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Previous studies have shown that (fl)-(+)-hyoscyamine has analgesic activity as a consequence of 
increased ACh release following antagonism of central muscarinic autoreceptors. Since the 
enhancement of central cholinergic transmission could be beneficial for cognitive disorders, we 
manipulated (i?)-(+)-hyoscyamine, synthesizing several derivatives of tropic and 2-phenylpropionic 
acids, with the aim of obtaining drugs which are able to increase ACh release and consequently 
to show analgesic and nootropic activities. The results showed that several new compounds are 
indeed potent analgesics (with an analgesic efficacy comparable to that of morphine) and that the 
most potent one ((±)-19, PGg) also has remarkable cognition-enhancing properties. Our study 
confirmed that the mechanism of action involves ACh release even if it is still unclear whether 
only muscarinic autoreceptors or, also, heteroreceptors are involved. 

Introduction 

The central cholinergic system has various actions, one 
of which is its prominent role in cognitive processes 
(learning and memory)1 and in pain perception.2-3 

Much of the pertinent data concerning cognitive func
tions has emerged from studies on Alzheimer's and 
Alzheimer-like diseases (AD, ALD) where the cholinergic 
hypothesis1,4 has stimulated an immense amount of 
research. This in turn has led to the study of several groups 
of drugs that potentiate the cholinergic system: ACh 
precursors,6 cholinesterase inhibitors,5 ACh releasers,6 and 
directly acting AChR agonists.7 However, the therapeutic 
usefulness of most of the compounds is compromised by 
the meager benefits achieved with them in clinical trials 
in proportion to the central and peripheral undesiderable 
side effects observed at potential therapeutic doses.8 

Direct and indirect cholinomimetics such as oxotrem-
orine, arecoline, pilocarpine, and physostigmine, etc., have 
been reported to possess analgesic activity.9 In this case, 
too, their use as antinociceptives has been prevented by 
their side effects. 

On principle, most of the problems connected with the 
unwanted side effects of cholinergic modulators which are 
potentially useful in analgesia and pathological states 
characterized by a cholinergic deficit could be prevented 
by selective inhibition of the central presynaptic receptors 
controlling ACh release. In practice, as has already been 
pointed out by Earl et al.,10 muscarinic presynaptic 
inhibition gives high ACh levels only when its release is 
triggered by excitation of the cholinergic neurons. This 
action also results in an improvement of the signal-to-
noise ACh ratio during cholinergic impulse transmission, 
without the potential of ACh overload which is typical of 
cholinergic inhibitors and without the distortion of the 
temporal pattern in cholinergic transmission caused by 
direct cholinergic agents. The final result should be a 
physiological amplification of central cholinergic trans-
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mission, a condition which would be beneficial for many 
symptoms caused by reduced cholinergic activity, with 
elimination of the side effects seen with other cholinergic 
agents. 

We have recently reported that atropine11 (like some 
local anaesthetics12 and antiarrhythmic drugs13) is able to 
induce a selective blockade of central muscarinic auto
receptors which results in increased ACh release. Blockade 
of the muscarinic autoreceptor is obtained at very low 
concentrations of atropine (10-14-10-12 M), while at high 
doses, the postsynaptic receptors are also antagonized. In 
rodents, the postsynaptic inhibition by atropine in fact 
begins at 1 mg/kg ip while the antinociceptive effect begins 
at 1 Mg/kg ip.n>14 

We have also shown that antinociception is peculiar to 
only one of the enantiomers present in atropine, namely 
the CR)-(+)-hyoscyamine, the other enantiomer ((S)-(-)-
hyoscyamine) being devoid of any activity of this kind.16 

In this case, since (i?)-(+)-hyoscyamine maintains a high 
level of activity on presynaptic receptors while being some 
hundred times less potent than (S)-(-)-hyoscyamine on 
postsynaptic receptors,16 the selectivity of action is obvi
ously increased. 

N-CHi w . p u 

coo coo 

K^ OH U^J OH 

R-(+)-hyoscyamine (R-(+)-l) S-(-)-hyoscyamine (S-(-)-l) 

The higher sensitivity of the autoreceptors to the block 
by antagonistic drugs has already been reported for other 
neurotransmitters. It has been shown17-19 that very low 
doses of naloxone can induce analgesia and that such 
analgesia is due to increased enkephalin release produced 
by blocking autoinhibition,20 Moreover, Starke21 has 
reported that yohimbine enhances noradrenaline neural 
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release at lower concentrations than those reported to block 
postsynaptic receptors. 

On this basis, taking atropine and its i?-(+)-enantiomer 
as the leads, we started a research project aimed at 
developing drugs which are able to increase ACh release 
by specific inhibition of central muscarinic presynaptic 
receptors and which would therefore be potentially useful 
as analgesics and/or in pathological conditions character
ized by cholinergic deficit. 

