indanone 7if (105.4 mg, 68%) was furnished as pale yellow
viscous liquid. [TLC control R¢(41)=0.80, R¢(7if)=0.60, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11,,=2960, 2934, 1709 (C=0), 1578, 1453, 1412,
1368, 1239, 1211, 1151, 1125, 1005, 834, 736 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.17 (s, 1H, ArH), 7.08 (dd, 4H, J=9.8 and 3.4 Hz,
ArH), 6.62 (s, 1H, ArH), 3.90 (s, 3H, ArOCHg), 3.83 (s, 3H, ArOCHs), 2.86 (d, 1H, J=18.6 Hz,
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CH,H,CO), 2.82 (d, 1H, J=18.6 Hz, CH,H,CO), 2.57 (g, 3H, J=15.2 and 7.3 Hz, ArCH,CHj3),
1.78 [s, 3H, Ar-C(CH,CO)CHjs], 1.18 (t, 3H, J=7.3 Hz, ArCH,CH3) ppm.

3C-NMR (CDCl3, 100 MHz): 6=204.3 (s, C=0), 158.2 (s, ArC), 155.7 (s, ArC), 149.5
(s, ArC), 144.5 (s, ArC), 142.1 (s, ArC), 128.7 (s, ArC), 127.8 (d, 2C, ArCH), 125.9 (d, 2C,
ArCH), 106.0 (d, ArCH), 103.4 (d, ArCH), 56.1 (q, ArOCH3), 56.0 (q, ArOCHs), 55.9 (t,
CH,CO), 45.2 [s, Ar-C(CH,CO)CHjs], 28.1 [g, Ar-C(CH,CO)CHjs], 27.9 (t, ArCH,CH3), 15.3 (q,
ArCH,CHs) ppm.

HR-MS (APCI+): m/z calculated for [CooH2303] " =[M+H]": 311.1642; found: 311.1643.
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5,6-Dimethoxy-3-methyl-3-phenylindan-1-one (7ja):

GP-1 was carried out and the indanone 7ja (101.5 mg, 72%) was furnished as pale yellow
viscous liquid. [TLC control R¢(4j)=0.50, R¢(7ja)=0.40, (petroleum ether/ethyl acetate 88:12, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11s,=2962, 2924, 1696 (C=0), 1592, 1496, 1463,
1442, 1361, 1295, 1212, 1126, 1029, 861, 822, 769, 701 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.32 (dd, 2H, J=8.3 and 7.3 Hz, ArH), 7.23 (s, 1H,
ArH), 7.21 (d, 3H, J=8.3 Hz, ArH), 6.66 (s, 1H, ArH), 3.96 (s, 3H, ArOCHgs), 3.89 (s, 3H,
ArOCHjs), 2.93 (d, 1H, J=18.6 Hz, CH,H,CO), 2.89 (d, 1H, J=18.6 Hz, CH,H,CO), 1.85 [s, 3H,
Ar-C(CH,CO)CHjs] ppm.

3C-NMR (CDClI3, 100 MHz): 6=204.3 (s, C=0), 158.1 (s, ArC), 155.8 (s, ArC), 149.7
(s, ArC), 147.4 (s, ArC), 128.8 (s, ArC), 128.5 (d, 2C, ArCH), 126.3 (d, ArCH), 126.1 (d, 2C,
ArCH), 106.1 (d, ArCH), 103.5 (d, ArCH), 56.2 (q, ArOCHg), 56.1 (g, ArOCHg), 55.9 (t, -
CH,CO), 45.6 [s, Ar-C(CH,CO)CHjs], 27.9 [q, Ar-C(CH,CO)CHs] ppm.

HR-MS (APCI+): m/z calculated for [C1gH1903]=[M+H]": 283.1329; found: 283.1321.
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3-(2,4-Dimethylphenyl)-5,6-dimethoxy-3-methylindan-1-one (7jd):

GP-1 was carried out and indanone 7jd (124 mg, 80%) was furnished as pale yellow
viscous liquid. [TLC control R¢(4j)=0.60, R¢(7jd)=0.35, (petroleum ether/ethyl acetate 88:12, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11a,=2961, 2925, 1693 (C=0), 1591, 1495, 1462,
1300, 1287, 1210, 1029, 861, 810, 734 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.36 (d, 1H, J=7.8 Hz, ArH), 7.18 (s, 1H, ArH), 7.01
(d, 1H, J=7.8 Hz, ArH), 6.91 (s, 1H, ArH), 6.54 (s, 1H, ArH), 3.91 (s, 3H, ArOCH3), 3.82 (s, 3H,
ArOCHj), 3.05 (d, 1H, J=19.1 Hz, CH,H,CO), 2.78 (d, 1H, J=19.1 Hz, CH,H,CO), 2.28 [s, 3H,
Ar-C(CH,CO)CHg], 1.78 (s, 3H, ArCHg), 1.74 (s, 3H, ArCHj3) ppm.

3C-NMR (CDCls, 100 MHz): 6=204.3 (s, C=0), 159.4 (s, ArC), 155.8 (s, ArC), 149.4
(s, ArC), 140.1 (s, ArC), 136.5 (s, ArC), 136.3 (d, ArCH), 133.6 (d, ArCH), 128.4 (s, ArC),
126.9 (d, ArCH), 126.2 (d, ArCH), 105.7 (d, ArCH), 103.9 (d, ArCH), 56.3 (q, ArOCH3), 56.0
(9, ArOCHg3), 53.3 (t, CH,CO), 45.5 [s, Ar-C(CH,CO)CHjs], 31.3 [q, Ar-C(CH,CO)CHg], 21.1
(g, ArCHs), 20.6 (g, ArCHz) ppm.

HR-MS (APCI+): m/z calculated for [CyoH2NaO]'=[M+Na]™: 333.1461; found:
333.1460.
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3-(2,5-Dimethylphenyl)-5,6-dimethoxy-3-methylindan-1-one (7je):

GP-1 was carried out and the indanone 7je (119.3 mg, 77%) was furnished as colorless
liquid. [TLC control R¢(4j)=0.60, R¢(7je)=0.40, (petroleum ether/ethyl acetate 88:12, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 1nax=2960, 2923, 1696 (C=0), 1591, 1497, 1463,
1301, 1289, 1212, 1127, 1029, 862, 810 cm™.
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'H-NMR (CDCls, 400 MHz): 6=7.29 (s, 1H, ArH), 7.19 (s, 1H, ArH), 6.98 (dd, 2H,
J=9.3 and 7.8 Hz, ArH), 6.55 (s, 1H, ArH), 3.93 (s, 3H, ArOCHj3), 3.83 (s, 3H, ArOCHg), 3.07
(d, 1H, J=19.1 Hz, CH,H,CO), 2.78 (d, 1H, J=19.1 Hz, CH,H,CO), 2.35 [s, 3H, Ar-
C(CH,CO)CHgs], 1.76 (s, 6H, 2 x ArCH3) ppm.

3C-NMR (CDCls, 100 MHz): 6=204.3 (s, C=0), 159.4 (s, ArC), 155.8 (s, ArC), 149.4
(s, ArC), 142.8 (s, ArC), 135.0 (s, ArC), 133.4 (s, ArC), 132.8 (d, ArCH), 128.5 (s, ArC), 127.8
(d, ArCH), 127.6 (d, ArCH), 105.8 (d, ArCH), 104.0 (d, ArCH), 56.3 (g, ArOCH3), 56.1 (q,
ArOCHg), 53.4 (t, CH,CO), 45.8 [s, Ar-C(CH,CO)CHg], 31.4 [q, Ar-C(CH,CO)CHjg], 21.2 (q,
ArCHjs), 20.8 (g, ArCHj3) ppm.

HR-MS (APCI+): m/z calculated for [CooH2303] " =[M+H]": 311.1642; found: 311.1630.

0
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3-(3,4-Dimethoxyphenyl)-5,6-dimethoxy-3-methylindan-1-one (7jf):

GP-1 was carried out and the indanone 7jf (147 mg, 86%) was furnished as pale yellow
viscous liquid. [TLC control R¢(4j)=0.55, Ry(7jf)=0.30, (petroleum ether/ethyl acetate 70:30, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11a,=2961, 2935, 1692 (C=0), 1591, 1496, 1462,
1361, 1294, 1250, 1127, 1026, 859, 811, 730 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.17 (s, 1H, ArH), 6.75 (dd, 2H, J=10.3 and 8.3 Hz,
ArH), 6.60 (s, 2H, ArH), 3.91 (s, 3H, ArOCH3), 3.84 (s, 3H, ArOCH3), 3.82 (s, 3H, ArOCHj3),
3.73 (s, 3H, ArOCHj3), 2.86 (d, 1H, J=19.1 Hz, CH,H,CO), 2.82 (d, 1H, J=19.1 Hz, CH,H,CO),
1.76 [s, 3H, Ar-C(CH,CO)CHj3] ppm.

B3C-NMR (CDCls, 100 MHz): 6=204.3 (s, C=0), 158.2 (s, ArC), 155.8 (s, ArC), 149.6
(s, ArC), 148.8 (s, ArC), 147.5 (s, ArC), 139.9 (s, ArC), 128.7 (s, ArC), 118.2 (d, ArCH), 110.8
(d, ArCH), 109.8 (d, ArCH), 106.0 (d, ArCH), 103.5 (d, ArCH), 56.2 (q, ArOCH3), 56.0 (q,
ArOCHj3), 55.9 (t, CH,CO), 55.8 (g, ArOCHj3), 55.7 (q, ArOCHj3), 45.3 [s, Ar-C(CH,CO)CHg],
28.2 [q, Ar-C(CH,CO)CH3] ppm.

HR-MS (APCI+): m/z calculated for [CoH2305] '=[M+H]": 343.1540; found: 343.1539.
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3,4,6-Trimethyl-3-(2-naphthyl)indan-1-one (7kd):

GP-1 was carried out and the indanone 7kd (115.5 mg, 77%) was furnished as white
solid, [TLC control R{(4k)=0.60, Ri(7kd)=0.40, (petroleum ether/ethyl acetate 94:6, UV
detection)].

M.p.:108-110 °C

IR (neat; MIR-ATR, 4000-600 cm™): 1ya,=2922, 1697 (C=0), 1511, 1461, 1374, 1225,
1103, 1042, 828, 755 cm™.

'H-NMR (CDCls, 400 MHz): §=9.21 (d, 1H, J=8.3 Hz, ArH), 8.03 (d, 1H, J=8.8 Hz,
ArH), 7.89 (d, 1H, J=7.8 Hz, ArH), 7.71 (ddd, 1H, J=8.3, 7.3 and 1.5 Hz, ArH), 7.58 (ddd, 1H,
J=8.3, 7.3 and 1.5 Hz, ArH), 7.38 (d, 1H, J=8.3 Hz, ArH), 7.27 (d, 1H, J=8.3 Hz, ArH), 7.04
(1H, J=7.8 Hz, ArH), 6.93 (s, 1H, ArH), 3.21 (d, 1H, J=18.6 Hz, CH,H,CO), 2.96 (d, 1H, J=18.6
Hz, CH,H,CO), 2.31 (s, 3H, ArCH3), 1.84 (s, 3H, ArCHs), 1.79 [s, 3H, Ar-C(CH,CO)CHjs] ppm.

3C-NMR (CDCls, 100 MHz): 6=206.4 (s, C=0), 166.8 (s, ArC), 139.8 (s, ArC), 136.8
(s, ArC), 136.3 (s, ArC), 136.3 (d, ArCH), 133.7 (d, ArCH) 132.6 (s, ArC), 129.2 (d, 2C, ArCH),
128.1 (d, ArCH), 127.2 (d, ArCH), 126.7 (d, 2C, ArCH), 126.4 (d, ArCH), 124.3 (d, ArCH),
122.4 (d, ArCH), 53.7 (t, CH,CO), 45.6 [s, Ar-C(CH,CO)CHg], 31.2 [g, Ar-C(CH,CO)CHjs],
21.31 (q, ArCHz), 20.6 (q, ArCHz) ppm.

HR-MS (APCI+): m/z calculated for [Co,H21:0]"=[M+H]": 301.1587; found: 301.1589.

o]

[
AL
3-(4-Bromo-2-methoxyphenyl)indan-1-one (7ah):

GP-1 was carried out with ester 4a (100 mg, 0.57 mmol), 3-bromoanisole 5h (159.2 mg,
0.85 mmol), DCE (2 mL) and triflic acid (0.1 mL, 1.70 mmol). The resultant reaction mixture
was stirred at 80 °C for 24 h Purification of the residue by silica gel column chromatography

(petroleum ether/ethyl acetate 95:5 to 85:15) furnished the indanone 7ah (111.3 mg, 54%) as
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pale yellow viscous liquid. [TLC control R{(4a)=0.70, R¢(7ah)=0.35, (petroleum ether/ethyl
acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11,2,=2938, 1710 (C=0), 1603, 1589, 1488, 1462,
1397, 1243, 1028, 840, 761 cm™.

'H NMR (CDCls, 400 MHz): 6=7.78 (d, 1H, J=7.3 Hz, ArH), 7.55 (dd, 1H, J=7.8 and
7.3 Hz, ArH), 7.39 (dd, 1H, J=7.8 and 7.3 Hz, ArH), 7.26 (d, 1H, J=7.8 Hz, ArH), 7.00 (s, 1H,
ArH), 6.99 (d, 1H, J=8.3 Hz, ArH), 6.79 (d, 1H, J=8.3 Hz, ArH), 4.81 (dd, 1H, J=7.8 and 3.4 Hz,
ArCHCHy,), 3.73 (s, 3H, ArOCHy), 3.14 (dd, 1H, J=19.1 and 7.8 Hz, ArCHCH.Hy), 2.61 (dd,
1H, J=19.1 and 3.4 Hz, ArCHCH,H,) ppm.

3C NMR (CDCls, 100 MHz): 6=206.3 (s, C=0), 157.8 (s, ArC), 157.1 (s, ArC), 137.0
(s, ArC), 134.8 (d, ArCH), 130.7 (s, ArC), 129.5 (d, ArCH), 127.6 (d, ArCH), 126.4 (d, ArCH),
123.6 (d, ArCH), 123.3 (d, ArCH), 121.2 (s, ArC), 114.4 (d, ArCH), 55.6 (g, ArOCH3), 44.9 (t,
ArCHCHy), 38.6 (d, ArCHCH,) ppm.

HR-MS (APCI+): m/z calculated for [CisH14BrO,]'=[M+H]": 317.0172; found:
317.0186.

0
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7dh
3-(2-Bromo-4-methoxyphenyl)-3-methylindan-1-one (7dh):

GP-1 was carried out with ester 4d (100 mg, 0.52 mmol), 3-bromoanisole 5h (147.7 mg,
0.78 mmol), DCE (2 mL) and triflic acid (0.1 mL, 1.57 mmol). The resulted reaction mixture
was stirred at 80 °C for 24 hrs. Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 90:10 to 85:15) furnished indanone 7dh (160.0 mg, 92%) as white
solid, recrystallized the solid, [TLC control R¢(4d)=0.80, R{7dh)=0.40, (petroleum ether/ethyl
acetate 85:15, UV detection)].

M.p.: 120-124 °C.

IR (neat; MIR-ATR, 4000-600 cm™): vna=2965, 2934, 1711 (C=0), 1602, 1486,
1462, 1392, 1287, 1237, 1157, 1068, 1026, 858, 758, 583 cm™.
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IH NMR (CDCls, 400 MHz): 6=7.74 (d, 1H, J=7.3 Hz, ArH), 7.50 (dd, 1H, J=7.8 and
J=7.3 Hz, ArH), 7.35 (dd, 1H, J=7.8 and J=7.8 Hz, ArH), 7.27 (d, 1H, J=8.3 Hz, ArH), 7.13 (d,
1H, J=7.8 Hz, ArH), 7.08 (dd, 1H, J=8.3 and 1.9 Hz, ArH), 6.88 (d, 1H, J=1.9 Hz, ArH), 3.40 (s,
3H, ArOCHs), 3.11 (d, 1H, J=19.1 Hz, CHaH,CO), 2.63 (d, 1H, J=19.1 Hz, CH.H,CO), 1.71 [s,
3H, ArC(CH,CO)CHg3] ppm.

13C NMR (CDCls, 100 MHz): 9=206.3 (s, C=0), 162.4 (s, ArC), 157.9 (s, ArC), 135.8
(s, ArC), 134.5 (d, ArCH), 133.3 (s, ArC), 128.2 (d, ArCH), 127.2 (d, ArCH), 124.2 (d, ArCH),
123.2 (d, ArCH), 123.0 (d, ArCH), 121.5 (s, ArC), 115.3 (d, ArCH), 55.2 (g, ArOCH3), 52.4 (t,
CH,CO), 44.1 [s, Ar-C(CH,CO)CHg], 29.0 [q, Ar-C(CH,CO)CH3] ppm.

HR-MS (APCI+): m/z calculated for [Ci7H16BrO,]'=[M+H]": 331.0328; found:
331.0343.

o] O
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7ab (3:1) 7'ab
6-Methyl-3-phenylindan-1-one (7ab) and 3-(4-Methylphenyl) indan-1-one (7 ab):
GP-1 was carried out, to an oven dried Schlenk tube under nitrogen atmosphere, were
added ester 4a (100 mg, 0.57 mmol), toluene 5b (626.5 mg, 6.81mmol) and DCE (2 mL),
followed by the addition of triflic acid (0.15 mL, 1.70 mmol). The resultant reaction mixture was
stirred at 80 °C for 24 h. Purification of the residue on silica gel column chromatography
(petroleum ether/ethyl acetate 97:3 to 95:5) furnished as an inseparable mixture of indanones
(7ab+7'ab) (114.8 mg, 91%) in 3:1 ratio as a pale yellow viscous liquid. [TLC control
R(4a)=0.65, Ri(7ab+7 ab)=0.40, (petroleum ether/ethyl acetate 95:5, UV detection)].
IR (neat; MIR-ATR, 4000-600 cm™): nax=2955, 1709 (C=0), 1602, 1584, 1488, 1454,
1280, 1157, 1046, 822, 758, 699 cm ™,
'H NMR (CDCl3, 400 MHz): (data for the major isomer 7ab) §=7.52 (s, 1H, ArH), 7.30
(d, 2H, J=7.8 Hz, ArH), 7.26-7.10 (m, 3H, ArH), 7.07 (d, 1H, J=7.8 Hz, ArH), 6.94 (m, 1H,
ArH), 4.44 (dd, 1H, J=7.8 and 3.9 Hz, ArCHCH,), 2.58 (dd, 1H, J=19.1 and 7.8 Hz,
ArCHCH,Hp), 2.58 (dd, 1H, J=19.1 and 3.9 Hz, ArCHCH,Hy), 2.33 (s, 3H, ArCHs) ppm.
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3C NMR (CDCls, 100 MHz): (data for the major isomer 7ab) d=206.1 (s, C=0), 155.4
(s, ArC), 143.9 (s, ArC), 137.8 (d, ArCH), 136.3 (d, ArCH), 129.5 (s, ArC), 128.8 (d, 2C,
ArCH), 127.5 (d, 2C, ArCH), 126.8 (d, ArCH), 126.5 (d, ArCH), 123.2 (s, ArC), 47.1 (t,
ArCHCHy), 44.0 (d, ArCHCHy), 21.1 (q, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [C16H150]"=[M+H]": 223.1117; found: 223.1108
(for the mixture of 7ab+7 ab).
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7bb (3:1) 7'bb
3-(4-Chlorophenyl)-6-methyl indan-1-one (7bb) and 6-Chloro-3-(4-methylphenyl) indan-1-
one (7’bb):

GP-1 was carried out with ester 4b (100 mg, 0.47 mmol), toluene 5b (524.1 mg, 5.70
mmol), DCE (2 mL) and triflic acid (0.1 mL, 1.42 mmol). The resulted reaction mixture was
stirred at 80 °C for 24 h. Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 97:3 to 94:6) furnished an inseparable mixture of indanones 7bb
+7'bb (105 mg, 86%) as brown solid, [TLC control R¢(4b)=0.80, Ri(7bb+7'bb)=0.40, (petroleum
ether/ethyl acetate 94:6, UV detection)].

M.p.:110-115°C

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2921, 2854, 1707 (C=0), 1611, 1487, 1405,
1278, 1242, 1156, 1089, 1048, 935, 822, 783, 695 cm™.

'H NMR (CDCls, 400 MHz): (data for the major isomer 7bb) 9=7.48 (s, 1H, ArH), 7.28
(d, 1H, J=7.8 Hz, ArH), 7.14 (ddd, 2H, J=8.3, 2.4 and 2.4 Hz, ArH), 7.01 (d, 1H, J=7.8 Hz,
ArH), 6.93 (ddd, 2H, J=8.3, 2.4 and 2.4 Hz, ArH), 4.39 (dd, 1H, J=7.8 and 3.4 Hz, CHCH,CO),
3.09 (dd, 1H, J=19.1 and 7.8 Hz, CHCH4H,CO), 2.48 (dd, 1H, J=19.1 and 3.4 Hz,
CHCH4H,CO), 2.30 (s, 3H, ArCHz) ppm.

3CNMR (CDCls, 100 MHz): (data for the major isomer 7bb) §=205.6 (s, C=0), 154.7
(s, ArC), 142.4 (s, ArC), 138.1 (s, ArC), 136.4 (d, ArCH), 132.6 (s, ArC), 129.0 (s, ArC), 128.9
(d, 2C, ArCH), 128.8 (d, 2C, ArCH) 126.3 (d, ArCH), 123.3 (d, ArCH), 47.0 (t, CHCH,CO),
43.4 (d, CHCH,CO), 21.1 (g, ArCHj3) ppm.
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HR-MS (APCI+): m/z calculated for [C16H14CIO]"'=[M+H]": 257.0728 found: 257.0714
(for mixture of 7bb+7 bb).

7d 31) 7'db
3,6-Dimethyl-3-phenyl indan-1-one(7db) and 3-Methyl-3-(4-methylphenyl) indan-1-one 7
db):

GP-1 was carried out with ester 4d (100 mg, 0.52 mmol), toluene 5b (581.1 mg, 6.30
mmol), DCE (2 mL) and triflic acid (0.1 mL, 1.57 mmol). The resulted reaction mixture was
stirred at 80 °C for 24 h. Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 97:3 to 94:6) furnished an inseparable mixture of indanones
7db+7'db (112 mg, 90%). [TLC control Ri(4d)=0.80, Ry(7db+7 db)=0.40 (petroleum ether/ethyl
acetate 94:6, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 112,=2963, 2920, 2850, 1706 (C=0), 1614, 1488,
1282, 1243, 1094, 1011, 826, 734, 710, 665 cm™.

'H NMR (CDClIs, 400 MHz): (data for the major isomer 7db+7'db) 6=7.63 (s, 1H,
ArH), 7.46 (d, 1H, J=8.3 Hz, ArH), 7.32 (dd, 2H, J=7.8 and 1.5 Hz, ArH), 7.29-7.17 (m, 4H,
ArH), 3.02 (d, 1H, J=19.1 Hz, CH.H,CO), 2.91 (d, 1H, J=19.1 Hz, CH.H,CO), 2.47 (s, 3H,
ArCHjs), 1.86 [s, 3H, Ar-C(CH,CO)CHgz] ppm.

3C NMR (CDCl3, 100 MHz): (data for the major isomer 7db+7'db) §=205.9 (s, C=0),
160.3 (s, ArC), 147.5 (s, ArC), 137.7 (s, ArC), 136.5 (d, ArCH), 135.2 (s, ArC), 129.1 (d,
ArCH), 128.4 (d, 2C, ArCH), 126.1 (d, 2C, ArCH), 125.2 (d, ArCH), 123.1 (d, ArCH), 56.0 (t,
CH,CO), 45.6 [s, Ar-C(CH,CO)CHg] 28.3 (g, ArCHj3), 21.0 [q, Ar-C(CH,CO)CHs;] ppm.

HR-MS (APCI+): m/z calculated for [C17H170]"'=[M+H]": 237.1274; found: 237.1273
(for mixture of 7db+7db).
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5-Methyl-3",4'-dihydro-2'"H-spiro[indene-1,1'-naphthalen]-3(2H)-one (71b):

To an oven dried Schlenk tube under nitrogen atmosphere, were added ester 41 (100 mg,
0.52 mmol), toluene 5b (581.1 mg, 6.30 mmol) and DCE (2 mL) followed by the addition of
triflic acid (0.1 mL, 1.57 mmol). The resultant reaction mixture was stirred at 50 °C for 24 h.
Purification of the residue by silica gel column chromatography (petroleum ether/ethyl acetate
97:3 to 95:5) furnished the spiro-tetracyclic ketone 71b (74.1 mg, 61%) as yellow viscous liquid.
[TLC control R¢(41)=0.55, R¢(71b)=0.40, (petroleum ether/ethyl acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vin=2926, 1711(C=0), 1581, 1487, 1448, 1281,
1243, 1160, 1050, 1026, 763, 732 cm™.

'H NMR (CDCl3, 400 MHz): 6=7.58 (s, 1H, ArH), 7.40 (d, 1H, J=7.3 Hz, ArH), 7.13 (d,
1H, J=7.3 Hz, ArH), 7.11 (d, 1H, J=7.8 Hz, ArH), 7.10 (dd, 1H, J=7.8 and 7.3 Hz, ArH), 7.00
(dd, 1H, J=7.8 and 7.3 Hz, ArH), 6.61 (d, 1H, J=7.8 Hz, ArH), 3.05-2.88 (m, 3H,
ArCH,CH,CH, and CH,H,CO), 2.85 (d, 1H, J=19.1 Hz, CH,H,CO), 2.42 (s, 3H, ArCHj3), 2.16—
2.00 (m, 2H, ArCH,CH,CHy), 1.96-1.80 (m, 2H, ArCH,CH,CH,) ppm.

3C NMR (CDCl3, 100 MHz): 6=206.2 (s, C=0), 161.4 (s, ArC), 142.2 (s, ArC), 137.7
(s, ArC), 136.7 (s, ArC), 136.6 (s, ArC), 136.6 (d, ArCH), 129.0 (d, ArCH), 128.1 (d, ArCH),
126.4 (d, ArCH), 126.2 (d, ArCH), 125.4 (d, ArCH), 122.9 (d, ArCH), 56.0 (t, CH,CO), 46.3 [s,
(CO)CCH,CH,CHg], 39.5 (t, ArCH,CH,CHy), 29.8 (t, CH,), 21.1 (q and t, 2C, ArCHzand CH,)

ppm.
HR-MS (APCI+): m/z calculated for [C1oH190] =[M+H]": 263.1430; found: 263.1436.
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5,6-dimethoxy-3',4"-dihydro-2'H-spiro[indene-1,1'-naphthalen]-3(2H)-one (7If):

(@)
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To an oven dried Schlenk tube under nitrogen atmosphere, were added ester 41 (100 mg,
0.46 mmol), veratrole 5f (95.8 mg, 0.69 mmol) and DCE (2 mL) followed by the addition of
triflic acid (0.12 mL, 1.70 mmol). The resultant reaction mixture was stirred at 50 °C for 24 h.
Purification of the residue by silica gel column chromatography (petroleum ether/ethyl acetate
90:10 to 80:20) furnished spiro-tetracyclic ketone 71f (98.4 mg, 67%) as pale yellow semi-solid.
[TLC control R¢(41)=0.75, R¢(71f)=0.40, (petroleum ether/ethyl acetate 75:25, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 112,=2933, 1693 (C=0), 1592, 1496, 1464, 1453,
1290, 1049, 1025, 803, 729, 701 cm™.

'H NMR (CDCls, 400 MHz): 6=7.20 (s, 1H, ArH), 7.12 (d, 1H, J=7.3 Hz, ArH), 7.10
(dd, 1H, J=7.8 and 7.3 Hz, ArH), 7.01 (dd, 1H, J=7.8 and 7.8 Hz, ArH), 6.62 (d, 1H, J=7.8 Hz,
ArH), 6.58 (s, 1H, ArH), 3.93 (s, 3H, ArOCH3), 3.83 (s, 3H, ArOCHg3), 2.95 (dd, 2H, J=11.2 and
5.4 Hz, ArCH,CH,CH,), 2.88 (d, 1H, J=19.1 Hz, CH,H,CO), 2.78 (d, 1H, J=19.1 Hz,
CH3H,CO), 2.16-2.00 (m, 2H, ArCH,CH,CH), 1.96-1.76 (m, 2H, ArCH,CH,CH,) ppm.

3C NMR (CDCl3, 100 MHz): 6=204.6 (s, C=0), 159.0 (s, ArC), 155.9 (s, ArC), 149.7
(s, ArC), 142.1 (s, ArC), 136.6 (s, ArC), 129.6 (s, ArC), 129.0 (d, ArCH), 128.0 (s, ArC), 126.6
(d, ArCH), 126.3 (d, ArCH), 106.2 (d, ArCH), 103.3 (d, ArCH), 56.3 (q, ArOCH?3), 56.1 (q,
ArOCHj3), 55.9 (t, CH,CO), 46.4 [s, (CO)CCH,CH,CH_], 39.2 (t, ArCH,CH,CHy), 29.7 (t, CH,),
21.2 (t, CHy) ppm.

HR-MS (APCI+): m/z calculated for [CooH2103]"=[M+H]": 309.1485; found: 309.1463.
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5,6-Dimethyl-3',4'-dihydro-2"H-spiro[indene-1,1'-naphthalen]-3(2H)-one (7Ic):

GP-1 was carried out and the indanone 7Ic (66.2 mg, 48%) was furnished as a white solid
[TLC control (petroleum ether/ethyl acetate 97:3), Ri(41)=0.60, R¢(7Ic)=0.4, UV detection].

IR (neat; MIR-ATR, 4000-600 cm™): 1na=2924, 2858, 1703 (C=0), 1612, 1578, 1448,
1246, 882, 762, 730 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.55 (s, 1H, ArH), 7.15-7.05 (m, 2H, ArH), 7.04-6.95
(m, 2H, ArH), 6.62 (d, 1H, J=7.8 Hz, ArH), 3.02-2.85 (m, 3H, CH, and CH,H,CO), 2.79 (d, 1H,
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J=18.6 Hz, CH,H,CO), 2.32 (s, 3H, ArCHs), 2.27 (s, 3H, ArCHs), 2.17-1.98 (m, 2H, CH,),
1.95-1.78 (m, 2H, CH,) ppm.

3C-NMR (CDCls, 100 MHz): 6=205.9 (s, C=0), 162.2 (s, ArC), 145.6 (s, ArC), 142.4
(s, ArC), 136.8 (s, ArC), 136.7 (s, ArC), 134.7 (s, ArC), 129.0 (d, ArCH), 128.2 (d, ArCH),
126.5 (d, ArCH), 126.3 (d, ArCH), 126.2 (d, ArCH), 123.4 (d, ArCH), 56.1 (t, ArCH,CO), 46.3
(s, Ar-C-CH,CO), 39.5 (t, ArCH,), 29.8 (t, ArCH,), 21.1 (t, ArCH,), 20.8 (g, ArCHz), 19.7 (g,
ArCHjs) ppm.

HR-MS (APCI+): m/z calculated for [CooH210] =[M+H]": 277.1587; found: 277.1584.
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4,5-Dimethyl-3',4*-dihydro-2'H-spiro[indene-1,1'-naphthalen]-3(2H)-one(7’Ic):

GP-1 was carried out and the indanone 7’lc (63.5 mg, 46%) was furnished as a yellow
highly viscous liquid [TLC control (petroleum ether/ethyl acetate 97:3), Ry(41)=0.60,
R¢(7'1c)=0.50, UV detection].

IR (neat; MIR-ATR, 4000-600 cm™): 1n=2920, 2857, 1699 (C=0), 1608, 1575,
1440, 1246, 830, 725, 647 cm™,

'H-NMR (CDCls, 400 MHz): 6=7.32 (d, 1H, J=7.8 Hz, ArH), 7.20-7.05 (m, 2H, ArH),
7.00 (dd, 1H, J=8.3 and 8.3 Hz, ArH), 6.93 (d, 1H, J=7.8 Hz, ArH), 6.65 (d, 1H, J=8.3 Hz, ArH),
3.02-2.85 (m, 3H, CH; and CH,H,CO), 2.81 (d, 1H, J=18.6 Hz, CH,H,CO), 2.66 (s, 3H,
ArCHjs), 2.32 (s, 3H, ArCHjs), 2.15-1.98 (m, 2H, CH,), 1.95-1.78 (m, 2H, CH;) ppm.

3C-NMR (CDCls, 100 MHz): 6=207.3 (s, C=0), 162.8 (s, ArC), 142.6 (s, ArC), 136.8
(s, ArC), 136.5 (s, ArC), 136.4 (s, ArC), 136.3 (d, ArCH), 133.8 (s, ArC), 128.9 (d, ArCH),
128.2 (d, ArCH), 126.4 (d, ArCH), 126.1 (d, ArCH), 122.6 (d, ArCH), 56.7 (t, ArCH,CO), 45.1
(s, Ar-C-CH,CO), 39.8 (t, ArCH,), 29.8 (t, ArCH,), 21.0 (t, ArCH,), 19.0 (q, ArCHjs), 13.4 (q,
ArCHjs) ppm.

HR-MS (APCI+): m/z calculated for [CyH,10]"=[M+H]": 277.1587; found: 277.1585.

(0]
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7mb
3-(4-Methylphenyl)-3-phenylindan-1-one (7mb):

GP-2 was carried out and the indanone 7mb (144.72 mg, 97%) was furnished as yellow
colour solid, [TLC control R¢(4m)=0.60, R{(7mb)=0.40, (petroleum ether/ethyl acetate 94.6, UV
detection)].

M.p.: 70-72 °C

IR (neat; MIR-ATR, 4000-600 cm™): vnax=3024, 2921, 1711 (C=0), 1599, 1493, 1460,
1286, 1232, 1059, 815, 761, 700 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.81 (d, 1H, J=7.8 Hz, ArH), 7.58 (ddd, 1H, J=8.3, 7.3
and 1.0 Hz, ArH), 7.41 (dd, 1H, J=8.3 and 7.3 Hz, ArH), 7.38 (d, 1H, J=7.8 Hz, ArH), 7.28 (ddd,
2H, J=7.8, 6.8 and 2.0 Hz, ArH), 7.24 (d, 1H, J=8.3 and 7.3 Hz, ArH), 7.18 (dd, 2H, J=7.3 and
1.5 Hz, ArH), 7.07 (dd, 4H, J=8.3 and 7.8 Hz, ArH) 3.48 (d, 1H, J=19.1 Hz, CH,H,CO), 3.47 (d,
1H, J=19.1 Hz, CH,H,CO), 2.32 (s, 3H, ArCHzs) ppm.

BC-NMR (CDCl;, 100 MHz): §=205.1 (s, C=0), 160.1 (s, ArC), 146.9 (s, ArC), 143.7
(s, ArC), 136.2 (s, ArC), 135.7 (s, ArC), 134.7 (d, ArCH), 129.1 (d, 3C, ArCH), 128.3 (d, 3C,
ArCH), 128.0 (d, 2C, ArCH), 127.8 (d, 2C, ArCH), 126.5 (d, ArCH), 123.6 (d, ArCH), 56.1 (t,
CH,CO), 55.8 [s, Ar-C(CH,CO)CHj3], 20.8 (g, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [C,HigNaO]'=[M+Na]™: 321.1250; found:
321.1236.

