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To understand the effects of N-terminal L-residues on dominating helical screw sense in achiral peptides, we adopted
six kinds of peptides Boc—X—(Aib—APhe),—Aib—OMe (Boc, z-butoxycarbonyl; OMe, methoxy), in which the X residue
is an L-amino acid of alanine (Ala), leucine (Leu), valine (Val), phenylalanine (Phe), 1-naphthylalanine (Nap), or proline
(Pro). The segment —(Aib—APhe),— was used for a backbone composed of two “enantiomeric” (left-/right-handed) helices.
Actually, this could be confirmed by "HNMR and CD spectroscopy on Boc—(Aib—APhe),~Aib—~OMe, which took left-
and right-handed 31¢-helices with the same content. All peptides were also found to take 31o-type helical conformations in
CDCI; from solvent accessibility of NH resonances. Chloroform, acetonitrile, methanol, and tetrahydrofuran were used
for solvents in CD measurement. All peptides in all solvents showed marked exciton couplets around 280 nm with a
positive peak at longer wavelengths. Consequently, when an N-terminal L-residue, irrespective of types of L-residues, is
introduced into a helical segment of achiral peptide, its main chain prefers the left-handed screw sense. The peptide with
X = Ala showed the smallest amplitude of exciton couplets in each solvent, meaning that the Ala residue with the smallest
side chain (methyl group) had the least effective chirality for taking a one-side helical screw sense preferentially, compared
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with the other residues used here.

Most of the L-amino acid residues are well recog-
nized to prefer a right-handed screw sense in helical
segments of proteins or peptides. On the other hand,
an L-residue was rarely found to induce a left-handed
screw sense for several peptides containing helicogenic
achiral residues, (Z)-f-phenyl-,f-dehydrophenylalanine
(APhe) or ¢-aminoisobutyric acid (Aib) (Chart 1):14»
For example, a left-handed 31¢-helix in solution was seen in
Ac—APhe—Gly-APhe-1.-Ala—OMe (Ac, acetyl; OMe, meth-
oxy)*® or Boc—L-Pro—Aib—L-Ala—Aib-L-Ala~OMe (Boc, t-
butoxycarbonyl).'® Left-handed 31o-helices have also been
observed in the crystalline state for Aib peptides containing
an L-residue in the C-terminal position.!'*~” Z—Aib—Aib—
L-Ala~-OMe (Z, benzyloxycarbonyl) took an incipient left-
handed 3;o-helix (type I S-turn) in the solid state,'” and
Z—Aib—Aib—Aib—L-Val-OMe took a left-handed 31o-helix
in the solid state."” Also in proteins, Schellman noted that
many right-handed helical segments ended with a residue in
left-handed conformation.?® Boc—L-Ala~APhe-Gly—APhe-

—NH \C/co— CHg
] —NH—C—CO—

o

APhe Aib

Chart 1. APhe and Aib residues.

L-Ala—OMe showed reversible screw sense inversion of 31¢-
helix, depending on solvent and temperature conditions.>*
Also, Boc—L- Ala—APhe—APhe-NMA (NMA, N-methyl
amide) took an incipient 3jo-helix of both left- and right-
handed screw senses in the solid state.'? Thus, the L-residue
seems to show the character of left-handed screw sense when
it will be relatively C-terminally introduced into achiral hel-
ical peptides.

On the other hand, little is known about the effects of an N-
terminal L-residue on dominating the helical screw sense in
achiral peptides. To discover these effects, we here adopted
six kinds of peptides, Boc—X—(Aib—APhe),—-Aib—OMe 1—6,
in which an L-amino acid residue (X) is introduced into the
N-terminal position in segment —(Aib—APhe),— composed
of achiral helicogenic residues, Aib and APhe: X residue as
an L-residue is alanine (Ala) for 1, leucine (Leu) for 2, va-
line (Val) for 3, phenylalanine (Phe) for 4, 1-naphthylalanine
(Nap) for 5, or proline (Pro) for 6 (Chart 2): We also intend to
find how helical screw sense would be affected by steric fac-
tors of the X residue. Here the —(Aib—APhe),— segment was
used as “enantiomeric” (left-/right-handed) helical backbone.
The conformations in solution were investigated by 'H NMR
and CD spectroscopy. Helical screw sense was identified by
the sign of exciton couplets around 280 nm (assignable to
APhe residue), by the exciton chirality method.??
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X= —NH-CH-CO— —NH-CH—CO— —NH—(I:H—-CO—
CHs CH2 CH
| 7N
CH CHs CHs
7N\
CH3s CHs
Ala 1 Leu 2 val 3
—NH-CH—CO—  —NH-CH—CO— —N-CH—CO—
(I:H co I p ﬁ N,
CH2 CH2 2 2
Phe 4 Nap 5 Pro 6
Chart 2.
Experimental