Since the available pharmacological models for testing 
nootropic activity are complex, time-consuming, and fairly 
expensive, whereas antinociceptive activity can be evalu
ated much more simply, we decided to follow the results 
of molecular manipulation of the lead through the hot
plate test of analgesia. At the same time, we checked 
whether this effect was reversed by suitable doses of 
atropine and the ACh depletor hemicholinium-3 (HC-3), 
in order to be sure that analgesia was actually due to a 
cholinergic mechanism. When these conditions were 
fulfilled, we could logically expect that selected molecules 
would also show nootropic activity. 

Chemistry 

The structure and chemical-physical characteristics of 
the compounds synthesized and studied are reported in 
Tables 1-3 together with their analgesic activity. 

The synthesis of optically pure (>98%)15 enantiomers 
of atropine, (i?)-(+)-hyoscyamine ((+)-l) and (S)-(-)-
hyoscyamine ((-)-l), and racemic acid esters 2-10 was 
performed using the methods already described in the 
literature.22 4-Chloro- and 4-methoxytropic acids were 
obtained according to Caldwell.23 We attempted to obtain 
4-nitroatropine or 4-nitrotropic acid which would have 
provided a useful entry to several 4-substituted derivatives. 
However, although 4-nitroatropine has been described,24,25 

we obtained only a-tropanyl 2-(4-nitrophenyl)acrylate.26 

Accordingly, all attempts to synthesize 4-nitrotropic acid 
with a variety of methods (e.g., direct nitration of tropic 
acid, treatment of p-nitrophenylacetic acid with isopro-
pylmagnesium bromide and formaldehyde, hydrolysis of 
a-chloromethyl-4-nitrophenylacetic acid) failed, as 2-(4-
nitrophenyl) acrylic acid was invariably obtained. 

2-(4-Nitrophenyl)propionic acid and 2-(4-isobutyl-
phenyl)propionic acid are commercially available. Apart 
from 2-(2-bromophenyl)propionic acid (42) and 2-(4-
trifluorophenyl)propionic acid (43), which have not been 
described before, all other 2-phenylpropionic acids and 
analogues that were used as intermediates are known and 
have been obtained with a variety of methods.27 We chose 
to synthesize them with a common synthetic pathway that 
uses the hindered (LR,2S,5i2)-menthyl esters of the 
corresponding phenylacetic acids as a substrate for alkyl-
ation (Scheme 1). In this way, double alkylation was 
minimized, and the yields were reasonably high. 2-(4-
Bromophenyl) butyric acid was also obtained by this 
method.37 Finally, the ether 40 was obtained from the 
corresponding ester (±)-19 by reduction with sodium 
borohydride in boron trifluoride etherate38 (Scheme 2). 

(S)-(+)- and (#)-(-)-11 were obtained from the cor
responding enantiomeric acids, which are commercially 
available at an optical purity of 97%. The synthetic 
pathway shown in Scheme 1 is potentially useful for a 
chiral synthesis of the enantiomers of 2-(4-bromophenyl)-
propionic acid (41), the starting material of one of the 
most interesting compounds studied, (±)-19. However, 

Scheme 1" 

° (a) SOCl2; (b) (lfl,2S,5fl)-menthol; (c) Ril, NaNH2; (d) KOH, 
C2H5OH. R and Ri are as reported in Tables 1-3. 

Scheme 2" 

(+H9 

- (a) NaBH4, BF3-Et20. 

probably because of the smallness of the entering methyl 
group, the enantiomeric excess obtained was quite low 
(about 38 % as evaluated by XH NMR; see the Experimental 
Section). Moreover, hydrolysis with KOH/C2H5OH 
brought about nearly complete racemization. Other 
chemical resolution methods did not afford complete 
separation, and for this reason, resolution of (±)-41 is 
currently incomplete as the two enantiomers obtained ((-
)- and (+)-41) have ees of 30 and 44, respectively (evaluated 
by XH NMR with chiral shift reagents and HPLC chiral 
chromatography; see the Experimental Section). Conse
quently, (-)- and (+)-19 are scalemic mixtures with similar 
optical purities. 

Results 

Tropic Acid Derivatives 1-10. The first attempt to 
modulate the lead (atropine, 1) was made by substituting 
the phenyl ring of tropic acid. 4-Chloro substitution (7) 
left potency and efficacy nearly unchanged, while 4-OCH3 
substitution (6) completely abolished analgesic activity. 

