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THE SQUALESTATINS: POTENT INHIBITORS OF SQUALENE SYNTHASE,
3-HYDROXYMETHYL DERIVATIVES.
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Abstract: A series of 3-hydroxymethyl derivatives of squalestatin 1 was prepared as inhibitors of squalene
synthase. Potent in vitro inhibitory activity is retained in those analogues which possess C-6 and C-1
substituents analogous to those found in 1.

Squalestatin 1 and its 6-desacyl analogue 2, members of a family of novel fungal metabolites, are potent
inhibitors of squalene synthase (SQS), with IC5q values of 12 and 6nM respectively against the rat enzyme. !
Subsequently, a group at Merck reported? the isolation of the zaragozic acids, zaragozic acid A is identical to
squalestatin 1. Extensive studies have been undertaken in order to identify the structural features necessary for
SQS inhibitory activity. We have reported previously our studies on the role of the 3-carboxylic acid function
and have shown the 3-methyl ester3 and 3-decarboxylated4 analogues of squalestatin 1 retain potent SQS
inhibitory activity. In this communication we describe the synthesis and biological evaluation of a series of 3-
hydroxymethyl derivatives of 1.5
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Selective reduction of the 3-carboxylate function of the 4,5-dimethyl ester 33 was achieved by
activation as its 3-N-hydroxy succinimidyl ester followed by in situ treatment with sodium borohydride.6
Treatment of the derived product 4 with lithium iodide in sym-collidine at 45°C under a stream of nitrogen,’
resulted in selective cleavage of the methyl esters to yield the desired dicarboxylate §; the 4-methyl ester 6 and
the 6-hydroxy compound 7 were isolated as minor by-products (Scheme 1). Compound 58 possesses potent
SQS inhibitory activity (IC5=15nM) closely similar to that for the natural product 1. The 4-methyl ester 6
retains significant enzyme inhibitory activity (IC50=79nM) similar to that observed for the 3,4-dimethyl ester of
1 (IC5()=134nM).3 However, the 6-hydroxy analogue 7 possesses relatively weak enzyme inhibitory activity
(IC50=395nM) which is in contrast to that shown by the corresponding tricarboxylic acid 2. These data
support previous findings3.4 that the 3-carboxylate group is not essential for activity in derivatives of 1; the
corresponding 3-methyl ester and the 3-decarboxylated analogues possess IC5g values of 7 and 23 nM
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Conditions
a) (i) N-hydroxysuccinimide, 1-cyclohexyl-3-(2-morpholinoethyl) carbodiimide p-toluenesulfonate (CMC), THF,

(ii) NaBH, THF; b) Lil (anhydrous), sym-collidine.

respectively. The 6-hydroxy derivatives of these two compounds showed much reduced inhibitory activity
(ICs values 220nM and 25uM respectively), paralleling the reduced activity noted for 7 in comparison with §.
In the light of the results for the 3-hydroxymethyl series, studies centred on establishing the minimal
structural features required at C-6, for good in vitro activity and a series of C-6 esters was targeted. Protection
of 4 as its 3,7-bis MEM derivative 8 followed by removal of the C-6 side-chain® provided the key intermediate
9. Re-esterification at C-6 was achieved using the appropriate acid, acid chloride or anhydride; removal of the
MEM groups from the derived products 10 by treatment with formic acid, then potassium carbonatel? gave
the dimethyl esters 11, which after deprotection using the lithium iodide/collidine system (see Scheme 2),
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Conditions

a) i-PryEfN, MEMCL, CH,Cly; b) MeNHOH.HCI, Et3N, DMF; ¢) RCOCI or (RCO),0 with CH;Cly, DMAP or
RCOOH, CMC, THF; d) (i) HCOOH, Hy0, (ii) KHCO3, MeOH; ¢) Lil (anhydrous), sym-collidine.
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provided the target compounds 12a-d (see Table).8

