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It is generally accepted that the conformation of the N-terminal part of neurohypophyseal hormones analogues
is important for their pharmacological activity. In this work, we decided to investigate how the substitution
of positions 2 and 3 with the ethylene-bridged dipeptlid_el-Phe-Phe would alter the pharmacological properties
of OT, [Mpa']OT, and [Cpa]OT (OT = oxytocin; Mpa= 3-mercaptopropionic acid; Cpa 1-mercapto-
cyclohexaneacetic acid) and to investigate how a bulky 3,3-diphealgnine residue incorporated in position

2 of AVP, [Mpal]AVP, and [Cpd]AVP (AVP = arginine vasopressin) would change the pharmacological
profile of the compounds. The next analogues, f}JA&VP, [Mpal,Val*]AVP, and [Cpa,Val*]AVP, had
N-benzyli-alanine introduced at position 3. The last peptide was designed BysGlystitution in AVP by

its sterically restricted bulky counterpast;hydroxymethylcysteine. All the peptides were tested for their in
vitro uterotonic, pressor, and antidiuretic activities in the rat. The results of these assays showed that the
reduction of conformational freedom of the N-terminal part of the molecule had a significant impact on
pharmacological activities.

Introduction hormones, may be a reason for the overlap of pharmacological
Oxytocin (OT)2 a physiologically important nonapeptide profiles of OT and AVP that are seen. However, the affinities

hormone and neurotransmitter containing a 20-membered ringo?c the_se hormo_n_es for receptors are dlfferen_t,' as are t_he|r
and an acyclic tripeptide tail, regulates several physiological biological capacities to transduce signals and elicit a biological
functions, such as milk ejection, uterine contraction, vascular "€SPONSE-

and cardiac relaxation, etc. Another neurohypophyseal hormone, !N the last few years, there has been an upsurge of interest in
arginine vasopressin (AVP), in addition to its well-known POth neurohypophyseal hormones, and new physiological and

antidiuretic activity, has also complex cardiovascular actions. Pathophysiological roles for these peptides have been indicated.

The AVP and OT receptor family consists of four subtypes of MOst of this work would not have been possible without the
receptors. Y, receptors modulate the vasopressor actions of &d of OT and AVP antagonists as pharmacological t&éls.
AVP.! the adrenocorticotropic hormone (ACTH) releasing HOowever, during the past decade, we noticed that antagonists
activity of AVP is evoked by \, receptorg and OT receptors ~ ©f OT, which seemed to be less readily investigated than their
control milk ejection and uterine smooth muscle contractions. AVP counterparts, became more and more interesting because
These three receptor subtypes function via the phosphatidyli- of their potential application in the prevention of premature labor
nositol pathway. The last subtypes Yeceptor, present in the ~ @nd treatment of dysmenorrhea. There is a substantial body of
renal tubule and collecting ducts, modulates antidiuretic re- €vidence pointing to the significance of OT in both premature

sponses to AVP and is linked to adenylate cyclase actvity. and mature parturitions; thus, one alternative to the current

The AVP and OT receptor subtypes show a high degree of therapy for preterm labor is the use of OT receptor blockers.
homology. This, along with the similar structure of both Although in recent years much progress has been made toward
improving the selectivity of OT antagonisighe design of

compounds that are both potent and selective as OT blockers
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2 Abbreviations: AVP, arginine vasopressin; Cpa, 1-mercaptocyclohexa- of analogues with bulky- or p--(1-naphthyl)-alanine (Nal)

neacetic acid; Dap, diaminopropionic acid; DCM, dichloromethane; DIEA, . L 7
diisopropylethylamine; Dpa, 3,3-diphenylalanine; DMF, dimethylforma- moieties at position 2 of [(Mp&AVP (Mpa = 3-mercapto-

mide; HATU, O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafiu- ~ propionic acid). Both compounds surprisingly exhibited moder-
orophosphateq-HmC, a-hydroxymethylcysteine; HOA, 1-hydroxyben-  ate antioxytocic activity in vitro and were very selectiene

zotriazole; HOBt, 1-hydroxy-benzotriazole; MBHp;methoxybenzhydryl- - : .
amine; Mob, 4-methoxybenzyl; Mpa, 3-mercaptopropionic acid; Rl assumed that the hindering effect caused by the naphthyl ring

naphthyl)t-alanine; NMP, 1-methyl-2-pyrrolidone; OT, oxytocin, TBTU, has a significant impact on conformation of the analogues and
2-1H-(benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate; TFA, thus greatly influences their interactions with receptors. In

trifluoroacetic acid. The symbols of the amino acids and peptides are in i ; i
accordance with the 1983 Recommendations of the IUPAC-IUB Joint anOthir study, rro.Ch?Zka land.SIan:cﬁévaiscnbed the Synthe|5|s
Commission on Biochemical Nomenclature and “A Revised Guide to and pharmacological evaluation of analogues witlor b-Na
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our previous study? clearly demonstrates new possibilities of conformational constraint. Considerable information exists
opened up by utilizing the bulky Nal residue for modification concerning outlining of the structural perturbations induced by
of both OT or AVP for designing analogues of neurohypophy- this modification: occurrence of the cis isomer for tertiary amide
seal hormones. It has been shown that single substitution withbonds, steric constraints due to the N-alkyl group, suppression
a Nal residue results in selective and quite potent analogues ofof a proton-donating NH group capable of hydrogen bonding,
both hormone&!12 Another approach, which also resulted in and increased basicity of the carbonyl group. Conformational
moderately potent and fairly selective antagonists of OT, was studies indicate that the influence of N-alkylation on a confor-
used in Manning'’s laboratory and consisted of multiple modi- mation depends to a large extent on the chirality of the residues

fications of the OT molecule, e.g., desGly-NHI(CH,)s[D- surrounding the modified peptide bo#d.
Trp?,Thrt,Dap]OVT, where Dap is diaminopropionic acid, and Finally, it seemed worthwhile to modify the Cyim AVP to
d(CH,)s stands for 1-mercaptocyclohexaneacetic acid. check how its sterically restricted bulky counterpaxthy-

