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Preamble

Some cross-coupling reactions involve the preparation and utilization of pre-functionalized
starting materials, leading to lengthy syntheses and the generation of unwanted waste. In
contrast, a more environmentally friendly approach has emerged, involving the activation of
otherwise inert carbon-hydrogen (C-H) bonds. This method allows for the use of less pre-
functionalized raw materials, significantly improving the efficiency and atom economy of
organic syntheses. Additionally, it enables new disconnection approaches in retro-synthetic
analysis, making it possible to utilize a broader range of readily available and renewable
starting materials. Motivated by the advantages and effectiveness of this process, the goal of
this thesis is to synthesize polyaryl (important precursor in bioactive molecules as well as in
material sciences) and functionalized pyrene motifs (a crucial motif in material sciences) using
palladium-catalyzed bidentate directing group-assisted functionalization of carbon-hydrogen
(C-H) bonds.

Chapter 1 deals with the fundamental principles of C-H activation, along with its importance,
related techniques, and mechanistic characteristics. Since the majority of the thesis focuses on
the synthesis of biaryl as well as polyaryl moieties using directing group-assisted C-H
activation methods, some literature reports regarding the synthesis of biaryl motifs using
transition metal-catalyzed C-H activation methods have been discussed.

Chapter 2 explores a one-step, multicomponent, solvent-free process involving Pd(ll)-
catalyzed direct p-C-H arylation of carboxamides. This method incorporates anhydrides as
substrates and involves the in situ installation of directing groups (DG). Typically, the DG-
assisted S-C-H activation/arylation of carboxamides is a two-step procedure that includes DG
installation followed by Pd(ll)-catalyzed C-H arylation. we pursued a multicomponent-type
reaction incorporating an anhydride, a directing group (e.g., 8-aminoquinoline), an aryl iodide,
a Pd(1l) catalyst, and a suitable additive.

Chapter 3 focuses on assembling polyaryls motifs via arylation of biaryl carboxamides with
iodobiaryls. Biaryl-based compounds serve as foundational structures, playing a crucial role in
numerous drug molecules, natural products, bioactive synthetic compounds and organic
functional materials. In our study, we introduced a novel method using Pd(Il)-catalyzed
bidentate directing group (DG)-assisted C-H arylation. This innovative approach enables the
construction of polyaryl motifs, specifically n-extended biaryls, in a single operation, utilizing

biaryl-based carboxamides and iodobiaryls as coupling partners.



Chapter 4 describes the utilization of Pd(Il)-catalyzed directing group-aided C-H
arylation/alkylation to functionalize the pyrene core. This specifically targets the challenging
C2 and K-region C10 positions of the pyrene core. Our focus is on expanding the collection of
pyrene derivatives by introducing C1,C2- and C1,C10-disubstituted pyrene motifs.

Chapter 5 demonstrates the development of novel pyrenylglycine scaffolds containing the
picolinamide moiety via the Ugi multicomponent reaction. This compound, features the
picolinamide moiety, undergoing Pd(ll)-catalyzed C(2)-H arylation at the non-K-region,
resulting in the generation of a diverse collection of novel C(2)-H arylated pyrenylglycines.
Furthermore, small peptides based on pyrenylglycine were synthesized using these C(2)-

arylated pyrenylglycines.
Objectives

1) Directing group-assisted C-H activation/functionalization methodology is one of the
promising ways to achieve C-C, C-O, C-N, C-X bonds, etc. In many instances, the use of
directing groups (DG) is deemed unfavourable for synthetic efficiency due to the extra effort
involved in both installing and removing them. Consequently, there is a growing interest in
developing more optimal synthetic strategies based on C—H activation that align with the
principles of atom economy and step economy. Having thought in mind, a part of the thesis
empathized on the construction of g-arylated aliphatic carboxamides as well as ortho-arylated

aromatic carboxamides involving anhydride as substrate via in situ installation of directing

group.

(0] (0]
—> anhydrides as substrates
R/\)J\O)]\/\R o4 ]
anhydrides (n (Ar) o —> multicomponent,
additive DG one-pot and
+ R N solvent free reaction

Ar—I H,N-DG conditions H o .
—> in situ installation of

directing group

2) n-extended biaryls or polyphenylenes (e.g., teraryls, quateraryls, penta-aryls, hexa-aryls,
etc.), have garnered significant attention in the realms of organic, materials, and medicinal
chemistry research. Therefore, a part of the thesis work contributes to assembling libraries of
polyaryls (terphenyls, tetraphenyls, pentaphenyls and hexaphenyls) via the C-H activation
strategy.



pentaphenyl

3) Pyrene and its derivatives have become the focus of considerable interest across diverse
domains of chemical sciences, encompassing organic chemistry, supramolecular chemistry and
materials chemistry because of their exceptional fluorescence characteristics, effective excimer
emission and elevated charge carrier mobility. Motivated by the significance of pyrene, this
part of the thesis work is focused on the synthesis of C1,C2 and C1,C10 di-substituted pyrene
derivatives using C-H activation methodology.

HN 1 Pd(Il) HN_1
alkyl-1|( 3
10 Ar-l (
e

(J g
N

[C(IO)-H arylation / alkylation ] (C()-H arylation / alkylation )

4) The synthesis and biological evaluation of unnatural amino acid derivatives (non-
proteinogenic amino acid derivatives) is a significant area of interest related to chemical
biology and drug discovery research. This part of the thesis work aims to synthesize of ortho-
arylated pyrenylglycine (pyrene-based glycine) derivatives using picolinamide-assisted C-H

functionalization strategy.




Chapter 1
Introduction to transition metal catalyzed C-H Activation/functionalization.

The synthesis of new molecules has offered our society new drugs to cure diseases, materials
like plastics, new dyes to color clothes, etc. Since urea can now be synthesized in labs, synthetic
organic chemists have devoted their careers to developing new, beneficial compounds for
humanity. The main aim of a synthetic organic chemist is to develop a new methodological
aspect that is comparatively less cost-effective, and greener towards the environment compared

to the previously known method.

Organic compounds consist of carbon frameworks and have numerous C-H bonds. Traditional
organic reactions usually create new molecules by changing different functional groups. Until
1980, most challenging tasks for organic chemists was synthesizing C-C and C-X (X = O, N,
etc.) bonds by breaking C-H bonds. This was difficult due to the high energy required to break
these bonds and their high acidity (as indicated in table 1). Despite a few reports in the
literature, these were not seen as the typical ways organic chemists activate and modify C-H
bonds.!

Cross-Coupling Reaction: The famous C-C coupling reactions (Noble Prize, 2010) were
developed around the 1980s. However, these methods necessitate the synthesis and utilization
of pre-functionalized starting materials, leading to prolonged synthetic processes and the

generation of undesirable products (Scheme 1).

Bond Bond Dissociation pKa For example, if we consider the Suzuki cross-
Energy (Kcal/mol) | (water) [ coupling reaction, the reaction takes place
CHs-H 103 48 between boronic acid and aryl halide to form
a C-C cross-coupling product. So,
(CH3),CH-H 95 51 o ) o
synthesizing boronic acid is the pre-
CH3)C-H 93 53 S .
(CH:) functionalization step here. Hence, direct
CH2=CH-H 112 50 functionalization of C-H bonds provides an
attractive alternative to the C-C coupling
CeHs-H 110 43
reactions.??
CH,=CHCH,-H 88 43
CsHsCH2-H 85 41

Table 1: Dissociation energy of various C-H bonds.



C-H activation and functionalization: C-H activation and C-H functionalization
methodology is a subject of discussion for many decades. In general, the C-H bond cleaved by
transition metal by forming the C-TM intermediate is called the C-H activation step, where TM
represents the transition metal. C-TM intermediate further involves the formation of the desired
product through a reductive elimination step, which is called C-H functionalization.* (Scheme
1)

Cross Coupling
Metal
Q- O
X=Cl, Br, Y= Sn) Ba
I, OTf Zn, Mg
(example)
Pd(0)
Br + B(OH), ———
la 1b 1c
C-H Activation & Functionalization
C-H Functionalization
R-H + X-R metal. catalyst > R-R
Oxidant
X =1, Br, OTf
C-H Activation Functionalization
| - RM

Scheme 1: Cross-coupling reaction vs C-H activation method.

Therefore, we can say that the C-H functionalization reaction occurs via the C-H activation
step. The C-H activation step depends upon the reactivity of substrates and metal catalysts
being used (e.g., SEAr for the case of an electron rich aromatic substrate and an electrophilic
metal centre). However, C-H activation may not necessarily lead to a C-H functionalization. It
is a possibility that the C-H bond is activated reversibly, but no new functional group is
installed.*

There are many ways to activate the C-H bond. In this thesis we mainly discussed transition
metal catalysed C-H bond activation. Metal catalysed C-H bond activation reaction may divide

mainly into three parts:

e Direct C-H bond activation.
e Directing group-assisted C-H bond activation.

e Transient directing group assisted C-H bond activation.



The general mechanism is as follows: at first metal co-ordinates with the substrate and
activates the C-H bond. This is followed by oxidative addition step. Transmetallation and
reductive elimination are the last two steps respectively to give the desired C-H functionalized

product.

e Direct C-H bond activation: Direct C-H functionalization involves activating a C-H
bond without relying on any functional or directing groups. However, when applying
this method to molecules with multiple C-H bonds, challenges in regioselectivity arise,
as electronic and steric factors govern the outcome.

e Directing group-assisted C-H bond activation: A simple aromatic or aliphatic
molecule, contain multiple different and equivalent hydrogen atoms. Directing groups
are introduced in substrates, which direct the metal to activate the desired C-H bond to
obtain a regio-selective and stereo-selective final product.

e Transient directing group assisted C-H activation: To address the issue of DG
removal, easily removable and/or modifiable DGs have been developed for organic
synthesis. The reversible in-situ generation and deconstruction of the DG in a transient

manner have the potential to reduce laborious synthetic operations in substrates.

This thesis mainly demonstrates the directing group-assisted transition metal catalyzed (mainly
Pd) C-H bond activation and functionalization reactions. Before going into detail, we will
briefly discuss some pioneering literature regarding transition metal catalyzed C-H activation
reactions.’

In the last few decades, a lot of work has been done in the field of C-H activation to achieve
synthetically useful products. We tried to include some pioneering reports which are considered
representative of establishing the field. In 1955 and 1956, Murahashi first reported Co

catalyzed insertion of C=0 into aldimine and azobenzene.® (Scheme 2)

H

/@ : /@ N\fo
SN co Co,(CO)s N=Ph Ney + CO C0,(CO)g N
* ; “Ph
2¢ © | 2d 2

2a 2b b(2 equiv) 2e

Scheme 2: Murahashi’s report on cobalt catalyzed CO insertion of aldimine and azobenzene.

In 1963, Kleiman and Dubeck showed that the ortho C-H bond of azobenzene can be activated
to form cyclopentadienyl[o-(phenylazo)phenyl] nickel complex. In 1965, Chatt and Davidson
revealed the first example of C-H functionalization of arene and the formation of the

corresponding ruthenium complex.® (Scheme 3)
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N szNI N \©
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(\PMez
: |
Me2P/, a
+ [Ru(Me,PCH,CH,PMes)] =—— Ru

u
T
Mezp ‘ H

3d 3e \ PMe, 3f

Scheme 3: Dubeck and Davidson’s report on azobenzene and naphthalene respectively.

Successively, the chlorination of azobenzene using palladium as a catalyst is another example

of C-H activation followed by functionalization, which was reported by Fahey in 1970. In 1993,
an exciting report came from the Murai group, describing the C-H bond formation of aromatic
ketone and olefin through the use of a ruthenium catalyst.”® There has been rapid progress in

the field of C-H activation for the last 20 years.

Catalyst
RuH,(CO)(PPh), R
R, PN > R, !
e af 4g

\. J

Scheme 4: Fahey’s report on azobenzene using palladium catalyst (top), ruthenium catalyzed ortho

functionalization of ketone reported by Murai (bottom).

Directing group-assisted C-H activation reactions: There are some reports of direct sp?(C)-
H activation reactions. For example, in 2006, the Itami group reported direct C-H arylation of
anisole with iodo benzene using rhodium as a catalyst with 51% overall yield (p/o: 71/29).°
The directing group concept was then introduced to omit this issue. The capacity to bind the
metal reversibly and control the regioselective activation of the C-H bond is provided by the
directing groups, which are generally o donors and have one or more heteroatoms or a rich p-
electron cloud. As a result, the catalytic cycle was maintained by the directing groups' (DGs)
ability to reversibly attach to metal. There are various types of DG reported in literature like

non-modifiable, modifiable/ transformable, and/or reusable. A reusable directing group (DG)



can easily be installed in a substrate and recovered from C-H functionalized products. As a

result, the C-H functionalization using reusable DG is both synthetically and economically

practical.* (scheme 5)

[TM]
C-H activation
and
H functionalisation
X
X~DG DG
H
Reusable DG
)

easy to cleave

Y

Scheme 5: Reusable directing group assisted C-H functionalization.

In 2005, Daugulis introduced 8-aminoquinoline (8AQ) as a reusable directing group which

directs the specific ortho C-H bond of arylamide to have the desired ortho arylated product. In

the same report, they have described 2-picolinic acid as a directing group when linked with

benzylamine substrate to have ortho C-H arylated product of benzylamine. They have also

shown the f-selective arylated product of aliphatic carboxamide using 8-aminoquinoline as the

directing group, and the y-selective arylated product of aliphatic amine using 2-picolinic acid

(PA) as the directing group. In 2010, another directing group 2-methylthio aniline (SMe) was

also introduced by the Daugulis group. (scheme 6)

o]
Pd(OAc), (0.1-5 mol%)

4-6 equiv)

o)

. AgOAc (1.1-4.1 equiv) ¢ "~ N
N . Al - Wl H O
e Ho ol \ neat, 70-130 °C, - >

" H 5 min-16 h : SMe

6a ( 6b (upto 92%) (:\;,t/

o] Pd(OAc), (0.1-5 mol%) o o
~ AgOAc (1.1 equi = N IR

NN S Ar-l 90Ac (1.1 aquiv) \ Ho o of
N B o neat, 130-150 °C, 2N N
HT 5-12h }
6d (4 equiv) 6e (upto 81%) }

K,CO3 (2.5 equiv)
t-amylOH/H,0 (4/1)

Y 90-110 °C

Pd(OAc); (5 mol%) SMe
Arl (3-4 equiv)
> NH

[¢) Ar
69 (upto 84%)

Scheme 6: Daugulis’s work on the Pd(II)-catalyzed bidentate directing group-assisted C-H arylation.

Over the years, several directing groups have been introduced. Sanford reported O-acetyl

oxime as a directing group for acetoxylation of both sp? and sp® C-H bonds with Pd(OAc)2

and PhI(OAC); in the presence of AcOH/Ac20.%° Yu group demonstrated palladium-catalyzed




B-C(sp?)-H arylated product of aliphatic carboxylic acid using 2,3,4,5,6-pentafluoroaniline as
a removable directing group. In 2012, Sahoo and co-workers introduced S-methyl-S-2-pyridyl-
sulfoximine (MPyS) as reusable directing for sp? C-H acetoxylation of benzoic acid, a direct
and elegant approach for the ortho hydroxylation of benzoic acid. In 2016, Babu’s group
introduced 4-amino-2,1,3-benzothiadiazole (ABTD) as a re-usable directing group for Pd(I1)-
catalyzed arylation/oxygenation of 5-C(sp®/sp?)-H bonds of carboxamides. A list of different

directing groups!! (mostly reusable) has been shown in Figures 1 and 2.

R
X }«l\
N
| ) \S /\2<H

N
HN
HN ~
DG 1; R = H, Daugulis''@
DG 2; R = OMe, Chen''®

DG 3: Daugulis''® DG 4 : Shi''d DG 5: Ackermann''®

#H Me_
F F T Ve
P
F F
CF,
DG 6: Yu''f DG 7 : Sahoo''9 DG 8 : Babu™h DG 9: Song"

Figure 1: List of directing groups with -NH, functionality, where DG represents the directing group.

TBSO

\\ //

“OH \NJ\
_N
DG 10: Daugulis''@ DG 11: Chen DG 12: Carretero'™® DG 12: Liu™
0] (0]
HO\\ // )K%\ HO | @)

\|<F HO OMe N%
H

DG 13: Yu''m DG 14 : Ma'!" DG 15: Shi''®

Figure 2: List of directing groups with —CO,H functionality.

e Our group contribution towards directing group assisted C-H functionalization
Before the introduction of the new directing group, our group has reported some outstanding
work regarding 5-C(sp®)-H bond activation with high diastereoselectivity. In 2013, our group
reported the synthesis of di- and tri-substituted cyclopropane carboxamides using palladium
catalyst.!?® Bis-arylation of cyclobutane carboxamides with high diastereoselectivity was
described by our group in 2013.1% In 2015, palladium catalyzed direct arylation of C(sp®)-H

bonds of tetrahydrofuran and 1,4-benzodioxane systems with stereo as well as regioselectivity

9



were reported.’? Recently we have reported azobenzene-based unnatural amino acid via

palladium catalyzed -C(sp®)-H functionalization strategy.*?® (Scheme 7)

NHAc
o Ar-l (2-4 equiv) " ACHN{ }' 7h(5 equiv)
o .
2 o) idg)AAC); (25 mO!/o) - 0 DG:DG 1,3 H o Pd(OAC), (10 mol%) 7 o
>_ 4 b6 gOAc (2.2 equiv) R oG : " N’DG AgOAc (2.5 equiv) R X N,DG DG:1,3
- o ; : - : —_ >
N toulene (2-3 mL), 110 °C Al t N ' H toulene (3 mL), 110 °C NPhthH
R=H, Ph 15-24 h (cis) ) o ! NPhth
Tt 7b (yield up to 88%) : 24h
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Scheme 7: Our group contribution towards 5-C(sp®)-H functionalization.

Babu’s group also significantly contributed in the field of g and y-C(sp?)-H functionalization
using palladium catalyzed C-H activation strategy. Z selective direct p-arylation of acrylamide
systems and stereoselective synthesis of Z-cinnamamide scaffolds were reported using
Pd(OAC); as catalyst and AgOAc as additive.'?® In 2017, our group reported the Z-selective y-

arylation of allylamines to construct Z-cinnamylamines using picolinic acid as the directing
group. 13 (Scheme 8)

0 Ar-1 (3-4 equiv) 0
Pd(OAc), (5 mol%)
.DG .DG .
/fl\u AgOAc (2.2 equiv) | N DG :1

R H toulene (2-3 mL), 110 °C R™ DAr

24-36 h
R = H, Ph, alkyl 36 E/Z : 2/98
8a 8b

Ar-l (4 equiv)

Pd(OAc), (10 mol%)

DG
(\NDG AgOAc (2.2 equiv) E\ﬁ DG : 10
N .

H toulene (2-3 mL), Ar
80-110 °C, 36 h E/Z : 2/98
8c 8d

Scheme 8: Report from our group on acrylamide and allylamine substrate.
Palladium catalyzed y-C(sp?)-H bis arylation/benzylation of the phenylacetic acid substrate
using 8-aminoquinoline as a directing group was demonstrated by our group.'? In 2017, we

demonstrated directing group-assisted remote e-C(sp?)-H mono acetoxylation in a hetero aryl-
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aryl biaryl system.®®® After functionalization, the directing group were uninstalled for every

case using acid/base hydrolysis or esterification methods. (Scheme 9)

Ar-1 (4 equiv) DG Ar
DG Pd(OAc), (10 mol%) HN
HN AgOAc (2.5 equiv) DG:1

m toulene (3 mL), oAr
110 °C, 24 h

9a 9b (up to 85% vyield)

AcO
Pd(OAc), (10 mol%)
H PhI(OAc), (2.0 equiv) { H DG :10
/ N\ N-DG toulene (2-3mL), /x ~DG
X 110 °C, 15-24 h
9¢c (X = §,0) 9d (up to 80% vyield)

Scheme 9: y-C(sp?)-H arylation of arylacetic acid and e-C(sp?)-H acetoxylation of heteroaryl-biaryl scaffolds.

e Literature based on synthesis of biaryl moieties using C-H activation methods
Since the discovery of conducting polyacetylenes,** z-conjugated polymers like poly-p-
phenylenes™® have become field of interest for the scientific community owing their fine
applications in the field of molecular electronics and nanotechnology.® Poly-phenylenes (PPn)
is one of the important functional materials because of the high conductivity it shows when
doped with either n- or p-type dopants.!’ It is a very useful material for obtaing organic light-
emitting diodes'® and ultraviolet laser dyes.*® It acts as a connector between electron donor (D)-
bridge (B)- electron acceptor (A) (i.e., D-B-A) in molecular assembly.?® If we look into the
structure of poly-p-phenylenes (PPn), we can see that it consists of a number of biaryl moieties.
Biaryls themselves have been known to show antiamoebic, antifungal, anti-infective,
antihypercholesteremic, antihyperlipoproteinemic, fasciolicide, antirheumatic, analgesic, anti-
inflammatory, antithrombotic, uricosuric and antiarrhythmic properties.?! When aromatic
moieties bind with protein the hydrophobic character automatically increases and biaryls can
easily interact with polar substituents and with positively charged substituents.?? Because of
their versatile nature biaryl compounds are very common in the pharmaceutical industry.
There are plenty of methods available to synthesize biaryl moieties. Ullmann synthesis?® for
symmetrical biaryls, Suzuki?®, Stille?® and Negishi?® cross-coupling and reaction involving
organo silicates?’ for unsymmetrical biaryl are very well known in the literature. One of the
important methods for the synthesis of biaryl is decarboxylative coupling reactions initiating

from aryl carboxylic acid and aryl halide to form C-C bonds?. (Scheme 10)
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Scheme 10: Decarboxylative C-C cross-coupling reaction.

Recently transition metal catalyzed directing group assisted C-H arylation strategy is one of
the finest ways to achieve biaryl precursor. Pre-functionalization issues can be easily avoided
here and regioselectivity can also be introduced by using the right directing group. Here we
will discuss some of the literature regarding directing group-assisted C(sp?)-H
functionalization to synthesize biphenyl, terphenyl, quaterphenyl, etc. using C-H activation as

the key step.

e Reusable directing group assisted C-H functionalization reactions for the synthesis

of biaryl moiety
In 2005, the Daugulis?®® group demonstrated the use of 8-aminoquinoline as a directing group
for the formation of f arylated carboxamide using palladium (I1) acetate as a catalyst, and
AgOAC as an additive at 16 h in neat condition. In the same report they showed picolinic acid

as the directing group for the synthesis of y arylated amine. (Scheme 6)

Chatani®®*< group reported two works regarding s-C(sp?)-H arylation of carboxamide using 8-
aminoquinoline as directing group using ruthenium (Scheme 11) and nickel (Scheme 12)
catalysis successively in 2013 and 2014. In that report, they showed various substituted biaryl
compounds as well as terphenyl, quaterphenyl compounds. Effects of directing group have

been described and they have used aryl bromide as the coupling partner here.

[RuCly(p-cymene)], (5 mol%) 0
O PPh3 (40 mol%) R
R i N
N Na,COj3 (3 eeuiv) O H N ‘
H ‘ Ar-Br (2 equiv)
toulene, 140 °C, 18 h

o% Q} QP!
o) \
N N
N | NH  N= H |
F‘N\ !N\
) (80%)

11bb (80% 11bc (88%)

11ba (84% 11bd (85%)

Scheme 11: Ruthenium catalyzed direct 8-C(sp?)-H arylation.
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Nickel(l) catalyzed direct f-C(sp?)-H arylation was developed by the Chatani group in 2014
using Ni(OTf)2 as a catalyst in the presence of NaHCOs in toluene at 160 °C for 20 h. In 2016,
copper catalyzed o-arylation of benzamide with arylboronic acid was reported by Tan?%¢
group. In the same year, Cobalt promoted selective arylation of benzamide was also published
by the same group. They have used aryl boronic acid as the coupling partner in this report as
well. They have shown substituted biphenyl compounds and terphenyl compounds in both the

reports. (Scheme 12)

o Cu(OAc); (1 equiv) (0]
Ry N N Na,COj3 (2.0 equiv) R Q Ni(OTf), (5 mom_,) R N
‘ H | Ar-B(OH), (2 equiv) N NaHCO3; (3 equiv) H N |
& Nx DMSO (2 mL), 120 °C Hob ) Ani@equv =
4h 6a toluene (1 mL), 160 °C, 18 h
6b (up to 95% yield) 6b (up to 98% yield)

Co(acac), (1 equiv)
Ag,CO3 (2 equiv)
Ar-B(OH), | Na,CO3; (1 equiv)
(2 equiv) DMSO (1 mL)

120 °C, air, 2 h

6b (up to 92% yield)

Scheme 12: Reports on nickel, copper, and cobalt catalyzed 5-C(sp?)-H arylation.
Step-economical one pot C-H activation is another profitable way to get the desired product.

In most of the cases, free amine, acid chloride, and the coupling partner are added in the same
pot and subjected to reaction conditions, which led to 50 as the desired product. Wan°2< group
first showed step economical one pot C-H activation method to synthesise o-aryl benzamides
via in situ installation of directing group. For this reaction they heated the mixture of 8-amino
quinoline, acid chloride, aryl iodide, palladium acetate, potassium carbonate using p-xylene at
130 °C for 12 h in one pot, o-arylated benzamide product is formed with 85% yield. In another
report, they used the same directing group to get mono and bis-y-C(sp?)-H arylated
phenylacetamides by palladium catalyzed C-H activation reaction in one pot manner. In 2017,
they described multicomponent synthesis of various o-arylated benzamides using o-

aminophenol as a directing group. (Scheme 13)
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3 a :DG-1 (1 equiv), 13¢ (1 equiv), 13a (3 equiv), Pd(OAc), (3 mol%),
3 K,CO; (0.6 mmol) in p-xylene (2 mL), 120 °C, 12 h
3 b :DG-1 (1 equiv), 13b (1 equiv), 13a (3 equiv), Pd(OAc), (10 mol%),
3 NaHCO; (4 equiv) in toluene (2 mL), 120°C, 16 h

ic 59 (1 equiv), 13c (1 equiv), 13a (3 equiv), Pd(OAc), (5 mol%),

13h

Scheme 13: Multicomponent one pot 8-C(sp?)-H arylation.

Apart from 8-aminoqunioline, there are reports on other directing groups also. In 2014,
Ackermann®? introduced 2-(1-benzyl-1H-1,2,3-triazol-4-yl)propan-2-amine (TAM) as
directing group. They used FeCls as the catalyst and PhMgBr as the coupling partner. Similarly,
Shi®!® used 2-(pyridin-2-yl)isopropyl (PIP) amine as an effective directing group for synthesis
of o-arylated benzamides. In this report, triethoxyarylsilane has been used as a coupling partner
in the presence of Ni(OAc)..4H20 as the catalyst and PPhs as the ligand. Similar way,
Watkins®! introduced N-(2-aminophenyl)acetamide as a directing group for the same using
Pd(OAC): as the catalyst. (Scheme 14)

0 FeCly (10 mol%) Jﬁ/\
Q)LNJ%\N-B dppe (10 mol%) N=p Arl (3 equiv) o
H N=N ArMgBr, DCIB o
R N
14

Pd(OAc), (10 mol%)

ZnBr, TMEDA ‘ /[ ] i /;
THF, 55.65 °C 14b (upto 93% yield) N W) @fLH

' uiv

! H NHAG 2003 q Ar NHAc

t-AmylOH, 120 °C

ArSi(OEt); (2 equiv) : 14e 36-40 h 14f (upto 84% yield)
0 Ni(OAC),.4H,0 (10 mol%) bip
_PIP PPh3, NayCOs, KF N~
Q)L” Ag3POy, dioxane @fLH
150°C, 18 h Ar ;
14c 14d (upto 94% yield) !

Scheme 14: Reports on TAM, PIP and APA directed 5-C(sp?)-H arylation.

e Biaryl motifs using direct C-H activation methods
Numerous reports available on synthesis of polyaryl compounds using direct C-H activation
methods®? without utilizing directing groups. Regioselectivty issue was overcome with

electronic as well as steric effect. Greaney et al.>® reported Pd-catalyzed cross-coupling
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reactions between unactivated arenes and iodonium salts, affording the biaryls in high yields
(up to 99%) without incorporating any directing groups. In 2017, Ye**® demonstrated para-
selective arylation of simple arene controlled by amide using boronic acid as the coupling
partner. (Scheme 15)

R1
©/H T cat. (5 mol%) N ‘
" " F3CCO,H (10 equiv) O
100 °C, 24 h R2
1d 15a 1c (up to 99% yield)
R1
B(OH
(OH), PdCl, (10 mol%) ‘
H AgSbFg (30 mol%) O
©/ ' NFSI, DMF, L 4
R R? HFIP-H,0 R
1d 15b 60°C, 24 h 1c (up to 95% yield)

Scheme 15: Examples of direct C-H activation reactions for biaryl synthesis.
e Synthesis of Biaryl motifs using acid and TDG directed C-H activation methods

Acid directed C-H activation for the synthesis of substituted biaryl scaffolds is also well known
in the literature. Daugulis and co-workers®# first reported ortho-arylation of benzoic acids
using aryl halides. (Scheme 16) Following that, numerous reports have been added into

literature®,

Pd(OAc), (2 mol%)
\© Ag,CO3 (1 equiv) OH
AcOH (3.5 equiv) R O
130°C, 16 h
13a (3 equiv)

16b (up to 53% yield)

Scheme 16: Acid-directed C-H arylation reaction.

Transient directing group (TDG)%2 mediated C-H activation methods for biaryl synthesis
were developed in recent years. In that case directing group has been installed in situ in the
reaction mixture and its removed from the substrate after C-H functionalization happened. It
reduces the number of steps needed for directing group assisted C-H functionalization. In 2017,
Yu et al. developed g-C(sp?)-H arylation of benzaldehyde using transient directing groups. In
this report, various proteinogenic and non-proteinogenic amino acids as transient directing

groups were used, (Scheme 17) where 2-aminoisobutyric acid has shown the highest yield.
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0 Pd(OAc), (10 mol%) 0
| TDG1 (40 mol%)
H AgTFA (1.0 equiv H TDG1 :
R . ©/ gTFA (1.0 equiv) R H,N" >CO,H
’ Y HFIP:TFA = 9:1 (0.2 M) 1
100 °C, 24 h R
17a 13a (2 equiv) 17b (up to 94%)
o Pd(OAc), (10 mol%) 0
| TDG2 (50 mol%)
R ©/ AgOAc (2.0 equiv) R
’ "X HFIP:HOAC = 9:1 (0.2 M) 1 TDG2: | N COH
R H,0 (4equiv), R
17¢ 13a (2 equiv) 130°C.24h 17d (up to 89%)

Scheme 17: -C(sp?)-H arylation of aldehyde and ketone using transient directing group.

e Arylation of Polyaromatic hydrocarbon (PAH)

Ar

[Ar3l]BF4 (14a) Pd/C (2.5 mol%) “
+ or
DME, 80-100 °C OO
[Arl(trip)]BF4 (1 7b)
18c (up to 75% yield)

Selected examples

18cc (51%)

18ca (60%) 18cb (65%) 18cd (72%)

Scheme 18: Direct C-H arylation of polyaromatic compounds.
Arylation of Polyaromatic hydrocarbon (PAH) was also reported by using direct C-H activation
methods. Polyaromatic hydrocarbons specially pyrene are well-known scaffolds in functional
material because of their thermal stability as well as charge transfer property®’. It is a
challenging task to functionalize one specific position because of regioselectivity issue, several
results have been established based on electronic and steric factors. Glorius® described
selective arylation of polyaromatic hydrocarbon using Pd/C medium with aryl iodonium salt

leading to biaryl products. (Scheme 18)

Acid-directed arylation of 1-pyrene carboxylic acid was reported by the Larossa® group in

2020. In the same report, 2-aryl decarboxylated pyrene was also reported. Zhong®® group
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demonstrated 2-pyridyl group assisted C2 arylation in pyrene moity and Roger**® group
described phosphorus-directed rhodium-catalyzed C—H Arylation of 1-pyrenylphosphines
Selective at the K-region. (Scheme 19)

Pd(OAc), (6 mol%) Ar
Ar PEPPSI-IPr (2 mol%) COzH KOAc (2.8 equiv) CO,H
O Ag,CO;3 (1 equiv) NMe,Cl (2.16 equiv) O
Ar-1 (3 equiv)

e ilggy T wNygg
150 °C, 19 h AcOH (1.5 equiv)
O 120°C,45h

19a 19b (up to 90% yield)

[RuCl,(p-cymene)], (10 mol%)
MesCO,H (0.6 equiv)

K,COg3 (4 equiv)

toluene, 110 °C, 36 h

19f (upto 92% vyield)

[Rh(COD),]BF, (5 mol%) “
K3POy4 (3.0 equiv) PPh,
PhCF5 (0.18 M)

reflux, 18 h O

19h (upto 90% yield)

199 (1.5 equiv)

Scheme 19: C-H arylation of pyrene scaffolds.
Recently, synthesis of biaryl unnatural amino acid derivatives (both racemic and enantiopure)
using palladium catalysed p-C(sp)-H activation methodology with iodobiaryls has been

disclosed by our group.*

Apart from this, cross-dehydrogenative coupling is a well-known way to synthesize biaryl as
well as polyaryl scaffolds. In recent past metal free C-C coupling using non-metal catalyst such
as bis(trifuoromethanesulfonyl)imide (HTFSI), p-toluenesulfonhydrazide (PTSH), P5a, 1,10-
phenanthroline, eosin Y, and montmorillonite K-10 is another efficient way to get biarylated

compounds.*!
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Chapter 2

One-pot, solvent-free Pd(I1)-catalyzed direct #-C-H arylation of carboxamides involving

anhydrides as substrates via in situ installation of directing group.

For the purpose of this Thesis work, the work of Chapter 2 is re-used (adapted) with permission
from (Dalal A., Babu, S.A*., Tetrahedron, 2019, 75, pp 1246-1257. Title; One-pot, solvent-
free Pd(Il)-catalyzed direct p-C-H arylation of carboxamides involving anhydrides as
substrates via in situ installation of directing group).

The sp?/sp® C-H activation and C-C bond forming reactions catalyzed by the transition metal

catalysts are considered pivotal organic transformations. The site-selective functionalization
of C-H bonds of small organic molecules with the assistance of directing groups (DGS) is one
of the important tactics to obtain the corresponding functionalized small organic molecules.-
Especially, the seminal paper®®® by Daugulis et al., which revealed the bidentate DG 8-
aminoquinoline (DG-3a, Scheme 1) assisted direct arylation of S-C(sp?)-H bonds of
benzamides and S-C(sp®)—H bonds of aliphatic carboxamides has led to the development of
dependable methods for obtaining various functionalized carboxamides.®’ Apart from 8-
aminoquinoline (AQ), other DGs similar to AQ were also demonstrated for accomplishing the
S-C—H functionalization of aromatic and aliphatic carboxylic acids.?
Even though the C-H functionalization of carboxamides with bidentate DG (such as 8-
aminoquinoline) assistance is regarded as a crucial synthetic transformation, this procedure
actually requires two steps®>>7. A DG (for example, DG-3a) with an amine functionality is
coupled with a carboxylic acid (1a) or its derivative, such as an acid chloride (1b), in the first
step to produce the corresponding carboxamide (1c), which is installed with the DG-3a. In the
following step, the carboxamide 1c is then exposed to a Pd(Il)-catalyzed, DG-assisted C-H
activation/arylation in the presence of an additive (such as AgOAc, Ag2COs, etc.) to produce
the -C-H arylated carboxamide (5)%*°. The literature is well-versed on the function of additives
in Pd(OAC).-catalyzed C-H arylation processes, such as AgOAc or AgC0Os.2”" In the proposed
Pd"-Pd" catalytic cycle, these additives serve as the I (iodide anion) scavenger to replenish
the Pd(l1)-catalyst.232P

23



Step 1: installation of directing group (DG)

H 0] H (0]
conditions
_DG
RMX + H,N-DG —> R)\)J\”
3 (DG) 1c (amide)

1a: X = OH (acid)
1b: X = Cl (acid chloride)
2: X = OCOR' (anhydride)

Step 2: Pd(Il)-catalyzed C-H functionalization

3
_D
R NO% . A Pd) ~DG

i (used for linking

: dditi 5 H
1c (amide) 4 additive
conditions

Representative Bidentate Directing Groups (BDG)
F H E 0 |
AN F N SMe :
¥ RN :
= S | |
N N/ ! = N 1
HN ! v 1
N F ' DG-3'd :

DG-3a DG-3'b DG-3'c

________________

Scheme 1. Steps involved in the typical Pd(l1)-catalyzed C-H arylation of carboxamides.

The creation of the most perfect and simple multicomponent-based C-H activation techniques
will be highly valued because it is step-economical®®. Along with this goal, it would be
advantageous to make the bidentate DG-assisted Pd(Il)-catalyzed C-H functionalization of
carboxamide (e.g., 1c), a simple procedure. Towards this, recently our group,*® Wan* and Liu*
reported the Pd(Il)-catalyzed C-H arylation of carboxamides via the multicomponent reaction
comprising acid chlorides (1b), aryl iodides (4) and 8-aminoquinoline (3a) (Scheme 2).
Although a simple Pd(Il)-catalyzed C-H arylation of carboxamides was demonstrated using a
multicomponent reaction including acid chlorides,* it should be emphasised that some acid
chlorides require special handling and storage considerations. Thus, we envisaged to attempt
the Pd(I1)-catalyzed C-H arylation of carboxamides via the multicomponent reaction involving
anhydrides as substrates (2) instead of acid chlorides (1b). In continuation of our work on the
C-H activation/arylation reactions,® herein we report a multicomponent-type reaction
comprising Pd(Il)-catalyzed p-C-H arylation of carboxamides involving anhydrides as
substrates (2) via in situ installation of bidentate DG under solvent free condition (Scheme 2).
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4 3 5 directing group

Scheme 2. Multicomponent Pd(11)-catalyzed C-H arylation of carboxamides via in situ installation of directing
group.

Results and Discussion

To begin the investigation on multicomponent-type Pd(Il)-catalyzed S-C-H arylation of
carboxamides involving anhydrides as substrates via in situ installation of DG, initially, we
performed optimization reactions using butyric anhydride (2a) (Table 1). It is to be noted that
typically the bidentate DG-assisted C-H arylation of carboxamides were performed using the
Pd(I1) catalyst and also an additive (e.g., AgOAc or Ag2COs), which will act as the halide ion
scavenger to regenerate the Pd(Il)-catalyst.>®>" At first, we heated a mixture of butyric
anhydride (2a, 1 equiv), DG-3a (1 equiv), m-tolyl iodide (4a, 6 equiv) and Pd(OAcC): catalyst
(10 mol%) in the absence of any additive at 110 °C for 24 h. This reaction did not afford the
methylene -C-H arylated product 5a (entry 1, Table 1). The same reaction was performed in
the presence of AgOAC as an additive without any Pd(I1) catalyst. However, this reaction also
did not afford the -C-H arylated product 5a (entry 2, Table 1). These reactions indicated that
the absence of the Pd(OAC). catalyst or additive AgOAc did not promote the C-H arylation
reaction.
Subsequently, we heated a mixture of butyric anhydride (2a), 8-aminoquinoline, (3a), m-tolyl
iodide (4a), Pd(OAC): catalyst (10 mol%) and AgOAc (additive, 2.2 equiv) at 110 °C for 24 h.
To our delight, this reaction afforded the expected methylene p-C-H arylated product 5a in
94% vyield. This multicomponent-type arylation reaction afforded the product 5a via in situ
formation of carboxamide 1¢’ and installation of DG-3a under solvent free condition (entry 3,

Table 1). Next, we performed the Pd(ll)-catalyzed multicomponent-type arylation reaction
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comprising anhydride 2a (1 equiv), 3a (1 equiv) and 4a (6 equiv) using Ag.CO3 instead of

AgOAc as an additive. This reaction also gave the product 5a in 87% yield (entry 4, Table 1).

Given that the reactions were performed without any solvent, the above trial reactions were

done using 6 equiv of 4a to have adequate homogeneousness. Notably, use of 4 or 5 equiv of

4a also gave the product 5a in appreciable yields (67 and 81%) (entries 5 and 6, Table 1).

Table 1. Optimization of the reaction conditions. One-pot Pd(l1)-catalyzed direct g-C-H arylation of

carboxamide 1¢' derived from butyric anhydride 2a?

0 o RY -
COaINNY . s
S * R2 neat, 100 °C Me Me/\)J\” |
N7 R 2-24 h , 1e NS
NH, 3a 4a/4b ' 4a/5a; R'=H, R?>=Me
4b / 5b; R'=OMe, R?*=H
Entry PdL. 4a: Additive Time 5a:
(x mol%) Arl (1.1 mmol) (h) yield (%)
(mmol)
1 Pd(OAcC); (10) 3 Nil 24 0
2 Nil 3 AgOAC 24 0
3 Pd(OAc): (10) 3 AgOAc 24 94
4 Pd(OAc): (10) 3 Ag2COs 24 87
5 Pd(OAc): (10) 2.5 AgOAC 24 81
6 Pd(OAc): (10) 2 AgOAC 24 67
7 Pd(OAC), (10) 3 AgOAC 2 81
8 Pd(OAc) (10) 0.5 AgOAC 2 0
9 Pd(OACc), (10) 1 AgOAc 2 <5
10 Pd(OAc): (10) 2 AgOAC 2 60
11 Pd(OAc): (10) 2.5 AgOAC 2 67
12 Pd(OACc): (5) 3 AgOAC 2 37
13> | Pd(OAc): (10) 3 AgOAc (0.06 mmol) | 24 0
14P Pd(OAc), (10) 3 AgOAc (0.15 mmol) 24 0
15° | Pd(OAc), (10) 4b:0.3 | AgOAc (0.66 mmol) | 24 5b: 32
16° | Pd(OAc); (10) 4b:0.6 | AgOAc (0.66 mmol) | 24 5b: 40
17° | Pd(OAc); (10) 4b:0.9 | AgOAc (0.66 mmol) | 24 5b: 46
18° | Pd(OAc); (10) 4b:1.2 | AgOAc (0.66 mmol) | 24 5b: 62 (70)°
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a Isolated yields are reported. Reactions were carried out using 2a (0.5 mmol), 3a (0.5 mmol) and Arl (2-3 mmol)® 2a (0.3
mmol), 3a (0.3 mmol) and Arl (1.8 mmol) in neat condition. ¢ The reaction was performed in toluene (2 mL) using 2a (0.3
mmol), 3a (0.3 mmol) at 110 °C.

Then, we desired to reduce the reaction time and accordingly, the Pd(ll)-catalyzed
multicomponent-type arylation involving anhydride 2a (1 equiv), 3a (1 equiv), 4a (6 equiv)
and AgOAc was heated at 110 °C for only 2 h instead of 24 h. This reaction also afforded the
product 5a in good yield (81%, entry 7, Table 1). Having noted that the reaction can be
performed in 2 h itself, then we screened the reaction using lesser equiv of Arl 4a (1-5 equiv).
However, the yields of the product 5a was found to gradually decrease from 67 to 0% when
the equiv of 4a was gradually reduced from 5 to 1 equiv (entries 8-11, Table 1). The
multicomponent reaction of anhydride 2a (1 equiv), 3a (1 equiv) and 4a (6 equiv) using 5 mol%
of the Pd(OAC) catalyst instead of 10 mol% of the Pd(OAc). catalyst gave the product 5a in
only 37% yield (entry 12, Table 1). We also screened the reaction using lesser equiv of AgOAc,
however, the product 5a was not obtained when AgOAc was used in catalytic amounts (entries
13 and 14, Table 1). Next, we intended to assess the yield of the arylation reaction in a solvent
and accordingly, we performed the arylation of 2a with varying amounts of Arl 4b in a solvent
(e.g. toluene). The reaction of 2a and 3a with varying amounts 4b (1-4 equiv) in toluene
afforded the product 5b in low to satisfactory yields (32-62%, entries 15-18, Table 1). Thus,
the results shown in entries 3 and 7 are the best reaction conditions, which gave the product 5a
in good yield under solvent free condition.

Next, we wished to find out the possibility of using some other DGs? that are similar to 8-
aminoquinoline for performing the multicomponent-type f-C-H arylation of carboxamides
involving anhydrides as substrates via in situ installation of DG. In this regard, initially we
performed the Pd(11)-catalyzed sp? arylation benzoic anhydride (2b) with 4a using 4-amino-
2,1,3-benzothiadiazole (3b) as the DG.>® This multicomponent reaction involving 3b as the DG
afforded the bis f-C-H arylation product 6aA in only 34% vyield (Scheme 3). Next, we
performed the arylation of 2b with 4a using 2-aminophenol (3c) as the DG.® This
multicomponent reaction involving 3c as the DG also afforded the bis 5-C-H arylation product
6bA in only 30% yield (Scheme 3). Then, we performed the sp? arylation of 2b involving other
DGs, such as N',N-dimethylethane-1,2-diamine (3d)® or 2-(methylthio)aniline (3e)*® or
benzene-1,2-diamine (3f)’° and these DGs were found ineffective. Furthermore, we also
performed the sp® arylation of 2a involving the bidentate DGs 3d-f and a weakly coordinating
monodentate ligand 2,3,4,5,6-pentafluoroaniline (3g, Yu’s ligand®"). The DGs 3d-g were found
ineffective for the sp® arylation of 2a (Scheme 3). It is to be noted that the reaction involving
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propionic anhydride and simple hexylamine also did not afford the sp? arylation product 6dA.
These trials indicated that 8-aminoquinoline (3a) is a relatively more effective bidentate DG
for performing the multicomponent-type p-C-H arylation of carboxamides involving
anhydrides as substrates via in situ installation of the DG (Table 1).

Ar—I
)Ol\ j Pd(ll) “ "ol
DG + npr o mpy MDG
3b-g 2a conditions®

Ineffective directing group for C(sp®)-H arylation

@@@@ﬁg

3e¢

4a

_N Ar O
5 Pd Ity Pd(ll) '
SN, op Lconditions? f:[u\ SN OH + 2b conditions® f:[”\N
I H
- OH

NH, S NHp Ar

3b 6aA: (34%) Ar = m-tolyl 6bA: (30%)
o o Arl ) Ar O
Me conditions
AL M NG NN
H
2c 3h 6dA: (0%)

2 Benzoic anhydride (2b, 0.5 mmol), 3b (0.5 mmol), Arl (4a, 3 mmol), Pd(OAc)2 (10 mol%), Ag2COs (1.1 mmol), neat, 100
°C, 24 h.°2b (0.5 mmol), 3¢ (0.5 mmol), Arl (4a, 1.5 mmol), Pd(OAc)2 (10 mol%), K2COs (1.1 mmol), MeCN (2 mL), 90 °C,
12 h.¢Butyric anhydride (2a, 0.5 mmol), 3b-g (0.5 mmol), Arl (4a or 4b, 3 mmol), Pd(OAc)2 (10 mol%), AgOAc (1.1 mmol),
neat, 100 °C, 24 h. ¢Propionic anhydride (2c, 0.3 mmol), hexylamine (0.3 mmol), Arl (4a or 4b, 1.5 mmol), Pd(OAc)2 (10
mol%), AgTFA (0.9 mmol), neat, 120 °C, 48 h.

Scheme 3. C-H Arylation trials using other directing groups.

Having found the suitable reaction conditions and DG for the Pd(ll)-catalyzed
multicomponent-type reaction involving anhydride 2a, 3a and 4a, which afforded the product
5a in high yield (entry 3, Table 1). Next, we wished to extend the scope of this method dealing
with one-pot arylation via in situ installation of DG. Accordingly, we carried out the Pd(l1)-
catalyzed multicomponent-type C-H arylation reaction involving butyric anhydride 2a, 3a and
a variety of aryl iodides under solvent-free condition (Table 2). The Pd(ll)-catalyzed, reaction
involving butyric anhydride 2a, 3a, and Phl or other aryl iodides containing the electron-
withdrawing and donating groups at the meta or para position afforded the s-C-H arylated
products 5b-i,k in good yields (68-83%, Table 2). The Pd(Il)-catalyzed, multicomponent-type

reaction involving butyric anhydride 2a, 3a and a di-substituted aryl iodide, e.g. 6-iodo-2,3-.
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dihydrobenzo[b][1,4]dioxine also afforded the corresponding p-C-H arylated aliphatic
carboxamide 5j in 77% yield (Table 2).

Table 2. Multicomponent one-pot Pd(l1)-catalyzed C-H arylation of carboxamide 1¢’ derived from

anhydride 2a?

o o \ Pd(OAc), (10 mol%) Ar O
AgOAc (2.2 equiv
/\)J\ )]\/\ P Ar—I 5 { W) Me/l\)J\N/Q
Me o) Me + N+ 100 °C, 24 h H
2a NH, 3a 4 neat 52
R 5b: R=OMe; 70% R o
5¢: R=Me; 83% 5c: R'=F: 81% ©
o Sh: R=H; 75% o 5d: R'=Cl; 76%
o 5i: R=Et; 74% .Q 5e: R'=OMe; 83% T 5j: 77%
Me N~ 5k: R=Ac; 74% Me N Me N
H  5f: R=NO,; 68%P H
under microwave irradiation
Me
F Me
o} 0 0
/Q Q /Q
Me N - Me N
H Me N H
5b: 56% 5¢c: 52% 5a: 57%
(MW, 100 °C, 0.5 h)? (MW, 160 °C, 1 h)® (MW, 160 °C, 1 h)®

@ Isolated yields. Reactions were carried out using 2a (0.5 mmol), 3a (0.5 mmol) and Arl (2-3 mmol). Reactions
affording 5b, 5f and 5k were done using 0.3 mmol scale.

b Toluene (2 mL) was used.

In an attempt to improve the efficiency of this protocol, we attempted the multicomponent-type
solvent free C-H arylation reaction of anhydride 2a, 3a with different aryl iodides under
microwave irradiation and the corresponding C-H arylated carboxamides 5a-c were obtained
in 52-57% yields (Table 2). When compared to the reactions performed under conventional
heating, the reactions under microwave irradiation afforded the C-H arylated carboxamides 5a-
c in only satisfactory yields. This is perhaps because the reaction of 2a, 3a and different aryl
iodides were subjected to the microwave irradiation without any solvent and it is to be noted
that in general the microwave reactions are efficient when performed using a solvent with high
tan ¢.

Conventionally, the Pd(Il)-catalyzed C-H arylation reactions have been performed using a
silver salt (e.g., AgQOAc and Ag.CO:s) as an additive, which functions as a scavenger for the
iodide anion that is generated in the reaction and also implicitly helps in the regeneration of the
Pd(I1) catalyst in the catalytic cycle.?” It is to be noted that some of the research papers have
revealed the use of relatively inexpensive salts, such as KoCO3z and KOAc etc as the additives

instead of silver salts.2”
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NH,

N PdCI,(CH3CN),
/\)j\ )j\/\ (10 mol%) Ar O
~ + Ar—]| additive (3 equiv)
3a 4 > Me/l\)J\N’Q
neat, 100 °C, 24 h 5 H
additive = NaHCO;  additive = Na,CO3 additive = KOAc additive = K,CO3
' R R

o} 0
Me N’Q Me N/Q
H H
5b: R=4-OMe; 72%®

5b: R=4-OMe; 70%?°
- - 5m:R=3-Br: 67%" 5n: R=4-Cl; 54%"
2 (0%) 5b: (0%) - 5a: R=3-Me; 79%¢

@ |solated yields are reported. 2a (0.3 mmol), 3a (0.3 mmol), Arl (1.8 mmol), Pd(OAc)2 (10 mol%), NaHCO3/Na2COs
(0.7 mmol), neat, 100 °C, 36 h.? 2a (0.3 mmol), 3a (0.3 mmol) and Arl (2-3 mmol). ¢ Reaction was performed using
hexanoic anhydride. ¢ 2a (0.5 mmol), 3a (0.5 mmol) and Arl (2-3 mmol).

Table 3. The Pd(lIl)-catalyzed C-H arylation of anhydride 2a using additives other than silver salts.

Recently, Chen and Quin® introduced CsOAc as an additive for the conventional two-step
process comprising Pd(ll)-catalyzed arylation of carboxamides. Along this line, we also
performed the Pd(Il)-catalyzed multicomponent reaction of anhydride 2a (1 equiv), 3a (1
equiv) and Arl using KOAc or K,COs as an additive (Table 3). Accordingly, the C-H arylated
aliphatic carboxamides 5b,l,m were obtained in 43-70% yields using KOAc as an additive.
Similarly, the C-H arylated aliphatic carboxamides 5a,b,n were also obtained in 54-79% yields
using K>COz as an additive. The yields obtained for the C-H arylated aliphatic carboxamides
5a,b,l,m,n using KOAc or K.COz or AgOACc as an additive were comparable (Tables 1-3).
Then, to extend the substrate scope we intended to carry out the multicomponent-type Pd(l1)-
catalyzed S-C-H arylation of carboxamides using different aliphatic anhydrides as substrates.
Accordingly, we treated hexanoic anhydride (2d), 8-aminoquinoline, (3a) with Phl or different
aryl iodides in the presence of the Pd(OAc)2 catalyst (10 mol%) and AgOAc as an additive at
110 °C for 24 h under solvent-free condition. These reactions afforded the corresponding S-C-
H arylated hexanamides 6a-d in 62-76% yields (Table 4). Next, we performed the Pd(Il)-
catalyzed reaction of valeric (pentanoic) anhydride (2e), 3a with different mono or di-
substituted aryl iodides, which afforded the corresponding $-C-H arylated pentanamides 7a-g
in 52-90% vyields.

The Pd(Il)-catalyzed reaction of propionic anhydride (2c), 3a with aryl iodides containing
electron donating or mild withdrawing groups at the para position afforded the corresponding
bis f-C-H arylated propionamides (diarylmethanes) 8a,b in 52-83% vyields (Table 4). The
observed bis p-C-H arylation of propionamide derived in situ from propionic anhydride (2f)
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and 3a with aryl iodides containing electron donating or mild withdrawing groups at the para
position is in accordance with the literature reports.®**¢ On other hand, the Pd(ll)-catalyzed
reaction of propionic anhydride (2c), 3a with an aryl iodide containing electron withdrawing
groups at the para position afforded the mono f-C-H arylated propionamide 8c in 48% yield.
This observation is also in accordance with the literature reports.3> In general, the Pd(lI)-
catalyzed arylation of methylene f-C-H bonds of aliphatic carboxamides (generated from
carboxylic acid derivatives other than propionic acid) have led to the mono arylation products
containing tertiary C-H bonds and further arylation of the tertiary sp® C-H bonds are relatively
challenging. Often, the arylation of primary (methyl) p-C-H bonds of propionamides have
afforded the bis -C-H arylation products. This is perhaps the mono arylation of propionamide
results into a relatively reactive (benzylic) methylene $-C-H bond which further undergo a
second arylation to afford the bis -C-H arylation products (e.g. 8a,b).3>%

Then, we carried out the multicomponent-type Pd(Il)-catalyzed sp® p-C-H arylation of
carboxamides involving fatty acid anhydrides as substrates. Accordingly, the Pd(ll)-catalyzed
reaction of dodecanoic anhydride (2f) or palmitic anhydride (2g) and 3a with different aryl
iodides afforded the corresponding f-C-H arylated aliphatic carboxamides 9a,b in 72-77%
yields (Table 4). Subsequently, we intended to carry out the multicomponent-type Pd(Il)-
catalyzed -C-H arylation of benzamides involving aromatic anhydrides as substrates via in
situ installation of DG. In this regard, we treated benzoic anhydride (2b), 3a with p-tolyl iodide
(6 equiv) in the presence of the Pd(OAc): catalyst (10 mol%) and AgOAc as an additive under
solvent-free condition. We observed that the reaction was sluggish and not fruitful under
solvent-free condition and this is perhaps due to the non-homogeneousness of the reaction
mixture and poor mixing of benzoic anhydride (or in situ generated benzamide) under solvent-
free condition.

Then, we treated benzoic anhydride (2b), 3a with p-tolyl iodide (6 equiv) in the presence of
the Pd(OAC):2 catalyst (10 mol%) and AgOAc as an additive in toluene, which afforded the bis
S-C-H arylation product 10a in 50% yield (Table 4). Then, we carried out the Pd(I1)-catalyzed,
multicomponent-type C-H arylation reaction involving benzoic anhydride 2b, 3a with a variety
of aryl iodides to afford the corresponding bis s-C-H arylation products 10b-e in 40-57% yields
(Table 4).
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Table 4. Multicomponent Pd(lI1)-catalyzed C-H arylation of various carboxamides derived from their

anhydrides?

o 0 N Pd(OAc), (10 mol %) 0
/\)kok/\ N7+ Ar—l AgOAc (2.2 equiv) SN N
f | | W+ TS
2 S o ¢ o o H
~c* 2 < NH, 3a 4 100 °C, 24 h <7610
OMe Cl
OMe
6a: 75% 6b: 62% 6c: 72% 6d: 76%
O (6] O O
Me N/Q Me N/Q Me N/Q Me N/Q
H H H H
OMe Ac Cl
7a: 70% 7b: 68% 7c: 78% 7d: 90% 7e 84%
(0] O (0] (o]
M . M . . M p
e N Q e N Q N Q e N Q
H H H
(o
Me Me (0] O
76 72% 79: 52% o
(0]
M /
e N Q
N 8b 52%
Ac OMe
8c: 48% 9a: 777 9b: R = OMe,72%
(0] : ° (0] Q
N
N/Q N/Q H
H H

10a: (50%)°

10d"; (73%)°

:j/l:
Me

11a: 60%

10d: R=OMe, (50%)°
10e: R=Ac, (40%)°
COOMe

10b: (45%)°
OMe

10c: (57%)°

COOMe

OMe

10d: (21%)°

$?

10f'; (55%)°

or &

OMe 11d:51% 1e: (39%)°

10f: (<5%)°

Me 11b: 53% Me 11¢:53%

@ Isolated yields are reported. Reactions were done using 3a (0.5 mmol) and Arl (2-3 mmol) and 0.5 mmol of the
corresponding anhydride 2 ((hexanoic anhydride (2d), valeric anhydride (2e), propionic anhydride (2c), dodecanoic
anhydride (2f), palmitic anhydride (2g), 3-methylbenzoic anhydride (2h), 3-methoxybenzoic anhydride (2i) and 2-
methybenzoic anhydride (2J)). Reactions afforded 6d, 7b-e, 9a,b, 10b, 10d’ and 10f" were done using 0.3 mmol of
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2.P Reactions were done using anhydride 2b/2j (0.5 mmol), 3a (0.5 mmol), Arl (2-3 mmol), Pd(OAc)2 (10 mol%)
and AgOAc (1.1 mmol) in toluene (2 mL), 110 °C, 24-36 h. ¢ Reactions were done using 2b (0.3 mmol), 3a (0.3
mmol), Arl (1-1.5 mmol), Ni(OTf)2 (10 mol%), Na2COz (1 mmol), toluene, 160 °C, 36 h.

In accordance with the literature,®5¢4 the Pd(I1)-catalyzed C-H arylation reactions involving
benzoic anhydride (2b), 8-aminoquinoline (3a) with aryl iodides also afforded the
corresponding bis #-C-H arylation products 10 as the major compounds and the corresponding
mono S-C-H arylation products 10’ were not obtained in characterizable amounts (Table 4).
Then, we also desired to obtain the mono S-C-H arylation products 10’ using anhydrides as
substrates. Accordingly, we have performed the multicomponent-type C-H arylation reaction
involving anhydride 2b, 3a and Arl using the Ni(OTf), catalyst (reported by Chatani)® instead
of the Pd(OAC), catalyst. These reactions gave the corresponding mono S-C-H arylation
products 10d’ (73%) and 10f" (55%) as the major compounds along with the corresponding bis
S-C-H arylation products 10d (21%) and 10f (<5%) as the minor compounds (Table 4). These
results indicated that the Ni-catalyzed reactions are relatively slower when compared to the Pd-
catalyzed reaction and accordingly, the mono S-C-H arylation product can be obtained via the
Ni-catalyzed reactions (Table 4).

Next, to extend the sp? C-H arylation reaction involving different aromatic anhydrides, we
assembled 3-methylbenzoic anhydride (2h), 3-methoxybenzoic anhydride (2i) and 2-
methybenzoic anhydride (2j) and then subjected them to the Pd(I1)-catalyzed multicomponent
C-H arylation reaction under solvent-free condition. The Pd(I1)-catalyzed reaction comprising
3-methylbenzoic anhydride 2h, 3a and different aryl iodides afforded the corresponding mono
S-C-H arylation products 11a-c in 53-60% yields (Table 4). Similarly, the Pd(ll)-catalyzed,
multicomponent C-H arylation reaction involving 2i or 2j, 3a and p-anisyl iodide afforded the
corresponding mono S-C-H arylation products 11d and 11e in 39-51% vyields (Table 4). In
accordance with literature, the C-H arylation reactions of benzamides involving benzoic
anhydrides 2h,i and 3a with aryl iodides afforded the corresponding mono f-C-H arylation
products 1135640 and the corresponding bis -C-H arylation products were not obtained in
characterizable amounts. This is perhaps the substituent present in the meta position of the
corresponding benzamides derived from anhydrides 2h,i presumably imparts the steric

hindrance for the second S-C-H arylation reaction.
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Gram scale multicomponent reaction

o o
Me (0] Me
2a (1.1, 7 mmol) ! Pd(OAc), (10 mol%) 5
+ AgOAc (2.2 equiv) a
N > Me N~
_ neat, 100 °C H
N (42 mmol) 24N 5h: 60% (1.28 g)
NH,
3a (7 mmol)

one-pot C-H arylation?®

Pd(OAc),
(10 mol%) Me
2a 3a AgOAc NaOH . Me
+ (2.2 equiv) (24 equiv)
[ o) EtOH (5 mL) o
—_—
Q 5
neat Me N
100°C, 24 h s, 1 | socc,2an Me OH
Me _ 12: 60%
crude reaction
mixture
Pd(OAc), OMe
(10 mol%) OMe
AgOAc NaOH
(2.2 equiv) (24 equiv)
(0] EtOH (5 mL) o
- Q
neat Me H/ > M oH
100°C, 24 h 5b 80°C,24n M€
13: 55%

crude reaction
mixture

Scheme 4. Gram scale multicomponent reaction and directing group removal.
We also attempted the Pd(11)-catalyzed, multicomponent-type C-H arylation reaction in a gram
scale and accordingly, we heated a mixture of butyric anhydride (2a), 3a, Phl, Pd(OAc). and
AgOAc at 110 °C for 24 h under solvent-free condition. This reaction afforded the 4-C-H
arylated aliphatic carboxamide 5h in 60% vyield (1.28 g, Scheme 4). Further, it is to be noted
that generally the removal of the DGs was carried out using C-H arylated carboxamides, which
were obtained after the column chromatographic purification process. It was envisaged to
perform the DG removal after the multicomponent C-H arylation reaction by avoiding the
column chromatographic purification process.* In this regard, after the multicomponent C-H
arylation reaction, the crude reaction mixture containing the C-H arylated carboxamide 5a or
5b was subjected to the amide hydrolysis reaction condition to afford the corresponding

carboxylic acids 12 and 13 in satisfactory yields (55-60%, Scheme 4).
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Scheme 5 shows a plausible mechanism for the multicomponent reaction in accordance with
the generally accepted proposed mechanism?® for the Pd(ll)-catalyzed, AgOAc-promoted,
DG-assisted C-H activation of carboxamides. The mechanism involves the following steps
after the in situ formation of carboxamide 1¢’ from 2a and 3a: (a) An initial coordination of
the DG of carboxamide 1¢' to the Pd(OAC). catalyst and followed by the C(5)—H activation
generates the palladium(Il) species 15. (b) The palladium species 15 undergoes oxidative
addition with an Arl to generate the palladium(lV) species 16. (c) Then, AgOAc acts as an
iodide ion scavenger in the ligand exchange step to generate the palladium(IV) species 17. (d)
Next, the reductive elimination of the palladium(IV) species 17 yields the C(8)—H arylated
product 5 along with the regeneration of the Pd(11) catalyst.°

literature works supporting the mechanism of f-C-H activation

@@ Sees press

A)kkﬁ

NH, 3a
MeCN NCCH3
Me/\)L (ref. 3b) (ref. 9b)
M(—.\)\)L X-ray X-ray
\ &= 1.6 ppm for CHg of CH3CN
in DMSO-dg

reductive d(OAC),
elimination / AcOH
toluene (4 mL)
‘ 07 mmol) 3a NH2 4g00c 31 1cJ (63%)
3 (0.7 mmol) (0.43 mmol scale)
‘ N 1 Pd(OAc), (0.43 mmol)
NI ﬁ 1
= F/’ |

CH3CN (3 mL)
ligand
exchange
AgOAc
Ag

Coordination
- AcOH

60°C,4h

(0.08 mmol scale) Me O
4-iodoanisole

(0.4 mmol) @w%
Pld/N N

acetone (1 mL) NCCH,
rt, 74 h & 18: 42%

ACOH C H activation

OMe 45°C, 24 h

cmdatlve
addition

11e: 44%

characteristic signals

(a) 6= 1.6 ppm for CH3 of CH;CN
in DMSO-dg (as in ref.9b)

(b) m/z = 245

[M]* - (Pd+MeCN+CH,)
407 - (106+41+15) = 245

Scheme 5. Proposed mechanism of multicomponent one-pot Pd(I1)-catalyzed 5-C-H arylation of carboxamide
derived from anhydride.*

In summary, we have shown a one-pot, solvent free, multicomponent-type reaction
comprising the Pd(Il)-catalyzed DG-assisted f-C-H arylation of carboxamides involving
anhydrides as substrates via in situ installation of DG. It is to be noted that typically, the DG-
assisted S-C-H arylation of carboxamides is a two-step process comprising the installation of
DG in a carboxylic acid or its derivative (e.g., acid chloride) and then, the Pd(ll)-catalyzed C-
H arylation. In this paper, we have shown the multicomponent-type Pd(ll)-catalyzed S-C-H

arylation of carboxamides involving anhydrides as substrates via in situ installation of DG.

35



Different anhydrides, DGs, aryl iodides and catalysts and additives were screened to establish
the scope of the C-H arylation reaction process and various -C-H arylated carboxamides were
obtained in satisfactory to good yields. This work will be a contribution with regard to the
development of simple and multicomponent-based C-H activation reactions.

