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PYRROLIDINEDERIVAIIVES 

BACKGROUND OF THE INVENTION 
This invention relates to certain 3-substituted pyrroli- 

dine derivatives. ‘ibe compounds of the invention are 
mwcuinic receptor antagonists which are selective for 

’ smooth muscle muscantu ‘c situ over cardiac muzarinic 
situ and which do not have any significant antihista- 
mine activity. ‘Thus the compounds are useful in the 
treatment of diseases in mammals, including humans, 
associated with altered motility and/or tone of smooth 
musck which can, for example, be found in the gut, 
trachea and bladder. Such diseases include irritable 
bowel syndrome, diverticular disease, urinary inconti- 
nence, ocsophagcd l chalasia and chronic obstructive 
airways disease. 
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SUMMARY OF THE INVENTION 

According to the invention there are provided. com- 
pounds of the formula: 

25 

30 
N-CH~-Y-R’ 

I I 
and their pharmaceutically acceptable salts, 
wherein 35 

Y is a direct link, -CHz--, --(CH2+, -CH#-- 
or -CH$% 

R is -CN or -CONHx; and 
Rt is a group of the formula: 40 

2 

Y is preferably a direct link or -CH2-. _ 
Y is most preferably -CH2--. 
“Het” is preferably pyridyl. 
The anticholinergic activity of the present com- 

pounds resides in both the 3R-forms and 3S-forms, i.e.. 
the compounds having R and S stereochemistry, re- 
spectively, at position 3 of the pyrrolidiie ring, and of 
wwse in the 3R,S+acemic) forms of the compounds 
(I). The 3S- fotms are generally the most active. 

The pharmaceutically acceptable salts of the com- 
pounds of formula (I) include acid addition salts such as 
the hydrochloride, hydrobromide, hydrofluoride, sul- 
phate or bisulphate, phosphate or hydrogen phosphate, 
acetate, besylate, citrate, fumarate, gluconate, lactate, 
makate, maylate, succinate and tartrate salts. FOE a 
more comprehensive list of pharmaceutically accept- 
able salts see, for example, the Journal of Phatmaceuti- - 
cd Sciences, Vol. 66, No. 1, Jan. 1977, pages I-19. 
These salts can be prepared conventionally, e.g. by 
mixing a solution of the free base and the acid in a suit- 
able solvent, e.g. ethanol, and recovering the acid addi- 
tion salt either as a precipitate, or by evaporation of the 
solution. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The compounds of the formula (I) can be prepared by 
a number of routes, including the following: 

ROUTE A 
This can be illustrated as follows: 

where 
X and Xt are each independently 0 or CHr * comparmdrm 
m is I,2 or 3; and so 
‘Hct” is pyridyl, pyraxinyl or thimyl. Y,RandRtareasdefmedforformula(I)andQisa 

R is preferably -CONHI. The compounds in which leaving group, e.g. Br, Cl, I, Ct-G alkanesulfonyloxy 
R is Cl+l have some activity as muscarmlc receptor 6x3. rnethanesulfonyloxy), benxenesulfonyloxy, 

antagonists but are mainly useful as synthetic intermedi- tolumaulfonyloxy (e.g. ptoluencsulfonyloxy) or tri- 
5s fluoromethanesulfonyloxy. Preferably, Q b Cl, Br, I or 

atex. 
m is preferably 1. 
Rr is pfmbly 

where X, XI, m and “Het” are as defined for formula 
0. 

Rr is more preferably: 

methanesulfonyloxy.~ 
_ _ 

The rmction is preferably carrkd out in the preaencc 
of an acid acceptor such as sodium or potassium carbon- 
ate or bicarbonate, triethylamine or pyridinc, axd in a 

60 suitable organic solvent, e.g. acetonitrik, at up to the 
reflux temperature. Reaction temperatures of W-105’ 
C. are usually desirable and it is generally convenknt to 
carry out the reaction under reflux$8lthough in some 
instances the reaction may proceed at a suitable rate at 

65 room temperature. Iodo is often a particularly suitabk 
kaving group but since the starting tpaterials (III) are 
sometimes most conveniently available as chlorlda the 
reaction can also be carried out using the ampound 
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(III) as a chloride but in thr presence of an iodide such 
as sodium or potassium iodide. In the preferred tech- 
nique, the compounds (II) and (III) are refluxcd to- 
gether in acetonitrile in the presence of potassium car- 
bonate or sodium bicarbonate. The product (I) can be 5 
isolated and purified conventionally. 

The 3R,S-, 3R- or 3S- forms of the starting material 
(IX) can be used so as to obtain the JR&, 3R- or 3S- 
forms, respectively, of the product (I). 

The starting materials of the formula (IX) can be ob- lo 
tained by conventional procedures such as those de- 
scribed in the following Preparations. The starting ma- 
terials of the formula (III) are in general known cOm- 
pounds which can be prepared by convtntional tech- ,s 
niques. The preparrtions of any novel starting materials 
of the formula (III) used in the Examples is however 
described in the following Preparations section. 

ROUTE B 
20 

The compounds of the formula (I) in which R is 
-CONH2 can also be prepared by the hydrolysis of the .~ 

-continued 
N 

N 

R is as defmcd for formula (I). Clearly the vinyl 
group must be attached to the 2- or 4-position of the 
pyridine ring. 

The reaction is typically carried out with heating, e.g. 
at about 60’ to 1 lo’ C. and preferably under rcflux, in a 
suitable organic solvent, e.g. dioxan. In some instances, 
the use of a basic (preferably a strong base which is 

corresponding nitriics, e.g. using concentrated aqueous soluble in an organic solvent such as N-bcnryltrime- 
mineral acid (typically concentrated aqueous H2SO4). thylammonium hydroxide r’Triton B”]) or acidic (pref- 

The hydrolysis is typically carried out using concen- 25 erably a Cl-Qalkanoic acid) catalyst may be beneficial. 
trated aqueous sulphuric acid, preferably 8&98% sul- 
phuric acid and most preferably 95% &So& with heat- ROUTE D 
ing at e.g. 70’-1 lo’ C. The product can then be isolated Compounds of the formula (I) in which R is 
and purified by conventional procedures. -CONH2 and RI is a group of the formula: 

30 
ROUTE C 

This route is useful for preparing compounds in 
which Y is -CH2- and RI is 2- or Qpyridyl or pyrazi- 
nyl and can be represented as follows: 

35 

can be prepared by the reduction of the corresponding 
compounds of the formula (I) in which Rt is a group of 
the formula: 

+ 40 

(W 
45 

The reduction can be carried out conventionally, e.g., 
by hydrogenation or by using stannous chloride, tniu- 
tyltin hydride or a trialkysilane (e.g. triethylsilane). 

The preferred technique is catalytic hydrogenation, 
SO typically using H2/pd/C at from about atmospheric 

pressure up to about 60 psi (413.6 kPa) in a suitable 
solvent, e.g. acetic acid. 

ROUTE E 
55 This route, which prepares a compound of the for- 

mula (I) in which R is --CON&, Y is -CH2- and RI 
is 2,3dihydrobcnzofuran-S-y1 or indan-S-yl, involves 
the reduction of a compound of the formula: 

65 

where RI is 
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where the dotted line represents an optional bond. 
The reduction can be carried out similarly to Route 

D above. When tbc dotted line represents a bond, the 
reduction will reduce both the carbonyl group and the 
double bond in the 2,3position of the benzofuran&yl 
Broup. 

The preferred technique is again catalytic hydrogena- 
tion (e.g. using ?is/Pd/C) in a suitable solvent, e.g. 
acetic acid, and preferably under a hydrogen pressure 
of 40-60 psi (275.7 to 413.6 kPa). The starting materials 
(IV) can he prepared by conventional techniques such 
as those illustrated in Reparations 18 and 19. 

‘Ihe selectivity of the compounds as mmcarinic re- 
ceptor antagonists can be measured as follows. 

