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Abstract—Donor (p-NMe2C6H4) and acceptor (p-NO2C6H4) substitution has been appended onto two different cross-conjugated
enyne scaffolds and the electronic effects as a function of substitution have been evaluated. Interestingly, the observed electronic
effects are quite dependent on the constitution of the enyne framework. In the case of tetraynes 2a–c, acceptor substituted 2b
shows an additional low energy absorption in the UV–vis spectrum as compared to 2a and 2c. In contrast, little difference in the
electronic characteristics of 4a–b is detected. The X-ray crystallographic analysis of 4a is also described. © 2001 Elsevier Science
Ltd. All rights reserved.

We,1 and others,2 have been intrigued by the electronic
characteristics that are unique to cross-conjugated
organic molecules.3,4 In contrast to linearly conjugated
chromophores, cross-conjugated molecules generally
display reduced �-electron delocalization, the extent of
which remains to be explored for most systems.3

Recently, it has been suggested that the presence of
electronic rich functionality can increase the degree of
electronic communication in cross-conjugated systems.5

In an effort to probe the fundamental characteristics of
cross-conjugated molecules, we have developed efficient
synthetic techniques that allow for the rapid, often
divergent, assembly of functionalized enyne deriva-
tives.1 We report herein the synthesis of several exam-
ples of extended, cross-conjugated enynes with
bis(donor) and bis(acceptor) substituents and the inter-
esting electronic absorption behavior that they exhibit.

Oxidative homocoupling of terminal alkynes provided
the first series of chromophores (Eq. (1)).6 In the pres-
ence of CuCl, TMEDA, and oxygen,7 donor and accep-
tor enynes 1a and 1b were cleanly coupled to give
dimeric species 2a and 2b.8 Both derivatives could be
isolated as stable yellow solids via column chromato-
graphy. For the purpose of additional comparison, silyl
substituted derivative 2c was prepared as previously
reported.1c

The second series of bis(donor) and bis(acceptor) chro-
mophores was based on an enetetrayne framework (Eq.
(2)). Desilylation of precursor 31c with K2CO3 in
MeOH/THF gave the terminal alkyne, which was then
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cross-coupled under Sonogashira conditions9 with either
p-iodo-N,N-dimethylaniline or p-iodo-nitrobenzene to
give 4a and 4b, respectively. Whereas bis(donor) 4a could
be readily purified by column chromatography, the
isolation of 4b proved problematic. Despite the fact that
it was formed in high yield, the isolation of 4b was always
hampered by contamination with side product(s) result-
ing from oxidative homocoupling reactions of the
acetylenic precursor.

As a result, an alternative route was designed, as shown
in Scheme 1. Coupling of vinyl triflate 510 with 1,3-
butadiyne 611 using PdCl2(PPh3)2/CuI gave tetrayne 7 in

78% yield. Removal of the trimethylsilyl group methano-
lic K2CO3 gave the terminal alkyne, which could be
cross-coupled with p-iodonitrobenzene to give 4b as a
yellow solid that could be effectively purified by column
chromatography.

Complete spectroscopic characterization was accom-
plished for both types of donor/acceptor enynes, 2a–b
and 4a–b. The 13C NMR spectra provide an indication
of the ability of pendant acceptor or donor groups to
influence physical properties. For triisopropylsilyl end
capped 2c, which serves more or less as an electronically
neutral model, the deshielded vinylidene carbon C(4) is
observed at � 158.8. As expected, based on resonance,
this carbon, at � 155.9, is more shielded for bis(donor)
2a, whereas it is more deshielded for bis(acceptor) 2b at
160.7 ppm. A similar trend is observed for enynes 3–4.
The vinylidene carbon C(6) for tetrayne 3, at 163.9 ppm,
is even more deshielded than for 2c, as a result of the
increased electron deficiency of the two butadiynyl
groups. For bis(donor) 4a, C(6) is shielded by nearly 4
ppm to � 159.4, whereas for electron deficient 4b, this
vinylidene carbon at � 165.0 is slightly more deshielded
than for 3. The other vinylidene carbons for 2–4, C(3)
and C(5), resonate between � 99.7 and 100.9.

Single crystals of 4a suitable for X-ray analysis were
grown by diffusion of MeOH into a CH2Cl2 solution at
4°C.† The solid state structure for 4a incorporates two
geometrically similar, but crystallographically indepen-
dent molecules into the unit cell. The cross-conjugated
enyne core, including one of the dimethylaminophenyl
groups, is quite nearly planar (Fig. 1). The second aryl
moiety, however, is rotated out of this plane by 59.8° in
the case of molecule A, and 72.3° for molecule B (not
shown).

Scheme 1.

Figure 2. Electronic absorption spectra (� [L M−1 cm−1]) in
CHCl3 comparing the effects of substitution for 2a–c.

Figure 1. ORTEP drawing (20% probability level) of 4a
(molecule A). Selected bond lengths (A� ) and angles (°):
C(1)�C(21) 1.429(5), C(1)�C(2) 1.191(5), C(2)�C(3) 1.373(5),
C(3)�C(4) 1.189(5), C(4)�C(5) 1.445(5), C(5)�C(6) 1.350(5),
C(5)�C(9) 1.432(6), C(9)�C(10) 1.196(6), C(10)�C(11) 1.376(6),
C(11)�C(12) 1.182(6), C(12)�C(31) 1.447(6); C(2)�
C(1)�C(21) 177.1(4), C(1)�C(2)�C(3) 179.4(5), C(2)�C(3)�C(4)
178.8(5), C(3)�C(4)�C(5) 177.3(4), C(4)�C(5)�C(9) 115.0(4),
C(5)�C(9)�C(10) 177.7(4), C(9)�C(10)�C(11) 177.6(5), C(10)�
C(11)�C(12) 179.1(5), C(11)�C(12)�C(31) 177.1(5).

† Crystal data for compound 4a: C28H26N2, M=390.51, monoclinic,
space group P21/c (no. 14), a=15.9322(15), b=24.877(2), c=
11.8608(11) A� , �=103.1956 (19)°, V=4576.8(7) A� 3, Z=8, Dcalcd=
1.133 g cm−3. Final R(F)=0.0739, wR2(F2)=0.2045 for 553
variables and 9396 data with Fo2�−3�(Fo2) (2703 observed reflec-
tions [Fo2�2�(Fo2)]). S=0.939 [Fo2�−3�(Fo2)]. Crystallographic
data (excluding structural factors) for compound 4a have been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication number CCDC 170231.
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Figure 3. Electronic absorption spectra (� [L M−1 cm−1]) in
CHCl3 comparing the effects of substitution for 4a–b.
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The electronic absorption spectra for dimeric 2a–c are
shown in Fig. 2. Three low energy absorptions at ca.
290, 310 and 330 nm are observed for all three deriva-
tives, and the energy of these absorptions changes little
as a result of the different pendant groups of 2a–c. The
most surprising observation, however, is found in the
spectrum of 2b, where a significant shoulder absorption
is found near 350 nm. Whereas previous studies have
suggested enhanced communication in cross-conjugated
molecules resulting from increasingly electron rich sub-
stitution,5 in tetraynes such as 2, it is clearly the elec-
tron poor functionality that has the more dramatic
effect.

The UV–vis spectra for 4a–b are shown in Fig. 3. In the
spectrum of both 4a–b, three low energy absorptions
are visible, centered at approximately 327, 346, and 366
nm. Although electron rich 4a shows a slightly higher
molar absorptivity, the overall electronic absorption
characteristics for 4a–4b are quite analogous. Thus, the
anomalous behavior resulting from �-electron acceptors
appears limited to molecules such as 2.
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