Experimental Section
General information. *H and 3C NMR spectra of all compounds were recorded in 400 and
~101 MHz spectrometers (using TMS as an internal standard), respectively. The HRMS data
of samples were obtained from QTOF mass analyzer using ESI method. IR spectra of samples
were recorded as neat or thin films. Column chromatography purification was carried out on
silica gel (100—200 mesh). TLC analyses were performed on silica gel or alumina plates and
components were visualized by observation under iodine vapor. Reactions were performed in
dry solvents under a nitrogen atm wherever required. Isolated yields of all the C-H arylated
products are reported and yields were not optimized.
The compounds 5a,* 5b,% 5d,* 5e,5 5f,*3 59,4 5h,% 5k,’2 51,6 5m, 5n,° 6a,* 6b,* 6¢,* 7a,”
8a,% 9a,% 10a,* 10c,** 10d’,® 10d,*" 10e,* 11b," 11d,”® 12,3 138 11e,” and 1cJ’ are
reported in the literature.
3.2. General experimental procedure for the multicomponent, solvent-free Pd(lI)-
catalyzed direct g-C-H arylation of carboxamides involving anhydrides as substrates via
in situ installation of the DG: A mixture of anhydride (2,1 equiv), DG (8-aminoquinoline, 3a,
1 equiv), Arl (4-6 equiv), Pd(OACc). (10 mol%) and AgOAc (1.1 mmol) was heated at 110 °C
for an appropriate time (2-24 h, see the corresponding Tables/Schemes for exact time and other
specific conditions). Then, reaction mixture was cooled to rt, filtered on celite® (EtOAc was
used as a washing solvent) and the filtrate was treated with ag. NaHCO3 solution and then,
extracted using EtOAc. The combined organic layers were dried over anhydrous Na>SO4 and
evaporated to afford the crude reaction mixture. Then, the crude reaction mixture was subjected
to the column chromatographic purification (EtOAc:Hexane = 20:80) to give the corresponding
C-H arylated product (see the respective Tables/Schemes for the specific entries).
3.2.1. 3-(3-Fluorophenyl)-N-(quinolin-8-yl)butanamide (5c): Following the general
procedure, 5¢ was obtained after purification by column chromatography on silica gel (EtOAc:
F Hexane = 20:80) as a brown colour oil (126 mg, 81%); Rf = 0.5
(EtOAc:Hexane = 20:80); FTIR (DCM): 3351, 2967, 1691, 1589 and
Q@ 1528 cm®; *H NMR (400 MHz, CDCls): § 9.75 (s, 1H), 8.80 — 8.77 (m,
5¢ H 2H), 8.16 (d, 1H, J = 8.2 Hz), 7.54 — 7.44 (m, 3H), 7.28 - 7.24 (m, 1H),

0]

Me
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7.14 —7.05 (m, 2H), 6.90 (t, 1H, J = 8.3 Hz), 3.54 — 3.51 (m, 1H), 2.92 - 2.87 (m, 1H), 2.82 —
2.76 (m, 1H), 1.43 (d, 3H J = 6.8 Hz); 3C NMR (100 MHz, CDCls): § 169.9, 163.1 (d, Jc- =
243 Hz), 148.6 (d, Jc-r = 6.9 Hz), 148.1, 138.3, 136.3, 134.3, 130 (d, Jcr = 8.1 Hz), 127.9,
127.4,122.7 (d, Jcr = 2.5 Hz), 121.6, 121.5, 116.5, 113.7 (d, Jc-r = 21.1 Hz), 113.3 (d, Jcr =
20.8 Hz), 46.6, 36.6, 21.7; °F NMR (~376 MHz, CDCls): § = —113.2; HRMS (ESI): MH*,
found 309.1393. C19H18FN20 requires 309.1403.

3.2.2. 3-(4-Ethylphenyl)-N-(quinolin-8-yl)butanamide (5i): Following the  general
procedure, 5i was obtained after purification by column chromatography on silica gel
Et (EtOAc:Hexane = 20:80) as a colourless solid ( 117 mg, 74%); Rt = 0.5
(EtOAc:Hexane = 20:80); mp 69 — 70 °C; FTIR (DCM): 3354, 2963, 1686,
o) 1526 and 1484 cm™; 'H NMR (400 MHz, CDCls): & 9.78 (s, 1H), 8.83 —
Me NE 879 (m, 2H), 8.15 (d, 1H, J = 8.2 Hz), 7.56 — 7.49 (m, 2H), 7.45 (dd, 1H,
5i " J1=8.2Hz, ), =4.2 Hz),7.29 (d, 2H, J=7.6 Hz), 7.19 (d, 2H, J = 7.6 Hz),
3.55-3.49 (m, 1H), 2.92 (dd, 1H, J1 = 14.4 Hz, J> = 6.4 HZz), 2.79 (dd, 1H, J1 = 14.4 Hz, J; =
8.4 Hz), 2.63 (q, 2H, J = 7.6 Hz), 1.44 (d, 3H, J = 6.9 Hz), 1.23 (t, 3H, J = 7.6 Hz); °C NMR
(100 MHz, CDCl3): 6 170.5, 148.1, 143.2, 142.2, 138.3, 136.3, 134.5, 128.1, 127.9, 127.4,
126.8, 121.6, 121.4, 116.4, 47.0, 36.5, 28.4, 21.9, 15.6; HRMS (ESI): MH*, found319.1794.
C21H23N20 requires 319.1810.

3.2.3. 3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-N-(quinolin-8-yl)butanamide (5)):
Following the general procedure, 5j was obtained after purification by column
chromatography on silica gel (EtOAc:Hexane = 20:80) as a brown colour solid (133 mg, 77%);
Rt = 0.4 (EtOAc:Hexane = 20:80); mp 96 — 98 °C; FTIR (DCM): 3352, 2965, 1682, 1589 and

o 1526 cm™; *H NMR (400 MHz, CDCls): § 9.74 (s, 1H), 8.79 — 8.76 (m, 2H),
° 8.13 — 8.08 (m, 1H), 7.51 — 7.4 (m, 3H), 6.87 — 6.82 (m, 3H), 4.20 — 4.19
0 (m, 4H), 3.45 — 3.40 (m, 1H), 2.86 (dd, 1H, J1 = 14.4 Hz, J, = 6.8 Hz), 2.73

Me N (dd, 1H, J1 = 14.8, J, = 8.0 Hz), 1.39 (d, 3H, J = 6.9 Hz); *C NMR (100
50 MMz, CDCls): & 170.4, 148.1, 143.5, 142.0, 139.4, 138.3, 136.3, 134.4,

127.9, 127.4, 121.6, 121.4, 119.8, 117.3, 116.4, 115.5, 64.4, 64.3, 47.0, 36.3, 22.0; HRMS
(ESI): MH*, found 349.1535. C21H21N203 requires 349.1552.
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3.2.4. 3-(3-Methoxyphenyl)-N-(quinolin-8-yl)hexanamide (6d): Following the general

OMe procedure, 6d was obtained after purification by column

chromatography on silica gel (EtOAc:Hexane = 20:80) as a colourless

q thick liquid (80 mg, 76%); R = 0.5 (EtOAc:Hexane = 20:80); FTIR

6d H (DCM): 3353, 2929, 1684, 1595 and 1528 cm™*; *H NMR (400 MHz,

CDCl3): 8 9.71 (s, 1H), 8.78 —8.76 (m, 2H), 8.13 (d, 1H, J = 8.2 Hz), 7.54 — 7.42 (m, 3H), 7.25

—7.21 (m, 1H), 6.92 — 6.87 (m, 2H), 6.73 (dd, 1H, J1 = 8.2 Hz, J>. = 2.4 Hz), 3.79 (s, 3H), 3.34

—3.30 (m, 1H), 2.86 (d, 2H, J = 7.4 Hz), 1.80 — 1.68 (m, 2H), 1.32 — 1.23 (m, 2H), 0.89 (t, 3H,

J = 7.3 Hz); C NMR (100 MHz, CDCls): § 170.4, 159.7, 148.0, 146.1, 138.3, 136.3, 134.4,

129.5,127.9,127.4,121.5,121.4,120.0, 116.4, 113.4, 111.6, 55.1, 45.9, 42.5, 38.4, 20.6, 14.1,
HRMS (ESI): MH™, found 349.1925 C2,H25N20; requires 349.1916.

Me

3.2.5. 3-(4-Acetylphenyl)-N-(quinolin-8-yl)pentanamide (7b): Following the general

Ac procedure, 7b was obtained after purification by column chromatography

on silica gel (EtOAc:Hexane = 20:80) as a brown colour semi solid (70

0 mg, 68%); Rf = 0.4 (EtOAc:Hexane = 20:80); FTIR (DCM): 3350, 2963,

Me -2 1681, 1606 and 1575 cmt; 'H NMR (400 MHz, CDCls): 6 9.69 (s, 1H),

b 8.74 (dd, 1H, J; = 4.2 Hz, J, = 1.4 Hz), 8.70 (dd, 1H, J1 = 6.7 Hz, J,= 2.0

Hz), 8.12 (dd, 1H, J1 = 8.2 Hz, J,= 1.4 Hz), 7.89 (d, 1H, J = 8.2 Hz), 7.51 — 7.40 (m, 3H), 7.39

(d, 1H,J=8.2 Hz), 3.33 - 3.30 (m, 1H), 2.95 -2.82 (m, 2H), 2.54 (s, 3H), 1.91 — 1.86 (m, 1H),

1.78 — 1.70 (m, 1H), 0.85 (t, 3H, J = 7.3 Hz); C NMR (100 MHz, CDCls): § 197.8, 169.9,

149.9, 148.1, 138.2, 136.3, 135.6, 134.3, 128.7, 127.9, 127.9, 127.3, 121.6, 121.5, 116.4, 45.0,
44.3, 29.0, 26.6, 12.0; HRMS (ESI): MH", found 347.1752 C2H23N20- requires 347.1760.

Irz

3.2.6. 3-(4-Chlorophenyl)-N-(quinolin-8-yl)pentanamide (7c): Following the general

cl procedure, 7c was obtained after purification by column chromatography on

silica gel (EtOAc:Hexane = 20:80) as colourless thick liquid (80 mg, 78%);

@ Rt = 0.5 (EtOAc:Hexane = 20:80); FTIR (DCM): 3351, 2928, 1682, 1529

Me = and 1485 cm™; 'H NMR (400 MHz, CDCls): § 9.67 (s, 1H), 8.78 (dd, 1H,

e J1=4.2Hz, J> =1.4 Hz),8.73 (dd, 1H, J1 = 6.8 Hz, J> = 2.0 Hz), 8.16 (dd,

1H, J1 = 8.3 Hz, Jo = 1.4 Hz), 7.54 — 7.44 (m, 3H), 7.27 (d, 2H, J = 7.3 Hz), 7.24 (d, 2H, J =

7.3 Hz), 3.24 — 3.20 (m, 1H), 2.92 — 2.78 (m, 2H), 1.90 — 1.84 (m, 1H), 1.73 — 1.69 (m, 1H),

0.85 (t, 3H, J = 7.3 Hz); *C NMR (100 MHz, CDCls): § 170.1, 148.1, 142.5, 138.2, 136.3,

134.3, 132.0, 129.0, 128.7, 127.9, 127.4, 121.6, 121.5, 116.4, 45.4, 43.8, 29.1, 12.0; HRMS
(ESI): MH™, found 339.1279 C20H20CIN2O requires 339.1264.

Iz
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3.2.7. 3-(3-Fluorophenyl)-N-(quinolin-8-yl)pentanamide (7d): Following the general

F procedure, 7d was obtained after purification by column chromatography
o on silica gel (EtOAc:Hexane = 20:80) as a colourless semi liquid (87 mg,
Me N,Q 90%); Rf = 0.5 (EtOAc:Hexane = 20:80); FTIR (DCM): 3352, 2929,

7d H 1684, 1589 and 1527 cm™; *'H NMR (400 MHz, CDCls): § 9.71 (s, 1H),
8.79 (dd, 1H, J1 = 4.0 Hz, J> = 1.0 HZz), 8.74 (dd, 1H, J1 = 6.9 Hz, J> = 1.7 Hz), 8.16 (dd, 1H,
Ji1=8.2Hz, J2 = 1.0 Hz), 7.55 — 7.44 (m, 3H), 7.28 — 7.23 (m, 1H), 7.09 (d, 1H, J = 7.7 Hz),
7.03 (d, 1H, J = 10.1 Hz), 6.88 (td, 1H, J1 = 8.5 Hz, J> = 2.4 Hz), 3.27 — 3.24 (m, 1H), 2.92 —
2.81(m, 2H), 1.91 - 1.85 (m, 1H), 1.75 - 1.69 (m, 1H), 0.87 (t, 3H, J = 7.3 Hz); 3C NMR (100
MHz, CDCls): 6 170.1, 163.1 (d, Jc-r = 243 Hz), 148.1, 146.8 (d, Jc-r = 6.8 Hz), 138.2, 136.3,
134.3, 129.9 (d, Jc-r = 8.1 Hz), 127.9, 127.4, 123.5 (d, Jcr = 2.7 Hz), 121.6, 121.4, 116.4,
114.3 (d, Jc-r = 20.9 Hz), 113.3 (d, Jcr = 21 Hz), 45.3, 44.1 (d, Jcr = 1.3 Hz), 29.1, 12.0;
HRMS (ESI): MH*, found 323.1576. C20H20FN20 requires 323.1560.

3.2.8. N-(Quinolin-8-yl)-3-(m-tolyl)pentanamide (7e): Following the general procedure, 7e
Me was obtained after purification by column chromatography on silica gel
(EtOAc:Hexane = 20:80) as a colourless semi liquid (81 mg, 84%); R¢ =
Me e 0.6 (EtOAc:Hexane = 20:80); FTIR (DCM): 3366, 2926, 1684, 1527 and
7e H 1484 cm™; 'H NMR (400 MHz, CDCls): § 9.73 (s, 1H), 8.78 — 8.77 (m,
2H), 8.14 (d, 1H, J = 8.2 Hz), 7.54 — 7.42 (m, 3H), 7.23 — 7.19 (m, 1H), 7.14 — 7.11 (m, 2H),
7.01 (d, 1H, J = 7.4 Hz), 3.23 — 3.17 (m, 1H), 2.88 (d, 2H, J = 7.4 Hz), 2.34 (s, 3H), 1.92 —
1.85 (m, 1H), 1.77 — 1.69 (m, 1H), 0.87 (t, 3H, J = 7.3 Hz); *C NMR (100 MHz, CDCls): &
170.6, 148.0, 144.0, 138.3, 138.0, 136.3, 134.5, 128.4, 128.4, 127.9, 127.4,127.2, 124.7, 121.5,
121.4, 116.4, 45.6, 44.3, 29.2, 21.5, 12.1; HRMS (ESI): MH", found 319.1823. C21H23N20
requires 319.1810.

3.2.9. 3-(3,5-Dimethylphenyl)-N-(quinolin-8-yl)pentanamide (7f): Following the general
Me Me procedure, 7f was obtained after purification by column chromatography
0 on silica gel (EtOAc:Hexane = 20:80) as a colourless solid (119 mg,

Me N/Q 70%); R = 0.5 (EtOAc:Hexane = 20:80); mp 74 — 75 °C; FTIR (DCM):
i 3355, 2924, 1689, 1602 and 1529 cm™; 'H NMR (400 MHz, CDCls): &

9.71 (s, 1H), 8.79 — 8.76 (m, 2H), 8.16 (dd, 1H, J1 = 8.3 Hz, J. = 1.6 Hz), 7.55 — 7.44 (m, 3H),
6.92 (s, 2H), 6.82 (s, 1H), 3.17 — 3.12 (m, 1H), 2.86 (d, 2H, J = 7.4 Hz), 2.29 (s, 6H), 1.89 —

1.82 (m, 1H), 1.75 — 1.69 (m, 1H), 0.86 (t, 3H, J = 7.3 Hz); 3C NMR (100 MHz, CDCls): &
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170.7,148.0, 144.0, 138.3, 137.8, 136.3, 134.5, 128.1, 127.9, 127.4, 125.4, 121.5, 121.3, 116 .4,
45.6,44.2,29.1,21.4,12.1; HRMS (ESI): MH*, found 333.1957 C22H25N20 requires 333.1967.

3.2.10.  3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-N-(quinolin-8-yl)pentanamide  (79):

ﬁo Following the general procedure, 7g was obtained after purification by
0 column chromatography on silica gel (EtOAc:Hexane = 20:80) as a
o colourless semi solid (93 mg, 52%); Rf = 0.5 (EtOAc:Hexane = 20:80);

Me N2 FTIR (DCM): 3352, 2928, 1682, 1589 and 1526 cmt; 'H NMR (400
79 : MHz, CDCls): 6 9.70 (s, 1H), 8.79 — 8.75 (m, 2H), 8.15 (d, 1H, J = 8.2

Hz), 7.54 — 7.43 (m, 3H), 6.81 — 6.80 (m, 3 H), 4.21 (s, 4H), 3.14 — 3.10 (m, 1H), 2.83 — 2.81
(m, 2H), 1.85 — 1.80 (m, 1H), 1.70 — 1.62 (m, 1H), 0.86 (t, 3H, J = 7.32 Hz); 3C NMR (100
MHz, CDCIs): & 170.5, 148.0, 143.4, 142.0, 138.3, 137.4, 136.3, 134.5, 127.9, 127.4, 121.5,
121.3,120.6,117.2,116.4,116.1, 64.4, 64.3, 45.7, 43.7, 29.2, 12.0; HRMS (ESI): MH*, found
363.1726. C22H23N203 requires 363.1709.

3.2.11. 3,3-Bis(4-chlorophenyl)-N-(quinolin-8-yl)propanamide (8b): Following the general

Cl procedure, 8b was obtained after purification by column

O chromatography on silica gel (EtOAc:Hexane = 20:80) as a

o} colourless solid ( 65 mg, 60%); R = 0.6 (EtOAc:Hexane = 20:80);

O N mp 163 — 165 °C; FTIR (DCM): 3337, 2920, 1669, 1524 and 1485

cl " cm™; *H NMR (400 MHz, CDCls): § 9.77 (s, 1H), 8.78 (d, 1H, J =

8b
4.1 Hz), 8.71 (dd, 1H, J1 =5.2 Hz, J, = 3.6 Hz), 8.15(d, 1H,J=7.7

Hz), 7.53 — 7.44 (m, 3H), 7.29 — 7.24 (m, 8H), 4.76 (t, 1H, J = 7.7 Hz), 3.27 (d, 2H, J = 7.7
Hz); 3C NMR (100 MHz, CDClz): & 168.9, 148.1, 141.8, 138.2, 136.4, 134.1, 132.5, 129.1,
128.9, 127.9, 127.3, 121.7, 121.7, 116.6, 45.9, 44.1; HRMS (ESI): MH", found 421.0896
C24H19CI2N20 requires 421.0874.

3.2.12. 3-(4-Acetylphenyl)-N-(quinolin-8-yl)propanamide (8c): Following the general
Ac procedure, 8c was obtained after purification by column chromatography on
silica gel ( EtOAc:Hexane = 20:80) as a brown colour semi solid (44 mg,

o) 47%); Rt = 0.6 (EtOAc:Hexane = 20:80); mp 184 — 186 °C; FTIR (DCM):

H/Q 3341, 3094, 1677, 1577 and 1522 cm™; 'H NMR (400 MHz, CDCl3): § 9.80

8c (s, 1H), 8.79 - 8.78 (m, 2H), 8.17 (d, 1H, J = 8.2 HZz), 7.91 (d, 2H, J = 8 Hz),
7.55 — 7.53 (m, 2H), 7.46 (dd, 1H, J; = 8.2 Hz, J2 = 4.2 Hz), 7.41 (d, 2H, J = 8 Hz), 3.22 (¢,
2H,J=7.8 Hz), 2.93 (t, 2H, J = 7.6 Hz), 2.58 (s, 3H); 13C NMR (100 MHz, CDCl3): § 197.9,
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170.2,148.1, 146.6, 138.2,136.4, 135.4, 134.3, 128.7,128.7,127.9, 127.4,121.7, 121.6, 116.5,
39.0, 31.3, 26.6; HRMS (ESI): MH", found 319.1456 C20H19N20> requires 319.1447.

3.2.13. 3-(4-Methoxyphenyl)-N-(quinolin-8-yl)hexadecanamide (9b): Following the

R general procedure, 9b was obtained after

purification by column chromatography on silica

0 gel (EtOAc:Hexane = 20:80) as a brown colour

nE semi solid (105 mg, 72%); Ri = 0.6

9b " (EtOACc:Hexane = 20:80); FTIR (DCM): 3353,

2923, 1688, 1525 and 1483 cm™*; 'H NMR (400 MHz, CDCls): § 9.67 (s, 1H), 8.78 — 8.74 (m,

2H), 8.15 (d, 1H, J = 8.2 Hz), 7.54 — 7.47 (m, 2H), 7.45 (dd, 1H, J; = 8.2, J; = 4.2 Hz), 7.23

(d, 2H,J=8.3 Hz), 6.84 (d, 2H, J = 8.3 Hz), 3.76 (s, 3H), 3.28 — 3.24 (m, 1H), 2.85 - 2.81 (m,

2H), 1.79 — 1.65 (m, 2H), 1.28 — 1.22 (m, 22H), 0.92 — 0.88 (m, 3H); 1*C NMR (100 MHz,

CDCls): 6 170.7, 158.0, 148.0, 138.3, 136.4, 136.3, 134.4, 128.4, 127.9, 127.4, 121.5, 121.4,

116.5, 113.9, 55.1, 46.2, 41.9, 36.4, 31.9, 29.7, 29.7, 29.6, 29.6, 29.5, 29.4, 27.4, 24.8, 22.7,
14.2; HRMS (ESI): MH*, found 489.3503 C32H4sN20> requires 489.3481.

3.2.14. N-(Quinolin-8-yl)-2,6-di(thiophen-2-yl)benzamide (10b): Following the general
procedure, 10c was obtained after purification by column chromatography on
silica gel (EtOAc:Hexane = 20:80) as a colourless solid (55 mg, 45%); Rf =
0.6 (EtOAc:Hexane = 20:80); mp 184 — 186 °C; FTIR (DCM): 3341, 3094,
1677, 1577 and 1522 cm™; HRMS (ESI): *H NMR (400 MHz, CDCls): § 9.88
(s, 1H), 8.78 (d, 1H, J = 7.1 Hz), 8.66 (d, 1H, J = 3.5 Hz), 8.11 (d, 1H, J = 8.2
Hz), 7.60 — 7.49 (m, 5H), 7.38 (dd, 1H, J1 = 8.2 Hz, J,= 4.1 Hz), 7.35 - 7.34
(m, 2H), 7.22 (d, 2H, J = 4.9 Hz), 6.93 — 6.91 (m, 2H); 1*C NMR (100 MHz, CDCls): § 167.3,
148.1, 140.9, 138.4, 136.1, 135.7, 134.3, 133.0, 130.0, 129.4, 127.8, 127.6, 127.3, 127.1, 126.2,
121.9,121.5, 116.8; MH™, found 413.0764 C24H17N20S; requires 413.0782.

3.2.15. Methyl  2'-(quinolin-8-ylcarbamoyl)-[1,1'-biphenyl]-4-carboxylate  (10f'):

COOMe Following the general procedure, 10g’ was obtained after purification by
O column chromatography on silica gel (EtOAc:Hexane = 20:80) as a colourless
o) solid (63 mg, 55%); Rt = 0.4 (EtOAc:Hexane = 20:80); mp 148150 °C; FTIR

O N2 (DCM): 3337, 1722, 1672, 1596 and 1524 cm’!; *H NMR (400 MHz, CDCls):
H

§9.84 (s, 1H), 8.81 (dd, 1H, J1 = 7.4 Hz, J, = 1.2 Hz), 8.55 (dd, 1H, J1 = 4.2

10f Hz, J2 = 1.6 Hz), 8.10 (dd, 1H, J1 = 8.2 Hz, J2 = 1.4 Hz), 7.99 (d, 2H, J = 8.3
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Hz), 7.94 (dd, 1H, J1 = 7.4 Hz, J2 = 1.2 Hz), 7.63 — 7.48 (m, 7H), 7.36 (dd, 1H, J1 = 8.2 Hz, J,
= 4.2 Hz), 3.85 (s, 3H); 3C NMR (100 MHz, CDCI3): 167.4, 166.8, 147.9, 144.9, 139.3, 138.4,
136.2,136.1, 134.4, 130.7, 130.6, 129.7, 129.2, 129.2, 129.0, 128.3, 127.8, 127.3, 121.8, 121.5,
116.4, 52.1: HRMS (ESI): MH*, found 383.1379 CasH1sN2Os requires 383.1396.

3.2.16. 3',4-Dimethyl-N-(quinolin-8-yl)-[1,1'-biphenyl]-2-carboxamide (11a): Following
Me the general procedure, 1la was obtained after purification by column

O o chromatography on silica gel (EtOAc:Hexane = 20:80) as a colourless solid
N/Q (105 mg, 60%); R = 0.6 (EtOAc:Hexane = 20:80); mp 130 — 131°C; FTIR

O H (DCM): 3312, 3051, 1658, 1526 and 1430 cm™; 'H NMR (400 MHz, CDCls):
Me 89.77 (s, 1H), 8.84 (d, 1H, J = 7.5 Hz), 8.54 (d, 1H, J = 4.0 Hz), 8.09 (d, 1H,
11a J=8.24 Hz), 7.74 (s, 1H), 7.54 — 7.45 (m, 2H), 7.39 — 7.35 (m, 4H), 7.31 -
7.28 (m, 1H), 7.14 (t, 1H, J = 7.6 Hz), 6.96 (d, 1H, J = 7.5 Hz), 2.50 (s, 3H), 2.26 (s, 3H); **C
NMR (100 MHz, CDCls): 8 168.2, 147.7, 139.9, 138.4, 138.0, 137.6, 137.4, 136.0, 135.9,
134.7, 131.3, 130.6, 129.7, 128.2, 128.1, 127.7, 127.3, 126.1, 121.4, 121.4, 116.2, 21.4, 21.1;

HRMS (ESI): MH", found 353.1664 C24H21N20 requires 353.1654.

3.2.17.  2-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-5-methyl-N-(quinolin-8-yl)benzamide

ﬁo (11c) : Following the general procedure, 11c was obtained after
O O purification by column chromatography on silica gel (EtOAc:Hexane =
o 20:80) as a colourless solid (104 mg, 53%); Rf = 0.4 ( EtOAc:Hexane =

N3 20:80); mp 174 — 176 °C; FTIR (DCM): 3328, 1660, 1581, 1525 and 1484

O : cm™; 'H NMR (400 MHz, CDCls): § 9.85 (s, 1H), 8.86 (d, 1H, J = 7.5 Hz),

Me 8.62 -8.61 (m, 1H), 8.09 (d, 1H, J=8.2 Hz), 7.73 (s, 1H), 7.57 — 7.53 (m,

e 1H), 7.48 — 7.46 (m, 1H), 7.39 — 7.36 (m, 3H), 7.08 (s, 1H), 6.97 (d, 1H, J

= 8.3 Hz), 6.76 (dd, 1H, J1 = 8.2 Hz, J; = 1.8 Hz), 4.10 (s, 4H), 2.48 (s, 3H); 1*C NMR (100

MHz, CDClz): 168.1, 147.7, 143.5, 143.2, 138.5, 137.3, 136.9, 136.0, 135.7, 134.7, 133.4,

131.3, 130.5, 129.8, 127.7, 127.4, 122.3, 121.4, 121.3, 117.9, 117.2, 116.3, 64.3, 64.2, 21.1;
HRMS (ESI): MH™, found 397.1534 C25H21N203 requires 397.1552.

3.3. Synthesis of palladium complex 18 from 2-methylbenzoic anhydride (2j) and
synthesis of arylated carboxamide 11e from 18: A mixture of 2-methylbenzoic anhydride
(2j, 0.7 mmol) and 8 -aminoquinoline (0.7 mmol) in anhydrous toluene (4 mL) was heated at
100 °C for 30 h. Then, the solvent was evaporated under reduced pressure and the crude
reaction mixture was purified by column chromatography to afford 2-methyl-N-(quinolin-8-
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yDbenzamide (1cj) in 63% yield. Next, a mixture of 2-methyl-N-(quinolin-8-yl)benzamide
(1cj, 0.43 mmol) and Pd(OACc)2 (0.43 mmol) in anhydrous MeCN (3 mL) was stirred at 60 °C
for 4 h. The reaction mixture was cooled to rt, the resulting yellowish precipitate was collected
by filtration, washed with 5 mL of MeCN and then solid was re-dissolved in 10-15 mL CHCl>,
and concentrated under reduced pressure to give the palladium complex 18 in 42% yield (the
work up procedure reported in ref.®® was followed to isolate 18). 18: mp 230-232 °C
(decomposed); *H NMR (DMSO-dg, 400 MHz, ppm): § 9.18 (br. s, 1H), 9.02 (d, 1H, J = 7.4
Hz), 8.47 (d, 1H, J = 8.0 Hz,), 7.62-59 (m, 1H), 7.48 (t, 1H, , J = 7.8 Hz), 7.41 (d, 1H, , J = 7.6
Hz), 6.98-6.91 (m, 2H), 6.85 (d, 1H, J=6.6 Hz), 2.54 (s, 3 H), 2.03 (s, 3H); *C NMR (DMSO-
de, 101 MHz, ppm) & 177.7, 150.0, 147.4, 146.9, 145.3, 143.7, 139.7, 130.9, 130.3, 129.5,
129.1, 128.9, 122.0, 119.5, 119.0, 1185, 20.2, 1.6; MS (ASAP) m/z 245 [M]* -
(Pd+MeCN+CHs). A mixture of palladium complex 18 (0.08 mmol) and 4-iodoanisole (0.40
mmol) in acetone (1.0 mL) was stirred at rt 74 h and then refluxed at 45 °C for 24 h. Then, the
reaction mixture was diluted with dichloromethane (2 mL) followed by addition of an excess
of aqueous HI (1 mL). The resulting solution was stirred for an hour and basified by solid
NaHCOz. Then, extracted with dichloromethane (3 x 10 mL) and the combined organic layers
were dried over anhydrous Na;SO4. Evaporation of solvent under reduced pressure afforded a
crude mixture, which was purified by column chromatography (hexane/EtOAc= 60:40) to
afford the arylated product 11e® in 44% yield.
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Chem. 2016, 81, 12143; (d) Parella R.; Babu, S. A. J. Org. Chem. 2017, 82, 7123 and
references cited therein; () see ref.*

For a recent paper dealing with the DG-assisted Pd(Il)-catalyzed sp® C-H
functionalization of carboxamides using CSOAc as an additive instead of Ag salt, see:
Gou, Q.; Liu, G.; Zhou, L.; Chen S.; Quin, J. Eur. J. Org. Chem. 2017, 6314 and
references cited therein.

For articles dealing with the bidentate DG-assisted sp®/sp?> C-H arylation of
carboxamides and reported the synthesis and characterization data of some of the
compounds discussed in this paper, see: (a) Pan, F.; Shen, P.-X.; Zhang, L.-S.; Wang
X.; Shi, Z.-J. Org. Lett. 2013, 15, 4758; (b) Wei, Y.; Tang, H.; Cong, X.; Rao, B.; Wu,
C.; Zheng, X. Org. Lett. 2014, 16, 2248; (c) Reddy, M. D.; Blanton A. N.; Watkins, E.
B. J. Org. Chem. 2017, 82, 5080; (d) Shang, R.; llies, L.; Asako, S.; Nakamura, E. J.
Am. Chem. Soc. 2014, 136, 14349; (e) llies, L.; Matsubara, T.; Ichikawa, S.; Asako, S.;
Nakamura, E. J. Am. Chem. Soc. 2014, 136, 13126; (f) Tran, L. D.; Popov, I.; Daugulis,
0. J. Am. Chem. Soc. 2012, 134, 18237.
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10.

(a) Y. Wang, W. Ren, Y. Shi, Org. Biomol. Chem., 2015, 13, 8416; (b) Wang, Y.; Zeng,
Y.; Yang, B.; Shi, Y. Org. Chem. Front. 2016, 3, 1131; (c) Liu, Y.; Zhang Y.; Wan, J.-P.
J. Org. Chem. 2017, 82, 8950; (d) Yokota, A.; Aihara Y.; Chatani, N. J. Org. Chem.
2014, 79, 11922.

For selected references revealing the mechanism for the Pd(ll)-catalyzed, 8-
aminoquinoline-assisted p-C-H activation of carboxamides, see: (a) Successful
isolation of Pd(l1) intermediate after the sp® 8-C-H activation of carboxamide, see ref.%";
(b) Successful isolation of Pd(Il) intermediate after the sp? p-C-H activation of
carboxamide, Zhang, S.-Y.; Li, Q.; He, G.; Nack, W. A.; Chen, G. J. Am. Chem. Soc.
2015, 137, 531.

It is to be noted that the mechanism represented in Scheme 5 is well established in the
literature and supported by the studies carried out by various research groups.? For
example, Daugulis et al have isolated the Pd(ll) intermediate 19 after the sp® 5-C-H
activation from the corresponding carboxamide.®® Similarly, Chen et al have isolated
the Pd(ll) intermediate 20 after the sp? -C-H activation from the corresponding
carboxamide.®® While this paper aims to improve the existing two-step Pd(l1)-catalyzed
S-C-H arylation of carboxamides as a single-step method and multicomponent-type
reaction comprising involving anhydride as substrate (2) via in situ installation of
bidentate DG. Based on the suggestion of the Reviewer(s) we also intended to isolate a
Pd(Il) intermediate from our reactions and out of various trials we could isolate the
Pd(1l) intermediate 18 from the reaction of 1cj with the Pd(OAc). catalyst by following
the procedure reported by Chen et al for the synthesis of 20. The Pd(Il) intermediate 18
was characterized by the NMR and mass analysis. The NMR pattern of the Pd(ll)
intermediate 18 was similar to the Pd(I1) intermediate 20. Characteristically, in the 13C
NMR, the methyl signal of acetonitrile moiety of the complex 18 appeared at 6 1.6 ppm
as observed for the Pd(l1) intermediate 20.% Further, mass analysis (by ASAP method
from QTOF mass analyzer) of the Pd(l1) intermediate 18 revealed a characteristic and
prominent mass value of m/z 245 for the possible fragment corresponding to [M]" -
(Pd+MeCN+CHa). Our efforts to obtain a single crystal for X-ray analysis are not
fruitful at this stage and will be reported in the near future after we succeed in getting a
suitable single crystal for analysis. However, treatment of the isolated Pd(Il)
intermediate 18 with 4-idonoanisole gave the sp? 5-C-H arylated product 11e in 44%
yield (Scheme 5), which is in accordance with the mechanism represented in the

literature.
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Chapter 3

Assembling of Polyaryls (Terphenyls, Tetraphenyls, Pentaphenyls and Hexaphenyls) via
The Pd(l1)-catalyzed C-H Arylation of Biaryl Carboxamides with lodobiaryls.

For the purpose of this Thesis work, the work of Chapter 3 is re-used (adapted) with permission
from (Dalal A.; Babu, S.A"; Banga, S. Asian J. Org. Chem. 2023, 202300508
(https://doi.org/10.1002/ajoc.202300508). Title; Assembling of Polyaryls (Terphenyls,
Tetraphenyls, Pentaphenyls and Hexaphenyls) via The Pd(Il)-catalyzed C-H Arylation of

Biaryl Carboxamides with lodobiaryls.

The transition metal-catalyzed cross-coupling reactions are fundamental C-C bond-forming
methods and are extensively utilized in the synthesis of natural products, pharmaceuticals, bio-
active compounds, functional materials, etc.[!l Especially, the synthesis of biaryl-based
scaffolds has received significant attention. Biaryl-based compounds are privileged scaffolds,
present in a number of drug molecules, natural products, bio-active synthetic compounds, and
organic functional materials.[*?]

Along this line, various polyaryl molecules (n-extended biaryls or polyphenylenes) such as
teraryls (terphenyls), quateraryls (quaterphenyls), penta-aryls (pentaphenyls), hexa-aryls
(hexaphenyls), etc have received considerable attention in organic, materials and medicinal
chemistry research areas (e.g., 1la-l, Figure 1).?61 Such compounds have found various
applications as biologically or medicinally active compounds, precursors of functional
materials including organic field-effect transistors (OFETS), organic light-emitting diodes
(OLEDs) and organic solar cells (OSCs), etc.[?!

Various catalytic aryl-aryl cross-coupling protocols involving organometallic reagents have
been established for assembling polyaryl or polyphenylene compounds (n-extended biaryl
motifs).B58 While the cross-coupling methods are efficient for assembling the m-extended
biaryl motifs (polyaryls), however, the traditional cross-coupling protocols are associated with
unavoidable limitations (e.g., availability and the requirement of pre-assembling of
organometallic reagents, Scheme 1). Sometimes such a limitation is a hurdle for the elaboration
of the substrate scope in the investigations pertaining to aryl-aryl cross-coupling reactions

affording the n-extended biaryl compounds (e.g., 2c,e.},l,q,u,z, Scheme 1).
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examples of p-extended biaryls (polyaryls)

1a 1b
m-terphenyl p-terphenyl

examples of bio-active polyaryls O/\COOH
R!
3 ®
Oyon =
H,N R
o " O
HO 4y 1h COOH
dictyoterphenyl A helical mimetics n
antiproliferative activity -dirupting p53/ HDM2 | hole blocking

. i host material for OLED i
interaction ' R 1i material

-Bel-X Antagonist | electron transporting material

Figure 1. Examples of n-extended biaryls (polyaryls) and bioactive polyaryls.

In recent years, the transition metal-catalyzed functionalization of the C-H bonds of small
molecules has proved to be a versatile method in organic synthesis.’® The C-H
functionalization tactic enables quick assembling of a wide range of targets of functionalized
small organic molecules.”® Of particular interest, the Pd(Il)-catalyzed bidentate directing
group (DG)-aided C-H functionalization of aliphatic and aromatic carboxamides has received
significant attention for assembling functionalized aromatic, alicyclic- and aliphatic
compounds. 10

Markedly, the C-H functionalization method has also been extensively used for performing the
aryl-aryl coupling for assembling various biaryls and polyaryls.l” #1241 |n particular, we aimed
to extend the applicability of the Pd(ll)-catalyzed bidentate DG-aided, site-selective ortho C-
H arylation method for constructing the -extended biaryl (polyaryl) motifs using biaryl-based
carboxamides and iodobiaryls as the coupling partners in a single operation (Scheme 2). The
current investigation on the bidentate DG-aided C-H arylation of biaryl carboxamides with
iodobiaryls is expected to serve as a useful route to enrich the library of the n-extended biaryl
(polyaryl) motifs.

Nevertheless, there have been a few instances of C-H functionalization of biaryl-based
carboxamides affording the m-extended biaryls or polyaryls (Scheme 2a).[*S1 Niu and Song
showed™8 the synthesis of two examples of triaryl amines via Co-catalyzed C-H/N-H
coupling. Sunnam/Belani showed the synthesis of two examples of terphenyls via Pd(Il)-
catalyzed C-H arylation using an aryne.[*® Ackermann reported the synthesis of an example
of terphenyl via cobalt-catalyzed C-H arylation using an aryl siloxane.™*> Chatani reported the

synthesis of two examples of terphenyls via Ni or Ru-catalyzed C-H arylation using Phl or
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PhBr.*%¢l Chatani and Huang independently reported the synthesis of tetrasubstituted
naphthamides via Ni-catalyzed C-H activation/alkyne insertion reactions.[*>"d! Jeganmohan
reported the synthesis of an example of isoquinolone via cobalt-catalyzed C-H/N-H
annulation.™"\We recently reported the synthesis of a few examples of modified azobenzenes
via Pd-catalyzed C-H arylation of biaryl-based carboxamides with iodoazobenzene.*>1 Zhang
reported the synthesis of an example of phenanthridinone via Cu-catalyzed C-H/N-H

annulation.[?]]

i
(9 mmol ‘ ‘
O (6 mmol) B(OH), )

Pd(OAc 2 [1 mol %] Pd( OAc)2 [1.5 mol %] O
Na,CO3[4 mmol] Na,CO3 [6 mmol]

O H,O/DMF=3.5:3 mL H,O/DMF=3.5:3 mL
R 60°C, 12 h R 60°C, 12 h R
2e 2a (1 mmol) 2c
R R ®
O
R /
e O x
O

Br CONEtz 2 (15 equiv] CONEt2 21 1.5 equiv] ‘
—_—— -
PA(PPh3) [2 mol%] ome  RuH2(CO)PPha)s [10 mol%] CONEt,

2f 2 M Na,COgj3 [3 equiv] 2h toluene, 125-135 °C, 20 h O 2j

toluene, reflux, 15 h

NO2 B(OH)2 NMez
BOH:,  om NCarb 20 B(OH), NMe,
a 76% b 64% c CarbN )
SO,CF;4 a
2k
Me
Bun—@—B(OH)Q 2s (1.1 equiv) @ :><2f 4.0 equiv) Q
CN MeO
Pd,(dba)s [1.5 equiv] NiCly(PCys), [10 mol%)]
P'Bu [3.6 mmol] O O g _PCYs [20 mol%] Q O
cl oMe ©82C0s12 equiv] KO'Bu [4.0 equiv]

H 0,
2r dioxane, 80 °C, 8 h CuF, [1.5 equiv]

0,
86% dioxane, 120 °C

61%
Bng@ 2v [_5'0
equiv]
NiCly(PCy3), [10 mol%]
PCy3 [20 mol%]
toluene/"Bu,0 = 1:1

100 °C, 15 h, 68%

a: Pd(OACc):2 (1 mol%), XPhos (3 mol%),KsPO4 (3 equiv), THF, 22 °C, 17 h; b: standard conditions; ¢: Pd(acac)2 (5 mol%),
Brett Phos (20 mol%), 18-crown-6 (10 mol%), KsPOxs (3 equiv), dioxane, 130 °C, 48 h. NCarb = N-carbazole.
Scheme 1. The conventional routes toward polyaryls.[®56]
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Scheme 2a. Examples of C-H functionalization using biaryl carboxamides. 5!
While the bidentate DG-aided C-H arylation of aromatic carboxamides has been well
documented, however, the assembling of polyaryl molecules especially, quaterphenyls,
pentaphenyls, hexaphenyls using biaryl-based carboxamides and iodobiaryls as the coupling
partners has not been explored well 81215 Given that various m-extended biaryls (polyaryls
including teraryls, quateraryls, etc) have received significance as biologically active
compounds, precursors of molecular devices and functional materials (Figure 1). The current
investigation intends to expand the C-H arylation tactic-based aryl-aryl coupling method by
coupling various biaryl-based carboxamides with iodobiaryls and to obtain a wide range of the

n-extended biaryl (polyaryls) compounds (Scheme 2b).
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Theme of work

Scheme 2b. Assembling of polyaryls via C-H arylation of biaryl carboxamides.

Results and Discussion

To commence assembling the n-extended biaryls, initially, we carried out the 5-C-H (ortho)
arylation of biaryl carboxamide 3a with iodobiaryl 4a by using the standard conditions of
bidentate DG-assisted Pd(ll) catalyzed C-H arylation reaction.[®¥] Table 1 shows a few
screenings of reaction conditions comprising of the Pd(Il)-catalyzed p-C-H (ortho) arylation
of biaryl carboxamide 3a possessing the 8-aminoquionline directing group with p-anisyl iodide
(4a). A silver salt (e.g., AgOAc, Ag2COs) or an alkali metal-based salt (e.g., K2CO3, CsOAc,
Cs2CO0:s) is generally employed as the halide ion scavenger and this additive is believed to help
in regenerating the Pd(ll) catalyst in the proposed bidentate DG-assisted Pd"-Pd' catalytic

cycle. 8%l
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Table 1. Synthesis of terphenyl derivative 5a and tetraphenyl derivative 6a from C-H arylation of biaryl
carboxamides 3a,b with 4a

R O PdL, [10 mol%]

. additive [2 equiv]
-
N
Hoo\ | solvent [2 mL]
R B H X OMe T°C,24h
3a; R=Ph, R'=H 4a OMe O
5a

3b; R=H, R'=Ph (xx equiv)

6a

(0.2 mmol) (from 3a) (from 3b)
entry PdL2 4a Additive | Solvent T (°C) yield
(equiv) (%)
12 Pd(OAC)2 4 AgOAcC toluene 110 5a: 48
22 Pd(OAcC)2 4 K2COs toluene 110 5a: 67
3 Pd(OAcC)2 4 K2COs 0-Xylene | 130[12h] | 5a: 60
42 Pd(OAcC)2 4 AgOAc | o-Xylene 130 5a: 67
52 Pd(OAc)2 4 Cs2CO3 | 0-Xylene 130 5a: 68
62 Pd(OAcC)2 4 CsOAc 0-Xylene 130 5a: 30
72 Pd(OAC)2 (5 mol%) 4 K2CO3 0-Xylene 130 5a: 53
82 Pd(TFA) 4 K2CO3 0-Xylene 130 5a: 84
92 Pd(MeCN)Cl. 4 K2CO3 0-Xylene 130 5a: 80
102 Pd(OAC): 4 K2COs 0-Xylene 130 5a: 88
11° Pd(OAC), 1 KoCOs | o-Xylene 130 6a: 23
12° Pd(OAC), 2 KoCOs | o-Xylene 130 6a: 36
13P Pd(OAC): 3 KoCOs | o-Xylene 130 6a: 72
14P Pd(OAC):2 4 K2COs3 | o-Xylene 130 6a: 80
15P Pd(OAcC)2 4 AgOAc | o-Xylene 130 6a: 60

233 js used, *3b is used

Heating the biaryl carboxamide 3a with 4a in the presence of the Pd(OAcC): catalyst (10 mol%)
and AgOAc or K>COz as an additive in toluene at 110 °C for 24 h afforded the terphenyl
derivative 5a in satisfactory yield (48-67%, entries 1,2, Table 1). Heating substrate 3a with 4a
in the presence of the Pd(OACc): catalyst (10 mol%) and K2COs in 0-xylene at 130 °C for 12 h
afforded 5a in 60% yield (entry 3, Table 1). Heating substrate 3a with 4a in the presence of the
Pd(OAC), catalyst (10 mol%) and AgOAc or Cs>CO3 or CsOAC as an additive in o-xylene at
130 °C for 24 h afforded 5a in low to moderate yield (30-68%, entries 4-6, Table 1). Heating
substrate 3a with 4a in the presence of the Pd(OAc)2 catalyst (5 mol%) and K>COz in 0-xylene
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at 130 °C for 24 h afforded 5a in 53% yield (entry 7, Table 1). Heating substrate 3a with 4a in
the presence of Pd(TFA)2 or Pd(MeCN)2Cl, or Pd(OAC)2 as the catalyst (10 mol%) and K2COs
as an additive in o-xylene at 130 °C for 24 h afforded 5a in good yields (80-88%, entries 8-10,
Table 1).

Subsequently, we treated the biaryl carboxamide 3b with aryl iodide 4a (1-4 equiv) in the
presence of the Pd(OAC), catalyst (10 mol%) and K>CO3 in o-xylene at 130 °C for 24 h. The
Pd(ll)-catalyzed arylation of 3b with 1 or 2 equiv of 4a yielded the tetraphenyl motif 6a in 23-
36% yield (Table 1) via the double (ortho) S-C-H arylation of biaryl carboxamide 3b. The
Pd(I1)-catalyzed (ortho) -C-H arylation of 3b with 3 or 4 equiv of 4a yielded the tetraphenyl
motif 6a in 72-80% yield. Additionally, the Pd(ll)-catalyzed C-H arylation of 3b with 4a (4
equiv) using AgOAc instead of K>COs as an additive yielded 6a in 60% yield (Table 1). All
these trials involving the Pd(l1)-catalyzed arylation of 3b with 4a yielded the tetraphenyl motif
6a via the double (ortho) s-C-H arylation and we did not get the corresponding mono (ortho)
S-C-H arylated product from substrate 3b.

Next, we intended to expand the substrate scope and assemble a wide range of m-extended
biaryls. Toward this, we attempted the preparation of terphenyls 5aa-5ar using various
carboxamides 7a,b, 3c-f, 8a-e, 9a, 10a, and iodobiaryls 4b-d (Scheme 3). The Pd(ll)-catalyzed
S-C-H arylation of heteroaryl carboxamides 7a,b possessing the 8-aminoquionline DG with
iodobiaryls 4b-d afforded the corresponding terphenyl motifs 5aa-5ad in 63-98% yields
(Scheme 3). The Pd(ll)-catalyzed S-C-H arylation of benzamides 3c-f with iodobiaryls 4b,c
afforded the corresponding p-terphenyl motifs 5ae-5ai in 46-73% yields. Then, we subjected
the cinnamamide substrate 9al% to the s-C-H arylation with iodobiaryls 4b,c in the presence
of the Pd(OAC)2 catalyst (10 mol%) and K>COz in 0-xylene at 130 °C for 24 h. These reactions
gave the corresponding acrylamide-based conjugated terphenyls 5aj,5ak in 66-69% yields
(Scheme 3).
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terphenyl motifs

"""" PA[OAG],
H o0 [10 mol%]
AN K,CO; [2 equiv]
i [or] — =
S o-xylene [2 mL]

R [4 equiv] 130°C, 24 h

3c-f, 7a,b, 9a
[0.2 mmol] 4c: R=Br

5aa: 80% 5ab: 98% 5ac: 93% [36 h] 5ad: 63% 5ae: 78% 5af: 46% 5ag: R'=Me, R%=H, 73% o4 66% Sak: 69%
[from 7a] [from 7a]  [from 7b] [from 7a] [from 3c] [from 3d] [from 3¢] [from 9a] [from 9a]
5ah: R'=H, R?=Me, 57%!
[from 3e]
5ai: R'=H, R%=H, 53%
[from 3f]
| &)
terphenyl motifs O
H H
z N\Q Pd[OAc], [10 mol%]
KZCO3 [2 equiv]
el +
R 0- xylene [2 mL] "
R? 130°C, 24 h N,
R ‘Q Q
8a-e o
[0.2 mmol] 4b,c RW
[4 equiv] Me al
53' -5aq 5al: 91% 5am: 96% 5an: 81%
[from 8a] [from 8b] [from 8c]

terphenyl motif O O
N
| Pd[OAc], [10 mol%)]
H N A AgOAc [2.2 equiv]
1 » C C
@f\u 0 [4equiv] toluene [2 mL]
Cl

o H H
110 °C, 36 h N N
Q Q H
o cl ¢} “Q
10a S
[0.2 mmol] 5ar: 89% Cl Cl Br
5a0: 80%!! 5ap: 66%!! 5aq: 61%!°!
[from 8c] [from 8d] [from 8e]
corresponding substrates used
J y o 8a: R'=Me, R2=H
x | N. e 3c: R'=Me, R?=H 8b: R'=OMe, R?=H
Q N" 3d:R'=cl, R%=H 8c: R'=H, R2=Cl
0 R 3e: R'=H, R2=Me 8d: R'=Cl, R2=Cl
LR R2 3f: R'=H, R?%=H 8e: R'=Br, R?=H

[a] Substrate [0.38 mmol], Arl [4 equiv], PA[OACc]2 [10 mol%], AgOAc [2.5 equiv], toluene [3 mL], 110 °C, 48 h. [b] AgOAc
[2.5 equiv] was used instead of K2COs.

Scheme 3. Assembling of terphenyls via C-H arylation of carboxamides with iodobiaryls.

Subsequently, we attempted the preparation of terphenyls using arylacetamides via the y-
C(sp?)-H (ortho) arylation.B1%1 Accordingly, arylacetamides 8a-e possessing the 8-
aminoquionline DG were subjected to the Pd(ll)-catalyzed y-C-H (ortho) arylation with

iodobiaryls 4b,c. These reactions afforded the corresponding terphenyl motifs 5al-5aq in 61-
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96% yields (Scheme 3). Similarly, we attempted the preparation of para-terphenyl using
benzylamine derivative 10a via the y-C(sp?)-H (ortho) arylation.l*°d Accordingly, the
benzylamine derivative 10a possessing the picolinamide DG was subjected to the Pd(l)-
catalyzed y-C(sp?)-H (ortho) arylation with iodobiaryl 4b. This reaction afforded the
corresponding terphenyl motif 5ar in 89% vyield (Scheme 3).

We then focused our attention on the assembling of a wide range of tetraphenyls 6b-n via the
8-aminoquinoline directing group-aided Pd(11)-catalyzed the 5-C-H (ortho) arylation of biaryl
carboxamides and iodobiaryls (Scheme 4). Towards this, we treated 2-biphenyl carboxamide
3a with iodobiaryl 4b or substituted 4-iodobiaryls 4c,e in the presence of the Pd(OAC). catalyst
(10 mol%) and K>COs in o-xylene at 130 °C for 24-36 h. These reactions afforded the
corresponding tetraphenyl motifs 6b-d in 59-72% yields (Scheme 4). Similarly, 2-biphenyl
carboxamide substrates 3g,h were treated with 4-iodobiaryl 4b or substituted 4-iodobiaryls
4c,e,f were reacted in the presence of the Pd(OAc): catalyst (10 mol%) and K2COs in 0-xylene
at 130 °C for 36-48 h. These reactions afforded the corresponding tetraphenyl motifs 6e-i in
54-87% yields (Scheme 4).

Next, we performed the Pd(Il)-catalyzed p-C-H (ortho) arylation of 2-biphenyl carboxamides
3a,g with 3-iodobiphenyl 4d. These reactions yielded the corresponding tetraphenyl motifs 6j,k
in 86-96% vyields (Scheme 4). We then attempted the Pd(I1)-catalyzed -C-H (ortho) arylation
using 3-biphenyl carboxamide substrate 3i and 3-iodobiaryl 4d or substituted 4-iodobiaryls
4c,g in the presence of the Pd(OAcC)2 catalyst (10 mol%) and K>COs in o-xylene at 130 °C for
36 h. These reactions gave the corresponding tetraphenyl motif 6m and tetraphenyls 61,n in 71-
75% vyields (Scheme 4). Furthermore, the Pd(ll)-catalyzed 8-aminoquinoline-aided f-C-H
(ortho) arylation of naphthalene-1-carboxamide 11a and with 4-iodobiaryl 4b yielded the
corresponding tetraphenyl 60 in 69-80% yields under two different conditions (Scheme 4).
Having assembled the terphenyls, and tetraphenyls, we then wished to prepare pentaphenyl
derivatives via the directing group-aided Pd(I1)-catalyzed the $-C-H (ortho) arylation method.
Towards this, we treated para-substituted carboxamide 11b possessing the 8-AQ DG with
iodobiaryl in the presence of the Pd(OACc)2 catalyst (10 mol%) and K>COs in 0-xylene at 130
°C for 24 h. This reaction afforded the expected pentaphenyl motif 12a in 76% vyield via the
double p-C-H (ortho) arylation of benzamide 11b (Scheme 5). Similarly, the Pd(l1)-catalyzed
double B-C-H (ortho) arylation of the para-substituted carboxamides 11c,d possessing the 8-
AQ DG with 4-iodobiaryl 4b or 3-iodobiaryl 4d afforded the corresponding pentaphenyl motifs
12b-d in 45-74% yields (Scheme 5). The Pd(ll)-catalyzed 8-aminoquinoline-aided double y-
C-H (ortho) arylation of arylacetamide derivative 8f with 4-iodobiaryl 4b yielded the
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pentaphenyl motif 12e in 91% vyield (Scheme 5). Furthermore, the Pd(ll)-catalyzed
picolinamide-aided double y-C-H (ortho) arylation of benzylamine derivatives 10b with 4

-iodobiaryl 4b yielded the pentaphenyl motif 12f in 41% yield (Scheme 5).

| tetraphenyl motifs

" ®
|
Q Pd[OAC], [10 mol%]
@ N + [or] O KCOj3 [2 equiv]
——

s R 4d o-xylene [1.5-2 mL]

[4 equiv] o
3aghi 4b: R=H, 130°C, 24 h
[0.2 mmol] 4e: R=t-Bu
4c: R=Br

4f: R= -O-CHj(CH,);Me
49g: R=-O-CHMe,

6b: 72% [36 h] 6c: 59% 6d: 68% [36 h] 6e: 85% [24 h] 6f: 67% [36 h] 6g: 87% [36 h]
[from 3a] [from 3a] [from 3a] [from 3g] [from 3g] [from 3g]
[6 equiv of Arl]

0 e O O

6h: 54% [36 h] 6i: 76% [48 h]

[from 3g] [from 3h] 6j: 96% 6k: 86%
[from 3g] [from 3a]

60: 69%!°
61: 75% [36 h] 6m: 74% [36 h] 6n: 71% [36 h] 60: 80%L°!
[0.1 mmol scale using 3i] [from 3i] [0.1 mmol scale using 3i] [from 11a]
R
O A k. O
Q
o 3a:R=H N’Q N
Q 3g: R=Me H H
N~ 3h: R=CF; i
N 3i 1a

[a] PA[OAC]2 [10 mol%], AgOAc [2.2 equiv], toluene [2 mL], 110 °C, 36 h. [b] 11a [0.1 mmol], PA[OAc]2 [10 mol%], K2COs3
[2 equiv], o-xylene [1.5 mL], 130 °C, 36 h.

Scheme 4. Assembling of tetraphenyls via C-H arylation of biaryl carboxamides.
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pentaphenyl
motifs

; H O Pd[OAC, [10 mol%]
1 N. K,CO; [2 equiv]

LT G
; 0o o-xylene [2 mL]
1 MeO

130°C,24 h

Pd[OAC],
11b-d

[10 mol%] O
K,CO3
[2 equiv]
[ xylene [2 mL]
[or] 130°C,24h R
[0.2 mmol]

11b: R= -O-CH,CH,Me [4 equ"'l ! o
11c: R=Cl ! 4b
11d: R= Me : [0.2 mmol] [4 equiv]

110 °C, 24 h

: N"So 4 —
! H toluene [2 mL]

12a: 76% 12b: R = CI, 45% 100 b

a: 76% [from 11¢] [0.2 mmol] [4 equiv] 12f: 41%

[from 11b] 12c: R = Me, 72% [36 h] o
ffrom 11d] 12d: 74% [36 h]

[from 11d]

Scheme 5. Assembling of pentaphenyls.

We then continued with our efforts to assemble hexaphenyl derivatives 13a-i,k via the Pd(l1)-
catalyzed double p-C-H (ortho) arylation method (Scheme 6). Accordingly, we subjected 4-
biphenyl carboxamide 3j possessing the 8-AQ DG to the double $-C-H (ortho) arylation using
4-iodobiaryl 4b in the presence of the Pd(OAc)2 catalyst (10 mol%) and K>COs in o-xylene at
130 °C for 24 h. This reaction gave the expected and interesting hexaphenyl motif 13a in 80%
yield in a single transformation (Scheme 6). Then, 4-biphenyl carboxamides 3j was subjected
to the Pd(I1)-catalyzed double s-C-H (ortho) arylation using various 4-iodobiaryls 4c,e,f,h and
these reactions yielded the corresponding hexaphenyl motifs 13b-e in 56-77% yields (Scheme
6). To further expand the substrate scope, we treated 4-biphenyl carboxamides 3b,k with 4-
iodobiaryls 4b,c,e,f,h in the presence of the Pd(OAc)2 catalyst (10 mol%) and K>COs in o-
xylene at 130 °C for 24-48 h. These reactions yielded the corresponding hexaphenyl motifs
13f,g,h, I,k in 58-92% vyields via the double p-C-H (ortho) arylation of 4-biphenyl
carboxamides 3b,k (Scheme 6). Furthermore, the Pd(Il)-catalyzed picolinamide-aided y-
C(sp?)-H arylation of pyrene derivative 10ci**7 with 4-iodobiaryl 4f yielded the hexaphenyl
motif 13j in 43% yield (Scheme 6).
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I R hexaphenyl motifs

B Q Pd[OAc], [10 mol%]
O H ‘ K2CO3 [2 equiv]
+
—_—

o-xylene [2 mL]

Sha
R R 130 °C, 24 h

[0.1-0.2 mmol]
3b:R'=H

3j: R" = -CH,(CH,);Me
3k: R" = -CH,(CHy)sMe

13a: 80%
) 13b: 77% [48 h]
[from 3j] [from 3j]

OWME O/\/\(“feMe By

13c: 62% [48 h]
[from 3j]

13d: 70% [36 h] 13f: 92%

4
) Me 13e: 56% [48 h] Me
[from 3] 0", [from 3j] 0", [from 3b]
M
R N

O Me
0% 13K: 76% [36 h] 0>,

139: R=H, 75% [36 h] R 13h: 58% [36 h]
13i: R = Br, 66% [48 h] [from 3k]
(o 3K] [from 3K]
M
@) 2 ©

ey >
X
HN (o] NI P
‘O Pd[OAc]; [10 mol%] O
AgOAc [2.2 equiv]
. O d HN" 0
o-xylene [2 mL]
O-CHy(CHp)Me ~ 150°C.48h ‘O

‘ )
[0.2 mmol] [4 equiv] 13j: 43%

Scheme 6. Assembling of hexaphenyls.
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R | pentaphenyl
NI _ motifs
H HN™ "0 Pd(OAC), [10 mol%]
@\/*kw + AgOAc [2.2 equiv]
4>
O toluene [2 mL]
H
4 110 °C, 24 h
R

14 4b,c
[0.2 mmol] [0.8 mmol]

R I

Br Br
15¢-(R): 78% 15¢-(S): 77% 15d-(RS): R=H, 80% (36 h)
(er99:1) (er 98:2) 15e-(RS):R=Br, 58% (48 h)

15b-(RS): R=H, 95%
15¢-(RS): R=Br, 67%

HN’PA HN,PA HN,PA
Hn A R R ©/\R1
O Me '14a: R= COOMe 14b-(R): R=-CH,0AC 141, (5 R=-CH,0Ac |
114b-(RS): R= -CH,0Ac (er99:1) (er 99:1)
O I {14c(RS)R=Me_  14e-(S): R=Me (r99) 14¢ (R): R= Me (er 98:2);
R
15d-(S): R=H, 71% (36 h) er 95:5 15d-(R): R=H, 87% (36 h) er 95:5
15e-(S): R=Br, 66% (48 h) er 98:2 15e-(R): R=Br, 66% (48 h) er 99:1
Scheme 7. Assembling of pentaphenyls based on racemic and enantiopure phenylalaninol and a-methyl
benzylamine.

Next, we wished to prepare the enantiopure polyaryl (m-extended polyaryl) compounds through
the picolinamide directing group-aided Pd(11)-catalyzed C-H arylation method.[*°9 Towards
this, we attempted the Pd(l1)-catalyzed picolinamide-aided double y-C-H (ortho) arylation of
racemic phenylglycinol 14a-(RS) with iodobiaryls 4b,c and these reactions gave the
corresponding pentaphenyl-based amino alcohol derivatives 15a and 15c¢ in 66-95% vyields
(Scheme 7). Subsequently, the enantiopure phenylglycinols 14a-(R) and 14a-(S) were
subjected to the Pd(Il)-catalyzed picolinamide-aided double y-C-H (ortho) arylation with 4c.
These reactions gave the corresponding enantiopure pentaphenyl-based amino alcohol
derivatives 15c-(R) (78% vyield, er 99:1) and 15c-(S) (77% yield, er 99:1). To further expand
the substrate scope, we attempted the Pd(ll)-catalyzed picolinamide-aided double y-C-H
(ortho) arylation of racemic a-methyl benzylamine derivative 14b with 4b,c and these reactions
gave the corresponding pentaphenyl motifs 15b and 15d in 58-80% yields. Next, the
enantiopure a-methyl benzylamine derivatives 14b-(R) and 14b-(S) were subjected to the

Pd(I1)- catalyzed picolinamide-aided double y-C-H (ortho) arylation with 4b,c. These reactions
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gave the corresponding enantiopure pentaphenyl-based a-methylbenzylamine derivatives 15b-
(R) (66% vyield, er 99:1), 15b-(S) (66% vyield, er 99:1), 15d-(R) (87% yield, er 95:5), 15d-(S)
(71% yield, er 95:5) (Scheme 7).

conditions 'a’

B(OH),  Pd[PPhy], [10 mol%)]
O Na,COj; [1.8 equiv] O
T e
H + EtOH : toluene: H,O
O Q O [1:1:1, 3 mL] I
cl
5an Cl

o 100 °C, 24 h

16a
[0.1 mmol] [3 equiv] 17a: 90%

B(OH),
O [Pd]
conditions ‘a
+ —
O 12h

[3 equiv]

R = -CH,(CH,);Me R = -CH,(CH,)Me

13b [0.07 mmol] 17d: 72%

15b,c
[0.1 mmol]

17b: R" = Me, 89%
17c: R = -CH,0Ac, 29%

Scheme 8. Representative examples of the extension of the aryl ring via cross-coupling reaction and synthesis of
polyaryls.

Then, we intended to increase the synthetic utility of this protocol comprising the assembling
of m-extended polyaryls through the Pd(I1)-catalyzed C-H arylation method by taking the help
of the cross-coupling method.™ Towards this initially, we attempted the Suzuki-Miyaura
coupling reaction of pentaphenyl derivative 5an having a bromo substituent at the terminal
phenyl moiety. Accordingly, the Pd-catalyzed Suzuki coupling of 5an with 3-biphenylboronic
acid 16a yielded the pentaphenyl motif 17a in 90% yield (Scheme 8). We then attempted the
Suzuki coupling reaction of pentaphenyl derivatives 15b,c having two bromo substituents at
the terminal phenyl moieties. Accordingly, the Pd- catalyzed Suzuki coupling of 15b,c with 3-
biphenylboronic acid 16a yielded the corresponding polyaryl motifs 17b,c in 29-89% yields.
Additionally, we attempted the Pd-catalyzed Suzuki coupling of 13b with 3-biphenylboronic
acid 16a, which yielded the corresponding polyaryl motif 17d in 72% yield (Scheme 8).
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18a: R=Br, 78%! [from 5ap]
[from 5ab] 18e: 60%!e! ;
R2 R1=Et, R2=Br 22: 67%[ ]
18b: R=H, 71%! [from 6n] R*=H, R%=CI
[from 5aa] [from 18c]

26: [crude]'®
R*R%=H
[from 5ao0]

19: 339! 20a: 55%!°
[from 17d] [from 15d]

[a] Obtained using corresponding substrate [0.2-0.5 mmol], BFs-OEt2 [10-15 equiv], MeOH [or] EtOH [2-3 mL] 90-140 °C,
24-36 h. [b] Obtained using corresponding substrate [0.04 mmol], TfOH [0.08 mL], toluene:H20 [0.8:0.08 mL], 100 °C, 24 h.
[c] Obtained using corresponding substrate [0.09 mmol], Zn dust [15 equiv], HCI [12 N, 0.25 mL], THF:H20 [1:1 mL], rt, 24
h. open flask.[d] LiOH [1M ag. solution in H20, 24 mg in 1 mL H20], MeOH [2 mL], rt, 24 h [e] Obtained using corresponding
substrate [1 equiv], NaOH [40 equiv], EtOH [2 mL], 100 °C, 48 h, sealed tube.

Scheme 9. Synthetic utility of synthesized n-extended biaryls.
Furthermore, we performed the removal of the directing groups from the synthesized =-
extended biaryl compounds. Treatment of terphenyl carboxamides 5aa,5ab,5ap, and
tetraphenyl carboxamides 6n with BF3-OEt> in MeOH or EtOH afforded the corresponding
ester compounds 18a-e via the direct conversion amide into ester method (Scheme 9). The
LiOH-mediated hydrolysis of terphenyl ester 18c afforded the corresponding terphenyl
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carboxylic acid 22. Notably, treatment of 17d with TfOH directly gave the decarboxylated
polyaryl derivative 19 (Scheme 9). Treatment of picolinamide derivative 15d with Zn dust/HCI
in THF:H-0 gave the corresponding benzylamine derivative 20a. Along this line, the treatment
of picolinamide derivative 5ar with Zn dust/HCI, in THF:H.O gave the corresponding
benzylamine derivative 20b (Scheme 10). Subsequently, 20b was treated with N-phthaloyl
phenylalanines ((DL) or (L)) to afford the corresponding amide derivatives 21-(DL) (63%

yield) and enantiopure 21-(L) (35% yield, er 95:5).

