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Introduction

For the past few years, our research group has been
developing and studying chemical models of protein
â-sheets in which molecular templates induce â-sheetlike
hydrogen bonding in attached peptide strands.1 Through
these studies, we have sought to gain an enhanced
understanding of â-sheet structure and to develop bio-
logically active peptidomimetic compounds.2 Thus far, we
have established that our model compounds fold into
â-sheetlike structures in chloroform, a solvent that does
not competitively bind to hydrogen-bonding groups within
the molecules. Although noncompetitive solvents mimic
the nonpolar environment that â-sheets experience in the
interior of proteins, proteins fold in water. For this
reason, it is important to study the structures of these
compounds in water and other competitive solvents, as
well as in chloroform. This paper describes our first
studies of one of these artificial â-sheets in competitive
solvents.

A few other research groups have already developed
artificial â-sheets that fold in competitive solvents.
Beginning in the mid 1980s, Feigel and co-workers
published a series of papers in which molecular templates
stabilize â-sheet structure in cyclopeptides, both in
chloroform and in dimethyl sulfoxide solution. Feigel’s
templates are rigid tricyclic molecules that mimic a
â-turn and hold peptide groups in proximity, thus induc-
ing â-sheet formation.3 Shortly thereafter, Kemp and co-
workers developed a system in which a rigid tetracyclic
molecule, which mimics the hydrogen-bonding function-
ality of a peptide in a â-strand conformation, templates
â-sheet structure in adjacent peptide strands.4,5 This
system adopts a â-sheet conformation in both dimethyl

sulfoxide and in aqueous solution. Kelly and co-workers
then reported a system in which a tricyclic template holds
two peptide strands in proximity to induce â-sheet
formation in aqueous solution.6 In this system, hydro-
phobic interactions between the template and the peptide
side-chains are essential in stabilizing the â-sheet struc-
ture. Within the past few years, a couple of other â-sheet
systems that fold in competitive solvents have been
reported.7,8

In 1996, we reported that compound 1 adopts a
â-sheetlike structure in chloroform solution.1f In this
compound, a 1,2-diaminoethane diurea turn unit holds
a 5-amino-2-methoxybenzamide template next to a dipep-
tide strand; the 5-amino-2-methoxybenzamide template
hydrogen bonds to the dipeptide strand, while the leucine
side-chain packs against the aromatic ring of the 5-amino-
2-methoxybenzamide template. In the current study, we
set out to determine how well 1 retains this structure in
competitive solvents by challenging 1 with methanol, 50%
(v/v) aqueous methanol, and dimethyl sulfoxide.

Results and Discussion

Our previous 1H NMR studies established that 1
adopts the conformation shown in Figure 1 in chloroform
solution.1f Evidence for this conformation included an
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extensive network of NOEs between the 5-amino-2-
methoxybenzamide template and the dipeptide strand,
downfield shifting of the hydrogen-bonded NH groups
relative to control compounds 2 and 3, and upfield
shifting of one of the leucine methyl groups in the 1H
NMR spectrum. To determine the extent to which this
structure is retained in competitive solvents, we have
now examined NOEs and chemical shifts of key protons
in four sets of solvents: chloroform (CDCl3), methanol
(CD3OD and CD3OH), aqueous methanol (50% v/v CD3-
OD-D2O and 50% v/v CD3OH-H2O), and dimethyl
sulfoxide (CD3SOCD3). The hydroxylic solvents (methanol
and 50% aqueous methanol) were used in partially
deuterated form (CD3OH and 50% v/v CD3OH-H2O), to
permit the observation of NH resonances with solvent-
suppression techniques, and in fully deuterated form
(CD3OD and 50% v/v CD3OD-D2O), to facilitate the
observation of all other resonances while minimizing
artifacts associated with suppression of the hydroxylic
resonances.9 Nuclear Overhauser effect studies were
performed using the transverse ROESY (Tr-ROESY)
method,10 because 1 has a molecular weight of 713 and
exhibits NOEs at 500 MHz that range from small and
positive (in chloroform and methanol), to near zero (in
aqueous methanol), to small and negative (in dimethyl
sulfoxide).