Male guinea pigs are sacrificed and the ileum, tra- 
chea, bladder and right atrium are removed and sus- 
pended in physiological salt solution under a resting 
tension of I g at 32’ C. aerated with 95% 0s and 5% 
CO2- Contractions of the ileum. bladder and trachea are 
recorded using an isotonic (ileum) or isometric trans- 
ducer (bladder and trachea). The frequency of contrac- 
tion of the spontaneously beating right atrium is derived 
from isometrically recorded contractions. 

Dose-response curves to either acetylcholine (ileum) 
or carbachol (trachea, bladder and right atrium) are 
determined using a l-5 minute contact time for each 
dose of agonist until the maximum response is achieved. 
The organ bath is drained and refilled with physiolog- 
ical salt solution containing the lowest dose of the test 
compound. The test compound is allowed to quilibrate 
with the tissue for 20 minutes and the agonist dose- 
response curve is repeated until the maximum response 
is obtained. The organ bath is drained and refilled with - . - _ - . _ _ . . 

generally be in the range of from 3.5 to 350 mg daily for 
an average adult patient (70 kg). Thus for a typica) adult 
patient, individual tablets or capsules will typically 
contain from 1 to 250 mg of active compound, in a 

5 suitable ph armaceutically acceptable vehicle or carrier 
for administration singly or in multiple doses, once or 
several times a day. Dosages for intravenous adminis- 
tration will typically be within the range 0.35 to 35 mg 
per single dose as required. In practice the physician 

lo will determine the actual dosage which will be most 

15 

20 

25 

30 

35 

physiological salt solution containing the second con- 40 
centration of test compound and the above procedure is 
repeated. Typically four concentrations of the test com- 
pound are evaluated on each tissue. 

The concentration of the test compound which 

The invention also includes a compound of the for- 
mula (J) or a pharmaceutically acceptable salt thereof, 
for use as a medicament, particularly for use in the 
treatment of irritable bowel syndrome. 

The invention further includes the use of a compound 
of the formula (I). or of a pharmaceutically acceptable 

causes a doubling of tbe agonist concentration to pro 45 
duce the original response is determined (PA2 value 

salt thereof, for the manufpcture of a medicament for 

-Arnnlakshana and Schild (1959). Brit. J. Pharmacol., the treatment of diseases associated with the altered 

14,48-58). Using the above analytical techniques, tissue motility and/or tone of smooth muscle, such as irritable 

selectivity for muscuinic receptor antagonists is deter- bowel syndrome, diverticular dii, urinary inconti- 
mined. 50 nence, oesophagcal a&la& and chronic obstictive 

Activity against l gomst induced bronchoconstriction airways disease. 
or gut or bladder contractility in comparison witb The invention yet further includes the novel interme- 
changes iu heats rrte is determined in the anaesthetised diatu of the formula (Jr), particularly those in the 3RS- 
dog. Oral activity is wised in the conscious dog deter- (racemic) and 3S-forms, and the novel imermediites of 
miuing compound dkcts on, for example, heart rate, 55 the formula (Iv). 
pupil diameter and gut motility. The following Examples ilhsstrrte the invention: 

Compound affiiy for other cbolinergic sites is as- 
sessed in the mouse after either intr8venous or intraperi- 

EXAMPLE 1 

toned adminismtiw. Thus, the dose which causes a (A) .Prepamtion of 
doubling of pupil size is determined as well as the dose 60 3-(R,S)-Wa&amoyl-l,ldiphenylmethyl)-I-[2-&f 
which inhibits the ulivation and tremor responses to dihydrobetuofuran-5-yl)ethylJpyrrolidme 
intravenous oxotmnorine by 50%. 

For administration to man in the curative or prophy- 
lactic treatment of diseases associrted with the akrcd 
motility and/or tone of smooth muscle, such as irritable 65 
bowel syndrome, diverticular disease, urinary inconti- 
aence. oesaphageal achalasia and chronk obstructive 
airways disuse, oral dos8ges of the compounds will 

suitable for an individual patient and it will vary with 
the age, weight and response of the particular patient. 
The above dosages are exemplary of the average case 
but there can, of course, be individual instances where 
higher or lower dosage ranges are merited, and such are 
within the scope of this invention. 

For human use, the compounds of the formula (I) can 
be administered alone, but will generally be adminis- 
tered in admixture with a pharmaceutical carrier se- 
lected with regard to the intended route of administra- 
tion and standard pharmaceutical practice. For exam- 
ple, they may be administered orally in the form of 
tablets containing such excipicnts as starch or lactose, 
or in capsules or ovules either alone or in admixture 
with excipients, or in the form of elixirs or suspensions 
containing flavouring or colouring agents. They may be 
injected parentcrally, for example, intravenously, intra- 
muscularly or subcutaneously. For parenteral adminis- 
tration, they are best used in the form of a sterile aque- 
ous solution which may contain other substances, for 
example, enough salts or glucose to make the solution 
isotonic with blood. 

In a further aspect the invention provides a pharma- 
ceutical composition comprising a compound of the 
formula (I), or a pharmaceutically acceptable salt 
thereof, together with a pharmaceuticaby acceptable 
diluent or carrier. 
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-continued 

8 
-continued 

A mixture containing 3-(R,S)+carbamoyl-1.1. 
diphenylmethyl)pyrrolidine (0.33 g-see Preparation S), 
5-(2-bromoethyl>2,3dihydrobcnxofuran (0.25 g-see 
Preparation 13), anhydrous potassium carbonate (0.3 g) 
and l cetonitrik (10 ml) was heated under reflux for 2 
hours. The mixture was partitioned between dichloro- 
methane (50 ml) and 10% aqueous potassium carbonate 
(10 ml), the layers were separated, and the aqueous 
layer extracted with dichloromethane (3x20 ml). The 
combined dichloromethane extracts were dried 
(MgSO4) and concentrated in vacua to leave a gum 
which was purified by column chromatography on 
silica eluting with dichloromethane containing metha- 
nol (0% up to 8%). The product-containing fractions 
were combined and concentrated in vacua to leave an 
oil which was crystallized from diisopropyl ether to 
give the title compound as a colourlcss powder, yield 
0.17 g, m.p. 131’-132’ C. 

Analysis %: Found: C78.90, H.7.70; N,6.28. Calcu- 
lated for CzsHsolU202: C78.84; H.7.90; N,6.57. 

5 

IO 

15 

20 

25 

30 

tH N.m.r. (CM313) 8=7.50-7.20 (m, IlH); 7.00 (s, 35 
IH); 6.98 (d, IH); 6.70 (d, lH); 5454.30 (brs, 1H); 
4.60-4.50 (t, W); 3.60-3.45 (m, 1H); 3.25-3.15 (t, 2H); 
3.05-2.50 (m, 8H); 2.1Gl.95 (m, 2H) ppm. 

(B) A similar procedure starting with 3-(S)-(-)-(I- 
carbamoyl-1, 1diphenyImethyl)pyrrolidine (I .95 g-see 40 
Preparation IO(B)) gave 3-W(->(l-carbamoyl-l,l- 
diphcnylmethyl)-l-[2-(2,3dihydrobcnzofuran-5-yl)e- 
thyllpyrrolidine as a foam, yield 1.9 g, [a]#-2O.U (c 
1.0, CHsCl2). 

(C) A similar procedure starting with 3-(B)-(+)-(l- ” 
carbamoyl-l,ldiphcnylmcthyl)pyrrolidine (2.8 g-see 
Preparation 11) gave 3-(B$(+)-(l~ubamoyl-I,]- 
diphenylmcthyl)-l-[2-(2.3aihydrobenxofuran-5-yl)e- 
thyl]pyrrolidine as a foam, yield 1.7 g, [aIds+ 18.1 (c u) 
1.0, CH2Cl2). 

