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Abstract: A new series of 1.1 -diphenyl-3-dialkylamino- l-silacyclopentanes was synthesized, and 

most compounds demonstraafed moderate to high affinity for the 5-ffTz~ receptor. A member of this 

series, compound lp displays potent antagonist activity after oral administrarion against bofh 

mescaline and DO/-induced head-twitches in mice and rats. with a long duration of action. The 

dextrorotatory isomer (+)-lp is highly more potent than the levorootatory isomer (-)-lp in m and 

in inrirp assays. 

In the last four decades, the number of studies to understand both physiological and 

pharmacological actions of serotonin (5-HT, 5-hydroxy-tryptamine) have increased rapidly. Thus, 

appetite, memory, thermoregulation, sleep, sexual behaviour, anxiety, depression, and 

hallucinogenic behaviour are some of the processes that have been linked with the neurotransmitter 

serotonin 1. To date, at least ten different serotonin receptors are known 2. The ~-HT~A subtype is 

one of the best characterized, due to the availability of several increasingly selective antagonists 3. 

Ritanserin was the first compound discovered with reasonable separation of 5.HTa and non-5-HT 

effects. Clinical studies of this drug Indicate that this 5-HTzA antagonist may be effective in anxiety 

or disthymic disorders 4 

The present paper describes the synthesis and SAR of a new series of l,l-diphenyl-3-dialkylamino- 

1-silacyclopentanes Id-t s (Table 1) structurally unrelated to ritanserin. One of them, compound lp 

and especially its dextrorotatory isomer (+)-lp shows potent in vitro and in vivo ~-HT~A antagonist 

activities with higher selectivity than ritanserin. 

Iitanswin ‘d-1 (SW Table 1) 

Compounds Id-r were prepared in a straightforward manner according to the sequence described in 

Scheme 1, which involves a global two-step synthesis from the readily available 1 -silacyclopent-2- 

enes 28-c 6. Conversion of 2a-c to 8d-r is a one-pot procedure Thus, silacyclopent-2-enes 2a-c 
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m In V/W Actlvltloo of l,l-Dlph~nyl-3~lalkyl~mlno-l-~ll~cyclo~~~n~ 
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reacted with methanesulfenyl chloride 4, generated from dimethyldiwlfide 3 and sulfuryl chloride in 

dichloromethane at -50°C 7, to give 5a-c which were used in the next step without purification. 

417 

Schsmsl: Synthesfr of Compounds 5ac, ad-r and Id-r 

? 
4 

( 

Wemfon condltlono: l ) 3 (leg). SO+12 (leq.). -WC. CH2C12. 5mn b) 2e-c (2eg). rt, lh, followed by 
rVaporatiOn of CH2Cl2 and then addition of THF c) 6d-I and 6k-r (2eq.). PhMgBr (2eg). 3!YC, THF, lh; 6J 
2eCt.). PhMgBr (4eq.), 35°C. THF. lh d) rt, 1 night l ) Raney@ nickel catalyst (50% slurry In water, pH>g, I 

2Sglmmol of Ed-r); for compound ld: methanol-water mixture l-l. pressure of hydrogen: 40 bars, 7O’C, 24h; 
for compound lo: methanol, pressure of hydrogen: 60 bars, 70°C. lOOh; for compounds 81,g. 81. Bk. 8n and 
6q.r: ethyl acetate, pressure of hydrogen: 1 bar, 40°C, 40-100 hrs; for compounds Bh, 81, 81,m and 80,~: 
ethyl acetate-methanol 2-l. pressure of hydrogen: 1 bar, 4OOC. 40-100 h. 

The nucleophilic substitution of the chlorine atom by various amino moieties was performed by 

action of bromomagnesium amides 7d-r s to give pure 3-dialkylamino-4-methylthio-l- 

silacyclopentanes 8d-r in moderate to good (2263%) overall yield. By comparison with analogous 

addition reactions 9, we suppose that methanesulfenyl chloride 4 reacts with the silacycloalkenes 

2a-c stereospecifically in a rrans manner to afford 6a-c. The chlorine atom was replaced by an 

amino group with retention of configuration to give &I-r as one diastereoisomer 10. 

The second step is the reduction of the methylthio group of compounds 6d-r by hydrogenation with 

Raney@ nickel catalyst in methanol, ethyl acetate, methanol-water mixture or ethyl acetate- 

methanol mixture (see scheme 1). Pure 1 ,l-diphenyl-3-dialkylamino-1 silacyclopentanes Id-r tt 

were obtained by hash-chromatography on silica gel. 

After hydrogenation of 8r, the two diastereoisomers 1s and 11 were obtained in 2/3 molar ratio t2 . 

Diastereoisomer separation of lr by HPLC using a column packed with Kromasil silica gel (mobile 

phase: ethyl acetate/nhexane/diethylamine 10/90/0.02, detection: UV (265 nm). flow-rate: lml/mn, 

pressure: 25 bars) gave compounds 1s and 11 11 with a purity of more than 95% (evaluated by 

HPLC). 
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All new compounds have been caracterized by It-f-NMR, IR and Mass Spectroscopy, and have 

given satisfactory combustion analyses (C, H, N, 0, S). 

&B vltr~ studies: The affinities of compounds Id-t and ritanserin for 5-tiT7~, receptors were 

evaluated in in vitro binding assays using [sH]-ketanserin as selective 3H-ligand and rat cortical 

membranes t3. The I&Q values for compounds ld-t are shown in Table 1. 

Among the compounds prepared, the silacyclopentane derivatives ld,e and lp are the most 

interesting compounds with regards to their 5-HTu binding potency (I&J S 2nM). 

