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ABSTRACTS
The conformational properties of five cyclic analogues related to
somatostatin, and derived from the highly potent

1 2 3

D-Phe’-cys?-Phe —D—Trp4—Lyss—Thr6~C¥s7—Thr8(ol) (SMS 201-995)

were investigated in DMSO-dé and/or agqueous solution by H NMR
spectroscopy.

The results were compared with those previously obtained with the three
closely related analogues SMS 201-995, Sandoz 204-090 and CTC. The eight
compounds are active in inhibiting the secretion of growth hormone.

In water, we found the possibility of conformational equilibria involving
}7turns. In DMSO, the N.M.R. results are in favour of a predominant
conformation with a type II'{} turn involving residues 3 to 6.

Many potent and selective analogues of the octapeptide SMS 201-995 [I] (table 1)
(1-3), a very selective and long-acting somatostatin (SRIF) (4) analogue, have
been synthezised (4-13) since his discovery (1).

In the analogues [II-V], [VII]) and [VIII] (table 1), the Thrs(ol) residue has
been replaced by an amidated Thr (7-13), resulting in no significant change in
in vitro inhibition of growth hormone secretion (7,14). In the case of

SMS 201-995, this replacement (compound [II1)}, table 1) reduces considerably the
binding to brain SRIF receptors but does not affect the binding to hypophysial
ones (14).

In other analogues (compounds [III] and ({VI], table 1), Phe3 has been

substituted by Tyr3, in combination (7-14) or not (5,6) with the previous
modification. This substitution results in an interesting enhancement of
affinity for both opiate and SRIF receptor systems. The hydroxyl group of Tyr3
reduces the hydrophobicity of the molecules. As a consequence, in the case of

the inhibition of the growth hormone release property, the potency enhancing

effect of this replacement is compensated, as in the case of other

' To whom correspondence should be addressed
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somatostatin analogues synthesized by Veber et al. (15). To overcome this

problem, the substitution of Phe3 by Tyr3 is coupled to the substitution of
Thr® by Val6 (7, 10-12, 15). The triple substitution of Phe3 by Tyra,
’I‘hr6 by Valsand Thrstol) by ’I‘hra—NH2 results in compound [IV] (table 1)

(7, 10, 14). Its activity in inhibiting the growth hormone release is comparable
to SMS 201-995 in vivo, but higher in vitro. Moreover, this analogue binds with
very high affinity to SRIF receptors from the adenohypophyse, but does not bind
to the brain ones (14). In the compound [VII] (table 1) obtained by substitution

1

of D-Phe1 by D-Nal (D-Nal : 3-(2-naphtyl)-D-alanine) (11, 14), the growth

TABLE 1
Code Name Analogue
(1] SMS 201-995 p-Phel-cya?-phe3-p-rrpt
8 5

(ol )Thr -Cys —Thr -Lys

[II]  DC-13-57 p-phel-cys?-phe3-p-Trpd
HzN Thrs—cys -Thr -Lys5

[1I11] CTC D-Phel-Cysz-Tyr3—D-Trp4

[

HZN—ThrB—Cys7-Thr6—Ly55

1 4

{1V} IM-IV-28 D~Phe -Cys -Tyr -D ~-Trp
(DC-13-121) H,N-Thr ®-cys-va1®-Lys>

[vl] D—Phel—C sz—Phe3—D—Trp4

HZN—ThrB-Cys7-Va16-Lys

v

(VI]  sandoz 204-090 p-Phel-Cys?-Tyr3-p-rrpd
(ol)Thre-CLs7-Thr6-Lys§—]
[VII) DC-13-116 D—Nall—Cys2—Tyr3-D—Trp4

HZN-ThrB—Cys7-Va16—Lys5

(VIII] p-Nall-c sz-Tyra—D-Tﬁ

HZN—ThrB-Cys7—Abu6-Lys5

D-Nal : 3-(2-naphtyl)-D-alanine

Abu : (¥-aminobutyric acid
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hormone inhibition potency is lowered, but the duration of action as compared to
either analogues [(I] (SMS 201-995) and [IV] (IM-IV-28) 1is increased. Both
effects could be due in part to the increased lipophilicity (and thus slower
absorption) of this compound (11).

Analogues [IV] and [VII] distinguish more clearly between pituitary and brain
receptors than SMS 201-995 ([I]. Compound [VII) can be radioiodinated and is
stable to enzymatic degradation. It could be a very powerful ligand in the study
of SRIF receptors.

N.M.R. studies of compounds [I] (16-18), [III] (19,20) and {VI] (18) have been
performed recently in agueous solution and in DMSO.

In the present study, we compare the 1H N.M.R. results of compounds [II],
[IV], [V] and [VII] in water and of compounds [IV] and [VII] in DMSO with the
results previously obtained with the three other analogues, in order to
correlate the observed conformational changes with the biological activity
results.

We also present an N.M.R., study of analogue [VIII], a compound derived from
{VIi] and containing an Abu residue at the sixth position (Abu : (¥ -aminobutyric
acid). It retains the full biological activity of ({VII] and seems to be

particularly effective on inhibition of pancreatic amylase release.

MATERIALS AND METHODS

The synthesis of analogues [I-VII] has already been described in the 1literature
(7,10). The 1H N.M.R. spectra were acquired with Bruker AM 270 and AM 500
spectrometers equipped respectively with Aspect 2000 and 3000 computers.

