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Andlogi of axytocin cnnt.\iuing, lclmhydroisoquinolim. c1rb0xylic acid ({Tic) u[' Lornp conﬁgurmiun in

agonist m.nvny in u%f.mmnu. gubuclogogic, und pressor assays, but thcy are in vitro utcrotonic mlubuors
in comparison wilh oxylocin analogs containing L- or D-pheaylalanine in position 2, the annlog with the
p-configuration of the conformasionally fixed aromatic residue has significantly increased inhibitory activity
wihich suggesis that the proper conformasion for the i mlcmcnon with the receptor, but not for its activation,
was stabilized. 'H NMR and CD studies, supported by theoretical calculations, supgest that the conforma-
tional propertics of the analog conlaining p-ietrahydroisoquinoline carboxyiic acid are similar to those of

{2-p-phenylalanincloxytocin,

Kev words: circular dichroism; conformation; conformationaf constraint; NMR; oxytocin inhibitors

Until now the direct determination of a peptide
hermone conformation during its interaction with the
receptor (ihe so-called “biologically active conforma-
tion ") has not been possible. Interaction with enzymes
or other proteins cun be studied more eusily, since they
can be isolated in a pure form. At the same time,
knowledge of possible biologically active conforma-
1ions can simplify the design of new compounds with
desirable properties, Tor cxample superagonists, in-
hibitors, or compounds with & prolonged time course
of action. A model for a biologically active conforma-
tion would ailow the synthesis of conformationally
restricted peptides that may interact onty with the
desired receptor and not with the alternative one, thus

FPart CCXVEL in the series Amino Acids and Peptides; Pary
CCXVi: Coflect. Crech. Chenr. Commun. 55,1883-1887 {1990).
{Current nddress: Depuriment of Chemistry, Millersville Unis
versity, Millersfield, PA 17551,

* Nomenclature and abreviations lollow published recommenda-
tions (Ewropean J. Hiackem. (1984) 138, 9-37), Other ubbrevintions:
OXT, oxytocin; Tie, 12,3, 4-tetrahiydroisequinoline-3-carboxyiic
acid; TFE, ifluorgethanol; Cle, cyceleleuzine (E-zminocyclopen-
tanecnrboxylic weid); Tep, 2,4,5-trichlorophenyl; Tmb, 24,6~
rimethylbenzyl; pMB, p-methylbenzyl; NSu, N-hydroxysue-
cinismidyl; DVB, divinylbenzene,

leading 1o high specificity of action. Moreover, in
fuvorabje cases, the analog may be stable to the
enzymes normally responsible for inactivation of the
parent hormone, thus providing an additional useful
property for in vive biological activity.

More than 1000 analogs of neurohypophyseal hor-
mones have been synthesized and studied (1, 2). The
design of most of these compounds was based on
previous knowledge of structure-activity relationships
and only a few were synthesized primarily for confor-
mationai studies, Conformational restriction can be
achicved by various methods {for & review see ref. 3),
incleding introdtction of sterically demanding amino
acids or by modification of peptide bonds. Only a very
limited number of anatogs of oxytocin have beenrcon-
formationally restricted by the introduction of ad-
ditional intramolecular covalent bonds (4-7), even
though this method has proven to be rather effective .
in constraining the siructure of linear peptides (3,
8-16).

Introduction of tetrahydroisequinoline carboxylic
acid (Tic) residues into a peptide leads to analogs
which generally will possess only one of the possible
side chain conformers (17-19). This substitution,
when made in a residue position originally occupied
by a phenylalanine residue, is rather conservative in
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TABLE |
Bivfugive! dare (LU faef of oxyiocin enalogs

Uteralonie Galactogogie Pressor
in vitrp in viva
OoxXT 430 450 450 3
[L-Phe’JOXT 22 168 175 0.56
[-Phe’JOXT phy = 73 1.2 <0.04
[L-Tic'JOXT P, < 56 Ay < GO 0.0t nil
[p-T#JOXT pA, = 6.7 0.17 <0.03

*OXT = osytocin = H-Cys-Tyr-ile-Gln-Asn-Cys-Pro-Leu-Gly-MNH,.

