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Abstract: Stepwise solution syntheses are described of the homo-oligomers Z-(Thr),,-NHCH3 (n=1-4, I,_4), Z-
{IGal(Ac)4f]Thr},-NHCH;(n=1-5, II,_s) and Z-[(Galf)Thr]n-NHCHj3 (n=1-5, III,_;). Members of the III,_g series
were obtained by de-acetylation of the corresponding oligomers of the II, 5 series. The conformational
preferences of the terminally protected homo-peptides of the three series were investigated by FT-IR
absorption spectroscopy both in the solid state and in CDCl; solution, at various concentrations. Proton NMR
measurements in CDCl3 and in DMSO-dg were also carried out and the effect of temperature variation on the
chemical shifts of amide protons was determined in DMSO-dg (range 298-335 K) and in CDCl; (range 298-
320K). CD spectra were recorded in water and in TFE. Solubility problems prevented measurements in CDCl3
solution for Z-(Thr),-NHCH3 and for the entire III, 5 series. The existence of unordered structures in the
carbohydrate-free oligomers and of more or less extended, organized structures in the glycosylated derivatives
is indicated by the NMR and IR measurements. The sugar moieties apparently show a structure-inducing
effect on the peptide chain. ©1998 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

The ubiquitous occurrence of glycoproteins reflects
their vital role in a variety of physiological and
pathological processes. The carbohydrate moieties
are involved in some biological functions displayed
by glycoproteins but little information is available
about their role on the conformational features of
these glycoconjugates. The detailed knowledge of the
three-dimensional structure of glycoproteins is
essential not only to understand important physio-
logical functions such as enzymatic catalysis, hor-
mone control, ion transport, cell adhesion,
intercellular interaction and cell recognition, but
also for a rational design of pharmacologically active
glycopeptides.

We have already described [1] the synthesis and a
series of ring-opening polymerization of the sugar-



substituted z-amino acid NCA, [GIcNAc(Ac)sf]Asn-
NCA and [Gal(Ac)4fIThr-NCA. The resulting poly-
mers were fractionated by dialysis and preliminary
conformational studies were carried out on samples
of different molecular weight. CD spectra, in water,
and in TFE, reflect the existence of a random coil-
ordered structure equilibrium, largely shifted to-
wards the unordered structure. Observations based
on FT-IR spectra in CDCl3 offered support to the
existence of intramolecularly H-bonded folded spe-
cies. For a better understanding of the conforma-
tional properties of the glycosylated polymers, the
following homo-oligomers were prepared: Z-(Thr),,—
NHCH3 (n=1-4; I,4), Z-{[Gal(Ac)4f]IThr,,-NHCHj;
(n=1-5; II, 5) and Z-[(Galf)Thrln-NHCHj3 (n=1-5;
III, 5). Members of the III;_5 series were obtained by
deacetylation of the corresponding oligomers of the
II, 5 series. The limited length of the homo-oligopep-
tides and the need to isolate and characterize each
oligomer during chain elongation suggested the
exploitation of the classical stepwise synthesis in
solution for preparing both the glycosylated and the
non-glycosylated series. The use of the N-methyla-
mide derivative of the C-terminal residue allowed us
to introduce an extra amide bond, besides peptide
linkages, in the sequences. Alternate removal of the
benzyloxycarbonyl N-protecting group by catalytic
hydrogenation of the growing peptide chain and
coupling of a new residue by the EDC-HOBt proce-
dure allowed us to prepare peptides containing the
desired number of either side-chain unprotected or O-
glycosylated Thr residues. The conformational pre-
ferences of the terminally protected homo-peptides of
the three series were investigated by FT-IR spectro-
scopy, both in the solid state and in a solvent of low
polarity such as CDCls, at various concentrations.
Proton NMR measurements in CDCl; and DMSO-dg
were also carried out and CD spectra were recorded in
water and in TFE. Owing to the insolubility of Z-
(Thr)4,-NHCHj3 and of the entire III;_g series in CDCl3,
solution measurements in this solvent were only
possible for the I,_3 and II;_5 series.

MATERIALS AND METHODS

Z-Thr-OH was obtained from Novabiochem and
acetic anhydride, DMAP, EDC, HOBt, hydrazine
hydrate and 1,2-pentandione were Fluka products,
Z-OSu and 1,2,3,4,6-penta-O-acetyl-f-D-galacto-
pyranose were purchased from Senn Chemical,
and O-methyl-f-D-galactopyranoside from Sigma.
HOBt-NH,CH3; was prepared by the procedure
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already described [2] for the preparation of the
corresponding salt of N-hydroxysuccinimide. All
other chemicals were of the best grade commercially
available. Melting points were taken on a Buchi mod.
150 apparatus in open capillary and are not
corrected. Optical rotations were determined with a
Perkin Elmer mod. 241 polarimeter. Ascending thin
layer chromatographies were performed on Merck
F254 silica plates using the following solvent
systems:

E1: chloroform/methanol/acetic acid (9:0.8:0.2 by
vol.)

E2: ethyl acetate/butan-1-ol/acetic acid/water
(5:3:1:1 by vol.)

E3: methylene chloride/acetone (10:0.5 v/v)

E4: chloroform/acetone (10:1 v/v)

E5: butan-1-ol/acetic acid/water (3:1:1 by vol.)

Amino acid derivatives and peptides were visualized
by one or more of the following procedures: ninhy-
drin, TDM reagent [3] and UV light. Sugar and sugar
derivative-containing products were located by
spraying the plates with 10% sulphuric acid in
ethanol followed by heating for 10 min at 100°C.
Low-pressure liquid chromatographies were per-
formed on a Buchi 688 Chromatographic Pump
(Silica Gel F 60, 230x49mm column, flow rate
48 ml/min) connected with a Buchi UV /Vis Filter-
Photometer Detector (254 nm) and a Knauer recor-
der; see text for elution conditions. Analytical HPLC
separations were performed either on an Aquapore
RP-300 column (220x4.6 mm, 7 pm, Brownlee
Labs., flow rate 1.5ml/min) or on a Delta-Pack C-
18 column (150 x 3.9 mm, 5 pm, flow rate 1.0ml/
min, or 300 x 3.9 mm, 15 um, flow rate 1.5 ml/min)
in the indicated conditions, on a Perkin Elmer series
3B liquid chromatograph equipped with a LC-90 UV
detector (230 nm) and LC-100 integrator. Eluents A
(0.1% TFA in 90% aqueous acetonitrile) and B (0.1%
aqueous TFA) were used for preparing binary
gradients. Elution conditions for the Aquapore
column: 1, isocratic 10% A for 2 min, linear gradient
10-30% A in 20min and 30-90% A in 5min; 2,
isocratic 45% A for 2 min, linear gradient 45-80% A
in 20min and 80-100% A in 5min. Elution condi-
tions for the Delta-Pack columns: 3, isocratic 15% A
for 2min, linear gradient 15-50% A in 25min and
50-90% A in 5 min; 4, isocratic 5% A for 2 min, linear
gradient 5-30% A in 20 min and 30-90% A in 5 min.
Solvents were dried and freshly distilled and eva-
porations were carried out under reduced pressure,
at 40-50°C, using a rotary evaporator. Yields are
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based on the weight of vacuum-dried product.
Magnesium sulphate was used for drying purposes.

