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Abstract 

Four different syntheses of the potent and selective muscarinic antagonist cyclohexyl(6 

fluorophenyl)(3-piperidinopropyl)silanol ( p-fluoro-hexahydro-sila-difenidol, p-F-HHSiD (2b); isolated 

as hydrochloride 2b’HCl) are described (starting materials: (CH,O),SiCH,CH,CH,Cl and Si(OCH,),). 

In addition, the synthesis of the corresponding carbon analogue p-fluoro-hexahydro-difenidol ( p-F-HHD 
(2a); isolated as 2a.HCl) and the syntheses of three p-F-HHSiD derivatives (3%5), with a modified cyclic 

amino group, are reported (3: piperidino/pyrrolidino exchange, isolated as 3’HCl; 4: piperidino/ 
hexamethylenimino exchange, isolated as 4. HCI; 5: quaternization of 2b with methyl iodide). The chiral 

compounds 2a, 2b, 3, 4 and 5 were prepared as racemates. In functional pharmacological studies, 3-5 

behaved as simple competitive antagonists at muscarinic Ml receptors in rabbit vas deferens, M2 

receptors in guinea-pig atria, and M3 receptors in guinea-pig ileal smooth muscle. The pyrrolidino (3) 

and hexamethylenimino (4) analogues of the parent drug p-F-HHSiD (2b) displayed the highest affinity 

for Ml and M3 receptors (PA, values: 7.0-7.4) but exhibited lower affinity for cardiac M2 receptors 

(PA,: 5.9 and 6.0). Their affinity profile (Ml - M3 z M2) is different from that of p-F-HHSiD (2b) 
(M3 > Ml > M2), but qualitatively very similar to that of p-F-HHD (2a). The methiodide 5 exhibited the 

highest affinity for Ml receptors (PA,: 8.5) but lower affinity for M2 and M3 receptors by factors of 5.6 

and 3.6, respectively. 

Introduction 

Some years ago, we reported the synthesis of the potent and selective muscarinic 
antagonist hexahydro-sila-difenidol (HHSiD (lb); Scheme 1) [l]. This silicon com- 
pound is now a commercially available drug that is used in experimental pharmacol- 
ogy and physiology for the classification of muscarinic receptor subtypes [2-61. In 
functional experiments and radioligand binding studies, HHSiD shows approxi- 
mately the same high affinity for muscarinic Ml, M3 and M4 receptors, whereas its 
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Results and discussion 

(a) Syntheses 

The carbon compound p-fluoro-hexahydro-difenidol (2a) (isolated as 2a. HCl) 
was prepared as shown in Scheme 2 by reaction of cyclohexyl 4-fluorophenyl ketone 
with (3-piperidinopropyl)magnesium chloride, followed by aqueous workup (overall 
yield 76%). 

The silicon analogue p-fluoro-hexahydro-sila-difenidol (2b) (isolated as 2b . HCl) 
was synthesized by four different procedures, starting from the commercially 
available (3-chloropropyl)trimethoxysilane (Scheme 3) or tetramethoxysilane 
(Scheme 41. 

As shown in Scheme 3, 2b was obtained from (3-chloropropyl)trimethoxysilane 
by two similar four-step routes (overall yields of 2b. f-K1 were 39 and 38%, 
respectively) which differ only in the sequence of introduction of the piperidino and 
4-fluorophenyl group. In the first step of both syntheses, the (3-chloropropy1)tt-L 
methoxysilane was transformed into the corresponding cyclohexylsilane 6 by reac- 
tion with cyclohexylmagnesium chloride by a procedure described in ref. 1. Conver- 
sion of 6 with (4-fluorophenyl)lithium into the (4-fluorophenyl)silane 7 and its 
subsequent reaction with piperidine yielded the (3-piperidinopropyl)silane 8. Alter- 
natively, 8 was obtained by conversion of the (3-chloropropyl)silane 6 with piperi- 
dine into the (3-piperidinopropyl)silane 11, followed by reaction of the latter with 
(4-fluorophenyl)lithium. Finally, the silanol 2b was prepared by acid-catalyzed 
hydrolysis of the methoxysilane 8 and then isolated as the hydrochloride 2b. HCl. 