terms of overall polarity and hydrophobicity, The
aromatic residue in position 2 of oxytocin plays an
importans role in its biological activity. The hydroxyl
group in the p-position of the aromatic residue is
important for full activity, but cven analogs contain-
ing phenylalanine instead of tyrosine have modest
poiency. Recently we have demonstrated that the in-
Lraduction ol an aromatic amino acid of n-configura-
tion inta position 2 of oxytocin and vasopressin can
lead Lo untagonist snalogs (20, 21) though not always
(1, 2), and we suggest that the interaction of aromatic
side chain and sulfur in position 6 is of importance lor
the proper conformation of the molecule of eaytocin
(22, 23). We have Lherelore decided (o substitute the
tyrosine residue by the conformationally restricted Tic
residue, and to study the biological and physicochemi-
cal consequences of this substitution. In a related
study we have described the synthesis ol vasopressin
analogs containing Tic in position 2 or 3; thesc
analogs were shown Lo be devoid of any biological
activity (24).

Synthesis of ((L-Tic?JOXT (Ia) and [p-Tic*(OXT)
{Fb)) was performed in both laboratories, using solid
phase synthesis. In one case Nps and Boc protecting
groups and coupling by active esters were used, and in
the other case N*-Boc protection and DCCIfHOBt
coupling methods were employed.

Products were purified by gel fitration and reversed
phase HPLC and were found identical by chromato-
praphic and electrophoretic techniques and by 'H
NMR spectroscopy.

The biological uctivitics of both unslogs are given in

TABLE2
KPP HPLC data of oxyiocin amafogs

Vydue Cs, EDMA-10-AB
{L-Phe JOXT 0.92 1.65
[0-Phe* JOXT 217 6.51
[T |OXT 1.37 3.00
[b-Tic*JOXT 1.50 3.45

35 » @dcm, 25% acclonitrile in 0.)% TFA in water.
"8 x O.8em {Tessek, Prague), 20% ucetoniteile in 0.1% TFA in
wiler.
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Table 1. As can be seen, generally agonist activities (if
any) were dramatically decreased, or weak inhibitory
activitics were observed. However, the inhibitory ac-
tivity in the in vitro wierotonic test of the n-amino acid
containing analog 1b wus comparable te the inhibitory
activity of [2-p-phenylalanineloxytocin. This means
that an anslog with the appropriately fixed side chain
conformation is well suited for interaction with the
receplor for inhibitory action. Therefore we decided
to study ils properties more thoroughly in different
systems. Binding of neurchypophyscal hormones by
neurophysin is very sensitive to a change made in
position 2. We found that the affinity of [L-Tic*]OXT
was decressed 25 times in comparison with axytoein
and that [p-Tic*JOXT was not bound at alf (25).

We compared the two analogs by HPLC on iwo
reversed phase systems. Tt is well known that a change
of configuration of arematic residue in position 2 of
oxytocin leads to pronounced differences. in HPLC
reletion times, which may be due to changes of
peptide conformation (26-28). Interestingly, the p-
Tic- and L~Tic-containing analogs had only slightly
different k" values in both systems {Table 2}, On the
other hand, the p-Phe- and L-Phe-containing com-
pounds differed considerably, suggesting that the fixed
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FIGURE 1

CD spectrs of L-amino acid containing oxytocin analogs. [ —
[L-TiJOXT (1) in G.02Mm phosphate buffer pH 7.2, 7 — [u-
T"l:z]OXT(la) in TFE, 3 — OXT &1 0.02 M phosphute buller pH 7.2,
4 — OXT in TFE.
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TABLE 3
Chentical shifts of the x and f§ protous it axytocin analogs