Substitution of the a-tropanyl moiety with other amino 
alcohols gave variable results. We have already reported16 

that a-tropanol can be substituted by N-methylpiperidin-
4-ol and 2-(diethylamino)ethanol. Here, a-nortropanol 
(2), and N-ethyl-a-nortropanol (3) substitution still gave 
active compounds, while 3-(dimethylamino)propanol (4) 
and 3-quinuclidinol (8) substitution abolished analgesic 
activity. It is remarkable that in the case of tropic acid, 
2-(diethylamino)ethanol substitution gave an active com
pound while the corresponding compound with 4-chlo-
rotropic acid (10) was inactive. Although the tropic acid 
tertiary amide tropicamide is active as an analgesic,39 no 
attempts to substitute the ester with the isosteric amide 
function were made, as we had found and already reported 
that other tropic acid amides were inactive.15 

Substituted 2-Phenylpropionic Acid Derivatives 
and Related Compounds 11-40. Since the synthesis of 
substituted tropic acids is troublesome due to their poor 
stability and since none of the active compounds in this 
series exceeded 50% of the analgesic effect of morphine, 
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Table 1. Tropic Acid Esters 

Ffi F% F% F8 CJJ 
A 

,NCH, 

no. 

(±)-le 

2/ 
3/ 
4 
5 
6* 
V 
8 
9 

10 

R 

H 
H 
H 
H 
H 

. 4-OCH3 
4-C1 
4-C1 
4-C1 
4-C1 

Y 

A 
B 
C 
H 
I 
A 
A 
E 
F 
G 

salt" (rec solv) 

oxalate (B) 
tartrate (A) 
dibenzoyltartrate (A) 
dibenzoyltartrate (A) 

oxalate (B) 

formula6 

C18H23NO7 
C22H31NO9 
CsaHaeNOn 
C35H37NO11 

C16H20CINO3 
C17H22CINO7 
CiSH22ClN03 

mp (°C) 

114-116 
255-258 
122-124 
72-75 
83-85 
89-92 
188-190 
h 
67-70 
h 

analgesic activity0 

% analgesic efficacy11 

42 
35 
33 
inact 
inact 
inact 
37 
inact 
26 
inact 

EDM (SE) (mg/kg sc) 

0.7 (0.1) X lO-3 

5.0 (0.4) x 10-3 

7.3 (0.5) x lO-3 

0.6 (0.1) X lO-3 

5 (0.8) 

" A = absolute EtOH/Et20; B = absolute EtOH; C = cyclohexane; D = ethyl acetate.b All compounds were analyzed for C, H, and N. The 
results are within ±0.4% of the theoretical value. IR and NMR spectra are in agreement with the proposed structures.c Evaluated on male 
albino Swiss-Webster mice with the hot-plate test; plate temperature 52.5 °C; cutoff time 45 s. d Compared to morphine used as reference; 
see text for calculations and statistical evaluation. In this reference system, the value of atropine is 100.e Atropine; see ref 15. ' See ref 49. 
* See ref 23. h Oil. 

OH 
Tropicamlde 

we decided to start with molecular manipulation of the 
2-phenylpropionic acid ester of a-tropanol,(±)-ll,15 which 
is less potent than atropine but shows the same efficacy. 
The decision was to overlook the potency (which seems to 
be related to the presence of the CH2OH group) in order 
to concentrate on looking for more efficacious compounds 
which give a comparable analgesic effect to that of 
morphine. 

Compounds (±)-14, (±)-19, (±)-28, and (±)-30 were 
readily obtained. These are indeed less potent than 
atropine and (±)-l 1 itself but have a comparable analgesic 
efficacy to that of morphine. 

Optimization of both potency and efficacy was at
tempted, and the many variations performed on the basic 
structure are indicated in Tables 2 and 3. It should be 
noted that, in this series, only esterification with a-tropanol 
gave active compounds. The shift in the ortho and meta 
positions of bromine and chlorine affected the potency 
and, to a lesser extent, the efficacy. On the other hand, 
double substitution with chlorine gave a compound, 18, 
which has a comparable potency to that of atropine. 
However, its efficacy is definitely lower than that of other 
less potent compounds. 

All other modifications usually reduced both potency 
and efficacy. Homologation of 14 to the corresponding 
3-(4-chlorophenyl)isobutyric acid a-tropanyl ester (34) 
greatly affected potency and efficacy, resulting in an 
inactive compound. On the other hand, similar modifica
tion of (±)-19 to the 2-(4-bromophenyl)butyric acid 
a-tropanyl ester (33) maintained high activity. 

As previously reported,15 chirality appears to be critical 
for activity, and only (i?)-(+)-l and (S)-(+)-ll (which 
despite the nomenclature show identical absolute con
figurations) are active. The insufficient resolution of (±)-
19 did not allow us to verify if this also holds true for the 
most efficacious compounds. In this case, too, the most 

active enantiomer was, however, (+)-19 (Table 4), for which 
an S-absolute configuration is very likely.40 The analgesic 
potency and efficacy of the compounds defined as de
scribed in the Experimental Section are reported in Tables 
1-4. 