As shown in Scheme 4, tb was obtained from tetramethoxysilane by a four-step 
<or a %ve-s1ep rouk Tml Wiie~ or&y in lie methob useB EDT Ihe ‘Iormaimn o5 %e 
?WP? fcrnction {ML+? ale&’ 23 and 22%, re~~~&z+~ reJ&ted to 2b _ ECTjt In the first 
step tetramethoxqsilane vv’as converM into the corresponding (4-~~o~opheny{)si~a~e 
12 by reaction with (4-fluorophenyl)lithium. Conversion of 12 by cyclohexylmag- 
nesium chloride into the corresponding cyclohexylsilane 13 and reaction of the latter 
with (3-piperidinopropyl)magnesium chloride yielded the (3-piperidinopropyl)silane 
8, which upon acid-catalyzed hyd&& gave the s&no1 2%. A1ternaBv& 2b was 
s-~Wlf&~& *j “a &f;<-Tca<a+& u Qdidcf%+3 TA ?+fC +qtwh&xita~fi $4, ‘W+ii& ‘WiS 

lobtajnen fTom the corresponding methoX@ane 8 by Teacilon with Ji\tinrn 
a’lumitium b&&?. 

The p-fluoro-hexahydro-sila-difenidol derivatives 3 and 4 were prepared by a 
route analogous to one of those used in the synthesis of 2b (sequence 7 -+ 8 += 2b), 
as outtin& in Scheme 3. In the first step, the (3-p?l~ro~~~~~~~~o~~~~~~~e 9 and the 

(3-hexamethyleniminopropyl)silane 10 were synthesized by reaction of the (3-chlo- 

1. C5H,,N(CH&MgCI 

2. H20/H30+ 

c=o c 
‘CH2-CH2-CH2-N 

3 

Scheme 2 

2a ( isolated as 2amHCI ) 
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silanols 3 and 4, which were isolated as the hydrochlorides 3 !-ICI anti 4 HCI (wd 
yield 31 and 29%. respcctivelv. based on the (.l-chk)roprop\;l )trlrncth,,~cil;lllc 
initially used). 
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Schemr. 4 
2b ( isolated as Pb*MCI ) 

Ttie siiBno& LG . fiU, 2% . fiU~ S- AU, 4’. filT ana’ 5 were isotarea’ as pure 
crysixtiirfe ~~~rp?l?rf&, W‘L‘eiV~ 3 Qh% Skin&% 6% ‘wt’lz V&i&& ^& -jXiit %dkMi’~ 

liquids. The identities OF all the new compounds described in this paper were 
confirmed by elemental analysis and by NMR spectroscopic (‘H, 13C, “Si) and mass 
spectrometric studies (EI MS, FAB MS). 

(b) Pharmacological studies 

Neurogenic twitch contractions of rabbit vas deferens were inhibited by the Ml 
receptor agonist 4-Cl-McN-A-343 [2] (EC,,, = 25 nM). This effect was concentra- 
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Fig. 1. Affinity profiles of p-fluoro-hexahydro-difenidol (Za), p-fluoro-hexahydro-sila-difenidol (2b) and 

compounds 3--S at muscarinic Ml receptors in rabbit vas deferens, M2 receptors in guinea-pig atria and 

M3 receptors in guinea-pig ileum. 

