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Abstract We report the application of the Pd(ll)-catalyzed, directing-
group-aided C-H arylation/alkylation tactics to functionalize the pyrene
core, especially, the relatively inaccessible C2 and K-region C10 posi-
tions of the pyrene core and augmentation of the library of pyrene de-
rivatives with C1,C2- and C1,C10-disubstituted pyrene motifs. The
Pd(ll)-catalyzed B-C-H arylation/alkylation of the C2-position of
pyrene-1-carboxamide possessing an 8-aminoquinoline directing group
yielded various C1,C2-disubstituted pyrenes. Similarly, the Pd(Il)-cata-
lyzed selective y-C-H arylation/alkylation of the C10-position of N-
(pyren-1-yl)picolinamide, possessing a picolinamide directing group,
yielded various C1,C10-disubstituted pyrenes. Examples of C(9)-H ary-
lation of pyrene-1-carboxamide and the removal of the directing group
after the C-H arylation/alkylation reactions were also shown. The struc-
tures 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.

Key words C-H activation, C-H arylation/alkylation, C-H functional-
ization, bidentate directing group, carboxamides, palladium, pyrene

During an era when cross-coupling reactions were ubiq-
uitous in organic synthesis,'? there were some pioneering
efforts at direct functionalization of C-H bonds in small or-
ganic molecules to achieve C-C bond construction. In 1955
and 1956 Murahashi reported? the cobalt-promoted inser-
tion of carbon monoxide into an ortho-C(sp?)-H bond of al-
dimine and azobenzene substrates. Subsequently, various
stoichiometric metal-promoted C-H bond activation reac-
tions 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.> Subsequently, Jordan (1989), Moore
(1992) and Murai (1993) reported breakthroughs in cata-

lytic C-H activation/functionalization methods involving
Zr- and Ru-based catalysts.5-® During the last 20 years, re-
search on transition-metal-catalyzed C-H bond activation
reactions has advanced at a rapid rate.>-!

Pertinently, the transition-metal-catalyzed sp?/sp> C-H
activation/functionalization is considered to be a remark-
able synthetic strategy to functionalize small organic mole-
cules. The catalytic C-H functionalization of sp?/sp> C-H
bonds of small organic molecules has been accomplished
with or without the help of a directing group.®-'> In particu-
lar, directing-group-aided sp? and sp® C-H activation/func-
tionalization strategies have received significant attention
in organic synthesis because the strategy makes it feasible
to functionalize the required substrates with site-selectivi-
ty or regioselectivity as well as stereoselectivity. Along this
line, the Pd(II)-catalyzed bidentate directing group (BDG)-
aided site-selective sp? and sp? C-H activation/functional-
ization of carboxamides are considered benchmark strate-
gies.!-15 The site-selective C-H functionalization of carbox-
amides derived from carboxylic acid substrates were
achieved with the help of 8-aminoquinoline type BDGs (in-
troduced by Daugulis).!-1> On the other hand, the site-se-
lective C-H functionalization of carboxamides derived from
amine substrates were achieved with the help of picolin-
amide type BDGs.!-1>

Due to the superior fluorescence properties, efficient
excimer emission, and high charge-carrier mobility, pyrene
and its derivatives have received much attention in various
fields of chemical sciences including organic-, supramolec-
ular and materials chemistry.!6-'® Markedly, pyrenes are
important building blocks to assemble materials such as or-
ganic light-emitting diodes (OLEDs), organic semiconduct-
ing materials for OFETs, supramolecular sensors, and solar
cells. Almost all types of photoelectric devices have been in-
vestigated using various pyrene-based organic materi-
als.16b-4.18 It js documented that the optoelectronic and pho-
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tophysical properties of pyrenes are strongly dependent on
the respective substituents and their positions.'®171% Con-
sequently, several methodologies have been developed to
functionalize the multiple reactive positions of pyrene
core.'617

The 1-, 3-, 6- and 8-positions of pyrene are known as
‘active/common sites’ and these sites have electron-rich
density and readily undergo electrophilic aromatic substi-
tution (SgAr) 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 inacces-
sible sites’ and these are relatively difficult to functionalize
(Figure 1).'5® It 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-

multiple 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

Figure 1 K-Region and non-K-region of the pyrene motif
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Scheme 1 Theme of this work: C-H arylation/alkylation of pyrene
amide motifs

Special Topic

positions of pyrene are known as ‘the K-region sites’ and it
may be noted that oxidation and Pd-catalyzed oxidative di-
rect arylation reactions have been carried out at these posi-
tions and these results have been summarized by Feng and
Yamato.!6®

Impressed by the chemical transformations carried out
on the pyrene core and driven by the importance of the
pyrene derivatives in chemical sciences,'>'° we intended to
take forward the functionalization of the pyrene core
through the directing-group-aided C-H functionalization
route to assemble new pyrene amide motifs. A few instanc-
es of functionalization of the pyrene core through the di-
recting-group-aided C-H functionalization have been re-
ported. Nevertheless, the available reports provided only
single examples of functionalization of the pyrene core
(Scheme 1)."> We wanted to contribute to the development
of this field by performing the bidentate directing-group-
aided site-selective C-H arylation and alkylation of the rela-
tively inaccessible C2 position and K-region C10 position of
pyrene amides 2a and 2b, respectively. To our knowledge,
the bidentate directing-group-aided site-selective C-H ary-
lation and alkylation C2 position and C10 position of pyrene
amides have not yet been explored. In a continuation of our
interest in C-H activation reactions, herein we report the

Table 1 Optimization of the C-H Arylation of Pyrene Carboxamide 2a
and Assembly of the C1,C2-Disubstituted Pyrene Motif 4a

Pd(OAc), (10 mol%)
additive (0.44 mmol)

solvent (2 mL)
130-160 °C, 24 h

(203.2 mmol) ?Oa.s mmol) 4a
Entry Catalyst Additive  Solvent T(°C)  Yield of 4a (%)
1 Pd(OAc), Ag,CO, o-xylene 135 38
2 Pd(OAc), Cs,C0O, o-xylene 135 40
3 Pd(OAc), K,CO4 o-xylene 135 51
4 Pd(OAc), AgOAc o-xylene 135 70
5 Pd(OAc), AgOAc  1,2-DCE 130 65
6°  Pd(OAc), AgOAc o-xylene 130 22
7> Pd(OAc), AgOAc o-xylene 130 35
8¢ Pd(OAc), AgOAc o-xylene 130 47
9  Pd(TFA), AgOAC  o-xylene 130 60
10  Pd(MeCN),Cl, AgOAc o-xylene 130 53
1 Ni(OTf), NaHCO;  toluene 160 15

20.2 mmol of 3a.
0.4 mmol of 3a.
€0.6 mmol of 3a.
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Pd(II)-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-amino-
pyrene motif 2b linked with a picolinamide DG, and the as-
sembly of various C1,C2- and C1,C10-disubstituted pyrene
amide motifs.

Starting with the assembly of C1,C2- and C1,C10-disub-
stituted pyrene motifs via the Pd(Il)-catalyzed, directing-
group-aided C-H arylation/alkylation reaction, initially we
prepared the pyrene-1-carboxamide 2a possessing 8-ami-
noquinoline directing group, which enabled the selective -
C(sp?)-H functionalization of 2a (C2-position, Table 1). We
performed optimization reactions by employing the stan-
dard Pd(Il)-catalyzed sp? B-C-H arylation conditions.!!-13
Typically, the directing group 8-aminoquinoline-aided C-H
functionalization of carboxamides have been carried out by
using a Pd(II) catalyst and an additive such as AgOAc or Ag,CO;
or K,CO;, which function as a halide ion scavenger.'-13

g
N
IONH ()

Q
"1
0. Q
+ .,
X
z ] R
S
2a 3
(0.2 mmol) (0.8 mmol)

Pd(OAc), (10 mol%)
AgOAc (0.44 mmol)

o-xylene (2 mL)
130°C, 24 h
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First, a mixture of pyrene-1-carboxamide 2a, Arl (3a)
and Pd(OAc), catalyst (10 mol%) in the presence of Ag,CO;
as an additive in o-xylene was heated at 135 °C for 24 h,
which yielded the C(2)-H arylated pyrene-1-carboxamide
4a in satisfactory yield (38%, Table 1, entry 1). Next, the
same reaction was carried out in the presence of Cs,CO; as
an additive instead of Ag,CO; and this reaction also yielded
the C(2)-H arylated pyrene-1-carboxamide 4a in satisfacto-
ry yield (40%, entry 2).

The Pd(Il)-catalyzed arylation of pyrene-1-carboxamide
2a by using K,CO5 as an additive yielded the C(2)-H arylat-
ed pyrene-1-carboxamide 4a in an improved yield (51%, Ta-
ble 1, entry 3). The Pd(Il)-catalyzed arylation of 2a in the
presence of AgOAc as an additive in o-xylene or 1,2-DCE at
130-135 °C yielded 4a in 65-70% yields (entries 4 and 5).
The Pd(Il)-catalyzed arylation of 2a by using different
amounts of 3a (1-3 equiv) yielded the product 4a in 22-
47% yields (entries 6-8). The arylation of 2a by using differ-

COOMe

Ac NO,
Q. O N O Q. O Q. O
NH NH NH NH
DO SCUSCURSE
() ‘O‘ ‘O‘
X

4a: 70% 4b: 86% 4c: 58%

Et i-Pr
o,
NH
”

49: 71% 4h: 66% 4i: 58%

a. O Q.
NH NH Q.
SCURPS UK

4m: 74% 4n: 66% 40: 58% 4p: 48%

Me OMe
. J o0
“NH “NH
DCURS S

Cl

4d: 53%

4j: 67%

Scheme 2 Assembly of C1,C2-disubstituted pyrene carboxamide motifs 4a-q via the Pd(Il)-catalyzed, 8-aminoquinoline-directed C-H arylation of 2a
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ent palladium catalysts such as Pd(TFA), and Pd(MeCN),Cl,
yielded the product 4a in 53-60% yields (entries 9 and 10).
The C-H arylation of 2a under the Ni(OTf),-catalyzed reac-
tion conditions yielded 4a in only 15% yield (entry 11).
Having the optimized reaction conditions in hand for
the Pd(Il)-catalyzed C(2)-H arylation of 2a, we wanted to
enrich the library of pyrene-1-carboxamide via the Pd(II)-
catalyzed C(2)-H arylation reaction. Towards this, we car-
ried out the Pd(II)-catalyzed C(2)-H arylation of 2a using a
variety of aryl iodides (Scheme 2). Arylation of 2a with aryl
iodides containing different electron-withdrawing substit-
uents (e.g., Ac, NO,, COOMe and Cl) at the para-position
yielded the corresponding C(2)-H arylated pyrene-1-car-
boxamides 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-dihydroben-
zo[b][1,4]dioxine, Phl and aryl iodides containing different

Pd(OAc), (10 mol%)
AgOAc (0.44 mmol)

Special Topic

electron-donating substituents (e.g., Et, i-Pr, Me and OMe)
at the para-position yielded the corresponding C(2)-H ary-
lated pyrene-1-carboxamides 4e-j in moderate to good
yields (45-71%, Scheme 2).

We then performed the Pd(Il)-catalyzed C(2)-H aryla-
tion of pyrene-1-carboxamide 2a with aryl iodides contain-
ing 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). Further-
more, the Pd(II)-catalyzed C(2)-H arylation of pyrene-1-
carboxamide 2a with different heteroaryl iodides also
yielded the corresponding C(2)-H arylated pyrene-1-car-
boxamides 40-q in satisfactory to moderate yields (48-58%,
Scheme 2). The structures of representative pyrene deriva-
tives 4a and 4e were confirmed by the X-ray structure anal-
ysis (Figure 2).

—_————>
R o-xylene (2 mL)
2b 3 155 °C, 36-48 h
(0.2 mmol) (0.8 mmol)
Py. -0 PVYO Py\fo Py._O PVYO

T O

5a:71% 5b: 57% 5¢: 57% 5d: 63% 5e: 59%
PYYO PVYO PYYO PVYO Py._.O
MeO HN Me._~ |HN EtO._~ HGHN Ac HN
CO YCO YCU v 00 - 00
5f: 50% (36 h) 59: 62% 5h: 61% 5i: 60% 5j: 61%
Py. (0] Py._.O P
PVYO PVYO Mey O

MeOOC HN NC HN cl
AL A O
N

5p: 65% 5q: 62%

5r: 42% 5s:51% 5t: 71%

Scheme 3 Assembly of C1,C10-disubstituted pyrene carboxamide motifs 5a-t via the Pd(ll)-catalyzed, picolinamide-directed C-H arylation of 2b
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Figure 2 X-ray (ball and stick model) crystal structures of compounds
4a, 4e, 5n and 12c

After assembling various C(2)-H arylated pyrene-1-car-
boxamides 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 (Scheme 3). Towards this end, we prepared N-
(pyren-1-yl)picolinamide (2b), possessing a picolinamide
directing group, which will enable the y-C(sp?)-H function-
alization of 2b at the C10-position. We then performed the

< MTA

: OMe O

SMe .
NH
Q 3 (0.8 mmol) NH
Pd(OAc) (10 mol%)
AgOAc (0.44 mmol)
o-xylene (2 mL) /
130 °C, 24 h o

O 2 mmol) 6a: 56%
L MTA
SMe .
Seie .
MTA N
NH (B) \m 3 (0.8 mmol) “NH
(e) Pd(OAc), (10 mol%) o

AgOAc (0.44 mmol)

O o-xylene (2 mL) ‘O‘
) 6b: 57%

130°C, 24 h

ArB(OH),

7a'/7b' (0.25 mmol)
Pd(OAC), (10 mol%)
NFSI (0.25 mmol)

1,2-DCE (2 mL)
90°C, 24 h

8a: Ar = p-tolyl, 53%
8b: Ar = Ph, 55%

(0.2 mmol)

Scheme 4 Assembly of pyrene carboxamide motifs 6a,b and 8a,b via
the Pd(Il)-catalyzed C-H arylation of 2¢,d
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Pd(Il)-catalyzed C(10)-H arylation of 2b by using a variety
of aryl iodides (Scheme 3). The Pd(Il)-catalyzed C(10)-H
arylation of 2b with aryl iodides containing different elec-
tron-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)picolin-
amides 5a-e in moderate to good yields (57-71%, Scheme
3).

