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Noncardiotoxic Pharmaceutical Compounds

Cross-Reference to Related Applications

This patent application claims the benefit of prior filad copending provisional appiication
numbers 60/600,899 filed August 11, 2004, and 80/673,545 filed Aprit 21, 2005 each
titied Noncardiotoxic Pharmaceutical Compositions, which are hersby incorporated by
reference in their entirety.

Background of the invention

- The present invention relates to novel noncardiotoxic compounds and pharmaceutical

compositions useful in the treatment of 2 variety of disorders including the treatrment of
depression, allergies, psychoses, infection, cancer and gasirointestinal disorders. The
compounds and pharmaceutical compositions of the presant invention are useful ih the
prevention and/or reduction of severe cardiac conductance and cardiac rhythm
disturbances and the cardiac arrhythmias such as forsade de pointes that lead to
sudden cardiac death. .

The annual incidence of sudden cardiac death is estimated to be greater than 400,000
persons in the United States alone, and accounts for approximately 50% of all deaths
from cardiovascular disease (Chugh et al. Journal American Coliege of Cardiology 44:
126881275 (2004); U.8. Centers for Disease Controt; Chugh et al. Circutation 102:648-
854 (2000)). Although the occcurrence of sudden cardiac death in the general population
is high, the incidence (as 2 percent of the total) in patients over 64 yaars of age and in
patients with cardiovascular disease is considerably higher (Hulkuri et al. New Engtand
Journal of Medicine 345(2):1473-1482{2001); Morbidity and Moriality: 2004 Chart Book
on Cardiovascuiar, Luhg and Biood Diseases, National institutes of Health (May 2004):
and Myerburg et al. Annals of Infernal Medicine 119:1187-1187 {1983)). According o the
World Health Organization, the non-cardiovascutar drugs most commonly associated
with forsade de poinfes batween 1883 and 189¢ are gasirointesiinal, antiinfective,

antidepressant, antthistaminic ané antipsychotic agents. Moreover, antipsychotic,
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antidepressant and cardiovascular drugs account for over 40% of falalities for all
pharmaceutical agents (The 2002 Annual Repor! of the American Association of Poison
Contro! Centers Toxic Exposure Surveillance System (AAPCC-TESS)).

it has been reported that the incidence of sudden cardiac death is clearly associated
with increasing amounts of anfidepressant and antipsychotic drugs at therapsutically
relevant deses (Ray, AR et al. Clinical Pharmacology and Therapeutics 75(3): 234-241
(2004); Ray, AR et al. Archives General Psychiatry 58: 1162-1167 (2001)). Although low
therapeuiic doses of these types of drugs (< 100 mg dsily) are not associated with
sudden cardiac death, moderate and high therapeutic doses of these drugs {= 100 mg
daily) are clearly associated with sudden cardiac death. Not only is the incidence of
sudden death in patients with cardiovascular disease and treated with these drugs
considerably higher than patients without cardicvascular disease, the incidence of
sudden death in these patients is clearly correlated with the severity of cardiovascuiar
diseass {Ray, AR at al. Archives Generai Psychiatry 58; 11682-1167 (2001},

Antipsychotics primatily antagonize central dopaminergic D, receptor neurotransmission,
although they aiso have antagonist effects at muscarinic, serctonergic, u.-adrenergic,
and Hi-histaminergic recepiers, Because antipsychotics are also are used as sedatives,
as antiemelics, to confrol hicocups, fo treat migraine headaches, and as antidoies for
drug-induced psvchosis, the adverse effects of aniipsychotics are not confined to
psychiatric patients. Antipsychotics are capable of causing orthostatic and severe
hypotension, as well as prolongation of the QT¢ interval and QRS which can result in
arrhythmias. Antipsychotics account for about 18 % of moderate (pronounced) toxicity,
over 20% of iife-threatening toxicity and 17% of theé fataiilies of all pharmaceuiicals,

Tricyciic antidepressants causa the overwhelming majority of anfidepressant poisoning
in the United States resulting in morbidity and moriality, the most severs toxiclly ocours
in the cardiovascular system. Anfidepressants accourt for about 18 % of moderate
(pronounced) ioxiclly and 18% of life-threatening foxicity of the fatalities of all
pharmacauiicals,

Antidepressants affect the prolongation of the QTc interval causing cardictoxicity that
result from direct myocardiat depression, cardisc conduction disturbances, effecis on
peripheral vasomotor tone, and changes in the aufonomic nervous system. The

2
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interaciions of tricyclic antidepressants with fast sodium channels in cardiac tissue
results in siowad cardiac conduction (e.g. prolonged QRS on the FCG), impaired cardiac
contractility and possible ventricuiar dysrhythmias and inhibition of repolarization in His-
Furkinje myocytes (e.g. prolonged QTc¢ on the ECG).

Torsade de poinfes is a particular cardiac problem associated with many therapeutic
agents and has been implicated as a possible cause of sudden death, particularly in
those individuais with a past history of disturbances of cardiac rhythm, myocardial
infarcfion, congenital repolarization abnormalities and cardiac risk factors such as
hyperlipidemia and age. This arrhythmia is a wvariant of paroxysmal ventricular
tachycardia associated with & prolonged QTc interval or prominent U waves on the ECG.
Aithough torsade de poinfes might remit spontaneously, it is potentially lethal becauss it
can progress to ventricular fibrillation, life-threatening arrhythimizs or precipitate sudden
death,

Drug-induced QTc interval prolongation may be ciinically important even if the mean
increase is not very large. For example, the drug terodiline was withdrawn afier causing
QTce interval profongation, forsade de pointes, and sudden death. in heaithy volunteers,
therapeutic plasma concentrations of terodiiine are associated with increases in mean
QTe¢ of only 23 ms, which are similar to the increases associated with quinidine and
prenylamine. Nevertheiess, much larger increases occurred in a minorify of patients who
developed arrhythmias. These included those predispesed by existing probiems such as
heart disease and congenital repolarization abnormalities. Thus, benign QTc interval
prolongation in one subject may indicate that another more susceptible patient might
devetop extreme QTc¢ interval prolongation and arrhythmias with the same drug at the
same dose. Furthermore, small increases in QTc interval might increase the risk of
ventricuiar fibrillation/ forsade de pointes over a large population. The number of excess
cases of sudden death in the large numbers of patients with minor QTc interval
prolongation might actually exceed those in the smali numbers of patients with extreme
QTc interval prolongation. Nevertheless, the potential of a drug to cause QTc¢ interval
prolongation is currently believed to be the lower threshoid of determining the
cardiotoxicity of a therapeutic drug.
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To date, the understanding of QTc intervai proiongation has focused on defective
repolarization of the heart fhrough blockade of K channels, either alons or in
combination with Na~ channel modulation. Prevailing theories also suggest that the
arrhythmogenic [potential of drugs is based on elevated plasma tevels of parent drug
that are not metabolized. Despite attempts to correlate the biockade of human cardiac
K™ channels, such as the Herg channel, with forsads de pointes and sudden cardiac
death, very fittle evidence exists to support this correlation. In fact, a number of severaly
cardiotoxic drugs that have been withdrawn from the market or denied approval by the
FDA have insignificant effects on the Herg channel,

Although data has existed for decades that demonstrates adverse conductance changes
and arrhythmias in patients having higher than normal plasma concentrations of drug
metabolites, the cardiotoxic effects of these metaboiites have received relatively fitle
attention. These observed adverse cardiac conductance changes reflect significant
changes in cardiac depolarization (QRS interval prolongation and dispersion) and atrial
block (PR interval prolongation) that were correlated with elevated plasma levels of
hydroxylated drug metabolites in clinical studies (Kutcher 3P at al, British Journal of
Psychiatry 148: 676-679 (1586); Stern SL et al. Journal of Clinical Pharmacology 11 83-
88 (1991); Vozeh § et al. Amarican Journal of Cardiology 59: 681-684 (1987); Vozeh &
et al. Clinical Pharmacology and Therapeutics 37:575-681 (1985); Draver DE et al.
Clinical Pharmacology and Therapeutics 24: 31-38 (1878)); in isolated perfused heart
studies {Uematsu T et al. Archives of International Pharmacodynamics 297; 28-38
(1989); Uematsu T. &t al. Journal of Pharmacological Methods 18: 179-185 (1887); and
in animal studies (Policck BG Ph.D. Dissertation University of Pittsburgh 1987; Pollack
BG and Perel JM Psychopharmacology 109 57-82 (1992), Jandhyala HS et al
European Journal of Pharmacology 420 403-410 {1977)). Hydroxylated drug
metabolifes have aiso been reported to be responsible for severs cardiotoxic effects in
vitro (Chem. Res. Toxicology (17: 623-832 (2004)).

A considerable number of cardiovascular and noncardiovascular therapeutic agents rely
on seconcary and terfiary amine structural motifs ir their chemical structurs that are
responsible for their pharmacological activity. Many cardiovascular drugs, inciuding
antiarthythmics, caicium channel antagonists, adrenergics and B-blockers contain

essential secondary and tertiary amines in their chemical structure. Entire therapeutic
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classes of non-cardiovascular drugs, including antidepressants, antihistamines and
anfipsychotics rely on the secondary and fertiary amine funclionality for their primary -
activity, Others, such as gastrointesiinal and antiinfective drugs do not necessarily rely
on the secondary and tertiary amine group for their primary activity; but, include this
structural mofif as part of their chemical structure. Cardiotoxicity associated with the
therapeutic use of secondary and tertiary amine-containing drugs is reflected in 2 variety
of cardiac disturbances, including notable changes in ECG, polymorphic ventricuiar
fachycardia, negative inofropism, drops in blood pressure, orthostatic hypotension and

depressed cardiac contractifity resulting in acute cardiac arrest.

Serious cardiac arrhythmias (both fatal and non-fatal} inciuding tachycardia, ventricular
fibrillation, forsades de pointes, and QTc interval prolongation have been reportad in
patients {eking individual secondary end terflary amine-containing drugs that are
oxidized by cytochrome P450 2B6 or combinations of sscondary and terfiary amine-
containing drugs that inhibit cytechrome P450 3A4. Drugs known to inhibit metabolism of
secondary and terttary amine-containing drugs by cytochrome P450 3A4 include, inter
alia, ketoconazole, itraconszole, micoconazole, roleandomycin, erythromyein,
fiuconazole and clarithromycin. 1t is generally believed that inhibitton of a drug's
metabolism by cytochrome P450 3A4 increases the plasma concentration of the parent
amine-centaining drug 1o toxic levels, however, this view has not been supported by
rigorous examination and discrimination between plasma levels of the parent drugs and
their metabolites. An alternate axplanation is that inhibition of cytochrome P450 3A4 by
inhibifors adminisiered concomitanﬂy “switches” the metabofism of the parent compound
from one involving both cytochrome P450 3A4 and cyiochiome P450 208 o the
metabolism of the parent drug primarily by cylochrome P45Q 2D6,
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Cisapride (Propulsid®), shown below, was commonly used to treat nocturnal heartbumn

as well as a variety of other gastrointestinal disorders:
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Cisaptide (Propuisid® was recently removed from the market by the FDA because of the
QTe¢ interval prolongation and life-threatening ventricutar arrhythmias such as forsade de
pointes which produced sudden cardiac death. These cardiotoxic effects are believed to
be due to cardiac conduction delays such as the spacific and potent blockade of human
cardiac K’ channels, particularly the HERG channels. The specific, high affinity block of
the human cardiac K© channel HERG by cisapride (ICs of 0.045 uM) is similar to that
ohsarved for the class i antiarrhythmic agent dofetiide (1Cs of 010 pM) and the
nonsedating antihistamines astemizole (ICs) of 001 uM) and terfenadine (1Cg) of 0.213
ubdy. it is further belisved that this biockade of human cardiac K' channels underiies the
proarrhythmic effects of the drug chserved under certain clinical settings. In guinea pig
venincular myooytes cisapride elicited a concentration-dependent block (10 of 48.9 ul)
of L-type Ca2® channels suggesting that the inhibitory effect of cisapride on caicium
channals might also contribute fo its cardiotoxicity under pathophysiciogical conditions.
Cisapride is metabolized by both cytochrome P450 3A4 and cylochrome P450 206
howaver the primary metabolic route is balieved to be through cylochrome P450 3A4,
When higher than normal dosages of cisapride are used or with concomitant ingestion of
imidazoie antifungals or macrolide antibictics, it is believed that cisapride is metabolized
to cardiotoxic metabolites through aromatic hydroxylation primarfly by cytochrome P450
208,

Astemizole (Hismanal®) and terfenadine (Seldans®) are H; histamine antagonists that
have also been removed from the market by the FDA because of QTc interval
profongation and ventricutar arrhythmias such ag forsade de poinfes which produced
sudden cardiac death.
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Astemizole (Hismanal®), shown below, was commonly used to treat the symptoms

associated with seasonal allergic rhinitis and chronic idiopathic uriicaria.
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Terfenadine (Seldane®), shown below, was commonily used to symptoms associated

with seasonal allergic rhinitis such as sneezing, rhinorrhea, pruritus, and
lacrimation.
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Astemizoie (Hismanal®) and terfenadine (Seidane®) are metabolized by both cytochrome
P450 3A4 and cytochrome P450 2D8, and at least astemizoie is believed to be
metabolized to cardiotoxic metaboiites through aromatic hydroxylation, Terfenading is
beiileved 1o be metaboiized to cardiotoxic metabolites primarily through aliphatic
oxidation. Terfenadine and astemizole suppress the HERG current with iCy, of 0213 UM
and 0.6C1 uM, respeclively. Clinical use of zstemizole and terfenadine has been
associaled with hypotension, QTc¢ interval prolongation, developmeni of satly after-
depolarization, forsade de pointes, cardiac arrest and sudden death. It is believed that
forsade de pointes occurs whan higher than normal dosages of astemizole are used or
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with concomitant ingestion of imidazole antifungals or macrolide antibiotics. Concomitant
administration of astemizole with ketoconazole, iraconazole, erythromycin,
clarithromycin or quinine was contraindicated. it is belisved that these cardiovascular
effects resulting in electrocardiographic conductance defects are associated with
elevation of astemizole or iis metabolites in plasma. Norastemizols is 13- to 16-fold more
potent as an H1 antagonist than asterrizole and 20- to 40-fold more poient in inhibiting
histamine-induced bronchoconsiriction.

Sertindole, shown below, was an atypical antipsychotic agent commonly used for the
freatment of schizophrenia outside of the United States:

Ci e
L

in 1998, sertindote (Sertect®) was rejected by the Food and Drug Administration because
it prolonged the QTc interval and was associated with a significant number of
unexplained deaths in clinical trials. Sertindole had been approved in 18 Europsan

countries, but more evidence of associated arrhythmias led to its withdrawal in Europe.

In trials involving more than 2,000 patients up to June 1998, 27 patients died while
receiving sertindole, including 13 sudden deaths. Although there was no proof that the
drug actually caused these deaths, seriindole was known to induce QT interval
protongation in some patients. Other antipsycholics have been associated with QT
inferval prolongation, and sudden death has been associated with schizophrania,
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‘Secendary and tertiary amines and other drug substrates for the P450 2D6 isozymes are

lipophilic compounds that posses a pltanar component and are strong organic bases that
are protonated at physioiogical pH. It is believed that & charged nitrogen atom on these
amines is réquired to orient the drug correctly within the P450 2D8 active site where
metabolic oxidation occurs, At this site, it is belisved that the secondary or terfiary
amine molecule adopts a conformation in which the positively-chargsd nitrogen (N7
atom is oriented towards an anionic location (COO7) on the P450 206 proiein while the
aromatic ring is aligned with a reiatively ptanar, hydrophobic region of the protein. i is
belisved that when this conformation is adopted the nitrogen aiom and the metaboelic
oxidation are in close proximity and metabolism of the drug occurs. Although
cytochrome P450 3A4 is locaied both in the liver and the intestine, P450 2D8 is located
in the fiver and not the intestine.

Metabolic oxidation of drugs and other xenobiofic substances is a first step in a
biotransformation that the body relies on fo distribute active drug mataboiites 1o tissues
and also to eliminate them from the body. In some cases, this metabolic oxidation
involves the formation of a pharmacologically active metabolite, and in other cases it
involves the formation of hydroxyiated metabolites through oxidation of an aromatic ring.
Afthough metabolic oxidalion to pharmacologically active metabolites is essenfial,
metabolism of secondary and tertiary amine-containing drugs to hydroxymatabolites by
cytochrome P450 2D6 and cytochrome P450 3A4 hias serious cardiotaxicity implications
to petients, particularly at high oral doses. We have found that the hydroxymetaboiites
are primarily responsibie for the cardiotoxicity and not the parent sscondary and tertiary
amine-containing drugs. Published sfudies in humans (Dencker H et al Clinical
Pharmacology and Therapeutice 19 584-586 (1876)) have zaiso shown that the
concentraticn of the terfiary-amine drugs is highest after lsaving the liver and
immediately prior to reaching the heart (8-10 times the concentration in the sysiemic
circulation). Consequently, a patient is at highast risk during the first-pass metabolism of
the secondary and tertiary amine drugs when the concentration of the cardintoxic
hydroxymetabolites is highest. '
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intestinal Absorption and Metabolism of Imipraming

in Human Subiects
Adapted from Dencker et al. 1876
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Fubiished studies in humans (Gram LF and Christiansen J Clinical Pharmacoiogy and
Therapeutics 17: 555-583 (1975} have further shown that the conceniration of the
hydroxymetabolites of imipramine in plasma reaches significantly higher levels that the

parent compounds or thefr active metabolites.

Plasma Concentration for imipramine and

its Metabolites in Muman Subjecsts
Adapted from Gram et al. 1875
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Likewise, published studies (Segura M et al. Rapid Communications in Mass
Spectrometry 170 1435-1461 (2003)) report that the conceniration of the
hydroxymetabolites of paroxetine in human plasma reaches significantly higher ievals
that the parent compounds or their active mataboalites.

Plasma Concentrations for Paroxetine and
its Metabolite Adapted from
Segura et al. 2003

120

_ oo
& Hyd tabol
_g’ 80 f&_ ydroxymetabolite
TN
g 80
TN
5 40
= .
20 f
Paroxetine
S P —— e .
6 4 8 12 18 20 24 28
Hours
Adapted from
Segura et al. 2003
Rafio of
Paroxetine Hydroxviated Metabolite to
Metabolite Paroxestine
Cmax (ug/L) 8.80 92 .40 10.7
Tmay (hours) 5(35) 3 (3-5) -
AUC(0-24) (ug/L/h)  96.50 98810 16.2

Consequently, a patient is at greatest risk during the first-pass metabolism of the
secondary and tertiary amine drugs when the concentration of the cardiotoxic
hydroxymetabdiites is highest. We believe that reventing metabolism of secondary and
tertiary amine-containing drugs fo hydroxymetaboiltes by cytochrome P450 2D& and
cytochrome P450 3A4 is therefore important to reducing their cardiotoxicity.

11



10

15

20

25

30

inhibition studies on & series of imipramine analogs were conducied and the analogs
tested for CYP2DE activity, the enzyme that is responsible for the formation of the
cardicioxic hydroxylated metabolites (Halliday RC ei al. Europsan Journal of Drug
Metabolism and Pharmacokinetics 22; 281-294 (1997)). The analogs of imipramine that
were tested were designed 10 have the positively charged nitrogen atom removed from

the aclive site of CYP2D8. The three approaches were adjustment of alkyl chain length,

alkyt bond rigidity (restricted bond rofation) and removing the poesiiive charge on the

tertiary nitrogen atom using the prodrug imipramine-MN-oxide. Halliday et al. reported that
removal of the positively charged nitrogen atom of imipramine from the active site of
CYP2D6 either by lengthening the alkyl chain length or aliering the pKa of imipramine
with using mmipramine-N-oxide abolished the metabcohism of imipramine by CYP2DE 1o
ihe hydroxymetabolite, '

A considerable amount of preclinical and clinical data is available that demonstrates that
imipramine-N-oxide is not subject o first-pass metaboiism or aromatic hydroxyiation to
the cardiotoxic hydroxymetabalites by cytochrome P450 2D86 and cyfochrome P450 344
This prodrug is rapidly converted in the systemic circuiation to imipramine which is then
metabolized under much lowsr systemic plasma concentrations to the active form
(desipramine) and hydroxyviated metabolifes that are not as likely o produce severe
cardictoxicity. In published praclinical and clinical studies imipramine-N-oxide has been
shown not produce the cardiotoxicity of the fteriary amine drug imipramine.
Nevertheless, formulation difficuliies and the complexities of imipramine-N-oxide
metabolism in plasma limits its use.

It is believed, in accordance with the present invention that the piperidine chemical group
with its tertiary amine in cisepride, astemizole, serfindole, trazadone, nefazadons,
buspirone and terfenadine coniributes fo cardiac conduction disturbanhces and
orientation of the drugs within the binding sites of the cytochrome enzymes responsibie

for the responsible metabolism of these drugs by aromatic or cycloalky! hydroxylation.

12
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it is further believed that the chemically related piperazine chemical group with its tertiary
amine coniributes to cardiac conduction disturbances and orientation of the drugs within
the binding sites of the cytochromes enzymes responsible for the responsible metabolism
of these drugs by for aromaiic or cycioalkyl hydroxylation. Pharmacologic agents
comaining a piperazine group known to cause cardiac conduction disturbances include
buclizine, buspirone, cyclizine, doxazosin, fluphenazine, gepirone, hydroxyzine,
itraconazole, ketoconazole, loxapine, meclizine, olanzapine, perphenazing, quetiapine,
trazadone, nefazadone and ziprasidone. By way of exampla, the chemical siruciures of
a series of pharmacological compounds containing a piperazine moiety and having
anfihistamine activity are shown below:

14
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Cyclizine

Hydroxyzine

Meclizine

Nefazodone

Trazadone
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Fluoroguinclone antibiotics are pharmacologic agents containing a piperazine group
known 1o cause serious cardiac conduciion disturbances and iorsade de pointes.
Fluoroguinoione antibiotics approved for marketing and having a secendary amine on
the piperazing ring include norfloxacin, lomeflioxacin, ciprofioxacin, enoxacin,
gatifioxacin, sparfloxacin, temafioxacin, grenafioxacin and moxifioxacin. Several of these
flucroguinclone agenis have sirsady been removed from the market becauss of He-
thr@atehing cardiac conduction disiurbance or torsade de pointes. By way of exampie,
the chemical structures of a series of fluoroguinolone compounds containing a
secondary amine on the piperazine moisty arz shown below:
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Fluoroquinotone antibiotics approved for marketing and having a secondary amine on

the piperidine ring include moxifioxacin as shown below:

N/Y\N N Moxiflaxacin
| O.,_
VAN

It is therefore an object of the present invention to provide non-cardiotoxic
pharmacoiogically active compounds having modulated cytechrome P 450 matabolism,

it 15 a further obiect of the invention to provide non-cardiotoxic pharmacologically active
compounds having reduced metabolism by cytochrome P450 2D86.

It is a further object of the invention is to provide non-cardiotoxic prodrugs of

pharmacologicaily active compounds having modulated cytochrome P 450

metabolism.

It is 2 further object of the invention to provide non-cardiotoxic pharmacoiogically active
compounds having reduced metaboiism by cytochrome P450 2D and cytochrome P450
3A4.

A further obiect of the invention is to provide non-cardiotoxic prodrugs that will modify
the physicochemical properties of tertiary amine-containing drugs such that these drugs
will exhibit reduced binding to the CYP2D8 metabolizing enzymes during first-pass
absorption,

A further object of the invention is to provide non-cargdiotoxic prodrugs that can be

hydrolyzed in the plasma after absorption and be converted diractly o the therapsutically
active form of the parent compounds.

18
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A further object of the invention is to provide non-cardiotoxic prodrugs that lower the pKa
of the terfiary amine group to a level such that the maiority of the terliary aming is
uncharged at physiological pH (pH 7 .4). For example, imipramineg has pKa of 9.5 and is
completely ionized as it is transported through the gastrointestinal traci.  After oral
ingestion, imipramine is rapidly and compistely absorbed from the small intestine, with
peak plasma concentration within two to five hours. Imipramine is sublect to extensive
first-pass metabolism in the liver, and is eliminated by demethyiation to the active
meiabolite, desipramine and o a2 lesser extent by aromatic hydroxylation to 2-
hydroxyipramine. Desipraming, in turn, is metabolized by aromatic hydroxylation to 2-
hydroxydesipraming.  The sysiemic availability of imipraming in healthy subjects ranges
from 27% to 80% and the corresponding first-pass metabolism ranges from 20% to 73%.
imipramine-N-oxide, & nitrogen-atom prodrug of imipramine which has a pKa of about
4.7, has a systemic availability of about 100% after oral administration suggesting that
there is no first pass effect, Both preclinical and clinical studies have shown that the
cardictoxicity of imipramine-N-oxide is significantly reduced over that of imipramine.

