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Abstract

The research work presented in this thesis primarily focuses on Metal-catalyzed Approaches
to the Synthesis of Indolizine Derivatives from 2-Pyridinyl-substituted para-Quinone Methides
(p-QMs) and/or 2-(2-Enynyl)pyridines. This thesis is divided into two parts, namely Part A and
Part B. Part A describes the synthesis of indolizine-based heterocycles from 2-pyridinyl
substituted para-quinone methides using suitable coupling partners such as terminal alkynes
and N,N-dimethyl enaminones; Part B involves the synthesis of indolizine-based
unsymmetrical triarylmethane derivatives through copper-catalyzed reactions between 2-(2-

enynyl)pyridines and boronic acids or 2-hydroxyphenyl-substituted N,N-dimethyl enaminones.

Part A: Synthesis of Indolizine-based heterocycles from 2-pyridinyl-substituted para-
quinone methides (p-QMs)

Part A is subdivided into three chapters.

Chapter 1: General introduction to the synthesis of heterocycles from functionalized para-

quinone methides

In this Chapter, the synthetic applications of functionalized para-quinone methides for the

syntheses of oxygen and nitrogen-containing heterocycles have been briefly discussed.

Chapter 2: Pd(l1)-Catalyzed annulation of terminal alkynes with 2-pyridinyl-substituted

para-quinone methides: Direct access to indolizines

This chapter describes the synthesis of 1,3-disubstituted indolizine derivatives from 2-pyridinyl
substituted p-QMs through a Pd(ll)-catalyzed regiospecific [3+2]-annulation with terminal
alkynes. The indolizine scaffold is widely found in many natural products and biologically
active molecules, and several of them display a variety of pharmacological activities such as
anti-cancer, anti-bacterial, anti-oxidant, and cytotoxic properties. Besides these, they have also
found application in material science as fluorescent probes, dye for dye-sensitized solar cells
(DSSC), and as a material in organic light-emitting diodes (OLEDSs) and in the agricultural
sector as herbicide and fungicide (Figure 1). Although numerous synthetic approaches to
efficiently access the indolizine moiety have been reported in the literature, most of them
require pre-functionalized starting material and multistep synthesis of starting materials. As a
result, both economically and in terms of reaction conditions, an easy and atom-economical
approach to the synthesis of indolizine derivatives is highly desirable. While working in the

field of p-QMs as a 1,6-conjugate acceptor and its utilization for the synthesis of various
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Figure 1. Representative examples of natural products and bioactive indolizine derivatives

carbocycles and heterocycles, we hypothesized that the 2-pyridinyl substituted p-QMs could
be used as a three-atom synthon for the synthesis of substituted indolizine derivatives through
a [3+2]-annulation with terminal alkynes (Scheme 1). This protocol worked well with most of
the terminal alkynes, and the corresponding indolizine derivatives were obtained in moderate
to good yields. Control experiments revealed that the reaction takes place through a

regiospecific [3+2]-annulation of terminal alkynes with 2-pyridinyl substituted para-quinone

methides.
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Scheme 1. Synthesis of 1, 3-disubstituted indolizines from p-QMs and terminal alkynes
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Chapter 3: Cu(ll)-Catalyzed [3+2]-annulation of 2-pyridinyl-substituted p-quinone methides

with enaminones: Access to functionalized indolizine derivatives

This chapter describes the synthesis of 3-amino-1,2-disubstituted indolizine derivatives from

p-QMs. While exploring the synthesis of indolizine heterocycles from p-QMs, we have further

.......................................................................................
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Scheme 2. Synthesis of 3-amino-1,2-disubstituted indolizine derivatives from p-QMs

hypothesized that N,N-dimethyl enaminones could be utilized as a two-carbon synthon for the
synthesis of functionalized indolizines through the initial 1,6-conjugate addition of enaminone
to p-QMs followed by a 5-exo-trig-cyclization and subsequent aromatization to afford the
functionalized indolizine derivatives (Scheme 2). In line with this concept, we have developed
a Cu[ll]-catalyzed one-pot approach for the synthesis of 3-amino-2,3-disubstituted indolizine
derivatives from 2-pyridinyl substituted p-QMs and N,N-dimethyl enaminones as the reaction

partners.

Part B: Synthesis of indolizine-based unsymmetrical triarylmethanes from 2-(2-

enynyl)pyridines
Part B is further subdivided into two chapters.

Chapter 1: Copper-catalyzed synthesis of indolizine containing unsymmetrical

triarylmethane derivatives from 2-(2-enynyl)pyridines

This chapter deals with the synthesis of indolizine-based unsymmetrical triarylmethane
derivatives. In recent years, triarylmethanes (TAMSs) have emerged as important and integral
scaffolds in many pharmaceuticals and biologically active molecules (Figure 2). Several of
them, especially the unsymmetrical ones, exhibit important therapeutic activities and are being

explored as anti-breast cancer, anti-viral and anti-TB, and anti-fungal agents. Besides the

vii
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Figure 2. Some biologically active triarylmethane derivatives

medicinal applications, triarylmethanes have also found remarkable applications in the dye
industry and materials science. These significant applications of triarylmethanes have attracted
the scientific community toward the development of different easily accessible routes for the
synthesis of functionalized triarylmethanes derivatives. Therefore we became interested in
synthesizing indolizine-based unsymmetrical triarylmethane derivatives using 2-(2-
enynyl)pyridine and boronic acids as the reaction partners (Scheme 3). The reaction proceeds
through the Cu-catalysed 5-endo-dig-cyclization of 2-(2-enynyl)pyridine, followed by the
addition of boronic acid.
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Scheme 3. Synthesis of indolizine-based unsymmetrical triarylmethanes from 2-(2-

enynyl)pyridines and boronic acids
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Chapter 2: Copper-catalyzed synthesis of chromone and indolizine-based unsymmetrical

triarylmethanes from 2-(2-enynyl)pyridines

This chapter deals with the synthesis of chromone and indolizine-based unsymmetrical
triarylmethane derivatives. Chromones are naturally occurring compounds mainly found in
plants. This class of oxygen-containing heterocycles are found as an integral part of many
natural products and bioactive molecules, and they are known to show various pharmacological

...............................................................................................
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Figure 3. Chromone-based natural products and bioactive compounds

activities, such as anti-cancer, anti-oxidant, anti-fungal, etc. (Figure 3). Due to the importance
of both indolizine and chromone derivatives, we developed a metal catalyzed protocol to access
unsymmetrical triarylmethanes containing chromone and the indolizine scaffold in the same
molecule using  2-hydroxyphenyl-substituted  N,N-dimethylenaminones and 2-(2-

enynyl)pyridines (Scheme 4).
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Scheme 4. Synthesis of indolizine and chromone containing unsymmetrical triarylmethanes
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Part A
Chapter 1

1. General Introduction to the Chemistry of para-Quinone
Methides (p-QMs)

1.1 Introduction:

In the past few years, para-quinone methides (p-QMs) chemistry has been extensively
explored to synthesize a diverse range of organic structural moieties, such as
diaryl/triarylmethanes, carbocycles, heterocycles, and spiro-cycles, etc.[*l p-QMs are not only
valuable for synthetic applications, but are also commonly found in nature, where they function
as intermediates in various biological and biosynthesis pathways.!?! Structurally, p-QMs are
analogues of 1,4-benzoquinone (I), but with one of the carbonyl groups replaced by a
methylene group. Unlike 1,4-benzoquinone, which has carbonyl groups at opposite ends that
counterbalance each other’s polarizability effect, p-QMs have different entities at both ends
that alter their dipole moment and polarizability.®! As a result, p-QMs exist in a zwitterionic
form 111,11 which stabilizes the para-quinone methide via aromatization of cyclohexadiene
ring and also directs the incoming nucleophile to attack the benzylic carbocation, leading to

the formation of more stable neutral aromatic compounds (Figure 1).
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Figure 1. Zwitterionic form of para-quinone methide
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Figure 2. Reactivity of para-Quinone methide

Studies have shown that the unsubstituted p-QMs are highly reactive and unstable
intermediates. However, it was observed that the presence of bulky alkyl substituents (such as
a tert-butyl group) at C-2 and C-6 positions was found to enhance the stability of p-QM.
Moreover, these bulky substituents also hinder the nucleophilic attack at the C-1 (1,2-addition)

and C-3 (1,4-addition) positions (IV). As a result, only the exo-cyclic methylene carbon, which

bifunctional bifunctional carbocycle or
heterocycle

Y = Electrophilic center (alkyne, enone, etc.)

carbocycle or
heterocycle
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Figure 3. Hypothesis for the synthesis of carbocycles/heterocycles from p-QMs




typically exists as a carbocation during the zwitterionic form, is susceptible to nucleophilic
attack (V). This unique reactivity makes p-QMs an ideal substrate for regiospecific 1,6-
conjugate addition reactions with various nucleophiles (V1) [Figure 2], and numerous synthetic
protocols have been documented in the literature on the utilization of stable p-QMs as a 1,6-

acceptors to access various diaryl and triarylmethane derivatives.!*]

Recently, it was hypothesized that if some modifications are made at the ortho position
of the aryl group with a nucleophilic or an electrophilic substituent in the basic structure of p-
QM, then it can be transformed into a bifunctional molecule. Depending on the substitution,
this functionalized p-QM can react with another bifunctional molecule to produce fused
carbocycles and heterocycles (Figure 3). This chapter focuses mainly on the syntheses of
oxygen and nitrogen-containing heterocycles using structurally modified para-quinone

methides.
1.2. Literature reports on the synthesis of oxygen-containing heterocycles:

For the first time, in 2016, Enders and co-workers utilized 2-hydroxyphenyl substituted
p-QMs (1) for the synthesis of enantiomerically pure spiro-cyclic chromane derivatives (3). A
wide range of chiral spiro-cyclic chromanes have been synthesized with excellent yields and
stereoselectivity by using 1 and isatin-derived enoates 2 in the presence of a chiral thiourea
catalyst. According to the proposed reaction mechanism, the thiourea catalyst activates both 1
and 2, followed by an oxa-Michael/1,6-conjugate addition reaction to produce the product 3
(Scheme 1).5%]

: 0 :
! t t :
: Bu Bu RY0,C CFs Q :
H ‘ N :
E | J catalyst (5 mol%) : /@\ j\ " :
: 2_ —_—— 1 o e !
: * R o PhMe, rt ' FsC N7 N
! R N : H H o
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, 1
i R'=H, Me, OMe, CI, Br

R2=H, Me, OMe, halo, NO2, etc. 25 examples

R3 = Boc, CO,Me, CO,Ph, CbZ up to 94% yield

R* = Me, Et >20:1 dr, >99% ee

Scheme 1. Synthesis of chiral spiro-cyclic chromanes using isatin-derived enoates

Li’s group in 2017 reported an enantioselective synthesis of chromene derivatives (5)

in good vyields with excellent enantioselectivities by the reaction of 2-hydroxyphenyl



substituted p-QMs (1) and malononitrile 4, in the presence of a bifunctional chiral squaramide-

based catalyst 6. According to the proposed reaction mechanism, the reaction proceeds
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Scheme 2. Synthesis of 4H-chromenes using malononitrile

through the initial 1,6-Conjugate addition of 4 to p-QM 1 to give intermediate 7. The
intermediate 7 undergoes subsequent intramolecular cyclization and isomerization to produce

enantiomerically pure chromene derivatives 5 (Scheme 2).[6]
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Scheme 3. [4+2]-annulation with o-hydroxyphenyl-substituted p-QMs




In 2018, Shi and co-workers developed a [4+2] cyclization reaction of o-hydroxyphenyl
substituted p-QMs (1) with alkynone 8 or benzyne 10 for the synthesis of chromene derivatives
(9) and xanthene scaffolds (11), respectively. The reaction mechanism involves the
nucleophilic attack of the hydroxylic group on the alkynone 8 or the in situ-generated benzyne
from 10, followed by intramolecular 1,6-conjugate addition to give the final chromene 9 and

xanthene derivatives 11, respectively (Scheme 3).[7]
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Scheme 4. [4+1]-annulation with o-hydroxyphenyl-substituted p-QMs

Yao and Huang’s research group developed an interesting approach for the synthesis
of 2,3-dihydrobenzofurans (13) in moderate to excellent diastereoselectivity, through a formal
[4+1]-annulation of 2-hydroxyphenyl substituted p-QMs (1) and ammonium or sulfonium
bromides (12). This protocol was further extended for the synthesis of benzofuran derivative
14 under basic conditions (Scheme 4).E!

Mei and co-workers reported an efficient approach for the synthesis of biologically
important dihydrocoumarin derivatives (16) in excellent yield and diastereoselectivity through
the addition of azalactone 15 to p-QMs (1) under Brgnsted acid catalysis. In this reaction, the
Brensted acid 17 was found to catalyze both the addition as well as cyclization steps through

hydrogen bonding (Scheme 5).[



........................................................

SR
R! =
OH R3

1 15

R' = alkyl, halo, O-alkyl;
R? = aryl, COOEt; R®= aryl

0
17 (10 mol %) PhO( 7
? 7\
OH
CH4CN, rt PhO
17

up to 99% yield
dr up to 20:1

L A

........................................................

Scheme 5. Addition of azalactone to o-hydroxyphenyl-substituted p-QMs

Jiang and co-workers reported a Silver/Brgnsted acid co-catalyzed method for

synthesizing spiro[chromane-2,1-isochromene] derivatives (19). This reaction occurs through

multiple C—O and C—C bond-formation reactions between o-hydroxy substituted p- QMs (1)
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Scheme 6. Annulation reactions with o-hydroxyphenyl-substituted p-QMs




and S-alkynyl ketones 18 (Scheme 6a).1*°! Enantioenriched spirobenzoxopinones (21) bearing
an oxindole moiety has been constructed through N-heterocyclic carbene (22) catalyzed
cycloaddition between o-hydroxy substituted p-QMs (1) and isatin-derived enals (20) by Li’s
group. Most of the spirobenzoxopinones, bearing an oxindole derivative, were isolated in

excellent yields and enantioselectivities (Scheme 6b).[*

Kumar and co-workers recently reported a metal-free approach to prepare xanthenone
derivatives (24) from 2-hydroxyphenyl substituted p-QMs (1) and g-functionalized ketones
(23) using Tf2NH as a Bronsted acid catalyst (Scheme 7).[*21 According to the authors, the
reaction proceeds through a 1,6-addition of 23 to 1 to generate the intermediate 25, followed
by an intramolecular cyclization/dehydration to give the desired product 24 in moderate to

good yields.

- -

TfoNH

1,2-DCE, rt

24 16 examples
up to 89% yield

P
Vemm e e e e e e e e e e e e e, —---

Scheme 7. Addition of p-functionalized ketones to o-hydroxyphenyl-substituted p-QMs

1.3. Literature reports on the synthesis of nitrogen-containing heterocycles:

In 2019, Zhao, Hu, and co-workers reported an effective method for the synthesis of
2,3-dihydroindoles (30) through a base-mediated [4+1]-annulation of in situ generated o-tosyl-
aminophenyl substituted p-QMs (28) with sulfonium ylides (29) [Scheme 8a].l*3] A wide range

of 2,3-dihydroindoles could be accessed in good yields and excellent diastereoselectivities (dr

10



> 20:1). Later, the same group developed a one-pot approach for the synthesis 2,3-disubstituted
indoles (33) and 3,4-diaryl-substituted quinolinones (34) through a base-mediated reaction of
28 with o-halo ketones (31) and arylacetyl halides (32) respectively, followed by DDQ-
mediated oxidation to give the respective products 33 and 34 in good yields (Scheme 8b].[*4!
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Scheme 8. Annulation of o-tosylaminophenyl-substituted p-QMs

Similarly, Anand’s group reported a combination of inorganic and organic base-mediated
approach for the synthesis of 2,3-disubstituted indole derivatives (33) using o-
tosylaminophenyl-substituted p-QMs (28) and substituted phenacyl bromides (31) [Scheme
9].1% According to the proposed mechanism, the inorganic base Cs,COs initially abstracts the
NH-Ts proton of 28, and the resulting anion reacts with 31 to give the N-alkylated p-QM 35.
Under the basic condition, this intermediate 35 undergoes an intramolecular cyclization to
generate another intermediate 36, which further undergoes Tosyl group elimination with the

help of organic base (DBU) followed by isomerization to form the indole derivative 33.
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Scheme 9. Annulation of o-tosylaminophenyl substituted p-QMs

In 2018, Zhao, Hu, and co-workers reported a base-mediated synthesis of 4-aryl-
substituted tetrahydroguinolines (39) through an aza-Michael addition of nitrostyrene (38) to
the in situ generated o-tosylaminophenyl-substituted p-QMs (28), followed by an
intramolecular 1,6-conjugate addition. Many 4-aryl-substituted tetrahydroquinolines (39)
could be accessed in good yields and excellent diastereoselectivity (dr = > 20:1) [Scheme
10a].[*®1 Later, the same group also reported an organocatalytic method for the synthesis of 1,4-
dihydroquinolines (41) through an aza-Michael type addition reaction of 28 with ynals (40)
followed by intramolecular 1,6-addition/cyclization sequence (Scheme 10b).["]
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Anand’s group in 2018 reported a Cu-catalyzed synthesis of 1,2,3-triazole-fused
isoindolines (44) from 2-(alkynyl) phenyl-substituted p-QMs (42) and trimethylsilyl azide (43)
[Scheme 11].1*¥1 Through control experiments, the authors proposed that initially, the 1,6-
conjugate addition of 43 to 42 takes place to form a 1,6-adduct 45, which then undergoes

copper-catalyzed intramolecular click reaction to produce the final product 44.

...................................................................................

0] OH E

R R R R E
o\\s,/o :

| N N0 DABCO E

-, 2-Me-THF, X -

| 2 60 °C. ai 38 examples '

R R ; air RITSNZ SR2 Up to 82% yield |

! 46 a7 48 !
: i © ] i oH ]
E OO0 ™Bu ‘Bu ‘Bu ‘Bu E
L 4 _base N}\ o 1,6 addition :
1 ’ é :
: ;07 7| P~ !
' R (oN fo ;
: | O//SO, |
5 R |~ N Ng2 DR :
E 49 .
5 l-SO?’ ;
5 o 1 ~ o 7
: Bu Bu ‘Bu ‘Bu
; aerial
E 48 oxidation - aza-elecrocyclization '
: XN :
1 / 1
: 2 1 J((\' | :
: 5 :
! R RONH R :
E - 51 — - 50 - E

...................................................................................

Scheme 12. DABCO-mediated synthesis of substituted pyridines from p-QMs

Samanta and co-workers disclosed an interesting 1,4-diazabicyclo [2.2.2] octane
(DABCO)-mediated protocol for the synthesis of substituted pyridines (48) from vinyl-
substituted p-QMs (46) and cyclic sulfamidate-imines (47) [Scheme 12].1%1 According to the
proposed reaction mechanism, the reaction proceeds through the abstraction of a proton from

47 by the base (DABCO) to generate the corresponding anion, which then adds to 46 in a 1,6-
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fashion to generate an adduct 49. The intermediate 49, on the elimination of -SO3 followed by
isomerization and aza-electrocyclization, forms the dihydropyridine intermediate 51, which,

further on aerobic oxidation, generates the product 48.

1.4. Miscellaneous reports of functionalized p-QMs

1.4.1. Literature reports on the synthesis of spirocyclic nitrogen-containing

heterocycles

Apart from dihydro- and tetrahydro-isoquinolines, a few reports are available for the
synthesis of spirocyclic nitrogen-containing heterocycles from structurally modified p-QMs.
For example, Zhao and Hu reported the synthesis of spirocyclic tetrahydroquinolines (53)
through a base-mediated aza-Michael addition of in situ-generated o-tosylaminophenyl-
substituted p-QMs (54) to isatin derivatives (52) followed by intramolecular 1,6-conjugate
addition to afford the final product 53 (Scheme 13).120]
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Scheme 13. Base mediated synthesis of tetrahydroquinolines from p-QMs

Later, Li and Xiao reported an interesting hexafluoroisopropanol (HFIP)-mediated
intramolecular cyclization strategy for the synthesis of spirocyclic tetrahydroquinolines (56)

from 2-aminophenyl-substituted p-QMs (55). The authors believe that HFIP initially activates
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55 and triggers the 1,5-hydride shift to generate an iminium intermediate (57), which
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CF
0 3
o T
[1,5]-Hydride | Bu Bu
HFIP shift
55 —_— —>» 56

R1

(oo’

L R? 57

Scheme 14. Synthesis of tetrahydroquinoline derivatives from p-QMs
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Scheme 15. Synthesis of pyrazoline derivatives from p-QMs

16



subsequently  undergoes dearomative cyclization to produce the spirocyclic
tetrahydroquinolines (56) [Scheme 14].[24

The synthesis of spirocyclic pyrazoline derivatives (60) through a [3+2]-cycloaddition
of hydrazonoyl chlorides (59) to p-QMs (58) has been reported by Su and co-workers. It was
proposed that the base initially reacts with 59 and generates a nitrile imine intermediate with
two resonance forms, propargylic (61) and allenic (62), of which 62 undergoes a formal [3+2]-
cycloaddition with 58 to furnish the product 60 (Scheme 15).[22

1.4.2. Literature reports on the synthesis of both oxygen and nitrogen-

containing heterocycles

Zhao’s group demonstrated a Fe-catalyzed [4+2]-annulation approach to access 2,4-diaryl-1,3-
benzoxazine derivatives (64) from 2-hydroxyphenyl-substituted p-QMs (1) and imidates (63).
The reaction proceeds through the activation of 1 with FeCls followed by 1,6-addition of 63 to
generate an intermediate 65, which then undergoes an intramolecular cyclization, followed by
elimination to produce the product 64 (Scheme 16).12°!

...........................................................................................
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Scheme 16. Fe(lll)-catalyzed synthesis of 1,3-benzoxazine derivatives from p-QMs

In 2019, Gao, Jiao, and Shi reported an organocatalytic method to access benzoxazin-

2-ones (67) via a [4+2]-cycloaddition of benzenesulfonyl isocyanates (66) with 2-
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hydroxyphenyl-substituted p-QMs (1). Interestingly, the reaction worked very well in the
presence of catalytic amounts of a Brgnsted acid or a Brgnsted base. In the acid-catalyzed
transformation, the acid 68 initially triggers the reaction between 1 and 66 and forms an
intermediate, which on intramolecular 1,6-conjugate addition, generates the product 67. In the
case of base-mediated reaction, the base first abstracts the phenolic proton of 1, and the
resulting phenolate anion reacts with 66 to generate the carbamate intermediate, which then

undergoes intramolecular 1,6- addition affording the product 67 (Scheme 17).[24

_______________________________________________________________________________________________

68 (10 Mol %)
_SO,Ar CH4CN, 5 AMS

20 °C o OH
R 99
DIPEA (10 Mol %) o
1,2-DCE, 10 °C

/

1 66

33 examples; Up to 95% yield

acid-catalyzed [4+2] cyclization

68

?67

DIPEA

Scheme 17. [4+2]-annulation of p-QMs for the synthesis of benzoxazin-2-ones

Yang and Xuan developed a catalyst-free strategy for the synthesis of 1,3-benzoxazine
derivatives (71) through a [4+ 2] cycloaddition between 1 and hexahydro-1,3,5-triazines (69).
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The authors proposed that initially, 69 undergoes fragmentation to produce an imine 70, which
then undergoes a formal [4+2]-annulation with 1 to form the 1,3-benzoxazine derivative 71
(Scheme 18).12°]
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Scheme 18. Synthesis of 1,3-benzoxazine derivatives from o-hydroxy substituted p-QMs

Another base-mediated protocol for the synthesis of 1,4-benzoxazepines (73) from 1 and
a-bromohydroxamate (72) has been disclosed by Xiao and Xuan. According to the proposed
mechanism, the base initially reacts with 72 and generates an azaoxyallyl cation intermediate
74, which then reacts with 1 to generate 75. The intermediate 75 then undergoes an

intramolecular 1,6-addition to form the desired product 73 (Scheme 19).[2¢1

(0]
Br\)J\N/OBn K,CO4
+
|

H CHsCN, rt, 12 h 23 examples

Up to 91% yield

1 72
K,CO; | O 1
72 ——— > —_—
-HBr .);_\\N _.OBn
74

,____________________________________________________~
L g 8

Scheme 19. Synthesis of 1,4-benzoxazepine derivatives from o-hydroxy substituted p-QMs
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Mei, Shi, and co-workers have established a [4+3]- annulation between vinyl aziridines
(76) and 1 in the presence of a Ir-catalyst to access benzoxazepine derivatives (77) in moderate
to good yields and excellent diastereoselectivity (up to 95: 5 dr). When the metal catalyst reacts
with vinyl aziridine, a zwitterionic n-allyl metal complex 78 is formed and subsequently reacts
with 1 to form another intermediate 79, which then undergoes intramolecular cyclization to
generate the product 77 (Scheme 20).1"]
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Scheme 20. Synthesis of benzoxazepine derivatives from o-hydroxy substituted p-QMs

20



1.5. References

1.

10.

Parra, A.; Tortosa, M. ChemCatChem 2015, 7, 1524. (b) Caruana, L.; Fochi, M.;
Bernardi, L. Molecules 2015, 20, 11733. (c) Li, W.; Xu, X.; Zhang, P.; Li, P. Chem.
Asian J. 2018, 13, 2350. (d) Wang, J. Y.; Hao, W. J.; Tu, S. J.; Jiang, B. Org. Chem.
Front. 2020, 7, 1743.(e) Lima, C. G. S.; Pauli, F. P.; Costa, D. C. S.; de Souza, A.
S.; Forezi, L. S. M.; Ferreira, V. F.; de Carvalho da Silva, F. European J. Org.
Chem. 2020, 2020, 2650.

For selected references: (a) Larsen, A. A. Nature 1969, 224, 25. (b) Messiano, G.
B.; da Silva, T.; Nascimento, I. R.; Lopes, L. M. X. Phytochemistry 2009, 70, 590.
(c) Dehn, R.; Katsuyama, Y.; Weber, A.; Gerth, K.; Jansen, R.; Steinmetz, H.;
Hcfle, G.; Miller, R.; Kirschning, A. Angew. Chem. Int. Ed. 2011, 50, 3882. (d)
Wang, L. L.; Candito, D.; Dréager, G.; Herrmann, J.; Miller R.; Kirschning, A.
Chem. Eur. J. 2017, 23, 5291.

Koutek, B.; PiSova, M.; Soucek, M.; Exner, O. Collect. Czech. Chem. Commun.
1976, 41, 1676.

(a) Toteva, M. M.; Richard, J. P. J. Am. Chem. Soc. 2000, 122, 11073. (b) Richard,
J. P.; Toteva, M. M.; Crugeiras, J. J. Am. Chem. Soc. 2000, 122, 1664. (c) Toteva,
M. M.; Moran, M.; Amyes, T. L.; Richard, J. P. J. Am. Chem. Soc. 2003, 125, 8814.
(d) Toteva, M. M.; Richard, J. P. The Generation and Reactions of Quinone
Methides. In Advances in Physical Organic Chemistry; Richard, J. P., Ed.;
Academic Press, Elsevier, 2011; Vol. 45, pp 39-91.

Zhao, K.; Zhi, Y.; Shu, T.; Valkonen, A.; Rissanen, K.; Enders, D. Angew. Chemie
- Int. Ed. 2016, 55, 12104.

Zhang, L.; Zhou, X.; Li, P.; Liu, Z.; Liu, Y.; Sun, Y.; Li, W. RSC Adv. 2017, 7,
39216.

Su, Y.; Zhao, Y.; Chang, B.; Zhao, X., Zhang, R.; Liu, X.; Huang, D.; Wang, K.-
H.; Huo, C.; Hu, Y.; J. Org. Chem. 2019, 84, 6719.

Zhang, J.-R.; Jin, H.-S.; Wang, R.-B.; Zhao, L.-M. Adv. Synth. Catal. 2019, 361,
4811.

Cao, Z.; Zhou, G.-X.; Ma, C.; Jiang, K.; Mei, G.-J. Synthesis 2018, 50, 1307.

Liu, S.; Lan, X.-C.; Chen, K.; Hao, W.-J.; Li, G.; Tu, S.-J.; Jiang, B. Org. Lett.
2017, 19, 3831.

21



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Li, W.; Yuan, H.; Liu, Z.; Zhang, Z.; Cheng, Y.; Li, P. Adv. Synth. Catal. 2018, 360,
2460.

Satbhaiya, S.; Khonde, N. S.; Rathod, J.; Gonnade, R.; Kumar, P. Eur. J. Org.
Chem. 2019, 3127.

Wang, J.; Pan, X.; Zhao, L.; Zhao, L.; Liu, J. Wang, Y.; Zhao, K.; Hu, L. Org.
Biomol. Chem. 2019, 17, 10158.

Wang, J.; Pan, X.; Rong, Q.; Zhao, L.; Zhao, L.; Dai, W.; Zhao, K.; Hu, L. RSC
Adv. 2020, 10, 33455.

Pandey, R.; Singh, G.; Gour, V.; Anand, R. V. Tetrahedron 2021, 82, 131950.

J. Wang, X. Pan, J. Liu, L. Zhao, Y. Zhi, K. Zhao, L. Hu, Org. Lett. 2018, 20, 5995.
J. Wang, Q. Rong, L. Zhao, X. Pan, L. Zhao, K. Zhao, L. Hu, J. Org. Chem. 2020,
85, 11240.

Jadhav, S. A.; Pankhade, Y. A.; Anand, R. V. J. Org. Chem. 2018, 83, 8596.
Guin, S.; Gudimella, S. K.; Samanta, S. Org. Biomol. Chem. 2020, 18, 1337.
Wang, J.; Zhao, L.; Zhao, L.; Pan, X.; Lv, C.; Zhi, Y.; Wang, A.; Zhao, K.; Hu, L.
Adv. Synth. Catal. 2020, 362, 2755.

(@) X. Lv, F. Hu, K. Duan, S.-S. Li, Q. Liu, J. Xiao, J. Org. Chem. 2019, 84, 1833;
(b) S.-S. Li, X. Lv, D. Ren, C.-L. Shao, Q. Liuc, J. Xiao, Chem. Sci. 2018, 9, 8253.
Su, Y.; Zhao, Y.; Chang, B.; Zhao, X., Zhang, R.; Liu, X.; Huang, D.; Wang, K.-
H.; Huo, C.; Hu, Y.; J. Org. Chem. 2019, 84, 6719.

Zhang, J.-R.; Jin, H.-S.; Wang, R.-B.; Zhao, L.-M. Adv. Synth. Catal. 2019, 361,
4811.

Cheng, Y.-C.; Wang, C.-S.; Li, T.-Z.; Gao, F.; Jiao, Y.; Shi, F. Org. Biomol. Chem.
2019, 17, 6662

Cheng, X.; Zhou, S.-J.; Xu, G.-Y.; Wang, L.; Yang, Q.-Q.; Xuan, J. Adv. Synth.
Catal. 2020, 362, 523.

Zhou, S.-T.; Cheng, X.; Hu, C.-X.; Xu, G.-Y.; Xiao, W.-J.; Xuan, J. Sci. China
Chem. 2021, 64, 61.

Jiang, F.; Yuan, F.-R.; Jin, L.-W.; Mei, G.-J.; Shi, F. ACS Catal. 2018, 8, 10234.

22



Chapter 2

2. Pd(I)-catalyzed Annulation of Terminal Alkynes with 2-
Pyridinyl-substituted para-Quinone Methides: Direct Access to
Indolizines

2.1. Introduction:

Indolizine is recognized as one of the privileged cores by synthetic chemists as it is
found in many naturally occurring alkaloids,!*! agrochemicals? and other biologically
significant molecules.l® Numerous natural/unnatural indolizine derivatives have been found to
show incredible therapeutic activities such as anti-tubercular, anti-bacterial, anti-neoplastic,
anti-inflammatory and anti-oxidant properties (Figure 1).[4 Besides, other notable applications
of these compounds as fluorescent probes, dyes for dye sensitized solar cells and also as

materials in organic light emitting devices (OLEDs) have also been realized.P!

R'=H, R?=H, Lamellarin H

: R'= Me, R? = Me, Lamellarin D Indoxam Inhibitor of enzyme renin !
: ° Ph HO E
E NC N NC N NC I~ :
E N7 S N/ Ph NP
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NEt, Ph :

N g // Ph J // HO E

SN/ Ph =N ~_N N !

: Ph :

i 0 O Me
i CNS depressant activity Anti-tubercular agent Fluorescent Probe
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Figure 1. Biologically active natural and unnatural indolizine derivatives.

The diverse range of properties and applications of these molecules made them
attractive targets for synthetic as well as materials chemists, and, as a result, many synthetic
approaches have been established to access these heterocycles.[® The most common protocols

involve either metal-catalyzed intramolecular cyclization of propargylic pyridinest or
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intermolecular reactions between pyridine® or pyridinium saltsl®! or pyrrole derivatives[*® with
suitable coupling partners (a & b, Scheme 1). Very recently, 2-(2-enynyl) pyridine derivatives
have also been explored as precursors for the synthesis of highly-substituted indolizines by a
few research groups,™*Y including ours (c, Scheme 1).[*?
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Scheme 1. Reported protocols to access indolizines.

2.2. Literature reports on the synthesis of indolizine derivatives:

In 2015 Kim and co-workers reported the synthesis of benzo-fuzed indolizine
derivatives (4) in good to excellent yields from 1-(2-haloaryl)-1H-pyrrole-2-carbaldehydes (1)
and terminal alkynes (2) through a sequential Sonogashira cross-coupling followed by an
intramolecular alkyne—carbonyl metathesis (ACM). The authors proposed two possible
pathways for this protocol. After the formation of 3 by the Sonogashira cross-coupling of 1 and
2, it either undergoes an intramolecular aldol/dehydration to give rise to 4 in the presence of
TFA through the intermediate 3d. The other possibility is that 3 undergoes an alkyne addition
to aldehyde promoted by the protonation of 3 to provide the intermediate 3b. The neighbouring
hydroxyl group present in 3b then attacks the resulting carbocation to produce 3c, which is

followed by [2+2] cycloreversion, leading to the final product 4 (scheme 2)[*!
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Scheme 2. Synthesis of Indolizine derivatives from pyrrole-2-carbaldehyde

The Liu group in 2016 developed an efficient and atom-economic method for
synthesizing multi-substituted indolizines (7) from a-(N-pyrrolyl)ketones (5) and alkynes (6)
via a gold-catalyzed cascade hydroarylation/cyclo-aromatization reaction. According to the
proposed mechanism, the reaction proceeds through the regioselective hydroarylation of the
pyrrole ring at the a-position to produce the intermediate 8, which upon protodeauration
generates 9. The intermediate 9 then undergoes gold assisted cyclization and subsequent
dehydration, leading to the final product 7 (scheme 3)[*4

In 2017 Chattopadhyay and co-workers reported a Cobalt(ll)-catalyzed radical-
activation protocol for the synthesis of indolizine derivatives (12) from 2-pyridine
carboxaldehyde (11) and terminal alkynes. A wide range of terminal alkynes was successfully
utilized to get the respective indolizne products in good to excellent yields. According to the

authors, the reaction proceeds through the generation of a Co(lll)-carbene radical intermediate
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15, from the in situ-generated pyridotriazole 14. Notably, they have utilized this protocol for

the total synthesis of the () monomorine 16 (scheme 4)[%]

........................................................................................
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Scheme 3. Gold-catalyzed hydroarylation/cycloaromatization for indolizine synthesis

Dowden group in 2017 developed a Fe(lll) catalyzed, one-pot multi-component
reaction for synthesizing indolizine compounds (19) from pyridines (17), alkynes (6), and a
diazo precursor 18. The authors proposed that the reaction proceeds through the formation of
an electrophilic metal carbenoid 19 from the diazo precursor 18, which is attacked by the
pyridine to give the pyridinium ylide 20, which through a [3+2] cycloaddition reaction with
the electrophilic alkyne 6 generates the dihydroindolizine 21, which then undergoes
aromatization to give the final indolizine product 19 (scheme 5).1]
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Scheme 4. Synthesis of indolizine from 2-pyridine carboxaldehyde

In 2021 Hashmi and co-workers reported a dual Au/Ag catalyzed cascade reaction for

the synthesis of 2-alkynyl indolizine derivatives (24) from the reaction of 2-substituted
pyridines (22) and hypervalent iodine (I11) reagent (23). A series of indolizines bearing diverse
functionalities were prepared in good to excellent yield (scheme 6).1*"]
Jia and co-workers developed a copper/l>-mediated oxidative cross-coupling/cyclization of 2-
(pyridin-2-yl)acetate derivatives (22) and olefins (25) to access polysubstituted indolizines 26.
Based on some control experiments the authors proposed a radical mechanism for this
transformation. Initially, the single-electron oxidation of 2-(pyridin-2-yl)acetate 22 generates
the radical intermediate 27. Subsequent radical addition of 27 to alkene 25 produces another
radical intermediate 28. The radical intermediate 28 is then oxidized by Cu(ll) to carbocation
intermediate 29, followed by an intramolecular cyclization and subsequent aromatization to
afford the final product 26 (scheme 7).18l
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Scheme 6. Synthesis of indolizine using hypervalent iodine (I11) reagent

Wang's group in 2016 reported a Rh(l1l)-catalyzed oxidative annulation of pyridinium
salt (31) with alkynes (6) to access polysubstituted indolizine derivatives (32). A stoichiometric

amount of Cu(OAc)2.H20 was used as the oxidant in the presence of KOAc as the base. The
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reaction did not work in the absence of KOAc, which suggests that the presence of the base is

essential to drive this transformation (scheme 8).1*°!
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Scheme 7. copper/l>-mediated oxidative cross-coupling/cyclization to access indolizines

One-pot approaches for synthesizing C2-substituted indolizine have become an attractive
research area, which primarily involve cycloisomerization of propargyl pyridine derivatives
followed by trapping with an electrophile. For instance, Gevorgyan's group disclosed a Pd-
catalyzed coupling of aryl halides (34) with propargylic pyridines (33), followed by the 5-endo-
dig cyclization approach for the synthesis of a variety of 2-aryl substituted indolizines 35
(Scheme 9a).[2% | ater, the same group in 2012 reported a Pd-catalyzed carbonylative
cyclization/arylation strategy for the synthesis of 2-aroylindolizines (36) in good to excellent
yields from propargylic pyridines (33), triggered by in situ generated aroyl Pd-complex
(Scheme 9b).[2001
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Wang's work (2016)
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Scheme 8. Rh(ll1)-catalyzed synthesis of indolizine derivatives

Similarly, Alper and co-workers disclosed a pd-catalyzed oxidative carbonylation of
propargylic pyridines (33) for the synthesis of indolizine. This method was successfully utilized
to access a broad range of heavily substituted indolizines (38) under mild reaction conditions
(Scheme 9¢).12° Further, a base-controlled and Cu-catalyzed tandem cyclization followed by
alkynylation was reported by Park and co-workers in 2016. According to the proposed

mechanism, the reaction proceeds through a 5-endo-dig amino-cupration of 33 followed by a

(a) Gevorgyan's work (2010) (b) Gevorgyan's work (2012)
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DMF, 120 °C 33 MeCN, 70 °C 36
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4 —
BI’ (39)
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..........................................................................................................

Scheme 9. Synthesis of indoliznes from the cycloisomerization of propargyl pyridine
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Cu-catalyzed coupling with alkynyl bromide or alkenyl bromides (39) to provide the

functionalized indolizine derivatives (40) in good to excellent yields [Scheme 9d].[2%

2.3. Background:

Although all the above-mentioned approaches are elegant, there is a demand for simpler
and more practical approaches to synthesize indolizine derivatives. To the best of our
knowledge there are currently no reports available on the synthesis of indolizine heterocycles
from p-quinone methides. While working on the synthesis of carbocycles/heterocycles?! from
p-quinone methides (p-QMs),??1 we envisioned that 2-pyridinyl-substituted p-QMs could be
used as synthons for 1,3-disubstituted indolizines (d, Scheme 1). Herein, we report an
unprecedented protocol involving a Pd (ll)-catalyzed highly regiospecific intermolecular
[3+2]-annulation reactions between 2-pyridinyl substituted p-QMs and terminal alkynes to
access a variety of 1,3-disubstituted indolizines.

2.4. Result and discussion:

To optimize the reaction conditions, we have chosen readily available para-quinone methide
41a and phenylacetylene 2a as model substrates and, the results of optimization study are
shown in Table 1. Initially, a couple of reactions between 41a and 2a were performed using 10
mol% of Cu(OTf)2 in MeCN or THF at room temperature, but no product formation was seen
as the starting material was remained as such even after 24 hours (entries 1 & 2). When the
same reaction was conducted in toluene at room temperature, only trace amount of the product
formation was observed (entry 3). However, interestingly, when the temperature of the reaction
was raised to 50 °C, the desired product 42a was obtained in 30% vyield after 12 hours (entry
4). The isolated product 42a was comprehensively characterised by *H NMR, 3C NMR, IR
spectroscopy, and mass spectrometry. In TH NMR (see figure 2) presence of a singlets at 5 5.18
ppm and the singlet at & 1.52 ppm is due to the phenolic OH and due to two symmetric tert-
butyl groups respectively. In 13C NMR (see figure 3), the absence of carbonyl peak from 40a
and the presence of two peaks at & 34.6 ppm and & 30.6 ppm due to symmetric tert-butyl carbon
peak confirmed the formation of 42a. The formation of OH in product 42a was also confirmed
by IR peak at 3635 cm™. Further the HRMS (ESI): m/z calcd for C2sHz2NO [M+H]" : 398.2492
also confirms the formation of 42a. At this point, we thought addition of stochiometric amounts

of base would help in improving the yield of 42a. Thus, a couple of experiments have been
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Figure 2: 'TH NMR (400 MHz, CDCls) spectrum of 42a
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Table 1. Optimization Study?

By OH
Bu
Bu =z /N Catalyst (10 mol%)
| + =—Ph -
o A Solvent, temp. =
Bu N
41a (1 equiv.) 2a (2 equiv.) 42aPh
Entry Catalyst Solvent Temp. [°C]  Time[h] Yield [%]°
1 Cu(OTf), MeCN RT 24 n.r.
2 Cu(OTf), THF RT 24 n.r.
3 Cu(OTf), PhMe RT 24 Trace
4 Cu(OTf). PhMe 50 12 30
5¢ Cu(OTf): PhMe 50 12 32
64 Cu(OTf), PhMe 50 12 30
7 CuOTf.PhMe PhMe 50 12 25
8 Pd(OAc), PhMe 50 12 56
9 Pd(OAc), 1,2-DCE 50 12 73
10 Pd(OAc). 1,4-Dioxane 50 10 75
11 Pd(OAC), THF 50 24 59
12 Pd(OAC):2 MeCN 50 7 90
13 PdCl, MeCN 50 24 62
14 Pd(PPhs)s MeCN 50 24 n.r.
15 AgOCOCF; MeCN 50 24 n.r.
16 AgSbFe MeCN 50 24 n.r.
17 AgOAC MeCN 50 24 n.r.
18 Pd(OAC)2 MeCN RT 24 52
19 --- MeCN 50 48 n.r.
20 Ni(CsHs)2 MeCN 50 24 n.r.
21 [(CeHs)sP]sRhCI MeCN 50 24 n.r.
22 Cu(OACc): MeCN 50 24 Trace
23 CuBr; MeCN 50 24 n.r.
24 FeCl; MeCN 50 24 n.r.
25 Fe(OACc), MeCN 50 24 n.r.

4Reaction conditions: Reactions were carried out with 0.10 mmol of 41a, 2 equiv. of 2a with respect to 41a and
10 mol % catalyst. ®Yields reported are isolated yields. °2 equiv. of NEt; was used, 92 equiv. of 'Pr,NEt was used.
1,2-DCE = 1,2-Dichloroethane; n.r. = No reaction).
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performed using 2 equivalents of base such as NEt; and 'Pr.NEt. However, in both the cases,
no further improvement in the yield of 42a was observed (entries 5 & 6). In addition, the Cu(l)-
catalyst, i.e., Cu(OTf).PhMe also yielded the product 44a only in 25% vyield (entry 7).
Interestingly, a significant improvement in the yield of 42a was noticed, when Pd(OAc). was
as a catalyst (entry 8). Therefore, further optimization studies were carried out using Pd(OAc)2
as a catalyst under different conditions (entries 9-12). In fact, the reaction worked well in
almost all the solvents examined, but, out of these solvents, MeCN was found to be the best
solvent as 42a was obtained in 90% yield in that case (entry12). Although PdCI was also found
to drive this transformation (entry 13), the yield of 42a was much lower when compared to the
reaction catalyzed by Pd(OAC)2 (entry 12). Interestingly, the Pd(0) and Ag(l) catalysts, which
are known to activate alkynes, were found to be ineffective for this transformation (entries 14-
17). When the reaction was carried out in MeCN at rt with Pd(OACc). as a catalyst, 42a was
obtained only in 52% vyield (entry 18). So, the reaction at 50 °C, i.e., entry 12 seemed to be the
ideal condition for this transformation. No product was formed when the reaction was
performed without the catalyst, which clearly indicates a catalyst is required for this
transformation (entry 19). Other metal catalysts such as salts of Fe, Rh, Ni and Cu failed to

catalyze this transformation (entries 20-25).

To investigate the substrate scope of this transformation, the reaction between a wide range of
terminal alkynes (2a-z & 2aa-ai) and 2-pyridinyl-substituted p-QMs (41a-j) were carried out
under optimal conditions (entry 12, Table 1) and the results are summarized in Table 2 & 3.
The reaction worked well with alkynes, substituted with electron-rich arenes and halo-
substituted arenes and, the corresponding products 42b-r were isolated in moderate to good
yields (50-91%). However, the reactions between alkynes, substituted with electron-poor
arenes (2s-u), with 41a were found to be sluggish and, in those cases, the products 42s-u were
obtained in relatively lower yields (34-48%). Otherwise, the alkynes (2v-2z & 2aa) substituted
with naphthalene, anthracene and pyrene etc., reacted smoothly with 41a to provide the
products 42v-42z and 42aa in acceptable isolated yields (62-83%). The indolizine derivatives
42ab-ad were obtained in the range of 72-83% yields, when the reaction was carried out
between la and alkynes bearing heteroaromatic substituents (2ab-ad). Interestingly, when a
reaction was carried out between 1,4-diacetylenebenzene 2ae and 41a, the product 42ae was
obtained in 56% yield. Reactions of alkyl-substituted alkynes 2af-ah with 41a, also took place
under the optimal conditions, however, the corresponding products 42af-ah were isolated in

low vyields (20-24%). The reaction of ethynylferrocene 2ai and 41a also worked well and the
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Table 2. Substrate Scope®

OH
tBU tBu
Bu N
“T | Pd(OAc), (10 mol%)
N = pi -
° ¥ = MeCN, 50 °C Y
Bu i Y /
41a (1.0 equiv.) 2a-z and 2aa-2ad — 1

(2 equiv.)

42b, R=4-Me, 7 h, 91%
42c, R=2-Me, 7 h, 67%
42d, R=4-Bu, 7 h, 82%
42e, R=2,4,5-Me, 7 h, 80%
42g, R= 2-Me, 4-OMe, 7 h, 78%
42h, R = 4-OCF3, 12 h, 62%
42i, R=4-OPh, 7 h, 86%
42j, R= 4-n-Pentyl, 7 h, 85%
42k, R= 4-n-propyl, 7 h, 88%
42|, R=4-Ph, 7 h, 82%

42m, R =4-F, 12 h, 57%
42n, R = 3-F, 12 h, 52%
420,R=4-Cl, 12 h, 73%
42p, R = 2-Cl, 12 h, 55%
429, R =4-Br, 12 h, 58%
42r,R=2,4-Cl, 12 h, 50%

42s,R = CFs, 24 h, 48%
42t, R = CO,Me, 24 h, 37%
/| 42u, R = CHO, 24 h, 34%

42ab, 2-thiophenyl, 7 h, 78%
42ac, 3-thiophenyl, 7 h, 82%

42z, 12 h, 62% 42aa, 7 h, 76% 42ad, 7 h, 63%

3Reactions were carried out with 30 mg of 41a and 2.0 equiv. of 2(a-z & aa-ad) in 1.5 mL of MeCN. ®Yields

reported are isolated yields.
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Table 3. Substrate Scope®

R y /N
| Pd(OACc), (10 mol%)
NS — 1 >
© X ¥ = R MeCN, 50 °C
R
41a-j (1.0 equiv.) 2ae-2ai

. (2 equiv.)
X =H, Me, F, Cl; R =Bu, Pr

N

42ag, 12 h, 23%

42al, X = Me, 7 h, 84%
42am, X =Cl, 12 h, 74%
42an, X =F, 12 h, 73%

42aj, X = Me, 7 h, 82%
42ak, X = F, 12 h, 76%

42ai, 12 h, 42%

42ap, 12 h, 47% 42aq, 12 h, 46%

3Reactions were carried out with 30 mg of 41a-k and 2.0 equiv. of 2(a & ae-ai) in 1.5 mL of MeCN. "Yields

reported are isolated yields.
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corresponding product 42ai was obtained in 42% yield. The p-QMs 41b-41g (derived from
substituted 2-pyridine carboxaldehydes) were also subjected to react with 2a and, in those
cases, the indolizines 42aj-42ao0 were isolated in the range of 74-84% yields. The p-QMs 41h
and 41i, substituted with relatively electron-poor substituents on the pyridine ring, were also
subjected to react with 2a and, in those cases, the indolizines 42ap and 42aq were isolated in
46% and 47% yields, respectively. The p-QMs 41j, with isopropyl groups in place of t-butyl
groups, also reacted smoothly with 2a and, the corresponding product 42ar was isolated in
78% yield. To further improve the substrate-scope of this transformation, 42a was subjected to
de-tert-butylation reaction with AICIs (6 equiv.) in benzene at 55 °C and, the resultant product

43 was obtained in 95% yield in an hour (scheme 10).

OH OH
'Bu ‘Bu

AICI5 (6 equiv.)

/4 > /2
/ C6H61 55 OC, 1h
7 2N
— Ph — Ph
42a, 0.126 mmol 43, 95% vyield

Scheme 10. De-tert-butylation Reaction

In addition, to show the practical applicability of this transformation, a relatively large-scale
reaction between 4l1a (0.5 g scale) and 2a was performed, and the desired product 42a was
obtained in 85% yield (0.55 g) in 10 hours (scheme 11).

| Pd(OAc), (10 mol %)

N + =——Ph >
| MeCN, 50 °C, 10 h / //
N N
41a 2a 42a Ph
(0.50 g, 1.7 mmol) ~ (0.35g, 3.4 mmol) (0.55 g, 82%)

Scheme 11. Relatively large-scale reaction

To understand the mechanistic aspects of this protocol, a few control experiments were
performed. In one of the experiments, the p-quinone methide 44 (derived from pyridine-3-

carboxaldehyde), was treated with phenyl acetylene 2a under the standard reaction conditions;
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however, the formation of 1,6-adduct 46 was not observed [Scheme 12, (a)].*® In another set
of experiments, p-quinone methide 45 was treated with 2a under the optimized reaction
conditions as well as in the presence of pyridine (2.0 equiv.). In both the cases, no formation
of 1,6-adduct 47 was observed. These control experiments clearly indicate that this

transformation is not proceeding through the 1,6-conjugate addition of alkyne to p-QM.

Bu ‘Bu
Ph—=—= (2a) Ph—= (2a)
Pd(OA 10 | %
\\ Ph (Me(():zj SOTS ’ Pyridine (2 equiv.)

xZ 0% Pd(OAc), 10 mol %
46, X =N 4, X = MeCN, 50 °C
47, X =CH 45,X=CH

(b) Deuterium lebelling experiments

'Bu
— Ph—= (2a)
Pd (OAc), 10 mol % >
(o]
D (40%) MeCN. 50 °C Pd(OAc), 10 mol % D (82%)
MeCN : D,O
(1.25 ml : 0.25 ml)

42a 50 °C
84% yield 57% y/eld

(c) Control experiments with TEMPO as well as with diphenylacetylene

OH
Bu ‘Bu
8
\/ TEMPO 2 equiv.)
-
J a ) Ph Pd(OAG), 10 mol % Pd(OAc), 10 mol %
(0]
N MeCN, 50 °C MeCN, 50 °C
0% Ph
49 42a 75% yield

Scheme 12. Control Experiments

Interestingly, when the reaction between 41a and 2a was performed in a mixture of MeCN and
D20, the product 42a’ was obtained in 57% yield with 82% Dueterium incorporation at C-2 of
indolizine ring [Scheme 12, (b)]. In another experiment, 41a was treated with deuterated
phenylacetylene (Ph-C=C-D) under standard conditions and, in this case, 42a" was obtained in
84% yield with only 40% D incorporation at C-2 of indolizine [Scheme 12, (b)]. It is evident



from these experiments that the alkynyl proton of 2a is getting removed during the reaction.
The reaction did take place even in the presence of excess of TEMPO, which indicates that the
reaction does not proceed through radical intermediate(s) [Scheme 12, (c)]. Another interesting
observation was that the internal alkyne, diphenylacetylene (48) failed to provide the respective
indolizine 49 under standard conditions even after 48 h [Scheme 12, (c)]. This result and the
deuterium labelling experiments [Scheme 12, (b)] clearly indicate that the acetylenic hydrogen
(=C-H) is playing an important role in the reaction and, during the course of the reaction, this
proton is getting removed as observed in the labelling experiments.
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Scheme 13. Plausible Mechanism

On the basis of the above-mentioned control experiments, a plausible mechanism for
this transformation has been proposed (Scheme 13). Initially, the reaction proceeds through the
activation of alkyne by palladium (1) catalyst followed by the removal of the alkyne proton to
give the intermediate I. The nucleophilic attack of pyridine to intermediate | generates a salt
111, which then undergoes an intramolecular cyclization/1,6-addition to generate a Pd-complex
IV. Subsequently, IV undergoes proton isomerization followed by protodepalladation to

generate the product VI (Scheme 13).
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2.5. Conclusion:

In conclusion, we have developed a facile strategy for the synthesis of a wide range of
1,3-disubstituted indolizine derivatives in moderate to good yields through a Pd(I1)-catalyzed
regiospecific formal [3+2]-annulation of terminal alkynes and 2-pyridinyl substituted p-
quinone methides. Most of the alkynes, especially the aryl-substituted ones, reacted with 2-
pyridinyl substituted p-quinone methides smoothly and provided the respective 1,3-
disubstituted indolizines in good to excellent yields. We believe the inherent advantages of the
present method such as 100% atom-economy, relatively milder reaction conditions and
regiospecificity will make this method practically attractive.

2.6. Experimental section:

General information

All reactions were carried out in an oven dried round bottom flask. All the solvents were
distilled before use and stored under argon atmosphere. Most of the reagents, starting materials
were purchased from commercial sources and used as such. Melting points were recorded on
SMP20 melting point apparatus and are uncorrected. H, $3C and °F spectra were recorded in
CDCIs (400, 100 and 376 MHz respectively) on Bruker FT-NMR spectrometer. Chemical shift
(o) values are reported in parts per million relative to TMS and the coupling constants (J) are
reported in Hz. High resolution mass spectra were recorded on Waters Q-TOF Premier—
HAB213 spectrometer. FT-IR spectra were recorded on a Perkin-Elmer FTIR spectrometer.
Thin layer chromatography was performed on Merck silica gel 60 Fzs4 TLC pellets and
visualised by UV irradiation and KMnOs stain. Column chromatography was carried out

through silica gel (100-200 mesh) using EtOAc/hexane as an eluent.

General procedure for the reaction between terminal alkynes to 2-pyridinyl-substituted p-

quinone methides:

Anhydrous MeCN (1.5 mL) was added to the mixture of p-quinone methide [p-QM] (30 mg,
1.0 equiv.), terminal alkyne (2.0 equiv.) and Pd(OAc)2 (10 mol %) under argon atmosphere
and the resulting suspension was stirred at 50 °C until the p-QM was completely consumed
(based on TLC analysis). The reaction mixture was concentrated under reduced pressure and
the residue was purified through a silica gel chromatography, using EtOAc/Hexane mixture as

an eluent, to get the pure 1,3-disubstituted indolizine.
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The 2-pyridinyl-substituted p-quinone methides 41b-f were prepared by following a literature
procedure.?®l The 2-pyridinyl-substituted p-quinone methides 1h-i were prepared by following
a literature procedure 24 by the coupling of corresponding boronic acid and p-QM (41f). The
2-pyridinyl-substituted p-quinone methide 1i was prepared by following a literature

procedure.?®

2,6-di-tert-butyl-4-[(3-methylpyridin-2-yl)-methylene]-cyclohexa-2,5-dien-1-one (41b)

(o ) Thereaction was performed at 4.127 mmol scale of 3-methylpicolinaldehyde;
Bu Bl Rr= 0.5 (5% EtOAC in hexane); yellow solid (794 mg, 62% vield): m. p. =
CHa 154 — 156 °C; *H NMR (400 MHz, CDCls) § 8.57 — 8.56 (m, 1H), 8.34 (d, J =

| /\N 1.9 Hz, 1H), 7.54 - 7.52 (m, 1H), 7.15 (dd, J = 7.7, 4.7 Hz, 1H), 7.12 (s, 1H),

7.00 (d, J = 2.0 Hz, 1H), 2.43 (s, 3H), 1.32 (s, 9H), 1.30 (s, 9H); 13C NMR
(100 MHz, CDCls) ¢ 186.8, 153.7, 149.8, 148.6, 147.5, 138.3, 136.1, 135.5, 134.7, 134.4,
129.6, 123.1, 35.6, 35.2, 29.7, 29.67, 19.5; FT-IR (thin film, neat): 2952, 2857, 1739, 1604,
1540, 1372, 1237, 1045, 931, 740, 590 cm; HRMS (ESI): m/z calcd for CaiHasNO [M+H]* :
310.2171; found : 310.2176.

2,6-di-tert-butyl-4-[(3-fluoropyridin-2-yl)-methylene]-cyclohexa-2,5-dien-1-one (41c)

o The reaction was performed at 3.997 mmol scale of 3-fluoropicolinaldehyde;
Rf = 0.5 (5% EtOACc in hexane); orange solid (826 mg, 66% yield); m. p. =
T 130 — 132 °C; 'H NMR (400 MHz, CDCls) 6 8.75 (d, J = 2.2 Hz, 1H), 8.53 (d,
L N J=45Hz, 1H), 7.44 - 7.39 (m, 1H), 7.27 - 7.23 (m, 1H), 7.13 (d, J = 2.2 Hz,
I 1H), 6.98 (d, J = 2.2 Hz, 1H), 1.33 (s, 9H), 1.32 (s, 9H); *C NMR (100 MHz,
CDCl3) 6 186.8, 158.9 (d, Jc.r = 263.4 Hz), 150.3, 149.0, 145.7 (d, Jc.r = 5.4 HZz), 144.1 (d, Jc-
F=9.0 Hz), 135.7 (d, Jc.r = 1.6 Hz), 135.5, 129.4, 128.8, 124.5 (d, Jc.r = 4.1 Hz), 123.3 (d, Jc-
F=19.5Hz), 35.8, 35.2, 29.7, 29.69; *F{*H} NMR (376 MHz, CDCls) 6 —120.4; FT-IR (thin
film, neat): 2983, 1738, 1618, 1451, 1372, 1235, 1044, 936, 787, 536 cm™; HRMS (ESI): m/z
calcd for CooH2sFNO [M+H]™ : 314.1920; found : 314.1913.

