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Abstract: Twenty analogues were synthesized of [Pmp1, D-Trp2, Arg8]oxytocin, PA, (Pmp = β,β-
pentamethylene-β-mercaptopropionic acid), a potent antagonist of the uterotonic effect of oxytocin in the
rat (uterotonic test in vitro, pA2 = 7.77) and in the baboon. Systematic substitution of Pmp1 was made
with β-mercaptopropionic acids featuring replacement of the 4-methylene group of the cyclohexyl ring of
Pmp with isosteric O, S, NH or with C O. Since the more hydrophilic NH and C O substitutions showed
a sharply decreased antagonistic potency (rat uterotonic test in vitro), additional modifications were made
to reduce their hydrophilicity. Acylation of the NH group with various acyl groups, and ketalization or
thioketalization of C O with more or less bulky substituents led to a partial restoration of potency, the N-
carbamyl- and the 2-mercapto-2-adamantaneacetyl analogues being equipotent with PA. Internal cyclization
by amidation of the NH-group with Gly-9, resulted in a bicyclic analogue, (cyclo 1–9)[(HN)Pmp1, Gly9]PA
which was equipotent with PA. When Pen-6 was introduced into the bicyclic derivative instead of Cys-6, to
reduce the flexibility of the rings, the resulting (cyclo 1–9)[(HN)Pmp1, Pen6, Gly9]PA had somewhat better
potency (pA2 = 8.17) in the uterotonic test and no detectable activity in the antidiuretic assay. In the case
of substitution of PA with β,β-(3-thiapentamethylene)-β-mercaptopropionic acid, (S)Pmp, there was also
an increase in inhibitory potency in the uterotonic test (pA2 = 8.08); the analogue had extremely weak
antidiuretic activity. To establish the importance of the steric effects of the Pen-6 substitution, analogues
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[Pen6]PA and [(S)Pmp1, Pen6]PA were made and found to be very potent, with a pA2 of 8.72 and 8.86,
respectively. The high potency of the latter analogue and its extremely weak action in the diuretic assay
makes it an attractive candidate for studies on the inhibition of the biological effects of oxytocin and for the
prevention of preterm labour. Copyright  2002 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

There is great interest in the design of inhibitors
of preterm labour, since premature birth remains
the major factor contributing to perinatal mortality
and morbidity [1]. The neurohypophysial hormone
oxytocin (OT) seems to be involved in human
parturition, although it is unclear whether it is
involved in the initiation of labour [2,3]. Whereas
the use of β-adrenergic agonists in the treatment of
preterm labour is questioned as unsatisfactory [4],
an OT antagonist (OTA) has been successfully used
to inhibit the uterine contractions of premature
labour [5,6].

Considerable effort has been made in design-
ing specific OT analogues [7,8] or non-peptide
mimetics [9]. Some of the first potent antagonists
of the neurohypophysial hormones oxytocin and
[Arg8]vasopressin (AVP) used β-mercaptopropionic
acid (Mpa) in position 1 in addition to other
changes [10]. This was followed by the synthe-
sis of other β,β-dialkyl-β-Mpa-1-substituted ana-
logues with higher antagonistic potencies [11].
In subsequent attempts, β,β-pentamethylene-β-
mercaptopropionic acid (Pmp) was used to prepare
a strong OTA [12]. Since then, Pmp has become
the preferred substituent at position 1 to maintain
high antagonistic potency. Substitution with Mpa-1
was used in combination with other substituents
leading to [Mpa1, D-Tyr(Et)2, Thr4

, Orn8]OT (Atosi-
ban) [13] which was sufficiently potent to inhibit
preterm labour in clinical studies [5,6] and was
approved (trade name Tractocile) for clinical use
in Europe in January 2000 (Pharm J. 264 (7–100):
871).

In our laboratories [Pmp1, D-Trp2, Phe3, Ile4,
Arg8]oxytocin was synthesized [14] (pA2 = 7.51) and
found to: (a) inhibit uterine contractions of an
oestrus rat in response to OT; (b) inhibit milk-
let down in the lactating rat; (c) delay labour in
the rat and to inhibit labour contractions in the
baboon. In addition, this antagonist can inhibit
in vitro uterine contractions in response to OT
in uterine tissue obtained from women at cae-
sarean section [15]. Later, we showed that this

OTA inhibits spontaneous uterine contractions and
labour in baboons [16]. Subsequently, we devel-
oped [Pmp1, D-Trp2, Arg8]OT (PA, or parent antag-
onist, Figure 1) which is more potent (pA2 = 7.77)

and more specific than the previous one [14,17].
More recently, further increases in the potency
of OTAs were achieved by the substitution of
PA with an additional Trp residue in the tail
sequence [18,19].

Attempts have been made to modify Pmp
by making 4-alkyl-1-mercaptocyclohexaneacetic
acids [20,21], and introducing them instead of Pmp
at position 1 of AVP antagonists.

Twenty new OTAs have been prepared (Table 1)
and their structures are summarized in Figure 2.
To prepare the new analogues the synthesis of

SS

CH2-CO-D-Trp-Ile-Gln-Asn-Cys-Pro-Arg-Gly-NH2

Figure 1 Structure of [β,β-pentamethylene-β-mercapto-
propionyl1, D-Trp2, Arg8]oxytocin PA, or parent antagonist.
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Figure 2 Structure of PA analogues.
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Table 1 List of Analogues

No. Structure Abbreviation

[[β,β-Pentamethylene-β-mercaptopropionic acid1, D-Trp2, Arg8] OT PA
1 [β,β-(3-Oxapentamethylene)-β-mercaptopropionic acid1]PA [(O)Pmp1]PA
2 [β,β-(3-Thiapentamethylene)-β-mercaptopropionic acid1]PA [(S)Pmp1]PA
3 [β,β-(3-Azapentamethylene)-β-mercaptopropionic acid1]PA [(HN)Pmp1]PA
4 [β,β-(N-tert-Butyloxycarbonyl-3-azapentamethylene)-β-

mercaptopropionic acid1]PA
[(Boc-N)Pmp1]PA

5 [β,β-(N-Formyl-3-azapentamethylene)-β-mercaptopropionic
acid1]PA

[(For-N)Pmp1]PA

6 [β,β-(N-Acetyl-3-azapentamethylene)-β-mercaptopropionic acid1]PA [(Ac-N)Pmp1]PA
7 [β,β-(N-tert-Butylacetyl-3-azapentamethylene)-β-