Peptide Synthesis

The homo-oligomers of the series I,_4 and II,_s5 were
prepared by stepwise synthesis in solution starting,
respectively, from H-Thr-NHCH3; and H-[Gal-
(Ac)4f1Thr-NHCH3, both obtained by catalytic
hydrogenation of the corresponding N*-benzyloxy-
carbonyl derivatives. The N*-protected amino acid N-
methyl amides were synthesized by reacting Z-Thr-
OH, or Z-[Gal(Ac)4f]Thr-OH, with HOBt-NH,CH3 in
the presence of EDC as the coupling agent. During
the synthesis the amino group of the growing peptide
chain was deprotected by catalytic hydrogenation
and the EDC-HOBt method was used for the
activation of the carboxyl function of the C-compo-
nent. Deacetylation of the carbohydrate moieties of
the homo-oligomers of the II, 5 series by treatment
with hydrazine in methanol yielded the correspond-
ing glycopeptides of the III;_5 series. All synthesized
peptides were homogeneous by TLC and analytical
HPLC in the indicated conditions, and were char-
acterized by optical rotation, proton NMR, IR spec-
troscopy and elemental analysis.

Z-Thr-NHCH3, I,. HOBt-NH>CH3 (2.0 g, 12 mmol) and
EDC (2.5g, 13mmol) were added to an ice-cooled
solution of Z-Thr-OH (2.96 g, 11.7mmol) in DMF
(18 ml). The reaction mixture was stirred overnight,
evaporated to dryness, and the residue taken up
with 5% NaHCO3; (80 ml) and extracted with AcOEt
(3x50ml). The organic layers were combined,
washed with aqueous 5% NaHCOj3; (50 ml) and
saturated NaCl (2 x 50ml), dried and evaporated to
dryness. Yield 2.74 g (88%); single spot by TLC in E1;
m.p. 153-156 °C; [a]D25z—5.2° (c=0.76, MeOH);
homogeneous by HPLC (elution conditions 1). Cal-
culated for C;3H;504N5 (266.28): C 58.65; H 6.81; N
10.52. Found: C 58.70; H 6.84; N 10.23. Proton
NMR data are shown in Table 1. Solution and solid-
state IR data are shown in Tables 3 and 5,
respectively.

Z-Thr-Thr-NHCH3;, I,. A solution of EDC (2.1 g,
11 mmol) in DCM/DMF (10ml, 9:1 v/v) was added
to an ice-cooled solution of Z-Thr-OH (2.53 g, 10
mmol) and HOBt (2.3 g, 17 mmol) in DCM/DMF
(20ml, 1:1 v/v). After 15 min a suspension of H-Thr-
NHCHj3. HC1(1.69 g, 10mmol) in DCM (20ml) and
Et3N (1.4 ml, 10 mmol) were added [the amino com-
ponent was separately prepared by catalytic hydro-
genation of a methanolic solution of the Z-derivative

Table 1 NH Chemical Shifts (6 in p.p.m., TMS as the Internal Standard), NH-CH” Coupling Constants (J in Hz)
and Temperature Coefficients (dé/dT, in p.p.m. x 103/K) in DMSO-dg Solution (Temperature Range 298-335 K)
and in CDC13 (*) Solution (Temperature Range 298-320 K) of the Homo-oligomer Series I, II and III

Terminal NH

Internal NH

NH-CHj;

6 NH (CJ,np) d6/dT 8 NH CJ,.nn) dé/dT O NH (Cdepny) do/dT
I, 6.84(8.19) -7.5 7.77 (4.4) -5.4
I, 7.13(8.5) —7.0 7.64(8.52) -3.6 7.64 (4.7) -4.8
I 7.11(8.58) -6.9 7.83(8.09); 7.62 (8.47) -38.7; — 4.0 7.59 (4.9) -4.3
L, 7.12(8.44) —7.4 7.85(7.85); 7.80 (7.94); 7.62 (8.62); -3.7: —2.8; —3.3 7.60 (4.5) —4.5
II, 6.90(7.73) -8.0 7.57 (8.0 -4.2 7.44 (4.4) -7.0
II, 6.91(7.54) -6.9 7.64 (7.8); 7.47 (7.82) —4.0; —4.0; 7.29 (4.75) -6.2
II, 6.93(7.39) -7.7 7.62(7.5); 7.5 (7.6); 7.38 (=) -4.0; —4.8; —3.3 7.23 (4.7) -5.8
II; 6.91 (7.28) —7.1 7.58(7.0); 7.48 (7.41); 7.41 (6.98); 7.35 (=) —-3.7; —4.0; —3.3; —2.6 7.21 (4.5) -6.0
II,* 5.93 (6.1) -2.4 6.47 (4.2) -2.7
IL,* 5.84 (6.98) —-2.9 7.45 (6.6) -2.0 6.47 (4.5) -2.1
II,* 5.86 (6.45) -2.7 7.43(6.8); 7.31 (6.91) -2.6; — 1.8 6.47 (4.5) -1.8
IL* 5.88 (6.07) —3.3 7.4 (7.28); 7.34 (6.63); 7.27 (5.67) -2.9; —2.0; — 1.5 6.48 (4.67) -1.8
II;* 5.88 (6.08) -3.5 7.38(-); 7.35 (-); 7.27 (-) 7.26 (-) -2.6; —1.4; —1.4; —1.6 6.49 (4.84) -1.9
III, 6.94 (7.97) -7.8 7.68 (4.19) -5.0
I, 7.30 (7.78) -7.6 7.59 (7.51) -2.6 7.39 (4.95) -3.0
III; 7.30 (7.78) —7.4 7.73 (7.57); 7.63 (7.68) -33 —-24 7.43 (4.37) -3.0
I, 7.30(-) —7.5 7.77 (7.64); 7.70 (7.46); 7.65 (7.17) -3.8; —2.4; —2.2 7.49 (4.58) -3.6
III; 7.30 (-) —7.9 7.74 (-); 7.74 (-); 7.74 (-); 7.65 (7.17) —2.0; —2.0; —2.0; —2.2 7.43 (4.78) -2.9
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and precipitated with 4N HCI in dioxane (yield 95%].
After 4 h stirring the solvent was removed and the
oily residue taken up with AcOEt (80 ml) and worked
up as described for I,. Yield 3.2 g (87%); single spot
by TLC in El; m.p. 175-176°C; [e]p?°= -13.9°
(c=1.1, MeOH); homogeneous by HPLC (elution
conditions 1). Calculated for C;;H506N3 (367.41):
C55.57; H6.87; N 11.44. Found: C 56.12; H6.94; N
11.30. For the 'H-NMR data see Table 1 and for the
IR data see Tables 3 and 5.