Discussion 

It must be borne in mind that the choice of an in vivo 
test, while obviously speeding up the selection of the 
compounds with the most promising clinical properties, 
does not allow sound structure-activity relationships to 
be established. In fact, the resulting activity is the 
consequence of both pharmacokinetic and pharmacody
namic properties that are differently affected by structural 
modifications. This may explain some unexpected results, 
such as the lack of activity of compounds like 4 or 21, and, 
more generally, the wide variation of activity observed 
following small structural changes. 

The action of the active compounds does arise from a 
cholinergic mechanism, since the analgesic effect is 
prevented by suitable doses of antimuscarinic drugs such 
as atropine, dicyclomine, and pirenzepine11'12 (Figure 1). 
Moreover, the fact that the depletion of CNS ACh content 
by pretreatment of mice with hemicholinium-3 (Figure 1) 
prevents the analgesic effect of the active compounds 
indicates that the activity of such compounds depends on 
endogenous ACh, and a presynaptic mechanism can 
therefore be hypothesized for their mechanism of action. 
The potentiating effect of the compounds on electrically 
and nicotine-evoked guinea pig ileum responses, which 
was absent for ACh-induced contraction, confirms the 
involvement of a presynaptic cholinergic mechanism 
(Figure 2). In fact, the effect of exogenous ACh, which 
acts predominantly on muscarinic postsynaptic receptors, 
was not potentiated, while endogenous ACh release, evoked 
presynaptically with both electrical and nicotinic stimula
tion, was. 

On the other hand, the fact that the antinociception 
induced by compounds (fl)-(+)-l and (±)-19 was not 
prevented by naloxone (1 mg/kg ip), reserpine (2 mg/kg 
ip administered twice 48 and 24 h before the analgesic 
test), and CGP-35348, a new GABA-B antagonist41 (100 
mg/kg ip; data not shown), rules out the involvement of 
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Table 2. 2-Phenylpropionic Acid Esters 
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no. 

(±)-He 

12 
13 
14 
15 
16 
17 
18 

(±)-19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

R 

H 
4-N02 

4-NH2 
4-C1 
4-C1 
2-C1 
3-C1 
3,4-Cl 
4-Br 
4-Br 
4-Br 
4-Br 
4-Br 
4-Br 
4-Br 
4-Br 
2-Br 
4-F 
4-CH2CH(CH3)2 
4-OCH3 
4-CF3 
4-N(CH3)2 

Y* 

A 
A 
A 
A 
E 
A 
A 
A 
A 
B 
C 
D 
F 
G 
H 
I 
A 
A 
A 
A 
A 
A 

salt" (rec solv) 

hydrochloride (B) 
hydrochloride (B) 
hydrochloride (C) 
maleate (B) 
hydrochloride (A) 
maleate (A) 
maleate (A) 
maleate (A) 
maleate (B) 
maleate (A) 
oxalate (A) 
oxalate (A) 
maleate (B) 
oxalate (B) 
maleate (A) 
oxalate (B) 
hydrochloride (D) 
maleate (A) 
maleate (B) 
maleate (A) 
maleate (A) 
oxalate (A) 

formula6 

C17H23CIN2O4 
Ci7H26ClN202 
C21H26CINO6 
C16H21CI2NO2 
C2iH26ClN06 

02^26011^06 
C21H25CI2NO6 
C2iH26BrN06 

C2oH24BrN06 

C2oH26BrN06 

C25H28BrN06 
C19H24BrN06 

Ci7H24BrNOe 
Ci8H24BrN06 

C19H24BrN06 

Ci7H23BrClN02 

C21H26FNO6 
C26H35NO6 
C22H29NO7 
C22H26F3NO6 
C21H30N2O6 

mp CC) 

178-181 
190-192 
170-172 
137-139 
121-125 
138-140 
130-132 
146-148 
148-150 

89-91 
172-174 
118-120 
116-119 
118-119 

87-88 
88-90 

192-193 
132-135 
103-106 
105-108 
156-157 
113-116 

analgesic activity11 

maximum level 
of analgesia"* 

35 
38 
41 
83 
inact 
83 
71 
42 
101 
inact 
inact 
34 
inact 
inact 
inact 
inact 
62 
79 
40 
97 
26 
inact 

EDW (SE) 
(mg/kg sc) 

5.0 (0.7) X 10-2 
18 (1.9) 
6 (1.7) 

36 (2.1) 

36 (2.6) 
37 (2.1) 

1.0 (0.2) X 10-2 

21 (2.2) 

28 (3.2) 

30 (3.7) 
31 (4.1) 
27 (2.9) 
32 (2.8) 
31 (3.1) 

* See Table 1. a-d See corresponding footnotes of Table 1.• See refs 15 and 50. 

Table 3. Structural Variations on molecule (±)-19 

j /^», 
v-V' 

no. 

