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1 Introduction 

Direct enantioseparation by high-performance liquid 
chromatography (HPLC) and supercritical fluid chromatography 
with chiral stationary phases (CSPs)1-10 is recognized as one of 
the most powerful and widely used techniques for both the trace 
analyses of chiral molecules and industrial-scale productions of 
optically-pure ingredients.11-19 Okamoto and co-workers achieved 
the first asymmetric synthesis of a one-handed helical 
poly(triphenylmethyl methacrylate) (PTrMA)20-25 by the helix-
sense-selective polymerization of an achiral bulky vinyl monomer 
with a chiral catalyst in 1979 and discovered its remarkable chiral 
separation ability when used as a CSP for HPLC, which was then 
commercialized in 1982 as the first practical helical polymer-
based CSP. Since then, a variety of CSPs consisting of one-
handed helical polymers, including polyacetylenes26-34 and 
polyisocyanides,35-38 have been developed.25,39,40 Among the 

helical polymers, the helical polysaccharide derivatives (e.g., 
cellulose and amylose derivatives)25,41-44 developed by Okamoto 
et al. are recognized as the most used commercially available 
CSPs in the world. 

We previously reported that poly(biphenylylacetylene) (PBPA) 
derivatives with the appropriate substituents at the 2,2’,4’-
positions of the biphenyl pendants formed a preferred-handed 
helical conformation accompanied by an excess one-handed 
axially twisted structure of the biphenyl units through noncovalent 
chiral interactions with optically active guests, such as (R)- and 
(S)-1-phenylethanol ((R)- and (S)-PEA; Figure 1), and both the 
induced macromolecular helicity and pendant axial chirality were 
efficiently retained (memorized) after removal of the chiral 
inducers.45-49 Taking advantage of this “macromolecular helicity 
induction and subsequent static helicity memory” strategy, we 
have succeeded in developing helical polymer-based CSPs with 
a static helicity memory from inherently optically inactive PBPAs 
composed of fully achiral45,50-52 or racemic53 repeating monomer 
units, some of which showed a unique switchable 
enantioseparation,45,52 that is, switching of the elution order of the 
enantiomers, based on the reversible macromolecular helicity 
control in the column. The effect of the polar functional groups 
introduced at the 4’-position of the biphenyl pendants, such as 
ether, ester, and carbamate groups, on the chiral recognition 
abilities of the PBPA-based CSPs was investigated.52 Among 
them, poly(1-Bu) and poly(2-Bu) (Figure 1) bearing 
alkoxycarbonyl and acyloxy groups at the 4’-position, respectively, 
and a carbamate-functionalized PBPA with a static helicity 
memory were found to show better resolution abilities than the 
ether-functionalized counterpart.52 

In this study, we designed and synthesized two novel PBPAs 
(poly(1-Ph) and poly(2-Ph)) bearing achiral aromatic ester groups 
at the 4’-position of the biphenyl pendants with different  
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Abstract: Two novel poly(biphenylylacetylene)s (PBPAs) 
bearing achiral alkylphenyl groups at the 4’-position of the 
biphenyl pendant through ester linkers with different 
sequences were synthesized by the rhodium-catalyzed 
polymerization of the corresponding monomers. The 
influence of the alkylphenyl pendants and the ester 
sequences on the macromolecular helicity induction and 
subsequent static helicity memory was investigated. In 
addition, the chiral recognition ability as chiral stationary 
phases for high-performance liquid chromatography of the 
helicity-memorized PBPAs was also examined. Both 
polymers formed  

almost perfect right- and left-handed helical conformations 
through noncovalent chiral interactions with enantiomeric 
alcohols and their induced macromolecular helicities were 
completely retained (“memorized”) after removal of the helix 
inducer. A PBPA bearing a 4-n-butylphenoxycarbonyl 
pendant group with a static helicity memory showed a 
remarkably high chiral recognition ability toward a wide 
variety of chiral aromatics, including simple point chiral 
compounds, axially chiral biaryls, a chiral spiro compound, 
helicenes, and planar chiral cyclophanes, particularly under 
the reversed-phase conditions. 
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FIGURE 1 (A) Structures of poly(biphenylylacetylene) (PBPA) 
derivatives (poly(1-Bu), poly(2-Bu), poly(1-Ph), and poly(2-Ph)). (B) 
Schematic illustration of macromolecular helicity induction and 
subsequent static helicity memory in poly(1-Ph) and poly(2-Ph) 
bearing aromatic pendant groups through noncovalent chiral 
interactions with optically active alcohols ((R)- and (S)-PEA). 