7me
3-(3,4-Dimethylphenyl)-3-phenylindan-1-one(7mc):

GP-2 was carried out and the indanone 7mc (101.4 mg, 65%) was furnished as a yellow
highly viscous liquid. [TLC control (petroleum ether/ethyl acetate 95:5), R{(4m)=0.60,
R¢{(7mc)=0.45, UV detection].
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IR (neat; MIR-ATR, 4000-600 cm™): 1nax=2920, 2851, 1714 (C=0), 1600, 1459, 1445,
1229, 760, 700 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.79 (d, 1H, J=7.8 Hz, ArH), 7.58 (dd, 1H, J=7.8 and
7.8 Hz, ArH), 7.41 (dd, 1H, J=8.3 and 7.8 Hz, ArH), 7.37 (d, 1H, J=8.3 Hz, ArH), 7.32-7.11 (m,
5H, ArH), 7.03 (d, 1H, J=7.8 Hz, ArH), 6.92 (s, 1H, ArH), 6.86 (dd, 1H, J=7.8 and 2.4 Hz,
ArH), 3.47 (d, 1H, J=19.1 Hz, CH,H,CO), 3.45 (d, 1H, J=19.1 Hz, CH,H,CO), 2.22 (s, 3H,
ArCHjs), 2.18 (s, 3H, ArCHz) ppm.

3C-NMR (CDCls, 100 MHz): 6=205.3 (s, C=0), 160.2 (s, ArC), 147.0 (s, ArC), 144.2
(s, ArC), 136.6 (s, ArC), 135.7 (s, ArC), 134.9 (s, ArC), 134.7 (d, ArCH), 129.6 (d, ArCH),
129.1 (d, ArCH), 128.3 (d, 2C, 2 x ArCH), 128.0 (d, 3C, 3 x ArCH), 127.8 (d, ArCH), 126.5 (d,
ArCH), 125.4 (d, ArCH), 123.6 (d, ArCH), 56.1 (t, CH,CO), 55.8 (s, Ar-C-CH,CO), 20.0 (q,
ArCHjs), 19.2 (g, ArCHj3) ppm.

HR-MS (APCI+): m/z calculated for [Co3H2:0]"=[M+H]": 313.1587; found: 313.1585.

(6]

oy

7md
5,7-Dimethyl-3,3-diphenylindan-1-one (7md):

GP-2 was carried out and the indanone 7md (145 mg, 93%) was furnished as colorless
viscous liquid. [TLC control R{(4m)=0.60, R{(7md)=0.40, (petroleum ether/ethyl acetate 98:2,
UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11»=3029, 2922, 1711 (C=0), 1600, 1493, 1460,
1445, 1287, 1233, 1059, 818, 759, 700 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.80 (d, 1H, J=7.3 Hz, ArH), 7.53 (ddd, 1H, J=8.3, 7.3
and 1.0 Hz, ArH), 7.37 (ddd, 1H, J=8.3, 7.3 and 1.0 Hz, ArH), 7.22 (ddd, 3H, J=9.8, 7.3 and 1.0
Hz, ArH), 7.14 (dd, 1H, J=8.3 and 1.5 Hz, ArH), 7.11 (dd, 1H, J=8.8 and 1.5 Hz, ArH), 7.04 (s,
2H, ArH), 6.82 (dd, 2H, J=9.8 and 8.3 Hz, ArH), 3.84 (d, 1H, J=19.1 Hz, CH,H,CO), 3.16 (d,
1H, J=19.1 Hz, CH,H,CO), 2.29 (s, 3H, ArCH3), 1.93 (s, 3H, ArCHs) ppm.

B3C-NMR (CDCls, 100 MHz): 6=205.4 (s, C=0), 160.8 (s, ArC), 146.5 (s, ArC), 141.5
(s, ArC), 136.7 (s, ArC), 136.6 (s, ArC), 135.3 (s, ArC), 134.6 (d, ArCH), 133.5 (d, ArCH),
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129.2 (d, 2C, ArCH), 128.7 (d, 3C, ArCH), 127.8 (d, ArCH), 127.7 (d, ArCH), 126.2 (d, ArCH),
125.8 (d, ArCH), 123.6 (d, ArCH), 55.5 [s, Ar-C(CH,CO)CHs], 53.7 (t, CH,CO), 21.8 (g,
ArCHjs), 20.7 (g, ArCHjs) ppm.

HR-MS (APCI+): m/z calculated for [Co3HoNaO]'=[M+Na]™: 335.1406; found:
335.1395.

Ay

3-(2,5-Dimethylphenyl)-3-phenylindan-1-one(7me):

GP-2 was carried out and the indanone 7me (115.4 mg, 74%) was furnished as a white
semi solid [TLC control (petroleum ether/ethyl acetate 95:5), R{(4m)=0.60, R{(7me)=0.40, UV
detection].

IR (neat; MIR-ATR, 4000-600 cm™): 11a,=2922, 2853, 1712 (C=0), 1600, 1493, 1460,
1287, 1229, 815, 760 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.80 (d, 1H, J=7.8 Hz, ArH), 7.54 (dd, 1H, J=8.3 and
7.8 Hz, ArH), 7.38 (dd, 1H, J=7.8 and 7.8 Hz, ArH), 7.26 (d, 1H, J=8.3 Hz, ArH), 7.24-7.05 (m,
6H, ArH), 7.01 (d, 1H, J=7.8 Hz, ArH), 6.75 (s, 1H, ArH), 3.87 (d, 1H, J=19.1 Hz, CH,H,CO),
3.15 (d, 1H, J=19.1 Hz, CH,H,CO), 2.18 (s, 3H, ArCHg), 1.91 (s, 3H, ArCHz3) ppm.

3C-NMR (CDCls, 100 MHz): 6=205.2 (s, C=0), 160.7 (s, ArC), 146.5 (s, ArC), 144.2
(s, ArC), 135.3 (s, ArC), 134.7 (s, ArC), 134.6 (d, ArCH), 133.7 (s, ArC), 132.5 (d, ArCH),
129.3 (d, ArCH), 128.7 (d, ArCH), 128.6 (d, 2C, 2 x ArCH), 127.7 (d, ArCH), 127.6 (d, ArCH),
126.2 (d, ArCH), 126.0 (d, 2C, 2 x ArCH), 123.6 (d, ArCH), 55.7 (s, Ar-C-CH,COQ), 53.6 (t,
CH,CO), 21.5 (g, ArCHjs), 21.1 (g, ArCHj3) ppm.

HR-MS (APCI+): m/z calculated for [C,3H21:0]"=[M+H]": 313.1587; found: 313.1585.
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7na
5,6,7-Trimethoxy-3,3-diphenylindan-1-one (7na):

GP-2 was carried out and the indanone 7na (129.0 mg, 69%) was furnished as pale
yellow viscous liquid. [TLC control R¢(4n)=0.60, R¢(7na)=0.40, (petroleum ether/ethyl acetate
90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 1a=2921, 2851, 1700 (C=0), 1587, 1463, 1328,
1257, 1129, 1013, 838 cm'™.

'H-NMR (CDCls, 400 MHz): §=7.29 (ddd, 4H, J=8.3, 7.8 and 1.5 Hz, ArH), 7.22 (ddd,
2H, J=8.8, 7.3 and 1.5 Hz, ArH), 7.18 (dd, 4H, J=8.8 and 2.0 Hz, ArH), 6.46 (s, 1H, ArH), 4.07
(s, ArOMe), 3.86 (s, ArOMe), 3.78 (s, ArOMe), 3.40 (s, 2H, CH,CO) ppm.

3C-NMR (CDCls, 100 MHz): 6=200.7 (s, C=0), 159.4 (s, ArC), 157.6 (s, ArC), 151.0
(s, ArC), 146.7 (s, 2C, ArC), 140.9 (s, ArC), 128.4 (d, 3C, ArCH), 128.0 (d, 4C, ArCH), 126.5
(d, 3C, ArCH), 122.0 (s, ArC), 105.1 (d, ArCH), 62.0 (q, ArOMe), 61.3 (g, ArOMe), 56.9 (t,
CH,CO), 56.3 (g, ArOMe), 55.5 [s, Ar-C(CH,CO)CHzs] ppm.

HR-MS (APCI+): m/z calculated for [Co4H2304] © =[M+H]": 375.1591; found: 375.1579.

e S (e

7nb
5,6,7-Trimethoxy-3-(4-methylphenyl)-3-phenylindan-1-one (7nb):

GP-2 was carried out and the indanone 7nb (156.0 mg, 96%) was furnished as pale
yellow viscous liquid. [TLC control R¢(4n)=0.60, R¢(7nb)=0.40, (petroleum ether/ethyl acetate
84:16, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vn=2928, 1708 (C=0), 1603, 1512, 1251, 1159,
1033, 830 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.32 (ddd, 3H, J=7.8, 6.8 and 1.5 Hz, ArH), 7.27 (dd,
1H, J=6.8 and 1.5 Hz, ArH), 7.21 (dd, 1H, J=6.8 and 1.5 Hz, ArH), 7.10 (dd, 4H, J=8.3 and 6.8
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Hz, ArH), 6.49 (s, 1H, ArH), 4.10 (s, 3H, ArOMe), 3.89 (s, 3H, ArOMe), 3.81 (s, 3H, ArOMe),
3.42 (d, 1H, J=18.6 Hz, CH,H,CO), 3.41 (d, 1H, J=18.6 Hz, CH,H,CO), 2.35 (s, 3H, ArCHy)
ppm.

BC-NMR (CDCl;, 100 MHz): 6=200.8 (s, C=0), 159.4 (s, ArC), 157.9 (s, ArC), 151.0
(s, ArC), 146.9 (s, ArC), 143.7 (s, ArC), 140.9 (s, ArC), 136.2 (s, ArC), 129.1 (d, 2C, ArCH),
128.3 (d, 2C, ArCH), 128.0 (d, 2C, ArCH), 127.9 (d, 2C, ArCH), 126.5 (d, ArCH), 122.0 (s,
ArC), 105.1 (d, ArCH), 62.0 (g, ArOMe), 61.3 (g, ArOMe), 56.9 (t, CH,CO), 56.3 (g, ArOMe),
55.2 [s, Ar-C(CH,CO)CHjs], 20.8 (g, ArCHs) ppm.

HR-MS (APCI+): m/z calculated for [CosH2504] © =[M+H]": 389.1747; found: 389.1742.

OMe o
) e
e

Tnc
5,6,7-Trimethoxy-3-(4-methylphenyl)-3-phenylindan-1-one (7nc):

GP-2 was carried out and the indanone 7nc (123.0 mg, 61%) was furnished as pale
yellow viscous liquid. [TLC control R¢{(4n)=0.60, R¢{(7nc)=0.40, (petroleum ether/ethyl acetate
84:16, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2922, 1736 (C=0), 1703, 1586, 1480, 1238,
1101, 1045, 706, 654 cm™,

'H-NMR (CDCls, 400 MHz): 6=7.28 (ddd, 3H, J=7.8, 6.8 and 1.5 Hz, ArH), 7.24 (dd,
1H, J=6.8 and 1.5 Hz, ArH), 7.18 (dd, 1H, J=6.8 and 1.5 Hz, ArH), 7.05 (d, 1H, J=8.3 Hz, ArH),
6.94 (s, 1H, ArH), 6.89 (dd, 1H, J=7.8 and 2.0 Hz, ArH), 6.48 (s, 1H, ArH), 4.07 (s, 3H,
ArOMe), 3.86 (s, 3H, ArOMe), 3.78 (s, 3H, ArOMe), 3.39 (d, 1H, J=18.6 Hz, CH,H,CO), 3.36
(d, 1H, J=18.6 Hz, CH,H,CO), 2.22 (s, 3H, ArCHs), 2.19 (s, 3H, ArCHz) ppm.

3C-NMR (CDCls, 100 MHz): 6=201.0 (s, C=0), 159.4 (s, ArC), 158.0 (s, ArC), 151.0
(s, ArC), 147.0 (s, ArC), 144.1 (s, ArC), 141.0 (s, ArC), 136.6 (s, ArC), 134.9 (s, ArC), 129.5 (d,
ArCH), 129.1 (d, ArCH), 128.3 (d, 2C, ArCH), 128.0 (d, 2C, ArCH), 126.4 (d, ArCH), 125.4 (d,
ArCH), 122.0 (s, ArC), 105.1 (d, ArCH), 62.0 (q, ArOMe), 61.3 (g, ArOMe), 56.9 (t, CH,CO),
56.3 (g, ArOMe), 55.1 [s, Ar-C(CH,CO)CHjs], 20.0 (q,ArCHs), 19.2 (g, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [CsH2704] * =[M+H]": 403.1904; found: 403.1872.

70



L Qw0
MeO O O .

7nd
5,6,7-Trimethoxy-3-(4-methylphenyl)-3-phenylindan-1-one (7nd):

GP-2 was carried out and the indanone 7nd (119.0 mg, 59%) was furnished as white
solid, [TLC control R{4n)=0.60, R{(7nd)=0.40, (petroleum ether/ethyl acetate 84:16, UV
detection)].

M.p.: 192-194 °C

IR (neat; MIR-ATR, 4000-600 cm™): vnx=2982, 1736 (C=0), 1702, 1586, 1481, 1373,
1238, 1045, 735, 707, 654 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.24 (dd, 2H, J=7.3 and 3.0 Hz, ArH), 7.18 (d, 2H,
J=7.3 Hz, ArH), 7.12 (d, 1H, J=5.9 Hz, ArH), 7.04 (s, 1H, ArH), 6.89 (s, 2H, ArH), 6.34 (s, 1H,
ArH), 4.07 (s, 3H, ArOMe), 3.86 (s, 3H, ArOMe), 3.78 (d, 1H, J=18.6 Hz, CH,H,CO), 3.73 (s,
3H, ArOMe), 3.10 (d, 1H, J=18.6 Hz, CH,H,CO), 2.30 (s, 3H, ArCHjs), 1.90 (s, 3H, ArCHz)
ppm.

¥3C-NMR (CDCls, 100 MHz): 6=201.0 (s, C=0), 159.2 (s, ArC), 158.5 (s, ArC), 150.9
(s, ArC), 146.5 (d, ArCH), 141.7 (s, ArC), 140.7 (s, ArC), 136.8 (s, ArC), 136.6 (s, ArC), 133.5
(d, 2C, ArCH), 128.7 (s, ArC), 127.7 (d, 2C, ArCH), 126.2 (d, 2C, ArCH), 125.8 (d, ArCH),
121.7 (s, ArC), 106.2 (d, ArCH), 62.0 (g, ArOMe), 61.3 (g, ArOMe), 56.1(qg, ArOMe), 54.8 [s,
Ar-C(CH,CO)CHgs], 54.6 (t, CH,CO), 21.8 (q, ArCH3 ), 20.7 (q, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [CosH2704] " =[M+H]": 403.1904; found: 403.1869.
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CHAPTER-II

Superacid Mediated Intramolecular
Condensation: Facile Synthesis of Indenones,
Indanones, Spiro tetracyclic indanones and
Indenes

1.1 INTRODUCTION:

Among the classical reactions for the creation of C—C bond, the Friedel-Crafts reaction
turned to be one of the powerful techniques towards aromatic electrophilic substitutions.® In
particular, for the past few decades there have been numerous applications of this reaction using
different acids (Bransted/Lewis).** Particularly, the intramolecular acylation of this protocol was
found to be ideal as it constructs the carbocyclic systems, because many natural products or drug
candidates are cyclic compounds. In this regards, indanones and indenones are essential
carbocyclic compounds as they constitute in natural as well as in pharmaceutical products.
Indenes are an important class of compounds, naturally occurring indenes display a broad
spectrum of biological properties (e.g. antimicrobial, antiviral, antifungal and anticancer

activities), and have numerous applications in medicine. Substituted indene derivatives are useful
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compounds that serve as building blocks for functional materials. Some of the biologically
important natural and unnatural indanones/indenones are shown in Figure Il.1. The spiro-
cyclicindanone scaffolds are also known for their anti-mycobacterial properties, many of them
have shown comparable or even better activities than some of the first-line tuberculosis drugs.
The spiro[indene-1,1'-indane]-5,5'-diol as a new framework for estrogen receptor ligands (Figure
11.1).°

0 0 Ph
MeO 0 Me Me e \/\ o]
’ Me o= ’ o
MeO N H O’ COOEt
MeO,S N
Q (o) O \ , Me Me
_

neo-ignin O COX-2 inhibitor ! trikentramine PPARy

HO ‘
ol

[OS-689; (+)-enantiomer] antimycobacterials

Figure II.1: Naturally occurring and pharmaceutically important indanones/indene/indenones.

11.2 BACKGROUND:

Their interesting biological activities prompted organic chemists to develop new
synthetic methods for their synthesis. Of late, many methods have been developed for the
synthesis of indanones/indenones. For example, indanones were synthesized using the Friedel-
Crafts, [Rh]-catalysis® and Nazarov cyclizations.” Also, indenones were prepared by employing
the Friedel-Crafts and metal-mediated reactions.? Some notable [Pd]-catalyzed annulations for
the synthesis of indenones have been accomplished by the research groups of Larock,’
Chiusoli,® Buchwald™ and Li.}* The research group of Nagao® reported the formation of
indenones from allenyl aryl ketones upon treatment with BF3*OEt,. Liang and co-workers

disclosed the synthesis of indenones under gold catalyzed tandem rearrangement.** While, the
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research group of Ohwada reported triflic acid promoted cyclization for the synthesis of indenes
and dihydro naphthalenes.™® Womack disclosed synthesis of indanones and indenols from 2-
alkylcinnamaldehydes via intramolecular Friedel-Crafts reaction using FeCls.!® On the other
hand, Klumpp'” et al. and Fillion'® et al. reported the synthesis of indanones under Friedel-Crafts
acylation conditions. Normally, the classical intramolecular Friedel-Crafts acylation works
between an acyl halide or carboxylic acid or anhydride with an aromatic ring under acid
promoter (Lewis or Brgnsted). Lewis acid promoted intramolecular Friedel-Crafts acylation of
acyl halides are not familiar. Whereas, intramolecular acylation protocols by direct use of
carboxylic acids as carbocation equivalents suffer due to the poor leaving nature of the hydroxyl
group, hence require forceful conditions. For Meldrum’s acids, competition studies for the rate of
intramolecular acylation is determined to be tetralone>benzosuberone>indanone. Therefore,
synthesis of five-membered ketones (1-indanones) might be feasible under harsh conditions. In
addition, direct synthesis of indanones starting from esters using intramolecular Friedel-Crafts
acylation are not familiar. However, use of Meldrum’s acid for the synthesis of carbocylic
ketones under mild Friedel-Crafts conditions is very good alternative. In 2008, the research
group of Baba reported™® acylation of arenes with esters by dimethylchlorosilane and indium
tribromide. As part of our ongoing research interests in domino or sequential domino one-pot
process, very recently, we have developed a super acid promoted synthesis of indanones starting
from simple cinnamic acid esters using.?’ The generality and scope of this method has been well
studied by synthesizing numerous compounds. We also developed a practical method for the
direct synthesis of highly substituted indanones from very simple aryl isopropyl ketones and
benzaldehydes promoted by super acid.?* Some of the notable approaches have been discussed

below.

Flash vacuum pyrolyses (FVP) of benzoic 3-methyl-2-benzofurancarboxylic anhydride at
550 °C and ca. 107 torr, gave methylenebenzocyclobutenone and indenone as major and minor

products, respectively (Scheme 11.1).%?

CH,OCOPh o)
FVP
W e I
o -PhCOOH H
0,

Scheme 11.1
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Shinji Murai et al. in 1997 reported the preparation of indenones by the Ru3(CO)q»-

catalyzed reaction of aromatic imines with CO and olefins (Scheme 11.2).2

_tBu

Me NI 1) Ruz(CO);,, CO o)
H toluene, 160 °C, 12 h
+  HyC=CH, > Me
2) Silica gel, 1 day
25°C Me
82%
Scheme 11.2

Zhenfeng Xi et al. reported in 2003 one-pot formation of indene derivatives from aryl
ketones and alkynes (Scheme 11.3).%

o R
1) [Cp,Z
RETT R o= DR RiL S Me
= 2) H* =
Me
Scheme 11.3

Ohyun Kwon reported a simple and rapid method that grants access to various
functionalized indanes and indanones from readily accessible 2-iodobenzylmalonates and 2-
iodobenzoylacetates and electron-poor alkynes (Scheme 11.4).2

2
N R o 1) PPh;, MeCN, 82 °C XN R?
R . +  =—COOEt > Ry

AN R 2) Pd(OAC),, PPhg, = R®

nBuyNCI, MeCN COOEt
82°C,8h
upto 99% yield
Scheme 11.4

Akio Baba in 2008 reported Friedel-Crafts reaction system accommodating esters as
acylation reagents, in which Me,HSICl and 5-10 mol% of InBr; combination was used to

promote the acylation of various arenes (Scheme 11.5).%
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Scheme I1.5

Campaigne and Frierson reported that isopropylidene phenyl Meldrum’s acid could form
3-isopropylindenone-2-carbonylic acid after stirring in trifluoroacetic acid. Subsequent treatment
with concentrated sulfuric acid provided fused indanone-lactone. The exclusive use of H,SO4

without TFA, furnished the fused indanone-lactone directly (Scheme 11.6).%°

o_olN® o 0 ?
\|\Me TFA O’ O H,s0, o o)
= O E — —_— - =
63% OH \ OH 64% o

Me MeO Me Me Me Me Me Me

‘ H,S0, T

81%
Scheme 11.6

Stephen K. Hashmi in 2013 reported in the presence of a gold catalyst an unprecedented
oxidative cyclization of diynes. The reaction cascade is initiated by an oxygen transfer from N-
oxide onto a gold-activated alkyne. The formed a-0xo carbene is transferred across the second
alkyne vyielding a stabilized vinyl carbene/cation. Alkyl migration or sp>-CH insertion then
terminates the catalytic cycle by formation of highly substituted functionalized indanones
(Scheme 11.7).2’

Z B B 7
r | Sy 5 mol% Ph;PAUNTY, O’ X
+ ; >
S N MeCN, rt
X Me | o
Me o Me—g Me
Me Me
73-94%
Scheme 1.7
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Dattatraya H. Dethe in 2015 presented a novel FeCl; mediated formal [2+2]
cycloaddition/ring opening cascade of ortho-keto-cinnamic acid esters developed for the

synthesis of indanones (Scheme 11.8).%8

o

X COzE FeCl, (2 equiv)
B — .
o] toluene, reflux, 1 h ’ COEL

Ph Ph
87%

Scheme 11.8

P. Galatsis et al. in 1994 disclosed the synthesis of indanones under aluminum chloride

catalyzed addition of substituted benzoyl chlorides to acetylenic compounds (Scheme 11.9).%°

0 ]
AICI3 N
N G RI—=——R? — S R’
U
=
R2
43-95%
Scheme 11.9

I. V. Alabugin et al. in 2013 reported the intermolecular radical addition to the triple
bond, followed by intramolecular 5-exo-trig closure of the vinyl radical onto the tethered alkene.
This reaction provides a convenient approach to BusSn-functionalized indenes (Scheme 11.10).*°

OEt

inhibitor, Solvent

Reflux, 8h
~ - 0
O 2) 2M HCl

O X COOEt 1) Radical source o}

Scheme 11.10

Jin-Heng Li in 2010 disclosed a selective protocol for the synthesis of 2-methylene-3-
substituted-2,3-dihydro-1H-inden-1-ones and 2-benzylidene-2,3-dihydro-1H-inden-1-ones via
[Pd]-catalyzed cyclocarbonylation reactions of arynes with allyl carbonates and carbon
monoxide (CO) (Scheme 11.11).*
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G. P. Chiusoli in 1992 reported sequential oxidative additions of ortho-
alkoxycarbonylmethylene or alkylamidomethylene-substituted aryl iodides, carbon monoxide
insertion, reductive coupling with terminal alkynes, nucleophilic attack by the activated
methylene group, and protonation with metal elimination afford the title compounds in a one-pot
catalytic process (Scheme 11.12).%°

|
[Pd]
+ =Y + co —_— —
@[/X HI %\(
Scheme 11.12

In 1994 Y. Nagao, presented that the treatment of allenyl aryl ketones with BF3;*OEt;,

gave methylenebenzocyclopentenones via a new 5-endo-mode cyclization (Scheme 11.13).2

R3
R3 H R3 o) o2 CH,
BF3OEt,
—_— or
R2 “ DCM R2 on R!
17-81% R!  CH, o}

o-deriv p-deriv

Scheme 11.13
Yong-Min Liang in 2014 developed an efficient method for the synthesis of (E)-1(H)-

inden-1-ones using gold-catalyzed tandem [3,3]-propargyl ester rearrangement followed by

Michael addition under mild reaction conditions (Scheme 11.14).*
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The research group of R. C. Larock in 1993 a number of 2,3-disubstituted 1-indenones
have been prepared in fair to good yields by treating ortho-iodo or ortho-bromobenzaldehyde

with various internal alkynes in the presence of a [Pd]-catalyst (Scheme 11.15).°

o

O
[Pd]
H + R'—R? —_— > ’ R!
X base, solvent

R2
42-84%

Scheme 11.15

Tomohiko Ohwada in 2010 reported cyclization of arylacetoacetates to chemoselective

cyclization indene and dihydronaphthalene derivatives in strong acids (Scheme 11.16)."

keto cyclization n
e e COR

Me
COR 32-97%
2 .
R—: X N acid
= 07 Me cosolvent
n=1.2 o
AN (0]
L—x——» gf
ester cyclization Z n Me
Scheme 11.16

Douglas A. Klumpp in 2014 described superacid-promoted cyclodehydrations leading to
functionalized indenes from ketones. The product indenes are synthesized having N-heterocyclic

substituents (Scheme 11.17).Y
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Yanguang Wang in 2014 presented a highly efficient and convenient construction
of the spiro[indene-benzosultam] skeleton from propargylic alcohols. The reaction proceeded in
a Lewis acid catalyzed cascade process, including the trapping of allene carbocation with
sulfonamide, electrophilic cyclization, and intramolecular Friedel-Crafts alkylation. In the
presence of NIS or NBS, iodo/bromo-substituted spiro[indenebenzosultam]s could be prepared

in excellent yields (Scheme 11.18).*!

o
N oy
| /7R2 3 \/S, O
R3-N
LA
OH 3 —_— A
RS OANHR NXS or H+ el ’ X(H)
N P

R?
up to 98%

Scheme 11.18

Wei-Cheng Yuan in 2012 an efficient FeCls-catalyzed stereoselective intramolecular
tandem 1,5-hydride transfer/ring closure reaction was developed. The method allowed the
formation of structurally diverse spirooxindole tetrahydroquinolines in high yields with good to

excellent diastereoselectivity (Scheme 11.19).%?

R3 T\

i '

No g

O —R*
FeCly

/ —_—

R2 DCE, reflux
O o 5minto 72 h
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Scheme 11.19

Albert Padwa in 2007 reported the synthesis of quasi-antiaromatic 2H-indol-2-one ring
system by treating a 3-hydroxy-substituted 1,3-dihydroindol-2-one with a Lewis acid. The
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cyclization was also carried out in an intramolecular fashion to give spiro-substituted oxindoles
in good yield (Scheme 11.20).%

HO O BF3-OEt
—_—T
O CH,Cl,
N0
H
Scheme 11.20

Shunichi Hashimoto in the year of 2001 a highly efficient one-pot construction of
optically active 1,1’-spirobi[indan-3,3’-dione] derivative (up to 80% ee) has been achieved by
exploiting the double intramolecular C—H insertion reaction of dimethyl 2,2’-methylenebis(a-
diazo-B-oxobenzenepropanoate) under the influence of dirhodium(ll) tetrakis[N-phthaloyl-(R or

S)-tert-leucinate] as a catalyst (Scheme 11.21).%

ag. DMSO
120°C, 1h

Rh (Il)

up to 78%

Scheme 11.21

Takanori Matsuda in 2012 reported 1,4-Rhodium migration that occurs twice during the
course of the rhodium-catalyzed arylative ring-opening/spirocyclization reaction of (3-
arylcyclobutylidene)acetates with sodium tetraarylborates to afford ketones possessing a 1,10-

spirobiindane skeleton (Scheme 11.22).%

O e 0 D)

Scheme 11.22
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The same group reported in 2015 a spirocyclization reaction synthesizing spirocyclic 1-
indanones from phenylboronic esters, containing a pendant B-phenyl a,B-unsaturated ester
moiety. The rhodium(l)-catalyzed reaction involved, in sequence, transmetallation,
intramolecular addition to a C=C bond, 1,4-rhodium migration, intramolecular addition to a C=0

bond, and B-oxygen elimination (Scheme 11.23).%

o)

Ph
w Rh() O’
BOR), COMe .O

up to 84%

Scheme 11.23

11.3 RESULTS AND DISCUSSION:

11.3.1 Synthesis of indenones and indanones via acid mediated catalysis:

With this background, we were fascinated for the synthesis of indenones by the direct
treatment of simple cinnamic acid esters. Herein, we describe an efficient and practical method
for the synthesis of indenones using triflic acid as the promoter under Friedel-Crafts acylation
conditions. Also, unlike our previous report, the present method was applied for the synthesis of
indanones in a sequential one-pot manner. In the earlier report, for synthesis of indanones,
relatively more electron rich aromatic ring was involved in acylation step, whereas, the present
sequential strategy allows the acylation exclusively by the ring that is derived from cinnamic
acid ester, thereby limiting the external arene only to alkylation step irrespective of its reactive
nature (Scheme 11.24).
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To initiate the synthetic study, the required B-alkyl cinnamic acid ester 4 were readily
synthesized from the corresponding carbonyl compounds (benzaldehydes or corresponding
ketones) under standard Wittig-Horner-Wadsworth-Emmons conditions.
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Table I1.1: Synthesis of cinnamic acid ester 4a-4t from corresponding benzaldehydes la-1h and alkyl

aryl
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%Yields in the parentheses are isolated yields of chromatographically pure products.

As a model study, the -methyl cinnamic acid ester 4a was explored under different acids
to sort out optimized conditions and the results are as summarized in Table I1.2. Therefore,
initially our previously established conditions for the synthesis of indanones were applied on -
methyl cinnamic acid ester 4a. However, no progress was seen and led to recovery of the starting
material 4a (Table 11.2, entry 1). Almost same trend has been noticed with CHCI; and Lewis
acids (FeCl; and BF3;*OEt,) as well (Table 11.2, entries 2 to 4). Neither the product 5a nor the
starting material 4a was isolated when H,SO, and AICI; were used (Table 11.2, entries 5 to 6).
Interestingly, the expected product 5a was observed but with the double bond isomerization to
exo-cyclic position of the five membered ketone by increasing the amount of TfOH (Table 11.2,
entry 7). Interestingly, further increase of TfOH (20 equiv), gave the indenone 5a in fair yield
(Table 11.2, entry 8). Gratifyingly, the reaction with 24 equiv of TfOH, furnished the indenone 5a
in very good yield (87%, Table 11.2, entry 9). However, no progress was noticed with more
equivalents of mild Lewis acid BF3*OEt; (Table 11.2, entry 10). Significantly, the preference of
rearranged olefin bond to the exo position to ring reveals its unusual stability over the endo
double bond isomer. This present study is further supported by the previous reports for the
synthesis of indenones under various conditions, wherein the olefin bond is placed at exo

position of the ring as well.****
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Table 11.2: Optimizing conditions for the formation of indenone 5a starting from 4a.

COOEt O
©/[Me acid, sol.vent @Q
temp, time
4a 5a
Entry Acid (equiv) | Solvent(mL) | Temp (°C) | Time (h) | Yield (%)°
5a
1 TfOH (3) DCE (2) 80 12 0°
2 TfOH (3) CHCI; (2) 80 12 0°
3 FeCl; (3) DCE (2) 80 12 0°
4 BF:+OEt, (3) DCE (2) 80 12 0°
5 H,S0, (3) DCE (2) 80 12 d
6 AICI; (3) DCE (2) 80 12 _d
7 TfOH (10) DCE (2) RT 12 50%°
8 TfOH (20) DCE (2) RT 12 72%
9 TfOH (24) DCE (2) RT 8 87%
10 | BFy*OEt, (20) DCE (2) 80 12 0°

2All reactions were carried out on 95 mg (0.5 mmol) scale of 4a. Yields of chromatographically pure products.
“Only starting material 1a was recovered. Neither the product 5a nor the starting material 4a was recovered.
®Starting material 4a was also recovered.

To check the scope and generality of the method, we have applied the above established
conditions (Table 11.2, entry 9) to other B-alkyl cinnamic acid esters 4b-4t and the results are as
summarized in Table 11.3. Delightfully, the protocol was quite successful and amenable for the
systems with different substituents and gave the corresponding indenones 5a-5t with di-, tri- and
tetra-substituted exo-cyclic olefins, in very good to excellent yields (Table I1.3). It is worth
mentioning that in the case of similar aromatic systems such as phenyl/naphthyl/alkyl substituent
on the ring (5a, 5f, 5g, 50, 5p & 5q), the reaction was quite successful under established
conditions [i.e. TFOH 24 (equiv), 8 to 12 h, RT]. On the other hand, usually, the reaction with
electron rich aromatic rings (5b-5e, 5h-5n & 5r-5t) completed quickly even with low amount of
triflic acid (3 equiv). Notably, the substrate scope has been well studied with simple to electron
rich aromatic rings and with different B-alkyl substituents (methyl, ethyl, n-propyl & isopropyl)

as well. Unless otherwise noted, for each system, the reaction was explored at least two to four
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times, under varying amount of the acid and time, and the best conditions are presented in Table

1.3.

Table 11.3: Synthesis of indenones 5 via intramolecular acylation from cinnamic acid esters 4.*°

COOEt

&

4a-4t

TfOH, DCE
—_—
Temp, Time

0]
AN
=
R3 R?

5a-5t

CH,

TfOH (24 equiv)
RT, 8 h (5a, 87%)

OO

O 4 equiv)
f 66%)

I?ié

TfOH (3 equiv)
RT,1h (5k 95%)

g,

TfOH (24 equiv)
RT, 12 h (5p, 60%)

CH,

TfOH (24 equiv)
RT, 6 h (5b, 77%)

i,

TfOH (24 equiv)
RT, 12h(59 79%)

-

TfOH (3 equiv)
RT, 4 h (51, 86%)

"oy,

TfOH (24 equiv)

RT, 12 h (5q, 68%)

CH,
TfOH (24 equiv)
0 °C, 30 min (5¢c, 76%)

o

MeO : i;
CH

TfOH (3 equiv)
RT, 5 h (5h, 80%)

3

o
MeO.

MeO

Me
TfOH (3 equiv)
RT, 4 h (5m, 98%)

o)

Me
Me

TfOH (3 equiv)

0 °C to RT, 1 h (5r, 78%)

CH,

TfOH (24 equiv)
RT, 1 h (5d, 75%)

oo

TfOH (3 equiv)
0 °C to RT, 2 h (5i, 56%)

S

TfOH (3 equiv)
RT,4 h (5n 99%)

o

TfOH (3 equiv)
RT,1h (55 91%)

mos

OMe CHz
TfOH (24 equiv)
RT, 1 h (5e, 72%)

208

TfOH (3 equiv)
RT, 1 h (5], 98%)

g,

TfOH (24 equiv)
RT, 12h(50 81%)

.

TfOH (3 equiv)
RT, 1 h (5t, 98%)

3All reactions were carried out on 0.5 mmol scale of 4. ®Yields of chromatographically pure products.

