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ABSTRACT: An aerobic dehydrogenative Heck reaction of pyrene (1a) and 2,7-di-tert-butylpyrene (1b) with ethyl acrylate is
reported. The reaction is catalyzed by a Pd(OAc),/4,5-diazafluoren-9-one (DAF) system and takes place in acetic or pivalic acid
as solvents at 110—130 °C. The reaction of la afforded a 6:1 mixture of C-1- and C-4-alkenylated pyrenes (2a and 3a,
respectively) in 71% yield. In the case of 1b, only a C-4-substituted product (3b) was formed in 46% yield. Compounds 2a and
3a,b exhibited fluorescence in solution and in the solid state. In chloroform and THF solution the fluorescence maxima were in
the range of 440—465 nm, and quantum yields decreased in the order 2a > 3a> 3b. In the solid state, 3a,b showed blue-green
fluorescence (®p = 0.26 and 0.14, respectively), whereas 2a emitted yellow-green fluorescence) (®p = 0.35). Besides blue-
emitting monomers, the presence of green-emitting aggregated species (preformed dimers) in the crystals of 3a,b and red-
emitting dynamic excimers in the crystals of 2a has been demonstrated. Single-crystal X-ray diffraction analyses of 2a and 3b
confirmed z-stacking of pyrenyl moieties in the crystals of the former and the absence of stacking in the crystals of the latter

compound.

1. INTRODUCTION

Pyrene and its derivatives are important and thoroughly
investigated organic fluorophores that have found various
applications in molecular electronics and photovoltaic cells and
as fluorescent probes and sensors.' "® Alkenylpyrenes have been
used as monomers for the synthesis of polymers containing
fluorescent groups attached to the polymer backbone’ and as
probes to monitor polymerization.® It has been found that the
conjugation of alkenyl groups with the pyrenyl moiety strongly
influences the electronic structure and luminescent properties
of such compounds.9_11 Until now, a general route to
alkenylpyrenes has been a classical cross-coupling reaction
starting from corresponding bromo- or iodopyrenes.'>”"3

In this paper, we present a preliminary report on a simple,
efficient, atom- and step-economical route to alkenylpyrenes
having an ester group at the alkenyl group (pyrenyl acrylates)

-4 ACS Publications  © 2015 American Chemical Society

2573

based on dehydrogenative alkenylation (dehydrogenative Heck
reaction, ie, DHR or the Fujiwara—Moritani reaction)' of
pyrene with ethyl acrylate. We have also studied the
photophysical properties of these compounds in solution and
in the solid state.

2. RESULTS AND DISCUSSION

2.1. Dehydrogenative Heck Reaction (DHR). DHR
constitutes a class of dehydrogenative cross-coupling (DCC)
reactions which are considered to be one of the most
challenging topics in modern organic synthesis.'” >* DHR is
of special interest because z-conjugated alkenylated arenes
display interesting electronic properties and are versatile

Received: November 17, 2014
Published: February 2, 2015

DOI: 10.1021/j0502619k
J. Org. Chem. 2015, 80, 2573-2581


pubs.acs.org/joc
http://dx.doi.org/10.1021/jo502619k

The Journal of Organic Chemistry

Scheme 1. Aerobic DHR of Pyrene and 2,7-Di-tert-butylpyrene with Ethyl Acrylate
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building blocks in organic synthesis. Despite their simplicity
and environmentally friendly character, the DCC reactions
found so far have demonstrated only little use in structural
modifications of pyrene, with reported examples being limited
to arylation and borylation®~>*

In our first attempts, we applied the experimental conditions
described previously for alkenylation of ferrocene,” ie.,
palladium(II) acetate as catalyst, 4,5-diazafluoren-9-one
(DAF) as an auxiliary ligand, molecular oxygen under
atmospheric pressure as the oxidant, and acetic acid as the
solvent (Scheme 1). However, by performing this reaction at 70
°C we obtained only a trace amount of alkenylated pyrenes,
which is in line with the lower nucleophilic reactivity of pyrene
than ferrocene.