Interstrand NOEs provide compelling evidence for
long-range order in â-sheet structures. In CDCl3 solution,
artificial â-sheet 1 exhibits NOEs between the 6-position
of the aromatic ring of the â-strand mimic and the
phenylalanine R-proton, the leucine NH proton, and the
leucine side-chain (Figure 2). In this solvent, artificial
â-sheet 1 also exhibits NOEs between the methylamide
methyl group of the â-strand mimic and the leucine NH

and methylamide groups. Fewer interstrand NOEs are
present in methanol and methanol-water mixtures, with
NOEs seen between the 6-position of the aromatic ring
of the â-strand mimic and the phenylalanine R-proton
and the leucine side-chain.11 No interstrand NOEs are
seen in dimethyl sulfoxide. These interstrand NOEs
indicate that artificial â-sheet 1 is well-structured (folded)
in chloroform, partially structured in methanol and
methanol-water mixtures, and unstructured (unfolded)
in dimethyl sulfoxide.

In dimethyl sulfoxide, 1 exhibits many NOEs in
violation of the â-sheet structure. Most notably, the
“upper” urea NH exhibits NOEs with both the 1,2-
diaminoethane and cyanoethyl groups of the turn unit
(Figure 2). The NOEs with the CH2CH2CN protons are
of comparable intensities to those with the NCH2CH2N
protons, while those with the CH2CH2CN protons (rep-
resented by dashed arrows in Figure 2) are weaker. The
magnitudes of the NOEs to the cyanoethyl group suggest
that there is little conformational bias about the R2N-
CO bond of the upper urea group. The upper urea NH
also exhibits NOEs with both the 4- and the 6-positions
of the aromatic ring of the â-strand mimic. These NOEs
are of comparable strength, indicating that there is little
or no conformational bias about the N-Ar bond of the
â-strand mimic.12 Similarly, the “lower” urea NH (phen-
ylalanine NH) exhibits NOEs with both the phenyl group
of the turn unit (PhN) and the diaminoethane group
(NCH2CH2N), suggesting that rotation occurs about the

(9) The H2O in the 50% v/v CD3OH-H2O mixture was buffered to
pH 5.0 to reduce the rate of exchange of NH protons: Wüthrich, K.
NMR of Proteins and Nucleic Acids; Wiley: New York, 1986; pp 23-
25.

(10) (a) Hwang, T. L.; Shaka, A. J. J. Am. Chem. Soc. 1992, 114,
3157. (b) Hwang, T. L.; Shaka, A. J. J. Magn. Reson. Ser. B 1993, 102,
155.

(11) An NOE between the methylamide methyl group of the â-strand
mimic and the leucine methylamide methyl group may be present in
aqueous methanol but could not be established with certainty because
of the proximity of their resonances (∆δ ) 0.30 ppm) and their large
noise ridges in the Tr-ROESY spectrum.

(12) In the model shown in Figure 1, the upper urea NH is 2.3 Å
from H6 of the aromatic ring of the â-strand mimic and 3.7 Å from
H4. The former distance should give rise to a strong NOE, while the
latter should give rise to a much weaker NOE.

Figure 1. Model illustrating the structure of 1 in CDCl3

solution. (For details, see ref 1f.)

Figure 2. Key NOEs detected by Tr-ROESY studies of
artificial â-sheet 1 in chloroform, methanol, aqueous methanol,
and dimethyl sulfoxide. Interstrand NOEs are shown with
arrows between the upper and lower halves of the molecule.
Short-range NOEs involving the urea groups are shown with
arrows to these groups; dotted arrows represent short-range
NOEs that are relatively weak.
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Ph(R)N-CO bond of the lower urea group. In aqueous
methanol, these inconsistent NOEs are weaker and fewer
(dashed arrows in Figure 2), and no NOE is observed
between the upper urea NH and the CH2CH2CN protons.
In methanol, no inconsistent NOEs involving the upper
urea are observed, and the inconsistent NOEs involving
the lower urea are weak. In chloroform, the urea groups
show no inconsistent NOEs: the upper urea NH group
exhibits NOEs with the 1,2-diaminoethane group but not
with the cyanoethyl group; the lower urea NH exhibits
NOEs with the phenyl group of the turn unit but not with
the diaminoethane group. These observations suggest
that rotation about the urea groups is restricted in
chloroform, occurs freely in dimethyl sulfoxide, and is
partially restricted in methanol and aqueous methanol.