Spectra in aqueous solution were recorded in 99.95 % 2520 from the CEA at pH
4.0 (compound [IV) : 3.5 mM) and pH 2.7 (compound [II] : 2.5 mM; [V] : 1.9 mM;
[VII] : 2.9 mM; [VIII] : 3.1 mM).

The amide proton parameters were obtained from 3.9 mM ([II]), 2.5 mM ([IV]), 1.9
mM ([V]), 2.4 mM ([VII]) and 2.7 mM ({VIII]) solutions containing about

10 8 25,0 - 90 & 'H,0, at pH 2.7.

Samples in dimethylsulfoxyde (DMSO) were prepared by dissolving the products in
lH20 (fIv] : 3.0 mM; ({VII] : 1.8 mM), adjusted at pH 2.6, dried in vacuo,
dissolved in DMSO-d6 (99.95 &, from the CEA), evacuated and sealed.

In both solvents, the two-dimensional correlation spectroscopy (COSY) (21)
and/or double-quantum filtered correlation spectroscopy (DQF-COSY) (22,23) have
given the connectivities inside each amino-acid residue. To verify some
assignments, we have also used the homonuclear relay experiment (RELAY) (24,25).
Both types of experiments have been performed using the time-proportional phase

incrementation method (TPPI) (26,27) and transformed in the phase-sensitive mode

(273,
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The aromatic residues were assigned with the aid of the COSY with delays
(COSYLR) sequence (28,29) by observing 4J long-range connectivities between
the 8 and aromatic protons (29,30). The same technique allowed the observation
of some 5J connectivities between neighbouring (¥ protons in water (29). In
DMSO, the sequencing of the molecule was achieved by using two-dimensional NOE
spectrosopy (NOESY) (31,32) to obtain NOE connectivities (33) between (¥ and
amide protons of neighbouring amino acid residues (34).

Some accurate chemical shifts were given by the projection of a two-dimensional
J-resolved (2D J-resolved) (35) spectrum. Sodium 2,2-dimethyl-2-silapentane
(DSS) and tetramethylsilane (TMS) were choosen as external references
respectively in agueous solution and in DMSO.

All 2D data matrices were multiplied in both tl and t2 dimensions by a
sine-bell prior to Fourier transformation.

Due to the poor solubility of the peptides in water and in order to avoid
aggregation problems (36) in DMSO, low concentrations have been used in both

solvents.

RESULTS AND DISCUSSION

(1). Study in DMSO

Phase-sensitive DQF-COSY spectra at 30°C and 500 MHz yielded the connectivities

5 6

within the spin systems and the direct assignment of the Lys”, val® and

Thr®-NB, residues (Fig. 1).
COSYLR spectra (Z& = 100 msec) provided 4J long-range connectivities between

one of the D-Phel Z} protons and its Hz and H6 protons, the I} and H2

3

and HG protons of Tyr~, and the l} and H2 protons of D—Trp4 (Fig. 2).

No 4J connectivities have been found between the Hl and H3 and /3 protons

of D--Nal1 (compound [VII]). At this pH, this residue was identified by
default, and it doesn't exhibit any correlation between its (¥ and NH2

protons. Another COSYLR spectrum (Z&= 100 msec) and a second DQFCOSY spectrum,

both performed at pH 5.7 (2.5 mM solution), have provided respectively a 4J
connectivity between the Hl and one of the l} proton of D—Nall and
correlations between the D-Nal1 X and [3 protons.

Using NOESY spectra ( Tm = 120 msec) (Fig. 3), we discriminated the Cy52 and
Cys7 systems through NOE connectivities between the NH of Cysz and the

3

D-PhelCl proton, the NH of Tyr and the Cys2 (Y proton, the NH of Cys7

6

and the Vval™ (¥ proton, and the NH of Thra—NH and the Cys7 (¢ proton.

2
These last spectra confirmed the assignments of the other residues at the same
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Figure 1 : 3.75-5.60 ¢ W ) and 0.14-3.84 ( 602) p.p.m. region of a 1y

phase-gensitive COSY spectrum of analogue [IV] in DMSO (3.0 mM, pH
2.6, 30°, 500 MHz).

time. An important cross-peak exists between the NH proton resonances of LysS

and Val6. In the case of compound [VII], no correlation was detected between

1 and the Cy52 NH proton. This is probably due to the

the (¥ proton of D-Nal
very weak intensity of both the Cys2 amide proton and the D—Nal1 (¥ proton
signals.

The NH resonances were measured over 25-50°(temperature intervals = 5°).
Tables 2-5 1list the amide proton N.M.R. parameters and the chemical shifts of

the aromatic side chain protons of both analogues [IV] and [VII].

The results of spin system assignments are given in tables 6 and 7. Some of them
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TABLE 2

THE lH N.M.R. AMIDE PROTON PARAMETERS OF COMPOUND ([IV] IN AQUEOUS

SOLUTION (2.5 mM, pH 2.7, 25°) AND DMSO (3.0 mM, pH 2.6, 30°).
The3JNH—C aH coupling constants and the A(S/ A'I‘ values are
given respectively in Hz and in p.p.b./°K.

