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CONFORMATIONAL RESTRICTIONS OF PEPTIDES
via BACKBONE MODIFICATION: SOLUTION
AND CRYSTAL-STATE ANALYSIS OF Boc-L-Pro-AZ-Phe-Gly-NH, (*) (**)
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Stiromary — An N%-protected model tripeptide amide containing, in the central position, an o fi-dehydro-
phenylalanine (Z-configurational isomer), Boc-1-Pro-AZ-Phe-Gly-NH, (Boc, fert-butyloxyearbonyl), has been
synthesized by solution methods and fully characterized. TR absorption and 'H NME studies provided evidence
for the occurrence of a significant population of a conformer containing two consecutive, intramolecularly H-
bonded {type I1-TI1" f-bends in solution. However, an X-ray diffraction analysis clearly indicates that only the

type-11 f-bend structure survives in the crystal state.

In the last few years o,B-dehydro c-amino acids
(AAA) have become one of the most promising con-
formational restrictions in the study of structure-
activity relationships in peptides. A number of pep-
tide analogues substituted with AAA residues have
been prepared, showing significantly enhanced bio-
logical potency and/or metabolic stability with
respect to their saturated counterparts. Several
review-articles have appeared, covering the occur-
rence, synthesis, and biological properties of AAA-
containing peptides?3. In addition, a large body of
conformational studies have been devoted to this
type of peptide modification in view of its numerous
potential consequences: (i) rigid side-chain orienta-
tion, (if) change in the a-carbon geometry, and (iii)
perturbation in the electronic distribution of the
adjacent-CONH- bonds reflecting their conjugation
with the n-electrons of the Ce=CP; double bond (for
recent reviews and articles see refs. 6-11).

In this report we describe the solution and crystal-
state structural analysis (by IR absorption, 'H NMRE
and X-ray diffraction) of a well-characterized, No-
protected, synthetic model tripeptide amide con-
taining a central APhe (Z-configurational isomer)
residue, namely Boc-L-Pro-AZ-Phe-Gly-NH,. The
results obtained allowed us to establish that the v-
Pro-A?-Phe sequence has a strong tendency to form

(*} This is part CCXXXI1I in the series «Linear Oligopeptidess.
Paper CCXXXII in this series is ref. 1.

{**} Alomic coordinates for this structure have been deposited
with the Cambridge Crystallographic Data Centre and can be
obtained on request from: The Director, Cambridge Crystallo-
graphic Data Centre, University Chemical Laboratory, Lensfield
Road, Cambridge CB2 1EW, UK.

(") Ta whom correspondence should be addressed.

a type-II B-bend conformation. The folding of the
AZ-Phe-Gly sequence into a type-IIT' B-bend con-
former, however, is less stable, being significantly
populated only in solution,