33 

34e 

35 

36/ 

37 

38 

39 

40 

Ri 

C2H5 

CH3 

H 

CI 

CH3 

CH3 

H 

CH3 

R-2 

Br-Q-

Cl-®-CH r 

© 
© 
fS 
# 

B r-©-
Br-Q-

X 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CH2 

salt" (rec solv) 

maleate (B) 

oxalate (A) 

hydrochloride (B) 

maleate (D) 

oxalate (A) 

oxalate (B) 

maleate (A) 

oxalate (A) 

formula6 

C22H28BrN06 

CjoHjeClNOe 

Ci6H22ClN02 

C2oH24ClN06 

C17H23N06S 

Ci7H23N06S 

C20Y24BrNO6 

OgHaeBrNOs 

mp CC) 

116-118 

159-162 

140-145 

152-155 

144-145 

141-143 

136-138 

156-158 

analgesic activity0 

maximum level 
of analgesia** 

81 

inact 

inact 

inact 

21 

44 

inact 

45 

ED50 (SE) 
(mg/kg sc) 

33 (2.0) 

5.4 (0.7) 

22 (1.3) 

32 (2.5) 

*-* See the corresponding footnotes of Table 1.e The acid starting material was obtained according to ref 51.' The acid starting material 
was obtained according to ref 52. 

the opioidergic, serotoninergic, adrenergic, and GABAergic 
systems; thus, the argument in favor of the cholinergic 
involvement is reinforced. 

As expected, the compounds showing high antinoci
ceptive activity were also potent nootropic drugs, as shown 
for compounds CR)-(+)-l and (±)-19 in Figure 3. 

We tested the lead compound (i?)-(+)-hyoscyamine and 
also (±)-19, the most active analgesic compound of the 
series, on dicyclomine-induced amnesia. As reported in 
Figure 3, both compounds were able to prevent this 
amnesia, the potency of (i?)-(+)-hyoscyamine being, 
however, 1000 times higher than that of compound (±)-
19. Again as expected, the two reference drugs physo-

stigmine and piracetam were also able to prevent dicy
clomine amnesia, but the protective effect of the anti
cholinesterase agent physostigmine was accompanied by 
typical cholinergic symptoms such as tremors, scialorrhea, 
diarrhea, and lacrimation, etc., which do not appear with 
the other three drugs. 

It is still unclear whether the active compounds act 
through presynaptic muscarinic receptors (autoreceptors) 
or heteroreceptors. It is known, in fact, that many kinds 
of receptors and ion channels control ACh release at the 
nerve ending42,43 (including 5-HT3,5-HT4, D2, adrenergic 
receptors, and K+ and Ca2+ channels) and that their 
modulation can modify the pain threshold.9 
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Table 4. Enantiomers of 1, 11, and 19 

compd [al^o (absolute EtOH) salt" (rec solv) mp(°C) 

analgesic activity0 

maximum level ED50 (SE) 
of analgesia01 (mg/kg sc) 

(fl)-(+)-l 
(S)-(-)-l 
(S)-(+)-ll 

(«)-(-)-n 
(+)-19° 
(-)-19° 

+21.0 
-21.0 
+37.6° 
-37.6° 
+ 14.2 
-11.6 

hydrochloride (B) 
hydrochloride (B) 
maleate (D) 
maleate (D) 

108-109 
108-109 
152-154* 
152-154* 
137-139 
141-143 

41 
inact 
29 
inact 
92 
83 

0.7 (0.1) x 10-3 

3.1 (0.4) X 10-2 

17 (2.0) 
16(1.1) 

'•"J See the corresponding footnotes of Table 1. 6 In ref 15, these data have been erroneously reported as -3.0° and +3.0° and 178-180 °C, 
respectively. • The compounds are incompletely resolved and have an ee of about 40% (see text). 

PRE. SALINE ATROPINE DICYCLOMINE PIRENZEPINE 
TREATMEXT 5 mg/kg i.p. 10 mg/kg i.p. 0.01 pg/i .cv. 

HC-3 
lllg/i.c.v 

K [ 1 Saline s.c. 

g B R-W-l 5 Mg/kg s.c. 

g & (±)1» 30mg/kg s.c. 

Figure 1. Effect of atropine, dicyclomine, pirenzepine, and 
hemicholinium-3 (HC-3) on (fi)-(+)-l and (±)-19 antinociception 
in mouse hot-plate test (52.5 °C). Vertical lines give SE of the 
mean. *P < 0.01 in comparison with saline controls. Atropine, 
dicyclomine, pirenzepine, and HC-3 were administered respec
tively 30 min, 30 min, 20 min, and 5 h before the test. (fl)-(+)-l 
and (±)-19 were injected 15 min before the test. Each column 
represents the mean of at least 10 mice. 