mercaptopropionic acid1]PA
[(Bac-N)Pmp1]PA

8 [β,β-(N-1-Adamantane acetyl-3-azapentamethylene)-β-
mercaptopropionic acid1]PA

[(Adac-N)Pmp1]PA

9 [β,β-(N-Carbamyl-3-azapentamethylene)-β-
mercaptopropionic acid1]PA

[(Carb-N)Pmp1]PA

10 (Cyclo 1–9) [(HN)Pmp1, Gly9]PA
11 (Cyclo 1–9) [(HN)Pmp1, Pen6, Gly9]PA
12 [β,β-(3-Ketopentamethylene)-β-mercaptopropionic acid1]PA [(Keto)Pmp1]PA
13 [β,β-(Ethylene-3,3-dioxypentamethylene)-β-

mercaptopropionic acid1]PA
[(EDO)Pmp1]PA

14 [β,β-(Ethylene-3,3-dithiopentamethylene)-β-mercaptopropionic
acid1]PA

[(EDT)Pmp1]PA

15 [β,β-(Trimethylene-3,3-dithiopentamethylene)-β-mercaptopropionic
acid1]PA

[(TMDT)Pmp1]PA

16 [β,β-(o-Phenylene-3,3-dithiopentamethylene)-β-mercaptopropionic
acid1]PA

[(PDT)Pmp1]PA

17 [2-Mercapto-2-adamantaneacetic acid1]PA [Madac1]PA
18 [Thiosalicylic acid1]PA [Tsa1]PA
19 [Pen6]PA
20 [(S)Pmp1, Pen6]PA

a series of derivatives of Pmp (Table 2) was ini-
tially undertaken avoiding the cis and trans iso-
merism encountered with the 4-alkyl substituents
in the cyclohexane ring. First β,β-(3-oxapentameth-
ylene)-β-(4-methylbenzylmercapto)-propionic acid,
(O)Pmp(S-Meb), β,β-(3-thiapentamethylene)-β-(4-
methylbenzylmercapto)-propionic acid, (S)Pmp(S-
Meb) and β,β-(3-azapentamethylene)-β-(4-methyl-
benzylmercapto)-propionic acid, (HN)Pmp(S-Meb)
were prepared. These three acids may be deemed
isosteric with Pmp, with the CH2 group at posi-
tion 4 of the cyclohexane ring being replaced by
O, S and NH. (O)Pmp and (S)Pmp have been used
to make AVP antagonists, but no attempts have
been reported to design OTAs with these com-
pounds [22]. Then β,β-(3-keto-pentamethylene)-β-
(4-methylbenzylmercapto)-propionic acid, (O C)
Pmp(S-Meb) or (Keto)Pmp(S-Meb) was prepared.

Additional acids were obtained by direct acyla-
tion of peptides containing the (HN)Pmp substitu-
tion or by preparation of ketals and thioketals of
(O C)Pmp(S-Meb). These acids, and other deriva-
tives related to β-mercaptopropionic acid, were used
as a replacement for Pmp in PA. Altogether 16
analogues were prepared in this way. Two bicyclic
analogues were also prepared, featuring internal
acylation of (HN)Pmp-1 with Gly-9, with one of them
having Pen-6 to reduce the flexibility of the pep-
tide rings. Two analogues were prepared to further
study the importance of the Pen-6 substitution. The
analogues were tested as OTAs of the OT utero-
tonic action in the rat bioassay in vitro [23] in the
presence of magnesium ions and some of them
were also tested in the rat antidiuretic assay. We
report here the physicochemical properties of the
new OTAs (Tables 3 and 4) and their biological data
(Tables 5 and 6).
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Table 2 List of Protected β-Mercaptopropionic Acids and Related Derivatives

No. Name Abbreviation

21 β,β-(3-Oxapentamethylene)-β-(4-methylbenzylmercapto)-propionic acid (O)Pmp(S-Meb)
22 β,β-(3-Thiapentamethylene)-β-(4-methylbenzylmercapto)-propionic acid (S)Pmp(S-Meb)
23 β,β-(3-Boc-azapentamethylene)-β-(4-methylbenzylmercapto)-propionic acid (Boc-N)Pmp(S-Meb)
24 β,β-(Ethylene-3,3-dioxypentamethylene)-β-(4-methylbenzylmercapto)-

propionic acid
(EDO)Pmp(S-Meb)

25 β,β-(3-Ketopentamethylene)-β-(4-methylbenzylmercapto)-propionic acid (Keto)Pmp(S-Meb)
26 β,β-(Ethylene-3,3-dithiopentamethylene)-β-(4-methylbenzylmercapto)-

propionic acid
(EDT)Pmp(S-Meb)

27 β,β-(Trimethylene-3,3-dithiopentamethylene)-β-(4-methylbenzylmercapto)-
propionic acid

(TMDT)Pmp(S-Meb)

28 β,β-(o-Phenylene-3,3-dithiopentamethylene)-β-(4-methylbenzylmercapto)-
propionic acid

(PDT)Pmp(S-Meb)

29 2-(4-Methylbenzylmercapto)-2-adamantaneacetic acid Madac(S-Meb)
30 S-(4-Methylbenzyl)-thiosalicylic acid Tsa(S-Meb)

Table 3 Physicochemical Characteristics of Oxytocin Antagonists

Analogue TLCd HPLC
Retention

No Name MWa Yieldb % ORc deg. RfA RfB RfC RfD time (min)e

1 [(O)Pmp1]PAf 1128 25 −95 0.21 0.34 0.15 0.44 3.4
2 [(S)Pmp1]PA 1144 21 −92 0.22 0.36 0.17 0.54 5.4
3 [(HN)Pmp1]PA 1127 32 −75 0.10 0.21 0.01 0.26 1.0
4 [(Boc-N)Pmp1]PA 1227 33 −85 0.31 0.41 0.19 0.66 11.8
5 [(For-N)Pmp1]PA 1155 31 −74 0.18 0.24 0.13 0.39 3.2
6 [(Ac-N)Pmp1]PA 1169 28 −83 0.15 0.27 0.11 0.37 3.4
7 [(Bac-N)Pmp1]PA 1225 50 −74 0.26 0.36 0.20 0.61 8.2
8 [(Adac-N)Pmp1]PA 1303 23 −52 0.33 0.41 0.23 0.61 45.6
9 [(Carb-N)Pmp1]PA 1170 17 −84 0.16 0.29 0.11 0.37 3.0