EXAMPLE 2 
(A) Preparation of 

3-(R.S)-(lclrbPmoyl-l,ldiphenylmethyl)-1-[2-(indan- 55 
5-yl)cthyl]pyrrolidinc 

A mixture containing 3-(&S)-(l-carbamoyl-X,1- 
diphcnylmethyl)pyrrolidine (0.6 g-see Preparation 8) 
5-(2-bromocthyl)indane (0.49 g-see Preparation 14). 
anhydrous potassium carbonate (0.6 g) and acetonitrile 
(20 ml) was heated under rcflux for 1.25 hours. The 
mixture was partitioned between 10% 4ucous potas- 
sium carbonate (10 ml) and dichloromethane (50 ml), 
the layers were separated and the 4ucous layer ex- 
tracted with dichloromethane (3 x 100 ml). The com- 
bined dichloromethane extracts were dried (MgSO4) 
and concentrated in vacua to give a gum which was 
purifkd by column chromatography on silica cluting 
with dichloromethane containing methanol (0% up to 
6%). The product-containing fractions were combined 
and concentrated in vacua to give the title compound as 
a foam, yield 0.29 g. 

Analysis %: Found: C80.59; H,7.99; N,6.11. Calcu- 
lated for C~HsxN20.~ H20: C.80.33; H.7.67; N,6.46. 

tH N.m.r. (CDClsr8=8.&7.70 (brs, 1H); 7.50-7.20 
(m, 1OH); 7.15 (d, 1H); 7.05 (s, 1H); 6.95 (d, 1H); 
5.45330 (lxx, 1H); 3.55-3.40 (m, lH), 3.00-2.60 (m. 
l2H); 2.6&2.40 (m, 1H); 2.15-1.90 (m, 3H) ppm. 

(B) A similar procedure starting with 3-(S)-(-)-(I- 
carbamoyl-l,ldipheuylmethyl)pyrrolidine (0.64 g-see 
Preparation IO(B)) gave 3-(S>(-)-(l-carbamoyl-l,l- 
diphenylmethyl>l-[2-(indan-5-yl)ethyl]pyrrolidine, 
yield 0.34 g. [a]$s- 10.4’ (c 1.0, CH2Cl2). 

EXAMPLE 3 
Preparation of 

3-(R,S)-(l-carbamoyl-l,ldiphcnylmethyl)-l-(3,4- 
methylcncdioxybcnxyl)pyrrolidine 

K2’=3 
CH3CN. 

A mixture containing 3-@,S)-(l-cubamoyl-l,l- 
60 diphenylmethyl)pytrolidme (0.75 g--see Preparation 

8), 3,Cmethyiencdioxybenxyl chloride (0.51 g-com- 
mercially available), anhydrous potassium carbonate 
(0.75 g) md ncctonitrile (30 ml) ws stirred at room 
temperature for 30 minutes The mixture was paiti- 

Gig+ 
65 tioncd between 10% 4Ucous potassium carbonate (20 

ml) and dichloromcthanc (50 ml), the layers were sepa- 
rated and the 4u~ous layer extracted with dichloro- 
methane (3 X50 ml). ‘Phe combined dichloromethane 

w CON% 
nl J, 



extracts were dried (MgSO4) and concentrated in vacua 

to give a foam which was purified by column chroma- 
tography on silica eluting with dichloromethane con- 
taining methanol (0% up to 10%). The product-contain- 
ing fractions were combined and concentrated in vacua 
to give the title compound as a foam, yield 0.5 g. 

Analysis %: Found: C.74.15; H,6.26 N,6.56. Calcu- 
lated for C2&&03.~ H20: C.74.53; H,6.38; N.6.69. 

IH N.mr. (CDCl3). 8=7.45-7.20 (m, 1lH); 6.80-6.65 
(m, 3H); 5.95 (s, 2H), 5.6CL5.50 (brs, Hi); 3.60-3.40 (m, 
3H); 2.90-LtO(m, w); 2.70-255 (m, IH); 2.50-2.40 (m, 
IH); 2.05-1.90 (m, 2H) ppm. 

EXAMPLE 4 

Prcparatiori of 
~,S~1~rbamoyl-1,l-diphenylmethyl~l~2(2-(3,4 

methylencdioxyphcnyl)ethylJpyrrolidine 

NH + 

EXAMPLE 5 
Preparation of 

3-(R,S)+carbamoyl-l,ldiphcnylmcthyl>l-[2-(2- 
5 pyridinyl)cthyl]pyrroliime 

n 

diOX+ 

I5 Qiz 
N 

25 

30 

55 

lo 

A mixture containing 3-(R.S)-(lcarbamoyl-l.l- 
diphenylmethyl)pyrrohdine (O-3 g-see Preparation 8), 
3,4-methylcncdioxyphcncthyl bromide (0.247 g-see 4 I5 
Preparation 16), anhydrous potassium carbonate (0.4 g) 
and acetonitrile (10 ml) was heated under rcflux for 3 
hours. The mixture was allowed to cool to room tem- 
perature, water (6 ml) was added and the mixture was 5. 
extracted with dichlor0methanc (3 X 50 ml). The com- 
bined dichloromethane extracts were dried (MgSO4) 
and concentrated in vacua to give a colourless foam 
which was purifii by cohunn chromatography on 
aihca cluthg with dichloromcthane containing metha- 

55 

no1 (0% up to 6%). The product-containing firctions 
were combined and amcentrated in vacua to give the 
title compound as a colourlcss f&m, yield 0.27 g. 

Analysis %: Found: C.73.44; H,6.46; N.6.62. C&u- 60 
latcd for CnH2nNzO3.1 CH2Cl2: C, 73.6s; H,6.48; 
N,6.29. 

A mixture containing 3-(R,S)+carbamoyl~l,l- 
diphcnylmethyl)dine (1.0 g-see Preparation 8), 
2-vinylpyridine (0.5 g) and l&dioxane (10 ml) was 
heated under reflux for 20 hours. On cooling to room 
temperature the mixture was filtered and the filtrate was 
diluted with water (100 ml) then extracted with dichlo- 
romcthane (3 x 50 ml). The combined dichloromcthane 
extracts were dried (MgSO4) and concentrated in vacua 
to give a brown oil which was purified by column chro- 
matography on silica eluting with dichloromethant 
containing methanol (2% up to 10%). The product-cori- 
taming fractions were combined and concentrated in 
vacua to give the title compound as a colourkss foam, 
yield, 0.31 g. 

Analysis %: Found: C.71.10; H.6.84; N.9.95. C&u- 
latcd for C2sH2rNsO.HzO.1 CH2Clz: C71.39; H.6.99; 
N.9.89. 

tH-N.M.R. (CDCl3)8=8.SO (d, lH), 7.60 (t, Hi), 
7.50-7.10 (m, 13H), 5.80-5.65 (brs, IH), 3.75-3.60 (m, 
2H). 3.30-2.60 (m, 7H). 2.45-2.25 (brm, H-I), 2.15-2.00 
(m, IH) mm. 

EXAMPLE 6 
Preparation of 

3-(R,SXl-catbamoyl-1,ldiphenylmetbyl>l-[2+t- 
knzodioxan-6yl)cthyl Jpynolidinc 

tH N.m.r. (CDCl3) 8=7.80-7.60 (brs, IH); 7.50-7.1s 
(m, 1OH); 6.75-6.60 (a 3H); 5.95 (s. 2H); 5.45-5.35 (brs. ” A mixture containing 3-(R,S)+arbamoyl-l,l- 
lH);3.55-3.4O(m, lH);3.CKL2.4O(m, 8H);2.10-1.9O(m, 
w)PP= 

diphcnylmethyl)pyrrolidine (0.3 g-see Preparation 8), 
6-(2-bromocthyl>l +bcuxodioxan (0.26 g-see Prepa- 
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ration 21). anhydrous potassium carbonate (0.4 g) and 
acetonitrilc (10 ml) was heated under reflux for 3 hours. 

EXAMPLE 8 

On cooling to room temperature, water (40 ml) was Preparation of 
added and the mixture was extracted with dichloro- 5 3-(S)-(-)-(karbamoyl-l,l~iphenylmethyl),3- 
methane (3x30 ml). The combined dichloromethane dihydrobcnzofuran-S-yl)cthyl]pyrrolidme (alternative 
extracts were dried (MgSO4) and concentrated in VPCUO to Example l(B)) 

to give a foam which was purified by column chroma- 
tography on silica cluting with dichloromethane con. 
taming methanol (0% up to 10%). The product.contain- lo “W F-Y P\ 
ing fractions were combined and concentrated in vacua 
to give the title compound as a colourlcss foam, yield, 
0.21 g. 

