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Abstract: The design, synthesis and structure elucidation of helical polymers with a predominant
helical sense have been actively studied during the last years due to the different applications that
these materials can present. The helical sense of a polymer can be determined by the chirality of the
pendants and is directly related to the distance from the chiral centre to the backbone. In order to
achieve the best folding, the distance between the polymeric backbone and the chiral centre should
be small, so the closer is the pendant to the backbone the better is the helical control. Nevertheless,
few examples have demonstrated that the helical control is also possible when a spacer is placed
between the pendant and the backbone. Related to this, our research group has proven that it is
possible to have chiral teleinduction when the chiral centre is separated from the backbone through
a flexible spacer. Recently, we have also demonstrated that the transmission of information is also
possible when a long rigid and achiral spacer is employed observing that, although the chiral centre
is placed in a remote position, its chirality is transmitted to the polyene backbone through a previous
organization in a helical fashion of the rigid spacer. Herein we describe another family of polymers
bearing an achiral rigid spacer between the pendant and the backbone, evaluating the effect that the
aromatic substitution pattern of the rigid spacer has in the final folding of the polymer.

Keywords: keyword 1; keyword 2; keyword 3 (List three to ten pertinent keywords specific to the
article; yet reasonably common within the subject discipline.)

1. Introduction

In the last years, dynamic helical polymers have emerged as an attractive field due to the
possibility of tuning the helical sense and/or the elongation of the helical structure. These
modifications in the helical scaffold are triggered by the addition of external stimuli that produce
modifications in the pendant groups [1]. In the case of chiral dynamic helical polymers, a
conformational change is produced in the chiral moiety, whereas in the case of achiral polymers the
modulation of the pendant is produced by the addition of a chiral molecule. In both cases the changes
produced in the helical structures are related to the spatial dispositions adopted by the substituents
or the associated species at the pendant groups. In these materials the mechanism of helical induction
depends on the distance between the pendant and the backbone and it should be short to have an
effective communication. Nevertheless, some examples have demonstrated that the transmission of
chiral information from a remote position can also occur at long distances through space, overcoming
the distance generated by the spacer—teleinduction [2]—or by the achiral spacer itself—
conformational switch [3] —We have recently reported for the first time a novel mechanism for the
transmission of chiral information in helical polymers derived from poly(phenylacetylene)s (PPAs)
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bearing an oligo(p-phenyleneethynylene) (OPE) spacer between the pendant and the backbone [4].
In this new family of polymers—poly(p-oligophenyleneethynylene)s (POPEPAs)—the helical
induction is produced by a combination of chiral teleinduction together with a chiral harvesting
process—the chiral information is transmitted to the achiral spacer resulting into a stacking of the
OPE units, which is further harvested by the polyene backbone — and is effective for a distance of 2.4 nm.
Moreover this helix induction was observed to occur despite modifying the aromatic substitution pattern.

Taking into account these remarkable results, we decided to evaluate the effect that the
introduction of a meta- substituted OPE spacer [oligo(m-phenyleneethynylene)] will have over the
folding of the helical structure.

2. Materials and Methods

To carry out these studies different oligo(m-phenyleneethynylene)phenylacetylene monomers
were prepared containing the ortho-, meta- and para- —o-, m- and p-(2)—ethynylanilide of (R)-a-
methoxy- a-phenylacetic acid (MPA) and further polymerized by using a Rh(I) catalyst.

General procedure for monomer synthesis: 3-(iodophenylethynyl)trimethylsilane (1.0 equiv),
bis(triphenylphosphine)palladium(II) dichloride (PdPPhsCl:, 0.004 equiv) and tiphenylphosphine
(PPhs, 0.016 equiv) were introduced in a round-bottom flask and disolved in EtsN (10 mL, 1.0 equiv).
Next 2-, 3- or 4-ethynylaniline was added and the reaction was stirred overnight at rt. The crude was
purified by flash cromatography (70-230 mesh) employing hexane/ethyl acetate (70/30% (v/v)) as
eluent. The obtained compound was disolved in a THF:MeOH (50/50% (v/v)) and K2COs (3.0 equiv)
was added. Once the reaction was finished, the crude was washed with Mili-Q water (3 x 15 mL) and
dried over Na25Os. Finally, to obtain the desired monomers, (R)-a-methoxy-a-phenylacetic acid
(MPA, 12 equiv), 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxid
hexafluorophosphate (HATU, 1.2 equiv) and 3H-[1,2,3]-triazolo[4,5-b]pyridin-3-ol (HOAT, 1.2 equiv)
were introduced in a round bottom flask and solubilized in DCM (0.1 M). Next diisopropilamine
(DIPEA, 1.2 equiv) was added and, after 15 min, the correspondent aniline (1.0 equiv) was added.
The reaction was stirred overnight at rt and the crude was purified by flash chromatography (70-230
mesh) employing hexane/ethyl acetate (70/30% (v/v)) as eluent.

¢ (R)-N-(2-((3-ethynylphenyl)ethynyl)phenyl)-2-methoxy-2-phenylacetamide  [0-(R)-2] (78%
yield). 'H NMR (300 MHz, CDCls) &1 (ppm): 9.63 (s, 1H), 8.47 (d, 1H), 7.81 (s, 1H), 7.38 (m, 13H),
7.09 (t, 1H), 4.83 (s, 1H), 3.50 (s, 3H), 3.14 (s, 1H). 3C NMR (75 MHz, CDCls) dc (ppm): 166.6,
136.3,134.1,132.5, 129.7, 128.9, 128.8, 127.4, 126.2, 124.5, 121.0, 120.1, 116.5, 109.3, 92.6, 82.0, 81.1,
79.3, 53.8. MS (ESI) m/z calculated for C2sH20NO, [M + H]: 366.1416, found: 366.1417.

