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(57) ABSTRACT 

The subject invention provides novel compounds and com 
positions for the safe and effective treatment of gastroesoph 
ageal re?ux and related conditions. In a preferred embodi 
ment, the compositions of the subject invention comprise 
esteri?ed cisapride derivatives. These compositions possess 
potent activity in treating gastroesophageal re?ux disease 
and substantially reduce adverse effects associated With the 
administration of cisapride. These adverse effects include, 
but are not limited to, diarrhea, abdominal cramping and 
elevations of blood pressure and heart rate. 
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MATERIALS AND METHODS FOR THE 
TREATMENT OF GASTROESOPHAGEAL REFLUX 

DISEASE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of co-pending 
application Ser. No. 09/876,698, ?led Jun. 7, 2001 (pend 
ing). The subject application also claims priority to provi 
sional application U.S. Serial No. 60/209,926, ?led Jun. 7, 
2000. 

BACKGROUND OF INVENTION 

[0002] Cisapride is one of a class of compounds knoWn as 
benZamide derivatives, the parent compound of Which is 
metoclopramide. US. Pat. Nos. 4,962,115 and 5,057,525 
(collectively “Van Daele” and incorporated by reference in 
their entireties) disclose N-(3-hydroxy-4-piperidenyl) ben 
Zamides of cisapride. Van Daele discloses that these com 
pounds, the pharmaceutically acceptable acid addition salts 
thereof and the stereochemically isomeric forms thereof, 
stimulate the motility of the gastrointestinal system. 

[0003] As a class, these benZamide derivatives have sev 
eral prominent pharmacological actions. The prominent 
pharmacological activities of the benZamide derivatives are 
due to their effects on the neuronal systems Which are 
modulated by the neurotransmitter serotonin. The role of 
serotonin, and thus the pharmacology of the benZamide 
derivatives, has been broadly implicated in a variety of 
conditions for many years. Thus, research has focused on 
locating the production and storage sites of serotonin as Well 
as the location of serotonin receptors in the human body in 
order to determine the connection betWeen these sites and 
various disease states or conditions. 

[0004] In this regard, it Was discovered that a major site of 
production and storage of serotonin is the enterochromaf?n 
cell of the gastrointestinal mucosa. It Was also discovered 
that serotonin has a poWerful stimulating action on intestinal 
motility by stimulating intestinal smooth muscle, speeding 
intestinal transit, and decreasing absorption time, as in 
diarrhea. This stimulating action is also associated With 
nausea and vomiting. 

[0005] Because of their modulation of the serotonin neu 
ronal system in the gastrointestinal tract, many of the 
benZamide derivatives are effective anti-emetic agents and 
are commonly used to control vomiting during cancer che 
motherapy or radiotherapy, especially When highly emeto 
genic compounds such as cisplatin are used. This action is 
almost certainly the result of the ability of the compounds to 
block the actions of serotonin (5HT) at speci?c sites of 
action, called the 5HT3-receptor, Which Was classically 
designated in the scienti?c literature as the serotonin M-re 
ceptor. Chemotherapy and radiation therapy may induce 
nausea and vomiting by the release of serotonin from 
damaged enterochromaf?n cells in the gastrointestinal tract. 
Release of the neurotransmitter serotonin stimulates both 
afferent vagal nerve ?bers (thus initiating the vomiting 
re?ex) and serotonin receptors in the chemoreceptor trigger 
Zone of the area postrema region of the brain. The anatomi 
cal site for this action of the benZamide derivatives, and 
Whether such action is central (CNS), peripheral, or a 
combination thereof, remains unresolved (Barnes et al., J. 
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Pharm. Pharmacol. 40: 586-588, 1988). Cisapride, like the 
other benZamide derivatives Would appear to be an effective 
anti-emetic agent based on its ability to modulate the activity 
of serotonin at the 5HT3 receptor. 

[0006] A second prominent action of the benZamide 
derivatives is in augmenting gastrointestinal smooth muscle 
activity from the esophagus through the proximal small 
boWel, thus accelerating esophageal and small intestinal 
transit as Well as facilitating gastric emptying and increasing 
loWer esophageal sphincter tone (Decktor et al., Eur. J. 
Pharmacol. 147: 313-316, 1988). Although the benZamide 
derivatives are not cholinergic receptor agonists per se, the 
aforementioned smooth muscle effects may be blocked by 
muscarinic receptor blocking agents such as atropine or 
neuronal transmission inhibitors of the tetrodotoxin type 
Which affect sodium channels. Similar blocking activity has 
been reported for the contractile effects of serotonin in the 
small intestine. It is currently believed that the primary 
smooth muscle effects of the benZamide derivatives are the 
result of an agonist action upon a neW class of serotonin 
receptors referred to as 5HT4 receptors Which are located on 
interneurons in the myenteric plexus of the gut Wall. Acti 
vation of these receptors subsequently enhances the release 
of acetylcholine from parasympathetic nerve terminals 
located near surrounding smooth muscle ?bers, and it is the 
combination of acetylcholine With its receptors on smooth 
muscle membranes Which is the actual trigger for muscle 
contraction. 

[0007] Cisapride is presently used primarily to treat gas 
troesophageal re?ux disease. This disease is characteriZed as 
the backWard How of the stomach contents into the esopha 
gus. One of the most important factors in the pathogenesis 
of gastroesophageal re?ux disease is a reduction in the 
pressure barrier due to the failure of the loWer esophageal 
sphincter. Failure of the loWer esophageal sphincter can arise 
due to a loW basal pressure, sphincter relaxation, or to a 
non-compensated increase in intragastric pressure. Other 
factors in the pathogenesis of the disease are delayed gastric 
emptying, insuf?cient esophageal clearing due to impaired 
peristalsis and the corrosive nature of the re?ux material 
Which can damage esophageal mucosa. Cisapride is thought 
to strengthen the anti-re?ux barrier and improve esophageal 
clearance by increasing the loWer esophageal sphincter 
pressure and enhancing peristaltic contractions. 

[0008] Because of its activity as a prokinetic agent, 
cisapride Would also appear to be useful to treat dyspepsia, 
gastroparesis, constipation, post-operative ileus, and intes 
tinal pseudo-obstruction. Dyspepsia is a condition charac 
teriZed by an impairment of the poWer or function of 
digestion that can arise as a symptom of a primary gas 
trointestinal dysfunction or as a complication due to other 
disorders such as appendicitis, gallbladder disturbances, or 
malnutrition. Gastroparesis is a paralysis of the stomach 
brought about by a motor abnormality in the stomach or as 
a complication of diseases such as diabetes, progressive 
systemic sclerosis, anorexia nervosa or myotonic dystrophy. 
Constipation is a condition characteriZed by infrequent or 
dif?cult evacuation of feces resulting from conditions such 
as lack of intestinal muscle tone or intestinal spasticity. 
Post-operative ileus is an obstruction in the intestine due to 
a disruption in muscle tone folloWing surgery. Intestinal 
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pseudo-obstruction is a condition characterized by consti 
pation, colicky pain, and vomiting, but Without evidence of 
physical obstruction. 