18
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In a first aspect, there is provided a pharmaceutical composition comprising & compound having
the formula

where R, and R, are independently hydrogen, alkyl having from 1 to about 7 carbon atoms, arvl, .
aratkyl, or cycjoalky! having from 3 to about 6 carbon atoms, A is a ‘lower alkyl, lower

heteroalkyl or cycloalkyl, Rag is hiydrogen, phenyl or lower alkyl, W is carbon or nitrogen,

Ro3 and Ro4 are independently hydrogen, halogen, alkyl or alkoxy, and pharmaceutically

acceptable salts thereof in combination with a pharmaceutically acceptable excipient,

diluent or carrier suitabie for delayed release oral administration.

In a second aspect, there is provided a pharmaceutical composition comprising a compound
having the formula

where R, and R; are independently hydrogen, alkyl having from 1 to about 7 carbon atomns, aryl,
aralkyl, or cycloalkyl having from 3 to about 6 carbon atoms, Ry is hydrogen, phenyl or lower
. alkyl, W is carbon or nitrogen, Ro; and Rag are independently hydrogen, halogen, alkyvl or
“alkoxy, and pharmaceutically acceptable salts thereby in combination with a

pharmaceutically acceptable excepient, diluent or carrier suitable for delayed release oral
administration. o

20



In a third aspect, there is provided a pharmaceutical composition comprising a compound

having the formula

/ S

where R; and R; are independently hydrogen, alkyl having from 1 to about 7 carbon atoms, aryi,
aralkyl, or cycioalkyl having from 3 to about 6 carbon atoms, and pharmaceutically acceptable
salts thereof in combination with a pharmaceutically acceptable excipient, diluent or carrier
suitable for delayed release oral administration.

In a fourth aspect, there is provided a pharmaceutical composition comprising a compound

A
R
L.

PN

/'P\\ Rl

¥

B2

having the formula

where R; and R; are independently hydrogen, alkyl having from 1 to about 7 carbon atoms, aryl,
aralky, or cycloalkyl having from 3 to about 6 carbon atoms, Ry is hydrogen phenyl or lower
alkyl and pharmaceutically acceptable salts thereof in combination with a
pharmaceutically acceptable excipient, diluent or carrier sultable for delayed release oral
administration.

20a



In a fifth aspect, there is provided a pharmaceutical composition comprising a compound having
the formula

LR ' fI:Ha
‘ @ND/S
g

where R; and R; are independently hydrogen, alkyl having from 1 to about 7 carbon atoms, aryl,
aralkyl, and cycloalkyl having from 3 to about 6 carbon atoms, and pharmacentically acceptable

salts thereof in combination with a pharmaceutically acceptable excipient, diluent or carmier
suitable for delayed release oral administration.

200
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In accordance with the present disclosure, disclosed are enzyme-labile

compounds having the formula

Ra
!
o, PRI

RS

Rzz.{‘; ©
Y} (Zym

where R, and R, are independently hydrogen, alkyi having from 1 to about 7 carbon
atoms, aryl, aralkyl, and cycloalkyl having from about 3 to about 8 carbon atoms, Y is
(CHy}n where nis from 0to 2, Z is alkyl, alkoxy, alkoxy, aryloxy, or alkylaryloxy where m
is from O to about 4, and R; is selected from the group consisting of substituted or
unsubstituted aryl, substituied or unsubstituted hetercaryl, subsiituted or unsubstituted
alkylaryl, substituted or unsubstifuted hetercaryt, substifited or unsubstiiuted
alkylaryloxy, substfituted or unsubstituted indoie, substitiied or unsubstituted
phenothizzine, substituted or unsubstituted dgibenzoxazeping, subsfifuted or
unsubstituted dibenzathiézepine, substituted or unsubstitutad oxopthalazine, substituted
ar unsubstituted quincling, substituted or unsubstituted dihydroguincling, substituted or
unsubstituted dibenzodiazepine, substituted or unsubstifted benzocycioheptapyridine,
substituied or unsubstifuted carbazol, substituted or unsubstituted ietrahydrocarbazols,
substituted or unsubstituted dibenzocycloheptenas, substituted or unsubstituted
benzoimidazoles, substituted or unsubstifuied piperazines, substituted or unsubstitutad
benzamides, substituted or unsubstituted benzhydro!, and substituted or unsubstituted
diazabenzoazuiense, substituted or unsubstituted oxobenzimidazols, 34 pyrrolo-
dihvdroguinoiine, carbamoyl-2,3 4 9-tetrahydro-cabazol, and  pharmacsuiically
acceptable salts thereof,

These enzyme-iabile compounds, having iower pKa vaiues than their corresponding

secondary and tertiary amines, have significantly reduced cardiotoxicity than those
secondary and ferfiary amines from which they are derived. The compounds of the
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present disciosure are useful as gastrointestinal, antiinfective, antidepressant,

antihistaminic, antipsychotic, antineoplastic and cardiovascular therapeutic agenis.
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Detaited Description of the invention

In accordance with the prasent invention, disclosed are enzyme-tabile prodrugs having a
meodified ionization potential (pKa) of the nitrogen atoms such that they are significantly
less basic than on the highly basic nitrogen atoms of the parent drugs. in accordance
with the present inveniion we describe chemical modifications of the highly basic that
amines inciude formation of phesphoramidates which are stabie toward hydrolysis in the
intestine and plasma, Phosphoramidates are non-taxic organophosphorous compounds
containing phasphorous-nitrogen bonds.

An unexpected advantage of these organophospherous compeounds over the N-oxides is
that they are enzyme-labile and are selectively hydrolyzed after passage through the
intestine {0 the pharmacoiogically active drug moiety. Uniike other prodrug technologies
employing esters, phosphonates and peplide bonds, which are hydrolvzed by esterasss,
phosphatases and paplidases in the intestine, enterocytes, hepatic cells and plasma, the
organophosphorous compounds of the present invention are stabie in the intestine and
the enterocytes and plasma.

In agreement with a limited number of published studies, we have shown that the
hydroxymetabolites of several secondary and feriiary amine-containing drugs are
primarily responsible for the cardiotoxicity and not the parent compound. in Langendorif
isolated perfused rabbit heart studies we have demonsirated that  the
hydroxymetabolites demonsirated dose-dependent significant increases in cardiac
conductance, notably in PR interval prolongation, QRS interval prolongation and QT
interval prolongation af clinically relevant doses. None of these changes were
accompanied by observed conductance changes associated with K channal biockade,
In receptor binding studies, no differences were noted in the affinity of the
hydroxymetabolifes and {he parent drugs toward the voltage operated L-type calcium
channel receptors or the Herg receptors of the K’ channel,

In accordance with the present invention, we descrine enzyme-iabiie prodrugs of the

secondary and tertiary amine molety that mask the enzyme(s) primarily responsibie for
the production of these hydroxymetabolites in the fiver. We describe enzyme-labile
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prodrugs of secondary and terliary amine-containing drugs that are not substrates of
cytochrome P450 CYP2D8. We describe enzyme-labile prodrugs of secondary and
terfiary amins-containing drugs having minimal capacity for aromatic hydroxyiation or
first-pass metabolism fo the cardicioxic hydroxymetaboltes. These enzyme-iabel
pradrugs are expacted fo be rapidiy converted in the systemic circulation fo the
pharmacologically active ferm of the secondary and terfiary amine—containing drugs
which are then metabolized under much lower systemic plasma concenirations that are
not as 'Iikety o produce severe cardiotoxicity.

These enzyme-labile prodrugs modulate the physicochemical properiies of secondary
and tertlary amine-containing drugs such that these drugs do not bind to the cytochrome
P450 2D8 metabolizing enzymes during first-pass absorption at physiclogical pH, The
nitrogen atoms on these enzyme-labile prodrugs are significantly iess basic (pKa <5.4}
than on the highly basic nitrogen atoms of the parent drugs (pKa ~8.5). Because ihese
prodrugs are enzyme-labile, they can be hydrolyzed in the body after absorption directly
o the non-cardictoxic therapeutically active compounds, It is anticipated that specific
therapeutic areas covered by this technology include, among others. all types of
anfidepressants, aniihistamines, antipsychotics, gastrointestinal and seversl ciasses of
antiinfective drugs. In & preferred embodiment of the present invention, chemical
modification of the highly basic amines of known cardiotoxic drugs includes formation of
phosphoramidates whose hydrolysis is primarily restricted to the fiver and are stable in
the intesting and plasma. Phosphoramidates are organophesphorous compounds
containing phosphorous-nifrogen bonds,
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A partial list of therapeutic compounds having a highly basic nifrogen atom that have
reporied casses of QT interval prolongation, forsade de pointes or both and their
corresponding pKa vaiues include the following: dextromethorphan (9.20), methadone
{8.25), propoxyphene (8.91), tramadol (9.41), amoxapine {?.'65), citaiopram (8,50),
ciomipramine {8.50), desipramine (10.40), doxepin (8.00), duloxetine (10.00),
escitalopram (8.60), femoxeatine (8.00), fiuoxetine (8.70}, maprotiling (10.20), mianserin
{8.26}, mirtazapine (8.10), nefazodone (7.90), nortripiyiine (10.10), paroxstine (2.90),
selegiine (7.53), sertraiine (2.30), venlafaxine (8.40), zimeldine (8.00), astemizole
{(©.80), azelastine {9.06), chiorpheniraming {8,20), chiorphenoxamine (8.21), clemastine
{10.23}, desloratadine (8.40), diphenhydramire (2.00), doxylamine (£.30), fexofenadine
{8.53), promethazine {8.10), ferfenadine {2.60), ciprofloxacin {7.68), hatofantrine(9.80),
tevefloxacind? .08), moxifioxacin (10.01), ofioxacin (7.08), rimantadins {(11.70), tamoxifen
(8.88), chiorpromazine (9.30), clozapine (8.20), loxapine (7.64), norsertindole (10.61),
olanzapine (8.37), risperidone (8.24), serindole (8.08), ihioridazine {8.50},
triftuoperazine (7.88), ziprasidone (8.24), amphetamine (8.80), atomoxetine (10.12),
carbamazepine (7.00), cyclobenzapnine (8.21), fenfiuraming (9.9"2), methamphetamine
(16.28), methylphenidate (8.80), oxybutynin {6.86), phenytoin (8.31), sihutramine {9.36},
iolteredine (2.87), cimetidine (6.80), cisapride (7.04), cycilzine (8.35), meclizine {7.32},
norcisapride (8.48), ranifidine (8.20}, almotripian {8.58), sletriptan (14.13), frovatriptan
(10.83), naratriptan (8.74), rizatriptan {8.48), rumatriptan {9.50), and Zolmitriptan (§.62).

In accordance with a preferred embodiment of the present invention, the pharmagceutical
formutations compnse phosphoramidate-based prodrugs having pKa of less than about
5.4. In accordance with a more preferred embodiment of the presant invention, the
pharmacsutical formulations comprise phosphoramidate-based prodrugs having pKa
values in the range from sbout 1 to about 5. in yet an even more preferred embodimant
of the present invention, the phosphoramidate-based prodrugs have a pKa less than 4. it
will be apprecisted by those skilied in the art that this reduction in pKa represents a
considerable difference in the proportion of positively charged amines present at
physiological pr compared to the highly basic amine parent drugs.
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Pharmaceutical compounds in accordance with the present invention have considerabie
similarity because of the similar pharmacologic reguirements for therapeutic activity.
Accordingly, the chemical structures of the enzyme-labile prodrugs can be characterized
by a faw general structure types. The first type include those containing cyclic aliphatic
groups such as piperidine and piperazine confaining 2 secondary or terlfiary nitrogen
atom such as found in amoxap'ine, 'and another type includes those having and
alkylamine group such as found in imipramine.

in accordance with one embodiment of the present invention, compounds have the
formula

1‘?2
0. PRI
\‘\

5
RSZ[‘N\/‘ =
K zym

where Ry and Ry are independently hydrogen, alkyt having from 1 o about 7 carbon
atoms, aryl, aralkyl, and cycloalkyl having from about 3 to about 8 carbon atoms, Y is
(CiHa) where nis from 0 to 2, Z is alkyl, alkoxy, alkoxy, aryloxy, or alkyiarvioxy where m
is from O to about 4, and R, is selecied from the group consisting of substituted or
unsubstituted aryi, substituted or unsubstiited heteroaryl, substituted or unsubstituted
zikylaryl, substituied or unsubstitied heteroaryl, substiuted or unsubstituted
atkylaryloxy, substituted or unsubstiiuied indole, substiiuted or  unsubstitutad
phencthiazine, substituted or unsubstifuted dibenzoxazepine, substituted or
unsubstituied dibenzathiazepine, substituted or unsubstituted oxopthalazine, substituted
or unsubstituted quinoiine, substituted or unsubstituted dihydroguinoiine, substituted or
unsubstituted dibenzodiazepine, subsiituted or unsubstituted benzocycicheptapyridine,
substituted or unsubstituted carbazol, substituted or unsubstiiuted tetrahydrocarbazois,
substiffed or unsubsfituled dibenzocycloheptenes, substituted or  unsubstifuted
benzoimidazoles, substituted or unsubstituted piperazines, substituted or unsubstituted
benzamides, substituted or unsubstituted benzhydrol, and substituted or unsubstituted
diazabenzosazulens, éubst%i:utad or unsubstituted oxobenzimidazoie, 3.4 pyrrolo-
dihydroguinoiine, carbamoyh-2,3 4, 8-tetrahydro-cabazol, and  pharmaceutically
acceptable saits thereof. In accordance with & preferred embodiment of the present
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invention, nis 2. in a more preferred embodiment of the present invention, nis 2 and m
is from O to 3.

in accordance with another embodiment of the present invention, compounds have the
formula

R2
N
e
RafN
N\
X—s{Z)m

7

where R, and R; are indepandently hvdrogen, alkyl having from 1 to aboul 7 carbon
atoms, aryl, aralkyl, and cycloatkyl having from aboui 3 to about 8 carpon, X is oxygen,
nitrogen of carbon, and m iz from § to about 3.

Another type of compound in accordancs with the present invention has the formuia

E{?E
Ou_ -
i
R3 |
o)

where R; is a group having the formuta

TV
R?E/\!/ S—Re
RE
where V is carbon or nifrogen, Ry is hydrogen, alkyl, aryi or aralkyl, Ry is hydrogen, aikyl,
aralkyl, cycioatkyl, atkylcycloalkyl, atkylsuifonyloycicalicy, alkyisutfonyiand,

alkylsulfonylaminoalkyi or alkyisulfonylalkyl and Ry is hydrogen, carbonvi or a direct
bond.
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Preferred compounds in accordance with this embodiment of the present invention
include those where R; has the formuia

=
R7+4 N
TN
!
RE
5
in accordance with the present invention, R, is preferably selected form the group
consisting of;
Y 7
O\\ /N'\/ 0 | [ C‘-Ha
~S R O, NH
\O \\‘/ RS - 8/
O N
HN @
| NH f e
O\\ /N\-\’y O\\ //L-. N/_—Q
\/S\\o \\/S\\ H
10 O
ir yat another embodiment of the present invention, the compounds have the formula
R2
o, PRy
P.
(\N, \‘O
,\N~>>{Z)m
R3
where R;is a group having the formula
15
f
R10 R1i2
Rﬁ/k-’}ﬁ R13
RE
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where Ry and Ry, are hydrogen, alkyl, aryl, alkylaryl, cycloalkyt or together form a
cyoalikyl or cyclohsteroalkyl group, and Ry, is hydrogen, alky! or a carboxylic acid group, |
and Ry, and Ry; are independently hydrogen, halogen, alkyl, alkoxy or aming,

5 In a preferred embodimant of the present invention the compounds have the formuia
G
| !
)\ i
1 !JW/\
R11 Eg =13 !N’>>(z)m
AN
A
/p/
¢ o-Ri
RZ
10
15

In another embodiment of the present invention the compounds have the formula

R2
o, o

W

/Px
/\N O“‘RT
i i

X

i
N-
v @m
W
—
kR4
ms@\w’”\s

20
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whare V is carbon or hitrogen, W is carbon, nitrogen or oxygen, U is carbon or nitrogen,
B is a single or double bond, and R, and Ry are independently hydrogen, halogen, or

alkyl.
5
R?
o, 0
SN ToeR
4
N\')
D)
R1
R156 % /;j\w e 6
4
where V is carbon or nitrogen, W is carbon, nitrogen or oxygen, U is carbon or nitrogen,
10 Bis a single or double bond, and R and Ry are independently hydrogen, halogen ar
alkyl.
15
in still another smbodiment of the prasent invention, the compounds have the formula
' R1
G
Rz'/o\pj\
a
26 Rg
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where Ry is hydrogen, alkyl, alkylary! or aralkyl, and R, is hydrogen, alkyl, aralkyl,
cycloalkyl, atkyleycloglkyl, atkyisulfonyleycloatkyl, alkyisutfonytaryl,
alkyisuifonylaminoalky! or alkyisulforylaliyl,

Angcther type includes those containing short linsar sliphatic chains depending from a
nitrogen atom such as those found with imipramine.

In accordance with this aspect of the present invention, Ry and Ry are independently
hydrogen, alkyl having from 1 to about 7 carbon atoms inciuding but not limited 1o
mathyl, ethyl, propyi, butyl, iscbutyl, and pentyl, ary! including but not limited to phenyl
and pyridinyl, aralky! such as benzyl, and cycloalkyl having from about 3 to about 6
carbon atoms including but not fimnited to cyciopropyl, cyclobutyl, cyclopentyl, and

" cyclohexyl, A is a lower alkyl, lower heteroalky!, carbonyl or cycloalkyl, X is 0 or 1, R,

and K, are independently hydrogen, alkyl having from 1 to about 7 carbon atoms, aryl,
aralkyl, and cycloalky! having from about 3 to about 6 carbon atoms, Ra is hydrogen,
phenyl or lower alkyl, and R, is selected from the group consisting of substituted or
unsubstituted aryl, substituted or unsubstitutaed hetercaryl, subsfituted or unsubstituted
atkylaryl, subsiituted or unsubstifuted heferoaryl, substituted or unsubstitutad
alkylaryoxy, substituted or unsubstiied indole, substituted or unsubsiituted
phenothiazine, subsfifuled or unsubstituted dibenzoxazepine, substifuied or
unsubsiituted dibenzathiazepine, substituted or unsubstituted oxopthaiazine, substituted
or unsubstituted quinoline, substituted or unsubstituted dihydroguinoline, substituted or
unsubstitited dibenzodiazepine, substituted or unsubstitted benzocycloheptapyridine,
substituied or unsubstituted carbazol, substituted or unsubstituted tetrahydrocarbazols,
substituted or unsubstitted dibenzocycloheptenes, subsiituted or  unsubstituted
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benzoimidazoles, substituted or unsubstituied piperazines, substituted or unsubstituted
benzamides, substifuted or unsubstituted benzhydrol, and substituted or unsubstituted
diazabenzoazuiene, substituled or unsubstiuted oxobenzimidazole, 3,4 pyrrolo-
dihydroquinoiing, carbamoy!-2,3 4, 8-tetrahydro-cabazol, and pharmaceutically
acceptable salts thereof.

in accordance with another embodiment of the present invention, the sompounds have
the formuia

R2
o O-Rri

°p
R20—N O

i
A

R21

J7a

where A ts a lower alkyl, iowar heteroalkyl or cycloalkyl, Ry is hydrogen, phenyi or lower
atioyl and Rz, is @ group having the formula

\ )

where V is carbon or nitrogen, W is carbon, nitrogen or oxygen, U is carbon or nitrogen,

Roy and Ry are independantly hydrogen, haiogen, ailkyl or alkoxy, and B is a single or
double bond. '

In accordance with ancther aspect of the present invention, the compounds have the
formula
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where A is a lower alkyl, iower heteroalkyl or cycloalkyl, Ry is hydrogen, phenyl or lower
alkyl and Ry is a group having the formula

where V is carbon or nitrogen, W is carben, nitrogen or oxygen, U is carbon or nifrogen,
Rg: and Ry, are indepandenily hydrogen, halogen, alkyi or alkoxy, and B is a singie or
goubie bond,

in accordance with another embodiment of the present invention, the compounds have
the formula

where A is a jower alkyl, fower hateroalicyl or cycloalkyl, Ry is hydrogen, phenyl or fower

alkyt and Ry, is a group having the formula




where V is carbon or nitrogen, U is carbon or nitrogen, Ry and R, are independently
hydrogen, halogen. alkyt or alkoxy, and B is a single or doubie bond.

in accordance with another embodiment of the present invention, the combounds have
5  the formulz

where A is a iower alky!, lower heteroalkyl or cycioalkyl, Ry is hydrogen, phenyl or lower
alky! and Ry is a group having the formula
10

eV,
R7- Y
R&

where V is carbon or nitrogen, Re is hydrogen, alkyl, aryi or aralkyl, and R- is hydrogen,

haiogen, aralkyl, cycicalkyl, alkylcycloalkyl, alkylsulionyleycioalkyl, alkylsulfonylaryl,
15 alkylsulfonyiaminoaliy! or alkylsulfonylalkyl.

in accordance with another embodiment of the present invention, the compounds have
the formuia

20 Rz6
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where A is a lower alkyl, lower heteroaltkyl or cycloalkyl, Ry is hydrogen, phenyi or lower
alkyl, Ra is hydrogen, alkyl, alkoxy, alkylaryl, alkenylaryl, halogen, halogen-substituted
alkyt, alkylaryioxy, alkanoyi, arytalkanoyl, or & group having the formula

where Rz Ry and Ry are independenily substituted or unsubstituted alkyt, substituted or
unsubstituted aryl, substituted or unsubstiiuted araikyl, substituted or unsubstituted
alkylaryt, substifuted or unsubstituted cycloalky! or subsfituted or unsubstifuted

heterocycloalkyl, and Ry is hydrogen, hydroxy, alkyl, alkylaryl, aryl, cycloalkyl or
hetaroaryt.

in accordance with another ambodiment of the present invention, the compounds have
the formula

=
O\‘ /b
P\
Nf o1
. —
ratir, 20
= R32
R% R

where Rs: , Raz , Rsz . Ry, are independently hydrogen, haiogen, akyl, alkoxy or a group
having the formula (CH2),COOH where n = 1 fo about &.

Unless otherwise specifically identified or claimed for preferred embodiments, the
following general definitions are used in accordance with the present invention.

"Alky" refers to a branched or straight chain acyciic alkyl group comprising one to about

fen carbon atoms, a haiocalkyl group, an akenyl group, an alkynyl group, a bridged
cycioalkyt group. a cycloalky! group or a heterocydiic ring.
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"Lower alkyl” refers 10 & branched or siraight chain acyciic atkyl group comptising one {o
about six carbon atoms. In accordance with the present invention, lower alkyl groups
include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobuiyl, sec-butyl, t-buiyl, pentyl,
neopentyl, iso-amyl, hexyl, and the like.

“Haloalky!" refers to a lower alkyl group, an alkenyl group, an alkynyl group, 2 bridged
cycloatkyl group, a cycloalky! group or a heterccyclic ring, to which is appended one or
more halogens, as defined herein. Exempiary heloalkyl groups inciude {rifiuoromethyl,
chioromethyl, 2-bromobutyl, 1-bromo-2-chloro-peniyl, and the like.

"Alkenyl" refers io a branched or straight chain G; -C4; hydrocarbon which can comprise
oneé of more carbon-carbon double bonds. In accordance with the present invenfion,
alkenyl groups include propyienyt, buten-1-y!, ischutenyl, penten-1-yl, 2, 2-methyibuten-
1=y, 3«methy!bu’ren-'§'-yi; hexan-1-yl, hapten-i-yl, octen-i-yl, and the like.

