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Abstract: We report the solid-phase synthesis and some pharmacological properties of 12 position three
modified analogues (peptides 1-12) of the potent non-selective antagonist of the antidiuretic (V,-receptor),
vasopressor (Via-receptor) responses to arginine vasopressin (AVP) and of the uterine contracting (OT-
receptor) responses to oxytocin (OT), [1(-f mercapto-f,-pentamethylenepropionic acid)-2-O-ethyl-D-tyrosine
4-valine] arginine vasopressin [d(CH5)sD-Tyr(Et)2VAVP] (A) and two analogues of (B) (peptides 13,14), the
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid® (Tic®) analogue of (A). Peptides 1-12 have the following
substituents at position three in (A): (1) Pro; (2) Oic; (3) Atc; (4) D-Atc; (5) Aic; (6) D-Phe; (7) lle; (8) Leu; (9) Tyr;
(10) Trp; (11) Hphe; (12) [HO]Tic; Peptide (13) is the Tyr-NH,° analogue of (B): Peptide (14) is the p-Cys®
analogue of (B). All 14 new peptides were evaluated for agonistic and antagonistic activities in in vivo V, and
V1. assays and in in vitro (no Mg "), oxytocic assays. With the exception of the D-Phe® peptide (No. 6), which exhibits very
weak V, agonism (~0.0017 U/mg), none of the remaining 13 peptides exhibit any agonistic activities in these assays. In
striking contrast to their deleterious effects on agonistic activities in AVP, the Pro’, Oic’, Tyr3 s Trp3 and the3 substitutions
in (A) are very well tolerated, leading to excellent retention of V,, Vi, and OT antagonistic potencies. All are more potent as
V, antagonists than the Ile* and Leu® analogues of (A). The Tyr—NH29 and D-Cys® substitutions in (B) are also well
tolerated. The anti-V, pA, values of peptides 1-5 and 7-14 are as follows (1) 7.77 +0.03; (2) 7.41 £0.05; (3) 6.86 +0.02; (4)
5.66+0.09; (5) ~5.2; (7) 7.25+£0.08; (8) 6.82£0.06; (9) 7.58 £0.05; (10) 7.61 +£0.08; (11) 7.59 +0.07; (12) 7.20 £ 0.05; (13)
7.57+£0.1; (14) 7.52+£0.06. All analogues antagonize the vasopressor responses to AVP, with anti-V,, pA, values ranging
from 5.62 to 7.64, and the in vitro responses to OT, with anti-OT pA, values ranging from 5.79 to 7.94. With an anti-V,
potency of 7.77+0.03, the Pro® analogue of (A) is surprisingly equipotent with (A), (anti-V, pA,=7.81+0.07). These
findings clearly indicate that position three in AVP V,/V, antagonists, in contrast to position three in AVP agonists, is
much more amenable to structural modification than had heretofore been anticipated. Furthermore, the surprising retention
of V, antagonism exhibited by the Pro®, Oic®, Tyr®, Trp® and Hphe® analogues of (A), together with the excellent retention
of V, antagonism by the Tyr-NH,’ and D-Cys® analogues of (B) are promising new leads to the design of potent and
possibly orally active V, antagonists for use as pharmacological tools and/or as radioiodinatable ligands and for
development as potential therapeutic agents for the treatment of the hyponatremia caused by the syndrome of the
inappropriate secretion of the antidiuretic hormone (SIADH).
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Abbreviations: AVP, arginine vasopressin; LVP, lysine vasopressin;
AVT, arginine vasotocin; OT, oxytocin; Tic, 1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid; Oic, 2S, 3aS, 7aS-
octahydroindole-2-carboxylic acid; Atc, 2-aminotetraline-2-
carboxylic acid; Aic, 2-aminoindane-2-carboxylic acid; Hphe,
homophenylalanine; b-Tyr(Me), O-methyl-D-tyrosine; D-Tyr(Et), O-
ethyl-D-tyrosine; d(CH,)s[D-Tyr(Et)?]VAVP, [1-(f-mercapto-f, f-
pentamethylenepropionic acid), 2-O-ethyl-D-tyrosine, 4-valine]
arginine vasopressin (A); d(CHy)s[D-Tyr-(Et)%,Tic®]VAVP (B), Tic®
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analogue of (A); d(CH,)s[D-Tyr(Et)?, Pro®]VAVP, Pro® analogue of (A);
(CH,)s[D-Tyr(Et)?,0ic®VAVP, Oic® analogue of (A); d(CH,)s[D-
Tyr(Et)?, Atc®]VAVP, Atc® analogue of (A); d(CH,)s[D-Tyr(Et)?,D-
Atc®]VAVP, p-Atc® analogue of (A); d(CH,)s[D-Tyr(Et)2,Aic’]VAVP,
Aic® analogue of (A);d(CHy)s[D-Tyr(Et)?, b-Phe®|VAVP, b-Phe®
analogue of (A); d(CH,)s[D-Tyr(Et)?,11e*]VAVP, lle* analogue of (A);
d(CH,)s[D-Tyr(Et)?,Leu®]VAVP, Leu® analogue of (A); d(CHy)s[D-
Tyr(Et)?, Tyr®]VAVP, Tyr® analogue of (A); d(CH5)s[D-

Tyr(Et)%, Trp®]VAVP, Trp® analogue of (A); d(CHy)s[D-
Tyr(Et)2,Hphe®]VAVP, Hphe® analogue of (A); d(CHa)s[D-
Tyr(Et)?,(HO)Tic®]VAVP, [HO]Tic® analogue of (A); d(CH,)s[D-
Tyr(Et)%,Tic®, Tyr-NH,°]VAVP, Tyr-NH,° analogue of (B); d(CH,)s[D-
Tyr(Et)?,Tic®,0-Cys®]VAVP, D-Cys® analogue of (B); d(CH,)s[D-
Tyr(Et)?, p-Cys®]VAVP(C), b-Cys® analogue of (A); d(CH,)s[D-
tyr(Me)?]VAVP(D), D-Tyr(Me)? analogue of (A); d(CH,)s[D-Phe?]VAVP
(E), b-Phe? analogue of (A); d(CHy)s[D-Tyr(Me)?,11e]VAVP (F), lle®
analogue of (D); d(CH,)s[D-Phe?,11e®]VAVP (G), lle® analogue of (E);
DCC, dicyclohexylcarbodiimide; ONp, p-nitrophenylester; Et3N,
triethylamine; Et,O, diethyl ether; ACE, angiotensin converting
enzyme; MBA, a-methylbenzylamine; DIEA, N-nitrophenylester; ,N-
nitrophenylester; -diisopropylethylamine; PTC, phenyl
isothiocyanate; V,, antidiuretic; V15, vasopressor; SIADH,
syndrome of the inappropriate secretion of antidiuretic hormone.

Antagonists of arginine vasopressin (AVP) and
oxytocin (OT), besides being of potential therapeutic
value, have found widespread use as (a) powerful
pharmacological tools in studies on the physiologi-
cal, pathophysiological and putative behavioural
roles of AVP and OT, and (b) in select instances
either directly or as specific or non-specific radio-
ligands for the localization and characterization of
the receptors which mediate the vascular (Vi,
receptor), pituitary (V4 receptor), renal (V, receptor)
and uterine (OT receptor) responses to these two
peptides [1-10].

Since our original discovery of V,/V;, antagonists
[11], we and others have uncovered many surprising
differences between AVP agonists and AVP V,/Vi,
antagonists in the structural requirements for (a)
binding to and activating receptors in the case of
agonists and (b) simply binding to receptors in the
case of antagonists [12-15]. Perhaps the most
notable difference is the discovery that the char-
acteristic ring structure of AVP and of the earlier
V,/V1, antagonists [11] is not a requirement for
binding to V, or Vi, receptors [15]. Thus acyclic
peptides can exhibit potent V, and/or V;, antagon-
ism [15,16] and can be converted to high-affinity
mono- or bifunctional radioactive and/or photoacti-
vatable ligands for Vi, receptors [17-20]. In this
regard, it may also be noted that the recently
discovered non-peptide V;, and V, antagonists bear
no structural relationship to AVP [21-23]. We now
report surprising and striking differences between
AVP agonists and AVP antagonists with regard to
their structural requirements at position three.

The phenylalanine residue at position three in
arginine vasopressin (AVP) [24] has long been
believed to be important for V, and Vi, agonistic
activities. With the exceptions of the lle3/Phe3
interchange in the naturally occurring potent
V,,Vi1a, OT agonist arginine vasotocin (AVT) [25]
and a thienylalanine® (Thi)®>/Phe® interchange in
lysine vasopressin (LVP) [26], other reported mod-
ifications at position three in AVP and in LVP have
led to drastic reductions in the characteristic anti-
diuretic and vasopressor activities of these agonists
[9, 27-32]. Thus, the Trp®, Tyr® and Ser® analogues
of LVP exhibit drastic losses of V, and V;, agonistic
activities [9, 27, 28]. Replacement of the Phe3
residue in the highly potent antidiuretic agonist 1-
deamino-LVP by p-aminophenylalanine also re-
sulted in a drastic loss of V, agonism [29]. More
recently, we and others have shown that replace-
ment of the Phe® residue in AVP or in LVP by the
conformationally restricted amino acid 1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid (Tic) led to
drastic losses of V, and V1, agonistic activities [30,
31]. Based on these findings with AVP and LVP
agonists, it has also been assumed that position
three in AVP antagonists is highly intolerant of
change and that a Phe® residue is essential for
optimal V, antagonism. Thus, all of the potent AVP
V> antagonists reported to date have a Phe residue at
position three [2, 4-20].