Peptide Synthesis. L-1-Naphthylalanine was prepared ac-
cording to Refs. 22, 23, and 24, and the other amino acids were
commercially available. Boc amino acid and amino acid methyl
ester were prepared by the standard procedure. Boc—Aib—APhe
azlactone was prepared via Boc—Aib-DL- f-phenylserine—OH,
based on Ref. 25. Boc-Aib—APhe-Aib—OMe was prepared by
ring-opening Boc-Aib-APhe azlactone with the amino group
of H-Aib—OMe. Likewise, Boc—(Aib—APhe),—-Aib—OMe (7)
was prepared by ring-opening the azlactone with N-deprotected
H-Aib—~APhe-Aib—OMe. The preparation and characterization
of peptide 7 will be described in detail elsewhere. To obtain
the final product, Boc—X—(Aib~APhe),~Aib—OMe, Boc—-X-OH
was coupled with H-(Aib—APhe),—Aib—OMe using dicyclohex-
ylcarbodiimide (DCC)/1-hydroxybenzotriazole hydrate (HOBt).
Peptides 1—6 were checked by '"HNMR and IR spectroscopy,
thin-layer chromatography (TLC), and gel permeation chromatog-
raphy (GPC). TLC was done on precoated silica plates in the
following solvent systems: (A) ethyl acetate, (B) methanol, (C)
chloroform—methanol (9: 1), and (D) 1-butanol-acetic acid-water
(7:2:1). GPC was recorded on a Tosoh HL.C-803-D equipped
with G1000-, G2500-, and G3000-HLX columns in series, by using
tetrahydrofuran (THF) eluent. Single spot in the TLC and single
peak in the GPC were obtained for all peptides 1—6.

Boc-L-Ala-(Aib—APhe);-Aib—OMe (1). Boc—(Aib— APhe),—
Aib—OMe (0.80 g, 1.1 mmol) was dissolved in dichloromethane (5
ml)/trifluoroacetic acid (5 mL) at 0 °C, the solution stood for 24 h
at room temperature, and concentrated in vacuo. After addition of
5% NaHCOs solution, the residue was extracted with ethyl acetate,
the organic layer was washed with 5% NaHCOs and 10% NaCl
solutions, and dried over MgSO4. Evaporation of solvent gave
white crystals of HAib—APhe),—Aib—OMe [Yield: 0.56 g (82%)].

To a solution of Boc-Ala—OH (155 mg, 0.82 mmol) and
HOBt (130 mg, 0.82 mmol) in N,N-dimethylformamide (0.5
mL) was added DCC (170 mg, 0.82 mmol) at 0 °C, and the
mixture was stired for 0.5 h at 0 °C.  After addition of
H-(Aib—APhe),-Aib—OMe (300 mg, 0.54 mmol), the mixture was
stirred for 2 h at 0 °C, and for 48 h at room temperature, con-
centrated in vacuo, and the residue was redissolved in ethyl ace-
tate. After dicyclohexylurea was removed by filtration, the so-
lution was washed with 10% NaCl, 5% KHSO,, 10% NaCl, 5%
NaHCO;, and 10% NaCl solutions, and dried over MgSQ4. The
product was purified by eluting through a silica-gel column with
ethyl acetate. Yield 280 mg (70%); mp 227—229 °C; R = 0.63;
RE = 0.96; Rf = 0.56; RP = 0.99; retention time (tz) = 22.6 min.

Screw Sense Induced by N-Terminal L-Residue

400 MHz "HNMR (in CDCl3) & = 8.57 (2H, s, 2xNHAPhe),
7.96 (1H, s, NH Aib), 7.83 (1H, s, NH Aib), 7.5—7.2 (12H, m,
2x(phenyl H + C ﬁH) APhe), 6.86 (1H, s, NH Aib), 5.20 (1H, d,
Boc-NH), 3.84—3.72 (1H, m, C “H Ala), 3.70 (3H, s, COOCH3),
1.60+1.60+1.58+1.57+1.42+1.40 (18H, s+s+s+s+s+s, 6 x CH;
Aib), 1.34 (3H, d, CH3 Ala), and 1.16 (9H, s, 3xCH3 Boc). IR (on
NaCl) 3260, 1735, 1655, 1620, and 1525 cm .