"Alkynyl" refers to an unsaturated acyclic G, -Gy hydrocarbon which can comprise one
or more carbon-carbon friple bonds. in accordance with the present invention, atkynyl
groups include sthynyl, propynyl, butyn-i-yl, butyn-Z-vi, pentyl-i-yi, pentyl-2-yt, 3-
methyibutyn-1-yl, haxyl-1-yl, hexyl-2-yl, hexyl-3-yi, 3,3-dimethyl-butyn-1-yl, and the ke

"Cycloalkyl" refers 0 a saturaied or unsaturated cyclic hydrocarbon comprising from
about 3 to about 8 carbon atoms, Cycloatkyt groups can be unsubstituied or substituted
with one, two or three substituents independently selected from alkyl, alkoxy, amino,
alkylamine, dialkylamino, arviamino, diarviamino, alkyiarviamino, aryl, amidyl, ester
hydroxy, halo, carboxyi, atkyicarboxy}ic acid, alkyicarboxylic ester, carboxamidg,
alkylcarboxamido, oxe and nitro, in accordance with the present invention, cycloatkyl
groups inciude cyclopropyl, cyclobutyl, cyciopentyl, 'cyc&ohaxyf . cyclohaxenyl, cycloheptyl
and the iike,

"Heterocychic ring or group” refers fo a salurated, unsaturated, cyclic or aromatic or
polycyelic hydrocarbon group having about 3 fo about 7 carbon atoms where 1 10 about
4 carbon atoms are repiaced by one or more nifrogen, oxygen and/or sulfur atoms.
Sulfur maybe in the thio, sulfinyl or sulfony! oxidation state. The heterocyclic ring or

group. can be fused {o an aromatic hydrocarbon group. Heterocyclic groups can be
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unsubstituted or substituted with one, fwo or three subsfituents independently selected

“from  alkyli, slkoxy, amino, alkylaming, dislkylamino, arylamine, diarylaming,

alkylarylamino, hydroxy, oxo, thial, halo, carboxy!, carboxylic ester, alkyicarboxvlic acid,
alkyicarboxylic ester, aryl, arylcarboxylic acid, arvlcarboxyiic ester, amidyl, ester,
carboxamido, - aliiylcarboxamido, arvicarboxamido, sulfonic acid, sulfonic  ester,
suffonamido and nitro. In accordance with the present invention, heterocyclic groups
include pyrrolyl, 3-pyrrolinyl 4,5 8-trihvdro-2H-pyranyl, pyriding!,  1,4-dinydropyridiny!,
pyrazolyl, triazoly!, pyrimidinyi, pyridazinyl, oxazoiyi, thizzolyl, imidazolyl, indolyl,
thiophenyl, furany!, tetrhydrofuranyl, tetrazoiyl, Z-pyrrolinyi, 3-pyrrolinyl, pyrrolindinyl,
cxazolndiny 1,3-dioxolanyl, 2 B-dioxabicydo[3,3,0loctanyl, 2-imidazontinyl,
imidazolindinyl, Z-pyrazolinyl, pyrazofidiny, isoxazolyi, isothiazolyl, 1,2,3-oxadiazoly!,
1,2, 3friazolyl, 1,3 4-thiadiazolyl, ZH-pyranyl, 4H-pyranyl, piperidinyl, 1 4-dioxanyl,
morpholingl, 1.4-dithianyl, thiomorpholinyl, pyrazinyt, plperaziny!, 1,3,5-triazinyl, 1,3,5-
trithianyl, benzo(bithiophenyt, benzimidazolyl, guinoiinyi, and the lke “Heterocyciic
compounds” refer o mone- and polyeyciic compounds comprising at least one any! or
haterocychic ring.

"Aryt" refers to & monoeyclic, bicyclic, carboeydlic or heterocydlic ring system comprising
one or two aromatic rings. In accordance with the present invention, ary! groups include
phenyl, pyridyi, napthyl, guinoyl, tetrahydronaphthyl, furanyi, indanyl, indenvl, indovl, and
the ke, Aryl groups (ncluding bicylic aryl groups) can be unsubsiituted or substituted
with one, two or three substituents independently selectad from alkyl, alkoxy, amino,
alkylaming, dialkylamine, arylamino, diarylamino, atkylarviamino, hydroxy, carboxyi,
carboxylic ester, alkyicarboxylic acid, alkylcarboxylic ester, aryl, arylcarboxylic acid,
arylcarboxylic  ester, alkylcarbonyl, arvicarbonyl, amidyl, ester, carboxamids,
alkyicarboxamido, carboryi, sulfonic acid, sulfonic ester, sulfonamido and nitro. in
aceordance with the present invention, subsfituied ary! groups include tetrafluoro-

phenyt, pentafluorophenyl, sufonamide, alkylsulfonyl, aryisulfenyl, and the like.
"Alkylaryl" refers to an alky! group to which is appended an aryl group. in accordance

with the present invenfion, alkylaryt groups inciude benzyl, phenylethyl, hydroxybenzyl,
fluorobenzyl, fluorophenyisthyl, and the like.
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"Aryialky!" refers to an aryl radical, attached fo an alkyl radical in accordance with the
oresent invention, '

“Cycloalkvialkyl" refers to a cycloalkyl radicei attached to an alkyl radical in accordance
with the present invention,

"Alkoxy" refers to RO-, wherein R is an alkyl group in accordance with the present
invention. In accordance with the present invention, alkoxy groups include methoxy.
ethoxy, t-butoxy, cyclopentyioxy, and the like.

"Arvialkexy or alkoxyaryl" refers to an alkoxy group, as defined herein, fo which is
appended an aryl group in accordance with the present invention, in accordance with the
prasent  invenition, arylaikoxy = groups  indude  benzyioxy,  phenyiethoxy,
chiorophenylethoxy, and the iike. a

“Alkoxyaryl refers fo an alkoxy group, in accordance with the present invention,
appended to an alky! group. In accordance with the present invention, alkoxvaryl groups
include methoxymethyl, methoxyethy!, isopropoxymethyl, and the fike.

in accordance with the presant invention, R, is hydrogen, an alkyl having fram 1 to about
5 carbon atoms including but not limited to methyl, ethyl, propyl, buty!, isopropyl,
isobutyl, and pehiyl,'ahr{ aryl including but not limited to phenyt, aralkyi such as benzyl, or
cycloalkyl having from about 3 to about 6§ carbon atoms including but not limited to

cyciopropyl, cyclobutyl, cyclopentyl, and cyciohexyl.

in accordance with a preferred embodiment of the present invention R, is hydrogen,
iower alkyl including but not limited to methoxy and ethoxy. in accordance with & more
preferrad embodiment of the present invention, Ry is hydrogen or OCHa,

In accordance with a preferred embodiment of the gresent invention R, and R, are

independently hydrogen, methyl, ethvi, propyl or phenyl. In accordance with a more
preferred embodiment of the present invention. Ry is methyl, ethyl or phenyl and R, Is
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hydrogen. in accordance with a most preferred embodiment of the present invention, R,
and R, are both ethyl.

Hlustrative compounds in accordance with a most preferred embodiment of the present
invention incluge the following:

Methyl{2-[6-{pyrrofidine-1-suffonyimethyli-1 H-indol-3-yli-ethyll-phosphoramidic acid disthy! ester
[4-{2-Chioro-dibenzolb fi[ 1 4loxazepin-11-yii-piperazin- 1-yil-phosphonic acid diethyl ester
{1-Methyi-2-phenyl-ethyl)-phosphoramidic acid diethyl ester

Methyl-{ 3-phenyl-3-o-tolyioxy-propyl-phosphorarnidic acid diethy! ester
{4-14-{3-Chloro-benzyh)-1-oxo-1H-phihalazin-2-yi]-azepan-1-yl}-phosphonic acid diethy! ester
{Dibenzolb flazepine-B-carbanyl)-phosphoramidic acid diethyl ester
{3-(4-Chloro-phenyli-3-pyridin-2-yi-propyll-mathyl-phosphoramidic acid diethyl ester
{2-{1-{4-Chicro-phanyh-1-phenyl-ethoxyl-sthyll-methyl-phosphoramidic acid diethyl ester
[3-(2-Chiorg-phenathiazin-1 0-yl)-propyli-methyl-phosphoramidic acid diethy! ester

1-Cyclopropyl-7-[4-{disthoxy-phasphoryl)-piperazin- 1 -y[}-8-fiuoro-4-oxo-1 4-dihydro-guinaline-3-
carboxyiic acid

{3-[5-Cyano-1-(4-fiuoro-phenyl}-1, S-dihydro-isobenzofuran-1-yik-propyll-meathyi-phosphoramidic
gcid diethyl ester

[4-{8-Chioro-5H-dibenzolb,e][ 1 41diazepin-1 1-yi}-piperazin-1-yll-phosphonic acid diethyl ester
{&-Dibenzola, dleyclohepten-S-ylidene-propyli-metnyl-phosphoramidic acid diethyl ester
[3-{10,11-Dihydro-dibenzo{b flazepin-5-yi)-propyl-methyi-phosphoramidic acid diethy! ester

[4-(B-Chioro-5,8-dihydro-benzo[5 Bicycloheptal 1.2-bipyridin-1 1-ylidene)-pipsridin-1-vi-phosphonic
acid diethyl ester

{B-Ethvi-8-methoxy-11-propyl-1.2,5 Bdetrahydro-4H-2, B-methano-benzo[djgzocin-3-vl)-phosphonic
acid diethyl ester

{2-](2 B-Dichicro-phenyl)-{diethoxy-phosphoryl}-amino]-phenyii-acetic acid
[3—(6H—Dibenzo{he}oxepm—1 1-yiidene-propyli-methyl-phesphoramidic acid diethyl ester
Methyl-{2-{1-phany-1-pyridin-2-vi-ethoxy}-ethyi]-phosphoramidic acid diethy! ester
Methyl-[2-{(naphthaten- 1 -yloxy)-2-thiophen-2-yl-ethyl}-phosphoramidic acid diethy! ester
{2-]5-(2-Benzenesuiforryi-ethyl)-1H-indol-2-yimethyil-pyrrolidin-1-y}-phosphonic acid diethy! ester

(2-Fydroxy-1-methyl-2-phanyl-ethyl)-methyl-phosphoramidic acid disthyl ester
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1345-Cyano-1-(4-fluoro-phenyi}-1,3-dihydro- isobenzofuran-114(S)-yil-propyll-methyl-
phosphoramidic acid diethy! aster

{3-(4-Methoxy-phenoxymethvi-<4-phenyl-piperidin-1-yl-ohosphonic acid disthyl ester
Ethyl-{1-mathyi-2-{3-tifluoromethykphenyl)-ethyil-phosphoramidic acid diethyl ester
Ethyi-{Z-phenyi-2-(4-rifluoromethyt-ohenoxyi-ethyl]-phosphoramidic acid disthyl ester
{8-Carbamoyl-2,3 .4, 8-tetrahydro-1 H—carbazéi—&»y!}~methyl—pbosphcramid%c acid diethyl ester

BH-benzofuro[3a, 3, 2-eflf 2]benzazepin-8-0l,42,5,9,10,11 12-hexahydro-3-methoxy-11-methyl-,
(485 8-R 8aS)-phosphoramidic acid disthyl ester

1-Cyclopropyl-7-[4-(diethoxy-phosphoryl)-3-methyl-piperaziee 1 yil-6-fiuorgs8-meathoxy-4-oxo-1,4-
dihydro-guinoiing-3-carboxylic acid

1-Cyclopropyi-7-[4-(disthoxy-phosphoryl)-3-methyi-piperazin- 1-yi]-6-flucro-5-methyl-4-oxo-1,4-
dihydré-quinoiing-3-carboxylic acid

Butyl-{3-(8, 8-dichioro-3-triflucromethyl-phenanthren-9-y1}-3-hydraxy-oropyll-phosphoramidic acid
diethyl ester

8-[4-(Disthoxy-phosphoryl)-piperazin-1-yil-8-fiuore-8-oxe-2, 3-dihydro-8H-1-oxa-3a-aza-phenatene-
S-carboxyiie acid

7-[4-{Disthoxy-phasphoryl)-3-methyl-piperazin-1.yl}-1.ethyl -6 B-difluoro-4-oxo-1 4-dinyero-
quincfine-3-carboxylic acid '

[4-{B-Chloro-dibenzolb I 1 4Joxazepin-11-yi}-piperazin-i-yll-phosphonic acid disthyi ester
[8,10-ethanoanthracene-9/ 10H}-propyiaminel-methyi phosphoramidic acid diethyl ester
{2-Benzol1, Sidioxol-5-yi- t-methyl-ethyi}-methyi-phosphoramidic acid diethyl ester
[4-{3-Chioro-phenyl)-piperazin-i-yil-phosphonic acikd disthy! ester
Methyl-{1-methyl-4-0x0-3, 3-diphenyl-hexyli-phosphoramidic acid diethyl ester

Methyi-{ 1-methyl-2-phenyl-ethyl-ohosphoramidic acid diethy! aster
{1-(Diethoxy-phosphorylj-piperidin-2-yl}-phenyl-acetic acid methy! ester
[2-(2-Methoxy-phenyl-1-methyi-ethvll-phosphoramidic acid disthyl ester

{3.4,9,13b-Tetrahydro-1H-2 4s-diaza-tribenze {a,c.eloycichepten-z-vi}-phosphonic acid disthyl
ester

{3.4.9,13b-Tetranhydre-1H-2 4a,5-triaza-tribenzo [a c.slcyclohepten-2-yii-phosphonic acid diethyl
ester

1-Cyclopropyi-7-{1-(diethoxy-phasphoryli-octahydro-pyrroio] 3, 4-blpyridin-&-y-8-fluoro-8-methoxy-
4uaxo-1,4-dihydro-guinoline-3-carboxylic acid

[4-{B-Methylsultamoyimethyl-1H-ndol-3-yl}-piperidin-1-yil-phosphonic acid diethyi ester
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{4-{1-{4-Fluoro-benzyl}-1H-benzoimidazol-2-ylarmine]-piperidin-1-y[}-phosphonic acid disthyl ester
{4-Pyrimidin-2-yl-piperazin-1-yi}-phesphonic acic disthyl ester

{4-{4-Amino-5-chioro-2-methoxy-benzoyiamino}-3-methoxy-piperidin-1-yil-phosphonic acid disthy!
aster ‘

{4-Benzhydryi-piperazin-1-yl)-phosphonic acid diethy! sster

7-[4-(Diethoxy-phosphoryl-piperazin- t-yl}-1~athyl-6-flucro-4-oxo-1,4-dihydro-guinoline-3-carboxylic
acid

[4-{2-0xo-2, 3-dihydro-benzoimidazal-1-yli-piperidin-1-yi]-phosphonic acid disthyl ester

{3-(16,11-Dihydro-dibenzoja, dicyclohepten-5-yviidene)-propyi]-methyl-phasphoramidic acid diethy
ester

{4-{5-Chioro-1-(4-fivoro-phenyl-1H-indol-3-yil-piperidin- t-yl}-phosphonic acid disthyl ester
j#-(2-MathytaH-3-thia-4, 9-diaza-benzo[flazuien-10-y)-piperazin-1-y{J-phosphonic acid diethy! ester
Cyclohexyl-hydrexy-phenyl-acetic acid 3~{(déethoxy-phospﬁibryl}nathyhamino}mprop-ﬁ—yﬂyl estar
[3-(Benzol1 .3]d%cxc$-é-yioxymethy!)-4—(4—fiuoro—phenyl}—pi;:)er%din—*f-yl]-phosphanic acid disthyl ester
(Amino-carbamimidoyliming-raathylj-phenathyl-phosphoramidic acid disthy! ester

(2,5-Dioxc-4 4-diphenyi-imidazolidin-1-y-phosphonic acid diethyt ester
{2-Hydroxy-3-[2-{3-phaenyl-propionylj-nhenoxyl-propyll-propyi-phosphoramidic acid diethy! ester
{2-[(2-Ethoxy-phenoxy-phenyl-methyll-morpholin-d-yi-phosphonic acid disthyl ester
{1-Adamanian-1-yl-ethy}-phosphoramidic acid diethy! ester

Methyi-[2-(5-{1,2, 4}triazol-1-yimethyl- 1H-indol- 3-yh-ethyll-phosphoramidic acid dimethyl ester(?-
Methyl2-phenyt-ethyl}-prop-2-ynyl-phosphoramidic acid diethyl ester

[4-{3 4-Dicnloro-phenyli-1,2,3 4-tetrahydro-naphthalen- -yii-methyi-phospheramidic acid diethyl
ester

{1-[1-{4-Chicro-phenyl)-cyclobutyil-3-methyl-buty-rmethyl-phosphoramidic acid diethyl esier
{1-[1-{4~Chioro-phenyl)-cyclobutyl]-3-methyl-butyli-phosphoramidic acid disthyl ester

5-Amino-1-cyclopropyl-7-{4-{disthoxy-phasphoryl}-3, 5-dimethyl-piperazin-1-y{]-8, 8-difiuoro-4-oxo-
1.4-dihydro-guinoline-3-carboxylic acid

Methyl-[2-(5-methyisulfamoyimethyl-tH-indol-3-yl)-ethyli-phosphoramidic acid dizthyl ester
{2-14-(1 2-Diphanyl-bui-1-aenyli-phenoxyl-ethyl}-methyl-phosphoramidic acid disthy! ester

1-(3.4-Difluoro-phenyli-7-l4-(diethoxy-phosphorvi)-3-methyl-piperazin-1-y[}-5-flucro-4-oxo-1,4-
dihydro-quinoline-3-carboxyilc acid

{2-12~{2-Methylsuifanyl-phenothiazin-10-yl)-sthyll-piperdin-1 vii-phosphonic acid diethy! ester
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[2-Hydroxy-2-{3-methoxy-phenyl)-cycichexylmethyli-methyl-phospheramidic acid diethy! ester
[3-Hydroxy-2-{4-methoxy-pheny-3-propyl-hexyli-methyl-phosphoramidic acid diethyl ester
[3-(4-Bromo-pheny!i-3-pyridin-3.ylhallylj-mathylphosphoramidic acid diathy! ester

Methy-{2-[5-(2-oxo-oxazelidin-4-yimethyl}- TH-indol-3-yii-ethyll-phosphoramidic acid disthyt ester
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The compounds of the present invention can be administered alone but will gener.aiiy be
administered in admixiure with 2 suitable pharmaceutical excipient, diluent or carrier
selected with regard to the intended route of admihistration and standard pharmaceutical
practice. For example, the compeunds of the present invention can be administered
orally, in the form of tablets, capsules, mulli-particulates, elixirs, solutions or
suspensions, which may coniain flavoring or coloring agents, either for immediate-,
delaved-, modified-, sustained-, pulsed- or controlied-release applications. Suitable
formulations of the compounds of the present invention may ba in coated or uncoaied
form, as desired.

Such solid pharmaceutical composiiions, for example, tabiets, may contain excipients
such as microcrystalline celiuiose, lactose, sodium citrate, calcium carbonate, dibasic
calcium phosghate, glycine and starch (preferably corn, polate or tepioca starch),
disinfegrants such as sodium starch giycoliate, and certain ‘complex sificates, and
granuiation binders such as polyvinyipyrrolidone, hvaroxypropylmethylcelluiose (HPMC),
hydroxypropylcstiulese {HPC), sucrose, gelatin and acacia. Additionally, lubricating
agents such as magnesium stearate, stearic acid, may be included.
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Almotriptan (Axaﬂ®)

‘Chemical Structure Hydroxylated Metabolite
H,C. HC,
n—CH, N—CHy
/
7 - (Y
O;\\Sf Oun s i
£ N £t 7 N
0 H '8) H
Compound Rt R2 Chemicaf Name Estimated pHa
LogP

E1228 hydrogen  hydrogen  Methy-{2-[B-(pyrrolidine-1-sulfonylmethyli- 1 H-ndob - 1.88 2.87
yli-ethyl}-phosphoramidic acid

£1230 hydrogen  methyl Methyh{2-[B-{pyrrofigine-1-sulfonyimethyl}- tH-indol-3- 1.82 478
yh-ethyll-phosphoramidic acid mienomethyl ester

E1231 mathyt methyt Methyi-{2-[6-{ pyrrolidine-1-sufonyimethyl}-1H-indol-3- 1.97 4.21
ylj-ethyll-phosphoramidic acid dimethy! ester

E1232 phany hydrogen  MethyH2-I8-{pyrrolidine-1-sulfonyimethyl-1H-indob3- 388 4.35

. . yij-ethyl-phospnoramidic acid monophenyl ester

£1233 phenyl metiyl Methyl-f2-{6-(pyrrolidine- 1 -sulfonyimethyl- 1 Heindoh-3- 374 77
yil-athyli-ohosphoramidic acid methy! ester phenyt
esier

£1229 E1230

E1237 E1252 E1233
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Chemical Structure

Amoxapine (Ascendin®)

HMydroxviated Metabolite

N N.
/Nw N
t
\ K\A Ci HOM—.\/%( ’;/ N Ci
\ / O \\\/\Ov
Compound R1 R2 Chemical Name Estimated
LogP
E1421 hydrogen  hydrogen  [4-(2-Chicro-dibenzofb flit dloxazepin-11-y]-piperazin-i- 2.87
yil-phosphoric acid
&1122 hydrogen methyl t-(2-Chioro-dibenzolb fif 1 4ioxazepin-11-yh-piperazin-1- 203
vil-phosphoric acit monomethyi ester
£1423 miethyl methyl  [4-(2-Chioro-dibenzolb, i 1, 4Joxazepin-11-yij-piperazin-t- 3.83
yl-phosphanic acid dimethyl ester
E4124 phenyt  hydrogen  [4-(2-Chicro-dibenzofb,fft 4loxazepin-1 1-y-piperazin-1- 584
yil-phosphonic scld manophenyt aster
E1128 phenyt methyl  [4-(2-Chioro-dibenzolb.fll 1 4loxazepin-11-yl)-piparazin-1- 5,70
wi-phosphonic acid methyl ester pheny! ester
Rz: +.C
D\‘- ,ﬂG D\‘ ,«OH O\\ .—C)
o
7N oRI (\f\{ "OH (\r\{’ “oH
\ .
N::</_\ N = N ==
; Gl Cl Cl
LI CLIYy® L
Lo N o ‘-\x/\o ==
=9121 £11e2
Hsc-i e
* l
O\‘P/O O\‘m;Oﬁ /"'.‘:-:\7 O«.\p/o /r:‘.":\\
AR s / AN /
! ~CH | N .
N==( Ne= N
\ = of N N Gl (m\/ N Ci
Lo Lo N
1123 E1124 E{125
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Chemical Structure

PN NH,
= CH,
g .
Compound R1 Rz
E1222 nydrogen  hydrogen
£1223 hydrogen methyi
E1224 methyi mathyl
E1225° - - phenyt hydrogen
£1226 phenyl methyl
RZ
R1. 07
O=P=0
NH
H,C
CH,
H3C\ ij T
O—P=0
?H
%C/\j
M)
z ]
\/
10 E1224

Ampheatamine {Addera!l®)

Chemical Name

{1-Methyl-2-phenyi-ethyll-phosphoramidic acid
{1-Msthyl-2-phenyi-ethyi}-phospharamidic acid

monomethyl ester

Hydroxylated Metaholite

NH,

/

HO

Estimated
LogP

1.48 1.80

1.54

{1-Methyl-2-phenyl-ethyli-phosphoramidic acid

dimethyl ester

{t-Methyl-2-phenvi-ethyli-phosphoramidic acié
. monophenyl ester
(1-Methyl-2-phenyl.sthyl-phosphoramidic acid

cyclohexa-1,5-diery! ester
H
i Yl
H o0
O=F=0

NH

E1225
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3.31 £.681

3.36
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Atomoxstine {Strattera®)

Chemical Structure Hydroxylated Metabolite
LCH, LCH,
N HN‘

L

HC
Compound R1 R2 Chemical Name Estimated  pKs
LogP
Et0z1 hydregen  hydrogen  Methyl(3-phenyl2-o-fohvioxy-propyi-phosphoramidic acld 3.82 348
E1022 hydrogen  methyl  Metnyl-(3-phenyl-3-o-tolyimey-propyl-phesphoramidic acid 387 418
monomethyl ester
E1023 mathyl methyt Meathy{3-phenyi-3-o<tolyloxy-propyB-phosphoramidic acid ©3.83 347
dimathyl esler
E1024 prenyl hydrogen  Methyi-(3-phenyi-3-o-talyloxy-propyi}-phesphoramidic acid 564 375
monophenyl ester
£1625 phenyi methyl  Methyk(3-phanyl-3-o-toivioxy-propyli-phesphoramidic acid 570 £02
methyi ester pheny! aster
R2 HO OM CH,,
~ i
‘PR Gy o, Ok
HyCopy /\ HiCopy” 3,
| L
K (\}\4)\ Q o K
H i
‘%/\O \ L 2 E = Q .
| CH, . \ \ \ i CH,
AP £ 4 N
lv o
E1021 EAQZ2
oH, O 6. ot
o ) i !i oy N P
“ /O\CHp HZC“N/ \O \,‘_s\\// ~ ,O \.Er:‘ \
C PR A RS i
HE\"\N \Q /i) H:C-_N \O '\L\-/
i v !
|
( MO (
0 | L CH P
RS ; 3 ==
\ /CHs S 7 i (\’ \ /‘L\/cm
‘ \
E/} s
£1023 £1024 1025



Azelastine (Azelastin®)
Chemical Structure Active Metaboliite Structure Hydroxylated Metabolite

\
N N
Cl
[ S [ SN Ci
i
T =
Compound 4] R2 Chemical Name Esfimated  pKa
l.ogh
E1234 hydrogen  hydrogen  {4-{4-(3-Chlore-benzyh-1-oxo-1H-phthalazin. 2.yl 510 3.41
szepan-1-yi-phosshonic acid
E1235 hydrogen  methyl {44-(3-Chlore-benzyh-1-oxo-1 H-phthalazin-2-yf- £.15 425
az¢pan-1-yl}-phosphonic acid monomethyl ester
£1236 metht methyl {4-14-{3-Chloro-benzyl)-1-oxe-1 H-phthalazin-2-yl}- 5.21 4.48
azapan-t-yli-phosphonic acid dimethyi ester
E1237 phenyl hydrogen  {4-{4-(3-Chipro-benzyl)-1-oxo-1 H-phthalazin-2-yi- 6.82 3.78
azepan-i-yl}-phosphonic acid moenophsenyt ester
1238 prenyi methyl {4-14-(3-Chigro-benzyl)-1-oxo- tH-phthaiazin-2-yii- 6.98 4.65
azepan-iwyih-phosphonic acid meihy! ester phenyl
ester