Consequently, we were highly surprised by our
recent finding that a Tic3/Phe® interchange in the
AVP V,/Vi, antagonist, [1(f-mercapto-f,S-penta-
methylene propionic acid)2-O-ethyl-D-tyrosine, 4-
valine] arginine vasopressin (d(CH,)s[D-Tyr(Et)?]-
VAVP) (A) [32] (A, Table 1) to give d(CHy)s
[D-Tyr(Et)?, Tic®] VAVP [31] (B, Table 1) led to full
retention of anti-V, potency and to enhanced anti-
V,/anti-Vy, selectivity [31]. Since, however, Tic [33]
can be viewed as a conformationally restricted
analogue of Phe [34] and thus might act simply by
fixing the phenyl ring at position three in (B) into the
correct alignment required for optimal binding to the
V> receptor [31], we wondered if these findings were
unique to Tic or whether, in fact, they indicated that
position three in (A) might possibly be amenable to
substitutions with other conformationally con-
strained amino acids and/or by other aromatic and
aliphatic amino acids. In this regard, it may be
recalled that an Ile®/Phe® interchange in two potent
V,/V1, antagonists had led to significant losses of
both V, and V;, antagonism [35]. Thus the led
analogues of d(CH,)s[D-Tyr(Me)?] VAVP (D) [32] and
d(CH,)s [D-Phe?]VAVP (E) [36] retain only about 20%
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Table 1 Pharmacological Properties of Analogues of AVP V,/V;,/OT Antagonist d(CH,)s[D-Tyr(Et)2]VAVP (A)
with Phe® Replaced by Some Conformationally Restricted Amino Acids and by p-Phe

No. Peptide Anti-antidiuretic (Anti-V;) Antivasopressor Antioxytocic ED
(anti-Vya) (in vitro) ratio®
ED? pA° ED? pAL° PA¢ (no Mg?™)
A d(CHy)s[D-Tyr(Et)?]VAVP® 1.10+0.15 7.81+0.07 0.45+0.11 8.22+0.12 8.32+0.10 0.4
B d(CHy)s[D-Tyr(Et)%, Tic]VAVP' 1.38+0.15 7.69+0.05 7.53+0.58 6.95+0.03 7.54+0.05 55
1 d(CH,)s[D-Tyr(Et)?,Pro®VAVP? 1.14+0.08 7.77+0.03 2.174+0.40 7.494+0.05 7.94+0.05 1.9
long-acting very long-
acting
2 d(CH,)s[D-Tyr(Et)?,0ic3]VAVP? 2.60+£0.27 7.41+0.05 2.09+0.13 7.51+0.03 7.58+0.14 0.8
very long-
‘acting
3 d(CHy)s[D-Tyr(Et)?, Atc3]VAVPY" 9.15+0.54 6.86+0.02 2.35+0.22 7.45+0.04 7.44+0.04 0.3
4 d(CHy)s[D-Tyr(Et)?,D-Atc3]VAVPYN 145+ 26 5.66 +0.09 16149 5.62+0.03 ~6.2 1.1
5  d(CH,)s[D-Tyr(Et)?,Aic3]VAVPY ~400 ~5.2 27.1+4.8 6.39+0.09 5.79+0.05 0.07
6  d(CH,)s[D-Tyr(Et)?,D-Phe®]VAVP? Agonist 62+0.11 6.06+0.08 6.84+0.09

~0.0017 u/mg

3The effective dose (ED) is defined as the dose (in nanomoles/kilogram) of antagonist that reduced the response to 2x units of
agonist to the response with x units of agonist administered in the absence of antagonist.
PEstimated in vivo pA, values represent the negative logarithm of the effective dose divided by the estimated volume of

distribution (67 ml/kg).

°The in vitro pA, value represents the negative logarithm to the base 10 of the average molar concentration of antagonist
which reduced the response to 2x units of agonist to the response with x units of agonist.

9ED ratio = antivasopressor ED/anti-antidiuretic ED.
°Data from Manning et al. [32].

'Data from Manning et al. [31].

9This publication.

Ppreliminary data reported in Manning et al. [2] and Klis et al. [60].
Oic =octahydroindole-2-carboxylic acid; Atc =2-aminotetralin-2-carboxylic acid; Aic =2-aminoindan-2-carboxylic acid.

and 2% respectively of the V, antagonism of their
respective parent Phe® analogues (D) and (E) [35].
These later findings [35] seemed to point to a clearly
unique role for Tic® in leading to full retention of V,
antagonism in (B) [31]. Nonetheless, until other
position three modified analogues of (A) had been
synthesized and examined, we could not be sure
about this.

We were also intrigued by the V, antagonist
design possibilities offered by our discovery that a
Tic®/Phe? interchange in (A) is well tolerated, with
retention of V, antagonism and with enhanced anti-
Vy/anti-Vi, selectivity exhibited by the resulting
peptide (B) [31]. We wondered whether (B) would be
a useful lead in the design of potential radioiodina-
table ligands for V, and V1, receptors and whether it
might also serve as a template for the design of orally
active V, antagonists. To address all of these
questions, we report the synthesis and pharmaco-
logical properties of the three series of peptides (I, 1l
and Ill) in Tables 1-3. These tables contain analo-
gues of (A) modified at position three. Table 3
contains analogues of (B) modified at positions six

and nine. These peptides were designed according to
the following rationale.

Series I: Peptides 1-6 (Table 1). These are analogues
of d(CHy)s[D-Tyr(Et)’]VAVP (A) [32] which have the
Phe® residue replaced by a series of conformationally
restricted amino acids and by D-Phe. The conforma-
tionally restricted amino acids selected for this study
are: Pro; 2S, 3aS, 7aS-octahydroindole-2-carboxylic
acid (Oic); L- and pD-aminotetraline-2-carboxylic acid
(L- and D-Atc) and 2-aminoindane 2-carboxylic acid
(Aic). These are logical choices for further exploring
our finding that a Tic®/Phe® interchange in (A) leads
to excellent retention of V, antagonist by the
resulting peptide (B) [31]. Proline substitutions have
long been utilized to good effect in studies aimed at
measuring the effects of conformational constraints
in peptides [14, 37, 38]. Furthermore, besides being
utilized as a conformationally constrained surrogate
for Phe, Tic has also been employed successfully as
a conformationally constrained surrogate for Pro in
a potent AVP V., antagonist [31] and in the design of
potent bradykinin antagonists [39, 40]. However, in
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Table 2 Pharmacological Properties of Analogues of AVP V,/V;,/OT Antagonist d(CH,)s[D-Tyr(Et)2]VAVP (A)
with Phe® Replaced by Aliphatic and Aromatic Amino Acids

No. Peptide Anti-antidiuretic Antivasopressor Antioxytocic ED
(Anti-Vy) (anti-Via) (in vitro) ratio®
ED? pAL° ED? pA° pA,S(no Mg?+)
A d(CHy)s[D-Tyr(Et)?]VAVP® 1.10+£0.15 7.81+0.07 0.45+0.11 8.22+0.12 8.324+0.10 0.4
7 d(CH,)s[D-Tyr(Et)?, 1le3]VAVP"9 41407 7.25+0.08 25+0.2 7.44+0.03 7.76+0.11 0.6
8  d(CHy)s[D-Tyr(Et)?,Leu®]VAVPY 10.0+1.5 6.82+0.06 12.2+0.9 6.74+0.03  7.70+£0.04 1.2
9 d(CH,)s[D-Tyr(Et)?, Tyr’]VAVPS" 1.75+0.17 7.58+0.05 2.39+0.32 7.45+0.05 7.53+0.04 1.4
10  d(CHo)s[D-Tyr(Et)?, Trp®]VAVPIN 1.63+0.28 7.61+0.08 1.54+0.04 7.64+0.01 7.63+0.04 0.9
11 d(CHy)s[D-Tyr(Et)?,Hphe3]VAVPY 1.73+0.27 7.59+0.07 2.56+0.24 7.42+0.04 7.58+0.05 1.5

3-¢See corresponding footnotes to Table 1.

fANti-OT activities: in vitro with Mg?* (0.5 mm) pA, 8.22 +0.05; in vivo ED=4.7 + 0.9, pA,=7.18 +0.08.
9This publication.

PPreliminary data reported in Manning et al. [2] and Klis et al. [60]

Table 3 Pharmacological Properties of Analogues of AVP V,/V1,/OT Antagonist d(CH.)s[D-Tyr(Et)?, Tic*]VAVP
(B) Modified at Positions 3, 6 and 9 and Related Peptides (A) and (C)

No. Peptide Anti-antidiuretic Antivasopressor Antioxytocic ED

(Anti-Vy) anti-Vi, (in vitro) ratio®
ED? pAL° ED? pA,° pA,S(no Mg?+)

A d(CHp)s[D-Tyr(Et)?]VAVP® 1.10+0.15 7.81+0.07 0.45+0.11 8.22+0.12 8.32+0.10 0.4

B  d(CHy)s[D-Tyr(Et)?, Tic®]VAVP 1.38+0.15 7.69+0.05 7.53+0.58 6.95+0.03 7.54+0.05 5.5

12 d(CHy)s[D-Tyr(Et)?,(HO)Tic]VAVPS" 4.204+0.45 7.20+0.05 3.55+0.42 7.27+0.05 7.67+0.05 0.8

13 d(CHy)s[D-Tyr(Et)?, Tic®, Tyr-NH,°][VAVPY"  1.79+0.37 7.57+0.10 19.8+2.1 6.53+0.04 7.61+0.03 11

C  d(CHy)s[D-Tyr(Et)?,D-Cys®]VAVP! 3.3+0.7 7.33+0.07 0.60+0.05 8.06+0.05 7.43+0.07 0.18

14 d(CHy)s[D-Tyr(Et)?,Tic®,b-CysSVAVPYh 2.05+0.30 7.52+0.06 26.0+0.5 6.41+0.08 7.39+0.07 13

afSee corresponding footnotes to Table 1.

