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Abstnctz We describe herein a protection/deprotection strategy that enables efficient transformation of natural 

Squalestatin Sl into C6 and C7 acyl analogues. We present the mammalian and fbngal SQS enxyme activity and 

whole cell antifimgal activity of the semi-synthetic Squalestatins. 

The Squalestatins~ are a series of natural products of a novel structural type.2 They are potent 

inhibitors3 of the enzyme squalene synthase (SQS), a key step in the sterol biosynthesis pathwafl of eukaryotes 

and consequently are potential cholesterol lowering agents to rival HMGR inhibitors5 in the treatment of 

hypercholesterolemia. 

During a continuing biological investigation of these compounds we observed that Squalestatin Sl was a 

potent whole cell antifungal agent whereas Squalestatin Hl, lacking the lipophilic C6 (Squalestatin numbering) 

substituent, was essentially devoid of any antif%ngal activity. We thus embarked on a medicinal chemistry 

programme to investigate the requirements for both in-vilro mammalian and fungal SQS inhibition and whole cell 

an&mgal activity around the C6 and C7 positions. 

(2) R= H. Squalestath HI 

In order to conveniently modify Squalestatin Sl (1) we sought suitable protection of the u-i-carboxylic 

acid functionality of the molecule. Thus treatment of Squalestatin S 1 with excess 2-methoxyethoxymethyl (ME&f) 

chloride in refluxing dichloroethane in the presence of Hunig’s base gave the tris-ME%4 ester (3) in quantitative 

yield. Removal of the C-6 side chain with N-methylhydroxylamine6 in DMP gave the rather labile protected diol 

(4). Treatment of this diol with an acid chloride in the presence of DMAP furnished a mixture of C6 and C7 

fhnctionalised esters (5); these were separated by silica gel chromatography (SGC). Fiy removal of the MEM 

protecting groups with aqueous formic acid followed by purification by reverse phase preparative HPLC gave the 

required C6 and C7 ester analogues of Squalestatin S 1. 
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Although this procedure allowed rapid access to a number of analogues we were keen to develop a more 

selective synthetic route. Consequently treatment of Squalestatin Sl with 3 equivalents of diphenyldiazomethane 

gave the tris(diphenyhnethy1) @PM) ester (6) in quantitative yield. Protection of the free C7 hydroxyl with the 

MEM group gave the intermediate (7) in 75% yield together with its 4MEM derivative (8) (7%) which were 

conveniently separated by SGC. Exposure of (7) to N-methylhydroxylamine gave the C6 alcohol (9) in 90% yield 

with no trace of ace&&e cleavage in the Cl sick chain. Functionalisation of the free C6 hydroxyl was then 

accomplished with a suitable acid chloride or chloroformate to obtain fully protected C6 analogues (10) of 

Squalestatin Sl that were deprotected in a single step as before and purified by HPLC. 

We modified this protection strategy to allow selective fbnctionalisation of the C7 hydroxyl. Tris(DPM) 

ester (6) was derivatised at C7 using the standard acylation conditions to give protected C7 acyl derivatives (11) 

and simple DPM ester deprotection conditions gave C7 derivatives (12) of Squalestatin Sl. Alternatively, 

cleavage of the C6 octenoate of (11) using N-methylhydroxylamine gave the C6 alcohol (13) which was 

deprotected to furnish C7 acyl derivatives (14) of Squalestatin Hl. The semi-synthetic squalestatins synthesised 

using these methods are listed in the Table. 

The semi-synthetic analogues were tested for inhibition of rat liver SQS and Candida albicans SQS. In 

addition compounds were evaluated in an antifimgal whole cell assay to obtain minimum inhibitory concentrations 

(MIC) against representative phenotypes of Caruio$ Aspergillus and Cryptococcus gem The results are collated 

in the Table. 

Squalestatin Sl inhibits rat liver SQS7 with an IC50 of 12nM. The closest analogues of Squalestatin Sl, 

the C6 esters (15)-(23) retain potency at the nanomolar level. Various degrees of substitution along the chain are 

well tolerated; however the least active of this group (20) bears a secondary carbon centre adjacent to the ester. 

The most active C6 ester is the acetate (15) although chain length appears relatively unimportant. In the related 

carbonate series (32)-(34) the C6 methyl carbonate (32) is the most active. 

C7 substitution is less well tolerated; small substituents such as the acetate (24) and the methyl carbonate 

(3 5) retain nanomolar activity only in the presence of the lipophilic C6 side chain of Squalestatin S 1. C7 acetate 

(25) and methyl carbonate (36) in the Squalestatin Hl series are much less active. Derivatives containing larger 

C7 substituents (for example (26)) are essentially inactive irrespective of the substituent at C6 (compare for 

example (26), (27) and (30)). Shorter chain diesters (29) and (3 1) are IO-fold less active than Squalestatin Sl (1). 

Activity against the l’bngal enzyme8 closely mirrors the mammalian system which suggests significant homology 

between the two enzymes.9 

We observe that Squalestatin Sl is a potent antifungal agent whereas Squalestatin Hl is essentially devoid 

of activity, despite equipotent enzyme activity. A possible explanation for this effect is that lipophilicity is an 

important factor in iimgal cell wall penetration of these agents. The semi-synthetic Echinocandii show antifungal 

activity that varies with the chain length of a lipophilic side chain. IO In our series we tlnd that short chain C6 

esters (15) and (16) show no antitingal activity whereas the unsubstimted C6 octanoate (17) is significantly less 

active than Squalestatin Sl against Candida. Increasing chain length by two carbons (C6 decanoate (18)) 

increases activity, suggesting further evidence for the lipophilicity contributing to antifungal activity. The nonyl 
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Table. The SQS enzyme activity and whole cell antifungal activity of C6 and C7 
modified Squalestatins. 
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carbonate (34) has increased ant%mgal activity over Squalestatin Sl although it seems unlikely that this is simply 

a hpophihc et&ct.ll Nonyl carbonate (34) is the most potent antifbngal Squalestatin in this series. 

In conclusion we have developed a selective protection strategy that allows efIicient transformation of 

Squalestatin Sl to C6 and C7 analogues. 12 All of the C6 analogues retain nanomolar SQS eneyme activity in both 

the mammalian and timgal systems; only sterically small C7 acyl derivatives that retain the Squalestatin SlC6 side 

chain are active at the enzyme. The Squalestatin analogues are potent growth inhibitors of fungi provided the C6 

substituent is a sutllciently lipophilic chain. 
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