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A new class of substituted l-phenyl-3-piperazinyl-2-propanones with antimuscarinic activity is 
reported. As part of a structure-activity relationship study of this class, various structural 
modifications, particularly ones involving substitution of position 1 and the terminal piperazine 
nitrogen, were investigated. The objective of this study was to derive new antimuscarinic agents 
with potential utility in treating urinary incontinence associated with bladder muscle instability. 
These compounds were esamined for MI, M2, and M3 muscarinic receptor selectivity in isolated 
tissue assays and for in vivo effects on urinary bladder contraction, mydriasis, and salivation in 
guinea pigs. Potency and selectivity in these assays were influenced most notably by the nature 
of the substituent group on the terminal nitrogen of the piperazine moiety. Benzyl substitution 
was particularly advantageous in producing compounds with functional M3 receptor (smooth muscle) 
and bladder selectivity; it provided several candidates for clinical study. In vivo, 3-(4-benzyl- 
piperazinyl)-l-cyclobutyl-l-hydroxy-l-phenyl-2-propanone (24) demonstrated 11- and 37-fold 
separations in its effect on bladder function versus mydriatic and salivation responses, respectively. 
The corresponding 2-chlorobenzyl derivative 25 was more than 178-fold selective for M3 versus 
M1 and M2 muscarinic receptors. 3- (4-Benzylpiper azin yl) - 1,l -diphenyl- 1-hydroxy- 2-propanone 
(51) was 18-fold selective for M3 versus MI and 242-fold selective for M3 versus M2 receptors. It 
was also selective in guinea pigs, where it displayed 20- and 41-fold separations between bladder 
function and effect on mydriasis and salivation, respectively. In general, the results of this study 
are consistent with the proposition that the described piperazinylpropanones interact with 
muscarcinic receptors in a hydrogen-bonded form that presents a conformation similar to that 
apparently adopted by classical antimuscarinic agents. 

Molecular cloning studies have identified five unique 
gene sequences, ml-ms, coding for muscarinic receptors;' 
however, on the basis of their response to selective 
antagonists, to date only three major subtypes of these 
receptors, i.e., MI, M2, and M3, have been pharmacolog- 
ically classified.2 Receptors having high affinity for 
pirenzepine and (+)-telenzepine are designated MI; they 
are present in sympathetic ganglia and in parte of the 
central nervous system such as the cerebral cortex and 
hippocampus. Those in cardiac cells that have strong 
affinity for AF-DX 116, methoctramine, and himbacine 
are termed M2. M3 receptors, located particularly in 
glandular and smooth muscle tissue, have high affinity 
for DAMP, hexahydrosiladifenidol, and its p-fluoro 
derivative.3-8 

Antimuscarinic activity has been noted for a variety of 
compounds containing a piperazine ring. Benzhydrylpip 
erazines (1) are nearly equipotent with atropine in an 
isolated guinea pig ileum preparation? The piperazinyl- 
alkyl glycolate 2 is claimed to have about one-half the 
antispasmodic potency of atropine.1° Anticholinergic 
activity has also been claimed for some benzhydryloxy- 
piperazines, e.g., 3." Hexocyclium (4)12 has potent an- 
timuscarinic properties; it is 63-fold selective for rat 
ganglionic versus hippocampal MI muscarinic receptors.13 
A silicon analog of 4, i.e., silahexocyclium (Sa), was the 
most potent anticholinergic tested in an isolated rat 
sympathetic ganglion preparati~n,'~ and it showed a 16- 
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fold selectivity for M3 ileal muscarinic receptors over thoae 
(Mz) in the atria." In contrast, the related o-methoxy 
derivative Sb is a potent MI selective muscarinic receptor 
antagonist.16 The tricyclic piperazines pirenzepine (6)"3J7 
and Glenzepine (7P are prototypical potent and selective 
MI receptor antagonists. 
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In the course of continuingresearch1@P20directed toward 
the development of M3 selective agents with potential 
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Figure 1. Cornpariaon of preferred receptor-bound conformation 
of benactyzine (A)= with a possible conformation of substituted 
l-hydro.y-l-phenyl-3-(l-piperazinyl)-2-propanonee (B). 
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therapeutic utility, for example in treating urinary in- 
continence associated with bladder muscle instability, 
several piperazinylpropanone derivatives having potent 
antimuecarinic properties were identified.21 On the basis 
of the subtype, albeit not Ma, selectivity demonstrated by 
some of the described antimuscarinic piperazine deriva- 
tives and considering that the piperazinylpropanones, as 
indicated in Figure 1, might present a constrained con- 
formation resembling the one preferred by the protypical 
antimuscarinic drug benactyzine,22 a series of similar 
piperazines (8-151, Table I) and related compounds (52- 
SS, Table I) was prepared and studied pharmacologically. 
The new compounds were tested for functional muscarinic 
receptor subtype selectivity in rabbit vas deferens (nerve, 
M1),= guinea pig atrial (cardiac, M2):J4vz4 and guinea pig 
ileal (smooth muscle, M3)394*25 preparations. To evaluate 
the potential of these compounds to cause side effects, 
such as dry mouth (xerwtomia) and blurred vision 
(reeulting from mydriasis), which are commonly associated 
with nonselective antimuecarinics,26 the new series was 
also examined for in vivo effecta on urinary bladder 
contraction, mydriasis, and salivary secretion in guinea 
pigs. The results of these studies that led to the identi- 
fication of several bladder selective M3 muscarinic receptor 
antagoniete are reported in this article. 