The chemical shifts of various protons in 1 provide
additional evidence for its structure. In CDCl3 solution,
one of the leucine methyl resonances of 1 appears shifted
upfield at 0.45 ppm, while the other appears at 0.79 ppm.
This upfield shifting and large (0.34 ppm) separation
between the resonances occur because the pro-R methyl
group of 1 sits over the face of the 5-amino-2-methoxy-
benzamide template.1f In the more competitive solvents,
the methyl resonances are less separated: 0.12 ppm in
methanol, 0.06 ppm in methanol-water, and 0.00 ppm
in dimethyl sulfoxide.13 Figure 3 illustrates these data
graphically. The decreasing differentiation of the methyl
groups parallels the trends among the NOE data and
reflects a decrease in structure across this series of
solvents.

The diastereotopic leucine â-protons exhibit compa-
rable trends in differentiation, with separations of 0.47
ppm in chloroform, 0.06 ppm in methanol, ∼0.03 ppm in
aqueous methanol, and 0.00 ppm in dimethyl sulfoxide.14

The diastereotopic protons associated with the turn unit
(NCH2CH2N and NCH2CH2CN) behave similarly, ap-

pearing as eight resolved multiplets (1 H each) in
chloroform and as four triplets and near triplets (2 H
each) in dimethyl sulfoxide (Figure 4). In methanol and
aqueous methanol these protons exhibit slightly more
splitting, appearing as four near triplets and more
complex multiplets (2 H each).15

The chemical shift of the phenylalanine R-proton of 1
provides another index of â-sheet structure and follows
the trend shown by the chemical shift and NOE data
described above. The chemical shift of an R-proton of an
amino acid in a â-sheet is generally several tenths of a
ppm downfield of the same residue in a random coil.16

Comparison of the chemical shift of the phenylalanine

(13) The leucine methyl groups of control 3 show no analogous trend
in chemical shifts, with shift differences of 0.02-0.06 ppm in the
various solvents.

(14) The diasterotopic leucine â-protons of control 3 are separated
by 0.00-0.03 ppm in the various solvents.

(15) The 3JHH coupling constants of the leucine side-chain reflect
its conformation and parallel the trend of decreasing structure across
the series of solvents. In CDCl3, the Râ and Râ′ coupling constants
differ substantially, as do the âγ and â′γ coupling constants (Jrâ ) 3
Hz, Jrâ′ ) 12 Hz, Jâγ ) 12 Hz, Jâ′γ ) 3 Hz). These coupling constants
reflect Karplus relationships associated with 60° and 180° dihedral
angles between the protons and indicate that a single side-chain
conformation predominates (shown in Figure 1). In methanol and
methanol-water, the coupling constants are less differentiated (metha-
nol: Jrâ ) 5 Hz, Jrâ′ ) 11 Hz, Jâγ ) 9 Hz, Jâ′γ ) 5 Hz; methanol-
water Jrâ ) 5 Hz, Jrâ′ ) 10 Hz). (The coupling constants Jâγ and Jâ′γ
could not be determined in methanol-water, because the leucine â,
â′, and γ resonances overlap.) In dimethyl sulfoxide, the coupling
constants are not differentiated (Jrâ ) Jrâ′ ) 8 Hz, Jâγ ) Jâ′γ ) 7 Hz),
reflecting the absence of a significant conformational preference of the
side-chain. (The Jrâ and Jrâ′ coupling constants for the phenylalanine
side-chain are 5-7 Hz and 8-10 Hz in all of the solvents, indicating
that it is not conformationally ordered.)

Figure 3. Chemical shift differences between key protons of
artificial â-sheet 1 and controls 2 and 3 in various solvents:
(a) separation of the leucine methyl groups of 1, (b) chemical
shift difference between the phenylalanine R-protons of 1 and
3, (c) chemical shift difference between H6 of the 5-amino-2-
methoxybenzamide templates of 1 and 2, (d) chemical shift
difference between H4 of the 5-amino-2-methoxybenzamide
templates of 1 and 2.