 
sequences (-COO- or -OCO-, respectively). Their macromolecular 
helicity induction and subsequent static memory behaviors along 
with their stabilities of the helicity memory and chiral recognition 
abilities as CSPs for HPLC under the normal- and reversed-phase 
conditions were investigated (Figure 1). 

2 Materials and Methods 

Biphenylylacetylene monomers (1-Ph and 2-Ph) were prepared 
according to Scheme S1. 

2.1 Synthesis of 1-Ph 

To a mixture of [2,2’-bis(methoxymethoxy)-4’-carboxyl-4-
biphenylyl]acetylene (0.20 g, 0.58 mmol), N,N-dimethyl-4-
aminopyridine (DMAP) (86 mg, 0.70 mmol), and 4-butylphenol 
(0.11 g, 0.70 mmol) in anhydrous dichloromethane (6 ml) was 
added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (EDC-HCl) (0.13 g, 0.70 mmol) at 0 °C. The mixture 
was stirred at room temperature for 1 h. After removing the solvent 
under reduced pressure, the residue was diluted with ethyl 
acetate and the solution was washed with aqueous 1 N HCl, 
saturated aqueous NaHCO3, and brine, and then dried over 
Na2SO4. The solvent was evaporated in vacuo and the crude 
product was purified by silica gel chromatography using n-
hexane/ethyl acetate (7/3, v/v) as the eluent to give the desired 
product as a white solid (0.25 g, 91% yield). Mp: 75.1-75.7 °C. IR 

(KBr, cm–1): 3238 (≡CH), 2104 (C≡C), 1712 (C=O). 1H NMR (500 
MHz, CDCl3, 25 °C): d 7.99 (d, J = 1.5 Hz, 1H, Ar–H), 7.91 (dd, J 
= 7.8, 1.2 Hz, 1H, Ar–H), 7.38-7.36 (m, 2H, Ar–H), 7.24-7.20 (m, 
4H, Ar–H), 7.12 (d, J = 8.3 Hz, 2H, Ar–H), 5.15 (s, 2H, OCH2O), 
5.09 (s, 2H, OCH2O), 3.36 (s, 3H, OCH3), 3.35 (s, 3H, OCH3), 3.11 
(s, 1H, C≡C-H), 2.64 (t, J = 7.7 Hz, 2H, Ar–CH2), 1.65-1.59 (m, 
2H, Ar–CH2CH2), 1.41-134 (m, 2H, CH2CH3), 0.94 (t, J = 7.4 Hz, 
3H, CH2CH3). 13C NMR (126 MHz, CDCl3, 25 °C): d 165.14, 
154.95, 154.65, 148.98, 140.69, 134.06, 131.63, 131.58, 131.21, 
130.51, 129.48, 129.11, 125.78, 123.76, 123.07, 121.46, 118.95, 
118.91, 116.76, 95.30, 95.23, 83.52, 77.66, 56.30, 56.27, 56.20, 
56.17, 35.21, 33.76, 22.45, 14.08. HRMS (ESI+): m/z calcd for 
C29H30NaO6 (M+Na+), 497.1935; found 497.1912. 

