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Solid phase methodology on benzhydrylamine resin was used for the synthesis of three analogues
ol vasopressin with non-coded amino acid, l-aminocyclopropanc-1-carboxylic acid, in position
9. Two analogues of lysine-vasopressin ([l..yss. Accq]vasoprcssin (/) and Gly;-[LysH, Accu]vassupressin
(£} und one analogue of arginine-vasopressin ([Arg®, Acc’jvasopressin (/1)) have been synthesized.
The dubious value of the hiological uctivity of [Lys®, p-Ala"Jvasopressin was reevaluated and [Lys®,
t-Ala’lvasopressin was also synthesized and tested for the comparison, Differences in solution
conformation ol these two analogues were studied by "H and *C NMR spectroscopy, Biological
activities of all analogues were either significantly lowered or almost completely eliminated.
Analogues /-//f were ound to be completely inzctive in analgesia and lhc CNS activities tested
{active and passive avoidance).

During the years of structure-activity studies, the extent of attention devoted to
different positions in the peptide chain of vasopressin varied. As far as the
position 9 is concerned, even though some analogues modified in this position
were among the first which had been prepared, the position 9 was not studied
very thoroughly. This was probably due to the low biological activities of the
analogues obtained'~3. For a long time it was supposed that this position
cannot be modified without a loss of peripheral activities. However, lately it was

* Part CCVI in the serics Amino Acids and Peptides; Part CCVI; Collect, Czech. Chem.
Commun. 53, 2542 (1988).
** Visiting scientisi, Institule of Organic Synthesis, Latvian Academy of Sciences, Riga, USSR.
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found that this hypothesis is not correct?, e.g. analogues of vasopressin* having
L- or D-Ala in position 9 display high antidiuretic activity™S, though lower than
the parent hormones. In the case of [8-arginine]vasopressin the activities are
higher than those of [8-lysine]vasopressin. Besides, D-alanine substitution in
both LVP and AVP conserves certain pressor activity (about 50 times lower
than that of 'the parent hormone), in the L-alanine substituted analogues the
pressor activily is practically zero. Interestingly, the “design™” of analogues
(described” and patented®, but probably never synthesized’) selectively
influencing the production of factor VIII was based just on the reported® low
activity of [Lys®, D-Ala’]VP. This analogue was later synthesized and
biologically evaluated either by Gazis*® and by us (see Table I) and found to be
antidiuretically rather potent. Since there is no doubt about its structure
(verified by 'H and *C NMR) and purity (TLC, HPLC), the originally reported

TABLE |
Biological activities (rat, [.U./mg) of vasopressin analogues with the modification in the position 9

Compound Uterotonic  Galactogogic  Pressor Antidiuretic” Ref.
(in vitro) {in situ) S B
LvP st 65° 285" 260" 2607 -
[Gly-OH)L.VP 4.8 - 1.27° - - 14
[Gly-NHMe ILVP 0.4 - 1.5 - - 3
[Gly-NMe, JLVP 0.4 - 0.06 - - 3
[NHC,H,NH, *JLVP 0.2 - 0.002 2 - 2
[AWILYDP 0.08 - 0.05 2 - 2
- - 0.1 4.3 - ¢
[p-Ald”JLVP 0.03 - .01 0.8 - 2
- - 3,7 22 - 6,
[B-Al’]LVP 0.04 ~ ¢ - - 14
[Sur’JLVP 0 - 045 = - 1
AVP 17t 95° 4120 i agst 450° -
IGly-OHJAVP - - 0.3 4.7 - 16
[Al’]AVP - - <0.4 104 — 4,6
[o-Al’]AVP - - 7.5 189 - 4,6
! 0.2 (0.11) 0.36 <0.02 2.3 9.8 g
" 071 <0.02 <0.01 0.06 2 ¢
I 0.71 (0.04)° 0.12 <0.01 21 10 d

* First vilue determined according to Sawyer (S) (rc[‘.m), the second according to Burn (B) (rcI‘.“);
P according 10'%; © this paper; ! ref.™; ¢ inhibition: 7 ref.; ® in situ.