9This publication.

Ppreliminary data reported in Manning et al. [2] and Klis et al. [60].

'Data from Manning et al. [55].

the studies on bradykinin antagonists [39, 40] a D-
Tic/L-Pro interchange was superior to a L-Tic/L-Pro
interchange in enhancing potency [40]. These
studies raised the intriguing, if somewhat remote,
possibility that a Pro®/Tic® interchange might be
tolerated in (B) with retention of V, antagonism.
The conformationally restricted amino acids Oic,
Atc and Aic have been shown to be valuable tools in
the design of enzyme inhibitors and of antagonists of
some peptide hormones [39-54]. To date, Oic, Atc
and Aic have not been employed in the design of AVP
or OT antagonists. We report the first use of these
three amino acids in the study on V, antagonist
design presented here. First synthesized in 1981
[41], Oic has been utilized in the design of angio-

tensin converting enzyme (ACE) inhibitors and in the
design of potent antagonists of bradykinin [39, 40,
42-44]. Atc, first synthesized as + Atc in 1980 [45],
has been utilized in its racemic form as a conforma-
tionally restricted analogue of Phe in a variety of
studies on selective drug design and in the opioid
peptide field [46-49]. The resolution of +Atc by
chiral TLC and the absolute configuration of the
enantiomers, characterized by a combination of
enzymatic digestion and by NMR spectroscopy, has
been reported by Hruby and colleagues [47]. Here,
we report the chemical resolution of Boc + Atc and
confirm the optical configurations previously ob-
tained [47]. We thus were able to utilize for the first
time both Boc-L-Atc and Boc-D-Atc as clearly defined
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enantiomers in this study. First synthesized in 1948
[50], Aic has been used as a conformationally
restricted analogue of Phe in the design of enzyme
inhibitors [51, 52] and in the design of angiotensin Il
agonists and antagonists [49, 53, 54].

Substitutions with b-amino acid have been very
useful in AVP V,-antagonist design [32, 36]. To date,
there have been no reports on the effects of b-amino
acid substitutions at position three in AVP antago-
nists. We thus take this timely opportunity to report
our unpublished findings on the profound effects of
a D-Phe®/L-Phe® interchange in the AVP V,/Vi,
antagonist (A) (Peptide 6).

Series II: Peptides 7-11 Table 2. These are analogues
of d(CH,)s[D-Tyr(Et)?]VAVP (A) [32] which have the
Phe® residue replaced by the aliphatic amino acids
lle and Leu and by the aromatic amino acids Tyr, Trp
and homophenylalanine (Hphe). From our previous
studies [35] noted above, we had reason to expect
that an lle®/Phe® interchange in (A) might be
tolerated, albeit with reduced antagonistic poten-
cies. However, based on their effects in LVP [9, 27,
28] also noted above, we have very little reason to
expect that the replacement of Phe® in the AVP
antagonist (A) by Tyr and by Trp or by Hphe would
be tolerated. Nonetheless, a broad study required
their inclusion. The new peptides designed accord-
ing to the above rationale together with the [HO]-Tic®
analogue (peptide 12) of Series Il are position three
analogues of d(CH,)s[D-Tyr(Et)?]JVAVP (A) [32] which
has the following structure:

1 2 34 5 67 8 9

/CH;CO—D—Tyr(Et)—X—Val -Asn-Cy-Pro-Arg~Gly-NH,
|

s s

(A), (B) and peptides 1-12 have the following
substituents at position three (X): (A) Phe; (B) Tic; (1)
Pro; (2) Oic; (3) L-Atc; (4) D-Atc; (5) Aic; (6) D-Phe; (7)
lle; (8) Leu; (9) Tyr; (10) Trp; (11) Hphe; (12) [HO]Tic.
The structures of these position three (X°) substi-
tuents are shown in Figure 1.

Series Ill: Peptides 12-14 (Table 3): These are
analogues of d(CH>)s[D-Tyr(Et)?, Tic’]VAVP (B), [31]
with modifications at positions three ([HO] Tic), six
(b-Cys) and nine (Tyr-NHy). The [HO] Tic® and Tyr-
NH,° analogues were designed as potential radio-
iodinatable ligands for V, and V., receptors. We and
others have previously reported the usefulness of a

25,3aS,7as-0ic
2

HO

O
H H
—H!\i 0- -HN' 0~

L-Tyr L-Trp

9 10

H
H
Sy Co-
-HN Co- Ny

L-Hphe L-OH-Tic
1% 12

Figure 1

Tyr-NH,°/Gly-NH,° interchange for the design of
receptor-specific cyclic and linear radioiodinatable
ligands [1, 2, 17, 19]. However, we had not previ-
ously employed a phenolic substituent at position
three and were intrigued by the possibility that since
Tic® was very well tolerated in (A) to give (B), its
hydroxy analogue ([HO]Tic) might also be well
tolerated at position three and that the resulting
peptide (12) might thus be a potentially useful
radioiodinatable ligand. The p-Cys® analogue was
designed to further investigate the potential of a D-
Cys®/L-Cys® interchange in the design of orally
bioavailable V,/V1, antagonists [55].

d(CH)s[D-Tyr(Et)?, Tic®]VAVP (B) [31] has the fol-
lowing structure:

1 2 3 4 5 6 7 8 9
CH,~CO-D-Tyr(Et)-Tic-Val-Asn-Cy-Pro-Arg-Gly-NH,

O, !

Peptides 13 and 14 (Table 3) contain the following
modification of (B): (13) Tyr-NH,®; (14) b-Cys®.
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Based on the above rationale, we now report the
synthesis by the solid-phase method [56-59] of the
following 14 new peptides:

=

d(CH,)s[D-Tyr(Et)?, Pro®]VAVP
d(CH,)s[D-Tyr(Et)?,0ic’]VAVP
d(CHy)s[D-Tyr(Et)®, Atc3]VAVP
d(CH_)s[D-Tyr(Et)?,D-Atc®]VAVP
d(CHy)s[D-Tyr(Et)?,Aic®]VAVP
d(CH,)s[D-Tyr(Et)?,D-Phe®VAVP
d(CH,)s[D-Tyr(Et)?lle®]VAVP
d(CH,)s[D-Tyr(Et)?,Leu®]VAVP
d(CH_)s[D-Tyr(Et)?, Tyr’]VAVP
d(CHy)s[D-Tyr(Et)?, Trp®]VAVP
d(CH>)s[D-Tyr(Et)?,Hphe3VAVP
d(CH,)s[D-Tyr(Et)%,[HO]Tic®VAVP
d(CH,)s[D-Tyr(Et)?,Tic®, Tyr-NH,°]VAVP
14 d(CH,)s[D-Tyr(Et)?, Tic3,D-Cys®]VAVP
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Preliminary reports on peptides 3, 4, 9, 10 and 12-
14 have been presented [2, 60].

Starting from Boc-Gly-resin, or Boc-Tyr(Bzl)-
resin, we synthesized the protected precursors I-
XIV (Table 4) of the free peptides 1-14 (Table 5),
entirely by the Merrifield solid-phase method [56-
59]. HCI (1 m)/AcOH was used in all the deprotection
steps. Neutralizations were carried out with 10%
EtzN/CH,Cl,. Coupling reactions were mediated
primarily by DCC/HOBt [61] in CH,Cl,/DMF except
for Boc-Asn which was incorporated as its p-
nitrophenyl ester [62] in DMF. Cleavage from the
acylpeptide resin was by ammonolysis in methanol
[59, 63], with the normal DMF extraction [59] or a
modified MeOH extraction procedure [31] (necessi-
tated by the unusual solubility in DMF/H,O of the
Tic® protected peptides [31] and of the (HO)Tic®
protected peptides XII-XIV) to give the protected
peptide amides I-XIV (Table 4). Na in NH3 [64] was
used to deblock each protected precursor as pre-
viously described [31, 32, 35] and the resulting
disulphydryl compounds were oxidatively cyclized
with K3[Fe(CN)g] using the normal procedure [65] or
a modified reverse procedure [66]. The free peptides
were desalted and purified by gel filtration on
Sephadex G-15 and Sephadex LH-20 mainly in a
two-step procedure [67] using 50% AcOH and 2 m
AcOH as eluents, respectively, as previously de-
scribed [31, 32, 35]. When necessary, an additional
purification on Sephadex G-15 or/and Sephadex
LH-20 with 0.2 M AcOH as eluent was carried out.
The purity of the free peptides 1-14 (Table 5) was
checked by thin-layer chromatography (TLC), high
performance liquid chromatography (HPLC), amino

acid analysis and electron spray mass spectrometry
(ESMS).

Peptides were assayed for agonistic activity or
antagonistic activity in the rat antidiuretic assay, rat
vasopressor assay and in vitro rat oxytocic assay.
For agonists, the four-point assay design [68] was
used, and for antagonists, Schild's pA, method [69]
was employed. The pA; is the negative logarithm of
the effective molar concentration of the antagonist
that will reduce the response to 2x units of the
agonist to equal the response to 1x unit of the
agonist in the absence of antagonist. In practice, this
concentration is estimated by finding concentrations
above and below the effective concentration and
interpolating on a logarithmic scale. In the rat in vivo
assays, the effective dose (ED) of antagonist is
divided by an arbitrarily assumed volume of dis-
tribution of 67 ml/kg to allow estimation of its molar
concentration for the pA, [70]. Synthetic arginine-
vasopressin and oxytocin which had been standar-
dized in vasopressor and oxytocic units against the
USP Posterior Pituitary Reference Standard were
used as working standards in all bioassays. Anti-
diuretic assays were on water-loaded rats under
ethanol anesthaesia as described by Sawyer [71].
Vasopressor assays were performed on urethane-
anaesthetized and phenoxybenzamine-treated rats
as described by Dekanski [72]. Oxytocic assays were
performed on isolated uteri from diethylstilbestrol-
primed rats in a Mg®"-free Van Dyke-Hasting's
solution [73]. When standard errors are presented
in the tables, the means reflect results from at least
four independent assay groups.