Chemistry. Substituted piperazinylpropanone deriv- 
atives 8-61 and related compounds 52-16 were prepared 
by two general methods. As illustrated in Scheme I 
(method A), the appropriate l-substituted l-hydroxy-l- 
phenyl-2-propanone (56)lD was brominated with pyrroli- 
done hydmtribomide (PHT) to provide the corresponding 
3-bromopropanone 57. Amination of 57 with piperazine, 
a substituted piperezine, or other amine afforded 8, 9, 
11-15,18,20-24,88,37-39, and 41-55. In an alternative 
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method, as indicated in Scheme I (method B), 10,16,17, 
19, 25-32, 34-36, and 40 were derived by alkylation of 
l-cyclobutyl-l-hy~oxy-l-phenyl-3-(l-piper~yl)-2-pro- 
panone (8) with a benzyl chloride, 2-thienylmethyl chlo- 
ride, furfuryl chloride, chloroacetonitrile, or phenethyl 
triflate. 

Results and Discussion 
The piperazinylpropanone derivatives and related com- 

pounds in this series (8-55) were examined for antagonist 
activity in tests selective for the pharmacologically defined 
MI, M2, and M3 muscarinic receptors. M1 receptor 
antagonist potency was measured as the test compound's 
ability to reverse the inhibitory effect of the selective M1 
agonist M~N-A-343~~8~  on electrically stimulated con- 
tractions of isolated rabbit vas deferens. Efficacy in this 
paradigm is expressed as an affinity constant, KbpB the 
calculated molar concentration of the test compound 
needed to cause a 2-fold increase in the ED60 of the agonist, 
i.e., the concentration that inhibits the contractions by 
50 % . MZ antagonist activity is also expreased as an affinity 
constant; it represents the ability of the test compound to 
double the predetermined ED60 of carbachol for attenu- 
ating the rate of contraction of isolated guinea pig right 
atria.26-30 M3 receptor antagonist activity is described as 
the ability of the test compound to decrease the response 
of guinea pig ileum muscle strips to carbachol.mp26 
As the major objective of the present study was to 

discover new bladder-relaxing agents free of typical 
antimuscarinic side effects, compounds were also examined 
in a guinea pig cystometrogram (CMG) model and for 
their liability to cause m y d r i a s i ~ ~ ~ ~ l  and ~erostomia.~6*3~ 
In the CMG assay the strength of functional detrusor 
muscle contraction was measured as peak intravesical 
bladder pressure (P,P). ID60 values are the calculated 
dose of antagonist that inhibits P,P by 50%.l9 The 
liability of antagonists to produce mydriasis26t3l or to 
decrease carbachol-stimulated s a l i v a t i ~ n ~ ~ ~ ~  was evaluated 
in guinea pigs. ED60 values for mydriasis production 
represent the calculated subcutaneously administered dose 
of test compound that increases the pupil diameter to 
50% of the maximum increase produced by atropine. 
Salivation ID@ are the subcutaneously administered dose 
of antagonist that inhibits carbachol-induced salivation 
in 50% of the test animals.2s The results of pharmaco- 
logical testing of 8-55 for MI, M2, Ma, CMG, mydriatic, 
and salivation effects are tabulated in Table 11. 