* All the chiral amino acids, mentioned in this work, are of the L-series. The nomenclature and

symbols of the amino acitds and peptides obey the published recommendations ”: Acc denotes the
l-aminocyclopropane-1-carboxylic acid moiety.
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activities must be considered wrong. Regarding these results we decided to
synthesize also the analogue containing L-alanine in position 9, originally
synthesized together with [Lys®, D-Ala’]VP. In this case, the activities found with
the newly synthesized analogue are very well comparable with the activities
reported earlier”,

The differences in biological activities of analogs with D- or L-alanine in
position 9 prompted us to study the influence of this substitution on the
conformation of the cyclic part of the. molecule. We have measured 'H and 1*C
NMR spectra of both analogs in deuterated dimethylsuifoxide (Tables Il and
II). The comparison of '*C chemical shifts didn't reveal any significant
differences between these two compounds, However, in the '"H NMR spectrum
the differences in chemical shifts were found for «-CH of Phe (0.09 ppm), p-CH,
of Phe (0.07 and 0.09 ppm), B-CH, of Asn (0.07 ppm) and «-CH of Cys® (0.15
ppm). The most important seems to be the difference in magnetic
nonequivalence of 8-protons of phenylalanine and asparagine and the difference
in NH proton chemical shift temperature dependence of these two residues.

The temperature dependence of asparagine NH, which has usually very
small or even positive coefficient of temperature dependency'®, is slightly
lowered in [Lys®, L-Ala’]VP, but is of approximately average value in [Lys®,
D-Ala®]VP. On the other hand, NH-proton of phenylalanine in {Lys®, D-Ala’|VP
is significantly shielded from the interaction with the solvent. All these findings
support the idea that the substitution of glycine in position nine influences very
importantly the conformation of the cyclic region of the molecule, especially the
phenylalanine residue which is known to be important for the expression of
vasopressin-like activities.

With the growing interest in the central effects of vasopressin (for the
review see ref.”), the position 9 gained in significance. The application of CNS
activities of the neurohypophyseal hormones is complicated by the high
peripheral activities. Therefore, analogues with eliminated classical (antidiure-
tic, pressor} activities and unchanged potential in influencing the CNS are
valuable. Rather successful in this direction is des-Gly-NH, °-[Lys®]vasopressin
which displays low peripheral acivities and still retains high degree of central
effects. Analogues synthesized up to now with the medification in position 9 are
reported to lose their activities, especially the pressor activity. There are no
reports about their CNS activities.

In order to study more thoroughly the effect of the changes in position 9,
we have synthesized analogues of vasopressin containing a non-coded amino
acid, l-aminocyclopropane-i-carboxylic acid (Acc) in this position. This amino
acid was already used in the syntheses of enkephalin®? oxytocin™, and
tuftsin®® analogues. Acc is achiral as glycine, however, sterically more
demanding and it may influence the whole conformation of the C-end of the
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vasopressin molecule. The question, how Acc will be recognized by the living
organism was also of interest. It is well known that 1-aminocyclopropane-I-
-carboxylic ucid is an intermediate in methionine metabolism to etllylene35'26
and,ﬁ;noreover. that it is recognized by the appropriate enzyme as an L-amino
acid~’ .

TasLi [T
Proton NMR parumeters of [L-Alu”]LVP and [p-Ala®]LVP in hexadeuteriodimethylsulfoxside

Residue Parameter [L-Al®]LVP? p-Al"LYP”
I. Cys N, (ASNH./AT) 8.27 (—1.9) 8.27 (—0.1)
olCH 4,04 4,09

