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The helix is an essential structural motif for biological macro- NH, N,
molecules such as DNA and proteins, which further self-assemble \[‘c% " 0\/'\10“ \[\c‘]?-\MN @/'\,OH
into supramolecular structures, responsible for their sophisticated N Mp. N (R13
functions involving molecular recognition, self-replication, and Ocozhﬁemwmﬂ‘z Ocqu N(CHg T
catalytic activity? Hence, the design and synthesis of artificial Non-helical % o Brpoly-1-Na a @/\
helical polymers and supramolecular polymers has become an Poly-1-Na Heliclty induction & memory (R4

attractive challenge Wlth_ Impllcatlpns for biological helicity, Figure 1. Schematic illustration of one-handed helicity induction and
superstructures, and functiohi earlier studies, we reported that  memory in poly2-Na. A one-handed helix is induced in polyNa with

macromolecular helicity induced in an achiral poly((4-carboxyphe- (9-2in water, and the induced helicity is memorized after complete removal

nyl)acetylene) by an optically active amine cambemorizedvhen of (9-2. The helix-sense dfi-poly-1-Na prepared by §-2 is tentative.
the amine is removed and replaced by achiral amines in dimethyl A B c
sulfoxide (DMSO)2 Here we show that macromolecular helicity 105 - E;:— (@ —c—Cc—
in an achiral polyisocyanide (poly-Na) (Figure 1} is induced by ~ 5_:\ A2 g o,;-& (b) d'“[ ,,L;
optically active amines 2-4) in water and this helicity is 5 1\ , B "\/ RR O
automatically memorized even after complete removal of the & °3 ~ 508 € Syr-anti
amines. Although the chirality memory has been observed in a 35—\/\ (sr2
variety of supramolecular systems, the present memory is an L)
unprecedented example that has never been considered thus far. %3~ ¥

The achiral polyt-Na was first complexed withS)- or (R)-2 ] : - ,

(10 equiv to monomer units of poliNa) in water, but the complex 20 R Rveengthinm 0 b avenuroes (o) Syn-syn

exhibited almost no induced circular dichroism (ICD) in the imino  £ize 2. Helicity induction in poly1-Na and the memory. (A) CD spectra
chromophore region of the polymer backbone during the initial of isolatedh-poly-1-Na prepared by (a)R)-2 or (b) (9-2 and absorption
stage. However, the ICD intensity (the molar ellipticity at 360 nm, spectra oh-poly-1-Na prepared by (c)9-2 and (d) original polyt-Nain
Aesgo) slowly but dramatically increased with time at 56 and water are shown. (B) VCD spectra of enantioméripoly-1-Me (Aeago =

_ —9.43 and 9.26, traces a and c, respectively) and (b) non-helicallpoly-
reachedegso = —9.31 (poly-l-.Na—(S)-Z) a_nd 9.74 (polyt-Na— Me and IR spectra of (d) polg-Me and (e)h-poly-1-Me in chloroform at
(R)-2) after 29 days (Supporting Information). At lower tempera- ca. 25°C with a concentration of 100 mg/mL. (Syn-anti configurational
tures, the complexes exhibited weaker ICDs after the same timeisomerization of the &N double bond of polyisocyanide backbone.
period. We then isolated the helical pdlyNa (h-poly-1-Na) by
precipitation of the polymers into tetrahydrofuran to measure the
CD and absorption spectra (Figure 2A). Surprisingly, after complete
removal of the §- and R)-2, the isolated polymers maintained
the helicity with the memory efficiency of 89 and 92% based on
the ICD values of the polyi-Na—(9-2 or —(R)-2 complex after
29 days, respectively, and exhibit mirror images of the ICDs in
the polymer backbone (288150 nm) as well as in the pendant and —1790, respectively.

aromatic regions (2.0.9280 nm) (I_:lgure _2A’ a and b). Similar h-Poly-1-Na can be converted to the corresponding carboxylic
macromolecular helicity memory is pos_S|bIe fqr pol.y-((4-carl_)0x- acid (1-poly-1-H) (Aesgo= —10.06, p]2% = —1930) and methyl
yphenyl)acett)ylene), but the use of achiral amines is essent.lal for asters K-poly-1-Me) (Aesso = —9.48, 1] = —1560) without
the_memory’% The observed exciton-coupled ICTls the_aromgtlc the loss of the macromolecular helicity, although their optical
region suggest that the pendant phenyl groups are aligned in a oney .ivities depend on the structures and solvent.

hz;nded_ he!ical a_rray].( TTS |hs pror\]/ed _by ';fhe re_du;:]tion in the Additional strong evidence of a one-handed helical structure of
a §orpt|0n Ttensny of 25% (hypoc romic € ect) in the aromatic the polyisocyanides was obtained from the vibrational CD (VCD)
re_grllor;]@max—ﬁi_l n:n) olﬂw-poly-l.- Na (Figure 2A, ), ?s compared spectréé The VCD spectra of the enantiomertepoly-1-Mes