Position in peptide chain

i 2 3 4 5 [ 7 8 9
QXT 2CH 4.28 4,77 4,03 4.12 4.73 4.86 4.60 4.30 3.84, 3,94
fi-CH, 337 3.00 ' 1,88 208 280 298 2,20 1.64
#-CH, 3147 323 330
[1-Phe?]OXT «-CH 4.27 4.87 4.12 4.11 4.76 4.95 4,45 4.31 388, 3.94
$-CH, 22 3.05 1.57 2.05 2.36 299 1.94 1,65
f'-CH, 3.37 3312 2.88 3.4 32
[0-Phe? JOXT a-CH 4.36 5.02 3.80 4,39 4.62 492 443 4.31 147, 394
f-CH, 186 382 L70 2.04 279 296 1.97 §.65
fr-CH, 3.34 2,82 3.28 2.32
[L-TiGJOXT 2-CH 5.0l 543 4.28 3.92 4.7 4,94 442 4,30 1.86, 391
B-CH 3.50 332 1.76 194 2.57 320 128 1.68
fi-CH, 3.4l 322 2.65 1i4 202
N-CH, 4.82
[-Tic? JOXT a-CH 4.86 527 3.97 4.14 442 4.85 4.40 4.30 3.86, 396
B-CH, I 3142 1L.70 ERIH 2.94 138 228 1.68
1-Ci, 347 2.88
N-CH, 4.64
4.7
TABLE 4
'H NAR dat for isoleucine residie in oxytocin analogs
2-CH fi-CH 8-CH, 6-CH, -CH, NH Jitucn Jeanoan
L-Phe’JOXT 4,i2 1.97 129 0.93 0.89 8.00 6.21 6.0
1.07
[D-Phe’]OXT 3.90 1.70 122 0.73 0.78 8.33 6.95 6.6
T~
[L-Tic? [OXT 4.28 1.76 0.56 0.34 472 &7 9.2 3.6
0.24
{-Ti* JOXT 397 1.70 0.95 076 0.67 8.57 LU 4.0

of oxytocin constrained in position 2, [L-Cle’]JOXT,
possesses CD properties similar te that of [L-
TicRJOXT (33).

‘The CD spectra of [p-Tic*JOXT (Ib, Fig. 3b} do nat
indicate any marked effect of the sterically constrained
residuc to stabilize an ordercd conformation of the
peptide backbone. The spectra in both solvents show
as & single prominent feature, o sirong negative
# — m* band at about 220 nm wisich is characteristic
of & more unordered conformation, very similar to
that of [p-Phe’)OXT (IIb, Fig. 3b), This similarity
indicates a similar conformation for the peptide back-
bone of 1b and 11b. The only difference between these
two compounds is the positive n — g* band of IIb at
220 nm probably originating in a rigid local conforma-
tion which includes the aromatic amino acid residue.

3

We also have employed "H NMR spectroscopy 1o
examine the conformational properties of the new
anlogs, A comparison of the chemical shifis of «-
protons can be seen in Table 3. Significant differences
can be observed in the shifts of protons of amino acids
which make up the residues of the heterodetic ring of
the hormone. In the upper part of the spectrum of
[L-Tic'JOX'T, an extremely high upfield shift of the
methyl protons of isoleucine is evident {Table 4}, The
upfield shift of these protons in [p-Tic*]OXT is ap-
proximately the same as observed in [p-Phe?Joxytocin,
in agreement with the CD derived conclusions about
the similar conformations of these compounds. The
chemical shifts of amide protons and their tem-
perature dependencies and NH-CoaH coupling con-
stants are given in the Table 5. When we compare the



aromatic meiely in Tic cunnot assume a proper orien-
tation for interaction with the stationary phase.

A sensitive tool for studying peplide conformation
is CD speetroscopy. Free L-Tic shows (in 0.1 M HCl) &
CD specirum which does nol differ grestly from that
of L-phenylalanine, There is a very weak maltiple
band of the aromatic B,, transition at 267 nm and a
somewhat more intense narrow By, band at 214 nm.
Both bands are negative. A possibly stronger band of
the E,, transition is superimposed on bands of the
carboxyl chromophore (not shown}.