[0009] Drug toxicity is an important consideration in the 
treatment of humans and animals. Toxic side effects (adverse 
effects) resulting from the administration of drugs include a 
variety of conditions Which range from loW grade fever to 
death. Drug therapy is justi?ed only When the bene?ts of the 
treatment protocol outWeigh the potential risks associated 
With the treatment. The factors balanced by the practitioner 
include the qualitative and quantitative impact of the drug to 
be used as Well as the resulting outcome if the drug is not 
provided to the individual. Other factors considered include 
the physical condition of the patient, the disease stage and its 
history of progression, and any knoWn adverse effects asso 
ciated With a drug. 

[0010] Drug elimination is typically the result of meta 
bolic activity upon the drug and the subsequent excretion of 
the drug from the body. Metabolic activity can take place 
Within the vascular supply and/or Within cellular compart 
ments or organs. The liver is a principal site of drug 
metabolism. The metabolic process can be categoriZed into 
synthetic and nonsynthetic reactions. In nonsynthetic reac 
tions, the drug is chemically altered by oxidation, reduction, 
hydrolysis, or any combination of the aforementioned pro 
cesses. These processes are collectively referred to as Phase 
I reactions. 

[0011] In Phase II reactions, also knoWn as synthetic 
reactions or conjugations, the parent drug, or intermediate 
metabolites thereof, are combined With endogenous sub 
strates to yield an addition or conjugation product. Metabo 
lites formed in synthetic reactions are, typically, more polar 
and biologically inactive. As a result, these metabolites are 
more easily excreted via the kidneys (in urine) or the liver 
(in bile). Synthetic reactions include glucuronidation, amino 
acid conjugation, acetylation, sulfoconjugation, and methy 
lation. 

[0012] More than 90% of a dose of cisapride is metabo 
liZed by oxidative N-dealkylation at the piperidine nitrogen 
or by aromatic hydroxylation occurring on either the 4-?uo 
rophenoxy or benZamide rings. 

[0013] The administration of cisapride to a human has 
been found to cause adverse effects including, CNS disor 
ders, increased systolic pressure, interactions With other 
drugs, diarrhea, and abdominal cramping. Further, it has 
been reported that intravenous administration of cisapride 
demonstrates the occurrence of additional adverse (side) 
effects not experienced after oral administration of cisapride 
(Stacher et al. [1987] Digestive Diseases and Sciences 
32(11):1223-1230). It is believed that these side effects are 
caused by the metabolites Which result from the oxidative 
dealkylation or aromatic hydroxylation of the compound 
Which occurs in the cytochrome P-450 detoxi?cation sys 
tem. 

[0014] BetWeen July 1993 and December 1999, cisapride 
(PROPULSID, Janssen Pharmaceutica Products, L.P.) has 
been reportedly associated With at least 341 serious cardiac 
arrhythmias. These arrhythmias include ventricular tachy 
cardia, ventricular ?brillation, torsades de pointes, and QT 
prolongation. Eighty (80) deaths have been reported. As a 
result of these adverse effects, the product is being volun 

Nov. 20, 2003 

tarily WithdraWn from the open market (in the United States) 
on Jul. 14, 2000; hoWever, the drug Will be available through 
an investigational limited access program. 

[0015] Thus, it Would be particularly desirable to provide 
compounds With the therapeutic advantages of cisapride 
Which Would not have the aforementioned disadvantages. 

BRIEF SUMMARY 

[0016] The subject invention provides novel compounds 
and compositions for the safe and effective treatment of 
gastroesophageal re?ux and related conditions. In a pre 
ferred embodiment, the compositions of the subject inven 
tion comprise esteri?ed cisapride derivatives. These com 
positions possess potent activity in treating 
gastroesophageal re?ux disease and substantially reduce 
adverse effects associated With the administration of 
cisapride. These adverse effects include, but are not limited 
to, diarrhea, abdominal cramping and elevations of blood 
pressure and heart rate. 

[0017] Additionally, the novel compositions of the subject 
invention are useful in treating emesis and other conditions, 
including but not limited to dyspepsia, gastroparesis, con 
stipation, and intestinal pseudo-obstruction. As an added 
bene?t, adverse effects associated With the administration of 
cisapride are also reduced in these methods of treatment. 

[0018] Advantageously, the subject invention provides 
compounds Which are readily metaboliZed by the physi 
ological metabolic drug detoxi?cation systems. Speci?cally, 
in a preferred embodiment, the therapeutic compounds of 
the subject invention contain a moiety, Which does not 
detract from the ability of these compounds to provide a 
therapeutic bene?t, but Which makes these compounds more 
susceptible to degradation by hydrolases. Speci?cally exem 
pli?ed are compounds Which contain an ester group making 
them susceptible to degradation by serum and/or cytosolic 
esterases, thereby avoiding the cytochrome P-450 drug 
detoxi?cation system associated With adverse effects caused 
by cisapride and reducing the incidence of adverse events. 

[0019] The subject invention further provides methods of 
treatment comprising the administration of these compounds 
to individuals in need of treatment for gastroesophageal 
re?ux disease and related conditions. 

[0020] Advantageously, the therapeutic compounds of the 
subject invention are stable in storage and provide for safer 
metabolism of the drugs as compared to other drugs Which 
are available for treatment of gastroesophageal re?ux, dys 
pepsia, gastroparesis, constipation, post-operative ileus, and 
intestinal pseudo-obstruction; therefore, the compounds of 
the subject invention can be used With a loWer incidence of 
side effects and toxicity. 

[0021] In a further embodiment, the subject invention 
pertains to the breakdoWn products Which are formed When 
the therapeutic compounds of the subject invention are acted 
upon by hydrolases. These breakdoWn products can be used 
as described herein to monitor the clearance of the thera 
peutic compounds from a patient. 

[0022] In yet a further embodiment, the subject invention 
provides methods for synthesiZing the therapeutic com 
pounds of the subject invention. 



US 2003/0216387 A1 

DETAILED DISCLOSURE 

[0023] The subject invention provides novel compounds 
Which are more easily metabolized by the metabolic drug 
detoxi?cation systems. This invention is also draWn to 
methods of treating disorders, such as gastroesophageal 
re?ux disease, and related conditions. Speci?cally, the sub 
ject invention provides analogs of cisapride Which have been 
designed to be more susceptible to degradation by hydro 
lases, particularly serum and/or cytosolic esterases and 
methods of treatment comprising the administration of these 
analogs to individuals. 

[0024] Advantageously, the therapeutic compounds of the 
subject invention are stable in storage but have a relatively 
short half-life in the physiological environment; therefore, 
the compounds of the subject invention can be used With a 
loWer incidence of side effects and toxicity. 

[0025] In a preferred embodiment of the subject invention, 
therapeutic compounds are provided Which are useful in the 
treatment of gastroesophageal re?ux disease and Which 
contain a moiety, such as an ester group, Which is susceptible 
to degradation by hydrolases, thereby breaking doWn the 
compound and facilitating its ef?cient removal from the 
treated individual. In a preferred embodiment, the therapeu 
tic compounds are metaboliZed by the Phase I drug detoxi 
?cation system. 