10 (cyclo 1–9)[(HN)Pmp1, Gly9]PA 1110 21 −115 0.21 0.32 0.15 0.43 1.2
11 (cyclo 1–9)[(HN)Pmp1, Pen6, Gly9]PA 1137 18 −23 0.35 0.45 0.25 0.58 6.6
12 [(Keto)Pmp1]PA 1140 4 −90 0.21 0.30 0.14 0.44 3.6
13 [(EDO)Pmp1]PA 1184 14 −85 0.22 0.15 0.13 0.41 4.8
14 [(EDT)Pmp1]PA 1216 17 −77 0.27 0.33 0.19 0.55 10.0
15 [(TMDT)Pmp1]PA 1230 6 −78 0.22 0.40 0.17 0.57 9.8
16 [(PDT)Pmp1]PA 1264 5 −34 0.31 0.45 0.22 0.59 50.4
17 [Madac1]PA 1178 27 −132 0.30 0.37 0.20 0.59 12.0
18 [Tsa1]PA 1106 13 −84 0.25 0.45 0.19 0.51 4.6
19 [Pen6]PA 1154 28 −44 0.26 0.42 0.19 0.56 16.8
20 [(S)Pmp1, Pen6]PA 1172 34 −39 0.27 0.42 0.19 0.56 11.6

a FAB/MS gave the MW +1 for all analogues except for 8, 10 and 14 for which it was identical to the MW, and, for 1 which
gave MW +2.
b These yields are based on the milliequivalents of starting Boc-amino acid-resin.
c OR, Optical rotation. OR was determined as [alpha]D27, in degrees (c 1, 1N AcOH).
d The composition of solvents A–D is given in the Experimental Section.
e The analysis was run isocratically, solvent composition was 50% solvent B, flow rate 1.5 ml/min, in order to determine
the relative hydrophilicities by comparing retention times of analogues.
f PA, [Pmp1, D-Trp2, Arg8]OT.

Copyright  2002 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 8: 314–326 (2002)
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Table 4 Amino acid Analyses of Oxytocin Antagonists

Analogue Amino acid ratios

No Name Asp Glu Gly Arg Pro Cys Ile Trpa R

1 [(O)Pmp1]PA 0.95 0.93 1.09 1.00 0.99 0.43 0.90 0.72 0.66b

2 [(S)Pmp1]PA 0.94 0.92 1.10 1.05 1.08 0.64 0.90 0.73 0.25c

3 [(HN)Pmp1]PA 0.94 0.92 1.00 0.98 0.98 0.23 0.90 0.75 —
4 [(Boc-N)Pmp1]PA 0.94 0.91 1.06 1.06 1.10 0.22 0.90 0.69 —
5 [(For-N)Pmp1]PA 0.90 1.03 1.05 0.94 1.00 0.29 0.96 0.67 —
6 [(Ac-N)Pmp1]PA 1.00 1.00 1.00 1.04 1.04 0.22 0.97 0.67 —
7 [(Bac-N)Pmp1]PA 1.01 0.92 1.01 1.00 1.00 0.24 0.90 0.71 —
8 [(Adac-N)Pmp1]PA 1.00 1.01 1.00 1.05 1.02 0.24 0.99 0.71 0.85d

9 [(Carb-N)Pmp1]PA 0.90 1.03 0.98 1.03 0.94 0.29 0.96 0.66 —
10 (cyclo 1–9)[(HN)Pmp1, Gly9]PA 0.93 0.90 0.94 1.05 0.97 0.29 0.94 0.76 —
11 (cyclo 1–9)[(HN)Pmp1, Pen6, Gly9]PA 0.90 0.94 1.02 1.05 0.97 — 0.95 0.78 0.27e

12 [(Keto)Pmp1]PA 0.99 1.00 0.94 1.10 1.03 0.97 0.90 0.74 —
13 [(EDO)Pmp1]PA 0.94 1.00 1.00 1.03 1.02 0.52 0.96 0.74 —
14 [(EDT)Pmp1]PA 0.96 0.90 1.08 1.10 1.01 0.44 0.96 0.66 —
15 [(TMDT)Pmp1]PA 0.96 0.90 1.10 1.00 1.00 0.47 0.99 0.67 —
16 [(PDT)Pmp1]PA 1.00 0.91 0.99 1.01 0.90 0.17 0.92 0.85 —
17 [Madac1]PA 0.93 0.97 1.04 1.05 1.00 0.83 0.99 0.73 —
18 [Tsa1]PA 0.93 0.90 1.02 1.10 0.92 0.49 1.01 0.84 —
19 [Pen6]PA 0.96 0.94 1.00 1.02 1.03 — 0.99 0.78 0.31
20 [(S)Pmp1, Pen6]PA 0.93 0.99 1.00 1.03 1.01 — 1.02 0.81 0.29

a Tryptophan in peptides was estimated by its UV absorption at 280 nm as reported[37]. Values found for Trp suggest that
the peptide has several moles of AcOH, TFA and/or H2O.
b The PTC derivative of (O)Pmp-SS-Cys was used to determine the UV absorption and elution time. This PTC derivative
was coinjected with PTC-derivatives obtained with the standard amino acid mixture to identify the relative retention times.
Values for Cys are low when a derivative of the type of (O)Pmp-SS-Cys can form with some Pmp analogues which in most
cases was not detected.
c (S)Pmp-SS-Cys.
d Adac was estimated by HPLC of the hydrolysis product.
e Pen-SS-Pen.

EXPERIMENTAL

Synthesis of β-Mercaptopropionic Acid
Derivatives

Preparation of these compounds was patterned
after a synthesis of Pmp [24]. As an example, 4-
tetrahydropyranone was reacted with triethylphos-
phonoacetate, yielding ethyl 4-tetrahydropyranyli-
deneacetate. Michael addition of 4-methylbenzyl
(Meb) mercaptan and saponification yielded β,β-(3-
oxapentamethylene)-β-(4-methylbenzylmercapto)-
propionic acid, (O)Pmp(S-Meb), 21 (Table 2), which
was used to synthesize the protected amide pre-
cursor of analogue 1 (Table 1), by the general
solid phase peptide synthesis (SPPS) method. The
substituent for analogue 2 was similarly pre-
pared starting with 4-tetrahydrothiopyranone and

making (S)Pmp(S-Meb), 22. For making analogue
4, (Boc-N)Pmp(S-Meb), 23, was synthesized from
piperidone. Whereas treatment of the (Boc-N)Pmp(S-
Meb) protected peptide-amide with HF/anisole led to
the (HN)Pmp analogue 3, treatment with Na in liquid
NH3 led to the (Boc-N)Pmp analogue 4. Removal of
the Boc group in (Boc-N)Pmp(S-Meb)-peptide-resin
led to (HN)Pmp(S-Meb)-peptide resin which was suit-
ably acylated, leading to the (For-N)Pmp analogue
5, (Ac-N)Pmp analogue 6, (tert-butyl-Ac-N) or (Bac-
N)Pmp analogue 7 and (1-adamantane acetyl-N)Pmp
analogue, (Adac-N)Pmp, analogue 8. Treatment of
analogue 3 with potassium cyanate led to substitu-
tion with the carbamyl (Carb) group and formation
of the (Carb-N)Pmp analogue 9.