Analysis %: Found: C72.81; H,6.72; N.S.88. Calcu- 15 
lated for C~~HJ&OJ.H~O: C.73.01; H.6.95; N.6.08. 

tH-N.M.R. (CDCl3)6=7.5&7.20 (m, 1 IH), 6.80-6.75 
(d, IH), 6.7CM.60 (m, 2H), 5.45-5.35 (brs, IH), 4.25 (s, 
4H), 3.60-3.45 (brs, IH), 3.00-2.60 (m, 8H), 2.10-1.90 
(m.Wppm. 20 

EXAMPLE 7 
Preparation of 

3-(S)-(-)(lcarbamoyl-l,l.diphenylmethyl)- 25 
zofuran-S-yl)cthyl]pyrrolidine 

::CNH + 

I Br 
J& .30 

Jwo3 CHjCN 
35 

10% Palladium-oncarbon (10 mg) was added to a 
solution of 3-(SW-).(l.carbamoyl-l,ldiphenylme- 
thy&l-[2+cnxofuran-S-yl)thyl]pyrrolidine (0.1 
g-see Example 7) in acetic acid (2 ml) and the mixture 
was hydrogenated at 40’ C. and atmospheric pressure 
for 6 hours. The catalyst was filtered off and washed 
with water (20 ml). The combined fitrate and washings 
were transferred to a separating funnel, dichlorometh- 
ane (20 ml) was added. and the mixture was basifkd by 
the addition of 10% aqueous sodium hydroxide. The 
layers were separated and the aqueous layer was further 
extracted with dichloromethane (3X30 ml). The com- 
bined dichloromcthane extracts were dried (MgSO4) 
and concentrated in vacua to give a colourlcss solid 
which was purified by cohurm chromatography on 
silica eluting with dichloromethanc com.aining methn- 
no1 (4%). The product-containing fractions were com- 
bined and concentrated in vacua to give the title com- 
pound as a colourlcss glass, yield 0.048 g, which was 
:haracterised spectroscopically to be identical to the 
product of Example l(B). 

tH-N.M.R. (CDQ), 6=7.5&7.20 (m, IlHj; 7.00 (s, 
IH); 6.90 (d, IH); 6.70 (d, IH); 5.45-5.30 @rs, IH); 
MU.50 (t, 2H); 3.6&3.45 (m, lH), 3.25-3.15 (t, 2H); 
MS-2.50 (m, 8H); 2.lCk1.95 (m, 2H) ppm. 

A mixture containing 3-(S>(-)(l-carbamoyl-l,l- 
diphcnylmethyl)pyrrolidine (1.79 g-see Preparation 
10(B)), 5.(2-bromocthyl)bcnzo(2,3-b]iuran (1.2 g-see ” 
Preparation 17). anhydrous potassium carbonate (3 g) 
and acetonitrik (30 ml) WIS heated under reflux for 30 
minutes. The mixture was partitioned between ethyl 
acetate (30 ml) and 10% aqueous potassium carbonate 50 
(30 ml), the layers were separated, and the 4ucous 
layer extracted with ethyl acetate (3 x SO ml). The com- 
bined ethyl acetate extracts were dried (MgsO4) and E?cAMPLE 9 
concentrated in vacua to give a brown gum which was 
purifKd by column chromatography on silia ehtting 55 Prepr8tion of 

with dichlommcthan e containing mcthauol (2%). The 
3-(S~-~lurbamoyl-l.l-diphmylmethyl>l-[ZC,3- 

productcomaiuing fractions were combined and con- 
dihydrobcnxofuran-S-yl)cthylJpyrrolidine free base and 

centnccd in v8cuo to give the title c43mpotmd 8s 8 foam, 
hydrobromide (Altknative to Example l(B) and 8) 

yield 1.4 g. 60 
Analysis %: Found: C75.65; H,6.U; N,6.25. Calcu- 

lated for Cz:H2sN&.1 CH2Cl2: C75.w H,6.33; 0 
N,6.26. 

*H-N.M.R. (d6DMSO) k7.85 (d, D-I), 7.45-6.90 (m, 65 
lSH), 6.80 (s. lH), 3.65-3.50 (m, Hi). 3.35-3.20 (km, 
IH), 2.90-2.75 (m, IH), 2.70-2.55 (m, 2H). 2.55-2.25 (m, 
3H), 1.95-3.70 (m, 2H), 1.55-1.40 (m, 1H) ppm. 
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14 
-continued title compound as colourless crystals, yield 19.15 g. m.p. 

yyP’ 
lw’-10s’ C., [a]$-8.0. (c 3.45, CHJOH). 

tH N.m.r. (daDMSO), 8-10.00-8.60 (brs, 2H); 

A mixture of ySHl~oyl-l,laiphenylme- 
thyl)-l-[2-(2,3dihydrobenfuran-S-yl)-2-oxoethyl]pyr- 
roliiine hydrochloride (300 g-see Preparation 19), 5% 
Pd/C (30 g) and acetic acid (3tXlO ml) was hydroge- 
nated at 50 psi (344.7 kPa) and 90’ C. for 7 hours. The 
mixture was filtered and concentrated in vacua to pro 
duce an oil which was partitioned between methylate 
chloride (1500 ml) and water (1500 ml). The mixture 
was basifled with aqueous NaOH (SN), faltered to re- 
move insolubles and the layers separated. Concentra- 
tion of the organic phase in vacua produced a crude oil 
which was purified by column chromatography on 
silica eluting with ethyl acetate containing me- 
thanol/0.880 NiGOH (l&l) from 0% to 15%. The 
product-containing fractions were combined and con- 
centrated in vacua to produce a foam, yield 171 g. of the 
title compound in the free base form. 

Tbe purified free base (17 1 g) was dissolved in ace- 
tone (855 ml) and treated with 49% aqueous HBr (66 g). 
The resulting precipitate was filtered off and dried to 
produce the title compound, yield 99.5 g, m.p. 229’ C.. 
[u]d5- 30.3’ (c= 1.0, CHaCla). 

Analysis %E: Found: C.66.48; H.6.29; N.5.54. Calcu- 
lated for CasHstN202Br: C66.27; H,6.61; N.5.52. 

tH-N.M.R. (CDCls) S=7.5-7.2 (m. 1OH); 7.0 (s, IH); 
6.9 (d, IH); 6.7 (d. IH); 6.1-5.4 (m, 2H); 4.6-4.5 (t, 2H); 
4.0-2.7 (m, 11H); 2.4-1.9 (m, 2H) ppm- 

The following Preparations illustrate the preparation 
of certain of the starting materials used in the previous 
EXanlple& 

PREPARATION 1 
Preparation of 3-(R)-(-)-hydroxypyrrolidine 

hydrochloride 

El f OH 
L-5 

N -- 

5.55-5.20 (brs, iH); 4.40-4.25 (brs, 1H); 3.25-2.90 (m; 
6 4H); 1.95-1.75 (m, 2H) ppm. 

PREPARATION 2 
Preparation of I-tosyl-3-(R)-(-)-hydroxypyrrolibme 

‘$ OH + 
20 A 

<N2 
I 

Ts 

H .Hcl 
[See Chemistry Letters, 1986. 893.1 

(2S,4R)-(-)-4-Hydroxy-2-pyrrolidinecarboxylic acid 60 
(40 g-commercially available), anhydrous cyclohexa- 
no1 (2CU ml) and Zcyclohexen-l-one (2 ml) were heated 
together at 154’ C. for 4.5 hours at which point the 
mixture was homogeneous. On cooling to room temper- 
ature, saturated ethanok hydrochloric acid (150 ml) 65 

Para-toluenesulphonyl chloride (1.54 g) was added, 
in portions, to a solution of 3-(R)<-)-3-hydroxypyr- 
rolidine hydrochloride (1 g-see Preparation 1) in an- 
hydrous pyridine (10 ml) at 0’ C. The mixture was 
allowed to warm to room temperature and stirrad for 16 
hours. The solution was concentrated in vacua and the 
residue was partitioned between dichloromethane (20 
ml) and water (10 ml). The layers were separated and 
the aqueous layer was extracted with dichloromethane 
(2x 15 ml). The combined dichloromethane extracts 
were washed with 2M hydrochloric acid (2x 15 ml)and 
10% aqueous sodium hydroxide (2X 15 ml) then dried 
(MgSC4) and concentrated in vacua to give a solid 
which was recrystallised from ethanol to give the title 
compound as a colourleas powder, yield 0.5 g. m.p. 
108*-l 12’ C., [a]#-6.7’ (c 1.0, CH2Cl2). 