Better results were obtained when the reaction was
performed at 100 °C (Table 1). In the absence of DAF the

Table 1. Dehydrogenative Alkenylation of 1a with Ethyl
Acrylate®

entry conditions yield (2a + Sa)b (%) 2a:3a°
1 air (1 atm), 2.5 h 30 75:25
2 0, (1 atm), 1.5 h 59 69:31
3 0, (1atm), L5 h, 5 mol % DAF 54 86:14
4 0, (1 atm), 4 h, 5 mol % DAF 60 83:17
S 0, (1 atm), 6 h, 5 mol % DAF 71 84:16

“Molar ratio pyrene/acrylate 3:1; temperature 100 °C. “Isolated
yields. “Determined from 'H NMR spectra via integration of the
olefinic protons signals (see Figure 1).

reaction afforded mixtures of 2a and 3a in the ratio of 3:1 to
~2:1. The replacement of air by O, at atmospheric pressure
brought an approximately 2-fold increase in the yield (Entries
1-2). The addition of DAF only slightly influenced the yield
but significantly changed the regioisomer ratio from ~2:1 to
~6:1 (Entries 2 and 3). The best yield (71%) was obtained
after 6 h of heating, and longer reaction times did not improve
this value. The regioisomer ratio was the same as that found

after 1.5 h of heating.

The major reaction product 2a was isolated from the reaction
mixture by fractional crystallization and identified by a
comparison with a sample obtained via the classical Heck
reaction from 1-bromopyrene and ethyl acrylate.'® However,
we were unable to isolate 3a in pure form. Therefore, we
synthesized this compound via Heck reaction'® from 4-
bromopyrene®® (Scheme 2) and demonstrated that the 'H
NMR spectrum of the mixture of products is identical with the
spectrum of a 6:1 mixture of 2a and 3a prepared from pure
components (Figure 1).

The formation of the mixture of products of alkenylation at
1- and 4-position from pyrene prompted us to see how this
reaction proceeds with 2,7-di-tert-butylpyrene 1b. Pd(OAc),-
catalyzed DHRs are believed to involve electrophilic metalation
of arene by “PdOAc™”, and it is known that some electrophilic
substitutions of this compound (bromination, nitration) occur
at the I1-position,>** whereas in the other (formylation,
Friedel—Crafts acylation) electrophile attacks the 4-position.>®

Our first attempts to perform DHR of 1b with ethyl acrylate,
under the same conditions as for pyrene, failed, presumably
because of the very limited solubility of this compound in acetic
acid. Therefore, we replaced acetic acid with pivalic acid
(PivOH), in which 1b is more soluble and has a higher boiling
point, enabling a reaction at a higher temperature at
atmospheric pressure. Furthermore, PivOH proved to be a
solvent of choice in the DHRs of chromones and
coumarins®*** as well as in dehydrogenative arene—arene
coupling.*®

The reaction of 1b with ethyl acrylate in PivOH was carried
out at 130 °C and afforded 3b in 46% isolated yield. Although
the yield was moderate, the product was very easily isolated by
column chromatography, and most of the unreacted di-tert-
butylpyrene could be recovered and recycled. We did not
optimize the reaction conditions. Compound 3b was fully
characterized by NMR, IR, and elemental analysis, and its
structure was confirmed by single-crystal X-ray diffraction (vide
infra).

The observed selectivity of DHR of 1b for substitution at the
4-position is similar to those reported for formylation and

Scheme 2. Synthesis of 3a
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Figure 1. '"H NMR spectra (600 MHz, CDCl, aromatic and olefinic proton region) of the mixture of products of DHR of pyrene with ethyl acrylate
(top) and the 6:1 mixture of 2a and 3a (bottom).The arrows show signals of the olefinic protons of both compounds.

Friedel—Crafts acylation and may be attributed to the steric
effect of bulky tert-butyl groups.

2.2. Photophysical Study of 2a and 3a,b in Solution.
We have studied steady-state absorption, fluorescence
excitation, and emission spectra of 2a and 3ab in various
solvents (see the Supporting Information). The spectra in
CHClI; and THEF solutions are shown in Figure 2. Compiled
spectroscopic data in solution are gathered in Table 2.

