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ABSTRACT: A new protocol for the synthesis of color-tunable X 10 mol% Pd(OAG =N

fluorescent 3,5-diarylimidazo[ 1,2-a]pyridines has been achieved via N | N Agzoo"& K2003)2 s N_/

palladium-catalyzed C—H amination of pyridinium zwitterions. R ('31_

Based on experimental results and computational analysis, we 7 toluene RS 7 XR?
\ 0

extracted a high correlation of photophysical properties with the R* 100°C, 12h F =

theoretical concept and predicted emission wavelengths of 3,5-

diarylimidazo[1,2-a]pyridines. The emission wavelengths of — Mem tuning moiety
imidazo[1,2-a]pyridines increase as a function of the electron-

withdrawing nature of the substituent on the CS-aryl group of

imidazo[1,2-a]pyridine as a result of inductive effects on the

LUMO levels. Varying the substituent on the C3-aryl group

imidazo[1,2-a]pyridine changes the HOMO levels. Combining these two sites, the HOMO and LUMO levels can be tuned fairly
decoupled from each other. This conceptual trend is demonstrated across a series where the C3 and CS positions were
functionalized independently and then utilizes a combination strategy where both sites are used to prepare fluorophores with a
large window of emission wavelengths. In view of the biological properties of imidazo[1,2-a]pyridines, the developed method
provides an efficient approach for understanding and preparing strongly fluorescent bioprobes.

B INTRODUCTION Scheme 1. Color-Tunable Fluorophores Based on N-Fused

Fluorophores are an important class of compounds with diverse Heterocycles

applications, for example, in the fields of biomedical and = hem tuning moiety
photoelectric materials." N-Heterocycles often form the z-

R3
conjugated core structure, and N-fused heterocycles are N - ARt K@N \ S =
. . 20 . N N \@NHZ N A
particularly prominent among tunable fluorophores,” with aryl o @ ® N TR
functionalities being beneficial for the fluorescence intensity but N 3R
also enabling the tuning of the emission wavelength (4.) sz / D CO,Me
(Scheme 1). For instance, Park and co-workers developed a )
color-tunable fluorophore named Seoul-Fluor, which shows full Seoul-Fluor 1,3a,6a-triazapentalene C3-Indo-Fluor
color emissions modulated by the aryl moiety at the Cl1 This work
position and R? group.”*” The 1,3a,6a-triazapentalene deriva- | X N
tives reported by Namba, Tanino, et al. exhibit various § ﬁ/ H cat. [Pd] N/
fluorescence colors because of the inductive effect of the 2- R4 < T
: 2¢,d = X NTs C-H amination

aryl substituents.”" Moreover, the group of Lan, You, et al = O 7 \R2
prepared libraries of color-tunable fluorescence compounds by R2U_/ R \w=
introducing various aromatic groups in C3-Indo-Fluor.” 3 5-diarviimidazol1 2 i
Despite the understanding of the relationship between structure ,S-dlarylimidazo[1,2-a]pyridine
and photophysical property, the design of color-tunable
fluorophores giving access to a broad palette of colors remains Whereas the preparation of 2- or 3—ary11m1dazo[1,2—a]pyr1d1nes
a challenge. has received considerable attention,” modifications of the

Imidazo[1,2-a]pyridines are involved in many biological pyridine 6skeleton of imidazo[1,2-a]pyridines have been less
processes relevant to medicinal applications and are one of the e).zp101.‘ed.. In part1cula.r,. straightforward methods to access
most widely used N-fused heterocycles.” Imidazo[1,2-a]- diarylimidazo[1,2-a]pyridines are rare. In most cases, the
pyridines are also crucial in the optoelectronics and organo-
metallic chemistry, where they serve as excited-state intra- Received: February 14, 2017
molecular proton transfer (ESIPT) fluorophores,” for example. Published: March 28, 2017
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synthetic routes to z-extended imidazo[1,2-a]pyridines are
tedious because they require the use of halogen-substituted
imidazo[1,2-a]pyridines as reactants for the cross-coupling
reactions. Recently, we developed an isolable, bench-stable
pyridinium zwitterion that can serve as a 1,5-dipole in the
formation of N-heterocycles.”® The thermal [S + 2] cyclo-
addition and catalytic [S + 3] cycloaddition of pyridinium
zwitterions were reported for the synthesis of seven-membered
and eight-membered N-heterocycles, respectively.” Encouraged
by these achievements, we envisioned that z-conjugated
imidazo[1,2-a]pyridines could be efficiently synthesized by
intramolecular cyclization of a pyridinium zwitterion in a single
operation (Scheme 1). In addition, we envisioned that this
platform may be an ideal candidate for a fluorophore that can
be tuned over a wide range of colors since the extended 7-
conjugation across the bicycle can be exgloited to construct a
highly decorated class of fluorophores.*”

B RESULTS AND DISCUSSION

Whereas there is little doubt that the electronic excitation in
this system is a 7—7™* transition, constituting an intramolecular
charge transfer (ICT), it is not at all clear which position of the
imidazo[1,2-a]pyridine skeleton may be the most effective site
for functionalization. Roughly, we may approximate the
absorption and fluorescence energies as the HOMO—-LUMO
gap. Figure 1 illustrates the shapes of these frontier orbitals.

(a) HOMO (-5.670 eV)

LUMO (-0.851 eV)

8 <]
N NTs
7 A =N one pot | ©
6 N\/)z /Nj/
5 3 R R?

Figure 1. (a) Isosurface plots (isodensity value = 0.05 a.u.) of HOMO
and LUMO of the core imidazo[1,2-a]pyridine skeleton. (b) Selected
tunable sites of imidazo[1,2-a]pyridine and synthetic strategy.

The HOMO is simply a z-orbital with two nodes, whereas the
LUMO is a #*-orbital with three nodes, as indicated in Figure
la. Simply inspecting the shapes of these orbitals reveals an
intuitive strategy for tuning their energies: The HOMO shows
a significant orbital contribution at the C3 position, and
therefore, any substituent connected to C3 imposing a 7-
inductive effect will directly modulate the HOMO energy.
Electron-donating groups will raise the HOMO energy,
whereas electron-withdrawing groups will lower it. Interest-
ingly, there is no contribution of C3 to the LUMO, as
illustrated by Figure 1la.

Consequently, electronic modulations at the C3 position will
mostly impact the HOMO but have only a minor impact on the
energy of the LUMO. Similarly, the C5 position is the most
promising site of functionalization to control the LUMO
energy, as the m-orbital at CS5 is the major contributor to the
LUMO. Unfortunately, the 7-orbital of the CS-atom also plays
a notable role in shaping the HOMO. Thus, functionalizations
at this position will impact both the LUMO and HOMO. Since
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the size differences are significant, it is reasonable to assume
that the LUMO will be more sensitive to CS-functionalizations
than HOMO. In concert, these two positions should allow for
substantial changes of the HOMO—LUMO gap, thus enabling
the color of the fluorophore to be changed with relative ease
over a wide range. As is always the case with frontier orbital
based strategies, there is some uncertainty about how structural
changes that are inevitably introduced by the functionalization
will impact the frontier orbitals. To assess these effects
quantitatively, we have carried out density functional theory
(DFT) calculations on all derivatives and calculated the
photophysical properties specifically using time-dependent
DFT methods. The combination of frontier orbital based
qualitative assessment and numerical evaluation of the emission
characteristics provides a solid conceptual foundation for
understanding the experimental results.

Synthesis. Based on the electrocyclization of azomethine
ylides and azomethine imines, we expected 3,5-diarylimidazo-
[1,2-a]pyridines (2a) to be formed by 1,5-electrocyclization” of
pyridinium zwitterions (1a); thus, reaction temperature and
additives, factors known to positively influence the electro-
cyclization process, were screened. However, the desired
product (2a) was not observed in these studies because of
the thermal stability of the pyridinium zwitterion. This
observation prompted us to turn our attention to the
cyclization of pyridinium zwitterions via catalytic C—H
amination (Scheme 2).'% In this approach, Pd(II) first binds

Scheme 2. Synthetic Approaches to 3,5-Diarylimidazo[1,2-

a]pyridine
X
L

Ph™ "N g
Ph)\/NTs 1a
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to the pyridinium zwitterion (1a) affording adduct A, which is
readily converted to intermediate B via C—H activation. Next,
3,5-diarylimidazo[1,2-a]pyridine (2a) is obtained by reductive
elimination and subsequent desulfonylation,'' which rear-
omatizes to drive the overall reaction forward. Finally, in the
presence of an excess amount of oxidant, Pd(0) is reoxidized to
Pd(II), available for another catalytic cycle.