2,6-di-tert-butyl-4-[(5-methylpyridin-2-yl)-methylene]-cyclohexa-2,5-dien-1-one (41d)

( o ) The reaction was performed at 0.102 mmol scale of 5-
methylpicolinaldehyde; R = 0.5 (5% EtOAc in hexane); yellow solid (820

| mg, 64% yield); m. p. = 152 — 154 °C; *H NMR (400 MHz, CDCls) 6 8.69
| /\N (d, J = 1.6 Hz, 1H), 8.57 (brs, 1H), 7.52 — 7.49 (m, 1H), 7.29 (d, J = 8.0 Hz
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1H), 6.95 (d, J = 1.8 Hz, 1H), 6.92 (s, 1H), 2.36 (s, 3H), 1.33 (s, 9H), 1.31 (s, 9H); 13C NMR
(100 MHz, CDCIs) ¢ 186.8, 152.7, 150.9, 149.6, 148.4, 138.7, 136.9, 135.6, 133.9, 133.0,
129.3, 126.9, 35.7, 35.1, 29.7, 29.69, 18.6; FT-IR (thin film, neat): 3090, 2954, 2864, 2734,
1951, 1762, 1606, 1541, 1382, 1251, 1023, 950, 705, 644, 535 cm™; HRMS (ESI): m/z calcd
for C21H2sNO [M+H]*: 310.2171; found: 310.2180.

2,6-di-tert-butyl-4-[(5-chloropyridin-2-yl)-methylene]-cyclohexa-2,5-dien-1-one (41e)

( o ) The reaction was performed at 3.532 mmol scale of 5-

chloropicolinaldehyde; Rs = 0.5 (5% EtOACc in hexane); yellow solid (842

| mg, 72% yield); m. p. = 154 — 156 °C; *H NMR (400 MHz, CDCls) 6 8.68

N (d,J=2.2Hz, 1H), 8.63 (d, J = 1.7 Hz, 1H), 7.68 (dd, J = 8.4, 2.4 Hz 1H),

7.33(d, J=8.4 Hz, 1H), 6.93 (d, J = 1.8 Hz, 1H), 6.86 (s, 1H), 1.32 (s, 9H),

1.31 (s, 9H); 3C NMR (100 MHz, CDCls) 6 186.7, 153.5, 150.2, 149.2, 149.0, 136.5, 136.3,

135.3,135.1, 131.3, 128.8, 127.7, 35.8, 35.2, 29.7, 29.69; FT-IR (thin film, neat): 2984, 2925,

1737, 1618, 1448, 1372, 1234, 1044, 937, 736, 607, 512 cm™*; HRMS (ESI): m/z calcd for
C20H25CINO [M+H]* : 330.1625; found : 330.1624.

2,6-di-tert-butyl-4-((5-fluoropyridin-2-yl)methylene)cyclohexa-2,5-dien-1-one (41f)

( o Y\ The reaction was performed at 3.997 mmol scale of 5-
fluoropicolinaldehyde; Rf = 0.5 (5% EtOAc in hexane); yellow solid (852

| mg, 68% yield); m. p. = 136 — 138 °C;'H NMR (400 MHz, CDCls) 6 8.62
N (d, J=2.0 Hz, 1H), 8.58 (s, 1H), 7.42 — 7.40 (m, 2H), 6.93 (d, J = 2.0 Hz,
" 1H), 6.89 (s, 1H), 1.32 (s, 9H), 1.31 (s, 9H); *C{*H} NMR (100 MHz,
CDCl3) 6 186.7, 158.4 (d, Jc-r = 259.6 Hz), 151.7 (d, Jc-r = 4.6 Hz), 150.1, 148.7, 138.8 (d, Jc-
r=23.8 Hz), 136.6, 135.4, 134.3 (d, Jc-r = 2.2 Hz), 128.9, 128.3 (d, Jc-r = 4.4 HZz), 123.3 (d,
Jcr = 18.5 Hz), 35.7, 35.2, 29.71, 29.67; *F{*H} NMR (376 MHz, CDCls) § —125.41; FT-IR
(thin film, neat): 2982, 1740, 1622, 1455, 1373, 1236, 1044, 938, 785, 532 cm™*; HRMS (ESI):
m/z calcd for CooH2sFNO [M+H]" : 314.1920; found : 314.1914.

2,6-di-tert-butyl-4-((4-chloropyridin-2-yl)methylene)cyclohexa-2,5-dien-1-one (419)

Q The reaction was performed at 3.532 mmol scale of 4-

Bu 'Bu
chloropicolinaldehyde; Rf = 0.5 (5% EtOAc in hexane); yellow solid (830
cl ~ | mg, 71% yield); m. p. = 158 — 160 °C; *H NMR (400 MHz, CDCls) ¢ 8.65
N (d,J=1.9 Hz, 1H), 8.59 (d, J = 5.2 Hz, 1H), 7.36 (d, J = 1.8 Hz, 1H), 7.19
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(dd, J = 5.2, 1.8 Hz, 1H), 6.91 (d, J = 2.2 Hz, 1H), 6.80 (s, 1H), 1.31 (s, 9H), 1.30 (s, 9H);
13C{H} NMR (100 MHz, CDCls) § 186.7, 156.7, 150.9, 150.3, 149.1, 144.5, 136.3, 135.8,
135.2, 128.9, 127.0, 122.8, 35.7, 35.2, 29.7, 29.6; FT-IR (thin film, neat): 3052, 2982, 2862,
1730, 1607, 1458, 1332, 1225, 1022, 740, 532 cmt; HRMS (ESI): m/z calcd for C2oH2sCINO
[M+H]* : 330.1625; found : 330.1621.

4-[(5-bromopyridin-2-yl)methylene]-2,6-di-tert-butylcyclohexa-2,5-dien-1-one (41h)

( 5 \ The reaction was performed at 2.855 mmol scale of 5-
Bu Bu| promopicolinaldehyde; Rf = 0.5 (5% EtOAc in hexane); yellow solid (760

| mg, 75% yield); m. p. = 168 — 17 0 °C; *H NMR (400 MHz, CDCls) 5 8.78

N | /\N (d, J=2.3 Hz, 1H), 8.63 (d, J = 2.3 Hz, 1H), 7.83 (dd, J = 8.3, 2.4 Hz, 1H),

. J

7.27 (d, J = 8.2 Hz, 1H), 6.93 (d, J = 2.2 Hz, 1H), 6.84 (5, 1H), 1.32 (s, 9H),
1.31 (s, 9H); 13C NMR (100 MHz, CDCls) 6 186.8, 153.7, 151.3, 150.2, 149.0, 139.2, 136.6,
135.3,135.1,128.8, 128.1, 120.2, 35.8, 35.2, 29.72, 29.68; FT-IR (thin film, neat): 3053, 2917,
2865, 1733, 1607, 1455, 1329, 1232, 1022, 742, 534 cm™; HRMS (ESI): m/z calcd for
CaoHasBrNO [M+H]* : 374.1120; found : 374.1109.

4-{6-[(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dien-1-ylidene)methyl]-pyridin-3-yl}-
benzaldehyde (41i)

The reaction was performed at 0.801 mmol scale of 41h; Rf = 0.3 (10%
EtOAc in hexane); yellow solid (134mg, 41% yield); m. p. = 174 — 176
°C; IH NMR (400 MHz, CDCls) 6 10.1 (s, 1H), 9.04 (d, J = 2.2 Hz, 1H),
8.79 (d,J = 2.0 Hz, 1H), 8.01 (d, J = 8.4 Hz, 2H), 7.97 (dd, J = 8.2, 2.4
Hz, 1H), 7.82 (d, J = 8.2, Hz, 2H), 7.51 (d, J = 8.1 Hz, 1H), 6.98 (d, J =
2.2 Hz 1H), 6.97 (s, 1H), 1.35 (s, 9H), 1.33 (s, 9H); *C NMR (100 MHz, CDCl3) 6 191.7,
186.8, 155.3, 150.2, 148.9, 148.8, 143.1, 137.3, 136.1, 135.5, 134.9, 135.3, 133.9, 130.7, 129.1,
127.7, 127.4, 35.8, 35.3, 29.8, 29.7; FT-IR (thin film, neat): 2998, 2955, 2866, 2731, 1699,
1604, 1535, 1359, 1251, 1089, 953, 818, 738 cm™; HRMS (ESI): m/z calcd for C27H3oNO2
[M+H]": 400.2277; found: 400.2257.

(oHC

2,6-di-tert-butyl-4-{(5-[3-(trifluoromethyl)phenyl]pyridin-2-yl)methylene}-cyclohexa-
2,5-dien-1-one (41j)

The reaction was performed at 0.801 mmol scale of 41h; Rf = 0.5 (5% EtOAc in hexane);
yellow solid (138 mg, 39% vyield); m. p. = 122— 124 °C; *H NMR (400 MHz, CDCls) § 9.00
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1 (d,J=2.2Hz 1H), 8.81 (d, J = 2.2 Hz, 1H), 7.93 (dd, J = 8.1, 2.4 Hz,
1H), 7.88 (s, 1H), 7.85 (d, J = 7.6 Hz, 1H), 7.69 — 7.68 (m, 1H), 7.62 (t,
J=7.7Hz 1H), 7.50 (d, J = 8.1 Hz, 1H), 6.98 (d, J = 2.2 Hz, 1H), 6.97
(s, 1H), 1.36 (s, 9H), 1.33 (s, 9H); 3C NMR (100 MHz, CDCl3) 6 186.8,
’ 155.0, 150.2, 148.9, 148.7, 138.1, 137.4, 135.5, 135.1, 134.7, 134.0, 13.8
(9, JcFr=32.2Hz),130.42, 130.41, 129.9, 127.4, 125.2 (9, Jc-Fr = 3.7 Hz), 124.1 (q, Jc-Fr = 270.8
Hz) 123.9 (g, Jcr = 3.8 Hz), 35.8, 35.2, 29.8, 29.7; F{*H} NMR (376 MHz, CDCl3) § —62.7;
FT-IR (thin film, neat): 2956, 2866, 1613, 1537, 1440, 1360, 1265, 1129, 1048, 933, 737 cm"
1 HRMS (ESI): m/z calcd for Ca7H29FsNO [M+H]*: 440.2201; found: 440.2187.

2,6-di-iso-propyl-4-(pyridin-2-ylmethylene)-cyclohexa-2,5-dien-1-one (41Kk)

(o ) Ri=0.3(10% EtOAc in hexane); greenish gummy solid; *H NMR (400 MHz,
' CDCls) & 8.74 — 8.73 (m, 1H), 8.64 — 8.63 (m, 1H), 7.71 (td, J = 7.7, 1.8 Hz,
| 1H), 7.39 (d, J = 7.8 Hz, 1H), 7.22 — 7.19 (m, 1H), 6.96 (s, 1H), 6.92 (d, J = 2.3
L& Hz, 1H), 3.20 — 3.13 (m, 2H), 1.16 (d, J = 6.9 Hz, 6H), 1.14 (d, J = 6.9 Hz, 6H);
13C NMR (100 MHz, CDCls) ¢ 185.6, 155.2, 150.3, 147.8, 146.6, 138.7, 136.6,
135.3,134.6, 128.9, 127.4, 123.0, 27.3, 26.6, 22.13, 22.12; FT-IR (thin film, neat): 3053, 2961,
2867, 1611, 1590, 1464, 1383, 1265, 1115, 993, 735, 703 cm™t; HRMS (ESI): m/z calcd for
Ci1sH21NNaO [M+Na]*: 290.1521; found: 290.1518.

2,6-di-tert-butyl-4-(3-phenylindolizin-1-yl)-phenol (42a)

The reaction was performed at 0.102 mmol scale of 41a; Rt = 0.6 (5% EtOAc
in hexane); pale green solid (36.4 mg, 90% yield); m. p. = 108 — 110 °C; H
NMR (400 MHz, CDCl3) ¢ 8.29 (d, J = 7.2 Hz, 1H), 7.70 (d, J = 9.1 Hz, 1H),
7.64 — 7.62 (m, 2H), 7.52 — 7.48 (m, 3H), 7.44 (s, 2H), 7.38 — 7.34 (m, 1H),
7.00 (s, 1H), 6.74 — 6.70 (m, 1H), 6.52 — 6.47 (m, 1H), 5.18 (s, 1H), 1.52 (s,
18H); 3C NMR (100 MHz, CDCls) ¢ 152.3, 136.4, 132.5, 130.0, 129.1, 128.3, 127.4, 127.3,
125.4,124.7,122.6,118.8,117.5, 116.5, 113.9, 111.0, 34.6, 30.6; FT-IR (thin film, neat): 3635,
2956, 1600, 1407, 1302, 1233, 1155, 1013, 737, 699 cm™; HRMS (ESI): m/z calcd for
C2sH32NO [M+H]" : 398.2484; found : 398.2492.

2,6-di-tert-butyl-4-[3-(p-tolyl)-indolizin-1-yl]-phenol (42b)

The reaction was performed at 0.102 mmol scale of 41a; R¢= 0.6 (5% EtOAc in hexane); green
solid (38.1 mg, 91% yield); m. p. = 180 — 182 °C; 'H NMR (400 MHz, CDCl3) § 8.25 (d, J =
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7.2 Hz, 1H), 7.70 (d, J = 9.1 Hz, 1H), 7.52 (d, J = 8 Hz, 2H), 7.44(s, 2H), 7.31
(d, J = 7.9 Hz, 2H), 7.00 (s, 1H), 6.72 — 6.68 (m, 1H), 6.50 — 6.46 (M, 1H),
5.18 (s, 1H), 2.44 (s, 3H), 1.52 (s, 18H) : 13C NMR (100 MHz, CDCl3) § 152.2,
137.2, 136.3, 129.8, 129.78, 129.6, 128.3, 127.5, 125.5, 124.7, 122.7, 118.8,
117.3, 116.3, 113.6, 110.9, 34.6, 30.6, 21.5; FT-IR (thin film, neat): 3451,
2956, 2870, 1641, 1451, 1360, 1233, 1154, 1119, 886, 738 cm™%; HRMS (ESI): m/z calcd for
CaoHasNO [M+H] *: 412.2640; found : 412.2631.

2,6-di-tert-butyl-4-[3-(o-tolyl)-indolizin-1-yl]-phenol (42c)

The reaction was performed at 0.102 mmol scale of 41a; Rs = 0.6 (5% EtOAc
in hexane); green solid (28.1 mg, 67% vyield); m. p. = 128 — 130 °C;*H NMR
(400 MHz, CDClz) 6 7.73 (d, J = 9.1 Hz, 1H), 7.56 (d, J = 7.1 Hz, 1H), 7.47
(s, 2H), 7.43 (d, J = 7.2 Hz, 1H), 7.37 — 7.36 (m, 2H), 7.34 — 7.29 (m, 1H),
6.93 (s, 1H); 6.73 — 6.70 (m, 1H), 6.45 (t, J = 6.6 Hz, 1H), 5.17 (s, 1H), 2.20
(s, 3H) 1.53 (s, 18H); 1*C NMR (100 MHz, CDCls) § 152.1, 138.4, 136.4, 131.7, 131.4, 130.6,
128.8,128.5,127.7,126.2,124.5,123.1, 118.6, 117.0, 115.49, 115.48, 114.0, 110.6, 34.6, 30.6,
20.0; FT-IR (thin film, neat): 3635, 2957, 2869, 1601, 1550, 1455, 1330, 1233, 1147, 884, 699,
599 cm; HRMS (ESI): m/z calcd for C2oH3aNO [M+H]* : 412.2640; found : 412.2620.

2,6-di-tert-butyl-4-{3-[4-(tert-butyl) phenyl] indolizin-1-yl}-phenol (42d)

The reaction was performed at 0.102 mmol scale of 41a; R¢ = 0.6 (5% EtOAc
in hexane); brown solid (38.1 mg, 82% yield); m. p. = 112 — 114 °C; 'H NMR
(400 MHz, CDCls) 6 8.31 (d, J = 7.2 Hz, 1H), 7.73 (d, J = 9.1 Hz, 1H), 7.59
(d, J =8.4 Hz 2H) 7.55 (d, J = 8.5 Hz 2H) 7.48 (s, 2H), 7.02 (s, 1H), 6.74 —
6.71 (m, 1H), 6.52 — 6.48 (m, 1H) 5.20 (s, 1H), 1.55 (s, 18H), 1.42 (s, 9H); 1°C
NMR (100 MHz, CDCls) 6 152.2, 150.3, 136.3, 129.8, 129.6, 128.0, 127.6, 126.0, 125.4, 124.7,
122.8,118.8, 117.3, 116.3, 113.7, 110.8, 34.8, 34.6, 31.5, 30.6; FT-IR (thin film, neat): 3640,
2961, 1737, 1604, 1515, 1407, 1362, 1262, 1146, 1097, 1022, 826, 708 cm™; HRMS (ESI):
m/z calcd for C32HaoNO [M+H]" : 454.3110; found : 454.31009.
2,6-di-tert-butyl-4-[3-(2,4,5-trimethylphenyl)-indolizin-1-yl]-phenol (42e)

The reaction was performed at 0.102 mmol scale of 41a; R¢= 0.6 (5% EtOAc in hexane); green
solid (36.1 mg, 80% yield); m. p. = 118-120 °C; *H NMR (400 MHz, CDClz) 6 7.74 (d, J = 9.1
Hz, 1H), 7.59 (d, J = 7.1 Hz, 1H), 7.50 (s, 2H), 7.22 (s, 1H), 7.17 (s, 1H), 6.92 (s, 1H), 6.73 —
6.70 (m, 1H), 6.47 — 6.44 (m, 1H), 5.18 (s, 1H), 2.35 (s, 3H), 2.31 (s, 3H), 2.15 (s, 3H), 1.55
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(s, 18H); 3C NMR (100 MHz, CDCls) § 152.0, 136.9, 136.3, 135.6, 134.2,
132.5, 131.9, 129.0, 128.7, 127.8, 124.7, 1245, 123.2, 118.5, 116.8, 115.4,
113.9, 110.4, 34.6, 30.6, 19.7, 19.4 (2C); FT-IR (thin film, neat): 3639, 2956,
2869, 1602, 1515, 1451, 1410, 1360, 1304, 1264, 1199, 1150, 1114, 1009, 885,
831, 740, 726 cm™; HRMS (ESI): m/z calcd for Ca1HasNO [M+H]" : 440.2953;
found : 440.2955.

2,6-di-tert-butyl-4-[3-(4-methoxyphenyl)-indolizin-1-yl]-phenol (42f)

The reaction was performed at 0.102 mmol scale of 41a; R¢ = 0.5 (5% EtOAc
in hexane); pale green solid (37.5 mg, 86% vyield); m. p. = 148-150 °C; 'H
NMR (400 MHz, CDCls3) 6 8.18 (d, J = 7.2 Hz, 1H), 7.69 (d, J = 9.1 Hz, 1H),
7.56 — 7.52 (m, 2H), 7.45 (s, 2H), 7.10 — 7.03 (m, 2H), 6.94 (s, 1H), 6.71 —
6.67 (m, 1H), 6.49 — 6.45 (m, 1H), 5.18 (s, 1H), 3.89 (s, 3H), 1.52 (s, 18H);
13C NMR (100 MHz, CDCls) 6 159.0, 152.2, 136.3, 129.8, 129.5, 127.6, 125.2, 124.9, 124.7,
122.6,118.7,117.2,116.1, 114.5, 113.4, 110.8, 55.5, 34.6, 30.6; FT-IR (thin film, neat): 3632,
2962, 1732, 1601, 1504, 1462, 1291, 1258, 1169, 1096, 830, 799 cm™*; HRMS (ESI): m/z calcd
for C2oHasNO2 [M+H]" : 428.2590; found : 428.2597.
2,6-di-tert-butyl-4-[3-(4-methoxy-2-methylphenyl)-indolizin-1-yl]-phenol (42g)

The reaction was performed at 0.102 mmol scale of 41a; Rt = 0.5 (5% EtOAc
in hexane); green solid (35.0 mg, 78% yield); m. p. = 157-159 °C; *H NMR
(400 MHz, CDCl3) & 7.74 (d, J = 9.1 Hz, 1H), 7.55 (d, J = 7.1 Hz, 1H), 7.49
(s, 1H), 7.34 (d, J = 8.4 Hz, 1H), 6.93 (d, J = 2.3 Hz, 1H), 6.91 (s, 2H), 6.88
(dd, J = 8.4, 2.5 Hz 1H), 6.71 (dd, J = 8.9, 6.4 Hz 1H), 6.45 (t, J = 6.8 Hz,
1H), 5.18 (s, 1H), 3.89 (s, 3H), 2.17 (s, 3H) 1.54 (s, 18H); *C NMR (100 MHz, CDCls) &
159.8,152.1, 140.1, 136.3, 132.6, 128.6, 127.7, 124.5,124.3, 124.1, 123.0, 118.5, 116.9, 115.9,
115.3, 114.0, 111.5, 110.4, 55.4, 34.6, 30.6, 20.2; FT-IR (thin film, neat): 3635, 2956, 2870,
1607, 1567, 1515, 1463, 1413, 1304, 1238, 1160, 1119, 1045, 885, 819, 741 cm™; HRMS
(ESI): m/z calcd for CagHzsNO2 [M+H]™ : 442.2746; found : 442.2746.
2,6-di-tert-butyl-4-{3-[4-(trifluoromethoxy)phenyl]indolizin-1-yl}-phenol (42h)

The reaction was performed at 0.102 mmol scale of 41a; Rf= 0.5 (5% EtOAc
in hexane); green solid (30.3 mg, 62% yield); m. p. = 178-180 °C;'H NMR
(400 MHz, CDCl3) 6 8.22 (d, J = 7.2 Hz, 1H), 7.70 (d, J = 9.1 Hz, 1H), 7.64
(d, J =8.6 Hz, 2H), 7.43 (s, 2H), 7.34 (d, J = 8.2 Hz, 2H), 7.00 (s, 1H), 6.76
~6.72 (m, 1H), 6.52 (t, J = 6.9 Hz, 1H ), 5.19 (s, 1H), 1.52 (s, 18H); BC{*H}
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NMR (100 MHz, CDCls) ¢ 152.4, 148.2 (q, Jc-r = 1.8 Hz), 136.4, 131.3, 130.3, 129.5, 127.2,
124.7,123.9, 122.3, 121.7, 120.7 (q, Jc-F = 255.7 Hz), 118.9, 117.8, 116.7, 114.2, 111.4, 34.6,
30.6; °F{*H} NMR (376 MHz, CDCls) & —57.78; FT-IR (thin film, neat): 3641, 2957, 2871,
1603, 1548, 1481, 1407, 1340, 1258, 1164, 1119, 1013, 921, 854, 780, 738 cm™; HRMS (ESI):
m/z calcd for CogH31FsNO2 [M+H]" : 482.2307; found : 482.2284.

2,6-di-tert-butyl-4-[3-(4-phenoxyphenyl)indolizin-1-yl]-phenol (42i)

The reaction was performed at 0.102 mmol scale of 41a; Rs = 0.5 (5% EtOAc
in hexane); brown solid (43.2 mg, 86% yield); m. p. = 110-112 °C; 'H NMR
(400 MHz, CDCl3) 6 8.24 (d, J = 7.1 Hz, 1H), 7.71 (d, J = 9.1 Hz, 1H), 7.6 (d,
J=8.6 Hz, 2H), 7.46 (s, 2H), 7.42 - 7.38 (m, 2H) , 7.18 — 7.16 (m, 2H), 7.13
—7.11 (m, 3H), 7.00 (s, 1H), 6.74 — 6.70 (m, 1H), 6.53 — 6.48 (m, 1H), 5.19
(s, 1H), 1.54 (s, 18H); 13*C NMR (100 MHz, CDCls) 9 157.1, 156.7, 152.3, 136.4, 130.0, 129.84,
129.79, 129.4, 127.5, 127.4, 124.8, 124.7, 123.7, 122.5, 119.3, 118.8, 117.4, 116.3, 113.7,
111.0, 34.6, 30.6; FT-IR (thin film, neat): 3449, 2958, 1640, 1484, 1338, 1145, 828, 762, 739,
696 cm™t; HRMS (ESI): m/z calcd for C3aH3sNO, [M-H]* : 490.2746; found : 490.2758.

2,6-di-tert-butyl-4-[3-(4-pentylphenyl)indolizin-1-yl]-phenol (42j)

) The reaction was performed at 0.102 mmol scale of 41a; Rt = 0.6 (5%
EtOAc in hexane); green solid (34.4 mg, 85% yield); m. p. =116 — 118 °C;
'H NMR (400 MHz, CDCl3) 6 8.28 (d,J = 7.2 Hz, 1H), 7.71 (d, J = 9.1 Hz,
1H), 7.55 (d, J = 8.0 Hz, 2H), 7.46 (s, 1H), 7.32 (d, J = 8.1 Hz, 2H), 7.0 (s,
| crcrs | 1H), 6.73 — 6.69 (m, 1H), 6.51 — 6.47 (m, 1H), 5.19 (s, 1H) ), 2.69 (t, J =
7.6 Hz, 2H), 1.74 — 1.67 (m, 2H), 1.54 (s, 18H), 1.43 — 1.38 (m, 4H), 0.95 (t, J = 7.1 Hz, 3H);
13C NMR (100 MHz, CDCl3) 6 152.2, 142.2, 136.3, 129.8, 129.1, 128.2, 127.5, 125.5, 124.7,
122.7,118.8, 117.3, 116.3, 113.7, 110.8, 35.9, 34.6, 31.7, 31.3, 30.6, 22.7, 14.2; FT-IR (thin
film, neat): 3451, 2956, 1641, 1451, 1407, 1304, 1233, 1143, 1012, 827, 739 cm; HRMS
(ESI): m/z calcd for CasHaNO [M+H]* : 468.3266; found : 468.3270.

2,6-di-tert-butyl-4-[3-(4-propylphenyl)indolizin-1-yl]-phenol (42k)

The reaction was performed at 0.102 mmol scale of 41a; Rf= 0.6 (5% EtOAc in hexane); brown
solid (39.4 mg, 88% yield); m. p. = 124-126 °C; 'H NMR (400 MHz, CDCl3) 5 8.28 (d, J = 7.2
Hz, 1H), 7.71 (d, J = 9.1 Hz, 1H), 7.55 (d, J = 7.9 Hz, 2H), 7.46 (s, 2H), 7.32 (d, J = 8.0 Hz,
2H), 7.01 (s, 1H), 6.73 — 6.69 (m, 1H), 6.49 (t, J = 6.6 Hz, 1H), 5.19 (s, 1H), 2.68 (t, J = 7.5
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\ Hz, 2H), 1.78 — 1.68 (m, 2H), 1.54 (s, 18H), 1.02 (t, J = 7.3 Hz, 3H); 13C
NMR (100 MHz, CDCl3) ¢ 152.2, 142.0, 136.3, 129.81, 129.78, 129.2,
128.2, 127.6, 125.5, 124.7, 122.7, 118.8, 117.3, 116.3, 113.7, 110.8, 38.0,
34.6, 30.6, 24.7, 14.1 ; FT-IR (thin film, neat): 3633, 2955, 2859, 1654,
L (cHocHs | 1547, 1453, 1408, 1304, 1233, 1152, 1017, 965, 887, 737, 591, 535, 512
cm™; HRMS (ESI): m/z calcd for CsiHssNO [M+H]* : 440.2953; found : 440.2953.

4-{3-[(1,1'-biphenyl)-4-yl]-indolizin-1-y1}-2,6-di-tert-butylphenol (42l)

The reaction was performed at 0.102 mmol scale of 41a; Rt = 0.6 (5% EtOAc
in hexane); green solid (39.7 mg, 82% vyield); m. p. = 248-250 °C; 'H NMR
(400 MHz, CDCl3) 6 8.37 (d, J = 7.2 Hz, 1H), 7.77 — 7.71 (m, 5H), 7.70 — 7.68
(m, 2H), 7.52 - 7.48 (m, 4H), 7.42 — 7.38 (m, 1H), 7.10 (s, 1H), 6.77 — 6.73 (m,
1H), 6.56 — 6.52 (m, 1H), 5.21 (s, 1H), 1.55 (s, 18H); *C NMR (100 MHz,
CDCl3) ¢ 152.3, 140.8, 140.0, 136.4, 131.4, 130.2, 129.0, 128.5, 127.8, 127.5, 127.4, 127.1,
125.1,124.7,122.7,118.9,117.6, 116.7,114.0, 111.1, 34.6, 30.6; FT-IR (thin film, neat): 3449,
2957, 1640, 1484, 1446, 1360, 1306, 1233, 1145, 1007, 885, 696 cm™*; HRMS (ESI): m/z calcd
for C3aH3sNO [M+H]* : 474.2797; found : 474.2780.

2,6-di-tert-butyl- 4-[3-(4-fluorophenyl)-indolizin-1-yl]-phenol (42m)

The reaction was performed at 0.102 mmol scale of 41a; Rf = 0.6 (5% EtOAc
in hexane); off white solid (24.2 mg, 57% yield); m. p. = 176-178 °C; *H NMR
(400 MHz, CDCl3) 6 8.18 (d, J = 7.2 Hz, 1H), 7.72 (d, J = 9.1 Hz, 1H), 7.61 -
7.57 (m, 2H), 7.45 (s, 2H), 7.23 — 7.18 (m, 2H), 7.00 (s, 1H), 6.75 — 6.71 (m,
1H), 6.52 — 6.49 (m, 1H), 5.20 (s, 1H), 1.54 (s, 18H); *C NMR (100 MHz,
CDCI3) 6 162.1 (d, Jc-F = 245.5 Hz), 152.3, 136.4, 130.5 (d, Jcr = 7.9 Hz), 129.9, 128.6 (d,
Jcr=3.2Hz),127.3,124.7,124.3,122.4,118.8, 117.5, 116.4, 116.1 (d, Jc-r = 21.4 Hz), 113.9,
111.1, 34.6, 30.6; *F{*H} NMR (376 MHz, CDCls) § —114.32; FT-IR (thin film, neat): 3636,
3440, 2957, 1603, 1521, 1451, 1360, 1304, 1233, 1157, 1119, 1013, 887, 739 cm™; HRMS
(ESI): m/z calcd for CasH3z1FNO [M+H]* : 416.2390; found : 416.2378.

2,6-di-tert-butyl-4-[3-(3-fluorophenyl)indolizin-1-yl]-phenol (42n)

The reaction was performed at 0.102 mmol scale of 41a; R = 0.6 (5% EtOAc in hexane); brown
solid (22.0 mg, 52% yield); m. p. = 152-154 °C; *H NMR (400 MHz, CDCl3) §8.29 (d,J = 7.2
Hz, 1H), 7.70 (d, J = 9.1 Hz, 1H), 7.46 — 7.40 (m, 4H), 7.34 — 7.31 (m, 1H), 7.06 — 7.01 (m,
2H), 6.76 — 6.72 (m, 1H), 6.53 (t, J = 7.0 Hz, 1H), 5.19 (s, 1H), 1.52 (s, 18H); 3C NMR (100
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MHz, CDCI3) § 163.3 (d, Jo.r = 244.8 Hz), 152.4, 136.4, 134.6 (d, Jc.r = 8.3
Hz), 130.6, (d, Jcr = 8.7 Hz), 130.5, 127.2, 124.7, 124.1 (d, Jcr = 2.4 Hz),
123.6 (d, Jor = 2.7 Hz), 122.5, 118.9, 117.9, 116.8, 114.8 (d, Jo.r = 21.9 Hz),
114.3 (d, Jer = 1.1 HZ), 114.0, (d, Jer = 21.0 Hz), 111.4, 34.6, 30.6; OF{*H}
NMR (376 MHz, CDCls) § —112.35; FT-IR (thin film, neat): 3636, 2924,
1603, 1521, 1482, 1408, 1304, 1233, 1119, 887, 739 cml; HRMS (ESI): m/z calcd for
CasHaiFNO [M+H]*: 416.2390; found : 416.2387.

2,6-di-tert-butyl-4-[3-(4-chlorophenyl)indolizin-1-yl]-phenol (420)

The reaction was performed at 0.102 mmol scale of 41a; Rf = 0.6 (5% EtOAcC
in hexane); green solid (32.1 mg, 73% yield); m. p. = 216 — 218 °C;'"H NMR
(400 MHz, CDCl3) 6 8.22 (d, J= 7.2 Hz, 1H), 7.72 — 7.69 (m, 1H), 7.59 — 7.56
(m, 1H), 7.55 — 7.54 (m, 1H), 7.48 — 7.45 (m, 2H) 7.43 (s, 2H), 7.00 (s, 1H);
6.75 — 6.71 (m, 1H), 6.53 — 7.50 (m, 1H), 5.19 (s, 1H) ), 1.52 (s, 18H); 13C
NMR (100 MHz, CDCls) 6 152.4, 136.4, 132.9, 130.9, 130.3, 129.4, 129.3, 127.2,124.7, 124.1,
122.4,118.9,117.8,116.7, 114.1, 111.3, 34.6, 30.5; FT-IR (thin film, neat): 3627, 2954, 1511,
1450, 1304, 1231, 1141, 1009, 829, 726 cm™*; HRMS (ESI): m/z calcd for C2sH31:CINO [M+H]*
: 432.2094; found : 432.2097.

2,6-di-tert-butyl-4-[3-(2-chlorophenyl)indolizin-1-yl]-phenol (42p)

The reaction was performed at 0.102mmol scale of 41a; R = 0.6 (5% EtOAc
in hexane); brown solid (24.4 mg, 55% yield); m. p. = 165-167 °C; *H NMR
(400 MHz, CDCl3) 6 7.77 — 7.74 (m, 1H), 7.67 — 7.66 (m, 1H), 7.58 — 7.53 (m,
2H), 7.48 (s, 2H), 7.40 — 7.37 (m, 2H), 7.04 (s, 1H); 6.80 — 6.76 (m, 1H), 6.55
—6.51 (m, 1H), 5.19 (s, 1H) ), 1.54 (s, 18H); 13C NMR (100 MHz, CDCls) ¢
152.2,136.3,134.8,133.1,131.3,130.2, 129.6, 129.5, 127.4, 127.1, 124.7, 123.7, 122.3, 118.5,
117.6, 115.9, 114.9, 110.6, 34.6, 30.6; FT-IR (thin film, neat): 3634, 2957, 1598, 1443, 1306,
1262, 1150, 1034, 833, 654 cm™; HRMS (ESI): m/z calcd for C2sH31CINO [M+H]* : 432.2094;
found : 432.2094.

4-[3-(4-bromophenyl)-indolizin-1-yl]-2,6-di-tert-butylphenol (42q)

The reaction was performed at 0.102 mmol scale of 41a; R = 0.5 (5% EtOAc in hexane); green
solid (28.3 mg, 58% yield); m. p. = 230-232 °C; *H NMR (400 MHz, CDCl3) 5 8.22 (d,J=7.2
Hz, 1H), 7.70 (d, J = 9.1 Hz, 1H), 7.63 — 7.60 (m, 2H), 7.51 — 7.48 (m, 2H), 7.42 (s, 2H), 6.98
(s, 1H), 6.75 — 6.71 (m, 1H), 6.53 — 6.50 (m, 1H), 5.19 (s, 1H), 1.52 (s, 18H); 1*C NMR (100
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MHz, CDCl3) 6 152.4, 136.4, 132.3, 131.4, 130.3, 129.7, 127.2, 124.7, 124.1,
122.4,121.0, 118.9, 117.8, 116.8, 114.1, 111.4, 34.6, 30.5; FT-IR (thin film,
neat): 3437, 2956, 2850, 1633, 1510, 1485, 1450, 1361, 1304, 1233, 1144,
1071, 1009, 822, 723 cm™; HRMS (ESI): m/z calcd for C2sH31BrNO [M+H]* :
476.1589; found : 476.1570.
2,6-di-tert-butyl-4-[3-(2,4-dichlorophenyl)-indolizin-1-yl]-phenol (42r)

The reaction was performed at 0.102 mmol scale of 41a; Rs = 0.5 (5% EtOAc
in hexane); brown solid (24.0 mg, 50% yield); m. p. = 152-154 °C; *H NMR
(400 MHz, CDCl3) §7.74 (d, J = 9.1 Hz, 1H), 7.62 (d, J = 7.1 Hz, 1H), 7.58 (d,
J=2.1Hz 1H), 7.48 — 7.45 (m, 3H), 7.37 (dd, J = 8.2, 1.9 Hz, 1H), 7.00 (s,
1H), 6.80 — 6.76 (m, 1H), 6.55 — 6.51 (m, 1H), 5.19 (s, 1H), 1.52 (s, 18H); 3C
NMR (100 MHz, CDCls) 6 152.3, 136.4, 135.4, 134.6, 133.7, 130.1, 130.0, 129.9, 127.5, 127.2,
124.7,123.5,121.0,118.6,117.9,116.1, 115.1, 110.9, 34.6, 30.6; FT-IR (thin film, neat): 3635,
3452, 2956, 2870, 1631, 1548, 1443, 1408, 1360, 1233, 1154, 1101, 1056, 822, 724 cm;
HRMS (ESI): m/z calcd for C2sH30CI2NO [M+H]" : 466.1704; found : 466.1687.

2,6-di-tert-butyl-4-{3-[4-(trifluoromethyl)phenyl]indolizin-1-yl}-phenol (425s)

The reaction was performed at 0.102 mmol scale of 41a; Rf = 0.6 (5% EtOAc
in hexane); off white solid (23.0 mg, 48% vyield); m. p. = 220-222 °C; 'H NMR
(400 MHz, CDClIs) 6 8.30 (d, J = 7.2 Hz, 1H), 7.74 — 7.71 (m, 5H), 7.43 (s,
2H), 7.05 (s, 1H) , 6.79— 6.75 (m, 1H), 6.57 — 6.53 (m, 1H), 5.21 (s, 1H), 1.52
(s, 18H); *C NMR (100 MHz, CDCls) ¢ 152.5, 136.4, 136.0 (apparent g, Jc-
=0.9Hz), 130.9, 128.8 (q, Jc-r = 32.4 Hz), 127.9, 127.0, 126.1 (q, Jc-r = 3.7 Hz), 124.7, 124.3
(0, Je-F=270.2 Hz), 123.9, 122.4, 119.0, 118.3, 117.2, 114.8, 111.7, 34.6, 30.5; **F{*H} NMR
(376 MHz, CDCl3) 6 —62.41; FT-IR (thin film, neat): 3453, 2957, 2855, 1615, 1456, 1408,
1324, 1235, 1167, 1127, 1067, 1017, 841, 722, 684 cm™; HRMS (ESI): m/z calcd for
Co9H31F3NO [M+H]" : 466.2358; found : 466.2349.

methyl 4-[1-(3,5-di-tert-butyl-4-hydroxyphenyl)indolizin-3-yl]-benzoate (42t)

1 The reaction was performed at 0.102 mmol scale of 41a; Rf= 0.4 (5% EtOAc
in hexane); brown solid (17.3 mg, 37% yield); m. p. = 204-206 °C; *H NMR
(400 MHz, CDCls) 6 8.36 (d, J = 7.2 Hz, 1H), 8.15 (d, J = 8.3 Hz, 2H), 7.71
(d, J = 8.3 Hz, 3H), 7.42 (s, 2H), 7.07 (s, 1H), 6.79 — 6.75 (m, 1H), 6.57 —
6.54 (m, 1H), 5.20 (s, 1H), 3.96 (s, 3H) 1.52 (s, 18H); 1*C NMR (100 MHz,
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CDCls) 5 167.0, 152.5, 136.9, 136.4, 131.2, 130.5, 128.2, 127.2, 127.0, 124.7, 124.3, 122.7,
119.0, 118.4, 117.3, 114.9, 111.7, 52.3, 34.6, 30.5; FT-IR (thin film, neat): 3633, 3078, 2955,
1719, 1605, 1517, 1407, 1235, 1146, 1014, 832, 704 cm; HRMS (ESI): m/z calcd for
CaoH3aNO3 [M+H]* : 456.2539; found : 456.2541.

4-[1-(3,5-di-tert-butyl-4-hydroxyphenyl)indolizin-3-yl]-benzaldehyde (42u)

The reaction was performed at 0.102 mmol scale of 41a; Rt = 0.4 (5% EtOAc
in hexane); brown solid (14.8 mg, 34% vyield); m. p. = 234-236 °C;'H NMR
(400 MHz, CDCls3) 0 10.04 (s, 1H), 8.41 (d, J = 7.2 Hz, 1H), 8.00 (d, J = 8.3
Hz, 2H), 7.81 (d, J = 8.2 Hz, 2H), 7.73 (d, J = 9.1 Hz, 1H), 7.43 (s, 2H), 7.12
(s, 1H), 6.82 - 6.78 (m, 1H), 6.61 — 6.58 (m, 1H), 5.22 (s, 1H), 1.52 (s, 18H);
13C NMR (100 MHz, CDCls) 6 191.6, 152.6, 138.5, 136.5, 134.5, 131.7, 130.7, 127.5, 126.8,
124.8,124.1,122.7,119.1,118.8, 117.7,115.4, 112.0, 34.6, 30.5; FT-IR (thin film, neat): 3522,
2924, 2864, 2730, 1685, 1591, 1458, 1401, 1291, 1222, 1103, 1023, 943, 822, 730, 666 cm™;
HRMS (ESI): m/z calcd for C29H32NO2 [M+H]" : 426.2433; found : 426.2443.

2,6-di-tert-butyl-4-[3-(naphthalen-1-yl)-indolizin-1-yl]-phenol (42v)

The reaction was performed at 0.102 mmol scale of 41a; Rf= 0.6 (5% EtOAc
in hexane); green solid (33.7 mg, 74% yield); m. p. = 139-141 °C; *H NMR
(400 MHz, CDClzs) 6 8.0 (d, J = 8.1 Hz, 2H), 7.80 (d, J = 9.1 Hz, 1H), 7.70
—7.66 (m, 2H), 7.63 — 7.59 (m, 2H), 7.56 — 7.52 (m, 3H), 7.47 — 7.43 (m,
1H), 7.14 (s, 1H), 6.78 — 6.74 (m, 1H), 6.42 — 6.39 (m, 1H), 5.21 (s, 1H),
1.56 (s, 18H); 13C NMR (100 MHz, CDCl3) § 152.2, 136.4, 134.1, 132.4, 129.9, 129.4, 129.0,
128.8,128.7,127.6,126.7,126.3,126.1, 125.8, 124.6, 123.5, 123.3, 118.6, 117.4, 115.9, 115.4,
110.6, 34.6, 30.6; FT-IR (thin film, neat): 3633, 3056, 2957, 2870, 1599, 1545, 1451, 1410,
1361, 1303, 1264, 1234, 1154, 1112, 1017, 886, 777, 740 cm™; HRMS (ESI): m/z calcd for
C32HaaNO [M+H]" : 448.2640; found : 448.2644.
2,6-di-tert-butyl-4-[3-(6-methoxynaphthalen-2-yl)indolizin-1-yl]-phenol (42w)

The reaction was performed at 0.102 mmol scale of 41a; Rf = 0.5 (5%
EtOAc in hexane); brown solid (40.4 mg, 83% yield); m. p. = 190-192 °C;
'H NMR (400 MHz, CDCls) 6 8.38 (d, J = 7.2 Hz, 1H), 8.03 (s, 1H), 7.87
(d, J=8.5Hz 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.78 — 7.72 (m, 2H), 7.52 (s,
.| 2H),7.25-7.22 (m, 2H), 7.12 (s, 1H), 6.78 - 6.74 (m, 1H), 6.55 - 6.51 (m,
1H), 5.22 (s, 1H), 3.98 (s, 3H), 1.39 (s, 18H); *3C NMR (100 MHz, CDCls) ¢ 158.0, 152.2,
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136.4, 133.8, 130.0, 129.6, 129.3, 127.6, 127.54, 127.51, 127.1, 126.6, 125.5, 124.7, 122.6,
119.4,118.8,117.5,116.5, 114.0, 111.1, 105.9, 55.5, 34.6, 30.6; FT-IR (thin film, neat): 3630,
2956, 1732, 1606, 1494, 1302, 1220, 1135, 890, 739 cm™; HRMS (ESI): m/z calcd for
CasH3sNO2 [M+H]* : 478.2746; found : 478.2742.
4-[3-(anthracen-9-yl)-indolizin-1-yl]-2,6-di-tert-butylphenol (42x)

The reaction was performed at 0.102 mmol scale of 41a; Rt = 0.5 (5% EtOAc
in hexane); green solid (34.4 mg, 68% yield); m. p. = 154-156 °C; 'H NMR
(400 MHz, CDCls) & 8.62 (s, 1H), 8.12 (d, J = 8.4 Hz, 2H), 7.91 (d, J = 9.1
Hz, 1H), 7.69 (d, J = 8.7 Hz, 2H), 7.64 (s, 2H), 7.53 — 7.49 (m, 2H), 7.43 -
7.38 (m, 2H), 7.28 (s, 1H), 7.18 (d, J = 7.1 Hz, 1H), 6.81 — 6.77 (m, 1H), 6.35
—6.31(m, 1H), 5.23 (s, 1H), 1.58 (s, 18H); *C NMR (100 MHz, CDCl3) § 152.2, 136.5, 132.0,
131.8,129.3,128.8,128.4,127.7,126.6, 126.5, 126.1, 125.6, 124.5, 123.5, 120.3, 118.6, 117.4,
116.8, 115.9, 110.6, 34.7, 30.6; FT-IR (thin film, neat): 3633, 3401, 2957, 2870, 1622, 1511,
1454, 1361, 1324, 1233, 1152, 1115, 1013, 887, 791, 737 cm!; HRMS (ESI): m/z calcd for
CasH3sNNaO [M+Na]" : 520.2616; found : 520.2596.
2,6-di-tert-butyl-4-[3-(phenanthren-9-yl) indolizin-1-yl]-phenol (42y)

The reaction was performed at 0.102 mmol scale of 41a; Rs = 0.5 (5% EtOAc
in hexane); green solid (39.6 mg, 78% vyield); m. p. = 136-138 °C; 8.83 (d, J
= 8.2 Hz, 1H), 8.78 (d, J = 8.2 Hz, 1H), 8.00 (s, 1H), 7.95 (dd, J = 7.8, 0.9
Hz, 1H), 7.83 (d, J = 9.2 Hz, 1H), 7.76 — 7.73 (m, 1H), 7.72 — 7.71 (m, 1H),
7.70 — 7.68 (m, 1H), 7.67 — 7.65 (m, 1H), 7.60 — 7.53 (m, 4H), 7.21 (s, 1H),
6.80 — 6.75 (m, 1H), 6.42 — 6.39 (m, 1H), 5.22 (s, 1H), 1.57 (s, 18H); *C NMR (100 MHz,
CDCI3) 6 152.2, 136.4, 131.8, 131.2, 130.9, 130.6, 130.3, 129.4, 129.0, 128.6, 127.6, 127.3,
127.2,127.1,127.0,126.9, 124.6, 123.7,123.3,123.2,122.8, 118.6, 117.4, 115.9, 115.3, 110.6,
34.7, 30.6; FT-IR (thin film, neat): 3635, 3450, 2957, 1642, 1450, 1442, 1336, 1233, 1153,
886, 727 cmt; HRMS (ESI): m/z calcd for CagH3sNO [M+H]" : 498.2797; found : 498.2788.
2,6-di-tert-butyl-4-[3-(pyren-1-yl)indolizin-1-yl]-phenol (42z)

The reaction was performed at 0.102 mmol scale of 41a; Rf = 0.5 (5%
EtOAc in hexane); green solid (33.1 mg, 62% yield); m. p. = 128-130 °C;
'H NMR (400 MHz, CDCls) 6 8.30 (d, J = 7.9 Hz, 1H), 8.24 (d,J = 7.6
Hz, 1H), 8.21 — 8.16 (m, 2H), 8.15 (s, 2H), 8.06 — 8.02 (m, 2H), 7.92 (d, J
\ ] =9.2Hz, 1H), 7.83 (d,J = 9.1 Hz, 1H), 7.69 (d, J = 7.1 Hz, 1H), 7.56 (s,
2H), 7.25 (s, 1H), 6.80 — 6.76 (m, 1H), 6.43 — 6.40 (m, 1H), 5.21 (s,1H), 1.55 (s, 18H) *C
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NMR (100 MHz, CDCls) 6 152.3, 136.5, 131.5, 131.3, 131.1, 129.9, 129.7, 128.8, 128.2, 127.9,
127.6, 127.5, 127.0, 126.3, 125.52, 125.49, 125.4, 125.3, 125.1, 124.9, 124.7, 123.7, 123.2,
118.7, 117.6, 116.3, 115.9, 110.8, 34.7, 30.6; FT-IR (thin film, neat): 3465, 2924, 1640, 1462,
1432, 1303, 1234, 1116, 844, 716 cm™*; HRMS (ESI): m/z calcd for CssHssNO [M+H]* :
522.2797; found : 522.2772.

4-[3-(9H-fluoren-2-yl)indolizin-1-yl]-2,6-di-tert-butylphenol (42aa)

The reaction was performed at 0.102 mmol scale of 41a; Rf = 0.6 (5% EtOAc
in hexane); light green solid (37.6 mg, 76% yield); m. p. = 196-198 °C; 1H
NMR (400 MHz, CDCl3) 6 8.36 (d, J = 7.1 Hz, 1H), 7.91 (d, J = 7.8 Hz, 1H),
7.85(d,J =7.5Hz, 1H), 7.81 (s, 1H), 7.74 (d, J = 9.1 Hz, 1H), 7.67 (d, J =
7.9, Hz,1H), 7.60 (d, J = 7.4 Hz, 1H), 7.50 (s, 2H), 7.43 (t, J = 7.4 Hz, 1H),
7.35 (t, J = 7.4, Hz, 1H), 7.10 (s, 1H), 6.76 — 6.73 (m, 1H), 6.53 (t, J = 6.8 Hz, 1H), 5.21 (5,
1H), 4.01 (s, 2H), 1.55 (s, 18H); *C NMR (100 MHz, CDCls) 6 152.3, 144.1, 143.5, 141.5,
140.9, 136.4, 130.8, 130.0, 127.5, 127.0, 126.9 (2C), 125.8, 125.2, 124.8, 124.7, 122.8, 120.4,
120.0, 118.8, 117.5, 116.5, 113.9, 111.0, 37.1, 34.6, 30.6; FT-IR (thin film, neat): 3633, 2957,
2870, 1612, 1547, 1422, 1337, 1152, 1014, 827, 703, 653 cm™*; HRMS (ESI): m/z calcd for
CasH3sNO [M+H]" : 486.2797; found : 486.2785.

2,6-di-tert-butyl-4-[3-(thiophen-2-yl)-indolizin-1-yl]-phenol (42ab)

The reaction was performed at 0.102 mmol scale of 41a; Rf = 0.5 (5% EtOAc
in hexane); brown solid (32.0 mg, 78% yield); m. p. = 138 — 140 °C;'H NMR
(400 MHz, CDCl3) 6 8.38 (d, J = 7.2 Hz, 1H), 7.72 (d, J =9.1 Hz, 1H), 7.45 (s,
2H), 7.37 (dd, J = 5.2, 1.0 Hz, 1H), 7.31 — 7.30 (m, 1H), 7.20 — 7.18 (m, 1H),
7.10 (s, 1H), 6.79 — 6.75 (m, 1H), 6.61 — 6.57 (m, 1H), 5.21 (s, 1H) 1.54 (s,
18H); 3C NMR (100 MHz, CDCls) 6 152.4, 136.4, 134.0, 130.5, 127.7, 127.1, 124.8, 124.74,
124.70, 123.2, 118.7, 118.3, 117.8, 116.6, 115.0, 111.4, 34.6, 30.6, FT-IR (thin film, neat):
3633, 3452, 2870, 1758, 1566, 1416, 1399, 1248, 1139, 853, 724, 664 cm™*; HRMS (ESI): m/z
calcd for C26H3oNOS [M+H]™ : 404.2048; found : 404.2034.
2,6-di-tert-butyl-4-[3-(thiophen-3-yl)indolizin-1-yl]-phenol (42ac)

The reaction was performed at 0.102 mmol scale of 41a; Ri= 0.5 (5% EtOAc in hexane); brown
solid (33.6 mg, 82% yield); m. p. = 140-142 °C; *H NMR (400 MHz, CDCl3) 6 8.25 (d, J = 7.2
Hz, 1H), 7.71 (d, J = 9.1 Hz, 1H), 7.49 — 7.47 (m, 2H), 7.44 (s, 2H), 7.40 (dd, J = 4.7, 1.4 Hz,
1H), 7.03 (s, 1H), 6.74 — 6.70 (m, 1H), 6.56 — 6.52 (m, 1H), 5.19 (s, 1H), 1.53 (s, 18H); 13C
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( ox ) NMR (100 MHz, CDCls) & 152.3, 136.4, 132.8, 129.8, 127.7, 127.4, 126.2,
124.7, 123.0, 121.2, 120.8, 118.7, 117.3, 116.2, 113.8, 111.2, 34.6, 30.6; FT-
IR (thin film, neat): 3632,3452, 2956, 2870, 1642, 1566, 1452, 1416, 1399,
N 1360, 1331, 1264, 1248, 1139, 887, 783, 663 cm™t; HRMS (ESI): m/z calcd for
C26H3oNOS [M+H]" : 404.2048; found : 404.2037.
4-{3-(benzo[b]thiophen-2-yl)indolizin-1-yl}-2,6-di-tert-butylphenol (42ad)

The reaction was performed at 0.102 mmol scale of 41a; Rt = 0.5 (5% EtOAc
in hexane); brown solid (29.1 mg, 63% yield); m. p. = 126-128 °C; *H NMR
(400 MHz, CDCls) § 8.55 (d, J = 7.2 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.80 (d,
J =75 Hz, 1H), 7.73 (d, J = 9.0 Hz, 1H), 7.50 (s, 1H), 7.43 (s, 1H), 7.41 —
7.31(m, 3H), 7.19 (s, 1H), 6.82 — 6.78 (m, 1H), 6.67 — 6.63 (m, 1H), 5.22 (s,
1H) 1.53 (s, 18H); *C NMR (100 MHz, CDCls) 6 152.5, 140.6, 138.9, 136.4, 134.4, 131.3,
126.9,124.8,124.7,124.3,123.5,123.3,122.1,119.7,118.8, 118.5, 118.3,117.2, 115.8, 111.9,
34.6, 30.6; FT-IR (thin film, neat): 3632, 2957, 2922, 2871, 1597, 1578, 1434, 1360, 1238,
1157, 1025, 889, 748, 665 cm™; HRMS (ESI): m/z calcd for C30H3,NOS [M+H]" : 454.2205;
found : 454.2226.

2,6-di-tert-butyl-4-[3-(4-ethynylphenyl)indolizin-1-yl]-phenol (42ae)

The reaction was performed at 0.102 mmol scale of 41a; Rt = 0.5 (5% EtOAc
in hexane); brown solid (24.0 mg, 56% yield); m. p. = 118-120 °C; 'H NMR
(400 MHz, CDCl3) ¢ 8.29 (d, J = 7.2 Hz, 1H), 7.70 (d, J = 9.1 Hz, 1H), 7.63 —
7.58 (m, 4H), 7.43 (s, 2H) ), 7.02 (s, 1H), 6.76 — 6.72 (m, 1H), 6.55 — 6.51 (m,
1H), 5.19 (s, 1H), 3.16 (s, 1H), 1.52 (s, 18H); 3C NMR (100 MHz, CDCls) 6
152.4, 136.4, 132.91, 132.88, 130.6, 127.6, 127.2, 124.7, 124.6, 122.6, 120.5, 118.9, 118.0,
117.0, 114.4, 111.4, 83.7, 77.9, 34.6, 30.6; FT-IR (thin film, neat): 3643, 3306, 3267, 3066,
2923, 2870, 1657, 1484, 1365, 1243, 1154, 1025, 918, 684 cm™; HRMS (ESI): m/z calcd for
CaoH32NO [M+H]" : 422.2484; found : 422.2472.

2,6-di-tert-butyl-4-(3-cyclopropylindolizin-1-yl)-phenol (42af)

( on ) The reaction was performed at 0.102 mmol scale of 41a; Rr = 0.6 (5% EtOAc
in hexane); brown gummy solid (7.6 mg, 20% yield); *H NMR (400 MHz,
CDCls) § 8.07 (d, J = 7.1 Hz, 1H), 7.64 (d, J = 9.1 Hz, 1H), 7.37 (s, 2H), 6.71
7 N —6.66 (M, 2H), 6.57 —6.53 (M, 1H), 5.12 (s, 1H), 1.91 — 1.85 (m, 1H), 1.50 (s,
18H), 1.03 — 0.98 (m, 2H), 0.76 — 0.72 (m, 2H); 3C NMR (100 MHz, CDCls)
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0152.0,136.3,128.7,127.9, 126.1, 124.5, 122.7, 118.4, 116.7, 114.3, 111.4, 110.2, 34.6, 30.6,
6.3, 5.5; FT-IR (thin film, neat): 3630, 3500, 3055, 2871, 1605, 1499, 1407, 1338, 1301, 1157,
1030, 928, 808, 676, 556 cm™; HRMS (ESI): m/z calcd for CosH3aNO [M+H]* : 362.2484;
found : 362.2498.

2,6-di-tert-butyl-4-(3-cyclopentylindolizin-1-yl)phenol (42ag)

The reaction was performed at 0.087 mmol scale of 41a; R = 0.6 (5% EtOAc
in hexane); brown gummy solid (9.2 mg, 23% vyield); *H NMR (400 MHz,
CDClI3) 6 7.80 (d,J=7.2 Hz, 1H), 7.64 (d, J = 9.1, Hz, 1H), 7.38 (s, 2H), 6.72
(s, 1H), 6.64 (ddd, J = 9.0, 6.4, 0.72, Hz, 1H) 6.52 — 6.48 (m, 1H), 5.13 (s,
1H), 3.29 (quintet, J = 7.7, 7.5, Hz, 1H), 1.86 — 1.68 (m, 8H), 1.50 (s, 18H);

13C{H} NMR (100 MHz, CDCls) § 152.0, 136.3, 128.9, 128.7, 128.0, 124.6, 122.5, 118.6,
116.0, 114.6, 110.2, 109.6, 36.6, 34.6, 31.5, 30.6, 25.3; FT-IR (thin film, neat): 3628, 3450,
2930, 2870, 1642, 1622, 1445, 1232, 1165, 735, 722 cm; HRMS (ESI): m/z calcd for
Ca7HssNO [M+H]" : 390.2797; found : 390.2794.

2,6-di-tert-butyl-4-(3-cyclohexylindolizin-1-yl)-phenol (42ah)

The reaction was performed at 0.102 mmol scale of 41a; Rf = 0.6 (5% EtOAc
in hexane); brown gummy solid (10.1 mg, 24% yield); *H NMR (400 MHz,
CDClI3) 6 7.78 (d, J = 7.2 Hz, 1H), 7.64 (d, J = 9.1 Hz, 1H), 7.38 (s, 2H), 6.69
(s, 1H), 6.65 — 6.61 (m, 1H), 6.52 — 6.47 (m, 1H), 5.12 (s, 1H), 2.86 — 2.80 (m,
1H), 2.18 — 2.13 (m, 4H), 1.92 — 1.80 (m, 3H), 1.61 — 1.54 (m, 3H), 1.50 (s,

18H); 3C NMR (100 MHz, CDCls) ¢ 151.9, 136.2, 130.1, 128.4, 128.0, 124.6, 122.1, 118.8,
115.9, 114.8, 110.2, 109.4, 35.4, 34.6, 31.9, 30.6, 29.9, 26.8; FT-IR (thin film, neat): 3451,
2927, 2853, 1644, 1453, 1407, 1360, 1336, 1234, 1155, 1118, 888, 735, 721 cm™; HRMS
(ESI): m/z calcd for C2sH3zsNO [M+H]* : 404.2953; found : 404.2960.