These weak aromatic CD bands thus contribute
negligibly to the spectra of analogs la and [b. The long
wavelength spectral region of i and b (Figs. 1a, 3a)
is then formed solely by bands ol the n — o* tran.
sitjons of the disulfide chromophore. For [e-Tic JOXT
(Ia) (Fig. la) in neutral water solution an unusually
intense positive band at 250 nm which merges with
another positive bund lying at longer wavelengths is
observed. The intensity of 3400 cllipticity units of the
250 nm band is the highest ever observed in oxylocin
analogs (29), und indicates thal the Nexibility of the
disulfide group in ba is substantially reduced in com-
parison with oxytocin. Oxytocin appears (o posscss
equal populations of enantiemeric disulfide confor-
mers (30), but in fa u single helicity appears to be
favored. The 250 nm band belongs to rectangular, and
the long wavelength band to strained, conformers of
the disulfide group (29). The chunge in sign of the long
wavelength band (relative 1o exytocin, Fig. la)
suggests a change in the lorsional angle of strained
(non rectungular) disulfide conformers. Assuming
that the observed CD is due to righthanded con-
formers, this would mean a change from transaid (in
oxytocin) to cisoid conformers in {L-Tic*JOXT. In
trifluorcethano! the oversll chiracler remains un-
changed. Also a comparison of [L-Tic?JOXT with the
parent compound [1-Phe*]OXT (Ila, Fig. 2a}, where
the tyrosine CD bands do not interfere, shows a
marked difference in the intensity and solvent depend-
ence of both disulfide bands. The disulfide bands of
[0-Tic*]JOXT (Ib) do not exhibit any unusual paramet-
ers (Fig. 3a).

At short wavelengths, compounds I, b and ITa, b
show two CD bands with maxima lying between 215
and 230 nm due to the B — n* transition of the amide
bond as well as a negative band at sbout 200 nm and
a positive one at shorler wivelengths due to the amide
n — #* transition.

[L-Tic’JOXT aiso differs markedly in the CD pro-
perties from comparable compounds bearing no ster-
ically constrained side chain in position 2 in the short
wavelength region (185-240 nm), There is a prominent
negative n — z* band ai 220 um, an unusually weak
negative © — «* band at 200 nm, and a short wave-
length positive m — #z* band of dppreciable intensity
(Fig. 1b). The CD docs not change significantly when
going from one sofvent to the other. The CD spectrum

Oxytocin wnalogs

of oxylocin in bufler solution (Fig. 1b), dillers sub-
stantially from that of [L-Tic)JOXT (Fig. Ib).
However, in triffuoroethanol, the CD of oxytocin
changes and becomes similar to that of [£-Tic'JOXT.

The weak response of amide CD bands of fL-
Tic*]OXT to a change of solvent suggests that the
peptide backbone of this analog is, relative to oxyio-
cin, sigid. The pattern of a new negative n — % und
positive 7 — «* bands indicates an enhanced populs-
tion of an ordered, probably & reverse turn, conforma-
tion. The ©-Tic might well be responsible for this
tendency, functioning as a residue in the putative
f-turn. The similarity of the CD spectra in trifluo-
rocthanol of [L-Tic?JOXT and oxytocin suggests that
the stabilized conformation of [£-Tic*]OXT may be
one of the energetically accessible conformations of
oxytocin. It is worth mentioning that another analog
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FIGURE 2
CB spectrs of [e-Phe’ |OXT (1) in £ — 0.028 phesphate buffer pH
7.2, 2~ TFE.

FIGURE 3

CD spesirs of p-nmino acid containing axytocin analags, f —
[»-Ticd JOXT (id) in 0.02M phosphate buffer pH 7.2, 2 — [D-
Tic JOXT (Tb) in TFE, 3 — [0-Phe?]OXT (I1b) in 0.02 M phosphate
bufier pH 7.2, 4 — [p-Phe?JOXT (11b) in TFE.
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FIGURE 4
Projection of Tic residue confermation in {L-Tic JOXT (lefl) and
[o-Tie |OXT {right).