Peptides 2—6 were prepared in a similar manner to the above
preparation of peptide 1.

Boc—L-Leu—(Aib—APhe),—Aib—OMe (2). Yield: 77%; mp
208—211 °C; R = 0.75; RE = 0.95; Rf = 0.76; RP = 0.99;
fr = 22.2 min. 400 MHz '"HNMR (in CDCL) & = 8.54 (2H, s,
2xNHAPhe), 7.91 (1H, s, NH Aib), 7.79 (1H, s, NH Aib), 7.25—
7.2 (12H, m, 2 (phenyl H+C B H) APhe), 6.58 (1H, s, NH Aib),
5.01 (1H, s, Boc—NH), 3.8—3.7 (1H, m, C “H Leu), 3.72 (3H, s,
COOCH3), 1.75—1.50 (15H, C BH,~C YH Leu and 4xCH, Aib),
1.72 (9H, s, 3xCHs3 Boc), 1.43+1.41 (6H, s+s, 2xCHj Aib), and
0.98+0.94 (6H, d+d, 2xCH3 Leu). IR (on NaCl) 3230, 1725,
1645, 1610, and 1525 cm™".

Boc—L-Val-(Aib—APhe),—Aib—OMe (3). Yield: 83%; mp
243—249 °C; R = 0.73; RE = 0.94; RE = 0.25; R? = 0.99; 1z =
22.6 min. 400 MHz '"HNMR (in CDCl3) 6 = 8.60 (1H, s, NH
APhe), 8.56 (1H, s, NH APhe), 7.96 (1H, s, NH Aib), 7.80 (1H, s,
NH Aib), 7.55—7.20 (12H, m, 2x(phenyl H + C B H) APhe), 6.63
(1H, s, NH Aib), 4.99 (1H, d, NH Val), 3.70 (3H, s, COOCHj3),
3.55—3.45 (1H, bs, C “H Val), 2.1—2.0 (1H, m, C £y Val),
1.60+1.59+1.59+1.58+1.44+4+1.40 (18H, s+s+s+s+s+s, 6xCHj
Aib), 1.18 (9H, s, 3xCHj3 Boc), and 1.01+0.99 (6H, d+d, 2xCHj3
Val). IR (on NaCl) 3270, 1730, 1655, 1620, and 1535 cm ™"

Boc-L-Phe~(Aib—APhe),—Aib—OMe (4). Yield: 82%; mp
256259 °C; Rf = 0.73; RE = 0.96; Rf = 0.76; RY = 0.97; g =
22.4 min. 400 MHz '"HNMR (in CDCl3) 6 = 8.56 (1H, s, NH
APhe), 8.40 (1H, s, NH APhe), 7.91 (1H, s, NH Aib), 7.79 (1H, s,
NH Aib), 7.60—7.15 (17H, m, 2x (phenyl H+C B H) APhe+phenyl
H Phe), 6.49 (1H, s, NH Aib), 5.11 (1H, d, NH Phe), 4.05—3.95
(1H, m, C *HPhe), 3.69 (3H, s, COOCH3), 3.1—2.9 (2H, m, cfu,
Phe), 1.62+1.61+1.59+1.57+1.33+1.26 (18H, S+S+s+8+S+S,
6xCH;3 Aib), and 1.17 (9H, s, 3xCH3 Boc). IR (on NaCl) 3270,
1730, 1660, 1620, and 1530 cm ™.

Boc-L-Nap—(Aib—APhe);—-Aib—OMe (5).  Yield: 80%; mp
161—164 °C; R® = 0.74; RE = 0.90; RS = 0.71; R? = 0.95; 1 =
22.4 min. 400 MHz '"HNMR (in CDCl3) 6 = 8.53 (1H, s, NH
APhe), 8.42 (1H, s, NH APhe), 7.93 (1H, s, NH Aib), 7.78 (1H, s,
NH Aib), 8.1—7.2 (19H, m, 2x(phenyl H+C B H) APhe+naphthyl
H Nap), 6.19 (1H, s, NH Aib), 5.17 (1H, d, NH Nap), 4.2—4.1 (1H,
m, C “H Nap), 3.69 (3H, s, COOCH3), 3.59 —3.54+3.42 —3.37
(2H, m+m, cfu, Nap), 1.64+1.63+1.59+1.57+1.23+1.11 (18H,
s+s+s+s+s+s, 6xXCHs Aib), and 1.17 (9H, s, 3xCH3 Boc). IR
(on NaCl) 3230, 1725, 1650, 1615, and 1525 cm™".

