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Since the discovery of Sonogashira coupling in 1975, this pro-
tocol has become a very widely used and practical tool for the

generation of several terminal and internal π-conjugated acet-
ylenic compounds that have widespread applications.1,2 Despite
its reliability, simplicity, and overall applicability, Sonogashira
coupling suffers from several shortcomings, such as (a) the
generation of undesired homocoupled products3 of terminal
alkynes in the presence of air, (b) the requirement of specific
substrates and the skillful tailoring of reaction conditions, (c)
poor coupling in the presence of mild conditions with unac-
tivated halides, (d) the requirement of large amounts of a catalyst,
and (e) low catalyst turnover.4 Thus, there has been a tremen-
dous research effort over the course of the past decade to overcome
these limitations;4 however, no single protocol has overcome the
aforementioned shortcomings, especially the problem of homo-
coupling. Therefore, overcoming these limitations, especially the
problemof the homocoupling side reaction, remains a challenge for
researchers.

The presence of oxidizing agents or air in the reaction setup,
both of which are difficult to completely remove, may oxidize
nascent Pd(0) to Pd(II) and/or Cu(I) to Cu(II), which, in turn,
may promote the homocoupling of terminal alkynes in CuI
cocatalyzed original Sonogashira coupling. 2b,4e-g,5d Despite several
modifications,5,6 no special steps have been taken to develop a
modified version of the Cu(I) cocatalyst system so as to reduce
the homocoupling reaction and facilitate a high yield of desired
product; however, the reaction rate canbe accelerated and applied to a
wider range of reaction conditions. As a part of our ongoing research
efforts toward installing a fluorescence response in a nonfluorescent
precursor via a click reaction,7 we have envisioned that Sonogashira
coupling could potentially enable us to discovermore conjugated and
highly emissive fluorophores. Therein, the specific questions we
wanted to address are as follows: (a) Can the same click-reagents
serve as a source of reactive Cu(I) for Sonogashira coupling, (b) can
Na-ascorbate maintain a reducing atmosphere in this system,8

and, (c) if so, would it more effectively reduce the incidence
of homocoupling in comparison to CuI or other reported

modifiedmethods?4-6 Immediate attempts were taken to answer
our curiosities, and we were successful in developing a click-
reagent version of Sonogashira coupling method (Figure 1) under
mild reaction conditions without any requirement of skillful
reaction tailoring.

The logic behind the use of click-reagent in our strategy is
the following: (a) to generate active Cu(I) in situ, (b) halt the
oxidation of the generated Cu(I) into Cu(II), and (c) remove
excessive air/O2 from the reaction setup, which may damage
nascent Pd(0) catalyst. Sodium ascorbate can reduce oxygen to
form water in the vicinity of nascent Pd(0),4e-g,5d which reduces
the oxygen concentration in the reaction; hence, the incidence of

Figure 1. (a) Schematic representation of the general procedure.
(b) The aryl halides and (c) alkynes that were used in our developed
click-reagent version of Sonogashira coupling protocol.
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ABSTRACT: A click-reagent version of the Sonogashira-cou-
pling protocol has been developed. Diarylalkynes with donor
and/or acceptor substituents have been synthesized via this
protocol at moderate to excellent yields and with no or
drastically reduced quantities of undesired homocoupled side
products. This protocol is green-solvent compatible, air-insen-
sitive, and effective under microwave conditions.
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undesired oxidative homocoupling is drastically diminished.
Therefore, to maintain a constant reducing environment, we
used six times more Na-ascorbate than Cu(II). Therefore, the

most probable roles of the click-reagents in the Sonogashira
coupling procedure include the in situ provision of active Cu(I)
cocatalyst, maintenance of a constant reducing atmosphere in the
vicinity of nascent Pd(0), and achievement of the possible

Scheme 1. The Most Probable Mechanism of the Developed Protocol, Which Shows the Roles of the Click-Reagents

