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Abstract: We report the solid phase synthesis of four pairs of L- and D-thienylalanine (Thi/D-Thi) position two
modified analogues of the following four oxytocin (OT) antagonists: des-9-glycinamide [1-(�-mercapto-�,�-
pentamethylene propionic acid), 2-O-methyltyrosine, 4-threonine]ornithine-vasotocin (desGly(NH2)9,d
(CH2)5[Tyr(Me)2,Thr4]OVT) (A); the Tyr-(NH2)9 analogue of (A), d(CH2)5[Tyr(Me)2,Thr4,Tyr-(NH2)9]OVT (B); the
Eda9 analogue (where Eda=ethylenediamine) of (A), d(CH2)5[Tyr(Me)2, Thr4, Eda9]OVT (C); and the retro
Tyr10 modified analogue of (C), d(CH2)5[Tyr(Me)2, Thr4, Eda9�Tyr10]OVT (D). The eight new analogues of
A–D are (1) desGly(NH2),d(CH2)5[Thi2,Thr4]OVT, (2) desGly(NH2),d(CH2)5[D-Thi2,Thr4]OVT, (3) d(CH2)5[Thi2,
Thr4,Tyr-(NH2)9]OVT, (4) d(CH2)5[D-Thi2,Thr4,Tyr-(NH2)9]OVT (5) d(CH2)5[Thi2,Thr4Eda9]OVT, (6) d(CH2)5[D-
Thi2,Thr4,Eda9]OVT, (7) d(CH2)5[Thi2,Thr4,Eda9�Tyr10]OVT, (8) d(CH2)5[D-Thi2,Thr4,Eda9�Tyr10]OVT. We
also report the synthesis of (C). Peptides 1� –8� and C were evaluated for agonistic and antagonistic activities
in in vitro and in vivo OT assays, in in vivo vasopressor (V1a receptor) assays and in in vivo antidiuretic (V2

receptor) assays. None of the eight peptides nor C exhibit oxytocic or vasopressor agonism. Peptides 1� –8� are
extremely weak V2 agonists (antidiuretic activities range from �0.0005 to 0.20 U/mg). Peptide C is a weak
mixed V2 agonist/antagonist. Peptides 1� –8� and C exhibit potent in vitro (no Mg2+) OT antagonism (anti-OT
pA2 values range from 7.76 to 8.05). Peptides 1� –8� are all OT antagonists in vivo (estimated in vivo anti-OT
pA2 values range from 6.54–7.19). With anti-V1a pA2 values of �5–5.80, peptides 1� –8� exhibit marked
reductions in anti-V1a potencies relative to those of the parent peptides A–D (anti-V1a pA2 range from 6.48
to 7.10) and to 1-deamino[D-Tyr(Et)2, Thr4]OVT (Atosiban, trade name Tractocile) (anti-V1a pA2-6.14).
Atosiban has recently been approved in Europe for clinical use for the prevention of premature labour
(Pharm. J. 264(7-100): 871). Peptides 1� –8� exhibit striking gains in in vitro anti-OT/anti-V1a selectivities with
respect to the parent peptides A, B, C and D and to Atosiban. Peptides 1� –8� exhibit anti-OT (in vitro)/anti-V1a

selectivities of 450, 525, 550, 450, �1080, 116, 355, 227 respectively. The corresponding values for A–D
and Atosiban are 30, 4.2, 4.3, 2.6 and 37. With the exception of peptide 6� , the remaining seven peptides
exhibit 3–18-fold gains in anti-OT (in vivo)/anti-V1a selectivity with respect to Atosiban, peptides 1� –8�
exhibit anti-OT (in vivo)/anti-V1a selectivities of 22, �82, �82, 147, �83, 11, 31 and 42. By comparison,
Atosiban exhibits an anti-OT (in vivo)/anti-V1a selectivity=8. With an estimated in vivo anti-OT
pA2 value=7.19�0.06, peptide 4� is equipotent with Atosiban (pA2=7.05�0.05). However, with its

Abbreviations: Symbols and abbreviations are in general accordance with the recommendations of the IUPAC-IUB Commission on
Biochemical Nomenclature (Eur. J. Biochem. 1989; 180, A9–A11) or the editorial of this journal (J. Peptide Sci. 1999; 5: 465–471). All amino
acids are in the L-configuration unless otherwise noted. Other abbreviations used are: OVT, ornithine vasotocin; D-Tyr(Et), O-ethyl-D-
tyrosine; D-Tyr(Me), O-methyl-D-tyrosine; Eda, ethylendiamine; desGly(NH2), desglycineamide; Eda�Tyr, Eda retro-L-tyrosine; desGly(NH2)9,
d(CH2)5[Tyr(Me)2, Thr4]OVT (A), des-9-glycinamide [1-(�-mercapto-�,�-pentamethylenepropionic acid), 2-O-methyl-tyrosine, 4-threonine]
ornithine vasotocin; d(CH2)5[Tyr(Me)2,Thr4,Tyr-(NH2)9]OVT (B), the Tyr-(NH2)9 analogue of (A); d(CH2)5[Tyr(Me)2,Thr4,Eda9]OVT (C); the Eda9

analogue of (A); d(CH2)5[Tyr(Me)2,Thr4,Eda9�Tyr10]OVT (D), the retro-Tyr10 analogue of (C); d[D-Tyr(Et)2,Thr4]OVT, 1-deamino, 2-O-ethyl-D-
tyrosine 4-threonine] ornithine vasotocin (generic name: Atosiban; trade name: Tractocile); TFMSA, trifluoromethane sulfonic acid; V2,
antidiuretic; V1a, vasopressor; VP, vasopressin; 2-Cl-Z, 2-chlorobenzyloxycarbonyl; DIPEA, diisopropyl ethylamine; ESMS, electro-spray
mass spectrometry.
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significantly reduced anti-vasopressor potency, pA2= �5, it is �18 times more selective for OT receptors
with respect to VP V1a receptors than Atosiban. Since we have shown that V1a antagonism could be an
unwanted side-effect in tocolytics, peptide 4� and some of the OT antagonists reported here have advantages
over Atosiban and thus may be suitable candidates for evaluation as potential tocolytic agents for the
treatment of preterm labour. Copyright © 2001 European Peptide Society and John Wiley & Sons, Ltd.