Amino In agqueous solution In DMSO
acids 3 A8/ At 3 AS/A

NH-C  H NH-C 4 H /AT

& &
D-Phe1 - -
cys? 8.2 0.8 8.7 -7.3
Tyr3 8.8 4.4 8.1 -3.7
D-Trp? 4.3 0.6 5.6 -6.2
Lys® 6.8 2.5 8.8 -3.5
val® 8.0 5.7 9.5 -0.5
cys’ 9.2 1.8 9.5 -4.9
Thre-nuz 7.8 3.9 6.8°2 -3.0
a8, At pH 6.
TABLE 3

THE lﬂ 500 MHz N.M.R. CHEMICAL SHIFTS (in p.p.m.) OF

COMPOUND [IV] AROMATIC PROTONS IN 2H O (2.5mM, pH 4.0,

2
25°) AND DMSO (3.0 mM, pH 2.6, 30°).
Amino
acid in 2H2O in DMSO
p-pPhel o 7.394 7.334
7.436°° 7.265
p 7.388 7.330°°
Tyr3 o 7.160 6.913
6.849 6.633
OH - -
p-Trp? H, 10,1742 10.848
H, 7.168 7.067
H, 7.599 7.417
Hg 7.177 6.974
Hg 7.253 7.049
i, 7.499 7.382

4, Extracted from a spectrum in 90 % 1H20 - 10 % 2520

(pH 2.7, 25°, 2.5 mM).

b. Obtained from a 2D-J-resolved spectrum.
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Figure 2 : 6.33-7.60 ( a)l) and 2.29-3.56 ( a)z) p.p.m. region of a lﬂ

COSY with delays spectrum ( ZS = 100 msec) of compound [IV] in DMSO
(pH 2.6, 3.0 mM, 30°) at 500 MHz. The dashed lines show the 4J
connectivities between the IS and aromatic protons of the aromatic
residues.

were verified by a RELAY spectrum (delay = 25 msec; analogue [IV]).
In figures 4-6, we have represented the effects on respectively the

3 . .
Aa/AT, 8& and JNH—CaH values, of the successive replacement in

compound [1] of Phe by Tyr3 (compound {VI]), Thr(ol) by Thrs-Nﬂz

6

(compound [III]) and Thr and Val6 (compound [IV}). The substitution of

D—Phe1 by D—Nall is not represented (analogue {VII]).
The Cys2 and Cys7 (¥ proton chemical shifts (Fig. 5) show important

downfield shifts compared with the random coil values (37,38). They might be due

to the influence of the D—Phel or/and Phe3 or Tyr3 aromatic rings. This

effect 1is emphasized when D—Phel is replaced by D—Nall. From figure 5, it
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TABLE 4
1

THE “H N.M.R. AMIDE PROTON PARAMETERS OF ANALOGUE [VII] IN DMSO
(1.8 mM, pH 2.6, 30°) AND AQUEOUS SOLUTION (2.4 mM, pH 2.7, 25°).

3JNH—C ak coupling constants : in Hz; A3/ AT values in p.p.b./°K.
Amino In aqueous solution In DMSO
acids 3 3
INg-c - H A/ At INH-C -, H Ad/Ar
04 a
p-Nall - - - -
cys? -P 8.4 1.6 -2 -5.0
Tyr3 8.8 4.6 8.1 -4.0
p-Trp? 3.8 ) 5.4 -5.8
Lys® 2.8 8.7 -3.6
va1® 8. 6. 9.2 -0.2
7 .b
Cys 9.5 -5.1
Thr®-nH, 8. 5.3 8.7 -5.0
a, Strong line broadening
. Can be reserved in aqueous solution.
364 5
T {
|
b
K '
T
i
iy
T 1—-{-—*-1-3
!
v%%'—— =T S S S SE S LSS -
N . - _— -+
LN R S R BN B S S AR N B BN I N B T
7.0 6.0 PPM 5.0 4.0
w,
2

Figure 3 : 7.27-9.40 ( a)l) and 3.42-7.68 ( 0)2) p.p.m. part of the
= 120 msec) of analogue [IV] in DMSO

500 MHz NOESY spectrum ( ‘tm
(3.0 mM, pH 2.6, 30°). The dashed lines indicate important NOE

connectivities.
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Figure 5 : comparison of the 8CY chemical shifts (endocyclic residues) of
compounds [(I], [III], [IV] and [VI] in DMSO.

appears clearly that the replacement of Thre(ol) by Thra—NH2 and of Thr6

by Val6 both contribute to an additional increase of these downfield shifts.
The large upfield shift of Lys5 ); proton resonances could be due to the
influence of the D—Trp4 aromatic ring on the Lys5 }7 protons (39-41).
For the five compounds, the BJNH—C CY({ values are compatible with the
existence of a [} turn [3,4,5,6] of type II' (42,43) and two }) turns [3,4,5]
and [4,5,6) (42,43). Moreover, in the case of analogues [I] and [VI], they are
also compatible with a [3 turn [3,4,5,6] of type I' (42,43). The small 1348/
Z&T of the Thr6 or Val6 NH proton reveals a stabilisation of the turns by
an intramolecular hydrogen bond, and excludes the [3,4,5] ); turn. The observed
NOE effects (Fig. 3) are in favour of the l} turn of Type II'. The very strong
NOE effect between the NH of D—Trp4 and Lys5 (¥ proton could be explained by
the [3 turn of type II' which allows a good proximity of these groups. It leaves
the possibility of the [4,5,6] }7 turn and 1is a good argument against the
existence of a [3 turn of type 1I'. Considering the important NOE effects
existing between the NH of Phe3 or Tyr3 and the Cys2 X proton, and
between the NH Cys7 and the Thr6 or val6 (¥ proton, we could assume the
existence of a conformation in which the NH group of Phe3 or Tyr3 is

oriented towards the carbonyl group of Thr6 or Val6.
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Figure 6 : comparison of the 3J values of the endocyclic residues

NH-C (¢ H
of compounds (I}, [III], [IV] and [VI] in DMSO.