Biologically active peptides exhibit multiple conformations ~ droxymethylcysteineo-HmC), will change the pharmacological
in solution. Thus, the synthesis of conformationally restricted Profile of the hormone. .
analogues is a valuable approach for determining strueture ~ The analogues have the following structure: [-Phe?Fhe

activity relationships. Restrictions can be imposed by formation OT (1), [Mpal, -I%-PhéﬂOT (1), [Cpd, -IP_htla-PhéﬂOT mry,

of cyclic structures within the peptide framework by disulfide ]

and lactam bridges, or by substitution of chosen amino acid %Bpé]":\l/; S;Z]AE\I\/AFE) ?vu??afmg§V§z|[if;%1\?aﬁ4ﬁc\£\%l;
residues with sterically restricted fragments that limit confor- [Cpa N-Bzl-Alas Val4]AVI-1> (1X) ’[a-Hmcl]:AVP (X) '
mational freedom, forcing peptide backbone and/or side chains ' ' ' '

to adopt specific orientations. Another approach to achieve Results

certain stabilization of the structure, is the preparation of various

types of pseudopeptides through additional, short-range cycliza- The .10 new analogues_of AVP and OT—X) were .

tion. One such constraint consists of th&€H,—CH,— link synthesized using Boc-chemistry on a mthoxybeqzhydryI resin

bridging two consecutive peptide nitrogens leading to the grrall)(j)uaers]l(lj O\? ?/l?lhlo;(r)]rgﬁlthy\lla}te:jxM'(\e/lrrlg(e'\l/(liog)es:rg()j( CFO;_

formation of a piperazinone ring, which incorporates the relevant 9 P » VI, 1AL VD P
(Mob) were used in final step, respectively. As we were not

N—C—C'—N' peptide segment as its inherent pértJsing X )
. . . . . able to couple Boc-N(Bzl)Ala during the synthesis to the
theoretical conformational analysis, the impact of such cons’tralntgrowing peptide chain for peptidegll —IX , Boc-Tyr(Bzl)-

N,N'-ethylene-bridged dipeptide unit) was studied, takily'- i ) :
E)ridgedN)facetyI-Pr?e-Phdg’-?nethylanzlide as an examlglrg The N(BzI)AI_a-VaI-OH was used in the fifth coupll_ng step. On
results indicate equal preferences for assuming either of two ggnmlg:izn(gfng}g Slj/gfles(e)s{,vtgfeﬂ:zgztgdwﬁ)tiplt;dz: dorHaFC)i/Inpep-
enantiomeric twisted chair/boatlike pucker types for the piper- y gu ; d
) ) . . . the presence of anisole at°C (in the case of analogu¢ the
azinone ring. The size and/or pucker type of the ring constraint rotected nonapeptidyl resin was ammonolysed in methanol)
affects little the peptide backbone, which always tends to exist gnd oxidized wl?thpi ir¥ methanol. The crudg roducts were
in either of two distinct semi-extended forms. They are equally desalted on a Sephadex G-15 aﬁd urified b pRP-HPLC The
populated for the piperazinone-constrained pepfide side- urity and identi pof each peptide W?ere deter)r/nined b HiDLC
chain benzyl group shows conformational preferences dependengnd }IIZAB mass ;yectrometFr) ?molecular ion) Y
on whether it belongs to the first (in the ring) or to the second . sp Ty o
Physicochemical properties and pharmacological data of the

(outside the ring) Phe residue. In the first Phe generally two, X
: el L new peptided —X, and those of AVP, OT, [Mp3AVP, and
viz. extended-to-N (EN) and extended-to-O (EO) staggered some related peptides, are presented in Tables 1 and 2. The

conformations are preferred over th? third folded one (") T_he ctivities of the analogues were determined in the in vitro rat
notable exceptions are the piperazinone-constrained peptldesat tonic test in the ab f : . in th t
where the F- form tends to be distincly favored. The benzyl o 2c e 0t e ey on Conseious rats as
ring belonging to the second Phe (that outside the rinégﬁ) typically Sescribed iljl the experimental section yNone Of these now
prefers the EN and never assumes the F- conformétion. analogues exhibited antivasopressor activity. A comparison of

In summary, all these findings prompted us to continue our o ntigiuretic activities of the new analogues with those
studies on the influence of sterically restricted fragments placed published previously must be done with caution as different

in this part of.OT or AVP gnalogues on their pharmapolpgical testing procedures were used. To compare the effects of
properties. First, we decided to check how substitution of .,m55unds with different regression lines of the dose response
positions 2 and 3 with an ethyleri@idged dipeptide -Phe-Phe ¢, e "goses of AVP were compared with such doses of new
(@ —CH,—CH,— bridge spanning two subsequent peptide analogues that gave the same antidiuretic response, i.e., the doses
nitrogens, thus forming a piperazinone ring) would alter the that caused rats to excrete half of the water ldag) {n 60 and
pharmacological properties of OT, [Mj@T, and [Cpd]OT. 200 min. For AVP, the activity was arbitrary taken to be 465
Next, we designed three peptides by substituting position 2 1U/mg for both responses. Analogués andV have antidiuretic
in AVP, [Mpal]JAVP, and [Cpd]AVP with bulky 3,3-diphenyl- activity comparable to AVP at the level tif, 60 min. However,
L-alanine residue. Both modifications restrict the conformational their dose-response curves are much steeper being similar to
freedom of the resulting peptides, which should influence their those of dDAVP. It means that atta, level of 200 min the
pharmacological properties. The third group of analogues was activity is much higher than that of AVP (2000 and 10000% of
designed byN-benzylt-alanine substitution at position 3 of that of AVP, respectively). The remaining analoguesl{l and

[ValqAVP, [MpalValf]JAVP, and [Cp&ValYAVP. The N- VI —IX) exhibited negligible antidiuretic activity, while com-
benzyli-alanine may be considered as a structural analogue of poundX was a moderately potent agonist.
phenylalanine, in which the side chain is moved from tG Peptided —VI andX exhibited different antioxytocic activi-

nitrogen. At the same time, introduction of such a peptoid unit ties ranging from pA = 6.40 to 7.23. Analogue¥Il andIX
into a peptide chain may also be considered as an alkylation ofdid not show any activity in the uterotonic test, while compound
the peptide bond, which is attractive as a local and subtle modeVIll showed very low agonistic activity.
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Table 1. Physicochemical Properties of PeptidesX?