[0026] A further aspect of the subject invention pertains to 
the breakdown products Which are produced When the 
therapeutic compounds of the subject invention are acted 
upon by a hydrolase. The presence of these breakdown 
products in the urine or serum can be used to monitor the rate 
of clearance of the therapeutic compound from a patient. 

[0027] Degradation of the compounds of the subject 
invention by enZymes such as hydrolases (esterases, pepti 
dases, lipases, glycosidases, phosphateases, etc.) is particu 
larly advantageous for drug metabolism because these 
enZymes are ubiquitously distributed and their activity is not 
dependent on age, gender, or disease state to the same extent 
as oxidative hepatic drug metabolism. 

[0028] The subject invention further provides methods of 
treating disorders, such as gastroesophageal re?ux disease 
comprising the administration of a therapeutically effective 
amount of cisapride analogs to an individual in need of 
treatment. In a speci?c embodiment, the subject invention 
provides esteri?ed cisapride analogs and pharmaceutical 
compositions of these esteri?ed compounds. 

[0029] The subject invention further provides materials 
and methods for the treatment of emesis and such other 
conditions, including but not limited to dyspepsia, gastro 
paresis, constipation, and intestinal pseudo-obstruction, 
While substantially reducing adverse effects associated With 
the administration of cisapride. 

[0030] In a preferred embodiment of the subject invention, 
therapeutic compounds are provided Which are useful in the 
treatment of gastroesophageal re?ux, dyspepsia, gastropare 
sis, constipation, post-operative ileus, and intestinal pseudo 
obstruction and Which contain an ester group Which is acted 
upon by esterases thereby breaking doWn the compound and 
facilitating its ef?cient removal from the treated individual. 

[0031] The subject invention further provides methods of 
synthesiZing the unique and advantageous therapeutic com 
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pounds of the subject invention. Particularly, methods of 
producing less toxic therapeutic agents comprising introduc 
ing ester groups into therapeutic agents (target drugs) are 
taught. The ester linkage may be introduced into the com 
pound at a site Which is convenient in the manufacturing 
process for the target drug. Additionally, the sensitivity of 
the ester linkage may be manipulated by the addition of side 
groups Which hinder or promote the hydrolytic activity of 
the hydrolases or esterases responsible for cleaving the drug 
at the ester locus. Methods of adding such side groups, as 
Well as the side groups themselves, are Well knoWn to the 
skilled artisan and can be readily carried out utiliZing the 
guidance provided herein. 

[0032] The chemical synthesis of the disclosed analogs of 
cisapride can be performed by the method described in 
European Patent Application No. 0,076,530 A2 published 
Apr. 13, 1983, Us. Pat. Nos. 4,962,115 and 5,057,525 and 
in Van Daele et al., Drug Development Res. 8: 225-232 
(1986), the disclosures of Which are incorporated herein by 
reference in their entireties, and modi?ed by the incorpora 
tion of an ester group at a point convenient in the synthesis 
of the disclosed compounds. Exemplary, non-limiting syn 
thesis schemes for certain esteri?ed cisapride analogs of the 
subject invention are provided beloW. 

[0033] The present invention is concerned With novel 
N-(4-piperidinyl)benZamides having the general Formula (I) 
and their pharmaceutically acceptable salts. 

(1) 

[0034] Wherein: 

[0037] X is O or N; 

[0038] R1 and X are in the cis- or trans-con?guration; 

[0039] R3 is H or C1_3 alkyl (if X is an oxygen atom, 
then R3 does not exist); 

[0040] R4, R5, and R6 are each, independently, 
selected from the group consisting of hydrogen, C1_ 4 
alkyl, OC1_4alkyl, halogen atom, hydroxy, cyano, 
nitro, amino, mono- and di(loWer alkyl)amino, ami 
nocarbonyl, arylcarbonylamino, alkylcarbony 
lamino, loWer-alkyl carbonyl, loWer-alkyl carbony 
loxy, aminosulfonyl, loWer-alkylsul?nyl, loWer 
alkylsulfonyl, loWer-alkylthio and mercapto; and 

[0041] Wherein L has the formula —CnH2n—X— 
CmH2m—(CR9R10)p—(C=O)O—Y, Wherein 
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[0042] n is an integer from 1 to 4 inclusive; 

[0043] X is —CH(OH)—, —NH—, —S—, —O—, 
or a direct bond; 

[0044] 

[0045] p is 0 or 1; 

m is an integer from 0 to 4 inclusive; 

[0046] R9 and R10 are, independently, H, C1_ 4 alkyl, 
or RQR1O are linked and together form a 5- or a 
6-membered cycloalkyl ring; and 

[0047] Y is H, CL4 alkyl or cycloalkyl optionally 
substituted by 1 or more (2 to 8) heteroatoms 
selected from the group consisting of O; N; S; or aryl 
or heteroaryl optionally substituted by 1 or more (2 
to 8) halogen atoms, C1_4 alkyl, C1_4alkoXy, hydroXy, 
cyano, amino, alkylamino, dialkylamino, tri?uorom 
ethyl, —COOH, or —COOC1_4alkyl (When Y is 
hydrogen, the compounds can also be quaternary 
ammonium complexes such as tetrabutyl or tetra 
ethylammonium and trigonellinium). 

[0048] Those skilled in the art Will recogniZe that the 
structure of Formula I has at least 2 asymmetric centers at 
the 3- and 4-positions of the piperidine ring (carbon atoms 
bearing the R1 and R2 groups). Substituents on the piperidi 
nyl ring can have the cis- or the trans-con?guration. Accord 
ingly, the subject invention includes the 4 individual enan 
tiomers associated With these 2 carbon centers, namely the 
3R,4R; 3S,4S; 3R,4S; and 3S,4R conformations. 

[0049] Preferred compounds are those Wherein R 4, R5, and 
R6 are, independently, selected from the group consisting of 
halo, amino, mono- and dialkylamino, and loWer alkyloXy. 

[0050] Particularly preferred compounds are those 
Wherein R4 is methoXy, R5 is amino or methylamino, and R5 
is chloro, in the 2-, 4-, and 5-position of the phenyl ring, 
respectively. 

[0051] Particularly, preferred compounds of the subject 
invention include those Where: R1=OCH3; R2=H; X=O 
or N (if X=N, then R3=H); R4, R5, and R6 are methoXy, 
amino, and chlorine at the 2, 4, and 5-position of the phenyl 
ring, respectively. RI and X are in the cis-con?guration. 

[0052] Preferred compounds Within the scope of this 
invention have the cis-con?guration. 

[0053] Particularly preferred compounds of this invention 
have the folloWing formulae: 

(IIIa) 
0on3 

L— N NH OCH3 
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-continued 
(IIIb) 

QCH3 
O 

L—N """NH OCH3 

Cl NH; 

[0054] Where 111a and IIIb are mirror images of each other 
(enantiomers), and Where L is de?ned as shoWn in Formula 
(II): 

(II) 

[0055] Where n=1 to 4, m=0 to 4, X is a direct bond and 
Y is hydrogen, loWer alkyl, or substituted aryl. 

[0056] In the most preferred compounds, n—2, m=0, X is 
a direct bond, and Y is hydrogen, methyl, ethyl, isopropyl, 
sec-butyl, or 4-?uorophenyl. 