Boc-L-Pro—(Aib—APhe),—Aib—OMe (6). Yield: 75%; mp
246—249 °C; R? = 0.63; RF = 0.90; Rf = 0.67; R? = 0.93; g =
22.7 min. 400 MHz 'HNMR (in CDCl) 6 = 8.73 (1H, s, NH
APhe), 8.51 (1H, s, NH APhe), 7.88 (1H, s, NH Aib), 7.79 (1H,
s, NH Aib), 7.55—7.35 (12H, m, 2x(phenyl H+C B H) APhe),
6.68 (1H, s, NH Aib), 4.05—3.85 (1H, t, C “H Pro), 3.70 (3H,
s, COOCH3), 3.47—3.37 (2H, m, C ?H, Pro), 2.25—1.8 (4H, m,
C PHy+C YH, Pro), 1.66+1.60+1.58+1.56+1.43+1.38 (18H,
s+s+s+s+s+s, 6xXCHs Aib), and 1.22 (9H, s, 3xCH3 Boc). IR
(on NaCl) 3275, 1740, 1660, 1625, and 1535 cm ™.

Spectroscopy. 'HNMR spectra were recorded using a JEOL
JNM-GX400 (400 MHz), and a Hitachi R-90 spectrometer (90
MHz). The measurements were done with a peptide concentration
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of 10—20 mg ml~! in CDCls, and a mixture of CDCl3/(CD3)2S0.
All of the chemical shifts were expressed as 6 downfield from tetra-
methylsilane (TMS). A difference nuclear Overhauser effect (NOE)
experiment was done on a Varian XL-200 spectrometer (200 MHz)
using the standard Varian software library. The typical acquisition
parameters were a 12.0-ps pulse width, a 5.0-s acquisition time,
a 4.0-s delay time, and 200—500 accumulations. The difference
NOE experiment was done in CDCl; at 27 °C for peptide 7, and at
40 °C for peptide 2. The IR spectra were recorded using a JASCO
IR Report 100 spectrometer. CD and UV absorption spectra were
simultaneously recorded using a JASCO J-600 in chloroform, ace-
tonitrile, methanol, and THF. These solvents were purified by dis-
tillation before use. The APhe concentration was determined using
maximum absorbance (Amax) around 280 nm (assigned to a APhe
. residue) and its molar extinction coefficient (emex = 1.8x10%).2627
For peptide 5, Amax value for APhe concentration was obtained after
removing the contribution of 'L, band around 280 nm characteristic
of 1-naphthyl group.

Results and Discussion

Confirmation of Helix. In this study, segment

Table 1. Difference NOEs of NH Resonance Observed for
Peptide 7 in CDCl3®

Irradiated % NOE for NH resonance
NH resonance Aib(l) APhe(2) Aib(3) APhe(4) Aib(5)
Aib(1) X 2.0 .
APhe(2)” 1.9 X 1.7 1.7 (x)
Aib(3) 1.3 X 3.8
APhe(4) 2.9 X 4.1
Aib(5)? 0.7) (%) (1.3) 3.1 X