EXPERIMENTAL

PREPARATION

Boe-1-Pro-A°-Phe-Gly-NH; - Ta a solution of Boc-L-Pro-A2-Phe-
OH azlactone® (0.9 g, 2.5 mmol) in tetrahydrofuran {10 ml) a solu-
tion of HBr-H-Gly-NH; [prepared from Z-Glyv-NH.'? (0,68 g, 3
mmol} with a 30% solution of HBr in acetic acid] and N-methyl-
morpholine (0,35 ml, 3 mmol) in tetrahydrofuran (10 ml) was
added, and the mixture stirred al room lemperature for 24 h. The
solvent was removed i vacue, and the remaining oily residue, dis-
solved in ethyl acetate (30 ml), was washed successively with sat-
urated NaHCO;, 109 citric acid, water, and dried (Na,50,). The
solvent was removed under reduced pressure to give the tripeptide
which was purified on a silica gel column (30 % 2.5 cm) using a 1:1
chloroform-petroleum ether solution as eluant, followed by recrys-
tallization from ethyl acelale-petroleum ether to give 0.5 g (46%)
of Boc-L-Pro-AZ-Phe-Gly-NH,. M.p. 2234°C; [a) 22 = -131.5(c=1.15
mg em-3, MeOH}); Ry =0.50; R =0.80. Elem. mzu'i , found % (caled.
for Cay HagNyOs): C, 60.7 (60.6): H, 6.8 (6.8); N, 13.5(13.5). |H NMR
(400 MHz, CDCLy), & 7.81 (1, 1 H, Gly, NH); 7.62 (s, 1 H, APhe NH);
7.50-7.35 (m, 6 H, APhe aromatic protons and APhe CFH); 7.04 and
533 (2 5 2 H, primary amide NH;): 4.20 (L, 1 H, Pro C*H); 4.11-
3.89 (m, 2 H, Gly CH,; 3.50 (m, 2 H, Pro C3H,); 2.27-1.94 (m, 4 H,
Pro CE‘Hg and CH,); 1.43 (s, 9 H, Boc CH;). 13C NMR (50 MHz,
CDCly + CD4y0D), g 175.37 {Pro C=0); 173.98 (APhe C=0); 156,32
(Gly C=0); 156.23 (Bac C=0); 134.15 (APhe -C), 132.2 {APhe -
Cl 129.16 {APhe aromatic carbons); 81.54 (Boc quaternary car-
bon); 60.99 (Pro «-C); 49.01 (Pro §C); 43.48 (Gly «-C); 30.22 and
2599 (Pro B-C and vC); 28.04 (Boc methyls). IR absorptions
(CDCl,): 3488 (primary amide NH), 3452 (sh), 3405 (sh), 3350 (pep-
tide N-H); 1673, 1638 cm-! (urethane, peptide and amide C=0, and
C=C). UV absorption (MeOH), A;,.: 278 nm (g = 17,170).

METHODS

IR absorption spectra were recorded using a Perkin-Elmer
model 580 B spectrophotometer equipped with a Perkin-Elmer
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model 3600 IR data station. The band positions are accurate to +
1 em !, Cells with path lengths 0.1, 1.0 and 10 mm {with CaF, win-
dows) were used. Spectrograde deuteriochloroform (9%.8% deu-
teriated) was purchased from Merck,

The 'H NMR spectra were recorded by using a Bruker AM-400
spectrometer. Measurements were carmied out in deuteriochloro-
form (99.96% deuteriated; Merck) and bis(trideuteriomethyl)
sulphoxide (99.96% deuteriated; Stohler) with tetramethylsilane
as the internal standard.

X-EAY DIFFRACTION

Colourless crystals of Boc-L-Pro-A%-Phe-Gly-NH; were grown
by slow evaporation from a methanolic solution. X-Ray diffraction
data were collected on a Philips PW 1100 four-circle diffractometer
from a crvstal of approximate dimensions 0.1 = 0.1 = 0.3 mm.
Accurate unit-cell parameters and crvstal orientation matrices
(together with their e.s.d.'s) were obtained from least-squares
refinement of the 28, w, y. and ¢ values of 25 carefully centred
reflections with 9 < 8 < 14°, The h, &, [ ranges measured were -24
to 24, 0 to &, and 0 to 9, respectively. The 8/20 scan mode (scan
width 1.20% scan speed 0.02° s!) and a Mo- radiation
monochromatized by a graphite crystal (& = 0. 71069 A) were used.
During data collection three standard reflections (222, 312, 511)
were measured every 180 min to check the stability and orientation
of the crvstal and the electronics.

2081 unigue reflections were obtained up to 26=50°, of which
1276 have intensities equal to or greater than 3a(f). Intensities were
corrected for Lorentz and polarization effects and put on an abso-
lute scale by Wilsons method. No absorption correction was
applied. The structure was solved by direct methods using MUL-
TAN 8073 The crystallographic data are summarized in table 1.

TABLE | - CRYSTAL DATA FOR Boc-L-Pro-AZ-Phe-Glyv-NH,

Molecular forsula CEIHZE“Jﬁi
Molecular weight 416.5

d lealed. ). gcm o 1.208

d fexprl.l, g,-c.l_'; 1.2%
Crystal system monoclinic
Space mroup le

i 2

g 21.35005)
b, A 5.700(3)
= A 9.008( 3}
n, deg G6.7(1)
Reflections Imeasured) 2051
Reflections (13 36 (1)) 1276