The route to the corresponding 6-(4,6-dimethyloctanoate) compound is shown in Scheme 3; t-butyl
esterification of the 4,5-dicarboxylate functions in the 3-methyl ester 133 followed by saponification of the
3-methyl ester in the derived triester 14 gave the 4,5-di-t-butyl ester 15. Activation followed by reduction of
the 3-carboxylic acid using the procedure described above gave the 3-hydroxymethyl derivative 16 in good
yield. Prolonged reaction time with sodium borohydride resuited in the formation of a proportion of the
dihydro product 17,11 which could also be derived from 16 by the use of triphenyl phosphine copper hydride
hexamer.12 Treatment of this compound with dioxan/HCI gave the required compound 18.8
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Conditions

a) (i) N-hydroxysuccinimide, 1-cyclohexyl-3-(2-morpholinoethyl) carbodiimide p-toluenesulfonate (CMC), THF,
(ii) NaBHy4 ,THF; b) di-t-butyl, dimethylaminoacetal/toluene/A; ¢) NaOH/H20,THF; d) [Ph3PCuH]g, wet toluene;
¢) 1,4-Dioxan, HCL.

As can be seen from the in vitro results in the Table, enzyme inhibitory activity is critically dependant on
the nature of the C-6 substituent; only those analogues incorporating the 4,6-dimethyloctenoate and its dihydro
counterpart possess good SQS inhibitory activity. These data provide further evidence that in core modified
series the binding of the natural C-6 side-chain or its reduced version plays a crucial role in the overall binding
of the molecule. We have also reported structure-activity relationships for modification of the C-1 side chain in
a tricarboxylic acid series, 13 therefore it was of interest to compare these findings with a related series of C-1
side-chain modified derivatives of 5. The desacetyl compound 19 was prepared by treatment of 5 with
methanol and hydrochloric acid.14 Subsequently, the corresponding dimethyl ester 4 was similarly treated to
give the allylic alcohol 20 from which further quantities of 198 were prepared using established (Lil/collidine)
conditions. Further manipulation of the C-1 side-chain was carried out using intermediates possessing the
4,6-dimethyloctanoate ester at C-6, ready access to which was achieved using an alternative procedure to that
described above. Sodium borohydride/copper (II) sulphate has been reported13 to reduce esters in the presence
of carboxylic acid functions; attempts to use this reagent to prepare the 3-hydroxymethyl analogue 5 from the
3-methyl ester 13 resulted only in the 1,4-reduction of the C-6 unsaturated ester.16  Application of this
procedure to the diester 20 gave the dihydro diester 21, deprotection of which (Lil/collidine) provided the
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diacid 22.8 Ozonolysis of this material in methanol, followed by treatment with triphenylphosphine and acidic
work-up yielded the keto-alcohol 23 (Scheme 4).8

5 R1=R2=H 19 R'=R2=H

4 R'=rZ=Me

Conditions
) MeOH, HCJ; b) NaBHy, aq. CuSOy (Catalytic), EtOH; c) Lil (anhydrous), sym-collidine; d) (i) O3, MeOH, (i) PhP,

acid work-up.

Although the allylic alcohols 19 and 22 possess potent SQS enzyme inhibitory activity, the keto-alcohol
23 was found to have substantially reduced activity (see Table). In contrast, these modifications when made in
the tricarboxylate series, resulted in the retention of potent activity. 13

The squalestatins possess three subunits, namely the substituents at C-6/C.7, the C-1 side-chain and the
tricarboxylic acid moiety of the bicyclic core. We have reported previously that the nature of the grouping at
C-6 can critically influence whether modifications made elsewhere in the molecule are well tolerated. Thus, in
series retaining a 4,6-dimethyloctenoate or 4,6-dimethyloctanoate ester, modification to the substituent at C-7,
to the C-1 side-chain or the carboxylic acid group at C-3 and C-4 can be well tolerated. In contrast, while
potent activity is retained in the parent natural product possessing a hydroxy! group at C-6 while retaining the
same substitution pattern throughout the rest of the molecule, modifications made at C-7, to the C-1 side-chain
or the carboxylic acids at C-3 and C-4 lead to reduction in SQS inhibitory activity.3%13,17 The data
generated during this study reveal a similar dependence of activity in the 3-hydroxymethy! series on the nature
of the substituents at C-6 and C-1; potent SQS inhibitory activity is retained only in those analogues which
possess C-1 and C-6 substituents closely similar to those in the natural product 1.

Acknowledgements: We are indebted to Miss Belinda J. Fitzgerald for expert technical assistance in
conducting the enzyme inhibition assay.
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‘Table . In vitro SQS Inhibitory Activity
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IC5( values were determined at least in duplicate using Squalestatin 1 as a reference.
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