5ar

+ [iii]te!

23-(DL): R = Bn; 54%°
24-(DL): R = Me; 67%!°

25: R = H; 72%!°! [crude]

MGOQC H,
1 equw]

Bn
HOOC” “NPhth O HOOC™ ™~ NPhth
O [1 equiv] (1 equiv] O
o —_— 0
)K(Nphth vi®! O i N)K( NPhth
N
O " Bn O "oen
o o
21-(DL]: 63%L! 21-(L]: 35%
[crude][a] [er 95:5](]
R
COzMe
C | (Y
[1 equw]
:R=Bn;
R =Bn [or] Me
MeO2C 4% [er 99:11l
[1 equw] 24-(L): R = Me;
H R = Bn [or] Me il 65% [er 97:3]!
N__CO,Me
T Vil
2 )
; ®

COzMe

:R=Bn;
52% [er 99:1]ll

[a] Obtained using corresponding substrate [0.09-0.15 mmol], Zn dust [15 equiv], HCI [12 N, 0.25 mL], THF:H20 [1:1 mL],
rt, 24 h. [b] EDC-HCI [1.1 equiv], HOBt [1.1 equiv], DCM [20 mL], 0 °C to rt, 24 h. [c] Obtained using corresponding substrate
[0.075-0.1 mmol], EDC-HCI [1.1 equiv], HOBt [1.1 equiv], DCM [20 mL], 0 °C to rt, 1 h and then, amino acid ester
hydrochloride, rt, 24 h.

Scheme 10. Synthetic utility of synthesized n-extended biaryls.
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Along this line, terphenyl carboxylic acid 26 (which was obtained from 5ao) was treated with
glycine hydrochloride or phenylalanines ((DL) or (L) or (D)) or alanines ((DL) or (L)) to afford
the corresponding terphenyl-based amide derivatives. Accordingly, the amide derivatives 25
(72% yield), 23-(DL) (54% vyield), 24-(DL) (67% yield), and enantiopure 23-(L) (54% vyield,
er 99:1), 23-(D) (52% vyield, er 99:1) and 24-(L) (65% yield, er 97:3) were synthesized in
moderate to good yields (Scheme 10).

In general, the mechanism of the bidentate directing group 8-aminoquinoline-directed C—H
activation and arylation of (ortho) p-C-H bond of benzamide-type systems is well
documented.[®-1%35] Similarly, the mechanism of the bidentate directing group picolinamide-
directed C—H activation and arylation of (ortho) y-C-H bond of benzylamine-type systems is
well documented. Accordingly, in concurrence with literature reports, the bidentate directing
group-directed ortho C(sp?)-H functionalization reaction of substrates investigated in this paper
is believed to undergo via the well-documented Pd"-Pd" catalytic cycle.[t-2%%%1 Along this line,

plausible reaction pathways for the Pd(Il)-catalyzed 8-aminoquinoline directing group-aided

6n 18a

Figure 2. X-ray structures (ball and stick models) of the n-extended biaryl (polyaryl) compounds 6n and 18a.

S-C-H arylation and picolinamide directing group-aided y-C-H arylation of the corresponding
carboxamides are proposed (Scheme 11). The coordination of the 8-aminoquinoline directing
group in biaryl carboxamide 3b to the Pd(Il) metal center results in the species 27a and is
followed by concerted metalation deprotonation (CMD), generating the five-membered Pd(l1)

intermediate 27b. Oxidative addition of the Pd(Il) species 27b with biaryl iodide then forms
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the Pd(IV) intermediate 27c. Then the Pd(IV) intermediate undergoes reductive elimination to
generate the new C—-C bond in the intermediate 27d. Halide group abstraction by a halide ion
scavenger (e.g., AgOAc) followed by the protonolysis of the intermediate 27d generates the
mono S-C-H arylated product 13fa and the active Pd(ll) species is regenerated in the catalytic
cycle (Scheme 11). Then, the mono S-C-H arylated product 13fa will undergo the second 5-C-
H arylation under the sequences described above to afford the bis -C-H arylated product 13f.
Similarly, the Pd(ll)-catalyzed picolinamide directing group-aided mono (ortho) y-C-H
arylation of 14a-(RS) is proposed to afford 15aa via the intermediates 28a-d. Then, the mono
y-C-H arylated product 15aa will undergo the second y-C-H arylation under the sequences
described to afford the bis y-C-H arylated product 15a (Scheme 11). It is a general trend that
the C-H arylation of aromatic substrates containing two equivalent ortho s-C-H or y-C-H bonds
afforded the bis C-H arylated products.®% The mono C-H arylated products from the C-H
arylation of aromatic substrates containing two equivalent ortho -C-H or y-C-H bonds are
seldom obtained.®1% For example, under suitably optimized conditions or using a moderately
efficient directing group the mono C-H arylation product can be obtained.[®1 In the current
investigation, the C-H arylation of aromatic substrates containing two equivalent ortho -C-H
or y-C-H bonds afforded the bis C-H arylated products as the major products. Furthermore, in
the reactions discussed in this work, the C-H arylated products were obtained in satisfactory to
good yields. We did not obtain any side or by-products in demonstrable amounts.

We then ascertained the UV-Vis absorption data Amax (nm) of all the compounds prepared in
this work[ ! (the corresponding UV-Vis absorption spectra have been given in the
supplementary information). The synthesized polyaryl (n-extended biaryl) compounds were
characterized by NMR and HRMS analysis data. Additionally, the X-ray structure of
compounds 6n and 18a were obtained (Figure 2),11 which corroborated the Pd(11)-catalyzed
bidentate directing group-aided selective (ortho) p-C-H arylation of the corresponding

carboxamides with iodobiaryls as the coupling partners.
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Scheme 11. Proposed mechanism in concurrence with the literature. ©-10.1% pd(ll)-catalyzed 8-aminoguinoline
directing group-aided B-C-H arylation and picolinamide directing group-aided y-C-H arylation of the

corresponding carboxamides.

Conclusion

In summary, we have shown our efforts of extending the chemistry of Pd(ll)-catalyzed
bidentate directing group-aided (ortho) p- or y-C-H arylation method for constructing the
polyaryl (m-extended biaryl) compounds using biaryl-based carboxamides and iodobiaryls as
the coupling partners. We have shown the usefulness of both the 8-aminoquinoline- and
picolinamide-assisted (ortho) - or p-C-H arylation methods for constructing polyaryl
(polyphenylene) compounds. A wide range of polyaryl compounds (m-extended biaryl or
polyphenylenes) were assembled, including terphenyls, tetraphenyls, pentaphenyls, and
hexaphenyls. Additionally, we have performed the Suzuki-Miyaura coupling on representative
compounds containing a bromide substituent which were assembled via C-H arylation. This
process has helped in extending the aryl rings in substrates to afford m-extended polyaryls
(polyphenylenes). Additionally, we have assembled examples of enantiopure terphenyl and
penta-aryl derivatives. Traditionally, catalytic aryl-aryl cross-coupling protocols involving
organometallic reagents such as aryl boronic acids and aryl magnesium reagents were

employed to assemble m-extended biaryls and polyaryl molecules. In general, the availability
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or pre-assembling of organometallic reagents limits the elaboration of the substrate scope
development in investigations pertaining to aryl-aryl cross-couplings affording polyaryls. In
the current work, in a single operation of C-H coupling of biaryl-based carboxamides and
iodobiaryls, various m-extended biaryl and polyaryl molecules have been assembled. The =-
extended poly aromatic compounds (e.g., teraryls, quateraryls, penta-aryls) have gained
importance as biologically active compounds, precursors of molecular devices, and functional
materials. Accordingly, it is believed that the current investigation on the bidentate DG-aided
C-H arylation of biaryl-based carboxamides with iodobiaryls would serve as an alternative and

quick route to enrich the library of the n-extended polyaromatic compound building blocks.

Experimental Section

General. H and *C{*H} NMR spectra of compounds were recorded (using TMS as an internal
standard) in 400 and ~101 MHz spectrometers, respectively. The HRMS analysis data of
samples were obtained from QTOF mass analyzer using the electrospray ionization (ESI)
method. FT-IR spectra of compounds were recorded as neat or thin films. Column
chromatography purification was carried out on silica gel (100—200 mesh). Reactions were
conducted in anhydrous solvents under a nitrogen atm wherever required. Organic layers
obtained after the workup were dried using anhydrous Na>SOs. Thin layer chromatography
(TLC) analyses were performed on silica gel or alumina plates and components were visualized
by UV light or using iodine vapor. Isolated yields of all the products are reported and yields
were not optimized. The required 8-aminoquinoline-linked carboxamides or picolinamide-
linked carboxamides were synthesized under the standard amide coupling method. 1% Most
of the carboxamide starting materials used in this work are known compounds in the literature
or used by us earlier and were prepared using standard methods. 19

Procedure for the synthesis of the 8-aminoquinoline directing group linked carboxamides
(procedure A): A dry RB flask containing amine (1.0 equiv), EtsN (1.2 equiv) was stirred for
5-10 min under a nitrogen atm. Then, to the reaction flask was added anhydrous DCM (4 mL)
followed by dropwise addition of the corresponding acid chloride, which was prepared from
the corresponding carboxylic acid (1.0 equiv), DMF (cat.) and (COCI)2 (1.2 equiv) in 0 °C for
3-4 h. Then, the reaction mixture was stirred overnight. After this period, the reaction mixture
was diluted with dichloromethane (10-15 mL) and washed with water (10-15 mL) and twice
with saturated aqueous NaHCO3 solution (10-15 mL). The combined organic layers were

washed with HCI (1 N) (10 mL x 2) to remove excess amine and then dried over anhydrous
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Na>SOg4, concentrated in a vacuum to afford the corresponding crude carboxamides which were

purified by column chromatography.

General procedure for the Pd(ll)-catalyzed C-H arylation of the carboxamides using
iodobiaryls (procedure B): An appropriate carboxamide (0.2 mmol, 1 equiv), an appropriate
aryl iodide (0.8 mmol, 4 equiv), Pd(OAC)2 (4.5 mg, 10 mol%) and K>COz (0.4 mmol, 2.0 equiv)
in 0-xylene (2 mL) was heated at 130 °C for 24-48 h under a nitrogen atm. After the reaction
period, the reaction mixture was concentrated in a vacuum and purification of the resulting
reaction mixture by column chromatography on neutral alumina or silica gel (eluent =
EtOAc:hexanes) furnished the corresponding arylated carboxamide (see the corresponding
Tables/Schemes for specific examples).

Procedure for the synthesis of compound 17a-d (procedure C): A mixture of corresponding
arylated carboxamides (0.1 mmol), 3-biphenylboronic acid (3.0 equiv), Na2COs (2 equiv),
[Pd(PPhs)4] (5 mol%) and tolune:EtOH:H,0 (1:1:1) (3 mL) were added to a screw-cap sealed
tube. Nitrogen was purged before the tube was submerged into a silicon oil bath preheated to
100 °C and the reaction was continued for 12 h. After cooling to rt, the product was extracted
with ethyl acetate. The organic layers were collected, and dried over anhydrous Na>SQOs, and
the solvent was evaporated. The crude mixture was subjected to column chromatography to

afford the compound 17a-d (17a was synthesized using 3-biphenylboronic acid (1.5 equiv)).

Procedure for the synthesis of compound 20a (Procedure D): To a RB flask containing an
appropriate picolinamide of a-methyl benzylamine derivatives (0.09 mmol) dissolved in
H>O/THF (1:1, 2 mL), 12 N HCI (0.25 mL) was added. The mixture was stirred at rt for 15
min. Zinc dust (15 equiv) was then added in three portions and the mixture was stirred at rt for
12-24 h. The reaction mixture was transferred to a separating funnel with 2 M NaOH (25 mL)
and extracted with ethyl acetate. The organic layers were collected, and dried over anhydrous
Na,SO4 and the solvent was evaporated. The crude mixture was subjected to column

chromatography to afford the compound 20a.

Procedure for the synthesis of compound 19 (Procedure E): A mixture of carboxamide 17d
(0.04 mmol), TfOH (0.08 mL), and toluene:H,0O (1:0.1, v/v) (0.88 mL) were suspended in a 10
ml capacity sealed (pressure) tube, sealed with a PTFE-lined cap, stirred at 100 °C for 24 h.
After the completion of the reaction period, the reaction mixture was diluted with EtOAc (10
mL) and washed with Na.COs (5 mL x 2). The organic layers were collected, dried over
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anhydrous Na>SOa, and concentrated in a vacuum. The crude mixture was then purified using

column chromatography on silica gel (EtOAc:hexane) to furnish the corresponding product 19.

Procedure for the synthesis of compound 18a-e (Procedure F): A mixture of an appropriate
carboxamide (0.21-0.41 mmol,1 equiv), BFs—Et2O (15 equiv) and corresponding anhydrous
methanol or ethanol (2-3 mL) in a crew-capped sealed tube containing a magnetic bead purged
with N2 was stirred and heated at 90-140 °C for 24-36 h. Then, the reaction mixture was allowed
to attain the rt and concentrated under reduced pressure to afford the corresponding crude
reaction mixture, which was purified by column chromatography to afford corresponding ester

derivatives 18a-e.

Procedure for the hydrolysis of ester derivative (Procedure G1): An appropriate ester
derivative (1 equiv) was dissolved in MeOH (2 mL) in an RB flask. To this LiOH (1M ag.
solution in H20, 24 mg in 1 mL H,0O) was added and the reaction mixture was stirred for 24 h
in the open air. After the reaction was over, the reaction mixture was quenched with 1 N HCI
solution. The ag. layer was extracted with DCM (3 times) and dried over anhydrous sodium

sulphate, concentrated in a vacuum, and further purified using column chromatography.

Procedure for the hydrolysis of amide derivative (Procedure G2): Arylated carboxamide
(1 equiv) and NaOH (40 equiv) in ethanol (2 mL) were heated at 100 °C for 48 h in a sealed
tube (flushed with ambient air). After this period, the reaction mixture was diluted with water
and extracted with ethyl acetate (2 x 10 mL), and then the water part was acidified with 1 N
HCI to get a pH = 2. Extraction with ethyl acetate (2 x 10 mL) and drying of the combined
organic layers over Na2SOs followed by evaporation of the solvent in a vacuum afforded the

corresponding carboxylic acid which was used for the next step without purification.

Procedure for the synthesis of compound 21-(DL), 21-(L) (Procedure H): An appropriate
amount of N-protected phenylalanine (1 equiv), N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (1.1 equiv), 1-hydroxybenzotriazole hydrate (1.1 equiv) in
DCM (20 mL) was stirred for 1 h at 0 °C under a nitrogen atmosphere. Then, an appropriate
amount of 20b (1 equiv) was added to the above mixture and stirred for 24 h at room
temperature. The resulting solution was then subjected to aqueous workup and washed with
aqueous NaHCOs solution (two times). The resulting solution mixture was concentrated and
purified on silica gel column chromatography (EtOAc/hexane) to give the corresponding 21-
(DL), 21-(L).
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Procedure for the synthesis of compound 23-(DL), 23-(L), 23-(D), 24-(DL), 24-(L), 25
(Procedure 1): An appropriate amount of corresponding acid (1 equiv), N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (11 equiv), 1-
hydroxybenzotriazole hydrate (1.1 equiv) in DCM (20 mL) was stirred for 1 h at 0 °C under a
nitrogen atm. Then, an appropriate amount of corresponding C-protected amino acid (1 equiv)
was added to the above mixture and stirred for 24 h at room temperature. The resulting solution
was then subjected to aqueous workup and washed with aqgueous NaHCOz solution (two times).
The resulting solution mixture was concentrated and purified on silica gel column
chromatography (EtOAc/hexane) to give the corresponding 23-(DL), 23-(L), 23-(D), 24-(DL),
24-(L) and 25.

N-(Quinolin-8-yl)-4'-(trifluoromethyl)-[1,1'-biphenyl]-2-carboxamide (3h): Following the

CF; general procedure A, 3h was obtained after purification by column
O chromatography on silica gel (EtOAc:Hexane = 20:80) as brown
o} solid (501 mg, 64%, 2 mmol scale); Rt = 0.4 (EtOAc:Hexane =

N 20:80); mp: 147-149 °C; IR (DCM): 3319, 1673, 1528, 1326, 1127

O SN | cm™; *H NMR (400 MHz, CDCls): 61 9.82 (1H, s), 8.80 (1H, dd, J1

3h
=7.2Hz, J> = 1.4 Hz), 853 (1H, dd, J1 = 4.2 Hz, J, = 1.5 Hz), 8.12

(1H, dd, J1 = 8.3 Hz, J = 1.5 Hz), 7.987 (1H, dd, J1 = 7.4 Hz, J» = 1.2 Hz), 7.66-7.63 (2H, m),
7.62-7.60 (1H, m), 7.59-7.50 (6H, m), 7.39 (1H, dd, J: = 8.3 Hz, J» = 4.2 Hz), BC{*H} NMR
(~101 MHz, CDCls): ¢ 167.2, 147.9, 143.8, 138.9, 138.3, 136.2, 136.1, 134.3, 130.8, 130.6,
129.7 (q, Jor = 128.4 Hz), 129.4, 1285, 127.8, 127.2, 125.5, 125.3 (q, Jcr = 3.5 Hz), 124.1
(0, Jor = 270.0 Hz), 121.9, 121.5, 116.4. HRMS (ESI): m/z [M+H]* calcd for CasHisFaN2O:
393.1215 found, 393.1226.

4-Propoxy-N-(quinolin-8-yl)benzamide (11b): Following the general procedure A, 11b was
0 obtained after purification by column chromatography on
ﬁN% silica gel (EtOAc:Hexane = 20:80) as colourless solid (470
"0 11bH Nx | mg, 77%, 2 mmol scale); Rs = 0.5 (EtOAc:Hexane = 20:80);
mp: 99-101 °C; IR (DCM): 3364, 2946, 1665, 1503, 1247

cm; 'H NMR (400 MHz, CDClg): 61 10.71 (1H, s), 8.95 (1H, dd, J1 = 7.6 Hz, J, = 1.3 Hz),
8.88 (1H, dd, J1 =4.2 Hz, J, = 1.7 Hz), 8.21 (1H, dd, J1 = 8.2 Hz, J, = 1.6 Hz), 8.07 (2H, dt, J1
= 8.8 Hz, J» = 2.0 Hz), 7.64-7.60 (1H, m), 7.55 (1H, dd, J1 = 8.2 Hz, J, = 1.3 Hz), 7.50 (1H,

dd, J1 = 8.2 Hz, J» = 4.2 Hz), 7.05 (2H, dt, J1 = 8.8 Hz, J, = 2.0 Hz ), 4.04 (2H, t, J = 6.6 Hz),
1.91-1.86 (2H, m), 1.10 (3H, t, J = 7.4 Hz); *C{*H} NMR (~101 MHz, CDCls): éc 165.1,
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162.1, 148.2, 138.8, 136.4, 134.8, 129.2, 128.0, 127.6, 127.2, 121.7, 121.4, 116.4, 114.5, 69.7,
22.5, 10.5; HRMS (ESI): m/z [M+H]" calcd for C1gH19N20,: 307.1447 found, 307.1434.

4'-Hexyl-N-(quinolin-8-yl)-[1,1'-biphenyl]-4-carboxamide (3j): Following the general

procedure A, 3j was obtained after

o]
O N% purification by column chromatography on
H
O Ny~ silica gel (EtOAc:Hexane = 20:80) as brown
Me 3j solid (538 mg, 44%, 3 mmol scale); Rf = 0.6

(EtOAC:Hexane = 20:80); mp: 95-97 °C; IR
(DCM): 3242, 1609, 1534, 1483, 1267 cm™; 'H NMR (400 MHz, CDCls): oy 10.83 (1H, s),
8.99 (1H, dd, J1 = 7.5 Hz, J> = 1.3 Hz), 8.90 (1H, dd, J1 = 4.2 Hz, J> = 1.6 Hz), 8.23 (1H, dd,
J1 =8.3Hz, J, =1.6 Hz), 8.18 (2H, dt, J1 = 8.4 Hz, J» = 1.7 HZz), 7.79 (2H, dt, J1 = 8.4 Hz, J»
= 1.6 Hz), 7.66-7.57 (4H, m), 7.52 (1H, dd, J1 = 8.2 Hz, J. = 4.2 Hz), 7.33 (2H, d, J = 8.1 Hz),
2.70 (2H, t, J = 7.8 Hz), 1.71-1.65 (2H, m), 1.42-1.33 (6H, m), 0.94-0.91 (3H, m). BC{*H}
NMR (~101 MHz, CDCla): Jc 165.2, 148.3, 144.6, 143.1, 138.8, 137.2, 136.4, 134.6, 133.4,
129.0,128.0, 127.8,127.5,127.2,127.1,121.7, 116.5, 35.7, 31.7, 31.4, 29.0, 22.6, 14.1. HRMS
(ESI): m/z [M+H]" calcd for C2sH20N20: 409.2280 found, 409.2290.

4'-Heptyl-N-(quinolin-8-yl)-[1,1'-biphenyl]-4-carboxamide (3k): Following the general

procedure A, 3k was obtained after

0
O N% purification by column chromatography
H
O Ny~ onsilica gel (EtOAc:Hexane = 20:80) as
Me 3K brown solid (540 mg, 34%, 3 mmol scale);

Rf=0.6 (EtOAc:Hexane = 20:80); mp: 90-
92 °C; IR (DCM): 3357, 1610, 1534, 1483, 1266 cm™; 'H NMR (400 MHz, CDCls): 64 10.83
(1H, s), 8.99 (1H, dd, J1 = 7.5 Hz, J, = 1.2 Hz), 8.90 (1H, dd, J1 = 4.2 Hz, J> = 1.6 Hz), 8.23
(1H, dd, J1 = 8.2 Hz, Jo = 1.5 Hz), 8.18 (2H, d, J = 8.4 Hz), 7.79 (2H, d, J = 8.4 Hz), 7.64-7.59
(4H, m), 7.52 (1H, dd, J1 = 8.2 Hz, J2 = 4.2 Hz), 7.33 (2H, d, J = 8.1 Hz), 2.69 (2H, t, J = 7.6
Hz), 1.69-1.67 (4H, m), 1.39-1.32 (6H, m), 0.92 (3H, t, J = 6.7 Hz). ®C{1H} NMR (~101
MHz, CDCls): dc 165.3, 148.3, 144.6, 143.1, 138.8, 137.3, 136.4, 134.7, 133.5, 129.1, 128.0,
127.8,127.5,127.2,127.1,121.7,121.7, 116.6, 35.7, 31.9, 31.5, 29.4, 29.2, 22.7, 14.2. HRMS
(ESI): m/z [M+H]" calcd for Co9H31N20: 423.2436 found, 423.2447.
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4-Methoxy-N-(quinolin-8-yI)-[1,1":3",1"'-terphenyl]-2'-carboxamide (5a): Following the

O general procedure B, 5a was obtained after purification by column

0 chromatography on silica gel (EtOAc:Hexane = 20:80) as brown sticky

O N | solid (72 mg, 88%, 0.2 mmol scale); Rf=0.3 (EtOAc:Hexane = 20:80);
H

Na~ IR (DCM): 3339, 1674, 1517, 1472, 1249 cm'%; 'H NMR (400 MHz,

O ome  CDCl): 61 9.68 (1H, ), 8.61-8.58 (2H, m), 8.06 (1H, dd, J1 = 8.3 Hz,

5a J2 = 1.6 Hz), 7.60-7.56 (3H, m), 7.53-7.43 (6H, m), 7.35 (1H, dd, J; =

8.3 Hz, Jo = 4.2 Hz), 7.30-7.26 (2H, m), 7.20-7.18 (1H, m), 6.83 (2H, dt, J1 = 8.8 Hz, J, = 2.0

Hz), 3.39 (3H, ). *C{*H} NMR (=101 MHz, CDCls): éc 167.7, 158.9, 147.8, 140.5, 140.4,

140.1,138.3, 136.0, 136.0, 134.3, 132.8, 129.8, 129.4, 129.3, 129.1, 128.7, 128.2, 127.6, 127.3,

127.2, 121.5, 121.3, 116.4, 113.7, 55.1. HRMS (ESI): m/z [M+H]* calcd for CaoH23N20:
431.1760 found, 431.1748.

3-([1,1'-Biphenyl]-4-yI)-N-(quinolin-8-yl)thiophene-2-carboxamide  (5aa):  Following
D general procedure B, the compound 5aa was obtained after purification

by column chromatography on silica gel (EtOAc:hexane = 20:80) as a

O VA colourless solid (65 mg, 80%, 0.2 mmol scale); Rs = 0.5 (EtOAc:hexane =
20:80); mp: 149-151 °C; IR (DCM): 3297, 1648, 1527, 1480, 1271 cm™;

B HN IH NMR (400 MHz, CDCls): 6n 10.22 (1H, s), 8.88 (1H, dd, J; = 7.7 Hz,
s © J = 1.1 Hz), 8.14 (1H, dd, Ji = 4.2 Hz, J, = 1.6 Hz), 8.02 (1H, dd, J; =
5aa

8.3 Hz, J2 = 1.6 Hz), 7.71-7.59 (7H, m), 7.56-7.42 (5H, m), 7.19-7.16
(2H, m); 3C{*H} NMR (~101 MHz, CDCls): c 160.7, 147.6, 142.7, 141.3, 140.6, 138.4,
135.8,135.8, 134.5, 134.1, 131.4, 130.1, 129.5, 129.0, 127.8, 127.7, 127.6, 127.3, 127.1, 121.5,
121.3, 116.4; HRMS (ESI): m/z [M+H]* calcd for C2sH1oN20S: 407.1218 found, 407.1202.

3-(4'-Bromo-[1,1'-biphenyl]-4-yl)-N-(quinolin-8-yl)thiophene-2-carboxamide (5ab):
Following the general procedure B, The compound 5ab was obtained
after purification by column chromatography on silica gel
(EtOAc:hexanes = 10:90) as a colourless solid; (95 mg, 98%, 0.2 mmol
scale); Rf= 0.5 (EtOAc:hexane = 10:90); mp: 185-187 °C; IR (DCM):
3293, 2930, 1652, 1520, 805 cm™; H NMR (400 MHz, CDCls): J4
10.14 (1H, s), 8.84 (1H, d, J = 7.5 Hz), 8.09 (1H, dd, J; = 4.1 Hz, J, =

5ab 1.4 Hz), 8.02 (1H, dd, J1 = 8.3 Hz, J. = 1.2 Hz), 7.63 (4H, s), 7.59-7.57
(3H, m), 7.53-7.49 (1H, m), 7.45-7.43 (3H, m), 7.18 (1H, dd, J1 = 8.3 Hz, J, = 4.2 Hz), 7.14
(1H, d, J = 5.0 Hz); BC{'H} NMR (~101 MHz, CDCls): dc 160.5, 147.4, 142.5, 139.9, 139.4,
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138.3,135.9,135.7, 134.6, 134.4, 132.0, 131.2, 130.2, 129.5, 128.6, 127.7,127.5, 127.3, 121.9,
121.5, 121.2, 116.4; HRMS (ESI): m/z [M+H]" calcd for C2sH1sBrN2OS: 485.0323 found,
485.0305.

3-([1,1'-Biphenyl]-4-yI)-N-(quinolin-8-yl)furan-2-carboxamide (5ac): Following the
general procedure B, 5ac was obtained after purification by column
chromatography on silica gel (EtOAc:Hexane = 20:80) as colourless
solid (73 mg, 93%, 0.2 mmol scale); Rt = 0.5 (EtOAc:Hexane = 20:80);
mp: 154-156 °C; IR (DCM): 3296, 1648, 1527, 1271, 744 cm™; H
NMR (400 MHz, CDCls): 6n 10.23 (1H, s), 8.89 (1H, d, J = 7.6 Hz),
8.14 (1H, d, J = 4.0 Hz), 8.01 (1H, d, J = 8.2 Hz), 7.70 (2H, d, J = 8.0

Sac Hz), 7.66-7.59 (5H, m), 7.55-7.40 (5H, m), 7.18-7.15 (2H, m);
13C{*H} NMR (~101 MHz, CDCls): éc 160.7, 147.7, 142.7, 141.3, 140.6, 138.4, 135.8, 135.8,
134.5,134.1,131.4,130.1, 129.5, 129.0, 127.8, 127.7,127.7,127.3, 127.1, 121.6, 121.3, 116.4.
HRMS (ESI): m/z [M+H]" calcd for CasH1sN202: 391.1447 found, 391.1447.

3-([1,1"-Biphenyl]-3-yI)-N-(quinolin-8-yl)thiophene-2-carboxamide  (5ad): Following
general procedure B, the compound 5ad was obtained after purification by
column chromatography on silica gel (EtOAc:hexane = 20:80) as a yellow
solid (51 mg, 63%, 0.2 mmol scale); Rt = 0.5 (EtOAc:hexane = 20:80);
mp: 175-177 °C; IR (DCM): 3302, 1652, 1528, 1268, 753 cm™; *H NMR
(400 MHz, CDCl3): dn 10.18 (1H, s), 8.87 (1H, d, J = 7.7 Hz), 8.17 (1H,
d, J=3.7 Hz), 8.02 (1H, d, J = 8.2 Hz), 7.83 (1H, s), 7.72 (1H, d, I = 7.0
Hz), 7.60 (1H, d, J = 5.0 Hz), 7.55-7.52 (5H, m), 7.46-7.34 (4H, m), 7.24
(1H, dd, J1 =8.2 Hz, J, = 4.2 Hz), 7.18 (1H, d, J=5.0 Hz); BC{*H}NMR (~101 MHz, CDCls):
oc 160.7, 147.7, 142.9, 142.2, 140.7, 138.5, 136.0, 135.8, 135.7, 134.5, 131.4, 129.6, 128.8,
128.5,128.4,127.7,127.5,127.3,127.2,127.1,121.5, 121.3, 116.4. HRMS (ESI): m/z [M+H]*
calcd for C26H19N2OS: 407.1218 found, 407.1223.
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3-Methyl-N-(quinolin-8-yI)-[1,1":4",1"'-terphenyl]-2-carboxamide  (5ae): Following
general procedure B, the compound 5ae was obtained after purification

O by column chromatography on silica gel (EtOAc:hexane = 20:80) as a
colourless solid (64 mg, 78%, 0.2 mmol scale); Rs = 0.6 (EtOAc:hexane

O 0 = 20:80); mp: 178-180 °C; IR (DCM): 3345, 3050, 1666, 1516, 1261
N% cm™t; 'H NMR (400 MHz, CDCls): 61 9.76 (1H, s), 8.86 (1H,d, J=7.4

O Me“ N Hz), 8.63 (1H, d, J = 3.2 Hz), 8.07 (1H, d, J = 8.2 Hz), 7.67 (2H, d, J =
5ae 8.1 Hz), 7.55 (1H, t, J = 7.8 Hz), 7.51-7.46 (4H, m), 7.44-7.34 (7H,

m), 7.33-7.28 (1H, m), 2.61 (3H, s); *C{*H} NMR (~101 MHz, CDCls): c 168.4, 148.0,
140.6, 140.0, 139.4, 139.3, 138.4, 136.8, 136.1, 136.0, 134.4, 129.7, 129.4, 129.1, 128.6, 127.8,

127.7, 127.3, 127.2, 127.0, 127.0, 121.9, 121.5, 116.6, 19.9. HRMS (ESI): m/z [M+H]" calcd
for C29H23N20: 415.1810 found, 415.1822.

4"-Bromo-3-chloro-N-(quinolin-8-yl)-[1,1":4",1"'-terphenyl]-2-carboxamide (5af):
Br Following the general procedure B, 5af was obtained after purification
O by column chromatography on silica gel (EtOAc:Hexane = 20:80) as
a colourless solid (47 mg, 46%, 0.2 mmol scale); Rf = 0.5

O (EtOAc:Hexane = 20:80); mp: 188-190 °C; IR (DCM): 3334, 1677,
o 1511, 1468, 1261 cm™; 'H NMR (400 MHz, CDCl3): dn 9.91 (1H, s),
N 8.83 (1H, d, J = 7.1 Hz), 8.69-8.68 (1H, m), 8.11 (1H, d, J = 8.3 Hz),
O cl " Ns | 7.64 (2H, d, J =7.6 Hz), 7.56-7.42 (9H, m), 7.39 (1H, dd, J. = 8.2 Hz,
5af J2 = 4.2 Hz), 7.30 (2H, d, J = 8.9 Hz); ®C{*H} NMR (~101 MHz,
CDCl3): oc 165.2, 148.2, 141.2, 139.4, 139.3, 138.5, 138.4, 136.3, 136.0, 134.1, 132.0, 131.8,
130.4, 129.2, 128.9, 128.7, 128.6, 127.9, 127.3, 126.9, 122.2, 121.7, 121.6, 116.9. HRMS
(ESI): m/z [M+H]" calcd for C2sH19BrCIN20: 513.0369 found, 513.0376.

4"-Bromo-3-methyl-N-(quinolin-8-yl)-[1,1':4',1"'-terphenyl]-2-carboxamide (5ag):
Br Following the general procedure B, 5ag was obtained after purification
O by column chromatography on silica gel (EtOAc:Hexane = 20:80) as
a colourless solid (72 mg, 73%, 0.2 mmol scale); Rf = 0.5

(EtOAcC:Hexane = 20:80); mp: 166-168 °C; IR (DCM): 3341, 3053,

O o 1673, 1522, 1266 cm™; 'H NMR (400 MHz, CDCls): 6n 9.76 (1H, s),
N% 8.85 (1H, d, J = 7.5 Hz), 8.63-8.62 (1H, m), 8.07 (1H, d, J = 8.2 Hz),

O MeH 7.65 (2H, d, J = 7.5 Hz), 7.54 (1H, t, J = 8.0 Hz), 7.49-7.39 (6H, m),

N~ |
g 7.37-7.32 (3H, m), 7.25 (2H, d, J = 7.8 Hz), 2.60 (3H, s); BC{ H}

5a
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NMR (~101 MHz, CDCls): éc 168.4, 148.0, 139.8, 139.5, 139.1, 138.8, 138.4, 136.8, 136.1,
136.0, 134.4,131.7,129.8,129.4, 129.3, 128.5, 127.8, 127.6, 127.3, 126.8, 121.9, 121.5, 121.5,
116.6, 19.9. HRMS (ESI): m/z [M+H]" calcd for C29H22BrN20: 493.0916 found, 493.0916.

4"-Bromo-4-methyl-N-(quinolin-8-yI)-[1,1":4",1"*-terphenyl]-2-carboxamide (5ah):
Following the general procedure B, The compound (5ah) was obtained

Br
O after purification by column chromatography on silica gel
(EtOAc:hexanes = 10:90) as a colourless solid (106 mg, 57%, 0.38
mmol scale); Rf = 0.5 (EtOAc:hexane = 10:90); mp: 208-210 °C; IR
O 0 (DCM): 3057, 1265, 727 cm™; *H NMR (400 MHz, CDCls): 6n 9.82
N% (1H, s), 8.82 (1H, d, J = 7.3 Hz), 8.44 (1H, dd, J1 = 4.1 Hz, J, = 1.4
SRRS
Me
h

Hz), 8.04 (1H, dd, J1 = 8.3 Hz, J, = 1.2 Hz), 7.75 (1H, s), 7.57-7.38

(11H, m), 7.28-7.21 (2H, m), 2.48 (3H, s); BC{*H} NMR (~101 MHz,

5a CDClg): dc 167.9, 147.7, 139.5, 139.3, 139.0, 138.4, 137.8, 136.8,

135.9,135.8,134.5,131.7,131.4,130.5, 129.9, 129.6, 128.5, 127.7,127.3, 126.9, 121.5, 121.4,

121.3, 116.3, 21.1; HRMS (ESI): m/z [M+H]" calcd for Ca9H22BrN2O: 493.0916; found:
493.0936.

4"-Bromo-N-(quinolin-8-yl)-[1,1':4',1"'-terphenyl]-2-carboxamide ~ (5ai):  Following
0 general procedure B, the compound 5ai was obtained after
N% purification by column chromatography on silica gel

O Nx | (EtOAc:hexane = 20:80) as a colourless solid (53 mg, 53%, 0.2
O mmol scale); Rs= 0.5 (EtOAc:hexane = 20:80); mp 151-153°C; IR

5ai O Br (DCM): 3321, 1671, 1525, 1265, 735 cm™; 'H NMR (400 MHz,
CDCl3): on 9.89 (1H, s), 8.85 (1H, dd, J1 = 7.6 Hz, J> = 1.1 Hz), 8.49 (1H, dd, J1 = 4.2 Hz, J»
=1.6 Hz), 8.08 (1H, dd, J1 =8.3 Hz, J> = 1.6 Hz), 7.98-7.96 (1H, m), 7.64-7.60 (3H, m), 7.57-
7.53 (3H, m), 7.52-7.47 (5H, m), 7.32-7.26 (3H, m); ¥C{*H} NMR (~101 MHz, CDCl3): dc
167.8, 147.8,139.7, 139.5, 139.4, 139.2, 138.4, 136.0, 134.5, 131.8, 130.7, 130.6, 129.6, 129.4,

128.6, 127.8,127.7, 127.3,127.0, 121.7, 121.5, 121.4, 116.4. HRMS (ESI): m/z [M+H]" calcd
for CogH20BrN-0O: 479.0759 found, 479.0756.
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(E)-3-([1,1'-Biphenyl]-4-yl)-3-phenyl-N-(quinolin-8-yl)acrylamide (5aj): Following the
general procedure B, 5aj was obtained after purification
by column chromatography on silica gel (EtOAc:Hexane
= 20:80) as a colourless solid (56 mg, 66%, 0.2 mmol

Nx scale); Rf = 0.5 (EtOAc:Hexane = 20:80); mp: 167-169
°C; IR (DCM): 3336, 1658, 1535, 1275, 765 cm™; *H

NMR (400 MHz, CDCls): 51 9.89 (1H, s), 8.86 (1H, d, J = 7.5 Hz), 8.49 (1H, d, J = 4.1 Hz),

8.08 (1H, d, J =8.2 Hz), 7.63 (2H, d, J = 7.8 Hz), 7.56-7.38 (14H, m), 7.30 (1H, dd, J; = 8.3

Hz, J2 = 4.2 Hz) 6.68 (1H, s); *C{*H } NMR (~101 MHz, CDCls): éc 164.7, 152.0, 147.8,

141.5,141.4,140.6, 138.4,137.3, 136.1, 134.6, 130.5, 129.2, 128.8, 128.5, 128.5, 127.8, 127.5,

127.4, 127.2, 127.1, 122.9, 121.4, 116.5. HRMS (ESI): m/z [M+H]" calcd for CaoH2sN.O:

427.1810 found, 427.1793.

(E)-3-(4'-Bromo-[1,1'-biphenyl]-4-yl)-3-phenyl-N-(quinolin-8-yl)acrylamide (5ak):
Following the general procedure B, 5ak was obtained
after purification by column chromatography on
silica gel (EtOAc:Hexane = 20:80) as a colourless

Nx solid (70 mg, 69%, 0.2 mmol scale); Rf = 0.5
(EtOAc:Hexane = 20:80); mp: 184-186 °C; IR

(DCM): 3329, 3047, 1665, 1524, 1264 cm™; 'H NMR (400 MHz, CDCls): 6n 9.87 (1H, s),

8.83 (1H, d, J=7.4 Hz), 8.50-8.49 (1H, m), 8.09 (1H, d, J = 8.2 Hz), 7.58-739 (15H, m), 7.32

(1H, dd, J1 = 8.2 Hz, J, = 4.1 Hz), 6.68 (1H, s); ¥*C{*H } NMR (~101 MHz, CDCls): dc 164.5,

152.0,147.8,141.4,140.1, 139.5, 138.3, 137.8, 136.1, 134.6, 131.9, 130.5, 129.3, 128.7, 128.5,

128.5,127.8,127.4,126.9, 122.8, 121.8, 121.5, 121.4, 116.5. HRMS (ESI): m/z [M+H]" calcd

for C3oH22BrN20O: 505.0916 found, 505.0896.

2-(3-Methyl-[1,1":4",1""-terphenyl]-2-yl)-N-(quinolin-8-yl)acetamide (5al): Following the
general procedure B, 5al was obtained after purification by column

O chromatography on silica gel (EtOAc:Hexane = 20:80) as a
colourless solid (78 mg, 91%, 0.2 mmol scale); Rf = 0.5

O NZ (EtOAc:Hexane = 20:80); mp: 149-151 °C; IR (DCM): 3343, 3051,
H(j/j 1682, 1524, 1476 cm™*; 'H NMR (400 MHz, CDCls): 6w 9.87 (1H,

O 12 s), 8.83-8.82 (1H, m), 8.67 (1H, d, J = 3.3 Hz), 8.14 (1H,d, J=8.2
5al

Hz), 7.64-7.53 (8H, m), 7.51-7.46 (2H, m), 7.44-7.28 (5H, m), 4.00
(2H, 5), 2.52 (3H, s); BC{*H}NMR (~101 MHz, CDCls): éc 169.7, 148.2, 143.3, 140.8, 140.7,

76



140.0, 138.5, 138.3, 136.2,134.5,131.1, 130.1, 129.8, 128.8, 128.4, 127.9, 127.4,127.3, 127 .1,
127.1, 121.6, 116.3, 40.2, 20.6. HRMS (ESI): m/z [M+H]" calcd for CzoH2sN20: 429.1967
found, 429.1951.

2-(3-Methoxy-[1,1":4",1""-terphenyl]-2-yl)-N-(quinolin-8-yl)acetamide (5am): Following
general procedure B, the compound 5am was obtained after

O purification by column chromatography on silica gel (EtOAc:hexane
= 20:80) as a colourless solid (85 mg, 96%, 0.2 mmol scale); Ri = 0.4

O NZ (EtOAc:hexane = 20:80); mp 193-195 °C; IR (DCM): 1682, 1530,
H\(j/) 1477, 1260, 756 cm™; *H NMR (400 MHz, CDCls): du 10.35 (1H,

O o s), 8.87 (1H, d, J = 7.6 Hz), 8.77- 8.76 (1H, m), 8.14 (1H, d, J = 8.2
5am Hz), 7.71-7.66 (4H, m), 7.62 (2H, d, J = 7.4 Hz), 7.58-7.55 (1H, m),
7.51-7.47 (3H, m), 7.44-7.37 (3H, m), 7.10 (1H, d, J = 7.7 Hz), 7.04 (1H, d, J =8.3 Hz), 4.01
(3H, s), 3.96 (2H, s); BC{*H} NMR (~101 MHz, CDCls): 6c 170.3, 157.9, 148.0, 144.2, 140.8,
140.1, 139.9, 138.6, 136.2, 135.0, 130.1, 128.8, 128.1, 128.0, 127.5, 127.3, 127.2, 127.0, 122.9,

121.7,121.5,121.3, 116.5, 109.5, 55.9, 37.4. HRMS (ESI): m/z [M+H]" calcd for CaoHasN202:
445.1916 found, 445.1901.

2-(4"-Bromo-4-chloro-[1,1':4',1"'-terphenyl]-2-yl)-N-(quinolin-8-yl)acetamide (5an):

Following general procedure B, the compound 5an was obtained

Br

O after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a colourless solid (85 mg, 81%, 0.2
O mmol scale); Rt = 0.4 (EtOAc:hexane = 20:80); mp: 178-180 °C; IR
L N7 | (DCM): 3339, 1685, 1532, 1265, 731 cm™; 'H NMR (400 MHz,
N\Kg CDCl3): 01 9.79 (1H, s), 8.74 (1H, d, J = 6.7 Hz), 8.68 (1H, d, J =
O O 4.0Hz),8.14 (1H, d, J=8.2 Hz), 7.59-7.52 (7TH, m), 7.47-7.39 (6H,

Cl 5an

m), 7.33 (1H, d, J = 8.2 Hz), 3.87 (2H, s); *C{"H} NMR (~101 MHz,
CDCl3): oc 168.8, 148.2, 140.6, 139.4, 139.4, 139.1, 138.3, 136.3, 134.3, 134.2, 133.8, 131.9,
131.6,130.8,129.8, 128.6, 127.9, 127.6, 127.4,127.0, 121.8, 121.7, 121.6, 116.4, 42.5. HRMS
(ESI): m/z [M+H]" calcd for C29H21BrCIN20: 527.0526 found, 527.0505.
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2-(4-Chloro-[1,1":4",1""-terphenyl]-2-y1)-N-(quinolin-8-yl)acetamide (5a0):

Following the general procedure B, 5ao0 was obtained after

O purification by column chromatography on silica gel

(EtOAc:hexanes = 20:80) as a colourless solid (72 mg, 80%, 0.2

O N7 mmol scale); Rs = 0.5 (EtOAc:hexane = 20:80); mp: 125-127 °C; IR

H\Ej/) (DCM): 3423, 1696, 1539,760 cm™*; *H NMR (400 MHz, CDCls):

O 0 Sn9.76 (1H, s), 8.71 (1H, dd, J1 = 7.1 Hz, J, = 1.4 Hz), 8.64 (1H, dd,
Cl

5ao

J1 = 4.1 Hz, J» = 1.4 Hz), 8.07 (1H, dd, J; = 8.3 Hz, J; = 1.3 H2),
7.59-7.22 (15H, m), 3.84 (2H, s); C{'H} NMR (=101 MHz,

CDCls): oc 168.8, 148.1, 140.7, 140.4, 140.3, 138.8, 138.2, 136.1, 134.2, 134.2, 133.6, 131.5,
130.6, 129.6, 128.7, 127.8, 127.5, 127.3,127.2, 127.1, 127.0, 121.6, 121.5, 116.3, 42.4; HRMS
(ESI): m/z [M+H]" calcd for C29H22CIN20: 449.1421; found: 449.1413.

2-(4,5-Dichloro-[1,1":4",1""-terphenyl]-2-yI)-N-(quinolin-8-yl)acetamide (5ap):

Following the general procedure B, 5ap was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes = 20:80) as a
colourless solid (240 mg, 66%, 0.75 mmol scale); Rf = 0.5
(EtOAc:hexane = 20:80); mp: 165-167 °C; IR (DCM): 3348, 3043,
1683, 1527, 729 cm; 'H NMR (400 MHz, CDCls): 6n 9.75 (1H, 3),
8.70 (1H, dd, J1 = 6.4 Hz, J, = 2.5 Hz), 8.66 (1H, dd, J1 = 4.2 Hz, J, =
1.5 Hz),8.12 (1H, dd, J1 = 8.3 Hz, J» = 1.5 Hz), 7.65 (1H, s), 7.60 (2H,
d, J = 8.1 Hz), 7.53-7.47 (5H, m), 7.43-7.37 (6H, m), 3.82 (2H, s);

13C{*H} NMR (~101 MHz, CDCls): 6c 168.5, 148.2, 142.2, 140.8, 140.3, 138.2, 138.0, 136.2,
134.1,132.7,132.5,131.8,131.7,131.2, 129.5, 128.8, 127.8, 127.5, 127.3, 127.3, 127.0, 121.8,
121.6, 116.4, 41.8; HRMS (ESI): m/z calcd for C29H21Cl2N20O: 483.1031; found: 483.1026.

2-(3-Bromo-[1,1":4",1""-terphenyl]-2-yl)-N-(quinolin-8-yl)acetamide (5aq): Following

general procedure B, the compound 5ag was obtained after
purification by column chromatography on silica gel (EtOAc:hexane
= 20:80) as a brown solid (300 mg, 61%, 1 mmol scale); Rt = 0.6

8.81-8.79 (1H, m), 8.70 (1H, dd, J1 = 4.2 Hz, J» = 1.6 Hz), 8.15 (1H,

O N7 (EtOAC:hexane = 20:80); mp: 138-140 °C; IR (DCM): 3342, 1686,
H
N\Ej/) 1525, 1265, 732 cm™; 'H NMR (400 MHz, CDCls): 61 9.87 (1H, s),
(L1
Br
5aq

dd, J1 = 8.3 Hz, J» = 1.6 Hz), 7.71 (1H, dd, J; = 8.0 Hz, J» = 1.3 Hz),

7.62-7.56 (5H, m), 7.54-7.50 (3H, m), 7.46-7.41 (3H, m), 7.39-7.29 (3H, m), 4.11 (2H, s);
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13C{*H } NMR (~101 MHz, CDCls): c 168.4, 148.1, 145.1, 140.5, 140.4, 139.8, 138.3, 136.2,
134.4,132.7,132.3,129.5,129.5,128.8, 128.6, 127.9, 127.4, 127.1, 127.0, 126.9, 121.5, 121.5,
116.3, 43.1. HRMS (ESI): m/z [M+H]" calcd for C29H22BrN20: 493.0916 found, 493.0917.

N-((3-Chloro-[1,1":4",1""-terphenyl]-2-yl)methyl)picolinamide (5ar): Following general

O procedure B, the compound 5ar was obtained after purification by column
chromatography on silica gel (EtOAc:hexane = 20:80) as a brown coloured
O | Xy solid (71 mg, 89%, 0.2 mmol scale); Rs = 0.6 (EtOAc:hexane = 20:80); mp:
'\% 143-145 °C; IR (DCM): 3389, 1675, 1513, 1268, 723 cm™; *H NMR (400
(CLF e
H
Cl
11

MHz, CDCls): on 8.55-8.53 (1H, m), 8.25-8.20 (2H, m), 7.84 (1H, td, J; =

7.7 Hz, J2 = 1.7 Hz), 7.68-7.65 (4H, m), 7.50-7.34 (8H, m), 7.31-7.28 (1H,

m), 4.78 (2H, d, J = 5.2 Hz): BC{H} NMR (~101 MHz, CDCls): éc 163.6,
149.8,148.1, 144.8, 140.5, 139.0, 137.3, 136.0, 132.8, 129.5, 129.1, 129.1, 128.8, 128.8, 1274,
127.1,126.1, 122.2, 39.7; HRMS (ESI): m/z [M+H]"* calcd for CosH20CIN2O: 399.1264 found,
399.1273.

4,4"-Dimethoxy-5'-phenyl-N-(quinolin-8-yl)-[1,1":3",1"'-terphenyl]-2'-carboxamide (6a):
OMe Following the general procedure B, 6a was obtained after

O purification by column  chromatography on silica gel

0 (EtOAc:Hexane = 20:80) as colourless solid (85 mg, 80%, 0.2

O N | mmol scale); R = 0.3 (EtOAc:Hexane = 20:80); mp: 170-172
AN °C; IR (DCM): 3343, 1674, 1517, 1248, 743 cm; 'H NMR

O O OoMe (400 MHz, CDCls): on 9.75 (1H, s), 8.66-8.62 (2H, m), 8.07
6a (1H,d,J =8.2 Hz), 7.74 (2H, d, J = 7.6 Hz), 7.70 (2H, s), 7.59

(4H, d, J = 7.7 Hz), 7.54-7.44 (5H, m), 7.36 (1H, dd, J1 = 7.2 Hz, J, = 4.1 Hz), 6.85 (4H, d, J
= 7.8 Hz), 3.70 (6H, s). *C{*H} NMR (~101 MHz, CDCls): éc 167.9, 159.0, 147.8, 142.1,
140.7,140.2,138.3, 136.0, 134.9, 134.4, 132.8, 129.8, 128.9, 127.9, 127.8, 127.7, 127.3, 127.2,
1215, 121.4, 116.4, 113.7, 55.1. HRMS (ESI): m/z [M+H]" calcd for C3sH29N203: 537.2178

found, 537.2187.
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N-(Quinolin-8-yI)-[1,1":3",1"":4™,1"""-quaterphenyl]-2'-carboxamide  (6b):  Following
general procedure B, the compound 6b was obtained after purification
by column chromatography on silica gel (EtOAc:hexane = 20:80) as a
colourless solid (68 mg, 72%, 0.2 mmol scale); Rs = 0.5 (EtOAc:hexane
= 20:80); mp 198-200 °C; IR (DCM): 3339, 1676, 1522, 1261, 760 cm"
1 'H NMR (400 MHz, CDCls): 51 9.66 (1H, s), 8.56-8.52 (2H, m),
8.03 (1H, dd, J1 = 8.3 Hz, J> = 1.5 HZz), 7.63-7.37 (12H, m), 7.35-7.24
(7H, m), 7.16 (1H, t, J = 7.3 Hz); ®C{*H }NMR (~101 MHz, CDCls): éc 167.6, 147.8, 140.7,
140.7,140.4, 140.2, 140.1, 139.4, 138.3, 136.1, 136.0, 134.3, 129.5, 129.5, 129.4, 129.2, 128.7,
128.6,128.3,127.7,127.4,127.2,127.0, 127.0, 121.6, 121.4, 116.5. HRMS (ESI): m/z [M+H]*
calcd for CasH2sN2O: 477.1967 found, 477.1948.

4""-(Tert-butyl)-N-(quinolin-8-yI)-[1,1":3",1"":4" 1"""-quaterphenyl]-2'-carboxamide (6c¢):
Following general procedure B, the compound 6¢ was obtained
after purification by column chromatography on silica gel
(EtOAcC:hexane = 20:80) as a brown solid (63 mg, 59%, 0.2 mmol
scale); Rt = 0.5 (EtOAc:hexane = 20:80); mp: 222-224 °C; IR
(DCM): 3339, 1675, 1518, 1263, 739 cm™; 'H NMR (400 MHz,
CDClg): 0n 9.69 (1H, s), 8.59 (1H, dd, J1 = 4.2 Hz, J> = 1.6 H2z),
8.56-8.54 (1H, m), 8.05 (1H, dd, J1 = 8.3 Hz, J. = 1.6 Hz), 7.64—
7.54 (6H, m), 7.51-7.46 (3H, m), 7.44-7.41 (6H, m), 7.34 (1H, dd, J1 = 8.3 Hz, J> = 4.2 H2),
7.30-7.27 (2H, m), 7.19 (1H, t, J = 7.4 Hz), 1.35 (9H, s); *C{*H }NMR (~101 MHz, CDCls):
oc 167.6, 150.2, 147.8, 140.7, 140.4, 140.2, 140.0, 139.1, 138.3, 137.8, 136.1, 136.0, 134.3,
129.5,129.4,129.1,128.7,128.3,127.7,127.4,127.2,126.9, 126.7, 125.6, 121.6, 121.4, 116.5,
34.5, 31.4. HRMS (ESI): m/z [M+H]" calcd for C3sH33N20: 533.2593 found, 533.2567.

4"'-Bromo-N-(quinolin-8-yl)-[1,1':3",1"":4" 1"""-quaterphenyl]-2'-carboxamide (6d):
Following general procedure B, the compound 6d was obtained
after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a brown solid (76 mg, 68%, 0.2 mmol
scale); Rt = 0.5 (EtOAc:hexane = 20:80); mp: 165-167 °C; IR
(DCM): 3371, 1676, 1505, 1267, 739 cm™; 'H NMR (400 MHz,
CDCls): 61 9.68 (1H, s), 8.58 (1H, dd, J1 = 4.2 Hz, J, = 1.6 Hz),
8.55 (1H, dd, J1 =5.8 Hz, J> = 3.2 Hz), 8.06 (1H, dd, J1 = 8.3 Hz, J> = 1.6 HZz), 7.65-7.57 (5H,
m), 7.54-7.43 (8H, m), 7.36-7.26 (5H, m), 7.18 (1H, t, J = 7.4 Hz); °C{*H } NMR (~101
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MHz, CDClg): éc 167.5, 147.8, 140.7, 140.3, 140.0, 139.8, 139.6, 138.9, 138.3, 136.1, 136.0,
134.3,131.7,129.6, 129.5, 129.4, 129.3, 128.7, 128.6, 128.2, 127.6, 127.4,127.2, 126.8, 121.6,
1215, 121.4, 116.5; HRMS (ESI): m/z [M+H]" calcd for CssH24BrN20O: 555.1072 found,
555.1080.

4-Methyl-N-(quinolin-8-yl)-[1,1":3",1"":4""1"""-quaterphenyl]-2'-carboxamide (6e):
Following the general procedure, the compound 6e was obtained after
purification by column chromatography on silica gel (EtOAc:hexane =
20:80) as a brown colour solid (83 mg, 85%, 0.2 mmol scale); R = 0.5
(EtOAc:hexane = 20:80); mp: 180-182 °C; IR (DCM): 3341, 1676,
1521, 1263, 736 cm™*; 'H NMR (400 MHz, CDCla): 61 9.77 (1H, s),
8.66-8.60 (2H, m), 8.03 (1H, d, J = 8.2 Hz), 7.70 (2H, d, J = 7.9 Hz),
7.63 (1H,t,J =75 Hz), 7.57-7.31 (14H, m), 7.14 (2H, d, J = 7.6 Hz),
2.27 (3H, s); ¥ C{*H}- NMR (~101 MHz, CDCls): éc 167.7, 147.8, 140.6, 140.5, 140.0, 140.0,
139.4,138.3,137.4, 137.0, 136.0, 135.9, 134.3, 129.5, 129.4, 129.2, 129.1, 129.0, 128.6, 128.5,
127.6, 127.1, 127.0, 126.9, 121.5, 121.3, 116.5, 21.1; HRMS (ESI): m/z [M+H]* calcd for
CssH27N20 : 491.2123 found, 491.2105.

4"'-Bromo-4-methyl-N-(quinolin-8-yl)-[1,1":3",1"":4" 1"""-quaterphenyl]-2'-carboxamide
(6f): Following general procedure B, the compound 6f was obtained after purification by
column chromatography on silica gel (EtOAc:hexane = 20:80) as a
yellow solid (75 mg, 67%, 0.2 mmol scale); Rt = 0.5
(EtOAc:hexane = 20:80); mp 202-204 °C; IR (DCM): 3348, 1681,
1507, 1266, 728 cm™; *H NMR (400 MHz, CDCls3): 6w 9.68 (1H,
s), 8.59-8.56 (2H, m), 8.06 (1H, d, J = 8.2 Hz), 7.64-7.85 (3H, m),
7.51-7.42 (10H, m), 7.35-7.28 (3H, m), 7.09 (2H, d, J = 7.7 Hz),
By 224 (3H, s); BC{*H }NMR (~101 MHz, CDCls): éc 167.7, 147.8,
140.7,139.9, 139.9, 139.5, 138.8, 138.3, 137.4, 137.1, 136.0, 135.9, 134.3, 131.7, 129.7, 129.4,
129.3,129.1, 129.0, 128.5, 127.6, 127.2, 126.7, 121.6, 121.4, 121.3, 116.5, 21.1; HRMS (ESI):
m/z [M+H]" calcd for C3sH26BrN20O: 569.1229 found, 569.1225.

4"'-(Tert-butyl)-4-methyl-N-(quinolin-8-yl)-[1,1":3",1"":4"" | 1"""-quaterphenyl]-2'-

carboxamide (6g): Following general procedure B, the compound 6g was obtained after
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purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a yellow solid (95 mg, 87%, 0.2
mmol scale); Rs= 0.6 (EtOAc:hexane = 20:80); mp 194-196 °C;
IR (DCM): 3339, 1675, 1510, 1264, 725 cm™; *H NMR (400
MHz, CDCls): 61 9.66 (1H, s), 8.57-8.53 (2H, m), 8.03 (1H,
dd, J1 =8.2 Hz, J» = 1.3 Hz), 7.61-7.55 (3H, m), 7.50-7.39 (8H,
m), 7.37 (4H, s), 7.32 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.07
(2H, d, J = 8.0 Hz), 2.22 (3H, s), 1.32 (9H, s); BC{*H } NMR
(~101 MHz, CDCls): ¢ 167.7, 150.1, 147.8, 140.6, 140.1, 139.9, 139.1, 138.3, 137.7, 137.5,
137.0, 136.0, 135.9, 134.3,129.5, 129.3, 129.2, 129.0, 129.0, 128.5, 127.6, 127.2, 126.8, 126.6,
125.6, 121.5, 121.3, 116.5, 34.5, 31.3, 21.1; HRMS (ESI): m/z [M+H]* calcd for CagHasN2O:
547.2749 found, 547.2769.

4""-(Hexyloxy)-4-methyl-N-(quinolin-8-yl)-[1,1':3",1"":4"",1"*"-quaterphenyl]-2'-

carboxamide (6h): Following general procedure B, the compound 6h was obtained after
purification by column chromatography on silica
gel (EtOAc:hexane = 20:80) as a yellow coloured
solid (48 mg, 54%, 0.15 mmol scale); Rs = 0.5
(EtOAc:hexane = 20:80); IR (DCM): 3347, 1670,
1491, 1266, 741 cm?; 'H NMR (400 MHz,
CDCl3): 61 9.71 (1H, s), 8.61-8.58 (2H, m), 8.04
(1H, dd, J1 = 8.3 Hz, J> = 1.6 Hz), 7.64-7.58 (3H,
m), 7.54-7.41 (8H, m), 7.39-7.37 (2H, m), 7.33
(1H, dd, J1 = 8.2 Hz, J = 4.2 Hz), 7.11 (2H, d, J = 7.9 Hz), 6.91 (2H, dt, J1 = 8.8 Hz, J, = 1.9
Hz), 3.99 (2H, t, J = 6.6 Hz), 2.25 (3H, s), 1.83-1.79 (2H, m), 1.51-1.48 (2H, m), 1.39-1.31
(4H, m), 0.96-0.93 (3H, m); *C{*H }NMR (~101 MHz, CDCls): §c 167.8, 158.7, 147.8, 140.7,
140.2,139.8, 138.7, 138.4, 137.5, 137.1, 136.0, 136.0, 134.4, 132.9, 129.5, 129.4, 129.2, 129.1,
129.0, 128.6, 128.0, 127.7, 127.2, 126.5, 121.5, 121.3, 116.5, 114.6, 68.1, 31.6, 29.3, 25.8,
22.7,21.1, 14.1. HRMS (ESI): m/z [M+H]" calcd for Ca1H39N20-: 591.3012 found, 591.3019.

4""-(Hexyloxy)-N-(quinolin-8-yl)-4-(trifluoromethyl)-[1,1':3",1"":4",1"""-quaterphenyl]-
2'-carboxamide (6i): Following general procedure B, the compound 6i was obtained after
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purification by column chromatography on silica
gel (EtOAc:hexane = 20:80) as a yellow solid (74
mg, 76%, 0.15 mmol scale); R = 04
(EtOAc:hexane = 20:80); mp: 180-182 °C; IR
(DCM): 3344, 1679, 1513, 1327, 1254 cm™; H
NMR (400 MHz, CDCls): on 9.69 (1H, s), 8.57—

0" e 853 (2H, m), 8.06 (1H, dd, J1 = 8.3 Hz, J2 = 1.6

Hz), 7.70 (2H, d, J = 8.0 Hz), 7.66-7.59 (4H, m),

7.54 (2H, d, J = 8.2 Hz), 7.49-7.45 (5H, m), 7.38 (2H, dt, J1 = 8.8 Hz, J, = 2.0 Hz ), 7.33 (1H,
dd, Ji = 8.3 Hz, J2 = 4.2 Hz), 6.92 (2H, dt, J1 = 8.8 Hz, J = 2.0 Hz ), 3.99 (2H, t, J = 6.6 H2),
1.83-1.79 (2H, m), 1.51-1.47 (2H, m), 1.39-1.35 (4H, m), 0.94 (3H, t, J = 7.0 Hz); 3C{*H }
NMR (~101 MHz, CDCls): oc 167.2, 158.7, 147.9, 144.1, 140.5, 140.0, 139.3, 138.3, 136.1,
136.0, 134.0, 132.8, 130.2, 129.7, 129.6, 129.3, 129.1, 129.1, 128.0, 127.7, 127.2, 126.7 (q, Jc.
F = 270.2 Hz), 126.6, 125.2 (0, J c.r = 3.6 Hz), 121.9, 121.4, 116.6, 114.7, 68.1, 31.6, 29.3,
25.8, 22.6, 14.1. HRMS (ESI): m/z [M+H]" calcd for CaiHssFsN2O2: 645.2729 found,

645.2754.
4-Methyl-N-(quinolin-8-yl)-[1,1":3",1"":3"",1"""-quaterphenyl]-2'-carboxamide (6j):
Me Following general procedure B, the compound 6j was obtained after

IO
N
‘N\

e

purification by column chromatography on silica gel (EtOAc:hexane =
20:80) as a yellow solid (94 mg, 96%, 0.2 mmol scale);Rs = 0.5
(EtOAc:hexane = 20:80); mp 185-187 °C; IR (DCM): 3329, 1680,
1511, 1265, 726 cm™; 'H NMR (400 MHz, CDCls): 61 9.75 (1H, s),
8.62-8.60 (1H, m), 8.54 (1H, dd, J1. = 4.2 Hz, J> = 1.4 Hz), 8.06-8.04
(1H, m), 7.84 (1H, s), 7.61-7.59 (1H, m), 7.55-7.50 (5H, m), 7.43 -
7.27 (10H, m), 7.13 (2H, d, J = 7.9 Hz), 2.27 (3H, s); B*C{*H} NMR

(~101 MHz, CDCls): ¢ 167.8, 147.9, 141.0, 140.9, 140.9, 140.7, 140.4, 138.3, 137.5, 137.1,
136.3,136.0,134.3,129.6, 129.4,129.1, 129.1, 128.7, 128.6, 128.5, 127.7, 127.7, 127.6, 127 .2,
127.1, 126.1, 1215, 121.4, 116.5, 21.2.; HRMS (ESI): m/z [M+H]" calcd for C3sH27N20:
491.2123 found, 491.2101.
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N-(Quinolin-8-yI)-[1,1":3",1"*:3",1"""-quaterphenyl]-2'-carboxamide  (6k):  Following
general procedure B, the compound 6k was obtained after purification

O o by column chromatography on silica gel (EtOAc:hexane = 20:80) as a
N colourless solid (82 mg, 86%, 0.2 mmol scale); Rs = 0.5 (EtOAc:hexane

O AN | = 20:80); mp 131-133 °C; IR (DCM): 3343, 1676, 1521, 1261, 750 cm"
O 1 IH NMR (400 MHz, CDCls): 61 9.78 (1H, s), 8.63 (1H, d, J = 6.6

Hz), 8.55 (1H, dd, J1 = 4.2 Hz, J> = 1.5 Hz), 8.04 (1H, dd, J1 = 8.3 Hz,

O J>=15Hz),7.88 (1H,s), 7.65-7.62 (3H, m), 7.59-7.53 (3H, m), 7.47—

7.40 (5H, m), 7.37-7.23 (8H, m); 3C{*H } NMR (~101 MHz, CDCls): Jc 167.6, 147.9, 141.0,
140.8, 140.6, 140.4, 140.4, 138.2, 136.3, 135.9, 134.2, 129.6, 129.4, 129.3, 128.7, 128.5, 128.2,
127.7,127.6,127.5,127.4,127.1,127.1,126.1, 121.5, 121.3, 116.4; HRMS (ESI): m/z [M+H]*

calcd for CasH2sN20: 477.1967 found, 477.1947.