Figure 4. 1H NMR spectra of artificial â-sheet 1 in CDCl3,
CD3OH, CD3OH-H2O, and CD3SOCD3, illustrating splitting
of diastereotopic methylene protons of the turn unit (NCH2-
CH2N and NCH2CH2CN).
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R-proton of 1 to that of control 3 reveals shift differences
of 0.50, 0.27, 0.12, and 0.10 ppm, respectively, in chlo-
roform, methanol, methanol-water, and dimethyl sul-
foxide. These data are shown graphically in Figure 3 and
are consistent with a model in which the degree of â-sheet
structure decreases across the series of solvents. No
significant differences between the chemical shifts of the
leucine R-protons of 1 and 3 are seen (e0.02 ppm). The
absence of a trend for this residue may reflect that it
extends beyond the hydrogen-bonded â-sheet structure
and is not really part of the â-sheet.

The chemical shifts of the protons at the 4- and
6-positions of the 5-amino-2-methoxybenzamide template
follow the same trend. The differences in shift between
H6 of artificial â-sheet 1 and control 3 are 0.75, 0.40, 0.23,
and 0.16 across the series of solvents (Figure 3). The
differences in shift between H4 of 1 and 3 are 0.38, 0.37,
0.19, and -0.01 (Figure 3). The downfield shifting of H4

and H6 is analogous to the downfield shifting of R-protons
in â-sheets and probably reflects their enforced proximity
to carbonyl groups in the folded conformation of 1.17

Conclusion

The NOE and chemical shift studies described herein
show that artificial â-sheet 1 is partially folded in
methanol and aqueous methanol solutions. The degree
of folding decreases across the series of solvents studied,
ranging from well-structured in chloroform to relatively
unstructured in dimethyl sulfoxide and following the
trend chloroform > methanol > methanol-water >
dimethyl sulfoxide. These findings are significant, be-
cause they establish that the diurea turn unit and the
5-amino-2-methoxybenzamide template can induce â-sheet
structure in an attached peptide strand in competitive
protic solvents. In future studies, we plan to exploit this
finding by developing artificial â-sheets that are water
soluble and fold in pure water. The current study lays
the groundwork for these plans.

Experimental Section

NMR studies were performed at 25 °C on a Bruker DRX500
spectrometer using 10 mM samples of 1-3 in CDCl3, CD3OD,
CD3OH, 50% v/v CD3OD-D2O, 50% v/v CD3OH-H2O, and CD3-
SOCD3. The H2O in the 50% v/v CD3OH-H2O mixture was
buffered to pH 5.0 with 0.04 M CD3CO2D/CD3CO2Na.9 Tetra-
methylsilane (TMS) was used as a reference in the organic
solvents, and sodium 3-(trimethylsilyl)propanesulfonate was
used as a reference in the aqueous methanol solutions. All the
samples were sealed under vacuum after 5-7 freeze-pump-
thaw degassing cycles on a high-vacuum line (<0.001 mmHg),
with the exception of those in CD3OH-H2O and CD3SOCD3,
which were not degassed. COSY spectra were recorded using
standard pulsed field gradient (PFG) techniques.18 ROESY
spectra were recorded with a mixing time of 300 ms using the
Tr-ROESY pulse sequence of Hwang and Shaka.10 A spin locking
field strength of 5 kHz was employed to collect 2048 points in
the f2 dimension and 512 points in the f1 dimension, a relaxation
delay of 1 s was used, and 24 transients were collected for each
t1 value. For experiments involving CD3OH and CD3OH-H2O,
solvent suppression was performed by appending the pulsed field
gradient technique of Shaka and Hwang19 to the end of the pulse
sequence. The data were processed using Bruker XWINNMR

software. A sine-squared window function shifted by 60° was
applied in both dimensions, and forward linear prediction of 1024
points was performed in the f1 dimension to give a final matrix
of 1024 by 512 real points. An automatic baseline correction was
applied in both dimensions after Fourier transforming the data.
1H NMR resonances were assigned by a combination of one-
dimensional and two-dimensional (PFG COSY and Tr-ROESY)
methods. These assignments are shown in Chart 1 and are listed
in the spectral summaries that follow.