Experimental 

(a) Syntheses 

All synthetic procedures were performed under nitrogen and in dry solvents 
unless stated otherwise. Melting points were determined with a Biichi apparatus 
(type 510) and are uncorrected. Kugelrohr distillations were performed with a Biichi 
GKR-50 apparatus. ‘H and 13C NMR spectra were recorded on a Bruker AM-400 
spe&fl&&‘z (flX$tiULti~L~ & 44.1 ?L& I&?.& MHz, re~s.iXXX&&y] U?d az1 8 Br&‘?X 
WP-300 spectrometer [qoeraiing at 3iuU.I and 15.5 MHz, res_pectiv~I~~j. ?i ‘DjNrR 
spK.<&a ~sc*~~ ,,~,=?~‘zz ‘1&. ?, %&?X WP- m2 Cfl/zXJ -1 U 1 __“I “U .can&m q?$?&rzg at IP.6 MHZ. 
Chemical shifts (ppm) were determined with respect to those of (CH,),Si (‘H, 6 0) 
and CDCl, (13C, S 77.05) as internal references and to that of (CH,),Si (29Si, 6 0) 
as external reference (in the case of 2a. HCI. CD,OD was used as internal reference; 
13C, 6 49.0). Assignment of the 13C NMR data was supported by DEPT experi- 
ments. ?&XX spectra were &t&ned with a ~(a&~- IMAT-71 1 and a Finnigarz- MAT- 

8430 mass spectrometer (EI MS: 70 eV; F.4B MS: glycerol (liquid matrix), xenon 
(FAB source)). The m/z values given refer to the isotopes ‘H, ‘*C, 14N, IhO, 19F, 
*?X “Cl and 12’I. 

1 -Cyclohexyl-I -(4-fluorophenyl)-4-piperidino-I -hutunol hydrochloride (p-fluoro- 
hexahydro-difenidol hydrochloride) (2~ . HCI) 

A Grignard reagent was prepared as described in ref. 1 from I-chloro-3- 
piperidinopropane (0.74 g, 4.58 mmol) and magnesium turnings (0.15 g, 6.17 mmol) 
in THF (5 ml), and was then added dropwise at 0” C during 5 min to a stirred 
solution of cycIohexyI 4fIuorophenyl ketone (0.72 g, 3.49 mmol) in &ethyl ether (20 
ml). After 4 h stirring at room temperature and subsequent heating under ret?ux for 
4 h, saturated aqueous NH,Cl solution (10 ml) was added at room temperature. The 
organic phase was separated and the aqueous layer extracted three times with 
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Cyclohexyl(4-fluorophenyl)(3-pyrrolidinopropyl)silanol hydrochloride (3 . HCl) 
Prepared as described for the synthesis of 2b. HCl (method a), by hydrolysis of 9 

(7.00 g, 20.0 mmol) in a mixture of 0.5 M hydrochloric acid (570 ml) and 
2-prupanu1 (210 ml) and subsequent transformation of the crude ai-mne 3 into its 
hydrochloride by reaction with 0.5 M ethereal HCl (40.0 ml, 20.0 mmol HCl). Yield 
5.22 g (70%) of colourless crystals; m.p. 150 o C (Zpropanol). ‘H NMR (CDCI,): 6 
0.8-1.2 and 1.6-2.1 (m, 19H; SiCH,C, SiCHC,, CCH,C), 2.7-3.1 and 3.6-3.7 (m, 
6H; NCH,C), 5.1 (‘s’, broad, 1H; SiOH), 6.9-7.0 and 7.5-7.6 (m, 4H; SiC,H,F), 
11,2 (‘s’. broad, 1H; NH). r3C NMR (CDCI,): 6 9.9 (SiCH,C), 19.7 and 23.1 (2C) 
(CCH,C), 26.2 (C-l, SiC,H,,), 26.5, 26.6 (2C), 27.57 and 27.62 (CCH,C), 53.2 and 
53.5 (NCH,C, NC,H,), 57.3 (SiCH,CH,CHZN), 114.8 (d, *J(CF) 19.5 Hz; C-3/C-5, 
SiC,H,F), 131.8 (d, 4J(CF) 3.6 Hz; C-l, SiC,H,F), 135.8 (d, >(CF) 7.2 Hz; 
C-2/C-S, SiC,H,F), 143.7 (d, ‘J&F) 248.2 Hz; C-4, SiC,H,F). 29Si NMR (CDCJ,): 
6 1.6. FAB MS: m/z 707 (2’55, 2 X cation of the salt +Cl--), 336 (lOO%, cation of 
the salt), Anal, Found: C, 61.6; H., 86; N., 3.8. C,,H,,,CIFNOSi (372-O) talc: C, 
61.35; H, 8.40; N,. 3.77;;. 