Table 1. Optimization of the Reaction Condition

reagents (mol %)

solvents Pd(0) CR1a CR2b
base

(Et3N)

time

(h)

yield

(%)c

DMF 3 1 6 excess 4 84

3 1 6 20 equiv 4 80

3 1 6 10 equiv 4 70

3 1 6 5 equiv 4 54

3 1 6 2 equiv 4 53

3 1 6 4 20

3 1 5 excess 4 71

3 1 4 excess 4 56

3 1 3 excess 4 48

3 1 2 excess 4 40

3 0 6 excess 4.5 49

3 0 6 12 22

1 1 6 excess 5 34

DMF/H2O (1:8) 3 1 6 excess 5 71

ACN/H2O (1:1) 3 1 6 excess 4 82

DMF, open air 3 1 6 excess 4 40

MW, open air 3.5 1 6 excess 3.5 min 90
aCR1 is click-reagent 1, which is CuSO4.

bCR2 is click-reagent 2, which
is sodium ascorbate. cYields consist of isolated pure compounds. For all
of the reactions, the conversion was 100%.

Table 2. The Synthesis of Conjugated Alkynes via the
Developed Protocol

entrya alkyneb productsc yield (%)d alkyne dimer (%)

1 A 1A 86 (60, 12 h)9a,b

B 1B 86 3

2 A 2A 91

B 2B 86 6

3e B 3B 61 6

4 A 4A 72

B 4B 71 2

5 A 5A 65

B 5B 86

6f A 6A 72

B 6B 68 (50, 24 h)9b 1

7 A 7A 97

B 7B 92 (63, 12 h)9c

aThe reactions were performed in DMSO (for entry 1), in DMF (for
entry 2-5), in 1:1:1 toluene:THF:water (for 6; conversion was 65%),
and in DMF (for entry 7). b Figure 1. c SI, Figure S1. d Yields are of
isolated pure compounds; yields in parentheses are of reported com-
pounds using the original Sonogashira condition. eAlong with 3B, a
biscoupled product 3B0 was obtained in 25% yield. f 6A-B are mono-
coupled products.
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acceleration of the reductive elimination step, which would result
in a high yield of a desired product. Scheme 1 represents the
most probable course of the reaction showing the roles of click-
reagents.

In this particular article, we want to present our developed
method, which was observed to result in either a tremendous
decrease in or no undesired homocoupling and an enhancement
in the yield of the desired heterocoupled product within a short
period of time. To establish the optimum conditions of our
protocol, we have investigated the possibility of coupling with
varying catalytic concentrations. Thus, as is shown in Table 1, we
carried out a reaction of aryl bromide 1 with alkyne A in various
molar ratios of ascorbate, base, and Pd(0) inDMF. Thus, we have
carried out the Sonogashira reaction using a CuSO4/Na-ascor-
bate couple in a 1:6 mol % ratio as a source of active Cu(I)
(1mol %), Pd(0) (3mol %) in a 1:1DMF/Et3N solvent at 80 �C,
and other possible molar ratios. All of the reactions were found to
be complete within 4 h. The products were isolated to purity with
moderate to excellent yields via column chromatography and
then characterized. We have also tested our methodology in the
absence of base or copper, as well as in both copper- and base-free
conditions; however, a low yield of the products (22-49%,
Table 1) was obtained by applying these conditions. Finally, we
observed that a minimum of 20 equiv of base is required to
achieve good yields; therefore, a catalytic composition of Pd(0):
CuSO4:ascorbate in a ratio of 3:1:6mol %was identified to be the
optimum yielding condition (Table 1).

To test the feasibility and facilitate the generalization of our
method, we used optimum yielding conditions and carried out
the reactions of a series of simple aryl bromides with two terminal
alkynes (Figure 1) for the synthesis of several donor-acceptor-
containing conjugated alkynes; one terminal alkyne contains