With this mechanistic hypothesis in mind, we sought to
subject the pyridinium zwitterion (la) to various reaction
conditions to produce the corresponding 3,5-diphenylimidazo-
[1,2-a]pyridine (2a) (Table 1). As expected, the product 2a
was not obtained in the absence of one of the three agents, i.e.
palladium catalyst, oxidant, and base (entries 1 and 2). Whereas
oxygen gas and hypervalent iodine oxidant were unable to
increase the catalytic turnover, copper- and silver-based
oxidants were found to be suitable for this transformation
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Table 1. Optimization of Reaction Conditions”

SN 10 mol% Pd(OAc), s N
@ oxidant, base = l N - p
Ph™ N™ o solvent q\/g - YY" \8
e NATs 100°C, 12 h ph Ph Ph Ph
1a 2a
entry oxidant base solvent yield® (%)
1 toluene <1
2 Ag,CO; K,CO;, toluene <1¢
3 0O, K,CO;, toluene <1
4 PhI(OAc), K,CO, toluene <S5
S CuOAc K,CO; toluene 43
6 AgOAc K,CO; toluene 32
7 Ag,CO;, K,CO; toluene 85
8 Ag,CO; K,CO,4 benzene 63
9 Ag,CO; K,CO; 1,2-DCE <1
10 Ag,CO; K,CO, THF 5
11 Ag,CO; Li,CO, toluene 30
12 Ag,CO; NaOAc toluene S2
13 Ag,CO; Et;N toluene 57

“Reaction conditions: 1a (0.2 mmol), Pd(OAc), (10.0 mol %),
oxidant (1.5 equiv), base (2.0 equiv), and solvent (1.0 mL) at 100 °C
for 12 h. ®’"H NMR yields using CH,Br, as an internal standard.
“Reaction was carried out without Pd(OAc),.

(entries 3—6). Gratifyingly, pyridinium zwitterion la afforded
the desired product 2a in 85% yield using Pd(OAc), (10 mol
%), Ag,CO; (1.5 equiv), and K,COj; (2.0 equiv) as the catalyst,
oxidant, and the base, respectively, in toluene at 100 °C (entry
7). After a number of solvents were surveyed, the solubility of
pyridinium zwitterion was found to not improve the cyclization
(entries 7—10). By changing the base from K,CO; to other
inorganic and organic bases, such as Li,CO;, NaOAc, and Et;N,
cyclization was less effective (entries 11—13).

Under the optimized conditions, a range of pyridinium
zwitterions underwent smooth cyclization to afford the
corresponding 3,5-diarylimidazo[1,2-a]pyridines in good yields.
First, the effect of the nature of the R! substituent on the
pyridinium backbone of 1 was investigated (Table 2).
Zwitterions with electron-donating groups, such as methoxy,
tert-butyl, and methyl on the phenyl ring delivered the desired
products in moderate to good yields regardless of the position
of substituent (2a—e). The reaction conditions were also
compatible with halide groups (2f and 2g). However, the
efficiency of this reaction was affected by electronic properties
of the 2-arylpyridinium zwitterions, and thus, lower yields were
obtained using zwitterions with electron-poor substituents (2h
and 2i). A naphthyl-containing substrate readily reacted,
resulting in the formation of the desired product (2j) in 73%
yield.

Next, we surveyed the substrate scope by varying the R*
group on the pyridinium zwitterions (Table 3). Pleasingly,
substrates containing both electron-rich and electron-deficient
substituents cyclized smoothly, affording the desired products
in moderate yields (2k—q). The tolerance of the bromo group
(2n) is particularly useful because it allows subsequent
palladium-catalyzed coupling reactions. Moreover, the cycliza-
tion of most of the meta-substituted pyridinium zwitterions
proceeded in a facile manner, affording 2r—t in good yield
(84—70%).

Encouraged by these results, we attempted to synthesize 3,5-
diarylimidazo[1,2-a]pyridines having a donor—acceptor system
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Table 2. Synthesis of CS-Functionalized Imidazo[1,2-
a]pyridines”

X = N
| ®_ 10 mol% Pd(OAc),, AgoCO3 (1.5 equiv) -
RN o s N
KoCOj3 (2.0 equiv), toluene
pr NANTS ’ 31oo°c 12h R'_Ph
1 ’ 2
AN =N =N =N
N7 x N\% X N\/g N7
Ph Ph Ph
Me e
2a, 85% 2b, 60% 2¢, 70% 2d, 74%
=N =N A N=N
NS N\/g N N\/X N N\/g
Ph Ph Ph
Me
2e, 79% F o 539 Cl 29, 70%
A =N =N =N
N / X N\/g ™ N\/g
Ph Ph Ph
@
o 2h, 29% 2i, 52% 2j, 73%

“Reaction conditions: 1 (0.2 mmol), Pd(OAc), (10.0 mol %), Ag,CO,
(1.5 equiv), K,CO; (2.0 equiv), and toluene (1.0 mL) at 100 °C for 12
h. Isolated yields.

(Table 4, 2u—w). To our delight, the optimized reaction
conditions afforded the desired products albeit in slightly low
yields. Satisfyingly, in addition to the 2-aryl group, the 3-alkyl
substituent was readily introduced into the imidazo[1,2-
a]pyridine skeleton (3,5,6-trisubstituted imidazo[1,2-a]-
pyridine, 2x). It is worth noting that this catalytic trans-
formation could also be applied to the synthesis of other 7-
conjugated structures, namely imidazo[1,2-a]quinolines
(Scheme 3)."* Several quinolinium zwitterions (3) underwent
cyclization without further optimization, affording the desired
products (4a—d) in 37—48% yields.

Fluorophore Design Strategy. The library of fluoro-
phores prepared in this study can be divided into three
categories, where 2a bearing phenyl groups at both the C3 and
CS positions serves as the reference fluorophore: (i) the first
group consists of 2b—j, where the phenyl functionality bound
to CS is systematically varied at the para-position, as
enumerated in Table 2. (ii) The second series contains
molecules where the phenyl at C3 was derivatized, as shown in
Table 3. (iii) Finally, Table 4 shows four donor—acceptor
fluorophores where both the C3 and CS positions carry
functionalized phenyl groups.

As explained above, the C5 position is expected to exert
direct control over the LUMO, whereas the HOMO should be
affected to a lesser degree, in 2b—j. Functionalizations at the C3
position should not have any direct impact on the LUMO but
influence the HOMO as in 2k—t. Thus, we expect to see a
more dramatic variance of HOMO—-LUMO gaps in the first
series, which should translate into a wider range of colors.
Figure 2 compares the HOMO and LUMO energies as a

DOI: 10.1021/acs.joc.7b00358
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Table 3. Synthesis of C3-Functionalized Imidazo[1,2-
a]pyridines™”

X
| ®_ 10 mol% Pd(OAc),, Ag,CO3 (1.5 equiv)
Ph N o A N
, AN NTs K>,CO3 (2.0 equiv), toluene
R 100°C, 12 h
2k, 82% 21, 76% 2m, 65% 2n, 58%
= Z =N AN
s N7 s N7 SN/
Ph Ph Ph
CF3 CN NO,
20, 50% 2p, 58% 2q, 57%
AN =N =N AN
N7 N7 N7
Ph Ph Ph
OMe Me F
2r, 70% 2s, 84% 2t, 73%

“Reaction conditions: 1 (0.2 mmol), Pd(OAc), (10.0 mol %), Ag,CO5
(1. 5 equiv), K,CO; (2.0 equiv), and toluene (1.0 mL) at 100 °C for 12
h. Plsolated yields.

Table 4. 3,5-Disubstituted Imidazo[1,2-a]pyridine with
Various Arenes”

3
R 10 mol% Pd(OAc), /
| o _ASCOs KO3 a7y N
© toluene
o NT
R $  100°C, 12h
2
R 1
compd R' R? R’ yieldb (%)
2u OMe CN H 35
2v COMe OMe H 42
2w NO, OMe H 32
2x H H Me 65

“Reaction conditions: 1 (0.2 mmol), Pd(OAc), (10.0 mol %), Ag,CO,
(1. 5 equiv), K,CO; (2.0 equiv), and toluene (1.0 mL) at 100 °C for 12
h. Isolated yields.

function of the Hammett constant’® () of the functional
groups R' and R As expected, all frontier orbitals move to
lower energies in general when the phenyl substituent becomes
more electron withdrawing. Interestingly, the HOMO energies
illustrated by filled squares in Figure 2 change in a consistent
fashion across both the first and second series of fluorophores.
In other words, it does not matter whether the C3 or C5
positions are used for attaching the functional group; they have
a very similar impact on the HOMO energy. This finding is in
good agreement with the shape of HOMO shown in Figure Ia,
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Scheme 3. Synthesis of Imidazo[1,2-a]quinolines via C—H
Amination

N 10 mol% Pd(OAc),
| o AgoCO3, KoCOs3

N™ "H
o
R)\/NTS
3

p-chlorobenzene

100°C, 12 h
4
= R ¥ o Me
R= U
Me tBu
4a, 42% 4b, 37% 4c, 48% 4d, 45%
R2
-1.04 ‘ y=—-050x-1.21
[
o R!
1.2 y=—1.02x-1.27
LUMO
-1.4 4 ~ a
J R? S~
-1.6 y=-086x-122 | N S Nl el
| R =
1.8 y=-1.40x-129
204 A
> 4
L L, X N\/e
= 2
=) |
Q
c 244
]
2.6 4
e R’
524
5.4
] HOMO
-5.6 R?
1 y=-0.53x-5.31
5.8 4
v T v T v T v T L T v T
04 0.2 0.0 0.2 0.4 0.6 0.8
Hammett Constant (o)
para- OMe tBu Me H F NAPH CI Br COMe CF; CN NO,
(-0.27) (-022) (-0.17) (0.0)(0.06)(0.17) (0.23) (0.23) (0.50) (0.54) (0.66) (0.78)
meta- Me OMe F Naphthalene

(-0.07) (0.12) (0.34) (NAPH)

Figure 2. Calculated HOMO and LUMO energies for CS-function-
alized imidazo[1,2-a]pyridines (2a—j; red color) and C3-function-
alized imidazo[1,2-a]pyridines (2k—t; blue color), respectively.

which has almost equal contributions from both the C3 and C5
m-orbitals.