W't _t_ € non-netical po y-Na (Figure Z_A‘ d). We also observed obtained from the correspondiigpoly-1-Nas induced by $- and
significant upfield shifts of the aromatic proton resonances—0.2 (R)-2 (Figure 2B, a and c) show Cotton effects in the=i&

0.3 ppm) ofh-poly-1-Na in the 'H NMR spectrum. These results stretching bands, reflecting the helical structure of the polymer
provide strong evidence of intramolecular stacking of the aromatic backbone. Moreover, the fact that the=8l stretching frequency

* Graduate School of Engineering, Nagoya University. of h-poly-1-Me in the IR spectrum is significantly dlffer.enF from
*Yashima Super-structured Helix Project, ERATO, JST. that of the non-helical poly-Me (Figure 2B, d and e) indicates

pendants, which are favored in wafewe note that the isolated
h-poly-1-Nas prepared byS)- and R)-2 show a very large specific
rotation (o]?% = —138C and 1480, respectively), despite the
fact that they no longer have any chiral components. As we?| as
various chiral amines such aR){3 and R)-4 (Figure 1) can be
used. In particularh-poly-1-Na prepared by R)-3 shows higher
optical activity; theAeszgo and [0]?% values in water are-10.73
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Figure 3. Stability of the macromolecular helicity memory bfpoly-1-

Na obtained by §)-2 studied by CD in water following temperature jumps.
Shown is the change in CD intensity at 360 nmheboly-1-Na in water.
(Inset) Arrhenius plot of the temperature dependence of the first-order rate
constants obtained at 580 °C for h-poly-1-Na in water.

that configurational isomerization around the=R double bonds
(syn—anti isomerization) may take place during the helix formation
(Figure 2C), that is, an imino configurational mixture syfnand

anti of non-helical polyl-Na is transformed to one of a single
configuratiot® upon complexation with chiral amines, and this
configurational homogeneity then forces a helical conformation on
the polymer backbone, which is influenced by the chiral amines to
take an excess helical serideSuchsyn—anti isomerism readily
occurs forN-aromatic isocyanides, while it slowly occurs féralkyl
isocyanided? This isomerization must be accelerated at high

temperature, so that it is reasonable to understand that the helix

formation of polyd-Na needs a long time at high temperature.

Although polyisocyanides are believed to adopt ;ahélical
conformation when they have a bulky side gréép aromatic
polyisocyanides are reported to have a non-helical conformétion.
The present results, however, clearly indicate that a similar helical
polyisocyanide that is stable in solution can be synthesized from a
non-helical polyisocyanide by non-covalently interacting chiral
molecules through configurational isomerization. We postulate that
hydrophobic and chiral ionic interactions in water might be
necessary for the selective configurational isomerism, followed by
the helix formation and memory, because helical poly(4-carbox-
yphenyl isocyanide) induced by chiral amines in DMS@annot
maintain the helicity after removal of the chiral amines.

The thermal stability ofh-poly-1-Na was then measured by
monitoring the decrease in the CD intensity with time at different
temperatures (Figure 3). The CD intensityhepoly-1-Na gradually
decreased at 3C, and the polymer lost its helical memory at 80
°C. The activation energy and half-life period at 30 estimated
by the Arrhenius analysis are 28.5 kcal/mol and 3 days, respectively.
When the recovered optically inactivepoly-1-Na is annealed
again with §- or (R)-2 in water, anh-poly-1-Na with the same
optical activity can be obtained. Thel and*3C NMR spectra of
the optically inactiveh-poly-1-Na were completely different from
those of theh-poly-1-Na but were similar to the original polg-

Na (Supporting Information), indicating that this process is not
racemization (helix-to-helix transition) but probably a helix-to-coil
transition through theyn—anti isomerization. Moreover, the fact
that h-poly-1-Na prepared by R)-3 exhibited an inversion of the
CD upon heating with$)-3 in water also supports a helix-to-coil
transition. h-Poly-1-H and h-poly-1-Me showed similar thermal
stabilities comparable to that dfpoly-1-Na.

In summary, we have found an unprecedented memory of
macromolecular helicity induced in an achiral polyelectrolyte, poly-
1-Na, which folds into a one-handed helix through configurational
isomerization around the €N backbones by interactions with
optically active amines in water. The helix remains when the

optically active amines are completely removed, so that further
modifications of the side groups with a variety of functional groups
can be possible with maintaining the macromolecular helicity
memory. Furthermore, due to the supramolecular helical array of
the pendant functional groups, the helical polyisocyanides will
provide new chiral materials for chiral recognition and enantiose-
lective catalysig® The work is now in progress.
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