BCH, {Jx.B) 305 (7.0) 3.05 &4)
b (53.4) b (4.7)
2, Tyr NH (ASNH/AT) 8.23 (—4.0) 8.21 {(—4.7)
aCH (/N,x) 4,24 (6.3) 4,24 (n.n
BCH, (Ju. P} 292 (10.1) 2.90 (10.3)
319 (3.1) 3.20 4.8
arom.H 6.95, 6.64 6.95, 6.63
OH (ASOH/AT) 9.21 (—4.6) 9.16 (~4.9)
3. Phe NH (ASNH/AT) 8.68 (=25 .89 {(~L1
aCH (/N 4.42 &1 4.33 8.0
BCH, (Jaup) Co282 (9.3) 2,60 9.1y
2.84 (3.2) 275 (5.5)
arom.H 7.19—-17.31 7.19—-7.30
4, Gin NH (AJNH/AT) 540 (—2.7) 8.48 {~34)
gCH (/N.) 393 (5.5) 392 (5.1}
BCH, (Ja,B) ~ .89 (8.5 ~191 (8.2)
' ~1.96 (5.0) ~ .91 5.4)
yCH, = ~2.16 ~2.18
CONH, (AdNH/AT) ¢ ¢
6.79 {(—4.3) 6.78 (—4.7)
3. Asn NH (AdNH/AT} 7.94 (—1L.7N 8.07 (-3.3)
aCH (/N.) 4.54 (8.0} 4.50 (8.1)
BCH, (Ja,B) ~2.63 (6.4; 6.3) ~2.61 {6.3)
: ~2.70 (6.3}
CONH, (ASNH/AT) 7.40 (—32) 7.42 (—3.6)
. 6.90 (—4.1) 6.91 (—4.7)
6. Cys NH (ASNH/AT) 8.11 (—5.3) 8.17 (—54)
aCH (/N,z) 4.74 (7.6) 4,89 (7.6)
BCH, {Ja,[3) 298 7.7 3.05 (8.0)
15 (5.4) 3.20 5.1}
7. Pro aCH (Jop) 4.29 {10.6; 3.6) 425 (8.7; 3.2)
BCH, ~2.02 ~2.00
¥CH, - ~ 183 ~ 18]
dCH, ~3.62 ~3.64
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TanLE 1]
{ Continued)
Residue Purameter [L-Ala"]LVP" [p-Al"|LvP"
8. Lys NH (AdNH/AT) 8.02 {(—3.8) 8.07 (—3.9)
aCH (JNz) 4.14 (7.8) 4.19 (8.1}
BCH, (J.B) 1.60 (10.3) ~175 (9.6; 5.1)
1.72 4.1
+CH, ~1.36 ~1.34
BCH, ~1.52 ~1.54
eCH, 277 ‘ 2.76
NH, (AdNH,/AT) 7.66 (-0 7.69 (—0.1)
9, Xxx NH (AINH/AT) 7.65 {—318) 7.65 (~2.5)
aCH (J/Na) 4.10 (7.4) 4,14 (7.6}
§CH; () 1.23 (7.1 1.26 (7.2)
CONH, (ASNH/AT) ¢ d
697 (—3.9 6.95 {—35.6)

“ Temperature 319.54 K; referenced to DMSO (5 2.50); AGNH/AT values were obtained for
temperature inierval 300.56 K to 319.54 K, ~ indicates the approximate value obtained usually
from a cross-peak in 2D-COSY spectrum; " signud is overlupped with a strong residual water peak:
“ overlupped by aromatic proton signals.

Three analogues of vasopressin were synthesized containing Acc in
position 9. Two of these 'm'ﬂogues were derived from [8-lysine]vasopressin-
-[Lys®, Acc’]VP () and Gly1§s -[Lys®, Acc’]VP (II) — and one was derived from
[8-arginine]vasopressin-[Arg®, Acc’|VP (1))

Y-Cys-Tyr-Phe-Gin-Asn-Cys-Pro-X-Acc-NH,

I, X = Lys, Y H
II, X = Lys, = H-Gly-Gly-Gly
I, X = Arg, Y H

Syntheses of all the three analogues were perfomed by solid phase
technique on the benzhydrylamine resin. As an o-amino group protection we
have used tert. butyloxycarbonyl group with the exception of Acc where
benzyloxycarbonyl group was used. For the side chain protection we have used:
2-bromobenzyloxycarbonyl (Lys), tosyl (Arg), benzyl (Tyr), 4-methylbenzyl
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(Cys). Protected amino acids were coupled by N,N'-dicyclohexylcarbodiimide
(DCC) and N-hydroxybenzotriazole (HOBU) in dimethylformamide. Benzylo-
xycarbonyl group was cleaved by hydrogen bromide in acetic
acid-dichloromethane mixture, Side chain protecting groups were cleaved
simultaneously with the cleavage of the peptide from the resin by liquid