6k

4-1sopropoxy-N-(quinolin-8-yl)-[1,1":4",1"":4" 1" "-quaterphenyl]-2*'-carboxamide  (6l):

o Following general procedure B, the compound 61 was

O ”% obtained after purification by column chromatography
Nx on silica gel (EtOAc:hexane = 20:80) as a yellow solid

O (40 mg, 75%, 0.1 mmol scale); Rt = 0.4 (EtOAc:hexane

6l O o = 20:80); mp: 194-196 °C; IR (DCM): 3334, 1674,

1512,1264, 726 cm™’; 'H NMR (400 MHz, CDCls): o1 9.95 (1H, s), 8.89 (1H, dd, J1 = 7.6 Hz,
J2=1.0 Hz), 8.49 (1H, dd, J1 = 4.2 Hz, J> = 1.6 Hz), 8.22 (1H, d, J = 1.8 Hz), 8.07 (1H, dd, J1
=8.2 Hz, J, =15 Hz), 7.84 (1H, dd, J1 = 8.0 Hz, J> = 2.0 Hz), 7.77-7.75 (2H, m), 7.66-7.63
(3H, m), 7.59-7.48 (6H, m), 7.45-7.41 (1H, m), 7.35 (2H, d, J = 8.7 Hz), 7.33-7.28 (1H, m),
6.91 (2H, d, J = 8.7 Hz), 4.62-4.56 (1H, m), 1.38 (6H, d, J = 6.1 Hz); C{*H} NMR (~101
MHz, CDClg): éc 167.9, 157.5, 147.8, 140.5, 140.3, 139.9, 138.8, 138.5, 137.8, 136.4, 136.0,
134.6,132.9,131.2,129.5,129.1, 129.0, 128.1, 127.8, 127.7, 127.3, 127.2, 126.8, 121.7, 121.4,
116.4, 115.9, 69.9, 22.1; HRMS (ESI): m/z [M+H]" calcd for C37H3:N20,: 535.2386 found,
535.2386.
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N-(Quinolin-8-yI)-[1,1":3",1"":4™ 1"""-quaterphenyl]-2'-carboxamide  (6m): Following
o general procedure B, the compound 6m was obtained after

O N purification by column chromatography on silica gel
O AN | (EtOAc:hexane = 20:80) as a brown solid (71 mg, 74%, 0.2
O mmol scale); Rf = 0.5 (EtOAc:hexane = 20:80); mp 130-132 °C;
IR (DCM): 1670, 1527, 1479, 1329, 757 cm™’; *H NMR (400
O MHz, CCls): o1 9.92 (1H, s), 8.89 (1H, d, J = 7.6 Hz), 8.41 (1H,
dd, J1 = 4.2 Hz, J» = 1.4 Hz), 8.22 (1H, d, J = 1.2 Hz), 8.07 (1H, dd, J1 = 8.2 Hz, J> = 1.5 Hz),
7.86-7.84 (2H, m), 7.75 (2H, d, J = 7.8 Hz), 7.66 (1H, d, J = 8.0 Hz),7.57-7.29 (14H,
m);3C{*H } NMR (~101 MHz, CDCls): éc 167.8, 147.9, 141.5, 140.9, 140.7, 140.1, 139.9,
138.9,138.4,136.7,136.0,134.5,131.2,129.1, 129.0, 128.9, 128.7, 128.0, 128.0, 127.9, 127.8,
127.7,127.3,127.3,127.2,127.2, 126.5, 121.7, 121.4, 116.3; HRMS (ESI): m/z [M+H]" calcd

for CasH2s5N20: 477.1967 found, 477.1964.

6m

Bromo-N-(quinolin-8-yl)-[1,1":4",1"":4" 1"""-quaterphenyl]-2''-carboxamide (6n):
Following general procedure B, the compound 6n was
obtained after purification by column chromatography on
silica gel (EtOAc:hexane = 20:80) as a brown solid (39 mg,
71%, 0.2 mmol scale); Rf = 0.5 (EtOAc:hexane = 20:80);

g Mp 163-165 °C; IR (DCM): 3324, 1666, 1530, 1266, 736

cm™t; *H NMR (400 MHz, CDCls): 61 9.95 (1H, s), 8.87 (1H, d, J = 7.5 Hz), 8.49 (1H, dd, J;

=4.1,J,=12Hz),8.20 (1H, d, J = 1.3 Hz), 8.10-8.08 (1H, m), 7.85 (1H, dd, J1 = 8.0 Hz, J> =

1.7 Hz), 7.75 (2H, d, J = 7.4 Hz), 7.67-7.63 (3H, m), 7.59-7.49 (8H, m), 7.45-7.41 (1H, m),

7.32-7.27 (3H, m); 3C{*H } NMR (~101 MHz, CDCls): ¢ 167.8, 147.8, 140.8, 139.8, 139.5,

139.3,139.0, 138.5, 138.5, 136.5, 136.0, 134.5, 131.8, 131.2, 129.6, 129.2, 129.0, 128.6, 128.0,

127.9,127.8,127.3,127.2,127.0, 121.7, 121.6, 121.4, 116.5; HRMS (ESI): m/z [M+H]" calcd

for CasH24BrN20: 555.1072 found, 555.1070.

2-([1,1°-Biphenyl]-4-yl)-N-(quinoline-8-yl)-1-naphthamide  (60): Following general
procedure B, the compound 60 was obtained after purification by
column chromatography on silica gel (EtOAc:hexane = 20:80) as a
colourless solid (36 mg, 80%, 0.1 mmol scale); Rf = 0.4
(EtOAc:hexane = 20:80); mp: 211-213 °C; IR (DCM): 3337, 1672,
1522, 1328, 757 cm; *H NMR (400 MHz, CDCls): 61 9.93 (1H, s),
8.98 (1H, d, J=7.6 Hz), 8.56 (1H, dd, J1 =4.1 Hz, J, = 1.1 Hz), 8.29 (1H, d, J = 7.6 Hz), 8.09—
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8.05 (2H, m), 7.99- 7.97 (1H, m), 7.77 (2H, d, J = 7.8 Hz), 7.70 (1H, d, J = 8.5 Hz), 7.62— 7.50
(6H, m), 7.44 (2H, d, J = 7.2 Hz), 7.40-7.36 (3H, m), 7.34-7.28 (1H, m); 23C{'H } NMR (~101
MHz, CDCls): oc 168.0, 148.0, 140.4, 140.2, 139.2, 138.4, 136.5, 136.0, 134.5, 133.7, 132.6,
130.6, 129.8, 129.4, 128.6, 128.1, 127.8, 127.7, 127.5, 127.2, 127.2, 127.1, 126.9, 126.5, 125.6,
121.9, 121.4, 116.7; HRMS (ESI): m/z [M+H]* calcd for Ca2H2sN20: 451.1810 found, 451.
1808.

5”°-Propoxy-N-(quinoline-8-yI)-[1,1:4°,1°°:3°°,1°°°:4°>°,1°**’-quinquephenyl]-2°’-
carboxamide (12a): Following general procedure B, the compound 12a was obtained after
purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a brown coloured solid (92 mg,
76%, 0.2 mmol scale); R = 0.4 (EtOAc:hexane = 20:80); mp
210-212 °C; IR (DCM): 3343, 1673, 1521, 1479, 1261 cm™™;
'H NMR (400 MHz, CDCls): 61 9.69 (1H, s), 8.58-8.55 (2H,
m), 8.02 (1H, dd, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.66 (4H, d, J =
8.2 Hz), 7.51 (4H, d, J = 8.2 Hz), 7.47-7.45 (5H, m), 7.42—
7.37 (5H, m), 7.33-7.27 (3H, m), 7.08 (2H, s), 4.11 (2H, t, J
=6.5Hz), 1.95-1.89 (2H, m), 1.12 (3H, t, J = 7.4 Hz); 3C{*H } NMR (~101 MHz, CDCls): 5c
167.7,159.4,147.7,142.1, 140.7, 140.2, 139.6, 138.3, 135.9, 134.5, 129.0, 129.0, 128.6, 127.6,
127.2, 127.2, 127.0, 127.0, 121.4, 121.3, 116.4, 115.4, 69.9, 22.6, 10.6; HRMS (ESI): m/z
[M+H]* calcd for Ca3HssN202: 611.2699 found, 611.2674.

5°’-Chloro-N-(quinoline-8-yl)-[1,1°:4°,1°°:3°°,1°"*:4°>°,1°>*>-quinquephenyl]-2°’-
carboxamide (12b): Following general procedure B, the compound 12b was obtained after
purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a colourless solid (52 mg, 45%, 0.2
mmol scale); R = 0.4 (EtOAc:hexane = 20:80); mp 192-194 °C; IR
(DCM): 3335, 1679, 1524, 1269, 753 cm™*; *H NMR (400 MHz,
CDClz): 01 9.72 (1H, s), 8.56-8.54 (2H, m), 8.04 (1H, dd, J. = 8.3
Hz, J>=1.6 Hz), 7.65 (4H, d, J =8.2 Hz), 7.56-7.51 (6H, m), 7.47—
7.43 (6H, m), 7.42-7.37 (4H, m), 7.34-7.30 (3H, m); 3C{'H }
NMR (~101 MHz, CDClz3): oc 166.7, 147.9, 142.1, 140.7, 140.4,
138.3,138.1,136.0, 135.1, 134.5, 134.1, 129.2, 129.0, 128.7, 127.7, 127.4,127.2, 127.1, 127.0,
121.8, 121.4, 116.6; HRMS (ESI): m/z [M+H]" calcd for CaoH2sCIN2O: 587.1890 found,
587.1872.
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5°°-Methyl-N-(quinoline-8-yI)-[1,1:4°,1°°:3°,1°>°:4°"°,1°>*’-quinquephenyl]-2°°-
carboxamide (12c): Following general procedure B, the compound 12c was obtained after
purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a colourless solid (81 mg, 72%, 0.2
mmol scale); Rt = 0.4 (EtOAc:hexane = 20:80); mp 126-128 °C;
IR (DCM): 3342, 3047, 1681, 1511, 1483, 755 cm™*; 'H NMR
(400 MHz, CDCl3): 0 9.71 (1H, s), 8.59 -8.56 (2H, m), 8.03 (1H,
dd, J; = 8.3 Hz, J» = 1.6 Hz), 7.66-7.64 (4H, m), 7.52-7.49 (3H,
m), 7.47-7.45 (4H, m), 7.42-7.37 (8H, m), 7.33-7.28 (4H, m),
2.55 (3H, s); *C{*H} NMR (~101 MHz, CDCls): ¢ 167.9, 147.8,
140.7,140.3, 140.1, 139.6, 139.4, 138.4, 136.0, 134.4, 133.5, 130.2, 129.1, 128.6, 127.7, 127.2,
127.0,127.0,127.0, 121.5, 121.3, 116.5, 21.5; HRMS (ESI): m/z [M+H]* calcd for C1H31N2O:
567.2436 found, 567.2442.

5°’-Methyl-N-(quinoline-8-yl)-[1,1°:3°,1°:3°°,1°°":3*"*,1°">*-quinquephenyl]-2°-
carboxamide (12d): Following general procedure B, the compound 12d was obtained after
purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a colourless solid (83 mg, 74%, 0.2
mmol scale); Rf = 0.4 (EtOAc:hexane = 20:80); mp 182-184 °C;
IR (DCM): 3069, 1691, 1505, 1267 cm™; *H NMR (400 MHz,
DMSO-ds): on 10.00 (1H, s), 8.66-8.65 (1H, m), 8.34-8.31
(2H, m), 7.81 (2H, s), 7.60 (1H, dd, J1 = 8.3 Hz, J, = 1.0 Hz),
7.54-7.39 (14H, m), 7.27-7.24 (6H, m), 2.51 (3H, s); *°C{*H }
NMR (~101 MHz, CDCls): oc 167.9, 147.9, 141.0, 140.9,
140.9, 140.5,139.4, 138.2, 135.9, 134.3, 133.8, 130.2, 128.7, 128.5, 127.7,127.6, 127.6, 127.2,
127.1, 126.1, 121.5, 121.3, 116.4, 21.4; HRMS (ESI): m/z [M+H]" calcd for C41H31N20:
567.2436 found, 567.2441.
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2-(5”’-Methoxy-[1,1°:4°,1>°:3°°,1°:4°>°,1”°>’-quinquephenyl]-2°’-yl)-N-(quinoline-8-
ylacetamide (12e): Following general procedure B, the compound 12e was obtained after
purification by column chromatography on silica gel
(EtOAcC:hexane = 20:80) as a yellow coloured solid (108 mg,
91%, 0.2 mmol scale); R = 0.4 (EtOAc:hexane = 20:80); mp
188-190 °C; IR (DCM): 3341, 3049, 1682, 1515, 1265 cm™™;
!H NMR (400 MHz, CDCls): 61 9.43 (1H, s), 8.62 (1H, d, J
= 5.6 Hz), 8.59 (1H, dd, J; = 4.4 Hz, J, = 1.6 Hz), 8.17 (1H,
dd, J1: =8.2 Hz, J, = 1.1 Hz), 7.61-7.57 (8H, m), 7.55-7.48
(6H, m), 7.43-7.39 (4H, m), 7.37 — 7.32 (3H, m), 7.03 (2H,
s), 3.93 (3H, s), 3.89 (2H, s); BC{*H } NMR (~101 MHz, CDCls): éc 170.8, 158.0, 147.4,
144.7,140.6, 140.5, 140.0, 137.2, 133.8, 129.6, 128.7, 128.0, 127.7, 127.2, 126.9, 123.0, 121.7,
121.4, 117.5, 115.2, 55.5, 39.6; HRMS (ESI): m/z [M+H]" calcd for C42H33N202: 597.2542
found, 597.2541.

N-([1,1°:4°,1°°:3°°,1°°:4°>°,1°>>-Quinquephenyl]-2°’-yImethyl)picolinamide (12f):
Following the general procedure B, 12f was obtained after purification
by column chromatography on silica gel (EtOAc:Hexane = 20:80) as
a colourless solid (42 mg, 41%, 0.2 mmol scale); Rf = 0.6
(EtOAc:Hexane = 20:80); mp: 187-189 °C; IR (DCM): 3398, 3036,
1678, 1514, 760 cm™; 'H NMR (400 MHz, CDCls): 6+ 8.44-8.43 (1H,
m), 7.98 (1H, d, J=7.8 Hz), 7.89 (1H, br. S), 7.73 (1H, td, J1 = 7.7 Hz,
J2 = 1.7 Hz), 7.62-7.60 (8H, m), 7.52-7.44 (9H, m), 7.41-7.35 (5H,
m), 4.66 (2H, d, J = 5.0 Hz); 3C{*H } NMR (~101 MHz, CDCls): dc
163.0, 149.7,147.8, 143.4,140.8, 140.2, 140.1, 137.1, 132.8, 129.9, 129.5, 128.7, 127.5, 127.3,
127.1, 127.0, 125.8, 121.9, 39.6; HRMS (ESI): m/z [M+H]" calcd for Ca7H29N20O: 517.2280
found, 517.2268.
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5°-(4-Hexylphenyl)-N-(quinoline-8-yl)-[1,1°:4°,1°:3"°,1"°":4°"*,1>*>’-quinquephenyl]-2°’-
carboxamide (13a): Following the general procedure B, 13a was obtained after purification
by column chromatography on silica gel (EtOAc:Hexane = 20:80) as a brown solid (114 mg,
80%, 0.2 mmol scale); Rt = 0.5 (EtOAc:Hexane = 20:80); mp: 165-167 °C; IR (DCM): 3343,
1680, 1511, 1262, 747 cm™; *H NMR (400
MHz, CDCIs): on 9.78 (1H, s), 8.61-8.57
(2H, m), 8.03 (1H, dd, J1 = 8.2 Hz, J. = 1.2
Hz), 7.78 (2H, s), 7.72-7.66 (6H, m), 7.53
(4H, d, J = 8.2 Hz), 7.48-7.42 (6H, m), 7.41-
7.37 (4H, m), 7.35-7.29 (5H, m), 2.71 (2H, t,
J =76 Hz), 1.73-1.66 (2H, m), 1.45-1.28
(6H, m), 0.93 (3H, t, J = 7.0 Hz); *C{*H}
NMR (~101 MHz, CDCls): oc 167.8, 147.9, 143.1, 142.4, 140.9, 140.7, 140.3, 139.6, 138.4,
137.4,136.0,134.7,134.4,129.3,129.2,128.7,128.2,127.7,127.3,127.2,127.1, 127.1, 121.7,
121.5,116.7, 35.8,31.9, 31.6, 29.2, 22.8, 14.3; HRMS (ESI): m/z [M+H]" calcd for Cs2HasN20:
713.3532 found, 713.3512.

4,4""'-Dibromo-5"-(4-hexylphenyl)-N-(quinolin-8-yl)-[1,1":4",1"":3"",1""":4""* | 1""""-

guinquephenyl]-2"-carboxamide (13b): Following general procedure B, the compound 13b
was obtained after purification by
column chromatography on silica gel
(EtOAc:hexane = 20:80) as a yellow
solid (100 mg, 77%, 0.15 mmol scale); Ry
= 0.6 (EtOAc:hexane = 20:80); mp 185-
187 °C; IR (DCM): 3328, 1678, 1520,
1483, 815 cm™; 'H NMR (400 MHz,
CDCls): 61 9.77 (1H, s), 8.59 (1H, dd, J1
= 6.9 Hz, J, = 4.9 Hz), 8.57-8.56 (1H,
m), 8.04 (1H, dd, J1 = 8.3 Hz, J» = 1.5 Hz), 7.77 (2H, s), 7.71 (4H, d, J = 8.2 Hz), 7.67 (2H, d,
J =8.1 Hz), 7.52-7.43 (10H, m), 7.35-7.30 (7H, m), 2.71 (2H, t, J = 7.8 Hz), 1.72-1.68 (2H,
m), 1.43-1.29 (6H, m), 0.93 (3H, t, J = 6.8 Hz); *C{*H } NMR (~101 MHz, CDCls): éc 167.6,
147.8,143.1,142.5, 140.7,139.9, 139.5, 139.0, 138.3, 137.3, 136.0, 134.5, 134.3, 131.8, 129.3,
129.1, 128.6, 128.1, 127.7, 127.2, 127.2, 126.9, 121.7, 121.5, 121.4, 116.6, 35.7, 31.8, 31.5,
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29.1, 22.7, 14.2; HRMS (ESI): m/z [M+H]" calcd for Cs,Ha3BroN2O: 869.1742 found,
869.1700.

4,4 -Di-tert-butyl-5""-(4-hexylphenyl)-N-(quinolin-8-yl)-[1,1":4",1"":3"" ,1""":4"** | 1""*"-
guinquephenyl]-2'-carboxamide (13c): Following general procedure B, the compound 13c
was obtained after purification by
column chromatography on silica gel
(EtOAC:hexane = 20:80) as a brown
coloured solid (76 mg, 62%, 0.15
mmol scale); Rs = 0.6 (EtOAc:hexane
= 20:80); mp 174-176 °C; IR (DCM):
3333, 1679, 1512, 1331, 1265 cm?;
'H NMR (400 MHz, CDCls): 6w 9.80
(1H, s), 8.62-8.59 (2H, m), 8.05 (1H,
dd, J1 =8.3 Hz, J,= 1.6 Hz), 7.79 (2H,
s), 7.73 -7.68 (6H, m), 7.56—7.54 (4H,
m), 7.48-7.42 (10H, m), 7.36-7.31 (3H, m), 2.72 (2H, t, J = 7.6 Hz), 1.73-1.70 (2H, m), 1.46—
1.33 (6H, m), 1.37 (18H, s), 0.95 (3H, t, J = 6.9 Hz); *C{*H } NMR (~101 MHz, CDCls): éc
167.7,150.2, 147.8, 143.0, 142.3, 140.9, 140.1, 139.2, 138.4, 137.8, 137.4, 136.0, 134.6, 134.3,
129.1, 129.1, 128.0, 127.7, 127.2, 126.9, 126.7, 125.6, 121.6, 121.4, 116.6, 35.7, 34.5, 31.8,
31.5,31.4,29.1,22.7, 14.2; HRMS (ESI): m/z [M+H]" calcd for CeoHs1N2O: 825.4787 found,
825.4783.
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4,4 -Bis(hexyloxy)-5"-(4-hexylphenyl)-N-(quinolin-8-yI)-[1,1":4",1"*:3",1""":4""" [ 1"***-

guinquephenyl]-2"-carboxamide (13d): Following general procedure B, the compound 13d

Me

Me

was obtained after purification
by column chromatography on
silica gel (EtOAc:hexane =
20:80) as a colourless solid (95
mg, 70%, 0.15 mmol scale); Rf=
0.4 (EtOAc:hexane = 20:80);
mp: 103-105 °C; IR (DCM):
3338, 1680, 1506, 1255, 732 cm’
114 NMR (400 MHz, CDCl3):
on 9.82 (1H, s), 8.65 (1H, d, J =
7.3Hz),8.59 (1H, d, J=4.0 Hz),
8.03 (1H, d, J = 8.2 Hz), 7.80
(2H, s), 7.73-7.69 (6H, m),
7.52-7.41 (10H, m), 7.36 (2H, d,
J=7.8Hz), 7.32-7.28 (1H, m),
6.94 (4H, d, J = 8.4 Hz), 4.01

(4H, t, J = 6.5 Hz), 2.73 (2H, t, J = 7.6 Hz), 1.87-1.80 (4H, m), 1.76-1.69 (2H, m), 1.53-1.32
(18H, m), 0.96 (9H, t, J = 6.5 Hz); 3C{*H } NMR (~101 MHz, CDCls): éc 167.8, 158.7, 147.9,
143.0, 142.3, 141.0, 139.9, 138.8, 138.4, 137.4, 136.0, 134.6, 134.4, 133.0, 129.2, 129.1, 128.0,
127.7, 127.2, 126.6, 121.6, 121.4, 116.6, 114.7, 68.1, 35.7, 31.8, 31.7, 31.5, 29.3, 29.1, 25.8,
22.7, 22.7, 14.2, 14.1; HRMS (ESI): m/z [M+H]" calcd for CssHeoN20O3: 913.5308 found,

913.5308.
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4,4"-Bis(decyloxy)-5""-(4-hexylphenyl)-N-(quinolin-8-yl)-[1,1":4",1"":3",1""": 4" | 1""""-

guinquephenyl]-2'-carboxamide (13e): Following general procedure B, the compound 13e

was obtained after purification by column chromatography on silica gel (EtOAc:hexane =
20:80) as a semi-solid (57 mg, 56%, 0.1 mmol scale); Rf = 0.6 (EtOAc:hexane = 20:80); IR
(DCM): 3330, 1678, 1508, 1320, 726 cm™; 'H NMR (400 MHz, CDCl3): 61 & 9.78 (1H, s),
8.62 (1H, dd, J1 = 7.2 Hz, J» = 1.5 Hz), 8.58 (1H, dd, J; =4.2 Hz, J, = 1.5 Hz), 8.04 (1H, dd, J;

Me

Me

=83 Hz X =
1.4 Hz), 7.77
(2H, s), 7.70-
7.67 (7TH, m),
7.50-7.39 (9H,
m), 7.35-7.29
(3H, m), 6.92
(4H, d, J =88
Hz), 3.99 (4H, t,
J = 6.6 Hz),
271 (2H, t, J =
7.8 Hz), 1.85-
1.78 (4H, m),
1.73-1.69 (2H,

m), 1.52-1.31 (34H, m), 0.96-0.90 (9H, m). 3C{*H} NMR (~101 MHz, CDCls): éc 167.8,
158.7, 147.8, 143.0, 142.3, 140.9, 139.9, 138.8, 138.4, 137.4, 135.9, 134.6, 134.4, 133.0, 129.1,
129.1,128.0, 127.7, 127.2, 126.6, 121.6, 121.4, 116.6, 114.7, 68.1, 35.7, 31.9, 31.9, 31.8, 31.5,
29.6, 29.5, 29.4, 29.4, 29.3, 29.1, 26.1, 22.7, 22.7, 14.1; HRMS (ESI): m/z [M+H]* calcd for

C72HsaN203: 1025.6560 found, 1025.6573.
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4,4 -Di-tert-butyl-5""-phenyl-N-(quinolin-8-yl)-[1,1":4",1"":3" 1""":4™" 1" "'~
guinquephenyl]-2*-carboxamide (13f): Following general procedure B, the compound 13f
was obtained after purification by column
chromatography on silica gel (EtOAc:hexane = 20:80)
as a yellow solid (136 mg, 92%, 0.2 mmol scale); Rs =
0.5 (EtOAc:hexane = 20:80); mp 177-179 °C; IR
(DCM): 3338, 2958, 1677, 1505, 1263, 742 cm™; H
NMR (400 MHz, CDCls): 61 9.89 (1H, J = 3.6 Hz),
8.68-8.67 (1H, m), 8.63-8.62 (1H, m), 8.05 (1H, dd, J1
= 8.3 Hz, J> = 1.6 Hz), 7.86-7.77 (8H, m), 7.62—7.55
(6H, m), 7.52-7.45 (11H, m), 7.33 (1H, dd, J; = 8.3 Hz,
J2=4.2 Hz); 1.42 (18H, s); *C{*H }NMR (~101 MHz,
CDClg): oc 167.6, 150.2, 147.8, 142.3, 140.9, 140.1,
139.1, 138.3,137.7, 136.0, 134.9, 134.3,129.1, 129.0, 128.2, 128.0, 127.7,127.4,127.2, 126.9,
126.7,125.6, 121.6, 121.4, 116.5, 34.5, 31.3; HRMS (ESI): m/z [M+H]* calcd for CsaHasN.O:
741.3845 found, 741.3849.

5"-(4-Heptylphenyl)-N-(quinolin-8-yl)-[1,1":4",1"":3"",1""":4""" | 1""""-quinquephenyl]-2"'-
carboxamide (13g): Following general procedure B, the compound 13g was obtained after
purification by column chromatography
on silica gel (EtOAc:hexane = 20:80) as a
semi-solid (108 mg, 75%, 0.2 mmol
scale); Rs = 0.5 (EtOAc:hexane = 20:80);
IR (DCM): 3335, 1676, 1510, 1264, 724
cmt; 'H NMR (400 MHz, CDCls): 61 9.79
(1H, s), 8.59-8.57 (2H, m), 8.04 (1H, dd,
J1=8.3Hz,J,=15Hz),7.78 (2H,s), 7.72
(4H,d, J = 8.2 Hz), 7.68 (2H, d, J = 8.0 Hz), 7.53 (4H, d, J = 8.2 Hz), 7.48-7.41 (6H, m), 7.42—
7.37 (4H, m), 7.35-7.30 (5H, m), 2.71 (2H, t, J = 7.8 Hz), 1.71-1.68 (2H, m), 1.40-1.31 (8H,
m), 0.94-0.91 (3H, m); B¥C{*H } NMR (~101 MHz, CDCls): §c 167.7, 147.9, 143.1, 142.4,
140.9, 140.7, 140.2, 139.5, 138.4, 137.4, 136.0, 134.6, 134.4, 129.2,129.1, 128.7, 128.1, 127.7,
127.2,127.1,127.1, 121.6, 121.4, 116.6, 35.7, 31.9, 31.6, 29.4, 29.3, 22.7, 14.; HRMS (ESI):
m/z [M+H]" calcd for Cs3Ha7N20: 727.3688 found, 727.3690.
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4,4""'-Bis(decyloxy)-5'""-(4-heptylphenyl)-N-(quinolin-8-yl)-[1,1":4",1"":3"",1""":4""" 1"*"'-

guinquephenyl]-2'-carboxamide (13h): Following general procedure B, the compound 13h

was obtained after purification by column chromatography on silica gel (EtOAc:hexane =
20:80) as a semi-solid (60 mg, 58%, 0.1 mmol scale); Rs = 0.4 (EtOAc:hexane = 20:80); IR

Me

Me

(DCM): 3330,
1676, 1505,
1262, 726 cm™;
IH NMR (400
MHz, CDClIs):
on 9.77 (1H, 5),
8.60 (1H, dd, J1
=70 Hz J =
1.8 Hz), 857
(1H, dd, J; =
42Hz,J,=1.6
Hz), 8.04 (1H,
dd, J1 = 8.3 Hz,
Jo = 1.6 Hz),

7.76 (2H, s), 7.69-7.66 (6H, m), 7.49-7.38 (10H, m), 7.34-7.29 (3H, m), 6.92 (4H, d, J = 8.8
Hz), 3.98 (4H, t, J = 6.6 Hz), 2.70 (2H, t, J = 7.9 Hz), 1.84-1.77 (4H, m), 1.72-1.68 (2H, m),
1.50-1.30 (36H, m), 0.94-0.89 (9H, m); *C{*H }NMR (~101 MHz, CDCls): Jc 167.8, 158.7,
147.8,143.0, 142.3, 140.9, 139.9, 138.8, 138.4, 137.4, 135.9, 134.5, 134.4, 132.9, 129.1, 129.1,
128.0, 127.7, 127.2, 127.2, 126.6, 121.6, 121.4, 116.6, 114.6, 68.1, 35.7, 31.9, 31.9, 31.5, 29.6,
29.6, 29.4, 29.4, 29.4, 29.3, 29.2, 26.1, 22.7, 14.2; HRMS (ESI): m/z [M+H]* calcd for

C73Hg7N203: 1039.6717 found, 1039.6710.

94



4,4""'-Dibromo-5"-(4-heptylphenyl)-N-(quinolin-8-yl)-[1,1":4",1"":3",1""":4"" 1"~
guinquephenyl]-2'-carboxamide (13i): Following general procedure B, the compound 13i
was obtained after purification by
column chromatography on silica gel
(EtOAc:hexane = 20:80) as a
colourless solid (58 mg, 66%, 0.1
mmol scale); Rf = 0.5 (EtOAc:hexane
= 20:80); mp: 163-165 °C; IR (DCM):
3339, 1676, 1520, 1263, 737 cm?; H
NMR (400 MHz, CDCls): on 9.77
(1H,s), 8.60 (1H, dd, J1 =6.8 Hz, J> =
2.2 Hz), 8.57 (1H, dd, J1 = 4.2 Hz, J> = 1.6 HZz), 8.05 (1H, dd, J1 = 8.3 Hz, J, = 1.6 HZz), 7.77
(2H, s), 7.72-7.65 (6H, m), 7.52-7.43 (10H, m), 7.35-7.30 (7H, m), 2.71 (2H, t, J = 7.9 Hz),
1.72-1.68 (2H, m), 1.40-1.29 (8H, m), 0.92 (3H, t, J = 6.9 Hz); *C{*H } NMR (~101 MHz,
CDCl3): oc 167.6, 147.8, 143.1, 142.5, 140.7, 139.9, 139.5, 139.0, 138.3, 137.2, 136.0, 134.5,
134.3,131.7,129.3,129.1, 128.6, 128.1, 127.7,127.2,127.2,126.9, 121.7, 121.5, 121.4, 116.6,
36.7, 31.9, 31.5, 29.4, 29.2, 22.7, 14.1; HRMS (ESI): m/z [M+H]" calcd for Cs3sHasBrN2O:
883.1899 found, 883.1896.

5"-(4-Heptylphenyl)-4,4""-bis(hexyloxy)-N-(quinolin-8-yl)-[1,1":4",1"":3"" ,1""":4""" 1"**"-
guinquephenyl]-2"-carboxamide (13k): Following general procedure B, the compound 13k
Me was  obtained  after
purification by column
chromatography on
silica gel
(EtOAcC:hexane = 20:80)
as a semi-solid (71 mg,
76%, 0.1 mmol scale); R¢
= 0.4 (EtOAc:hexane =
20:80); IR (DCM):
3343, 1677, 1511, 1247,
820 cm; *H NMR (400
0" >">""Me MHz, CDCls): o4 9.80
(1H,s), 8.63 (1H,d, J=7.2 Hz), 8.58 (1H, dd, J1 = 4.2 Hz, J. = 1.6 Hz), 8.03 (1H, dd, J1 = 8.3
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Hz, Jo = 1.6 Hz), 7.78 (2H, s), 7.71-7.68 (6H, m), 7.50 (4H, d, J = 8.2 Hz), 7.47-7.40 (6H, m),
7.35 (2H, d, J = 8.1 Hz), 7.31 (1H, dd, J1 = 8.3 Hz, J» = 4.2 Hz), 6.93 (4H, d, J = 8.8 Hz), 4.00
(4H, 1, J = 6.6 Hz), 2.72 (2H, t, J = 7.6 Hz), 1.86-1.79 (4H, m), 1.73-1.70 (2H, m), 1.52-1.47
(4H, m), 1.40-1.31 (16H, m), 0.97-0.92 (9H, m): ¥C{*H } NMR (=101 MHz, CDCl): dc
167.8,158.7, 147.8, 143.0, 142.3, 140.9, 139.9, 138.8, 138.4, 137.4, 136.0, 134.6, 134.4, 133.0,
129.1, 129.1, 128.0, 127.7, 127.2, 126.6, 121.6, 121.4, 116.6, 114.7, 68.1, 35.7, 31.9, 31.6,
31.6, 29.4, 29.3, 29.3, 25.8, 22.7, 22.7, 14.2, 14.1; HRMS (ESI): m/z [M+H]* calcd for
CesH71N203: 927.5465 found, 927.5493.

N-(10-(4'-(Hexyloxy)-[1,1'-biphenyl]-4-yl)pyren-1-yl)picolinamide ~ (13j):  Following

0 general procedure B, the compound 13j was obtained after purification

O by column chromatography on silica gel (EtOAc:hexane = 20:80) as a

Me brown solid (49 mg, 43%, 0.2 mmol scale); Rf = 0.4 (EtOAc:hexane =

O o 20:80); mp: 165-167 °C; IR (DCM): 3379, 1683, 1516, 1247, 823 cm’
HN

)‘\@ 1 'H NMR (400 MHz, CDCl3): dn 10.00 (1H, s), 8.78 (1H, d, J = 8.4
Nl ~ Hz),8.33(1H, d, J=8.4 Hz), 8.23 (1H, d, J = 7.4 Hz), 8.19-8.14 (3H,
“ m), 8.11-8.09 (2H, m), 8.04 (1H, t, J = 7.6 Hz), 8.00 (1H, s), 7.74 (1H,
O 13 td, J1 = 7.6 Hz, J, = 1.6 Hz), 7.63 (2H, d, J = 8.2 Hz), 7.47 (2H, d, J =
8.2 Hz), 7.30-7.27 (2H, m), 7.15-7.12 (1H, m), 6.97-6.94 (2H, m), 4.03 (2H, t, J = 6.6 Hz),
1.87-1.82 (2H, m), 1.55-1.51 (2H, m), 1.42-1.38 (4H, m), 0.98 (3H, t, J = 7.0 Hz ); 3 C{'H}
NMR (~101 MHz, CDCls): 6c 162.1, 158.7, 149.7, 147.6, 141.2, 139.6, 136.9, 136.4, 132.8,
131.7,131.5,131.3,130.4,129.4,129.3, 127.9, 127.8, 126.5, 126.5, 126.4, 126.2, 126.0, 125.4,
124.8, 124.4, 123.6, 121.8, 121.7, 114.6, 68.1, 31.7, 29.3, 25.8, 22.7, 14.1; HRMS (ESI): m/z
[M+H]" calcd for C40H3sN202: 575.2699 found, 575.2704.

2-([1,1%:4',1":3" 14" 1" ""-quinquephenyl]-2'-yl)-2-(picolinamido)ethyl acetate (15a):
Following general procedure B, the compound 15a was obtained after
purification by column chromatography on silica gel (EtOAc:hexane =
20:80) as a brown solid (111 mg, 95%, 0.2 mmol scale); Rf = 0.3
(EtOACc:hexane = 20:80); mp 95-97 °C; IR (DCM): 3371, 1676, 1509,
1248, 730 cm™; *H NMR (400 MHz, CDCls): 6n 8.28-8.27 (1H, m),
8.10 (1H, d, J = 7.8 Hz), 7.99 (1H, d, J = 8.8 Hz), 7.81-7.25 (23H, m),
5.90-5.88 (1H, m), 4.43-4.37 (1H, m), 4.32-4.28 (1H, m), 1.92 (3H, s);
13C{*H } NMR (~101 MHz, CDCls): éc 170.7, 163.4, 149.4, 147.8,
142.5,140.8, 140.7, 140.0, 137.0, 133.5, 130.9, 129.9, 128.8, 127.4,127.1, 127.1, 127.0, 126.9,
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126.8, 125.9, 121.9, 66.4, 50.6, 20.8; HRMS (ESI): m/z [M+H]" calcd for CsoH33N20s3:
589.2491 found, 589.248.

N-(1-(4,4""-Dibromo-[1,1":4",1"":3",1""":4""  1""""-quinquephenyl]-2*-
ylethyl)picolinamide (15b): Following general procedure B, the compound 15b was obtained
after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a pale yellow coloured solid (80 mg,
58%, 0.2 mmol scale); Rt = 0.4 (EtOAc:hexane = 20:80); mp: 120-
122 °C; IR (DCM): 3381, 2924, 1673, 1516, 815 cm™*; 'H NMR
(400 MHz, CDClIs): 6w 8.18 (1H, d, J = 4.3 Hz), 8.10 (1H, d, J =
7.8 Hz), 7.82 (2H, td, J1 = 7.6 Hz, J2 = 1.6 Hz), 7.64-7.40 (16H,
m), 7.35-7.30 (2H, m), 7.21 (2H, d, J = 7.5 Hz), 5.59-5.55 (1H,
m), 1.48 (3H, d, J = 7.2 Hz); *C{*H } NMR (~101 MHz, CDCly):
g, Oc 162.2,149.2,147.0, 141.9, 141.2, 139.7, 138.7, 138.5, 137.7,
132.0, 130.8, 130.0, 128.6, 126.6, 126.0, 125.9, 122.3, 121.6, 47.1, 23.6; HRMS (ESI): m/z
[M+H]" calcd for CssH29Br2N20. 687.0647 found, 687.0652;
The HPLC of compound 15b was determined using the Daicel Chiralpak 1C column, hexane/i-
PrOH 95:05, flow rate 1.0 mL/min, UV detection at 254 nm, tr = 50.97 min, ts = 26.46 min.
(R)-N-(1-(4,4"""-Dibromo-[1,1":4",1":3" 1""":4"" 1""""-quinquephenyl]-2"'-
ylethyl)picolinamide (15b-(R)): Following general procedure B, the compound 15b-(R) was

obtained after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a pale yellow coloured solid (90 mg,
66%, 0.2 mmol scale); Rf = 0.4 (EtOAc:hexane = 20:80); mp: 125-
127 °C; IR (DCM): 3382, 3054, 1673, 1514, 815 cm™; *H NMR
(400 MHz, CDCls): 01 8.19 (1H, d, J = 4.5 Hz), 8.08 (1H, d, J =
7.8 Hz), 7.80-7.28 (20H, m), 7.21 (2H, d, J = 7.5 Hz), 5.59-5.55
(1H, m), 1.47 (3H, d, J = 7.2 Hz); B®C{*H } NMR (~101 MHz,
CDClg): 6c 162.7, 149.7, 147.6, 141.8, 141.3, 139.7, 138.8, 138.6,
g, 137.1, 1319, 1308, 130.1, 128.6, 126.5, 126.0, 125.8, 121.9,
121.6, 46.8, 23.7; HRMS (ESI): m/z [M+H]" calcd for CsgH29BraN20O. 687.0647 found,
687.0651;
[0]?° b = +34.05 (c = 0.02 g/mL, CHCl5);
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The enantiomeric ratio (er = 99:1) of compound 15b-(R) was determined by HPLC using the
Daicel Chiralpak IC column, hexane/i-PrOH 95:05, flow rate 1.0 mL/min, UV detection at 254
nm, tr = 50.24 min, ts = 26.57 min.

(S)-N-(1-(4,4"**-Dibromo-[1,1":4",1"*:3",1""":4""  1"""*-quinquephenyl]-2"*-
yl)ethyl)picolinamide (15b-(S)): Following general procedure B, the compound 15b-(S) was
Br obtained after purification by column chromatography on silica gel

(EtOAcC:hexane = 20:80) as a pale yellow coloured solid (90 mg,
66%, 0.2 mmol scale);Rs = 0.4 (EtOAc:hexane = 20:80); IR
(DCM): 3381, 2924, 1673, 1516, 815 cm™; mp: 126-128 °C; 'H
NMR (400 MHz, CDCls): 64 8.19 (1H, d, J = 4.7 Hz), 8.08 (1H, d,
J =7.8 Hz), 7.80-7.28 (20H, m), 7.20 (2H, d, J = 7.4 Hz), 5.59-
5.55 (1H, m), 1.47 (3H, d, J = 7.2 Hz); *C{*H }NMR (~101 MHz,
CDClg): oc 162.7, 149.7, 147.6, 141.9, 141.3, 139.7, 138.8, 138.6,

g, 137.1, 1319, 1308, 130.1, 128.6, 126.5, 126.0, 125.8, 121.8,

121.6, 46.8, 23.7; HRMS (ESI): m/z [M+H]" calcd for CzsH29Br-N.O:. 687.0647 found,

687.0647;

[0]?® p = -14.02 (c = 0.02 g/mL, CHCl3);

The enantiomeric ratio (er = 99:1) of compound 15b-(S) was determined by HPLC using the

Daicel Chiralpak IC column, hexane/i-PrOH 95:05, flow rate 1.0 mL/min, UV detection at 254

nm, tr = 50.51, min ts = 26.13 min.

15b-(S)

2-(4,4""-Dibromo-[1,1":4",1":3",1""":4"" 1""""-quinquephenyl]-2"*-yl)-2-
(picolinamido)ethyl acetate (15c): Following general procedure B, the compound 15¢ was
obtained after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a brown solid (99 mg, 66%, 0.2 mmol
scale); Rt = 0.3 (EtOAc:hexane = 20:80); mp 107-109 °C; IR
(DCM): 3371, 1675, 1512, 1483, 1227 cm™!; *H NMR (400 MHz,
CDCls): 6n 8.24-8.23 (1H, m), 8.08 (1H, d, J = 7.8 Hz), 7.92 (1H,
d, J=8.8Hz), 7.79 (1H, td, J1 = 7.7 Hz, J> = 1.7 Hz), 7.71-7.42
(15H, m), 7.39-7.31 (3H, m), 7.24 (2H, d, J = 7.5 Hz), 5.86-5.80
(1H, m), 4.38-4.33 (1H, m), 4.27-4.23 (1H, m), 1.90 (3H, s);
Br 13C{*H } NMR (~101 MHz, CDCls): 6c 170.7, 163.4, 149.3, 147.7,
142.3,141.1,139.6, 138.8,137.1, 133.4, 131.9, 130.9, 130.0, 128.7, 128.6, 126.9, 126.7, 126.0,
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121.9, 121.6, 66.2, 50.6, 20.8; HRMS (ESI): m/z [M+H]" calcd for C4oH31Br2N2Os: 745.0701
found, 745.0707;

The HPLC of compound 15c¢ was determined using the Daicel Chiralpak IC column, hexane/i-
PrOH (90:10), flow rate 1.0 mL/min, UV detection at 254 nm, tr = 20.37 min, ts= 31.08 min.

(R)-2-(4,4"**-Dibromo-[1,1":4",1"":3",1""":4""  1""""-quinquephenyl]-2**-yl)-2-
(picolinamido)ethyl acetate (15c-(R)): Following general procedure B, the compound 15c-
(R) was obtained after purification by column
chromatography on silica gel (EtOAc:hexane = 20:80) as a
brown coloured solid (116 mg, 78%, 0.2 mmol scale); Rf= 0.4
(EtOACc:hexane = 20:80); mp 104-106 °C; IR (DCM): 3368,
1740, 1677, 1514, 1231 cm™; *H NMR (400 MHz, CDCls):
0H 8.26-8.25 (1H, m), 8.10 (1H, d, J = 7.8 Hz), 7.96 (1H, d, J
=8.8 Hz), 7.79 (1H, td, J1 = 7.8 Hz, J> = 1.5 Hz), 7.75-7.31
(17H, m), 7.28-7.25 (3H, m), 5.89-5.84 (1H, m), 4.42-4.36
(1H, m), 4.30-4.26 (1H, m), 1.91 (3H, s); *C{*H } NMR
(~101 MHz, CDCIs): oc 170.7, 163.4, 149.3, 147.7, 142.3,
141.1,139.5, 138.8, 137.0, 133.3, 131.9, 130.9, 130.0, 128.6, 126.9, 126.6, 126.0, 121.9, 121.6,
66.2, 50.6, 20.8; HRMS (ESI): m/z [M+H]" calcd for CaoH31Br2N20Os. 745.0701 found,
745.0701; [a]®® b = +16.02 (¢ = 0.02 g/mL, CHCl5);

The enantiomeric ratio (er = 99:1) of compound 15c-(R) was determined by HPLC using the
Daicel Chiralpak IC column, hexane/i-PrOH (90:10), flow rate 1.0 mL/min, UV detection at
254 nm, tr = 20.44 min, ts= 30.38 min.

Br

(S)-2-(4,4"""-Dibromo-[1,1":4',1":3",1""":4"" 1""""-quinquephenyl]-2"*-yl)-2-

(picolinamido)ethyl acetate (15¢-(S)): Following general procedure B, the compound 15c¢-(S)
was obtained after purification by column chromatography on
silica gel (EtOAc:hexane = 20:80) as a brown coloured solid (114
mg, 77%, 0.2 mmol scale); Rf = 0.3 (EtOAc:hexane = 20:80); mp
102-104 °C; IR (DCM): 3380, 3058, 1738, 1676, 1512 cm™; H
NMR (400 MHz, CDCls): 61 8.26-8.25 (1H, m), 8.10 (1H, d, J =
7.8 Hz),7.96 (1H,d,J=8.8 Hz),7.79 (1H, td, J1 = 7.7 Hz, J, = 1.3
Hz), 7.75-7. 31 (18H, m), 7.28-7.25 (2H, m), 5.89-5.84 (1H, m),
4.42-4.36 (1H, m), 4.30-4.26 (1H, m), 1.91 (3H, s); BC{*H }NMR
(~101 MHz, CDCl3): dc 170.6, 163.3, 149.3, 147.7, 142.3, 141.1,
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139.5, 138.7, 137.0, 133.3, 131.9, 130.9, 130.0, 128.6, 126.8, 126.6, 125.9, 121.8, 121.6, 66.2,
50.6, 20.8; HRMS (ESI): m/z [M+H]" calcd for C4oH31BraN2Os. 745.0701 found, 745.0702;
[0]?® p = -10.10 (c = 0.02 g/mL, CHCl3);

The enantiomeric ratio (er = 99:1) of compound 15c-(S) was determined by HPLC using the
Daicel Chiralpak IC column, hexane/i-PrOH (90:10), flow rate 1.0 mL/min, UV detection at
254 nm, tr = 20.37 min, ts= 31.09 min.

N-(1-([1,1%:4",2":3",1"":4"" 1" -Quinquephenyl]-2"-yl)ethyl)picolinamide (15d):
Following general procedure B, the compound 15d was obtained after
purification by column chromatography on silica gel (EtOAc:hexane =
20:80) as a colourless solid (85 mg, 80%, 0.2 mmol scale); Rt = 0.4
(EtOAc:hexane = 20:80); mp: 150-152 °C; IR (DCM): 3384, 3055,
1674, 1515, 739 cm™; *H NMR (400 MHz, CDCl3): 61 8.22-8.20 (1H,
m), 8.10 (1H, d,J=7.8), 7.82-7.74 (2H, m), 7.73-7.28 (20H, m), 7.25—
7.21 (2H, m), 5.64-5.58 (1H, m), 1.51-1.48 (3H, m); ¥C{*H } NMR
(~101 MHz, CDCls): oc 162.5, 149.6, 147.4, 141.5, 140.8, 139.8,
138.9, 137.3, 131.9, 130.8, 129.9, 128.8, 128.7, 127.3, 127.1, 126.8, 125.9, 125.8, 122.0, 47.0,
23.6; HRMS (ESI): m/z [M+H]" calcd for C3sH31N20. 531.2436 found, 531.2436;

The HPLC of compound 15d was determined using the Daicel Chiralpak IA column, hexane/i-
PrOH 50:50, flow rate 1.0 mL/min, UV detection at 254 nm, tr = 4.69 min, ts = 6.51 min.

(R)-N-(1-([1,2:4",2":3",1"":4"" , 1""""-Quinquephenyl]-2'-yl)ethyl)picolinamide (15d-(R)):
Following general procedure B, the compound 15d-(R) was obtained
after purification by column chromatography on silica gel
(EtOACc:hexane = 20:80) as a colourless solid (92 mg, 87%, 0.2 mmol
scale); R = 0.4 (EtOAc:hexane = 20:80); mp: 158-160 °C; IR (DCM):
1673, 1515, 1266, 736 cm™; *H NMR (400 MHz, CDCls3): 61 8.25-8.24
(1H, m), 8.13 (1H, d, J = 7.8 Hz), 7.86-7.47 (18H, m), 7.44-7.40 (2H,
m), 7.38-7.25 (4H, m), 5.68-5.64 (1H, m), 1.53 (3H, d, J = 7.2 Hz);
15d-(R) B3C{*H } NMR (~101 MHz, CDCls): dc 162.7, 149.7, 147.6, 141.5,
140.9, 139.8, 138.9, 137.1, 130.8, 130.0, 128.9, 127.4, 127.1, 126.8, 126.0, 125.8, 121.9, 46.9,
23.7; HRMS (ESI): m/z [M+H]" calcd for C3gH31N20: 531.2436 found, 531.2441,

[0]?° b = -58.08 (c = 0.02 g/mL, CHCls);
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The enantiomeric ratio (er = 95:5) of compound 15d-(R) was determined by HPLC using the
Daicel Chiralpak 1A column, hexane/i-PrOH 50:50, flow rate 1.0 mL/min, UV detection at 254

nm, tr = 4.71, min ts = 6.55 min.

(S)-N-(2-([1,1:4",2"":3",1""":4"" 1""""-Quinquephenyl]-2"*-y)ethyl)picolinamide (15d-(S)):
Following general procedure B, the compound 15d-(S) was obtained
after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a colourless solid (75 mg, 71%, 0.2 mmol
scale); Rf = 0.4 (EtOAc:hexane = 20:80); mp: 152-154 °C; IR (DCM):
1673, 1515, 1266, 736 cm™; *H NMR (400 MHz, CDCls): 6+ 8.23-8.22
(1H, m), 8.10 (1H, d, J = 7.8 Hz), 7.81-7.56 (11H, m), 7.53-7.46 (6H,
m), 7.43-7.38 (3H, m), 7.36-7.28 (2H, m), 7.24 (2H, d, J = 7.2 Hz),
15d-(S) 5.65-5.61 (1H, m), 1.50 (3H, d, J = 7.2 Hz); BC{*H } NMR (~101
MHz, CDClz): dc 162.8, 149.8, 147.7, 141.5, 140.9, 139.8, 138.9, 137.1, 130.8, 130.0, 128.9,
127.4, 127.1, 126.8, 126.0, 125.8, 121.9, 46.9, 23.7; HRMS (ESI): m/z [M+H]* calcd for
CagH3:N20: 531.2436 found, 531.2439;

[a]?® p = +40.06 (c = 0.02 g/mL, CHCly);

The enantiomeric ratio (er = 95:5) of compound 15d-(S) was determined by HPLC using the
Daicel Chiralpak IA column, hexane/i-PrOH 50:50, flow rate 1.0 mL/min, UV detection at 254

nm, tr = 4.70, min ts = 6.50 min.

2-(4"""-Chloro-[1,1":3",1"":4",1"":4"" 1""""-quinquephenyl]-2"***-yl)-N-(quinolin-8-

yl)acetamide (17a): Following general procedure C, the compound 17a was obtained after

purification by column chromatography on silica gel (EtOAc:hexane

O = 20:80) as a colourless solid (54 mg, 90%, 0.1 mmol scale); R =

O 0.4 (EtOAc:hexane = 20:80); mp: 154-156 °C; IR (DCM): 3333,
2997, 1733, 1241, 752 cm™; *H NMR (400 MHz, CDCls): Jn 9.82

O (1H, s), 8.77 (1H, dd, J; = 7.0 Hz, J2 = 1.5 Hz), 8.71 (1H, dd, J; =
4.2 Hz, J, = 1.6 Hz), 8.15 (1H, dd, J1 = 8.3 Hz, J> = 1.6 Hz), 7.90

O NF (1H,s), 7.76-7.61 (11H, m), 7.59-7.49 (7H, m), 7.44-7.40 (3H, m),
N I 7.36 (11, d. 3= 8.2 Hz), 3.90 (2H. 5): BC{*H } NMR (~101 MHz,

O o) CDCls): oc 168.9, 148.2, 141.9, 141.2, 140.8, 140.2, 139.8, 139.6,
Cl 139.1, 138.4, 136.3, 134.4, 134.3, 133.7, 131.7, 130.8, 129.8, 129.3,

128.9, 127.9, 127.6, 127.5, 127.4, 127.4, 127.1, 127.3, 126.3, 126.0,
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121.8, 121.6, 116.4, 42.5; HRMS (ESI): m/z [M+H]" calcd for C41H30CIN20: 601.2047 found,
601.2048.

Compound 17b: Following general procedure C, the compound 17b was obtained after
purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a colourless solid (74 mg,
89%, 0.1 mmol scale); Rf = 0.5 (EtOAc:hexane =
20:80); mp: 105-107 °C; IR (DCM): 3378, 1672, 1510,
1265, 741 cm™; 'H NMR (400 MHz, CDCls): n 8.27
(1H, d, J = 4.5 Hz), 8.13 (1H, d, J = 7.8 Hz), 7.94 (2H,
s), 7.86-7.78 (11H, m), 7.74-7.70 (9H, m), 7.67-7.51
(12H, m), 7.43 (2H, t, J = 7.4 Hz), 7.38-7.31 (2H, m),
7.27 (2H, d, J = 7.4 Hz), 5.68-5.64 (1H, m), 1.53 (3H,
d, J =7.2 Hz); BC{*H } NMR (~101 MHz, CDCls): 6c
162.7, 149.7, 147.6, 141.9, 141.6, 141.5, 141.2, 141.2,
140.0, 139.9, 139.2, 138.9, 137.2, 130.8, 130.0, 129.3,
128.9, 127.7, 127.5, 127.3, 126.7, 126.3, 126.1, 126.0,
126.0, 125.8, 121.9, 46.9, 23.7; HRMS (ESI): m/z [M+H]" calcd for Ce2H47N20. 835.3688
found, 835.3713.

Compound 17c: Following general procedure C, compound 17c¢ was obtained after
purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a colourless solid (26 mg,
29%, 0.1 mmol scale); Rt = 0.5 (EtOAc:hexane =
20:80); mp: 183-185; IR (DCM): 3382, 1672, 1511,
1272, 735 cm; *H NMR (400 MHz, CDCls): 6w 8.31—
8.30 (1H, m), 8.12 (1H, dd, J1 = 7.8 Hz, J> = 0.8 Hz),
8.00 (1H, d, J =8.0 Hz), 7.93 (2H, s), 7.82-7.69 (20H,
m), 7.66-7.63 (3H, m), 7.61-7.57 (3H, m), 7.54-7.50
(5H, m), 7.44-7.38 (4H, m), 7.36-7.33 (1H, m), 7.30
(1H, m), 5.93-5.89 (1H, m), 4.44-4.39 (1H, m), 4.34—
4.30 (1H, m), 1.93 (3H, s); *C{'*H } NMR (~101 MHz,
CDCls): ¢ 170.8, 163.5, 149.4, 147.8, 142.5, 141.9,
141.2, 141.2, 141.0, 140.1, 139.8, 139.5, 137.1, 133.5,
131.0, 130.0,129.3, 128.9, 127.7, 127.6, 127.5, 127.3, 126.9, 126.8, 126.3, 126.1, 126.0, 126.0,
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121.9, 66.5, 50.7, 20.9; HRMS (ESI): m/z [M+H]" calcd for CesHa9N203: 893.3743 found,
893.3747.

Compound 17d: Following general procedure C, compound 17d was obtained after
purification by column
chromatography on silica gel
(EtOAc:hexane = 20:80) as a
colourless solid (51 mg, 72%,
0.07 mmol scale); R = 0.5
(EtOAcC:hexane = 20:80); mp:
124-126 °C; IR (DCM): 3395,
3031, 1680, 1519, 1387 cm™;
'H NMR (400 MHz, CDCls):
0n 9.89 (1H,s), 8.71 (1H, dd, J1
= 75 Hz, J, = 1.1 Hz), 8.63
(AH, dd, J1 =42 Hz, ), =16
Hz), 8.05 (1H, dd, J1: =8.3 Hz, J» = 1.5 Hz), 7.90 (2H, s), 7.86 (2H, s), 7.81 (4H, d, J = 8.2 Hz),
7.75-7.71 (10H, m), 7.66-7.39 (24H, m), 7.33 (1H, dd, J1 = 8.2 Hz, J» = 4.2 Hz), 2.76 (2H, t,
J=7.6 Hz), 1.78-1.74 (2H, m), 1.49-1.39 (6H, m), 0.99 (3H, t, J = 6.9 Hz); C{"H } NMR
(~101 MHz, CDCl): oc 167.7, 147.9, 143.0, 142.4, 141.8, 141.2, 141.1, 140.8, 140.0, 139.7,
139.6, 138.4,137.3, 136.0, 134.6, 134.4,129.2,129.1, 128.9, 128.8, 128.1, 127.7, 127.5, 127 .4,
127.3,127.2,127.0,126.2,126.0,121.7,121.4,116.6, 35.7, 31.8, 31.5, 29.1, 22.7, 14.2; HRMS
(ESI): m/z [M+H]* calcd for C76Hs1N20: 1017.4784 found, 1017.4783.

Methyl  3-(4'-bromo-[1,1'-biphenyl]-4-yl)thiophene-2-carboxylate (18a): Following
Br general procedure F, the compound 18a was obtained after purification
Q by column chromatography on silica gel (EtOAc:hexane = 20:80) as a

semi-solid (58 mg, 78%, 0.2 mmol scale); Rt = 0.7 (EtOAc:hexane =

Q 20:80); mp: 141-143 °C; IR (DCM): 3054, 1710, 1261, 726 cm™; H
I\ ome NMR (400 MHz, CDCls): 61 7.64-7.52 (9H, m), 7.15 (1H, d, J = 5.1 Hz),
SRS 3.83 (3H, 5); *C{*H } NMR (~101 MHz, CDCl5): 6c 162.5, 148.2, 139.7,
18a 139.5,135.0, 131.9, 131.5, 130.5, 129.9, 128.7, 126.9, 126.4, 121.7, 52.0;

HRMS (ESI): m/z [M+Na]" calcd for C1sH13BrNaO2S: 394.9717 found, 394.9707.
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Methyl  3-([1,1'-biphenyl]-4-yl)thiophene-2-carboxylate (18b): Following general
procedure F, the compound 18b was obtained after purification by column

chromatography on silica gel (EtOAc:hexane = 20:80) as a colourless solid

Q (104 mg, 71%, 0.5 mmol scale); Rs = 0.7 (EtOAc:hexane = 20:80); IR
T o (DCM): 3054, 1710, 1261, 726 cm™*; *H NMR (400 MHz, CDCls): 61 7.70-
Me
s 7.67 (4H, m), 7.60-7.55 (3H, m), 7.51-7.47 (2H, m), 7.42-7.38 (1H, m),
O

7.17 (1H, d, J = 5.1 Hz), 3.84 (3H, s); *C{*H } NMR (~101 MHz, CDCly):
oc 162.5, 148.4, 140.8, 134.6, 131.9, 131.6, 130.4, 129.9, 129.8, 127.4,
127.2,126.8, 126.6, 126.4, 52.0; HRMS (ESI): m/z [M+Na]" calcd for C1gH14NaO>S: 317.0612
found, 317.0610.

18b

Methyl 2-(4,5-dichloro-[1,1':4",1""-terphenyl]-2-yl)acetate (18c): Following general
procedure F, The compound 18c was obtained after purification by
O column chromatography on silica gel (EtOAc:hexanes = 05:95) as a
colourless solid (112 mg, 74%, 0.41 mmol scale); Rf = 0.5
O (EtOAc:hexane = 05:95); mp: 120-122 °C; IR (DCM): 3060, 1266,
O\e 727 cm; IH NMR (400 MHz, CDCls): 61 7.64-7.55 (4H, m), 7.47-
o O O 7.31 (7H, m), 3.64 (3H, s), 3.57 (2H, s); *C{*H } NMR (~101 MHz,
Cl CDClg): oc 171.3, 141.9, 140.7, 140.3, 137.6, 132.1, 131.8, 131.7,
1o 131.4, 131.1, 129.3, 128.8, 127.5, 127.1, 127.0, 52.1, 37.9; HRMS

(ESI): m/z [M+Na]" calcd for C21H16CI2NaO: 393.0425; found: 393.0420.

Methyl 4-bromo-[1,1':4",1"":4" 1"""-quaterphenyl]-2''-carboxylate ~ (18d): Following
general procedure F, The compound 18d was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes = 05:95) as a colourless
solid; (58 mg, 50%, 0.26 mmol scale); Rt = 0.5 (EtOAc:hexane = 05:95); mp:
173-175 °C; IR (DCM): 1724, 1263, 738 cm™; *H NMR (400 MHz, CDCl3): 1
8.09 (1H, d, J =19 Hz), 7.76 (1H, dd, J1 = 8.0 Hz, J, = 2.0 Hz), 7.66-7.56 (6H,
m), 7.52-7.37 (8H, m), 3.71 (3H, s); *)C{*H } NMR (=101 MHz, CDCls): dc
18d  168.9, 140.7, 140.3, 140.2, 139.5, 139.5, 138.7, 131.9, 131.2, 131.0, 129.8,
128.9,128.6,128.6,127.8,127.0, 126.5, 121.6, 52.1; HRMS (ESI): m/z[M+Na]*
Br calcd for C2sH19BrNaO2: 465.0466; found: 465.0451.

o

o
=
®
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Ethyl  4-bromo-[1,1":4',1"":4" 1""-quaterphenyl]-2'-carboxylate  (18e):

Following general procedure F, The compound 18e was obtained after

purification by column chromatography on silica gel (EtOAc:hexanes = 05:95)

OEt  05:95); mp: 155-157 °C; IR (DCM): 1716, 1263, 732 cm™®; *H NMR (400 MHz,

O O as a colourless solid; (55 mg, 60%, 0.2 mmol scale); Rf = 0.5 (EtOAc:hexane =

CDCls): 91 8.09 (1H, d, J = 1.9 Hz), 7.78 (1H, dd, J; = 8.0 Hz, J» = 2.0 Hz), 7.69-

18¢ 7,67 (2H, m), 7.63-7.58 (4H, m), 7.53-7.41 (8H, m), 4.17 (2H, g, J = 7.2 Hz),
1.07 (3H, t, J = 7.1 Hz); 3C{*H }NMR (=101 MHz, CDCls): 5c 168.7, 140.6,

Br 140.5, 140.3, 139.7, 139.6, 138.8, 131.9, 131.6, 131.1, 129.7, 129.0, 128.9,
128.6, 128.5, 127.8, 127.1, 126.5, 121.6, 61.1, 13.7; HRMS (ESI): m/z [M+Na]" calcd for

C27H21BrNaO 2: 479.0623; found: 479.0613.

Compound 19: Following general procedure E, compound 19 was obtained after purification

R

by column chromatography on silica
gel (EtOAc:hexane = 20:80) as a
colourless solid (11 mg, 33%, 0.04
mmol scale); Rt = 0.6 (EtOAc:hexane =
20:80); mp: 141-143 °C; IR (DCM):
3046, 1668, 1531, 1261,730 cm™; H
NMR (400 MHz, CDClg3): on 7.89 (2H,
s), 7.78-7.61 (27H, m), 7.57-7.48 (6H,
m), 7.43-7.39 (2H, m), 7.32-7.28 (4H,
m,J=8.1Hz),2.69 (2H, 2t, J=7.8 Hz),
1.70-1.66 (2H, m), 1.41-1.26 (6H, m),
0.92 (3H,t,J=6.7 Hz); *)C{*H }NMR
(~101 MHz, CDCls): dc 143.2, 142.6,
141.9, 141.2, 141.2, 140.7, 140.2,
140.0, 139.6, 139.6, 137.1, 129.3,

129.1,128.8, 127.8, 127.7, 127.7, 127.5, 127.5, 127.3, 127.2, 127.1, 126.3, 126.0, 126.0, 35.7,
31.8, 31.5, 29.0, 22.6, 14.1; HRMS (ESI): m/z [M-H]* calcd for CesHs3s: 845.4147; found:

845.4128.
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1-([1,1:4,1":3",1"":4"" 1" " -Quinquephenyl]-2-yl)ethan-1-amine ~ (20a):  Following
general procedure D, the compound 20a was obtained after purification
by column chromatography on silica gel (EtOAc:hexane = 40:60) as a
colourless solid (21 mg, 55%, 0.09 mmol scale); Ry = 0.3
(EtOAc:hexane = 20:80); mp: 140-142 °C; IR (DCM): 2926, 1486,
1385, 841, 760 cm™; *H NMR (400 MHz, CDCls): 61 7.69-7.67 (7H,
m), 7.55-7.45 (9H, m), 7.43-7.32 (3H, m), 7.24 (2H, d, J = 7.2 Hz),
4.40 (1H, g, J = 7.0 Hz), 2.60-2.59 (2H, m), 1.30 (3H, d, J = 7.0 Hz);
3C{*H } NMR (~101 MHz, CDCls): ic 141.6, 141.3, 140.6, 140.2,
130.9, 130.1, 128.9, 127.5, 127.2, 127.0, 126.8, 125.8, 49.2, 25.0; HRMS (ESI): m/z [M+H]*
calcd for CaaHagN: 426.2222 found, 426.2232.

2-(4,5-Dichloro-[1,1":4",1""-terphenyl]-2-yl)acetic acid (22): Following general procedures F

HO._O and G1, The compound 22 was obtained after purification by

cl column chromatography on silica gel (EtOAc:hexanes = 20:80) as

O - a colourless solid (50 mg, 67%, 0.21 mmol scale); Rf =

O 0.5(EtOAc:hexane = 20:80 ); mp: 198-200 °C; IR (DCM): 3055,

O 22 1264, 731 cm™; 'H NMR (400 MHz, CDCls): 61 7.66-7.57 (4H,

m), 7.48-7.33 (7H, m), 3.63 (2H, s); *C{*H } NMR (~101 MHz,

CDCIs): 6c171.1, 142.1, 140.9, 140.3, 137.4, 132.2, 131.8, 131.5, 131.4, 131.1, 129.4, 128.9,

127.6, 127.2, 127.1, 37.8; HRMS (ESI): m/z [M-H]" calcd for C2H13Cl20>: 355.0293 found,
355.0288.

