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Abstract: (Arylamino)methylsilane derivatives 3 have been prepared and identified as potent inhibitors of human
LDL oxidation mediated by copper(Il). Combination of this property with the structural requirement of squalene
epoxidase inhibitors led to the design and synthesis of the (arylamino)methylsilane derivative 4 which was
characterised as the first potent, orally active squalene epoxidase inhibitor with antioxidant properties.

Early epidemiological data indicate a strong association between LDL-cholesterol levels and the
incidence of atherosclerosis!. More recently, the concept of oxidatively modified LDL as potential atherogenic
particles gained momentum since evidence exists to suggest that LDL oxidation may represent an important
event in the early steps of atherogenesisz,

Plasma LDL-cholesterol can be lowered by temporary interruption of cholesterol biosynthesis which
leads to an increased activity of hepatic LDL receptors and consequent removal of LDL-cholesterol from the
blood plasma3. This has been widely illustrated by the use of HMG-CoA reductase inhibitors as cholesterol
lowering drugs with proven clinical efficacy®. Squalene epoxidase (SE) (EC 1.14.99.7) has also been recently
identified as another key enzyme in the biosynthesis of cholesterol®. Inhibitors of that particular enzyme could
demonstrate advantages over HMG-CoA reductase inhibitors since the latter are involved in other important
cellular prenylation processes. The therapeutic potential of SE inhibitors has been confirmed by the ability of NB-
598 1 to decrease cholesterol levels in dogs® and, more recently, we have shown that the first silicon-containing
SE inhibitor 2 was also a potent orally active cholesterol biosynthesis inhibitor” .
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As part of our program directed toward the discovery of new drugs for atherosclerosis, we have focused
our attention on the design of compounds which would simultaneously decrease cholesterol levels by inhibiting
squalene epoxidase (LDL quantity) and exert an antioxidant activity (LDL quality).

Most of the antioxidant compounds known to protect LDL particles from oxidative stress are essentially
electron-rich phenol derivatives® (for example, vitamin E or probucol which have demonstrated efficacy in
experimental models of atherosclerosis). Nevertheless, the design of potent squalene epoxidase inhibitors with
antioxidant properties are not a straightforward goal to reach, SE is a very selective enzyme which only
recognizes very lipophilic substrates (squalene) or inhibitors (e.g. compounds 1 or 2), with a high structural
specificity>-7,9. Thus, our preliminary attempts to modify known squalene epoxidase inhibitors by introducing
electron-rich phenol sub-units led to the identification of potent antioxidant agents, but, unfortunately with a
dramatic loss of SE inhibitory potency10.

In order to address this question, we turned our efforts towards the identification of completely new
antioxidant moieties which would be compatible with squalene epoxidase inhibition. Starting from the
reported11 observation that (trimethylsilylymethyl substitution of aromatic amines induces a dramatic decrease in
oxidation potential, we considered that this type of aniline derivative could be potentially active as biological
antioxidants. It is noteworthy that some (trialkylsilyl)methylamine derivatives have previously been characterized
as potent irreversible MAO inhibitors12, but to our knowledge, no data has ever been reported concerning their
antioxidant properties, especially related to the oxidation of LDL.

We report in this letter the first biological data demonstrating the antioxidant properties of
(arylamino)methylsilane derivatives of type 3, and furthermore, we describe, the synthesis and biological
properties of compound 4, a new SE inhibitor combining for the first time hypocholesterolemic with antioxidant
properties.
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(Arylsilyl)methylaniline derivatives 3a-3e were first prepared in order to evaluate their potential as
antioxidants. Compounds 3a and 3b (Table 1) were obtained by condensation of the corresponding
trifluoroacetylated aniline derivatives 6a-b with (chloromethyl)phenyldimethylsilane (Scheme 1) under basic

conditions, followed by removal of the trifluoroacetyl activating group with potassium hydroxide in methanol.
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N-ethyl substituted silylmethylaniline derivatives 3¢c-3e (Table 1) were obtained by condensation of the
N-acetylated aniline derivative 6¢c-6e with the appropriate chioromethylsilane under the same conditions as
described above, followed by reduction of the N-acetyl group with lithium aluminium hydride in tetrahydrofuran
(Scheme 1).