2.2 Synthesis of 2-Ph 

To a mixture of [2,2’-bis(methoxymethoxy)-4’-hydroxy-4-
biphenylyl]acetylene (0.20 g, 0.64 mmol), DMAP (93 mg, 0.76 
mmol), and 4-butylbenzoic acid (0.14 g, 0.76 mmol) in anhydrous 
dichloromethane (6 ml) was added EDC-HCl (0.15 g, 0.76 mmol) 
at 0 °C. The mixture was stirred at room temperature for 1 h. After 
removing the solvent under reduced pressure, the residue was 
diluted with ethyl acetate and the solution was washed with 
aqueous 1 N HCl, saturated aqueous NaHCO3, and brine, and 
then dried over Na2SO4. The solvent was evaporated in vacuo and 
the crude product was purified by silica gel chromatography using 
n-hexane/ethyl acetate (9/1, v/v) as the eluent to give the desired 
product as a white solid (0.28 g, 94% yield). Mp: 74.9-75.8 °C. IR 
(KBr, cm–1): 3236 (≡CH), 2106 (C≡C), 1711 (C=O). 1H NMR (500 
MHz, CDCl3, 25 °C): d 8.12 (d, J = 8.3 Hz, 2H, Ar–H), 7.36 (s, 1H, 
Ar–H), 7.32 (d, J = 8.3 Hz, 2H, Ar–H), 7.26 (d, J = 8.3 Hz, 1H, Ar–
H), 7.21 (s, 2H, Ar–H), 7.10 (d, J = 2.2 Hz, 1H, Ar–H), 6.94 (dd, J 
= 8.3, 2.2 Hz, 1H, Ar–H), 5.08 (s, 4H, OCH2O), 3.37 (s, 3H, OCH3), 
3.36 (s, 3H, OCH3), 3.09 (s, 1H, C≡C-H), 2.71 (t, J = 7.8 Hz, 2H 
Ar–CH2), 1.68-1.62 (quint, J = 7.6 Hz, 2H, Ar–CH2CH2), 1.42-1.35 
(m, 2H, CH2CH3), 0.95 (t, J = 7.3 Hz, 3H, CH2CH3). 13C NMR (126 
MHz, CDCl3, 25 °C): d 165.33, 155.64, 154.91, 151.51, 149.59, 
131.68, 130.43, 129.65, 128.85, 128.82, 127.05, 125.83, 125.81, 
122.53, 119.12, 119.08, 115.12, 109.42, 109.40, 95.34, 83.70, 
77.34, 56.18, 56.14, 35.95, 33.41, 22.46, 14.05. HRMS (ESI+): 
m/z calcd for C29H30NaO6 (M+Na+), 497.1935; found 497.1914.  

2.3 Polymerization 

Rhodium-catalyzed polymerizations of 1-Ph and 2-Ph were 
carried out according to Scheme 1 in a dry Schlenk flask under 
dry nitrogen using [(norbornadiene)rhodium(I) chloride]2 
([Rh(nbd)Cl]2) in a similar way as previously reported,45,46,50-53 and 
the polymerization results are summarized in Table 1 (entries 1 
and 2). For comparison, poly(1-Bu)50 and poly(2-Bu)52 were also 
prepared in a similar way (entries 3 and 4); their spectroscopic 
data were consistent with the reported ones. The cis–transoidal 
stereoregular structures of the new homopolymers were 
confirmed by their 1H NMR (Figures S12 and S13)54-58 and Raman 
spectra (Figure S1)59-62 based on the literature. 

2.3.1 Spectroscopic data of poly(1-Ph) 

IR (KBr, cm–1): 1758 (C=O). 1H NMR (500 MHz, CDCl3, 50 °C): d 
7.91-7.80 (br, 1H, Ar–H), 7.74-7.60 (br, 1H, Ar–H), 7.20-6.86 (br, 
7H, Ar–H), 6.64-6.46 (br, 1H, Ar–H), 6.14-5.98 (br, 1H, C=CH),  



Chirality 

 3 

5.00-4.83 (br, 2H, OCH2O), 4.83-4.60 (br, 2H, OCH2O), 3.17-3.07 
(br, 3H, OCH3), 3.07-2.94 (br, 3H, OCH3), 2.64-2.48 (br, 2H, Ar–
CH2), 1.62-1.52 (m, 2H, Ar–CH2CH2), 1.39-1.28 (m, 2H, CH2CH3), 
0.90 (t, J = 7.2 Hz, 3H, CH2CH3). Calcd for C29H30O6: C, 73.40; H, 
6.37. Found: C, 73.44; H, 6.39. 