Binding to muscarinic receptors is apparently initiated 
by an interaction between the cationic head of the 
antagonist molecule and an anionic site at the receptor 
surface. Effects of terminal nitrogen substitution on 
muscarinic receptor affinity indicate that the size and 
shape of the cationic group play critical roles in drug- 
receptor intera~t ion;~~ however, apparently this has not 
been investigated in detail in tests selective for the 
muscarinic receptor subtypes. Coneistent with the eug- 
gestion that piperazinylpropanones of the present series 
may adopt a conformation such that the terminal piper- 
azine nitrogen, as depicted in Figure 1, assumes the role 
of the antimuscarinic cationic head,%-% the tertiary amine 
9 was a more potent antimuscarinic at MI, M2, and M3 
sites than waa the secondary amine 8.% The carbamate 
47, in which this nitrogen is nonbasic, and the weakly basic 
anilines 20-23 are devoid of significant antimuscarinic 
activity. Also, consistent with earlier data derived in non- 
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Table I. Physical Data for l-Cycloalkyl-l-hydroxy-l-phenyl-3-(4subatituted piperazinyl)-2-propaones and Related Compounds (8-66)" 
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R 

8-51 52-55 . 

compdb R 
yield, recrystn 

R' method' % mp, 'C formulad solvent 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 

36 

36 
37 

38 
39 
40 
41 
42 
43 
44 
46 
4w 
47 
48 
4s 
60 
51 
62 

63 

64 
66 

H 
CH3 

n-Pr 
(CH2)20H 
C'CrH7 
C H 2 C H 4 H 2  
CHzCECH 
CHzC(CH3)4Hz 
CH?CH+(CH3)2 
C H F H 4 H P h  
(CHzhCH4H2 
Ph  

C2H5 

Ph-4N02 
Ph-2-OCzHa 
Ph-2-OCHs 

CH2Ph-2-Cl 
CH2Ph-341 
CHzPh-4C1 
CH8h-3-OCH3 
CH2Ph-4-OCH3 
CHzPh-2-CH3 
CHzPh-4-CH3 
CHzPh-4N02 
CHzPh-3,4-OCHzO 

C H 8 h  
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A 
A 
B 
A 
A 
A 
A 
A 
B 
B 
A 
B 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
A 
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B 

B 
A 

A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 

A 
A 

83 
41 
90 
67 
68 
63 
54 
93 
48 
61 
80 
68 
71 
72 
35 
37 
73 
55 
75 
67 
38 
37 
38 
65 
54 
55 
36 

40 

57 
32 

33 
73 
75 
43 
59 
74 
61 
95 
68 
57 
85 
37 
74 
50 
68 

32 

59 
76 

167-169 
191-193 
182-184 
187-189 
197-199 
189-191 
180-182 
197-199 
193-195 
180-182 
210-212 
184-186 
180-182 
134-136 
198-200 
198-200 
214-216 
207-209 
202-204 
220-222 
196-198 
209-211 
201-203 
208-210 
211-213 
208-209 
196-198 

181-183 

177-179 
222-224 

231-233 
187-189 
200-202 
190-196 
164-166 
191-192 
198-200 
201-203 
202-203 
143-145 
205-206 
204-206 
209-210 
208-210 
186-187 

240-242 

175-177 
246-247 

EtOH 
MeOH/EhO 
EtOH 
MeOH 
MeOH/EgO 
EtOH 
MeOH/EhO 
EtOH 
MeOWEkO 
MeOWEhO 
MeOH 
MeOWEhO 
EtOWEhO 
EtOH 
EtOH/EhO 
EtOH/EhO 
EtOH 
MeOH/EhO 
MeOH/EhO 
MeOWEhO 
MeOH/EhO 
MeOH 
MeOWEhO 
MeOWEhO 
MeOH/EhO 
EtOWEhO 
EtOH/EhO 

EtOH/EhO 

MeOH/&O 
EtOH 

MeOH/&O 
EtOH 
MeOH/EhO 
MeOWEt.20 
MeOH/&O 
EtOH/&O 
EtOH/&O 
EtOWEhO 
MeOH 
EtOWEhO 
MeOH/&O 
MeOH 
MeOWEhO 
MeOWEhO 
EtOWEhO 

MeOH/EhO 

MeOWEhO 
MeOH/EhO 

0 See text, Scheme I, for description of general structure. * All compounds are isomeric mixtures. See the Experimental Section, general 
methods. d All compounds were analyzed for C, H, and N; values were within 0.4% of those calculated. e Hydrate. f Hemihydrate. I 144- 
Fluorophenyl) substituent. Seequihydrate. 