Keywords: antagonists; Atosiban; OT receptor; oxytocin; selectivity; Tractocile; vasopressin; V1a receptor

INTRODUCTION

Preterm birth is the largest cause of neonatal mor-
bidity and death [1–4]. Although the mechanism
that triggers preterm labour and the role of oxytocin
(OT) in the initiation of labour have not been estab-
lished [5–7], there is strong evidence implicating an
autocrine or paracrine role of OT in labour [8–13].
The design and synthesis of antagonists of oxytocin
as potential tocolytic agents for the prevention of
preterm births has for many years been an area of
intensive investigation [14–54]. For reviews see
[55–61]. An OT antagonist [1-deamino, D-Tyr(Et)2,
Thr4Orn8] vasotocin (d[D-Tyr(Et)2,Thr4]OVT [27,48];
generic name Atosiban), following extensive clinical
trials [10,61–66] has been shown to be an effective
tocolytic for the treatment of preterm labour [67–
70] and was approved (under the trade name Trac-
tocile) on 20 January 2000 for clinical use in
Europe (Pharm. J. 264(7-100): 871). Atosiban is,
however, far from being an ideal OT antagonist. It is
highly non-selective for OT receptors versus VP V1a

vascular receptors [48,71,74,75]. For reviews of the
known VPs V1a (vascular), V1b (pituitary) and V2

(renal) receptors and OT uterine receptors see [72–
75]. In the rat it is only eight times more potent as
an OT antagonist than as a V1a antagonist in vivo
[48]. However, in humans its affinity for V1a recep-
tors is 100 times greater than for OT receptors
[71,74,75]. It is thus a strikingly more potent V1a

antagonist than an OT antagonist in humans [75].
We have previously shown that V1a antagonism is
an undesirable side-effect in OT antagonists [76].
Thus, there is a pressing need for OT antagonists
that have superior potency, selectivity and potential
safety than Atosiban. As part of a longstanding
programme aimed at the design and synthesis of
potent and selective OT antagonists, we reported a
series of OT antagonists that is more potent and
selective than Atosiban in in vivo assays in the rat
[48]. These were designed by replacing the Tyr(Me)
residue at position 2 in one of our early selective OT
antagonists: desGly-(NH2),d(CH2)5[Tyr(Me)2,Thr4]-
OVT [31] with D-Tyr(Me), D-Tyr, D-Phe and D-Trp.

In continuing to explore the effectiveness of other
position 2 modifications in OT antagonist design,
we selected L- and D-thienylanine (Thi and D-Thi) as
replacements for L-Tyr(Me)2 in four different OT an-
tagonists. While thienylanine has been utilized as a
replacement for Phe in the design of peptide ago-
nists, such as bradykinin [77], angiotensin II [78],
lysine vasopressin (LVP) [79], arginine VP [80] and
VP analogues [81], to our knowledge, despite inten-
sive investigation of position 2 in OT antagonists
with a wide variety of substituents [17,18,21–
23,25,28,31–36,41,43,46,48,51–54], it has not
been previously utilized in OT antagonist design.
Our choice of the Thi2/D-Thi2 modifications was also
prompted by preliminary findings from a study of
their effects alone and in combination with a Thi3

substitution in the potent V2 agonist: dVDAVP [82].
Whereas dVDAVP and d[Thi3]VDAVP are weak OT
agonists [81,82], their Thi2 and D-Thi2 analogues
are potent in vitro OT antagonists (pA2 7.12–7.91)
[81]. Thus, these preliminary findings indicated that
Thi2 and D-Thi2 modifications would be worth fur-
ther exploration in OT antagonist design. We se-
lected the following four OT antagonists A–D, all of
which have a Tyr(Me)2 residue at position 2, for this
study on the effectiveness of Thi2 and D-Thi2 substi-
tutions in OT antagonist design: (A) desGly-
(NH2),d(CH2)5[Tyr(Me)2,Thr4]OVT[31]; (B) d(CH2)5-
[Tyr(Me)2,Thr4,Tyr-(NH2)

9]OVT [30,31]; (C) d(CH2)5-
[Tyr(Me)2,Thr4,Eda9]OVT (where Eda=ethylenedi-
amine), (synthesis of C reported here); (D) d(CH2)5-
[Tyr(Me)2,Thr4,Eda9�Tyr10]OVT [59]

Replacement of the Tyr(Me)2 residue in these four
peptides by Thi2 and by D-Thi2 residues resulted in
the following eight new peptides: (1) des-9-glyci-
namide [1-(�-mercapto-�,�-cyclo-pentamethylene-
propionic acid), 2-thienylalanine, 4-threonine]
ornithine-vasotocin (desGly(NH2), d(CH2)5[Thi2,
Thr4]OVT); (2) des-9-glycinamide [1-(�-mercapto-
�,�-cyclopentamethylenepropionic acid), 2-D-thi-
enylalanine, 4-threonine]ornithine-vasotocin (des-
Gly(NH2),d(CH2)5,D-Thi2,Thr4]OVT); (3) [1-(�-mer-
capto-�,�-cyclopentamethylenepropionic acid), 2-
thienylalanine, 4-threonine, 9-tyrosinamide]-

Copyright © 2001 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 7: 449–465 (2001)
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ornithine-vasotocin (d(CH2)5[Thi2,Thr4,Tyr(NH2)
9]-

OVT); (4) [1-(�-mercapto-�,�-cyclopentamethylene-
propionic acid, 2-D-thienylalanine, 4-threonine, 9-
tyrosinamide]ornithine-vasotocin (d(CH2)5[D-Thi2,
Thr4,Tyr-(NH2)

9]OVT); (5) [1-(�-mercapto-�,�-cy-
clopentamethylenepropionic acid), 2-thienylalanine,
4-threonine, 9-ethylenediamine]ornithine-vasotocin
(d(CH2)5[Thi2,Thr4,Eda9]OVT); (6) [1-(�-mercapto-
�,�-cyclopentamethylenepropionic acid, 2-D-thieny-
lalanine, 4-threonine, 9-ethylenediamine]ornithine-
vasotocin (d(CH2)5[D-Thi2,Thr4,Eda9]OVT); (7) [1-(�-
mercapto-�,�-cyclopentamethylenepropionic acid),
2-thienylalanine, 4-threonine, 9-ethylendiamine,
retro 10-tyrosine]ornithine-vasotocin (d(CH2)5Thi2,
Thr4,Eda9�Tyr10] OVT); (8) [1-(�-mercapto-�,�-cy-
clopentamethylenepropionic acid, 2-D-thienylala-
nine, 4-threonine, 9-ethylenediamine, retro 10-tyro-
sine]ornithine-vasotocin (d(CH2)5[D-Thi2,Thr4, Eda9

�Tyr10]OVT). Peptides A–D and 1� –8� have the gen-
eral structure shown in below

Y9Peptide X2

A 0Tyr(Me)
Tyr-NH2B Tyr(Me)

C EdaTyr(Me)
D Tyr(Me) Eda�Tyr
1 L-Thi 0
2 0D-Thi
3 Tyr-NH2L-Thi
4 Tyr-NH2D-Thi
5 L-Thi Eda
6 D-Thi Eda
7 Eda�TyrL-Thi

