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Introduction

Most biological macromolecules adopt characteristic, one-
handed helical structures, such as théelix in proteins and
the double helix in DNA, to exert their sophisticated functions
essential for the maintenance of life. In the formation of these

helical structures, specific, directional and noncovalent hydrogen-

bonding plays a crucial rofeln host-guest and supramolecular
chemistry, hydrogen bonding has been widely used for molec-

ular recognition and constructing supramolecular assemblies

because of their moderate stability, directionality, and dynamic
properties: However, most of the studies on hydrogen bonding

have been performed in organic solvents because water mol-

ecules prevent the effective hydrogen bonding formation.
Recently, hydrogen bonding formation in water has been
achieved by utilizing a hydrophobic environment, such as an
air—water interfacé, the interior of aqueous micellésand
aromatic surfaces,’” or by simultaneous formation of am-

poly(phenylacetylene)s with achiral oligoglycine pendants for
intermolecular hydrogen-bonding sites.

Results and Discussion

Three novel poly(phenylacetylene)s bearing achiral oligogly-
cine residues (poly—poly-3) were designed and synthesized
by the polymerization of the corresponding monomérs3)
with a water-soluble rhodium complex [Rh(celBF, (cod:
cyclooctadiene) in water in the presence of NaOH as outlined
in Scheme £32 All polymers soluble in water with relatively
high molecular weightsM,, = (1.3—-1.5) x 1C°) were quanti-
tatively obtained, and their stereoregularities were confirmed
to be highly cis-transoidal on the basis of their characteristic
IH NMR spectra (for a typicalH NMR spectrum, see Figure
S1).

We first investigated the helicity induction of poly-poly-3
in the presence af-alanine (-Ala), L-alanylalanine ((-Ala),),
andL-alanylalanylalanine (€Ala)s) ([oligoalanine]/[poly3] =
20) in water at 0C. L-Ala could not exhibit any ICD at all for
poly-1—poly-3 in water (Figure 1), probably because the
carboxylate groups of the polymers are far from the main chains
and the ionic interactions withrAla appeared not to be effective
for the helicity induction. In addition, repulsive ionic interactions
between the negatively charged pdhypoly-3 and the C-
terminal carboxylate group afAla may inhibit the attractive
ionic interaction in water. However, interestingly, pdly-poly-3
showed weak, but apparent split-type ICDs in the presence of
(L-Ala), and (-Ala)s in the long absorption regions of their
polymer backbones.

The magnitude of the ICD of pol§—poly-3 was dependent
on the degree of polymerization (DP) of the oligoalanines and

ph|ph|||c tubes and membranes assisted by stacking andtended to increase with an increase in the DP of the Oligoalanines

hydrophobic interaction%jn order to exclude the influence of

(Figure 2), except for the complex of polywith (L-Ala),, which

water molecules. Intramolecular hydrogen bonding has also beenshowed an unexpectedly strong ICD with an opposite Cotton

used to construct synthetic helical polymers and oligorfiélf,
some of which were stable even in water like biological
systemg$a17.18a1%owever, construction of helical polymers
with optical activity through intermolecular hydrogen bonding
in water has not yet been achie\@d!

We previously reported helicity induction in dynamically

effect sign in water (Figure 1). The reason is not clear at the
present. In the presence of glycylglyayélanine) (Gly-Gly-
L-Ala) bearing a free amino group at the N-terminal achiral
glycine residue, poly3 also showed an ICD comparable to that
of the poly3—(L-Ala); complex (Figure 1). These results suggest
that the ionic interactions between the N-terminal ammonium

racemic helical poly(phenylacetylene)s bearing functional groups 9roups of the free oligoalanines and the carboxylate groups of

through noncovalent acitbase interactions with chiral com-
pounds in organic solverfsas well as through electrostatic
interactions with biomolecules in wat&.The complexes
exhibited characteristic induced circular dichroisms (ICDs) in
the polymer backbone regions. The Cotton effect signs, which

poly-1—poly-3 may not be a major driving force, but intermo-
lecular hydrogen bonding interactions may contribute more or
less to induce a preferred-handed helical structure in water,
because the ICD intensity with4Ala)s; decreased in the order
of poly-3 > poly-2 > poly-1, although the difference is not

correspond to the helical sense of the polymers can be used tgsignificant®*

predict the absolute configurations of chiral molecules. We now
report that intermolecular hydrogen bonding combined with