electron-withdrawing substituents (A,-CN), whereas the other
has an electron-donating group (B,-NMe2). The products were
isolated to purity at good to excellent yields via column chro-
matography and characterized by NMR, mass spectrometry, and,
in a few cases, X-ray crystallography (Table 2 and Figure S1 in the
SI). We have observed that irrespective of the aryl halides, no
homocoupled products with the electron-deficient alkyne A
were formed; however, in a few cases, a negligible amount (1-
6%) of homocoupled products with the electron-rich alkyne Bwas
observed (Table 2). Here, it is important to mention that for
4-bromonaphthalic anhydride (entry 5A, Table 2), due to its poor
solubility in DMF or DMSO, the resulting product was isolated to
purity via filtration and recrystallization from 1:1 toluene-ethanol.
Therein, a loss of product resulted in a low yield of 65%. Also, in the
case of dibromoanthracene, where in the reaction was carried out
in 1:1:1 toluene:THF:water, an appreciable amount of unreacted
startingmaterial remained, which resulted in amoderate yield (72%
for 6A) of the product; however, most importantly, no homocou-
pling was observed in both of these cases. In the case of pyridine
halide 3, the yield of the desired product, 3B, was 61%; however,
along with 3B, biscoupled product 3B0 was obtained at a 25% yield
after being isolated (SI, Figure S1). This result, though it is only one
example, indicates that our click-reagent version of the Sonogashira
coupling procedure proceeds even when using aryl chloride.

In comparison to the CuI cocatalyzed reaction, the yields of
the cross-coupled desired products were found to have tremen-
dously increased at the expense of the quenched incidence; of
homocoupling via our protocol. We have tested our methodol-
ogy in DMSO and under microwave irradiation (3.5min, 200W)
in both DMF and DMSO. In both cases, we observed no
homocoupling, and the yields were very good and comparable.
From the examples listed in Table 2, it is clear that our

Figure 2. (a)UV-visible and (b) normalized fluorescence spectra of 3B0 and (c)UV-visible and (d) normalized fluorescence spectra of 7A in different
solvents.
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methodology is highly efficient with a variety of substrates, and the
yields are very good to excellent, irrespective of the nature of the
halides or alkynes that were utilized. Furthermore, in comparison to
the reported low to moderate yields of compounds 1A and 7B
(Table 2), which were synthesized via CuI cocatalyzed oroginal
Sonogashira coupling,9 a tremendous increase in yields was ob-
served via our protocol, which corroborates the success of our
developed methodology.

Next, we explored the capability of our methodology in the
context of green solvents, such as water; however, because of the
insolubility of the terminal alkynes or aryl halides in pure water,
we performed the investigated reaction in 1:1:1 toluene:THF:
water using aryl halide 6 (Table 2), and in ACN-water and
DMF-water using aryl halide 1 as the starting halide (Table 1).
Again, we found that the reaction proceeded smoothly with a
comparably high yield. These findings demonstrate that this
methodology can be used in the context of water-soluble alkynes
and aromatic halides. Therefore, the present click-reagent ver-
sion of the cross-coupling protocol appears to be compatible with
several different kinds of substrates and green solvent systems,
such as water.

Because an excess of ascorbate was found to maintain an
excellent reducing atmosphere for the reactions to be carried out,
we thought that it would be worthwhile to verify our methodol-
ogy in open air without applying an inert atmosphere. Thus,
we carried out a reaction of halide 1 with alkyne A, without
degassing with N2 gas in DMF at 80 �C and also separately under
microwave irradiation. We obtained a very good yield of our
desired product with no homocoupling. In these cases, all of the
reactants and reagents were taken together; only a solution of
1mol% of CuSO4 inDMFwas added at the end, and the reaction
vessel was maintained in open atmosphere (Table 1). This
observation proves the air-insensitivity of our protocol and
thereby proves its versatility and practicality. Most importantly,
in all cases throughout our investigation, the reducing agent,
sodium ascorbate, was observed to not adversely impact suscep-
tible functional groups, such as NO2, -CN, or anhydride.

Finally, we studied the fluorescence photophysical properties
of two of our synthesized fluorophores. Thus, in this preliminary
study, the absorption spectra of the donor-acceptor acetylenes
(for example, 3B0 and 7A) are characterized by an intense, broad,
and low-energy transition, which derives from the intramol-
ecular charge-transfer transition (ICT) that results from excitati-
onfrom the donor to the acceptor group (SI, Figures S4-S6). The
observed absorption band was solvatochromic, which is character-
istic of a large dipole moment change between the ground and the
excited states. Furthermore, the molecules exhibited a struct-
ured emission in low polar solvents, such as hexane, dioxane, etc.;
however, as the solvent polarity was increased, intense, broad, and
structureless emissions at longer wavelength regions were increas-
ingly observed, i.e., themolecules exhibited a highly solvatochromic
emission from the ICT state (Figure 2).