The lowest energy absorption band of the studied
compounds appears at 327—368 nm and increases in the
order 3a < 3b < 2a. This may suggest that z7-conjugation of the
acrylic chain with the pyrenyl moiety increases in the same
order. On the other hand, the maximum wavelengths of
fluorescence emission in CHCI, are in the order 2a < 3a < 3b.
Consequently, 2a shows a relatively small Stokes shift (4450
cm™) in comparison to those of 3a and 3b (7200 and 6650
cm™, respectively). This significant difference between 2a and
3a,b reflects a variable conjugation configuration due to the
different substitution mode on the pyrenyl backbone. The same
trends are observed in THF solution, with only slight changes
as compared to CHCl,, except the fluorescence quantum yield
which is multiplied by a factor 2 and reaches almost unity in the
case of 2a in THF.

We also performed a time-resolved study of fluorescence of
2a and 3ab in solution. The aerated samples were excited at
330 nm, and fluorescence decays were observed at wavelengths
corresponding to the maximum of emission. The fluorescence
decays recorded in CHCl; and in THF (Figure 3) show similar
curves for 3a and 3b, whereas the fluorescence of 2a decays
much more quickly.

The fitting of the fluorescence decays reveals, in most cases,
biexponential behavior, thus signaling the contribution of two
emitting species, major (>92%) and minor (<8%) ones,
probably due to different conformers (Table 3). Monoexpo-
nential decay was observed for 3b in THF. As observed
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Figure 2. Normalized fluorescence excitation and emission spectra of
2a and 3a,b in CHCI, (a) and THF (b). Concentration: 107 M.

qualitatively, the lifetime of the major component increased in
the order 2a < 3b ~ 3a (for the minor component this was 2a
< 3a). The fluorescence lifetimes were significantly longer in a
more polar solvent such as THF (¢ = 7.5; u = 1.5 D, as
compared with & = 4.8; y = 1.15 D for CHCL,). The calculation
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Table 2. Steady-State Absorption and Emission Data for 2a
and 3a,b in Solution

compd  solvent  absorption” 4, (nm) emission” 4., (nm)  @;°
2a  CHClL 368 440 042
2a THF 372, 402 422 0.98
3a CHCl, 328, 342 454 0.36
3a THF 327, 341 444 0.71
3b CHCl, 331, 355 465 0.31
3b THF 331, 354 443 0.54

“Concentration: 10~ M. “Concentration: 107 M. “Measured for
aerated solutions using quinine bisulfate in 1 M sulfuric acid as a
standard. We did not observe any change in emission intensity after
bubbling argon in the solutions.
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Figure 3. Fluorescence decays of 2a and 3a,b in CHCIl; and THF.

Table 3. Time-Resolved Fluorescence Emission Data for 2a
and 3a,b in Solution”

compd  solvent 7. (ns) (a) k/10% (s71)  k,./10% (s71)
2a  CHClL 178 (0.96); 025 (0.04) 2.4 33
2a  THF 2.76 (0.97); 0.56 (0.03) 36 0.07
32 CHClL  3.62 (0.92); 1.52 (0.08) 1.0 1.8
3a  THF 5.14 (0.95); 2.38 (0.05) 14 0.6
3b  CHClL, 345 (0.92); 123 (0.08) 09 2.0
3b  THF 4.80 (1.00) 1.1 1.0

U= D®/<t>; k= (1 — ®)/<r>, where <z> = (a,7,% + a,1,2)/ (a7, +
a,T,); 7 decay times. a;: pre-exponential factors.

of radiative and nonradiative deactivation rates (k, and k,,),
based on averaged lifetimes and fluorescence quantum yields
(Tables 2 and 3), leads to the following conclusions that, on the
one hand, a much higher k, was found for 2a than for 3a,b (3.0
+ 0.6 X 10° s7" vs 1.1 + 0.3 X 10° s/, respectively); on the
other hand, k,, is very sensitive to the solvent nature for all
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studied compounds, with a clear decrease of k. in THF as
compared to CHCIl;, which means that nonradiative
deactivation channels are considerably hampered in THF.

2.3. Photophysical Study of 2a and 3a,b in the Solid
State. The fluorescence excitation and emission spectra of 2a
and 3a,b in the solid state (powders) are shown in Figure 4. A
comparison of the spectra recorded in CHCI; solution and in
the solid state is displayed in Figure S.