N-((3-Chloro-[1,1":4",1""-terphenyl]-2-yl)methyl)-2-(1,3-dioxoisoindolin-2-yl)-3-

phenylpropanamide (21-(DL)): Following general procedure D and H, the compound 21-
(DL) was obtained after purification by column chromatography on
silica gel (EtOAc:hexane =50:50) as a colourless solid (39 mg, 63%,

O 0.11 mmol scale); Rf = 0.2 (EtOAc:hexane = 20:80); mp: 184-186

o °C; IR (DCM): 3028, 1712, 1521, 1383, 755 cm™%; 'H NMR (400
NJ\(NPhth MHz, CDCls): 6 7.75-7.72 (2H, m), 7.67-7.64 (2H, m), 7.60 (4H, t,

N H Bn J = 8.6 Hz), 7.49-7.45 (2H, t, J = 7.2 Hz), 7.41-7.37 (2H, m), 7.34-
21-(DL) 7.30 (3H, m), 7.23 (1H, dd, J; = 7.6 Hz, J2 = 1.0 Hz), 7.16-7.11 (5H,

m), 6.33 (1H, s), 5.09 (1H, dd, J;: = 6.7 Hz, J, = 10.0 Hz), 4.66 (1H, dd, J; = 14.1 Hz, J, = 5.2
Hz), 4.56 (1H, dd, J; = 14.1 Hz, J> = 5.2 Hz), 3.55-3.52 (2H, m); 3C{*H} NMR (~101 MHz,
CDCls): dc 167.9, 167.6, 144.7, 140.6, 140.4, 138.9, 136.7, 135.7, 134.2, 132.5, 131.4, 129.3,
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129.1, 129.0, 128.9, 128.8, 128.6, 127.5, 127.3, 127.2, 127.2, 126.9, 123.5, 55.9, 39.9, 34.8;
HRMS (ESI): m/z [M+H]" calcd for CssH2sCIN203: 571.1788 found, 571.1796.

The HPLC of compound 21-(DL) was determined using the Daicel Chiralpak 1A column,
hexane/i-PrOH 50:50, flow rate 1.0 mL/min, UV detection at 254 nm, tp = 13.17 min, t. =
10.60 min.

(S)-N-((3-Chloro-[1,1":4" 1""-terphenyl]-2-yl)methyl)-2-(1,3-dioxoisoindolin-2-yl)-3-
phenylpropanamide 21-(L): Following general procedure D and H, the compound 21-(L) was
obtained after purification by column chromatography on silica gel
O (EtOAc:hexane = 20:80) as a colourless solid (19 mg, 35%, 0.15
mmol scale); R = 0.2 (EtOAc:hexane = 20:80); mp: 178-180 °C; IR
O o (DCM): 3342, 1700, 1523, 1372, 738 cm™; 'H NMR (400 MHz,
NJ\rNPhth CDCls): 61 7.75-7.71 (2H, m), 7.67-7.57 (6H, m), 7.49-7.37 (4H, m),
O ol H Bn 7.34-7.30 (3H, m), 7.25 (1H, dd, J1 = 7.6 Hz, J. = 1.0 Hz), 7.16-7.10
21-(L) (5H, m), 6.34 (1H, s), 5.11-5.07 (1H, m), 4.66 (1H, dd, J1 = 14.1 Hz,
J2=5.2 Hz), 4.56 (1H, dd, J1 = 14.1 Hz, J, = 5.2 Hz), 3.55-3.51 (2H, m); *C{'*H } NMR (~101
MHz, CDClz): 6c 167.9, 167.6, 144.6, 140.5, 140.4, 138.8, 136.6, 135.6, 134.2, 132.4, 131.3,
129.3, 129.1, 129.0, 128.9, 128.8, 128.7, 128.6, 127.4, 127.2, 127.1, 126.9, 123.4, 55.8, 39.9,
34.7; HRMS (ESI): m/z [M+H]" calcd for C3sH2sCIN203: 571.1788 found, 571.1792.
[0]%°p = -67.98 (¢ = 0.02 g/mL, CHCly);
The enantiomeric ratio (er = 95:5) of compound 21-(L) was determined by HPLC using the
Daicel Chiralpak 1A column, hexane/i-PrOH 50:50, flow rate 1.0 mL/min, UV detection at 254
nm, tp = 13.30, min t. = 10.41 min.

Methyl (2-(4-chloro-[1,1":4",1""-terphenyl]-2-yl)acetyl)phenylalaninate (23-
(DL)):Following general procedures G2 and | , the compound 23-

O (DL) was obtained after purification by column chromatography on
silica gel (EtOAc:hexanes = 20:80) as a colourless solid; (26 mg,

O 54%, 0.1 mmol scale); Rf = 0.5 (EtOAc:hexane = 20:80); mp: 165-
H © 167 °C; IR (DCM): 3286, 1743, 701 cm; 'H NMR (400 MHz,

O I § OMe CDCls): 61 7.65-7.55 (4H, m), 7.51-7.47 (2H, m), 7.41-7.35 (3H,

m), 7.28-7.23 (6H, m), 6.99-6.97 (2H, m), 5.77 (1H, d, J = 7.6 H2),

4.87-4.82 (1H, m), 3.73 (3H, s), 3.53 (2H, d, J = 3.2 Hz), 3.13 (1H,

23-DL dd, J; = 14.0 Hz, J, = 5.5 Hz), 3.04 (1H, dd, J; = 14.0 Hz, J, = 5.5

Hz); *C{'*H } NMR (~101 MHz, CDCls): éc 171.7, 169.8, 140.6, 140.4, 140.4, 138.5, 135.5,

Cl
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133.8,133.6,131.9, 131.7,130.4, 129.5, 129.0, 128.8, 128.7, 127.6, 127.5,127.2,127.1, 127.1,
126.9, 53.0, 52.4, 40.7, 37.6; (The NMR indicated that the compound seems to be existing as
rotamers); HRMS (ESI): m/z [M+H]" calcd for CaoH27CINO3: 484.1679; found: 484.1682;
The HPLC of compound 23-(DL) was determined using the Daicel Chiralpak IC column,
hexane/i- PrOH 70:30, flow rate 1.0 mL/min, UV detection at 254 nm, tp = 18.18 min, t. =
19.69 min .

(R)-Methyl (2-(4-chloro-[1,1":4',1""-terphenyl]-2-yl)acetyl)-D-phenylalaninate (23-(D)):
O Following general procedures G2 and I, the compound 23-(D) was

obtained after purification by column chromatography on silica gel

(EtOAc:hexanes = 20:80) as a colourless solid; (25 mg, 52%, 0.1

O 4O mmol scale); Rt = 0.5 (EtOAc:hexane = 20:80); mp: 164-166 °C;

N ome 'R (DCM): 3286, 1742, 701 cm™; *H NMR (400 MHz, CDCls): n

O o] 7.65-7.56 (4H, m), 7.51-7.47 (2H, m), 7.42-7.35 (3H, m), 7.28-7.21

Cl (6H, m), 6.98 (2H, dd, J1 = 7.8 Hz, J, = 2.0 Hz), 5.77 (1H, d, J =
23-(D)

7.6 Hz), 4.87-4.82 (1H, m), 3.73 (3H, s), 3.53-3.50 (2H, m), 3.13
(1H, dd, J1 = 13.9 Hz, J, = 5.5 Hz), 3.04 (1H, dd, J1 = 13.9 Hz, J; = 5.5 Hz); BC{'H } NMR
(~101 MHz, CDCls): 6c 171.7, 169.8, 140.6, 140.4, 140.4, 138.5, 135.5, 133.8, 133.5, 131.9,
131.7, 130.4, 129.5, 129.0, 128.8, 128.6, 127.6, 127.4, 127.2, 127.1, 127.1, 53.0, 52.3, 40.7,
37.5; (The NMR indicated that the compound seems to be existing as rotamers); HRMS (ESI):
m/z [M+H]" calcd for C3oH27CINO3: 484.1679; found: 484.1678;

[0]?® p = -40.06 (c = 0.01 g/mL, CHCl3);

The enantiomeric ratio (er = 99:1) of compound 23-(D) was determined by HPLC using the
Daicel Chiralpak IC column, hexane/i-PrOH 70:30, flow rate 1.0 mL/min, UV detection at 254
nm, to = 18.37, min t. = 19.96 min.

(S)-Methyl (2-(4-chloro-[1,1":4",1""-terphenyl]-2-yl)acetyl)-L-phenylalaninate (23-(L)):
O Following general procedures G2 and | , the compound 23-(L) was
obtained after purification by column chromatography on silica gel

O (EtOAcC:hexanes = 20:80) as a colourless solid; (26 mg, 54%, 0.1
0 mmol scale); Rf = 0.5 (EtOAc:hexane = 20:80); mp: 166-168 °C;
H

O NIy, IR (DCM): 3284, 1742, 700 cm™; H NMR (400 MHz, CDCls): o

o = 7.65-7.55 (4H, m), 7.51-7.47 (2H, m), 7.41-7.35 (3H, m), 7.28-7.23
\© (6H, m), 6.98 (2H, dd, J; = 7.8 Hz, J» = 1.3 Hz), 5.77 (1H, d, J =
23-(L) 7.6 Hz), 4.87-4.82 (1H, m), 3.73 (3H, s), 3.53-3.50 (2H, m), 3.13

Cl
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(1H, dd, J1 = 13.9 Hz, J» = 5.5 Hz), 3.04 (1H, dd, J1 = 13.9 Hz, J> = 5.5 Hz); *°C{*H } NMR
(~101 MHz, CDCls): 6c 171.7, 169.8, 140.6, 140.4, 140.4, 138.5, 135.5, 133.8, 133.6, 131.9,
131.7, 130.4, 129.5, 129.0, 128.8, 128.7, 127.6, 127.5, 127.2, 127.1, 127.1, 53.0, 52.3, 40.7,
37.5; (The NMR indicated that the compound seems to be existing as rotamers); HRMS (ESI):
m/z [M+H]" calcd for C3oH27CINO3: 484.1679; found: 484.1677;

[a]?® p = +42.062 (¢ = 0.01 g/mL, CHCls);

The enantiomeric ratio (er = 99:1) of compound 23-(L) was determined by HPLC using the
Daicel Chiralpak IC column, hexane/i-PrOH 70:30, flow rate 1.0 mL/min, UV detection at 254
nm, tp = 18.36, min t_ = 19.83 min.

Methyl (2-(4-chloro-[1,1":4",1""-terphenyl]-2-yl)acetyl)alaninate (24-(DL)): Following
O general procedure G2 and I, the compound 24-(DL) was obtained

after purification by column chromatography on silica gel

(EtOAc:hexanes = 20:80) as a colourless solid; (27 mg, 67%, 0.1

O o mmol scale); Rt = 0.5 (EtOAc:hexane = 20:80); mp: 162-164 °C;
Hj)kowm IR (DCM): 3299, 1748, 768 cm™:; *H NMR (400 MHz, CDCls): 6+

O O Me 7.64-7.56 (4H, m), 7.49-7.23 (8H, m), 6.01-5.92 (1H, m), 4.56-4.88
Cl (1H,m), 3.71(3H,s), 3.55 (2H, s), 1.32 (3H, d, I = 7.2 Hz); BC{*H}
24-(DL) NMR (~101 MHz, CDCIs): oc 173.1, 169.8, 140.5, 140.4, 140.4,

138.7, 133.9, 133.5, 131.9, 131.6, 130.5, 129.5, 128.8, 127.6, 127.5, 127.1, 127.0, 52.5, 48.1,
40.8, 18.2; (The NMR indicated that the compound seems to be existing as rotamers); HRMS
(ESI): m/z [M+H]" calcd for C24H23CINO3: 408.1366; found: 408.1361;

The HPLC of compound 24-(DL) was determined using the Daicel Chiralpak IA column,
hexane/i-PrOH 80:20, flow rate 1.0 mL/min, UV detection at 254 nm, tp = 23.29 min, t. =
25.44 min .

(S)-Methyl (2-(4-chloro-[1,1":4",1""-terphenyl]-2-yl)acetyl)alaninate (24-(L)): Following
general procedure G2 and | , the compound 24-(L)was obtained

O after purification by column chromatography on silica gel
(EtOAc:hexanes = 20:80) as a colourless solid; (26 mg, 65%, 0.1

O Ly O mmol scale); Rt = 0.5 (EtOAc:hexane = 20:80); mp: 161-163 °C;
Nj)kOMe IR (DCM): 3317, 1747, 768 cm™; 'H NMR (400 MHz, CDCls): dn

O O Me 7.68-7.60 (4H, m), 7.52-7.47 (2H, m), 7.44-7.34 (5H, m), 7.29-7.27
Cl 24-(L) (1H, m), 5.98 (1H, d, J = 7.0 Hz), 4.59-4.52 (1H, m), 3.73 (3H, s),
3.58 (2H, s), 1.35 (3H, d, J = 7.2 Hz); *C{*H } NMR (~101 MHz, CDCls): 6c 173.1, 169.8,
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140.6, 140.5, 140.5, 138.8, 134.0, 133.6, 132.0, 131.6, 130.6, 129.6, 128.9, 127.7, 127.5, 127.2,
127.1, 52.4, 48.1, 40.8, 18.2; (The NMR indicated that the compound seems to be existing as
rotamers); HRMS (ESI): m/z [M+H]" calcd for C24H23CINO3: 408.1366; found: 408.1361;
[0]?° b = +42.174 (c = 0.01 g/mL, CHClI5);

The enantiomeric ratio (er= 97:3) of compound 24-(L) was determined by HPLC using the
Daicel Chiralpak 1A column, hexane/i-PrOH 80:20, flow rate 1.0 mL/min, UV detection at 254
nm, tpo = 23.80, min t. = 25.98 min.

Methyl (2-(4-chloro-[1,1':4",1""-terphenyl]-2-yl)acetyl)glycinate (25): Following general

Cl 75

procedures G and I, the compound 25 was obtained after
purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a colourless solid (21 mg, 72%, 0.075
mmol scale); Rt = 0.2 (EtOAc:hexane = 20:80); mp: 154-156 °C; IR
(DCM): 3302, 2944, 1757, 1649, 1210 cm™; 'H NMR (400 MHz,
CDClg): 61 7.68-7. 62 (4H, m), 7.53-7.44 (3H, m), 7.41-7.35 (4H,
m), 7.31-7.28 (1H, m), 5.91 (1H, s), 4.01 (2H, s), 3.75 (3H, s), 3.59

(2H, s); (The NMR indicated that the compound seems to be existing as rotamers); *C{*H }
NMR (~101 MHz, CDCls): J¢c 170.5, 170.1, 140.7, 140.5, 140.5, 138.7, 133.9, 133.7, 131.7,
130.5, 129.6, 128.9, 127.7, 127.5, 127.2, 127.1, 52.4, 41.4, 40.7; HRMS (ESI): m/z [M+H]*
calcd for C23H2:CINO3: 394.1210 found, 394.1209.
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UV-Vis absorption (Amax (Nm)) value for compounds, (nm) 5a: (261), 5aa: (262), 5ab:
(270), 5ac: (291), 5ad: (259), 5ae: (259), 5af: (266), 5ag: (266), 5ah: (271), 5ai: (270),
5aj (262), 5ak: (265), 6a: (262), 6b: (261), 6¢: (269), 6d: (269), 6€e: (262), 6f: (269), 69:
(262), 6h: (277), 6i: (284), 6j: (245), 6k: (245), 6l: (295), 6m: (264), 6n: (288), 60: (268),
5al: (259), 5am: (263), 5an: (262), 5a0: (260), 5ap: (262), 5aq: (261), 5ar: (266), 12a:
(265), 12b: (266), 12c: (266), 12d: (246), 12e: (258), 12f: (267), 13a: (273), 13b: (278),
13c: (276), 13d: (284), 13e: (284), 13f: (273), 139: (273), 13h: (284), 13i: (278), 13j: (286),
13k: (284), 15a: (264), 15b: (269), 15b-(R): (269), 15b-(S): (269), 15c: (269), 15¢c-(R):
(269), 15¢-(S): (269), 15d: (263), 15d-(R): (263), 15d-(S): (263), 17a: (292), 17b: (291),
17c: (293), 17d: (294), 18a: (259), 18b: (253), 18c: (267), 18d: (285), 18e: (284), 19:
(293), 20a: (264), 22: (268), 21-(DL): (265), 21-(L): (265), 23-(DL): (268); 23-(D): (267),
23-(L): (267), 24-(DL): (267); 24-(L): (266), 25: (266).

CCDC 2294228 (6n) and CCDC 2294229 (18a) contain the supplementary
crystallographic data for this paper. These data can be obtained free of charge from The

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Chapter 4

Pd(Il)-catalyzed C-H arylation and alkylation of pyrene core using 8-aminoquinoline

and 2-picolinic acid as directing groups.

For the purpose of this Thesis work, the work of Chapter 4 is re-used (adapted) with permission
from Dalal, A.; Babu, S. A". Synthesis 2021, 53, pp 3307-3324. (Title; Pd(ll)-catalyzed
directing group-aided C-H arylation and alkylation of pyrene core. Synthesis of C1,C2- and
C1,C10-disubstituted pyrene motifs).

During the era when the cross-coupling reaction was chronically practiced in organic
synthesis,? there were some pioneering efforts of direct functionalization of C-H bonds in
small organic molecules to achieve the C-C bond construction. In 1955 and 1956 Murahashi
reported® the cobalt-promoted insertion of carbon monoxide into an ortho-C(sp?)-H bond of
aldimine and azobenzene substrates. Subsequently, various stoichiometric metal-promoted C—
H bond activation reactions involving cyclometallated species were published.* In 1970, the
palladium-catalyzed chlorination of an ortho-C(sp?)-H bond of azobenzene reported by Fahey
is another important discovery.® Successively, Jordan (1989), Moore (1992) and Murai (1993)
reported the breakthrough catalytic C-H activation/functionalization methods involving Zr-
and Ru-based catalysts.®® During the last 20 years, the research area pertaining to the transition

metal-catalyzed C-H bond activation reactions have advanced at a rapid phase.®*

Pertinently, the transition metal-catalyzed sp?/sp® C-H activation/functionalization considered
to be a remarkable synthetic strategy to functionalize small organic molecules. The catalytic
C-H functionalization of sp?sp® C-H bonds of small organic molecules have been
accomplished with or without the help of a directing group.®™® In particular, the directing
group-aided sp? and sp® C-H activation/functionalization strategy has received significant
attention in organic synthesis. This is because, the directing group-aided C-H
activation/functionalization strategy offers the feasibility to functionalize the required
substrates with site-selectivity or regioselectivity as well as stereoselectivity. Along this line,
the Pd(ll)-catalyzed bidentate directing group (BDG)-aided site-selective sp? and sp® C-H
activation/functionalization of carboxamides are considered as benchmark strategies.!*"*> The
site-selective C-H functionalization of carboxamides derived from carboxylic acid substrates

were achieved with the help of 8-aminoquinoline type BDGs (introduced by Daugulis).'**> On
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the other hand, the site-selective C-H functionalization of carboxamides derived from amine

substrates were achieved with the help of picolinamide type BDGs.**%°

Due to the superior fluorescence properties, efficient excimer emission, high charge carrier
mobility, pyrene and its derivatives have received much attention in various fields of chemical
sciences including organic-, supramolecular and materials chemistry.61® Markedly, pyrenes
are important building blocks to assemble materials such as organic light-emitting diodes
(OLED:Ss), organic semiconducting materials for OFETS, supramolecular sensors, solar cells
etc. Almost all types of photoelectric devices have been investigated using various pyrene-
based organic materials.?®*918 |t is documented that the opto-electronic and photophysical
properties of pyrenes are strongly dependent on the respective substituents and their
positions.'®1"19 Consequently, several methodologies have been developed to functionalize the

multi reactive positions of pyrene core.'®

multi reactive positions

nodal plane / inaccessible sites = 2- and 7-positions
active sites =1-, 3-, 6- and 8-positions
K-region sites =4-, 5-, 9- and 10-positions

r
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I

Figure 1. K-region and non K-region of pyrene motif.

The 1-, 3-, 6- and 8-positions of pyrene are known as ‘active/common sites’ and these sites
have rich electron density and readily undergo electrophilic aromatic substitution (SeAr)
reactions.'®® Generally, pyrene derivatives have been synthesized by introducing substitutions
at these active/common sites. The 2- and 7-positions of pyrene are known as ‘nodal plane
positions and uncommon or inaccessible sites’ and relatively difficult to functionalize (figure
1).%% 1t may be noted that the Friedel-Crafts tert-butylation and Ir-catalyzed direct borylation
reactions have been carried out at these positions. The 4-, 5-, 9- and 10-positions of pyrene are
known as ‘the K-region sites’ and it may be noted that oxidation and Pd-catalyzed oxidative
direct arylation reactions have been carried out at these positions and these results have been

summarized by Feng and Yamato.*6®
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Scheme 1. Previous report and theme of this work. C-H Arylation/alkylation of pyrene amide motifs.

Admired by the chemical transformations carried out on pyrene core and importance of the
pyrene derivatives in chemical sciences,’>!® we intended in taking forward the
functionalization of pyrene core through the directing group-aided C-H functionalization route

to assemble some new pyrene amide motifs. A few instances of functionalization of pyrene
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core through the directing group-aided C-H functionalization is known in the literature.
Nevertheless, the available reports revealed single examples of functionalization of pyrene core
(Scheme 1).® We envisaged to contribute to the existing developments by performing the
bidentate directing group-aided site-selective C-H arylation and alkylation of the relatively
inaccessible C2 position and K-region C10 position of pyrene amides 2a and 2b, respectively.
To the best of our knowledge, the bidentate directing group-aided site-selective C-H arylation
and alkylation C2 position and C10 position of pyrene amides are not yet explored. In
continuation of our interest on the C-H activation reactions, herein we report the pd(ll)-
catalyzed, directing group-aided arylation/alkylation of C(2)-H bond of pyrene-1-carboxamide
motif 2a linked with 8-aminoquinoline DG and C(10)-H bond of 1-aminopyrene motif 2b
linked with picolinamide DG and assembling of various C1,C2- and C1,C10-disubstituted

pyrene amide motifs.

Results and Discussion:

To begin with the assembling of C1, C2- and C1, C10-disubstituted pyrene motifs via the
Pd(I1)-catalyzed, directing group-aided C-H arylation/alkylation reaction, initially we prepared
the pyrene-1-carboxamide 2a possessing 8-aminoquinoline directing group, which will enable
the selective 5-C(sp?)-H functionalization of 2a (C2-position, Table 1). We performed some
optimization reactions by employing the standard Pd(ll)-catalyzed sp? p-C-H arylation
conditions.'"*3 Typically, the directing group 8-aminoquinoline-aided C-H functionalization
of carboxamides have been carried out by using a Pd(Il) catalyst and an additive such as,

AgOAc or Ag2COs or K,COs etc, and the additive will function as a halide ion scavenger.*3

At first, we heated a mixture of pyrene-1-carboxamide 2a, Arl (3a) and Pd(OAc)2 catalyst (10
mol%) in the presence of Ag.COz as an additive in 0-xylene at 135 °C for 24 h and this reaction
yielded the C(2)-H arylated pyrene-1-carboxamide 4a in satisfactory yield (38%, entry 1, Table
1). Next, the same reaction was carried out in the presence of Cs,COs as an additive instead of
Ag>CO3 and this reaction also yielded the C(2)-H arylated pyrene-1-carboxamide 4a in
satisfactory yield (40%, entry 2, Table 1).
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Table 1. Optimization reactions. C-H Arylation of pyrene carboxamide 2a and assembling of C1,C2-

disubstituted pyrene motif 4a.

! Pd(OAc), (10 mol%)
+ additive (0.44 mmol)
AC “solvent (2 mL) o
130-160 °C, 24 h

0.2 zr':mol) 0.8 ?:namol) 4a
entry catalyst Additive solvent T°C 4a: Yield (%)
1 Pd(OAcC)2 Ag2COs 0-xylene 135 38
2 Pd(OAC), Cs2CO3 0-Xxylene 135 40
3 Pd(OAc)2 K2COs3 0-xylene 135 51
4 Pd(OAC):2 AgOAcC 0-xylene 135 70
5 Pd(OAC); AgOAC 1,2-DCE 130 65
62 Pd(OAc)2 AgOAc 0-xylene 130 22
7° Pd(OAC), AgOAC o-xylene 130 35
8° Pd(OAcC)2 AgOAc 0-xylene 130 47
9 Pd(TFA) AgOAC 0-xylene 130 60
10 Pd(CH3CN)2Cl: AgOAc o-xylene 130 53
11 Ni(OTf)2 NaHCOs toluene 160 15

20.2 mmol of 3a. 0.4 mmol of 3a. 0.6 mmol of 3a.

The Pd(Il)-catalyzed arylation of pyrene-1-carboxamide 2a by using K>COs as an additive
yielded the C(2)-H arylated pyrene-1-carboxamide 4a in an improved yield (51%, entry 3,
Table 1). The Pd(I1)-catalyzed arylation of pyrene-1-carboxamide 2a in the presence of AQOAc
as an additive in o-xylene or 1,2-DCE at 130-135 °C yielded the C(2)-H arylated pyrene-1-
carboxamide 4a in 65-70% yields (entries 4 and 5, Table 1). The Pd(ll)-catalyzed arylation of
pyrene-1-carboxamide 2a by using different equiv of 3a (1-3 equiv) yielded the product 4a in
22-47% vyields (entries 6-8, Table 1). The arylation of pyrene-1-carboxamide 2a by using
different palladium catalysts such as, Pd(TFA)2 and Pd(CH3CN)2Cl yielded the product 4a in
53-60% vyields (entries 9 and 10, Table 1). The C-H arylation of pyrene-1-carboxamide 2a
under the Ni(OTf).-catalyzed reaction conditions yielded the C(2)-H arylated pyrene-1-
carboxamide 4a in only 15% yield. (entry 11, Table 1)
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Scheme 2. Assembling of C1,C2- disubstituted pyrene carboxamide motifs 4a-q via the Pd(l1)-catalyzed, 8-
aminoquinoline-directed C-H arylation of 2a.
Having the optimized reaction conditions in hand for the Pd(I1)-catalyzed C(2)-H arylation of
pyrene-1-carboxamide 2a, we next intended to enrich the library of pyrene-1-carboxamide via
the Pd(Il)-catalyzed C(2)-H arylation reaction. Towards this, we carried out the Pd(ll)-
catalyzed C(2)-H arylation of pyrene-1-carboxamide 2a using a variety of aryl iodides (Scheme
2). The Pd(ll)-catalyzed C(2)-H arylation of pyrene-1-carboxamide 2a with aryl iodides
containing different electron-withdrawing substituents (e.g., Ac, NO2, COOMe and ClI) at the
para position yielded the corresponding C(2)-H arylated pyrene-1-carboxamides 4a-d in
moderate to good yields (53-86%, Scheme 2). Next, the Pd(Il)-catalyzed C(2)-H arylation of
pyrene-1-carboxamide 2a with 6-iodo-2,3-dihydrobenzo[b][1,4]dioxine, Phl and aryl iodides
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containing different electron-donating substituents (e.g., Et, i'Pr, Me and OMe) at the para
position yielded the corresponding C(2)-H arylated pyrene-1-carboxamides 4e-j in moderate
to good yields (45-71%, Scheme 2).
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Scheme 3. Assembling of C1,C10- disubstituted pyrene carboxamide motifs 5a-t via the Pd(l1)-catalyzed,
picolinamide-directed C-H arylation of 2b.
Then, we performed the Pd(ll)-catalyzed C(2)-H arylation of pyrene-1-carboxamide 2a with
aryl iodides containing different electron-donating or electron-withdrawing substituents (e.g.,
OMe, Me, Cl and F) at the meta position, which yielded the corresponding C(2)-H arylated
pyrene-1-carboxamides 4k-n in 66-84% yields (Scheme 2). Furthermore, the Pd(I1)-catalyzed
C(2)-H arylation of pyrene-1-carboxamide 2a with different heteroaryl iodides also yielded the

corresponding C(2)-H arylated pyrene-1-carboxamides 40-q in satisfactory to moderate yields
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(48-58%, Scheme 2). The structures of representative pyrene derivatives 4a, and 4e were
confirmed by the X-ray structure analysis (Figure 2).

After assembling various C(2)-H arylated pyrene-1-carboxamides 4a-q, we then planned to
expand the scope of this work and enrich the library of 1-aminopyrene core by assembling
various C(10)-H arylated 1-aminopyrene-based motifs (Schemes 3). Towards this, we prepared
N-(pyren-1-yl)picolinamide (2b) possessing picolinamide directing group, which will enable
the y-C(sp?)-H functionalization of 2b at the C10-position. We then performed the Pd(ll)-
catalyzed C(10)-H arylation of N-(pyren-1-yl)picolinamide (2b) by using a variety of aryl
iodides (Scheme 3). The Pd(ll)-catalyzed C(10)-H arylation of N-(pyren-1-yl)picolinamide
(2b) with aryl iodides containing different electron-donating or electron-withdrawing
substituents (e.g., OMe, Me, F, COOEt and Ac) at the meta position yielded the corresponding
C(10)-H arylated N-(pyren-1-yl)picolinamides 5a-e in moderate to good vyields (57-71%,
Scheme 3).

Next, the Pd(Il)-catalyzed C(10)-H arylation of N-(pyren-1-yl)picolinamide (2b) with Phl and
different aryl iodides containing different electron-donating and electron withdrawing
substituents (e.g., OMe, Me, OEt, Ac, COOMe, CN, Cl and Br) at the para position yielded
the corresponding C(10)-H arylated N-(pyren-1-yl)picolinamides 5f-n in moderate to good
yields (50-64%, Scheme 3). The Pd(ll)-catalyzed C(10)-H arylation of N-(pyren-1-
yl)picolinamide  (2b)  with  disubstituted  aryl iodides and  6-iodo-2,3-
dihydrobenzo[b][1,4]dioxine yielded the corresponding C(10)-H arylated N-(pyren-1-
yl)picolinamides 50-q in satisfactory to good yields (45-65%, Scheme 3). Furthermore, the
C(10)-H arylation of N-(pyren-1-yl)picolinamide (2b) with different heteroaryl iodides also
yielded the corresponding C(10)-H arylated N-(pyren-1-yl)picolinamides 5r-t in satisfactory
to good vyields (42-71%, Scheme 3). The structures of representative pyrene carboxamide 5n
was confirmed by the X-ray structure analysis (Figure 2).

Next, we explored the possibility of using some other directing group similar to 8-
aminoquinoline. Accordingly, we prepared the pyrene-1-carboxamides 2d possessing 2-
(methylthio)aniline as the directing group*! (Scheme 4). We then performed the Pd(11)-
catalyzed C(10)-H arylation of 2d with different aryl iodides (Scheme 4), which also afforded
the corresponding products 6a,b in 56-57% yields.
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Scheme 4. Assembling of pyrene carboxamide motifs 6a,b and 8a,b via the Pd(Il)-catalyzed C-H arylation of
2c,d.

Furthermore, we also attempted the functionalization of C9-position of pyrene core by using
the procedure reported by Yang and You for the 1-naphthylamine system.X°™ In this regard, we
treated the pyrene-1-carboxamide 2c with p-tolylboronic acid and in the presence of the
Pd(OAC):2 catalyst and NFSI as an additive in 1,2,-DCE at 90 °C for 24 h, which afforded the
corresponding C(9)-H arylated pyrene-1-carboxamide 8a in 53% yield (Scheme 4). Similarly,
the reaction of pyrene-1-carboxamide 2c with phenylboronic acid in the presence of the
Pd(OAC): catalyst and NFSI as an additive in 1,2,-DCE at 90 °C for 24 h afforded the C(9)-H
arylated pyrene-1-carboxamides 8b in 55% yield (Scheme 4).

' Py o
Pd(OACc), (10 mol%) : n hd
o K,COj (0.28 mmol) 0 O ; Pd(OAC), (10 mol%) HN
NaOTF (0.42 mmol) @ KOAc (0.4 mmol)
IR “ : 2 R?
+ IR
t-amylOH (2 mL) O 1 1,4-dioxane (2 mL)
0 125°C, 48 h : 130°C, 36 h
2a L2 9

(0.1-0.15 mmol) (0.4-0.56 mmol) 10 (0.2 mmol) (0.8 mmol) "
Q. Q. Q. Q. !
NH NH NH NH : Py\fo Py\fo Py\fo
M :
O™ A0 0 O O
Me |
3 Me
10a: 70% 10b: 71% 10c: 74% 10d: 73% 3 11a: 68% 11b: 88% 11c: 58%

Scheme 5. Assembling of C1,C2- and C1,C10-disubstituted pyrene carboxamide motifs 10a-d and 11a-c via the
C-H alkylation of pyrene core.
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To further extend the substrate scope and enrich the library of pyrene-1-carboxamide and 1-
aminopyrene core, we attempted the Pd(l1)-catalyzed alkylation of C(2)-H and C(10)-H bonds
of pyrene amides 2a and 2b, respectively. Towards this, we carried out the Pd(Il)-catalyzed
C(2)-H alkylation of pyrene-1-carboxamide 2a with different alkyl iodides, which successfully
yielded the corresponding C(2)-H alkylated pyrene-1-carboxamides 10a-d in good yields (70-
74%, Scheme 5). Similarly, the Pd(ll)-catalyzed C(10)-H alkylation of N-(pyren-1-
yl)picolinamide (2b) with different alkyl iodides yielded the corresponding C(10)-H alkylated
N-(pyren-1-yl)picolinamide 11a-c in good yields (68-88%, Scheme 5).

Figure 2. X-ray (ball and stick model) structures of compounds 4a, 4e, 5n and 12c.

We also attempted the removal of the directing group after the C-H arylation of the pyrene
amides. In this regard, the C(10)-H arylated N-(pyren-1-yl)picolinamide 5f was subjected to
different amide hydrolysis conditions. Out of a few attempts carried out, we found that heating
a mixture of N-(pyren-1-yl)picolinamide 5f and NaOH in EtOH/H.0 at 90 °C for 24 h yielded
the C(10)-H arylated 1-aminopyrene derivative 12a in 56% yield (Scheme 6). Similarly, the
NaOH-mediated hydrolysis of the C-H arylated N-(pyren-1-yl)picolinamides 5t,q yielded the
corresponding C(10)-H arylated 1-aminopyrene derivatives 12b,c in 70-73% yields (Scheme
6). Finally, the compound 12d was obtained via a one-pot sequential C-H arylation of 2b under
standard reaction conditions and neat condition followed by NaOH-mediated hydrolysis
procedure (Scheme 6). The structures of representative pyrene derivative 12c was
unequivocally established by the X-ray structure analysis (Figure 2).%°
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Scheme 6. Trials on the removal of the directing group and one-pot sequential C-H arylation of pyrene
carboxamide 2b followed by directing group removal.
In summary, we have shown the application of the Pd(Il)-catalyzed, directing group-aided C-
H arylation/alkylation tactics to functionalize the relatively inaccessible C2 and K-region C10
positions of pyrene core. The Pd(1l)-catalyzed p-C-H arylation/alkylation of the C2-position of
pyrene-1-carboxamide possessing 8-aminoquinoline directing group afforded various C1,C2-
disubstituted pyrene motifs. Similarly, the Pd(I1)-catalyzed selective y-C-H arylation/alkylation
of the C10-position of N-(pyren-1-yl)picolinamide possessing picolinamide directing group
afforded various C1,C10-disubstituted pyrene motifs. Examples of C(9)-H arylation of pyrene-
1-carboxamide and the removal of the directing group after the C-H arylation reactions were
also shown. The structures of representative pyrene derivatives were confirmed by the X-ray
structure analysis. Given the importance of the pyrene derivatives in various fields of chemical
sciences, this report is a contribution towards augmentation of the library of pyrene derivatives
with C1,C2- and C1,C10-disubstituted pyrene amide motifs. While we have obtained a library
of new C1,C2-and C1,C10-disubstituted pyrene amide motifs, currently, we are studying about
their structure and photophysical properties and exploring their application, which will be

reported in due course.

Experimental Section

General: *H and *C{*H} NMR spectra of compounds were recorded (using TMS as an internal
standard) in 400 (or) 500 and ~101 (or) ~126 MHz spectrometers, respectively. The HRMS
analysis data of samples were obtained from QTOF mass analyzer by using electrospray

ionization (ESI) method. IR spectra of samples were recorded as neat or thin films. Column
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chromatography purification was carried out on silica gel (100—200 mesh). Reactions were
conducted in anhydrous solvents under a nitrogen atmosphere wherever required. Organic
layers obtained after workup were dried by using anhydrous Na»SOs. Thin layer
chromatography (TLC) analyses were performed on silica gel (silica gel 60 F2s4 plates) or
alumina plates and components were visualized by observation under irradiation with UV lamp
or iodine vapour. Isolated yields of all the products are reported. Yields of isolated compounds
were not optimized. In all of the cases, after the Pd(l1)-catalyzed reactions, the respective crude
reaction mixtures were subjected to the column chromatographic purification to afford the pure
samples. Some pyrene amide products contain some inseparable adventitious grease and
hexane residuals or adventitious moisture peaks in the *H/*3C NMRs. Adventitious grease and
hexane residuals seem to get trapped with the pyrene amide compounds during
handling/sample purification. While we have tried to purify all the samples to get pure
compounds, however the C-H functionalized pyrene compounds and the starting material
pyrene compounds have similar Rf values and thus, their separation in column chromatography
was found to be relatively difficult task. Accordingly, we have repeated column
chromatography purification for most of the cases to obtain best possible pure samples in our
hand.

Procedures:

Procedure for the synthesis of the carboxamides2a, 2c, 2d: A dry RB flask containing amine
(9 mmol, 0.9 equiv), EtsN (11 mmol, 1.1 equiv) was stirred for 5-10 min under a nitrogen
atmosphere. Then, to the reaction flask was added anhydrous DCM (20 mL) followed by
dropwise addition of the corresponding acid chloride, which was prepared from pyrene-1-
carboxylic acid (10 mmol) and SOCI. (9 equiv) after refluxing for 12 h. Then, the reaction
mixture was stirred overnight and after this period, the reaction mixture was diluted with DCM
(10-15 mL) and washed with water (10-15 mL) and twice with saturated aqueous NaHCO3
solution (10-15 mL). The combined organic layers were washed with 1 N HCI (2 x 20 mL) to
remove excess amine and then, dried over anhydrous Na>SQOj4, concentrated in vacuum to afford
the corresponding carboxamides.

Procedure for the synthesis of the carboxamide 2b: An appropriate amount of picolinic acid
(20 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (1.1 equiv), 1-
hydroxybenzotriazole hydrate (1.1 equiv) in DCM (20 mL) were stirred for 1 h at 0 °C under a
nitrogen atmosphere. Then, an appropriate amount of 1-aminopyrene (1 equiv) was added to
the above mixture and stirred for 16-24 h at rt. Next, the resulting solution was subjected to

aqueous workup and washed with aqueous NaHCOs3 solution (two times). Then, the resulting
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solution mixture was concentrated and purified on silica gel column chromatography (eluent =

EtOAc:hexane) to give the corresponding carboxamide.

Procedure for the Pd(l1)-catalyzed arylation of the carboxamides 2a/2d and preparation
of the compounds 4/6: A mixture of an appropriate carboxamide (0.2 mmol, 1 equiv), an
appropriate aryl iodide (0.8 mmol, 4 equiv), Pd(OAc)2 (4.5 mg, 10 mol%) and AgOAc (0.44
mmol, 2.0-2.2 equiv) in o-xylene (2 mL) was heated at 130 °C for 24 h in a 10 mL capacity
sealed (pressure) tube (the pressure tube was flushed with nitrogen atmosphere for 2 min and
it was sealed with a PTFE-lined cap, and then, the tube was heated). After the reaction period,
the reaction mixture was concentrated in vacuum and purification of the resulting reaction
mixture by column chromatography on neutral alumina or silica gel (eluent = EtOAc:hexane)
furnished the corresponding arylated carboxamide (see the corresponding Tables/Schemes for

specific examples).

Procedure for the Pd(ll)-catalyzed arylation of the carboxamide 2b and preparation of
the compounds 5: A mixture of carboxamide 2b (0.2 mmol, 1 equiv), an appropriate aryl
iodide (0.8-1.0 mmol, 4-5 equiv), Pd(OAc)2 (4.5 mg, 10 mol%) and AgOAc (0.44 mmol, 2.2
equiv) in o-xylene (2 mL) was heated at 150 °C for 36-48 h in a 10 mL capacity sealed
(pressure) tube (the pressure tube was flushed with nitrogen atmosphere for 2 min and it was
sealed with a PTFE-lined cap, and then, the tube was heated). After the reaction period, the
reaction mixture was concentrated in vacuum and purification of the resulting reaction mixture
by column chromatography on silica gel (eluent = EtOAc:hexane) furnished the corresponding

arylated carboxamide (see the corresponding Tables/Schemes for specific examples).

Procedure for the Pd(l1)-catalyzed alkylation of the carboxamide 2a and preparation of
the compounds 10: A mixture of carboxamide 2a (0.14 mmol, 1 equiv), an appropriate alkyl
iodide (0.56 mmol, 4 equiv), anhydrous K.COz3 (0.28 mmol, 2 equiv), NaOTf (0.42 mmol, 3
equiv), Pd(OAc)2 (10 mol%, 3.4 mg), t-AmylOH (2.0 mL) was added in a 10 mL capacity
sealed (pressure) tube. The pressure tube was flushed with nitrogen atmosphere for 2 min and
it was sealed with a PTFE-lined cap, and then, the tube was heated at 125 °C for 48 h. After
the reaction period, the reaction mixture was concentrated in vacuum and purification of the
resulting reaction mixture by column chromatography on silica gel (eluent = EtOAc:hexane)
furnished the corresponding alkylated carboxamide 10 (see the corresponding Tables/Schemes

for specific examples).

Procedure for the Pd(I1)-catalyzed alkylation of the carboxamide 2b and preparation of

the compounds 11: A mixture of 2b carboxamide (0.2 mmol, 1 equiv), an appropriate alkyl

129



iodide (0.8 mmol, 4.0 equiv), anhydrous KOAc (0.4 mmol, 2 equiv), Pd(OAc)2 (10 mol%, 4.5
mg), 1,4-dioxane (2.0 mL) was added in a 10 mL capacity sealed (pressure) tube. The pressure
tube was flushed with nitrogen atmosphere for 2 min and it was sealed with a PTFE-lined cap,
and then heated at 130 °C for 36 h. After the reaction period, the reaction mixture was
concentrated in vacuum and purification of the resulting reaction mixture by column
chromatography on neutral alumina or silica gel (eluent = EtOAc:hexane) furnished the
corresponding alkylated carboxamide 11 (see the corresponding Tables/Schemes for specific
examples).

Procedure for the Pd(l1)-catalyzed arylation of the carboxamides 2c and preparation of
the compounds 8a,b: A mixture of carboxamide 2c (0.2 mmol, 1 equiv), an appropriate
boronic acid (0.25 mmol, 1.25 equiv), NFSI (0.25 mmol, 1.25 equiv), Pd(OACc). (10 mol%, 4.5
mg) was suspended in 1,2-DCE (2.0 mL) in a 10 mL capacity sealed (pressure) tube. The
pressure tube was flushed with N> for 2 min and sealed with a PTFE-lined cap, and then, the
tube was heated at 90 °C for 24 h. After the reaction period, the mixture was filtered through a
celite® pad and washed with DCM (10-15 mL). The filtrate was concentrated, and the residue
was purified by column chromatography on silica gel (eluent = EtOAc:hexane) to afford the
corresponding arylated carboxamide 8 (see the corresponding Tables/Schemes for specific
examples). The structures of compounds 8a,b were assigned based on the similar compound
prepared under Cu-catalyzed reaction involving aryliodonium salts as arylating reagent in the

literature. 1ok

Procedure for the directing group removal/amide hydrolysis and preparation of
compound 13: A solution of NaOH (60 mg of NaOH) in EtOH/H.O (10/1 v/v, 3.3 mL)
containing an appropriate arylated carboxamide 5 (0.15 mmol) was refluxed for 24 h. Then,
the reaction mixture was cooled to rt and then, the mixture was subjected to evaporation process
(to evaporate EtOH) and then, the solution was diluted with water (5 mL). Then, the product
was extracted with EtOAc (3 x 5 mL). The organic layers were combined, dried with anhydrous
MgSO4 and concentrated. The residue was purified by column chromatography on silica gel
(eluent = EtOAc:hexane) to afford the corresponding C-H arylated 1-aminopyrene derivative

13 (see the corresponding Tables/Schemes for specific examples).
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N-(2-(Methylthio)phenyl)pyrene-1-carboxamide (2d). Following general procedure, the
SMe compound 2d was obtained after purification by column
@NH chromatography on silica gel (EtOAc:hexane = 20:80) as a pale yellow
coloured solid (521 mg, 71%, 2 mmol scale); Rf = 0.5 (EtOAc:hexane =

© O 20:80); Mp 149-151°C; IR (DCM): 3275, 2925, 1682, 1513, 1436 cm"
“ 114 NMR (400 MHz, CDCls): § = 9.08 (s, 1H), 8.79 — 8.72 (m, 2H),

O 8.31 (d, 1H, J = 7.9 Hz), 8.26 — 8.19 (m, 4H), 8.15 (d, 1H, J = 8.9 Hz),

8.09 — 8.05 (m, 2H), 7.58 (d, 1H, J = 7.7 Hz), 7.47 (t, 1H, J = 7.5 H2),
7.22 —7.18 (m, 1H), 2.40 (s, 3H); 3C NMR (~101 MHz, CDCls): 6 =
168.0, 138.7, 133.0, 133.0, 131.2, 130.7, 130.7, 129.1, 129.0, 129.0, 127.1, 126.5, 126.1, 126.0,
125.9, 124.9, 124.9, 124.7, 124.6, 124.4, 120.9, 19.1; HRMS (ESI): m/z [M + Na]* calculated

for C24H17NNaOS: 390.0929 found 390.0922.

2-(4-Acetylphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4a).
= I Ac Following general procedure, the compound 4a was obtained after
N purification by column chromatography on silica gel (EtOAc:hexane =
O 20:80) as a pale yellow coloured solid (68 mg, 70%);Rf = 0.4
o (EtOAc:hexane = 20:80);Mp 249-251 °C; IR (DCM): 3338, 1679, 1519,
O 1483, 1264 cm™*; *H NMR (400 MHz, CDCls): § = 10.04 (s, 1H), 8.99
“ (d, 1H, J = 7.5 Hz), 8.55 - 8.54 (m, 1H), 8.49 (d, 1H, J = 9.2 Hz), 8.27
O —8.25 (m, 3H), 8.19 (d, 2H, J = 9.0 Hz), 8.14 — 8.06 (m, 3H), 7.95 (d,
2H, J = 8.2 Hz), 7.90 (d, 2H, J = 8.3 Hz), 7.62 (t, 1H, J = 8.1 Hz), 7.55
(d, 1H,J=8.2 Hz), 7.36 (dd, 1H, J1 = 8.2 Hz, J> = 4.2 Hz), 2.52 (s, 3H);
13C NMR (~101 MHz, CDClg): § = 196.8, 166.8, 147.1, 144.7, 137.4, 135.2, 135.0, 134.8,
133.3,130.9, 130.3, 130.1, 129.7, 128.6, 128.3, 128.1, 127.8, 127.4, 126.8, 126.3, 126.0, 125.5,
125.0,124.9,124.9,123.5,123.1,123.0, 121.1, 120.5, 115.7, 25.6; HRMS (ESI): m/z [M + H]*
calculated for C3sH23N202: 491.1760 found 491.1779.
2-(4-Nitrophenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4b). Following general
procedure, the compound 4b was obtained after purification by column chromatography on

silica gel (EtOAc:hexane = 25:75) as a pale yellow coloured solid (84 mg, 86%); Rr = 0.3
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(EtOAc:hexane = 20:80; Mp 237-239 °C; IR (DCM): 2924, 1670, 1595, 1519, 1341 cm™; *H
pZ I NO, NMR (400 MHz, DMSO-dg): 6 = 10.61 (s, 1H), 8.73 (d, 1H, J = 4.0
N Hz), 8.61 (d, 1H, J = 7.5 Hz), 8.47 (s, 1H), 8.43 — 8.32 (m, 7H), 8.27 (d,
O 2H,J=8.6 Hz), 8.17 (t, 1H, J = 7.6 Hz), 8.05 (d, 2H, J = 8.6 Hz), 7.76
" (d, 1H, J =8.2 Hz), 7.66 (t, 1H, J = 7.8 HZz), 7.56 (dd, 1H, J: = 8.3 Hz,
© O J> = 4.2 Hz); 3C NMR (~101 MHz, CDCls): 6 = 167.5, 148.2, 147.6,
“ 147.2, 138.3, 136.3, 134.8, 134.2, 132.0, 131.2, 130.8, 130.3, 129.6,
O 129.4, 128.9, 127.9, 127.3, 127.0, 126.8, 126.3, 126.1, 125.7, 124.5,
124.3,124.1,123.6, 123.6, 122.4, 121.7, 116.8; HRMS (ESI): m/z [M +

H]" calculated for C32H20N303: 494.1505 found 494.1520.

Methyl 4-(1-(quinolin-8-ylcarbamoyl)pyren-2-yl)benzoate (4c). Following general

4b

Z procedure, the compound 4c was obtained after purification by column
| CO,Me
N chromatography on silica gel (EtOAc:hexane = 20:80) as a pale yellow
\H O coloured solid (58 mg, 58%); Rs = 0.4 (EtOAc:hexane = 20:80); Mp 160-

162 °C; IR (DCM): 3348, 2940, 1725, 1675, 1528 cm™*; *H NMR (400

° O MHz, CDCls): 6 = 10.03 (s, 1H), 8.99 (d, 1H, J = 7.5 Hz), 8.54 (d, 1H,

“ J=3.1Hz),8.48(d, 1H, J = 9.2 Hz), 8.26 — 8.23 (m, 3H), 8.17 (d, 1H, J

4 = 9.0 Hz), 8.12 — 8.03 (m, 5H), 7.89 (d, 1H, J = 7.8 Hz), 7.63 — 7.59 (m,

4c 1H), 7.53 (d, 1H, J = 8.2 Hz), 7.34 (dd, 1H, J1 = 8.1 Hz, J; = 4.1 Hz),

3.86 (s, 3H); 3C NMR (~101 MHz, CDCls): § = 167.9, 166.9, 148.1, 145.6, 138.4, 136.2,

136.0,134.4,131.9,131.3,131.1, 130.7,129.7, 129.5, 129.3, 129.1, 129.1, 128.8, 127.8, 127.3,

127.0, 126.5, 126.0, 125.9, 124.5, 124.2, 124.0, 122.2, 121.6, 116.9, 52.1; HRMS (ESI): m/z
[M + H]* calculated for C34H23N203: 507.1709 found 507.1695.

2-(4-Chlorophenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4d). Following general
procedure, the compound 4d was obtained after purification by column chromatography on
silica gel (EtOAc:hexane = 20:80) as a pale coloured yellow solid (51 mg, 53%); Rt = 0.5
(EtOAc:hexane = 20:80); Mp 237-239 °C;
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= cl IR (DCM): 3348, 2936, 1663, 1528, 1490 cm™; 'H NMR (400 MHz,

CDCls): 0 = 10.02 (s, 1H), 9.01 — 9.00 (m, 1H), 8.56 (dd, 1H, J1 = 4.1

O Hz, J> = 1.4 Hz), 8.47 (d, 1H, J = 9.2 Hz), 8.27 — 8.24 (m, 3H), 8.19 —

o 8.05 (m, 5H), 7.74 (d, 2H, J = 8.4 Hz), 7.64 (t, 1H, J = 7.8 Hz), 7.58 —

O 7.56 (m, 1H), 7.38 (dd, 1H, J1 =8.3 Hz, 2= 4.2 Hz), 7.34 (d,2H. J = 8.4

“ Hz); C NMR (~101 MHz, CDCls): § = 168.0, 148.1, 139.3, 138.4,

O 136.2, 135.9, 134.4, 133.7, 132.0, 131.4, 131.1, 130.7, 129.2, 129.0,

4d 128.8, 128.6, 127.9, 127.3, 127.1, 126.5, 126.1, 126.0, 125.9, 124.6,

124.2, 123.9, 122.2, 121.6, 116.8; HRMS (ESI): m/z [M + H]" calculated for C32H20CIN20:

483.1264 found 483.1252.

2-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4e).

Z Following general procedure, the compound 4e was obtained after

I e -
N o purification by column chromatography on silica gel (EtOAc:hexane =

O 20:80) as a pale yellow coloured solid (45 mg, 45%); Rt = 0.4

o (EtOAcC:hexane = 20:80); Mp 248 — 250 °C; IR (DCM): 3338, 2924,

O 1667, 1516, 1323 cm™; 'H NMR (400 MHz, CDCls): ¢ = 10.02 (s, 1H),

“ 9.04 (d, 1H, J = 7.6 Hz), 8.59 (d, 1H, J = 4.0 Hz), 8.48 (d, 1H, J = 9.2

O Hz), 8.26 — 8.23 (m, 3H), 8.19 — 8.11 (m, 4H), 8.05 (t, 1H, J = 7.6 Hz),

de 7.64 (t, 1H, J =7.9 Hz), 7.55 (d, 1H, J = 8.2 Hz), 7.39 — 7.34 (m, 2H),

7.29 — 7.26 (m, 1H), 6.81 (d, 1H, J = 8.3 Hz), 4.17 — 4.16 (m, 4H); *C NMR (~101 MHz,

CDCIs): 0 = 168.3, 148.0, 143.4, 143.2, 138.5, 136.7, 136.1, 134.7, 134.2, 131.9, 131.4, 131.1,

130.7,129.0,128.8, 128.8,127.8,127.4,127.2,126.3, 125.8, 125.7, 124.7,124.3, 123.6, 122.6,

121.8, 121.5, 1185, 117.2, 116.7, 64.3, 64.2; HRMS (ESI): m/z [M + H]" calculated for
CasH23N203: 507.1709 found 507.1724.

2-Phenyl-N-(quinolin-8-yl)pyrene-1-carboxamide (4f). Following general procedure, the
compound 4f was obtained after purification by column chromatography

IN on silica gel (EtOAc:hexane = 20:80) as a pale yellow coloured solid (49

O mg, 55%); Rf= 0.5 (EtOAc:hexane = 20:80); Mp 218-220 °C; IR (DCM):
3342, 1667, 1519, 1483, 1325 cm™; *H NMR (500 MHz, CDCls3): 6 = 9.96

° O (s, 1H), 8.97 (dd, 1H, J1 = 7.6 Hz, J» = 1.0 Hz), 8.52 (dd, 1H, J1 = 4.1 Hz,
“ J2=1.4Hz),847 (d, 1H, J = 9.3 Hz), 8.27 (s, 1H), 8.23 (t, 2H, J = 7.9 Hz),
O 8.17 —8.03 (m, 5H), 7.83 — 7.77 (m, 2H), 7.60 — 7.56 (m, 1H), 7.50 (d, 1H,

af J=8.3Hz), 7.34 - 7.31 (m, 3H), 7.18 (t, 1H, J = 7.5 Hz); 3C NMR (~126

NH
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MHz, CDCls): 0 = 168.2, 148.0, 140.8, 138.4, 137.3, 136.1, 134.6, 131.9, 131.6, 131.2, 130.8,
129.4,129.0,128.9, 128.8, 128.4, 127.8,127.5,127.3,127.2,126.4, 126.3, 125.9, 125.8, 124.7,
124.4, 123.8, 121.8, 121.5, 116.6; HRMS (ESI): m/z [M + H]" calculated for Cz2H21N20:
449.1654 found 449. 1649.

2-(4-Ethylphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide  (4g). Following general
= I Et procedure, the compound 4g was obtained after purification by column
N chromatography on silica gel (EtOAc:hexane = 20:80) as a pale yellow
O coloured solid (67 mg, 71%); Rt = 0.6 (EtOAc:hexane = 20:80); Mp 205-
207 °C; IR (DCM): 3338, 1665, 1515, 1482, 1324 cm™; 'H NMR (400
© O MHz, CDCls): 6 = 9.99 (s, 1H), 9.02 (d, 1H, J = 7.6 Hz), 8.55 - 8.49 (m,
“ 2H), 8.30 (s, 1H), 8.26 — 8.23 (m, 2H), 8.19 —8.05 (m, 5H), 7.71 (d, 2H,
O J=8.0Hz), 7.62 (t, 1H, J = 8.0 Hz), 7.53 (d, 1H, J = 8.0 Hz), 7.33 (dd,
1H,J1 =8.4 Hz, J = 4.0 Hz), 7.17 (d, 2H, J =8.0 Hz), 2.53 (q, 2H, J =
7.6 Hz), 1.05 (t, 3H, J = 7.6 Hz); *3C NMR (~101 MHz, CDCls): 6 =
168.4,147.9,143.5,138.4,138.1, 137.3,135.9, 134.7,131.9, 131.5, 131.1, 130.7, 129.4, 129.0,
128.8,128.8,128.0,127.8,127.3,127.1,126.4,126.2, 125.8, 125.7, 124.7, 124.3, 123.6, 121.8,
121.4, 116.6, 28.5, 15.4; HRMS (ESI): m/z [M + H]* calculated for CzsH2sN2O: 477.1967
found 477.1982.

NH

2-(4-1sopropylphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4h). Following general

procedure, the compound 4h was obtained after purification by column chromatography on

silica gel (EtOAc:hexane = 20:80) as a pale yellow coloured solid (65 mg,

66%); Rt = 0.5 (EtOAc:hexane = 20:80); Mp 160-162 °C; IR (DCM): 3337,

NH 2959, 1662, 1519, 1481 cm™; 'H NMR (400 MHz, CDCls): 6 = 9.99 (s,

o 1H), 9.03 (dd, 1H, J1 = 7.6 Hz, J> = 0.9 Hz), 8.55 — 8.51 (m, 2H), 8.28 (s,

‘O‘ 1H), 8.24 — 8.22 (m, 2H), 8.18 — 8.03 (m, 5H), 7.74 (d, 1H, J = 8.1 Hz),

O 7.60 (t, 1H,J=8.0 Hz), 7.49 (dd, 1H, J1 =8.3 Hz,J. = 0.9 Hz), 7.32 - 7.28

(m, 1H), 7.19 (d, 2H, J = 8.1 Hz), 2.80 — 2.72 (m, 1H), 1.05 (d, 6H, J = 6.9

Hz); °C NMR (~101 MHz, CDCls): 6 = 168.3, 148.0, 147.8, 138.3, 138.2,

137.3,135.8,134.7,131.9,131.4,131.0, 130.6, 129.4, 128.9, 128.8, 128.7, 127.6, 127.2, 127.1,

126.4,126.3, 126.2, 125.7, 125.6, 124.7, 124.3, 123.6, 121.7, 121.3, 116.4, 33.6, 23.7; HRMS
(ESI): m/z [M + H]" calculated for CasH27N20 : 491.2123 found 491.2142.

“ j-Pr
N
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N-(Quinolin-8-yl)-2-(p-tolyl)pyrene-1-carboxamide (4i). Following general procedure, the
= I Me compound 4i was obtained after purification by column

N chromatography on silica gel (EtOAc:hexane = 20:80) as a pale

O yellow coloured solid (54 mg, 58%); Rf = 0.5 (EtOAc:hexane =
o O 20:80); Mp 195-197 °C; IR (DCM): 3355, 3052, 1690, 1536, 1321

“ cm™; 'H NMR (400 MHz, CDCls): 6 = 10.04 (s, 1H), 9.04 (d, 1H, J

= 7.5 Hz), 8.54 (dd, 1H, J; = 4.0 Hz, J; = 1.4 Hz), 8.48 (d, 1H, J =
O 9.2 Hz), 8.27 — 8.21 (m, 3H), 8.16 — 8.03 (m, 5H), 7.72 (d, 2H, J =
4i 7.9 Hz), 7.62 (t, 1H, J = 8.1 Hz), 7.51 (d, 1H, J = 8.2 Hz), 7.32 (dd,

1H, J1 = 8.2 Hz, J; = 4.2 Hz), 7.18 (d, 2H, J = 7.8 Hz), 2.26 (s, 3H); 1*C NMR (~101 MHz,
CDCl3): 6 = 168.4, 148.0, 138.4, 137.9, 137.2, 136.0, 134.7, 131.9, 131.5, 131.1, 130.7, 129.3,
129.2,128.0,128.8,128.7,127.8,127.3,127.2,126.4, 126.3, 125.8, 125.7, 124.7, 124.3, 123.6,
121.9, 121.5, 116.7, 21.1; HRMS (ESI): m/z [M + H]" calculated for Ca3sH23N-.0O: 463.1810
found 463.1791.

2-(4-Methoxyphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4j). Following general
procedure, the compound 4j was obtained after purification by column chromatography on

Z OMe  silica gel (EtOAc:hexane = 25:75) as a pale yellow coloured solid (64 mg,
N

O 67%); Rt = 0.4 (EtOAc:hexane = 20:80); Mp 178-180 °C; IR (DCM): 3336,

NH 2932, 1682, 1521, 1321 cm™; 'H NMR (400 MHz, CDCl3): 6 = 10.02 (s,

© O 1H), 9.05 (d, 1H, J = 7.5 Hz), 8.55 — 8.54 (m, 1H), 8.48 (d, 1H, J = 9.2 H2),

“l 8.26 — 8.22 (M, 3H), 8.16 (d, 2H, J = 9.1 Hz), 8.12 — 8.03 (m, 3H), 7.75 (d,

i ) 2H,J=7.7Hz),7.62 (t 1H,J=7.9 Hz), 7.53 (d, 1H, J = 8.2 Hz), 7.33 (dd,

4 1H, J1 = 7.8 Hz, J2 = 4.0 Hz), 6.91 (d, 2H, J = 7.8 Hz), 3.71 (s, 3H); 13C

NMR (=101 MHz, CDCls): § = 168.5, 159.1, 148.0, 138.4, 136.9, 136.1, 134.7, 133.2, 131.9,

131.5,131.1, 130.7, 130.6, 129.0, 128.8, 128.8, 127.8. 127.3, 127.2, 126.4, 126.3, 125.8, 125.7,

124.7, 124.3, 123.5, 121.9, 121.5, 116.6, 113.9, 55.2; HRMS (ESI): m/z [M + H]* calculated
for CasH2sN202: 479.1760 found 479.1775.

2-(3-Methoxyphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4k). Following general
procedure, the compound 4k was obtained after purification by column chromatography on
silica gel (EtOAc:hexane = 20:80) as a pale yellow coloured solid (73 mg, 77%); Rt = 0.4
(EtOAC:hexane = 20:80);

135



=z Mp 201-203 °C; IR (DCM): 3337, 1665, 1516, 1482, 1324 cm'%; H
N O OMe NMR (400 MHz, CDCls): ¢ = 10.04 (s, 1H), 9.03 (d, 1H, J = 7.6 Hz),
8.55 (d, 1H, J = 3.9 Hz), 8.50 (d, 1H, J = 9.2 Hz), 8.29 (s, 1H), 8.23

NH
o (d, 2H, J = 7.6 Hz), 8.18 — 8.14 (m, 2H), 8.11 — 8.03 (m, 3H), 7.61 (t,
O 1H, J = 7.9 Hz), 7.52 (d, 1H, J = 8.3 Hz), 7.41 — 7.39 (m, 2H), 7.33
“ (dd, 1H, J1 = 8.0 Hz, J2 = 4.0 Hz), 7.26 — 7.24 (m, 1H), 6.77 (d, 1H, J
O = 7.9 Hz), 3.75 (s, 3H); *C NMR (~101 MHz, CDCls): 6 = 168.3,

4k 159.5, 148.0, 142.2, 138.4, 137.1, 136.1, 134.7, 131.9, 131.5, 131.1,

130.7,129.4,129.1,128.9,128.8,127.8,127.3,127.1,126.3, 126.2, 125.9, 125.8, 124.7, 124.3,
123.8, 122.0, 121.9, 1215, 116.7, 114.5, 113.9, 55.3; HRMS (ESI): m/z [M + H]" calculated
for Ca3H23N202: 479.1760 found 479.1780.

N-(Quinolin-8-yl)-2-(m-tolyl)pyrene-1-carboxamide (41). Following general procedure, the
compound 4l was obtained after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a pale yellow coloured solid (57 mg, 84%,
N Me 0.15 mmol scale); Rf= 0.5 (EtOAc:hexane = 20:80); Mp 186-188 °C;
NH IR (DCM): 3333, 1667, 1519, 1483, 1325 cm™; 'H NMR (400 MHz,
0 O CDCl3): 6 = 10.01 (s, 1H), 9.01 (d, 1H, J = 7.6 Hz), 8.56 (d, 1H, J =
“ 4.0 Hz), 8,51 (d, 1H, J = 9.2 Hz), 8.28 (s, 1H), 8.26 — 8.23 (m, 2H),
O 8.17 (d, 2H, J =9.2 Hz), 8.13 - 8.04 (m, 3H), 7.63 — 7.59 (m, 3H), 7.52
(d, 1H, J=8.2 Hz), 7.34 (dd, 1H, J1 = 8.2 Hz, J, = 4.2 Hz), 7.22 (t, 1H,
J=7.6Hz), 7.01 (d, 1H, J = 7.6 Hz), 2.30 (s, 3H); *C NMR (~101
MHz, CDCls): 6 = 168.3, 148.0, 140.7, 138.4, 137.9, 137.5, 136.1, 134.7, 131.9, 131.6, 131.1,
130.7,130.2,129.0, 128.8, 128.7, 128.2, 128.2, 127.8, 127.3, 127.2, 126.5, 126.3, 125.8, 125.7,
124.7, 124.4, 123.7, 121.8, 121.5, 116.6, 21.4; HRMS (ESI): m/z [M + H]" calculated for
Cs3H23N20: 463.1810 found 463.1827.

2-(3-Chlorophenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4m). Following general
= procedure, the compound 4m was obtained after purification by column

N Cl' chromatography on silica gel (EtOAc:hexane = 20:80) as a pale yellow
O coloured solid (71 mg, 74%); Rs = 0.5 (EtOAc:hexane = 20:80); Mp 218-

o O 220 °C; IR (DCM): 3334, 2923, 1668, 1519, 1483 cm™; 'H NMR (500
“ MHz, CDCl3): 6 = 9.96 (s, 1H), 8.95 (dd, 1H, J1 = 7.6 Hz, J, = 1.0 Hz),
O 8.57 (dd, 1H, J1 = 4.1 Hz, J> = 1.6 Hz), 8.48 (d, 1H, J = 9.2 Hz), 8.26 —

8.23 (m, 3H), 8.19 — 8.16 (m, 2H), 8.12 — 8.04 (m, 3H), 7.80 (t, 1H, J =
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1.8 Hz), 7.63 - 7.58 (m, 2H), 7.52 (dd, 1H, J1 = 8.4 Hz, J, = 1.1 Hz), 7.35 (dd, 1H, J1 = 8.3 Hz,
Jo=4.2Hz),7.18 (t, 1H, J=7.7 Hz), 7.14 — 7.12 (m, 1H); 3C NMR (~126 MHz, CDCls): § =
167.8,148.2,142.6,138.4,136.1, 135.8, 134.5, 134.3, 132.0, 131.4, 131.2, 130.8, 129.6, 129.5,
129.3,129.1,128.9,127.8,127.6, 127.5,127.3,127.1, 126.5, 126.0, 126.0, 125.9, 124.7, 124.3,
124.0,122.0, 121.6, 116.7; HRMS (ESI): m/z [M + H]" calculated for C32H20CIN2O: 483.1264
found 483.1261.