6

An important NOE effect exists between the NH's of Lys5 and Thr or Val6

residues, yielding an additional argument in favour of the I} turn of type II'.

An hydrogen bond between the Thre(ol) or ThrB-NH2 NH group and the Cys2

8 8

carbonyl group is not excluded. The Thr (ol) or Thr -NH,, amide group

exhibits a strong AS/A T variation as a function of the pH. It could be due

to the proximity of the D—Phe1 or D-Nall

the native hormone SRIF (44), the D—Trp4 and Lys5 (¥ resonances are upfield

Nﬂz-terminal group. Compared to

shifted. This is in agreement with a predominant conformation at the
D—Trp4-Lys5 level.

To conclude, it appears that the five analogues exhibit similar backbone
equilibria in DMSO, with a predominant l} turn [3,4,5,61 of type II'.

If conformational differences exist, they must mostly be 1located at the

side-chain level.
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(2). Study in water

2

In “H.,0, the connectivities within each amino acid residue were obtained

2
5 6 6 6 8
from DQF-COSY spectra. Lys~, Val or Thr or Abu and Thr -Nﬂz were

directly assigned by inspection, but without distinction between ’I‘hr6 and

Thrs—NHZ (compound [II]). Phase-sensitive DQF-COSY spectra (analogues [II],
[v], [VII) and [VIII]) at 500 MHz and a COSY spectrum (analogue [IV]) at 270 MHz
in 908 lH20 - 10% 2H20 yielded the correlations between the amide and
& protons (see, for example, Fig. 7).

COSY with delays spectra (analogues [II]), [V}, (VII] and [VIII] : Z& = 100
msec; analogue [IV] : Z& = 85 msec) allowed the identification of the aromatic

3.60
4
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Figure 7 : 3.50-5.17 ( @ ,) and 7.67-8.82 ( @ ,) p.p.m. region of a 1y

phase-sensitive DQF-COSY spectrum of analogue [II] in 90% lﬂzo -
108 24,0 (3.9 mM, pH 2.7, 25°, 500 MHz).

1‘{: the correlation between the Cy52 NH and (X protons is
visible only at very 1low level (Cys2 (¥ proton burried under the

water peak).
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+ : artefacts.
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Figure 9 : comparison of the 80( chemical shifts (endocyclic residues) of

compounds [I]), [III]), [IV] and [VI]) in 2H20.
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Figure 10 : comparison of the BNH values (endocyclic residues) of
compounds [I-IV] in agueous solution.
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the l} and Hl and H3 protons of D-Nall. For analogue [(1V], a second
experiment at 40° ( Z& = 50 msec) was necessary to separate the Tyr3 ortho
and D-Trp4 H2 proton resonances which were completely overlapping at 25°.

In the case of compound [(11], the proper assignment of the Cys and Thr residues
was obtained by performing a COSY with delays spectrum ( ZS = 220 msec). It

e 5 6
J connectivities between Lys and Thr
-¥ Y ’

allowed the observation of
and Thr6 and Cys7.

For the other analogues, attempts to discriminate the Cys2 and Cys7

resonances with the aid of SJC¥%1 connectivities were wunsuccessfull. It
suggests the possibility of a different conformation at least at the Val6 (or
6 7

Abu )-Cys ' level of analogues [IV], (V], [VII] and [VIII} compared to [I],

[1I]), (II1]) and ([VI].

3
} T, e

-

Cys’

Phe3 orfyr3

Cys?
8- ThrBorVal®

6
5
" — DI
1 | ] R
| Vi 1l IV
Figure 11 : comparison of the 3JNH—C q coupling constants (endocyclic

residues) of analogues (I], (III], (IVv] and (VI] in aqueous
solution.
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We have also tried to obtain NOE effects with the aid of the NOESY sequence.
We did not observe any NOE effect in water. This 1is not very surprising,
considering the fact that intermediate-gize peptides exhibit in general
extremely weak NOE effects. The NH resonances were measured in the range 25-50°
(temperature intervals = 5°)., Tables 2, 4, 8 and 10 list the amide proton
N.M.R. parameters of analogues [II], [1V}, [V}, [VII] and [VIII].
The results of the spin system assignments in HZO are shown in tables 3, 5, 9,
11, 12-16. 1In the case of analogues [II], [VII] and [VIII], some assignments
were verified by RELAY spectra (delays = 20 msec) (Fig. 8). For the five
compounds, the accuracy of the chemical shifts was checked by performing
J-resolved spectra. Let us first analyse the conformational properties of
analogues [I-VII]. For the whole series, the residues in position 3 and 6
exhibit large AS/Ar values. a comparison between the AS/ A T values
3

and the JNH—C a B

(see ref. (18) and (20), and table 8) does not provide any significant

coupling constants of compounds [I], [(II], [III] and [VI]

differences between these molecules. Their values are compatible

L a
with a [3,4,5,6] l} turn (42, 43) and two )} turns [(2,3,4] and [3,4,5] (42,43).
The large Z&(S/ éﬂ T wvalue of the Thr6 residue almost exclude a major
contribution of the /3 turn, but leaves the two other possibilities. Taking into
account the 1348/ [& T values of Cysz, D-Trp4 and Lyss, we found the
possibility of an equilibrium between two }7 turns involving residues 2, 3, 4
and 3, 4, 5.