e (R)-N-(3-((3-ethynylphenyl)ethynyl)phenyl)-2-methoxy-2-phenylacetamide  [m-(R)-2] (77%
yield). 'H NMR (300 MHz, CDCls) &1 (ppm): 8.65 (s, 1H), 7.84 (s, 1H), 7.60 (d, 2H), 7.37 (m, 10H),
4.75 (s, 1H), 3.43 (s, 3H), 3.13 (s, 1H). 3C NMR (75 MHz, CDCls) dc (ppm): 169.7, 138.3, 137.3,
135.9, 132.7, 129.9, 129.5, 129.2, 128.4, 127.9, 124.4, 123.5, 123.3, 120.7, 90.3, 89.2, 84.3, 83.3, 57.7.
MS (ESI) m/z calculated for C2sH20NOz, [M + H]: 366.1416, found: 366.1486.

e (R)-N-(4-((3-ethynylphenyl)ethynyl)phenyl)-2-methoxy-2-phenylacetamide  [p-(R)-2] (69%
yield). 'TH NMR (300 MHz, CDCls) &1 (ppm): 8.63 (s, 1H), 7.62 (t, 3H), 7.41 (m, 10H), 4.75 (s, 1H),
3.45 (s, 3H), 3.10 (s, 1H). 3C NMR (75 MHz, CDCls) &c (ppm): 169.6, 138.3, 137.2, 135.8, 133.2,
132.5, 129.5, 129.2, 127.8, 124.4, 123.2, 120.1, 119.4, 90.4, 88.6, 84.3, 83.3, 57.7. MS (ESI) m/z
calculated for C2sH20NO, [M + H]: 366.1416, found: 366.1488.

Once the monomers were obtained, the polymers were synthesized. The corresponding
monomer (1.0 equiv) was introduced as a solid in a flask —sealed ampoule—, previously dried under
vacuum and flushed with Ar for three times and dissolved in dry THF. Next a solution of rhodium
norbornadiene chloride dimer ([Rh(nbd)Cl]z, 0.005 equiv, THF) and EtsN (0.05 equiv) were added
and the mixture was stirred overnight at 20 °C. The resulting polymers were diluted in CH2Clz and
precipitated in a large amount of MeOH, centrifuged and reprecipitated in hexane and centrifuged
again. The polymers were obtained in high yield (Table 1) and showed Raman spectra characteristic
of cis-polyene backbones.
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Table 1. Yield and Mn obtained for the synthesized polymers.

Polymer Yield Mn'!

o-poly-2  73% 16.150

m-poly-2  90%  16.070

p-poly-2  82%  16.104
1 GPC studies were carried out in a Waters Alliance equipped with Phenomenex GPC columns (103
A, 104 A and 105 A). The amount of polymer used was 0.3 mg mL-'. THF was used as eluent (flow
rate: 1 mL-min™) and as inner standard, polystyrene narrow standards (PSS) were used.

poly-1 series were synthesized according to the previously reported procedure [5].

CD measurements were done in a Jasco-720 and UV spectra were registered in a Jasco V-630.
The amount of polymer used for the measurements was 0.2 mg mL-'. Measurements were performed
in a Imm quartz cell.

3. Results and Discussion

Once the polymers were obtained (Figure 1), structural and dynamic behavior studies were
performed and the obtained results were compared to their corresponding PPAs counterparts (poly-1
series) [5].
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Figure 1. Structures of the synthesized polymers.

3.1. 0-Poly-2

As mentioned above, o-poly-2 presents an elongated cis-transoidal polyene backbone, adscribed
to the steric hindrance caused by the proximity between the pendant and the backbone. This
stretching was also observed for the corresponding ortho- substituted PPA (o-poly-1). However,
comparision of the spectrocopic data obtained for these two helical polymers—o-poly-1 and o-poly-
2—reveals a compression in the case of o-poly-2. This indicates that the congestion observed for o-
poly-1is released by the introduction of the spacer —UV bathocromic shift from 508 nm to 430 nm —
resulting into a better accomodation of the pendant group (Figure 2a).

3.2. m-Poly-2

In the case of m-poly-2, the introduction of the rigid spacer results into a polymer without helical
preference (null CD signal in the vinylic region). This lack of helical sense is due to the six different
conformations that the pendant may adopt during the polymerization process. Therefore, several
conformations of similar energy will coexist within the same polymer, resulting in an ineffective
transmission of chiral information (Figure 2b).

3.3. p-Poly-2
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Previous studies have revealed that p-poly-1 presents a poor CD signal (null CD signal in the
vinylic region). This result arises from the conformation equilibrium between the ap (antiperiplanar,
O=C-C-OMe dihedral angle 180°) and sp (synperiplanar, O=C-C-OMe dihedral angle 0°)
conformations that the pendant presents, resulting in an axially racemic polymer [6]. This coexistence
equilibrium is shifted when the rigid spacer is introduced, resulting in a polymer with a defined
helical sense. Moreover comparison of the UV-Vis spectra shows a helical stretching for p-poly-2,
produced by the proximity between the pendant and the backbone despite the length of the spacer.
This stretching was confirmed by DSC measurements that revealed the adoption of a cis-transoidal

scaffold (Figure 2c).
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Figure 2. CD and UV-Vis spectra comparisons for (a) o-poly-1 and o-poly-2, (b) m-poly-1 and m-poly-
2 and (c) p-poly-1 and p-poly-2.

4. Conclusions

In conclusion, a novel family of polymers bearing highly conjugated OPE pendants—[oligo(m-
phenyleneethynylene)] —was described. Despite increasing the distance between the pendant and
the backbone, an effective transmission of chiral information ocurred in the case of 0- and p-poly-2.
These results open new horizons in the development of novel helical structures with applications in
different fields.
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