The changes in the LUMO energies are remarkably different.
As shown in the empty squares in Figure 2, derivatizing the
imidazopyridine skeleton at the CS3-position gives access to a
much wider LUMO energy range, shown as a solid red line in
Figure 2. The trend line indicates a slope of —1.40, which is
much steeper than —0.41 seen for the corresponding HOMO
levels. In contrast, the slope of the trend line for the LUMO
energies for the C3-functionalized analogues, shown as a solid
blue line, is only —0.86. Analyzing the LUMO energies more
closely, it is clear that the LUMO of the strongly electron-
withdrawing nitro group distorts the overall trend notably, as
both 2i and 2q have LUMO energies that are much lower than
the other molecules. Thus, we obtained partial trend lines
excluding 2i and 2q and show them as broken lines in Figure 2.
The CS-functionalized series still shows a slope of —1.02, which
is notably steeper than the HOMO trend line, but the C3-
functionalized series displays a slope of only —0.50, which is

DOI: 10.1021/acs.joc.7b00358
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practically identical to that of —0.53 found for the HOMO
levels. If the energy trends of the HOMO and LUMO energies
are identical, the HOMO — LUMO transitions will be identical
as well, and consequently, the variance in the color of the
fluorophores will be minimal.

In summary, the analysis of the frontier orbitals indicates that
functionalizing the imidazopyridine skeleton at the CS position
is a superior strategy for color tuning and gives direct control
over the LUMO levels, which in principle should allow for a
wider color range than C3 functionalizations. The principle
highlighted in the trends shown in Figure 2 also suggests a
promising new strategy: Since placing electron-withdrawing
groups on CS lower the LUMO energies, while placing
electron-donating groups on the C3 position raises the HOMO
levels and the LUMO energy tuning is disconnected from the
C3 position, we should be able to engineer a very narrow
HOMO-LUMO gap by placing an electron-withdrawing group
on CS5 and an electron-donating group on C3. The opposite
functionalization scheme should afford a large HOMO—-LUMO
gap. To test this combination strategy, we prepared the donor—
acceptor fluorophores 2u—x, shown in Table 4. Because it was
synthetically convenient, we have also used imidazo[1,2-
a]quinolines to carry out the C—H amination using our
methodology and obtained the fluorophores 4a—d. As the
expansion of the 7m-conjugation affects the LUMO that is
centered at the CS position, we can envision the ring fusion
formally as a [4 + 2] cycloaddition of a butadiene onto the
C5=C6 dienophile, which will push the LUMO energies
higher. Thus, we expect the emissions to be blue-shifted.

Photophysical Properties. With the qualitative predic-
tions discussed above in hand, the photophysical properties
were examined and theoretical studies using time-dependent
density functional theory'* (TD-DFT) with Tamm—Dancoff
approximation (TDA)'® were carried out.'® The TDA applied
to the TD-DFT methods reduces the instability of TD-DFT
calculations near state junctions.'” The energy and surface plots
of the HOMOs and LUMOs in each compound are given in
the Supporting Information. The ground state (S,) and the first
excited singlet state (S;) geometries have been optimized in
both the gas- and solvent-phase since the solvent can be
significantly influence the emission,'® but we found that the
gas-phase calculations gave slightly better agreement with
experimental results and the difference is small (~10 nm) and
physically not meaningful. We show here the gas-phase
calculation results. The experimentally determined photo-
physical properties are summarized in Table S and illustrated
in Figure 3.

The TD-DFT-calculated emissions are enumerated in the
Supporting Information and indicated in Figure 3. A handful
fluorophores such as 2c, 2e, 2f, or 2i that either showed very
weak photophysical activities or were otherwise uninteresting
were not recorded. Based on the orbital analysis described
above, we expected that the higher electron-withdrawing ability
of R' substituent will result in bathochromic shifts in the
emission wavelength (2b—h) as the HOMO—-LUMO gap
becomes smaller. As predicted, the R' substituent gives access
to a notably wider emission range of 38 nm, spanning from
468—506 nm, while the R* substituent (2k—p) allows a tunable
range of 27 nm from 457—484 nm, as illustrated in Figure 3.
The theory—experiment correlation is reasonable, and we
observed that the TD-DFT method generally underestimates
the emission wavelengths systematically by ~10 nm across the
whole series. More importantly, the trends seen in the
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Table 5. Photophysical Properties of z-Extended

Imidazo[1,2-a]pyridines”

N
= // _ /N
N )
7\
R' T
R R?

imidazo[1,2-a]pyridine (2) imidazo[1,2-a]quinoline (4)

Ap’ A Stokes shift
compd R! R? (am)  (nm) log e (nm) (0}
2a H H 337 473 3.74 136 0.24
2b OMe H 332 468 3.79 136 0.21
2d Me H 341 470 3.78 129 0.28
2f F H 336 469 3.84 133 0.32
2g Cl H 338 478 3.67 140 0.42
2h COMe H 358 506 3.68 148 0.43
2k H OMe 341 484 3.57 143 0.26
21 H t-Bu 339 479 3.66 140 0.31
2p H CN 331 457 4.35 126 0.19
2u OMe CN 329 447 4.20 118 0.17
2v COMe OMe 366 537 391 171 0.10
4b p-Me 324 424 3.93 100 0.42
4d m-Me 325 425 3.96 100 0.55

“Photophysical properties in CH,Cl, at 20.0 M. bOnly the longest
absorption maxima are shown.

(a)

sa0{ 7" « Exp. 540 [+ Exp. Y
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Figure 3. (a) Scatter plots of the emission wavelength of 3,5-
diarylimidazo[1,2-a]pyridine with various substituents. (b) Fluores-
cence images of imidazo[1,2-a]pyridines in CH,Cl, irradiated at 365
nm.

experiment indicate that CS5 functionalization leads to a more
monotonically consistent trend with increasing emission
wavelengths as a function of increasing Hammett constant,
whereas C3 functionalization gives a less well-defined scatter
within a narrower range. The push—pull systems 2u and 2v that
were designed to show very short and very long emission
wavelengths consistent with a very large and very small
HOMO-LUMO gap, respectively, exhibited the anticipated
photophysical properties. The emission wavelength of 2v was
found to be 537 nm, which is by far the longest wavelength
found in this series of fluorophores, whereas 2u showed an

DOI: 10.1021/acs.joc.7b00358
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emission at 447 nm, the shortest emission wavelength seen in
the series. The difference between these two extreme cases
constitutes a remarkable 90 nm. The imidazo[1,2-a]quinolines
4b and 4d displayed hypsochromically shifted emission maxima
at 424 and 425 nm and high quantum yields, which are in good
agreement with the anticipated raising of the LUMO levels due
to the quinoline moiety. Notably, these new fluorophores
showed large Stokes shifts, which is an attractive property for
the fluorogenic bioprobe.

B CONCLUSION

In conclusion, the fluorescence of 3,5-diarylimidazo[1,2-a]-
pyridine was found to originate from the z—7z* transitions of
the imidazo[1,2-a]pyridine skeleton, which is not surprising. A
quantum chemical frontier orbital analysis emphasized that the
CS position of the core structure is an ideal site for installing a
functional group handle for the fine-tuning of the photophysical
activity, as it is eminently involved in determining the nature of
the LUMO, while the C3 position is not at all involved in the
LUMO. The HOMO, on the other hand, showed a significant
orbital amplitude at the C3 position, therefore establishing that
functionalization at this position will impact the HOMO levels,
while functionalizations of the CS positions will impact the
LUMO levels in a fairly independent fashion. These two-point
handles should in principle allow for the widening the window
of accessible colors. To conveniently access these 3,5-
diarylimidazo[1,2-a]pyridine fluorophores, we have utilized a
palladium-catalyzed C—H amination reaction of pyridinium
zwitterions that we have developed recently in our laboratory.
The resulting 7-extended imidazo[1,2-a]pyridine fluorophores
exhibited continuously tunable emission wavelengths with high
quantum vyields, as anticipated. The power of this conceptual
insight is emphasized by logically extending the conceptual
basis to prepare push—pull substituent combinations, where we
can understand and engineer an emission wavelength difference
as large as 90 nm using the same set of substituents by simply
exchanging their positions. The value and conceptual meaning
of the CS-functionalizations have thus far been under-
appreciated.

B EXPERIMENTAL SECTION

General Methods. Unless otherwise stated, all commercial
reagents including catalysts and solvents were used without additional
purification. The pyridinium zwitterions and quinolinum zwitterions
were prepared according to the reported procedure.”® Analytical thin-
layer chromatography (TLC) was performed on Merck precoated
silica gel 60 F254 plates. Visualization on TLC was achieved by use of
UV light (254 nm). Flash column chromatography was undertaken on
silica gel (Merck Kiesel gel 60 F254 230—400 mesh). '"H NMR was
recorded on Bruker DPX FT (300 and 400 MHz). Chemical shifts
were quoted in parts per million (ppm) referenced to the appropriate
solvent peak or 0.0 ppm for tetramethylsilane. The following
abbreviations were used to describe peak splitting patterns when
appropriate: br = broad, s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet. Coupling constants, ], are reported in hertz (Hz). '*C
NMR was recorded on a Bruker FT AM 400 (100 MHz) and was fully
decoupled by broad-band proton decoupling. Chemical shifts were
reported in ppm referenced to the center line of a triplet at 77.0 ppm
of chloroform-d. Infrared spectra were recorded on a JASCO FT/IR-
460 plus FT-IR spectrometer. Frequencies are given in reciprocal
centimeters (cm™'), and only selected absorbance is reported. High-
resolution mass spectra were obtained from the Korea Basic Science
Institute (Daegu) by electron impact (EI) and fast atom bombardment
(FAB) using a magnetic sector—electric sector double-focusing mass
analyzer. Absorption spectra were obtained on a Varian Cary 100 conc
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spectrometer. Fluorescence spectra and absolute quantum yields were
collected on a Scinco FluoroMate FS-2 fluorescence spectrometer with
a calibrated integrating sphere system.