R value C.053

“,, value 0.044

The E maps of the set of phases with the best combined figure of
merit showed several fragments of the molecule; the remaining
paris were subsequently revealed by Fourier difference maps.
Refinement was carried out by block-matrix least-squares allowing
the non-H atoms to vibrate anisotropically. The scattering factors
were taken from the International Tables for X-ray Crystallo-
graphv/¥. The H atoms were localized in the difference Fourier
maps, but they were introduced in calculated positions and refined
in the last evcle. The quantity minimized was Ewi | F, |- F_| )2 with
w = [a2(F, + 0.00015 F2]-. For all caleulations the SHELX-76 pro-
gram’? was used. The linal conventional unweighted R factor was
0.053 and the R factor weighted by w was 0.044; (A'a),,,, in final
refinement cvele for positional parameter of the non-H atoms 0.20;
maximum and minimum heights in final difference Fourier syn-
theses + 0.2 e A-*, Table 2 gives the final positional parameters and

TABLE 2 - FINAL POSITIONAL PARAMETERS (%104) AND EQUIVALENT TEM-
PERATURE FACTORS (%103) OF MON-HYDROGEN ATOMS FOR Boc-L-Pro-
AL-Phe-Gly-NH;

Atom xfa ] zfc g
z e eq

o0 1330 7105(8) §510(4) 572}
a(2) 3zH1L2) G305} 015040 51{1}
o 1879(2) A77509) TOIG(4) S441}
0, 297(1) 117507) 11636(4) 4311)
0] 4270022 4012(9] 10418(5) 65(2)
N 2498(2) B464109) 44504 ) I9(2)
A, 20860 2) A LEY] 10271 5) 3401)
=

3 297202} 3334(8) 104501 5) 4102)
x 4405(2) 156011) Qa4307) 86(3)
et 3704(4) 31500 14) 579411} 146( 5)
ciz) 4013(3) 717 JHE0(HY 1i2{4}
ciz 443403 0397(14) G519{8} ol 3)
ci4) 35790 3) 55810100 3439(7) 61(3)
cis) 3053030 74050100 6709(7) 4302)
e 209112} 8851(9) 7600(6) 37 (2)
c+ 14620 3) 9572111} 6728(6) 48(2)
».'.]r 16511 51 10630011} F200(6) 5142)
c:' 2106{3) o081(11) 494506) s402)
-:i Z012({2) G6458(11) S505(6) A8(2)
c.* 1972(2) 5039(10) 10980( 5) Ju(z)
ciﬂ 151102) 4949010)  11826(5) 38(2)
cs 90z2(2) 65890 10) 12013063 anlz)
cof 6001 3) 6o74(11)  13120(7) 542}
n;'* 102{ 3) 7461(15) 13351(8} 72{2)
cyr -5243) 9359(14)  12466(9) 70(3)
c, o 32203 Q036{12) 11370(7} 62(3)
c2‘1 8420 3) 8564011}  11141(7) 50023
= 243302 3042(11) 11045(6) 35(2)
%‘ 408(z) 1364(11) 10510(6) 55030
cs‘ 40b8(3) 2014015) 10205(7) 5502}

{ﬂUeq:%E, 5 U al a) g a

equivalent temperature factors for non-H atoms. Additional tables
(structure factors, final positional parameters for H atoms) have
been deposited as Supplementary Material.

RESULTS AND DISCUSSION

SOLUTION CONFORMATION

The preferred conformation in solution of Boc-L-
Pro-AZ-Phe-Gly-NH, has been investigated in sol-
vents of different polarity (CDCly and DMSO) at var-
ious concentrations by using IR absorption and 'H
NMER techniques.

The IR absorption spectra (not shown) were taken
over the concentration range 0.2 - 20 mM in CDCl,
solution. In the amide A region a strong absorption
is seen near 3490 cm-! (free primary amide, first N-
H stretching mode)’® followed by shoulders at
approximately 3450 cm-! (free peptide N-Hs)/2-4 and
3400 cm-! (free primary amide, second N-H stretch-
ing mode)?2, and by a much more intense absorption
near 3350 cm-! (H-bonded N-Hs)/6-18, The latter band
is largely concentration independent and, therefore,
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Fig. 1 - (A) 400 MHz 'H NMR spectrum of Boc-L-Pro-a2-Phe-Gly-NH; in CDCl, (cone. 10 mM); (B) difference NOE spectrum obtained by
saturation of the AZ-Phe NH resonance: (C) difference NOE spectrum obtained by saturation of the 1-Pro C*-H resonance.

