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ABSTRACT: N-Propargylamides having pendent groups with different lengths (HC=CCH,;NHCOR, R
= (CH2)nH, n = 1-8) were polymerized in the presence of a Rh catalyst [(nbd)Rh*B~(CeHs)4; nbd = 2,5-
norbornadiene] to obtain polymers with moderate molecular weight and high stereoregularity [poly(1)—
poly(8)] in high yields. The conformational transition behavior of the resultant polymers was investigated
by measuring UV—vis spectra in chloroform solution at different temperatures. Among the examined
polymers, poly(5) and poly(6) took a stable helical conformation at relatively high temperatures, and
their helical contents were the highest. Poly(2)—poly(4), which bear shorter alkyl pendent chains, did
not exist in stable helical conformation owing to the lack of chain flexibility and the intermolecular
hydrogen bonding. Poly(1) was not completely soluble in any solvents. Poly(7) and poly(8), which contain
longer pendent chains, took helical conformation only at low temperatures because of the lower cis content
of the polymer main chain. Both AH and AS for the conformational transition from random coil to helix
assumed negative values, which also greatly depended on the length of the pendent groups. Whereas the
helical conformation of poly(5) and poly(6) was readily generated in chloroform, neither THF nor toluene
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was favorable for helix formation.

Introduction

In the natural world, biomacromolecules forming the
structural basis of life, such as proteins and DNA, often
take helical conformations.! It is well-known that
primary structures of the biomacromolecules assemble
together by means of noncovalent forces such as hydro-
gen bonding, hydrophobic stacking, solvophobic effects,
electrostatic interactions, and so on.? The molecular
information on amino acids ranging from the sequence
and hydrophilicity to the chain chirality plays a pre-
dominant role in controlling the high-order structure
of the biomacromolecules. Moreover, it has been widely
accepted that the conformational transition behaviors
of proteins are indispensable to the activities of the
living organisms. Therefore, extensive efforts have been
made to investigate these characteristic behaviors of
proteins.® However, owing to the complexity of the living
systems, research on the secondary structures of syn-
thetic polymers has drawn much attention. In the
meantime, progress in polymer synthesis has enabled
the design and preparation of novel polymers with well-
ordered helical structure, such as polyisocyanides,*
polyisocyanates,® polychlorals,® polysilanes,” polyalde-
hydes,® polymethacrylates,® and polyacetylenes.10-13
Among them, polyacetylenes recently occupy an impor-
tant position as synthetic helical polymers.

Previous research of our and other laboratories has
revealed that appropriately substituted polyacetylenes
can form or can be induced to form the helical structure.
The driving forces are steric repulsion between bulky
pendant groups®~12 and intramolecular hydrogen bond-
ing between the amide groups on the side chains.® In
our previous studies, it has been demonstrated that a
slight structural change of the pendent groups signifi-
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cantly affects the stiffness of the polymer backbone, the
stability of the hydrogen bond, and the stability of the
helical conformation of poly(N-propargylamides).'® The
present research deals with the synthesis of poly(N-
propargylamides) bearing n-alkyl pendent groups with
different lengths (Scheme 1) and the study of confor-
mational transition behaviors of the formed polymers
by means of variable temperature UV—vis spectroscopy,
which had been proved to be a simple and effective
method.3d Thermodynamic parameters, e.g., AH and
AS, were determined to discuss the conformational
transition in detail. Further, the effects of different
types of solvents on the conformational transition
behavior were examined.

Experimental Section

Measurements. Melting points (mp) were measured by a
Yanaco micro-melting point apparatus. *H and *C NMR
spectra were recorded on a JEOL EX-400 spectrometer. IR
spectra were recorded with a Shimadzu FTIR-8100 spectro-
photometer. Elemental analysis was carried out at the Kyoto
University Elemental Analysis Center. Molecular weights and
molecular weight distributions of the polymers were deter-
mined by GPC (Shodex KF-850 column) calibrated by using
polystyrenes as standards and THF as an eluent. UV—vis
spectra were recorded on a JASCO J-820 spectropolarimeter.

Materials. Solvents were distilled by the standard methods.
Propargylamine (TCI), acetic acid (Aldrich), propionic acid
(TCI), n-butyric acid (TCI), n-valeric acid (TCI), n-hexanoic
acid (TCI), n-heptanoic acid (Wako), n-octanoic acid (TCI),
n-nonanoic acid (Wako), isobutyl chloroformate (Wako), and
4-methylmorpholine (Wako) were used as received without
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further purification. [(nbd)Rh*B~(C¢Hs)s] was prepared as
reported.