[0057] The compounds of Formula I can generally be 
prepared by the reaction of an amine of Formula (IV) With 
a carboXylic acid of Formula 

(IV) 
0R1 

H 
/ 

L— N 4 T 

R2 
(V) 

O 

HO R3 

J R4 

R5 

[0058] Functional derivatives of the carboXylic acids 
shoWn as Formula (V) can also be used, as Would be knoWn 
to persons skilled in the art of synthetic chemistry. Suitable 
functional derivatives include acyl halides, anhydrides, and 
esters. The reaction conditions for miXing (IV) and (V) to 
produce (I) are Well knoWn conditions to the ordinary skilled 
synthetic chemist. 

[0059] The compounds of Formula I Wherein R1 is hydro 
gen and the substituents in the 3- and 4-positions of the 
piperidine ring have the trans con?guration, said compounds 
being represented by the Formula (Ia), can be prepared by 
reacting a 7-oXo-3-aZabicyclo[4,1,0]heptane of Formula 
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(VI) With a benZamide of Formula (VII). These compounds 
can be further alkylated in order to obtain a product wherein 
R1 is other than hydrogen. 

0 

HN R 
o | 3 

R2 v L—N 
J R4 

(VI) R5 

(v11) 

OH 
O 

L_ N ---m N R3 o-alkylatiOn 
4> 

R2 ) 
J R4 

R5 

(Ia,R1=H) 

CR1 
0 

L_N .-||||N R3 

R2 7 
J R4 

(Ia) 

[0060] The compounds of Formula (I) Wherein the sub 
stituents in the 3- and 4-positions of the piperidine ring have 
the cis con?guration, said compounds being represented by 
the Formula (Ib), can be prepared by the reductive alkylation 
of a piperidone of Formula (VIII) With a benZamide of 
Formula (VII). This approach is applicable only When R2 is 
hydrogen. Another approach, Which is applicable Whether 
R2 is hydrogen or loWer alkyl, is to react an amine of 
Formula (IX), having the 3- and 4-substituents of the pip 
eridine ring in the cis con?guration, With a carboXylic acid 
of Formula (V) or a suitable functional derivative thereof (an 
ester, an anhydride, or an acyl chloride for example). 

0 

0R1 

HT R3 
L—N 0 R2 v ’ 

J R4 

(VIII) R5 
(v11) 
R2=H 
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-continued 
0R1 

O 

R2 w 
J R4 

(lb) R5 
R2=H 

0R1 O 

HO R3 

L— N NHRZ v , 

R 
(IX) J 4 

R5 

(V) 
OR 1 

o 

L— N N 93 

R2 @ R4 
R5 

(R1) 

[0061] The compounds of this invention have therapeutic 
properties similar to those of the unmodi?ed parent com 
pounds. Accordingly, dosage rates and routes of adminis 
tration of the disclosed compounds are similar to those 
already used in the art and knoWn to the skilled artisan (see, 
for eXample, Physicians’ Desk Reference, 54th Ed., Medical 
Economics Company, Montvale, N.J., 2000). 
[0062] The magnitude of a prophylactic or therapeutic 
dose of esteri?ed cisapride in the acute or chronic manage 
ment of diseases and/or disorders described herein Will vary 
With the severity of the condition to be treated, and the route 
of administration. The dose, and perhaps the dose frequency, 
Will also vary according to the age, body Weight, and 
response of the individual patient. In general, the total daily 
dose range for esteri?ed cisapride, for the conditions 
described herein, is from about 1 mg to about 200 mg, in 
single or divided doses. Preferably, a daily dose range should 
be betWeen about 5 mg to about 100 mg, in single or divided 
doses, While most preferably, a daily dose range should be 
betWeen about 5 mg to about 75 mg, in single or divided 
doses. It is preferred that the doses are administered from 1 
to 4 times a day. In managing the patient, the therapy should 
be initiated at a loWer dose, perhaps about 5 mg to about 10 
mg, and increased up to about 50 mg or higher depending on 
the patient’s global response. It is further recommended that 
children, and patients over 65 years, and those With impaired 
renal or hepatic function, initially receive loW doses, and 
that they be titrated based on individual response(s) and 
blood level(s). It may be necessary to use dosages outside 
these ranges in some cases as Will be apparent to those 
skilled in the art. Further, it is noted that the clinician or 
treating physician Will knoW hoW and When to interrupt, 
adjust, or terminate therapy in conjunction With individual 
patient response. 
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[0063] The compounds of the subject invention can be 
formulated according to knoWn methods for preparing phar 
maceutically useful compositions. Formulations are 
described in detail in a number of sources Which are Well 
knoWn and readily available to those skilled in the art. For 
example, Remington’s Pharmaceutical Science by E. W. 
Martin describes formulations Which can be used in con 
nection With the subject invention. In general, the compo 
sitions of the subject invention are formulated such that an 
effective amount of the bioactive compound(s) is combined 
With a suitable carrier in order to facilitate effective admin 
istration of the composition. 

[0064] The compositions of the subject invention include 
compositions such as suspensions, solutions and elixirs; 
aerosols; or carriers such as starches, sugars, microcrystal 
line cellulose, diluents, granulating agents, lubricants, bind 
ers, disintegrating agents, and the like, in the case of oral 
solid preparations (such as poWders, capsules, and tablets) 
With the oral solid preparations being preferred over the oral 
liquid preparations. A preferred oral solid preparation is 
capsules. The most preferred oral solid preparation is tablets. 
Preferred amounts of active ingredient (i.e., an esteri?ed 
cisapride analog) in a solid dosage form are about 5 mg, 10 
mg, and 25 mg. 

[0065] Further, acceptable carriers can be either solid or 
liquid. Solid form preparations include poWders, tablets, 
pills, capsules, cachets, suppositories and dispersible gran 
ules. A solid carrier can be one or more substances Which 

may act as diluents, ?avoring agents, solubiliZers, lubricants, 
suspending agents, binders, preservatives, tablet disintegrat 
ing agents or encapsulating materials. 

[0066] The disclosed pharmaceutical compositions may 
be subdivided into unit doses containing appropriate quan 
tities of the active component. The unit dosage form can be 
a packaged preparation, such as packeted tablets, capsules, 
and poWders in paper or plastic containers or in vials or 
ampules. Also, the unit dosage can be a liquid based prepa 
ration or formulated to be incorporated into solid food 
products, cheWing gum, or loZenge. 

[0067] In addition to the common dosage forms set out 
above, the compounds of the present invention may also be 
administered by controlled release means and/or delivery 
devices such as those described in US. Pat. Nos. 3,845,770; 
3,916,899; 3,536,809; 3,598,123; and 4,008,719, the disclo 
sures of Which are hereby incorporated by reference in their 
entirety. 
[0068] Any suitable route of administration may be 
employed for providing the patient With an effective dosage 
of esteri?ed cisapride. For example, oral, rectal, parenteral 
(subcutaneous, intramuscular, intravenous), transdermal, 
and like forms of administration may be employed. Dosage 
forms include tablets, troches, dispersions, suspensions, 
solutions, capsules, patches, and the like. 