The (HN)Pmp group was acylated internally by
making [(HN)Pmp1

, Gly9]PA and making a second
ring by formation of the 1–9 lactam, in analogue

Copyright  2002 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 8: 314–326 (2002)



OXYTOCIN ANTAGONISTS 319

Table 5 Potency of Competitive Antagonists of Oxytocin Contractile
Action in the Rat Uterus In Vitro Assay

Analogue Antioxytocic potency

No Name pA2 ± SEM

PAa 7.77 +0.03
1 [(O)Pmp1]PA 7.20 ±0.07
2 [(S)Pmp1]PA 8.08 ±0.04; 8.11 ± 0.07b

3 [(HN)Pmp1]PA 4.78 ±0.03; 5.2 ± 0.3b,c

4 [(Boc-N)Pmp1]PA 5.29 ±0.08
5 [(For-N)Pmp1]PA 7.46 ±0.07b

6 [(Ac-N)Pmp1]PA 7.10 ±0.06
7 [(Bac-N)Pmp1]PA 6.40 ±0.02
8 [(Adac-N)Pmp1]PA 6.04 ±0.07
9 [(Carb-N)Pmp1]PA 7.71 ±0.12b

10 (cyclo 1–9)[(HN)Pmp1, Gly9]PA 7.80 ±0.10b

11 (cyclo 1–9)[(HN)Pmp1, Pen6, Gly9]PA 8.17 ±0.16b

12 [(Keto)Pmp1]PA 5.55 ±0.06
13 [(EDO)Pmp1]PA 7.25 ±0.08
14 [(EDT)Pmp1]PA 7.15 ±0.07
15 [(TMDT)Pmp1]PA 7.00 ±0.03
16 [(PDT)Pmp1]PA 6.82 ±0.04
17 [Madac1]PA 7.87 ±0.03
18 [Tsa1]PA 6.10 ±0.05
19 [Pen6]PA 8.72 ±0.05
20 [(S)Pmp1, Pen6]PA 8.86 ±0.09

a This analogue [Pmp1, D-Trp2, Arg8]OT, PA, was previously reported [14,17].
b Values obtained in the laboratories of J. Slaninová.
c The determination of the value is complicated by low agonistic activity; the dose
dependency of the antagonistic activity makes a very shallow line.

Table 6 Potency of Most Potent Competitive Antagonists of Oxytocin in the
Antidiuretic Assay in the Rat

Analogue Antidiuretic activity

No Name Agonistic IU/mg Antagonistic pA2

PAa <5.86a

2 [(S)Pmp1]PA <0.02b,c

11 (cyclo 1–9)[(HN)Pmp1, Pen6, Gly9]PA 0b,d 0b,d

20 [(S)Pmp1, Pen6]PA <5.75

a Biological data for PA ([Pmp1, D-Trp2, Arg8]OT) taken from reference [17].
b Values obtained in the laboratories of J. Slaninová.
c Very low antidiuretic activity, no antagonism.
d No activity at all.

10. We also made another bicyclic 1–9 lactam from
[(HN)Pmp1

, Pen6, Gly9]PA, leading to analogue 11.
After synthesis from 1,4-cyclohexanedione mono-

ethylene ketal, the β,β-(ethylene-3,3-dioxy-penta-
methylene)-β-(4-methylbenzylmercapto)-propionic

acid, (EDO)Pmp(S-Meb), 24, was used to prepare
analogue 13 which after acid treatment gave the
(Keto)Pmp analogue 12. Treatment of (EDO)Pmp(S-
Meb) with acid gave (Keto)Pmp(S-Meb), 25, which,
when treated in the presence of BF3-etherate/AcOH

Copyright  2002 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 8: 314–326 (2002)
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with a dithiol, led to a thioketal [25]. In this
manner, treatment of 25 with 1,2-ethanedithiol
led to β,β-(ethylene-3,3-dithiopentamethylene)-β-
(4-methylbenzylmercapto)-propionic acid, (EDT)-
Pmp(S-Meb), 26, used to make analogue 14;
treatment of 25 with 1,3-propanedithiol led
to β,β-(trimethylene-3,3-dithiopentamethylene)-β-
(4-methylbenzylmercapto)-propionic acid, (TMDT)-
Pmp(S-Meb), 27, used to make analogue 15;
treatment of 25 with 1,2-benzenedithiol led
to β,β-(o-phenylene-3,3-dithiopentamethylene)-β-
(4-methylbenzylmercapto)-propionic acid, (PDT)Pmp-
(S-Meb), 28, used to make analogue 16.

For making analogue 17, 2-adamantanone was
converted to ethyl 2-(4-methylbenzylmercapto)-
2-adamantane acetate. Various conditions for
saponification led to small amounts of 2-(4-
methyl-benzylmercapto)-2-adamantane acetic acid,
Madac(S-Meb), 29, probably due to steric hin-
drance favouring elimination of Meb-SH. Preparative
HPLC allowed the purification of sufficient Madac(S-
Meb) to make analogue 17. For making analogue
18, thiosalicylic acid (Tsa) was alkylated to S-
(4-methylbenzyl)-thiosalicylic acid, Tsa(S-Meb), 30.
The preparation of analogues 19 and 20 involved
standard reagents.

Altogether nine analogues of mercaptopropionic
acid, 21–24 and 26–30 were directly incorpo-
rated into analogue precursors. Other modifica-
tions were made in the stage of protected pep-
tides (in the case of analogues 3 and 5–8).
Analogue 9 was made from analogue 3, and
analogue 12 was made from analogue 13. Ele-
mental analyses for C, H, N, S were per-
formed by Galbraith Laboratories, Knoxville Ten-
nessee, USA and were within 0.4% of the the-
oretical value for the proposed structures unless
indicated.

β,β-(3-Oxapentamethylene)-β-(4-methylbenzyl-
mercapto)-propionic acid, (O)Pmp(S-Meb), 21.
Following the general procedure of Yim and
Huffman [24], tetrahydro-pyran-4-one was reacted
with triethylphosphonoacetate, affording ethyl 4-
tetrahydro-pyranylidene-acetate as an oil (69%
yield) which was subjected to a Michael addition
with 4-methylbenzyl-mercaptan and the product
subjected to saponification as usual. Crystallization
from EtOAc gave (O)Pmp(S-Meb), 21, (Table 2) in
an 81% yield, mp 110° –111 °C. Anal. (C15H20O3S):
Calcd.: C, 64.2; H, 7.19; S, 11.4; Found: C, 64.3; H,
7.45; S, 11.2.