Monomer Synthesis. All the monomers were prepared
according to the literature.*3 Among the monomers, synthesis
of monomers 1-3, 5, and 7 had been described earlier in
detail.*3d The other monomers (4, 6, and 8) were prepared for
the first time. Now, taking the synthesis of monomer 4 as an
example, the main synthetic procedures are described. Valeric
acid (5.3 mL, 49.0 mmol), isobutyl chloroformate (6.4 mL, 49.0
mmol), and 4-methylmorpholine (5.4 mL, 49.0 mmol) were
added to THF (200 mL) sequentially. The solution was stirred
at room temperature for about 10 min, and then propargy-
lamine (3.4 mL, 49.0 mmol) was added to the solution. After
1 h, the white precipitate was filtered off, and the filtrate was
collected, to which ethyl acetate (ca. 50 mL) was added to
extract the desired product. The combined solution was washed
with 2 N HCI three times and then washed with saturated
aqueous NaHCOs; to neutralize the solution. Then, the solution
was dried over anhydrous MgSO,, filtered, and concentrated
to give the target monomer. The crude monomer was further
purified by flash column chromatography on silica gel (hexane/
AcOEt, 2/1, v/v). Other monomers were prepared in a similar
way using the corresponding carboxylic acids. The data of
monomers 4, 6, and 8 were as follows: Monomer 4: yield 46%,
colorless crystal, mp 35—37 °C. IR (KBr): 3289 (H—N), 2928,
2361 (H—C=), 2180, 1641 (C=0), 1545, 1469, 1277, 1118, 667,
632, 569 cm™1. 'H NMR (CDCl3, 400 MHz, 20 °C): 6 0.81—
1.72 (CH.CyHs), 2.22—2.31 (CH=C, CH,C,Hs), 3.93—4.22
(CH=CCHy,), 5.64—5.80 (NH). 1*C NMR (CDCls, 400 MHz, 20
°C): ¢ 13.76, 22.34, 27.59, 29.12, 36.18, 71.50, 71.57, 172.72.
Anal. Calcd for CgH13sNO: C, 69.03; H, 9.41; N, 10.06. Found:
C, 68.87; H, 9.32; N, 10.01.

Monomer 6: yield 55%; colorless crystal, mp 72—74 °C. IR
(KBr): 3292 (H—N), 2922, 2365 (H—C=), 2182, 1637 (C=0),
1541, 669, 632, 571 cm~. *H NMR (CDCls;, 400 MHz, 20 °C):
0 0.81—-1.80 (CH.C4Hy), 2.22—2.31 (CH=C, CH,C4Hy), 3.85—
4.23 (CH=CCHj,), 5.64—5.80 (NH).*C NMR (CDCls;, 400 MHz,
20 °C): 14.02, 22.46, 25.48, 28.88, 29.12, 31.48, 36.47, 71.48,
71.59, 172.74. Anal. Calcd for C10H17NO: C, 71.85; H, 10.18;
N, 8.38. Found: C, 71.71; H, 9.98; N, 8.41.

Monomer 8: yield 41%; colorless crystal, mp 77—78 °C. IR
(KBr): 3295 (H—N), 2924, 2366 (H—C=), 2192, 1676 (C=0),
1550, 1275, 625, 566 cm~. 'H NMR (CDCls, 400 MHz, 20 °C):
0 0.81-1.72 (CH2CgHy3), 2.22—2.31 (CH=C, CH,CsH13), 3.85—
4.19 (CH=CCH)y), 5.64—5.79 (NH). *C NMR (CDCl3, 400 MHz,
20 °C): 14.10, 22.63, 25.54, 29.12, 29.23, 31.77, 36.49, 71.55,
76.69, 77.00, 77.31, 172.74. Anal. Calcd for Ci2H21NO: C,
73.85; H, 10.77; N, 7.18. Found: C, 73.72; H, 10.94; N, 7.18.

Polymerization. Polymerizations were carried out with
[(nbd)Rh*B~(CsHs)4] as a catalyst in dry THF at 30 °C for 1 h
under the following conditions: [monomer]o = 1.0 M, [catalyst]
= 10 mM. After polymerization, the resultant solution was
poured into a large amount of hexane to precipitate the formed
polymer. It was filtered and then dried under reduced pres-
sure.