Eda�Tyr8 D-Thi

PEPTIDE SYNTHESIS

Starting from Boc-Tyr(2-C1-Z)-resin and Boc-
Orn(Z)-resin, we synthesized all protected precur-
sors I–VIII and c (Table 2) of the free peptides 1� –8�
and C (Tables 1 and 3) entirely by the Merrifield

solid-phase method [83,84], with the modifications
previously described [21,23,31,48]. The protected
retromodified peptides VII and VIII (Table 2) were
obtained by coupling the protected Eda peptides V
or VI (Table 2) with Z-Tyr(Bzl) in DMF using the
DCC/HOBt procedure [85], as described in [86]. In
the SPPS, HCI (1 M)/AcOH was used in all the
deprotection steps. Neutralizations were carried out
with 10% Et3N/CH2Cl2. Coupling reactions were
mediated primarily by DCC/HOBt [85] in CH2Cl2/
DMF, except for Boc-Asn, which was incorporated
as its p-nitrophenyl ester [87] in DMF. The acylpep-
tide resins were cleaved using the following proce-
dures: (i) acidolysis with HBr/TFA [83,84,88,89] to
give the protected peptides I and II; (ii) ammonoly-
sis in methanol [90,91] to give the protected peptide
amides III and IV; (iii) aminolysis with Eda in
methanol [86,92] to give the protected Eda peptides
c, V and VI. All the protected precursors, including
the retroprotected peptides VII and VIII, were puri-
fied by the same general method: extraction or dis-
solving with warm DMF followed by reprecipitations
with H2O or EtOH/Et2O until adjudged pure by TLC,
as previously described [21,23,31,48,86,89], to give
the required protected peptides I–IV, c, V–VIII
(Table 2). The physicochemical properties of all pro-
tected peptides I–IV, c, V–VIII are given in Table 2.
Deprotection of the peptide c was carried out with
sodium in liquid ammonia [93,94] as previously
described [20,21,23,31,48]. Peptides I–VIII were
deprotected by TFMSA procedure [95,96]. All the
resulting disulphydryl compounds were oxidatively
cyclized with K3[Fe(CN)6] using the normal proce-
dure [97] or a modified reverse procedure [98]. The
free peptides were desalted and purified by gel fil-
tration on Sephadex G-15 and Sephadex LH-20
mainly in a two-step procedure [99] using 50%
AcOH and 2 M AcOH as eluents, respectively, as
previously described [20,21,23,31,48]. When neces-
sary, 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� –8�
and C (Tables 1 and 3) was checked by TLC, HPLC
and ESMS.

Bioassays

Peptides were assayed for agonistic and antagonis-
tic activities in in vitro and in vivo rat oxytocic
assays, in the rat vasopressor assay, and in the rat
antidiuretic assay. For agonists, the 4-point assay
design [100] was used and for antagonists, the
Schild’s pA2 method [101] was employed. The pA2 is

Copyright © 2001 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 7: 449–465 (2001)
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the negative logarithm of the molar concentration of
the antagonist that will reduce the response to 2x
units of the agonist to equal the response to x unit
of the agonist in the absence of antagonist. In prac-
tice, this dose is estimated by finding doses above
and below the pA2 dose and interpolating on a
logarithmic scale. In the rat in vivo assays, the pA2

dose (effective dose, ED) is divided by an arbitrarily
assumed volume of distribution of 67 ml/kg to
derive the molar concentration of the pA2 dose
[102]. Thus, in vivo pA2 values are estimates. Syn-
thetic oxytocin and arginine-vasopressin, which
had been standardized in oxytocic and vasopressor
units against the USP Posterior Pituitary Reference
Standard, were used as working standards in all
bioassays. In vitro oxytocic assays were performed
on isolated uteri from diethylstilbestrol-primed rats
in a Mg2+-free van Dyke–Hasting’s solution [103].
In vivo anti-OT potencies were determined in
urethane anaesthetized diethylstibestrol-primed
rats as previously described [104]. Vasopressor as-
says were performed on urethane-anaesthetized
and phenoxybenzamine-treated rats as described
by Dekanski [105]. Antidiuretic assays were on
water-loaded rats under ethanol anaesthesia as de-
scribed by Sawyer [106]. When standard errors are
presented in Table 1, the means reflect results from
at least four independent assay groups.

RESULTS AND DISCUSSION

The antioxytocic (anti-OT) (in vitro, no Mg2+ and in
vivo) potencies, antivasopressor (anti-V1a) poten-
cies, antidiuretic (V2 receptor) agonistic and/or an-
tagonistic activities, together with in vitro and in
vivo anti-OT/anti-V1a selectivities, given as molar
dose (MD) and effective dose (ED) ratios, respec-
tively, of peptides 1� –8� , their parent peptides A–D
and Atosiban are presented in Table 1. None of the
eight new peptides (nos. 1� –8� ) or peptide C exhibited
oxytocic or vasopressor agonism. All eight Thi2/D-
Thi2 substituted peptides are very weak antidiuretic
agonists. Peptide C exhibits weak antidiuretic an-
tagonism. All eight Thi2/D-Thi2 substituted peptides
and peptide C are potent in vitro OT antagonists. All
exhibit OT antagonism in vivo. All eight Thi2/D-Thi2

substituted peptides exhibit strikingly lower anti-
vasopressor potencies relative to their respective
parent peptides A–D. Thus, all eight peptides ex-
hibit enhancements in anti-OT (in vitro)/anti-V1a

selectivities relative to their parent peptides. Two of
these peptides (nos. 4� and 8� ) are equipotent with

Atosiban as OT antagonists in vivo. However, since
their anti-V1a potencies are much lower than the
anti-V1a potency of Atosiban, these two peptides
and the remaining six peptides (1� –3� , 5� –7� ) all ex-
hibit substantial gains in anti-OT (in vivo)/anti-V1a

selectivities compared to Atosiban.

Effects of Thi2/D-Thi2 Modifications in OT Antagonists
A–D

Effects on in vitro (no Mg+ +)OT antagonism (Table
1). In general, both the Thi2 and D-Thi2 substitutions
in the OT antagonists A–D were very well tolerated
with complete retention of in vitro OT antagonism in
nearly all cases. Replacement of the Tyr(Me)2 residue
in desGly-(NH2),d(CH2)5[Tyr(Me)2,Thr4]OVT (A) (anti-
OT pA2=7.89) by Thi2 and D-Thi2 gave peptides 1�
and 2� with anti-OT pA2’s=7.87 and 7.76, respec-
tively. Thus, while the L-Thi2 analogue of A (peptide
1� ) retains the full in vitro OT antagonism of A, the
D-Thi2 analogue of A (peptide 2� ) exhibits slightly
diminished in vitro OT antagonism. Replacement of
the Tyr(Me)2 residue in d(CH2)5[Tyr(Me)2,Thr4,Tyr-
(NH2)

9]OVT (B) (anti-OT pA2=7.63) by Thi2 and D-
Thi2 to give peptides 3� and 4� led to full retention of in
vitro OT antagonism. With anti-OT pA2s=7.77 and
7.72, peptides 3� and 4� are equipotent with B.
d(CH2)5[Tyr(Me)2,Thr4,Eda9]OVT (C), reported here
for the first time, was found to exhibit an anti-OT in
vitro pA2=7.75. The Thi2 and D-Thi2 analogues of C
(Peptides 5� and 6� ) with anti-OT in vitro pA2 values of
8.05 and 7.85 respectively, both exhibit enhanced
in vitro OT antagonism relative to C. d(CH2)5-
[Tyr(Me)2,Thr4,Eda9�Tyr10]OVT (D) exhibits an anti-
OT in vitro pA2=7.50. The Thi2 and D-Thi2 analogues
of D (peptides 7� and 8� ), with anti-OT in vitro pA2

values of 7.84 and 7.76, are significantly more potent
than D as in vitro OT antagonists.

