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Abstract: 23: 18,19-Dioxidosqunlene (3) was synthesized and isolated as a diastereomeric mixture. 
Incubation of 23-oxrdosqualene with rat liver microsomes in the presence of dioxide 3 caused a high 
mhibitron of lanosterol production (Ki = 0.11 PM). The kinetic data showed that this inhibition was non- 
competitive. 
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The inhibition of oxidosqualene-lanosterol cyclase (OSLC, EC 5.4.99.7), the enzyme that catalyzes the 

cychzattonof (35’)2,3-oxidosqualene to lanosteroi in mammals and fungi has constituted an attractive goal for 

the development of potentral hy~holesteremlc agents. An advantage of thts strategy is that the above 

enzymatic step IS located m the cholesterol biosynthetm pathway beyond the bifurcations for the synthesis of 

other important terpenoid biomotecules such as dolichol and ubiquinones. The OSLC inhibitors described so 

far include substrate mimrcs, product mimics, translnon state analogues and irreversible inactivato~ 1. 

Ahhough someof these molecules are structurally related to squalene or to its 2f-epoxy derivatrve, it appears 

that the drfferent squalene dioxrdes had not been prevrously constdered as potenual modulators of the above 

enzyme. In fact, up to our knowledge the only squalene dtoxide that has been cha~cte~zed so far 1s 2,3:22,23- 

dioxidosqualene(6) 2; this compound exhibited a moderate angtotoxtc activity in rabbits *e. In the context of a 

an ongoing study on the occurrence, characterizatron and biological activity of the different possible squalene 

dioxides, the present commumcation reports on the synthesis of 2,3;18,19-droxidosqualene (3) and its 

inhlblt~~ activity on ret liver mlcrosomai OSLC. 

Synthesis of compounds. The preparation of compound 3 rs shown m Scheme I. Thus, epoxidation of 

squalene with equrmolecular amounts of dimethyldioxirane 3 afforded a mtxture of mono and diepoxy 

derivatives‘?. The corres~ndlng 6,7-epoxy derivative 1 5 was isolated after three sequentrai chromatographic 

steps which included a final column chromatography on sihcagel Impregnated with AgN% to separate 

compound 1 from Its positional Isomer at C10,Cl 1. Reaction of I with N-bromosuccinimide in THF/HzO led 

to the formation of the diastereomeric bromohydrsns 2. which were punfied by column chromatog~phy and 

further converted into brsepoxtde 3 by treatment with sodium hydride in anhydrous THF. Compound 3 was 

isolated as a mixture of diastereomers and characterized by its spectral features 6. 
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Scheme I . Syntheses of 2,3: l&19-droxtdosqualene (3). 

A complementary identtfication of 3 was earned out by GUMS analysis (chemtcal iomzatton with 

methane} of the crude resultmg from rts reaction wrth periodtc acid. As shown below, the presence of 6- 

methylhept-S-en-2-one (5, identified by comparrson with an authenttc standard) and of a compound wtth a 

fragmentation pattern m agreement with the structure of dialdehyde4 [peaks at m/z 329 (M + 29). 291 (M-tl), 

273 (M-H$+l), 111 (base peak)] confumed the structural assignation for 3 7: 

WO6 
3Y OMC 

CHO + 

4 5 

A second squalene bisepoxy denvattve, I.e. 2,3:22,23-dioxidosqualene (6) was synthestzed for 

comparison purposes. In thts case, treatment of squalene with excess NBS, followed by column 

chromatogmphy pu~flcatton of the ~o~es~nding bisbromohydrin and epoxrde formatIon by reaction with 

sodium hydnde in THF afforded compound 6 also as a dmstereomeric mrxture e. 