2,6-di-tert-butyl-4-(3-(ferrocenyl)indolizin-1-yl)phenol (42ai)

The reaction was performed at 0.102 mmol scale of 41a; Rf = 0.6 (5%
EtOAc in hexane); brown solid (22.0 mg, 42% yield); m. p. = 96-98 °C; *H

NMR (400 MHz, CDCls) 6 8.59 (d, J = 7.2 Hz, 1H), 7.69 (d, J = 9.0 Hz,

1H), 7.4 (s, 2H): 6.97 (s, 1H); 6.75 — 6.71 (m, 1H), 6.63 — 6.59 (m, 1H),
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5.18 (s, 1H); 4.62 (t, J = 1.8 Hz, 2H), 4.39 (t, J = 1.8 Hz, 2H), 4.24 (s, 5H), 1.54 (s, 18H); 2*C
NMR (100 MHz, CDCls) 6 152.2, 136.3, 129.9, 127.5, 124.7, 123.9, 121.4, 118.6, 116.5, 116.0,
113.9,110.5, 78.2, 69.1, 68.4, 66.9, 34.6, 30.6; FT-IR (thin film, neat): 3450, 3095, 2961, 1655,
1513, 1460, 1431, 1362, 1261, 1106, 1025, 819, 739, 498 cm™; HRMS (ESI): m/z calcd for

Ca2H3sFeNO [M+H]" : 506.2146; found : 506.2138

2,6-di-tert-butyl-4-(8-methyl-3-phenylindolizin-1-yl)-phenol (42aj)

The reaction was performed at 0.0969 mmol scale of 41b; Rf= 0.6 (5% EtOAc
in hexane); green solid (32.8 mg, 82% yield); m. p. = 158-160 °C; *H NMR
(400 MHz, CDCl3) ¢ 8.23 (d, J = 6.3 Hz, 1H), 7.66 — 7.64 (m, 2H); 7.53 —
7.49 (m, 2H); 7.40 — 7.35 (m, 1H), 7.30 (s, 2H), 6.89 (s, 1H), 6.47 — 6.42 (m,
2H), 5.22 (s, 1H), 2.18 (s, 3H), 1.53 (s, 18H); 13C NMR (100 MHz, CDCl3) &
152.6,134.8,132.7,130.0, 129.8, 129.1, 128.8, 128.5, 127.8, 127.2, 124.7, 120.7, 118.0, 117.8,
116.5, 110.6, 34.5, 30.6, 20.9; FT-IR (thin film, neat): 3635, 2955, 2870, 1601, 1544, 1395,
1333, 1231, 1154, 1026, 833, 736, 627, 590 cm™; HRMS (ESI): m/z calcd for CagH3aNO
[M+H]" : 412.2640; found : 412.2638.
2,6-di-tert-butyl-4-(8-fluoro-3-phenylindolizin-1-yl)-phenol (42ak)

The reaction was performed at 0.0957 mmol scale of 41c; Rf = 0.6 (5% EtOAc
in hexane); brown solid (30.3 mg, 76% yield); m. p. = 160-160 °C;*H NMR
(400 MHz, CDCls) 6 8.07 — 8.05 (m, 1H), 7.63 — 7.61 (m, 2H), 7.54 — 7.50 (m,
2H), 7.46 (d, J = 3.3 Hz, 2H), 7.43 - 7.39 (m, 1H), 7.00 (s, 1H), 6.42 — 6.38 (m,
2H), 5.21 (s, 1H), 1.53 (s, 18H); 3C NMR (100 MHz, CDCl3) § 155.9 (d, Jcr
= 247.9 Hz) 152.6, 135.5, 132.1, 129.2, 128.6, 127.8, 127.4, 126.7, 126.3 (d, Jc-r = 4.1 Hz),
121.0 (d, Je.r = 32.1 Hz), 119.1 (d, Jc-r = 4.0 Hz), 117.1 (d, Jc.r = 4.7 Hz), 115.5, 109.5 (d, Jc-
F=8.1 Hz), 100.1 (d, Jc-r = 19.4 Hz), 34.6, 30.6; “*F{*H} NMR (376 MHz, CDCls) 5 —120.04;
FT-IR (thin film, neat): 3638, 2941, 2856, 2742, 1601, 1527, 1437, 1396, 1264, 1152, 1078,
924, 831, 731, 623, 516 cm™; HRMS (ESI): m/z calcd for C2sHzoNaFNO [M+H]* : 438.2209;
found : 438.2204.

2,6-di-tert-butyl-4-(6-methyl-3-phenylindolizin-1-yl)-phenol (42al)

The reaction was performed at 0.0969 mmol scale of 41d; Rt = 0.6 (5% EtOAc in hexane);
brown solid (33.6 mg, 84% yield); m. p. = 146-148 °C; 'H NMR (400 MHz, CDCls3) 6 8.09 (s,
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1H), 7.66 — 7.63 (m, 3H), 7.53 — 7.49 (m, 2H), 7.46 (s, 2H), 7.39 — 7.35 (M,
1H), 7.00 (s, 1H), 6.61 (d, J=9.1 Hz, 1H), 5.18 (s, 1H), 2.23 (s, 3H), 1.53 (s,
18H); *C NMR (100 MHz, CDCls) § 152.2, 136.3, 132.7, 129.1, 129.0,
128.3, 127.6, 127.2, 125.1, 124.6, 120.9, 120.3, 120.0, 118.3, 116.2, 113.4,
34.6, 30.6, 18.7; FT-IR (thin film, neat): 3633, 3056, 2954, 2869, 1884, 1729,
1514, 1413, 1301, 1199, 1072, 884, 785, 698, 627, 574, 536 cm™*; HRMS (ESI): m/z calcd for
Co9HaaNO [M+H]" : 412.2640; found : 412.2644.
2,6-di-tert-butyl-4-(6-chloro-3-phenylindolizin-1-yl)-phenol (42am)

The reaction was performed at 0.0909 mmol scale of 41e; R¢= 0.6 (5% EtOAc
in hexane); brown gummy solid (29.2 mg, 74% yield); *H NMR (400 MHz,
CDCl3) ¢ 8.293 — 8.287 (m, 1H), 7.66 — 7.60 (m, 3H), 7.55 — 7.51 (m, 2H),
7.42 —7.38 (m, 3H), 7.00 (s, 1H), 6.68 (dd, J = 9.5, 1.7 Hz, 1H), 5.23 (s, 1H),
1.53 (s, 18H); 3C NMR (100 MHz, CDCls) § 152.6, 136.5, 131.8, 129.3,
128.6, 128.3, 127.8, 126.8, 126.1, 124.7, 120.2, 119.5, 119.4, 118.7, 117.9, 114.4, 34.6, 30.5;
FT-IR (thin film, neat): 3633, 2955, 2869, 1601, 1455, 1313, 1233, 1152, 1112, 887, 757, 671
cm™t; HRMS (ESI): m/z calcd for CasH3:CINO [M+H]" : 432.2094; found : 432.2084.
2,6-di-tert-butyl-4-(6-fluoro-3-phenylindolizin-1-yl)phenol (42an)

The reaction was performed at 0.0957 mmol scale of 41f; Rf = 0.6 (5% EtOAc
in hexane); brown gummy solid (29.0 mg, 73% yield); *H NMR (400 MHz,
CDCl3) ¢ 8.20 — 8.18 (m, 1H), 7.67 — 7.62 (m, 2H), 7.60 (s, 1H), 7.51 (t, J =
7.6 Hz, 2H), 7.40 (s, 2H), 7.38 — 7.34 (m, 1H), 7.00 (s, 1H), 6.68 — 6.63 (m,
1H), 5.20 (s, 1H), 1.51 (s, 18H); *C{*H} NMR (100 MHz, CDCls) § 153.6
(d, Jc-F =232.0 Hz), 152.5, 136.5, 132.1, 129.3, 128.2, 128.1, 127.7, 127.0, 126.6 (d, Jc.r = 1.6
Hz), 124.7, 119.6 (d, Jc-r = 9.4 Hz), 118.0, 114.3 (d, Jc.r = 2.0 Hz), 109.8 (d, Jc.r = 25.9 Hz),
108.5 (d, Jcr = 41.4 Hz), 34.6, 30.5; **F{*H} NMR (376 MHz, CDCls) 5 —142.88; FT-IR (thin
film, neat): 3638, 3442, 2955, 2744, 1756, 1608, 1522, 1436, 1258, 1169, 1036, 836, 632 cm"
1 HRMS (ESI): m/z calcd for C2sHzFNO [M+H]" : 416.2390; found : 416.2387.
2,6-di-tert-butyl-4-(7-chloro-3-phenylindolizin-1-yl)phenol (42a0)

1 The reaction was performed at 0.0909 mmol scale of 41g; Rs = 0.6 (5%
EtOAc in hexane); brown gummy solid (30.0 mg, 76% vyield); *H NMR
(400 MHz, CDCl3) §8.18 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 1.8 Hz, 1H), 7.60
—7.58 (m, 2H), 7.50 (t, J = 7.5 Hz, 2H), 7.40 — 7.38 (m, 3H), 7.00 (s, 1H),
J 6.44(dd, J =76, 2.2 Hz, 1H), 5.22 (s, 1H), 1.52 (s, 18H); B3C{*H} NMR
(100 MHz, CDCIlz) ¢ 152.6, 136.5, 132.0, 129.6, 129.2, 128.3, 127.7, 126.8, 125.9, 124.7,
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123.6,123.4,117.4,116.7, 114.8, 112.3, 34.6, 30.5; FT-IR (thin film, neat): 3634, 2952, 2866,
1607, 1452, 1232, 1114, 885, 755, 673 cm™*; HRMS (ESI): m/z calcd for C2sH3:CINO [M+H]*
: 432.2094; found : 432.2089.
4-[1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-phenyl-indolizin-6-yl]-benzaldehyde (42ap)

1 The reaction was performed at 0.075 mmol scale of 41i; Rf = 0.3 (10%
EtOAc in hexane); brown solid (18.0 mg, 47% vyield); m. p. = 102-104
°C; 'H NMR (400 MHz, CDCls) 6 10.04 (s, 1H), 8.56 (s, 1H), 7.94 (d, J =
8.3 Hz, 1H), 7.81 (dd, J = 9.3, 0.5 Hz, 1H), 7.71 (d, J = 8.2 Hz, 2H), 7.68
| —7.65(m, 2H), 7.54 (t, J = 7.6 Hz, 2H), 7.47 (s, 2H), 7.43 — 7.39 (m, 1H),
706 (s, 1H), 7.04 (dd J=7.8,1.6 Hz, 1H), 5.23 (s, 1H), 1.54 (s, 18H); *C NMR (100 MHz,
CDCls) 0 191.8, 152.5, 144.8, 136.5, 135.2, 132.1, 130.6, 129.3, 129.0, 128.4, 127.7, 127.0,
126.5, 124.7, 123.8, 121.1, 119.3, 117.4, 117.2, 115.07, 115.05, 34.6, 30.5; FT-IR (thin film,
neat): 3627, 2955, 2826, 1701, 1603, 1565, 1462, 1396, 1265, 839, 702, cm™; HRMS (ESI):
m/z calcd for CasHzaNO2 [M—H]™: 500.2590; found: 500.2586.

2,6-di-tert-butyl-4-{3-phenyl-6-[3-(trifluoromethyl)phenyl]-indolizin-1-y1}-phenol (42aq)

The reaction was performed at 0.068 mmol scale of 41j; Rs= 0.5 (5%
EtOAc in hexane); brown gummy solid (17 mg, 46% vyield); *H NMR
(400 MHz, CDCls) ¢ 8.48 (s, 1H), 7.81 (dd, J = 8.6, 0.7 Hz, 1H), 7.78
(s, 1H), 7.71 (d, J = 7.6 Hz, 1H) 7.68 — 7.66 (m, 2H), 7.59 (d, J = 7.8
Hz, 1H), 7.76— 7.52 (m, 3H), 7.48 (s, 2H), 7.43 — 7.38 (m, 1H), 7.06
(s, 1H), 7.00 (dd, J = 9.4, 1.5 Hz, 1H), 5.22 (s, 1H), 1.54 (s, 18H); 1*C NMR (100 MHz, CDCls)
0 152.5, 139.7, 136.5, 132.2, 131.6, 131.3, 130.0, 129.5, 129.3, 129.1, 128.4, 127.7, 127.1,
126.3, 124.7, 124.0 (q, Jc-r = 5.1 Hz), 124.2 (q, Jcr = 270.8 Hz), 123.5 (9, Jc-F = 3.8 Hz),
120.5, 119.3, 117.7, 117.0, 114.9, 34.7, 30.6; *F{*H} NMR (376 MHz, CDCl3) & —62.6; FT-
IR (thin film, neat): 3641, 2956, 2859, 1736, 1602, 1517, 1458, 1364, 1235, 1038, 889, 788,
701 cmt; HRMS (ESI): m/z calcd for CasH3sFsNO [M-H] : 540.2514; found : 540.2518.

2,6-di-iso-propyl-4-(3-phenylindolizin-1-yl)-phenol (42ar)

The reaction was performed at 0.112 mmol scale of 41k; Rf = 0.3 (5% EtOAc in hexane);
brown gummy solid (32.3 mg, 78% yield); *H NMR (400 MHz, CDCls) § 8.32 (d, J = 7.0 Hz,
1H), 7.74 (d,J=9.1 Hz, 1H), 7.67 (d,J = 7.3 Hz, 2H), 7.53 (t, J = 7.5 Hz, 1H), 7.40 (d,J=7.4
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Hz, 1H), 7.37 (s, 2H), 7.07 (s, 1H), 6.76 (t, J = 7.1 Hz, 1H), 6.54 — 6.51 (m,
1H), 4.83 (s, 1H), 3.28 (septet, J = 5.8 Hz, 2H), 1.39 (d, J = 6.8 Hz, 12H); 3C
NMR (100 MHz, CDCls3) 6 148.4, 134.1, 132.5, 130.0, 129.1, 128.6, 128.3,
127.3, 125.5, 123.2, 122.6, 118.8, 117.6, 116.2, 113.9, 111.0, 27.4, 23.0; FT-
IR (thin film, neat): 3053, 2960, 2869, 1654, 1601, 1547, 1341, 1263, 1014,
938, 833, 700 cm™; HRMS (ESI): m/z calcd for C2sH26NO [M-H]: 368.2014; found: 368.2014.

Experimental procedure for the de-tert-butylation of 42a:

AICI3 (100.6 mg, 0.755 mmol) was added to a solution of 42a (50 mg, 0.126
mmol) in benzene (2.0 mL) and the mixture was stirred at 55 °C for 1 h . The
reaction mixture was then quenched with cold ice water and extracted with

Ethyl acetate, and the organic part was concentrated under reduced pressure.

The residue was purified through a neutral alumina column using
EtOAc/Hexane mixture as an eluent to get the pure product 43 (34.2 mg, 95%) as brown
gummy solid; Rs = 0.5 (50% EtOAc in hexane); *H NMR (400 MHz, DMSO-ds) § 9.32 (s, 1H),
8.29 (d, J = 7.2 Hz, 1H), 7.64 (d, J = 9.1 Hz, 1H), 7.57 (d, J = 7.3 Hz, 2H), 7.45 (t, J = 7.5 Hz,
2H), 7.37 (d, J = 8.4 Hz, 2H), 7.31 (t, J = 7.4 Hz, 1H), 7.00 (s, 1H), 6.80 (d, J = 8.5 Hz, 2H),
6.73 —7.70 (m, 1H), 6.54 (t, J = 6.9 Hz, 1H); 13C NMR (100 MHz, DMSO-ds) 6 155.5, 131.6,
129.2,129.1,128.3,127.7,127.2,126.4,124.7,122.6, 118.3, 118.0, 115.7, 114.8, 113.5, 111.4;
FT-IR (thin film, neat): 3386, 3255, 2956, 2257, 1653, 1552, 1515, 1267, 1023, 572 cm™;
HRMS (ESI): m/z calcd for C2H1sNO [M+H]" : 286.1232; found : 286.1227.

Experimental Procedure for the reaction between phenylacetylene to 1a in a mixture of
MeCN and DO:

Anhydrous MeCN (1.25 mL) and D20 (0.25 mL) was added to the mixture
of p-quinone methide 41a (30 mg, 1.0 equiv.), phenylacetylene (2.0 equiv.)
and Pd(OAc)2 (10 mol %) under argon atmosphere and the resulting

suspension was stirred at 50 °C until the p-QM 4la was completely

consumed (based on TLC analysis). The reaction mixture was concentrated

under reduced pressure and the residue was purified through a silica gel chromatography, using
EtOAc/Hexane mixture as an eluent, to get the pure 3a’ (23.0 mg, 57% yield) as a brown solid;
Rr = 0.5 (5% EtOAcC in hexane); m. p. = 104-106 °C; *H NMR (400 MHz, CDCls) § 8.30 (d, J
=7.2 Hz, 1H), 7.72 (d, J = 9.1 Hz, 1H), 7.65 — 7.63 (m, 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.46 (s,
2H), 7.39 — 7.35 (m, 1H), 7.02 (s, 0.18H), 6.75 — 6.71 (m, 1H) 6.50 (td, J = 7.4, 1.2 Hz, 1H),
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5.20 (s,1H), 1.54 (s, 18H); 3C NMR (100 MHz, CDCls) 6 152.3, 136.4, 132.5, 130.0, 129.1,
128.3, 127.4, 127.3, 125.3, 124.7, 122.6, 118.8, 117.5, 116.4, 113.9, 111.0, 34.6, 30.6.

Experimental Procedure for the reaction between phenylacetylene-d to 41a:

The phenylacetylene-d was prepared by following a literature procedure!?®!

Anhydrous MeCN (1.5 mL) was added to the mixture of p-quinone methide
41a (30 mg, 0.102 mmol, 1.0 equiv.), phenylacetylene-d (2.0 equiv.) and
Pd(OAC)2 (10 mol %) under argon atmosphere and the resulting suspension
was stirred at 50 °C until the p-QM 41a was completely consumed (based

on TLC analysis). The reaction mixture was concentrated under reduced

pressure and the residue was purified through a silica gel chromatography, using
EtOAc/Hexane mixture as an eluent, to get the pure 3a' (34.2 mg, 84% vyield) as a brown
gummy solid; Rt = 0.5 (5% EtOAc in hexane); *H NMR (400 MHz, CDCl3) ¢ 8.30 (d, J = 7.2
Hz, 1H), 7.72 (d, J = 9.1 Hz, 1H), 7.65 — 7.63 (m, 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.46 (s, 2H),
7.39 - 7.35 (m, 1H), 7.02 (s, 0.60H), 6.75 — 6.71 (m, 1H), 6.50 (td, J = 7.4, 1.2 Hz, 1H), 5.20
(s,1H), 1.54 (s, 18H); **C NMR (100 MHz, CDCls) 6 152.3, 136.4, 132.5, 130.0, 129.1, 128.3,
127.4,127.3,125.4,124.7, 122.6, 118.8, 117.5, 116.4, 113.9, 111.0, 34.6, 30.6.
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X-ray crystallographic analysis for compound 42f:

Table 2. Crystal data and structure refinement for compound 42f (CCDC 2132083)

Complex XIl-Fz-23
Chemical formula Ca9H33NO;
molar mass 427.56
Crystal system Monoclinic
Space group P2./c
TIK] 150.02(10)
alA] 12.5189(4)
b[A] 10.2586(4)
c[A] 18.1361(7)
o] 90.00
8] 97.843(4)
v 90.00
VA3 2307.37(15)
V4 4
D(calcd.) [g-cm™] 1.231
U(Mo-Ky) [mm™] 0.076
Reflections collected 16666
Independent reflections 7963
Data/restraints/parameters 7963/0/300

R1, wR[I>20(1)]®

0.0708, 0.1848

R1, wR; (all data)®

0.0955, 0.2251

GOF

1.062

CCDC

2132083
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'H NMR (400 MHz, CDClIs) spectrum of (41c)
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ELIHY NMR (376 MHz, CDCls) spectrum of (41c)
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1BC{*H} NMR (100 MHz, CDCls) spectrum of (42b)
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13C{'H} NMR (100 MHz, CDCls) spectrum of (42f)
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'H NMR (400 MHz, CDCls) spectrum of (42aa)
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H NMR (400 MHz, CDCls) spectrum of (42ac)
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Chapter 3

3. Copper[ll]-catalyzed [3+2]-Annulation of 2-Pyridinyl-
substituted p-Quinone Methides with Enaminones: Access to
Functionalized Indolizine Derivatives

3.1. Introduction:

The N-containing heterocycles are often found as an integral part of many bioactive
natural products and synthetic biologically active compounds.[! Among the nitrogen-
containing heterocycles, indolizine is one of the significant skeletons (figure 1), which consists
of a six-membered pyridine ring fused with a five-membered pyrrole ring. Indolizine core serve
as an integral part in many natural products,? agrochemicals,®! and bioactive molecules.[ In

addition, they have also found applications in material science.!

fluorescent biosenser

Anticonvulsant/
Anti-inflammatory agent

------------------------------------------------------------------------------------

Figure 1. Natural products and bioactive indolizine derivatives

73



Due to the diverse range of properties, from medicinal chemistry to material science, it is
highly desirable to discover practical synthetic methods to quickly access these substituted
indolizine derivatives. Of course, numerous synthetic approaches have been developed for the
synthesis of these heterocycles.®! The most common methods to access indolizines are (i)
intermolecular cyclization of pyridiniums or C2-substituted pyridines with various coupling
partners,l’l and (ii) intramolecular cyclization of propargylic pyridines through transition
metal-catalyzed cycloisomerization reactions.l®] Recently, 2-(2-enynyl) pyridines have been
recognized as an alternative synthons for highly substituted indolizine derivatives.!
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Scheme 1: Previous Protocols to Access 2-Aroyl Indolizines.

Although there are several reports appeared in the literature for the synthesis of 1,2-
diary/dialkyl substituted indolizines, only a few direct protocols are available at this point in
time for the synthesis of 1- or 2-acyl substituted indolizines. For example, Gevorgyan’s group
reported a palladium-catalyzed carbonylative cyclization/arylation approach for the synthesis
of 2-aroylindolizines from propargylic pyridines and aryl halides (a, Scheme 1).1% Similarly,
Xu’s group reported a palladium-catalyzed synthesis of 2-aroylindolizine derivatives through
cyclization of propargylic pyridines with aroyl chlorides (b, Scheme 1).12%1 In addition, Li’s
group reported an iron-catalyzed reaction of pyridine and substituted allenoate towards

functionalized indolizine derivatives (c, Scheme 1).[20c]



3.2. Literature reports on the synthesis heterocycles using N,N-dimethyl

enaminones:
In recent years, enaminones and analogous stable enamines have been widely used in the
construction of diverse heterocyclic scaffolds, especially, N-heterocycles.[**]. Some of them are
discussed below.

In 2016 Liu group reported the synthesis of various N-substituted 1,2,3-triazoles through
a domino reaction between NH-based secondary enaminones and tosyl azide by using FeCls
and t-BuONa as the base promoter. The reactions proceed efficiently at room temperature with
good substrate tolerance. According to the proposed mechanism the reaction proceeds via
cycloaddition reactions through a key Regitz diazo-transfer process with tosyl azide (scheme
2).112

0]
NH N
/ N,Me 5 2 FeC|3 tBUONa m \\N
R A + R ' o ' - N
Me MeCN, rt TsN3 R’

1 2 3 @,RZ
R' = H, Me,halo, aryl, heteroaryl, etc. 35 examples

R2 = H, Me, OMe, Br, Cl, etc. Up to 91% yield

'BUONa

TSN3

N e e = = e e e e = e = = = = e = = = e e e e =

.......................................................................................

Scheme 2: Synthesis of N-substituted 1,2,3-triazoles using enaminone

Wu’s group in 2019 developed an I>-promoted one-pot multicomponent reaction for the
synthesis of 2,3-diaroyl quinolines (6) via a formal [3+2+1] cycloaddition of aryl methyl
ketones (5), aryl amines (2) and enaminones (1). A variety of substituted aryl ketones, anilines
and enaminones were reacted smoothly under the optimized reaction conditions and the
corresponding 2,3-diaroyl quinolines (6) were obtained in moderate to good yields. The alkyl

reactants such as alkyl ketones, alkyl amines, and alkyl enaminones were not compatible with
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this transformation. Furthermore they have successfully transformed the 1,4-dicarbonyl

scaffold in 6 to prepare pyridazino[4,5-b]quinoline skeletons (7) in one-pot (scheme 3).1%

......................................................................................................
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Scheme 3: I>-promoted one-pot multicomponent synthesis of quinolines using enaminones

In 2022 Yu’s group reported a transition-metal free approach for the synthesis of
quinoline derivatives (9) in moderate to excellent vyields through an oxidative

cyclocondensation reaction of o-aminobenzyl alcohols (8) and enaminones (1) promoted by

................................................................................................

Yu's work (2022)
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Scheme 4: TsOH promoted oxidative cyclocondensation reaction of enaminones

TsOH and K>S>0s. Based on the control experiments the authors proposed that the reaction
proceeds through a TsOH promoted transamination reaction of enaminone 1 and o-
aminobenzyl alcohols (8) to generate an intermediate 10, which subsequently undergoes a
K>S20g-assisted oxidation to form 11. The intermediate 11 on intramolecular cyclization and

aromatization produces the final quinoline product 9 (scheme 4).[4
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Yu's work (2021)
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Scheme 5: Cu(ll)-mediated radical annulation of N,N-dimethyl enaminone

Yu and co-workers in 2021 reported the synthesis of diverse 5-acyl-3-
furancarboxaldehydes (13) through a radical cascade [3+2] annulation of two molecules of
N,N-dimethyl enaminones (1) mediated by copper(ll) chloride. On the basis of control
experiments the authors proposed that this intermolecular radical transformation proceeds
through the oxidation of N,N-dimethyl enaminones 1 by Cu(ll) to generate the radical cation
intermediate 14, which then further tautomerizes to generate the carbon centered radical
intermediate 15. Subsequently, the radical addition of 15 across a C=C bond in another
molecule of N,N-dimethyl enaminone 1 generates the radical intermediate 16, followed by 5-
endo-trig radical cyclization with the carbonyl oxygen to afford the radical intermediate 17.
The intermediate 17 is oxidized to produce the cation intermediate 18, which then undergoes a
successive deprotonation and deamination to give aromatic furan intermediate 20. Finally, the
imine of intermediate 20 is attacked by water to produce the hydroxylated intermediate 21,
which loses one molecule of dimethylamine to yield the final product 13 (scheme 5).[*5)
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Huang group in 2022 reported an approach to synthesize monocyclic 2,2-difluoro-2,3-
dihydrofuran derivatives (23) by the cycloaddition reaction of enaminones (1) and a
difluorocarbene generated from sodium chlorodifluoroacetate (CICF.CO2Na) 22. Mechanistic
investigation of this transformation revealed that N,N-dimethylformamide (DMF) promoted
the formation of difluorocarbene 24 from CICF.CO:Na 22. The difluorocarbene 24 generated
then reacts with the carbon—carbon double bond of enaminone 1 to form a donor—acceptor
cyclopropane intermediate 25, which upon self-rearrangement produces the final product 23
(scheme 6).[:°]
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Scheme 6: Synthesis of dihydrofuran derivatives using N,N-dimethyl enaminones

Yu and co-workers in 2022 developed an efficient Bopin2 (27) mediated radical cascade
cyclization/aromatization reaction of enaminones (1) and pyridines (26) to synthesize various
functionalized indolizine derivatives (28) in moderate to excellent yields. The control
experiments indicated that the pyridine-boryl radical 29 formed in situ triggered the reaction to
occur. According to the proposed mechanism 4-cyanopyridine-boryl radical 29 is generated
from direct homolytic cleavage of Bapin, 27 assisted by 4-cyanopyridine 26. The intermediate
29 then couples with enaminone 1 to form intermediate 30, which through a series of radical

intermediate and aromitization generates the final indolizine product 28 (scheme 7).1"]

In 2022 John and co-workers reported a Diels Alder cycloaddition route for the synthesis

of 3-aroyl quinolones (9) from enaminones (1) and in situ-generated aza-o-quinone methides
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Scheme 7: Bingpino-mediated synthesis of indolizines from N,N-dimethyl enaminones

(37). A wide range of enaminone was utilized, affording the corresponding quinoline
derivatives in good to excellent yields. According to the proposed reaction mechanism, this
transformation proceeds through the base-mediated generation of aza-o-quinone methide 37
from o-aminobenzyl chloride 36, which undergoes [4+2]-annulation with 1 to generate
intermediate 38. The elimination of HNMe> from intermediate 38 affords another intermediate
39, which upon a base/oxidizing agent-mediated aromatization affords the final 3-aroyl

quinolones 9 (scheme 8).1%8
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Scheme 8: Synthesis of 3-aroyl quinolone derivatives using N,N-dimethyl enaminones

3.3. Background:

In the past few years our research group is involved in the synthesis of O- and N-
heterocycles using p-quinone methides (p-QMs) as synthons.[**2%1 We also utilized 2-enynyl
pyridines to prepare various indolizine derivatives.?l In line with this, very recently, our
research group developed a palladium-catalyzed [3+2]-annulation of terminal alkynes with 2-
pyridinyl-substituted p-QMs to synthesize 1,3-disubstituted indolizine derivatives (a, Scheme
9).1221 In fact, this was the first and only report available on the utilization of 2-pyridinyl-

substituted p-QMs as synthons for fused N-heterocycles. Since our primary interest is inclined

......................................................................................
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Scheme 9: Our hypothesis
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towards developing new protocols to access various O- and N-heterocycles from p-QMs, we
hypothesized that it could be possible to access indolizine derivatives through [3+2] annulation

of 2-pyridinyl substituted p-quinone methides and enaminones (b, Scheme 9).

3.4. Result and discussion:

Our initial investigations on the optimization began with a reaction between 2-pyridinyl-
substituted p-QM 40a and N,N- dimethyl enaminone 41a as model substrates under different
conditions, and the results are shown in (Table 1). The preliminary experiment was performed
with Cu(OTf) as a catalyst in MeCN at room temperature, but no product formation was seen
as the starting materials remained as such even after 24 hours (entry 1). However, interestingly,
when the temperature of the reaction was increased to 60 °C, almost complete conversion of
40a was observed (TLC) in 6 h (entry 2). Since in most of the reported reactions of N,N-
dimethyl enaminones,*! the dimethyl amino group generally gets eliminated as dimethylamine
in the last step under Lewis/Brgnsted acidic conditions we expected the formation of 42a’.
However, to our surprise, the oxidized product 42a was obtained in 88% isolated yield (entry
2). The structure of 42a was confirmed from *H NMR, *C NMR, IR spectroscopy and mass
spectrometry. In *H NMR (see figure 2) the presence of singlet of (1H) at & 4.93 ppm due to
phenolic OH, singlet of (6H) at 5 2.85 ppm due to two methyl groups attached to nitrogen and
the singlet of (18H) at 6 1.29 ppm due to two symmetric tert-butyl group protons supported the
formation of product 42a. In 3C NMR (see figure 3) disappearance of carbonyl peak from 40a,
and the aliphatic peak observed at 6 43.4 ppm for two methyl groups attached to nitrogen and
two peaks at 6 34.3 ppm and 30.3 ppm for the two symmetric tert-butyl groups also supported
the formation of 42a. Further in IR peak obsevered at 3634 cm™ supported the formation of
phenolic OH in product 42a. Further the formation of 42a was also confirmed by the HRMS
(ESI): m/z calcd for C31H37N2O2 [M+H]" : 469.2847. Since amino-substituted indolizines are
also considered as privileged entries in medicinal chemistry,®? and not many general synthetic
approaches are reported for their syntheses,® we decided to move forward with the
optimization studies to further improve the yield of 42a. When the reaction was conducted with
Cu(OTf). PhMe as the catalyst, 42a was formed in 67% after 6 hours (entry 3). The reaction
also worked with Cul (entry 4) but the yield of 42a was inferior when compared to Cu(OTf)a.
When CuBr; and Cu(OAc). were used, the yield of 42a were 35% and 65%, respectively
(entries 5 & 6). Switching to Pd-based catalysts such as Pd(OAc)2 and PdCl; did not improve
the yield of 42a (entries 7 & 8). Similarly, other Lewis acids such as Bi(OTf)z and Sc(OTf)3
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Figure 3: ¥*C{*H} NMR (100 MHz, CDCls) spectrum of 42a
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Table 1. Optimization Study?

O

t tBU OH :' tBu OH \:

tRy * :

\? catalyst Bu ‘Bu;

(10 mol %) ' '

HOmol %), o | ;

solvent, N — L N o .

temp SN ' :

Ph / :

NMe e Ph i

40a (1 equiv.) 41a (1.5 equiv.) 42a 2 i~ 42a' a

Entry Catalyst Solvent Temp. [°C] Time [h] Yield of 42aP

1 Cu(OTf): MeCN RT 24 ND
2 Cu(OTf): MeCN 60 6 88
3 Cu(OTf).PhMe MeCN 60 6 67
4 Cul MeCN 60 12 63
5 CuBr; MeCN 60 12 35
6 Cu(OAcC)2 MeCN 60 12 65
7 Pd(OAC): MeCN 60 12 42
8 PdCl; MeCN 60 12 40
9 Bi(OTf)3 MeCN 60 12 52
10 Sc(OTf)3 MeCN 60 12 31
11 Cu(OTf); PhMe 60 12 42
12 Cu(OTf): THF 60 12 56
13 Cu(OTf): 1,2-DCE 60 12 73
14 Cu(OTf): 1,4-Dioxane 60 12 37
15 MeCN 60 24 ND
16°¢ Cu(OTf): MeCN 60 6 67
17d TsOH MeCN 60 24 ND
18¢  TsOH/Cu(OTf)2 MeCN 60 36 13

8Reaction conditions: Reactions were carried out with 0.10 mmol of 40a, 1.5 equiv. of 41a with respect to 40a
and 10 mol % catalyst. PYields reported are isolated yields. ¢2 equiv. of TEMPO was used, 92 equiv. of TSOH was
used, 2 equiv. of TSOH and 10 mol% of Cu(OTf), was used. 1,2-DCE = 1,2-Dichloroethane; ND. = Not detected).

were found to be less effective for this transformation (entries 9 & 10). Since Cu(OTf). was
found to be the most effective catalyst in MeCN (entry 2), we thought of screening the
effectiveness of Cu(OTf). in other solvents (entries 11-14). However, although the reaction
was taking place in all the other solvents screened, the yield of 42a was found to be in the range
of 37-73%. No product formation was seen in the absence of a catalyst, which shows that a
catalyst is required to achieve this transformation (entry 15). The reaction did take place even

in the presence of excess of TEMPO (entry 16), which indicates that the reaction does not
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proceed through any radical intermediate(s). In our earlier work on the synthesis of chromene
derivatives through TsOH mediated reactions between enaminones and 2-hydroxyphenyl-
substituted p-QMs,? we noticed that TsSOH was acting as a promoter for the dehydroamination
in the last step. Therefore, we assumed that the use of stoichiometric amounts of TsOH would
promote the formation of 42a’. However, unfortunately, TsSOH (2.0 equiv. with respect to 40a)
failed to produce 42a’ (entry 17). Another experiment was set up with a combination of 10
mol% of Cu(OTf)2 and 2.0 equiv. of TsOH and, in that case, the formation of 42a’ was not
observed at all; in fact, in this reaction only 13% of 42a was obtained (entry 18). Most likely,
in those two cases, TsOH interacts with pyridine nitrogen of 40a and probably deactivates it

by making the C-6 position relatively less electrophilic.

With the optimized reaction conditions in hand, we then turned our attention towards
examining the substrate scope with different substituted enaminones. The reactions proceeded
efficiently under the optimal reaction conditions, furnishing the desired products in moderate
to good yields, and the results are summarized in (Table 2). For different substituted (electron
donating) enaminone moiety in substrates 41b—-41n, the desired products 42b—-42n was
obtained in 76-87% yields. Introducing a halogen substituent on the enaminone moiety
afforded the desired products 42042t in 56—78% yields. However, when electron-withdrawing
substituents like (—CF3, -CO2Me, -CN, -NO-, etc.) were introduced on the enaminone moiety,
the products 42u—42ab were obtained in the range of 48-67%. The lower yields in those cases
are presumably due the presence of electron-withdrawing substituent on the enaminone reduces
its nucleophilicity to attack the p-quinone methide. The reaction also worked well with
enaminones having bulky aromatic substituents, and the desired products 42ac—42ae were
obtained in 74-89% yields. In the case of the enaminones with heteroaromatic substituents, the
products 42af-42am were obtained in the range of 57-78% yields. The reaction also worked
with enaminone having a ferrocene and indane substituent, and in those cases, the products
42an and 42a0 were isolated in 58% and 42% yield, respectively. p-QM (40b) derived from
quinoline-2-carboxaldehyde also reacted well with 41a to give the product 43a in 79% yields.
Different substituted (halo, EWG, EDG, heteroaromatic, etc.) enaminones also reacted
smoothly with 40b, and the corresponding products 43b-43j were isolated in the range of 52—
83% yields as summarized in (Table 3). p-QMs (40c-e) derived from 3- & 4-substituted 2-
pyridine carboxaldehyde also reacted well with 41a to give the respective products 43k-43m
in good yields. p-QMs (40f-g) having a substituent at the sixth position of pyridine furnished

the products in poor yields, and the respective products 43n-430 were obtained in the range of
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Table 2. Substrate Scope®

Q OH

Bu ‘Bu
O )
/U\/\ Me __Cu(OTN, (10 molA,)=

]+ A N MeCN, 60 °C
= | Me 6 hrs
N Ar

i 41b- 1. iv.
40a (1.0 equiv.) ao (1.5 equiv.) 42b-aoNMe2

42u, R = 4-CF5, 56%
42v, R = 4-CO,Me, 66%
42w, R = 4-CO,Et, 64%
42x, R = 4-CN, 58%
42y, R = 4-NO,, 52%
42z, R = 4-SO,Me, 48%
42aa, R = 3-CF,, 62%
42ab, R = 3-NO,, 67%

420, R = 4-F, 67%
42p, R = 4-Cl, 78%
42q, R = 3-Cl, 74%
42r, R = 3-Br, 68%
42s, R = 2,4-Cl, 56%
42t, R = 2-F, 63%

42b, R= 4-Me, 86%
42c, R= 2-Me, 78%
42d, R= 3-Me, 84%
42e, R= 3-OMe, 85%
42f, R= 4-OMe, 87%
429, R= 4-SMe 78%
42h, R = 4-OCF3, 78%
42i, R= 3,4-OMe, 82%

42j, R= 3,4,5-OMe, 76% NMe,
42k, R=4-Ph, 83% 423 74% a2ad,R=H, 78% 42af, X = 0, 73%
42|, R= 4-Bu, 81% ’ 42ae, R = OMe, 89% 42ag, X =S, 78%

42m, R= 4-Et, 85%
42n, R= 4-"Pr, 83%

OH

42ah, X =0, 72%
42ai, X = S, 76%

OH OH

NMe

NM62 ! NMe2

42am, 70% 42an, 58%

2

42a0, 42%

3Reactions were carried out with 30 mg of 40a and 1.5 equiv. of 41b-ao in 1.5 mL of MeCN. PYields reported
are isolated yields.
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Table 3. Substrate Scope®

0
Bu Bu
o Cu(OTf), (10 mol%)
)k/\ -Me 2 -
R |+ A N MeCN, 60 °C
= | Me 6 hrs
LASUN

~<*” 40a-n (1.0 equiv.) 41a-ap (1.5 equiv.)

43a, R=H, 79%
= 4- 0,
43d, R= 4-Ph, 76% 431, R=4-NOy, 58%

OH

NMe

43k, R = 3-Me, 81%
431, R = 3-F, 70%
43m, R = 4-Cl, 68%
OH 43n, R = Me, 41%
430, R = OMe, 35%

43h, X= 0, 62%
43i, X='S, 65%

43p, R= Me, 78% :
43q, R=Cl, 66% 43v, R= CHO, 64% i 'BU  OH
43r, R=F, 63% : 43w, 12 h, 46%

43s, R=Br, 68%

43t, R= CF, 60%

R 43u, R=H, 76%

aReactions were carried out with 30 mg of 40a-I and 1.5 equiv. of enaminones in 1.5 mL of MeCN. ®Yields
reported are isolated yields.

35-41% vyields. p-QMs (40h-n) derived from 5-substituted 2-pyridine carboxaldehyde also
reacted well with 41a to give the respective products 43p-43v in 60-78% yields. Later a
reaction of the p-QM 40a with 1,4-dienaminone 41ap in the ratio (2.2:1 equiv.) was performed
under the standard optimized reaction conditions, and the desired product 43w was isolated in
46% vyield after 12 hours. Enaminones substituted with different amine groups (such as

diethylamine, dibenzylamine, pyrrole, pyridine and morpholine) based enaminone also reacted
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Table 4. Substrate Scope®

o}
R2 R2
i Cu(OTf), (10 mol%)
4 u mol7o
R | . R3D\/\N’R‘. 2 - -
= Vi) MeCN, 60 °C
| R%-
UASOUN 6 hrs

{N

NR,
44a,R = Et, 76%
44b, R = -CH,Ph, 55%

: o OH

' 'Bu

' Bu 'Bu

: o)

. 7 OEt

7 / OEt

: N NMe,

: NMe, Br

L aaf,72% 44g, 60% s 44i, 73% E

........................................................................ L |

3Reactions were carried out with 30 mg of 40a-o and 1.5 equiv. of enaminones in 1.5 mL of MeCN. ®Yields
reported are isolated yields.

smoothly with 40a and the corresponding products 44a-44e were isolated in 53-76% yields
(Table 4). Enaminone 41av, substituted with an ester group, also reacted well with different p-
QMs and provided the respective products 44f-44h in 60-72% vyields. The p-QMs 40m,
substituted with iso-propyl groups (in place of tert-butyl groups) also reacted smoothly with

41a to afford the corresponding product 44i in 73% isolated yield.

© Cu(OTf), (10 mol %)

MeCN, 60 °C, 12 h
Ph

N Me

40a 41a
(0.50 g, 1.7 mmol) (0.444 g, 2.5 mmol)

NMe2

42a
(0.605 g, 76%)

/
+
-
é\z
-z
5

Scheme 10: Gram Scale Reaction of 40a
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To show the practical applicability of this transformation, a relatively large-scale reaction of
40a with 41a was performed under the optimized reaction conditions, and the desired product
was obtained in 76% yield after 12 hours (Scheme 10).

................................................................................

Cu(OT#f), (10 mol %)
MeCN, 60 °C

Nay
)\*

Scheme 11: Plausible Mechanism

Based on the outcome of the reaction, a plausible mechanism for this catalytic
transformation was proposed in (Scheme 11). The catalytic cycle starts with activation of the
carbonyl group of 40a by the copper catalyst and making 40a more susceptible for nucleophilic
attack. Subsequently, the intermolecular 1,6-conjugate addition of 41a takes place to generate
an intermediate I, which then undergoes an intramolecular 5-exo-trig cyclization to generate
another intermediate I1. This intermediate 11, upon deprotonation followed by protonation of
Cu(ll)-phenolate complex provides the dihydro-indolizine intermediate 111, which readily gets

oxidized in air to form the final product 42a.

Furthermore, to show the synthetic utility of this transformation, one of the indolizine
derivatives 43s was subjected to react with 4-methoxy phenylacetylene under Sonogashira
cross coupling reaction conditions to give the alkynylated indolizine 45 in 64% yield. In
another experiment 43s was treated with 4-chloro phenyl boronic acid under Suzuki cross
coupling reaction conditions to afford the arylated indolizine 46 in 58% yield (Scheme 12).

Since diindolylmethane derivatives are known to possess various biological properties,?® we
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thought of elaborating one of the indolizine product 43v to the respective diindolylmethane
analogue 50 by treating 43v with 2 equivalents of indole in the presence of 10 mol% of
Bi(OTf)z. In that case, the indolizine based unsymmetrical triarylmethane derivative 50 was
obtained in 66% yield (Scheme 12).

E Suzuki Coupling Reaction Sonogashira Coupling Reaction

: OH OH

] I{ f

: Bu t ArB(OH), (48) Ar—== (47) Bu t

: Bu 1.5 equiv. 1.3 equiv. Bu
: Pd(PPh3)4 (5 mol%) "% Pd(PPh3),Cl, (10 mol%)

; o 143s ; 0O
e Na,CO3 (2.0 equiv.) Yelet Cul (10 mol%)

SN / oh PhMe : H,0 (3:1) NEts, 60 °C, 6 h Ph
v Ar 100 °C, 18 h

' NMe, Ar NMe,
46, 58% 45, 64%

H Ar = 4-C|-C6H4 Ar = 4-MGO-C6H4'

o

49 H
(2.0 equiv.)

Bi(OTf)3 (10 mol%)
CH2C|2, rt, 5 h

....................................................................................................

Scheme 12: Synthetic Elaborations

3.5. Conclusion:

In conclusion, we have developed an efficient method for the synthesis of various
2-acyl-3-amino-substituted indolizine derivatives through a copper(ll) catalyzed [3+2]-
annulation of enaminones with 2-pyridinyl substituted p-quinone methide. The
generality of this transformation was examined using a wide range of enaminones and
2-pyridyl-substituted p-quinone methide. This general methodology displayed an
excellent functional group tolerance in terms of substrate scope, providing the
corresponding indolizine products in moderate to good yields. Since indolizines are
considered as an important class of heterocycles from medicinal chemistry to materials

science, we believe this methodology would find some applications in near future.
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3.6. Experimental section:

General information. All reactions were carried out in an oven dried round bottom flask. All
the solvents were distilled before use and stored under argon atmosphere. Most of the reagents,
starting materials were purchased from commercial sources and used as such. Melting points
were recorded on SMP20 melting point apparatus and are uncorrected. *H, 13C and °F spectra
were recorded in CDCls (400, 100 and 376 MHz respectively) on Bruker FT-NMR
spectrometer. Chemical shift (o) values are reported in parts per million relative to TMS and
the coupling constants (J) are reported in Hz. High resolution mass spectra were recorded on
Waters Q—TOF Premier—-HAB213 spectrometer. FT-IR spectra were recorded on a Perkin-
Elmer FTIR spectrometer. Thin layer chromatography was performed on Merck silica gel 60
F2s4 TLC pellets and visualised by UV irradiation and KMnQOg stain. Column chromatography

was carried out through silica gel (100-200 mesh) using EtOAc/hexane as an eluent.

General procedure for the reaction between enaminones and 2-pyridinyl-substituted p-

guinone methides:

Anhydrous MeCN (1.5 mL) was added to the mixture of p-quinone methide [p-QM] (30 mg,
1.0 equiv.), enaminone (1.5 equiv.) and Cu(OTf)2 (10 mol %) and the resulting suspension was
stirred at 60 °C until the p-QM was completely consumed (based on TLC analysis). The
reaction mixture was concentrated under reduced pressure and the residue was purified through
silica gel chromatography, using EtOAc/Hexane mixture as an eluent, to get the pure indolizine

derivatives.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}(phenyl)-
methanone (42a)

( OH ) The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.4 (5%

Bu EtOAc in hexane); brown solid (42.2 mg, 88% yield); m. p. = 132-134
°C; *H NMR (400 MHz, CDCl3) 6 8.06 (d, J = 7.1 Hz, 1H), 7.68 — 7.65
(m, 2H), 7.50 (d, J = 9.0 Hz, 1H), 7.29 — 7.25 (m, 1H), 7.13 — 7.10 (m,
2H), 6.95 (s, 2H), 6.69 — 6.65 (m, 1H), 6.60 — 6.56 (m, 1H), 4.93 (s, 1H),
2.85 (s, 6H), 1.29 (s, 18H); *C{*H} NMR (100 MHz, CDCls) 6 195.7, 151.9, 138.8, 135.5,
132.1, 130.2 (2C), 127.6, 126.9, 125.8, 124.2, 121.7, 118.9, 118.7, 117.7, 114.5, 111.5, 43.4,
34.3, 30.3; FT-IR (thin film, neat): 3634, 2956, 1646, 1578, 1450, 1358, 1234, 1118, 733 cm"
1 HRMS (ESI): m/z calcd for CaiH37N2O, [M+H]" : 469.2855; found : 469.2847.

NM82
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{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}(p-tolyl)-
methanone (42b)

( OH 1 The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (5%
EtOAc in hexane); brown solid (42.4 mg, 86% yield); m. p. = 162-164
°C; 'H NMR (400 MHz, CDCl3) § 8.04 (d, J = 7.2 Hz, 1H), 7.57 (d, J
= 8.2 Hz, 2H), 7.49 (d, J = 9.0 Hz, 1H), 6.95 (s, 2H), 6.92 (d, J = 8.0
Me| Hz, 2H), 6.68 — 6.64 (m, 1H), 6.59 — 6.55 (m, 1H), 4.94 (s, 1H), 2.84
(s, 6H), 2.24 (s, 3H), 1.30 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 195.4, 151.9, 142.7,
136.3, 135.5, 135.2, 130.4, 128.3, 126.9, 125.9, 124.1, 121.7, 118.92, 118.90, 117.6, 114.4,
111.3, 43.5, 34.3, 30.3, 21.6; FT-IR (thin film, neat): 3635, 2954, 1733, 1647, 1286, 1152, 758
cm; HRMS (ESI): m/z calcd for Cs2HzoN202 [M+H]* : 483.3012; found : 483.3013.
{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(o-tolyl)-

NM62

methanone (42c)

( OH Y The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (5%

Bu EtOAc in hexane); brown gummy solid (38.4 mg, 78% vyield); *H NMR
(400 MHz, CDCl3) 6 8.06 (d, J =6.8 Hz, 1H), 7.32-7.26 (m, 2H), 7.06
(td, J=7.5,1.2 Hz, 1H), 6.96 — 6.94 (m, 1H), 6.84 — 6.81 (m, 3H), 6.63
—6.55 (m, 2H), 4.93 (s, 1H), 2.89 (s, 6H), 2.46 (s, 3H), 1.32 (s, 18H);
BC{*H} NMR (100 MHz, CDCls) ¢ 197.0, 152.0, 139.2, 137.8, 135.5, 135.0, 131.8, 130.8,
130.5, 127.1, 125.6, 124.9, 124.8, 121.7, 120.5, 119.1, 117.5, 115.1, 111.6, 43.0, 34.2, 30.3,
21.5; FT-IR (thin film, neat): 3634, 2955, 1734, 1640, 1250, 1198, 743 cm™; HRMS (ESI):
m/z calcd for C32H3gN202 [M+H]* : 483.3012; found : 483.3015.

NM82

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(m-tolyl)-
methanone (42d)

The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.4
(5% EtOAC in hexane); brown gummy solid (41.4 mg, 84% yield);
'H NMR (400 MHz, CDCl3) 6 8.06 (d, J = 7.2 Hz, 1H), 7.53 — 7.48
(m, 2H), 7.42 (s, 1H), 7.09 — 7.01 (m, 2H), 6.93 (s, 2H), 6.69 — 6.65
(m, 1H), 6.60 — 6.56 (m, 1H), 4.92 (s, 1H), 2.85 (s, 6H), 2.14 (s, 3H),
1.29 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 195.7, 151.8, 138.7, 137.1, 135.7, 135.5,
132.8, 131.3, 127.6, 127.1, 126.8, 126.0, 124.1, 121.8, 119.0, 118.7, 117.7, 114.6, 111.5, 43.4,
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34.3,30.3, 21.2; FT-IR (thin film, neat): 3629, 2952, 1736, 1635, 1245, 1118, 733 cm™!; HRMS
(ESI): m/z calcd for C32H3gN202 [M+H]* : 483.3012; found : 483.3021.
{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(3-
methoxyphenyl)-methanone (42e)

The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.3
(5% EtOAC in hexane); brown solid (43.3 mg, 85% yield); m. p. =
118-120 °C; 'H NMR (400 MHz, CDCls3) ¢ 8.06 (d, J = 7.0 Hz,
1H), 7.5 (d, J = 9.0 Hz, 1H), 7.31 — 7.29 (m, 1H), 7.20 — 7.19 (m,
1H), 7.04 (t, J = 7.9 Hz, 1H), 6.96 (s, 2H), 6.85 — 6.82 (m, 1H),
6.69 —6.66 (m, 1H), 6.60 — 6.57 (m, 1H), 4.96 (s, 1H), 3.67 (s, 3H), 2.86 (s, 6H), 1.31 (s, 18H);
3C{'H} NMR (100 MHz, CDCls) 6 195.3, 159.0, 151.9, 140.1, 135.8, 135.5, 128.7, 126.8,
125.9, 124.1, 123.0, 121.7, 119.0, 118.9, 118.6, 117.7, 114.5, 114.1, 111.5, 55.3, 43.4, 34.3,
30.2; FT-IR (thin film, neat): 3635, 2955, 2872, 2230, 1647, 1448, 1238, 855, 741 cm™!; HRMS
(ESI): m/z calcd for C32H3gN203 [M+H]* : 499.2961; found : 499.2956.
{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}(4-
methoxyphenyl)-methanone (42f)

( oH Y The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.3 (5%
Bu EtOAc in hexane); brown solid (44.3 mg, 87% vyield); m. p. = 136-
138 °C; 'H NMR (400 MHz, CDCls) & 8.05 — 8.03 (m, 1H), 7.69 —
7.65 (m, 2H), 7.52 — 7.49 (m, 1H), 6.97 (s, 2H), 6.68 —6.64 (m, 1H),
L > “ome] 6.63-6.60 (M, 2H), 6.59 — 6.55 (m, 1H), 4.96 (s, 1H), 3.72 (s, 3H),
2.84 (s, 6H), 1.31 (s, 18H); *C{*H} NMR (100 MHz, CDCls) 6 194.3, 162.9, 151.8, 135.6,
135.1, 1325, 131.8, 126.8, 126.0, 124.1, 121.7, 118.9, 118.8, 117.5, 114.2, 112.9, 111.3, 55.4,
43.5, 34.3, 30.3; FT-IR (thin film, neat): 3634, 3381, 2955, 1734, 1599, 1450, 1357, 1250,
1108, 1031, 701, 606 cm™; HRMS (ESI): m/z calcd for Cs2HzsN203 [M+H]* : 499.2961; found
: 499.2952.
{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-[4-
(methylthio)phenyl]-methanone (42g)

( \ The reaction was performed at 0.102 mmol scale of 40a; Rf=0.4 (5%
EtOAc in hexane); brown solid (41.1 mg, 78% yield); m. p. = 138—
140 °C; *H NMR (400 MHz, CDCls) 6 8.05 (d, J = 7.1 Hz, 1H), 7.60
—7.57 (m, 2H), 7.50 (d, J = 9.0 Hz, 1H), 6.95 - 6.93 (m, 4H), 6.69 —
6.65 (m, 1H), 6.59 — 6.56 (m, 1H), 4.97 (s, 1H), 2.85 (s, 6H), 2.38 (s,
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3H), 1.31 (s, 18H); BC{*H} NMR (100 MHz, CDCls) ¢ 194.5, 151.9, 144.5, 135.6, 135.4,
135.2, 130.6, 126.9, 125.9, 124.4, 124.1, 121.7, 118.9, 118.6, 117.7, 114.3, 111.4, 43.4, 34.3,
30.3, 15.0; FT-IR (thin film, neat): 3632, 2958, 1736, 1640, 1284, 847, 743 cm™*; HRMS (ESI):
m/z calcd for C32Hz9N20,S [M+H]" : 515.2732; found : 515.2746.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-[4
(trifluoromethoxy)-phenyl]-methanone (42h)

The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.3 (5%
EtOAc in hexane); brown solid (44.2 mg, 78% yield); m. p. = 144—
146 °C; *H NMR (400 MHz, CDCls) 6 8.07 (d, J = 7.1 Hz, 1H), 7.71
—7.67 (m, 2H), 7.49 (d, J = 9.0 Hz, 1H), 6.93 — 6.92 (m, 4H), 6.70 —
6.67 (m, 1H), 6.61 — 6.58 (m, 1H), 4.97 (s, 1H), 2.87 (s, 6H), 1.30 (s,
18H); BC{*H} NMR (100 MHz, CDCls) § 193.7, 152.1, 151.7 (q, Jc-r = 1.7 Hz), 137.2, 136.0,
135.8, 131.9, 127.0, 125.7, 124.3, 121.8, 120.3 (g, JcFr= 256.7 Hz), 119.6, 119.0, 118.1, 118.0,
114.5, 111.7, 43.4, 34.3, 30.2; °*F{*H} NMR (376 MHz, CDCls3) § —57.65; FT-IR (thin film,
neat): 3632, 2965, 1648, 1421, 1046, 893, 734 cm™t; HRMS (ESI): m/z calcd for Ca2HzsF3N203
[M+H]" : 553.2678; found : 553.2686.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(3,4-
dimethoxyphenyl)-methanone (42i)

( \ The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.3
(10% EtOAc in hexane); green solid (44.3 mg, 82% vyield); m. p. =
114-116 °C; *H NMR (400 MHz, CDCls3) § 8.04 (d, J = 7.1 Hz, 1H),
7.54 —7.51 (m, 1H), 7.34 — 7.30 (m, 2H), 6.98 (s, 2H), 6.69 — 6.65
| J (m, 1H), 6.59 - 6.55 (m, 2H), 4.96 (s, 1H), 3.80 (s, 3H), 3.74 (s, 3H),
2.84 (s, 6H) 1.30 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 194.2, 152.5, 151.8, 148.2,
135.6,135.4,131.7,126.7,126.0, 125.3,124.0,121.7, 118.9, 118.6, 117.6, 114.1, 112.1, 111.3,
109.6, 56.0, 55.9, 43.4, 34.3, 30.3; FT-IR (thin film, neat): 3625, 2957, 1735, 1640, 1612, 1450,
1251, 752, 643 cm*; HRMS (ESI): m/z calcd for CssHaiN20s [M+H]" : 529.3066; found :
529.3053.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(3,4,5-
trimethoxyphenyl)-methanone (42))
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MeO

The reaction was performed at 0.102 mmol scale of 40a; Rf= 0.2 (10%
EtOAc in hexane); brown solid (43.3 mg, 76% yield); m. p. = 140-142
°C; 'H NMR (400 MHz, CDCls) 6 8.07 (d, J = 7.1 Hz, 1H), 7.52 (d, J
= 9.0 Hz, 1H), 6.97 (s, 2H), 6.94 (s, 2H), 6.70 — 6.66 (m, 1H), 6.60 (t,

| J=6.8Hz 1H), 4.96 (s, 1H), 3.73 (5, 3H), 3.70 (s, 6H), 2.87 (s, 6H),

1.30 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 194.2, 152.4, 151.8, 141.5, 136.3, 135.6,
133.9, 126.7, 126.0, 124.1, 121.8, 119.0, 118.2, 117.8, 114.3, 111.6, 107.5, 60.8, 56.1, 43.4,
34.3, 30.3; FT-IR (thin film, neat): 3630, 3418, 2952, 1758, 1732, 1612, 1573, 1436, 1253,
1031, 742 cm™t; HRMS (ESI): m/z calcd for CssHasN20s [M+H]" : 559.3172; found : 559.3163.