β,β-(3-Thiapentamethylene)-β-(4-methylbenzyl-
mercapto)-propionic acid, (S)Pmp(S-Meb), 22.
This intermediate was prepared as for the preceding
compound, but starting with tetrahydro-thiopyran-
4-one. Crystallization from EtOAc yielded (S)Pmp(S-
Meb), 22, in a 46% yield, mp 114° –115 °C. Anal.
(C15H20O2S2): Calcd.: C, 60.8; H, 6.79; S, 21.6;
Found: C, 60.9; H, 6.79; S, 21.2.

β,β- (3- Boc- azapentamethylene)- β -(4- methyl-
benzylmercapto)-propionic acid, (Boc-N)Pmp(S-
Meb), 23. This compound was made from Boc-
piperidone, which was prepared from piperidone
by reaction with Boc-anhydride; crystallization from
Et2O-hex gave Boc-piperidone in an 80% yield, mp
73° –74 °C. Anal. (C10H17O3N): Calcd.: C, 60.3; H,
8.59; N, 7.03; Found: C, 60.7; H, 8.87; N, 7.03.

Following the general method Boc-piperidone was
converted to ethyl N-Boc-piperidylidene acetate;
crystallized from iPrOH-hex in a 66% yield, mp
84° –85°. Anal. (C14H23O2N): Calcd.: C, 62.4; H, 8.61;
N, 5.20; Found: C, 62.8; H, 8.65; N, 5.17.

The usual method of Yim and Huffman gave
(Boc-N)Pmp(S-Meb), 23, which was crystallized from
iPrOH-hex in a 68% yield, mp 115° –117 °C. Anal.
(C20H29NO4S): Calcd.: C, 63.3; H, 7.70; N, 3.69; S,
8.45; Found: C, 63.7; H, 7.71; N, 3.73; S, 8.12.

β,β-(Ethylene-3,3-dioxypentamethylene)-β-(4-
methylbenzylmercapto)-propionic acid, (EDO)-
Pmp(S-Meb), 24. This intermediate was prepared
from 1,4-cyclohexanedione mono-ethylene ketal.
Treatment of the product with dicyclohexylamine
(DCHA) and crystallization from EtOAc-hex gave the
(EDO)Pmp(S-Meb).DCHA salt in an 83% yield, mp
142° –143 °C. Anal. (C30H47NO4S): Calcd.: C, 69.6;
H, 9.15; N, 2.71; S, 6.19; Found: C, 69.4; H, 8.93;
N, 2.87; S, 6.32.

The DCHA salt was treated with citric acid and
extracted with Et2O, the extracts were washed with
H2O, saturated salt, dried (Na2SO4) and evaporated
to dryness. The residue was crystallized from EtOAc-
hex giving (EDO)Pmp(S-Meb), 24, in a 65% yield, mp
105° –106 °C. Anal. (C18H24O4S): Calcd.: C, 64.3; H,
7.19; S, 9.53; Found: C, 64.1; H, 7.27; S, 9.14.

β,β-(3-Ketopentamethylene)-β-(4-methylben-
zylmercapto)-propionic acid, (Keto)Pmp(S-Meb),
25. A solution of (EDO)Pmp(S-Meb) in 75% AcOH
was kept for 40 min at 105 °C. The reaction was
extracted with EtOAc and this solvent washed as
above and evaporated to an oil which crystallized
from EtOAc-hex yielding (Keto)Pmp(S-Meb), 25, in
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a 95% yield, mp 121° –123 °C. Anal. (C16H20O3S):
Calcd.: C, 65.7; H, 6.89; S, 11.0; Found: C, 66.1; H,
7.07; S, 10.9.

β,β-(Ethylene-3,3-dithiopentamethylene)-β-(4-
methylbenzylmercapto)-propionic acid, (EDT)-
Pmp(S-Meb), 26. (Keto)Pmp(S-Meb) (1.2 g, 4.1
mmol) was dissolved in AcOH (4.5 ml), ethanedithiol
(2 ml, 20 mmol) was added, and the solution was
treated with BF3-etherate (1 ml) [25]. After 2 h
(EDT)Pmp(S-Meb), 26, was filtered and washed with
AcOH giving a 92% yield, mp 158° –159 °C. Anal.
(C18H24O2S3): Calcd.: C, 58.7; H, 6.56; S, 26.1;
Found: C, 58.5; H, 6.68; S, 26.4.

β,β-(Trimethylene-3,3-dithiopentamethylene)-β-
(4-methylbenzylmercapto)-propionic acid, (TM-
DT)Pmp(S-Meb), 27. (Keto)Pmp(S-Meb) was treated
as described for the preceding intermediate, but
using trimethylene-1,3-dithiol, which gave (TMDT)-
Pmp(S-Meb), 27, in a 90% yield, mp 177° –178 °C.
Anal. (C19H26O2S3): Calcd.: C, 59.7; H, 6.85; S, 25.1;
Found: C, 59.8; H, 6.98; S, 25.7.

β,β-(o-Phenylene-3,3-dithiopentamethylene)-β-
(4-methylbenzylmercapto)-propionic acid, (PDT)-
Pmp(S-Meb), 28. (Keto)Pmp(S-Meb) was treated by
the method described above, but using benzene-1,2-
dithiol, which gave (PDT)Pmp(S-Meb), 28, in an 85%
yield, mp 146° –147 °C. Anal. (C22H24O2S3): Calcd.:
C, 63.4; H, 5.80; S, 23.1; Found: C, 63.3; H, 5.98;
S, 23.1.

2-(4-Methylbenzylmercapto)-2-adamantane
acetic acid, (Madac)(S-Meb), 29. Start-
ing with 2-adamantone, the usual meth-
ods led to ethyl 2-(4-methylbenzyl-mercapto)-2-
adamantaneacetate, Madac(S-Meb)-OEt ester which
was crystallized from iPrOH-hex in an 80% yield,
mp 85° –86 °C. Anal. (C22H30O2S): Calcd.: C, 73.7;
H, 8.43; S, 8.94; Found: C, 73.3; H, 8.73; S, 9.25.

Saponification of the preceding ester [24]
gave very impure (Madac)(S-Meb) which was
purified by preparative HPLC with a gradi-
ent of 0–100% B over 90 min. Crystalliza-
tion from iPrOH gave 2-(S-Meb-mercapto)-2-
adamantaneacetic acid, (Madac)(S-Meb), 29, in a
9% yield, mp 196° –198 °C. Anal. (C20H26O2S):
Calcd.: C, 72.7; H, 7.93; S, 9.70; Found: C, 72.8; H,
7.99; S, 10.1.