WN =
PN
»
2 \
o) Q““f o, 0
i [E =y
& 9 ;\zﬂf—?”oxc o ko 9 ﬁN"F\O’CH
] / t i 1 { i 2
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N ~ \[ 2 C
94 o1
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Chemical Structure

i

\'\\/)\N
|

HNT g
Compouhd R1
E117% hydrogen
£1180 hvdrogen
E1181 miethyt
E1182 phanyt
£1183 phenyl

E1181

R2
hydrogen
methyl
maihyi

hydrogen

methyl

Carbamazepine {Tegetrol®)

Hydroxyiated Metabolite

—

\::L\ /Z::iT,oH
LA
HANT g

Chemical Mame
{Dibanzolb flazepine-5-carbonyl-phosphoramidic acid
{Eibenzolb flazepine-5-carbonyl-phosphoramidic acid
manomethyl ester
(Dibenzolv, flazepine-5-carbonyl-phosphoramidic acid dimethyt
aster
{Dibenzolh flazepine-5-carbonylj-phos phoramidic acid
monophenyl ester
{Dibenzofb flazepine-5-carbanyl-phosphoramidic acid methyl
aster phenvi ester

s ¥ i
¢ ] O /
|
A H H
07 N, O H o7 N OeR
Q/{ AN O Q// JO
"//j \ e ™
E1182 E1183



Chlorpheniraming (Chlor-Trimetron®)

Chemical Structure

H,Cn CHy
i
N
ﬂ RN
—
. Cl
Compound R4 RrR2
£1348 hydrogen  hydrogen
1350 hiydrogen  methyl
£13581 methyi mathyl
E1352 hydrogen  pheny
E1353 methyl phenyl
N A, Ci
Ll L
< 2
NW
’\ R1
O
AN
HC™ R R
O

E1351

Active Metabolite Structure

Hydroxylated Metabolite

HO

Chemical Name
[23-4-Chioromphenyl-3-pyridin-2-vi-propyl-methyi-phosohorarnidic

acid

3-(4-Chiore-phenyll-3-pyridin- 2yhoropylpmethyl-nhosphoramidic

acid monomethy! esler

{3-(4-Chigro-phenvl)-3-pyridin-2-yi-propyvil-methyi-phesphoramidic

acid dimethyl ester
[3-{4-Chioro-phenyi)-3-pyridin-
acid moropheny! esier

2-yl-propyli-methyi-phosphoramidic

{3-84-Chigro-phenyh-3-pyridin-2-yi- prepyl} methykphosphoramidic

acid methy! ester phenyl estar

o
Lo
N

£1349

E1362
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Chiorphenoxamine (Phenoxene®)

Chemical Structure Active Metabolite Structure Hydroxyiated Metabolite
M,C 0o
H.C NH
G CH, !
\\//\N/ 3 CHs
h CH 01/\/
/ N o
C¥/\\/I J
Feed OH
Compotnd R R2 Chemical Name
E1354 hydrogen  hydrogen {21 {-{4-Chioro-phenyli-1-nphenyl-ethoxyl-athyl-methyl-
phosphoramidic acid
£1355 hydrogen  methy! {2-[1~{4-Chioro-pheryh-1-phefyi-ethoxyl-sthyl-meathyl-
phosphoramidic ackd monomathyt esier
E1350 methyl ety {2-]1-{4-Chioro-phenyh-1-shanyi-shoxyl-ethyi-methyi-
phosphoramidic acid dimethyl ester
£1357 phenyl hydrogen  {2-]t-(4-Chioro-phenyl)-1 -phernyi-sthoxyl-ethylp-metot-
phosphoramidic acid monophenyt ester
E1358 phenyt methyl {2-[t-fa-Chioro-phenyi-1-phenyl-ethoxyl-athyi-methyl
phosphoramidic acid methyl ester phenyi estar
R H
| O !
w0 H3C 0 \‘}IJ/
\//\N/ N
O—R1 = i O—H
‘ CH,
Ci .
£1354
CH oH
o 7 o L7
" w O H.C WO
M0 o] 2 's) el
\/\,N/ | \/\Nﬂ" \
i Xy YO0—H | Sy | O—CH,
CH CH
] / @ 3 ! / / \ 3
ci c N/
£1355 E135€
H COCH,
O | P
H,C 0 H,C v
SN \/\N/P\Q J SOy o &
| RAVEND b,
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E1357 1358
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Chemical Structure

Chiorpromazine (Thorazine™
Active Metabolite Structure

Hydroxylated Metabolite

CH CH
N N N
7 TCH, “CH, )/ “CH,
E( Cl N Ci : !iJ Ci
1 oy Ol
f i f i
P - s o s
s HO s T
Compound "1 RZ Chemical Name Estimated - Estimated
LogP Pka
E1154 hydrogen  hydrogen  [3-(2-Chloro-phenothizzine {D-yi}-propyl}- 458 3.28
meiwi-phosphoramidic acid
Ei1558 nydrogen  masthyt [3-(2-Chloro-phenothiazin-10-yl)-propyl}- 464 4.38
’ methyi-phospharamidic scid monomethyt
. asier
E4{158 methyi methyt [3-(2-Chloro-phenothiazin-10-y}-propyl- 489 3.538
methyl-phosphoramidic acid dimethyi ester
E1957 phenyl hydrogen  [3-(2-Chioro-phenathiazin- 1 0-yi)-nropyil- 6.40 3.93
methyl-phosphorarmidic acid monophenyl
estar
E1158 phenyl mathyl {3-(2-Chtoro-phencthiazin- 10-yi)-propyll- B.46 4.1
methyi-phosphoramidic acid mathyl ester
phenyi ester
Rl o H.
0 i
CF=0 O=—pP= O—P=0
R N Ho N He R
“ .y i
ek, e, = Mo,
! _,j !
g ‘ -
‘ c N o] 5
N ! ;
Ry R - /ﬁ/ T oMy -
(XX (X7 Dabi
-3 %8 = = S’)\/
E1154 E115886
P
- \3\ / ‘I
Hg‘:\ o %,/ T O \\\\\L o
0—F=0 fo—--ﬁb:o O—P=0
HC N H o N SR
3 ~ - N\_
" CH, TeH, T ek,
Arw R Ci 5 N S Cl A/,N \V,Cl
g 8 l\/\S
E1156 E1157 E1158
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Ciprofioxasin (Cipro®)
Chemical Structure Hydroxylated Metabolite

=
%[/\
N
Compound R1 RZ Chemical Name - Esfimated pKa
LogP
E1238 hydrogen  hydrogen  1-Cycloprapyl-8-fucro-4-oxo-7-(4-phosphong- 1.28 563
piperain-yi-1;d.dihydro.quinoline-3-carboxylic
acig:
£1240 hydrogen  mathyl 1-Cyclopropyl-6-fiuoro-7{4-{hydroxy-methoxy- 1.34 2.03

phosphoryl}-piperazin-1-y{-4-oxc-1,4-dirydro-
quinoline-3-carboxylic acid
E1241 methyl methyt 1-Cyclopropyl-7-4-{dimethoxy-phosphioryl- 1.40 §.70
: pinerazin- 1-yil-6-fucre-4-oxo~1 4-dibydro-quineline-
3-carponylic ackd
E1242 phenyl nydrogen  1-Cyclopropyi-S-fluoro-7-f4-(hydroxy-phenoxy- 31 1.56
phosphoryli-piperazin-1-yi-4-0x0-1,4-dihwdro-
: quinoline-3-carboxyiic acid
E1243 © pheny! methyl 1-Cyclopropyl-6-fluoro-7-[4-{methoxy-phenory- 3.6 6.83
phosphond)-piperazin-1-y-4-oxc-1 4-dihydro-
qulinaline-3-carboxylic ac
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_ " Citalopram (Cetexa®)
Chemical Structure  Active Metabolite Struciure

W i Hsc\ . N SN HSC\
N—CH, /Y\ MH
| o
i
T
I}
- \ %
2
Compountd Rt R2 Chenmtical Name Estimated Esfimated
LogP pKa
£1031 hydrogen  hydrogen  {3-{8-Cyano-i-{4-fivoro-phenyli-1,3-dihydro- 31z 3.38
isobenzofuran-1-yi-propyf-methyi-phesphoramidic
acid
E1032 hydrogen  mathyl {3-[5-Cvano-1-(4-fluore-phanyl)-1,3[3-[5-Cyano-1-(4- 317 4,31
fiuoro-phenyiy-1.3-dihydre-isobenzofuran-1-vi}-
propyi-roethyi-phosphoramidic acid monomethyl
. asier
E1033 mathyl  meinyl {3-[5-Cyano-t-{4-fluoro-phenyi)-1,3-dihydro- 3.23 4.43

isebenzofuran-1-yil-propyil-methyi-phosphoramidic
acit dimethyt ester
£1034 pheny! fiygrogen  {3-[5-Cyano- {-(4-fiuoro-phenyty-1, 3«difvydro- 4,94 3.88
isobenzofuran- 1-yll-oropyli-methyi-phosphorarmidic
) actd monophenyi ester
£1035 phanyl metfyi {3-[5-Cvano-1-{4-fluoro-phenyl)-1 3-ditydro- 8.00 4.99
isobenzofuran-1-yij-propyl-methyl-phosphoramidic
acid methyl esier phenyl esier
LRz

. N HC o OH
R O S CEN
N\.i\: 3 \Nm;;...O \,/Z\\,f\ /N"?“OH
i ; e :
& R p ©

e O.,Ct“w
N‘-\ 3 |
\\ e B
\/V\\ N ‘F: O\
k s & CH
P

)‘z\ / E1033
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Chemical Structure

Ci =
P

()

s
ci
N/
H

I

-
CH,

N

AW

Ciozapine (Clozaril®)
Active Metabolite Structure

H
(0
NM_”N

Hydroxylated Metabolite

CH
i/

@

3

Nz
Gl R
L .
RO H

Compound R1 R2 Chermnical Name Estimated Estimated
LogP pKa
E1049 hydrogen  hydreger  [4-(B-Chloro-SH-dibenzolb e]{1 4ldiazepin-11-yl)- 2.21 4.67
piperazin-1-yli-phosphonic acid -
E1042 hygrogen mathyl [4-{8-Chlore-5H-dibenzofb g1 4ldiazepin-11-yl)- 2.27 2.8
piparazin--yil-phosphonic acid monomethyl estar
E1043 methyl methyl  [4-({5-Chioro-Stdibenzoib el 1 4idiazenin-1 1yl 2.32 574
piperazin-1-yll-phosphonic acit dimethyl ester
E1044 phenyl hydrogen  4-4{8-Chiaro-bH-dibenzolb g1, 4idiazepin-1 1y} 4.54 5.80
piperazin-T-yi-phosphonic acid monophenyl ester
E1048 phenyl mathyl [4~(8-Chloro-SH-divenzolb.elf1,4idizzenin. T-yi- 4,08 2.52
niperazin-t-yll-phosphonic acig meihyl aster phenyt
ester
RE : HO /,OH ?;HS ,
0, PR Pag 6 OH
‘g—' N ~
N/ \\O (_‘ \ N/ \\Q
" = ()
N Ny N
NL& Cl-. = AN M
Lo S
Cl\(§{ N i P / P &l \4\\
) E1041 .
1042
CH Y 7y
0. L~cH, N \///
Fa ' ! ‘ P
N o o, JOH o\"‘}x -CH,
Q P e
r ;
N (\ N (\ N
N \) )
Ci = N N
\ Mo N
Y cl = N\ Gl
" (N / &
N P N
E1043 H H
E1044 E1045
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Chemical Structure

Compound
£135¢

E1360
13681
E1362

E1363

£1381

Rt
hydregen

hyedrogen
meth

pheny!

phenyl

hygrogen
methyd
mathyl
nydrogen

mathyl

Cyclobenzaprine (Flexeril™)

Active Mietabolite Structure Hydroxylated Metabolite

Chemical Name
(3-Nibenzola dicyclohepten- S.yiidene-oropyli-methyi-
phosphorarmidic acd
(3-Dibenzola.dicyciohepten-5-ylidane-propyfi-methyl-
phesphoramidic acid monomethyl ester
(3-Dibenzoia.dicyclohepien-5-yid ene-propyl)-rmethyl-
phosphoramidic acid dimethy| ester
3-Dibenzola djcyclohepten-S-yiidene-propy!)-methyi-
phosphoramidic acid monophenyt ester
(3-Dibenzola,dlcyclehaptan-S-viidens-propyl)-tathyl-
phosphoramidic acid methy! aster phenyl ester

CH, E1359 CH, 1360
—I T o

{ ™ |

L / . L

H I H.G ]

7N i N
CH, CH,
E1362 E1383
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Chemical Structure :

Compound R1 R2
£1086 hydrogen  hydrogen
E4057 hydragen  metyl
E1058 methyl methyl
E1059 phenyt hydrogen
E1080 phenyt mathyt
S’ N

i
1\ /‘i /
NN
\ R2
p
L
O
\N/P\‘- 1
e
CH,
Clm
\\’//./)\ e
{
‘\ CH,
4
)

L% o
e,
E1GED i G
CH

Desipramine (Norpramin®)

Chemical Name

[3-(10,11-Dihydro-dibenzolb flazepin-5-yi)-propyllmethwl

phosphoramidic acid

13410, 11 -Tihydro-dibenzolb, Bazepin-5-yi-propyl-mathyt

phosphoramidic acld monomethyl ester

. Hydroxylated Metabolite

Estimated

13-{10,11-Dihyaro-dibenzolb flazepin-5-yi}-propylj-methyl-

phosphoramidic acid dimethy! ester

13-(10,41-Dityaro-dibenzofb, Razepin-5-yh-propyl-methyl-

phosphoramidic acit monopheny! estar

301011 -Dihydro-dibenzolb, Bazepin-5-y[}-propyil-methyl-
- phosphoramidic acid methyl ester phenyl ester

\: HO

i D
L B7 \\1/\\
W T
E105% | o i |
CH

s \\;/‘
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E1037

LogP
4,38

444
4.50
8.21

.26

pka
3.01
464

3.27



Chemical Structure

Ccmpound
E1111
Et1112

E1113
E11i4

E1115

R1
hydrogen
nydrogen

methyl

phenyi

phenyt

R2
hydrogen
methyi

maethyl

hydrogen

mathy!

Besloratadine {Clarinax®)

Hydroxyiated Metabolite

Chemical Name Esfimated pKa
LogP
{4-{B-Chiore-§ B-ginydro-benzols. Bleycioheptal1.2- 4.21 3.86
bipyridin-11-yiidensj-piperidin-1 -yl-phosphonic acid
[4-{B-Chloro-& B-dihydro-benzo{5 Bioyoicheptal1,2- 427 3.80
blpyridin- 1-ylidene -piperidin-{ -yil-phosphonic acid monom
[4-{8-Chiors-5.6-dihydes-benra] B Sjovclohepia)t.2- 4.33 453
blipyridin-1 1-yidene}-piperidin-1 -yij-phosphonic acid
dimethyl ester
[4-(8-Chioro-5,8.dinydro-benzols Slovcloheptal 1,2+ 604 3.32
bipyritin-11-yidenel-piperidin-1-yil-phosphonic acid
menophenyl ester
[4-{8-Chlero-& B-dinydro-benzolS Bleyclohental 1.2- 5.08 507
bipyridin-11-viideneg)-piparidiv- 1-vi-phosphonic acid methyt
ester phenyt ester
|
s [ c
7N 2
(AN
N, _oH .
. ~F = ~
E1111 78 Bt o7y
Y OH Yo
HLC
= I Cl
S
N
NRRVEEN
L2 I\ i
o
; T
H,C
Et115
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Dextromethorphan (Dextrophan®™)
Chemical Structure - Active Metabolite Structure Hydroxylated Metabolite

n~CHs

\
CH, HO
Campound i RrR2 Chemical Name Estimated pKa
Logh
E1244 hydrogen  hydrogen  (6-Ethyl-B-mathoxy-11-gropyi-1,2 5 -atrahydro-4H-2 6. 3.57 313
methano-henzofglazacin-3-yij-phosphonic acld
E1245 hydrogen methyt (6-Eihyl-8-methoxy-11-progyl-1,2,5,6~tetrahydro-4H-2,6- 3.82 454
methane-benzoldjazocin-3-yl)-phosphanic acid
monametityl ester
E1248 methyl miethyt {8-Ethyl-B-methoxy-11-propyh-1.2 5.6-tetrahydro-4H-2 8- 368 4.19
methano-benzeldjazacin-3-yii-phosphonic acid dimathy!
ester
E1247 pheryt hydrogen  {8-Ethyi-8-mathoxy-11-propyl-1.2 .5 S-tetrahydro-4H-2.6- 5.38 4.08

mathana-benzofdlazocin-2-yii~-ohosphonic acid
monophenyl ester
£1248 pheny! mathyi {6-Ethyi-§-mathoxy-11-propyl-1.2 5 6-tatrahydro-4H-2,B- 5.44 4.33
methanc-henzofdlazecin-3-yl-phosphonic acid methy!
ester phenyi ester

o
. WO, W0
RZ N H N TCH,
ﬂ o o
(//;‘ \'\\ ) \!: \/ t\ --‘HH
) Y \
o= N |
CH, CH,

E1248 E1247 £1248
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Chemical Structure

Compound
E1248
E1250
E4251
E1252

£1253

OH
O

Rt R2
hydrogen  hydrogen
hydrogen  methyl
methyl methy
phenyt hvdrogen
phanyl methyl

Diclofenac {Voltaren®)
Hydroxylaied Metabolite

OH

| = oH
o o)
I AN
g

Chemical Name
{2-1{2,8-Dichioro-phenyi}-phosphono-amingl-phenyi}-acelic acid
{2-{(2 8-Dichioro-phenyl}-(tydroxy-methoxy-phosphoryll-amincl-
phenyl}-acetic acid
{2-{(2 B-Tichioro-phenyi-dimethoxy-phosphondi-sminel-phenyly-
acstic acid
{2-{(2 &-Dichloro-phenyl-(hydroxy-phenoxy-phosphoryl)-aminof
phenyitacetic acid
{2-}{2 B-Dichioro-phany-(methoxy-pharnoxy-phosphoryl-aminal-
vhenyli-acetic acid

? = OH
s
i o
L=w
= N“;}I\
P 0
Ci H,C
£1250
N ow
z i
S
ol WO
L N OCH,
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Chemical Structure

fytrogen

hydrogen

R1

methyl

phenyt

phany!

R2Z
hydrogen
methyl
methyl
hydrogen

methyl

Doxepin (Adapin®, Sinequan®)
Active Metabolite Structure

Chemical Name

{3-¢8M-Dihenzolb,eloxepin-11-yiidene)-propyll-methvi-
phosphorarnidic acid

[3-(BH-Dibenzolb eloxepin-1 1-viidene)-propyli-methyl-
phosphoramidic acid manomethyl ester
[&-(8H-Dibenzolb ejoxepin-1 T-vlidens-propyil-methyi.
phosphoramidic zoid dimethyl ester

{3-{8H-Dibenzofb eloxepir-11-yiidena-propyli-methyl-
phosphoramidic acid monophenyl ester
[3-(6H-Dibenzalb eloxepin-11-ylidene)-propyil-methyk-

Estimated
LogP
3.37

3.42

»

HSC\N) E1258

i
Pz
VA

MG O

CH

3

phosphoramidic acid methyl ester phenyl ester

E1257
HCn
0w#10
o Ou oy,

60

HSC\N)
0—P=0
. |

H o oo
CH,

E1255

Hydroxviated Metabolite

pKa
2.91
4.75
3.9¢
4.37

4.54



Doxylamine {Mereprin®)
Chemical Structure Active Metabolite Structure - Hydroxylated Metabolite

Compound R1 R2 Chemical Name

E1369 hydrogen  hydrogen Methyi-{2-{1-shenyi-1-pyridin-2-yl-ethexy)-
gthyll-phosphoramidic acid |

E1370 hydrogen  methyt Methy-{2-{1-phanyl-1-pyridin-2-yl-ethoxy)-
ethyil-phosphoramidic acid monomathy! ester

E1371 mathyl methyt Methyl-{2-(1-phenyl-1-pyridin-2-yl-sthoxy}-
ethyl]-phosphoramidic acid dimeinyt estar

£1372 phenyi hydrogen hethyi-[2-(1-phenyl-1-pyridin-2-yi-ethoy)-
ethyl}-phospheramidic acid monophenyl ester

E1373 phenyl mathyl Methyi-[2-{4-phenvi-1-pyridin-2.ylathoxyl-

ethyll-phosphoramidic acld methy! estar
phenyl ester

S

HC, ==

= 0

acN, O

E1260 H E1370 HgC

77 7
HECX == MO =
m o =z o}
| Y
\\_JN % \ {,N %
Hsc”‘é-\‘:r..ﬁ“c:ki3 e~ N, O-H
Q’/ ro Ox ?
2 f
E1374 HC Efavz j-.ﬁj\}
Sy A
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Duloxstine (Cymbalta®)

Chermical Structure Hydroxylated Msiabolite

I Ny
Compound R4 ‘R2 Chemical Names Estimated
LogP
£1108 hydrogen  hydrogien  Meathy-[2-{naphthalen-1-yloxy)-2-thiophens2-yi- 3.78
ethyll-phospheramidic acid
E1107 hydrogen  methyl  Methy-[2-(naphthaien-1-yloxy)-2-thiophen-2-yl- 3.83
ethyll-phosphoramidic acid monomethyt ester
£1108 methyl methy:  Bethyhl2-(naphthaien-1-yloxy)-2-thiophen-2-yi- 3,89
athl-phosphoramidic acid dimedhyl ester
=108 pheny! hydragen  Methyl2~(naphihalen-t-yioxy)-2-hiophen-2-yi- 580
ethyll-ohasphoramidic acid monophenyl ester
E1110 phenyl maethy! Methyl-[2-(naphihaian-1-yloxy)-2-thiophen.2-yi- 5.68
athyll-phosphoramidic acid methyi ester phenyl
aester
Ri. o CIDH OH
" HO—P=0 Op=0
O—F=0 | <
S N HL N

E1108 E1107
H“Cxo ‘/\1} ‘/,?7\
- ‘; e, |
Pp=0 L‘o\\/\o SNy
25 N [ %
To7 ek, HO—P=0 0-P=0
j g N H,C N
o7 Y }\ (" ToH, " CH,
P \ o S o -8
! 5 X\\/> L
1
P~ ia/% i TR
H ! H ]
£1108 N /] ‘\\,,,/»\/J
E1108 E1110

g2

Estimated
pKa
448
318
4.32
2.76

4.86



Eletriptan (Retbox®)

Chemical Structure Active Metabolite Structure Hydroxylated Metabolite
H3C\
N HM
i
QN av;
S N O e N
© H H
Compound Rt R2 Chemical Name Estimated pKa
LogP
£1169 hydrogen  hydrogen
= yrogen  Bydroger ., s o Benzanesuiforyh-ethyli1Heindal-3-yimethyl: 304 2.30
pyrrolidin-1-yli-phosphonic acid
E1170 hydrogen  methyl {2-[5-t2-Benzenesutfonyl-athyl-tH-indoi-3-yimathyl}- 3.2¢ £.36
pyrroidin-tyi}-phosphonic acid monomethyl ester
F1174 methy! methyt {2-15-(2-Benzenasuifonyi-ginyl-1 H-indol-3-yimetnyl}- 335 4.45
pyrrolidin-1-yik-phosphonic acid dimethyl ester
Et172 phenyl hydrogen  {2.45.(2-Benzenesulfonyl-athyi)-1H-indol-3-vimethyll- 5.06 4.88
nyrrofidin-1-yi-phssphonic acid monopheny! ester
E1173 phenyl iyl {Z-[6-{2-Benzenssulfonyl-ethyt-1H-ind ol-53-yimethyl}- 512 4,52
pyrrolidin-1-yli-phosphonic acid mathyi ester phanyt ester
R ]
© H‘“c;
JO"?%WO O—Ermy
1
R? N [

H 8]
Mo, LA
¥ o
/OMQ?ZG )QWF;)"—G
; ; 4 S
E1170 “zCKjD Er171 HC./D
R i /\‘ o ;
Y 1 /f \ i \“z i BN
= <~
%/)&\ L‘*\Q‘.;_ "ﬁ"\
7 TR
O=—p=0 jO“*f’zO
E172 BN ET173 T n—
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Ephedrine (Broncholate®)