TasLe HI
Curbon-13 NMR chemicul shifts of [L-Al’|LVP, [D-Ala"]LVP and LVP

Residue Parameter [L-Al"ILVP  [D-Al]LVP LVP
DMSQ" DMSO* DMSO” D,0°
I. Cys Co 166.93 166.79 ? 168.7
C'™H 52.07 5205 54.3 53.5
C"H, 40.89 41.44 46.7 40.9
2. Tyr co 170.93 170.75 ? 173.3
C'H 5546 55.28 36.6 56.5
M, 36.96 37.41 38.7 37.6
arom, C-1 12749 127.52 129.3 129.0
C-24 130.09 130,01 131.4 131.7
C-3.5 11527 115.19 116.5 116.8
C-6 15613 - 156.05 157.4 155.8
3. Phe Cco 171.14 171.05 ? 174.0
C'H 55.92 5597 56.9 56.8
C'H, 36.81 36.66 38.7 37.1
arom, C-1 137.73° 137.70 137.6 137.4
C-2,4 128.38 128.22 129.7 130.1
C-3.5 129.28 12936 . 130.7 130.3
C6 126.59 126.48 © 1278 128.5
4, Gln Co 171.14 171.05 S0 174.2
C*H 54.36 54.47 55.8 56.1
C"H, 26.59 26.49 28.9 7
C7H, 3154 31.45 33.0 322
CONH, 171.29 171.19 ? ?
5. Asn Co 171.85 £71.91 7 173.3
C*H 49.95 50.17 515 51.3
C"H, 36.09 35.90 38.7 37.6
CONH, £74.32 174.36 7 175.6
6. Cys co 167.94 168.37 7 170.9
CH 51.42 51.86 52,6 523
C'H, o 40.78 45.8 39.6
7. Pro co 172.13 172,13 ? 175.4
C'H 60.20 60.57 61.6 61.8
', 29.26 29.19 30.6 305
C'H, . 24,60 24.60 26.0 259
C'H, 47.01 47.18 48.6 49.1

Caflection Gzecheslovak Chem. Commun, (Vof, 53) (1688)
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TansLe 111

{ Continued
Residue  Parameter [L-ARYILVE  [D-Al]LVP LVP .
DMSO” DMSO* DMSG? D.O°
8. Lys Cco 174.30 174.06 i 175.3
C'H 5270 52.47 54.6 549
- ChH, 26.48 26.49 28.7 27.4
CiH, 22.35 22.42 239 232
C*H, 30.79 30.29 324 362
CH, 38.97 38.84 40.0 40.4
9. Xxx C™H 48.16 4840 43.7 432
C'H, 18.45 18.10 - —
CONH, i71.88 171.97 ? 175.1

“Qur measurement; referenced 1o hexadeuteriodimethylsulfoxide (4 39.7); the assignment of signals
is based on LVP data: carbonyl carbons can be interchanged; * data taken from ref.': © pD 3.9,
referenced to external TMS; data taken from ref.'; ¥ signal is overlapped with strong solvent peak,

hydrogen fluoride. Sulfhydryl groups oxidation was performed by potassium
ferricyanide and analogues were purified by HPLC and gel fltration,
[L-Aiag]LV_P was prepared in a similar way.

Biological activities of the analogues containing Acc in position 9 are
given in the Table I. According to the pressor activity, it may be stated that Acc
resembles L-alanine in the position 9, which means an almost complete
elimination of the activity. Analogue / exhibits also a comparable antidiuretic
activity to L-Ala containing analogue, On the other hand, analogue of AVP with
Acc in position 9 has a significantly diminished antidiuretic activity in
comparison to either L- or D-Ala containing analogues. It should be noted that
modification in position 9 exerts quite different influence on the activities
depending on the basic amino acid in the position 8, These modifications have
much more pronounced (usually activity decreasing) effect in the LVP series
than in the AVP one. The influence of the substitutions in other positions of the
peptide chain is usually much more similar in both series. Therefore, one can
conclude that the stimulation of the appropriate receptor (mainly the V,) is
performed by the side chain of the amino acid in position 8 and the
carboxy-terminal amino acid in cooperation.

In the tests for antidiuretic activity on unanaesthetized animals no
differences between the LVP and AVP analogues have been found. Analogue
with the backBone prolonged by three glycine residues had higher antidiuretic
activity in this test than in the test on anaesthetized rats, Oxytocin-like activities
of all the compounds were significantly decreased.

GColiection Czechoslavak Chem. Commun. {Val. 53} (1888)



Analogues of Yasopressin with Acc in Position ¢ 2611

The new compounds did not show any analgetic or sedative activity in
tail-flick or hot plate tests at doses 20 pg per mouse. Analogs /7 and I/ were
tested also in the passive and active avoidance tests. No effect on memory after
subcutaneous injection of 3 and 5 pg/kg was observed in rats (SPF Wistar and
Long Evans}).

In conclusion it may be summarized that the introduction of Acc into the
position 9 of vasopressin leads to a selectively acting antidiuretic agonist with
low potency and no effect on the CNS activity. Comparison of the influence of
Acc substitution on pressor and antidiuretic activities in lysine- and
arginine-vasopressin series suggests that the conformational restriction
produced by l-aminocyclopropane-1-carboxylic acid might be the same as that
caused by L-alanine.