We further investigated the effect of the charges of the
oligoalanines on the helicity induction in poly-poly-3 in water

electrostatic and hydrophobic interactions can be used in waterand measured the CD spectra of pakypoly-3 in the presence

for the helicity induction with a predominant screw-sense in

of an alanine trimer whose N- and/or C-terminal groups were
protected ((-Ala);-OMe, N-Ac-(L-Ala)s, and N-Ac-(L-Ala)s-

*To whom correspondence should be addressed. E-mail: yashima@ OMe) (Figure 1). A dramatic increase in the ICD intensities
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was observed for the negatively charged pbiypoly-3 com-
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Scheme 1. Synthesis of Poly-ipoly-3 more sophisticated supramolecular helical assemblies with
achiral dyes. Work along this line is now in progress.

N
;‘tth':’L D=
{g &]BF“ H L Experimental Section

H o [Rh(cod),]*BF,~ No o Ne Instruments. Melting points were measured on adu melting
}@—9<NVC>OH oo g\ & point apparatus and are uncorrected. NMR spectra were measured
o m z m on a Varian Mercury 300 (300 MHz fdH) or Varian VXR-500S
yield (%) My x 107 My/M, (500 MHz forH) spectrometer using acetone (2.22 ppm) fe®D
1:m=1 poly-1:m=1 98 150 21 and D,O/H,0 (1/9, v/v) or a solvent residual peak (2.50 ppm) for
2:m=2 poly-22m=2 99 151 22 DMSO-ds as the internal standards. IR spectra were recorded using
3:m=3 poly-3: m=3 ~100 134 22

a JASCO Fourier Transform IR-620 spectrophotometer. Absorption
and CD spectra were taken on a JASCO V-570 spectrophotometer
plexed with the positively charged-Ala)s-OMe compared with and a JASCO J-725 spectropolarimeter, respectively, in a 0.1 cm

those with zwitterionic (-Ala)s, whereas polyt—poly-3 ex- quartz cell. Temperature was controlled with a JASCO PTC-348WI
hibited very weak ICDs @f]2ng < 400 deg crd dmol™?) in the and a JASCO ETC-50_5T apparatus for C_:D and absorption
presence oN-Ac-(L-Ala)s. In fact, the binding affinity of (- measurements, respectively. A size exclusion chromatography

(SEC) was performed using a JASCO PU-980 liquid chromatograph
; : ) equipped with a Rl (JASCO RI-930) detector. Tosoh TSKgel
(Lc;ﬁl-??.)asgf)v:e;) iﬁllitla%lusf ISCZE))éltir;S tpvgrthrensc:a“nncgetg?ttﬁg%_eu tral a-3000 andx-50_0(_) SEC colum_ns (30 cm) were connected in series,
poly” - P and DMF containing 10 mM LiCl was used as the eluent at a flow
alanine trimer K-Ac-(L-Ala);-OMe) in water, although the a6 of 1.0 mL/min. The molecular weight calibration curve was
binding affinity of N-Ac-(L-Ala)s-OMe (K = 5.8) to poly3 was obtained with poly(ethylene oxide) standards (Tosoh). Recycling
smaller than that ofi¢Ala)-OMe, indicating that a preferred-  preparative high-performance liquid chromatography (HPLC) was
handed helicity can be induced in pdly-poly-3 even in the performed using an LC-918 liquid chromatograph (JAI, Tokyo)
absence of attractive ionic interactions in water. equipped with UV-visible (JAI UV 310) and RI (JAI) detectors.
We presume that hydrophobic interactions assisted by mul- HPLC columns, JAIGEL-1H and JAIGEL-2H (6@ 2 cm (i.d.))
tivalent hydrogen bonding may play an important role in the were connected in series, and chloroform was used as the solvent.

R h . . The solution pH was measured with a B-211 pH meter (Horiba,
hel'ct')ty |ndug’g?n% Thti regular mxlltlvalce)rlw\;fl hydré)ger|1 bgr:\ldlngs Japan). FAB-MS spectra were acquired on a JEOL JMS-700 mass
can be possible for the poly—(L-Ala);-OMe and poly3—N- spectrometer usingrnitrobenzyl alcohol (NBA) as the matrix.