Cyclohexyl(4-f[uorophenyl)(3-hexamethyleniminopropyl)silanol hydrochloride (4 . 
HCl) 

Prepared as described for the synthesis of 2b. HCl (method a), by hydrolysis of 
l@ /3.DD g, 18.5 mm@ in a mixlure OE 0.5 M ~,v&o&Ioilc add 1530 ml> and 
2. .p.>~~a.& .(l95 .r# a.& &*fiqan.t .$r~n&r<n+a.&n ,3f &be or&.e a,&r+e 4 .&3 &s 
hydrochloride by reaction with 0.5 M ethereal HCI solution /37.0 ml, 18.5 mmol 
HCl). Yield 4.64 g (63%) of colourless crystals; m.p. 185” (2-propanol). ‘H NMR 
(CDCl,): 6 0.7-2.1 (m, 23H; SiCH,C, SiCHC,, CCH,C), 2.8-3.0 and 3.3-3.5 (m, 
6H; NCH+Z), 5.2 ((s’, broad, IH; SiOH), 6.9-7.0 and 7.5-7.6 (m, 4H; SiC,,H,F), 
10.9 (‘s’, broad, lH, NH). r3C NMR (CDCl,): 6 9.8 (SiCH,C), 18.0 and 23.1 (2C) 
((CE’B,Q, 2b.I IC-I, SIC,&,), 26.4, 26.5,23.5 a33L)23.h)jn tnt~3C)(CCH,Q, 53.B 
and 54.2 (NCH,C, NC,H,,), 59.3 (SiCH,CH,CH,N), 114.6 (d, 2J(CF) 19.5 Hz; 
C-3/C-5, SiC,H,F), 132.0 (d, 4J(CF) 3.5 Hz; C-l, SiC,H,F), 135.7 (d, >(CF) 7.3 
Hz; C-2/C-6, SiC,H,F), 163.6 (d, ‘J(CF) 248.1 Hz; C-4, SiC,H,F). “Si NMR 
(CDCI,): 6 1.6. FAB MS: m/t 363 [2W, 2 x cati, of the saIt + VI-), 364 @DD%, 
cation of the salt). Anal. Found: C, 63.5; H, 8.9; N, 3.5. C,,H,,ClFNOSi (400.1) 
talc: C, 63.05; H, 8.82; N, 3.50%. 

Cyclohexyl(4-fluorophenyl)(3-piperidinopropyl)silanol methiodide (5) 

Methyl iodide (2.60 g, 18.3 mmol) was added to a solution of 2b (2.80 g, 8.01 
mmol) in ethanol (2b was obtained from 2b. HCl by reaction with NaOH and 
subsequent aqueous workup). The mixture was stirred at 30 o C for 3 h, pentane (75 
ml) was added dropwise, and the mixture stirred for a further 90 min. The 
precipitate was filtered off, washed with pentane (25 ml), dried in uacuo, and 
recrystallized from acetonejpentane to give 3.50 g (yield 89%) of colourless crystals; 
m.p. 98°C. ‘H NMR (CDCl,): 6 0.8-1.2 and 1.6-2.1 (m, 21H; SiCH,C, SiCHC,, 
0X3&> 3.33 Is, 3X,;NEX_,>, 3-L3.hjm. bX,;NCXZQ, 4_4)‘s’.hroa& IX: ~XEQ, 
‘ilcT’- /II’ and IlcLZilT cm, e, s<iX4F$ ‘“~,~ i~ipIR ibid;; ,~ 0” 3:~ i3iL’.-~~~~, Id.s, 

2?v” (XT, X3, 23.3, 23.6 (X~, 27.3 aZId 27.d fCCH2CJ 23.2 (S--Z, SC6Hl, i: 433 
(NCH,), 61.0, 61.1 and 65.7 (NCH,C), 114.8 (d, ‘J(CF) 19.6 Hz; C-3/C-5, 
SiC,H,F), 131.5 (d, 48iJ(CF) 3.8 Hz; C-l, SiC,H,F), 136.0 (d, 3J(CF) 7.4 Hz; 