In conclusion, we have developed a click-reagent version of
Sonogashira coupling methodology that is high yielding, tolerant
to a variety of substrates and functional groups, compatible
with green solvents, and air-insensitive. We have exploited the
known reducing behavior of sodium ascorbate to generate an
active Cu(I) cocatalyst from CuSO4, and we have maintained a
constant reducing atmosphere to control and minimize unde-
sired oxidative homocoupling, thereby tremendously increasing
the incidence of desired cross-coupling. This is the first example
of the use of click-reagents in Sonogashira coupling that yield no

or drastically diminished amounts of undesired homocoupled
products. Our developed protocol is also air-insensitive and
effective under microwave conditions. Thus, we hope this
methodology will find widespread applications in chemistry,
material science, and chemical biology for the synthesis of
desirable conjugated fluorescent alkynes.

’EXPERIMENTAL SECTION

General Procedure for the Click-Reagent Version of So-
nogashira Coupling. To a solution of aryl halide in 1:1 DMF-Et3N
under N2, Pd(PPh3)4 followed by terminal alkyne was added. After
5 min of stirring under N2 atmosphere, 6 mol % of a solution of sodium
ascorbate in DMF was added followed by addition of 1 mol % of a
solution of CuSO4 in DMF. The reaction mixture was stirred for 4 h at
80 �C. After completion of the reaction monitored by TLC, the reaction
mixture was extracted with ethyl acetate, washed with ammonium
chloride and brine, and dried over anhydrous Na2SO4. The products
were isolated pure by column chromatography and characterized by IR,
NMR, and mass spectrometry. All the products were isolated with very
good to excellent yield ranging from 70% to 97% inDMF at 80 �Cwithin
4 h only. The synthesis and the characterization data are described
below. The compounds 1A,1 6B,2 and 7B3 are known compounds, and
their spectral data were in agreement with those reported in the
literature. The melting point of 1A is not reported and the meltings
points are in accord with the literature values for the case of compounds
6B and 7B. Full characterization data of unkown as well as of known
compounds are also reported as was observed from our analysis.
Synthesis of 2-(2-(4-(cyano)phenyl)ethynyl)benzonitrile9a,b

(1A):Using the general procedure, starting from 0.05 g (0.275mmol) of
2-bromobenzonitrile 1 and 0.042 g (0.330 mmol) of 4-ethynylbenzoni-
trile A, 0.054 g (0.237 mmol) of the title compound was isolated as a
white solid. Yield 86%; mp 133-135 �C; IR (KBr) 3065, 2231, 1605,
1504, 1479, 840, 768 cm-1; 1H NMR (CDCl3; 400MHz) δ 7.46 (1H, t, J
= 7.2 Hz), 7.59 (1H, t, J = 7.6 Hz), 7.63-7.70 (6H, m); 13C NMR
(CDCl3; 100 MHz) δ 89.6, 93.9, 112.7, 115.9, 117.5, 118.5, 126.3, 127.0,
129.4, 132.3, 132.5, 132.6, 132.7, 133.0; ESI-TOF-MS m/z 229 [M þ
H]þ; HRMS calcd for C16H9N2 ([MþH]þ) 229.0765, found 229.0760.
Synthesis of 2-(2-(4-(N,N-dimethylamino)phenyl)ethy-

