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Abstract: A series of 3,4-diesters of zaragozic acid A was synthesized and tested in rat liver squalene
synthase and oral mouse cholesterol biosynthesis assays. Several diesters gave ED5('s <4.0 mg/kg in the oral
mouse assay.

Zaragozic acid A (1)! is a nawrally occurring bicyclic tricarboxylic acid, isolated from an unidentified
sterile fungal culture. A compound with the same structure as zaragozic acid A termed squalestatin 1, isolated
from a Phoma sp. C2932, was independently discovered by Dawson, ez. al., at Glaxo.2 Zaragozic acid A was
found to be a potent competitive inhibitor of rat liver squalene synthase with a Kj of 78 pM that also inhibits
cholesterol biosynthesis in Hep-G2 cells.3 However, the compound exhibited weak inhibitory activity in an
oral mouse cholesterol biosynthesis assay with an EDsg of 100 mg/kg and was inactive in similar experiments
in rats. In earlier work, we discovered that some 3,4-diesters of the natural product improved oral potency
relative to the natural product 1. For example, 3-isopentyl-4-pivaloyloxymethyl and 3-isopentyl-4-
acetoxymethyl diesters gave EDsg's of 9 mg/kg and 6 mg/kg, respectively, in the oral mouse cholesterol
biosynthesis assay.4 The effects of C4 modifications of the C3-isopentyl ester were also examined.4 In this
report, we describe the synthesis and structure-activity studies of a series of 3,4-diesters which show the
effects of C3 modifications of the C4-pivaloyloxymethy] ester.3

Compounds 10-16 were prepared from the natural product 1 in a two-step synthesis according to a
literature procedure.4 Fischer esterification of 1 with appropriate alcohols in the presence of 3% HCl afforded
3-esters in 60% yield. Selective esterification of the 3-esters with 1.1 equiv of DBU and 1.2 equiv of
chloromethy] pivalate in benzene, acetonitrile, or THF gave 3,4-diesters as the major products.

Compounds 17-19 were prepared from 1 in a 6-step synthesis (Scheme 1). Fischer esterification of 1
with benzyl alcohol followed by ¢-butyl ester protection of the remaining carboxylic acids with O-t-butyl-
N,N'-diisopropylisourea afforded the 3-benzyl-4,5-di-z-butyl ester 2 in 53% yield. Debenzylation of 2 with 1-
methyl-1,4-cyclohexadiene in the presence of a catalytic amount of 10% Pd/C yielded 4,5-di-t-butyl ester 3
quantitatively. Esterification of 3 under nucleophilic conditions with alkyl halides and DBU followed by
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deprotection of the r-butyl esters with TFA produced C3-esters 4. Selective esterification of 4 with 1.2 equiv
of chloromethyl pivalate (POM-CI) and 1.1 equiv of DBU afforded the target compounds 5.
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The preparation of 3-amido-4-pivaloyloxymethyl (POM) esters 20 and 21 is shown in Scheme 2.
Treatment of 1 with O-z-butyl-N,N'-diisopropylisourea afforded tri--butyl ester 6 in 72% yield. The 4-¢-butyl
ester of 6 could be selectively deprotected using one of the following two conditions: 1) 0.2 equiv of stannic
chloride in CH,Cl; at ambient temperature for 4 h yielded 7 in 43% yield; 2) 48% aqueous HF (370 equiv) in
THF at room temperature for 19 h gave 7 in 40% yield. Esterification of 7 with chloromethyl pivalate/DBU
followed by deprotection with TFA produced 4-POM ester 8 in 43% yield. Treatment of 8 in THF at 0°C
with N-methylmorpholine and isobutyl chloroformate furnished a mixed anhydride which was reacted with
the appropriate amine to give the target compound 9 in good yield.
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Table 1. Biological Activities of 3,4-Diesters

><rr HOOM
oo

Compound R

Oral Mouse Assay 3
% inhibition (dose)

1 (Zaragozic Acid A)

EDsp =100 mg/kg

8 OH 0% (24 mg/Kg)
10 OMe EDsp = 3.3 mg/Kg
11 OFE1 EDsq = 2.6 mg/Kg
12 OAllyl EDsp = 2.0 mg/Kg
13 OCH,CH,CH, EDsp = 2.0 mg/Kg
14 OCH(CH3), EDsp = 4.0 mg/Kg
15 OCH;CH,CH,CH; 18% (6 mg/Kg)
16 OCH,CH,CH(CH3), EDsp =9 mg/Kg
17 OCH,CH,0CH3 18% (6 mg/Kg)
18 OCH,COOMe 0% (6 mg/Kg)
19 OCH,COOBu 45% (24 mg/Kg)
20 NHCH,CH,0CH; 18% (12 mg/Kg)
21 NHCH(CH3), 41% (24 mg/Kg)