Computational Details. All calculations were performed usin%
density functional theory'® (DFT) as implemented in the Jaguar 9.1°
suite of ab initio quantum chemistry programs. The geometry
optimizations were performed with the B3LYP*' hybrid exchange
and correlation functional. The 6-31G** basis set was used for all
atoms,”” which were represented by the Los Alamos LACVP basis set
including relativistic effective core potential.”> The HOMO and
LUMO energies of the optimized structures were reevaluated by
single-point calculations using Dunning’s correlation consistent triple-
{ basis set cc-pVTZ(-f) that includes a double set of polarization
functions.”* Calculations for solvent effect were conducted by a self-
consistent reaction field (SCRF) approach, in which dichloro-
methane (CH,Cl,) was regarded as the continuum with the dielectric
constant ¢ = 9.08. Furthermore, time-dependent DFT'(TD-DFT)
calculations with a Tamm—Dancoff approximation15 (TDA) are used
to optimize the structure of ground states and first excited states of the
nature for the emission parameter. The isosurface plots of MOs were
obtained by using the Molden software®® and Cortorna3D.”’

General Procedure for the Optimization Studies (Table 1).
To a 2 mL screw capped vial with a triangular-shaped stir bar were
added pyridinium 1,5-zwitterion (1a, 0.2 mmol), Pd(OAc), (10.0 mol
%), oxidant (1.5 equiv), base (2.0 equiv), and solvent (1.0 mL). The
reaction mixture was stirred at 100 °C for 12 h, filtered through a pad
of Celite, and then washed with ethyl acetate (10 mL X 3). Organic
solvents were removed under reduced pressure. The NMR vyield of
desired product 2a was determined by integration using an internal
standard (CH,Br,).

Procedure for the Synthesis of Various Imidazo[1,2-al-
pyridines (Tables 2—4). To a 2 mL screw capped vial with a
triangular-shaped stir bar were added pyridinium 1,S-zwitterion (1, 0.2
mmol), Pd(OAc), (10.0 mol %), Ag,CO; (1.5 equiv), K,CO; (2.0
equiv), and toluene (1.0 mL). The reaction mixture was stirred at 100
°C for 12 h, filtered through a pad of Celite, and then washed with
ethyl acetate (10 mL X 3). Organic solvents were removed under
reduced pressure. The organic residue was purified by chromatography
on silica gel (EtOAc/hexane = 1:1) to give the desired product 2.

Procedure for the Synthesis of Imidazo[1,2-alquinolines
(Scheme 3). To 2 mL screw-capped vial with a triangular-shaped stir
bar were added pyridinium 1,5-zwitterion (3, 0.2 mmol), Pd(OAc),
(10.0 mol %), Ag,CO; (1.5 equiv), K,CO; (2.0 equiv), and p-
chlorobenzene (1.0 mL). The reaction mixture was stirred at 100 °C
for 12 h, filtered through a pad of Celite, and then washed with ethyl
acetate (10 mL X 3). Organic solvents were removed under reduced
pressure. The organic residue was purified by chromatography on silica
gel (EtOAc/hexane = 1:1) to give the desired product 4.

(2)-(2-(2-(4-Nitrophenyl)pyridin-1-ium-1-yl)-2-phenylvinyl)(tosyl)-
amide (1i): purple solid (78.4 mg, 83%); mp 175.8—177.0 °C; 'H
NMR (400 MHz, CDCl,) § 8.57 (dd, ] = 6.2, 1.0 Hz, 1H), 8.50 (td, J
=79, 1.5 Hz, 1H), 8.07—8.04 (m, 1H), 7.89 (dd, ] = 8.0, 1.0 Hz, 1H),
7.80 (s, 1H), 7,76—7,72 (m, 2H), 7.61-7.59 (m, 2H), 7.40—7.37 (m,
2H), 7.18 (d, ] = 7.9 Hz, 2H), 7.13—7.09 (m, 2H), 7.00—6.96 (m,
1H), 6.61—6.59 (m, 2H), 2.43(s, 3H); *C NMR (100 MHz, CDCl,)
51562, 150.5, 148.8, 144.9, 143.0, 140.7, 140.3, 137.6, 136.3, 129.9,
1292, 129.1, 129.0, 127.9, 125.8, 124.9, 123.1, 120.5, 116.1, 21.3; IR
(liquid) v 3056.6, 2989.1, 2861.8, 1589.1, 1519.6, 1348.0, 1238.4,
1130.1, 1080.9 cm™'; HRMS (FAB) m/z caled for C,qH,N;0,S [M +
H] 472.1331, found 472.1334.