The antiantidiuretic (anti-V,), antivasopressor
(anti-V,,) and antioxytocic (in vitro, no Mg?")
properties of the three series of peptides (I-Ill),
together with those of d(CH,)s[D-Tyr(Et)2]VAVP (A),
d(CH,)s[D-Tyr(Et)?, Tic®]VAVP (B) and (C), the related
D-Cys® analogue of (A), are presented in Tables 1-3.
It should be noted that apart from the D-Phe®
analogue of (A) (peptide 6, Table 1) which exhibits
very weak V, agonism, none of the remaining 13 new
peptides exhibits detectable antidiuretic, vasopres-
sor or oxytocic agonism.

Effects of Conformationally Restricted Amino Acids
at Position Three in d(CH,)s[D-Tyr(Et)’]VAVP (A) Table
1

V>-Antagonism. Table 1 contains data on the
effects of replacing the Phe® residue in (A) with the
five conformationally restricted amino acids Pro,
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Oic, Atc, D-Atc and Aic and by D-Phe. These findings
show that a Pro*/Phe® interchange is surprisingly
tolerated as well as a Tic®/Phe® interchange in (A).
With an anti-V, pA,=7.77, the Pro® analogue of A
(peptide 1) is equipotent as a V, antagonist with both
the Phe® parent (A) (anti-V, pA, = 7.81) and the Tic®
analogue (B) (anti-V> pA>=7.69). It may be noted
also that the Pro® analogue exhibits protracted V,
antagonism. These findings are in striking contrast
to the effects on agonistic activities of a Pro3/Phe?
interchange in AVP. We have recently found that
[Pro®] AVP is devoid of agonistic activities [unpub-
lished]. The effectiveness of a Pro®/Phe® interchange
in (A) in leading to retention and prolongation of V,
antagonism is a promising new lead in V, antagonist
design. With an anti-V, pA,=7.41, the Oic® analo-
gue (peptide 2) retains about 40% of the V.
antagonism of (A). The Atc®/Phe® interchange in (A)
led to a significant reduction in anti-V, potency.
Thus, with an anti-V, pA, =6.86, the resulting Atc®
analogue (peptide 3) retains only about 10% of the
V, antagonism of (A). Replacement of the Phe®
residue in (A) by D-Atc and by Aic brought about
drastic losses of V, antagonism. With anti-V, pA,
values of 5.66 and ~ 5.2, respectively, the resulting
p-Atc® and Aic® analogues (peptides 4 and 5) retain
less than 1% of the V, antagonism of (A). That the D-
Atc® analogue exhibits any V, antagonism is rather
surprising in view of the fact that a b-Phe®/L-Phe®
interchange in (A) to give peptide 6 brought about
the total abolishment of V, antagonism. The b-Phe®
analogue (peptide 6) exhibits no detectable V,
antagonism and is in fact a very weak V, agonist.
This clearly points to the importance of the L-
configuration at position three for V, antagonism.
The relative anti-V, potencies of the L-Atc®/D-Atc®
analogues of (A) (peptides 3 and 4), with the L-
diastereoisomer being almost 16 times more potent
than its D-diastereoisomer, is further evidence for a
critical requirement for the L-configuration at posi-
tion three in (A) for binding to V, receptors.

The data in Table 1, while supporting the im-
portance of aromaticity at position three in con-
tributing to potent V, antagonism, clearly shows
that aromaticity per se is not an absolute require-
ment for an effective position three substituent .
Thus, the non-aromatic Pro® residue is tolerated as
well as the aromatic Phe® and Tic® residues in (A). Of
the remaining new analogues, the non-aromatic Oic®
residue is tolerated much better than the aromatic
Atc® and Aic® residues in (A). These findings also
show that subtle structural differences at position
three can exert strikingly different effects on V.

antagonism. Thus, Atc and Aic are very closely
related, yet when substituted at position three in
(A) they exert profoundly different effects on V,
antagonism. The Atc® analogue is over 40 times
more potent than the Aic® analogues as a Vs,
antagonist.

V1a Antagonism. All of the position three analo-
gues in Table 1 exhibit V,, antagonism. Their anti-
V1a PA2 values range from 5.62 to 7.51. All, however,
are less potent than (A) (anti-V1, pA>=8.22). The D-
Atc® and p-Phe® substitutions led to drastic losses of
V14 antagonism. With anti-V,, pA, values of 5.62
and 6.05 respectively, these two peptides (4 and 6)
have retained less than 1% of the V1, antagonism of
(A). With an anti-Vi, pA,=6.39, the Aic® analogue
(peptide 5) retains about 2% of the V;, antagonism of
(A). Whereas, the p-Atc® analogue (peptide 4) dis-
plays equally low anti-V, and anti-V1, potencies, the
Atc® analogue (peptide 3) is three times more potent
as a Vi, than as a V, antagonist. With an anti-V,,
pA,=7.51, the Oic® analogue (peptide 2) retains
about 22% of the V1, antagonism of (A). It exhibits
virtually identical anti-V, and anti-V,, potencies.
The Pro® analogue (peptide 1), with an anti-
V12pA>=7.49 has retained about 20% of the Vi,
antagonism of (A). It is about twice as potent as a V,
antagonist than as a V,;, antagonist. Its anti-
V,/anti-Vy, selectivity is thus enhanced about 5-
fold relative to (A). Both the Tic® and Pro® sub-
stituents effected enhancements in anti-V,/anti-Vi,
selectivity. By contrast, the Atc® and Aic® substitu-
tions resulted in peptides which are more potent as
Vi1, antagonists than as V, antagonists. Of the
conformationally restricted position three substitu-
ents examined to date, Tic® and Pro® are clearly the
most effective in leading to retention of V, antagon-
ism and to enhanced anti-V,/anti-Vy, selectivity.
These findings represent promising new clues for
design of potent, selective and possibly orally active,
peptide-based AVP V, antagonists.

Effects on (in vitro) OT Antagonism. Peptide (A) is a
highly potent in vitro OT antagonist (pA,=28.32).
Replacement of the Phe® residue in (A) by Aic®, b-
Atc® and D-Phe® led to drastic losses in vitro OT
antagonism. By contrast, the Pro®, Oic® and Atc®
analogues (peptides 1-3) with anti-OT (in vitro) pA,
of 7.94, 7.58 and 7.44, although less potent than
(A), exhibit substantial OT antagonist potencies (in
vitro). The (in vitro) OT antagonism of the Pro® and
Oic® peptides is also protracted. The finding that
some conformationally restricted amino acids at
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position three in the AVP V,/V1,/OT antagonist (A)
are tolerated, with retention of (in vitro) OT antagon-
ism as well as AVP V, and V;, antagonism may prove
to be of value in the design, not only of V, and Vi,
antagonists, but also of OT antagonists.

Effects of Aliphatic and Aromatic Amino Acids of
Position Three in d(CH,)s [D-Tyr(Et)?]VAVP (A) Table 2

Table 2 lists five analogues of (A) with the Phe®
residue replaced by two aliphatic amino acids, lle
and Leu, and by three aromatic amino acids, Tyr,
Trp and Hphe. All five peptides in this series exhibit
Vs, V14 and OT (in vitro) antagonism. They exhibit
anti-V, pA, values ranging from 6.82 to 7.61; anti-
V1a PA2 values ranging from 6.74 to 7.64; and anti-
OT pA, values ranging from 7.53 to 7.76. The Tyr3,
Trp® and Hphe® aromatic substitutions are surpris-
ingly much more effective than the aliphatic lle® and
Leu® substituents in leading to retention of V,
antagonism. With anti-V, pA, values of 7.58, 7.61
and 7.59 respectively, the Tyr3, Trp® and Hphe®
analogues (peptides 9-11) exhibit excellent retention
of V, antagonism and are almost equipotent with (A).
It will be recalled that Tyr® and Trp® substitutions in
lysine vasopressin (LVP) resulted in drastic losses of
V> and V1, agonism, clearly showing that these two
position three modifications are deleterious for the
manifestation of agonistic activities [9, 27, 28]. We
have recently shown that Pro®/Phe3, Tyr3/Phe® and
Trp3/Phe® interchanges in AVP also lead to drastic
losses of V, and Vi, agonistic activities (unpub-
lished). The fact that all four modifications, Pros,
Tyr®, Trp® and Hphe3, in the potent V,/V,,/OT
antagonist d(CH,)s[D-Tyr(Et)’]VAVP (A) lead to ex-
cellent retention of antagonistic potencies is yet
another clear illustration of the profound structural
differences between AVP antagonists and AVP
agonists required for binding to and activating V5,
V15 and OT receptors [13-16].