Ac-(L-Ala);-OMe complexes as schematically illustrated in  \jass spectra were recorded at the Nagoya University Chemical
Figure 3, parts A and B, respectivéfyHowever, the fact that  |nsirument Center. Elemental analyses were performed by the
poly-1 and poly2 having a smaller size of the glycine residues Nagoya University Analytical Laboratory in School of Engineering.
also showed ICDs similar to those of pdyin the presence of Materials. Glycine (Gly) and glycylglycine (Gly-Gly) were
(L-Ala)s-OMe and N-Ac-(L-Ala)s-OMe suggests that regular  purchased from Tokyo Kasei (Tokyo, Japan). Glycylglycylglycine
hydrogen bonding arrays as shown in Figure 3, parts A and B, (Gly—Gly—Gly) and other optically active alanine oligomers were
are not necessary, but a possible intermolecular hydrogenobtained from Sigma. [Rh(cogBF4 was prepared from [Rh(nbd)-
bonding (Figure 3G} may contribute to the preferred-handed Cll2 with AgBF, according to the literatu®.[Rh(nbd)CI} (Azmax,
helicity induction in polyd and poly2.28 Japan) and AgBF(Sigma) were used as received. (4-Carboxyphe-
We then prepared thé-methylatedN-Ac-(L-Ala)s-OMe, nyl)acetylene was synthesized according to the previously reported

L method?2°
n?methN;jAc-(L-AIba-I\/clje_)g-OMs,hto dexp:]ors_ ez_acth co?tnbu';lort]h N-(4-Ethynylbenzoyl)glycine (1). This new compound was
ot the hydrogen bonding and hydrophobic intéractions 1o the prepared according to Scheme 2. (4-Carboxyphenyl)acetylene (6.0
helicity induction in polyd and poly3 in water (Figure 1). As 41 mmol) was dissolved in thiony! chloride (85 mL, 1.2 mol)

Ala)s-OMe to poly3 (K = 149) was much larger than that of

shown in Figure 1, these polymers showed ICDs vitAc- and the solution was stirred under nitrogen at6dor 6 h. Excess
(L-Ala-Me):-OMe, but their ICD intensities significantly de-  thionyl chloride was removed by distillation under reduced pressure,
creased compared with that NfAc-(L-Ala)s-OMe?” In addi- and the residue was dissolved in THF (41 mL, 1 M). The THF

tion, the fact that polyt—poly-3 showed no ICD in the presence  solution (18 mL) was added dropwise to a solution of Gly (1.5 g,
of neutralN-Ac-L-Ala-OMe likely supports our speculation that 20 mmol) in water (50 mL) containing 6.4 g b@O; (60 mmol).
hydrophobic interactions assisted by multivalent hydrogen After the reaction mixture was stirred at room temperature for 5 h,
bonding interaction play a dominant role in the helicity induction the solution was neutralized Wil N HCl and the precipitated solid

in poly-1—poly-3 in water2® was collected by filtration and washed with water. The crude

. . product was purified by silica gel chromatography with ethyl
In summary, we found that a predominantly one-handed helix 5cetate-methanotacetic acid (100/10/1, viviv) as the eluent,

could be induced in optically inactive poly(phenylacetylene)s followed by recrystallization from ethanetvater (1/2, v/v) to give
bearing achiral oligoglycine residues in water through intermo- a white solid in 46% yield. Mp: 199:8200.7°C. IR (KBr, cnm):
lecular interactions including ionic, hydrogen bonding, and 3276 ¢'=cy), 1736 ¢'c—o of carboxylic acid), 1631 (amide I), 1543
hydrophobic interactions with chiral oligopeptides. Recently, (amide Il).*H NMR (DMSO-ds, 300 MHz, 30°C): ¢ 3.90 (d,J =
we reported that a water-soluble positively charged poly- 6.0 Hz, CH, 2H), 4.38 (s&=CH, 1H), 7.58 (dJ = 8.4 Hz, aromatic,
(phenylacetylene) could trap a hydrophobic chiral guest within 2H), 7.86 (d.J = 8.4 Hz, aromatic, 2H), 8.95 (8 = 6.0 Hz, NH,
its hydrophobic cavity in water, and the resulting helical poly- 1H), 12.61 (s, CEH, 1H). 3C NMR (DMSOds, 75 MHz, 30°C):