Kowalczyk et al.

HPLCHt; [M + HT] yield [%]

analogue a b formula calculated found A B
[PILe-PhéﬂOT | 9.89 11.98 GeHeeN 12011, 1051.2 1052.2 89 59
[Mpat, %-PhéﬂOT 1l 13.84 17.72 GeHesN11011S, 1036.2 1036.1 65 24
[Cpat, Pl_,he—PhéﬂOT 1 18.37 23.74 GH76N11011S, 1104.2 1104.2 83 50
[Dpa?AVP \Y 11.36 13.18 GHeoN15011S, 1143.8 1144.5 86 63
[Mpal,Dp&]AVP \% 14.00 17.18 GoHesN14011S, 1128.8 1129.7 79 46
[Cpat,DpAVP VI 15.87 19.96 GH76N14011S, 1197.4 1197.6 88 59
[N-Bzl-Alas,vVal*]JAVP VI 9.70 11.75 G7H6sN14011S, 1069.3 1069.8 71 38
[Mpal,N-Bzl-Ala3,Val*]AVP VI 11.63 13.56 GHe7N13011S, 1054.3 1054.3 85 54
[Cpat,N-Bzl-Alad,Valf]AVP 1X 13.97 16.99 GH73N13011S, 1122.3 1122.2 87 66
[e-HMCYHAVP X 7.38 9.82 C47HeeN15013S, 11135 11147 71 16

aHeadings: a, Linear gradient from 20 to 80% of [B] for 20 min; b, linear gradient from 20 to 80% of [B] for 30 min; c, linear gradient from 10 to 45%
of [B] for 15 min. A, yields were calculated on the base of the glycine content of the starting resin; B, yields are based on the amount of crude peptide.

Table 2. Pharmacological Properties of the New AVP Analogues

activity

analogue uterotonic in vitro no Mg pressor IU/mg or pA antidiuretic IU/mg§
AVPP 17 412 465
[Mpal]AvVPP 27-63 346-370 13006-1745
[Cpai]AVPb pA,=8.15 pA =8.35 0.033
oTP 450 5 5
[MpaljoT® 803 1.44 19
[CpajoT® pA;=7.61
[Val4|AvPP 32 738
[Mpat,val|AvVPP 51 1150
[Cpa.,ValfAVPP pAz=7.34 pA=7.97 0.32
[PILe-Phé'*]OT | pA,=6.82 0 <0.04
[Mpat, Phe-PheJOT I pAz= 6.50 0 <0.04
[Cpdt, PLe—Phé'ﬂOT 1! pA2=6.72 0 <0.04
[Dpa?AVP v pA;=7.00 0 450 (9000)
[Mpat,Dp&]AVP v pAz=7.23 0 450 (45000)
[Cpa, Dp]AVP VI pAz= 6.10 0 <0.04
[N-Bzl-Ala3 Val|AVP Vil 0 0 <0.04
[Mpal,N-Bzl-Ala3,val*]AVP Vil very low agonist 0 <0.04
[Cpa,N-Bzl-Ala3,Val{|AVP IX 0 0 <0.04
[o-HMCYAVP X pA;=6.40 0.18 4.5422.5)

a]u/mg or pA. P Values taken from ref 7 The activities obtained by comparing doses of AVP and the analogue resulting in an antidiuresisttjmne of
= 60 min; in parentheses, the activities obtained by comparing doses of AVP and the analogue resulting in an antidiuresig,tim&asf min.

Discussion

The present work is a continuation of our already 10-year

out to be a potent and selective antagonist of the vasopressor
response to AVP?

This paper describes the synthesis and pharmacological

studies aimed at clarifying the impact of steric restrictions and ) . i o
bulky subtituents in the N-terminal part of the AVP and OT evaluation of 10 new analogues with various types of modifica-
molecules on pharmacological properties of the resulting tions in the N-terminal part of the molecule. First, we substituted
analogues. Previously, we reported that such modifications Positions 2 and 3 of OT, [MPZOT, and [Cp3|OT with a
influenced the interaction of molecules with,/ V,, and conformationally coqstramed (_Jllpeptld_e ur&Phe-Phe, to obtain
oxytocic receptors. Our approach to this problem included the analogues, Il Ill . This constraint consists of theCH,—CH,—
ethylene-bridged dipeptide fragmept_-,Phe-Phe, at positions 2link bridging two consecutive peptide chain nitrogens leading

and 316 One peptide from this series was a highly potent and o the formation of a piperazinone ring that incorporates the
selective blocker of Y receptors. It is noteworthy that OT  relevant—N—C—C'—N'— peptide segment as its inherent part.
analogues substituted at positions 2 and 3 with the ethylene-This modification converted OT and its agonist [MI6T into
bridged dipeptiden-Phep-Phe exhibited either no or very weak  rather weak but selective antagonists of oxytocic activity in the
activities!” We also showed that modification of position 2 of N Vitro uterus test. With [CpPgOT, this modification was not
AVP and some of its analogues with 1-aminocyclohexane-1- b_en_ef|C|aI. On the contrary, it significantly reduced the antago-
carboxylic acid or 1-aminocyclopentane-1-carboxylic acid re- MiStic potency (see analogui ).