As noted above, the aliphatic amino acids, lle and
Leu, at position three in (A) were much less effective
in leading to retention of V, antagonism. Thus, the
Ile® analogue of (A) (peptide 7) retains only about
20% of the V, antagonism of (A), whereas the Leu®
analogue of (A) (peptide 8) retains only about 10% of
the V, antagonism of (A). We had shown previously
that an 1le®*/Phe® interchange in other potent V,/V1,
antagonists, d(CH,)s[D-Tyr(Me)’]VAVP (D) (anti-V,
pA, =7.77 [32] and d(CH,)s [D-Phe?] VAVP (E) (anti-
V> pA>=8.06) [36], could be tolerated, but with
significantly diminished V, antagonism [35]. Thus,
the respective lle® analogues, d(CH,)s [D-Tyr(Me)?,

11e®]VAVP (F) and d(CH,)s[D-Phe? 11e®]VAVP (G), ex-
hibit drastically reduced anti-V, pA, values of 6.88
and 6.21 respectively [35]. With an anti-V,
pA, =7.25, the lle® analogue of (A) (peptide 7), which
differs from (F) only by a D-Tyr(Et)/D-Tyr(Me) inter-
change at position two, is surprisingly much more
potent than (F) or (G). The retention of V, antagon-
ism by these three Ile®-containing peptides is not,
however, unexpected. Thus, in contrast to the
deleterious effects on V, agonism of Phe®, Tyr® and
Hphe® substitutions in LVP and in AVP, Ile® sub-
stitutions in AVP and LVP agonists are very well
tolerated, with excellent retention of V, agonistic
activities [9, 27, 28]. All five aliphatic and aromatic
position three substituents appear to be equally
effective in leading to excellent retention of in vitro
OT antagonism. With the exception of the Leu®
analogue, which has an anti-V,, pA,=6.74, there
appears to be virtually no difference in the effective-
ness of the aliphatic Ile® and the aromatic Tyr®, Trp®
and Hphe® substituents in leading to equipotent
retentions of ~20% of the V,, antagonism of (A). The
surprising finding that the Phe® residue in the AVP
V,/V1,/OT antagonist (A) can be replaced by other
aromatic amino acids with excellent retention of V,
antagonism opens up a new avenue of exploration in
V-, antagonist design.

d(CH,)s[D-Tyr(Et)®Tic’]VAVP (B) as a lead for the
design of Radioiodinateable Ligands and Orally
Active V, Antagonists (Table 3)

An [HOJTic3®/Tic® interchange in (B) resulted in a
decrease of V, antagonism and an increase in Vi,
antagonism. With an anti-V, pA,=7.20, peptide 12
cannot be considered a very promising candidate for
radioiodination. By contrast, a Tyr-NH,°/Gly-NH,°
interchange in (B) led to selective retention of V,
antagonisms in the resulting peptide 13. With an
anti-V, pA,=7.57 and an anti-V,/anti-V1, selectiv-
ity of 11, peptide 13 could be a promising new
radioiodinatable ligand, as indeed could the equipo-
tent Tyr® analogue of (A) (peptide 9, Table 2). A
D-Cys®/L-Cys® interchange in (B) has been very well
tolerated with selective retention of V, antagonism
and a significant loss of V,;, antagonism. With an
anti-V, pA,=7.52, the D-Cys® analogue of (B)
(peptide 14) retains almost 50% of the V, antagon-
ism of (B). It retains less than 30% of the Vi,
antagonism of (B) and is thus over twice as selective
as (B). With an ED ratio of 13, its anti-V,/anti-Vi,
selectivity is in fact enhanced 30-fold relative to (A)
(ED-ratio =0.4). A D-Cys®/L-Cys® interchange in (B)
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is significantly more effective than in (A). The latter
leads to a retention of only about 30% of the V,
antagonism of (A) by the resulting peptide (C).
Looked at another way, a Tic®/Phe® interchange in
(C) to give peptide 14 has resulted in a 50% increase
in anti-V, potency in peptide 14. These findings
illustrate that Tic® substituted V, antagonists can be
modified at other positions with excellent retention
of V, antagonism. Furthermore, the finding that the
combination of Tic® and D-Cys® substitutions in (A)
is very well tolerated offers the hope that these
modifications, together with other appropriate mod-
ifications, may be of value in the design of orally
active V, antagonists.

General Considerations

We have reported the synthesis and some pharma-
cological properties of 12 analogues of the potent
AVP V,/V1, antagonist d(CH,)s[D-Tyr(Et)?]VAVP (A)
[32] modified at position three and two analogues of
the equipotent more selective V,/Vi, antagonist,
d(CH,)s[D-Tyr(Et)?, Tic’]VAVP (B) [31] modified at
positions six and nine, for a total of 14 analogues.
Our findings show that the Pro®, Oic3, Tyr3, Trp®and
Hphe® substituents are surprisingly well tolerated
with excellent retention of V,,Vi, and OT (in vitro)
antagonism. With an anti-V, pA,=7.77, the Pro®
analogue of (A) is, in fact, equipotent with (A) (anti-
V., pA,=7.81). We have also shown that a D-Cys®/
L-Cys® interchange in (B) is tolerated very well, better
in fact than a D-Cys®/L-Cys® interchange in (A). A
Tyr-NH,°/Gly-NH,° interchange in (B) is also well
tolerated. Thus, the Tyr-NH,° analogue of B (peptide
13 in Table 3) and the Tyr® analogue of (A) (Peptide 9,
Table 2) could be promising new radioiodinatable
ligands for V. receptors. These findings on the
position three modifications of (A) are in striking
contrast to the effects of these substituents in AVP
and provide new evidence that AVP agonists and
antagonists differ profoundly in the manner in
which they interact with V,,V;, and OT receptors.
In agonistic analogues of AVP, the structural re-
quirements at position three for binding to and
activating V,,Vi1, and OT receptors are very rigid,
especially with regard to the lack of tolerance for
conformationally restricted and aromatic amino
acids other than Phe. Consequently, it has long
been assumed that the structural requirements at
position three in AVP V,/V;, antagonists would
likewise be highly precise. The findings reported
here clearly repudiate this assumption. Thus, posi-
tion three in the AVP antagonist (A), in contrast to

position three in AVP, tolerates replacement of the
Phe® residue by conformationally restricted amino
acids and by other aromatic acids. Examination of
the CD, NMR and X-ray structures of (A), (B) and the
Pro® analogue of (A), combined with molecular
modelling, should provide important insights to the
differences in the conformations of AVP agonists and
of AVP antagonists involved in binding to V,
receptors. Our findings that (A) and (B) can be
modified at positions 3, 6 and 9 with excellent
retention of V> antagonism, provide significant new
clues to the design of potent, orally active V,
antagonists for use as pharmacological tools and
radioiodinatable ligands and for development as
potential therapeutic agents for the treatment of
the hyponatremia caused by SIADH [2, 3, 74].

EXPERIMENTAL PART

The [p-(benzylthio)-f,p-cyclopentamethylenepropio-
nic acid [75], 2-aminoindan-2-carboxylic acid (Aic)
[49, 54], Boc-Aic [53], D,L-2-aminotetralin-2-
caboxylic acid (Atc) [45, 49] and Boc-D,L-Atc [48]
were synthesized in this laboratory using routine
procedures. For both Aic and D,L-Atc the spirohy-
dantoin version of the Strecker synthesis [51, 52]
was applied. The racemic Boc-Atc was resolved by its
diastereoisomeric a-methylbenzylamine (MBA) salts
as described below. The configurations of Boc-L-Atc
and Boc-D-Atc were determined following deprotec-
tion by comparison of the Rg and Rg()/Rg(p) values of
the deblocked amino acids on chiral TLC (Macherey-
Nagel, Chiralplate, solvent system: MeCN:MeOH:-
H,O (4:1:1) with those described in the literature
[47]. The Boc-(2S,3aS,7aS)-0Oic [39, 40] and other
amino acid derivatives were purchased from Ba-
chem California, Inc. Thin-layer chromatography
was run on precoated silica gel plates (60F-254,
E. Merck) with the following solvent systems:
(&) 1-butanol:AcOH:H,O (4:1:5, upper phase);
(b) 1-butanol : AcOH: H,0 (4:1:1); (c) 1-butanol : A-
CcOH: H,0O: pyridine (15:3:3:10); (d) chloroform: -
methanol (7 : 3). Loads of 10-15 ug were applied and
chromatograms were developed at a minimal length
of 10 cm. The chlorine gas procedure for the Kl-
starch reagent was used for detection [58]. Optical
rotations were measured with a Rudolph Autopol 111
polarimeter. Analytical HPLC was performed on a
Waters 810 instrument under the following condi-
tions: 90:10 to 30:70 0.05% aqueous TFA:0.05%
TFA in MeCN, linear gradient over 60 min at
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1.0 ml/min (A=210 nm), on a Microsorb C;g column
(Rainin Instrument Co., Inc.). All peptides were at
least 95% pure. Amino acid analyses (AAA) and
electrospray mass spectrometry (ESMS) were done
by the University of Michigan Protein and Carbohy-
drate Structure Facility. Amino acid analyses were
performed using an ABI automated derivati-
zer/analyser (Model 420H). Automated hydrolysis
was carried out with 6N HCL at 200°C for 75 min.
The free amino acids were derivatized with phenyl
isothiocyanate in the presence of DIEA and the PTC-
amino acid derivatives were separated using an ABI
model 130A separation system. Data analysis was
performed on an ABI Model 610A system. Electron
spray mass spectra were obtained on a Vestec
201 single quadropole mass spectrometer using
AcOH:H,O:MeCN (4:46:50) as a solvent. Amino
acid analyses and ESMS spectra of the free
peptides were in agreement with the composition
of each peptide.