Solid state

2a
g 3a |
- —3b | E
5 8
(5] =
: g
151 (0]
o @,
= )
™ \ =
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Figure 4. Fluorescence excitation and emission spectra of 2a and 3a,b
in the solid state.

Excitation spectra in the solid state are characterized by two
main bands. The first band maximum is located in the 425—450
nm range, in the order 3b (425 nm) < 3a (435 nm) < 2a (450
nm), whereas the second band maximum is rather identical for
all compounds, ca. 360—365 nm (Figure 4). Since this second
excitation band corresponds more or less to the main band
observed in solution (Figure S), one can attribute it to some
monomer contribution. Therefore, the first excitation band,
missing in solution and red-shifted toward lower energy, can be
tentatively attributed to an aggregated state in the solid state,
such as preformed dimers in the ground state. Then, in all three
compounds, both monomer and aggregate emissions are
foreseen.

The fluorescence emission spectra of 2a and 3a,b in the solid
state are strongly red-shifted, as compared to their solution
counterparts. It is worth noting that the emission spectra of
3ab in the solid state overlap (at least partially) their
corresponding emission spectra in CHCI; solution. Conversely,
in the case of 2a, the overlap between solid state and solution
emission spectra is rather limited. As a consequence, based on
emission spectra considerations, the monomer contribution is
expected to be more pronounced for 3a,b than for 2a.

Fluorescence decay profiles of 2a and 3ab, displayed in
Figure 6, were determined at various monitoring wavelengths in
order to gain further insight into excited state dynamics that
contribute to emissive decays (Table 4).

Generally, for all studied compounds, complex and multi-
exponential decays were observed revealing several emitting
species (conformers, locally excited and intramolecular charge-
transfer states, etc.) displaying distinct fluorescence spectra.
The species having the longest lifetimes displayed red-shifted
emission. A striking difference in the photophysical behavior of
2a and that of 3a,b was that the former compound showed a
component rising rapidly after the laser pulse and emitting at
570—640 nm, which could be assignable to the dynamic solid-
state excimer. It is now well established that such excimers can
be efficient emitters.”’~*

DOI: 10.1021/j0502619k
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Figure 5. Comparison of solution- and solid-state fluorescence
excitation and emission spectra of 2a and 3a,b.

For all of the studied compounds, the fluorescence decay
curves show a strong wavelength dependence, and their general
behavior is far from simple monoexponential kinetics. In the
case of compounds 3a,b, a rather long component contribution
appears in the fluorescence decays when the emission
wavelength increases (at A, > S00 nm, see Figure Sbjc).
Most interestingly, in the case of 2a, at shorter emission
wavelengths (A, = 470—500 nm) the fluorescence decays with
a multiexponential manner, whereas at longer emission
wavelengths (4., = 570—640 nm) a rise time becomes much
apparent within the first S ns of the fluorescence curves, which
is followed by a decay period in the 5—80 ns time interval. In
this latter situation, the presence of such a rise time in the red
part of the emission spectrum is a convincing signature of
dynamic excimer formation.

Appropriate global fitting analysis using a discrete multi-
exponential decay model which takes into account the full set of
decay curves of a given compound provides additional
information on the intimate excited state mechanisms which
take place in the solid state. The corresponding decay
parameters are compiled in Table 4.
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Figure 6. Fluorescence decays of 2a and 3a,b in the solid state.

For compound 2a, the fluorescence decays can be
satisfactorily fitted with a sum of four exponentials. Two
short components (7, = 1.2 ns and 7, = 3.4 ns) appear as decay
contributions for A, = 470—500 nm and as rise times for 4., =
570—640 nm. An intermediate decay time (73 = 6.7 ns) shows
an increased contribution to the fluorescence decays as the
emission wavelength increases. Moreover, it is important to
highlight that its pre-exponential factor corresponds quite well
to the sum of the rising components at 4., = 570—640 nm: a;
= —(a; + a,). Indeed, for a homogeneous population of
excimer-forming species the time evolution of the fluorescence
intensities of the monomer and the excimer following a laser-
pulse excitation is expected to be a sum of two exponentials and
a difference of two exponentials, respectively.® Consequently,
the first three components, 7}, 7,, and 73, can be assigned to a
population of pyrenyl monomers which can form dynamic
excimers within the time of their excited state and emit
efficiently in the red part of the spectrum (570—640 nm). The
need for two short times (z; and 7,) to obtain a satisfactory
fitting of the rise time is probably due to several monomer
configurations or spatial arrangements within the crystal lattice,