In addition to the spectroscopic evidence for structural elucidation of indenones 5, the

stereochemistry of the exo-cyclic olefin is unambiguously confirmed from the single crystal X-

ray diffraction analysis of 5m.

—
|
~

Figure 11.2: X-ray crystal structure of product 5m. Thermal ellipsoids are drawn at 50% probability level.
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Figure 11.4: ®*C-NMR (100 MHz) spectrum of 5m in CDCl;

The structure of (3E)-5,6-dimethoxy-3-propylideneindan-1-one 5m was confirmed from

its spectral data. IR spectra shows the presence of strong absorption band at 1695 cm™ due to
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C=0 stretching. In the *H-NMR spectrum (Figure 11.3), presence of two singlets at & 7.09 and
7.03 due to two aromatic protons, one triplet at 6 6.03 (J=7.3 Hz) due to one olefinic proton, two
singlets at 6 3.95 and & 3.86 due to six protons of two aromatic methoxy groups, presence of one
singlet at & 3.09 due to methylene protons, one multiplet at 6 2.24-2.14 due to two protons of
methylene moiety of ethyl group, presence of one triplet at & 1.06 (J=7.3 Hz) due to three
protons of methyl moiety of ethyl group, established the structure of indenone 5m. In 14 lines
13C-NMR spectrum (Figure 11.4), presence of one quaternary carbon resonance at & 201.4
indicates the C=0 group, five quaternary carbons resonances at 6 155.5, 150.3, 146.1, 131.2 and
130.1 due to four aromatic and one olefinic carbons, three methine carbons at 6 124.3, 103.5 and
101.2 due to two aromatic and one olefinic carbons, two aromatic methoxy carbons at 6 56.1 and
56.0, two methylene carbons at 6 39.3 and 23.1, presence of one methyl carbon at & 13.8 ppm,
confirmed the structure of indenone 5m. Presence of the [M+H]® peak at m/z

[C14H1705]"=233.1170 in the mass spectrum further established the structure of indanone 5m.

97



Chlorqform -d

Te} (a2} - D O ~ © N
N [@Ne)Noe) - - o
NN tomm o) o
[ N [
1
|
(0] |
MeO.
MeO \
OMe /) —Me
Me
5t
|
|
|
|
|
ML I JU I VI S
1.00 3.16 2.04 3.053.03
H LH U (] [
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5
ppm
- . l -
Figure 11.5: "H-NMR (400 MHz) spectrum of 5t in CDCl;
Chloroform-d
< (] ~ o™ 0 o << o '
3] - (s Nep) fee] n ~O [ee) o O n O n
) o — o o 1< N N M 0 ™~
[e2] [T} wn < < ™ NN o ~ — — O o < -
— i — - - — — N~ © O < NN
| [ | [ =l | [
o]
MeO.
MeO \
OMe /) —Me
Me
5t
! | !
| )
|
| | [
| | |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

Figure 11.6: **C-NMR (100 MHz) spectrum of 5t in CDCl,

The structure of 4,5,6-trimethoxy-3-(1-methylethylidene)indan-1-one 5t was confirmed

from its spectral data. IR spectra shows the presence of strong absorption band at 1769 cm™ due

to C=0 stretching. In the 'H-NMR spectrum (Figure 11.5), presence of one singlet at & 7.03 due
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to one aromatic proton, three singlets at 6 4.01, 3.95 and 3.86 due to nine protons of three
aromatic methoxy groups, presence of one singlet at 6 3.17 due to two protons of a methylene
group, presence of two singlets at 62.16 and 1.92 due to six protons of two methyl groups,
established the structure of indenone 5t. In 15 lines *C-NMR spectrum (Figure 11.6), presence of
one quaternary carbon resonance at 6 199.3 indicates the C=0 group, seven quaternary carbons
resonances at 6 159.1, 151.4, 148.3, 140.9, 130.6, 125.7 and 124.0 due to six aromatic and one
olefinic carbons, one aromatic methine carbon at 6 102.9, three aromatic methoxy carbons at &
61.9, 61.4 and 56.1, one methylene carbon at & 43.6, presence of two methyl carbons at 6 25.0
and 21.8 ppm, confirmed the structure of indenone 5t. Presence of the [M+H]" peak at m/z
[C15H1904]'=263.1275 in the mass spectrum further established the structure of indanone 5t.

Furthermore, to extend the method, the synthesis of substituted indanones containing
quaternary carbon atom was planned, in a sequential one-pot manner. It was anticipated that
treatment of in-situ generated indenone with an external arene would deliver indanones in a

complimentary mode to our previous method for the synthesis of indanones (Scheme 11.25).

our previous report: relatively more electron rich arene
involved in the acylation step.

CO,Et e

| =
B R? TioH
"

R!

arene from the cinnamic acid esters exclusively partcipate
in the acylation step and limits the external arene only to
alkylation step irrespective of its electron poor/rich nature.

| 2 N
XM X | SR
\ e TfOH | Z R
INF I
R’ R’
sequential one-pot

Scheme 11.25 Comparing the technical differences between the present and previous results.
Gratifyingly, as expected, the sequential one-pot protocol was found successful and

furnished the corresponding indanones 7a-7j (Table 11.4). Significantly, unlike our previous

method for the synthesis of indanones (in which the relatively more electron rich aromatic ring
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selectively participated in the Friedel-Crafts acylation step), the present method limits the
external arene to only Friedel-Crafts alkylation irrespective of its electron poor/rich nature.
However, the reaction was smooth for simple acetophenone derived cinnamic acid esters, but in
case of higher B-alkyl cinnamic acid esters, the reaction was not successful. This may be due to
more thermodynamic stability of more substituted double bond of the intermediate indenone 5.

On the other hand, forceful conditions led to the decomposition of the reaction mixture.

Table 11.4: Synthesis of indanones 5 from cinnamic acid esters 4 via intramolecular acylation and
intermolecular arylation.*®

COOEt

| 0 2 {
R 6a-6g A
R A Me TfOH (3 to 24 equiv) R0 A = R P
= DCE,RT,1t012h = RT,2t024 h
Me
CH, 2
4a, 4b, 4d & 4e 5a, 5b, 5d & 5e 7a-7j
(0]
MeO
a (85%) b (72%) 71% d (79%) 7e (80%)
o 0 o 0 MeO o
MeO MeO. MeO
CD) L) v TL) D) O
MeO MeO MeO MeO
Me O OMe Me O OMe Me O Me Me O OMe Me OMe
OMe OMe Me OMe SMe
7 (77%) 79 (70%) 7h (81%) 7i (70%) 7j (80%)

3All reactions were carried out on 0.5 mmol scale of 4. Yields of chromatographically pure products 7.
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Figure 11.8: *C-NMR (100 MHz) spectrum of 7c in CDCl,

The structure of 3-(3,4-dimethylphenyl)-3-methylindan-1-one 7¢ was confirmed from its
spectral data. IR spectra shows the presence of strong absorption band at 1712 cm™ due to C=0

stretching. In the *H-NMR spectrum (Figure 11.7), presence of one doublet at & 7.79 (J=7.8 Hz)
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due to one aromatic proton, one doublet of doublet of doublets at 6 7.58 (J=7.8, 7.3 and 1.5 Hz)
due to one aromatic proton, one doublet of doublets at & 7.41 (J=7.3 and 7.3 Hz) due to one
aromatic proton, presence of two doublets at & 7.30 (J=7.8 Hz) and 7.06 (J=7.8 Hz) due to two
aromatic protons, one doublet of doublets at 6.94 (J=8.3 and 3.0 Hz) due to two aromatic
protons, presence of two doublets at 6 3.01 (J=18.6 Hz) and & 2.88 (J=18.6 Hz) due to two
protons of methylene group, presence of three singlets at 6 2.22, 2,21 and 1.8 due to nine protons
of three methyl groups, established the structure of indanone 7c. In 18 lines **C-NMR spectrum
(Figure 11.8), presence of one quaternary carbon resonances at 6 206.1 indicates the C=0 group,
five quaternary carbons resonances at 6 163.1, 144.7, 136.6, 135.6 and 134.6 due to aromatic
carbons, seven aromatic methine carbons at 6 135.2, 129.6, 127.6, 127.5, 125.5, 123.5 and 123.2,
one methylene carbon at 5 55.8, quaternary carbon at 6 45.6, presence of three methyl carbons at
§28.3, 19.9 and § 19.2.0 ppm, confirmed the structure of indanone 7c. Presence of the [M+H]"
peak at m/z [CigH190]7=251.1429 in the mass spectrum further established the structure of
indanone 7c.

A plausible reaction mechanism for the formation of indenones 5 and indanones 7 is
shown in Scheme 11.26. Initially, the protic acid could activate and isomerize the ketone group of
the ester 4 to yield the equilibrating structures A, B, deprotanation of intermediate B would be
form resonance structures C and D. Intramolecular acylation of D and rearomatization leads to

the indenone 5. Further, in-situ treatment of indenone 5 with an external arene 6 affords

indanone 7.
@
o OH OH OH
OEt ~ “OEt SO
CoEt g k& ol R R?
H N R2 R N 3 TN
N R2 > R0 == Rtd R  » R14 R
R _ ¥ ~ H »Z R
4 A B (o]
)
He
N D
4 N
Ry J ¢® 2 EtO)
1_N N R2
-« R - NS
¥ Rt RS
=
in-situ treatment of 5 R2
with external arene 6 R2
5 D

Scheme 11.26: Plausible reaction mechanism for the formation of indenones 5 and indanones 7.
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11.3.3 Synthesis of spirotetracyclic indanone and indenes via one-pot acid

catalysis:

After successful accomplishment of indenones 5, and indanones 7, through acid catalysis,
further we became interested in checking the outcome, when the ester moiety has pendant aryl
groups 12. The requisite pendant B-aryl o,B-unsaturated ester 12 derivatives were readily
obtained in three reaction steps starting from benzaldehydes 8. Thus, addition of
vinylmagnesium bromide Grignard reagent to the benzaldehydes 8a-8i, gave the corresponding
allyl alcohols 9a-9i in excellent yields (76-89%, Table 11.5). The Jeffrey-Heck coupling of the
allyl alcohols 9 with iodo arenes 10, furnished the 1,3-diphenylpropan-1-ones 11a-11p in good
to very good yields (65-79%). Finally, the pendant B-aryl a,B-unsaturated esters 12 were readily
synthesized from the corresponding carbonyl compounds (ketones) using standard Wittig-

Horner-Wadsworth-Emmons conditions in excellent yields (84-96%, Table I1.5).
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Table
benzaldehydes 8a-8i.%

X
1 R2 10
CHO _~~ OH @
Rl S # "MgBr N F Pd(OAC),ITEA
T —» 1 [
Z R
THF, 0-rt P

9

—_— »
Dry ACN, 80 °C

X
/
\l/

3

A
Py
N

\

TEPA, NaH
B —
THF, Reflux

I1.5: Synthesis of pendant B-aryl a,B-unsaturated esters 12a-12p from corresponding

COOEt

-
N

H
CHO ©

ql.
%
g

8a 9a (86%)
CHO OH
o g
8a 9a (86%)
CHO OH
X o~
M
© Me

8b 9b (89%)
CHO oH
/©/ /@)\/
Me Me
8c 9c (82%)
CHO OH
Et Et
8d 9d (82%)
CHO OH
Et Et
8d 9d (82%)
OH

CHO

5
5
E\
5
5
%
(@]
W
5
5
%j
W

CHO

=
o
%‘2 5

©
©

=

®

i\

-
(]

9e (78%)

OH
CHO
MeO

;
%

(=]
b4

9f (80%)

11a (78%)

;o

g

[)

11b (72%)

%
{3

11c (76%)

3
i

11d (78%)

3

11e (70%)

m
; |
<

[}

11 (70%)

11g (72%)

<
®
<
o
o
<

11h (76%)

=
@
o)
30
=<
@
30_\

11i (79%)

[)

<
[
|
© j
<
©

COOEt

12a (92%)

COOEt

12b (96%)

COOEt

12¢ (90%)
COOEt

12d (96%)

COOEt

12e (92%)

COOEt

m
<

o

12 (92%)
COOEt

129(84%)
COOEt

12h (86%)

COOEt

12i (92%)



Meo\©/CHO

CHO
Cl
8h
CHO
Br/©/
8i

MeO.

C

Cl

C

B

=

OH

t

9g (80%)

OH

:
zo
i

9h (87%)

OH

2
I

9h (87%)

OH

!
zo
¥

9i (86%)

OH

%

9i (86%)

OH

!
3

9i (76%)

OH

%

9j (76%)

o

|

MeO l

11j (65%)

11k (78%)

111 (70%)

11m (68%)

i

cl
11n (72%)

110 (71%)

@
}O

11p (74%)

COOEt
MeO

12j (90%)

COOEt

12k (94%)

COOEt

121 (91%)

COOEt

12m (90%)

COOEt

cl
12n (92%)

COOEt

120 (90%)

COOEt

i

Br
12p (94%)

®Yields in the parentheses are isolated yields of chromatographically pure products.
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Figure 11.9: "H-NMR (400 MHz) spectrum of 12j in CDCls
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Figure 11.10: *C-NMR (100 MHz) spectrum of 12j in CDCl,

The structure of ethyl (2E)-3-(3-methoxyphenyl)-6-phenylhex-2-enoate 12j was
confirmed from its spectral data. IR spectra shows the presence of strong absorption band at

1712 cm™ due to C=0 stretching. In the *H-NMR spectrum (Figure 11.9), presence of two
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multiplets at 6 7.29-7.19 and 7.17-7.09 due to six aromatic protons, presence of one doublet at
5 6.97 (J=8.3 Hz) due to one aromatic proton, presence of one doublet of doublets at & 6.89
(J=7.3 and 1.5 Hz) due to two aromatic protons, presence of one singlet at 6 6.04 due to olefinic
proton, presence of one quartet at 6 4.21 (J=7.3 Hz) due to two protons of methylene moiety of
ethyl group, presence of one singlet at 6 3.78 due to three protons of aromatic methoxy group,
presence two triplets at 6 3.13 (J=7.8 Hz) and 2.66 (J=7.8 Hz) due to four protons of two
methylene groups, presence of one multiplet at & 1.83-1.67 due to two protons of methylene
group, presence of one triplet at 5 1.30 (J=7.3 Hz) due to three protons of methyl moiety of ethyl
group, established the structure of ester 12j. In 19 lines **C-NMR spectrum (Figure 11.10),
presence of one quaternary carbon resonance at 6 166.4 indicates the C=O group, presence of
four quaternary carbons resonances at 6 160.1, 159.6, 142.7 and 142.1 due to three aromatic and
one olefinic carbons, nine aromatic methine carbons at 6 129.5, 128.4 (2C), 128.2 (2C), 125.7,
119.1, 117.7 and 114.3, one olefinic carbon at 6112.3, one aromatic methoxy carbon at
8 59.9, four methylene carbons resonances at 6 55.2, 35.8, 30.7 and 30.6, and presence of one
methyl carbon at & 14.3 ppm, confirmed the structure of ester 12j. Presence of the [M+H]" peak
at m/z [C1H2505]'=325.1798 in the mass spectrum further established the structure of ester 12j.

With the required pendant B-aryl o,p-unsaturated esters 12 in hand, the reaction was
explored to sort out the best optimized reaction conditions under various acids and the results are
summarized in Table 11.6. Thus, the pendant B-aryl o,p-unsaturated ester 12 [i.e., the major (E)-
isomer] was chosen as the model system for this study. The initial attempts either with p-TSA or
with TiCl, were unsuccessful in yielding any product (Table 11.6, entries 1, 2, 3 & 4). Whereas,
the reaction in the presence of Brgnsted superacid (TfOH) at room temperature, furnished the
expected product 14 along with indenone 13 in which the double bond was isomerized to the
exo-cyclic position of the five membered ketone. The spirocyclic 1-indanone product 14, whose
yield increased in parallel to the quantity of the acid used, subsequent increase of temperature as
well as the quantity of the Lewis acid and time, started to furnish the spirocyclic 1-indanone
product 14 with the increased yield (Table 11.6, entries 5 to 7). The reaction in the presence of
Brensted superacid (TfOH, 6 equiv), gave a promising result of 14 as an exclusive product in

very good yield (76%, Table 11.6 entry 8). On the other hand, the reaction with AICI; was
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inconclusive (Table 11.6, entry 9). Using CHCI3 as medium, gave the product in decreased yield
(Table 11.6, entry 10).

Table 11.6: Optimization conditions for the synthesis of spirocyclic 1-indanone 14.

COOEt

(0] (0]
O | O acid, solvent O’ . O’

heat \ .O
12a 13a Q 14a

Entry* | Acid (equiv) | Solvent (mL) | Temp (°C) | Time (h) | Yield (%)°
13a | l4a
1 p-TSA (2) DCE (2) Rt 12 0 | 0°
2 TiCl (2) DCM (2) Rt 24 o° | o
3 H,S04 (3) DCM (2) Rt 12 R
4 TfOH (3) DCE (2) 0-Rt 12 0 | 0
5 TfOH (3) DCE (2) Rt 12 60 | 20
6 TfOH (3) DCE (2) 50 24 20 | 40
7 TfOH (6) DCE (2) 50 24 oY | 60
8 TfOH (6) DCE (2) 50 30 07 | 76
9 AICL (3) DCE (2) 50 30 K
10 TfOH (6) CHCI; (2) 50 30 0’ | 50

3All reactions were carried out on 0.25 mmol scale of 12a (E-isomer). "Isolated yields of chromatographically pure
products. “only starting material 12a was recovered. No 13a was formed. ®Neither the product 13a and 14a nor
starting material 12a was recovered.

Among the screened conditions, the conditions mentioned in entry 8 of Table 11.6, were
best with regard to the yield of spirocyclic 1-indanone product 14. Therefore, these conditions
were applied to the other systems 12a-12j (E-isomers and E+Z-mixture of isomers) to examine
the scope and limitations. Interestingly, this optimized reaction condition proved to be amenable
for various systems possessing and furnished the cyclized products 14a-14j in very good to

excellent yields (Table 11.7).
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Table [11.7: Synthesis of spirocyclic 1-Indanones 14a-14j through acid catalyzed addition—

spirocyclization of 12a-12j.2°

TfOH/DCE
50 °C, 36h
n=1,2

CO L. (10O (1)

14a (76%) 14b (87%) 14c (78%) 14d (86%)
O Me o Me o)
Et Et
P! Do, - -
2 o™ C SN
14e (90%) 14f (84%) 149 (86%) 14h (85%)
14i (77%) 14j (78%)

3All reactions were carried out on 0.25 mmol scale of 12. "Yields of chromatographically pure products 14.
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Figure 11.12: *C-NMR (100 MHz) spectrum of 14e in CDCl,

The structure of 5-ethyl-2',3'-dihydro-1,1'-spirobi[inden]-3(2H)-one 14e was confirmed

from its spectral data. IR spectra shows the presence of strong absorption band at 1708 cm™ due
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to C=0 stretching. In the *H-NMR spectrum (Figure 11.11), presence of one singlet at & 7.61 due
to one aromatic proton, one doublet of doublets at 6 7.43 (J=7.8 and 1.5 Hz) due to one aromatic
proton, presence of one doublet at 6 7.32 (J=7.3 Hz) due to one aromatic proton, presence of one
multiplet at & 7.24-7.07 due to three aromatic protons, presence of one doublet at 6 6.79 (J=7.8
Hz) due to one aromatic proton, presence of one multiplet at 6 3.16-3.07 due to one methylene
protons, presence of two individual doublets at 6 3.00 (J=18.6 Hz) and 2.86 (J=18.6 Hz) due to
one methylene protons, presence of one quartet at 6 2.73 (J=7.8 Hz) due to two protons of
methylene moiety of ethyl group, presence of two multiplets at 5 2.55-2.43 and 2.39-2.29 due to
four protons of two methylene groups, presence of one triplet at 6 1.27 (J=7.3 Hz) due to three
protons of methyl moiety ethyl group, established the structure of spirocyclic 1-indanone 14e. In
19 lines *C-NMR spectrum (Figure 11.12), presence of one quaternary carbon resonances at &
205.9 indicates the C=0 group, five quaternary carbons resonances at 6 159.2, 149.0, 144.2,
143.2 and 136.3 due to aromatic carbons, seven aromatic methine carbons at & 135.8, 127.1
(2C), 124.8, 124.5, 122.8, and 121.7, one quaternary carbon at 6 54.1, four methylene carbons at
852.7, 42.8, 31.2 and 28.4, presence of one methyl carbon at & 15.4 ppm, confirmed the
structure of spirocyclic 1-indanone 14e. Presence of the [M+H]® peak at m/z
[C19H190]7=263.1438 in the mass spectrum further established the structure of spirocyclic 1-
indanone 14e. These structures have been further confirmed by the recent report on the synthesis

of spiro tetracyclic systems.*
In addition to the *H and *C NMR studies, the chemical structures of spiro-tetracyclic

ketones 14 were confirmed by 2D-NMR analysis such as COSY, HSQC, HMBC and NOESY
spectra:
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Figure 11.13: COSY-NMR (400 MHz) spectrum of 14f in CDCl,

Analysis Based on COSY: COSY is a useful method for determining which signals arise
from neighboring protons (usually up to four bonds). Correlations appear when there is spin-spin
coupling between protons, but where there is no coupling, no correlation is expected to appear.
The methylene signal at 6H,0=2.72 ppm (Fig.11.13) is a quartet due to coupling with three
protons of an adjacent methyl group with the coupling constant J=7.6 Hz. The methyl protons
signal at 6H;;=1.28 ppm is a triplet indicating due to two neighboring vicinal protons with the
coupling constant J=7.6 Hz. Based on the COSY spectrum, we can see that methylene protons at
dH10=2.73 ppm are in correlation with aromatic protons (6Hg=7.62 ppm, s; and 6He=7.44 ppm,
dd). Also, it was observed that the protons at 6H»0=2.23 ppm were in strong correlation between

aromatic protons at (3H15=6.60 ppm, s; and 6H16=7.03 ppm d).

112



GS-BVR-11-158-HSQC

20 1

ppm
I
|r
11 = = 115
| ]
20 ! & f-20
| 25
| i
o
10 il 11 10 7 8 91 [
I Me OQ SR
il 3
I e AT, T ’
{ 5 . 17
i s 16 35
I 13 1445 ,
l 14f b
i‘ [
’; 45
| 150
2 4 - @ ;
3 E
| -85
|
1
60
32 30 28 26 24 22 20 18 1R g4 A2 ppm

Figure 11.14: HSQC-NMR (400 MHz) spectrum of 14f in CDCl;

Analysis Based on HSQC: The HSQC (Heteronuclear Single-Quantum Correlation)
experiment permits to obtain a 2D heteronuclear chemical shift correlation map between
directly-bonded 'H and X-heteronuclear (**C, N etc.). This method provides crucial
information about which proton connected to which carbon. The 8C=21.3 ppm carbon
correlates with protons 6H2=2.24 ppm. Whereas, 6C11=15.4 ppm carbon has strong correlation
with protons 6H;,=1.28 ppm. Also, 6C10=28.5 ppm carbon shows strong correlation with protons

dH11=2.74 ppm and 6C,=52.8 ppm correlates with the protons 6H,=2.95 ppm.

113



20 ikl

GS-BVR-11-158-HMBC 10

~ ppm

{130

'R
:1"}

140
[ 150
160

L1470

1|J|e10 7 8 91
2 20
B 4.1918 . o
12 [
13 1455 16 190

200

3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 ppm

Figure 11.15: HMBC-NMR (400 MHz) spectrum of 14f in CDCl;

Analysis Based on HMBC: The HMBC (Heteronuclear Multiple Bond Correlation)
experiment gives correlations between carbons and protons that are separated by two, three and
sometimes in conjugated systems distanced by four bonds. While direct one-bond correlations
are suppressed. In HMBC spectrum, the H, protons (6H,=2.95, d, J=18.9 Hz) exhibited cross
peak with 6C;=206.1 ppm, which is suggestive that the H, protons connected C,-carbon. Also,
the same H, protons exhibited cross peaks with 6C4=159.4 and 8Cy=149.2 carbons. The
methylene protons (Hip) exhibited cross peaks with 6C;=144.2, 6Cg=135.8 and 6Cs=121.7 ppm

carbon atoms. The protons of Hyy exhibited cross peaks with 8C17,=136.3, 6C15=1281 and
8C16=123.4 ppm carbons.
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Figure 11.16: NOESY-NMR (400 MHz) spectrum of 14f in CDCl,

Based on NOESY': which is useful for determining which signals arise from protons that
are close to each other in space even if they are not bonded. From this NOESY spectrum, we can
see that methyl protons (Hi1) has strong correlation with aromatic protons (Hg & Hs). The
methylene protons (H1o) shows correlation with (Hg & Hg). The methyl protons (Hg) have strong
correlation with aromatic protons (His & Hig). Also, the H; protons are strongly correlated with
aromatic proton Hjg. Therefore, based on all the above 2D-NMR analysis, the chemical

structures of 14 were further unambiguously confirmed.
Surprisingly, when B-aryl group has electron deactivating groups such as fluoro, chloro

and bromo substitutents, the reaction took different mechanistic path and gave aryl-indenes 15 as

the final products (Table 11.8). This may be due to the low reactivity of the B-aryl moiety due to
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which it would not prefer acylation, but would rather allow the fragmentation of the ester group
followed by internal rearrangement.

Table 11.8: Synthesis of indenes 15a-15p via intramolecular acylation from pendant B-aryl a,f-
unsaturated esters 12k-12p.>"

N
COOEt I g
X D TfOH/DCE N
R'7 | R — Ro
4 Z 50 °C, 12h >
12k-12p 15k-15p

o (2
0 D ®

15k (68%) 151 (70%) 15m (76%)

L,

Cl

(2 o
LD o »

15n (78%) 150 (75%) 15p (77%)

L,

3All reactions were carried out on 0.25 mmol scale of 12. "Yields of chromatographically pure products 15.
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Figure 11.18: *C-NMR (100 MHz) spectrum of 15n in CDCls

The structure of 3-(4-chlorophenyl)-6-methyl-1H-indene 15n was confirmed from its
spectral data. IR spectra shows the presence of strong absorption band at 1487 cm™ due to C=C

stretching. In the *H-NMR spectrum (Figure 11.17), presence of one multiplet at & 7.59-7.53 due
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to two aromatic protons, presence of one multiplet at 6 7.49-7.42 due to three aromatic protons,
presence of one singlet at 5 7.38 due to one aromatic proton, presence of one doublet at 6 7.14
(J=8.3 Hz) due to one aromatic proton, presence of one triplet at 6 6.58 (J=2.0 Hz) due to one
olefinic proton, presence of one doublet at 6 3.49 (J=2.0 Hz) due to two protons of methylene
group, presence of one singlet at 6 2.45 due to three protons of one aromatic methyl group,
established the structure of indene 15n. In 14 lines *C-NMR spectrum (Figure 11.18), six
quaternary carbons resonances at & 144.0, 143.7, 141.7, 135.8, 134.6 and 133.3 due to five
aromatic and one olefinic carbons, seven aromatic methine carbons at 6 131.7, 129.0 (2C), 128.7
(2C), 125.9 and 123.9, one olefinic methine carbon at 6 120.7, one methylene carbon at & 37.8,
presence of one aromatic methyl carbon at 6 21.6 ppm, confirmed the structure of indene 15n.

Presence of the [M+H]" peak at m/z [CisH13CI]'=241.0787 in the mass spectrum further
established the structure of indene 15n.

In addition to the 'H, *C NMR studies, the chemical structures of spiro-tetracyclic

ketones 15 were confirmed by 2D-NMR analysis such as COSY, HSQC, HMBC and NOESY
spectra:
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Figure 11.19: COSY-NMR (400 MHz) spectrum of 15m in CDCl,

Analysis Based on COSY: With 'H-NMR the methylene protons signal at §H;=3.50
ppm (Fig.11.19) appears to be a doublet resulting from one proton on adjacent carbon with
smaller coupling constant J=2.2 Hz. The olefin proton signal at 6H,=6.57 ppm is a triplet
indicating two neighboring proton with small coupling constant J = 2.2 Hz connected to the
adjacent carbon atom. This is in very good agreement that in cyclopentenes the couplings of an
adjacent CH, group to the vinyl hydrogens is typically around J = 2.1 Hz. Based on the COSY
spectrum, we can see that methylene protons (6H;=3.50 ppm, d) showed strong correlation with
one olefin proton (6H»=6.56 ppm, t). Also, the methylene protons at 6H;=3.50 ppm have
engaged in correlation with aromatic proton (Hg). Although, it is not very clear, there might be a

correlation between Hy protons and the aromatic protons (Hs, Hi1 & His).
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Figure 11.20: HSQC-NMR (400 MHz) spectrum of 15m in CDCl;

Analysis Based on HSQC: This spectral analysis gave crucial information about which
proton connected which carbon atom of the compound. Aaccording to the HSQC analysis, the
Cop-carbon (5C,=131.4 ppm) correlated well with H, olefinic proton with chemical shift
dH,=6.56 ppm. Similarly, the C; carbon with chemical shift 6C;=38.25 ppm has strong
correlation with H; methylene protons (6H;=3.50 ppm).
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Figure 11.21: HMBC-NMR (400 MHz) spectrum of 15m in CDCl;

Analysis Based on HMBC: In this HMBC spectrum, the Hj protons (6H;=3.50, d, J =
2.3 Hz) exhibits a cross peak with 6C,=131.4 ppm. While the H; protons connected to C;-carbon

shows cross peaks with 6C3=143.6 ppm, 6Cs=144.1 ppm and 6Co=144.7 ppm.
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Figure 11.22: NOESY-NMR (400 MHz) spectrum of 15m in CDCl;

Based on NOESY:: This spectrum furnished some useful information that which signal
arise from protons that are close to each other in space even if they are not bonded. It is noticed
that methylene protons (6H;=3.50 ppm) have strong correlation with olefin proton (H;) with
chemical shift 8H,=6.56 ppm. Also, the methylene protons at 6H;=3.50 ppm might have some
correlation with aromatic protons (Hs, Hg, Hi1 & His). Therefore, based on all the above 2D-

NMR analysis, the chemical structures of 15 were further unambiguously confirmed.

A plausible reaction mechanism for the formation of spirocyclic indanones 14 and
indenes 15 is shown in Scheme 11.27. Initially, the protic acid could activate and isomerize the
ketone group of the esters 12 to yield the equilibrating structures A, B. Deprotonation of
intermediate B would be form resonance structures C and D. Intramolecular Friedel-Crafts
acylation of D and rearomatization leads to the indenones 13. Subsequent intramolecular Friedel-

Crafts alkylation of indenones 13 with second internal arene affords spirocyclic indanones 14.
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On the other hand, when the B-aryl moiety is relatively electron deficient than that of pedant aryl
group, the pedant arene might preferentially reacts through intramolecular Friedel-Crafts
alkylation and gives indane esters E from A or B. Since, E resonance with F the arene is not
electron rich enough to participate in intramolecular Friedel-Crafts acylation, it rather undergoes
acid mediated fragmentation to give the carbocation intermediates G via the liberation of ethyl
acetate. Now, 1,2-hydride shift of G leads to the formation of indene 15. via the intermediates G

and H, respectively.

Scheme 11.27: Plausible reaction mechanism for the formation of spirocyclic indanones 14 and
indenes 15.

Scheme 11.27

I1.4. CONCLUSIONS:

We have disclosed an efficient method for the synthesis of indenones via intramolecular
Friedel-Crafts acylation and double bond isomerization of cinnamic acid esters. Further, the
protocol was extended to the synthesis of indanones by treatment of in-situ generated indenones
with external arenes. Significantly, the present method limits the external arene only to the

Friedel-Crafts alkylation which was not possible in our previous protocol for the synthesis of
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indanones. In addition, the strategy was successfully applied to the synthesis of novel spiro-

tetracyclic indanones using pendant B-aryl a,B-unsaturated esters. On the other hand, the reaction

with relatively electron poor B-aryl moiety of the a,B-unsaturated esters, furnished indenes as end

products.

R2

\l/

10 examples
up-to 86% yeild

n=1.2

6 examples
up-to 78% yeild

o
Rt R'=RZ=H, alkyl
R2 20 examples
up-to 99% yield
o
X
R3- P R
—=\_ R?
N R4
10 examples

up-to 85% yield

R'=R?=R%=R*=H, alkyl, OMe

X
R34
=
TfOH/DCE
50 °C, 36 h TfOH, DCE
0°Ctort/” 1to12h
COOEt
|
N R
' R3 |
| | _ R2
L 1 \ .
TfOH/DCE | /—R
50°C, 12 h
TfOH, DCE
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Scheme 11.28
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11.5 EXPERIMENTAL SECTION:

Table 11.9: Compounds (4a, 4d, 4f),%° (4b, 4c, 4e),*" 4g® and 41* are known in the literature.

COOEt COOEt COOEt COOEt
| \ | \
MeO
©)iMe MeO Me <O Me Me
¢} MeO
4b 4c

4a

COOEt COOEt COOEt COOEt
| | | |
MeO Me Me Me Me
MeO ‘ ‘ Me Me Me
OMe
4e 4f 49 41

Table 11.10: Compounds (5a, 5¢, 5d)* are known in the literature.

o) o] 0
o) MeO.
o MeO

CH CH CH
52 2 5c 2 5d 2

Table 11.11: compounds (7a, 7e, 7i)® are known in the literature.

o} o} ]
D . T o 0D
O W W
Me Me Br Me OMe
MeO
7a Te i OMe

7

Table 11.12: List of arenes 6 that are employed for the preparation of indanones 7.

Me Me Br OMe OMe
o o »! o™ o
© OMe OMe
6a 6b 6c 6d 6e 6f 69

Table 11.13: compounds (14a, 14d, 14i)* are known in the literature.

o

14d

Table 11.14: compounds (15k, 15m, 15p)“ are known in the literature.

O O o

15p
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X-Ray crystal structure data for 5m: (CCDC 1408325)

Operator

K. Ravikumar

Instrument

Oxford SuperNova

Identification code

exp_3546-9-217

Empirical formula Ci3H1203
Formula weight 232.28
Temperature/K 298

Crystal system Monoclinic
Space group P2;/c

alA 9.4655(6)

b/A 15.5172(9)

c/A 8.5918(7)

a/° 90

/e 103.799(8)

v/° 90

Volume/A® 1225.52(15)

z 4

peaicglcm’ 1.2588

wmm™ 0.712

F(000) 497.6

Crystal size/mm?® 0.18x0.14 x 0.1
Radiation Cu Ko (A=1.54184)

20 range for data collection/°

9.62 10 142.12

Index ranges

-8<h<11,-16<k<18,-7<1<10

Reflections collected

4389

Independent reflections

2330 [Rint = 0.0253, Rsigma = 0.0333]

Data/restraints/parameters

2330/0/164

Goodness-of-fit on F*

1.082

Final R indexes [[>=2c (1)]

R1 =0.0545, wR, = 0.1498
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GP-1 (General Procedure for Witting-Horner-Wadsworth-Emmons reaction of ketones):

To an oven dried round bottom flask under nitrogen atmosphere charged with 60% NaH
(240 mg, 6.0 mmol), THF (10 mL) and cooled to ice temperature. Then TEPA (1.8 ml, 9.0
mmol) was added drop-wise until the solution becomes a clear solution. To the resulted ylide,
ketone 3 (360-714 mg, 3.0 mmol) was added, the reaction mixture was stirred at 0 °C for 30
minutes and then heated at 60 °C for 6 to 12 h. Progress of the reaction was monitored by TLC
until the reaction was completed. The reaction mixture was quenched by the addition of aqueous
NH,4Cl and extracted with ethyl acetate (3 x 20 mL). The combined organic layers were washed
with saturated NaCl solution, dried (Na,SO4) and concentrated under reduced pressure.
Purification of the residue by silica gel column chromatography (petroleum ether/ethyl acetate)
furnished the ester 4 (72-96%).