Z-Thr-Thr-Thr-NHCH3;, 13. The title compound was
prepared from Z-Thr-OH (1.82 g, 7.1 mmol), HOBt
(1.65 g, 12.2mmol), EDC (1.51 g, 7.9 mmol), H-Thr-
Thr-NHCHjs. HC1 (1.94 g, 7.2 mmol) and Et3N (2 ml,
14.4mmol) in DCM/DMF (20ml, 1:1 v/v) as de-
scribed for I,. Reaction time 22 h. Yield 1.69 g (50%);
single spot by TLC in El; m.p. 196-197 °C;
[0]p2°=-23° (c=0.85, MeOH): homogeneous by
HPLC (elution conditions 1). Calculated for
Co1H3,08N, (468.52): C 53.83; H 6.88; N 11.96.
Found: C 52.44; H 6.86; N 11.86. For the 'H-NMR
data see Table 1 and for the IR data see Tables 3
and 5.

Z-Thr-Thr-Thr-Thr-NHCH3, 1,. Prepared from Z-Thr-OH
(0.527 g, 2.08 mmol), HOBt (0.477 g, 3.5 mmol),
DC (0.426 g, 2.22mmol), H-Thr-Thr-Thr-NHCHj3;.
HCI (0.696 g, 2.08 mmol) and EtzN (0.51ml, 3.66
mmol) as described for I,. Reaction time 20 h.
Yield 0.5 g (42%); single spot by TLC in E2; m.p.
173-175°C; [0]p2®=—40.3° (c=0.79, water); homo-
geneous by HPLC (elution conditions 1). Calculated
for Cy5H39010N5 (5669.61): C 52.72; H 6.90; N
12.29. Found: C 52.28; H 6.77; N 12.06. For the
'H-NMR data see Table 1 and for the IR data see
Table 5.

Z-(Gal(Ac)4 B)Thr-OH. Z-OSu (1.1 g, 4.45mmol) and
EtsN (0.62 ml, 4.45 mmol) were dissolved in acetoni-
trile (25 ml) and added to an ice-cooled solution of H-
[Gal(Ac)4fIThr-OH [4] (2.0 g, 4.45mmol) in water
(30ml). After 30min at room temperature the
organic solvent was removed, the aqueous solution
acidified to pH 6 by adding solid KHSO,, and
extracted with ethyl acetate ( 3 x 10ml). The organic
phases were combined, washed with water
(3 x20ml), dried and evaporated in vacuo. Yield 2.5
g (96%); single spot by TLC in E1; m.p. 55-59°C;
[lp>®=+2.1° (c=1.14, MeOH). Calculated for
CosH330 14N (583.19): C 53.52; H 5.70; N 2.40.
Found: C 53.94; H 5.83; N 2.55. IR (KBr) vyax 3432,
1748, 1515. 'H-NMR (200 MHz, CDCly): 7.37 (m,
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5H, phenyl); 5.61 (d, 1H, CONH, 3J,, xy; 8.9 Hz); 5.37
(m, 1H, H-4); 5.12 (dd, 1H, H-2); 5.11 (s, 2H, CHy);
4.98 (dd, 1H, H-3); 4.51 (d, 1H, H-1, 3J, 5 7.7 H2);
4.43 (m, 1H, f-CH); 4.37 (m, 1H, «-CH); 4.15 (m, 2H,
H-6, H-6); 3.84 (dd, 1H, H-5); 2.14, 2.04, 1.98 (m,
12H, 4 CH3CO); 1.23 (d, 3H, y-CHa).

Z-(Gal(Ac)4 B)Thr-NHCH3, II,. EDC (1.7 g, 9.0 mmol)
was added to an ice-cooled solution of Z-[Gal-
(Ac)4f1Thr-OH (4.7 g, 8.0 mmol) and HOBt-NH5;CHj3
(1.3 g, 8.0mmol) in anhydrous DMF (20ml). After
3 h stirring, the reaction mixture was evaporated to
dryness and the residue taken up with ethyl acetate
(120 ml), washed with 5% NaHCO3 (2 x 60ml), 0.1N
KHSO,; (2x60ml) and saturated aqueous NaCl,
dried and evaporated to dryness. Yield 4.3 g (90%);
single spot by TLC in E4; m.p. 121-123°C;
[0lp2®=+1.9° (c=0.25, MeOH); homogeneous by
HPLC (elution conditions 2). Calculated for
Co7H360:3Ns (596.54); C 54.36; H 6.03; N 4.69.
Found: C 54.52; H 6.02; N 4.70. For the 'H-NMR
data see Table 1 and for the IR data see Tables 4
and 5.

H-(Gal(Ac)4B)Thr-NHCH;3.  Z-[Gal(Ac)4f1Thr-NHCH;
(4.28 g, 7.17mmol) was dissolved in methanol
(40ml) and hydrogenated in the presence of 10%
Pd/C. After 60min the catalyst was removed by
filtration, the solution evaporated to dryness and the
oily residue dissolved in diethyl ether and precipi-
tated with 4N HCl in dioxane. The crude product was
dissolved in water (50 ml), the pH value adjusted to 8
with 5% NaHCOg3, and the solution extracted with
ethyl acetate (2x20ml). The combined organic
layers were dried and evaporated to dryness. Yield
2.62 g (79%); single spot by TLC in EI1; oil;
[0]p>°=—-7.6° (c=0.87, MeOH). Calculated for
C19H290:1N> (461.44): C 49.45; H 6.33; N 6.07.
Found: C 49.65; H 6.53; N 5.68. IR (KBr) vyax 3403,
1749, 1667, 1534. '"H-NMR (200 MHz, CDCly): 7.15
(broad, 1H, NH-CHj3); 5.4 (dd, 1H, H-4); 5.15 (dd,
1H, H-2); 5.0 (dd, 1H, H-3); 4.5 (d, 1H, H-1, 3J, », 7.7
Hz); 4.25 (m, 1H, -CH); 4.1 (d, 2H, H-6, H-6); 3.85
(td, 1H, H-5); 3.25 (m, 1H, «-CH); 2.8 (d, 3H, NH-
CHs, ®Jcpng 4.9 Hz); 2.2, 1.95 (4s, 12H, 4 CH5CO);
1.15 (d, 3H, y-CHaj).