nyl)benzonitrile (1B): Using the general procedure, starting from
0.06 g (0.3296 mmol) of 2-bromobenzonitrile 1 and 0.057 g (0.3955
mmol) of 4-ethynyl-N,N-dimethylbenzenamine B, 0.070 g (0.2845
mmol) of the title compound was isolated as a lime solid. Yield 86%;
mp 125-126 �C; IR (KBr) 3060, 2902, 2817, 2204, 2173, 1603, 1590,
1520, 1365, 1143, 815, 755 cm-1; 1H NMR (CDCl3; 400 MHz) δ 2.98
(6H, s), 6.63 (2H, d, J = 8.8 Hz), 7.30 (1H, ddd, J = 1.2, 7.6 Hz), 7.46
(2H, d, J = 9.2 Hz), 7.49-7.55 (2H, m), 7.60 (1H, dd, J = 0.4, 8.0 Hz);
13C NMR (CDCl3; 100 MHz) δ 40.2, 84.5, 98.3, 108.6, 111.8, 114.7,
118.1, 127.3, 128.4, 131.7, 132.4, 132.7, 133.4, 133.8, 150.8; ESI-TOF-
MS m/z 247 [M þ H]þ; HRMS calcd for C17H15N2 ([M þ H]þ)
247.1235, found 247.1230.
Synthesis of 4-(2-(4-nitrophenyl)ethynyl)benzonitrile (2A):

Using the general procedure, starting from 0.070 g (0.3465 mmol)
of 1-bromo-4-nitrobenzene 2 and 0.053 g (0.4173 mmol) of 4-ethy-
nylbenzonitrile A, 0.078 g (0.3145 mmol) of the title compound was
isolated as a lime solid. Yield 91%; mp 212-214 �C; IR (KBr) 3075,
2226, 1604, 1592, 1511, 1339, 836 cm-1;1HNMR (CDCl3; 400MHz)
δ 7.61-7.68 (6H, m), 8.23 (2H, d, J = 8.8 Hz); 13CNMR (CDCl3; 100
MHz) δ 91.4, 92.5, 112.7, 118.4, 123.9, 127.1, 129.2, 132.4, 132.5,
132.7, 147.7; ESI-TOF-MS m/z 249 [M þ H]þ; HRMS calcd for
C15H9N2O2 ([M þ H]þ) 249.0664, found 249.0667.
Synthesis of N,N-dimethyl-4-(2-(4-nitrophenyl)ethynyl)

benzenamine (2B): Using the general procedure, starting from
0.100 g (0.4950 mmol) of 1-bromo-4-nitrobenzene 2 and 0.0790 g
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(0.5448 mmol) of 4-ethynyl-N,N-dimethylbenzenamine B, 0.1135 g
(0.4267 mmol) of the title compound was isolated as a red solid. Yield
86%; mp 209-212 �C; IR (KBr) 3095, 2909, 2208, 1609, 1586, 1529,
1508, 1371, 1336, 1104, 820 cm-1; 1HNMR (CDCl3; 400MHz) δ 3.00
(6H, s), 6.65 (2H, d, J = 8.8 Hz), 7.41 (2H, d, J = 8.4Hz), 7.57 (2H, d, J =
9.2 Hz), 8.16 (2H, d, J = 8.4 Hz); 13C NMR (CDCl3; 100 MHz) δ 40.3,
86.6, 97.3, 111.9, 123.8, 128.7, 128.8, 131.8, 132.1, 132.2, 132.3, 133.4,
133.8, 146.4, 150.9; ESI-TOF-MSm/z 267 [MþH]þ; HRMS calcd for
C16H15N2O2 ([M þ H]þ) 267.1134, found 267.1130.
Synthesis of 6-chloro-3-(2-(4-(N,N-dimethylamino)phenyl)

ethynyl)picolinonitrile (3B): Using the general procedure, start-
ing from 0.05 g (0.2299 mmol) of 3-bromo-6-chloropicolinonitrile 3
and 0.04 g (0.2758 mmol) of 4-ethynyl-N,N-dimethylbenzenamine B,
0.0393 g (0.1396 mmol) of the title compound was isolated as a yellow
solid. Yield 61%; mp 142-145 �C; IR (KBr) 2923, 2853, 2193, 1606,
1560, 1527, 1369, 1156, 1023, 808 cm-1; 1H NMR (CDCl3; 400 MHz)
δ 3.01 (6H, s), 6.64 (2H, d, J = 8.8 Hz), 7.42-7.47 (3H, m), 7.77 (1H, d,
J = 8.8 Hz); 13C NMR (CDCl3; 100 MHz) δ 40.2, 81.3, 103.3, 107.4,
111.8, 115.5, 125.6, 127.6, 130.4, 133.7, 140.9, 149.4, 151.3; ESI-TOF-
MS m/z 282 [M þ H]þ; HRMS calcd for C16H13N3Cl ([M þ H]þ)
282.0798, found 282.0789.