subtpselective antimuscarinic teste, the N-methyl de- may be introduced on the cationic head of prototypical 
rivative 9 is more potent than ita ethyl (lo), n-propyl(1 l), antimuscarinicswith little lose of activity.= Them results 
and allyl (14) relatives, aa is the case for N-substituted indicate that considerable bulk ie tolerated by at least 
tropine  ester^.^*^^ some subpopulations of muscarinic receptors in a vicinity 

Other studies indicate that relatively large substituenta complementary to that at which the cationic head binds. 
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Table 11. Pharmacological Date for l-Cycloalltyl-l-hydroxy-l-phenyl-3-(4-substituted piperazinyl)-2-propanonea and Related 
Compounds (&6LVa 
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muscarinic receptor teeta, hlated h u e  antimuecarinic activity, in vivo 
vas deferens atria, guinea ileum, guinea cystometrogram mydriasis divation 

rabbit, Kb, nM Pki Kbt Pk, Kbr nM EDSO, W k ,  mso, u, IDSO, 
comtxlb & SEM (M@ * SEM ( M Z ) ~ ~  SEM (M3)bsC sc SEMbs melke, acb d k e ,  a@$ 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
atropine 

36*5 
19 * 4 
42 * 6 
236 41 
186*35 
302 17 
98 * 4 
462 * 51 
54+6 
96* 18 
11*2 
219 20 

25 2 
> 1 m  (2) 
20 * 2.5 
48*5 
35 * 1 
110 * 2.6 
3347 * 160 
11*2 
495 18 
30 * 1 
77 4 

1997 * 530 
1764 f 35 

1435 148 
18 2 
117 10 
23 0.5 
566 34 
16 & 2 
9*1 

257 13 
9*2 
11 * 1.5 
111 10 
1084 f 76 

18*3 
1041 * 210 
0.4 * 0.1 

940 * 192 
79 * 7 
223 * 39 
1189 269 
2354 * 450 
1802 * 234 
299 * 43 
> 3 m  
551 * 40 
305 * 23 
2.3 0.7 

c3oo00 (2) 
>loo00 (2) 
> 1 m  (2) 
> 1 m  (2) 
6014 
>loo00 
380 78 
515 49 
136 * 24 
263 28 
>lo00 (2) 
82 * 5 
2695 444 
45 1.5 
491 79 
>30000 (2) 
>3oo00 (2) 
>3OOO (2) 
>lo00 (2) 
> 1 m  (2) 
>lo00 (2) 
210 A 26 
530 * 89 
425 h 75 
5671 922 
282 66 
441 * 63 
> 3 m  (2) 
>3OOo (2) 
225 5 
78 7 
1455 147 
2338 * 370 
2437 A 169 
216 48 
4507 * 83 
1.5 * 0.2 

87 * 7 
13 t 2 
124 * 21 
673 113 
185 * 43 
230 * 27 
60*17 
536 103 
100 * 21 
22 4 
9.92 0.3 
35.6 3.5 
624 f 141 
>loo00 (2) 
> 1 m  (2) 
> 1 m  (2) 
15 & 0.5 
56*2 
27 * 1 
16 2.5 
17 1.6 
27.9 * 4 
199 * 22 
11 * 0.8 
105 * 5 
8 0.4 
43.8 * 9 
750 79 
2710 534 
210 25 
207 20 
> 1 m  (2) 
302 * 47 
15 2 
53 * 4 
25.6 2 
260*90 
12 * 3 
20 * 2 
> 1 m  (2) 
171 * 12 
24 2.6 
2.6 * 0.3 
6*1 
472 * 101 
> 1 m  (2) 
5.5 2 
349 85 
1.7 * 0.26 

0.49 * 0.18 (4) 
0.126 0.023 (4) 
0.87 0.19 (7) 
3.02 0.34 (4) 
1.38 0.08 (4) 
1.64 * 0.25 (3) 
2.68 * 0.94 (4) 
3.96 * 1.5 (4) 
2.10 * 0.41 (3) 
0.49 * 0.1 (3) 
0.17 0.02 (3) 
3.00 * 0.6 (4) 
>30 (3) 

0.15 0.05 (3) 

6.89 * 0.4 (3) 
2.08 * 0.19 (3) 
0.47 0.1 (4) 
10.4 2.3 (4) 
0.38 * 0.09 (3) 
4.63 * 0.8 (4) 
0.29 * 0.04 (3) 
1.14 0.23 (6) 

5.94 * 1.2 (5) 
>10 (4) 