Results and Discussion

Polymer Synthesis. Monomers shown in Scheme 1
were polymerized with [(nbd)Rh*B~(CsHs)4] catalyst,
the results of which are presented in Table 1. It has
been reported that the polymerization of N-propargy-
lamides with Rh catalysts provides polymers with high
stereoregularity, predominantly cis structure.’®> This
unique distinction of Rh catalysts makes them be widely
employed in the polymerization of phenylacetylenes and
other acetylenes in order to investigate the helical or
induced circular dichroism (ICD) performance of the
resultant polymers.10-13

It is seen from Table 1 that all the monomers 1-8
polymerize with [(nbd)Rh™B~(CsHs)4] as catalyst to give
the corresponding polymers in high yields of 80% and
above. Among the prepared polymers, poly(1) is pale
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Table 1. Polymerization of N-Propargylamides®

polymer yield® (%) Mp¢ Mw/Mp¢  cis contentd (%)
poly(2) 98

poly(2) 100 6 500 2.56 100
poly(3) 98 6 800 2.47 100
poly(4) 80 9500 2.32 98
poly(5) 85 26 000 2.34 97
poly(6) 85 18 300 2.12 92
poly(7) 80 12 700 2.37 91
poly(8) 80 19 000 1.49 87

aWith [(nbd)Rh*B~(CsHs)4] catalyst in THF at 30 °C for 1 h;
[M]o = 1.0 M; [M]o/[Rh] = 100. P Hexane-insoluble product. ¢ Mea-
sured by GPC (polystyrenes as the standard; THF as eluent).
d Determined by 'H NMR in CDCl3 at 50 °C.

yellow powder, while poly(8) is yellow solid but more
rubbery than poly(1); the colors of other polymers are
between those of poly(1) and poly(8). In the sequence of
n = 1-8, the polymers become more and more rubbery,
indicating that the stiffness of these polymers decreases
in this order. All the polymers possessed moderate
molecular weights (M, = 6500—26 000), and their
polydispersity indices (M\/Mpy) were in a range of ca.
1.5—-2.5. Thus, it is concluded that these monomers give
polymers having relatively high molecular weight in
good yields.

In the 'TH NMR spectra of the resulting polymers
recorded at 50 °C, the signal of the cis-olefinic proton
in the main chain (—C=CH-) appeared around 6 ppm.
By comparing the intensities of protons, the content of
the cis structure was evaluated to be quite high in all
these polymers. The cis contents of poly(2) and poly(3)
were 100%. As the side chain became longer from poly-
(1) to poly(8), the cis content gradually decreased to
become 87% in poly(8). The olefinic proton of poly(7) and
poly(8) looked slightly broader than that of the other
polymers. The difference of cis content observed here
seems to be small, but it greatly affects the conforma-
tional transition behavior of these polymers (see below).

The solubility of the formed polymers was examined
using a variety of solvents as listed in Table 2. Poly(1)
dissolved only partly in some polar and nonpolar
solvents; poly(2)—poly(5) dissolved smoothly in more
solvents, but the solubility of poly(6)—poly(8) became
lower again. The solubility of these polymers should be
ascribed to the effect of the variation of the side chain
length on the flexibility of the polymer chains.

Secondary Conformation. As we have previously
reported,® poly(N-propargylamides) can be induced to
form helical structure by hydrogen bonding intramo-
lecularly occurring between the pendent amide groups.
Using the polymers synthesized in the present study,
the conformational transition induced by changing
temperature was assessed by measuring UV —vis spec-
tra.

In the UV—vis spectra of poly(5) (Figure 1), there is
only one absorption peak at about 320 nm at temper-
ature above 15 °C. In previous studies,’® the helical
conformation of poly(N-propargylamides) bearing chiral
groups was studied, and the relationship between the
CD and UV-vis spectra of these polymers during
conformational transition process was clarified. Accord-
ing to these studies, the polymer chain of poly(5) exists
in random coil conformation above 15 °C. As seen in
Figure 1, when the temperature was lowered to below
15 °C, a new absorption peak appeared at about 390
nm, which is ascribed to the absorption of polymer
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Table 2. Solubility of Poly(1)—Poly(8)2

solvent? poly(1) poly(2) poly(3)

poly(4)

poly(5) poly(6) poly(7) poly(8)

toluene
THF
CHCl;
CHCl,
AcOEt
acetone
DMF
DMSO
MeOH
H,O

gooooOoxooogd
gooooOoxpoood
XxoooOoOooooo

a0O: soluble; O: partly soluble; x :
DMF: N,N-dimethylformamide; DMSO: dimethyl sulfoxide.
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Figure 1. Temperature dependence of UV—vis spectra of poly-
(5) (c = 0.10 mM measured in CHCly).