Scheme 12
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5a-e 6a-b (R3=COCF3) 7a-e 3a-b (R3=H)

6c-e (R;=COCHj) 3c-e (Ry=EY)

2 (a) (CF3C0),0, Et3N, CH,Cly, r.t., 2h (95%) or (CH3C0),0, Et3N, CHyCly. r.t., 1h (95%); (b) i. 6a-e, NaH, DMF, r.t.
1hii. 7a-e, 80°C, 4-20h (65-85%); (c) KOH, McOH. r.., 2h (100%) or LiAlH,, THF, 0°C, Lh (80-90%).

Compounds 3a-3e (Table 1) were found to inhibit the in vitro oxidation of human LDL mediated by
copper(Il) in a concentration-dependent mannerl3. In this study, the antioxidative effects of compounds 3a-3e
was compared with the natural antioxidant vitamin E, with probucol and also with the carba-analog14 derivative
3f. The results reported in Table 1 show that the (aryldimethyl)silylmethylaniline derivatives 3a and 3b are potent
inhibitors of copper-induced peroxidation of LDL especially when compared to the results obtained with vitamin
E or probucol under the conditions tested. Interestingly enough, 3a (IC5g = 7.8 uM) is much better at protecting
LDL from oxidation than its carba-analog 3f (IC5 = 100 M) demonstrating the importance of the silicon atom
on the antioxidant properties of silylmethylanilines.

Moreover, the observations (Table 1) that a trifluoromethy! electron-withdrawing group has a dramatic
effect on antioxidant properties only when attached to the aniline aromatic ring but not to the silyl-substituted
aromatic ring (compare 3c with 3d and 3e) as well as the superior antioxidant efficacy of compound 3b (which
contains an electron-donating group on the aniline aromatic ring) compared to 3a are also in accordance with the
hypothesis that antioxidant potency, within this series of compounds, is directly related to their oxidation
potentiall 1, This is to say, the capability of these compounds to protect LDL from oxidative stress seems to be
associated with the stability of the cation-radical formed upon oxidation. Therefore, the silylmethylaniline
derivatives 3a-3e are believed to act as "chain-breaking" antioxidants /.. molecules which are oxidised more
rapidly than lipids so leading to products which have insufficient reactivity to propagate radical reactions.

Altogether, the results disclosed in Table 1 demonstrate for the first time that (aryldimethyl)silylmethyl
derivatives of aniline are lipid peroxidation inhibitors. However, none of compounds 3a-3e were found to inhibit
squalene epoxidase.
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Table 1
VK
R, /\
Cpd X R Ry Ry ICso(uM)!3
3a Si H H H 7.8
3b Si OCH; H H 3.0
3¢ Si H H Et 15
3d Si CF3 H Et ~100
3e Si H CF3 Et 20
3f C H H H ~100
Vitamin E - - - - 10
Probucol - - - - 53

From the data outlined above (Table 1) and from our earlier work demonstrating the potency of
compound 2 as a squalene epoxidase inhibitor’. we decided to prepare the (arylamino)methylsilane derivative of
benzylamine 4 as a first prototype which should combine, within the same molecule, SE and lipid peroxidation
inhibitory properties. The synthesis of compound 4 was readily achieved in 5 steps according to the method
depicted in Scheme 2. Reduction of the intermediate 6 (easily obtained in 75% yield by condensation of the N-
trifluoroacetyl derivative of 3-cyano aniline with chloromethyl(2-methylphenyldimethyl)silane) with DiBAI-H in
toluene allowed the formation of the aldehyde 8 with concomitant removal of the trifluoroacetyl group.
Reductive amination -of 8 using ethylamine and sodium borohydride in ethanol gave the expected secondary
amine 9. Treatment of this amine with the allylic bromide!> derivative 10 in the presence of triethylamine led

exclusively to alkylation on the most reactive nitrogen atom to afford the final product 4 in 75% yield16.