Analysis %: Found: C.54.69; H,6.23; N.5.78. Calcu- 
lated for Ct tHtsNOsS: C.54.77; H&27; N,5.80. 

tH N,m.r. (CDCls), 6x7.80-7.70 (d, 2H); 7.40-7.30 
(d, 2H); 4.45-4.35 (m, IH); 3.50-335 (m, 3H); 3.30-3.25 
(m, 1H); 2.45 (s, 3H); 2.05-1.80 (m, 2H); 1.75-1.70 (m, 
W mm. 

PREPARATION 3 
Preparation of l-tosyl-3-(S~-)-tosylo~~~o~d~ 

Methyl para-toluenesulphonate (54 g) was added in 
portions to a solution of I-tosyl&(R)-(-)-bydroxypyr- 
rolidine (49 g--see Preparation 2) and triphenylphos- 
phine (76 g) in anhydrous tetnhydrofuran (700 ml) at 0’ 
C. The mixture was cooled td -20’ C and dietbyl 
azodicarboxylate (58 g-“DEAD”) was added, drop- 
wise, over 30 minutes. During this time, the tempera- 
ture of the mixture waa not allowed tq rise above - 10 
C. When the addition was complete the mixture was 
allowed to warm to room temperature and stirred for 16 

was added and the resulting crystalline solid was fil- 
tered off and washed with ethyl acetate (2 X 50 ml). The 
solid was recrystallised from isopropanol to give the 



16 
boun. The mixture was concentrated in vacua to give a 
solid which was purified by column chromatography 
on silica cluting with hexane containing dichlorometh- 
ane (50%). The productcontaining fractions were com- 
bined and concentrated in vacua to give an oil which 5 
was crystalliscd from I-propanol to give the title com- 
pound as a colourlcss solid, yield 56 g, m.p. Ilo’ C., 
[a]d’- 5.2’ (c 1.0, CRCl2). 

OTs 

l-5 

Ts 

Analysis %: Found: C.54.62; H5.46; N,3.14. Calcu- 
lated for CIEH~INOSS~: C.54.66; H.S.35; N.3.54. 

Pam-tohrencsulphonyl chloride (68.8 g) was added, 
to in portions, to a solution of 3-(R,S)-hydroxypyrrolidine 

tH N.m.r. (CDCh), 6=7.75-7.65 (m,-4H), 7.40-7.30 
(m, 4H); S.OtI-4.90 (m, 1H); 3.55-3.35 (m, 3H); 3.3s3.20 
(m, 1H); 2.50 (s, 3H); 2.45 (s, 3H); 2.10-1.90 (m, 2H) 
mm- I5 

PREPARATION 4 
Preparation of 1-tosyl-3-(R)-(+)-tosyloxypyrrolidine 

(15 g) in dry pyridine (200 ml) at 0’ C. The mixture was 
allowed to warm to room tunperature and stirred for 16 
hours. The solution was concentrated in vacua to ap- 
proximately half the original volume then partitioned 
between dichloromethane (500 ml) and water (300 ml). 
The layers were separated and the aqueous layer was 
extracted with dichloromethane (3 X 100 ml). The com- 
bined dichloromethane extracts were washed with 2M 
hydrochloric acid (100 ml) and 10% 4ucous sodium 
hydroxide (100 ml) that dried (MgSOd) and concen- 
trated in vacua to give an oil which was crystalliscd 
from dichioromethane/ethe to give the title compound 
as a microcrystalline powder, yield 28.3 g. m.p. 
119’-121’ c. 

30 

35 

tH N.m.r. (CDCl3), 6=7.75-7.65 (m, 4H); 7.67.30 
(m, 4H); 4.95 (m, 1H); 3.55-3.35 (m, 3H); 3.30-3.20 (m. 
IH); 2.50 (s, 3H); 2.45 (s, 3H); 2.10-1.90 (m, 2H) ppm. 

PREPARATION 6 
(A) Preparation of 

3-(R,S)-( 1 cyano-I, Idiphcnylmethyl)-1 -tosylpyrroli- 
dine 

Para-toluenaulphonyl chloride (61.5 g) was added. 
in portions, to a solution of 3-(R)-(->3-hydroxypyr- 
rolidine hydrochloride (19 g -see Preparation 1) in 
anhydrous pyridinc (200 ml) at 0’ C. The mixture was 
allowed to warm to room temperature and stirred for 16 
hours. The solution was concentrated in vacua and the 
resulting solid partitioned between dichloromcthane 
(300 ml) and water (200 ml). The layers were separated 
and the aqueous layer extracted with dichloromcthane 
(3x 100 ml). The combined dichloromethane extracts 
were washed with 2M hydrochloric acid (2 x 100 ml) 
and 10% aqueous sodium hydroxide (2x 100 ml) then 

OTs 
4 

Ph CN 
Ph 

j7 

dried (MgSO4) and concentrated in vacua to give an oil. 
45 I, N--T% 

Ttituration with ether gave a solid which was rccrystal- 
lised from I-propanol to give the title compound as a 
colourkss solid. yield 33.5 g, m.p. 11 I’-112’ C., 

Diphenylacetonitrile (17.1 g) was added to a stirred 

[a]ds+5.3* (c 1.0, CH2Cl2). 
suspension of sodium hydride (4 g of a 60% suspension 

~0 in mineral oil) in anhydrous tolucne (250 ml) and the 
Analysis %: Found: C54.29; H.5.39; N.3.59. Calcu- mixture was huted under reflux for 2 hours. On oooling 

to room temperature, l-tosyl-3-&S)-tosyloxypyrroli- 
dine (28 g-see Preparation 5) was added in portions 
and the mixture bated under reflux for 3 bouts. The 
mixture was diluted with tolucne (150 ml), washed with 
5% 4ucous sodium hydroxide (2x 100 ml) and brine 
(150 ml) then dried (MgSO4) and concentrated in vacua 
to give a. solid which was purified by trimration with 
methanol to give the titk compound as a colourlcss 
microcrystalline powder, yield 18 g, m.p. 186’-187’ C. 

kted for CtsH2tNC&: C.54.68; kJ.35; hl.3.54. 
tH N.m.r. (CDCl3). 6=7.75-7.65 (m, 4)H), 7.40-7.30 

(m, 4H); 5.oM.90 (m. 1H); 3.55-3.35 (m, 3H); 3.30-3.20 
(m. 1H); 2.50 (s, 3H); 2.45 (s, 3H); 2.10-1.90 (m. 2H) 55 
ppm- 

PREPARATION 5 
Preparation of 1-tosyl-3-(R,S)-tosyloxypyrrolidine 

a 

OH 

d-5 
N 

65 

IH N.m.r. (CDCl3),6=7.75 (d, 2H); 7.50-7.25 (m, 
12H); 3.6&3.3O(m,4H); 3.10-3.oO(m, IH); 2.50(s, 3H); 
2.00-1.80 (m, 2H) ppm. 

(Et) A similar procedure starting with I-tosyl-3-(S)- 
(-)-tosyloxypyrrolidine (55 g-see Preparation 3) gave 
3-(S)-(+)+cyano-l,Idipheaylmethy~~l-tosylpyrroli- 
dine, yield 49.5 g, [~]#+17.2’ (c 1.0, CH2Cl2), m.p. 
180’-185’ C. 