Thus, of the four pairs of Thi2/D-Thi2 peptides
reported here, two pairs, 5� and 6� and 7� and 8� exhibit
enhanced OT in vitro antagonistic potencies with
respect to their parent peptides C and D. With the
exception of peptide 2� , which exhibits slightly dimin-
ished OT antagonism with respect to its parent
peptide A, the remaining three peptides, 1� , 3� and 4� ,
are virtually equipotent with their respective parents
A and B as in vitro OT antagonists.

Effects on in vivo OT antagonism. Peptides 1� –8� all
exhibit in vivo OT antagonism. However, replacement
of the Tyr(Me)2 residue in the peptides A and B by
Thi2 and D-Thi2 to give peptides 1� –4� (Table 1) ap-
pears to have resulted in reductions of in vivo
OT antagonistic potencies. Whereas, desGly-(NH2),
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d(CH2)5[Tyr(Me)2,Thr4]OVT (A) exhibits an anti-OT in
vivo pA2=7.69, the corresponding pA2 values for
peptides 1� and 2� are 6.54 and 6.95 respectively.
Likewise, d(CH2)5 [Tyr(Me)2,Thr4,Tyr-(NH2)

9]OVT (B)
possesses an anti-OT in vivo pA2=7.83. The respec-
tive Thi2 and D-Thi2 analogues (peptides 3� and 4� )
exhibit anti-OT pA2 values of 6.92 and 7.19 respec-
tively. However, it should be noted that since the in
vivo anti-OT potencies of the parent peptides (A) and
(B) were assayed by a slightly different quantitative
method [30,31], these reductions in in vivo anti-OT
potencies for peptides 1� –4� may not be as substantial
as they appear here. Since in vivo pA2 values are not
available for peptides C and D, we cannot evaluate
whether the anti-OT in vivo pA2 values of 6.94, 6.90,
6.78 and 7.05 exhibited by their corresponding Thi2

and D-Thi2 analogues (peptides 5� –8� ) are higher or
lower than those of peptides C and D.

Relative Effects of L-Thi2 and D-Thi2 Substitutions on in
vivo OT Antagonistic Potencies

The eight new analogues of peptides A–D constitute
a series of four pairs of L-Thi2/D-Thi2 substituted OT
antagonists. Examination of the ED and pA2 values
of each pair shows that for three of these pairs, the
D-Thi2 analogue is more potent than its L-Thi2

counterpart. Thus, peptide 2� , the D-Thi2 analogue
of A with an anti-OT in vivo pA2 of 6.95 is over twice
as potent as peptide 1� , the L-Thi2 analogue of A,
pA2=6.54. Likewise, with an anti-OT in vivo pA2=
7.19, peptide 4� , the D-Thi2 analogue of B is almost
twice as potent as peptide 3� , the L-Thi2 analogue of
B, pA2=6.92. Similarly, peptide 8� , the D-Thi2 ana-
logue of D, with an anti-OT in vivo pA2=7.05 is
almost twice as potent as the L-Thi2 analogue of D,
pA2=6.78. These findings recall those which we
and others have reported for the relative effective-
ness of D and L amino acid substitutions in OT
antagonists [55–59]. Peptides 5� and 6� , the L-Thi2

and D-Thi2 analogues of C with anti-OT in vivo pA2

of 6.94 and 6.90, respectively, are virtually equipo-
tent OT antagonists in vivo. They represent a depar-
ture from the trend observed for the other 3 pairs of
L-Thi2/D-Thi2 analogues, where in all three pairs,
the D-Thi2 analogue is clearly a more potent OT
antagonist in vivo.

Effects of L-Thi2 and D-Thi2 Substitutions on
Anti-Vasopressor Potencies

All eight Thi2/D-Thi2 peptides 1� –8� exhibit drastic
losses of vasopressor antagonism with respect to all

four parent peptides A–D. The anti-V1a pA2 values
for peptides A–D are 6.48, 7.02, 7.10 and 7.07,
respectively. The anti-V1a pA2 values of peptides
1� –8� ranges from a low of �5 to a high of 5.80. In
fact, four of these peptides, the D-Thi2 analogue of A
(peptide 2� ), the Thi2 and D-Thi2 analogues of B
(peptides 3� and 4� ) and the Thi2 analogue of C
(peptide 5� ) all exhibit anti-V1a pA2 values of �5.
The remaining 4 peptides; peptide 1� , the Thi2 ana-
logue of A, peptide 6� , the D-Thi2 analogue of C and
peptides 7� and 8� , the Thi2/D-Thi2 analogues of D,
with anti-V1a pA2=5.20, 5.80, 5.27 and 5.40 are all
also very weak V1a antagonists. With regard to the
relative effectiveness of the Thi2/D-Thi2 substitu-
tions in lowering anti-V1a potencies, no consistent
pattern has emerged from this series. In one pair,
peptides 3� and 4� , they are equally effective; for two
pairs, peptides 5� and 6� , 7� and 8� , the Thi2 analogues
exhibit lower anti-V1a pA2 values. Yet, for peptides 1�
and 2� the D-Thi2 analogue exhibits a lower anti-V1a

pA2 value.

Thi2/D-Thi2 Substitutions Enhance Anti-OT (in
vitro)/Anti-V1a Selectivities

All eight Thi2/D-Thi2 containing peptides 1� –8� ex-
hibit significant increases in anti-OT (in vitro)/anti-
V1a selectivities with respect to those exhibited by
their parent peptides A–D. The increases exhibited
by peptides 1� –5� are particularly striking. Thus,
desGly-(NH2),d(CH2)5[Tyr(Me)2,Thr4]OVT (A) has an
anti-OT (in vitro)/anti-V1a selectivity=30. The Thi2

and D-Thi2 analogues of A (peptides 1� and 2� , Table
1) exhibit anti-OT(in vitro)/anti-V1a selectivities of
450 and �525 respectively. d(CH2)5[Tyr(Me)2,
Thr4,Tyr-(NH2)

9]OVT (B) exhibits an anti-OT (in
vitro)/anti-V1a selectivity=4.2. The Thi2 and D-Thi2

analogues of B (peptides 3� and 4� , Table 1) exhibit
anti-OT(in vitro)/anti-V1a selectivities of �550 and
�450, respectively.