H I ACh (510-8M) 

[ j j^j Electrical stimulation (0.1 Hz. 0.5 ms . Iwicc threshold voltage) 

R 8 3 Nicotine ( 4 1 0 _ 6 M ) 

Figure 2. Effect of (ft)-(+)-l, (±)-19, (± ) - l l , and (S)-(+)-ll on 
chemically and electrically evoked contractions of guinea pig 
ileum myenteric plexus longitudinal muscle strip. Each column 
represents the mean of at least four experiments, and vertical 
lines give SE of the mean. 

As a l ready discussed in t he In t roduc t ion and suggested 
by one of t he referees, it seems reasonable t h a t (R)-(+)- l 
ant inocicept ive act ivi ty depends on selectivity toward 
presynaptic receptors ra ther t h a n pos tsynapt ic muscar in ic 
receptors. However, t he resul ts concerning 2-phenylpro-
pionic acid der ivat ives 14 and 19 suggest t h a t o the r 
he teroreceptors migh t be involved. In fact, while (R)-

O.^jrig 30 mii/kg i.p 

Physostig. Piiacctam 

SALINE DICYCLOMINE 2 mg/kg i.p. 

F i g u r e 3 . Effectof(ft)-(+)-land(±)-19ondicyclomine-induced 
amnesia in mouse passive avoidance test. (R)-(+)-l, (±)-19, and 
physostigmine were administered 20 min before training. Pi-
racetam was administered 30 min before training. Dicyclomine 
was injected immediately after the training test. Vertical lines 
give SE of the mean. In parentheses is the number of mice. *P 
< 0.01 in comparison with dicyclomine-treated mice. 

Table 5. Effect of Selected Drugs on Specific [3H]QNB Binding 
to Membrane Preparations from Rat Brain Tissue53 

compd 

(«)-(+)-1 
14 
<±)-19 

pKi" 

7.30 
7.02 
6.96 

" Affinity estimates are given as p/Ci values calculated using the 
computer program LIGAND.54 Values are means of at least three 
experiments with standard errors less than 10% of the means. 

( + ) - l bound qu i t e well to t he muscar in ic receptor , as 
expected (Table 5), 14 and (±)-19 showed a similar affinity 
toward th i s receptor , a l though the i r analgesic efficacy is 
clearly higher . Moreover , it is n o t ye t clear which kind of 
muscarinic autoreceptor is involved in the analgesic activity 
of a t rop ine and related compounds . M2 sub types seem 
probable cand ida tes , b u t t he re are indicat ions t h a t M 4 

receptors migh t also be responsible for t he presynapt ic 
modu la t ion of ACh release.9 

As regards t he possible clinical usefulness of our 
compounds , it m u s t be emphas ized t h a t t he an imals 
t r e a t e d with (.R)-(+)-l and (±)-19 did no t show the 
s y m p t o m s of cholinergic exci ta t ion t h a t p reven t use of 
o the r chol inomimet ic drugs . In fact, mice t r ea ted with 
act ive doses behaved undis t inguishably from controls, did 
n o t p resen t sal ivation, t r emors , or d iar rhea , and main
ta ined the i r normal moti l i ty a n d coordinat ion in t h e 
Animex and rota-rod tes t s , respectively. 

In conclusion, we have developed a new class of 
compounds which, by v i r tue of their abi l i ty to increase 
centra l A C h release, have promis ing nootropic a n d an
algesic proper t ies . T h e o- t ropanyl ester of 2-(4-bromo-
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phenyl)propionicacid (±)-19 (PGg) has been selected from 
these compounds for further study. 

Experimental Sect ion 
Chemistry. All melting points were taken on a Buchi 

apparatus and are uncorrected. Infrared spectra were recorded 
with a Perkin-Elmer 681 spectrophotometer in a Nujol mull for 
solids and neat for liquids. Unless otherwise stated, NMR spectra 
were recorded on a Gemini 200 spectrometer. Chromatographic 
separations were performed on a silica gel column by gravity 
chromatography (Kieselgel 40,0.063-0.200 mm, Merck) or flash 
chromatography (Kieselgel 40,0.040-0.063 mm, Merck). Yields 
are given after purification, unless otherwise stated. Where 
analyses are indicated by symbols, the analytical results are within 
±0.4 % of the theoretical values. Optical activity was measured 
at a concentration of 1 g/100 mL (c = 1) with a Perkin-Elmer 241 
polarimeter (accuracy ±0.5°). 

General Method for the Synthesis of Tropic Acid Esters 
1-10. The amino alcohols used as starting materials are 
commercially available or were obtained according to the 
literature.44-46 Their esters can be obtained with the following 
general procedure: 0.01 mol of the appropriate tropic acid was 
dissolved in 20 mL of acetyl chloride and the mixture refluxed 
for 20 min. The excess of the reagent was eliminated and the oily 
residue stirred at 60 °C for 2.5 h with 25 mL of SOCl2. The 
excess of SOCI2 was removed under reduced pressure, the residue 
dissolved in cyclohexane, and the solvent eliminated under 
vacuum; this operation was repeated three times. 