1H NMR Data for Artificial â-Sheet 1 in CDCl3. δ 0.45 (d,
J ) 6.3 Hz, 3 H, 1), 0.79 (d, J ) 6.2 Hz, 3 H, 2), 1.11 (td, J )
12.3, 3.2 Hz, 1 H, 3), 1.57 (td, J ) 11.8, 3.6 Hz, 1 H, 3′), 1.47-
1.55 (m, 1 H, 4), 2.47 (d, J ) 4.1 Hz, 3 H, 5), 2.66 (dt, J ) 17.0,
6.3 Hz, 1 H, 6), 2.71 (dt, J ) 17.0, 6.3 Hz, 1 H, 6′), 2.91 (d, J )
4.8 Hz, 3 H, 7), 2.91 (dd, ABX pattern, JAB ) 13.2 Hz, JBX )
10.3 Hz, 1 H, 8), 2.97 (dd, ABX pattern, JAB ) 13.2 Hz, JAX )
6.4 Hz, 1 H, 8′), 3.48 (dt, J ) 13.8, 6.4 Hz, 1 H, 9), 3.57 (dt, J )
13.9, 6.2 Hz, 1 H, 9′), 3.63 (appar ddd, J ) 11.0, 5.5 Hz, 1 H,
10), 3.67-3.74 (m, 1 H, 11), 3.74-3.82 (m, 1 H, 11′), 3.82-3.92
(m, 1 H, 10′), 3.95 (s, 3 H, 12), 4.39 (ddd, J ) 12.1, 9.0, 3.4 Hz,
1 H, 13), 4.94 (ddd, J ) 10.1, 8.5, 6.6 Hz, 1 H, 14 ), 5.03 (d, J )
8.5 Hz, 1 H, 15), 5.49 (appar br s, 1 H, 16), 6.92 (d, J ) 9.1 Hz,
1 H, 17), 7.15 (appar d, J ) 7.2 Hz, 2 H, 18), 7.26-7.31 (m, 1 H,
19), 7.32 (appar d, J ) 4.4 Hz, 4 H, 20 and 21), 7.39 (appar t, J
) 7.3 Hz, 1 H, 22), 7.46 (appar t, J ) 7.8 Hz, 2 H, 23), 8.10
(appar br q, J ) 4.8 Hz, 1 H, 24), 8.20 (d, J ) 9.0 Hz, 1 H, 25),
8.37 (dd, J ) 9.0, 2.8 Hz, 1 H, 26), 8.53 (d, J ) 2.9 Hz, 1 H, 27),
10.0 (s, 1 H, 28).

1H NMR Data for Artificial â-Sheet 1 in CD3OD. δ 0.70
(d, J ) 6.6 Hz, 3 H, 1), 0.81 (d, J ) 6.5 Hz, 3 H, 2), 1.41 (ddd, J
) 13.6, 10.3, 5.1 Hz, 1 H, 3), 1.47 (ddd, J ) 13.8, 9.2, 5.0 Hz, 1
H, 3′), 1.51-1.62 (m, 1 H, 4), 2.63 (s, 3 H, 5), 2.68 (appar td, J
) 6.7, 1.8 Hz, 2 H, 6 and 6′), 2.97 (s, 3 H, 7), 2.84 (dd, ABX
pattern, JAB ) 13.8, JBX ) 8.6 Hz, 1 H, 8), 3.06 (dd, ABX pattern,
JAB ) 13.8, JAX ) 6.4 Hz, 1 H, 8′), 3.54 (appar td, J ) 6.6, 1.7
Hz, 2 H, 9 and 9′), 3.57-3.66 (m, 2 H, 10 and 10′), 3.78 (appar
t, J ) 7.5 Hz, 2 H, 11 and 11′), 3.96 (s, 3 H, 12), 4.33 (dd, J )
10.3, 4.9 Hz, 1 H, 13), 4.71 (dd, J ) 8.5, 6.5 Hz, 1 H, 14), 7.08
(d, J ) 9.2 Hz, 1 H, 17), 7.10-7.15 (m, 4 H, 18 and 20), 7.20-
7.27 (m, 3 H, 19 and 21), 7.36 (appar tt, J ) 7.3, 1.5 Hz, 1 H,
22), 7.40-7.45 (m, 2 H, 23), 7.91 (dd, J ) 9.0, 2.8 Hz, 1 H, 26),
8.20 (d, J ) 2.8 Hz, 1 H, 27).