C‘-Z/C-6. SiC,,H,F). 163.7 (d. ‘J(CF) 248.2 Hz; C-4, SiC’,,H,F). F:\B MS: u,, z 364 

(IOO?. cation of the salt). Anal. Found: C. 51 7: H. 7.1. N, 3.tl. C.,tii,FINOSi 

(491.5) talc: C. 51.12: H. 7.1X; N. 1.85’-?. 
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M&hod c. A G&nzz& reason\ was pl~repaed a~c~~&in~ to ref. 1 km l-&klo- 
3-piperidinopropane (7.44 g, 46.0 mmol) and magnesium turnings (1.46 g, 60.1 
mmol) in THF (25 ml) and was then added dropwise at 0 o C during 1 h to a stirred 
solution of 13 (9.50 g, 35.4 mmol) in diethyl ether (150 ml). After stirring at room 
temperature for 15 h and heating under reflux for 8 h, saturated aqueous NH,Cl 
solution (80 ml) was added at room temperature. The organic phase was separated 
and the aqueous layer extracted three times with diethyl ether (3 X 40 ml). After 
drying of the combined organic extracts over anhydrous Na,SO, and removal of the 
solvent under reduce& pressure,. ‘rhe oily resiirue was &isli11e& in ~JUCUU fyigeux 
column) to give 10.1 g (yield 78%) of an oily liquid; b.p. 151”C/0.001 Torr. 

‘H NMR (CDCl,): S 0.8-1.3 and 1.4-1.8 (m, 21H; SiCH,C, SiCHC,, CCH,C), 
2.3-2.4 (m, 6H; NCH,C), 3.49 (s, 3H; OCH,), 7.0-7.1 and 7.4-7.5 (m, 4H; 
SiC,H,F). i3C NMR (CDCI,); 6 9.3 (SiCH,C), 20.4 and 24.5 (CCH,C), 25.2 (C-l, 
SiC,H,,), 25.9 (2C), 26.8, 26.9 (2C), 27.8 and 27.9 (CCH,C), 51.4 (OCH,), 54.6 
(2C) (NCH,C, NC,H,,), 63.1 (SiCH,CH,CH,N), 114.9 (d, *J(CF) 19.5 Hz; C-3/C- 
5, SiC,H,F), 130.6 (d, 4J(CF) 3.7 Hz; C-l, SiC,H,F), 136.2 (d, >(CF) 7.3 Hz; 
C-2/C-6, SiC,H,F), 164.0 (d, ‘J(CF) 248.4 Hz; C-4, SiC,H,F). 29Si NMR (CDCI,): 
S 5.9. El MS. m/z 363 (3%,. _M+),. 98 (lW&. CH,=NC,H,+,.). Anal. Found C, 69.5;. 
H, 9.4; N, 3.8. C,,H3,FNOSi (363.6) talc: C, 69.37; H, 9.43; N, 3.85%. 

Cyelohe~yl(4-~uorop~e~ryl~mef~~o~y~3 -pyrrol~dinoprop y&ih e (9) 

Prepared as described for the synthesis of 8 (method a) by reaction of 7 (15.0 g, 
47.6 mmol) with pyrrolidine (10.2 g, 143 mmol) in methanol (25 ml). Yield 13.8 g 
(83%) of an oily liquid; b.p. 153”C/0.001 Torr. ‘H NMR (CDCl,): 6 0.8-1.0, 
l.l-1.2 and 1.5-l.S(m, I9H; SiCH,C, SiCHC,, CCH,Cj, 2.4-2.5 (m, 6H; NCH,Cj, 
3.49 (s, 3H; OCH,), 7.0-7.1 and 7.4-7.5 (m, 4H; SiC,H,F). 13C NMR (CDCl,): 6 
9.5 (SiCH,C), 22.7 and 23.4 (2C) (CCH,C), 25.2 (C-l, SiC,H,,), 26.8, 26.9 (2C), 
27.8 and 27.9 (CCH,C), 51.4 (OCH,), 54.2 (2C) (NCH,C, NC,H,), 60.1 
(SiCH,CH,CH,Nj, 114.9 (6, ‘J(CFj 19.4 Hz; C-3/%-5, Si’C;,H,Fj, 130.6 (6, ?(CFj 
3.7 lHz. C-L,. SiC,H,Q 136.L (4 ?[CQ 7.2 Hz;. C-2/C-6,. SiC,K,E\,. 163.9 cd,. 
‘J(CFj 248.3 Hz; C-4, SiC,H,Fj, ‘?Si NMR (CDCI,j: S 5.9. EI MS: m/z 349 (Z%> 
M+), 84 (lOO%, CH,=NC,H,f). Anal. Found: C, 68.8; H, 9.3; N, 4.1. C,,H,,FNOSi 
(349.6) talc: C, 68.72; H, 9.23; N, 4.01%. 

