Synthesis and characterization of cross-conjugated polyenynes
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Extended, cross-conjugated polyenynes are reported as well
as a description of their electronic (UV-VIS) characteristics
and an X-ray crystallographic analysis of hexayne 9 that
shows solid-state molecular alignment suitable for topo-
chemical polymerization.

The sequential combination of sp and/or sp2 hybridized carbons
affordsaseries of wire-like t-conjugated carbon chainstypified
by the structures of polyacetylene (1),! polydiacetylene (PDA,
2)23 and polytriacetylene (PTA, 3)4 in a progression that
ultimately concludes with the one-dimensional carbon alo-
trope, carbyne (4).5-7
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The most recent addition to this mélange of enyne oligomers
is iso-polydiacetylene (iso-PDA, 5),8 the cross-conjugated
isomer of 2.9 Studies of iso-PDAs have shown that rt-electron
communication is present along the cross-conjugated frame-
work, albeit to amuch lesser extent than for PDAs. To provide
a better understanding of the physical and electronic character-
istics of cross-conjugated enynes, we have extended the
skeleton of 5 by inserting additional alkyne groups. Herein, we
report the first synthesis of these cross-conjugated polyenynes
and a preliminary description of their electronic, X-ray
crystallographic and solid-state chemical characteristics.

The enyne oligomers were synthesized as outlined in Scheme
1. Vinyl triflate 610 was coupled with triisopropylsilylacetylene
in THF at ambient temperature. Work-up and flash column
chromatography, gavethetriyne 7in 93% yield.t Protodesilyla-
tion of 7 gave termina alkyne 8, which was then oxidatively
homocoupled!! to hexayne 9 in 96% yield as a stable, light
yellow solid.

Triyne 8 was a so elaborated to pentayne 10 in 71% yield via
reaction with vinyl triflate 6, as described for the formation of 7.
Desilylation of 10 gave the terminal alkyne 11, which afforded
agood yield of decayne 12. Notably, the 13C NMR of 12 shows
individual resonances for al 10 acetylenic carbons, as well as
four unique signals for the alkylidene methyl carbons.t

Yellow single crystals of hexayne 9 were grown by diffusion
of MeOH into a CH.Cl, solution at —20 °C, and the structure
was determined by X-ray crystallographic anaysis (Fig. 1).8
The nt-framework of 9 is virtualy planar, with a maximum
deviation of 0.130(17) A from the least- -squares plane for the
16-carbon conjugated skeleton.y All six triple bonds are
essentialy the same length, suggesting little bond length
alteration asaresult of ;t-conjugation and contrasting resultsfor
PDA oligomers of similar size.12 The eight tetrayne carbons are
virtually linear, showing only a gradual curvature with bond
angles deviating less than 3° from 180°.

Analysis of the crystal packing of 9 down the b-axis shows
the molecules are aligned in a paralel fashion (Fig. 1). The
intermolecular proximity of the tetraynesin the crystal suggests
the potential for topochemical polymerization as is well
established for suitably aligned butadiynes and hexatri-
ynes.2.13.14a The solid-state polymerization of octatetraynes has
also been previously described, albeit in much less detail .14
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Scheme 1 Reagents and conditions: i, triisopropylsilylacetylene,
PdCl,(PPhg),, Cul, PrioNH, THF, room temp; ii, K,CO3, wet MeOH-THF
(1:1), room temp; iii, Cul, TMEDA, O,, CH.Cl, room temp; iv, 6,
PdCl,(PPh3),, Cul, PrioNH, THF, room temp.

The parameters describing the intermolecular relationship of
molecules 9 are depicted in Fig.1(c).213a.14a Polymerization of
9via 1,2- or 1,4-addition, as described for tetrayne systems,14is
unlikely considering that Ry » (6.7 A) and Ry 4 (4.7 A) are both
considerably more than the idea distance of 4 A between
reacting carbon atoms. The angle ¢ between the tetraynerod and
the stacking axisat ca. 28° issignificantly lessthan the optimum
value of 45° determined for 1,4-addition in di-, tri- and tetra-
ynes.213al4a Thus, two alternative addition patterns might
occur for 9, namely 1,6-addition (Ry ¢ = 3.6 A) and 1,8-addition
(Rig = 4.2 A). The stacking angle ¢ is nearly identical to the
value of 27° that denotes highest 1,6-reactivity in triacetylenes,
and the stacking distance between monomer units at 7.7 A is
quite near the desired value of 7.5 A.132 |n view of thesevalues
1,6-addition is the expected mode of reaction for 9.

Differential scanning calorimetry showed that crystals of 9
have a well-defined melting point at 103-104 °C that is
followed by decomposition at 145 °C. Attempts to thermally
effect polymerization of single crystalline 9 were conducted at
90 °C. Over the course of 8 h, the crystals darken dlightly to
yield an opaque solid. A loss of crystal integrity for the resultant
material was confirmed by the absence of any X-ray diffraction
pattern. To date, the product(s) of this thermal reaction has not
been identified.

Photochemical polymerization of a single crystal of 9 was
attempted by monochromatic irradiation at 280 nm.15.16 After
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Fig. 1 (a) ORTEP drawing (20% probability level) of 9, (b) crystal packing
of 9 as viewed along the b-axis, and (c) crystal packing parameters for 9.

approximately 2 h, a darkening of the crystal to yellow—orange
was observed. Irradiation was continued for another 4 h with
little additional darkening. X-Ray analysis of the crysta
afforded a diffraction pattern and cell parameters identical to
that of pure 9, indicating little change in the solid beyond that
which may have occurred at the outer surface of the crystal.
The electronic absorption spectra of 9, 12 and 1,8-bis(4-tert-
butylphenyl)-octa-1,3,5,7-tetrayne 13, are shown in Fig. 2. The
lower energy region is dominated by the absorption pattern of
the tetrayne moiety and is remarkably similar to that of 13.17
Each compound displays three absorptions at ca. 405, 374 and
348 nm. Whereas the UV spectra of elongated iso-PDAs show
evidence of m-electron communication via cross-conjugation,d
this effect is absent in 9 and 12, as the three lowest energy
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Fig. 2 UV-VIS spectrain CHCI3 comparing polyynes 9, 12 and 13.
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absorptions of 12 are each red-shifted by only 1 nm versusthose
of 9.

In conclusion, cross-conjugated polyenynes 7-12 can be
synthesized in high yields as relatively stable solids. The UV—
VIS spectraof 9 and 12 show aminimal contribution from cross
conjugation. The solid state organization of 9 is suitable for
topochemical polymerization, although initial attemptsto effect
thermal and photochemical polymerization have been un-
successful. Further studies on 9 and 12 are currently under-
way.
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