16.1 f 3.7 (4) 
0.25 * 0.04 (10) 
0.84 * 0.18 (4) 
2.88 * 0.82 (3) 
10.4 1.5 (4) 
0.44 0.02 (3) 
1.47 0.17 (3) 

2.03 * 0.5 (3) 
0.61 h 0.05 (3) 
0.19 0.05 (4) 
2.4 * 0.4 (4) 
>30 (3) 

0.10 * 0.03 (4) 
4.18 1.16 (4) 
0.15 * 0.01 (5) 

9.36 (5-12) 
0.75 (0.5-1.4) 
0.91 (0.5-1.5) 
2.71 (1-5) 
4.65 (3-9) 
4.01 (2.5-5.8) 
41.3 (36-58) 
54.4 (42-65) 
31 (25-40) 
5.4 (4.1-7.3) 
3.38 (1.84) 
21.2 (14-36) 

4.5 (2.5-5.4) 

7.3 (5.8-9.2) 
5.3 (4-7) 

3.5 (24.5) 

21.4 (17-28) 
63 (48-91) 
4.3 (3-7) 
1.2 (0.9-3) 

17.3 (13-22) 

1.04 (0.8-1.3) 
2.45 (1.64) 
14.6 (11-17) 

9.7 (1.615) 
28.1 (21-32) 

65.9 (52-77) 
1.4 (1-1.7) 
9.7 (5-14) 
47.7 (40-54) 

0.35 (0.16-0.6) 

0.05 (0.034.07) 

1.65 (1.3-2.3) 
0.72 (0.62-1) 
2.06 (1.7-3.2) 
31.1 (28-34) 
4.93 (2.6-9.5) 
18.3 (12-24) 
20.4 (15-32) 
46.9 (34-57) 
17 (13-20) 
4.9 (2.6-9.5) 
1.2 (0.9-2.6) 
27.2 (14-37) 

14.7 (10-17) 

8.3 (6.4-10) 
9.8 (611) 

10.8 (8-13) 

8.4 (610) 
21 (9-50) 
4.0 (3-7) 
25 (21-39) 

35.7 (30-41) 

1.84 (1.0-2.1) 
> 10 
21 (14-32) 

4.38 (2.2-8.8) 
13.4 (10-16) 

43.4 (31-55) 
9.9 (611) 
0.24 (0.16-0.30) 
> 100 

0.13 (0.124.16) 

0.14 (0.134.16) 
~~ ~~ ~ ~~ 

a See Table I for description of general structure and substituents. See the Experimental Section, pharmacology for description of method, 
Kb, IDw, and EDw definitions. Kb values were derived from tissue strips from 3-5 different animala, except for inactive compounds (Kb > 
10 OOO) where duplicate determinations were made. Valuea in parentheses for this test indicate the number of determinations. d Values in 
parentheses denote 95% confidence limits for the mydriasis and Salivation assaye as described in the Experimental Section. e Noncompetitive. 

This observation, coupled with the cited evidence sug- 
gesting that the terminal antimuscarinic piperazinylpro- 
panone nitrogen acta as the cationic head in the binding 
of these compounds to muscarinic receptors, prompted 
study of the various substituted piperazinyl derivatives 
listed in Table II as a potential source of new, eubtype- 
selective antimuecarinics. 

Among the series of l-cyclobutyl-l-hydroxy-l-phenyl- 
3-piperezinyl-2-propanones 9-40, selectivity toward Ms 
and MI versus M2 receptors was generally noted. Re- 
placement of the N-methyl group of 9 with various other 
substituents generally decreased potency in both the 
isolated tissue and in vivo paradigms. This was most 
strikingly observed with the cited variations (20-23 and 
47) which affected the basicity of the terminal piperazinyl 

nitrogen and derivatives bearing bulky aralkyl groups, e.g., 
38-40. In contrast, the allyl congener 14 was only 
somewhat less potent than 9 in the isolated tissue assays; 
the benzyl derivative 24 was essentially equipotent with 
the parent 9 in the receptor and CMG tests, whereas it 
was markedly less effective in assays measuring mydriatic 
and antisalivation potential. The activity of 14 prompted 
examination of several other unsaturated analogs 16-19. 
A propargyl derivative 16 was markedly lees potent than 
14, whereas the potency of the cinnamyl relative 18 was 
increased in the isolated tissue tests. The M2 (atrial) 
selectivity of 18 was unique among members of this series. 