a) X showsirradiated NHresonance. b) The irradiation of APhe-
(2) resonance contained that of Aib(5) resonance due to partial
overlap of both resonances.
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Fig. 1. Solvent dependence of NH chemical shifts in peptide
7 in CDCl3—(CD3),SO mixtures of varying concentrations:
(®) for Aib(1), (M) for APhe(2), (O) for Aib(3), (O) for
APhe(4), and (A) for Aib(5).
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—(Aib—APhe),— was used for a backbone composed of two
“enantiomeric” (left-/right-handed) helices. The segment
can be expected to be a helical structure, since Aib**'> and
APhe!™! residues are known to be strong inducers that cre-
ate a 31p-helix even in small peptides (or sometimes form
an a-helix, depending on sequence, chain length, or sol-
vent). Actually, this could be confirmed by 'H NMR spec-
troscopy on Boc—(Aib—APhe),—Aib—OMe (7). The differ-
ence NOE experiment in CDCl; showed marked signals
between neighboring NH resonances (Table 1), indicating
that peptide 7 takes a 31o- or a@-helix.®*>? Figure 1 shows
variation in NH chemical shifts for peptide 7 with con-
centration of (CD3),SO. Two NH resonances, Aib(1) NH
and APhe(2) NH, were markedly shifted to a lower field
with increasing concentration of (CD3),SO, meaning the
absence of hydrogen-bonds in Aib(1) and APhe(2) NHs.*"
Namely, the other three NHs were relatively unaffected by
the addition of strong hydrogen accepting (CD3),SO, and
thus should be shielded from solvent due to intramolecu-
lar hydrogen-bonding. Therefore, peptide 7 took a 3io-
type helical structure supported by an (i+3) — 1 hydro-
gen-bonding pattern. A helix-forming tendency in segment
—(Aib—APhe),~ was also confirmed by a conformational en-
ergy calculation. The program PEPCON,*>*® which was
written by Sisido,> was modified to be applicable to APhe-
containing peptides,?*>—*" and used. Figure 2 shows a main-
chain energy contour map of Ac—(Aib—APhe),~-NMA, indi-
cating left- and right-handed (3;9- or @-) helices as the most
stable region.

A similar tendency in solvent dependence of NH chemical

180 . @ T v T

120+ b

D
(=]
T

-120+ 7

AN 1 @ |

120 60 0 60 120 180
¢/ deg

Fig. 2. Main-chain energy contour map of AcAib—APhe),—
NMA. The contours (10 lines) are drawn in 1.0 kcal [mol
(per residues)] ™! increments from the energy minimum
points (—55°, —35") and (55, 35" ). In each (¢,1), each
x* angle of APhe side chain was taken as the value to give
the gﬂnimal conformational energy, while its y' was fixed
to0 .
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-180



58 Bull. Chem. Soc. Jpn., 72, No. 1 (1999)

9,_l'|'|r|'l— 9»—-|'|'I'l'|
8 - |

E - .

&7 1 7]

) 6—',.”/"/.‘

S i Smt‘
0 2 4 6 8 0 2 4 6 8
(CD3),S0 (vol%) (CD3),SO (vol%)

QT T T T T TT T T oF T 7T 7T 7T T4
| 6O-0=O—=0——0F |

8 -

£ .l ]
S 7L i
=

0 2 4 6 8 0 2 4 6 8

(CD3),S0 (vol%) (CD3),S0 (vol%)
g — T I T ' T I T l — —I L ‘ T I ¥ I T [_
[ | st
8 - 8 - |
£ T = L E
a7 5 1 87, P
© st : < 6 -_ :
5 —l 'O I T ST R | 1 5 "i N -

0 2 4 6 8 0 2 4 6 8
(CD3),SO (vol%) (CD3),S0 (vol%)

Fig. 3. Solventdependence of NH chemical shifts in peptides
1—6 in CDCl3—~(CD3),SO mixtures of varying concentra-
tions: (@) for X(1), (M) for Aib(2), (O) for APhe(3), ({)
for Aib(4), (A) for APhe(5), and (57) for Aib(6).

shifts was observed for peptides 1—6 having a common
helical segment <(Aib—APhe),—, as shown in Fig. 3. Namely,
for peptides 1—S, two NH resonances, X(1) and Aib(2)
NHs, markedly changed with the concentration of (CD3),SO.
These shifts can be ascribed to the absence of hydrogen-
bonds in X(1) and Aib(2) NHs, since CD spectra of peptides
1—6 in chloroform did not change (i.e., showed exciton
couplets around 280 nm) with the addition of 0—8 vol%
dimethy] sulfoxide, essentially. (The CD patterns in chloro-
form were retained even in 100% dimethyl sulfoxide, thus
indicating the strong helix-forming tendency for peptides
1—6 due to the introduction of segment —(Aib—APhe),—.)
Peptide 6 showed a marked shift for only an Aib(2) NH
resonance, since peptide 6 has no NH group due to the Pro
residue as X residue. Thus, 31¢-type helical conformations in
CDCl; were retained for peptides 1—6 in which the X residue
is introduced into the N-terminal position of an achiral helical
segment —(Aib—APhe),—-Aib—OMe. Also, peptide 2 (X =

Screw Sense Induced by N-Terminal L-Residue

RS URPUY SR {0
240 260 280 300 320 340
Wavelength/ nm
Fig. 4. CD (top) and UV absorption (bottom) spectra of

peptides 1 (—), 2 (-~-), 3 (+++), 4 (=), 5 (—), 6 (--),
and 7 (---) in chloroform.