GP-2 (General Procedure for Friedel-Crafts Intramolecular Acylation of Cinnamic acid

esters):

To an oven dried Schlenk tube under nitrogen atmosphere, were added ester 4 (95-154
mg, 0.5 mmol) and DCE (2 mL), followed by the addition of triflic acid (0.1-1 mL, 1.5-12
mmol). The resultant reaction mixture was stirred at 0 °C-rt for 1-12 h. Progress of the reaction
was monitored by TLC until the reaction was completed. The reaction mixture was quenched by
the addition of aqueous NaHCOj3 and extracted with DCM (3 x 20 mL). The combined organic
layers were washed with saturated brine solution, dried (Na,SO4) and concentrated under
reduced pressure. Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate) furnished the indenone 5 (52-99%).

GP-3 (General Procedure for indanones):

To an oven dried Schlenk tube, were charged with ester 4 (95-140 mg, 0.5 mmol), DCE
(2 mL) and triflic acid (0.1-1 mL, 1.5-12 mmol). The resulted reaction mixture was stirred at rt
for 1-8 h. Progress of the reaction was monitored by TLC until the reaction was completed. Then
external arene 6 (0.75—6 mmol), was added and continued to stir the reaction mixture for
additional 1-12 h at rt. Progress of the reaction was monitored by TLC until the reaction was
completed. The reaction mixture was quenched by the addition of aqueous NaHCOj3; and

extracted with DCM (3 x 20 mL). The combined organic layers were washed with saturated
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NaCl solution, dried (Na,SO4) and concentrated under reduced pressure. Purification of the
residue by silica gel column chromatography (petroleum ether/ethyl acetate 90:10 to 80:20)
furnished indanone 7 (70-85%).

GP-4 (General Procedure for W.itting-Horner-Wadsworth-Emmons reaction of 1,3-
diphenylpropan-1-ones):

To an oven dried round bottom flask under nitrogen atmosphere charged with 60% NaH
(120 mg, 3.0 mmol), THF (10 mL) and cooled to ice temperature. Then TEPA (0.9 ml, 4.5
mmol) was added drop-wise until the solution becomes a clear solution. To the resulted ylide,
1,3-diphenylpropan-1-ones 11 (315-399 mg, 1.5 mmol) was added, the reaction mixture was
stirred at 0 °C for 30 minutes and then heated at 60 °C for 6 to 12 h. Progress of the reaction was
monitored by TLC until the reaction was completed. The reaction mixture was quenched by the
addition of aqueous NH,4Cl and extracted with ethyl acetate (3 x 20 mL). The combined organic
layers were washed with saturated NaCl solution, dried (Na,SO,;) and concentrated under
reduced pressure. Purification of the residue by silica gel column chromatography (petroleum

ether/ethyl acetate) furnished the pendant -aryl o,f-unsaturated ester 12 (84—96 %).

GP-5 (General Procedure for Spiro cyclic indanones):

To an oven dried Schlenk tube under nitrogen atmosphere, were added pendant B-aryl
a,B-unsaturated ester 12 (70-84 mg, 0.25 mmol) and DCE (2 mL), followed by the addition of
triflic acid (0.1 mL, 1.5 mmol). The resultant reaction mixture was stirred at 50 °C for 30 to 36 h.
Progress of the reaction was monitored by TLC until the reaction was completed. The reaction
mixture was quenched by the addition of aqueous NaHCO3 and extracted with DCM (3 x 20
mL). The combined organic layers were washed with saturated brine solution, dried (Na;SO,)
and concentrated under reduced pressure. Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate) furnished the Spiro cyclic indanone 14 (76—
90%).

GP-6 (General Procedure for indenes):
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To an oven dried Schlenk tube under nitrogen atmosphere, were added pendant B-aryl
a,B-unsaturated ester 12 (95-154 mg, 0.25 mmol) and DCE (2 mL), followed by the addition of
triflic acid (0.1 mL, 1.5 mmol). The resultant reaction mixture was stirred at 50 °C for 12 h.
Progress of the reaction was monitored by TLC until the reaction was completed. The reaction
mixture was quenched by the addition of aqueous NaHCO3 and extracted with DCM (3 x 20
mL). The combined organic layers were washed with saturated brine solution, dried (Na;SO,)
and concentrated under reduced pressure. Purification of the residue by silica gel column

chromatography (petroleum ether/ethyl acetate) furnished the indenes 15 (68—78%).

COOEt
an

Ethyl (2E)-3-(3-methoxyphenyl) pent-2-enoate (4h):

GP-1 was followed to 3h (492 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 95:5 to 90:10) furnished the ester 4h (598 mg, 85
%) as pale yellow viscous liquid. [TLC control R¢(3h)=0.40, R¢(4h)=0.60, (petroleum ether/ethyl
acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 112,=2981, 2920, 1706 (C=0), 1636, 1449, 1309,
1268, 1162, 1036, 978, 766, 711 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.25 (dd, 1H, J=7.8 and 7.8 Hz, ArH), 6.85 (dd, 1H,
J=7.8 and 2.4 Hz, ArH), 6.74 (dd, 1H, J=7.8 and 2.4 Hz, ArH), 6.68 (dd, 1H, J=2.4 and 1.5 Hz,
ArH), 5.84 (s, 1H, ArC=CH), 3.97 (q, 2H, J=6.8 Hz, OCH,CHs), 3.79 (s, 3H, ArOCH3), 2.45 (q,
2H, J=7.3 Hz, CHy), 1.07 (t, 3H, J=7.3 Hz, CH3), 1.05 (t, 3H, J=7.3 Hz, CH3) ppm.

B¥C-NMR (CDCls, 100 MHz): 6=166.1 (s, C=0), 160.6 (s, C=CH), 159.1 (s, ArC),
141.8 (s, ArC), 128.8 (d, CH), 119.4 (d, CH), 116.3 (d, CH), 112.8 (d, CH), 112.6 (d, CH), 59.7
(t, CHy), 55.1 (q, ArOCHj3), 33.2 (t, CHy), 13.9 (g, CH3), 12.0 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [Ci14H2NO3]"=[M+NH,]": 252.1594; found:
252.1594.
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Ethyl (2E)-3-(1, 3-benzodioxol-5-yl) pent-2-enoate (4i):

GP-1 was followed to 3i (534 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 95:5 to 88:12) furnished the ester 4i (681 mg, 92
%) as pale yellow viscous liquid. [TLC control R¢(31)=0.40, R¢(41)=0.60, (petroleum ether/ethyl
acetate 88:12, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11,2,=2963, 2924, 1708 (C=0), 1604, 1488, 1438,
1244, 1221, 1037, 932, 857, 807 cm™.

'H-NMR (CDCl;, 400 MHz): 6=6.95 (ddd, 2H, J=8.3, 7.8 and 2.0 Hz, ArH), 6.85 (d,
1H, J=8.3 Hz, ArH), 5.97 (s, 2H, O-CH»-0), 5.94 (s, 1H, C=CH), 4.19 (q, 2H, J=6.8 Hz,
OCH,CHpg), 3.05 (g, 2H, J=7.8 Hz, CHy), 1.29 (t, 3H, J=6.8 Hz, CH3), 1.06 (t, 3H, J=7.8 Hz,
CHs) ppm.

3C-NMR (CDCls, 100 MHz): 6=166.4 (s, C=0), 161.4 (s, C=CH), 148.3 (s, ArC),
147.9 (s, ArC), 135.1 (s, ArC), 120.7 (d, CH), 115.6 (d, CH), 108.2 (d, CH), 107.0 (d, CH),
101.3 (t, O-CH,-0), 59.7 (t, CH,), 24.3 (t, CHy), 14.3 (q, CH3), 13.6 (q, CH3) ppm.

HR-MS (APCI+): m/z calculated for C14H170,]"=[M+H]": 249.1121; found: 249.1122.

COOEt
MeO]@LMe
MeO
4

Ethyl (2E)-3-(3,4-dimethoxyphenyl) pent-2-enoate (4j):

GP-1 was followed to 3j (582 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 92:8 to 84:16) furnished the ester 4j (707 mg,
89%) as pale yellow viscous liquid. [TLC control R¢(3j)=0.45, R¢((4j)=0.60, (petroleum
ether/ethyl acetate 84:16, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 1nx=2982, 1709 (C=0), 1627, 1444, 1349, 1272,
1161, 1039, 872, 766 cm™.
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'H-NMR (CDCls, 400 MHz): 6=7.07 (dd, 1H, J=8.3 and 2.0 Hz, ArH), 6.97 (d, 1H,
J=8.3 Hz, ArH), 6.86 (d, 1H, J=2.5 Hz, ArH), 5.99 (s, 1H, C=CH), 4.21 (q, 2H, J=6.8 Hz,
OCH,CHg), 3.90 (s, 3H, ArOCHj3), 3.89 (s, 3H, ArOCHj3), 3.09 (q, 2H, J=7.3 Hz, CH,), 1.30 (t,
3H, J=6.8 Hz, CH3), 1.08 (t, 3H, J=7.8 Hz, CH3) ppm.

B3C-NMR (CDCls, 100 MHz): §=166.5 (s, C=0), 161.7 (s, C=CH), 149.9 (s, ArC),
148.8 (s, ArC), 137.5 (s, ArC), 119.5 (d, CH), 115.2 (d, CH), 110.8 (d, CH), 109.7 (d, CH), 59.7
(t, CHy), 55.9 (q, 2C, 2 x ArOCHj3), 14.3 (t, CH,), 13.8 (g, CH3) ppm.

COOEt

MeO. Me

e OMe
4K

Ethyl (2E)-3-(3,4,5-trimethoxyphenyl)pent-2-enoate (4k):

GP-1 was followed to 3k (672 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 90:10 to 84:16) furnished the ester 4k (814 mg,
92 %) as pale yellow viscous liquid. [TLC control R{(3k)=0.40, R{4k)=0.65, (petroleum
ether/ethyl acetate 84:16, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2922, 2851, 1705 (C=0), 1601, 1450, 1316,
1261, 1175, 750 cm™.,

'H-NMR (CDCls, 400 MHz): 6=6.64 (s, 2H, ArH), 5.97 (s, 1H, C=CH), 4.21 (q, 2H,
J=6.8 Hz, OCH,CHp3), 3.88 (s, 6H, 2 x ArOCH3), 3.86 (s, 3H, ArOCH3), 3.07 (q, 2H, J=7.3 Hz,
CHy), 1.31 (t, 3H, J=7.3 Hz, CH3), 1.08 (t, 3H, J=7.3 Hz, CH3) ppm.

3C-NMR (CDCl3, 100 MHz): 6=166.4 (s, C=0), 162.0 (s, C=CH), 153.1 (s, 2C, ArC),
138.7 (s, ArC), 136.8 (s, ArC), 116.3 (d, 2C, ArCH), 103.9 (d, C=CH), 60.9 (t, CH,), 59.9 (q,
ArOCHj3), 56.2 (g, 2C, 2 x ArOCHg), 24.5 (t, CH,), 14.3 (q, CH3), 13.6 (q, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CisH26NOs]"'=[M+NH,]": 312.1805; found:
312.1807.
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COOEt

|
Meo\©)/\/\ Me

a
Ethyl (2E)-3-(3-methoxyphenyl)hex-2-enoate (41):

GP-1 was followed to 3l (534 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 95:5 to 90:10) furnished the ester 41 (665 mg,
89%) as pale yellow viscous liquid. [TLC control R¢(31)=0.50, R(41)=0.65, (petroleum
ether/ethyl acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): nax=2960, 2933, 1710 (C=0), 1623, 1577, 1463,
1206, 1153, 1039, 866, 780, 696 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.26 (dd, 1H, J=7.8 and 7.8 Hz, ArH), 7.01 (dd, 1H,
J=7.8 and 1.5 Hz, ArH), 6.94 (dd, 1H, J=2.5 and 2.0 Hz, ArH), 6.89 (dd, 1H, J=8.3 and 2.0 Hz,
ArH), 6.02 (s, 1H, C=CH), 4.19 (q, 2H, J=6.8 Hz, OCH,CHj3), 3.81 (s, 3H, ArOCHg), 3.05 (t,
2H, J=7.3 Hz, CH,), 1.50-1.36 (m, 2H, CH,), 1.30 (t, 3H, J=6.8 Hz, CH3), 0.92 (t, 3H, J=7.3 Hz,
CHg) ppm.

¥C-NMR (CDCls, 100 MHz): 6=166.5 (s, C=0), 160.4 (s, C=CH), 159.6 (s, ArC),
143.0 (s, ArC), 129.4 (d, CH), 119.1 (d, CH), 117.6 (d, CH), 114.0 (d, CH), 112.5 (d, CH), 59.8
(t, CH,), 55.2 (q, ArOCHj3), 32.9 (t, CHy), 22.2 (t, CH,), 14.3 (q, CH3), 14.0 (q, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C15H2103]"=[M+H]": 249.1485; found: 249.1489.

COOEt
MeO
4m

Ethyl (2E)-3-(3,4-dimethoxyphenyl)hex-2-enoate (4m):

GP-1 was followed to 3m (624 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 90:10 to 84:16) furnished the ester 4m (756 mg,
91 %) as pale yellow viscous liquid. [TLC control R{3m)=0.50, R¢{4m)=0.65, (petroleum
ether/ethyl acetate 84:16, UV detection)].
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IR (neat; MIR-ATR, 4000-600 cm™): 11a,=2959, 2933, 1707 (C=0), 1618, 1598, 1514,
1462, 1251, 1235, 1143, 1024, 852, 807, 767 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.04 (dd, 1H, J=8.3 and 2.0 Hz, ArH), 6.95 (d, 1H, J=
2.0 Hz, ArH), 6.84 (d, 1H, J=8.3 Hz, ArH), 6.00 (s, 1H, C=CH), 4.19 (q, 2H, J=7.3 Hz,
OCH,CHg3), 3.89 (s, 3H, ArOCH3), 3.88 (s, 3H, ArOCH3), 3.04 (t, 2H, J=7.3 Hz, CH,), 1.54—
1.40 (m, 2H, CHy), 1.29 (t, 3H, J=7.3 Hz, CH3), 0.92 (t, 3H, J=7.3 Hz, CH3) ppm.

C-NMR (CDCls, 100 MHz): 6=166.6 (s, C=0), 160.2 (s, C=CH), 149.8 (s, ArC),
148.8 (s, ArC), 133.8 (s, ArC), 119.5 (d, CH), 115.9 (d, CH), 110.8 (d, CH), 109.7 (d, CH), 59.7
(t, CHy), 55.9 (q, 2C, ArOCHj3), 32.6 (t, CH,), 22.5 (t, CHy), 14.3 (q, CH3), 14.1 (q, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C16H2304] =[M+H]": 279.1591; found: 279.1591.

Ethyl (2E)-3-(3,4,5-trimethoxyphenyl)hex-2-enoate (4n):

GP-1 was followed to 3n (714 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 90:10 to 80:20) furnished the ester 4n (812 mg,
88 %) as pale yellow viscous liquid. [TLC control R{(3n)=0.50, R{4n)=0.65, (petroleum
ether/ethyl acetate 80:20, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vna=2960, 2934, 1709 (C=0), 1620, 1578,
1505, 1453, 1412, 1239, 1151, 1125, 1005, 834, 736 cm™.

'H-NMR (CDCls, 400 MHz): §=6.61 (s, 2H, ArH), 5.97 (s, 1H, C=CH), 4.18 (q, 2H,
J=7.3 Hz, OCH,CHj3), 3.85 (s, 6H, 2 x ArOCHg), 3.83 (s, 3H, ArOCHg), 3.01 (t, 2H, J=7.3 Hz,
CHy), 1.51-1.36 (m, 2H, CH_), 1.28 (t, 3H, J=7.3 Hz, CH3), 0.91 (t, 3H, J=7.3 Hz, CH3) ppm.

BC-NMR (CDCls, 100 MHz): 6=166.4 (s, C=0), 160.6 (s, C=CH), 153.0 (s, 2C, ArC),
138.7 (s, ArC), 137.1 (s, ArC), 117.0 (d, 2C, ArCH), 103.9 (d, C=CH), 60.8 (q, ArOCH3), 59.8
(t, CH,), 56.1 (q, 2C, 2 x ArOCHj3), 32.9 (t, CHy), 22.3 (t, CH,), 14.3 (q, CHs), 14.1 (q, CHa)

ppm.
HR-MS (APCI+): m/z calculated for [C17H2505]'=[M+H]": 309.1697; found: 309.1696.
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Ethyl (2E)-3-(4-ethylphenyl)-4-methylpent-2-enoate (4p):

GP-1 was followed to 3p (528 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 98:2 to 94:6) furnished the ester 4p (708 mg, 96
%) as pale yellow viscous liquid. [TLC control R¢(3p)=0.60, R¢(4p)=0.70, (petroleum ether/ethyl
acetate 94:6, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vna=2923, 2851, 1697 (C=0), 1510, 1263,
1184, 1025, 829, 757 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.14 (dd, 4H, J=8.3 and 2.5 Hz, ArH), 5.70 (s, 1H,
ArC=CH), 4.19 (q, 2H, J=6.8 Hz, OCH,CHj3), 4.16-4.05 (m, 1H, CH), 2.66 (q, 2H, J=7.3 Hz,
CH,CHj3), 1.29 (t, 3H, J=6.8 Hz, CH3), 1.24 (t, 3H, J=7.3 Hz, CH3), 1.10 (d, 6H, J=6.8 Hz, CH3)
ppm.

3C-NMR (CDCl3, 100 MHz): 6=167.2 (s, C=0), 143.6 (s, C=CH), 138.1 (s, ArC),
138.3 (s, ArC), 127.6 (d, 2C, CH), 127.2 (d, 2C, CH), 118.2 (d, CH), 59.8 (t, CH>), 29.6 (d, CH),
28.5 (t, CHy), 21.4 (q, 2C, CHj3), 15.4 (q, CH3), 14.3 (q, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C16H30,]=[M+H]": 247.1693; found: 247.1685.

Ethyl (2E)-3-(4-isopropylphenyl)-4-methylpent-2-enoate (4q):

GP-1 was followed to 3g (570 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 95:5 to 90:10) furnished the ester 4q (643 mg, 93
%) as pale yellow viscous liquid. [TLC control R¢(3q)=0.55, R¢(4q)=0.65, (petroleum ether/ethyl
acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm'l): Vnax=2924, 2854, 1714, 1456, 1282, 1252, 1172,
1108, 828 cm™.
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'H-NMR (CDCls, 400 MHz): 6=7.16 (dd, 2H, J=7.8 and 2.0 Hz, ArH), 7.03 (dd, 2H,
J=8.3 and 2.0 Hz, ArH), 5.70 (s, 1H, CH), 4.19 (q, 2H, J=7.3 Hz, OCH,CHj3), 2.95-2.85 (m, 1H,
CH,CHpg), 2.69-2.58 (m, 1H, CH,CH3), 1.29 (t, 3H, J=6.8 Hz, CH3), 1.26 (d, 6H, J=6.8 Hz,
CHs), 1.08 (d, 6H, J=6.8 Hz, CH3) ppm.

C-NMR (CDCls, 100 MHz): 6=167.2 (s, C=0), 166.3 (s, C=CH), 148.2 (s, ArC),
138.2 (s, ArC), 127.6 (d, 2C, CH), 127.2 (d, 2C, CH), 118.2 (d, CH), 59.7 (t, CH>), 37.2 (d, CH),
33.7 (d, CH), 23.9 (q, 2C, CH3), 21.4 (q, 2C, CHj3), 14.3 (g, CH3) ppm.

ar
Ethyl (2E)-3-(1,3-benzodioxol-5-yl)-4-methylpent-2-enoate (4r):

GP-1 was followed to 3r (576 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 95:5 to 90:10) furnished the ester 4r (726 mg, 92
%) as pale yellow viscous liquid. [TLC control R¢(3r)=0.50, R¢(4r)=0.60, (petroleum ether/ethyl
acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 1nax=2962, 2925, 1713 (C=0), 1628, 1503, 1487,
1468, 1369, 1223, 1174, 1164, 1038, 936, 862, 811 cm™.

'H-NMR (CDCls, 400 MHz): 6=6.74 (d, 1H, J=7.8 Hz, ArH), 6.70 (d, 1H, J=1.5 Hz
ArH), 6.68 (dd, 1H, J=7.8 and 2.0 Hz, ArH), 5.95 (s, 2H, O-CH,-0), 5.68 (s, 1H, C=CH), 4.18
(9, 2H, J=6.8 Hz, OCH,CHj3), 4.13-3.99 (m, 1H, CH), 1.28 (t, 3H, J=7.3 Hz, CH3), 1.08 (d, 6H,
J=6.8 Hz, 2 x CH3) ppm.

C-NMR (CDCls, 100 MHz): 6=166.6 (s, C=0), 166.2 (s, C=CH), 147.1 (s, ArC),
147.0 (s, ArC), 134.7 (s, ArC), 121.2 (d, CH), 118.4 (d, CH), 108.3 (d, CH), 107.7 (d, CH),
101.1 (t, O-CH;-0), 59.8 (t, CHy), 29.6 (d, CH), 21.4 (q, 2C, 2 x CHj3), 14.3 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C15H1904]=[M+H]": 263.1278; found: 263.1274.
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COOEt
MeO Me
as
Ethyl (2E)-3-(3,4-dimethoxyphenyl)-4-methylpent-2-enoate (4s):

GP-1 was followed to 3s (624 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 90:10 to 84:16) furnished the ester 4s (693 mg,
72 %) as pale yellow viscous liquid. [TLC control R{(3s)=0.50, Ry4s)=0.60, (petroleum
ether/ethyl acetate 84:16, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 1nax=2961, 2927, 1713 (C=0), 1621, 1579, 1504,
1463, 1410, 1369, 1344, 1241, 1153, 1127, 1038, 1009, 879, 840, 826 cm™.

'H-NMR (CDCls, 400 MHz): 6=6.80 (d, 1H, J=8.3 Hz, ArH), 6.78 (dd, 1H, J=8.3 and
2.0 Hz, ArH), 6.73 (d, 1H, J=2.0 Hz, ArH), 5.71 (s, 1H, C=CH), 4.19 (q, 2H, J=6.8 Hz,
OCH,CHg), 4.14-4.03 (m, 1H, CH), 3.87 (s, 3H, ArOCH3), 3.86 (s, 3H, ArOCHj3), 1.29 (t, 3H,
J=6.8 Hz, CHj3), 1.10 (d, 6H, J=6.9 Hz, 2 x CH3) ppm.

C-NMR (CDCls, 100 MHz): 6=166.8 (s, C=0), 166.3 (s, C=CH), 148.6 (s, ArC),
148.1(s, ArC), 133.6 (s, ArC), 120.1 (d, CH), 118.2 (d, CH), 111.2 (d, CH), 110.4 (d, CH), 59.8
(t, CH,), 55.9 (q, ArOCHj3), 55.8 (g, ArOCH3), 29.6 (d, CH), 21.4 (q, 2C, 2 x CHy), 14.3 (q,
CHs) ppm.

HR-MS (APCI+): m/z calculated for [C1sH2304]'=[M+H]": 279.1591; found: 279.1591.

COOEt

MeO | Me
M
MeO ©
OMe
4t

Ethyl (2E)-4-methyl-3-(3,4,5-trimethoxyphenyl)pent-2-enoate (4t):

GP-1 was followed to 3t (714 mg, 3.0 mmol) with 60% NaH (240 mg, 6.0 mmol), THF
(10 mL), TEPA (1.8 mL, 9.0 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 90:10 to 80:20) furnished the ester 4t (885 mg, 96
%) as pale yellow viscous liquid. [TLC control R¢(3t)=0.50, R¢(4t)=0.60, (petroleum ether/ethyl
acetate 80:20, UV detection)].
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IR (MIR-ATR, 4000-600 cm™): wna=2961, 2927, 1713 (C=0), 1621, 1579, 1504,
1463, 1410, 1369, 1344, 1241, 1153, 1127, 1038, 1009, 879, 840, 826 cm™.

'H-NMR (CDCls, 400 MHz): 6=6.38 (s, 2H, ArH), 5.71 (s, 1H, C=CH), 4.19 (q, 2H,
J=6.8 Hz, OCH,CHj3), 4.13-4.01 (m, 1H, CH), 3.84 (s, 9H, 3 x ArOCHj3), 1.29 (t, 3H, J=6.8 Hz,
CHs), 1.10 (d, 6H, J=6.8 Hz, 2 x CH3) ppm.

¥3C-NMR (CDCl3, 100 MHz): 6=166.9 (s, C=0), 166.2 (s, C=CH), 152.5 (s, 2C, ArC),
137.5 (s, ArC), 136.4 (s, ArC), 118.4 (d, 2C, ArCH), 105.1 (d, C=CH), 60.9 (g, ArOCHj3), 59.9
(t, CHy), 56.1 (g, 2C, 2 x ArOCHj3), 29.6 (d, CH), 21.5 (q, 2C, 2 x CH3), 14.3 (g, CHz3) ppm.

HR-MS (APCI+): m/z calculated for [C17H2505]=[M+H]": 309.1697; found: 309.1690.

O

MeO : i:i

5b CH,

5-methoxy-3-methyleneindan-1-one (5b):

GP-2 was carried out with ester 4b (110 mg, 0.5 mmol), DCE (2 mL) and triflic acid (1
mL, 12.0 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 97:3 to 94:6) furnished indenone 5b (67 mg, 77%) as pale yellow semisolid.
[TLC control R¢(4b)=0.60, R{(5b)=0.40, (petroleum ether/ethyl acetate 94:6, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 1nax=2921, 2851, 1704 (C=0), 1594, 1487, 1462,
1297, 1235, 1083, 1034, 1018, 827, 632, 611, 577 cm™.

'H NMR (CDCls, 400 MHz): 6=7.70 (d, 1H, J=8.8 Hz, ArH), 7.14 (d, 1H, J=2.0 Hz,
ArH), 6.97 (dd, 1H, J=8.8 and 2,0 Hz, ArH ), 5.79 (t, 1H, J=1.9 Hz, CH=CH,H,), 5.31 (t, 1H,
J=1.5 Hz, CH=CH,Hy), 3.91(s, 3H, ArOCHs), 3.27 (t, 2H,CH,) ppm.

3C NMR (CDCls, 100 MHz): 6=201.1 (s, C=0), 165.4 (s, ArC), 152.3 (s, ArC), 139.8
(s, ArC), 131.0 (s, ArC), 125.1 (d, ArCH), 117.7 (d, ArCH), 107.8 (t, ArCH), 103.6 (d, ArCH),
55.7 (g, ArOCHj3), 42.3(t, CH,) ppm.

HR-MS (APCI+): m/z calculated for [C11H1105]"=[M+H]": 175.0754; found: 175.0753.
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OMe [e)
MeO

MeO
CH,
5e

5,6,7-trimethoxy-3-methyleneindan-1-one (5e):

GP-2 was carried out with ester 4e (140 mg, 0.5 mmol), DCE (2 mL) and triflic acid (1
mL, 12.0 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 85:15 to 80:20) furnished indenone 5e (84 mg, 72%) as pale yellow viscous
liquid. [TLC control R{(4e)=0.70, R¢(5e)=0.40, (petroleum ether/ethyl acetate 80:20, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2925, 2851, 1702 (C=0), 1585, 1481, 1465,
1329, 1248, 1144, 1089, 1009, 838,637 cm™.

'H NMR (CDCls, 400 MHz): §=6.94 (s, 1H, ArH), 5.69 (t, 1H, J=2.0 Hz, CH=CH,Hy),
5.23 (t, 1H, J=2.0 Hz, CH=CH_Hy), 4.03 (s, 3H, ArOCH3), 3.97 (s, 3H, ArOCHj3), 3.87 (s, 3H,
ArOCHj3), 3.23 (t, 2H, J=1.5 Hz, CH;) ppm.

3C NMR (CDCl;, 100 MHz): 6=198.9 (s, C=0), 159.7 (s, C=CH,), 151.1 (s, ArC),
147.4 (s, ArC), 142.6 (s, ArC), 139.5 (s, ArC), 123.6 (s, ArC), 106.7 (t, C=CH,), 98.1 (d, ArCH),
61.3 (g, ArOCHj3), 61.4 (g, ArOCH3), 56.3 (q, ArOCHg), 47.8 (t, CH2) ppm.

HR-MS (APCI+): m/z calculated for [C13H1504]'=[M+H]": 235.0965; found: 235.0966.

(e}

ok

5
3-Methylene-2,3-dihydro-(1H)-cyclopenta[b]naphthalen-1-one (5f):

GP-2 was carried out with ester 4f (120 mg, 0.5 mmol), DCE (2 mL) and triflic acid (1
mL, 12.0 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 97:3 to 94:6) furnished indenone 5f (65 mg, 66%) as pale yellow semisolid.
[TLC control R¢(4)=0.60, R¢(5f)=0.40, (petroleum ether/ethyl acetate 94:6, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vna=2921, 2851, 1702 (C=0), 1605, 1469,
1307, 1237, 1033, 729, 696 cm™.

'H NMR (CDCl3, 400 MHz): 6=9.16 (d, 1H, J=7.8 Hz, ArH), 8.06 (d, 1H, J=8.3 Hz,
ArH), 7.88 (d, 1H, J=8.3 Hz, ArH), 7.81 (d, 1H, J=8.3 Hz, ArH), 7.68 (ddd, 1H, J=8.3, 6.8 and

138



1.0 Hz, ArH), 7.57 (ddd, 1H, J=8.3, 6.8 and 1.0 Hz, ArH), 5.91 (t, 1H, J=2.0 Hz, CH=CH_Hy),
5.40 (t, 1H, J=2.0 Hz, CH=CH_Hy), 3.40 (t, 2H, J=2.0 Hz, CH,) ppm.

13C NMR (CDCls, 100 MHz): §=203.3 (s, C=0), 151.6 (s, C=CH,), 140.0 (s, ArC),
135.9 (d, ArCH), 133.5 (s, ArC), 131.4 (s, ArC), 129.2 (d, ArCH), 129.0 (s, ArC), 128.1 (d,
ArCH), 127.2 (d, ArCH), 125.0 (d, ArCH), 118.2 (d, ArCH), 108.3 (t, C=CH,), 42.5 (t, CH,)

ppm.
HR-MS (APCI+): m/z calculated for [C14H11:0]"=[M+H]": 195.0804; found: 195.0800.

o)

\>\
Me Me

5g

(3E)-3-ethylidene-4-methylindan-1-one (59):

GP-2 was carried out with ester 4g (109 mg, 0.5 mmol), DCE (2 mL) and triflic acid (1
mL, 12.0 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 95:5 to 90:10) furnished indenone 5g (68 mg, 79 %) as brown color solid,
recrystallized the solid with dichloromethane/hexane, [TLC control Ry(4g)=0.70, R{(59)=0.50,
(petroleum ether/ethyl acetate 94:6, UV detection)].

M.p.:100-102 °C.

IR (neat; MIR-ATR, 4000-600 cm™): 112,=2922, 2852, 1707 (C=0), 1598, 1462, 1312,
1271, 1061, 797, 746 cm™.

'H NMR (CDCls, 400 MHz): 6=7.64 (d, 1H, J=7.3 Hz, ArH), 7.37 (d, 1H, J=7.3 Hz,
ArH), 7.23 (dd, 1H, J=7.3 and 1.5 Hz, ArH), 6.39-6.29 (m, 1H, CH=CHCHj3), 3.21 (s, 2H, CH,),
2.55 (s, 3H, ArCHg), 1.90 (d, 3H, J=6.8 Hz, CH=CHCH3) ppm.

3C NMR (CDCls, 100 MHz): 6=203.2 (s, C=0), 147.9 (s, ArC), 137.9 (s, C=CH), 137.3
(d, ArCH), 134.9 (s, ArC), 134.6 (s, ArC), 127.4 (d, ArCH), 123.4 (d, ArCH), 121.3 (d, ArCH),
40.3 (t, CHy), 22.0 (g, ArCHj3), 16.10 (q, CH=CHCH3) ppm.

HR-MS (APCI+): m/z calculated for [C1,H130]"=[M+H]": 173.0961; found: 173.0962.
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(3E)-3-Ethylidene-5-methoxyindan-1-one (5h):

GP-2 was carried out with ester 4h (117 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 97:3 to 94:6) furnished indenone 5h (94 mg, 80%) as colorless viscous liquid.
[TLC control R¢(4h)=0.70, R¢(5h)=0.50, (petroleum ether/ethyl acetate 94:6, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 112,=2923, 2850, 1698 (C=0), 1594, 1485, 1440,
1289, 1268, 1225, 1091, 1017, 831, 816, 628 cm™.

'H NMR (CDCls, 400 MHz): 6=7.65 (d, 1H, J=8.3 Hz, ArH), 7.05 (d, 1H, J=2.5 Hz,
ArH), 6.88 (dd, 1H, J=8.3 and 2.0 Hz, ArH), 6.33-6.22 (m, 1H, C=CHCH3), 3.88 (s, 3H,
ArOCHg), 3.15 (s, 2H, CH,), 1.86 (d, 3H, J=6.8 Hz, C=CHCH3) ppm.

3C NMR (CDCl3, 100 MHz): 6=201.1 (s, C=0), 165.3 (s, ArC), 153.2 (s, ArC), 132.8
(s, C=CH), 130.3 (s, ArC), 125.1 (d, ArCH), 119.3 (d, ArCH), 116.6 (d, ArCH), 102.9 (d,
C=CH), 55.6 (q, ArOCHj3), 40.0 (t, CHy), 15.2 (g, CH=CHCHj3) ppm.

HR-MS (APCI+): m/z calculated for [C12H1302]"=[M+H]": 189.0910; found: 189.0907.

O:C:j
<O
\Me

5i
(7E)-7-Ethylidene-6,7-dihydro-(5H)-indeno[5,6-d][1,3]dioxol-5-one (5i):

GP-2 was carried out with ester 4i (124 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 95:5 to 90:10) furnished indenone 5i (56 mg, 56%) as brown color solid.
recrystallized the solid with dichloromethane/hexane, [TLC control R¢(4i1)=0.60, R¢(5i)=0.40,
(petroleum ether/ethyl acetate 90:10, UV detection)].

M.p.: 158-160 °C

IR (neat; MIR-ATR, 4000-600 cm™): vna=2922, 2852, 1700, 1470, 1296, 1232, 1038,
941 cm™. *H NMR (CDCls, 400 MHz): 6=7.06 (s, 1H, ArH), 7.00 (s, 1H, ArH), 6.16-6.05 (m,
1H, C=CHCHj3), 6.05 (s, O-CH,-0), 3.14 (s, 2H, CH,), 1.84 (d, 3H, J=6.8 Hz, C=CHCH3) ppm.
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13C NMR (CDCls, 100 MHz): §=200.8 (s, C=0), 154.4 (s, ArC), 149.0 (s, ArC), 148.7
(d, ArC), 132.6 (s, C=CH), 132.0 (s, ArC), 117.8 (d, ArCH), 102.2 (d, ArCH), 101.8 (t, O-CH,-
0), 99.6 (d, 1H, C=CH), 39.8 (t, CHy), 15.2 (g, CH=CHCHs) ppm.