DOI: 10.1021/j0502619k
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Table 4. Time-Resolved Fluorescence Emission Data for 2a and 3a,b in the Solid State®

j’emb 7 (ay fl)c
2a 470
500
570 1.2 (—1.63; —0.08)
640 1.2 (—5.33; —0.10)
3a 450 2.7 (0.33; 0.16)
475 2.7 (0.26; 0.12)
500 2.7 (0.22; 0.09)
540 2.7 (0.07; 0.02)
3b 440 1.8 (0.54; 0.32)
465 1.8 (0.41; 0.22)
520 1.8 (0.44; 0.21)
540 1.8 (0.48; 0.22)

7 (a3 fz)c
3.4 (0.26; 0.13)
3.4 (0.16; 0.07)
3.4 (—1.28; —0.19)
3.4 (=5.02; —0.26)
6.9 (0.67; 0.83)
6.9 (0.73; 0.85)
6.9 (0.75; 0.81)
6.9 (0.84; 0.73)
4.5 (0.45; 0.65)
4.5 (0.58; 0.73)
4.5 (0.52; 0.60)
4.5 (0.47; 0.53)

73 (as; f3)°
6.7 (0.59; 0.55)
6.7 (0.69; 0.62)
6.7 (3.45; 0.98)
6.7 (10.12; 1.05)

20.7 (<0.01; 0.01)
20.7 (0.01; 0.03)
20.7 (0.03; 0.10)
20.7 (0.09; 0.24)
19.5 (<0.01; 0.02)
19.5 (0.01; 0.05)
19.5 (0.04; 0.19)
19.5 (0.05; 0.25)

7y (ay; .ﬁr)c
14.8 (0.15; 0.32)
14.8 (0.15; 0.31)
14.8 (0.45; 0.29)
16.6 (1.24; 0.32)

“Decay parameters obtained for a global analysis of the full set of curves, for each compound, providing y% < 1.2. Y )em in nm. “; in ns. f; are the
intensity fractions calculated by using the following equation: f; = a;7;/Zasz;.

thus leading to excimer formation. Finally, the longer decay
component (7, = 14.8—16.6 ns) exists at all emission
wavelengths and its contribution to fluorescence intensity
remains almost constant whatever the 1., (f, = 0.29—0.32).
Then this long component may correspond to a fraction of
molecules in a preformed aggregation state (also called the
“preformed excimer” in the ground state), as is highlighted by
the low energy band in the excitation spectra in the solid state
(see the discussion above).

For compounds 3a,b, three decay times are necessary to fit
the fluorescence decays at all emission wavelengths. The first
two decay components (r; = 2.7 ns and 7, = 6.9 ns for
compound 3a; 7; = 1.8 ns and 7, = 4.5 ns for compound 3b)
correspond to the vast majority of emitting species (a; + a, >
91-95% for 3a and 3b, respectively), and even contribute to
most of the fluorescence intensity (f; + f, > 75% for 3a—b).
Additionally, their contributions decrease for the longest
emission wavelengths. Therefore, these two decay components
can safely be assigned to several populations of blue-emitting
monomers. The last decay component (z; = 20.7 ns for
compound 3a; 7; = 19.7 ns for compound 3b) corresponds to a
minor proportion of emitting species (a; < 9%; f; < 25% for
3a—b) with increasing contributions when 4., increases, which
may reflect the presence of a small fraction of preformed
aggregated molecules in the solid state, mostly emitting in the
green region of the spectrum (5S00—540 nm).

The color of the light by emitted 2a and 3a—b is shown in
the CIE chromaticity diagram (Figure 7), The CIE chromacity
coordinates along with the emission quantum vyields are
gathered in Table S.