17 5,096,890 
18 

(C) A similar proced: starting with I-tosylJ- 
(R)-(+)-tosyloxypyrrolidine (33 g-see Preparation 4) 
gave 3-(R)-(-->(l-cyano-l,ldiphenylmethyl>l-tosyl- 
pyrrolidinc, yield 19.7 g, m.p. 165’-178’ C., 

5 

IO 

15 

20 

3-(R,S)-(l-Cyano-1,ldiphenylmethyl)pyrrolidine (30 
g-see Preparation 7) was dissolved in 95% sulphuric 
acid (210 ml) and the mixture was heated, with stirring, 
at 85’ C. for 9 hours and then at loo’ C. for 30 minutes. 
The mixture was allowed to cool to r00m temperature 
and poured onto ice (2 kg). The mixture was basified 
@H 12) by addition, in portions with cooling in an ice 
bath, of a cold solution of sodium hydroxide (340 g) in 
water (500 ml). The resulting mixture was extracted 
with dichloromethane (3X300 ml) and the combii 
extracts were dried (MgSO4) and concentrated in vuuo 
to give the title compomxd as a foam, yield 16.4 g. 

tH N.m.r. (CDCl3)&=750-7.10 (tn. 1OH); 7.10-6.90 
(brs, 0.M) 5.90-5.30 (brm, 2.W); 3.60-3.40 (m, lH), 
3.30-3.00 (m. 3H); 2.95-2.60 (m, 1H); 2.4S-2.20 (m, 1H); 
2.05-1.85 (m, IH) ppm. 

PREPARATION 9 
(A) Preparation of 

j&&5- 17.0’ (c 1.0, CH2Cl2). 

PREPARATION 7 
Preparatioi of 

3-(R,S)-( 1 cyano- 1,l diphenylmeth y 1)pyrrolidine 

PhcN 
Pb 

k 
NH 

with 0.5M hydrochloric acid (3 X 500 ml). The aqueous 

A solution of 3-(R,S)-(lcyano-l,ldiphenylmethyl)- 

extracts, together with some oil which separated during 

I-tosylpyrrolidine (21 g-see Preparation 6(A)) and 
phenol (21 g) in 48% aqueous hydrobromic acid (240 
ml) was heated under reflux for 2 hours. The mixture 
was cooled to 0’ C. in an ice bath and basified @H 12) 
by the slow addition of 50% aqueous sodium hydroxide 
(280 ml). Methanol (10 ml) was added and the mixture 
was stirred for 15 minutes then diluted with water (300 
ml). The mixture was extracted with d&hloromethane 
(3 x 200 ml), the combined extracts were dried (MgSO4) 
and concentrated in vacua to give an oil. Tbc oil was 
dissolved in 1:l hexane/toluene (500 ml) and washed 

3-(S)-(+)-(kyano-l,ldiphenylmethyl)pyrrolitlme 

N--h 
HBr/HzO 

PhoH > 

CN 

30 

35 A mixture containing 
diphenylmethyl>l-tosylpyrrolidine (49 g-see Prepara- 

3-(S)-(+>(l-cyano-l,l- 

tion 6(B)), 48% aqueous hydmbromic acid (500 ml) and 

- 

the extraction, were basified (PH 12) by the addition of phenol (50 g) was heated under reflux for 1.25 hours 
aqueous sodium hydroxide (12 g in 20 ml water) and the then allowed to cool to room temperature. The mixture 
mixture was extracted with dichloromethane (3~ 150 In was extracted with ether (50 ml) to remove an uoocr 
ml). The combined dichloromethane extracts were - 
dried (MgSO4) and concentrated in vacua to give an oil 
which was purified by column chromatography on 
silica eluting with dichloromethane containing metha- 
nol (0% up to 10%). The product-containing fractions 45 
were combined and concentrated in vacua to give the 
title compound as a oil, yield 10 g. 

tH N.m.r. (CDCl3). 6=7.55-7.25 (m, IOH); 5.45 (brs, 
IH); 3.55-3.40 (m, 1H); 3.35-3.10 (m, 2H); 3.05-2.90 (m, 
1H); 2.65-2.40 (m, 1H); 2.10-2.00 (m, 1H); 1.95-1.80 (m, 50 
IH) Pp- 

PREPARATION 8 
Preparation of 

3-(R,S)-(l-carbamoyl-l,ldiphenylmethyl)pyrrolidiie 55 

layer of purple oil, then with 2:l &er/hexane (1 m-ml). 
The aqueous layer was extracted with dichloromethane 
(4x 100 ml), the dichloromethane extracts were com- 
bined, washed with 10% aqueous sodium hydroxide 
(3 x50 ml), then dried (MgSO4) and wncentrated in 
vacua to give an oil. The original ether extract was 
concentrated in vacua to give an oil which was dis- 
solved in dichloromethane (100 ml) and washed with 
10% aqueous sodium hydroxide (3 x50 ml). The dichlo- 
romethane solution was dried (MgSO4) and wncen- 
trated in vacua to give an oil which was combined with 
that obtained from the initial dichloromethane extrac- 
tion. The wmbmed oils were then dissolved in dichlo- 
mmethane (200 ml) and washed with 10% 4ueous 
sodium hydroxide solution (2x50 ml). The dichloro- 
methane solution was dried (MgSO4) and conceutrated 
in vacua to give an oil which was purified by cohmm 
chromatography on silica eluting with dichlommethane 
wntaining methanol (0% up to 10%). The productcan- 
mining fractions were wmbined and WDcentrataiin 
vacua to give the title compound as a foam, yield, 24.3 -- 
g, [a]P+6.0' (c 1.0. CH2U2). 

Ph Analysis I: Found: C, 78.09, H-6.7& N.9.93. Calcu- 

Ph 
lated for CtsHtaN21/5 CH2Clz C-78.24; H.663; 

65 NJ0.03. 
NH (B) A similar procedure starting ujth 3-(R)-(-)-(I- 

cyano-l,ldiphenylmethyl>l-tosylpyrrolidme (19.5 
g-see Preparation 6(C)), gave 3-W-(-)-(l-cyano-l,l- 
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diphenylmethyl)pyrrolidine, yield 9.5 g, [aId - 9.8’ (C 
LO. CHrCld. 

20 
PREPARATION 11 

Preparation of 
3-(R>(+Hl-carbamoyl-l,Idiphenylmethyl)pyrro~i- 

5 dine 
PREPARATION 10 
(A) Prcpamtion of 

3-(S)-(+Hl-carbamoyl-l,ldiphenylmethyl)pyrro~i- 
dine L-(+)-tartrate 

I5 

NH 

3-(R)-(->(lcyano-1,ldiphenyfmahyl)pyrrolidine 
Z0 (9.2 g-see Preparation 9(B)) was dissolved in 95% 

3-(S)-(+)+Cyano-l,~diphcnylmethyl)pyrrolidine 
(24 g-see Preparation 9(A)) was dissolved in 95% 
sulphuric acid (210 ml) and the mixture was heated. 
with stirring, at 85’ C. for 4.5 hours. The mixture was 
allowed to cool to room temperature and poured onto 
ice (500 g). The mixture was basificd (PH 12) by the 
addition, in portions with cooling in an ice bath, of a 
cold solution of sodium hydroxide (335 g) in water (500 25 
ml). The mixture was extracted with dichloromethane 
(4x200 ml) and the combined extracts were dried 
(MgS04) and concentrated in vacua to give the free 
base of the title compound as a colourlas foam, yield 3. 
8.5 g. A portion of the foam (5.5 g) was dissolved in 
ethanol (50 ml) and a solution of L-(+)-tartaric acid (3 
g) in warm ethanol (30 ml) was added. The resulting 
solid was filtered off and rccrystallised from methanol 
to give the title L-(+>tartrate as colouricss crystals, 35 
yield, 6 g, m.p. 180’-185’ C., [a]#+ 16.3’ (c 1.0, H20). 