The Pd(II)-catalyzed C(10)-H arylation of 2b with Phl
and various aryl iodides containing different electron-do-
nating and electron withdrawing substituents (e.g., OMe,
Me, OEt, Ac, COOMe, CN, CI 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(Il)-catalyzed C(10)-H arylation of 2b
with disubstituted aryl iodides and 6-iodo-2,3-dihydroben-
zo[b][1,4]dioxine yielded the corresponding C(10)-H ary-
lated N-(pyren-1-yl)picolinamides 50-q in satisfactory to
good yields (45-65%, Scheme 3). Furthermore, the C(10)-H
arylation of 2b with different heteroaryl iodides also yield-
ed the corresponding C(10)-H arylated N-(pyren-1-yl)pico-
linamides 5r-t in satisfactory to good yields (42-71%,
Scheme 3). The structure of representative pyrene carbox-
amide 5n was confirmed by X-ray crystal structure analysis
(Figure 2).

We then explored the possibility of using other direct-
ing groups similar to 8-aminoquinoline. Accordingly, we
prepared the pyrene-1-carboxamide 2d, possessing 2-
(methylthio)aniline as the directing group'! (Scheme 4).
We then performed the Pd(Il)-catalyzed C(10)-H arylation
of 2d with different aryl iodides (Scheme 4), which also af-
forded the corresponding products 6a,b in 56-57% yields.
Furthermore, we also attempted the functionalization at
the C9-position of the pyrene core by using the procedure
reported by Yang and You for the 1-naphthylamine sys-
tem.'” In this regard, we treated pyrene-1-carboxamide 2¢
with p-tolylboronic acid in the presence of the Pd(OAc),
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 re-
action 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).

To further extend the substrate scope and enrich the li-
brary of pyrene-1-carboxamide and 1-aminopyrene core,
we attempted the Pd(II)-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(II)-catalyzed C(2)-H al-
kylation 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(II)-catalyzed C(10)-H
alkylation of N-(pyren-1-yl)picolinamide (2b) with differ-
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ent alkyl iodides yielded the corresponding C(10)-H al-
kylated N-(pyren-1-yl)picolinamide 11a-c in good yields
(58-88%, Scheme 5).

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. Of the
limited number of attempts that were 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 5g,t yielded the
corresponding C(10)-H arylated 1-aminopyrene derivatives
12b,c in 70-73% yields (Scheme 6). Finally, compound 12d
was obtained via one-pot sequential C-H arylation of 2b
under standard reaction conditions and neat conditions fol-
lowed by NaOH-mediated hydrolysis (Scheme 6). The struc-
tures of representative pyrene derivative 12c was unequiv-
ocally established by X-ray crystal structure analysis (Fig-
ure 2).20

7
N
N R2
NH (H) NH
Pd(OAC) (10 mol%) o
0] O K>CO3 (2 equiv) ‘
N IVRZ NaOTf (3 equiv) ‘
t-amylOH (2 mL)
O 125°C, 48 h
2a 9

(0.1-0.15 mmol) (0.4-0.6 mmol) 10
Q\NH Q\NH Q\NH Q\NH
o O Me o ‘ Me O ‘ o O
O O O QA
~ "
J O J J
10a: 70% 10b: 71% 10c: 74% 10d: 73%
=
>N l o Py.__O

AN ‘ Pd(OAC)5 (10 mol%) HN
(H) KOAG (0.4 mmol) ,
SO et O ¢
1,4-dioxane (2 mL)
O 130°C, 36 h O
2 9

(0.2 mmol) (0.8 mmol) 11
Py\fo PVYO PVYO
HN HN HN
00 A e
w S O ()
< ¢ ¢
11a: 68% 11b: 88% 11c: 58%

Scheme 5 Assembly of C1,C2- and C1,C10-disubstituted pyrene
carboxamide motifs 10a-d and 11a-c via C-H alkylation of the pyrene
core
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In summary, we have shown the application of the
Pd(Il)-catalyzed, directing-group-aided C-H arylation/al-
kylation tactics to functionalize the relatively inaccessible
C2 and K-region C10 positions of the pyrene core. The
Pd(Il)-catalyzed B-C-H arylation/alkylation of the C2-posi-
tion of pyrene-1-carboxamide, possessing an 8-aminoquin-
oline directing group, afforded various C1,C2-disubstituted
pyrene motifs. Similarly, the Pd(II)-catalyzed selective y-C-
H arylation/alkylation of the C10-position of N-(pyren-1-
yl)picolinamide possessing a picolinamide directing group
afforded various C1,C10-disubstituted pyrene motifs. Ex-
amples 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 X-ray crystal struc-
ture analysis. Given the importance of the pyrene deriva-

|
MeO. HN NaOH (10 equiv)
MeO. HoN
O ‘ EtOH-H,0 © 2
O‘ (10:1,2.2 mL)
O 90°C,24 h O

A

5f (0.15 mmol) 128 56
=
<M o
N .
HN NaOH (10 equiv) HoN
/3 EtOH-H,0 /7 ‘
(10:1,2.2 mL) S
s ‘ —_—
‘ 90°C,24h O
5t (0.12 mmol) 12b: 70%
=
<M o

N
Me HN NaOH (10 equiv)
M
O EtOH-H,0 ~7F lHZN
O (10:1, 2.2 mL) X
—_—
O 90°C, 24 h O‘

12¢: 73%

59 (0.5 mmol)

ONE-POT reaction

|
Py. (0] \©\
Y gy (0.8 mmol)
HN

PVYO
Pd(OAc) (10 mol%

‘ ) |Bu HN
(H) O ‘ additive (0.44 mmol) O ‘

150 °C, 48 h O‘
~

NEAT conditions
2b S

(0.2 mmol) 13

Bu HoN
O ‘ NaOH (10 equiv)
EtOH-H,0
O‘ (10:1, 2.2 mL)
‘ 90°C, 24 h

12d: 46%

Scheme 6 Trials on the removal of the directing group and one-pot
sequential C-H arylation of pyrene carboxamide 2b followed by direct-
ing group removal
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tives 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, cur-
rently, we are studying their structure and photophysical
properties and exploring their application, the results of
which will be reported in due course.

'H and *C{"H} NMR spectra of compounds were recorded (using TMS
as an internal standard) with 400 or 500 and ca. 101 or ca. 126 MHz
spectrometers, respectively. The HRMS analysis data of samples were
obtained with a QTOF mass analyzer by using electrospray ionization
(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). Reactions were conducted in anhydrous solvents
under a nitrogen atmosphere when required. Organic layers obtained
after workup were dried by using anhydrous Na,SO,. Thin-layer chro-
matography (TLC) analyses were performed on silica gel (silica gel 60
F,s,4 plates) or alumina plates and components were visualized by ob-
servation under irradiation with a UV lamp or iodine vapor. Isolated
yields of all the products are reported. Yields of isolated compounds
were not optimized. In all of the cases, after the Pd(1I)-catalyzed reac-
tions, 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
TH/3C NMR spectra. Adventitious grease and hexane residuals seem
to get trapped with the pyrene amide compounds during han-
dling/sample purification. While we have tried to purify all the sam-
ples to get pure compounds, the C-H functionalized pyrene com-
pounds and the starting material pyrene compounds have similar Ry
values and thus, their separation in column chromatography was
found to be a difficult task. Accordingly, we have repeated column
chromatography purification for most of the cases to obtain samples
with the highest possible purity.

Synthesis of Carboxamides 2a, 2c, 2d; General Procedure

A dry round-bottomed flask containing amine (9 mmol, 0.9 equiv)
and Et;N (11 mmol, 1.1 equiv) was stirred for 5-10 min under a nitro-
gen atmosphere. To the reaction flask was then 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. The reaction mix-
ture was then 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 NaHCO; solution (10-
15 mL). The combined organic layers were washed with 1 N HCI (2 x
20 mL) to remove excess amine, then dried over anhydrous Na,SO,,
and concentrated under vacuum to afford the corresponding carbox-
amides.

Synthesis of Carboxamide 2b

An appropriate amount of picolinic acid (10 mmol), N-(3-dimethyl-
aminopropyl)-N'-ethylcarbodiimide hydrochloride (1.1 equiv), 1-hy-
droxybenzotriazole 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 1-aminopyrene (1 equiv) was added to the above mixture
and stirred for 16-24 h at room temperature. The resulting solution

Special Topic

was then subjected to aqueous workup and washed with aqueous
NaHCO; solution (two times). The resulting solution mixture was
concentrated and purified on silica gel column chromatography
(EtOAc/hexane) to give the corresponding carboxamide.

Pd(II)-Catalyzed Arylation of Carboxamides 2a/2d and Preparation
of Compounds 4/6

A mixture of an appropriate carboxamide (0.2 mmol, 1 equiv), an ap-
propriate aryl iodide (0.8 mmol, 4 equiv), Pd(OAc), (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 hin a 10 mL capacity sealed (pressure) tube (the pres-
sure 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 under vacu-
um and purification of the resulting reaction mixture by column
chromatography on neutral alumina or silica gel (EtOAc/hexane) fur-
nished the corresponding arylated carboxamide (see the correspond-
ing Tables/Schemes for specific examples).

Pd(II)-Catalyzed Arylation of the Carboxamide 2b and Preparation
of 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), (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 under vacu-
um and purification of the resulting reaction mixture by column
chromatography on silica gel (EtOAc/hexane) furnished the corre-
sponding arylated carboxamide (see the corresponding Tables/
Schemes for specific examples).

Pd(II)-Catalyzed Alkylation of Carboxamide 2a and Preparation of
Compounds 10

A mixture of carboxamide 2a (0.14 mmol, 1 equiv), an appropriate al-
kyl iodide (0.56 mmol, 4 equiv), anhydrous K,CO; (0.28 mmol, 2
equiv), NaOTf (0.42 mmol, 3 equiv), Pd(OAc), (10 mol%, 3.4 mg), and
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, 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 under vacuum and purification of the resulting reaction
mixture by column chromatography on silica gel (EtOAc/hexane) fur-
nished the corresponding alkylated carboxamide 10 (see the corre-
sponding Tables/Schemes for specific examples).

Pd(II)-Catalyzed Alkylation of Carboxamide 2b and Preparation of
Compounds 11

A mixture of 2b carboxamide (0.2 mmol, 1 equiv), an appropriate al-
kyl iodide (0.8 mmol, 4.0 equiv), anhydrous KOAc (0.4 mmol, 2 equiv),
Pd(OAc), (10 mol%, 4.5 mg), and 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, sealed with a PTFE-lined cap,
and then heated at 130 °C for 36 h. After the reaction period, the reac-
tion mixture was concentrated under vacuum and purification of the
resulting reaction mixture by column chromatography on neutral
alumina or silica gel (EtOAc/hexane) furnished the corresponding al-
kylated carboxamide 11 (see the corresponding Tables/Schemes for
specific examples).
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Pd(II)-Catalyzed Arylation of Carboxamides 2c and Preparation of
Compounds 8a,b

A mixture of carboxamide 2¢ (0.2 mmol, 1 equiv), an appropriate bo-
ronic acid (0.25 mmol, 1.25 equiv), NFSI (0.25 mmol, 1.25 equiv), and
Pd(OAc), (10 mol%, 4.5 mg) was suspended in 1,2-DCE (2.0 mL) ina 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 (EtOAc/hexane) to afford the corre-
sponding arylated carboxamide 8 (see the corresponding Ta-
bles/Schemes for specific examples). The structures of compounds
8a,b were assigned based on reports of a similar compound prepared
under Cu-catalyzed reaction involving aryliodonium salts as arylating
reagent.!>k

Directing Group Removal/Amide Hydrolysis and Preparation of
Compound 13

A solution of NaOH (60 mg of NaOH) in EtOH/H,0 (10:1 v/v, 3.3 mL)
containing an appropriate arylated carboxamide 5 (0.15 mmol) was
heated at reflux for 24 h. The reaction mixture was then cooled to r.t.
and the mixture was subjected to evaporation (to evaporate EtOH),
then the solution was diluted with water (5 mL) and the product was
extracted with EtOAc (3 x 5 mL). The organic layers were combined,
dried with anhydrous MgS0O, and concentrated. The residue was puri-
fied by column chromatography on silica gel (EtOAc/hexane) to afford
the corresponding C-H arylated 1-aminopyrene derivative 13 (see the
corresponding Tables/Schemes for specific examples).

N-(2-(Methylthio)phenyl)pyrene-1-carboxamide (2d)

By following the general procedure, compound 2d was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (521 mg, 71%, 2 mmol scale).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 149-151 °C.
IR (DCM): 3275, 2925, 1682, 1513, 1436 cm™.

TH NMR (400 MHz, CDCl,): 8 = 9.08 (s, 1 H), 8.79-8.72 (m, 2 H), 8.31
(d,J=7.9 Hz, 1 H), 8.26-8.19 (m, 4 H), 8.15 (d, J = 8.9 Hz, 1 H), 8.09—
8.05 (m, 2 H), 7.58 (d, ] = 7.7 Hz, 1 H), 7.47 (t, ] = 7.5 Hz, 1 H), 7.22-
7.18 (m, 1 H), 2.40 (s, 3 H).

13C NMR (~101 MHz, CDCL,): & = 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]* calcd for C,,H;;NNaOS: 390.0929; found:
390.0922.

2-(4-Acetylphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4a)
By following the general procedure, compound 4a was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (68 mg, 70%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 249-251 °C.

IR (DCM): 3338, 1679, 1519, 1483, 1264 cm™".

'H NMR (400 MHz, CDCl;): 6 = 10.04 (s, 1 H), 8.99 (d,J = 7.5 Hz, 1 H),
8.55-8.54 (m, 1 H), 8.49 (d, J = 9.2 Hz, 1 H), 8.27-8.25 (m, 3 H), 8.19
(d,J=9.0Hz, 2 H), 8.14-8.06 (m, 3 H), 7.95 (d, J = 8.2 Hz, 2 H), 7.90 (d,
J=83Hz,2H),7.62(t,J=8.1Hz 1H), 755 (d,J=8.2 Hz, 1 H), 7.36
(dd, 'J=8.2 Hz, % = 4.2 Hz, 1 H), 2.52 (s, 3 H).

Special Topic

13C NMR (~101 MHz, CDCl;): & = 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 + HJ* calcd for C34H,3N,0,: 491.1760; found:
491.1779.

2-(4-Nitrophenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4b)
By following the general procedure, compound 4b was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
25:75) as a pale-yellow solid (84 mg, 86%).