2-(3-Fluorophenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4n). Following general

2 procedure, the compound 4n was obtained after purification by column

N F chromatography on silica gel (EtOAc:hexane = 20:80) as a pale yellow

O coloured solid (61 mg, 66%); Rf = 0.5 (EtOAc:hexane = 20:80); Mp 217 —

o 219 °C; IR (DCM): 3342, 1667, 1519, 1483, 1423 cm™; IH NMR (400

‘O‘] MHz, CDCls): 6 = 10.03 (s, 1H), 9.00 (d, 1H, J = 7.6 Hz), 8.54 (d, 1H, J =

O 3.9Hz),8.47 (d, 1H, J=9.2 Hz), 8.21 — 8.10 (m, 5H), 8.06 — 8.01 (m, 3H),

7.62 —7.54 (m, 3H), 7.50 (d, 1H, J = 8.3 Hz), 7.33 — 7.25 (m, 2H), 6.91 (t,

1H, J = 8.1 Hz); ¥*C NMR (~101 MHz, CDCls): 6 = 167.9, 162.7 (d, Jc-r

=245 Hz), 148.1, 143.0 (d, Jc-r = 5.3 Hz), 138.3, 136.1, 135.8 (d, Jc.r = 1.5 Hz), 134.5, 131.9,

131.3,131.1, 130.7, 129.9 (d, Jc-r = 8.4 HZz), 129.2, 129.0, 128.8, 127.8, 127.3, 127.0, 126.5,

126.0, 125.8, 125.3 (d, Jc.r = 2.5 Hz), 124.6, 124.1, 123.9, 122.1, 121.6, 116.7, 116.5 (d, Jc-r

=22.0 Hz), 114.4 (d, Jc-r = 21.0 Hz); HRMS (ESI): m/z [M + H]" calculated for C32H20FN2O:
467.1560 found 467.1574.

2-(5-Bromopyridin-2-yl)-N-(quinolin-8-yl)pyrene-1-carboxamide (40). Following general
procedure, the compound 40 was obtained after purification by column chromatography on
silica gel (EtOAc:hexane = 20:80) as a pale yellow coloured solid (61
mg, 58%); Rr = 0.4 (EtOAc:hexane = 20:80); Mp 115 — 117 °C; IR
(DCM): 3338, 2924, 1667, 1519, 1483 cm™; 'H NMR (400 MHz,
CDCls): 6 = 10.13 (s, 1H), 9.05 (d, 1H, J =7.3 Hz), 8.70 (d, 1H, J =
1.8 Hz), 8.57 — 8.51 (m, 3H), 8.27 — 8.06 (m, 7H), 7.84 (d, 1H, J = 8.4
Hz), 7.77 (dd, 1H, J1 = 8.4 Hz, J; = 2.2 Hz), 7.67 (t, 1H, J = 8.0 Hz),
7.59 (d, 1H, J = 7.7 Hz), 7.38 (dd, 1H, J1: = 8.3 Hz, J, = 4.2 Hz); °C
NMR (~101 MHz, CDClz): 6 = 168.3, 156.6, 150.6, 148.2, 139.0,
138.5,136.1,134.7,134.4,132.0, 131.3, 131.1, 130.8, 129.2, 129.0, 127.9, 127.3, 127.3, 126.7,
126.0, 125.9, 125.7, 125.2, 124.6, 124.6, 124.1, 122.1, 121.6, 119.8, 116.9; HRMS (ESI): m/z
[M + H]" calculated for C31H19BrNzO: 528.0711 found 528.0685.
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2-(6-Chloropyridin-3-yl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4p). Following general
procedure, the compound 4p was obtained after purification by column chromatography on
silica gel (EtOAc:hexane = 20:80) as a pale yellow coloured solid (23
mg, 48%, 0.1 mmol scale); R = 0.4 (EtOAc:hexane = 20:80); Mp 135 —
137 °C; IR (DCM): 3344, 2917, 1682, 1536, 1332 cm™*; *H NMR (400
MHz, DMSO-ds): 6 = 10.64 (s, 1H), 8.78 (d, 1H, J = 2.3 Hz), 8.74 (dd,
1H, J1 = 4.2 Hz, J> = 1.5 Hz), 8.62 — 8.60 (m, 1H), 8.47 (s, 1H), 8.43 —
8.30 (m, 7H), 8.23 (dd, 1H, J1 =8.2 Hz, J, = 2.5 Hz),8.16 (t, 1H,J =7.6
Hz), 7.79 — 7.77 (m, 1H), 7.69 — 7.65 (m, 1H), 7.60 — 7.57 (m, 2H); 3C
NMR (~101 MHz, CDClz): 6 = 167.4, 150.7, 149.7, 148.3, 139.5, 138.3,
136.3, 135.5, 134.1, 132.1, 132.0, 131.4, 131.2, 130.7, 129.6, 129.4,
129.0,127.9,127.3,126.9, 126.8, 126.3,126.1, 125.8, 124.4,124.2,124.1, 123.8, 122.5,121.7,
117.1; HRMS (ESI): m/z [M + H]" calculated for C31H19CIN3O: 484.1217 found 484.1205.

N-(Quinolin-8-yl)-2-(thiophen-2-yl)pyrene-1-carboxamide (4Q). Following general
procedure, the compound 4q was obtained after purification by column
chromatography on silica gel (EtOAc:hexane =20:80) as a pale yellow
coloured solid (48 mg, 54%); Rs = 0.4 (EtOAc:hexane = 20:80); Mp
221 -223°C; IR (DCM): 3332, 2921, 1667, 1525, 1467 cm™;

IH NMR (400 MHz, DMSO-ds): 6 = 10.54 (s, 1H), 8.83 (d, 1H, J =
7.4 Hz), 8.72 (d, 1H, J = 4.0 Hz), 8.56 (s, 1H), 8.43 — 8.25 (m, 7H),
8.16 —8.15 (m, 1H), 7.79 (d, 1H, J = 8.2 Hz), 7.74 — 7.72 (m, 1H), 7.63
~7.56 (m, 3H), 7.12 — 7.10 (m, 1H); $3C NMR (~101 MHz, DMSO-
de): § = 167.8, 149.6, 141.8, 138.8, 137.1, 134.7, 131.8, 131.4, 131.2,
130.6,129.8, 129.5, 129.3, 128.5, 128.4, 128.4, 128.2, 127.8, 127.6, 127.5, 127.4, 126.8, 126.5,
126.3, 124.6, 123.8, 1235, 123.2, 122.7, 118.1; HRMS (ESI): m/z [M + H]* calculated for
CaoH1sN20S: 455.1218 found 455.1199.

N-(10-(3-Methoxyphenyl)pyren-1-yl)picolinamide (5a). Following general procedure, the
compound 5a was obtained after purification by column chromatography on silica gel
(EtOACc:hexane = 25:75) as a brown coloured solid (61 mg, 71%); Rt = 0.3 (EtOAc:hexane =
20:80); Mp 167 - 169 °C; IR (DCM): 3475, 3352, 1667, 1602, 1517 cm™™;
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IH NMR (400 MHz, CDCls): & = 9.86 (s, 1H), 8.69 (d, 1H, J = 8.3 Hz), 8.32 — 8.28 (m, 2H),

Py O
h
Q.0
U

5a

8.18 (d, 2H, J = 7.6 Hz), 8.12 — 8.06 (m, 3H), 8.04 — 7.98 (m, 1H),
7.94 (s, 1H), 7.82 (t, 1H, J = 7.6 Hz), 7.40 — 7.37 (m, 1H), 7.15 —
7.11 (m, 3H), 6.55 — 6.54 (m, 1H), 3.74 (s, 3H); 13C NMR (~101
MHz, CDCls): 6 = 162.2, 159.6, 149.8, 147.4, 144.3, 137.1, 136.5,
131.3, 131.3, 130.3, 129.4, 129.4, 127.7, 126.6, 126.4, 126.3,
126.1, 126.0, 125.4, 124.8, 124.3, 124.0, 122.0, 121.8, 121.4,
113.7, 113.2, 55.1; HRMS (ESI): m/z [M + H]* calculated for

C29H2:N202: 429.1603 found 429.1593.

N-(10-(m-Tolyl)pyren-1-yl)picolinamide (5b). Following general procedure, the compound

5b was obtained after purification by column chromatography on silica gel (EtOAc:hexane =

Py 0]
hig
2.0
U

5b

20:80) as a brown coloured solid (46 mg, 57%); Rf = 0.5
(EtOAc:hexane = 20:80); Mp 167-169 °C; IR (DCM): 3325, 3040,
1690, 1517, 1478 cm™; 'H NMR (400 MHz, CDCls): 6 = 9.80 (s,
1H), 8.71 (d, 1H, J = 8.4 Hz), 8.31 — 8.26 (m, 2H), 8.20 — 8.18 (m,
2H), 8.12 — 8.05 (m, 3H), 8.01 (t, 1H, J = 7.6 Hz), 7.93 (s, 1H),
7.81 (td, 1H, J1=7.7 Hz, J = 1.1 Hz), 7.39 — 7.36 (m, 3H), 7.14 (t,

1H, J = 7.6 Hz), 6.81 (d, 1H, J = 7.6 Hz), 2.24 (s, 3H); *C NMR (~101 MHz, CDCls): ¢ =
162.1,149.8, 147.3,142.9, 137.9, 137.0, 136.8, 131.4, 131.3, 130.4, 129.7, 129.4, 128.3, 127.8,
127.6, 126.6, 126.5, 126.3, 126.1, 126.0, 125.9, 125.3, 124.7, 124.3, 124.0, 122.1, 121.9, 21.3;
HRMS (ESI): m/z [M + H]" calculated for C29H21N20: 413.1654 found 413.1639.

N-(10-(3-Fluorophenyl)pyren-1-yl)picolinamide (5c). Following general procedure, the

PY\’&O compound 5b was obtained after purification by column
O HN ‘ chromatography on silica gel (EtOAc:hexane = 20:80) as a brown

e

coloured solid (47 mg, 57%); Rt = 0.5 (EtOAc:hexane = 20:80); Mp
195-197 °C; IR (DCM): 3328, 2921, 1671, 1521, 1486 cm™; *H NMR
(400 MHz, CDCl3): § = 9.80 (s, 1H), 8.70 (d, 1H, J = 8.4 Hz), 8.35

5c —8.34 (m, 1H), 8.30 (d, 1H, J = 8.4 Hz), 8.22 — 8.18 (M, 2H), 8.13 —
8.00 (m, 4H), 7.92 (s, 1H), 7.84 (td, 1H, J1 = 7.7 Hz, J, = 1.7 Hz), 7.43 — 7.36 (m, 2H), 7.25 —
7.23 (m, 1H), 7.16 — 7.10 (m, 1H), 6.73 — 6.68 (m, 1H); 3C NMR (~101 MHz, CDCls): 6 =
162.9 (d, Je.r = 245.2 Hz), 162.0, 149.6, 147.4, 145.2 (d, Jcr = 7.8 Hz), 137.2, 135.2 (d, Jc.r =
1.7 Hz), 131.6, 131.3, 131.2, 130.1, 129.7 (d, Jc.r = 8.5 Hz), 129.4, 127.8, 126.6, 126.4, 126.3,
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126.2, 125.7, 125.1, 125.0 (d, Jcr = 2.8 HZz), 124.9, 124.4, 123.9, 122.0, 121.8, 115.9 (d, Jcr
= 21.8 Hz), 113.5 (Jcr = 20.8 Hz); HRMS (ESI): m/z [M + H]" calculated for C2gH1sFN2O:
417.1403 found 417.1393.

Ethyl 3-(3-(picolinamido)pyren-4-yl)benzoate (5d). Following general procedure, the
compound 5d was obtained after purification by column

P 0
y\f chromatography on silica gel (EtOAc:hexane = 20:80) as a brown
HN
O ‘ coloured solid (59 mg, 63%); Rt = 0.4 (EtOAc:hexane = 20:80);
EtOOC O‘ Mp 157-159 °C; IR (DCM): 3328, 2921, 1671, 1521, 1486cm™;

O 'H NMR (400 MHz, CDCls): 6 = 9.72 (s, 1H), 8.68 (d, 1H. J =

8.4 Hz), 8.36 —8.31 (m, 2H), 8.23 (d, 1H, J = 7.3 Hz), 8.18 — 8.09

(m, 5H), 8.04 (t, 1H, J = 7.6 Hz), 7.96 (s, 1H), 7.81 (td, J1 = 7.7

Hz, J2 = 1.6 Hz), 7.71 (d, 1H, J = 7.8 Hz), 7.66 — 7.64 (m, 1H), 7.39 — 7.36 (m, 1H), 7.24 (t,

1H, J = 7.7 Hz), 4.45 — 4.39 (m, 2H), 1.43 (t, 3H, J = 7.1 Hz); 3C NMR (~101 MHz, CDCls):

5 =166.5, 161.8, 149.5, 147.4, 143.2, 137.1, 135.6, 133.6, 131.9, 131.3, 131.0, 130.7, 130.2,

129.5,129.5,128.1, 128.1, 127.7, 126.7, 126.4, 126.3, 126.2, 125.7, 124.9, 124.4, 124.1,121.9,

121.9, 61.01, 14.5; HRMS (ESI): m/z [M + H]" calculated for Ca1H23N20s: 471.1709 found
471.1716.

5d

N-(10-(3-Acetylphenyl)pyren-1-yl)picolinamide (5e). Following general procedure, the
compound 5e was obtained after purification by column

Py (0]
I chromatography on silica gel (EtOAc:hexane = 20:80) as a brown
O ‘ coloured solid (52 mg, 59%); Rf = 0.3 (EtOAc:hexane = 20:80);
Ac O‘ Mp 168-170 °C; IR (DCM): 3440, 1686, 1602, 1513, 1248 cm™;

IH NMR (400 MHz, DMSO-de): 6 = 10.03 (s, 1H), 8.42 (d, 1H, J

O = 8.3 Hz), 8.36 — 8.21 (m, 6H), 8.11 (t, 1H, J = 7.6 Hz), 8.01 (s,

se 1H), 7.99 (s, 1H), 7.93 — 7.86 (m, 2H), 7.67 (d, 1H, J = 7.5 Hz),

7.56 — 7.53 (m, 1H), 7.41 (d, 1H, J = 7.9 Hz), 7.28 (t, 1H, J = 7.7 Hz), 2.46 (s, 3H); 3C NMR

(101 MHz, CDCls): § = 197.9, 161.8, 149.3, 147.4, 143.4, 137.3, 136.9, 135.5, 133.4, 131.9,

131.2,130.8, 130.1, 129.6, 129.0, 128.5, 127.7, 126.8, 126.5, 126.4, 126.3, 126.3, 126.2, 125.7,

125.0,124.6, 124.3,122.2, 121.8, 26.7; HRMS (ESI): m/z [M + H]* calculated for CaoH21N205:
441.1603 found 441.1589.

N-(10-(4-Methoxyphenyl)pyren-1-yl)picolinamide (5f). Following general procedure, the
compound 5f was obtained after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a brown coloured solid (42 mg, 50%);
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Py._O Rt = 0.4 (EtOAc:hexane = 20:80); Mp 171 - 173 °C; IR (DCM): 3396,

MeO HN 2951, 1678, 1556, 1514 cm™*; *H NMR (500 MHz, CDCls): 6 = 9.98

O O“ (s, 1H), 8.80 (d, 1H, J =8.4 Hz), 8.32 - 8.29 (m, 2H), 8.22 - 8.19 (m,

2H), 8.15 — 8.01 (m, 4H), 7.95 (s, 1H), 7.87 — 7.83 (m, 1H), 7.51 (d,

2H,J=8.8 Hz), 7.41-7.38 (m, 1H), 6.81 (d, 2H, J = 8.4 Hz), 3.63 (s,

3H); 33C NMR (~101 MHz, CDCls): § = 162.0, 159.0, 150.0, 147.5,

137.0,136.2,135.2,131.6,131.5,131.3,130.4, 130.1, 129.2, 127.7, 126.5, 126.5, 126.3, 126.1,

125.8, 125.2, 124.6, 124.3, 123.4, 121.9, 121.7, 113.8, 55.0; HRMS (ESI): m/z [M + H]*
calculated for C29H21N202: 429.1603 found 429.1588.

N-(10-(p-Tolyl)pyren-1-yl)picolinamide (5g). Following general procedure, the compound

Py. O 5g was obtained after purification by column chromatography on

Me ,:,T silica gel (EtOAc:hexane = 20:80) as a brown coloured solid (51 mg,

O 62%); Rr = 0.5 (EtOAc:hexane = 20:80); Mp 158 — 160 °C; IR

O‘ (DCM): 3348, 3048, 1682, 1521, 1325 cm™; 'H NMR (400 MHz,

O CDClz): 6 = 9.88 (s, 1H), 8.75 (d, 1H, J = 8.4 Hz), 8.31 — 8.26 (m,

2H), 8.19 (d, 2H, J = 7.7 Hz), 8.13 — 8.05 (m, 3H), 8.01 (t, 1H, J =

7.6 Hz), 7.93 (s, 1H), 7.8 (td, 1H, J1 = 7.7 Hz, J. = 1.6 Hz), 7.46 (d,

2H, J = 8.0 Hz), 7.38 — 7.35 (m, 1H), 7.06 (d, 2H, J = 7.8 Hz), 2.13 (s, 3H); *C NMR (~101

MHz, CDCls): ¢ = 162.0, 150.0, 147.4, 140.0, 137.0, 136.7, 136.6, 131.5, 131.3, 130.4, 129.3,

129.0,128.9, 127.8, 126.5, 126.3, 126.1, 125.8, 125.3, 124.7, 124.3, 123.6, 121.9, 21.1; HRMS
(ESI): m/z [M + H]" calculated for C29H21N20: 413.1654 found 413.1669.

59

N-(10-(4-Ethoxyphenyl)pyren-1-yl)picolinamide (5h). Following general procedure, the
compound 5h was obtained after purification by column

o PyHN ° chromatography on silica gel (EtOAc:hexane = 20:80) as a brown
O ‘ coloured solid (53 mg, 61%);R¢ = 0.4 (EtOAc:hexane = 20:80); Mp 148
O‘ —150°C; IR (DCM): 3296, 2926, 1674, 1511, 1495 cm™%; *H NMR (400

O MHz, CDCls): 6 = 9.97 (s, 1H), 8.79 (d, 1H, J = 8.4 Hz), 8.30 — 8.29

5h (m, 2H), 8.19 — 8.17 (m, 2H), 8.12 — 7.99 (m, 4H), 7.93 (s, 1H), 7.84—

8.0 (m, 1H), 7.47 (d, 2H, J = 8.6 Hz), 7.38 — 7.35 (m, 1H), 6.77 (d, 2H, J = 8.6 Hz), 3.78 (q,
2H, J = 7.0 Hz), 1.35 (t, 3H, J = 7.0 Hz); ¥C NMR (~101 MHz, CDCls): = 162.0, 158.4,
150.0, 147.5, 137.0, 136.3, 135.0, 131.6, 131.5, 131.3, 130.4, 130.1, 129.2, 127.8, 126.5, 126.5,
126.3,126.1, 125.7, 125.2, 124.6, 124.3, 123.3, 121.9, 121.7, 114.2, 63.1, 14.9; HRMS (ESI):

m/z [M + H]" calculated for C3oH23N202: 443.1760 found 443.1775.
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N-(10-Phenylpyren-1-yl)picolinamide (5i). Following general procedure, the compound 5i
was obtained after purification by column chromatography on silica

PY~© gel (EtOAc:hexane = 20:80) as a brown coloured solid (48 mg,

H HN ‘ 60%): Rr = 0.5 (EtOAC:hexane = 20:80); Mp 167 — 169 °C; IR
O‘ (DCM): 3347, 2923, 1678, 1511, 839 cm; *H NMR (400 MHz,

CDClz): 6 =9.85 (s, 1H), 8.75 (d, 1H, J =8.4 Hz), 8.31 (d, 1H, J =

8.4 Hz), 8.25 (d, 1H, J = 4.6 Hz), 8.22 — 8.00 (m, 6H), 7.94 (s, 1H),
7.81 (td, 1H, J1 = 7.6 Hz, Jo = 1.4 Hz), 7.57 (d, 2H, J = 7.3 Hz), 7.38
-7.35 (m, 1H), 7.28 — 7.24 (m, 2H), 7.04 (t, 1H, J = 7.5 Hz); *C NMR (~101 MHz, CDCls): 6
= 162.0, 149.8, 147.5, 142.9, 137.0, 136.6, 131.7, 131.5, 131.3, 130.3, 129.3, 129.0, 128.3,
127.7, 126.9, 126.5, 126.5, 126.3, 126.1, 125.9, 125.4, 124.8, 124.3, 123.6, 121.9, 121.7;

HRMS (ESI): m/z [M + H]" calculated for C2sH19N20: 399.1497 found 399.1511.

N-(10-(4-Acetylphenyl)pyren-1-yl)picolinamide (5j). Following general procedure, 5j was
Py. _O obtained after purification by column chromatography on silica

Ac H\I\T gel (EtOAc:hexane = 25:75) as a brown coloured solid (54 mg,
O ‘ 61%); Rs = 0.3 (EtOAc:hexane = 20:80); Mp 158 — 160 °C. IR

O‘ (DCM): 3452, 3344, 1682, 1605, 1517 cm™; *H NMR (400 MHz,
= CDCl3): § = 9.54 (s, 1H), 8.56 (d, 1H, J = 8.3 Hz), 8.25 (d, 1H, J

N | = 8.3 Hz), 8.18 — 8.13 (m, 3H), 8.09 — 8.04 (m, 3H), 8.00 — 7.98

5j (m, 1H), 7.87 (s, 1H), 7.79 — 7.76 (m, 3H), 7.57 (d, 2H, J = 7.8
Hz), 7.30 — 7.28 (m, 1H), 2.36 (s, 1H); **C NMR (~101 MHz, CDCls): § = 197.3, 161.9, 149.5,
148.0,147.4,137.1,135.5, 135.3, 131.5, 131.2, 130.8, 130.0, 129.6, 129.1. 128.3, 127.7, 126.7,
126.5, 126.3, 126.3, 126.1, 125.8, 125.1, 124.5, 124.3, 122.0, 121.9, 26.4; HRMS (ESI): m/z
[M + H]" calculated for C3oH2:N202: 441.1603 found 441.1624.

Methyl 4-(3-(picolinamido)pyren-4-yl)benzoate (5k). Following general procedure, the
Py. 0 compound 5k was obtained after purification by column

MeOOC n chromatography on silica gel (EtOAc:hexane = 25: 75) as a brown
O ‘ coloured solid (58 mg, 64%); Rs = 0.3 (EtOAc:hexane = 20:80);
O‘ Mp 125°C — 127 °C; IR (DCM): 3500, 1716, 1678, 1512, 1434

O cm; IH NMR (400 MHz, CDCl3): 6 = 9.59 (s, 1H), 8.61 (d, 1H,

J=8.3Hz),8.29 (d, 1H, J = 8.4 Hz), 8.22 — 8.20 (m, 2H), 8.15 —
8.05 (m, 4H), 8.02 (t, 1H, J = 7.6 Hz), 7.92 (s, 1H), 7.88 (d, 2H, J
=8.3Hz),7.79 (td, 1H, J1 = 7.6 Hz, J>» = 1.6 Hz), 7.60 (d, 2H, J = 8.2 Hz), 7.32 — 7.28 (m, 1H),

5k
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3.87 (s, 3H); °C NMR (~101 MHz, CDCls): 6 = 166.6, 162.0, 149.5, 147.8, 147.5, 137.1,
135.7,131.5,131.3, 131.0, 130.1, 129.6, 129.5, 128.9, 128.5, 127.7, 126.7, 126.4, 126.4, 126.3,
125.9, 125.8, 125.1, 124.4, 124.4, 122.0, 121.9, 51.9; HRMS (ESI): m/z [M + H]" calculated
for C3oH21N203: 457.1552 found 457.1535.

N-(10-(4-Cyanophenyl)pyren-1-yl)picolinamide (5I). Following general procedure, the

Py_ O compound 51 was obtained after purification by column

NC HN chromatography on silica gel (EtOAc:hexane = 20:80) as a brown

O ‘ coloured solid (47 mg, 56%); R = 0.4 (EtOAc:hexane = 20:80); Mp

O‘ 213 — 215 °C; IR (DCM): 3322, 2924, 2226, 1679, 1513 cm™; 1H

O NMR (400 MHz, CDCls): 6 = 9.54 (s, 1H), 8.56 (d, 1H, J = 8.3 Hz),

8.35 -8.32 (m, 2H), 8.26 (d, 1H, J = 7.5 Hz), 8.19 — 8.10 (m, 4H),

8.06 (t, 1H, J=7.6 Hz), 7.93 — 7.89 (m, 2H), 7.65 (d, 2H, J = 8.3

Hz), 7.53 - 7.48 (m, 3H); *C NMR (~101 MHz, CDCls): 6 = 161.9, 149.3, 148.0, 147.5, 137.6,

134.8,131.9,131.8, 131.2,130.6, 129.9, 129.8, 129.6, 127.8, 126.9, 126.8, 126.6, 126.5, 126.4,

126.2, 125.3, 124.8, 124.5, 122.0. 118.6, 110.3; HRMS (ESI): m/z [M + H]" calculated for
C29H18N30: 424.1450 found 424.1467.

51

N-(10-(4-Chlorophenyl)pyren-1-yl)picolinamide (5m). Following general procedure, 5m

Py_ _O was obtained after purification by column chromatography on

cl H\,\T silica gel (EtOAc:hexane = 20:80) as a brown coloured solid (37

O ‘ mg, 58%, 0.15 mmol scale); Rt = 0.5 (EtOAc:hexane = 20:80); Mp

O‘ 200 — 202 °C; IR (DCM): 3440, 3332, 1678, 1517, 1486 cm™; H

O NMR (400 MHz, DMSO-ds): d = 10.04 (s, 1H), 8.44 — 8.40 (m,

3H), 8.33 (d, 1H, J = 7.5 Hz), 8.28 (d, 1H, J = 7.5 Hz), 8.25 — 8.19

Sm (m, 2H), 8.09 (t, 1H, J = 7.6 Hz), 7.99 — 7.97 (m, 3H), 7.62 — 7.58

(m, 1H), 7.44 (d, 2H, J = 8.2 Hz), 7.21 (d, 2H, J = 8.2 Hz); *3C NMR (~101 MHz, CDCl3): 6

= 162.0, 149.5, 147.7, 1415, 137.2, 135.4, 133.2, 131.7, 131.3, 131.2, 130.3, 130.2, 129.4,

128.5, 127.8, 126.6, 126.4, 126.4, 126.3, 126.3, 125.6, 124.9, 124.4, 123.9, 121.9, 121.7;
HRMS (ESI): m/z [M + H]" calculated for C2sH1sCIN2O: 433.1108 found 433.1100.

N-(10-(4-Bromophenyl)pyren-1-yl)picolinamide (5n). Following general procedure, the
compound 5n was obtained after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a brown coloured solid (50 mg, 53%);
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Rt = 0.5 (EtOAc:hexane = 20:80); Mp 165 — 167 °C; IR (DCM): 3325, 2959, 1678, 1521, 1467
cm™; 'H NMR (400 MHz, DMSO-ds): & = 10.08 (s, 1H), 8.46 — 8.29 (m, 6H), 8.26 — 8.21 (m,

Py O 2H), 8.11 (t, 1H, J = 7.6 Hz), 8.00 — 7.96 (m, 3H), 7.63 — 7.60 (m,
1H), 7.39 (d, 2H, J = 8.4 Hz), 7.35 (d, 2H, J = 8.4 Hz); 3C NMR
(~126 MHz, CDCls): 6 = 161.0, 148.4, 146.8, 140.9, 136.2, 134.3,
130.6, 130.4, 130.3, 130.1, 129.6, 129.1, 128.4, 126.7, 125.6, 125.4,
125.3, 124.6, 123.9, 123.4, 123.0, 120.9, 120.7, 120.3; HRMS
(ESI): m/z [M + H]" calculated for C2gH1sBrN2O: 477.0603 found
477.0607.

N-(10-(3,5-Dimethylphenyl)pyren-1-yl)picolinamide (50). Following general procedure, the

compound 50 was obtained after purification by column

MPy @)
© I—TI\T chromatography on silica gel (EtOAc:hexane = 20:80) as a brown
O ‘ coloured solid (38 mg, 45%); Rf = 0.5 (EtOAc:hexane = 20:80);
Me O‘ Mp 165 — 167 °C; IR (DCM): 3313, 1678, 1511, 1434, 840 cm™;

IH NMR (400 MHz, CDCls): 6 = 9.75 (s, 1H), 8.65 (d, 1H, J = 8.4

O Hz), 8.31 — 8.28 (m, 2H), 8.19 (d, 2H, J = 7.4 Hz), 8.13 — 8.06 (m,

So 3H), 8.01 (t, 1H, J = 7.6 Hz), 7.93 (s, 1H), 7.83 (td, 1H, J1 = 7.7

Hz, J2 = 1.6 Hz), 7.41-7.38 (m, 1H), 7.16 (s, 2H), 6.59 (s, 1H), 2.20 (s, 6H); 3C NMR (~101

MHz, CDCls): § = 162.1, 149.8, 147.2, 142.9, 137.8, 136.9, 131.4, 131.3, 131.1, 130.4, 129.5,

128.4,127.8, 126.8, 126.6, 126.5, 126.3, 126.0, 125.9, 125.3, 124.7, 124.3, 122.4, 121.8, 21.2;
HRMS (ESI): m/z [M + H]" calculated for C3oH23N20: 427.1810 found 427.1826.

N-(10-(3,4-Dimethylphenyl)pyren-1-yl)picolinamide (5p). Following general procedure, the

Py. 0O compound 5p was obtained after purification by column

Me HN chromatography on silica gel (EtOAc:hexane = 20:80) as a brown

O ‘ coloured solid (55 mg, 65%); R = 0.5 (EtOAc:hexane = 20:80); Mp

e O‘ 148 — 150 °C; IR (DCM): 3428, 1686, 1590, 1517, 1128 cm™; *H

O NMR (400 MHz, DMSO-de): § = 9.88 (s, 1H), 8.44 — 8.38 (m, 2H),

5p 8.33 — 8.18 (m, 5H), 8.08 (t, 1H, J = 7.6 Hz), 7.98 — 7.95 (m, 3H),

7.59 — 7.55 (m, 1H), 7.19 (s, 1H), 7.15 - 7.12 (m, 1H), 6.92 (d, 1H, J = 7.6 Hz), 2.04 (s, 3H),

1.90 (s, 3H); 3C NMR (~101 MHz, CDCls): 6 = 162.0, 150.0, 147.3, 140.5, 136.9, 136.8,

136.4,135.3,131.4,131.3,130.5, 130.3, 129.7, 129.4, 127.8, 126.6, 126.5, 126.3, 126.3, 126.3,

126.0, 125.8, 125.2, 124.7, 124.3, 124.1, 122.2, 121.8, 19.5, 19.3; HRMS (ESI): m/z [M + H]*
calculated for C3oH23N20: 427.1810 found 427.1801.
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N-(10-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)pyren-1-yl)picolinamide (5q). Following

Py~ 0 general procedure, the compound 5g was obtained after purification
[0 O HN ‘ by column chromatography on silica gel (EtOAc:hexane = 20:80) as
o O‘ a brown coloured solid (56 mg, 62%). Rf = 0.3 (EtOAc:hexane =

20:80); Mp 192 — 194 °C; IR (DCM): 3448, 2925, 1686, 1517, 1252
O cm™; *H NMR (400 MHz, CDCls): ¢ = 10.06 (s, 1H), 8.79 (d, 1H, J
= 8.3 Hz), 8.43 — 8.42 (m, 1H), 8.30 — 8.23 (m, 2H), 8.18 (d, 1H, J
=7.1Hz), 8.11—7.98 (m, 4H), 7.92 (s, 1H), 7.86 (t, 1H, J1 = 7.7 Hz, J2 = 1.6 Hz), 7.44 - 7.41
(m, 1H), 7.10 — 7.06 (m, 2H), 6.84 (d, 1H, J = 8.0 Hz), 4.20 — 4.13 (m, 2H), 3.98 — 3.91 (m,
2H); 13C NMR (~101 MHz, CDCls): § = 161.9, 150.1, 147.5, 143.4, 143.0, 137.2, 136.2, 136.0,
131.5,131.5,131.3,130.4,129.2,127.7,126.5, 126.3, 126.1, 125.9, 125.3, 124.7, 124.3, 123.4,
122.3, 122.1, 121.7, 118.0, 117.3, 64.3, 64.2; HRMS (ESI): m/z [M + H]" calculated for
CzoH2:N203: 457.1552 found 457.1541.

5q

N-(10-(6-Chloropyridin-3-yl)pyren-1-yl)picolinamide (5r). Following general procedure,

Py (0]

Cla s ,_T,T chromatography on silica gel (EtOAc:hexane = 25:75) as a brown
N | ‘ coloured solid (36 mg, 42%); Rs = 0.3 (EtOAc:hexane = 20:80);
O‘ Mp 194 — 196 °C; IR (DCM): 3323, 1678, 1513, 1274, 842 cm'%;
O 'H NMR (400 MHz, CDCls): 6 = 9.72 (s, 1H), 8.72 (s, 1H), 8.65
(d, 1H, J = 8.3 Hz), 8.43 (d, 1H, J = 4.4 Hz), 8.23 — 8.17 (m, 3H),
8.09 — 7.97 (m, 4H), 7.88 (t, 1H, J = 7.6 Hz), 7.81 (s, 1H), 7.56 (d,
1H, J = 8.1 Hz), 7.47 (t, 1H, J = 6.2 Hz), 6.99 (d, 1H, J = 8.2 Hz); 3C NMR (~101 MHz,
CDCIs): 0 = 161.6, 150.1, 149.1, 148.4, 148.0, 139.4, 137.6, 137.5, 132.3, 131.3, 131.2, 130.7,
129.8,129.4,127.7,126.7,126.6, 126.5, 126.3, 126.1, 125.2, 124.4,123.7, 123.4,122.0, 121.3;

HRMS (ESI): m/z [M + H]" calculated for C27H17CIN3O: 434.1060 found 434.1045.

the compound 5r was obtained after purification by column

N-(10-(5-Bromopyridin-2-yl)pyren-1-yl)picolinamide (5s). Following general procedure,
Py 0O the compound 5s was obtained after purification by column
chromatography on silica gel (EtOAc:hexane = 25:75) as a brown
coloured solid (48 mg, 51%); Rs = 0.3 (EtOAc:hexane = 20:80); Mp
175 — 177 °C; IR (DCM): 3344, 2936, 1682, 1521, 1236 cm™; 'H
NMR (400 MHz, CDClz): 6 = 9.80 (s, 1H), 8.80 —8.79 (m, 1H), 8.50
5s —8.47 (m, 2H), 8.33 (d, 1H, J = 8.3 Hz), 8.26 (d, 1H, J = 7.6 Hz),

8.19 - 8.12 (m, 4H), 8.10 — 8.03 (m, 2H), 7.87 (td, 1H, J1 = 7.7 Hz, J> = 1.6 Hz), 7.60 (dd, 1H,
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J1=8.4Hz, J, = 2.4 Hz), 7.49 — 7.45 (m, 1H), 7.42 (d, 1H, J = 8.3 Hz); *C NMR (~101 MHz,
CDClIs): 0 = 162.5, 160.2, 150.6, 149.3, 147.9, 138.7, 137.4, 134.7, 132.4, 131.2, 130.6, 130.0,
129.9,127.8,126.9,126.5, 126.4, 126.4, 126.2, 125.6, 125.5, 125.4, 124.7,122.8, 122.1, 118.9;
HRMS (ESI): m/z [M + H]" calculated for C27H17BrNzO: 478.0555 found 478.0538.

N-(10-(Thiophen-2-yl)pyren-1-yl)picolinamide (5t). Following general procedure, the
compound 5t was obtained after purification by column chromatography
on silica gel (EtOAc:hexane = 20:80) as a brown coloured solid (57 mg,
71%); Rs = 0.5 (EtOACc:hexane = 20:80); Mp 148 — 150 °C; IR (DCM):
3428, 2932, 1675, 1513, 1321 cm™; *H NMR (400 MHz, CDCls): ¢ =
10.31 (s, 1H), 8.84 (d, 1H, J =8.4 Hz), 8.41 (d, 1H, J = 4.3 Hz), 8.32 (d,
1H,J=8.4Hz),8.23(d, 2H, J= 7.6 Hz), 8.15-8.01 (m, 5H), 7.88 — 7.84
(m, 1H), 7.44 — 7.41 (m, 1H), 7.25 (dd, 1H, J1 = 7.6 Hz, J2 = 0.9 Hz), 7.17
(dd, 1H, J; = 5.2 Hz, J, = 0.9 Hz), 6.91 (dd, 1H, J1 = 5.2 Hz, J2 = 3.6 Hz); 1°C NMR (~101
MHz, CDCls): 0 = 162.2, 150.0, 147.6, 143.8, 137.1, 133.5, 131.7, 131.3, 129.9, 129.1, 128.6,
127.8,127.6,127.2,126.4,126.3,126.3, 126.0, 125.8, 125.7, 124.9, 124.6, 123.4, 122.0, 121.9;
HRMS (ESI): m/z [M + H]" calculated for C26H17N20OS: 405.1062 found 405.1073.

2-(4-Methoxyphenyl)-N-(2-(methylthio)phenyl)pyrene-1-carboxamide (6a). Following
ome  general procedure, the compound 6a was obtained after purification by

SMe column chromatography on silica gel (EtOAc:hexane = 20:80) as a
©1NH O brown coloured solid (53 mg, 56%). Rs = 0.4 (EtOAc:hexane = 20:80);
Mp 151 — 153 °C. IR (DCM): 3348, 2925, 1667, 1582, 1509 cm™; H

© O NMR (400 MHz, CDClz): 6 = 8.58 (d, 1H, J = 8.1 Hz), 8.49 (s, 1H),
“ 8.44 (d, 1H, J = 9.2 Hz), 8.25 — 8.04 (m, 7H), 7.76 (d, 2H, J = 8.6 Hz),

~ | 7.46 —7.38 (m, 2H), 7.14 —7.10 (m, 1H), 7.02 (d, 2H, J = 8.6 Hz), 3.83

(s, 3H), 2.05 (s, 3H); *C NMR (~101 MHz, CDCls): § = 168.5, 159.4,

138.4, 136.3, 133.1, 133.0, 132.0, 131.1, 130.6, 129.1, 128.9, 128.7,

127.1, 126.3, 126.3, 126.1, 125.9, 125.8, 124.8, 124.5, 124.3, 123.5, 120.8, 114.3, 55.4, 18.9;
HRMS (ESI): m/z [M + H]" calculated for C31H24NO>S: 474.1528 found 474.1538.

6a

N-(2-(Methylthio)phenyl)-2-(thiophen-2-yl)pyrene-1-carboxamide  (6b). Following
general procedure, the compound 6b was obtained after purification by column
chromatography on silica gel (EtOAc:hexane =20:80) as a brown coloured solid (51 mg, 57%);
Rt = 0.5 (EtOAc:hexane = 20:80); Mp 167 — 169 °C; IR (DCM): 3336, 2921, 1678, 1509, 1428

cm™:
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S. 2H), 8.28 — 8.25 (m, 2H), 8.21 — 8.19 (m, 2H), 8.14 — 8.06 (m, 2H), 7.55

(d, 1H, J = 3.1 Hz), 7.50 — 7.41 (m, 3H), 7.17 — 7.12 (m, 2H), 2.08 (s,

© O 3H); 13C NMR (~101 MHz, DMSO-ds): § = 168.2, 141.9, 135.6, 135.1,

“ 132.3, 131.4, 131.2, 130.7, 129.7, 129.2, 129.1, 128.4, 128.0, 128.0,

O 127.6, 127.6, 127.3, 127.0, 127.0, 126.5, 126.3, 126.3, 125.6, 125.3,

123.9, 123.3; HRMS (ESI): m/z [M + H]" calculated for C2sH20NOS3:
450.0986 found 450.0999.

@SMe IH NMR (400 MHz, CDCls): 6 = 8.69 — 8.64 (m, 2H), 8.39 — 8.36 (m,

N-(Tert-butyl)-9-(p-tolyl)pyrene-1-carboxamide (8a). Following general procedure, the
compound 8a was obtained after purification by column chromatography on silica gel
(EtOAc:hexane = 20:80) as a pale yellow coloured solid (41 mg, 53%); Rt = 0.5 (EtOAc:hexane
= 20:80); Mp 161 -163 °C; IR (DCM): 3259, 2959, 1675, 1632,

>‘\NH 1540 cm™; 'H NMR (400 MHz, CDCls): 6 = 8.50 (s, 1H), 8.30 (d,

o 1H,J=7.9Hz),8.25(d, 1H, J=7.6 Hz), 8.16 — 8.13 (m, 2H), 8.10

OO‘ —8.06 (m, 2H), 7.99 (t, 1H, J = 7.8 Hz), 7.59 (d, 2H, J = 7.9 Hz),

7.40 (d, 2H, J = 7.8 Hz), 6.00 — 5.99 (m, 1H), 2.54 (s, 3H), 1.59 (s,
O O 9H); *C NMR (~101 MHz, CDCls): § = 169. 6, 140.6, 137.9,

8a 137.3, 132.6, 132.1, 131.4, 130.2, 130.1, 129.2, 128.6, 128.1,
127.0, 126.1, 125.9, 124.9, 124.7, 124.7, 124.6, 124.3, 124.1, 52.3, 29.1, 21.4; HRMS (ESI):
m/z [M + H]" calculated for C2gH26NO: 392.2014 found 392.1998.

Me

N-(Tert-butyl)-9-phenylpyrene-1-carboxamide (8b). Following general procedure, the
ﬁ\ compound 8b was obtained after purification by column
NH chromatography on silica gel (EtOAc:hexane = 20:80) as a pale yellow

@)
158 -160 °C; IR (DCM): 3340, 2925, 1707, 1673, 1518 cm™; *H NMR

O‘ (400 MHz, CDCls): 6 = 8.51 (s, 1H), 8.27 — 8.22 (m, 2H), 8.14 — 7.97

O O (m, 5H), 7.69 (d, 2H, J = 7.1 Hz), 7.60 (t, 2H, J = 7.6 Hz), 7.54 (d, 1H,

J=7.2 Hz), 6.08 (s, 1H), 1.59 (s, 9H); 3C NMR (~101 MHz, CDCl3):

o = 169.5, 140.8, 140.6, 132.6, 132.1, 131.4, 130.2, 130.0, 128.6,

128.5, 128.0, 127.6, 127.0, 126.1, 125.9, 124.9, 124.8, 124.6, 124.6, 124.2. 124.1, 52.3, 29.1;
HRMS (ESI): m/z [M + H]" calculated for C27H24NO: 378.1858 found 378.1845.

] coloured solid (41 mg, 55%); Rf = 0.5 (EtOAc:hexane = 20:80); Mp

8b
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2-Butyl-N-(quinolin-8-yl)pyrene-1-carboxamide (10a). Following general procedure, the

Z compound 10a was obtained after purification by column

|N chromatography on silica gel (EtOAc:hexane = 20:80) as a pale

yellow coloured solid (41 mg, 70%, 0.14 mmol scale); R = 0.5

Mo (EtOAc:hexane = 20:80); Mp 167-169 °C; IR (DCM): 3342, 2954,

0 O 1667, 1515, 1479 cm™; *H NMR (400 MHz, CDCl3): § = 10.29 (s,
“ 1H), 9.23 (dd, 1H, J1 = 7.6 Hz, J, = 1.2 Hz), 8.64 (dd, 1H, J1 = 4.2 Hz

O . J2 = 1.6 Hz), 8.27 (d, 1H, J = 9.2 Hz), 8.24 — 8.19 (m, 3H), 8.15 —
8.07 (m, 4H), 8.02 (t, 1H, J = 7.6 Hz), 7.73 (t, 1H, J = 8.1 Hz), 7.65
10a (dd, 1H, J1 = 8.3 Hz, Jo = 1.2 Hz), 7.43 (dd, 1H, J1 = 8.3 Hz, Jo = 4.2

Hz), 3.21 (t, 2H, J = 8.0 Hz), 1.98 — 1.90 (m, 2H), 1.48 — 1.41 (m, 2H), 0.9 (t, 3H, J = 7.3 H2);
13C NMR (~126 MHz, CDCls): § = 168.8, 148.3, 138.5, 137.3, 136.3, 134.6, 132.4, 131.8,
130.9, 130.5, 128.6, 128.3, 128.1, 128.0, 127.5, 127.0, 125.9, 125.7, 125.6, 125.4, 124.4, 124.3,
123.0, 122.1, 121.7, 34.3, 33.9, 22.8, 14.0; HRMS (ESI): m/z [M + H]" calculated for
CaoHasN20: 429.1967 found 429.1948.

2-Pentyl-N-(quinolin-8-yl)pyrene-1-carboxamide (10b). Following general procedure, the

Z compound 10b was obtained after purification by column
|N chromatography on silica gel (EtOAc:hexane = 20:80) as a pale
yellow coloured solid (31 mg, 71%, 0.1 mmol scale); Rt = 0.6

NH

(EtOAC:hexane = 20:80); Mp 148 -150 °C; IR (DCM): 3343, 2926,

© O Me 1669, 1515, 1480 cmL; 'H NMR (400 MHz, CDCls): 6 = 10.28 (s,

“ 1H), 9.23 (dd, 1H, J1 = 7.6 Hz, J» = 1.1 Hz), 8.64 (dd, 1H, J; = 4.2

O Hz, J2 = 1.6 Hz), 8.28 — 8.19 (m, 4H), 8.15 — 8.01 (m, 4H), 8.03 (t,

1H,J=7.6 Hz), 7.73 (t, 1H, J = 7.8 Hz), 7.64 (dd, 1H, J: = 8.3 Hz,

J2=1.1Hz), 7.2 (dd, 1H, J1 = 8.3 Hz, J2 = 4.2 Hz), 3.20 (t, 2H, J =

7.8 Hz), 1.97 — 1.92 (m, 2H), 1.42 — 1.28 (m, 4H), 0.82 (t, 3H, J = 7.2 Hz); 3C NMR (~126

MHz, CDCls): 6 = 167.7, 147.3, 137.5, 136.3, 135.3, 133.6, 131.4, 130.8, 129.9, 129.5, 1275,

127.3,127.0,127.0, 126.5, 126.0, 124.9, 124.7, 124.5, 124.4, 123.4, 123.3, 122.0, 121.1, 120.7,

115.8, 33.1, 30.8, 28.7, 21.5, 12.9; HRMS (ESI): m/z [M + H]* calculated for C31H27N20O:
443.2123 found 443.2107.

10b
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2-Heptyl-N-(quinolin-8-yl)pyrene-1-carboxamide (10c). Following general procedure, the

A compound 10c was obtained after purification by column
N chromatography on silica gel (EtOAc:hexane = 10:80) as a pale

NH yellow coloured solid (52 mg, 74%, 0.15 mmol scale); Rf = 0.7

o (EtOAc:hexane = 20:80); Mp 108-110 °C; IR (DCM): 3346, 2925,
‘O‘ Me 1707,1673, 1518 cm™. *H NMR (400 MHz, CDCls): 6 = 10.32 (s,
O 1H), 9.26 (dd, 1H, J1 = 7.6 Hz, J>» = 1.2 Hz), 8.63 (dd, 1H, J1 = 4.2

Hz, J. = 1.6 Hz), 8.29 (d, 1H, J = 9.2 Hz), 8.22 — 8.16 (m, 3H), 8.14

—8.00 (m, 5H), 7.73 (t, 1H, J = 8.1 Hz), 7.63 (dd, 1H, J; = 8.3 Hz,
Jo = 1.2 Hz), 7.40 (dd, 1H, J; = 8.3 Hz, J, = 4.2 Hz), 3.22 (t, 2H, J = 8.0 Hz), 1.98 — 1.92 (m,
2H), 1.46 — 1.38 (m, 2H), 1.32 — 1.25 (m, 2H), 1.22 — 1.16 (m, 4H), 0.8 (t, 3H, J = 6.8 Hz); 13C
NMR (~101 MHz, CDCls): ¢ = 168.8, 148.3, 138.5, 137.4, 136.3, 134.6, 132.5, 131.8, 131.0,
130.5,128.6,128.3,128.1, 127.5, 127.0, 125.9, 125.8, 125.6, 125.5, 124.5, 124.3, 123.0, 122.2,
121.7, 116.9, 34.2, 32.2, 31.7, 29.7, 29.2, 22.6, 14.1; HRMS (ESI): m/z [M + H]* calculated
for CazH31N20: 471.2436 found 471.2423.

10c

2-Octyl-N-(quinolin-8-yl)pyrene-1-carboxamide (10d). Following general procedure, the
compound 10d was obtained after purification by column chromatography on silica gel

r (EtOAc:hexane = 10:90) as a pale yellow coloured solid (35 mg,
N 73%, 0.1 mmol scale); Rf = 0.7 (EtOAc:hexane = 20:80); Mp 152-

NH 154 °C; IR (DCM): 3359, 2932, 1655, 1528, 1475 cm™. 'H NMR

9 O (400 MHz, DMSO-ds): 6 = 10.44 (s, 1H), 8.92 (dd, 1H, J; = 7.5
“ Hz, J, = 1.1 Hz), 8.76 (dd, 1H, J1 = 4.2 Hz, J, = 1.6 Hz), 8.48 (dd,
O Me 1H, J1 =8.3 Hz, J, = 1.5 Hz), 8.37 - 8.31 (m, 3H), 8.28 —8.16 (m,

4H), 8.11 (t, 1H, J = 7.6 Hz), 7.84 (dd, 1H, J; = 8.3 Hz, J, = 1.1

Hz), 7.79 — 7.75 (m, 1H), 7.62 (dd, 1H, J1 = 8.2 Hz, J» = 4.2 Hz),
3.12 - 308 (m, 2H), 1.86 — 1.82 (m, 2H), 1.34 — 0.97 (m, 10H), 0.71 (t, 3H, J = 7.2 Hz); 13C
NMR (~101 MHz, CDCls): 6 = 168.8, 148.3, 138.5, 137.4, 136.3, 134.6, 132.5, 131.8, 131.0,
130.5,128.6, 128.3,128.1, 127.5, 127.0, 125.9, 125.8, 125.6, 125.5, 124.5, 124.3, 123.0, 122.1,
121.7, 116.9, 34.2, 32.2, 31.8, 29.7, 29.4, 29.2, 22.6, 14.1; HRMS (ESI): m/z [M + H]*
calculated for C34H33N20: 485.2593 found 485.2571.

10d

N-(10-Butylpyren-1-yl)picolinamide (11a). Following general procedure, the compound 11a
was obtained after purification by column chromatography on silica gel (EtOAc:hexane =
15:85) as a brown coloured solid (51 mg, 68%);
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R = 0.6 (EtOAC:hexane = 20:80):; Mp 144 — 146 °C; IR (DCM): 3396, 2951, 1678, 1556, 1514

Py_ 0O cmt: 'H NMR (400 MHz, CDCls): 6 = 10.8 (s, 1H), 8.72 (d, 1H, J =

H\f 4.3 Hz), 8.53 (d, 1H, J = 8.3 Hz), 8.45 (d, 1H, J = 7.8 Hz), 8.23 (d,

‘ 1H, J = 8.3 Hz), 8.16 — 8.13 (m, 1H), 8.08 — 8.03 (m, 3H), 8.01 — 7.96

O‘ (m, 2H), 7.91 (s, 1H), 7.56 — 7.53 (m, 1H), 3.48 (t, 2H, J = 7.9 H2),

Me 2 178-172(m 2H), 132126 (m, 2H), 0.84 (1, 3H, 1= 7.4 Ha); BC

N NMR (~101 MHz, CDCls): § = 162.5, 150.2, 148.1, 137.7, 136.5,

M2 1312 1309, 130.8, 130.2, 129.8, 127.7, 127.0, 126.8, 126.6, 126.1,

125.7,125.3, 124.8, 124.7, 124.1, 124.1, 122.7, 38.0, 33.9, 22.7, 13.9; HRMS (ESI): m/z [M +
H]" calculated for Co6H23N20: 379.1810 found 379.1794.

N-(10-Pentylpyren-1-yl)picolinamide (11b). Following general procedure, the compound
11b was obtained after purification by column chromatography on

Py\fo
HN silica gel (EtOAc:hexane = 20:80) as a brown coloured solid (69 mg,
‘ 88%); Rt = 0.5 (EtOAc:hexane = 20:80). Mp 128 — 130 °C; IR
Mo O‘ (DCM): 3352, 2936, 1686, 1513, 1325 cm™; *H NMR (400 MHz,

O CDCl3): 6 = 10.79 (s, 1H), 8.74 - 8.73 (m, 1H), 8.53 (d, 1H, J=8.3

Hz), 8.46 (d, 1H, J = 7.8 Hz), 8.25 (d, 1H, J = 8.3 Hz), 8.17 — 8.15

(m, 1H), 8.11 — 8.05 (m, 3H), 8.02 — 7.97 (m, 2H), 7.94 (s, 1H), 7.59 — 7.56 (m, 1H), 3.50 (t,

2H, J = 8.0 Hz), 1.80 — 1.76 (m, 2H), 1.28 — 1.22 (m, 4H), 0.78 (t, 3H, J = 6.9 Hz); °C NMR

(~101 MHz, CDCl3): 0 = 162.5, 150.2, 148.1, 137.8, 136.6, 131.2, 130.9, 130.8, 130.2, 129.9,

127.8, 127.0, 126.8, 126.6, 126.1, 125.7, 125.4, 124.9, 124.8, 124.2, 124.1, 122.8, 38.4, 31.8,

31.6, 22.6, 14.1; HRMS (ESI): m/z [M + H]* calculated for C27H2sN20: 393.1967 found
393.1957.

N-(10-Heptylpyren-1-yl)picolinamide (11c). Following general procedure, the compound
Py. _O 11c was obtained after purification by column chromatography on

l:,f silica gel (EtOAc:hexane = 20:80) as a brown coloured solid (48 mg,

Me ‘ 58%); Rt= 0.6 (EtOACc:hexane = 20:80). Mp 132 — 134 °C; IR (DCM):
O‘ 3375, 2928, 1690, 1517, 1321cm™; *H NMR (400 MHz, CDCl3): 6 =

O 10.77 (s, 1H), 8.73 (d, 1H, J = 4.6 Hz), 8.52 (d, 1H, J = 8.2 Hz), 8.46

(d, 1H,J = 7.8 Hz), 8.24 (d, 1H, J = 8.2 Hz), 8.15 (d, 1H, J = 7.5 Hz),

8.09 - 8.06 (m, 3H), 8.01 - 7.97 (m, 2H), 7.92 (s, 1H), 7.58 — 7.55 (m,
1H), 3.48 (t, 2H, J = 7.8 Hz), 1.78 — 1.74 (m, 2H), 1.22 — 1.13 (m, 8H), 0.84 (t, 3H, J = 7.1
Hz); *C NMR (~101 MHz, CDCls): § = 162.5, 150.2, 148.1, 137.8, 136.6, 131.2, 130.9, 130.8,

11c
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130.2,129.9, 127.8, 127.0, 126.8, 126.6, 126.1, 125.7, 125.4, 124.8, 124.8, 124.1, 124.1, 122.8,
38.4,31.9, 31.9, 29.7, 29.2, 22.6, 14.1; HRMS (ESI): m/z [M + H]" calculated for C29H29N-0:
421.2280 found 421.2265.

10-(4-Methoxyphenyl)pyren-1-amine (12a). Following general procedure, the compound

MeO H,N 12a was obtained after purification by column chromatography on

O silica gel (EtOAc:hexane = 5:95) as a brown coloured solid (27

O‘ mg, 56%, 0.15 mmol scale); Rs = 0.8 (EtOAc:hexane = 20:80); Mp

O 134 — 136 °C; IR (DCM): 3484, 3386, 1601, 1510, 1450 cm™; H

NMR (400 MHz, CDCl): § = 8.07 — 7.91 (m, 5H), 7.84 (d, 1H, J

=8.7Hz),7.72 (s, 1H), 7.54 (d, 2H, J = 7.9 Hz), 7.23 (d, 1H, J =

8.2 Hz), 7.07 (d, 2H, J = 7.9 Hz), 3.94 (s, 3H). (The NH2 signal could not be clearly located in

the proton NMR spectrum); *C NMR (~101 MHz, CDCl): § = 159.2, 142.8, 137.1, 135.6,

132.4,131.2,130.3,129.1,128.0,127.4,127.1,126.2, 125.2,124.2, 123.8,123.3, 122.8, 115.9,

114.5, 113.9, 55.4; HRMS (ESI): m/z [M + H]* calculated for C23H1sNO: 324.1388 found
324.1373.

12a

10-(Thiophen-2-yl)pyren-1-amine (12b). Following general procedure, the compound 12b
H,N was obtained after purification by column chromatography on silica gel
7 ‘ (EtOAcC:hexane = 5:95) as a brown coloured solid (25 mg, 70%, 0.12
S O‘ mmol scale): Ry = 0.8 (EtOAc:hexane = 20:80); Mp 169 — 171 °C; IR
~ | (DCM): 3471, 3398, 2928, 1617, 1452 cm™; 'H NMR (400 MHz,
CDCls): 6 = 8.07 (d, 1H, J = 7.3 Hz), 8.02 (d, 1H, J = 8.2 Hz), 7.97 -
7.91 (m, 4H), 7.83 (d, 1H, J = 8.8 Hz), 7.52 (d, 1H, J = 5.2 Hz), 7.28 —
7.26 (M, 2H), 7.22 — 7.20 (m, 1H), 4.25 (br s, 2H); 1*C NMR (~101 MHz, CDCls): § = 144.3,
143.0,132.4,131.2,130.7,129.1, 128.0, 127.6, 127.3, 127.1, 126.3, 126.2, 125.6, 124.4, 124.0,
123.2, 123.0, 116.2, 114.5; HRMS (ESI): m/z [M + H]" calculated for C20H14NS: 300.0847
found 300.0844.

10-(p-Tolyl)pyren-1-amine (12c). Following general procedure, the compound 12c was
Me_~H:N obtained after purification by column chromatography on silica gel
. | ‘ (EtOACc:hexane = 5:95) as a red coloured solid (112 mg, 73%, 0.5
O‘ mmol); Rt = 0.9 (EtOAc:hexane = 20:80); Mp 150 — 152 °C; IR

& (DCM): 3494, 3398, 1617, 1513, 1452 cm™’; 'H NMR (400 MHz,
CDCls): 6 = 8.07 — 7.93 (m, 5H), 7.87 — 7.84 (m, 1H), 7.73 - 7.72
(m, 1H), 7.53 - 7.51 (m, 2H), 7.37 — 7.35 (m, 2H), 7.23 (d, 1H, J =
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8.0 Hz), 4.13 (br s, 2H), 2.53 (s, 3H); *C NMR (~101 MHz, CDCls): § = 143.0, 140.5, 137.5,
132.4,131.3,129.2,129.1,128.9,128.0, 127.4,127.1, 126.2, 125.3, 124.1, 123.8, 123.2, 122.8,
115.9, 114.3, 21.4; HRMS (ESI): m/z [M + H]" calculated for C2sHisN: 308.1439 found
308.1428.

10-(4-Butylphenyl)pyren-1-amine (12d). The compound 12d was obtained via a one-pot
Bu H,N sequential C-H arylation of 2b under standard reaction conditions
O and neat condition, followed by NaOH-mediated hydrolysis
O‘ procedure. After the standard work-up procedure and purification by
O column chromatography on silica gel (EtOAc:hexane =5:95) as a red
12d coloured solid (32 mg, 46%, 0.2 mmol scale from 2b); Rs = 0.9
(EtOAc:hexane = 20:80); Mp 142 — 144 °C. IR (DCM): 3490, 3394, 1613, 1513, 1421 cm™;
'H NMR (400 MHz, CDCls): § = 8.06 — 8.01 (m, 2H), 8.00 — 7.90 (m, 3H), 7.83 (d, 1H, J =
8.8 Hz), 7.72 (s, 1H), 7.53 (d, 2H, J = 8.0 Hz), 7.36 (d, 2H, J = 8.0 Hz), 7.23 (d, 1H, J = 8.2
Hz), 4.13 (s, 2H), 2.77 (t, 2H, J = 7.8 Hz), 1.77 — 1.70 (m, 2H), 1.50 — 1.44 (m, 2H), 1.02 (t,
3H, J = 7.4 Hz); °C NMR (~101 MHz, CDCls): § = 143.0, 142.5, 140.7, 137.5, 132.4, 131.2,
129.0,128.9,128.5,128.0,127.4,127.1,126.2,125.3,124.1, 123.7, 123.2, 122.8, 115.8, 114.3,
35.5, 33.7, 22.5, 14.1; HRMS (ESI): m/z [M + H]" calculated for C26H22N: 350.1909 found
350.1897.
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Chapter 5

Picolinamide-assisted ortho-C-H functionalization of pyrenylglycine derivatives using
aryl iodides

For the purpose of this Thesis work, the work of Chapter 5 is re-used (adapted) with permission
from Dalal, A.; Bodak, S.; Babu, S. A.* Org. Biomol. Chem. 2024, 22, 1279. (Title:
Picolinamide-assisted ortho-C-H functionalization of pyrenylglycine derivatives using aryl
iodides).

Pyrene is a notorious chromophore and its fluorescence properties have been extensively
utilized in various branches of chemical, materials, and biological sciences to study the
fundamental and applied photochemical research topics.l? Pyrene-based organic
materials and polymers are active components in electronic and optoelectronic
devices.}?

Unnatural amino acid motifs have received a vast amount of attention in organic
synthesis, medicinal chemistry, and chemical biology.** Unnatural amino acids are
building blocks to synthesize drugs, biologically active peptides, and tools to study the
functions of peptides. The incorporation of unnatural amino acids into peptides is found
to enhance the performance of peptides and the proteolytic stability of peptides.®# Given
their applications across branches of chemical sciences and demand, there have been

constant efforts in designing several classes of unnatural amino acid derivatives.3#

Given the useful photophysical properties of the pyrene motif, its incorporation in small
organic molecules and peptides has been achieved using the functional groups present in pyrene
motifs.12°° The incorporation of pyrene unit in peptides is generally done at the side chain or
N or C terminals and independently, pyrenes have been used as a tool to detect and study the
functions of amino acids and peptides.>® The availability of pyrene-based unnatural amino acid
motifs is highly useful as it can be directly incorporated into the peptide backbone.”® Along
this line, the construction of pyrenylalanine (pyrene-based alanine unnatural amino acid)
scaffolds and their usage are known in the literature (Scheme 1).2 On the other hand, the
chemical transformations involving pyrenylglycine unnatural amino acid motifs and practical
methods affording pyrenylglycine derivatives are less explored.® There exists only a single
report which dealt with the synthesis of two examples of agarose-linked pyrenylglycine
derivative via the Petasis-Ugi multicomponent reaction and tested them as the targets for the

enrichment of phosphorylated peptides.®
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reactive positions: ref. 1

(a) non K-region sites

inaccessible sites = 2- & 7-positions

active sites =1-, 3-, 6- & 8-positions

(b) K-region sites =4-,5-,9- & 10-positions

pyrene-based unnatural amino acid scaffolds

ROOC NH . | practical

ROOC ! i synthetic route
COOR i ' unexplored
_________________ o
.chemical
-transformations
or usage
.not much
2a 2b

______________ :known except

homopyrenylalanme pyrenylalanine pyrtelflylglycme 1a single report
moti i |
_____________ | on
. preparation iagarose-linked
preparation d ! —
is explored and usage pyrenylglycine |

are explored

Scheme 1. Pyrene-based unnatural amino acid motifs and reactive positions in pyrene toward its
functionalization.

In the last few years, the C—H activation followed by the installation of functional groups
at the C-H bonds of small organic molecules has emerged as a reliable synthetic
transformation in organic synthesis.'®!2 The modification of various classes of
compounds including aromatic, aliphatic, alicyclic, saturated heterocyclic,
carbohydrates, and amino acids have been accomplished via the C-H functionalization
method.1%2 In particular, the Pd(ll)-catalyzed bidentate directing group-aided site-
selective C-H functionalization route has been considered a dependable tactic for
installing functional groups in the backbone of small organic molecules.®*® The
picolinamide moiety linked to amine substrates is a well-known bidentate directing
group for accomplishing the site-selective y-C-H functionalization of aromatic and
aliphatic amines, respectively.'*'8 Of particular interest, the ortho (or) y-C(sp?>)—H
functionalization of phenylglycine type a-amino acid motifs and ortho (or) 5-C(sp?)—H
functionalization of phenylalanine, tyrosine and pg-phenylalanine type a-amino acid
motifs have been accomplished using the picolinamide-aided C-H functionalization
tactic (Scheme 2).16-18

Recently, Polindara-Garcia explored® the Pd(Il)-catalyzed C—H bond arylation
protocol to access ortho-diaryl, ortho-mono-aryl, and biaryl-diarylmethane-glycinamide
derivatives bearing picolinamide as a bidentate directing group and the corresponding

substrates were assembled using the Ugi multicomponent reaction.!® Along this line, we
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assembled a new pyrenylglycine substrate possessing the picolinamide moiety via the
Ugi multicomponent reaction.*® We then envisioned using the picolinamide directing
group-aided C-H functionalization tactic for synthesizing a library of novel

pyrenylglycine (pyrene-based glycine) unnatural amino acid derivatives.

C(sp?)-H (ortho) functionaliztion of amino acid scaffolds'!8

7-Clsp?)-H 5-ClenLH
°® S}/( ’ “®
7 5
2 CO,R a_CO,R 5
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[3-amino-3-phenylpropanoic acid]

modified pyrenes via C-H functionalizationzo'“/
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Scheme 2. C(2)-Functionalized pyrenylglycine unnatural amino acid scaffolds via site-selective C-H
functionalization of pyrene at the non-K-region.
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Scheme 2. C(2)-Functionalized pyrenylglycine unnatural amino acid scaffolds via site-selective C-H
functionalization of pyrene at the non-K-region.

Due to the immense utilities of pyrenes, the chemical modification of different sites of
pyrenes was attempted by various classic routes.!? In general, the C(2)- and C(7)-
positions of pyrene are known as inaccessible sites (viz. non-K-region sites) for

functionalization and are considered to be relatively difficult to functionalize via
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classical routes.> Nevertheless, the pyrene core has been subjected to the C-H
functionalization and ample examples of modified pyrenes have been synthesized via
the C-H functionalization route (Scheme 2).2°?! Along this line, recently we reported?°®
the Pd(II)-catalyzed bidentate directing group 8-aminoquinoline-aided S-C-H arylation
of pyrene-1-carboxylic acid (1c) and picolinamide-aided y-C-H arylation of 1-
aminopyrene (1d) affording C(2) and C(10) arylated pyrene carboxamides (t-extended
pyrenes), respectively (Scheme 2).

Taking an impetus from the utility of pyrenes!? and bidentate directing group-aided C-
H functionalization route toward modified amino acids,>*>1® we aimed to synthesize
C(2) arylated pyrenylglycines by using the Pd(Il)-catalyzed bidentate directing group-
aided ortho and y-C(sp?)—H arylation strategy. Herein, we report the construction of a
library of pyrenylglycine unnatural amino acid motifs with unprecedented examples of
C(2)-arylated pyrenylglycines via Pd(ll)-catalyzed C-H functionalization of C(2)-

position present in the non-K-region of pyrene core (Scheme 2).