- . V"o 41.24, 82.77, 82.88, 124.49, 127.37, 131.56, 133.68, 165.44,
(phe”Y'agety'S”be) t;’]‘”thh? Fredort“'”arl‘é'y O”e'ha”dted hle't'c‘?' 170.97. FAB-MS: /e 204 (M+H)*. Anal. Calcd for GiHsNO;
SEnse Inauced by he chiral guest could serve as a template 10l g5 op- 1 4.46; N, 6.89. Found: C, 64.84; H, 4.34; N, 6.81.

fu.rther sup.ramolecular helical arrays of an achiral porphyrm N-(4-Ethynylbenzoyl)glycylglycine (2). This compound was
with oppos'lte charge§ along the helical backbone, resulting in prepared from Gly-Gly according to an analogous method for the
the formation of optically active J-homo-aggregat¥sThe  gynthesis ofl. The crude product was purified by recrystallization
present poly(phenylacetylene)s have additional amide residuesrom ethanot-water (1/5, v/v) to give a brown solid in 61% yield.
as the pendants, which may be further used for selective Mp: 213.0-213.8°C. IR (KBr, cn): 3287 (=cy), 1754 fc—o
inclusion of specific chiral guests within their cavities to produce of carboxylic acid), 1651 (amide 1), 1553 (amide 4 NMR
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Figure 1. ICD (second Cotton) intensities of poly-poly-3 (1 mg/mL) in the presence afAla and its derivatives and oligopeptides (20 equiv.
to monomer units of poly—poly-3) in water at 0°C. Apparent binding constant&g) estimated by the Hill plot analyses using the CD titration
experiments are also shown in the parentheses. For a typical ICD spectrum, see Figure 2.

(DMSO-ds, 300 MHz, 30°C): 6 3.75 (d,J = 5.7 Hz, CH, 2H),
3.89 (d,J = 5.7 Hz, CH, 2H), 4.38 (s=CH, 1H), 7.57 (dJ =
8.4 Hz, aromatic, 2H), 7.88 (d,= 8.4 Hz, aromatic, 2H), 8.24 (t,
J = 6.0 Hz, NH, 1H), 8.88 (tJ = 6.0 Hz, NH, 1H), 12.57 (s,
CO:H, 1H).13C NMR (DMSO4s, 75 MHz, 30°C): 0 40.64, 42.44,

82.85, 82.90, 124.42, 127.56, 131.48, 133.90, 165.44, 169.03,

170.98. FAB-MS: m/e 261 (M+H)". Anal. Calcd for
CiH12N2O4: C, 59.05; H, 4.75; N, 10.59. Found: C, 59.31; H,
4.63; N, 10.29.

N-(4-Ethynylbenzoyl)glycylglycylglycine (3).This compound
was prepared from GlyGly-Gly according to an analogous method
for the synthesis ofl. The crude product was purified by
recrystallization from ethanelwater (1/7, v/v) to give a cream-
colored solid in 45% yield. Mp:>235 °C (decomposition). IR
(KBr, cm™): 3270 (=cn), 1741 pc—o of carboxylic acid), 1649
(amide 1), 1553 (amide II)XH NMR (DMSO-ds, 300 MHz,
30°C): ¢ 3.74 (d,J = 5.7 Hz, CH, 2H), 3.75 (d,J = 5.7 Hz,
CHj,, 2H), 3.90 (dJ = 5.7 Hz, CH, 2H), 4.35 (s=CH, 1H), 7.57
(d,J = 8.4 Hz, aromatic, 2H), 7.88 (d,= 8.4 Hz, aromatic, 2H),
8.13 (t,J = 6.0 Hz, NH, 1H), 8.22 (tJ = 6.0 Hz, NH, 1H), 8.86

(t, J= 6.0 Hz, NH, 1H), 12.55 (s, Cfi, 1H).3C NMR (DMSO-
ds, 75 MHz, 30°C): 0 40.57, 41.79, 42.75, 82.79, 124.40, 127.49,
131.43, 133.84, 165.57, 168.90, 168.92, 170.81. FAB-Mi& 318
(M+H)*. Anal. Calcd for GsH1sN3Os: C, 56.78; H, 4.76; N, 13.24.
Found: C, 56.50; H, 4.72; N, 13.13.