[0069] One embodiment of the invention provides a 
method of treating gastroesophageal re?ux disease in a 
mammal, While substantially reducing the concomitant 
adverse effects associated With the administration of 
cisapride, Which comprises administering to a human in 
need of such treatment, a therapeutically effective amount of 
esteri?ed cisapride, or a pharmaceutically acceptable salt 
thereof. Apreferred embodiment is the treatment of gastroe 
sophageal re?ux disease in humans. 
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[0070] Another embodiment of the invention provides a 
composition for the treatment of a human suffering from 
gastroesophageal re?ux disease, Which comprises a thera 
peutically effective amount of esteri?ed cisapride, or a 
pharmaceutically acceptable salt thereof. 

[0071] Yet another embodiment of the present invention 
provides a method of eliciting an anti-emetic effect in a 

mammal, While substantially reducing the adverse effects 
associated With the administration of cisapride, Which com 
prises administering to a mammal in need of such anti 
emetic therapy, a therapeutically effective amount of esteri 
?ed cisapride, or a pharmaceutically acceptable salt thereof. 
Preferably, the mammal is a human. 

[0072] In an additional embodiment, the present invention 
encompasses an anti-emetic composition for the treatment of 
a mammal in need of anti-emetic therapy, Which comprises 
a therapeutically effective amount of esteri?ed cisapride, or 
a pharmaceutically acceptable salt thereof. 

[0073] Afurther aspect of the present invention includes a 
method of treating a condition caused by gastrointestinal 
motility dysfunction in a mammal Which comprises admin 
istering to a mammal in need of treatment for gastrointes 
tinal motility dysfunction, a therapeutically effective amount 
of esteri?ed cisapride, or a pharmaceutically acceptable salt 
thereof. Conditions caused by gastrointestinal motility dys 
function include, but are not limited to, dyspepsia, gastro 
paresis, constipation, post-operative ileus, and intestinal 
pseudo-obstruction. Preferably, the mammal is a human. 

[0074] The observation that cisapride enters the central 
nervous system and binds to 5HT4 receptors indicates that 
cisapride may have centrally-mediated effects. Cisapride is 
a potent ligand at 5HT4 receptors, and these receptors are 
located in several areas of the central nervous system. 

Modulation of serotonergic systems has a variety of behav 
ioral effects. According, the compounds of the subject 
invention can be used in the treatment of: 1) cognitive 
disorders, including but not limited to AlZheimer’s disease; 
2) behavioral disorders, including but not limited to schiZo 
phrenia, mania, obsessive-compulsive disorder, and psycho 
active substance use disorders; 3) mood disorders, including 
but not limited to depression and anxiety; and 4) disorders 
of control of autonomic function, including but not limited 
to essential hypertension and sleep disorders. 

[0075] Accordingly, the present invention also provides 
methods of treating cognitive, behavioral, mood, or auto 
nomic function control disorders in a mammal comprising 
the administration of a therapeutically effective amount of 
esteri?ed cisapride, or a pharmaceutically acceptable salt 
thereof. Preferably, the mammal is a human. 

[0076] The term “pharmaceutically acceptable salts” or “a 
pharmaceutically acceptable salt thereof” refer to salts pre 
pared from pharmaceutically acceptable non-toxic acids or 
bases including inorganic acids and bases and organic acids 
and bases. Since the compound of the present invention is 
basic, salts may be prepared from pharmaceutically accept 
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able non-toxic acids. Suitable pharmaceutically acceptable 
acid addition salts for the compound of the present invention 
include acetic, benZenesulfonic (besylate), benZoic, cam 
phorsulfonic, citric, ethenesulfonic, fumaric, gluconic, 
glutamic, hydrobromic, hydrochloric, isethionic, lactic, 
maleic, malic, mandelic, methanesulfonic, mucic, nitric, 
pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric 
acid, p-toluenesulfonic, and the like. Preferred acid addition 
salts are the chloride and sulfate salts. In the most preferred 
embodiment, esteri?ed cisapride analogs are administered as 
the free base. 

[0077] The term “therapeutically effective amount” 
means: 1) an amount suf?cient to alleviate re?ux disease, 2) 
an amount suf?cient to alleviate nausea and vomiting, or 3) 
an amount suf?cient to alleviate a condition caused by 
gastrointestinal motility dysfunction. Therapeutically effec 
tive amounts of esteri?ed cisapride are encompassed by the 
above-described dosage amounts and dose frequency sched 
ule. 

[0078] A “mammal” may be, for example, a mouse, rat, 
pig, horse, rabbit, goat, pig, coW, cat, dog, or human. In a 
preferred embodiment, the mammal is a human. 

[0079] The term “individual(s)” is de?ned as a single 
mammal to Which is administered a compound of the present 
invention. The mammal may be a rodent, for example a 
mouse or rat, pig, horse, rabbit, goat, pig, coW, cat, dog, or 
human. In a preferred embodiment, the individual is a 
human. 

[0080] The term “esteri?ed cisapride” means therapeutic 
compounds of the subject invention Which contain an ester 
group Which does not detract from the ability of these 
compounds to provide a therapeutic bene?t, but Which 
makes these compounds more susceptible to degradation by 
hydrolases, particularly serum and/or cytosolic esterases, 
and Which reduces the interaction of the cytochrome P-450 
drug detoxi?cation system With the cisapride compounds. 
Esterase mediated metabolism of the esteri?ed cisapride 
compounds reduces the role of the cytochrome P-450 drug 
detoxi?cation system in cisapride metabolism and reduces 
or eliminates adverse effects caused by cisapride. 

[0081] The term “adverse effects” includes, but is not 
limited to, gastrointestinal disorders such as diarrhea, 
abdominal cramping, and abdominal grumbling; tiredness; 
headache; increased systolic pressure; death; ventricular 
tachycardia; ventricular ?brillation; torsades de pointes; QT 
prolongation; increased heart rate; neurological and CNS 
disorders; and interaction of cisapride With other drugs given 
concurrently such as digoxin, diaZepam, ethanol, acenocou 
marol, cimetidine, ranitidine, paracetamol, and propranolol. 

[0082] The term “gastroesophageal re?ux disease” as used 
herein means the incidence of, and the symptoms of, those 
conditions causing the backWard How of the stomach con 
tents into the esophagus. 

[0083] The terms “eliciting an anti-emetic effect” and 
“anti-emetic therapy” as used herein mean providing relief 
from or preventing the symptoms of nausea and vomiting 
induced spontaneously or associated With emetogenic can 
cer chemotherapy or irradiation therapy. 

[0084] The term “treating a condition caused by gas 
trointestinal motility dysfunction” as used herein means 
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treating the symptoms and conditions associated With this 
disorder Which include, but are not limited to, dyspepsia, 
gastroparesis, constipation, post-operative ileus, and intes 
tinal pseudo-obstruction. 

[0085] The term “prokinetic” as used herein means the 
enhancement of peristalsis in, and thus the movement 
through the gastrointestinal tract. 

[0086] The term “dyspepsia” as used herein means a 
condition characteriZed by an impairment of the poWer or 
function of digestion that can arise as a symptom of a 
primary gastrointestinal dysfunction or as a complication 
due to other disorders such as appendicitis, gallbladder 
disturbances, or malnutrition. 