3. SINGLE-CRYSTAL X-RAY DIFFRACTION STUDY OF
2A AND 3B

3.1. Molecular Structures. The molecular structures of 2a
and 3b are shown in Figure 8.

The pyrene moiety is essentially planar in both structures,
the dihedral angles around the central C15—C16 bond
departing from 180° by less than 4° (Table 6). The side
chain in 2a is almost exactly coplanar with the pyrene moiety
(the rotation of the C18 from the pyrene moiety is around 4°).
On the other hand, the side chain in 3b is slightly bent out of
the pyrene plane, with C18 rotated by ~26°. The C=C bonds
in both compounds are almost coplanar with the C=0 groups
(dihedral angles C17—C18—C19—01 equal to 177° for 2a and
172° for 3b). The C1—C17 bond in 2a is shorter than the
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Figure 7. CIE chromaticity diagram for compounds 2a and 3a,b.

Table S. Solid-State Fluorescence Quantum Yields (®) and
CIE Chromaticity Coordinates (x,y) for Compounds 2a and
3a,b

compd (] x y
2a 0.35 0.35 0.56
3a 0.26 0.18 0.34
3b 0.14 0.17 0.24

analogous bond (C6—C17) in 3a (1.463(2) vs 1.473(2) A),
whereas the ethylenic (C17—C18) bond is longer in 2a than in
3b (1.336(2) vs 1.327(2) A). This suggests a more efficient
conjugation of the acrylate chain with the pyrenyl moiety in 2a,
which is consistent with our previous discussion based on
spectroscopic data (see above, section 2.2).

3.2. Crystal Packings. Despite possessing similar molecular
structures, compounds 2a and 3b show very different crystal
packing and different sets of intermolecular interactions.

In the case of 2a, the m—r stacking is a dominant
intermolecular interaction. The molecules of 2a form infinite
stacks of identically oriented molecules in the [100] direction
(Figure 9a). The shortest distances are between the carbon
atoms constituting a “backbone” of the molecule, including the
C atoms of the C=C double bond of the substituent. The

DOI: 10.1021/j0502619k
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Figure 8. Molecular structure of 2a (a) and 3b (b) (ORTEP
representation). Displacement ellipsoids were drawn at the 50%
probability level (CCDC nos. 102956 and 102957, respectively).

Table 6. Selected Dihedral Angles (deg) for the Structures of
2a and 3b

2a 3b
C12-C15-C16—CS —178.97(15) Cl4—C15—C16—C7  176.42(11)
C12-C15-C16—C9 0.7(2) C14—C15—C16— —2.83(18)
Cl1

Cl4 —C1-C17— 43(3) C5 —C6-C17-C18  26.5(2)
C18

C17-C18—C19— 176.54(14)  C17-C18—C19-01  171.71(13)
01

molecules in the following stacks along [010] are antiparallel
and there are weak C—H---O interactions between the C—H
bonds from the pyrene moiety in one stack and the carbonyl
oxygen from the molecule in the next stack.

The arrangement of the stacks is best viewed along the [100]
direction (Figure 9a), and the structure as a whole is a typical
herringbone arrangement (Figure 9b). Extensive stacking
enables the formation of dynamic and preformed excimers of
2a upon excitation in the solid state, which is fully compatible
with the time-resolved results that were extensively discussed in
the previous paragraphs (see section 2.3).

The molecules of 3b do not show 77— stacking in the crystal
lattice (Figure 10). Molecules related by the center of
symmetry form short C — H ™ & contacts between the C28
methyl group of the C26 tert-butyl moiety and the side of the

pyrene ring. The interaction is significant, as the C26 carbon of

Figure 9. Intermolecular interactions in the crystal structure of 2a: (a)
m-stacking of the molecules along [100]; (b) C—H--O interactions
between the molecules from adjacent stacks along [010] direction.
The crystallographic a,b,c axes are marked as red, green, and blue,
respectively.