Ry= 0.3 (EtOAc/hexane = 20:80), mp 237-239 °C.
IR (DCM): 2924, 1670, 1595, 1519, 1341 cm™".

H NMR (400 MHz, DMSO-dg): & = 10.61 (s, 1 H), 8.73 (d, ] = 4.0 Hz, 1
H),8.61(d,J=7.5Hz, 1 H), 8.47 (s, 1 H), 8.43-8.32 (m, 7 H), 8.27 (d, ] =
8.6 Hz, 2 H), 8.17 (t, ] = 7.6 Hz, 1 H), 8.05 (d, ] = 8.6 Hz, 2 H), 7.76 (d, ] =
8.2 Hz, 1 H), 7.66 (t, ] = 7.8 Hz, 1 H), 7.56 (dd, '] = 8.3 Hz, ] = 4.2 Hz, 1
H).

13C NMR (~101 MHz, CDCLy): & = 167.5, 148.2, 147.6, 147.2, 1383,
136.3, 134.8, 134.2, 132.0, 131.2, 130.8, 130.3, 129.6, 129.4, 128.9,
127.9, 127.3, 127.0, 1268, 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 + HJ" calcd for C3,H,0N;05: 494.1505; found:
494.1520.

Methyl 4-(1-(Quinolin-8-ylcarbamoyl)pyren-2-yl)benzoate (4c)

By following the general procedure, compound 4c was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (58 mg, 58%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 160-162 °C.
IR (DCM): 3348, 2940, 1725, 1675, 1528 cm.

H NMR (400 MHz, CDCl,): 8 = 10.03 (s, 1 H), 8.99 (d, J = 7.5 Hz, 1 H),
8.54 (d,J = 3.1 Hz, 1 H), 848 (d, J = 9.2 Hz, 1 H), 8.26-8.23 (m, 3 H),
8.17 (d,J = 9.0 Hz, 1 H), 8.12-8.03 (m, 5 H), 7.89 (d, J = 7.8 Hz, 1 H),
7.63-7.59 (m, 1 H), 7.53 (d, ] = 8.2 Hz, 1 H), 7.34 (dd, J = 8.1 Hz, % =
4.1Hz, 1H),3.86 (s, 3 H).

13C NMR (~101 MHz, CDCL): & = 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]* calcd for C34H,;3N,05: 507.1709; found:
507.1695.

2-(4-Chlorophenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4d)
By following the general procedure, compound 4d was obtained after

purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (51 mg, 53%).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 237-239 °C.

IR (DCM): 3348, 2936, 1663, 1528, 1490 cm.

H NMR (400 MHz, CDCl): & = 10.02 (s, 1 H), 9.01-9.00 (m, 1 H), 8.56
(dd, 'J=4.1Hz,% = 1.4 Hz, 1 H), 8.47 (d, ] = 9.2 Hz, 1 H), 8.27-8.24 (m,
3 H), 8.19-8.05 (m, 5 H), 7.74 (d, ] = 8.4 Hz, 2 H), 7.64 (t, ] = 7.8 Hz, 1
H), 7.58-7.56 (m, 1 H), 7.38 (dd, | = 8.3 Hz, 2 = 4.2 Hz, 1 H), 7.34 (d,
J=8.4Hz 2H).
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13C NMR (~101 MHz, CDCl;): & = 168.0, 148.1, 139.3, 138.4, 136.2,
135.9, 1344, 133.7, 132.0, 131.4, 131.1, 130.7, 129.2, 129.0, 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]* calcd for C3,H,,CIN,O: 483.1264; found:
483.1252.

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

By following the general procedure, compound 4e was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (45 mg, 45%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 248-250 °C.
IR (DCM): 3338, 2924, 1667, 1516, 1323 cm™.

H NMR (400 MHz, CDCl,): & = 10.02 (s, 1 H), 9.04 (d, = 7.6 Hz, 1 H),
8.59 (d, = 4.0 Hz, 1 H), 8.48 (d, J = 9.2 Hz, 1 H), 8.26-8.23 (m, 3 H),
8.19-8.11 (m, 4 H), 8.05 (t, ] = 7.6 Hz, 1 H), 7.64 (t, ] = 7.9 Hz, 1 H), 7.55
(d,J = 8.2 Hz, 1 H), 7.39-7.34 (m, 2 H), 7.29-7.26 (m, 1 H), 6.81 (d, ] =
8.3 Hz, 1 H), 4.17-4.16 (m, 4 H).

13C NMR (~101 MHz, CDCl): & = 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,
122.6,121.8,121.5,118.5,117.2,116.7, 64.3, 64.2.

HRMS (ESI): m/z [M + HJ* calcd for C34H,3N,05: 507.1709; found:
507.1724.

2-Phenyl-N-(quinolin-8-yl)pyrene-1-carboxamide (4f)

By following the general procedure, compound 4f was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (49 mg, 55%).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 218-220 °C.
IR (DCM): 3342, 1667, 1519, 1483, 1325 cm™.

H NMR (500 MHz, CDCL,): & = 9.96 (s, 1 H), 8.97 (dd, ' = 7.6 Hz, ] =
1.0 Hz, 1 H), 8.52 (dd, )= 4.1 Hz, ¥ = 1.4 Hz, 1 H), 8.47 (d, ] = 9.3 Hz, 1
H), 8.27 (s, 1 H), 8.23 (t,J = 7.9 Hz, 2 H), 8.17-8.03 (m, 5 H), 7.83-7.77
(m, 2 H), 7.60-7.56 (m, 1 H), 7.50 (d, J = 8.3 Hz, 1 H), 7.34-7.31 (m, 3
H), 7.18 (t,] = 7.5 Hz, 1 H).

13C NMR (~126 MHz, CDCl;): & = 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 + HJ" calcd for C;,H,;N,0: 449.1654; found: 449.
1649.

2-(4-Ethylphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4g)
By following the general procedure, compound 4g was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (67 mg, 71%).

Ry= 0.6 (EtOAc/hexane = 20:80), mp 205-207 °C.

IR (DCM): 3338, 1665, 1515, 1482, 1324 cm-.

'H NMR (400 MHz, CDCl5): & = 9.99 (s, 1 H), 9.02 (d, J = 7.6 Hz, 1 H),
8.55-8.49 (m, 2 H), 8.30 (s, 1 H), 8.26-8.23 (m, 2 H), 8.19-8.05 (m, 5
H),7.71(d,J=8.0 Hz, 2 H), 7.62 (t,] = 8.0 Hz, 1 H), 7.53 (d, = 8.0 Hz, 1
H), 7.33 (dd, '] = 8.4 Hz, 2] = 4.0 Hz, 1 H), 7.17 (d, ] = 8.0 Hz, 2 H), 2.53
(q,J=7.6 Hz,2 H), 1.05(t,J = 7.6 Hz, 3 H).

Special Topic

13C NMR (~101 MHz, CDCl,): & = 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 + HJ* calcd for C34H,5N,0: 477.1967; found:
477.1982.

2-(4-Isopropylphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide
(4h)

By following the general procedure, compound 4h was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (65 mg, 66%).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 160-162 °C.
IR (DCM): 3337, 2959, 1662, 1519, 1481 cm™.

TH NMR (400 MHz, CDCl,): 8 = 9.99 (s, 1 H), 9.03 (dd, J = 7.6 Hz, 2] =
0.9 Hz, 1 H), 8.55-8.51 (m, 2 H), 8.28 (s, 1 H), 8.24-8.22 (m, 2 H),
8.18-8.03 (m, 5 H), 7.74 (d, ] = 8.1 Hz, 1 H), 7.60 (t, ] = 8.0 Hz, 1 H),
7.49 (dd, J = 8.3 Hz, 2J = 0.9 Hz, 1 H), 7.32-7.28 (m, 1 H), 7.19.(d, ] =
8.1 Hz, 2 H), 2.80-2.72 (m, 1 H), 1.05 (d, ] = 6.9 Hz, 6 H).

13C NMR (~101 MHz, CDCl;): & = 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 + HJ* caled for C3sH,;N,0: 491.2123; found:
491.2142.

N-(Quinolin-8-yl)-2-(p-tolyl)pyrene-1-carboxamide (4i)

By following the general procedure, compound 4i was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (54 mg, 58%).

R¢= 0.5 (EtOAc/hexane = 20:80), mp 195-197 °C.
IR (DCM): 3355, 3052, 1690, 1536, 1321 cm™".

TH NMR (400 MHz, CDCL,): & = 10.04 (s, 1 H), 9.04 (d, ] = 7.5 Hz, 1 H),
8.54(dd, /= 4.0 Hz, ] = 1.4 Hz, 1 H), 8.48 (d, J = 9.2 Hz, 1 H), 8.27-8.21
(m, 3 H), 8.16-8.03 (m, 5 H), 7.72 (d, ] = 7.9 Hz, 2 H), 7.62 (t, J = 8.1 Hz,
1H),7.51(d,J=8.2 Hz, 1 H), 7.32 (dd, )= 8.2 Hz, § = 4.2 Hz, 1 H), 7.18
(d,J=7.8 Hz, 2 H), 2.26 (s, 3 H).

13C NMR (~101 MHz, CDCl;): & = 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 + HJ* calcd for C33H,3N,0: 463.1810; found:
463.1791.

2-(4-Methoxyphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4j)
By following the general procedure, compound 4j was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
25:75) as a pale-yellow solid (64 mg, 67%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 178-180 °C.

IR (DCM): 3336, 2932, 1682, 1521, 1321 cm.

TH NMR (400 MHz, CDCl5): & = 10.02 (s, 1 H), 9.05 (d, J = 7.5 Hz, 1 H),
8.55-8.54 (m, 1 H), 8.48 (d, J = 9.2 Hz, 1 H), 8.26-8.22 (m, 3 H), 8.16
(d,J=9.1Hz, 2 H), 8.12-8.03 (m, 3 H), 7.75 (d, ] = 7.7 Hz, 2 H), 7.62 (t,
J=7.9Hz,1H),7.53(d,] = 8.2 Hz, 1 H), 7.33 (dd, | = 7.8 Hz, % = 4.0 Hz,
1H),6.91(d,J=7.8 Hz,2 H), 3.71 (s, 3 H).
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13C NMR (~101 MHz, CDCl,): & = 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 + HJ" calcd for C33H,3N,0,: 479.1760; found:
479.1775.

2-(3-Methoxyphenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide
(4k)

By following the general procedure, compound 4k was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (73 mg, 77%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 201-203 °C.
IR (CH,Cl,): 3337, 1665, 1516, 1482, 1324 cm™".

H NMR (400 MHz, CDCL,): & = 10.04 (s, 1 H), 9.03 (d, J = 7.6 Hz, 1 H),
8.55(d, J=3.9 Hz, 1 H), 8.50 (d, ] = 9.2 Hz, 1 H), 8.29 (s, 1 H), 8.23 (d,
J=7.6Hz, 2 H), 8.18-8.14 (m, 2 H), 8.11-8.03 (m, 3 H), 7.61 (t, ] = 7.9
Hz, 1H),7.52(d,] = 8.3 Hz, 1 H), 7.41-7.39 (m, 2 H), 7.33 (dd, ' = 8.0
Hz, 3 = 4.0 Hz, 1 H), 7.26-7.24 (m, 1 H), 6.77 (d, ] = 7.9 Hz, 1 H), 3.75
(s, 3 H).

13C NMR (~101 MHz, CDCl3): & = 168.3, 159.5, 148.0, 142.2, 1384,
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, 121.5, 116.7, 114.5, 113.9, 55.3.

HRMS (ESI): m/z [M + H]* calcd for C33Hy;3N,0,: 479.1760; found:
479.1780.

N-(Quinolin-8-yl)-2-(m-tolyl)pyrene-1-carboxamide (41)

By following the general procedure, compound 41 was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (57 mg, 84%, 0.15 mmol scale).

Ry=0.5 (EtOAc/hexane = 20:80); mp 186-188 °C.
IR (DCM): 3333, 1667, 1519, 1483, 1325 cm™".

H NMR (400 MHz, CDCl,): 8 = 10.01 (s, 1 H), 9.01 (d, J = 7.6 Hz, 1 H),
8.56 (d, /= 4.0 Hz, 1 H), 8.51 (d,J = 9.2 Hz, 1 H), 8.28 (s, 1 H), 8.26-8.23
(m, 2 H), 8.17 (d, J = 9.2 Hz, 2 H), 8.13-8.04 (m, 3 H), 7.63-7.59 (m, 3
H), 7.52 (d,] = 8.2 Hz, 1 H), 7.34 (dd, J = 8.2 Hz, 2 = 4.2 Hz, 1 H), 7.22
(t,J = 7.6 Hz, 1 H), 7.01 (d, ] = 7.6 Hz, 1 H), 2.30 (s, 3 H).

13C NMR (~101 MHz, CDCl3): & = 168.3, 148.0, 140.7, 1384, 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 + HJ* calcd for C33H,3N,0: 463.1810; found:
463.1827.

2-(3-Chlorophenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4m)
By following the general procedure, compound 4m was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (71 mg, 74%).

Ry=0.5 (EtOAc/hexane = 20:80); mp 218-220 °C.
IR (DCM): 3334, 2923, 1668, 1519, 1483 cm™.

TH NMR (500 MHz, CDCl,): 8 = 9.96 (s, 1 H), 8.95 (dd, J = 7.6 Hz, ] =
1.0 Hz, 1 H), 8.57 (dd, /= 4.1 Hz, 3 = 1.6 Hz, 1 H), 8.48 (d, J = 9.2 Hz, 1
H), 8.26-8.23 (m, 3 H), 8.19-8.16 (m, 2 H), 8.12-8.04 (m, 3 H), 7.80 (,
J=1.8Hz, 1H), 7.63-7.58 (m, 2 H), 7.52 (dd, J = 8.4 Hz, 2 = 1.1 Hz, 1
H), 7.35 (dd, J = 8.3 Hz, 2 = 4.2 Hz, 1 H), 7.18 (t, ] = 7.7 Hz, 1 H), 7.14-
7.12 (m, 1 H).

Special Topic

13C NMR (~126 MHz, CDCl,): & = 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]* calcd for C3,H,,CIN,O: 483.1264; found:
483.1261.

2-(3-Fluorophenyl)-N-(quinolin-8-yl)pyrene-1-carboxamide (4n)
By following the general procedure, compound 4n was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (61 mg, 66%).

Ry= 0.5 (EtOAc/hexane = 20:80), mp 217-219 °C.
IR (DCM): 3342, 1667, 1519, 1483, 1423 cm™".