S-(4-Methylbenzyl)-thiosalicylic acid, Tsa(S-Meb),
30. Thiosalicylic acid (5 g, 32.5 mmol) was treated
with EtOH (50 ml), Cs2CO3, (10.6 g, 32.5 mmol) in
H2O (20 ml), and KOH (3.7 g, 65 mmol) to pH 9–10.

Evaporation to dryness gave a residue, which was
dissolved in DMF (33 ml), Meb-Cl (10.5 g, 65 mmol)
was added and the reaction was kept at 50 °C for
1 h. Extraction with EtOAc and washing with H2O,
saturated salt, drying (Na2SO4) and evaporation to
dryness, gave a solid residue. Crystallization (EtOH)
gave Tsa(S-Meb)-OMeb, 4.06 g, in a 34% yield, mp
115° –118 °C. Anal. (C23H22O2S): Calcd.: C, 76.2; H,
6.12; S, 8.84; Found: C, 76.1; H, 6.12; S, 8.77.

To Tsa(S-Meb)-OMeb (1.09 g, 3 mmol) was added
EtOH (12 ml) and 45% KOH (1.2 ml). After 15 min
the solution was acidified with 2N HCl to pH 2. The
precipitate was filtered, air dried and crystallized
from EtOH, yielding 555 mg of Tsa(S-Meb), 30, in
a 72% yield, mp 190° –192 °C. Anal. (C15H14O2S):
Calcd.: C, 69.7; H, 5.46; S, 12.4; Found: C, 69.5; H,
5.21; S, 12.8.

Synthesis of Protected Peptides

All protected peptide precursors of the antagonists
were prepared manually by solid phase peptide syn-
thesis (SPPS) [26] using the Boc-amino acid strat-
egy [27] and methodology previously described [17].
For protection of side chain functionalities, Boc-
Arg(Tos) and Boc-Cys(Meb) or Boc-Pen(Meb) were
used. We started with Boc-Gly-resin (0.7 mmol of
Boc-Gly/g) prepared on a 200–400 mesh chloro-
methylated resin (BioRad), 1% cross-linked with
divinylbenzene, by esterification with the caesium
salt of the respective Boc-amino acid [28]. The Boc-
Gly-resin (0.5–0.7 mmol/g) was taken manually
through the required number of coupling cycles as
previously modified [19]. Completion of the coupling
step was monitored by means of the ninhydrin test,
which usually gave a negative response [29]. When
unprotected Boc-D-Trp was introduced at position
2, Boc-groups were removed with 30% TFA in DCM
containing 1% mercaptoethanol, 5% anisole [19].
The appropriate acid to be incorporated at posi-
tion 1 of the peptide was incorporated in a 3-fold
excess in DMF solution by activation with DCC and
HOBt. The protected peptides were removed from the
resin, by ammonolysis for 3 days with MeOH satu-
rated with ammonia [30]. The resin was removed by
filtration, and extracted three times with hot DMF.
The combined mixture of methanol filtrate and the
DMF extracts were pooled and evaporated to dry-
ness, and the residue was dissolved in DMF and
the protected peptide amide was precipitated by
addition to EtOH : pet ether, yielding 400–600 mg
of products. Since TLC analysis of protected pep-
tides usually showed one major component with
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minor impurities, they were used directly for removal
of blocking groups and purification of the free
analogues.

Analogue Synthesis

Protected peptides were freed from blocking groups
on side chain functionalities by reduction with
Na in liquid ammonia [31] or by treatment with
liquid HF–anisole [32] and the disulphydryl pep-
tides were converted in very dilute solution [33]
to the cyclic disulphide by oxidation with potas-
sium ferricyanide [34]. The free peptides were sub-
jected to gel filtration on Sephadex G-15 [35] to
free them from small by-products and salts and
were further purified by preparative HPLC [17]. The
solvent systems used both for analytical and/or
preparative HPLC were: (A) 0.05% TFA; (B) 60%
MeCN–40% solvent A or (C) MeCN containing 0.05%
TFA. Peptide purity was also monitored by TLC
on silica gel G pre-coated Uniplates (0.25 mm,
Analtech). The solvent systems used (ratios given
by volume) were: (A) n-BuOH–AcOH–H2O (4 : 1 : 1);
(B) n-BuOH–AcOH: H2O (4 : 1 : 5, upper phase); (C)
n-BuOH–AcOH: H2O (5 : 1 : 1); (D) n-BuOH–AcOH:
H2O : Pyr (5 : 1 : 1 : 1). Peptides were detected with
Ehrlich reagent or chlorine–tolidine [27]. The molec-
ular weight of each peptide was determined by mass
spectrometry (FAB/MS) and the peptide purity was
monitored by TLC, HPLC (Table 3) and amino acid
analysis (Table 4). For amino acid analysis, peptides
were hydrolysed with 6N HCl for 24 h at 110 °C
and the resulting amino acid components were
derivatized with phenylisothiocyanate and analysed
by the Waters Associates Picotag method [36], as
previously described [17]. The Trp residues were
estimated from the UV absorption of the peptides
at 280 nm [37]. The optical rotations of peptides
were measured with a Rudolph polarimeter (preci-
sion ±0.01°).

[Cyclo S1-S6](S)Pmp-D-Trp-Ile-Gln-Asn-Cys-Pro-
Arg-Gly-NH2, [(S)Pmp1, D-Trp2, Arg8]OT, (2, Table
I). (S)Pmp(Meb)-D-Trp-Ile-Gln-Asn-Cys(Meb)-Pro-
Arg(Tos) Gly-NH2 assembled by the SP method as
described above (250 mg) was dissolved in anhy-
drous liquid ammonia (200 ml) freshly distilled from
sodium and treated under anhydrous conditions
with sodium until a pale-blue colour lasted for about
15–30 s. After evaporation of ammonia in a vacuum,
the solid residue was dissolved in 20 ml of 50%
AcOH. The clear solution was added to water (2 l),
the pH was adjusted to 7.0 with concentrated ammo-
nium hydroxide and the solution was titrated with

0.01N potassium ferricyanide, until a permanent
yellow colour resulted and then a 20% excess
of potassium ferricyanide solution was added [34].
After 20 min, the ferrocyanide and ferricyanide salts
were removed by stirring for 10 min with AG1 X-2
(Cl−) ion exchange resin (20 g) and then passing the
suspension through a column containing additional
ion exchange resin (20 g), with three H2O (50 ml)
washings. The combined filtrate and washings were
lyophilized. Analysis of the solid obtained contain-
ing the peptide was accomplished on an analytical
µBondapak C18 column (30 × 0.39 cm), monitor-
ing at 220 nm, and eluting isocratically with 57%
solvent B (solvent A, 0.05% TFA; solvent B 60%
MeCN–40% of 0.05% TFA), at a rate of 1.5 ml/min.
The peptides were freed from scavengers, and/or
were desalted by gel filtration on Sephadex G-15,
followed by final purification by preparative HPLC.
A gradient was run from 0 to 50% B over 50 min,
eluting at a rate of 5 ml/min, monitoring the elu-
ent at 280 nm. The purer fractions determined by
analytical HPLC, were pooled and lyophilized, yield-
ing antagonist 2 (24 mg). The analogue molecular
weight was determined by FAB/MS, and the ana-
logue purity was established by TLC in four separate
solvent systems and by analytical HPLC (Table 3)
and by amino acid analysis (Table 4).