Results and discussion

At the outset, we carried out the Ugi multicomponent reaction comprising pyrene-1-
carboxaldehyde, pyridine-2-carboxylic acid, tert-butylisocyanide, and ammonia. This
reaction resulted in a new pyrenylglycine unnatural amino acid derivative 4a (Scheme
3). Under the Ugi reaction the picolinamide bidentate directing group (DG),® is
automatically incorporated into the pyrenylglycine substrate 4a. Then, we assembled
pyrenylglycinamide substrates 4b,c,d having the directing groups such as quinoline-2-

220 and 5-methylisoxazole-3-carboxamide.?2¢d

carboxamide,??? pyrazine-2-carboxamide
Next, pyrenylglycinamide substrate 4e was prepared from pyrene-4-carboxaldehyde and
pyrenylglycinamide substrate 4f was assembled using benzoic acid instead of pyridine-
2-carboxylic acid. Furthermore, we prepared pyrenylglycinamide substrates 4g,h using
1,1,3,3-tetramethylbutyl isocyanide and cyclohexyl isocyanide instead of tert-
butylisocyanide.

Then, we intended to capitalize both the Pd(ll)-catalyzed picolinamide DG-aided vy-
C(sp?)-H arylation strategy®* and pyrenylglycine unnatural amino acid substrate 4a
for generating novel examples of C(2)-arylated pyrenylglycines. Table 1 reveals
screening reaction conditions for the y-C(sp?)-H arylation of 4a with an aryl iodide
5a/5b using a Pd(ll) catalyst and a silver or alkali metal salt additive under the standard

reaction conditions used in the bidentate DG-aided C-H arylations.***8
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Scheme 3. Assembling of pyrenylglycines 4a-h possessing DGs via Ugi reaction.

The C-H arylation of substrate 4a with aryl iodide 5a in the presence of the Pd(OAc)2
catalyst (5-10 mol%), AgOAc or Ag-COs or KOAc as an additive in t-amylOH or t-
BuOH or toluene at 130 °C for 24-48 h gave the corresponding C(2)-arylated
pyrenylglycine motifs 6a in 18-41% vyields (entries 1-3, Table 1). The treatment of 4a
with 5a or 5b in the presence of the Pd(OAc)2 catalyst (5-10 mol%), KOAc (5 equiv) in
toluene at 130 °C for 48 h gave the corresponding C(2)-arylated pyrenylglycine motifs
6a and 6b in 69% and 46-51% vyields (entries 4,12,13, Table 1). To improve the yield of
C-H arylation of 4a, the C-H arylation of 4a with 5a was performed using Pd(OAC):
catalyst (10 mol%), KOAc and in the presence of CuBr; (0.2 equiv) as an additional
additive in t-amylOH at 130 °C for 24 h, this reaction did not give 6a (entry 5, Table 1).
Then, we tried the C-H arylation of 4a with 5a/5b in the presence of the Pd(OAc)2 or
Pd(TFA)2 catalyst (10 mol%), KOAc and 0.1-0.2 equiv of CuBr: in toluene at 130 °C
for 36-48 h. These attempts gave 6a in 48-74% and 6b in 53% yields, respectively
(entries 6-10,14, Table 1). Notably, the usage of CuBr; as an additional additive® was
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found to give the corresponding C(2)-arylated pyrenylglycine motifs 6a (74%) and 6b
(69%) in slightly improved yields (entries 9, 15, Table 1).

Table 1. Bidentate directing group-assisted Pd(ll)-catalyzed, (ortho) C(2)-H arylation at the non-K-

region of pyrene core.

Me Me
(0]
Mej\NH

=

NS

5a: X=I, R = OMe
5b: X=I, R = COOMe solvent (1.5-2 mL)
5c: X=Br, R = OMe

additive(s)

PdL, (5-10 mol%)

=

Me Me ‘
O ~
Me>‘\NH N

NH _~__R
"1

)
110-130 °C, 24-48 h

(01 mmo) ey 7 OMe sealed tube Bb: R = COOMe
entry | Catalyst (mol%) | Arl Additive(s) (equiv) Conditions 6a/6b yield (%0)
1 Pd(OAc)2 (10) 5a AgOAc (2.5) t-amylOH, 24 h,130 °C 6a: 18
2 Pd(OAc): (5) 5a Ag2COs3 (1.5) t-BuOH, 36 h,110 °C 6a: 41
3 Pd(OAC):2 (5) 5a KOACc (5) toluene, 48 h, 130 °C 6a: 37
4 Pd(OAC):2 (10) 5a KOACc (5) toluene, 48 h, 130 °C 6a: 69
5 Pd(OACc)2 (10) 5a KOAc (5), CuBr2 (0.2) t-amylOH, 24 h,130 °C 6a: 0
6 Pd(OACc)2 (10) 5a KOAc (5), CuBr2 (0.1) toluene, 36 h, 130 °C 6a: 57
7 Pd(OAc)2 (10) 5a KOAc (5), CuBr2 (0.2) toluene, 36 h, 130 °C 6a: 55
8 Pd(TFA)2 (10) 5a KOAc (5), CuBr2 (0.2) toluene, 36 h, 130 °C 6a: 48
9 Pd(OAC)2 (10) 5a KOAc (5), CuBr2 (0.1) toluene, 48 h, 130 °C 6a: 74
10 Pd(OACc)2 (10) 5a KOAc (5), CuBr2 (0.2) toluene, 48 h, 130 °C 6a: 52
11 Pd(OAC)2 (10) 5a KOACc (5), CuBr2 (0.2) neat, 48 h, 130 °C 6a: 76
12 Pd(OAC): (5) 5b KOAC (2) toluene, 48 h, 130 °C 6b: 46
13 Pd(OAc)2 (10) 5b KOAc (5) toluene, 48 h, 130 °C 6b: 51
14 Pd(OAc): (5) 5b KOAc (5), CuBr2 (0.1) toluene, 48 h, 130 °C 6b: 53
15 Pd(OACc)2 (10) 5b KOACc (5), CuBr2 (0.1) toluene, 48 h, 130 °C 6b: 69
16 Pd(OACc)2 (10) 5b KOAc (5), CuBr2 (0.1) neat, 48 h, 130 °C 6b: 59
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172b Pd(OACc)2 (10) 5a KOAc (5), CuBr2 (0.1) toluene, 48 h, 130 °C 6a: 78
18a¢ Pd(OAC)2 (10) 5a KOAc (5), CuBr2 (0.1) toluene, 48 h, 130 °C 6a: 70
192d Pd(OAc)2 (10) 5a KOAc (5), CuBr2 (0.1) toluene, 48 h, 130 °C 6a: 63
202 Pd(OAc)2 (10) 5a KOAc (5), CuBr2 (0.1) toluene, 48 h, 130 °C 6a: 32
AR Pd(OACc)2 (10) 5¢ KOAc (5), CuBr2 (0.1) toluene, 48 h, 130 °C 6a: traces
228 Pd(OACc)2 (10) 5d KOAc (5), CuBr2 (0.1) toluene, 48 h, 130 °C 6a: traces

2 4a (0.05 mmol), CuBr2 (0.1 equiv), toluene (1.5 mL), sealed tube.
b 5a (4 equiv), recovery of 5a = 25 mg. ¢ 5a (3 equiv), recovery of 5a = 15 mg.
45a (2 equiv), recovery of 5a = <5 mg. ¢ 5a (1 equiv), recovery of 5a = Not detected.

Me
0]
O ~
NH Y(l\f
O

6ac: 0%?

OMe

6aa: R=OMe; 0%°?
6ad: R=COOMe; 0%°

The treatment of 4a with 5a or 5b in the presence of Pd(OAc)., KOAc, and CuBr: in
neat condition also gave the corresponding products 6a and 6b in 76% and 59% yields
(entries 11,16, Table 1). The Pd(ll)-catalyzed C(2)-H arylation of pyrenylglycine
substrates 4b,c,d possessing the other DGs (e.g., quinoline-2-carboxamide, pyrazine-2-
carboxamide and 5-methylisoxazole-3-carboxamide) did not yield the corresponding
products 6aa-6ad (Table 1). While these directing groups have been used for obtaining
the ortho C-H arylations in low to moderate yields in other aromatic amine
substrates.t6a17022-d |y the current work involving pyrene-based glycine substrates
4b,c,d, these DGs were not effective and the reason why these DGs are not effective is
not clear at this stage. While the C-H arylation of 4a in the absence of CuBr: is also
affording the product 6a/6b (entries 1-4, 12,13, Table 1). The role of CuBr, seems to be
merely acting as an additive or oxidant in promoting the reaction to afford improved
yield of 6a/6b and CuBr2 seems to be playing no role as an active catalytic species in

the activation process through the picolinamide coordination.8
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Additionally, we tested the C-H arylation of 4a using different equivalents of 5a. The
reaction using 3-4 equiv of 5a gave 6a in 70-78% vyield and in these reactions, a
demonstrable amount of recovery of 5a was noted (entries 17,18, Table 1). The reaction
using 1-2 equiv of 5a gave 6a in 32-63% vyield and in these reactions, a low to
considerable amount of recovery of 5a was noted (entries 19,20, Table 1). Finally, we
also tested the C-H arylation of 4a using an aryl bromide 5c or an aryl chloride 5d.
These trials were not fruitful and 6a was not obtained in demonstrable amounts (entries
21,22, Table 1).

N
NH
(0]
Pd(OAc) (10 mol%) Q
| KOACc (5 equiv) R
O‘ \Q CuBr, (10 mol%)

+ _—
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6b: R = CO,Me; 69% (59%)? 6i: R=H; 57% 6a: R = Me; (76%)° R = Me: 649
6c: R = Cl: 48% 6j: R = Me; 50% 6m: R = Et; 62% 6s: R =Cl; 40% 6p: R = Me; 64%
: ' 6k: R = i-Pr; 38% ‘R =Bn: 6t: R = F; 35% 6g: R = OMe; 46%
R a ; 6n: R = Bn; 50% ;
6d: R=F; 68‘72 (18%) 6l: R = n-Bu: 55% v 6u: R = COOEt; 50% 6r: R = Br; (59%)°
6e: R = Ac; 38% 6v: R=NHAC; 46% 6zc: R = OBn; 49%

6zb: R = Ph, 53%

6f: R = NOy; 72%
6g: R = CHO; 66%
6h: R =Br; 80%
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6y: 5% 62: 74% 6za: 66%
6w: R =H; 87% 6x: 85%
B0 R=O(CHy ) Me: B2
Br
M = M = M = M =
Me>c ~ | Me © « | Me>f « | Me ° o « \
Me”™ "NH N coome Me” TNH N ' Me” “NH N> e Me” “NH N
NH (0.4 mmol) NH : NH 0.4 mmol NH
o Pd(OACc), (10 mol%) o S ¢ ) ) S

Pd(OAc);, (20 mol%
' Ag,CO3 (2 equiv)

K,CO3 (2 equiv)

OO NaOTf (3 eqiuv) O ‘ (BnO),PO,H (0.3 eqiuv)
_— ' _—
t-amylOH (1.5 mL) COOMe | t-amylOH (1.5 mL) Me
120 °C, 48 h : 120°C, 48 h

6ze: 48% : 4a

62zf: 37% (28)(!
(0.1 mmol) 6zd: 34% (1-iodopentane)

(0.1 mmol)

aArl (0.5 mmol) and neat condition in sealed tube (purged with N2 atm). °CuBr2 (20 mol%) and neat condition. ®4a (0.1
mmol), 1-iodobutane (0.4 mmol), Pd(OAc)2 (10 mol%), KOAc (5 equiv), 1,4-dioxane (1.5 mL), 130 °C, 72 h. 9Arl (0.5
mmol), sealed tube (purged with N2 atm).

Scheme 4. Construction of pyrenylglycine unnatural amino acid motifs from 4a.
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Next, we wished to expand the substrate scope and construct a library of C(2)-arylated

pyrenylglycines. Substrate 4a was treated with aryl iodides possessing a substituent at

the para or meta position or Phl in the presence of the Pd(OAc). catalyst (10 mol%),
KOACc (5 equiv) and CuBr2 (0.1 equiv) in toluene at 130 °C for 48 h. These attempts

yielded the corresponding C(2)-arylated pyrenylglycine motifs 6a-n, 6p-v, and 6zc in
35-80% vyields (Scheme 4). The Pd(ll)-catalyzed y-C-H arylation of 4a with
iodobiphenyls or disubstituted aryl iodides gave the corresponding C(2)-arylated

pyrenylglycine motifs 60,w,X,y, 6zb in 53-87% yields (Scheme 4).
We then performed the Pd(ll)-catalyzed y-C-H arylation of 4a with 6-iodo-1,4-

benzodioxane or heteroaryl iodide such as 5-iodo-N-methylindole. These reactions gave

the corresponding C(2)-arylated pyrenylglycine motifs 6z and 6za in 66-74% yields

(Scheme 4). The products 6a and 6b were also obtained in neat conditions with

satisfactory yields. Attempts comprising the arylation of 4a with other aryl iodides in

neat conditions were sluggish and for example, product 6d obtained 18 and 68% yields

when performed in neat and toluene solvent conditions, respectively. The y-C-H

benzylation and alkylation of 4a gave

the corresponding C(2)-benzylated

pyrenylglycine 6ze in 48% yield and C(2)-alkylated pyrenylglycines 6zf, 6zd in 28-37%

yields.
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Scheme 5. Construction of pyrenylglycine unnatural amino acid motifs from 4e-h.

Having performed the Pd(ll)-catalyzed y-C-H arylation of pyrene-based glycine

substrate 4a which was prepared using tert-butylisocyanide, we then wished to attempt

the C-H arylation of pyrene-based glycine substrates 4g,h which were prepared using

1,1,3,3-tetramethylbutyl

isocyanide

and

cyclohexyl

isocyanide,

respectively.
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Accordingly, substrates 4g,h were treated with various para-substituted aryl iodides in
the presence of the Pd(OAC)2 catalyst (10 mol%), KOAc (5 equiv) and CuBr2 (0.1 equiv)
in toluene at 130 °C for 48 h. These reactions successfully afforded the corresponding
C(2)-arylated pyrenylglycine unnatural amino acid motifs 6zg, 6zh, 6zi, 6zj, 6zk and
6zl in 72-90% yields (Scheme 5). The C(2)-arylated pyrenylglycine unnatural amino
acid motifs 6a-z, and 6za-zl were obtained from the parent substrate pyrene-1-
carboxaldehyde 3a. Accordingly, the y-C-H arylation successfully occurred at the C2
position of the corresponding pyrenylglycine substrates 4a, 4g and 4h.

Subsequently, we wished to attempt the Pd(ll)-catalyzed y-C-H arylation of pyrene-
based glycine substrate 4e which was prepared using pyrene-4-carboxaldehyde 3d.
Accordingly, substrate 4e was treated with an aryl iodide 5a in the presence of the
Pd(OAC): catalyst (10 mol%), KOAc (5 equiv), and CuBr (0.1 equiv) in toluene at 130
°C for 48 h. Unfortunately, substrate 4e did not give the expected y-C-H arylated product
(C(5)-arylated pyrenylglycine) 6zm (Scheme 5). This may be due to the nature of the
specific substrate 4e and the inherent steric hindrance present in substrate 4e (viz. the y-
C-H and C(5)-H bond has the fusion of the next aryl ring at the C(6) position, which
may hinder the C(5)-H arylation in 4e). It is a generally observed trend in the literature
reports that the ortho C-H arylation of the meta-substituted substrate is sluggish or
ineffective due to steric hindrance.**® Finally, pyrenylglycinamide substrate 4f which
was assembled using benzoic acid instead of pyridine-2-carboxylic acid was subjected
to the Pd(Il)-catalyzed y-C-H arylation conditions which were used for substrate 4a.
Notably, the substrate 4f did not give the expected y-C-H arylated product 6zn (Scheme
5).

To reveal the synthetic utility of the pyrenylglycines, the C(2)-arylated pyrenylglycines
6a,h,j,p,q,r,x, and 6zb were subjected to the Zn/HCl-mediated picolinoyl moiety
removal. These reactions gave the corresponding picolinamide DG-free C(2)- arylated
pyrenylglycine unnatural amino acid motifs 7a-h possessing free NH> group in 28-93%
yields (Scheme 6).

168



7d: R=Br; 28% 7f: R'=H;R*=OMe;
(from 6r) 45% (24 h, from 6q)
7e: R=Me; 56% 7h: R'=Me;R?>=Me;
____________ (24h,from8p) 62%(24h from®€x) ...

4 Conditions (i): 6 (0.1-0.2 mmol), Zn dust (15 equiv), HCI (12 N, 0.33-0.5 mL),
THF/H,O (1:1 2-4 mL), rt, 18-36 h.

79: 78%
(24 h, from 6zb)

Scheme 6. Synthesis of pyrenylglycines 7.

Subsequently, the C(2)-arylated pyrenylglycine 7b,c possessing a free NH> group was
subjected to the peptide coupling reaction with N-phthaloyl-GABA to afford the
pyrenylglycine-GABA peptide 8a,c in 58-68% vyields (Scheme 7). Next, 7b,f were
subjected to the coupling with N-Boc-Gly to afford the pyrenylglycine-glycine peptide
8b,e in 30-42% yields. A pyrenylglycine-glycine-glycine tripeptide 8d was obtained
from the coupling of 7b and N-Boc-Gly-Gly. Next, 7b was subjected to the coupling
with (DL)-N-Boc-Ala or (D)-N-Boc-Ala to afford corresponding pyrenylglycine-Ala 8f
and 8f2-(D). Furthermore, N-Phthaloyl-s-alanine was coupled with 7e,f to afford the
pyrenylglycine-g-alanine peptides 8g,h.

We ascertained the photophysical properties including UV-Vis absorption spectra of all
the pyrenylglycines) and the preliminary fluorescence emission spectra of representative
pyrenylglycine motifs synthesized in this work (Figure 1). We also performed the

fluorescence quantum yield (®) calculation of representative compounds; 6a (O =
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for these compounds are given figure2, table 2.

8d: 40%
(from 7b)

89: R=Me, 42%
8f2-(D): 62% (from 7e)

(dr 69:31) 8h: R=OMe, 84%
(from 7b) (from 7f)

b Conditions (ii): 7 (0.05-0.13 mmol), amino acid derivative (1.1 equiv),
EDC-HCI (1.1 equiv), HOBt (1.1 equiv), 0 °C to rt, 24-25 h.

Scheme 7. Synthesis of pyrenylglycine peptides 8.

0.139), 6j (® = 0.069), 6y (® = 0.226), 62 (® =
0.169), 7h (® = 0.089), 8a (® = 0.004), the
integrated fluorescence intensity vs absorbance plots
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Figure 1. Optical absorption and emission spectra of representative compounds.

(1A): The absorption spectra of 6a, 6j, 6z, 6e and 6y (c = 0.02 g/100 mL in CHCI3) in CHCI3, Amax (absorption)
(nm) = Pyrene: 337, 6a: 349, 6j: 349, 6z: 349, 6e: 349, 6y: 350. (1B): Emission spectra of 6a, 6j, 6z, 6e
and 6y in CHCl3 (c = 3.8 uM) at the excitation wavelength of 350 NM Amax (emissiony (NM) = Pyrene: 393, 6a:
395, 6j: 390, 6z: 396, 6e: 404, 6y: 392. (1C): The absorption spectra of 6a, 6], 6z, 6e and 6y (c = 0.02
9/100 mL in THF) in THF, Amax (absorptiony (NM) = Pyrene: 336, 6a: 349, 6j: 349, 6z: 350, 6e: 349, 6y: 349.
(1D): Emission spectra of 6a, 6j, 6z, 6e and 6y in THF (c = 3.8 uM) at the excitation wavelength of 350
NM Amax (emission) (NM) = Pyrene: 392, 6a: 395, 6j: 391, 6z: 396, 6e: 405, 6y: 392. (1E) and (1F): Emission
spectra of 7d, 7e, 79, 7h, 8a, 8b, 8c, 8e and 8g (c = 6.06 uM) in CHClI; at the excitation wavelength of
350 NM Amax (emissiony (NM) = 7d: 392, 7e: 392, 7g: 392, 7h: 392, 8a: 396, 8b: 396, 8c: 390, 8e: 390, 8g: 390.
(1G): The absorption spectra of 6zg, 6zh, 6zi, 6zj, 6zk and 6zl (c = 0.01 g/100 mL in CHCI3) in CHCI3
Amax (absorption) (NM) = 624, 6zh, 62i, 62j, 6zk and 6zl = 350 nm.
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The quantum yield was calculated following the given equation. ®x = ®st (Mx / Mst) (n?x / M’sT), USiNg
anthracene as standard (®st = 0.27), where @ is the quantum yield, 1 is the refractive index of solvent
(ethanol, n = 1.36), m is slope, X is the sample and ST the standard.

Figure 2. Integrated fluorescence intentisity vs Absorbance plot of compound anthracene and 6y.

Table2. Quantum yield of 6y, 6a, 6j, 6z, 7h, 8a.

Compound Slope (mx) Quantum yield (®)
6y 151762.60046 0.226
6a 93113.22571 0.139
6j 46274.97295 0.069
62z 112328.07115 0.169
7h 60141.06904 0.089
8a 2969.97295 0.004

The synthesized pyrenylglycines are characterized by NMR and HRMS analysis data.
Additionally, the X-ray structure of representative compound 6r (Figure 2) was obtained,
which corroborated the structure of pyrenylglycine and the regioselectivity of C(2)-arylation
of pyrene 4a. In concurrence with literature reports, the bidentate directing group picolinamide-
assisted y-C(sp?)-H arylation of pyrenylglycine 4a discussed in this paper is believed to
undergo via the well-documented Pd"-Pd'"V catalytic cycle.!*28 It may be noted that the control
experiment comprising of Pd(lIl)-catalyzed y-C-H arylation of pyrenylglycinamide substrate
4f, which has a simple benzamide moiety as the directing group did not undergo the C-H
arylation. This revealed the necessity and role of the picolinamide directing group in substrate

4a which gave the y-C-H arylated products 6a-z and 6za-zl.

In concurrence with the literature reports,'® the bidentate directing group picolinamide helps
in promoting the y-C(sp?)-H arylation of 4a and it provides the chelation assistance and directs
the Pd(ll)-catalyzed C-H arylation process in the well documented catalytic cycle.*'8

Accordingly, a plausible reaction pathway for the bidentate directing group picolinamide-
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assisted Pd(l1)-catalyzed arylation of the y-C(sp?)-H bond of pyrene substrate 4a is proposed
based on the literature reports (Scheme 8).1*'8 Coordination of the picolinamide directing
group in pyrene-based glycine substrate 4a to the Pd(ll) metal center is followed by concerted
metalation deprotonation (CMD), generates the plausible five-membered Pd(Il) intermediate
species 4ab. Oxidative addition of the Pd(I1) intermediate species 4ab with an aryl iodide forms
the Pd(IV) species 4ac. Subsequently, the Pd(IV) intermediate species 4ac undergoes reductive
elimination to generate the new C—C bond in pyrene-based glycine unnatural amino acid
derivative 4ad. Then, halide ion abstraction by a halide ion scavenger (e.g., AQOAc) followed
by the protonolysis of the Pd(ll) intermediate species 4ad generates the corresponding y-
C(sp?)-H arylated product 6 and the Pd(11) catalyst is regenerated in the catalytic cycle (Scheme
8).118 Further support for the proposed mechanism can be drawn from a recent report by
Polindara-Garcia, which delineated a plausible mechanism for ortho C-H arylation of

arylglycine-type substrates.'8
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Scheme 8. Plausible mechanism in concurrence with the literature reports.1-18 Pd(1l)-catalyzed
picolinamide DG-aided y-C-H arylation of C2 position of pyrene-based glycine substrate 4a.
Conclusions

In summary, we have shown the preliminary results of our investigations on
synthesizing novel pyrenylglycine unnatural amino acid derivatives via C-H
functionalization of pyrene at the non-K-region. We assembled a new pyrenylglycine
possessing the picolinamide moiety via the Ugi multicomponent reaction. The
picolinamide moiety installed in pyrene is a well-known bidentate directing group for
accomplishing the site-selective y-C-H functionalization. Consequently, pyrenylglycine
possessing the picolinamide moiety was subjected to the Pd(Il)-catalyzed C(2)-H
arylation at the non-K-region to afford a library of unprecedented examples of C(2)-H
arylated pyrenylglycines. Additionally, pyrenylglycine-based small peptides were

assembled using C(2)-arylated pyrenylglycines The X-ray structure of a representative
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compound was obtained, which corroborated the structure of pyrenylglycine and the
regioselectivity of C(2)-H arylation of the pyrene at the non-K-region. Transformations
involving pyrenylglycines and synthetic methods toward pyrenylglycine motifs are
rarely explored. Accordingly, this work is an unprecedented contribution towards
enriching the library of pyrenes and pyrenylglycine unnatural amino acid motifs. Further
investigations comprising the synthesis of chiral pyrenylglycine and finding
applications and photophysical properties of these compounds will be attempted and
reported in the near future.

Experimental

General. *H and *C{1H} NMR spectra of compounds were recorded (using TMS as an
internal standard) in 400 and ~101 MHz spectrometers, respectively. The HRMS
analysis data of samples were obtained from the QTOF mass analyzer using the
electrospray ionization (ESI) method. FT-IR spectra of samples were recorded as neat
or thin films. Column chromatography purification of crude reaction mixtures was
carried out on silica gel (100—200 mesh). Reactions were conducted in anhydrous
solvents under a nitrogen atmosphere wherever required. Organic layers obtained after
the workup were dried using anhydrous Na>SO4. Thin layer chromatography (TLC)
analyses were performed on silica gel or alumina plates and components were visualized
by UV light or under iodine vapor. Isolated yields of all the products are reported and
yields were not optimized. The UV-Vis absorption spectra of compounds recorded
(concentration (c) = 0.02 g/100 mL in CHCIs or concentration (c) = 0.01 g/100 mL in
CHCIg) in CHCI3.%

General procedure for the synthesis of compounds 4a-h: A solution of aromatic aldehyde
(1 equiv), carboxylic acid (1 equiv), ammonia solution (7 N in methanol, 25-50 equiv), and
isocyanide (1 equiv) in TFE (2 mL) was stirred at room temperature for 24 h. The reaction
mixture was diluted with CH.Cl, and washed with water and brine. The organic extracts were
combined, and dried over anhydrous Na>SOs and the solvent was evaporated. The crude
mixture was subjected to column chromatography to afford the compound 4a-h (Procedure
adapted from ref. L. A. Polindara-Garcia et al Eur. J. Org. Chem., 2022, €202101517).

General procedure for the synthesis of compounds 6a-z, 6za-6zc, 6zg-6zn: A solution of
pyrenylglycinamide 4a (1 equiv), aryl iodide (4 equiv), KOAc (5 equiv), Pd(OACc). (10 mol%),
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and CuBr2 (10 mol%) in dry toluene (1.5 mL) was heated in a sealed tube vial under
conventional heating (oil bath) at 130 °C for 48 h. The tube was flashed with nitrogen before
heating. The reaction mixture was concentrated under reduced pressure. The crude mixture was

subjected to column chromatography to afford the corresponding C-H arylated pyrenylglycine.

General procedure for the synthesis of compounds 6ze: A solution of pyreneglycinamide
4a (1 equiv), methyl 4-(bromomethyl)benzoate (4 equiv), Pd(OAc)2 (10 mol%), K2COs (2
equiv), NaOTf (3 equiv) in tert-amylOH (1.5 mL) was heated in a sealed tube vial under
conventional heating (oil bath) at 120 °C for 48 h. The tube was flashed with nitrogen before
heating. The reaction mixture was concentrated under reduced pressure. The crude mixture was

subjected to column chromatography to afford the compound 6ze.

General procedure for the synthesis of compounds 6zf: A solution of pyreneglycinamide
4a (1 equiv), 1-iodobutane (4 equiv), Pd(OAc)2 (10 mol%), Ag>COs (2 equiv), (BnO).PO-H
(0.3 equiv) in tert-amylOH (1.5 mL) was heated in a sealed tube vial under conventional
heating (oil bath) at 120 °C for 48 h. The tube was flashed with nitrogen before heating. The
reaction mixture was concentrated under reduced pressure. The crude mixture was subjected

to column chromatography to afford the compounds 6zf.

General procedure for the synthesis of compounds 6zd: A solution of pyreneglycinamide
4a (1 equiv), 1-iodopentane (4.0 equiv), Pd(OAc)2 (10 mol%), KOAc (2.0 equiv) in dry 1,4-
dioxane (1.5 mL) was heated in a sealed tube vial under conventional heating (oil bath) at 130
°C for 48 h. The tube was flashed with nitrogen before heating. The reaction mixture was
concentrated under reduced pressure. The crude mixture was subjected to column

chromatography to afford the compound 6zd.

General procedure for the synthesis of compounds 7a-h: To an appropriate arylated
compound 6 (1 equiv) dissolved in H,O/THF (1:1, 2-4 mL), 12 N HCI (0.33-0.5 mL) was
added. The mixture was stirred at rt for 15 min. Zinc dust (15 equiv) was then added in three
portions and the mixture was stirred at rt for 18-36 h. The mixture was transferred to a
separating funnel with 2 N NaOH (20 mL) and extracted with ethyl acetate. The reaction
mixture was concentrated under reduced pressure. The crude mixture was subjected to column
chromatography to afford the compound 7a-h (the plicolinamide directing group removal

procedure was carried out using the reported procedure)t6a17b22¢
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General procedure for the synthesis of compounds 8a-h and 8f2-(D): An appropriate
amount of N-protected amino acid (1 equiv), N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (1.1 equiv), 1-hydroxybenzotriazole hydrate (1.1 equiv) in
dry DCM (5 mL) was stirred for 1 h at 0 °C under a nitrogen atmosphere. Then, an appropriate
amount of amine compound 7 (1 equiv) was added to the above mixture and stirred for 24-25
h at room temperature. The resulting solution was then subjected to aqueous workup and
washed with aqueous NaHCOz solution (two times). The resulting solution mixture was
concentrated and purified on silica gel column chromatography (EtOAc/hexane) to give the

corresponding pyrene-based peptides.

SnCly (1.2 equiv) CHO

_CI,GHOMe (1.5 equiv) DDQ (2 equiv)

DCM (10mL), 0 DCM (10 mL), 0°C to rt toluene (5 mL), reflux
20 h

General procedure for the synthesis of pyrene-4-carbaldehyde (3d): To a solution of
1,2,3,6,7,8-hexahydropyrene (3da, 208 mg, 1 mmol) in CH2Cl> (10 mL) was added stannic

chloride (140 pL, 1.2mmol), and the mixture was cooled to 0°C under a nitrogen atmosphere.
Then, 1,1'-dichlorodimethyl ether (136 puL, 1.5 mmol) was added by a syringe, and the mixture
was stirred at 0°C for 5 h. The reaction was monitored by TLC. After completion, the reaction
mixture was gradually warmed to rt and then quenched with ice-water, acidified by dilute
hydrochloric acid, and extracted with DCM. The organic phase was dried over anhydrous
Na2SOyg, filtrated, and then concentrated to get the crude product 3db which is used for next
step without purification. To a solution of 1,2,3,6,7,8-hexahydropyrene-4-carbaldehyde (3db,
1 mmol) in dry toluene (5 mL) was added DDQ (2 equiv) and the reaction mixture was heated
at 100 °C for 20 h. The reaction was monitored by TLC. The reaction mixture was concentrated
under reduced pressure. The crude mixture was subjected to column chromatography to afford
the compound 3d (86% yield). (The preparation of 3d was carried out using reported procedure:
(@) Li, P.-F.; Chen, C.-F. J. Org. Chem. 2012, 77, 9250. (b) Bair, K. W.; Andrews, C. W.;
Tuttle, R. L.; Knick, V. C.; Cory, M.; McKee, D. D. J. Med. Chem. 1991, 34, 1983).
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N-(2-(Tert-butylamino)-2-oxo-1-(pyren-1-yl)ethyl)picolinamide (4a): The compound 4a

was obtained after purification by column chromatography on silica gel
Me>'\|/|\e ~ || (EtOAc:hexane = 30:70) as a yellow-coloured solid (435 mg, 50%, 2
Me” “NH’ N

I mmol scale); Rs (50% EtOAc/hexane) 0.25; mp: 210-212 °C; IR

0 (DCM): 3335, 2976, 1665, 1510, 755 cm™; 'H NMR (400 MHz,
OO CDCls): 61 9.45 (1H, d, J = 7.1 Hz), 8.58-8.55 (2H, m), 8.23-8.21 (5H,
O‘ m), 8.14-8.03 (4H, m), 7.82-7.77 (1H, m), 7.41-7.37 (1H, m), 6.51 (LH,

d, J = 7.2 Hz), 5.48 (1H, s), 1.29 (9H, s); BC{*H} NMR (~101 MHz,

CDCls): oc 169.5, 164.1, 149.5, 148.3, 137.1, 131.6, 131.5, 131.2,
130.7,129.0,128.7,127.9, 127.3, 126.6, 126.2, 126.2, 125.6, 125.5, 125.3, 125.3, 124.7, 122.6,
122.2, 55.4, 52.0, 28.5; HRMS (ESI): m/z [M+H]" calcd for C2gH26N302: 436.2025 found,
436.2012.

N-(2-(Tert-butylamino)-2-oxo-1-(pyren-1-yl)ethyl)quinoline-2-carboxamide (4b): The

Me>|\]/|\e = | compound 4b was obtained after purification by column
Me NHO SN chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-
o NH coloured solid (121 mg, 50%, 0.5 mmol scale); Rf (50%
EtOAc/hexane) 0.25; mp: 240-242 °C; IR (DCM): 3321, 2973,

OO 1664, 1502, 755 cm™; *H NMR (400 MHz, CDCls): 61 9.68 (1H,
O‘ d, J=7.4 Hz), 8.68 (1H, d, J = 9.3 Hz), 8.34 (1H, d, J = 8.0 Hz),
4b 8.23-8.10 (7H, m), 8.03 (2H, s), 7.96 (1H, t, J = 7.6 Hz), 7.73-7.65

(2H, m), 7.53-7.49 (1H, m), 6.74 (1H, d, J = 7.4 Hz), 5.98 (1H, s), 1.34 (9H, s); *)C{*H} NMR
(~101 MHz, CDCl3): oc 169.6, 164.2, 149.1, 146.4, 137.1, 131.6, 131.4, 131.0, 130.5, 129.9,
129.8,129.1,129.0,128.7,127.8,127.8,127.4,127.2, 126.3, 126.0, 125.5, 125.3, 125.2, 124.6,
122.6, 118.5, 55.3, 51.9, 28.5; HRMS (ESI): m/z [M+H]" calcd for Cs2H2sN30,: 486.2182
found, 486.2181.
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N-(2-(Tert-butylamino)-2-oxo-1-(pyren-1-yl)ethyl)pyrazine-2-carboxamide (4c): The
compound 4c was obtained after purification by column
Me>l\ \\‘)i ] chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-
coloured solid (33 mg, 15%, 0.5 mmol scale); R (50% EtOAc/hexane)
0.25; mp: 180-182 °C; IR (DCM): 3331, 2974, 1667, 1510, 748 cm™;

OO IH NMR (400 MHz, CDCl3): 61 9.29 (1H, d, J = 7.1 Hz), 9.16 (1H, d,
O‘ J=1.3Hz), 8.57-8.55 (2H, m), 8.40-8.39 (1H, m), 8.25-8.17 (5H, m),
4 8.09-7.99 (3H, m), 6.55 (1H, d, J = 7.2 Hz), 5.78 (1H, s), 1.29 (9H, s);

BC{’H} NMR (~101 MHz, CDCls): dc 169.2, 162.5, 147.1, 144.1,
144.0,142.6, 131.6, 131.1, 131.1, 130.5, 128.9, 128.8, 128.0, 127.3, 126.5, 126.2, 125.7, 125.5,
125.2, 125.2, 124.6, 122.4, 55.2, 52.0, 28.5; HRMS (ESI): m/z [M+H]" calcd for Co7H2sN4O2:
437.1978 found, 437.1984.

N-(2-(Tert-butylamino)-2-oxo-1-(pyren-1-yl)ethyl)-5-methylisoxazole-3-carboxamide
(4d): The compound 4d was obtained after purification by column chromatography on silica
gel (EtOAc:hexane = 30:70) as a brown-coloured solid (68 mg, 31%,
m;\lﬂf o \N,O 0.5 mmol scale); Rt (50% EtOAc/hexane) 0.25; mp: 228-230 °C; IR
(DCM): 3344, 2926, 1673, 1528, 755 cm™; 'H NMR (400 MHz,

NH
© CDCls): 5n 8.48 (1H, d, J = 9.3 Hz), 8.34 (1H, d, J = 6.5 Hz), 8.25-
OO 8.04 (8H, m), 6.42 (1H, d, J = 6.6 Hz), 6.34 (1H, s), 5.38 (1H, 5), 2.43
O‘ (3H, s), 1.26 (9H, s); BC{*H} NMR (~101 MHz, CDCl3): éc 171.0,
s 168.8, 158.8, 158.3, 131.7, 131.2, 130.8, 130.6, 128.9, 128.8, 128.1,

127.3,126.7, 126.3, 125.8, 125.6, 125.3, 125.3, 124.7, 122.3, 101.3,
55.4, 52.1, 28.5, 12.3; HRMS (ESI): m/z [M+H]* calcd for C27H26N303: 440.1974 found,
440.1968.

Pyrene-4-carbaldehyde (3d):?* The compound 3d was obtained after purification by

O column chromatography on silica gel (EtOAc:hexane = 05:95) as a

“ CHO yellow-coloured solid (197 mg, 86%, 1 mmol scale); Rt (20%

O EtOAc/hexane) 0.8; mp: 157-159 °C; IR (DCM): 2972, 1659, 1510,

729, 512 cm™; 'H NMR (400 MHz, CDCl3): 6y 10.43 (1H, s), 9.54

% (1H, d, J = 7.9 Hz), 8.40 (1H, s), 8.27-8.19 (3H, m), 8.10-7.98 (4H,

m); ¥C{*H} NMR (~101 MHz, CDClz): §c 193.8, 141.7, 131.1, 131.0, 131.0, 129.2,

128.6, 128.3, 127.3, 127.2, 126.9, 126.6, 126.3, 126.3, 125.9, 125.1, 123.6; HRMS
(ESI): m/z [M+H]" calcd for C17H110: 231.0810 found, 231.0799.
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N-(2-(Tert-butylamino)-2-oxo-1-(pyren-4-yl)ethyl)picolinamide (4e): The
compound 4e was obtained after purification by column

chromatography on silica gel (EtOAc:hexane = 30:70) as a

O © NHo yellow-coloured solid (126 mg, 58%, 0.5 mmol scale); Rt
“ ” | Xy, (50% EtOAc/hexane) 0.25; mp: 215-217 °C; IR (DCM):
N~ 3337, 2971, 1665, 1510, 722 cm™; 'H NMR (400 MHz,

O CDCls): 61 9.45 (1H, d, J = 7.1 Hz), 8.60 (1H, d, J = 7.8 Hz),
de 8.52 (1H, d, J = 4.3 HZ), 8.39 (1H, s), 8.24-8.19 (3H, m),

8.09-8.01 (5H, m), 7.72-7.68 (1H, m), 7.34-7.31 (1H, m), 6.45 (1H, d, J = 7.2 Hz), 5.91
(1H, s), 1.30 (9H, s); *C{*H} NMR (=101 MHz, CDCls): 6c 169.3, 164.2, 149.4, 148.2,
137.0,133.2,131.6, 130.9, 130.3,129.2,128.9, 127.7, 127.2, 126.2, 126.2, 126.1, 125.8,
125.7, 125.6, 125.4, 124.4, 122.1, 121.3, 56.3, 51.9, 28.5; HRMS (ESI): m/z [M+H]*
calcd for C2gH26N30O2: 436.2025 found, 436.2022.

N-(2-(Tert-butylamino)-2-oxo-1-(pyren-1-yl)ethyl)benzamide (4f): The compound
4f was obtained after purification by column chromatography on silica gel
(EtOAc:hexane = 30:70) as a yellow-coloured solid (34 mg, 40%,

Me
m:j\NHO 0.2 mmol scale); Rs (50% EtOAc/hexane) 0.25; mp: 157-159 °C;
o NH IR (DCM): 3339, 1658, 1508, 907, 724 cm™; *H NMR (400 MHz,
CDCls): n 8.57 (1H, d, J = 9.3 Hz), 8.25-8.21 (5H, m), 8.14-8.04
OO (3H, m), 7.93 (1H, d, J = 6.1 Hz), 7.86-7.83 (2H, m), 7.49-7.45
O‘ (1H, m), 7.41-7.37 (2H, m), 6.48 (1H, d, J = 6.2 Hz), 5.46 (LH, s),
4f 1.26 (9H, s); BC{*H} NMR (~101 MHz, CDCls): dc 169.8, 166.9,

133.8,131.7,131.6,131.6, 131.3,130.7,128.9, 128.8, 128.5, 128.0, 127.4, 127.2, 126.7,
126.3, 125.7, 125.5, 125.4, 125.3, 124.8, 122.5, 55.7, 52.1, 28.5; HRMS (ESI): m/z
[M+H]" calcd for C29H27N20z2: 435.2073 found, 435.2065.

N-(2-Oxo-1-(pyren-1-yl)-2-((2,4,4-trimethylpentan-2-yl)amino)ethyl)picolinamide
(49): The compound 4g was obtained after purification by column chromatography on
silica gel (EtOAc:hexane = 30:70) as a brown-coloured solid (250 mg, 51%, 1 mmol
scale); Rf (50% EtOAc/hexane) 0.25; mp: 178-180 °C; IR (DCM): 3335, 2958, 1671,
1513, 840 cm?;
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IH NMR (400 MHz, CDCls): 6n 9.57 (1H, d, J = 6.6 Hz), 8.57-8.55 (2H, m), 8.26-8.19 (5H,

Me. m), 8.10-8.06 (3H, m), 8.02 (1H, t, J = 7.6 Hz), 7.74 (1H,t, J = 7.7
MeﬁMe ﬁ Hz), 7.37-7.34 (1H, m), 6.50 (1H, d, J = 6.8 Hz), 5.67 (1H, s), 1.66
Me” SNHOSY SN~ (LH, d, J = 14.9 Hz), 1.48 (1H, d, J = 14.9 Hz), 1.40 (3H, s), 1.32
NH

(3H, s), 0.69 (9H, s); 3C{*H} NMR (~101 MHz, CDCls): oc 168.9,

0]
164.1, 149.5, 148.3, 137.1, 131.5, 131.4, 131.2, 130.6, 128.9, 128.7,
OO 127.8, 127.3, 126.7, 126.2, 126.1, 125.6, 125.4, 125.3, 125.2, 124.7,
O‘ 1225, 122.1, 55.9, 52.6, 31.3, 31.1, 28.9, 28.0; HRMS (ESI): m/z
49 [M+H]* calcd for C32Hz4N3O2: 492.2651 found, 492.2655.

N-(2-(Cyclohexylamino)-2-oxo-1-(pyren-1-yl)ethyl)picolinamide (4h): The
O\ = | compound 4h was obtained after purification by column
N

HO SN~ chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-

0 NH coloured solid (267 mg, 58%, 1 mmol scale); Rf (50%
O EtOAc/hexane) 0.25; mp: 214-216 °C; IR (DCM): 2982, 1663,
O 1515, 614 cm™*; 'H NMR (400 MHz, CDCls): 61 9.42 (1H, d, J =

7.2 Hz), 8.58 (1H, d, J = 9.2 Hz), 8.45 (1H, s), 8.26 (1H, d, J = 8.0
Hz), 8.19-8.10 (4H, m), 8.05-7.96 (4H, m), 7.62-7.61 (1H, m),
7.25-7.24 (1H, m), 6.74-6.71 (LH, m), 6.24-6.21 (1H, m), 3.89-3.82 (1H, m), 1.91-1.88
(1H, m), 1.73-1.71 (1H, m), 1.58-1.46 (3H, m), 1.30-1.17 (2H, m), 1.07-0.78 (3H, m);
13C{*H} NMR (~101 MHz, CDCls): dc 169.3, 164.0, 149.2, 148.1, 136.8, 131.3, 131.1,
130.5, 128.9, 128.6, 127.7, 127.2, 126.2, 126.1, 126.0, 125.4, 125.3, 125.1, 125.1, 124.5,
122.5, 122.0, 54.9, 48.8, 32.6, 32.4, 25.2, 24.7, 24.5; HRMS (ESI): m/z [M+H]* calcd
for CaoH2sN3Os: 462.2182 found, 462.2180.

4h

N-(2-(Tert-butylamino)-1-(2-(4-methoxyphenyl)pyren-1-yl)-2-oxoethyl)picolinamide
(6a): The compound 6a was obtained after purification by column chromatography on silica
Me>'\]/|\e = | gel (EtOAc:hexane = 30:70) as a brown-coloured solid (41 mg,
Mo SNHOX SN 76%, 0.1 mmol scale); R (50% EtOAc/hexane) 0.3; mp: 139-140
o NH OMe oc- |R (DCM): 3381, 2959, 1682, 1513, 764 cm™; 'H NMR (400
O MHz, CDClz3): o1 9.62 (1H, d, J = 5.4 Hz), 8.59 (1H, d, J = 4.6
OO Hz), 8.53 (1H, d, J = 9.4 Hz), 8.22-8.18 (4H, m), 8.14-8.00 (6H,
O‘ m), 7.75 (1H, td, J; = 7.7, J2 = 1.6 Hz), 7.39-7.36 (1H, m), 7.14
6a (2H, d, J = 8.1 Hz), 6.43 (1H, d, J = 6.0 Hz), 5.47 (1H, s), 3.95
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(3H, 5), 1.22 (9H, s); BC{*H} NMR (~101 MHz, CDCls): dc 169.6, 163.8, 159.3, 149.7, 148.3,
141.0,137.1,134.0,131.1, 131.0, 130.5, 129.5, 129.1, 128.7, 128.3, 127.4, 127.2, 126.1, 125.6,
125.5, 125.0, 124.7, 123.9, 122.1, 114.0, 55.4, 55.2, 51.8, 28.5; HRMS (ESI): m/z [M+H]"
calcd for CasH32N3Oz: 542.2444 found, 542.2423.

Methyl 4-(1-(2-(tert-butylamino)-2-oxo-1-(picolinamido)ethyl)pyren-2-yl)benzoate (6b):
Me>|\l/|\e = | The compound 6b was obtained after purification by column
Me NHO SN chromatography on silica gel (EtOAc:hexane = 30:70) as a
o NH COzMe  prown-coloured solid (39 mg, 69%, 0.1 mmol scale); Rt (50%
O EtOAc/hexane) 0.3; mp: 120-122 °C; IR (DCM): 3359, 2962,
OO 1674, 1503, 751 cm™; *H NMR (400 MHz, CDCls): dn 9.55
O‘ (1H, br. s), 8.56 (1H, d, J = 4.5 Hz), 8.51 (1H, d, J = 9.4 Hz),
6b 8.28-8.21 (6H, m), 8.14-8.02 (6H, m), 7.77 (1H, td, J1 = 7.6,
J> = 1.5 Hz), 7.41-7.38 (1H, m), 6.31 (1H, d, J = 5.9 Hz), 5.55 (1H, s), 4.01 (3H, s), 1.25 (9H,
s); BC{*H} NMR (~101 MHz, CDCls): dc 169.3, 167.0, 163.5, 149.2, 148.0, 146.6, 140.3,
137.5,131.1, 131.1, 130.5, 129.8, 129.8, 129.6, 129.2, 129.1, 128.8, 128.6, 127.1, 126.6,
126.4, 126.3, 125.9, 125.7, 125.2, 124.6, 123.6, 122.3, 55.2, 52.3, 51.9, 28.5; HRMS (ESI):
m/z [M+H]" calcd for CasH32N304: 570.2393 found, 570.2404.

N-(2-(Tert-butylamino)-1-(2-(4-chlorophenyl)pyren-1-yl)-2-oxoethyl)picolinamide (6c):

Me >I\I/I\e = | The compound 6¢ was obtained after purification by column
Me NHO SN chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-
o) NH Cl coloured solid (26 mg, 48%, 0.1 mmol scale); R (50%
EtOAc/hexane) 0.3; mp: 112-114 °C; IR (DCM): 3359, 2963, 1676,

OO 1502, 754 cm™’; *H NMR (400 MHz, CDCls): 6w 9.56 (1H, d, J =
O‘ 5.6 Hz), 8.59-8.57 (1H, m), 8.49 (1H, d, J = 9.4 Hz), 8.24-8.20 (4H,
6c m), 8.14-8.03 (6H, m), 7.77 (1H, td, J1 = 7.7, J» = 1.7 Hz), 7.57

(2H, d, J = 7.6 Hz), 7.41-7.37 (1H, m), 6.32 (1H, d, J = 5.9 Hz), 5.47 (1H, s), 1.23 (9H, s);
13C{*H} NMR (~101 MHz, CDCls): dc 169.4, 163.8, 149.5, 148.3, 140.2, 140.1, 137.1, 134.1,
131.1,131.1,130.5,129.2, 129.1, 129.0, 128.8, 128.8, 128.5, 127.1, 127.0, 126.3, 126.2, 125.8,
125.7, 125.2, 124.6, 123.6, 122.1, 55.1, 51.9, 28.5; HRMS (ESI): m/z [M+H]* calcd for
CasH29CIN3O2: 546.1948 found, 546.1942.
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N-(2-(Tert-butylamino)-1-(2-(4-fluorophenyl)pyren-1-yl)-2-oxoethyl)picolinamide (6d):

Me % The compound 6d was obtained after purification by column
m:j\NHO SN | chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-
o NH F coloured solid (36 mg, 68%, 0.1 mmol scale); Rf (50%
O EtOAc/hexane) 0.3; mp: 192-194 °C; IR (DCM): 2964, 1675, 1507,

OO 1224, 845 cm™*; *H NMR (400 MHz, CDCls): 6w 9.57 (1H, d, J =
O‘ 5.6 Hz), 8.59-8.57 (1H, m), 8.49 (1H, d, J = 9.4 Hz), 8.24-8.19 (4H,
6d m), 8.13 (2H, d, J = 8.7 Hz), 8.08-8.02 (4H, m), 7.76 (1H, td, J1 =

7.7,J2=1.7 Hz), 7.41-7.37 (1H, m), 7.31-7.26 (2H, m), 6.34 (1H, d, J = 6.0 Hz), 5.47 (1H, s),
1.23 (9H, s); BC{*H} NMR (~101 MHz, CDCls): éc 169.5, 163.8, 162.6 (d, Jc-r = 246.4 Hz),
149.5, 148.3, 140.3, 137.6 (d, Jcr = 3.3 Hz), 137.1, 131.1, 131.1, 130.1, 130.5, 129.2, 129.2,
128.9, 128.5, 127.2, 127.1, 126.3, 126.2, 125.8, 125.7 (d, Jc-r = 12.4 Hz), 125.1, 124.6, 123.6,
122.1,55.1,51.8, 28.5; 1°F NMR (~376 MHz, CDCls): 6 = -114.37; HRMS (ESI): m/z [M+H]*
calcd for CasH20FN302: 530.2244 found, 530.2242.

N-(1-(2-(4-Acetylphenyl)pyren-1-yl)-2-(tert-butylamino)-2-oxoethyl)picolinamide  (6e):

Iv|e>|\l/|\e = | The compound 6e was obtained after purification by column
Me NHO SN chromatography on silica gel (EtOAc:hexane = 30:70) as a
o) NH COMe  hrown-coloured solid (21 mg, 38%, 0.1 mmol scale); R (30%
EtOAc/hexane) 0.5; mp: 130-132 °C; IR (DCM): 3358, 2925,

OO 1676, 1506, 752 cm™; 'H NMR (400 MHz, CDCls): 61 9.55
O‘ (1H, d, J =5.4 Hz), 8.56 (1H, d, J = 4.7 Hz), 8.50 (1H, d, J =
Ge 9.4 Hz), 8.24-8.18 (6H, m), 8.13-8.01 (6H, m), 7.75 (1H, td, J1

=7.7, 3= 1.4 Hz), 7.39-7.36 (1H, m), 6.30 (1H, d, J = 5.4 Hz), 5.54 (1H, s), 2.73 (3H, 5), 1.25
(9H, s): 3C{*H} NMR (~101 MHz, CDCls): 5c 197.9, 169.3, 163.8, 149.4, 148.3, 146.7, 140.2,
137.1,136.3, 131.1, 130.4, 129.2, 129.1, 128.8, 128.6, 127.1, 126.6, 126.4, 126.2, 125.9, 125.7,
125.2, 124.6, 1235, 122.1, 55.2, 51.9, 28.5, 26.8; HRMS (ESI): m/z [M+H]" calcd for
CasHa2N3Os: 554.2444 found, 554.2443.
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N-(2-(Tert-butylamino)-1-(2-(4-nitrophenyl)pyren-1-yl)-2-oxoethyl)picolinamide  (6f):
The compound 6f was obtained after purification by column

Me>'\]/|\e o f | chromatography on silica gel (EtOAc:hexane= 30:70) as a
Me™ NH " N N, brown-coloured solid (40 mg, 72%, 0.1 mmol scale); Rs (50%
o O EtOAc/hexane) 0.2; mp: 138-140 °C; IR (DCM): 3361, 3071,
OO 1677, 1510, 750 cm™; 'H NMR (400 MHz, CDCls): 61 9.47 (1H,
O‘ d, J=5.8 Hz), 8.55 (1H, d, J = 4.6 Hz), 8.48-8.42 (3H, m), 8.28-

8.23 (4H. m), 8.14 (1H, d, J = 8.9 Hz), 8.09-8.04 (5H, m), 7.77

(1H, td, J; = 7.7, J2 = 1.1 Hz), 7.41-7.38 (1H, m), 6.27 (1H, d, J
= 6.1 Hz), 5.62 (1H, s), 1.28 (9H, s); 3C{*H} NMR (=101 MHz, CDCls): ¢ 169.3, 164.0,
149.2,148.7, 148.4, 147.5, 139.1, 137.3, 131.2, 131.2, 130.5, 129.5, 129.3, 128.9, 128.6, 127.0,
126.6, 126.4, 126.4, 126.1, 126.0, 125.4, 124.5, 123.7, 123.7, 123.2, 122.2, 55.1, 52.0, 28.5;
HRMS (ESI): m/z [M+H]* calcd for CasH20N4O4: 557.2189 found, 557.2175.

N-(2-(Tert-butylamino)-1-(2-(4-formylphenyl)pyren-1-yl)-2-

m:;\f\eNHo \/N | oxoethyl)-p-icol-inamide (6g): The compound 6g was -o-btained
NH CHO after purification by column chromatography on silica gel

© O (EtOAc:hexane = 30:70) as a brown-coloured solid (35 mg,
OO 66%, 0.1 mmol scale); Rs (50% EtOAc/hexane) 0.3; mp: 135-
O‘ 137 °C; IR (DCM): 3362, 3015, 1681, 1504, 744 cm™; *H NMR
66 (400 MHz, CDCl3): 61 10.18 (1H, s), 9.52 (1H, d, J = 5.6 Hz),

8.55(1H, d, J=4.7 Hz), 8.49 (1H, d, J =9.3 Hz), 8.25-8.22 (4H,
m), 8.14-8.03 (8H, m), 7.78-7.74 (1H, m), 7.40-7.36 (1H, m), 6.30 (1H, d, J = 5.6 Hz), 5.56
(1H, br. s), 1.25 (9H, s); BC{*H} NMR (~101 MHz, CDCls): ¢ 192.1, 169.4, 163.9, 149.4,
148.3,148.2,140.1, 137.2,135.6, 131.2, 130.5, 129.3, 129.2, 128.7, 128.7, 127.1, 126.5, 126.5,
126.3, 126.0, 125.8, 125.3, 124.6, 123.5, 122.1, 55.1, 51.9, 28.5; HRMS (ESI): m/z [M+H]*
calcd for CssH3oN303: 540.2287 found, 540.2299.
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N-(1-(2-(4-Bromophenyl)pyren-1-yl)-2-(tert-butylamino)-2-oxoethyl)picolinamide  (6h):

Me % The compound 6h was obtained after purification by column
m:>I\NHO SN | chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-
o NH Br coloured solid (47 mg, 80%, 0.1 mmol scale); Ri (50%
O EtOAc/hexane) 0.3; mp: 142-144 °C; IR (DCM): 3401, 2930, 1679,

O 1506, 759 cm™; *H NMR (400 MHz, CDCls): 6w 9.56 (1H, d, J =
O‘ 5.4 Hz), 8.58 (1H, d, J = 4.7 Hz), 8.50 (1H, d, J = 9.4 Hz), 8.23-
6h 8.20 (4H, m), 8.13-8.02 (6H, m), 7.78-7.72 (3H, m), 7.40-7.37 (1H,

m), 6.33 (1H, d, J =5.9 Hz), 5.49 (1H, s), 1.24 (9H, s); *C{*H} NMR (~101 MHz, CDCls): 6c
169.4,163.7,149.3, 148.2,140.7, 140.1, 137.3,131.7,131.7,131.1, 131.1, 130.5, 129.2, 129.0,
129.0, 128.5, 127.1, 126.9, 126.3, 126.3, 125.8, 125.7, 125.2, 124.6, 123.6, 122.3, 122.2, 55.2,
51.9, 28.5; HRMS (ESI): m/z [M+H]" calcd for CasH29BrNsO.: 590.1443 found, 590.1443.

N-(2-(Tert-butylamino)-2-oxo-1-(2-phenylpyren-1-yl)ethyl)picolinamide (61): The
Me = compound 6i was obtained after purification by column

Me>j\ - |

Me” “NH

N~ chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-
o) NH O coloured solid (29 mg, 57%, 0.1 mmol scale); R (50% EtOAc/hexane)

0.3; mp: 220-222 °C; IR (DCM): 3398, 3007, 1675, 1503, 749 cm™; H

OO NMR (400 MHz, CDClg): 1 9.62 (1H, d, J = 4.9 Hz), 8.59-8.55 (2H,
O‘ m), 8.22-8.19 (3H, m), 8.16 (1H, s), 8.12-8.01 (5H, m), 7.75 (1H, td, J1
6i =7.7,J2=15Hz), 7.62-7.53 (4H, m), 7.39-7.36 (1H, m), 6.39 (1H, d,

J =5.6 Hz), 5.50 (1H, s), 1.23 (9H, s); BC{*H} NMR (~101 MHz, CDCls): éc 169.5, 163.7,
149.7,148.3,141.8,141.3,137.1,131.1, 131.0, 130.5, 129.2, 129.2, 128.8, 128.6, 128.3, 127.9,
127.2,127.1, 126.2, 126.1, 125.7, 125.6, 125.1, 124.7, 123.9, 122.1, 55.2, 51.8, 28.5; HRMS
(ESI): m/z [M+H]" calcd for C34H30N302: 512.2338 found, 512.2328.

N-(2-(Tert-butylamino)-2-oxo-1-(2-(p-tolyl)pyren-1-yl)ethyl)picolinamide  (6j):  The

Me>|\l/|\e = | compound 6j was obtained after purification by column
Me NHO SN chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-
o NH Me  coloured solid (26 mg, 50%, 0.1 mmol scale); Rs (50%
EtOAc/hexane) 0.3; mp: 182-184 °C; IR (DCM): 3399, 3011,

OO 1676, 1504, 745 cm™; *H NMR (400 MHz, CDCls): 61 9.62 (1H,
O‘ d, J = 5.4 Hz), 8.59-8.54 (2H, m), 8.22-8.00 (10H, m), 7.75 (1H,
6j td, J1 = 7.7, J» = 1.4 Hz), 7.43-7.35 (3H, m), 6.41 (1H, d, J = 5.9
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Hz), 5.49 (1H, s), 2.53 (3H, s), 1.23 (9H, s); 3C{*H} NMR (~101 MHz, CDCls): c 169.6,
163.7,149.7, 148.3, 141.4, 138.8, 137.6, 137.1, 131.1, 131.0, 130.5, 129.3, 129.1, 128.7, 128.3,
127.2, 126.2, 126.1, 125.6, 125.5, 125.0, 124.7, 123.9, 122.1, 55.2, 51.8, 28.5, 21.4; HRMS
(ESI): m/z [M+H]" calcd for C3sH32N3O2: 526.2495 found, 526.2507.

N-(2-(Tert-butylamino)-1-(2-(4-isopropylphenyl)pyren-1-yl)-2-oxoethyl)picolinamide
(6k): The compound 6k was obtained after purification by column chromatography on silica
Me = | gel (EtOAc:hexane = 30:70) as a brown-coloured solid (21 mg,
Me>I\NHO SNT Me  38%, 0.1 mmol scale); Rr (50% EtOAc/hexane) 0.3; mp: 106-
o NH O Me 108°C; IR (DCM): 2966, 2923, 1678, 1509, 838 cm™; *H NMR

(400 MHz, CDCls): 6+ 9.61 (1H, d, J = 5.2 Hz), 8.58 (1H, d, J

OO = 5.5 Hz), 8.53 (1H, d, J = 9.4 Hz), 8.22-8.01 (10H, m), 7.75
O‘ (1H, td, J1 = 7.7, Jo = 1.7 Hz), 7.46-7.44 (2H, m), 7.40-7.37 (1H,
6k m), 6.40 (1H, d, J = 5.8 Hz), 5.46 (1H, s), 3.09-3.06 (1H, m),

1.39 (6H, d, J = 6.9 Hz), 1.21 (9H, s); B*C{*H} NMR (~101 MHz, CDCls): Jc 169.5, 163.7,
149.8,148.4,148.3,141.4,139.1, 137.0,131.1, 131.0, 130.5, 129.3, 129.1, 128.6, 128.2, 127.4,
127.3, 127.3, 126.1, 126.1, 125.6, 125.5, 125.0, 124.7, 123.9, 122.0, 55.2, 51.8, 33.9, 28.5,
24.0; HRMS (ESI): m/z [M+H]" calcd for C37H3sN302: 554.2808 found, 554.2817.

N-(2-(Tert-butylamino)-1-(2-(4-butylphenyl)pyren-1-yl)-2-oxoethyl)picolinamide  (6l):

I\/Ie>|\l/|\e = | The compound 61 was obtained after purification by
Me NHO SN column chromatography on silica gel (EtOAc:hexane =
e} NH Me 30:70) as a brown-coloured solid (31 mg, 55%, 0.1 mmol
scale); Rf (50% EtOAc/hexane) 0.4; mp: 125-127 °C; IR

OO (DCM): 3407, 3015, 1677, 1508, 743 cm™’; 'H NMR (400
O‘ MHz, CDCl3): 6w 9.63 (1H, d, J = 5.1 Hz), 8.59 (1H, d, J
6l = 4.7 Hz), 8.56 (1H, d, J = 9.4 Hz), 8.22-8.16 (4H, m),

8.11-8.00 (5H, m), 7.75 (1H, td, J1 = 7.7, J2 = 1.6 Hz), 7.44-7.36 (4H, m), 6.43 (1H, d, J =5.8
Hz), 5.49 (1H, s), 2.79 (2H, t, J = 7.8 Hz), 1.79-1.74 (2H, m), 1.52-1.46 (2H, m), 1.22 (9H, s),
1.03 (3H, t, J = 7.4 Hz); C{"H} NMR (~101 MHz, CDCls): dc 169.5, 163.7, 149.7, 148.3,
142.5,141.4,139.0,137.1,131.1, 131.0, 130.5, 130.2, 129.3, 129.1, 128.7, 128.3, 127.3, 127.2,
126.1, 126.1, 125.6, 125.5, 125.0, 124.7, 123.9, 122.0, 55.2, 51.8, 35.5, 33.6, 28.5, 22.5, 14.1;
HRMS (ESI): m/z [M+H]" calcd for CasH3sN3O2: 568.2964 found, 568.2965.
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N-(2-(Tert-butylamino)-1-(2-(4-ethoxyphenyl)pyren-1-yl)-2-oxoethyl)picolinamide (6m):

The compound 6m was obtained after purification by column

Me>'\]/|\e o f | chromatography on silica gel (EtOAc:hexane= 30:70) as a brown-
Me™ NH " N okt coloured solid (34 mg, 62%, 0.1 mmol scale); Rt (50%
o O EtOAc/hexane) 0.3; mp: 118-120 °C; IR (DCM): 3397, 2977,
OO 1675, 1503, 749 cm™L; H NMR (400 MHz, CDCls): 51 9.62 (1H,
O‘ d, J = 5.3 Hz), 8.59 (1H. dd, J1 = 4.7, J, = 0.6 HZ), 8.52 (1H, d, J
] = 9.4 Hz), 8.22-8.00 (10H, m), 7.76 (1H, td, J1 = 7.7, J = 1.7 Hz),

m

7.40-7.37 (1H, m), 7.12 (2H, d, J = 8.2 Hz), 6.42 (1H, d, J=5.8
Hz),5.45 (1H, s), 4.18 (2H, q, J = 7.0 Hz), 1.52 (3H, t, J = 7.0 Hz), 1.21 (9H, s); *)C{*H} NMR
(~101 MHz, CDCIs): oc 169.5, 163.7, 158.7, 149.7, 148.3, 141.1, 137.1, 133.8, 131.1, 131.0,
130.5,129.5,129.1,128.7,128.2,127.4,127.2,126.1, 125.6, 125.5, 125.0, 124.7, 123.9, 122.0,
114.5, 63.6, 55.2, 51.7, 28.5, 15.0; HRMS (ESI): m/z [M+H]" calcd for C3gH34N303: 556.2600
found, 556.2604.

N-(1-(2-(4-(Benzyloxy)phenyl)pyren-1-yl)-2-(tert-butylamino)-2-oxoethyl)picolinamide
(6n): The compound 6n was obtained after purification by column chromatography on silica
Me = gel (EtOAc:hexane = 30:70) as a brown-coloured solid
Me>I\NHO SN Q (31 mg, 50%, 0.1 mmol scale); R (50% EtOAc/hexane)
o NH © 0.3; mp: 209-211 °C; IR (DCM): 3395, 2969, 1675, 1504,
748 cm™; 'H NMR (400 MHz, CDCls): 61 9.63 (1H, d, J
OO = 5.3 Hz), 859 (1H, d, J = 4.7 Hz), 854 (1H,d, J =94
O‘ Hz), 8.22-8.00 (10H, m), 7.75 (1H, td, J1 = 7.7, ) = 1.6
6n Hz), 7.55 (2H, d, J = 7.3 Hz), 7.49-7.45 (2H, m), 7.41-
7.36 (2H, m), 7.22 (2H, d, J = 7.9 Hz), 6.44 (1H, d, J = 5.8 Hz), 5.47 (1H, 5), 5.22 (2H, 5), 1.22
(9H, s); BC{*H} NMR (~101 MHz, CDCls): dc 169.5, 163.8, 158.5, 149.7, 148.3, 141.0, 137.1,
136.9,134.2,131.1, 131.0,130.5, 129.5, 129.1, 128.7, 128.3, 128.1, 127.7,127.4,127.2, 126.1,

125.6, 125.5, 125.0, 124.7, 123.9, 122.1, 114.9, 70.2, 55.2, 51.8, 28.5; HRMS (ESI): m/z
[M+H]" calcd for C41H3sN303: 618.2757 found, 618.2759.