sulted in compounds having differently modified activities (high ~ Of the next three analogueby, V, and VI, peptideV
antidiuretic potency, low and graded pressor activity, and either designed by only a single modification of the AVP molecule,
no activity or low oxytocin antagonizing activity in the i.e., substitution of Ty¥with 3,3-diphenylt-alanine, has strik-
uterotonic in vitro test), thus selectively altered interaction with ingly different pharmacological properties in comparison to the
receptors®-20 Furthermore, we demonstrated that the analogues parent hormone. It displays no pressor activity, while its
of AVP modified at position 2 with bulky or b 5-(1-naphthyl)- antidiuretic potency is preserved and even prolonged due to the
alanine were moderately potent and exceptionally selective much steeper doseesponse curve. Moreover, this compound
oxytocin antagonists in vitrét On the other handpfArg8VP is a moderately potent blocker of oxytocic uterotonic activity.
substituted at position 3 with-(2—naphthyl)t-alanine turned This combination of pharmacological properties makes our
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peptide interesting as a tool in physiological experiments.
Deamination of compountl/ results in peptidd/ having an
essentially similar profile of activities. However, both anti-

diuretic and antiuterotonic potencies are enhanced. It is interest-

ing to notice that additional modification of compouid at

Journal of Medicinal Chemistry, 2006, Vol. 49, R@l%

Tyr(Bzl)-N(Bzl)Ala-Val-OH (4), which was used for the solid-phase
peptide synthesis procedure.

Melting points were uncorrected. Optical rotations were measured
in a 1-dm cell on a Horiba polarimeter (model SEPA-200) at 589
nm (Na D line). NMR spectra were recorded on a Bruker Avance

position 1 with 1-mercaptocyclohexaneacetic acid (Cpa) (in- DPX 250 spectrometer. Analytical HPLC was performed on a

tended to enhance its antagonistic properties), resulted in peptid
VI with substantially reduced antioxytocic potency and practi-
cally devoid of antidiuretic activity. This finding suggests that
two bulky groups at positions 1 and 2 together might not be
compatible with the binding site of the receptors. Previously,
when we combined Cpamodification with substitution of
position 2 of sterically restricted amino acids, e.g., 1-aminocy-
clohexane-1-carboxylic acid or 1-aminocyclopentane-1-car-
boxylic acid®2° we also observed the reduction of activity.
The condition that Cpa(or similar residue) is essential for
substantial antagonistic activi§’ appears not to be valid for
analogues that contain either bulky or effectively reducing
conformational freedom fragments in the N-terminus.

N-Benzyl4-alanine, a chiral peptoid unit, may be considered
as an analogue af-phenylalanine, in which the side chain is
moved from C to nitrogen. In other words, the nitrogen of the
peptide bond is de facto alkylated by benzyl. This may appear
to be a local and subtle conformational change. However, all
three analogues with-benzyli+-alanine in position 3\(Il —

IX) showed no activities in the tests; thus, this modification
turned out to be deleterious for the interaction with al},\W>,
and oxytocic receptors.

PeptideX prepared by substitution @f-hydroxymethylcys-
teine in position 1 of AVP instead of Cys has an interesting
pharmacological profile, although the activities are not too high,
being comparable to those of any analogue having the modified
amino group. It is a weak antagonist of oxytocin, practically
devoid of pressor activity; however, it still has weak antidiuretic
properties (about 1% of that of AVP). This modification in
combination with single or multiple additional changes in
positions 2, 3, and 8 may result in a compound having interesting
pharmacological properties.

Summing up, our studies resulted in several analogues with
interesting pharmacological properties that may contribute to
mapping the receptor binding sites. We believe that even more
important is the fact that we could once more demonstrate that
the modification of the N-terminal part of the molecule,
especially the reduction of conformational freedom, has a
dramatic impact on the pharmacological activities, which in turn
opens new possibilities for designing new analogues of AVP
and OT with desired activities.

Experimental Section

Chemistry. Racemic S-benzylo-hydroxymethylcysteine -
HmC(Bzl)] was synthesized by selecti$benzyl-cysteinex-hy-
droxymethylation and was resolved into its enantiomers by
fractional crystallization of the diastereomeric salts of their N-
benzoyl derivatives with-()-quinine, using the method previously
described? [R]- and [§-Boc-a-HmC(Bzl)-OH were prepared in
acetonitrile using tetramethylammonium hydrate (TMAH) and
Boc,O according to the published procedéte.

The tripeptide building block [Boc-Tyr(Bzl)-N(Bzl)Ala-Val-OH]

(4) was synthesized separately in solution. Following the routine
strategy, the dipeptide [Boc-N(Bzl)-Ala-Val-OBzl)Y was depro-
tected on the N-terminus with HCI solution in ethyl acetate (4 M),
and the resulting hydrochloride salt of H-N(Bzl)Ala-Val-OB2) (
was extended by coupling with Boc-Tyr(Bzl)-OH to yield the
protected tripeptide Boc-Tyr(Bzl)-N(Bzl)Ala-Val-OBzI3). Re-
moval of the benzyl ester group frogby careful hydrogenolysis

in methanol over 10% Pd on charcoal afforded the free acid, Boc-

ilton Roy instrument with a SpectroMonitor 3100 detector using

ydac Gg (250 x 4.6 mm) column, flow rate 1 mL/min, detection
at 220 nm, and solvents [A] 0.05% trifluoroacetic acid in water
and [B] 0.038% trifluoroacetic acid in acetonitrile/water 90:10 in
a gradient application. Thin-layer chromatography (TLC) was
carried out on 250 nm silica gel GF precoated uniplates (Merck).
The chromatograms were visualized with ninhydrin or with chlorine
followed by starch/KI. FAB mass spectra were recorded on an APO
Electron model Ml 1200 1E mass spectrometer equipped with a
FAB ion source.