This procedure, with only minor variations, was
used to prepare all the OTAs or their precursors,
except for the thioketal analogues 14–16 and the
thiosalicylic acid analogue 18 for which depro-
tection with liquid HF-anisole was performed by
methods previously described [17].

For purification of analogues, an isocratic con-
centration X for solvent B was determined, which
would lead to an elution time of 20–30 min. The
preparative run was performed with a gradient of
0-X% solvent B for 1h to several hours, suitably
chosen to lead to the removal of impurities. For
amino acid analyses (Table 4) the Picotag method
was used [36]. 1-Adamantylacetic acid was quanti-
fied by HPLC using a standard of this acid and mon-
itoring at 220 nm. All analogues gave the expected
amino acid analysis ratios ±10%. D-Tryptophan was
estimated in peptides by UV spectrophotometry at
280 nm [37]. The lower values found for tryptophan
suggest that a peptide may have several moles of
AcOH, TFA and/or H2O, as has been our previous
experience [37].

Analogue 3, [(HN)Pmp1]PA, and acylated pep-
tides thereof (4–9). Treatment of the (Boc-N)Pmp
protected-peptide amide with Na/liq NH3, led to
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the (Boc-N)Pmp analogue 4. Treatment of the (Boc-
N)Pmp protected-peptide amide with HF/anisole led
to the (HN)Pmp analogue 3. Removal of the Boc
group and neutralization by the usual method led to
the (HN)Pmp-peptide resin, which was acylated with
For-ONp in DMF, leading to the (For-N)Pmp-peptide
resin and from this resin to analogue 5. Treat-
ment of the (HN)Pmp-peptide resin with a solution
of DMF : Ac2O : DIEA (8 : 1 : 1) by the usual meth-
ods led to the (Ac-N)Pmp analogue 6. Similarly,
tert-butyl acetic acid and 1-adamantyl acetic acid
were activated by DCC in the presence of 1-HOBt
in DMF solution and were coupled to (HN)Pmp-
peptide-resin leading to the (Bac-N)Pmp analogue
7 and (Adac-N)Pmp analogue 8, respectively. Treat-
ment of 3 (90 mg) with a solution of potassium
cyanate (150 mg, 1.8 mmol) in H2O (450 µl) and
DMF (525 µl) for 1 h, followed by purification by
preparative HPLC led to 58 mg of the (Carb-N)Pmp
analogue 9.

Cyclic analogues 10 and 11. The analogues
[(HN)Pmp1

, Gly9]PA and [(HN)Pmp1
, Pen6, Gly9]PA

were made by the usual methods. A solution
of [(HN)Pmp1

, Gly1]PA (113 mg, 0.1 mmol) in DMF
(500 ml) was treated with NaHCO3 (1 mmol), and
to the resulting solution was added BOP reagent
(155 mg, 0.35 mmol). After 16 h, the reaction was
evaporated to a solid residue and purified by
preparative HPLC yielding 59 mg of analogue 10.
Analogue 11 was similarly prepared starting with
[(HN)Pmp1

, Pen6, Gly9]PA (70 mg, 61 mmol), yielding
34 mg of product.

[(Keto)Pmp1]PA and Ketals Thereof (12–16). The
[(EDO)Pmp1]PA, 13, was made by the usual method-
ology. Treatment of 13 with 1N HCl for 15 min quan-
titatively hydrolysed the ketal, and after neutralizing
to pH 7 the solution was lyophilized and the prod-
uct was purified by preparative HPLC yielding the
(Keto)Pmp analogue 12. The thioketals (EDT)Pmp,
26, (TMDT)Pmp, 27 and (PDT)PMP, 28, were used
to complete the peptides by SPPS and to make their
respective analogues 14–16, which could only be
successfully made when HF-anisole was used for
protecting group removal.

Analogues 17 and 18. Madac(S-Meb) or Tsa(S-
Meb) (3 mmol) were coupled to D-Trp-Ile-Gln-Asn-
Cys(Meb)-Pro-Arg(Tos)-Gly-resin (1 mmol), in DMF
solution by treatment with 1-HOBt (3 mmol) and
DCC (3 mmol), overnight until the reaction was
complete. Thereafter the usual methods led to the
analogues. However, 18 could only be prepared by

removal of the blocking groups with HF-anisole by
the usual methods, Na in liquid ammonia gave a very
complex mixture from which the product could not
be isolated. The physicochemical properties, amino
acid analyses and biological properties of analogues
1–18 are shown in Tables 3–6.

[1-L-Amino-3,4-dithiahexane-5,5-(3-thiapenta-
methylene)-1,6-dicarboxylic acid, (S)Pmp-SS-
Cys. The blocking group of (S)PMP(S-Meb) (1.186 g,
4 mmol) dissolved in liquid ammonia (100 ml) was
removed by touching the solution with a sodium
stick until a blue colour lasted 15–30 s. Cysteine
(1.94 g, 16 mmol) was added and the resulting solu-
tion was evaporated in a vacuum to a solid mixture.
A solution made by dissolving the residue in water
(25 ml) and 2N HCl to pH 7, was treated with 1N

potassium ferricyanide (4.3 ml). The solution was
treated with AG1-X2 (Cl−) (90 g) and was added to a
column with additional resin (30 g). After collecting
the eluent, the resin was washed with additional
water (15 ml). The pooled eluent was evaporated to
dryness in a vacuum. The residue was dissolved in
water (8 ml) and 2N HCl was added to pH 3. The
solution was evaporated to dryness in a vacuum
and the solid formed dissolved in a minimum vol-
ume of hot water. The solid formed was collected,
mp 190° –191 °C. Anal. (C10H17N1O4S3): Calcd.: C,
38.6; H, 5.50; N, 4.50; S, 30.9; Found: C, 38.6; H,
5.57; N, 4.46; S, 30.8.