N-(2-(Tert-butylamino)-1-(2-(4'-(hexyloxy)-[1,1'-biphenyl]-4-y)pyren-1-yl)-2-

oxoethyl)picolinamide (60): The compound 60 was obtained after purification by column
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chromatography on silica gel
(EtOAc:hexane = 30:70) as a brown-
coloured solid (42 mg, 62%, 0.1 mmol
scale); Rs (50% EtOAc/hexane) 0.3; mp:
190-192 °C; IR (DCM): 3398, 2941, 1679,
1505, 756 cm?; *H NMR (400 MHz,
CDCls): 61 9.63 (1H, d, J = 5.5 Hz), 8.59-
8.58 (1H, m), 8.54 (1H, d, J = 9.4 Hz), 8.23-8.19 (4H, m), 8.14-8.02 (5H, m), 7.80-7.66 (6H,
m), 7.40-7.37 (1H, m), 7.06-7.04 (2H, m), 6.44 (1H, d, J = 5.8 Hz), 5.50 (1H, s), 4.06 (2H, t, J
= 6.6 Hz), 1.88-1.84 (2H, m), 1.53-1.51 (2H, m), 1.42-1.37 (4H, m), 1.22 (9H, s), 0.95 (3H, t,
J =7.0 Hz); 8C{*H} NMR (~101 MHz, CDCls): éc 169.5, 163.8, 159.0, 149.7, 148.3, 141.1,
140.3, 140.0,137.1,132.9,131.1,131.1, 130.5, 129.3, 129.2, 128.8, 128.3, 128.2, 127.2, 126.8,
126.8, 126.8, 126.2, 126.2, 125.7, 125.6, 125.1, 124.7, 123.9, 122.0, 114.9, 68.1, 55.3, 51.8,
31.7,29.3, 28.5, 25.8, 22.7, 14.1; HRMS (ESI): m/z [M+H]" calcd for CssHsN303: 688.3539
found, 688.3557.

N-(2-(Tert-butylamino)-2-oxo-1-(2-(m-tolyl)pyren-1-yl)ethyl)picolinamide  (6p): The
Me>|\]/|\e o
Me” “NH
o NH coloured solid (33 mg, 64%, 0.1 mmol scale); Rf (50%
OO Me EtOAc/hexane) 0.3; mp: 250-252 °C; IR (DCM): 3397, 2962,
1679, 1505, 757 cm™; *H NMR (400 MHz, CDCls): 61 9.57 (1H,
O‘ s), 8.59-8.55 (2H, m), 8.23-8.19 (3H, m), 8.15-8.01 (6H, m), 7.76
6p (1H, td, J1 = 7.7, J2 = 1.6 Hz), 7.50-7.48 (1H, m), 7.40-7.35 (3H,
m), 6.41 (1H, d, J =5.6 Hz), 5.52 (1H, s), 2.50 (3H, s), 1.23 (9H, 5); *C{*H} NMR (~101 MHz,
CDCls): oc 169.5, 163.7, 149.7, 148.3, 141.7, 141.4, 137.1, 131.1, 131.0, 130.5, 129.2, 129.2,
129.1,128.7,128.6, 128.3,127.2,127.1,126.2,126.1, 125.6, 125.5, 125.0, 124.7, 123.9, 122.1,

55.1, 51.7, 28.5, 21.6; HRMS (ESI): m/z [M+H]" calcd for CssHs2N3O2: 526.2495 found,
526.2493.

= | compound 6p was obtained after purification by column

SN chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-

N-(2-(Tert-butylamino)-1-(2-(3-methoxyphenyl)pyren-1-yl)-2-oxoethyl)picolinamide

(6g): The compound 6q was obtained after purification by column chromatography on silica
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Me>|\l/|\e = | gel (EtOAc:hexane = 30:70) as a brown-coloured solid (24 mg,
O SN 46%, 0.1 mmol scale); Rt (50% EtOAc/hexane) 0.3; mp: 222-224
o NH °C; IR (DCM): 3368, 2965, 1672, 1504, 1219 cm™; 'H NMR
O O oMe (400 MHz, CDCls): o1 9.64 (1H, br. s), 8.59-8.55 (2H, m), 8.22-

8.19 (3H, m), 8.16 (1H, s), 8.11 (1H, d, J = 8.9 Hz), 8.07-8.00

O‘ (3H, m), 7.75 (1H, td, J1 = 7.7, J2 = 1.6 Hz), 7.56-7.51 (2H, m),
6q 7.39-7.36 (1H, m), 7.09 (2H, d, J = 6.9 Hz), 6.43-6.43 (1H, m),

5.53-5.51 (1H, m), 3.92 (3H, s), 1.23 (9H, s): 3C{*H} NMR (~101 MHz, CDCls): éc 169.5,
163.7,159.6, 149.7, 148.3, 143.1, 141.1, 137.1, 131.1, 131.0, 130.5, 129.7, 129.2, 129.2, 128.8,
128.7,128.3,127.2,126.9, 126.2, 126.1, 125.7, 125.6, 125.6, 125.1, 124.7, 123.9, 122.0, 115.8,
55.4, 55.1, 51.8, 28.5;: HRMS (ESI): m/z [M+H]* calcd for CasHaNsOs: 542.2444 found,
542.2451,

N-(1-(2-(3-Bromophenyl)pyren-1-yl)-2-(tert-butylamino)-2-oxoethyl)picolinamide  (6r):

" Me = | The compound 6r was obtained after purification by column
e

Me>I\NHO SN chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-

o NH coloured solid (34 mg, 59%, 0.1 mmol scale); Ri (50%

gr EtOAc/hexane) 0.3; mp: 233-235 °C; IR (DCM): 3409, 3368, 1673,

OO 1504 cm™; 'H NMR (400 MHz, CDCls3): 6n 9.55-9.44 (1H, m),
O‘ 8.59-8.59 (1H, m), 8.52 (1H, d, J = 9.4 Hz), 8.24-8.21 (4H, m),
6r 8.14-8.03 (6H, m), 7.76 (1H, td, J1 = 7.7, J2 = 1.6 Hz), 7.67 (1H, d,

J=7.4 Hz), 7.50-7.47 (1H, m), 7.41-7.37 (1H, m), 6.32-6.31 (1H, m), 5.47 (1H, s), 1.25 (9H,
s); BBC{*H} NMR (~101 MHz, CDCls): dc 169.3, 163.8, 149.6, 148.4, 143.9, 143.8, 139.7,
137.1,131.2,131.1,130.9, 130.5, 129.3, 129.0, 129.0, 128.5, 127.1, 126.8, 126.3, 126.2, 125.8,
125.7, 125.6, 125.2, 124.6, 123.7, 122.1, 122.1, 55.1 51.9, 28.5; HRMS (ESI): m/z [M+H]"
calcd for Ca4H29BrN3O2: 590.1443 found, 590.1437.
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N-(2-(Tert-butylamino)-1-(2-(3-chlorophenyl)pyren-1-yl)-2-oxoethyl)picolinamide  (6s):

Me
Me

Me NH

O
z
T
@)

The compound 6s was obtained after purification by column
chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-
coloured solid (21 mg, 40%, 0.1 mmol scale); R¢ (50%
EtOAc/hexane) 0.3; mp: 237-239 °C; IR (DCM): 3357, 2974, 1675,
1501, 749 cm; *H NMR (400 MHz, CDCls): 61 9.54 (1H, s), 8.59-
8.58 (1H, m), 8.53 (1H, d, J = 9.4 Hz), 8.24-8.21 (4H, m), 8.14-
8.11 (2H, m), 8.07-8.03 (4H, m), 7.76 (1H, td, J1 = 7.7, J, = 1.5
Hz), 7.53 (2H, m), 7.40-7.37 (1H, m), 6.33-6.32 (1H, m), 5.50 (1H,

s), 1.25 (9H, s); BC{*H} NMR (~101 MHz, CDCls): dc 169.3, 163.8, 149.5, 148.4, 143.5,
139.8,137.1,131.2,131.1, 130.5, 130.0, 130.0, 129.3, 129.0, 128.5, 128.5, 128.0, 127.1, 126.8,
126.4, 126.2, 125.8, 125.7, 125.6, 125.2, 124.6, 123.7, 122.1, 55.1, 51.9, 28.5; HRMS (ESI):
m/z [M+H]" calcd for C34H29CIN302: 546.1948 found, 546.1952.

N-(2-(Tert-butylamino)-1-(2-(3-fluorophenyl)pyren-1-yl)-2-oxoethyl)picolinamide (6t):%°

Me>|\]/|\e o \/ |
Me” 'NH N
T

6t

The compound 6t was obtained after purification by column
chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-
coloured solid (18 mg, 35%, 0.1 mmol scale); Rf (50%
EtOAc/hexane) 0.3; mp: 250-252 °C; IR (DCM): 3395, 2942, 1682,
1510, 761 cm™; 'H NMR (400 MHz, CDCls): n 9.53 (1H, d, J =
5.3 Hz), 8.58 (1H, d, J = 4.7 Hz), 8.51 (1H, d, J = 9.4 Hz), 8.24-8.03
(9H, m), 7.76 (1H, td, J1 = 7.7, J2 = 1.7 Hz), 7.57-7.55 (2H, m),

7.41-7.37 (1H, m), 7.24 (1H, td, J1 = 8.6, Jo = 2.0 Hz), 6.35 (1H, d, J = 5.7 Hz), 5.50 (1H, s),
1.24 (9H, s); BC{*H} NMR (~101 MHz, CDCls): 5c 169.4, 163.8, 162.6 (d, Jc.r = 246.1 Hz),
149.5, 148.3, 143.9 (d, Jcr = 7.9 Hz), 140.0 139.9, 139.9, 137.1, 131.1, 131.1, 130.5, 130.1,
129.2, 129.0 (d, Jor = 2.5 Hz),128.5, 127.1, 126.8, 126.3, 126.2, 125.8, 125.7, 125.2 124.6,
123.7,122.1, 114.9 (d, Jcr = 20.6 Hz), 55.1, 51.8, 28.5; 1°F NMR (~376 MHz, CDCls): § = —
113.1, 111; HRMS (ESI): m/z [M+H]* calcd for CasHzoFN3O2: 530.2244 found, 530.2243.
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Ethyl 3-(1-(2-(tert-butylamino)-2-oxo-1-(picolinamido)ethyl)pyren-2-yl)benzoate (6u):

A

M
Me |

OO

6u

®)

The compound 6u was obtained after purification by column
chromatography on silica gel (EtOAc:hexane = 30:70) as a
brown-coloured solid (29 mg, 50%, 0.1 mmol scale); Rt (50%
EtOAc/hexane) 0.3; mp: 145-147 °C; IR (DCM): 3361, 2977,
1677, 1503, 754 cm™; TH NMR (400 MHz, CDCls): 61 9.66
(1H, s), 8.57-8.52 (1H, m), 8.51 (1H, d, J = 9.4 Hz), 8.25-8.12
(8H, m), 8.06-8.02 (3H, m), 7.76-7.71 (2H, m), 7.39-7.36 (1H,
m), 6.23 (1H, s), 5.41 (1H, s), 4.44-4.39 (2H, m), 1.39 (3H, t, J

= 8.4 Hz), 1.24 (9H, s); BC{*H} NMR (~101 MHz, CDCls): ¢ 169.4, 166.4, 163.8, 149.6,
148.3,142.0, 140.4, 137.0, 131.2, 131.1, 130.5, 129.1, 129.0, 129.0, 128.5, 127.2, 127.1, 127.0,
127.0, 126.3, 126.1, 125.8, 125.7, 125.2, 124.6, 123.6, 122.0, 61.1, 55.2, 51.9, 28.5, 14.3;
HRMS (ESI): m/z [M+H]* calcd for Ca7H34N304: 584.2549 found, 584.2545,

N-(1-(2-(4-Acetamidophenyl)pyren-1-yl)-2-(tert-butylamino)-2-oxoethyl)picolinamide

(6v): The compound 6v was obtained after purification by column chromatography on silica

/
Me>j\ O

NHAc

gel (EtOAc:hexane = 30:70) as a brown-coloured solid (26 mg,
46%, 0.1 mmol scale); Rt (50% EtOAc/hexane) 0.25; mp: 193-
195 °C; IR (DCM): 3319, 3010, 1671, 1511, 745 cm™; tH NMR
(400 MHz, CDCls): 6+ 9.60 (1H, d, J = 5.6 Hz), 8.77-8.50 (4H,
m), 8.23-8.01 (10H, m), 7.75-7.69 (2H, m), 7.38-7.35 (1H, m),
6.50 (1H, br.s), 5.51 (1H, s), 1.96 (3H, s), 1.22 (9H, s); BC{*H}
NMR (~101 MHz, CDCls): oc 169.6, 169.3, 164.0, 149.3,

148.4,141.1,138.5,138.5, 137.3, 136.7, 131.2, 131.1, 130.4, 129.2, 129.0, 128.8, 128.5, 127.3,
127.2, 126.4, 126.3, 125.8, 125.7, 125.0, 124.6, 1235, 122.0, 119.7, 55.2, 51.9, 28.5, 24.3;
HRMS (ESI): m/z [M+H]* calcd for CasH33N4Os: 569.2553 found, 569.2556.

N-(1-(2-([1,1'-Biphenyl]-4-yl)pyren-1-yl)-2-(tert-butylamino)-2-oxoethyl)picolinamide

(6w): The compound 6w was obtained after purification by
column chromatography on silica gel (EtOAc:hexane = 30:70)
as a brown-coloured solid (51 mg, 87%, 0.1 mmol scale); Rs
(50% EtOAc/hexane) 0.3; mp: 107-109 °C; IR (DCM): 3400,
2926, 1675, 1506, 750 cm™; 'H NMR (400 MHz, CDCls): 6w
9.67 (1H, d, J = 4.8 Hz), 8.60-8.57 (2H, m), 8.24-8.21 (4H, m),
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8.13-8.02 (5H, m), 7.86-7.73 (6H, m), 7.57-7.53 (2H, m), 7.46-7.44 (1H, m), 7.39-7.36 (1H,
m), 6.49 (1H, d, J = 5.6 Hz), 5.56 (1H, s), 1.26 (9H, 5); 3C{*H} NMR (~101 MHz, CDCls): éc
169.5, 163.8, 149.6, 148.3, 140.9, 140.7, 140.6, 140.6, 137.1, 131.1, 131.1, 130.8, 130.4, 129.2,
129.2,129.0, 128.9, 128.8, 128.3, 127.5, 127.2, 126.2, 126.1, 125.7, 125.5, 125.1, 124.6, 123.8,
122.0, 55.3, 51.8, 28.5; HRMS (ESI): m/z [M-H]* calcd for CaoHaNsO2: 586.2495 found,
586.2489.

N-(2-(Tert-butylamino)-1-(2-(3,5-dimethylphenyl)pyren-1-yl)-2-oxoethyl)picolinamide
(6x): The compound 6x was obtained after purification by column chromatography on silica

Me>|\l/|\e . f | gel (EtOAc:hexane = 30:70) as a brown-coloured solid (46 mg,
Me~ “NH N 85%, 0.1 mmol scale); Rt (50% EtOAc/hexane) 0.3; mp: 216-218
o NH °C: IR (DCM): 3394, 2968, 1776, 1502, 750 cm™; *H NMR (400
O MHz, CDClz): én 9.50 (1H, d, J = 5.6 Hz), 8.59-8.57 (2H, m),

OO Me 8.23-8.19 (3H, m), 8.14-8.01 (6H, m), 7.76 (1H, td, J1 = 7.7, J» =
O‘ 1.7 Hz), 7.58 (1H, br. s), 7.40-7.36 (1H, m), 7.17 (1H, s), 6.43
6x (1H,d,J=5.9 Hz), 5.55 (1H, s), 2.46 (6H, 5), 1.23 (9H, s); BC{ H}

NMR (~101 MHz, CDCls): Jc 169.5, 163.6, 149.7, 148.2, 141.6, 141.5, 137.0, 131.1, 130.9,
130.4,129.4,129.2,128.6,128.2,127.2,127.1,126.1, 126.1, 125.5, 125.4, 124.9, 124.6, 123.9,
122.0,55.1, 51.6, 28.5, 21.5; HRMS (ESI): m/z [M+H]* calcd for C3sH34N302: 540.2651 found,
540.2640.

N-(2-(Tert-butylamino)-1-(2-(3,4-dimethylphenyl)pyren-1-yl)-2-oxoethyl)picolinamide

(6y): The compound 6y was obtained after purification by column chromatography on silica

Me>'\]/|\e = | gel (EtOAc:hexane = 30:70) as a brown-coloured solid (29 mg,
Me” NHO SN 55%, 0.1 mmol scale); Rt (50% EtOAc/hexane) 0.3; mp: 130-132
o7~ NH Me °C; IR (DCM): 3342, 2928, 1678, 1503, 757 cm'%; *H NMR (400
O MHz, CDClz): on 9.56 (1H, d, J = 2.8 Hz), 8.58-8.55 (2H, m),

OO Me 8.22-8.01 (10H, m), 7.76 (1H, td, J1=7.7, J2 = 1.6 Hz), 7.39-7.36
O‘ (2H, m), 6.43 (1H, d, J = 5.8 Hz), 5.52 (1H, s), 2.43 (3H, s), 2.40
6y (3H, s), 1.22 (9H, s); BC{*H} NMR (=101 MHz, CDCls): dc

169.5, 163.6, 149.8, 148.3,141.4,139.2,137.1, 136.2, 131.1, 131.0, 130.5, 130.0, 129.3, 129.2,
128.7, 128.2, 127.3, 126.1, 126.1, 125.6, 125.5, 125.0, 124.7, 123.9, 122.1, 55.2, 51.7, 28.5,
20.0, 19.7; HRMS (ESI): m/z [M+H]" calcd for CasH34N302: 540.2651 found, 540.2659.
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N-(2-(Tert-butylamino)-1-(2-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)pyren-1-yl)-2-

oxoethyl)picolinamide (6z): The compound 6z was obtained after purification by column

Ve >|\l,|\e = | chromatography on silica gel (EtOAc:hexane = 30:70) as a
Me” “NHC SN colourless solid (42 mg, 74%, 0.1 mmol scale); Rf (50%
o NH O EtOAc/hexane) 0.3; mp: 204-206 °C; IR (DCM): 3396, 2977,
O Oj 1675, 1504, 745 cm™; *H NMR (400 MHz, CDCls): dn 9.61 (1H,

O d, J = 5.6 Hz), 8.59-8.55 (2H, m), 8.21-7.99 (9H, m), 7.74 (1H, td,
O‘ J1=7.7,J2 = 1.6 Hz), 7.38-7.35 (1H, m), 7.13-7.09 (2H, m), 6.47
6z (1H, d, J = 5.8 Hz), 5.52 (1H, s), 4.39 (4H, s), 1.23 (9H, s);

B3C{*H} NMR (~101 MHz, CDCls): éc 169.5, 163.7, 149.7, 148.3, 143.5, 143.4, 140.7, 137.0,
135.0,131.1, 131.0, 130.5, 129.4, 129.1, 128.7, 128.3, 127.3, 127.2, 126.1, 126.1, 125.7, 125.6,
125.5, 125.0, 124.7, 123.9, 122.1, 64.5, 55.2, 51.8, 28.5; HRMS (ESI): m/z [M+H]* calcd for
CasH32N304: 570.2393 found, 570.2384.

N-(2-(Tert-butylamino)-1-(2-(1-methyl-1H-indol-5-yl)pyren-1-yl)-2-
oxoethyl)picolinamide (6za): The compound 6za was obtained after purification by column

Mo >|\l/|\e = | chromatography on silica gel (EtOAc:hexane = 30:70) as a
Me” NHO SN Mme Yellow-coloured solid (37 mg, 66%, 0.1 mmol scale); R (50%
o NH N_  EtOAc/hexane) 0.3; mp: 159-161 °C; IR (DCM): 3387, 3015,

/ 1678, 1510, 753 cm; *H NMR (400 MHz, CDCls): 61 9.67-9.66

OO (1H, m), 8.64 (1H, d, J = 9.2 Hz), 8.58 (1H, d, J = 3.8 Hz), 8.24-
O‘ 8.19 (5H, m), 8.12-8.00 (5H, m), 7.75 (1H, td, J1 = 7.7, J2 = 1.6
6za Hz), 7.58 (1H, br. s), 7.38-7.35 (1H, m), 7.21 (1H, d, J = 3.1 Hz),

6.60-6.52 (2H, m), 5.58 (1H, s), 3.92 (3H, ), 1.21 (9H, s); *C{*H} NMR (~101 MHz, CDCls):
oc 169.5, 163.6, 149.8, 148.3, 142.4, 137.0, 136.2, 131.1, 130.8, 130.5, 129.9, 129.9, 129.8,
129.8,129.7,129.1, 128.6, 128.5, 128.5, 128.1, 127.9, 127.8, 127.8, 127.3, 126.0, 125.4, 125.3,
1249, 124.7, 124.1, 122.0, 55.2, 51.6, 33.0, 28.5; HRMS (ESI): m/z [M+H]* calcd for
C37H33N402: 565.2604 found, 565.2606.

N-(1-(2-([1,1'-Biphenyl]-3-y)pyren-1-yl)-2-(tert-butylamino)-2-oxoethyl)picolinamide

(6zb): The compound 6zb was obtained after purification by column chromatography on silica
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Me = gel (EtOAc:hexane = 30:70) as a brown-coloured semi-solid

Me>l\ O SN | (31 mg, 53%, 0.1 mmol scale); Rr (50% EtOAc/hexane) 0.1; IR
o) (DCM): 2965, 2921, 1677, 1506, 755 cm™; *H NMR (400
MHz, CDCls): o4 9.55-9.54 (1H, m), 8.56-8.51 (2H, m), 8.25-

O O 8.20 (5H, m), 8.13 (1H, d, J = 8.9 Hz), 8.08-8.03 (3H, m), 7.79-
O‘ 62b 7.66 (6H, m), 7.46-7.35 (4H, m), 6.47 (1H, d, J = 4.2 Hz), 5.58

(1H, s), 1.20 (9H, s); 3C{*H} NMR (~101 MHz, CDCls): c
169.6, 163.8, 149.7, 148.3, 142.2, 141.3, 140.8, 137.1, 131.2, 131.1, 130.5, 129.3, 129.2, 128.8,
128.8,128.4,127.5,127.5 127.2, 127.2, 126.5, 126.2, 126.1, 125.7, 125.6, 125.1, 124.7, 123.8,
122.1, 55.3, 51.8, 28.5; HRMS (ESI): m/z [M+H]" calcd for CaoHaaN3O2: 588.2651 found,
588.2658.

N-(1-(2-(3-(Benzyloxy)phenyl)pyren-1-yl)-2-(tert-butylamino)-2-oxoethyl)picolinamide

(6zc): The compound 6zc was obtained after purification by column chromatography on silica

|\/Ie>|\l/|\e Y(E gel (EtOAc:hexane = 30:70) as a brown-coloured solid (30
P N mg, 49%, 0.1 mmol scale); Rt (50% EtOAc/hexane) 0.3; mp:
o NH 130-132 °C; IR (DCM): 3389, 2964, 1675, 1506, 741 cm™:;
O o) !H NMR (400 MHz, CDCls): 6w 9.61 (1H, s), 8.59-8.55 (2H,

K@ m), 8.23-8.01 (9H, m), 7.75 (1H, td, J1 = 7.7, J» = 1.5 Hz),
O‘ 6 7.54-7.36 (8H, m), 7.18-7.15 (1H, m), 6.44-6.44 (1H, m),

5.52 (1H, br. s), 5.24-5.18 (2H, m), 1.22 (9H, s); 3C{*H}
NMR (=101 MHz, CDCls): 5c 169.4, 163.7, 158.8, 149.7, 148.3, 143.1, 141.0, 137.1, 137.0,
131.1,131.0,130.4, 129.7, 129.1, 128.7, 128.5, 128.3, 128.0, 127.8, 127.7, 127.2, 126.9, 126.2,
126.1, 125.6, 125.5, 125.0, 124.6, 123.8, 122.0, 116.6, 70.0, 55.1, 51.7, 28.5; HRMS (ESI):

m/z [M+H]" calcd for C41H3sN3Os: 618.2757 found, 618.2756.

Methyl 4-((1-(2-(tert-butylamino)-2-oxo-1-(picolinamido)ethyl)pyren-2-
yl)methyl)benzoate (6ze): The compound 6ze was obtained after purification by column
Ve Me ﬁ chromatography on silica gel (EtOAc:hexane = 30:70) as a
Me>I\NHO SN brown-coloured solid (28 mg, 48%, 0.1 mmol scale); Ry

(50% EtOAc/hexane) 0.4; mp: 123-125 °C; IR (DCM):
OO O 3395, 3051, 1711, 1506, 745 cm™; 'H NMR (400 MHz,
CO,Me CDClg): 01 9.72 (1H, d, J = 4.8 Hz), 8.58 (1H, d, J = 4.3

O‘ Hz), 8.34-8.33 (1H, m), 8.25-8.19 (3H, m), 8.16-8.12 (3H,

6ze
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m), 8.09-7.98 (4H, m), 7.76 (1H, td, J1 = 7.7, J» = 1.6 Hz), 7.51 (2H, d, J = 7.5 Hz), 7.39-7.35
(1H, m), 6.43 (1H, d, J = 3.8 Hz), 5.58-5.53 (1H, m), 4.65 (1H, d, J = 15.7 Hz), 4.37-4.33 (1H,
m), 3.91 (3H, s), 0.89 (9H, s); 3C{*H} NMR (~101 MHz, CDCls): ¢ 169.7, 166.7, 164.5,
149.6, 148.4, 147.4,137.1, 131.7, 131.0, 130.5, 130.4, 130.3, 130.0, 129.1, 128.8, 128.4, 128.4,
128.1, 127.0, 126.2, 126.2, 126.2, 125.8, 125.7, 125.0, 124.6, 123.1, 121.9, 53.5, 52.2, 52.2,
51.5, 28.0; HRMS (ESI): m/z [M+H]* calcd for Ca7Hs4N3O4: 584.2549 found, 584.2554.

N-(2-(Tert-butylamino)-2-oxo-1-(2-pentylpyren-1-yl)ethyl)picolinamide  (6zd): The

Ve Me @ compound 6zd was obtained after purification by column
>l\ O chromatography on silica gel (EtOAc:hexane = 30:70) as a

0 brown-coloured semi-solid (17 mg, 34%, 0.1 mmol scale); Rs

Me (50% EtOAc/hexane) 0.4; IR (DCM): 3368, 2958, 1673, 1505,

OO 744 cm™t; 'H NMR (400 MHz, CDCls3): 61 9.56 (1H, d, J = 6.4
O‘ Hz), 8.57 (1H, d, J = 4.5 Hz), 8.39-8.34 (1H, m), 8.21-8.17 (3H,

m), 8.11-7.99 (5H, m), 7.77 (1H, td, J1 = 7.7, J> = 1.6 Hz), 7.40-
7.36 (1H, m), 6.60 (1H, m), 5.31 (1H, s), 3.80-3.69 (1H, m), 3.26-3.23 (1H, m), 1.93-1.88 (2H,
m), 1.60-1.36 (4H, m), 1.23 (9H, m), 0.94 (3H, t, J = 7.2 Hz); BC{*H} NMR (~101 MHz,
CDCl3): 6c 170.4, 164.4, 149.6, 148.3, 140.9, 137.1, 131.5, 130.9, 130.2, 129.6, 129.2, 128.6,
128.0, 127.1, 127.1, 126.2, 125.9, 125.6, 125.4, 124.7, 124.3, 123.2, 122.1, 53.4, 51.8, 34.9,
32.3, 32.0, 28.4, 22.7, 14.1; HRMS (ESI): m/z [M+Na]" calcd for Ca3HzsN3sNaO»: 528.2627
found, 528.2614.

N-(2-(Tert-butylamino)-1-(2-butylpyren-1-yl)-2-oxoethyl)picolinamide (6zf): The

" Me = | compound 6zf was obtained after purification by column
e
Me>I\NHO SN chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-

o NH coloured semi-solid (18 mg, 37%, 0.1 mmol scale); Rs (50%

Me EtOAc/hexane) 0.4; IR (DCM): 3398, 2954, 1677, 1505, 747 cm’

OO L 14 NMR (400 MHz, CDCls): 61 9.56 (1H, d, J = 6.5 Hz), 8.57
O‘ (1H, d, J = 4.7 Hz), 8.40-8.37 (1H, m), 8.21-8.17 (3H, m), 8.11-

6zf
‘ 8.06 (3H, m), 8.03-7.98 (2H, m), 7.77 (1H, td, J1 = 7.7, Jo = 1.7

Hz), 7.39-7.36 (1H, m), 6.62 (LH, 5), 5.32 (1H, 5), 3.76-3.70 (1H, m), 3.29-3.22 (1H, m), 189-
1.87 (2H, m), 1.63-1.58 (2H, m), 1.23 (9H, s), 1.04 (3H, t, J = 7.4 Hz); *C{'H} NMR (~101
MHz, CDCls): oc 170.4, 164.4, 149.6, 148.3, 140.9, 137.1, 131.5, 130.9, 130.2, 129.2, 128.6,
128.0, 127.2, 127.1, 126.2, 125.9, 125.6, 125.4, 124.7, 124.3, 123.2, 122.1, 53.4, 51.8, 34.7,
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29.7, 28.4, 23.0, 14.2; HRMS (ESI): m/z [M+H]" calcd for Cs2H34N302: 492.2651 found,
492.2661.

N-(2-(Cyclohexylamino)-1-(2-(4-methoxyphenyl)pyren-1-yl)-2-
oxoethyl)picolinamide (6zg): The compound 6zg was obtained after purification by

= column chromatography on silica gel (EtOAc:hexane =

O\NHO N | 30:70) as a brown-coloured solid (42 mg, 74%, 0.1 mmol
o NH OMe  scale); Rr (50% EtOAc/hexane) 0.3; mp: 128-130 °C; IR
O (DCM): 1674, 1509, 1252, 836, 503 cm™; 'H NMR (400

OO MHz, CDCl3): 6w 9.38 (1H, d, J = 5.8 Hz), 8.42 (1H, d, J =
O‘ 4.4 Hz), 8.38 (1H, d, J = 9.3 Hz), 8.08-8.05 (3H, m), 8.02
629 (1H, s), 7.97-7.86 (5H, m), 7.64-7.60 (3H, m), 7.25-7.22

(1H, m), 7.00 (2H, d, J = 8.3 Hz), 6.40 (1H, d, J = 6.0 Hz), 5.49 (1H, d, J = 8.0 Hz),
3.81 (3H, s), 3.68-3.65 (1H, m), 1.77-1.73 (1H, m), 1.62-1.59 (1H, m), 1.50-1.47 (1H,
m), 1.40-1.33 (1H, m), 1.24-1.06 (2H, m), 0.96-0.88 (2H, m), 0.74-0.66 (1H, m);
BC{*H} NMR (~101 MHz, CDCls): c 169.6, 163.8, 159.3, 149.5, 148.2, 141.1, 137.1,
133.9,131.3,131.1,131.0, 130.4,129.2,129.2, 128.8, 128.3, 127.4, 127.2, 126.2, 126.1,
125.6, 125.5, 124.9, 124.6, 123.7, 122.1, 114.0, 55.4, 54.9, 48.8, 32.7, 32.5, 25.3, 24.6,
24.4; HRMS (ESI): m/z [M+H]" calcd for Cs7H34N303: 568.2600 found, 568.2593.

N-(2-(Cyclohexylamino)-2-oxo-1-(2-(p-tolyl)pyren-1-yl)ethyl)picolinamide (6zh):
= The compound 6zh was obtained after purification by column

O\NHO N | chromatography on silica gel (EtOAc:hexane = 30:70) as a
o NH Me  brown-coloured semi-solid (39 mg, 72%, 0.1 mmol scale); Rt
O (50% EtOAc/hexane) 0.3; IR (DCM): 2927, 1669, 1502, 736,

OO 513 cm™; 'H NMR (400 MHz, CDCl3): dn 9.48 (1H, d, J =
O‘ 5.6 Hz), 8.56 (1H, d, J = 4.0 Hz), 8.50 (1H, d, J = 9.2 Hz),
6zh 8.23-8.19 (3H, m), 8.15 (1H, s), 8.12-8.01 (5H, m), 7.78-7.75
(2H, m), 7.41-7.39 (3H, m), 6.48 (1H, d, J = 5.9 Hz), 5.59 (1H, d, J = 8.0 Hz), 3.79-3.77
(1H, m), 2.52 (3H, s), 1.88-1.71 (2H, m), 1.63-1.60 (1H, m), 1.53-1.46 (2H, m), 1.33-
1.22 (2H, m), 1.08-0.99 (2H, m), 0.83-0.80 (1H, m); ®C{*H} NMR (~101 MHz,
CDCl3): oc 169.6, 163.8, 149.5, 148.2, 141.5, 138.7, 137.5, 137.3, 131.1, 131.1, 130.4,

129.3,129.3,129.2,129.2,129.0, 128.8, 128.3, 127.2, 126.2, 126.2, 125.7, 125.6, 124.9,

196



124.7, 123.8, 122.2, 54.9, 48.8, 32.7, 32.5, 25.4, 24.7, 24.5, 21.4; HRMS (ESI): m/z
[M+H]" calcd for Cs7H34N302: 552.2651 found, 552.2656.

N-(1-(2-(4-Acetylphenyl)pyren-1-yl)-2-(cyclohexylamino)-2-oxoethyl)picolinamide
(6zi): The compound 6zi was obtained after purification by column chromatography on
= silica gel (EtOAc:hexane = 30:70) as a brown-coloured semi-
O\ N solid (43 mg, 74%, 0.1 mmol scale); R (50% EtOAc/hexane)
o NH Ac 0.3; IR (DCM): 2930, 2855, 1676, 498 cm™; 'H NMR (400
O MHz, CDCls): 1 9.44 (1H, d, J = 6.0 Hz), 8.53 (1H, d, J =
OO 4.4 Hz), 8.46 (1H, d, J=9.3 Hz), 8.24-8.11 (8H, m), 8.06-8.03
O‘ (3H, m), 7.78-7.75 (2H, m), 7.40-7.37 (1H, m), 6.39 (1H, d, J
= 6.2 Hz), 5.69 (1H, d, J = 7.9 Hz), 3.82-3.78 (1H, m), 2.73
(3H, s), 1.91-1.87 (2H, m), 1.78-1.75 (1H, m), 1.64-1.48 (2H, m), 1.38-1.21 (2H, m),
1.11-1.02 (2H, m), 0.91-0.81 (1H, m);®*C{*H} NMR (~101 MHz, CDCls): éc 197.9,
169.4,163.9, 149.2,148.2, 146.7, 140.4, 137.3, 136.3, 131.2, 131.1, 130.5, 129.3, 129.2,
128.6, 128.5, 127.1, 126.6, 126.4, 126.4, 126.0, 125.8, 125.2, 124.6, 123.4, 122.3, 54.9,
48.9, 32.7, 32.6, 26.8, 25.3, 24.7, 24.5; HRMS (ESI): m/z [M+H]" calcd for C37H34N303:
580.2600 found, 580.2607.

N-(1-(2-(4-Methoxyphenyl)pyren-1-yl)-2-oxo-2-((2,4,4-trimethylpentan-2-

yl)amino)ethyl)picolinamide (6zJ): The compound 6zj was obtained after purification

MeMe by column chromatography on silica gel (EtOAc:hexane
Me)j<,vIe = | = 30:70) as a brown-coloured solid (53 mg, 90%, 0.1
Me NHO SN mmol scale); Rt (50% EtOAc/hexane) 0.3; mp: 178-180

0 NH OMe oc: IR (DCM): 3379, 2957, 1678, 1502, 1248 cm™; 1H
NMR (400 MHz, CDCls): 6n 9.53-9.53 (1H, m), 8.45 (1H,
OO d, J = 4.4 Hz), 8.39 (1H, d, J = 9.3 Hz), 8.07-8.02 (5H,
O‘ 62] m), 7.96-7.85 (5H, m), 7.61 (1H, t, J = 7.6 Hz), 7.24-7.21
(1H, m), 7.01 (2H, d, J = 8.1 Hz), 6.31 (1H, d, J = 4.3 Hz), 5.37 (1H, s), 3.81 (3H, 9),
1.53 (1H, d, J = 14.9 Hz), 1.33 (1H, d, J = 14.9 Hz), 1.20 (3H, s), 1.12 (3H, s), 0.50 (9H,
s); BC{'H} NMR (~101 MHz, CDCls): éc 169.1, 163.7, 159.3, 149.7, 148.2, 140.9,
137.0, 133.9, 131.5, 131.1, 131.0, 130.4, 129.2, 128.6, 128.2, 127.4, 127.2, 126.1, 125.6,
125.5, 124.9, 124.6, 123.9, 122.0, 114.0, 55.7, 55.4, 52.2, 31.2, 31.0, 29.0, 28.2; HRMS
(ESI): m/z [M+H]" calcd for C3gH4oN3O3: 598.3070 found, 598.3073.
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N-(1-(2-(4-Chlorophenyl)pyren-1-yl)-2-oxo-2-((2,4,4-trimethylpentan-2-
ylamino)ethyl)picolinamide (6zk): The compound 6zk was obtained after purification

by column chromatography on silica gel (EtOAc:hexane =

Me
Me 20:80) as a brown-coloured semi-solid (47 mg, 78%, 0.1
Me Meo
Me~ ~NH
0

=
YQE mmol scale); Rt (50% EtOAc/hexane) 0.4; IR (DCM): 2938,
1678, 1506, 729 cm™; *H NMR (400 MHz, CDCls3): 61 9.61

(1H, br.s), 8.59 (1H, d, J = 3.8 Hz), 8.48 (1H, d, J = 9.3 Hz),

OO 8.23-8.21 (4H, m), 8.12-8.10 (2H, m), 8.06-8.02 (4H, m),

O‘ 7.76 (1H, t, J = 7.6 Hz), 7.57 (2H, m, d, J = 7.3 Hz), 7.40-

6zk 7.37 (1H, m), 6.32 (1H, d, J = 4.1 Hz), 5.53 (1H, s), 1.66

(1H, d, J = 14.9 Hz), 1.47 (1H, d, J = 14.9 HZ), 1.35 (3H, s), 1.27 (3H, s), 0.65 (9H, 5):

13C{'H} NMR (~101 MHz, CDCl3): 5c 169.0, 163.8, 149.5, 148.3, 140.1, 140.1, 137.2,

134.1,131.1, 130.5, 129.3, 129.0, 128.8, 128.7, 128.5, 127.1, 127.0, 126.3, 126.2, 125.8,

125.7,125.2, 124.6, 123.7, 122.1, 55.8, 55.3, 52.4, 31.3, 31.0, 29.0, 28.2: HRMS (ESI):
m/z [M+H]" calcd for C3gH37CIN3O2: 602.2574 found, 602.2552.

N
NH Cl

N-(1-(2-(4-Ethoxyphenyl)pyren-1-yl)-2-oxo0-2-((2,4,4-trimethylpentan-2-

yhamino)ethyl)picolinamide (6zl): The compound 6zl was obtained after purification

|\/|eMe by column chromatography on silica gel (EtOAc:hexane =
MeﬁMe = | 30:70) as a brown-coloured semi-solid (53 mg, 87%, 0.1
Me” “NH’ SN mmol scale); Rt (50% EtOAc/hexane) 0.3; IR (DCM):

o NH O Ot 2956, 1680, 1505, 1247 cm™L; *H NMR (400 MHz, CDCls):

Sn 9.69 (1H, br. s), 8.59 (1H, d, J = 4.2 Hz), 8.53 (1H, d, J

OO =9.2 Hz), 8.20-8.16 (5H, m), 8.09-7.98 (5H, m), 7.74 (1H,
O‘ 62l t,J = 7.4 Hz), 7.38-7.35 (1H, m), 7.14 (2H, d, J = 8.1 Hz),

6.46 (1H, d, J = 3.0 Hz), 5.51 (1H, s), 4.21-4.15 (2H, m), 1.67 (1H, d, J = 14.9 Hz), 1.52
(3H, t, J = 6.9 Hz), 1.48 (1H, d, J = 14.9 Hz), 1.33 (3H, s), 1.26 (3H, ), 0.64 (9H, s);
13C{*H} NMR (~101 MHz, CDCls): dc 169.0, 163.6, 158.6, 149.6, 148.2, 141.0, 137.1,
133.6, 131.5, 131.4, 131.0, 131.0, 130.4, 129.2, 128.6, 128.2, 127.4, 127.2, 126.1, 126.0,
125.5, 125.4, 124.9, 124.6, 123.9, 122.0, 114.5, 63.5, 55.6, 55.3, 52.1, 31.2, 31.0, 29.0,
28.2, 14.9; HRMS (ESI): m/z [M+H]" calcd for CaoH42NsOs: 612.3226 found, 612.3203.

2-Amino-2-(2-(4-bromophenyl)pyren-1-yl)-N-(tert-butyl)acetamide (7a): The compound
7a was obtained after purification by column chromatography on silica gel (EtOAc:hexane =
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30:70) as a brown-coloured semi-solid (28 mg, 58%, 0.1 mmol
scale); R (50% EtOAc/hexane) 0.2; IR (DCM): 3324, 2956, 1667,
1507, 760 cm™; 'H NMR (400 MHz, CDCls): 6w 8.28 (1H, d, J =
9.3 Hz), 8.22-8.15 (3H, m), 8.10-8.01 (5H, m), 7.68-7.66 (3H, m),
7.44 (1H,s), 5.04 (1H, s), 2.18 (2H, s), 1.43 (9H, s); BC{*H} NMR
(~101 MHz, CDCly): oc 173.4, 141.1, 139.8, 133.9, 131.5, 131.2,
130.5, 128.5, 128.4, 128.1, 127.2, 126.4, 126.2, 125.6, 125.4,
125.3,124.9,123.7,121.9,56.0,51.1, 28.7; HRMS (ESI): m/z [M+H]" calcd for C2sH26BrN.O:
485.1229 found, 485.1230.

2-Amino-N-(tert-butyl)-2-(2-(4-methoxyphenyl)pyren-1-yl)acetamide (7b): The
Me>'\l/'f compound 7b was obtained after purification by column
Me” “NH

chromatography on silica gel (EtOAc:hexane = 30:70) as a
o NH OMe brown-coloured semi-solid (40 mg, 93%, 0.1 mmol scale); Rs
OO (50% EtOAc/hexane) 0.2; IR (DCM): 2923, 1678, 1513, 1239,
O‘ 758 cm™; 'H NMR (400 MHz, CDCl3): 61 8.30 (1H, d, J = 9.3
Hz), 8.20 (2H, dd, J1 = 7.6, J» = 2.7 Hz), 8.15 (1H, d, J = 9.4 Hz),
8.11-8.07 (2H, m), 8.04-8.00 (2H, m), 7.63-7.60 (2H, m), 7.24
(1H,s), 7.09 (2H, d, J = 8.8 Hz), 5.15 (1H, s), 3.93 (3H, s), 1.95 (2H, s), 1.40 (9H, s); PC{*H}
NMR (~101 MHz, CDCls): 6c 173.7, 159.1, 140.8, 134.5, 134.2, 131.1, 130.5, 130.4, 128.5,
128.2, 127.9, 127.3, 127.0, 126.0, 125.5, 125.3, 125.1, 125.0, 123.9, 113.8, 56.0, 55.4, 51.0,
28.7; HRMS (ESI): m/z [M+Na]* calcd for C2gH2sN2NaO2: 459.2048 found, 459.2049.

7b

2-Amino-N-(tert-butyl)-2-(2-(p-tolyl)pyren-1-yl)acetamide (7c): The compound 7c was
Me>|\]/|\e
Me” “NH
@ NH Me 56%, 0.12 mmol scale); Rt (50% EtOAc/hexane) 0.2; IR (DCM):
OO 3369, 2968, 1674, 1512, 1248 cm™*; *H NMR (400 MHz, CDCls):
O‘ o1 8.32 (1H, d, J = 9.3 Hz), 8.22-8.15 (3H, m), 8.11-8.00 (4H, m),
7.57-7.57 (2H, m), 7.37 (2H, d, J = 8.0 Hz), 7.19 (1H, s), 5.15 (1H,
s), 2.51 (3H, ), 2.12 (2H, s), 1.41 (9H, s); BC{*H} NMR (~101
MHz, CDCl3): 6c 173.7, 141.2, 139.2, 137.2, 134.0, 131.1, 130.5, 130.5, 129.9, 129.1, 128.5,

128.2, 127.9, 127.3, 126.9, 126.0, 125.5, 125.3, 125.1, 125.0, 124.0, 56.0, 51.0, 28.7, 21.3;
HRMS (ESI): m/z [M+H]" calcd for CogH29N20: 421.2280 found, 421.2273.

obtained after purification by column chromatography on silica gel
(EtOAc:hexane = 30:70) as a brown-coloured semi-solid (28 mg,

7c
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2-Amino-2-(2-(3-bromophenyl)pyren-1-yl)-N-(tert-butyl)acetamide (7d): The compound
7d was obtained after purification by column chromatography on silica gel (EtOAc:hexane =
30:70) as a brown-coloured semi-solid (17 mg, 28%, 0.13 mmol
scale); Rf (50% EtOAc/hexane) 0.2; mp: 158-160 °C; IR (DCM):
3327, 2970, 1666, 1510, 751 cm™*; *H NMR (400 MHz, CDCls): 6+
8.30 (1H, d, J = 9.3 Hz), 8.22-8.15 (2H, m), 8.11-8.01 (5H, m),
7.80-7.62 (4H, m), 7.41 (1H, t, J = 7.8 Hz), 5.04 (1H, s), 2.08 (2H,
s), 1.42 (9H, s); BC{*H} NMR (~101 MHz, CDCla): dc 173.3,
144.2, 139.5, 132.4, 131.1, 130.5, 130.5, 129.9, 128.5, 128.5,
128.5, 128.4, 128.1, 127.1, 126.4, 126.2, 125.6, 125.4, 125.3, 124.8, 123.7, 122.4, 56.0, 51.1,
28.7; HRMS (ESI): m/z [M+H]" calcd for C2sH26BrN2O: 485.1229 found, 485.1234.

7d

2-Amino-N-(tert-butyl)-2-(2-(m-tolyl)pyren-1-yl)acetamide (7e): The compound 7e was
Me>'\l"\e obtained after purification by column chromatography on silica gel
Me™ NH (EtOAc:hexane = 30:70) as a brown-coloured solid (40 mg, 56%,
0 NH 0.17 mmol scale); Rr (50% EtOAc/hexane) 0.2; mp: 120-122 °C;
OO Me IR (DCM): 3396, 2923, 1677, 1512, 759 cm™*; *H NMR (400 MHz,
O‘ CDCls): on 8.33 (1H, d, J = 9.3 Hz), 8.22-8.15 (3H, m), 8.12-8.07
(2H, m), 8.04-8.01 (2H, m), 7.51-7.31 (4H, m), 7.12-7.11 (1H, m),

5.15 (1H, s), 2.51 (3H, s), 2.35 (2H, br. s), 1.41 (9H, s); BC{*H}
NMR (~101 MHz, CDCls): 6c 173.4, 142.1, 141.3, 138.1, 138.1, 133.7, 131.1, 130.5, 130.4,
128.6, 128.5, 128.2, 128.2. 127.9, 127.2, 126.7, 126.0, 125.4, 125.3, 125.1, 124.9, 123.9, 56.0,

51.0, 28.7, 21.6; HRMS (ESI): m/z [M+H]" calcd for C29H29N0: 421.2280 found, 421.2270.

2-Amino-N-(tert-butyl)-2-(2-(3-methoxyphenyl)pyren-1-yl)acetamide (7f): The compound
7f was obtained after purification by column chromatography on silica gel (EtOAc:hexane =
IV|e>l\lll\e 30:70) as a brown-coloured solid (25 mg, 45%, 0.13 mmol
Me~™ "NH scale); Rf (50% EtOAc/hexane) 0.2; mp: 95-97 °C; IR (DCM):
0 NH 2958, 1678, 1513, 1233, 760 cm'; 'H NMR (400 MHz, CDCls):
OO OMe Jn 8.30 (1H, d, J = 9.3 Hz), 8.22-8.13 (4H, m), 8.10-8.01 (3H,
O‘ m), 7.46 (1H, t, J = 7.8 Hz), 7.28 (3H, br. s), 7.04 (1H, dd, J; =
8.3, J2= 2.0 Hz), 5.16 (1H, s), 3.91 (3H, ), 2.08 (2H, br. s), 1.41

(9H, s); ¥C{*H} NMR (~101 MHz, CDCls): éc 173.6, 159.4,
143.5,141.0,134.0,131.2,130.5, 130.4, 129.5, 129.5, 129.4, 128.5, 128.2, 127.9, 127.3, 126.5,

7f
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126.1, 125.5, 125.3, 125.2, 124.9, 123.9, 115.5, 56.1, 55.4, 51.0, 28.7; HRMS (ESI): m/z
[M+H]" calcd for C29H29N202: 437.2229 found, 437.2245.

2-Amino-N-(tert-butyl)-2-(2-(3,5-dimethylphenyl)pyren-1-yl)acetamide (7h): The
Me
m:j\NH
o) NH coloured semi-solid (16 mg, 62%, 0.06 mmol scale); R (50%
OO Me EtOAc/hexane) 0.2; IR (DCM): 3329, 2964, 1672, 1509, 1227 cm
114 NMR (400 MHz, CDCls): 6w 8.31 (1H, d, J = 9.3 Hz), 8.21
O‘ 7h (2H, dd, J1 = 7.6, J = 3.6 Hz), 8.15 (1H, d, J = 9.4 Hz), 8.09 (2H,
d, J = 7.8 Hz), 8.05-8.01 (2H, m), 7.28-7.14 (3H, m), 6.97 (1H, s), 5.13 (1H, s), 2.46 (6H, s),
2.05 (2H, br. s), 1.37 (9H, s); 3C{*H} NMR (~101 MHz, CDCls): dc 173.5, 142.1, 1415,
133.7,131.1, 130.5, 130.4, 129.1, 128.5, 128.2, 127.9, 127.3, 126.7, 126.0, 125.4, 125.3, 125.1,

124.9,124.1,56.1, 51.0, 28.7, 21.5; HRMS (ESI): m/z [M-H]" calcd for C3oH29N20: 433.2280
found, 433.2281.

compound 7h was obtained after purification by column

Me chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-

2-(2-([1,1'-Biphenyl]-3-yl)pyren-1-yl)-2-amino-N-(tert-butyl)acetamide (79): The

Me>l\l/l\e compound 7g was obtained after purification by column
Me” "NH chromatography on silica gel (EtOAc:hexane = 30:70) as a
o) NH colourless solid (15 mg, 78%, 0.04 mmol scale); R (50%
OO O EtOAc/hexane) 0.2; mp: 235-237 °C; IR (DCM): 2953, 1670,
1510, 839, 762 cm™; *H NMR (400 MHz, CDCls): 51 8.32 (1H,

O‘ 9 d, J=9.3 Hz), 8.24-8.17 (4H, m), 8.12-8.02 (4H, m), 7.75-7.73

(4H, m), 7.63 (1H, t, J = 7.4 Hz), 7.51-7.47 (2H, m), 7.42-7.38 (2H, m), 5.21 (1H, s), 2.27 (2H,
br. s), 1.41 (9H, s); 3C{*H} NMR (~101 MHz, CDCls): dc 173.5, 142.6, 141.2, 141.1, 131.2,
130.5,128.9, 128.7, 128.6, 128.5, 128.3, 128.0, 127.6, 127.6, 127.3, 126.7, 126.2, 126.1, 125.6,
125.4, 125.2, 124.9, 123.9, 56.1, 51.1, 28.7; HRMS (ESI): m/z [M+H]* calcd for CasHa1N-O:
483.2436 found, 483.2415.

201



N-(2-(Tert-butylamino)-1-(2-(4-methoxyphenyl)pyren-1-yl)-2-oxoethyl)-4-(1,3-
dioxoisoindolin-2-yl)butanamide (8a): The compound 8a was obtained after purification by
column chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-coloured solid (37
mg, 58%, 0.1 mmol scale); R (50% EtOAc/hexane) 0.25; mp:
170-172 °C; IR (DCM): 3408, 3018, 1705, 1507, 741 cm™®; H
97 N"T9  NMR (400 MHz, CDCI): 6 8.42 (1H, d, J = 9.4 Hz), 8.22-
8.00 (9H, m), 7.74 (2H, dd, J. = 5.4, J> = 3.0 Hz), 7.62 (2H,
dd, J1 =5.4, Jo = 3.0 Hz), 7.28 (1H, br. s), 7.11 (2H, d, J = 8.2
Hz), 6.26 (1H, d, J = 5.6 Hz), 5.52 (1H, s), 3.93 (3H, s), 3.67
(2H,t,J=6.4 Hz), 2.27-2.23 (2H, m), 2.00-1.90 (2H, m), 1.20
(9H, s); P*C{*H} NMR (~101 MHz, CDCls): c 171.2, 169.7,
168.4, 159.3, 140.9, 133.9, 133.8, 131.9, 131.1, 130.9, 130.4,
129.7,128.9,128.5, 128.2,127.5,127.2,126.1, 125.6, 125.5, 124.9, 124.7,123.8, 123.1, 113.9,
55.4, 55.0, 51.8, 37.2, 33.6, 28.5, 24.8; HRMS (ESI): m/z [M+Na]* calcd for C41H37N3NaOs:
674.2631 found, 674.2655.

Tert-butyl (2-((2-(tert-butylamino)-1-(2-(4-methoxyphenyl)pyren-1-yl)-2-
oxoethyl)amino)-2-oxoethyl)carbamate (8b): The compound 8b was obtained after
)'\A;Me purification by column chromatography on silica gel

0" Me  (EtOAc:hexane = 30:70) as a brown-coloured solid (12 mg, 42%,

Me Me HNKO 0.05 mmol scale); Rt (50% EtOAc/hexane) 0.2; mp: 213-215 °C;
Me>l\NHO\\‘) IR (DCM): 3357, 2965, 1680, 1512, 752 cm™*; *H NMR (400
R O OMe  MHz, CDCls): 6118.30 (1H, d, J = 9.4 HZ), 8.23 (2H, dd, J. = 7.5,
OO J2 = 1.4 Hz), 8.17-8.02 (6H, m), 7.50 (2H, broad signal), 7.10
O‘ &b (2H, d, J = 8.3 Hz), 6.24 (1H, d, J = 3.9 Hz), 5.56 (1H, s), 5.06
(1H, br. s), 3.94 (3H, s), 3.77 (2H, d, J = 3.8 Hz), 1.42 (9H, s),

1.21 (9H, s); BC{*H} NMR (~101 MHz, CDCls): dc 169.4, 168.4, 159.3, 141.0, 133.8, 131.1,
131.0,130.4,129.2, 128.9, 128.8, 128.3, 127.4, 127.2, 126.2, 125.8, 125.6, 124.9, 124.7, 123.2,
114.0, 80.2, 55.4, 54.8, 51.8, 44.2, 29.7, 28.4, 28.2; HRMS (ESI): m/z [M+H]" calcd for
CasHaoN3Os: 594.2968 found, 594.2968.
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N-(2-(Tert-butylamino)-2-oxo-1-(2-(p-tolyl)pyren-1-yl)ethyl)-4-(1,3-dioxoisoindolin-2-
yDbutanamide (8c): The compound 8c was obtained after purification by column
chromatography on silica gel (EtOAc:hexane = 30:70) as a brown-coloured semi-solid (43 mg,
68%, 0.1 mmol scale); R (50% EtOAc/hexane) 0.25; IR (DCM):
R 3406, 3020, 1706, 1508, 742 cm™; 'H NMR (400 MHz, CDCls):
07Ny~ S0 01843 (1H,d,J=9.4 Hz),8.23-8.01 (8H, m), 7.76-7.74 (2H, m),
Vo 7.64-7.62 (2H, m), 7.38 (2H, d, J = 7.0 Hz), 7.25-7.24 (1H, m),
Me Oﬁ)) 6.23 (1H, d, J = 5.6 Hz), 5.51 (1H, s), 3.68 (2H, t, J = 6.6 Hz),
o NH Me 2.50 (3H, s), 2.26-2.22 (2H, m), 2.00-1.88 (2H, m), 1.20 (9H, s)
O (one proton count is less); *C{*H} NMR (~101 MHz, CDCls): éc
OO 171.1, 169.7, 168.4, 141.3, 138.7, 137.5, 133.8, 131.9, 131.1,
O‘ 8c 130.9, 130.4, 129.6, 129.2, 129.2, 128.9, 128.6, 128.2, 127.3,

127.2,126.2, 125.6, 1255, 125.0, 124.7, 123.8, 123.2, 55.1, 51.8, 37.2, 33.6, 28.5, 24.8, 21.4;
HRMS (ESI): m/z [M+H]* calcd for Ca1H3sN304: 636.2862 found, 636.2870.

Tert-butyl (2-((2-((2-(tert-butylamino)-1-(2-(4-methoxyphenyl)pyren-1-yl)-2-
oxoethyl)amino)-2-oxoethyl)amino)-2-oxoethyl)carbamate (8d): The compound 8d was
Me>|\ o o obtained after purification by column chromatography

on silica gel (EtOAc:hexane = 90:10) as a colourless
semi-solid (26 mg, 40%, 0.1 mmol scale); Rt (60%
EtOAc/hexane) 0.1; IR (DCM): 3346, 2858, 1675,
O 1508, 756 cm™; 'H NMR (400 MHz, CDCls): 6+ 8.28

(1H,d, J=9.3 Hz),8.21 (2H, d, J=7.6 Hz), 8.17-8.00
(6H, m), 7.56 (2H, broad signal), 7.08 (2H, d, J = 8.4 Hz), 6.81 (1H, br. s), 6.20-6.19 (1H, m),
5.38 (1H, s), 5.22 (1H, t, J = 5.6 Hz), 3.91 (3H, s), 4.00-3.81 (2H, m), 3.74 (2H, br. s), 1.38
(9H, s), 1.16 (9H, s); *C{*H} NMR (~101 MHz, CDCls): 6c 169.9, 169.2, 167.7, 159.3, 155.9,
141.0,133.7,131.1,131.1,130.4, 128.9, 128.8, 128.8, 128.4, 127.4, 127.2. 126.3, 125.8, 125.7,
124.9, 124.6, 123.3, 113.8, 80.1, 55.4, 55.1, 51.9, 43.9, 42.7, 28.4, 28.2; HRMS (ESI): m/z
[M+Na]" calcd for C3sHa2NsNaOg: 673.3002 found, 673.3001.

Tert-butyl (2-((2-(tert-butylamino)-1-(2-(3-methoxyphenyl)pyren-1-yl)-2-

oxoethyl)amino)-2-oxoethyl)carbamate (8e): The compound 8e was obtained after
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)I\/I<e|vIe purification by column chromatography on silica gel

o Me (EtOAc:hexane = 30:70) as a brown-coloured solid (8 mg, 30%,

Me Me HN 0.048 mmol scale); Rf (50% EtOAc/hexane) 0.2; mp: 225-227
NHOY °C: IR (DCM): 3384, 2931, 1711 cm™; 'H NMR (400 MHz,

o NH CDCls): 01 8.33 (1H, d, J=8.9 Hz), 8.24-8.22 (2H, m), 8.17 (1H,
O oMme U,J=9.4Hz),8.13-8.11 (2H, m), 8.07-8.03 (2H, m), 7.48-7.47

OO (3H, m), 7.07-7.05 (2H, m), 6.22 (1H, br. s), 5.65-5.51 (1H, m),
O‘ 5.05 (1H, s), 3.91 (3H, s), 3.77 (2H, s), 1.42 (9H, s), 1.20 (9H,
s); BC{*H} NMR (=101 MHz, CDCls): éc 169.2, 168.3, 159.5, 155.9, 143.0, 141.0, 131.1,
131.0,130.4,129.5, 128.9, 128.8, 128.8, 128.4, 127.2, 126.9, 126.3, 125.8, 125.6, 125.1, 124.7,
123.3, 115.8, 80.1, 55.4, 54.8, 51.8, 44.2, 28.4, 28.2; HRMS (ESI): m/z [M+Na]* calcd for

C3sH39N3NaOs: 616.2787 found, 616.2782.

N-(2-(Tert-butylamino)-1-(2-(4-methoxyphenyl)pyren-1-yl)-2-oxoethyl)-2-(1,3-

dioxoisoindolin-2-yl)propanamide (8f): The compound 8f was obtained after purification by

column chromatography on silica gel (EtOAc:hexane = 30:70)
as a brown-coloured semi-solid (40 mg, 70% (diastereomers,

Me 70:30), 0.09 mmol scale); Rt (50% EtOAc/hexane) 0.2; IR
>l\ (DCM): 3400, 2942, 1711, 1512, 762 cm™; *H NMR (400 MHz,
O OMe  cDCls): 614 8.38-7.93 (8H, m), 7.87-7.85 (2H, m), 7.78-7.75 (2H,

m), 7.72-7.64 (2H, m), 7.53 (1H, broad signal), 7.10-7.00 (2H,

OO m), 6.32 (1H, br. s), 5.63 (1H, br. s), 4.89-4.84 (1H, m), 3.93 (3H,
O‘ 8f s), 1.59 (3H, d, J =7.2 Hz), 1.22 (9H, s) (the compound exists as

diastereomers and approximate signals corresponding to major isomer are represented);
3C{*H} NMR (~101 MHz, CDCl3): dc 169.4, 169.3, 168.2, 167.9, 167.6, 167.4, 159.3, 159.1,
134.3,134.0, 133.9, 133.9, 131.8, 131.2, 131.1, 130.9, 130.9, 130.4, 130.3, 129.4, 129.3, 128.6,
128.5,128.2,127.7,127.6,127.3,127.2,126.1, 125.7, 125.6, 125.5, 125.4, 124.9, 124.7, 124.6,
123.6,123.4,123.3,123.2,114.0,55.4, 55.4, 55.3, 55.3, 51.9, 51.8, 49.3, 48.9, 28.5, 28.5, 15.3,
15.0 (the compound exists as diastereomers and all signals corresponding to both isomers are
represented); HRMS (ESI): m/z [M+H]" calcd for C4oH3sN30Os: 638.2655 found, 638.2656.
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(2R)-N-(2-(Tert-butylamino)-1-(2-(4-methoxyphenyl)pyren-1-yl)-2-oxoethyl)-2-(1,3-
dioxoisoindolin-2-yl)propanamide (8f2-(D)): The compound 8f2-(D) was obtained after
purification by column chromatography on silica gel
(EtOAc:hexane = 30:70) as a brown- coloured semi-solid (20
Me O N7 O mg, 62%(diastereomers, 69:31), 0.05 mmol scale); Rs (50%
EtOAc/hexane) 0.2; IR (DCM): 3395, 2954, 1703, 1506, 747 cm"
1 14 NMR (400 MHz, CDCls): 51 8.38-7.93 (8H, m), 7.87-7.84
(2H, m), 7.77-7.75 (2H, m), 7.73-7.64 (2H, m), 7.51 (1H, broad
signal), 7.10 (1H, broad signal), 6.99 (1H, broad signal), 6.31
(1H, br. s), 5.63 (1H, br. s), 4.89-4.81 (1H, m), 3.93 (3H, s), 1.59
(3H, d, J =7.2 Hz), 1.22 (9H, s) (the compound exists as rotamers and approximate signals
corresponding to major isomer are represented); *C{*H} NMR (~101 MHz, CDCls): 6c 169.4,
169.3, 168.2, 167.9, 167.6, 167.4, 159.3, 159.1, 134.3, 134.0, 133.9, 133.9, 131.8, 131.2, 131.2,
131.1,130.9, 130.9, 130.4, 130.3, 129.4, 129.3, 128.6, 128.6, 128.5, 128.5, 128.4, 128.2, 127.7,
127.6,127.3,127.2,126.1,125.7,125.6, 125.4, 125.4, 124.9, 124.7, 124.6, 123.6, 123.4, 123.3,
123.2,114.0,55.4,55.4,55.3, 55.3, 51.9, 51.8, 49.3, 48.9, 28.5, 28.5, 15.3, 15.0; HRMS (ESI):
m/z [M+H]" calcd for C40H3sN3Os: 638.2655 found, 638.2658.

8f2-(D)

N-(2-(Tert-butylamino)-2-oxo-1-(2-(m-tolyl)pyren-1-yl)ethyl)-3-(1,3-dioxoisoindolin-2-
yl)propanamide (8g): The compound 8g was obtained after purification by column

Ve o chromatography on silica gel (EtOAc:hexane = 30:70) as a
mZXNHOYVN brown-coloured semi-solid (18 mg, 42%, 0.07 mmol scale);
NH 0 Rt (50% EtOAc/hexane) 0.25; IR (DCM): 3350, 2964, 1711,

© O 1670, 1507 cm™; 'H NMR (400 MHz, CDCls): 6n 8.27-8.17
OO Me (3H, m), 8.11-7.99 (5H, m), 7.51-7.45 (4H, m), 7.34-7.31 (3H,
O‘ 8 m), 7.17 (2H, broad signal), 6.20-6.19 (1H, m), 5.37 (1H, s),

3.98-3.90 (1H, m), 3.85-3.80 (1H, m), 2.68-2.60 (2H, m), 2.50
(3H, 5), 1.15 (9H, s); BC{*H} NMR (~101 MHz, CDCls): 6 169.4, 168.9, 167.8, 141.5, 141.2,
133.4,131.5,131.1,130.8,130.3,129.2, 128.6, 128.6, 128.2, 127.2, 127.1, 126.2, 125.6, 125.6,
124.8,124.6,123.3,122.7,54.8,51.7, 34.8, 34.4, 28.4, 21.6; HRMS (ESI): m/z [M+Na]" calcd
for CaoH3sN3NaO4: 644.2525 found, 644.2527.
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N-(2-(Tert-butylamino)-1-(2-(3-methoxyphenyl)pyren-1-yl)-2-oxoethyl)-3-(1,3-

dioxoisoindolin-2-yl)propanamide (8h): The
Me © compound 8h was obtained after purification by column
Me
Me” “NH2 N chromatography on silica gel (EtOAc:hexane = 30:70) as
o)

NH o a brown-coloured semi-solid (16 mg, 84%, 0.03 mmol
O OMe scale); Rf (50% EtOAc/hexane) 0.25; IR (DCM): 3396,
OO 2925, 1710, 1670, 720 cm™; *H NMR (400 MHz, CDCls):

O‘ 8h Sn 8.27-8.18 (3H, m), 8.12-8.00 (5H, m), 7.70-7.45 (4H.

m), 7.31-7.26 (2H, m), 7.16-6.91 (3H, m), 6.20 (1H, d, J = 5.8 Hz), 5.37 (1H, broad

signal), 3.94 (3H, s), 3.93-3.79 (2H, m), 2.69-2.61 (2H, m), 1.14 (9H, s); 3C{*H} NMR

(=101 MHz, CDCl»): oc 169.3, 168.9, 167.8, 143.0, 140.9, 133.3, 131.5, 131.2, 130.8,

130.4,129.2,128.6,128.6,128.2,127.2,126.9, 126.2, 125.6, 125.6, 124.9, 124.6, 123.3,

122.7, 115.6, 55.5, 54.8, 51.8, 34.8, 34.4, 28.4; HRMS (ESI): m/z [M+Na]* calcd for

CaoH3sN3NaOs: 660.2474 found, 660.2489.
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Appendix Section. Representative NMR-Spectra
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