HR-MS (APCI+): calculated for [C12H1103]"=[M+H]": 203.0703; found: 203.0702.

(3E)-3-Ethylidene-5,6-dimethoxyindan-1-one (5j):

GP-2 was carried out with ester 4j (132 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 90:10 to 85:15) furnished indenone 5j (107 mg, 98%) as colorless viscous
liquid. [TLC control R¢(4j)=0.60, R¢(5j)=0.40, (petroleum ether/ethyl acetate 85:15, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2924, 2847, 1695 (C=0), 1594, 1591, 1400,
1304, 1215, 1142, 1091, 1118, 1056, 1034, 861 cm™.

'H NMR (CDCls, 400 MHz): 6=7.13 (s, 1H, ArH), 7.04 (s, 1H, ArH), 6.20-6.10 (m, 1H,
C=CHCHy3), 3.97 (s, 3H, ArOCHj3), 3.90 (s, 3H, ArOCHj3), 3.14 (s, 2H, CH,), 1.86 (d, 3H, J=6.8
Hz, C=CHCHj3) ppm.

3C NMR (CDCls, 100 MHz): 6=201.5 (s, C=0), 155.6 (s, ArC), 150.3 (s, ArC), 146.2
(s, ArC), 132.7 (s, C=CH), 130.1 (s, ArC), 117.3 (s, ArCH), 103.6 (d, ArCH), 101.2 (d, C=CH),
56.2 (g, ArOCHj3), 56.1 (g, ArOCH3), 39.4 (t, CHy), 15.2 (g, CH=CHCHg3) ppm.

HR-MS (APCI+): m/z calculated for [C13H1503]'=[M+H]": 219.1016; found: 219.1015.

OMe o)
MeO

MeO \
5k Me

(3E)-3-Ethylidene-5,6,7-trimethoxyindan-1-one (5k):
GP-2 was carried out with ester 4k (147 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1

mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 90:10 to 80:20) furnished indenone 5k (118 mg, 95%) as pale yellow solid.
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recrystallized the solid with dichloromethane/hexane, [TLC control R{(4k)=0.60, R:(5k)=0.40,
(petroleum ether/ethyl acetate 80:20, UV detection)].

M.p.: 124-126 °C.

IR (neat; MIR-ATR, 4000-600 cm™): 1ra,=2921, 2852, 1604 (C=0), 1501, 1454, 1310,
1260, 1216, 1059, 947, 859, 757 cm™.

'H NMR (CDCls, 400 MHz): §=6.85 (s, 1H, ArH), 6.23-6.14 (m, 1H, C=CHCHj3), 4.01
(s, 3H, ArOCHz3), 3.94 (s, 3H, ArOCHj3), 3.84 (s, 3H, ArOCHg), 3.12 (s, 2H, CH,), 1.84 (d, 3H,
J=7.3 Hz, C=CHCH3) ppm.

3C NMR (CDCl3, 100 MHz): 6=199.1 (s, C=0), 159.7 (s, ArC), 151.2 (s, ArC), 148.5
(s, ArC), 141.7 (s, ArC), 132.4 (s, C=CH), 122.9 (s, ArC), 118.3 (d, C=CH), 97.3 (d, ArCH),
61.9 (g, ArOCHj3), 61.4 (g, ArOCHj3), 56.2 (q, ArOCHj3), 40.2 (t, CH,), 15.2 (g, CH=CHCHj,)

ppm.
HR-MS (APCI+): m/z calculated for [C14H1704]"=[M+H]": 249.1121; found: 249.1117.

(0]

Meo%
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Me
(3E)-5-Methoxy-3-propylideneindan-1-one (5I):

GP-2 was carried out with ester 4l (124 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 95:5 to 90:10) furnished indenone 51 (87 mg, 86%) as brown color viscous
liquid. [TLC control R{(41)=0.60, R¢(51)=0.40, (petroleum ether/ethyl acetate 90:10, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 11na=2920, 2851, 1706 (C=0), 1597, 1461, 1289,
1268, 1223, 1097, 1025, 823, 761 cm™.

'H NMR (CDCls, 400 MHz): 6=7.66 (d, 1H, J=8.8 Hz, ArH), 7.07 (d, 1H, J=2.0 Hz,
ArH), 6.89 (dd, 1H, J=8.3 and 2.0 Hz, ArH), 6.24-6.17 (m, 1H, C=CHCHj3), 3.89 (s, 3H,
ArOCHgs), 3.15 (s, 2H, CH), 2.29-2.18 (m, 2H, CHCH,CH3), 1.09 (t, 3H, J=7.8 Hz,
C=CHCH,CHj3) ppm.
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13C NMR (CDCls, 100 MHz): 6=201.2 (s, C=0), 165.3 (s, ArC), 153.4 (s, ArC), 131.3
(s, C=CH), 130.4 (s, ArC), 126.5 (d, ArCH), 125.1 (d, ArCH), 116.8 (d, ArCH), 102.9 (d,
C=CH), 55.6 (g, ArOCHs3), 39.7 (t, CH,), 23.2 (t, CH,), 13.7 (g, CH=CHCH3) ppm.

HR-MS (APCI+): m/z calculated for [C13H1502]"=[M+H]": 203.1067; found: 203.1064.

MeO 7
5m Me
(3E)-5,6-Dimethoxy-3-propylideneindan-1-one (5m):

GP-2 was carried out with ester 4m (139 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 90:10 to 80:20) furnished indenone 5m (114 mg, 98%) as white solid. [TLC
control R{(4m)=0.70, R¢{(5m)=0.50, (petroleum ether/ethyl acetate 80:20, UV detection)].

M.p.: 122-124 °C.

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2924, 2852, 1695 (C=0), 1601, 1497, 1461,
1312, 1292, 1212, 1126, 1017, 855 cm™.

'H NMR (CDCl3, 400 MHz): 6=7.09 (s, 1H, ArH), 7.03 (s, 1H, ArH), 6.07-6.00 (m, 1H,
C=CHCHy3), 3.95 (s, 3H, ArOCHj3), 3.86 (s, 3H, ArOCHj3), 3.09 (s, 2H, CH,), 2.25-2.13 (m, 2H,
CHCH,CHg), 1.06 (t, 3H, J=7.3 Hz, C=CHCH,CHj3) ppm.

3C NMR (CDCls, 100 MHz): 6=201.4 (s, C=0), 155.5 (s, ArC), 150.3 (s, ArC), 146.1
(s, C=CH), 131.2 (s, ArC), 130.1 (s, ArC), 124.3 (d, ArCH), 103.5 (d, ArCH), 101.2 (d, C=CH),
56.1 (g, ArOCHg), 56.0 (g, ArOCHj3), 39.3 (t, CH>), 23.1 (t, CHy), 13.8 (g, CH=CHCHj3) ppm.

HR-MS (APCI+): m/z calculated for [C14H1703]"=[M+H]": 233.1172; found: 233.1170.

OMe o)
MeO
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(3E)-5,6,7-trimethoxy-3-propylideneindan-1-one (5n):

GP-2 was carried out with ester 4n (154 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 90:10 to 80:20) furnished indenone 5n (130 mg, 99%) as pale yellow solid.
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recrystallized the solid with dichloromethane/hexane, [TLC control R{(4n)=0.60, R:(5n)=0.40,
(petroleum ether/ethyl acetate 80:20, UV detection)].

M.p.: 96-98 °C.

IR (neat; MIR-ATR, 4000-600 cm™): 112,=2923, 2851, 1700 (C=0), 1588, 1332, 1254,
1200, 1145, 1089, 1008, 832 cm ™.

'H NMR (CDCl;, 400 MHz): 6=6.86 (s, 1H, ArH), 6.12-6.05 (m, 1H, C=CHCH,), 3.98
(s, 3H, ArOCHg3), 3.93 (s, 3H, ArOCHj3), 3.81 (s, 3H, ArOCHg), 3.10 (s, 2H, CH,), 2.23-2.12 (m,
J=7.3 Hz, CHCH,CH3), 1.05 (t, 3H, J=7.3 Hz, C=CHCH,CH3;) ppm.

3C NMR (CDCls, 100 MHz): 6=198.9 (s, C=0), 159.7 (s, ArC), 151.1 (s, ArC), 148.4
(s, ArC), 141.7 (s, ArC), 130.9 (s, C=CH), 125.3 (d, ArCH), 122.9 (s, ArC), 97.4 (d, C=CH),
61.8 (g, ArOCHj3), 61.3 (g, ArOCHj3), 56.2 (q, ArOCHg), 40.1 (t, CHy), 23.1 (t, CH,), 13.6 (q,
CH=CHCHj3) ppm.

HR-MS (APCI+): m/z calculated for [C15H1904]'=[M+H]": 263.1278; found: 263.1276.

Me : é’;
\ Me

50 Me
6-Methyl-3-(1-methylethylidene) indan-1-one (50):

GP-2 was carried out with ester 40 (116 mg, 0.5 mmol), DCE (2 mL) and triflic acid (1
mL, 12.0 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 98:2 to 94:6) furnished indanone 50 (73 mg, 78%) as brown color viscous
liquid. [TLC control R¢(40)=0.70, R{50)=0.50, (petroleum ether/ethyl acetate 94:6, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): n=2922, 2853, 1701 (C=0), 1483, 1280, 821,
748 cm™.

'H NMR (CDCls, 400 MHz): 6=7.73 (d, 1H, J=8.3 Hz, ArH), 7.58 (d, 1H, J=1.0 Hz,
ArH), 7.43 (dd, 1H, J=7.8 and 1.5 Hz, ArCH), 3.20 (s, 2H, CH,), 2.40 (s, 3H, ArCHj3), 2.17 (s,
3H, CHj3), 1.93 (s, 3H, CH3) ppm.

3C NMR (CDCl3, 100 MHz): 6=203.6 (s, C=0), 148.3 (s, ArC), 138.0 (s, ArC), 137.0
(s, ArC), 135.9 (d, ArCH), 130.8 [s, C=C(CHj3),], 125.8 [s, C=C(CHs),], 124.9 (d, ArCH), 123.6
(d, ArCH), 42.7 (t, CHy), 24.7 (q, CHs), 21.8 (g, CH3), 21.0 (g, CH3) ppm.
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HR-MS (APCI+): m/z calculated for [C13H150]'=[M+H]": 187.1117; found: 187.1111.

Mem
\ Me

Me
6-Ethyl-3-(1-methylethylidene) indan-1-one (5p):

GP-2 was carried out with ester 4p (123 mg, 0.5 mmol), DCE (2 mL) and triflic acid (1
mL, 12.0 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 98:2 to 96:4) furnished indanone 5p (60 mg, 60%) as brown color viscous
liquid. [TLC control R{(4p)=0.70, R{(5p)=0.50, (petroleum ether/ethyl acetate 96:4, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 1na=2932, 2851, 1701 (C=0), 1588, 1481, 1332,
1258, 1200, 1145, 1092, 1007, 836, 702 cm™.

'H NMR (CDCls, 400 MHz): 6=7.75 (d, 1H, J=8.3 Hz, ArH), 7.62 (d, 1H, J=1.0 Hz ,
ArH), 7.45 (dd, 1H, J=7.8 and 1.5 Hz, ArCH), 3.21 (s, 2H, CHy), 2.71 (q, 2H, J=7.3 Hz, CH,),
2.17 (s, 3H, CH3), 1.94 (s, 3H, CH3), 1.25 (t, 3H, J=7.8 Hz, CH,CH3) ppm.

3C NMR (CDCls, 100 MHz): 6=203.7 (s, C=0), 148.5 (s, ArC), 143.3 (s, ArC), 138.1
(s, ArC), 135.0 (d, ArCH), 130.8 [s, C=C(CHg);], 125.8 [s, C=C(CHs),], 125.0 (d, ArCH), 122.3
(d, ArCH), 42.7 (t, CH,), 28.4 (t, CH,), 24.7 (g, CH3), 21.8 (g, CH3), 15.3 (q, CH3) ppm.
HR-MS (APCI+): m/z calculated for [C14H17,0]"=[M+H]": 201.1274; found: 201.1267.

) Me

5q Me
6-1sopropyl-3-(1-methylethylidene) indan-1-one (5q):

GP-2 was carried out with ester 4q (130 mg, 0.5 mmol), DCE (2 mL) and triflic acid (1
mL, 12.0 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 98:2 to 96:4) furnished indenone 5qg (73 mg, 68%) as brown color viscous
liquid. [TLC control R{(4q)=0.60, R{(4q)=0.40, (petroleum ether/ethyl acetate 96:4, UV
detection)].
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IR (neat; MIR-ATR, 4000-600 cm™): vnax=2923, 2851, 1704 (C=0), 1596, 1487, 1457,
1287, 1253, 1052, 764 cm™,

'H NMR (CDCls, 400 MHz): 6=7.76 (d, 1H, J=8.3 Hz, ArH), 7.66 (d, 1H, J=2.0 Hz,
ArH), 7.50 (dd, 1H, J=8.3 and 2.0 Hz, ArCH), 3.21 (s, 2H, CH,), 3.01-2.92 (m, 1H, CH), 2.17
(s, 3H, CH3), 1.94 (s, 3H, CH3), 1.27 [d, 6H, CH(CHj3),] ppm.

13C NMR (CDCl3, 100 MHz): 6=203.8 (s, C=0), 148.7 (s, ArC), 148.0 (s, ArC), 138.1
(s, ArC), 133.8 (d, ArCH), 130.9 [s, C=C(CHs3),], 125.8 [s, C=C(CHs),], 125.1 (d, ArCH), 120.8
(d, ArCH), 42.8 (t, CH,), 33.8 (d, CH), 24.7 (q, CH3), 23.8 (q, 2C, CH3), 21.8 (q, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C15H190] =[M+H]": 215.1430; found: 215.1429.

O:C:;
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7-(1-Methylethylidene)-6,7-dihydro-5H-indeno[5,6-d][1,3]dioxol-5-one (5r):

GP-2 was carried out with ester 4r (131 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 90:10 to 85:15) furnished indenone 5r (84 mg, 78%) as brown color solid.
recrystallized the solid with dichloromethane/hexane, [TLC control R{(4r)=0.60, R¢(5r)=0.40,
(petroleum ether/ethyl acetate 85:15, UV detection)].

M.p.: 136-138 °C.

IR (neat; MIR-ATR, 4000-600 cm™): vna=2919, 2853, 1691 (C=0), 1603, 1503, 1484,
1312, 1258, 1053, 935, 874, 842 cm™.

'H NMR (CDCls, 400 MHz): §=7.24 (s, 1H, ArH), 7.14 (s, 1H, ArH), 6.07 (s, 2H, O-
CH,-0), 3.19 (s, 2H, CHy), 2.13 (s, 3H, CH3), 1.92 (s, 3H, CH3) ppm.

3C NMR (CDCl3, 100 MHz): 6=201.2 (s, C=0), 154.2 (s, ArC), 148.1 (s, ArC), 147.7
(s, ArC), 133.3 (s, ArC), 130.1 [s, C=C(CHs3),], 125.8 [s, C=C(CHz);], 104.5 (t, CH,), 102.3 (d,
2C, ArCH), 42.9 (t, CH,), 24.8 (q, CHz), 21.6 (q, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C13H1303]"=[M+H]": 217.0859; found: 217.0869.
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5,6-Dimethoxy-3-(1-methylethylidene)indan-1-one (5s):

GP-1 was carried out with ester 4s (139 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 85:15 to 80:20) furnished indenone 5s (106 mg, 91%) as white solid. [TLC
control R¢(4s)=0.60, R¢(5s)=0.40, (petroleum ether/ethyl acetate 80:20, UV detection)].

M.p.: 124-126 °C.

IR (neat; MIR-ATR, 4000-600 cm™): 11,,=2920, 2851, 1684 (C=0), 1600, 1495, 1440,
1306, 1263, 1243, 1073, 1023, 855, 837 cm™.

'H NMR (CDCls, 400 MHz): §=7.23 (s, 1H, ArH), 7.19 (s, 1H, ArH), 3.97 (s, 3H,
ArOCHj3), 3.90 (s, 3H, ArOCHg), 3.16 (s, 2H, CH,), 2.16 (s, 3H, CH3), 1.92 (s, 3H, CH3) ppm.

3C NMR (CDCl3, 100 MHz): 6=201.9 (s, C=0), 154.9 (s, ArC), 149.1 (s, ArC), 145.9
(s, ArC), 131.3 (s, ArC), 129.4 [s, C=C(CHpg)], 125.8 [s, C=C(CHj3),], 106.3 (d, ArCH), 104.0
(d, ArCH), 56.0 (q, 2C, 2 x ArOCHj3), 42.5 (t, CHy), 24.7 (g, CH3), 21.7 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C14H1703]"=[M+H]": 233.1172; found: 233.1177.

OMe o)
MeO.

MeO \

CH,
5tH,C

5,6,7-Trimethoxy-3-(1-methylethylidene)indan-1-one (5t):

GP-2 was carried out with ester 4t (154 mg, 0.5 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 90:10 to 80:20) furnished indenone 5t (128 mg, 98 %) as brown color solid.
[TLC control R¢(4t)=0.60, R¢(5t)=0.40, (petroleum ether/ethyl acetate 80:20, UV detection)].

M.p.: 138-140 °C.

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2932, 2851, 1694 (C=0), 1582, 1481, 1322,
1254, 1145, 1090, 1010, 864, 719 cm™.

'H NMR (CDCls, 400 MHz): 6=7.03 (s, 1H, ArH), 4.01 (s, 3H, ArOCHj3), 3.95 (s, 3H,
ArOCHj3), 3.86 (s, 3H, ArOCHg), 3.17 (s, 2H, CH,), 2.16 (s, 3H, CH3), 1.92 (s, 3H, CH3) ppm.
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3C NMR (CDCls, 100 MHz): §=199.3 (s, C=0), 159.1 (s, ArC), 151.4 (s, ArC), 148.3
(s, ArC), 140.8 (s, ArC), 130.6 (s, ArC), 125.7 [s, C=C(CHa),], 124.0 [s, C=C(CHz).], 102.9 (d,
ArCH), 61.9 (q, ArOCHgs), 61.4 (g, ArOCHj3), 56.1 (g, ArOCHj3), 43.6 (t, CH>), 25.0 (g, CHs3),
21.7 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C15H1904]=[M+H]": 263.1278; found: 263.1275.

[e]

)
e Me

7b

3-Methyl-3-(4-methylphenyl)indan-1-one (7b):

GP-3 was carried out with ester 4a (95 mg, 0.5 mmol), DCE (2 mL), triflic acid (1 mL,
12 mmol) and external arene 6b (552 mg, 6.0 mmol). Purification of the residue by silica gel
column chromatography (petroleum ether/ethyl acetate 98:2 to 94:6) furnished indanone 7b (85
mg, 72 %) as pale yellow viscous liquid. [TLC control R¢(4a)=0.60, R¢(7b)=0.40, (petroleum
ether/ethyl acetate 94:6, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vna=2964, 2922, 1711 (C=0), 1601, 1512,
1462, 1287, 1235, 768, 757 cm™.

'H NMR (CDCls, 400 MHz): 6=7.78 (d, 1H, J=7.8 Hz, ArH), 7.57 (ddd, 1H, J=8.8, 7.3
and 1.0 Hz, ArH), 7.40 (dd, 1H, J=7.8 and 1.0 Hz, ArH), 7.28 (d, 1H, J=7.8 Hz, ArH), 7.08 (dd,
4H, J=9.3 and 6.4 Hz, ArH), 2.95 (d, 1H, J=19.1 Hz, CH,H,CO), 2.88 (d, 1H, J=19.1 Hz,
CHH,CO), 2.30 (s, 3H, ArCHj3), 1.81 [s, 3H, Ar-C(CH,CO)CHs;] ppm.

3C NMR (CDCls, 100 MHz): 6=205.9 (s, C=0), 163.0 (s, ArC), 144.3 (s, ArC), 135.9
(s, ArC), 135.6 (s, ArC), 135.2 (d, ArCH), 129.1 (d, 2C, ArCH), 127.6 (d, ArCH), 126.0 (d, 2C,
ArCH), 125.5 (d, ArCH), 123.2 (d, ArCH), 55.7 (t, CH,CO), 45.6 (s, ArCH3CCHy,), 28.3 [q, Ar-
C(CH,CO)CHg], 20.8 (g, ArCH3) ppm.

HR-MS (APCI+): (APCI+) m/z calculated for [Ci7H170]'=[M+H]": 237.1274; found:
237.1270.
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3-(3,4-Dimethylphenyl)-3-methylindan-1-one (7c):

GP-3 was carried out with ester 4a (95 mg, 0.5 mmol), DCE (2 mL), triflic acid (1 mL,
12 mmol) and external arene 6¢ (636 mg, 6.0 mmol). Purification of the residue by silica gel
column chromatography (petroleum ether/ethyl acetate 95:5 to 92:8) furnished indanone 7c (88
mg, 71 %) as pale yellow viscous liquid. [TLC control R¢(4a)=0.60, R{(7c)=0.40, (petroleum
ether/ethyl acetate 92:8, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2919, 2850, 1712 (C=0), 1601, 1462, 1286,
1235, 769, 757 cm™.

'H NMR (CDCls;, 400 MHz): 6=7.79 (d, 1H, J=7.8 Hz, ArH), 7.58 (ddd, 1H, J=8.8, 7.3
and 1.0 Hz, ArH), 7.41 (dd, 1H, J=8.3 and 7.3 Hz, ArH), 7.30 (d, 1H, J= 7.8 Hz, ArH), 7.05 (d,
1H, J= 7.8 Hz, ArH), 6.94 (dd, 1H, J=8.3 and 3.0 Hz, ArH), 6.93 (d, 1H, J= 8.3 Hz, ArH), 2.97
(d, 1H, J=18.6 Hz, CH,H,CO), 2.88 (d, 1H, J=18.6 Hz, CHH,CO), 2.22 (s, 3H, ArCHj3), 2.21 (s,
3H, ArCHg), 1.81 [s, 3H, Ar-C(CH,CO)CHgs] ppm.

3C NMR (CDCls, 100 MHz): 6=206.1 (s, C=0), 163.1 (s, ArC), 144.7 (s, ArC), 136.6
(s, ArC), 135.6 (s, ArC), 135.2 (d, ArCH), 134.6 (s, ArC), 129.6 (d, ArCH), 127.6 (d, ArCH),
127.5 (d, ArCH), 125.5 (d, ArCH), 123.5 (d, ArCH), 123.2 (d, ArCH), 55.8 (t, CH,CO), 45.6 (s,
ArCH3;CCHy), 28.3 [g, Ar-C(CH,CO)CHjs], 19.9 (g, ArCH3), 19.2 (q, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [C1gH190] =[M+H]": 251.1430; found: 251.1429.

3-Methyl-3-(2-naphthyl)indan-1-one (7d):

GP-3 was carried out with ester 4a (95 mg, 0.5 mmol), DCE (2 mL), triflic acid (1 mL,
12 mmol) and external arene 6d (96 mg, 0.75 mmol). Purification of the residue by silica gel
column chromatography (petroleum ether/ethyl acetate 95:5 to 90:10) furnished indanone 7d
(108 mg, 79%) as pale yellow viscous liquid. [TLC control R¢(4a)=0.60, R¢(7d)=0.30, (petroleum
ether/ethyl acetate 90:10, UV detection)].

149



IR (neat; MIR-ATR, 4000600 cm™): 1imax=2964, 2918, 1707 (C=0), 1599, 1512, 1462,
1286, 1234, 818, 748 cm™.

IH NMR (CDCls, 400 MHz): 6=7.84 (d, 1H, J=7.8 Hz, ArH), 7.81-7.75 (m, 2H, ArH),
7.75 (d, 2H, J=8.8 Hz, ArH), 7.59 (ddd, 1H, J= 8.3, 7.3 and 1.0 Hz, ArH), 7.52-7.40 (m, 3H,
ArH), 7.29 (d, 1H, J=8.8 Hz, ArH), 7.18 (dd, 1H, J=8.8 and 2.5 Hz, ArH), 3.07 (d, 1H, J=19.1
Hz, CH.H,CO), 2.96 (d, 1H, J=19.1 Hz, CHH,CO), 1.94 [s, 3H, Ar-C(CH,CO)CHj3] ppm.

13C NMR (CDCls, 100 MHz): §=205.7 (s, C=0), 162.8 (s, ArC), 144.3 (s, ArC), 135.8
(s, ArC), 135.3 (d, ArCH), 133.0 (s, ArC), 131.9 (s, ArC), 128.4 (d, ArCH), 127.9 (d, ArCH),
127.8 (d, ArCH), 127.4 (d, ArCH), 126.3 (d, ArCH), 125.9 (d, ArCH), 125.6 (d, ArCH), 125.1
(d, ArCH), 124.1 (d, ArCH), 123.4(d, ArCH), 55.3 (t, CH,CO), 46.1 (s, ArCHsCCH,), 28.2 [,
Ar-C(CH,CO)CHgs] ppm.

HR-MS (APCI+): m/z calculated for [CyH170]"=[M+H]": 273.1274; found: 274.1271.

o

Me O OMe

7f OMe

3-(3,4-Dimethoxyphenyl)-3-methylindan-1-one (7f):

GP-2 was carried out with ester 4a (95 mg, 0.5 mmol), DCE (2 mL), triflic acid (1 mL,
12 mmol) and external arene 6f (103 mg, 0.75 mmol). Purification of the residue by silica gel
column chromatography (petroleum ether/ethyl acetate 95:5 to 90:10) furnished indanone 7f (99
mg, 77 %) as pale yellow viscous liquid. [TLC control R¢(4a)=0.60, R¢(7f)=0.30, (petroleum
ether/ethyl acetate 80:20, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2919, 2850, 1714 (C=0), 1519, 1463, 1258,
1145, 1027 cm™,

'H NMR (CDCls, 400 MHz): 6=7.77 (d, 1H, J=7.3 Hz, ArH), 7.59 (ddd, 1H, J=8.3, 7.3
and 1.0 Hz, ArH), 7.41 (dd, 1H, J= 7.3 and 1.0 Hz, ArH), 7.29 (d, 1H, J= 7.3 Hz, ArH), 6.76 (d,
1H, J=8.3 Hz, ArH), 6.74 (dd, 1H, J=8.3 and 2.0 Hz, ArH), 6.62 (d, 1H, J=2.0 Hz, ArH), 3.83 (s,
3H, ArOCHs), 3.74 (s, 3H, ArOCH3), 2.95 (d, 1H, J=18.6 Hz, CH.H,CO), 2.87 (d, 1H, J=18.6
Hz, CHH,CO), 1.80 [s, 3H, Ar-C(CH,CO)CHgz] ppm.

3C NMR (CDCls, 100 MHz): 6=205.9 (s, C=0), 162.9 (s, ArC), 148.8 (s, ArC), 147.6
(s, ArC), 139.9 (s, ArC), 135.6 (s, ArC), 135.2 (d, ArCH), 127.8 (d, ArCH), 125.5 (d, ArCH),
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123.3 (d, ArCH), 118.3 (d, ArCH), 110.9 (d, ArCH), 110.0 (d, ArCH), 55.9 (q, 2 x ArOCHs),
55.8 (t, CH,CO), 45.7 [s, Ar-C(CH,CO)CHs], 28.7 [q, Ar-C(CH,CO)CHs] ppm.
HR-MS (APCI+): m/z calculated for [C1gH1903] " =[M+H]": 283.1329; found: 283.1319.

0
Cr ~™

MeO
HsC O OMe

OMe
]

3-(3,4-Dimethoxyphenyl)-5-methoxy-3-methylindan-1-one (79):

GP-3 was carried out with ester 4b (110 mg, 0.5 mmol), DCE (2 mL) triflic acid (0.1 mL,
3 mmol) and external arene 6g (126 mg, 0.75 mmol). Purification of the residue by silica gel
column chromatography (petroleum ether/ethyl acetate 90:10 to 80:20) furnished indanone 7g
(171 mg, 70%) as pale yellow viscous liquid. [TLC control R¢(4b)=0.60, R¢(7g)=0.30, (petroleum
ether/ethyl acetate 80:20, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): nax=2960, 2930, 1692 (C=0), 1591, 1497, 1462,
1289, 1251, 1212, 1145, 1026, 858, 811, 732, 605 cm™.

'H-NMR (CDCls, 400 MHz): §=7.18 (s, 1H, ArH), 6.76 (dd, 2H, J=10.3 and 8.3 Hz,
ArH), 6.61 (s, 2H, ArH), 3.93 (s, 3H, ArOCH3), 3.86 (s, 3H, ArOCH3), 3.84 (s, 3H, ArOCH3),
3.75 (s, 3H, ArOCHg), 2.87 (d, 1H, J=19.1 Hz, CH,H,CO), 2.83 (d, 1H, J=19.1 Hz, CH,H,CO),
1.78 [s, 3H, Ar-C(CH,CO)CHgs] ppm.

3C-NMR (CDCls, 100 MHz): 6=204.4 (s, C=0), 158.3 (s, ArC), 155.8 (s, ArC), 149.7
(s, ArC), 148.9 (s, ArC), 147.6 (s, ArC), 140.1 (s, ArC), 128.7 (s, ArC), 118.2 (d, ArCH), 110.8
(d, ArCH), 109.9 (d, ArCH), 106.1 (d, ArCH), 103.5 (d, ArCH), 56.3 (q, ArOCH?3), 56.1 (q,
ArOCHpg), 56.0 (t, CH,CO), 55.9 (q, ArOCHg3), 55.8 (q, ArOCHg), 45.4 [s, Ar-C(CH,CO)CHg3],
28.2 [q, Ar-C(CH,CO)CH3] ppm.

HR-MS (APCI+): m/z calculated for [CoH230s5] '=[M+H]": 343.1540; found: 343.1538.

O

MeO l

MeO O
Me Me
7h Me

3-(3,4-Dimethylphenyl)-5,6-dimethoxy-3-methylindan-1-one (7h):
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GP-3 was carried out with ester 4d (125 mg, 0.5 mmol), DCE (2 mL), triflic acid (1 mL,
12 mmol) and external arene 6¢ (636 mg, 6.0 mmol). Purification of the residue by silica gel
column chromatography (petroleum ether/ethyl acetate 95:5 to 90:10) furnished indanone 7h
(125 mg, 81 %) as pale yellow viscous liquid. [TLC control R{4d)=0.50, R{(7h)=0.35,
(petroleum ether/ethyl acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): 1r=2917, 2849, 1696 (C=0), 1592, 1497, 1462,
1296, 1282, 1212, 1032 cm™.

'H NMR (CDCl3, 400 MHz): 6=7.19 (s, 1H, ArH), 7.04 (d, 1H, J=8.3 Hz, ArH), 6.92 (d,
1H, J=6.4 Hz, ArH), 6.91 (d, 1H, J= 6.4 Hz, ArH), 6.62 (s, 1H, ArH), 3.93 (s, 3H, ArOCH3),
3.85 (s, 3H, ArOCH3), 2.87 (d, 1H, J=18.6 Hz, CH,H,CO), 2.82 (d, 1H, J=18.6 Hz, CHH,CO),
2.21 (s, 3H, ArCHj3), 2.20 (s, 3H, ArCHj3), 1.78 [s, 3H, Ar-C(CH,CO)CHs;] ppm.

3C NMR (CDCl3, 100 MHz): 6=204.5 (s, C=0), 158.4 (s, ArC), 155.8 (s, ArC), 149.6
(s, ArC), 144.9 (s, ArC), 136.6 (s, ArC), 134.6 (s, ArC), 129.6 (d, ArCH), 128.8 (s, ArC), 127.4
(d, ArCH), 123.4 (d, ArCH), 106.2 (d, ArCH), 103.5 (d, ArCH), 56.3 (q, ArOCH?3), 56.2 (q,
ArOCHj3), 56.1 (t, CH,CO), 45.3 (s, ArCH3CCH,), 28.0 [gq, Ar-C(CH,CO)CHg], 20.0 (q,
ArCHjs), 19.2 (q, ArCHs) ppm.

HR-MS (APCI+): m/z calculated for [CyoH,303]=[M+H]": 311.1643; found: 311.1638.

OMe o
Meo:“ OMe
MeO ol O OMe

7
3-(3,4-Dimethoxyphenyl)-5,6,7-trimethoxy-3-methylindan-1-one (7j):

GP-3 was carried out with ester 4e (140 mg, 0.5 mmol), DCE (2 mL), triflic acid (0.1
mL, 1.5 mmol) and external arene 6f (103 mg, 0.75 mmol), was added to the reaction mixture
and stirred at rt for 1 h. Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 90:10 to 80:20) furnished indanone 7j (149 mg, 80 %) as pale
yellow viscous liquid. [TLC control R{(4e)=0.70, R¢(7j)=0.30, (petroleum ether/ethyl acetate
80:20, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vnax=2934, 2836, 1734 (C=0), 1697, 1585, 1513,
1480, 1461, 1309, 1252, 1197, 1142, 1086, 1023, 1011, 960, 901, 810, 768, 733 cm™.
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'H-NMR (CDCls, 400 MHz): 6=6.77 (dd, 2H, J=8.3 and 2.0 Hz, ArH), 6.63 (d, 1H,
J=2.0 Hz, ArH), 6.36 (s, 1H, ArH), 4.08 (s, 3H, ArOCH3), 3.85 (s, 3H, ArOCHg), 3.84 (s, 3H,
ArOCHs), 3.81 (s, 3H, ArOCHs), 3.77 (s, 3H, ArOCHj3), 2.87 (d, 1H, J=18.6 Hz, CH,H,CO),
2.80 (d, 1H, J=18.6 Hz, CH,H,CO), 1.75 [s, 3H, Ar-C(CH,CO)CHjs] ppm.

3C-NMR (CDCls, 100 MHz): 6=201.6 (s, C=0), 161.1 (s, ArC), 159.9 (s, ArC), 150.7
(s, ArC), 148.8 (s, ArC), 147.6 (s, ArC), 140.7 (s, ArC), 140.0 (s, ArC), 1.122 (s, ArC), 118.3 (d,
ArCH), 110.8 (d, ArCH), 109.9 (d, ArCH), 102.4 (d, ArCH), 61.9 (g, ArOCHj3), 61.3 (q,
ArOCHj3), 56.5 (t, CH,CO), 56.3 (g, ArOCHgs), 55.9 (g, ArOCHg3), 55.8 (g, ArOCHj3), 45.1 [s, Ar-
C(CH,CO)CHpg], 28.4 [q, Ar-C(CH,CO)CHj3] ppm.

HR-MS (APCI+): m/z calculated for [Co1H2506] '=[M+H]": 373.1646; found: 373.1635.

COOEt

o0,

12b
Ethyl (2E)-5-(4-methylphenyl)-3-phenylpent-2-enoate (12b):

GP-4 was followed to 11b (336 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 96:4) furnished the ester 12b (423 mg,
96%) as pale yellow viscous liquid. [TLC control R¢(11b)=0.40, R{(12b)=0.60, (petroleum
ether/ethyl acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm'l): Vinax= 2924, 2853, 1724, 1636, 1454, 1278, 1159,
1043, 748 cm™.,

'H-NMR (CDCls, 400 MHz): 6=7.53 (d, 2H, J=8.3 Hz, ArH), 7.33 (d, 2H, J=8.3 Hz,
ArH), 7.20-6.98 (m, 5H, ArH), 6.05 (s, 1H, C=CH), 4.23 (q, 2H, J=7.3 Hz, OCH,CH3), 3.36 (t,
2H, J=7.8 Hz, CHy), 2.69 (t, 2H, J=7.8 Hz, CH,), 2.33 (s, 3H, ArCH3), 1.32 (t, 3H, J=7.3 Hz,
OCH,CHg3) ppm.