It is possible that the Cy52 amide proton is involved in an intramolecular
hydrogen bond.

Both )) turns allow a good proximity of the D—Trp4 and Lys5 side chains, as
confirmed by the 1large upfield shifts of the Lys5 )} proton resonances
(39-41).

In the case of compounds [IV], [V] and [VII], attempts to discriminate the

Cy52 and Cys7 resonances were unsuccesfull, Nevertheless, the ‘SCY B

3

J and AS/ AT values are in the same order of magnitude for both

NH—CaH

residues, leading to a possible unambiguous interpretation of the results.
3

, 00« Onp . AS/AT ana 33,

NH a '[5 NH-C o H

values obtained for the Cys residues of the seven analogues (Fig. 9-13, ref.

Furthermore, if we compare the 5

(18) and (20), and tables 2, 4, 8, 12-15), we may tentatively assign the Cys

resonances by homology.

3

Let us compare the 5&’ , 8 J and amide proton A(s/A T values

NH’ NH-C a H
of the seven analogues. In all compounds, the ‘SCX values of residues 3 and 6

and the 5NH
4

The D-Trp and Lys

of residue 5 are very close to the random coil values (37,45).

5 (¥ proton resonances and the 'I‘hr6 or Val6 amide

proton resonances are appreciably upfield shifted. In the case of residues 2, 3,
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TABLE 8
THE IH N.M.R. AMIDE PROTON PARAMETERS OF COMPOUNDS [II] (3.9 mM, pH 2.7) AND [V]
(1.9 mM, pH 2.,7) IN AQUEOUS SOLUTION, AT 25°,

3 . L ) L o
JNH—CaH coupling constants : in Hz; A(S/A T values : in p.p.b./°K.
Amino Analogue (II] Analogue (V]
Acids 3 3

Inn-c oy AS/AT Inn-c B AS/AT
D—Phel - - - -
cys? 7.7 .5 . 0.
Phe3 8.0 5.9 8.9 4.9
D—Trp4 4.8 .
Lyss . 2. 8.0
Thr® or va1® .0 6. 8.8 .
cys’ 6. 9.3 .
Thr ®-na, 8.0 4.5 8.0 .

TABLE 9

THE lH 500 MHz N.M.R. CHEMICAL SHIFTS (in p.p.m.) OF THE

AROMATIC PROTONS OF ANALOGUES [II] (2.5 mM, pH 2.7) AND [V]

(1.9 mM, pH 2.7) IN 2H20, AT 25°.
Amino acids Analogue [II] Analogue [V]
D-Phel o 7.311 7.382
7.428°P 7.432°°
P 7.386°° --c
phe’ o 7.271 7.294
7.417°P 7.375°P
p 7.362°P 7.321°°
p-Trp? H "2 10.173 10.177
H, 7.122 7.152
H, 7.554 7.589
He 7.192 7.166
He 7.263 7.248
H, 7.497 7.492
a 1 2

. Obtained from spectra in 90 % H20 - 10 & HZO (analogue
[ITI] : pH 2.7, 3.9 mM; analogue {V] : pH 2.7, 1.9 mM).

b. Obtained from J-resolved spectra.

<. Important overlap.
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TABLE 10
THE lH N.M.R. AMIDE PROTON PARAMETERS OF COMPOUND [VIII]
(3.1 mM, pH 2.7, 25°) IN AQUEOUS SOLUTION

. . 3 . : °
Amino acids JNH—CaH (in Hz) AS/A T (in p.p.b./°K)
D-Nal1 - -

Cys2 -a 8.0
Tyr3 . 4.8
D—Ttp4 4.1
Lys® 2.7
Abu .
Cys7 .a . 8.7
Thr 8-nH,, 7.5 6.9
8 Can be reversed

TABLE 11
THE AROMATIC PROTON lﬁ N.M.R. PARAMETERS OF ANALOGUE [VIII}
(2.7 mM, pH 2.7, 25°) IN 2H,0
Amino acid a(in p.p.m.)

D-Nal 7.746
7.452
7.957
7.898
7.583
7.583

7.954°P

.b

<o = - R < I - - -
® 9NV e W

Tyr 7.131

6.894

o]

p-Trp? 10.180
7.118
7.501
7.177
7.248

7.484

oo omom omom

~N s

8, obtained from a spectrum in 90 % 1820 - 10 8 2H20
(pH 2.7, 25°, 3.1 mM).

b. Can be reversed



961

Super-active analogues of somatostatin

AS0D-40a sAT3Isuss-sseyd e woij pauTtelqo *yead I193em Tenprssl ay3l I9pun partiang °

‘un13}oads paATOSaI-L ® WOl pPaildoeaiIxly .M
(L*z HA ‘Wu 6°¢ ‘,G2) on.H % 06 - o.o.mm % 0T ur wnzjoads © woly paureiqo .n
*suojoad HQ\ 2y3 103 @2arv sanTea i1addn ayi *3stxa suojoad T 31 'y
v°9 L€ Rz 1 o CLT Y Lye'v ¥60°8 vaTtha
S°¢ LSt ¢
R A T 196°2 616" ¥ £60°8 (540
v°9 6°v LET'T vov°v 9GE" ¥ 186°L ouna
9°0T1 0TL 2 0Te" 1 12570 LLS'T
B - e o.Ammw.Nv u.AoS.H szE'0 ,.¥92°1 veg'e s0e°8 g541
S°01 v66°¢
6°€T q 8s8-¢z 99Z°¢% 819°8 vauauo
9 L80° ¢
P€1 H .mﬂ 9 v 86Z°8 mwnm
6°¢C 5-L2872
6°v1 Ty YTRE3 p-28°Y 996°8 2550
L"9 LSZT" €
T°¢T UA._.,IMV o) om.mv o-CTEY - stmno
I I
AQ—. Q Q—. M\d_. w% %@ A% va »u% IZ% sp1oy
€ c € q ouTury
*ZH UT .0 S3ue3isucd puyidnoo ‘{*w-d-d uy m.% $33TYys Ted1wsyd
*(L°z Hd ‘,6T ‘Ww GZ) ON:N NI [II] ONOOWOD 4O SYILIWVYV “d'W'N ZHW 006 H, FHL