H NMR (400 MHz, CDCl): & = 10.03 (s, 1 H), 9.00 (d, J = 7.6 Hz, 1 H),
8.54 (d, ] = 3.9 Hz, 1 H), 8.47 (d, J = 9.2 Hz, 1 H), 8.21-8.10 (m, 5 H),
8.06-8.01 (m, 3 H), 7.62-7.54 (m, 3 H), 7.50 (d, ] = 8.3 Hz, 1 H), 7.33-
7.25(m, 2 H), 6.91 (t, ] = 8.1 Hz, 1 H).

13C NMR (~101 MHz, CDCL,): & = 167.9, 162.7 (d, Jo_s = 245 Hz), 148.1,
143.0 (d, Jer = 5.3 Hz), 138.3, 136.1, 135.8 (d, Jcr = 1.5 Hz), 134.5,
131.9,131.3, 131.1, 130.7, 129.9 (d, Jc_¢ = 8.4 Hz), 129.2, 129.0, 128.8,
127.8,127.3,127.0, 126.5, 126.0, 125.8, 125.3 (d, J_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,
Jer=21.0 Hz).

HRMS (ESI): m/z [M + HJ* calcd for C3,H,0FN,0: 467.1560; found:
467.1574.

2-(5-Bromopyridin-2-yl)-N-(quinolin-8-yl)pyrene-1-carboxamide
(40)

By following the general procedure, compound 40 was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (61 mg, 58%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 115-117 °C.
IR (DCM): 3338, 2924, 1667, 1519, 1483 cm™".

H NMR (400 MHz, CDCl,): 8 = 10.13 (s, 1 H), 9.05 (d, J = 7.3 Hz, 1 H),
8.70 (d, J = 1.8 Hz, 1 H), 8.57-8.51 (m, 3 H), 8.27-8.06 (m, 7 H), 7.84
(d,J=8.4Hz, 1H),7.77 (dd, J= 8.4 Hz, %] = 2.2 Hz, 1 H), 7.67 (t, ] = 8.0
Hz, 1H),7.59 (d,J= 7.7 Hz, 1 H), 7.38 (dd, J = 8.3 Hz, § = 4.2 Hz, 1 H).

13C NMR (~101 MHz, CDCl;): & = 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 + HJ* calcd for C3;H;oBrN;0: 528.0711; found:
528.0685.

2-(6-Chloropyridin-3-yl)-N-(quinolin-8-yl)pyrene-1-carboxamide
(4p)

By following the general procedure, compound 4p was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (23 mg, 48%, 0.1 mmol scale).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 135-137 °C.

IR (DCM): 3344, 2917, 1682, 1536, 1332 cm.

'H NMR (400 MHz, DMSO-dg): 6 = 10.64 (s, 1 H), 8.78 (d, ] = 2.3 Hz, 1
H), 8.74 (dd, )J=4.2 Hz, ] = 1.5 Hz, 1 H), 8.62-8.60 (m, 1 H), 8.47 (s, 1
H), 8.43-8.30 (m, 7 H), 8.23 (dd, J=8.2 Hz,)/=2.5Hz, 1 H), 8.16 (,] =
7.6 Hz, 1 H), 7.79-7.77 (m, 1 H), 7.69-7.65 (m, 1 H), 7.60-7.57 (m, 2
H).
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13C NMR (~101 MHz, CDCl): & = 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, 1244,
124.2,124.1,123.8,122.5,121.7, 117.1.

HRMS (ESI): m/z [M + H]* calcd for C3;H;qCIN;0: 484.1217; found:
484.1205.

N-(Quinolin-8-yl)-2-(thiophen-2-yl)pyrene-1-carboxamide (4q)
By following the general procedure, compound 4q was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (48 mg, 54%).

Ry= 0.4 (EtOAc/hexane = 20:80), mp 221-223 °C.
IR (DCM): 3332, 2921, 1667, 1525, 1467 cm™".

H NMR (400 MHz, DMSO-dg): & = 10.54 (s, 1 H), 8.83 (d, ] = 7.4 Hz, 1
H),8.72(d,J = 4.0 Hz, 1 H), 8.56 (s, 1 H), 8.43-8.25 (m, 7 H), 8.16-8.15
(m, 1H), 7.79 (d, J = 8.2 Hz, 1 H), 7.74-7.72 (m, 1 H), 7.63-7.56 (m, 3
H), 7.12-7.10 (m, 1 H).

13C NMR (~101 MHz, DMSO-d,): & = 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]* calcd for C30H;oN,0S: 455.1218; found:
455.1199.

N-(10-(3-Methoxyphenyl)pyren-1-yl)picolinamide (5a)

By following the general procedure, compound 5a was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
25:75) as a brown solid (61 mg, 71%).

Ry= 0.3 (EtOAc/hexane = 20:80); mp 167-169 °C.
IR (DCM): 3475, 3352, 1667, 1602, 1517 cm™".

TH NMR (400 MHz, CDCl,): & = 9.86 (s, 1 H), 8.69 (d, J = 8.3 Hz, 1 H),
8.32-8.28 (m, 2 H), 8.18 (d, ] = 7.6 Hz, 2 H), 8.12-8.06 (m, 3 H), 8.04-
7.98 (m, 1 H), 7.94 (s, 1 H), 7.82 (t,J = 7.6 Hz, 1 H), 7.40-7.37 (m, 1 H),
7.15-7.11 (m, 3 H), 6.55-6.54 (m, 1 H), 3.74 (s, 3 H).

13C NMR (~101 MHz, CDCl;): & = 162.2, 159.6, 149.8, 147.4, 144.3,
137.1, 136.5, 131.3, 131.3, 130.3, 1294, 1294, 127.7, 126.6, 126.4,
126.3, 126.1, 126.0, 125.4, 124.8, 124.3, 124.0, 122.0, 121.8, 1214,
113.7,113.2, 55.1.

HRMS (ESI): m/z [M + HJ" calcd for CyoH,;N,0,: 429.1603; found:
429.1593.

N-(10-(m-Tolyl)pyren-1-yl)picolinamide (5b)

By following the general procedure, compound 5b was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (46 mg, 57%).

R;= 0.5 (EtOAc/hexane = 20:80); mp 167-169 °C.
IR (DCM): 3325, 3040, 1690, 1517, 1478 cm™.

H NMR (400 MHz, CDCl,): & = 9.80 (s, 1 H), 8.71 (d, J = 8.4 Hz, 1 H),
8.31-8.26 (m, 2 H), 8.20-8.18 (m, 2 H), 8.12-8.05 (m, 3 H), 8.01 (t, ] =
7.6 Hz, 1 H), 7.93 (s, 1 H), 7.81 (td, I = 7.7 Hz, 2 = 1.1 Hz, 1 H), 7.39-
7.36 (m,3 H),7.14(t,J= 7.6 Hz, 1 H), 6.81 (d, ] = 7.6 Hz, 1 H), 2.24 (s, 3
H).

13C NMR (~101 MHz, CDCly): & = 162.1, 149.8, 147.3, 142.9, 137.9,
137.0, 136.8, 131.4, 131.3, 1304, 129.7, 1294, 128.3, 127.8, 127.6,
126.6, 126.5, 1263, 126.1, 126.0, 125.9, 125.3, 124.7, 124.3, 124.0,
122.1,121.9,21.3.

Special Topic

HRMS (ESI): m/z [M + HJ* calcd for C,gH,;N,0: 413.1654; found:
413.1639.

N-(10-(3-Fluorophenyl)pyren-1-yl)picolinamide (5c)

By following the general procedure, compound 5b was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (47 mg, 57%).

Ry= 0.5 (EtOAc/hexane = 20:80), mp 195-197 °C.
IR (DCM): 3328, 2921, 1671, 1521, 1486 cm™".

TH NMR (400 MHz, CDCl,): & = 9.80 (s, 1 H), 8.70 (d, J = 8.4 Hz, 1 H),
8.35-8.34 (m, 1 H), 8.30 (d, J = 8.4 Hz, 1 H), 8.22-8.18 (m, 2 H), 8.13-
8.00 (m, 4 H), 7.92 (s, 1 H), 7.84 (td, I = 7.7 Hz, J = 1.7 Hz, 1 H), 7.43-
7.36 (m, 2 H), 7.25-7.23 (m, 1 H), 7.16-7.10 (m, 1 H), 6.73-6.68 (m, 1
H).

13C NMR (~101 MHz, CDCly): 8 = 162.9 (d, Jos = 245.2 Hz), 162.0,
149.6, 147.4, 1452 (d, Jo_; = 7.8 Hz), 137.2, 135.2 (d, Jos = 1.7 Hz),
131.6,131.3, 131.2, 130.1, 129.7 (d, Jo_s = 8.5 Hz), 129.4, 127.8, 126.6,
126.4, 126.3, 126.2, 125.7, 125.1, 125.0 (d, J_¢ = 2.8 Hz), 124.9, 1244,
123.9,122.0, 121.8, 115.9 (d, J_ = 21.8 Hz), 113.5 (Jo_s = 20.8 Hz).

HRMS (ESI): m/z [M + H]* calcd for C,gH;sFN,0O: 417.1403; found:
417.1393.

Ethyl 3-(3-(Picolinamido)pyren-4-yl)benzoate (5d)
By following the general procedure, compound 5d was obtained after

purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (59 mg, 63%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 157-159 °C.
IR (DCM): 3328, 2921, 1671, 1521, 1486 cm™".

H NMR (400 MHz, CDCl,): & = 9.72 (s, 1 H), 8.68 (d, ] = 8.4 Hz, 1 H),
8.36-8.31(m, 2 H), 8.23 (d,J = 7.3 Hz, 1 H), 8.18-8.09 (m, 5 H), 8.04 (t,
J=7.6Hz, 1H),7.96(s, 1 H),7.81 (td, )J = 7.7 Hz, 5] = 1.6 Hz, 1 H), 7.71
(d,J = 7.8 Hz, 1 H), 7.66-7.64 (m, 1 H), 7.39-7.36 (m, 1 H), 7.24 (t,] =
7.7 Hz, 1 H), 4.45-4.39 (m, 2 H), 1.43 (t,/ = 7.1 Hz, 3 H).

13C NMR (~101 MHz, CDCl): & = 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, 1244,
124.1,121.9,121.9, 61.01, 14.5.

HRMS (ESI): m/z [M + HJ* calcd for C3;H,3N,05: 471.1709; found:
471.1716.

N-(10-(3-Acetylphenyl)pyren-1-yl)picolinamide (5e)

By following the general procedure, compound 5e was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (52 mg, 59%).

R;= 0.3 (EtOAc/hexane = 20:80); mp 168-170 °C.
IR (DCM): 3440, 1686, 1602, 1513, 1248 cm™".

TH NMR (400 MHz, DMSO-dg): & = 10.03 (s, 1 H), 8.42 (d, ] = 8.3 Hz, 1
H), 8.36-8.21 (m, 6 H), 8.1 (t, J = 7.6 Hz, 1 H), 8.01 (s, 1 H), 7.99 (s, 1
H), 7.93-7.86 (m, 2 H), 7.67 (d, J = 7.5 Hz, 1 H), 7.56-7.53 (m, 1 H),
7.41(d,J=7.9 Hz, 1H), 7.28 (t, ] = 7.7 Hz, 1 H), 2.46 (s, 3 H).

13C NMR (~101 MHz, CDCL): & = 197.9, 161.8, 149.3, 147.4, 1434,
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, 1262, 125.7, 125.0,
124.6,124.3,122.2,121.8, 26.7.

HRMS (ESI): m/z [M + H]* calcd for C30H,;N,0,: 441.1603; found:
441.1589.
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N-(10-(4-Methoxyphenyl)pyren-1-yl)picolinamide (5f)

By following the general procedure, compound 5f was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (42 mg, 50%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 171-173 °C.
IR (CH,Cl,): 3396, 2951, 1678, 1556, 1514 cm™.

1H NMR (500 MHz, CDCl,): & = 9.98 (s, 1 H), 8.80 (d, J = 8.4 Hz, 1 H),
8.32-8.29 (m, 2 H), 8.22-8.19 (m, 2 H), 8.15-8.01 (m, 4 H), 7.95 (s, 1
H), 7.87-7.83 (m, 1 H), 7.51 (d, J = 8.8 Hz, 2 H), 7.41-7.38 (m, 1 H),
6.81(d,J = 8.4 Hz, 2 H), 3.63 (s, 3 H).

13C NMR (~101 MHz, CDCl,): & = 162.0, 159.0, 150.0, 147.5, 137.0,
136.2, 135.2, 131.6, 131.5, 131.3, 1304, 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 + HJ" calcd for CyH,;N,0,: 429.1603; found:
429.1588.

N-(10-(p-Tolyl)pyren-1-yl)picolinamide (5g)

By following the general procedure, compound 5g was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (51 mg, 62%).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 158-160 °C.

IR (DCM): 3348, 3048, 1682, 1521, 1325 cm™".

'H NMR (400 MHz, CDCl;): & = 9.88 (s, 1 H), 8.75 (d, ] = 8.4 Hz, 1 H),
8.31-8.26 (m, 2 H), 8.19(d,J=7.7 Hz, 2 H), 8.13-8.05 (m, 3 H), 8.01 (t,
J=7.6Hz, 1H),7.93 (s, 1H),7.8 (td, |J=7.7 Hz, ) = 1.6 Hz, 1 H), 7.46
(d,J=8.0 Hz, 2 H), 7.38-7.35 (m, 1 H), 7.06 (d, ] = 7.8 Hz, 2 H), 2.13 (s,
3 H).

13C NMR (~101 MHz, CDCl;): & = 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 + HJ" caled for CyH;N,0: 413.1654; found:
413.1669.

N-(10-(4-Ethoxyphenyl)pyren-1-yl)picolinamide (5h)

By following the general procedure, compound 5h was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (53 mg, 61%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 148-150 °C.

IR (DCM): 3296, 2926, 1674, 1511, 1495 cm.

H NMR (400 MHz, CDCL;): & = 9.97 (s, 1 H), 8.79 (d, J = 8.4 Hz, 1 H),
8.30-8.29 (m, 2 H), 8.19-8.17 (m, 2 H), 8.12-7.99 (m, 4 H), 7.93 (s, 1
H), 7.84- 8.0 (m, 1 H), 7.47 (d,J = 8.6 Hz, 2 H), 7.38-7.35 (m, 1 H), 6.77
(d,J=8.6Hz,2 H),3.78(q,J =7.0Hz, 2 H), 1.35(t,J = 7.0 Hz, 3 H).