B¥C-NMR (CDCls, 100 MHz): 6=166.0 (s, C=0), 158.0 (s, C=CH), 139.9 (s, ArC),
138.1 (s, ArC), 135.4 (s, ArC), 131.7 (d, 2C, ArCH), 128.9 (d, 3C, ArCH), 128.3 (d, 3C, ArCH),
123.3 (d, ArCH), 118.1 (d, 1H, CH=C), 59.9 (t, OCH,CHj3), 34.6 (t, CH,), 33.1 (t, CH,), 21.0 (q,
ArCHg), 14.3 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CooH2302]=[M+H]": 295.1693; found: 295.1690.
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Ethyl (2E)-3-(2-methylphenyl)-5-phenylpent-2-enoate (12c):

GP-4 was followed to 11c (336 mg, 1.5 mmol) with 60% NaH (240 mg, 3.0 mmol), THF
(10 mL), TEPA (1.8 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 96:4) furnished the ester 12¢ (397 mg,
90%) as pale yellow viscous liquid. [TLC control R{(11c)=0.40, R{12c)=0.60, (petroleum
ether/ethyl acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vina= 2925, 1709, 1626, 1490, 1224, 1157, 1012,
808 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.48 (d, 1H, J=7.3 Hz, ArH), 7.44-7.30 (m, 3H, ArH),
7.21 (d, 2H, J=7.8 Hz, ArH), 7.10 (ddd, 3H, J=7.8, 7.8 and 7.3 Hz, ArH), 6.08 (s, 1H, C=CH),
4.23 (q, 2H, J=7.3 Hz, OCH,CH3), 3.39 (t, 2H, J=7.3 Hz, CH,), 2.81-2.60 (m, 2H, CH,), 2.32 (s,
3H, ArCHg), 1.32 (t, 3H, J=7.3 Hz, OCH,CH3) ppm.

3C-NMR (CDCls, 100 MHz): 6=166.3 (s, C=0), 159.4 (s, C=CH), 141.1 (s, ArC),
138.5 (s, ArC), 135.5 (s, ArC), 129.1 (d, ArCH), 128.9 (d, ArCH), 128.6 (d, ArCH), 128.3 (d,
ArCH), 128.1 (d, ArCH), 127.9 (d, ArCH), 127.7 (d, ArCH), 127.2 (d, ArCH), 126.7 (d, ArCH),
117.7 (d, 1H, CH=C), 59.8 (t, OCH,CHs), 42.2 (t, CH,), 34.7 (t, CH,), 21.0 (q, ArCHs), 14.3 (q,
CH3) ppm.

HR-MS (APCI+): m/z calculated for [CooH230,] " =[M+H]": 295.1693; found: 295.1712.

COOEt

Me I 12d I

EZ=11
Ethyl (2E)-3-(4-methylphenyl)-5-phenylpent-2-enoate (12d):

GP-4 was followed to 11d (336 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 96:4) furnished the ester 12d (423 mg,
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96%) as pale yellow viscous liquid. [TLC control R¢(11d)=0.40, R{(12d)=0.60, (petroleum
ether/ethyl acetate 90:10, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vina= 2922, 2930, 1707, 1584, 1446, 1244, 1121,
1004, 761 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.53 (dd, 1H, J=8.3 and 2.0 Hz, ArH), 7.34-7.01 (m,
8H, ArH), 6.07 (d, 1H, J=5.9 Hz, C=CH), 4.09-3.93 (m, 2H, OCH,CH3), 3.46-3.33 (m, 2H,
CHy), 2.83-2.64 (m, 2H, CHy), 2.39 (s, 3H, ArCHg), 1.38-1.24 (m, 3H, OCH,CHg3) ppm.

B3C-NMR (CDCl3, 100 MHz): §=166.4 (s, C=0), 159.2 (s, C=CH), 141.7 (s, ArC),
139.1 (s, ArC), 137.5 (s, ArC), 129.3 (d, ArCH), 128.6 (d, ArCH), 128.4 (d, 2C, ArCH), 128.3
(d, 2C, ArCH), 127.2 (d, ArCH), 126.6 (d, ArCH), 126.0 (d, ArCH), 117.3 (d, 1H, CH=C), 59.8
(t, OCH,CHj3), 42.1 (t, CHy), 35.2 (t, CH,), 21.3 (q, ArCHs), 14.3 (q, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CyoH2302]=[M+H]": 295.1693; found: 295.1691.

COOEt

Et I I

E:Z=11
12e

Ethyl (2E)-3-(4-ethylphenyl)-5-phenylpent-2-enoate (12e):

GP-4 was followed to 11e (357 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 96:4) furnished the ester 12e (425 mg,
92%) as pale yellow viscous liquid. [TLC control R{(11e)=0.40, R{12e)=0.60, (petroleum
ether/ethyl acetate 96:4, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm'l): Vimax= 2965, 2930, 1707, 1622, 1454, 1224, 1155,
1033, 831, 698 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.42 (d, 2H, J=8.3 Hz, ArH), 7.34-7.05 (m, 7H, ArH),
6.08 (s, 1H, C=CH), 4.21 (q, 2H, J=6.8 Hz, OCH,CH3), 3.39 (g, 2H, J=7.8 Hz, CH,), 2.81-2.56
(m, 4H, CH,), 1.30 (t, 3H, J=7.8 Hz, CH,CHs), 1.07 (t, 3H, J=6.8 Hz, OCH,CHj3) ppm.

B¥C-NMR (CDCls, 100 MHz): 6=166.4 (s, C=0), 159.2 (s, C=CH), 145.4 (s, ArC),
141.7 (s, ArC), 138.2 (d, ArC), 128.4 (d, 2C, ArCH), 128.2 (d, 2C, ArCH), 128.1 (d, ArCH),
127.4 (d, 2C, ArCH), 126.7 (d, ArCH), 126.0 (d, ArCH), 117.3 (d, 1H, CH=C), 59.8 (t,
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OCH,CHs), 42.1 (t, CH,), 35.3 (t, CH,), 33.9 (t, CH,), 15.3 (g, CH,CHa), 14.3 (g, OCH,CHj)

ppm.
HR-MS (APCI+): m/z calculated for [C1H2502]"=[M+H]": 309.1849; found: 309.1861.

COOEt
Ethyl (2E)-3-(4-ethylphenyl)-5-(4-methylphenyl) pent-2-enoate (12f):

GP-4 was followed to 11f (378 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 94:6) furnished the ester 12f (444 mg,
92%) as pale yellow viscous liquid. [TLC control Ry(11f)=0.45, R{(12f)=0.65, (petroleum
ether/ethyl acetate 94:6, UV detection)].

IR (MIR-ATR, 4000-600 cm™): vmax= 2965, 2928, 1708, 1623, 1513, 1454, 1223, 1155,
1038, 808 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.44 (dd, 2H, J=8.3 and 2.0 Hz, ArH), 7.31-6.99 (m,
6H, ArH), 6.10 (s, 1H, C=CH), 4.23 (g, 2H, J=7.3 Hz, OCH,CHs), 3.39 (q, 2H, J=7.8 Hz, CH,),
2.87-2.59 (m, 4H, CH,), 2.33 (s, 3H, ArCHj3), 1.33 (t, 3H, J=7.8 Hz, CH,CH3), 1.10 (t, 3H,
J=7.3 Hz, OCH,CHj3) ppm.

3C-NMR (CDCls, 100 MHz): 6=166.4 (s, C=0), 159.3 (s, C=CH), 145.4 (s, ArC),
138.6 (s, ArC), 137.8 (d, ArC), 135.4 (d, ArC), 129.0 (d, 2C, ArCH), 128.3 (d, ArCH), 128.1 (d,
2C, ArCH), 127.3 (d, 2C, ArCH), 126.6 (d, ArCH), 117.2 (d, 1H, CH=C), 59.7 (t, OCH,CHj3),
42.2 (t, CH,), 34.8 (t, CHy), 28.6 (t, CH,), 21.0 (g, ArCHs), 15.3 (g, CH,CH3), 14.3 (g, CHs)

ppm.
HR-MS (APCI+): m/z calculated for [C,,H270,]"=[M+H]": 323.2006; found: 323.2011.

12g
E:Z=1:1

Ethyl (2E)-3-(4-isopropylphenyl)-5-phenylpent-2-enoate (129g):
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GP-4 was followed to 11g (378 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 94:6) furnished the ester 12g (406 mg,
84%) as pale yellow viscous liquid. [TLC control Ry(119)=0.40, R¢(129)=0.60, (petroleum
ether/ethyl acetate 94:6, UV detection)].

IR (MIR-ATR, 4000-600 cm™): vmax= 2926, 2856, 1712, 1682, 1495, 1452, 1226, 1180,
744 cm™,

'H-NMR (CDCls, 400 MHz): 6=7.42 (d, 2H, J=8.3 Hz, ArH), 7.32-7.07 (m, 7H, ArH),
6.08 (s, 1H, C=CH), 4.20 (q, 2H, J=6.8 Hz, OCH,CH3), 3.43-3.34 (m, 2H, CH), 2.99-2.85 (m,
1H, CH), 2.81-2.65 (m, 2H, CH,), 1.30 (t, 3H, J=6.8 Hz, OCH,CH3), 1.28 (d, 6H, J=2.9 Hz,
2xCH3) ppm.

BC-NMR (CDCls, 100 MHz): 6=166.4 (s, C=0), 159.2 (s, C=CH), 150.0 (s, ArC),
141.7 (s, ArC), 138.3 (d, ArC), 128.4 (d, 2C, ArCH), 128.2 (d, 2C, ArCH), 127.3 (d, ArCH),
126.7 (d, ArCH), 126.0 (d, ArCH), 125.9 (d, 2C, ArCH), 117.3 (d, 1H, CH=C), 59.8 (t,
OCH,CHpg), 42.0 (t, CH,), 35.3 (t, CHy), 33.8 (d, CH), 23.9 (q, 2 x CH3), 14.3 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C2H270,]"=[M+H]": 323.2006; found: 323.2010.

| COOEt
Me  EZ=13

Ethyl (2E)-3-(4-isopropylphenyl)-5-(4-methylphenyl)pent-2-enoate (12h):

GP-4 was followed to 11h (399 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 94:6) furnished the ester 12h (430 mg,
85%) as pale yellow viscous liquid. [TLC control R¢(11h)=0.40, R{(12h)=0.60, (petroleum
ether/ethyl acetate 94:6, UV detection)].

IR (MIR-ATR, 4000-600 cm™): vmax= 2960, 2869, 1710, 1621, 1456, 1264, 1158, 1036,
808 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.34-6.94 (m, 8H, ArH), 5.90 (s, 1H, C=CH), 3.99 (q,
2H, J=6.8 Hz, OCH,CH3), 3.42-3.31 (m, 2H, CHy), 3.01-2.84 (m, 1H, CH), 2.78-2.61 (m, 2H,
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CHy), 2.31 (s, 3H, ArCHs), 1.27 (s, 6H, J=2.9 Hz, 2xCHj3), 1.05 (t, 3H, J=6.8 Hz, OCH,CHs)
ppm.
BC-NMR (CDCls, 100 MHz): 6=166.1 (s, C=0), 158.6 (s, C=CH), 148.3 (s, ArC),
138.6 (s, ArC), 137.9 (d, ArC), 135.4 (d, ArC), 129.0 (d, 2C, ArCH), 128.1 (d, 2C, ArCH), 127.2
(d, 2C, ArCH), 126.6 (d, ArCH), 125.9 (d, ArCH), 117.2 (d, 1H, CH=C), 59.7 (t, OCH,CHs),
42.2 (t, CHy), 33.8 (d, CH), 33.5 (t, CH,), 23.9 (g, 2 x CHs), 20.9 (g, CH3), 14.3 (g, CHs3) ppm.
HR-MS (APCI+): m/z calculated for [Ca3H200,]'=[M+H]": 337.2162; found: 337.2175.

COOEt

MeO ! !

12i
Ethyl (2E)-3-(3-methoxyphenyl)-5-phenylpent-2-enoate (12i):

GP-4 was followed to 11i (360 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 92:8) furnished the ester 12i (428 mg,
92%) as pale yellow viscous liquid. [TLC control R{(11i)=0.40, R¢(12i)=0.60, (petroleum
ether/ethyl acetate 92:8, UV detection)].

IR (MIR-ATR, 4000-600 cm™): vmax= 2924, 2855, 1718, 1681, 1607, 1456, 1233, 1180,
1077, 806 cm™.

'H-NMR (CDCl;, 400 MHz): 6=7.53 (dd, 2H, J=8.3 and 1.5 Hz, ArH), 7.42-7.34 (m,
3H, ArH), 7.15 (dd, 2H, J=8.8 and 2.0 Hz, ArH), 6.81 (dd, 2H, J=8.8 and 2.0 Hz, ArH), 6.05 (s,
1H, C=CH), 4.21 (q, 2H, J=6.8 Hz, OCH,CHj3), 3.77 (s, 3H, ArOCHj3), 3.39-3.32 (m, 2H, CH,),
2.70-2.63 (m, 2H, CHy), 1.30 (t, 3H, J=6.8 Hz, OCH,CHj3) ppm.

3C-NMR (CDCls, 100 MHz): 6=166.4 (s, C=0), 159.4 (s, C=CH), 157.8 (s, ArC),
141.1 (s, ArC), 133.7 (s, ArC), 129.4 (d, 2C, ArCH), 128.9 (d, 2C, ArCH), 128.6 (d, 2C, ArCH),
126.7 (d, 2C, ArCH), 117.8 (d, ArCH), 113.7 (d, 1H, CH=C), 59.9 (t, OCH,CHz), 55.2 (q,
ArOCHpg), 34.3 (t, CH,), 33.4 (t, CH,), 14.3 (q, OCH,CHj3) ppm.

HR-MS (APCI+): m/z calculated for [CooH230s]'=[M+H]": 311.1642; found: 311.1642.

COOEt
Q)

12j

MeO l
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Ethyl (2E)-3-(3-methoxyphenyl)-6-phenylhex-2-enoate (12]):

GP-4 was followed to 11j (381 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 92:8) furnished the ester 12j (437 mg,
90%) as pale yellow viscous liquid. [TLC control Ry(11j)=0.40, R{(12j)=0.60, (petroleum
ether/ethyl acetate 92:8, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vinax= 2929, 2870, 1712, 1682, 1514, 1281, 1162,
835, 698 cm™.

'H-NMR (CDCl3, 400 MHz): 6=7.29-7.19 (m, 4H, ArH), 7.17-7.09 (m, 3H, ArH), 6.97
(d, 1H, J=8.3 Hz, ArH), 6.89 (dd, 1H, J=7.3 and 1.5 Hz, ArH), 6.04 (s, 1H, C=CH), 4.21 (q, 2H,
J=7.3 Hz, OCH,CHj3), 3.78 (s, 3H, ArOCHj3), 3.13 (t, 2H, J=7.8 Hz, CHy), 2.66 (t, 2H, J=7.8 Hz,
CH,), 1.83-1.67 (m, 2H, CHy), 1.30 (t, 3H, J=7.3 Hz, OCH,CHj3) ppm.

3C-NMR (CDCls, 100 MHz): 6=166.4 (s, C=0), 160.1 (s, C=CH), 159.6 (s, ArC),
142.7 (s, ArC), 142.1 (s, ArC), 129.5 (d, ArCH), 128.4 (d, 2C, ArCH), 128.2 (d, 2C, ArCH),
125.7 (d, ArCH), 119.1 (d, ArCH), 117.7 (d, ArCH), 114.3 (d, ArCH), 112.3 (d, 1H, CH=C),
59.9 (t, OCH,CHg), 55.2 (g, ArOCHg3), 35.8 (t, CH,), 30.7 (t, CH,), 30.6 (t, CH,), 14.3 (q,
OCH,CHg3) ppm.

HR-MS (APCI+): m/z calculated for [Cy1H503] '=[M+H]": 325.1798; found: 325.1798.

COOEt

EZ=1:1
Ethyl (2E)-3-(4-fluorophenyl)-5-phenylpent-2-enoate (12k):

GP-4 was followed to 11k (342 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 96:4) furnished the ester 12k (420 mg,
94%) as pale yellow viscous liquid. [TLC control Ry(11k)=0.40, R{(12k)=0.60, (petroleum
ether/ethyl acetate 96:4, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm'l): Vinax= 2965, 2931, 1713, 1681, 1454, 1284, 1166,
1081, 834, 699 cm™.
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'H-NMR (CDCls, 400 MHz): 6=7.50 (dd, 2H, J=8.8 and 8.3 Hz, ArH), 7.35-7.22 (m,
3H, ArH), 7.22-7.15 (m, 2H, ArH), 7.12 (d, 1H, J=6.8 Hz, ArH), 7.07 (d, 1H, J=8.3 Hz, ArH),
6.03 (s, 1H, C=CH), 4.00 (g, 2H, J=7.3 Hz, OCH,CHj3), 3.40-3.31 (m, 1H, CH,), 2.79-2.63 (m,
3H, CH,), 1.10 (t, 3H, J=7.3 Hz, OCH,CHs) ppm.

BC-NMR (CDCls, 100 MHz): 0=166.1, 158.0, 141.2, 140.5, 138.6, 131.8, 131.1, 130.0,
128.5, 128.3, 126.2, 123.2, 121.9, 118.3, 60.0, 41.9, 35.0, 14.3 ppm.

HR-MS (APCI+): m/z calculated for [CioH20FO2]"'=[M+H]": 299.1442; found:
299.1452.

COOEt

Me
F E:Z=1:2

151

Ethyl (2E)-3-(4-fluorophenyl)-5-(3-methylphenyl)pent-2-enoate (15l):

GP-1 was followed to 141 (363.3 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol),
THF (10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 94:6) furnished the ester 15l (435 mg,
93%) as pale yellow viscous liquid. [TLC control R{(141)=0.40, R¢(151)=0.60, (petroleum
ether/ethyl acetate 94:6, UV detection)].

IR (MIR-ATR, 4000-600 cm™): vma= 2962, 2930, 1713, 1621, 1536, 1453, 1161, 1048,
986, 819 cm™.

'H-NMR (CDCls, 400 MHz): §=7.47 (dd, 2H, J=8.3 and 6.8 Hz, ArH), 7.40 (dd, 1H,
J=8.8 and 2.0 Hz, ArH), 7.32-7.20 (m, 1H, CH,), 7.19-7.08 (m, 1H, CH,), 7.07-6.85 (m, 3H,
CHy), 6.00 (d, 1H, C=CH), 4.19 (q, 2H, J=7.3 Hz, OCH,CHj3), 3.36-3.24 (m, 2H, CHy), 2.72—
2.57 (m, 2H, CHy), 2.28 (s, ArCHj3), 1.28 (t, 3H, J=7.3 Hz, OCH,CH3) ppm.

BC-NMR (CDCls, 100 MHz): §=171.0 (s, C=0), 166.1 (s, C=CH), 158.1 (s, ArC),
141.2 (s, ArC), 138.7 (s, ArC), 138.0 (s, ArC), 131.1 (d, ArCH), 128.9 (d, 2C, ArCH), 128.3 (d,
2C, ArCH), 126.9 (d, 2C, ArCH), 121.8 (d, ArCH), 118.1 (d, 1H, CH=C), 59.9 (t, OCH,CHj3),
41.9 (t, CHy), 34.9 (t, CHy), 21.3 (g, ArCHg), 14.3 (9, OCH,CHz) ppm.
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COOEt

Cl I 12m !

EZ=1:1
Ethyl (2E)-3-(4-chlorophenyl)-5-phenylpent-2-enoate (12m):

GP-4 was followed to 11m (366 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol),
THF (10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 96:4) furnished the ester 12m (424 mg,
90%) as pale yellow viscous liquid. [TLC control R¢{11m)=0.40, R¢(12m)=0.60, (petroleum
ether/ethyl acetate 96:4, UV detection)].

IR (neat; MIR-ATR, 4000-600 cm'l): Vimax= 2981, 2934, 1711, 1626, 1492, 1225, 1162,
1093, 828, 699 cm™.

'H-NMR (CDCl;, 400 MHz): §=7.40-7.30 (m, 3H, ArH), 7.30-7.22 (m, 2H, ArH),
7.22-7.16 (m, 2H, ArH), 7.16-7.07 (m, 2H, ArH), 6.03 (s, 1H, C=CH), 4.21 (q, 2H, J=7.3 Hz,
OCH,CHy3), 3.40-3.31 (m, 1H, CHy), 2.78-2.63 (m, 3H, CH>), 1.30 (t, 3H, J=7.3 Hz, OCH,CHj5)
ppm.

BC-NMR (CDCls, 100 MHz): 6=166.1 (s, C=0), 157.9 (s, C=CH), 141.2 (s, ArC),
139.5 (s, ArC), 133.7 (s, ArC), 128.8 (d, ArCH), 128.7 (d, ArCH), 128.5 (d, 2C, ArCH), 128.3
(d, 2C, ArCH), 128.2 (d, ArCH), 128.0 (d, ArCH), 126.2 (d, ArCH), 118.3 (d, 1H, CH=C), 59.9
(t, OCH,CHj3), 41.9 (t, CHy), 35.0 (t, CH,), 14.3 (g, OCH,CH3;) ppm.

HR-MS (APCI+): m/z calculated for [CigHoClOo]'=[M+H]": 315.1146; found:
315.144.

COOEt

/‘/(/\‘/Me
S0 W O

E:Z=1:2

Ethyl (2E)-3-(4-chlorophenyl)-5-(3-methylphenyl)pent-2-enoate (12n):

GP-4 was followed to 11n (387 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 94:6) furnished the ester 12n (453 mg,
92%) as pale yellow viscous liquid. [TLC control R¢{11n)=0.40, R{(12n)=0.60, (petroleum
ether/ethyl acetate 94:6, UV detection)].
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IR (MIR-ATR, 4000-600 Cm'l): vmax= 2964, 2931, 1707, 1680, 1412, 1228, 1180, 1030,
986, 699 cm™.

IH-NMR (CDCls, 400 MHz): 9=7.43-7.29 (m, 2H, ArH), 7.14 (dd, 2H, J=8.3 and 6.8
Hz, ArH), 7.02 (d, 2H, J=6.8 Hz, ArH), 6.93 (d, 2H, J=6.8 Hz, ArH), 6.04 (d, 1H, C=CH), 4.01
(q, 2H, J=7.3 Hz, OCH,CHj), 3.35 (t, 1H, J=7.8 Hz, CH,), 2.77-2.60 (m, 3H, CH,), 2.31 (s,
ArCHy), 1.11 (t, 3H, J=7.3 Hz, OCH,CHz) ppm.

BC-.NMR (CDCls, 100 MHz): 9=166.1 (s, C=0), 158.0 (s, C=CH), 141.2 (s, ArC),
139.5 (s, ArC), 138.2 (s, ArC), 134.9 (s, ArC), 129.2 (d, ArCH), 128.8 (d, 2C, ArCH), 128.4 (d,
ArCH), 128.2 (d, 2C, ArCH), 126.9 (d, ArCH), 125.2 (d, ArCH), 118.1 (d, 1H, CH=C), 59.4 (t,
OCH,CHj), 42.0 (t, CHy), 35.0 (t, CH,), 21.3 (q, ArCH3), 14.3 (q, OCH,CHz) ppm.

HR-MS (APCI+): m/z calculated for [CyoH2ClO,]"'=[M+H]": 329.1303; found:
329.1299.

‘cooa

EZ=12
Ethyl (2E)-3-(4-chlorophenyl)-5-(4-methylphenyl)pent-2-enoate (120):

GP-4 was followed to 110 (387 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF
(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 94:6) furnished the ester 120 (453 mg,
92%) as pale yellow viscous liquid. [TLC control R¢(110)=0.40, R¢(120)=0.60, (petroleum
ether/ethyl acetate 94:6, UV detection)].

IR (MIR-ATR, 4000-600 cm™): vmax= 2924, 2853, 1714, 1624, 1454, 1281, 1165, 1045,
749,698 cm™.

'H-NMR (CDCl;, 400 MHz): §=7.43-7.27 (m, 2H, ArH), 7.17-7.04 (m, 4H, ArH),
7.04-6.96 (m, 2H, ArH), 6.02 (d, 1H, J=4.8 Hz, C=CH), 4.08-3.94 (m, 2H, OCH,CHj3), 3.39—
3.28 (m, 1H, CHy), 2.76-2.58 (m, 3H, CHy), 2.30 (s, ArCHj3), 1.36-1.23 (m, 3H, OCH,CHj3)
ppm.

¥C-NMR (CDCls, 100 MHz): 6=166.1 (s, C=0), 158.0 (s, C=CH), 138.2 (s, ArC),
135.7 (s, 2C, ArC), 133.6 (s, ArC), 129.1 (d, ArCH), 129.0 (d, ArCH), 128.8 (d, ArCH), 128.7
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(d, ArCH), 128.3 (d, ArCH), 128.2 (d, ArCH), 128.1 (d, 2C, ArCH), 118.2 (d, 1H, CH=C), 60.0
(t, OCH,CHj3), 42.1 (t, CHy), 33.3 (t, CH,), 21.0 (q, ArCHs), 14.3 (g, OCH,CHz) ppm.

HR-MS (APCI+): m/z calculated for [CyH,ClO,]"=[M+H]": 329.1303; found:
329.1299.

COOEt

Br EZ=1:1

12p

Ethyl (2E)-3-(4-bromophenyl)-5-phenylpent-2-enoate (12p):
GP-1 was followed to 11p (433 mg, 1.5 mmol) with 60% NaH (120 mg, 3.0 mmol), THF

(10 mL), TEPA (0.9 mL, 4.5 mmol). Purification of the residue by silica gel column
chromatography (petroleum ether/ethyl acetate 100:0 to 98:2) furnished the ester 12p (503 mg,
94%) as pale yellow viscous liquid. [TLC control R¢(11p)=0.40, R{(12p)=0.60, (petroleum
ether/ethyl acetate 98:2, UV detection)].

IR (MIR-ATR, 4000-600 cm'l): Vinax= 2964, 2930, 1713, 1681, 1607, 1413, 1227, 1180,
985, 818 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.46-7.31 (m, 2H, ArH), 7.31-6.89 (m, 7H, ArH), 5.98
(s, 1H, C=CH), 4.17 (q, 2H, J=7.3 Hz, OCH,CHj3), 3.38-3.28 (m, 1H, CH,), 2.75-2.60 (m, 3H,
CH,), 1.27 (t, 3H, J=7.3 Hz, OCH,CHj) ppm.

C-NMR (CDCls, 100 MHz): 6=165.8 (s, C=0), 163.2 (s, C=CH), 157.1 (s, ArC),
141.0 (s, ArC), 136.8 (s, ArC), 135.2 (s, ArC), 128.8 (d, ArCH), 128.2 (d, ArCH), 128.1 (d, 2C,
ArCH), 127.9 (d, 2C, ArCH), 125.8 (d, ArCH), 117.8 (d, ArCH), 115.3 (d, ArCH), 114.7 (d, 1H,
CH=C), 59.6 (t, OCH,CH3), 41.7 (t, CH,), 34.7 (t, CH,), 13.6 (q, OCH,CHj3) ppm.

o)

c "
14b

6'-Methyl-2',3'-dihydro-1,1'-spirobi[inden]-3(2H)-one (14b):
GP-5 was carried out with ester 12b (74 mg, 0.25 mmol), DCE (2 mL) and triflic acid
(0.1 mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum

ether/ethyl acetate 98:2 to 96:4) furnished indanone 14b (54 mg, 87%) as brown color viscous
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liquid. [TLC control R¢(12b)=0.50, R:(14b)=0.60, (petroleum ether/ethyl acetate 96:4, UV
detection)].

IR (MIR-ATR, 4000-600 cm™): vma= 2922, 2851, 1710, 1601, 1461, 1287, 1236, 816,
763 cm™.

'H-NMR (CDCls, 400 MHz): §=7.79 (d, 1H, J=7.8 Hz, ArH), 7.57 (ddd, 1H, J=7.3, 7.3
and 1.0 Hz, ArH), 7.41 (ddd, 1H, J=7.3, 7.3 and 1.0 Hz, ArH), 7.27 (d, 1H, J=7.8 Hz, ArH), 7.21
(d, 1H, J=7.8 Hz, ArH), 7.08 (d, 1H, J=7.8 Hz, ArH), 6.57 (s, 1H, ArH), 3.19-3.00 (m, 2H,
CH,), 2.94 (d, 1H, J=18.6 Hz, CH.Hy), 2.87 (d, 1H, J=18.6 Hz, CH.Hp), 2.55-2.44 (m, 1H,
CH,), 2.40-2.30 (m, 1H, CH,), 2.22 (s, 3H, ArCH3) ppm.

¥C-NMR (CDCls, 100 MHz): 6=205.9 (s, C=0), 161.6 (s, ArC), 149.0 (s, ArC), 140.2
(s, ArC), 136.9 (d, ArC), 136.0 (s, ArC), 135.4 (d, ArCH), 128.1 (d, ArCH), 127.8 (d, ArCH),
125.1 (d, ArCH), 124.3 (d, ArCH), 123.3 (d, ArCH), 123.0 (d, ArCH), 54.4 [s, C(CH,),], 52.4 (t,
CHy), 42.9 (t, CH,), 30.8 (t, CH,), 21.2 (g, ArCHj3) ppm.

HR-MS (APCI+): m/z calculated for [C1gH170]"'=[M+H]": 249.1274; found: 249.1279.

o
14¢
7-Methyl-2",3'-dihydro-1,1'-spirobi[inden]-3(2H)-one (14c):

GP-5 was carried out with ester 12¢ (74 mg, 0.25 mmol), DCE (2 mL) and triflic acid
(0.1 mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 98:2 to 96:4) furnished indanone 14c (49 mg, 78%) as brown color viscous
liquid. [TLC control R¢(12c)=0.50, R¢(14c)=0.60, (petroleum ether/ethyl acetate 96:4, UV
detection)].

IR (MIR-ATR, 4000-600 Cm'l): Vinax= 2953, 2850, 1708, 1602, 1583, 1477, 1457, 1279,
1267, 1173, 1063, 909, 727 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.67 (dd, 1H, J=7.3 and 1.0 Hz, ArH), 7.41-7.26 (m,
3H, ArH), 7.21 (ddd, 1H, J=7.3, 7.3 and 1.0 Hz, ArH), 7.13 (dd, 1H, J=7.3 and 7.3 Hz, ArH),
6.82 (d, 1H, J=7.3 Hz, ArH), 3.24-3.06 (m, 2H, CH,), 3.01 (d, 1H, J=19.1 Hz, CH.Hy), 2.73 (d,
1H, J=19.1 Hz, CH,Hy), 2.70-2.58 (m, 1H, CHy), 2.23-2.13 (m, 1H, CH,), 1.92 (s, 3H, ArCHy)

ppm.
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3C-NMR (CDCls, 100 MHz): 6=206.0 (s, C=0), 157.3 (s, ArC), 147.9 (s, ArC), 142.8
(s, ArC), 137.8 (d, ArCH), 137.2 (s, ArC), 136.2 (s, ArC), 128.3 (d, ArCH), 127.2 (d, ArCH),
127.1 (d, ArCH), 124.7 (d, ArCH), 122.6 (d, ArCH), 120.9 (d, ArCH), 55.0 [s, C(CH).], 53.9 (t,
CHy), 40.2 (t, CHy), 31.1 (t, CH,), 18.6 (g, ArCHjs) ppm.

HR-MS (APCI+): m/z calculated for [C1gH:7,0]"=[M+H]": 248.1196; found: 248.1181.

R
5-Ethyl-2',3'-dihydro-1,1'-spirobi[inden]-3(2H)-one (14e):

GP-5 was carried out with ester 12e (77 mg, 0.25 mmol), DCE (2 mL) and triflic acid
(0.1 mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 98:2 to 96:4) furnished indanone 14e (59 mg, 90%) as brown color viscous
liquid. [TLC control Ry(12e)=0.65, Ry(14€)=0.45, (petroleum ether/ethyl acetate 96:4, UV
detection)].

IR (MIR-ATR, 4000-600 cm™): vmax= 2962, 2929, 1708, 1613, 1577, 1485, 1456, 1241,
1159, 1020, 761 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.61 (s, 1H, ArH), 7.43 (dd, 1H, J=7.8 and 1.5 Hz,
ArH), 7.32 (d, 1H, J=7.3 Hz, ArH), 7.24-7.07 (m, 3H, ArH), 6.79 (d, 1H, J=7.8 Hz, ArH), 3.16—
3.07 (m, 2H, CH,), 3.00 (d, 1H, J=18.6 Hz, CH,Hy), 2.86 (d, 1H, J=18.6 Hz, CH,Hy), 2.73 (q,
2H, J=7.8 Hz, CH,CHs), 2.55-2.43 (m, 1H, CH,), 2.40-2.28 (m, 1H, CH,), 1.27 (t, 3H, J=7.8
Hz, CH,CHj3) ppm.

BC-NMR (CDCl;, 100 MHz): §=205.9 (s, C=0), 159.2 (s, ArC), 149.0 (s, ArC), 144.2
(s, ArC), 143.2 (s, ArC), 136.3 (s, ArC), 135.8 (d, ArCH), 127.1 (d, 2C, ArCH), 124.8 (d,
ArCH), 124.5 (d, ArCH), 122.8 (d, ArCH), 121.7 (d, ArCH), 54.1 [s, -C(CHy)2], 52.7 (t, CH,),
42.8 (t, CHy), 31.2 (t, CHy), 28.4 (t, CH,), 15.4 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [C19H190]"=[M+H]": 263.1430; found: 263.1438.

(e}
Et
O’ I Me
14f
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5-Ethyl-6'-methyl-2",3'-dihydro-1,1"-spirobi[inden]-3(2H)-one(14f):

GP-5 was carried out with ester 12f (81 mg, 0.25 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 98:2 to 94:6) furnished indanone 14f (58 mg, 84%) as brown color viscous
liquid. [TLC control R{(12f)=0.65, Ry(14f)=0.40, (petroleum ether/ethyl acetate 94:6, UV
detection)].

IR (MIR-ATR, 4000-600 cm™): vma= 2961, 2922, 1713, 1614, 1487, 1456, 1284, 1241,
1159, 1032, 814 cm™.,

'H-NMR (CDCls, 400 MHz): 6=7.61 (s, 1H, ArH), 7.44 (dd, 1H, J=7.8 and 2.0 Hz,
ArH), 7.18 (dd, 2H, J=7.3 and 7.8 Hz, ArH), 7.03 (d, 1H, J=7.8 Hz, ArH), 6.59 (s, 1H, ArH),
3.15-3.01 (m, 2H, CHy), 2.94 (d, 1H, J=18.6 Hz, CH,Hy), 2.86 (d, 1H, J=18.6 Hz, CH,Hy), 2.73
(9, 2H, J=7.8 Hz, CH,), 2.54-2.40 (m, 1H, CHy), 2.39-2.28 (m, 1H, CH,), 2.23 (s, 3H, ArCHjy),
1.28 (t, 3H, J=7.8 Hz, CH3) ppm.