[1,1*-biphenyl]-4-yI(1-

2-yl)methanone (42k)

OH

2 Ph

(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-

The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (5%
EtOAc in hexane); light brown solid (46.2 mg, 83% yield); m. p. = 184—
186 °C; *H NMR (400 MHz, CDCls) 6 8.08 (d, J = 7.1 Hz, 1H), 7.56 —
7.34 (m, 2H), 7.53 (d, J = 9.0 Hz, 1H), 7.47 — 7.45 (m, 2H), 7.43 - 7.39
(m, 2H), 7.37 — 7.32 (m, 3H), 7.00 (s, 2H), 6.71 - 6.67 (m, 1H), 6.62 —

6.58 (m, 1H), 4.93 (s, 1H), 2.89 (s, 6H), 1.30 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢
195.0, 152.0, 144.9, 140.5, 137.5, 135.64, 135.61, 130.8, 128.9, 127.9, 127.3, 127.0, 126.4,
125.9,124.2,121.7,119.0, 118.7, 117.2, 114.5, 111.5, 43.4, 34.3, 30.3 FT-IR (thin film, neat):
3632, 3408, 2954, 1733, 1645, 1232, 1154, 758 cm™; HRMS (ESI): m/z calcd for Cs7H41N202
[M+H]" : 545.3168; found : 545.3159.
(4-(tert-butyl)phenyl)(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-
(dimethylamino)indolizin-2-yl)methanone (421)

NMez

J

1.29 (s, 18H), 1.19 (s,

The reaction was performed at 0.102 mmol scale of 40a; Rf=0.4 (10%
EtOAc in hexane); brown gummy solid (43.4 mg, 81% yield); 'H
NMR (400 MHz, CDCls) ¢ 8.07 (d, J = 6.9 Hz, 1H), 7.59 — 7.57 (m,
2H), 7.50 (d, J = 8.9 Hz, 1H), 7.12 — 7.09 (m, 2H), 6.93 (s, 2H), 6.67
(t, J=6.6 Hz, 1H), 6.58 (t, J = 6.6 Hz, 1H), 4.91 (s, 1H), 2.87 (s, 6H),
9H); 3C{"H} NMR (100 MHz, CDCl3) 6 195.1, 155.5, 151.8, 136.1,

135.7, 135.4, 130.1, 127.0, 126.0, 124.5, 124.0, 121.7, 118.94, 118.88, 117.6, 114.6, 111.4,
43.5,34.9,34.3, 31.1, 30.3; FT-IR (thin film, neat): 3632, 3442, 2958, 1736, 1642, 1232, 1179,
1034, 838, 635 cm™*; HRMS (ESI): m/z calcd for CssHasN202 [M+H]" : 525.3481; found :

525.3483.

94



(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-2-yl)(4-
ethylphenyl)methanone (42m)

( oOH Y The reaction was performed at 0.102 mmol scale of 40a; R¢= 0.4 (10%

EtOAc in hexane); brown gummy solid (43.2 mg, 85% vyield); ‘H
NMR (400 MHz, CDCls) ¢ 8.05 (d, J = 6.9 Hz, 1H), 7.58 (d, J = 8.2
Hz, 2H), 7.50 (d, J = 9.0 Hz, 1H), 6.94 — 6.92 (m, 4H), 6.67 (t, J = 6.6
Hz, 1H), 6.57 (t, J = 6.7 Hz, 1H), 4.92 (s, 1H), 2.85 (s, 6H), 2.52 (q, J
= 7.6 Hz, 2H), 1.29 (s, 18H), 1.12 (t, J = 7.6 Hz, 3H); ¥C{*H} NMR
(100 MHz, CDCIls) 6 195.3, 151.8, 148.9, 136.5, 135.4, 130.5, 127.2, 127.0, 125.9, 124.1,
121.75,121.71,118.9, 117.6,117.5, 114.5,111.4, 43.5, 34.3, 30.3, 29.0, 15.4; FT-IR (thin film,
neat): 3634, 3448, 2958, 1756, 1730, 1436, 1252, 1034, 836, 632 cm™!; HRMS (ESI): m/z calcd
for Ca3Ha1N202 [M+H]* : 497.3168; found : 497.3179.

(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-2-yI) (4-
propylphenyl)methanone (42n)

( OH \ The reaction was performed at 0.102 mmol scale of 40a; Rf= 0.4 (10%
EtOAc in hexane); brown gummy solid (43.3 mg, 83% vyield); 'H
NMR (400 MHz, CDCls) ¢ 8.05 (d, J = 7.0 Hz, 1H), 7.58 (d, J = 8.1
Hz, 2H), 7.50 (d, J = 9.0 Hz, 1H), 6.95 (s, 2H), 6.91 (d, J = 8.0 Hz,
M Np | 2H), 6.67 (t, J = 6.6 Hz, 1H), 6.57 (1, J = 6.7 Hz, 1H), 4.91 (s, 1H),
2.85 (s, 6H), 2.46 (t, J = 7.4 Hz, 2H), 1.54 — 1.48 (m, 2H), 1.29 (s, 18H), 0.82 (t, J = 7.3 Hz,
3H); B¥C{*H} NMR (100 MHz, CDCl3) ¢ 195.4, 151.9, 147.4, 136.6, 135.5, 135.4, 130.3,
127.8,126.9, 126.0, 124.1, 121.7, 118.9, 117.62, 117.57, 114.5, 111.4, 43.5, 38.0, 34.3, 30.3,
24.3, 13.8; FT-IR (thin film, neat): 3632, 3442, 2956, 1758, 1612, 1436, 1250, 1178, 1034,
836, 635 cm™t; HRMS (ESI): m/z calcd for CzsHa3N20, [M+H]* : 511.3325; found : 511.3328.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(4-
fluorophenyl)-methanone (420)

( OH 1 The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (5%
EtOAc in hexane); brown solid (33.3 mg, 67% yield); m. p. = 138-140
°C; 'H NMR (400 MHz, CDCls) 6 8.05 (d, J = 6.9 Hz, 1H), 7.69 (t, J =
6.5 Hz, 2H), 7.49 (d, J = 8.9 Hz, 1H), 6.94 (s, 2H), 6.78 (t, J = 8.0 Hz,
L 2 F] 2H),6.68 (t,J =7.3 Hz, 1H), 6.58 (t,J = 6.7 Hz, 1H), 4.98 (s, 1H), 2.85
(s, 6H), 1.31 (s, 18H); *C{*H} NMR (100 MHz, CDCl3) § 193.9, 165.1 (d, J = 252.0 Hz),
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152.0, 135.7, 135.6, 135.2 (d, J = 2.8 Hz), 132.6 (d, J = 9.2 Hz), 126.9, 125.7, 124.2, 121.7,
118.9, 118.4, 117.8, 114.7, 114.6 (d, J = 21.7 Hz), 111.6, 43.4, 34.3, 30.3; **F{*H} NMR (376
MHz, CDClz) 6 —107.12; FT-IR (thin film, neat): 3634, 3469, 2956, 1732, 1648, 1236, 1120,
758 cm™t; HRMS (ESI): m/z calcd for Ca1HasFN2O, [M+H]* : 487.2761; found : 487.2771.

{4-chlorophenyl}-[1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)-indolizin-2-
yl]-methanone (42p)

( OH 1 The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (5%
Bu EtOAc in hexane); light brown solid (40.1 mg, 78% yield); m. p. =
198-200 °C; *H NMR (400 MHz, CDCl3) 6 8.07 — 8.04 (m, 1H), 7.60
— 7.56 (m, 2H), 7.49 — 7.46 (m, 1H), 7.09 — 7.05 (m, 2H), 6.91 (s,
¢ ) 2H), 6.70 — 6.65 (m, 1H), 6.61 — 6.57 (m, 1H), 4.99 (s, 1H), 2.85 (s,
6H), 1.31 (s, 18H); *C{*H} NMR (100 MHz, CDCl3) § 194.2, 152.1, 138.3, 137.3, 135.8,
135.7, 131.5, 127.8, 127.0, 125.7, 124.3, 121.8, 119.0, 118.3, 117.9, 114.5, 111.7, 43.4, 34.3,
30.3; FT-IR (thin film, neat): 3633, 2960, 1732, 1645, 1448, 1264, 736 cm™; HRMS (ESI): m/z
calcd for C31HzsCIN2O, [M+H]™ : 503.2465; found : 503.2449.
(3-chlorophenyl)-{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-

2

yl}-methanone (42q)

The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (5%
EtOAc in hexane); brown solid (38.0 mg, 74% vyield); m. p. = 148—
150 °C; 'H NMR (400 MHz, CDCls) 6 8.07 (d, J = 7.2 Hz, 1H), 7.60
(d, J = 7.7 Hz, 1H), 7.52 — 7.47 (m, 2H), 7.22 — 7.20 (m, 1H), 7.08
(t, J=7.8 Hz 1H), 6.92 (s, 2H), 6.70 — 6.67 (m, 1H), 6.61 — 6.58 (m,
1H), 4.98 (s, 1H), 2.87 (s, 6H), 1.32 (s, 18H); C{*H} NMR (100 MHz, CDClI3) § 193.9, 152.0,
140.5,136.1, 135.7, 133.7,131.7, 130.7, 129.0, 127.6, 126.9, 125.7, 124.3, 121.8, 119.0, 118.0,
117.9, 114.7, 111.8, 43.4, 34.3, 30.2; film, neat): 3634, 2959, 1755, 1587, 1436, 1262, 893,
736 cm™; HRMS (ESI): m/z calcd for C31H3sCIN202 [M+H]" : 503.2465; found : 503.2445.

(4-bromophenyl)-{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-
yl}-methanone (42r)

The reaction was performed at 0.102 mmol scale of 40a; R = 0.4 (5% EtOAc in hexane); light
brown solid (42.4 mg, 76% yield); m. p. = 182 — 184 °C; *H NMR (400 MHz, CDCls) ¢ 8.07
(d,J =7.1Hz, 1H), 7.66 — 7.64 (m, 2H), 7.48 (d, J = 9.0 Hz 1H), 7.36 (d, J = 8.0 Hz 1H), 7.02
(t, J=7.8 Hz 1H), 6.92 (s, 2H), 6.70 — 6.67 (m, 1H), 6.61 — 6.58 (m, 1H), 4.97 (s, 1H), 2.86 (s,
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( OH ) 6H), 1.32 (s, 18H); *C{*H} NMR (100 MHz, CDCls) § 193.8, 152.1,
Bu 140.7, 136.2, 135.7, 134.6, 133.6, 129.3, 128.0, 126.9, 125.6, 124.3,
121.8, 119.0, 118.0, 114.7, 111.8, 43.4, 34.3, 30.3; FT-IR (thin film,
neat): 3630, 2961, 1734, 1646, 1358, 1264, 1011, 739 cm™; HRMS
Br | (ESI): m/z calcd for CsiHssBrN2O2 [M+H]* : 547.1960; found :

NM82

547.1935.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(2,4-
dichlorophenyl)-methanone (42s)

( OH 1 The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.4 (5%
EtOAc in hexane); brown solid (31.1 mg, 56% yield); m. p. =152 — 154
°C; 'H NMR (400 MHz, CDCls) 6 8.08 — 8.06 (m, 1H), 7.20 — 7.18 (m,
1H), 7.17 - 7.15 (m, 1H), 7.01 (d, J = 1.9 Hz, 1H), 6.90 — 6.88 (m, 1H),
clj 6.82 (s, 2H), 6.61 — 6.55 (m, 2H), 5.00 (s, 1H), 2.91 (s, 6H), 1.35 (s,
18H); ¥*C{*H} NMR (100 MHz, CDCls) 6 191.9, 152.4, 138.1, 136.4, 136.1, 135.1, 133.0,
132.3, 129.6, 127.5, 126.3, 125.5, 125.1, 121.8, 119.4, 119.3, 117.8, 115.6, 112.2, 42.6, 34.2,
30.3; FT-IR (thin film, neat): 3633, 2960, 1646, 1358, 1264, 893, 736 cm™; HRMS (ESI): m/z
calcd for C31H3sCIN2O, [M+H]™ : 537.2076; found : 537.2062.

2

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(2-
fluorophenyl)-methanone (42t)

( OH 1 The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.4 (5%
Bu EtOAc in hexane); brown gummy solid (31.3 mg, 63% yield); *H NMR
(400 MHz, CDCIs) ¢ 8.08 — 8.06 (m, 1H), 7.37 — 7.30 (m, 2H), 7.16 —
7.10 (m, 1H), 6.89 (s, 2H), 6.85-6.81 (m, 1H), 6.71 — 6.66 (M, 1H), 6.63
—6.54 (m, 2H), 4.94 (s, 1H), 2.90 (s, 6H), 1.32 (s, 18H); *C{*H} NMR
(100 MHz, CDCls) ¢ 191.6, 160.4 (d, Jc.r = 253.4 Hz), 152.1, 135.9, 135.1, 132.7 (d, JcFr= 8.7
Hz), 131.5(d, Jcr=1.9 Hz), 129.1 (d, Jc-r = 11.4 HZz), 127.3, 125.3, 124.8, 123.3 (d, Jc-r= 3.3
Hz), 121.8,119.9, 119.2, 117.7, 115.8 (d, Jc.r=21.9 Hz), 115.3 (d, Jc.r= 1.1 Hz), 111.8, 43.0,
34.2, 30.3; F{*H} NMR (376 MHz, CDCls) § —112.5; FT-IR (thin film, neat): 3634, 3469,
2956, 1732, 1644, 1236, 1042, 758, 665 cm™; HRMS (ESI): m/z calcd for Cz1H3sFN2O2
[M+H]" : 487.2761; found : 487.2756.

NM62

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-[4-
(trifluoromethyl)phenyl]-methanone (42u)
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( OH 1 The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (5%
EtOAc in hexane); brown solid (31.0 mg, 56% vyield); m. p. = 156—
158 °C; 'H NMR (400 MHz, CDCls) 6 8.09 (d, J = 7.1 Hz, 1H), 7.72
—7.70 (m, 2H), 7.47 — 7.45 (m, 1H), 7.34 — 7.32 (m, 2H), 6.87 (s, 2H),
CFs | 6.70 — 6.67 (m, 1H), 6.62 — 6.59 (m, 1H), 4.95 (s, 1H), 2.88 (s, 6H),
1.29 (s, 18H); BC{*H} NMR (100 MHz, CDCls) 6 194.0, 152.1, 141.79, 141.78, 136.4, 135.7,
133.0 (q, Jc-Fr = 32.2 Hz), 130.3 (2C), 127.1, 125.6, 124.5 (q, Jc-r = 4.2 Hz), 123.8 (q, Jc-F =
270.9 Hz), 121.8, 191.0, 118.1, 114.8, 111.9, 43.3, 34.2, 30.2; *F{*H} NMR (376 MHz,
CDCl3) 6 —63.23; FT-IR (thin film, neat): 3630, 2965, 1648, 1451, 12562, 1166, 893, 736 cm"
1 HRMS (ESI): m/z calcd for CaaHzsFsN2O, [M+H]* : 537.2729; found : 537.2744.

2

methyl4-(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizine-2-
carbonyl)benzoate (42v)

) The reaction was performed at 0.102 mmol scale of 40a; Rf=0.4 (10%
EtOAc in hexane); brown solid (35.5 mg, 66% vyield); m. p. = 178—
180 °C; *H NMR (400 MHz, CDCls) 6 8.06 (d, J = 7.1 Hz, 1H), 7.78
—7.75 (m, 2H), 7.68 — 7.65 (m, 2H), 7.46 (d, J = 9.0 Hz, 1H), 6.90 (s,
| ] 2H), 6.69 — 6.66 (m, 1H), 6.61 — 6.57 (m, 1H), 4.93 (s, 1H), 3.86 (s,
3H), 2.85 (s, 6H), 1.28 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 194.8, 166.4, 152.0,
142.5,135.9,135.7,132.5,129.9, 128.8, 127.0, 125.7, 124.4, 121.8, 119.0, 118.4, 118.0, 114.6,
111.8, 52.3, 43.3, 34.3, 30.3; FT-IR (thin film, neat): 3631, 3054, 2953, 1723, 1645, 1357,
1234,1152, 1011, 733 cm™!; HRMS (ESI): m/z calcd for CasHagN204 [M+H]" : 527.2910; found
: 527.2914.

Ethyl-4-(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizine-2-

carbonyl)benzoate (42w)

on Y The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (10%
EtOAc in hexane); brown solid (35.3 mg, 64% yield); m. p. = 174-176
°C; *H NMR (400 MHz, CDCl3) 6 8.07 (d, J = 7.1 Hz, 1H), 7.77 - 7.75
(m, 2H), 7.66 — 7.64 (m, 2H), 7.45 (d, J = 9.0 Hz, 1H), 6.90 — 6.89 (m,
eo | 2H), 6.69 - 6.65 (m, 1H), 6.61 — 6.57 (m, 1H), 4.93 (s, 1H), 4.32 (q, J
= 7.1 Hz, 2H), 2.86 (s, 6H), 1.33 (t, J = 7.1 Hz, 1H), 1.28 (s, 18H); *C{*H} NMR (100 MHz,
CDCls) 0 194.8, 165.9, 152.0, 142.4, 136.0, 135.6, 132.9, 129.8, 128.8, 127.1, 125.7, 124.4,
121.8, 119.0, 118.4, 117.9, 114.7, 111.8, 61.2, 43.3, 34.2, 30.2, 14.4; FT-IR (thin film, neat):
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3632, 3052, 2956, 1725, 1643, 1437, 1234, 1153, 732 cm™*; HRMS (ESI): m/z calcd for
C34H11N204 [M+H]" : 541.3066; found : 541.3063.

4-(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizine-2-

carbonyl)benzonitrile (42x)

- ~ The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.2 (5%

‘Bu EtOAc in hexane); brown solid (29.3 mg, 58% yield); m. p. = 156-158
°C; 'H NMR (400 MHz, CDCls) § 8.07 (d, J = 7.1 Hz, 1H), 7.68 (d, J
=8.4 Hz, 2H), 7.45 (d, J = 9.0 Hz, 1H), 7.37 (d, J = 8.4 Hz, 2H), 6.87
on | (8, 2H), 6.71 - 6.67 (m, 1H), 6.63 — 6.59 (m, 1H), 4.99 (s, 1H), 2.85
Es, 6H), 1.30 (s, 18H)? 13C{*H} NMR (100 MHz, CDCls) 6 193.6, 152.2, 142.4, 136.4, 135.8,
131.3, 130.3 (2C), 127.1, 125.5, 124.5, 121.8, 119.0, 118.3, 117.7, 114.7, 114.5, 112.0, 43.3,
34.3, 30.3; FT-IR (thin film, neat): 3631, 2955, 2230, 1647, 1429, 1238, 1198, 975, 741 cm™;
HRMS (ESI): m/z calcd for C32H3sN3O2 [M+H]" : 494.2808; found : 494.2829.

NMe2

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(4-
nitrophenyl)-methanone (42y)

( OH 1 The reaction was performed at 0.102 mmol scale of 40a; Rf= 0.4 (10%
EtOAc in hexane); brown solid (27.3 mg, 52% vyield); m. p. = 136—
138 °C; 'H NMR (400 MHz, CDCls) 6 8.08 (d, J = 7.1 Hz, 1H), 7.92
—7.90 (m, 2H), 7.74 — 7.71 (m, 2H), 7.44 (d, J = 9 Hz, 1H), 6.86 (s,
NO2J 2H)6.71-6.67 (m, 1H), 6.63 —6.60 (m, 1H), 4.95 (s, 1H) 2.87 (s, 6H)
1.28 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 193.2, 152.2, 149.2, 144.0, 136.5, 135.9,
130.8, 127.2, 125.5, 124.6, 122.6, 121.8, 119.0, 118.4, 117.8, 114.7, 112.1, 43.2, 34.3, 30.3;
FT-IR (thin film, neat): 3633, 2959, 1650, 1525, 1349, 1264, 1150, 737 cm™; HRMS (ESI):
m/z calcd for C31H3sN3O4 [M+H]* : 514.2706; found : 514.2719.

NMez

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-[4-
(methylsulfonyl)-phenyl]-methanone (42z)

The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.3
(10% EtOAcC in hexane); brown solid (27.1 mg, 48% vyield); m. p. =
164-166 °C; 'H NMR (400 MHz, CDCl3) 6 8.09 (d, J = 7.1 Hz, 1H),
7.77—7.75 (m, 2H), 7.65 — 7.63 (m, 2H), 7.44 (d, J = 9.0 Hz, 1H),
6.88 (s, 2H), 6.72 - 6.68 (m, 1H), 6.64 — 6.60 (m, 1H), 4.94 (s, 1H),
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2.29 (s, 3H), 2.87 (s, 6H), 1.29 (s, 18H); B¥C{*H} NMR (100 MHz, CDCls) ¢ 193.5, 152.1,
143.3,142.6, 136.6, 135.8,130.7, 127.2, 126.6, 125.8, 124.5,121.9, 119.0, 118.4, 117.8, 114.6,
112.1, 44.5, 43.2, 34.3, 30.3; FT-IR (thin film, neat): 3630, 3442, 2957, 2872, 1756, 1601,
1349, 1236, 1145, 736 cm™; HRMS (ESI): m/z calcd for CaoH3oN204S [M+H]* : 547.2631;
found : 547.2604.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-[3-
(trifluoromethyl)-phenyl]-methanone (42aa)

The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.4 (5
% EtOAC in hexane); brown solid (34.2 mg, 62% yield); m. p. = 154—
156 °C; 'H NMR (400 MHz, CDCls) ¢ 8.09 —8.07 (m, 1H), 7.95 (d,
J=7.8Hz, 1H), 7.81 (s, 1H), 7.52 — 7.47 (m, 2H), 7.32 — 7.28 (m,
1H), 6.90 (s, 2H), 6.71 — 6.67 (m, 1H), 6.63 — 6.59 (m, 1H), 4.95 (s,
1H), 2.87 (s, 6H), 1.27 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 193.7, 152.1, 139.3,
136.4, 135.8, 132.8, 130.3, 130.0, 128.3 (q, Jc-r = 4.0 Hz), 127.4 (q, Jc-r = 4.0 Hz), 127.0,
125.4, 124.4, 123.8 (q, Jc-r = 271.0 Hz), 121.8, 119.1, 118.1, 117.7, 114.5, 111.9, 43.4, 34.2,
30.2; *F{*H} NMR (376 MHz, CDCls) § —62.5; FT-IR (thin film, neat): 3632, 3054, 2964,
1648, 1264, 1121, 893, 734 cm™; HRMS (ESI): m/z calcd for CsaHzsFsN202 [M+H]" :
537.2729; found : 537.2734.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(3-
nitrophenyl)-methanone (42ab)

( OH \ The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.3
Bu (5% EtOAC in hexane); brown solid (35.2 mg, 67% vyield); m. p. =
176-178 °C; 'H NMR (400 MHz, CDCl3) 6 8.25 (t, J = 1.8 Hz, 1H),
NO,| 8.13—8.07 (m, 3H), 7.46 — 7.43 (m, 1H), 7.40 — 7.36 (m, 1H), 6.88
J (s,2H),6.72-6.69 (m, 1H), 6.64 — 6.61 (m, 1H), 4.94 (s, 1H), 2.89
(s, 6H), 1.25 (s, 18H); 3C{*H} NMR (100 MHz, CDCls3) § 192.3, 152.1, 147.2, 140.3, 136.8,
135.8,134.7,128.8,127.2,126.1, 125.9, 125.5, 124.7,121.9, 119.1, 118.4,117.3, 114.7,112.2,
43.2, 34.2, 30.2; FT-IR (thin film, neat): 3632, 2958, 1650, 1523, 1449, 1262, 1236, 976, 737
cm™; HRMS (ESI): m/z calcd for Ca1HasN3Os [M+H]* : 514.2706; found : 514.2692.
{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)indolizin-2-yl)-(naphthalen-1-

NM92

yl)-methanone (42ac)
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( \ The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (5%
Bu EtOAc in hexane); brown solid (39.2 mg, 74% vyield); m. p. = 145-
147 °C; *H NMR (400 MHz, CDCls) ¢ 8.10 (d, J = 7.1 Hz, 1H), 8.05
(s, 1H), 7.92—7.90 (m, 1H), 7.72 - 7.70 (m, 1H), 7.66 — 7.63 (m, 1H),
\ 2 J 7.61-7.59 (m, 1H), 7.54 —7.51 (m, 1H), 7.47 - 7.43 (m, 1H), 7.39 —
7.35 (m, 1H), 6.96 (s, 2H), 6.72 — 6.68 (m, 1H), 6.63 — 7.60 (m, 1H), 4.73 (s, 1H), 2.90 (s, 6H),
1.17 (s, 18H); *C{*H} NMR (100 MHz, CDCls) § 195.4, 151.7, 136.0, 135.8, 135.5, 135.1,
133.1, 132.1, 129.4, 128.0, 127.52, 127.51, 126.9, 126.2, 126.0, 125.2, 124.3, 121.8, 119.0,
118.8, 117.7, 114.8, 111.5, 34.4, 34.1, 30.1 ; FT-IR (thin film, neat): 3634, 2955, 2871, 1736,
1641, 1448, 1356, 1253, 1123, 891, 740 cm™; HRMS (ESI): m/z calcd for CasH3sN202 [M+H]*
: 519.3012; found : 519.3011.
[1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-2-yl](naphthalen-2-

NMe

yl)methanone (42ad)

The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.4
(5% EtOAC in hexane); brown solid (41.4 mg, 78% yield); m. p. =
142-144°C; *H NMR (400 MHz, CDCl3) § 8.10 (d, J = 7.1 Hz, 1H),
8.04 (s, 1H), 7.92 — 7.90 (m, 1H), 7.72 — 7.70 (m, 1H), 7.66 — 7.63
(m, 1H), 7.61 — 7.59 (m, 1H), 7.52 (d, J = 9.0 Hz, 1H), 7.47 — 7.43
(m, 1H), 7.38 — 7.35 (m, 1H), 6.96 (s, 2H), 6.72 — 6.68 (m, 1H), 6.63 — 6.60 (m, 1H), 4.73 (s,
1H), 2.89 (s, 6H), 1.17 (s, 18H); *C{*H} NMR (100 MHz, CDCls) § 195.4, 151.7, 136.0,
135.8, 135.4 (2C), 135.1, 133.1, 132.1, 129.4, 128.0, 127.5, 126.9, 126.2, 125.9, 125.1, 124.2,
121.8, 119.0, 118.8, 117.7, 114.8, 111.5, 43.4, 34.1, 30.1; FT-IR (thin film, neat): 3635, 2954,
2875, 1734, 1642, 1446, 1353, 1255, 1126, 742 cm™; HRMS (ESI): m/z calcd for CssHzsN202
[M+H]" : 519.3012; found : 519.3018.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(6-
methoxynaphthalen-2-yl)-methanone (42ae)

The reaction was performed at 0.102 mmol scale of 40a; Rf=0.2
(5% EtOAcC in hexane); brown solid (50.1 mg, 89% yield); m. p.
=162-164 °C; 'H NMR (400 MHz, CDCl3) 6 8.09 (d, J = 7.1 Hz,
1H), 7.99 (s, 1H), 7.92 — 7.90 (m, 1H), 7.56 — 7.53 (m, 2H), 7.50
J —7.48 (m, 1H), 7.05 — 6.99 (m, 4H), 6.71 — 6.68 (m, 1H), 6.62 —
6.59 (m, 1H), 4.77 (s, 1H), 3.88 (s, 3H), 2.88 (s, 6H), 1.19 (s, 18H); *C{*H} NMR (100 MHz,

101



CDCI3) 6 195.2, 159.4, 151.7, 136.8, 135.48, 135.46, 134.0, 133.1, 131.0, 127.5, 126.8, 126.3,
126.0, 125.9, 124.2, 121.7, 119.0, 118.9, 118.8, 117.6, 114.6, 111.4, 105.6, 55.4, 43.5, 34.1,
30.2; FT-IR (thin film, neat): 3629, 2957, 1756, 1732, 1622, 1513, 1448, 1264, 1030, 732 cm"
1 HRMS (ESI): m/z calcd for CagHa1N2O3 [M+H]" : 549.3117; found : 549.3114.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(furan-2-yl)-

methanone (42af)

( OH ) The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.3 (5%
Bu EtOAc in hexane); brown gummy solid (34.2 mg, 73% yield); *H NMR
(400 MHz, CDCl3) 6 8.01 (d, J = 7.1 Hz, 1H), 7.53 (d, J = 9.0 Hz, 1H),
7.26 (s, 1H), 7.07 (s, 2H), 6.70 — 6.69 (m, 1H), 6.68 — 6.65 (m, 1H), 6.58
NMe; | —6.55 (m, 1H), 6.21 — 6.20 (m, 1H), 5.03 (s, 1H), 2.85 (s, 6H), 1.36 (s,
18H); ¥*C{*H} NMR (100 MHz, CDCls) ¢ 182.3, 153.8, 151.9, 145.9, 135.9, 135.5, 126.4,
126.1, 124.2, 121.7, 119.4, 119.0, 117.9, 117.8, 114.0, 111.8, 111.6, 43.5, 34.4, 30.4; FT-IR
(thin film, neat): 3633, 2958, 1630, 1521, 1357, 1264, 1152, 893, 734 cm™; HRMS (ESI): m/z
calcd for CogHzsN203 [M+H]™ : 459.2648; found : 459.2642.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(thiophen-2-
yl)-methanone (42ag)

( OH 1 The reaction was performed at 0.102 mmol scale of 40a; R = 0.3 (5%
Bu EtOAc in hexane); brown solid (38.0 mg, 78% yield); m. p. = 178-180
°C; 'H NMR (400 MHz, CDCls) 6 8.03 (d, J = 7.1 Hz, 1H), 7.54 (d, J =
9 Hz, 1H), 7.43 - 7.41 (m, 1H), 7.11 — 7.10 (m, 1H), 7.08 (s, 2H), 6.73
] —6.70 (m, 1H), 6.68 — 6.66 (m, 1H), 6.60 — 6.56 (m, 1H), 5.01 (s, 1H),
2.85 (s, 6H), 1.35 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 187.6, 152.0, 145.9, 135.9,
135.3,134.9,133.1, 127.4, 126.6, 126.0, 124.1, 121.7, 118.9, 118.6, 117.7, 113.7, 111.5, 43.5,
34.4, 30.4; FT-IR (thin film, neat): 3632, 2953, 2869, 1629, 1518, 1449, 1235, 1153, 870, 741
cm; HRMS (ESI): m/z calcd for CogH3sN202S [M+H]* : 475.2419; found : 475.2420.

NMe2

benzofuran-2-yl-{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-
yl}-methanone (42ah)

The reaction was performed at 0.102 mmol scale of 40a; R = 0.4 (10% EtOACc in hexane);
brown solid (37.4 mg, 72% yield); m. p. = 184-186 °C; *H NMR (400 MHz, CDCls) 6 8.05 (d,
J=7.1Hz, 1H), 7.55 (d,J =9.1 Hz, 1H), 7.42 (d, J = 7.8 Hz, 1H), 7.33 — 7.26 (m, 2H), 7.16 —
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T on Y 7.12 (m, 1H), 7.09 (s, 2H), 7.04 (s, 1H), 6.71 — 6.67 (m, 1H), 6.61 —
6.57 (M, 1H), 4.84 (s, 1H), 2.89 (s, 6H), 1.25 (s, 18H); 3C{*H} NMR
(100 MHz, CDCl3) 0 183.7, 155.3, 153.9, 151.9, 136.1, 135.9, 127.5,
127.1, 126.4, 126.2, 124.4, 123.5, 122.8, 121.8, 119.1, 118.0, 117.8,
115.1, 114.4, 112.2, 111.8, 43.4, 34.2, 30.3; FT-IR (thin film, neat):
3632, 2957, 2925, 1629, 1516, 1430, 1356, 1152, 1090, 872, 743 cm™t; HRMS (ESI): m/z calcd
for CasH37N203 [M+H]" : 509.2804; found : 509.2807.

benzo[b]thiophen-2-yl-{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-
indolizin-2-yl}-methanone (42ai)

The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4
(10% EtOACc in hexane); brown solid (41.1 mg, 76% yield); m. p. =
172-174 °C; *H NMR (400 MHz, CDCls) 6 8.06 (d, J = 7.0 Hz, 1H),
7.76 (dd, J = 8.1, 0.6 Hz, 1H), 7.56 (d, J = 9.0 Hz, 1H), 7.47 — 7.45
(m, 1H), 7.34 - 7.29 (m, 2H), 7.24 — 7.20 (m, 1H), 7.10 (s, 2H), 6.71
(t, J = 6.6 Hz, 1H), 6.60 (t, J = 6.6 Hz, 1H), 4.86 (s, 1H), 2.88 (s, 6H), 1.26 (s, 18H); *C{*H}
NMR (100 MHz, CDCls) 0 188.9, 152.0, 144.9, 142.3,139.1, 135.9, 135.3, 133.3, 127.0, 126.7,
126.0, 125.7, 124.6, 124.3, 122.7, 121.8, 119.0, 118.3, 117.9, 114.0, 111.7, 43.5, 34.3, 30.3;
FT-IR (thin film, neat): 3632, 2954, 2923, 1628, 1517, 1428, 1254, 868, 743 cm™; HRMS
(ESI): m/z calcd for C3sH3z7N202S [M+H]* : 525.2576; found : 525.2570.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(pyridin-4-yl)-

methanone (42aj)

The reaction was performed at 0.102 mmol scale of 40a; Rs = 0.4 (10%
EtOACc in hexane); red solid (31.0 mg, 64% yield); m. p. = 126-128 °C;
'H NMR (400 MHz, CDCls) 6 8.40 — 8.39 (m, 2H), 8.07 (d, J = 7.1 Hz,
1H), 7.45 (d, J = 9.0 Hz, 1H), 7.38 — 7.37 (m, 2H), 6.88 (s, 2H), 6.70 —
6.67 (m, 1H), 6.62 — 6.59 (m, 1H), 4.99 (s, 1H), 2.86 (s, 6H), 1.30 (s,
18H); *C{'"H} NMR (100 MHz, CDCl3) § 194.0, 152.3, 149.7, 145.2, 136.5, 135.9, 127.1,
125.5,124.5,123.0,121.8,191.1, 118.2,117.6, 114.7, 112.1, 43.2, 34.3, 30.3; FT-IR (thin film,
neat): 3635, 2956, 1734, 1648, 1524, 1450, 1356, 1238, 1156, 759 cm™*; HRMS (ESI): m/z
calcd for C3oH3sN3O2 [M+H]" : 470.2808; found : 470.2820.

(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-2-yl)(pyridin-2-
yl)methanone (42ak)
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( Y The reaction was performed at 0.102 mmol scale of 40a; R = 0.4 (10%

Bu EtOAc in hexane); red solid (27.4 mg, 57% vyield); m. p. = 132-134 °C;
'H NMR (400 MHz, CDCls) ¢ 8.23 (d, J = 4.7 Hz, 1H), 8.03 (d, J = 7.1
Hz, 1H) 7.84 (d, J = 7.8 Hz, 1H), 7.61 — 7.57 (m, 1H), 7.43 (d, J =9.0
Hz, 1H), 7.10 — 7.07 (m, 1H), 6.93 (s, 2H), 6.64 — 6.60 (m, 1H), 6.53 (t,
J=6.6 Hz, 1H), 4.91 (s, 1H), 2.90 (s, 6H), 1.30 (s, 18H); *C{*H} NMR (100 MHz, CDCls) §
194.4,156.1, 151.6, 148.5, 136.5, 136.0, 135.3, 126.9, 126.5, 125.3, 124.8, 123.7, 121.8, 119.1,
118.0, 117.8, 115.0, 111.7, 43.1, 34.3, 30.3; FT-IR (thin film, neat): 3635, 3442, 2956, 1732,
1648, 1522, 1446, 1250, 1042, 756, 637 cm™*; HRMS (ESI): m/z calcd for CoH3sN3O2 [M+H]*
: 470.2808; found : 470.28009.

NMe2

benzo[d]-[1,3]-dioxol-5-yI-{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-

(dimethylamino)indolizin-2-yl}-methanone (42al)

( OH 1 The reaction was performed at 0.102 mmol scale of 40a; Rt =0.4 (10%
EtOAc in hexane); brown gummy solid (38.1 mg, 72% vyield); H
NMR (400 MHz, CDCls) ¢ 8.03 (d, J =7.1 Hz, 1H), 7.49 (d, J =9.0
o| Hz, 1H), 7.28 — 7.25 (m, 1H), 7.17 — 7.16 (m, 1H), 6.97 (s, 2H), 6.68
0" | —6.64 (m, 1H), 6.59 — 6.55 (m, 1H), 6.53 — 6.51 (M, 1H), 5.86 (s, 2H),
4.98 (s, 1H), 2.84 (s, 6H), 1.32 (s, 18H); BC{*H} NMR (100 MHz, CDCl3) § 193.8, 151.9,
151.0, 147.3,135.6, 135.2,133.7, 126.8, 126.7, 126.0, 124.1, 121.7, 118.9, 118.7, 117.6, 114.3,
111.4, 109.9, 107.3, 101.5, 43.5, 34.3, 30.3; FT-IR (thin film, neat): 3629, 2958, 1642, 1386,
1262, 974, 856, 732 cm™t; HRMS (ESI): m/z calcd for Cs2H37N204 [M+H]" : 513.2753; found
: 513.2740.

NMBZ

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)indolizin-2-yl}{2,3-
dihydrobenzo[b][1,4]dioxin-6-yl}methanone (42am)

The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.4
(10% EtOAC in hexane); brown gummy solid (38.0 mg, 70% vyield);
'H NMR (400 MHz, CDCls) 6 8.03 (d, J = 7.0 Hz, 1H), 7.49 (d, J =
9.0 Hz, 1H), 7.27 — 7.24 (m, 1H), 7.16 (d, J = 2.0 Hz, 1H), 6.96 (s,
2H), 6.67 — 6.55 (m, 3H), 4.97 (s, 1H), 4.16 — 4.14 (m, 2H), 4.10 —
4.08 (m, 2H), 2.83 (s, 6H), 1.32 (s, 18H); C{*H} NMR (100 MHz, CDCl3) 6 194.1, 151.8,
147.2,142.5,135.5,132.6,132.4,126.9, 126.0, 124.1, 121.7,120.1, 118.9, 118.7, 117.6, 116.5,
114.3, 113.6, 111.3, 64.7, 64.1, 43.4, 34.3, 30.3; FT-IR (thin film, neat): 3632, 2953, 1642,
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1575, 1452, 1354, 1237, 1115, 732 cm™; HRMS (ESI): m/z calcd for CssHzoN2O4 [M+H]" :
527.2910; found : 527.2916.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(ferrocenyl)-

methanone (42an)

The reaction was performed at 0.102 mmol scale of 40a; Rf= 0.5 (5%
EtOAcC in hexane); brown solid (34.2 mg, 58% vyield); m. p. = 184-186
°C; 'H NMR (400 MHz, CDCl3) 6 7.96 (d, J = 7.0 Hz, 1H), 7.50 (d, J
= 9.0 Hz, 1H), 7.15 (s, 2H), 6.64 (t, J = 8.7 Hz, 1H), 6.58 — 6.54 (m,
1H), 5.03 (s, 1H), 4.50 — 4.49 (m, 2H), 4.20 — 4.18 (m, 2H), 3.94 (s,
5H), 2.90 (s, 6H), 1.39 (s, 18H); B¥C{*H} NMR (100 MHz, CDCls) ¢ 199.1, 152.2, 135.6,
133.3, 127.4, 126.3, 124.3, 121.6, 120.2, 119.0, 117.1, 114.0, 111.3, 82.6, 71.2, 70.8, 69.5,
43.2,34.4,30.5; FT-IR (thin film, neat): 3633, 2954, 2870, 1634, 1521, 1451, 1254, 1110, 894,
738 cmt; HRMS (ESI): m/z calcd for CasHaiFeN202 [M+H]* : 577.2517; found : 577.2504.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-(2,3-dihydro-
1H-inden-2-yl)-methanone (42a0)

( \ The reaction was performed at 0.102 mmol scale of 40a; Rf= 0.4 (10%
EtOAc in hexane); brown gummy solid (22.2 mg, 42% vyield); H
NMR (400 MHz, CDCls) ¢ 8.07 (d, J = 7.1 Hz, 1H), 7.39 (d, J = 9.0
Hz, 1H), 7.22 — 7.18 (m, 2H), 7.13 — 7.09 (m, 4H), 6.68 — 6.64 (m,
\ NMe; J 1H), 6.59 - 6.55 (m, 1H), 5.20 (s, 1H), 3.69 (quintet, J = 8.6 Hz, 1H),
3.30—3.23 (m, 2H), 2.90 — 2.84 (m, 2H), 2.83 (s, 6H), 1.48 (s, 18H); *C{*H} NMR (100 MHz,
CDCls) 0 204.9, 152.8, 142.2, 141.6, 136.1, 134.4, 126.9, 126.8, 126.4, 126.0, 125.2, 124.6,
124.4,121.9, 120.5, 118.9, 117.9, 113.5, 111.6, 50.5, 43.1, 36.7, 35.1, 34.6, 30.6; FT-IR (thin
film, neat): 3634, 3440, 2958, 1732, 1612, 1436, 1250, 1036, 838, 637 cm™*; HRMS (ESI): m/z
calcd for CasHa1N202 [M+H]" : 509.3168; found : 509.3162.

{3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)-pyrrolo[1,2-a]-quinolin-2-yl)-
(phenyl)-methanone (43a)

( on Y The reaction was performed at 0.0868 mmol scale of 40b; Rt = 0.3 (5%
EtOAc in hexane); light yellow solid (35.6 mg, 79% vyield); m. p. = 158 —
160 °C; 'H NMR (400 MHz, CDCls) § 9.33 (d, J = 8.6 Hz, 1H), 7.68 — 7.66
(m, 2H), 7.60 — 7.57 (m, 1H), 7.51 — 7.46 (m, 1H), 7.35 — 7.32 (m, 2H),
7.29 -7.25 (m, 1H), 7.12 (t, J = 7.8 Hz, 2H), 6.94 — 6.92 (m, 3H), 4.95 (s,
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1H), 2.92 (s, 6H), 1.30 (s, 18H); ¥*C{*H} NMR (100 MHz, CDCls) § 195.5, 152.2, 142.3,
138.9,135.5,135.4,132.1,130.1, 128.1, 127.6, 127.3, 127.2, 126.3, 125.3, 124.1, 123.3, 119.8,
1195, 118.5, 118.0, 117.9, 43.5, 34.3, 30.3; FT-IR (thin film, neat): 3633, 3409, 2957, 2872,
1646, 1450, 1155, 891, 740 cm™; HRMS (ESI): m/z calcd for CasHssN2O2 [M+H]* : 519.3012;
found : 519.3021.
{3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)-pyrrolo[1,2-a]-quinolin-2-yl}-
(4-methoxyphenyl)-methanone (43b)

The reaction was performed at 0.0868 mmol scale of 40b; Rf = 0.3
(10% EtOAc in hexane); brown solid (39.0 mg, 81% yield); m. p. =
152-154 °C; *H NMR (400 MHz, CDCl3) 6 9.34 (d, J = 8.6 Hz, 1H),
7.70 —7.67 (m, 2H), 7.59 — 7.57 (m, 1H), 7.50 — 7.46 (m, 1H), 7.38 —
7.31 (m, 2H), 6.97 — 6.96 (m, 2H), 6.94 —6.92 (m, 1H), 6.64 — 6.61 (m,
2H), 4.99 (s, 1H), 3.73 (s, 3H), 2.91 (s, 6H), 1.32 (s, 18H); BC{*H} NMR (100 MHz, CDCl5)
0194.2, 162.9, 152.2, 141.8, 135.6, 135.5, 135.4, 132.4, 131.9, 128.0, 127.2, 127.1, 126.2,
125.3,124.0,123.2, 119.6, 118.5, 118.0, 117.7, 112.9, 55.4, 43.6, 34.3, 30.3; FT-IR (thin film,
neat): 3628, 2958, 2870, 1644, 1386, 1172, 1032, 738 cm™*; HRMS (ESI): m/z calcd for
C36Ha1N203 [M+H]" : 549.3117; found : 549.3116.

(4-chlorophenyl)-{3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)-pyrrolo(1,2-

a)quinolin-2-yl}-methanone (43c)

The reaction was performed at 0.0868 mmol scale of 40b; Rf = 0.3 (5%
EtOAc in hexane); yellow solid (35.0 mg, 72% yield); m. p. = 154-156
°C; 'H NMR (400 MHz, CDCls) § 9.32 (d, J = 8.6 Hz, 1H), 7.60 — 7.57
(m, 3H), 7.51 — 7.47 (m, 1H), 7.36 — 7.31 (m, 2H), 7.09 — 7.06 (m, 2H),
6.94 (d, J = 9.4 Hz, 1H), 6.91 — 6.89 (m, 2H), 5.01 (s, 1H), 2.91 (s, 6H),
1.32 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 194.1, 152.4, 142.5, 138.3, 137.3, 135.7,
135.4,131.4,128.1,127.9,127.4,127.3,126.3,125.1, 124.3,123.4, 120.0, 119.1, 118.4, 118.1,
117.9, 43.4, 34.3, 30.3; FT-IR (thin film, neat): 3633, 2960, 2872, 1644, 1524, 1262, 736, 667
cm; HRMS (ESI): m/z calcd for CasHzsCIN2O, [M+H]" : 553.2622; found : 553.2628.
[1,1'-biphenyl]-4-yl-{3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)-

pyrrolo[1,2-a]quinolin-2-yl}-methanone (43d)

The reaction was performed at 0.0868 mmol scale of 40b; Rt = 0.3 (5% EtOAc in hexane);
brown solid (39.3 mg, 76% yield); m. p. = 158-160 °C; *H NMR (400 MHz, CDCls3) ¢ 9.37
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(d,J=8.6 Hz, 1H), 7.77 (d, J = 8.2 Hz, 2H), 7.62 — 7.60 (m, 1H), 7.53 —
7.48 (m, 2H), 7.46 — 7.34 (m, 9H), 7.01 (s, 2H), 6.97 — 6.95 (m, 1H),
4.97 (s, 1H), 2.97 (s, 6H), 1.31 (s, 18H); ®C{*H} NMR (100 MHz,
CDCl3) 6 194.9, 152.3, 144.9, 142.4, 140.5, 137.6, 135.6, 135.4, 130.7,
128.9, 128.1, 127.9, 127.29, 127.26, 126.4, 126.3, 125.3, 124.1, 124.2,
123.3,119.8, 119.5, 118.5, 118.0, 117.9, 43.5, 34.3, 30.3; FT-IR (thin film, neat): 3634, 2956,
1644, 1547, 1232, 1118, 748, 665 cm™; HRMS (ESI): m/z calcd for Ca1HasN20, [M+H]*
595.3325; found : 595.3321.

{3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)-pyrrolo[1,2-a]quinolin-2-yl}-
[4-(trifluoromethyl)-phenyl]-methanone (43e)

1 The reaction was performed at 0.0868 mmol scale of 40b; Rf=0.3 (5%
EtOAc in hexane); brown solid (31.2 mg, 61% yield); m. p. = 166-168
°C; 'H NMR (400 MHz, CDCl3) 6 9.35 (d, J = 8.6 Hz, 1H), 7.73 (d, J
= 8.0 Hz, 2H), 7.61 — 7.59 (m, 1H), 7.53 — 7.49 (m, 1H), 7.38 — 7.33
J (m, 3H), 7.32 — 7.30 (m, 1H), 6.95 (d, J = 9.4 Hz, 1H), 6.88 (s, 2H),
4.98 (s, 1H), 2.96 (s, 6H), 1.30 (s, 18H); *C{*H} NMR (100 MHz, CDCls) § 193.8, 152.4,
143.2, 141.0 (9, Jcr = 4.1 Hz), 135.7, 135.3, 133.0 (g, Jc-F = 32.3 Hz), 130.2, 128.2, 127.5,
127.4, 126.4, 125.0, 124.6 (d, Jc-r= 3.7 Hz), 124.4, 123.7 (q, Jc-r = 271.0 Hz), 123.6, 120.2,
118.9, 118.3, 118.15, 118.11, 43.3, 34.2, 30.2; *F{*H} NMR (376 MHz, CDCl3) § —63.21;
FT-IR (thin film, neat): 3632, 2965, 1649, 1390, 1263, 1123, 736, 668 cm™*; HRMS (ESI): m/z
calcd for C3gHzsF3N202 [M+H]* : 587.2885; found : 587.2883.

{3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)-pyrrolo[1,2-a]quinolin-2-yl]-
(4-nitrophenyl)-methanone (43f)

The reaction was performed at 0.0868 mmol scale of 40b; Rf=0.4 (10%
EtOAc in hexane); dark brown solid (28.4 mg, 58% yield); m. p. = 186—
188 °C; 'H NMR (400 MHz, CDCl3) 6 9.33 (d, J = 8.6 Hz, 1H), 7.94 —
7.91 (m, 2H), 7.75 - 7.73 (m, 2H), 7.61 — 7.59 (m, 1H), 7.54 — 7.49 (m,
1H), 7.39 — 7.35 (m, 1H), 7.29 — 7.27 (m, 1H), 6.97 — 6.95 (m, 1H),
6.87 (s, 2H), 4.99 (s 1H), 2.95 (s, 6H), 1.29 (s, 18H); 3C{*H} NMR (100 MHz, CDCls) ¢
193.0,152.5, 149.2, 144.1, 143.3, 135.9, 135.3, 130.7, 128.2, 127.6, 127.4, 126.4, 124.9, 124.6,
123.8,122.7,120.5, 118.6, 118.2, 118.1, 118.0, 43.2, 34.3, 30.3; FT-IR (thin film, neat): 3632,
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2957, 1653, 1523, 1347, 1264, 1148, 894, 738 cm™*; HRMS (ESI): m/z calcd for C3sH3sN3Oa
[M+H]" : 564.2862; found : 564.2853.

(3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-(dimethylamino)pyrrolo[1,2-a]quinolin-2-y1)(6-
methoxynaphthalen-2-yl)methanone (43g)

The reaction was performed at 0.087 mmol scale of 40b; Rf = 0.4
(10% EtOAc in hexane); brown solid (43.2 mg, 83% yield); H
NMR (400 MHz, CDClIs) ¢ 9.37 (d, J = 8.6 Hz, 1H), 8.00 (s, 1H),
7.90 (dd, J = 8.6, 1.6 Hz, 1H), 7.60 (dd, J = 7.8, 1.3 Hz, 1H), 7.55
] —7.53 (m, 1H), 7.51 — 7.48 (m, 2H), 7.39 — 7.33 (m, 2H), 7.05 —
7.00 (m, 2H), 6.97 — 6.94 (m, 3H), 4.78 (s, 1H), 3.89 (s, 3H), 2.95 (s, 6H), 1.19 (s, 18H);
BC{*H} NMR (100 MHz, CDCls) ¢ 195.1, 159.5, 152.1, 142.2, 136.8, 135.5, 135.4, 134.2,
133.0, 131.0, 130.0, 128.0, 127.5, 127.3,127.1, 126.4, 126.3, 125.8, 125.4, 124.1, 123.3, 119.7,
119.1, 118.5, 118.1, 118.0, 105.6, 55.5, 43.6, 34.2, 30.2; FT-IR (thin film, neat): 3628, 2957,
1642, 1621, 1449, 1359, 1264, 1172, 1030, 733, 703 cm™; HRMS (ESI): m/z calcd for
Ca0Ha3N203 [M+H]" : 599.3274; found : 599.3272.

benzofuran-2-yl-{3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)-pyrrolo[1,2-
a]quinolin-2-yl}-methanone (43h)

1 The reaction was performed at 0.0868 mmol scale of 40b; Rt = 0.4 (10%
EtOAc in hexane); brown solid (30.1 mg, 62% yield); m. p. = 178-170
°C;'H NMR (400 MHz, CDCls) § 9.33 (d, J = 8.6 Hz, 1H), 7.60 — 7.58
(m, 1H), 7.51 - 7.47 (m, 1H), 7.43 — 7.38 (m, 2H), 7.37 — 7.27 (m, 3H),
J 7.16-7.13(m, 1H), 7.09 (s, 2H), 7.04 (s, 1H), 6.96 — 6.94 (m, 1H), 4.86
(s 1H), 2.96 (s, 6H), 1.26 (s, 18H); *C{*H} NMR (100 MHz, CDClIs) ¢ 183.6, 155.3, 153.9,
152.3,143.0,135.8, 135.4,128.1, 127.5,127.4,127.1, 126.7, 126.4, 125.5, 124.3, 123.6, 123.5,
122.8,120.1,118.6,118.5,118.1,117.9, 114.9, 112.2, 43.4, 34.2, 30.3; FT-IR (thin film, neat):
3634, 2956, 1628, 1522, 1435, 1356, 1262, 1157, 874, 736 cm™; HRMS (ESI): m/z calcd for
Ca7H39N203 [M+H]" : 559.2961; found : 559.2957.

benzo[b]-thiophen-2-ylI-{3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)-
pyrrolo[1,2-a]quinolin-2-yl}-methanone (43i)

The reaction was performed at 0.0868 mmol scale of 40b; Rf = 0.4 (10% EtOACc in hexane);
brown solid (32.4 mg, 65% yield); m. p. = 184-186 °C; *H NMR (400 MHz, CDCls) 6 9.34 (d,

108



J =8.6 Hz, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.61 — 7.59 (m, 1H), 7.52 —
7.46 (m, 2H), 7.42 — 7.40 (m, 1H), 7.37 — 7.33 (m, 2H), 7.31 (s, 1H),
7.24 —7.20 (m, 1H), 7.10 (s, 2H), 6.98 —6.96 (m, 1H), 4.89 (s, 1H), 2.95
(s, 6H), 1.27 (s, 18H); BC{*H} NMR (100 MHz, CDCls3) ¢ 188.8, 152.3,
145.1, 142.3, 142.0, 139.1, 135.9, 135.4, 133.1, 128.1, 127.4, 127.0
(ZC) 126.3, 125.7, 125.4, 124.6, 124.2, 123.4, 122.7, 120.0, 119.1, 118.5, 118.0, 117.6, 43.6,
34.3, 30.3; FT-IR (thin film, neat): 3632, 2953, 1631, 1521, 1432, 1238, 1152, 1093, 856, 743
cm®; HRMS (ESI): m/z caled for Cs7H3gN202S [M+H]* : 575.2732; found : 575.2734.

{3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)-pyrrolo[1,2-a]-quinolin-2-yl}-
(ferrocenyl)-methanone (43j)

) The reaction was performed at 0.0868 mmol scale of 40b; Rt = 0.4 (5%
EtOAc in hexane); brown solid (28.3 mg, 52% vyield); m. p. = 186-188
°C; 'H NMR (400 MHz, CDCls) § 9.23 (d, J = 8.6 Hz, 1H), 7.58 — 7.55
(m, 1H), 7.48 — 7.44 (m, 1H), 7.36 — 7.30 (m, 2H), 7.10 (s, 2H), 6.89 (d, J
= 9.4 Hz, 1H), 5.06 (s, 1H), 4.49 (t, J = 1.9 Hz, 2H), 4.17 (t, J = 1.9 Hz,
2H), 3.96 (s, 5H), 2.96 (s, 6H), 1.39 (s, 18H); *C{*H} NMR (100 MHz, CDCls) 6 199.1, 152.5,
140.30, 135.5, 135.4, 128.0, 127.7, 127.1, 126.4, 125.7, 123.9, 123.4, 120.9, 119.3, 118.6,
117.8,117.6,83.0, 71.3, 70.7, 69.5, 43.3, 34.4, 30.5; FT-IR (thin film, neat): 3633, 2955, 2873,
1636, 1452, 1354, 1026, 892, 787 738 cm™’; HRMS (ESI): m/z calcd for CagHazFeN20, [M+H]*
1 627.2674; found : 627.2670.
{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-8-methylindolizin-2-yl}-

(phenyl)-methanone (43k)

( OH 1 The reaction was performed at 0.097 mmol scale of 40c; Rt = 0.3 (5%
Bu EtOAc in hexane); brown solid (38.1 mg, 81% yield); m. p. = 168-170
°C; 'H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 7.0 Hz, 1H), 7.54 — 7.52
(m, 2H), 7.26 — 7.21 (m, 1H), 7.11 - 7.08 (m, 2H), 6.86 (s, 2H), 6.50 (t,
J=6.9 Hz, 1H), 6.41 - 6.39 (m, 1H), 4.87 (s, 1H), 2.83 (s, 6H), 2.05 (s,
3H), 1.27 (s, 18H); 13C{lH} NMR (100 MHz, CDCls) ¢ 196.6, 152.0, 139.4, 135.2, 134.0,
131.7, 130.2, 129.8, 129.0, 127.5, 126.6, 123.7, 120.2, 119.9, 117.9, 115.3, 110.8, 43.5, 34.2,
30.3, 20.8; FT-IR (thin film, neat): 3635, 2955, 1733, 1647, 1522, 1448, 1399, 1236, 1155, 758
cmt; HRMS (ESI): m/z calcd for Ca2H3gN20, [M+H] *: 483.3012; found : 483.2995.
{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-8-fluoroindolizin-2-y1}-

NMe

2

(phenyl)-methanone (43l)
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The reaction was performed at 0.096 mmol scale of 40d; Rt = 0.4 (5% EtOACc in hexane);
OH brown solid (33.0 mg, 70% vyield); m. p. = 124-126 °C; 'H NMR (400
MHz, CDCls) 6 7.89 (d, J = 7.0 Hz, 1H), 7.64 — 7.62 (m, 2H), 7.29 — 7.26
(m, 1H), 7.12 (t, J = 7.8 Hz, 2H), 6.97 (d, J = 2.9 Hz, 2H), 6.51 — 6.47
(m, 1H), 6.37 — 6.32 (m, 1H), 4.92 (s, 1H), 2.84 (s, 6H), 1.29 (s, 18H);
) B3C{'H} NMR (100 MHz, CDCls) 6 195.4, 156.1 (d, Jcr = 249.5 Hz),
152.2, 138.4, 136.9, 134.6, 132.2, 130.0, 127.8 (d, Jcr = 2.2 Hz), 127.6, 125.1, 119.9, 118.2
(d, Je.r= 4.1 Hz), 115.3 (d, Jc.r = 31.4 Hz), 114.4 (d, Jc.r = 4.7 Hz), 109.7 (d, Jc.r= 7.9 Hz),
100.0 (d, Jc-r= 18.9 Hz), 43.4, 34.2, 30.3; F{*H} NMR (376 MHz, CDCl3) & —121.52; FT-
IR (thin film, neat): 3634, 3469, 2956, 1732, 1646, 1598, 1448, 1354, 1295, 1120, 1071, 1042,
887,692 cm™*; HRMS (ESI): m/z calcd for Cz1HasFN2O, [M+H]* : 487.2761; found : 487.2758.
(7-chloro-1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-2-

L NM62

yD)(phenyl)methanone (43m)

( OH 1 The reaction was performed at 0.0909 mmol scale of 40e; Rt =0.4 (5%
EtOAc in hexane); brown gummy solid (31.2 mg, 68% yield); 'H
NMR (400 MHz, CDCls) ¢ 8.01 (d, J = 7.2 Hz, 1H), 7.67 — 7.65 (m,
2H), 7.47 (s, 1H), 7.32 — 7.28 (m, 1H), 7.14 (t, J = 7.8 Hz, 2H), 6.92
\ ] (s, 2H), 6.55 (d, J = 6.8 Hz, 1H), 4.97 (s, 1H), 2.85 (s, 6H), 1.31 (s,
18H); ¥C{*H} NMR (100 MHz, CDCls) ¢ 195.3, 152.2, 138.6, 135.7, 132.3, 130.1, 128.9,
127.7, 127.5, 126.8, 125.2, 122.6, 119.4, 119.3, 117.3, 114.5, 113.0, 43.5, 34.3, 30.3; FT-IR
(thin film, neat): 3632, 3442, 2958, 1732, 1436, 1303, 1236, 1036, 838, 637 cm™!; HRMS (ESI):
m/z calcd for C31HzsCIN202 [M+H]" : 503.2465; found : 503.2468.