chains existing in helical structure. This indicates that
the conformational transition begins around this tem-
perature. As temperature was lowered further, the peak
at 390 nm became stronger, and the peak at 320 nm
became weaker simultaneously. When the temperature
was lowered to —1 °C, the peak at 320 nm totally
disappeared, while the peak at 390 nm became the
strongest. With lowering temperature further, UV—vis
spectra hardly changed. So it can be said that the helix
content of the polymer leveled off at —1 °C, which can
be regarded as quantitative. Thus, it is considered that
the percentage of helix increases from 0 to 100% during

X opoOoOooooo

(@] (@)

x OxOOOOoOOoO
X OxXxXxxOOooo
X X XXX XxOO0O
X X XXX xXxOO0O

insoluble; at room temperature. ® THF: tetrahydrofuran; AcOEt: ethyl acetate; MeOH: methanol;

this process of random coil to helix. When temperature
was raised from —1 °C, the absorption peak at 320 nm
appeared again and became stronger progressively, and
the intensity of the peak at 390 nm reduced simulta-
neously. This means that the helix percentage decreased
again from 100 to 0%. Thus, it can be concluded that
the conformational transition process is reversible.

Some definitions and notations of temperatures used
to describe the conformational transition process in this
research are as follows: The temperatures at which the
conformational transition from random coil to helix
begins and ends are denoted as T1 and T, respectively.
The temperatures at which the conformational transi-
tion from helix to random coil begins and ends are
denoted as T3 and Ty, respectively. The helix content
at T, and T3 is zero, while that at T, and T4 is not
necessarily 100% but takes a certain saturated value
for each polymer. The T:—T4 of poly(4)—poly(8) are
delineated in Figure 2.

Even though temperature was decreased as low as
—60 °C, the UV—vis spectra of poly(1)—poly(3) exhibited
practically a single peak at around 320 nm and hardly
changed. This indicates that the conformational transi-
tion of these polymers does not exist above —60 °C.
Figure 2 shows that poly(5) and poly(6) can form stable
helices at high temperatures. On the other hand, poly-
(4), poly(7), and poly(8) could take helical structure only
at lower temperatures (see below for details). When the
plots of T1 and T4, and T, and T3, respectively, are
compared, a hysteresis is observed.

As described above, poly(5) and poly(6) can form
stable helices at high temperatures (Figure 2). In
addition, the UV—vis absorption of poly(5) at 390 nm
was the largest under the same conditions at —1 °C.
Therefore, poly(5) was regarded as the standard sample,
and its helix content at —1 °C was taken as 100%. In
the following sections, the helix contents of the other
polymers were calculated as relative values to that of
poly(5).*°

Figure 3 shows the helix contents of poly(2)—poly(8)
at —35 °C. At this temperature all these polymers
possess the saturated and highest helix contents. In the
case of poly(1), which did not completely dissolve in
chloroform, the conformational transition could not be
examined. The UV—vis absorption spectra of poly(2) and
poly(3) hardly changed, even though temperature was
lowered to —60 °C. Namely, the absorption peak around
320 nm remained unchanged, and no absorption peak
appeared around 390 nm. Poly(4) did not take the
helical conformation unless temperature was lowered
to as low as —8 °C (Figure 2), and the helix content
gradually increased to become 20% at —35 °C. As
mentioned above, poly(5) took helical conformation
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Figure 2. Temperature dependence of conformational transi-
tion of poly(N-propargylamides). T, and T, are the tempera-
tures at which the conformational transition from random coil
to helix begins and ends, respectively; Tz and T, are the
temperatures at which the conformational transition from
helix to random coil begins and ends, respectively.

guantitatively at —35 °C. Poly(6) behaved similarly to
poly(5). On the other hand, poly(7) and poly(8) exhibited
a marked difference. For instance, the temperature
range for the coil-to-helix transition of poly(7) was +12
to —1 °C, while the range for the helix-to-coil transition
was —1 to +11 °C; the helix content at —35 °C was about
60% and not high. Further, the temperature range for
the conformational transition of poly(8) from random
coil to helix was +3 to —9 °C, and that for the helix-to-
coil transition was —9 to +6 °C; the helix content at —35
°C was no more than about 40%.

