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Abstract: Penicillide, a previously described natural product, and several related compounds have been 
discovered to be antagonists of the peptide hormone oxytocin. A few simple derivatives of the compound were 
isolated and/or synthesized and its absolute stereochemistry was determined. 

Due to the generically pear pharmacokinetic properties of peptides, considerable effort has been allocated 

to the discovery of non-peptide ligands for peptide receptors. 1 The biochemical screening of natural products 

represents a propitious potential source of peptide mimics; the CCK antagonist asperlicin representing the most 

significant success from this field thus far.2 

The peptide hormone oxytocin plays a pivotal role in the initiation of labor and selective antagonists of 

oxytocin have potential as treatment for pmterm labor.3 The antagonists of oxytocin described to date include 

mainly peptidic analogs of oxytocin or the structurally related hormone arginine vasopm~in and a class of cyclic 

hexapeptides isolated from Streptomyces silvensis. 4 Recently a class of spiroindene oxytocin antagonists were 

disclosed.5 This report describes a set of non-peptidic oxytocin antagonists based on the natural product 

penicillide. 

During the course of our screening program for oxytocin antagonists, fermentation extracts from 

T&romycesj7avus (ATCC 74110) were discovered to give specitk. dosedependent inhibition of the binding of 

oxytocin to its receptor. Bioassay4 guided fractionation led to the isolation of two active compounds as well as 

two structurally related but biologically inactive compounds. The major active component, pcnicillide (l), was 

purified from a methanol extract of the fermentation by sequential extraction followed by silica gel 

chromatography and ultimately RP-18 HPLC. The minor active compound (2) and the two inactive components 

(3) and (4) were isolated in small quantities from the silica gel side cuts by RP- 18 HPLC. 
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Compound (1) was shown to be the known fungal metabolize penicillide by comparison of its UV, IR, 

MS, 1H NMR. and 13C NMR spectra to those reported previously .6*7 SimiIarly. metabolite (2) was readily 

identified spectroscopically as a monoacetylated derivative equivalent to purpactin A7 which was previously 

described as an inhibitor of acyl-CoA cholesterol acyltransferase. Aldehyde (3) was established to be identical to 

purpactin c’ 7 by the same criteria. An oxidized metabolite, ketone (4). had been previously described as a 

product f&n the Jones oxidation of penicillidee but had not been fully characterized. The structure of 4 was 

supported by lH and 13C NMR as well as HFW-MS and IR spectra. 

The absolute stereochemistry of penicillide was established by employing Trost’s 0-methyhnandelate 

methodology.* The (S)- and (R)-O-methylmandelate esters of 5 were prepared using the acyl chlorides of 

(S)- and (J?)-0-methylmandelic acid and their *H NMR spectra were compared to that for acetate (7). The 

chemical shifts of the relevant protons are shown in Table 1. The aromatic protons of the @‘)-ester were shifted 

upfield relative to (7), while protons &, I-&J, and I& were shifted upfield in the (R)-ester relative to 7. As 

demonstrated by Figure 1, these results are consistent only with the Q stereochemistry for the natural product 

since in that case the effected protons are shifted upfield due to the anisotropic shielding effect induced by the 

eclipsing elate phenyl group. 

Figure 1. Extended Newman projections for the (a- and (R)-0-methylmandelate esters of 
Q-penicillide monomethyl ether (5). 

W-Ester @)-Ester 

Table 1. Proton chemical shifts (8) of the acetate (7), @)-ester, and @)-ester of 5. 

1 Ib)-ester o-ester 

Ha 7.42 6.78 7.40 
Hb 6.95 6.61 6.89 

1.63 1.59 1.26 
0.94. 0.94 0.91, 0.92 0.73, 0.76 

As indicated in Table 2, the acetylated natural component (2) was approximately 10 fold more potent 

than the parent compound while the oxidized metabolite (4) had little or no in vitro activity. In order to obtain 

larger quantities of the more active compound and to further investigate the emerging SAR of these antagonists 

several simple derivatives were prepared, Scheme 1. The major component, penicillide, (1) was readily 

converted to the more active derivative (2) by forming the diacetate (6) followed by selective, reductive 

hydrolysis of the phenolic acetate with sodium borohydride in dimethoxyethane.9 The monomethyl ether (5) 

was prepared by diazomethane treatment of penicillide and could easily be acetylated under standard conditions 

to provide 7. 
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Scheme 1. Preparation of penicillide derivatives 
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(a) CW2, Et& (b) Ac2o/wrkliw, 
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a 5 R= H, R’=CH, (85%) 

b _ 6 R= R’=Ac (89%) 

0, 7 R = AC, R’ = CH3 (74%) 

b,c * 2 R = AC, R’ = H (89%) 

dH0 
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All of these compounds were tested for their ability to inhibit the binding of oxytocin to its receptor in rat 

uterine tissue.4 Clearly acetylation of the secondary hydroxyl group produces the most notable impact on activity, 

improving potency 5 - 10 fold. However oxidation of the C-l’ position virtually eliminates all biding activity. 

Blocking of the phenolic hydroxyl by forming an acetate has little effect on potency whereas methylation at this 

site has a slight deleterious effect on potency. 

Table 2. Oxytocin (OT) and arginine vasopressin (AVP) 
binding inhibition by penicillide derivatives 

ComDound QQCT(t.tM) II=m A*-Vlm 

;: ?4 
-_ 

ho 
>lOO 

;z 
-_ 

>lOO -_ 
5** >180 -_ 
6** 
7** Zi” 

__ 
>lOO 

* Natural products, ** Semisynthetic derivatives 
Standarderrorsare*10-30%ofthemean. 

Penicillide monoacetate (2) acts as a pM inhibitor of oxytocin binding and shows at least 10 fold 

selectivity with respect to the arginine vasopressin receptor V1 subtype (Table 2). This compound was also 

shown (Figure 2) to inhibit the contractile response of the isolated rat uterus to repeated exposures of 1OnM 

oxytocin in vitro 4 with a potency predicted from the IC% in the binding assay. Significantly lesser antagonism 

was observed in the same system to bradylcinin and PGF2u stimulated contractions.10 The monoacetate therefore 

is acting as a relatively specific antagonist of oxytocin activity. 
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Figure 2. Effect of 2 on the contraction of isolated rat uterus induced at 
30 min intervals by repeated challenges with oxytocin (1OnM) 
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These compounds represent one of very few examples of non-peptidyl antagonists of peptide hormone 

activity from microbial sources and validates the usefulness of natural product screening as a provenience for 

new medicinal lead compounds. Efforts continue to further define the activity of this class of compounds and to 

discover new natural product regulators of receptor signalling. 
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