1H NMR Data for Artificial â-Sheet 1 in CD3OH. δ 0.70
(d, J ) 6.8 Hz, 3 H, 1), 0.82 (d, J ) 6.7 Hz, 3 H, 2), 1.41 (ddd, J
) 13.7, 9.2, 4.9 Hz, 1 H, 3), 1.47 (ddd, J ) 13.7, 10.7, 5.2 Hz, 1
H, 3′), 1.51-1.61 (m, 1 H, 4), 2.63 (d, J ) 4.8 Hz, 3 H, 5), 2.68
(appar td, J ) 6.7, 1.2 Hz, 2 H, 6 and 6′), 2.97 (d, J ) 4.8 Hz, 3
H, 7), 2.83 (dd, ABX pattern, JAB ) 14.3, JBX ) 8.5 Hz, 1 H, 8),
3.06 (dd, ABX pattern, JAB ) 14.3, JAX ) 6.4 Hz, 1 H, 8′), 3.54
(appar t, J ) 7.5 Hz, 2 H, 9 and 9′), 3.57-3.67 (m, 2 H, 10 and
10′), 3.78 (appar t, J ) 7.8 Hz, 2 H, 11 and 11′), 3.96 (s, 3 H,
12), 4.33 (ddd, J ) 11.0, 8.5, 4.9 Hz, 1 H, 13), 5.50 (d, J ) 7.4

(16) (a) Wishart, D. S.; Sykes, B. D.; Richards, F. M. J. Mol. Biol.
1991, 222, 311. (b) Wishart, D. S.; Sykes, B. D.; Richards, F. M.
Biochemistry 1992, 31, 1647.

(17) Wagner, G.; Pardi, A.; Wüthrich, K. J. Am. Chem. Soc. 1983,
105, 5948.

(18) Hurd, R. E. J. Magn. Reson. 1990, 87, 422.
(19) Hwang, T. L.; Shaka, A. J. J. Magn. Reson. Ser. A 1995, 112,

275.

Chart 1
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Hz, 1 H, 15), 7.08 (d, J ) 9.4 Hz, 1 H, 17), 7.10-7.17 (m, 4 H, 18
and 20), 7.20-7.29 (m, 3 H, 19 and 21), 7.35 (br s, 1 H, 16),
7.35-7.39 (m, 1 H, 22), 7.40-7.45 (m, 2 H, 23), 7.90 (dd, J )
9.0, 2.7 Hz, 1 H, 26), 8.19 (d, J ) 2.8 Hz, 1 H, 27), 8.26 (d, J )
8.4 Hz, 1 H, 25), 8.46 (appar q, J ) 4.9 Hz, 1 H, 24), 9.35 (s, 1
H, 28).

1H NMR Data for Artificial â-Sheet 1 in 50% v/v CD3OD-
D2O. δ 0.73 (d, J ) 5.9 Hz, 3 H, 1), 0.79 (d, J ) 5.9 Hz, 3 H, 2),
1.35-1.52 (m, 3 H, 3, 3′, and 4), 2.66 (s, 3 H, 5), 2.71 (appar td,
J ) 6.4, 1.5 Hz, 2 H, 6 and 6′), 2.96 (s, 3 H, 7), 2.82 (dd, ABX
pattern, JAB ) 13.7, JBX ) 8.3 Hz, 1 H, 8), 2.99 (dd, ABX pattern,
JAB ) 13.9, JAX ) 6.4 Hz, 1 H, 8′), 3.51 (appar t, J ) 6.6, 2 H, 9
and 9′), 3.55-3.68 (m, 2 H, 10 and 10′), 3.75-3.85 (m, 2 H, 11
and 11′), 3.95 (s, 3 H, 12), 4.27 (dd, J ) 9.8, 4.3 Hz, 1 H, 13),
4.59 (dd, J ) 8.0, 6.4 Hz, 1 H, 14), 7.03-7.07 (m, 2 H, 20), 7.08-
7.11 (appar d, J ) 7.3 Hz, 2 H, 18), 7.13 (d, J ) 9.1 Hz, 1 H, 17),
7.22-7.28 (m, 3 H, 19 and 21), 7.39-7.44 (appar t, J ) 7.4 Hz,
1 H, 22), 7.44-7.48 (appar t, J ) 7.4 Hz, 2 H, 23), 7.66 (dd, J )
8.9, 2.4 Hz, 1 H, 26), 7.91 (d, J ) 2.7 Hz, 1 H, 27).