EXPERIMENTAL
General methods

Thin-layer chromatography (TLC) was carried out on silica gef costed plates (Situfol, Kavalier,
Czechoslovakia) in the following systems: 2-butanel-98% formic acid-water (10 : 3 : 8) (S1),
1-butanel-acetic acid-watler-pyridine (153 : 3: 6: 10) (84), |-butanob-acetic acid-water (50 : 15 40)
(513). Paper electrophoresis was performed in a4 moist chamber in 1 M acetic acid (pH 2.4) and in
pyridine-acetate buffer (pH 5.7) on Whatman 3MM paper at 20 V/fcm for 60 min, Spots in TLC and
clectrophoresis were detected with ninhydrin or by chlorination method. Samples for amino acid
analyses were hydrolyzed with 6 M, HCl at 105°C for 20 h or with a mixture propionic
acid—lrydrochloric acid (1 : 1} at 160°C for 15 min and analyzed on an Amino acid analyzer T 339
(Mikrotechna Praha, Czechoslovakia) or D-500 analyzer {Durrum Corp., U.8.A.). Optical rotations
were determined on i Perkin-Elmer instrument type 141 MCA (Norwalk, U.S.A.). Fast atom
bombardment mass spectra were obtyined on a ZAB-EQ spectrometer (VG Analytical Lid.,
Manchester) with xenon at 8 kV as the bombarding gas. Proton [D-NMR spectra, a homonuclear
'1-"H correlated 2D COSY speetra and 1 carbon-13 [D-NMR spectra were measured on a Bruker
AM-400 {at 400.13 MHz resp. 100.6 MHz) instrument in hexadeuteriodimethiylsulfoxide. High
performance liquid chromatography (HPLC) was carricd out on an SP-8700 instrument equipped
with an SP-8400 detector and SP-4100 integrator ¢all from Spectra Physics, Santa Clara, U.S.A.).
Preparative liquid chromatography was carried out on a Modulprep preparative liquid
chromatograph (Jobin Yvon, Longjumeau Cédex, France). As the final purification step, the Biogel
P-2 column chromatography (I x 100 er) in 1 & acetic acid was used, Chelaton 111 was added 1o
the sample in order to remove the traces of heavy metals if present. Before use, all amino-acid
derivatives were subjected to the ninhydrin test™, '

Solid-phase peptide synthesis
A cycle for incorporation of cach amino aeid residue into the growing peptide chain consisted of
the following steps: 1, washing with dichloromethane (3 x 20 ml, 1 min/wash); 2, cleavage the Boc
group by 20 m! of 45% trifluoracetic acid in dichloromethane containing 5% anisole, one treatment

for 5 min, a second one for 30 min; 3, washing with dichloromethane {3 x 20 ml, 1 min/wash); 4,
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washing with isopropanol (3 x 20 ml, | minfwash); 5, washing with dichloromethane (3 x 20 ml,
I minfwash); 6. ncutralizing by 5% diisopropylethylamine in dichloromethane (2 x 20 ml.
2 minjwash); 7. wushing with dichloromethane (¢ x 20 ml, | min/wash); 8. washing with
dimethyllormamide (3 % 20 ml, | minjwash); 9, adding the Boc-protected amino acid derivative in
20 i of dimethylormamide {ollowed by HOB, followed by DCCI and stirring for 30 min—16 h;
10, washing with dimethyiformamide {3 x 20 ml, | minjwash); 11, washing with dichloromethane
(3 x 20 ml, | min/wash). Between the steps ¥ and 10, several milligrams of the resin were removed
and used for the ninhydrin test™ to determine the progress of the coupling. In the case of the
coupling on the imino group of proline the chloranii test™ was used. The synthesis of [L-Ala®]LVP
was monitored by the bromophenol blue (“BB") method™,

MNonapeptide-resin (Peptide-resin A}

The benzhydrylamine resin {UCB, 0.6 mmol/g, 0.83 g) was suspended in dichloromethane and was
coupled with u threc-moliar excess of N*-benzyloxycarbonyl-1-aminocyclopropsne-[-carboxylic
acid in the presence of N-hydroxybenzotriazole and dicyclohexylearbodiimide in dimethylforma-
mide. The coupling was interrupted aller 2 h, the resin was washed consequently by
dimethylformamide {3 x 20 ml) und dichloromethane (3 x 20 ml) and free amino groups were
acetylated. The acetylation mixture [ (5 ml acetanhydride, 2 ml triethylamine in 50 mi
dichioromethanc) was used at the beginning. Since the acetylation wus not complete even after 24
h, acetytation mixture 11 (4 ml acetanhydride, 6 ml triethylamine in 50 ml dichioromethane) was used
and the free amino groups disappeared during two hours {sccording to the ninhydrin test).

