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Abstract: Incubation of 6,7_oxidosqualene (2) or lO,ll-oxidosqualene (3) with rat liver microsomes 
led to the formation of mixtures of the corresponding dioxidosqualencs (4 and 5, or 6 and 7, 
respectively), resulting from the cpoxidation of 2 and 3 at their terminal double bonds. The epoxidation 
requires the presence of both NADPH and FAD. In addition, the HPLC analysis of the Mosher esters 
resulting from the controlled hydrolysis of dioxide 5 to give the corresponding epoxydiols 9 followed by 
derivatization with (R)-MTPA, showed that the epoxidation had been stereoselective. These facts support 
the hypothesis that these dioxidosqualenes had been generated by the squalene epoxidase present in the 
incubation medium. 
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We have recently reported the synthesis, characterization and inhibitory activity elicited by several 

dioxidosqualenes on the oxidosqualene-lanosterol cyclase (OSLC. EC 5.4.99.7) present in rat liver 

microsomes 1. In particular, high activities were found for two of these derivatives, i.e., 2,3:18,19- 

dioxidosqualene (5, IQ0 = 0.11 pM, Scheme I) and 2,3:1O,ll-dioxidosqualene (6, ICw = 13.0 pM), being 

the former comparable to those exhibited by the most potent OSLC inhibitors described to date *. Therefore, 

the occurrence of these dioxido derivatives in living organisms could be of physiological significance for the 

regulation of sterol biosynthesis. 

Concerning the detection of dioxidosqualenes in tissues, only references related to 2.3;22,23- 

dioxidosqualene (8, Scheme I) have been reported. Thus, the accumulation of 2,foxidosqualene (1) and 

dioxide 8 was observed in animal cells 3 or liver homogenates treated with OSLC inhibitors 4. Moreover, the 

detection of 8 in incubations of 1 with partially puritkl squalene epoxidase (SE, EC 1.14.99.7) from pig liver 

has been recently described 5. In this context, the fact that oxidosqualenes 2 and 3 have been found in nature 6 

makes feasible that dioxides 5 or 6 could be formed by the action of SE on their respective tetminal double 

bonds. The present communication reports our results on the formation of dioxidosqualenes 4-7 by incubation 

of oxides 2 and 3 (as racemates) with rat liver microsomes under conditions for eliciting squalene epoxidase 

activity, i.e. in the presence of cytosol, NADPH and FAD ‘v8. 

Initially, incubation of epoxide 1 with rat liver microsomes for 14 h at room temperature ah afforded a 

crude mixture from which dioxidosqualene 8 was isolated. The identification of this compound was carried out 

by comparing its analytical (HPLC, GC) and spectral (MS) features with those of an authentic standard lb. The 

amount of dioxide 8 formed was 16 nmol (HPLC, external standard method). 
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Scheme I 

Incubation of epoxide 2 under the same conditions led to the formation of dioxidosqualenes 4 and 5. The 

GC and TLC traces of the crude incubation mixtures showed that compound 4 was present in higher amount. 

However, its instability in front of chromatographic procedures lh forced the use of a rapid purification process 

through silica gel impregnated with Et3N to minimize its decomposition. This procedure did not allow the 

complete separation of both dioxides (approximately lo-15% of cross contamination), although a pure sample 

of 5 could be isolated by a further purification. Nevertheless, the fact that these dioxidosqualenes can be 

analyzed by HPLC and GC/MS/C!I permitted their unambiguous identification and quantification. Thus, 

dioxide 4 appeared as a single peak by HPLC, which could be clearly differentiated from that corresponding to 

dioxide 5 (RT = 11.3 and 9.2 min, respectively, under our analysis conditions 8b). The GC/MS/CI of the 

fraction containing dioxide 4 as major component showed a profile superimposable to that exhibited by the 

corresponding synthetic standard lb. Thus, the peak assigned to compound 4 exhibited a mass spectrum with 

the fragmentation pattern common to dioxidosqualenes lb, i.e., a molecular peak (M+l) at m/z 443, a base 

peak at m/z 425 (M+l-H20) and a peak at m/z 407 (M+l-2 H20). In addition, the GUMS trace revealed the 

presence of a second peak with a lower retention time. Its mass spectrum showed a base peak at m/z 443 and 

the absence of fragments resulting from the loss of water, which suggests that this compound could be a ketone 

generated by thermal rearrangement of the parent dioxide under the analysis conditions. Dioxide 4 contents 

were estimated as 15 nmol (HPLC), although this amount does not account for all the dioxide formed due to 

the partial loss of compound occurted during the purification procedure. 