N-Ac-(L-Ala-Me)3-OMe. This compound was prepared from
N-Ac-(L-Ala)s-OMe in a manner similar to the literature meth8d.
To a solution ofN-Ac-(L-Ala);-OMe (0.25 g, 0.88 mmol) in DMF
(12.5 mL) were added iodomethane (1.3 mL, 21 mmol) and silver-
(1) oxide (2.45 g, 10.6 mmol) at room temperature. After the mixture
was stirred at room temperature for 3 days under nitrogen, the
insoluble part was removed by filtration and the filtrate was diluted
with chloroform (80 mL). The solution was washed with 5%
potassium cyanide aqueous solution{250 mL) and water (2«
50 mL), and then the chloroform layer was dried over MgSthe
solvent was removed under reduced pressure to give a crude
product, which was then purified by recycling preparative HPLC
with an eluent of chloroform to give 0.23 g bFAc-(L-Ala-Me)s-
OMe as colorless oil in 79% vyield. IR (NaCl plate, cht 1744
(ve=o Of ester), 1645 (amide I}H NMR (DMSO-ds, 300 MHz,
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Figure 2. CD and absorption spectra of pddyin the presence of ¢
Ala) (pH 4.8) (a), (-Ala), (pH 5.3) (b), and (-Ala)s (pH 4.8) (c) in
water at 0°C. [poly-3] = 1.0 mg/mL, [oligoalanine]/[pol\3] = 20.
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Figure 3. Possible interaction models of po]vath (L-Ala)s-OMe
(A), N-Ac-(L-Ala)s-OMe (B), and poly2 with N-Ac-(L-Ala)s-OMe (C).

80°C): 6 1.12 (s, 2CH, 6H), 1.34 (d, CH, 3H), 2.02 (s, CHCO,
3H), 2.78 (s, NCH, 3H), 2.83 (s, 2NCH 6H), 3.63 (s, CHO,
3H), 4.72 (s, CH, 1H), 5.35 (s, 2CH, 2H¥C NMR (DMSO-ds,

75 MHz, 80°C): ¢ 13.5, 13.9, 15.2, 21.0, 28.9, 30.1, 31.5, 48.2,

49.1, 51.3, 53.4, 169.2, 169.4, 170.0, 171.0. FAB-Mf®e 330

(M+H)*. Anal. Calcd for GsH27N30s%10H,0: C, 52.13; H, 8.40;

N, 12.16. Found: C, 52.19; H, 8.41; N, 12.0&]4% —221° (c
1.1, chloroform).
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Scheme 2. Synthesis of-13

SOCl,
:—@COQH }@COCI
60°C,6h

H—(GW%OH HCl ag. — {'ﬂ |Q>
= Ct+N_ _C
Na,COs aqg., 1, 3.5h \_/ 'c') OH
1:m=1
2:m=2
3:m=3

using [Rh(cod)BF, as the catalyst. A typical polymerization
procedure is described below.

Monomer3 (1.00 g, 3.16 mmol) was placed in a dry ampule,
which was then evacuated on a vacuum line and flushed with dry
nitrogen. After this evacuatiorflush procedure was repeated three
times, a three-way stopcock was attached to the ampule, and
appropriate amounts of ion-exchanged, distilled water and aqueous
NaOH (1 N) ([NaOH])/B] = 1.5) were added with a syringe. To
this was added a solution of [Rh(celBF, (0.025 M) in water at
30 °C. The concentrations & and the rhodium catalyst were 0.5
and 0.0025 M, respectively. After 8 h, the resulting polymer (poly-
3) was precipitated into a large amount of ethanol, collected by
centrifugation, washed with ethanol, and then dried in vacuo at
room temperature over night (1.10 g, 99.8% yield). The molecular
weight (M) of the polymer was estimated as its methyl ester by
SEC with poly(ethylene oxide) standards using DMF containing
10 mM LiCl as the eluentN], = 13.4 x 10% M/M,, = 2.2). The
IH NMR spectrum of poly8 in D,O showed a sharp singlet centered
at 5.83 ppm due to the main chain protons (see the Supporting
Information), indicating that the polymer possesses a highly cis-
transoidal, stereoregular structdte.

Spectroscopic data of po§-IR (KBr, cm™1): 1655 (amide I),
1605 ('c—o of carboxylate), 1543 (amide IIJH NMR (D;0O, 300
MHz, 60 °C): ¢ 3.72 (s, CH, 2H), 3.95 (s, CH, 2H), 4.07 (s,
CH,, 2H), 5.83 (s, CH, 1H), 6.77 (s, aromatic, 2H), 7.50 (s,
aromatic, 2H). Anal. Calcd for (gH14NsNaGs+3/,H,0),: C, 49.18;

H, 4.68; N, 11.47. Found: C, 49.46; H, 4.47; N, 11.04.