13C NMR (~101 MHz, CDCl;): & = 162.0, 158.4, 150.0, 147.5, 137.0,
136.3, 135.0, 131.6, 131.5, 131.3, 1304, 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 + HJ" calcd for C30H,3N,0,: 443.1760; found:
443.1775.

N-(10-Phenylpyren-1-yl)picolinamide (5i)

By following the general procedure, compound 5i was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (48 mg, 60%).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 167-169 °C.

Special Topic

IR (DCM): 3347, 2923, 1678, 1511, 839 cm™.

TH NMR (400 MHz, CDCl,): & = 9.85 (s, 1 H), 8.75 (d, J = 8.4 Hz, 1 H),
8.31(d,J = 8.4 Hz, 1 H), 8.25 (d, J = 4.6 Hz, 1 H), 8.22-8.00 (m, 6 H),
7.94 (s, 1H),7.81 (td, = 7.6 Hz, J = 1.4 Hz, 1 H), 7.57 (d, ] = 7.3 Hz, 2
H),7.38 -7.35 (m, 1 H), 7.28-7.24 (m, 2 H), 7.04 (t, ] = 7.5 Hz, 1 H).

13C NMR (~101 MHz, CDCL): & = 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, 1265, 126.3, 126.1, 125.9, 125.4, 124.8, 124.3, 123.6, 1219,
121.7.

HRMS (ESI): m/z [M + HJ" calcd for C,gH;oN,0: 399.1497; found:
399.1511.

N-(10-(4-Acetylphenyl)pyren-1-yl)picolinamide (5j)

By following the general procedure, 5j was obtained after purification
by column chromatography on silica gel (EtOAc/hexane = 25:75) as a
brown solid (54 mg, 61%).

Ry=0.3 (EtOAc/hexane = 20:80); mp 158-160 °C.
IR (DCM): 3452, 3344, 1682, 1605, 1517 cm.

H NMR (400 MHz, CDCl,): & = 9.54 (s, 1 H), 8.56 (d, J = 8.3 Hz, 1 H),
8.25(d, J = 8.3 Hz, 1 H), 8.18-8.13 (m, 3 H), 8.09-8.04 (m, 3 H), 8.00-
7.98 (m, 1 H), 7.87 (s, 1 H), 7.79-7.76 (m, 3 H), 7.57 (d, J = 7.8 Hz, 2 H),
7.30-7.28 (m, 1 H), 2.36 (s, 1 H).

13C NMR (~101 MHz, CDCl): & = 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 + HJ* calcd for C;0H,;N,0,: 441.1603; found:
441.1624.

Methyl 4-(3-(Picolinamido)pyren-4-yl)benzoate (5k)

By following the general procedure, compound 5k was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
25:75) as a brown solid (58 mg, 64%).

Ry= 0.3 (EtOAc/hexane = 20:80), mp 125-127 °C.

IR (DCM): 3500, 1716, 1678, 1512, 1434 cm™".

'H NMR (400 MHz, CDCl;): 8 = 9.59 (s, 1 H), 8.61 (d, J = 8.3 Hz, 1 H),
8.29(d,J=8.4Hz, 1 H), 8.22-8.20 (m, 2 H), 8.15-8.05 (m, 4 H), 8.02 (t,
J=7.6Hz,1H),7.92 (s, 1H),7.88 (d,J = 8.3 Hz, 2H), 7.79 (td, '] = 7.6
Hz, %/ = 1.6 Hz, 1 H), 7.60 (d, J = 8.2 Hz, 2 H), 7.32-7.28 (m, 1 H), 3.87
(s,3H).

13C NMR (~101 MHz, CDCl;): & = 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, 1244,
122.0,121.9,51.9.

HRMS (ESI): m/z [M + HJ* calcd for C30H,;N,05: 457.1552; found:
457.1535.

N-(10-(4-Cyanophenyl)pyren-1-yl)picolinamide (51)

By following the general procedure, compound 51 was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (47 mg, 56%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 213-215 °C.

IR (DCM): 3322, 2924, 2226, 1679, 1513 cm.

'H NMR (400 MHz, CDCl;): & = 9.54 (s, 1 H), 8.56 (d, J = 8.3 Hz, 1 H),
8.35-8.32 (m, 2 H), 8.26 (d,J= 7.5 Hz, 1 H), 8.19-8.10 (m, 4 H), 8.06 (t,
J=7.6Hz, 1H),7.93-7.89 (m, 2 H), 7.65 (d, ] = 8.3 Hz, 2 H), 7.53-7.48
(m, 3 H).
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13C NMR (~101 MHz, CDCl): & = 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 + HJ* calcd for C,gH;gN;0: 424.1450; found:
424.1467.

N-(10-(4-Chlorophenyl)pyren-1-yl)picolinamide (5m)

By following the general procedure, 5m was obtained after purifica-
tion by column chromatography on silica gel (EtOAc/hexane = 20:80)
as a brown solid (37 mg, 58%, 0.15 mmol scale).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 200-202 °C.
IR (DCM): 3440, 3332, 1678, 1517, 1486 cm™".

H NMR (400 MHz, DMSO-dg): & = 10.04 (s, 1 H), 8.44-8.40 (m, 3 H),
8.33(d,J = 7.5 Hz, 1 H), 8.28 (d, J = 7.5 Hz, 1 H), 8.25-8.19 (m, 2 H),
8.09 (t,] = 7.6 Hz, 1 H), 7.99-7.97 (m, 3 H), 7.62-7.58 (m, 1 H), 7.44 (d,
J=8.2Hz, 2 H),7.21(d,] = 8.2 Hz, 2 H).

13C NMR (~101 MHz, CDCl3): & = 162.0, 149.5, 147.7, 141.5, 137.2,
1354, 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 + HJ* calcd for C,gH;gCIN,0: 433.1108; found:
433.1100.

N-(10-(4-Bromophenyl)pyren-1-yl)picolinamide (5n)
By following the general procedure, compound 5n was obtained after

purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (50 mg, 53%).

Ry=0.5 (EtOAc/hexane = 20:80); mp 165-167 °C.

IR (DCM): 3325, 2959, 1678, 1521, 1467 cm™".

'H NMR (400 MHz, DMSO-dg): 8 = 10.08 (s, 1 H), 8.46-8.29 (m, 6 H),
8.26-8.21 (m, 2 H), 8.11 (t,] = 7.6 Hz, 1 H), 8.00-7.96 (m, 3 H), 7.63-
7.60 (m, 1 H),7.39(d,J=8.4Hz,2 H), 7.35(d, ] = 8.4 Hz, 2 H).

13C NMR (~126 MHz, CDCl;): 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 + HJ* calcd for C,gH;sBrN,0: 477.0603; found:
477.0607.

N-(10-(3,5-Dimethylphenyl)pyren-1-yl)picolinamide (50)

By following the general procedure, compound 50 was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (38 mg, 45%).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 165-167 °C.

IR (DCM): 3313, 1678, 1511, 1434, 840 cm™.

'H NMR (400 MHz, CDCl;): 8 = 9.75 (s, 1 H), 8.65 (d, J = 8.4 Hz, 1 H),
8.31-8.28 (m, 2 H), 8.19 (d, J = 7.4 Hz, 2 H), 8.13-8.06 (m, 3 H), 8.01 (t,
J=7.6Hz, 1H),793 (s, 1H), 783 (td, J=7.7 Hz, 1 H, ¥ = 1.6 Hz),
7.41-7.38 (m, 1 H), 7.16 (s, 2 H), 6.59 (s, 1 H), 2.20 (s, 6 H).

13C NMR (~101 MHz, CDCl3): & = 162.1, 149.8, 147.2, 142.9, 137.8,
136.9, 1314, 131.3, 131.1, 130.4, 129.5, 1284, 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]" calcd for C30H,3N,0: 427.1810; found:
427.1826.

Special Topic

N-(10-(3,4-Dimethylphenyl)pyren-1-yl)picolinamide (5p)

By following the general procedure, compound 5p was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (55 mg, 65%).

Ry=0.5 (EtOAc/hexane = 20:80); mp 148-150 °C.
IR (DCM): 3428, 1686, 1590, 1517, 1128 cm™".

TH NMR (400 MHz, DMSO-dg): & = 9.88 (s, 1 H), 8.44-8.38 (m, 2 H),
8.33-8.18 (m, 5 H), 8.08 (t, ] = 7.6 Hz, 1 H), 7.98-7.95 (m, 3 H), 7.59-
7.55 (m, 1 H), 7.19 (s, 1 H), 7.15-7.12 (m, 1 H), 6.92 (d, J = 7.6 Hz, 1 H),
2.04 (s, 3 H), 1.90 (s, 3 H).

13C NMR (~101 MHz, CDCl,): & = 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 + HJ* calcd for C3H,3N,0: 427.1810; found:
427.1801.

N-(10-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)pyren-1-yl)picolin-
amide (5q)

By following the general procedure, compound 5¢q was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (56 mg, 62%).

Ry= 0.3 (EtOAc/hexane = 20:80); mp 192-194 °C.
IR (DCM): 3448, 2925, 1686, 1517, 1252 cm™".

TH NMR (400 MHz, CDCL,): & = 10.06 (s, 1 H), 8.79 (d, J = 8.3 Hz, 1 H),
8.43-8.42 (m, 1 H), 8.30-8.23 (m, 2 H), 8.18 (d, J = 7.1 Hz, 1 H), 8.11-
7.98 (m, 4 H), 7.92 (s, 1 H), 7.86 (t, '/ = 7.7 Hz, 1 H, ¥ = 1.6 Hz), 7.44-
7.41 (m, 1 H), 7.10-7.06 (m, 2 H), 6.84 (d, J = 8.0 Hz, 1 H), 4.20-4.13
(m, 2 H), 3.98-3.91 (m, 2 H).

13C NMR (~101 MHz, CDCl): & = 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 + HJ* calcd for C30H,;N,05: 457.1552; found:
457.1541.

N-(10-(6-Chloropyridin-3-yl)pyren-1-yl)picolinamide (5r)

By following the general procedure, compound 5r was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
25:75) as a brown solid (36 mg, 42%).

Ry= 0.3 (EtOAc/hexane = 20:80), mp 194-196 °C.
IR (DCM): 3323, 1678, 1513, 1274, 842 cm™".

TH NMR (400 MHz, CDCly): § = 9.72 (s, 1 H), 8.72 (s, 1 H), 8.65 (d, ] =
8.3 Hz, 1H),8.43(d,J = 4.4 Hz, 1 H), 8.23-8.17 (m, 3 H), 8.09-7.97 (m,
4H),7.88 (t,]= 7.6 Hz, 1 H), 7.81 (s, 1 H), 7.56 (d, ] = 8.1 Hz, 1 H), 7.47
(t,J=6.2Hz, 1H) 6.99(d,J = 8.2 Hz, 1 H).

13C NMR (~101 MHz, CDCLy): & = 161.6, 150.1, 149.1, 148.4, 148.0,
139.4, 137.6, 137.5, 1323, 131.3, 131.2, 130.7, 129.8, 129.4, 127.7,
126.7, 126.6, 126.5, 1263, 126.1, 125.2, 124.4, 123.7, 123.4, 122.0,
121.3.

HRMS (ESI): m/z [M + HJ* calcd for C,;H;;CIN;0: 434.1060; found:
434.1045.

N-(10-(5-Bromopyridin-2-yl)pyren-1-yl)picolinamide (5s)

By following the general procedure, compound 5s was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
25:75) as a brown solid (48 mg, 51%).
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Ry= 0.3 (EtOAc/hexane = 20:80), mp 175-177 °C.
IR (DCM): 3344, 2936, 1682, 1521, 1236 cm™.

H NMR (400 MHz, CDCl,): 8 = 9.80 (s, 1 H), 8.80-8.79 (m, 1 H), 8.50-
8.47 (m, 2 H), 8.33 (d, ] = 8.3 Hz, 1 H), 8.26 (d, J = 7.6 Hz, 1 H), 8.19-
8.12 (m, 4 H), 8.10-8.03 (m, 2 H), 7.87 (td, ' = 7.7 Hz, % = 1.6 Hz, 1 H),
7.60 (dd, 'J = 8.4 Hz, 3 = 2.4 Hz, 1 H), 7.49-7.45 (m, 1 H), 7.42 (d, J =
8.3 Hz, 1 H).

13C NMR (~101 MHz, CDCl3): & = 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 + HJ* calcd for C,;H;;BrN;0: 478.0555; found:
478.0538.

N-(10-(Thiophen-2-yl)pyren-1-yl)picolinamide (5t)

By following the general procedure, compound 5t was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (57 mg, 71%).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 148-150 °C.
IR (DCM): 3428, 2932, 1675, 1513, 1321 cm.

H NMR (400 MHz, CDCl,): 8 = 10.31 (s, 1 H), 8.84 (d, J = 8.4 Hz, 1 H),
8.41(d,J=4.3 Hz,1H),8.32(d,J=8.4 Hz, 1 H),8.23 (d,] = 7.6 Hz, 2 H),
8.15-8.01 (m, 5 H), 7.88-7.84 (m, 1 H), 7.44-7.41 (m, 1 H), 7.25 (dd,
1= 7.6 Hz, 2 = 0.9 Hz, 1 H), 7.17 (dd, J = 5.2 Hz, 2] = 0.9 Hz, 1 H), 6.91
(dd, = 5.2 Hz, 3 = 3.6 Hz, 1 H).

13C NMR (~101 MHz, CDCL): & = 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]" calcd for C,H;;N,0S: 405.1062; found:
405.1073.

2-(4-Methoxyphenyl)-N-(2-(methylthio)phenyl)pyrene-1-carbox-
amide (6a)

By following the general procedure, compound 6a was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (53 mg, 56%).

Ry= 0.4 (EtOAc/hexane = 20:80); mp 151-153 °C.

IR (DCM): 3348, 2925, 1667, 1582, 1509 cm™".

TH NMR (400 MHz, CDCl,): & = 8.58 (d, J = 8.1 Hz, 1 H), 8.49 (s, 1 H),
8.44 (d,J =9.2 Hz, 1 H), 8.25-8.04 (m, 7 H), 7.76 (d, J = 8.6 Hz, 2 H),
7.46-7.38 (m, 2 H), 7.14-7.10 (m, 1 H), 7.02 (d, ] = 8.6 Hz, 2 H), 3.83 (s,
3 H),2.05 (s, 3 H).