Cl

NMez

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-5-methylindolizin-2-yl}-
(phenyl)-methanone (43n)

The reaction was performed at 0.0969 mmol scale of 40f; Rt = 0.4 (5%
EtOAc in hexane); brown solid (18.1 mg, 38% yield); m. p. = 142-144 °C;
'H NMR (400 MHz, CDCls) 6 7.64 — 7.62 (m, 2H), 7.42 — 7.40 (m, 1H),
7.27-17.23 (m, 1H), 7.10 (t, J = 7.8 Hz, 2H), 6.94 (s, 2H), 6.60 — 6.56 (m,
1H), 6.28 — 6.27 (m, 1H), 4.91 (s, 1H), 2.86 (s, 3H), 2.84 (s, 6H), 1.29 (s,
18H); *C{*H} NMR (100 MHz, CDCls) ¢ 196.1, 151.9, 138.8, 137.5, 135.5, 135.2, 131.9,
130.0, 127.6, 127.0, 126.0, 125.8, 121.6, 118.0, 117.0, 115.1, 113.8, 45.5, 34.3, 30.3, 20.8; FT-
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IR (thin film, neat): 3634, 2954, 1732, 1446, 1352, 1238, 1152, 756 cm™'; HRMS (ESI): m/z
calcd for Cs2Hz9N202 [M+H]™ : 483.3012; found : 483.3010.

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-5-methoxyindolizin-2-yl1}-
(phenyl)-methanone (430)

( OH 1 The reaction was performed at 0.0922 mmol scale of 40g; Rs = 0.4 (10%
EtOAc in hexane); yellow solid (16.2 mg, 35% vyield); m. p. = 146-148
°C; 'H NMR (400 MHz, CDCls) § 8.04 (d, J = 7.1 Hz, 1H), 7.69 — 7.65
(m, 2H), 7.51 (d, J = 9.0 Hz, 1H), 6.98 (s, 2H), 6.68 — 6.64 (m, 1H), 6.63
L OMe —6.60 (m, 2H), 6.59—6.55 (m, 1H), 4.95 (s,1H), 3.72 (s,3H), 2.84 (s,6H),
1.31 (s, 18H); 1:*’C{lH} NMR (100 MHz, CDCls) 6 194.3, 162.9, 151.8, 135.6, 135.1, 132.5,
131.9,126.8,126.0,124.1,121.7,118.9,117.5,114.2,112.9 (2C), 111.3,55.4, 43.5, 34.3, 30.3;
FT-IR (thin film, neat): 3628, 2958, 1644, 1451, 1263, 1171, 1033, 858, 734 cm™!; HRMS
(ESI): m/z calcd for Ca2HzsNaN20s [M+Na]* : 521.2780; found : 521.2800.

(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)-6-methylindolizin-2-
yl)(phenyl)methanone (43p)

The reaction was performed at 0.0969 mmol scale of 40h; Rf= 0.4 (10%
EtOAc in hexane); light brown gummy solid (36.5 mg, 78% vyield); *H
NMR (400 MHz, CDCl3) 6 7.85 (s, 1H), 7.66 — 7.64 (m, 2H), 7.42 (d, J
=9.2 Hz, 1H), 7.28 — 7.24 (m, 1H), 7.12 — 7.08 (m, 2H), 6.93 (s, 2H),
6.55 (d, J = 9.1 Hz, 1H), 4.92 (s, 1H), 2.85 (s, 6H), 2.29 (s, 3H), 1.29
(s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 195.6, 151.8, 138.9, 135.5, 135.3, 132.0, 130.2,
127.6,126.9, 126.0, 123.3, 121.2, 120.9, 118.9, 118.5, 118.4, 114.5, 43.4, 34.3, 30.3, 18.8; FT-
IR (thin film, neat): 3633, 2956, 1732, 1646, 1524, 1446, 1386, 1238, 1154, 754 cm™; HRMS
(ESI): m/z calcd for C32H3gN202 [M+H]* : 483.3012; found : 483.3009.

2

(6-chloro-1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-2-
yl)(phenyl)methanone (43q)

( Y The reaction was performed at 0.0909 mmol scale of 40i; Rf = 0.4 (5%
EtOAc in hexane); brown solid (30.2 mg, 66% yield); m. p. = 152-154
°C;'H NMR (400 MHz, CDCls) 6 8.09 (d, J = 0.8 Hz, 1H), 7.65 — 7.62
(m, 2H), 7.43 (d, J = 9.5 Hz, 1H), 7.30 — 7.26 (m, 1H), 7.14 — 7.10 (m,
2H), 6.91 (s, 2H), 6.62 (dd, J = 9.5, 1.8 Hz, 1H), 4.96 (s, 1H), 2.83 (s,
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6H), 1.28 (s, 18H); *C{*H} NMR (100 MHz, CDCl3) § 195.2, 152.2, 138.5, 135.8, 135.7,
132.3, 130.1, 127.7, 126.8, 125.2, 122.5, 120.3, 119.7, 119.3, 119.2, 119.1, 116.0, 43.4, 34.3,
30.3; FT-IR (thin film, neat): 3632, 2958, 1524, 1446, 1357, 1235, 1086, 743 cm™*; HRMS
(ESI): m/z calcd for Ca1H3sCIN202 [M+H]* : 503.2465; found : 503.2466.

(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)-6-fluoroindolizin-2-
yl)(phenyl)methanone (43r)

( OH 1 The reaction was performed at 0.096 mmol scale of 40j; Rf = 0.4 (10%

Bu EtOAc in hexane); brown solid (29.6 mg, 63% yield); m. p. = 126-128
°C; 'H NMR (400 MHz, CDCls) 6 8.00 (dd, J = 5.2, 1.8 Hz, 1H), 7.65
—7.63 (m, 2H), 7.46 (dd, J =9.8, 5.5 Hz, 1H), 7.29 — 7.25 (m, 1H), 7.12
F 2 (t, J =7.9 Hz, 2H), 6.91 (s, 2H), 6.63 — 6.58 (m, 1H), 4.95 (s, 1H), 2.84
(}, 6H), 1.28 (s, 18I:I); BC{*H} NMR (100 MHz, CDCls) 6 195.2, 154.2 (d, Jc.r = 233.4 Hz),
152.2, 138.6, 136.5 (d, Jc.r = 2.6 Hz), 135.7, 132.2, 130.1, 127.7, 126.9, 125.4, 122.3, 120.2
(d, Jc-Fr = 9.3 Hz), 119.4 (d, Jc-r = 2.5 Hz), 116.2, 110.5 (d, Jcr = 26.9 Hz), 107.4 (d, JcF =
41.6 Hz), 43.2, 34.3, 30.3; ®F{*H} NMR (376 MHz, CDCls) & —141.24; FT-IR (thin film,
neat): 3632, 3442, 2958, 1732, 1520, 1434, 1352, 1258, 1015, 892, 736 cm™; HRMS (ESI):
m/z calcd for C31HzsFN202 [M+H]" : 487.2761; found : 487.2766.

{6-bromo-1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-indolizin-2-yl}-
(phenyl)-methanone (43s)

The reaction was performed at 0.0801 mmol scale of 40k; R = 0.2 (5%
EtOAc in hexane); brown solid (30.1 mg, 68% vyield); m. p. = 178-180
°C; 'H NMR (400 MHz, CDCl3) 6 8.19 (d, J = 0.7 Hz, 1H), 7.64 — 7.61
(m, 2H), 7.39 — 7.36 (m, 1H), 7.30 — 7.26 (m, 1H), 7.11 (t, J = 7.9 Hz,
2H), 6.90 (s, 2H), 6.72 — 6.69 (m, 1H), 4.95 (s, 1H), 2.83 (s, 6H), 1.28
(s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 195.2, 152.2, 138.5, 135.7, 132.3, 130.1, 128.0,
127.7, 126.9, 125.2, 122.5, 121.6, 121.1, 119.9, 119.1, 116.1, 107.2, 43.4, 34.3, 30.3; FT-IR
(thin film, neat): 3630, 2961, 1648, 1523, 1357, 1262, 1012, 893, 738 cm™; HRMS (ESI): m/z
calcd for C31HzsBrN20O2 [M+H]* : 547.1960; found : 547.1942.
(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)-6-(trifluoromethyl)indolizin-
2-yl)(phenyl)methanone (43t)

The reaction was performed at 0.0825 mmol scale of 401; Rs = 0.4 (5% EtOAc in hexane); light
brown gummy solid (27.1 mg, 61% vyield); *H NMR (400 MHz, CDCls) 6 8.42 (s, 1H), 7.65 —
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7.63 (m, 2H), 7.56 (d, J = 9.4 Hz, 1H), 7.30 (t, J = 7.4 Hz, 1H), 7.14 (t,
J=7.7Hz, 2H), 6.93 (s, 2H), 6.78 — 6.75 (m, 1H), 4.99 (s, 1H), 2.85 (s,
6H), 1.29 (s, 18H); C{*H} NMR (100 MHz, CDCls) ¢ 195.1, 152.4,
138.3, 136.8, 135.8, 132.5, 130.1, 127.8, 126.8, 124.9, 124.4 (q, Jcr=
268.9 Hz), 123.5, 121.1 (q, Jcr = 6.5 Hz), 120.5, 119.9, 116.2, 115.7
(9, Jo.r = 33.2 Hz), 113.1 (q, Jc-r = 2.4 Hz), 43.6, 34.3, 30.2; ®F{'H} NMR (376 MHz, CDCl5)
8 —62.74; FT-IR (thin film, neat): 3633, 2964, 1649, 1324, 1262, 1154, 736 cm™; HRMS (ESI):
m/z calcd for C32H3sF3N202 [M+H]* : 537.2729; found : 537.2744.

2

{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-6-phenylindolizin-2-
yl)(phenyl)methanone (43u)

The reaction was performed at 0.1077 mmol scale of 40m; Rt = 0.4 (5%
EtOAc in hexane); pale yellow gummy solid (44.6 mg, 76% yield); H
NMR (400 MHz, CDClz) ¢ 8.29 (s, 1H), 7.71 —7.65 (m, 4H), 7.59 (d, J =
9.3 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.39 (t, J = 7.4 Hz, 1H), 7.28 (dd, J
=13.4, 6.0 Hz, 2H), 7.14 (t, J = 7.7 Hz, 2H), 6.99 (s, 2H), 4.96 (s, 1H),
2.89 (s, 6H), 1.32 (s, 18H); *C{*H} NMR (100 MHz, CDCls) ¢ 195.5, 152.0, 138.8, 138.7,
136.1, 135.6,132.1, 130.2, 129.1, 127.6, 127.5, 126.9, 126.8, 125.7, 125.6, 123.4,119.2, 119.1,
119.0, 118.6, 114.7, 43.5, 34.3, 30.3; FT-IR (thin film, neat): 3633, 2962, 2871, 1734, 1644,
1562, 1452, 1242, 706, cm™; HRMS (ESI): m/z calcd for Cs7HaiN202 [M+H]" : 545.3168;
found : 545.3173.

4-[2-benzoyl-1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-6-
yl]benzaldehyde (43v)

The reaction was performed at 0.100 mmol scale of 40n; Rt = 0.4 (10%
EtOAc in hexane); brown solid (37.0 mg, 64% yield); m. p. = 154-156
°C; 'H NMR (400 MHz, CDCls) 6 10.07 (s, 1H), 8.38 — 8.37 (m, 1H),
8.00 —7.98 (m, 2H), 7.83 (d, J = 8.3 Hz, 2H), 7.68 (dd, J = 8.2, 1.1 Hz,
2H), 7.61 (dd, J =9.4,0.8 Hz, 1H), 7.31 - 7.27 (m, 1H), 7.13 (t, J = 7.7
Hz, 2H), 7.01 (dd, J = 9.4, 1.6 Hz, 1H), 6.97 (s, 2H), 4.98 (s, 1H), 2.88 (s, 6H), 1.30 (s, 18H);
BC{'H} NMR (100 MHz, CDCls) ¢ 195.4, 191.9, 152.1, 144.8, 138.5, 136.4, 135.7, 135.3,
132.3,130.6, 130.1, 127.7,127.1, 126.8, 125.4, 124.2,123.3, 120.1, 119.7, 119.5, 117.6, 115.3,
43.6, 34.3, 30.3; FT-IR (thin film, neat): 3634, 2870, 1700, 1646, 1390, 1170, 890, 738 cm™;
HRMS (ESI): m/z calcd for CagHaiN203 [M+H]" : 573.3117; found : 573.3127.
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1,4-phenylenebis{[1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-2-
ylJmethanone} (43w)

The reaction was performed at 0.1141 mmol scale of 2ap; Rt = 0.4
(10% EtOACc in hexane); red solid (45.3 mg, 46% yield); m. p. =
156-158 °C; *H NMR (400 MHz, CDCls) 6 8.02 (d, J = 7.1 Hz, 2H),
7.45 (d, J = 9.0 Hz, 2H), 7.37 (s, 4H), 6.83 (s, 4H), 6.67 — 6.63 (m,
2H), 6.58 — 6.55 (m, 2H), 4.87 (s, 2H), 2.76 (s, 12H), 1.22 (s, 36H);
BC{*H} NMR (100 MHz, CDCls) ¢ 194.8, 151.9, 141.0, 135.6, 135.5, 129.2, 126.8, 125.5,
124.1,121.7,118.9, 118.4,117.7,114.3, 111.5, 43.3, 34.2, 30.2; FT-IR (thin film, neat): 3659,
3631, 2959, 1645, 1430, 1359, 1265, 1117, 738 cm™; HRMS (ESI): m/z calcd for CsgHe7N4O4
[M+H]" : 859.5162; found : 859.5160.

(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(diethylamino)indolizin-2-
yl)(phenyl)methanone (44a)

( on \ The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.4 (5%

Bu EtOAc in hexane); pale yellow gummy solid (38.6 mg, 76% yield); *H
NMR (400 MHz, CDCls) 6 8.27 (d, J = 7.1 Hz, 1H), 7.60 (d, J = 7.3 Hz,
2H), 7.50 (d, J = 9.0 Hz, 1H) 7.26 — 7.21 (m, 1H), 7.07 (t, J = 7.8 Hz,
2H), 6.94 (s, 2H), 6.68 (t, J = 6.4 Hz, 1H), 6.56 (t, J = 6.5 Hz, 1H), 4.90
(s, 1H), 3.18 (q, J = 7.0 Hz, 4H), 1.29 (s, 18H), 1.00 (t, J = 7.2 Hz, 6H); *C{*H} NMR (100
MHz, CDCls) ¢ 195.7, 151.8, 138.8, 135.5, 132.7, 131.9, 130.0, 127.5, 126.9, 126.0, 124.7,
122.3, 120.9, 118.7, 118.0, 115.1, 111.3, 49.6, 34.3, 30.3, 14.2; FT-IR (thin film, neat): 3634,
3446, 2958, 1758, 1436, 1303, 1250, 1036, 838, 636 cm™; HRMS (ESI): m/z calcd for
CasHuN202 [M+H]* : 497.3168; found : 497.3174.

NEt,

(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dibenzylamino)indolizin-2-
yl)(phenyl)methanone (44b)

( oH \ The reaction was performed at 0.102 mmol scale of 40a; R = 0.4 (5%
EtOAc in hexane); pale brown gummy solid (35.1 mg, 55% yield); *H
NMR (400 MHz, CDCls) 6 8.15 (d, J = 7.2 Hz, 1H), 7.50 — 7.48 (m, 2H),
7.40 (d, J = 9.0 Hz, 1H), 7.28 (dd, J = 7.6, 1.6 Hz, 4H), 7.24 — 7.20 (m,
4H), 7.18 — 7.16 (m, 3H), 7.06 (t, J = 7.7 Hz, 2H), 6.88 (s, 2H), 6.60
(ddd, J =9.0, 6.4, 0.8 Hz, 1H), 6.47 — 6.43 (m, 1H), 4.91 (s, 1H), 4.35
(d, 3 =10.3 Hz, 4H), 1.29 (s, 18H); BC{*H} NMR (100 MHz, CDCls) ¢ 196.0, 151.8, 139.0,
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138.7,135.5,133.2, 131.9, 130.3, 129.0, 128.3, 127.4, 127.2,127.0, 125.8, 124.5, 121.7, 120.7,
118.6, 118.0, 115.1, 111.5, 58.6, 34.3, 30.3; FT-IR (thin film, neat): 3632, 3442, 2956, 1758,
1434, 1303, 1250, 1034, 836, 634 cm™; HRMS (ESI): m/z calcd for CasHasN202 [M+H]* :
621.3481; found : 621.3493.

(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(pyrrolidin-1-yl)indolizin-2-
yl)(phenyl)methanone (44c)

( . \ The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (10%
EtOAc in hexane); brown gummy solid (27.0 mg, 53% yield); *H NMR
(400 MHz, CDCl3) 6 8.05 (d, J = 7.0 Hz, 1H), 7.64 (d, J = 7.4 Hz, 2H),
7.49 (d, J=9.2 Hz, 1H), 7.39 - 7.38 (m, 1H), 7.10 (t, J = 7.7 Hz, 2H), 6.95
| ] (s,2H),6.67 (t, J=6.8 Hz, 1H), 6.56 (t, J = 6.7 Hz, 1H), 4.91 (s, 1H), 3.27
(brs, 4H), 1.97 (brs, 4H), 1.29 (s, 18H); 3C{*H} NMR (100 MHz, CDCl3) ¢ 195.7, 151.9,
139.0, 135.5,132.0, 130.1, 129.2, 128.5, 128.4, 128.2, 128.0, 127.6, 126.9, 126.0, 122.2, 118.9,
111.4, 52.2, 34.3, 30.3, 25.9; FT-IR (thin film, neat): 3634, 3442, 2956, 1732, 1612, 1436,
1250, 1168, 1034, 638 cm™; HRMS (ESI): m/z calcd for CasH3gN202 [M+H]* : 495.3012; found
: 495.3017.

(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(piperidin-1-yl)indolizin-2-
yl)(phenyl)methanone (44d)

) The reaction was performed at 0.102 mmol scale of 40a; Rf = 0.4 (10%
EtOAc in hexane); brown gummy solid (29.2 mg, 56% vyield); *H NMR
(400 MHz, CDClIs) 6 8.05 (d, J = 7.1 Hz, 1H), 7.68 — 7.66 (m, 2H), 7.50 (d,
J=9.0 Hz, 1H), 7.30 — 7.26 (m, 1H), 7.12 (t, J = 7.8 Hz, 2H), 6.95 (s, 2H),
| | 6.69-6.65(m, 1H), 6.59 - 7.56 (m, 1H), 4.93 (s, 1H), 3.06 (brs, 4H), 1.71
—1.67 (m, 4H), 1.30 (s, 18H), 1.27 (brs, 2H); *C{*H} NMR (100 MHz, CDCl3) 6 195.9, 151.9,
138.8,135.5,135.0, 132.1, 130.2, 127.6, 126.8, 125.9, 124.2, 121.7, 118.9, 118.7, 117.6, 114.4,
111.3,52.2, 34.3,30.3, 27.2, 24.2; FT-IR (thin film, neat): 3634, 3442, 2958, 1754, 1732, 1610,
1516, 1432, 1320, 1252, 1176, 1034, 838, 636 cm™; HRMS (ESI): m/z calcd for CssHagN202
[M+H]" : 495.3012; found : 495.3010.

(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-morpholinoindolizin-2-yl)(phenyl)methanone
(44e):
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1 The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (10%
EtOAc in hexane); brown gummy solid (30.4 mg, 58% vyield); 'H NMR
(400 MHz, CDCls) §8.12 (d, J = 7.0 Hz, 1H), 7.67 (d, J = 7.8 Hz, 2H), 7.52
(d, J = 9.0 Hz, 1H), 7.31 — 7.27 (m, 1H), 7.13 (t, J = 7.6 Hz, 2H), 6.95 (s,
J 2H), 6.70 (t, J = 6.4 Hz, 1H), 6.60 (t, J = 6.8 Hz, 1H), 4.94 (s, 1H), 3.84
(brs 4H), 1.33 (d J=3.9 Hz, 4H), 1.28 (s, 18H); C{*H} NMR (100 MHz, CDCl3) ¢ 195.6,
152.0, 138.6, 135.6, 132.8, 132.3, 130.2, 127.7, 126.8, 125.6, 124.6, 121.4, 119.5, 119.0, 118.0,
114.6, 111.7, 68.1, 51.3, 34.3, 30.3; FT-IR (thin film, neat): 3634, 3442, 2956, 1732, 1612,
1436, 1250, 1036, 834, 638 cm™; HRMS (ESI): m/z calcd for CssHzgN20O3s [M+H]" : 511.2961;
found : 511.2966.

ethyl 1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)indolizine-2-carboxylate
(441)

( OH ) The reaction was performed at 0.102 mmol scale of 40a; Rt = 0.4 (5%
EtOAc in hexane); reddish brown gummy solid (32.3 mg, 72% yield); H
NMR (400 MHz, CDCls) ¢ 8.05 (d, J = 3.6 Hz, 1H), 7.38 (d, J = 8.9 Hz,
oet | 1H), 7.23 (s, 2H), 6.62 (s, 1H), 6.53 (t, J = 6.6 Hz, 1H), 5.18 (s, 1H), 4.22
NMe; | (g, J =7.1 Hz, 2H), 2.93 (s, 6H), 1.50 (s, 18H), 1.16 (t, J = 7.1 Hz, 3H);
BC{*H} NMR (100 MHz, CDCls) ¢ 166.4, 152.4, 135.4, 135.2, 126.9, 126.0, 125.4, 121.7,
119.0, 117.7, 114.4, 111.5, 111.2, 60.2, 42.8, 34.4, 30.6, 14.2; FT-IR (thin film, neat): 3640,
2956, 1706, 1617, 1447, 1262, 1179, 769, 662 cm™; HRMS (ESI): m/z calcd for C27H37N203
[M+H]" : 437.2804; found : 437.2796.

ethyl 6-bromo-1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)indolizine-2-

carboxylate (449)

r N The reaction was performed at 0.107 mmol scale of 40k; Rt = 0.4 (5%
EtOAc in hexane); pale yellow gummy solid (33.2 mg, 60% yield); *H
NMR (400 MHz, CDCls) 5 8.19 — 8.18 (m, 1H), 7.26 — 7.23 (m, 1H), 7.16
oet| (s, 2H), 6.65 (dd, J = 9.5, 1.7 Hz, 1H), 5.19 (s, 1H), 4.20 (q, J = 7.1 Hz,
Br NMe, 2H), 2.90 (s, 6H), 1.47 (s, 18H), 1.13 (t, J = 7.1 Hz, 3H); *C{*H} NMR
(100 MHz, CDCI;) 0 165.9, 152.7, 135.6, 135.3, 126.9, 125.3, 123.8, 121.6, 121.1, 120.0,
116.1, 111.8, 107.3, 60.4, 42.8, 34.5, 30.6, 14.2; FT-IR (thin film, neat): 3640, 2958, 1704,
1519, 1391, 1179, 892, 737 cm™; HRMS (ESI): m/z calcd for Cz7H36BrN203 [M+H]* :
515.1909; found : 515.1900.

116



ethyl 3-[3,5-di-tert-butyl-4-hydroxyphenyl]-1-(dimethylamino)pyrrolo[1,2-a]Jquinoline-
2-carboxylate (44h)

The reaction was performed at 0.101 mmol scale of 40b; Rs = 0.3 (5% EtOAc
in hexane); pale yellow gummy solid (34.0 mg, 69% yield); *H NMR (400
MHz, CDCls) § 9.31 (d, J = 8.6 Hz, 1H), 7.55 (dd, J = 7.7, 1.2 Hz, 1H), 7.50
—7.45 (m, 1H), 7.32 (t, J = 7.4 Hz, 1H), 7.23 (d, J = 9.4 Hz, 1H), 7.19 (s,
2H), 6.88 (d, J = 9.4 Hz, 1H), 5.19 (s, 1H), 4.20 (g, J = 7.1 Hz, 2H), 3.00 (s,
6H), 1.49 (s, 18H), 1.11 (t, J = 7.1 Hz, 3H); **C{*H} NMR (100 MHz, CDCl3) ¢ 166.4, 152.7,
142.0, 135.32 (d, J = 9.2 Hz), 128.1, 127.4, 127.0, 126.2, 125.6, 124.6, 124.2, 119.8, 118.5,
118.0, 117.8, 112.3, 60.3, 42.7, 34.5, 30.6, 14.2; FT-IR (thin film, neat): 3638, 2956, 1706,
1617, 1447, 1263, 1178, 768, 662 cm™; HRMS (ESI): m/z calcd for C3iH3oN203 [M+H]* :
487.2961; found : 487.2966.
{3-[dimethylamino]-1-(4-hydroxy-3,5-diisopropylphenyl)indolizin-2-

yl}(phenyl)methanone (44i)

( OH ) The reaction was performed at 0.1122 mmol scale of 400; Rt = 0.3 (5%
' ' EtOAc in hexane); red solid (36.0 mg, 73% yield); m. p. = 156-158
°C;'H NMR (400 MHz, CDCl3) ¢ 8.05 (d, J = 6.6 Hz, 1H), 7.72 (s, 1H),
7.70 (d, J = 1.3 Hz, 1H), 7.47 (d, J = 8.8 Hz, 1H), 7.30 — 7.26 (m, 1H),
7.13 (t, J =7.7 Hz, 2H), 6.86 (s, 2H), 6.71 — 6.63 (m, 1H), 6.58 (t, J =
6.5 Hz, 1H), 4.67 (s, 1H), 3.06 — 2.97 (m, 2H), 2.84 (s, 6H), 1.11 (d, J = 6.8 Hz, 12H); *C{*H}
NMR (100 MHz, CDCls) ¢ 195.9, 147.9, 138.6, 135.34, 135.30, 133.5, 133.4, 132.3, 130.3,
127.7,125.30, 125.29, 121.7, 118.85, 118.83, 114.0, 111.4, 43.5, 29.8, 27.0, 22.8; FT-IR (thin
film, neat): 3444, 2960, 1644, 1356, 1150, 892, 728, 691 cm™*; HRMS (ESI): m/z calcd for
Co9H33N202 [M+H]* : 441.2542; found : 441.2557.
{1-[3,5-di-tert-butyl-4-hydroxyphenyl]-3-(dimethylamino)-6-[(4-
methoxyphenyl)ethynyl]indolizin-2-yI}(phenyl)methanone (45)

NMeg

OH The reaction was performed at 0.1096 mmol scale of 43s; Rf = 0.3 (5%
EtOAc in hexane); dark brown solid (42.0 mg, 64% yield); m. p. = 124—
128 °C;*H NMR (400 MHz, CDCls) 6 8.30 (s, 1H), 7.69 — 7.64 (m, 2H),
7.52 — 7.48 (m, 2H), 7.45 (dd, J = 9.3, 0.7 Hz, 1H), 7.28 (t, J = 7.4 Hz,
1H), 7.13 (t, = 7.7 Hz, 2H), 6.94 (s, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.75
(dd, J=9.3, 1.4 Hz, 1H), 4.96 (s, 1H), 3.84 (s, 3H), 2.86 (s, 6H), 1.29 (s, 18H); *C{*H} NMR
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(100 MHz, CDCls) ¢ 195.3, 159.7, 152.1, 138.6, 135.9, 135.6, 133.1, 132.2, 130.1, 127.7,
126.8, 125.4, 124.9, 122.8, 120.3, 119.6, 118.6, 115.5, 115.4, 114.2, 108.1, 89.7, 86.1, 55.4,
43.5, 34.3, 30.3; FT-IR (thin film, neat): 3633, 2925, 1733, 1603, 1508, 1390, 1248, 1120, 791
cm™; HRMS (ESI): m/z calcd for CaoHa3sN203 [M+H]* : 599.3274; found : 599.3270.
{6-[4-chlorophenyl]-1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(dimethylamino)indolizin-
2-yl}(phenyl)methanone (46)

The reaction was performed at 0.1096 mmol scale of 43s; Rt = 0.4 (5%
EtOAc in hexane); brown solid (37.2 mg, 58% yield); m. p. = 134-136
°C;'H NMR (400 MHz, CDCls) § 8.25 (s, 1H), 7.68 (d, J = 8.0 Hz, 2H),
7.58 (d, J =8.6 Hz, 3H), 7.44 (d, J = 8.5 Hz, 2H), 7.29 (t, J = 7.4 Hz,
1H), 7.13 (t, J = 7.7 Hz, 2H), 6.97 (s, 2H), 6.93 (dd, J = 9.4, 1.5 Hz,
1H), 4.96 (s, 1H), 2.88 (s, 6H), 1.31 (s, 18H): *C{*H} NMR (100 MHz, CDCl3) § 195.4, 152.1,
138.7,137.2,136.2, 135.6, 133.4, 132.2, 130.1, 129.2, 128.0, 127.7 126.9, 125.6, 124.5, 123.3,
119.4, 119.3, 119.0, 118.1, 115.0, 43.5, 34.3, 30.3; FT-IR (thin film, neat): 3633, 2960, 2872,
1736, 1644, 1558, 1448, 1242, 734, 665 cm™; HRMS (ESI): m/z calcd for Ca7Ha0CIN2O;
[M+H]" : 579.2778; found : 579.2764.
{6-[4-(di(1H-indol-3-yl)methyl)phenyl]-1-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-
(dimethylamino)indolizin-2-yl}(phenyl)methanone (50)

1 The reaction was performed at 0.105 mmol scale of 43v; R = 0.2 (20%
EtOAc in hexane); reddish brown solid (55.2 mg, 66% yield); m. p. =
150-152 °C; 'H NMR (400 MHz, CDCls3) § 8.28 (s, 1H), 7.99 (d, J = 1.6
Hz, 2H), 7.72 — 7.70 (m, 2H), 7.59 — 7.56 (m, 3H), 7.46 (dd, J = 7.9, 5.1
! Hz, 4H), 7.36 (d, J = 8.1 Hz, 2H), 7.29 (d, J = 7.4 Hz, 1H), 7.22 — 7.18
Em, 2H), 7.15 (t, J - 7.7 Hz, 2H), 7.05 (dd, J = 11.1, 3.9 Hz, 2H), 7.01 - 6.98 (m, 3H), 6.69 (d,
J = 1.7 Hz, 2H), 5.97 (s, 1H), 4.97 (s, 1H), 2.88 (s, 6H), 1.32 (s, 18H); *C{*H} NMR (100
MHz, CDCls) ¢ 195.7, 151.9, 143.5, 138.8, 136.8, 136.3, 136.0, 135.6, 132.2, 130.2, 129.4,
127.6,127.1,126.9, 126.6, 125.8, 125.6, 123.8, 123.4, 122.1, 120.0, 119.5, 119.3, 119.1, 118.9,
118.8, 118.7, 114.6, 111.2, 43.5, 40.0, 34.3, 30.3; FT-IR (thin film, neat): 3632, 3414, 2926,
2870, 1640, 1450, 1235, 890, 739, 662 cm™; HRMS (ESI): m/z calcd for CssHs3sN4O2 [M+H]*
: 789.4169; found : 789.4125.
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'H NMR (400 MHz, CDCls) spectrum of (42a)

S16Z°T

86¥8'C —

8876’y —

92959
95959
1185°9
£965°9
2665°9
68699
1599
86999
50999
s129°9
0299
2899
76589
91TL
EbETL
0LzL
ovSbL
2eso'L
9959°, /
[
99092

£9K0'8~_
590'8 "

9560°L
5660°L
WIT'L
EPET'L

68V L
02sTL
0SST'L
209¢°L
vOLT'L
8S8C°L
688C°L
6167°L

e
e

i

e

f

o

730 725 720 715 7.10 7.05 7.00

7.35

f1 (ppm)

=781

=109

=001

= €01
€01

60T
17
02T

901

Foos

=507

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

B3C{*H} NMR (100 MHz, CDCls) spectrum of (42a)

9£8T°0€ —
TULTYE—

SebbEr —

£TH8'9L
66ST°LL W
mkfk

¥8SHTTT
oY PIT
0149°LTT
5009811\
79v6'8T1 =
9924 12T —
TESTHTT —
Leeg'szT—

mmoa.mNﬁ\
9019°/21 \
2991°0€T \
6vL0TET
1E5°5ET
1282861

6488'TST —

1$99°56T —

W

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

119



H NMR (400 MHz, CDCls3) spectrum of (42s)
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'H NMR (400 MHz, CDCls3) spectrum of (42w)
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'H NMR (400 MHz, CDCls) spectrum of (42af)
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IH NMR (400 MHz, CDCls3) spectrum of (42ai)
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H NMR (400 MHz, CDCls) spectrum of (43f)
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H NMR (400 MHz, CDCls) spectrum of (43j)
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'H NMR (400 MHz, CDCls) spectrum of (43Kk)
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H NMR (400 MHz, CDCls) spectrum of (43t)
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PE{IH} NMR (376 MHz, CDCls) spectrum of (43t)
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1BC{*H} NMR (100 MHz, CDCls) spectrum of (43u)
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Part B: Chapter 1

1. Copper-catalyzed Synthesis of Indolizine Containing Unsymmetrical

Triarylmethane Derivatives from 2-(2-Enynyl)pyridines

1.1 Introduction:

The triarylmethanes (TRAMS) are a class of compounds in which the central sp3-hybridized
carbon atom is linked to three aryl groups. The triarylmethanes could be symmetrically
substituted or asymmetrically substituted depending upon the kind of aryl groups attached
(Figure 1).

Symmetrically substituted Un-symmetrically substituted
triarylmethanes triarylmethanes

Figure 1: Symmetrically and asymmetrically substituted triarylmethanes (TRAMS).

In recent years, triarylmethanes (TRAMS) have emerged as important and integral

scaffolds in many pharmaceuticals and biologically active molecules.! Several of them possess
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Figure 2. Some biologically significant triarylmethanes (TRAMS)
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remarkable biological activities and exhibit important therapeutic applications? and are being
explored as anti-breast cancer,®® anti-viral,”® anti-TB agents,?® and anti-fungal agents.*
Furthermore, they are also known to possess significant cytotoxic activity against renal cancer
cells®® and lungs cancer cells* (Figure 2).

Besides the medicinal applications, molecules possessing triarylmethane motifs have
also found remarkable applications in various other fields, such as in the dye industry,*
materials science® and some triarylmethane derivatives have been utilized as metal ion
sensors® and fluorescent probes.® In addition, in bio-organic chemistry, triarylmethanes are

utilized to synthesize polyamide nucleic acid equivalents’ (Figure 3).

Pharmaceutical Fluorescent E
chemistry probes '

ED=(E)=CED

' Building l?locks NLO materials
! for dendrimers

Figure 3: Application of triarylmethanes (TRAMS) in different areas

1.2 Synthesis of Triarylmethanes:

Due to their remarkable chemical and pharmaceutical properties, triarylmethanes
(TRAMS) have gained significant attention and attracted the scientific community toward the
development of different easily accessible routes for the synthesis of triarylmethanes. Some of

the literature reports on the synthesis of (TRAMS) are discussed in this section.
1.2.1 Lewis acid/Bronsted acid-catalyzed Friedel-Crafts approach

Xu and co-workers reported a solvent-free Lewis acid-catalyzed Friedel-Crafts
alkylation approach for the synthesis of triarylmethanes.® A wide range of aromatic aldehydes
(2a) containing electron-poor and electron-rich substituents were reacted with electron-rich
arenes (2b) in the presence of a catalytic amount of AICI3 to undergo a Friedel-Crafts alkylation
reaction, and the resultant triarylmethanes (3) were isolated in moderate to good yields
(Scheme 1).
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E RZ R2 E
: CHO R2 O O ]
: AICI; (20 mol%) :
'+ R + r o .
' Solvent free :

I
2a 2b 3

= F, Cl, NO,, OMe; R? = SMe, OMe, NMe, Yields up to 77%

Scheme 1: Synthesis of triarylmethanes through Friedel-Crafts alkylation

Later, Jaratjaroonphong’s group disclosed a molecular iodine-catalyzed mild and
efficient Friedel-Crafts alkylation reaction to synthesize triarylmethanes.®® A wide range of
electron-rich arenes (2b) and aromatic aldehydes (2a) were reacted in the presence of 10 mol%
of iodine under open flask conditions. Almost in all cases, the corresponding triarylmethanes
(4) were isolated in good to excellent yields. Both electron-rich and electron-poor aromatic

aldehydes were tolerated under the optimized conditions (Scheme 2a).

CHO OMe
I> (10 mol%)
(a) R1- + R2
PhMe, air, rt
24-130 h
2a 2b

R' =F, Cl, NO,, OMe; R?= OMe

R 5 6 1,2-DCE, air, rt R 7

R=H, Me; X=0, S, NBoc
Ar, Ar' = aryl, heteroaryl

I
Fe\
fsl“c“/ =
tBU \’}( -
Ar
®

; NHBoc FeCl;.6H,0 Arl ;
: (b) D_< +  Ar-H (10 mol’%) J\/\>_( :
E X Ar ' > X Ar E

Scheme 2: Lewis acid catalyzed synthesis of triarylmethanes (TRAMS)
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The same group in 2016 reported an atom-economical room temperature synthesis
of heteroaryl-substituted TRAMs (7) utilizing FeCls-6H20 as the catalyst.’® The authors
proposed that the activation of the tert-butylcarbamate ester by the FeCls catalyst forms the
complex 5a, which leads to the expulsion of tert-butyl carbamate from 5 to generate the
intermediate 5b followed by the nucleophilic addition of the heteroarene 6 to produce the

desired triarylmethane product 7 (Scheme 2b).

You and co-workers described a Brgnsted acid-catalyzed Friedel-Crafts alkylation
reaction for the synthesis of unsymmetrical triarylmethanes.’® Varieties of o-(3-
indolyl)benzylamines (6) underwent Friedel-Crafts alkylation reaction with N-methylindole
(7) in the presence of a catalytic amount of phosphorodiamidic acid 8 to afford the

corresponding triarylmethanes (9) in good to excellent yields (Scheme 3).

E Ar! RN Ar!
' NHTs N OH N
: 8 9 :
E N N Toluene. rt N :
1 H \ H :
' Me .
: 6 7 9 5

R'= H, OMe, Me, Br etc.; Ar' = electron-rich/poor aryl yields up to 98% :

Scheme 3: Brgnsted acid catalyzed Friedel-Crafts alkylation approach

Panda and co-workers developed a Friedel-Craft alkylation of diarylcarbinols for the
synthesis of unsymmetrical triarylmethanes.!! Different diarylcarbinols (10) reacted with
electron-rich arenes (11) in presence of conc. H2SOa/anhy.AlCls to furnish the corresponding

triarylmethanes (12) in good yields (Scheme 4).

» Panda and coworkers (2005, 2007, 2013)

; OH Conc. H,SO,4 / anhy. AICI, Ar®
; +  ARH > I
vOACTT AR benzene, 60 °C AT A2
: 10 1 12 ;
i Ar' = aryl Ar® = electron rich aryl yields up to 76%

Ar? = aryl, heteroaryl

Scheme 4: Brgnsted acid catalyzed synthesis of triarylmethanes (TRAMS)
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Later, Chakravarty and co-workers reported a triflic acid catalyzed Friedel-Crafts
benzylation reaction of secondary benzylic phosphates and arenes.*? A wide range of electron-
rich and electron-poor secondary benzylic phosphates (13) reacted efficiently with arenes (11)
to produce the subsequent unsymmetrical triarylmethanes (12) in good to excellent yields.

Interestingly, no external solvent was required for this transformation (Scheme 5).

E Chakravarty and co-workers (2016) :
: 0 :
' n_OEt
5 0" “OEt TfOH (20 mol%) Ar® :
; 2 +  ArPH —> :
: AT A2 rt, 2-30 min AT AR
; 13 1 12 5
E Ar' = Ar? = aryl Ar® = aryl, heteroaryl yields up to 93%

Scheme 5: Friedel-Crafts benzylation of phosphates with arenes

In 2008, Tian’s group developed a bismuth catalyzed Friedel-Crafts alkylation
approach for the synthesis of symmetrical triarylmethanes.'®* A wide range of N-tosylimines
(14), derived from aromatic aldehydes, were reacted efficiently with electron-rich arenes (11)
to produce the resultant symmetrical triarylmethanes (15) in a highly regioselective manner
(Scheme 6).

E Tian and co-workers (2008)

: NTs Bix(SOy4)3 (2-10 mol%) Ar?

: JJ\ * Ar-H ol J\ E

rAfT H TMSCI, DCM, rt AT AR

) 2 1
14 11 15 '

LA = aryl Ar? = electron rich aryl yields up to 99% .

Scheme 6: Bi-catalyzed Friedel-Crafts reactions for the synthesis of symmetrical

triarylmethanes

In recent years, quinone methides (QMs) are being utilized as very good precursors for
the synthesis of triarylmethane derivatives. For example, Schneider’s group accomplished a
fascinating approach for the synthesis of chiral triaylmethanes using chiral phosphoric acid as
a hydrogen bonding catalyst.1* A library of 2-naphthols (18) and indoles (7) were subjected to

Friedel-Crafts alkylation reaction with o-quinone methides precursors (16), respectively
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under the optimized conditions and, in most of the cases, the resultant triarylmethanes (19 &

20) were isolated in good to excellent yields with excellent ee (Scheme 7).

i+ Schneider and co-workers (2014)

3 i
AT
R2 O R®=H, Br, OMe, etc. HO ]

: 19 yields up to 99% !
: OH 17 (5 mol%)

1 é

;R O DCM, rt r2

- 0

R'=H, OMe, Bu

ee up to 99%
H
’ hal &
o
|

IBU —_—
R? = Me, OMe, Ph, Br, F, etc. ]
R4 \ R
7 20
R%=H Me. Br. CN. efc. yields up to 90%

eeupto 97% !

Scheme 7: Chiral phosphoric acid catalyzed synthesis of unsymmetrical triarylmethanes

Very recently, another interesting methodology was disclosed by Xu and co-workers
for the synthesis of enantiomerically-enriched triarylmethanes using a chiral bifunctional
amine-squaramide catalyst.’> An array of 2-[phenyl(tosyl)methyl]phenol derivatives (21) were
reacted with 2-naphthols (18) in presence of chiral catalyst (22) in an oil-water biphasic
medium to furnish the triarylmethanes (32) in good to excellent yields with excellent ee. The
authors believe that oil-water biphasic medium actually increases the effectiveness of the

catalytic medium (Scheme 8).

! Xu and co-workers (2017) ' \/bj
: A OH Ar O NG S 0
b Ts OH K,c0; (2.5 mol%) - : j\:ﬁ

'R + R2 R! O O . AFHN N

i OH 22 (5 mol%) HO E H

. 18

Y

f N
DCM, H,0, rt '

21 23 ' 22 —N
: yields up to 97%
i R'=H, OMe, CI, F, Br, etc. ee up to 97% :
' R? = 3-Br, 6-Br, 7-Br; Ar = aryl. Ar! = 3 5(bistrifluoromethylphenyl) E

Scheme 8: Synthesis of chiral triarylmethanes in oil-water phase
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Sun and co-workers developed a chiral phosphoric acid catalyzed synthesis of
enantiomerically enriched triarylmethanes from an in situ generated para-quinone methides.'®
In presence of chiral phosphoric acid (25), 2-naphthols (18) underwent 1,6-conjugate addition
reactions to in situ generated p-QMs from a variety of 4-hydroxybenzyl alcohols (24) to afford
the chiral triarylmethanes (26) in excellent yields with very good enantioselectivity (Scheme

9).

+ Sun and co-workers (2016)

Ar

/@)\OH 1OH 25 (10 mol%) _
' + R -
HO CPME, 4A MS, rt HO
: 24 18 26 ;
Ar = aryl, heteroaryl yields up to 99%
i R"=H, OMe, Br, etc. ee up to 93% '

Scheme 9: Chiral Brgnsted acid catalyzed synthesis of triarylmethanes

Indolylmethanols (27) are considered as versatile building blocks for the synthesis of
biologically relevant indole derivatives. In 2017, Shi and co-workers synthesized a variety of
bis(indolyl)methanes 28 and 3,3’-bisindole derivatives 29 in excellent yields and high
regioselectivities by the regioselective arylation of 2-indolylmethanols (27) and indoles (7)
employing catalytic amount of TSOH.!” The regioselectivity resulted from the existence of the

bulky substituent at the C-3 position of 2-indolyl methanol 27. When R=H the product 28

Shi and co-workers (2017) R=Ar :
: Abnormal regioselective ! :
substitution : ® R !

: : N Ar

' H !

TSOH (10 mol%)

-

y

; CH4CI, 0 °C

: carbocation B .
oH 31 H
IR e Y — 5
: N Ar N Via :
' H H :
! 27 7 _ :
5 R'=R2 = H, Me, Br, F etc. . NH | R !
. R = H or alkyl, aryl TsOH (20 mol /°)= : m<® :
5 Ar = Aryl CH4Cl, 0 °C ; N A
R=H ' carbocation A
; Normal regioselective 30 :

substitution

Scheme 10: Regioselective synthesis of bis(indolyl)methanes and 3,3'-bisindole derivatives

from indolylmethanols.
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bis(indolyl)methane  (normal pathway) was the only product formed via
vinyliminium/carbocation intermediate 30; whereas when R = Ar, then 3,3’ bisindole 29
became the sole product, formed via carbocation intermediate 31 (abnormal pathway) [Scheme
10].

Mei and co-workers in 2018 utilized catalytic amounts of racemic BINOL phosphoric
acid (34) to synthesize diverse indolyl-substituted triarylmethane derivatives (33) in moderate
to excellent yields.*® According to the authors, the reaction is believed to advance through a
cascade catalytic dehydration of 32 to generate the carbocation intermediate 32a followed by
the nucleophilic addition of indole 7 to form the desired triarylmethane 33 and, thereby,
creating structurally diverse indolyl-substituted triarylmethanes with substituents at the remote
C4 position (Scheme 11).

: Mei and co-workers (2018) : .

oy oo

E (1omol%) AN N Ar o OH!

: gl : o~ Xp !

: 1,2-DCE, 70 °C O : OO :
33

' /4 ' '
. 32 7 N . :
e " = T
: Yields up to 97% :
Ar Ar: .
: ‘ ® | :
. A\ - 6 :
: B / '
] N N 1
. H H '
: | 32a 32b

Scheme 11: Synthesis of indolyl-substituted triarylmethanes via Brgnsted acid-catalysis

In 2015 Xiong and co-workers developed the synthesis of triarylmethane derivatives
(37) in excellent yields and regioselectivities via a synergistic metal-free benzylation of
(hetero)arenes (36) with benzyl bromide 35 utilizing BFs-H2O/BF3-HX in toluene under an
open atmosphere. BF3-Et.O alone was unable to promote the reaction. So, in the presence of
water, the precursor BFs-OEt> was transformed into super acid BFs-H2O. Subsequent ligand
exchange between BF3-OEt, and HBFr, via the cleavage of the C-Br bond, generated BFs-HBr,
which then worked as an effective synergistic catalyst for this reaction (Scheme 12a)'%. Later
in 2018, Xiao and co-workers reported the synthesis of structurally diverse triarylmethane
derivatives (40) by reacting various indoles (39) with chlorohydrocarbons (38) in the presence
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of HFIP (hexafluoro2-propanol). Notably, HFIP functions both as the catalyst and solvent in
this reaction because of its strong hydrogen bonding capability, which enables the easy

dissolution of the substrate as well as activates the C—Halogen bond cleavage (Scheme 12b).*%

(a) Xiong and co-workers (2015)

Br BF;.Et,0 Ar
120 °C, air
R- -R + Ar—H > R -R
O O Undistilled Toluene O O
35 36 (Toluene containing 37
R= H, Me, CI; Ar = aryl, heteroaryl traces of H;0) yields up to 92%

(b) Xiao and co-workers (2018) O
Cl

RZ R1 ,\{ NaQCO3, rt O
Me R
8 39

R', RZ2=H, Me, CI ylelds up to 88%
R3 = H, Ph; R* = H, OMe, CI, Br

Scheme 12: Metal-free benzylation of (hetero)arenes with benzyl halides.

Anand and co-workers in 2017 disclosed an interesting approach for the synthesis of
triarylmethanes through a transfer hydrogenation of fuchsones.? In this method, B(CsFs)s was
used as Lewis acid to activate the carbonyl oxygen of fuchsones (41). Further, the hydride
transfer from the Hantzsch ester (42) to the fuchsones in 1,6-fashion leads to the formation of

triarylmethanes (43) in excellent yields (Scheme 13).

Anand and co-workers (2017)

Ar' = Ar? = aryl; R' = BBy, 'Pr, Me yield up to 99%

P00 :
L 1 } OH :
' R R R R
: EtO,C COEL  B(CeFs)s (5 mol%) :
: + | | > :
e N DCM, rt :
E Ar Ar H Ar'” SAr? E
: 41 42 43 :

Scheme 13: Reduction of fuchsones for the synthesis of triarylmethanes
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1.2.2 Transition metal catalyzed cross-coupling approach for the synthesis
of triarylmethanes

Although most of Lewis or Brgnsted acid catalyzed approaches are elegant, they suffer
from few drawbacks such as poor regioselectivity, harsh reaction conditions and the
requirement of electron-rich arenes or heteroarenes. Therefore, to overcome these drawbacks,
recently, the transition metal catalyzed cross coupling approach has gained substantial attention
from many research groups. Moreover, the transition metal catalyzed cross coupling
approaches turn out to be more useful methods for the synthesis of complex unsymmetrical
triarylmethanes.?! A few of them are discussed in this section.

Yorimitsu, Oshima and co-workers reported a palladium catalyzed arylation of
aryl(azaaryl)methanes (44a) with aryl halides (44b) for the first time.?? various unsymmetrical
triarylmethanes (15) were obtained good to excellent yields (Scheme 14a). Later in 2012,
Walsh and co-workers reported a similar palladium catalyzed approach for the synthesis of
triarylmethanes 15 through cross coupling of diarylmethanes (29a) and aryl halides (29b).
Different functional groups such as acetal, amide, phenol, and acetyl were well tolerated under
the reaction conditions (Scheme 14b).22

(a) Yorimitsu, Oshima and co-workers (2007)

~ PdCl,(MeCN), (5 mol%) Ar?
Ar'” AR + Ar3-X >
CsOH.H,0 (2 equiv.) Ar'” Ar?
44a 44b Xylene, reflux 15
Ar! = phenyl Ard = aryl yield up to 96%

Ar? = azaheteroaryl X = Cl, Br

(b) Drether, Walsh and co-workers (2012)
Pd(OAc), (5 mol%)

NiXantphos (7.5 equiv.) Ard
AT AR + Ar3-X ) —> J\
KN(SiMe3), (3 equiv.) Ar!'” Ar
44a 44b CPME, 24 °C 15

Ar' = aryl Ar = aryl yield up to 99%

Ar? = aryl, heteroaryl X =Br

Scheme 14: Pd-catalyzed cross coupling approach for the synthesis of TRAMSs

Another interesting approach was discovered by Kuwano and co-workers for the
synthesis of unsymmetrical triarylmethanes via a Suzuki-Miyaura cross coupling reaction.?

Varities of diarylmethyl carbonates (45a) were coupled with arylboronic acid (46) under the
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optimized conditions to furnish the unsymmetrical triarylmethanes (15) in good yields (Scheme
15)

Kuwano and co-workers (2008)

Pd(allyl)Cl, (0.5 mol%)

5 OCO,Me DPPPent (1.1 mol%) AR

: +  Ar3-B(OH), > ;
v AT AR K,CO3 (2.2 equiv.) AT NA2
' tert-amyl alcohol, 100 °C E
: 45a 46 15 :
A = anyl : o !
: y AR = aryl yields up to 97% :

Ar? = aryl

Scheme 15: Pd-catalyzed Suzuki-Miyaura cross coupling approach

Han and co-workers in the year 2011 developed a PdCl.-catalyzed protocol for the
efficient benzylation of a wide range of -N, -O, and -S containing heteroarenes. The benzylation
proceeds via the Pd(0)-catalyzed Tsuji—Trost pathway and represents an excellent example of
base/acid, additive, and ligand-free cross-coupling approach for the synthesis of TRAMSs 49 in

moderate to good yields (Scheme 16a).2*

E (a) Han and co-workers (2011)

—\-R
OAc [_\é/ N-R PdCl, (2 mol%) X
)\ + >
Ar Ar X CH,Cly, reflux
Ar Ar
47 48 49

X=NR,0, S

yield up to 86%

(b) Panda and co-workers (2017)

R-
COOH I PdCl,
) Xanthphos
R ¥ RL -R AgCO3 >~ RL -R2
DMSO, 120 - 140 °C
50 51 5

2
yield up to 80%

Scheme 16: Pd-catalyzed synthesis of TRAMS via cross-coupling reaction.

In 2017, Panda and co-workers reported the synthesis of triarylmethanes (52) through a
Pd-catalyzed decarboxylative cross-coupling reaction between aryl carboxylic acid 50 and
diaryl methyl iodide 51 via expulsion of CO.. The reaction proceeds through sp?>-sp® coupling
via decarboxylation of benzoic acid 50 and subsequent reaction with diaryl methyl iodide 51
leading to the formation of diverse triarylmethane derivatives (52) in moderate to good yields
(Scheme 16b).%°
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In 2012 Jarvo and co-workers developed a traceless activation protocol for synthesizing
TRAMs derivatives 55 through a nickel-catalyzed cross-coupling reaction between diaryl ether
53 and aryl magnesium bromide 54 employing Ni(acac)./dppo furnished enantioenriched
triarylmethanes (55) in good yields and excellent enantioselectivity. Diaryl ethers containing
pendant Lewis bases act as coordinating sites for the ligand to direct the approaching

nucleophiles and enhance the reaction rate (Scheme 17a).2%

(a) Jarvo and co-workers (2012)

O/\/OMe Ar E
. o z '
: + Ar—MgBr [Ni(acac),] (10 mol /o)> .
dppo (20 mol%) :
' PhMe, rt, 48 h '
: 53 54 55 :
: _ yield up to 92%
+ (b) Hayashi and co-workers (2015) ee up to 99%
' O [RhCI(R,R)-Fc-tfb], 2 :
' OH Ar '
: oH N (5 mol% of Rh) z :
= A1+ (APBO) > Ar' :
' r KOH (40 mol%) '

: dioxane, 40 °C, 15 h :
; yield up to 83% .

L o J

Via 59

Scheme 17: Nickel and Rhodium-catalyzed synthesis of chiral triarylmethanes

Hayashi and co-workers in 2015 reported an efficient catalytic protocol for the
stereoselective construction of chiral TRAMs (58), via a rhodium-catalyzed substitution of
diarylmethylamines (56) with aryl boron reagents (57). The reaction proceeds through the
conjugate addition of the aryl boron reagent to the in-situ generated ortho-quinonemethide
intermediate 59 generated from diarylmethylamine 56 in the presence of [RhCI(R,R)-Fc-tfb)]>
catalysts (Scheme 17b).2%

Recently, transition metal catalyzed cross coupling approaches have also applied for the
synthesis of triarylmethanes using p-QMs as 1,6-acceptor. For example, Liao and coworkers
demonstrated a copper-catalyzed asymmetric 1,6-conjugate addition of diborane (61) to p QMs

(60) to access gem-diarylmethyl boronates (62) in excellent yields and enantioselectivity.
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Further the chiral gem-diarylmethyl boronates (62) were subjected to stereospecific Suzuki-
Miyaura cross-coupling with aryl triflates (64). Notably, in most of the cases, the desired
enantioenriched traiarylmethanes (65) were observed in excellent yields and excellent

enantioselectivity (Scheme 18).%

o) OH ' tBU
R! R 37 (55mol%) R R Sen |
CuCl (5 mol%) ; o1
B.(Di = ' . '
| * 2(pin); MeOK (6 mol%) + MeO PPy
Ar MeOH (2 equiv.) Ar” “Bpin Cy ;
PhMe, -40 °C ;
; 60 61 62 63
' Ar=aryl, heteroaryl yield up to 99%
R' = Bu, Pr, Me, Ph ee up to 99%
OH 1. KHF, (4 equiv.), H,0, MeOH 1 OMe 1 ;
R! R' 2. 'BUOK (1.5 equiv.), R R :

Mel (2 equiv.), THF

Y

3. ArOTf (64, 1 equiv.) /'\

Ar” “Bpin Pd(OAc), (10 mol%) Ar~ CAr
62 PCys3 (20 mol%) 65
K,CO3, PhMe, H,O yield up to 80%

ee up to 96%; es up to 97%

Scheme 18: Asymmetric synthesis of triarylmethanes from p-QMs

Anand and co-workers in 2015 developed another interesting one-pot approach for the
synthesis of unsymmetrical triarylmethanes (67) through a palladium catalyzed annulation of
o-alkynylanilines (66) followed by 1,6-conjugate addition to p-QMs (60). It is noteworthy to
mention that, this reaction underwent smoothly without protection of amino group of o-

alkynylanilines. Most of the unsymmetrical diarylindolylmethanes (67) were isolated in good

Anand and co-workers (2015)

0 5
H 1 1 :
p R R NH, :
: . R PdCl, (5 mol%) :
: —_— :
: | N 1,2-DCE, 70 °C 5
E Ar R? :
; 60 66 ;
i Ar = aryl, heteroaryl R? = alkyl, aryl
i R'=1Bu, Pr, Me R®=H,CI,CN ;

Scheme 19: Pd-catalyzed domino approach for synthesis of triarylmethanes from p-QMs

145



to excellent yields. Various functional group tolerance, mild reaction conditions, 100% atom
economical approach made this transformation very attractive (Scheme 15).28

Besides the use of Pd, Ni and Rh based catalysts, the copper salts, due to their low cost,
easy availability, and operational accessibility, have also been utilized as a versatile metal
catalysts for various C—C bond forming reactions to synthesize triarylmethanes. For instance
in 2016, Rao and co-workers utilized copper (I1)-triflate for the synthesis of symmetrical and
unsymmetrical triarylmethanes (70) in good yields using diarylmethanols (68) and arylboronic
acid (46) as the reaction partners (Scheme 20a).2%® Similarly Maiti and co-workers in 2017
utilized Cu(OTf) for the synthesis of unsymmetrical triarylmethane derivatives (73) through
the initial synthesis of indolylmethanol derivatives (72) followed by coupling with arylboronic
acids (46) (Scheme 20b).?®® Both the reaction followed a similar type of mechanism and
proceeds via the transmetallation of Cu(OTf)2 and 46 to form ArCu(OTTf) 74. The reaction of

E (a) Rao and co-workers (2016)

OH B(OH), _R :
Cu(OTf), (20 mol%) '
+ RA > :

chlorobenzene, 80 °C O O :

4-10 h
68 46 70

Up to 92% yield

1 (b) Maiti and co-workers (2017) 5
o) Ar.