Boc-N(Bzl)Ala-Val-OBzl (1). To the stirred suspension of Boc-
N(Bzl)Ala-OH (1.396 g; 5 mmol), HOBT (0.675 g; 5 mmol) and
TBTU (1.605 g; 5 mmol) in DCM (20 mL), DIPEA (0.856 mL; 5
mmol) were added. After 20 min of stirring, the crystalline
TosOHxNHVal-OBzl (1.897 g, 5 mmol) and DIPEA (0.856 mL;

5 mmol) were added. The reaction mixture was left with stirring
for 3 days, diluted with ethyl acetate (100 mL), and washed
successively wit 1 M aqueous KHS@) 5% aqueous NaHC{and
water. The organic layer was dried over anhydrous Mgaad
then evaporated to dryness, yielding 2.17 g of crude oil, which
was purified on “flash” chromatography in the solvent system ethyl
acetate/hexane= 1:1.5 (A). Yield 2.01 g (85.6%) of pure
homogeneous product as a light yellow oil. HPLC purity 10096,

= 15.2 min (gradient 78690%B in 25min),a?’ —42.6 € = 1,
MeOH), Rr = 0.6 (A), FAB/MS m/e 469 [M + H]* Calcd for
Cu7H360sN, = 468."H NMR (CDCl), 6 (ppm): 0.84 (dd, 6H,)

= 7.5; 5 Hz ValyCHs), 1.24 (d, 3HJ = 7.5 Hz AlajCHs), 1.44

(s, 9H Boc CH)), 2.06-2.11 (m, 1H, ValsCH), 4.12 (dd, 1H,) =
7.5,5.0 Hz ValCH), 4,27 (s, 2H, PhChiN), 4.33 (s, 2H PhChD),
4.71 (1H, dJ= 8.2 Hz NH), 5.08-5.14 (m, 1H, Alaa.CH) 7.21~
7.35 (m, 10H, PhCKD and PhCHN).

Boc-Tyr(Bzl)-N(Bzl)Ala-Val-OBzI (3). Removal of Boc Group
from Dipeptide 1. Dipeptidel (1.874 g, 4 mmol) was treated with
a 4 M HCI solution in ethyl acetate (15 mL). After 30 min, the
solvent was removed at room temperature under reduced pressure.
The crude waxy product was treated with ether and filtered off to
yield 1.140 g (70%) oR, which was used for the next step without
further purification.

Coupling with Boc-Tyr(Bzl)-OH. A solution of 1.03 g (2.77
mmol) of Boc-Tyr(Bzl)-OH in 20 mL of dichloromethane was
cooled to—15 °C and treated with 0.304 mL (2.77 mmol) of
N-methylmorpholine (NMM), followed by 0.366 mL (2.77 mmol)
of isobutyl chloroformate. The mixture was stirred for 15 min, then
1.12 g (2.77 mmol) o was added, followed by addition of 0.304
mL (2.77 mmol) of NMM. After being stirré 1 h at—10 °C, the
mixture was warmed slowly to room temperature and stirred
overnight. The solvent was removed under reduced pressure to
dryness. The residue was taken up in ethyl acetate (70 mL) and
washed wih 1 M KHSO, (2 x 25 mL), 1 M NaHCQ (2 x 25
mL), water (2x 25 mL), and brine (Ix 25 mL). After the sample
was dried over anhydrous B8O, ethyl acetate was evaporated,
yielding 1.82 g of crude product, which was purified on “flash”
chromatography in the solvent system ethyl acetate/hexahié.5
(A). The tripeptide3 was isolated as an amorphous powder. Yield
0.746 g (37%); HPLC purity 99.5%z = 16.85 min (gradient 70
90%B in 25 min);R; (A) = 0.4; aZ —28 (¢ = 1, MeOH); FAB/
MS m/e 722.3 [M+ H]™, 744.4 [M+ Na]" Calcd. for GaHsiN30;
= 721.8;'H NMR (CDCl) 6 (ppm): 0.84 (dd, 6HJ = 6.75, 5
Hz Val y-CHg), 1.30 (d, 3HJ = 6.75 Hz AlaCHs), 1.42 (s, 9H
Boc-CHs), 2.00-2.11 (m, 1H, ValfCH), 2.90-2.97 (m, 2H, Tyr
SCHy), 3.88-4.12 (m, 1H ValoCH), 4.30-4.41 (m, 1H, TyraCH),
5.04-5.22 (m, 7H, 6H CHPh, 1H Alac.CH), 6.05 (d, 1HJ=8.5
Hz Val NH), 6.63 (d, 1HJ = 8.5 Hz Tyr NH), 7.34-7.38 (19H,
4H Tyr Ph, 10H Tyr and Ala OCHPh, 5H NCHPh);
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Boc-Tyr(Bzl)-N(Bzl)Ala-Val-OH (4). A solution of protected The completeness of each coupling reaction during synthesis was
tripeptide 3 (0.516 g, 0.715 mmol) in 5 mL of methanol was monitored by the Kaiser te8tor chloranil tes€® Recoupling was
hydrogenated (3 h, monitoring by TLC) over 10% Pd on charcoal. performed when the test was positive. With peptitlesiil , V,

The filtered solution was evaporated yielding a homogeneous VI, VIII , andIX, Mpa(Mob) or Cpa(Mob) were used in the final
amorphous powder 0.430 g (95,1%). HPLC purity 9896+ 6.20 coupling step.

min. (gradient 76-90% B in 25 min.),a2’ —16,7 € = 1, MeOH); After completion of the synthesis, the protected peptidyl or
FAB/MS nm/e 632.1 [M+ H]* Calcd. for GeHseNzO7 = 631.4;1H acylpeptidyl resins were treated with 10 mL of liquid hydrogen
NMR (CDCl3) 6 (ppm): 0.92 (dd, 6HJ = 6.75; 5.25 ValyCHy), fluoride (HF) containing 1 mL of anisole at70°C and stirred for

1.22 (d, 3HJ = 7.00 Hz, AlafCHjs), 1.40 (s, 9H, Boc Ch), 1.96- 60 min at 0°C.3! After removal of HF and anisole in vacuo, the
2.00 (m, 1H ValCH), 2.872.92 (m, 1H, Tyr3CH,), 3.85-3.87 mixture was washed successively with anhydrous diethyl ether and

(m, 1H, Valo.CH), 4.36-4.82 (m, 6H, 1H Alao.CH, 1H TyroCH, acetic acid, and the solution was diluted with methanol.