Poly-3 was dissolved in a small amount of distilled water. The
aqueous solution was acidified with 1 N HCI ag. and the precipitated
acid form polymer (poly3-H) was collected by centrifugation and
dried in vacuo at room temperature over night. The ®h-was
quantitatively converted to its methyl ester (p@yMe) by reaction
with diazomethane to obtain a sample for SEC analysis.

Spectroscopic data of po-Me. IR (KBr, cnml): 1735 ('c—o
of ester), 1654 (amide 1), 1542 (amide IHH NMR (DMSO-ds,

300 MHz, 60°C): ¢ 3.59 (s, OCH, 3H), 3.68-4.04 (broad singlet,
CH,, 6H), 5.83 (s, CH, 1H), 6.77 (s, aromatic, 2H), 7.50 (s,
aromatic, 2H), 8.09 (s, NH, 2H), 8.31 (s, NH, 1H).

Polymerizations ofl and 2 were performed in the same way.

Spectroscopic Data of poly-1IR (KBr, cm™1): 1644 (amide
1), 1604 (c—o of carboxylate), 1543 (amide II}H NMR (D0,

300 MHz, 60°C): ¢ 3.85 (s, CH, 2H), 5.82 (s, CH, 1H), 6.80 (s,
aromatic, 2H), 7.51 (s, aromatic, 2H). Anal. Calcd for {ds-
NNaG;+5/3H,0)n: C, 51.77; H, 4.48; N, 5.49. Found: C, 51.73; H,
4.27; N, 5.10.

Spectroscopic Data of poly-2IR (KBr, cm™1): 1643 (amide
1), 1605 (c—o of carboxylate), 1543 (amide II}H NMR (D0,

300 MHz, 60°C): ¢ 3.74 (s, CH, 2H;), 4.04 (s, CH, 2H), 5.81
(s, CH, 1H), 6.80 (s, aromatic, 2H), 7.49 (s, aromatic, 2H). Anal.
Calcd for (GsH1iNoNaO,-2H,0),: C, 49.06; H, 4.75; N, 8.80.
Found: C, 48.80; H, 4.50; N, 8.25.

The molecular weightd\,)) of poly-1 and poly2 were estimated
as their methyl esters by SEC with poly(ethylene oxide) standards
using DMF containing 10 mM LiCl as the eluent (pdly-M, =
15.0 x 104 My/M,, = 2.1; poly2: M, = 15.1 x 104 M,/M,, =
2.2).

CD Measurements Deionized, distilled water was degassed with

Polymerization. Polymerization was carried out according to argon and used throughout for all measurements. The concentrations
Scheme 1 in a dry glass ampule under a dry nitrogen atmosphereof poly-1—poly-3 were calculated based on the monomer units. A
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typical procedure for CD measurements is described below. A stock  Acknowledgment. This work was partially supported by
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procedures were dont_a for the CD measurements with palyel _complexes of poly2 and poly3 with N-Ac-(L-Ala)-OMe, changes

poly-3. The concentrations of the polymers were corrected by using ¢ the N—H protons resonances of paBmith an increasing amount

the ¢ values of the polymerscfoo (cm™ M) = 2790 (polyd), of N-Ac-(L-Ala)s-OMe in H,O/D,0 (9/1, v/v), the pH dependence

2890 (poly2), and 2990 (poly8)). For the ICD intensity changes ot |cD in the complexation with.tAla); andN-Ac-(L-Ala):-OMe,

in pH and salt concentrations for the complexation of polyith 54 the dependence of the ICD intensity on NaCl concentration

(L-Ala)s and/or N-Ac-(L-Ala);-OMe (see Figures S5 and S6 in  for the poly3—N-Ac-(L-Ala)-OMe complex, and CD and absorp-

Supporting Information, respectively). tion spectral changes of poB-N-Ac-(L-Ala)s-OMe in water upon
The changes in pH resulting from the addition of excess alanine the addition of methanol. This material is available free of charge

oligomers were not negligible, and therefore, the CD titrations with via the Internet at http://pubs.acs.org.

(L-Ala)y, (L-Ala)s-OMe, andN-Ac-(L-Ala);-OMe were performed

in sodium acetate/acetic acid (pH 5.0), imidazole/HCI (pH 6.6), References and Notes
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