2.3.2 Spectroscopic data of poly(2-Ph) 

IR (KBr, cm–1): 1760 (C=O). 1H NMR (500 MHz, CDCl3, 50 °C): d 
8.06-7.92 (br, 2H, Ar–H), 7.24-7.14 (br, 2H, Ar–H), 7.06-6.82 (br, 
4H, Ar–H), 6.76-6.64 (br, 1H, Ar–H), 6.60-6.44 (br, 1H, Ar–H), 
6.15-5.96 (br, 1H, C=CH), 4.95-4.79 (br, 2H, OCH2O), 4.79-4.60 
(br, 2H, OCH2O), 3.20-3.07 (br, 3H, OCH3), 3.07-2.90 (br, 3H, 
OCH3), 2.70-2.52 (br, 2H, Ar–CH2), 1.65-1.53 (m, 2H, Ar–
CH2CH2), 1.40-1.26 (m, 2H, CH2CH3), 0.90 (t, J = 7.2 Hz, 3H, 
CH2CH3). Calcd for C29H30O6: C, 73.40; H, 6.37. Found: C, 73.48; 
H, 6.30.  

3 Results and Discussion 

3.1 Synthesis of poly(biphenylylacetylene)s bearing aromatic 
pendant groups  
 
Two novel achiral biphenylylacetylene monomers (1-Ph and 2-Ph) 
bearing 4-n-butylphenoxycarbonyl and 4-n-butylbenzoyloxy 
groups as aromatic pendants at the 4’-position of the biphenyl unit 
were synthesized in one-step through esterification of the 
corresponding biphenylylacetylenes carrying carboxyl51 and 
hydroxy52 groups, respectively (Scheme S1). These monomers 
were then polymerized using a rhodium catalyst ([Rh(nbd)Cl]2, 
nbd: norbornadiene) in tetrahydrofuran (THF) in the presence of 
triethylamine at 30 °C according to a previously reported method 
(Scheme 1).45,46,50-53 The cis-transoidal dynamically racemic 
helical PBPAs (poly(1-Ph) and poly(2-Ph)) were obtained in high 
yields (95%) with the number-average molar mass (Mn) of more 
than 4.5 × 105, as estimated by size-exclusion chromatography 
(SEC), respectively (entries 1 and 2 in Table 1 and Figure S1). 
For a comparative study, cis-transoidal optically inactive PBPAs 
(poly(1-Bu)50 and poly(2-Bu)52) bearing aliphatic n-butoxycarbonyl 
and n-pentanoyloxy pendant groups were also prepared in the 

 
 
 
 
 
 
 
 

 

 

 

 

 

SCHEME 1 Synthesis of poly(1-Ph) and poly(2-Ph). 

 
same way (entries 3 and 4). 