The pharmacological profile, i.e., Ms and CMG selec- 
tivity, of the N-benzylated derivative 24 met the objectives 
of the study; it demonstrated an ll-fold and a 37-fold 
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separation between bladder function (CMG) and mydriaeie 
and salivation responses, respectively. These resulta led 
to the study of several substituted benzyl derivatives ( 2 6  
33) and h t e r e s  (34 and 35). Although meta and para 
substitution, with the exception of the potency-decreasing 
effectofpnitrosubstitution (52),hadrelativelyli~eeffect 
on activity, ortho substitution (25,301 markedly d d  
M1 and Mz antagonist activity while considerable M3 
efficacy was retained. Thus, 26 was a highly selective M3 
antagonist, it was more than 178fold selective for M3 
versus MI and Mz m d c  receptors. The benzyl 
h t e r e s  34 and 35 were markedly lesa effective antimus- 
carinice than was 24. 

Several other N-substituted l-hydroxy-l-phenyl-3-pip 
erazinyl-2-propanonee bearing a cyclohexy1(41-47), ieobu- 
tyl (M), cyclopropyl (as), cyclopentyl (SO), or phenyl (61) 
substituent on the l-position were ale0 examined. In 
general, the antimuscarinic properties of the cycloalkyl 
derivatives (41-47,49, and 60) corresponded closely with 
those of their corresponding N-substituted l-cyclobutyl 
counterparta. 3-(4-Benzylpiperazinyl)-l,l-diphenyl-l-hy- 
droxy-%propanone (61) wasnotable; it was 18fold selective 
for M3 versus M1 and 242-fold selective for M3 versus MZ 
receptors. It was also selective in vivo where it displayed 
20-fold and 41-fold separations between bladder function 
and mydriasis and salivation effects, respectively. As in 
other c h  of antimuecarinice,g3~a introduction of an 
aliphatic group (48) at the benzylic position significantly 
decreased antimuecarinic efficacy. 

Several congeners of the piperazinylpropanones 8-61, 
namely, 4-hydroxypiperidine (62), 4-pyrrolidinylpiperi- 
dines (63 and 66), and dimethylethylenediamine (64) 
relatives, were ale0 studied. Antimuecarinic properties 
similar to those of 9 were demonstrated by 64. This 
suggesta that S and 54 may bind with muecarinic receptors 
in a similar fashion. 

In summary, the resulta of this study of a new series of 
piperazinylpropanones are ConeiBtent with the speculation 
that these compounds may interact with muscarinic 
receptors in a hydrogen-bonded conformation similar to 
that suggestedn for prototypical antimuscarinica. A p  
propriate terminal nitrogen substitution has provided 
several compounds with muscarinic receptor subtype 
selectivity. Secondary pharmacological testing suggesta 
potential utility of some of these compounds for treating 
urinary incontinence aeeociated with bladder m w l e  
instability. 

Experimental Section 
Melting pointa were determined with a Bristoline hot-stage 

microecope or a ThomaeHoover Unimelt melting point apparatus 
and are uncorrected. IR spectra were recorded on a Beckman 
F" 1300 spectrophotometer. 1H NMR spectra were obtained on 
either a Varian EM 36OA or a General Electric BE300 spec- 
trometer with Me& as an internal standard. Each aualytical 
sample had spectral data compatible with ita assigned structure 
and moved as a single spot on TLC. TLC was done on precoated 
platea (silica gel, 6OF-254) with a fluorescent indicator. Elemental 
analyses were performed by Atlantic Microlab, Inc., Atlanta, GA; 
they are indicated by symbols of the elementa and were within 
0.4% of calculated values. 
Chemistry. &nerd Methodr. Method A. 3-Bromo-l- 

cyclobutyl-l-hydroxy-l-phenyl-2-propanone (67b). To a 
stirred solution of 276.3 g (1.35 mol) of l-cyclobutyl-l-hydroxy- 
l-phenyl-2-propanone (Mb) in 3 L of tetrahydrofuran CTHF) 
WM added903 g (1.82 mol) of pyrrolidone hydrotribromide (PHT). 
After the stirred mixture was refluxed for 24 h, it was cooled to 
25 OC and partitioned between 4 L of water and 4 L of ether. The 
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organic layer was separated, washed three times with a saturated 
aqueous solution of sodium bicarbonate and once with brine, 
dried (MgSOd), and concentrated. The crystalline residue was 
recrystallized from hexane to give 195 g (50.9%) of colorleee 
cryntah mp 79-80 'C; lH NMR (CDCb) 6 1.8-2.2 (m, 6 H), 
3.4-3.6(m,lH),3.%4.1(m,2H),7.2-7.7(m,5H)ppm;IR(KBr) 