Likewise, the other dioxidosqualene generated during the incubation of epoxide 2 with rat liver 

microsomes was identified as dioxide 5 (GC and HPLC, coelution with an authentic standard). Confirmation 

of the chemical structure was carried out by GUMS/CL The mass spectrum of this metabolite showed the 

presence of the three representative fragments of dioxide 5 (m/z 443,425 and 407), with the same relative 
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abundances (55%, 100% and 25% respectively). The amount of this dioxide formed in the incubation was 15 

nmol, which indicates that although the enzyme does not epoxidize regioselectively one of the terminal double 

bonds present in 2, it exhibits some preference for the one contiguous to the original epoxide moiety. In this 

respect, Prestwich and coworkers have shown a similar behaviour in the formation of 26-hydroxy-2,3- 

oxidosqualene and its corresponding 29-hydroxy regioisomer (3: 1 isomeric ratio) by incubation of tritiated 26- 

hydroxysqualene with partially purified SE from pig liver 9. 

Incubation of epoxide 3 under the same conditions described above led to the formation of 

dioxidosqualenes 6 and 7. In this case, all efforts to resolve the two peaks appearing in the HPLC profile were 

unsuccessful. However, these dioxides are stable enough to allow their complete separation by TLC with good 

recovery. The identification of these dioxides was carried out by comparison of their mass spectra and 

chromatographic features with those of the corresponding synthetic standards lb. On the other hand, a 

production of 20 nmol for each dioxide was determined by HPLC, which suggests that the internal oxirane is 

far enough from the reaction site for exerting an influence in the regioselectivity of the epoxidation. 

Different assays were carried out to support that the epoxidation reactions observed during the incubation 

of oxidosqualenes 1.2 and 3 were due to the SE action. Thus, we confirmed that the formation of 

dioxidosqualenes required, in addition to NADPH, the presence of FAD in the incubation medium, which 

discarded the intervention of a cytochrome P-450 monooxygenase in the epoxidation process. An additional 

proof of the enzymatic mediation was obtained from the HPLC analysis of the Mosher esters 10 obtained from 

the purified sample of dioxide 5 formed during the incubation of epoxide 2 (Scheme II). 

Scheme II 

a) HCl04, ‘H-IF-H,O, 
b) (R)-MTPA-Cl, Et3N, DMAP, CH,Cl, 

1 J 
b 

For this purpose, the required standards were prepared as described to. Thus, synthetic dioxide 5 

(mixture of diastereomers) was converted into the corresponding mixture of epoxydiols 9 resulting from the 

regioselective opening of the tetminal epoxide ring. The formation of the epoxydiols was preferred to simplify 

the further derivatization process; to this aim, the conditions of this hydrolysis were carefully controlled to 

minimize the formation of tetrol derivatives. Reaction of the purified epoxydiol mixture with the (R) enantiomer 

of Mosher acid (MTPA) led to the formation of the corresponding MTPA esters 10, which appeared as two 

peaks in reversed-phase HPLC. These peaks were attributed to the diastereomers of (3R) and (3s) 

conQurations in the starting substrate 11. Conversely, when dioxide 5 coming from the incubation of epoxide 
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2 was subjected to the above sequence, the HPLC analysis of the corresponding (R)-MTPA esters revealed the 

presence of a single peak (the one with the lower retention time). This result indicated that only one 

stereoisomer at C-3 was formed during the epoxidation, presumably that with (3s) configuration. The 

assignation of this configuration was confirmed by the HPLC analysis of the (R)-MTPA esters obtained from 

the hydrolysis and further derivatization of the 2,3-oxidosqualene formed by incubation of squalene under the 

same conditions. Once again, and in contrast to which occurred with the standards from synthetic origin, the 

presence of the peak with the lower retention time was only detected. 