Cyclohexyl(4-fluorophenyl)(3-hexamethyleniminopropyl)methoxysilane (10) 

Prepared as described for the synthesis of 8 (method a) by reaction of 7 (15.0 g, 
47.6 mmol) with hexamethylenimine (14.2 g, 143 mmol) in methanol (25 ml). Yield 
15.3 g (85%) of an oily liquid; b.p. 166”C/O.O01 Torr. ‘H NMR (CDCI,): 6 
0.8-09, 1.0-1.2 and 1.5-1.3 jm, 23B; siCH,C, SiCHC,, C(ZB,C), 2.4-2.6 Jm,, bH; 
NCH,C), 3.49 (s, 3H; OCH,), 7.0-7.1 and 7.4-7.5 (m, 4H: SiC,H,F). 13C NMR 
(CDCI,): 6 9.2 (SiCH,C), 21.0 (CCH,C), 25.2 (C-l, SiC,H,,), 26.8, 26.9 (2C), 27.0 
(2C), 27.8, 27.9 and 28.0 (2C) (CCH?C), 51.4 (OCH,), 55.6 (2C) (NCH,C, NC,H,,), 
61.8 (SiCH,CH,CH,N), 114.9 (d, J(CF) 19.7 Hz; C-3/C-5, SiC,H,F), 130.7 (d, 
4J(CFj 3.8 Hz; C-l, SiC,H,Fj, 236.2 (d, ‘1&F] 71 Hz: C-Z,/‘C-6, S~C,H,FI., 163.9 
(d, ‘J(CF) 248.6 Hz; C-4, SiC,H,F). 29Si NMR (CDCl,): 6 6.1. EI MS: m/z 377 
(6%, M+), 112 (loo%;, CH,=NC6H12+). Anal. Found: C, 70.1; H, 9.7; N, 3.7. 
C,,H,,FNOSi (377.6) talc: C, 69.98; H, 9.61; N, 3.71%. 



A Grignard reagent wab prepared from I-bromo-4-fluorobenzene 187.6 g. 0.50 

mol) and magnesium turnings (12.5 g. 0.51 mol) in diethyl ether (300 ml) and then 

added dropwise at 0” C‘ during 4.5 h to a stirred solution r,f tctra;nethl?~vsilarre (75.7 
g. c)SO mol) in diethyl ether (1 I), The mixture was stirred at room ten-&raturr Ear 

15 h then heated under reflux for 4 h. The precipitate was filtered (>ff and washed 

with n-pentane. the filtrate wah combined with the washings ,md the ~)lvent 

removed under reduced pressure. Then n-pentsne (500 ml) \\a added and the 

mixture kept i‘cor 5 h at 20 ” C’. ‘The precipitate formed ‘1~3s i‘il tered off. the solvent 

of the filtrate was evaporated under reduced pre~,sur~ anti thy r-csidue distilled III 

IYICUO (Vigreux column) TV) give 44.X g (yield 4 2Y I of 2 iitl~~uriesk lrquid. b.p. 

?9°c’,/lij Torr. ‘H NMR (C’EK’I ;): li 3.60 (s. OH; OC‘H ,). ‘7.0 7.1 and 7.0 -‘.Y (ni. 