Bromo ketones 678,~-f were prepared from the corresponding 
propanone derivatives19 in a similar manner. Products were 
purified by flash column chromatography (silica, hexane/ethyl 
acetate (99A followed by 955)). 

l-Crclobu~l-1-hy~-l-pheInyl-S.( 4-methylpiperazinyl)- 
2-propanone Dihydrochloride (9). To a solution of 3.82 g (12.2 
mmol) of 67b in 50 mL of ether was added 3.0 g (29.9 mmol) of 
l-methylpiperazine. After the mixture was stirred at ambient 
temperature for 16 h, it was partitioned between 100 mL of a 
saturated aqueous solution of sodium bicarbonate and 100 mL 
of ether. The ether layer was washed with water, dried (MgS04), 
and concentrated (at reduced pressure and a temperature 
sufficient to remove excess amine reagent). The residue was 
dieeolved in a minimum volume of methanol, and 50 mL of a 1 
N solution of hydrogen chloride in ether was added. The 
crystalline solid was filtered and recrystallized from ethanol/ 
ether to give 1.86 g (41 %) of colorless crystah mp 191-193 OC; 
lH NMR (DMSO-&) 6 1.9 (m, 6 H), 2.1 (e, 3 H), 2.2 (s,8 H), 3.1 
(m, 3 H), 6.8 (8, 1 H), 7.1 (m, 3 H), 7.3 (d, 2 H) ppm; IR (KBr) 
3296,2939,2422,1727,1450 cm-'. 

A similar procedure was employed for the other cornpounds 
indicated (method A) in Table I. For the preparation of 
l-cyclobutyl-l-hydroxy-l-phenyl-3-piperazinyl-2-propanone di- 
hydrochloride (81, a 10-fold excess of piperazine was employed 
to minimize bisalkylation. When equivalenta of 67b (10 mmol) 
and piperazine (5 mmol) were used, 33% of the bisalkylated 
product 38 was obtained. 

Method B. 3-[4-(2Chloro~neyl)piper~rdnyl]-lcyclobu- 
tyl- l-hydroxy-l-phenyl-2-propanone Dihydrochloride (26). 
A stirred mixture of 4.8 g (18 mmol) of l-cyclobutyl-l-hydroxy- 
l-phenyl-3-piperazinyl-2-propanone [obtained by bas- an 
aqueous solution of dihydrochloride 8, extracting the mixture 
with ether, and drying (MgS04)  and concentrating the ether 
solutionl, 1.68 g (20 mmol) of sodium bicarbonate, 2.53 mL (3.22 
g, 20 mmol) of 2-chlorobenzyl chloride, 20 mL of methanol, and 
80 mL of ethyl acetate was heated at reflux for 20 h. After the 
mixture was cooled to 10 OC, 100 mL of 2 N sodium hydroxide 
was added. The layers were separated and the aqueous part was 
extxactedwithether. The combined ether solutions were washed 
with water, dried (NaaSOd), and concentrated. The residue was 
purified by flash chromatography on 200 g of silica gel (Merck, 
230-400 mesh), eluting with ethyl acetate/hexane (gradient 30  
70 to &6O), to give 4.45 g of a viscous liquid TLC (silica, ethyl 
acetate/hexane, 6050) Rf = 0.48; lH NMR (CDCg) 6 0.7-2.56 (m, 
17 H), 3.16-3.35 (m, 3 H), 7.16-7.56 (m, 9 H) ppm. A solution 
of the liquid in 100 mL of methanol was acidified by adding 36 
mL of 1 N hydrogen chloride in ether. After the mixture was 
cooled to 0 OC, the cryatalline product was collected and 
recrystallized from methanoVether to give 4.53 g (55%) of 
colorless crystals of dihydrochloride 26 (Table I). 