Chemical Structure Hydroxylated Metabolite
OM CF;HS OH C}:H3
NH NH
l 3
i
= CH, HO CH,
Compound R Rr2 Chemical Name _Estimated pKa
' LogP
E1334 hydrogan  hydrogen  (2-vdroxy-Temethyl-2-phenyi-athyb-methyl .49 347
phosphoramidic acid
E1335 hydrogen  methy! {2-Hydroxy-1-methyl-2-phenyl-ethyli-methyl- 0.55 4.18
phesphoramidic acitt monomethyl ester
E1338 mathy methyl {2-Hydroxy-1-methyk-2.phanyl-ethyi-methyl- 0.8 3.58
phosphoramidic acd dimathyl ester
£1337 phemyt hydrogen  (2-Hydroxy-1-methyl-2-phanyi-ethy-methyl 2.3 3.80
phosphoramidic ackd monophenyl ester
£1338 phenyl methyl (2-Hydroxy-1-methyl-2-phenyl-ethylj-methyi- 2.37 3.80
phosphoramidic acid methyi ester phanyl ester
OH QHQ CI)H (}JHQ
! LT O ! T O—H
s N\P, , ~ N\P/
L g L g 9
\% CH, i"‘} S CH, {!}Hg
E1334 E1335
OH CH3 OH CH3 Ot CHS
" O--CH, LT O—H | LTO—CH
N,/ # N~ N,/ e
(/ 2 P | "y e s =
| L g0 | o | R W
P CH, 1 e CH, O ] S cH, U
L"HS P /;'\_\
=T N
E1336 E1337 o E1338 o
Sy Sy
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Chemical Structure

\}\/
<7
It
N
Ty
\\)
s V7
r
Compound Rt
E1031 hydrogen
E1032 hydrogen
E10633 methyl
E1034 phenyl
E1035 phenyl

R2

hydrogen

methyl

methyl

hydrogan

methyt

Escitalopram (Lexapro®)

Active NMetabolite Structure

S

o e

Vs

HC,

NH

Chemical Name

Estimated
LogF

{348-Cyano- 1-(4-flucro-phenyi-1.3-dihydro-
isobienzefuran-1{S}-yl}-propyf-methyl-nhospheramidic acid
{3-[5-Cyano-1-{é-fucro-phanyi-1, 3{3-[5-Cyane-1-(4-
fluorg-prianyti-1, 3-dihydro-isobenzofran-1H{Sryil-propyt-
methyl-phosphoramidic acld monomathyl ester
{3-{5-Cvano-1-{4-fluorg-phenyly-1, 3-difydro-
isobenzofuran-11(Syyil-propyl-methy-phosphoramidic acid
dimathyl ester
{3-i5-Cyano-1-{4-flucro-phernyl)-1, 3-dihydro-
isobenzofuran- 11 (Syyi}-propyii-methyl-phosphoramidic acid
menopheanyl ester
{3-15-Cyano-1-{4-flucre-phenyl)-1, 2-diwadro-
isobenrofuran-11(5)yi}l-oropyi-mathyi-phosphoramidic acld

methy! ester pharyt ester

!
Maw
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£1038
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Femoxstine (Malexil®)

Chemicai Structure Active Metaboiite Structure Hydroxylated Metabolite
CH CH
L { N
N
S )
O ‘ ‘ o :
SRedlone
!
H.C MO i P
0 = | Lo /\3 HO
. N
Compound R1 R2 Chemicat Name
E1374 hydrogan  hydrogen [3-{4-Methoxy-phenoxymethyli-4w.phenyi-piperidin. d-yil-
phosphonic acid
E1375 hydrogen  mathyt [3-(4-Methoxy-phenoxymathyh-4-phenylpiperidin-t-yl}-
phosphonic acid monomethyi ester
E1376 methyl mathy! [3-{4-Methoxy-phenoxymethyi-2-phenyl-piparidin-{ -yij-
phosphonic azid dimethyt ester
£1377 pheny! hydrogen  [3<4-Methoxy-phenoxymethyi-4-phenykpiperidin-1-yi)-
phosphonic acid monapheny! ester
£1378 phenyl methyl {3 (4-Methoxy-phanoxymethy)-4-phenyi-piperitin-1-yl}-

phosphonic acid methyl ester phenyl esier

=44 H H.Oo
"o gy ooy oy
H i | s/ H 7/
o=F~0 O=P—0 o=p~gf
i ¥
/N\i AN A
H i t
T/\/O\/\\{/ (/%\ O A H/H\]/O\
HUC\O P A l ch-\ /I\/ /J\| HSC\oM o ¥|
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N E1374 %y 1378 o

o cH, S/ "o e/
¢ e I
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N N N
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o \ 0 ! O\/Q
SN SN Ry R
H Q J\ H.C i/\‘/ | c /@! |
»C\O _/ E/7 l! ) \O \;,4’ o 15 Hg \O P2 I/\‘
i i | ‘|
£1378 Sy E1377 R £1378 S
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Fenfiuramine (Pondimin®)

Chemical Structure Active Metaholite Structure Hydroxylated Metabolite
CH, -
g y H.Co _N_ _CH
H;C\/N\\/CHS chvaCHs E N
f"“ b H . F ;
F ,\2 E ]
S NS : o
% = HO
Compound R1 Rz Chemical Name Estimated  pKa
LogP

E1314 hydrogen  hydrogen  Ethyl-[t-methyl-2-(3-triflucromethyl-phenyl-athyl- ) 3.48 3.28
phosphoramidic seid

E1315 hydrogen  methy! Ethyl-l1-methyl-2-{ 3-frifluoromeathvl-phenyli-ethy (- 3.54 436
phosphoramidic acid monomethyi ester

E1316 methyl methyl Ethylkli-methyl-2-{3-trifluoromethyl-phenyli-ethyll- 3.60 360
phospheramidic acid dimethyl ester

E137 phenyl hydrogen  Ethwl-{1-methy-2+ 3-fifiusromethyi-phenyl-ethyll. 531 £.00
phosphoramidic acid monopheny! estar

E1318 phenyl methyi Ethy[1-methyl-2-3trffluoromethvi-phenyii-ethyl]- 5.36 411

: phosphoramidic acid methyl ester phenyl ester
CH
o8
=

E1316
CH CH
S S

#=0 F H.C~0 F

N ; N

P = P

05 5 E F o7 E
O CH & P O CH,

N N

] E1317 | £1318

S Sy
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Fluoxefine {(Prozac®)

Chemical Structure Active Metabolite Structure Hydroxylated Metabolite
S S
H,CT TN HN
H 5 5
i ~: Ny
F i F
o o
FN F
F F
Compound R4 R2 Chemical Name Estimnated Estimated
] LogF pka

E1R48. hycrogen  hydrogen  Ethyh[2-phenyl-2-{4-tiffucromethy-phenoxy)-ethyll- 4.23 4.654
phospharamidic acid

E1047 hydrogen  methyt Ethyl-[2-phenyl-2-(4-triftuaromethyl-ohenoxy)-ethvi- 4,29 3.02
phosphoramidic acid monomethyl ester

£1048 methyl meihyl Ethyl-{2-phenyl-2-{4-iriflucromethyl-phenoxy)-ethyil 4.35 3.86
rhogphoramidic acid dimethyl ester

E1048 phenyl nydrogen  Ethyi-[2-phenyl-2-{4-trifluoromathvi-phenoxy)-ethyil- 6.06 2.64
phosphoramidic acid monophenyi ester

E1050 phanyt melhyl Ethyl-[2-phenyl-2-{4-triflusromethyl-phenoxy)-ethyll- 6.11 4.45

phosphoramidic acil methyl ester phenyl esier
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Chemical Structure

Frovatriptan (F’rova@)

Hydroxylated Metabolite

Chemical Name:

{8-Carbamoyi-2,3.4 9-tetrahydro-1H-carbazol-3-y1-

- methyl-phosphoramidic acid

H
HyCu
H
NH,
o
Compound 1 R2
£1319 hydrogen  hydrogen
£1320 nydrogen  methyl
E1324 methyt mathyl
E1322 pheny! hydrogen
£1323 phenyl methy!

(6-Carbamoyl-2.3 4,5-tefrahydro-1H-carbazol-3-vi)-
methyl-phosphoramidic acid monomathyl ester
{5-Carbamoyl-2.3 4, 9-tetrahydro-1H-carbazol-3-yi-
methyl-phosphoramidic acid dimethyt ester
{8-Carbamuyi-2,3 4 S-tetrahydro-1H-carbazol-3-yli-
mathyil-phosphoramidic geid monophenyi ester
{6-Carbamoyi-2.3 4 B-etranydro-1H-carbazol-3-vl)-
methyl-phosphoramicic acit methy! ester phenmyl ester

89

Estimated
LogP
1.7
1.33
1.38
3.08

318



Galantamine (Reminw@}
Chemical Structure Active Metabolite Structure Hydroxyiated Metabolite

OH

H

5

Compound R1 R2 Chemical Name

E1259 hydrogen  hydrogen GH-benzofuro[3a,3, 2-efiiZlbenzazepin-6-
oh4a,6.8,10,11,12-hexahydro-3-mathoxy-11-
methyl, {485,6-R BaS)-phosphoramidic acid

1260 mydrogen  methyt BH-benzoiuroida, 3, 2-efl[2ibenzazepin-6-
ol 4a,5,9.10 11 12-hexahydro-3-methoxy-11-
methyl-, (4a5 6-R 8a8)-phosphoramidic acid
monomethyl ester

E1261 methyi methyt BH-benzofurpi3a,3.2-efji2lbenzazepin-6-
ct45,5,9,10.11,12-hexahydro-3-methoxy-11-
mathyl-, (4a3,6-R.8a8)-chosphoramidic acid
dimethyl ester

E1262 pheny! hydrogen  gH-benzofuro[3z,3,2-¢fl[21be nzazepin-&-
o},48,5,9,10,11,12-hexahvd ro-3-mathoxy-114-
methyl, (4a5.6-R 8aS)-phosphoramidic acid
monophenyi esier

E1283 pheny! methyl &H-benzofure[3a,3,2-efl2lbenzarepin-g-
ol 4a,5,9.10,11,12-hexahydro-3-maihoxy-11-
methyl-, (4a8.6-R.8aS)-phosphoramidic askd
meathyl ester phenyt ester

oH CH
ol Uee
{ i i
2y /\ /! M\ 1
/
oM o
H ;,P%‘ v g
ol
r CH,
E1259 E1260
Ok OH OH
CH, CH, e CH,
'Yad yaty 'Yal!
NN A FN AT il 7
| i y
N ) \/f’\N ) \/{L\ %
O O O
ML 0 WSO e o
& } Is}
CH, - SR —
: E1262 N g2es Y
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Chemical Structure

H

5
N
H

O

rS
1
N

RA

3

Compound R1

£1268
1280
£1281
£1292

E1253

hydrogen

hydrogen

methyl

pheny

phenyl

O

R2

hytrogen

methyi

methyl

hydrogen

methyl

Gatiftoxacin (Tequine®)

Hydroxylated Metabolife

Chemical Name

1-Cyclopropyl-&-fiuoro-8-methoxy-7-{ 3-methyhd~
phosphono-piperazin-t-yi-4-oxo-1 4-dihvdro-
guinoline-3-carboxyiic acid
1-Cyclopropy-6-fiuoro-7-{4-{hydroxy-methoxy-
phosphond)-3-methyl-piperazin-i-yil-B-methoxy-4-
oxe-1.4-dihydro-quinoline-3-carboxylic ecid
1-Cyclopropyi-7-[4-{dimethoxy-phosphoryl-S-methyh
piperazin-1-yi}-G-fiuoro--methoxy-4-oxo-1,4-dihydro-
quincline-3-carboxylic acid
1=Cyclopropyi-6-fivoro-7-[4-(ydroxy-phenoxy-
phosphoryl)-3-methyi-piperazin-1-yll-8-metnoxy-4-
oxo-1,4-dihydro-quinoiine-3-carboxyic acid
1-Cyclopropyl-8-iuoro-8-methoxy-T-[4-methory-
phenoxy-phosphoryl-3-mathyl-pperazin-d -yil-4-axo-
1,4-ditydro-quinoline-3-carbaxylic agid

Estimated
l.ogP
1.78

1.84

1.80

3.61

366

piKa

§.15

2.51

622

2.04

6836
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Grepafloxacin {Raxar®}

Chemical Structure Hydroxylated Metaholite
CH, O oM
FMO
S
i~ A
CH,
Compound R R2 Chemical Name Estimated pka
LogP
£1294 hydrogen  hydrogen

1-Cyciopropyl-8-fivoro-5-methyi-7 < 3-mathyi-4-
phosphono-piperazin-i-yl)-4-oxo-1,4-dibvdro-
quinoline-3-carbaxyiic acid

E1295 hydrogen  methyt 1-Cyciopropyl-6-fluare-7-{4-(hydroxy-methoxy-
phosphonyt)-3-methwvi-pinarazire-1.yil-Smethyi-4-
oxo-1 4-dihydro-quinoiine-3-carboxyiic agid

£1296 methyl rnethyl 1-Cyclopropyk-7-i4-(dimethoxy-phosphoryi-3- 2.36
methybpiperazin-1-y}-6-fiucro-5-methyl-4-0xp-1.4-
dihydro-quinoline-3-carbaxyiic acid

E1297 pheny! hydrogen  {-Cyclopropyi-8-fiuoro-7-[4-{hydroxy-phenoxy- 4,07
phosphoryl)-3-mefhwi-piperazin-t-yl-5-methyl-4-
oxo-t A-dihydiro-guinoline-3-carboxylic acid

Eq288 - phenyl methy 1-Cyclopropy-8-fluoro-7-[4-{methoxy-phenoxy- 413
phosphoryl)-3-methvi-piperazin-1-yl}-5-methyl-4-
oxo-1 4-difdro-quinoline-3-carboxyiic acid

CH, O OH
Foor - . F
7w Sy N
‘1_. ———
R O\'P'/N A H O\m/!\i})
: - | T i
? O CH, Cl;’ o oo
Re : CH, O OH P
F
g

K\N N l/\

— H,C—0

H Q\P/N\r) A E1205 = \P_,N\’) E1298
T o7 :

o

IO oK
CHB
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Halofantrine (Halfan®)

Chemical Structure Active Metabolite Siructure

~

H,C

Compound R1 R2 Chemical Name Estimated Estimated
’ iogk pKa
£1066 hydrogen  hydrogen  Butyh[3.(6 B-dichioro-3-tifluoromethyl-phenaniiren- 6.64 3.57
9-yl)-3-hydroxy-propyli-phosphoramidic ackd
E1067 hydeogen methyl  Suty-[3-(8,8~dichiore-3-Fifiuoromethyi-phenanthren- 870 4.08

S-yl)-3-hydrosy-propy’l-phosphoramidic acid
maonomsthy! esier
£1068 mathy: methyt Butyi-[3-(8,B-dichioro-3-trifluoramethyi-phenanthren- 68.75 377
S-yli-2-hydroxy-propyliF-phosphoramidic acid
dimethy! ester
E1069 phenyl  hydrogen  Butyl-[3-(.8-dichioro-3-trifiucromeathyl-phenanthren- B.47 370
: G-yl)-B-hydroxy-propyil-phosphoramidic acid
moenopheny! sster
=070 phenyl methyl Butyl-[3-(8, &-dichloro- 3-rifluoromethyi-phenanthren- 8.52 4.2¢
9-yi}-3-hydraxy-propyi}-phosphoramidic acid meinyl
ester phenyl esler

0‘,.R7 O HG ?H
2 i 3™,
i o HO=P==0 op=g
o X
) 519 Mo -G, HO o~ N CH,
HO N CH, 2 e ¥ T
\g//“\/CI\/‘\/ . W j o
= =
AN @
| it L
A Bz o //\ﬂ_ \"//\'CH
il kﬁ;/j
¥ H _
F“"} F P i
T F E1087
F

E1069 F

E1070
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Levofioxacin (Levaguin®)

Chemical Structure

Hydroxylated Metabolite

Compound R1 RZ Chemical Name

E1383 nydrogen  hydrogen 8-Fiuore-6-oxo-9-(4-phosphono-piperazin- Tyl
2,3-dihydro-6H-1-oxa-3a-aza-phenalene-5-
carboxylic acid 7

E1384 hydrogen  methyl 8-Flugro-g-{4-thydroxy-methoxy-phosphoryi)-
piperazin-1-yl}-8-oxo-2,3-Cihydro-6H- 1 -oxa-3a-
aza-phenalens-5-carboxylic acid

E1285 methyl miethiy S-{4-{ Dimethoxy-phosphoryli-piperazin- 1-y[-8-
fiuorg-6-oxo-2.3-diydro-BH-1-oxa-3a-arxa-
phenaiene-b-carboxyiic acid

E1386 phamy hydrogen B-Fiuoro-8-[4-(hydroxy-phenoxy-phosphor)-
pinerazin-1-yij-8-0x0-2, 3-gihydro-86-1-0xa-3a-
aza-phenalene-5-carboxylic acld

£1387 pheny! methyt 8-Fluore-g-f4-(methoxy-phenoxy-phosphony)-
piperazin.t-ylj-8-ox0- 2. 3-difvydro-6H- 1-oxa-3a-
aza-phenatene-5-carboxylic acid

o o
I \ i {
F H £
HO H ; \-’ HO 3 . e
H I
A oo : { O
S N B R O SN TH
o G E1283 o0
a2 H
i ] 10
KO TS " HG: l/‘ S
i i Ji
N P~ |§5/\] N AN
i VR o P ! : O
\/Q I\\/N“:p H o \,/N"\P: CH
F13g4 ol 9 £1385 s
CH, oM,
0 ) 0 ?
HOW F o ) N NN
(I B9t
Y ( : ,O N _O"u
¢ \\/h“: X H k/o \/N:-s;: Cii
£1386 o O E1387 -9
T f”\!
N S
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Chemical Structure

O

HO

{

S

H,C

Compound

E1439
E1440
E1441
E1442

1443

i
s

R1

hydragen

hydrogen

methyi

phenyi

phenvl

Lomefioxacin (Maxaguin™

Hydroxyisted Metabolite

N/YCHG

K/NH

R2

hydragen

miethyl

rathyt

nydrogers

methy

Chemical Name Estimated
LogP
1-Ethyl-8 B-difiuoro-7-(3-methyi-4-
phosphono-pinerazin- 1-yh-d-axo-1 4«
dihydro-gquinoiine-2-carbexylic acid
1-Ethyi-6,B-difluoro-7-{4-(hydroxy-methoxy-
phosphaorylj-3-methyl-pinerazin-1-ylj-4-oxo-
1.4-dikydro-guinoline-3-carboxyiic agid
7-[4-(Dimethoxy-phosphory-3-methyl-
piperazin-i-yij-1-ethyl-6,8-difluoro-4-oxo-
1.4-dihydro-guinoline-3-carboxyic acid
1-Ethyl-8,8-diftuoro-7-[4-(hvdraxy-phenoxy-
phosphoryl-3-methy-piperazin-1-yil-4-oxo-
1.4-dihydra-guinoling-3-carboxylic acid
1-Ethyl-6. 8-difluore-7-14-(methoxy-
phenoxy-phosphoryly-3-methyl-piperazin-1-
yil-4-oxo-7 4-difydro-guinoline-3-carboxylic
acid; compound with benzene
CH,
??!/Y )
i N
e ‘;Diq H
o
¥
FZ
N /\!/,C H,
Lon P
SN ,\ oH
O
E1441 i,
v/\/?:
! t
%N/\YVHJ
{ 0
SN
/ o
G
E1443 /f \‘*\\
u/
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Chemical Structurs

Loxapine (Loxitane™)
Active Metabolife Structure

Hydroxylated Metabolite

CH,
/
H N
/N ( J
\ \) N
N N:—<
T N e s A
Gl ca\N )
L/\O \\//\o OH
Compound R1 RrR2 Chemical Name Estimated pKa
LogP
£1264 hyd i )
yarogen - hydrogen {4{8-Chioro-cibenzolb,fl[1 4joxazenin-1 {yl} 2.47 4.81
piperazin- 1-yil-phiosphonic acid
L1285 hydrogen  methy! [4-{8-Chloro-dibenzald fI[1.4Joxazepin. tyl) 3.03 2.85
piperazin-t-vil-phosphonic acid monomethyl ester
E1268 metiyl methyl #-{8-Chioro-dibenzob,f][1 dloxazepin-11-vi)- 3.08 5.88
piperazin- { yll-phosphonic acid dimethyt estar
E1267 pheny! hydroger  [4-(B-Chioro-dibanzofb 1 4]oxazepin-11-yi)- 474 2.38
piperazin-1-vii-phosphenic acid monooheny! sster
E1288 phenyl methy: [4-{8-Chiaro-dibenzolt fi1 4loxazepin-1i-yi- 4.85 .02
piperazin-1-vil-phosphonic acid methyt ester pheny
aster
RA g H
0. -z 6. O-H 0. O-cH,
\C) \;: \P
P P A
4y
NJ NJ N‘)
Ne=(, Ne Nl
T V\/‘x\\«/ T C{\\//b\h\/ N Clwn S5y N
\ ' il | !
\//\\o//\ ) Ao e \M\Q e
E19584 E1265
OH, H e CH, e
[ ! Y H ST
0\ ’O'“CH’_ O\ rO%«\‘/ 5 G /O- (\. )
Fa S \\J \/D\\ \\L«-«/
/N & N @ N O
\ o e
N N ¥
Ne=d N e
e R C%\A( N Clo S N
Lo Y \ / \\\/x\ /
\‘/\\O/\;J ‘\/)\O/\?/ Z 0 N
E1267 E12588
£1266 °



Maprotiline (Ludiomil®)

Chemical Structure Hydroxylated Metabolite
\CHa
H
Compound Rt R2 Chemical Name Estimated  pKa
LogP
E1344 hydrogen  hydrogen 8, 10-ethanoanthracene-9( 1 0H}-propylaming}-methy 3.58 1.73
phosphoramidic acid
E1345 hydrogen  methyl 19, 10-ethanoanthracene-9(1 GH)-propylamine}-methy! 3.61 6.24
prosphoramidic acid mongmeatny ester
- 1346 methyt methyl {8, 16-ethencanthracene-8{1 OH)-propylaming]-methyi 3.67 2.28
phospheoremidic acid dimethyi ester
E1347 ohenyt hydregen 8, 10-ethanoanthracens-8(10H)-propylaminel-mathyl 5.38 5.57
phosphoramidic acid monopheny) ester
E1348 pheayt methyt {2, 10-ethancanthracene-9(1 Oki}-propylamingl-methyl 5.44 2.89

phosphoramidic acid meihyi ester pheny ester
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MDMA {Ecstasy”)

Chemical Structure Active Metabolite Structure Hydroxylated Metabolite
N
ro CH,
i !
i !
L CH,
HO g .
i
OH
Compound Rt R2 Chemical Name Estimated. pKa
LogP
E1269 hydrogen  hydrogen ! )
{2-Benzof1 3]dioxol-5-yi-1-methyhethyl)-methyl 0.71 2.83
phosphoramidic acic '
E1270 hydrogen  methyt (2-Benzof1 3idioxol-5-y-1-methyl-ethyl)-methyl- 0.78 4.83
phosphoramidic acld monomethy! ester
E1271 metivy! miethyt {2-Banzo{'t, Jldioxol-5-yi-1-methyhethyl)l-meathyl- 0.82 348
phosphoramidic ackd dimethy! ester
E1z72 pheryl hydrogen  [2-Benzoit,3ldioxol-5-yi-1-methyl-ethyl-mathyl 2.53 442
phosphoramidic acid manephenyl ester
E1273 phenyl methyt (2-Benzo[1,3dioxo-E-yl-1-methyi-sthyl-meihy- 2.58 3.99
phosphoramidic acig methyl ester phenyl ester
RZ-. L
? JR§ g} /H
O*—*EP"WO OZFIZ’-—O
N CH N CH
H,C” ¢ H,C™ ;
O o C %
C C
i
0N 07N
E126¢
: D
, / W
HC., ey N/
! /CH" i s
OZFl’——O O*—“:i’—!?mo
N CH, 4 CH
H,C” H,C” s
) = 8] N
)
O ¢ |
0N 0N
E1271 E1272 21273
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Chemical Structure

cl

(7

N-
M
Compound R1 Rz
E1185 hydrogen  hydrogen
E1196 hydrogen  methyl
E1187 methyl mathyl
£1188 phenyl hydrogen
E1189 phenyl methyt
Cl : o
]
! P
i\lj/
O=pP—0,
i \F%Z
&
Ri7
Ci !/‘\.
i
P
ENj
)
O:?;‘"-O\
o OH
chf 5
E1187

