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Novel Vasopressin Analogues That Help Define a 
Minimum Effective Antagonist Pharmacophore 
Sir: 

In our attempt to ultimately design small molecules that 
act as vasopressin receptor antagonists, an initial goal has 
been to define the minimum active fragment of the class 
of peptide V2-receptor antagonists first described by 
Manning et al. (exemplified by compound 1, Figure l).l 
We have focused a portion of our effort on the tripeptide 
tail which is common to these antagonists as well as to 
vasopressin. This tail is postulated to contain key binding 
elements of the agonist pharmacophore.2 It has recently 
been shown by Manning et aL3 and independently by us4v5 
that potent octapeptide vasopressin antagonists can be 
obtained by deletion of the carboxyl-terminal glycine 
moiety, leaving a carboxyl-terminal argininamide, for ex- 
ample compounds 2 (SK&F 101926) and 3. We have 
previously presented evidence that the pharmacophore 
requirements at the renal V2-receptor differ for vasopressin 
agonists and antagoni~ts.~?' For example, analogues of 1 
(or its L-Tyr(Et)2 congener) with either D- or L-arginine at  
position 8 are essentially equipotent, which is not the case 
with agonists.'P6 This suggested that the terminal car- 
boxamide group in 2 or 3 may not be essential in the 
antagonist pharmacophore since this situation would allow 
the D- and L-arginine analogues to be topochemically 
equivalent. This hypothesis was tested by the preparation 
of compound 4, in which the lysine of 3 is replaced by an 
alkyldiamine. 

The synthesis of 4 was dependent on proline acid 5 
which was prepared by standard solid-phase synthesis 
techniques on Merrifield resin, cleaved from the resin with 
anhydrous HF, and cyclized under dilute conditions with 
aqueous potassium ferricyanide. Peptide 5 was then pu- 
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Pmp-B-Tyr(Et)-Phe-Val-Asn-Cys-X 

- 1 :  X = Pro-Arg-Gly-NH, 

2: X = Pro-Arg-NH, (SK&F 101926) 

3 :  X = Pro-Lys-NH, 

- 4: X = Pro-NH(CHz)5NH2 

5: X = Pro-OH 

- 6: X = LyS-NHz 

- 7: X = NH(CH2)sNHz 

- 8: X = O H  
Figure 1. 

Table I. Activity of Vasopressin Antagonists 

compd Kbind? nM Ki,b nM rat: EDSoo; pg/kg 
LVP 4.6 b 
1 12 6.4 11.2 
2 12 3.9 9.2 
3 37 9.4 22 
4 30 7.2 27 
6 26 5.8 59 
7 19 6.8 94 

Inhibition constant for [3H]LVP binding to medullary mem- 
branes of pig kidney (see ref 6). bInhibition constant for vaso- 
pressin-stimulated adenylate cyclase of medullary membranes of 
pig kidney. K,,, LVP was determined to be 1.2 nM (see ref 6). 
cDose required to lower urine osmolality to 300 mOsm/kg (see ref 
10). 

died by flash chromatography on C-18 reverse phase using 
50% aqueous acetonitrile containing 0.1% TFAI2 as eluant 
to afford partially purified acid. Condensation of this 
material with mono-Boc-cadaverine* using DCC/HOBT 
in DMF followed by deblocking with neat TFA afforded 
the crude peptide 4. Purification was accomplished by ion 
exchange chromatography on BioRex 70 followed by 
preparative HPLC.Q 

The peptide was evaluated in vitro for vasopressin re- 
ceptor binding and inhibition of LVP-sensitive adenylate 
cyclase in porcine renal medullary preparations, which 
have been shown to be similar to the human  receptor^.^ 
It was also evaluated in vivo in a hydropenic rat assay.1° 
The results are summarized in Table I. The aminoalkyl 
analogue 4 retains good activity when compared to 211 or 
3, which supports our original hypothesis and suggests that 

(8) Mono-Boc-cadaverine can be conveniently prepared by react- 
ing an excess of diamine with di-tert-butyl dicarbonate in 
methylene chloride followed by an extractive workup. 

(9) All new peptides were characterized by amino acid analysis 
and FAB mass spectrometry, and their purity was established 
by TLC and HPLC. 