solvent in both analops, and in almost all cases lower
temperature dependencies were found in comparison
Lo oxytocin, suggesting-a—more rigid structure, Cou-
pling constants between the « and f protons (Table 6)
in the neighborhood of the Tie residue differ signifi-
cantly [rom those of oxylocin due 1o side chain-side
chain interactions between the Tic aromatic moiety
and isoleucine, From the CaH-CfiH coupling con-
stants of the Tic residue we can deduce the stereoche-
mistry of this residue, which is schematically shown on
Fig. 4, Tt is evident that in both cases the side chain of
this residue is the gauche(+) conformation (17, 18),
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but in [L-Tic*JOXT the tetrahydroisoquinoline car-
boxylic acid residue is much more strained than in
[p-Tic*JOXT. Results of the NMR studies can be used
to construct a conformational model of the Tic-lle
fragment in both molecules. In this model the o-CH of
Tie* is outside the shielding cone of the aromatic ring,
and therefore it is deshielded. On the other hand, the
NH proton and the y-methyl group of lle is inside the
shielding cone and therefore highly shiclded. Rigidiza-
tion of the Ile side chain conformation in [L-Tic’JOXT
is evidenced also by the very small C,H-C,H coupling
constant. The reason for the large coupling constant
of NH-2CH of Tle is a fixed ¢ angle for this residue,
which is also the reason for its proton solvent inacees-
sibility. In [D-Tic*JOXT the NH proton of He is de-
shielded and more accessible to the solvent, and the
methyl groups of e are further from the aromatic
ring and thus not so dramatically shicided.

To further examine the conformationnl consequen-
ces of the p and L-Tic? residues in oxytocin anafogs, we
have performed energy minimization caleulutions
(using CHARMM (35)) on both the model dipeptides
{Ac-L-Tic-Tle-NHMe and Ac-p-Tic-le-NHMe), and
on each of the anulogs studied in this paper. The
energy minimized conformation for Ac-L-Tic-Tie-

FIGURE 5
Superposed  encrgy  minimized
structures of [p-Tic*jOXT and [b-
PlietJOXT.



chemical shifts of protons in la to those of oxytocin in
agueous solution (34}, an high upfield shift (1.3 ppm)
is observed for the amide proton of isoleucine, and a
significant upficld shifl {0.5 ppm) also is observed for
the Asn peptide amide proton. Notable also is the
refatively Farge coupling constant abserved for the Tle?
amide proton, which is further evidence for 2 more
stabilized conformation. Comparison of the tem-

Oxytocin analogs

perature  dependencies of NH protons between
analogs containing an L-amino acid in position 2 (fa,
Ia) reveals decreased solvent accessibility of NH
protons in the analog with the constrained aminoe acid
(fa). In analogs containing a p-amino acld in position
two, significant differences are seen (with the excep-
tion of NH of cysteine in position 6). The amide
proton of isoleucine is probably less accessible 1o the

TABLE 3
'H NMR dwie for amide protons in oxytocin analogs

Position in peptide chuin

2 3 ] 5 3 B 9
OXT G(NH) 8.99 7.96 8.22 8.34 8.21 8.45 B.36
—ds{dT (= 10%) %] 7.0 5.5 5.0 5.5 %5 14
Jrstean (X} 6.0 4.0 8.0 6.5 6.0 6.0
{L-Phef JOXT G(NH) 0.43 B.00 8.28 8.3 8.23 447 8.38
—ddfdT (% 10%) 4.7 53 54 38 9 8.0 58
Jnstoat 7.7 6.2 40 B4 6.6 6.9 5.9
ip-Phe’]OXT G(NEH) 8.75 8.33 7.75 8.52 8.84 8.45 8.39
—ddfdT (= 10%} 6.4 5.4 3.0 52 4.7 1.7 6.0
Jrncan 1.7 6.9 8.0 538 6.9 6.6 59
[e-Tic’JOXT S(NH} 6,77 8.13 7.78 B.45 3.49 8.38
~dgdT {x 10") 3.0 33 25 5.6 6.5 58
) 9.2 4.2 8.8 13 6.2 59
[o-Tie|OXT G(NH} 837 8.45 0.18 815 8.58 8,47
—dddT (% 10%) 5.0 35 6.8 29 6.3 15
T 10.5 6.1 8.8 7.2 6.3 74
TABLE 6
A il Wy coupling cotstants of ring constitnitng amina acids in oxytocin analogs
Pasition of amina acid in peptide chain
[ 2 3 4 5 6
OXT Mo 38 81 6.0 6.6 1.5 9.6
o 6.0 6.2 6.8 7.5 30
B 15 14 15.9
[t-Phe|OXT a 0.6 9.1 6.0 a 4.6 9.6
g 5.0 6.1 79 338
ew 14.4 14.2 [5.2 14.6
[D-Phe’JOXT o 2.6 7.8 6.6 a 5.8 9.]
T 4.3 87 37
ap 149 15.6 [5.0.
[L-Tie? JOXT *on 5.4 18 36 a 7.8 9.4
Vo 8.6 5.8 6.6 33
Hup 14.4 13.9 15.2
fo-Tic’|OXT > 3.2 4.0 8.0 i a 8.5
o 5.6 15 19
ey 173

*Not determined.