Z-{(Gal(Ac), B)Thr},-NHCH3, 1I,. Prepared from Z-
[Gal-(Ac)4f1Thr-OH (2.8 g, 4.79 mmol), HOBt (1.1 g,
8.1mmol), EDC (1.0 g, 5.2mmol), and H-[Gal-
(Ac)4fIThr-NHCH; (2.2 g, 4.8mmol in 13ml of
DCM) in DCM/DMF (10ml, 1:1 v/v) as described
for the preparation of II,. Reaction time 2h. Yield

JOURNAL OF PEPTIDE SCIENCE, VOL. 4, 58-71 (1998)



62 BIONDI ET AL.

4.51 g (92%); single spot by TLC in E1; m.p. 110-
112°C; [u]p2®=+ 1.5° (c=1.2, MeOH); homogen-eous
by HPLC (elution conditions 2). Calculated for
C45He1024N3 (1027.99): C 52.57; H 5.98; N 4.08.
Found: C 52.60; H 5.93; N 3.95. For the 'H-NMR
data see Table 1 and for the IR data see Tables 4
and 5.

Z-{(Gal(Ac), B)Thr}3-NHCH3, IIz Prepared from Z-
[Gal-(Ac)4f1Thr-OH (2.3 g, 3.9 mmol), HOBt (0.9 g,
6.6mmol), EDC (0.8 g, 4.3mmol), and H-{[Gal-
(Ac)4f1Thr}o-NHCH3 (3.5 g, 3.9 mmol) as described
for II,. Reaction time 2 h. Yield 4.46 g (78%); single
spot by TLC in E1; m.p. 156-158°C; [«]p2®=+3.9°
(c=1.23, MeOH); homogeneous by HPLC (elution
conditions 2). Calculated for CgsHggO35N4
(1459.39): C 51.85; H 5.94; N 3.84. Found: C
51.88; H 5.92; N 3.77. For the 'H-NMR data see
Table 1 and for the IR data see Tables 4 and 5.

Z-{(Gal(Ac), B)Thr}4,-NHCH3, 11, Prepared from Z-[Gal-
(Ac)4f1Thr-OH (1.32 g, 2.26 mmol), HOBt (0.52 g,
3.85mmol), EDC (0.48 g, 2.5 mmol), and H-
{IGal(Ac} 4Thr};-NHCH; (3.0 g, 2.26 mmol) as de-
scribed for II,. Reaction time 4 h. In this case a
further purification was needed and the product was
taken up once more in ethyl acetate (50ml),
extracted with 0.1N KHSO, (2 x30ml), dried and
evaporated to dryness. Yield 2.94 g (69%); single
spot by TLC in E1; m.p. 134-135°C; [oc]D25:+4.82°
(c=0.83, MeOH); homogeneous by HPLC (elution
conditions 2). Calculated for Cg;H;11046N5 (1890): C
51.45; H 5.92; N 3.70. Found: C 50.34; H 5.74; N
3.47. See Table 1 for the 'H-NMR data and Tables 4
and 5 for the IR data.

Z-{(Gal(Ac), B)Thr}s-NHCH3, 1Is. Prepared from Z-
[Gal(Ac)4flThr-OH (0.46g, 0.79 mmol), HOBt (0.18
g, 1.34mmol), EDC (0.17g, 0.91mmol) and H-
{IGal(Ac)4f]IThr},-NHCH;3 (1.38g, 0.79 mmol) and
isolated as described for II,. The product, still in-
homogeneous by TLC in E1, was further purified by
medium-pressure liquid chromatography (3.5%
methanol in chloroform as the eluent). Fractions
containing the pure product (TLC in E1) were
combined, evaporated to dryness and the residue
was triturated with tert-butyl methyl ether and
dried. Yield 0.53g (29%); m.p. 136-138 °C;
[alp2®=+4.3° (¢=0.98, MeOH); homogeneous by
HPLC (elution conditions 2). Calculated for
CooH136057Ng (2322): C 51.20; H 5.90; N 3.62.
Found: C 51.03; H 5.89; N 3.45. See Table 1 for the
'H-NMR data and Tables 4 and 5 for the IR data.
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Deacetylation Procedure

All the homo-oligomers of the series II, 5 were
deacetylated with hydrazine hydrate using the same
procedure. All the resulting homo-oligomers of the
series III,_s were homogeneous by TLC (E1, E5) and
HPLC (elution conditions 3 for III,_3 and 4 for III,
and III5), and gave the expected elemental analyses
(C, H, N). For the 'H-NMR data see Table 1 and for
the IR data see Table 5. As an example, the
deacetylation of Z-[(Gal(Ac)4fIThr-NHCH;3; is de-
scribed in detail. Yields and analytical data are
shown in Table 2.

Z-(Galp)Thr-NHCH; 111, . Hydrazine hydrate (0.64 ml,
13.2 mmol) was added to a solution of II; (393 mg,
0.66 mmol) in MeOH (10ml) and the reaction was
monitored by TLC (E1). After 3h the mixture was
cooled in an ice-bath and 2,4-pentanedione
(1.36ml, 13.2mmol) was added. After further
60 min the solution was evaporated to dryness and
the residue taken up with water (100ml) and
extracted with chloroform (6 x40 ml). The aqueous
phase was first concentrated to a small volume and
then lyophilized. The product was precipitated from
MeOH with diethyl ether and triturated with tert-
butyl methyl ether.