(Z)-(2-(4-Cyanophenyl)-2-(2-phenylpyridin-1-ium-1-yl)vinyl)-
(tosyl)amide (1p): red solid (76.9 mg, 85%); mp 135.1-137.7 °C; 'H
NMR (400 MHz, CDCl,) 6 8.49 (td, ] = 7.8, 1.4 Hz, 1H), 8.44—8.43
(m, 1H), 8.05 (s, 1H), 8.01—-7.97 (m, 1H), 7.91-7.89 (m, 1H), 7.68
(d, J = 82 Hz, 2H), 7.32—7.27 (m, 1H), 7.24—7.18 (m, 6H), 7.08—
7.04 (m, 2H), 6.50 (d, ] = 8.6 Hz, 2H), 2.39 (s, 3H); *C NMR (100
MHz, CDCL,) § 1582, 150.4, 145.2, 143.9, 142.3, 140.7, 140.7, 132.3,
131.3, 131.2, 130.2, 129.1, 128.3, 128.0, 127.1, 1259, 119.5, 119.3,
115.5, 1059, 21.3; IR (liquid) v 3059.5, 2985.3, 2823.3, 2217.7,
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1569.8, 1479.1, 1316.2, 1254.5, 1133.0, 1081.9 cm™'; HRMS (FAB)
m/z caled for C,;H,N;0,S [M + H] 452.1433, found 452.1430.
(2)-(2-(4-Nitrophenyl)-2-(2-phenylpyridin-1-ium-1-yl)vinyl)(tosyl)-
amide (1q): red solid (73.9 mg, 78%); mp 156.5—157.4 °C; "H NMR
(400 MHz, DMSO dg) 6 8.90 (d, ] = 5.6 Hz, 1H), 8.81—8.77 (m, 1H),
8.28—8.23 (m, 2H), 8.15 (s, 1H), 7.88 (d, ] = 9.1 Hz, 2H), 7.55 (d, ] =
8.1 Hz, 2H), 7.36—7.29 (m, 3H), 7.21 (d, ] = 7.3 Hz, 2H), 7.09—7.05
(m, 2H), 6.82 (d, J = 9.0 Hz, 2H), 2.38 (s, 3H); *C NMR (100 MHz,
DMSO d¢) 6 156.8, 150.4, 146.8, 145.2, 143.3, 142.4, 141.8, 140.4,
131.7, 130.7, 130.7, 129.1, 1282, 127.9, 127.8, 125.5, 124.4, 118.6,
115.1, 20.9; IR (solid) v 3061.4, 2984.3, 2928.3, 1558.2, 1495.5,
1322.9, 1251.6, 1134.9, 1108.9, 1078.9, cm™"; HRMS (FAB) m/z calcd
for C,sH, N;0,S [M + H] 472.1331, found 472.1332.
(Z2)-(2-(4-Cyanophenyl)-2-(2-(4-methoxyphenyl)pyridin-1-ium-1-
ylvinyl)(tosyl)amide (1u): red solid (77.3 mg, 80%); mp 165.8—168.7
°C; '"H NMR (400 MHz, CDCL,) & 842 (td, ] = 7.9, 1.5 Hz, 1H),
8.35—8.33 (m, 1H), 8.09 (s, 1H), 7.90—7.86 (m, 2H), 7.69 (d, ] = 8.2
Hz, 2H), 7.26—7.18 (m, 6H), 6.57—6.51 (m, 4H), 3.74 (s, 3H), 2.39
(s, 3H); '*C NMR (100 MHz, CDCl,) § 161.9, 158.2, 150.2, 144.8,
143.9, 142.4, 140.7, 140.6, 132.4, 130.1, 130.0, 129.1, 126.3, 125.9,
123.4,119.4, 119.3, 115.7, 113.9, 105.9, 55.2, 21.4; IR (solid) v 3061.4,
2838.7, 2217.7, 1569.8, 1479.1, 1417.4, 1316.2, 1254.5, 1133.0, 1087.9
cm™; HRMS (FAB) m/z calcd for C,gH,3N;0,S [M + H] 482.1538,
found 482.1537.
(2)-(2-(4-Cyanophenyl)-2-(2-(4-methoxyphenyl)pyridin-1-ium-1-
ylvinyl)(tosyl)amide (1v): purple solid (84.9 mg, 88%); mp 142.2—
143.9 °C; '"H NMR (400 MHz, CDCl,) § 8.52—8.48 (m, 2H), 8.03—
8.00 (m, 1H), 7.87 (d, ] = 7.7 Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H), 7.58—
7.54 (m, 3H), 7.32—7.28 (m, 2H), 7.20 (d, J = 7.9 Hz, 2H), 6.57 (d, ]
= 8.7 Hz, 2H), 6.41 (d, ] = 8.7 Hz, 2H), 3.68 (s, 3H), 2.52 (s, 3H),
241 (s, 3H); °C NMR (100 MHz, CDCl;) § 196.9, 157.2, 156.5,
150.4, 145.0, 143.4, 140.2, 138.5, 138.1, 135.9, 130.0, 129.0, 128.5,
127.9, 127.3, 125.8, 122.7, 117.4, 114.1, 55.2, 26.6, 21.3; IR (liquid) v
3059.5,2996.8, 2836.8, 1685.5, 1509.1, 1483.9, 1337.4, 1250.6, 1132.0,
1082.8 cm™}; HRMS (FAB) m/z caled for C,)HyN,0,S [M + H]
499.1692, found 499.1693.
(Z)-(2-(4-Methoxyphenyl)-2-(2-(4-nitrophenyl)pyridin-1-ium-1-
ylvinyl)(tosyl)amide (1w): purple solid (76.4 mg, 76%); mp 147.1—
149.3 °C; "H NMR (400 MHz, DMSO dg) 6 8.93 (d, ] = 5.4 Hz, 1H),
8.77 (td,J = 7.9, 1.3 Hz, 1H), 8.28—8.22 (m, 2H), 7.73 (d, ] = 8.8 Hz,
2H), 7.48—7.45 (m, SH), 7.23 (d, ] = 8.0 Hz, 2H), 6.75—6.68 (m,
4H), 3.67 (s, 3H), 2.38 (s, 3H);"*C NMR (100 MHz, DMSO d;) §
156.6, 154.4, 150.1, 148.1, 146.3, 144.0, 139.5, 138.1, 137.4, 130.4,
129.5,129.1, 128.9, 128.5, 125.2, 122.5, 121.9, 115.8, 114.4, 55.0, 20.7;
(liquid) v 3002.6, 2927.4, 2830.0, 1598.7, 1518.7, 1473.4, 1349.9,
1308.5, 1257.4, 1240.9, 1125.3, 1081.9 cm™'; HRMS (FAB) m/z calcd
for C,;H,3N;058 [M + H] 502.1437, found 502.1434.
3,5-Diphenylimidazo[1,2-alpyridine (2a): brown solid (46.2 mg,
85%); mp 162.9—164.2 °C; "H NMR (400 MHz, CDCL;) § 7.73 (dd, J
=9.0, 1.1 Hz, 1H), 7.65 (s, 1H), 7.30 (dd, ] = 9.0, 6.9 Hz, 1H), 7.11—
7.04 (m, 3H), 7.03—6.94 (m, SH), 6.88—6.86 (m, 2H), 6.76 (dd, | =
6.9, 1.1 Hz, 1H); *C NMR (100 MHz, CDCl;) § 147.4, 139.0, 134.8,
134.3, 130.8, 128.7, 1282, 1282, 127.4, 127.2, 126.8, 126.5, 124.1,
117.0, 115.3; IR (solid) v 3060.5, 2926.5, 2853.2, 1484.9, 1444.4,
1293.0, 1155.2, 1131.1 cm™; HRMS (EI) m/z caled for C,oH 4N, [M
+ HJ 270.1157, found 270.1155.
5-(4-Methoxyphenyl)-3-phenylimidazo[1,2-a]pyridine (2b):
brown solid (34.4 mg, 60%); mp 108.4—110.2 °C; 'H NMR (400
MHz, CDCly) 6 7.59 (d, ] = 8.9, 1H), 7.54 (s, 1H), 7.18—7.14 (m,
1H), 6.96—6.92 (m, 1H), 6.89—6.83 (m, 4H), 6.77—6.75 (m, 2H),
6.61 (d, ] = 6.8, 1H), 6.40 (d, ] = 8.5, 2H), 3.59 (s, 3H); *C NMR
(100 MHz, CDCl,) § 159.6, 147.5, 138.9, 134.7, 131.0, 129.6, 129.0,
127.2, 126.8, 126.8, 126.4, 124.2, 116.6, 114.9, 112.9, 55.3; IR (solid) v
3056.6, 3019.0, 2929.3, 2853.2, 1606.4, 1514.8, 1492.6, 1461.8, 1288.2,
1251.6, 1154.2, 1027.9 cm™"; HRMS (EI) m/z caled for C,,H,(N,O
[M + H] 300.1263, found 300.1263.
5-(4-tert-Butylphenyl)-3-phenylimidazo[1,2-alpyridine (2c): yel-
low oil (45.4 mg, 70%); '"H NMR (400 MHz, CDCl;) § 7.72 (dd, J =
9.0, 1.0 Hz, 1H), 7.63 (s, 1H), 7.30—7.26 (m, 1H), 7.00—-6.91 (m,
7H), 6.85—6.83 (m, 2H), 6.76 (dd, ] = 6.8, 1.0 Hz, 1H), 1.22 (s, 9H);
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BC NMR (100 MHz, CDClLy) § 151.5, 147.4, 139.2, 134.5, 131.2,
131.0, 128.9, 128.0, 127.1, 126.8, 126.4, 124.3, 124.2, 116.7, 114.8,
34.4, 31.1; IR (solid) v 3059.5, 3030.6, 2961.2, 2927.4, 2866.7, 1603.5,
1537.9, 1519.9, 1495.5, 1479.1, 1460.8, 1394.3, 1362.5, 1295.9, 1157.1
cm™; HRMS (EI) m/z caled for Cp3H,,N, [M + H] 326.1783, found
326.1780.
3-Phenyl-5-(p-tolyl)-2,3-dihydroimidazo[1,2-a]pyridine (2d): yel-
low oil (41.8 mg, 74%); '"H NMR (400 MHz, CDCl;) § 7.64 (dd, ] =
9.1, 1.2 Hz, 1H), 7.57 (s, 1H), 7.21 (g, ] = 5.4 Hz, 1H), 6.98—6.94 (m,
1H), 6.90—6.84 (m, 4H), 6.80—6.78 (m, 2H), 6.70 (d, ] = 7.8 Hz,
2H), 6.67 (d, 6.9 Hz, 1H), 2.14 (s, 3H); '3*C NMR (100 MHz, CDCl,)
5 147.5, 139.2, 138.3, 134.6, 131.4, 130.9, 128.9, 128.1, 128.0, 127.1,
126.8, 1262, 124.1, 116.8, 115.0, 21.1; IR (liquid) v 3027.7, 2922.6,
2855.1, 1535.1, 1517.7, 1496.5, 1479.1, 1445.4, 1358.6, 1294.9, 1157.1
cm™; HRMS (EI) m/z caled for C,H 4N, [M + H] 284.1313, found
284.1312.
3-Phenyl-5-(m-tolyl)imidazo[1,2-a]pyridine (2e): brown solid
(422 mg, 79%); mp 155.9—157.3 °C; '"H NMR (400 MHz, CDCL,)
5 7.64 (dd, J = 9.0, 0.9 Hz, 1H), 7.57 (s, 1H), 7.22—7.18 (m, 1H),
6.96—6.88 (m, SH), 6.82—6.81 (m, 3H), 6.69—6.67 (m, 2H), 1.95 (s,
3H); C NMR (100 MHz, CDCl;) § 147.5, 139.2, 137.0, 134.7,
134.0, 131.1, 129.4, 129.0, 128.5, 127.6, 127.1, 126.8, 126.6, 125.3,
124.1, 116.9, 115.0, 20.9; IR (solid) v 3076.9, 2935.1, 2854.1, 1508.1,
1477.2, 14464, 12959, 11552 cm™; HRMS (EI) m/z caled for
CyoH 4N, [M + H] 284.1313, found 284.1310.
5-(4-Fluorophenyl)-3-phenylimidazo[1,2-ajpyridine (2f): brown
solid (30.5 mg, 53%); mp 141.0—142.2 °C; 'H NMR (400 MHz,
CDCly) 6 7.67 (d, J = 8.8 Hz, 1H), 7.59(s, 1H), 7.24—7.20 (m, 1H),
7.03—-6.94 (m, SH), 6.82—6.80 (m, 2H), 6.67—6.60 (m, 3H); °C
NMR (100 MHz, CDCl,) § 163.7, 161.3, 147.4, 137.9, 134.7, 130.7,
130.5, 130.4, 130.2, 130.1, 129.0, 127.4, 126.9, 126.7, 124.1, 117.2,
115.3, 114.6, 114.4; IR (solid) v 3057.6, 2924.5, 2853.2, 1513.9,
1493.6, 1475.3, 1263.3, 1157.1, 1132.0 cm™; HRMS (EI) m/z calcd
for C;oH;FN, [M + H] 288.1063, found 288.1061.
5-(4-Chlorophenyl)-3-phenylimidazol[1,2-a]pyridine (2g): brown
solid (42.6 mg, 70%); mp 146.9—148.1 °C; 'H NMR (400 MHz,
CDCly) 6 7.74 (dd, ] = 8.9, 0.7 Hz, 1H), 7.66 (s, 1H), 7.29 (dd, J =
9.0, 6.9 Hz, 1H), 7.14—7.10 (m, 1H), 7.04—6.95 (m, 6H), 6.88—6.86
(m, 2H), 6.75 (d, ] = 6.2 Hz, 1H); 3C NMR (100 MHz, CDCL,) §
147.4, 137.7, 134.8, 134.4, 132.7, 130.7, 129.5, 129.0, 127.6, 127.4,
126.9, 126.7, 124.0, 117.5, 115.3; IR (solid) v 3053.7, 2925.5, 2852.2,
1593.9, 1477.2, 1444.4, 1406.8, 1357.6, 1293.0, 1154.2 cm™'; HRMS
(EI) m/z caled for C,oH;CIN, [M + H] 304.0767, found 304.0763.
1-(4-(3-Phenylimidazo[1,2-a]pyridin-5-yl)phenyl)ethanone (2h):
yellow oil (182 mg, 29%); 'H NMR (400 MHz, CDCL;) § 7.71
(dd, J=9.0, 1.2 Hz, 1H), 7.62 (s, 1H), 7.52—7.50 (m, 2H), 7.28—7.24
(m, 1H), 7.10-7.08 (m, 2H), 6.97—6.87 (m, 3H), 6.82—6.80 (m, 2H),
6.75 (dd, J = 6.9, 1.1 Hz, 1H), 2.44 (s, 3H); 3*C NMR (100 MHz,
CDCly) 6 197.2, 147.3, 138.6, 137.6, 136.3, 134.8, 130.6, 128.7, 128.3,
1274, 127.3, 126.8, 126.6, 124.0, 117.7, 115.7, 26.6; IR (liquid) v
3029.6, 2923.6, 2853.2, 1683.6, 1514.8, 1494.6, 1445.4, 1358.6, 1295.9,
1156.1 cm™; HRMS (EI) m/z caled for C,H;sN,O [M + H]
312.1263, found 312.1262.
5-(4-Nitrophenyl)-3-phenylimidazo[1,2-a]pyridine (2i): yellow
solid (34.8 mg, 52%); mp 177.5-179.7 °C; '"H NMR (400 MHz,
CDCly) 5 7.88—7.84 (m, 2H), 7.81 (d, ] = 9.0, 1.1 Hz, 1H), 7.70 (s,
1H), 7.34 (dd, ] = 9.0, 6.9 Hz, 1H), 7.25—7.22 (m, 2H), 7.08—7.04
(m, 1H), 7.02—6.98 (m, 2H), 6.90—6.88 (m, 2H), 6.84 (dd, ] = 6.9,
1.1 Hz, 1H); 3C NMR (100 MHz, CDCL,) § 147.2, 147.1, 140.4,
136.3, 135.0, 130.4, 129.0, 128.8, 127.7, 127.4, 126.5, 123.9, 122.6,
118.5, 116.2; IR (liquid) v 3049.87, 1558.2, 1518.7, 1488.8, 1347.0,
11552, 856.2; HRMS (EI) m/z caled for CoH;3N,0, [M + H]
315.1008, found 315.1009.
5-(Naphthalen-2-yl)-3-phenylimidazo[1,2-a]pyridine (2j): brown
solid (46.7 mg, 73%); mp 128.1—130.0 °C; 'H NMR (400 MHz,
CDCly) 6 7.70-7.68 (m, 1H), 7.60—7.55 (m, 4H), 7.38—7.33 (m,
2H), 7.30 (d, J = 8.5 Hz, 1H), 7.25 (q, 5.3 Hz, 1H), 6.99—6.96 (m,
1H), 6.81—6.79 (m, 3H), 6.64—6.63 (m, 3H), *C NMR (100 MHz,
CDCl,) 6 147.4, 139.0, 134.7, 132.6, 132.2, 131.8, 130.7, 128.9, 127.9,