Scheme 22

O D =, . 02 2.0
NG N s OHC N s e N s
LA A A

CF,CO

6

K/\/Br
-~

10

(a) DiBAI-H, toluene, -20°C, 2h (80%); (b) i. EINH,. EtOH, 20°C: ii. NaBH,, EtOH. 20°C (85%); (¢) Et3N, DMF, r.t., 8h (75%)

4

|
H

9

/



New hypocholesterolemic organosilanes 537

The (arylamino)methylsilane derivative 4 was compared to the (aryloxy)methylsilane derivative 2 (Table
2) as an in vitro inhibitor of pig liver microsomal squalene epoxidasel” and as an inhibitor of cholesterol
biosynthesis in Hep-Gy cells in culturel8. In addition, these two compounds were also evaluated in vivo as
inhibitors of cholesterol biosynthesis from [14C] acetate after a single oral administration in female rats18.

In parallel, the ability of 2 and 4 to protect human LDL from oxidation was compared in two different
tests in which oxidative modification of LDL has been induced either by copper ions!3 or by cultured human
umbilical vein endothelial cells (Table 2) according to a well established procedurel?.

Table 2
Cpd SE. Hep Gy rat Cutt HUVEC
ICs50 (WM)  ICsg (M) EDsg ICs50 (M) ICs0 (M)
(mg/kg)
2 0.03 0.12 3.2 >50 50
0.1 0.20 10 20 7

The results disclosed in Table 2 demonstrate that both (aryloxy)methylsilane derivative 2 and
(arylamino)methylsilane derivative 4 are potent squalene epoxidase inhibitors which can control cholesterol
biosynthesis in vitro in Hep-Gy cells or in vivo in rats upon oral administration. Although this data shows that
the (arylamino)methylsilane derivative 4 is slightly less potent than the (aryloxy)methylsilane 2 as a cholesterol
biosynthesis inhibitor, comparison of both compounds in copper or HUVEC-induced LDL oxidation procedures
demonstrates the large superiority of the (arylamino)methylsilane derivative 4 as an antioxidant. It is noteworthy
that, when human LDL particles are oxidised by endothelial cells, the protecting effect of compound 4 (IC5¢ =7
M) compares very favorably with the result obtained with vitamin E (IC59 = 13.6 uM) under the same
experimental conditions thus demonstrating the therapeutic potential of such derivatives in protecting human

LDL against oxidation.

In conclusion, (arylamino)methylsilanes appear as a new class of promising biological antioxidants as
demonstrated here by their ability to protect LDL from oxidative stress. Combining this property with the
potency of compound 4 to inhibit cholesterol biosynthesis allows new and promising directions toward the
design of new hypocholesterolemic drugs with antioxidant properties. However, the therapeutic potential of
antioxidants are not restricted to the problem of atherosclerosis as demonstrated by numerous recent studies (for
example ischemia-reperfusion, inflammation, cancer, ageing and neurodegenerative diseases)20. Work is in
progress to enlarge the scope of application of these new antioxidants and also to elucidate their mechanism of
action.

Acknowledgements: We wish to thank 1.Brunel and F.Gendre for expert technical assistance and E.Dupeyron
for helping preparing this manuscript.



538

J.-P. GOTTELAND et al.

References and Notes

A

10.

11

12.

13.

14,

15.
16.

17.

18.

19.

20.

Lipids Research Clinics Program; J. Am. Med. Assoc. 1984, 251, 351-364; ibid 1984, 251, 365-374.

(a) Partasarathy, S.; Steinberg, D.; Witzum, J.-L. Ann. Rev. Med. 1992, 43, 219-225; Holvoet, P.; Collen,
D. FASEB 1994, 8, 1279-1284. (b) Daugherty, A_; Roselaar, S. Cardiovasc. Res. 1995, 29, 297-311.
Brown, M. 8,; Goldstein, J. L. Angew. Chem., Int. Ed. Engl. 1986, 25, 583-602.