Methyl 2,3,4,6-tetra-O-acetyl-3-D-galactopyranoside

The title compound was prepared for establishing
the contribution of the tetra-acetylated sugar moiety
to the CD spectra. Acetic anhydride (7.6ml,
80 mmol) and DMAP (0.2 g, 1.6 mmol) were added
under stirring to an ice-cooled solution of methyl f-
D-galactopyranoside (2.0 g, 10mmol) in pyridine
(5ml). The mixture was stirred overnight at room
temperature and the solvent was removed in vacuo.
The oily residue was dissolved in ethyl acetate
(100ml), washed with water (1x30ml), 0.1 M
KHSO, (2x30ml), 5% NaHCOs (1 x30ml), satu-
rated NaCl aqueous solution, dried and evaporated

Table 2 Yields and Analytical Data of the Indicated
Homo-oligomers of the Series III

Oligomer  Yield (%) M.p. (°C) [e]p?® (H20)

III, 38 118-119 +0.66° (c=0.90)
1103 59 167-169 —1.42° (c=0.91)
III; 93 184-186 —4.42° (c=0.81)
I, 98 197-198 —6.94° (c=0.86)
15 98 205-206 -6.28° (c=0.86)
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to dryness. Crystallization from ethanol of the
oily residue gave 1.9g (52%); m.p. 93-94°C;
[0]*°r=—13.9° (c=2.65, CHCly); single spot by TLC
in E1. Calculated for C15H2501 (362.33): C 49.72; H
6.12. Found: C 50.46; H 6.01. IR (KBI): vmax 3479,
1751. 'H-NMR (400 MHz, CDCls): 5.39 (q, 1H, H-4,
8Js3 3.47 Hz, 3J45 1.0 Hz); 5.19 (q, 1H, H-2, 3J5 5
10.5 Hz, 3J,; 7.9 Hz); 5.01 (dd, 1H, H-3, 3J3, 10.5
Hz, 3J5 4 3.47 Hz); 4.4 (d, 1H, H-1, 3J, , 7.84); 4.20
(dd, 1H, H-6, 3Js 5 6.49 Hz, 3Js ¢ 11.21 Hz); 4.13 (dd,
1H, H-6', %Js 5 6.98 Hz); 3.9 (m, 1H, H-5); 3.51 (s,
3H, OCHg); 2.15 (s, 3H, CHsCO); 2.06 (s, 3H,
CH5CO); 2.05 (s, 3H, CH5CO); 1.98 (s, 3H, CH,CO).

Infrared Absorption

Infrared absorption spectra were recorded with a
Perkin Elmer Model 1720 FT-IR spectrophotometer
(Norwalk, Connecticut, USA), nitrogen flushed, at
2 cm~! nominal resolution, average 16 scans for 10
and 1.0 mM sample concentrations, or 64 scans for
0.1 mM sample concentration. Solvent (baseline)
spectra were recorded under the same conditions.
Cells with path lengths of 0.1, 1.0 and 10 mm (with
CaF,; windows) were used. Spectrograde deutero-
chloroform (99.8% d) was purchased from Merck
(Darmstadt, Germany). For the solid-state measure-
ments a Perkin-Elmer 580 B infrared spectrophot-
ometer, with a Perkin Elmer infrared data station,
and the KBr disk technique were used. Elaboration
of the spectra with subtraction of the baseline and
the second derivative was carried out with a Spectra
Calc. program (Galactic, Salem, USA).

Proton Nuclear Magnetic Resonance

Proton NMR spectra were recorded with a Bruker
AC-200, a Bruker Ac-250F or a Bruker Model AM-
400 spectrometer. Measurements were carried out at
298 K in CDCl3 (99.96%) d, Merck) and DMSO-dg
(99.96% dg, Fluka, Buchs, Switzerland) with tetra-
methylsilane as the internal standard. Sample
concentration was in the range 8-10 mg/ml. The
free radical TEMPO was purchased from Sigma (St.
Louis, Missouri, USA). Spectra at different tempera-
tures were only recorded at 400 MHz, at a sample
concentration of 5 mg/0.5ml. NMR spectra of all the
homo-oligomers of the three series were fully con-
sistent with their structures.
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Circular Dichroism

CD measurements were performed at 298 K, over
the 250-190 nm region, using either a Jasco-600 or
a Jasco-715 spectropolarimeter. The number of
accumulated scans ranged from 4 to 8, depending
on the intensity of the CD signal. Sample concentra-
tion was about 1 mM in water and in TFE and the
optical path length was 0.02 cm. The spectra
reported are original computer-drawn CD curves.
The limited contribution of the acetylated, or de-
acetylated, sugar moieties to the optical activity of
the different homo-peptides was subtracted from the
oligomer spectra; [0]g represents the residue molar
ellipticity (deg ecm?/dmol).

RESULTS AND DISCUSSION

Infrared Absorption

The conformational preferences of the homo-oligo-
mers of the three series were examined by FT-IR
absorption in a structure-supporting solvent
(CDCls, peptide concentrations in the range 10-0.1
mM) and in the solid state (KBr pellets). As pointed
out above, only IR solid-state measurements were
possible for I, and the entire III, 5 series. The
infrared absorption frequencies of the oligomers I,;_
3 and II, 5 in the 3500-3250 cm™' region (N-H
stretching mode) and 1800-1600 cm™! region (C=0
stretching mode), as obtained from the second
derivative spectra, in CDCls solution at different
concentrations are shown in Tables 3 and 4,
respectively. For comparison the absorption fre-
quencies determined for the homo-polymer poly-
{[Gal(Ac)4 SIThr} (MW = 80,000) [1] are also reported
in Table 4. The infrared absorption frequencies of
the three series in the solid state are shown in Table
5 together with those of poly-{[Gal(Ac),f]Thr} and
poly-[(Galp)Thr] [1].

The FT-IR absorption spectra, in the 3500-3250
cm™! region, of all the members of the II,_5 series
(peptide concentration 1.0 mM) are shown in Figure
1. The spectrum of the monomer II; exhibits an
intense band at 3413 cm™! (very weakly H-bonded
NH groups), a shoulder at 3450 cm! (free NH
groups) and a weak, broad band at about 3490
cm~L. In the dipeptide II, spectrum a new absorption
is visible at about 3330 cm™!, while the shoulder at
3450 cm™! disappears. The intensities of the 3413
and 3330 cm' bands gradually increase with
increasing main-chain length. Concomitantly, the
absorption at 3330 cm™! shifts towards higher
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Table 3 Infrared Absorption Frequencies (cm™!) of the Indicated Oligomers in CDCl3 Solution