From the same reaction mixture we were able to isolate 0.0224 g
(0.0574 mmol) of dihalide (Br and Cl) substituted compound, 3,6-
bis(2-(4-(N,N-dimethylamino)phenyl)ethynyl)picolinonitrile, 3B0 as a
yellow solid. Yield 25%; mp 210-212 �C; IR (KBr) 2922, 2852, 2201,
1604, 1530, 1447, 1365, 1157, 816 cm-1; 1H NMR (CDCl3; 400 MHz)
δ 2.99 (12H, d, J = 1.6 Hz), 6.63 (4H, d, J = 8.8 Hz), 7.45 (2H, d, J =
3.2Hz), 7.47 (2H, d, J = 3.2Hz), 7.50 (1H, d, J = 8.4Hz), 7.73 (1H, d, J =
8.4 Hz); 13C NMR (CDCl3; 100 MHz) δ 40.3, 82.7, 86.7, 95.5, 102.8,
107.9, 108.0, 109.9, 111.9, 116.2, 124.1, 128.8, 133.7, 133.8, 135.5, 138.4,
142.9, 151.1, 151.2; ESI-TOF-MSm/z 391 [MþH]þ; HRMS calcd for
C26H23N4 ([M þ H]þ) 391.1922, found 391.1930.
Synthesis of 4-(2-(2,5-dimethoxyphenyl)ethynyl)benzo-

nitrile (4A): Using the general procedure, starting from 0.030 g
(0.1382 mmol) of 2-bromo-1,4-dimethoxybenzene 4 and 0.021 g
(0.1653 mmol) of 4-ethynylbenzonitrile A, 0.026 g (0.0988 mmol) of
the title compound was isolated as a white semisolid. Yield 72%; IR
(KBr) 2924, 2853, 2227, 1602, 1494, 1458, 1261, 1021, 840, 805,
699 cm-1; 1H NMR (CDCl3; 400 MHz) δ 3.77 (3H, s), 3.86 (3H, s),
6.84 (1H, s), 6.88 (1H, d, J = 2.8 Hz), 7.01 (1H, d, J = 3.2 Hz), 7.60
(4H, m); 13C NMR (CDCl3; 100 MHz) δ 56.0, 56.6, 90.5, 91.8, 111.5,
112.0, 112.3, 116.9, 118.4, 118.8, 128.6, 132.2, 132.3, 133.2, 153.5, 154.9;
ESI-TOF-MSm/z 264 [MþH]þ; HRMS calcd for C17H14NO2 ([Mþ
H]þ) 264.1024, found 264.1030.
Synthesis of 4-(2-(2,5-dimethoxyphenyl)ethynyl)-N,N-di-

methylbenzenamine (4B): Using the general procedure, starting
from 0.050 g (0.2304 mmol) of 2-bromo-1,4-dimethoxybenzene 4 and
0.0367 g (0.2534 mmol) of 4-ethynyl-N,N-dimethylbenzenamine B,
0.046 g (0.1637 mmol) of the title compound was isolated as a lime
semisolid. Yield 71%; IR (KBr) 2924, 2853, 2830, 2207, 1603, 1521,
1499, 1356, 1225, 1197, 1042, 821, 712 cm-1; 1H NMR (CDCl3;
400MHz) δ 2.97 (6H, s), 3.76 (3H, s), 3.85 (3H, s), 6.66 (2H, d, J = 7.6
Hz), 6.79 (2H, d, J= 1.6Hz), 7.01 (1H, d, J = 3.6Hz), 7.42 (2H, d, J= 8.8
Hz); 13C NMR (CDCl3; 100 MHz) δ 41.4, 55.9, 56.7, 83.7, 94.9, 110.5,
111.9, 112.4, 114.2, 115.1, 118.1, 124.5, 124.6, 133.0, 150.3, 153.5, 154.4;
ESI-TOF-MSm/z 282 [MþH]þ; HRMS calcd for C18H20NO2 ([Mþ
H]þ) 282.1494, found 282.1488.
Synthesis of 4-(2-(4-(cyano)phenyl)ethynyl)-1,8-naphtha-