2H OCHPh, 2H NCHPh), 5.51 (d, 1HJ = 6.90 Hz Val NH), With analogueX, the protected nonapeptidyl resin was am-
5.77 (d, 1H,J = 6.75 Hz Tyr NH), 7.26-7.26 (m, 14H, 4H Tyr  monolysed in methandl:?8 After evaporation of the solvent, the
Ph, 5H OCHPh and 5H NCHPh). 3C NMR (CDCk) 6(ppm), product was extracted into hot DMF, precipitated with boiling water,

17.74 (Alag C), 18.68, 18.97 (VayC), 28.11 (Boc Ch), 30.64 and left overnight at room temperature. The peptide was collected
(Val BC), 52.82 (TyrB C), 55.62 (AlaaC), 57.63 (TyraC), 58.83 by filtration, washed with water, and dried in-vacuo oveOR

(Val aC), 65.80 (CHPh), 80.45 (Boc €0), 115.6, 126.39, 126.82,  The product was further purified by dissolving in DMF and
127.96, 130.46, 137.48, (Tyr, OBzl, Ph), 155.10, 155.57, 155.96, reprecipitating with CH-OH: EO (3:1). Then a solution of the
(N-Bzl Ph), 156.2 (Boc €0), 170.47, 171.28, 174.32 (Ala, Tyr,  peptide intermediate (0.15 mmol) in a sodium-dried and redistilled

Val C=0). ammonia was treated at boiling point, and with stirring with sodium
Boc-Phe-Phe was synthesized using a procedure described irfrom a stick of the metal contained in a small-bore glass tube until
the literature:2 a light-blue color persisted in the solution for 30 s, X was

added to discharge the color. The solution was evaporated, the
residue was dissolved in glacial acetic acid (150 mL), and the
solution was diluted with methanol (1500 mL).

. . o . The resulting dithiols were oxidatively cyclized with 0.1 M |

All amino acid derlyatlves were.purchased from NovaBiochem, in methanol using the standard procedure. The solvents were
except Boc-Dpa, which was provided by Merck. evaporated under reduced pressure, and the residue was dissolved

Peptide Synthesis. Thin-layer chromatography (TLC) was  in water and lyophilized. The crude products were desalted on a
carried out on silica plates (Merck), and spots were visualized with Sephadex G-15 column and eluted with aqueous acetic acid (30%)
iodine or ninhydrin. The solvent system used was 1-butanol/acetic at a flow rate of 3-4 mL/h. The eluates were fractionated, and the
acid/water/ethyl acetate (1:1:1:1, v/v). High-performance liquid fractions containing the major peak were pooled and lyophilized.
chromatography (HPLC) was carried out on a Waters (analytical The residue was then subjected to gel filtration on a Sephadex LH-
and preparative) chromatograph equipped with a UV detedtor ( 20 column eluted with 10% aqueous acetic acid at a flow rate of
= 226 nm). The purity of the peptidés-IX was determinedona 4.0 mL/h,4 = 254 nm. The peptide was eluted as a single peak.
Vydac Gg column (5um, 100A; 25x 0.46 cm). The following Peptides/, VII —IX were purified by RP-HPLC. The peptides were
solvent systems were used: [A] 0.1% aqueous trifluoroacetic acid eluted as single peaks. The purity and identity of each peptide were
(TFA) and [B] acetonitrile: 0.1% aqueous TFA (80:20 v/Vv). Linear  determined by HPLC and FAB mass spectrometry (molecular ion).
gradients from 20 to 80% of solution [B] for 20 min and from 20 gjgjogical Evaluation. Wistar rats were used in all experiments.
to 80% of solution [B] for 30 min were applied for peptides at a female rats were estrogenized 48 h before the experiment. The
flow rate of 1 mL/min. Preparative HPLC was carried out using @ yterotonic test was carried out in vitro in the absence of magnesium
Kromasil G column (5um, 25 x 250 mm) in a gradient running  jons3233 The vasopressor test was performed using phenoxyben-
from 10 to 50% of [B] for 120 min at a flow rate of 10 mL/min.  zamine-treated male rat.Synthetic oxytocin was used as a
The purity and identity of the peptide were determined by HPLC  standard in uterotonic tests, and synthetic arginine vasopressin was
[a Gold System Beckman chromatograph, Vydag @lumn (5 used in pressor test. Doseesponse (single administration) or
um, 4.6 x 250 mm) with precolumn Ultrasphere ODSf, 4.6 cumulative doseresponse (measurements without washing steps
x 45 mm), solvent systems were used: [A] 0.1% aqueous petween administration of enhanced doses) curves were constructed.

trifluoroacetic acid (TFA), [B] acetonitrile: 0.1%TFA (80:20 VAV)].  The values reported are averages of three to five separate experi-
A linear gradient from 10 to 45% of solution [B] for 15 min was  ments.

applied for peptide at a flow rate of 1 mL/mia € 226 nm). FAB/

Mpa(Mob) was obtained as described for Mpa(BZl)ising
p-methoxybenzyl chloride. Cpa(Mob) was synthesized using a
procedure described in the literatdbe.