Oligomer Conc. (mM) IR frequencies (vpax)
I, 10 3426s 1708s 1669s 1538m 1501s
1.0 3426s 1707s 1669s 1539m 1501s
0.1 3426s
I, 1.0 3417s 1717m 1669s 1540sh 1499m
0.1 3415s
I3 1.0 3416w 3287s 1687m 1655w 1616s 1555m 1500w
0.1 3417w 3289m
s, strong; m, medium; w, weak; sh, shoulder.
Table 4 Infrared Absorption Frequencies (cm™) of the Indicated Oligomers in CDCl,; Solution
Oligomer Conc. (mm) IR frequencies (Viax)
I, 10 3500w 3413s 1750s 1715 sh 1677m 1498m
1.0 3490w 3413s 1750s 1715 sh 1677m  1498m
0.1 3412s
II, 10 3500w 3415s 3330w 1751s 1715sh 1680 sh 1666w 1495w
1.0 3500w 3414s 3330w 1751s 1715sh 1680 sh 1660w 1492w
0.1 3413s 3330w
II3 10 3490w 3412s 3360m 1751s 1691w 1662w 1492w
1.0 3490w 3411s 3360m 1751s 1715sh 1692w 1664w
0.1 3480w 3411s 3360m
I, 10 3490w 3407s 3370s 1751s 1693w 1663w 1498w
1.0 3480w 3405s 3370s 1751s 1693w 1663w 1495w
0.1 3480w 3405s 3370s
IIs 10 3490w 3380s
1.0 3480w 3380s 1753s 1695w 1662w 1489w
0.1 3480w 3405w 3380s
poly II* 3480w 3368s 1752s 1696w 1663w

s, strong; m, medium; w, weak; sh, shoulder; #Poly-II is poly-{[Gal(Ac)4f]Thr} (MW = 80,000); ref. [1].

Absorbance

3500 3400 3300
Waveaumbers (car1)

Figure 1 FT-IR absorption spectra in the N-H stretching

region of the Z-{[Gal(Ac),f]Thr},_s-NHCH3 homo-peptides
(II,_s) in COCl; solution (concentration 1.0 mm).

© 1998 European Peptide Society and John Wiley & Sons, Ltd.

wavenumbers and in II5 the two bands overlap in a
broad absorption maximum centred at about 3380
cm~!. In the concentration range examined (1.0-0.1
mmM) the FT-IR absorption spectra of the oligomers
II, 5 remain substantially unchanged, suggesting
that no self-association through intermolecular H-
bonding occurred. The IR absorption results provide
evidence that intramolecular NH- - -O=C interactions
predominate in the conformational equilibrium
mixtures of the homo-oligomers of the II,_5 series
in CDCl3 solution. The presence of bands between
3415 and 3400 cm~! may be ascribed to the
existence of structures stabilized by five-atom hy-
drogen-bonded rings in which the molecules accom-
modate the extended conformation Cs [5-7]. The
bands between 3330 and 3400 cm ™! have often been
assigned to the y-turn (C7) conformation [5, 8-10].
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Table 5 Infrared Absorption Frequencies (cm™') of the Indicated Oligomers in

the Solid State (KBr pellets)

Oligomer IR frequencies (Vmax)

I, 3378m 3299s 1691s 1633s 1520s
I, 3400 sh 3285s 1693s 1640s 1537m
I3 3400 sh  3297s 1690 sh 1642s 1541m
I, 3369s 1651s 1526m
I, 3450 sh  3405m 1748s 1700 sh 1673m  1500m
II, 3500 sh  3411m 1749s 1700 sh 1669m  1505m
I3 3500 sh 3407m 1750s 1667m 1505m
1 9 3500 sh  3403m 1750s 1666m  1503m
II5 3500 sh  3399m 1751s 1666m  1501m
Poly II* 3389m  1752s 1663m  1494m
III, 3407s 1709m 1657m 1535m
III, 3388s 1700 sh 1656m  1527m
III5 3386s 1700 sh 1653s 1522m
III, 3387s 1650s 1521m
III5 3387s 1650s 1521m
Poly III° 3385s 1648s 1521m

s, strong; m, medium; w, weak; sh, shoulder.
2Poly-{[Gal(Ac)4fIThr} (MW~80,000); ref. [1].

Ppoly-[(Galf)Thr] (MW~50,000); ref. [1].

A population of C; structures is consistent with
the intramolecularly H-bonded peak at 3380 cm™!
of the II, and IIs oligomers. In the II, and II3
derivatives the low-frequency band at about 3330
cm~! may also suggest the presence of a H-bonded f3-
turn [9, 10], but the C=O stretching vibration
does not support this structure [11, 12]. In the
1800-1600 cm™! region (Table 4) the different kinds
of C=0 groups give rise to three main different
bands. The ester C=0O groups are non-H-bonded
and show absorption maxima at 1753-1750 cm™'.
The urethane C=0 group gives a band at 1715 cm™!
(shoulder), whose intensity decreases form II; to
II;, while, starting from II;, a new absorption,
increasing with peptide chain elongation, is visible
at 1680-1696 cm~'. The shift to lower frequencies
suggests the involvement of the urethane C=0 group
in intramolecular hydrogen bonding [10]. The amide
I band of the monomer appears at 1677 cm™!, shifts
to 1660 cm™! in the dimer, and its position
practically remains unchanged up to the pentamer.
This finding seems to indicate that an intra
molecularly H-bonded structure is formed at the
dimer level [11], the frequency values being consis-
tent with weakly H-bonded N-H and C=0O groups.
The poly-{[Gal(Ac)4f]1Thr} [1] spectrum is quite simi-
lar to those of the homo-peptide IIs. A comparison
between the IR data obtained in solution (Table 4)
and in the solid state (Table 5) for the oligomers II; _5
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suggests that the intramolecular interactions are
similar.

The structure of the deacetylated derivatives
III, 5 in the solid state is characterized by the
presence of NH and C=0O groups which are bonded
more strongly than in the corresponding derivatives
II, 5. As for the type of secondary structure formed,
the positions of the amide I band (1648-1657 cm™})
and amide II band (1521-1535 cm™!) are not
compatible with the onset of a f-sheet structure
[12]. The solid-state IR absorption spectra of the
homo-peptide IIl5 is similar to those of the poly-
[(Galp)Thr] [1].