Analysis %: Found: C, 61.21; H, 6.25; N. 6.45. Calcu- 
lated for C]~H~CIN~D.C~H~O~: C, 61.38; H.6.09; N.6.51. 

JH N.m.r. (d6DMSO), 6=9.00-7.50 (brs, 4H); 4o 
7.40-7.10 (m, IIH); 6.90-6.80 (brs, IH); 3.90 (s, 2H); 
3.90-3.70(m, 1H); 3.50-3.35 (m, IH); 3.25-3.OO(m, 1H); 
2.75-2.6O(m, 1H); 2.55-2.40 (m, 2H); 2.15-2.00 (m, IH); 
1.40-1.30 (m, 1H) ppm. 

(B) Preparation of 3-(S)-(-)-(l-carbamoyl-l,l- 45 
diphenylmethyl)pyrrolidine 

55 
3-(S)-(+)+Carbamoyl-l,ldiphcnylmethyl)pyrroli- , A solution of (2,3dihydrobcnzofur-5-yI)acetic acid 

dine L-(+ >tutrate from part (A) (0.95 g) was dissolved (4.9 g-see EP-A-132130) in anhydrous tctmhydrofu- 
in water (40 ml) and basified @H 12) by the dropwise ran (50 ml) was added dropwise over 10 minutes to a 
addition of 10% 4ucous sodium hydroxide. The mix- stirred s&pension of lithium ahuninium hydride (1.57 g) 
tun ~8s cxtnctcd with dichloromcthane. (2x50 ml), 60 in anhydrous tctrahydrofuran (50 ml) at 0’ C. The mix- 

the extracts were combined, dried (N&04), and con- ture was allowed to warm to room temperature and 

centmted in vacua to give the title compound as a co- 
stirred for 1 hour. Water (1.5 ml) was cautiously added 

burless foam, yield O-6( g. 
dropwise followed by 10% 4ueou.s sodium hydroxide 

IH N.m.r. (CDCIJ) 6=7.50-7.20 (m. 11H); 6.35-6.20 
(1.5 ml) and, ftily, water (4.5 ml). The mixture was 

(bn, 1H); 5.90-5.75 (brs, IH); 3.55-3.45 (m. IH); 
65 fdlercd and the inorganic salts washed with ethyl ace- 

tstc (2 X 50 ml). The fdtmte and washings were cam- 

sulphuric acid (80 ml) and the mixture was heated at 80’ 
C. for 4 hours and then at 90’ C. for 1 hour. Ice (1 kg) 
was added and the mixture was basificd (pH 12) by the 
addition of a cold solution of sodium hydroxide (120 g) 
in water (100 ml). The mixture was extracted with di- 
chloromc&ne (4~ 100 ml) and the combined extracts 
were dried (MgSO4) then conccntmt+ in vacua to give 
a foam which was purified by column chromatography 
on alumina eluting with dichloromethane containing 
methanol (0% up to 10%). The product-containing 
fractions were combined and concentrated in vacua to 
give the title compound as a foam, yield, 4.5 g, 
[&?5+ 16.9’ (c 1.0, CH2C12). 

tH N.m.r. (CDCI,), 6=7.45-7.20 (m, IOH); 6.10-5.90 
(brs, 1H); 3.20-3.10 (m, IH); 3.05-2.95 (m, IH); 
2.90-2.65 (m, 3H); 2.10-2.00 (m. IH); 1.95-1.75 (m. 2H) 
mm. 

PREPARATION 12 
Preparation of 

5-(2-hydroxycthyl)-2.3dihydrobenzofuran 

3.25-3.10 (m, 2H); 3.05-2.95 (m, IH); 2.95-2.85 (m, IH); bined and concentrated in vacua to give the title com- 
2.15-2.05 (m, IH); 1.9Ck1.80 (m, 1H) ppm. pound as an oiI, yield 3.3 g. 
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tH N.m.r. (CHC13) 6=71ft (s, 1H); 7.00 (d. IH); 6.75 
(m, IH); 4.65-4.55 (m, UI); 3.90-3.75 (m, 2H); 3.30-3.15 
(m, 2H); 2.90-2.80 (m, 2H); 1.85-1.75 (brs, 1H) ppm. 

PREPARATION 13 
Preparation of Y2-bromoethyl>Z.Mihydrobmzofuran 

“TQ 
Phosphorus tribromide (0.37 g) was added to a solu- 

tion of 5-(2-hydroxyethyl)-2,Mihydrobenxofuran 
(0.612 g -see Preparation 12) in carbon tetrachloridc (3 
ml) and the mixture was heated under reflux for 3 hours. 
On cooling to room temperature, the mixture was parti- 
tioned between 10% aqueous sodium carbonate (20 ml) 
and dichloromcthane (20 ml). The layers were sepa 
rated and the aqueous layer was extracted with dichlo- 
romethane (2X 10 ml). The combined dichloromcthane 
extracts were dried (MgSO4) and concentrated in vacua 
to give the title compound as an oil which crystallised 
on standing, yield 0.584 g. m.p. W-62’ C. 

tH N.m.r. (CDCl3) 8=7.10 (s, IH); 7.00-6.95 (d, 1H); 
6.80-6.70 (d, IH); 4.65-4.55 (t, 2H); 3.60-3.50 (t, 2H); 
3.25-3.15 (t, 2H); 3.15-3.10 (t. 2H) ppm. 

PREPARATION 14 
Preparation of 5-(2-bromoethyl)indane 

Phosphorus triiromide (3.5 ml) was added, dropwise, 
to a solution of 5-(2-hydroxyethyl)indane (14.0 g) (PR- 
A-2139628) in carbon tetrachloride (100 ml). The mix. 
ture was stirred at room temperature for 0.5 hour and 
then heated under reflux for 2 hours. Ice (100 g) was 
added and the mixture partitioned between dichloro- 
methane and 10% 4ueous sodium carbonate. The Iay- 
as were separated and the 4ueous htyer extracted with 
dichloromethane (2X 100 ml). The oombined dichioro- 
methane extracts were dried (MgSO4) and concentrated 
in vacua to give an oil which was purified by column 
chromatogmphy on silica eluting with dichloromcth- 
am The product-containing fractions were combined 
and concentrated in vacua to give the title compound as 

5 

10 

I5 
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PREPARATION 15 

3.4Methylenedioxyphcnethyl alcohol 

3.4Methylenedioxyphenylacetic acid (18.0 g) was 
added portionwise over 30 minutes to a stirred, ice- 

XJ cooled suspension of lithium aluminium hydride (4.0 g) 
in ether (400 ml) and the mixture was stirred at room 
temperature for two hours, quenched by the cautious 
addition of saturated 4ueous ammonium chloride Wu- 

25. tion and filtered. The filtrate was washed with 10% 
aqueous sodium carbonate solution, dried over magne- 
sium sulphate and evaporated to give the title com- 
pound as a pale yellow oil (15.01 g, 90%), which was 

30 
character&d by its *H n.m.r. spectrum. 

tH N.m.r. (CDCl3) S=6.69-6.83 (3H. m); 5.98 (ZH, 
s); 3.82 @Ii, dt, J=7 and 6 Hz); 2.81 (2H, t, J=7 Hz) 
and 1.44 (IH, t, J=6 Hx, exchangeable with DxO). 