325



NHMe (no constraints imposed during the colewdu.
tions) reveals that indeed # d-methyl group of isoleu-
cine is in the vicinity of the shielding cone of the
neighboring aromatic ring. However, the most strik-
ing resull came from & comparison of the energy
minimized conformations of [p-Tic'JOXT and [p-
Phe?]OXT. These two structures can be essentially
superimposed {Fig. 3, iop). The only exception is the
side chain of phenylalanine, which, however, can be
rotated by 120° to attain an essentially identical super-
position (Fig. 5, bottom). No such fit was found in the
region Cys' to Gln* for {L-Tie*JOXT and [L-Phe’]OXT
(Fig. 6). These resulis ure compatible with canclusions
drawn from the CD and NMR spectra. A D-Tic
residee in position 2 does not change the conforma-
tion of the oxytocin peptide backbone which was
already modified by the introduction of p-phenyl-
alanine; it only stabilizes it and “freezes out” one of
the possible rotazmers ol the phenylalanine side chain,

In conclusion, substitution of a p-Tie? residue for
the Tyr* residue in oxytocin appears to stabilize o
cornformation of oxyiocin which has the ability to
bind to the uterolonie receplor in ils antagonist con-
formalion, This conlormation may be similar to that
accessible 1o [0-Phe’lOXT. Substitution of Tyr* by
t-tetrahydroisoquinoline curboxylic acid leads to o
conformation that is different from those accessible to
oxylocin, and thas this analog binds very poorly to the
uterotonic receptor in its agonist stute,

EXPERIMENTAL PROCEDURES

General methods

Thin-layer chromatography {TLC) was carried out on
silica gel coated plates (Silufol, Kavalier, Czecho-
stovakia} in the following systems: 2-butanoi-98%

Oxytocin analogs

FIGURE &
Superposed  cenergy  minintized
struetures of [L-Tic* JOXT wnd (1
Phe’[OXT.

farmic acid-water {(10:3:8) (81)  2-butanoi-23%
agueous ammonia-water (85:7.5:7.5) (82)% 1-but-
anol~acetic acid—water {4:1:1) (83); 1-butanol-pyri-
dine-acetic acid-water (15:10:3:6) (84). Paper elec-
tropharesis wus performed in & moist chamber in 1 u
acetic acid (pH 2.4) and in pyridine-acetate buffer (pH
5.7) on Whatman 3MM paper, at 20 V/cm for 60 min,
Spots in TLC and clectrophoresis were detected with
ninhydrin or by the chlorination method. Samples for
amiao acid analysis were hydrolyzed with 4 MSA at
105° for 48h and analyzed on a T339 amino acid
anslyzer (Mikrotechua, Prague, Czechoslavakia) or
on & D-500 analyzer (Dionex Corp., Sunnyvale, CA,
USA). Fast aiom bombardment mass spectra were
obtained on # ZAB-EQ spectrometer (VG Analytical
Lid.. Manchester) with Xenon at 8kV as the bom-
burding gus. High performanee liquid chromatog-
raphy (HPLC) was carried out on an SP-8700 instru-
ment equipped with an SP-8400 detector and SP-4100
integrator (all from Spectra Physics, Santa Clara.
USA). Before use, all amino-acid derivatives were
subjected to ninhydrin test (36).