 
3.2 Macromolecular helicity induction and static helicity 
memory  
 
Both the right (P)- and left (M)-handed helical structures were 
almost completely induced in the poly(1-Ph) backbone in toluene 
in the presence of (R)- and (S)-PEA as a helix inducer (≥ 10 vol%) 
at 25 °C within 4 h, respectively (Figures 2A(i,iv), S2A, and S3A), 
based on the comparison of their induced circular dichroism (ICD) 
patterns and intensities with those of the previously reported 
completely (P)-handed helical PBPA carrying an optically active 
pendant.47,53,63 The complete macromolecular helicity induction in 
poly(2-Ph) was also achieved with (R)- and (S)-PEA (≥ 10 vol%) 
in toluene (Figures 2B(i,iv) and S3B), while it took a rather longer 
time (ca. 24 h) to complete the one-handed helix induction (Figure 
S2B), indicating a faster one-handed helix formation of poly(1-Ph).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 2 CD and absorption spectra of poly(1-Ph) (A) and poly(2-Ph) (B) in the presence of (R)-PEA (i,ii) and (S)-PEA (iv) in toluene (PEA/toluene 
= 20/80, v/v) measured at 25 (i,iv) and –10 (ii) °C after allowing them to stand at 25 °C for 24 h. CD and absorption spectra of the isolated polymers 
recovered from i, measured in toluene at –10 °C, were also shown in (iii). [Polymer] = 1.0 mM (calculated based on the monomer units). 
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FIGURE 3 (A) Structures of racemates. (B,C) HPLC chromatograms for the resolutions of F (i), K (ii,vi), C (iii), I (iv), J (v), and P (vii) on 
the (P)-h-poly(1-Ph)-based CSP with static helicity memory under normal-phase (B; 10 °C) and reversed-phase (C; 0 °C) conditions. 
Eluent: n-hexane/2-propanol (97/3, v/v) (i,ii), methanol (iii,vii), methanol/water (90/10, v/v) (iv, v), or ethanol (vi). 

 
 
As expected from the previously reported poly(1-Bu) and 

poly(2-Bu),50,52 the (P)-handed helical poly(1-Ph) and poly(2-Ph) 
induced by (R)-PEA were almost perfectly memorized after 
complete removal of the helix inducer by precipitation into 
methanol (Figures 2A,B(iii) and S4B,E; for more details, see 

section 3 in the Supporting Information). The static helicity 
memories of (P)-h-poly(1-Ph) and (P)-h-poly(2-Ph) were relatively 
stable in toluene at –10 °C, and remained more than 90% of their 
initial state after 12 h (Figure S5A). On the other hand, at 25 °C, 
the ICD intensities gradually decreased with time and the half-life 
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time period (t1/2) roughly estimated from the ICD intensity changes 
were 3.5 and 6 h, respectively (Figure S5B(i,ii)), whereas those of 
poly(1-Bu) and poly(2-Bu) estimated under the same conditions 
were 3 and 1 h, respectively (Figure S5B(iii,iv)).52 Hence, the 
replacement of the alkyl groups with the 4-alkylphenyl ones at the 
4’-position of the biphenyl pendants appeared to stabilize the 
static helicity memory, which, however, depends on the ester 
sequences (-COO- and -OCO-), probably due to the 
intramolecular p-p interactions and/or steric effect between the 
neighboring phenyl groups arranged along the one-handed helical 
polymer backbones. 

 
3.3 Chiral recognition abilities of PBPA-based CSPs for HPLC 

 
The novel PBPA-based CSPs consisting of (P)-h-poly(1-Ph) and 
(P)-h-poly(2-Ph) with a static helicity memory were then prepared 
by coating each polymer solution in (R)-PEA/toluene (10/90, v/v) 
showing a full ICD signal on macroporous silica gel, followed by 
thoroughly washing with n-hexane to completely remove (R)-PEA 
after evaporating the solvent (for details of the preparation of the 
CSPs for HPLC, see section 4 in the Supporting Information).50-53 
The (P)-h-poly(1-Bu)- and (P)-h-poly(2-Bu)-based coated-type 
CSPs were also prepared in the same way.52 
 The ICD intensities of poly(1-Ph) and poly(2-Ph) recovered 
from the CSPs using an excess of toluene slightly decreased 
along with a red-shift of the absorption spectra compared to those 
before coating onto the silica surface (Figure S6). The reason for 
such a change in the absorption spectral pattern during the 
recovery of the polymer process, while maintaining the cis-
transoidal polymer backbone structures as supported by the 1H 
NMR spectra (Figure S4C,F), was not clear, but the 
macromolecular helicity memories of (P)-h-poly(1-Ph) and (P)-h-
poly(2-Ph) coated on silica gel were substantially maintained. 