lic anhydride (5A): Using the general procedure, starting from 0.08 g
(0.2888 mmol) of 4-bromo-1,8-naphthalicanhydride 5 and 0.0404 g
(0.3176 mmol) of 4-ethynylbenzonitrile A, 0.061 g (0.1888 mmol)
of the title compound was isolated pure by filtration followed by washing
with water and ethanol as a yellow solid. Yield 65%; mp >312 �C
(it became black); IR (KBr) 2223, 1778, 1758, 1601, 1588, 1043,

832 cm-1; 1H NMR (CDCl3; 400 MHz) δ 7.46-7.52 (4H, m), 7.67
(1H, t, J = 7.6 Hz), 7.77 (1H, d, J = 7.6 Hz), 8.30 (1H, d, J = 8.0 Hz), 8.38
(1H, d, J = 6.8 Hz), 8.51 (1H, d, J = 8.0 Hz); ESI-TOF-MS m/z 324
[MþH]þ; HRMS calcd for C21H10NO3 ([MþH]þ) 324.0660, found
324.0653.
Synthesisof 4-(2-(4-(N,N-dimethylamino)phenyl)ethynyl)-1,

8-naphthalic anhydride (5B):Using the general procedure, starting
from 0.06 g (0.2166 mmol) of 4-bromo-1,8-naphthalicanhydride 5 and
0.0345 g (0.2382 mmol) of 4-ethynyl-N,N-dimethylbenzenamine B,
0.0635 g (0.1862 mmol) of the title compound was isolated as a red
solid. Yield 86%; mp 288-292 �C; IR (KBr) 2917, 2862, 2188, 1752,
1730, 1604, 1585, 1575, 1524, 1371, 1169, 1010, 781 cm-1; 1H NMR
(CDCl3; 400 MHz) δ 3.06 (6H, s), 6.82 (2H, bs), 7.55 (2H, d, J =
7.6 Hz), 7.84-7.92 (2H, m), 8.53 (1H, d, J = 7.6 Hz), 8.64 (1H, d, J =
7.2 Hz), 8.81 (1H, d, J = 8.0 Hz); 13C NMR (CDCl3; 100 MHz) δ 40.1,
85.2, 103.8, 107.9, 110.6, 111.7, 112.1, 112.8, 118.9, 125.3, 127.5, 129.5,
130.5, 132.8, 133.5, 134.2, 135.0, 153.4, 160.4, 160.8; ESI-TOF-MSm/z
342 [M þ H]þ; HRMS calcd for C22H16NO3 ([M þ H]þ) 342.1130,
found 342.1125.
Synthesis of 4-(2-(9-bromoanthracen-10-yl)ethynyl)ben-

zonitrile (6A): Using the general procedure, starting from 0.070 g
(0.2083 mmol) of 9,10-dibromoanthracene 6 and 0.0265 g (0.2083
mmol) of 4-ethynylbenzonitrile A, 0.040 g (0.1190 mmol) of 9,10-
dibromoanthracene was isolated as unreacted and 0.0245 g (0.0641
mmol) of the title compound was isolated as a yellow solid. Yield 72%;
mp 214-215 �C; IR (KBr) 2222, 2198, 1620, 1602, 1502, 837, 752
cm-1; 1H NMR (CDCl3; 400 MHz) δ 7.62-7.64 (4H, m), 7.70 (2H,
dd, J = 1.6, 8.2 Hz), 7.80 (2H, dd, J = 1.2, 8.0 Hz), 8.55-8.60 (4H, m);
13C NMR (CDCl3; 100 MHz) δ 90.6, 100.0, 112.0, 118.7, 127.0, 127.5,
127.8, 128.4, 128.7, 129.1, 130.5, 132.2, 132.5, 133.4, 142.5; ESI-TOF-
MS m/z 383, 385 [M þ H]þ; HRMS calcd for C23H12N ([M - Br])
302.0970, found 302.0960.
Synthesis of 4-(2-(9-bromoanthracen-10-yl)ethynyl)-N,N-