BioZogicdassa~s. OSLC assays were carried out by usmg rat hver mtcrosomes and the amount of 

lanosterol formed was quantified by GC chromatography 8. N,N-dtmethyldodecylaminefl-oxtde was used as 

areferenceinhibitorgb. The ICs values determined for monoepoade 1, dioxide 6 and dtoxtde 3 were 83.5, 

142 and 0.11 FM, respectively. Therefore, compound 3 appeared to be a potent mhrbitor of the OSLC, thus 

being 8CO-fold more actrve than its putative precursor, i.e. monoepoxtde 1, and over three orders of magmtude 

more potent when compared to the mhtbttton caused by the structurally related dtoxlde 6. These results 

demonstrate the importance of the epoxide moiety at ClS-Cl9 for elicitmg a htgh mhtbttory actrvtty. On the 

other hand, the Ki value for compound 3 was determmed from replots of slopes and intercepts of Lmeweaver- 

Burk double-recipr~a~ plot (Rgure 1) and tt resulted to be 0.11 ,&l. In additton. erther Dixon or Corntsh- 
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Bowden plots of these kinetic data showed that the inhibition elicited by compound 3 was essentially non- 

competitive. All these results showed that dioxide 3 elicitedanactivitycomparable to the most potent inhibitors 

described so far 1. 
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Figure 1 Inhibition of rat liver 2,3-oxidosqualene-lanosterol cyclase by 23: 18,19- 

dioxtdosqualene (3). The concentrations of 3 are: (-W-) none, (-Cl-) 0.1 pM, (+) 

0.2 PM, (-x-) 0.4 PM. Protein concentration: 1.57 mg microsomal protem/ml. 

Two final remarks. First, it should be noted that dioxide 3 was assayed as a mixture of four 

diastereomers. However, it is reasonable to expect that the observed inhibitory activity could be due to either 

one or both stereoisomers with 3.5 configuration, whereby its or their potency could be even higher than that 

herein reported. In this respect, the stereoselective synthesis of these diastereomers will be needed to confirm 

our hypothesis. Finally, the occurrence of epoxide 1 in nature 5~ brings up the possibihty of formation of 

dioxide 3 under physiological conditions, which would give a particular relevance to the OSLC inhibitory 

activity found for this compound. Work on these lines is now in progress in our laboratory. 
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6. 1: ‘HNMR(300 MHz, CDCI,): 6, 5.3-5.0 (5H), 2.71 (t, lH, J = 6 Hz), 2.3-1.9 (16H), 1.68 (s, 6H), 

1.62 (d, 3H, J = 1 Hz), 1.60 (br. s, 12H), 1.8-1.3 (4H) and 1.25 (s, 3H) ppm. *3C NMR (75 MHz): b, 
135.2 (C), 134.8 (C), 134.1 (C), 131.7 (C), 131.2 (C), 124.8 (CH), 124.3 (CH), 124.2 (CH), 134.1 
(CH), 123.7 (CH), 63.4 (CH), 60.7 (C), 39.7 (CH$, 38.8 (CH& 36.2 (CH& 28.2 (CH$, 38.1 
(CH& 27.3 (CH& 26.7 (CH$, 26.6 (CH”), 25.7 (CH3), 13.8 (CH2), 17.6 (CH3), 17.6 (CH3), 16.5 
(CH$, 16.0 (CH$, 16.0 (CH3) and 16.0 (CH3) ppm (cf. ref. 5b). MS (CI, CHd), m/z: 455 (M+39), 427 
(base peak, M+l). 

2 (dlastereomerlcmixture): tH NMR (CDCl3): 6, 5.3-5.0 (4H), 3.98 (dd, lH, Jt = 11.5, 52 = 2 Hz), 
3.71 (t, lH, J = 6 Hz), 3.4-1.9 (14H), 1.68 (d, 3H, J= 1 Hz), 1.62 (br. s, 3H), 1.60 (br. s, 9H), 1.58 
(s, 3H), 1.9- 1.1 (6H), 1.34 (s, 3H), 1.33 (s, 3H) and 1.25 (s, 3H) ppm. 