may be assigned to intramolecularly H-bonded con-
formers, In the C=0 stretching region the absence of
a band or shoulder at 1710-1690 cm-! (at 2 mM con-
centration) indicates that the tertiary urethane car-
bonyl is intramolecularly H-bonded!®. In this region,
in addition to an absorption near 1670 cm-! (H-bond-
ed tertiary urethane, and free peptide and amide car-
bonyls), a band is visible at about 1640 cm-! (H-bond-
ed peptide carbonyls)/@/9.20, In summary, we suggest
that an intramolecularly H-bonded structure may in
fact predominate in CDCl; solution for this Ne-Boc
tripeptide amide.

In order to get more detailed information on the
preferred conformation of the Ne-protected tripepti-
de amide in solution a '"H NMR study was performed
in CDCl; and DMSO. The resonance assignments in
the 'H NMR spectra of Boc-L-Pro-AZ-Phe-Gly-NH,
(for CDCI, see figure 1) are straightforward and ma-
de on the basis of chemical shift values, peak multi-
plicities, homonuclear spin decouplings, and a com-
plete solvent titration. In DMSO (not shown) there
is an additional isomer, corresponding to the cis ori-
entation about the tertiary urethane linkage/®. The
population of cis-trans is about 30:70.

The delineation of inaccessible (or intramolecu-
larly H-bonded) NH groups in CDCl; solution was
carried out by using solvent (DMSO) dependence of
NH chemical shifts at low concentration (3 mM).
From figure 2A it is clear that the chemical shifts of
the Gly and primary amide anri NH protons are only
slightly sensitive to the addition of the strong H-
bonding acceptor solvent DMSO0#/, a behaviour
characteristic of shielded protons. Conversely, the
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Fig. 2 - Plot of NH chemical shifts in the 'H NMR spectrum of Boc-
L-Pro-AZ-Phe-Gly-NHa (A) in CDCly solution {conc. 3 mM) as a func-
tion of increasing percentages of DMSO0 (v, and (B} in DMSO
(conc. & mM) as a function of heating.
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APhe and primary amide syn NH protons appear to
be solvent exposed.

The spectroscopic evidence thus suggests that a
significant population of a conformer characterized
by the Gly and primary amide anti NHs in
intramolecular H-bonds is present. Both type II-11T
and ITI-IT1 B-bents are stereochemically possible for
the Boc-L-Pro-AZ-Phe-Gly-NH, sequence. In order to
distinguish between these possibilities an NOE
study was undertaken??. Figure 1 shows the differ-
ence NOE spectra obtained by irradiation of either
the AZ-Phe NH or the L-Pro C¢H resonance.
Significant (= 10%) intensity enhancements are
observed on the 1-Pro C®H and AZ-Phe NH reso-
nances, respectively. The interproton distance
C; . H-N,;H in an ideal type-11 B-bend is estimated
to be = 2.2 A, while it is = 3.5 A in type-III B-bend.
Therefore, a significant NOE of this type is expected
only in the type-II B-bend conformation?324, Taking
together all the above findings, we are strongly
inclined to conclude that Boc-L-Pro-A#-Phe-Gly-NH,
favours a type-II-1II' B-bend conformation in CDCl,
solution, stabilized by two consecutive intramolec-
ular H-bonds between the Boc C=0 and Gly NH and
between the Pro C=0 and primary amide anti NH,
respectively.

A study ol the temperature dependences of NH
chemical shifts in DMSO (at & mM concentration)
(figure 2B) clearly suggests that this highly folded
conformation is still the prevailing one for the frans-
urethane form of the tripeptide even in this polar sol-
vent. In fact, the sensitivities of the chemical shifts of
the Gly and primary amide anti NH protons to
increasing temperature are significantly smaller
(AB/AT = -2.7x10-3 and -1.9x10-3 , respectively) than
those of the AZ-Phe and primary amide syn NH pro-
tons (AG/AT = —8.0x10-2 and -5.3x10-3, respectively).