13C NMR (~101 MHz, CDCl;): & = 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]" calcd for C;;H,4NO,S: 474.1528; found:
474.1538.

N-(2-(Methylthio)phenyl)-2-(thiophen-2-yl)pyrene-1-carbox-
amide (6b)

By following the general procedure, compound 6b was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a brown solid (51 mg, 57%).

Ry= 0.5 (EtOAc/hexane = 20:80), mp 167-169 °C.
IR (DCM): 3336, 2921, 1678, 1509, 1428 cm™".

Special Topic

TH NMR (400 MHz, CDCL,): § = 8.69-8.64 (m, 2 H), 8.39-8.36 (mn, 2 H),
8.28-8.25 (m, 2 H), 8.21-8.19 (m, 2 H), 8.14-8.06 (m, 2 H), 7.55 (d, J =
3.1 Hz, 1 H), 7.50-7.41 (m, 3 H), 7.17-7.12 (m, 2 H), 2.08 (s, 3 H).

13C NMR (~101 MHz, DMSO-dg): & = 168.2, 141.9, 135.6, 135.1, 132.3,
1314, 131.2, 130.7, 129.7, 129.2, 129.1, 128.4, 128.0, 128.0, 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]* calcd for C,gH,)NOS,: 450.0986; found:
450.0999.

N-(tert-Butyl)-9-(p-tolyl)pyrene-1-carboxamide (8a)
By following the general procedure, compound 8a was obtained after

purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (41 mg, 53%).

Ry= 0.5 (EtOAc/hexane = 20:80); mp 161-163 °C.
IR (DCM): 3259, 2959, 1675, 1632, 1540 cm™".

TH NMR (400 MHz, CDCl,): & = 8.50 (s, 1 H), 8.30 (d, J = 7.9 Hz, 1 H),
8.25(d,J= 7.6 Hz, 1 H), 8.16-8.13 (m, 2 H), 8.10-8.06 (m, 2 H), 7.99 (¢,
J=7.8Hz 1H), 7.59 (d,J = 7.9 Hz, 2 H), 7.40 (d, = 7.8 Hz, 2 H), 6.00-
5.99 (m, 1 H), 2.54 (s, 3 H), 1.59 (s, 9 H).

13C NMR (~101 MHz, CDCl,): & = 169.6, 140.6, 137.9, 137.3, 132.6,
132.1, 1314, 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]* calcd for C,gH,6NO: 392.2014; found:
392.1998.

N-(tert-Butyl)-9-phenylpyrene-1-carboxamide (8b)

By following the general procedure, compound 8b was obtained after
purification by column chromatography on silica gel (EtOAc/hexane =
20:80) as a pale-yellow solid (41 mg, 55%).

Ry=0.5 (EtOAc/hexane = 20:80); mp 158-160 °C.
IR (DCM): 3340, 2925, 1707, 1673, 1518 cm™".

H NMR (400 MHz, CDCl,): 8 = 8.51 (s, 1 H), 8.27-8.22 (m, 2 H), 8.14-
7.97 (m, 5 H), 7.69 (d, ] = 7.1 Hz, 2 H), 7.60 (t, ] = 7.6 Hz, 2 H), 7.54 (d,
J=7.2Hz,1H),6.08 (s, 1 H), 1.59 (s, 9 H).

13C NMR (~101 MHz, CDCl;): & = 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 + HJ* caled for C,;H,,NO: 378.1858; found:
378.1845.

2-Butyl-N-(quinolin-8-yl)pyrene-1-carboxamide (10a)

By following the general procedure, compound 10a was obtained
after purification by column chromatography on silica gel (EtOAc/
hexane = 20:80) as a pale-yellow solid (41 mg, 70%, 0.14 mmol scale).

Ry=0.5 (EtOAc/hexane = 20:80); mp 167-169 °C.
IR (DCM): 3342, 2954, 1667, 1515, 1479 cm.

H NMR (400 MHz, CDCl5): & = 10.29 (s, 1 H), 9.23 (dd, J= 7.6 Hz, 2 =
1.2 Hz, 1 H), 8.64 (dd, 'J=4.2 Hz, 3 = 1.6 Hz, 1 H), 8.27 (d, = 9.2 Hz, 1
H), 8.24-8.19 (m, 3 H), 8.15-8.07 (m, 4 H), 8.02 (t,] = 7.6 Hz, 1 H), 7.73
(t,J=8.1Hz, 1 H),7.65(dd, J =83 Hz, = 1.2 Hz, 1 H), 7.43 (dd, \J =
8.3 Hz, 2 = 4.2 Hz, 1 H), 3.21 (t, ] = 8.0 Hz, 2 H), 1.98-1.90 (m, 2 H),
1.48-1.41 (m, 2 H), 0.9 (t,J = 7.3 Hz, 3 H).

13C NMR (~126 MHz, CDCL,): & = 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, 1217,
34.3,33.9,22.8, 14.0.

© 2021. Thieme. All rights reserved. Synthesis 2021, 53, 3307-3324

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



3321

A. Dalal, S. Arulananda Babu

HRMS (ESI): m/z [M + H]* calcd for C;yH,5N,0: 429.1967; found:
429.1948.

2-Pentyl-N-(quinolin-8-yl)pyrene-1-carboxamide (10b)

By following the general procedure, compound 10b was obtained
after purification by column chromatography on silica gel (EtOAc/
hexane = 20:80) as a pale-yellow solid (31 mg, 71%, 0.1 mmol scale).

R;= 0.6 (EtOAc/hexane = 20:80); mp 148-150 °C.
IR (DCM): 3343, 2926, 1669, 1515, 1480 cm™".

TH NMR (400 MHz, CDCl,): 8 = 10.28 (s, 1 H), 9.23 (dd, !J = 7.6 Hz, 2] =
1.1 Hz, 1 H), 8.64 (dd, 'J= 4.2 Hz, ¥ = 1.6 Hz, 1 H), 8.28-8.19 (m, 4 H),
8.15-8.01 (m, 4 H), 8.03 (t,J = 7.6 Hz, 1 H), 7.73 (t,] = 7.8 Hz, 1 H), 7.64
(dd, )J= 8.3 Hz, 2/ = 1.1 Hz, 1 H), 7.2 (dd, J = 8.3 Hz, ] = 4.2 Hz, 1 H),
3.20(t,J = 7.8 Hz, 2 H), 1.97-1.92 (m, 2 H), 1.42-1.28 (m, 4 H), 0.82 (t,
J=7.2Hz, 3 H).

13C NMR (~126 MHz, CDCLy): & = 167.7, 147.3, 137.5, 136.3, 135.3,
133.6, 1314, 130.8, 129.9, 129.5, 127.5, 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]* calcd for C;;H,;N,0: 443.2123; found:
443.2107.

2-Heptyl-N-(quinolin-8-yl)pyrene-1-carboxamide (10c)

By following the general procedure, compound 10c was obtained
after purification by column chromatography on silica gel (EtOAc/
hexane = 10:80) as a pale-yellow solid (52 mg, 74%, 0.15 mmol scale).

Ry=0.7 (EtOAc/hexane = 20:80); mp 108-110 °C.
IR (DCM): 3346, 2925, 1707, 1673, 1518 cm™".

H NMR (400 MHz, CDCl5): & = 1032 (s, 1 H), 9.26 (dd, = 7.6 Hz, 2 =
1.2 Hz, 1 H), 8.63 (dd, 'J=4.2 Hz, 3 = 1.6 Hz, 1 H), 8.29 (d, = 9.2 Hz, 1
H), 8.22-8.16 (m, 3 H), 8.14-8.00 (m, 5 H), 7.73 (t,] = 8.1 Hz, 1 H), 7.63
(dd, = 8.3 Hz, 3 = 1.2 Hz, 1 H), 7.40 (dd, 'J = 8.3 Hz, 3] = 4.2 Hz, 1 H),
3.22 (t,] = 8.0 Hz, 2 H), 1.98-1.92 (m, 2 H), 1.46-1.38 (m, 2 H), 1.32-
1.25 (m, 2 H), 1.22-1.16 (m, 4 H), 0.8 (t, 3 H, ] = 6.8 Hz).

13C NMR (~101 MHz, CDCl3): & = 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 + HJ" calcd for Cs3H3N,0: 471.2436; found:
471.2423.

2-0Octyl-N-(quinolin-8-yl)pyrene-1-carboxamide (10d)

By following the general procedure, compound 10d was obtained
after purification by column chromatography on silica gel (EtOAc/
hexane = 10:90) as a pale-yellow solid (35 mg, 73%, 0.1 mmol scale).

Ry=0.7 (EtOAc/hexane = 20:80); mp 152-154 °C.
IR (DCM): 3359, 2932, 1655, 1528, 1475 cm.

H NMR (400 MHz, DMSO-d;): & = 10.44 (s, 1 H), 8.92 (dd, J = 7.5 Hz,
2J=1.1Hz, 1H),8.76 (dd, '/ = 4.2 Hz, % = 1.6 Hz, 1 H), 8.48 (dd, J = 8.3
Hz,?J=1.5Hz, 1 H), 8.37-8.31 (m, 3 H), 8.28-8.16 (m, 4 H), 8.11 (t, ] =
7.6 Hz, 1 H), 7.84 (dd, '] = 8.3 Hz, J = 1.1 Hz, 1 H), 7.79-7.75 (m, 1 H),
7.62 (dd,j = 8.2 Hz, 2] = 4.2 Hz, 1 H), 3.12-3.08 (m, 2 H), 1.86-1.82 (m,
2 H), 1.34-0.97 (m, 10 H), 0.71 (t, ] = 7.2 Hz, 3 H).

13C NMR (~101 MHz, CDCL): & = 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, 1169,
34.2,32.2,31.8,29.7,29.4,29.2, 22.6, 14.1.

Special Topic

HRMS (ESI): m/z [M + HJ* calcd for C34H;3N,0: 485.2593; found:
485.2571.

N-(10-Butylpyren-1-yl)picolinamide (11a)

By following the general procedure, compound 11a was obtained
after purification by column chromatography on silica gel (EtOAc/
hexane = 15:85) as a brown solid (51 mg, 68%).

Ry= 0.6 (EtOAc/hexane = 20:80); mp 144-146 °C.
IR (DCM): 3396, 2951, 1678, 1556, 1514 cm™".

'H NMR (400 MHz, CDCl;): 6 = 10.8 (s, 1 H), 8.72 (d, J=4.3 Hz, 1 H
8.53(d,J=8.3Hz, 1H),845(d,J=7.8Hz,1H),823(d,J=8.3Hz,1H),
8.16-8.13 (m, 1 H), 8.08-8.03 (m, 3 H), 8.01-7.96 (m, 2 H), 7.91 (s, 1
H), 7.56-7.53 (m, 1 H), 3.48 (t,J = 7.9 Hz, 2 H), 1.78-1.72 (m, 2 H),
1.32-1.26 (m, 2 H), 0.84 (t, ] = 7.4 Hz, 3 H).

13C NMR (~101 MHz, CDCl;): & = 162.5, 150.2, 148.1, 137.7, 136.5,
131.2, 130.9, 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 + HJ" caled for C,gH,3N,0: 379.1810; found:
379.1794.

= =

N-(10-Pentylpyren-1-yl)picolinamide (11b)

By following the general procedure, compound 11b was obtained
after purification by column chromatography on silica gel (EtOAc/
hexane = 20:80) as a brown solid (69 mg, 88%).

Ry=0.5 (EtOAc/hexane = 20:80); mp 128-130 °C.
IR (DCM): 3352, 2936, 1686, 1513, 1325 cm.

H NMR (400 MHz, CDCl,): & = 10.79 (s, 1 H), 8.74-8.73 (m, 1 H), 8.53
(d,J =83 Hz, 1 H), 846 (d, J = 7.8 Hz, 1 H), 825 (d, J = 8.3 Hz, 1 H),
8.17-8.15 (m, 1 H), 8.11-8.05 (m, 3 H), 8.02-7.97 (m, 2 H), 7.94 (s, 1
H), 7.59-7.56 (m, 1 H), 3.50 (t, J = 8.0 Hz, 2 H), 1.80-1.76 (m, 2 H),
1.28-1.22 (m, 4 H), 0.78 (t,] = 6.9 Hz, 3 H).

13C NMR (~101 MHgz, CDCl3): & = 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]" calcd for C,;H,sN,0: 393.1967; found:
393.1957.

N-(10-Heptylpyren-1-yl)picolinamide (11c)
By following the general procedure, compound 11c was obtained

after purification by column chromatography on silica gel (EtOAc/
hexane = 20:80) as a brown solid (48 mg, 58%).

Ry= 0.6 (EtOAc/hexane = 20:80); mp 132-134 °C.
IR (DCM): 3375, 2928, 1690, 1517, 1321 cm.

H NMR (400 MHz, CDCl,): 8 = 10.77 (s, 1 H), 8.73 (d, J = 4.6 Hz, 1 H),
8.52(d,J=8.2 Hz, 1 H), 8.46 (d, ] = 7.8 Hz, 1 H), 8.24 (d, ] = 8.2 Hz, 1 H),
8.15(d,J = 7.5 Hz, 1 H), 8.09-8.06 (m, 3 H), 8.01-7.97 (m, 2 H), 7.92 (s,
1 H), 7.58-7.55 (m, 1 H), 3.48 (t, ] = 7.8 Hz, 2 H), 1.78-1.74 (m, 2 H),
1.22-1.13 (m, 8 H), 0.84 (t, ] = 7.1 Hz, 3 H).

13C NMR (~101 MHz, CDCly): & = 162.5, 150.2, 148.1, 137.8, 136.6,
131.2, 1309, 130.8, 1302, 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 + HJ* caled for C,qH,9N,0: 421.2280; found:
421.2265.
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10-(4-Methoxyphenyl)pyren-1-amine (12a)

By following the general procedure, compound 12a was obtained
after purification by column chromatography on silica gel (EtOAc/
hexane = 5:95) as a brown solid (27 mg, 56%, 0.15 mmol scale).

Ry= 0.8 (EtOAc/hexane = 20:80); mp 134-136 °C.

IR (DCM): 3484, 3386, 1601, 1510, 1450 cm.

H NMR (400 MHz, CDCl,): & = 8.07-7.91 (m, 5 H), 7.84 (d, J = 8.7 Hz, 1
H), 7.72 (s, 1 H), 7.54 (d, J = 7.9 Hz, 2 H), 7.23 (d, ] = 8.2 Hz, 1 H), 7.07
(d,J=7.9 Hz, 2 H), 3.94 (s, 3 H). The NH, signal could not be clearly
located in the proton NMR spectrum.