According to the binding data, the following structure-activity relationships were observed. 

lntr~uction of a fluorine atom at the 2- or 3position of the phenyl ring of the piperazine group 

of compound Id highly reduced the 5-HTsA binding potencies (11 and lg vsld) while compound 

1s bearing the fluorine atom on the 4position retained high potency : 

lntr~uction of a fluorine atom at the 4position of one of the phenyl nngs born by the silicon 

atom of Id reduced 5-HTsA binding potencies (I& 2 20nM. 1s and It vs. ld). In addition, the 

two diastereoisomers 1s and It possessed almost the same potencies , 

Introduction of two fluorine atoms at the 4-position of the two phenyl rings born by the silicon 

atom of Id retained high activity (lp vs Id), whereas the same modifications on the fluorinated 

compound le dramatically reduced potency (lo vs. le) : 

Substitution of the fluorine atom of compound le by a methyl (lh) group, a hydroxyl (11) group 

or a chlorine atom (lk) reduced the binding activity (IC, 2 10nM) ; 

Replacement of the phenyt group of compound ld by heterocyclic moieties such as 2-pyridyl 

(II) or P-pyrazinyl (lm) groups highly reduced the 5-HTa binding activities (ICm 5 29 nM) ; 

Substitution of the 4-(4-fluorophenyl)~piperazinyl group of compound (le) by 4-(4-fluoro- 

phenyl)-1,2,3,6-tetrahydropyridinyl group (In) or 4-phenyl-piperidjnyi (lo) groups also reduced 

the binding activity (I& 2 14nM). 

Given the potent 6-HTsA binding activity of racemic ip, we went further and examined both 

enantiomers (+)-lp and (-)-lp of this compound. The two enantiomers were prepared in optically 

pure form by HPLC using a column packed with a chiral stationary phase [cellulose fris (3,5- 

dimethylphenyfcar~nate-coated silica gel)]. Ten runs (recycling included) were necessary for the 

separation, starting from 0.7g of compound lp [mobile phase: n-hexane/Z-propanol 95/5. flow-rate: 

10 bars, detection: UV (265 nm), see Table 21. 

Table Chromatographlc separation of enantiomers (+)-lp and (-)-lp 

retention time weight * yiehl l Ialo~ 

(+)-tP 140mn 012g 34% + 99"f0.5"(C-1. MeoH) 

(_)-1P 15 lrn" 0079 20% - 9.3*ioos--j~-l.~eOki) 

a: after crystalllsation 
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Enantiomeric homogeneity of both enantiomers (>99% e.e.) was evaluated by HPLC using Chiralcel 

OD as chiral stationary phase [mobile phase: n-hexane/2-propanol 9515, flow-rate: lml/mn, 

pressure: bars, detection: UV (245nm), selectivity: 1.201. 

Both enantiomers (+)-lp and (-)-lp were tested for their 5-HTu binding activities.The dextrorotatory 

isomer (+)-lp displayed E-fold superior potency for the 5-HT a than did the levorotatory isomer 

(-)-lp (Table 1). 

m studies : The most potent in vitro silacyclopentane derivatives [ld,s, lp and (+)-lp] of this 

class of compounds and (-)-lp were tested in viva . Central IHT2 antagonist activity was assessed 

by the ability of these compounds to antagonize mescaline- and DOI-induced head-twitches13 in 

mice and rats (Table 3). Among these compounds, lp showed the mosf potent in vivo activities (SC 

and po) with long duration of action at low dose. Thus, in the mescaline-induced head-twitches tests 

in rats, lp showed ED& of 0.48mg/kg (po, 6 hours) and 1.25mg/kg (po, 16 hours). This compound 

is 3 to 15-fold more potent in vivo by po route than ritanserin at 6 and 16 hours respectively. By SC 

route (1 hour), ritanserin was, however, more potent than lp. 

In the DOI-induced head-twitches tests in mice, ritanserin invariably showed a higher potency than 

lp (po and SC). We cannot comment on why, in the mescaline-induced head-twitches tests in rats or 

mice, compound lp seems to be more active po than SC, since comparative pharmacokinetic 

studies have been performed. 

Very interesting results were obtained with the dextrorotatory isomer (+)-lp. This isomer showed 

high in vivo activities both, in mescaline- and DOI-induced head-twitches in rats and mice, unlike 

isomer (-)-lp which is inactive. Thus, in the mescaline test in rats, compound (+)-lp exibited almost 

the same level of activity and the same long duration of action as lp by po route, while on the other 

hand it was 6-fold more potent by SC route. In the DOI test, compound (+)-lp showed the same level 

of activity as lp (po and SC). 

I&l&& In Wvo Actlvfties of compounds ld,e, lp, (+)-lp, (-)-lp and rftanserln 

a: The ED5Ovalues (mglkg) are defined as the dose which protected 50% of the animals from head-twitches 

b: Pretreatment time 

In addition, compounds lp and (+)-lp are very selective for 5-HT, receptors. Binding are 30 to 500- 

fold lower for a,-adrenergic [ICY =86nM; lC~~~(t+)-lp) =lOOnM], D2-dopamine [IC50(~p) -140nM; 

ICd(+)-ip) =lOOnM], muscarinic [ICw(ip and (+)_lp) >lOOOnM] and HI-histamine [IC&lp and (+I-ip) > 

lOOOnM] receptors. In addition, compounds lp and (+)-lp respectively are 2- and 1.5-fold more 
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selective than ritanserin for 5HT,, receptors with regard to a,-adrenergic receptors. It remains to be 

determined whether lp and (+)-lp also interact with the other subtypes of the 5HT2 receptor (5- 

HT2B and 5HT2c) for which ritanserin has high affinities. 

In conclusion, compound (+)-lp represents a very interesting drug candidate as a potential 

antidepressant and anxiolytic agent. Details of its pharmacological properties will be reported 

elsewhere. 
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