Mietachlorophenyipiperazine
Hydroxylated Metabolite

Ci OH

N
H
Chemical Nams Estimated
LogP
{4-{5-Chloro-phenyl-piperazin-1-yil-phosphonic acid 177
[4-{3Chloro-phenyi}-pipgrazin-1-yij-phosphoenic acid 1.83
monomathyl ester -
[4-{3-Chioro-pheryl)-niperazin- 1 -yil-phosshenic acid 1.88
dimeiny! ester
14-(3-Chioro-phenyl-niperazin-1-vlj-phosphonic acld 3.60
monophenyl ester
[4-(3.Chioro-phenyl)-niperazin-t-yli-phosphonic acid 385
methyl ester pheny! ester
Ci Ci\©
EN\
J
'?/
O=P-Q,
L0 Oy
E1188 c1196
| Ci
c } ~ i i
i 1
o o
N N
“y .
3 i
Q=0 O ﬂ!—? =
I M . k
RN G M /‘/‘%/ o CHS
P I
o ‘i\&;/
£1188 E1189
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pKa

4.99
267

8.08
2.20

5.20



(83 ]

Chemical Structure

Compound

£1289
E1300
E1307
E1302

E1303

Rt R2
hydrogen  hydrogen
nydrogen  maethy!
miethyl methyl
phenyl hydrogen

phenyl methyl

N
Rz
O /\N.r N
i Owpe
CH,
20\
CH,
790
o N F
H.C N Oy
CH, T

Methadone {Delophine®)

Active Metabolite Structure Hydroxylated Metabolite

HO

Chemical Name

Methyl-(1-methyl-d4-oxo- 3, 3-diphenyk-hexyh-
phesphoramidic acid
Methyi-{1-methyh4-ox0-3,3-diphenyk-hexyh-
phospharatmidic acid monomethyt ester
Methyl-(1-methyl-4-ox0-3 S-diphenyi-hexyl)-
phosphoramidic acid dimethy) ester

Methyl-( 1-methyi-4-oxo-3,3-diphenyl-hexyl-
phosphoramidic acid monophanyi ester
dathyl-{1-methyl-4-0x0-3,.3-diphenyi-haxyli-
phosphoramidic acid methy! ester phenyi ester

Estimated
LogP
3.54

3.60

S ~ H \/\/\ CHy
} Ci‘r_ RG / ft« ! Ci\ P o
H.C G )\Nﬂ‘\ H.C o] ,)\N/ .
HS 0 Oy HS 1 Oey
CH, CH,
E1209 E1300 )

pia
3.26
4.40
2.36

4.01
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Methamphetamine (Desoxyﬁ@’}

Chemical Struciure

o H
oy
RN
|
Compound Rt RrR2 Chemical Mame Estimated
LogP
Ei217 hydrogen  hydrogen  Methyi-(1-methy-2-phenyi-ethyB-phosphoramidic acid 203
E1218 hygropen  methyl Methyl-{1-methyl-2-phenyi-ethyl-phosphorarmidic acid 2.08
monamathyi astar
E1218 methyl mathyl Methyi-(t-methyi-2-phenyl-ethyl}-phosphoramidic acid 2.4
dimethyl ester
E1220 phenyt hydrogen  Methyl-(1-methyl-2-phenyl-ettyll-phosphoramidic acid 3.85
manophenyl estar
E1221 phenyl methyt Methyi-{1-methyl-2-phenvi-athyl)-phoesphoramidic acid 3,81
methyl ester phenyt aster
R1 H.. H
\Q Q \(E}
i ]
fO—ijG }Omrrm‘b meF":O
RZ N cH H H,C
el N CH 5 /N CH
HCT Y ® H,C” Y 3 H,C :
N l N
RN S
E1217 E1218
] 0
#.C S NP
ig \? -~ “\O {53
0-F=0 o-p= o—f=0
/ / ! i
HC N.__CH A _N.__CH P e
e -~ 3 ~ 2 - 3
H.C \;/ H,CT Y H,C
i
E1219 E1220 E1221
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Hydroxylated Metabolite

pia

277
2.88

3.3¢
449
392



Methyiphenidate (Ritalin®)

Chemical Structure Active Metabolite Structure Hydroxyiated Metabolits
CH, CH,
o O 0. .C
H H
N
\\ N T
B
= HO
Compound R R2 Chemical Name Estimated
LogP
£1086 hydrogen hydragen Phenyi-{ t-phosphono-piperidin-2-yh-acetic acid 2.37
mathyl ester
E1087 hwdrogen  methyl 1-{Hydroxy-methoxy-phosphory-piperidin- 2.yl 242
phenyi-zcetic acid ethy! ester
£1088 mathyl raetyl I1-{Bimethoxy-phosphoryl)-piperidin-2-yi-pheny- 2.48
asetic acld methyl esler
E1089 phenyl hydrogen [1-{Dimethaxy-phosphoryt) -piperidin-2-yll-phenyl- 4.18 .
acetic acic methyl ester
E10680 phenyt phanyt [1-{Methoxy-phenoxy-phosphery!)-piperidin-2-yTi- 4.25

phenyl-acefic acid methyl ester

tHare CHs
1oy
O\\\VO O\ /O“‘R“ O\\\Y/O HO\ Ok
P AP
7S N0 (W“\ o
21088
M o g CH, ff»:\.;} PFs - on, I
CYO s} . el 0\\\"/0 HO, oy i O\§/0 G\,/Qﬂbj
i N/ S N/P\\ I N >
\‘ \[ G L SN o i NS \| G
J U g
s P L -
— ’ =4088 E1080
21688 =
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Chemical Structure

Methoxyphenamine {Orthoxinine®)
Hydroxylated Metabodlite

HQN\(CHS H,N__CH,
HO
B )
o -
? 7
CH, CH,
Compound R1 R2 Chemical Name Estimated
LogP
E1304 hydrogen  hydrogen  [2-(2-Methoxy-phenyl)-i-mathyl-ethyll-phosphoramidic 1.56
acid .
E1305 nydrogen  methy! {2-(2-Methoxy-phenyl)-1-methyl-ethyi]-phasphoramidic 182
acid monomethyd ester
£1306 methyl miethyl 12-2-Metnoxy-phenyh-1-mathyt-athyl-phesphicramidic 1.68
acid dimethyt ester
E1307 phenyl hydrogen  [2-{Z-Methioxy-phenvyiy-1-methyi-ethyll-phosphoramidic 338
acid monophenyt ester
E1308 phenyi methyl [2-(2-Methoxy-phenyl)- --methyl-ethyll-phosphoramidic 3.44
) acid methyl ester phanyi ester
R2 CH,
O G
WO w0
P P
H.C i HC. N
3 YH ‘o o2 3 \/H O »
7 0
CH, CH,
£1304 E1308
CH, H CHy
j . i o P
e e N e
H,C o H.C 7 HOL N e
Rty sty
el
. Lo
7 ~ ~
] i
A Axy %
i i ?
CH, CH, CH,
E1308 E1307 E1308
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Mianserin (Tolvon®) :
Chemical Structure Active Metabolite Structure Hydroxyiated Metabolite

j AN
/
"
-,
(o
Compound R1 2 Chemical Name Estimated pRa
LogP
Et164 hydrogen  hydrogen  (3,4,9,13b-Teirahydro-14-2 4a-diaza-tribenzcia c.2) 272 472
cycichepten-2-yll-phosphonic acid
E1185 hydrogen  methyi (3,4.8,13b-Tetrahydro- {H-2 4a-diaza-tribenzo 2.78 294
[a,c.8]eyciohepten-2-yh-phosphonic acid monomethyt
astar
E1166 reshyl methyt {3.4.8,13b-Tatrahvdro-1H-2 4a-diaza-tribenzo 2.83 5.78
{a.c.@lcyciohenten-2-yii-phosphonic acid dimathyl ester
E1167 phenyt hydrogen  {3.4,8.13b-Tetrahydro-1H-2 4a-diaza-iribenzo 4.58 2.46
: fa,celoyclohepten-2-yi-phosphanic acid moncphenyt
asler
E1168 phary! mathy! (3,4.9,13b-Tetrahydro-1H-2 4a-dizza-tribenzo 4.80 5.93

[a,cejcyclohentan-2-yil-phosphonic acid methyt ester
pheny! ester

E1187 E1188



Chemical Structure

R -
. \\ \
&
N/"
N
Y
N
N\
CH,
Compound R1
E1061 hydrogen
£1062 hydrogen
E1063 methyi
E1064 phenyl
E1065 phenyl

Rz
hydrogen

rrethyl

methyl

hydrogen

rnethyi

Mirtazapine {Remeron®)

Active Metabolite Structure Hydroxylated Metabolite

Chemical Name

{3.4.9,13b.Telrahydro-1¢-2 4a,5-triaza-tribenzo
{z.c.elcyclohepter-2-yiy-phosphonic acid
{3.4,9.13b-Tetrahydro-1H-2 4a. 5-tiaza-tribenzo
{a.c.eloysivhepten-2-yij-phosphonic aoid
monomsthyl esier

{3.4,8,13b-Fetrahydro-1H-2 42, 5-frigza-iribanzo
ia.c.gjoyciohepten-2-yl-phosphonic acid dimethyl
ester

{3.4.9,13b-Tatrahydro-1H-2 42, 5-triaza-tribenzo
fa,c.elcyciohepten-2-yi-phosphonic aci
monophenyt ester

{&,4,8,13b-Tetrahydro-1h-Z 4a, 5-tiaza-tribenzo
ia,c.eloyclohenten-2-yli-phosphonic acid methyl
ester phenyl ester

Estimated
LogP
247

2.48

2.52

4.23

E1085 <\:/>

Estimated
pKa
4,81
274
B.14

214

6.28



Moxifloxacin (Avalox®)

Chemical Structure Hydroxylated Metabolite
o 9
| .
£ !
[/ N -]\OH
i i
I S
¢ Foog ]
M,C”
Compound R rR2 Chemical Mame
E1434 hydgrogen  hydrogen  1-Cyclopropyl-8-fluoro-8-methoxy-4-oxo-7-(1-

phosphonc-ocahydro-pyrrolo]3 4-bipyridin-&-yh)-1 4~
dihydro-quinaiine-3-carboxylic acid

E1435 hydrogen  methy 1-Cyclopropyt-6-uore-7-{1-(hvdroxy-methoxy-
phosghoryl-octahydro-pyrrolof3 4-bipyridin-G-yl-8-
mathoxy-4-oxo- 1 4-dihydro-guinoline- 3-carboxylic acid

E1436 methyi methyl 1-Gyelopropyt-7-[ 1 -{dimethoxy-phosphorylj-octativdro-
pyrrolo3 4-blpyridin-6-yi-8-fiuoro-8-mathoxy-4-oxo-1 4+
difydro-guinciine-3-caroexyiic acid

E1437 pheny! hydrogen 1-Cyclopropyh-8-fluoro-7-[1 - hydroxy-phenoxy-
phosphoryl}-octahydro-pyreoto]3, 4-blpyridin-g-yi}-8-
methoxy-4-oxo-1 4-dihydro-guinoline-3-carboxylic acie

E1438 phenyl rethyi 1-Cyclopropyl-6-fluoro-B-methoxy-7-{1-{methoxy-
phenoxy-phasphoryi-octahydro-pyrrolo]3 4-bloyridin-6-
yihdeoxo- 1 4-dihydro-quinoline- 3-carboxylic acid

86



Naratriptan (Amerge®)

Chemical Structure Active Metabolite Structure

Compoungd R1 R2 Chermical Name Estimated Estimated
LogP pKa

E1081 hydrogen  hydrogen  4-(6-Methylsulfamoyimethyl-1H-indol-2-yi- 1.58 270
piperidin-1«yilphosphonic acid

£1082 mydrogen methyl [4-{B-Methylsuifamoyimethyl- 1 H-indol-3-yl)- 163 4,85
piperidin-1-y-phosphonic acid monomethyl ester

E1083 matnyi methyl  J4-(6-Methyisulfamoyimethyl-1 H-indai-3-yl}- 169 377
piperidin-1-yil-phosphonic acid dimeihyt ester

E1054 pheryt hydrogen  [4-(6-Methyisuifamoyimethyl- tH-indob-3-yl)- 340 448
piperidin-1-yl]-phosphonic acid monopheny! ester

E1085 phenyl methyl  [4-(B-Methyisulfarmoytmethyl-1H-indol-3-yh)- 346 382
piperidin-1-y{l-phosphonic acid methyl estar phany!
ester :
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Morastemizole
Chemical Structure

e
@:N\%{—)

Compound R R2 Chemical Name Estimated  Estimated
LogP pKa

E1101 hydrogen  hydrogen  (4-[1-{4-Fluore-benzyl)-1-benzoimidazel-2- 375 3.92
ylamino}-piperidin-1-yl}-phosphanic acid

E1102 hydrogen methyl {-Ma-Fuoro-benzyl-1H-benzoimidazoh2- 3.80 374
yiamine}-piperidin-1-yi}-phosphoric acid
manamethyt esier

E£1102- methyt meibyl {4-[1-{4-Fluoro-benzyli-1H-benzoimidazol-2- 3.86 4.86
ylaminol-piperidin-1-vii-phosphonic acid dimethyt
ester

E1104 phenyl hydroger {4 t-(4-Fluoro-henzyl-1H-benzoimidazol-2- 587 3.26
ylammo}-piperidin- 1-yl}-phosphonic acid

. monaphenyi ester

E1105 phenyl mathyl  {4{1-(4-Fiuoro-benzyl)- 1H-benzoimidazol-2- 5.53 513
yiarmino}-piperidin-1-yli-phosphonic acid methyl ester
phenyt ester
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Chemical Structurs

HN/\\i .
N

] .
E 3
N~
Compountd R R2
E12030 - - hygrogen  hydrogen
21281 hydrogen  mathyl
£1202 methy! mathyl
E1203 pheny! hydrogen
=204 phenyl methyl
R4
i
O /O RZ
p\
I N
Co
\\\/N\“/N%
i
N._~
o
—_
& O—CH,

E1202

Narbuspirone

Chemical Name

fogP
{4-Pyrimidin.2-ylpiperazin-1-yi}-phosphonic acid -0.07 8.04
{4-Pyrimidin-2-yl-piperazin-1-yli-phosahonic acid .04
muonomethyl ester
{4-Pyrimidin-2-yi-piperazit-1-yl)-phosphonic acid 0.05 7.0
dimethyl ester
{4-Pyrimidin-2-yl-piperazin-T-vlj-phosphanic acid 1.78
monapheny| ester
(4-Pyrimidin-2-yl-piperazin-1-vii-phosphenic acid 1.81
methy! ester phenyl esier -
H H
£} o i —-C
o PH 6. O CH,
P P
7N Z TN
Q0 O
l\/N N K/N N
Y T
1
N\/ N. =
E120C E1201
t : 1
* é !
AN ,//,/ \‘E/";/
| oeH L o—CH
O\_&/O H Q\'_\/\J CH,
"’V\N/\ // \N/\,
3
NYN\ N\ﬂ/N
\
N._ = N._ .=
E1203 £1204
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Chemical Sfructure

Norcisapride

Hydroxyiated Metabolite

¢Hs CHs
o] O
HU
CH
NH O °
0 | 2
i /
NH,
Cl
Compound R1 RrR2 Chemical Name Estimated  pKa
LogP
1144 hydrogen  fdrogen  [d-{4-Amino-S-chioro-Z-methoxy-henzoviamino)-2- 0.04 4.78
methoxy-piperidin-1-yi-phosphonic acid
£1145 hydrogen  methyl [4-{&-Amino-5-chioro-2-methoxy-benzoviaming -3 ;.10 238
methoxy-piperidin-1-yl-phosphonic acic monotnethy!
ester
E1146 methyl methyl la-(4-Amino-5-chioro-2-methoxy-benzoytaming)-3- 0.15 5.85
methoxy-piperidin-1-yil-phosphonic acid dimeathyi estar
E1147 phenyl hwydrogen  [4-{4-Amino-5-chlaro-2-methaxy-benzoylamino)-3- 1.86 241
methoxy-piperidin-1-yil-phosphonic acid monophenyt
esfer
E1148 phenyl methyl {é-{4-Amino-5-chioro-2-methoxy-benzoyieming -3« 1.92 5.09
methoxy-pipetidin-1-yi-phosphonic acid methyl ester
phenyi ester
EI}‘2 o~ ?{’i 2? - CHj H
O« 8 | o)
?Ha “E ?Hs Oa 4 CH, O\pf
O AN S / 0 L P
W/\;;\E \/\N O\!/\N/
HCu )\/ H,C. HN/\)

E1145
i
= //”\T
OH o /L |
Ot N e s
§H3 N CIIH3 HO / C!)HB O“‘P’
o /0 o /S0 s
)@ )§ e
H.C ; _ |
N0 HN T Mo N
1
e S /Y& 0
HZN ; £1148 HZN =1447 HZN I E1148
o - gl o
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Chemicat Structure

Norcyclizine
Hydroxylated Metaholite

HO
‘/\NH m r\/\NH
N\) N N\)
)
]
/
Compound "1 R2 Chemical Name EBstimated pKa
LogP
E1309 nydrogen  hydrogen  (4-Benzhydryl-piperazine {wyl)-phosphonic acid 2.34 410
E1310 hydrogen  methyl {4-Benzhydryi-piparazin-1-yli-phosphonic acid 2.40 3.58
monomethyi ester
E1311 methvi methy! {4-Benzhydryl-piperazin-1-yh-phogphenic scid dimethyt 2.45 516
aster
=1312 phanyl hydrogen  (4-Benzhydryi-piperazin-.y-phosphonic acid 418 3.09
monophenyi esier
E1313 phenyl mathyl (4-Benzhydry!-piperazin-1-yi)-phosphonic acid methyi £.22 Rl
ester phenyl ester
! {
<, O % oo Ry N
= (\Nw \ = (\Nx \ S /\Nz- \ Ty
LWAow T lon Jf LN F
= ~ R1 X H S ¥
! |
e
51305 E1310
)
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=z /\“N /F’\ (\\N P CH,
| o 0
\ N\) 1\-)
Y/ T /J\\[
H 1 -
i i r |
[ ~ .\‘\\\// \h‘:/)
P
E1311 £1312 E1313
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Norfloxacin {Noroxin®)
Chemical Structure Hydroxylated Metabolite

Compount Rt R2 Chemical Mame

£1428 hydrogen  hydrogen  t-Ethyi-8-fuore-4-oxo-7-4-ghosphono-piperazin-1-yi-
1. 4-dihydro-guinoline-3-carboxylic acid

£1430 hydroger  methyl 1-Efhvi-8-flusro-7-[4-{hydroxy-methoxy-phosphoryl}-
piperazin-1-yil-4-oxo-1,4-dihydro-guinoline-3-carboxylic
acid

E1431 methyi metnvi 7{4-(Dimeathoxy-phospheryi-piperazined -yli-1-glhyi-8-
flaoro-4-oxo-1 4-dinydro-quinotne-3-carboxylic acid

£1432 phenyi hydrogen  LEthyl-8fluoro-7-[4-{hydroxy-phenoxy-phosphoryd)- -
piperazin-1-ylj-d-oxoe-1 4-dinydro-gunotine-3-carboxyiic
acld

£1433 phenyl methy 1-Ethyl-g-fluoro-7-{4-{methoxy-phenoxy-phosphoryl)-
piperazin-1-yi-4-oxo-1 4-dinydro-quingting-3-carboxylic
acil
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Norpimozide
Chemical Structure Hydroxylated Metaholite

N
() =
H\,/‘\
N
H
Campound R1 R2 Chemical Name Estimated pKa
LogP
E127% hydrogen  hydrogen  [4-{2-Oxo-2,3-difydro-penzoimidazol-1-yi)-piperidin-1- .9¢ 2.892
yil-phosphanic acid
£1280 hydrogen  mathyl [4-{2-Owo-2,3-dihydro-benzotmidazol-1-yij-piperidin- 1- 0.98 474
vil-phosphenic acld monomethyl ester
E1281 methyl miethy! - #4-{2-Oxo-2,3-dihydro-benzoimigazol-1-yl}-piperidin- 1+ 1.01 3.8%
yil-phosphonic agid dimethyi ester
£1282 phenyi hydrogen  [4{2-Oxo-~Z,3-cihytro-benzoimidazel-1 -vi-piperidin-1- 2.72 426
yli-phesphanic acid monopheny ester ’
£1283 phemyt methyl [4-(2-O%0-2 3udihydro-benzoimidazol-1-yl)-piperidin-1- 278 4,13
yi-phosphonic acid methyl ester phenyt ester
R2. H, HSC\
o o o
e R Owd H omd M
o 7o o
N N N
r } N r \/
~
i i
/E/ A\\‘l/‘( N (’\\\\E/ N ?i/\\"z/ N
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E1281 E1282 E1283
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Chemical Structure

Compound

E1051

E1082

£1053

E1054

E1055

R1
hydrogen

hydrogen

methyt

phenyl

phenyl

RrR2
hydrogen

methyl

methyl

hydrogen

methyl

Nortriptyiine {Aventy!®)

Hydroxviated Metabolite

Chemical Name

3-010,11-Dihydre-dinenzoia djoyciohepten-5-
viidena-propyll-methyl-phasphoramidic atid
3-(10,11-Dihydro-dibenzola dicycicheptan-5-
viidene)propyll-methyl-phosphoramidic acid
monomathy! ester
[3(10,11-Dihydro-dibenzola dicyciohepten-5-
yidene)-propyl-methyl-phosphoramidic acid
dimethy! ester

{3-{10,11-Dihvdro-dibenzola, dicyciohepten-5-
ylidene-propyll-methyl-phosphoramidic acid
manophenyl ester

3-(10,1 t-Dihvdro-dibenzela.dicyciohapten-5-
ylidenei-propyll-methyi-phosphoramidic acid
meihyl ester phenyt ester

Estfimated
LogP
432
4.38
4.44

618

6.20

Estimated
pKa
2.60

478

4.32

4.54
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Chemical Structure

Norsertindole

Mydroxylated Metabolite

S NH
Compound R1 RrR2 Chemical Name
£1149 nydrogen  hydrogen  {4-{5-Chloro-1-{4-flucro-phenyt)-1H-indol-3-yi}-piperidin-
1-yli-phosphonic acid
E11580 hydvogen  methyl {4-{5-Chiloro-1-44-flusro-phenyl)y-4 H-indol-3-yii-piperidin-
1-yl-phosphonic acid monomethyl aster
£1451 methyd methyl {4-[5-Chioro-1-(4-fuoro-shenyli-1H-indol- 3-yll-piperidin-
-yi-phosphonic acid dimethy ester
E1152 phenyl hydrogen  {4-[5-Chloro-1-{4-fizoro-phenyl}-1H-indol-3-yl-pineridin-
1-yi}-phosphonic acid monophenyl ester
£1163 phamyl methyi {#-[5-Chioro-1-(4-flucro-phenyi)-tH-indoi-3-yil-piperidin-
1-yi-phosphonic acid methyl ester pheny! aster
= £
A
E!
”/\]/N\ﬂ
il i
Cz/’\\//’“_J\,/\t
f
\/Nu *»D
J:\\
- O.’ o ~R1
| Rz
S
i =
| E1150
S
o 2 w//\\i
\/i\. B
p\ ud
O' O |
e 5
i CH,

25

Estimated

{.ogP
5.08

5.34
8.18
.90
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Chemica! Structure

TN N ~GH,
| i
;\f N\//
~—= \._.
H
Compound R1 R2
E1006 hydrogen  hydrogen
E1007 hydrogan mgthyl
£1008 methyl methyl
E1008 phenyl  hydrogen
21010 pheny! methy!
R2—0 i

Olanzapine {Zyprexa™)

Active Metabolite Structure Hydroxylated Metabolite

CH,
/\NH /\ -
N——(
~
Lo Y
_ =t
Chemical Name Estimated Estimated
L.ogP pKa
{4-{2-Methyl4B-3-thia-4 S-tiaza-benzo{fazulen- 1.84 4.98
10-yij-pinerazin-t-yll-phosphonic acid
[4-{20ethyl4t-3-thia-4, 9-diaza-benzo[flazuien- 1.99 2.7C
10-vi- plperazsn 1-yi-pnosphonic acid monomethyl
ester
[4-{2-Methyh4H-34dhia-4,b-diaza-venzofflazuien- 208 642
10uvi)piperazin-1yll-phosphonic acid dimethyl
ester
[4-(2-Methyi-4i4-3-thia-4 8-diaza-benzofflazuien- 378 222
10-yij-piperazin- 1-yil-phosphonic acid monogheny!
aster
[4~{Z-Methyl-4H-3-thie-4 O-diaza-benzoifjazuen- 382 617
10-yli-piperazin-1-yil-phosphanic acid methyl estar
ohenyl astar
MO
HO 4
\ _OH L OH
NS o
| & ! | M
4
Naz= ?\;\// Nz N\/
>N LM
& N e’}\ CHs & NS 5 CH,
H H
E1006 E1007
fu//iﬁq‘n ;’/Q\\“-
13 i ;:’
! MO i
Ho\p/o * O\p,a
(\N/ ‘\\b {/’\N/ W
PO
\
/\ N N\) [N [\\/
// \ \ Y
!
L~ NPT CH,
!
E1009 E1010
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Oxybutynin (Ditropan®)