13C NMR (~101 MHz, CDCl3): & = 159.2, 142.8, 137.1, 135.6, 132.4,
131.2, 130.3, 129.1, 128.0, 1274, 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 + HJ* caled for C,3H;sNO: 324.1388; found:
324.1373.

10-(Thiophen-2-yl)pyren-1-amine (12b)

By following the general procedure, compound 12b was obtained
after purification by column chromatography on silica gel (EtOAc/
hexane = 5:95) as a brown solid (25 mg, 70%, 0.12 mmol scale).

Ry= 0.8 (EtOAc/hexane = 20:80); mp 169-171 °C.

IR (DCM): 3471, 3398, 2928, 1617, 1452 cm-.

TH NMR (400 MHz, CDCL;): & = 8.07 (d, J = 7.3 Hz, 1 H), 8.02 (d, J = 8.2
Hz, 1H),7.97-7.91 (m, 4 H), 7.83 (d, ] = 8.8 Hz, 1 H), 7.52 (d, ] = 5.2 Hz,
1H),7.28-7.26 (m, 2 H), 7.22-7.20 (m, 1 H), 4.25 (br s, 2 H).

13C NMR (~101 MHz, CDCl;): & = 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): mjz [M + H]* caled for C,oH;,NS: 300.0847; found:
300.0844.

10-(p-Tolyl)pyren-1-amine (12c)

By following the general procedure, compound 12¢ was obtained
after purification by column chromatography on silica gel (EtOAc/
hexane = 5:95) as a red solid (112 mg, 73%, 0.5 mmol).

Ry= 0.9 (EtOAc/hexane = 20:80); mp 150-152 °C.

IR (DCM): 3494, 3398, 1617, 1513, 1452 cm.

H NMR (400 MHz, CDCL,): § = 8.07-7.93 (m, 5 H), 7.87-7.84 (m, 1 H),
7.73-7.72 (m, 1 H), 7.53-7.51 (m, 2 H), 7.37-7.35 (m, 2 H), 7.23 (d, ] =
8.0 Hz, 1 H),4.13 (brs, 2 H), 2.53 (s, 3 H).

13C NMR (~101 MHz, CDCl;): & = 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]" caled for C,3H;gN: 308.1439; found:
308.1428.

10-(4-Butylphenyl)pyren-1-amine (12d)

Compound 12d was obtained via a one-pot sequential C-H arylation
of 2b under standard reaction conditions and neat conditions, fol-
lowed by NaOH-mediated hydrolysis procedure. After the standard
work-up procedure and purification by column chromatography on
silica gel (EtOAc/hexane = 5:95) as a red solid (32 mg, 46%, 0.2 mmol
scale from 2b).

Ry= 0.9 (EtOAc/hexane = 20:80); mp 142-144 °C.

IR (DCM): 3490, 3394, 1613, 1513, 1421 cm™.

Special Topic

TH NMR (400 MHz, CDCL;): § = 8.06-8.01 (mn, 2 H), 8.00-7.90 (m, 3 H),
7.83(d,J = 8.8 Hz, 1 H), 7.72 (s, 1 H), 7.53 (d, ] = 8.0 Hz, 2 H), 7.36 (d,
J=8.0Hz, 2 H),7.23 (d,J = 8.2 Hz, 1 H), 4.13 (s, 2 H), 2.77 (t, ] = 7.8 Hz,
2 H), 1.77-1.70 (m, 2 H), 1.50-1.44 (m, 2 H), 1.02 (t, ] = 7.4 Hz, 3 H).

13C NMR (~101 MHz, CDCl3): & = 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 + HJ" caled for CyHyN: 350.1909; found:
350.1897.

Conflict of Interest

The authors declare no conflict of interest.

Funding Information

S.A.B. thanks the Science and Engineering Research Board (SERB), the
Department of Science and Technology (DST), New Delhi, India, for
funding (Grant No. EMR/2017/002515). S.A.B. thanks IISER Mohali for
funding initial part of this research. A.D. thanks IISER Mohali for pro-
viding a PhD fellowship.

Acknowledgment

We thank IISER Mohali for use of the analytical (NMR, HRMS and X-
ray) facilities.

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/a-1472-0881.

References

(1) For selected reviews dealing with the cross-coupling reactions,
see: (a)Negishi, E.-i. Angew. Chem. Int. Ed. 2011, 50, 6738.
(b) Suzuki, A. Angew. Chem. Int. Ed. 2011, 50, 6722. (c) Heck, R. F.
Acc. Chem. Res. 1979, 12, 146. (d) Johansson Seechurn, C. C,;
Kitching, M. O.; Colacot, T. J.; Snieckus, V. Angew. Chem. Int. Ed.
2012, 51, 5062. (e)Nicolaou, K. C.; Bulger, P. G.; Sarlah, D.
Angew. Chem. Int. Ed. 2005, 44, 4442. (f) Campeau, L.-C.; Hazari,
N. Organometallics 2019, 38, 3. (g) Ruiz-Castillo, P.; Buchwald, S.
L. Chem. Rev. 2016, 116, 12564. (h) Nielsen, M. B. Synthesis 2016,
48, 2732. (i) Bolm, C. J. Org. Chem. 2012, 77, 5221. (j) Sestelo, ].
P.; Sarandeses, L. A. Advances in Cross-Coupling Reactions; MDPI:
Switzerland, 2020. (k) Zheng, S.; Hu, Y.; Yuan, W. Synthesis
2021, in press DOI: 10.1055/a-1344-2434. (1) Ma, X.; Murray, B.;
Biscoe, M. R. Nat. Chem. Rev. 2020, 4, 584. (m) Zhou, T.; Szostak,
M. Catal. Sci. Technol. 2020, 10, 5702. (n) Nocera, G.; Murphy, J.
A. Synthesis 2020, 52, 327.

(2) For selected reviews dealing with the cross-coupling reactions,
see: (a) Miyaura, N. Cross-Coupling Reactions, 1st ed.; Springer:
Berlin, 2002. (b)Colacot, T. New Trends in Cross-Coupling:
Theory and Applications, 1st ed; The Royal Society of Chemistry:
Cambridge, 2015. (c) de Meijere, A.; Brase, S.; Oestreich, M.
Metal-Catalyzed Cross-Coupling Reactions and More, 1st ed;
Wiley-VCH: Weinheim, 2014. (d) Diederich, F.; Stang, P. ]. Metal-

© 2021. Thieme. All rights reserved. Synthesis 2021, 53, 3307-3324

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



3323

A. Dalal, S. Arulananda Babu

Catalyzed Cross-Coupling Reactions, 1st ed; Wiley-VCH: Wein-
heim, 1998. (e) Molnar, A. Palladium-Catalyzed Coupling Reac-
tions, 1st ed; Wiley-VCH: Weinheim, 2013.

(3) (a) Murahashi, S. J. Am. Chem. Soc. 1955, 77, 6403.
(b) Murahashi, S.; Horiie, S. J. Am. Chem. Soc. 1956, 78, 4816.

(4) (a) Kleiman, J. P.; Dubeck, M. J. Am. Chem. Soc. 1963, 85, 1544.
(b) Bagga, M. M.; Flannigan, W. T.; Knox, G. R.; Pauson, P. L.;
Preston, F. J.; Reed, R. I. J. Chem. Soc. C 1968, 36. (c) Knobler, C.
B.; Crawford, S. S.; Kaesz, H. D. Inorg. Chem. 1975, 14, 2062.
(d) Cheney, A. J.; Shaw, B. L. J. Chem. Soc., Dalton Trans. 1972,
860. (e) Constable, A. G.; McDonald, W. S.; Sawkins, L. C.; Shaw,
B. L. J. Chem. Soc., Chem. Commun. 1978, 1061. (f) Balavoine, G.;
Client, J. C. J. Organomet. Chem. 1990, 390, c84. (g) Komiya, S.;
Yamamoto, A. Chem. Lett. 1975, 4, 475. (h) McGuiggan, M. F.;
Pignolet, L. H. Inorg. Chem. 1982, 21, 2523. (i) Foot, R. J.; Heaton,
B. T. J. Chem. Soc., Dalton Trans. 1979, 295. (j) Cope, A. C;
Siekman, R. W. J. Am. Chem. Soc. 1965, 87, 3272.

(5) (a) Fahey, D. R. J. Organomet. Chem. 1971, 27, 283. (b) Fahey, D.
R.J. Chem. Soc. D 1970, 417a.

(6) Jordan, R. F.; Taylor, D. F. J. Am. Chem. Soc. 1989, 111, 778.

(7) Moor, E. ].; Pretzer, W.R.; O’Connell, T. ].; Harris, J.; LaBounty, L.;
Chou, L.; Grimmer, S. S. J. Am. Chem. Soc. 1992, 114, 5888.

(8) Murai, S.; Kakiuchi, F.; Sekine, S.; Tanaka, Y.; Kamatani, A,;
Sonoda, M.; Chatani, N. Nature 1993, 366, 529.

(9) (a) Zhang, Y.-H.; Shi, G.-F.; Yu, J.-Q. Carbon-Carbon c-Bond For-
mation via C-H Bond Functionalization, In Comprehensive
Organic Synthesis II, Chap. 3.23; Knochel, P., Ed.; Elsevier:
Amsterdam, 2014, 1101. (b) For a themed issue on C-H activa-
tion, see: Crabtree, R. H.; Lei, A. Chem. Rev. 2017, 117, 8481.
(c) For a themed issue on C-H activation reactions, see: Davies,
H. M. L; Bois, ].; Yu, J.-Q. Chem. Soc. Rev. 2011, 40, 1855.
(d) Kakiuchi, F.; Murai, S. Acc. Chem. Res. 2002, 35, 826.
(e) Hirano, K.; Miura, M. Chem. Lett. 2015, 44, 868. (f)Rej, S.;
Das, A.; Chatani, N. Coord. Chem. Rev. 2021, 431, 213683.
(g) Colby, D. A.; Bergman, R. G.; Ellman, J. A. Chem. Rev. 2010,
110, 624. (h) Lyons, T. W.; Sanford, M. S. Chem. Rev. 2010, 110,
1147. (i) Nguyen, T. H. L.; Gigant, N.; Joseph, D. ACS Catal. 2018,
8, 1546. (j) Moselage, M.; Li, J.; Ackermann, L. ACS Catal. 2016, 6,
498. (k) Zhu, R.-Y.; Farmer, M. E.; Chen, Y.-Q.; Yu, J.-Q. Angew.
Chem. Int. Ed. 2016, 55, 10578.

(10) (a) Yoshikai, N. J. Synth. Org. Chem. Jpn. 2014, 72, 1198.
(b) Huang, Z.; Lim, H. N.; Mo, F.; Young, M. C.; Dong, G. Chem.
Soc. Rev. 2015, 44, 7764. (c) Rao, W.-H.; Shi, B.-F. Org. Chem.
Front. 2016, 3, 1028. (d) Gensch, T.; Hopkinson, M. N.; Glorius,
F.; Wencel-Delord, ]. Chem. Soc. Rev. 2016, 45, 2900. (e) Yoshino,
T.; Matsunaga, S. Adv. Synth. Catal. 2017, 359, 1245. (f) Wang,
W.; Lorion, M. M.; Shah, J.; Kapdi, A. R.; Ackermann, L. Angew.
Chem. Int. Ed. 2018, 57, 14700. (g) Banerjee, A.; Sarkar, S.; Patel,
B. Org. Biomol. Chem. 2017, 15, 505. (h) Bag, S.; Maiti, D. Synthe-
sis 2016, 48, 804. (i) Baudoin, O. Acc. Chem. Res. 2017, 50, 1114.
(j) Yang, K.; Song, M.; Liu, H.; Ge, H. Chem. Sci. 2020, 11, 12616.
(k) Subramanian, P.; Rudolf, G. C.; Kaliappan, K. P. Chem. Asian J.
2016, 11, 168. (1) Zhang, M.; Luo, A.; Shi, Y.; Sy, R.; Yang, Y.; You,
J. ACS Catal. 2019, 9, 11802. (m) Yorimitsu, H.; Yoshimura, A.;
Misaki, Y. Synthesis 2020, 52, 3326. (n) Saito, H.; Yamamoto, K;
Sumiya, Y.; Liu, L-].; Nogi, K.; Maeda, S.; Yorimitsu, H. Chem.
Asian J. 2020, 15, 2442.

(11) For selected reviews dealing with the bidentate directing group
(DG)-aided C-H functionalization/arylation, see: (a) Daugulis,
0.; Roane, ].; Tran, L. D. Acc. Chem. Res. 2015, 48, 1053. (b) Rej, S.;
Ano, Y.; Chatani, N. Chem. Rev. 2020, 120, 1788. (c) Rouquet, G.;
Chatani, N. Angew. Chem. Int. Ed. 2013, 52, 11726. (d) Yang, X.;
Shan, G.; Wang, L.; Rao, Y. Tetrahedron Lett. 2016, 57, 819. (e) Li,

Special Topic

H.; Li, B.-].; Shi, Z.-]. Catal. Sci. Technol. 2011, 1, 191. (f) Castro, L.
C. M.; Chatani, N. Chem. Lett. 2015, 44, 410. (g) Yadav, M. R; Rit,
R. K.; Majji, S.; Sahoo, A. K. Asian J. Org. Chem. 2015, 4, 846.
(h) Sambiagio, C.; Schoénbauer, D.; Blieck, R.; Dao-Huy, T.;
Pototschnig, G.; Schaaf, P.; Wiesinger, T.; Zia, M. F.; Wencel-
Delord, J.; Besset, T.; Maes, B. U. W.; Schniirch, M. Chem. Soc. Rev.
2018, 47, 6603. (i) He, G.; Wang, B.; Nack, W. A.; Chen, G. Acc.
Chem. Res. 2016, 49, 635. (j) Noisier, A. F. M.; Brimble, M. A.
Chem. Rev. 2014, 114, 8775.