dimethylbenzenamine9c (6B): Using the general procedure, start-
ing from 0.060 g (0.1785 mmol) of 9,10-dibromoanthracene 6 and
0.0258 g (0.1785 mmol) of 4-ethynyl-N,N-dimethylbenzenamine B,
0.016 g (0.0476 mmol) of 9,10-dibromoanthracene was isolated as
unreacted and 0.0305 g (0.0763 mmol) of the title compound was isolated
as a yellow solid. Yield 68%; mp 234-236 �C (reported 236 �C);9c IR
(KBr) 2924, 2854, 2192, 1634, 1605, 1520, 1348, 1188, 811, 752 cm-1; 1H
NMR (CDCl3; 400 MHz) δ 3.03 (6H, s), 6.73 (2H, d, J = 8.4 Hz), 7.56-
7.64 (6H, m), 8.53 (2H, d, J = 8.0 Hz), 8.70 (2H, d, J = 8.8 Hz); 13C NMR
(CDCl3; 100 MHz) δ 40.5, 84.5, 96.2, 103.8, 112.3, 123.0, 126.6, 127.3,
127.6, 127.8, 128.3, 130.6, 132.9, 133.1, 152.8; ESI-TOF-MSm/z 401, 403
[M þ H]þ; HRMS calcd for C24H19BrN ([M þ H]þ) 400.0701, found
400.0697.
Synthesis of 4-(2-(pyren-1-yl)ethynyl)benzonitrile (7A):

Using the general procedure, starting from 0.055 g (0.1957 mmol) of
1-bromopyrene 7 and 0.0273 g (0.2152 mmol) of 4-ethynylbenzonitrile
A, 0.062 g (0.1896 mmol) of the title compound was isolated as a yellow
solid. Yield 97%; mp 201-203 �C; IR (KBr) 3037, 2229, 2202, 1604,
1512, 1497, 854, 825, 718, cm-1; 1H NMR (CDCl3; 400 MHz) δ 7.65
(2H, d, J = 8.0 Hz), 7.72 (2H, d, J = 8.4 Hz), 8.01-8.04 (2H, m), 8.09-
8.12 (2H, m), 8.16-8.24 (4H, m), 8.56 (1H, d, J = 9.2 Hz); 13C NMR
(CDCl3; 100MHz) δ 93.4, 93.6, 111.6, 116.7, 118.8, 124.4, 124.7, 124.8,
125.4, 126.2, 126.6, 127.4, 128.6, 128.9, 130.0, 131.2, 131.4, 132.2,
132.3; ESI-TOF-MS m/z 328 [M þ H]þ; HRMS calcd for C25H14N
([M þ H]þ) 328.1126, found 328.1130.
Synthesis of N,N-dimethyl-4-(2-(pyren-1-yl)ethynyl)ben-

zenamine9d (7B): Using the general procedure, starting from 0.055 g
(0.1957 mmol) of 1-bromopyrene 7 and 0.0312 g (0.2152 mmol) of
4-ethynyl-N,N-dimethylbenzenamine B, 0.062 g (0.1797 mmol) of the
title compound was isolated as a bright yellow solid. Yield 92%; mp
168-169 �C (reported 169 �C);9d IR (KBr) 3035, 2922, 2853, 2196,
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2182, 1606, 1594, 1520, 1355, 1152, 845, 819, 711 cm-1; 1H NMR
(CDCl3; 400 MHz) δ 3.02 (6H, s), 6.76 (2H, d, J = 7.6 Hz), 7.60 (2H,
d, J = 8.8 Hz), 7.98-8.10 (4H, m), 8.14-8.20 (4H, m), 8.68 (1H, d,
J =8.8 Hz); 13C NMR (CDCl3; 100 MHz) δ 40.6, 87.0, 96.8, 112.4,
119.1, 124.7, 124.8, 125.4, 125.5, 126.0, 126.3, 127.5, 127.9, 128.2, 129.5,
130.9, 131.4, 131.6, 131.7, 133.0, 150.3; ESI-TOF-MS m/z 346 [M þ
H]þ; HRMS calcd for C26H20N ([M þ H]þ) 346.1595, found
346.1589.
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