CRYSTAL-STATE CONFORMATION

The molecular structure of Boc-L-Pro-AZ-Phe-Gly-

Fig. 3 - Molecular structure of Boc-L-Pro-AZ-Phe-Gly-NH, with
numbering of the atoms, The intramolecular H-bond is shown as
a dashed line.

NH,, obtained by X-ray diffraction analysis, with the
atomic numbering scheme is shown in figure 3, Bond
lengths and bond angles are given in table 3. The tor-

TABLE 3 - BOND LENGTHS (A) AND ANGLES (deg) AND ESTIMATED STAN-
DARD DEVIATIONS FOR Boc-L-Pro-AZ-Phe-Gly-NH,

z Bond lengths Bond angles

Ci1i-Cig) L.A82(9) Cl1)=Ci4—Ci2) L14.35(6}
Cla)-cig) L. 5060 10) Cl2)-Ci4i-Cl3r noags)
ci-ci4)  1.515(0) COLI=CLAI-CI3F  110.3i6)
Cidr=-ai1) L. 406{6H) Cl1I-Cigbk=00{1} DO O &)
O 11-c0 5] 1.351(7} Cl2)-Cial=0{1} 1006040
Cigl-0i2) F.215(7) CL3)=Cla)-0111 RTINS
i"i";..l—.\ld. 1.33207] Cldi-ol11-C(5) 123.004)
.\:I - I.Zl 1. 44907 W 1)=C0 51 =00 ) 123500 5)
c.I*. -.lﬂ 1.525(7) AC)-013)=% L10. 105}
::If*- "'|§ L.51008E) QU2YI-CI3)-N 124.9(6}
":|:-_ o 1.52409) -;'.rs:n-.‘él - le 120,304}
cl = }il L.472(7) Cf;:l—‘-'l - ill 126.2( 5}
e 1.53308) N, - cl"- f.li 103.5(4}
':1‘_ a 1.213(7) r:l*’-- -:1F_ ;.:J" 103. 504}
A s 1,372(7) e cjf 103.4(5)
Ny - C% 1.428(7) L.lf- c, i Ny 102.004)
Co&Cf  1.31s(7) clf- N €% 112.6(4)
o v | b 475(7] HI - .:I‘- e [N TN
Eor- ¢, P 1.393(8) n1'“- gle_ ol L10.144)
L e i (6111 gheghi_ ! 122.415)
[HLL v 1.362011) b, r«l 114.5(5)
¢J- 8 1.380010) G ag¥e N 123805
Fr cof 1040w gl '-.'1 - CI% 119.504)
-:2"*— (i 1. 39008) \'; ~ O R 124505
L vy 1. 5040 %) (i i O i 131.7(35)
o2 gt o Iy ooy LAk g
gl 0, 1.24107) Ezf' - ¢ 117.403)
Cpl- N, 1.324(7) e et 67 117.408)
Ny - m}:‘ 1.45907) C¥F- ¢l o't 121.7(6)
r.'g‘_ v 1.494(8) cfoghe oY 120.607)
£ 0 1.220(10) cH Cl- c™  119.2(8)
il 7 e L. 3420100 u:,j’- R o 120.6(6)
A c¥ R e r  120.56)

,:é.r;_ Co¥- ¢ P 125.2(5)

; S 116, 504)

{:2!'". [ 118.6(5)

C.*- o -0 118.4(5)

c;'- :‘;f- 15 118.9(5)

[ L g (32,3050

s b R F15.205)

et 114-305)

R 123.306)

e R L 124. 506}

G- c;:‘ N 112216}

sion angles?’ are listed in table 4. The geometry of the
intra- and intermolecular H-bonds is reported in table
5. Bond lengths and bond angles are in agreement
with previously described results for the geometry of
the Boc urethane?®, and amide groups??, Pro/%28-30,
AZ-Phe?-34 and Gly residues, and the peptide unit?3,
However, in the Boc-protecting group the rert-butyl
C(1)-C(4), C(2)-C(4), and C(3)-C(4) bonds show some
shortening, being associated with atoms having high
thermal parameters [the I/, values for the C(1), C(2),
and C(3) atoms are in the range of 90 to 146 AZ],
The existence of the C%=C} bond in the AZ-Phe
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TABLE 4 - TORSION ANGLES (deg) AND ESTIMATED STANDARD DEVIATIONS
FoR Boc-L-Pro-Af-Phe-Gly-NH,