2-Tert-butyloxycarbonyl-bD-aminotetralin-2-
carboxylic acid (Boc-D-Atc)

12 g (41.2 mmol) of +Boc-Atc was dissolved in
420 ml warm EtOH. 4.99 g (41.2 mmol) of (R)-
(+)x-methylbenzylamine (MBA) was added and after
four days the crystalline product was filtered: yield
8.1 g crude Boc-D-Atc.MBA, m.p. 209-210.6°C.
Recrystallization from 300 ml EtOH gave 5.8 g Boc-
D-Atc.MBA, m.p. 211.8-213.2°C. The combined
mother liquors after concentration to 100 ml gave
an additional 0.5 g of the product (this mother liquor
was also used for the isolation of Boc-L-Atc as
described below). Total yield: 6.3 g (74.1%) Boc-D-
Atc.MBA. The MBA salt was decomposed by treat-
ment with ethyl acetate/0.1 m HCI. The organic layer
was washed with brine, water, dried over MgSO, and
evaporated in vacuo. Crystallization from EtOH gave
3.95 g Boc-D-Atc (65.8%, calculated from the star-
ting+ Boc-Atc); m.p. 164-165°C, [0],>°= —8.2
(c=2, DMF); [0]o>°= — 31.8 (c=2, MeOH).

2-Tert-butyloxycarbonyl-L-aminotetralin-2-
carboxylic acid (Boc-L-Atc)

The ethanolic solution of Boc-L-Atc.MBA (see above)
was evaporated in vacuo and the residue converted
to the free carboxylic acid with ethyl acetate/0.1 m
HCI: yield 6.6 g (22.7 mmol) crude Boc-L-Atc. This
product after treatment with 2.7 g (22.7 mmol) of S-
(—)-2-MBA in 150 ml warm EtOH gave 5.3 g crude
Boc-L-Atc. MBA, m.p. 210.5-212.8°C (with sublima-

tion). Recrystallization from 220 ml EtOH gave 4.9 g
(57.6%) Boc-L-Atc.MBA, m.p. 211°C (with sublima-
tion). The Boc-L-Atc.MBA was transformed to the
free acid as described above. Yield 2.89 g (48.2%)
Boc-L-Atc, m.p. 165-166°C (crystallization from
EtOH. [¢]o>°=+7.8 (c=2, DMF); [¢]o>°= +31.7
(c=2, MeOH).

Characterization of L and b-Atc

The steric identity of Boc-L-Atc and Boc-D-Atc was
determined by removal of the Boc protecting group
(treatment with HCI (1 m)/AcOH; precipitation and
washing with Et,O), followed by chiral TLC on a
Macherey-Nagel Chiralplate in solvent system
MeCN:MeOH:H,O (4:1:1). The Rg values
Rey=0.56; Rgp)=0.49 and Rg(p, ratio (1.14) are in
agreement with those described in the literature
[47]. HCI - L-Atc, m.p. 230-232°C (with sublimation)
[0]o%° = +19.2 (c=1, MeOH); HCI-D-Atc, m.p. 234~
236°C [¢]2° = — 19.2 (c=1, MeOH).

Solid-phase Synthesis Procedure

The procedure of solid-phase synthesis conformed
to that published [31, 32, 56-59]. Chloromethylated
resin (Bachem 1% cross-linked S-DVB, 200-400
mesh, 0.7-1.00 mmol/g) was esterified with either
Boc-Gly or Boc-Tyr(Bzl) to an incorporation of
approximately 0.5 mmol/g by the caesium salt
method [76]. For the synthesis of protected peptidyl
resins, eight cycles of deprotection, neutralization
and coupling were carried out by the DCC/HOBt [61]
or the active ester [62] procedure. Ammonolysis in
MeOH [59, 63] was used to split the protected
peptides from the resin. The protected precursors
obtained by ammonolysis were purified either with
warm MeOH(EtOH) [31] (peptides XII-XIV) or
with hot DMF [59] (peptides I-XI) followed by
reprecipitations  with MeOH(EtOH)/Et,0 or
EtOH/H,0 for the methanol-soluble peptides and
with DMF/MeOH/Et,0 for those peptides extracted
with DMF, until adjudged pure by TLC. The pro-
tected peptides (I-XIV, Table 4) were deblocked with
sodium in liguid ammonia [64]. The resulting
disulphydryl compounds were oxidatively cyclized
with K3 [Fe(CN)g] using the normal [65] or a modified
reverse procedure [66]. The free peptides were
purified by a two-step gel filtration procedure [67]
on Sephadex G-15 (eluent 50% AcOH) and Sephadex
LH-20 (eluent 2M AcOH). For some peptides an
additional purification by gel filtration on Sephadex
G-15 and/or LH-20 was used. The physicochemical
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properties of the free peptides 1-14 are given in
Table 5.

[(B-Benzylthio)-B, f-pentamethylenepropionyl]-p-Tyr
(Et)-Pro-Val-Asn-Cys(Bzl)-Pro-Arg(Tos)-Gly-NH, (I,
Table 4)

Boc-Gly-resin (1.0 g, 0.5 mmol) was subjected to
eight cycles of deprotection, neutralization and
coupling with Boc-Arg(Tos), Boc-Pro, Boc-Cys (Bzl),
Boc-Asn-ONp, Boc-Val, Boc-Pro, Boc-D-Tyr(Et) and
p-(benzylthio)-g, p-pentamethylenepropionic acid re-
spectively. The resulting protected peptidyl resin
was cleaved by ammonolysis. The protected peptide
was extracted with hot DMF (30 ml) and the product
precipitated by addition of hot water (ca. 300 ml).
After cooling, the product was collected, dried in
vacuo over P,Os, reprecipitated from methanol
(30 ml) and ether (ca. 200 ml). Collection and drying
in vacuo over P,Os5 gave the required acyloctapeptide
amide (I, Table 4). The same procedure was used for
the synthesis and purification of the protected
acylpeptide amides 1I-XI (Table 4). Warm MeOH or
EtOH was utilized for the extraction of the remaining
peptide amides to give, following purification by
repeated precipitations from MeOH(EtOH)/Et,O or
reprecipitation from EtOH/H,O, the protected acyl-
peptide amides XII, Xl and XIV respectively (Table
4).

[1-(B-Mercapto-p,f-pentamethylenepropionic acid},
2-O-Ethyl-D-Tyrosine, 3-Pro, 4-Valine] Arginine Vaso-
pression (1, Tables 1 and 5)

A solution of protected acyloctapeptide amide (I,
Table 4) (120 mg) in sodium-dried ammonia (ca.
400 ml) was treated at the boiling point and with
stirring with sodium from a stick of metal contained
in a small-bore glass tube until a light-blue colour
persisted in the solution for ca. 30 s [31, 32, 64].
NH4Cl was added to discharge the colour. The
ammonia was evaporated. Reoxidation of the de-
blocked disulphydryl peptide was carried out by a
modified-reverse procedure [66] as follows. The
residue was dissolved in 25 ml 50% AcOH and the
solution was diluted with 75 ml H,O. The peptide
solution was added dropwise with stirring over a
period of 15-30 min to an 800 ml aqueous solution
which contained 20 ml of a 0.01 m solution of
potassium ferricyanide. Meanwhile, the pH was
adjusted to approximately 7.0 with concentrated
ammonium hydroxide. The yellow solution was
stirred for an additional 20 min. The same proce-

dure was utilized for the reoxidation of the free
peptides 2, 3,5, 8,9, 11, 12 (Tables 1-3 and 5). The
remaining free peptides 4, 6, 7, 10, 14 (Tables 1-3
and 5) were reoxidized by the normal method [65],
i.e. by the addition of a solution of potassium
ferricyanide (0.01 M, 20 ml) to a diluted solution of
the peptide at pH 7 as previously described [31, 32].
Following oxidation, the free peptide 1 was isolated
and purified as follows: after acidification with AcOH
to pH 4.5 and stirring for 20 min with anion-
exchange resin (Bio-Rad, AG 3 x 4, CI form, 5¢
damp weight), the suspension was slowly filtered
and washed with 0.2M AcOH (3 x 30 ml), the
combined filtrate and wasings were lyophilized.
The resulting powder was desalted on a Sephadex
G-15 column (110 x 2.7 cm) eluting with aqueous
acetic acid (50%) with a flow rate of 5 ml/h [67].
The eluate was fractionated and monitored for
absorbance at 254 nm. The fractions making up
the major peak were checked by TLC, pooled and
lyophilized. The residue was further subjected to
two consecutive gel filtrations on Sephadex LH-20
(100 x 1.5 cm) eluting with aqueous acetic acid (2
and 0.2 M respectively with a flow rate of 4 ml/h. The
peptide was eluted in a single peak (absorbance at
254 nm). Lyophilization of pertinent fractions gave
the desired vasopressin analogue (1, Tables 1 and
5). For peptides 2, 3 and 6-14, the two-step
purification procedure [67] on Sephadex G-15 and
Sephadex LH-20 with eluents 50% AcOH and 2M
AcOH respectively was used. Peptide 4 was purified
in four steps as follows: Sephadex G-15, 50% AcOH;
Sephadex LH-20, 2 m AcOH; Sephadex G-15, 2 M
AcOH and Sephadex LH-20, 0.2 m AcOH. With the
modification for the reoxidation method described
above, this procedure was utilized to give the
remaining free peptides in Table 5.

Acknowledgements

This work was supported in part by research grants
from the National Institute of General Medical
Sciences (No. GM-25280) and the National Institute
of Diabetes, Digestive and Kidney Diseases (No. DK-
01940). We thank Ms Suzanne Payne for her expert
assistance in the preparation of the manuscript.

REFERENCES

1. M. Manning, L. L. Cheng, W. A. Klis, S. Stoev, J.
Przybylski, K. Bankowski, W. H. Sawyer, C. Barberis
and W. Y. Chan in: Oxytocin: Cellular and Molecular



44

10.

11.

12.

13.

14.

15.

MANNING ET AL.

Approaches in Medicine and Research, R. Ivell and J.
Russel, Eds., p. 557-583 Plenum Press, New York
(1995).

. M. Manning, L. L. Cheng, S. Stoev, W. H. Sawyer, E.