BC-NMR (CDCl;, 100 MHz): §=206.0 (s, C=0), 159.3 (s, ArC), 149.1 (s, ArC), 144.1
(s, ArC), 140.1 (s, ArC), 136.8 (s, ArC), 136.3 (s, ArC), 135.7 (d, ArCH), 128.0 (d, ArCH),
124.9 (d, ArCH), 124.3 (d, ArCH), 123.4 (d, ArCH), 121.6 (d, ArCH), 54.1 [s, -C(CH,),], 52.7
(t, CHy), 43.0 (t, CH,), 30.8 (t, CH>), 28.4 (t, CHy), 21.2 (q, ArCHg3), 15.3 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CooH2:0] =[M+H]": 277.1587; found: 277.1596.

Me ’

5-1sopropyl-2',3'-dihydro-1,1'-spirobi[inden]-3(2H)-one (149):

GP-5 was carried out with ester 12g (81 mg, 0.25 mmol), DCE (2 mL) and triflic acid
(0.2 mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 98:2 to 94:6) furnished indanone 14g (60 mg, 86%) as brown color viscous
liquid. [TLC control R{(129)=0.65, R{(149)=0.50, (petroleum ether/ethyl acetate 94:6, UV
detection)].

IR (MIR-ATR, 4000-600 cm™): vina= 2932, 1709, 1676, 1585, 1456, 1413, 1127, 1014

cm™.
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'H-NMR (CDCls, 400 MHz): 6=7.65 (s, 1H, ArH), 7.47 (dd, 1H, J=7.8 and 1.5 Hz,
ArH), 7.32 (d, 1H, J=7.3 Hz, ArH), 7.24-7.08 (m, 3H, ArH), 6.80 (d, 1H, J=7.3 Hz, ArH), 3.21-
3.05 (m, 2H, CHy), 3.04-2.91 (m, 2H, CH,), 2.86 (d, 1H, J=18.6 Hz, CH,Hp), 2.56-2.43 (m, 1H,
CH,), 2.40-2.28 (m, 1H, CH), 1.28 (d, 3H, J=1.5 Hz, CH3), 1.27 (d, 3H, J=1.5 Hz, CH5) ppm.

BC-NMR (CDCl;, 100 MHz): §=206.0 (s, C=0), 159.3 (s, ArC), 149.0 (s, ArC), 148.9
(s, ArC), 143.2 (s, ArC), 136.2 (s, ArC), 134.6 (d, ArCH), 127.1 (d, 2C, ArCH), 124.8 (d,
ArCH), 124.5 (d, ArCH), 122.7 (d, ArCH), 120.1 (d, ArCH), 54.1 (s, -C-), 52.7 (t, CH,), 42.8 (t,
CH,), 33.8 (d, CH), 31.2 (t, CH>), 23.8 (q, 2 x CH3) ppm.

HR-MS (APCI+): m/z calculated for [CoH21 0] =[M+H]": 277.1587; found: 277.1602.

Me o)
0
Me
14h

5-1sopropyl-6'-methyl-2*,3'-dihydro-1,1'-spirobi[inden]-3(2H)-one (14h):

GP-5 was carried out with ester 12h (84 mg, 0.25 mmol), DCE (2 mL) and triflic acid
(0.1 mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 98:2 to 94:6) furnished indanone 14h (62 mg, 85%) as brown color viscous
liquid. [TLC control R¢(12h)=0.60, R{(14h)=0.40, (petroleum ether/ethyl acetate 94:6, UV
detection)].

IR (MIR-ATR, 4000-600 cm™): vina= 2930, 1710, 1674, 1586, 1456, 1412, 1127, 1014
cm™.

'H-NMR (CDCls, 400 MHz): =7.65 (s, 1H, ArH), 7.47 (dd, 1H, J=7.8 and 1.5 Hz,
ArH), 7.19 (dd, 2H, J=7.8 and 7.8 Hz, ArH), 7.03 (d, 1H, J=7.8 Hz, ArH), 6.60 (s, 1H, ArH),
3.20-3.04 (m, 2H, CHy), 3.03-2.92 (m, 2H, CHy), 2.94 (d, 1H, J=18.6 Hz, CHyHy), 2.54-2.43
(m, 1H, CH), 2.38-2.27 (m, 2H, CH,), 2.23 (s, 3H, ArCHj3), 1.30 (d, 3H, J=2.0 Hz, CH3), 1.26
(d, 3H, J=2.0 Hz, CH3) ppm.

B3C-NMR (CDCls, 100 MHz): 6=206.1 (s, C=0), 159.4 (s, ArC), 149.1 (s, ArC), 148.8
(s, ArC), 140.2 (s, ArC), 136.8 (s, ArC), 136.2 (s, ArC), 134.6 (d, ArCH), 128.0 (d, ArCH),
124.8 (d, ArCH), 124.2 (d, ArCH), 123.3 (d, ArCH), 120.1 (d, ArCH), 54.0 [s, -C(CH,),], 52.7
(t, CH,), 43.0 (t, CH,), 33.8 (d, CH), 30.8 (t, CH,), 23.8 (g, 2 x CH3), 21.2 (q, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [C21H230]"=[M+H]": 291.1743; found: 291.1731.
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6-Methoxy-3",4'-dihydro-2'H-spiro[indene-1,1'-naphthalen]-3(2H)-one (14)):

GP-5 was carried out with ester 12j (81 mg, 0.25 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 98:2 to 94:6) furnished indanone 14j (54 mg, 78%) as brown color viscous
liquid. [TLC control R{(12j)=0.65, R:(14))=0.45, (petroleum ether/ethyl acetate 94.6, UV
detection)].

IR (MIR-ATR, 4000-600 cm™): vmax= 2925, 2852, 1703, 1597, 1487, 1454, 1274, 1087,
1021, 733 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.73 (d, 1H, J=8.3 Hz, ArH), 7.16-7.06 (m, 2H, ArH),
7.05-6.97 (m, 2H, CHy), 6.95 (dd, 1H, J=8.3 and 2.0 Hz, ArH), 6.61 (dd, 1H, J=8.3 and 2.0 Hz,
ArH), 3.78 (s, 3H, ArOMe), 3.03-2.91 (m, 2H, CH,), 2.89 (d, 1H, J=18.6 Hz, CH,Hy), 2.81 (d,
1H, J=18.6 Hz, CH3H}), 2.15-1.98 (m, 2H, CH,), 1.97-1.79 (m, 2H, CH,) ppm.

3C-NMR (CDCls, 100 MHz): 6=204.1 (s, C=0), 167.0 (s, ArC), 165.7 (s, ArC), 142.0
(s, ArC), 136.7 (s, ArC), 130.0 (s, ArC), 129.0 (d, ArCH), 128.2 (d, ArCH), 126.6 (d, ArCH),
126.3 (d, ArCH), 124.9 (d, ArCH), 115.9 (d, ArCH), 108.6 (d, ArCH), 56.0 [s, C(CH,).], 55.7 (t,
CHy), 46.7 (g, ArOMe), 39.4 (t, CH,), 29.7 (t, CHy), 21.0 (t, CH,) ppm.

HR-MS (APCI+): m/z calculated for [C19H190,] " =[M+H]": 279.1380; found: 279.1386.

F

O
Py,

151
3-(4-fluorophenyl)-6-methyl-1H-indene (15l):
GP-6 was carried out with ester 121 (78 mg, 0.25 mmol), DCE (2 mL) and triflic acid (0.1
mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum

ether/ethyl acetate 100:0 to 98:2) furnished indene 151 (39 mg, 70%) as brown color viscous
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liquid. [TLC control Ry(121)=0.45, R{(151)=0.65, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (MIR-ATR, 4000-600 cm™): vma= 2934, 1731, 1597, 1452, 1368, 1221, 1158, 1031,
747,697 cm™,

'H-NMR (CDCls, 400 MHz): 6=7.65-7.53 (m, 2H, ArH), 7.46 (d, 1H, J=7.8 Hz, ArH),
7.37 (s, 1H, ArH), 7.22-7.09 (m, 3H, ArH), 6.55 (t, 1H, J=2.0 Hz, CH=C), 3.5 (s, 2H, CH,), 2.44
(s, 3H, ArCHj3) ppm.

3C-NMR (CDCl;, 100 MHz): 6=163.5, 144.1, 141.7, 135.8, 132.3, 131.2, 129.3, 129.2,
125.8, 123.8, 120.8, 115.8, 115.3, 37.7, 21.6 ppm.

HR-MS (APCI+): m/z calculated for [C1sH14F] =[M+H]": 225.1074; found: 225.1079.

Cl

O
Pos,

15n
3-(4-chlorophenyl)-6-methyl-1H-indene (15n):

GP-6 was carried out with ester 12n (82 mg, 0.25 mmol), DCE (2 mL) and triflic acid
(0.2 mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 100:0 to 97:3) furnished indene 15n (46 mg, 77%) as brown color viscous
liquid. [TLC control R¢(12n)=0.45, R{(15n)=0.60, (petroleum ether/ethyl acetate 97:3, UV
detection)].

IR (MIR-ATR, 4000-600 cm™): vma= 2923, 1705, 1661, 1489, 1379, 1256, 1092, 1014,
818 cm™.

'H-NMR (CDCls, 400 MHz): 6=7.56-7.50 (m, 2H, ArH), 7.45-7.38 (m, 3H, ArH), 7.36
(s, 1H, ArH), 7.15 (d, 1H, J=7.8 Hz, ArH), 6.50 (t, 1H, J=2.0 Hz, CH=C), 2.47 (d, 1H, J=2.0 Hz,
CHy), 2.43 (s, 3H, ArCHz) ppm.

3C-NMR (CDCls, 100 MHz): 6=145.0 (s, ArC), 143.9 (s, ArC), 140.9 (s, ArC), 134.8
(d, ArC), 134.7 (s, ArC), 133.2 (s, ArC), 130.4 (d, ArCH), 128.9 (d, 2C, ArCH), 128.7 (d, 2C,
ArCH), 126.9 (d, ArCH), 125.1 (d, ArCH), 119.7 (d, CH=C), 38.0 (t, CH,), 21.4 (q, ArCHs)

ppm.
HR-MS (APCI+): m/z calculated for [C1H14CI]"=[M+H]": 241.0779; found: 241.0783.
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150
3-(4-chlorophenyl)-5-methyl-1H-indene (150):
GP-6 was carried out with ester 120 (82 mg, 0.25 mmol), DCE (2 mL) and triflic acid

(0.1 mL, 1.5 mmol). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 100:0 to 97:3) furnished indene 150 (47 mg, 78%) as brown color viscous
liquid. [TLC control R¢(120)=0.45, R¢(150)=0.60, (petroleum ether/ethyl acetate 97:3, UV
detection)].

IR (MIR-ATR, 4000-600 cm™): vma= 2920, 1726, 1613, 1487, 1393, 1288, 1093, 1014,
885, 803, 731 cm™,

'H-NMR (CDCls, 400 MHz): §=7.57 (dd, 2H, J=8.3 and 2.0 Hz, ArH), 7.47 (dd, 3H, J=8.3
and 2.0 Hz, ArH), 7.38 (s, 1H, ArH), 7.14 (d, 1H, J=8.3 Hz, ArH), 6.58 (t, 1H, J=2.0 Hz,
CH=C), 3.49 (d, 1H, J=2.0 Hz, CHy), 2.45 (s, 3H, ArCHs) ppm.

3C-NMR (CDCls, 100 MHz): 6=144.0 (s, ArC), 143.7 (s, ArC), 141.7 (s, ArC), 135.8 (d,
ArC), 134.6 (s, ArC), 133.3 (s, ArC), 131.7 (d, ArCH), 129.0 (d, 2C, ArCH), 128.7 (d, 2C,
ArCH), 125.9 (d, ArCH), 123.9 (d, ArCH), 120.7 (d, CH=C), 37.8 (t, CH,), 21.6 (q, ArCHs)

ppm.
HR-MS (APCI+): m/z calculated for [C1sH14CI]'=[M+H]": 241.0779; found: 241.0787.
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CHAPTER Il

Lewis Acid Catalyzed Mild Method for Head to
Tail Dimerization or Cyclization of tert-
Alcohols

111.1 INTRODUCTION:

The indane ring system is an attractive scaffold for biologically active compounds due to
the combination of aromatic and aliphatic properties fused together in one rigid system. This
bicyclic structure provides a wide range of possibilities to incorporate specific substituents in
different directionalities, thus being an attractive scaffold for medicinal chemists. Interestingly,
many indane-based compounds have been used to treat various diseases, such as indinavir,* an
HIV-1 protease inhibitor; indantadol,> a potent MAO-inhibitor; the amine uptake inhibitor
indatraline,® and the ultra—long—acting B-adrenoreceptor agonist indacaterol. These drugs act on
the diversity of targets, one could argue that the indane ring system is a privileged substructure,
just like indole, the nitrogen atom containing unsaturated version of it.* The substructure of
indane found in many natural products such as pterosins, indanomycin and stawamycin, also
present in widely marketed drug molecules like indinavir, an HIV-1 protease inhibitor,

indantadol, a potent MAO-inhibitor, the amine uptake inhibitor indatraline, the anti-
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Figure 111.1: Naturally occurring indanes and pharmaceutically important indane scaffolds.

Due to the relative abundance of the indane core in natural products having interesting
biological activities, numerous methods were reported in literature by different research
groups. A number of synthetic approaches have been reported for the synthesis of the
indane ring system. The reaction proceeds with Markovnikov selectivity in both C-C
bond forming steps. Several Lewis acids,? including FeCls, AICI5,° BiCls'® and RuCls,™
and also Brgnsted acids have been reported to catalyze this reaction.*® Unsaturated dimer

is an important chain transfer reagent in the production of polymers.™

111.2 BACKGROUND:

Due to the relative abundance of the indane core in natural products having interesting
biological activities, numerous methods were reported in literature by different research groups.
A number of synthetic approaches have been reported for the synthesis of the indane ring system.

Yoshiaki Nishibayashi in 2011 presented the dicationic diruthenium complex
Ru(IIl)—Ru(IlT) wich catalytically promotes the dimerization of a-methylstyrenes into the

corresponding acyclic dimers, while the use of the mixed-valence diruthenium complex
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Ru(Ill)-Ru(IV) generated from Ru(Ill)-Ru(Ill) and cinnamyl chloride as an active catalyst
affords the corresponding indanes via cyclization of the acyclic dimers. The selectivity of the
catalytic dimerization of a-methylstyrenes depends on the nature of electrophilicity due to
valence electrons in the diruthenium cores between Ru(IIT)—Ru(IIl) and Ru(II)—Ru(IV) (Scheme
11.1).

R R R R
cat. Ru"-Ru"" =
———————— R A | \7R1 . R1 0 R!
up to 68% = ¥
3:1

X
R-F
=
R R
cat. Ru'-Ru'v X
R R17
up to 86% = =~ R’
RO\
Scheme I11.1

Clovis Peppe in 2004 reported the indium (I11) bromide catalyzed dimerization of a-
substituted vinylarenes. Chemoselectivity towards open chain or cyclic dimers depends on the

nature of the substituent at the aryl group of the vinylarene (Scheme 111.2)."

Me Me

R A Me InBr3 (10 mol%) R A

n A It

L~ DCM, rt = ~ R
Me \ )

Scheme 111.2

Munetaka Akita in 2005 disclosed a novel dinuclear complex containing the photo-sensitizing
Ru unit and a Pd center is effective towards selective catalytic dimerization of a-methylstyrene
leading to 2,4-diphenyl-4-methyl-1-pentene under visible-light irradiated conditions (Scheme
111.3).%8

[(bpy),Ru(bpm)Pd(Me)(Me,CO)](PFs)2(BF4)]
or Me Me
©)LMe [(bpy),Ru(bpm)Pd(Me)(CH3CN)I(PFe)(BF4)]
rt, hv (> 420 nm), CH3NO,, 4 h

Scheme 111.3
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In the year of 2010 Amrit Goswami et al. described a KHSO,-catalyzed activation of
styrenes which involves dimerization through head-to-tail or tail-to-tail coupling (Scheme
11.4).17

2.
R?=H A
AL A
58-66% T
-Sj 2 _ =
N R? KHSO4-SiO, | RZ2=H - R X | \—R1
R+ P toluene 63-65% L _—
115°C
Me Me
2 —
(RE=Me_ i | N g
25-55% = =
Scheme 111.4

|.18

Frank Glorius et al.”™ have developed an efficient method for dimerizations in presence of NHC

(N-heterocyclic carbene) (Scheme I11.5).

Z
A N R
TN NHC X
R —> R
= =

up to 98%

Scheme 111.5

Roberto Sanz in 2007 reported formation of 24-diarylpentene derivatives
from 2-aryl-2-propanol derivatives (R = H) under Brgnsted acid catalyzed conditions (Scheme
11.6)."

Me
R#H QA\/R
—

Me Me
— +

Scheme 111.6

OH

Ve DNBSA (10 moi%)
R MeCN, 80 °C
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Joseph S. M. Samec in 2010 disclosed that the reaction of 2-phenylpropan-2-ol mediated
by BiBr; vyield selectively either 4-methyl-2,4-diphenyl-2-pentene or 1,1,3-trimethyl-3-
phenylindane (Scheme 111.7).%°

Me Me
BiBr,
T
DCE, 0°C O O

88%
Me Me
OH

Me Me

BiBrs
_—
DCE, 120 °C O’

Me
82%

Scheme I11.7

Kotha et al. reported in 2000, dibromo-o-xylenes with ethyl isocyanoacetate in the
presence of potassium carbonate and TBAHS in acetonitrile gave the Indane products. (Scheme
111.8).2

B
r CNCH,COOEt

N K,CO;4 N NC
T —_ = —_
P> |
Bu,NHSO, Z COEt
Br MeCN, heat upto 96%
Scheme 111.8

111.3. RESULTS AND DISCUSSION:

111.3.1 Synthesis of indanes via acid mediated catalysis:

With this background and based on our research interest on acid mediated as well as
transition-metal catalyzed one-pot domino/sequential one-pot domino processes® to develop

new synthetic methods, we became interested in explore the acid catalysis on tert-alcohol.
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Herein we presented the synthesis of simple dimeric and indane products from tert-alcohols

using Lewis acid as mild catalyst (Scheme 111.9).

R R
Y A | N
N =
R R
AN
R+ OH acid
= solvent (or)
A
RRr
X
—_— R
=
R N

Scheme 111.9

Thus, the synthetic study was initiated with the preparation of tert-alcohols 4 from
benzaldehydes 1. The required tert-alcohols 4 were accomplished using standard alkyl Grignard
reagent addition, oxidation, and Grignard addition protocol. Therefore, addition of methyl
Grignard reagent to benzaldehydes 1 furnished secondary alcohols 2 in very good to excellent
yields (82-96%, Table 111.1). Oxidation of the resulting secondary alcohols with PCC-silica gel,
gave acetophenones 3 in good to excellent yields (86-96%, Table I1l1.1). Treatment of
acetophenones 3 with methyl Grignard reagent, gave the corresponding tert-alcohols 4 (84-96%,
Table 111.1).
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Table I11.1: Synthesis of tert-alcohols 4a-40 from corresponding benzaldehydes 1a-1m.?
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®Yields in the parentheses are isolated yields of chromatographically pure products.

In fact the results are quite accidental, because initially, we tried to explore the [Ru]-
catalyzed ortho C-H activation of these benzyl tertiary alcohols. Thus we explored the reaction
in the presence of RuCl,(p-cymene), (3 mol %) catalyst in combination with AgSbFg (3 mol%),
using phenylacetylene as coupling partner, in DCE (2 mL) at 100 °C. To our surprise, no ortho
C-H activation product was observed, rather gave the self dimerized indane product 6a in 80%
yield. To better understand the reaction path, the reaction was performed in the absence of
coupling agent diphenyl acetylene and in the presence of [Ru]-catalyst/AgSbFs, formation of the
same indane product 6a concluded that there is no role of the external coupling partner in this
reaction. Further to check the feasibility of this reaction, the reaction was explored under
different solvent systems; consistency of the reaction in giving the same product 6a, confimred
that the reaction clearly prefer self-dimerization exclusively. Obviously, the reaction must
proceed via the standard dehydration path (i.e. through the formation of styrene). Now the task is
to know whether or not the role of [Ru]-catalyst to trigger the self-dimerization. Therefore, the
reaction was performed with the [Ru]-catalyst without the Lewis acid AgSbFs. No progress of

the reaction revealed the essence of AgSbFg catalyst to promote self-dimerization.
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Since, it was very clear that AgSbFs act as the sole catalyst to promote the reaction, to
find out the best conditions, the reaction was explored with AgSbFg under various conditions and
the results are summarized in Table 111.2. Interestingly, the yield of 6a increased in parallel with
the decrease in acid quantity and time (Table 111.2, entries 1 to 2). Gratifyingly, the reaction in
the presence of [AgSbFs (1 mol%)], at 100 °C furnished the target indane 6a as an exclusive
product, in excellent yield (96%, Table 111.2, entry 3). No progress was seen at RT in DCE and at
100 °C in H,O or DMF, which led to the recovery of the starting material 4a (Table 111.2, entries
4 to 6). Interestingly, when the reaction was conducted at 50 °C, it was found to be highly
selective and lead to the formation of 4-methyl-2,4-diphenyl-2-pentene 5a, in excellent yield
(94%, Table 111.2, entry 7). Whereas, at 60 °C the yield was slightly decreased (Table 111.2, entry
8).

Table 111.2: Optimization conditions for the synthesis of dimerized olefin 5a and indane 6a.

Me_Me Me_Me M e
©)<OH cataly:: astolvent ‘)QJ\‘ . O’

S Q0 ) ® ta®
Entry® | Catalyst (mol %) | Solvent (mL) | Temp (°C) | Time (h) | Yield (%)°
S5a 6a
1 AgSbFs (20) DCE 100 12 o° | 70
2 AgSbF (10) DCE 100 2 0" | 80
3 AgSbFs (1) DCE 100 30min | o° | 9
4 AgSbFs (1) DCE rt 1 0 | 0°
5 AgSbFs (1) H,0 100 1 0 | 0°
6 AgSbFs (1) DMF 100 1 0 | 0°
7 AgSbFs (1) DCE 50 1 94 | O
8 AgSbFs (1) DCE 60 1 9 | 0°

3All reactions were carried out on 0.25 mmol scale of 4a. "Isolated yields of chromatographically pure products.
°Only starting material 4a was recovered. No 5a was formed. °No 6a was identified.
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After optimization of the reaction conditions we have concluded that the AgSbFg (1
mol%) furnish the indane 6a at 100 °C and dimerized products 5a at 50 °C. With these clearly
distinguished standard reaction conditions, we intended to explore the reaction to check the
scope and generality of the method. Hence, we have employed the above optimized conditions
(Table 111.2, entry 3) to other tert-alcohols 4, for the synthesis of the indane products 6 (Table 2).
Gratifyingly, the method was quite successful for the systems 4c-40 containing electron
withdrawing to donating substituents on the aromatic ring and gave the corresponding indanes
6¢-60, in very good to excellent yields (Table 111.3). Significantly, unlike the previous reports,
the present method is sustainable and mild enough to enable the synthesis of indanes 6j, 6k, 6l
and 60 with highly electron rich aromatic rings. Usually, electron rich aromatic systems do not
furnish indanes as end products, as they are sensitive enough and hence would further promote
unwanted side reactions. Notably, unlike any other earlier reports, the present method was
applied to synthesis of many indane systems.

Table 111.3: Scope of Lewis acid mediated one-pot formation of indanes 6 from various tert-alcohols 4.2°

R R R R
X
0 BN OH AgSbFg (1mole%) R1—: P 1
1 R
Z DCE, 50-120 °C R
4a-40 6a-60
Me Me Me Me
D) > ] Oo

Me Me Me Me Et Me

6a (90%) 6C (91%) d (93%) e (96%)

Me Me Me Me Me Me Me Me
F ‘ l O cl ‘ l MeO ‘ I O

Me F Me cl Me Br Me OMe

6f (91%) 69 ( 91% 6i (84% 6j (92%)

Me Me Me Me
o Me MeO Me Me MeO Me
CT) o OO O’ OQ
o O > MeO MeO O

Me 0 OMe Me Me OMe

6k (96%) 61 (94%) n (93%) 60 (98%) OMe

3All reactions were carried out on 0.25 mmol scale of 4. ®Yields of chromatographically pure products.
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Figure 111.3: *C-NMR (100 MHz) spectrum of 6l in CDCl5,
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The structure of 1-(3,4-dimethoxyphenyl)-5,6-dimethoxy-1,3,3-trimethylindane 6l was
confirmed from its spectral data. IR spectra show the presence of strong absorption band at 2953
cm™ due to C-H stretching of alkane. In the *H-NMR spectrum (Figure 111.2), presence of
multiplet at & 7.76-6.64 due to four aromatic protons, one singlet at 6 6.59 due to one aromatic
proton, four singlets at & 3.91, 3.83, 3.82 and 6 3.77 due to twelve protons of four aromatic
methoxy groups, presence of two doublets at 6 2.34 (J=12.7 Hz) and & 2.18 (J=12.7 Hz) due to
two protons of a methylene group, presence of three singlets at 6 1.65, 1.31 and 1.04 due to nine
protons of three methyl groups, established the structure of indane 61. In 22 lines **C-NMR
spectrum (Figure 111.3), presence of seven quaternary carbons resonances at 6 148.8, 148.3 (2C),
146.8, 143.9 (2C) and 140.2 due to aromatic carbons, five aromatic methine carbons at 6 118.6,
110.4, 110.3, 107.4 and 105.1, one methylene carbon at & 59.7, four aromatic methoxy carbons at
d 56.1, 55.9, 55.8 and & 55.7, two quaternary carbons at 650.3 and 42.7, presence of three
methyl carbons at 6 30.8, 30.7 and 30.4 ppm, confirmed the structure of indane 6l. Presence of
the [M+H]" peak at m/z [CxH20,]'=357.2054 in the mass spectrum further established the

structure of indane 6l.

In the above described method for the selective formation of 2,4-diaryl-4-methylpent-2-
enes and indanes 6a-60 (Table 111.3), the reaction proceeds with Markovnikov selectivity in both
C—C bond-forming steps. The fact that the reaction impeded after the dimerization at lower
temperatures implies that it is the kinetic product 5a, while the indane 6a is the thermodynamic
product. On the other hand, unsaturated dimer is an important chain transfer reagent in the
production of polymers. Due to the importance of being able to generate the dimerization
product selectively, in a controlled manner to generate dimerization olefin product 5a (Table
I11.2, entry 7), we thought that this strategy can be extend for the synthesis of dimeric products as
well. Since, the reaction was quite successful in delivering the dimeric product 5a at 50 °C, we
felt that RT to 50 °C temperature range would be ideal to produce the dirmeric products
depending on the nature of substituents on the aromatic ring. Therefore, we have applied the
above optimized conditions (Table 111.2, entry 7) to other tert-alcohols 4a-4j and the results are
as shown in the Table I11.4. Gratifyingly, the method was quite successful and amenable for the
systems having electron withdrawing to donating substituents on the aromatic ring and gave the

corresponding dimers 5a-5j, in good to excellent yields (Table 111.4).
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Table 111.4: Scope of Lewis acid mediated one-pot formation of (1,1-dimethyl-3-phenylbut-3-
enyl)benzenes 5 from various tert-alcohols 4.%°

Me Me Me Me
x OH AgSbFg (1mole%)
R1_' D
- DCE, rt-50 °C

4a-4j Sa-5j
Me Me Me Me Me Me
O o . O L, O O
a (90%) 5¢c (81%) 5e (88%)
Me Me Me Me /‘)}\M;&e‘\
o, T .
5f (94%) 59 (86%) 5i (70%)

oo
MeO OMe

5§ (90%)

2All reactions were carried out on 0.25 mmol scale of 4. ®Yields of chromatographically pure products.
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Figure I11.4: "H-NMR (400 MHz) spectrum of 5j in CDCls,
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Figure 111.5: *C-NMR (100 MHz) spectrum of 5j in CDCl5,

The structure of 1-methoxy-4-[3-(4-methoxyphenyl)-1,1-dimethylbut-3-enyl]benzene 5j
was confirmed from its spectral data. IR spectra show the presence of strong absorption band at
2959 cm™ due to C-H stretching of alkane. In the "H-NMR spectrum (Figure 111.4), presence of
two doublet of doublets at & 7.21 (J=8.8 and 7.3 Hz) and 6.80 (J=8.8 and 1.5 Hz) due to eight
aromatic protons, two doublets at 6 5.11 ( J=2.0 Hz ) and 4.73 (J=2.0 Hz) due to two olefinic
protons, two singlets at 6 3.80 and & 3.79 due to six protons of two aromatic methoxy groups,
presence of one singlet at 6 2.78 due to two protons of a methylene group, presence of one
singlet at & 1.22 due to six protons of two methyl groups, established the structure of 1-methoxy-
4-[3-(4-methoxyphenyl)-1,1-dimethylbut-3-enyl]benzene 5j. In 15 lines **C-NMR spectrum
(Figure 111.5), five quaternary carbons resonances at 6 158.5, 157.2, 146.0, 141.7 and 135.9 due
to four aromatic and one olefinic carbons, eight aromatic methine carbons at 6 127.5 (2C), 126.9
(2C), 113.3 (2C) and 113.0 (2C), one terminal olefinic carbon at & 115.4, two methoxy carbons
at & 55.3 and 55.2, one methylene carbon at 6 49.7, one quaternary carbon at 6 38.0 ppm,
presence of tow methyl carbons at & 28.9 ppm, confirmed the structure of 1-methoxy-4-[3-(4-

methoxyphenyl)-1,1-dimethylbut-3-enyl]benzene 5j. Presence of the [M+H]" peak at m/z
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[Ca0H250,]"=297.1830 in the mass spectrum further established the structure of 1-methoxy-4-[3-
(4-methoxyphenyl)-1,1-dimethylbut-3-enyl]benzene 5j.

On the other hand, quite surprisingly, when there is ortho-substituent, the reaction
stopped just after dehydration and gave the corresponding styrenes 7b, 7h and 7m (Table I11.5).
The exact reason for no further progress of the reaction after the formation of styrenes is not
clear. However, it may be presumed due to the steric crowding of the ortho-substituent. All
compounds are fully characterized based on their spectroscopic evidence. In addition, the

compounds 2f and 3f were further characterized by ‘°F-NMR.

Table I11.5: Lewis acid mediated formation of styrenes 7 from various tert-alcohols 4.%°

Me Me 3
R3 oH AgSbFg (1 mol%) N R Me
R? R DCE, 50-100 °C R2 R!
R' = Me, Br
R2=R%=H, OMe

Me Br MeO Br
)

7b (86%) 7h (78%) 7m (82%

4b-4m 7b-Tm

3All reactions were carried out on 0.25 mmol scale of 4. ®Yields of chromatographically pure products.

Further to show so the emenability of the reaction conditions on larger scale, we have
conducted the reaction on 5 mmol scale of tert-alcohols 4c and 4e, for their conversion to dimer
and indane, respectively (Scheme 111.10). Since, it is on larger scale, the reaction was performed
with only 0.5 mol% of the catalyst. To our delight, the reaction was found to be very smooth and
gave the corresponding dimer 5c¢ (86%) and indane 6e (94%) in comparable yields to that of

small scale experiments (Tables I1l. 3 & Tables I11.4).
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Me Me Me Me
/@)QOH AgSbFg (0.5 mol%)
— =
Ve DCE, 50 °C, 30 min Ve Vo

4c (5 mmol) 5¢ (86%)

M
Me Me S Me

OH AgSbFg (0.5 mol%) Ve O’
_— =
Me DCE, 110 °C, 30 min Me O Me
Me

Me
4e (5 mmol) 6e (94%)

Scheme 111.10: Scope of the method to give dimer 5¢ and indane 6e on 5 mmol scale.

It was further concluded that the reaction must proceed via the formation of styrene
intermediate, we rationalized that the treatment of styrene under standard reaction
conditions, would furnish the same dimeric and indane products. Therefore, the methyl
styrene 8a was also treated with AgSbFs (1 mol%) at 50 and 100 °C, respectively. As
anticipated, the products (1,1-dimethyl-3-phenylbut-3-enyl)benzene 5a and indane 6a
were obtained in excellent yields (Scheme I11. 11). However, it is noteworthy that under
standard conditions, the reaction of simple styrene, did not promote to give any product
except complete recovery of starting material. This further confirms the mild nature of the

present protocol.

Me Me
AgSbFg (1 mol%)
DCE, 50 °C
5a (90%)
O —
8a
Me Me
AgSbFg (1 mol%) O’
L >

DCE, 100 °C O
Me

6a (92%)

Scheme 111.11: Synthesis of dimer 5a and indane 6a from methylstyrene 8a.

In order to understand the reaction path, separately, the tert-alcohol 4c was dimerized to
5c¢, under standard conditions. After column purification of 5c, it was treated with the catalyst

AgSbFs (1 mol%), at elevated temperature 110 °C for 10 min. As anticipated, the indane 6¢ was
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obtained excellent yield (95 %). Thus, claims the intermediacy of the linear dimer 5c in reaction

path to give indane 6c¢ as the end product (Scheme 111.12).

Me Me

Me Me Me Me
/©)40H AgSbFg (1 mol%) AgSbFg (1 mol%) O’
- =
o : o : Me
Me DCE, 50°C,30min Me DCE, 110°C, 10 min e O
)

4c 5¢ (86% 6¢ (95%)

Scheme 111.12: Formation of indane 6¢ from the dimer 5c.

A plausible reaction mechanism for the formation of indanes 6 and (1,1-dimethyl-3-

phenylbut-3-enyl)benzenes 5 is shown in Scheme 111.13. Initially, the Lewis acid could promote

dehydration of the tert-alcohol 4 to give the styrene X. Then the Lewis acid coordinates to the

double bond of the styrene X, which will be attacked by another molecule of X in Markovnikov

(head to tail mode) selectivity to generate intermediate Z, via an intermolecular Friedel-Crafts-

type reaction. Then the intermediate Z depending on the temperature applied either leads to the

indanes 6 or (1,1-dimethyl-3-phenylbut-3-enyl)benzenes 5.

Scheme 111.13: Plausible reaction mechanism for the formation of indanes 6 and dimers 5.

ol A OH L X /\L N &
L ————> R _ . R—:
=
4 X Y
A
Me e RQJJ\
{ X
RT < pathb
= ~ R y
Me H.__H
6 Jpatha
[ [}
N
path b
z
= X path a
R+ | | R I
S 5 =
Scheme 111.13
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I11.4. CONCLUSIONS:

We have developed a mild and practical method for the synthesis of (1,1-dimethyl-3-
phenylbut-3-enyl)benzenes and indanes. The reaction was temperature dependent and furnished
the products with excellent selectivity. In the case of simple dimerization Markovnikov head to
tail coupling took place. Whereas, for the formation of indanes, the same trend was noticed, in
addition, intramolecular Friedel-Crafts attack took place. Notably, even electron rich aromatic
systems were compatible for the formation of indanes, which is not usual, thus revealing the
advantages of mild reaction conditions of present protocol. Reasonably good number of

examples has been prepared using this strategy unlike any other earlier reports.

R R
AgSbFg (1 mol%) O | N o

R L

DCE, rt-50 °C Z =
7 examples, up-to 92%

R R
X OH
R P

R

R
AgSbFg (1 mol%) e
> |
DCE, 50-120 °C Z =~ R'
RO\

12 examples, up-to 98%

Scheme 111.14
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111.5 EXPERIMENTAL SECTION:

Table 111.6: Compounds (6a, 6¢, 6d, 6e, 6f, 6g, 6j, 6n) 12 are known in the literature.