The oily acid chloride obtained was treated with 0.01 mol of 
the hydrochloride of the appropriate amino alcohol and the 
mixture stirred under nitrogen for 2 h at 80 °C. When cool, the 
mixture was dissolved in 3 mL of water, treated with 1.5 mL of 
6 N HC1, and stirred at room temperature for 24 h. After 
alkalinization with 10 % Na2C03, the solution was extracted with 
CHCI3 and evaporated to give an oil from which minor impurities 
were removed by silica gel column chromatography using CHCW 
petroleum ether/absolute ethanol/NH4OH 340/60/65/8 as eluent. 

When necessary, the product was transformed into the salt 
reported in Table 1. 

General Method for the Synthesis of Ring-Substituted 
2-Phenylpropionic Acids and Like Compounds. A 0.1-mol 
portion of the appropriate phenylacetic acid was dissolved in 20 
mL of SOCI2 and stirred at 60 °C for 1 h; the reaction was then 
worked up as already described. 

The oily product was dissolved in 50 mL of CH2CI2; 0.1 mol 
of (+)-(lfl,2S,5iJ)-menthol was added and the mixture kept at 
40 °C for 1 h. After removal of the solvent, the residue was 
dissolved in 30 mL of anhydrous toluene and 0.2 mol of NaNH2 
in 30 mL of toluene was added. The mixture was kept at room 
temperature for 10 min, and after it had cooled at 0 °C, 0.2 mol 
of alkyl iodide was added. The reaction mixture was then stirred 
at room temperature for 40 min. Dilution with H20 and extraction 
with CHCI3 gave an oil, which was hydrolized as follows: 0.1 mol 
of menthyl ester was dissolved in 30 mL of ethanol, 30 mL of a 
saturated ethanolic solution of KOH was added, and the mixture 
was refluxed for 24 h. Acidification with 6 N HC1 and extraction 
with CHCI3 gave the acids, which were purified by crystallization 
or distillation. Yields ranged from 60% to 80%. 

Methylation of p-bromophenylacetic acid menthyl ester (44) 
in order to obtain 41 was studied in detail to establish the 
stereoselectivity of the reaction. Under the conditions reported 
above, 44 gives the menthyl ester of p-bromophenylpropionic 
acid (45) with [ a p D = -57.1° (c = 0.5, absolute EtOH). The W 
NMR spectrum shows two overlapping quartets at 3.62 and 3.64 
ppm (CH3-CH-COO). These do not however allow a confident 
evaluation of the enantiomeric excess. JH NMR spectrum in the 
presence of tris(3-trifluoroacetyl-d-camphorate)europium(III) (5 
mg + 15 mg of 45 in 2 mL of CDCI3) shows two doublets in a 
69.5:31.5 ratio (CH3-CH-COO), indicating an enantiomeric excess 
of about 38. Hydrolysis of the ester, with either acid or alkali, 
however, afforded only racemic 41. 

2-(2-Bromophenyl)propionic Acid (42). Mp 104-106 °C 
from ethanol/H20. Yield 85%. Anal. (CoHgBrOj) C, H. 

2-[4-(Trifluoromethyl)phenyl]propionic Acid (43). Mp 
128-130 °C from ethanol/H20. Yield 80%. Anal. (C10H9F3O2) 
C, H. 

General Method for the Synthesis of 2-Phenylpropionic 
Acid Esters 11-32 and Like Compounds 33-40. A 0.01-mol 
portion of the appropriate acid was heated at 60 °C for 3 h in 25 
mL of SOCI2, and the reaction was worked up as already described. 
The acyl chloride was dissolved in 25 mL of CH2CI2,0.03 mol of 
the proper amino alcohol was added, and the solution was left 
at room temperature for 12 h. Evaporation of the solvent, 
alkalinization with 6 N NaOH, and ether extraction gave oils 
that could be purified by silica gel column chromatography using 
CHCWpetroleum ether/absolute ethanol/NH4OH 340/60/65/8 
as eluting system. 

The oils were usually transformed into the salts reported in 
Tables 1 and 2. Yields ranged from 65% to 85%. 

Compound 13 was obtained by reduction of the corresponding 
nitro ester 12 with H2/Pd/C. Compound 32 was obtained from 
compound 13 by methylation with CH20/HCOOH. 

General Method for the Synthesis of Chiral a-Tropanyl 
Esters (R)-(-)-\\, (5)-(+)-ll, (-)-19, and (+)-19. A 0.01-mol 
portion of the proper acid enantiomer was transformed into the 
acyl chloride by the method already described. 