[0087] The term “gastroparesis” as used herein means a 
paralysis of the stomach brought about by a motor abnor 
mality in the stomach or as a complication of diseases such 
as diabetes, progressive systemic sclerosis, anorexia ner 
vosa, or myotonic dystrophy. 

[0088] The term “constipation” as used herein means a 
condition characteriZed by infrequent or dif?cult evacuation 
of feces resulting from conditions such as lack of intestinal 
muscle tone or intestinal spasticity. 

[0089] The term “post-operative ileus” as used herein 
means an obstruction in the intestine due to a disruption in 
muscle tone folloWing surgery. 

[0090] The term “intestinal pseudo-obstruction” as used 
herein means a condition characteriZed by constipation, 
colicky pain, and vomiting, but Without evidence of physical 
obstruction. 

[0091] All patents, patent applications, provisional appli 
cations, and publications referred to or cited herein are 
incorporated by reference in their entirety to the extent they 
are not inconsistent With the explicit teachings of this 
speci?cation. 
[0092] FolloWing is an example Which illustrates proce 
dures for practicing the invention. This example should not 
be construed as limiting. All percentages are by Weight and 
all solvent mixture proportions are by volume unless other 
Wise noted. 

EXAMPLE 1 

Synthesis of Speci?c Compounds of the Subject 
Invention 

[0093] Preferred compounds of the subject invention have 
the Formula (lb) Where the substituents at the 3- and 
4-positions of the piperidine ring have the cis-con?guration, 
R1 is methoxy, R2 is hydrogen, R4 is methoxy, R5 is amino, 
R6 is chloro in the 2-, 4-, and 5-positions of the benZamide 
ring, respectively. In particularly preferred compounds, L 
has the Formula (II) Wherein n=2, m=O, X is a direct bond, 
and Y is hydrogen, methyl, ethyl, isopropyl, sec-butyl, or 
4-?uorophenyl. The common intermediate to these preferred 
compounds is compound 9 as described beloW. 

[0094] The synthesis can be described in more details as 
folloWs: 

[0095] 1-carbethoxy-4-piperidone 1 reacts With bromine 
in an inert solvent such as dichloromethane to give high 
yields of 1-carbethoxy-3-bromo-4-piperidone 2. The bromo 
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compound 2 reacts With sodium methoXide in methanol to 
give 1-carbethoXy-3-hydroXy-4,4-dimethoXypiperidine 3, 
Which in turn is alkylated to the corresponding 3-methoXy 
analog 4 With iodomethane in dimethylformamide in the 
presence of sodium hydride. The ketal 4 is hydrolyzed to 
1-carbethoXy-3-methoXy-4-piperidone 5 by stirring in 1% 
sulfuric acid at room temperature. The amine 6 of cis 
con?guration is then readily obtained by reductive alkyla 
tion of 5 With benZylamine in the presence of hydrogen gas 
and 10% Pd/C With a small amount of thiophene. Further 
hydrogenolysis of the benZyl moiety With Pd/C and no 
thiophene gives the primary amine 7. Compound 7 in turn 
reacts With the commercially available 4-amino-5-chloro-2 
methoXybenZoic acid in the presence of DCC and dim 
ethyaminopyridine in dichloromethane to give the benZa 
mide 8. Compound 8 is then hydrolyZed to the intermediate 
2 With potassium hydroxide in ethanol/Water. 

[0096] The intermediate 9 reacts With acrylic acid or an 
ester thereof in the presence of a base such as diethylamine 
to give the ?nal compounds 11 (see diagram beloW). 

NH2 

c1 

ocH3 

o N H 

OMe 

ethanol 
—> 

diethylamine /\COOR 
10 

N 

H 

Cl 

OMe 

0 OR 

11 R=H, methyl, ethyl 
isopropyl, sec-butyl 
4-fluorophenyl 

[0097] For example: Acryloyl chloride and 4-?uorophenol 
react in dichloromethane in the presence of triethylamine to 
give 4-?uorophenyl acrylate 10 (R=4-?uorophenyl). Com 
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pound 10 is then added to a solution of 2 in ethanol and 
diethylamine to give 11 (R=4-?uorophenyl) after usual 
Workup. 

EXAMPLE 2 

Additional Synthesis Protocols 

[0098] In addition to the general synthetic methods 
described above, the folloWing procedures can also be 
utiliZed: 

[0099] The compounds of Formula (I) Wherein X is oXy 
gen and RI is methoXy can be prepared by reduction of a 
compound of Formula (VIII) With sodium borohydride in 
loWer alkanol solvent, folloWed by coupling of the resulting 
alcohol With a substituted benZoic acid of Formula (V) 
in the presence of a coupling reagent such as a dialkylcar 
bodiimide. 

0 OH 

R1 R1 

0 OH 
NaBH4 / 
—> R4\ ): R6 

N N K/ L/ L/ \ \ 
VII X v R5 

I 

[0100] Compounds of Formula I Where L is 
CHZCHMeCOOR can be prepared by reacting the amine 
intermediate IX With methacrylic acid or an ester thereof, 
optionally in the presence of a base such as Triton B or 
triethylaamine. 

[0101] Compounds of Formula I Where L is 
CHZCMeZCOOR can be prepared according to KatritZky et 
al., Synthesis (1989), 747 by reacting the benZotriaZolylm 
ethyl derivative of the amine intermediate IX With a 2-bro 
moisobutyric acid ester in the presence of Zinc and trimeth 
ylsilyl chloride. 

[0102] Compounds of Formula I Where L is CHZCOOR 
are prepared by alkylating intermediate IX With bromoacetic 
acid or an ester thereof in the presence of a base such as 
potassium carbonate or triethylamine in an inert solvent such 
as tetrahydrofuran or dimethylformamide. 

[0103] Compounds of Formula I Where L is (CH2)3COOR 
can be made by alkylating intermediate IX With 4-bromobu 
tyric acid or an ester thereof in the presence of a base such 
as potassium carbonate or triethylamine in an inert solvent 
such as tetrahydrofuran or dimethylformamide. 
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EXAMPLE 3 

Additional Synthesis Procedures 

[0104] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin-1-yl]-propionic Acid 

Cl 

ocH3 

[0105] A solution of 4-arnino-5-chloro-2-rnethoxy-N-(3 
rnethoxy-piperidin-4-yl)-benZarnide (1 g, 3.2 rnrnol), and 
241 uL of acrylic acid in 50 ml dichlorornethane Was stirred 
under nitrogen for 6 hr then concentrated in vacuo. The 
residue Was slurried With hot ethyl acetate and ?ltered at 
room temperature to yield 1.15 g of product as a White solid. 