The enantioseparation abilities of 16 racemates, A–P 
(Figure 3A), on the (P)-h-poly(1-Ph) - and (P)-h-poly(2-Ph)-based 
CSPs were first evaluated under normal-phase conditions using 
n-hexane–2-propanol (97/3, v/v) as the eluent at 10 °C, and their 
resolution results along with those on the (P)-h-poly(1-Bu)-50 and 
(P)-h-poly(2-Bu)-based CSPs52 are summarized in Table 2. 
Figure 3B shows typical chromatograms for the resolution of the 
racemic F and K on the (P)-h-poly(1-Ph)-based CSP obtained 
with dual UV and CD detectors. As shown in Figure 3B(i), a pair 
of enantiomers of F showing negative (–)- and positive (+)-CD 
signals were eluted at the retention times of t1 and t2, respectively. 
The retention factors, k1 [= (t1 − t0)/t0] and k2 [= (t2 − t0)/t0], were 
determined to be 1.46 and 1.61, respectively, based on the hold-
up time (t0) of 3.52 min, leading to a separation factor a (= k2/k1) 
of 1.10. 

As summarized in Table 2, the (P)-h-poly(1-Ph)-based CSP 
showed a better chiral recognition ability than the (P)-h-poly(2-
Ph)-based CSP as observed in the (P)-h-poly(1-Bu)- and (P)-h-
poly(2-Bu)-based CSPs.52 Among the racemic A–P, the (P)-h-
poly(1-Ph)- and (P)-h-poly(2-Ph)-based CSPs partially resolved 
six and two racemates, respectively, but their a values were 
mostly lower than those of the corresponding alkoxycarbonyl ((P)-
h-poly(1-Bu))50 and acyloxy ((P)-h-poly(2-Bu))52 PBPA derivatives, 
respectively (Table 2), although some racemates K, L, and P were 
partially resolved on (P)-h-poly(1-Ph), but not separated at all on 
(P)-h-poly(1-Bu), while vice versa for racemates A and C. These 
results suggest that the replacement of the alkyl groups of (P)-h-
poly(1-Bu) and (P)-h-poly(2-Bu) with the 4-alkylphenyl ones at the 
4’-position of the biphenyl pendants hardly contributes to 
improving the enantioseparation abilities under normal-phase 
conditions, although nearly identical one-handed helical 
conformations were most likely induced and subsequently 
memorized in these four polymers as evidenced by the quite 
similar ICD patterns and intensities to each other (Figure 2).50,52  

In accordance with the fact that a one-handed helical PTrMA 
bearing triphenylmethyl pendants with a chiral propeller 
conformation exhibited an exceptionally high chiral recognition 
when used as a CSP for HPLC, particularly in the reversed-phase 
mode as reported by Okamoto et al.,20,22-25 we next investigated 
the resolution abilities of the (P)-h-poly(1-Ph)- and (P)-h-poly(2-

Ph)-based CSPs under reversed-phase conditions using alcohols 
and a methanol/water mixture as the eluent at 0 °C (Figure 3C 
and Table 3). Unlike the normal-phase chiral HPLC separation 
results, the (P)-h-poly(1-Ph)-based CSP showed a much better 
chiral recognition in the reversed-phase mode than in the normal-
phase mode and successfully resolved various types of chiral 
hydrophobic aromatics (Figure 3A), including not only simple 
compounds with a point chirality (H and I; Figure 3C(iv)), but also 
axially chiral biaryls (B–D; Figure 3C(iii)), a chiral spiro compound 
(J; Figure 3C(v)), helicenes with a helical chirality (K and L; Figure 
3C(vi)), and planar chiral cyclophanes (M–P; Figure 3C(vii)) 
(Table 3). On the other hand, the (P)-h-poly(1-Bu) with aliphatic 
pendants on the biphenyl units showed a lower resolution ability 
and could resolve only three racemates, C, H, and I (Table 3). 
These results indicated the key role of the aromatic ester residues 
at the pendants of the (P)-h-poly(1-Ph), which serve as attractive 
chiral recognition sites under the reversed-phase conditions 
probably through p-p and/or hydrophobic interactions with the 
aromatic racemates, resulting in a significant improvement of the 
chiral recognition ability compared to that of the (P)-h-poly(1-Bu).  