The benzyloxycarbonyl protecting group was cleaved from N*-benzyloxycarbonyi-1-amino-
cyclopropanc-|-carboxy-resin by 35% HBr in acetic acid it the mixture with dichloromethane (1: 1)
during 15 min. The [ollowing procedure was performed according lo a general scheme (see above
- gtarting from the point 3.). Boe-amino acids were coupled to the resin by the DCCI/HOBt
procedure. All reagents were used in threc-molar excess and coupling was monitored by the
ninhydrin test. The protected derivaiives were used in the Toilowing order: Boc-Lys(2-Br-Z)-0H™,
Boe-Pro-OH, Boc-Cys(4-Me-Bzl)}-OH*, Boc-Asn-OH, Boc-Gin-QH, Boc-Phe-OH, Boc-Tyr(Bzh-
-OH und Boec-Cys(4-Me-Bzl}-OH. The Boc-Tyr{Bzl}-OH was released before use [rom its
dicyclohexylamonium salt. In the case of proline and glutamine coupling, the reaction was not
complete cven after 20 h, thus one cquivalent of a nucleophilic acylation catalyst
{4-dimethylaminopyridine} was used. Finally, the Boc-group was cleaved from the nonapeptide-
-resin, resin was washed and dried. Yield: 0.85g.

{8-Lysineg, 9-(1-aminocyclopropune- 1 -carboxylic acid)vasopressin (7}

The peptide-resin A (0.42g, .25 mmeol) was treated with liquid hydrogen fluoride (10 ml, 60 min,
0°C) in the presence of thioanisole {I ml). The unprotected nonapeptide, together with the resin, was
tritursted with ethyl acetute after the evaporation of hydrogen fluoride, filtered off, washed with
ethyl acetate and then free peptide was extracted successively by acetic acid, 50% acetic acid, water
and lyophilized. The Iyophilizate was dissolved in water (150 ml) and the pH of the solution was
adjusted with 0.5 M NaQH to 7.0. Potassium ferricyanide (65 mg in 30 ml of water) was added to
this solution in & course of 10 min. During the oxidation (20 min), the pH was maintained at 7.0
by addition of 0.1 M NaOH and then adjusted with acetic acid to 4.5, The solution was applied on
a column of Amberlite CG-501, the column was washed with 0.25% acetic acid and the product
eluted with 50% acetic acid. After freeze-drying, the product {52.6 mg) was purified by HPLC
(Scpuron SEX C-18, 7 i, 23 % 0.8 cm). Elution with methanol-0.05% (rifluoroacetic scid mixiure
(3 : 7y and Iyophilization ol the corresponding {ructions afforded 10.5 mg of the product pure
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according 1o HPLC (k' 5.87; methanol-0.05% (rifluoroacetic acid 3 : 7). This product was filiered
over e column of Biogel P-2. 8,2 0.00.(81), 0.33 (84), 0.36 (S13). ESY0.92, EXR0.67. [4]p — 14.5°(¢
0.12; | M ucctic ucid). Amino acid analysis: Asp 0.99, Glu 0.99, Pro 1.15, Cys 115, Tyr 0,91, Phe
0.93, Lys 1.01. The Ace was not determined because of is low colour yield of the ninhydrin reaction
{sec™). For CygHaN 0125, 2 TFA . 4 AcOH (1550.5) caleulated: 46.48% C, 5.53% H, 11.74% N;
found: 46.46% C. 5.45% H, 11.99% N,

N*-Glycyl-glyceyl-glyeyl{8-lysine, 9-( I-aminocyclopropmle-_lchrboxy[ic acid)]vasopressin
({n '

The peptide-resin A (0.42 g, 0.25 mmol) was coupled according to the gencral scheme three times
with Boc-Gly-OH. Finally, the Boc-group was cleaved from the dodecapeptide-resin, the resin was
washed, dried, and treated with liguid hydrogen fluoride (10 ml, 60 min, 0"C) in the presence of
thiounisole (1 ml). The unprotected dodecapeptide. was worked up in the sime way as peptide /. The
lyophilizate (85 mg) was dissolved in water (100 ml} and oxidized as above by potassium ferricyanide