PREPARATION 16 
3,4-Methylenedioxyphenethyl bromide 

a colourless oil, yield 10.5 g. 65 
tH N.m.r. (CDU3) 8=7.30-7.00 (m. 3H); 3.60 (m, 

2H); 3.20 (m, w); 3.00-2.85 (m, 4E); 2.2C~2.05 (m. 2X-I) 
ppm- 

A solution of phosphorus tribromide (8.1 g) in carbon 
tetrachlotide (50 ml) was added dropwise over 30 min- 
utes to a stirred solution of 3,4-methylenedioxy- 
phentthyl alcohol (15.0 g) (see Pmpar&m 15) in car- 
bon tetrachloride (Ux, ml) and the mixture was bated 
under reflux for 3 boura, washed sequentially with 
water (twice), 5M 4ucous 6odhm hydroxide solution 
and water, dried over magneshtm sulphate and evap~ 
rated. The residue was purified by chromatogrphy on 
silica (100 g) using carbon WrachJoride as the &ant. 
Appropriate fractions were combined and evaporated 
to give the title compound as a pale yellow oil (8.3 g, 
40%), which was characterised by its tH n.m.r. spec- 
trum. 

tH N.m.r. (CDC13) S-6.80 (IH, d, JPS Hx), 6.75 
(lH, s); 6.71 (lH, d, Js8 Hx); 6.00 (2& t& 3.56 (2H, t., 
J=7Hx) and 3.13 (2H. t, J=7 Hz). 
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PREPARATION 17 
Preparation of S-(2-bromoethyl)benr[2,3-b]furan 

I 
24 

PREPARATION 19 
Preparation of 

5 3-(S)-(l-carbamoyl-l.Ldiphenylmethyl)-J~2-(2,3-dihy- 
drobcnzofuran-S-yl>2-oxocthyl]pyrrolidine 

hydrochloride 

A mixture containing 5-(2-bromocthyl>2,3-dihy- 
drobcnzo[2,3-b ]furan (3 g-see Preparation 13). freshly 
recrystallised N-bromosuccinimide (2.37 g), bcnxoyl 
peroxide (0.03 g) and carbon tetrachloridc was heated 
under rcflux for 2 hours. On cooling to room tempcra- 
ture, water (100 ml) and sodium metabisulphite (1 g) 
were added, the layers were separated and the aqueous 
layer was extracted with dichloromethane (3 x 50 ml). 
The combined organic extracts were dried (MgSO4) 
and concentrated in vacua to give an oil which was 
purified by column chromatography on silica eluting 
with hexane containing toluenc (5%). The product-con- 
taining fractions were combined and concentrated in 
uacuo to give the title compound as an oil, yield 1.25 g. 

tH-N.M.R. (CDCI3) 617.70 (d, lH), 7.55-7.45 (m, 
2H). 7.25-7.15 (d, lH), 6.80 (5, IH), 3.70-3.60 (t, ZH); 
3.35-3.25 (1. 2H) ppm. 

PREPARATION 18 
Preparation of 5-chloroacetyL2,3-dihydrobenzofuran 

AICIJ. CICOCH~CI 
1 

20 

25 

A mixture of 5chloroacctyL2,3-dihydrobenxofuran 
( 176,2 g-see Preparation I 8). 3-(S)-( - )-( 1 -carbamoyl- 
1,ldiphenylmethyl)pyrrolidine (335.0 g-see Prepara- 

30 tion IO(B)) and potassium carbonate (335 g) were stirred 
in industrial methylate spirits at room temperature for 
18 hours then concentrated in vacua. The oily solid was 
partitioned between methylme chloride (2,500 ml) and 
water (2,500 ml) and the organic phase was conccn- 

3s tratcd to an oil in vacua. The oil was dissolved in ethyl 
acetate (3,350 ml) and acidified with hydrochloric acid 
dissolved in isopropyl alcohol (180.6 ml at 24% w/v). 
Filtration produced the title compound as a hygro- 

m scopic solid, yield 467 g. 
This material was used directly in Example 9 without 

further purification. 

” CI 

cx? 

PREPARATION 20 
45 6-(2-Hydroxyethyl)- 1 ,Menxodioxan 

\ 
Chioroacetyl chloride (10.39 g) was dissolved in 

methylene chloride (25 ml) and the solution was added M / 
to a slurry of abnninium chloride (12.2 g) in methykne 

oo- CHsCOOH 

chloride (50 ml) at - 15’ C. A solution of dihydroben- 
xofuran (10 g) in mcthylcnc chloride (25 ml) was added 
and the solution was allowed to warm to room tempera- 55 i 

tye over 20 hours. Tbe reaction mixture was poured 
into ice (700 g) and the 4ucous layer was back-washed 
with methylene chloride (2x200 ml). The combined 
organic extracta were washed with water (so0 ml), 

. co; 0 . m~2oH 
dried with MgSO4 and concentrated in vacua. The 6o 
resulting solid (1 I g) was heated in cyclohexanc (110 This was prepared as described in Preparation 15 
ml) and the supcmatant liquid decanted off and allowed using @cnxodioxanbyl)acctic acid instud of 3,C 
to crystalk. Filtration produced the title compound as methylcncdioxyphcnylacetic acid. The title compound 
a white solid. yield 2.1 g. m.p. 85’-87’ C. was obtained aa a colourkss oil (19.8 g, 92%). which 

Analysis 96: Found: C,60.7% H,4.67. Calculated for 65 was charactcrised by its tH-n.m.r. tpearum. 
Cl&gCl~: C.61.08; H,4.61. 

‘H-N.M.R. (CDCl3) g=7.9 (s, JH); 7.8 (d, IH); 6.85 
‘H-N.M.R. (CDQ) 6r6.81 (lH, $, Je8 Hx); 6.77 

(d, 1H); 4.7 (t, 2H); 4.65 (s, 2H); 3.3 (t, 2H) ppm. 
(lH,d,J=2Hx);6.73(1H,dd,J=8and2Hz);4.28(4H, 
s); 3.59 (Zi, t, J=7 Hx) and 3.08 (ZH, t, J=7 Hx). 
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PREPARATION 21 

q2-Bromocthyl)-l,ebcnzodioxan 

$096,890 
26 

5 

where 
X and Xt are each independently 0 or CH2; - 

10 m is I, 2 or 3; and 
“Het” is pyridyl, pyraxinyl or thicayl. 

Z.AcompouDdrcc~edia~liawhichRtira 
group of the formula: 

This was preparcd as described in Preparation 16 
using 6-(2-hydroxyethyl>l.4-benxodioxan (see Prepara- K) where X, Xt, “Hct” and m arc as dcfhted in claim 1. 

tion 20) instead of 3,4-methylenedioxyphenethyl alco- 
3. A compound as claimed in claim 2, in which Rt is 

a group of the formula: 
hol. The title compound was obtained as a pale yeRow 
oil (21.4 g. 80%);which was characteriscd by its tH- 
N.M.R. spectrum. 25 

‘H.N.M.R. (CDClt) 626.83 (IH, d. J=8 Hz); 6.77 
CIJ 

low 
(IH, d, J=2 Hz); 6.72 (IH, dd, J=8 and 2 Hz); 4.28 (4H, 
s); 3.59 (W. t, J=7 Hz) and 3.10 (2H, t, J-7 Hx). 4. A compound as claimed in claim 1, in which Y is a 

The compounds of the Examples have ah been found 30 direct hr& or -CHt-, 
to have useful activity as selective muscarinic receptor 5. A compound as claimed in claim 4, in which Y is 
antagonists without significant adverse toxicity. -CHx-. 

We claim: 6. A compound as claimed in claim 1, which is in the 
1. A compound of the formula: 3R.S(racemic) or 35form. 

35 7. 3~Sxl-carbamoyl-l,l-diphenylmethyl>l-[2- 
(2,3dihydrobenxofuran-S-yl)ethyl]pyrrplidine or 3-(S)- 

N-C&-Y-R’ 

ON (-->(lcarbamoyl-l,ldiphenylmethyl>l.[2~~~~y- 
drobenzofu~d-yl)ethyllpyrrolidine. 

8. A pharmaceutical composition comprising musca- 
40 rink receptor antagonixing effective amount of a com- 

pound according to claim 1 and a pharmaceutically 
acceptable diluent or carrier. 

9. A method of treating a disease associated with 
altered motility or lone of smooth muscle in a mammal 

or a pharmaceutically acceptable salt thereof, wherein 45 comprising administering to said mammal a muscarmic 
Y is a direct link, -CHx--, -(CHr)r--, -CHtO- receptor antagonixing amount of a compound accord- 

or -CH+-; ing to claim 1. 

R is -CONHt; and 
10. A method acsorrlmg to claim 9, wherein the dii 

. 
Rt is a group of the formula: so 

ease is irritable bowel syndrome. 
I + l . + 
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