The anti-OT (in vitro)/anti-V1a selectivity of
d(CH2)5[Tyr(Me)2,Thr4,Eda9]OVT (C)=4.3. The Thi2

and D-Thi2 analogues of C (peptides 5� and 6� ; Table
1) exhibit corresponding selectivities of �1080 and
116 respectively. In this instance, the increase
brought about by the Thi2 substitution is almost
10 times greater than that brought about by the D-
Thi2 substitution. The retro modified peptide,
d(CH2)5[Tyr(Me)2,Thr4,Eda9�Tyr10]OVT (D) exhibits
an anti-OT (in vitro)/anti-V1a selectivity=2.6.
The Thi2 and D-Thi2 analogues of D (peptides 7�
and 8� , Table 1) exhibit selectivities of 355 and 227
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respectively. Peptides 1� –5� with anti-OT selectivities
ranging from 450 to �1,080 are all more selective
as in vitro OT antagonists than all but one of our
previously reported position two modified analogues
of A, namely the Tyr2 analogue, anti-OT (in vitro)/
anti-V1a selectivity=540) [48]. With an anti-OT (in
vitro/anti-V1a selectivity= �1,080, d(CH2)5[Thi2,
Thr4,Eda9]OVT (peptide 5� , Table 1), is clearly the
most potent and selective in vitro OT antagonist
reported here. It may be recalled that replacement
of the Asn residue with diaminopropionic acid (Dap)
at position 5 in the potent and selective OT antago-
nist, desGly-(NH2), d(CH2)5[D-Trp2,Thr4]OVT [48] re-
sulted in the complete abolishment of detectable
vasopressor antagonism exhibited by the resulting
peptide, desGly-(NH2),d(CH2)5[D-Trp2,Thr4,Dap5]
OVT [49]. This peptide is thus a potent, infinitely
selective in vitro OT antagonist. A similar Dap5 mod-
ification in some of the new peptides reported here,
might be expected to further increase their anti-OT
(in vitro)/anti-V1a selectivities.

Thi2/D-Thi2 Substitutions Enhance Anti-OT (in vivo)/
anti-V1a Selectivities

Replacement of the Tyr(Me)2 residue in desGly-
(NH2),d(CH2)5[Tyr(Me)2,Thr4]OVT (A) by Thi2 led to a
modest increase from 18 to 22 in anti-OT (in vivo)/
anti-V1a selectivity exhibited by the resulting Thi2

analogue of A (peptide 1� ). However, the D-Thi2 sub-
stitution effected a much greater enhancement in
selectivity. With an anti-OT (in vivo)/anti-V1a selec-
tivity of �82, the D-Thi2 analogue of (A), peptide 2� ,
Table 1, exhibits almost a 4-fold increase in selec-
tivity. Both the Thi2 and D-Thi2 substitutions in (B)
led to striking gains in selectivity relative to the
parent peptide (B). With anti-OT (in vivo)/anti-V1a

selectivities of �82 and 147, the increases in anti-
OT (in vivo)/anti-V1a selectivity exhibited by pep-
tides 3� and 4� , the Thi2 and D-Thi2 analogues of
d(CH2)5[Tyr(Me)2,Thr4,Tyr-(NH2)

9]OVT (B) (ED ra-
tio=6.6) are quite striking. With an anti-OT (in
vivo) pA2=7.19 and an anti-OT (in vivo)/anti-V1a

selectivity of �147, d(CH2)5[D-Thi2,Thr4,Tyr-
(NH2)

9]OVT (Peptide 4� , Table 1) is clearly the most
potent and selective in vivo OT antagonist of this
series. The remaining four peptides (5� –8� , Table 1)
exhibit anti-OT (in vivo)/anti-V1a selectivities of 83,
11, 31 and 42. With an anti-OT (in vivo)/anti-V1a

selectivity=147, peptide 4� is a more selective in
vivo OT antagonist than those we previously re-
ported [48]. It thus appears to be the most selective
in vivo OT antagonist reported to date.

Comparison of Properties of New OT Antagonists 1–8
with those of Atosiban (Tractocile)

Atosiban (trade name: Tractocile): ([1-deamino-2-O-
D-ethyl tyrosine, 4-threonine]ornithine vasotocin)
[27] is the only oxytocin antagonist currently in
clinical use for the treatment and prevention of
premature labour [67–69]. However, as noted ear-
lier, Atosiban, since it is a highly potent V1a antago-
nist in humans [71,75], is far from ideal as an OT
antagonist. We also found that a resynthesized ver-
sion of Atosiban retains appreciable anti-V1a po-
tency (pA2=6.14) in the rat [48]. We have shown
that V1a antagonism is an undesirable side effect in
OT antagonists [76]. Thus, in searching for new OT
antagonists that might exhibit a more favourable
profile of anti-OT versus anti-V1a properties, it is
instructive to compare the properties of the eight
new peptides we report here with those we previ-
ously reported for Atosiban [48]. In looking first at
OT antagonism (in vitro), with anti-OT (in vitro) pA2

values ranging from 7.76 to 8.05, all of Thi2/D-Thi2

substituted OT antagonists 1� –8� are as potent or
slightly more potent than Atosiban [anti-OT (in
vitro) pA2=7.71]. With anti-OT (in vivo) pA2 values
of 7.19 and 7.05, two of the eight peptides,
d(CH2)5[D-Thi2,Thr4,Tyr-(NH2)

9]OVT (peptide 4� ) and
d(CH2)5[D-Thr2,Thr4,Eda9�Tyr10]OVT (peptide 8� )
are equipotent with Atosiban [anti-OT (in vivo)
pA2=7.05] as in vivo OT antagonists. The remain-
ing six peptides (1� –3� , 5� –7� ) exhibit slightly dimin-
ished anti-OT (in vivo) potencies relative to
Atosiban. However, since Atosiban possesses appre-
ciable anti-vasopressor potency (anti-V1a pA2=
6.14) [48], and since, by contrast, peptides 1� -8�
exhibit greatly diminished anti-vasopressor poten-
cies, (pA2 values range from �5 to 5.40), Atosiban
is much more potent as a vasopressor antagonist
than all of the eight peptides 1� –8� . Consequently, all
eight peptides exhibit striking gains in both in vitro
and in vivo anti-OT/anti-V1a selectivities compared
with Atosiban. Atosiban exhibits an anti-OT (in
vitro)/anti-V1a selectivity=37, the corresponding
selectivities for peptides 1� –8� range from a low of
116 for peptide 6� to a high of �1080 for peptide 5� .
While the gains in in vivo selectivity are not as
striking, nonetheless, with the exception of peptide
6� which exhibits an ED ratio of 11 in the same
range as that of Atosiban (ED ratio=8), all the
remaining seven peptides exhibit 3-fold (peptide 1� )
to 18-fold (peptide 4� ) gains in in vivo anti-OT/anti-
V1a selectivities compared with Atosiban. Of the
eight new peptides reported here, d(CH2)5[D-
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Thi2,Thr4,Tyr-(NH2)
9]OVT (peptide 4� ) is clearly the