Me Me Me Me Me Me
O’O O.O ) O.O . O’O .
Me Me Me Me Et Me Me
6e Me

Me e

Me Me Me Me Me Me
D) A o D) o C) O D) O
Me E Me cl M OMe Me
6f 69

[}

Me Me Me Me Me Me
O Me O O Me O O
e Me Me Me Me Me
FWF Nopavh
Me Me
Negash

GP-1 General Procedure for indanes:

To an oven dried Schlenk tube under nitrogen atmosphere, were added alcohol 4 (34-57
mg, 0.25 mmol) and AgSbFs (1 mol%) followed by the addition of DCE (2 mL). The resultant
reaction mixture was stirred at 50 to 120 °C for 10 to 30 mins. Progress of the reaction was
monitored by TLC until the reaction was completed. The reaction mixture was quenched by the
addition of aqueous NaHCO3; and extracted with DCM (3 x 20 mL). The combined organic
layers were washed with saturated brine solution, dried (Na,SO4) and concentrated under
reduced pressure. Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate) furnished the indanes 6 (84-98%).
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GP-2 General Procedure for (1,1-dimethyl-3-phenylbut-3-enyl)benzenes:

To an oven dried Schlenk tube under nitrogen atmosphere, were added alcohol 4 (34-57
mg, 0.25 mmol) and AgSbFs (1 mol%) followed by the addition of DCE (2 mL). The resultant
reaction mixture was stirred at RT to 50 °C for 10 mins to 2 h. Progress of the reaction was
monitored by TLC until the reaction was completed. The reaction mixture was quenched by the
addition of aqueous NaHCOs3 and extracted with DCM (3 x 20 mL). The combined organic
layers were washed with saturated brine solution, dried (Na,SO,) and concentrated under
reduced pressure. Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate) furnished the dimer 5 (70-95%).

Me \e

»
Sy

6a

1,1,3-Trimethyl-3-phenylindane (6a):

GP-1 was carried out with alcohol 4a (34 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 98:2) furnished indane 6a (27 mg, 90%) as brown color
viscus liquid. [TLC control R¢(4a)=0.50, R¢(6a)=0.80, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2958, 1487, 1400, 1093, 1011, 821, 724
cm-1.

'H NMR (CDCl; 400 MHz): 8=7.30-7.08 (m, 9H, ArH), 2.39 (d, 1H, J=13.2 Hz,
CHaHy), 2.20 (d, 1H, J=13.2 Hz, CH,Hy), 1.67 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.02 (s, 3H, CHj3)
ppm.

3C NMR (CDCl3, 100 MHz): $=152.2 (s, ArC), 151.0 (s, ArC), 148.7 (s, ArC), 128.0
(d, 2C, ArCH), 127.2 (d, ArCH), 126.7 (d, 2C, ArCH), 126.6 (d, ArCH), 125.4 (d, ArCH), 125.0
(d, ArCH), 122.5 (d, ArCH), 59.2 (t, CH,), 50.8 [s, C(Me),], 42.8 [s, C(Me),], 30.9 (g, CHs),
30.6 (g, CH3), 30.4 (g, CH3) ppm.
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Me \e

6
1,1,3,5-Tetramethyl-3-(4-methylphenyl)indane (6c¢):

GP-1 was carried out with alcohol 4c (38 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 98:2) furnished indane 6¢ (30 mg, 91%) as brown color
viscus liquid. [TLC control R¢(4c¢)=0.50, R¢(6c)=0.80, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2956, 1510, 1453, 1361, 1312, 1189,
1019, 815, 723 cm-1.

'H NMR (CDCl; 400 MHz): =7.20-7.05 (m, 6H, ArH), 6.95 (s, 1H, ArH), 2.41 (d, 1H,
J=13.2 Hz, CH,Hy,), 2.40 (s, 3H, CH3), 2.34 (s, 3H, CH3), 2.23 (d, 1H, J=13.2 Hz, CH,H}), 1.71
(s, 3H, CH3), 1.37 (s, 3H, CH3), 1.09 (s, 3H, CH3) ppm.

3C NMR (CDCl3, 100 MHz): §=149.3 (s, ArC), 149.1 (s, ArC), 148.1 (s, ArC), 136.1
(s, ArC), 134.8 (s, ArC), 128.6 (d, 2C, ArCH), 128.0 (d, ArCH), 126.6 (d, 2C, ArCH), 125.4 (d,
ArCH), 122.2 (d, ArCH), 59.5 (t, CH), 50.3 [s, C(Me),], 42.5 [s, C(Me)Ar], 30.8 (g, 2C, CHy),
30.5 (g, CH3), 21.4 (q, CH3), 20.9 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CH2sN]'=[M+NH4]": 282.2216; found:
282.22109.

Me \e

Et’%
Me Et

6d

5-Ethyl-3-(4-ethylphenyl)-1,1,3-trimethylindane (6d):

GP-1 was carried out with alcohol 4d (41 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 98:2) furnished indane 6d (34 mg, 93%) as brown color
viscus liquid. [TLC control R¢(4d)=0.60, R{(6d)=0.75, (petroleum ether/ethyl acetate 98:2, UV

detection)].
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IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2962, 1511, 1456, 1368, 1312, 1016, 829,
565 cm-1.

'H NMR (CDCl; 400 MHz): §=7.20-7.05 (m, 6H, ArH), 6.94 (s, 1H, ArH), 2.75-2.55
[m, 4H, Ar-(CH,CHs),], 2.36 (d, 1H, J=12.7 Hz, CHaHb), 2.18 (d, 1H, J=12.7 Hz, CHa Hy), 1.67
(s, 3H, CH3), 1.33 (s, 3H, CHs), 1.30-1.15 [m, 6H, Ar(CH,CHs).], 1.03 (s, 3H, CHs) ppm.

13C NMR (CDCls, 100 MHz): 5=149.5 (s, Ar-C), 149.0 (s, ArC), 148.3 (s, ArC), 142.6
(s, ArC), 141.1 (s, ArC), 127.3 (d, 2C, ArCH), 126.8 (d, ArCH), 126.6 (d, 2C, ArCH), 124.3 (d,
ArCH), 122.2 (d, ArCH), 59.5 (t, CH,), 50.4 [s, C(Me),], 42.5 [s, C(Me)Ar], 30.9 (g, CH3), 30.7
(g, CHa), 30.5 (g, CH3), 28.8 (t, Ar-CH,CHs), 28.2 (t, Ar-CH,CHs), 15.8 (g, Ar-CH,CHj), 15.4
(g, Ar-CH,CHg) ppm.

HR-MS (APCI+): m/z calculated for [CxH3N]'=[M+NH4]": 310.2529; found:
310.2528.

Me e

Me O’
Me
Me Me O

6e Me
5-l1sopropyl-3-(4-isopropylphenyl)-1,1,3-trimethylindane (6e):

GP-1 was carried out with alcohol 4e (46 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 96:4) furnished indane 6e (40 mg, 96%) as brown color
viscus liquid. [TLC control R¢(4€)=0.50, R¢(6€)=0.70, (petroleum ether/ethyl acetate 96:4, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2957, 1510, 1458, 1364, 1057, 828 cm-1.

'H NMR (CDCI; 400 MHz): $=7.23-7.10 (m, 6H, ArH), 7.05 (s, 1H, ArH), 3.03-2.85
(m, 2H, CHy), 2.45 (d, 1H, J=12.7 Hz, CHaHy), 2.24 (d, 1H, J=12.7 Hz, CHsHy), 1.73 (s, 3H,
CHj3), 1.38 (s, 3H, CH3), 1.32 (d, 6H, 2 x CH3), 1.28 (d, 6H, 2 x CH3), 1.06 (s, 3H, CH3) ppm.

3C NMR (CDCls, 100 MHz): $=149.7 (s, ArC), 148.8 (s, ArC), 148.3 (s, ArC), 147.3
(s, ArC), 145.7 (s, ArC), 126.5 (d, 2C, ArCH), 125.9 (d, 2C, ArCH), 125.3 (d, ArCH), 122.9 (d,
ArCH), 122.1 (d, ArCH), 59.5 (t, CH,), 50.5 [s, C(CHj3),], 42.4 [s, C(CHa)], 34.1 (d, CH), 33.5
(d, CH), 31.0 (q, CH3), 30.7 (q, CH3), 30.5 (q, CH3), 24.3 (g, 2C, CHs), 24.0 (g, CHs), 23.9 (q,
CHs) ppm.
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HR-MS (APCI+): m/z calculated for [CpsH3s] '=[M+H]": 321.2577; found: 321.3577.

Me Me

o,

6f
5-Fluoro-3-(4-fluorophenyl)-1,1,3-trimethylindane (6f):
GP-1 was carried out with alcohol 4f (39 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025

mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 98:2) furnished indane 6f (31 mg, 91%) as brown color
viscus liquid. [TLC control R{(4f)=0.50, R¢(6f)=0.70, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2959, 1605, 1507, 1422, 1227, 1163,
1015, 821, 532 cm-1.

'H NMR (CDCl; 400 MHz): 8=7.16-7.08 (m, 3H, ArH), 7.01-6.89 (m, 3H, ArH), 6.77
(dd, 1H, J=9.3 and 2.5 Hz, ArCH), 2.37 (d, 1H, J=12.7 Hz, CHaHy), 2.23 (s, 1H, J=12.7 Hz,
CHgHy), 1.66 (s, 3H, CHg), 1.33 (s, 3H, CH3), 1.03 (s, 3H, CH3) ppm.

3C NMR (CDCls, 100 MHz): $=163.5 (d, J=243.6 Hz, ArC), 162.2 (d, J=244.3 Hz,
ArC), 150.8 (d, J=7.3 Hz, ArC), 147.5 (s, ArC), 146.0 (d, J=2.9 Hz, ArC), 128.1 (d, 2C, J=7.3
Hz, ArCH), 123.8 (d, J=8.8 Hz, ArCH), 114.8 (d, 2C, J=21.3 Hz, ArCH), 114.4 (d, J=22.0 Hz,
ArCH), 111.4 (d, J=22.0 Hz, ArCH), 59.5 (t, CH,), 50.2 [d, J=1.5 Hz, C(CHa),], 42.4 [s,
C(CHs)], 30.8 (g, CH3), 30.7 (g, CHs), 30.4 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CigH19F2]'=[M+H]": 273.1449; found: 273.1425.

Me Me

ey
Me cl

6g
5-Chloro-3-(4-chlorophenyl)-1,1,3-trimethylindane (69):
GP-1 was carried out with alcohol 59 (43 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025

mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 96:4) furnished indane 6g (35 mg, 91%) as brown color
viscus liquid. [TLC control R¢(49)=0.50, R{(6g)=0.60, (petroleum ether/ethyl acetate 96:4, UV

detection)].
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IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2958, 1487, 1400, 1093, 1011, 821, 724
cm-1.

IH NMR (CDCl; 400 MHz): 8=7.28-7.16 (m, 3H, ArH), 7.15-7.06 (m, 3H, ArH), 7.03
(d, 1H, J=1.9 Hz, ArH), 2.34 (d, 1H, J=12.7 Hz, CH,Hy), 2.20 (d, 1H, J=13.2 Hz, CH, Hy), 1.64
(s, 3H, CHy), 1.31 (s, 3H, CHs), 1.02 (s, 3H, CH3) ppm.

13C NMR (CDCls, 100 MHz): 5=150.6 (s, ArC), 150.3 (s, ArC), 148.7 (s, ArC), 132.4
(s, ArC), 1315 (s, ArC), 128.2 (d, 2C, ArCH), 128.0 (d, 2C, ArCH), 127.7 (d, ArCH), 124.9 (d,
ArCH), 123.9 (d, ArCH), 59.1 (t, CH,), 50.4 [s, C(Me),], 42.6 [s, C(Me)Ar], 30.6 (g, 2C, CH),
30.3 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CisH2CLN]'=[M+NH,]": 322.1118; found:
322.1163.

Me Me

6i
5-Bromo-3-(4-bromophenyl)-1,1,3-trimethylindane (6i):

GP-1 was carried out with alcohol 4i (54 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 98:2) furnished indane 6i (42 mg, 84%) as brown color
viscus liquid. [TLC control Ry(4i)=0.50, R¢(61)=0.70, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vinx=2961, 2927, 1485, 1463, 1395, 1369, 1073,
1008, 1018, 827, 632 cm™,

'H NMR (CDCls, 400 MHz): 0=7.41 (dd, 1H, J=7.8 and 2.0 Hz, ArH), 7.37 (dd, 2H,
J=8.3 and 2.0 Hz, ArH), 7.19 (d, 1H, J=2.0 Hz, ArH), 7.08 (d, 1H, J=7.8 Hz, ArH ), 7.04 (dd,
2H, J=8.3 and 2.0 Hz, ArH), 2.36 (d, 1H, J=13.2 Hz, CH,Hy), 2.36 (d, 1H, J=13.2 Hz, CH,H),
1.64 (s, 3H, CHj3), 1.32 (s, 3H, CH3), 1.03 (s, 3H, CH3) ppm.

3C NMR (CDCls, 100 MHz): 6=151.2 (s, ArC), 150.7 (s, ArC), 149.3 (s, ArC), 131.2
(d, 2C, ArCH), 130.6 (d, ArCH), 128.5 (d, 2C, ArCH), 127.9 (d, ArCH), 124.5 (d, ArCH), 120.5
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(s, ArC), 119.7 (s, ArC), 59.1 (t, CH,), 50.6 [s, C(CH3),], 42.7 [s, C(CHa)], 30.6 (g, 2C, 2xCHj3),
30.3 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CigHigBroK]'=[M+K]": 430.9407; found:
430.9410.

Me \e

MeO I O
Me OMe

.
5-Meth(;xy-3-(4-methoxyphenyl)-l,1,3-trimethylindane (6)):

GP-1 was carried out with alcohol 4j (42 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 96:4 to 92:8) furnished indane 6j (35 mg, 92%) as brown color
viscus liquid. [TLC control R¢(4j)=0.50, R¢6j)=0.60, (petroleum ether/ethyl acetate 92:8, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2955, 1608, 1508, 1310, 1248, 1181,
1034, 827, 664 cm™.

'H NMR (CDCl; 400 MHz): §=7.15-7.05 (m, 3H, ArH), 6.90-6.75 (m, 3H, ArH), 6.63
(s, 1H, Ar-H), 3.78 (s, 3H, ArOCHs), 3.77 (s, 3H, ArOCHs), 2.34 (d, 1H, J=13.2 Hz, CH4Hy),
2.19 (d, 1H, J=13.2 Hz, CH2, H2p), 1.66 (s, 3H, CH3), 1.31 (s, 3H, CHj3), 1.03 (s, 3H, CH3) ppm.

3C NMR (CDCl;, 100 MHz): $=158.9 (s, Ar-C), 157.3 (s, Ar-C), 150.5 (s, Ar-C), 144.5
(s, Ar-C), 143.0 (s, Ar-C), 127.6 (d, 2C, Ar-CH), 123.1 (d, Ar-CH), 113.2 (d, 2C, Ar-CH), 113.1
(d, Ar-CH), 109.9 (d, Ar-CH), 59.7 (t, CH,), 55.4 [t, Ar(OMe)], 55.2 [t, Ar(OMe)], 50.1 [s,
C(Me),], 42.1 [s, C(Me)Ar], 30.9 (g, 2C, CH3), 30.8 (g, CH3), 30.5 (q, CH3) ppm.

HR-MS (ESI+): m/z calculated for [CooH240,]"=[M]": 296.1771; found: 296.1785.

Me Me
O
SSSPIN

AP

6k
5-(1,3-Benzodioxol-5-yl)-5,7,7-trimethyl-6,7-dihydro-5H-indeno[5,6-d][1,3]dioxole (6k):

GP-1 was carried out with alcohol 4k (45 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
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(petroleum ether/ethyl acetate 92:8 to 90:10) furnished indane 6k (39 mg, 96%) as brown color
viscus liquid. [TLC control R{(4k)=0.40, R{(6k)=0.65, (petroleum ether/ethyl acetate 90:10, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vn=2957, 2891, 1477, 1431, 1280, 1235, 1213,
1036, 936, 812, 735 cm™.

'H NMR (CDCls, 400 MHz): 6=6.70-6.59 (m, 4H, ArH), 6.51 (s, 1H, ArH), 5.95 (dd,
2H, J=5.9 and 1.5 Hz, O-CH,-0), 5.90 (dd, 2H, J=5.9 and 1.5 Hz, O-CH,-O), 2.34 (d, 1H,
J=13.2 Hz, CHaHb), 2.17 (d, 1H, J=13.2 Hz, CH.H), 1.60 (s, 3H, CH3), 1.28 (s, 3H, CH3), 1.03
(s, 3H, CH3) ppm.

3C NMR (CDCls, 100 MHz): 6=147.4 (s, ArC), 147.2 (s, ArC), 146.7 (s, ArC), 145.3
(s, ArC), 145.2 (s, 2C, ArC), 1415 (s, ArC), 119.4 (d, ArCH), 107.6 (d, ArCH), 107.4 (d,
ArCH), 104.9 (d, ArCH), 102.8 (d, ArCH), 101.0 (t, O-CH,-0), 100.8 (t, O-CH,-0), 59.7 (t, 2C,
CHy), 50.3 [s, C(CHj3)2], 42.6 [s, C(CH3)], 30.9 (g, CHs), 30.8 (g, CHs3), 30.4 (q, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CaoH2sNO4]'=[M+NH,4]": 342.1700; found:
342.1705.

Me e
MeO. O’ v
MeO " O -,

6l
1-(3,4-Dimethoxyphenyl)-5,6-dimethoxy-1,3,3-trimethylindane (61):

GP-1 was carried out with alcohol 41 (49 mg, 0.25 mmol), AgSbFs (0.9mg, 0.0025 mmol)
and DCE (2 mL). Purification of the residue by silica gel column chromatography (petroleum
ether/ethyl acetate 88:12 to 84:16) furnished indane 61 (42 mg, 94%) as brown color viscus
liquid. [TLC control R{(41)=0.40, R(61)=0.60, (petroleum ether/ethyl acetate 84:16, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vin=2953, 2859, 1503, 1462, 1286, 1253, 1239,
1144, 1027, 854, 762 cm™.

'H NMR (CDCls, 400 MHz): 6=6.75-6.65 (m, 4H, ArH), 6.59 (s, 1H, ArH), 3.91 (s,
3H, ArOMe), 3.83 (s, 3H, ArOMe), 3.82 (s, 3H, ArOMe), 3.77 (s, 3H, ArOMe), 2.34 (d, 1H,
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J=12.7 Hz, CH,Hy), 2.18 (d, 1H, J=12.7 Hz, CH4H}), 1.65 (s, 3H, CH3), 1.31 (s, 3H, CH3), 1.04
(s, 3H, CHs) ppm.

3C NMR (CDCls, 100 MHz): 5=148.8 (s, ArC), 148.3 (s, ArC), 148.2 (s, ArC), 146.7
(s, ArC), 144.0 (s, ArC), 143.9 (s, ArC), 140.2 (s, ArC), 118.6 (d, ArCH), 110.4 (d, ArCH),
110.3 (d, ArCH), 107.4 (d, ArCH), 105.1 (d, ArCH), 59.7 (t, CHy), 56.1 (g, ArOMe), 55.9 (q,
ArOMe), 55.7 (g, ArOMe), 50.3 [s, C(CHa),], 42.7 [s, C(CHs)], 30.8 (g, CH3), 30.7 (g, CHs),
30.4 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CooH2904]'=[M+H]": 357.2060; found: 357.2054.

Me o
L o0

6n
1,1,3-Trimethyl-3-(2-naphthyl)-2,3-dihydro-1H-cyclopenta[b]naphthalene (6n):

GP-1 was carried out with alcohol 4n (47 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 98:2 to 94:6) furnished indane 6n (40 mg, 93%) as brown color
viscus liquid. [TLC control R¢(4n)=0.50, R¢(6n)=0.65, (petroleum ether/ethyl acetate 94:6, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2958, 1597, 1454, 1376, 1277, 1137, 817,
747 cm-1.

'H NMR (CDCI;3 400 MHz): $=7.90-7.70 (m, 5H, Ar-H), 7.63 (d, 1H, J=8.3 Hz, ArH),
7.50-7.20 (m, 4H, ArH), 7.27 (dd, 1H, J=8.3 and 6.8 Hz, ArH), 7.20 (d, 1H, J=6.8 Hz, ArH),
7.08 (dd, 1H, J=8.3 and 6.8 Hz, ArH), 2.44 (d, 1H, J=13.7 Hz, CH.Hy), 2.36 (d, 1H, J=13.7 Hz,
CHaHy), 2.06 (s, 3H, CHg), 1.43 (s, 3H, CH3), 1.39 (s, 3H, CH3) ppm.

3C NMR (CDCls, 100 MHz): $=149.4 (s, ArC), 148.6 (s, ArC), 142.7 (s, ArC), 133.9
(s, ArC), 133.3 (s, ArC), 131.7 (s, ArC), 129.7 (s, ArC), 128.8 (d, ArCH), 128.7 (d, ArCH),
128.1 (d, ArCH), 128.0 (d, ArCH), 127.4 (d, ArCH), 126.3 (d, ArCH), 125.8 (d, ArCH), 125.6
(d, ArCH), 125.3 (d, ArCH), 125.0 (d, ArCH), 124.5 (d, ArCH), 123.5 (d, ArCH), 121.3 (d,
ArCH), 61.3 (t, CH,), 52.1 [s, C(Me)], 43.3 [s, C(Me)Ar], 31.4 (g, CH3), 31.3 (g, CH3), 28.1 (q,
CHs) ppm.
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HR-MS (APCI+): m/z calculated for [CasH2sN]'=[M+NH,4]": 354.2216; found:
354.2210.

Me Me

MeOMe

6o  OMe
4,5,6-trimethoxy-1,3,3-trimethyl-1-(2,3,4-trimethoxyphenyl)indane (60):

GP-1 was carried out with alcohol 40 (56 mg, 0.25 mmol), AgSbFs (0.9mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 85:15 to 80:20) furnished indane 60 (51 mg, 98%) as brown color
viscus liquid. [TLC control R¢(40)=0.40, R¢(60)=0.60, (petroleum ether/ethyl acetate 80:20, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm™): vina=2955, 2866, 1589, 1508, 1460, 1409, 1332,
1238, 1125, 1020, 832 cm'™.

'H NMR (CDCls;, 400 MHz): §=6.45 (s, 1H, ArH), 6.39 (s, 2H, ArH), 3.88 (s, 3H,
ArOMe), 3.81 (s, 3H, ArOMe), 3.79 (s, 3H, ArOMe), 3.74 (s, 6H, 2xArOMe), 3.59 (s, 3H,
ArOMe), 2.32 (d, 1H, J=13.2 Hz, CH4Hy), 2.13 (d, 1H, J=13.2 Hz, CH,Hy), 1.74 (s, 3H, CHs3),
1.29 (s, 3H, CHj3), 1.06 (s, 3H, CH3) ppm.

3C NMR (CDCl3, 100 MHz): §=153.8 (s, ArC), 152.4 (s, 2C, ArC), 150.2 (s, ArC),
147.7 (s, ArC), 146.9 (s, ArC), 140.9 (s, ArC), 135.6 (s, ArC), 132.7 (s, ArC), 103.8 (d, 2C,
ArCH), 100.8 (d, ArCH), 60.8 (q, ArOMe), 60.5 (g, ArOMe), 60.1 (t, CH,), 60.0 (g, ArOMe),
56.0 (g, ArOMe), 55.9 (g, ArOMe), 51.0 [s, C(CHs),], 43.4 [s, C(CHa)], 31.0 (g, CH3), 30.5 (q,
CHj3), 29.1 (g, CH3) ppm.

HR-MS (APCI+): m/z calculated for [Co4H3306] '=[M+H]": 417.2272; found: 417.2270.

Me Me

5a

(1,1-Dimethyl-3-phenylbut-3-enyl)benzene (5a):
GP-1 was carried out with alcohol 4a (34 mg, 0.25 mmol), AgSbF¢ (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
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(petroleum ether/ethyl acetate 100:0 to 98:2) furnished the dimer 5a (27 mg, 90%) as brown
color viscus liquid. [TLC control Ry(4a)=0.60, R¢(5a)=0.80, (petroleum ether/ethyl acetate 98:2,
UV detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2958, 1487, 1400, 1093, 1011, 821, 724
cm-1.

'H NMR (CDCl; 400 MHz): $=7.35-7.05 (m, 10H, ArH), 5.12 (d, 1H, J=2.0 Hz,
CHaHy), 4.77 (d, 1H, J=1.0 Hz, CH, Hy), 2.82 (s, 2H, CH>), 1.21 [s, 6H, (CH3)2] ppm.

C NMR (CDCl3, 100 MHz): 5=149.4 [s, ArC(CH,),], 146.7 (s, ArC), 143.4 (s, ArC),
128.0 (d, 2C, ArCH), 127.8 (d, 2C, ArCH), 126.8 (d, ArCH), 126.5 (d, 2C, ArCH), 125.9 (d, 2C,
ArCH), 125.4 (d, ArCH), 116.9 (t, CHy), 49.5 (t, CH,), 38.6 [s, C(Me).], 28.7 (q, 2C, CH3) ppm.

oo
Me 5¢c Me

1-[1,1-Dimethyl-3-(4-methylphenyl)but-3-enyl]-4-methylbenzene (5c):

GP-1 was carried out with alcohol 4c (38 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 98:2) furnished the dimer 5c¢ (27 mg, 81%) as brown
color viscus liquid. [TLC control R¢(4¢)=0.55, R¢(5¢)=0.75, (petroleum ether/ethyl acetate 98:2,
UV detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2961, 1511, 1452, 1348, 1285, 1184,
1019, 814, 732 cm-1.

'H NMR (CDCI;3 400 MHz): =7.16 (dd, 4H, J=8.8 and 8.3 Hz, ArH), 7.10-6.98 (m, 4H,
ArH), 5.10 (d, 1H, J=2.0 Hz, CH,Hp), 4.72 (d, 1H, J=1.0 Hz, CH,Hy), 2.76 (s, 2H, CH>), 2.29 (s,
3H, ArCHj3), 2.27 (s, 3H, ArCHj3), 1.16 [s, 6H, (CH3)2] ppm.

3C NMR (CDCl3, 100 MHz): §=146.7 [s, ArC(CH>),], 146.5 (s, ArC), 140.6 (s, ArC),
136.4 (s, ArC), 134.8 (s, ArC), 128.7 (d, 2C, ArCH), 128.5 (d, 2C, ArCH), 126.3 (d, 2C, ArCH),
125.7 (d, 2C, ArCH), 116.1 (t, CH,), 49.4 (t, CH,), 38.3 [s, C(Me)_], 28.7 (q, 2C, CHj3), 21.0 (q,
ArCHs), 20.8 (g, ArCH3) ppm.

HR-MS (APCI+): m/z calculated for [CooHosN]'=[M+NH,]": 282.2216; found:
282.2209.
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Me Me
Me Me
Me 5e Me

1-1sopropyl-4-[3-(4-isopropylphenyl)-1,1-dimethylbut-3-enyl]benzene (5e):

GP-1 was carried out with alcohol 4e (46 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 96:4) furnished the dimer 5e (40 mg, 96%) as brown
color viscus liquid. [TLC control R¢(4€)=0.50, R{(5e)=0.70, (petroleum ether/ethyl acetate 96:4,
UV detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2959, 1511, 1462, 1385, 1053, 831, 573
cm-1.

'H NMR (CDCl; 400 MHz): 6=7.15 (d, 2H, J=8.3 Hz, ArH), 7.10 (d, 2H, J=8.3 Hz,
ArH), 7.05-6.95 (m, 4H, ArH), 5.09 (d, 1H, J=1.0 Hz, CHH2,), 4.73 (s, 1H, CH, Hy), 2.86-2.70
[m, 4H, Ar-CH (Me); and CH5], 1.20-1.10 [m, 18H, (CH(CHj3),), and C(CHs)2] ppm.

3C NMR (CDCl3, 100 MHz): §=147.3 [s, ArC(CH,),], 146.9 (s, ArC), 146.6 (s, ArC),
145.7 (s, ArC), 140.8 (s, ArC), 126.3 (d, 2C, ArCH), 125.9 (d, 2C, ArCH), 125.7 (d, 2C, ArCH),
125.7 (d, 2C, ArCH), 116.1 (t, CH,), 49.5 (t, CH,), 38.2 [s, C(Me)], 33.6 [q, ArCH(CH3)], 33.5
[g, Ar-CH(CHa)2], 28.7 (q, 2C, CHj3), 24.0 [q, 2C, Ar-CH(CH3)2], 23.9 [q, 2C, Ar-CH(CHz).]

ppm.
HR-MS (ESI+): m/z calculated for [C24H3sN] =[M+NH,4]": 338.2842; found: 338.2836.

F 5¢ F

1-Fluoro-4-[3-(4-fluorophenyl)-1,1-dimethylbut-3-enyl]benzene (5f):

GP-1 was carried out with alcohol 4f (36 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 98:2) furnished the dimer 5f (30 mg, 94%) as brown color
viscus liquid. [TLC control R¢(4f)=0.50, R{(5f)=0.70, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2959, 1602, 1506, 1485, 1229, 1162,
1014, 827, 580 cm-1.
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'H NMR (CDCl; 400 MHz): §=7.22-7.08 (m, 4H, Ar-H), 6.94-6.80 (m, 4H, Ar-H), 5.08
(d, 1H, J=1.5 Hz, CHaaH2), 4.78 (s, 1H, CHaa Hay), 2.77 (s, 2H, CHy), 1.23 [s, 6H, (CH3)2] ppm.

3C NMR (CDCls;, 100 MHz): $=163.1 (d, J=245.0 Hz, ArC), 162.0 (d, J=243.6 Hz,
ArC), 145.6 (s, ArC), 144.4 (d, J=2.9 Hz, ArC), 139.1 (d, J=2.9 Hz, ArC), 127.9 (d, 2C, J=7.3
Hz, ArCH),, 127.4 (d, 2C, J=8.1 Hz, ArCH), 116.9 (t, CH,), 114.6 (d, 2C, J=21.3 Hz, ArCH),
114.2 (d, 2C, J=21.3 Hz, ArCH), 50.1 (t, CH,), 38.2 [s, C(Me)], 29.0 (g, 2C, CHs) ppm.

HR-MS (APCI+): m/z calculated for [C1gH19F]=[M+H]": 273.1481; found: 273.1459.

/‘)LM;&e‘\
Cl 59 Cl

1-Chloro-4-[3-(4-chlorophenyl)-1,1-dimethylbut-3-enyl]benzene (5g):

GP-1 was carried out with alcohol 4g (43 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 100:0 to 96:4) furnished the dimer 5g (33 mg, 86%) as brown
color viscus liquid. [TLC control Ry(49)=0.60, R¢(59)=0.75, (petroleum ether/ethyl acetate 96:4,
UV detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2958, 1489, 1397, 1249, 1094, 1012, 820,
758 cm-1.

'H NMR (CDCl; 400 MHz): $=7.20-7.13 (m, 6H, Ar-H), 7.09 (d, 2H, J=8.3 Hz, Ar-H),
5.11 (d, 1H, J=2.0 Hz, CHaaHap), 4.79 (d, 1H, J=1.0 Hz, CHj, Hap), 2.76 (s, 2H, CHy), 1.21 [s,
6H, (CHs)2] ppm.

3C NMR (CDCl3, 100 MHz): §=147.3 [s, ArC(CH,),], 145.4 (s, ArC), 141.5 (s, ArC),
132.6 (s, ArC), 131.3 (s, ArC), 128.1 (d, 2C, ArCH), 127.8 (d, 2C, ArCH), 127.7 (d, 2C, ArCH),
127.4 (d, 2C, ArCH), 117.5 (t, CH,), 49.7 (t, CHy), 38.4 [s, C(Me)], 28.7 (q, 2C, CH3) ppm.

Br 5i Br

1-Bromo-4-[3-(4-bromophenyl)-1,1-dimethylbut-3-enyl]benzene (5i):
GP-1 was carried out with alcohol 4i (54 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
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(petroleum ether/ethyl acetate 100:0 to 98:2) furnished the dimer 5i (35 mg, 70%) as brown color
viscus liquid. [TLC control Ry(4i)=0.60, R¢(5i)=0.75, (petroleum ether/ethyl acetate 98:2, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2960, 1488, 1393, 1262, 1101, 1007, 825,
733 cm-1.

'H NMR (CDCl; 400 MHz): 8=7.30 (dd, 4H, J=9.3 and 8.8 Hz, Ar-H), 7.08 (d, 2H,
J=8.8 Hz, Ar-H), 7.02 (d, 2H, J=8.8 Hz, Ar-H), 5.11 (d, 1H, J=2.0 Hz, CH.H2), 4.80 (d, 1H,
J=1.0 Hz, CHy, Hap), 2.75 (s, 2H, CH,), 1.20 [s, 6H, (CHz3)2] ppm.

3C NMR (CDCl3, 100 MHz): §=148.1 [s, ArC(CHy),], 145.7 (s, ArC), 142.3 (s, ArC),
131.4 (d, 2C, ArCH), 131.1 (d, 2C, ArCH), 128.4 (d, 2C, ArCH), 128.2 (d, 2C, ArCH), 121.1 (s,
ArC), 119.7 (s, ArC), 117.9 (t, CH,), 50.0 (t, CH,), 38.8 [s, C(Me),], 29.0 (g, 2C, CH3) ppm.

HR-MS (APCI+): m/z calculated for [CigHigNaBr,]'=[M+Na]™: 414.9667; found:
414.9631.

MeO 5i OMe

1-Methoxy-4-[3-(4-methoxyphenyl)-1,1-dimethylbut-3-enyl]benzene (5j):

GP-1 was carried out with alcohol 4j (42 mg, 0.25 mmol), AgSbFs (0.9 mg, 0.0025
mmol) and DCE (2 mL). Purification of the residue by silica gel column chromatography
(petroleum ether/ethyl acetate 98:2 to 92:8) furnished the dimer 5j (34 mg, 91%) as brown color
viscus liquid. [TLC control R{(4))=0.45, R¢(5j)=0.65, (petroleum ether/ethyl acetate 92:8, UV
detection)].

IR (neat; MIR-ATR, 4000-600 cm-1): vmax=2958, 1607, 1510, 1463, 1246, 1180,
1035, 828, 553 cm-1.

'H NMR (CDCl; 400 MHz): 8=7.21 (dd, 4H, J=8.8 and 7.3 Hz, Ar-H), 6.79 (d, 4H,
J=8.8 Hz, ArH), 5.11 (d, 1H, J=2.0 Hz, CHaHy), 4.73 (s, 1H, CH. Hp), 3.80 (s, 3H, ArOCHs3),
3.79 (s, 3H, ArOCHy3), 2.78 (s, 2H, CH,), 1.22 [s, 6H, (CH3),] ppm.

3C NMR (CDCls, 100 MHz): §=158.5 [s, ArC(CH,),], 157.2 (s, ArC), 146.0 (s, ArC),
141.7 (s, ArC), 135.9 (s, ArC), 127.5 (d, 2C, ArCH), 127.9 (d, 2C, ArCH), 116.1 (t, CH,), 113.3
(d, 2C, ArCH), 113.0 (d, 2C, ArCH), 55.1 (q, 2C, ArOCHj3), 49.7 (t, CH,), 38.0 [s, C(Me)], 28.9
(9, 2C, CHz) ppm.
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HR-MS (APCI+): m/z calculated for [CaoHosNO,]'=[M+NH,4]": 314.2115; found:
314.2130.
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