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In the course of systematic conformational studies of c¢yclic peptides and
depsipeptides we have carried out an NMR investigation of two series of cyclo~
hexapeptides synthesized in our laboratory (2); namely,1) those with all poss-
ible combinations of I-alanine and glycine residues and 2) those with all pos=-
sible diastereomeric cyclohexaalanyls (exepting the antipodes) (Fig.'])"
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In (CD3)ZSO at 25° the spectra of all the cyclopeptides revealed two groups
of NH signals: at 7.3-8.0 ppm given by two protons, and the other, due to the
remaining four protons, being at lower field (7.9-8.6 ppm).Temperature studles
showed the ad/st values to be lower for the protons resonating at higher
field (Table 1). The temperature dependence indicated that the two higher

For details see (1)
*“an MR investigation of cyclohexapeptides containing Leu,Tyr, His and
Pro residues has been carried out previously (3).

3085



3086 No.33

Table 1
Cotti~ Chemical shifts (ppm) and in parenteses temperature gradients
pound (ad/at 1073 ppm/°C) of the NH protons

IIT  8405(3.9)  8414(544)  7488(144)" 7.92(341)" 8,23(4,0)° 8,41(5.7)"
IV 8,19(5.0)  8.21(5,0)  7.80(1,7). 7.84(241)° 8434(444)° 8.38(5.7)
Vo 8446(5.9)  8.46(5.9)  7455(0,0) 7.55(0.0)7 8.39(4.2)° 8,39(4.2)"
VI 7.87(2.9) 8.08(3.3) 8.24(5.1) 8.01(3.3). 8.15 (a) : 8,48(5.8)"
VII  8.02(4.2) 8,35(6.5) 8.35(6.5) 7.59(0.0) 7.72(1.5)" 8.46(6.3)
VIIT 7.97(3.0) 8.10(5.6) 8.25(6e4) 8¢12(34) 8.21(4.8) 8.28(4.8)
IX  8.00(3.9) 8.00(3.9) 8,00(3.9) 8427(4.7)" 8.27(4.7): 8.27(4.7):
XI 7485(2.1)  7.95(4.2) 8.10(4,0) 8,12(4.4) 8.30(6.6) 8.39(5.6)
XIT  7.80(2.4) 7.80(2,4) 8.32(4.8) 8.32(4.8) 8,12(5.0)" 8.12(5,0)"
XIIT 7.78(1.4) 7.81(2.8) 7.90(3,6) 7.97(3.4) 8.29(5.1) 8.49(6.4)‘
XIv 8.19(3.0) 8.19(3.0) 8.19(3,0) 819(3.0) 8.19(3.0) 8.19(3.0)
XVI 7e¢56(544) 7.87(17) 7e87(4%4e3) 7¢96(342) 8.06(3.4) 8.3%6(6.1)
XVIII 7.38(0.,0) 7438(0.0) 8,20(7.0) 8,20(7.0) 8.56(644) 8.56(6.4)
X 7.38(2.0) 7.47(1.7) 7.96(5.3) 8.03(6.0) 8.34(6.3) 8.44(6.3)

* NH Protons of Gly residues; (a) When raising the temperature the signal
hidden by other NH signals.

field resonating protons form intramolecular hydrogen bonds (IHB), whereas the
four remaining NH protons interact effectively with the solvent (4). According~
ly the molecules are in a "pleated sheet™ form, proposed by Schwyzer (5) in
which the two NH protons are engaged in transannular IHB of the type 4--1,each
proton closing a 10-membered ring (Fig. 2). The lower ad/at value of the NH
protons of XII at 7.80 ppm are accompanied by lower deuterio exchange rates in

L (CD5),80 - HyO (9:1). However, other cyclopeptides

6 _co_ oW 2
RH?/ \T/ \C”NH\CHR show no differentiation in the deuterio exchange
1]
HI W Q ¢0 rates, which is explained by fast conformational
e 8 F oM o o
5\\NH/C\CHQ/N\CO/CHR equilibrium of the type A==B==C as shown on Fig.3.
4 Indeed, cooling the solution of IX causes the broa-
Pig. 2 dening of the CH, signals (Fig.4), an indication of

mixture of rapidly interconverting conformers.

On the basis of the NH chemical shifts and temperature gradients the predo-
minant structural types of the cyclic peptides of series 1) should be such
as shown on Fig.5. It follows from the figure that the cyclopeptides investi-
gated do not display any regularity in the formation of IHB. For instance,
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; ; in compounds IV and VII the IHB are formed
6 . o2 5 B o 4 0 o6 DY Gly residues whereas in XII they are for-
58 '— 42 T 3' med by Ala residues. This nonspecificity is
A é E apparently due to the small energy differen-

Pig.3 ces between the A, B and C forms. For the

symmetric compounds IX and XIV the alternate

4, B and C forms are equally possible. Hence they show intermediate ad/at va-
lues (Table 1). In the "pleated sheet" model two groups of amino acid residues

can be distinguished. To the first aﬁlb
M o

group belong the two residues (1 and 4)
forming THB and situated at the "fold"

of the "sheet". The second group comp-

rises four residues (2, 3 and 6) not

participating in IHB and situated at the

"corners"., The alanine methyls at posi-

tions 1 and 4 can be pseudo-axial or 5 4 5 2 _ 4 RAm
pseudo-equatorial with respect to the TemperatureFégiegdence of the
C, axis, the angles @ being 0-60° and MR spectrum of IX in CF5COOH:

HZO (7:1).Recorded with JEOL CO
JNM 4H-100 instrument, 100 MHz,
TMS as intermal standard.

300~360° respectively, which correspon=-
ds to dihedral anglee H~N-C™ and N-C"~H
of 120-180° and 60-120°,
From the stereochemical dependence of the 5JNHCH constant (6) it follows
that for the pseudo-axial position one would expect higher BJNHCH (3.0-10.7 Hz)
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than for the pseudo-equatorial ones (0-3.0 Hz). The values actually found (4.8
- 8.2 Hz, Fig.5) refer to the first possibility. As for the "corner" Ala resi-
dues they seam to prefer the conformations with‘¢22’5> 110-130° (8 130-110°)
and ‘Pca,e) 50-90° ( & 150-180°) or 260° (@~20°) as follows from energy com-
putations (7) and aveilable experimental da-
ta (8) on peptides with 4 1 IHB. Therefore
the Ala residues in positions 2 and 5 should
bave rather small BJNHCH values (<5 Hz)
whereas for those in positions 1 and 3 more

probable are the higher Jypcy values (7-10

Hz). This is consistent with the experimen-~

ot OO0 ®N — Hoem

tal BJNHCH values and allows assignment of

Fig. 6 the most of alanine NH signals as shown on
Fige. 5. A typical cyclopeptide conformation with pseudo-equatorial methyl
groups in positions 2 and S and pseudo-axial methyls in positions 1, 3, 4 and
6 is presented on Fig. 6 for compound XIIT.
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