The oil obtained was dissolved in 20 mL of ethanol-free CHCI3, 
a solution of 0.012 mol of a-tropanol hydrochloride in 100 mL 
of ethanol-free CHCI3 was added, and the mixture was refluxed 
for 30 h. The solvent was then removed, the residue alkalinized 
with a 10% solution of NajCOs, and the solution extracted with 
ether. The organic layer was carefully washed with water and 
dried and the solvent evaporated under vacuum to leave an oil 
that was transformed into the salt reported in Table 3. 

a-Tropanyl 2-(4-Bromophenyl)propyl Ether (40). A 0.002-
mol portion of (±)-19 was dissolved in 5 mL of boron trifluoride 
etherate and a solution of NaBHU (0.01 mol) in 15 mL of anhydrous 
THF added while cooling to 0 °C. The mixture was left at room 
temperature for 10 h; then, the excess of hydride was destroyed 
with acetone and the mixture evaporated under vacuum. Al
kalinization of the residue with a 10% solution of NaOH and 
extraction with CHCI3 gave an oil which was transformed into 
the oxalate (Table 2). 

Resolution of Racemic (4-Bromophenyl)propionic Acid 
(41). A 6.55-mmol portion of racemic (p-bromophenyl)propionic 
acid (41) was dissolved in the minimum amount of acetone and 
6.55 mmol of (i?)-(+)-l-phenylethylamine added. The crystals 
formed at room temperature were collected and recrystallized 
several times from acetone to constant rotation, [ 0 ] % = +6.2° 
(c = 0.5, absolute EtOH). Mp 139-142 °C. The salt was dissolved 
in the minimum amount of water and the solution acidified with 
2 N H2SO4 and extracted with chloroform to give 1.22 mmol of 
the acid, [<*]% = -30.0° (c = 0.5, absolute EtOH). Mp 87-90 °C. 

The mother liquors were evaporated to dryness, and the residue 
was recrystallized from water several times, [a]MD = +7.8° (c = 
0.5, absolute EtOH). Mp 136-139 °C. The acid recovered as 
described above (0.87 mmol) has [a]wD = +33.0° (c = 0.5, absolute 
EtOH). Mp 88-92 °C. 

HPLC on chiracel OD-R (DAICEL) (eluent: CH3CN/NaC104 
(0.1 M)-HC104> pH 3, 70/30; flux 0.5 mL/min) showed that the 
separation was incomplete and the two samples had ees of 30 and 
44, respectively. The same results were obtained with JH NMR 
(Varian VXR 300) using quinine as chiral ligand (acid/quinine 
1/3; solvent CDCla). 

Pharmacology. Analgesic Activity. Analgesic activity was 
evaluated using the hot-plate method according to Woolfe.30 The 
plate temperature was fixed at 52.5 ±0.1 °C. An arbitrary cutoff 
time of 45 s was adopted. The number of mice treated in each 
test varied from 8 to 20. 

The analgesic potency of the compounds is reported as the 
EDM (Tables 1-5). This potency does not however indicate the 
level of analgesia reached. To evaluate this parameter, the 
analgesic effect of the new products injected at their maximal 
nontoxic dose was compared to that of morphine, taken as the 
reference compound and injected at 8 mg/kg sc, a dose that does 
not alter animal behavior. 

Calculations were performed using the following formula: 
Analgesic efficacy of X expressed as percentage of that of 
morphine-HCl (8 mg/kg sc) = maximum reaction time of X -
pretest reaction of X/maximum reaction time of morphine -
pretest reaction time of morphine X 100 



1710 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 11 Gualtieri et al. 

The maximal nontoxic dose is the highest dose of X which 
does not cause any visible change in animal behavior, i.e., such 
that the researchers who were unaware of the treatment received 
by the animals were unable to distinguish between treated and 
nontreated mice. 

Standard errors on the values expressed as percentage were 
not evaluated. Original data, however, have been statistically 
processed by employing Dunnett's two-tailed test in order to 
verify the significance of the differences between the means shown 
by treated mice at the maximum reaction time and the pretest 
reaction time. Differences were considered statistically signifi
cative when P < 0.05. Percent values were calculated only for 
those differences that resulted statistically significative; in the 
other cases, drugs were considered inactive. Since the reaction 
times were measured with an accuracy of ±15%, the errors on 
the percent values calculated through the formula reported above 
should be in the same range. 

Nootropic Activity. Nootropic activity was evaluated in mice 
using the passive avoidance test according to the method 
described by Jarvik and Kopp.31 The above original method was 
slightly modified by using a painless punishment (fall into cold 
water, 10 °C) instead of the electrical foot-shock punishment. 

This modification was introduced to avoid false results arising 
from the analgesic properties of the tested compounds. The Mi 
antagonist dicyclomine (2 mg/kg ip injected immediately after 
the training session) was used in order to induce amnesia for 
evaluating the potential protective activity of the test compounds. 
These were injected intraperitoneally 20 min before the training 
session. 

Results are expressed as differences in the times of entry into 
the dark compartment between the first and second sessions. 
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