Solid phase synthesis

Protected peptide resin precursors to fL-Tic’ JOXT and
[D-Ti? JOXT. a) Benzhydrylamine resin (1% DVB,
1g) was substituted to the level of 0.6mmolfg by
Boc-Gly using  dicyclohexylcarbodiimide and N-
hydroxybenzotriazole as the coupling reagent.
Washing protocols, cleavage of N°-Boc groups, and
neutrulization reactions were performed as previously
described {24). In the next step we coupled Nps-Leu
with the use of dicyclohexylcarbodiimide {3 equiv.).
The Nps group was cleaved by a mixture of 6 HCI
in MeOH-dichloromethane (1:3, 20mL} for 4 min.
Next we coupled Nps-Pro-OTcep (this and alf other
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couplings using active csters needed 24h Lo reach
completion according to ninhydrin  test), Boc-
Cys(Tmb), Nps-Asn-OTep, Nps-Gln-OTep, Nps-lle-
ONsu, Boc-L-Tic, and Boc-Cys(Tmh). The protected
peptide resin A (1.64 g) was obiained.

by Chioromethylated polystyrene resin (1% DVE,
2.25g) with a capacity of | mmol Clfg was substituted
with Boc-Gly to a level of 0,44 mmol/g resin, Then
Boc-Leu, Boc-Pro, Boo-Cys(pM3), Boc-Asn, Boc-
Gin, Boc-lle, Boc-L-Tic, and Boc-Cys(pMB) were
added using the protocol previously described (24).
Coupling of 1-Tic to e and Cys(pMB) 10 L-Tic had
lo be repested three times. Trifluorocthanot (5ml})
was added during the coupling, The N*-Boc protect-
ing group was cleaved, and the resin was washed and
dried. Peptide-resin B (2.64 g} was obtuined.

c) Synthesis of protected [p-Tic?]|OXT-resin was
performed with the use of N*-Boe protecting groups
on the same resin a3 used for the protected peptide-
resin A, except that Boe-Cys(Tmb} was used and Boc-
p-Tic replaced Boc-1.-Tic. Resin C was obtlained.

d) The synathesis was performed on a p-methyibenz-
hydrylamine resin (L.O5g, 1.08 mmol NH,/p) in the
same way as in the case of resin C, with the exception
that Boc-Cys(pMB) was used instead of Boc-
Cys(Tmh); 1.92¢ of sesin D was obtained,

[3-L-Tetraliydroisoquinofine carboxylic acidfoxytocin
({v-Tic JOXT, la). a) The protected peptide resin
(0.5 ) was treated with 10mL anhydrous hydrogen
fluoride containing | mL anisole. Aiter 1h stirring at
0°, the mixture was evaporated to drymess i vacuo,
triturated with EtOAc, and extracted with 3 M acetic
acid. The powder obtained after lyophilization was
dissolved in 1L of degassed water, the pH was
brought to 8 by aqueous ammonia solution, ard
0.01 M K, Fe(CN), was added until yelfow color per-
sisted for 30 min. The pH of the solution was brought
to 4 by acetic acid, and the solution was fAltered over
an Amberlite TRC-50 (10 x 2cm) column, The
peptide was cluted by a gradient of AcOH (0.25% to
50%). The main peak was [yophilized, part of the
product (30 mg} was purified on a column of Separon
SI-C-18 (250 = Bmm) in a gradient of methanol in
0.05% triffuoroacetic actd (40-60% in 30min, flow
rate, 4mL/min). According 1o the analytical HPLC
the product was contaminated with a byproduct with
a  higher k° (k' = 7.62, Separon SI-C-18,
25 x 0.4cm, 50% MeQH 0.05% TFA) than the main
product. This contamination was removed by gel fil-
tration on Bio-gel P-4 (100 x icm) in 3m AcOH
where it was cluted slightly later than [L-Tic']JOXT.
Amino acid nnalysis revealed that this product con-
tained no Gin. Aflter lyophilization ol the main peak,
8 myg of the analog was obtained. Amino acid analysis
(4 MSA, 481); Asp 098, Glu 0.93, Pro 1.12, Cys
1.78, Gly 1.00, {le 0.93, Leu 1.06, Tic 0.96, HPLC: k'
6.00 (Sepuron SGX C-18, 25 x G4cem 50% MeOH
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— 0.05% TFA). TLC: Ry 0.15 (81), 0.03 (82}, 0.04
(83), 0.39 (84). Electrophoresis: EfY 0.33, Ef¥ 0.80,
Anal. cale. for C,“HMN,,O.,SZIS CH,CCOOH-2
H.O (0129.3); C 49.99%, H 6.78%, N 14.88%.
Found: C 49.90%, H 7.06%, N 14.88%. MS: 1005
(M + 2H + H)*.