! Tests to assess the antidiuretic or diuretic properties were
MS of the peptides were recorded on a MALDI TOF mass .,nqycted on conscious male rats in two variations of the modified
spectrometer. Burn test®38In the standard manner with hydrated rats, the animals
All peptides were obtained by solid-phase peptide synthesis. having fasted for 16 h were weighed and then given tap water
Analogues —IX were synthesized manually using Boc-chemistry  through a stomach catheter. The water load was 4% of the body
on a methoxybenzhydryl resin (MBHA resin, Senn Chemicals AG, weight. Immediately after the water load, the tested substances (or

1% DVB, 200-400 mesh, 0.67 mmol/g) on a scale of 1&@ol physiological saline as control) were administered subcutaneously
according to standard procedures, using in situ neutraliz&tidhe at doses of 0.0024100 nmol/kg. The rats were then placed in
protected peptide precursor: BoeHMC(Bzl)-Tyr(Bzl)-Phe-GIn- individual metabolic cages, and their urine was collected over a 5

Asn-Cys(Bzl)-Pro-Arg(Tos)-Gly-NE(analogueX) was synthesized h period. The timety; in which the rats excreted half the water
manually by a solid-phase method, i.e., by the stepwise coupling load was determined and then plotted against the dose. For
of Boc-amino acids to the growing peptide chain on a chlorom- comparison of the compounds, such doses were chosen as to yield
ethylated Merrifield resin (Novabiochem, 26@00 mesh, 0.7 t12 equal to 200 min and the so-called threshold doses yielding
mmol/g) on a scale of 150mol. Fully protected peptide resinwas equal to 60 min (equal to the value o¢f, obtained with the
synthesized according to standard procedures involving (i) depro- physiological solution). On each day of the experiment, 21 rats
tection steps using 33% TFA in the presence of anisole (1%), 5 divided into 5 groups of 4 or 5 animals to which different doses
and 25 min; (i) neutralization with 10% TEA/DCM, 3 and 7 min; and compounds were administered were used; each dose being
(iii) couplings of Boc-amino acid mediated by TBTU and HOBt tested in two or three independent experiments (different days,
in the presence of DIEA in DMF or in a mixture of DMF, NMP,  different rats). To test for diuretic effects with nonhydrated rats,
and DCM (1:1:1 v/v) containing 1% Triton, in the case of Boc- no water load was given to the fasting animals. For details see ref
(aeHmM)Cys(Bzl) coupling?’-28 37.



Analogues of Neurohypophyseal Hormones

Acknowledgment. Partial funding for this work was pro-
vided by the Polish State Committee for Scientific Research
under Grant No0161/T09/2004/26 and 1312/T09/2005/29 and

by research project No. Z4055905 of the Academy of Sciences

of the Czech Republic.

Supporting Information Available: HPLC data for peptides
| —IX. This material is available free of charge via the Internet at
http://pubs.acs.org.

References

(1) Jard, S.; Barberis, C.; Audigier, S.; Tribollet, E. Neurohypophyseal
hormone receptor systems in brain periph&nag. Brain Res1987,
72, 173-187.

(2) Jard, S. Mechanisms of action of vasopressin antagoiiglaey
Int. 1988 34, 38—42.

(3) Manning, M.; Sawyer, W. H. Design, synthesis and some uses of

receptor-specific agonists and antagonists of vasopressin and oxytocin.

J. Receptor Redl993 13, 195-214.

(4) Laszlo, F. A.; Laszlo, F., Jr.; De Wied, D. Pharmacology and clinical
perspectives of vasopressin antagoniBtsarmacol. Re. 1991 43,
73—-108.

(5) Melin, P. Oxytocin antagonists in preterm labour and delivery.
Bailliere’s Clin. Obstet. Gynaecoll993 7, 577—-600.

(6) Manning, M.; Cheng, L. L.; Klis, W. A.; Stoev, S.; Przybylski, J.;

Bankowski, K.; Sawyer, W. H.; Barberis, C.; Chan, W.Atvances

in the Design of Seleet Antagonists, Potential Tocolytics, and

Radioiodinated Ligands for Oxytocin Receptoreell, R., Russel,

J., Eds.; Plenum Press: New York, 1995; pp 5583.

Lebl, M.; Jos, K.; Brtnik, F. Tables of Analogs in Handbook of

Neurohypophyseal Hormone Analogsgd, K., Lebl, M., Brtrik, F.,

Eds.; CRC Press Inc.: Boca Raton, FL, 1987; Vol. Il, Part 2, pp

127-267.

(8) Liao, S.; Shenderovich, M. D.; Zhigang, Z.; Maletinska, L.; Slaninova

J.; Hruby, V. J. Substitution of the side-chain-constrained amino beta

methyl-2,6-dimethyl-4-methoxytyrosine in position 2 of a bicyclic

oxytocin analogue provides unique insights into the bioactive

topography of oxytocin antagonist. Am. Chem. Sod.99§ 120,

7393-7394.

Manning, M.; Bakowski, K.; Sawyer, W. H. Selective agonists and

antagonists of vasopressin. \fasopressinGash, D. M., Boer, G.

J., Eds.; Plenum Press: New York, 1987; pp 33568.

Sobociska, M.; tempicka, E.; Konieczna, E.; Derdowska, I.;

Lammek, B.; Melhem, S.; Kozik, W.; Janecka, J.; Janecki, M.;

Trzeciak, H. I. Analogues of arginine vasopressin modified in position

2 or 3 with naphthylalanine: selective antagonists of oxytocin in-

vitro. J. Pharm. Pharmacol200Q 52, 1105-1112.

Prochazka, Z.; Slanindya. The 1- and 2-naphthylalanine analogues

of oxytocin and vasopressi@ollect. Czech. Chem. Commur295

60, 2170-2177.

(12) Lammek, B.; Czaja, M.; Derdowska, I.; Rekowski, P.; Trzeciak, H.
I.; Sikora, P.; SzKrbka, W.; Stojko, R.; Kupryszewski, G. Influence
of L-naphthylalanine in position 3 of AVP and its analogues on their
pharmacological propertied. Pept. Res1997, 49, 261—-268.

(13) Toniolo C. Conformationally restricted peptides through short-range
cyclizations.Int. J. Pept. Protein Resl99Q 35, 287—300.