Leu) in CDCl3 showed NOEs for each NH;<—=-NH,,; pair
characteristic of a 319- or a-helix,?> % similarly to peptide
7.

Identification of Helical Screw Sense.  As expected,
peptide 7 showed no CD signals due to no chiral residues
being included, indicating peptide 7 took left- and right-
handed 3;p-helices with the same content. On the other hand,
marked CD signals were seen for peptides 1—6, in which
a chiral X residue is attached to the N-terminal position of
the enantiomeric helical segment —(Aib—APhe),—Aib—OMe.
Figure 4 shows CD and UV absorption spectra for peptides
1—6 in chloroform. The Ag ( = & — &) is expressed with
respect to the molar concentration of the APhe residue.

All absorption spectra except for peptide 5 showed in-
tense maxima (Apg,) around 280 nm (band I) assignable to
APhe residue. The band I of peptide 5 is overlapped with
the 'L, band of the 1-naphthyl group, but peptide 5 showed
an absorption pattern similar to the other peptides by re-
moving the contribution of the 'L, band (data not shown).
Accordingly, the UV absorption pattern did not change es-
sentially in all of the peptides 1—6, but resembled that
of Boc—L-Leu—APhe-1-Leu-OMe* having a single APhe
residue. Thus, no strong ground-state interaction between
the APhe—-APhe pair exists in peptides 1—6. Such interac-
tion was also not observed in 31p-helical peptides containing
APhe residues. 26273

The corresponding CD spectra of peptides 1—6 showed
marked exciton couplets with a positive peak at longer wave-
lengths, as shown in Fig. 4. Peptides containing APhe
residues show intense absorption maxima around 220 nm
and around 280 nm (band I). The former absorption band
precludes a far-UV CD analysis usually used to investi-
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gate conformations of peptides and proteins. On the other
hand, the latter absorption band has been assigned to charge
transfer from the highest occupied orbital localized on the
styryl moiety to the vacant orbital of the carbonyl group
in APhe residue.*®* The transition moment was estimated
from molecular orbital calculations to lie on the styryl-car-
bonyl line.”® By applying the exciton chirality method?" to
this system, the sign of the split CD pattern corresponds
to a left-handed helical arrangement of the transition mo-
ment, meaning left-handed helical main chain. This assign-
ment has been also used for 31¢-helical peptides containing
APhe-X—-APhe unit(s):*>132736) e _ the sign of exciton cou-
plets at band I is a positive peak at longer wavelengths for a
left-handed helix and a negative peak at longer wavelengths
for a right-handed helix. Moreover, the sign of exciton
couplets (a positive peak at longer wavelengths) should be
ascribed to left-handed 3;p- or a-helices, based on theo-
retical CD calculation.’®* Namely, exciton couplets with a
positive peak at longer wavelengths were obtained at band I
for Boc—(Aib—APhe),~Aib~OMe in five left-handed 3o-type
(4—1 hydrogen bonded) helices (1)—(5) and in three left-
handed a-type (5—1 hydrogen bonded) helices (6)—(8) : (1)
=44, p =33, p =54, p=28"; 3 p =71,
Y=18;4) ¢ =53, =36 (5) ¢ =60°, y =30";
6)p =53, =525(7)p =57,y =47";(8) ¢ =63,
Y= 42° . These eight left-handed helices (¢, 1) correspond
to the right-handed ones (—¢, — ) reported.**—*® There-
fore, the main chains of peptides 1—6 prefer the left-handed
screw sense to the right-handed one. Obviously, irrespec-
tive of the types of L-residues (X), N-terminal L-residues in
chloroform tend to induce the left-handed screw sense in two
enantiomeric helices preferentially.

Ny
300 350
Wavelength/ nm
Fig. 5. CD (top) and UV absorption (bottom) spectra of
peptides 1 (—), 2 (---), 3 (+++), 4 (=+=), 5 (—), 6 (---),
and 7 (---) in acetonitrile.

I | 1 1 L
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M L
250 300
Wavelength/ nm

Fig. 6. CD (top) and UV absorption (bottom) spectra of
peptides 1 (—), 2 (---), 3 (++++), 4 (=*-), 5 (—), 6 (---),
and 7 (---) in methanol.

e/ 10™

3
-2
1
0

1 1

PO - N
250 300 350
Wavelength/ nm
Fig. 7. CD (top) and UV absorption (bottom) spectra of
peptides 1 (—), 2 (---), 3 (+++), 4 (=+-), 5 (—), 6 (---),
and 7 (---) in THE.