N " 4e) :
R1©\/\> A H (71)> o \ Ar3B(OH)2 :
N Cu(OTf), (5 mol%) N :

H H

dioxane, 80 °C

Up to 92% yield

ArBH(OH), + Cu(OTf),

“

Ar-Cu(OTH)  HO_ _Ar

B(OH), 74 :

; Ar 68 :
; ArB(OH), 5
I 46 1l ﬁl E
cu'(OH)(OTf) Ar=GY =0 AT ;

. 76 oTf r 5
Ar :

70 :

Ar)\Ar !

Scheme 20: Copper (I1)-catalyzed synthesis of triarylmethanes from diarylmethanols
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74 with diarylmethanol 68 advances via the aryl transfer and simultaneous C—O bond cleavage
to form the triarylmethane 70 and Cu(OH)(OTf) complex (76). The reaction of Cu(OH)(OTf)
with aryl boronic acid then regenerates (72).

1.2.3 Organocatalytic approaches for the synthesis of triarylmethanes

Apart from Lewis or Brgnsted acid catalyzed Fridel-Crafts alkylation approach and
transition metal catalyzed cross coupling approaches, there are few organocatalytic approaches
known in the literature for the synthesis of unsymmetrical triarylmethanes. For example, Anand
and co-workers reported an N-heterocyclic carbene catalyzed 1,6-conjugate addition of 2-
naphthols (18) to p-QMs (60) for the synthesis of unsymmetrical triarylmethanes. In this
method, the N-heterocyclic carbene derived from 78 was used as a Brgnsted base. An array of

unsymmetrical triarylmethanes (77) was synthesized in good to excellent yields (Scheme 21).%

Ar = aryl, heteroaryl

»_ .
L R =By, Pr, Me R? = alkyl, alkoxy, NH,, etc. yield up to 99%

E Anand and co-workers (2016) OH ' :
9 R} 1 t o Pr :

R! O v Gl '

OH L |/\N :

(10 moI%) ‘ : N/ :

' ® . ;

| NaH (20 mol%)  Ar O ; P :

DCM, rt ! Pr '

Ar HO ' ,

60 18 77 ' 78 :

Scheme 21: N-heterocyclic carbene catalyzed synthesis of unsymmetrical triarylmethanes

Later, Zhang and co-workers demonstrated an interesting approach for the synthesis of
unsymmetrical triarylmethanes. Phosphine catalyzed 1,6-conjugate addition of 2-naphthols
(18) to p-QMs (60) was developed and the desired unsymmetrical triarylmethanes (77) were
isolated in good to excellent yields. Notably, for the first time, phophine has been utilized for

Zhang and co-workers (2017)

CH4PPh, (79a, 10 mol%)

79b, 1 equiv.
Ar \)LOMG( 9 )

60 18 DCM. rt, 24 h

(0]
R1

Ar = aryl, heteroaryl
R' =Bu, Pr, Me

Scheme 22: Phosphine-catalyzed synthesis of unsymmetrical triarylmethanes
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the Friedel-Crafts reaction. The authors have explained that the combination of phosphine 79a
and methyl acrylate 79b generates an active species in situ, which actually catalyzes the

reaction (Scheme 22).3!

1.3 Literature reports on 2-(2-enynyl)-pyridines in organic synthesis:
In the past few years, the annulation of 2-(2-enynyl)-pyridines have been utilized for the
construction of various nitrogen heterocycles. A few literature reports on the utilization of 2-

(2-enynyl)-pyridines have been discussed in this section.

In 2015, Jia and co-workers reported a Cu-catalyzed cyclization of 2-(2-enynyl)-
pyridines (80) followed by the remote nucleophile addition of different nucleophiles. Various

nucleophiles, such as indoles, malonates, amides, alcohols, and even water, were successfully

........................................................................................................

f (b) Jia's work (2015) (a) Jia's work (2015) '
5 R? Nu PACIx(CH3CN), (5 mol%) s [ R2 5
: Allyl chloride (4.0 equiv.) 2 Nu Nu
rof? // B Nu (2.0 equiv.) N R®  Cul (5 mol%) . ;
: N - —> R°-(: :
' X / K,CO3 (4.0 equiv.) | | NEt; (1.0 equiv.) N7 :
R MeCN, RT R’ 4 A° MS, 80 °C R :

82 80 81 :

' R? = aryl, alkyl, CO,Et; R = aryl, alkyl; R® = H, fused aryl R2 = aryl, alkyl, CO,Et; R" = aryl, alkyl; R® = H, fused aryl :
Nu = indole, dialkylmalonate; upto 85% yield Nu = TsNH,, NsNH,, H,0, indole, dialkylmalonate :
upto 99% yield
(c) Patil's work (2016)

: CHO

: 3 N Ts R2 :

: R P N 85, AuCl (5 mol%) : P(Cy),

: ZR? > AgOTf (10 mol% :

: N R Ph gOTf ( 0) > . T !

: | | * H,0 (2.0 equiv.) SN : :
: DCE, 25 °C 1 : 85 :
: 80 R 83 84 ! :

upto 88% yield
R' = aryl; R? = aryl, alkyl; R® = aryl, fused aryl P oY

........................................................................................................

Scheme 23: Indolizine synthesis from 2-(2-enynyl)-pyridines

employed to synthesize a variety of indolizine derivatives 81 (Scheme 23a).3% Further, this
protocol was extended to a Pd-catalyzed three-component cascade reaction to synthesize highly
substituted indolizine derivatives (82). The present cascade reaction unveiled that the
cyclization of 2-(2-enynyl)-pyridines (80) with a remote nucleophile addition followed by allyl
trapping led to indolizines (82), in which two C-C and the formation of a C-N bond occur

simultaneously (Scheme 23b).3?® Later, Patil and co-workers developed a co-operative Au/Ag
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catalyzed protocol for the synthesis of indolizine derivatives (84) using 2-(2-enynyl)-pyridines

(80) and N-allenamide (83) as a nucleophilic enal equivalent (Scheme 23c).%%¢

Slander group in 2018 developed a diastereoselective metal-catalyzed synthesis of a
variety of polycyclic indolizine derivatives in good to excellent yields by the reaction of 2-(2-
enynyl)pyridines (80) and cyclic enamines (86). When the reaction was performed using
enamines, polycyclic indolizines (87) were obtained. Whereas with the in situ-generated

enamines led to the formation of ketone-based indolizine derivatives 88 (Scheme 24).%3

.......................................................................................................

R? R R
| NR, 2 H :2 H
: X [ .\ AgOTf (20 mol %) PP N =
: R3 - \ 1 v R / + R3_ z
ZN R DCE, 80 °C, 18h N NR, xNZ R,
80 86 R’ 87 R
E R" = aryl, alkyl etc. 7\ major minor
: R? = aryl, alkyl, cycloalkyl etc. NRy = 4N
! R3=H. Cl CN etc. —/ 14 examples; upto 87% yield
: T (> 95:5dr)
O,
R2 2 =A
| O morpholine (1.1 equiv.) R .,:‘
N Cul (20 mol % R
R3H- N \\ + 21 ] ( " > R3- _/ =
N R R'--~ DCE, 80 °C, 8h N
80 86 88 R!
6 examples; upto 93% vyield
(72:28 dr)

.......................................................................................................

Scheme 24: Synthesis of polycyclic indolizines from 2-(2-enynyl)-pyridines

Very recently, Cao and Jiang’s group developed an efficient photoredox catalytic
synthetic method to synthesize a variety of azaarene-substituted highly functionalized pyrroles
(90) from a-amino acids (89) and 2-(2-enynyl)-pyridines (80) as the reaction partner by
utilizing a dicyanopyrazine-derived chromophore (DPZ) as the sensitizer. The reaction

.....................................................................................................

' Cao and Jiang's work (2021)

: X :

: Rz P ,  DPZ(0.5mol%) 7 :

' N Z 'R NaH2P04 1.0 equiv.) 2 N _-CN!
R S S

E R1HN cooH || DCE : THF ( S | /:[ E

: MeO 4 N CN ;

23 W blue LED |
80 o
: 25 °C, 36-48h DP7
i R'=aryl, benzyl R3 = aryl, benzyl, alkyl 81 examples o1
i R? = aryl, benzyl, alkyl R* = H, aryl, benzyl, alkyl upto 96 % vyield

Scheme 25: Synthesis of functionalized pyrroles from 2-(2-enynyl)-pyridines
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proceeds through the generation of a-amino radical from 89 and a tandem redoxneutral radical
addition of a-amino radical to 80, followed by cyclization and aerobic oxidative aromatization
to furnish the desired pyrrole derivatives. In addition, the control experiments and DFT
calculations revealed that NaH2POs is necessary and plays an essential role in protonation and

cyclization (Scheme 25).3*

: He and Wang's work (2021)

C( Pd(OAc), (10 mol %)
OTf KF/18-Crown-6
93 24 examples

'R = aryl, heteroaryl, alkyl, cycloalkyl etc. upto 84% yield
' R2 = aryl, alkyl, etc. (E)

Chemoselective
|© [2+2+2] cycloaddition !

.................................................................................................

Scheme 26: Pd-catalyzed selective [2 + 2 + 2] annulation of 2-(2-Enynyl)pyridines

He and Wang’s group reported a palladium-catalyzed chemo- and stereoselective
[2+2+2]-annulation reaction of 2-(2-enynyl)pyridines (80) with benzyne precursor (92) in the
presence of KF and 18-crown-6 as an additive. A wide range of (E)-phenanthrenylated 2-
alkenyl pyridines (93) were obtained in moderate to good yields with excellent E-selectivity
with a chiral axis between an alkene and a phenanthrene ring (Scheme 26).%

Our group has also contributed in this area, and we have reported the synthesis of a
variety of indolizine-containing unsymmetrical diarylmethane derivatives (94) in good to
excellent yields through a Cu-catalyzed reductive cyclization of 2-(2-enynyl)-pyridines (80)
using Hantzsch ester (95) as a reducing agent (Scheme 27a)*% and the synthesis of
indolizine containing diarylmethyl phosphonates (96) through a Cu-catalyzed 5-endo-dig
cyclization of 2-(2-enynyl)-pyridines (80) followed by remote hydrophosphonylation
(Scheme 27b).%¢® This protocol was further extended for the synthesis of unsymmetrical
triarylmethanes (98) through a Cu-catalyzed nucleophilic addition of 2-naphthols (Scheme
27¢)%2 and Ag-catalyzed double 5-endo-dig cyclization of 2-alkynyl anilines (66) and 2-
(2-enynyl)-pyridines (80) to access indolizine containing unsymmetrical triarylmethanes
99 (Scheme 27d).%6¢
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\ }
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Scheme 27: Metal-catalyzed synthesis of diaryl- and triarylmethanes from 2-(2-Enynyl)
pyridines

1.4 Background:

Recently, the 5-endo-dig cyclization approach has proven to be an exciting strategy for
constructing many valuable bicyclic heterocycles. While working on the development of new
protocols to access indolizine-containing diaryl- and triarylmethane derivatives, we envisioned
that it could be possible to access indolizine-containing unsymmetrical triarylmethanes from
the reaction of 2-(2-enynyl)pyridines (80) with organoboronic acids (46) as a cheap and readily

........................................................................................................

‘R»]
| = B(OH),
N/ = Catalyst, Base
............ >
I | TRy Solvent
80 46

R

(b) General scheme for synthesis of 2-(2-enynyl)pyridines:

Z NH(OMe)Me.HCl & OMe =—R ] - 1%
~ OH » I 1 — Y o) ArPPh3Br ~ =
N EDC.HCI N Ney, BuLi N —> N
° NEL, DM T s o Il gy 8o ||
y = 0,
100 101 THF, 0°C

R = alkyl aryl; Ar = aryl

........................................................................................................

Scheme 28: Our Hypothesis and synthesis of 2-(2-enynyl)-pyridine
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available starting material utilizing the 5-endo-dig cyclization approach (Scheme 28a). For this
purpose, we prepared a broad range of 2-(2-enynyl)-pyridines (80) starting from 2-picolinic

acid (100) by following known literature procedures (Scheme 28b).3%¢
1.5 Results and Discussion:

To optimize the reaction conditions, we have chosen readily available phenylboronic acid 46a
and 2-(2-enynyl) pyridine 80a as model substrates, and the results are shown in Table 1. The preliminary
experiment was performed with Cul as the catalyst and KO'Bu as the base in MeCN solvent at room
temperature, but no product formation was seen as the starting material was decomposed into many
unidentified complex mixtures within 12 hours (Table 1, entry 1). To our pleasure, when the
reaction temperature was increased to 70 °C, the desired product 103a was obtained in 52%
yield within 6 hours (Table 1, entry 2). When the reaction was performed in 1,2-DCE as the
solvent at 70 °C, the desired product was isolated in 58% yield in just 2 hours (Table 1, entry
3). When the reaction was performed with K3PO4 as the base, the yield of the reaction was
increased to 62% (table 1, entry 4). Encouraged by this result, further optimization studies were
performed using K3PO4 as the base in different solvents such as 1,4-dioxane, DMF, etc.;
however, the yield of 103a was lower as compared to 1,2 DCE (Table 1, entries 5 to 7). Further,
the reaction was performed with different copper-based catalysts such as Cu(OAc)2, Cu(OTf).,
CuBr, etc. (Table 1, entries 8 to 11); out of which Cu(OTf).PhMe was found to be the effective
catalyst to drive this transformation as the desired product was obtained in 68% isolated yield
(Table 1, entry 11). A considerable improvement in the yield of 103a was observed when the
reaction temperature was raised to 80 °C, and the product was obtained in 78% yield (Table 1,
entry 12). Fascinated with these results, we further optimized the reaction conditions using
different inorganic and organic bases such as K>COs, NaHCOs, NEts etc. However, no
improvement in the yield was observed (Table 1, entries 13 to 15). When PdCI, was used as
the catalyst, only trace amounts of product formation was seen even after 24 hours (Table 1,
entry 16). The reaction was also performed with various silver salts such as AgOCOCFs and
AgSbFg, as well as with Bi(OTf)s as the catalyst, but these salts were proven to be ineffective
for this transformation as the starting material was decomposed to a complex mixture (Table
1, entries 17-19). No product formation was seen in the absence of the catalyst, which indicates

that a catalyst is required to drive this transformation (Table 1, entry 20).
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Table 1. Optimization Study?

Ph Ph
SO L N S
XN Ph " Solvent, temp. ™ N
Ph
80a (1 equiv.) 46a 1.5 equiv. 103a
S/No Solvent Catalyst Base  Temp. Time % Yield®
°c (h)
01 MeCN Cul KO'Bu RT 12 ND
02 MeCN Cul KO'Bu 70 6 52
03 1,2-DCE Cul KO'Bu 70 2 58
04 1,2-DCE Cul K3PO4 70 2 62
05 Toluene Cul K3PO, 70 12 60
06 1,4-Dioxane Cul K3PO4 70 36 42
07 DMF Cul K3PO, 70 12 16
08 1,2-DCE Cu(OAcC): K3PO, 70 24 36
09 1,2-DCE Cu(OTf), K3PO4 70 2 65
10 12-DCE  Cu(OTf).PhMe  KsPO, 70 2 68
11 1,2-DCE CuBr K3PO4 70 3 44
12° 1,2-DCE Cu(OTf).PhMe  K3PO, 80 2 78
13 1,2-DCE Cu(OTf).PhMe K2COs 80 6 63
14 1,2-DCE Cu(OTf).PhMe NaHCO: 80 6 42
15 1,2-DCE  Cu(OTf).PhMe  NEts 80 12 36
16 1,2-DCE PdCl; K3PO4 80 24 Trace
17 1,2-DCE AgOCOCF; K3PO4 80 24 ND
18 1,2-DCE AgSbFs K3PO4 80 24 ND
19 1,2-DCE Bi(OTf)3 KsPO, 80 24 ND
20 1,2-DCE ce K3PO4 80 24 ND

* Reaction conditions: All the reactions were carried out with 0.1067 mmol (30 mg) of SM 80a, 1.5

equiv. of boronic acid, 2.0 equiv. of base and 10 mol % of catalyst in (1.5 ML solvent). " Isolated yields;
2.0 equiv. of boronic acid, 2.5 equiv. of base (K3PO,) with respect to 80a and 10 mol % catalyst at 80
°C was found to be optimal.
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Table 2 Substrate Scope with different aryl boronic acids

< g,
| B(OH), Cu(OTf)PhMe (10 mol %) O R
Z N=

N K3POy4 (2.5 equiv.)
+ R- >
| | 1,2-DCE (1.5 ml), 80 °C, 2 h SN
Ph 46a-0, 2.0 equiv. Ph
80a, 0.1067 mmol 103a-0
Me O R
L) e Q)
103a, R= H, 78 % N Me AN A
103b, R= 2-Me, 69% s N/ SN SN
Ph 103c, R= 4-Me, 82% Ph Ph Ph
103d, R= 4-Ph, 67% )
’ ' 103h, R= 4-F, 429 103j, R= 3-CF5 45%
103e, R= 4-OMe, 74% 103g, 68% o ! S

103i, R= 4-Cl, 74% 103k, R= 4-CF3, 44%
103f, R= 4-Bu, 79%

QL A 9 :

2 \N= Cl 72— 7 ra Z =

\N/ \N/ \N/ \N/
Ph Ph Ph

Ph
1031, 57% 103m, 51% 103n, 32% 1030, 34%

8Reaction conditions: All the reactions were carried out with 0.1067 mmol of (80a) , 2.0 equiv. of bobonic acids
(46a-0) and 2.5 equiv. KsPO4 in (1.5 ML 1,2-DCE) . Yields reported are isolated yields.

With the optimized reaction conditions in hands, the generality of this transformation
was investigated by employing different (EDG, halo, EWG)-substituted phenylboronic acids
46a-m, and in all those cases, the desired products 103a-m were isolated in moderate to good
yields (42-82%). This transformation also worked with cyclopropyl and cyclohexyl boronic
acids as well. However, the yields were low in those cases as the respective products 103n and
1030 were isolated in 32 and 34% yields, respectively. Table 2 reveals the substrate scope of

this transformation with different boronic acids.

Then, we went on to investigate the substrate scope with 2-(2-enynyl) pyridines 80b-I
having different aryl substituents (both electron-rich and electron-poor) and cycloalkyl groups
at the alkyne part and, to our delight, in all those cases, the expected products 104a-k were
obtained in the range of 51-64% yield under the optimized reaction conditions. Table 3 reveals

the substrate scope with 2-(2- enynyl) pyridines having different substituents at the alkyne part.
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Table 3 Substrate scope with 2-(2- enynyl) pyridines having different substituents at the
alkyne part.

|\ B(OH),  Cu(OTHPhMe (10 mol %) O O

N/ Z K3POy4 (2.5 equiv.)
+ > Zhh—
| | 1,2-DCE, 80°C, 2 h /
N
R R4
80b-l, 1 equiv. 46a, 2.0 equiv. 104a-k

104a, R= 4-OMe, 64%
104b, R= 4-Me, 68%
104c, R= 4-Bu, 61%
104d, R= 4-Ph, 58%

1049, R= 3-F, 60%

"R 104h, R=4-Cl, 62% . 104j, 51%
104i, R= 2-CF3, 56%

104k, 53%

aReaction conditions: All the reactions were carried out with 0.1067 mmol of (80b-I), 2.0 equiv. of bobonic acid
(46a) and 2.5 equiv. K3POg4 in (1.5 ML 1,2-DCE). Yields reported are Isolated yields.

The substrate scope studies were also elaborated to other 2-(2-enynyl) pyridines (80n-s)
having different aryl substituents at the alkene part under the optimal reaction conditions. 2-
2(enynyl)pyridines (80n-p) substituted with electron-rich aryl groups reacted smoothly to
afford the corresponding products 104m-o in moderate yields. 2-2(enynyl)pyridine 80q,
substituted with halo-group provided the product 104p in 61% yield. The reaction also worked
well with 2-2(enynyl)pyridine 80r & 80s, having bulky substituents such as naphthalene and
anthracene at the alkene part, and the products were obtained in 55% and 52% respectively. 2-
2(enynyl)pyridine 80t derived from quinaldic acid afforded the product 104s in 61% yield.
Table 4 reveals the substrate scope with 2-(2-enynyl) pyridines having different substituents at

the alkene part.

To improve the substrate scope, a couple of reactions were also performed between 2-(2-
enynyl)pyridine 80a (2.2 equiv.) with 1,4-diboronic acid 46p and also with potassium salt of

1,4-diboronic acid 46q under the optimized reaction conditions. Unfortunately, the desired
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product 105 was not obtained as in both cases, and decomposition of the starting material was
observed (Scheme 29).

Table 4 Substrate scope with 2-(2-enynyl) pyridines having different substituents at the

DU
N B(OH)2  cu(OTf)PhMe (10 mol %) Ry
K3POy4 (2.5 equiv.
|| + [:Ej 3P0y ( quiv.) > AN
1,2-DCE, 80 °C, 2 h SN

alkene part.

Ph
80I-r, 1 equiv. 46a, 2.0 equiv. Ph 4041q
O OEt O 0.0 O O Br
7 = 7 Yy~ 2 2
N7 N4 S NZ
Ph Ph Ph
1041, 71% 104m, 64% 104n, 62%
2 2
7 O N-¢
N /
<N O Ph
Ph
Ph
1040, 55% 104p, 52% 104q, 61%

4Reaction conditions: All the reactions were carried out with 0.1067 mmol of (801-r), 2.0 equiv. of bobonic acid

(46a) and 2.5 equiv. K3POg4 in (1.5 mL of 1,2-DCE). Yields reported are Isolated yields.

| X Ph B(OH),
NP
N Standard conditions
(a) | I + N g W mmrmmmmmemmemeseeee- >
Ph B(OH),
80a 46p
| A Ph BF;K
N/ = Standard conditions
(b) P D I T >
Bh BF;K
80a 46q

105 (Decomposition)

Scheme 29: Reaction of 2-(2-enynyl)pyridine with 1,4-diboronic acid
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Based on the previous literature reports, a plausible mechanism for this transformation
was proposed, as shown in (Scheme 30). The reaction begins with the activation of the alkyne
part of 80a by the copper catalyst to generate intermediate I, which undergoes 5-endo-dig-
cyclization to produce the intermediate indolizinium salt 11, in which the exocyclic alkene-

Ph
Ph Ph |
7 N= z
N7 I\
N Ph
103a Ph 80a
Ph
Ph
N 1Y
Ph
1
Ph
z
e
®
B(OH), Ph
Base 46a .

Scheme 30: Proposed Mechanism

part becomes relatively more electrophilic due to the generation of the positive charge on the
nitrogen atom. Subsequently, remote nucleophilic addition of the aryl nucleophile, generated
from the boronic acid 46a to the exocyclic olefinic center of intermediate II generates another
intermediate III, which upon protonation affords the final product 103a along with the

regeneration of the catalyst.

The structure of the final products was confirmed from H NMR, BC NMR, IR
spectroscopy and mass spectrometry. For example, in *H NMR of the compound 103c (see
figure 4) the presence of singlet of (3H) at ¢ 2.33 ppm due to the methyl proton marked as (a),
singlet of (1H) at 6 5.72 ppm due to the benzylic —-CH marked as (b) and the singlet of (1H) at
0 6.52 ppm due to the single proton present at the 2-position of indolizine ring marked as (c).
In 3C NMR (see figure 5) the disappearance of alkyne peak from 80a, and the aliphatic peak
observed at ¢ 21.2 ppm for the methyl carbon marked as (a), and the peak at ¢ 48.3 ppm for the

triaryl carbon marked as (b) confirms the formation of product 103c. Further the formation of
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103c was also confirmed by the HRMS (ESI): m/z calcd for C3oH22NO2 [M+H]" : 428.1572;
found : 427.1572.

—5.7211
2.3251

VO =

(a)

(b)

ooooooo

I R £
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Figure 4: 'H NMR (400 MHz, CDCls3) spectrum of 103c
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Figure 5: *C{*H} NMR (100 MHz, CDClI3) spectrum of 103c

158



1.6 Conclusions:

In conclusion, we have developed an efficient protocol for the synthesis of 1,3-disubstituted
indolizine containing unsymmetrical triarylmethane derivatives through a copper-catalyzed 5-
endo-dig cyclization of 2-(2-enynyl)pyridines followed by remote nucleophilic addition of
organoboronic acids. The generality of this transformation was examined using a wide range
of boronic acid and 2-(2-enynyl) pyridines, and the respective triarylmethanes were obtained

in moderate to good yields.

1.7 Experimental Section:

General methods: All reactions were carried out in an oven dried round bottom flask. All the
solvents were distilled before use and stored under argon atmosphere. Most of the reagents,
starting materials were purchased from commercial sources and used as such. Melting points
were recorded on SMP20 melting point apparatus and are uncorrected. *H, 13C and °F spectra
were recorded in CDCIls (400, 100 and 376 MHz respectively) on Bruker FT-NMR
spectrometer. Chemical shift (5) values are reported in parts per million relative to TMS and
the coupling constants (J) are reported in Hz. High resolution mass spectra were recorded on
Waters Q-TOF Premier-HAB213 spectrometer. FT-IR spectra were recorded on a Perkin-
Elmer FTIR spectrometer. Thin layer chromatography was performed on Merck silica gel 60
F2s4 TLC pellets and visualised by UV irradiation and KMnOg stain. Column chromatography

was carried out through silica gel (100-200 mesh) using EtOAc/hexane as an eluent.
General procedure for the addition of boronic acids to 2-(2-enynyl)pyridines:

Anhydrous 1,2-DCE (1.5 mL) was added to the mixture of 2-(2-enynyl)pyridine (30 mg, 1.0
equiv.), boronic acid (2.0 equiv.), KsPOs (2.5 equiv.) and Cu(OTf).PhMe (10 mol %) under
nitrogen atmosphere and the resulting suspension was stirred at 80 °C until the 2-(2-
enynyl)pyridine was completely consumed (based on TLC analysis). The reaction mixture was
concentrated under reduced pressure and the residue was purified through a silica gel
chromatography, using EtOAc/Hexane mixture as an eluent, to get the pure indolizine based

triarylmethanes.
1-benzhydryl-3-phenylindolizine (103a)

The reaction was performed at 0.1067 mmol scale of 80a; R = 0.8 (5% EtOAc in hexane);
green gummy solid (30.1 mg, 78% yield); *H NMR (400 MHz, CDCls) 6 8.28 (d, J = 7.1 Hz,
1H), 7.54 (d, J = 8.0 Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H); 7.32 — 7.30 (m, 3H), 7.29 — 7.26 (m,
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6H), 7.21 (t, J = 6.9 Hz, 2H) ), 7.17 (d, J = 9.04 Hz, 1H), 6.60 — 6.55 (m, 1H),

()| 654 (s, 1H), 6.46 (t, J = 6.92 Hz, 1H) ), 5.78 (s, 1H); °C NMR (100 MHz,
W, CDCls) 6 144.8, 132.6, 130.8, 129.1, 129.0, 128.4, 128.0, 127.0, 126.2, 124.5,
() | 1223 1181, 1165, 1164, 1155, 110.8, 48.7; FT-IR (thin film, neat): 3028,

1612, 1452, 1250, 736, 696 cm™; HRMS (ESI): m/z calcd for C27H22N [M+H]*
: 360.1752; found : 360.1758.

3-phenyl-1-[phenyl(o-tolyl)methyl]indolizine (103b)

The reaction was performed at 0.1067 mmol scale of 80a; Rf = 0.8 (5% EtOAc
O in hexane); green gummy solid (27.6 mg, 69% yield); *H NMR (400 MHz,

N CDCl3) §8.30 (d, J = 7.2 Hz, 1H), 7.54 (d, J = 7.6 Hz, 2H), 7.43 (t, J = 7.6 Hz,
Q 2H); 7.31 - 7.28 (m, 3H), 7.24 — 7.17 (m, 4H) ), 7.15 - 7.10 (m, 3H), 7.04 (d,

J=7.1Hz, 1H), 6.59 — 6.55 (m, 1H), 6.48 — 6.45 (m, 2H), 5.90 (s, 1H),2.32 (s,
3H); 3C NMR (100 MHz, CDCls) ¢ 144.2, 143.0, 136.4, 132.6, 130.8, 130.4, 129.3, 129.1,
129.0,128.4,127.9,127.0,126.3,126.1,125.9, 124.4,122.4,118.1, 116.3, 116.0, 115.9, 110.8,
45.2, 20.0; FT-IR (thin film, neat): 2926, 1601, 1478, 1259, 748, 683 cm™; HRMS (ESI): m/z
calcd for CogH2sN [M+H]* : 374.1909; found : 374.1924.
3-phenyl-1-[phenyl(p-tolyl)methyl]indolizine (103c)

Qe

NP

O

- J

The reaction was performed at 0.1067 mmol scale of 80a; Rf = 0.8 (5%
EtOAc in hexane); pale yellow solid (32.7 mg, 82% yield); m. p. = 118-120
°C; 'H NMR (400 MHz, CDCls) 6 8.28 (d, J = 7.2 Hz, 1H), 7.55 (d, J = 7.8
Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H);7.31 (d, J = 7.4 Hz, 2H), 7.28 — 7.26 (m,
3H) 7.22 (d, J = 6.9 Hz, 1H), 7.19 — 7.15 (m, 3H) ), 7.11 (d, J = 7.9 Hz, 2H),

6.59 — 6.55 (m, 1H), 6.54 (s, 1H), 6.45 (t, J = 6.76 Hz, 1H) ), 5.74 (s, 1H), 2.34 (s, 3H); 13C
NMR (100 MHz, CDCls) ¢ 145.0, 141.8, 135.7, 132.6, 130.8, 129.09, 129.08, 129.0 (2C),
128.4,127.9, 126.9, 126.2, 124.4, 122.3, 118.2, 116.7, 116.3, 115.5, 110.8, 48.3, 21.2; FT-IR
(thin film, neat): 2928, 1624, 1482, 1263, 753, 687 cm™t; HRMS (ESI): m/z calcd for C2sH24N
[M+H]" : 374.1909; found : 374.1916.
1-{[1,1'-biphenyl]-4-yl(phenyl)methyl}-3-phenylindolizine (103d)

The reaction was performed at 0.1067 mmol scale of 80a; Rt = 0.6 (5%
EtOAc in hexane); pale yellow gummy solid (31.3 mg, 67% yield); H
NMR (400 MHz, CDCls) ¢ 8.31 (d, J = 5.9 Hz, 1H), 7.63 (d, J = 7.4 Hz,
2H), 7.58 — 7.55 (m, 4H); 7.47 — 7.43 (m, 4H), 7.37 — 7.30 (m, 8H) ), 7.26
—7.22 (m, 2H), 6.62—7.59 (m, 2H), 6.48 (t, J = 6.8 1H), 5.83 (s, 1H); *°C
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NMR (100 MHz, CDCl3) 6 144.7,143.9,141.1, 139.0, 132.6, 130.9, 129.5, 129.1, 129.0, 128.8,
128.5, 127.9, 127.2, 127.1(2C), 127.0, 126.3, 124.6, 122.4, 118.1, 116.5, 116.4, 115.5, 110.8,
48.4; FT-IR (thin film, neat): 2926, 1610, 1486, 1259, 756, 687 cm™*; HRMS (ESI): m/z calcd
for CasHosN [M+H]" : 436.2065; found : 436.2054.
1-[(4-methoxyphenyl)(phenyl)methyl]-3-phenylindolizine (103e)

The reaction was performed at 0.1067 mmol scale of 80a; Rr = 0.5 (5%
O O oVel EtOAcC in hexane); pale yellow gummy solid (31.1 mg, 74% yield); *H
», NMR (400 MHz, CDCls) & 8.29 (d, J = 7.12 Hz, 1H), 7.56 — 7.54 (m, 2H),
Q 7.44 (t,J = 7.6 Hz, 2H), 7.33 — 7.29 (m, 3H), 7.28 — 7.26 (m, 2H), 7.24 —
7.20 (m, 2H), 7.18 — 7.16 (m, 2H), 6.87 — 6.84 (m, 2H), 6.60 — 6.56 (m,
1H), 6.54 (s, 1H), 6.46 (t, J = 7.9 Hz, 1H), 5.73 (s, 1H), 3.80 (s, 3H); 3C NMR (100 MHz,
CDCls) 6 158.0, 145.1, 137.0, 132.6, 130.8, 130.0, 129.1, 129.0, 128.4, 127.9, 127.0, 126.2,
124.4,122.3,118.2,116.8,116.3,115.5,113.7, 110.8, 55.4, 47.9; FT-IR (thin film, neat): 2834,
1512, 1436, 1248, 736, 674 cm™*; HRMS (ESI): m/z calcd for C2sH24NO [M+H]* : 390.1858;
found : 390.1874.
1-{[4-(tert-butyl)phenyl](phenyl)methyl}-3-phenylindolizine (103f)

The reaction was performed at 0.1067 mmol scale of 80a; R = 0.6 (5%

EtOAc in hexane); pale yellow gummy solid (35.2 mg, 79% vyield); H
NMR (400 MHz, CDCl3) 6 8.27 (d, J = 7.2 Hz, 1H), 7.55 (d, J = 7.8 Hz,
Q 2H), 7.44 (t, J = 7.4 Hz, 2H), 7.32 — 7.26 (m, 7H), 7.21 — 7.18 (m, 4H),
6.59 — 6.55 (m, 2H) ), 6.45 (t, J = 6.8 Hz, 1H), 5.74 (s, 1H), 1.32 (s, 9H);
13C NMR (100 MHz, CDCl3) ¢ 148.9, 145.1, 141.6, 132.7, 130.8, 129.1, 129.0, 128.6, 128.3,
127.9,126.9,126.1, 125.2, 124.4, 122.3, 118.2,116.8, 116.3, 115.5,110.8, 48.2,34.5, 31.6; FT-
IR (thin film, neat): 2964, 1606, 1258, 1388, 752, 699 cm™; HRMS (ESI): m/z calcd for
Cs1HzoN [M+H]* : 416.2378; found : 416.2364.
1-[(2,5-dimethylphenyl)(phenyl)methyl]-3-phenylindolizine (103g)
Me The reaction was performed at 0.1067 mmol scale of 80a; Rt = 0.6 (5%
O EtOAc in hexane); pale yellow gummy solid (28.3 mg, 68% yield); *H NMR
i ) “*1" (400 MHz, CDCls) 5 8.31 (d, J = 7.1 Hz, 1H), 7.58 — 7.56 (m, 2H), 7.45 (t, J
Q =7.4Hz, 2H), 7.33 -7.29 (m, 3H), 7.24 - 7.22 (m, 3H), 7.15 (d, J = 9.0 Hz,
1H), 7.09 (d, J = 7.6 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.88 (s, 1H), 6.58 (t,
J =7.0 Hz, 1H), 6.48 — 6.45 (m, 2H), 6.00 (s, 1H), 2.29 (s, 3H), 2.24 (s, 3H); 3C NMR (100
MHz, CDCls) 6 144.4, 142.7, 135.2, 133.2, 132.6, 130.9, 130.3, 129.7, 129.3, 129.0, 128.3,
127.9, 127.0, 126.9, 126.1, 124.4, 122.3, 118.1, 116.3, 116.1, 115.9, 110.7, 45.1, 21.4, 19.6;
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FT-IR (thin film, neat): 2921, 1614, 1492, 1305, 737, 658 cm™*; HRMS (ESI): m/z calcd for
C2oH26N [M+H]" : 388.2065; found : 388.2058.
1-[(4-fluorophenyl)(phenyl)methyl]-3-phenylindolizine (103h)

The reaction was performed at 0.1067 mmol scale of 80a; Rf = 0.8 (5%
O O P | EtOAc in hexane); green gummy solid (17.1 mg, 42% yield); *H NMR (400
: ) MHz, CDClz) 6 8.28 (d, J = 7.2 Hz, 1H), 7.54 — 7.52 (m, 2H), 7.44 (t,J =
Q 7.6 Hz, 2H), 7.30 (t, J = 7.4 Hz, 3H), 7.24 — 7.19 (m, 5H), 7.14 (d, J = 9.0
Hz, 1H), 6.98 (t, J = 8.6 Hz, 2H), 6.58 (t, J = 6.4 Hz, 1H), 6.49 — 6.45 (m,
2H), 5.74 (s, 1H); *C NMR (100 MHz, CDCls) § 161.5 (d, Jc-r = 242.6 Hz), 144.6, 140.5 (d,
Jcr=3.1Hz), 1325, 130.7, 130.5 (d, Jc-Fr = 7.8 Hz), 129.0, 128.5, 127.9, 127.1, 126.4, 124.6,
122.4,118.0, 116.6, 116.3, 115.3, 115.2, 115.0, 110.9, 48.0; °*F{*H} NMR (376 MHz, CDCls)
& —117.30; FT-IR (thin film, neat): 3064, 1614, 1582, 1256, 842, 738 cm™; HRMS (ESI): m/z
calcd for Co7H21FN [M+H]" : 378.1658; found : 378.1642.
1-[(4-chlorophenyl)(phenyl)methyl]-3-phenylindolizine (103i)

The reaction was performed at 0.1067 mmol scale of 80a; Rf = 0.7 (5%
O O ¢l EtOAc in hexane); pale yellow solid (31.3 mg, 74% yield); m. p. = 114-116
: ) °C; 'H NMR (400 MHz, CDCls) 6 8.27 (d, J = 7.1 Hz, 1H), 7.53 (d, J = 7.6
Q Hz, 2H), 7.43 (t, J = 7.3 Hz, 2H), 7.32 — 7.26 (M, 4H), 7.24 — 7.22 (m, 4H),
7.17 (d, J = 7.7 Hz, 2H), 7.13 (d, J = 9.0 Hz, 1H), 6.58 (t, J = 7.4 Hz, 1H),
6.48 — 6.44 (M, 2H), 5.72 (s, 1H); 3C NMR (100 MHz, CDCI3) & 144.3, 143.4, 132.4, 132.0,
130.8, 130.5,129.0, 128.5, 128.0, 127.1, 126.5, 124.6, 122.4, 118.0, 116.6, 115.9, 115.3, 110.9,
48.1; FT-IR (thin film, neat): 3062, 1496, 1305, 1204, 847 cm™; HRMS (ESI): m/z calcd for
C27H21CIN [M+H]"* : 394.1363; found : 394.1377.
3-phenyl-1-{phenyl[3-(trifluoromethyl)phenyl]methyl}indolizine (103j)

O o, The reaction was performed at 0.1067 mmol scale of 80a; Rf = 0.6 (5%
O EtOAc in hexane); pale yellow gummy solid (20.6 mg, 45% yield); *H NMR

0 (400 MHz, CDCl3) 6 8.29 (d, J = 7.2 Hz, 1H), 7.56 — 7.54 (m, 3H), 7.51 —
a8 7.45 (M, 3H), 7.43 — 7.39 (m, 2H), 7.34 — 7.31 (M, 3H), 7.26 — 7.24 (m, 3H),

7.17 (d, J =9.0 Hz, 1H), 6.61 (t, J = 6.9 Hz, 1H), 6.50 — 6.44 (m, 2H), 5.83
(s, 1H); 3C NMR (100 MHz, CDCls) § 145.8, 143.9, 132.52, 132.50, 132.4, 130.8, 130.7,
130.5 (q, Jc-F = 274 Hz), 129.0, 128.8, 128.6, 128.0, 127.2, 126.6, 125.8 (¢, Jcr = 3.7 Hz),
124.8,123.2 (q, Jo-r = 3.7 Hz), 122.4, 117.8, 116.8, 115.4, 115.2, 111.0, 48.5; *F{'"H} NMR
(376 MHz, CDCls) § —62.31; FT-IR (thin film, neat): 2934, 1324, 1253, 1121, 867, 762 cm™;
HRMS (ESI): m/z calcd for CasH21F3N [M+H]" : 428.1626; found : 428.1647.
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3-phenyl-1-{phenyl[4-(trifluoromethyl)phenyl]methyl}indolizine (103k)

The reaction was performed at 0.1067 mmol scale of 80a; Rt = 0.6 (5%
O O | EtOAc in hexane); pale yellow solid (20.2 mg, 44% yield); m. p. = 132—
1) 134 °C; *H NMR (400 MHz, CDCl3) 6 8.28 (d, J = 7.2 Hz, 1H), 7.56 — 7.53
Q (m, 4H), 7.44 (t, J = 7.6 Hz, 2H), 7.38 — 7.36 (m, 2H), 7.33 — 7.30 (m, 3H),
7.25 (t, J =4.9 Hz, 3H), 7.15 (d, J = 9.0 Hz, 1H), 6.61 (t, J = 6.5 Hz, 1H),
6.50 — 6.46 (m, 2H), 5.81 (s, 1H); 13C NMR (100 MHz, CDCl3) § 148.9, 143.8, 132.4, 130.8,
129.4, 129.08, 129.06, 128.6, 128.4, 128.0, 127.2, 126.6, 125.4 (q, Jc-r = 3.7 HZz), 124.8, 124.5
(0, Je-r = 270 Hz), 122.5, 117.9, 116.8, 115.4, 115.3, 111.0, 48.6; *F{*H} NMR (376 MHz,
CDCl3) 8 —62.23; FT-IR (thin film, neat): 2934, 1428, 1332, 1259, 1126, 867, 756, 642 cm;
HRMS (ESI): m/z calcd for CagH21F3N [M+H]" : 428.1626; found : 428.1634.
1-[(3,5-dichlorophenyl)(phenyl)methyl]-3-phenylindolizine (103l)
——____ <o ) The reaction was performed at 0.1067 mmol scale of 80a; Rf = 0.6 (5%
O O EtOAc in hexane); green gummy solid (26.3 mg, 57% yield); *H NMR (400
D “| MHz, CDCl3) 5 8.27 (d, 3= 7.1 Hz, 1H), 7.55 — 7.53 (m, 2H), 7.44 (t, J = 7.4
Q Hz, 2H), 7.32 (t, J = 6.8 Hz, 3H), 7.24 — 7.21 (m, 4H), 7.16 — 7.13 (m, 3H),
6.62 (t, J = 7.2 Hz, 1H), 6.50 — 6.48 (m, 2H), 5.70 (s, 1H); **C NMR (100
MHz, CDCl3) 6 148.4, 143.2, 134.9, 132.3, 130.8, 129.1, 129.0, 128.7, 128.0, 127.6, 127.2,
126.8, 126.6, 124.9, 122.5, 117.7, 117.0, 115.1, 114.7, 111.0, 42.8; FT-IR (thin film, neat):
3060, 1492, 1305, 1253, 1154, 867, 737 cm™; HRMS (ESI): m/z calcd for C27H20CIoN [M+H]*
: 428.0973; found : 428.0978.

1-[naphthalen-2-yl(phenyl)methyl]-3-phenylindolizine (103m)

0 The reaction was performed at 0.1067 mmol scale of 80a; Rr = 0.6 (5%
O O EtOAc in hexane); pale yellow gummy solid (22.5 mg, 51% yield); *H NMR
i ) (400 MHz, CDCls) 6 8.29 (d, J = 7.1 Hz, 1H), 7.82 — 7.80 (m, 1H), 7.78 —
Q 7.72 (m, 2H), 7.64 (s, 1H), 7.55 — 7.53 (m, 2H), 7.44 — 7.40 (m, 5H), 7.31 -
7.29 (m, 5H), 7.25 (dd, J = 8.6, 4.2 Hz, 1H), 7.20 (d, J = 9.0 Hz, 1H), 6.58
— 6.54 (m, 2H), 6.46 (t, J = 7.0 Hz, 1H), 5.93 (s, 1H); *C NMR (100 MHz, CDCl3)  144.6,
142.4, 133.6, 132.5, 132.3, 130.9, 129.2, 129.0, 128.4, 128.05, 128.00, 127.96, 127.92, 127.7,
127.2,127.0,126.3, 126.0, 125.5, 124.5, 122.4, 118.2, 116.5, 116.2, 115.6, 110.8, 48.8; FT-IR
(thin film, neat): 3056, 1602, 1347, 1264, 847, 732 cm™t; HRMS (ESI): m/z calcd for Cz1H24N
[M+H]" : 410.1909; found : 410.1921.
1-[cyclopropyl(phenyl)methyl]-3-phenylindolizine (103n)
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The reaction was performed at 0.1067 mmol scale of 80a; R = 0.6 (5% EtOAc in
<\l hexane); green gummy solid (11.2 mg, 32% yield); *H NMR (400 MHz, CDCls)
SN 08.25(d,J=7.1Hz, 1H), 7.63 — 7.57 (m, 2H), 7.42 (t, J = 7.6 Hz, 3H), 7.38 —
Q 7.34 (m, 2H), 7.32 — 7.25 (m, 3H), 6.12 (t, J = 7.2 Hz, 1H), 6.90 (s, 1H), 6.52 (t,
J=7.1Hz, 1H), 6.38 (t, J = 6.6 Hz, 1H), 3.82 (d, J =9.0 Hz, 1H), 1.87 — 1.76 (m,
1H), 0.98 — 0.93 (m, 2H), 0.67 — 0.64 (m, 2H); *3C NMR (100 MHz, CDCls) § 145.7, 145.6,
132.9,129.2,128.5,128.3,128.2,128.0,127.9, 126.7, 125.6, 125.3, 122.2, 117.6, 112.5, 110.4,
49.5, 16.3, 5.4; FT-IR (thin film, neat): 3032, 1658, 1584, 1316, 748, 712, 657 cm™*; HRMS
(ESI): m/z calcd for C2sH2oN [M+H]" : 324.1752; found : 324.1736.
1-[cyclohexyl(phenyl)methyl]-3-phenylindolizine (1030)
——=_____) Thereaction was performed at 0.1067 mmol scale of 80a; Rf = 0.6 (5% EtOACc
O . in hexane); green gummy solid (13.4 mg, 34% vyield); 'H NMR (400 MHz,
: I, CDCl3) 08.23 (d, J =7.1 Hz, 1H), 7.61 - 7.59 (m, 2H), 7.48 (t, J = 7.6 Hz, 3H),
Q 7.39-7.36 (M, 2H), 7.32 - 7.26 (m, 3H), 6.15 (t, J = 7.2 Hz, 1H), 6.93 (s, 1H),
6.62 (t, J = 7.1 Hz, 1H), 6.41 (t, J = 6.6 Hz, 1H), 3.84 (d, J = 10.4 Hz, 1H), 2.15
(9, J = 10.8, 21.6 Hz, 1H), 1.72 — 1.46 (m, 6H), 1.32 — 1.11 (m, 4H); 3C NMR (100 MHz,
CDCI3) 6 145.5, 145.4, 132.8, 129.0, 128.6, 128.5, 128.4, 128.2, 127.9, 126.9, 125.8, 125.7,
122.3, 117.8, 112.7, 110.5, 49.8, 42.9, 32.4, 26.8, 26.6; FT-IR (thin film, neat): 2956, 1658,
1496, 1362, 703 cm*; HRMS (ESI): m/z calcd for Co7HzsN [M+H]" : 366.2222; found :
366.2208.
1-benzhydryl-3-(4-methoxyphenyl)indolizine (104a)
The reaction was performed at 0.0964 mmol scale of 80b; R = 0.5 (5% EtOAc
in hexane); pale yellow gummy solid (24.2 mg, 64% yield); *H NMR (400 MHz,
CDCl3) §8.17 (d, J = 7.1 Hz, 1H), 7.45 (d, J = 7.6 Hz, 2H), 7.32 — 7.30 (m, 2H),
7.28 —7.26 (m, 6H), 7.23 — 7.19 (m, 2H), 7.16 (d, J = 9.0 Hz, 1H), 7.98 (d, J =
7.7 Hz, 2H), 6.54 (t, J = 7.2 Hz, 1H), 6.47 (s, 1H), 6.43 (t, J = 13.4 Hz, 1H), 5.77
(s, 1H), 3.84 (s, 1H); 3C NMR (100 MHz, CDCls) § 158.8, 144.9, 130.3, 129.5, 129.1, 128.4,
126.2, 125.1, 124.2, 122.3, 118.1, 116.1, 116.0, 115.0, 114.4, 110.6, 77.5, 77.2, 76.8, 55.5,
48.7; FT-IR (thin film, neat): 2834, 1523, 1364, 1249, 1186, 863, 736 cm™'; HRMS (ESI): m/z
calcd for C2gH2:NO [M+H]" : 390.1858; found : 390.1852.
1-benzhydryl-3-(p-tolyl)indolizine (104b)
The reaction was performed at 0.1016 mmol scale of 80c; Rf = 0.6 (5% EtOAc in hexane); pale
yellow solid (26.0 mg, 68% yield); m. p. = 122—-124 °C; *H NMR (400 MHz, CDCls) § 8.23 (d,
J=7.1Hz, 1H),7.42 (d, J=7.6 Hz, 2H), 7.31 - 7.27 (m, 4H), 7.26 — 7.24 (m, 5H), 7.23 - 7.18
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(m, 3H), 7.15 (d, J = 9.0 Hz, 1H), 6.55 (t, J = 6.5 Hz, 1H), 6.49 (s, 1H), 6.43 (t,
J=6.9 Hz, 1H), 5.75 (s, 1H), 2.39 (s, 3H); 3C NMR (100 MHz, CDCl3) 5 144.8,
136.8, 130.6, 129.7, 129.1, 128.4 (2C), 127.9, 126.2, 124.5, 122.4,118.1, 116.3,
116.2,115.2, 110.7, 48.7, 21.4; FT-IR (thin film, neat): 2926, 1486, 1358, 1264,
749 cm; HRMS (ESI): m/z caled for CasHaaN [M+H]" : 374.1909; found :

374.1915.

1-benzhydryl-3-[4-(tert-butyl)phenyl]indolizine (104c)

The reaction was performed at 0.0889 mmol scale of 80d; Rs = 0.6 (5% EtOAc
in hexane); pale yellow solid (22.7 mg, 61% yield); m. p. = 128-130 °C; 'H
NMR (400 MHz, CDCls) 6 8.28 (d, J = 7.2 Hz, 1H), 7.53 (d, J = 8.0 Hz, 2H),
7.42 (t, J = 7.6 Hz, 2H), 7.40 — 7.37 (m, 4H), 7.33 — 7.30 (m, 3H), 7.25 — 7.21
(m, 4H), 6.59 — 6.55 (m, 2H), 6.43 (t, J = 7.0 Hz, 1H), 5.76 (s, 1H), 1.37 (s, 9H);
13C NMR (100 MHz, CDCl3) ¢ 145.1, 132.6, 130.8, 129.1, 129.0, 128.4, 128.0, 127.6, 126.4,
124.5,122.3,118.2,116.6, 116.4, 115.5, 110.8, 48.4, 34.7, 31.5; FT-IR (thin film, neat): 2964,
1495, 1304, 1243, 862, 762, 738 cm™; HRMS (ESI): m/z calcd for Ca1HzoN [M+H]* : 416.2378;
found : 416.2362.

3-([1,1'-biphenyl]-4-yl)-1-benzhydrylindolizine (104d)

The reaction was performed at 0.0839 mmol scale of 80e; Rf = 0.6 (5% EtOAc
in hexane); pale yellow gummy solid (21.2 mg, 58% yield); *H NMR (400 MHz,
CDCl3) §8.28 (d, J = 7.2 Hz, 1H), 7.58 (d, J = 7.4 Hz, 2H), 7.56 — 7.52 (m, 4H);
7.45—-7.41 (m, 4H), 7.38 — 7.30 (m, 5H) ), 7.28 — 7.26 (m, 3H), 7.24 — 7.22 (m,
2H), 6.68 — 7.63 (m, 2H), 6.48 (t, J = 7.0 1H), 5.78 (s, 1H); *3C NMR (100 MHz,
CDClI3) 6 144.8, 143.6, 141.2, 139.2, 132.4, 131.0, 129.4, 129.0, 128.8, 128.5, 128.1, 127.2,
126.3, 124.6, 122.3, 118.1, 116.5, 116.4, 115.5, 110.8, 48.6; FT-IR (thin film, neat): 3028,
1489, 1239, 1157, 794, 737 cm™*; HRMS (ESI): m/z calcd for CasHzsN [M+H]* : 436.2065;
found : 436.2047.

1-benzhydryl-3-(4-methoxy-2-methylphenyl)indolizine (104e)

The reaction was performed at 0.0922 mmol scale of 80f; Rs = 0.4 (5% EtOAc
in hexane); pale yellow solid (20.6 mg, 55% yield); m. p. = 124-126 °C; 'H
NMR (400 MHz, CDCls) ¢ 7.53 (d, J = 7.0 Hz, 1H), 7.33 — 7.31 (m, 2H), 7.29
(brs, 5H), 7.28 — 7.21 (m, 4H), 7.17 (d, J = 9.0 Hz, 1H), 6.89 (s, 1H), 6.82 (d, J
= 8.4 Hz, 1H), 6.55 (t, J = 7.0 Hz, 1H), 6.42 — 6.39 (m, 2H), 5.82 (s, 1H), 3.86
(s, 3H), 2.12 (s, 3H); 13C NMR (100 MHz, CDCls) § 159.6, 145.1, 139.9, 132.5, 129.4, 129.1,
128.3,126.1,124.2,123.2,122.7,117.8, 115.8, 115.64, 115.60, 115.3, 111.4, 110.2, 55.4, 48.8,

165



20.2; FT-IR (thin film, neat): 2934, 1606, 1364, 1243, 768, 739 cm™*; HRMS (ESI): m/z calcd
for C2oH26NO [M+H]" : 404.2014; found : 404.1999.
1-benzhydryl-3-(6-methoxynaphthalen-2-yl)indolizine (104f)
The reaction was performed at 0.0830 mmol scale of 80g; Rs = 0.4 (5% EtOAc in
S ) hexane); pale yellow gummy solid (19.2 mg, 52% yield); *H NMR (400 MHz,
S CDCl3) 08.23 (d, J=7.1 Hz, 1H), 7.42 (d, J = 7.6 Hz, 2H), 7.41 — 7.39 (m, 2H),
QQ 7.34 - 7.30 (m, 2H), 7.31 — 7.27 (m, 4H), 7.26 — 7.24 (m, 3H), 7.23 — 7.18 (m,
3H), 7.15 (d, J = 9.0 Hz, 1H), 6.55 (t, J = 6.5 Hz, 1H), 6.49 (s, 1H), 6.43 (t, J =
6.9 Hz, 1H), 5.75 (s, 1H), 3.72 (s, 3H); *C NMR (100 MHz, CDCl3) § 158.6, 144.8, 136.8,
130.3, 129.7, 129.1, 128.4 (2C), 128.0, 127.6, 126.2, 125.1, 124.5, 123.4, 122.6, 118.1, 116.3,
116.2, 115.3, 113.6, 110.7, 55.6, 48.4; FT-IR (thin film, neat): 2906, 1609, 1359, 1269, 867,
739, 645 cm™; HRMS (ESI): m/z calcd for Ca2H26NO [M+H]" : 440.2014; found : 440.1994.

1-benzhydryl-3-(3-fluorophenyl)indolizine (104g)

The reaction was performed at 0.1002 mmol scale of 80h; Rt = 0.6 (5% EtOAc
in hexane); pale yellow gummy solid (23.0 mg, 60% yield); *H NMR (400
MHz, CDCl3) 6 8.29 (d, J = 7.2 Hz, 1H), 7.38 (t, J = 7.4 Hz, 1H), 7.34-7.30
(m, 5H), 7.28 — 7.22 (m, 7H), 7.19 (d, J = 9.0 Hz, 1H), 6.99 (t, J = 8.3 Hz, 1H),
6.61 (t, J = 7.2 Hz, 1H), 6.56 (s, 1H), 6.51 (t, J = 6.8 Hz, 1H), 5.78 (s, 1H); *C
NMR (100 MHz, CDCls) 8 163.3 (d, Jc.r = 244.5 Hz), 144.6, 134.7 (d, Jc-r = 33.1 Hz), 131.3,
130.5 (d, Jc-Fr = 8.7 Hz), 130.2, 128.8 (d, Jc-Fr = 66.7 Hz), 126.3, 123.3 (d, Jc-r = 2.7 Hz), 123.2
(d, Jc-F = 10.0 Hz), 122.3, 118.3, 116.9, 116.8, 115.9, 114.4 (d, Jc-r = 21.9 Hz), 113.7 (d, Jcr
=21.1 Hz), 111.2, 48.7; **F{*H} NMR (376 MHz, CDCls) § —112.50; FT-IR (thin film, neat):
3058, 1612, 1583, 1367, 1256, 736, 630 cm™; HRMS (ESI): m/z calcd for C27H21FN [M+H]" :
378.1658; found : 378.1668.