TABLE 3 - GEOMETRY OF THE HYDROGEN BONDS IN THE CRYSTAL OF THE
Boc-L-Pro-A%-Phe-Gly-NH;

"B b ¥
N_ -

c*cto fo € i 16

Cll=Cl4)-0fth-C(5)  o61.0(7)

CL2I-ClgI-00 1 h=CL5) -177.5(6)

272 2
L 3-CL4}-001)-C(5) —60.6(7) 1:2‘*_::1" -n:z‘-c;‘ ~0.2(a)
C4)=0011-C(5)=0(2)  14.2(0) '3:’-'3.;—(:2“—0,,” -
CL4I-0011-CI5)-K,  -167.105) g,* -c;-:i'-cz"‘ &.1010)
CUI-EE5N, € 176.3(5) czﬂ—::i'_nz“_cz"-ars.um

DUH-CL5I-N, —Cr‘ 4.308) cs-c;".:z“-c'

L1

[
o

0(2)-L05)-¥ -cl‘ -4.4(9) cz“-c;*-c:' - <2.6(12)
O 21-Cl 51N -I:f ~177.006) I:;‘-cf-;:_:‘-{:z" 701
)N, ¢* P -167.3(5) l:zl-cz“-cj"-czi’ 0.1010]
& ~ i - s £l - i
:..;1.!'. _.1_!' _c!‘ -4f.1m 1,2. "Ez;'cz:'czr 177.0(6)
.Ip —-.:ld “.'a —cl -L:._ubr tl -nz‘-czr-c2 68.8(7)
et e?c' -0 65.6(7) ¥, £,*-c,'-0, -167.3(5)
e T LU I I A N, 1327
¢’ -u::l" - P -clr -146.105) c_;-czhc; €' -179.6(6)
cl‘-clr'-c:f.clf $#.2t6) cltc’c o0, 1408
c P -.:Ir-r.lI Ny 337660 cfc ol N -ioa.6is)
l:.' —clf -K, -C(5) -169.6(6) ::2'—-;:2‘— R —Eq' ~178.5(5)
efefx < 1nue o, 2’-34:'3“ 1.9(8)
C,“ NoctcP 6.2(6) c- ; -c;-cg' -162.6(5)
clf A, -cl‘ ' 124,405 n '“3"“3""": 16.5(9)
K, €< 0 488D N -c]“-c]'un; ~163.4(6)
N, -cl'-cl' K,  133.0{5)

:I‘-I.I' N, -6,%  174.5(5)

o, ¢’ -, ..:,2‘ -3.418)

r.]' N, -r:__‘ -czi‘ ~113.5(6)

den for Phe [3'=2.6(10)°]?%36.37 and in shorter N,-C",

‘:j-{:ﬂ. and C4-Cl, distances [1.428(7), 1.315(7), and
1,4?§{ 7) A]. The bond angles are also significantly
affected, especially those around the C% and C} atoms;
in particular, the N -Cg-Cg and cg-cg-c* angles no-
ticeably exceed the standard trigonal value [124.8(5)
and 131.7(5)°, respectively]. These values are compa-
rable to those found in other A%-Phe-containing pep-
tides®!-34, Also the ¥2! and 22 torsion angles of the
AZ-Phesidechain [-174.1(6)" and 8.1(10)°] are unusu-
al for a Phe residue?9.36.37,

The backbone conformation is folded at the -L-Pro-
AZ-Phe-sequence. The &, w values for the L-Pro
[-49.1(7), 133.0(5)°] and AZ-Phe [68.8(7), 13.2(7)%]
residues lie close to the values expected for an ideal
type-II B-bend?-4, The conformation of the AZ-Phe
residue is found in the minimum energy region II of
the map of Ac-A?-Phe-NHMe#'. An intramolecular N-
H---0=C bond is observed between the Gly-NH and
the Boc C=0 groups. The N;---O(2) distance, 3.11(1)
A, is at the limit of the range of values reported for a
large number of peptide structures?24. The Gly?
residue is almost completely extended [¢s, v =
-162.6(5), -163.4(6)°].