(10) Kinter, L.; Huffman, W.; Wiebelhaus, V.; Stassen, F. 
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(12) Abbreviations: Pmp, j3,j3-cyclopentamethylene-@mercapto- 
propionic acid; AVP, arginine vasopressin; LVP, lysine vaso- 
pressin; DCC, N,N'-dicyclohexylcarbodiimide; HOBT, 1- 
hydroxybenzotriazole; TFA, trifluoroacetic acid; DMF, di- 
methylformamide; Boc, tert-butyloxycarbonyl. 
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the minimum effective antagonist pharmacophore might 
consist of a basic group attached to the cyclic hexapeptide 
ring. We therefore questioned the role of proline at  pos- 
ition 7 in the antagonist. Proline is proposed to play a key 
role in the agonist pharmacophore both as an important 
binding element and in its ability to properly orient the 
tripeptide tail with respect to the cyclic hexapeptide ring.2 
In an attempt to evaluate the importance of proline at  
position 7, we prepared compounds 6 and 7 in which this 
group is deleted. 

Compound 6 was prepared by solid-phase synthesis on 
benzhydrylamine resin, cleaved with anhydrous liquid HF, 
and cyclized with dilute aqueous potassium ferricyanide. 
This peptide was purified by countercurrent distribution 
followed by gel filtration. Compound 7 was prepared in 
an analogous way to compound 4 with the cyclic hexa- 
peptide acid 8 as a key intermediate. Acid 8 was prepared 
by solid-phase synthesis on Merrifield resin, cleaved, and 
oxidized in the same manner as 5. 

The biological activities of 6 and 7 are given in Table 
I. Both compounds retain very good in vitro activity 
compared to that of 3; however, their in vivo activities are 
somewhat reduced. This result may reflect metabolic as 
well as pharmacokinetic differences. It is clear from these 
results that both a terminal carboxamide and the proline 
residue are not essential for potent antagonist activity; a 
basic moiety attached directly to the cyclic hexapeptide 

ring presents an effective pharmacophore. These obser- 
vations help to further refine our understanding of the 
molecular interactions of peptide antagonists with the 
vasopressin V,-receptor. 
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Art ides  

Stereoselectivity of Muscarinic Receptors in Vivo and in Vitro for Oxotremorine 
Analogues. N-[4-(Tertiary amino)-2-butynyl]-5-methyl-2-pyrrolidones 
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The enantiomers of three 5-methyl-2-pyrrolidone d o g u e s  of the muscarinic agent oxotremorine (1) were synthesized. 
The pyrrolidine derivative (R)-13 was an antagonist to carbachol in the guinea pig ileum and also showed central 
and peripheral antimuscarinic activity in vivo. I t  was more potent and more selective than atropine in antagonizing 
the central effects of 1. The dimethylamino analogue (R)-14 and the trimethylammonium salt (R)-15 were potent 
agonists in the guinea pig ileum. (R)-14 showed both central muscarinic (hypothermia) and central antimuscarinic 
activity (antagonism of oxotremorine-induced tremor) in vivo. The R enantiomers of 13-15 were considerably more 
potent than the S enantiomers in vivo and in vitro irrespective of whether agonist or antagonist activity was measured. 
From a comparison of the contribution of the methyl group at the chiral center to the overall affinities, it is suggested 
that agonists and antagonists in this series bind in an essentially identical manner to the muscarinic receptor. 

Methyl substitution in the potent muscarinic agent ox- 
otremorine (1) has pronounced effects on its pharmaco- 
logical Only one of the structural isomers 
resulting from the introduction of a single methyl group 

remaining isomers inhibit the effects of l.1-4 The most 

3 p H c E c  c H 2 ND 
in 1 has oxotremorine-like properties in V ~ V O . ~ . ~  The R" R'  

1, R ' = R " = H  
2. R ' = C H 3 ; , R " * H  

13. R ' =  H.  R = C H 3  
potent among these are compounds 2 and 13, which are 
more effective than atropine in antagonizing the central 
effects of 1. In comparison to atropine, however, 2 and 13 ity.4-7 practically all of the antimuscarinic activity of 2 
show weak peripheral p ~ ~ ~ p a t h o l f l i c  resides in the R enantiomer.8 For example, (R)-2 was 
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