1-benzhydryl-3-(4-chlorophenyl)indolizine (104h)

The reaction was performed at 0.0950 mmol scale of 80i; Rt = 0.5 (5% EtOAc in
hexane); pale yellow solid (23.3 mg, 62% yield); m. p. = 126-128 °C; 'H NMR
(400 MHz, CDCl3) 6 8.27 (d, J = 7.1 Hz, 1H), 7.53 (d, J = 7.6 Hz, 2H), 7.43 (t,
J=7.3Hz, 2H), 7.32 - 7.26 (m, 4H), 7.24 — 7.22 (m, 4H), 7.17 (d, J = 7.7 Hz,
2H), 7.13 (d, J = 9.0 Hz, 1H), 6.58 (t, J = 7.4 Hz, 1H), 6.48 — 6.44 (m, 2H), 5.72
(s, 1H); 13C NMR (100 MHz, CDCI3) & 144.3, 143.4, 132.4, 132.0, 130.8, 130.5, 129.0, 128.5,
128.0, 127.1, 126.5, 124.6, 122.4, 118.0, 116.6, 115.9, 115.3, 110.9, 48.1; FT-IR (thin film,
neat): 3060, 1494, 1309, 1204, 847, 739, 697 cm™*; HRMS (ESI): m/z calcd for C27H21CIN
[M+H]" : 394.1363; found : 394.1347.
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1-benzhydryl-3-[2-(trifluoromethyl)phenyl]indolizine (104i)
The reaction was performed at 0.0859 mmol scale of 80j; Ri = 0.6 (5% EtOAc
O in hexane); pale green gummy solid (20.6 mg, 56% yield); *H NMR (400 MHz,
oW, o CDCl3) 6 8.26 (d, J = 7.1 Hz, 1H), 7.62 — 7.58 (m, 3H), 7.53 — 7.47 (m, 3H),
Q 7.46 —7.39 (m, 2H), 7.34 — 7.31 (m, 2H), 7.28 (t, J = 7.4 Hz, 2H), 7.26 — 7.24
(m, 2H), 7.18 (d, J = 9.0 Hz, 1H), 6.66 (t, J = 7.6 Hz, 1H), 6.54 — 6.47 (m, 2H),
5.86 (s, 1H); 3C NMR (100 MHz, CDCls) & 145.6, 132.5, 132.4 (q, Jcr = 2.9 Hz), 130.8,
130.5, 129.0, 128.8, 128.6 (q, Jc-r = 276.4 Hz), 128.0, 127.2, 126.6, 126.4 (q, Jc-r = 5.2 Hz),
124.8, 123.2, 122.4, 117.8, 116.8, 115.4, 111.0, 48.6; *F{*H} NMR (376 MHz, CDCl3) &
—60.13; FT-IR (thin film, neat): 2934, 1438, 1326, 1178, 866, 763 cm™; HRMS (ESI): m/z
calcd for CogH21F3N [M+H]™ : 428.1626; found : 428.1642.
1-benzhydryl-3-cyclopentylindolizine (104j)
The reaction was performed at 0.1097 mmol scale of 80k; Rf = 0.6 (5% EtOAc
O O in hexane); pale green solid (19.7 mg, 51% yield); m. p. = 110-112 °C; 'H

) NMR (400 MHz, CDCls) 6 7.74 (d, J = 7.0 Hz, 1H), 7.32 — 7.30 (m, 3H), 7.29
& —7.27 (M, 2H), 7.26 — 7.22 (m, 2H), 7.21 — 7.18 (m, 3H), 7.12 (d, J = 8.7 Hz,

1H), 6.52 — 6.45 (m, 2H), 6.27 (s, 1H), 5.77 (s, 1H), 3.24 (quintet, J = 8.0 Hz,

1H), 1.83 — 1.64 (m, 8H); 3C NMR (100 MHz, CDCls) & 145.3, 132.4, 129.1, 129.0, 128.4,
126.1, 121.6, 118.2, 114.4, 115.3, 110.6, 109.4, 48.7, 36.6, 31.3, 25.1; FT-IR (thin film, neat):
2954, 1656, 1493, 1326, 1259, 701 cm™; HRMS (ESI): m/z calcd for Ca7HzsN [M+H]" :
366.2222; found : 352.2080.
1-benzhydryl-3-cyclohexylindolizine (104Kk)
The reaction was performed at 0.1044 mmol scale of 80I; R = 0.6 (5% EtOAc
O O in hexane); pale green gummy solid (20.4 mg, 53% yield); *H NMR (400 MHz,
CDCl3) 6 7.76 (d, J = 6.6 Hz, 1H), 7.33 — 7.29 (m, 4H), 7.26 — 7.21 (m, 6H),
' 7.12 (d, J = 8.7 Hz, 1H), 6.52 — 6.45 (m, 2H), 6.27 (s, 1H), 5.77 (s, 1H), 2.84 —

2.80 (m, 1H), 2.09 (d, J = 9.6 Hz, 2H), 1.89 — 1.79 (m, 3H), 1.45 (g, J = 9.1 Hz,
4H) 1.35 — 1.30 (m, 1H); **C NMR (100 MHz, CDCls) & 145.2, 129.14, 129.10, 128.3 (2C),
126.1, 121.8, 118.0, 114.6, 114.5, 110.7, 109.8, 48.9, 35.4, 31.8, 26.7, 26.5; FT-IR (thin film,
neat): 2953, 1656, 1494, 1256, 863, 724, cm™*; HRMS (ESI): m/z calcd for Ca7H2sN [M+H]* :
366.2222; found : 366.2234.
1-[(4-ethoxyphenyl)(phenyl)methyl]-3-phenylindolizine (104l)

The reaction was performed at 0.0922 mmol scale of 80m; Rt = 0.4 (5% EtOAc in hexane);
pale yellow gummy solid (26.5 mg, 71% yield); *H NMR (400 MHz, CDCl3) § 8.28 (d, J = 7.2

167



Hz, 1H), 7.56 — 7.53 (m, 2H), 7.44 (t, J = 7.5 Hz, 2H), 7.32 — 7.30 (m, 2H),
O O % 7.28 —7.26 (m, 3H), 7.24 — 7.20 (m, 1H), 7.18 — 7.15 (m, 3H), 6.86 — 6.82
e (m, 2H), 6.57 (ddd, J = 7.4, 6.4, 1.0 Hz, 1H), 6.53 (s, 1H), 6.45 (td, J = 7.3,
Q 1.3 Hz, 1H), 5.72 (s, 1H), 4.02 (q, J = 7.0 Hz, 2H), 1.41 (t, J = 7.0 Hz, 3H);
13C NMR (100 MHz, CDClg) & 157.4, 145.2, 136.8, 132.6, 130.8, 130.0,
129.1,129.0,128.4,127.9,126.9, 126.1, 124.4,122.3,118.2,116.9, 116.3, 115.5, 114.3, 110.8,
63.5, 47.9, 15.1; FT-IR (thin film, neat): 2963, 1604, 1436, 1267, 754, 701 cm™; HRMS (ESI):
m/z calcd for CooH26NO [M+H]" : 404.2014; found : 404.2027.
1-[(9H-fluoren-2-yl)(phenyl)methyl]-3-phenylindolizine (104m)
The reaction was performed at 0.0812 mmol scale of 80n; Rt = 0.5 (5%
EtOAc in hexane); pale yellow solid (23.4 mg, 64% yield); *H NMR (400
MHz, CDCls) ¢ 8.31 (d, J = 7.1 Hz, 1H), 7.77 (d, J = 7.5 Hz, 1H), 7.73
(d, J =79 Hz, 1H); 7.57 (d, J = 7.6 Hz, 2H), 7.53 (d, J = 7.4 Hz, 1H);
7.46 — 7.43 (m, 3H), 7.37 (t, J = 7.4 Hz,1H), 7.35 — 7.26 (m, 8H), 7.21
(d, J=9.1 Hz, 1H), 6.60 — 6.57 (m, 2H), 6.47 (t, J = 6.8 Hz,1H), 5.87 (s, 1H), 3.86 (s, 1H); 1°C
NMR (100 MHz, CDCl3) 6 145.0, 143.7, 143.6, 143.9, 141.8, 140.0, 132.6, 130.9, 129.2, 129.0,
128.4,127.9,127.9,127.0,126.8, 126.5, 126.3, 125.8, 125.1, 124.5, 122.4,119.9, 119.8, 118.2,
116.7, 116.4, 115.6, 110.9, 48.9, 37.1; FT-IR (thin film, neat): 2962, 1604, 1434, 1267, 846,
753, cmt; HRMS (ESI): m/z calcd for CaaHzsN [M+H]* : 448.2065; found : 448.2052.
1-[(4-bromophenyl)(phenyl)methyl]-3-phenylindolizine (104n)

The reaction was performed at 0.0833 mmol scale of 800; Rs = 0.5 (5%
EtOAc in hexane); pale green gummy solid (22.7 mg, 62% yield); *H NMR
(400 MHz, CDCl3) 6 8.28 (d, J = 8.3 Hz, 1H), 7.54 (d, J = 7.7 Hz, 2H), 7.43
Q (dd, J =14.5, 7.4 Hz, 4H); 7.33 — 7.29 (m, 3H), 7.26 — 7.23 (m, 3H) ), 7.15
—7.12 (m, 3H), 6.60 (t, J = 7.4 1H), 6.49 — 6.45 (m, 2H), 5.72 (s, 1H); 3C
NMR (100 MHz, CDCl3) 6 144.2, 143.9, 132.4, 131.5, 130.9, 130.8, 129.0 (2C), 128.5, 128.0,
127.1, 126.5, 124.6, 122.4, 120.1, 118.0, 116.7, 115.8, 115.3, 110.9, 48.2; FT-IR (thin film,
neat): 3056, 1601, 1496, 1306, 737, 687 cm™; HRMS (ESI): m/z calcd for C27H21BrN [M+H]*
: 438.0857; found : 438.0838.

1-[naphthalen-1-yl(phenyl)methyl]-3-phenylindolizine (1040)

The reaction was performed at 0.0905 mmol scale of 80p; R = 0.5 (5% EtOAc in hexane); pale
yellow gummy solid (20.5 mg, 55% yield); *H NMR (400 MHz, CDCls) 6 8.29 (d, J = 7.1 Hz,
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1H), 7.82-7.80 (m, 1H), 7.78 — 7.72 (m, 2H), 7.64 (s, 1H), 7.55 - 7.53 (m, 2H),
7.44 —7.40 (m, 5H), 7.31 - 7.29 (m, 5H), 7.25 (dd, J = 8.6, 4.2 Hz, 1H), 7.20 (d,
J=9.0 Hz, 1H), 6.58 — 6.54 (m, 2H), 6.46 (t, J = 7.0 Hz, 1H), 5.93 (s, 1H); 1°C
NMR (100 MHz, CDClz) 6 144.6, 142.4, 133.6, 132.5, 132.3, 130.9, 129.2,
129.0, 128.4, 128.05, 128.00, 127.96, 127.92, 127.7, 127.2, 127.0, 126.3, 126.0,
125.5, 124.5, 122.4, 118.2, 116.5, 116.2, 115.6, 110.8, 48.8; FT-IR (thin film, neat): 2923,
1600, 1487, 1336, 1254, 757, 687 cm™; HRMS (ESI): m/z calcd for CaiHzsN [M+H]* :
410.1909; found : 410.1917.
1-[anthracen-9-yl(phenyl)methyl]-3-phenylindolizine (104p)
The reaction was performed at 0.0786 mmol scale of 80q; R = 0.5 (5% EtOAc
O O in hexane); pale yellow solid (19.0 mg, 52% yield); m. p. = 156-158 °C; ‘H
: ) O NMR (400 MHz, CDCls) ¢ 8.47 (s,1H), 8.37 (d, J = 8.9 Hz, 2H), 8.30 (d, J =
Q 7.1 Hz, 1H); 8.03 (d, J=8.4 Hz, 1H); 7.46 — 7.43 (m, 2H), 7.41 — 7.37 (m, 4H)
7.35-7.28 (m, 4H), 7.26 — 7.18 (m, 6H), 6.64 — 6.60 (m, 2H), 6.48 (t, J=6.8
1H); ¥C NMR (100 MHz, CDCls) § 145.1, 136.6, 132.5, 132.2, 131.5, 130.7, 129.3, 128.9,
128.4,128.0,127.5,126.9, 125.8, 125.4,124.8, 124.6, 122.5, 118.2, 116.7, 115.9, 114.5, 110.8,
41.9; FT-IR (thin film, neat): 3057, 1607, 1473, 1348, 1187, 863, 734 cm™'; HRMS (ESI): m/z
calcd for CssHzsN [M+H]* : 460.2065; found : 460.2045.
3-benzhydryl-1-phenylpyrrolo[1,2-a]Jquinoline (104q)
The reaction was performed at 0.0905 mmol scale of 80r; Rf=0.5 (5% EtOACc
in hexane); pale yellow solid (22.7 mg, 61% vyield); *H NMR (400 MHz,
CDCl3) 6 7.58 (d, J = 7.7 Hz, 1H), 7.51 — 7.50 (m, 3H), 7.44 — 7.41 (m, 2H),
7.40 — 7.36 (m, 1H), 7.33 — 7.28 (m, 8H), 7.25 — 7.21 (m, 3H), 7.19 — 7.17
(m, 1H), 7.11 (t, J = 7.8 Hz, 1H), 6.92 (d, J =9.3, Hz, 1H); 6.38 (s, 1H), 5.80
(s, 1H); ¥C NMR (100 MHz, CDCl3) & 144.7, 135.7, 134.7, 129.7, 129.4, 129.3, 129.2 (2C),
128.6, 128.5, 128.4, 127.6, 126.4, 126.3, 125.6, 123.4, 119.3, 118.7, 117.8, 117.6, 48.5; FT-IR
(thin film, neat): 3059, 1599, 1448, 1327, 1257, 753 cm™t; HRMS (ESI): m/z calcd for Ca1H24N

[M+H]" : 410.1909; found : 410.1924.
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'H NMR (400 MHz, CDCls) spectrum of (103c)
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'H NMR (400 MHz, CDCls) spectrum of (103i
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'H NMR (400 MHz, CDCls) spectrum of (103Kk)
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'H NMR (400 MHz, CDClIs) spectrum of (103m)
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Expanded *C{*H} NMR (400 MHz, CDClI3) spectrum of (103m)
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13C{*H} NMR (400 MHz, CDCls) spectrum of (104b)
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Expanded *H NMR (400 MHz, CDCls) spectrum of (104k)
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Part-B: Chapter 2

2. Copper-catalyzed Synthesis of Chromone and Indolizine-based

Unsymmetrical Triarylmethanes from 2-(2-Enynyl)pyridines

2.1 Introduction:

The heterocyclic compound Chromone is considered to be a privileged core and found as an
integral part of many natural products, bio-active molecules, clinical medicines, and lead
compounds.™! Flavones and isoflavones, for instance, being the most common chromone-based
natural compounds (Figure 1), have made significant contributions to a variety of various
scientific and industrial fields, including medicinal chemistry, biochemistry, health care, and
organic synthesis.? In addition, functionalized chromones have recently been found to have a
variety of bioactivities, including anti-virus, anti-bacterial, anti-oxidant, anti-fungal, and anti-

tumour properties, etc.F!

...............................................................................................
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Figure 1: Chromone-Based Natural Products and Bioactive Compounds

Due to the importance of these heterocyclic compounds, research works focusing on the
synthesis of chromones continue to be of great interest and attracted many synthetic chemists
to develop various synthetic protocols for their syntheses. In general, two main strategies are
employed for the synthesis of chromone scaffolds. The first method is the direct elaboration of
the naturally occurring chromone, which results in chromone derivatives with various

substructures.[ As natural chromone is expensive, as well as due to the limited availability of
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natural chromones, this method has limited applications. The other approach shows a much
broader application and involves synthesizing chromone rings having enhanced structural
diversity from various acyclic building blocks.>4 In recent years, the domino reactions
initiated by the cyclization of N,N-disubstituted 2-hydroxyphenyl enaminone have been
realized as a reliable and easy method for synthesizing 3-substituted chromones.[*>161 |t
involves the formation of new carbon-carbon and carbon-heteroatom bonds via direct
functionalization of the enaminone C-H bond. A few literature reports for synthesizing 3-
substituted chromones, through domino cyclization of 2-hydroxyphenyl enaminones and its C-

H elaboration, have been summarized below.
2.2 Literature reports on synthesis of 3-substituted chromones:

In recent years various carbon-based coupling reagents have been effectively used to
react with 2-hydroxyphenyl enaminones to access a variety of C3-substituted chromone
derivatives. For example, in the year 2009, Pan and co-workers reported a TMS-CI promoted
multicomponent reaction of 2-hydroxyphenyl enaminones (1), urea/thiourea (2), and aldehydes
(3) to synthesize 3-aminoalkylated chromones (4). According to the authors, the reaction
proceeds through the cyclization of enaminone 1 to form chromone, followed by the
nucleophilic attack on the in situ generated imine from the condensation reaction of 2 and 3 to
access the final 3-substituted chromone product 4. In some cases, the urea-bridged
bisalkylchromone 5 was formed as a side product when urea was used as one of the substrates
(Scheme 1).1t71

...................................................................................................
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Scheme 1: Synthesis of 3-aminoalkylated chromones

Later in 2016, Blond’s group reported the synthesis of 3-alkyl chromones (7) in
moderate yields by the reaction of enaminones (1) and excess of alkyl halides (6) in the
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presence of a stoichiometric amount of AgOTT. In addition, 3-phenylselenylated chromones
were obtained when phenylselenenyl chloride was used as the electrophile. According to their
proposed mechanism, the reaction proceeds through the activation of the alkyl halide 6 by the
Ag(l) salt, followed by nucleophilic attack from the a-position of enaminone 1 to generate the
alkylated iminium salt 8. The subsequent cyclization of the intermediate 8 produces another

intermediate 9, which upon amine elimination, affords the desired product 7 (Scheme 2).[€]

.....................................................................................
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Scheme 2: Synthesis of 3-alkyl chromones

In 2019, Patil and co-workers developed an interesting protocol for synthesizing 3-
alkylated chromones through the reaction of enaminone (1) and diazo compounds (10)
catalyzed by a dual XPhosAuCI/AgOTf catalyst. A variety of substituted enaminones and
functionalized diazo compounds, were well tolerated while delivering the corresponding 3-

alkylated chromones (11) in moderate to good yields. Computational studies revealed that the

..........................................................................................................
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Scheme 3: Au catalysed synthesis of 3-alkylated chromones
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hydroxyl group of the reactant 1 (in the transition state TS-I) assists the alkylation reaction by
promoting the incorporation of the enaminone into the Au-carbene intermediate during the

formation of the desired product (Scheme 3).[1%

In 2014, Wang’s group reported a photochemical approach for the synthesis of
isoflavone derivatives (13) by the reactions of enaminone (1) and benzene derivatives (12) in
the presence of 2 equivalents of molecular iodine under the irradiation of a 500W mercury
lamp. This transformation proceeds through the formation of 3-iodochromone 14 as the
reaction intermediate. The benzene substrates 12 need to be used as a solvent, and when

unsymmetrical benzene derivatives were used as the reagent, a mixture of regioisomers was

.................................................................................................
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Scheme 4: Synthesis of isoflavones through C3- arylation of chromones

obtained, resulting from the transformation of different C-H bonds (Scheme 4a).[2% Later, in
2019, the same group reported a BPO-promoted one-pot approach for the synthesis of 3-
arylchromones from o-hydroxyphenyl enaminones and aryl boronic acids (12°). A wide range
of 3-halochromones was synthesized and then, in-situ, transformed into 3-arylchromones
through palladium cross-couplings. The advantage of this approach over the previous report is
that it does not require any pre-functionalization of the enaminone (Scheme 4b)[?°"!

In 2016, Patil group reported a AuCl catalyzed synthesis of 3-alkynyl chromones (16)

through a C-H alkynylation from the reaction of enaminones (1) and the alkynyl cation
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precursors (15). This transformation worked well at room temperature, and the 3-alkynyl

chromones (16) were obtained in good to excellent yields. Control experiments revealed that

....................................................................................................
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Scheme 5: Synthesis of 3-alkynyl chromones

the reaction proceeds through the C-H alkynylation to give alkynyl enaminone 17. The
cyclization of 17 generates the dihydrochromone 18, which upon amine elimination, gives the
final product 16 (Scheme 5).121

In 2017, Yang’s group developed a Selectfluor-triggered tandem cyclization of o-
hydroxyarylenaminone 1 for the construction of a variety of difluorinated 2-amino-substituted
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Scheme 6: Synthesis of 3-fluorinated chromones
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chromanones 20 in good yields (Scheme 6a).1?% Later in 2020, the same group extended this
protocol for the one-pot synthesis of monofluorinated chromones 21 by the cyclization of 2-
hydroxylphenyl enaminones 1 initiated by fluorination with Selectfluor 19 in the presence of
the radical scavenger BHT or TEMPO and a diverse range of 3-fluorochromones were obtained
in moderate to good yields (Scheme 6b).[22°1 In 2021, Yu and co-workers reported a similar
protocol in the absence of the radical scavenger BHT or TEMPO for the synthesis of 3-
fluorinated chromones 21 via a K>COs-promoted C—H fluorination and subsequent
intramolecular cyclization and deamination by using o-hydroxyarylenaminones 1 and
Selectfluor 19 as reaction partners in MeCN at 100 °C (Scheme 6¢).[?]
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Scheme 7: Synthesis of 3-halo chromones from 2-hydroxyphenyl substituted enaminone

In 2020, Liu and co-workers reported the synthesis of 3-Br/I chromones 21’ from 2-
hydroxyphenyl enaminones 1 using a combination of simple and nontoxic KBr/KI with the
oxidant PhI(OAc): as the halogenating reagent and ethyl lactate (EL) as the solvent. Although
this protocol was successfully utilized for the synthesis of 3-Br/l chromones, the 3-Cl

chromones could not be prepared using this transformation (Scheme 7).1%]
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Scheme 8: K2S,0g promoted synthesis of 3-trifluoromethyl chromones
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In 2020, the Wan group developed a transition metal-free protocol for the synthesis of
3-trifluoromethyl chromones (23) by the reaction of 2-hydroxyphenyl enaminones (1) and
CF3SO2Na 22 as a source of CFs radical. The reaction proceeds through a K»>S>Og-promoted
radical addition of CF3 radical 24’ to enaminone 1 to generate the intermediate 24 followed by
a SET to give another intermediate 25, which upon intramolecular cyclization and amine
elimination produces the final product 23. A variety of trifluoromethyl chromones (23) were
synthesized in moderate to good yields. Furthermore, the 3-trifluoromethyl chromone products
were successfully used for the synthesis of 3-trifluoromethyl pyrimidines by reacting with

guanidine/amidine substrates. (Scheme 8).124]
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30

Scheme 9: DDQ-promoted synthesis of 3-allyl chromones

In 2019, the Yan and co-workers developed a DDQ-mediated oxidative allylation
subsequent intramolecular cyclization followed by deamination to synthesize a variety of 3-
allyl chromones (28) in moderate to good yields from o-hydroxyaryl enaminones (1) with 1,3-
diarylpropenes (27) as the reaction partners (Scheme 9a).[?* Due to the high efficiency,
transition metals free, and mild reaction conditions, this methodology demonstrated a broad
range of potential applications for synthesizing bioactive chemicals. Later in 2021, the same
group reported the same protocol for the reaction of enaminones (1) with cycloheptatriene 29
as the reaction partner for synthesizing 3-cycloheptatrienyl chromones (30) in good to excellent
yields (Scheme 9b).[250]

laroshenko and co-workers recently developed a photo-induced route to access 3-
arylchromones by the reaction of orthohydroxyaryl enaminones (1) and aryldiazonium
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tetrafluoroborates (31) as the aryl radical source. The reaction proceeds through the generation
of the aryl radical 33 through a SET from the irradiation of aryldiazonium tetrafluoroborates
31 in the presence of the photocatalyst Eosin Y. The radical addition of 33 to enaminone 1
generates intermediate 34, which upon SET produces another intermediate 35. The
intermediate 35 undergoes intramolecular cyclization to generate 36, which upon the

elimination of dimethylamine, gives the product 32 (Scheme 10).[2¢]

. laroshenko's work (2020) '
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»  Proposed mechanism

Scheme 10: Synthesis of 3-aryl chromones

Later, in 2021, they also developed another straightforward and efficient protocol
for the synthesis of 3-arylchromones by the electrophilic arylation of 2-hydroxyaryl

enaminones (1) using dimethyl(aryl)sulfonium salts (37) as the reaction partner and a wide
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range of 3-arylchromones (32) were prepared in good to excellent yields. According to the
proposed mechanism, the reaction starts with the initial electrophilic attack of the enaminone
1 on the sulfonium salt 37 followed by the SnAr nucleophilic substitution to produce the
intermediate 35 through the transition state 38. The intermediate 35, upon intramolecular

cyclization and dimethylamine elimination, gives the final product 32 (Scheme 11).[27]

: " ® OTf Cs,CO3, DMF, Ar

: ASNME e 0 °C-RT, 1h

: Re Me Me -R! >
; oH

then 5h, 90 °C

Scheme 11: Synthesis of 3-aryl chromones using dimethyl(aryl)sulfonium salts

In 2022, Xiang and co-workers developed a photoredox-catalyzed amination of o-
hydroxyaryl enaminones with tert-butyl ((perfluoropyridin-4-yl)oxy)carbamate as an amidyl-
radical precursor to access a range of 3-aminochromones (Scheme 12). Based on the
experimental results, the authors proposed that the reaction starts with the photoexcitation of
the fac-Ir(ppy)s catalyst to *fac-Ir(ppy)s using a blue LED. The photo-excited *fac-Ir(ppy)s is
then reductively quenched to Ir(ll) through a single-electron transfer (SET) by the enaminone
1, generating the nitrogen-center radical 41. The radical intermediate 41 produces the carbon-
center radical 41° through a radical transposition. Meanwhile, the Ir(Il) species is oxidized to
Ir(111) by 39 to produce the amidyl radical 42, which combines with 41’ to generate 44.
Intramolecular cyclization of 44 gives intermediate 45 (path A). Alternatively, the radical

intermediate 41° first undergoes intramolecular cyclization to produce another radical 43,
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which is captured by the amidyl radical 42 to generate 45 (path B). The final elimination of

dimethylamine from 45 produces the final product (Scheme 12).1%]

E Yang and Xiang's work (2022)
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Scheme 12: Photoredox-catalyzed synthesis of 3-aminated chromones

In 2022, Zhu and co-workers reported a combination of photoredox and enzyme catalysis
for synthesizing 3-aminoalkyl chromones from o-hydroxyaryl enaminones and N-arylglycine
esters as the reaction partners (Scheme 13). A variety of 3-aminoalkyl chromones (47) were
obtained in moderate to good yields in one pot using this protocol. Based on the control
experiments, the authors proposed that this cooperative photo-enzymatic reaction proceeds
through the hydrolysis of N-arylglycine ester 46 into N-arylglycine 48 by the enzyme CALB.
Then, N-arylglycine 46 undergoes single electron transfer (SET) with the photocatalyst MB*
to produce radical cation 49 under visible-light irradiation. Subsequently, the free radical
intermediate 49 undergoes decarboxylation to gives amine alkyl radicals 50, which is oxidized
to the imine intermediate 51. The intermediate 51 then reacts with the enaminone 1 to generate
the iminium intermediate 52. Finally, intermediate 52 undergoes intramolecular cyclization
followed by elimination of dimethylamine to generate the desired product 47 (Scheme 13).129

Very recently, Tang and co-workers reported an efficient copper-mediated
decarboxylative coupling/annulation protocol to access a wide range of 3-indolmethyl-

chromones 55 in good to excellent yields by the reaction of o-hydroxyaryl enaminones (1) with
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Scheme 13: Cooperative photoenzymatic synthesis of 3-aminoalkyl chromones

3-indoleacetic acids (54). Furthermore, the products were derivatized into various

indolmethyl-substituted pyrimidines (57) by treating them with amidines (56) in the presence
of an excess of base K.COs (Scheme 14).E%
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Scheme 14: Cu-mediated synthesis of 3-indolmethyl chromones
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In 2022 Yu’s group developed a silver-catalyzed cascade protocol for the synthesis of 3-
(1H-isochromen)-chromones derivatives (59) in good yields from o-hydroxyaryl enaminones
(1) and 2-alkynyl benzaldehydes (58) as the starting materials. This method enables the
installation of 1H-isochromen and chromone in a single structure via an initial 6-endo-dig
cyclization of o-alkynyl benzaldehydes and a subsequent C-H alkylation/chromone annulation

of the ortho-hydroxyaryl enaminones (Scheme 15).[3!]

..............................................................................................

: o)

: A~ Me , CHO  Ag,0 (40 mol%)

i R'- i + R »
E OH e \\ \ Acetone, 80 °C

i R'=H, Me, OMe, NO,, Halo, etc.
! R2 = alkyl, cycloalkyl, aryl etc.; R® = H, Me, halo, etc.

...............................................................................................

Scheme 15: Ag>O-mediated cascade cyclization of ortho-hydroxyarylenaminones

2.3 Background:

As a part of our current ongoing research on the development of new protocols to

synthesize indolizine based unsymmetrical diaryl and triarylmethanes, we envisioned that it
{OurHypothesis e

I\ Ph
NI

60
Ph

+

Indolizine Chromon

9

Figure 2: Our hypothesis for the synthesis of indolizine and chromone based TRAMSs
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could be possible to synthesize indolizine and chromone based triarylmethanes through the
addition of N,N-dimethyl-2-hydroxyphenyl enaminone 1 to 2-(2-enynyl)-pyridines (60)
through the initial 5-endo-dig cyclization 2-(2-enynyl)-pyridines followed by remote addition
of 2-hydroxyphenyl enaminone to afford unsymmetrical triarylmethanes 61 containing both

indolizine and chromone in the same molecule (Figure 2).
2.4 Results and Discussions:

To optimize the reaction conditions, we have chosen 2-(2-enynyl)-pyridine 60a and o-
hydroxyphenylenaminone 1a as model substrates, and the results are shown in Table 1. First,
we went for the optimization of the solvent for this reaction, and the preliminary experiment
was performed with Cul as a catalyst in THF solvent at 50 °C, and the product 61a was isolated
in 89% vyield after 8 hours (table 1, entry 1). However, when the reaction was conducted in
PhMe, a slight increase in the yield of the reaction was observed, but it took a long time for the
completion of the reaction, and the product 61a was obtained in 91% yield after 18 hours (table
2, entry 2). The reaction was then optimized in other solvents such as 1,4-dioxane, CHCIs, and
ethyl acetate, although in these cases, the desired products were isolated in better yield (up to
94% in 1,4-dioxane); the reactions took longer time for completion (table 1, entry 3,4 & 5).
The yield of the reaction was increased to 98% when the reaction was conducted in MeCN as
a polar aprotic solvent, and it took only 3 hours to complete. (table 1, entry 6). The reaction
was also conducted in chlorinated solvent 1,2-DCE and polar protic solvent EtOH, but in those
solvents, the yield of 61a was decreased to 79% and 72%, respectively (table 1, entries 7 & 8).
The desired product 61a was obtained in 80% vyield after 40 hours when the reaction was
conducted at room temperature (table 1, entry 9). The yield of 61a was decreased to 80% after
6 hours when the catalyst loading was decreased to 5 mol% (table 1, entry 10). Then we went
for screening other catalysts for this transformation; the reaction was conducted with different
catalysts in MeCN as the solvent (table 1, entry 11-18). The reaction worked well with
Cu(OTf) as the catalyst, and 97% yield of 61a was obtained after 4 hours (table 1, entry 11).
With Cu(OTf).PhMe as the catalyst, the product was isolated in 85% yield after 10 hours (table
1, entry 12). CuBr and CuCl also worked well and yielded the product in 94% and 90%,
respectively (table 1, entries 13 & 14). The reaction was also performed with various other
copper salts as well such as Cu(S0O4).5H.0 and Cu(OAc)2, but these salts were proven to be
less effective for this transformation as compared to Cul and Cu(OTf) as with these salts the
reaction took a long time for completion and the yield was also
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Table 1. Optimization Study?

0
Ph Ph
| Q N0
: ,N N I, @6\/\3:\% Catalyst (10 mol%)= i N//
oH Solvent, temp. "
60a (1 equiv.) 1a 1.2 equiv. 61a
S/No Solvent Catalyst Temp.°C  Time (h) % Yield®
01 THF Cul 50 8 89
02 Toluene Cul 50 18 91
03  1,4-Dioxane Cul 50 16 94
04 CHClI; Cul 50 10 93
05 EtOAc Cul 50 18 90
06° MeCN Cul 50 3 98
07 1,2-DCE Cul 50 6 79
08 EtOH Cul 50 24 72
09 MeCN Cul RT 40 82
10¢ MeCN Cul 50 6 80
11 MeCN Cu(OTf), 50 4 97
12 MeCN Cu(OTf).toul. 50 10 85
13 MeCN CuBr 50 8 94
14 MeCN CuCl 50 12 90
15 MeCN Cu(S04).5H,0 50 36 68
16 MeCN Cu(OAc); 50 12 76
17 MeCN Bi(OTf)s 50 24 Trace
18 MeCN Sc(OTf)3 50 24 Trace
19 MeCN Cee 50 24 NR

* Reaction conditions: All the reactions were carried out with 0.1423 mmol (40 mg) of SM 60a , 1.2

equiv. of enaminone and 10 mol % of catalyst in (1.5 ML solvent) . ° Isolated yields; 1.2 equiv. of
enaminoe with respect to 1a and 10 mol % catalyst at 50 °C was found to be optimal. ®with 5 mol% Cul
as catalyst.

decreased (table 1, entries 15 & 16 ). The reaction was also performed with other Lewis acids,

such as Bi(OTf)z and Sc(OTf)s, but these catalysts were proven to be ineffective for this
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transformation as only a trace amounts of the product formation was seen after 24 hours (table
1, entries 17 & 18). In the absence of the catalyst, no product formation was seen, which
confirms that a catalyst is needed for this transformation. Although this protocol worked well
with most of the catalysts and solvents screened, Cul in MeCN was found to be the best
condition to drive this transformation. (table 1, entry 6). So further studies were carried out

with Cul as the catalyst in MeCN as the optimized condition.

Table 2. Substrate Scope®

Cul (10 mol%)

MeCN, 50 °C

61b, R = Me, 96%
61c, R= OMe, 97%

61f, X = Cl, 91% 61h, X=F, 84% 61j, X= Cl, 83%
619, X =Br, 93% 61i, X=CI, 87% 61k, X=Br, 81%

611, 79% 61m, 87%

3Reactions were carried out with 40 mg of 60a and 1.2 equiv. of 1b-m in 1.5 mL of MeCN. "Yields

reported are isolated yields.
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With the optimal conditions in hand, first, we investigated the scope of this
transformation with different o-hydroxyphenyl enaminones 1b-m and 2-(2-enynyl)pyridine
60a. A wide range of o-hydroxyphenyl enaminones containing different substituents on the
phenyl ring were well tolerated, and the corresponding products 61b-m were isolated in good
to excellent yields (Table 2). The reaction worked well with enaminone-substituted with
electron-donating groups (1b-¢), and their respective products 61b-e were isolated in excellent
yield (93-97%). Halo-substituted enaminones 1f-k also reacted efficiently with 60a, and their
respective products 61f-k were obtained in the range of 81-93% isolated yield. o-

Hydroxyphenyl enaminone 11, substituted with an electron-withdrawing (5-NO2) group also

Table 3. Substrate Scope®

Ph
l (o)
=z S .Me 0
-« IN \\ . ©5‘\/\r;l Cul (10 mol%)
R oy Me MeCN, 50 °C
60b-m 1a 3h

62a, X= Bu, 91%
62b, X= OMe, 88%
X 62c, X= Me, 96%

CF3
62f, 79%

62d, X= 3-F, 84%
62e, X=4-Cl, 84%

62j, 87% 62k, 83% 621, 79%

Reactions were carried out with 40 mg of 60b-m and 1.2 equiv. of 1a in 1.5 mL of MeCN. “Yields

reported are isolated yields.
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reacted smoothly, affording the corresponding product 611 in 79% yield. The reaction of 60a
with a bulky naphthalene-based o-hydroxyphenyl enaminone 1m afforded the product 61m in
87% vyield.

Next, we evaluated the substrate scope of this protocol with 2-(2-enynyl)pyridines
60b—m having different aryl substituents (both electron-rich and electron-poor) at the alkyne
part and, in all those cases, the expected products 62a—| were obtained in the range of 78-96%
yield. 2-(2-enynyl)pyridines 60k-m, substituted with alicyclic compounds (such as
cyclopropyl, cyclopentyl, and cyclohexyl), were also found to be suitable for this reaction, and
the respective products 62j—I were obtained in 79-87% isolated yields under optimized reaction
conditions (table 3). Then, we went on to investigate the substrate scope with other 2-(2-

enynyl)pyridines 60n-v, having different aryl substituents (such as Me, OMe, halo, etc.) at

Table 4. Substrate Scope®

0
Ar.
N0
Cul (10 mol%) N
> /
MeCN, 50 °C N
Ph
62m-w

62m, X= OMe, 91%
62“, X= tBU, 90% qu, X= CI, 92% 625, X= 3-F, 86%

- o —
620 X= Ph, 87% 62r, X=Br, 90% 62t, X= 2-Br, 81%

62p, X= OCF3, 85%

h
62u, 93% 62v, 88% 62w, 83%

Reactions were carried out with 40 mg of 60n-x and 1.2 equiv. of 1a in 1.5 mL of MeCN. "Yields

reported are isolated yields.
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the alkene part. To our delight, in all those cases, the expected products 62m-t were formed in
the range of 81-92% vyields. The reaction with fluorene based 2-(2-enynyl)pyridine provided
the desired product 62u in 93% vyield. 2-(2-enynyl)pyridine 60w & 60x, containing
electronically bulky substituents like naphthalene and anthracene at the alkene part, also
reacted smoothly to generate the products 62v & 62w in 88% and 83% yield, respectively (table
4).

The reaction also worked well with 2-(2-enynyl)pyridine 60aa derived from quinoline-
2-carboxylic acid. Differently substituted o-hydroxyphenyl enaminones were subjected to react
with 60aa under the optimized reaction conditions, and the corresponding products 63a-h were
obtained in 76-89% yields (table 5).

Table 5. Substrate Scope®

Cul (10 mol%)

MeCN, 50 °C
3h

63a, X=H, 85%
63b, X= OMe, 87% 63d, X=Br, 86% 63e, 87%
63c, X= Me, 89%

63f, 76% 639, 82% 63h, 86%

3Reactions were carried out with 40 mg of 1aa and 1.2 equiv. of 1a-h in 1.5 mL of MeCN. "Yields

reported are isolated yields.

To show the practical applicability of this transformation, a gram-scale reaction of 60a

with 1a was performed under the standard reaction conditions. The desired product was
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obtained in 89% yield after 6 hours, indicating that this transformation has the potential

feasibility for practical applications (Scheme 22).

......................................................................................

: 0

: Ph (0] Ph N\

' l M o
: AN -Me cul (10 mol%) N

E d I \\ + l\'/|e 0, > N /

3 Ph OH MeCN, 50 °C X

5 6h Ph

: 60a(1.0g,3.554 mmol)  1a (1.2 equiv) 61a (1.369, 89%)

Scheme 22. Gram Scale Reaction of 61a

In general, converting products containing a Br group into valuable compounds is very
easy, so to further demonstrate the synthetic potential of this protocol, compound 61g was
reacted with phenylacetylene under Sonogashira coupling reaction conditions, and the
alkynylated product 64 was obtained in 82% yield (Scheme 23a). In another experiment, 619
was subjected to react with phenyl boronic acid under Suzuki coupling reaction conditions, and

the arylated product 65 was isolated in 76% yield after 12 hours (Scheme 23b).

..........................................................................................................

Br

Pd(PPh3),Cl, (5 mol%)
Cul (3 mol %)
Phenylacetylene (1.5 equiv.) N\ o Pd(PPh3), (5 mol%)

-

NEts, 60 °C Ph-B(OH), (1.5 equiv.) (Z Y~
6 h K>CO3 ( 2.0 equiv.)
Ph Ph PhMe:H,O (3:2)
12 h
' 64 61g

...........................................................................................................

Scheme 23. Synthetic elaboration of compound 61g

Based on previous literature reports involving o-hydroxyaryl enaminones, a plausible
mechanism for this transformation was proposed (Scheme 24). Initially, Cul activates the
alkyne of the 2-(2-enynyl) pyridine (60) to generate the intermediate I, followed by the 5-endo-
dig cyclization to produce the indozolinium salt 11. Then, the nucleophilic a-C of the o-
hydroxyphenyl enaminone 1la attacks the electrophilic exocyclic double bond of the
intermediate 11, leading to the formation of intermediate 111, which upon intramolecular
cyclization produces 1V. Finally, IV upon protonation and a s-elimination of NHMe», generates

the desired product 61 (path A). Alternatively, o-hydroxyphenyl enaminone 1a first undergoes
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intramolecular cyclization to give the enolate 1a’, which attacks the intermediate 11 to produce
V. Finally, V undergoes the elimination of NHMe; and protonation leads to the formation of

the product (path B).

@ c 5

@ 1

OH “NMe, 0" "NMe, Ph :
1a 1a’ Il E
Path A A~ :

Me,N '

1a

Scheme 24. Plausible Mechanism

The structure of 61a was confirmed from *H NMR, 3C NMR, IR spectroscopy and mass
spectrometry. In *H NMR (see figure 3) the presence of singlet of (1H) at 6 5.93 ppm due to
benzylic —-CH marked as (a), singlet of (1H) at 6 6.76 ppm due to the single proton present at
C-2 position of indolizine ring marked as (b) and the singlet of (1H) at 6 7.94 ppm due to the
single protons present at -carbon of chromone ring marked as (c). In *C NMR (see figure 4)
the disappearance of alkyne peak from 60a, and the aliphatic peak observed at 6 37.8 ppm for
the methyl carbon marked as (a), the appearance of carbonyl peak at 6 175.6 ppm for carbonyl

200



6876'S —

82659
659 V
59959 —
EPb9'9~_
609997

9999'9 \

L7899
9L8L°9 \

YOST'L
EVLT'L
ST6T'L
EVST'L
EELTL
6167°L
TEVE'L /
619€°L
SL6EL #
S8TY L~
EEEY'L
SPIS'L~
SCES'L—7
TESS'L 7

€L69°L
010L°L V
siLf
09€LL
665L°L
TLE6' L~
€E0'8
Lp508\
92508

£80€'8 ~_
992€'8 "

(b)

Feot

Frot

8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0
f1 (ppm)

9.0

Figure 3: *H NMR (400 MHz, CDCls) spectrum of 61a
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Figure 4: ®C{*H} NMR (100 MHz, CDClI3) spectrum of 42a
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carbon of chromone marked as (a) and the disappearance of -N(Me). peak from la also
supported the formation of 61a. Further in IR peak obsevered at 1642 cm™ supported the
presence of carbonyl carbon in product 61a. Further the formation of 61a was also confirmed
by the HRMS (ESI): m/z calcd for C3oH22NO2 [M+H]" : 428.1651; found : 428.1637.

2.5 conclusion:

In conclusion, we have developed an efficient copper-catalyzed protocol for synthesizing
indolizine and chromone containing unsymmetrical triarylmethane derivatives. This
transformation proceeds through an initial Cu-catalyzed 5-endo-dig cyclization of 2-(2-enynyl)
pyridines followed by a domino C-H alkylation and chromone annulation of the o-
hydroxyarylenaminones, which provides a straightforward route to access unsymmetrical
triarylmethanes enabling the installation of indolizine and chromone rings in the same
compound. The generality of this transformation was examined using a wide range of 2-(2-
enynyl) pyridines and o-hydroxyphenylenaminones, and a gram-scale reaction was also

conducted to show the practical applicability of this transformation.
2.6 Experimental Section:

General information: All reactions were carried out in an oven dried round bottom flask. All
the solvents were distilled before use and stored under argon atmosphere. Most of the reagents,
starting materials were purchased from commercial sources and used as such. Melting points
were recorded on SMP20 melting point apparatus and are uncorrected. *H, *3C and °F spectra
were recorded in CDCIls (400, 100 and 376 MHz respectively) on Bruker FT-NMR
spectrometer. Chemical shift () values are reported in parts per million relative to TMS and
the coupling constants (J) are reported in Hz. High resolution mass spectra were recorded on
Waters Q-TOF Premier-HAB213 spectrometer. FT-IR spectra were recorded on a Perkin-
Elmer FTIR spectrometer. Thin layer chromatography was performed on Merck silica gel 60
F2s4 TLC pellets and visualised by UV irradiation and KMnOg stain. Column chromatography
was carried out through silica gel (100-200 mesh) using EtOAc/hexane as an eluent.

General procedure for addition of o-hydroxyphenylenaminones to 2-(2-enynyl)pyridines

Anhydrous MeCN (1.5 mL) was added to the mixture of 2-(2-enynyl)pyridine (40 mg, 1.0
equiv.), o-hydroxyphenyl enaminone (1.2 equiv.) and Cul (10 mol %) under nitrogen
atmosphere and the resulting suspension was stirred at 50 °C until the 2-(2-enynyl)pyridine was

completely consumed (based on TLC analysis). The reaction mixture was concentrated under
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reduced pressure and the residue was purified through a silica gel chromatography, using
EtOAc/Hexane mixture as an eluent, to get the pure indolizine and chromone based

triarylmethanes.

3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61a)

The reaction was performed at 0.1422 mmol scale of 60a; Rs = 0.4 (20%
EtOAc in hexane); brown solid (59.7 mg, 98% yield); M.P. 118-120 °C;
'H NMR (400 MHz, DMSO-dg) ¢ 8.32 (d, J = 7.2 Hz, 1H), 8.05 — 8.03
(m, 1H), 7.94 (s, 1H), 7.74 — 7.70 (m, 1H), 7.56 — 7.51 (m, 3H), 7.43 —
7.40 (m, 4H), 7.36 — 7.34 (m, 2H), 7.29 — 7.25 (m, 3H), 7.19 — 7.16 (m,
1H), 6.76 (s, 1H), 6.68 — 6.64 (m, 1H), 6.57 — 6.53 (m, 1H), 5.93 (s, 1H); *C{*H} NMR (100
MHz, DMSO-ds) 6 175.6, 155.7, 155.2, 142.6, 134.0, 131.6, 130.3, 129.0, 128.3, 127.3, 127.0,
126.9, 126.2, 125.3, 125.2, 123.9, 123.3, 122.3, 118.3, 117.6, 116.9, 114.8, 113.7, 111.2, 37.8;
FT-IR (thin film, neat): 3060, 2926, 1642, 1609, 1465, 1348, 1242, 1141, 1034, 836 cm™;
HRMS (ESI): m/z calcd for CaoH22NO2 [M+H]" : 428.1651; found : 428.1637.

6-methyl-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61b)

The reaction was performed at 0.1422 mmol scale of 60a; Rf = 0.4
(20% EtOAC in hexane); brown solid (60.4 mg, 96% yield); M.P. 126—
128 °C; 'H NMR (400 MHz, DMSO-dg) ¢ 8.33 (d, J = 6.8 Hz, 1H),
7.92 (s, 1H), 7.82 (s, 1H), 7.55 — 7.53 (m, 3H), 7.48 — 7.39 (m, 4H),
7.35—7.28 (m, 5H), 7.20 — 7.18 (m, 1H), 6.74 (s, 1H), 6.70 — 6.66 (m,
1H), 6.58 — 6.57 (m, 1H), 5.91 (s, 1H), 2.37 (s, 3H); *C{*H} NMR (100 MHz, DMSO-ds) 6
175.5,155.1, 154.0, 142.7,135.1, 134.8, 131.6, 130.3, 129.0, 128.3, 128.2, 127.3, 126.9, 126.8,
126.2,124.4, 123.9, 123.0, 122.3, 118.1, 117.6, 116.9, 114.8, 113.9, 111.3, 37.8, 20.5; FT-IR
(thin film, neat): 3062, 2926, 1640, 1467, 1392, 873 cm; HRMS (ESI): m/z calcd for
Cs1H24NO; [M+H]* : 442.1807; found : 442.1787.
6-methoxy-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61c)

The reaction was performed at 0.1422 mmol scale of 60a; Rf = 0.3
(20% EtOAC in hexane); pale yellow solid (63.2 mg, 97% yield); M.P.
128-130 °C; *H NMR (400 MHz, DMSO-ds) ¢ 8.33 (d, J = 7.2 Hz,
1H), 7.94 (s, 1H), 7.55 — 7.52 (m, 3H), 7.45 — 7.40 (m, 4H), 7.36 —
7.32 (m, 3H), 7.31 — 7.26 (m, 3H), 7.20 — 7.16 (m, 1H), 6.76 (s, 1H),
6.70 —6.66 (m, 1H), 6.58 — 6.55 (m, 1H), 5.92 (s, 1H), 3.79 (s, 3H); *C{*H} NMR (100 MHz,
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DMSO-ds) 0 175.3, 156.4, 154.9, 150.5, 142.7, 131.6, 130.3, 129.0, 128.3, 127.4, 126.9, 126.2
(2C), 123.9 (2C), 123.3, 122.3, 119.9, 117.6, 117.5, 117.0, 114.9, 113.8, 111.3, 104.8, 55.6,
37.9; FT-IR (thin film, neat): 3058, 2924, 1639, 1585, 1484, 1220, 1029 cm™*; HRMS (ESI):
m/z calcd for C31H24NO3 [M+H]" : 458.1756; found : 458.1743.
6,7-dimethyl-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61d)

The reaction was performed at 0.1422 mmol scale of 60a; Rs = 0.4
(20% EtOAC in hexane); pale yellow solid (61.8 mg, 95% yield); M.P.
134-136 °C; 'H NMR (400 MHz, DMSO-dg) J 8.32 (d, J = 7.2 Hz,
1H), 7.86 (d, J = 0.6 Hz, 1H), 7.75 (s, 1H), 7.54 — 7.53 (m, 2H), 7.44
—7.38 (m, 3H), 7.34 - 7.32 (m, 3H), 7.30 — 7.25 (m, 3H), 7.19 - 7.15
(m, 1H), 6.74 (s, 1H), 6.68 — 6.64 (m, 1H), 6.57 —6.53 (m, 1H), 5.91 (s, 1H), 2.28 (s, 3H), 2.25
(s, 3H); BC{*H} NMR (100 MHz, DMSO-ds) 6 175.3, 154.7, 154.3, 144.2, 142.8, 134.3, 131.6,
130.2, 129.0, 128.27, 128.26, 127.3, 127.1, 126.9, 126.7, 126.2, 124.6, 123.9, 122.3, 121.2,
118.1, 117.6, 116.9, 114.8, 114.0, 111.2, 37.8, 19.8, 18.9; FT-IR (thin film, neat): 3056, 2934,
1748, 1524, 1284, 1156, 1037, 860, 712 cm™; HRMS (ESI): m/z calcd for C32H26NO2 [M+H]*
: 456.1964; found : 456.1966.
5,7-dimethoxy-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61¢)

The reaction was performed at 0.1422 mmol scale of 60a; Rs = 0.3
(20% EtOACc in hexane); pale yellow solid (64.6 mg, 93% yield); M.P.
138-140 °C; 'H NMR (400 MHz, CDCls) 6 8.24 (d, J = 7.2 Hz, 1H),
7.53-7.51 (m, 2H), 7.44 —7.40 (m, 3H), 7.36 — 7.33 (m, 3H), 7.28 (t,
J=7.4Hz, 3H), 7.21 - 7.17 (m, 1H), 6.62 — 6.58 (m, 1H), 6.55 (s,
1H), 6.46 — 6.43 (m, 1H), 6.38 (d, J = 2.3 Hz, 1H), 6.33 (d, J = 2.3 Hz, 1H), 6.03 (s, 1H), 3.89
(s, 3H), 3.85 (s, 3H); *C{*H} NMR (100 MHz, CDCls) ¢ 175.6, 163.9, 161.3, 160.1, 152.7,
142.8,132.5,130.7,129.1 129.0, 128.7, 128.5, 127.9, 127.0, 126.4, 124.4,122.2, 118.2, 116.6,
115.1, 114.3, 111.0, 109.5, 96.0, 92.5, 56.3, 55.8, 38.1; FT-IR (thin film, neat): 3064, 2927,
1736, 1601, 1255, 1032, 864, 749 cm™; HRMS (ESI): m/z calcd for CaoHzsNO4 [M+H]* :
488.1862; found : 488.1852.
6-chloro-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61f)

The reaction was performed at 0.1422 mmol scale of 60a; Rf = 0.4
(20% EtOAC in hexane); pale yellow solid (59.8 mg, 91% yield); M.P.
126-128 °C; 'H NMR (400 MHz, DMSO-ds) J 8.31 (s, 1H), 7.94 (s,
2H), 7.72 — 7.70 (m, 1H), 7.61 — 7.51 (m, 3H), 7.41 — 7.40 (m, 3H),
7.35-7.33 (m, 2H), 7.27 (s, 3H), 7.17 (s, 1H), 6.76 (s, 1H), 6.67 — 6.65
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(m, 1H), 6.54 (d, J = 5.0 Hz 1H), 5.90 (s, 1H); *C{*H} NMR (100 MHz, DMSO-ds) 6 174.5,
155.4,154.3,142.4,133.9, 131.6, 130.3, 129.8, 129.0, 128.3, 127.3, 127.0, 126.9, 126.3, 124.3,
124.2,123.9,122.2,120.84, 120.78, 117.5, 116.9, 114.8, 113.5, 111.2, 37.9 ; FT-IR (thin film,
neat): 3056, 2921, 1724, 1612, 1554, 1262, 1176, 824, 742 cm™*; HRMS (ESI): m/z calcd for
C30H21CINO2 [M+H]" : 462.1261; found : 462.1247.
6-bromo-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (619)

The reaction was performed at 0.1422 mmol scale of 60a; Rt = 0.4 (20%
EtOAcC in hexane); pale yellow solid (67.1 mg, 93% yield); m.p. = 136—
138 °C; *H NMR (400 MHz, DMSO-ds) 6 8.33 (d, J = 6.8 Hz, 1H), 8.09
(d, J=2.4 Hz, 1H), 7.98 (s, 1H), 7.91 — 7.87 (m, 1H), 7.59 — 7.53 (m,
3H), 7.45 — 7.40 (m, 3H), 7.35 — 7.26 (m, 5H), 7.19 (t, J = 7.1 Hz, 1H),
6.76 (s, 1H), 6.68 (t, J = 7.8 Hz, 1H), 6.57 (t, J = 6.8 Hz, 1H), 5.89 (s, 1H); 3C{*H} NMR (100
MHz, DMSO-ds) 6 174.4, 155.5, 154.7, 142.4, 136.6, 131.6, 130.3, 129.0, 128.30, 128.26,
127.34, 127.30, 127.1, 126.9, 126.3, 124.7, 123.9, 122.3, 121.1, 117.7, 117.5, 117.0, 114.8,
113.5, 111.3, 37.9; FT-IR (thin film, neat): 3062, 2943, 1732, 1521, 1467, 1176, 1037, 842,
738 cm™; HRMS (ESI): m/z calcd for CaoH21BrNO2 [M+H]* : 506.0756; found : 506.0753.
7-fluoro-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61h)

The reaction was performed at 0.1422 mmol scale of 60a; Rt = 0.4 (20%
EtOAc in hexane); pale yellow semi-solid (53.2 mg, 84% vyield); H
NMR (400 MHz, DMSO-dg) 6 8.32 (d, J = 7.1 Hz, 1H), 8.11 — 8.07 (m,
1H), 7.95 (s, 1H),7.54 — 7.52 (m, 3H), 7.45- 7.40 (m, 3H), 7.36 — 7.26
(m, 6H), 7.20 — 7.16 (m, 1H), 6.76 (s, 1H), 6.70 — 6.66 (m, 1H), 6.56 (t,
J = 6.8 Hz, 1H), 5.90 (s, 1H), *C{*H} NMR (100 MHz, DMSO-ds) J 174.8, 166.2, 163.7,
156.8 (d, J = 13.9 Hz), 155.4, 142.5, 131.6, 130.3, 129.0, 128.3 (d, J = 4.4 Hz), 128.1 (d, J =
11.0 Hz), 127.4, 127.1, 126.6 (d, J = 64.7 Hz), 123.9, 122.3, 120.5 (d, J = 2.0 Hz), 117.3 (d, J
= 57.5 Hz), 114.8, 114.1, 114.0, 113.6, 111.3, 105.0 (d, J = 25.5 Hz), 104.9, 37.8; °*F{*H}
NMR (376 MHz, CDCl3) 6 —103.7; FT-IR (thin film, neat): 3067, 2928, 1746, 1614, 1318,
1259, 1036, 858, 748 cm™; HRMS (ESI): m/z calcd for C3oH2:FNO, [M+H]" : 446.1556; found
: 446.1551.

7-chloro-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61i)

The reaction was performed at 0.1422 mmol scale of 60a; Rf = 0.4 (20% EtOAc in hexane);
pale yellow solid (57.3 mg, 87% vyield); M.P. 124-126 °C; *H NMR (400 MHz, DMSO-dg) 6
8.31 (d, J = 7.2 Hz, 1H), 8.00 (d, J = 8.6 Hz, 1H), 7.92 (s, 1H), 7.72 (s, 1H), 7.53 — 7.51 (m,
2H), 7.46 — 7.39 (m, 4H), 7.35 — 7.33 (m, 2H), 7.27 (t, J = 7.4 Hz, 3H), 7.17 (t, J = 7.2 Hz,
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1H), 6.76 (s, 1H), 6.66 (t, J = 6.7 Hz, 1H), 6.55 (t, J = 6.9 Hz, 1H), 5.89
(s, 1H); BC{*H} NMR (100 MHz, DMSO-ds) 6 174.9, 155.9, 155.3,
142.4, 138.4, 131.6, 130.3, 129.0, 128.3, 128.2, 127.3, 127.1, 126.9,
126.3, 125.8, 123.9, 122.2, 122.1, 118.2, 117.5, 116.9, 114.80, 114.79,
113.5, 111.2, 37.8; FT-IR (thin film, neat): 3062, 2915, 1725, 1624,
1432, 1267, 742 cm™; HRMS (ESI): m/z calcd for C3oH21CINO2 [M+H]* : 462.1261; found :
462.1248.

6,8-dichloro-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61j)

The reaction was performed at 0.1422 mmol scale of 60a; Rs = 0.4
(20% EtOAC in hexane); pale yellow semi-solid (58.6 mg, 83% yield);
'H NMR (400 MHz, CDCl3) 6 8.26 (d, J = 7.2 Hz, 1H), 8.09 (s, 1H),
7.70 (s, 2H), 7.53 — 7.51 (m, 2H), 7.43 (t, J = 7.6 Hz, 2H), 7.36 — 7.30
(m, 6H), 7.24 — 7.22 (m, 1H), 6.65 (t, J = 7.5 Hz, 1H), 6.55 (s, 1H),
6.49 (t, J = 6.9 Hz, 1H), 6.01 (s, 1H); *C{*H} NMR (100 MHz, CDCl3) § 175.2, 155.2, 150.8,
141.7,133.7,132.3, 130.7, 130.6, 129.0, 128.7, 128.6, 128.5, 128.0, 127.2, 126.8, 125.8, 124.8,
124.4,124.3,117.8,117.1,114.9,112.9, 111.1, 38.7; FT-IR (thin film, neat): 3055, 2928, 1756,
1615, 1486, 1262, 1037, 842, 752 cm™*; HRMS (ESI): m/z calcd for C3oH20Cl.NO, [M+H]* :
496.0871; found : 496.0876.
6,8-dibromo-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61k)

The reaction was performed at 0.1422 mmol scale of 60a; Rs = 0.4
(20% EtOAcC in hexane); pale yellow solid (67.6 mg, 81% yield); m.p.
=138 — 140 °C; 'H NMR (400 MHz, DMSO-ds) 6 8.33 (d, J = 7.2 Hz,
1H), 8.28 (d, J = 1.9 Hz, 1H), 8.05 (s, 2H), 7.55 (d, J = 7.8 Hz, 1H),
7.45 - 7.41 (m, 3H), 7.36 — 7.34 (m, 2H), 7.32 — 7.26 (m, 3H), 7.21 —
7.17 (m, 1H), 6.78 (s, 1H), 6.71 — 6.67 (m, 1H), 6.58 (t, J = 6.8 Hz, 1H), 5.86 (s, 1H); *C{*H}
NMR (100 MHz, DMSO-ds) ¢ 174.0, 155.6, 151.6, 142.1, 138.8, 131.6, 130.3, 129.0, 128.3,
128.2,127.4,127.3,127.1,126.9, 126.3, 125.5, 124.0, 122.3, 117.6, 117.5, 117.0, 114.8, 113.2,
113.0, 111.3, 37.9; FT-IR (thin film, neat): 3052, 2964, 1760, 1614, 1424, 1242, 874, 732 cm’
1 HRMS (ESI): m/z calcd for CaoH20BroNO2 [M+H]" : 583.9861; found : 583.9857.
6-nitro-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (61I)

The reaction was performed at 0.1422 mmol scale of 60a; Rf = 0.3 (20% EtOAc in hexane);
pale yellow solid (53.2 mg, 79% yield); m.p. = 140 — 142 °C; *H NMR (400 MHz, CDCls) 6
9.09 (d, J = 2.7 Hz, 1H), 8.46 (dd, J = 9.2, 2.7 Hz, 1H), 8.27 (d, J = 7.2 Hz, 1H), 7.68 (s, 1H),
7.57 —7.54 (m, 2H), 7.52 (s, 1H), 7.44 (t, = 7.6 Hz, 2H), 7.38 — 7.31 (m, 6H), 7.29 — 7.24 (m,
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1H), 6.68 — 6.64 (m, 1H), 6.58 (s, 1H), 6.50 (t, J = 6.7 Hz, 1H), 6.04
(s, 1H); ¥ C{*H} NMR (100 MHz, CDCls) ¢ 175.6, 159.2, 155.3,
144.7, 141.6, 132.2, 130.7, 129.1, 129.0, 128.7, 128.5, 128.0, 127.8,
127.2,126.9, 124.9, 124.0, 123.1, 122.5, 120.0, 117.8, 117.1, 114.8,
112.7, 111.2, 38.6; FT-IR (thin film, neat): 3058, 2956, 1714, 1525,
1432, 1240, 842, 745 cm™*; HRMS (ESI): m/z calcd for CsoH21N204 [M+H]* : 473.1501; found
- 473.1506.