{30 mg in 30 ml of walter). After the desalting (see above) and freeze-drying, the product (69 mg)
was purified by HPLC (Separon SiX C-18, 7 pm, 25 x 0.8 cm). Elution with methanol-0.05%
trifluorcucetic acid mixture (3 : 7) and lyophilization of the corresponding fractions afforded 15.6
mg of the product pure according to HPLC (k' 2.83; methanol-0.05% triftuoroacetic acid 36 : 64).
This product was filtered through Biogel P-2, R, 0.00 (S1), 0.21 (S4), 0.31 (S13). £5% 0.92, EJ'¥ 0.65.
[#]p —44.7°(c 0.25; | M ucelic acid). Amino acid analysis: Asp 1.08, Glu 1,03, Pro 1.00, Gly 2,72,
Tyr 0.82, Phe 1.00, Lys 1.07, For Cs;H,N,,0,55 2.5 TFA . 4.5 H,0 (1904.6) calculated: 40.36% C,
4.76% H, 11.76% N; found; 40.32% C, 4.54% H, 11.76% N.

[8-Arginine, 9-(1-aminocyclopropane-i-carboxylic acid)Jvasopressin (/77}

The benzhydrylamine resin (UCB, 0.6 mmeol/g, 1.66 g} was suspended in dichloromethane and after
washing with dimethyllormamide it was coupled with a three-molar excess of N*-benzyloxycirbonyi-1-
-aminocyclopropanc- I-carboxylic acid”, N-hydroxybenzotrinzole and dicyclohexylearbodiimide in
dimethylformamide. The coupling wus interrupted alter 2 h, the resin was washed consequently with
dimethylformamide (3 % 20 ml) and dichloromethane (3 x 20 ml} and free amino groups were
acetylated with the mixture of 4 ml acetanhydride and 6 ml triethylamine in 50 ml dichloromethane,
The free amino groups disappeared dtiring 90 min {(according to the ninhydrin test).

The benzyloxycarbonyl protecting group was cleaved from N™-benzyloxycarbonyl-1-amino-
cyclopropane-1-carboxy-resin by 35% HBr in acetic acid in the mixture with dichloromethane (1 : 1)
during 15 min. The following procedure was the same as in the case of analogue J with the exception
of the first step in which Boc-Arg{Tos)-OH was used instead of lysine derivative. Finally, the
Boc-group was cleaved from the nonapeptide-resin, resin was washed and dried (2.2 g).

The nonapeptide-resin (1.1 g) was treated with liquid hydrogen fluoride {15 ml, 60 min, 0°C)
in the presence of thicanisole (2 ml). The unprotected nonapeptide after workup (sce ubove, 168
mg) was osidized by polassium ferricyanide (60 mg in 20 ml of water), desalted on dicolumn of
Amberlite CG-501 and the product (93 mg) was purified by HPLC (Separon SIX C-18, 7 um.
25 x 0.8 cm). Elution with methanol-0.05% triflucroacetic acid mixture (27.5 : 72.5) and
lyophilization of the corresponding {ractions afforded 10.5 mg of the product pure according to
HPLC (k' 6.75; methanol-0.05% trifluoracetic acid 3 : 7). This product was purified by filtration
over the column of Biogel P-2. Rz 0.00 (S1), 0.40 (S4), 0.42 (S13). ESY 0.92, EX¥ 0.65. [a)y —27.5°
{e 0.42; I M acetic acid), Amino acid analysis: Asp [.11, Glu 1.06, Pro 1,03, Cys 1.95, Tyr 0.92, Phe
0.99, Arg LO0. For CyHgN 5058, . 3 TFA . 5.5 H,0 (1551.3) calculated: 41.80% C, 5.26% H,
[3.54% N; found 41.72% C, 4.82% H, 13.54% N.
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[B-Lysing, 9-L-alunincjvasopressin

The benzhydsylamine resin (UCB, 0.6 mmol/g, 0.67 g} was suspended in dichloromethane and afier
washing with 3% diisopropylethylamine in dichloromethane and with dimethylformamide it was
coupled with a two-molar excess of Boc-L-Ala-OH, N-hydroxybenzotriazole and dicyclohexylear-
bodiimide in dimethyl{ormamide. The coupling was interrupted after 1.5 b, the resin was washed
consequently with dimethylformamide (3 x 20 ml) and dichloromethane (3 x 20 ml) and free
amino groups were acetylsled with a mixture of 4 ml acetanhydride and 6 m! triethylamine in 50
ml dichloremethane. The free nmino groups disappeared during 150 min (according to the ninhydrin
test).