Chemical Structure Active Metabolite Structure
[ H
) )
7 ne Ve
o
HO i
N L
Compound R1 Rz Chemica! Name Estimated pKa
LogP
E1116 nydrogen  hydrogen  Cyclohexyl-hydroxy-phenyl-acetic acid 3-{ethyl- 2.35 3587
phosphono-amino-prop-1-yny!t ester
E1117 hydrogen  methyt Cyclohexyl-hydroxy-phenyl-acetic acid 3-lethyi-(hydroxy- 241 399
mathoxy-phosphoryli-aminol-prop-t-ynyi ester
1118 mathyl methyl Cyciohexyl-hydroxy-pheny-acetic acid 3-{{dimethoxy- 247 4.44
phasphoryh-ethyi-aminol-prop- 1-ynyi ester
E1148 phenyt hydrogen  Cyclohexy-nydroxy-phenyl-zcetic acid 3-[sthy-{hydroxy- 4.18 358
phanoxy-phasphoryl)-aminol-prop-i-ynyl
£1120 phenyl rnsthyl Cyclohexyi-hydroxy-phenyl-acetic acid 3-[sthyl-(methoxy- 423 4.48

phenoxy-phosphoryl-amino}-prop-1-yryl
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Chemical Structure

S
G
Compound R R2
£100 hydrogen  hydrogen
21002 - hydrogen-  methyl
£1003 methy! mathyl
E1004 phenyl  hydrogen
ETG0S pherty ety
LR
o
O=p—-0
Y
N. R2

Paroxetine (Paxil®)
Active Metabolite Structure

e

-0

X
-
e

e

n

Ty

Chemical Name

[3-{Benzo[? Iidioxeh-S-yioxymethyl4-(4-fluoro-
phenyli-pineridin-1-ylj-phosphonic acid
{3-{Benze[1.3ldioxol-S-vioxymethyll-4-{4-flucre-
phemyd-piperidin- 1yil-phosphonic acid
monormethyl ester

[3-{Benzoft J]dioxol-Syloxymethyl)-4-(4-fluoro-
phenyi)-piperidin- 1 -ylj-phosphonic acid
dimethyl ester
[3-{Berzo[1.3idioxol-5-yioxymethyl}-4-(4-fiuofo-
phenyi-piperidin-1-yli-phosphonic acid
monoephenyl asier

[&~{Benzolt, 3jdioxok-S-vioxymethyl-4-{4-fluoro-
phenyl-piperidin-1-yl}-phosphonic acid methyl
ester shenyl esier

OH
o:iv*o&a Oxs?—o

N N
NNy
! |

OH

N/
/

OH

Esfimated
LogP
433

4.39

T
F o E1oo1 E1002
T “ )
s o
C}:%‘MO\ 0=p— 0t
ol ™

Sh o EeRbs

o

\?;\\/ |\/‘\O N ; P o
F 1008 F E1004

Estimated
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Chemical Structure

RNy N ANH,

1/

‘ %
o
Compound K1 R2
£1324 hydrogen  hydrogen
E1325 hydrogen  methyl
E1328 mathyl meihyl
E1327 phenyl hydrogsn
E1328 phanyl methyl
HNs N _NH,
o [
HZN N... *O
PR
a
HN N NH,
Y I Y
Ot
HN N~

Phenformin (Dibotin®)
Hydroxylated Metaboiite

HN N NH
Y \Y 2
NH, NH
HO™
Chemical Name
{Amino-carbamimidoyiimino-methyl}-phenethyi-phosphoramidic
acid
{Amino-carbamimidoylimino-maethyl)-phensthyl-phosphoramidic
acld monomethyl ester
{Amino-carbarmimidoylimino-methyl-shenathyl-phosphoramidic
acid dimethyl ester
(Amino-carbamimidoviimino~-methyh-phenethyl-phogphoramidic
acid monophenyl esfer
(Aminc-carbarmimidoyliming-methyl}-phenethyl-phosphoramidic
acid methyi ester phenyi ester
HN N NH HN N NH,
Sy Y 2 %/ \ k
i O,»H i C}"‘H
HN N._ ./ HN
e H ' /
O G
s o
E1324 E1325

Wi,

HNs. N ,
ngmn
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Ei328
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Chemical Structure

Compound

E1128

E1127
E{128
£1128
E1130

R1 R2
hydrogen  hydrogen
hydrogen  methyl
maiinyt mathyi
phenyl hydrogen
phenyi methyt

Rz
!

Q\\ /O

7 ,

?li‘j G—FRi
/%O

G
o, 0

<

P ,

*o~CH,

Phenytoin (Dilantin®)

Hydroxyiated Metabolite

Chemical Name

{2 5-Cioxo-4 d-diphenyiimidazoiidin. {wi-
phosphonic acid

{2,5-Diaxo-4 4-diphemnv-imidazolidin. 1.yl)-
phosphonic ackd monemethy! ester
(2,5-Dioro-4 4-diphenyi-imidazolidin-1-yij-
phosphonic acid dimethyl ester
{2.5-Dioxo-4 4-diphenyk-imidazokidin-1-yii-
phosphonic acid monepheny! ester
(2.5-Dioxo-4& 4-diphenyl-imidazobidin.i-yi-
phosphonic acid methyt ester phenyl ester

E1128 = 1127
-, o] O
o o \D /OH T ».\] “/"?;\ o] \\P P ’r_/’\’;
i\\f o\ - N o
A
N o] N 0]
74 \ I -/»
et \i“:,
E1128 £1130
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Propafenone (Rhythmol®}

Chemical Structure Hydroxylated Metabolite
1 X
e
O
HO = l : “
Ch v\ CH,
G/Y\N/\\/ 3 O/Y\N/\\/ 3
H H
OH- CH
Compound R1i R2 Chemical Name Estimated pKa
LogP
E1081 hydrogen  hydrogen  {2-Hydroxy-3-[2-(3-pheny-prapicnyl-phenoxyl-propyl- 2.96 407
propyl-phiosphoramidic agid
Et082 hydrogen  methyl {2-Hydroxy-3-j2-(3-phenyi-proptanyl}-phenmyl-propyli- 3.0z 3.59
propyl-phosphoramidic agid monomeiiyl ester
£1083 methyl  methyl {2-Hydroxy-3-[2-(3-phenyl-propionyi-phenoxylpropyit- 3.07 4.36
propyl-phosphoramidic acid dimethyt esiar
E1084 phenyl hydrogen  {2-Hydrowy-3-{2-{3-pheny-propionvi-phenoxyl-propyl}- 478 3.21
wropyl-nhosphoramidic acd monopheny! ester
E1085 phenyl methyt {2Hydroxy-3-[2-(3-phenykpropionyli-phenaxyl-propyil- 4.84 489
prapyt-ohasphoramidic acid methyt ester pheny! ester
T
® »
o) \/ Rz o ~
I i 0 oM
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; CH, S I,
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C N
CH
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Chemical Structure

Compound
E1284
E1285
E1286
E1287

E1288

R1
hydrogen
hydrogen
methyl
phervl

phenyl

Rehoxeﬁne(vesﬂa®)

HMydroxylated Metabolite

=

|
/”C) :
(T3 o

r,,(lfia
G
N
H
R2 Chemical Name Estimated
Log#
hydrogen  {2-{(2-Ethoxy-phenexy}-phenyl-medhwil-morphalin-d-yl}- 2.37
phosphonic acid C o
methyl {2-{(2-Ethoxy-phenoxy-phenyi-methyll-morpholin-d-yi}. 243
phasphonic acid monomethy! ester
mathyl {2{(2-Ethoxy-phenoxy)-phenyi-methyl]-morpholin-4-yi- 2.48
phesphonic acid dimethyl ester
hydrogen  {2-[(2-Ethoxy-phenoxyi-phenyl-methyll-morpholin-4-y- 4.20
phesphonic acid monophenyi ester
mathyl {2-[(2-Ethoxy-phenoxy)-phenybmethyi-morpholin-g-y{- 4.25

phoaphotic acid methyl ester phenyl ester

fo o rc:f-l3 [o o
WP | 0 o ’
O:%“Q\\\ Qﬂﬁwq
o H o H
H HC

E1284 E1285

~ E1287 S E£1288
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Rimantadine (Flumadine®)

g

Chemical Structure Active Metaholite Structure Hydroxylated Metaboiite
H,N
CH,
H.N : '
k CH HgN
3 CHL -
A\
OH

| i |

LI on

Compound R1 RZ Chemical Name
£1403 hydrogen  hiydrogen (i-Adamantan-1-vi-ethyl}-phosphoramidic ackd
E1404 hydrogen  methy (1-Adamantan-1-yl-ethyl-phosphoramidic agid monomethyl ester
E1405 mathy! methyl (1-Adamantan-1ylethyb-phospharamidic acid dimsthyt ester
E1406 phenyl - hydrogen-. "~ {1-Adamantan-1-yl-ethyi)-phosphorarnidic acid monopheny| ester
E1407 phenyi metnyl {1-Adamantan-1-yl-ethyl)-phosphoramidic acid methyi esier

phenyl ester

Fi% 5‘“\1 . H,C
O\\ /O O\\ /O O\\ /O
4 | P
uy oRE iy O H N oM
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| |
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|
@ |
E1405 £1406

21407
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Rizatriptan (Maxalt®)

Chemical Struciure Active Mstabolite Structure Hydroxylated Metabolite
N ﬂ H
<\ :\‘ /\H’ ) Nﬁ P
£ i
N*’N S <\ N I
N
N
~H
wo o e Hen,
Compound Rt RrR2 Chemical Name Estimated pKa
Logh

E3174 nydrogen  hydrogen  Methyh{2-(B-]1,2 4lrazok-1-yimethyl 1 H-indal-3-yl 1.7 264
attwil-phosphoramidic acld

E1175 hydrogen  methyl Mathyl[2-{8.41,2 dliriazol-1-yimethyk TH-indol-3-yl}- 1.23 502
ethyll-phosphoramidic ecid monomelhyt ester

E1578 miethyl rrethyl wethyi-[2-(5-[1,2 dtriazol- 1 -yimetyl 1 H-indol-3-yi)- 1.28 388
ettwll-ohasphoramidic acis dimnethyl ester

E1177 phenyl hycrogen  Methyl-i2-(5-1,2 4ltrizzo- T-yirmethyi 1 Heind Gl-3oyi) 3.00 457
athyl]l-phospheramidic ackd monopheny! ester

1178 pheny! methyt Meihylt2-(5-01 2 4)irizzol-1 -yimethyi-TH-indoi-3-yi)- 3.05 .55

ethyll-phosphoramidic acid methyl ester phenyl esier
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O/ \O/R'i G \O’MH O/ ‘O/H
Y i
RZ H CH,
Et1174 E11758
i N N
Oy (s /\f\“‘) YO
t H i
N,N\/k\\ / N N o : / N/N e (
i |
0, N-cH O, N-cH, O MN-cH
C{/! \O/CH.@ HO’/ \(? chwo/ O
E1178 E177 :V E1178 i\};//u

104



Selegiline (Etdepry!®)

Chemical Structure Active Metabolite Structure Hydroxyiated Metabolite
CH CH
Z Z
' H
H,C No H.C NH H.C N

s
HO
Compound R1 . R2 Chemical Name

£i4d4 hydrogen  hydrogen (i-Methvi-Z-phenyi-athyl-prop-2-ynyi-
phosphoramidic acid

E1445 hydrogen  methyl (-Mathyl-2-phenyl-ethyl-prop-2-ynyl-
phosphoramidic acid monomethyl ester

£1448 methyi methyi {1-Mathyl-2-phenylathyh-prop-2-yoyi-
phosphoramidic acid dimathwl ester

E1447 phenyt hyarogen  (1-Methy-2-phenyl-ethyl)-prop-2-ynyi-
phosphoramidic ack monophenyt ester

E1448 pheny! methyl {1-Metnyl-2-phenyiathyli-prop-2-ynyi-

phosphaoramidic acid methyl ester phenyl ester

H CH
/'//CH //C | =
. I
H,Co N O MO N O M,Co N Oeopy
J\}/;i =1 3\/;P,\ H 3\/::} H
o 7 o 07 °© 7
R2 ; b M,C
o
E1444 £1445
CH CH
2 Z Z
| g
HCo N, O~cp H,C N Oy HoCo N, O-pn
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Chemical Strucfure

Compound

E1018

E1017

E1018

E1018

1020

R1
hydrogen

hydrogen

methyl

phenyt

phenyl

RZ
hydrogen

snethyl

mathyl

hydrogan

methyi

Sertraline {Zoloit®)
Active Metabolite Structure

1 i
|
HNT =
CH, =
Chemical Name Estimated
LogF
[4-(3,4-Dichioro-phenyl)-1,2,3,4-tetrabvdro- 4.87
naphthalen-1-yil-mathybphosphoramidic acid
{4-{3 4-Dichloro-phenyly-1.2.3 4-tatrahydro- 4.92
napithaten-1-yl-méthyl-ohosphoramidic scid
monomethyt ester
{4-(3 4-Dichioro-phenyl-1,2,3 4-ietrahydro- 498
naphthalen-1-yil-methyi-phosphoramidic acid
dimethy! astar
4-(3 4-Dichioro-phenyl)-1,2 3 4-tetrahydro- 6.70
naphthaten-1-yll-methyl-phosphoramidic scid
monophamyd ester
[4-{3 4-Dichicro-phenyl}-1,2,3, 4-tetrahydro- 68.75

naphthalen- 1-yi}-methyl-phosphoramidic acid
mathyl ester phenyl ester

Hydroxylated Metabolite

Ci
e Ci
.
O
Estimated
pa
3.50
4.8
3.84
372
4.39
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Chemical Structure.

Coampound
E1139
21140
Et1141
E1742
E1143

‘1227

E1z228

1
nydrogen
hydrogen
methyl .
pheny
pheny!
hydrogen

hydrogen

H.C .
D ek
HC
f X
T H
o
RZ Chemical Name Esthnated
LogP
hydrogen  {1-{1-(4-Chioro-phenyl-cyclobuiyl]-3-methy-butyl}- 5.32
methyi-phosphoramidic acid ’
methyl {1-{1-{4-Chloro-phenyli-cyciobutyl]- 3-methyl-butyi}- 5.38
methyl-phosphoramidic acic monomethyl ester
methyl {1-[1-{4-Chloro-phenyl-cy clobutvl]-3-methyl-butyl)- §.44
mathyl-phosphoramidic acid dimelny! ester
hydrogen  {1-{1-{4-Chioro-phenytj-cyciobuiyl}-3-methyl-butyli- 715
meathyl-phosphoramidic acid monopheny! ester
methyl {1-1-(4-Chioro-phenyl-cyciobutyl]-3-methyl-ounyh- 7.2
melhyl-phosphoramidic acid methyl ester phienyl ester
hydrogen  {1-[1-(4-Chioro-phenyl)-ovciobutyi]-3-methyi-butyl}-
phosphoramidis acid
mathyl {1-{1-(4-Chloro-phenvi-cyciobutyl-3-methvi-butyl-

| .CH,
3 ;r—.._j

Sibutramine {Meridia®)
Active Mietabolite Structures

phosphoramidic acid manomethy! ester
O e oH

RO—F=0

?H
HZC HO"?E:‘wO
H.C b
) f\\f

;o

1

Ci .

E1227
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Sparfioxacin (Zagam®)
Chemical Structure Hydroxylated Metabolite

Compound R4 R2 Chemical Name

Et1424 hydrogen  hytregen  5-Amino-1-cyclopropy7-(3, B-dimathyi-4-phosphiono-
piperazin-t-yiy-6,B-diffluore-4-oxo-1,4-dihydro-quinoiine-
3-carboxylic acid

£1425 hydrogen  methyi B-Aminc-1-cyciopropyi-8 A-difluore-7-[4-{(hydroxy-
methoxy-phosphoryl)-3,5-dimathyi-piperazir | -yi-4-oxo-
1,4-dibydro-guinoline-3-carboxylic acid

E1426 methyl miathyl S-Amine-1-cyciepropyl-7-{4-{dimethoxy-phosphoryly-3.5-
dimethyl-piperazin-1-yl-6, B-difluoro-4-oxo-1 4-dihydro-
guinoline-3-carhoxylic acid

£1427 pheny nydrogen  S-Amine-t-cyclopropyl-b B-diffucro-7 $4-(hydroxy-
phenoxy-phosphoryl)-3, 5-dimethyi-piperazin-1-yil-4-oxo-
1 4-dihydro-guinoline-3-carboxyiic acie

E1428 pheny! meihyl S-Amino-1-cyciopropyh-8,8-difluoro-7-f4-(melhoxy-
phenoxy-phosphond)-3 5-dimethy-piperazin-1-yi-4-0x0-
1, 4-dihydro-guinoiine-3-carboxyic acid

o NH 0 N,
PP LI

T YY Y
W T N7 e

i i . i
A E g\,/‘NH‘P.fO A e L\_/N f}

& O B-R2 : £1424 5;4‘?’ Ca
2} H

Hoj | i . \Y? Hoj\lf\,/b

NH,
T =
i i
N/}I /’J N'/\\T'“\CHR

A ; h | !
i i i 4
' .0 ) 0
A F ‘\\_//N 0 \ F L\_"/i\l\p,\
R SR ot h— P OO,
Elazs oMY : gr426  OHQ
& CH,
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Chemical Structure

Sumatriptan {imitrex®}

Active Metabolite Structure

H
G, CH
s o - N T o N
HN._ S// | y/ HN.._ S// y
i \ i
o k\ G
Y A
MN~CH, NH
H.C H.0
Compound R R2 Chemical Mame Estimate
d lLouP
E1026 hdrogan - hydrogen  Methyl-[2-(5-mathylsuffamoyimathyl-1H-indol-3-y1)-athyli- .78
phosphoramidic acid
E1027 hydrogen mathyf Methyh{2-(5-methyisulfamoyimethyl-1H-indol-3-ylj-ethyi]- 0.84
phosphoramidic acid monemethyl ester
E1H28 methyl methyt Wethyl-[2-(5-methyisulfameytmetiyl TH-indol-3-yhi-ethyl- 0.89
phosphoramidic acid dimethyl ester
E1029 phenyl  hydrogen  Methy2-(5-methylsulfamoyimethyi- TH-indok 3-yT)-ethyi}- 2.60
phosphoramidic acid monophenyl ester
£10630 phenyt methyl  Methy-{2-(5-mathyisuliamoyimethyi-1H-indol- 2-yl-ethyi]- 266
phusphoramvidic acid rmethyl ester phenyi ester
H y
CH, AN CH, N
AN P | HR. A I
TSN\‘/ //S\/W
i ¢
o) Y Rz o .
P TV oe
Np E1025 N=p-on
Nl =i HCo o oY
H,C & - A
CH ' CH, /’\/E
H?ijsc /~i[\ HI{E\J:’O ; l; Y/
/ ! : - i
\S/ \‘/L\ Vi /;S\/%/J\/
5 \ P
h CE
N\F’; ’ ERT‘E’“Q’UHS
g1027  pg’ g““QH E1028 e U

pia
278

4.88

4.44

366

106



5

10

15

Tamoxifen (Nolvadex®)

Chemical Structure Active Metabolite Structure Hydroxyiated Metabolite

A i Oyt
‘ 0 ‘ f
= | SN s N CH,
o

\\,

cH, & |
32\?
J

i
aH

Compound R1 R2 Chemical Name Esfimated pKa
LogP

E1071 hydrogen hydrogan {2-{4-{1.2-Diphenyl-but-1-enyl-phenoxyl-ethyl-metihwl- 568 4.02
phosphoramidic acid :

E1072 hydragen methyl {2-{4-{1 Z-Diphenyl-but-1-enyl-phenoxy]-ethyll-methyl- 873 3.64
phosphoramidic acid monomethyl esier

£E1073 methiyl methyt {2-[4-{1,2-Diphenyt-but-1-enyl)-phenoxyl-einyll-methyl- 57¢ 5.37
phosphoramidic acid dimethyl ester

E1074 pheny! nydrogen £2-346-(1,2-Diphenyk-but- {-envli-phencxyl-sthyll-methyi- 7.50 3.20
phosphoramidic ackf monophenyl ester

E1076 phenyl methyt {2-{4-{1,2-Diphenyi-but-1-anyl)-phenoxyl-ethyil-methyl- 7.56 4,94

phnsphoramidic acid mathy! ester phenyl ester

R1
@ mzuo\l 6 K\ HD\p/ o
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Chemical Structure

Temafloxacin {Omnifiox®)

MHydroxylated Metabolite

O G
F
N T
o
\rNH
CH
F i ¥
F
Compound R1 Rr2 Chemical Name
1419 hydrogen  hydrogen  1-{2 4-Difluoro-phenyl)-6-fluoro-7-
cs—methy! 4-phosphono-piperazin.t-yij-4-oxc-1.4-
dihydre-guinoline-3-carboxylic acid
E1420 hydrogen  methyl 1-(3 4-Diftuore-pheayl}-6-fiuoro-7-
[4-thydroxy-methoxy-phospharyl)-3-methyi-piperazin-
t-wlj-4-ox0-1,4-dihydre-guinoiine-3-carboxyic acid
E1421 methyt methyt 1-{3,4-Difiuaro-phenyl)-7-[4-(dimethoxy-phosphoryl)-3-
methyl-piperazin-t-yll-8-fluoro-4-oxo-1 4-dityydro-
guinaline-3-carboxylic acid
E1422 phenyl hydrogen  1-(3 4-Diftuoro-phemydi-G-fluoroe T 4« hygdroxy-
phenoxy-phosphoryl}-3-methyl-piperazin-1-ylji-4-oxo-
1.4-tdihydro-quinoline-3-carboxylic acid
E1423 phanyl methy! 1-{3,4-Diflucro-phenyl)-6-fluoro-7-{4-(methoxy-
phenoxy-phosphoryl}-3-methyl-piperazin- 1-yi-4-oxo-
1. 4-dihyetro-guinoline-3-carboxylic zcid
- 1
HO/L i ""\‘-:-/F L R F
i
i\m \%N/ﬁ " ‘\}\N’A\
o ! L b oo
%\l! K./N. B = i \/N \P"{‘ .
A - (':HO © S éHWJO’ ©
i F E1419 H
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Thioridazine (Mellaril®

Chemical Sfructure Active Metabolite Structure Hydroxylated Metabolite
N(\ N N
N Fel gy b -
H,C HC H,.C
oH, d CH, cH,
N S N S N S
| RN W Ry | TRy ! R | X
. | i
i H I
s _ 8 HO ~ s
Compound R1 R2 GChemical Name Estimated pKa
L.ogP
£1158 hydrogen  hydrogen  {2-{2-(2-Methylsulfanyi-pnenothiazin-10-yh-ethyf- 5.82 2.81
piperidin-1-yt-bhosphonic acid
E4160 hydrogen  methyl {2-{2-{2-Methylsulfanyl-nhenothiazin- 10-yi)-sthyi}- 5.88 4.85
piperidin-1-yil-phosphonic acid monomethyt ester
E1161 methyd methy! {2-[2-(2-Methyisufanyb-phenothiazin-1 D-yi-sthyl- 5.94 3.87
piperidin-1-yi-phosphonic acid dimethy ester
Et182 phenyl hydrogen  {2-[2-(2-Methyisutfanyl-phenothiazin.1 O-yh-athyll- 7.65 . 4.38
piperidin-1-yi-phosphonic acid monophenyi ester
E1183 phenyt methyt {2-12-(2-Methylsutfanyl-phenothiazin- 1 0-yi-ethyl}- 7.70 4.02
piperidin-1-yl}-phosphonic acid methy! ester phenyl
esfer

reo [ ) o ) e )
/\?’3/&\;/ | o‘:p/N\) /\D/N\;/

o \tﬁ i N i o NS ]
H } d i O i @]
rRe (7 CH, W CH, Chy / oK
COOY OO oy
K/KS/\\/ Frng N S g
E4159 E1160
TN ; S - v
HC=0, 8 ¢ Vo O  NHq )
v ‘P /N \\m‘;’ “p /N‘ . ‘\mf “'m /N \/
O/ N 1‘ O/. o | O,-” o i
Lo 10 R
cr, 7 CH, A ) oH, eH, ¢ cH,
. ! i H E_
OGO OENNGS DY
IR ! i i
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Etigt E1te2 E1163
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Chemical Structure

Hgm

O
! |
O CH
CH, s
Caompound R1 R2
E1328% hydrogen  hydrogen
E1330 nydrogen  meihv
£1131 methvi mathyl
E1332 phenyl hydrogen
E1333 pheny! methyl

Tramadol {Ultram®™)