(14) Czaplewski C.; Lammek B.; Ciarkowski J. Conformational constraints
emerging in the N,Nethylene- and N,Npropylene-bridged dipeptide
units. Pol. J. Chem1994 68, 2589-2598.

(15) Vituox B.; Aubry A.; Cung M. T.; Marraud MN-methyl peptides:
VII. Conformational perurbations induced bymethylation of model
dipeptidesint. J. Pept. Protein Resl986 27, 617—632.

(16) Lammek, B.; Czaja, M.; Derdowska, I.; Ltempicka, E.; Sikora, P.;
Szkrdbka, W.; Trzeciak, H. |. Biologically active analogues of
arginine vasopressin containing conformationally restricted dipeptide
fragments.J. Pept. Res1998 51, 149-154.

(17) tempicka, E.; Derdowska, |.; Jastmska, B.; Kuncarova, P.;
Slaninova J.; Lammek, B. Analogs of oxytocin conformationally
restricted in the N-terminal part of the moleculePept. Res2001,

57, 162-167.

(7

~

9

~

(10)

(11)

Journal of Medicinal Chemistry, 2006, Vol. 49, R@e2b

(18) Jastrzbska, B.; Derdowska, I|.; Kowalczyk, W.; Machqva.;
Slaninova J.; Lammek, B. Influence of 1-aminocyclohexane-1-
carboxylic acid in position 2 or 3 of AVP and its analogues on their
pharmacological propertied. Pept. Res2003 62, 70—77.

(19) Kowalczyk, W.; Prahl, A.; Derdowska, I.; Dawidowska, O.; Slani-
novg J.; Lammek, B. Highly potent 1-aminocyclohexane-1-carboxy-
lic acid substituted Yagonists of arginine vasopressinMed. Chem.
2004 47, 6020-6024.

(20) Kowalczyk, W.; Prahl, A.; Dawidowska, O.; Derdowska, I.; Sobo-
lewski, D.; Hartrodt, B.; Neubert, K.; Slaninovad; Lammek B. The
influence of 1-aminocyclopentane-1-carboxylic acid at position 2 or
3 of AVP and its analogues on their pharmacological properdies.
Pept. Sci.2005 in press.

(21) Derdowska, I.; Prahl, A.; Kowalczyk, W.; Janecki, M.; Melhem, S.;
Trzeciak, HI.; Lammek, B. Influence of enantiomers of 1-naphthyl-
alanine in position 2 of VAVP and dVAVP on their pharmacological
propertiesEur. J. Med. Chem2005 40, 63—68.

(22) Leplawy, M. T.; Olma, A.SBenzylo-hydroxymethylcysteine:
synthesis, resolution, absolute configuratiBol. J. Chem1979 53,
353-355.

(23) Khalil, E. M.; Subasinghe, N. L.; Johnson, R. L. An efficient and
high yield method for the Nert-butyloxycarbonyl protection of
sterically hindered amino acid§etrahedron Lett1996 37, 3441—
3444,

(24) Hope, D. B.; Murti, V. V. S.; Du Vigneaud, V. A highly potent
analogue of oxytocin, desamino-oxytocih Biol. Chem1962 237,
1563.

(25) Rekowski, P.; Lammek, B. Synthesis of modified analogs of 1-(1-
phenylmethylthiocyclohexane)-acetic ackbl. J. Chem 1987, 61,
907-911.

(26) Schritzer, M.; Alewood, P.; Jones, A.; Alewood, D.; Kent, S. In
situ neutralization in Boc-chemistry solid-phase peptide synthesis.
Int. J. Pept. Prot. Resl992 40, 180-193.

(27) Manning, M. Synthesis by the Merrifield method of a protected
nonapeptide amide with the amino acid sequence of oxytdcim.
Chem. Soc1968 90, 1348-1349.

(28) Lammek, B.; Rekowski, P.; Kupryszewski, G.; Mellin, P.; Ragnars-
son, U. Synthesis of arginine-vasopressin modified in position 1 and
2 as antagonists of the vasopressor response to the parent hormone.
J. Med. Chem1988 31, 603-606.

(29) Kaiser, E.; Colescott, R. I.; Bossinger, C. D.; Cook, P. Color test for
detection of free terminal amino groups in the solid-phase synthesis
of peptides Anal. Biochem197Q 34, 595-598.

(30) Christensen, T. C. A chloroanil color test for monitoring coupling
completeness in solid-phase peptide synthesis.Paptides —
Structure and Biological FunctigrGross, E., Meienhofer, J., Eds.;
Pierce Chemical Company: Rockford, IL, 1979; p 385.

(31) Stewart, J. MSolid-Phase Peptide Syntheserce Chem. Corp.:
Rockford, IL, 1984.

(32) Holton, P. A modification of the method of Dale and Laidlaw for
standardization of posterior pituitary extraBt. J. Pharmacol1948
3, 328-334.

(33) Rudinger, J.; Kréjcl. Dose-response relations for some synthetic
analogues of oxytocin, and the mode of action of oxytocin on the
isolated uterusExperiential962 18, 585-588.

(34) Dekanski, J. The quantitative assay of vasopreBsinl. Pharmacol.
1952 7, 567-572.

(35) Burn, H. J.; Finney, D. J.; Goodwin, L. Biological Standardization
2nd ed.; Oxford University Press: London 1950; p 187.

(36) Vavra, I.; MachovaA.; Krejéi, |. Antidiuretic action of 1-deamino-
8-p-arginine vasopressin in unanesthetized rat®harmacol. Exp.
Ther. 1974 188 241-247.

(37) SlaninovaJ. Fundamental Biological Evaluation. kandbook of
Neurohypophyseal Hormone Analogs¥, K., Lebl, M., Brtrik, F.,
Eds.; CRC Press Inc.: Boca Raton, FL, 1987; Vol. |, Part 2, pp
83—-107.

JMO058038F