127.3, 126.9, 126.5, 126.4, 126.1, 125.5, 124.1, 117.1, 115.5; IR (solid)
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v 3052.8,2923.6, 2853.2, 1502.3, 1479.1, 1443.5, 1288.2, 1154.2 cm™’;
HRMS (EI) m/z caled for C,3H (N, [M + H] 320.1313, found
320.1316.
3-(4-Methoxyphenyl)-5-phenylimidazo[1,2-alpyridine (2k):
brown solid (49.1 mg, 82%); mp 95.5-96.3 °C; 'H NMR (400
MHz, CDCL,) 6§ 7.65 (dd, ] = 9.0, 1.2 Hz, 1H), 7.53 (s, 1H), 7.22—
7.18 (m, 1H), 7.08—7.03 (m, 1H), 6.99—6.92 (m, 4H), 6.73—6,66 (m,
3H), 6.45—6.41 (m, 2H), 3.65 (s, 3H); *C NMR (100 MHz, CDCI,)
5 158.4 147.1. 139.0. 134.2. 130.1. 128.4. 128.1. 127.3. 126.5. 123.8.
123.3. 116.9. 115.2. 112.8. 55.2; IR (solid) v 3058.6, 2924.5, 2852.2,
1508.1, 1482.9, 1445.4, 1294.0, 1243.9, 1154.2, 1028.8 cm™'; HRMS
(EI) m/z caled for CpyH ¢N,O [M + H] 300.1263, found 300.1260.
3-(4-tert-Butylphenyl)-5-phenylimidazo[1,2-a]pyridine (2I):
brown solid (49.8 mg, 76%); mp 160.3—161.5 °C; 'H NMR (400
MHz, CDCL;) § 7.64 (d, ] = 8.9 Hz, 1H), 7.56 (s, 1H), 7.21—=7.17 (m,
1H), 6.98—6.84 (m, 7H), 6.69 (d, ] = 8.2 Hz, 2H), 6.65 (d, ] = 6.8 Hz,
1H), 1.15 (s, 9H); *C NMR (100 MHz, CDCl;) § 149.6, 1472,
139.1, 134.2, 128.6, 128.4, 128.0, 127.8, 127.2, 126.8, 124.1, 123.8,
117.0, 115.1, 34.3, 31.1; IR (solid) v 3055.7, 2956.3, 2862.8, 1531.2,
1482.0, 1448.3, 1292.1, 1264.1, 1151.3, 1019.2 cm™; HRMS (EI) m/z
caled for C,3Hp,N, [M + H]J 326.1783, found 326.1780.
5-Phenyl-3-(p-tolyl)imidazo[1,2-a]pyridine (2m): brown solid
(324 mg, 65%); mp 144.7—146.3 °C; '"H NMR (400 MHz, CDCl,)
§7.65 (d, ] = 89 Hz, 1H), 7.55 (s, 1H), 7.23—7.21 (m, 1H), 7.03—
6.90 (m, 5H), 6.68—6.67 (m, SH), 2.15 (s, 3H); *C NMR (100 MHz,
CDCl,) 6 147.3, 139.0, 136.4, 134.4, 134.3, 129.3, 128.7, 128.3, 128.2,
128.0, 127.3, 126.8, 124.0, 116.9, 115.3, 21.0; IR (solid) v 3051.8,
2918.7, 28522, 1534.1, 1481.1, 1445.4, 1359.6, 1295.9, 1157.1, 1138.8
em™!; HRMS (EI) m/z calcd for C,oH 4N, [M + H] 284.1313, found
284.1315.
3-(4-Bromophenyl)-5-phenylimidazo[1,2-a]pyridine (2n): brown
solid (40.4 mg, 50%); mp 188.3—189.6 °C; 'H NMR (400 MHz,
CDCly) 6 7.66 (dd, J = 9.0, 1.2 Hz, 1H), 7.56 (s, 1H), 7.26—7.22 (m,
1H), 7.14—7.09 (m, 1H), 7.03—6.97 (m, 6H), 6.71 (dd, ] = 6.9, 1.1
Hz, 1H), 6.67—6.64 (m, 2H); *C NMR (100 MHz, CDCL,) § 147.6,
138.9, 134.9, 134.2, 130.3, 130.1, 129.8, 128.5, 128.3, 127.7, 125.5,
124.4, 120.8, 117.1, 115.4; IR (solid) v 3061.4, 2932.2, 2853.2, 1536.0,
1508.1, 1482.0, 1469.5, 1296.9, 1158.0, 1007.6 cm™; HRMS (EI) m/z
caled for CgH;BrN, [M + H] 348.0262, found 348.0259.
5-Phenyl-3-(4-(trifluoromethyl)phenyl)imidazo[1,2-a]pyridine
(20): brown solid (33.9 mg, 50%); mp 193.5-195.0 °C; 'H NMR
(400 MHz, CDCl;) § 7.78 (dd, J = 9.0, 1.2 Hz, 1H), 7.73 (s, 1H),
7.40—7.36 (m, 1H), 7.23 (d, ] = 8.0, 2H), 7.18—7.13 (m, 1H), 7.09—
6.99 (m, 6H), 6.84 (dd, J = 6.9, 1.2 Hz, 1H); 3C NMR (100 MHz,
CDCL,) 6 147.9, 138.9, 135.2, 134.5, 134.1, 128.9, 128.7, 128.6, 128.2,
128.0, 127.7, 125.3, 124.8, 124.0, 124.0, 124.0, 122.6, 117.2., 115.5; IR
(solid) v 3061.4, 2931.3, 28522, 1614.1, 1484.9, 1446.3, 1322.9,
1294.9, 1159.9, 1105.9, 1065.5 cm™'; HRMS (EI) m/z caled for
CyoH,5E;N, [M + H] 338.1031, found 338.1029.
4-(5-Phenylimidazo[1,2-ajpyridin-3-yl)benzonitrile (2p): yellow
solid (34.5 mg, 45%); mp 212.7-214.5 °C; 'H NMR (400 MHz,
CDCly) 6 7.76 (dd, J = 9.0 Hz, 1.1 Hz, 1H), 7.71 (s, 1H), 7.38 (dd, ] =
9.0, 6.9 Hz, 1H), 7.26—7.24 (m, 2H), 7.21-7.16 (m, 1H), 7.10-7.05
(m, 4H), 6.98—6.96 (m, 2H), 6.84 (dd, ] = 6.9, 1.1 Hz, 1H); *C NMR
(100 MHz, CDCl;) § 148.3, 138.8, 135.8, 135.4, 134.2, 130.9, 128.9,
128.5, 1280, 127.9, 1252, 1248, 118.7, 117.2, 115.7, 109.7; IR
(liquid) v 3024.8, 2923.6, 2851.2, 2224.5, 1540.9, 1480.1, 1396.2,
1358.6, 1298.8, 1285.3, 1159.0, 1026.9, 839.8, cm™; HRMS (EI) m/z
caled for C,oH;3N; [M + HJ: 295.1109, found295.1107.
3-(4-Nitrophenyl)-5-phenylimidazo[1,2-alpyridine (2q): yellow
solid (359 mg, 57%); mp 227.3—228.4 °C; 'H NMR (400 MHz,
CDCl,) 6 7.85-7.82 (m, 2H), 7.79—7.76 (m, 2H), 7.40 (dd, ] = 9.0,
6.9 Hz, 1H), 7.17—7.02 (m, 7H), 6.87 (dd, J = 6.9, 0.9 Hz, 1H); *C
NMR (100 MHz, CDCL,) § 145.8, 138.9, 137.4, 136.3, 134.4, 129.0,
128.5, 128.1, 128.1, 125.5, 122.4, 1174, 115.9; IR (liquid) v 3052.8,
2919.7, 2849.3, 1594.8, 1508.1, 1482.0, 1345.1, 1297.9, 1159.0, 851.4
cm™; HRMS (EI) m/z caled for C,oH;3sN;0, [M + HJ] 315.1008,
found 315.1010.
3-(3-Methoxyphenyl)-5-phenylimidazo[1,2-alpyridine (2r): brown
solid (422 mg, 70%); mp 105.8—107.4 °C; 'H NMR (400 MHz,
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CDCly) 6 7.65 (dd, J = 9.0, 1.2 Hz, 1H), 7.58 (s, 1H), 7.24—7.19 (m,
1H), 7.07-7.01 (m, 3H), 6.98—6.94 (m, 2H), 6.87—6.83 (m, 1H),
6.70 (dd, J = 6.9, 1.2 Hz, 1H), 6.53—6.48 (m, 2H), 6.27—6.26 (m,
1H), 3.53 (s, 3H); *C NMR (100 MHz, CDCl,) § 158.4, 147.4,
139.0, 134.7, 134.4, 132.1, 128.3, 128.3, 128.0, 127.4, 126.5, 124.2,
121.5, 117.0, 115.4, 114.2, 112.9, 54.9; IR (solid) v 3055.7, 2926.5,
2853.2, 2832.9, 1574.6, 1507.1, 1477.2, 1445.4, 1358.6, 1293.0, 1152.3,
1053.9 cm™; HRMS (EI) m/z caled for C,)H;(N,O [M + H]
300.1263, found 300.1262.
5-Phenyl-3-(m-tolyl)imidazo[1,2-ajpyridine (2s): brown solid
(47.4 mg, 84%); mp 104.2—105.2 °C; '"H NMR (400 MHz, CDCl,)
5 7.66—7.64 (m, 1H), 7.57 (s, 1H), 7.22 (dd, ] = 8.9, 6.9 Hz, 1H),
7.04—6.92 (m, SH), 6.87—6.83 (m, 1H), 6.77—6.74 (m, 2H), 6.70—
6.68 (m, 1H), 648 (s, 1H), 1.98 (s, 3H); *C NMR (100 MHz,
CDCl,) 6 147.4, 139.0, 136.6, 134.5, 134.4, 130.6, 130.0, 128.2, 128.0,
127.4,127.3,127.2, 126.9, 125.7, 124.0, 116.9, 115.2, 20.8; IR (solid) v
3031.6, 2923.6, 2853.2, 1528.4, 1508.1, 1484.8, 1446.4, 1357.6, 1294.0,
1148.4 cm™; HRMS (EI) m/z calcd for C,oH 4N, [M + H] 284.1311,
found 284.1309.
3-(3-Fluorophenyl)-5-phenylimidazo[1,2-a]pyridine (2t): brown
solid (42.0 mg, 73%); mp 118.2—120.8 °C; 'H NMR (400 MHyz,
CDCly) 6 7.67 (d, ] = 9.1 Hz, 1H), 7.59 (s, 1H), 7.26 (q, ] = 5.3 Hz,
1H), 7.09—6.97 (m, SH), 6.90—6.84 (m, 1H), 6.72 (d, J = 7.0 Hz,
1H), 6.68—6.62 (m, 2H), 6.49—6.46 (m, 1H); *C NMR (100 MHz,
CDClL,) 6 162.9, 160.4, 147.6, 138.9, 135.0, 134.2, 132.9, 132.8, 128.7,
128.6, 128.5, 128.0, 127.6, 125.4, 124.5, 124.5, 124.5, 117.1, 115.8,
115.6, 115.4, 113.6, 113.4; IR (solid) v 3055.7, 2925.5, 2852.2, 1579.4,
1483.9, 1470.5, 1435.7, 1296.9, 1209.2, 1159.9 cm™; HRMS (EI) m/z
caled for C;gH 3FN, [M + H] 288.1063, found 288.1064.
4-(5-(4-Methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)benzonitrile
(2u): yellow solid (22.5 mg, 35%); mp 176.9—178.5 °C; '"H NMR
(400 MHz, CDCl,) 6 7.74—7.70 (m, 2H), 7.38—7.34 (m, 1H), 7.30—
7.28 (m, 2H), 7.00—6.98 (m, 4H), 6.80 (dd, ] = 6.9, 1.1 Hz, 1H),
6.59—6.57 (m, 2H), 3.75 (s, 3H); *C NMR (100 MHz, CDCL;) §
160.2, 148.3, 138.8, 135.7, 135.6, 130.8, 129.4, 128.8, 126.6, 125.4,
124.8, 118.7, 116.8, 1154, 113.3, 109.5, 55.4; IR (liquid) v 3054.7,
2956.3, 2923.6, 2220.6, 1541.8, 1518.7, 1497.5, 1357.6, 1303.6, 1248.7,
1159.9, 1033.7, 836.0 cm™'; HRMS (EI) m/z calcd for C,;H;N;0 [M
+ H] 325.1218, found 325.1212.
1-(4-(3-(4-Methoxyphenyl)imidazo[1,2-a]pyridin-5-yl)phenyl)-
ethanone (2v): yellow solid (29.0 mg, 42%); mp 136.9—138.4 °C; 'H
NMR (400 MHz, CDCL) & 7.76 (dd, J = 9.0, 1.0 Hz, 1H), 7.63 (s,
1H), 7.60—7.58 (m, 2H), 7.29 (dd, ] = 9.0, 6.9 Hz, 1H), 7.15-7.12
(m, 2H), 6.80—6.77 (m,3H), 6.51—6.48 (m, 2H), 3.67 (s, 3H), 2.52 (s,
3H); *C NMR (100 MHz, CDCl;) § 197.3, 158.8, 138.6, 137.7,
136.3, 134.4, 130.2, 128.7, 1272, 123.7, 123.1, 117.8, 115.5, 113.0,
552, 26.5; IR (liquid) v 2922.6, 28522, 1680.7, 1548.6, 1487.8,
1404.9, 1360.5, 1267.0, 1151.3, 1033.7, 962.3 cm™'; HRMS (EI) m/z
caled for C,,H gN,O, [M + H] 342.1368, found 342.1366.
3-(4-Methoxyphenyl)-5-(4-nitrophenyl)imidazo[1,2-a]pyridine
(2w): yellow solid (22.0 mg, 32%); mp 191.3—193.8 °C; 'H NMR
(400 MHz, CDCl;) 6 7.90—7.86 (m, 2H), 7.81 (dd, J = 9.0, 1.1 Hg,
1H), 7.65 (s, 1H), 7.32 (dd, ] = 9.0 6.9 Hz, 1H), 7.24—7.21 (m, 2H),
6.82—6.78 (m, 3H), 6.55—6.52 (m, 2H), 3.68 (s, 3H); *C NMR (100
MHz, CDCLy) 6 159.2, 147.2, 146.9, 140.4, 136.4, 134.5, 130.3, 129.2,
1264, 123.7, 122.7, 122.4, 118.5, 116.1, 113.3, 55.3; IR (liquid) v
2924.5,2833.9, 1596.8, 1542.8, 1506.1, 1481.1, 1443.5, 1342.2, 1244.8,
1028.8, 836.0 cm™'; HRMS (EI) m/z caled for C,0H N;0; [M + H]
345.1113, found 345.1110.
6-Methyl-3,5-diphenylimidazo[1,2-a]pyridine (2x): brown solid
(37.2 mg, 65%); mp 151.2—153.4 °C; "H NMR (400 MHz, CDCl,) §
7.65 (d, J = 9.0 Hz, 1H), 7.48 (s, 1H), 7.18 (d, J = 9.1 Hz, 1H), 7.07—
6.90 (m, 8H), 6.82 (d, ] = 7.3, 2H), 2.09 (s, 3H); '3C NMR (100
MHz, CDCl,) § 146.3, 135.7, 134.7, 132.9, 131.2, 130.0, 129.8, 128.3,
128.1, 127.8, 127.0, 126.4, 120.8, 116.8, 18.5; IR (solid) v 3060.5,
2924.5, 2853.2, 1483.9, 1475.3, 1443.5, 1289.2, 1244.8, 1159.0 cm™;
HRMS (EI) m/z caled for C,0H¢N, [M + H] 284.1313, found
284.1311.
(Z)-(2-Phenyl-2-(quinolin-1-ium-1-yl)vinyl)(tosyl)lamide (3a): pur-
ple solid (68.1 mg, 85%); mp 205.9—207.4 °C; 'H NMR (400 MHg,
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DMSO d¢) 6 (m, 2H), 8.53 (d, ] = 7.1 Hz, 1H), 8.28—8.24 (m, 1H),
8.09 (s, 1H), 8.01—7.94 (m, 3H), 7.41 (d, J = 7.7 Hz, 2H), 7.19-7.17
(m, 4H), 7.03—7.00 (m, 1H), 6.81 (d, J = 7.5 Hz, 2H), 2.32 (s, 3H);
13C NMR (100 MHz, DMSO d) & 153.6, 147.7, 139.3, 135.7, 130.4,
130.2, 129.9, 129.0, 128.7, 125.3, 124.1, 123.0, 119.8, 119.7, 20.8; IR
(liquid) v 3054.7, 29862, 1591.9, 1421.3, 1264.1, 1130.1, 1082.8,
9642 cm™'; HRMS (FAB) m/z caled for C,,H,N,S,0 [M + H]
401.1324, found 401.1322.