Early studies with analogs of zaragozic acid A showed no correlations for the compounds when
comparing the enzyme and Hep-G2 cell culture assays and their abilities to inhibit mouse hepatic cholesterol
biosynthesis when dosed orally.46 The trend extended to the diester series. Compounds 10-21 show the
effects of C3 modifications of the 4-pivaloyloxymethyl ester. None of the compounds were active in the rat
liver squalene synthase assay when examined at concentrations up to 30 ng/mL. More interesting activities
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were observed from the in vivo oral mouse assay; five compounds inhibited cholesterol biosynthesis with
EDsqg's <4.0 mg/kg. 3-Glycolate-4-POM diesters 18, 19 and 3-amido-4-POM esters 20 and 21 are not
substantially active compounds. As seen with compounds 10, 11, 12, 13, 14, 15, 16, and 17, small esters at
C3 tend to increase oral activity. 3-Methyl-4-POM diester 10, 3-ethyl-4-POM diester 11, 3-allyl-4-POM
diester 12, and 3-n-propyl-4-POM diester 13 are the best compounds in this 3,4-diester series with EDsg's of
3.3 mg/kg, 2.6 mg/kg, 2.0 mg/kg, and 2.0 mg/kg, respectively, in the oral mouse assay. In a similar assay in
rats, compound 11 inhibited cholesterol biosynthesis with an EDsg of 18 mg/kg. Improvements in the oral
mouse assay observed with 4-POM derivatives of short-chain C3 esters suggest that the pivaloyloxymethyl
carbonyl is hydrolyzed faster than 4-POM derivatives of larger C3 esters.

In conclusion, many of the compounds in this 3,4-diester series showed improved oral potency relative
to the natural product. 3-Allyl-4-POM diester 12 and 3-n-propyl-4-POM diester 13 exhibited 50-fold
enhancement in oral mouse activity relative to the natural product. 3-Ethyl-4-POM diester 11 also showed
improved oral activity in rats relative to the natural product which was not active at 100 mg/kg.
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and Dr. Lawrence F. Colwell, Jr. for mass spectral measurements.

References and Note

1.  Hensens, O. D.; Dufresne, C.; Liesch, J. M.; Zink, D.L.; Reamer, R. A.; VanMiddlesworth, F.
Tetrahedron Lett. 1993, 34, 399. Wilson, K. E.; Burk, R. M.; Biftu, T.; Ball, R. G.; Hoogsteen, K. J.
Org. Chem. 1992, 57, 7151.

2. Dawson, M. ]; Farthing, J. E.; Marshall, P. S.; Middleton, R. F.; O'Neill, M. I.; Shuttleworth, A.; Stylli,
C.; Tait, R. M_; Taylor, P. M.; Wildman, H. G.; Buss, A. D.; Langley, D.; and Hayes, M. V. J. Antibiot.
1992, 45, 639. Sidebottom, P. J., Highcock, R. M., Lane, S. J., Procopiou, P., and Watson, N. S. J.
Antibiot. 1992, 45, 648.

3. Bergstrom, J. D.; Kurtz, M M.; Rew. D. J.; Amend, A. M.; Karkas, J. D.; Bostedor, R. G.; Bansal,V. S;
Dufresne, C.; VanMiddlesworth, F. L.; Hensens, O. D.; Liesch, J. M.; Zink, D. L.; Wilson, K. E;;
Onishi, J.; Milligan, J. A.; Bills, G.; Kaplan, L.; Nallin Omstead, M.; Jenkins, R. G.; Huang, L.; Meinz,
M. S.; Quinn, L; Burg, R. W.; Kong, Y. L.; Mochales, S.; Mojena, M.; Martin, L; Pelaez, F.; Diez, M.;
Alberts, A. W. Proc. Nat. Acad. Sci. USA 1993, 90, 80. Baxter, A.; Fitzgerald, B. J.; Hutson, J. L.;
McCarthy, A. D.; Motteram, J. M.; Ross, B. C.; Sapra, M.; Snowden, M. A.; Watson, N. S.; Williams,
R.J.; and Wright, C. /. Biol. Chem. 1992, 267, 11705.

4. Chiang, Y-C. P.; Biftu, T.; Doss, G. A.; Plevyak, S. P.; Marquis, R. W.; Bergstrom, J. D.; Kurtz, M. M,;
Rew, D. J; Berger, G. D. Bioorg. Med. Chem. Lett. 1993, 3, 2029. Biftu, T.; Acton, J. J.; Berger, G.
D.; Bergstrom, J. D.; Dufresne C.; Kurtz, M. M.; Marquis, R. W_; Parsons, W. H,; Rew, D. R.; Wilson
K. E. J. Med. Chem. 1994, 37,421.

5. Previously (ref. 4), a C4 acetoxymethyl derivative was found to give greater potency in the oral mouse
cholesterol biosynthesis assay relative to the corresponding C4-POM analog. Because of complicating
chemical instability of the C-4 acetoxymethyl analogs, only the C-4 pivaloyloxymethyl series was

ursued.

6. onpipom, M. M.; Girotra, N. N.; Bugianesi, R. L.; Roberts, C. D.; Berger, G. D.; Burk, R. M,;
Marquis, R. W.; Parsons, W. H.; Bartizal, K. F.; Bergstrom, J. D.; Kurtz, M. M.; Onishi, J. C.; Rew, D.
J. J. Med. Chem. 1994, 37, 4031.

(Received in USA 11 May 1995; accepted 14 June 1995)