3 (dlastereomencmixture):tH NMR (CDCI,): 6, 5.3-5.0 (4H), 2.71 (t, ?H, J = 6 Hz), 2.3-1.9 (14H), 
1.68 (d, 3H, J, = 1 Hz). 1.63 (br s, 9H). 1.60 (s, 3H), 1.8-1.2 (6H), 130 (s, 3H), 1.26 (s, 3H) and 

1.25 (s, 3H) t3C NMR: 6, 135.1 (C), 134.2 (C), 134.0 (C), 131.8 (C), 124.9 (CH), 124.8 (CH), ppm. 
124.2 (CH), 123.7 (CH), 64.2 (CH), 63.3 (CH), 60.8 (C), 58.3 (C), 39.6 (CH2), 38.8 (CH2). 36.3 
(CH;?), 28.3 (CH2), 28.2 (CH2), 27.5 (CH2), 27.3 (CH2), 26.7 (CH& 25.7 (CH,), 34.9 (CH,), 33.9 
(CHz), 18.7 (CH3), 17.6 (CH3), 16.5 (CH$, 16.0 (CH3) and 16.0 (CH3) ppm. MS (CI, CHJ), m/z: 443 
(M+l), 425 (base peak, M-18+1). 
6(dlastereomericmlxture) *? tH NMR (CDC13); 5.2-5.1 (4H), 2.70 (t, 2H, J = 6 Hz), 2.3-1.9 (16H), 

1,62 (d, 6H, J = 0.5 Hz), 1,60 (d, 6H, J = 1 Hz), 1.7-1.4 (4H), 1.31 (s, 6H), 1.26 (s, 6H). t3C NMR; 
134.9 (C), 133.9 (C), 124.8 (CH), 124.3 (CH), 64.1 (CH), 58.3 (C), 39.6 (CH?), 36.3 (CH2), 28.1 
(CH,), 27.4 (CH2), 16.6 (CH,), 24.9 (CH3), 18.7 (CH3), 16.0 (CH3), 16.0 (CH3). 

7. Full details of a study carried out on the ldentlficatlon of the different squalene dtosldes by GC/MS will be 
presented elsewhere (Abad, J.L. et al., manuscript m preparation). 

8. Assay methodfor OSLC. Isopropyl alcohol solutions of the substrate and mhlbltors were added to the test 
tubes (the alcohol contents did not exceed 1% of the overall test mixture), followed by addition of 0.1 M 
phosphate buffer (pH 7.4), EDTA (final concn. 0.1 mM), Tween-80 (final concn. 0.15% w/v), 100 ~1 of 
rat liver mlcrosomal suspension and 200 ~1 cytosolic fraction. Mlcrosomes (from Sprague-Dawley males) 
were prepared as described m ref. 9a. For determinations of ICm values final concentration of substrate 
(R,S)-2,3-oxidosqualene was 40 PM and OSLC activity was 3.1 + 0.4 nmol/hr/mg protein (N = 8) The 
substrate concentrations used for the calculation of the klnetlc parameters were half of that of (R,S)-2,3- 
oxldosqualene given to the incubation medmm. The mixture (final volume 1 ml) was flushed with mtrogen 
and u&bated aiaeroblcally for 60 minutes at 37 “C. The enzymatic reaction was quenched by addltlon Gf 1 
ml of 6% KOH m methanol and Incubated for 60 mmutes at 37 “C. Then. 24.25-dlhvdrolanosterol was 
added as internal standard and the mixture was extracted 3 times with an equivalent volime of hexane. The 
combined extracts were evaporated to dryness, redissolved in a 1O:l hexanc: tert-butyl methyl ether 
mixture (3 x40 PI), loaded onto a column fitted with slhcagel (0.75 g, SDS, 40-60 pm) and eluted with 
the same solvent mixture. After discarding the first 7 ml. lanosterol and internal standard were collected in 
a 6 ml fraction. The eluates were evaporated to dryness, redissolved in hexane and inJected onto a GC 
system (Hewlett-Packard model 5890). Condltlons of analvsls were: SPB-5 capillary column (15 m, 0.33 
mm I.d.), gradient temperature from. 240 (1 mm) up to -300 “C at 3 “Clmln.. Under these conditions, 
retention times for 24,35-dihydrolanosterol and lanosterol were 13.86 and 14.72 mm.. respectively. 
Incubations were performed by duplicate and a minimum of two expenments per pomt were carried out 
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