The oligomers I; and I, in CDCl; solution show a
maximum at 3426-3415 cm~! (Table 3) which is
indicative of either free or extremely weakly H-
bonded NH groups. In the IR spectrum of I3, at 1.0
mM concentration, an intense band, related to
strongly H-bonded NH groups, is visible at 3287
cm~!. This band, whose intensity decreases at 0.1
mM concentration, may be assigned to intermolecu-
larly hydrogen-bonded species. The presence of
strong hydrogen bonds would be expected to pro-
duce a corresponding amide I maximum shifted to
significantly low frequencies. Indeed an intense
feature is observed at 1616 cm~!. The IR spectra of
the oligomers of the I, 4 series in the solid state
(Table 5) make evident their tendency to self-
associate.
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Proton Nuclear Magnetic Resonance

Additional information on the conformational pre-
ferences of the Thr-based terminally protected
homo-oligomers can be drawn from the NMR experi-
ments. The 'H-NMR parameters for the NH reso-
nances in the oligomers of the three series are
summarized in Table 1. Chemical shifts, NH-CH”
coupling constants and temperature coefficients
[13, 14] were determined in DMSO-dg for the I, 4
and III,_5 series and in DMSO-dg and CDCls for the
II, 5 series. In both solvents, CDClz and DMSO-dg,
the NH resonance of the N-terminal residue (Thr') of
all the homopeptides, owing to the presence of the
urethane protecting group, is considerably shifted
upfield from the remaining NH signals which arise
from an NH involved in a peptide bond [15, 16]. The
signal of the C-terminal NHCHj; at lower fields is
identified by its multiplicity. The NH resonance of
Thr? in the dipeptides is assigned by elimination. An
unequivocal assignment of the internal NH signals
for the tri-, tetra- and pentapeptides is not possible.
The resonances reported in Table 1 for the internal
NH protons are arbitrarily listed in a decreasing
order. Obviously, with increasing peptide main-
chain length, the number of NH proton doublets
increases and their occurrence in a narrow range of
chemical shifts may be considered as a first indica-
tion of a closely related structural environment for
all internal NH groups, particularly in the higher
member of the series, and represents a preliminary

indication of the involvement of these protons in a H-
bonding scheme [11, 14].

In the weakly interacting medium CDCl;, both
main-chain elongation and temperature variation
induce remarkably small effects in the NH chemical
shifts of the II,_5 oligomers (Table 1). As a repre-
sentative example, the variations of the NH chemical
shifts vs. temperature for Il, are illustrated in Figure
2 (A). In the range of temperature examined, the
chemical shift variations are linear and negligible
and the coupling constant changes are limited,
suggesting that no major conformational rearrange-
ment occurred [17]. The low-temperature coeffi-
cients indicate that initially the NH protons are
either exposed to the solvent or shielded (hydrogen
bonded or buried) and that their environment
remains unchanged through the temperature range
examined. [15, 16, 18]. The solvent accessibility of
the NH protons, which is indicative of a possible
participation to hydrogen bonds, was examined by
adding increasing amounts either of DMSO-dg [19,
20] or of the paramagnetic radical TEMPO [21] to the
CDCl3 solution. As an example, the effect of the
perturbing agent DMSO-de on the chemical shifts of
the NH protons of II, is shown in Figure 2(B). The
solvent titration curves provide no clear evidence for
solvent-dependent conformational transitions up to
a 20% concentration of DMSO-dg. The NH protons of
II; 5 are slightly sensitive to the perturbing agent
and very probably highly shielded from the solvent.
Only the Thr' NH resonance is perturbed, although
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Figure 2 Plot of NH chemical shifts in 'H-NMR spectrum

of Z-{Gal(Ac)4f]1Thr},-NHCHj3 (ILy):(A) vs. temperature in CDCl3

solution; (B) as a function of increasing percentages of DMSO-dg to the CDCl; solution (v/v); (C) vs. temperature in DMSO-de

solution.
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to aminor extent, by DMSO-dg, suggesting a partial
solvent exposure. Similar conclusions can be drawn
from the results (not shown) of the paramagnetic
radical-induced line-broadening study. These NMR
findings seem to indicate that, in a solvent of low
polarity, intramolecularly hydrogen-bonded forms
(Cs and y-turns) significantly populate the confor-
mational equilibrium mixtures of the glycosylated
and acetylated homo-peptides, and confirm the FT-
IR absorption results discussed above. On going
from the poor hydrogen-bonding solvent CDCl; to a
strongly hydrogen-bond accepting solvent such as
DMSO-dg, the Thr' NH and NHCH3 amide protons of
the series II,_5 show relatively large downfield shifts
(1.0 p.p.m. and 0.97-0.72 p.p.m., respectively) and
high temperature coefficients (Table 1), suggesting
that these groups are fully exposed to the solvent.
The central part of the peptide sequences seems to
be less accessible to the solvent as the internal NH
protons exhibit small changes in their chemical
shifts (0.21-0.09 p.p.m.). In the oligomers II, and
IIs one and two NH groups, respectively, give
intermediate temperature coefficients (0.0037-
0.0033 p.p.m./K), suggestive of a partial shielding
and of weak hydrogen bonds, while one NH proton
exhibits a low do/dT value (0.002 p.p.m./K), char-
acteristic of a solvent-shielded and intramolecularly
hydrogen-bonded NH group. The variations of the
NH chemical shifts vs. temperature, in DMSO-dg, for
II, are shown in Figure 2(C). The changes in the
chemical shifts are linear in the temperature range
examined, suggesting that no major conformational
rearrangements occurred. The 3J,nu values, on
average larger than those determined in CDCls,
may indicate a more extended conformation: it
seems that in DMSO-dg the peptide overall structure
only suffers small rearrangements, mainly involving
hydrogen-bonding interactions of the terminal resi-
dues. In the II, and IIs members of the series folded
forms similar to those determined in CDCl3 (y
conformations) may exist in equilibrium with par-
tially unfolded structures.

In the deacetylated oligomers III; 4, in DMSO-dg
solution, the signals of the NH protons are com-
pletely resolved but in the pentamer III5 the three
NH doublets partially overlap. The Thr' NH proton
temperature coefficients are high (0.0074-0.0079
p-p-m./K) for the entire III, g series, while those for
NH-CHj decrease to intermediate values on going
from the monomer to the pentamer (0.005 p.p.m./K
for III;, and 0.0036-0.0029 p.p.m./K for III, s).
Internal amide protons dé/dT values, particularly
those of III5 (0.002-0.0022 p.p.m./K), are charac-
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teristic of solvent-shielded NH groups. The low
coefficients probably reflect stronger hydrogen
bonds in the deacetylated derivatives than in the
corresponding acetylated ones. Moreover, in the
higher oligomers of the series III also the NH-CHj
residue may be involved in an intramolecular
hydrogen bond. The ®J, xy values may suggest an
extended conformation and the linear chemical shift
variations indicate that no major conformational
rearrangements occurred in the temperature range
examined. The NH chemical shifts of III5, virtually
identical, could indicate a disordered form [16] for
this peptide, but the five «-CH protons give rise to a
signal pattern 1:2:1:1 (not shown) that might
suggest the formation of a preferred conformation,
stabilized by hydrogen bonds [22]. The involvement
(starting from Thr?) of the NH protons in intramole-
cular hydrogen bonds might suggest the presence of
a y-turn conformation. On the other hand, the
peptide backbone conformation could be also in-
duced by an interaction with the bulky galactosyl
side-chain residues. the downfield shift of the amide
protons occurring in all of the III,_g oligomers, when
compared with the acetylated derivatives, may be
due to the steric limitation of the spatial arrange-
ments of the bulky side chains [22].