Figures 5, 6, and 7 show CD and UV absorption spectra
of peptides 1—®6 in acetonitrile, methanol, and THF, respec-
tively. In these solvents, CD patterns at band I were similar
to those in chloroform. It should also be concluded that N-
terminal L-residues induce a left-handed screw sense prefer-
entially. On the other hand, a variety of CD intensitics was
seen, depending on X residues and on solvents. Here the
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chloroform, (b) acetonitrile, (¢) methanol, and (d) THE.

split amplitude (4)*%3 is defined as the difference between
the maximum and minimum A& (A& and Agy,) values
in the couplets of band I. The A values for peptides 1—6
in each solvent are illustrated in Fig. 8. Interestingly, pep-
tide 1 with X = Ala showed the smallest A values in all the
solvents used here. The A value should depend on thermal
fluctuation of helical structure and on the difference between
contents of left- and right-handed helical screw senses in an
equilibrium state. The former contribution to the A value in
chloroform will be small, since all of peptides 1—6 take a
310-type helix of which stability should be mainly ascribed
to a common helical segment —(Aib—APhe),—Aib—OMe in
chloroform. Thus, the A values here should depend on how
much the left-handed helical screw sense dominates over the
right-handed one for the peptide chain in an equilibrium state.
Also in the other solvents, peptide 1 showed the smallest A
values among all peptides. Consequently, the Ala residue
showed the least effective chirality for taking a one-side
helical screw sense preferentially, compared with the other
residues used here. One reason for this should be ascribed to
the side chain of the Ala residue being the smallest (methyl
group), which gives the weakest interaction between meth-
y1 group and peptide backbone to induce a one-side helical
screw sense preferentially.

Main- chain contour maps of X residue (X = Ala,
Leu, Val, Phe, and Nap) were preliminarily calculated
on Ac—-X—(Aib—APhe),—Aib—OMe. Here the segment

Screw Sense Induced by N-Terminal L-Residue
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Amplitude (A) of exciton couplets for Boc—X—(Aib—APhe);~Aib—OMe (X = Ala, Leu, Val, Phe, Nap, and Pro) in (a)

—(Aib—APhe),—Aib—OMe was fixed to the most stable left-
handed helix, and side chain of X residue in each (¢, 1) was
taken as the value that gives the minimal conformational
energy. These maps express the degree of freedom for con-
formation of the N-terminal X residue in left-handed helical
segment. The map for X = Ala with the smallest side chain
showed the widest contour area (i.e., the largest degree of
freedom) among the five, thus indicated that the left-handed
screw sense should be ascribed to steric interaction between
the side chain of the X residue and the helical segment. Also,
such steric interaction might work similarly for all L-residues
to induce a left-handed screw sense preferentially, since all
maps were essentially similar to each other in their patterns.

Except for peptide 1 (Ala), a marked order in the A val-
ues could not be seen through all solvents used here: e.g.,
peptide 5 (Nap) was in the fifth position in chloroform, but
in the second position in THF. Also peptide 4 (Phe) was
in the second position in chloroform, but in the fifth posi-
tion in'acetonitrile. In peptides 2—@6, the change of A order
with solvents might be due to thermal fluctuation depending
on solvents. To clarify this reason, further data on helical
screw sense should be accumulated using helical peptides
with varying their chain-lengths, sequences, environments
(solvent or temperature), and so on.

However, we here could provide a systematic data of the
left-handed screw sense induced by N-terminal L-residue in
achiral peptides, although a number of screw sense data about
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helical peptides with varying their chain-lengths, sequences,
and environments should be accumulated to generalize the
rule that N-terminal L-residue induces a left-handed screw
sense preferentially. First, when an N-terminal L-residue,
irrespective of types of L-residues, is introduced into a hel-
ical segment of achiral peptide, its main chain prefers the
left-handed screw sense. Second, Ala residue, having the
smallest side chain (methyl group), had the least effective
chirality for taking a one-side helical screw sense preferen-
tially, compared with the other residues used here.

The authors wish to express their sincere gratitude to
Professor M. Kawai in Department of Applied Chemistry,
Nagoya Institute of Technology for the use of his CD appa-
ratus.
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