the C26 tert-butyl moiety is tilted out of the average pyrene
plane by 0.2 A in the direction of the neighboring pyrene
moiety (Figure 10a). Such preformed dimers are stacked along
the [010] direction (Figure 10b). The methyl groups from the
C22 tert-butyl moiety, on the other hand, are directed toward
the carbonyl group of the side chain, forming relatively short C
— H 7 O contacts with the H--- O distance in the range of 2.7—
2.9 A. The structure is additionally stabilized by C — H-z
interactions, in particular C12—H12---C11. In contrast to the
structure of 2a, there are no short 7—7 intermolecular contacts
in which the interatomic distance is short enough to allow the
formation of dynamic excimers. Most of the molecules can be
described as monomer species, but some dimeric configurations
revealed by the crystal structure allow a small proportion of
preformed excimers, which is in agreement with the solid state
spectroscopic data discussed in the previous part (2.3).

4. CONCLUSION

We demonstrated, using ethyl acrylate as a model alkene, the
potential of the dehydrogenative Heck (Fujiwara—Moritani)
reaction for the synthesis of alkenyl-substituted pyrenes. The 3-

DOI: 10.1021/j0502619k
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Figure 10. Intermolecular interactions and crystal packing of 3b: (a)
C—H--w and C—H---O interactions viewed approximately along [010]
and (b) view along [010]. The crystallographic a, b, ¢ axes marked as
red, green, and blue, respectively.

pyrenyl acrylates derivatives synthesized via this route display
strong fluorescence in solution and in the solid state. A time-
resolved study revealed that in addition to blue emission arising
for monomer species in the solid state, green emission was
observed originating from aggregated pyrenyl species of 2a and
3a,b (preformed excimers). Interestingly, in the case of
compound 2a, red-emission was also evidenced due to dynamic
excimers formed by efficient 7—7 stacking in the solid state and
supported by crystallographic data. The variable nature and
proportion of emitting species in the solid state leads to
fascinating photophysical properties for the 2a and 3a,b series,
with different emission colors and quantum yields.

5. EXPERIMENTAL SECTION

General Procedure for Dehydrogenative Heck Reaction of
1a,b with Ethyl Acrylate. Palladium acetate (5.6 mg, 0.025 mmol)
and DAF (9.1 mg, 0.05 mmol) were added to a suspension of 1a or 1b
(1.5 mmol) in acetic (in the case of 1a) or pivalic acid (in the case of
1b) (1.5 mL) containing ethyl acrylate (S5 uL, 0.5 mmol). The
resulting mixture was heated t0o100 °C (1a) or 130 °C (1b). A gradual
dissolution of pyrene was observed along with the appearance of a
yellow coloration. After cooling to room temperature the mixture was
diluted with chloroform (~100 mL) and the acid was removed by
extraction with aq NaHCOj;. The solvent was evaporated, and the
unreacted pyrene and the product(s) were isolated by column
chromatography on silica gel 60 (230—400 mesh) using CH,Cl, as
eluent.

(E)-Ethyl 3-(Pyren-1-yl) acrylate (2a).”® Yellow solid. Yield (2a +
3a) 71% (0.106 g). Isolated by repeated crystallization from hexanes.
Mp: 108—109 °C. R;= 0.61 (silica gel, CH,CL,). "H NMR: 5 8.82 (d, ]
=15.6 Hz, 1H), 8.46 (d, ] = 9.0 Hz, 1H), 8.25 (d, J = 7.8 Hz, 1H), 8.20
(d, J = 7.8 Hz, 2H8.16 (d, J = 9.6 Hz, 1H), 8.12 (d, ] = 7.8 Hz, 1H),
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8.10 (d, ] = 8.4 Hz, 1H), 8.02 (m, 2H), 6.70 (d, ] = 15.6 Hz, 1H), 4.37
(q,] =72 Hz,2H), 142 (t, ] = 7.2 Hz, 3H). *C NMR: § 167.1, 141.3,
132.6, 131.3, 130.7, 129.7, 128.51, 128.48, 128.3, 127.3, 126.2, 125.9,
125.7, 125.0, 124.9, 124.6, 124.2, 122.4, 120.4, 60.6, 14.4. IR (KBr) v
3051, 2980, 2904, 1709, 1620, 1596, 1318, 1285, 1244, 1168, 843. MS
(EL 70 eV) m/e 300 (58, M*), 227 (100, M — COOEt"), 226 (82, M
— HCOOEt"). Anal. Caled (C,H;40,): C, 83.98; H, 5.37. Found: C,
83.72; H, 5.41; H, 5.46.