ZT T19vYL



*derasao 3juejzoduy °

‘unijzoads paATOSSI-0 ® WOXI pauUTeIqO M
“(Wu G°7 ',SZ ‘L°T HA) onN % 0T - ONmH % 06 UT wni3zdads e woay pauTelqo .n
*suojoad HQ ay3 woi3j oIe sanrtea zaddn sy3z ‘3stixa suojoad Z 31,
S°9 £°¢ Z8T° 1 66" 861" v L6T°8 Nmz|wusa

9°'¢ 090°¢
0°ST m|: 086°2 oLe*s GLSG"8 \.m.ao

[48°] 1%6°0

Z°9 9°6 a 9€T°¢ 160° ¥ Z8°L wam>

T°11 089°2 8Z°T 19v°0 169°1
. 9°¢ 865°C  ,.\82°1 9z 0 18T°1 1s67t Loz"8 %41

; g0t B : :

m L €T V9 LLO € p- TLETY IATAR: qmua-o
2 6°€T 9° L She6 2 S69° ¥ 6£9°8 m‘;a

o 501 106°2
6° b1 v 182 912Z°S z9L°8 mmmo

L's 06€°€
£ vl .mlm ylm o.mmm.v - Hwnmno

o1

&.Q_. Q Q—. Q»Q_.. w% %@ A% Q% \d% IZ% proe
% r4 € QqQ outuy

*zy utr pue *w-d-d ur A1sar3oadsax usaalb aie _, ¢ sjuejsuod burrdnodo syl pue m.% $3JTYS Tedtwayd ayj

‘(0% Hd ‘. G2 ‘Wwm §°2) om z

962

H, NI [AI] 3INODO0TIYNV JO SYIALIWVYIVYd Y W°'N 2ZHW 006 H. JFHL

R, 1
€T T1dVL



963

*AS00-40Q @a13Tsusas-aseyd e woij paureiqo

Super-active analogues of somatostatin

‘umi3ydads paaToseI-f ® WOIJ paureldqo .M
‘(t°z H ‘Wu 6°T) onN % 0T - o~=H $ 06 uT wnijoads e woijz pPaIdRIIXT ‘g
*suo3joxd HQ ay3 103 o1e sanTea iaddn ay3 ‘3stxd suojoad Q z 31 v,
€611 9ZE" ¥ (3248 4 z6Z°8 N:z|wuna
8V0"€
986 2 682°S v8s-8 hm»u
L% 0S6°0
97 15670 692°¢ Z60° ¥ L08"L gT®a
T 0L9°C wmu.ﬁv 141 A0 vt
€ 0652 o.c.ASN.H €20 €611 0767t 68 ¢*41
T 060°¢€
9 %90 ¢ L9E" ¥ SIL"8 vmuauo
8°¢ yL0°¢
Y 770-¢ p-9L"Y v99°8 goud
9°0 606°2
o 6182 LzT S 06L°8 meo
L9 S8€°€
78 Tzz ¢ 9ve Y - {244-a
q outury

‘ZH Ul ¢ . S3URISUOD purtdnoo f-w-d-d uy : m.% §33TYs Testway)

*(r°z Hd ‘.67 ‘Wu 6°T) onm NI {A] 3NDOTYNY 40 SYILAWYYVS "W W'N ZHW H FHL

PT 3TAVL



s1eubrs uojzoad Q xspun parxang *

P
*deTxaa0 juejazodul ‘s
*jusateatnby .n
(Ww pcz L0z HAD) O m.ﬁ % 06 - onN % 0T ut wnx3dads ® WOIJ PouUTEIqO ‘e
S*9 6°¢ 80Z°1 L AXAN 4 [ X AN 4 €10°8 Nmz|wuza
€11 Z6L°C X
LT 0 v ZeL 2 ve°yv 9L2°8 hm o]
9°9 626°0
Mdm 9°6 Nmmdm v91°¢ 8S6° ¢ TLL-L wam>
- 8°¢ Aom.av | A4 2] 188°1 p
3 — - —_— . .
s 01T P 5-N0ET zEz° 0 SLT'T veste A B
4] 0°TT 6€0°€ g
M 6°¢T1 6°C 6L6°2 192" % 086°8 v IL-a
9°L .826°C LYV LBE"8 1&g,
B q £
o €11 z6S°¢ <
0°ST ¥ £st°z S98° ¢ ¥Z9°8 Nm o/
6°S L8v°¢
L €T 0°6 Tse ¢ 188 A8 4 - AHMZIQ
oI
\5__. q Q_. Q_B_. 0 Lo do Q@ Do HNo proe
€ A € e outury
*wed*d ut : % $3JTYS TedIWayd {zH ut : [ s3juejsuod buridnop
[4

*(t*z Hd ',5T ‘WW 6°2) O z

964

ST JTdYL

H, NI [IIA] FND0TYNV 40 SYTLIWYYIVd ‘Y W'N ZHW 00S H, JHIL

T



Super-active analogues of somatostatin 965

4 and 7, the 'SNH and é&l chemical shifts depend dramatically on the nature
of the residues at positions 6 and 8. From figures 9-13 and the (¥ and amide
proton parameters of analogues {I-VII), it is obvious that substitution of
Thr6 by Val6 causes important conformational perturbations, specially at the
Cys7 level.