Generally speaking, these poly(N-propargylamides)
are flexible. In the case of polymers that are able to form
stable helical conformation by means of hydrogen bond-
ing, appropriate flexibility is important since too flexible
or too stiff polymer chains are unfavorable to form
strong hydrogen bonds and, in turn, stable helical
conformation. It is assumed from Figures 2 and 3 that
the main chain of the polymers bearing pendent groups
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various alkyl lengths determined by UV-—vis spectroscopy
measured in CHCI; (¢ = 0.10 mM) at —35 °C.

with appropriate length [poly(5) and poly(6)] becomes
sufficiently flexible, and simultaneously intramolecular
hydrogen bonding occurs effectively. As a consequence,
their conformational transition should take place at
relatively high temperatures, and their helical structure
should be sufficiently stable.

When the length of the pendent groups is too short
[poly(1)—poly(4)], two points should be taken into ac-
count. First, intermolecular hydrogen bonding but not
intramolecular hydrogen bonding seems to be formed
again due to the short pendent alkyl groups. Second,
the flexibility of the polymer backbones is insufficient
because of the shorter pendent alkyl groups. Both of
these two points are unfavorable for the polymers to
take helical conformation. Regarding the hydrogen
bonding, the following experiments were designed and
carried out: The UV—vis spectra of poly(3) were re-
corded with different concentrations. It was observed
that when the concentration was decreased from 0.1 to
0.05 mM, a weak absorption peak appeared at 390 nm
below —42 °C, the intensity of which became slightly
stronger upon further decrease of temperature (=—60
°C). When the concentration was lowered further, e.g.,
to 0.025 mM, the UV—vis spectroscopic pattern showed
nearly the same as that of 0.05 mM, but the molar
absorptivity at 390 nm became slightly larger than that
of 0.05 mM. It is suggested on the basis of these
phenomena that an appreciable amount of intermolecu-
lar hydrogen bonding is formed, which has negative
effects on the formation of helical conformation.

In the case of polymers bearing longer pendent groups
such as poly(7) and poly(8), even though the polymers
became more flexible than poly(5) and poly(6), the longer
pendent groups exerted negative effects on the stereo-
regularity of the polymer main chain, as discussed in
the polymer synthesis part. It is likely that stereoregu-
larity is one of the essential factors for the poly(N-
propargylamide) chain to take ordered helical structure.
Therefore, it is reasonable to consider that the decrease
of cis content resulted in lower stability of the induced
helical structure of poly(7) and poly(8).

To understand more clearly the characteristics of
conformational transition behavior of these polymers,
we calculated thermodynamic parameters, i.e., AH
(change in enthalpy) and AS (change in entropy) for the
coil-to-helix transition. According to the van't Hoff
equation, AG = —RT In K= AH — TAS, which describes
the relationship between equilibrium constant (In K)
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Figure 4. Thermodynamic parameters for the coil-to-helix
transition of poly(N-propargylamides) with various alkyl
lengths. The AG values are the ones calculated for —35 °C.

and absolute temperature (T), where AH and AS can
be determined from the plot of In K against 1/T. This
plot is based on the equation In K = —AH/RT + AS/R,
where AG is the change in free energy, K the equilib-
rium constant of the coil-to-helix transition and equal
to Nw/N; (Nh and N, are the monomer units existing in
helix and random coil, respectively), and R the gas
constant. Figure 4 plots the AH and AS values against
n of (CHz)h—H group in poly(N-propargylamides). As
seen from Figure 4, when the helical conformation is
less stable as in poly(7) and poly(8), both AH and AS
give smaller values with negative sign; in contrast, poly-
(5) and poly(6), which have stable helical conformation,
give larger values with negative sign for both AH and
AS.

From the viewpoint of entropy, the conformational
transition from random coil to helix is unfavorable,
especially with polymers like poly(N-propargylamides)
having flexible main chains. Namely, the coil-to-helix
transition leads to a drastic decrease of entropy. How-
ever, the decrease of entropy can be offset by the
decrease of enthalpy, which is explained in terms of the
stabilization of helix formation based on hydrogen
bonding. Therefore, in the case of poly(7) and poly(8),
the unstable helical conformation just caused a small
decrease of entropy and enthalpy, while larger values
with negative sign were observed for both entropy and
enthalpy in poly(5) and poly(6) which form more stable
helical conformation. These reasonings are proved by
the values of AG in Figure 4. AG became larger in the
sequence of poly(8), poly(7), poly(6), and poly(5) with
negative sign, providing evidence for reasoning that
poly(5) and poly(6) form more stable helices than poly-
(7) and poly(8) do.