~ The fallowing procedure was performed according 1o the general scheme (starting from the
point 2.). Boc-amine acids were coupled to the resin by the DCCI/HOB1 procedure, All reagents
were used in 0 3 molar cxcess and coupling was monitored by bromoghenol blue method®. The
protected derivatives were used in the following order: Boc-Lys(2-Br-Z}-OH", Boe-Pro-OH,
Boc-Cys(d-Me-Bzl)-OHY, Boc-Asn-OH, Boc-Gln-OH, Boc-Phe-OH, Bac-Tyr(2.6-Cls-Bzl)-0H™>
and Boc-Cys(4-Me-Bzl)-OH, The coupling was complete during 30 min, but it was always
performed for 2 h. Finally, the Boc-group was cleaved from the nonapeptide-resin, the resin was
washed and dried (1.1 g).

The nonapeptide-resin (1.1 g} was treated with liquid hydrogen fluoride (10 mi, 60 min, 0°C)
in the presence of thioanisole (1 mi} The unprotected nonapeptide (300 mg) was oxidized by
potassium ferricyanide (100 mg in 30 ml of water), desalted on a column of Amberlite CG-501 and
the produet (162 mg) was purified by HPLC (Vydac 218TP5, 5 pm, 25 x 1.0 cm). Elution by
a gradient from 0 to 20% methanol in 0.053% trifluoroacetic acid and lyophilization of the
correspanding [ractions alTorded 40,6 me (14.6%) of the product pure according to HPLC (k' 6,50
methanol-0.05% trifluoroacetic acid 3 : 7). This product was further purified by filtration over the
column of Biogel P-2. Ry: 0.00 (S1), 0.33 (S4). £5Y 0.95, £45 0.64. [a]p, —34.6" (¢ 0.64; | M acetic
acid). Amino acid analysis: Asp 0.97, Glu 112, Pro .11, Al 1.03, Cys 1.89, Tyr 0.88, Phe .99, Lys
0.97. For CyyH3N30,45,.3 TFA.4 H,0 (1484.4) calculated: 42.89% C, 5.30% H, 12.27% N; found
43.06% C, 5.09% H, 12.23% N, FAB MS (ur/=x: 1071 (M + H*),

Pharmatcological Methods

All pharmacologicul test were performed using Wistar rats weighing 200—300 g. The uterotonic
potency in vilro was evaluated using the Holton procedure® in Munsick® solution, and in vivo
according to ref.*, The galactogogic potency in vivo was established according to refs’™. The
pressor activity was tested on pithed rat preparation according to refs™ %, The antidiuretic potency
on anaesthetized rat was Followed according to the method in ref.'’. The activity on unanaesthetized
rat was evaluated using the modified Burn's method!"™", Male rats (160200 g), after overnight
lasting with free access to water, were applied per os the water load (4 mi/100 g) and, simultsneously,
# s.c. injection of the tested compound or a standard preparation was administered. The urine was
collected for 5 h and i18 volume was read every 15 min, The time in minutes (TVY) during which the
half of water load was excreted was taken as a measure for the delay of water diuresis. LVP was used
as the standard at doses 1.0 a 5.0 mU/100 g in 0.2 ml. Analogues I and IJf were applied at doses
from 20 to 500 ng/100 g, analogue I/ from 100 to 1250 ng/100 g. Control rats were injected with
physiclogical solulion,

The il flick test and the hot plate test were performed according 1o refs*™%, The tests of
passive and active avoidance were performed according to refs™%,

Coilaction Czechoeslovak Cham. Gammun. (Vol. 53} (1988)



f’\n.llo;:m.a of Vi 150;)1 essin with Ace in Position 9 26153

The wwthors are indebted 1o Mrs V, Holoubkava and Mrs LHoskova for skiliful technical

assistence i the cose of pepride syathesis and pharmacological evaluation, o Mrs H. Farkafovd aid
Mr J. Zbrazek for the aming acid analvses and Mres Z, Ledvimova for the eptical rotarion
meastirements, The elementel analyses were carried out in the Analytical Laboratory of owr Instine
{ Dr J. Horacek, Head ),
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