For the three compounds containing a val residue at the sixth position ([IV],
[v] and [VII]), both Cys residues exhibit large downfield shifts compared to the

8

random coil values. This effect is slighlty emphasized when replacing Thr (ol)

by Thre-Nﬂz, as it is the case in DMSO.

Whereas in DMSO all analogues containing Thr6 and Thre(ol) (compounds [I])
and [v1i]) or Thre—NH2 (compound [III]) residues show important upfield
shifts of both Cys (¥ proton resonances, this is not the case in water.

We suggest the possibitity of a different interaction between the D—Phel

aromatic ring and the Cys (¥ protons in DMSO and in aqueous solution. A good

JASAT (ppb/K)
9-
8-
7-
6
TheBor
5. Val®
Phe3or
4- Tyr3
34
2 lys?
- o
14
bys?
0+ DInp?

T b 1 1

I vi Il v

Figure 12 : comparison of the amide proton [148/ [& T values (endocyclic
residues) of analogues [(I], (III), (IV] and [VI] in aqueous
solution.
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8_AAS/AT(ppb/‘K)

j —aTwbor

5- Vai6
PheSor
4 Tyr3

LysS
2+ Cys7
1< c y$2
0- LIrp4

Figure 13 : comparison of the amide proton A3/ AT values (endocyclic
residues) of analogues [I}, [II]}, [IV] and [V] in aqueous solution.

argument in favour of this assumption is given by replacement of D-Phel by

D—Nal1 (analogue {VII]). In DMSO, this substitution causes an additional

downfield shift, whereas 1in aqueous solution the downfield shift is

significantly decreased.

Compounds [IV], (V] and [VII], containing a Va16, exhibit small amide proton
AS/A T values for residues 2, 4 and 7. There is certainly contribution from

conformations in which the Cysz, D—Trp4 and Cys7 amide protons are

involved 1in intramolecular hydrogen bonds, specially for compounds [IV] and ([V].

5 amide proton in an hydrogen bond 1is not excluded,

A participation of the Lys
though its Aa/ AT value 1is larger than the three other ones. These
assumptions are completely in agreement with the important downfield shifts
observed for the Cysz, D—Trp4 and Cys7 amide proton resonances of these
compounds .

In the case of the other analogues, only the Cy32 and D—Trp4 NH resonances
are downfield shifted, but at a lesser degree, whereas the Cys7 NH resonances

exhibit a significant upfield shift.
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The 3JNH—C aﬂ and the A(S/A T values (tables 2, 4 and 8) are compatible
with the existence of }) turns [2,3,4), [(3,4,5) and (5,6,7]. The very small
AS/A T values of Cysz, D—Trp4 and Cys7 are good arguments in favour of
a conformational equilibrium involving a major contribution of both )) turns
{2,3,4] and [5,6,7] (Fig. 14) and an intramolecular hydrogen bond between the
Cys2 amide proton and the Cys7 carbonyl group. As for the other analogues,
the large AS/A T of the residue at position 6 argues against an important
contribution of [3,4,5,6] [3 turn.
Let us now consider the case of analogue [VIII] (table 1). Substitution of

Val6 (analogue ([VII]) by Abu6

(analogue [VIII)) causes the disappearance of
the large downfield shift of the Cys (¥ proton resonances (table 16). This is in
agreement with the results obtained with analogues [I-VII]. The [348,/[3 T
values (table 10) are in the same order of magnitude as those obtained for

analogues [I), [II), [1II], and [VI] which possess a Thr residue at position 6.

The 3JNH—C a H values of both Cys and Tyr3 are comparable to those
obtained for the compounds exhibiting a Val6 residue, whereas the Lys5
3 . . L

JNH-C aH coupling constant is similar

Figure 14 : the most probable conformation of analogues [IV], [V] and [VII] in
aqueous solution.
R1 : D-Phe or D-Nal; R3 ¢+ Phe or Tyr; R4 : D-Trp: R5 ¢ Lys;
R6 ¢ Val; R8 ¢ Thr,



TABLE 16

THE 1H 500 MHz N.M.R. PARAMETERS OF ANALOGUE (VIII] IN 2520 (3.1 mM, pH 2.7, 25°).

Coupling constants J : in Hz; chemical shifts 8 : in p.p.m,

896

Amino

P 13 SINYNAM "D

.a 3 2 3
acids 8 8 6 3 5 8 J J J
NH @ B Y S € af BePy By

D-Nalt - 4.363 3.258 3.8 13.4

3.486 5.9
cys? € 8.298 4.671 2.283 3.2 14.7

2.323 5.2
Tyr3 8.158 4.627 2.831 9.1 14.4

2.947 6.5
p-Trp? 8.425 4.105 2.810 36 14.1

2.962 11.5

.b .b

Lys’ 8.199 3.690 1.192 0.267 (1.262) (2.660 10.8 _

1.531 0.478 1.310 2.695 3.8
Abu® 7.790 4.108 1.799 0.953 5.8 - 1.4

1.883 9.1 7.4
cys! € 7.742 4.555 2.773 11.6 14.5

2.886 3.5
he®-nu, 7.804 4.341 4.283 1.217 3.8 6.4
2. Prom a gspectrum in 10 % 2H20 - 90 % 1H20 (pH 2.7, 2.7 mM).