Tribollet, C. Barberis, N. C. Wo and W. Y. Chan in:
Neurohypophysis: Recent Progress of Vasopressin and
Oxytocin Research, T. Saito, K. Kurokawa and S.
Yoshido, Eds., p. 21-38, Elsevier, Amsterdam 1995.

. P. A. Phillips, L. M. Burrell, C. B. Gow, C. I. Johnston,

S. Grant, J. Risvanis and K. Aldred in Neurohypophy-
sis: Recent Progress of Vasopressin and Oxytocin
Research, T. Saito, K. Kurokawa and S. Yoshido,
Eds., p. 643-658, Elsevier, Amsterdam 1995.

. M. Manning, S. Stoev, W. Y. Chan and W. H. Sawyer

(1993). Receptor-specific antagonists of vasopressin
and oxytocin. A current perspective. Ann. NY Acad. Sci.
689, 219-232.

. F. A Laszlo, F. Laszlo Jr and D. De Wied (1991).

Pharmacology and clinical perspectives of vasopressin
antagonists. Pharmacol. Rev. 43, 73-108.

. W. H. Sawyer and M. Manning (1988). Experimental

uses of neurohypophyseal hormone analogs. Trends
Endocrinol. Metab. 1, 48-50.

. M. Manning and W. H. Sawyer (1989). Discovery,

development and some uses of vasopressin and
oxytocin antagonists. J. Lab. Clin. Med. 114, 617-632.

. L. B. Kinter, W. F. Huffman and F. L. Stassen (1988).

Antagonists of the antidiuretic activity of vasopressin.
Am. J. Physiol. 254, F165-F177.

. V. J. Hruby and C. W. Smith in: The Peptides, S.

Udenfriend and J. Meienhofer,
Orlando, FL, Academic Press 1987.
M. Lebl in: Handbook of Neurohypophysial Hormone
Analogs, K. Jost, M. Lebl and F. Brtnik, Eds., p. 17-74,
CRC Press, Boca Raton, FL 1987.

W. H. Sawyer, P. K. T. Pang, J. Seto, M. McEnroe, B.
Lammek and M. Manning (1981). Vasopressin analogs
that antagonize antidiuretic responses by rats to the
antidiuretic hormone. Science 212, 49-51.

M. Manning, A. Olma, W. A. Klis, A. M. Kolodziejczyk,
E. Nawrocka, A. Misicka-Kesik, J. Seto and W. H.
Sawyer (1984). Carboxy terminus of vasopressin
required for activity but not binding. Nature 308,
652-653.

M. L. Moore, W. F. Huffman, G. D. Roberts, S.
Rottschaefer, L. Sulat, J. S. Stefankiewicz and F.
Stassen (1984). Synthesis and characterization of
iodinated vasopressin antagonists which retain high
affinity to the vasopressin receptor. Biochem. Biophys.
Res. Comm. 121, 878-883.

M. L. Moore, H. Greene, W. F. Huffman, F. Stassen, J.
Stefankiewicz, L. Sulat, G. Heckman, D. Schmidt, L.
Kinter, J. McDonald and D. Ashton-Shue (1986).
Vasopressin antagonist analogs modified at position
7. Int. J. Peptide Protein Res. 28, 379-385.

M. Manning, J. Przybylski, A. Olma, W. A. Klis, M.
Kruszynski, N. C. Wo, G. H. Pelton and W. H. Sawyer

Eds., p. 77-207,

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(1987). Cyclic conformation is not required for binding
of antagonists to vasopressin receptors. Nature 329,
839-840.

M. Manning, S. Stoev, K. Bankowski, A. Misicka, B.
Lammek, N. C. Wo and W. H. Sawyer (1992). Synthesis
and some pharmacological properties of potent and
selective antagonists of the vasopressor (Vi-receptor)
response to arginine-vasopressin. J. Med. Chem. 35,
382-388.

A. Schmidt, S. Audigier, C. Barberis, S. Jard, M.
Manning, A. S. Kolodziejczyk and W. H. Sawyer
(1991). A radioiodinated linear vasopressin antagonist:
A ligand with high affinity and specificity for Vi,
receptors. FEBS Lett. 282, 77-81.

J. Howl, X. Wang, C. J. Kirk and M. Wheatley (1993).
Fluorescent and biotinylated linear peptides as selec-
tive bifunctional ligands for the V,, vasopressin
receptor. Eur. J. Biochem. 213, 711-719.

E. Carnazzi, A. Aumelas, C. Barberis, G. Guillon and R.
Seyer (1994). A new series of photoactivatable and
iodinatable linear vasopressin antagonists. J. Med.
Chem. 37, 1841-1849.

C. Barberis, M. N. Balestre, S. Jard, E. Tribollet, Y.
Arsenijevic, J. J. Dreifuss, M. Manning, K. Bankowski,
W. Y. Chan, S. S. Schlosser and J. Elands (1995).
Characterization of a novel, linear radioiodinated
vasopressin antagonist: An excellent radioligand for
vasopressin V;, receptors. Neuroendocrinology 62,
135-146.

Y. Yamamura, H. Ogawa, T. Chihara, K. Kondo, T.
Onogawa, S. Nakamura, T. Mori, M. Tominaga and Y.
Yabuuchi (1991). OPC-21268, an orally effective,
nonpeptide vasopressin V; receptor antagonist.
Science 252, 571-572.

Y. Yamamura, H. Ogawa, H. Yamashita, T. Chihara, H.
Miamoto, S. Nakamura, T. Onogawa, T. Yamashita, T.
Hosokawa, T. Mori, M. Tominaga and Y. Yabuuchi
(1992). Characterization of novel aquaretic agent, OPC-
3160, as an orally effective, nonpeptide vasopressin V,
receptor antagonist. Br. J. Pharmacol. 105, 787-791.
C. Serradeil-Le Gal, J. Wagnon, C. Garcia, C. Lacour, P.
Guiraudou, B. Chrisophe, G. Villanova, D. Nisato, J. P.
Maffrand, G. Le Fur, G. Guillon, B. Cantau, C.
Barberis, M. Trueba, Y. Ala and S. Jard (1993).
Biochemical and pharmacological properties of SR
49059, a new, potent, nonpeptide antagonist of rat
and human vasopressin Vi, receptors. J. Clin. Invest.
92, 224-231.

V. du Vigneaud, D. T. Gish and P. G. Katsoyannis
(1954). A synthetic preparation possessing biological
properties associated with arginine-vasopressin. J. Am.
Chem. Soc. 76, 4751-5752.

P. G. Katsoyannis and V. du Vigneaud (1958). Argi-
nine-vasotocin, a synthetic analogue of the posterior
pituitary hormones containing the ring of oxytocin and
the side chain of vasopressin. J. Biol. Chem. 233, 1352-
1354.



26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

POTENT POSITION THREE ANALOGUES OF VASOPRESSIN ANTAGONIST 45

. C. W. Smith, M. F. Ferger and W. Y. Chan (1975).
Synthesis and some pharmacological properties of [3-
p-(2-Thienyl)-L-alanine]-8-lysine-vasopressin, J. Med.
Chem. 18, 822-825.

B. Berde and R. A. Boissonnas in: Neurohypophysial
Hormones and Similar Polypeptides. Handbook of
Experimental Pharmacology Vol. 23, B. Berde, Ed., p.
802-870, Springer Verlag, Berlin 1968.

M. Lebl, K. Jost and F. Brtnik in: Handbook of
Neurohypophyseal Hormone Analogs Vol. I, Part 2, K.
Jost, M. Lebl and M. Brtnik, Eds., p. 127-267, CRC
Press, Boca Raton, FL 1987.

A. Buku, I. L. Schwartz, D. Gazis, C. L. Ma and P.
Eggena (1985). Synthesis and biological activities of a
fluorescent photoaffinity analog of vasopressin. Endo-
crinology 117, 196-200.

Z. Prochazka, J. E. Anacanas, J. Slaninova,
A. Machova, T. Barth and M. Lebl (1990). Synthesis
and biological properties of vasopressin analogues
containing 1,2,3,4-tetrahydroisoquinoline-3-car-
boxylic acid. Collect. Czech. Chem. Commun. 55,
1099-1105.

M. Manning, L. L. Cheng, S. Stoev, K. Bankowski, J.
Przybylski, W. A. Klis, W. H. Sawyer, N. C. Wo and W. Y.
Chan (1995). An exploration of the effects of L- and D-
tetrahydroisoquinoline-3-carboxylic acid substitutions
at positions 2, 3 and 7 in cyclic and linear antagonists
of vasopressin and oxytocin and at position 3 in
arginine vasopressin. J. Peptide Sci. 1, 66-79.

M. Manning, A. Olma, W. A. Klis, A. Kolodziejczyk, J.
Seto and W. H. Sawyer (1982). Design of more potent
antagonists of the antidiuretic response to arginine-
vasopressin. J. Med. Chem. 25, 45-50.

A. Pictet and T. Spengler (1911). The formation of
isoquinoline derivatives through reaction of formalde-
hyde with phenethylamine, phenylalanine and
tyrosine. Chem. Ber. 44, 2030-2036.

V. J. Hruby, F. Al-Obeidi and W. Kazimierski (1990).
Emerging approaches in the molecular design of
receptor-selective peptide ligands: Conformational,
topographical and dynamic considerations. Biochem.
J. 268, 249-262.

M. Manning, M. Kruszynski, K. Bankowski, A. Olma,
B. Lammek, L. L. Cheng, W. A. Klis, J. Seto, J. Haldar
and W. H. Sawyer (1989). Solid phase synthesis of 16
potent (selective and nonselective) in vivo antagonists
of oxytocin. J. Med. Chem. 32, 382-391.