1H NMR Data for Artificial â-Sheet 1 in 50% v/v CD3OH-
H2O. δ 0.73 (d, J ) 6.1 Hz, 3 H, 1), 0.78 (d, J ) 6.0 Hz, 3 H, 2),
1.37-1.52 (m, 3 H, 3, 3′, and 4), 2.66 (d, J ) 4.9 Hz, 3 H, 5),
2.70 (appar td, J ) 6.7, 1.2 Hz, 2 H, 6 and 6′), 2.96 (d, J ) 4.9
Hz, 3 H, 7), 2.81 (dd, ABX pattern, JAB ) 14.0 Hz, JBX ) 8.2 Hz,
1 H, 8), 2.98 (appar dd, ABX pattern, JAB ) 14.2 Hz, JAX ) 6.2
Hz, 1 H, 8′), 3.50 (appar t, J ) 6.7 Hz, 2 H, 9 and 9′), 3.54-3.67
(m, 2 H, 10 and 10′), 3.74-3.86 (m, 2 H, 11 and 11′), 3.94 (s, 3
H, 12), 4.27 (appar ddd, J ) 11.0, 8.5, 5.4 Hz, 1 H, 13), 5.41 (d,
J ) 7.3 Hz, 1 H, 15), 7.02-7.06 (m, 2 H, 20), 7.07-7.10 (appar
d, J ) 7.9 Hz, 2 H, 18), 7.12 (d, J ) 9.5 Hz, 1 H, 17), 7.22-7.27
(m, 3 H, 19 and 21), 7.39-7.47 (m, 3 H, 22 and 23), 7.53 (appar
q, J ) 4.9 Hz, 1 H, 16), 7.62 (dd, J ) 9.5, 2.8 Hz, 1 H, 26), 7.87
(d, J ) 2.8 Hz, 1 H, 27), 8.08 (d, J ) 8.2 Hz, 1 H, 25), 8.54 (appar
q, J ) 5.2 Hz, 1 H, 24), 8.81 (s, 1 H, 28).

1H NMR Data for Artificial â-Sheet 1 in CD3SOCD3. δ
0.79 (d, J ) 6.6 Hz, 6 H, 1 and 2), 1.40 (appar t, J ) 7.3 Hz, 2
H, 3 and 3′), 1.47-1.57 (m, 1 H, 4), 2.54 (d, J ) 4.6 Hz, 3 H, 5),
2.69 (appar t, J ) 6.8 Hz, 2 H, 6 and 6′), 2.80 (d, J ) 4.7 Hz, 3
H, 7), 2.83 (dd, ABX pattern, JAB ) 13.7, JBX ) 5.0 Hz, 1 H, 8),
3.01 (appar dd, ABX pattern, JAB ) 13.7, JAX ) 8.6 Hz, 1 H, 8′),
3.42-3.48 (m, 2 H, 10 and 10′), 3.51 (appar t, J ) 6.9 Hz, 2 H,
9 and 9′), 3.61-3.71 (m, 2 H, 11 and 11′), 3.85 (s, 3 H, 12), 4.20
(appar q, J ) 7.8 Hz, 1 H, 13), 4.50 (appar ddd, J ) 8.6, 7.9, 5.0
Hz, 1 H, 14), 5.75 (d, J ) 7.9 Hz, 1 H, 15), 7.02 (d, J ) 9.1 Hz,
1 H, 17), 7.08-7.14 (m, 4 H, 18 and 20), 7.16-7.24 (m, 3 H, 19
and 21), 7.27-7.31 (m, 1 H, 22), 7.35-7.40 (m, 2 H, 23), 7.62
(dd, J ) 8.9, 2.8 Hz, 1 H, 26), 7.66 (appar q, J ) 4.7 Hz, 1 H,
16), 7.99 (d, J ) 2.7 Hz, 1 H, 27), 8.03 (d, J ) 8.3 Hz, 1 H, 25),
8.16 (appar q, J ) 4.7 Hz, 1 H, 24), 8.84 (s, 1 H, 28).
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