. Obtained from a J-resolved spectrum.
€. can be reversed.
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to the values of analogues having a Thr6. The Abu6 3JNH_C a H value is
significantly smaller (6.4 Hz) than the Thr6 or Val6 ones (=~ 8 Hz).
A combination of the As/ A T and 3JNH—C a ¥ values leads to the

possibility of the existence of an equilibrium between two )7 turns [2,3,4] and
(3,4,5] (42,43). Considering the high AS/A T of the abu® amide proton, a
participation of a l} turn {3,4,5,6] in the conformational equilibrium is
unprobable. The positions of the amide proton resonances are similar to those of
analogues exhibiting a Thr residue at the sixth position, though the Cys2 and
D-’I‘rp4 NH signals are less downfield shifted.

It must be noted that one of the Cys residue exhibit strongly upfield shifted
13 proton resonances.

Finally, for compounds containing a D-Nal residue (analogues [VII]) and [VIII]),
1° H3 and H4
aromatic protons has been obtained by observing long-range l}-aromatic and

we must point out that the discrimination between the H

aromatic-aromatic connectivities. COSYLR spectra ( [3 = 100 msec) allowed the
observation of 4J and 5J connectivities between the Hl, H3 and H4
aromatic protons and the {5 protons, whithout discrimination between the Hy
and H4 resonances. A small 4J cross-peak (existing in the phase-sensitive
DQF-COSY spectra) between the Hl and H3 proton signals allowed us to

distinguish between the H3 and H4 protons.

(3). Discussion of the correlation with biological activity

As pointed out, the five analogues ([I-IV] and (VII]) exhibit the same
predominant conformation in DMSO solution and no correlations can be found with
changes in biological activity. Nevertheless, we know from previous studies
(46-48) that measurements in DMSO are able to discriminate totally inactive
compounds from active ones (GH inhibition) by their conformational behaviour.
Drastic changes in conformations are detectable but more subtile influences seem
to be hidden by a strong peptide-solvent interaction.

At the contrary, the peptide-water interaction seems to be weaker and variations
in conformation appear, and can be correlated with quantitative variation in
potency. We focussed our attention to the in vitro GH inhibition which is fairly
well documented in this series. At this level of our investigations, in vivo
results include to many parameters to be compared with structural changes.

In water, if we compare the 8a ’ AS/ A T, 3J and 3J values

NH-C 182 H (84
of analogues (1] (16,18), {II] (tables 8 and 12), [III] (20), [IV] (tables 2 and

14), (V] (tables 8 and 14) and [VI] (18), it appears clearly that substitution

of Phe3 by Tyr3 (analogue [VI]) or Thra(ol) by Thre—Nﬂz (analogue [I1])
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TABLE 17

Inhibition of GH secretion®?
Analogue Code Name

in vivo in vitro-€
(1] SMS 201-995 g1-9 5 (3P
[1I) DC-13-57 as-f 4.4
[III]) CTC -+b -+b
€3 IM-1V-28 79°¢4 (177t .
(v 11-¢9 a.2°¢
[vI) Sandoz 204-090 --9 --9
[VII] DC-13-116 10.1°€ 4.1
a8, SRIF = 1 b. Not tested
€. From reference (14) d. From reference (7)
€. From reference (11) f. From reference (10)
g, Comparable to the activity of [(I] (reference (5))
h

. From reference (1)

does not introduce significant conformational changes. Accordingly, the in vitro
activities of these compounds (table 17; inhibition of growth hormone
secretion) are very similar.

The val®

side-chain introduces the most important modification, forcing the
molecule to one predominant conformation (Fig. 14). The molecule where this
predominancy is maximum, as shown by evolution of the NMR parameters, is
compound [IV] which also shows the highest in vitro activity.

As soon as this effect is loosened as in compound [VII]), the activity drops
again (Table 17).

In any case, as the variations in activity between these derivaties are small,
one has to be aware of the fact that other factors like the influence of
lipophilicity (D—Nal1 derivatives) or hydrophilicity (Tyr3 derivatives) also

influence the activity.

CONCLUSIONS
In aqueous solution, for compounds [(I], (II], [III], [VI] and [VIII], we may
assume an equilibrium between two )) turns [2,3,4] and [3,4,5]. For compounds
[IV], [V] and [VII]), containing a Val6 residue, we have more probably a
conformational equilibrium involving a major contribution of both the }7turns

[2,3,4] and [5,6,7].



Super-active analogues of somatostatin 971

For all the analogues studied in DMSO, we found a predominant conformation with
a [3,4,5,6] I} turn of type II'.

In both solvents, the existence of a stabilization by an hydrogen bond@ involving
the Cys2 amide proton is not excluded.

It appears that in water, the molecule is more sensitive to conformational
changes related to the activity whereas in DMSO the solvent effects predominate.
It appears that in DMSO conformational studies are only able to
discriminate between active and non-active compounds (GH inhibition) and

that quantitative variations among the active analogues are better
reflected by conformational changes in water solutions. In this solvent the

equilibria are less influenced by peptide-solvent interaction.
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