In the peptides I,_4, the Thr! NH and NH-CHj
groups appear to be exposed to DMSO-dg in which
they exhibit large temperature coefficients (0.0069-
0.0075 and 0.0043-0.0054 p.p.m./K, respectively).
The low ddé/dT value (0.0028 p.p.m./K) of one of the
internal amide groups of I, could suggest the
presence of a hydrogen bond, but the other tem-
perature coefficient values point to a limited degree
of solvent shielding for the remaining NH groups.
The NH-CH” coupling constants are large (>8 Hz)
for most residues and favour extended structures
[23]. The solvent-shielded character of the internal
NH protons could suggest the possibility that a
certain amount of f-sheet conformation would
contribute to the conformational equilibrium [23].
These findings agree with the FT-IR results dis-
cussed above.

Circular Dichroism

The far ultraviolet CD spectra of the oligomers II; 5
in TFE are shown in the left hand side of Figure 3.
The spectra of all the glycopeptides, with the
exception of II;, are characterized by a negative
band at 190-195 nm and by a less intense positive
band at 208-210 nm. An additional, extremely
small, negative Cotton effect is visible near 230 nm.
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Figure 3 Far ultraviolet CD spectra of the Z-{[Gal(Ac)4f]1Thr},_s-NHCH3 homo-peptides (II,_s) at 298 K (concentration ~1 mMm

in the indicated solvent).

By increasing the main-chain length, the bands
increase their intensity and shift slightly to the red.
In aqueous TFE solution (Figure 3, right) the II,_5
oligomers exhibit a negative maximum at 195 nm
and negative dichroic values in the n-7* region that,
however, become less negative on going from II, to
IIs. The CD spectra in TFE of the deacetylated
oligomers of the series III (Figure 4, left), with the
exception of III,, show a negative band at 196-199
nm, a positive band at 214 nm and an isodichroic
point at 204 nm. The intensity of both bands
increases regularly with main-chain elongation.
The spectra in aqueous solution (Figure 4, right) in
the high-energy region (r—n*) are similar to those
observed in TFE, whereas they show very weak
negative dichroic values in the n-n* region. The
steady variation of the dichroic bands of the homo-
peptides of the series II and III underlines the
absence of a conformational transition with increas-
ing main-chain length. Under the same experimen-
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tal conditions the conformation of the higher
molecular weight glycopeptides of both series II
and III becomes similar to those of poly-{[Gal-
(Ac)4f1Thr} and poly-[(Galp)Thr], respectively (Figure
5).

The CD spectra of I,_4 in TFE (Figure 6, left) show
that in the spectral region examined the ellipticity is
always largely negative. The Cotton effect exhibited
by I, is probably affected by contributions from the
benzyl chromophore of the Z-blocking group [24].
The pattern of I, is characterized by a pronounced
negative shoulder at approximately 215 nm, fol-
lowed by a more intense maximum of the same sign
near 195 nm. In the trimer and tetramer the
intensity of the shoulder decreases. In aqueous
TFE solution (Figure 6, right) the spectra of I and
I, exhibitminor variations, while I, shows an
enhancement of both the n-z* and n—7* bands. A
negative band near 200 nm is generally considered
indicative of an essentially unordered conformation
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Figure 4 Far ultraviolet CD spectra of the Z-[(Galp)Thr],_s-NHCH3 homo-peptides (III,_s) at 298 K (concentration ~ 1 mM in

the indicated solvent).
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Figure 5 Far ultraviolet CD spectra of poly-{[Gal(Ac),f]Thr} (A) and poly-[(Galf)Thr] (B) at 298 K in the indicated solvent.
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Figure 6 Far ultraviolet CD spectra of the Z-(Thr);_4,-NHCH3; homo-peptides (I,_4) at 298 K (concentration ~ 1mM in the

indicated solvent).

[25]. The intensity of the n—7* band in the spectra of
the series I,_4, too small for a random coil conforma-
tion, could indicate the presence in the equilibrium
mixture of a flexible, ordered structure. In conclu-
sion, the CD spectra gave no additional information
with respect to those obtained using 'H-NMR and
FT-IR.

CONCLUSIONS

The results of our investigations showed that, in the
solvent of low polarity CDCl;, the Thr homo-oligo-
mers (series I) exhibit a marked tendency to
aggregate, while a certain amount of aggregation is
also possible in DMSO. There is no evidence for
aggregation in CDC13 for the entire II, 5 series in the
concentration range 10-0.1 mM. In this solvent IR
and NMR observations are consistent with the
presence of intramolecularly hydrogen-bonded con-
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formations in the II,_s5 oligomers, whereas, probably,
Cs and C; conformers coexist in the glycosylated and
acetylated oligomers. In DMSO the amino and
carboxy terminal NH groups are solvent exposed,
while some relatively low doé/dT values of the
internal NH groups argue for an at least partial
shielding of these groups from the solvent and, in
the higher members of the II series, for an equili-
brium between partially unordered structures and
folded forms similar to those determined in CDCls.

In the series III, particularly in III5, the internal
NH groups are solvent-shielded in DMSO and
strongly hydrogen-bonded. y-Turns and hydrogen
bondings different form (i< i+2) interactions, in-
volving the side-chain residues, may contribute to
stabilizing a preferred conformation for the penta-
mer. Indeed, y (C;) conformations have been ob-
served in relatively non-polar solvents [6, 15]. The
onset of a y-turn conformation, not frequently
observed in DMSO [10], could be forced by the
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sterically demanding requirements of the glycosy-
lated and deacetylated Thr residues [26]. In this
connection it is worth pointing out that sugars are
frequently found in turn regions of proteins [27].
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