Feussner, G. Current Opinion in Lipidology 1994, 5, 59-68.

Abe, I; Tomesch, J. C.; Wattanasin, S.; Prestwich, G. D. Nat. Prod. Rep. 1994, 11, 279-302.

Horie, M.; Sawasaki, Y.; Fukuzumi, H.; Watanabe, K ; Tzuka, Y.; Tsuchiya, Y.; Kamei, T. Atherosclerosis
1991, 88, 283-192.

Gotteland, J.-P.; Brunel, I.; Gendre, F.; Désiré, J.; Delhon, A.; Junquéro, D> OmsP.; Halazy, S. J. Med.
Chem. 1995, 38, 3207-3216.

Jackson, R.L.; Ku, G.; Thomas, C.E. Med. Res. Rev. 1993, 2, 161-182.

Iwazawa, Y .; Horie, M. Drugs of the Future 1993, 18,911-918.

Gotteland, J.-P.; Halazy, S. manuscript in preparation.

Cooper, B. E.; Owen, W. J. J. Organomet. Chem. 1971, 29, 33-40.

(a) Silverman, R. B.; Banik, G. M. J. Am. Chem. Soc. 1987, 109, 2219-2220 (b) Banik, G. M.; Silverman,
R. B. J Am. Chem. Soc. 1990, 172, 4499-4507 (c) Danzin, C.; Collard, J.-N.; Marchal, P.; Schirlin, D.
Biochem. Biophys. Res. Commun. 1989, 160, 540-544.

IC5( values have been determined by measuring the extent of lipid peroxidation by the TBARS method
according to Yagi K. Chem. Phys. Lipids 1987, 45, 337-351.

The carba-analog derivative 3f was prepared by condensing aniline on the acyl chloride derived from 2,2-
dimethyl-2-phenyl acetic acid followed by reduction of the so-formed amide by LiAlHy4.

Stutz, A.; Petranyi, G. J. Med. Chem. 1984, 27, 1539-1543.

Spectroscopic data for compound 4: |H NMR (CDCl3) & 7.45-7.02 (m, SH), 6.61-6.48 (m, 3H), 6.10 (td,
J=16.1,6.2 Hz, 2H), 5.68 (d, ] = 16.1 Hz, tH), 3.46 (s, 2H), 3.11 (d, ] = 6.2 Hz, 2H), 2.50 (q, ] = 7.0
Hz, 2H), 2.72 (s, 2H), 2.50 (s, 3H), 1.28 (s, 9H), 1.05 (t, J = 7.0 Hz, 3H), 0.45 (s, 6H). Anal. calcd for
CogH39NOSi : C, 77.72 ; H, 9.32 ; N, 6.47. Found : C, 77.58 : H, 9.12 ; N, 6.35.

The microsomal squalene epoxidase activity was assayed according to Bai, M.; Prestwich, G. D. Arch.
Biochem. Biophys. 1992, 293, 305-313.

Cholesterol biosynthesis in Hep-G2 cells was determined by measuring 14C mevalonate incorporation and
acute inhibition of cholesterol synthesis in orally fed female rats was determined by measuring in vivo l4c
acetate incorporation according to Horie, M.; Tsuchiya, Y.; Hayashi, M.; Iida, Y.; Iwasawa, Y.; Nagata,
Y.; Sawasaki, Y.; Fukuzumi, H.; Kitani, K.; Kamei, T../. Biol. Chem. 1990, 265, 18075-18078.

Breugnot, C.; Maziere, C.; Salmon, S.; Auclair, M.; Santus, R.; Morliere, P.; Lenaers, A.; Maziere, Z.
Biochem. Pharmacol. 1990, 40, 1975-1980.

a) Halliwell, B. Drugs 1991, 42, 569-605. b) Bast, A. DN&P 1994, 7, 466-472. c) Maxwell, S. R. Drugs
1995, 49, 345-361.

(Received in Belgium 5 December 1995; accepted 25 January 1996)