most promising when compared with Atosiban.
With an in vivo anti-OT pA2 value=7.19, it is
equipotent with Atosiban as an OT antagonist. The
corresponding pA2 value for Atosiban is 7.05. How-
ever, because of its much lower anti-V1a potency
(pA2= �5), compared to that of Atosiban (pA2=
6.14), peptide 4� is 147 times more potent as an OT
antagonist in vivo than as a V1a antagonist. This
represents a big enhancement in anti-OT(in vivo)/
anti-V1a selectivity compared to the value of 8 for
Atosiban. It thus appears to have advantages over
Atosiban as a safer tocolytic. Thus, peptide 4� is a
potential candidate for development as a tocolytic
for the prevention of preterm labour.

CONCLUSION

In attempts to design OT antagonists with lower
anti-V1a properties than those of Atosiban (anti-V1a

pA2=6.14) we have explored the use of Thi2/D-
Thi2 replacements for Tyr(Me)2 in the OT antag-
onists: desGly(NH2), d(CH2)5[Tyr(Me)2,Thr4]OVT (A)
[31]; d(CH2)5[Tyr(Me)2,Thr4,Tyr-(NH2)

9]OVT (B) [30];
d(CH2)5[Tyr(Me)2,Thr4,Eda9]OVT (C) and (CH2)5-
[Tyr(Me)2, Thr4, Eda9�Tyr10]OVT (D). The resulting
eight Thi2/D-Thi2 peptides, 1� –8� , retain the full in
vitro OT antagonism of their respective parents A–
D. While all eight peptides exhibit in vivo OT antag-
onism, somewhat diminished in the case of peptides
1� –4� relative to the potencies of the parent peptides
A and B, the anti-V1a potencies of peptides 1� –8�
(pA2= �5–5.4) are drastically lower than those of
the parent peptides A–D (pA2=6.48–7.10) and also
significantly lower than the anti-V1a potency of
Atosiban (pA2=6.14). With the exception of peptide
6� , the seven other peptides reported here all exhibit
enhanced anti-OT (in vivo)/anti-V1a selectivities rel-
ative to Atosiban. A number of these peptides may
be promising candidates for development as poten-
tial tocolytics for the prevention of premature
labour. In this regard, of the new peptides reported
here, d(CH2)5[D-Thi2,Thr4,Tyr-(NH2)

9]OVT (peptide
4� ) appears to be the most promising. It is equipo-
tent with Atosiban as an OT antagonist in vivo, yet
it possesses less than 6% of the anti-V1a potency of
Atosiban. It thus clearly possesses a safer pharma-
cological profile than Atosiban for use as a tocolytic
agent. With high anti-OT/anti-V1a selectivities=
�82, �82, 147 and �83 respectively, peptides 2� –5�
are promising new pharmacological tools for studies
on the physiological roles of OT and for studies on

OT receptors. The findings presented here also
provide useful clues for the design of new selective
OT antagonists for use as tocolytic agents for the
prevention of premature labour and for possible
therapeutic use in the treatment of chorion-derived
OT receptor expressing tumours [109].

EXPERIMENTAL

The Merrifield resin was purchased from Eastman
Chemical Co., Rochester, NY. The Boc-Tyr(2-Cl-Z)-
resin was purchased from Chem-Impex Interna-
tional, Inc., USA. The Boc-Orn(Z)-resin was pre-
pared by the caesium salt method [107]. The amino
acid derivatives were purchased from Bachem Bio-
science, Inc., Chem-Impex International, Inc., or
from Synthetech, Inc., USA. The �-S-(4-metho-
xybenzylmercapto) - �,� - pentamethylenepropionic
acid [108] was purchased from Bachem Bioscience,
Inc, USA. TLC was run on precoated silica gel plates
(60F-254, E. Merck) with the following solvent sys-
tems: (a) 1-butanol:AcOH:H2O (4:1:5, upper phase);
(b) 1-butanol:AcOH:H2O (4:1:1); (c) 1-bu-
tanol:AcOH:H2O:pyridine (15:3:3:10); (d) chloro-
form:methanol (7:3). Loads of 10–15 �g each were
applied and chromatograms were developed at a
minimal length of 10 cm. The chlorine gas proce-
dure for the KI–starch reagent was used for detec-
tion [84]. Optical rotations were measured with a
Rudolph Autopol III polarimeter. Analytical HPLC
was performed on a Waters 810 instrument under
the following conditions: 90:10 to 30:70 0.05%
aqueous TFA:0.05% TFA in MeCN, linear gradient
over 60 min at 1.0 ml/min (�=210 nm), on a Micro-
sorb C18 column (Rainin Instrument Co., Inc.). All
peptides were at least 95% pure. Electron spray
mass spectra (ESMS) were done by the University of
Oklahoma Health Sciences Center Molecular Biol-
ogy Resource Facility on a PE Sciex Q-STAR
Ouadropole TOF Mass Spectrometer using 50:50
CH3CN/H2O with 0.5% AcOH as a solvent.