The confirmation that epoxides 2 and 3 were substrates for the SE present in rat liver microsomes raised 

the question about their potential inhibitory effect on the activity of this enzyme for the epoxidation of squalene, 

its natural substrate The IC50 values found for epoxides 2 and 3 (31.8 and 50.9 PM, respectively 8”) am three 

to five fold higher than the corresponding substrate concentration used, which indicates a rather low inhibitory 

activity for both compounds. 

Finally, the availability of these compounds and the corresponding dioxido derivatives as pure 

enantiomers will permit to obtain more information about the stereochemical requirements involved in the 

biological activities of these intermediates on both SE and OSLC enzymatic systems. Work along this line is in 

progress in our laboratory. 
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18,19-oxidosqualene (9): ‘H NMR (300 MHz, CDC13): 6,5.28-5.02 (4 H), 3.35 (brd, 1 H, J = 9 Hz), 
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29.6 (CH2), 28.2 (CH2). 28.1 (CH2), 27.3 (CH2), 26.56 (CH2). 26.4 (CH3). 25.7 (CH3), 23.9 (CH2), 

23.2 (CH3). 17.7 (CH3), 16.5 (CH3), 16.0 (CH3), 16.0 (CH3), 15.9 (CH3). 
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temperature, the solvent was evaporated and the residue was treated with NaHC03 satd. soln., extracted 

with 9:l hexane: methyl tert-butyl ether mixture, dried with MgS04 and purified by column 

chromatography on silica gel (9:l hexane: methyl tert-butyl ether) to give esters 10 (as a diastereomer 

mixture). 10: *H NMR (300 MHz, CDC13): 6, 7.68-7.57 (2 H), 7.47-7.37 (3 H), 5.25-5.03 (4 H), 

4.99 (dd, 1 H. Jr = 10 Hz, Jz = 2 Hz), 3.58 (br. 3 H, OCH3), 2.71 (t, 1 H, J = 6.5 Hz), 2.22-1.70 (14 

H), 1.95-1.75 (1 H, OH), 1.68 (s, 3 H), 1.62, 1.61, 1.60 (3 singlets, 9 H), 1.56 (s, 3 H, one d&t.), 

1.52 (s, 3 H. one diast.),1.70-1.00 (6 H), 1.25 (s, 3 H), 1.23 (s, 3 H, one diast.), 1.17 (s, 3 H, one 

diast.), 1.16 (s, 3 H, one diast.), 1.13 (s, 3 H, one diast.). t3C NMR (75 MHz): 6, 166.9 (CO), 166.4 

(CO), 135.1 (C), 134.2 (C), 133.5 (C), 132.1 (C), 131.8 (C), 129.7 (CH), 129.6 (CH), 128.4 (CH), 

127.7 (CH), 127.4 (CH), 125.3 (CH), 125.2 (CH), 124.8 (CH), 124.5 (q, J = 275 Hz, CF3), 124.2 

(CH), 123.7 (CH), 82.7 (CH), 82.4 (CH), 72.7 (C), 72.4 (C), 63.4 (CH), 60.8 (C), 55.5 (OCH3), 39.6 

(CH2), 38.8 (CH2), 36.3 (CHz), 36.1 (CH2), 35.8 (CHz), 28.7 (CH2), 28.2 (CH2), 28.2 (CH2), 27.3 

(CH2). 27.0 (CH2), 26.6 (CH2), 26.3 (CH3), 25.7 (CH3), 24.5 (CH3), 23.9 (CH2), 23.8 (CH2), 17.6 

(CH3), 16.5 (CH3), 16.0 (CH3), 16.0 (CH3), 15.9 (CH3), 15.9 (CH3). 19F NMR (275 MHz): S, 4.90, 

4.87 (CF3COOH used as internal reference). 

11. In our opinion, the asymmetric carbon atoms of the epoxide moiety are too far from the site of 

derivatization to cause further resolution in the HPLC profile of the mixture of standards. Likewise, the 

t9F NMR spectrum of this mixture also showed only two sharp singlets attributed to the diastereomers 

with (3R) and (3s) configuration (cf. note 10). 