[0106] Substituting Methacrylic Acid for Acrylic Acid 
Provided: 

[0107] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin-1 -yl] -2-rnethyl-propionic 
Acid 

ocH3 

C1 

H— N N OH 

O O 

EXAMPLE 4 

Additional Synthesis Procedures 

[0108] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin-1-yl]-propionic Acid Methyl 
Ester 

C1 

H—N N ocH3 

O O 

ocH3 

[0109] A solution of 640 mg of 3-[4-(4-Arnino-5-chloro 
2-rnethoxy-benZoylarnino)-3-rnethoxy-piperidin-1-yl]-pro 
pionic acid in 20 ml methanol was treated With 1 ml sulfuric 
acid and heated at re?ux under argon for 3 hr. The mixture 
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Was diluted with sodium carbonate solution, extracted into 
dichlorornethane dried over sodium sulfate, and concen 
trated in vacuo to provide 600 mg of crude ester as an oil. 

Trituration With rnethanol/ethyl acetate afforded a crystalline 
solid. 

[0110] The folloWing compounds can be similarly pre 
pared: 

[0111] 3-[4-(4- amino-5 -chloro -2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin- 1 -yl] -propionic acid 
ethyl ester 

[0112] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin-1-yl]-propionic acid iso 
propyl ester 

[0113] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin-1-yl]-propionic acid 
2-rnethoxy-ethyl ester 

[0114] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin-1-yl]-propionic acid 
cyclohexyl ester 

[0115] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin-1-yl]-2-rnethyl-propi 
onic acid ethyl ester 

[0116] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin-1-yl]-2-rnethyl-propi 
onic acid isopropyl ester 

[0117] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-piperidin-1-yl]-2-rnethoxy-propi 
onic acid 2-rnethoxy-ethyl ester 

[0118] 3-[4-(4-arnino-5-chloro-2-rnethoxy-benZoy 
larnino)-3-rnethoxy-pieridin-1-yl]-2-rnethyl-propionic 
acid cyclohexyl ester 

EXAMPLE 5 

Additional Synthesis Procedure 

[0119] [4-(4-arnino-5-chloro-2-rnethoxy-benZoylarnino) 
3-rnethoxy-piperidin-1-yl]-acetic acid methyl ester 

ocH3 

[0120] Arnixture containing 313 mg norcisapride and 276 
mg potassium carbonate in 10 ml DMF Was treated With 153 
mg of brorno-acetic acid methyl ester. The reaction Was 
stirred at ambient temperature for 8 hr. Extractive Workup 
With Waterdichlorornethane folloWed by ?ash chrornatogra 
phy afforded 455 mg of product. 
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[0121] The following compounds can be similarly pre 
pared: 

[0122] [4-(4- amino-5 -chloro -2-methoxy-benZoy 
lamino)-3-methoxy-piperidin- 1 -yl]-acetic acid phenyl 
ester 

[0123] [4-(4- amino-5 -chloro -2-methoxy-benZoy 
lamino)-3-methoxy-piperidin- 1 -yl]-acetic 
4-?uoro-benZyl ester 

acid 

EXAMPLE 60 

Additional Synthesis Procedures 

[0124] 4-[4-(4-amino-5-chloro-2-methoxy-benZoy 
lamino)-3-methoxy-piperidin-1-yl]-butyric acid ethyl ester 

c1 

H — N N 

HZN 

o ocH3 

ocH3 o 

[0125] Amixture containing 313 mg norcisapride, 276 mg 
potassium carbonate, and a pinch of sodium iodide in 10 ml 
DMF Was treated With 195 mg 4-bromo-butyric acid ethyl 
ester. The reaction Was stirred at ambient temperature for 14 
hr. Extractive Workup With Water/dichloromethane folloWed 
by ?ash chromatography afforded 230 mg of product. 

[0126] The folloWing compounds can be similarly pre 
pared: 

[0127] [4-(4- amino-5 -chloro -2-methoxy-benZoy 
lamino)-3-methoxy-piperidin- 1 -yl] -butyric acid phenyl 
ester 

[0128] [4-(4- amino-5 -chloro -2-methoxy-benZoy 
lamino)-3-methoxy-piperidin- 1 -yl] -butyric 
4-?uoro-benZyl ester 

acid 

EXAMPLE 7 

Activity Assay 
[0129] A segment of oesophagus obtained from Wistar 
derived male or female rats Weighing 270125 g and sacri 
?ced by C02 overexposure is used. The tissue is placed 
under 1 g tension in a 10 mL bath containing 3 IM 
indomethacin and 1 pM ketanserin in Krebs solution pH 7.4 
and at 32° C. and submaximal tonic isometrically recorded 
contraction is induced by carbachol (1 pM). Test substance 
(30 pM)-induced relaxation by 50 percent or more (250%) 
Within 5 min, relative to control 0.3 pM serotonin (5-HT) 
response, indicates possible receptor agonist activity. 

[0130] At a test substance concentration Where no signi? 
cant agonist activity is seen, ability to reduce the serotonin 
induced relaxatant response by 50 percent or more (250%) 
indicates receptor antagonist activity. 

[0131] It should be understood that the examples and 
embodiments described herein are for illustrative purposes 
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only and that various modi?cations or changes in light 
thereof Will be suggested to persons skilled in the art and are 
to be included Within the spirit and purvieW of this appli 
cation and the scope of the appended claims. Further, all 
patents, patent applications, provisional applications, and 
publications referred to or cited herein are incorporated by 
reference in their entirety to the extent they are not incon 
sistent With the explicit teachings of this speci?cation. 

1. A method for treating a disease state Which can be 
improved by stimulating the motility of the gastrointestinal 
system Wherein said method comprises administering, to an 
individual in need of such a treatment, a compound, or an 
analog or salt thereof, Wherein said compound has the 
folloWing structure: 

(1) 

Wherein: 

XisOorN; 

R3 is H or CL3 alkyl (if X is an oxygen atom, then R3 does 
not exist); 

R4, R5, and R6 are each, independently, selected from the 
group consisting of hydrogen, C1_4 alkyl, —OC1_ 
4alkyl, halogen atom, hydroxy, cyano, nitro, amino, 
mono- and di(loWer alkyl)amino, aminocarbonyl, aryl 
carbonylamino, alkylcarbonylamino, loWer-alkyl car 
bonyl, loWer-alkyl carbonyloxy, aminosulfonyl, loWer 
alkylsul?nyl, loWer-alkylsulfonyl, loWer-alkylthio and 
mercapto; and 

Wherein L has the formula —CnH2n—X—CmH2m— 
(CRQR1O)P—(C=O)O—Y, Wherein 

n is an integer from 1 to 4 inclusive; 

X is —CH(OH)—, —NH—, —S—, —O—, or a direct 
bond; 

m is an integer from 0 to 4 inclusive; 

p is 0 or 1; 

R9 and R10 are, independently, H, C1_4 alkyl, or RQR1O are 
linked and together form a 5- or a 6-membered 
cycloalkyl ring; and 

Y is H, C1_ 4 alkyl or cycloalkyl optionally substituted by 
1 or more heteroatoms selected from the group con 

sisting of O; N; S; or aryl or heteroaryl optionally 
substituted by 1 or more halogen atoms, C1_4 alkyl, 
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C1_4alkoXy, hydroXy, cyano, amino, alkylamino, 
dialkylamino, tri?uoromethyl, —COOH, or —COOC1_ 
4alkyl. 