M. Manning, W. A. Klis, A. Olma, J. Seto and W. H.
Sawyer (1982). Design of more potent and selective
antagonists of the antidiuretic responses to arginine-
vasopressin devoid of antidiuretic agonism. J. Med.
Chem. 25, 414-419.

G. R. Marshall and H. E. Bosshard (1972). Angiotensin
I1: Studies on the biologically active conformation. Circ.
Res. Suppl. Il, 30-31; II, 143-150.

D. K. Chalmers and G. R. Marshall (1995). Pro-D-N-Me-
amino acid and D-Pro-Np-Me-amino acid: Simple,

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49,

efficient reverse turn constraints. J. Am. Chem. Soc.
117, 5927-5937.

F. J. Hock, K. Wirth, U. Albus, W. Linz, H. J. Gerhards,
G. Wiemer, St. Henke, G. Breipohl, W. Kdnig, J. Knolle
and B. A. Scholkens (1991). Hoe 140 a new potent and
long acting bradykinin-antagonist: in vitro studies. Br.
J. Pharmacol. 102, 769-773.

D. G. Sawutz, J. M. Salvino, P. R. Seoane, B. D. Douty,
W. T. Houck, M. A. Bobko, M. S. Doleman, R. L. Dolle
and H. R. Wolfe (1994). Synthesis, characterization and
conformational analysis of the b/L-Tic’ stereoisomers
of the bradykinin receptor antagonist D-Ar-
g°[Hyp3, Thi°D-Tic”,0ic®] bradykinin. Biochemistry 33,
2373-2379.

M. L. Hoefle and G. Bobowski (1982). Substituted acyl
derivatives of octahydro-1H-indole-2-carboxylic acid.
US Patent 4,350,704 (Cl.424-274; A61K31/405).

M. Vincent, G. Remond, B. Portevin, B. Serkiz and M.
Laubie (1982). Stereoselective synthesis of new perhy-
droindole derivative of chiral iminodiacid, a potent
inhibitor of angiotensin converting enzyme. Tetrahe-
dron Lett. 23, 1677-1680.

C. J. Blankley, J. S. Kaltenbronn, D. E. DeJohn, A.
Werner, L. R. Bennett, G. Bobowski, U. Krolls, D. R.
Johnson, W. M. Pearlman, M. L. Hoefle, A. D. Essen-
burg, D. M. Cohen and H. R. Kaplan (1987). Synthesis
and structure-activity relationships of potent new
angiotensin converting enzyme inhibitors containing
saturated bicyclic amino acids. J. Med. Chem. 30, 992-
998.

T. Sawayama, M. Tsukamoto, T. Sasagawa, K. Nishi-
mura, R. Yamamoto, T. Deguchi, K. Takeyama and K.
Hosoki (1989). Angiotensin-converting enzyme inhibi-
tors: Synthesis and structure-activity relationships of
potent N-benzyloxycarbonyl tripeptide inhibitors.
Chem. Pharm. Bull. 37, 2417-2422.

A. Grouiller, J. -Y. Nioche, J. Barailer, M. Roche and H.
Pacheco (1980). Analogues et derives de la p. chlor-
ophenylalanine: Synthese, properties biochemiques et
pharmacologiques. Eur. J. Med. Chem. Chim Ther., 15,
139-146.

D. T. Vistica, R. Fuller, N. Dillon and B. J. Petro (1983).
Comparative reactivity of cyclic amino acids with
systhem L in murine L1210 leukemia cells and murine
bone marrow progenitor cells (CFU-C): a potential
basis for selective drug design. UCLA Symp. Mol. Cell.
Biol., New Ser. 4 (Rational Basis Chemother.), 475-485.
G. Toth, M. Lebl and V. Hruby (1990). Chiral thin-layer
chromatographic separation of phenylalanine and
tyrosine derivatives. J. Chromatogr. 504, 450-455.

T. Deeks, P. A. Crooks and R. D. Waigh (1984). Leucine
enkephalin analogues containing a conformationally
restrained N-terminal amino acid residue. J. Pharm.
Sci. 73, 457-460.

P. W. Schiller, G. Weltrowska, T. M.-D. Nguyen, C.
Lemieux, N. N. Chung, B. J. Marsden and B. C. Wilkes
(1991). Conformational restriction of the phenylalanine



46

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

MANNING ET AL.

residue in a cyclic opioid peptide analogue: effects on
receptor selectivity and stereospecificity. J. Med. Chem.
34, 3125-3132.

P. E. Gagnon and J. L. Boivin (1948). Synthesis of
amino acids from substituted cyanoacetic esters. Can.
J. Research B26, 503-510.

R. M. Pinder, B. H. Butcher, D. A. Buxton and D. J.
Howells (1971). 2-aminoindan-2-carboxylic acids. Po-
tential tyrosine hydrolase inhibitors. J. Med. Chem. 14,
892-893.

J. G. Cannon, J. P. O’'Donnell, J. P. Rosazza and C. R.
Hoppin (1974). Rigid amino acids related to o-
methyldopa. J. Med. Chem. 17, 565-568.

K. H. Ksieh and E. C. Jorgensen (1979). Angiotensin Il
analogues. 12. Role of the aromatic ring of position 8
phenylalanine in pressor activity. J. Med. Chem. 22,
1038-1044.

K. H. Hsieh, T. R. LaHann and R. C. Speth (1989).
Topographic probes of angiotensin and receptor:
Potent angiotensin Il agonist containing diphenylala-
nine and long-acting antagonists containing bipheny-
lalanine and 2-indan amino acid in position 8. J. Med.
Chem. 32, 898-903.

M. Manning, L. L. Cheng, W. A. Klis, L. Balaspiri, A.
Olma, W. H. Sawyer, N. C. Wo and W. Y. Chan (1995).
Effect of a D-Cys®/L-Cys® interchange in non-selective
and selective vasopressin and oxytocin antagonists. J.
Med. Chem. 38, 1762-1769.

R. B. Merrifield (1963). Solid phase peptide synthesis.
|. The synthesis of a tetrapeptide. J. Am. Chem. Soc. 85,
2149-2154.

R. B. Merrifield (1964). Solid-phase peptide synthesis.
111. An improved synthesis of bradykinin. Biochemistry
3, 1385-1390.

J. M. Stewart and J. D. Young: Solid Phase Peptide
Synthesis, Pierce Chemical Company, Rockford 1984.
M. Manning (1968). Synthesis by the Merrifield method
of a protected nonapeptide amide with the amino acid
sequence of oxytocin. J. Am. Chem. Soc. 90, 1348-
1349.

W. A. Klis, L. L. Cheng, S. Stoev, N. C. Wo, W. Y. Chan
and M. Manning in: Peptides. P. Kaumaya and R. S.
Hodges, Eds., p. 372-373, Mayflower Scientific Ltd.,
1996.

W. Koenig and R. Geiger (1970). New method for the
synthesis of peptides: Activation of the carboxyl group
with dicyclohexylcarbodiimide by using 1-hydroxy-
benzotriazole as additives. Chem. Ber. 103, 788-798.
M. Bodanszky and V. du Vigneaud (1959). A method of
synthesis of long peptide chains using a synthesis of

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

oxytocin as an example. J. Am. Chem. Soc. 81, 5688-
5691.

M. Bodansky and J. T. Sheehan (1964). Active esters
and resins in peptide synthesis. Chem. Ind. 1423-
1424.

V. du Vigneaud, C. Ressler, J. M. Swan, C. W. Roberts
and P. G. Katsoyannis (1954). The synthesis of
oxytocin. J. Am. Chem. Soc. 76, 3115-3121.

D. V. Hope, V. V. S. Murti and V. du Vigneaud (1962). A
highly potent analogue of oxytocin, desamino-oxytocin.
J. Biol. Chem. 237, 1563-1566.

J. Rivier, R. Kaiser and R. Galyean (1978). Solid-phase
synthesis of somatostatin and glucagon-selective ana-
logs in gram quantities. Biopolymers 17, 1927-
1938.

M. Manning, T. C. Wuu and J. W. M. Baxter (1968). The
purification of synthetic oxytocin and analogues by gel
filtration on Sephadex G-15. J. Chromatogr. 38, 396-
398.

P. Holton (1948). A modification of the method of Dale
and Laidlaw for standardization of posterior pituitary
extract. Br. J. Pharmacol. 3, 328-334.

H. O. Schild (1947). PA, a new scale of the measure-
ment of drug antagonism. Br. J. Pharmacol. Chemother.
2, 189-206.

D. F. Dykes, J. J. Nestor Jr, M. F. Ferger and V. du
Vigneaud (1974). [1-p-Mercapto-f,s-diethylpropionic
acid]-8-lysine-vasopressin, a potent inhibitor of 8-
lysine-vasopressin and of oxytocin. J. Med. Chem. 17,
250-252.

W. H. Sawyer (1958). Differences in antidiuretic
responses of rats to the intravenous administration of
lysine and arginine vasopressins. Endocrinology 63,
694-698.

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

R. A. Munsick (1960). Effect of magnesium ion on the
response of the rat uterus to neurohypophysical
hormones and analogues. Endocrinology 66, 451-457.
F. C. Bartter and W. B. Schwartz (1967). The syndrome
of inappropriate secretion of antidiuretic hormone. Am.
J. Med. 42, 760-806.

J. J. Nestor, Jr., M. F. Ferger and V. du Vigneaud
(1975). [1-p-Mercapto-f, f-pentamethylenepropionic
acid] oxytocin, a potent inhibitor of oxytocin. J. Med.
Chem. 18, 284-287.

B. F. Gisin (1973). The preparation of Merrifield-resin
through total esterification with cesium salts. Helv.
Chim. Acta 56, 1476-1482.