Active Mstabolite Structure Hydroxyiated Metabolite

HG HO

B

LN,cﬁs - S
i |

OH C:H3 OH 'CH3

Chemical Name
{2-Hydroxy-2-(3-methoxy-phenyl-cyciohexyimethyli-methyl-
phosphoramidic acid
12-Hydroxy-2-(3-methoxy-phenyl)-cyciohexyimethyF-metiyi-
phosphoramidic acld monomethyl ester
[2-Hydroxy-2-{3-methoxy-phenyl-cycichexylimethyll-methyk-
phosphoramidic acid dimethyl estar
[2-Hydroxy-2-{3-mathoxy-phenyl-cyclohaxyimethyil-methyh-
phosphoramidic acid monophenyl ester
{E-bydroxy-2-(3-methoxy-phenyl-cyciohexylmethyi-methyl-
phicsphotramidic acid methyvt ester phenyi ester
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Veniafaxine {Effexor®)

Chemical Structure Active WMietabolite Structure  Hydroxylated Metabolite
N
“CH,
E "
P
HO
Compound R1 R2 Chemical Name Estimated Estimated
LogP piKe
E1011 fydrogen  hydrogen  [2-{1-Hydroxy-cyciohexyh-2-(4-methoxy-phenyf)- 288 3.22
: sthyll-methyl-phosphoramidic acid
#1012 hydrogen  methyl 1201 Hydroxy-cycichexyl)-2-(4-methoxy-phenyh- 2.83 4.44
ethyll-methylphasphoramidic acid menomethyt ester
£1043 methyl methyl  (3-Mydroxy-2-{4-methoxy-phenyl)-3-propy-hexyll- 2.99 2.54
) methyl-phosphoramidic acid dimethyi ester
E1044 phenyl  hydrogen  [2-{1-Mydroxy-cyclonexy))-2-(4-msthoxy-phenyi- 470 4.02
sthyll-methv-phosphoramidic acid monopheanyl
. ester
E1015 phenyl methyl  [2-(1-Hydroxy-cyclohexylr2-{4-mathoxy-phenyii- 4.78 3.38

ethyil-methyl-phosphoramidic ackd methyl ester
ohenyl ester
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Chemical Structure

CH,
r J
Br 1 SN /R\CHg
g o
5
NEY
H !
Sy
Compound R1 R2
E1443 hydrogen  hydrogen
£1450 hydrogen metryl
£1451 methyt methy!
E1452 pheryl  hydrogen
E1453 . phenyt methy!
N
il P
i
S CH
Br \I\E/ 3
OBz
rRY O
' “RZ
N/\
t e
=z
CH
Bt !?i/ ki
OWEﬂO
Ox
H.O o

E1451

Zimeldine (Zelimid™)
Active Metabolite Structure

@

Hydroxylated Metabolite

£
NH

Chemical Name
{3-{4-Bromo-phenyi-3-pyridin- 3.yl-alil-methyl.
phasphoramidic acid
{3-(4-Bromo-phenyl}-3-pyridin-3-yl-aliyi-methyi-
phasphoramidic acid monomethyl ester
[3-(4-Bromo-phenyl-3-pyridin-3-ykelivil-mathyi-
phosphoramidic acid dimethy! ester
{3-{4-Bromo-phenyl}-3-pyridin-3-yl-aliyl}-mathyl-
phosphoramidic acid monophenyt ester
[3-(4-Bromo-phenyi-3-pyridin-3-yl-aliyll-methyi-
phasphoramidic acid methyl ester pheny ester

Br
/Q*'""‘?f‘:@
M O\m--r
Ly
E14560
N

E1452

E1453
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Chemical Structure

O
o~
}
NH
i AN
HL by
/N'“CHS
H,C
Compound R RrR2
E1088 hydeogen  hydrogen
1087 hydrogen  methyl
E10898 methyl methy!
£1088 phernyl hydrogen
E1100 phenyt rethy!
o
O
NH
/
g \,/'f
RNz
iG,RQ
NP
H,C e} <%}

Zolmitriptan {Zomig®)
Active Metabolite Struciure

O
O——-\%’
NH
! A
kN e
m—
N
14
H.C
Chemical Name Estimated
LogP
Meathyk{2-]6-(2.0x0-oxazolidin-4-yirsthyli-TH-indol- 1.6%
3-yllethyll-phosphoramidic acid
Methyb-{2-I5-(2-oxo-oxazolidin-4-yimeathyl}-1 H-ind ok 171
3-yll-ethyll-phosphoramidic acid monomethyi ester
Methyl-{2-[5-(2-ox0-oxazotidin-4-yimethyh-1H-indol 176
3-yi]-ethyi}-phosphoramidic acid dimethyt ester
Methyl~{2-[5+ 2-oxo-oxazolidin-4-yimethyly Huindol- 347
3-yi}-ethyl-phosphoramidic acid monophenyt ester
Meathyh{2-15-(2-oxo-oxazolidin-4-yimathyd -1 H-indol- i.53

3wvik-ethyll-prosphoramidic acid methyl ester phenyl
ester :

o 0
o~ o
f\\/f‘!H \-,/NH
{ ]
AN TN
- .
\
oH </ ot
/Nméiif}. /‘N‘?‘?_"Q
e 5 e WO & -
5."/ \\1 / \\)
E1088 EH100 S
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Examples of the invention

‘ Exampie 1
- Synthesie of {3-(10,11-Dihydro-dibenzo{b flazepin-S-ylj-propyil-
5 methyl-phosphoramidic acid disthy! ester
g - N
i N .
- /’—CH3
O\ a
PR
%
CH,

Compound Number E1413

1C  Desipramine hydrochloride (1 equivaient, 0.5 gram) was added drop wise fo & stirrad
solution of potassium carbonate (2 equivalents, 0.456 gram) in dry DMF at 0°C.
Diethylehlorophosphate (1.2 equivalents, 0.33 mi) which had been dissoived in dry DMF
was added drop wise to this mixiure and gfirred for 12 hours at room temperature. The
reaction mixture was quenched with water, exiracted with ethyl acetate, the organic layer

15 separated. washed with brine soiufion and dried over anhydrous sodium sulfate. The
dried material was concentrated and purified by column chromatography to provide a
pale yeliow liquid (visld: 0.33 gram) and analyzed by HPLC (purity 83.1%). The FTIR,
MS and 'H NMR spectra were consisient with the assigned with the empirical formuta of
CoaHsNoGsP.
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Example 2

Synthesis of [3-(10,11-Dihydro-dibenzolb, flazepin-S-y)-propyi]-
methyl-carbamic acid methy! ester

Compound Number E1414

Desipramine hydrochioride {1 equivalent, 0.3 gram) was added drop wise o a sfirred
soiution of polassium carbonate (2 equivélents, 0.27 gram) in dry DMF at 0°C. Methyl
chioroform (i .2 equivaients, 0.1 mi} which had been dissclved in dry DMF was added
drop wise to this mixture and stirred for 6 hours at room temperature. The reaction
mixture was guenched with water, exiracted with ethyl acefate, the organic layer
separated, washed with brine solution and dried over anhydrous sodium sulfate. The
dried materiai was concenirated and purified by column chromatography to provide a
pale yellow liguid (yield: C.18 gram} and anslyzed by HPLC (purity 87.7%). The FTIR.
MS and "5 NMR spactra were consistent with the assigned with the empirical formuia of
ConMzaN0n.
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Example 3

Synthesis of [3-(10,11-Dihydro-dibenzo[b,flazepin-S-vi)-propyl)-
methyl-carbamic acid propy! ester

A
|
i

\Nx\

Compound Number E1415

Desipramine hydrochioride (1 equivalent, 0.2 gram) was added drop wise to a stirred
solution of potassium carbonate (5 equivaients, 0.45 gram) in dry DMF at 0°C. Propyl
chioroform (1.5 equivalents, 0.1 ml} which had been dissolved in dry DMF was added
drop wise to this mixture and stirred for 6 hours at room temparature. The reaction
mixture was guenched with water, exiracted with ethyl acetate, the organic layer
separated, washed with brine solution and dried over anhydrous sodium sulfate. The
dried materfal was concentrated and purified by column chromatography o provide a
yeliow-ficuid (vield: 0.12 gram} and by HPLC {purity 85.7%). The FTIR, MS and ' NMR
spectra were consistent with the assigned structure with the empirical formula of
CZQHZSNZOa
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Example 4

Synthesis of [3-(10,11-Dihydro-dibenzofk, flazepin-5-yl)-propyli-
methyl-carbamic acid isobutyl ester

5
DA
N .
N o
k ]
i!\l o
CH, k(CHQ
CH,
Compound Number £1416

10

Des'ipraniine hydrochloride (1 equivalent, 0.3 gram) was added drop wise to a stirred
soiution of potassium carbonate (5 eguivalents, 0.68 gram) in dry DMF at 0" C. lsobutyl
chicroform (1.5 equivaients, .18 ml) which had been dissolved in dry DMF was added
drop wise to this mixture and stirred for 8 hours at room temperature. The reaction
15 mixture was quenched with water, extracted with ethyl acetate, the organic laver
separated, washed with brine solution and dried over anhydrous sodium sulfate. The

dried materiai was concentrated and purified by column chromatography to provide a
pale vellow liquid (yieid: 0.18 gram) and analyzed by HPLC (purity 88.4%) The FTIR, MS
and "M NMR spectra were consistent with the assigned siruciure with the empirical

20 formula of CoplaeMNo0y
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Exampie 5

Synthesis of [3-(10,11-Dihydro-diberzo[b, flazepin-5-yi)-propyl}-
methyl-carbamic acid octyl ester

9

/;»
\;\

Compound Number E1417

Desipramine hydrachioride (1 equivalent, 0.3 gram) was added drop wise fo a stired
solution of potassium carbonate (2.5 equivalents, 0.34 gram) in dry DMF at 0° C. Octyl
chioroform (1.5 equivalents, 0.429 grams} which had been dissoived in dry DMFE was
added drop wise to this mixture and stirred for 12 hours at room temperature. The
reaction mixture was gquenched with water, extracted with ethy! acetate, the organic layer
separatad, washed with brine solution and dried ovar anhydrous sodium sulfste. The
dried material was concentrated and purified by column chromatography to provide a
paie yeliow liguid (yiskd: 0.12 gram) and analyzed by HPLC (purity 95 3%) The FTIR, MS
and "M NMR spectra were consistent with the assigned structure with the empirical
formula of CorHasNsO,.
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Example &
Stability Testing of Prodrugs in Human Plasma

Pooled human plasma was obtained from Bioreclamation (East Meadow, New York) by
colizction into sodium EDTA as the anticoagulant, and was stored at ea -20 °C prior to
use. Prior fo use, the plasma defrosted and was spun at ca. 3000 rpm for 5 minutes to

remova any precipitate. The pH of the plasma was adjusted to pH 7.4 by careful
addition of Nak,PO,buffer. '

Plasma stability was assessed by incubation of 10 UM of each compound prepared in
Exampltes 1-5 with human plasma, in duplicate, at ca. 37 °C with shaking. Each
compound prepared in Examples 1-5 was aisc incubated at 10 uM in PBS as a confrol
for compound heat stability. Aliquots were removad at 0, 0.5, 1 and 2 hours and stored
at -20°C until analysis.

For analysis, plasma samples were exiracted in 1 part acetonitriie and isolation of the
supernatant. Analysis of each compound prepared in Examples 1-5 in plasma extracts
was conducted by an LC-MS method at each time interval and quantification was
achieved by comparison of the response due fo the sample to that of a three poirt
standard curve. Appearance of the parent drug the hydroxymetabolites were also
monitored at each time interval, The % degradation following incubation at gach fime
point was calculated by comparison of the parent concentration to that at 0 minutes.
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The rasults of the stability testing in human piasma are shown in the following table:

Table 1- Stability Testing of Prodrugs in Human Plasma

Loss of parent compound In himan plasma (%)

Incubation RIC-02 RIC-8a | RIC-5b | RiC.-5¢ | RIC-5d
Time {min}

0 0.00 0.00 0.0¢ 0.00 0.00

30 -43 5.47 7.15 5.11 -32.74

80 9 04 15.80 6.85 -1.48 -1.44

120 7.83 28.22 21.08 25.82 49,54

Example 7
Stability Testing of Prodrugs in Rat Plasma (elevated esterase activity)

Sprague-Dawley rat plasma was obtained by collection into sodium EDTA as the
anticoagulant, and was stored at ca -20 °C prior to use. Prior o use, the plasma
defrosted and was spun at ca. 3000 rpm for & minutes to remove any precipitate. The
pH of the plasma was adjusted to pH 7.4 by caraful addition of NaM,PO.pbuffer.

Plasma stabﬂity was assessed by incubation of 10 pM of each compound prepared in
Exampies 1-5 with rat plasma, in duplicate, at ca. 37 °C with shaking. Each compound
prepared in Examples 1-5 was aiso incubated at 10 M in PBS as a control for
compound heat stability. Aliguots were removed at G, 0.5, 1 and 2 hours and stored at —
20°C until analysis,

For analysis, piasma samples were extracted in 1 part acstonitrile and isolation of the
supernatant. Analysis of each compeund prepared in Examples 1-5 in plasma extracts
was conducted by an LC-MS method at each time interval and guantification was
achieved by comparison of the response due to the sample to that of a three point
standard curve. Appearance of the parent drug and the hydroxymetabolites were also
monitored at each time interval. The % degradation following incubation at each time

point was catculated by comparison of the parent concentration to that at 0 minutes,
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The results of the stability testing in rat plasma are shown in the foliowing table:
Table 2- Stability Testing of Prodrugs in Rat Plasma

Loss of parent compound in rat plasma (%)

tnocubation RIC-02 RIC-8a | RIC-5b | RIC-5c | RIC-5d
Time {min} )
s 0.00 0.00 ¢.0C 0.00 0.00
30 4.67 8.81 717 -14.68 -8.16
80 11.01 23.43 8.34 -2.88 41.70
120 802 4585 1 2342 3240 73.48

Exampie 8
Stability Testing of Prodrugs in the Stomach and Intestine

The stability of each compound prepared in Examples 1-5 was assassed in both
simulated gastric fluids and intestinal fluids asone and intestinal fiuids spiked with
alkaline phosphatase to approximate the enzymalic activity of the intestinal wall,

The stability of each compound prepared in Examples 1-0 was assessed in duplicate by
incubation of 1¢ uM of each compound at ca. 37 °C and shaking with each of the
foliowing: simuiated gastric fiuids (saline pH approximately 1, plus pepsin); simulated
intestinal fluids (phosphate pH 6 with pepsin); and alksline phosphatass anhanced
simulated infestinal fluids (phosphate pH § with pepsin and & atkaline phosphatase),
Aliquots were removed at 0, 0.5, 1 and 2 hours, extracted with one volume of organic
solvent and stored at —20°C until analysis.

Analysis of each compound prepared in Examples 1-5 in gastric fivid and intestinal fluid
extragts was conducted by an LC-MS method at each time interval and quantification
was achieved by comparison of the response due to the sample to that of a three point
standard curve. Appearance of the parent drug and the hydroxymetaholites were aiso
moniforad at each time interval. The %-aegradation following incubation at each time

point was calculated by comparison of the parent concentration to that at 0 minutes.
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The resuits of the stability testing in simulated gastric fluids are shown in the following
table:

Loss of parent compound in simulated gastric fluid (%)

incubation  RIC-02 RIC-5a | RIC-Bh | RiC-5¢ | RIC-5d
Time (min) .
0 0.00 .60 .00 .00 5.00
20 4994 13.83 | 58.72 70.64 13.84
80 74.67 | 3178 | 26.67 82.77
120 8312 | BTA43 | ©4.37 98.1%

The resuls of the stability testing in simulated intesting! fluids are shown in the following
table;

Lcés of parent compound in simulated intestinal fluid {%)

Incubation RIG-(2 RIC-Ba RIC-5b RIC-5¢ RIC-&6d
Time {(min}
0. 0.00 0.60 0.00 0.00 0.00
30 11.65 18.75 6.73 1.05 ¢ 7.73
60 7.83 22.88 13.57 12.68 -B.72
120 9.28 35.15 | 2561 2178 4,23

No further loss of RIC-02 in simulated intesting! fluids enhanced with alkaline phosphatase was
obsarved up f©© 120 minute incubation.

Exampls 9
Metaboiic Stability Testing of Prodrugs - Microsomal incubations

The metabolic stability of each compound prepared in Examples 1-5 was assessed in
microsomal preparations obtained from BD Gandest (Woburn, MA),

The metabolic stability of each compound prepared in Examples 1-5 was assessad in
duplicate by incubation of 10 UM compound with 0.5 mg/mL microsomal protein, 1 miv
NADPH in G.1 M phosphate buffer, pH 7.4 in the presence and absence of a CYP3A4
inhibitor {ketocenazole). The reaction mixture was pre-incubated, in the absence of the
microsomes, at ca. 37 °C for 5 minutes, foliowed by inifiztion of the incubation by the
addition of micresomal protein and maintained at ca. 37 °C for a further 0, 30 and 60
minutes. After the appropriate incubation time, the mbdures were quenched by the
addition of one voluma of acetenitrile and the supernaiant was isclated by centrifugation,
Posifive contrel incubations (7-ethoxycoumarin) were performed in the same mannar as

the compounds from Exampies 1-5 and guenched after 0 and 30 minutes. In addition,
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negative controf incubations were performed for 80 minuies in the absence of NADPH to
assess chemical stability.

Analysis of supernatants from each time interval was conducted for each compound
prepared in Examples 1-5 by LC-MS anaiysis. Quantification of the disappearance on
the parént drug was achieved by comparison of the sample response io that of a
suitable standard curve constructed in 0.1 M phosphate buffer, pH 7.4, The standard
curve ranged between £1% up to 2100% of the dosing conceniration.

The % turover following 60 minutes of incubation was catcutated by comparisen of the
parent concentration to that at 0 minutes. The % degradation was calculated in the
same manner from the negative control incubations. Appearance of the parent drug and
the hydroxymetabolites were aiso monitorad at each time interval.

The results of the metabolic testing in microsomes without inhibor are shown in the
following table:

Loss of parent compound with no ketoconazole (%)

incubation RIC-02 RIC-82 RIC.8b | RIC-5c | RIC-5d
Time {min}
30 78.17 70.94 64.76 54.01 58.12
80 91.40 B7.28 1 8229 78.36 7417

The resulis of the metabolic testing in microsomas with ketoconazole inhibitor are shown
in the following table: ‘

Loss of parent compound with ketoconazole (%)

incubation RIC-02 RIC-83 | RIC-5b | RIC-8¢ | RiC-&d
Time {min) i
30 -17.28 Z7.65 31.80 | B.38 15.18
50 11.04 62.37 1 50211 1849 55,88

Example 10
Metabolic Stability of the Prodrugs - CYP3A4 and 2D6 incubations
The metabolic stability of each compound prepared in Examples 1-5 was assessed in
the presence of CYP2D6 and CYP3A4 obtained from BD Gentest (Waburn, MA).

The metabolic stability of each compound prepared in Examples 1-5 was assessed in
duplicate by incubation of 10 uM compound with recombinant human CYP2D6 and 3A4
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using similar conditions o those in Examp§é 12. Sampies were removed for analysis at
0, 30 and 80 minutes and extracted with one volume of organic solvent. Appropriate
controls were included.  Quantification of the disappearance of the prodrug was
conducted LC-MS. Appearance of metaboiites was also monitored.

The results of the metabolic testing in the presence of CYP3A4 isozyme are shown in
the foliowing table;

Loss of parent compound with CYP3A4 isozvme (%)

Incubation RIC-B2 RiC-Ba RIC-8h ¢ RIC-Bc RIC-8d
Time {min}
8] 0.00 0.00 £.00 0.00 0.06
30 97.05 ¢ 81.32 g2.32 T2.07 1 3366

60 48.82 | 97.968 9520 089 | 6064

The results of the metabolic testing in the presence of CYP2DS isozyme are shown in
thie following table:

Loss of parent compeund with CYP2D6 isczyme (%)

incubafion RIC-02 RIC-5a RIC-5b [ RIC-5¢ RIC-bd
Time (min) ]
i _ 0.00 0.60 0.00 | 0.00 0.00
30 13,18 | 73.81 18.21 43.71 | 18.68
&80 37.11 83.13 28.01 70.07 |

Exampie 11
Metabolic Stability Testing - Hepatocyte Incubations

The metabolic stability of each compound prepared in Examples 1-5 was assessed in
human hepatocytes obiained from In Vitre Technologies {Baltimore, MDD,

The metabolic stabilty of sach compound prepared in Examples 1-5 was assessed in
duplicate by incubation of 10 UM compound with human hepatocytes after thawing of
cryopraserved suspensions, The hepatocyies were maintained in Modified Williams' E
medium (HMM, Clonetics, MD) supplemented with 0.1 uM dexamsthasone, 0.1 uM
insulin and 0.05 % gentarmicin immediately after thawing.
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Each compound prepared in Examples 1-5 was tested by incubation in dupiicate with the
hepatocyte suspensions (1.0 x10° viable celis/mL HHM media) and incubated for 0, 1, 2
and 4 hours at 37°C at 5% CO0,. Incubations were terminated by the addition of two
volumes of ice-cold methanol, cell debris was removed by centrifugation and the
supernzatant was stored at approximately -70°C prior 1o analysis,

Negative and positive condrol incubations were performed in duplicate under the same
conditions as described for the prodrugs. Negative comntrol incubations: An incubation of
each compound prepared in Examples 1-5 in Modified Williams' £ media (HHM media),
in the absence of hepatocytes was performed alengside the hepatodyte incubations,
Positive conirol incubations: Incubations with a positive control (7-sthoxycoumarin; 100

iy was performed with hapatocytes from each specias for 1 hour alongside the prodrug

"incubations. Analysis of metabolic urnovar was performead by'HPLC. Quantification of

the parent compound was achieved by comparison of the sample response o that of a
suitable standard curve. The standard curve ranged between £1% up fo 2100% of the
dosing concentration. The % turnover following 1, 2 and 4 hours of incubation was

caicuiated by comparison of the parent concentration o that at 0 minutes.

The present invention has been described in specific detail and with pariicular reference
to its preferred embodiments; howsver, it will be obvicus o those having skill in the art
that modifications and changes can be made thereto without depariing from the spirit
and scope of the tnvention,
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I claim:

1. A pharmaceutical composition comprising a compound having the formula

where R, and R, are independently hydrogen, alky! having from 1 to about 7 carbon atoms, arvl, |
aralkyl, or cycloalky! having from 3 to about 6 carbon atoms, A is & Jower alkyl, lower
heteroalkyl or cycloalkyl, Ry is hydrogen, phenyl or lower alkyl, W is carbon or nitrogen,
Rzs and Ry4 are independently hydrogen, halogen, alkyl or alkoxy, and pharmaceutically
acceptable salts thereof in combination with a pharmaceutically acceptable excipient,
diluent or carrier suitable for delaved release oral administration.

2. A pharmaceutical composition comprising a compound having the formula .

where R, and R, are independently hydrogen, alkyl having from 1 to about 7 carbon atoms, aryl,
aralkyl, or cycloalkyl having from 3 to about 6 carbon atoms, Ryg is hydrogen, phenyi or lower
- alkyl, W is carbon or nitrogen, Ry; and Ryq are independently hydrogen, halogen, alkyl or
“alkoxy, and phammaceutically acceptable salts thereby in combination with a
pharmaceutically acceptable excepient, diluent or carrier suitable for delayed release oral
administration.
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3. A pharmaceutical composition comprising a compound having the formula

where R; and R; are independently hydrogen, alky! having from 1 to about 7 carbon atoms, aryl,
aralkyl, or cycloalkyl having from 3 to about 6 carbon atoms, and pharmaceutically acceptab}e
salts thereof in combination with 2 pharmaceutically acceptable excipient, diluent or carrier
suitable for delayed release oral administration.

4. A pharmaceutical composition comprising 2 compound having the formula

oA
B2
L.
/\
/P\\ Rl

i

R24

where R; and R; are independently hydrogen, alky! having from ! to about 7 carbon atoms, aryl,
aratky, or cycloalkyl having from 3 to about 6 carbon atoms, Ryg is hydrogen phenyl or lower
alkyl and pharmaceutically acceptable salts thereof in combination with a
pharmaceutically acceptable excipient, diluent or carrier suitable for delayed release oral
administration.

5. The pharmaceutical composition of claim 4 where R; and R, are independently
hydrogen and alkyl having from 1 fo about 2 carbon atoms and Ry is hydrogen or lower

alkyl.

6. The pharmaceutical composition of claim 5 where Ryg 1s hydrogen or methyl.
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7. A pharmaceutical composition comprising a compound having the formula

where R; and R; are independently hydrogen alkyl having from 1 to about 7 carbon atoms, aryl,
arallcyl, and cycloalkyl having from 3 to about 6 carbon atoms, and pharmaceutically acceptable

salts thereof in combination with a pharmaceutically acceptable excipient, diluent or carrier
suitable for delayed release oral administration.
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