4H: SiC,H,F’). “C’ NMR (C’DCI <): 8 50.9 (OC’H t), IlKi Cd. ‘.I(C‘k) 14.9 Ii/.: 

C-J/C’-5, SiC’,HJFj. 125.1 (d. ‘J(CF) 3.0 Hz: (‘-I. SiC,II,F‘). 13?.0 rd. il(C-1-1 7,s 

Hz; C-2/C-6. SiC,H,F). 164.7 (d. ‘J(C‘F) XI.0 fir: ~‘-4, SiC’,kf,JFj. ?‘%i NMR 

(CDC13). 6 55.0. E1 MS: m,,iz ‘16 (69S”;. !M’ ), 91 (lOO$, C-Ii .(i_Si’ I. Anal. 

Found: C. 50.1. H, 6.1. <-.,,tl, ,FO;Si (216.3) talc, C’. 49.9X: H. 6.i\h’Y 

A Grignard reagent was prepared front cyciohexyl chloride (23.X g, 0.70 mol) and 

magnesium turnings (5.35 g, 0.22 mol) in diethyl ether 171 ml) and then added 

dropwise at 0 0 c‘ during 3 h t(> a stirred solution of 12 (43.4 g. O.,%) mol) in tfiethyl 

ether (SO0 ml). The mixture was stirred at room temperature for 5 h then heated 

under reflux for .S h. ;md the precipitate then filtered off and \~ahed \\ith 

n-pentane. The filtrate was amhined with the washings, the ~lvcnt remc,\ed under 

reduced pressure. and the residue distilled in wwo (Vigreu\: c~)lumn) to give 44.7 3 

(yield t(?V) of 21 colourlt’s4 liquid; b.p. ?9”<,/0.7 Port-. ‘II &MR ((‘1X‘l :j: ii 

1.0 1.3 and 1.6-1.8 (III, IIH; SiC”,H,:). 3.58 (5. 6H: C>CI-fa). 7.!im 7.1 and 7.5 7.1, 

(m. 4I-I: SiC,H,F). ‘?C’ XMR (C‘DC’I i 1: 6 24.2 ((‘-1. Sic’,H,, ). ‘6.6 (ZC‘). ‘6.7 and 

27.7 (20 (C‘C’H,C). 50.8 10i’H,), llj.0 (d. “J(CFj 19.X Hr: C‘-3,‘C’-5. !+C‘,,?~t‘,Fi. 

127.x (d. ‘!l(CF) 3.X Hz: <‘-I. SiC,,H,F), 136.1: fd. .I(C’il-1 ‘-‘.h k-1/: C‘-?,C.‘-6. 

Si<‘,II-i,JF-‘). 1643 (d, ‘./(CFj ?.40.9 HT: (‘-4. Sic‘, IJ,+F’). -“)Si NMR ((‘DC‘! : ): 3 1Q.I. 
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EI MS: m/z 268 (2%, M+), 185 (lOO%, M+- C,H,,). Anal. Found: C, 62.7; H, 7.9. 
C,,H,,FO,Si (268.4) talc: C, 62.65; H, 7.89%. 

Cyclohexyl(4-fluorophenyl)(3-piperidinopropyl)siiane (14) 
A solution of 8 (2.00 g, 5.50 mmol) in di-n-butyl ether (5 ml) was added dropwise 