(E)-Ethyl 3-(2,7-Di-tert-butylpyren-4-yl)acrylate (3b). Pale yellow
solid. Yield: 45% (0.093 g). Mp: 159—160 °C. R, = 0.82 (silica gel 60,
CH,CL,). '"H NMR (600 MHz, CDCL,) 6 8.71 (d, J = 15.8 Hz, 1H),
8.46 (d, ] = 1.8 Hz, 1H), 8.32 (s, 1H), 8.24 (d, ] = 1.8 Hz, 1H), 822
(dd, J, = 1.8 Hz, J, = 4.2 Hz, 2H), 8.03 (dd, J; = 9.0 Hz, ], = 13.2 Hg,
2H), 6.77 (d, J = 15.6 Hz, 1H), 4.38 (q, ] = 7.2 Hz, 2H), 1.60 (s, 9H),
1.59 (s, 9H), 1.42 (t, ] = 7.2 Hz, 3H). *C NMR (150 MHz, CDCL,): §
167.1, 149.1, 148.9, 142.7, 131.7, 131.2, 130.8, 130.0, 129.0, 127.8,
127.3,127.2, 123.3, 123.2, 123.0, 122.9, 122.7, 121.2, 118.4, 60.6, 35.5,
35.2,32.0, 31.9, 14.4. IR (KBr) v 3042, 2962, 2902, 2868, 1713, 1636,
1625, 1605, 1477, 1459, 1175, 1037, 875. MS (EI, 70 €V) m/e 412
(100, M*). Anal. Caled (CyH3,0,): C, 84.43; H, 7.82. Found: C,
84.22; H, 7.91.

(E)-Ethyl 3-(Pyren-4-yl)acrylate (3a). A mixture of 4-bromopyrene
(140 mg, 0.5 mmol), ethyl acrylate (110 xL, 1 mmol), Pd(OAc), (11
mg, 0.05 mmol), tris(o-tolyl)phosphine (30 mg, 0.1 mmol), and
potassium carbonate (138 mg, 1 mmol) in dimethylformamide (2 mL)
was refluxed for 6 h under argon. The reaction mixture was extracted
with chloroform, washed with water, and dried (Na,SO,). The solvent
was evaporated, and 3a was isolated by column chromatography on
silica gel 60 (230—400 mesh) using dichloromethane as eluent. Pale
yellow solid. Yield: 65% (0.098 g). Mp: 114—115 °C. Ry = 0.61 (silica
gel 60, CH,CL,). "H NMR (600 MHz, CDCl,) & 8.62 (d, ] = 15.6 He,
1H), 8.41 (d, ] = 7.8 Hz, 1H), 8.21 (s, 1H), 8.15 (dd, J, = 10.8 Hz, ], =
7.2 Hz, 2H), 8.11 (d, ] = 7.8 Hz, 1H), 7.99 (m, 4H), 6.71 (d, ] = 15.6
Hz, 1H), 440 (q, ] = 7.2 Hz, 2H), 145 (t, ] = 7.2 Hz, 3H). *C NMR
(150 MHz, CDCl;) § 166.8, 142.2, 131.44, 131.36, 130.9, 130.2, 129.2,
127.6, 127.1, 126.6, 126.1, 125.91, 125.86, 125.7, 125.5, 124.8, 124.7,
121.4, 121.2, 60.6, 14.4. IR (KBr) v 3039, 2979, 2909, 1703, 1636,
1623, 1307, 1192, 1173, 862, 826. MS (EI, 70 eV): m/e 300 (44, M*),
227 (100, M — COOEt"), 226 (50, M — HCOOELt"). Anal. Calcd
(CyH,40,): C, 83.98; H, 5.37. Found: C, 83.87; H, 5.46.

B ASSOCIATED CONTENT

© Supporting Information

Figures giving '"H NMR, *C NMR, and IR spectra of the
products 2a and 3a,b along with X-ray diffraction analyses of 2a
and 3b. This material is available free of charge via the Internet
at http://pubs.acs.org.
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