The (P)-h-poly(2-Ph)-based CSP, which is only different 
from the (P)-h-poly(1-Ph) with respect to the ester sequence (-
OCO- or -COO-, respectively), also exhibited a poor chiral 
recognition under reversed-phase conditions toward all the tested 
racemates except for the helicenes, K and L (Table 3), despite 
having the one-handed helical conformations with a static helicity 
memory in (P)-h-poly(1-Ph) and (P)-h-poly(2-Ph) as already 
described (Figures 2 and S6). In contrast, several racemates (C 
and H–L) were separated into enantiomers on the (P)-h-poly(2-
Bu) under reversed-phase conditions, but some of them were not 
resolved on the (P)-h-poly(2-Ph) (Table 3). Although the origin of 
the crucial difference in the chiral recognition abilities between the 
(P)-h-poly(1-Ph) and (P)-h-poly(2-Ph) still remains unclear, but is 
probably attributed to the difference in the chiral/helical 
arrangements of the achiral phenyl pendants along the one-
handed helical polymer backbones. The remarkably high chiral 
recognition observed for the (P)-h-poly(1-Ph)-based CSP toward 
racemic hydrophobic aromatics, in particular, under reversed-
phase conditions, is most likely derived from the achiral aromatic 
pendants linked through the -COO- linkage that can be favorably 
arranged/oriented in a one-handed helical fashion along the 
helical polyacetylene backbone with a static helicity memory. 
However, the achiral aromatic pendants linked through the -OCO- 
linkage of (P)-h-poly(2-Ph) may not be arranged in such a way, 
resulting in a poor chiral recognition ability both in the normal- and 
reversed-phase modes. Thus, the proper and rational design of 
achiral functional aromatic pendant groups introduced at the 4’-
position of the biphenyl groups of the helical PBPAs with a static 
helicity memory is of key importance in achieving an efficient 
enantioseparation capability.  

We also confirmed that the resolution power of the (P)-h-
poly(1-Ph)-based CSP remained virtually unchanged after 
allowing the column filled with methanol to stand at ca. 0 °C for 2 
weeks, thereby demonstrating its sufficiently high stability of the 
static helicity memory and durability when used as a CSP for 
reversed-phase HPLC (Figure S7). 

Conclusion 

In summary, we have synthesized two novel PBPA derivatives 
containing achiral n-butylphenyl pendants at the 4’-position of the 
biphenyl units through ester linkers with different sequences. 
Almost completely one-handed helices with a static helicity 
memory were successfully produced from the corresponding 
inherently optically inactive PBPAs based on the one-handed 
helicity induction and static helicity memory strategy. The resulting 
static helicity memories of the helical PBPAs were more stable 
than those of the analogous PBPAs bearing aliphatic pendant 
groups, probably due to cooperative intramolecular p-p 
interactions and/or steric effect arising from the neighboring 
aromatic pendants arranged along the one-handed helical 
polymer backbones. The chiral recognition abilities of the helicity-
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memorized PBPAs with aromatic pendants as CSPs for HPLC 
were significantly influenced by the ester sequences of the 
pendant groups and chromatographic conditions (normal- and 
reversed-phase modes). The PBPA carrying phenoxycarbonyl 
pendants showed a much higher resolution ability toward various 
kinds of racemic aromatic compounds with point, axial, and planar 
chirality and helicity under the reversed-phase conditions, when 
compared to those of the helicity-memorized PBPAs with 
benzoyloxy or aliphatic pendant groups. We believe that more 
powerful PBPA-based CSPs with a static helicity memory capable 
of switching the enantioselectivity will be developed by a rational 
design and modification of the functional pendant groups 
combining the “reversible switching of the static macromolecular 
helicity in the column” concept45,52 as well as a technique for 
immobilizing PBPAs onto silica gel through chemical bonding.52 
Work towards these goals is now underway in our laboratory. 
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