Penor  Acceptor Symm. eguivalence Distances -1.ngj4:i_"}
o
[Ad
D-H A of A B...A H...A D-H...A
K.-H o) LT A Jornn) 2.2004) 15404)
'\" b
. ol - e bl
3 ”5!-'11 3 1-x, y-4,2-z 2.9601) 2.11(4) 14604)
X -H 0 X, ¥el. 2 2.82(1) 1.92(4) 160(4)

The Boc-group?® and all peptide bonds** are trans
(w=180%) with [Am] never exceeding 6°. In addition to
the o, torsion angle, the conformation of the tert-
butyloxycarbonyl Ne-protecting group is described
by the 8! angle. In this peptide 8! has a value of
-167.1(5)°, and it allows us to classify the urethane
moiety as the common type b2,

The pyrrolidine ring of the Pro residue exhibits an
approximate C, (hall-chair) symmetry?f with the
twofold axis passing through the N, atom and the
midpoint of the CE-CT bond. This structure may be
designated as C,-Ct-exo (the C! and C, atoms are locat-
ed on the opposite side of the i\Il—Cﬁ‘—C? plane) or con-
formation A according to Balasubramanian et al.3",

Fig. 4 - Mode of packing of the Boc-L-Pro-Af-Phe-Gly-NH-
molecules in the crystal,
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The puckering coordinates for the pyrrolidine ring
are: g,=0.373(5)A and ¢,=-81.7(8)°#.

The crystal structure is characterized by two inter-
molecular H-bonds, involving the AZ-Phe NH and
C=0 groups of symmetry related (x, y+1, z) molecules,
and the syn carboxamido NH and Gly C=0 groups of
symmetry related (1-x, ¥-1/2, 2-z) molecules. The
N---O distances of 2.82(1)A, and 2.96 (1) A respective-
ly, are within the average range of observed inter-
molecular H-bonds in peptide structures#2.43,

CONCLUSIONS

The results described here favour the conclusion
that in solution the Ne-protected tripeptide amide
Boc-1-Pro-AZ-Phe-Gly-NH, preferentially folds into
two consecutive (type II-III") B-bend conforma-
tions*3.46, However, the left-handed helical type-IIT°
f-bend at the AZ-Phe-Gly sequence is disrupted in
the crystal state, where the Gly residue adopts an
almost fully extended conformation.

Ten X-ray diffraction structures solved to date
possess the AZ-Phe residue in an Ne-acylated Co-ami-
dated dipeptide (or longer peptide) units!0./13/-
44748 a situation preferable for evaluating B-bend
propensities of a given residue in a polypeptide
chain. Specific points which emerge from an anal-
vsis of those structures are listed below:

(i) When a AZ-Phe residue is in the i+2 position of a
potential f-bend, this conformation is usually
adopted by the peptide. In general, in these folded
peptides the B-bend which is formed is of type I, i.e.
the achiral AZ-Phe residue occupies a position ideal
for a p-residue.

(i) Also when a AZ-Phe residue is in the i+ 1 position
of a potential B-bend, this conformation (types IIIT;
not, however, type I) is usually found in the peptide.
These findings, (i) and (i), indicate that the AZ-Phe
residue may serve as a better nucleus for peptide
folding as compared to its saturated counterpart (1-
Phe)#9.

Interestingly however, S-shaped conformations
characterize the AZ-Phe-A%Phe sequence. This
result might suggest the absence of an overwhelm-
ing stabilization of a series of B-bend structures (3,,-
helix) produced by the presence of consecutive AZ-
Phe residues. In this context it is worth noting that
energy calculations have indicated that a single AZ-
Phe residue can be easily accommodated in helical
conformations and at both positions of type-I and
-I1 B-bends# .

(iii) Fully-extended and B-sheet conformations are
unobserved, as vet.

The present findings are in reasonably good
agreement with the aforementioned conclusions in
the sense that: (i} a type-1I B-bend conformation is
actually formed by the L-Pro-AZPhe sequence; and
(if) the AZ-Phe-Gly sequence, a potentially good can-
didate for type-III' B-bend formation, although pre-
ferring an open, partially extended structure in the
crystal state, is folded in solution.

In any case, there is little doubt that further explo-
ration of the stereochemistry of the AZ-Phe residue
will provide greater insight into its conformational
behaviour.
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