(Z2)-(2-(Quinolin-1-ium-1-yl)-2-(p-tolyl)vinyl)(tosyl)amide (3b):
gray solid (48.3 mg, 58%); mp 165.9—168.1 °C; 'H NMR (400
MHz, CDCl;) § 8.93 (d, ] = 8.2 Hz, 1H), 8.68 (d, ] = 5.2 Hz, 1H),
8.20 (s, 1H), 8.09 (d, J = 8.0 Hz, 1H), 8.01 (d, ] = 8.7 Hz, 1H), 7.78—
7.64 (m, SH), 7.14 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H), 6.63
(d, J = 8.2 Hz, 2H), 2.35 (s, 3H), 2.24 (s, 3H); 3C NMR (100 MHz,
CDCl,) 6 152.0, 146.8, 143.3, 140.1, 139.8, 135.2, 134.5, 133.9, 130.4,
130.0, 129.7, 129.6, 128.9, 125.9, 122.0, 120.9, 120.4, 114.6, 21.3, 20.8;
IR (liquid) v 3022.9, 2981.4, 2859.9, 1599.7, 1517.7, 1381.7 cm™;
HRMS (FAB) m/z caled for C,sH,,N,0,S [M + H] 415.1480, found
415.1478.

(Z)-(2-(4-tert-Butylphenyl)-2-(quinolin-1-ium-1-yl)vinyl)(tosyl)-
amide (3c): gray solid (47.8 mg, 52%); mp 191.9—192.8 °C; '"H NMR
(400 MHz, CDCl,) 6 8.94 (d, ] = 8.0 Hz, 1H), 8.68 (d, ] = 5.1 Hz,
1H), 8.23 (s, 1H), 8.11 (d, ] = 7.6 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H),
7.79—=7.69 (m, 3H), 7.64 (d, ] = 7.8 Hz, 2H), 7.17—7.13 (m, 4H), 6.68
(d, J = 82 Hz, 2H), 2.36(s, 3H), 1.24(s, 9H); *C NMR (100 MHz,
CDCly) § 152.0, 147.8, 146.7, 143.3, 140.3, 140.1, 140.1, 135.4, 133.9,
130.4, 129.9, 129.8, 128.8, 125.9, 125.9, 122.0, 121.1, 120.1, 114.4,
34.3, 31.2, 21.3; IR (solid) v 3059.5, 2955.4, 1600.6, 1515.8, 1335.5,
1167.7, 1129.1, 1086.7 cm™'; HRMS (FAB) m/z calcd for
CsH,sN,0,S [M + H] 457.1950, found 457.1952.