at room temperature during 15 min to a stirred suspension of lithium aluminium 
hydride (0.42 g, 11.1 mmol) in di-n-butyl ether (15 ml). The mixture was under 
r&mx !or 16 h and Yne inso\ub\e ma\eria\ Ynen Ei\tered 0Yi and the s&em removed 
from the filtrate under reduced pressure. The residue was purified by Kugelrohr 
distillation (150 o C/O.005 Torr) to give 1.50 g (yield 82%) of a colourless liquid. ‘H 
NMR (CDCl,): 6 0.7-1.0, 1.1-1.2 and 1.4-1.7 (m, 21H; SiCH,C, SiCHC,, 
CCH,C), 2.2-2.3 (m, 6H; NCH,C), 4.1 (m, centre, 1H; SiH), 7.0-7.1 and 7.4-7.5 
(m, 4H; SiC,H,F). 13C NMR (CDCl,): 6 8.0 (SiCHJC), 22.0 (CCH,C), 23.6 (C-l, 
SIC&,,), 24.5, 26.0 (2C), 26.7, 27.81, 27.83, 28.2 and 28.3 (CCH,C), 54.6 (2C) 
(NcH,C, NC,H,,j, 62.8 (SiCH,CH,CH,N), 115.U (6, ‘J(CF) 19.5 Hz; C-3/C-5, 
SiC,H,F), 130.3 (d, 4J(CF) 3.9 Hz; C-l, SiC,H,F), 136.9 (d, >(CF) 7.2 Hz; 
C-2/C-6. SiC,H,F), 163.8 (d, ‘J(CF) 248.0 Hz; C-4, SiC,H,F). 29Si NMR (CDCl,): 
6 -4.5. EI MS: m/z 333 (< l%, M+), 98 (lOO%, CH2=NCSHJ0+). Anal. Found: 
(C, 32.D; B,, S,Y,: 13, 4.2, C~&iY~~~si J333.6) cak: C 32,1>2; 3, 9, by; 3, k2IB. 

(b) Pharmacological studies 

Rabbit isolated vas deferens 
Experiments on rabbit isolated vas deferens were carried out as described in ref. 

2: &iefiL, male iL’ew Zealand whire rabbits were k<iYed ny i. v. injection 09 
pentobarbital sodium (120 mg/kg). Vasa deferentia were isolated and segments of 
1.5 cm length were set up in 6 ml organ baths containing modified Krebs buffer 
(Ca++ concentration was 1.0 mM). The bathing fluid was maintained at 31°C and 
aerated witk 95% Q’S& Co,. A basal tension of 750 mg was a~$& and after a 30 
tin period of i&k1 equili’oration neurogenic isometric twitch contractions were 

elicited by electrical field stimulation (0.05 Hz, 0.5 ms, 40 v>. These effects were 
concentration-dependently inhibited by the Ml receptor agonist 4-(4-chlorophenyl- 
carbamoyloxy)-2-butynyltrimethylammonium iodide (4-Cl-McN-A-343, synthesized 
as described in ref. 24) [2]. 

Guinea-pig isolated left atria and ileal longitudinal muscle 
Left atria and strips of ileal longitudinal muscle from adult guinea pigs were set 

up in 6 ml organ baths, under 500 mg tension, in oxygenated (95% O/5!% CO,) 
Tyrode solution (32” C). Are&dine propargyl ester (made as described in ref. 25) 
was used as an agonist [3]. Left atria were paced electrically (2 Hz, 3 ms, 5 V). 
Negative inotropic effects to the agonist were measured as changes in isometric 
tension. Responses of ileal longitudinal muscle strips to arecaidine propargyl ester 
were measured as isotonic contractions. 

Antagonist affinities 
Concentration-response curves were constructed by cumulative addition of the 
agonists. When these responses were constant, concentration-response curves were 
repeatedly obtained in the presence of antagonists. Two to five different concentra- 



tions of each antagonist were used (log concentration interval 0.5; IT z= 4 -6 for each 
cone.). The antagonists were allowed to equilibrate for 30- 60 min (va deferens and 
ileum) and 1 h (atria), respectively. ECi,, values of agonrsts in the ahhencc and 

presence of antagonists were determined graphically for calculation of dose-ratio\. 
The slopes of the Arunlakshana~ Schild plots [?6] were determined bx lea.it hquara 
linear regression. p/l, ( == .--lug K,,) values, a mcasurc of tht: antimu~carini~ p<>tcn- 
ties of the antagonists. acre estimated as the intercept on the ab~ciss;t scale hi 
fitting to the data tht: best straight line with a slope of unit> [X]. ,411 data isee I‘ahle 
1) are presented as mean> &. a.e.means of X ~~18 experiments. IXfferenc~~s hetwecn 
mean values were tested for statistical significance lx Student’c I) test. f I’ 0.05 \\\;I\ 

avceptecl as being significant. 
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