(12) For selected papers dealing with 8-aminoquinoline-aided C-H

functionalization, see: (a)Shabashov, D.; Daugulis, O. J. Am.
Chem. Soc. 2010, 132, 3965. (b) Aihara, Y.; Chatani, N. J. Am.
Chem. Soc. 2014, 136, 898. (c) Takamatsu, K.; Hirano, K.; Miura,
M. Angew. Chem. Int. Ed. 2017, 56, 5353. (d) Kanyiva, K. S,;
Kuninobu, Y.; Kanai, M. Org. Lett. 2014, 16, 1968. (e) Reddy, M.
D.; Blanton, A. N.; Watkins, E. B. J. Org. Chem. 2017, 82, 5080.
(f) Chen, Y.; Quan, Y.; Xie, Z. Chem. Commun. 2020, 56, 12997.
(g) Gou, Q.; Zhang, Z.-F.; Liu, Z.-C.; Qin, J. J. Org. Chem. 2015, 80,
3176. (h) Reddy, B. V. S.; Reddy, L. R.; Corey, E. J. Org. Lett. 2006,
8,3391. (i) Hu, P.; Bach, T. Synlett 2015, 26, 2853. (j) Hoshiya, N.;
Kondo, M.; Fukuda, H.; Arisawa, M.; Uenishi, J.; Shuto, S. J. Org.
Chem. 2017, 82, 2535.

(13) For selected papers dealing with picolinamide-aided C-H func-

tionalization, see: (a) Zaitsev, V. G.; Shabashov, D.; Daugulis, O.
J. Am. Chem. Soc. 2005, 127, 13154. (b) Xu, ].-W.; Zhang, Z.-Z.;
Rao, W.-H.; Shi, B.-F. . Am. Chem. Soc. 2016, 138, 10750.
(c) Bolsakova, J.; Lukasevics, L.; Grigorijeva, L. J. Org. Chem. 2020,
85, 4482. (d) He, G.; Chen, G. Angew. Chem. Int. Ed. 2011, 50,
5192. (e)Zeng, W.; Nukeyeva, M.; Wang, Q.; Jiang, C. Org.
Biomol. Chem. 2018, 16, 598. (f) Zhao, Y.; Chen, G. Org. Lett.
2011, 13, 4850.

(14) For selected articles of our group dealing with bidentate DG-

aided C-H functionalization, see: (a)Parella, R.; Babu, S. A.
J. Org. Chem. 2017, 82, 7123. (b) Gopalakrishnan, B.; Mohan, S.;
Parella, R; Babu, S. A. J. Org. Chem. 2016, 81, 8988.
(c) Gopalakrishnan, B.; Babu, S. A.; Padmavathi, R. Tetrahedron
2015, 71, 8333. (d) Reddy, C.; Bisht, N.; Parella, R.; Babu, S. A.
J. Org. Chem. 2016, 81, 12143. (e) Parella, R.; Babu, S. A. J. Org.
Chem. 2017, 82, 6550. (f) Naveen; Rajkumar, V.; Babu, S. A.
Gopalakrishnan B. J. Org. Chem. 2016, 81, 12197. (g) Parella, R.;
Babu, S. A. J. Org. Chem. 2015, 80, 12379. (h) Parella, R.; Babu, S.
A. J. Org. Chem. 2015, 80, 2339. (i)Singh, P.; Babu, S. A;
Aggarwal, Y.; Patel, P. Asian J. Org. Chem. 2021, 10, 180. (j) Bisht,
N.; Babu, S. A.; Tomar, R. Asian J. Org. Chem. 2020, 9, 1225.
(k) Padmavathi, R.; Babu, S. A. Asian J. Org. Chem. 2019, 8, 899.
(1) Singh, P.; Dalal, A.; Babu, S. A. Asian J. Org. Chem. 2019, 8, 877.

(15) Available reports dealing with single examples of directing-

group-aided C-H functionalization of pyrene core (Scheme 1),
see: (a) Rej, S.; Chatani, N. ACS Catal. 2018, 8, 6699. (b) Odani,
R.; Hirano, K.; Satoh, T.; Miura, M. J. Org. Chem. 2013, 78, 11045.
(c) Pradhan, S.; De, B. P.; Punniyamurthy, T. J. Org. Chem. 2017,
82, 4883. (d)Roy, S.; Pradhan, S.; Punniyamurthy, T. Chem.
Commun. 2018, 54, 3899. (e)lwasaki, M.; Kaneshika, W.;
Tsuchiya, Y.; Nakajima, K.; Nishihara, Y. J. Org. Chem. 2014, 79,
11330. (f) Ying, J.; Fu, L.-Y.; Zhong, G.; Wu, X.-F. Org. Lett. 2019,
21, 5694. (g) Asako, S.; llies, L.; Nakamura, E. . Am. Chem. Soc.
2013, 135, 17755. (h) Pradhan, S.; Roy, S.; Banerjee, S.; De, P. B.;
Punniyamurthy, T. J. Org. Chem. 2020, 85, 5741. (i) Gao, Y.;
Zhang, M.; Wang, C.; Yang, Z.; Huang, X.; Feng, R.; Qi, C. Chem.
Commun. 2020, 56, 14231. (j) During our investigation of this
work, a paper revealing the Pd-catalyzed arylation of pyrene 1-
carboxylic acid followed by decarboxylation appeared, see: Just-
Baringo, X.; Shin, Y.; Panigrahi, A.; Zarattini, M.; Nagyte, V.;

© 2021. Thieme. All rights reserved. Synthesis 2021, 53, 3307-3324

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



3324

A. Dalal, S. Arulananda Babu

Zhao, L.; Kostarelos, K.; Casiraghi, C.; Larrosa, I. Chem. Sci. 2020,
11, 2472. (k) During our investigation, a paper was published
that revealed an example of Cu-catalyzed arylation of pyrene 1-
carboxamide by using C(9)-H arylation of pyrene-1-carboxam-
ide with aryliodonium salts as arylating reagent, see: Luo, A.;
Zhang, M.; Fu, Z.; Lan, J.; Wu, D.; You, ]. Beilstein J. Org. Chem.
2020, 16, 530.

(16) Selected reviews dealing with synthesis and application of

pyrene motifs, see: (a) Mateo-Alonso, A. Eur. J. Org. Chem. 2017,
7006. (b) Feng, X.; Hy, J.-Y.; Redshaw, C.; Yamato, T. Chem. Eur. J.
2016, 22, 11898. (c)Zych, D. Molecules 2019, 24, 2551.
(d) Figueira-Duarte, T. M.; Miillen, K. Chem. Rev. 2011, 111,
7260. (e)Ohishi, Y.; Inouye, M. Tetrahedron Lett. 2019, 60,
151232. (f) Howarth, A. J.; Majewski, M. B.; Wolf, M. O. Coord.
Chem. Rev. 2015, 282, 139. (g) Mateo-Alonso, A. Chem. Soc. Rev.
2014, 43, 6311. (h) Karuppannan, S.; Chambron, ].-C. Chem.
Asian J. 2011, 6, 694. (i) Gong, Y.; Zhan, X.; Li, Q.; Li, Z. Sci. China
Chem. 2016, 59, 1623. (j) Bains, G.; Patel, A. B.; Narayanaswami,
V. Molecules 2011, 16, 7909. (k) Pirouz, S.; Duhamel, ]. J. Polym.
Sci., Part B: Polym. Phys. 2017, 55, 7. (1) Manandhar, E.; Wallace,
K. J. Inorg. Chim. Acta 2012, 381, 15. (m) Islam, M. M.; Hu, Z;
Wang, Q.; Redshaw, C.; Feng, X. Mater. Chem. Front. 2019, 3, 762.
(n) Casas-Solvas, J. M.; Howgego, J. D.; Davis, A. P. Org. Biomol.
Chem. 2014, 12, 212.

(17) (a) Coventry, D. N.; Batsanov, A. S.; Goeta, A. E.; Howard, J. K;;

Marder, T. B.; Perutz, R. N. Chem. Commun. 2005, 2172.
(b) Tchon, D.; Trzybinski, D.; Wrona-Piotrowicz, A.; Makal, A.
CrystEngComm 2019, 21, 5845. (c)Picchiotti, A.; Nenov, A,;
Giussani, A.; Prokhorenko, V. L; Miller, R. J. D.; Mukamel, S.;
Garavelli, M. J. Phys. Chem. Lett. 2019, 10, 3481. (d) Anetai, H.;
Wada, Y.; Takeda, T.; Hoshino, N.; Yamamoto, S.; Mitsuishi, M.;
Takenobu, T.; Akutagawa, T. J. Phys. Chem. Lett. 2015, 6, 1813.
(e) Seki, H.; Onishi, S.; Asamura, N.; Suzuki, Y.; Kawamata, J.;
Kaneno, D.; Hadano, S.; Watanabe, S.; Niko, Y. J. Mater. Chem. B
2018, 6, 7396. (f) Nakamura, Y.; Nakazato, T.; Kamatsuka, T.;
Shinokubo, H.; Miyake, Y. Chem. Eur. J. 2019, 25, 10571.
(g) Merz, J.; Fink, J.; Friedrich, A.; Krummenacher, I.; Mamari, H.
H. A.; Lorenzen, S.; Haehnel, M.; Eichhorn, A.; Moos, M.;
Holzapfel, M.; Braunschwieg, H.; Lambert, C.; Steffen, A.; Ji, L.;
Marder, T. B. Chem. Eur. J. 2017, 23, 13164. (h) Shao, ].-Y.; Yang,
N.; Guo, W.; Cui, B.-B.; Chen, Q.; Zhong, Y.-W. Chem. Commun.
2019, 55, 13406. (i) Takaishi, K.; Takehana, R.; Ema, T. Chem.
Commun. 2018, 54, 1449. (j) Liu, M.; Gong, X.; Zheng, C.; Gao, D.
Asian J. Org. Chem. 2017, 6, 1903. (k) Yang, W.; Monteiro, J. H. S.
K.; de Bettencourt-Dias, A.; Catalano, V. ].; Chalifoux, W. A.
Angew. Chem. Int. Ed. 2016, 55, 10427. (l) Matsumoto, A,;

Special Topic

Suzuki, M.; Hayashi, H.; Kuzuhara, D.; Yuasa, ].; Kawai, T.;
Aratani, N.; Yamada, H. Bull. Chem. Soc. Jpn. 2017, 90, 667.
(m) Hogan, D. T.; Gelfand, B. S.; Spasyuk, D. M.; Sutherland, T. C.
Mater. Chem. Front. 2020, 4, 268.

(18) (a) Yang, J.; Huang, J.; Sun, N.; Peng, Q.; Li, Q.; Ma, D.; Li, Z. Chem.

Eur. J. 2015, 21, 6862. (b) Yang, ].; Guo, Q.; Wen, X.; Gao, X;
Peng, Q.; Li, Q.; Ma, D.; Li, Z. J. Mater. Chem. C 2016, 4, 8506.
(c) Thomas, K. R,; Lin, J. T.; Tao, Y.-T.; Ko, C.-W. J. Am. Chem. Soc.
2001, 123, 9404. (d) Burroughes, J. H.; Bradley, D. D. C.; Brown,
A. R; Marks, R. N.; Mackay, K.; Friend, R. H.; Burns, P. L;
Holmes, A. B. Nature 1990, 347, 539. (e)Bartelmess, ].;
Ballesteros, B.; de la Torre, G.; Kiessling, D.; Campidelli, S.; Prato,
M.; Torres, T.; Guldi, D. M. J. Am. Chem. Soc. 2010, 132, 16202.
(f) Buene, A. F.; Ose, E. E.; Zakariassen, A. G.; Hagfeldt, A.; Hoff,
B. H. J. Mater. Chem. A 2019, 7, 7581. (g) Chang, ].; Lee, C.-P,;
Kumar, D.; Chen, P.-W.; Lin, L.-Y.; Thomas, K. R. J.; Ho, C. J. Power
Sources 2013, 240, 779. (h) Lee, O. P.; Yiu, A. T.; Beauguge, P. M.;
Woo, C. H.; Holcombe, T. W.; Millstone, J. E.; Douglas, J. D.; Chen,
M. S.; Fréchet, J. M. ]. Adv. Mater. 2011, 23, 5359. (i) Zhao, Z.;
Lam, J. W.; Tang, B. Z. J. Mater. Chem. 2012, 22, 23726. (j) Tao, S.;
Zhou, Y.; Lee, C.-S.; Zhang, X.; Lee, S.-T. Chem. Mater. 2010, 22,
2138. (k) Hong, Y.; Lam, J. W. Y.; Tang, B. Z. Chem. Soc. Rev. 2011,
40, 5361. (1) Moulin, E.; Busseron, E.; Giuseppone, N. Supramo-
lecular Materials for Opto-Electronics; Koch, N. Ed.; Royal
Society of Chemistry: Cambridge, 2015, 1-52. (m) Zhang, M.;
Parajuli, R. R.; Mastrogiovanni, D.; Dai, B.; Lo, P.; Cheung, W.;
Brukh, R.; Chiu, P. L.; Zhou, T.; Liu, Z.; Garfunkel, E.; He, H. Small
2010, 6, 1100. (n) Yu, C.-C.; Jiang, K.-].; Huang, J.-H.; Zhang, F.;
Bao, X.; Wang, F.-W.; Yang, L.-M.; Song, Y. Org. Electron. 2013,
14, 445.

(19) (a) Niko, Y.; Kawauchi, S.; Otsu, S.; Tokumaru, K.; Konishi, G.-i.

J. Org. Chem. 2013, 78, 3196. (b) Kim, C.; Yoon, ]J.-Y.; Lee, S. |.;
Lee, H. W.; Kim, Y. K.; Yoon, S. S. J. Nanosci. Nanotechnol. 2015,
15, 5246. (c) Zhang, R.; Zhao, Y.; Zhang, T.; Xu, L.; Ni, Z. Dyes
Pigm. 2016, 130, 106. (d) Zhang, R.; Zhang, T.; Xu, L.; Han, F,;
Zhao, Y.; Ni, Z. J. Mol. Struct. 2017, 1127, 237. (e) Gong, X.;
Zheng, C.; Feng, X.; Huan, Y.; Li, ].; Yi, M.; Fu, Z.; Huang, W.; Gao,
D. Chem. Asian J. 2018, 13, 3920. (f) Li, D.; Shao, J.-Y.; Li, Y.; Li, Y.;
Deng, L.-Y.; Zhong, Y.-W.; Meng, Q. Chem. Commun. 2018, 54,
1651.

(20) CCDC 2068244 (4a), 2068245 (4e), 2068246 (5n), and 2068247

(12c¢) contain the supplementary crystallographic data for this
paper. The data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/structures.

© 2021. Thieme. All rights reserved. Synthesis 2021, 53, 3307-3324

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