Solid Phase Synthesis Procedures

The protected precursors I–VIII and c (Table 2) of
the free peptides 1� –8� and C (Table 3) were synthe-
sized entirely by the Merrifield solid-phase method
[82,83], with the modifications previously described
[21,23,31,48,90]. The protected retro-Tyr-modified
peptide VII and VIII (Table 2) were prepared by
retroaddition of Z-Tyr(Bzl) to the corresponding
protected Eda peptides V or VI (Table 2) using
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the DCC/HOBt procedure [85] as described in
[86]. Boc-Tyr(2-Cl-Z)-resin and Boc-Orn(Z)-resin
were prepared by esterification of Merrifield resin
(chloromethylated polystyrene: 1% divinylbenzene
copolymer beads, 200–400 mesh, 0.7�0.10 meq/g)
with either Boc-Tyr(2-Cl-Z) or Boc-Orn(Z) using the
caesium salt method [107]. For the synthesis of
protected peptidyl resins, seven or eight cycles of
deprotection, neutralization and coupling were car-
ried out starting as follows: for peptides I, II, c, V
and VI from Boc-Orn(Z)-resin; for peptides III and
IV from Boc-Tyr (2-Cl-Z)-resin. HCl (1 M)/AcOH was
used in all the deprotection steps [83,84]. Neutral-
izations were carried out with 10% Et3N/CH2Cl2.
Boc amino acids (except Boc-Asn) were coupled by
the DCC/HOBt procedure [85] in CH2Cl2:DMF (9:1,
v/v). Boc-asparagine was coupled as its nitrophenyl
ester [87] in DMF. The acylpeptide resin were
cleaved using the following: procedures: (i) acidoly-
sis with HBr/TFA [83,84,88,89] to give the protected
peptides I and II; (ii) ammonolysis in methanol
[90,91] to give the protected peptide amides III and
IV; (iii) aminolysis with Eda in methanol [86,92] to
give the protected Eda peptides c, V and VI. All of
the protected precursors, including the retropro-
tected peptides VII and VIII, were purified by the
same general method: extraction or dissolving with
warm DMF followed by reprecipitations with H2O
and EtOH/Et2O until adjudged pure by TLC as pre-
viously described [20,21,31,48] to give the required
protected peptides I–IV, c, V–VIII (Table 2). The
physicochemical properties of all protected peptides
I–IV, c, V–VIII are given in Table 2. Deprotection of
the protected peptide c was carried out with sodium
in liquid ammonia [93,94] as previously described
[20,21,31,48,82]. Peptides I–VIII were deprotected
by the TFMSA procedure [95,96]. The resulting
disulphydryl compounds were oxidatively cyclized
with K3[Fe(CN)6] using the normal procedure [97] or
a modified reverse procedure [98]. The free peptides
were desalted and purified by a two-step gel filtra-
tion procedure [99] on Sephadex G-15 (eluent 50%
AcOH) and LH-20 (eluent 2 M AcOH). For some
peptides, an additional purification on Sephadex
G-15 or/and on Sephadex LH-20 with 0.2 M AcOH
as eluent was carried out. The purity of the free
peptides 1� –4� , C, 5� –8� (Table 3) was checked by TLC
and HPLC. Their structures were confirmed by
ESMS. The TLC, HPLC, ESMS data and some other
physicochemical properties of the free peptides 1� –
4� , C, 5� –8� are presented in Table 3.

[(� -S - (4 -methoxybenzylmercapto) - �,� -pentame-
thylenepropionyl) - Thi - Ile - Thr(Bzl) - Asn - Cys(Mob) -
Pro-Orn(HBr)-OH (I, Table 2). Boc-Orn(Z)-resin
(3.23g, 2 mmol) was converted to the protected acyl
heptapeptidyl resin in seven cycles of deprotection,
neutralization and coupling (mediated by DCC/
HOBt or active ester) with Boc-Pro, Boc-Cys(Mob),
Boc-Asn-ONp, Boc-Thr(Bzl), Boc-Ile, Boc-Thi and
� - S - (4 - methoxybenzylmercapto) - �,� - pentame-
thylenepropionic acid, respectively by the manual
method of solid-phase synthesis as previously de-
scribed [20,21,31,48,82]. The resulting protected
peptidyl resin was 5.02 g (98.3%). The protected
peptide I was split from the resin by acidolytic
cleavage [83,84,87,89] as follows. Hydrogen bro-
mide was bubbled through a suspension of 2 g
(0.76 mmol) of [(�-S-(4-methoxybenzylmercapto)-
�,�-pentamethylenepropionyl]-Thi-Ile-Thr(Bzl)-Asn-
Cys(Mob)-Pro-Orn(Z)-resin in TFA (20 ml) and an-
isole (3 ml) in a glass funnel fitted with a fritted disk
as described in [84]. After 30 min the filtrate was
collected. The resin was resuspended in CH2Cl2 (10
ml), TFA (10 ml) and anisole (3 ml). HBr bubbling
was resumed for a further 30 min, whereupon the
filtrate was collected and the resin was washed with
CH2Cl2:TFA (1:1, 20 ml ×3). The filtrates and
washings were combined and evaporated to dryness
on a rotary evaporator. Addition of ether (ca. 200
ml) to the residual anisole solution gave a precipi-
tate, which following 3 h at 4°C was collected,
washed with ether and dried over P2O5. This mate-
rial was dissolved in warm DMF (ca. 5 ml), reprecip-
itated with water, collected, and dried in vacuo over
P2O5 to give 0.5 g (47.3%) of the desired protected
acylheptapeptide I (Table 2). The same procedure
was used for preparation of the protected acylhep-
tapeptide II (Table 2) using Boc-D-Thi in place of
Boc-Thi for position 2.

[(� -S - (4 -methoxybenzylmercapto) - �,� -pentame-
thylenepropionyl] - Thi - Ile - Thr(Bzl) - Asn - Cys(Mob) -
ProOrn(Z)-Eda (V, Table 2). Starting from
d(CH2)5(Mob) -Thi - Ile -Thr(Bzl) -Asn-Cys(Mob) -Pro-
Orn(Z)-resin (3.02 g, 1.14 mmol), prepared as de-
scribed above, the protected Eda-peptide V was ob-
tained by aminolysis with Eda/MeOH and DMF
extraction [86,92] as follows. The protected peptidyl
resin was placed in 250-ml round bottomed flask,
75 ml of anhydrous methanol was added, the
suspension was cooled at ca. 0°C and 30 ml
of ethylenediamine (Eda, 99.5+%, redistilled;
Aldrich), was added under stirring. After 30 min,
the cooling bath was removed and the suspension
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stirred at room temperature for 2 days. The solvents
were removed on a rotary evaporator and the pro-
tected peptide V (Table 2) was further extracted and
purified as described above. The protected Eda pep-
tides c and VI (Table 2) were prepared by the same
procedure starting from d(CH2)5(Mob)-Tyr(Me)-
Ile-Thr(Bzl)-Asn-Cys(Mob)-Pro-Orn(Z)-resin and
d(CH2)5(Mob)-D-Thi-Ile-Thr(Bzl)-Asn-Cys(Mob)-Pro-
Orn(Z)-resin, respectively.

[(� -S- (4-methoxybenzylmercapto) - �,� -pentame-
thylenepropionyl] - Thi - Ile - Thr(BzL) - Asn - Cys(Mob)-
Pro-Orn(Z)-Eda�Z-Tyr(Bzl) (VII, Table 2). The retro-
modified peptide VII was synthesized by DCC/HOBt
mediated coupling [85,86] of protected peptide V
and Z-Tyr(Bzl) as follows. To a cooled (0°C) solution
of Z-Tyr(Bzl) (0.24 g, 0.6 mmol) and HOBt (0.138 g,
0.9 mmol) in 3 ml of anhydrous DMF was added
0.45 ml (0.9 mmol) of 2 M solution of DCC in DMF.
The reaction mixture was stirred for 1 h, whereupon
the dicyclohexylurea (DCU) was removed by filtra-
tion. The filtrate was added to a solution of
d(CH2)5(Mob) -Thi - Ile -Thr(Bzl) -Asn-Cys(Mob) -Pro-
Orn(Z)-Eda (V) (0.22 g, 0.15 mmol) in 2 ml anhy-
drous DMF. DIPEA was added to give a pH �7.5.
After the mixture was stirred for 18 h at room
temperature (TLC monitoring), MeOH (20 ml) was
added followed by Et2O (250 ml). The precipitated
product was collected following overnight storage at
4°C. Washing with warm MeOH gave the required
protected peptide VII, 0.18 g, yield 64.6% (Table 2).
The protected retromodified peptide VIII (Table 2)
was prepared by the same procedure utilizing the
protected Eda peptide VI.