[1-L-Amino-3,4-dithiahexane-5,5-(3-oxapenta-
methylene)-1,6-dicarboxylic acid, (O)Pmp-SS-
Cys. This mixed disulphide was prepared by a mod-
ification of the above method, employing (O)PMP(S-
Meb), yielding (O)Pmp-SS-Cys, mp 196° –197 °C.
Anal. (C10H17N1O5S2): Calcd.: C, 40.7; H, 5.80; N,
4.74; S, 21.7; Found: C, 40.6; H, 5.70; N, 4.75; S,
21.3.

Bioassays

All but four analogues were tested as antagonists of
OT uterotonic action as previously described [15].
Uteri isolated from rats in natural oestrus were
maintained in Van Dyke–Hastings solution contain-
ing 0.5 mM Mg2+. Isometric contractions in response
to graded doses of OT were recorded on a chart
and were quantified by integrating the area under
the peaks obtained. The pA2 for each antago-
nist was determined by the method of Schild [38]
in at least four separate assays. Four analogues
were tested using a modified method [39] in Mun-
sick solution also containing 0.5 mM Mg2+. Rats in
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induced oestrus by the injection of oestrogen 48 h
before the experiments were used, the height of
the single contraction was measured and cumu-
lative dose response curves were constructed in the
absence and in the presence of various doses of
the analogues. The pA2 was also calculated accord-
ing to Schild. To ensure the comparability of the
results, two analogues were tested using both pro-
cedures, one analogue having a high inhibitory
potency (Table 5, analogue 2) and another having
a low activity (Table 5, analogue 3). There was very
good agreement in the values obtained using both
methods, especially in the case of the highly active
analogue 2. In the case of the weakly active ana-
logue 3, determination of its pA2 was complicated
by the observed low agonistic activity. In both cases
pure synthetic oxytocin from Bachem was used as
a standard. Only the most potent antagonists of the
series were also tested in a rat antidiuretic assay
performed either on ethanol-anaesthetized rats [15]
or conscious rats in a modified Burn’s arrange-
ment [39]. An in vivo pA2 in the antidiuretic assay
was calculated as the negative logarithm to base 10
of the effective concentration which was calculated
from the effective dose divided by the volume of dis-
tribution (arbitrarily taken as 67 ml/kg) and by the
molecular weight.

RESULTS AND DISCUSSION

A total of 20 analogues were synthesized
and evaluated. The results are summarized in
Tables 1–6. The parent acid, β,β-pentamethylene-
β-mercaptopropionic acid, Pmp, was subjected to
substitutions at position 3 of the pentamethylene
group by replacing the 3-CH2 with O, S, NH and
C O (analogues 1–3 and 12). The O substitution
led to a more hydrophilic compound and a weaker
antagonist than PA (Table 5, analogue 1). The much
more hydrophilic substituents, NH and C O, led to
extremely weak antagonists (Table 5, analogues 3
and 12). On the other hand, substitution with S led
to analogue 2 with a higher potency (pA2 = 8.08)

than that of PA. This is not surprising if it is
recalled that the earlier OTAs required elimination
of the polar amino group of cysteine-1, among other
requirements to attain antagonism.

In attempts to reduce the hydrophilicity of the
imino group, several derivatives were prepared with
acyl groups of increasing lipophilicity and bulkiness.
In general, it was found that acylation of analogue
3 led to lower hydrophilicity (comparative HPLC,

Table 3) and to improved antagonistic potency,
although the potency did not seem to be related
to the lipophilicity of the acyl group or its bulk
(analogues 4–9). The most effective of these substi-
tutions led to the N-carbamyl derivative, analogue
9, with a potency similar to that of PA.

Since Hruby proposed that conformational flex-
ibility may be required for transduction of the
biological response of oxytocin [40], we attempted
next to acylate the imino group by internal acyla-
tion with the carboxyl group of Gly9, which led to
the more rigid bicyclo analogue 10, which was as
potent (pA2 = 7.8) as PA. It is not possible to tell
whether it is the reduced flexibility of the PA ring
that leads to the improved potency or merely acy-
lation of the imino group, which reduces polarity.
Another bicyclic analogue was made, featuring fur-
ther restriction in the flexibility of the two rings, by
introducing penicillamine, a β,β-dimethylcysteine,
at position 6 common to both rings. This led to
analogue 11 with enhanced potency (pA2 = 8.17)

and no detectable activity in the antidiuretic assay
(Table 6).

We attempted to improve the lipophilicity of the
keto-substitution of analogue 12, by making ketals
and thioketals 13–16, all of which had lower
hydrophilicity (comparative HPLC, Table 3) and were
more potent than the keto-analogue, but none was
a very potent OTA.

We also made [2-mercapto-2-adamantaneacetic
acid1]PA, [Madac1]PA, 17, pA2 = 7.87, which is as
potent as PA but its synthesis is laborious and gives
low yields. Analogue 18, [Tsa1]PA, was a weak OTA.

Since substitution of PA with (S)Pmp appeared
to be the most promising and in view of the good
increase in antagonist potency obtained with the
substitution with Pen-6 in analogue 11, analogues
[Pen6]PA, 19 and [(S)Pmp1

, Pen6]PA, 20 were pre-
pared and found to be very highly potent, with
pA2 = 8.72 and 8.86, respectively.

CONCLUSIONS

The significant increase in potency obtained by the
use of (S)Pmp1(analogue 2, pA2 = 8.08) instead of
Pmp1 in PA (pA2 = 7.77) has led to the use of
(S)Pmp as a preferred substituent in the design of
OTAs, in attempts to obtain analogues with the high
potencies that would be helpful in the treatment of
preterm labour. In addition, analogue 2 has good
specificity since it is an extremely weak agonist in
the antidiuretic assay and shows no antagonistic
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action (Table 6), hence the optional modification of
Pmp with SPmp is a valuable mode of substitution,
raising hopes of designing antagonists with higher
specificity of action as purer OT antagonists. The
finding that the Pen-6 substitution in the bicyclic
analogue 11, led to a potent OTA, inspired us to
the design and synthesis of the potent analogues
[Pmp1, Pen6]PA 19, and [(S)Pmp1

, Pen6]PA 20, with
pA2 = 8.72 and 8.86, respectively. Additionally,
analogue 20 had extremely weak activity in the
antidiuretic assay (Table 6). These findings raise the
expectation that analogue 20 might be useful for
studies on the inhibition of the biological effects of
oxytocin and clinically in the prevention of preterm
labour. Of additional interest for the design of
selective OT antagonists is the significant increase
in potency in the bicyclic analogue 11, with no
detectable activity in the antidiuretic assay. It will
be further studied as a potentially specific oxytocin
antagonist.
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