3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-benzo[h]chromen-4-one (61m)

The reaction was performed at 0.1422 mmol scale of 60a; Rt = 0.4 (20%
EtOAc in hexane); pale yellow semi-solid (59.2 mg, 87% vyield); H
NMR (400 MHz, DMSO-ds) 9 9.92 (d, J = 8.6 Hz, 1H),8.34 (d, J = 7.1
Hz, 1H), 8.27 — 8.24 (m, 1H), 8.04 (d, J = 8.0 Hz, 1H) 7.99 — 7.98 (m,
1H), 7.72 - 7.69 (m, 1H), 7.65 - 7.60 (m, 2H), 7.54 (d, J = 7.7 Hz, 1H),
7.46 —7.38 (m, 5H), 7.29 (t, J = 7.4 Hz, 3H), 7.19 (t, J = 7.4 Hz, 1H), 6.78 (s, 1H), 6.69 (t, J =
6.8 Hz, 1H), 6.58 (t, J = 6.7 Hz, 1H), 6.04 (s, 1H); ¥C{'H} NMR (100 MHz, DMSO-de) ¢
177.3, 157.1, 153.0, 142.8, 135.7, 131.6, 130.29, 130.27, 129.9, 129.6, 129.1, 129.0, 128.6,
128.3,127.4,126.9, 126.5, 126.2,126.1, 123.9, 122.3, 118.0, 117.6, 117.0, 116.0, 114.8, 113.9,
111.3, 37.8; FT-IR (thin film, neat): 3057, 2924, 1762, 1436, 1257, 1156, 1037, 842, 684 cm"
1 HRMS (ESI): m/z calcd for C3sH24aNO, [M+H]" : 478.1807; found : 478.1812.
3-((3-(4-(tert-butyl)phenyl)indolizin-1-yl)(phenyl)methyl)-4H-chromen-4-one (62a)

The reaction was performed at 0.1185 mmol scale of 60b; Rt = 0.4 (20%

EtOAc in hexane); pale yellow gummy solid (52.4 mg, 91% yield); *H
NMR (400 MHz, CDClz) ¢ 8.28 — 8.24 (m, 2H), 7.66 — 7.62 (m, 2H), 7.49
—7.45 (m, 4H), 7.42 (d, J = 8.4 Hz, 1H), 7.40 — 7.37 (m, 3H), 7.34 (d, J =
4.08 Hz, 1H), 7.32 - 7.30 (m, 2H), 7.23 (t, J = 7.2 Hz, 1H), 6.64 — 7.60 (m,
1H), 6.55 (s, 1H), 6.49 — 6.45 (m, 1H), 6.07 (s, 1H), 1.37 (s, 9H); *C{*H} NMR (100 MHz,
CDCIs) 0 176.9, 156.5, 155.1, 150.2, 142.5, 133.5, 130.5, 129.5, 128.6, 128.5, 127.6, 126.6,
126.3, 125.9, 125.0, 124.7, 124.1, 122.5, 118.1, 118.0, 116.6, 114.9, 113.5, 110.9, 38.6, 34.7,
31.4; FT-IR (thin film, neat): 3059, 2966, 1752, 1513, 1438, 1247, 842, 741 cm™*; HRMS (ESI):
m/z calcd for C3aH3zoNO2 [M+H]" : 484.2277; found : 484.2255.
3-((3-(4-methoxyphenyl)indolizin-1-yl)(phenyl)methyl)-4H-chromen-4-one (62b)

The reaction was performed at 0.1285 mmol scale of 60c; R = 0.3 (20% EtOAc in hexane);
pale yellow semi-solid (52.1 mg, 88% yield); *H NMR (400 MHz, CDCl3) 6 8.21 — 8.19 (m,
1H), 8.05 -8.02 (m, 1H), 7.94 — 7.91 (m, 1H), 7.76 — 7.71 (m, 1H), 7.48 — 7.36 (m, 5H), 7.34
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—7.33(m, 2H), 7.29 - 7.14 (m, 3H), 7.01 - 6.97 (m, 2H), 6.65 (s, 1H), 6.63
— 6.49 (m, 2H), 5.90 (s, 1H), 3.75 (s, 3H); *C{*H} NMR (100 MHz,
CDCl3) 6 175.6, 158.4, 155.8, 155.2, 142.8, 134.3, 129.7, 129.1, 128.34,
128.31, 127.1, 126.3, 125.3, 125.0, 124.1, 123.9, 123.3, 122.2, 118.4,
117.5,116.5,114.5,113.3,112.3, 111.6, 55.2, 37.9; FT-IR (thin film, neat):
3058, 1757, 1624, 1436, 1264, 1142, 737, 632 cm™*; HRMS (ESI): m/z calcd for C31H24NO3
[M+H]" : 458.1756; found : 458.1742.
3-(phenyl(3-(p-tolyl)indolizin-1-yl)methyl)-4H-chromen-4-one (62c)

The reaction was performed at 0.1353 mmol scale of 60d; Rt = 0.4 (20%

EtOAc in hexane); pale yellow gummy solid (57.6 mg, 96% vyield); *H
NMR (400 MHz, DMSO-ds) 6 8.28 (d, J = 7.0 Hz, 1H), 8.05 — 8.02 (m,
1H), 7.95 (s, 1H), 7.77 — 7.73 (m, 1H), 7.58 (d, J = 8.2 Hz, 1H), 7.46 — 7.38
(m, 4H), 7.35 — 7.33 (m, 2H), 7.29 — 7.23 (m, 4H), 7.20 — 7.16 (m, 1H),
6.71 (s, 1H), 6.68 — 6.64 (m, 1H), 6.55 (t, J = 6.5 Hz, 1H), 5.90 (s, 1H), 2.31 (s, 3H); BC{H}
NMR (100 MHz, DMSO-ds) 6 175.6, 155.8, 155.2, 142.7, 136.3, 134.1, 130.0, 129.6, 128.7,
128.3,128.2,127.4,127.0,126.2, 125.3,125.2, 124.0, 123.3, 122.3,118.4, 117.5, 116.7, 114.4,
113.6, 111.1, 37.8, 20.8; FT-IR (thin film, neat): 3064, 2921, 1764, 1514, 1235, 1037 cm™;
HRMS (ESI): m/z calcd for CaiH24NO2 [M+H]" : 442.1807; found : 442.1803.
3-((3-(3-fluorophenyl)indolizin-1-yl)(phenyl)methyl)-4H-chromen-4-one (62d)

The reaction was performed at 0.1336 mmol scale of 60e; R = 0.4 (20%
EtOAc in hexane); pale yellow solid (50.2 mg, 84% yield); m.p. = 104 —
106 °C; *H NMR (400 MHz, CDCls) § 8.29 — 8.26 (m, 2H), 7.65 — 7.61
(m, 2H), 7.43 — 7.40 (m, 2H), 7.39 — 7.37 (m, 3H), 7.37 — 7.31 (m, 4H),
7.28-7.27 (m, 1H), 7.26 — 7.23 (m, 1H), 7.01 — 6.96 (m, 1H), 6.69 — 6.66
(m, 1H), 6.65 — 6.64 (m, 1H), 6.54 — 6.50 (m, 1H), 6.11 (s, 1H); **C{*H} NMR (100 MHz,
CDClIs3) 6 176.8, 163.1 (d, J = 244.6 Hz), 156.3, 155.0, 142.2, 134.4 (d, J = 8.3 Hz), 133.5,
131.1, 130.5 (d, J = 8.7 Hz), 128.5, 127.9, 126.6, 126.2, 125.0, 123.9, 123.3, 123.25, 123.20,
123.17, 122.2, 118.1, 118.0, 115.4 (d, J = 1.4 Hz), 114.4 (J = 21.9 Hz), 114.0, 113.7 (d, J =
21.0 Hz), 111.4, 38.5; F{*H} NMR (376 MHz, CDCl3) § —112.22; FT-IR (thin film, neat):
3062, 2934, 1622, 1434, 1262, 746 cm™t; HRMS (ESI): m/z calcd for C3oH21FNO, [M+H]* :
446.1556; found : 446.1548.
3-((3-(4-chlorophenyl)indolizin-1-yl)(phenyl)methyl)-4H-chromen-4-one (62¢)

The reaction was performed at 0.1267 mmol scale of 60f; Rt = 0.4 (20% EtOAc in hexane);
pale yellow gummy solid (49.3 mg, 84% yield); *H NMR (400 MHz, DMSO-ds)  8.33 — 8.30
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(m, 1H), 8.04 — 8.02 (m, 1H), 7.95 — 7.93 (m, 1H), 7.78 — 7.72 (m, 1H),
7.60 —7.53 (m, 3H), 7.48 — 7.41 (m, 4H), 7.35 - 7.33 (m, 2H), 7.30 — 7.25
(m, 2H), 7.20 — 7.16 (m, 1H), 6.78 (s, 1H), 6.73 — 6.67 (m, 1H), 6.61 — 6.56
(m, 1H), 5.90 (s, 1H); *C{*H} NMR (100 MHz, DMSO-dg) 6 175.6, 155.8,
155.3, 142.6, 134.1, 131.2, 130.6, 130.5, 129.0, 128.98, 128.8, 128.3,
126.9, 126.3, 125.4,125.2, 123.3, 122.7, 122.4, 118.4, 117.6, 117.3, 115.2, 114.0, 111.6, 37.9;
FT-IR (thin film, neat): 3062, 2974, 1742, 1467, 1258, 1037, 842 cm™; HRMS (ESI): m/z calcd
for CaoH21CINO, [M+H]* : 462.1261; found : 462.1241.
3-(phenyl(3-(2-(trifluoromethyl)phenyl)indolizin-1-yl)methyl)-4H-chromen-4-one (62f)
The reaction was performed at 0.1145 mmol scale of 60g; Rf = 0.4 (20%

EtOAc in hexane); pale yellow gummy solid (45.1 mg, 79% vyield); *H
NMR (400 MHz, DMSO-dg) 6 8.04 (d, J = 7.9 Hz, 1H), 7.90 (d, J = 7.8
Hz, 1H), 7.83 -7.73 (m, 3H), 7.66 (t, J = 7.6 Hz, 1H), 7.62 — 7.58 (m, 3H),
7.47 —7.41 (m, 2H), 7.34 - 7.33 (m, 2H), 7.28 (t, J = 7.4 Hz, 2H), 7.20 -
7.16 (m, 1H), 6.72 — 6.68 (m, 1H), 6.60 (s, 1H), 6.51 (t, J = 6.8 Hz, 1H) 5.93 (s, 1H); ¥C{*H}
NMR (100 MHz, DMSO-ds) ¢ 175.5, 155.8, 154.9 (q, Jc-r = 2.9 Hz), 142.6, 134.1, 133.3,
132.8, 129.2, 129.1, 128.6 (q, Jcr = 278.4 Hz), 128.2, 128.1, 127.2, 126.8 (q, Jcr = 5.2 Hz),
126.2,125.4,125.2,125.0,123.3,122.6, 122.5,119.0, 118.4,117.1, 117.0, 116.0, 112.7, 111.0,
37.9; ¥F{*H} NMR (376 MHz, DMSO-ds)  —58.1; FT-IR (thin film, neat): 3064, 2956, 1735,
1601, 1436, 1257, 1037, 750 cm™; HRMS (ESI): m/z calcd for CaiHaFsNO2 [M+H]* :
496.1524; found : 496.1521.
3-(phenyl(3-(thiophen-3-yl)indolizin-1-yl)methyl)-4H-chromen-4-one (629)

The reaction was performed at 0.1392 mmol scale of 60h; R = 0.4 (20%
EtOAC in hexane); pale yellow semi-solid (55.6 mg, 92% yield); 'H NMR
(400 MHz, DMSO-ds) 6 8.37 (d, J = 7.1 Hz, 1H), 8.04 (dd, J = 8.0, 1.5
Hz, 1H), 7.93 (s, 1H), 7.79 — 7.73 (m, 2H), 7.65 — 7.63 (m, 1H), 7.61 —
7.56 (m, 1H), 7.46 — 7.40 (m, 3H), 7.35 — 7.33 (m, 2H), 7.28, (t, J = 7.4
Hz, 2H), 7.21 — 7.17 (m, 1H), 6.84 (s, 1H), 6.71 — 6.67 (m, 1H), 6.64 — 6.61 (m, 1H), 5.92 (s,
1H); BC{*H} NMR (100 MHz, DMSO-dg) 6 175.5, 155.7, 155.2, 142.6, 134.1, 131.9, 130.0,
128.31, 128.27, 127.4, 127.0, 126.6, 126.2, 125.3, 125.2, 123.3, 123.0, 120.1, 119.8, 118.4,
117.4,116.6,114.7,113.4, 111.4, 37.8; FT-IR (thin film, neat): 3064, 2932, 2852, 1421, 1268,
1029 cm™; HRMS (ESI): m/z calcd for C2sH20NO2S [M+H]" : 434.1215; found : 434.1212.
3-((3-(phenanthren-9-yl)indolizin-1-yl)(phenyl)methyl)-4H-chromen-4-one (62h)
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The reaction was performed at 0.1049 mmol scale of 60i; Rt = 0.4 (20%
EtOAc in hexane); pale yellow solid (48.7 mg, 88% yield); m.p. = 132 —
134 °C; 'H NMR (400 MHz, CDCls) § 8.78 (d, J = 8.3 Hz, 1H), 8.73 (d, J
= 8.2 Hz, 1H), 8.28 — 8.26 (m, 1H), 7.86 (t, J = 7.0 Hz, 2H), 7.72 — 7.69
(m, 2H), 7.68 — 7.60 (m, 3H), 7.51 — 7.49 (m, 3H), 7.44 — 7.39 (m, 5H), 7.37 — 7.33 (m, 2H),
7.26 —7.21 (m, 1H), 6.73 (s, 1H), 6.66 (dd, J = 8.7, 6.6 Hz, 1H), 6.38 — 6.35 (m, 1H), 6.18 (s,
1H); BC{*H} NMR (100 MHz, CDCls) ¢ 177.0, 156.5, 155.1, 142.6, 133.5, 132.0, 131.0,
130.8, 130.5, 130.3, 130.2, 130.1, 128.9, 128.7, 128.6, 128.3, 127.2, 127.1, 127.0, .126.9,
126.6,126.3,125.1,124.1,123.4,123.3,123.2,122.7,118.2,117.8, 116.7,116.4, 116.3, 113.1,
110.7, 38.7; FT-IR (thin film, neat): 3058, 2924, 1764, 1601, 1424, 1252, 1028 cm!; HRMS
(ESI): m/z calcd for CagH26NO, [M+H]™ : 528.1964; found : 528.1958.
3-((3-(6-methoxynaphthalen-2-yl)indolizin-1-yl)(phenyl)methyl)-4H-chromen-4-one
(62i)

The reaction was performed at 0.1107 mmol scale of 60j; Rf = 0.3 (20%
EtOAc in hexane); pale yellow semi-solid (46.2 mg, 82% vyield); *H NMR
(400 MHz, CDClz) 6 8.32 (d, J = 3.6 Hz, 1H), 8.23 (td, J = 8.3, 1.6 Hz, 2H),
7.89 (d, J=1.2 Hz, 1H), 7.85 (d, J = 6.0 Hz, 1H) 7.79 — 7.77 (m, 1H), 7.73
(d, J=8.7 Hz, 1H) 7.65 — 7.61 (m, 2H), 7.47 — 7.43 (m, 2H), 7.41 — 7.39 (m,
2H), 7.38 — 7.36 (m, 2H), 7.34 — 7.30 (m, 2H), 7.15 (s, 1H), 6.64 (s, 1H), 6.51 — 6.47 (m, 1H),
6.35 (d, J = 6.0 Hz, 1H), 6.08 (s, 1H), 3.93 (s, 3H); *C{*H} NMR (100 MHz, CDCl3) § 176.0,
157.9, 156.5, 155.4, 155.2, 142.5, 134.0, 133.5, 129.5, 129.2, 128.64, 128.60, 128.1, 127.4,
126.9, 126.6, 126.3, 126.2,125.9, 125.4,125.1, 124.1, 122.4,119.4, 118.3,118.2, 116.8, 113.8,
113.1, 111.1, 105.8, 55.5, 38.6; FT-IR (thin film, neat): 3058, 2954, 1762, 1624, 1268, 1027
cm™t; HRMS (ESI): m/z calcd for CasHzsNOs [M+H]* : 508.1913; found : 508.1892.
3-(3-cyclopropylindolizin-1-yl)(phenyl)methyl)-4H-chromen-4-one (62])

The reaction was performed at 0.1630 mmol scale of 60k; Rf = 0.5
(20% EtOAcC in hexane); pale yellow solid (55.6 mg, 87% yield); m.p.
=128 — 130 °C; *H NMR (400 MHz, CDCl3) § 8.24 (dd, J = 8.0, 1.6
Hz, 1H), 8.03 (d, J = 7.0, Hz, 1H), 7.65 — 7.60 (m, 1H), 7.56 (d, J =
0.9, Hz, 1H), 7.42 — 7.37 (m, 2H), 7.35 - 7.33 (m, 3H), 7.31 - 7.28 (m,
2H), 7.25-7.20 (m, 1H), 6.62 — 6.58 (m, 1H), 6.53 (td, d, J = 7.00, 1.3 Hz, 1H), 6.25 (s, 1H),
6.03 (s, 1H), 1.85 — 1.78 (m, 1H), 0.96 — 0.91 (m, 2H), 0.65 — 0.62 (m, 2H); C{*H} NMR
(100 MHz, CDCl3) ¢ 176.9, 156.4, 155.1, 142.7, 133.4, 129.2, 128.5, 128.4, 128.2, 126.4,
126.2,125.2, 124.9, 124.0, 122.3, 118.1, 117.5, 115.8, 112.4, 111.3, 110.1, 38.6, 6.3, 5.4; FT-
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IR (thin film, neat): 3061, 2956, 1734, 1428, 1226, 1036, 738 cm™*; HRMS (ESI): m/z calcd for
Ca7H22NO2 [M+H]* : 392.1651; found : 392.1653.
3-((3-cyclopentylindolizin-1-yl)(phenyl)methyl)-4H-chromen-4-one (62k)

The reaction was performed at 0.1463 mmol scale of 60l; Rf = 0.5 (20%
EtOAc in hexane); pale yellow gummy solid (54.2 mg, 83% vyield); H
NMR (400 MHz, CDCls) ¢ 8.22 (dd, J = 8.0, 1.5 Hz, 1H), 7.75 (d, J =
7.1, Hz, 1H), 7.64 — 7.60 (m, 1H), 7.57 (d, J = 0.8 Hz, 1H), 7.41 — 7.38
(m, 2H), 7.35 — 7.33 (m, 2H), 7.31 — 7.29 (m, 2H), 7.26 (s, 1H), 7.24 —
7.22 (m, 1H), 6.56 — 6.52 (m, 1H), 6.46 (dt, J = 7.9, 1.3 Hz, 1H), 6.30 (s, 1H), 6.03 (s, 1H),
3.22 (quintet, J = 8.0 Hz, 1H), 1.78 — 1.59 (m, 8H); *C{*H} NMR (100 MHz, CDCl3) § 176.9,
156.4,155.1, 142.8, 133.4,129.3, 128.5, 128.4, 128.2, 128.0, 126.4, 126.2,124.9, 124.0, 122.2,
118.1, 117.6, 115.0, 111.5, 110.4, 110.0, 38.6, 36.6, 31.3, 25.1; FT-IR (thin film, neat): 3062,
2963, 1722, 1452, 1210, 1028, 778 cm™*; HRMS (ESI): m/z calcd for C2oH2sNO, [M+H]* :
420.1964; found : 420.1969.
3-((3-cyclohexylindolizin-1-yl)(phenyl)methyl)-4H-chromen-4-one (62I)

The reaction was performed at 0.1392 mmol scale of 60m; Rf = 0.5 (20%
EtOAc in hexane); pale yellow solid (47.8 mg, 79% yield); m.p. = 130 —
132 °C; *H NMR (400 MHz, CDCls) & 8.24 (dd, J = 8.00, 1.6 Hz, 1H),
7.74 (d, J = 7.2, Hz, 1H), 7.65 — 7.60 (m, 1H), 7.57 (s, 1H), 7.42 — 7.37
(m, 2H), 7.36 — 7.32 (m, 3H), 7.31 (s,1H), 7.29 (d, J = 1.5 Hz, 1H), 7.24
—7.20 (m, 1H), 6.56 — 6.52 (m, 1H), 6.49 — 6.45 (m, 1H), 6.28 (s, 1H), 6.04 (s, 1H), 2.82 —
2.76 (m, 1H), 2.08 — 2.04 (m, 2H), 1.86 — 1.76 (m, 3H), 1.49 — 1.36 (m, 5H); *C{*H} NMR
(100 MHz, CDCls) ¢ 176.9, 156.4, 155.1, 142.8, 133.4, 129.3, 129.0, 128.5, 128.4, 128.3,
126.4, 126.3, 124.9, 124.0, 121.8, 118.1, 117.8, 115.0, 111.7, 110.2, 110.0, 38.6, 35.3, 31.8,
31.7, 26.65, 26.62, 26.4 ; FT-IR (thin film, neat): 3062, 2952, 1764, 1434, 1216, 1030, 734 cm"
1 HRMS (ESI): m/z calcd for CaoH2sNO2 [M+H]* : 434.2120; found : 434.2113.
3-[(4-methoxyphenyl)(3-phenylindolizin-1-yl)methyl]-4H-chromen-4-one (62m)

OMe The reaction was performed at 0.128 mmol scale of 60n; R = 0.3 (20%
EtOAc in hexane); light yellow solid (53.5 mg, 91% vyield); m. p. = 108—
110°C; *H NMR (400 MHz, CDCls) 6 8.27 — 8.25 (m, 1H), 8.24 — 8.22 (m,
1H), 7.66 — 7.62 (m, 1H), 7.61 (d, J = 0.9 Hz, 1H), 7.54 — 7.52 (m, 2H),
7.45—7.43 (m, 2H), 7.41 (s, 1H), 7.40 — 7.38 (m, 1H), 7.33 — 7.29 (m, 2H),
7.29-7.28 (m, 1H), 7.28 — 7.27 (m, 1H), 6.88 — 6.84 (m, 2H), 6.64 —6.00 (m, 1H), 6.49 — 6.45
(m, 1H), 6.00 (s, 1H), 3.78 (s, 3H); BC{*H} NMR (100 MHz, CDCls) ¢ 177.0, 158.2, 156.5,
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155.0, 134.5, 133.5, 132.4, 130.6, 129.6, 129.0, 128.3, 127.9, 127.1, 126.3, 125.0, 124.6, 124.1,
122.4,118.2,118.1, 116.7, 115.0, 114.0 (2C), 111.0, 55.4, 37.8; FT-IR (thin film, neat): 3058,
1745, 1626, 1432, 1272, 1029, 874 cm™t; HRMS (ESI): m/z calcd for C31H24NO3z [M+H]* :
458.1756; found : 458.1737.
3-{[4-(tert-butyl)phenyl](3-phenylindolizin-1-yl)methyl}-4H-chromen-4-one (62n)

The reaction was performed at 0.1185 mmol scale of 600; Rt = 0.4 (20%
EtOAc in hexane); pale yellow gummy solid (51.8 mg, 90% yield); *H NMR
(400 MHz, CDCl3) ¢ 8.27 — 8.23 (m, 2H), 7.65 — 7.62 (m, 2H), 7.54 — 7.23
(m, 2H), 7.45-7.41 (m, 3H), 7.41 - 7.33 (m, 3H), 7.31 - 7.22 (m, 5H), 6.61
(s, 1H), 6.47 (t, J = 6.9 Hz, 1H), 6.05 (s, 1H), 1.30 (s, 9H); *C{*H} NMR
(100 MHz, CDCls) ¢ 177.0, 156.5, 155.1, 149.2, 139.2, 133.5, 132.5, 130.7, 129.0, 128.3,
128.2,128.0,127.1,126.3,125.5, 125.0, 124.6, 124.1, 122.3, 118.2, 118.1, 116.7, 115.0, 114.0,
111.0, 37.9, 34.5, 31.5; FT-IR (thin film, neat): 3058, 2963, 1758, 1513, 1421, 1033, 752 cm"
1 HRMS (ESI): m/z calcd for CasHzoNO, [M+H]* : 484.2277; found : 484.2247.
3-([1,1'-biphenyl]-4-yl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (620)

The reaction was performed at 0.112 mmol scale of 60p; Rf = 0.4 (20%
EtOACc in hexane); pale yellow gummy solid (49.2 mg, 87% yield); m.p. =
142 — 144 °C; 'H NMR (400 MHz, CDCls) 6 8.29 — 8.25 (m, 2H), 7.68 —
7.63 (m, 2H), 7.60 — 7.58 (m, 2H), 7.57 — 7.54 (m, 4H), 7.46 — 7.41 (m,
7H), 7.40 — 7.36 (m, 2H), 7.34 — 7.28 (m, 2H), 6.67 — 6.63 (m, 1H), 6.62 (s,
1H), 6.51 —6.48 (m, 1H), 6.11 (s, 1H); *C{*H} NMR (100 MHz, CDCls) § 177.0, 156.5, 155.2,
141.6, 141.1, 139.4, 133.6, 132.4, 130.7, 129.0 (2C), 128.9, 128.8 (2C), 128.0, 127.4, 127.2,
127.1,126.3,125.1, 124.7, 124.1, 122.4, 118.2, 118.0, 116.9, 115.1, 113.6, 111.1, 38.3; FT-IR
(thin film, neat): 3058, 2923, 1730, 1601, 1438, 1206, 1030, 754 cm™; HRMS (ESI): m/z calcd
for C3sH26NO2 [M+H]" : 504.1964; found : 504.1948.
3-((3-phenylindolizin-1-yl)(4-(trifluoromethoxy)phenyl)methyl)-4H-chromen-4-one
(62p)

The reaction was performed at 0.1095 mmol scale of 60q; Rs = 0.4 (20%
EtOAc in hexane); pale yellow gummy solid (48.0 mg, 85% yield); *H
NMR (400 MHz, DMSO-dg) ¢ 8.34 (d, J = 7.2 Hz, 1H), 8.05 — 8.02 (m,
2H), 7.77 — 7.73 (m, 1H), 7.59 — 7.54 (m, 3H), 7.48 — 7.46 (m, 4H), 7.44
—7.42 (m, 2H), 7.32 — 7.25 (m, 3H), 6.78 (s, 1H), 6.72 — 6.69 (m, 1H),
6.60 — 6.57 (m, 1H), 5.95 (s, 1H); *C{*H} NMR (100 MHz, DMSO-ds) J 175.6, 155.8, 155.3,
146.7,142.2,134.1,131.5, 130.3, 130.0, 129.0, 127.4, 127.0, 126.5, 125.3, 125.2, 124.1, 123.3,
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122.3, 120.8, 120.1 (q, Jc-r = 254.2 Hz), 118.4, 117.5, 117.1, 114.70, 113.1, 111.3, 374 ;
YELIH} NMR (376 MHz, DMSO-ds) & —56.84; FT-IR (thin film, neat): 3061, 2987, 1746,
1596, 1436, 1225, 1037, 842 cm™; HRMS (ESI): m/z calcd for CziHaFsNOs [M+H]* -
512.1474; found : 512.1478.
3-((4-chlorophenyl)(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (62q)

The reaction was performed at 0.1267 mmol scale of 60r; Rt = 0.4 (20%
EtOAc in hexane); pale yellow gummy solid (54.2 mg, 92% yield); *H NMR
(400 MHz, DMSO-ds) 6 8.32 (d, J = 7.1 Hz, 1H), 8.02 (dd, J = 7.9, 1.6 Hz
1H), 7.94 (s, 1H), 7.75-7.72 (m, 1H), 7.56 — 7.54 (m, 3H), 7.46 — 7.38 (m,
6H), 7.27 (d, J = 8.5 Hz, 3H), 6.72 (s, 1H), 6.70 — 6.64 (m, 1H), 6.56 (t, J =
7.0 Hz, 1H), 5.85 (s, 1H); *C{*H} NMR (100 MHz, DMSO-ds) 6 175.5, 155.6, 155.2, 142.0,
134.2,131.8,131.4,130.4,130.1, 129.2,127.5,127.0, 126.5, 125.4, 125.1, 124.3, 123.2, 122.6,
119.2,118.5,117.3,117.1,114.2,113.0, 111.1, 37.5; FT-IR (thin film, neat): 3058, 1756, 1467,
1241, 1028 cm™; HRMS (ESI): m/z calcd for CsoH21CINO, [M+H]" : 462.1261; found :
462.1249.

3-((4-bromophenyl)(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (62r)

The reaction was performed at 0.111 mmol scale of 60s; Rr = 0.4 (20%
EtOACc in hexane); pale yellow solid (50.7 mg, 90% yield); m. p. = 126-128
°C; 'H NMR (400 MHz, DMSO-ds) d 8.32 (d, J = 7.2 Hz, 1H), 8.03 (dd, J:
=8.0 Hz, J = 1.5 Hz 1H), 7.96 (s, 1H), 7.76 — 7.70 (m, 1H), 7.57 — 7.52 (m,
3H), 7.46 — 7.40 (m, 6H), 7.29 (d, J = 8.5 Hz, 3H), 6.74 (s, 1H), 6.70 — 6.67
(m, 1H), 6.57 (t, J = 7.0 Hz, 1H), 5.87 (s, 1H); **C{*H} NMR (100 MHz, DMSO-ds) 6 175.6,
155.8,155.3,142.2,134.1, 131.6, 131.2, 130.5, 130.3, 129.0, 127.4, 127.0, 126.5, 125.4, 125.2,
124.1, 123.3, 122.3, 119.4, 118.4, 117.5, 117.1, 114.7, 113.0, 111.4, 37.6; FT-IR (thin film,
neat): 3066, 2956, 1734, 1464, 1223, 1028, 842, 736 cm™; HRMS (ESI): m/z calcd for
C30H21BrNO; [M+H]* : 506.0756; found : 506.0739.
3-((3-fluorophenyl)(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (62s)

The reaction was performed at 0.1336 mmol scale of 60t; Rf = 0.4 (20%
EtOAc in hexane); pale yellow solid (51.3 mg, 86% yield); m.p. = 134 —
136 °C; 'H NMR (400 MHz, CDCls) 6 8.29 — 8.26 (m, 2H), 7.65 — 7.61
(m, 2H), 7.43 — 7.40 (m, 2H), 7.39 — 7.37 (m, 3H), 7.37 — 7.31 (m, 4H),
7.28-7.27 (m, 1H), 7.26 — 7.23 (m, 1H), 7.01 - 6.96 (m, 1H), 6.69 — 6.66
(m, 1H), 6.65 — 6.64 (m, 1H), 6.54 — 6.50 (m, 1H), 6.11 (s, 1H); **C{*H} NMR (100 MHz,
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CDCls) ¢ 176.7, 163.0 (d, J = 244.1 Hz), 156.4, 155.1, 145.3 (d, J = 6.7 Hz), 133.6, 132.2,
130.6, 129.9 (d, J =8.2 Hz), 129.0, 127.9, 127.4, 127.2, 126.2, 125.1, 124.8, 124.3 (d,J = 2.4
Hz), 123.9, 122.4,118.1, 117.7, 117.0, 115.4 (d, J = 21.5 Hz), 114.8 (d, J = 1.3 Hz), 113.5 (d,
J =21.0 Hz), 112.8, 111.1, 38.3; *F{*H} NMR (376 MHz, CDCl3z) § —112.22; FT-IR (thin
film, neat): 3062, 2945, 1754, 1596, 1436, 1254, 1028, 842 cm; HRMS (ESI): m/z calcd for
C3oH21FNO2 [M+H]" : 446.1556; found : 446.1546.
3-((2-bromophenyl)(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (62t)

The reaction was performed at 0.111 mmol scale of 60u; Rf = 0.4 (20%
EtOAc in hexane); pale yellow semi-solid (45.6 mg, 81% vyield); *H
NMR (400 MHz, DMSO-ds) ¢ 8.36 (d, J = 7.2 Hz, 1H), 8.04 (dd, J =
8.0, 1.6 Hz, 1H), 7.79 - 7.75 (m, 2H), 7.63 — 7.55 (m, 4H), 7.48 — 7.42
(m, 3H), 7.38 — 7.34 (m, 2H), 7.32 — 7.27 (m, 2H), 7.18 — 7.14 (m, 1H), 6.74 — 6.71 (m, 1H),
6.68 (s, 1H), 6.60 (t, J = 7.0 Hz, 1H), 6.18 (s, 1H); *C{*H} NMR (100 MHz, CDCls) § 175.4,
155.8,155.1, 141.5,134.2, 132.9, 131.5, 130.3, 129.6, 129.0, 128.5, 127.7, 127.4, 127.0, 126.0,
125.4,125.2,124.3,124.1, 123.1, 122.4, 118.4, 117.4, 117.3, 114.9, 111.5, 111.4, 37.8; FT-IR
(thin film, neat): 3060, 2961, 1736, 1446, 1258, 1032, 856, 732 cm™; HRMS (ESI): m/z calcd
for C3oH21BrNO; [M+H]* : 506.0756; found : 506.0768.

3-((9H-fluoren-3-yl)(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (62u)
— —_ ) The reaction was performed at 0.1083 mmol scale of 60v; R = 0.4 (20%
EtOAc in hexane); pale yellow gummy solid (52.1 mg, 93% yield); *H NMR
(400 MHz, CDClIs) ¢ 8.30 — 8.25 (m, 2H), 7.75 (t, J = 6.6 Hz, 2H), 7.68 —
7.63 (m, 2H), 7.56 — 7.51 (m, 4H), 7.45 — 7.41 (m, 4H), 7.39 — 7.35 (m, 3H),
7.34 - 7.25 (m, 2H), 6.66 — 6.62 (m, 2H), 6.51 — 6.48 (m, 1H), 6.15 (s, 1H),
3.87 (s, 2H); ¥ C{*H} NMR (100 MHz, CDCls) § 177.0, 156.5, 155.2, 143.7, 143.4, 141.7,
141.2,140.4,133.5, 132.4,130.7, 129.0, 128.2, 127.9, 127.2,127.1, 126.8, 126.5, 126.3, 125.3,
125.1, 124.7, 124.1, 122.4, 119.9, 119.8, 118.2, 118.1, 116.8, 115.12, 115.11, 113.9, 111.1,
38.8,37.0 ; FT-IR (thin film, neat): 3056, 2957, 1734, 1445, 1265, 1032, 832, 738 cm™; HRMS
(ESI): m/z calcd for Ca7H26NO2 [M+H]™ : 516.1964; found : 516.1940.
3-(naphthalen-1-yl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (62v)

The reaction was performed at 0.121 mmol scale of 60w; Rt = 0.4 (20% EtOAc in hexane);
pale yellow solid (50.7 mg, 88% yield); m. p. = 120-122 °C; *H NMR (400 MHz, CDCls) 6
8.30 - 8.28 (m, 2H), 8.18 — 8.15 (m, 1H), 7.91 — 7.87 (m, 1H), 7.77 (d, J = 7.6 Hz, 1H), 7.66 —
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7.62 (m, 1H), 7.54 — 7.52 (m, 3H), 7.50 — 7.45 (m, 2H), 7.44 — 7.34 (m,
7H), 7.31 - 7.26 (m, 1H), 6.86 (s, 1H), 6.64 — 6.60 (m, 2H), 6.50 — 6.47
(m, 1H); BC{*H} NMR (100 MHz, CDCls) § 176.8, 156.5, 155.2, 138.5,
134.2,133.6, 132.4, 131.6, 130.9, 129.0, 128.8, 128.0, 127.9 (2C), 127.6,
127.0, 126.5, 126.4, 125.7, 125.3, 125.1, 124.6, 124.1, 124.0, 122.4,
118.2,118.0,116.8,115.3,113.1, 111.1, 34.3; FT-IR (thin film, neat): 3054, 2956, 1732, 1436,
1266, 1028, 736, 645 cm™*; HRMS (ESI): m/z calcd for CasH24NO2 [M+H]* : 478.1807; found
:478.1787.

3-(anthracen-9-yl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (62w)

The reaction was performed at 0.1049 mmol scale of 60x; Rt = 0.4 (20%
EtOAc in hexane); pale yellow solid (46.2 mg, 83% yield); m. p. = 122—
124°C; *H NMR (400 MHz, CDCls) 6 8.27 —8.23 (m, 2H), 8.08 — 8.06 (m,
1H), 7.84 (d, J =7.6 Hz, 1H), 7.67 — 7.63 (m, 3H), 7.56 (s, 1H), 7.54 — 7.52
(m, 1H), 7.50 - 7.42 (m, 5H), 7.35 - 7.33 (m, 2H), 7.30 (s, 1H), 7.25 - 7.16
(m, 4H), 7.05 (s, 1H), 6.83 — 6.79 (m, 1H), 6.57 — 6.54 (m, 1H), 5.78 (s, 1H); BC{*H} NMR
(100 MHz, CDCIs) ¢ 177.1, 156.1, 153.3, 140.7, 139.0, 136.7, 136.2, 134.2, 133.4, 131.8,
130.2,129.1,128.9, 128.6, 128.3, 128.2, 127.7, 127.6, 127.3, 127.2, 126.6, 126.5, 126.1, 126.0,
124.9, 124.2,123.4, 123.1, 118.8, 118.3, 118.0, 117.8, 113.0, 111.7, 110.5, 29.9; FT-IR (thin
film, neat): 3058, 2924, 1736, 1428, 1265, 1036, 738 cm™; HRMS (ESI): m/z calcd for
CasH2sNO2 [M+H]* : 528.1964; found : 528.1951.
3-(phenyl(1-phenylpyrrolo[1,2-a]quinolin-3-yl)methyl)-4H-chromen-4-one (63a)

The reaction was performed at 0.1207 mmol scale of 60aa; Rf = 0.4
(20% EtOAc in hexane); pale yellow gummy solid (49.2 mg, 85%
yield):; *H NMR (400 MHz, CDCls) 6§ 8.24 (dd, J = 8.0 Hz, 1.6 Hz, 1H),
7.67 —7.62 (m, 2H), 7.59 (dd, J = 6.4 Hz, 1.4 Hz, 1H), 7.49 — 7.47 (m,
3H), 7.43 — 7.37 (m, 7H), 7.33 — 7.30 (m, 3H), 7.25 — 7.19 (m, 2H),
7.12 - 7.08 (m, 1H), 6.97 (d, J = 9.4 Hz, 1H), 6.41 (s, 1H), 6.08 (s, 1H); ¥C{*H} NMR (100
MHz, CDCls) ¢ 176.9, 156.5, 155.2, 142.3, 135.5, 134.3, 133.6, 129.6, 129.4, 129.3, 128.7,
128.62, 128.58, 128.1, 127.7, 126.7, 126.5, 126.3 (2C), 125.6, 125.1, 124.1, 123.5, 119.1,
118.2,117.8,117.3, 117.2, 116.6, 38.4; FT-IR (thin film, neat): 3057, 2850, 1756, 1448, 1036,
737 cmt; HRMS (ESI): m/z calcd for CsaH24NO2 [M+H]" : 478.1807; found : 478.1789.
6-methoxy-3-(phenyl(1-phenylpyrrolo[1,2-a]quinolin-3-yl)methyl)-4H-chromen-4-one
(63b)
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The reaction was performed at 0.1207 mmol scale of 60aa; R¢= 0.3
(20% EtOAc in hexane); pale yellow solid (53.6 mg, 87% yield);
m.p. = 160 — 162 °C; 'H NMR (400 MHz, CDCls) 6 7.66 — 7.65
(m, 1H), 7.63 (d, J = 3.0 Hz, 1H), 7.60 (dd, J = 7.8, 1.3 Hz, 1H),
7.52 -7.50 (m, 3H), 7.45-7.38 (m, 5H), 7.37 — 7.32 (m, 4H), 7.26
—7.20 (m, 3H), 7.13 - 7.09 (m, 1H), 7.00, (d, J = 9.3 Hz, 1H), 6.45 (s, 1H), 6.13 (s, 1H), 3.88
(s, 3H); BC{*H} NMR (100 MHz, CDCIs) § 176.6, 156.8, 154.9, 151.3, 142.3, 135.5, 134.3,
129.6, 129.4, 129.3, 128.6, 128.55, 128.53 (2C), 127.6, 127.3, 126.6, 126.4, 125.6, 124.5,
123.8, 1235, 119.5, 119.1, 117.7, 117.3, 117.2, 116.6, 105.1, 55.9, 38.4; FT-IR (thin film,
neat): 3058, 2971, 1754, 1443, 1256, 1047, 842, 736 cm™; HRMS (ESI): m/z calcd for
CasH2sNNaO3z [M+Na]* : 530.1732; found : 530.1736.
6-methyl-3-(phenyl(1-phenylpyrrolo[1,2-a]quinolin-3-yl)methyl)-4H-chromen-4-one
(63c)

The reaction was performed at 0.1207 mmol scale of 60aa; Rf = 0.4
(20% EtOAC in hexane); pale yellow solid (53.1 mg, 89% yield); m.p.
= 158 — 160 °C; 'H NMR (400 MHz, CDCl3) 6 8.04 (d, J = 1.0 Hz,
1H), 7.64 — 7.63 (m, 1H), 7.59 (dd, J = 7.8, 1.3 Hz, 1H), 7.51 — 7.49
(m, 3H), 7.46 — 7.42 (m, 2H), 7.41 — 7.38 (m, 4H), 7.36 — 7.31 (m,
4H), 7.26 — 7.20 (m, 2H), 7.13 — 7.08 (m, 1H), 6.98 (d, J = 9.3 Hz, 1H), 6.44 (s, 1H), 6.12 (s,
1H), 2.45 (s, 3H); *C{*H} NMR (100 MHz, CDCls) § 176.8, 155.0, 154.7, 142.4, 135.5, 134.9,
134.8, 134.3, 129.6, 129.3 (2C), 129.2, 128.6, 128.55, 128.54, 127.8, 127.6, 126.6, 126.4,
125.6, 125.5, 123.7, 123.5, 119.0, 117.9, 117.7, 117.4, 117.2, 116.7, 38.3, 27.0; FT-IR (thin
film, neat): 3060, 2954, 1734, 1472, 1199, 1029, 841 cm™; HRMS (ESI): m/z calcd for
CasH2sNNaO2 [M+Na]* : 514.1783; found : 514.1789.
6-bromo-3-(phenyl(1-phenylpyrrolo[1,2-a]Jquinolin-3-yl)methyl)-4H-chromen-4-one
(63d)

The reaction was performed at 0.1207 mmol scale of 60aa; R = 0.4
(20% EtOAC in hexane); pale yellow solid (57.8 mg, 86% yield); m.p.
=128 — 130 °C; *H NMR (400 MHz, CDCl3) § 8.36 (d, J = 2.4 Hz,
1H), 7.70 (dd, J = 8.9, 2.4 Hz, 1H), 7.64 (s, 1H), 7.59 (dd, J = 7.7,
0.8 Hz, 1H), 7.50 — 7.48 (m, 3H), 7.42 — 7.38 (m, 3H), 7.36 — 7.29
(m, 6H), 7.24 — 7.20 (m, 2H), 7.12 — 7.08 (m, 1H), 6.98, (d, J = 9.4 Hz, 1H), 6.41 (s, 1H), 6.07
(s, 1H); 3C{*H} NMR (100 MHz, CDCl3) § 175.5, 155.2, 155.1, 142.0, 136.5, 135.4, 134.3,
129.6, 129.5, 129.3, 128.9, 128.6, 128.5 (2C), 128.4, 127.7, 126.8, 126.5, 125.6, 125.3, 123.5,
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120.1, 119.2, 118.5, 117.7 (2C), 117.2, 117.1, 116.2, 38.4; FT-IR (thin film, neat): 3058, 2924,
1736, 1447, 1320, 1029 cm™*; HRMS (ESI): m/z calcd for CssH23BrNO, [M+H]* : 556.0912;
found : 556.0918.
6,7-dimethyl-3-(phenyl(1-phenylpyrrolo[1,2-a]quinolin-3-yl)methyl)-4H-chromen-4-one
(63e)

The reaction was performed at 0.1207 mmol scale of 60aa; Rf = 0.4
(20% EtOAC in hexane); pale yellow solid (53.1 mg, 87% yield); m.p.
= 148 — 150 °C; *H NMR (400 MHz, CDCl3) 6 7.98 (s, 1H), 7.60 —
7.57 (m, 2H), 7.50 — 7.48 (m, 3H), 7.44 — 7.39 (m, 3H), 7.38 — 7.37
(m, 2H), 7.35 - 7.33 (m, 1H), 7.32 — 7.30 (m, 2H), 7.24 — 7.19 (m,
3H), 7.12—-7.08 (m, 1H), 6.96 (d, J = 9.3 Hz, 1H), 6.42 (s, 1H), 6.10 (s, 1H), 2.36 (s, 3H), 2.34
(s, 3H); BC{*H} NMR (100 MHz, CDCls) § 176.7, 155.0, 154.8, 144.0, 142.5, 135.5, 134.3,
134.28, 129.6, 129.3 (2C), 129.28, 128.6, 128.5 (2C), 127.7, 127.6, 126.5, 126.4, 125.8, 125.6,
123.4,121.9,119.0,118.2,117.7,117.4,117.3, 116.9, 38.3, 20.5, 19.4; FT-IR (thin film, neat):
3058, 2924, 1639, 1447, 1224, 1140, 1032 cm™; HRMS (ESI): m/z calcd for CzsH2sNO2
[M+H]" : 506.2120; found : 506.2126.
6-nitro-3-(phenyl(1-phenylpyrrolo[1,2-a]Jquinolin-3-yl)methyl)-4H-chromen-4-one(63f)

The reaction was performed at 0.1207 mmol scale of 60aa; Rs = 0.3
(20% EtOAc in hexane); pale yellow solid (48.2 mg, 76% yield);
m.p. = 152 — 154 °C; *H NMR (400 MHz, CDCls) 6 9.09 (d, J = 2.7
Hz, 1H), 8.45 (dd, J = 9.2, 2.8 Hz, 1H), 7.69 (d, J = 0.64 Hz, 1H),
7.59 (dd, J=7.7, 1.2 Hz, 1H), 7.55 (d, J = 9.2 Hz, 1H), 7.49 — 7.47
(m, 3H), 7.44 — 7.39 (m, 4H), 7.37 — 7.34 (m, 3H), 7.33 — 7.30 (m, 1H), 7.27 — 7.26 (m, 1H),
7.24 —7.20 (m, 1H), 7.12 — 7.08 (m, 1H),7.00 (d, J = 9.4 Hz, 1H), 6.41 (s, 1H), 6.06 (s, 1H);
1B3C{*H} NMR (100 MHz, CDCls) § 175.5, 159.2, 155.4, 144.7, 141.5, 135.4, 134.2, 129.65,
129.60, 129.3, 129.2, 128.8, 128.62 (2C), 128.57, 127.9, 127.8, 127.0, 126.7, 125.5, 124.0,
123.7, 123.1, 120.0, 119.4, 117.7, 117.0, 116.9, 115.6, 38.4; FT-IR (thin film, neat): 3058,
2964, 1738, 1556, 1436, 1367, 1267, 1032, 742 cm™*; HRMS (ESI): m/z calcd for CzsH22NNaO4
[M+Na]* : 545.1477; found : 545.1474.
7-fluoro-3-(phenyl(1-phenylpyrrolo[1,2-a]Jquinolin-3-yl)methyl)-4H-chromen-4-one
(630)

The reaction was performed at 0.1207 mmol scale of 60aa; R = 0.4 (20% EtOAc in hexane);
pale yellow solid (49.3 mg, 82% yield); m.p. = 130 — 138 °C; *H NMR (400 MHz, CDCls) 6
8.29 —8.25 (m, 1H), 7.64 (s, 1H), 7.61 (dd, J = 7.8, 0.3 Hz, 1H), 7.52 — 7.50 (m, 3H), 7.46 —
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7.43 (m, 1H), 7.41 —7.39 (m, 4H), 7.36 — 7.32 (m, 3H), 7.27 - 7.25
(m, 1H), 7.24 — 7.20 (m, 1H), 7.15 — 7.09 (m, 3H), 7.00 (d, J = 2.3
Hz, 1H), 6.44 (s, 1H), 6.10 (s, 1H); ®C{*H} NMR (100 MHz,
CDClg) ¢ 175.9, 165.6 (d, J = 253.1 Hz), 157.4 (d, J = 13.3 Hz),
155.2,142.1,135.5, 134.3,129.6, 129.4, 129.3, 128.9, 128.8, 128.6, 128.5, 128.3, 127.7, 126.7,
126.5, 125.6, 123.5, 120.9, 120.8, 119.2, 117.7, 117.2, 117.1, 116.3, 113.9, (d, J = 22.8 Hz),
104.7 (d, J = 25.0 Hz), 38.3; “*F{"H} NMR (376 MHz, CDCl3) 5 —103.13; FT-IR (thin film,
neat): 3058, 2952, 1736, 1432, 1257, 1042, 842, 742 cm™; HRMS (ESI): m/z calcd for
C34H23FNO2 [M+H]" : 496.1713; found : 496.1724.
7-chloro-3-(phenyl(1-phenylpyrrolo[1,2-a]Jquinolin-3-yl)methyl)-4H-chromen-4-one
(63h)

The reaction was performed at 0.1207 mmol scale of 60aa; Rf = 0.4
(20% EtOAc in hexane); pale yellow gummy solid (53.3 mg, 86%
yield); *H NMR (400 MHz, CDCls) § 8.21 (d, J = 2.6 Hz, 1H), 7.66
(s, 1H), 7.61 — 7.55 (m, 2H), 7.51 — 7.49 (m, 3H), 7.45 — 7.37 (m,
6H), 7.36 — 7.34 (m, 2H), 7.32 (s, 1H), 7.27 — 7.24 (m, 1H), 7.22 —
7.20 (m, 1H), 7.13—7.09 (m, 1H), 7.00 (d, J = 9.4 Hz, 1H), 6.43 (s, 1H), 6.09 (s, 1H); *C{*H}
NMR (100 MHz, CDCls3) 6 175.7, 155.2, 154.7, 142.0, 135.4, 134.2, 133.8, 130.9, 129.6, 129.4,
129.3, 128.6, 128.5 (2C), 128.2, 127.7, 126.7, 126.5, 125.6, 125.5, 124.9, 123.5, 119.9, 119.2,
117.7 (2C), 117.2, 117.1, 116.2, 38.4; FT-IR (thin film, neat): 3061, 2956, 1732, 1437, 1252,
1176, 1037, 738 cm™t; HRMS (ESI): m/z calcd for CasH23CINO2 [M+H]" : 512.1417; found :
512.1410.

3-(phenyl(3-phenylindolizin-1-yl)methyl)-6-(phenylethynyl)-4H-chromen-4-one (64)

The reaction was performed at 0.1975 mmol scale of 61g; R = 0.4
(20% EtOAc in hexane); pale yellow solid (85.6 mg, 82% vyield);
m.p. = 162 — 164 °C; 'H NMR (400 MHz, CDCl3) 6 8.41 (d, J=1.8
Hz, 1H), 8.28 (d, J = 7.2 Hz, 1H), 7.77 (dd, J = 8.7, 2.1 Hz, 1H), 7.63
(d, J=0.5 Hz, 1H), 7.57 — 7.54 (m, 4H), 7.46 — 7.44 (m, 2H), 7.42 —
7.39 (m, 3H), 7.38 — 7.36 (m, 4H), 7.34 — 7.31 (m, 3H), 7.29 — 7.24 (m, 1H), 6.67 — 6.63 (M,
1H), 6.59 (s, 1H), 6.51 —6.47 (m, 1H), 6.09 (s, 1H); *C{*H} NMR (100 MHz, CDCls) 5 176.1,
155.8, 155.1, 142.3, 136.3, 132.3, 131.8, 130.7, 129.6, 129.0, 128.7, 128.6 (2C), 128.5, 128.3,
127.9,127.1,126.7,124.7,124.0, 122.9, 122.4, 120.5, 118.5, 118.0, 116.9, 115.0, 113.5, 111.1,
90.3, 88.0, 38.5; FT-IR (thin film, neat): 3061, 2926, 2360, 2214, 1741, 1494, 1321, 1145, 1028
cmt; HRMS (ESI): m/z calcd for CagHzsNO2 [M+H]* : 528.1964; found : 528.1957.
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6-phenyl-3-(phenyl(3-phenylindolizin-1-yl)methyl)-4H-chromen-4-one (65)

The reaction was performed at 0.1975 mmol scale of 61g; Rt = 0.4 (20%
EtOAc in hexane); pale yellow solid (76.1 mg, 76% yield); m.p. =170 —
172 °C; *H NMR (400 MHz, CDCl3) § 8.47 (d, J = 2 Hz, 1H), 8.28 (d, J
= 7.2 Hz, 1H), 7.89 (dd, J = 8.7, 2.3 Hz, 1H), 7.65 — 7.64 (m, 3H), 7.55
—7.54 (m, 2H), 7.51 — 7.49 (m, 2H), 7.47 — 7.44 (m, 3H), 7.42 — 7.38
(m, 4H), 7.36 — 7.31 (m, 3H), 7.29 — 7.23 (m, 1H), 6.67 — 6.63 (m, 1H), 6.60 (s, 1H), 6.51 —
6.47 (m, 1H), 6.12 (s, 1H); C{*H} NMR (100 MHz, CDCls) 6 177.0, 155.9, 155.1, 142.4,
139.5,138.2,132.5, 132.4,130.7, 129.1, 129.0, 128.6, 128.5, 128.1, 127.9, 127.8, 127.2, 127.1,
126.6, 124.7,124.2, 124.1, 122.4, 118.7, 118.0, 116.8, 115.0, 113.7, 111.1, 38.6; FT-IR (thin
film, neat): 3061, 2924, 1724, 1337, 1252, 1023 cm™; HRMS (ESI): m/z calcd for CzsH26NO2
[M+H]" : 504.1964; found : 504.1967.

'H NMR (400 MHz, DMSO-ds) spectrum of (61c)
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Expanded *H NMR (400 MHz, DMSO-ds) spectrum of (61c)

0559

08vS°9 V
9¥95'9 —
06459 —
61859 s/

6859'9 ~—
0S£9°9~_
€189'9
¥L69°9 —

T5SL9—

6L15L
TSt W
AN
ESYS'L —F
6LbSL

7.65 7.60 7.55 7.50 7.45 7.40 7.35 730 7.25 7.20 7.15 7.1%(7.05) 700 6.95 6.90 6.85 6.80 675 670 6.65 6.60 6.55 6.50 6.45
ppm

B3C{*H} NMR (100 MHz, DMSO-ds) spectrum of (61c)

9TT6'LE
6£68'8E
£20T'6€

OTTE'6E

8615°6€
182L°6€
0££6'6E

wSrTop

£5€9'35 —

beEgERE T
S156°911

sesT /
BHE6TT /

¥668°€CT
BEVE'ETT
T89T°9CT
€57T°9TT /.

T626'97T L
9TSELTT —~

NmmNAwd\
mmmc.mﬁ\\\
moww.omﬁ\\‘
SETI'TET

YOTLTHT —

Y9ES°0ST —
PIE6HST ~
BTEP'IST ~—

SP6T'SLT —

9L9TTIT —

6STBETT —
€8S8VTT —

STS6°9TT
9EYSLIT W
memNS

¥86'6TT —

L68TTTT ~
8zoe'eeT
668°€CT X
8EVE'ETT

waﬁ.wwﬂ
£5TT9TT V.
266'9¢T *
918€°LTT \
25627°821

86€0°6CT

€08C0ET s
SETYTET —

118 114

122
f1 (ppm)

"

126

130

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

220



'H NMR (400 MHz, DMSO-ds) spectrum of (61d)
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'H NMR (400 MHz, DMSO-ds) spectrum of (61h)
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B3C{*H} NMR (100 MHz, DMSO-ds) spectrum of (61h)
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PFE{'H} NMR (376 MHz, DMSO-ds) spectrum of (61h)
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IH NMR (400 MHz, DMSO-ds) spectrum of (61i)
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1B3C{*H} NMR (100 MHz, DMSO-dg) spectrum of (61i
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'H NMR (400 MHz, CDCls3) spectrum of (62m)
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BC{*H} NMR (100 MHz, CDCls) spectrum of (62m)
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Summary

In summary, the research work presented in this thesis describes the design and development
of transition metal catalysed synthesis of functionalized indolizine derivatives (Figure 1).
These compounds are fundamental in nature, being prevalent in various natural products and
biologically active molecules, and also found applications in material sciences. Therefore, the
development of efficient and straightforward protocols for accessing indolizine derivatives is
of great significance.

This thesis has been divided into two main parts:

Part A: The first part of this research work mainly focuses on the synthesis of functionalized
indolizine derivatives through a [3+2]-annulation of 2-pyridinyl substituted para-quinone
methides (p-QMs) as a three-atom synthon with suitable coupling partners, including terminal
alkynes and N,N-dimethyl enaminones. This method is significant because it offers a practical
means to create diverse derivatives of indolizines, allowing for the introduction of various

functional groups and modifications.

1,3-disubstituted indolizine
OH O A

: O e

E Z N= [Cu] NG

‘PartB | )\ ) =<~——— "

5 Ph—B(OH), ||

; O - O

E NMez

Indolizine based unsymmetrical Indolizine and chromone based
triarylmethane unsymmetrical triarylmethane

Figure 1: Summary of The Thesis

Part B: The second part of this research work focuses on the copper-catalyzed synthesis of
indolizine-containing unsymmetrical triarylmethanes. This is achieved through the reaction of

2-(2-enynyl) pyridines with boronic acids and 2-hydroxyaryl substituted N,N-dimethyl
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enaminones. The resulting compounds represent another class of indolizine derivatives, with
the potential for unique properties and applications. In most of the methodologies a scale up
reaction is also conducted to show the practical applicability of these transformations. Since
indolizines are considered as an important class of heterocycles from medicinal chemistry to
materials science, we believe that the products originating from these methods would
contribute to potential bioactivities in pharmaceutical field and in the field of material science,
and many of these compounds were found to be very fluorescent, that may be of importance to
future studies (Figure 2).

tesdes

Figure 2: Few of The Synthesized Products under UV-light
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