A similar procedure utilizing 8 base and 3-chloro-2-methyl- 
propene, dbrorno-2-methyl-2-butene, dbromo-l-butene, 3-do-  
robenzyl chloride, dchlorobenzyl chloride, 2-methoxybenzyl 
chloride, 3-methoxybenzyl chloride, 2-methylbenzyl chloride, 
4-nitrobenzyl chloride, brornoecetonit.de, and Zphenethyl triflata 
afforded 16, 17, 19, 26-31, 36, and 40, respectively. For the 
synthesis of 34 and M,8 base was alkylated with 2-thienylmethyl 
tosylate and furfuryl tmylate, respectively, in the prwnce of 
triethylamine. 
1-Cyclobutyl-3-(4-e~thylpiperazinyl)-l-hydroxy-l-p~nyl- 

2-propanone Mhydrochloride (LO). To a solution of 1.6 g (27 
mmol) of potaaaium hydroxide in 15OmL of methanol were added 
4.5 g (16.6 mmol) of 8 base (derived as described in p r d i  
experiment) and 7.2 g (46 m o l )  of iodoethane. After the mixture 
was stirred and refluxed for 5 h, it was cooled to 20 OC and 
partitionedbetwwn200mLof 10% aqueouspotassiumhydroxide 
solution and 200 mL of ether. The ether extracts were washed 
with water and brine, dried (MgS04), and concentrated. The 
residue WM d b l v e d  in a minimum volume of ethanol, and 50 

3471,2946,1725,627 ~m-'. Ad. (Ci&BrOz) C, H. 
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mL of 1 N hydrogen chloride in ether was added. The precipitated 
solid was fiitered and recrya td id  from ethanol to give 4.85 g 
(79.8%) of 10 (Table I) as colorless cryetala. 

Pharmacology. Rabbit vas deferens (MI Receptor An- 
togonism). Aa described previously,l&21* electrically stimulated 
isometric contractions of the prostatic portion of rabbit vas 
deferens were doee dependently antagonized by M~N-A-343~9~ 
in the absence or presence of three or more increasing concen- 
trations (Bmin preincubati0n)m of the test compounds. The 
ECw of McN-A-343 was defiied as the concentration that 
inhibited electrically induced twitching by 50%. Affiiity con- 
stants (&), i.e., the molar concentration of antagonist required 
to produce a 2-fold increase in the McN-A-343 EDm value, were 
calculated by Schild Schild slopes, obtained from 
linear regression analysis of the data, ranged from 0.8 to 1.2 for 
all compounds, thus suggesting competitive inhibition. 

Guinea Pig Atrial Muscle (Ma Receptor Antagonism).rn 
Isolated guinea pig right atria prepared as describedm were placed 
in Krebs-Henseleit buffer, and cumulative concentration rate 
regponse curves to carbachol were obtained before and after the 
addition of at  least three increasing concentrations of test 
compound (bmin preincubation).a Responses were expressed 
as a percentage of the maximum inhibition of atrial rate induced 
by carbachol in the absence of antagonist. The molar concen- 
tration of antagonist that produced a 2-fold increase in the ECw 
value for carbachol alone, Le., the affinity constant (&) value, 
was calculated by Schild ana ly~is ,~  and Schild slopes as described 
in the vas deferens assay indicated competitive inhibition for all 
compounds except 19. 

Guinea Pig Ileal Muscle. (Ma Receptor Antagonism). 
Longitudinal guinea pig ileum muecle strips were prepared and 
suspended in oxygenated Krebs buffer as previously described% 
for guinea pig bladder detrusor muscle strips. Antimuecarinic 
activity was determined from concentration response curves to 
carbachol in the absence or presence (5-min preincubati~n)~~ of 
at least three increasing concentratiomof antagonist. Contractile 
responses were expressed as a percentage of the maximum 
contraction elicited by carbachol in the absence of antagonist. 
Affinity constants (&) were calculated by Schild analysi@ slopee, 
obtained by regression analysis as described for the vas deferens 
preparation, indicated competitive inhibition for all compounds. 

An in vivo cystometrogram (CMG) in urethanaanes- 
thetized guinea pig was performed as described previ~usly.~~ 
IDw values, calculated by probit analysis, were defined as the 
molar concentration of the test compound that inhibited peak 
intravesical bladder pressure (P,& by 50%. 

Guinea pig mydriasis was measured as described previously% 
in a modification of a procedure employed for rats.3l EDmvalues 
and 95 % confidence limits were calculated from dose response 
relationships by h e a r  regreasion using SAS probit analysis. ED50 
is defiied as the dose eliciting 50% of maximal dilation. 

Guinea pig salivation was measured by procedurea modified" 
from previously described method~.~Z Briefly, guinea pigs were 
given various sc doses of the antagonist, and after 30 min 0.1 
mg/kg of carbachol was administered ip. After 5-10 min, the 
animals were evaluated for their ability to respond to the agonist. 
IDw values, Le., the dose of antagonist that inhibited salivation 
in 50 9% of the animals, and 95 5% confidence limits were calculated 
from dose response curves using SAS probit analysis. 
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