[(� -S - (4 -methoxybenzylmercapto) - �,� -pentame-
thylenepropionyl] - Thi - Ile - Thr(Bzl) - Asn - Cys(Mob) -
Pro-Orn(Z)-Tyr(2-Cl-Z)-NH2 (III, Table 2). Boc-Tyr(2-
Cl-Z)-resin (0.3 g, 0.25 mmol) was converted to the
protected acyl octatapeptidyl resin in eight cycles
of deprotection, neutralization and coupling (medi-
ated by DCC/HOBt or active ester) with Boc-
Orn(Z), Boc-Pro, Boc-Cys(Mob), Boc-Asn-ONp, Boc-
Thr(Bzl), Boc-Ile, Boc-Thi and �-S-(4-methoxyben-
zylmercapto)-�,�-pentamethylenepropionic acid,
respectively, by the manual method of solid-phase
synthesis, as previously described [21,23,31,
48,83,84]. The protected peptide III was cleaved
from the resin by ammonolysis with DMF extraction
[90,91] as follows. The resin was suspended in an-
hydrous methanol (50 ml) at ca. −70°C in a 250-ml
round bottom flask and NH3 (ca. 30 ml) was bub-
bled through the suspension for a ca. 30-min pe-
riod. The tightly stoppered flask was kept at room

temperature in the hood for 2 days. The suspension
was recooled, the stopper removed and the NH3 and
methanol allowed to evaporate at room tempera-
ture. The protected peptide was extracted with
warm (ca. 50°C) DMF (ca. 30 ml) and precipitated
with warm (ca. 50°C) water (ca. 500 ml). Following
overnight storage at 4°C, the product was collected,
dried in vacuo over P2O5 reprecipitated from warm
(ca. 50°C) DMF (ca. 5 ml) with ethyl ether (ca. 300
ml), collected and dried in vacuo over P2O5 to give
0.34 g (79.8%) of the protected acyloctapeptide
amide III (Table 2). This procedure was used for the
preparation of the protected peptide amide IV (Table
2) by replacing Boc-Thi with Boc-D-Thi in the penul-
timate coupling step.

(� - Mercapto) - �,� - pentamethylenepropionyl) - Thi -
Ile-Thr-Asn-Cys-Pro-Orn-OH (desGly-(NH2),dCH2)5

[Thi2, Thr4] OVT) (1, Table 3). The deprotection of the
acylheptapeptide I (Table 2) was performed by the
standard TFMSA procedure [96,97] as follows. The
protected peptide I (150 mg) was placed in a round
bottom flask with a stirring bar and 0.5 ml of
thioanisole and 0.25 ml of 1,2-ethanedithiol was
added, the mixture was chilled with an ice bath and
5 ml of TFA was added. After stirring for 5 min at
0°C, 0.5 ml of TFMSA was added slowly dropwise
with vigorous stirring. Following additional stirring
for 30 min at room temperature, 50 ml of anhy-
drous ether was added dropwise. The precipitated
peptide was filtered, washed with ether and dried
overnight in vacuo over P2O5 and NaOH. Oxidation
of the resulting residue of the deblocked disulfydryl
precursor of peptide I was performed by the modi-
fied reverse procedure [98] as follows. The residue
(120 mg) was dissolved in degassed 50% AcOH (25
ml) and the solution diluted with 50 ml of H2O. 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 ca. 7.0 with concentrated ammonium
hydroxide. The yellow solution was stirred for an
additional 20 min. Following oxidation, the free pep-
tide (1� , Table 3) was isolated and purified as follows:
after acidification with AcOH to pH 4.5 and stirring
for 20 min with an anion exchange resin (Bio-Rad,
AG 3x4, Cl− form, 5 g damp weight), the suspension
was filtered and washed with 0.2 M AcOH (3×30
ml), the combined filtrate and washings were
lyophilized. The resulting powder was desalted on a
Sephadex G-15 column (110×2.7 cm) eluting with
aqueous acetic acid (50%) with a flow rate of 5 ml/h
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[99]. 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 gel
filtration on a Sephadex LH-20 column (100×1.5
cm) eluting with 2 M aqueous acetic acid with a flow
rate of 4 ml/min. The peptide was eluted in a single
peak (absorbance at 254 nm). Lyophilization of the
pertinent fractions gave the desired OVT analogue
(1, Table 3). With minor modifications, the same
procedure was utilized for the deprotection, oxida-
tion and purification of the protected peptides II–
VIII (Table 2) to give the free peptides (2� –8� , Table
3). The desalting and the purification of the free
peptides usualy requires the 2-step gel filtration
procedure [99] on Sephadex G-15 and Sephadex
LH-20 using 50% AcOH and 2 M AcOH as eluents,
respectively, as previously described [20,21,23,
31,48]. Only when necessary, an additional purifi-
cation on Sephadex G-15 and/or Sephadex LH-20
with 0.2 M AcOH as eluent was carried out.

(� -Mercapto)-�,� -pentamethylenepropionyl) - Tyr-
(Me)-Ile-Thr-Asn-Cys-Pro-Orn-Eda (d(CH2)5[Tyr-
(Me)2,Thr4,Eda9] OVT) (C, Table 3). The sodium/liq-
uid NH3 procedure [93,94] with modifications as
previously described [20,21,23,31,48] was used for
deprotection of the protected peptide c, Table 2. A
solution of the protected Eda-peptide c (110 mg) in
sodium-dried ammonia (ca. 400 ml) was treated at
the boiling point with stirring with sodium from a
stick of metal contained in a small-bore glass tube
until a light blue color persisted in the solution for
ca. 30 s. NH4Cl was added to discharge the color.
The reoxidation of the deblocked disulphydryl pre-
cursor of peptide C was performed by the normal
procedure [97] as follows. The ammonia was evapo-
rated and nitrogen was passed through the flask.
After 5 min the residue was dissolved in degassed
aqueous acetic acid (50%, 30 ml) and quickly
poured into ice-cold water (ca. 700 ml). The pH was
adjusted to approximately 7 with concentrated am-
monium hydroxide. Following neutralization, an ex-
cess of a solution of potassium ferricyanide (0.01 M,
15 ml) was added gradually with stirring. The yellow
solution was stirred for an additional 20 min. The
isolation and purification steps (the treatment with
anion-exchange resin, lyophilization, and the gel
filtration on Sephadex G-15 [99] and Sephadex LH-
20) were performed as described above to give 39
mg (50.0%) of the free peptide C. The physicochemi-
cal properties of all free peptides 1� –4� , C and 5� –8�
are given in Table 3.
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