(Z2)-(2-(Quinolin-1-ium-1-yl)-2-(m-tolyl)vinyl)(tosyl)Jamide (3d):
purple solid (45.1 mg, 54%); mp 190.1-191.0 °C; 'H NMR (400
MHz, CDCl;) 6 8.92 (d, ] = 8.3 Hz, 1H), 8.75 (d, J = 5.6 Hz, 1H),
8.28 (s, 1H), 8.15—8.12 (m, 1H), 8.07—8.04 (m, 1H), 7.84—7.75 (m,
3H), 7.64 (d, ] = 8.2 Hz, 2H), 7.14 (d, ] = 7.9 Hz, 2H), 7.00 (t, ] = 7.7
Hz, 1H), 6.84 (d, ] = 7.5 Hz, 1H), 6.74 (s, 1H), 6.37 (d, ] = 7.9 Hz,
1H), 2.36 (s, 3H), 2.22 (s, 3H); 3*C NMR (100 MHz, CDCl;) &
152.2, 146.4, 143.3, 140.9, 140.4, 140.1, 138.8, 136.8, 135.4, 130.5,
129.9, 129.8, 128.9, 128.8, 125.9, 125.5, 122.0, 121.2, 121.0, 117.5,
114.3,21.5, 21.3; IR (liquid) v 3053.7, 2966.2, 1598.7, 1422.2, 1265.1,
1132.0, 1083.8 cm™; HRMS (FAB) m/z calcd for C,sH,N,0,S [M +
H] 415.1480, found 415.1479.

1-Phenylimidazo[1,2-alquinoline (4a): white oil (21.3 mg, 42%);
'"H NMR (400 MHz, CDCl,) 6 7.78 (dd, ] = 7.8, 1.2 Hz, 1H), 7.61—
7.50 (m, 9H), 7.39=7.35 (m, 1H), 7.28=7.24 (m, 1H); *C NMR
(100 MHz, CDCl,) § 145.0, 134.0, 133.4, 131.9, 130.1, 129.1, 128.8,
127.7, 126.4, 124.5, 124.4, 117.6, 116.9; IR (liquid) v 3050.8, 2923.6,
2854.1, 1442.5, 1380.8, 1292.1, 11262 cm™'; HRMS (EI) m/z caled
for C;;H;,N, [M + H] 244.1000, found 244.0998.

1-(p-Tolyl)imidazo[1,2-alquinoline (4b): white oil (17.9 mg, 35%);
'"H NMR (400 MHz, CDCl;) 6 7.76 (d, ] = 7.6 Hz, 1H), 7.60 (t, ] =
7.9 Hz, 2H), 7.49 (d, ] = 10.9 Hz, 2H), 7.41 (d, ] = 7.1 Hz, 2H), 7.37—
7.31 (m, 3H), 7.26 (t, ] = 7.6 Hz, 1H), 2.48 (s, 3H); 3*C NMR (100
MHz, CDCl;) § 144.9, 138.7, 134.0, 133.3, 130.0, 129.5, 129.0, 128.9,
128.8, 127.6, 126.2, 124.5, 1244, 117.6, 116.9, 21.4; IR (liquid) v
3047.0,2919.7, 2854.1, 1550.5, 1488.8, 1442.5, 1380.8, 1326.8, 1295.9,
1245.8 cm™; HRMS (EI) m/z caled for C;gH,,N, [M + H]:258.1157,
found 258.1154.

1-(4-tert-Butylphenyl)imidazo[1,2-ajquinoline (4c): white oil
(28.7 mg, 48%); 'H NMR (400 MHz, CDCL;) § 7.76 (dd, ] = 7.8,
1.0 Hz, 1H), 7.63 (d, ] = 8.6 Hz, 1H), 7.59 (d, ] = 9.4 Hz, 1H), 7.54—
7.44 (m, 6H), 7.35 (t, ] = 7.2 Hz, 1H), 7.29—-7.24 (m, 1H), 1.42 (s,
9H); 3C NMR (100 MHz, CDCl;) § 151.9, 145.0, 134.1, 133.4,
129.8, 129.0, 128.9, 128.8, 127.6, 126.2, 125.6, 124.5, 124.3, 117.7,
116.9, 34.8, 31.3; IR (liquid) v 2962.1, 2923.6, 2854.1, 1442.5, 1380.8,
1292.1, 11262 cm™'; HRMS (EI) m/z calcd for C, H,oN, [M + H]
300.1626, found 300.1629.

1-(m-Tolyl)imidazo[1,2-a]quinoline (4d): white oil (22.6 mg,
45%); '"H NMR (400 MHz, CDCl;) 6 7.77 (dd, J = 7.9, 1.3 Hz,
1H), 7.60—7.58 (m, 2H), 7.51-7.49 (m, 2H), 7.42—7.31 (m, 5H),

7.28-7.24 (m, 1H), 2.43 (s, 3H);'*C NMR (100 MHz, CDCL;) §
145.0, 138.5, 134.0, 133.3, 131.8, 130.7, 129.5, 129.0, 128.9, 128.6,
127.6, 1272, 126.3, 124.5, 1244, 117.7, 117.0, 21.4; IR (liquid) v
3047.0, 2919.7, 2844.1, 1546.6, 1473.4, 1442.5, 1380.8, 1326.8, 1295.9,
11532 ecm™; HRMS (EI) m/z caled for CgH )N, [M] 258.1157,
found 258.1158.
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