2. The method, according to claim 1, wherein said disease 
state is selected from the group consisting of gastroesoph 
ageal re?ux disease, dyspepsia, gastroparesis, constipation, 
post-operative ileus, and intestinal pseudo-obstruction. 

3. The method, according to claim 2, Wherein said disease 
state is gastroesophageal re?ux disease. 

4. The method, according to claim 1, Wherein said indi 
vidual is a human. 

5. The method, according to claim 1, Wherein R4, R5, and 
R6 are, independently, selected from the group consisting of 
halo, amino, mono- and dialkylamino, and loWer alkyloXy. 

6. The method, according to claim 1, Wherein R4 is 
methoXy, R5 is amino or methylamino, and R6 is chloro, in 
the 2-, 4-, and 5-position of the phenyl ring, respectively. 

7. The method, according to claim 1, Wherein said com 
pound is selected from the group consisting of: 

(H121) 
OCT-I3 

O 

L— N NH—<< OCT-I3 

Cl NHZ 

(HUD) 
QOCH3 

.- O 

L—N >--IIIINH OCT-I3 

Cl NHZ 

Where 111a and IIIb are mirror images of each other (enan 
tiomers), and Where L is de?ned as shoWn in Formula (II): 

<11) 

Where n—1 to 4, m—O to 4, X is a direct bond and Y is 
hydrogen, loWer alkyl, or substituted aryl. 

8. The method, according to claim 1, Wherein R1=OCH3; 
R2—H; X=O or N (if X=N, then R3=H); R4, R5, and R6 
are methoXy, amino, and chlorine at the 2, 4, and 5-position 
of the phenyl ring, respectively. 

9. The method, according to claim 1, Wherein both 
asymmetric centers are in the cis-con?guration. 

10. Acompound, or an analog or salt thereof, Wherein said 
compound has the folloWing structure: 
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(I) 

Wherein: 

XisOorN; 

R3 is H or CL3 alkyl (if X is an oXygen atom, then R3 does 
not exist); 

R4, R5, and R6 are each, independently, selected from the 
group consisting of hydrogen, C1_4 alkyl, —OC1_ 
4alkyl, halogen atom, hydroXy, cyano, nitro, amino, 
mono- and di(loWer alkyl)amino, aminocarbonyl, aryl 
carbonylamino, alkylcarbonylamino, loWer-alkyl car 
bonyl, loWer-alkyl carbonyloXy, aminosulfonyl, loWer 
alkylsul?nyl, loWer-alkylsulfonyl, loWer-alkylthio and 
mercapto; and 

n is an integer from 1 to 4 inclusive; 

X is —CH(OH)—, —NH—, —S—, —O—, or a direct 
bond; 

m is an integer from 0 to 4 inclusive; 

p is 0 or 1; 

R9 and R10 are, independently, H, C1_4 alkyl, or RQR1O are 
linked and together form a 5- or a 6-membered 

cycloalkyl ring; and 

Y is H, C1_4 alkyl or cycloalkyl optionally substituted by 
1 or more heteroatoms selected from the group con 

sisting of O; N; S; or aryl or heteroaryl optionally 
substituted by 1 or more halogen atoms, C1_ 4 alkyl, 
C1_4alkoXy, hydroXy, cyano, amino, alkylamino, 
dialkylamino, tri?uoromethyl, —COOH, or —COOC1_ 
4alkyl. 

11. A method for treating a condition Which is susceptible 
to treatment by modulation of serotonergic systems Wherein 
said method comprises administering to an individual in 
need of such treatment, an effective amount of a compound, 
or an analog or salt thereof, Wherein said compound has the 
folloWing structure: 
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(I) 

wherein: 

XisOorN; 
R3 is H or C1_3 alkyl (ifX is an oxygen atom, then R3 does 

not exist); 

R4, R5, and R6 are each, independently, selected from the 
group consisting of hydrogen, C1_4 alkyl, —OC1_ 
4alkyl, halogen atom, hydroXy, cyano, nitro, amino, 
mono- and di(loWer alkyl)amino, aminocarbonyl, aryl 
carbonylamino, alkylcarbonylamino, loWer-alkyl car 
bonyl, loWer-alkyl carbonyloXy, aminosulfonyl, loWer 
alkylsul?nyl, loWer-alkylsulfonyl, loWer-alkylthio and 
mercapto; and 

n is an integer from 1 to 4 inclusive; 

X is —CH(OH)—, —NH—, —S—, —O—, or a direct 
bond; 

m is an integer from 0 to 4 inclusive; 

p is 0 or 1; 

R9 and R10 are, independently, H, CL4 alkyl, or RQR1O are 
linked and together form a 5- or a 6-membered 
cycloalkyl ring; and 

Y is H, C1_4 alkyl or cycloalkyl optionally substituted by 
1 or more heteroatoms selected from the group con 

sisting of O; N; S; or aryl or heteroaryl optionally 
substituted by 1 or more halogen atoms, C1_4 alkyl, 
C1_4alkoXy, hydroXy, cyano, amino, alkylamino, 
dialkylamino, tri?uoromethyl, —COOH, or —COOC1_ 
4alkyl. 

12. The method, according to claim 11, Wherein said 
condition is selected from the group consisting of 1) cog 
nitive disorders, 2) behavioral disorders, 3) mood disorders, 
and 4) disorders of control of autonomic function. 

13. The method, according to claim 12, Wherein said 
cognitive disorder is AlZheimer’s disease. 

14. The method, according to claim 12, Wherein said 
behavioral disorder is selected from the group consisting of 
schiZophrenia, mania, obsessive-compulsive disorder, and 
psychoactive substance use disorders. 
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15. The method, according to claim 12, Wherein said 
mood disorder is selected from the group consisting of 
depression and anXiety. 

16. The method, according to claim 12, Wherein said 
disorder of control of autonomic function is selected from 
the group consisting of essential hypertension and sleep 
disorders. 

17. The method, according to claim 11, Wherein said 
individual is a human. 

18. The method, according to claim 11, Wherein R4, R5, 
and R6 are, independently, selected from the group consist 
ing of halo, amino, mono- and dialkylamino, and loWer 
alkyloXy. 

19. The method, according to claim 11, Wherein R4 is 
methoXy, R5 is amino or methylamino, and R6 is chloro, in 
the 2-, 4-, and 5-position of the phenyl ring, respectively. 

20. The method, according to claim 11, Wherein said 
compound is selected from the group consisting of: 

(IIIa) 
OCH3 

O 

L— N NH—j OCH3 

Cl NHZ 

(Hlb) 
QCH3 

" o 

L_N >-IIIIINH OCT-I3 

Cl NHZ 

Where 111a and IIIb are mirror images of each other (enan 
tiomers), and Where L is de?ned as shoWn in Formula (II): 

Where n=1 to 4, X is a direct bond and Y is hydrogen, loWer 
alkyl, or substituted aryl. 

21. The method, according to claim 11, Wherein 
R1=OCH3; R2=H; X=O or N (if X=N, then R3=H); R4, 
R5, and R6 are methoXy, amino, and chlorine at the 2, 4, and 
5-position of the phenyl ring, respectively. 

22. The method, according to claim 11, Wherein both 
asymmetric centers are in the cis-con?guration. 

* * * * * 