Solvent Effects. In general, solvents more or less
exhibit influence on the secondary structure of polymer
chains. In this study, almost all the UV—vis spectra
were recorded using chloroform as solvent because it is
a good solvent for poly(N-propargylamides), has a
moderate polarity, and hardly participates in hydrogen
bonding.

To elucidate the effect of solvents on the transition
process, poly(5) and poly(6) were employed as samples,
and THF and toluene were used as solvents apart from
chloroform. It was confirmed that no conformational
transition was observed even though temperature was
lowered as low as —60 °C in these two solvents under
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Figure 5. Effect of THF on the transition temperatures T;—
T, in the poly(5)/CHCI; system (c = 0.10 mM). T, and T, are
the temperatures at which the coil-to-helix transition begins
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Figure 6. Effect of toluene on transition temperatures T,—
T, in the poly(6)/CHCI; system (c = 0.10 mM). See Figure 5
for the definition of T;—T,.

the same conditions as for chloroform. The reason is
probably that THF can form hydrogen bonding with the
amide group on the pendent chain of the polymer. In
toluene solution, on the other hand, there is a significant
difference in polarity between the polymer chain and
toluene, especially pendent chains and the solvent.
Consequently, the polymer chains will not fully extend
and hence will mainly exist in the form of tight coil, and
in turn, hydrogen bonding will hardly take place.
Addition of various amounts of THF or toluene to
polymer/chloroform systems provided interesting results
as presented in Figures 5 and 6. The definitions of T;,
T, T3, and T4 in Figures 5 and 6 are the same as those
in Figure 2. The temperature dependence of the con-
formational transition from random coil to helix or from
helix to random coil was also observed clearly when
different amounts of THF or toluene were added to the
polymer solution. As seen in Figure 5, by adding THF
to the poly(5)/chloroform system, all of the transition
temperatures (T1—T4) more or less decreased compared
with those in the absence of THF (THF = 0 mL),
reflecting the effect of THF on the conformational
transition behavior. The THF molecule bears an oxygen
atom, so that hydrogen bonding is predominantly formed
between the oxygen atom of THF and —NH— of the
amide group of polymer chains, which results in break-
ing of the hydrogen bonding formed between —NH— and
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—CO— groups in the pendent amide group of the
polymer. Consequently, it should be more difficult for
the polymer chains to take helical conformation as THF
increases.

Results similar to those in Figure 5 were observed in
the poly(6)/chloroform system containing different
amounts of toluene (Figure 6). With increasing amount
of toluene in the poly(6)/chloroform system, all the
transition temperatures T1:—T,4 gradually decreased.
This is probably because it became more difficult for the
polymer chains to take an extended flexible conforma-
tion which can lead to helical structure.

Conclusions

The conformational transition of poly(N-propargyla-
mides) bearing pendent groups with various lengths was
examined in detail. The length of the pendent groups
exhibited significant effects on the stereoregularity of
the polymer main chain, the stiffness of the polymer
backbone, and the solubility of the polymers. Conse-
quently, the pendent groups greatly affected the con-
formational transition behavior of the polymers, includ-
ing the temperature range in which the polymer chains
to take helical structure and the helix contents. Increas-
ing the length of the pendent groups was favorable to
enhance the flexibility of the polymers, but in the
meantime, it caused a decrease in stereoregularity of
the polymer main chain. The former was helpful for the
conformational transition from random coil to helical
structure, but the latter exerted adverse effects on it.
In the same way, shortening the length of the pendent
groups increased the stereoregularity of the polymer
backbones and presumably resulted in the formation of
not only intra- but intermolecular hydrogen bonding as
well. Therefore, it is difficult for the polymers bearing
too short or too long pendent groups to take stable
helical conformation, and consequently, poly(5) and
poly(6) formed stable helices even at relatively high
temperature. Solvents exhibited significant effects on
the secondary conformation of the polymers. Among the
three solvents, chloroform, THF, and toluene, chloro-
form was the most suitable for the polymer chains to
take helical conformation.
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