b} Peptide resin B was suspended in anhydrous
methanol saturated with NH; at —7° and then was
stirred at room temperature for 4 days. The protected
peptide was extracted from the resin by DMF
(100 mL., 65° 24 1), The DMF extract was concentrat-
ed 1o 10mL in vaeno, and the product was precipitated
by water (125 mL), filtered, and dried (0.74 g). Part of
the product (304mg) was dissolved in anhydrous
liquid ammonia (250mL) and treated with sedium
until the blue color persisted for 45s. The oxidation
and purification was performed as for #) above, and
an identical product was obtained.

/2 D~Tenahvd; oisaquinoling carboxylic acidlexytocin
(fv- -Tie’ JOXT, Ifr). Cleavage of the protected peptide
resin C {or D) and purification was performed in the
same way as for [L-Tic’JOXT (case A above), The
product was pure according to HPLC (k' 7.67,
Sepuron SGX C-18, 25 x 0.4cm 0% MeOH —
0.05% TFA): TLC (R 0.14(81), 0.03(52), 0.01(S3},
0.59(54)), and electrophoresis (EYY 0.33, ESY 0.80).
Amino acid analysis: Asp 1.01, Glu 0,94, Pro 0.96, Cys
1.80, Gly 1.00, ile 0.93, Leu 0.99, Tic 1.02.

Anal, cale. Tor C,:,;Hﬁ(,NlEO”S:'I.S CI‘IzCOOH‘[
H,O (1011.2): C 50.80%, H 6.71%, N [5.12%,
Found: C 50.92%, H 6.99%, N 15.32%. MS: 1005
(M + 2H + H)*.

Spectroscopic methods
CD speetra were obtained on a Jobin-Yvon Dichro-
graphe Mark V equipped with data processor using
software DICHROSOFT version A written by Dr, P.
Malon from the Laboratory of Peptide Synthesis,
Institute of Organic Chemistry and Biochemistry,
Prague. Spectra were recorded in cells of optical path
of | and 0,03cm at room temperature and hormone
concentration of about 0.3mg/mL (3+107* mol/L).
The CD data are expressed in terms of molar elliptice
ity {degree em*dmel™"). Solvents vsed were 0.05M
phosphate bufler pH 7.3 and 2,2,2-trilluoroethanol.
'H NMR spectra were measured on Bruker WM-
250 or AM-230 spectrometer in [0 andfor a D,0f
H,O (1:1) mixture, The pH was adjusted to 3.5 with
perdeuterated acetie acid. The solvent signal was
reduced by employing a selcetive solvent suppression
program (37). Resonances referenced to sodium 3-
trimethylsilyltetradeuteriopropionate (TSP} were as-
signed by 2-D-COSY, 2-D-relayed COSY, double re-
sonance, and comparison with the literature (34, 38).

Theoretival calculations
Energy minimization studies were cnrm.d out with the



CHARMM moleculur mechanies software, version 19
(35). The empirical energy functions used in minimiza-
tion included potential energy terms for bond angles,
length, dibedral and improper dihedral angles, as well
as van der Waals, and electrostatic terms for non-
bended interactions (33}, The starting conformations
in all cases were extended structures with trans peptide
bond, except for those involving secondary amino
acids (D-Tic, L-Tic, Pro). that were allowed to opti-
mize. An adopted basis set Newton-Raphson (ABNR})
minimization algorithm was employed with 2000 steps
Lo Bssure corvergence.

Phurmacological methody

All pharmacological tests were performed  using
Wistar rats weighing 200-300g. The uteroionic
polency in vitro wits evaluated using the Helton pro-
cedure (39, 41) in Munsick (38) solution, and in vive,
according to Pliska (41). The anlactogogic potency in
vive was established using published methods (42, 43).
Pressor activity was tesied on pithed rat prepasation
using published methads (44, 45).
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